
Accounts in Drug Discovery 
Case Studies in Medicinal Chemistry 

Edited by 

Joel C. Banish 
Bristol -Myers Squibb, Princeton, NJ , USA 

Percy H. Carter 
Bristol -Myers Squibb, Princeton, NJ , USA 

Peter T. W. Cheng 
Bristol -Myers Squibb, Pennington, NJ, USA 

Robert Zahler 
PharinD Consulting, LLC, Pennington, NJ, USA 

RSCPublishing 

SAXA-DEF-00324 

Page 1 of 405 AstraZeneca Exhibit 2193 
Mylan v. AstraZeneca 

IPR2015-01340



RSC Drug Discovery Series No. 4 

ISBN: 978-1-84973-126-3 
ISSN: 2041 -3203 

A catalogue record for this book is available from the British Library 
U; Royal Society of Chemistry 2011 

All rights reserved 

Apart froid fah' dealing for the pioposes of research far non-commercial purposes or for private study, criticism or review, as permitted wider the Copyright, Designs and Patents Act 1988 and the Copyright and Related Rights Regulations 2003, this publication limy not be reproduced, stored or transmitted, in any form or by any mentis, without the prior permission in waling of The Royal Society of Chemistry or the copyright owner, or in the case of reproduction in accordance with the termes of licences issuer! by the Copyright Licensing Agency in the UK, or in accordance ivith the tenus of the licences issued by lire appropriate Reproduction Rights Organization outside the UK. Enquiries concerning reproduction outside the terms stated here should be .sent to Tite Royal Society of Chemistry at lite address primed on this page. 

The RSC is not responsible for individual opinions expressed in this work. 
Published by The Royal Society of Chemistry, Thomas Graham House, Science Park, Milton Road, Cambridge C114 OWF, UK 

Registered Charity Number 207890 

For further information see our web she at www.rsc.org 

SAXA-DEF-00325 

Page 2 of 405



CHAPTER 1 

The Discovery of the Dipeptidyl 
Peptidase -4 (DPP4) Inhibitor 
OnglyzaTM: From Concept to 
Market 

JEFFREY A. ROBL AND LAWRENCE G. HAMANN 

Bristol -Myers Squibb Research & Development, Department of Discovery 
Chemistry - Metabolic Diseases, P.O. Box 5400, Princeton, NJ 08543, USA 

1.1 Introduction 

The prevalence of diabetes in developed and now emerging countries represents 
a significant health burden to a large portion of the world's population. Type -2 
diabetic patients, characterized in part by elevated fasting plasma glucose of 
>125mgdL -1 (7.0mmolL -1) and glycosylated hemoglobin (HbAlc) > 6 %, 
are at increased risk for the development of both microvascular (retinopathy, 
neuropathy, nephropathy) as well as macrovascular complications (myocardial 
infarction, stroke). As such, diabetes is the leading cause of blindness, kidney 
failure, and limb amputation worldwide.' Diabetes is a progressive disease, 
with morbidity and mortality risk increasing with both duration and severity of 
hyperglycemia. Additionally, diabetes is also now impacting different popula- 
tion sectors (adolescents, developing countries) not typically associated with 
the disease 30 years ago. Consequently, the continually increasing diabetes 
prevalence is placing greater strain on both health care systems and economies 
on a global scale. In 2007 alone, studies have shown that diabetes cost the US 
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Figure 1.1 Late -stage development candidates from the Bristol -Myers Squibb dia- 
betes research portfolio. 

economy $174 billion in medical expenses and lost productivity.' While death 
rates related to heart disease, stroke, and cancer have all decreased since 1987, 
the death rate due to diabetes has increased by 45% during this same period.3 
Thus, the discovery and development of new therapies for treating and pre- 
venting diabetes continue to be a major emphasis of health care companies. 

In response to this landscape, the Discovery organization at Bristol -Myers 
Squibb (BMS) made the strategic decision to refocus efforts in the late 1990's 
towards identifying and progressing novel targets for the treatment of diabetes. 
This was in part aimed at building upon BMS's already established presence in 
the anti- diabetes market through the Glucophage"' franchise and in recognition 
of the significant unmet medical need for novel, more efficacious, and well 
tolerated treatments for the disease. It was from these efforts that advanced 
clinical candidates such as muraglitazar (1, PargluvaTM, dual PPAR agonist),4 
dapagliflozin (2, SGLT2 inhibitor),5 and saxagliptin (3, OnglyzaT "', DPP4 inhi- 
bitor) were discovered within the BMS Discovery organization (Figure 1.1). 

1.2 Modulation of GLP -1 in the Treatment of 
Diabetes 

At the start of this effort, several oral anti -diabetic agents (OADs) were 
available to patients suffering from type -2 diabetes. These included hepatic 
glucose suppressors (e.g. metformin), insulin secretagogues (e.g. sulfonylureas), 
glucose absorption inhibitors (e.g. acarbose), and insulin sensitizers (e.g. thia- 
zolidinediones or TZDs such as rosiglitazone and pioglitazone). While all have 
shown utility in lowering HbAlc levels in diabetic patients, current OADs come 
with a variety of safety and /or tolerability issues. The biguanindes such as 
metformin, currently the most widely prescribed therapy for diabetes, have 
issues related to gastrointestinal (GI) tolerability and lactic acidosis.' Sulfo- 
nylurea treatment is often accompanied by higher incidences of hypoglycemia 
and weight gain,8 while glucose absorption inhibitors exhibit modest efficacy 
and GI disturbance.9 Finally, TZDs have been associated with edema, wor- 
sening of congestive heart failure, negative effects on bone fracture rate, and, in 
recent studies, mixed results regarding cardiovascular (CV) safety profiles.10 
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The Discovery of the Dipeptidyl Peptidase -4 (DPP4) Inhibitor Onglyza'"' 3 

With this background in mind, we sought to identify new targets which would 
not only provide an efficacious alternative mechanism for lowering blood 
glucose and HbAlc levels, but would also present an opportunity for achieving 
a superior safety and tolerability profile when compared to current standards of 
care. Ideally, such a drug would be suitable for combination with existing 
agents, as poly -pharmacology with multiple OADs is emerging as the standard 
treatment paradigm for type -2 diabetes therapy. 

Glucagon like peptide -1 (GLP -1) is a 30 -amino acid peptide incretin hor- 
mone derived from processing of pro -glucagon and is secreted by the L -cells of 
the intestinal mucosa in response to glucose stimulation. Since the early 1990's, 
GLP -1 had been known to be a potent insulin secretagogue and glucagon 
suppressor, with robust anti -diabetic and pro- satiety effects in diabetic 
humans,I1'I2 but efforts to advance GLP -1 itself as a pharmaceutical agent 
were hampered by its extremely short pharmacokinetic half -life in vivo (plasma 
t1/2 2min). As a result, considerable effort in the drug discovery community 
was expended toward the identification of small -molecule GLP -1 receptor 
agonists that would capture the beneficial effects of GLP -1 while exhibiting oral 
bioavailability and a superior pharmacokinetic duration of action. Unfortu- 
nately, efforts to identify such small -molecule agonists have to date been 
unsuccessful, due in part to a dearth of viable bona fide screening hits.13 In light 
of this shortcoming, a number of pharmaceutical and biotech companies have 
advanced subcutaneously administered, peptide GLP -1 receptor agonists with 
superior duration of action in vivo. Among the most advanced agents are 
exenatide (Byettarm)14 and liraglutide (Victoza'"'),15 both of which have been 
approved by regulatory agencies for the treatment of type -2 diabetes. While 
these drugs are effective in lowering HbAlc and demonstrate a net beneficial 
effect on weight gain and other CV risk factors, they require parenteral 
administration (once or twice daily dosing), and patient uptake of these agents 
has been limited despite their robust efficacy and promising safety profile. 

1.3 Dipeptidyl Peptidase -4 as a Target for Diabetes 
Treatment 

While the advancement of orally active, small -molecule GLP -1 receptor ago - 
nists remains elusive, another opportunity to modulate GLP -1 receptor activity 
in vivo focused on preventing the degradation of endogenous GLP -1 with small - 
molecule inhibitors of the primary peptidase responsible for the in vivo 

degradation of GLP -1, dipeptidyl peptidase -4 (DPP4), a non -classical serine 
protease.16 Our initial interest in DPP4 inhibitors was piqued by a report from 
Holst and Deacon, wherein the authors outlined a compelling argument for the 
utility of DPP4 inhibition in the treatment of diabetes, primarily via the 
potentiation of endogenous GLP -1.17 DPP4 belongs to a family of aminodi- 
peptidases and is both a cell surface and circulating enzyme. Historically, it had 
also been identified as the lymphocyte cell surface marker CD26, and as such 
DPP4 /CD26 exhibits pharmacology related to cell membrane -associated 
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4 Chapter 1 

activation of intracellular signal transduction pathways and cell -cell interac- 
tion in addition to its peptidase enzymatic activity.ls It is widely believed that 
the signaling function of DPP4 /CD26 is distinct from its enzymatic function. 

The concept of generating targeted protease /peptidase inhibitors as thera- 
peutic agents is well documented in the literature.19 In the majority of cases, 
selective enzyme inhibitors have been used to prevent the conversion of an 
endogenous "non -functional" peptide /protein precursor (e.g. angiotensin I) to 
a physiologically active peptide /protein (e.g. angiotensin II), thereby attenu- 
ating formation of the protagonist bio- active enzyme product to effect ameli- 
oration of the disease state. Use of such approaches has led to marketed drugs 
for numerous indications, including ACE and renin inhibitors for hyperten- 
sion,20 HIV protease inhibitors for AIDS,21 and thrombin inhibitors for 
DVT.22 Less prevalent are approaches targeting proteases /peptidases that 
degrade endogenous substrates which are known to exert a beneficial effect. For 
example, neutral endopeptidase (NEP) proteolytically degrades the endogen- 
ous vasodilator atrial natriuretic peptide (ANP) to inactive fragments. By 
retarding this degradation, NEP inhibitors have found use in the treatment of 
hypertension.23 In common with NEP, where inhibition of protease mediated 
protein degradation was the pharmacological objective, BMS and several other 
research groups engaged in the search for DPP4 inhibitors to maximize the 
beneficial effects of endogenously released GLP -1. 

1.4 Early Inhibitors of DPP4 
To jump -start the BMS DPP4 chemistry program, the group was able to 
capitalize on groundwork laid in the mid -late 1990's when several potent 
inhibitors of DPP4 /CD26 were reported that could be classified as either 
"irreversible" or "reversible ", depending on the mechanism of inhibition 
(Figures 1.2 and 1.3). Hydroxamates such as 4 were proposed to be both 
substrates and inhibitors of DPP4, presumably via direct covalent modification 
of the enzyme through the active -site serine residue (Ser630).24 Phosphate - 
based inhibitors such as 5 were also reported to undergo covalent addition to 
DPP4 but exhibited weak potency.75 The interesting boronate -based inhibitors 
(e.g. 6), originally advanced by the Tufts University and Boehringer Ingelheim 
groups, exhibited exceptionally high inhibitory activity in vitro, presenting 
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Figure 1.2 Early examples of "irreversible" DPP4 inhibitors. 
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Figure 1.3 Early examples of "reversible" DPP4 inhibitors 
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themselves as "transition- state" inhibitors which presumably form tetrahedral 
boronate esters involving the Ser630 hydroxyl group.26 -28 As such, many of 
these compounds exhibited slow tight- binding kinetics with Koff rates of several 
days (versus seconds /minutes with non -covalently bound inhibitors). However, 
these compounds also suffered from poor solution stability arising from 
intramolecular cyclization of the terminal primary amine with the boronate, 
affording an inactive product (e.g. 7). The propensity of compounds of this 
chemotype to undergo internal cyclization limited their viability as drug 
candidates. 

Due to the uncertain risks associated with advancing irreversible inhibitors as 
drug candidates, the team viewed the reversible inhibitors exploited by the 
Mount Sinai, Probiodrug, Ferring Research, and Novartis scientific teams as 
more attractive starting points for a lead finding effort (Figure 1.3). Probiodrug 
had described simple Ile -pyrrolidides (8) and Ile -thiazolidides (9, later advanced 
to the clinic by Merck and Probiodrug as P32/98) which exhibited in vitro 
potency in the nanomolar range, were chemically stable, and, in the case of 9, 
demonstrated glucose area under the curve (AUC) reductions in Zuckerfaira rats 
in an oral glucose tolerance test (oGTT).29 -3( Reports from Li et al. at Mount 
Sinai highlighted early examples of nitrilo -pyrrolidines specifically designed as 
inhibitors of DPP4.32 Equally intriguing was the work described by Ferring in 
which nitrilo -pyrrolidines such as 10 were identified as exceptionally potent 
inhibitors of the enzyme.33'34 Initially targeted as agents for immunomodula- 
tion (via CD26 inhibition), these compounds represented "drug- like" scaffolds 
and exhibited exceptional inhibitory potency. Additionally, a contempo- 
raneous patent application from Novartis35 described the structure of com- 
pound 11 (a related analogue 12 would later be disclosed as Novartis' first 
clinical compound, DPP -728)36 and its ability to increase plasma insulin in 
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fasted, high -fat fed rats in an oGTT. The inhibitors represented by compounds 

8 -12 provided useful insights for the design of DPP4 inhibitors at BMS. 

At the initiation of the program, there were still many unknown factors 

related to the pharmacology and safety of DPP4 inhibition. It was clear from 

earlier work that Fischer 344 rats possessing a naturally occurring loss -of- 

function mutation of the DPP4 gene were healthy, viable, and free of serious 

immunological complications.37 It was later shown that these rats also exhib- 

ited a favorable metabolic phenotype on a high -fat diet and demonstrated 

improved glucose tolerance and GLP -1 secretion.38 Thus, complete ablation of 

DPP4 did not appear to represent a serious safety concern in rats, but rather the 

Fischer rat provided support for the concept that inhibition of DPP4 could be 

both safe and efficacious. Others questions still remained. Was high selectivity 

for DPP4 versus other related peptidases (e.g. DPP8, DPP9, FAP, etc.) an 

absolute requirement for this target? Would inhibition of DPP4 potentiate 

other endogenous peptides, leading to unintended deleterious (or beneficial) 

consequences? Would potentiating endogenous GLP -1 (versus exogenous 

administration) be sufficient to affect a robust anti -diabetic response in 

humans? Finally, what potential mechanism -based toxicological effects, if any, 

would be seen upon chronic administration of a DPP4 inhibitor? 

In light of limited literature in the field, and with no reports of a compound 

having advanced to clinical trials, these questions would ultimately need to be 

addressed during the execution of our discovery and subsequent clinical 

development programs. Despite the unknowns, the positive aspects of this 

target were numerous. Potent small- molecule inhibitors with systemic exposure 

upon oral dosing were known. Although limited, DPP4 inhibitors had 

demonstrated pharmacodynamic efficacy in genetic animal models of type 2 

diabetes in preliminary pharmacological studies. Preclinical proof -of- concept 

for the anti- diabetic actions of GLP -1 was already established and suggested a 

low potential for hypoglycemia. In vitro assays and several in vivo models were 

already described in the literature, enabling rapid program initiation. It was 

against this backdrop that significant medicinal chemistry and biology 

resources at BMS were deployed on this newly emerging target in the early 

months of 1999. 

1.5 Design of BMS's DPP4 Medicinal Chemistry 
Program 

Given the attractiveness of DPP4 as a therapeutic target, it was anticipated that 

this field would soon become highly competitive, and we therefore sought to 

accelerate the program. High -throughput screening (HTS), routinely a key 

component of drug discovery programs, was deemed as too time consuming to 

rapidly afford a chemical starting point. Thus, we decided to initially adopt a 

design optimization approach, improving upon the leads reported by the 

Probiodrug, Ferring, and Novartis research groups; HTS would later be used 

to provide leads for a second -generation effort. From a potency perspective, the 
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Figure 1.4 Rationale for generation of conformationally restricted DPP4 inhibitors. 

nitrilo- pyrrolidines were deemed to be highly attractive, but were reported to 

exhibit modest pharmacokinetic duration of action and suffered from chemical 
instability.33'34 In solution, the proximal amino group attacks the nitrile 
functionality (see Figure 1.3), eventually leading to the intermediate cyclic 

imidate 13 and ultimately the diketopiperzine 14, both of which are inactive 
versus DPP4. Addressing this issue was viewed as a critical component of the 
medicinal chemistry effort due to considerations regarding both the half -life of 
the compound in vivo, and for high purity processing of the active pharma- 
ceutical ingredient (API) on large scale in a drug manufacturing setting. 

From earlier work by Lin et aí.,39 it was demonstrated that replacement of 
the prolyl amide bond with a fluoroalkene isostere resulted in the generation of 
potent DPP4 inhibitor 15 (Figure 1.4). This finding was significant in that it 

suggested that the critical prolyl and amino pharmacophores in 16 may be 

conformationally locked in an extended arrangement which is favorable for 
enzyme inhibition. In addition, because incorporation of the alkene prohibits 
intramolecular attack of the amine onto the acyl hydroxamate, the finding 
suggested novel paths for inhibitor design to retard intramolecular cyclization. 
Taking a cue from earlier work performed at BMS in the design of dual 
ACE /NEP inhibitors,40 we applied the concept of conformationally restricted 
dipetide mimetics in our search for novel inhibitor chemotypes. Many of these 
cores seemed to possess the critical elements required for DPP4 inhibition, 
including a prolyl amide group and a charged amino functionality at the P2 

position. It was hoped that locking the inhibitor conformation by this approach 
would not only enhance binding affinity, but also prevent inactivating cycli- 

zation in compounds possessing an electrophilic pharmacophore (e.g. nitrile, 

phosphate, etc.) on the proline ring. Unguided by the availability of a DPP4 
X -ray crystal structure at that time, our design efforts led to a variety of 
different bi- and monocyclic dipetide mimetics, generically represented in 

Figure 1.4. Unfortunately, all of the compounds generated in this series were 

inactive against DPP4, which we attributed to either incorrect conformational 
geometry required for inhibition, or to steric intolerance for substitution on the 
proline ring. The latter hypothesis was supported by the poor activity exhibited 
by the simple methyl- substituted prolyl derivative 17 as compared to its 
unsubstituted counterpart 8. Interestingly, a recent report from Phenomix 
disclosing 5,5 -fused bicyclic lactams such as 18 as potent DPP4 inhibitors 
provides validation for this initial approach.41 

SAXA-DEF-00332 

Page 9 of 405



8 Chapter 1 

1.6 Design of Cyclopropyl -fused Nitrilo -pyrrolidines 
In concert with the effort described above, the discovery team examined 
alternative approaches to the generation of novel inhibitors that might mini- 
mize or obviate the undesired cyclization reaction. Cognizant of the impact of 
pyrrolidine substitution on DPP4 activity (e.g. 17), we proposed that cyclo- 
propyl fusion to the prolyl ring, represented by 19,42 might represent a new and 
viable approach (Figure 1.5). Incorporation of a fused cyclopropane ring 
constituted a minimal steric burden at P1, would impact the planarity of the 
prolyl ring, and importantly have the potential to conformationally retard 
intramolecular attack of the amine to the nitrile. Hence, a series of cyclopro- 
pane -fused nitrilo -pyrrolidines 20-23 were synthesized and assessed for both 
DPP4 inhibition and solution stability (pH 7.2 phosphate buffer, 39.5 °C).43 As 
compared to the unsubstituted prototype 10, the trans -4,5- and trans- 2,3 -iso- 
mers 22 and 23, respectively, were not well tolerated by the enzyme, negating 
further evaluation of these as viable program leads. In contrast, both the cis - 
4,5- (20) and the cis -3,4- (21) analogues exhibited acceptable, though slightly 
diminished, activity as compared to 10. More interestingly, 20 exhibited a 
significant enhancement in solution stability as compared to either 10 or 21, 
confirming that cis -4,5- cyclopropyl fusion did indeed retard the intramolecular 
cyclization process. Expanding upon this finding, compounds which incorpo- 
rated a corresponding tent -leucine at P2 as in 24-26 minimized potency dif- 
ferences between the respective cores, though solution stability was still 

o 

19 

CN CN 

10 20 21 
no substitution 

DPP4 Ki Ki = 2 nM DPP4 KI = 25 nM DPP4 KI =15 nM 
soin stability t,n= 5 h soin stability t12 = 25 h scan stability tea = 4 h 

ta"Y (22 

CN 
22 

trans-4,5- 
DPP4 KI = 1620 nM 

soin stability t,c= ND 

CN 

23 
trans -2.3- 

DPP4 Ki = 7500 nM 
soin stability t,R = ND 

24 
DPP4 Ki = 7 nM 

soin stability t,,, = 42 h 

p CN p CN 

25 
DPP4 Ki = 14 nM 

soin stability t,rs 4h 

26 
DPP4 KI = 8 nM 

soin stability t,,,= 27 h 

Figure 1.5 Genesis of cyclopropyl -fused nitrilo -pyrrolidine chemotype. 
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30 

Figure 1.6 Factors determining syn versus anti orientation of the methano- nitrilo- 
pyrrolidine chemotype. 

favorably preserved in the cis -4,5- methano core (e.g. 24). These and other data 
suggested that increased steric and lipophilic bulk at the P2 position of the 
inhibitor (e.g. ethyl vs. isobutyl vs. tert -butyl, etc.) enhanced both in vitro 
potency as well as solution stability. A similar trend was also observed by the 
Ferring Research group in the simple nitrilo -pyrrolidine series.34 

Clearly both the steric bulk of the P2 side -chain and the cyclopropyl fusion 
on the pyrrolidine ring cooperatively enhanced comformational stability. 
Computational analyses later demonstrated that, primarily because of van der 
Waals interactions, increasing the size of the side -chain R (Figure 1.6) 
disfavored the anti orientation 28 required for irreversible intramolecular 
cyclization to the inactive products 29 and 30. For example, where R is Me 
versus tert -butyl, the AAH between the anti (28) and syn (27) orientations 
were calculated to be 0.8 kcal mol -1. Furthermore, addition of the cis -4,5- 
cyclopropyl moiety also disfavors adoption of the anti orientation by an 
additional 0.6 kcal mol -( as compared to the unsubstituted nitrilo -pyrrolidine 
ring. Thus, by combining these conformational elements, we were able to 
identify novel inhibitors of DPP4 with high in vitro potency and enhanced 
solution stability. 

Compound 24 represented a major breakthrough in the chemistry program. 
Profiling of this lead demonstrated a low potential for off -target liabilities 
[hERG inhibition, cytochrome P450 (CYP450) inhibition, broad receptor 
screening, etc.], as well as favorable pharmacokinetic properties in the rat 
(F =77 %, tttz = 2.8 h). Additionally, compound 24 was efficacious in Zucker 
rats, reducing glucose AUC in an acute oGTT (ED50 = 3.3 mg kg-1, glucose 
challenge 30 min post -dose) when compared to vehicle control. While the 
duration of action of 24 was not particularly long (ED50= 92mgkg t, glucose 
challenge 5 h post- dose), the in vivo potency was still significantly greater 
than that of the literature thiazolidine lead 9 (ED50 = 38 mg kg-I, glucose chal- 
lenge 30 min post- dose). On the basis of these findings, additional staff were 
assigned to the program to permit a detailed and robust exploration of the 
structure -activity relationship (SAR), primarily focusing on further modifica- 
tions at P2. 
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1.7 SAR Optimization Leading to the Discovery of 
Saxagliptin 

Building upon the cis- 4,5- methano -2- nitrilopyrrolidine core, a wide variety of 

substituents, represented generically in 31, were explored (Figure 1.7). As 

highlighted earlier, greater potency and stability were realized via introduction 
of highly u-branched P2 side -chains. Due to the very limited commercial 

availability of I3-quaternary a -amino acids, the team devised an efficient 

strategy to generate novel P2 units by several complementary paths, each 

deriving from cyclic and /or symmetrical ketones to avoid unnecessary intro- 
duction of additional stereocenters.6'43 In one arm of this approach, ketones 

underwent Knoevenagel condensation with a malonate diester, and the 

resulting Michael acceptor was subjected to conjugate addition to introduce 

the alkyl- substituted quaternary center. Mono -hydrolysis and subsequent 

Curtius rearrangement yielded the desired (3-branched amino acids. A parallel 

approach began with Horner -Emmons condensation of the ketone to give an 

a,(3- unsaturated ester. Reduction of the ester to the primary allylic alcohol 

and esterification with Boc -Gly set up a zinc -mediated ester enolate Claisen 

rearrangement, which provided the desired amino acids with a vinyl functional 

handle at the e- position. Alternatively, a standard Strecker synthesis could 

be used on available aldehydes to ultimately afford the desired amino acid 

building blocks. In all cases, the racemic amino acids were then coupled to the 

Ri 

PG,NCO 
H 

R3 

Ri R3 Rt R3 

-< 

2 H 

PG,NO 
H 

O 

OH 

R2 Ri\ 

T 

/R3 

CHO 
PG 

FNiCO2H 

R2 
Ri R3 

R2 
121 R3 

HOZO CO2H 

121 R3 

CO2R 

RlvR3 
IOI 

31 

Figure 1.7 Various synthetic routes for the generation of highly 13-branched amino 
acids. 
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32 
OPP4 Ki = 3.9 nM 

31 
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Figure 1.8 Classical PK /PD disconnect in rats leads to hypothesis of active meta- 
bolite generation in vivo, resulting in the discovery of saxagliptin. 

enantiomerically pure P1 nitrilo -methanopyrrolidine fragment and the result- 
ing diastereomers were chromatographically resolved. 

From this effort emerged two compounds of particular interest, inhibitors 32 
and 34 (Figure 1.8). In the case of 32, this compound demonstrated superior in 

vivo efficacy and a sustained duration of response for inhibition of plasma 
DPP4 in normal fasted SD rats at a dose of 4 µcool kg-1 (71% @ 30 min post - 
dose and 64% @ 4h post- dose). Duration of the pharmacodynamic (PD) 
response was particularly long when compared to compounds generated earlier 
in the program. Intriguingly, this extended PD response was most often 
observed in analogues containing a vinyl substituent (e.g. 32) at P2. Despite its 
robust in vivo activity, compound 32 demonstrated low oral bioavailability 
(5%) and a short half -life (t11, = 1.2 h) in rats. In contrast, the related saturated 
analogue of 32 (vinyl replaced with ethyl) exhibited significantly higher bio- 
availability (31 %) and greater in vitro stability in rat and human liver micro - 
somes, but a weaker response in the rat plasma DPP4 inhibition assay (despite 
equivalent in vitro potency). The disconnect between the pharmacokinetic and 
pharmacodynamic profile of 32 immediately suggested in vivo conversion to an 
active metabolite possessing superior target potency and /or reduced clearance 
profile. Based on this hypothesis, a variety of putative or surrogate hydr- 
oxylated metabolites related to 32 were prepared. While unequivocal char- 
acterization of 33 as an active metabolite of 32 was never established, the 
activity of 33 mirrored that of 32 in the aforementioned PD model. While the 
rat half -life of 33 (t112 =1.3 h) was not significantly longer when compared to 
that of 32, the absolute bioavailability increased 10 -fold to 53%. A more 
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striking finding was observed with compound 34. In concordance with estab- 
lished SAR, incorporation of the bulkier adamantyl hydrophobic group in the 
P2 side -chain enhanced in vitro potency (K1= 0.9 nM) as compared to com- 
pounds with smaller fragments in this position. In the normal rat, this com- 
pound (4 pmol kg -r, po) afforded robust plasma DPP4 inhibition (84% @ 0.5 h 

post -dose and 83% @ 4h post -dose) despite exceptionally low bioavilability 
(2 %) and modest half -life (tip = 1.4 h). Capitalizing on the learnings from 
compound 33, and considering the propensity of adamantyl groups to undergo 
CYP- mediated hydroxylation, the corresponding metabolite 3 (saxaglipitin) 
was synthesized. The compound proved to be highly potent in vitro, exhibited 
good pharmacokinetic properties in the rat (F =75 %, titz =2.1 h) and effected 
near maximal ('87 %) plasma DPP4 inhibition in the rat at both 0.5 and 4h 
post -dose when administered at 4 µmol kg -I. 

In addition to saxagliptin, a number of other inhibitors incorporating 
P2 side -chains with various substituted adamantanes were prepared and 
evaluated, including other positional isomers of hydroxyadamantane, dihy- 
droxyadamantane, and fluoroadamantane. While these other adamantane- 
derived compounds also exhibited potent DPP4 inhibition in vitro, saxagliptin 
provided a comparatively superior PK and PD profile, and was ultimately 
chosen for development. 

1.8 Binding of Saxagliptin to Human DPP4: A Slow 
Tight- binding Inhibitor 

Through more extensive characterization of the binding kinetics of saxagliptin 
(and select analogs) to DPP4, it was noted that several compounds showed 
evidence of slow tight- binding. Further analysis of SAR patterns relating to this 
slow on /off -rate feature revealed correlations with both steric bulk in the P2 
side -chain (specifically f3- quaternary substitution) and the presence of a nitrile 
functionality. Prior to our undertaking of detailed kinetic studies, it had been 
speculated by several groups that a transient covalent bond was formed 
between the hydroxyl group of the active -site Ser630 of the DPP4 catalytic triad 
and the nitrile carbon of nitrile -based inhibitors, yet early X -ray co- crystal 
structures with such compounds lacked adequate resolution to confirm 
appropriate electron density where such a bond would exist.44 Our findings 
were consistent with a hypothesis whereby the bulky P2 side -chain's displace- 
ment of water in the S2 pocket drove entropic aspects governing on -rate (for 3, 
Ko =4.6x 105 M_r s), and, once anchoring the inhibitor in the active site, 
covalent interaction with the nitrile drove enthalpic aspects governing off -rate 
(for 3, Koff = 23 x 10 -5 s -I), resulting in overall K; enhancement for certain 
inhibitors possessing these features.45 As a result, the t tZ for dissociation of 
saxagliptin from DPP4 was determined to be 50 min at 37 °C (- 250 min at 
room temperature). In comparison to the rapid off rates of non- nitrilo -pyrro- 
lidines such as sitagliptin, the slow off -rates exhibited by saxagliptin and, to a 

lesser extent, other nitrilo-pyrrolidines such as 12,45b,46 proved to be a unique 
SAXA -DEF -00337 

Page 14 of 405



The Discovery of the Dipeptidyl Peptidase -4 (DPP4) Inhibitor Onglyza "' 13 

attribute of saxagliptin among the clinically advanced inhibitors. The slow off - 
rate kinetics exhibited by saxagliptin likely serves to enhance saxagliptin's 
pharmacodynamie potency and duration in vivo, and may also contribute to its 
enzymatic selectivity.47'48 

Further understanding of this finding was obtained through: (1) a high - 
resolution X -ray co- crystal structure of saxagliptin bound to DPP4, definitively 
revealing the presence of a covalent O -C bond; (2) a series of biophysical 
studies performed using wild -type and mutant DPP4 proteins S630A and 
H740Q characterizing interactions with both saxagliptin and its de- nitrilo 
analogue; and (3) comparative 'H NMR studies of DPP4 in apo form and in 
complex with saxagliptin,45'49 revealing the characteristic downfield shift indi- 
cative of a short, strong H -bond upon complex formation.5o,5i The X -ray co- 
crystal structure of saxagliptin bound to DPP4 (Figure 1.9) reveals several key 
features: (1) the ionic interaction of the primary amine with the Glu205 and 
Glu206 residues; (2) hydrogen bonding of the adamantyl hydroxyl with Tyr547; 
(3) efficient hydrophobic space -filling by the adamantyl and methano- pyrroli- 
dine groups; and (4) the aforementioned covalent bonding of the catalytic 
Ser630 hydroxyl with the pendant nitrilo functional group. Despite the clear 
covalent nature of the bond, this interaction was shown to be fully reversible (as 
demonstrated by complete recovery of enzyme activity upon dialysis) and 
enzymatically unproductive (since no saxagliptin hydrolysis products were 

Figure 1.9 X -Ray co- crystal structure of saxagliptin bound to human DPP4. 
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formed). It is speculated that the methano ring of saxagliptin displaces any 
active -site water molecules required for hydrolysis, preventing the inhibitor 
from being a substrate for the enzyme. A unique constellation of features 
exhibited by both saxagliptin and its biologically active, circulating metabolite 
(5- hydroxy saxagliptin), including: (1) slow tight -binding kinetics; (2) low nM 
in vitro potency; (3) good pharmacokinetics; and (4) high tissue distribution at 
the primary site of action (GI tract),52 all contribute to saxagliptin's low 
clinically efficacious human dose. 

1.9 Chemical Stability of Saxagliptin and Analogs 
As highlighted earlier, a property shared by many of the nitrilo -pyrrolidine 
based inhibitors bearing an amine at the P2 N- terminus is the propensity 
for intramolecular cyclization at or above neutral pH (see Figures 1.3 & 1.6). 

Such instability could complicate manufacturing and formulation, and poten- 
tially shorten pharmacokinetic half -life. As a result, the stability of the 
BMS nitrilo- pyrrolidine analogs were routinely assessed in pH 7.4 buffer. While 
introduction of bulky alkyl substitution on the terminal amine of Novartis' 
DPP -728 (12)36 and LAF -237 (35, vildagliptin)53 greatly retarded intramole- 
cular cyclization, incorporating a secondary amine structural element into the 
BMS methano -pyrrolidine series routinely attenuated potency (Figure 1.10). 
While the solution stability of saxagliptin (tits 4 days @ pH 7.4/37 °C) bode 
well for manufacturing and drug pharmacokinetics, lingering formulation 
concerns spurred later discovery efforts to obviate any unforeseen chemical 
stability issues associated with the nitrile functionality. Interestingly, wholesale 
removal of the nitrile moiety from saxagliptin afforded BMS -538305 (36), 
a highly potent (K; = 10 nM) inhibitor of the enzyme with a favorable in vitro 
and in vivo development profile.54 SAR in this non -nitrile series was narrow, 
with a precipitous drop -off of activity accompanying even modest structural 
changes. Because BMS -538305 was completely stable in solution, it was 
nominated as a back -up development candidate and went on to exhibit robust 
pharmacodynamic efficacy in humans, although it was later suspended 
from further development, in part due to a clear lack of superiority versus 
saxagliptin. 

NC 

12 35 

o 

36 

r.. 

Figure 1.10 Structure of nitrilo -pyrrolidine -based DPP4 inhibitors with enhanced 
solution stability. 
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The potential for formulation -related challenges with saxagliptin also spur- 

red the application of a unique formulation strategy which may ultimately 

translate into a significant advantage for the development of future single -tablet 

saxagliptin drug combinations. It was discovered that in the process of com- 

pressing the saxagliptin API salt together with excipients to develop a standard 

tablet formulation, unacceptably high levels (2 %) of the undesired cyclization 

products were produced. A pharmaceutics solution to the problem, made 

possible by the low dose (2.5 -10 mg) of saxagliptin required to effect maximal 

HbAlc lowering in humans, was realized by spray coating the drug substance 

(sandwiched between two polymeric vapor barrier layers) onto an inert tablet 

core. This formulation is currently used in the marketed brand of saxagliptin, 

OnglyzaTM. It is anticipated that the spray coating technique, a procedurally 

simple technology, will greatly facilitate the development of future fixed -dose 

combinations of saxagliptin with other OADs.55 As proof, saxagliptin has been 

readily formulated with extended -release metformin, leading to the most 

clinically advanced once -daily DPP4 /metformin single -tablet combination. 

This innovative combination was submitted for FDA regulatory review in 

December 2009. 

1.10 In vivo Efficacy of Saxagliptin 
As SAR within the series developed, a simple ex vivo plasma DPP4 inhibition 

assay was used to efficiently differentiate among the growing number of potent 

compounds. To further understand particularly promising compounds, a 

clinically relevant pharmacodynamic assay (an oGTT in Zuckerr "lr" rats or ob/ 

ob mice) was also utilized. These models served as an efficient means to phe- 

notypically stratify compounds without the need for prior, time -consuming PK 

assessments, thereby reducing cycle times. In these models, saxagliptin afforded 

quite robust effects on glucose excursion and insulin release at doses as low as 

0.3 -1 µmol kg-I.6 However, preclinical demonstration of reduced fasting 

plasma glucose and /or HbAlc in subacute or chronic disease models proved to 

be elusive. In -house experience gained in earlier discovery programs targeting 

PPAR agonists led the team to evaluate the chronic dosing of saxagliptin in a 

variety of genetic models of type -2 diabetes, such as in ZDF and Zuckerr "lei 

rats. Despite numerous attempts to optimize these models, the group was 

unable to demonstrate statistically significant, dose- dependent efficacy (fasting 

plasma glucose lowering), irrespective of the model or dosing duration. Despite 

this lack of validation in pre -clinical disease models, timely disclosures of 

clinical data by Novartis helped to bolster internal confidence in the mechan- 

ism. Novartis scientists had recently reported promising reductions in HbAlc 

for DPP -728 (12) in a 12 -week Phase IIa trial in diabetic subjects.56 Based on 

our belief that saxagliptin exhibited superior potency and pharmacokinetic 

profiles compared to DPP -728, the decision was made to forego further efforts 

to develop chronic in vivo efficacy models and to move forward into clinical 

development. Despite more than 10 years of pre -clinical testing of DPP4 
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inhibitors in vivo, there are scant reports in the literature regarding the efficacy 
of chronic DPP4 inhibition in rodent models. These observations highlight the 
limitations of these pre -clinical disease -pertinent models in fully or accurately 
mirroring the pathophysiology of human disease. 

1.11 Peptidase Selectivity of Saxagliptin 
At program initiation, the precise requirements for DPP4 selectivity verstes 
inhibition of related proteases were not entirely clear. SAR progression and 
compound optimization outpaced the full implementation of our protease 
selectivity panel, and it was not until identification of saxagliptin as a devel- 
opment candidate that all elements of the selectivity panel were in place. Saxa- 
gliptin (similar to other analogs within the series) was found to be highly 
selective (> 4000 -fold) for inhibition of DPP4 as compared to a variety of other 
proteases, including FAP, PEP, and DPP2. Against the most closely related 
enzymes DPP8 and DPP9, selectivity was attenuated but still high (400- and 75- 
fold, respectively).4557 Contributing to saxagliptin's enhanced selectivity is the 
observation that, unlike its slow tight- binding kinetics for the inhibition of 
DPP4, saxagliptin did not display slow tight- binding when inhibiting DPP8 or 
DPP9. Additionally, since DPP8 and DPP9 are intracellular enzymes, the poor 
cellular permeability of saxagliptin attenuates access to these off -target pro - 
teases. As a result, saxagliptin behaves as a highly selective inhibitor of DPP4 
with little or no propensity for off -target protease inhibition. 

In 2005, scientists at Merck published results of two -week rat (10, 30, and 
100 mg kg I) and single -dose dog (10 mg kg-1) toxicity studies with a cohort of 
compounds which included a selective DPP4 inhibitor closely related to sita- 
gliptin, a selective inhibitor of DPP8 and DPP9 (L -allo- isoleucyl isoindolide), 
and a somewhat weak and non -selective inhibitor of all three enzymes (L -allo- 
isoleucyl thiazolidide), as well as several other controls.58 Both the DPP8 /9 
selective compound and the weak non -selective compound (which share a 
common structural element in the L -allo- isoleucine moiety) caused alopecia, 
thrombocytopenia, anemia, reticulocytopenia, splenomegaly, and mortality in 
rats, and bloody diarrhea in dogs. None of these effects were observed in 
animals dosed with the DPP4 selective compound. Based on these empirical 
findings, the Merck team concluded that the observed toxicities were a direct 
result of inhibition of DPP8 and /or DPP9. In formal toxicology studies, neither 
saxagliptin nor vildagliptin produced the spectrum of pathology changes 
ascribed by Merck to DPP8 /9 inhibition, even at doses predicted to give plasma 
levels much higher than the K;'s required for inhibition of DPP8 /9. Thus, the 
findings suggested both saxagliptin and vildagliptin are highly selective DPP4 
inhibitors in vivo, and /or the theory regarding the consequences of DPP8 /9 
inhibition proposed by the Merck group may be incorrect. An alternate 
hypothesis, that the observed toxicology profiles of the Merck tool compounds 
were structure (compound) related, rather than based on their DPP8 /9 inhi- 
bition profiles, was not initially embraced as a possible cause of the observed 
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toxicities. The Merck findings undoubtedly influenced the inhibitor design 
efforts of nearly every DPP4 discovery program in the industry, resulting in a 
proliferation of varied chemotypes with "atypical" protease inhibitor structural 
features as compared to the more dipeptidic motifs shared by saxagliptin and 
vildagliptin. 

Several groups attempting to better understand the consequences of DPP8 /9 
inhibition in animals have subsequently published their findings using more 
structurally diverse inhibitors of DPP8 /9 as tool molecules. Rosenblum et al. 
recently showed that treatment of dogs with high doses of a selective, cell - 
permeable DPP4 /8/9 inhibitor (producing extensive inhibition of DPP4 /8/9 in 
GI tissues) did not afford toxicological responses similar to those observed by 
Merck with their tool compounds.59 In a separate study, Chen et al. demon- 
strated that repeated exposure (iv, QD for 14 days) of IG244, a potent and cell - 
permeable DPP8 /9 inhibitor, did not result in severe toxicity in rats, despite 
complete DPP8 /9 inhibition achieved with this inhibitor.ó0 Additionally, 
Burkey et al. demonstrated that chronic dosing of vildagliptin (achieving 
plasma levels well above its K1 for DPP8 and DPP9 inhibition) failed to reca- 
pitulate the toxicity profile observed with the Merck DPP8 /9 inhibitor.61 Col- 
lectively, these empirical studies offer little to mechanistically connect the 
inhibition of DPP8 or DPP9 to a phenotype, and as such, the functional 
consequences of DPP8 and DPP9 inhibition in animals and humans remains 
unknown.62 Thus, while DPP4 selectivity has become cemented as an intrinsic 
component of most DPP4 inhibitor programs industry -wide, the need for 
exquisitely high selectivity against the DPP8 and DPP9 proteases remains an 
unproven concept in DPP4 inhibitor design. 

1.12 Synthesis of Saxagliptin 
The structural complexity of saxagliptin posed some synthesis development 
challenges, in that the molecule possesses four asymmetric centers, including a 
neopentyl carbon center, where only one of the stereochemical centers was 
available through a commercially available chiral building block. However, the 
team's willingness to employ challenging synthetic chemistry to solve medicinal 
chemistry problems was key to the discovery of highly potent, more stable, and 
patentable lead compounds. The discovery synthesis of saxagliptin, used to 
prepare - 100 -200 g of material for pre -development work, was in need of 
substantial optimization for large -scale production of this rather complex 
molecule. In particular, the need to perform a zinc -mediated cyclopropanation 
at low temperature with high diastereoselectivity, and the development of a 
robust large -scale synthesis of the chiral adamantyl fragment, proved to be a 
daunting task. The process chemistry group at BMS tackled each portion of this 
molecule with creative solutions to provide an efficient and reproducible man- 
ufacturing route. Key synthetic transformations are depicted in Figure 1.11, and 
include: (1) a Reformatsky reaction of bromoadamantane with a silyl- protected 
dichloroketene acetal, followed by oxidation and hydrolysis to give keto 
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Figure 1.11 Development synthesis of the hydroxyadamantylglycine and methano- 
proline fragments of saxagliptin. 

acid 37;63 (2) an enzymatic asymmetric reductive amination with ammonia to 

give the requisite unnatural amino acid 38;64 and (3) a continuous flow process 

for large -scale diethylzinc- mediated diastereoselective cyclopropanation of a 

protected dehydroprolinamide 39.65 

1.13 Saxagliptin Development 
Saxagliptin formally entered development at BMS in April of 2001, and the first 

human clinical dose was administered to normal healthy volunteers in Decem- 

ber of that same year. As highlighted earlier, genetic rodent models of diabetes 

proved unsuitable for accurately assessing the chronic efficacy of DPP4 inhi- 

bitors, and so the translational leap from acute plasma enzyme inhibition and 
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post -prandial antihyperglycemic effects to a registrational Phase IIb clinical trial 
would require more detailed dose -ranging efforts early on. Because the majority 
of the preclinical efficacy data generated for saxagliptin was in an acute setting, 
accurately projecting an efficacious human clinical dose was somewhat chal- 
lenging. Saxagliptin was very well tolerated in Phase I /II single and multiple 
ascending dose studies ranging up to 100 mg and exhibited 24 h maximal inhi- 
bition of plasma DPP4 activity at steady state, beginning with the 5 mg dose. 
Additional higher dose panels (up to 600 mg) were added at a later date to 
examine the possibility of achieving greater efficacy. As the top marketed dose of 
saxagliptin is only 5 mg once -daily, the high doses tested in the Phase I clinical 
program provided the development team with a deeper understanding of and 
confidence in the compound's safety margin. Dose ranging proof -of- concept 
studies with saxagliptin followed a standard randomized, double- blind, placebo - 
controlled Phase IIb protocol in drug naïve type -2 diabetic patients measuring 
HbAlc reductions.66 Five doses of saxagliptin were studied (2.5, 5, 10, 20, and 
40 mg, q.d.) and compared with placebo in an active 12 -week treatment period. 
All doses of saxagliptin significantly lowered HbAlc from baseline (mean 
baseline HbAlc 7.9 %) compared with placebo, and placebo- subtracted adjusted 
mean changes from baseline ranged from - 0.45 to - 0.63 %, with no apparent 
statistically significant dose -relationship in this study. These results supported 
saxagliptin's advancement to Phase III, where additional efficacy and safety 
data were generated in > 3000 drug- treated patients to support the registra- 
tional package.67 In January of 2007, BMS entered into a co- development and 
co- marketing agreement with Astra- Zeneca encompassing saxagliptin and the 
SGLT2 inhibitor dapagliflozin, as well as the back -ups for each. This partner- 
ship was established in order to share in the late -stage development costs /risks 
and to broaden the sales and marketing capacity required to effectively reach the 
target clinical population, generally served by primary care physicians. Ulti- 
mately, the BMS /Astra- Zeneca collaboration was successful in obtaining reg- 
ulatory approval from both the FDA (July 2009) and the EMEA (October 2009) 
for the use of saxagliptin, either as monotherapy or in combination with met - 
formin,6849 sulfonylureas,70 or TZDs, in the treatment of type -2 diabetes. The 
retrospective CV safety package generated to support the filing indicated an 
acceptable CV safety risk in the patient population studied, though further 
prospective post- marketing studies will be conducted in other patient popula- 
tions to more comprehensively assess the impact of chronic saxagliptin treat- 
ment on CV outcomes. Interestingly, trends towards reduced events in this 
analysis have prompted BMS and Astra- Zeneca to initiate larger, more exten- 
sive CV safety trials, with the hope of demonstrating a statistically significant 
and meaningful reduction in CV morbidity and mortality in diabetic patients. 

1.14 Summary 
In the late 1960's, the pioneering team of Miguel Ondetti and David Cushman 
gave birth to the concept of rational drug design with the invention of 
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captopril, a small -molecule, peptidomemtic inhibitor of angiotensin- converting 
enzyme (ACE). Using a novel approach based on knowledge of a target's 
relevance to a disease state, a mechanistic understanding of biological function 
of the target, and an ability to design small molecules to interact with critical 
elements of the target's active site (transition -state pharmacophores, hydro- 
phobic, hydrogen binding, and ionic interactions), they demonstrated that 
rational drug design (versus an empirical approach) can lead to new medicines. 
As a result, modern drug discovery was born, and continues to evolve, from 
this approach. Nearly 40 years after the discovery of captopril, these same 
principles are still being applied in medicinal chemistry, as exemplified in part 
with the discovery and development of saxagliptin. 

Our interest in DPP4 as a target coincided with the completion of several 
other metabolic disease discovery programs at BMS, thereby permitting a near 
immediate influx of staffing for the nascent program. Saxagliptin was dis- 
covered and advanced for development by utilizing an efficient and timely 
expenditure of resources (approximately 320 analogs, 26 months, 6 -7 full -time 
chemists, and 20 total full -time scientist -years across chemistry, biology, 
ADME and pharmaceutics). Prior to submission of saxagliptin for regulatory 
approval, the development team also contended with several hurdles, including 
synthetic and formulation challenges and a continually evolving competitive 
and regulatory landscape. Now that compounds such as saxagliptin, sitagliptin 
(JanuviaTM, Merck),7' and vildagliptin (GalvusTM, Novartis, marketed ex -US) 
have entered the market, with others likely to follow, DPP4 inhibitors have 
robustly entered the pharmacopeia of diabetes treatments. The efficacy and 
safety profiles to date for agents acting by this mechanism appear promising, 
and future studies may elucidate differentiation of the clinical profiles of these 
agents, as well as establish their potential for long -term benefit in the treatment 
of diabetes. 
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Fig. 9.1 The renin -angiotensin system. 

II. The Renin -Anglotensin System 

In I827, Bright at Guy's Hospital in London was amongst the first to recognize that renal 
disease was often accompanied by high blood pressure. Over a century of investigation 
subsequently unravelled the details of the renin- angiotensin system so that by the early 
1960s the biochemical pathway was well understood. A diagrammatic representation of 
the renin- angiotensin system is shown in Fig. 9.1. The Leu -Val bond of a circulating 
globular protein known as angiotensinogen, or renin substrate, is hydrolysed specifically 
by the aspartic acid proteinase, renin, which is produced by the kidney. This releases the 
N- terminal decapeptide, angiotensin I, which has no known biological activity. 
Angiotensin- converting enzyme (ACE) then cleaves a two -amino acid fragment from the 
free C- terminus of this decapeptide to give the octapeptide, angiotensin II, which is 
responsible for the full pressor effect of the renin- angiotensin system. Besides acting 
directly via receptors on vascular smooth muscle to constrict the arteries and arterioles, 
angiotensin H also stimulates the adrenal cortex to release aldosterone which induces 
sodium and water retention, resulting in a further hypertensive effect through increased 
plasma volume. ACE has also been identified as kininase II (Yang and Erdos, 1967; 
Nakajima 'et al., 1973), the enzyme that degrades the vasodepressor peptide, bradykinin, 
to produce inactive fragments. 

Although the biochemical details of the renin- angiotensin system had been worked 
out by the early 1960s, its relevance to the control of blood pressure under either normal 
or pathological conditions was not well understood. Indeed, many researchers were of 
the opinion that the role of the renin- angiotensin system in blood pressure regulation 
was likely to be a very minor one under any circumstances, and it was only the 

ì 
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TABLE 9.1 

In vitro Activities of Inhibitors of Anglotensin-Converting Enzyme Illustrating the Effects 
of Chain Length and Substitution on Inhibitory Potency 
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lifelopment of specific means of blocking the system that allowed its full importance to 
74appreciated. 

3: 

ngtotensin II antagonists such. as saralasin ({1-sarcosine, 8-a/anine]angiotensin) were 
'first agents to be used to probe the renin-angiotensin system. Early results with 

aralasin (Brunner et al., 1973) clearly showed the therapeutic potential of blocking the 
=7;t. 
ystem, and a sustained effort has been directed towards identifying potent orally bio- 

Oailable antagonists of angiotensin II. Much attention has also been focused on the 
tgn of inhibitors of the first enzyme of the cascade, renia. Many pharmaceutical 

panies have identified potent inhibitors of this highly specific enzyme, but the clinical 
aCV-elopment of these.has been impeded so far by disappointing oral activity. In the late 
1.960s, the first peptidic inhibitors of the converting enzyme became available. These 
iillaibitors were initially isolated from the venom of the Brazilian viper, Bothrops jararaca 
(Cushman and Ondetti, 1979) and one of them, teprotide [SQ20,811, compound (1), 
Table 9.1], was shown to have exciting potential as an antihypertensive agent (Engel et 
eg., 1972; Gams et at, 1974). The lack of oral bioavailability of these early peptidic ACE 
iihibitors again precluded their use as long-term therapy and prompted Cushman and 

A ,.indetti at the Squibb Institute to begin the search for an orally active compound. This 

"1.4earch was to herald the dawn of a new era in medicinal chemistry: a largely empirical 
est for new drugs was to become a true scientific discipline based on mechanistic 

;theories and design. 
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Fig. 9.2 Enzymes catalyse reactions by reducing AG. - -, Catalysed reaction; - - - -. uncatalysed 
reaction. 

Ill. Proteolytic Enzymes 
Chemical reactions in biological systems rarely occur in the absence of a catalyst. This essential role is performed by proteins known as enzymes, a term coined in 137e by Friedrich Wilhelm Kiihne from the Greek en, in, and zyme, leaven. Enzymes have truly awesome catalytic abilities; reactions are accelerated by factors of at least a million -fold. Since enzymes are catalysts, they do not alter the equilibrium of a chemical reaction; the attainment of equilibrium is accelerated, but the position of that equilibrium is not shifted, A chemical réaction, A -; B, goes through a transition state which has a higher energy than that of A or B. The binding of a substrate by an enzyme is not equivalent to chemical activation, and in fact, results in stabilization of the substrate. The cardinal property of an enzyme is not, then, its ability to bind the substrate, but rather its ability to dispriminate between the substrate and the transition state,. binding the latter more tightly, and reducing the difference in energy that limits the rate of the reaction. Enzymes accelerate reactions, then, by_ decreasing AG, the activation barrier. The combination of enzyme and substrate creates a new reaction pathway, the transition state of which is of lower energy than that for the reaction taking place in. the absence of enzyme (Fig. 9.2). The making and breaking of chemical bonds by the enzyme is preceded by the formation of an enzyme-substrate (BS) complex. The substrate is bound to a specific region of the enzyme which is termed the active site. This region of the enzyme encom- passes those residues that directly participate in the making and breaking of bonds, and which are known as the catalytic groups. The specificity of binding to the enzyme . depends on the precisely defined arrangement of the residues forming the active site. 
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,The chemical reaction carried out by proteolytic enzymes is the hydrolysis of the amide bonds linking amino acids in peptides and proteins: 

f 

Substrate 

H2O 

Rj O OH {- H211)(1 
O 

Products 

Proteinases differ enormously in how fastidious they are in their choke of reagent or substrate. At one end of the spectrum, the subtilisins, which are present in certain bacteria, are so undiscriminating that they can be used as ingredients in the so- called `biological detergents' to digest all manner of protein residues, while at the other extreme, thrombin, one of the enzymes involved in blood clotting, will hydrolyse only peptide bonds between an arginine residue and a glycine residue in its target protein. 
- 

A number of devices have evolved to enable hydrolysis of the substrate to take place and proteolytic enzymes are classified into four categories depending upon their catalytic mechanism. The serine and cysteine proteinases are named after the nucleophilic residues in the active sites which form an initial acyl -enzyme intermediate. This intermediate is then hydrolysed by an activated water molecule to release the enzyme and products, The pathway for a cysteine proteiiiase is illustrated below: 
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Examples of cysteine proteinases include papain and cathepsin H. Important members of the serine proteinase family are the mammalian enzymes trypsin, chymotrypsin and elastase, as well as the bacterial enzyme, subtilisin. 
It is generally held that. the enzymes comprising the other two classes, the aspartic proteinases and the metalloproteinases, do not form an initial acyi- enzyme intermediate as described above. The preferred mechanism is for specific residues in the active sites 

. of these enzymes to act as general bases and in this way to `pep up' the nucleophilicity : of a bound water molecule which then attacks the scissile amide bond directly. Important ti. °.aspartic proteinases include renia and also the proteinase encoded by the human immunodeficiency virus (HIV) which is essential for viral replication (Kohl et al., 1988; ::Peng et al., 1989). A commercially important aspartic proteinase is chyniosin which is ;-:used extensively in the cheese -making industry. Metalloproteinases include ACE and t.!Collagenase as well as some of the ß- lactamases, which, although not strictly speak- Ong proteinases, are important in the development of resistance to antibiotics by ¡bacteria. 
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Iv. ACE and the Zinc Metailoproteinases 
ACE (EC 3.4.15.1) is a glycoprotein which is widely distributed in mammals. It is primarily a membrane- bound enzyme of vascular endothelial cells, the pulmonary endothelial cells being a particularly important source. 

t# 
The difficulties inherent in working with a large (1.3 -1.6 kDa) membrane -bound and heavily glycosylated protein have made structure elucidation a Herculean task; the 

amino acid sequence was not determined until 1988 (Soubrier et al.), long after the first inhibitors had been marketed! Even today, the structural information available about this protein is not useful for inhibitor design and the most relevant factors remain a knowledge of the enzyme's substrate specificity together with an understanding of the catalytic mechanism,::. 
The presence of an essential zinc ion in ACE encourages comparison with other zinc metalloprotcinases. Carboxypeptidase A (Quiocho and Lipscomb, 1971), carboxypep- tidase B (Schmid and Herriot, 1976) and thermolysin (Matthews et al., 1974; Koster and Matthews, 1977) are 'zinc-dependent enzymes, the structures of which have been deter- mined using X -ray crystallography. The binding of substrates and inhibitors to these enzymes has also been studied crystallographically, and this structural information, together with *extensive mechanistic studies (Hartsuck and Lipscomb, 1971), has allowed 

an accurate picture of the active sites of these enzymes to be developed. A schematic representation of the catalytic site of carboxypeptidase A is shown in Fig. 9.3. 

--oc? 

Gfu-72 

-00 

kg-145 

Glu -270 

Tyr -248 

NH- 
Fig: 9.3 Schematic representation of the active site of carboxypepttdase A showing a bound substrate. 
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,Crystallographic studies on enzyme- substrate complexes show an electrostatic in- 
éraction between the positively charged guanidino function of Arg -145 and the nega- 
tsvely charged free carboxy group of a bound substrate. 

adjacent hydrophobic pocket (not shown) is responsible for the substrate specific- 
qty of carboxypeptidase A. The side chains of Glu -72, His -69 and His -196 form ligands 

the zinc ion, and the scissile amide becomes polarized by forming a fourth ligand to 
:lhc 'zinc, displacing a water molecule from the native enzyme as it does so. The mechan- 

r'-cfm of hydrolysis of the amide bond has been the subject of some controversy: direct 
i. attack of Glu -270 on the amide to form an anhydride -like intermediate, action of 
i 'Glu-270 as a general base to activate a water molecule, and activation of a water 

molecule by the zinc ion have all been proposed. Studies using H2180 (Breslow and 
tVernick, 1976) support the general base mechanism: Tyr -248 donates a proton to the 
. ieleased amino function, the resulting phenolate anion is positioned to accept a proton 

;.from the same water molecule which attacks the amide bond. t i 

} 

; "as À reliable, and preferably high- throughput, assay is crucial to any enzyme inhibitor 

: 
s programme. Although a whole cell system or animal model can be used if the target 

>3 t enzyme is unavailable, these methods are less than ideal since they introduce complicat- 
%Ang factors such as bioavailability, metabolism and cell penetration. These additional 
r 

v 
factors can have pronounced effects on activity, and as they are not easily taken into 

.:,account, can generate very misleading structure -- activity relationships (SARs). 
Purified preparations of ACE are available and various assay systems have been 

devised to measure the potency of inhibitors. The most widely used of these involves 
í..: {.: spectrophotometric determination of the hippuric acid released from the N- terminal- 

4 
protected tripeptide 'substrate hippuryl- L- histidyl -r- leucine [Fig. 9.4(a)], either alone 

* (Cushman and Cheung, 1971), or as the complex formed with cyanitric chloride 
(Hayakari et al., 1978). 

A schematic representation of the assay procedure using the cyanuric chloride complex 
method is shown in Fig. 9.4(b). The experiments are repeated at a number of different 

#, ;inhibitor concentrations and a graph is then plotted of the enzyme activity (determined 
Sç 

by the amount of hippurylhistidine produced in the reaction) against the concentration 
of inhibitor present. This produces a sigmoidal curve as shown in Fig. 9.4(c). 

The activity of an inhibitor is then usually quoted as an ICso value which can be 
determined directly from the graph. The ICS value thus represents the concentration of 
a given inhibitor that will reduce the activity of the enzyme by 50 %. 

ú 1.: 

t' VI. The Design of ACE Inhibitors 

rt 

It' 

is 

;. 

V. Assays for ACE 

A. Using a Two -dimensional Model of the Enzyme Active Site 

1. Captoptil 
In 1972, Byers and Wolfenden discovered a potent inhibitor of carboxypeptidase A. The 
activity of this compound, t-benzylsuccinic acid, was rationalized on. the basis of its 

Page 35 of 405



, N 

{r 'Gom-r co --- 

Htppuryl-histidyl-teucine 

COri 
ACF 

Hippuric acid 

(Absorbance measured at 228 nm) 

Cyanuric acid 

Complex 

(Absorbance measured at 382 nm) 

KW" -\\. 
N 

Cot.1i"-/-*4cozs{ 

Histidyt-leucine 

Fig. 9.4 (a) Biochemistry of the ACE assay; (b) the ACE assay; (c) Plot of enzyme activity against inhibitor 
concentration. (b) and (c) on facing page. 

resemblance to the substrates for the reverse enzymic reaction, i.e. to the products of the 
peptide hydrolysis. The benzyl group was considered to occupy the St subsite, with the 
adjacent earboxylate anion forming an electrostatic interaction with the enzymic 
Arg -145 residue. The second carboxylate group could then act as a ligand to the 
active -site zinc ion (Fig. 9.5). 

The first potent inhibitors of ACE were identified as a result of studies on the 
bradykinin- potentiating properties of peptides isolated from the venom of Bothrops 
jararaca. Knowledge gained from these studies about the chemical and enzymic proper- 
ties of ACE, together with insights drawn from Wolfenden's recently published work on 
the biproduct inhibitors of carboxypeptidase A, allowed Cushman and Ondetti at the 
Squibb Institute to develop a two- dimensional model of the active site of ACE ( Ondetti 
et al., 1977). 

Since ACE is a dipeptidyicarboxypeptidase, Ondetti and his colleagues reasoned that 
the distance between the cationic binding site and the zinc ion in'ACE must be greater 
than in carboxypeptidase A, by approximately the length of one amino acid residue. It 
then followed that a succinyl derivative of an amino acid, rather than a simple succinic 
acid, should form the prototype for inhibitors of ACE (Fig. 9.6). 

To test this hypothesis, they initially prepared succinyl-S- proline (2) choosing proline 
as the C- terminal amino acid since this residue occurs at the free C- terminus of all the 
naturally occurring peptidic inhibitors. 

Although not exceptionally potent (ICR, 630 fat), this compound provided support for 
the original hypothesis, as it was a specific inhibitor of the enzyme, After exploring the 
effect of different st.ivetural modifications, inchiding length and substitution of the aryl 
group, 2- R- methylsuccinyl- S- proline (4) was identified as a significantly more active 
inhibitor (ICs, 52 fpm). The diastereoisomer (5) with the S- coníì.guration at the methyl 
group was found to be much less active. 

The Squibb group then reasoned that if the interaction of the carboxy group of such 
compounds with the zinc ion in the enzyme active site was crucial for inhibitory potency, 
then replacement of the carboxylate by another group capable of acting as a ligand to 
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(b) 

Rabbit lung ACE 

1 
Blank Test Control 

Hip- His -Leu Rabbit lung ACE Rabbi lung ACE 
Hip -His -Lou Hip- His-Leu 

inhibitor 

-Incubated at 37 °C for 25min -- 

I 
Reactions stopped by addition of Ice -cold 200mm- phosphate buffer (pH 8.3). Rabbit lung ACE added to blank assay. Then 3% solution of cyanuric chloride in dioxan added and reactions incubated at 20 °C for 15 min. Tubes centrifuged. 
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Fig. 9.4 Continued. 
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O 

Fig. 9.5 Schematic representation of the binding of substrate, product and inhibitor molecules to the active site of carboxypeptidase A. 

the zinc ion should result in a compound of equal or greater potency. Replacement of the carboxy group by nitrogen -containing functionalities (amines, amides or guanidines) gave no improvement in. potency, but replacement by a thiol group led to a dramatic enhancement of activity. The most potent inhibitor of this series (6, SQ14,225) with an .IC50 value. of 23 niv: was, on a molar basis, more potent than the previously described nonapeptide, teprotide (1), More importantly, this small non- peptidic inhibitor showed good oral bioavailability, and as captopril was destined to become the first commercially available ACE inhibitor. 

2. Enalapril The design of enalapril also grew out of Wolfenden's biproduct inhibitor hypothesis, but Patchett and colleagues (1980) at Merck used a different approach to improve the potency of glutaryiproíine (3), choosing to elaborate the molecule in such a way as to provide additional interactions with putative sites on the enzyme. In order to visualize some of the possibilities, they considered 2- methylgiutarylproline as a biproduct inhibi- tor of the hydrolysis of N-acyl-Phe-Ala-Pro (Fig. 9.7). It was hypothesized that incorporation of an NH group, a hydrophobic side chain ór an RCONH group into the prototype inhibitor, 2- methylglutarylproline, should increase'.; 
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Fig. 9.7 Schematic representation of 2- methylgiutaryiproline as a blproduct Inhibitor of the enzymic clea\age of N-acyi- Phe -Afa -Pro. 

its resemblance to the products' of the enzymic hydrolysis, and thus enhance inhibitory potency. Introduction an 
8 compared with compound 7), but incorporation of a hydrophobic substituent next to the N terminal carboxy group (a manoeuvre suggested by the known preference of ACE for substrates with a hydrophobic amino acid in the antipenultimate position) led to.a dramatic increase in potency (compounds 9 -11) (Table 9.2). The most potent compound (11), designated MK422, was that in which a phenethyl group was used as the hydro- phobic side chain. The diastereisomer (12) with the R- configuration at the centre bearing the carboxylate group is a much less potent inhibitor. MK422 is not -yell absorbed orally in laboratory animals or in man, but esterification of the N-carboxyalkyl group provided a simple solution to this problem. The ethyl ester, MK421, enalapril, is, as expected, a much less potent inhibitor of ACE, but in vivo the action of esterases rapidly converts the prodrug into the active diacid. It is fortunate that satis- factory oral absorption can be achieved with the monoester since esterification of the protine carboxy group strongly promotes the irreversible formation of the diketopiperazine (13). 

; 
fr: 
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9. ACE INHIBITORS AND THE DESIGN OF CILAZAPRIL 175 

TABLE 9.2 
; In vitro ActivitieS of Inhibitors of Anglotensin-Converting Enzyme Illustrating the Effects of 

Additional Binding Groups on Inhibitory Potency 

10 

et 

Thiol-containing Inhibitors 
iTDesign.. approaches using a two-dimensional schematic representation of the enzyme 
;i6tive site have proved to be very effective, and, as in the case of cap. topril and enalapril, 

i; have led to potent enzyme inhibitors. Several groups, including our own at Roche, 
:believed that it should be possible to achieve further .improvements in potency if the 
bloactive conformation of these inhibitors could be used in a more rigid molecule, The 

NI:importance of the three key binding groups, i.e. the carboxy group, the amide group and 
zinc ligand, was well recognized, but information about their relative spatial orienta- 

i f:tion in the bound state was not accessible directly, since no X-ray crystallographic data 
:.swee available, for either the native enzyme or enzyme-inhibitor complexes. 

I: We addressed this problem by attaching the three important binding groups to a rigid 
:.'aemplate which could be varied systematically in order to change the relative spatial 
....prientation of these groups (Hassall et al., 1984). We began by imposing the constraint 
;that the amide bond of captopril should remain in the trans conformation in the 
;:. 

- , 

11 

tz 
VI 12 

Structure 

HOC 

CO2H 

CO2H 

Ho2c1rLirN? 
O CO2H . 

Hoac "J Nf? 
CO2H 

HOC tr"TY o CO2H 

N 

Ph 

Hoza,". 
CO2H 

IC50 (jat) 

4.9 

2.4 

0.09 

0.04 

0.001 

0.8 

B. Using a Three-dimensional Model of the Enzyme Activé Site 

1. 

.11 

4. 

;- 
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O 

HS/fú 

CO2H 

trans 0.8 moi fraction 

cis 0.2 mod fraction 

"211 2 
Fig. 9.8 Trans and cls conformers of captopril. 

enzyme- inhibitor complex. This seemed to be a reasonable supposition since the trans form is clearly favoured both in solution and in the crystal (Fig. 9.8). As our template, we chose a bicyclic system which is notionally formed by bridging the proline ring 6-carbon on to the alanylrncthyl group [Fig. 9.9(a)]. In practice, we preferred to replace proline by hexahydropyridazine -3- carboxylic acid [Fig. 9.9(b)], since this avoids the inconvenience of an additional chiral centre and also provides. the basis of a relatively straightforward rotte to a range of bicyclic compound (Table 9.3). We initially chose compounds which would place the thiol group in very different positions to allow us to map a large volume of space quickly. In order to learn more about the bioactive conformation of captopril, then to compare the positions of the three key binding groups (the thibl group, the amide group and the carboxy group) in each of our conformationally restricted inhibitors with the full range of spatial orientations possible for captopril. Keeping the amide bond of captopril in what we believed was the bioactive trans conförmation, it was-possible, Using molecular graphics, to effect rotations about the C112- CH(Me) and CH(Me) -C(0) bonds (Fig. 9.10). 
This generated the locus for the captopril S -atom depicted in fig. 9.11(a). Using conventional molecular mechanics calculations, it was then possible to exclude high - energy (> 50 kcal /mol) conformations, leaving the mesh plot shown in Fig. 9.11(b) to represent the most likely positions of the S -atom relative to the amide and carboxy groups. 
By comparing the restricted S -atom locus of each of our conformationally restricted inhibitors with the captopril S -atom locus, we were able to associate biological activities 

HS 

A 
CO2H 

(a) (b) 

N 

A 

CO2Fi 

Fig. 9.9 (a) Trans conformer of captopril showing lime required to form bicyclic derivative; and (b) 
preferred bicyclic derivative. 
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9. ACE INHIBITORS AND THE DESIGN OF CILAZAPRIL 

TABLE 9.3 

177 

r_3 

,Í 

Compound Rt R2 IC50 (pm) 

17 
18 
19 

HSCH2 CH2 
H3C 
HSC.H2 

H3C 0.1 
HSCH2 CHz 43 
H3C LO 

If 
RI/YN l - 

O COZH 

Compound R' R2 IC50 (pm) 

20 HSCH2 H 0.1 
21 H HSCH2 0.04 

t=á 

iE 

Ïith the different regions of this locus, and hence identify the probable' bioactive 
'dL nformations of captopril. . ' ' - 

{ Figure 9.12(a) represents the superposition of the mesh plot for compowid (21) on that 
or captopril.. The carboxy and amide groups of the two molecules have been aligned, z:. 

conformationally feasible positions for the thiol groups then traced. Figure 9.12(b) 
,:;shows a scale representation of the portion of the mesh trace common to compound 21 
iand captopril. This process can be repeated for the individual conformationally restricted 
,inhibitors (compounds 14 -21), producing in each case a restricted locus 'which corre- 
'sponds to only part of the whole potential locus for the sulphur atom of captopril. If it 

.is assumed that the enzyme inhibitory activity of the conformationally restricted inhibitors 
is directly dependent upon their ability to achieve the best fit in the active site, the mesh 
plot for the sulphur atom can be related to the biological activity (F) of each compound 

, 

(Fig. 9.13). 
Y. 

FIS 

í 

Fig. 9.10 Rotation about the CH2- Ci1(Me) and CH(Me) -CO bonds of captopril allows generation of the 

mesh plot depicted in Figure 9.11(a). 
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,. 

Fig. 9,11 (a) The surface mesh (focus) produced for the sulphur atom of captopril by allowing free rotation about the CI12- CH(Me) and CH(Me) -CO bonds; and (b) the reduced locus after rejecting conformations > 50 kcal /mol In total energy. 

A consideration of our initial thiol- containing compounds ascribed highest potency to two regions of the locus, E4. 
Although compounds 20 and 21 are reasonably potent enzyme inhibitors (IC, 100 and 40 naí), they are less potent than captopril (iCso 23 nit), indicating that the three key binding groups in these rigid molecules are not fixed in precisely the right orientation for optimal binding to ACE. This is probably because the torsion angle 1// (Fig. 9.14) is not optimal in these compounds which thus mimic relatively high -energy conformations of alanylproline. In these conformers, the methyl group of the alanine residue almost eclipses the &- carbon atom of the prolinc ring. The energy profile for alanylproline does in fact show two rather broad energy minima, both of which correspond to IA values outside the range calculated for compounds 20 and 21. 

2. Cilazapril 
Having - used -our conformationally restricted thiol- containing inhibitörs to rriáp likely positions of the active site zinc ion relative to the hydrogen bond donor and cationic binding sites, we then further refined and extended our model to include other zinc 

. ligands (Attwood et al., 1986). We prepared a series of N carboxyalkyl- bicyclic lactarns in which the torsion angle, tir, was varied systematically (Table 9.4). The most potent ACE inhibitors (24 and 28) were those incorporating a seven - membered lactam with a torsion angle, i/i, of 164 -166 °. Interestingly, this value of approximately 165 °, which appears to be optimal for binding to ACE, is different from that adopted by NV [1- carboxy -3- phenylpropyl ] -L- leucyl -L- tryptophan (4i 316 °) as 
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::;Fig. 9.12 (a) Superposition of captopril and bicyclic compound (21); and (b) the common locus of the 
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Fig. 9.13 Biological activities assigned to different regions of the captopril sulphur atom locus. 
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Fig_ 9.14 The ECEPP energy profile of the H -Ala- Pro -OH fragment. 

determined by X -ray crystallography in the complex with thermolysin (Monzingo and Matthews, 1984). This suggests that ACE binds inhibitors (and presumably substrates) in one low- energy conformation whilst the related metalloproteinase, thermolysin, binds its substrates in an alternative low- energy conformation, The proposed enzyme -bound conformation of compound 24 (cilazaprilat) is depicted in Fig. 9.15. In common with other non - thiol- containing ACE inhibitors, the parent diacid, cilaza- prilat is poorly absorbed orally. Conversion to the monoethyl ester affords the prodrug, cilazapril (30). Cilazapril shows excellent oral bioavailability and, once absorbed, the 

TABLE 9.4 In vitro Activities of Con(ormattonalty Restricted N- carboxyatkyl Inhibitors of Angiotonsln- Converting Enzyme Showing Variation with Torsion Angie, 

HO2C 

Ph 
H 

Y 

CO2H 

--= H2 
o Compound 

22 
23 
24 
25 

it 
1,fr ICS (not) Compound n s1i ICA (nm) 

0 254.9° 8000 26 0 237.6° 1 245.6° 28 27 
1 196.6° 20 2 163.9° 1.6 

- 28 2 -- - 165.3° 4 3 142.10* 4.5 29 3 146.4 °* 15 values obtained from crystal structures of model - bicyclic compounds, *Values calculated by Modified Neglect of Diatomic Overlays (MNDO)*(Dewa- and Thiel, 1977). 
The `Y value N 165° seems optimal for ACE. The value 316° was found for the thermotysin(N-(1-carboxy-3- 
phenylpropy 1)- 1,- feucyl- L- tryptophan complex. These values are within the ranges of the two energy minima 
for alanylproline. 
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Fig. 9.15 The proposed orientation of cllazaprilat far binding to the catalytic site of ACE. 

ethyl ester is rapidly hydrolysed by plasma esterases to liberate the parent diacid, cilazaprilat. 

3. Synthesis. of Cilazapril 
The synthesis of cilazapril is set out in Scheme 9.1. The t -butyl ester of (N -1) protected hexahydropyridazine -3(S)- carboxylic acid (31) was acylated at N -2 using the protected , 
glutamic acid derivative (32) to give compound 33. The protecting groups were removed 

' simultaneously by hydrogenolysis and the resulting acid was cyclized via the acid chloride to give the protected dipeptide mimetic 34. We were gratified to find that rt 
reduction of compound 34 with borane /tetrahydrofuran (H3B /THF) was highly regio- selective, possibly because the second amide is in a rather crowded environment. De- protection of intermediate 35 by hydrazinolysis then afforded the key dipeptide mimetic (36). Two methods of attaching the carboxyalkyl side chain were investigated. In our hands, reductive alkylation using keto acids or esters gave poor yields with little evidence of asymmetric induction at the newly formed chiral centre, Initial studies using racemic 

:: ethyl 2- bromo-4- phenylbutanoate afforded, in good yield, the required product (37) as a 1 : 1. mixture of epimers. Much to our chagrin, the same 1:1 mixture of epimers'was obtained following alkylation with the bard -earned* chiral bromo ester (38). The racemization was presumed to stem from nucleophilic exchange of bromide ion, and was avoided by the use of trifluorornethanesulphonate (trifate) as the leaving group. Our 

'. : .. s 1: + .. . _.::r.:- _ y .'i..: f.'__ _ .-... - 
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(31) (32) 
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(iv) 

PhthN 
CO2tBu 

(34) 

PhthN 

Phth 

ÇO2Bz 

ZN 

t1N. 

O CO2tBu 

(33) 

C C ?tt3u 

(35) 

(y) 

CÓ tDu 

0b) 

^ CO2Et 
CO2Et 

Ph' v `OSO2CF3 Ph' Br 
(38) 

EtO2C 

N p CO2tBu H 

(39) 

(vi) 

EtO2C 

Ph 

EtO 
-N- 

Ñ 0 CO2tBu 

(37) 

H ó c02w 
Ciiazapril 

(30) 

Scheme 9.1 Synthesis of cflazapril. 
(i),ioluene, aqueous NaHCOa; (it) H2, Pd/C, MOH; (Ill) SoCl2, CH2C12; (iv) H381ï'HF; (v) NzH4. HzO, BtOH; (vi) HC1/CH2C12. 

experience was subsequently confirmed by the findings of Bffenberger et al. (1983) who used _triíiate esters to prepare a range of chiral .N- substituted a- amino carboxylic esters: Deprotection of the butyl ester (39) using anhydrous hydrogen chloride in dich- loromethane then gave cilazapril (30). 
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9. ACE INHIBITORS AND TIÍE DESIGN OF CILAZAPRIL 

VII. Biological Properties of ACE Inhibitors 

A. Pharmacokìnetics 

183 

n contrast with the position with enzyme inhibition, it is still barely possible to apply 

J :1esign principles to overcome pharmacokinetic problems, and serendipity remains the 
;inajor operator. Fortune has favoured the medicinal chemist in the field of ACE 

inhibitors since captopril is well absorbed orally, and those inhibitors that use a carboxy 

group as the zinc ligand can be rendered orally bioavailable by the simple expedient of 
tnonoesterification. When cilazapril is administered orally to rats, approximately 98% of 

[it :the dose is absorbed (Attwood et al., 1984). The action of esterases thenreleases the 

páreat diacid, cilazaprilat. 

B. Efficacy In Animal Models of Hypertension 

' Cilazapril, and other ACE inhibitors, have long been established to lower blood pressure 
a range of hypertensive animal models. Cilazapril lowers established high blood 

,..- pressure in spontaneously hypertensive rats (SHRS) (Natoff et al., 1985), and prevents 

! 'the development of hypertension in young SHRs (Hefti et al., 1986). In this animal 
3 ~:model, cilazapril lowers blood pressure largely by a decrease in total peripheral resistance 

with little or no effect on heart rate or cardiac output. 
t: 

C. Clinical Results 

.1. Hypertension 
r.Numerous clinical.trials have clearly demonstrated the efficacy of ACE inhibitors as 

m:onotherapy in mild, moderate and even severe hypertension. Although early theories 

suggested that angiotensin If might be important only in relatively rare forms of. 

; :hypertension, e.g. renal hypertension, it is now known that ACE inhibitors, in conjunc- 

Lion with diuretics if necessary, will lower blood pressure in over 80% of patients. 

2. Cardiac and Vascular Hypertrophy h 

1;1'...1-ligb. 

yp y 

T ' j: muscle (myocardium) and also of the walls of the blood vessels supplying the heart. 4 
t'$" . These changes reduce the ability of the heart to increase its capacity beyond its normal 
,.. work load (coronary reserve), and can also lead to an inadequate blood supply to the 

i. 

.. heart muscle itself (myocardial ischaemia). These pathological changes predispose the 

patient to heart failure, so the aim of any long-term therapy should be to reverse 

ventricular hypertrophy and improve coronary vascular reserve (Motz and Strauer, 

1990). Cilazapril has been shown to prevent the development of cardiac and vascular 
hypertrophy and can also improve coronary reserve once hypertension is established 

(Clozel and Hefti, 1988). 

3. Reperfusion Arrhythinias 
Contrary to apparent logic, restoration of blood flow to the ischaemic heart is more 
likely to cause fibrillation and death than the period of ischaemia itself. Reperfusion can 

(:.occur spontaneously or as a result of medical intervention and frequently leads to 

1 

4 
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life- threatening arrhytbmias. Studies have shown that ACE inhibitors protect against reperfusion arrhythrnias (Van Guist et al., 1984; Lad and Manning, 1987), whereas angiotensin I and angiotensin II potentiate these arrhytlunias (Van Gilst et al., 1984). 
4. Congestive Heart Failure Congestive heart aihiie ciccurs more frequently with increasing age and is often linked to disease of the heart muscle caused by inadequate blood supply (ischaemic cardiomyo- pathy) or to hypertension. In order to maintain blood flow to vital organs, a number of compensatory mechanisms are triggered. Initially the loss of contractility is countered by cardiac dilation, ventricular hypertrophy and increased catecholamine production. As the condition pi-Ogresses, decreased cardiac output and increased filling pressures result in activation of the sympathetic nervous and reran-- angiotensin systems which in turn causes vasoconstriction and increased blood volume. This then sets up a vicious circle in which the failing heart has to work against increasing blood pressure. Recently interest has focused on the use of ACE inhibitors in congestive heart failure since a fall in systemic vascular resistance should reduce the excessive pre- and after -loads seen in this disease. ACE inhibition has been shown to be beneficial in congestive heart failure and it is becoming evident that early treatment may even prevent the development of overt heart failure. 

S. Inhibition of Neo- intitnal Thickening In atherosclerosis, the blood vessels are narrowed by deposits of lipid and collagen which later become calcified. Atherosclerotic vascular stenosis, vascular surgery and per - cutaneous transluminal coronary angioplasty (PTCA) (a technique which attempts to clear extensively blocked arteries) are all accompanied by proliferation of the underlying smooth muscle cells (Ross, 1986) which further narrows the blood vessel. The walls of the large arteries and veins contain local angiotensin systems which seem to be involved in the thickening of the blood vessel walls seen in hypertension since ACE inhibitors such as cilazapril have been shown (Clozel et al., 1989) to reverse this thickening. In animal experiments, Powell and colleagues (1989) have shown that cilazapril similarly prevents this smooth muscle cell proliferation after vascular injury. The outcome of clinical studies in PTCA patients will determine whether these impressive results are reproduced in man. 

VIII. Conclusions 
Although early ideas about hypertension suggested that ACE inhibitors woUld be useful only in certain rather rare circumstances, this has proved to be an oversimplification, and ACE inhibitors have become an important class of drugs for controlling the commonly encountered forms of hypertension. Moreover, ACE inhibitors will also probably prove beneficial to_patients suffering -from myocardial infarction; congestive heart failure and possibly atherosclerosis. 
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[57] ABSTRACT 

The present invention relates to a compound of formula (I) 

wherein R is substituted adamantyl; and n is 0 to 3; in free 

form or in acid addition salt form. Compounds of formula I 

inhibit DPP -IV (dipeptidyl- peptidase -IV) activity. They are 

theretotc indicated for use as pharmaceuticals is inhibiting 

DPP -IV and in the treatment of conditions mediated by 

DAP -1 V, such as nun- iusulin-depttidom diabetes moll/bus, 

arthritis, obesity, osteoporosis and further conditions of 

impaired glucose tolerance. 
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N- (SUSSTI rintr) GLYCVL) -2- 
CYANOPYRROLIDINES, 

PHARMACEUTICAL COMPOSITIONS 
CONTAINING THEM AND THEIR USE IN 
INHIBITING DIPEPTIDYL PEPTIDASE -IV 

This application claims the benefit of US. application 
Ser. No. 09,209,068, filed Dec. 10, 1998, now abandoned, 
and which is incorporated herein by reference. 

The present invention provides new dipoptidyl 
peptidase -IV (DPP-IV) inhibitors which are effective in 
treating conditions mediated by DPP -IV. More recently, it 
was discovered that DPP -IV is responsible for inactivating 
glueagon -like peptide -1 (GIP -1). Since CLP-1 is a major 
stimulator of pancreatic insulin secretion and has direct 
beneficial effects on glucose disposal, DPP -1V inhibition a 
appears to represent an attractive approach for treating 
conditions such as nun -insulin -dependent diabetes mellitus 
(NIDDM). 

The instant invention relates to novel N- (substituted 
glyoyl)- 2- cyanopyrrolidines of formula I: 20 

2 
The term " alkoxy" re fns to alkyl -O-. 
The tern "halogen" or "halo' refers to fluorine, chlorine, 

bromine and iodine. 
The tern "alkylcou" refers to a straight chain bridge of 2 

s to 7 carbon atoms, preferably of 3 to 6 carbon atoms, most 
preferably S carbon atoms. 

A preferred group of compounds of the invention is the 
compounds of formula I wherein the substituent on the 
adamantyl is bonded on a bridgehead or a methylene adja- 

u cent to a bridgehead. Compounds of formula I wherein the 
the glyoy1- 2- cyanopytmlidino moiety is bonded to a 
bridgehead, the R' substituent on rho adnmanlyl is preferably 
3- hydroxy. Compounds of formula I wherein the the glycyl- 
2- cyanopyrroliclire moiety is bonded at a methylene adio- 

s cent to n bridgehead, the R' substituent on the adamantyl is 
preferably S- hydroxy. 

The present invention especially relates to a compound of 
formulae (I A) or (I B) 

wherein 
R is substituted adamantyl; and 
n is 0 to 3; in free form or in acid addition salt form. 
The tmmpuunats of formula I anti exist iu free form or in 

acid addition salt form. Pharmaceutically acceptable (i.e., 
non -toxic, physiologically acceptable) salts are preferred, 
although other salts are also useful, e.g., in isolating or 
purifying the compounds of this invention. Although the 
preferred acid addition salts are the hydrochlorides, salts of 
mcthancsull'onic, sulfuric, phosphoric, citric, lactic and no- 
tie acid may also bo utilized. 

The compounds of the invention may exist in the form of 
optically active isomers or diastercoisomers and can be 
separated and recovered by conventional techniques, such as 
chromatography. 

Listed below are definitions of various terms used to 
describe this invention, These definitions apply to the terms 
as they are used throughout this specification, unless other- 
wise limited in specific instances, either individually or as 
part of a larger group. 

The term "alkyl" refers to straight or branched chain 
hydrocarbon groups having 1 to 10 carbon atoms, preferably 
1 tog carbon atoms, most preferably 1 to 5 carbon atoms. 
Exemplary alleyl groups include methyl, ethyl, propyl, 
isopropyl, n- butyl, t- butyl, isobuty], phetyl, beryl and the 
like. 

The term "alkanoyl" refers to alkyl-C(0)--. 
The term "substituted adamantyl" refers to adamanty], 

i.e., 1- or 2- adamantyl, substituted by one or more, for 
example two, substitutents selected from alkyl, --ORa or 
-NA.Ra; where R R, and R, are independently hydrogen, 
alkyl, (C2- C5-alkannyl), carhamyl, or -CO- NR4Rs; 
where R,, and Rs arc independently alkyl, unsubstitutcd or 
substituted aryl and where one of R4 and Rs additionally is 
hydrogen or R4 and Rs together represent Cz- C7atkylene. 

The term "aryl" preferably represents phenyl. Substituted 
phenyl preferably is phenyl substituted by one or more, e.g., 
two, substitutents selected from, e.g., alkyl, alkoxy, halogen 
and trifluoromethyl. 

2 

30 

35 

(U) 

(m) 

wherein R' represents hydroxy, C1- Cvalkoxy, Cr- Cs- 
alkanoyloxy, or R3124N- C0 --0 -, where R4 and Rs inde- 
pendently are C,- Crtdkyl or phenyl which is unsuhstitmed 
or substituted by a substitutent selected from C1- C,alkyl, C, C,alkoxy, halogen and trifiuoromethyl and whew Ra 
additionally is hydrogen; or R4 and Rs together represent Cr Csalkylene; and R" represents hydrogen; or R' and R" 

45 independently represent C,- C,alkyl; in free form or in form 
of a pharmaceutically acceptable acid addition salt. 

The compounds of the invention may be prepared e.g. by 
a process which comprises coupling a reactive 
( 2- cyanopyrrolidino )earbonylmethylene compound with an 
appropriate sub:diluted amine; more particularly, fur the 
preparation of the compounds of formula I, it comprises 
reacting a compound of formula II. 

n 
55 

N" l 
I 

an 

wherein Y is a reactive group (preferably a halogen such as 
bromine, chlorine or iodine) with a compound of formula III 

Ntla(CHaì,- R lit 

65 wherein R is as defined above, and recovering the resultant 
compound of formula I in free form or in acid addition salt 
form. 
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The pros w of the invention may he effected in conven- 
tional manner. For example, the compound of formuln 11 is 
reacted with 1 to 3 equivalents, preferably 3 equivalents, of 
a primary amine of formula Ill. The reaction is conveniently 
conducted in the pmscncc of an inert, organic solvent, such 
as methylene chloride or a cyclic ether such as tetrahydro- 
furan. The temperature preferably is of from about 0° to 
about 35° C.. preferably between about 0° and about 25° C. 

The compounds of the invention may be isolated from the 
reaction mixture and purified in conventional manner, e.g. 
by chromatography. 

The starting materials may also be prepared in conven- 
tional manner. The compounds of formula II may be pm- 
pared by the following Iwo -step reaction scheme: 

Sl'EP a 

NHa 
13-[I 1 

I I 

v 

tt 

Step 1 involves the reaction of the pyrrolidine of formula 
1V with a. slight molarcxcess of a haloacetylhalide such as 
bmmoacctylbmmide or ctdoroacctylchloride and a base 
such as potassium carbonate or triethylamine. The reaction 
conveniently is conducted in the presence of an inert, 
organic solvent, such as tetraltydruíuran or a d u orirated, 
aliphatic hydrocarbon such as methylene chloride, at a 
temperature of from about 0° to about 25° C., preferably at 
a temperature between about 0° and about 15° C. 

Step 2 concerns the dehydration of the compound of 
formula V, prepared in Step f, with 1 to 2 equivalents of 
trifìuoroacetic anhydride (TFAA). The dehydration prefer- 
ably is conducted in the presence of an inert, organic solvent 
such as tetrahydrofuran or a chlorinated, aliphatic hydrocar- 
bon such as methylene chloride, at a temperature of from 
shout 0° to ahnut 2.5° C., preferably at a temperature 
between about 0° and about 15° C. 

Insofar as its preparation is not particularly described 
herein, a compound used as starting material is known or 
may be prepared from known compounds in known manner 
or analogously to known methods or analogously to methods 
described in the Examples. 

For example, the primary amine compounds of formula 
111 are known and may be prepared by procedures docu- 
mented in the literature, for example, [Shim. -Farm. Zh. 
(1986), 20(7), 810 -15. 

Finally, compounds of the invention are either obtained in 
the free form, or as a salt thereof if salt forming groups are 
present. 

Compounds of the invention having basic groups can be 
converted into acid addition salts, especially pharmaceuti- 
cally acceptable acid addition salts. These are formed, for 
example, with inorganic acids, such as mineral acids, for 
example sulfuric acid, a phosphoric or hydrohalie acid, or 
with organic carboxylic acids. Preferred are salts formed 
with hydrochloric acid. 

4 
In view of the close relationship between the free com- 

pounds and the compounds in the form of their salts, 
whenever a compound is referred to in this context, a 

corresponding salt is also intended, provided such is pas- 
s sible or appropriate under the circumstances. 

The compounds, including their salts, can also be 
obtained in the form of their hydrates, or include other 
solvents used for their crystallization. 

The instant invention also includes pharmaceutical 

to compositions, for example, useful in inhibiting DPP -IV, 
comprising a pharmaceutically acceptable carrier or diluent 
and a therapeutically effective amount of a compound of 
formula I, or a phannecmuically acceptable acid addition 
salt thereof. 

In still another embodiment, the instant invention pro- 
's vides a method of inhibiting DPP -IV comprising adminis- 

tering to a mammal in need of such treatment a therapeuti- 
cally effective amount of a compound of formula I, ur it 
pharmaceutically acceptable acid addition salt thereof. 

In a further embodiment, the instant invention provides a 

20 method of treating conditions mediated by DPP -IV inhibi- 
tion comprising administering to a mammal in need of such 
trcatmnnt a therapeutically effective amount of a compound 
of formula I above, or a pharmaceutically acceptable acid 
addition salt thereof. 

2$ DC present invention also relates to the use of u com- 
pound according to the instant invention or a pharmaceuti- 
cally acceptable salt thereof, e.g., for the manufacture of a 

medicament for the prevention or treatment of diseases or 
conditions associated with elevated levels of DPP -IV. 

30 As indicated above, all of the compounds of formula 1, 

and their corresponding pharmaceutically acceptable acid 
additionsalts, are useful in inhibiting DPP-IV. The ability of 
the compounds of formula I, and their corresponding phar- 
maceutically acceptable acid addition salis, to inhibit DPP - 

35 IV may be demonstrated employing the Caco -2 DPP -IV 
Assay which measures the ability of lest compounds to 
iuhLit DPP -IV activity from Imrnau a0nnic carcinurua cell 
extracts. The human colonic carcinoma troll line Caco -2 was 
obtained from the American Type Culture Collection (ATCC 

co LITE 37). Differentiation of the cells to induce DPP -1V 
expression was accomplished as described by Reisher, et al. 
in an article entitled "Increased expression of intestinal cell 
line Caco -2" in Proc. Natl. Acad. Sci., Vol. 90, pgs. 
5757-5761 (1993). Cell extract is prepared from cells sots - 

45 bilized in 10 mM Ris I-ICI, 0.15 M Neel, 0.04 tie. 
aprotinin, 0.5% nonidet -P40, pli 8.0, which is centrifuged at 
35,000 g for 30 min. at4° C. to remove cell debris. The assay 
is conducted by adding 20 pg solubilizod Caco -2 protein, 
diluted to a final volume of 125 Hl in assay buffer (25 mM 

50 Tris HCl pH 7.4, 140 mM NACI, 10 mM KO, 1% bovine 
scrum albumin) to microliter plate wells. After a 60 min. 
incubation at room temperature, the reaction is initiated by 
adding 25 )d of 1 mM substrate (H- Alanine- Pmline -pNA; 
pNA is p- nitroaniline). The reaction is carried out at room 

55 temperature for 10 minutes after which time a 19 pl volume 
of 2595 glacial acetic acid is added to stop the reaction. Test 
compounds am typically added as 30 pl additions and the 
assay buffer volume is reduced to 95; u1. Astandard curvo of 
free pnitroaniline is generated using 0 -500µM solutions of 

eo free pNA in assay buffer. The curve generated is linear and 
is used for interpolation of substrate consumption (catalytic 
activity in "moles substrate cleaved /min). The endpoint is 
determined by measuring absorbance at 405 mil in a 

Molecular Devices UV Max microtiter plate reader. 
es The potency of the test compounds as DPP -IV inhibitors, 

expressed as TCm, is calculated from S- point, dose - response 
curves using a 4- parameter logistic function. 
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The following ICso was obtained: 

Compound 

Eel 
ex. 4 

Cam.2 DPP -IV (nM) 

SS t 1.5 
s 

The ability of the compounds of formula 1, and their 
corresponding pharmaceutically acceptable acid addition 
salis, to inhibit DPP.IV may also be demonstrated by 
measuring the effects of twit compounds ou DPP -IV activity 
in human and rat plasma employing a modified version of 
the assay described by Kubota, et al. in an article entitled 
"Involvement of dipcplidylpeptidasc IV in an in vivo 
immune response" in Clin. Exp. Immortal., Vol. 89, pgs. 
192- 197(1992). Briefly, 5pl of plasma are added to 96 -well 
fiat- bottom microliter plates (Falcon), followed by the addi- 
tion of 5 pl of 80 mM MgCl2 in incubation buffer (25 
mMHEPES, 140 mM NaCI, 1% MA-grade BSA, pH 7.S). 
After a 60 min. incubation at room temperature, the reaction 
is initiated by the addition of 10 ¡d of incubation buffer 
Containing 0.1 mM substrate (H-Glycine-Proliae- 
AMC;AMC is 7- amino- 4- melhylcouraaria). The plates are 
covered with aluminum foil (or kept in the dark) and 
incubated at room temperature for 20 min.After the 20 min. 
reaction, fluorescence is measured using a CytnFluor 2350 
fluorimeler (Excitation 380 nm Emission 460 not sensitivity 
selling 4). .Test compounds are typically added as 2 pl 
additions Ind Ihe assay buffer volume is reduced to 13 pl. A 
fluorescence -concentration curve of free AMC is generated 
using 0-50 pM solutions of AMC in assay buffer. The curve 
generated 'is linear and is used for interpolation of substrate 
consumption (catalytic activity in moles substrate cleaved/ 
min). As with the previous assay, the potency of Ilse test 
compounds as DPP -IV inhibitors, expressed as ICso, is 
calculated from 8- point, dose -responso curves using a 4 
parameter logistic function. 

The following ICso was obtained: 

Compound 

ru. 
Ex. 8 

estrum pluma DPP -1V Ohl) tut plasma DPP -tV (al) 

2.7 a 0.1 1.2 0.1 
6 12 

In view of their ability to inhibit DPP -IV, tho compounds 
of formula I, and their corresponding pharmaceutically 
acceptable acid addition salts, arc useful in treating condi- 
tions mediated by DPP-IV inhibition. Based on the above 
and findings in the literature, it is expected that the com- 
pounds disclosed herein are useful in the treatment of 
conditions such as non -insulin -dependent diabetes mellitus, 
arthritis, obesity, allograft transplantation and calcitonin- 
osteoporosis. In addition, based on the roles of glucagon -like 
peptides (such as GLP -1 and GLP -2) and their association 
with DPP -IV inhibition, it is expected that the compounds 
disclosed heroin are useful for example, to produce a seda- 
tive or anxinlytie effect, or to attenuate post- surgical cata- 
bolic changes and hormonal responses to stress, or to reduce 
mortality and morbidity after myocardial infarmion,or in the 
treatment of conditions related to the above effects which 
may be mediated by GI.2 -1 and /or GLP -2 levels. 

More specifically, for example, the compounds of formula 
3, and their corresponding pharmaceutically acceptable acid 
addition salts, improve early insulin response to an oral 
glucose challenge and, therefore, are useful in treating 

unto-insnlin- dependent diabetes mellitus. The ability of the 
compounds of formula I, and their corresponding pharma- 
ceutically accepiable acid addiliun salts, to improve early 
insulin response to an oral glucose challenge may be mea- 

5 gored in insulin resistant rats according to the following 
method: 

Male Sprague -Dawley rats that had been fed a high fat 
diet (saturated fat=57% calories) for 2 -3 weeks were fasted 
for approximately 2 hours on the day of testing, divided into 

groups of 8 -10, and dosed orally with 10 ioaol kg of the test 
compOunds in CMC. An oral glucose bolus of 1 g/kg was 
administered 30 minutes after the test compound directly 
into the stomach of the test animals. Blood samples, 
obtained at various timepoints from chronic jugular vein 

15 
catheters,wero analyzed for plasma glucose and immunore- 
active insulin (I RI) concentrations, and plasma DPP -IV 
activity. Plasma insulin levels were essayed by a double 
antibody radioimmunonssay (RIA) method using a specific 
anti -rat insulin antibody from Linco Research (St. Louis, 

10 
Mo.). The RlA has a lower limit of detection of 0.5pU /mL 
with intra- and inter -assay variations of less than 5% Data 
are expressed as 4v increase of the mean of the control 
animals. Upon oral administration, each of the compounds 
tested amplified the early insulin response which led to an 

25 
improvement in glucose tolerance in the insulin resistant test 
animals. The following results were obtained: 

Inseva of Tomlin Response 
30 Compound at 10rumld;g 

Ex.1 64% 

The precise dosage of the compounds of formula I, and 
35 their corresponding pharmaceutically acceptable acid addi- 

tion salts, to be employed for treating conditions mediated 
by DPP -IV inhibition depends upon several factors, includ- 
ing the host, the nature and the severity of Me condition 
being treated, the mode of administration and the particular 

co compound employerl. However, in general, conditions medi- 
ated by DPP -IV inhibition are effectively treated when a 
compound of formula I, or a corresponding pharmaceuti- 
cally acceptable acid addition salt, is administered enterally, 
e.g.. orally, or paremerally, e.g., intravenously, preferably 

a5 orally, at a daily dosage of 0.002 -5, preferably 0.02-2.5 
mg/kg body weight or, for most larger primates, a daily 
dosage of 0.1 -250, preferably 1 -100 mg. A typical oral 
dosage unit is 0.01 -0.75 mg/kg, one to three times a day. 
Usually, a small dose is administered initially and the dosage 

so is gradually increased until the optimal dosage for the host 
under treatment is determined. The upper limit of dosage is 
that imposed by side effects and can be determined by trial 
for the host being treated. 

The compounds of formula I, and their corresponding 
55 pharmaceutically acceptable acid addition salts, may be 

combined with one or more pharmaceutically acceptable 
carders and, optionally, one or more other conventional 
pharmaceutical adjuvants and administered entorally, e.g., 
orally, in the form of tablets capsules, caplets, etc, at 

do parentoralig e.g., intravenously, in the form of sterile inject- 
able solutions or suspensions. The enteralnnd parenteral 
compositions may be prepared by conventional means. 

The compounds of formula I, and their corresponding 
pharmaceutically acceptable acid addition silts, may be 

55 formulated into enteral and parenteral pharmaceutical com- 
positions containing an amount of the active substance that 
is effective for treating conditions mediated by DPP -IV 

AZ-SAXA-8024004 

Page 56 of 405



6,166,063 
7 

inhibition, such compositions in unit dosage form and such 
compositions comprising a. pharmaceutically acceptable car- 
rier. 

The compounds of formula I (including those of each of 
the subscopes thereof and each of the examples) may be 
administered in enantiomcrically pure form (e.g., ea >9856, 
preferably >99%) or together with the R enantiomer, e.g., in 
racornie form. The above dosage ranges are based on the 
compounds of formula I (excluding the amount of the E. 
enantionter). 

The following examples show representative compounds 
encompassed by this invention and their synthesis. 
However, it should be clearly understood that they are for 
purposes of illustration only. 

EXAMPLE I 
Pyrrolidine, I-[(3- hydroxy- l- adamantyl)amino]acetyl -2- 
cyano-, (S) 

A 1- Aminoadamantano -3-o] 
Slight modifications to the synthesis found in I{him. 

-Farm. 21t. (1986), 20(7), 510 -15, may be used. 
To a rapidly stirred, clear and colorless, ice-water chilled 

mixture of concentrated sulfuric acid 96% (210 rut: 3,943 
mmol) and 65% nitric acid (21.0 mLp 217.0 mmol) is added 
21.0 g (112.0 mmol) of 1- adamantylamine HCl (99 %), in 
small portions over 30 minutes. Upon adamantylamine 
hydrochloride addition, slight bubbling occurs and the reac- 
tion is slightly exothermic. This bubbling, yellow solution is 
stirred at ice -water temperature for about 2 hours and then 
at room temperature for 30 hours. This clear, light yellow 
reaction is then poured into about 100 g of ice and the 
resulting solution is clear green -blue. 

The solution is placed in an ice -water bath and allowed to 
stir for 3U minutes. Approximately 550 g of 89% pure KOH 
(8.74 mol) is then added in small portions over 45 minutes. 
During this addition, the reaction is exothermic; reaching 
80° C. and producing copious amounts of brown NO2 gas. 
By the end of the addition, the reaction is thick with white 
solids (bolt product and salts). The resulting white paste' is 
Mon poured onto a buchncr funnel /collie pad and washed 
with 1.2 L of CH2Cl2. The ClaCl2 layer is than extracted 
(mot the water layer and dried over N1/2804. The solution is 
then filtered and concentrated (rotovap /pump) to provide 
1- aminosdamantane -3c1 as a white solid. 

Alternatively, the reaction may be carried our using 
n- butannl as solvent instead of methylene 'chloride. 

Alternatively, 1- aminoadamantaoe -3 -ol can he prepared 
e.g. as follows: A 2 -L, 4- necked, round- bottomed flask is 
thoroughly flushed with nitrogen. The flask is charged under 
nitrogen with 420 mL of cone. sulfuric acid (98%). The 
contents are cooled to 3° C., then slowly (slightly exother- 
mic .& HCI gas evolution) 100.8 g of 1- aminnudamantane 
hydrochloride aro added into the mixture in 8 portions at 
9 -10° C. over 20 min (minutes), then the tinny contents are 
stirred at 9 -10° C. for 20 min to obtain a homogenous 
mixture- 72 mL of cone. (concentrated) nitric acid (70%) are 
added (very exothermic) dropwise into the mixture main- 
taining inner temperature at 14 -15° C. with efficient cooling 
(at this scale 20 min. needed for this addition). The mixture 

8 
is stirred at 14-15° C. for 20 m in, the temperature is allowed 
to raise to 25° C. over 1 h (hour) (15 -20° C. for 30min, and 
20-25° C. for 30 min), then the contents a stirred at 24 -25.5° 
C. for 5 h (external cooling is needed). 1.7 L of water are 

s charged into a 5-L, 4-necked flask, the water iscooledto 10° 
C., then the reaction mixture is slowly poured (very 
exothermic, some NO2 gas evolution) over 25 min. main- 
taining Me internal temperature below 35° C to give a 
blue-green homogenous solution. The original 2 -L flask 

m (slightly exothermic) is rinsed once with 03 L of water and 
the water wash is poured into the S -L flask. Slowly 900 tuL 
of S0% sodium hydroxide aqueous solution mu added (very 
exothermic, some NO2 gas evolution) into the 5-L flask over 
30 min. at 65 -70° C. to bring the pH. of the mixture to 13. 

as 800 niL of 1- butanol and 200 mL of toluene aro added (not 
exothermic) under vigorous stirring and allow the mixture to 
reach 30° C. The bottom aqueous layer is separated for 
proper disposal. The organic layer is once washed with 100 
mL of saturated sodium chloride solution. The saturated 

20 sodium chloride wash is saved for disposal. The organic 
layer is concentrated at 60-85° C. (20 -200 mbar) to give a 
pale yellow viscous oil. 600 mL of hoptano and 50 mL of 
methanol are added into and the mixture is maintained at 
40-50° C. for 15 min to give a thick suspension. The slurry 

25 is cooled to 12° C. and maintained at 12 -14° C. for 15 min. 
The solids are filtered off through a polypropylene pad and 
Buchner fimnel, then the flask and filter cake are washed 
once with 80 mL of heptaoc. The methanol/heptene filtrato 
is saved. The filter cake is dried at 55 -60° C. (30 mbar) for 

30 16 h to afford 1- nminoa dement eae -3 -ot ns an oft -white solid. 
B. 1- Chloroacetyl- 2- cyanopyrrolidine 

'lb a mechanically stirred solution of 20.0 g (180.0 mmol) 
of chloroacetylchloride and 97 g (0.70 mmol) of potassium 
carbonate in 150 InT, of tetraltydmfuran is added a solution 

35 of L- yrolinamide 20.0 g pa() mmol) in 500 mL of tet- 
rahydrofuran in a dropwise fashion over 45 minutes. This 
reaction is then mechanically stirred for au additlanal two 
hours at room temperature. The reaction is then filtered to 
remove potassium salts and the filtrate isdried over Na,S02. 

eo The Na2SO4 is then removed via filtration and to Ibis 
colorless filtrate is added trißuoroacetic anhydride (25.0 mL, 
0.180 mmol) in one portion. The reaction is then magneti- 
catty stirred for 1 hour at room temperature and the resulting 
clear yellow;orange solution is concentrated via rotovap. 

45 The excess trifluoroacetic anhydride is removed by adding 
ethyl acetate to the concentrated oil and reconeemrating via 
rotovap. This removing operation is performed three times. 

The resulting oil is partitioned between ethyl acetate and 
water. The product is then extracted Into the ethyl acetate 

so and the aqueous layer is then washed twice with ethyl 
acetate. The combined organic layers are then washed 
successively with water and brine dried over magnesium 
sulfate, filtered and concentrated to obtain 1- chloroacetyl- 
2-cyanopyrrolidine as a yellow solid. 

55 Alternatively, the reaction may be carded out by using, as 
base, a mixture, e.g. 2- ethyl- hexanoic acid /sodium hydride. 
C. Pyrrolidine, 1-[(3-hydroxy-l-adaniantyl)amino]acetyl-2- 
cynno-, (S) 

To a heterogeneous solution of the title A compound 
an (1- aminnadamantnne -3.ol (5.80 g, 34.7 mmol) in CH°Cla 

(68.0 mL) is added 9.6 g (69 mmol) of K,CO,. This 
heterogeneous mixture is then cooled in ao ice -water bath 
and a solution of 3.0 g (15 mmnl) of the tide B compound 
( 1- chloroacetyl- 2-eyanopyrolidiae) dissolved in 25.0 mL of 

65 Cld.Cl2 is added dropwise over a period of 30 minutes. The 
resulting mixture is stirred for 2 hours at 0° C. and at room 
temperature for 6 days. The reaction is then concentrated to 
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ni ain a yellow party material which is purified on silica gel 
employing a SIMSllliolagu Plash chromatography system 
and a 7% solution of methanol in methylene chloride as the 
olnent to yield the title compound in free base farm as a 

white crystalline solid (melting point 138° C. -140° C., 
' "CNME (ppm)- 119.59). 

10 
Alternatively, the reaction may be carried out us[ug tet- 

rnhydrnGiran a8 solvent instead of methylene chloride; 
furthermore, the chromatography step may be eliminated. 

EXAMPLES 2 TO 12 
5 The following compounds arc prepared analogous to the 

method of Example I (especially Step C): 

Example Stmchuc 

2 

4 

5 

,ylc.aa 

C 

NO 

ry.roliEine,L(I(ls.d;n.nhyl-l-.dnmamyl)rvnu,ol. 

nmryl]-2-eyano-, (S)- 

p 

eC/ 

NO 4 

"/\ J N 

PnrultJin°.1-[[(2oWyl-YuJunumy0amluul.aety0- 
2.o1an0-. (5)- 

Pyhahdme, a-If(3-n,ca1y-t-adaman:yt)amie°l. 

acetyl]-2-eyano-, (5)- 

Pynaliùine,t.l[(3.[((bhwytamini)aihnnylJyay]d- 
adaman,yllaaui vu]acmyl}2.eyeeo-,(s} 

1nM1-'105 

(NCI) 

2t2 -214 
(FIC) 

92-24 

216 -212 
(gel) 
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-continued 

Gampla Slmcmre M.P.[^C] 

7 

s 

9 

Py+rvlidinq 1-(((34[C9-mellro,mplmnyl)raduo] 

cnmoayl7oxy)-1-ndammrtylhmlookeetP1)2.cy000-, 

(s-)- 

Chiral 

PycroLdlae,1{(((3{((phonylamin )cakonylJox)Jd- 
adannnlylpminoJaceql}2eyano-,(S)- 

N 

J1.13 

rytml[dhla, 1-([(6-13ydmxy-2-ndamnnlyl)am(ao]- 

acetyl]-2-gana-, (S). 

o 

Pynolidinq 1-a(.1autylmy-1.aJamantyl)amieo} 
neelyl]-2-eynna, (S). 

285-20) 
(HC) 

[r'C NMR (CN 
gra ): 12246 

71,m)) 
(HC1) 

( "C NMR (CN 
gaww): 218.54 

IrrmA 
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Example Structure t.l.r. l cl 
10 

11 

12 

py,rnlldine, 1-Ilf3-11((dsrnpm9y0nmmn},nhvnya)- 
oxy)d.ndmmmga)amino).eayl}a.yinm,(aJ. 

Fyndtdine, 1. III3- [(Hcyclehexyl)amtoolecbuayl] 
oxy3- 1.ademangUamtno)rcryl}+_.cyvmn., (s)- 

tl 
ry,.cadine, 14I(3..emmty.1-ndemnnty0ammn). 

nretyl]-2-cynw-, (.5)- 

143 -150 
NCH 

155 -15) 

i"C Nhm (CS 
group): 119.31 

(ppm)1 
(HCI1 

(NCO - an hydrochloride 

All HCI salts of final products are prepared by passing 
1I0. gas through a 0.1 Molar solution of the free base in 
tetrahydrofuraa until solution is clearly acidic followed by 
removal of the solvent (rotovap /pump). 

The amino- adamantane starting materials arc known in 
the literature ur can be prepared us follows: 

The manufacture of 3,5- dimothyl- 1- adamantylamine is 
described in J. Med. Chem, 25; 1; 1982; 51 -56. 

The manufacture of 3- ethyl- 1- adamantylamino is 
described in J. Med. Chem, 25; 1; 1982; 51 -56. 

3- Methoxy- l- adamantylamine can be prepared as follows 
To a stirred, ice -water chilled suspension of potassium 

hydride (0.680 gm; 5.95 mint) ion 15.0 ml of tetrahydofurnn 
is added a mixture of 1- aminoadamantane -341l (I.00 g; 5.95 
mmol) and 15.0 ml of letrahydrofuran rlrapwise over 30 
minutes. The resulting mixture is then stirred for on addition 
30 minutes and iodomethane (0370 ml; 5.95 mmol) is then 
added dropwise over one minute. The resulting opaque 

'white reaction is then stirred at room temperature for 1.8 

hours. The mixture is then diluted with 50 ml of methylene 
chloride and filtered to remove the inorganic impurities. The 
filtrate is then concentrated and purified on silica gel 

as 

employing a SIMS/Biotagc apparatus and 19% methanol 
and 19% ammonium hydroxide in methylene chloride as 
elucnt to yield 3- metltoxy -l- adamantylamine as an opaque 
oil. 

sn Synthesis of 3-[[(tertbutylamino)cnrbonylloxy)-1- 
aminoadamantane 

10 a mixture of 1- aminoadamantanc -3 -ol (5.0U g; 30.0 
nymol) and potassium carbonate (6.20 g; 95 mmol) in 150 ml 
of tetrabydrofurau is added beozylehlaroformate (4.70 g, 

55 33.0 mmot) in dropwise fashion over a 10 minute period. 
The mixture is then stirred at room temperature for 2 h and 
then partitioned between ethyl acetate and water. The prod - 
uclis then extracted into the ethyl acetate and the aqueous 
layer is washed twice with ethyl acetate (100 ml). The 

da combined organic layers are then washed succesh)vuty wish 
100 tul of aqueous 2 N sodium hydroxide, water and brine, 
dried over sodium sulfate, filtered and concentrated 
(rotovaptpump) to provide 1-benzylcarbamoyladamnntane- 
3-ol as a while solid in 85% yield. 

65 To a clear solution of 1- benzylcarbamoyladamanlane -3.ol 
(1.00 g: 3.32 mmol) and tert- hutylisocyannte (380; d, 3.32 
mmol) in 30 ml of methylene chloride is syringe -added 
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Oboe hylslyl chtnridc (20.0,.1, 0.17 mnml). This matsinn is 
then stirred at room temperature for 18 hours, concentrated 
( rotovap) and purified on silica gel employing a SIMS/ 
Biolage apparatus and 20% ethyl acetate in hexane as cluent 
to yield 3-[[( tcrtbutylamino)carbonyl]oxy] -1- 5 

beazylcarbamoyladamantane as a white solid in quantitative 
yield. 

To a mixture of 3-Q(terlbutylamino)carbonyl]oxyy1-1- 
beuzylcarbamoyladamantanc (1.50 g, 3.75 mmol) and 10% 
palladium on carbon (400 mg) in ethanol (150 ml) in a 1 -liter w 
parr hydrogenation flask is added hydrogen (50 psi). Ibis 
opaque black mixmre Is then shaken for 24 h. The reaction 
is then filtered through colite to remove the palladium 
catalyst and concentrated (rotovap /pump) to provide 
3- atenbtnylamino)carbonyt]oxy1-1- aminoadamanlane as a 

clear oil in 99% yield. as 

The procedure for lite synthesis of 4- [Q(methoxyphcnyl) 
amino] carhonyl]oxy)- 1- uminoadamaulane is essentially the 
procedure of 3-([(tertbutylamiuo)carbonyl]oxy]-1- 
aminondamammne except in the second step where an 

equivalent of 4- methoxyphenyl isocyanate replaces ton- 20 

butylisocyanale, 1,2- dichloroethane is used as solvent 
instead of methylene chloride and the reaction is stirred at 
50° C. for 18 hours. The final amine intermediate isprovided 
as an oil. 

The procedure Lb( the synthesis of 34[(pbcaylamino) a 
carbonyl ]oxyl]- 1- antinoadamantane is essentially the proae- 
dv re of 3-[[(tertbutylantino)carhonyl]oxy]-1- 
aminoadamantanc except in the second step where an 
equivalent of phenyl isocyanate replaces the tert- 
bntylisoeyanate, 1,2- dichloroelhane is used as solvent 30 

instead of methylene chloride and the reaction is stirred at 
50° C. for 18 bows. The deal amine intermediate is provided 
as a clear oil. 

The procedure to make 2- aminoadmmantanc -5 -nl is the 
seine as in Example 1 except that the starting material is 35 

2- aminoadamantane instead of 1- aminoadamanlane. 
The pmtxdure for the synthesis of die nueleaphile 

34tccloxy-1- aminoadamanlane is essentially the procedure 
of 3-([0ortbutylamino) carbonyl]oxy]- 1- amiooadamantano 
except for a standard ncylution of ea 

1- beozylcarbamoyladamaatane -3-ol using 12 eq of acetyl 
chloride, 3.0 ey. of pyridine, 0.1 ey of 
4- dimethylaminopyridine and 1,2 dichloroelhane which are 
alt stirred at room temperature for 24 hours. The final amine 
is provided as a thick oil. 4$ 

The procedure for the synthesis of 3- [[[(diisopropyl) 
amino] earbony l]oxy]- 1- amino-adamentano is essentially the 
procedure of 341(tertbulyla min o)carbonyl]oxyJ-1- 
aminoadamantane except in the second stop where an 
equivalent of diisopropylcarhamoyt chloride rep laces the so 

tort- butylisocyaoate, 1,2- diehloroethanc is used as solvent 
instead of methylene chloride and the reaction is stirred at 
85° C. for 18 hours. The final amine intermediate is provided 
as a gray solid. 

The procedure for the synthesis of 3- [(licyclohexyl) $5 

aminolcarbonyl]oxy] -1- aminoadamanlane is essentially the 
procedure of 3- [[(tertbutytam ino)earbonyl]oxy]-1- 
aminoadnmanlane except in the second step where an 
equivalent of cyclohexylisocyanate replaces the tert- 
hutylisocyanate, 1,2- dichloroethane is used as solvent to 
instead of methylene chloride and the reaction is stirred at 
50° C. for 1.8 hours. The final amine intermediate isprovided 
as a thick clear oil. 

The procedure to make 3-4thoxy -1 -ada a ntylamine (a 
clear oil) is the saute as for 3- methoxy- ladamantylanmine s5 

except that iodoethane (1.3 equivalent) is used instead of 

16 
Formula Linn Example 

Tablets, each containing 50 mg of active ingredient, for 
example, (S) 1[(3-hy'droxy-l-adamanlyl)amioa]acetyl2- 
cyenopyrrolidine, can be prepared as follows: 

Composition (for 10,000 tablets) 

Active ingredient 
Lactose 
Potato suret, 
ndatin 
tbtc 

Magnesium suerais 
Slits (highly dispecm) 
niaaal 

SC0.0 g 
500.0g 
3510g 

An g 
60.0 g 
1n.0g 
20.0 g 
qs. 

The active ingredient is mixed with the lactose and 292 g of 
potato March, and the mixture is moistened using an alco- 
holie solution of the gelatin and granulated by means of a 

sieve. After drying, the remainder of the potato starch, the 
talc, the magnesium stehrare and the highly disperse silica 
are admixed and the mixture is compressed to give tablets of 
weight 145.0 mg each and active ingredientcontent 50.0 tag 
which, if desired, can be provided with breaking notches for 
finer adjustment of the dose. 

What is claimed is: 
1. A compound of formula I: 

wherein 
R is substituted adamantyl; and 

n is 0 to 3; in free form or in acid addition salt form. 
2. A compound according to daim 1 of formula (IA) or 

(I B) 

or 

OA) 

(m) 

wherein A' represents hydroxy, Ci Craikoxy, C, Ca- 
alkanoyloxy, or RsR4N -00 O , where R, and Rs 
independently are Cy Csaliryl or phenyl which is unsubsti- 
tuled or substituted by a subsstitutent selected from 
C Cralkyl, Cy- C,alkoxy, halogen and tri luoromethyl and 
where R4 additionally is hydrogen; or R, and Rs together 

iodomethane. represent Ca- Caalkylene; and IV represents hydrogen; or lt' 
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aced R" itekpcadcutly represent C1- C_alkyi; in free form or 
in firm of a pharmaceutically accoplablc acid addition sale. 

3. A compound according to claim I selected from the 
group consisting of: 

pyrrolidine, 1-[[( 3 ,5- dimethy1- l- adumantyl)amino]- s 

acetyl] -2- cyaoo -, (S) -; 
pyrrolidine, 1-[[(3-ethy1-l-adammanty0nmino]acety9]-2- 

cyano-, (S) -; 
pyrrolidinc, 14[( 3- methoxy- 1- ndamantyd)amino]- acero1]- 

ao 2- cyano -, (S) -; 
pyrrolidine, I-[[[3-[[(t-hnrylaminn)carbnnyl]ory]-1- 

ademantyllaminojacclyl] -2- cyano -, (S)-; 
pyrrolidLuc, 1-[[[3-[[[(4-nmlboxypbmtyl)am1no]- 

carbonyt] oxy 3- t- adamentyl]amino]acctylJ -2- cyan -, rs 
(S)-; 

pyrrolidine, 1-[[[(5-[[(phanylamino)carbonyl]oxy)-1- 
adamantyl]amioo]acctyl] -2- cyaoo -, (S) -; 

pyrrolidine, 1-[[(5- bydroxy- 2- adamantyl)amino)- acetyl]- 
2- cyaoo -, (S)-; 20 

pyrrolidine,1-([(3-acetyloxy-1-adamantyl)amino]acetyl]- 
2- cyan -, (S) -; 

pyrrolidine, 1- [[(3 -[[[( diisopropyl )amino]carbonyl]oxy] - 
1- adamantyl]amino]acetyl] -2- cyaoo -, (S)- 2$ 

pyrrolidine, 1-[[[3-[[[(cyclohcxyi)amino]carbonyl]oxy]- 
1- adamantyl]amino]acctyl]¢- cyan -, (S) -; and 

18 
pyrrolidine, 1-[((3-ethnxy-1-adnmanlyl)arninn)acclyl)-2- 

ryuno -, (S) -; 
or, in each case, a pharmaceutically ac,mptable acid addition 
salt thereof 

4.A compound according to claim 1 Which is pyrrolidine, 
1-[( 3- hydroxy- 1- adamanlyl)amino]acelyd- 2cyano -, (S), or a 
pharmaceutically acceptable acid addition salt thereof. 

5.A pharmaceutical composition comprising a compound 
according to claim 1 in free form or in pharmaceutically 
acceptable acid addition salt form, together with at least one 
pharmaceutically acceptable carrier or diluent. 

6. A method of inhibiting dipoptidyl poptidase -IV com- 
prising administering to a mammal io need of such treatment 
a therapeutically effective amount of a compound according 
to claim 1, or a pharmaceutically acceptable acid addition 
salt thereof. 

7.A method of naming conditions mediated by dipepüdyl 
peptidase -IV inhibition comprising administcring to a mam- 
mal io need of such treatment u therapeutically effective 
amount of a compound according to claim 1, or a pharma- 
ceutically acceptable acid addition salt thereof. 

8, The method according to claim 7 wherein the condition 
treated Is non -insulin -dependent diabetes mellitus. 

9.11m method according to claim 7 wbm'eiu the amnion 
healed is obesity. 
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N- SUBSTITUTED 2- CYANOPYRROLIDINES 

Field 

The present invention relates to N- substituted 2- cyanopyrrolidínes. More particularly, 

it provides novel N- glycyl- 2- cyanopyrrolidine derivatives. 

Background 

Dipeptidyl peptidase -1V (DPP -IV) is.a serine protease which cleaves N- terminal 

dipeptides from á peptide chain containing, preferably, á proline residue in'the penultimate 

position. Although the biólogical role of DPP -1V in mammalian systems has not been 

completely established, it is believed to play an in portant role in neutopeptide metabólism, 

T -cell activation, attachment of cancer cells to the endothelium.and the entry of HIV into 

lymphoid cells. DPP -IV is responsible for inactivating glucagon -like peptide -1 (GLP -1), 

IvMóre particularly, DPP -IV cleaves the amino -terminal His -Ala dipeptide of GLP -1, generating 

a GLP -1 receptor antagonist, and thereby shortens the physiólogical response to OLP -l. Since 

the half -life for DPP -IV cleavage is much shórter than'the half-life for removal of GLP- i'from 

circulation, a significant ihcrease in GLP -1 bioactivity (5- to 10 -fold) is anticipated from 

DPP -W inhibition. Since OLP -1 is a major stimulator of pancreatic insulin secretion and has 

direct beneficial effects on glucose.disposal,'DPP -IV inhibition appears to represent an 

attractive approach for treating non -insulin- dependent diabetes mellitus (NIDDM). 

Although a number of DPP -IV inhibitors have been described, all have limitations 

relating to potency, stability or toxicity. Accordingly, a great need exists for novel DPP -IV 

inhibitors which are useful in treating conditions mediated by DPP -IV inhibition and which do 

not suffer from the above- mentioned limitations. 
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Summary of the invention 

The invention provides novel N-( N'- substituted .glycy1)- 2- cyanopyrròlidines which are 

effective as DPP-IV inhibitors in treating conditions mediated by DPP -IV. It also concerns 

corresponding pharmaceutical compositions, a process for their preparation, a method of 

inhibiting DPP -IV comprising administering to a'patient in need of such treatment a 

therapeutically effective amount thereof, the compounds fór use ás a pharniáceutical, and their 

use in a process, for the preparation of a medicament for treating a conditiotmediated 

by DPP-IV. 

Detailed description 

The invention concerns N- (N'- substituted glycy1)- 2- cyanop}'rrólidinès, hereinafter 

briefly named "the compounds of the invention' ; more particularly, it concerns compounds 

of formula I: 

H 

R 
wherein R is: 

a). RiRrgN(ÇH2 m; wherein 

RI is a pyridinyl er pyritnidinyl moiety óptiönallÿ mono - Or independently 

disubstituted:with (C3.4)alkyl, (C1.4)alkoxy,halogen, trifiuoromethyl,. 

cyano or nitro; orphenyl.optiónallÿ mono- or ïndependentlydisubstituted. 

with (C).4)alkyl, (C14alkoxy.or:halogen; 

R is' hydrogen or (Ci.$)alkyl; and. 

mIs2or :3; 

b); (C3.1i)cydoalkyl optionally monosubstitured in the.l- position with (Ç1. ;)hydroxyalkyl; 

e) 92(CH2)- wherein either 

R2 is phenyl optionally mónp- ofindependently di- or independently trisubstitúted 

with (C1.n)alkyl, (Ct.t)álkoxy, halogen or phenylthio optionally monosubstituted, 

in the phenyl ring with hydroxymethyl; or is (C1.$)alky1; a [3.1.1]bicyclic 

carbócyclic moiety optionallymóno- or plurisubstituted with (Cis)alkyl ;. 
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a pyridinyl or naphthyl moiety optionally mono- or independently disubstituted 

with (Ch alkyl, (Ç1.4)alkoxy or halogen; cyclohexene; oradamantyl; and 

n is i to 3; or 

R2 is phenoxy optionally mono- or independently disubstituted with (C1.4)alkyl, 

(C14)alkoxy or halogen; and 

nisZor3; 

d) (R3)2C11(CR2)2- wherein each R3 independently is phenyl optionally mono- or 

independently disubstituted with (C1.j)aikyl, 

(C1.4)alkoxy or halogen; 

e) R4(012)P wherein R4 is 2- oxopyrrolidinyl or (C2.4)alkoxy and 

pis.2to4; 

I) isopropyl optionally monosubstituted in 1- position with (Ct.3)hydroxyalkyl; 

g) R5 wherein Rs is: indanyl; a pyrrolidinyl or piperidinyl moiety' optionally substituted with 

benáyl; a [2.2.1]- or [3.1.ljbicyclic carbocyclic moiety optionally mono- or 

plurisubstituted with (C1.8)alkyl;.adamantyl; or (C1.3)alkyl optionally mono- or 

independently pluristibstituted with hydroxy, hydroxymethyl or phenyl optionally mono- 

or independently disubstituted with (C1.4)alkyi, (C1.4)álkoxy or halogen; 

in free form or in acid addition Salt form. 

The compounds of formula I can exist in free fórm or in acidaddítion salt form. . Salt 

forms may be recovered from the freeform in known manner and vice- versa. Acid addition 

'salts, may e.g. be those of pharmaceutically acceptable organic or'inorgafic adds. Although 

the preferred acid addition, salts are the hydrochlorides, salts of rnethanesulfonic, sulfuric, 

phosphoric, citric, lactic and acetic acid niay also be:utilized. 

Thecompounds of the invóntion may exist in th'e form of optically active.isomers or 

diastereoisomers and can be separatedand recovered by conventional techniques, such as 

chromatography. 

"Alkyl" and "alkoxy" are'éithèr straighter branched chain, of which examples Of the 

latter are isopropyl and'tert- butyl. 

R preferably is a), b) or e) as defined above: RI preferably is a pyridinyl or pyrimidinyl 

moiety optionally substituted as defined above. Rt. preferably is hydrogen. R2 preferably is 

phenyl optionally substituted as defined above. R3 preferably is unsubstituted phenyl. 
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Tr., preferably is alkoxy as defined above. Rs preferably is optionally substituted alkyl as defined 
above. m preferably is 2. n preferably is 1 or 2, especially 2..p preferably is 2 o 3, 

especially 3. 

Pyridinyl preferablyis pyridin -2 -y1; it preferablyis unsubstituted or monosubstituted, 
preferably in 5- position. Pyrimidinyl preferably is pyrimidin =2 -yl. It preferably is unsubstituted 

or monosubstituted, preferably hi 4-position. Preferred as substitutents for pyridihyl and 

pyrimidinyl are halogen, cyano and nitro,.especially chlorine. 

When it is substituted, phenyl preferably is monosubstituted; ft preferably is substituted 
with halogen, preferably chlorine, or methoxy. It preferablyis substituted in 2 -, 4- and/or 
5- position; especially in 4-position. 

(C342)cycloalkyi preferably is cyciöpentyl.or dyelohexyl.. When It is súbstituted, it 
preferably is substituted with hydroxymethyl. (Ciä)alkoxy preferably is of 1 or 2 carbon 
atoms, it especially is methoxy. (C24)alkoxy preferably is of 3 carbon atoms, it especially is 

isopropoxy. Halogen is fluorine, chlorine, bromine or iodine, preferably fluorine, chlorine or 
bromine, especially chlorine. (C14)alkyl preferably is of 1 to 6, preferably 1 to 4 or 3 to 5, 

especially of 2 or 3 carbon atoms, or methyl. (C14) ¿1kÿ1 preferably is methyl or ethyl, 

especially methyl. (C1.3)hydroxyalkyl preferably is hydroxymethyl. 

A [3.1.1]bicycliccarbocyclic moiety optionally substituted as defined above preferably 
is bicyclo[3.1.1]hept -2 -y1 optionally disubstituted in 6- position with methyl, Or 

bicÿclo[3.1.1 ]kept -3 -y1 optionally trisubstituted'with one methyl, in 2- poSition and two methÿl 
groups in 6- position. A [2.2.1]bicyclic carbocyclicmoietÿOptionally substituted as defined 
above preferablyis bicyclo[2.2.1jhept -2 -y1. 

Naphthyl preferably is 1- naphthyl. Cÿclohexene.preferably i&cyclohex- 1,en -1 -y1: 

Adamantyl preferably is i- or'2- adamantyl. 

A pyrrolidinyl or piperidinyl moiety; optionallysúbstituted as.defihed above preferablyis 
pyrrolidin3 -y1 or piperidin -4-yl. When it is substituted'it preferablyis N= substituted. 
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A preferred group of compounds of the invention is the compounds of formula I 

wherein R is R' (compounds la), whereby R' is: 

- Ri'NH(CH2)2- wherein R1' is pyridinyl optionally mono- or independently disubstituted with 

halogen, trifluoromethyl, cyano or nitro; or unsubstituted 

pyrimidinyl; 

- (C3.7)cycloalkyl optionally monosubstituted in 1- position with (C14)hydroxyalkyi; 

- R4'(CH2)3- wherein 124' is (C2.i)aikoxy; or 

- Rs, wherein Rs is as defined above; 

in free form or in acid addition salt form. 

More preferred compounds of the invention are those compounds of formula I wherein 

R is R" (compounds Ib), whereby k" is: 

- RI "NH(CH2)2- wherein RI" is pyridinyl mono- 'or independently disubstittted with halogen, 

trifluoromethyl, cyano or nitro; 

- (C4,$)cycloalkyl monosubstítuted in 1-position with (C14)hydroxyalkyl; 

- Ra'(CH2)3- wherein R;' is as defined above; or 

- Rs' wherein Rs" is a [22.11. or (3.1.1]bicyclic carbocyclic.moiety optionally mono- or 

plurisübstituted'with (C1.$)alkyl; or adamantyl; 

in free form or in ácid addition salt form; 

Even more preferred compounds Of the.invention are the compounds of formula I wherein 

R is R "' (compounds Ic), whereby R "' 

- Rt "NH(CH2)2- wherein Rt" is ás defined above; 

- (C45)cycloalkyl monosubstituted in 1- position with hydroxymethyl; 

Ra'(CH2)3- wherein Ra' is as defined above; or 

- Rs" wherein Rs"' is ádamantÿl; 

in free form or in acid Addition salt form. 
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A further group of compounds of the inventiön is compounds ïp, Wherein R is RP, 

which is: 

a) R,P13(CH2)2- wherein Al's isa pyridinyl orpyrimidinyl moiety optionally mono- or 

independently disubstituted with halogen, trifluoromethyl, 

cyano or nitro; 

b) (C3.,)cycloalkyl optionaily'mpnosúbstitutèd in I- position with (C1_3)hydroxyalkyl; 

c) R?(CH2)2- 'wherein R? is phenyl. optionally mono- or independently di- or independently 

trisubstituted with halogen or (Ct.3)alkoxy; 

d) (R3)2CH(CH2)2- wherein each 123P independently is phenyl optionally monosubstituted with 

halogen. or (C1.3)alkoxy;. 

e) R4(CH2)3- wherein R4 is as défitied above or 

f) isopropyl optionally monosúbstituted In, l-positionwith (COhydroxyalkyl; 

in free form or in pharmaceutically acceptable acid' addition salt form. 

A further gtpúp of compounds of the invention. is compounds Is; wherein R is R; 

which is: 

a) Ri'Rta'(CH2)m -. wherein: Ry` ispyridinyl optionally :mono- or independently disubstituted 

with chlorine,'uiflborotúethyl, cyan° or nitro; pyrimidinyl 

òptionallymönosub'stitiit'ed with' bhlbrinè òr trifluoromethyl; 

oiphefyl;. 

R1: is hydrogen °methyl; and 

ms is.2 or3;. 

b) ,(C342).cycloalkyì.optionàlly monosubstituted in 1- position with hydroxymethyl; 

o) R2'(CH2)a- whèÑin either 

is. phenyl pptionálly mono- or independently di- pr:independently 

trisubstituted with halogen, alkoxy of '1 or 2 carbon atoms or 

phertylthio-monosubstitutedin the phenyl ring with hydroxymethyl; 

(Ci.6)alkyl; 6, 6- dimethylbicyclo (3.1.1]hept- 21l;pyridinyl; 

naphthyl; cyclohexene; or adamantyl; and ns is I to.3; or 

R2' is phenoxy; and ns is 2; 

d) (3,3- diphenyl)propyl; 
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e) RI(CH2)a, wherein RI is 2- oxopyrrolidin -1 -y1 or isopropoxy and 

ps is 2 or 3; 

f) isopropyl optionally monosubstituted in 1- position with hydroxymethyl; 
g) RI wherein Rs` is: indanyl; a pyrrolidinyl or piperidinyl moiety optionally N- substituted 

with benzyl; bicyclo[2.2.1]hept -2 -y1; 2,6,6-trimethylbicyclo- 

[3.1.I]hept -3 -yl; adamantyl; or (C14)alkyl optionally mono- or 

independently disubstituted with hydroxy, hydroxymethyl or phenyl; 
in free form or in acid addition salt form, 

The compounds of the invention may be prepared by a process which comprises 
coupling a reactive (2- cyanopyrrolidino )carbonylmethylene compound with an appropriate 
substituted amine; more particularly, for the preparation of the compounds of formula I it 
comprises reacting a compoùnd of formula II 

o. 
II ,..CN 

TI X CNi` 

wherein. »ia a reactive group; 

with °a botitpotint offormula Tü 

N11;12. III, 

wherein.R' is as defined :above, 

'andrecoveriùg the tesultänt compound of formula l in freeform or in acid addition salt foira: 

X preferably is a halogen such as bromine, chlorine -or iodine. 

The process of the invention may be effected in conventional manner. 

The cortipbund of formula II-is. preferably reacted.with at least 3 equivalents Of a 

pritriay amine óf formùla DI. The reaction is conveniently conducted in the presence of an 

inert, orgardç solvent, preferably a cyclic ether such as tetrahydrefuran. The temperature 
preferably is of from about 09 to about 35 °C, preferably _between about 0° and about 25 °C. 

The compounds of. the invention may be isolated from the reaction mixture and purified 
in conventional manner, e.g. by chromatography. 
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The starting materials may also be prepared in conventional manner. 

The compounds of formula II may e.g. be prepared by the following two -step reaction 

scheme: 

IV 

STEP 1 STEP 2 

O fr 

XIC X 
TFAA 

N, DMA? 
0. II 

Et 3N, (at least2 eq.) 

V 

Step'!. involves thereaction of the pyrrolidine.of formula 1V with a slíghtmolar excess; 

.of a haloacetylhalide such as bromoacetyibromide or chloroacetylchloridé and triethylamine 

and! catalytic ámoùrit of dimethylainiñopyridine (DMAP): The reaction convéitiéntly is 

conducted in the presence of an inert, organic solvent, preferably'a chlorinated,. aliphatic 

hydrocarbon such as methylene chloride, at a temperature of front about 0 °.to; about 25 °C, 

.preferably at á temperature between about 0° and about 15 °d. 

Step2edncerns tile' dehydration of the compound Of formula V, prepared in Step 

viith'at 1@asi.2 edúiválents of trifluoroácetic anhydride (TPAA); The dehydratiòn preferáblyis: 

conducted in:the presence of an inert; organic solvent such as tetrahydrofuramor.a chlorinated, 

aliphatic :hydrocarbon such as, methylene chloride, at a temperature of from, about.Q° to, about. 

25°C, preferably at a température between about 0° and. about .15t. 

Insòfar is itspreparátion is not particularly described herein, a òompoundm'sed'as 

starting material. is known pr may be prepared from, knòwn compounds já;known mäinter ör 

analogously' to known methods' or analogously to methods described in the Examples. 
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The following Examples illustrate the invention. All temperatures are in degrees 

Celsius. 

Example 1.: 1-f2d(5-Chloropvridin-2-yl)aminolethvlaminolacetvl-2-cvanb- 

(S)-pvrrolidine 

To .a 500 ml flask is added 16.6 g of 24( 5- chloropyridin- 2- yl)aminojethylamine and 

100 ml of tetrahydrofuran and the mixture is cooled in an ice bath. To the cooledmixture.is 

added 7.0 g of ( 2- cyanopyrrolidino )carbonylmethylene -(S)- bromide dissolved in 30 rill of 

tetrahydrofuran. The resultant mixture is stirred for 2 hours at 0 °, the solvent is r'etnoved by 

rotovaping and the mixture is partitioned between ethyl acetate and water. The product is. then 

extracted into the ethyl acetate layer and the aqueous layer is then washed. twice. with ethyl 

acetate. The combined organic layers are washed successively with water and brine, driedOver 

sodium sulfate and concentrated to obtain the desiredfree base compound in.erudé form: The. 
crude form is then purified on silica gel employing a mixture of 5 %, methanol in methylene, 

chloride as the eluent to yield the title compound in free base form as alight brown. oil. 

After dissolving the free base in 30 ml of dry tetrahydrofuran, hydrogen chloride gas 

is bubbled into the solution for five second's. The off - 'white precipitate that forms is'filtered,: 

washed with dry tetrahydrofuran and the solvent is, removed by high. vacutim punjping tq 

obtain The title compound in dihydrochloride acid addition salt.form (oft :white. sdlid; 

m.p. 265 ° -267 °; NMR: see * at bottom of Table hereunder). 

The starting material is obtained as follows: 

a) 22.37 g of (S)-2- carbamoylpyrrolidine, 30.1 nil of triethylamine and 30 :0.mg of 
dimethylaminopyridine.(DMAP) are dissolved in200 ml of methylene chloride .and the. solution 

is then added, dropwise, to an ice -cold solution of 18.8 ml of bromoacetylbromide in 192'm] 

of methylene chloride, over a period of 60 minutes under a calcium sulfate drÿilg tube. The 

resultant solution is stirred for 2 hours at ice -water temperature under a calcium sulfate drying 
tube, then poured into 3.5 liters of ethyl acetate. The resultant precipitate is filtered, washed 

with ethyl acetate, and the filtrate is concentrated to obtain (2-carbamoylpyriolidino)- 
carbonylmethylene-(S)- bromide (hard yellow taffy). 
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b) 50.0 g of the bromide compound prepared in a) above is dissolved in 300 ml of methylene 

chloride and the solution is cooled in aft ice water bath under a calcium sulfate drying tube. 

The cooled solution is then poured into 60.2 ml of trifiuoroacetic anhydride over a 2 minute 

period, the resultant solution is stirred at ice -water temperature under a calcium sulfate drying 

tube for 4 hours, and partitioned between methylene chloride and saturated aqueous sodium 

bicarbonate. The product is extracted into the methylene chloride layer and the,aqúeous layer 

is washed twice :With methylene.chloride. The combined organic 

layers are. washed successively with water and brine and then dried oversodium sulfate.' The. 

solution is filtered arld.the solvent is removed by roto.vaping and high vacuum pumping to 

Obtain ( 2- cyanópyrrolidino )carbonÿlmethylene- (S)-bromide (dark.yellow solid). 
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The compounds of the invention in free fonn or in pharmaceutically acceptable acid 

addition salt form, hereinafter briefly named "the agents of the invention ", in particular, the 

compounds of formula I in free form or in pharmaceutically acceptable acid addition salt form, 

possess pharmacological activity. They are therefore indicated for use as pharmaceuticals. 

In particular, they inhibit DPP -1V. This activity may be demonstrated employing the 

Caco-2 DPP-IV assay, which measures the ability of test compounds to inhibit DPP -IV 

activity front human colonic carcinoma cell extracts. The human colonic carcinoma cell line 

Caco-2 can be obtained from the American Type Culture Collection (ATCC HTB 37). 

Differentiation of the cells to induce.DPP -IV expression is accomplished as described by 

Reisher et al. in Proc.Nati.Acad.Sci.USA 20 (1993) 5757 -5761. Cell extract is prepared from 

cells solubilized in 10 mM Tris =HC1, 0.15 M NaCJ, Q.04 t.i.u. (trypsin inhibitor unit) 

aprotinin, 0.5% non -ionic detergent P40, pH 8.0, which is centrifuged at 35 000 g for 30 min 

at 4 °C to remove cell. debris. The assay is conducted by adding 20 mg solubilized Caco -2. 

protein, diluted to.a final volume. of 125 mlin assay buffer (25 mM Tris -HC1 pH 7.4, 140.mM 

NCI, 10lä114 KC1, 1 %b'óvine serum albumin), to microliter plate well's. The reactión'is 

initiated by adding 25m1 611: nìM substrate (H- Alanine- Ptoline -pNA; pÑA isp- nítroaniline). 

The reaction is run at room temperature for 10 minutes after which time a 19 ml volume Of 

25 %a glacial acetic acid is added.to stop the.reaetion. Test compounds' are typically added as 

30 nil additions and the assay buffer' volume is reduced to 95 ml. A standard curvé'of free 

p- nitrçatiiliné iigetterated using 0 -500 mM solutions of free pNA in assay buffer, The curve 

genernted'.is linear and is used for interpolation of substrate consumption (catalytic activity. in 

nmóles substrate.cleáved /min). The endpoint is determined by measuring absorbance at 

405 run in a Molecular Devices UV Max microliter plate reader. The potency. of the test. 

conipoúnds as DPP -IV inhibitors; expressed as IC50, is calculated from 8-point,. dose -response 

cútves :Using a 4- parameter logistic function: 

In the above test, IC50 values of from about 10 TIM to about 900 nM are obtained with 

the,agents of the.invention, e.g. 22 nlvf for the agent of. Example 3. 

The DPP-IV inhibition may also be demonstrated by measuring the effects of test 

compounds on DPP -IV activity in human and rat plasma employing a modified version of the 

assay describedby Kubota et al. in'CIin.Exp.Immunol. 13.2 (1992) 192 -197. Briefly, five ml 

of plasma are added to 96 -well flat -bottom microliter plates (Falcon), followed by the addition 
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of 5 ml of 80 mM MgC12 in incubation buffer (25 mM HEPES, 140 mM NaC1, 

1 % R1A -grade BSA, pH 7.8). After a 5 min incubation at room temperature, the reaction is 

initiated by the addition of 10 ml of incubation buffer containing 0.1 mM substrate (H- Glycine- 

Preline -AMC; AMC is 7- amino- 4- methÿlcoumerin). The plates are covered with aluminum 

foil (or kept in thedark) and incubated at room temperature for 20 min. After the.20 min 

reaction, fluorescence is measured using a..CytoFluor 2350 fluorimeter (Excitation 380 nm 

Emission 460 nm; sensitivity setting 4). Test compounds are typically added, as 2 nil'additions 

and the assay buffer volume is reduced to 13 ml. A fluorescence- concentration curve of free. 

AMC is generated using 0 -50 mMsblutions of AMC in assay buffer. The curve generáted'it 

linear and is.used for interpolation of substrate consumption (catalytic activity in.ntriolés 

substrate cleaved/min). As with the previous essay, the potency of the test eompounds as, 

bPP- TV .inhibitors, expressed .as IC50, is calculated.from 8- point, dose -response turves using a 

4 parameter logisiicfunction. 

In the above assay, IC50 values.offrom about 7 nM to about rtM are Obtained in 

human plasma, and of from about 3 nM to about 400 nM, inrat plasma, erg:, for the agent of 

Example.3, of 7 nlvl in human and 6 nM in rat plasma, respectively. 

In view of their ability to inhibit DPP -IV, the agents of.the invention arerndicated.fór 

usein treating: conditions mediated by DPP -IV. It is&pected that the conipourids 

disclosed herein are.useftil in the treatment. of non -insulin -dependent diabetes mellitus, 

arthritis; óbesity,.and osteoporosis such as calcitonin- osteoporosis. The agents. ofithe 

invention improve,early insulin response to an Oral glucose chállengè.and, therefdre, are. 

particularly .indicated for use in treating non -insulin- dependent diabetes mellitus.and 

further conditions of impaired glucose tòierance (IGT). 

The ability of the agents of the invention to improve early. insulinxesponse:to an oral. 

.glucose .challenge may e.g, be measured in,insulin'résistant rats accordingto thefollowing 

method: 

Male Sprague- Dawley rats that have been fed a high fat diet (saturated fat =51 (Y0' 

calories) fer 2-3 weeks arefasted for approximately 2 hours on the day. of testing; divided 

into groups of 8 =10, and ddsed orally with Iammol/kg of the testcornpòunds in 

carboxymethylcellulose (CMC). An oral glucose bolus of 1 g/kg. is administered 30 min after 

POWERS0888 

Page 82 of 405



WO 98119998 PCT/EP97/06125_ 

-19- 

the test compound directly into the stomach of the test animals. Blood samples, obtained at 

various timepoints from chronic jugular vein catheters are analyzed for plasma glucose and 

immunoreactive insulin (tRI) concentrations, and plasma DPP -IV activity. Plasma insulin 

levels are assayed by a double antibody radioimmunoassay (RIA) method using a specific 

anti -rat insulin antibody from Linea Research (St. Louis, MO, USA). The RIA has a lower 

limit of detection of 0.5 mU /m1 with infra- and inter -assay variations of less than 5 %. Data are 

expressed as % increase of the mean of the control animals. 

It was found that upon oral administration, each of the compounds tested amplified the 

early insulin response which led to an improvement in glucose tolerance in the insulin resistant 

test animals. The following results were obtained: 

Compound Increase of insulin response 

at 10 rimlol/kg 

Ex.1 61% 

Ex. 3' 66 % 

Ex. 5 108 % 

Ex. 8 144 %B 

Ex. 12. 59' %a 

The precise dosage óf the agents of the invention to.be employed for treating. 

'conditions mediated by DPP -IV inhibition depends. upon several factors, including.the host, the 

. nature and the severity of the condition being treated;.the mode óf adininistratien and thé 

.particular compound employed, However, it general, conditions Mediated by'DPP-IV 

inhibition are effectively treated when an agentof the invention is administered eriterally, 

e.g. orally, orparenterally, e.g. intravenously, preferably orally, at a daily dosage of from about. 

0.002 mg/kg to about 5 mg/kg, preferably of from about Ó.02 mg/kg to about.2.5 mg/kg.'body 

weight or, for most larger primates, adaily dosage of from about 0.1 mg to about 250 mg, 

preferablÿ from about '1 mg to about 100 mg. A typical: oral dosage unitis front about 

0.01 mg/kg to about 0.75 mg/kg, one to three times.a day. Usually, a small dose is 

administered initially and the dosage is. gradually increased until the optimal'dosage forthe host 
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under treatment is determined: The upper limit of dosage is that imposed by side effects and 

can be determined 1iÿ trial for the host being treated. 

The agents of the invention. may be combined with one or more pharmaceutically 

acceptable carriers and, optionally, one or more other conventional pharmaceutical adjuvants 

and administered enterally, e.g. orally, in the form Of tablets; capsules, caplets, etc., or 

paregterallype.g. intravenously, in the foim'of sterile injebtàble.solutions or'suspensions. The 

enterai and.parenteral compositions may. be prepared by conventional means. 

The agents of the invention may be formulated'into enteral and parenteral 

pharmaceutical compositions containing an amount of the active substance that is effective for 

treating conditions mediated by DPP -IV, such compositions in unit dosage fórin and Such 

compositions comprising a pharmaceutically acceptable carrier. 

Those agents of the invention which are e.g. of fórmùlal may be administered in 

enantiomerically'pure (S) form (e.g. 2 98.%; preferably 'Z 99 % pure) or together 'with the 

other énintioiner, e.g. in racemic form. The above dosage ranges aro based on the compounds. 

of formula I (excluding the amount of R enantiomer). 

'The. invention thus also comprises an agent of the invention; in particular, a 

compound öf formula I as defined: above, in free form' or in pharmaceutically acceptable acid 

addition salt form,: for use as a pharmacedtleal. It further includes a pharmaceutical 

composition comprising.an.agent of the invention,.in particular acompound of formula I as 

defined'abóve; in free form or in pharmaceutically acceptable acidaddition salt form, together 

withal least Otte pharinïtcentically acceptable carrier ór diluent. It further cotitprises thé nee. of 

an agent of the invention, in particular, a compound of formula I as defined above,in free form 

or in' pharmaceutically acceptable acid addition salt forni in the preparation_of a medicament 

for inhibiting DPP -IV or treating conditions mediated by DPP -IV, by a process comprising 

mixing an agent Of the invention with a pharmaceutically acceptable carrier Or diluent. It 

further provides:a rnethod of inhibiting DPP -IV, or of treating conditions mediated by 

DPP -IV, which comprises administering to a patient in need of such treatment a 

therapeutically effective amount of a compound of the invention, in particular, of formulai in 

free form or in pharmaceutically acceptable acid addition salt form. 
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The agents of Examples 1, 3, 5, 8 and 12 are the preferred agents of the invention, 

particularly those of Examples 1, 3, 5 and 12, preferably in hydrochloride acid addition salt 

form, especially the agent of Example 3, namely I-[2-[(5-cyanopyridin-2-y1)amino]- 

ethylamino ]acetyl- 2- cyano- (S)- pyrrolidine, preferably in dihydrochloride acid addition salt 

form. It has been determined that in hydrochloride form they have an IC50 value in the Caco -2 

DPP -IV assay of, respectively, 36, 22, 26, 8 and 279 nM, and in the modified Kubota assay 

above, an ICso value for, respectively, human and rat plasma DPP -1V, of 27 and 22 nM 

(Example 1); 7 and 6 nM (Example 3); 37 and 18 nM (Example 5); 12 and 11 nM 

(Example 8); and 95 and 38 nM (Example 12). It is, therefore, indicated that for the above 

uses the compounds of Examples 1, 3, 5, 8 and 12 may be administered to larger mammals, for 

example humans, by similar modes of administration at similar dosages than conventionally 

employed with metformin. 
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Claims: 

1. An N-(N'-substituted glycyI)-2-cyanopyrrolidine, 

2. A compound of formulai: 

wherein R is: 

a) R3ltioN(012).- wherein 

R1 is a pyridinyl or pyrimidinyl moiety optionally, mono- 'or independently 

disubstituted With (C14alkYlL(CWalkoi4, halogen, trifluoromethyl, 

°yang or nitro; or phenyl, optionally mono- or:independently disubstituted 

with (C14alkYl, (Ci-i)alkoxy or halogen;' 

Rh is hydrogen' or (C8)alkyl; and 

äj is 2 ór3 

b) (C,.12)eyelyallkyl optionally monostihstihitediri the 17nosition. with (C1.3)hydroxyalkyl; 

c) R2(CR2)n... wherein either: 

R2 isphenyl.opûonally rnonti-'orinclependently di- or independently trisubstituted 

with (C1.4)alicyl1 ,(Ci4allsoxy, belogpii or phenylthio.optionally Tribnosubstitntecl 

in the phenyl ring with, h3idròicyrnethyl; or is (C1.8)álicyi; [3,1.1]biCYche 

carbocycliempietysiptionallymono-,or plurisUbstituted with (CI:B)alicyl; 

a pyridinyt Or naphthyl moiety, optionally mono; or independently disubstituted 

with (P1.4)11ICY1, Ci-t)álicoxy ot halogen; cyclohexene; or adamaiityl; and 

n is 1 to 3; or 

R2 is phenoxy optionally rriorto- Or independently disubstituted with (C1.4)alkyl, 

(Cial)alkoxy or halogen; and 

n is 2 or 3; 

d) (R3)2CH(CH2)2- whereiri each %independently is phenyl Optionally mono- or 

independently isubstituted with (C1.4)alicyl, 

(Cm)alkoxy or halogen; 
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e) R4(C112)p- wherein R4 is 2- oxopyrrolidinyl or (C2.4)alkoxy and 

pis2to4; 
f) isopropyl optionally monosubstituted. in 1- position with (Ci.3)hydroxyalkyl; 

g) R5 wherein R5 is: indanyl; apyrrolidinyl or piperidinyl moiety optionally substituted with 

benzyl; a [2.2.1]- or(3.i:lJbicyclic carbocyclic moiety optionally mono- or 

pluristibstituted with (C,:e)alkyl; adamantyl; or (C1.$)alkyl optionally mono- or 

independently plurisubstituted with hydroxy, hydroxymethyl or phenyl optionally mono- 

or independently disúbstitwted.with (C)- 4)alkÿl, (C)-0)alkoxy or halogen; 

in free fort} or in acid addition salt form, 

3. A compoúnd according toclaiw 2 (a compound Ip)' wherein R is W, which is: 

a) R, "NH(CH2)2- wherein Rip is a pyridlnyl or pyrimidinyI,mçiety optionally mono- or 

independently disubstituted With halogen, trifluoromethyl, 

cyaño or nitro; 

b) (C3.7)cycloalkyl optionally monosubstituted in 1- position with (C1.3)hydroxyalkyl; 

c) R2p(CH2)2- wherein Rep is phenyl optionally mono- or independently di- or independently 

trisubstituted with halogen or (C1:3)alkoxy; 

d) (R?)2CH(CH2)2- wherein each. RI independently is phenyl optionally monosubstituted with 

halogen or (C14)alkoxy; 

e). R¡(CH2)3- whereïrì Ras 'as"defined above;.or 

f) isopropyl optionally monosubstituted in l - position with (C1.3)hydroxyalkyl; 

in free form or in acid addition salt form. 

4. A campgúnd according to ,claim 2 (a contpoúnd Is), wherein R is R', which is: 

a) R1'R14'(CH2)61- wherein R¿, is pyridinyl Optionally mono- or independently disubstituted 

with chlorine; trifluoromethyl,.cyano or nitro; pyrimidinyl 

optionally monosubstituted with chlorine or trifluoromethyl; 

or phenyl; 

Rn' is hydrogen or methyl; and. 

ins is2or3; 
b) (C3.12)cycloalkyl optionally monosubstituted in 1- position with hydroxymethyl; 
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e) R2'(CII2),,, wherein either 
R2: is phenyl optionally mono- or independently di- or independently 

trisubstituted with halogen, alkoxy of 1 or 2 carbon atoms or 

phenylthio monosubstituted in the phenyl ring with 'hydroxymethyl; 

(Ci.a) alky l;.6,6- dimethylbicyclo[3.1.1 Jhept- 2- yl;.pyridinyl; 

naphthyl; cyclohexene; or adamantyl; and ns is 1 to 3; or 

R2' is phenoxy; and iisis 2; 

d) (3,3- diphenyl)propyl; 

e) R4'(CH2),,, wherein Ri' is2- óxopyrrolidin -1 -yl or isopropoxy and 

ps is 2 or 3; 

f) isopropyl optionally monosubstituted in 1- position with hydroxyméthyl; 

g) R5' wherein Rs' is: indanyl ;a pyrrolidinyl or piperidinyl moiety optionally N- substituted 

with benzyl; bicyclo[2.2.1]hept -2 -y1; 2,6,6- trimethylbicyclo- 

[3.1,1]hept-3-y1; adamantyl ;,or (Ci.$)alkyl optionally mono- or 

independently disubstituted with hydroxy, hydroxymethyl or phenyl; 

in free form or in acid addition salt form. 

5. The compound according to claim 2 wherein R is 2-[( 5- cyannopyridin- 2- yl)amino]ethyl, 

1-[ 2-[( 5- cyanopyridin -2- yl)araino]ethylatnino ]acetyl -2- cyano- (s)- pyrrolidine, in free forni 

or in acid addition salt Thrill, especia iy in dihydrochloride.acid addition salt form, or 

a compoitiid according tirdaim 2 which is Of formula I wherein.R is either 

- 2-[( 5- chloropyriditi- 2- yl)ámino]ethyl, or 

- ( 1- hydroxymethyl)cyplopetii -I -yl, or 

- 2-[( 5- nitropyriditi- 2- y1)amino]ethyl, or 

- 3- (isopropoity)propyl, 

in free form or in.acid'addition Salt Min. 

6. A process for the preparation of a compound according to claim 1 which comprises 

coupling a reactive ( 2- cyanopyrrolidino )carbonylmethylene compound with an appropriate . 

substituted amine or, for the preparation of a compound according to claim 2, .which comprises 
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reacting a compound of formula U 

o 
,oCN 

wherein X is a reactive group, 

with a compound of formula La 

NH2R III 

wherein Ris as defined in claim 2, 

and . recovering the resultant compound in free form or in acid addition salt form. 

7. A pharmaceutical composition comprising acompóund according to claim 1 in freeform or 

in pharmaceutically acceptable acid addition salt form, together with at least one 

pharmaceutically acceptable carrier or diluent. 

8. A compound according to claim I infree form or in pharmaceutically acceptable acid 

addition salt form, for use. as:a pharmaceutical. 

9. Use Of a compound according to claim din free form or in pharmaceutically acceptable acid 

addition' salt'form'in the preparation of a medicament for inhibiting APP -IV or treating 

condition's mediäted by.DPP -IV. 

10. A method of inhibiting DPP -IV, or of treating a.condition mediated by DPP -IV, which 

comprises administering á therapeutically effective amount of a compound according to claim .1 

in free foi-m or in pharmaceutically acceptable acid addition salt form to a patient in need Of 

such treatment. 
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[57] ABSTRACT 

N-(111-substituted glycyl)- 2- cyanopyrrolidines of formula I 

0 H II pCN 

R 
/N 

Compounds of formula I inhibit DPP -IV (dipeptidyl- 
peptidase -IV) activity. They are therefore indicated for use 
as pharmaceuticals in inhibiting DPP -IV and in the treat- 
ment of conditions mediated by DPP -IV, such as non- 
insulin- dependent diabetes mellitus, arthritis, obesity, 
osteoporosis and further conditions of impaired glucose 
tolerance. 
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s 

This application claims the benefit of Provisional Appli- 
cation number 60/030,570 filer) on Nov. 7, 1996. 

FIELD OF THE INVENTION 
1h 

The present invention relates to the area of dipeptidyl 
peptidase -TV (DPP -IV) inhibition. DPP -IV is a serine pro- 
tease which cleaves N- terminal dipeptides from a peptide 
chain containing, preferably, a prolinc residue in the penul- 
timate position. Although the biological role of DPP -IV in is 
mammalian systems has not been completely established, it 
is believed to play an important role in neuropeptide 
metabolism, T -cell activation, attachment of cancer cells to 
the endothelium and the entry of 111V into lymphoid cells. 

More recently, it was discovered that DPP-IV is respon- 20 
sible for inactivating glucagon -like peptide -1 (GLP -1). 
More particularly, DPP-IV cleaves the amino -terminal His - 
Ala dipeptide of GLP -1, generating a GLP -1 receptor 
antagonist, and thereby shortens the physiological response 
to GLP -1. Since the hall-life for DPP -1V cleavage is much 25 

shorter than the half -life for removal of GLP -1 from 
circulation, a significant increase in GLP -1 bioactivity (5- to 
10 -fold) is anticipated from DPP -IV inhibition. Since GLP -1 
is a major stimulator of pancreatic insulin secretion and has 
direct beneficial effects on glucose disposal, DPP -IV inhi- so 
bition appears to represent an attractive approach for treating 
non -insulin- dependent diabetes mellitus (NIDDM). 

SUMMARY OF THE INVENTION 
The present invention provides new DPP -IV inhibitors 35 

which are effective in treating conditions mediated by DPP - 
IV, More particularly, the present invention relates to certain 
N- (substituted glycyl)- 2-cyanopyrrolidines which inhibit 
DPP -IV. In addition, the present invention provides phar- 
maceutical compositions useful in inhibiting DPP -IV corn- 40 
prising a therapeutically effective amount of a N- (substituted 
glycyl)- 2- cyanopyrrolidine disclosed herein. Moreover, the 
present invention provides a method of inhibiting DPP -IV 
comprising administering to a mammal in need of such 
treatment a therapeutically effective amount of a 45 
N- (substituted glycyl)- 2- cyanopyrrolidine. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The instant invention relates to novel N- (substituted 
so glycyl)- 2- cyanopyrrolidincs of formula 1: 

55 

wherein R is: 60 

a) R,R, N(CH2) ,- wherein 
R, is a pyridinyl or pyrimidinyl moiety optionally 

mono- or independently disubstituted with (C1.4) 
alkyl, (C1.4)alkoxy, halogen, trifuoromethyl, cyano 
or nitro; or phenyl optionally mono- or indepen- 65 
dently disubstituled with (C,.4)alkyl, (C,.4)alkoxy or 
halogen; 

2 
R,,, is hydrogen or (C,-e)alkyl; and 
m is2or3; 

b) (C,.,a)cycloalkyl optionally monosubstituted in the 
1- position with (C1.,)hydroxyalkyl; 

c) R2(CH2) - wherein either 
Ra is phenyl optionally mono- or independently di- or 

independently trisubstituted with (C,.4)alkyl, (C,_,) 
alkoxy, halogen or phenylthio optionally monosub- 
slimted in the phenyl ring with hydroxymethyl; or is 
(C,.a)alkyl; a [3.1.1]bicyclic carbocyclic moiety 
optionally mono- or plurisubstituted with (C,.8) 
alkyl; a pyridinyl or naphthyl moiety optionally 
mono- or independently disubstituled with (C,-4) 
alkyl, (C,.4)alkoxy or halogen; cyclohexene; or ada- 
mantyl; and 

n is 1 to 3; or 
R2 is phenoxy optionally mono- or independently dis- 

ubstituted with (C,.4)alkyl, (C,.4)alkoxy or halogen; 
and 

n is 2 or 3; 
d) (R,),CH(CH,)a,- wherein each R, independently is 

phenyl optionally mono - or independently disubstituled 
with (C,.a)alkyl, (C,.4)alkoxy or halogen; 

e) R4(C11e)y wherein R4 is 2- oxopyrrolidinyl or (C2.4) 
alkoxy and p is2to4; 

f) isopropyl optionally monosubstituted in 1- position with 
(C,.a)hydroxyalkyl; 

g) Rs wherein Rs is: indanyl; a pyrrolidinyl or piperidinyl 
moiety optionally substituted with benzyl; a [2.2.1]- or 
[3.1.1]bicyclic carbocyclic moiety optionally mono- or 
plurisubstimted with (C,4)alkyl; adamantyl; or (C,.a) 
alkyl optionally mono- or independently plurisubsti- 
tuted with hydroxy, hydroxymcthyl or phenyl option- 
ally mono- or independently disubstituled with (C1.4) 
alkyl, (C,_4)alkaxy or halogen; 

in free form or in acid addition salt form. 
The compounds of formula I can exist in free form or in 

acid addition salt form. Salt forms may be recovered from 
the free form in known manner and vice- versa. Acid addition 
salts may e.g. be those of pharmaceutically acceptable 
organic or inorganic acids. Although the preferred acid 
addition salts are the hydrochlorides, salts of 
methanesulfonic, sulfuric, phosphoric, citric, lactic and ace- 
tic acid may also be utilized. 

The compounds of the invention may exist in the form of 
optically active isomers or diastereoisomers and can be 
separated and recovered by conventional techniques, such as 

chromatography. 
"Alkyl and alkoxy are either straight or branched 

chain, of which examples of the latter arc isopropyl and 
tert -butyl. 

R preferably is a), b) or e) as defined above. R, preferably 
is a pyridinyl or pyrimidinyl moiety optionally substituted as 

defined above. R,,, preferably is hydrogen. Ra preferably is 
phenyl optionally substituted as defined above. R3 prefer- 
ably is unsubstituted phenyl. R preferably is alkoxy as 
defined above. Rs preferably is optionally substituted alkyl 
as defined above. m preferably is 2. n preferably is 1 or 2, 
especially 2. p preferably is 2 or 3, especially 3. 

Pyridinyl preferably is pyridin -2 -yl; it preferably is 
unsubstituted or monosubstituted, preferably in 5- position. 
Pyrimidinyl preferably is pyrimidio -2 -yl. It preferably is 
unsubstituted or monosubstituted, preferably in 4- position. 
Preferred as substitutents for pyridinyl and pyrimidinyl are 
halogen, cyano and nitro, especially chlorine. 

When it is substituted, phenyl preferably is monosubsti- 
tuted; it preferably is substituted with halogen, preferably 
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3 
chlorine, or methoxy. It preferably is substituted in 2 -, 4- 
and/or 5- position, especially in 4- position. 

(C3.12)cycloalkyl preferably is cyclopentyl or cyclohexyl. 
When it is substituted, it preferably is substituted with 
hydroxymethyl. (C,,,aalkoxy preferably is of I or 2 carbon 
atoms, it especially is methoxy. (C2.4)alkoxy preferably is of 
3 carbon atoms, it especially is isopropoxy. Halogen is 
fluorine, chlorine, bromine or iodine, preferably fluorine, 
chlorine or bromine, especially chlorine. (C,.$)alkyl prefer- 
ably is of 1 to 6, preferably Ito 4 or 3 to 5, especially of 2 
or 3 carbon atoms, or methyl. (C1.4) alkyl preferably is 

3e 

methyl or ethyl, especially methyl. (CI.3)hydroxyalkyl prof - 
abl is h drax meth 1 

5 

4 
b) (C3-,)cycloalkyl optionally monosubstituted in 

1- position with (C1.,)hydroxynllryl; 

c) R,P(CH2) wherein RtP is phenyl optionally mono- or 
independently di- or independently tisubstiuted with 
halogen or (C,-3)alkoxy; 

d) (R3'2CII(CI12)_ wherein each R/ independently is 
phenyl optionally monosubstituted with halogen or 
(C1.3)alkoxy; 

e) R4(CH2)3 wherein R4 is as defined above; or 

f) isopropyl optionally monosubstituted in 1- position with 

r.a)hydroxyalkyl; 
era y y y y . in free form or in pharmaceutically acceptable acid addition 

A [3.1.1]bicyclic carbocyclic moiety optionally substi- 
tuted as defined above preferably is bicyclo[3.1.1]hept -2 -yl 

r5 A further group of compounds of the invention is corn- 
optionally disubstituted in 6- position with methyl, or bicyclo pounds Is, wherein R is R', which is: 
[3.1.1]hept -3 -y1 optionally trisubstituted with one methyl in 
2- position and two methyl groups in 6- position. A [2.2.1] a) R,4R,e`(CHZ),44- wherein RI' is pyridinyl optionally 

bicyclic carbocyclic moiety optionally substituted as defined mono- or independently disubstituted with chlorine, 
above preferably is bicyclo[2 2.1]hept -2 -yl. trifluoromethyl, cyan or nitro; pyrimidinyl optionally 

Naphthyl preferably is 1- naphthyl. Cyclohexene prefer- 20 monosubstituted with chlorine or trifluoromethyl; or 
ably is cyclohex- 1- en -1 -yl. Adamantyl preferably is 1- or phenyl; R,,' is hydrogen or methyl; and ms is 2or3; 
2- adamantyl. b) (C342)cycloalkyl optionally monosubstituted in 

A pyrrolidinyl or piperidinyl moiety optionally substi- 1- position with hydroxymethyl; 
tuted as defined above preferably is pyrrolidin -3 -y1 or 

c) R2'(CH2),,,; wherein either 
piperidin -4y1. When it is substituted it preferably is 25 

N- substituted. R: is phenyl optionally mono- or independently di- or 

A preferred group of compounds of the invention is the independently trisubstituted with halogen, alkoxy of 

compounds of formula I wherein R is R' (compounds Ia), 1 or 2 carbon atoms or phenylthio monosubstituted 

whereby R' is: in the phenyl ring with hydroxymethyl; (CI- 6)alkyl; 

R,'NH(C1-l)2- wherein R1' is pyridinyl optionally mono- 30 
6, 6- dimethylbicyclo [3.1.1]hept -2 -yl; pyridinyl; 

or independently disubstituted with halogen, naphthyl; cyclohexene; or adamantyl; and 

trifluoromethyl, cyano or nitro; or unsubstituted pyri- ns is 1 to 3; or 

midinyl; 
I22' is phenoxy; and ns is 2; 

(C3-,)cycioalkyl optionally monosubstituted in 1- position d) (3,3- diphenyl)propyl; 

with (C, 3)hydroxyalkyl; 35 e) R4'(CH3P,.whereio R4' is 2- oxopyrrolidin -1 -yl or 
isopropoxy and ps is2or3; 

O isopropyl optionally monosubstituted in 1- position with 
hydroxymethyl; 

g) R5' wherein R5' is: indaoyl; a pyrrolidinyl or piperidi- 
nyl moiety optionally N- substituted with benzyl; 
bicyclo[2.2.1]hept -2 -yl; 2,6,6trimethylbicyclo- (3.1.1] 
hept -3 -y1; adamantyl; or (C14)alkyll optionally mono- 
or independently disubstituted with hydroxy, 

cyano or nitro; hydroxymethyl or phenyl; 

(C4_6)cycloalkyl monosubstituted in 1- position with (C,. 45 io free form or in acid addition salt form. 

3)bydroxyalkyl; The compounds of the invention may be prepared by a 

R,¡(C112)3- wherein L. is as defined above; or process which comprises coupling a reactive 
RS wherein Rs is a [2.2.1] -or [3.1.1]bicyclic carbocyclic (2-cyanopyrrolidino )carbonylmethylene compound with an 

moiety optionally mono- or plurisubstituted with (C1. appropriate substituted amine; more particularly, for the 

a)alkyl; or adamantyl; 50 preparation of the compounds of formula I it comprises 

in free form or in acid addition salt form. reacting a compound of formula II 

Even more preferred compounds of the invention are the 
compounds of formula I wherein R is R "' (compounds lc), 
whereby R "' is: 

R1 "NH(CH2)2- wherein R," is as defined above; 
55 

(C4- 6)cycloalkyl monosubstituted in 1- position with 
hydroxymethyl; 

R4'(CI-I2)3- wherein R4' is as defined above; or 
R5" wherein Rs" is adamantyl; 60 

in free form or in acid addition salt form. 
A further group of compounds of the invention is com- 

pounds Ip, wherein R is RP, which is: 

a) R,PNH(CH2)2- wherein R1P is a pyridinyl or pyrim- 
idinyl moiety optionally mono- or independently dis- 65 

ubstituted with halogen, trifluoromethyl, cyano or 
nitro; 

R4 (CH33- wherein R4' is (C2- 4)alkoxy; or 
R5, wherein R5 is as defined above; 

in free form or in acid addition satt form. 
More preferred compounds of the invention are those 

compounds of formula I wherein R is R" (compounds Ib), 40 

whereby R" is: 
R1'NH(CH2)_ wherein RI" is pyridinyl mono- or inde- 

pendently disubstituted with halogen, trifluoromethyl, 

o 

wherein X is a reactive group, 
with a compound of formula III 

NH,R 

R 

lR 

wherein R is as defined above, 
and recovering the resultant compound of formula I in free 
form or in acid addition salt form. 
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X preferably is n halogen such as bromine, chlorine or 
iodine. 

The process of the invention may be effected in conven- 
tional manner. 

The compound of formula II is preferably reacted with at 5 

least 3 equivalents of a primary amine of formula III. The 
reaction is conveniently conducted in the presence of an 
inert, organic solvent, preferably a cyclic ether such as 

tetrahydrofuran. The temperature preferably is of from about The reduction is conducted in the presence of an inert, 
0° to about 35° C., preferably between about 0° and about 10 organic solvent, preferably a cyclic ether such as 
25° C. teirnhydrofuran, at the reflux temperature of the solvent for 

The compounds of the invention may be isolated from the a period of between 14 and 24 hours. (b) 2 -[(5- 
reaction mixture and purified in conventional manner, e.g. chloropyridin- 2- yl)amino]ethylamine can be prepared by 

by chromatography refluxing a mixture of 2,5- dichloropyridine with ethylene- 

The starting materials may also be prepared in conven- 15 diamine in an nit bath for a period of between 6 and 12 

aortal manner. hours. (c) Similarly, 2- [(5- trifluoromethylpyridin -2 -y0 

The compounds of formula II may e. be prepared by the 
amino]ethylamine can be prepared by rearming a mixture of 

following two -step reaction scheme: 
g P p y 2-chloro- 5- trifluoromethyl pyridine with ethylenediamine in 

an oil bath for a period of between 6 and 12 hours. (d) 
20 2-[( 5- cyanopyridin- 2- yl)amino]-ethylamine can be prepared 

STEP 1 
by stirring a mixture of 2-chloropyridine-5-carbonitrile and o ethylenediamine at a temperature between 20° and 30° C., 
for a period of between 4 and G hours. (e) 2-[(pyrimidin-2- 
yl)amino]ethylamine can be prepared by adding ethylene - 

25 diamine to ice -bath cooled 2- chloropyrimidine and allowing 
the mixture to react at a temperature between 20° and 30° C., 
for a period of between 12 and 20 hours. (t) 1- amino -l- 
cyclohexanemethanol can be prepared by the reduction of 
1- amino- 1- cyclohexane carboxylic acid with lithium alumi- 

3D num hydride. The reduction is conducted in the presence of 
an inert, organic solvent, preferably a cyclic ether such as 

Ha tetrahydrofuran, at the reflux temperature of the solvent for 
a period of between 14 and 24 hours. (g) 2(3- 
aminopropylamino) -5- cyanopyridine can be prepared by 

35 refluxing a mixture of 2,5- dichloropyridine with 1,3 propyl 
v diamine in an oil bath for a period of between 6 and 12 

hours. Alternatively, the above examples (a) through (g) may 
be carried out at room temperature. 

The instant invention also includes pharmaceutical corn- 
40 positions useful in inhibiting DPP -IV comprising a pharma- 

ceutically acceptable carder or diluent and n therapeutically 
effective amount of a compound of formula 1, or a phar- 
maceutically acceptable acid addition salt thereof. 

In still another embodiment, the instant invention pro - 
45 vides a method of inhibiting DPP -IV comprising adminis- 

tering to a mammal in need of such treatment a therapeuti- 
cally cally effective amount of a compound of formula I, or a 

pharmaceutically acceptable acid addition sah thereof. 
Step 2 concerns the dehydration of the compound of In a further embodiment, the instant invention provides a 

formula V, prepared in Step 1, with at least 2 equivalents of so method of treating conditions mediated by DPP -IV inhibi- 
trifluoroacetic anhydride (TFAA). The dehydration prefer- 
ably is conducted in the presence of an inert, organic solvent 
such as tetrahydrofuran or a chlorinated, aliphatic hydrocar- 
bon such as methylene chloride, at a temperature of from 
about 0° to about 25° C., preferably at a temperature 
between about 0° and about 15° C. 

Insofar as its preparation is not particularly described 
herein, a compound used as starting material is known or 
may be prepared from known compounds in known manner 
or analogously to known methods or analogously to methods 
described in the Examples. 

For example, the primary amine compounds of formula 
III are known and may be prepared by procedures docu- 
mented in the literature. More particularly,: a) 
1- hydroxymethylcyclopentylamine can be prepared by the 
reduction of 1- amino- 1- cyclopentane carboxylic acid with 
lithium aluminum hydride as set forth below: 

6 

LiAIHr 

0 

NHy 

H-,IEI,N, [MAP 

Iv 
PIEP 2 

ç to TPAA 
(at(a[Ieasó2cg.)2cq.) 

Ir 

Step 1 involves the reaction of the pyrrolidine of formula 
IV with a slight molar excess of a haloacetylhalide such as 
bromoacetylbromide or chloroacetylchloride and triethy- 
lamine and a catalytic amount of dimethylaminopyridine 
(DMAP). The reaction conveniently is conducted in the 
presence of an inert, organic solvent, preferably a 

chlorinated, aliphatic hydrocarbon such as methylene 
chloride, at a temperature of from about 0° to about 25° C., 
preferably at a temperature between about 0° and about 15° 

lion comprising administering to a mammal In need of such 
treatment a therapeutically effective amount of a compound 
of formula I above, or a pharmaceutically acceptable acid 
addition salt thereof. 

55 As indicated above, all of the compounds of formula 1, 
and their corresponding pharmaceutically acceptable acid 
addition salts, are useful in inhibiting DPP -IV. The ability of 
the compounds of formula I, and their corresponding phar- 
maceutically acceptable acid addition salts, to inhibit DPP - 

60 IV may be demonstrated employing the Caco -2 DPP -IV 
Assay which measures the ability of test compounds to 
inhibit DPP -IV activity from human colonic carcinoma cell 
extracts. The human colonic carcinoma cell line Caco -2 was 
obtained from the American Type Culture Collection (ATCC 

6s HTB 37). Differentiation of the cells to induce DPP -IV 
expression was accomplished as described by Reisher, et al. 
in an article entitled "Increased expression of ... intestinal 
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cell line Caco -2" in Proc. Natl. Acad. Sci., Vol. 90, pgs. 
5757 - 5761(1993). Ce11 extract is prepared from cells solu- 
bilized in 10 mM Tris -HCI, 0.15 M NaC1, 0.04 t.i.u, 
aprotinin, 0.5% nonidet -P40, pH 8.0, which is centrifuged at 
35,000 g for 30 mia. at 4° C. to remove cell debris. The assay 5 

is conducted by adding 20 pg solubilized Caco -2 protein, 
diluted to a final volume of 125 pi in assay buffer (25 mM 
Tris -HCI pH 7A, 140 mM NaCI, 10 mM KCI, 1% bovino 
serum albumin) to micotiter plate wells. The reaction is 
initiated by adding 25 pl of 1 mM substrate (H- Alanine- 10 

Procne -pNA; pNA is p- nitroanilinc). The reaction is run at 
room temperature for 10 minutes after which time a 19 pl 
volume of 25% glacial acetic acid is added to stop the 
reaction. Test compounds are typically added as 30 pl 

15 additions and the assay buffer volume is reduced to 95 pl. A 
standard curve of free p- nitroaniline is generated using 
0-500 pM solutions of free pNA in assay buffer. The curve 
generated is linear and is used for interpolation of substrate 
consumption (catalytic activity in nmo]es substrate cleaved/ 

00 min). The endpoint is determined by measuring absorbance 
at 405 nm in a Molecular Devices UV Max microliter plate 
reader. The potency of the test compounds as DPP -IV 
inhibitors, expressed as IC -30, is calculated from 8- point, 
dose -response curves using a 4- parameter logistic function. 

25 The following ICses were obtained: 

Compound Coco -2 DPP -IV (nM) 

Ex.1 36 30 
Ex.2 176 
Ex.3 22 
Ex. 4 140 
Ex. S 26 
Ex.6 50 
Ex. 7A 165 35 Ex. 8 8 
Ex. 7B 175 
Ex. 9A 990 
Ex. 7C 290 
Ex. 9C 295 
Ex. 10 
Ex. 11 

54 
215 40 

Ex. 7D 382 
Ex. 7E 388 
Ex. 11 179 
Ex. 13 227 
Ex. 14 110 
Ex. 15 150 45 
Ex. 16 130 
Ex. 17 60 
Ex. 18 100 
Ex. 19 120 
Ex.20 90 
Ex.21 390 50 
Ex. 22 150 
Ex. 23 50 
Ex.24 70 
Ex.25 140 
Ex. 26 170 
Ex. 27 310 55 Fx.28 90 
Ex. 29 130 
Ex.30 650 
Ex. 31 500 
Ex. 32 150 
Ex.33 10 
Ex.34 37 60 

Ex.35 130 
Ex. 36 160 
Ex. 37 220 
Ex.38 50 
Ex. 39 380 
Ex. 40 240 65 
Ex. 41 140 

8 
-continued 

Compound Coco -2 DPP -IV (nM) 

Ex. 42 240 
Ex. 43 850 
Ex. 44 5 
Ex. 45 700 
Ex. 46 150 
Ex. 47 in 
Ex. 48 35 
Ex. 49 12 
Ex. 50 23 
Ex. 51 250 
Ex, 52 20 
Ex. 53 860 
Ex. 54 240 
Ex. 55 270 
Ex. 56 350 
Ex. 57 470 
Ex. 58 50 
Ex. 59 390 
Ex. 60 600 
Ex. 61 310 
Ex. 62 270 
Ex. 63 46 
Ex. 64 220 
Ex. 65 80 
Ex. 66 60 

The ability of the compounds of formula 1, and their 
corresponding pharmaceutically acceptable acid addition 
salts, to inhibit DPP -IV may also he demonstrated by 
measuring the effects of test compounds on DPP -IV activity 
in human and rat plasma employing a modified version of 
the assay described by Kubota, et al. in an article entitled 
"Involvement of dipeptidylpeptidase IV in an in vivo 
immune response" in Clin. Exp. Immunol., Vol. 89, pgs. 
192 -197 (1992). Briefly, five pl of plasma are added to 
96 -well flat -bottom mictotiter plates (Falcon), followed by 
the addition of 5pl of SO mM MgCl ., in incubation buffer (25 
mM HEPES, 140 mM NaCI, 1% RIA -grade BSA, pH 7.8). 
After a 5 min. incubation at room temperature, the reaction 
is initiated by the addition of 10 pl of incubation buffer 
containing 0.1 mM substrate (H- Glycine- Proline -AMC; 
AMC is 7- amino4- methylcoumarin). The plates are covered 
with aluminum foil (or kept in the dark) and incubated at 
room temperature for 20 min. After the 20 min. reaction, 
fluorescence is measured using a CytoFluor 2350 fluorim- 
eter (Excitation 380 nm Emission 460 nm; sensitivity setting 
4). Test compounds are typically added as 2pl additions and 
the assay buffer volume is reduced to 13 pl. A fluorescence- 
concentration curve of free AMC is generated using 0-50 
pM solutions of AMC in assay buffer. The curve generated 
is linear and is used for interpolation of substrate consump- 
tion (catalytic activity in nmoles substrate cleaved /min). As 
with the previous assay, the potency of the test compounds 
as DPP-IV inhibitors, expressed as ICs0, is calculated from 
8- point, dose- response curves using a 4 parameter logistic 
function. 

The following ICsos were obtained: 

Compound auman plasma DPEIV (nM) rat plasma DPP -IV (nM) 

Ex, 1 

Ex. 3 
Ex. 4 
Ex. 5 
Ex. 6 

Ex. 8 
Ex. 10 
Ex. 12 

27 
7 

40 
37 
22 
12 
51 
95 

22 
6 

23 
18 
32 
11 
19 
38 
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Compound human plasma oPP -tv (aM) rat plasma DPP -Iv (aM) 

Ex. 14 95 24 

Ex. 15 70 40 

Ex. 16 170 60 

Ex. 17 250 120 

Ex. 18 160 70 

Ex. 19 180 50 

Ex. 20 180 150 

Ex. 21 210 110 

Ex. 22 170 60 

Ex. 23 40 40 

Ex. 24 32 19 

Ex. 25 110 140 

Ex. 26 240 70 

Ex. 27 150 160 

Ex. 28 180 60 

Ex. 29 28 9 

Ex. 30 80 90 

Ex. 31 80 100 

Ex. 32 160 130 

Ex. 33 20 10 

Ex. 34 277 161 

Ex. 35 1090 340 

Ex. 36 170 80 

Ex. 37 100 150 

Ex. 38 65 23 

Ex. 39 220 200 

Ex. 40 340 370 

Ex. 41 100 50 

Ex. 42 140 180 

EX. 43 240 120 

Ex. 44 10 10 

Ex. 45 2130 390 

Ex. 46 280 60 

Ex. 47 11 5 

Ex. 43 60 30 

Ex. 49 8 3 

Ex. 50 60 40 

Ex. 51 180 150 

Ex. 52 20 10 

Ex. 53 490 400 

Ex. 54 90 60 

Ex. 55 140 90 

Ex. 56 140 100 

Ex. 57 420 150 

Ex. 58 20 100 

Ex. 59 280 130 

Ex. 60 250 110 

Ex. 61 260 Sc 

Ex. 62 190 100 

Ex. 63 60 30 

Ex. 64 150 60 

Ex. 65 90 40 

Es. 66 130 40 

10 
for approximately 2 hours on the day of testing, divided into 

groups of 8 -10, and dosed orally with IO/mol/kg of the test 

compounds in CMC. An oral glucose bolus of Igikg was 

administered 30 minutes after the test compound directly 
s imo the stomach of the test animals. Blood samples, 

obtained at various timepoints from chronic jugular vein 

catheters were analyzed for plasma glucose and immunore- 
active insulin (IRI) concentrations, and plasma DPP -IV 
activity. Plasma insulin levais were assayed by a double 

to 
antibody radioimmunoassay (RIA) method using a specific 
anti -rat insulin antibody from Lineo Research (St. Louis, 

Mo.). The RIA has a lower limit of detection of 03 pU /ml 
with tetra- and inter -assay variations of less than 5%a. Data 

are expressed as % increase of the mean of the control 

animals. Upon oral administration, each of the compounds 
15 tested amplified the early insulin response which led to an 

improvement in glucose tolerance in the insulin resistant test 

animals. The following results were obtained: 

20 

25 

Compound 
Increase of Insulin Response 

nt 10 pmol/t:g 

Ex. 1 61% 

Ex. 3 66% 

U:. 5 108% 

Ex. 8 144% 

Ex. 12 59% 

The precise dosage of the compounds of formula I, and 

their corresponding pharmaceutically acceptable acid addi- 

3a Lion salts, to be employed for treating conditions mediated 

by DPP -IV inhibition depends upon several factors, includ- 

ing the host, the nature and the severity of the condition 
being treated, the mode of administration and the particular 
compound employed. However, in general, conditions medi- 

35 ated by DPP -IV inhibition are effectively treated wben a 

compound of formula I, or a corresponding pharmaceuti- 

cally acceptable acid addition salt, is administered enterally, 
e.g., orally, or parenterally, e.g., intravenously, preferably 

orally, at a daily dosage of 0002 -5, preferably 0.02 -2.5 
40 mg/kg body weight or, for most larger primates, a daily 

dosage of 0.1 -250, preferably 1 -100 mg. A typical oral 

dosage unit is 0.01 -0.75 mgnlrg, one to three times a day. 

Usually, a small dose is administered initially and the 

dosage is gradually increased until the optimal dosage for 
as the host under treatment is determined. The upper limit of 

dosage is that imposed by side effects and can be determined 
by trial for the host being treated. 

The compounds of formula I, and their corresponding 

pharmaceutically acceptable acid addition salts, may be 

combined with one or more pharmaceutically acceptable 

carriers and, optionally, one or more other conventional 
pharmaceutical adjuvants and administered enterally, e.g., 

orally, in the form of tablets, capsules, caplets, etc. or 

parenterally, e.g., intravenously, in the form of sterile inject- 
able solutions or suspensions. The enteral and parenteral 

compositions may be prepared by conventional means. 

The compounds of formula I, and their corresponding 

pharmaceutically acceptable acid addition salts, may be 

formulated into enteral and parcntcral pharmaceutical com- 

positions containing an amount of the active substance that 

is effective for treating conditions mediated by DPP -IV 
inhibition, such compositions in unit dosage form and such 

compositions comprising a pharmaceutically acceptable car- 

rier. 
The compounds of formula I (including those of each of 

the subscopes thereof and each of the examples) may be 

administered in enantiomerically pure form (e.g., ee:=98 %, 

In view of their ability to inhibit DPP-IV, the compounds 

of formula I, and their corresponding pharmaceutically 
acceptable acid addition salts, are useful in treating condi- SO 

lions mediated by DPP -IV inhibition Based on the aboya 

and findings in the literature, it is expected that the com- 

pounds disclosed herein are useful in the treatment of 

conditions such as non -insulin -dependent diabetes mellitus, 
arthritis, obesity, allograft transplantation, and calcitonin- ss 

osteoporosis. More specifically, for example, the compounds 

of formula I, and their corresponding pharmaceutically 

acceptable acid addition salts, improve early insulin 
response to an oral glucose challenge and, therefore, are 

useful in treating non -insulin- dependent diabetes mellitus. 60 

The ability of the compounds of formula I, and their 

corresponding pharmaceutically acceptable acid addition 

salts, to improve early insulin response to an oral glucose 

challenge may be measured in insulin resistant rats accord- 

ing to the following method: 65 

Male Sprague -Dawley rats that had been fed a high fat 

diet (saturated fat =57 %n calories) for 2 -3 weeks were fasted 

r 
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preferably 99%) or together with the R enantiomer, e.g., in 
racemic form. The above dosage ranges arc based on the 
compounds of formula I (excluding the amount of the R 
enantiomer). 

Prior US Provisional Application number 60/030,570, 5 

filed on Nov. 7, 1996 is incorporated by reference herein, in 
it's entirety. 

The following examples show representative compounds 
encompassed by this invention and their synthesis. 
However, it should be clearly understood that they are for 

to purposes of illustration only. 

EXAMPLE 1 

142-[( 5- chl oropyridin- 2- yl)amino]ethylamino] 
acetyl -2- cyano- (S)- pyrrolidinc dihydrochloridc 

A. Preparation of 2- carbamoylpyrrolirline- IS 
carbonylmethylene- (S)- bromide 

2237 g (196 mmol) of (S)- 2- carbamoylpyrrolidine, 30.1 
ml (216 mmol) of triethylamine and 30.0 mg of dimethy- 
laminopyridine (DMAP) arc dissolved in 200 ml of meth- 
ylene chloride and the solution is then added, dropwise, to 20 

an ice -cold solution of 18.8 ml (216 mmol) of bromoacetyl- 
bromide in 192 ml of methylene chloride, over a period of 
60 minutes under a calcium sulfate drying tube. The result- 
ant solution is then stirred for 2 hours at ice -water tempera- 
ture under a calcium sulfate dying tube, after which time it 25 

is poured into 33 liters of ethyl acetate. The resultant 
precipitate is filtered, washed with ethyl acetate, and the 
filtrate is concentrated to obtain the desired compound as a 

bard yellow taffy. 
B. Preparation of 2- Cyanopyrrolidino- Carbonylmethylene- 30 

(S)Bromide 
50.0 g (213 mmol) of the bromide compound prepared in 

a) above is dissolved in 300 ml of methylene chloride and 
the solution is cooled in an ice water bath under a calcium 
sulfate drying tube. The cooled solution is then poured into 35 

60.2 ml (426 mmol) of trifluoroacetic anhydride over a 2 
minute period and the resultant solution is then stirred at 
ice -water temperature under a calcium sulfate drying tube 
for 4 hours and partitioned between methylene chloride and 
saturated aqueous sodium bicarbonate. The product is then 40 

extracted into the methylene chloride layer and the aqueous 
layer is then washed twice with methylene chloride. The 
combined organic layers are then washed successively with 
water and brine and then dried over sodium sulfate. The 
solution is then filtered and the solvent is removed by 45 

rotovaping and high vacuum pumping to obtain the desired 
compound as a dark yellow solid. 
C. Preparation of the Title Compound in Free Base Form 

To a 500 rol flask is added 16.6g (97.2 mmol) of 2 -[(5- 
chloropyridin-2-yl)amino]ethylamine and 100 ml of tetrahy- so 
drofuran and the mixture is cooled in an ice bath. To the 
cooled mixture is added 7.0 g (32.4 mmol) of the bromide 
cota d ared in b) above dissolved in 30 nil of Po ur prep 
tetrahydrofuran. The resultant mixture is stirred for 2 hours 

EXAMPLE 5 
at 0° C., the solvent is removed by rotovaping and the ss 
mixture is partitioned between ethyl acetate and water. The 11(1-hydroxymethylcyclopent-l-yl)amino]acetyl-2- 
product is then extracted into the ethyl acetate layer and the cyano-(S)-pyrrolidine 
aqueous layer is then washed twice with ethyl acetate. The 
combined organic layers are then washed successively with To 1.5 g of ( 1- hydroxymethyl)cyclopentylaminc in 40 ml 
water and brine, dried over sodium sulfate and concentrated 60 of anhydrous tetrahydrofuran is added, dropwise via an 
to obtain the desired compound in crude form. The crude addition funnel over 40 minutes, 0.93 g (4.35 mmol) of the 
form is then purified on silica gel employing a mixture of 5% bromide compound of Example lb) under a calcium sulfate 
methanol in methylene chloride as the eluent to yield the drying tube. The resultant mixture is then stirred at room 
desired compound as a light brown oil. temperature for 18 hours under a calcium sulfate drying 
D. Preparation of the Title Compound es tube, after which time hydrogen chloride gas is bubbled in 

After dissolving the free base compound prepared in e) for -5 seconds. The resultant gum is then separated from the 
above in 30 ml of dry tetrahydrofuiran, hydrogen chloride solution by decanting and washed with 25 ml of tetrahy- 

12 
gas is bubbled into the solution for five seconds. The 
off-white precipitate that forms is then filtered, washed with 
dry tetrahydrofuran and the solvent is removed by high 
vacuum pumping to obtain the title compound as an off- 
white solid, nip. 265° -267° C. 

EXAMPLE 2 

1-[ 2-[( 5- trifluoromethylpryrdin- 2- yl)amino] 
ethylamino 1acetyl -2- cyan -(S)- pyrrolidine 

To a 25 ml. flask is added 1.15 g (5.61 mmol) of 
2-[( 5- trifluoromethylpyrdin- 2- y1)- amino]ethylamine and 10 
ml of tetrahydrofuran and the mixture is cooled in an ice 
bath. To the cooled mixture is added 0.404 g (1.87 mmol) of 
the bromide compound of Example lh) dissolved in 5 ml of 
tetrahydrofuran. The resultant mixture is stirred for 2 hours 
at 0° C., the solvent is removed by rotovaping and the 
mixture is partitioned between ethyl acetate and water. The 
product is then extracted into the ethyl acetate layer and the 
aqueous layer is then washed twice with ethyl acetate. The 
combined organic layers are then washed successively with 
water and brine, dried over sodium sulfate and concentrated 
to obtain the desired compound in crude form. The crude 
form is then purified on silica gel employing a mixture of 5% 
methanol in methylene chloride as the eluent to yield the title 
compound as a golden oil. 

EXAMPLE 3 

1-[ 2-[( 5- cyanopyridin- 2- yl)amioo]ethylamino] 
acetyl -2- cyan- S)- pyrrolidine dihydrochloride 

A. Preparation of the Title Compound in Free Base Form 
Following essentially the procedure of Example lc), and 

using in place of the amine therein, an equivalent amount of 
2-[( 5- cyanopyridin- 2- yl)amino]- ethylaminc, the desired 
compound is obtained as a golden oil. 
B. Preparation of the Title Compound 

Following essentially the procedure of Example 1d), and 
using in place of the free base compound prepared in 
Example le), an equivalent amount of the free base com- 
pound prepared in a) above, the title compound is obtained 
as an off-white precipitate, m.p. 155° -157° C. 

EXAMPLE 4 

l[ -2 -[( pyrimidin- 2- yl)amino]elhylamino]acetyl -2- 
cyano-(S)- pyrrolidine 

Following essentially the procedure of Example 2, and 
using in place of the amine therein, an equivalent amount of 
2 -[( pyrimidin- 2- yl)amino]ethylamine, and using in place of 
the eluent therein, a mixture of 10% methanol in methylene 
chloride, the title compound is obtained as a golden oil. 
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drofuran. The solution is then decanted and the gum is 
partitioned between methylene chloride and saturated aque- 
ous sodium bicarbonate. The product is then extracted into 
the methylene chloride layer and the aqueous layer is then 
washed twice with methylene chloride. The combined 
organic layers arc then washed successively with water and 
brine and then dried over sodium sulfate. The solution is 
then filtered and the solvent is removed by rotovaping and 
high vacuum pumping to obtain the title compound as a clear 
yellow oil which solidifies to a yellow solid, m.p. 65 ° -67° to 
C. 

14 
dried over sodium sulfate. The solution is then filtered and 
the solvent is removed by rotovaping and high vacuum 
pumping to obtain the crude form of the title compound as 
a dark yellow- orange clear thick oil. The crude form is then 

s flash ebromatographed employing a mixture of 5% methanol 
in methylene chloride as the eluent to obtain the title 
compound as a bright yellow thick oil. 

EXAMPLE 6 

1 -[2 -[( pyridin- 2- yl)amino]ethylamino]acetyl.2- 
eyeno(S)- pyrrolidine 

Following essentially the procedure of Example 2, and 
using in place of the amine therein, an equivalent amount of 
2- [(pyridin- 2- yl)amino]ethylamine, and using in place of the 
eluent therein, a 90:10:0.5 mixture of methylene chloride, 20 

methanol and ammonium hydroxide, the title compound is 
obtained as a golden oil. 

15 

EXAMPLE 7 
25 

Following essentially the procedure of Example 2, and 
using in place of the amine therein, an equivalent amount of: 

a) 2-[( 4- chloropyrimidin- 2- yl)amino]ethylamine; 
b) 2 {(3 -chl oropyridin- 2- yl)amino]ethylamine; 
e) 2- [(4- trifluoromethy 1pyrimidin- 2- yl)amino] 30 

ethylaroine; 
d) (2- chlorophenyl)ethylamine; and 

e) (3,3- biphenyl)propylamine; 
there is obtained: 35 

A) 1-[ 21( 4- chloropyrimidin- 2- yl)amino]ethylamino] 
acetyl -2- cyano -(S)- pyrrolidine as a tan solid; 

B) 1- [2- [(3 -chl oropyridin- 2- yl)amino]ethylamino]acetyl- 
2- cyan -(S)- pyrrolidine as a golden oil; 

C) 1- [2- [4- trifluorome tbylpyrimidin- 2- yl)amino] 40 

ethylamino ]acetyl -2- cyan- (S)- pyrrolidine as a golden 
oil; 

D) 1-[(2-chtorophenyl)ethylamino]acetyl-2- cyan -(S)- 
pyrrolidine; and A8 

E) 1-[(3,3-diphenyl)propylamino]acetyl-2- eyano -(S)- 
pyrrolidine, respectively. 

EXAMPLE 8 

1-[ 2-[( 5- nitropyridin- 2- yl)amino]cthylamino]acetyl- 50 

2- cyano- (S)pyrrolidine 

'Fo 83.6 ml of anhydrous tetrahydrofuran is added 4.54 g 
(24.9 mmol) of 2-[(5- nitropyridin- 2- yl)amino]ethylamine, 
and the resultant mixture is heated slightly then stirred at 55 

room temperature under a calcium sulfate drying tube. 1.80 
g (8.3 mmol) of the bromide compound of Example lb) in 
20 ml of anhydrous tetrahydrofuran is then added, over a 
period of 30 minutes, under a calcium sulfate drying tube. 
The resultant mixture is then stirred at room temperature for 60 

2 hours under a calcium sulfate drying tube and concentrated 
via rotovaping. The resultant paste is then partitioned 
between methylene chloride and saturated aqueous sodium 
bicarbonate. The product is then extracted into the methyl- 
ene chloride layer and the aqueous layer is then washed 65 

twice with methylene chloride. The combined organic layers 
are than washed successively with water and brine and then 

EXAMPLE 9 

Following essentially the procedure of Example 2, and 
using in place of the amine therein, an equivalent amount of: 

a) 2-[( 3- chloro- 5- trifluoromethy 1pyridin- 2- yl)amino] 
ethylamine; 

b) 2-[( 3- trilluorontethylpyridin- 2- yl)amino]ethytamine; 
and 

c) 2-[( 3, 5- dichloropyridin- 2- yl)amino]ethylamine; 
and using in place of the client therein, a mixture of 3% 
methanol in methylene chloride, there is obtained: 

A) 1- [2- [(3- chloro -5- trißuoromethy 1pyridin- 2- yl)amino] 
ethylamino ]acetyl -2- eyano- (S)- pyrroldioe as a golden 
oil; 

B) 1- [2 -[(3- trißuoromethy 1pyridin- 2- yl)amino] 
ethylamino ]acetyl -2- eyano- (S)pyrrolidine as a golden 
oil; and 

C) 1- [2- [(3,5 -dichl oropyridin- 2- yl)amino]ethylamino] 
acetyl -2- cyan -(S)- pyrrolidine as a golden oil. 

EXAMPLE 10 

1-[(cyclopent-l-yl)amino- acetyl -2- eyano -(S)- 
pyrrolidine monohydrochloride 

A. Preparation of the Title Compound in Free Base Form 
Following essentially the procedure of Example 2, and 

using in place of the amine therein, an equivalent amount of 
(cyclopent- l- yl)amine, the desired compound is obtained as 
a tan solid. 
B. Preparation of the Title Compound 

Following essentially the procedure of Example ld), and 
using in place of the free base compound therein, an 
equivalent amount of the compound prepared in a) above, 
the title compound is obtained as a white solid. 

EXAMPLE 11 

142-( 2- bromo4 ,5- dimethoxyphenyl)ethylamino] 
acetyl- cyan -(S)- pyrrolidine 

To 15 ml of anhydrous tetrahydrofuran is added 1.44 g 
(5.52 mmol) of 2-( 2- bromo4,5- dimethoxy)ethylamine, and 
the resultant mixture is heated slightly under a calcium 
sulfate drying tube. 0.4 g (1.84 mmol) of the bromide 
compound of Example lb) is then added, dropwise, over a 
period of 10 minutes. The resultant mixture is then stirred at 
room temperature for 18 hours under a calcium sulfate 
drying tube, concentrated via rotovaping and partitioned 
between methylene chloride and saturated aqueous sodium 
bicarbonate. The product is then extracted into the methyl- 
ene chloride layer and the aqueous layer is then washed 
twice with methylene chloride. The combined organic layers 
are then washed successively with water and brine and then 
dried over sodium sulfate. The solution is then filtered and 
the solvent is removed by rotovaping and high vacuum 
pumping to obtain the crude form of the title compound as 
a clear yellow oil. The crude form is then flash chromato- 
graphed employing a mixture of 5% methanol in methylene 
chloride as the eluent to obtain the title compound as a clear, 
light yellow, thick oil. 
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EXAMPLE 12 

1 -[3 -( isopropoxy) propylamino]acetyl -2- cyan -(S). 
pyrrolidine monohydrochloride 

A. Preparation of the Title Compound in Free Base Form s 
Following essentially the procedure of Example 1c), and 

using in place of the amine therein, an equivalent amount of 
3- (isopropoxy)propylamine, the desired compound is 
obtained as a brown oil. 
B. Preparation of the Title Compound ro 

Following essentially the procedure of Example 1d), and 
using in place of the free base compound therein, an 
equivalent amount of the compound prepared in a) above, 
the title compound is obtained as a white solid, m.p. 
174 ° -176° C. 15 

EXAMPLE 13 

1-1(2- hydroxy- 1, 1- dimethylethylamino)]ncelyl -2- 
cyano -(S)- pyrrolidine monohydrochloride 20 

A. Preparation of the Title Compound in Free Base Form 
Following essentially the procedure of Example 2, and 

using in place of the amine therein, an equivalent amount of 
2- bydroxy -1,1 -dimethylethylamine, and using in place of 
the eluent therein, an 80:20:1 mixture of methylene chloride, 25 
methanol and ammonium hydroxide, the title compound is 
obtained as a golden oil. 
B. Preparation of the Title Compound 

Following essentially the procedura of Example ld), and 
using in place of the free base compound therein, an no 
equivalent amount of the compound prepared in a) above, 
the title compound is obtained as a brown solid. 

EXAMPLE 14 
35 

1-[ 3-( 2- oxo- pyrrohdin- 1- yl)propylamino]acetyl -2- 
cyan -(S)- pyrrolidine monohydrochloride 

A. Preparation of the Title Compound in Free Base Form 
Following essentially the procedure of Example 2, and 

using in place of the amine therein, an equivalent amount of 40 
3- (2- oxo- pyrrolidin -1 -yl) propyle mine, and using in place of 
the eluent therein, a 90:10:1 mixture of methylene chloride, 
methanol and ammonium hydroxide, the desired compound 
is obtained as a golden oil. 
B. Preparation of the Title Compound 45 

Following essentially the procedure of Example 1d), and 
using in place of the free base compound therein, an 
equivalent amount of the compound prepared in a) above, 
the title compound is obtained as a tan solid. 

Below are the "C NMR signals for tie nitrile function- 50 
alities of the specific synthesized compounds described 
above; 

Compound N UC NMR (MHz, solvant) 6 ppm (CN) 

Ex. 5 
Ex. 12 
Ex. 1 

Ex. 3 
Ex. 8 
Ex. 7B 
Ex. M 
Ex. PB 
Ex. 9C 
Ex. 6 
Ex. 7C 
Ex. 2 
Ex. 7A 

oc NMR (75 MHz, CD,OD) 6 119.64 ppm (CN) 
vC NMR (75 MHz, D20) 6 121.63 ppm (CN) 
17C NMR (75 MHz, D,O) 6121.60 ppm (CN) 
vC NMR (75 MHz, D,O) 6120.42 ppm (CN) 
"C NMR (75 MHz, MASO) 6119.13 ppm (CN) 
mC NMR (75 MHz, CDCI,) 6 118.23 ppm (CN) 
°C NMR (75 MHz, copo) 6 119.68 ppm (CN) 
"C NMR (75 MHz, CD,OD) 6 119.66 ppm (CN) 
"C NMR (75 MHz, CD,OD) 6 119.68 ppm (CN) 
"C NMR (75 MHz, CD,OD) 6 119.84 ppm (CN) 
°C NMR (75 MHz, CDCI,) 6 118.23 ppm (CN) 
'oC NMR (75 MHz, CD,OD) 6 119.68 ppm (CN) 
°C NMR (75 MHz, CD,00) 6 119.66 ppm (CN) 

55 

60 

65 

16 
-continued 

Compound It 

Ex. 4 
Ex. 10 
Ex. 11 

Ex. 7D 
Ex. 7E 
Ex. 13 
Ex. 14 

°C NMR (MHz, solvent) 8 ppm (CN) 

f2C NMR (75 MHz, CD,OD) 8119.66 ppm (CN) 
'sC NMR (75 MHz, D20) 8121.69 ppm (CN) 

NMR (75 MHz, CDCI,) 6118.31 ppm (CN) 
mC NMR (75 MHz, CD,OD) 6 119.63 ppm (CN) 
17C NMR (75 MHz, CD,OD) 6119.64 ppm (CN) 
"C NMR (75 MHz, D_0) 6121.52 ppm (CN) 
'oC NMR (75 MHz, D20) 6121.52 ppm (CN) 

EXAMPLE 15 

1-[(1-hydroxymethylcylohexyl)amino]acetyl-2- 
cyano-(S)-pyrrolidine 

A. Preparation of 1- chloroacetyl -2- cyanopyrrolidine 
To a mechanically stirred solution of 20.0 g (180.0 mmol) 

of chloroacetylchlnride and 97 g (0.70 mmol) of potassium 
carbonate in 150 ml of tetrahydrofuran was added a solution 
of L- prolinamide 20.0 g (180.0 remol) in 500 ml of tetrahy- 
drofuran in a dropwise fashion over 45 minutes: This 
reaction was then mechanically stirred for an additional two 
hours. The reaction was then filtered to remove potassium 
salts and the filtrate was dried over Na2SO4. The Na2SO4 
was then removed via filtration and to this colorless filtrate 
was added trifluoroacetic anhydride (25.0 ml, 0.180 mmol) 
in one portion. The reaction is then magnetically stirred for 
1 hour and the resulting clear yellow /orange solution is 
concentrated via rotovap. The excess trifluoroacetic anhy- 
dride is chased by adding ethyl acetate to the concentrated 
oil and reconcentrating via rotovap. This operation is per- 
formed three times. 

The resulting oil is partitioned between ethyl acetate and 
water. The product is then extracted into the ethyl acetate 
and the aqueous layer is then washed twice with ethyl 
acetate. The combined organic layers are then washed 
successively with water and brine dried over magnesium 
sulfate, filtered and concentrated to obtain 17.0 g (98.6 
mmol) of 1- chloroacetyl- 2- cyanopyrrolidine as a yellow 
solid. 
B. Preparation of the Title Compound 

To a 100 ml Rash is dissolved 1.2 g (8.70 mmol) of 
1- amino- 1- cyclohexanemethanol (amine nucteophile; 
preparation described above) into 20 ml of telydrofuran. 
Potassium carbonate (1.60 g, 11.6 mmol) is then added and 
the solution is cooled in an ice -water bath. To this cooled 
mixture is added a solution of 0.50 g (2.89 mmol) of 1 
-chloroacetyl -2- cyanopyrrolidine in 10 ml of tetrahydroN- 
ran over 20 minutes. The reaction is then stirred at ice -water 
temperature for two hours under a calcium sulfate drying 
tube and then allowed to stir at room temperature for 18 
hours. The reaction is then filtered with THE washing to 
remove the potassium salts and concentrated via rotovap to 
provide au opaque, light- yellow oit. The crude form is then 
purified on silica gel employing a mixture of 5% methanol 
in methylene chloride as the eluent to yield the free base of 
the title compound as a yellow waxy solid. Melting point= 
softens at 93° C. "C NMR(ppm)- 118.1. 
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Using the procedures described in the above examples, 

and /or with minor modifications thereto as noted below, the 

following additional compounds were prepared: 

EXAMPLE 16 5 

Pyrrolidine,1-[[2{4-elhoxyphenyl)ethyl]amin]acelyl-2- 
c ya no-,(S)-, m o no h yd roch lo ri d c 

L 

18 

o- 

to 3- Methoxyphenelhylamine (commercially available) was 
used as the amine nucleophile. The title compound was a 

light yellow solid. Melling point -172° C. -174° C. 13C NMR 

(ppm) =119.25. 

15 EXAMPLE 20 

Pyrrolidine, 1- [[(1- naphthalenyl)methyl]amino] 
acetyl -2- eyano -,(S)- ,monohydrochloride 

4- Ethoxyphenethylamine (commercially available) was 20 N 

used as the amine nucleophile. The title compound was a 

white solid. Melting point- 182 ° -184° C. 13C NMR (ppm)= 
121.4. 

EXAMPLE 17 

Pyrrolidine, 1-[( 1- pltenylmelbyl- 3- pyrrolidinyl) 
amino] acetyl -2- cyan- ,(S)- (R)- ,dihydrochloride 

25 

MCt 

30 

o 1r 
2Mm 1- Naphthalenemethylamine (commercially available) 

was used as the amine nucleophile. The title compound was NN a light yellow solid. Melting point-130° C. -135° C. 13C 

NMR (ppm)119.29. 
35 

EXAMPLE 21 

(3R)- (- )- 1- Benzyl -3- aminopyrrolidine (commercially 
available) was used as the amine nucleophile. The tide 40 

compound was an off white solid. Melting point =175° 
C -177° C. 13C NMR (ppm) -121.5. 

EXAMPLE 18 

Pyrrolidine, 1-[[ 2- (4- methoxyphenyl)ethyl]amino] 
acetyl -2- cyano- ,(S)- ,monohydrochloridc 

HCI 

45 

Pyrrolidine, 1{(3-phenylpropyl)amino]acetyl-2- 
cyano-,(S)-,monobydrochloride 

3- Pheny1- 1- propylamine (commercially available) was 

so used as the amine nucleophile. The title compound was an 

off -white fluffy solid. 13C NMR (ppm) -119.26. 

EXAMPLE 22 

55 
Pyrrolidine, 1-[[ 3 -[(phenyl)(methyl)amino]propyl] 

amino] acetyl -2- cyano -, (S)-,dihydrochloride 

4- Melhoxyphenethylamine (commercially available) was 

used as the amine nucleophile. The title compound was a 60 

white solid. Melting point -185° C.-187° C. 13C NMR 

(ppm) =121.4. 

EXAMPLE 19 
65 

Pyrrolidine, 1-[[ 2-( 3- rnethoxypheny l)ethyl]amino]acetyl - N- (3- Aminopropyl)- N- methylaniline (commercially 
2- eyano- ,(S)- ,monohydrochloride available) was used as the amine nucleophile. The title 
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compound was n white solid. Melting point -96° C-98° C. 
(foams). "C NMR (ppm)- 121.6. 

EXAMPLE 23 

Pyrrolidine, 1- [2- [(3,4- dimethoxyphenyl)ethyl] 
amino] acetyl -2- cyano -,(S)- ,monohydrochloride 

tia 

5 

20 
EXAMPLE 26 

Pyrrolidine, 1- [[2- (2,5- dmethoxyphenyl)elhyl] 
amino] acetyl -2- cyano -,(S)- ,monohydrochloride 

ea 

15 

2,5- Dimethoxyphenethylamine (commercially available) 
was used as the amine nucleophile. The title compound was 
a white fluffy solid. Melting point =65° C. -67° C. 13C 

3,4- Dimethoxyphenethylamine (commercially available) 20 
NMR(ppm)= 119.25. 

was used as the amine nucleophile. The Title compound was 
a white solid. Melting point =170° C.-172° C. 13C NMR 
(ppm) =1215. 

EXAMPLE 24 

Pyrrolidine, 1-(acycloheptylamino)acetyl-2-cyano-, 
(S)-,monohydrochloride 

EXAMPLE 27 

25 Pyrrolidine, 1- [[2 -(1- cyclohexen- 1- yl)ethyl]amino) 
acetyl -2- cyano -,(S)- ,monohydrochloride 

35 

2- (1- Cyclohexenyl) ethylamine (commercially available) 
was used as the amine nucleophile. The title compound was 
an off -white fluffy solid. Melting point =162° C-164° C. 13C 

40 NMR (ppm) =119.27. 
Cycloheptylamine (commercially available) was used as 

the amine nucleophile. The title compound was a white 
solid. Melting point -68° C. -70° C. 13C NMR (ppm)= 121.4. 

45 

EXAMPLE 25 

Pyrrolidine, 1-[[(6,6-dimethylbicyclo[3.1.1]hept-2- 
yl)methyl] amino ]acetyl -2- cyan- [1S[lct,2a(S °), so 

5a]]- (S)- ,monohydrochloride 

55 

EXAMPLE 28 

Pyrrolidine, 1-(cyclohexylamino)acetyl-2-cyano-, 
(S)-,monohydrochlaride 

Cyclohexylamine (commercially available) was used as 
the amine nucleophile. The title compound was a white 

60 fluffy solid. Melting point =182° C. -184° C. "C NMR 
(ppm)- 119.28. 

( -)- Cis -myrtanylamine (commercially available) was EXAMPLE 29 
used as the amine nucleophile. The title compound was a 65 

white solid. Melting point -275° C. -279° C., decomposed. Pyrrolidine, 1 -[( bicyclo[ 2.2.1]hept- 2- yl)amino]acetyl -2- 
'3C NMR (ppm)- 119.17. cyan-[ 18[ 1a, 2a( S *),5a]]- (S)-,manohydrochloride 

Page 100 of 405



21 

6,011,155 
22 

EXAMPLE 33 

Pyrrolidine,l-[(2,6,6-lrimethylbicyclo[3.1.1]hepl-3-yl) 
amino]acclyl-2-cyano-, (S)[1S [1a,213,3a(S'),5a]]- 

5 monohydrochloride 

(x)- Exo- 2- aminonorbornane (commercially available) 10 
was used as the amine nucleophile. The title compound was 
a white solid. Melting point -98° C. -100° C. "C NMR 
(ppm) =118.36. 

EXAMPLE 30 

Pyrrolidine, 1-[[2-(2-pyridinyl)ethyl]amino]acetyl-2- 
cyano-, (S)-,dihydrochloride 

211C1 
O 

15 

N HCI 
O 

( 1R,2R,3R,53)- (- )- Isopinocamphey lam ine 
(commercially available) was used as the amine nucleophile. 
The tille compound was a white solid. Melting point-82° 

20 C. -84° C. "C NMR (ppm)= 121.5, 

25 

2- (2- Aminoethyl) pyridine (commercially available) was 
used as the amine nucleophile. The title compound was a 

white solid. Melting point =95° C. -97° C. '3C NMR (ppm)= 30 

121.5. 

EXAMPLE 31 

Pyrrolidinc, 1[[(2-phenylamino)ethyl]amino]acetyl- 
2-cyano-,(S)-,dihydrochloride 

2HCI 
O Çi 

u 

35 

EXAMPLE 34 

Pyrrolidine, 1- [[(1- hydroxymethyl)propyl] amino] 
acetyl -2- cyano- [S,S)]- 

(S)- ( +) -2- Amino- bbutanol (commercially available) was 
used as the amine nucleophile. The title compound was used 

40 as an off -white solid. Melting point =80° C. -82° C. 'aC 
NMR (ppm)- 118.2. 

45 

N- phenylethylenediamine (commercially available) was 
used as the amine nucleophile. The title compound was a 

white solid. McJting point =124° C-126° C. "C NMR 
(ppm) =121.4. 

so 
EXAMPLE 32 

Pyrrolidine, 1-[(3,3-dimelhylbutyl)amino]acetyl-2- 
cyano-,(8)-,monohydrochloride 

55 

be 

EXAMPLE 35 

Pyrrolidine, 1-[[[2-[(2-hydroxymethyl)phenyl]thio] 
phenylmethyl]amino]acetyl-2-cyano-,(S)-, 

monohydrochloride 

IiCI 

3,3- Dimethylbutylamine (commercially available) was 2- (2- (Aminomethyl) phenylthio) benzyl alcohol 
used as the amine nucleophile. The title compound was a 65 (commercially available) was used as the amine nucleophile. 
white solid. Melting point -164° C.-166° C. "C NMR The tille compound was a yellow solid. Melting point -65° 
(ppm) =121.5. C-67° C. 13C NMR (ppm)= 121.4. 
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EXAMPLE 36 

Pyrrolidine, 1-[[ 2- (2- methoxyphenyl)ethyl]amino] 
acetyl -2- cyan -,(S)- ,monohydrochloride 

2- Methoxyphenethylamine (commercially available) was 
used as the amine nucleophile. The title compound was an 
off white solid. Melting point -174° C. 476° C. "C NMR 
(ppm)- 121.7. 

EXAMPLE 37 

Pyrrolidine, 1-[(5-hydroxypentyl)amino]acetyl-2- 
cyano-,(S)-,monohydrochloride 

HCI 

5- Amino- l- pentanol (commercially available) was used 
as the amine nucleophile. The title compound was a sticky 
light-green solid. 13 C NME (ppm)= 121.67. 

EXAMPLE 38 

Pyrrolidine, 1-(cyclobulylamioo)acetyl-2-cyano-, 
(S)-monohydrochloride 

24 
EXAMPLE 39 

Pyrrolidinc, 11j2-(2,4-dichlomphcnyl)cthyl]amino] 
5 

acetyl-2-cyano-,(S),monohydrochloride 

10 

15 

13C1 

2,4- Dichlorophenethylamine (commercially available) 
was used as the amine nucleophile. The title compound was 

20 a white fluffy solid. Melting point =154° C. -156° C. 13C 
NMR (ppm)- 121.48. 

xs 

30 

35 

EXAMPLE 40 

Pyrrolidine, 1- [(1- hydroxymethyl] -3- methylbutyl) 
amino]acety 1 -2 -ey ano- ,O- ,(S) -, 

40 
(S)- ( +)- Leucinol (commercially available) was used as 

the amine nucleophile. The title compound was a light 
yellow solid. Melting point -65° C-66° C. "C NMR 
(ppm) =117.99. 

45 

50 

55 

60 

EXAMPLE 41 

Pyrrolidine, 1-[(2-hydroxy-2-phenylethyl)amino] 
acetyl-2-eyano-[25-[111.*,281-monhydrochloride 

Cyclobutylamine (commercially available) was used as (1R,23)- (- )- Norephedrine (commercially available) was 
the amine nucleophile. The title compound was an off-white ss used as the amine nucleophile. The title compound was a 
solid. Melting point -274° C.-278° C. decomposed. "C light yellow solid. Melting point -82° C.-83° C. "C NMR NMR (ppm)= 121.64. (ppm)- 118.35. 
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Pyrrolidine, 1- [[2- (2- fluorophenyl)elhyl]amino] 
ace tyl -2- cyano -,(S)- ,monohydrochloride 

6,011,155 
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EXAMPLE 45 

Pyrrolidine, 1-[[(2-phenoxy)ethyl]amino]acetyl-2- 
s cyano-,(S),monohydrochloride 

10 

15 

2- Fluorophenethylamine (commercially available) was 

used as the amine nucleophile. The title compound was a 

white fluffy solid, Melting point-160° C.- 162° C. "C NMR 20 

(ppm »121.70. 

EXAMPLE 43 

Pyrrolidine, 1-(cyclopropylamino)acctyl-2-cyano-,(S)-, 
monohydrochloride 

2- Phenoxyethylamine (commercially available) was used 

as the amine nucleophile. The title compound was a sticky 
golden solid. 13C NMR (ppm)- 121.7. 

EXAMPLE 46 

Pyrrolidine, 1- [2- [(3,5- dimethoxyphenyl)ethyl] 
25 amino] acetyl -2- cyano -,(S)- ,monohydrochloride 

^, 30 

H 

Hctb 
35 

Cyclopropylamine (commercially available) was used as 

the amine nucleophile. The title compound was an off -while ao 3,5- Dimethoxyphenethyla mine (commercially available) 

solid. Melting point -170° C. -172° C. 13C NMR (ppm)- was used as the amine nucleophile. The title compound was 

121.62. 
a white fluffy solid. Melting point -74° C.-76° C. "C NMR 

(ppm) =121.66. 

EXAMPLE 44 

Pyrrolidine, 1-[(2,6,6-trimethylbicyclo[3.1.1]hept-3- 
yl) amino] acetyl -2- cyano- ,[1S[1a,2a,3ß(S'),5a]]- so (S)- ,monohydrochloride 

monohydrochloride 

05 
EXAMPLE 47 

Pyrrolidine, 1-[(1-adamantyi)amino]acetyl-2-cyano-, 

55 

60 

HCI 

1;::) 

( 1S, 28, 38,5R)- ( +)- lsopinoeampheylamine (commercially 1- Adamantanamine (commercially available) was used as 

available) was used as the amine nucleophile, The title 65 the amine nucleophile. The title compound was a white 

compound was a white solid. Melting point -84° C-86° C. solid. Melting point -240° C. -242° C. 13C NMR (ppm)- 

13C NMR (ppm)- 121,8, 121.80. 
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Pyrrolidine, 1 -[(] ,1,3,3- tetramethylhutyl)aminoj 
acetyl -2- cyano -,(S)- ,monohydrochloride 

HCI 

6,011,155 

s 

10 

28 
EXAMPLE 51 

Pyrrotidine, 1-[(phenylmelhyl)aminojacetyl-2- 
cyano-,(S)-,monohydrochloride 

Benzylamine (commercially available) was used as the 

15 amine nucleophile. The title compound was a white solid. 
Melting point -58° C.-613° C. 13C NMR (ppm) =121.38. 

1,1,3,3- Tetramethylbutylamine (commercially available) 
EXAMPLE 52 

was used as the amine nucleophile. The title compound was Pyrrolidine, 1-[(1,1-dimethylethyl)aminoJacetyl-2- 
a white fluffy solid. Melting point =68° C-70° C, "C NMR 20 cyano- ,(S),monohydrochloride 
(ppm) =121.55. 

EXAMPLE 49 

Pyrrolidine, 1-[(2-adamantyl)amino]acetyl-2-cyano-, 
(S)-,monohydrochloride 

25 

30 Tert- butylaminc (commercially available) was used as the 
HCI amine nucicophile. The title compound was a white solid. 

I 

H Melting point -226° C. -228° C. 1°C NMR ppm)- 121.56. 

.I H T EXAMPLE 53 

J 
/ \,(:) 35 Pyrrolidine, 1-[[(2-adnmanty])methyl]amino]aeelyl- 

2- cyano -,(S)- ,monohydrochloride 

40 

2- Adamantanamiae (commercially available) was used as 
the amine nucleophile. The tide compound was an off -white 
fluffy solid. Melting point=122° C. -124° C. "C NMR= 
(ppm)= 121.69. 

45 

EXAMPLE 50 

Pyrrolidine, 1-[(1,1-dimethylpropyl)amino]acelyl-2- 
cyano-,(S)-,monohydrochloride 

HCI 

O ñ` ̂  

1`. HCI 
O H 

//////// Ñ 
N 

1- Adamnantanemethylamine (commercially available) 
was used as the amine nucleophile. The title compound was 
a white solid. Melting point =158° C-160° C. a C NMR= 

so 121.56. 

55 

60 

EXAMPLE 54 

Pyrrolidine, 1-[(2-phenylethyt)amino]acetyl-2- 
cyano-,(S)- ,monohydrochloride 

1,1- Dimetbylpropylamine (commercially available) was Phenethylamine (commercially available) was used as the 
used as the amine nucleophile. The title compound was a as amine nucleophile. The title compound was a white solid. 
white fluffy solid. Melting point -62° C. -64° C. "C NMR Melting point =275° C-280° C. decomposed. "C NMR 
(ppm) =121.53. (ppm)= 121.52. 
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EXAMPLE 55 

Pyrrolidine, 1-(pentylamioo)acetyl-2-cyano-,(S)-, 
monohydrochloride 

H / 

6,011,155 

5 

10 

30 
EXAMPLE 59 

Pyrrolidinc, 1- (propylamino )acetyl -2- cyan- ,(3) -, 
monohydrochloride 

Pentylnmine (commercially available) was used as the Propylamine (commercially available) wns used as the 
amine nucleophile. The title compound was a white solid. 25 amine nucleophile. The title compound was a white solid. 
Melting point 176° C. -178° C. 13C NMR (ppm)- 121.67. Melting point =193° C. -194° C. "C NMR (ppm)=121.57. 

EXAMPLE 56 

Pyrrolidine, 1 -( bury lamino)acetyl -2- cyan- ,(S) -, 
monohydrochloride 

Butylamine (commercially available) was used as the 
amine nucleophile. The title compound was a white solid. 
Melting point =180° C. -182° C.' C NMR (ppm) =121.56. 

EXAMPLE 57 

Pyrrolidine, 1-(cyclododecylamino)acelyl-2-cyano-, 
(S)-,monohydrochloride 

EXAMPLE 60 

20 Pyrrelidine, 1-(ethylamino)acetyl-2-cyano-,(3)-, 
monohydroctiloride 

JÇIIHCI 25 

N 

30 

Ethylamine (commercially available) was used as the 
amine nucleophile. The title compound was an off-white 
stick solid, 13C NMR (ppm)= 121.67. 

35 EXAMPLE 61 

Pyrrolidine, 1- (heptylamino)acetyl -2- cyano- ,(8) -, 
monohydrochloride 

Cyclododecylamine (commercially available) was used as I;eptylamine (commercially available) was used as the 
the amine nucleophile. The title compound was a white amine nucleophile. The title compound was a white solid. 
fluffy solid. 13C NMR (ppm)= 121.52. 50 Melting point =170° C-172° C. "C NMR (ppm) =121.7. 

EXAMPLE 58 

Pyrrolidine, 1-(cyclooclylamino)acetyl-2-cyano-, 
(S)-,monohydrochloride 

MI 
0 

/t 
N 

EXAMPLE 62 

Pyrrolidine, 1-(hexylamino)acetyl-2-cyano-,(S)-, 

55 monohydrochloride 

FILI 

o ai 

GO 

Cyclooctylamine (commercially available) was used as 65 Ilexylamine (commercially available) was used as the 
the amine nucleophile. The title compound was a white amine nucleophile. The title compound was a white solid. 
fluffy solid. "C NMR (ppm)= 121.64. Melting point =174° C.-176° C. "C NMR (ppm)= 121.75. 
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EXAMPLE 63 

Pyrrolidine, 1{[3-[(5-cyano-2-pyridinyl)amino] 
propyl]amino]acetyl-2-cyano-,(S)-, dihydrochloride 

Ni 2HCI 

H H N/Ñ \ =N 
N 

32 
a white solid. Melting point-280° C. -283° C. decomposed. 
13C NMR (ppm) =121.39. 

What is claimed is: 
1. A compound of formula I: 

s 

10 

C 
H\N =. ,N 
R/ 

wherein 2(3-Aminopropylamino)-5-cyauopyridine (preparation 
described above) was used as the amine nucleophile. The 15 

title compound was a white sticky solid. Melting point =210° 
C. -212° C. 'C NMR(pm)- 11933. 

EXAMPLE 64 

Pyrrolidine, 1-[(1-ethylpropyl)amino]acetyl-2- 
cyano-,(S)-,monohydrochloride 

3- Aminopentane (commercially available) was used as 
the amine nucleophile. The title compound was a white 
fluffy sticky solid. 33C NMR ppm) -119.35. 

EXAMPLE 65 

Pyrrolidine, 1-[(2,3-dihydro-l11-inden-2-yl)amino] 
acetyl-2-cyano-,(S)-,monohydrochloride 

R is a group -(CH1 }N -R,; an unsubstituted (C,sa- 
cyctoaldyl ring; a (C3- ,,)cycloalkyl ring substituted in 
the 1-position by a hydroxy(C- 3)alkyl group; a group 
{CH,-);,R,; a group 

R, 

'-o --PCaa}2S 
R,; 

25 

30 

35 

40 

45 

2- Aminoindan (commercially available) was used as the 
amine nucleophile. The title compound was a white solid. so 

Melting point -182° C. -184° C. 13C NMR (ppm)- 12138. 

EXAMPLE 66 

Pyrrolidine, 1- [(1- phenylmethyl- 4- piperidinyl) 55 
amino] acetyl -2- cyano- ,(S) -,- monohydrochloride 

2HC1 

\ 

N 

a group -(CH,- R°; an isopropyl group; an isopropyl group 
substituted in the i- position by a hydroxy(C1.3)alkyl group; 
or R5; 

R, is an unsubstituted pyridine ring; a pyridine ring 
mono- or di- substituted by halo, trilluoromethyl, cyano 
or nitro; an unsubstituled pyrimidine ring; a pyrimidine 
ring monosubstituted by halo, tritluoromethyl, cyano or 
nitro; or an unsubstituted phenyl ring; 

R2 is an unsubstituted phenyl ring; a phenyl ring mono -, 
di- or tri- substituted by halo, (C1- 3)alkoxy or a phenyl 
sulfide (optionally substituted with a (C,-)alkoxy); 
phenoxy; (C-a)alkyl; 3,1,1 bicyclic ring system 
(optionally substituted with 1 or more (C,-s) alkyl 
groups); unsubstituled pyridine ring; naphthyl, cyclo- 
hexene; or adamantyl; 

each R,, independently, is an unsubstituted phenyl ring; or 
a phenyl ring mono -substituted by halo or (C1.3) 
alkoxy; 

R4 is a 2- oxopyrrolidine group or a (C24)alkoxy group; 
Rs is indan; pyrrolidine ( unsubstituted or substituted with 

-012-phenyl); piperidine ( unsubstituted or substi- 
tuted with -CH2- phenyl); a 2.2,1 bicyclic ring system 
(unsubstituted or substituted with 1 or more (C, -q) alkyl 
groups); adamantyl; a straight or branched chain (C1 -3) 

alkyl (unsubstituted or substituted by one or more 
substituents selected from hydroxy, -CH,OH and 
phenyl); or a 3,1,1 bicyclic ring system ( unsubstituted 
or substituted with 1 or more (C1-Jalkyl groups); and 

m and n independently are integers of 1 to 3; 
p is an integer of 2 to 4; 

or a pharmaceutically acceptable acid addition salt thereof. 
2. A compound according to claim 1 of formula la: 

60 r) 
la 

65 where 

4- Amino- l- benzylpiperidine (commercially available) R' is a group -(CH2.)N -R1'; an unsubstituted (C34) 
was used as the amine nucleophile. The title compound was cycloalkyl ring; n (C34) cycloalkyl ring substituted in 
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the 1- position by a hydroxy(C,.,)allcyl group; a group 
-ECH,45R, ¡; or a group Rs as defined in claim 1; 

R1' is an unsubstituted pyridine ring; a pyridine ring 
mono - or di- substituted by halo, trifluoromethyl, cyano 
or nitro; or an unsubstituted pyrimidine ring; and 5 

R is a (Cc-,)alkoxy group; 
or a pharmaceutically acceptable acid addition salt thereof. 

3. A compound according to claim 2 of formula lb: 

N 
sN 

n 
10 

15 

where 
R" is a group -(CU N -12, "; a (C,,,,)cycloalkyl ring 

substituted in the 1- position by a hydroxy(C1- ,)alkyl ao 

group; a group C11a -5R4; or a group R,'; 
R1" is a pyridine ring mono- or di- substituted by halo, 

Irifiuoromethyl, cyano or nitro; 

R,¡ is as defined in claim 2; and 

Rs is a 3,1,1 bicyclic ring system (unsubstituted or 25 

substituted with 1 or more (C1.a) alkyl groups; a 2,2,1 
bicyclic ring system (optionally substituted with 1 or 
more (C1 -) alkyl groups; or adamantyl; 

or a pharmaceutically acceptable acid addition salt thereof. 
4, A compound according to claim 3 of formula lc: 

t 
o H ,.= 

A N , 

I 

where 

R "' is a group -ECHi /N -R, -; a (C4.a)cycloalkly ring 
substituted in the 1- position by a hydroxymethyl group; 
a group -(C112 R4 ; or a group R,"; 

R11" is a pyridine ring monosubstituted by halo, 
trifluoromethyl, cyano or nitro; 

Rq is as defined in claim 3; and 
Rs &41 is adamantyl; 

or a pharmaceutically acceptable acid addition salt thereof. 
5. A compound of formula I: 

0 
CN 

N 

Ri \ 

35 

40 

45 

50 

55 

wherein R is: 

a) RiR, N(CHz) ,- wherein 60 

R, is a pyridinyl or pyrimidinyl moiety unsubstituted or 
mono- or independently disubstituted with (C1 .4) 
alkyl, (C1- 4)alkoxy, halogen, trifluoromethyl, cyano 
or nitro; or phenyl unsubstituted or- or independently 
disubstituted with (C,- 4)alkyl, (C,.4)alkoxy or halo- 65 

gen; 
Ry, is hydrogen or (C,- ,alkyl; and 

34 
m is 2 or3; 

b) (Ca.1)cycloalkyl unsubstituted or monosubstituted in 
the 1- position with (C,.,)hydroxyalkyl; 

c) R2(CH) - wherein either 
R2 is phenyl unsubstituted or mono- or independently 

di- or independently trisubstituted with (C1- 4)alkyl, 
(C1-4)alkoxy, halogen or phenylthio unsubstituted or 
monosubstituled in the phenyl ring with hydroxym- 
ethyl; or is (C1,)alkyl; a (3.1.1]bicyclic carbocyclic 
moiety unsubstituted or mono- or plurisubstituted 
with (C,.a)alkyl; a pyridinyl or naphthyl moiety 
unsubstituted or mono- or independently disubsti- 
tuted with (C1.,)alkyl, (C1.,,)alkoxy or halogen; 
cyclohexene; or adamantyl; and 

n is 1 to 3; or 
R_ is phenoxy unsubstituted or mono- or independently 

disubstituted with (C1.4), (C1.4)allcoxy or halogen; 
and 

n is 2or3; 
d) (R3)2C1(C1I,),- wherein each Ra independently is 

phenyl unsubstituted or mono- or independently dis- 
ubstituted with (C,,,)alkyl, (C1.4)alkoxy or halogen; 

e) R4(CH)p- wherein R, is 2- oxopyrrolidinyl or (C2.4) 
alkoxy and p is2to4; 

f) isopropyl unsubstituted or monosubstituted in the 1 

-position with (C14)hydroxyalkyl; 
g) Rs wherein R5 is: indanyl; a pyrrolidioyl or piperidinyl 

moiety unsubstituted or substituted with benzyl; a 
[2.2.1]- or [3.1.1]bicyclic carbocyclic moiety unsubsti- 
tuted or mono- or plurisubstituted with (C,.8)alkyl; 
adamantyl; or (C,,)alkyl unsubstituted or mono- or 
independently plurisubstituted with hydroxy, 
hydroxymethyl or phenyl unsubstituted or mono- or 
independently disubstituted with (C,.4)allcyl, (C,.4) 
alkoxy or halogen; 

in free form or in acid addition salt form. 
6. A compound according to claim 5 (a compound Ip) 

wherein R is RP, which is: 

a) RfPNH(CH)a- wherein RIP is a pyridinyl or pyrim- 
idinyl moiety unsubstituted or mono- or independently 
disubstituted with halogen, trifluoromethyl, cyano or 
nitro; 

b) (CC,)cycloakkyl unsubstituted or the monosubstituted 
in 1- position with (C1.,)hydroxyalkyl; 

c) Rz (C11a)a- wherein R2 is phenyl unsubstituted or 
mono- or independently di- or independently trisubsti- 
tuted with halogen or (C1.a)alkoxy; 

d) (R3P)2CH(CH,),- wherein each R3 independently is 
phenyl substituted or monosubstituted with halogen or 
(C1.a)alkoxy; 

e) R4(CH)3 wherein R4 is as defined in claim 5; or 
f) isopropyl unsubstituted or monosubstituted in 

1- position with (C,-a)hydroxyalkyl; 
in free form or in acid addition salt form. 

7. A compound according to claim 5 (a compound Is), 
wherein R is R', which is 

a) R,211, ;(C11,),:- wherein R1' is pyridinyl unsubstituted 
or mono- or independently disubstituted with chlorine, 
trifluoromethyl, cyano or nitro; pyrimidinyl unsubsti- 
tuted or monosubstituted with chlorine or trifluorom- 
ethyl; or phenyl; R, is hydrogen or methyl; and ms 
is2or3; 

b) (Ca- ,c)cycloalkyl unsubstituted or monosubstituted in 
the 1- position with hydroxymethyl; 

c) Rj'(CH_) ; whemin either R,' is phenyl unsubstituted 
or mono -or independently di- or independently trisub- 
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stituted with halogen, alkoxy of 1 or 2 carbon atoms or 

phenylthio monosubstituted in the phenyl ring with 

hydroxymethyl; (Ca- s)alkyl; 6,6- dimethylbicyclo 
(3.1.1]hept -2 -y1; pyridinyl; naphthyl; cyclohexene; or 

adamantyl; and ns is 1 to 3; or R23 is phenoxy; and ns 5 

is 2; 
d) (3,3- diphenyl)propyl; 
e) R4i(Ct42),, wherein lia` is 2- oxopyrrolidin -1 -y1 or 

isopropoxy and ps is2or3; 
o isopropyl unsubstituted or monosubstituted in to 

1- position with hydroxymethyl; 
g) RI wherein R5' is: indanyl; a pyrrolidinyl or piperidi- 

nyl moiety unsubstituted or N- substituted with benzyl; 
bicyclo[2.2. 1]hept -2 -yl; 2,6,6- trimethylbicycto- (3.I.1] 
hept -3 -y1; adamantyl; or (C1- a)alkyl optionally mono- is 
or independently disubstituted with hydroxy, 
hydroxymethyl or phenyl; 

in free form or in acid addition salt form. 
8. The compound according to claim 5 wherein R is 

2-[( 5- cyanopyridin- 2- yl)amino]ethyl, i.e. 1-[2-[(5 - 
cyanopyridin -2 -yl) amino ]ethylaminolacetyl2- cyano(S) 20 

pyrrolidine, in free form or in acid addition salt form, or a 

compound according to claim 5 which is of formula I 

wherein R is either 
2-[( 5- chloropyridin.2- y)amino]elhyl, or 
( 1- hydroxymcthyl)cyclopent -1 -yl, or 25 

2-[( 5- nitropyridin- 2- yl)amino]cthyl, or 
3- (isopropoxy)propyl, 
in free form or in acid addition salt form. 

9. A compound according to claim 5 which is: 

112 -[(5- chloropyridin- 2- yl)amino]ethylaminolacetyl -2- 30 

cyano-(S)-pyrrolidine dihydrochloride; 
1- [2- [(5- trifluoro methylpryridin- 2- yl)amino]ethylamino) 

acetyl -2- cyano -(S)- pyrrolidine; 
1-[2-[(5-cyanopyridin-2yl)amino]ethylamino]acetyl-2- 

cyano -(S)- pyrrolidine dihydrochloride; 35 

1-[2-[(pyrimidin-2-yl)aminolethylamino]acetyl-2- cyano- 

(S)- pyrtolidine; 
1-[(1-hydroxymethytcyclopent-1-yl)amino]acetyl-2- cyano- 

(S)- pyrrolidin; 
1 {2- [(pyridin -2 -y1) amino]ethylamino)acetyl -2- cyano -(S) - ao 

pyrrolidine; 
1- [2- [(4 -chl oropyrimidin- 2- yl)amino]ethylaminolacetyl -2- 

cyano- (S)pyrrolidine; 
1- [2- [(3- chloropyridin- 2 -yl)am inojelh ytamino]acetyl-2- 

cyano- (S)pyrrolidinc; a5 

1-[ 244- trifluoromethylpyrimidin- 2- yl)amino]ethytamino] 
acetyl -2- cyano -(S)- pyrrolidine; 

1- [(2- chlorophenyl)ethylamino] acetyl-2- cyano -(S)- 
pyrrolidine; 

1- [(3,3- dip hen yl)propyl amino lace tyl -2- cya no- (S)- 50 

pyrrolidine; 
1- [2- ((5 -nitr opyridin- 2 -yl)a minoJethylam in o]a cetyl -2- 

cyano- (S)pyrrolidine; 
1-[ 2- [(3- chloro- 5- trilluoromethylp yridin- 2 -y1)a mina) 

ethylamino ]acetyl -2- cyano -(S) - pyrrolidin; 55 

1- [2- [(3- trifluoromet hylpyridin -2 -y1) am inolethylamino] 
acetyl- 2- cyano-(S)pyrro]idine; 

1- [2- [(3,5dichlor opyridin- 2- yl)amioo]cthylamino]acetyl -2- 

gano -(S)- pyrrolidin; 
1- [(cyclopent- 1- yl)amino- acetyl -2- cyano -(S)- pyrrolidine so 

monohydrochloride; 
1-[ 2-( 2- bromo- 4,5dimethoxyphenyl)ethylamino] acetyl -2- 

cyano-(S)- pyrrolidine; 
1- [3- (isopropoxy)propy 1amino]acetyl-2- cyano -(S)- 

pyrrolidine monohydrochloride; 65 

1-[(2- hydroxy- 1,1- dimethylethylamioo )]acetyl -2- cyano- 

(S)- Pyrrolidine monohydrochloride; 

36 
1-[3-(2-oxo-pyrrolidin-1-yl)propylaminolacetyl-2-cyano- 

(S)-pyrrolidin monohydrochloride; 
11(1-hydroxymethylcylohexyl)amino]acetyl-2-cyano-(S)- 

pyrrolidine; 
Pyrrolidinc, 1-[[2-(4-ethoxyphenyl)cthyl]amino]acetyl-2- 

cyano-,(S)-,monohydrochloride; 
Pyrrolidine, 1-[(I-phenylmelhyl-3-pyrrolidinyl)amino] 

acetyl-2-cyan-,(S)-(R)-,diltydrochloride; 
Pyrrolidine, 1-[[2-(4-methoxyphenyl)ethyl]amino]acetyl-2- 

cyano-,(S)-,monohydrochloride; 
Pyrrolidinc, 3{[2-(3-mcthoxyphcnyl)cthyl]amino]accty1-2- 

cyano-,(S)-,monohydrochloride; 
Pyrrolidine, 1-[[(1-naphlhalenyl)methyl]amino]acetyl-2- 

cyano-,(S)-,monohydrochloride; 
Pyrrolidine, 1-[(3-phenylpropyl)amino]acetyl-2-cyano-, 

(S)-,monohydrochloridc; 
Pyrrolidine, 1-[[3-[(phenyl)(methyl)amino]propyl]amino] 

acetyl-2-cyan-,(S)-,dihydrochloride; 
Pyrrolidine, 1-[2-[(3,4-dimethoxyphenyl)ethyl]amino] 

acetyl-2-cyano-,(S)-,monohydrochloride; 
Pyrrolidine, 1-(acyeloheptylamino)acetyl-2-eyano-,(S)-, 

monohydroehloride; 
Pyrrolidine, 1-[[(6,6-dimethylbicyclo[3.1.1]hept-2-y1) 

methyl]aminoJacetyl-2-cyan-[1S[1a,2a(S"),5a]]-(S)-, 
monohydrochloride; 

Pyrrolidine, 1-[[2-(2,5-dmelhoxyphenyl)ethyl]amino] 
acetyl-2-cyano-,(S)-,monohydrochloride; 

Pyrrolidine, 1-[[2-(1-cyclohexen-1-yl)ethyl]amino]acetyl-2- 
cyano-,(S)-; 

Pyrrolidine, 1-(cyclohexylamiuo)acetyl-2-cyano-,(S)-, 
monohydrochloride; 

Pyrrolidinc, 1-[(bicyclo[2.2.1]hcpt-2-yl)amino]acetyl-2- 
cyano-[1S[1a,2a(S*)Sa]]-(S)-,monohydrochloride; 

Pyrrolidine, 1-[[2-(2-pyridinyl)elhyl]amino]acetyl-2- 
cyano-,(S)-,dihydrochtoride; 

Pyrrolidine, 1-[[(2-phenylamino)ethyllamino]acetyl-2- 
cyano-,(S)-,dihydrochloride; 

Pyrrolidine, 1-[(3,3-dimethylbutyl)amino]acetyl-2-cyano-, 
(S)-,monohydrochloride; 

Pyrrolidine, 1-[(2,6,6-trimethylbicyclo[3.1.1 ]hept-3-y1) 

amino]acetyl-2-eyano-,(S)[1S[1a,2(3,3a(S*),Sa]]- 
monohydrochloride; 

Pyrrolidine, 1-[[(1 -hydroxymethyl)propyl]amino]acetyl-2- 
cyano-(S,S)1-; 

Pyrrolidine, 1-1[[2-[(2-hydroxymethyl)phenyl3thio] 
phcny]mcthyl]amino]acctyl-2-cyano-,(S)-, 
monohydrochloride; 

Pyrrolidinc, 1-[[2-(2-methoxyphenyl)ethyl]amino]acetyl-2- 
cyano-,(S)-,monohydrochloride; 

Pyrrolidine, 1-[(5-hydroxypenty0amino)acetyl-2-cyano-, 
(S)-,monohydrochloride; 

Pyrrolidine, 1-(cyclobutylamino)acetyl-2-cyano-,(S)- 
monohydrochloride; 

Pyrrolidine, 1-[[2-(2,4dichlorophenyl)ethyl]amino]acetyl-2- 
cyano-,(S),monoh ydrochloride; 

Pyrrolidine, 1-[(1-hydroxymethyl]-3-methylbutyl)amino] 
acetyl-2-cyano-,O-,(S)-,; 

Pyrrolidine, 1-[(2-hydroxy-2-phenylethyl)amino]acelyl-2- 
cyano-[2S-[1R",2S* ]-monohydro chloride; 

Pyrrolidine, 1-[[2-(2-fluorophcnyl)cthyl]amino]acetyl-2- 
cyano-,(S)-,monohydrochloride; 

Pyrrolidine, 1-(cyclopropylamino)acetyl-2-cyano-,(S)-, 
monohydrochloride; 

Pyrrolidine, 1-[(2,6,6-trimethylbicyclo[3.1.11hept-3-yl) 
amino]acety1-2-cyano-[1S[1 a,2a,3ß(S*),5a]]- 
monohydrochloride; 

Pyrrolidine, 1-[[(2-phenoxy)ethyl]amino]acelyl-2-cyano-, 
(S)-,monohydrochloride; 
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Pyrrolicline, 1-[2-[(3,5-dimethoxyphenyl)ethyl]nmino] 
ncctyl-2-cyano-,(S)-,monohydrochloride; 

Pyrrolidine, 1-[(1 -adamantyl)amino]aeetyl-2-cyano-,(S)-, 
m000ltydrochloridc; 

Pyrrolidine, 1-[(1,1,3,3actramcthylbutyl)amino]acetyl-2- 5 
cya no-,(S)-,monohydrochloride; 

Pyrrolidine, 1-[(2-adnmantyl)amino]acetyl-2-cyano-,(S)-, 
monohydrochloride; 

Pyrrolidine, 1-[(1,1-dimelhylpropyl)amino]acelyl-2-cyano-, 
(S)-,monohydrochloride; lo 

Pyrrolidine, 1-[(phenylmethyl)aminojacely1-2-cyano-,(S)., 
monohydrochloride; 

Pyrrolidine, 1-[(1,1 -dimethylelhyl)amino]acety]-2.cyano., 
(S),monohydrochlo ride; 

Pyrrolidine, 1-[[(2-adnmanlyl)melhyl]nmino]acetyl-2- a5 
cy ano-,(S)-,monohy d rochloride; 

Pyrrolidine, 1{(2-phenylethyl)amino]acetyl-2-cyano-, (S)-, 
rnonohydrochloride; 

Pyrrolidine, 1-(pcntylamino)acclyl-2-cyano-,(S)-, 
monohydrochloride; 20 

Pyrrolidine, 1-(butylamino)acetyl-2-cyano-,(S)-, 
monohydrochloride; 

Pyrrolidine, 1-(cyclododecylamino)acetyl-2-cyano-,(S)-, 
monohydrochloride; 

Pyrrolidine, 1-(cyclooctylamioo)acetyl-2-cyano-,(S)-, 2t 
monobydrochloride; 

38 
Pyrrolidine, 1- (propylanaino )acetyl -2- cyano- ,(S) -, 

monohydrochloride; 
Pyrrolidine, 1- (ethylamino)acetyl -2- cyano- ,(S) -, 

monohydrochloride; 
Pyrrolidine, 1- (heptylamino)acetyl -2- cyano- ,(S)., 

monohydrochloride; 
Pyrrolidine, 1- (hexylamino )acetyl -2- cyano- ,(S) -, 

monohydrochloride; 
Pyrrolidine, 1- [[3 -[(S- cyano- 2- pyridinyl)amino]propyl] 

amino ]acetyl- 2cyano- ,(S)-,dibydroch loride; 
Pyrrolidine, 1 [(1- ethylpropyl)aminojacetyl -2- cyano- ,(S)-, 

monohydrochloride, 
Pyrrolidine, 1-1(2,3- dihydro -Ili- index- 2- yl)amino]acctyl- 

2- cyano -,(S)- ,monohydrochloride; 
Pyrrolidine, 1-[( 1- phenylmethyl- 4- piperidinyl)amino) 

acetyl -2- cyano- ,(S) -, 
monohydrochloride; or a pharmaceutically acceptable salt of 
any of the above compounds which are in free form. 

10. A pharmaceutical composition comprising a com- 
pound according to claim S in free form or in pharmaceu- 
tically acceptable acid addition salt form, together with at 
least one pharmaceutically acceptable carrier or diluent. 

11. A compound according to claim 8 which is 1 -[2- 
[(5cyaoopyridin-2-yl)amino]ethylamino]acety]-2- cyano- 
(S)-pyrrolidine dihydrochloride. 

* * * * 

1 
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N -(SUBSTITUTED GLYCYL)- 2- CYANOPYRROLIDINES, 
PHARMACEUTICAL COMPOSITIONS CONTAINING THEM 

AND IF EIR USE IN INHIBITING DÌPEPTIDYf. PF,PTIDASF -IV 

FIELD OF THE INVENTION 

The present invention relates to the area of dipeptidyl peptidase -1V inhibition and, 

more particularly, relates to certain N- (substituted glycyl )-2- cyanopyrrolidines, pharmaceutical 

compositions containing said compounds, and the use of said compounds in inhibiting 

dipeptidyl peptidase-W. 

I7 BACKGROUND OF THE INVENTION 
co 

;d5 
Dipeptidyl peptidase -IV (DPP -IV) is a serine protean which cleaves N- terminal 

peptides from a peptide chain containing, preferably, a proline residue in the penultimate 

position. Although the biological role of DPP -IV in mammalian systems has not been 

4ompletely established, it is believed to play an important role in neuropeptide metabolism, 

PI-cell activation, attachment of cancer cells to the endothelium and the entry of 111V into 

`5lymphoid cells. 

Ei 

More recently, it was discovered that DPP -IV is responsible for inactivating glucagon- 

like peptide -1 (GLP -1). More particularly, DPP -IV cleaves the amino-terminal His -Ala 

dipeptide of GLP -1, generating a GLP -1 receptor antagonist, and thereby shortens the 

_ physiological response to GLP -1. Since the half -life for DPP -IV cleavage is much shorter 

than the half -life for removal of GLP -1 from circulation, a significant increase in GLP -1 

bioactivity (5- to 10 -fold) is anticipated from DPP -IV inhibition. Since GLP -1 is a major 

stimulator of pancreatic insulin secretion and has direct beneficial effects on glucose disposal, 

DPP -IV inhibition appears to represent an attractive approach for treating non-insulin- 

dependent diabetes mellitus (NIDDM). 

Case 600- 7247/R 
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Although a number of DPP -IV inhibitors have been described in the literature, all have 

limitations relating to potency, stability or toxicity. Accordingly, it is clear that a great need 

exists for novel DPP -IV inhibitors which are useful in seating conditions mediated by DPP - 

IV inhibition and which do not suffer from the above -mentioned limitations of known DPP - 

IV inhibitors. 

DEÑCRJPTION OF THE PRIOR ART 

WO 95/15309 discloses certain peptide derivatives which are inhibitors of DPP -IV 

aid, therefore, arc useful in treating a number of DPP -IV mediated processes. 
Ca 

WO 95/13069 discloses certain cyclic amine compounds which are useful in 
b9 

sflinulating the release of natural or endogenous growth hormone. 

European Patent 555,824 discloses certain benámidazolyl compounds which prolong 

thRrombin time and inhibit thrombin and serine- related proteases. 

`v 

Archives of Biochemistry and Biophysics, Vol. 323, No. 1, pgs. 148 -154 (1995) 

discloses certain aminoacylpyrrolidine- 2- nitriles which are useful as DPP -IV inhibitors. 

Journal of Neurochemistry, Vol. 66, pgs. 2105 -2112 (1996) discloses certain Fmoc- 

gminoacylpyrrolidine -2- nitriles which are useful in inhibiting prolyl oligopeptidase. 

Bulletin of the Chemical Society of Japan, Vol. 50, No. 7, pgs. 1827 -1830 (1977) 

discloses the synthesis of an aminohexapeptide, viz., Z -Val- Val- lmPro- Gly- Phe- Phe -OMe, and 

its related aminopeptides. In addition, the antimicrobial properties of said compounds were 

examined. 
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Bulletin of the Chemical Society of Japan, VoL 51, No. 3, pgs. 878 -883 (1978) 
discloses the synthesis of two ]mown peptide antibiotics, viz, Bottromycins Br and B2 

according to the structures proposed by Nakamura, et al. However, since the resultant 
compounds were devoid of antimicrobial properties, it was concluded that the structures 
proposed by Nakamura, et al. were erroneous. 

WO 90/12005 discloses certain amino acid compounds which inhibit prolylen- 
dopeptidase activity and, therefore, are useful in treating dementia or amnesia. 

el Chemical Abstracts 95: 302548 discloses certain N- (axyl(alkyl)carbonyl) substituted 
C.0 

erocyclic compounds which are cholinesterase activators with enhanced peripheral 
sectivity useful in treating conditions due to the lowering of cholinesterase activity. 

PU 

sv 
Chemical Abstracts 84: 177689 discloses certain 1 -ac l- 

l y pyrrolidine- 2- carbonitrile 
crimpounds which are useful as intermediates for proline compounds exhibiting angiotensin 
ccinverting enzyme (ACE) inhibiting activity. 

1,0 

C. 

Chemical Abstracts 96: 116353 discloses certain 3- amino-2- mercapto- propyl- proline 
compounds which are Ras farnesyl-transferase inhibitors useful in treating various carcinomas 
or myeloid leukemias. 

WO 95/34538 discloses certain pyrrolidides, phosphonates, azetidines, peptides and 
azaprolines which inhibit DPP -1V and, therefore, are useful in treating conditions mediated by 
DPP -IV inhibition. 

WO 95/29190 discloses certain compounds characterized by a plurality of KPR -type 
repeat patterns carried by a peptide matrix enabling their.multiple presentation to, and having 
an affinity for, the enzyme DPP -IV, which compounds exhibit the ability to inhibit the entry 
of HIV into cells. 
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WO 91/16339 discloses certain tetraptptide boronic acids which are DPP -IV inhibitors 
useful in treating autoimmune diseases and conditions mediated by IL-2 suppression. 

WO 93/08259 discloses certain polypeptide boronic acids which are DPP -IV inhibitors 
useful in treating autoimmune diseases and conditions mediated by IL -2 suppression. 

WO 95/11689 discloses certain tetrapeptide boronic acids which are DPP -1V inhibitors 
useful in blocking the entry of HIV into cells. 

German Patent 158109 discloses certain N- protected peptidyl- hydroxamic acids and 

nnrobenzoyloxamides which are useful as Inter alia, DPP -IV inhibitors. 

11 
WO 95/29691 discloses, inter ilia, certain dipeptide praline phosphonates which are 

IIPP -IV inhibitors useful in the treatment of immune system disorders. 

a 
Biochimica et Biophysics Acta, Vol. 1293, pgs. 147 -153 discloses the preparation of 

drain di- and tri- peptide u- nitroanilides to study the influence of side chain modifications on 
air DPP -IV and PEP -catalyzed hydrolysis. 

German Patent 296075 discloses certain amino acid amides which inhibit DPP -IV. 

Bioorganic and Medicinal Chemistry Letters, Vol. 6, No. 10, pgs. 1163-1166 (1996) 
discloses certain 2- cyanopyrrolidines which are inhibitors of DPP -IV. 

J. Med. Chem., Vol. 39, pgs. 2087 -2094 (1996) discloses certain prolineboronic acid- 
containing dipeptides which are inhibitors of DPP -IV. 

Diabetes, Vol. 44, pgs. 1126 -1131 (Sept.'96) is directed to a study which demonstrates 
that GLP -I amide is rapidly degraded when administered by subcutaneous or intravenous 
routes to diabetic and non -diabetic subjects. 

r 
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SUMMARY OF THE INVENTION 

The present invention provides new DPP -IV inhibitors which are effective in treating 

conditions mediated by DPP -IV inhibition. More particularly, the present invention relates to 

certain N- (substituted glycyl )-2- cyanopyrrolidines which inhibit DPP -IV. In addition, the 

present invention provides pharmaceutical compositions useful in inhibiting DPP -IV 

comprising a therapeutically effective amount of a certain N -(substituted glycyl )-2 -cyano- 

pyrrolidiné. Moreover, the present invention provides a method of inhibiting DPP -IV 

comprising administering to a mammal in need of such treatment a therapeutically effective 

amount of a certain N {substituted glycyl )-2- cyano-pyrroidine.' 

nj DETAIT F.T) DFSCRIPTION OF THE INVENTION 

'lll 
The essence of the instant invention is the discovery that certain N- (substituted 

gIIcy0-2- cyanopyrrolidincs are useful in inhibiting DPP -IV. In one embodiment, the present 
ait 

invention provides compounds of formula I: 
;3 

F 

Y. 

m 

wherein R 

H 

/ 
'R 

r 

H 
is a group -(- CH,-)- N -R1; an unsubstituted (Cy,)- 

cycloallryl ring; a (C),,)cycloalkyl ring substituted in the 1- 

position by a hydroxy(C,,,)alkyl group; a group -- (- CH=- )-2R2; 

a group 
H R3 

- CHt÷:Ce 
Rr 

a group -- (- CH,--)-,R.; an isopropyl group; or an isopropyl 
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group substituted in the l- position by a hydroxy(C,4)aikyl group; 

R, is an unsubstituted pyridine ring; a pyridine ring mono- or di- 

substituted by halo, trifluoromethyl, cyano or nitro; an unsubstituted 

pyrimidine ring; or a pyrimidine ring monosubstituted by halo, 

trifluoromethyl, cyano or nitro; 

R2 is an unsubstituted phenyl ring; or a phenyl ring mono-, di- or tri - 

substituted by balo or (C3,,)alkoxy; 

each R,, independently, is an unsubstituted phenyl ring; or a phenyl ring mono- 

substituted by balo or (C1,$)alkoxy; and 

R4 is a 2 -oxopyrrolidine group or a (C=a)alkoxy group; 

orna pharmaceutically acceptable acid addition salt thereof. 

Preferred compounds are those of formula la: 

UI 

ru 
H O =Ñ 

la 

H 
ZP: where IV is a group -f- -CH2- }2N -R1; an unsubstituted (C,,)cycloalkyl 

ring; a (C,.,) cycloalkyl ring substituted in the 1- position by a 

hydroxy(Cy,)alkyl group; or a group -( -CH2-3 R¡; 

R¡ is an unsubstituted pyridine ring; or a pyridine ring mono- or di- 

substituted by halo, trifluoromethyl, cyano or nitro; and 

R; is a (C,.,)alkoxy group; 

or a pharmaceutically acceptable acid addition salt thereof. 
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More preferred compounds are those of formula lb: 

H 

Ñ 

R ̀ 1 

N N lb 

d 
where R" is a group CHN 1-} RM -- f-- ; a (C44)cycloalkyl ring substituted in 

the 1- position by a hydroxy(Cw)alkyl group; or a group 

is a pyridine ring mono- or di- substituted by halo, 
..z ! trifluoromethyl, cyano or nitro; and 

vI 
R: is as defined above; 

o4a pharmaceutically acceptable acid addition salt thereof. 

ÿi 

Even more preferred compounds are those of formula Ic: 
ie 

H 

N 
Rtu Ic 

H in 
where R" is a group -- f-CH1- -)- 1N -R1; a (C44,)cycloalkyl ring substituted in 

the 1- position by a hydroxymethyl group; or a group 

4 is a pyridine ring monosubstitued by halo, Irifluoromethyl, 

cyano or nitro; and 

W. is as defined above; 

or a pharmaceutically acceptable acid addition salt thereof. 
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In another embodiment, the instant inventionprovides pharmaceutical compositions 
useful in inhibiting DPP -IV comprising a pharmaceutically acceptable carrier or diluent and a 
therapeutically effective amount of a compound of formula I above, or a pharmaceutically 
acceptable acid addition salt thereof, preferably a compound of formula la above, or a 
pharmaceutically acceptable acid addition salt thereof, more preferably a compound of 
formula Ib above, or a pharmaceutically acceptable acid addition salt thereof, and even more 
preferably a compound of formula le above, or a pharmaceutically acceptable acid addition 
salt thereof, 

In still another embodiment, the instant invention provides a method of inhibiting 
IìPP -IV comprising administering to a mammal in need of such treatment a therapeutically 
effective amount of a compound of formula I above, or a pharmaceutically acceptable acid 
addition salt thereof, preferably a compound of formula fa above, or a pharmaceutically 
a eptable acid addition salt thereof, more preferably a compound of formula Ib above, or a 
p armaceutically acceptable acid addition salt thereof, and even more preferably a compound 

g4formula le above, or a pharmaceutically acceptable acid addition salt thereof. 

5 
N: In a further embodiment, the instant invention provides a method of treating conditions 

ties diated by DPP -IV inhibition comprising administering to a mammal in need of such 
treatment a therapeutically effective amount of a compound of formula I above, or a 
pharmaceutically acceptable acid addition salt thereof, preferably a compound of formula la 
above, or a pharmaceutically acceptable acid addition salt thereof, more preferably a 
compound of formula Ib above, or a pharmaceutically acceptable acid addition salt thereof, 
and even more preferably a compound of formula to above, or a pharmaceutically acceptable 
acid addition salt thereof. 

In the above definitions, it should be noted that the "alkoxy" significance is either 
straight or branched chain, of which examples of the latter are isopropyl and x-butyl. 
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The acid addition salts of the compounds of formula I may be those of 

pharmaceutically acceptable organic or inorganic acids. Although the preferred acid addition 

salts are the hydrochlorides, salts of methanesulfonic, sulfuric, phosphoric, citric, lactic and 

acetic acid may also be utilized. 

The compounds of formula I may be prepared as depicted below: 

o 
II seN 

Sr../C \N + NI,R t I (at least 3 eq.) 
00 
J 

131 

fLI 

e R is as defined above, 

rti r In the above reaction, the bromide compound of formula II is reacted with at least 3 

equivalents of a primary amine compound of formula III to obtain an N-(substituted glycyl)- 

2 janopyrrolidine compound of formula I. The reaction is conducted in the presence of an 

inert, organic solvent, preferably a cyclic ether such as tctrahydrofuran, at a temperature of 

from 0° to 35 °C., preferably at a temperature between 0° and 25 °C., for a period of between 1 

and 20 hours. 

The bromide compound of formula II may be prepared by the following two -step 

reaction scheme: 
Step I Step 2 

ÌJ 
NI-I, 

ö 
II- IN/"'N) BrCBr 

I EyN, DMAp 

IV 

o 
O 

I( `S..1,11./ 

_ 

I 

V 

TFAA 
> 1I 

(at least 2 eq.) 
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As to the individual steps, Step 1 involves the reaction of the pyrroildine compound of 
formula IV with a slight molar excess of bromoacetylbromide and triethylamine and a 
catalytic amount of dimethylaminopyridine (DMAP) to obtain the bromide compound of 
formula V. The reaction is conducted in the presence of an inert, organic solvent, preferably 
a chlorinated, aliphatic hydrocarbon such as methylene chloride, at a temperature of from 0° 
to 25 °C, preferably at a temperature between 0° and 15 °C, for a period of between 2 and 6 
hours, preferably between 2 and 4 hours. 

Step 2 concerns the dehydration of the bromide compound prepared in Step 1, i.e., the 
compound of formula V, with at least 2 equivalents of trifluoroacetic anhydride to obtain the 

rude compound of formula H. The dehydration is conducted in the presence of an inert, 
organic solvent, preferably a chlorinated, aliphatic hydrocarbon such as methylene chloride, at 

aemperature of from 0° to 25 °C, preferably at a temperature between 0° and 15 °C, for a 
Tiltrod of between 3 and 8 hours, preferably between 3 and 6 hours. 

in 

5H. The primary amine compounds of formula III are known and may be prepared by 
procedures well documented in the literature. For example: a) 1- hydroxymethylcyclo- 
peittylamine can be prepared by the reduction of 1- amino-l- cyclopentane carboxylic acid with 
!Plum aluminum hydride as set forth below: 

H2N COOH 

LIAR, -- 
O1i 

The reduction is conducted in the presence of an inert, organic solvent, preferably a cyclic 
ether such as tetrahydrofuran, at the reflux temperature of the solvent for a period Of between 
14 and 24 hours. (b) 2-[( S- chloropyridin- 2- yl)amino)ethylamine can be prepared by refluxìng 
a mixture of 2,5- dichloropyridine with ethylenediamine in an oil bath for a period of between 
6 and 12 hours. (c) Similarly, 2-(( 5- trifluoromethylpyridin- 2- yl)amino]ethylamine can be 
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prepared by refluxing a mixture of 2- chloro- 5- trifludromethyl pyridine with ethylenediamine 

in an oil bath for a period of between 6 and 12 hours. (d) 2-[(5- cyanopyridin- 2- yl)amino)- 

ethylamine can be prepared by stirring a mixture of 2- chloropyridine- 5- carbonitrile and 

ethylenediamine at a temperature between 20° and 30 °C, for a period of between 4 and 6 

hours. (e) 2 -(( pyrimidin- 2- yl)amino }ethylamine can be prepared by adding ethylencdiamine to 

ice -bath cooled 2- chloropyrimidine and allowing the mixture to react at a temperature 

between 20° and 30 °C, for a period of between 12 and 20 hours. 

As indicated above, the compounds of formula I form pharmaceutically acceptable 

acid addition salts. For example, the free base of a compound of formula I can be reacted 

pith hydrochloric acid in gaseous form to form the corresponding mono- and di- hydrochloride 

kilt forms, whereas reacting the free base with methanesulfonic acid forms the corresponding 

thesylate salt form. All pharmaceutically acceptable acid addition salt forms of the 

,mpounds of formula I are intended to be embraced by the scope of this invention. 

e 

f As indicated above, all of the compounds of formula I, and their corresponding 

pharmaceutically acceptable acid addition salts, are useful in inhibiting DPP -IV. The ability 

the compounds of formula I, and their corresponding pharmaceutically acceptable acid 

ptidition salts, to inhibit DPP-IV may be demonstrated employing the Caco -2 DPP -IV Assay 

which measures the ability of test compounds to inhibit DPP -IV activity from human colonic 

carcinoma cell extracts. The human colonic carcinoma cell line Caco -2 was obtained from 

the American Type Culture Collection (ATCC HTB 37). Differentiation of the cells to induce 

- DPP -IV expression was accomplished as described by Reisher, et al. in an article entitled 

"Increased expression of ... intestinal cell line Caco-2" in Proc. Natl. Acad. Sei., Vol. 90, pgs. 

5757 -5761 (1993), Cell extract is prepared from cells solubilized in 10mM Tris -NCI, 0.15 M 

NaCI, 0.04 t.i.u. aprotinin, 0.5% nonidet -P40, pH 8.0, which is centrifuged at 35,000 g for 30 

min. at 4 °C. to remove cell debris. The assay is conducted by adding 20 µg solubilized Caco- 

2 protein, diluted to a final volume of 125 µl in assay buffer (25 mM Tris -HC1 pH 7.4, 140 

mM NaC1, 10 mM KC 1, I% bovine serum albumin) to microtiter plate wells. The reaction . 

is initiated by adding 25111 of 1 mM substrate (H- Alanine- Proline -pNA; pNA is 
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p- nitroaniline). The reaction is run at room temperature for 10 minutes after which time a 

19 pl volume of 25% glacial acetic acid is added to stop the reaction. Test compounds are 

typically added as 30 pi additions and the assay buffer volume is reduced to 95 pi. A 

standard curve of free p- nitroaniline is generated using 0.500 pM solutions of free pNA in 

assay buffer. The curve generated is linear and is used for interpolation of substrate 

consumption (catalytic activity in nmoles substrate cleaved /min). The endpoint is determined 

by measuring absorbance at 405 nm in a Molecular Devices UV Max microtiter plate reader. 

The potency of the test compounds as DPP -IV inhibitors, expressed as 1050, is calculated from 

8- point, dose -response curves using a 4- parameter logistic function. 

The following ICs were obtained: 

Ex. 6 50 

Ex. 7A 165 

Ex. 8 8 

1 
Ex. 7B 175 

Ex. 9A 990 

Ex. 7C 290 

Ex. 9C 295 

Ex. 10 54 

Ex. 11 215 

Ex. 7D 382 

Ex. 7E 388 

Ex. 12 279 

Ex. 13 227 

Ex. 14 110 
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The ability of the compounds of formula I, and their corresponding pharmaceutically 

acceptable acid addition salts, to inhibit DPP IV may also be demonstrated by measuring the 

effects of test compounds on DPP -IV activity in human and rat plasma employing a modified 

version of the assay described by Kubota, et al. in an article entitled "Involvement of 
dipeptidylpeptidase IV in an j¢ vivo immune response" in Clin. Exp. ImmunoL, Vol. 89, Pgs. 

192 -197 (1992). Briefly, five pl of plasma are added to 96 -well flat -bottom mictotiter plaies 

(Falcon), followed by the addition of S pl of 80 mM MgCI1 in incubation buffer (25 mM 

HEPES, 140 mM NaCt, 1% RIA -grade BSA, pH 71). After a 5 min. incubation at room 

temperature, the reaction is initiated by the addition of 10 pl of incubation buffer containing 

0.1 mM substrate (II- Glycine- Proline -AMC; AMC is 7- amino- 4- methylcoumarin). The plates 

are covered with aluminum foil (or kept in the dark) and incubated at room temperature for 20 

rçitn. After the 20 min. reaction, fluorescence is measured using a CytoFluor 2350 fluorimeter 

(Ekcitation 380 nm Emission 460 nm; sensitivity setting 4). Test compounds are typically 
added as 2 µl additions and the assay buffer volume is reduced to 13 pl. A fluorescence - 

cttcentration curve of free AMC is generated using 0-50 pM solutions of AMC in assay 

buffer. The curve generated is linear and is used for interpolation of substrate consumption 

(catalytic activity in nmoles substrate cleaved/min). As with the previous assay, the'potency of 
t) test compounds as DPP -IV inhibitors, expressed as ICso, is calculated from 8- point, dose - 

response curves using a 4 parameter logistic function. 

tr' The following ICsas were obtained: 

Compound human plasma DPP -IV (nM) rat plasma DPP -IV (uM) 

Ex. I 27 22 

Ex. 3 7 6 

Ex. 4 40 23 

Ex. 5 37 18 

Ex. 6 22 32 

Ex. 8 12 11 

Ex. 10 51 19 

Ex. 12 95 38 

Ex. 14 95 24 

Page 123 of 405



 

-14- 

In view of their ability to inhibit DPP -IV, the compounds of formula I, and their 

corresponding pharmaceutically acceptable ¡cid addition salts, are useful in treating conditions 

mediated by DPP -IV inhibition. For example, the compounds of formula I, and their 

corresponding pharmaceutically acceptable acid addition salts, improve early insulin response 

to an oral glucose challenge and, therefore, arc useful in treating non -insulin- dependent 

diabetes mellitus. The ability of the compounds of formula I, and their corresponding 

pharmaceutically acceptable acid addition salts, to improve early insulin response to an oral 

glucose challenge may be measured in insulin resistant rats according to the following method: 

Male Sprague - Dawley rats that had been fed a high fat diet (saturated fat = 57% 

calories) for 2 -3 weeks were fasted for approximately 2 hours on the day of testing, divided 

drto 
groups of 8 -10, and dosed orally with 10p.mollkg of the test compounds in CMC. An oral 

Ilucose bolus of lg/kg was administered 30 minutes after the test compound directly into the 

.stomach of the test animals. Blood samples, obtained at various timepoints from chronic 
t= 
úgular vein catheters were analyzed for plasma glucose and immunoreactive insulin (IRZ) 

bncentrations, and plasma DPP -IV activity. Plasma insulin Ievels were assayed by a double 
H. 
,antibody radioimmunoassay (RIA) method using a specific anti-rat insulin antibody from Linco 

Research (St. Louis, MO). The RIA has a lower limit of detection of 0.5 µU /m1 with int a- 

Qd inter -assay variations of less than 5 %. Data are expressed as % increase of the mean of 

the control animals. Upon oral administration, each of the compounds tested amplified the 

;Illy insulin response which led to an improvement in glucose tolerance in the insulin resistant 

test animals. The following results were obtained: 

4Compound Increase of Insulin Response 

at 10iamol/1cg 

Ex. 1 61% 

Ex. 3 66% 

Ex. 5 108% 

Ex. 8 144% 

Ex. 12 59% 
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The precise dosage of the compounds of formula I, and their corresponding 

pharmaceutically acceptable acid addition salts, to be employed for treating conditions 

mediated by APP -IV inhibition depends upon several factors, including the host, the nature 

and the severity of the condition being treated, the mode of administration and the particular 

compound employed. However, in general, conditions mediated by DPP -IV inhibition are 

effectively treated when a compound' of formula I, or a corresponding pharmaceutically 
acceptable acid addition salt, is administered enterally, e.g., orally, or parenterally, e.g., 

intravenously, preferably orally, at a daily dosage of 0.002 -5, preferably 0.02 -2.5 mg/kg body 
weight or, for most larger primates, 'a daily dosage of 0.1 -250, preferably 1 -100 mg. A 

typical oral dosage unit is 0.01 -0.75 mg/kg, one to three times a day. 
C 
lÿ 

Usually, a small dose is administered initially and the dosage is gradually increased 
&ltntil the optimal dosage for the host under treatment is determined. The upper limit of 

dòsage is that 'imposed by side effects and can be determined by trial for the host being 

bleated. 

The compounds of formula I, and their corresponding pharmaceutically acceptable acid 
'`addition salts, may be combined with one or more pharmaceutically acceptable carriers and, 
,optionally, one or more other conventional pharmaceutical adjuvants and administered 

enterally, e.g., orally, in the form of tablets, capsules, caplets, etc. or parenterally, e.g., 

intravenously, in the form of sterile injectable solutions or suspensions. The' enteral and 
parenteral compositions may be prepared by conventional means. 

The compounds of formula I, and their corresponding pharmaceutically acceptable acid 
addition salts, may be formulated into enteral and parenteral pharmaceutical compositions 
containing an amount of the active substance that is effective for treating conditions mediated 
by DPP -IV inhibition, such compositions in unit dosage form and such compositions 
comprising a pharmaceutically acceptable carrier. 
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The compounds of formula I (including those of each of the subscopes thereof and 

each of the examples) may be administered in enantiomerically pure form (e.g., eez 98 %, 

preferably z 99 %) or together with the R enantiomer, e.g., in racemic form. The above 

dosage ranges are based on the compounds of formula I (excluding the amount of the R 

enantiomer). 

The following examples show representative compounds encompassed by this 

invention and their synthesis. However, it should be clearly understood that they are for 

purposes of illustration only. 

N BXAMPT.1. 1 

ó 

-( 2-[( 5- chloropyridin- 2- yl)aminolethylamino ]acetyl -2- cyano- (S )-pyrrolidine dihydrochloride. 

iii 

a) Preparation of 2- carbamoylpyrro lidine- carbonylmethylene -(S)- bromide. 

1 22.37g (196 mini) of 2- carbamoylpyrrolidine, 30.1 ml (216 =mot) of triethylarnine 

and 30.0 mg of dimeth lamino dine MAP are dissolved in 200 ml of methylene B Y PYri (D MAP) Y 

chloride and the solution is then added, dropwise, to an ice -cold solution of 18.8 ml 

(216 =no!) of bromoacetylbromide in 192 ml of methylene chloride, over a period of 

60 minutes under a calcium sulfate drying tube. The resultant solution is then stirred 

for 2 hours at ice -water temperature under a calcium sulfate drying tube, after which 

time it is poured into 3.5 liters of ethyl acetate. The resultant precipitate is filtered, 

washed with ethyl acetate, and the filtrate is concentrated to obtain the desired 

compound as a hard yellow taffy. 
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b) Preparation of 2- cyanopyrrolidino-carbohylmethylene- (5)bromide. 

50.0 g (213 mmol) of the bromide compound prepared in a) above is 

dissolved in 300 ml of methylene chloride and the solution is cooled in an ice water 

bath under a calcium sulfate drying tube. The cooled solution is then poured into 60.2 

ml (426 mmol) of trifluoroacetic anhydride over a 2 minute period and the resultant 

solution is then stirred at ice -water temperature under a calcium sulfate drying tube for 

4 hours and partitioned between methylene chloride and saturated aqueous sodium 

bicarbonate. The product is then extracted into the methylene chloride layer and the 

aqueous layer is then washed twice with methylene chloride. The combined organic 

layers are then washed successively with water and brine and then dried over sodium 

sulfate. The solution is then filtered and the solvent is removed by rotovaping and 

high vacuum pumping to obtain the desired compound as a dark yellow solid. 

c) Preparation of the title compound in free base form. 

To a 500 ml flask is added 16.6g (97.2 mmol) of 2-((5- chloropyridin -2- 

y1)amino]ethylaminc and 100 nil of tetrahydrofuran and the mixture is cooled in an ice 

bath. To the cooled mixture is added 7.0 g (32.4 mmol) of the bromide compound 

prepared in b) above dissolved in 30 ml of tetrahydrofuran. The resultant mixture is 

stirred for 2 hours at 0 °C., the solvent is removed by rotovaping and the mixture is 

partitioned between ethyl acetate and water. The product is then extracted into the 

ethyl acetate layer and the aqueous layer is then washed twice with ethyl acetate. The 

combined Organic layers are then washed successively with water and brine, dried over 

sodium sulfate and concentrated to obtain the desired compound in crude form. The 
crude form is then purified on silica gel employing a mixture of 5% methanol in 

methylene chloride as the eluent to yield the desired compound as a light brown oil. 
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d) Preparation of the title compound. 

After dissolving the free base compound prepared in c) above in 30 ml 
of dry tetrahydrofuran, hydrogen chloride gas is bubbled into the solution for five 
seconds. The off -white precipitate that forms is then filtered, washed with dry 
tetrahydrofuran and the solvent is removed by high vacuum pumping to obtain the title 
compound as an off -white solid, m.p. 265 °- 267°C. 

F$P.MPi.F. 7 

01 
11.( 2-[( 5- trifl uoromethylpryridin -2-yl)antino]ethyl amino ]acetyl- 2- cyano(S )-pyrrolidine. 

6 
[4 To a 25 ml, flask is added 1.15g (5.61 mino» of 2- ((5- trifluoromethylpyridin -2 yl)- 
i hiino]ethylamine and 10 ml of tetrahydrofuran and the mixture is cooled in an ice bath. To 
the cooled mixture is added 0.404g (1.87 mmol) of the bromide compound of Example lb) 

issolved in 5 ml of tetrahydrofuran. The resultant mixture is stirred for 2 hours at 0 °C., the 
" solvent is removed by rotovaping and the mixture is partitioned between ethyl acetate and 
dater. The product is then extracted into the ethyl acetate layer and the aqueous layer is then 
washed twice with ethyl acetate. The combined organic layers are then washed successively 
with water and brine, dried over sodium sulfate and concentrated to obtain the desired 
compound in crude form. The crude form is then purified on silica gel employing a mixture 

. of' 5% methanol in methylene chloride as the eluent to yield the title compound as a golden 
oil. 

1-12((5-cyanopyridin-2-yl)amino]ethylamino]acetyl-2-cyano-(S)-pyaolidine dihydrochloride. 
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a) Preparation of the title compound iii free base form. 

Following essentially the procedure of Example lc), and using in place of 

the amine therein, an equivalent amount of 2- [(5- cyanopyridin- 2- yl)amino), 

ethylamine, the desired compound is obtained as a golden oil. 

b) Preparation of the title compound. 

Following essentially the procedure of Example Id), and using in place of 

the free base compound prepared in Example lc), an equivalent amount of the free 

r° base compound prepared in a) above, the title con ìmd is obtained as an off- Ip P P ) Po 

ti! white precipitate, m.p. 155°-157°C. 
F 

EXAMPLE , 

iL i 
}. 1-[ 2-[( pyrimidin-2-yl)amino]ethylamino ]acetyl -2- cyano- (S )-pyrrolidine. 

la 

ti Following essentially the procedure of Example 2, and using in place of the amine 

erein, an equivalent amount of 2-[( pyrimidin- 2- yl)amino]ethylamine, end using in place of 

the eluent therein, a mixture of 10% methanol in methylene chloride, the title compound is 

obtained as a golden oil. 

1 -[(1- hydroxymethylcyclopent -1 -yl) amino ]acetyl- 2cyano-(S)- pyrrolidine. 

To 1.5g of ( 1- hydroxymethyl)cyclopentylamine in 40 ml of anhydrous tetrahydrofuran 

is added, dropwise via an addition funnel over 40 minutes, 0.943g (4.35 mmol) of the 

bromide compound of Example lb) under a calcium sulfate drying tube. The resultant 

mixture is then stirred at room temperature for 18 hours under a calcium sulfate drying tube, 

after which time hydrogen chloride gas is bubbled in for -5 seconds. The resultant gum is 
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then separated from the solution by decanting and 'washed with 25 ml of tetrahydrofuran. The 

solution is then decanted and the gum is partitioned between methylene chloride and saturated 

aqueous sodium bicarbonate. The product is then extracted into the methylene chloride layer 

and the aqueous layer is then washed twice with methylene chloride. The combined organic 

layers are then washed successively with water and brine and then dried over sodium sulfate. 

The solution is then filtered and the solvent is removed by rotovaping and high vacuum 

pumping to obtain the title compound as a clear yellow oil which solidifies to a yellow solid, 

m.p. 65'-67°C. 

EXAMPLE 6 

w 
' 1- (2- ((pyridin- 2- yl)amino)ethyl amino] acetyl -2- cyano- (S)- pyrrolidine. 

td 
b Following essentially the procedure of Example 2; and using in place of the amine 
bfherein, an equivalent amount of 2 -[ (pyridin- 2- yl)amino]ethylamine, and using in place of the 
Ixluent therein, a 90:10:0.5 mixture of methylene chloride, methanol and ammonium 
dtydroxide, the title compound is obtained as a golden oil. 

F$AMPig7 

Following essentially the procedure of Example 2, and using in place of the amine 
therein, an equivalent amount of: 

a) 2-[(4-ehloropyrimidin-2-yt)amino]ethylamine; 

b) 24(3-chloropyridin-2-yl)amino]ethylamine; 

c) 2-[(4-hifluoromethylpyrimidin-2-yl)amino)ethylamine; 

d) (2-chlorophcnyl)ethylamine; and 

e) (3,3-biphenyl)propylamine; 
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there is obtained: 

A) 1-[2-((4 -chloropyrimidin- 2- yl)amino]ethylamino ]acetyl- 2- cyano-(S )-pyrrolidine as a tan 

solid; 

B) 1-[ 2-[( 3- chloropyridin- 2- yl)amino]ethylamino ]acetyl- 2- cyano-(S)- pyrrolidine as a 

golden oil; 

C) 1-[ 2-[ 4- trifluoromethy 1pyrimidin- 2- yl)amino]ethyl amino ]acetyl -2- cyano-(S)- pyrrolidine 

as a golden.oil; 

D) 1- ((2- cblorophenyl)ethyl amino] acety1- 2- cyano-(S )-pyrrolidine; and 

E) 1- [(3,3- diphenyl)propylamino ]acetyl- 2- cyano-(S)- pyrrolidine, respectively. 

FXAMPT.E 8 

u-[ 2-[( 5- nitiopyrìdin- 2- yl)amino]ethylamino ]acetyl- 2- cyano-(S)pytmlidine. 

To 83.6 ml of anhydrous tetrahydrofuran is added 4.54g (24.9 mmol) of 2 -[(5- 

aitropyridin- 2- yl)arnino]ethylamine, and the resultant mixture is heated slightly then stirred at 

'loom temperature under a calcium sulfate drying tube. 1.80g (8.3 mmol) of the bromide 

mompound of Example lb) in 20 ml of anhydrous tetrahydrofuran is then added, over a period 

of 30 minutes, under a calcium sulfate drying tube. The resultant mixture is then stirred at 

room temperature for 2 hours under a calcium sulfate drying tube and concentrated via . 

rotovaping. The resultant paste is then partitioned between methylene chloride and saturated 

aqueous sodium bicarbonate. The product is then extracted into the methylene chloride layer 

and the aqueous layer is then washed twice with methylene chloride. The combined organic 

layers are then washed successively with water and brine and then dried over sodium sulfate. 

The solution is then filtered and the solvent is removed by rotovaping and high vacuum 

pumping to obtain the crude form of the title compound as a dark yellow- orange clear thick 

oil. The crude form is then flash chromatographed employing a mixture of 5% methanol in 

methylene chloride as the cluent to obtain the title compound as a bright yellow thick oil. 

to 
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EXAM-PLR 9 

Following essentially the procedure of Example 2, and using in place of the amine 
therein, an equivalent amount of. 

a) 2-[( 3- chl oro- 5- trifluoromethylpyridin- 2- yl)amino3ethylamine; 
b) 24( 3- trifluoromethylpyridin- 2- yl)amino)ethylamine; and 
e) 2-[( 3, 5- dichl oropyridin- 2- yl)amino]ethylamine; 

and using In place of the eluent therein, a mixture of 3% methanol in methylene chloride, 
there is obtained: 

A) I-[ 2-[( 3- chl oro-5- trifluoromethyipyridin -2 -yl) amino ]ethylamino]acetyl- 2- cyano -(S)- 
,j pyrrolidine as a golden oil; 

B) ]-[ 2-[( 3- trifluoromethylpyridin- 2- yl)aminojethylamino ]acetyl- 2- cyano- (S)pyrrolidine 0.1 

as a golden oil; and 

C) 14 2-[( 3, 5- dichloropyridin- 2- yl) anúno] ethylaminojacetyl- 2- cyano-(S )-pyrtolidine as 
a golden oil. 

d 
]-[(cyclopent-l-yl)amino-acetyl-2-cyano-(S)-pyrrolidine monohydrochloride. 

EXAMPLE 10 

a) Preparation of the title compound in free base form. 

Following essentially the procedure of Example 2, and using in place of 
the amine therein, an equivalent amount of (cyclopent- I- yl)amine, the desired 
compound is obtained as a tan solid. 

b) Preparation of the tide compound. 
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Following essentially the procedure of Example Id), and using in place of the free 

base compound therein, an equivalent amount of the compound prepared in a) above, the title 

compound is obtained as a white solid. 

EXAMPLE 11 

1- [2 -(2- bromo- 4,5 -di m e the xyphenyl)ethy lamino]acety1 -2- cyano- (S )-pyrrolidine. 

To 15 ml of anhydrous tetrahydrofuran is added 1.44g (5.52 mmol) of 2 -(2- bromo -4,5 

dimethoxy)ethylamine, and the resultant mixture is heated slightly under a calcium sulfate 

rct lrying tube. 0.4g (1.84 mmol) of the bromide compound of Example lb) is then added, 

`dropwise, over a period of 10 minutes. The resultant mixture is then stirred at room 

()temperature for 18 hours under a calcium sulfate drying tube, concentrated via rotovaping and 

partitioned between methylene chloride and saturated aqueous sodium bicarbonate. The 

%product is then extracted into the methylene chloride layer and the aqueous layer is then 

rwashed twice with methylene chloride. The combined organic layers are then washed 

Successively with water and brine and then dried over sodium sulfate. The solution is then 

\filtered and the solvent is removed by rotovaping and high vacuum pumping to obtain the 
w 
;Article form of the title compound as a clear yellow oil. The crude form is then flash 

chromatographed employing a mixture of 5% methanol in methylene chloride as the client to 

obtain the title compound as a clear, light yellow, thick oil. 

EXAMPLE 12 

1- [3- (isopropoxy)propylamino ]acetyl- 2- cyano-(8)- pyrrolidinc monohydrochloridc. 

a) Preparation of the title comound in free base form. 
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Following essentially the procedure of Example lc), and using in place of the 

amine therein, an equivalent amount of 3- (isopropoxy)propylamine, the desired compound 

is obtained as a brown oil. 

b) Preparation of the title compound. 

Following essentially the procedure of Example Id), and using in place of the free 

base compound therein, an equivalent amount of the compound prepared in a) above, the 

title compound is obtained as a white solid, m.p. 174*-176°C. 

-43 EXAMPLE; li 

;Ti 

F .[( 2- hydroxy- l,1- dimethylethylantlno ))acetyl -2- cyan- S )-pyrrolidine monohydrochloride. 

4ï 

a) Preparation of the title compound in free base form. f 
r. te 

F 

:Ìt 

Following essentially the procedure of Example 2, and using in place of the amine 

therein, an equivalent amount of 2- hydroxy- 1,1- dimethylethylamine, and using in place of 

the eluent therein, an 80:20:1 mixture of methylene chloride, methanol and ammonium 

hydroxide, the title compound is obtained as a golden oil. 

b) Preparation of the title compound. 

Following essentially the procedure of Example Id), and using in place of the free 

base compound therein, an equivalent amount of the compound prepared in a) above, the 

title compound is obtained as a brown solid. 
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FXAMP).F. 14 

1-[3{2-oxo-pyrrolidin-l-yl)propylamino)acetyl-2-cyano{S}pytrolidine monohydtnchloridi. 

a) Preparation of the title compound in free base form. 

Following essentially the procedure of Example 2, and using in place of the amine 

therein, as equivalent amount of 3 -(2- oxo-pyrrolidin -1 -y1) propylamine, and using in place 
of the elueat therein, a 90:10:1 mixture of methylene chloride, methanol and ammonium 

hydroxide, the desired compound is obtained as a golden oil. 
C)) 

CO 

J b) Preparation of the title compound. 

(U Following essentially th procedure of Example 1d), and using in place of the free 
Ui base compound therein, an equivalent amount of the compound prepared in a) abovc, the 

title compound is obtained as a tan solid. 
14. 

o 
Below are the "C NMR signals for the nitrile functionalities of the specific 

gsyn[hesized compounds described above: 

Compound N "C NMR (MHz, zotvent) 8 ppm (CN) 

Ex. 5 "C NMR (75 MHz, CD,OD) 8 119.64 ppm (CN) 

Ex. 12 "C NMR (75 MHz, D,O) 8 121.63 ppm (CN) 

Ex. l "C NMR (75 MHz. 13,0) 8 121.60 ppm (CN) 

Ex. 3 "C NMR (75 MHz 0,0) 8 120.42 ppm (CN) 

Ex. 8 "C NMR (75 MHz, DMS0) 8 119.13 ppm (CN) 

Ex. 78 "C NMR (7S MHz, CDCI)) 8 118.23 ppm (CN) 

Ex. 9A "C NMR (75 MHz, CD,OD) 8 119.68 ppm (CN) 

Ex. 9H "C NMR (75 MHz, CD,OD) 8 119.66 ppm (CN) 

Ex. 9C "C NMR (75 MHz, CD,OD) 8 119.68 ppm (CN) 

Ex. 6 "C NMR (75 MHz, CD,OD) 8 119.84 ppm (CN) 

Page 135 of 405



in 

LU 

-26- 

Compound t4 "C NMR (MHz, lette) a ppm (CN) 

Ex. 7C "C NMR (75 MHz, CDC1,) 8 118.23 ppm (CN) 

Ex. 2 "C NMR (75 MHz, CD,OD) 8 119.68 ppm (CN) 
Es. 7A "C NMR (75 MHz, CD,OD) 8 119.66 ppm (CN) 

Ex. 4 "C NMR (75 MHz, CD20D) 8 119.66 ppm (CN) 

Ex. tO "C NMR (75 MHz, 13,0) 6 121.69 ppm (CN) 

Ex. 11 "C NMR (75 MHz, CDC1,) 5 11831 ppm (CN) 

Ex. 7D "C NMR. (75 MHz, CD,OD) 8 119.63 ppm (CN) 

Ex. 7E "C NMR (75 MHz, CD,OD) b 119.64 ppm (CN) 

Ex. 13 "C NMR (75 MHz, 0,0) 8 121.52 ppm (CN) 

Ex. 14 "C NMR. (75 Mliz, D,0) b 12132 ppm (CN) 
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WHAT IS CLAIMED IS: 

1. A compound of formula I: 

-27- 

wherein R is a group -í0H2- $N.R,; an unsubstituted (C,r)cycloalkyl ring; 

a (C, 7)cycloalkyl ring substituted in the 1- position by a 

hydroxy(Co-r)alicyl group; a group -(- CH -- )--2R,; a group 

EEir 
ÿ -iC%% ; 

Rr 

a group -Ea-44-3124 an isopropyl group; or an 

isopropyl group substituted in the 1- position by a hydroxy- 

(C1.3)alkyl group; 

R, is an unsubstituted pyridine ring; a pyridine ring mono- or di- 

substituted by halo, trifluoromethyl, cyano or nitro; an 

unsubstituted pyrimidine ring; or a pyrimidine ring 

monosubstituted by halo, trifluoromethyl, cyano or nitro; 

Rr is an unsubstituted phenyl ring; or a phenyl ring mono-, di- or 

tri-substituted by halo or (C,.r)alkoxy; 

each R,, independently, is an unsubstituted phenyl ring; or a phenyl ring 

mono -substituted by halo or (C,.r)alkoxy; and 

R4 is a 2- oxopyrrolidine group or a (C,, Jalkoxy group; 

or a pharmaceutically acceptable acid addition salt thereof. 
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2. A compound according to Claim 1 of formulaIa: 

N 

where R is a group -- (- CH2AN -R,; an unsubstituted (C37)cycloalkyl 

ring; a (C,.r) cycloalkyl ring substituted in the 1- position by a 
hydroxy(C:a)alkyl group; or a group 4- CH2-4,R4; 

R¡ is an unsubstituted pyridine ring; or a pyridine ring mono- or . 

.d 
di- substituted by halo, trifluoromethyl, cyano or nitro; and 

'11 R¡ is a (C=.4)alkoxy group; 

epor a pharmaceutically acceptable acid addition salt thereof. 
RI 

113. A compound according to Claim 2 of formula Ib: 

H v -N 
Rrt i h 16 

la 

where R" is a group- CH, -}2Ñ R"; a (C._)cycloalkyl ring substituted in 

the 1- position by a hydroxy(C,a)alkyl group; or a group 

E- CHrR:; 
R¡ is a pyridine ring mono- or di- substituted by halo, 

trifluoromethyl, cyano or nitro; and 

R; is as defined in Claim 2; 

or a pharmaceutically acceptable acid addition salt thereof. 
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4. A compound according to Claim 3 of formula -lc: 

HN ÌI : =N 

H 
where R "' is a group -(-- CH,- }zN -R¡", a (C44)cycloalkyl ring substituted in 

the 1- position by a hydroxymethyl group; or a group 

(- CH:Ri; 
relit is a pyridine ring monosubstituted by halo, trilluoromethyl, 

cyano or nitro; and 

R is as defined in Claim 3; r a pharmaceutically acceptable acid addition salt thereof. 

Lri 
: 5. A compound according to Claim 4 which is 1-[2-[(5-chioropyridin-2-yl)amino]- 

5ethylamino 
]acetyl -2- cyano -(S)- pytrolidine, or a pharmaceutically acceptable acid addition salt 

:thereof. 
til 

rt5. The compound according to Claim 5 which is I-[2-[(5-chloropyridin-2-yl)amino)- 

ethylamino]acctyl -2- cyano- (S )-pyrrolidine diibydrochloride. 

le 

7. A compound according to Claim 4 which is I-[2-((5-cyanopyridin-2-yl)amino]- 

ethylamino]acetyl-2- cyano- (S )-pyrrolidine, or a pharmaceutically acceptable acid addition salt 

thereof. 

B. The compound according to Claim 7 which is l-(2-[(5-cyanopyridin-2-yl)amino]- 

ethylamino]acetyl-2- cyano -(S)- pyrrolidine dihydrochloride. 
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9. A compound according to Claim 4 which is 14(1-hydroxymethylcyclopent-11l)amino)- 
acetyl -2- cyano -(S)- pyrrolidine, or a pharmaceutically acceptable acid addition salt thereof, 

10. The compound according to Claim 9 which is 1-[(I-hydmxymethylcyclopent-l- 
y1)amino)acetyl -2- cyano-(S)- pyrroli dine. 

11. A compound according to Claim 4 which is 1-[3-(isopropoxy)propylamino)acetyl-2- 
cyano- (S)- pyrrolidine, or a pharmaceutically acceptable acid addition salt thereof. 

012. The compound according to Claim 11 which is t-(3-(isopropoxy)propylaminojacetyl-2- 9-4 

- .pyano -(S)- pyrrolidine monohydrochloride. 

r» 3. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or me 

;diluent and a therapeutically effective amount of a compound according to Claim 1, or a 
w)bannaceutically acceptable acid addition salt thereof. 

R 
' 

\14. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or Pi 

iluent and a therapeutically effective amount of a compound according to Claim 2, or a 
pharmaceutically acceptable acid addition salt thereof. 

15. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or 
_ diluent and a therapeutically effective amount of it compound according to Claim 3, or a 

pharmaceutically acceptable acid addition salt thereof. 

16. A pharmaceutical composition comprising a pharmaceutically acceptable carrier or 
diluent and a therapeutically effective amount of a compound according to Claim 4, or a 
pharmaceutically acceptable acid addition salt thereof. 
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17. A pharmaceutical composition according to Claim 16 comprising a therapeutically 

effective amount of 1-( 2-(( 5- chloropyridin- 2- yl)aminoJethyiamino ]acetyl -2- cyan -(S)- 

pyrrolidine, or a pharmaceutically acceptable acid addition salt thereof. 

18. A pharmaceutical composition according to Claim 17 comprising a therapeutically 

effective amount of 1- [2- [(5- chloropyridin -2 -yl) amino ]ethylamino]acetyl- 2- cyano-(8) 

pyrrolidine dihydrochloride. 

19. A pharmaceutical composition according to Claim16 comprising a therapeutically 

effective amount of 1- [2- [(5- cyanopyridin -2 -yl) amino jethylamittojacetyl -2- cyano -(S) 

H 
pyrolidine, or a pharmaceutically acceptable acid addition salt thereof. 

F20. A pharmaceutical composition according to Claim 19 comprising a therapeutically 

rJeffective amount of I -[2- [(S- cyanopyridin -2 -yl) amino ]ethylamino]acetyl -2 -cyan (S)- 

itipyrolidine dihydrochloride. 

1y 

1/21. A pharmaceutical composition according to Claim 16 comprising a therapeutically 

,!effective amount of 1-1( 1- hydroxymethylcyclopent- l- yl)amino ]acetyl -2- cyano-(S)- pyrrolidine, 

a pharmaceutically acceptable acid addition salt thereof. for 

22. A pharmaceutical composition according to Claim 21 comprising a therapeutically 

effective amount of 1-[ (1- hydroxymethylcyclopent -1 -yl) amino ]acetyl -2- cyano- (S)- pyrolidine. 

23. A pharmaceutical composition according to Claim 36 comprising a therapeutically 

effective amount of 1- [3- (isopropoxy)propylamino ]acetyl- 2- cyanoo-(S)- pyrolidine, or a 

pharmaceutically acceptable acid addition salt thereof. 

24. A pharmaceutical composition according to Claim 23 comprising a therapeutically 

effective amount of 1- (3- isopropoxy)propylamino ]acetyl -2- cyano- (S }pyrolidine 

monohydrochloride. 
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25. A method of inhibiting dipeptidyl peptidase -IV comprising administering to a mammal 
in need of such treatment a therapeutically effective amount of a compound according to 
Claim 1, or a pharmaceutically acceptable acid addition salt thereof 

26. A method of inhibiting dipeptidyl peptidase -N comprising administering to a mammal 
in need of such treatment a therapeutically effective amount of a compound according to 
Claim 2, or a pharmaceutically acceptable acid 'addition salt thereof. 

27. A method of inhibiting dipeptidyl peptidase -IV comprising administering to a mammal 
in need of such treatment a therapeutically effective amount of a compound according to 
Claim 3, or a pharmaceutically acceptable acid addition salt thereof. 0 

S. A method of inhibiting dipeptidyl peptidase -IV comprising administering to a mammal 
need of such treatment a therapeutically effective amount of a compound according to 
aim 4, or a pharmaceutically acceptable acid addition salt thereof 

89. A method according to Claim 28 comprising administering a therapeutically effective 
&noun of 1- f2- ((5- chloropyridin -2 -yl) amino] ethylaminojacetyl -2- cyano- (S)- pyrrolidine, or a 
p)iarmaceuticaily acceptable acid addition salt thereof. 

30. A method according to Claim 29 comprising administering a therapeutically effective 
amount of 1-[ 2-[( 5- chl oropyridin- 2- yl)amino]etbylamino ]acetyl- 2- cyano-(S )-pyrrolidine 
dihydrochloride. 

31. A method according to Claim 28 comprising administering a therapeutically effective 
amount of 1-( 2-[ (5- cyanopyridin- 2- yl)amino)ethyl amino )acetyl- 2- cyano-(S )-pyrrolidine, or a 
pharmaceutically acceptable acid addition salt thereof, 

32. A method according to Claim 31 comprising administering a therapeutically effective 
amount of 1-[ 2-[( 5- cyanopyridin- 2- yl)amino]ethylamino ]acetyl -2- cyano -(S)- pyrrolidine 
dihydrochloride. 
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33. A method according to Claim 28 comprising administering a therapeutically effective 

amount of I- [(1- hydroxymethyleyclopent -1 -y1) amino )acetyl- 2- eyano-(S)- pyrrolidine, or a 

pharmaceutically acceptable acid addition salt thereof. 

34. A method according to Claim 33 comprising administering a therapeutically effective 

amount of 1- [(1- hydroxymethylcyclopent -1 -yl) amino ]acetyl- 2- cyano-(S)- pyrrolidine. 

35. A method according to Claim 28 comprising administering a therapeutically effective 

amount of I- [3- (isopropoxy)propyl amino ]acetyl -2 -cyano (S )-pyrolidine, of a 

pharmaceutically acceptable acid addition salt thereóf 

1r 

r3'1 

36. A method according to Claim 35 comprising administering a therapeutically effective 

amount of 1- f3- (isopropoxy)propyl amino Jacetyl- 2- cyano-(S )-pyrrolidine monohydrochloride. 

ru 

37. A method of treating conditions mediated by dipeptidyl peptidase -IV inhibition 

comprising administering to a mammal in need of such treatment a therapeutically effective 

*count of a compound according to Claim 1, or a pharmaceutically acceptable acid addition 

stilt thereof. 

38. A method of treating conditions mediated by dipeptidyl peptidase-IV inhibition 

comprising administering to a mammal in need of such treatment a therapeutically effective 

amount of a compound according to Claim 2, or a pharmaceutically acceptable acid addition 

salt thereof. 

39. A method of treating conditions mediated by dipeptidyl peptidase -IV inhibition 

comprising administering to a mammal in need of such treatment a therapeutically effective 

amount of a compound according to Claim 3, or a pharmaceutically acceptable acid addition 

salt thereof. 
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40. A method of treating conditions mediated by dipeptidyl peptidase -IV inhibition 
comprising administering to a mammal in need of such treatment a therapeutically effective 
amount of a compound according to Claim 4, or a pharmaceutically acceptable acid addition 
salt thereof. 

41. A method according to Claim 40 comprising administering a therapeutically effective 
amount of 1-[ 2-[( 5- chloropyridin- 2- yl)amino]ethylamino ]acetyl- 2-eyano-(S)-pytmlidine, or a 

pharmaceutically acceptable acid addition salt thereof. 

2. A method according to Claim 41 comprising administering a therapeutically effective 
ámount of 1- [2- [(5- chloropyridin -2 -yl) amino] ethyl aminojacetyl- 2- cyano-(5)- pyrrolidine, or a 

tarmaceutically acceptable acid addition salt thereof. 
w 

I 43. A method according to Claim 40 comprising administering a therapeutically effective 
amount of 1-[ 2-[( 5c yanopyridin- 2- yl)amino]ethylamino ]acetyl- 2- cyano- (S)- pyrrolidine, or a 
tharmaceutically acceptable acid addition salt thereof. 

. A method according to Claim 43 comprising administering a therapeutically effective 
amount of 1-[ 2-[( 5cyanopyridin- 2- yl)aminojethylamino ]acetyl -2- cyano- (S )-pyrnolidine 
dihydrochlaride. 

-45. A method according to Claim 40 comprising administering a therapeutically effective 
amount of 1-[( 1- hydroxymethylcyclopent- I- y1)amino ]acetyl- 2- cyano-(S)- pyrrolidine, or a 
pharmaceutically acceptable acid addition salt thereof. 

46. A method according to Claim 45 comprising administering a therapeutically effective 
amount of I-[ (1- hydroxymethylcyclopent -1 -yl) amino ]acetyl- 2- cyano- (S)- pynolidine. 
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47. A method according to Claim 40 comprising administering a therapeutically effective 

amount of l- [3- (isopropoxy)propylamino )acetyl- 2- cyano-(S)- pyrrolidine, or a 

pharmaceutically acceptable acid addition salt thereof. 

48. A method according to Claim 47 comprising administering a therapeutically effective 

amount of l- [3- (isopropoxy)propylamino ]acetyl- 2- cyano-(8)-pyrrolidine, or a 

pharmaceutically acceptable acid addition salt thereof. 

49. A method according to Claim 37 wherein the condition treated is non -insulin -dependent 

diabetes mellitus. 

A method according to Claim 38 wherein the condition treated is non -insulin- dependent 

diabetes mellitus. 
N 

§1. A method according to Claim 39 wherein the condition treated is non- insulin- 

dependent diabetes mellitus. 

t 
S. A method according to Claim 40 wherein the condition treated is non-insulin-dependent 

diabetes mellitus. 

53. A method according to Claim 52 comprising administering a therapeutically effective 

amount of 1- [2 -[(5- chloropyridin- 2- yl)amino]ethyl amino ] -acetyl- 2- cyano-(3)- pyrrolidine, or a 

-pharmaceutically acceptable acid addition salt thereof. 

54. A method according to Claim 53 comprising administering a therapeutically effective 

amount of ]-[ 2-[( 5- chloropyridin- 2- yl)amino]ethylamino ]acetyl- 2- cyano {s)- pynolidine 

dihydrochloride. 
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55. A method according to Claim 52 comprising administering a therapeutically effective 

amount of l-[ 2-[( 5- cy anopyridin- 2- yl)amino]ethylaminp ]acetyl -2- cyano- (S )-pynolidine, or a 

pharmaceutically acceptable acid addition salt thereof. 

56. A method according to Claim 55 comprising administering a therapeutically effective 

amount of 1-[ 2-[( 5- cyanopyridin -2-yl)amino]ethylamino ]acetyl -2- cyan- (S )-pyrrolidine 

dihydrochloride. 

57. A method according to Claim 52 comprising administering a therapeutically effective 

amount of I-[ (1- hydroxymethylcyclopent -1 -y1) amino ]acetyl -2- cyano -(S)- pyrrolidine, or a 

Etarmaceutically acceptable acid addition salt thereof. 

s14 

5'S. A method according to Claim 57 comprising administering a therapeutically effective 

fount of 1-[( 1- hydroxymethylcyclopent- l- yl) aminojacety l- 2- cyano-(S )-pyrrolidine. 

39. A method according to Claim 52 comprising administering a therapeutically effective 

amount of 1- [3- (isopropoxy)propylamino ]acetyl- 2cyano-(S)- pyrrolidine, or a 

pharmaceutically acceptable acid addition salt thereof. 

Ql 

60. A method according to Claim 59 comprising administering a therapeutically effective 

amount of 1- [3- (isopropoxy)propylamino ]acetyl- 2- cyano-(S )-pyrrolidine monohydrochloride. 

r 
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Abstract of theDisc)osurt: 

The invention discloses certain N {substituted glycyl )-2- cyanopytmlidines, 
pharmaceutical compositions containing said compounds as an active ingredient thereof, and 
the use of said compounds in inhibiting di. peptidyl peptidase-W. 

Page 147 of 405



 

t, 

Casa Nu, SOD- 7247,R 

DECLARATION AND POWER OP ATTORNEY POE 
UNITED STATES PATENT APPLICATION 

As a below named inventor, I hereby declare that 

My residence, post office address and citizenship are as stated below next to my name, and 

I believe that lam the original, first and sole inventor (if only one name is listed below) or an 

original, first and joint inventor (if more than one name is listed below) of the subject matter which is 

claimed and for which a United States patent is sought on the invention entitled 

N- (SUBSTITUTED GLYCYL )-2- CYANOPYRROLIDINES, PHARMACEUTICAL COMPOSITIONS 

CONTAINING THEM AND THEIR 135E IN INHIBITING DIPEPTIDYL PEPTIDASE -1V 

the specification of which 

[ X ] is attached hereto, 

[ ] was filed on , 19 as application Sedal No, / , , and, if these brackets contain an 

0 X { ], was amended on ,19 : 

`J [ ] was filed as Patent Cooperation Treaty international application No, on 

19 , if these brackets contain an X [ ], was amended under Patent Cooperation Treaty 

U Article 19 on , 19 , if these brackets contain an X [ ], entered the national stage 

CO, 

t-5 
in the United States on , 19 and was accorded Serial No. / , and, if these 

= brackets contain an X [ ], was amended on , 19 . r 
I hereby state that I have reviewed and understand the contents of the above -identified 

.specification, including the claims, as amended by any amendment(s) referred to above. 

I acknowledge my duty to disclose all information which is known by me to be material to 

patentability as defined in Title 37, Code of Federal Regulations, §1,56. 

I hereby claim the benefit under Title 35, United States Code, §119 of any foreign application(s) 

for patent or inventor's certificate indicated below and of any Patent Cooperation Treaty international 

application(s) designating at least one county other than the United States indicated below and have also 

identified below any foreign application(s) for patent or inventor's certificate and Patent Cooperation 

Treaty international appiication(s) designating at least one country other than the United States for the 

same subject matter and having a filing date before that of the application for said subject matter the 

priority of which is claimed: 

Page 148 of 405



, 

Case No. 600- 7247/R 

£gummy Number Fling nntc Priority ClaimeA 

[ ] Yes [ ] No 

[ ] Yes [ ] No 

[ ] Yes [ ) No 

[ ] Yes [ ] No 

[ ] Yes [ ) No 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States 

application(s) listed below and of any Patent Cooperation Treaty international application(s) designating 
the United States Listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in said prior application(s) in the manner required by the fast paragraph of Title 35, 

United States Code, § 112, I acknowledge my duty to disclose all information known to me to be 
material to patentability as defined in Title 37, Code of Federal Regulations, §1.56 which became 
vailable between the filing date(s) of the prior application(s) and the national or Patent Cooperation 

,gireaty international filing date of this application: 

2i+pplication Status (Pending, Abea- 
,ierial No gj[ dog] or Patented) 
Li 

F 

Col I hereby appoint the following: 

ROBERT S. HONOR 

THOMAS O. MCGOVERN 

MELVYN M. KASSENOFF 

JOSEPH J. BOROVIAN 

DIANE E. FURMAN 

CARL W. BATTLE 

JOHN L. CHIATALAS 

CAROL A. LOESCHORN 

MICHAEL P. MORRIS 

THOMAS C. DOYLE 

Reg. No. 22,801 

Reg. No. 25,741 

Reg. No. 26,389 

Reg. No. 26,631 

Reg. No. 31,104 

Reg. No. 30,731 

Reg. No. 31,818 

Reg. No. 35,590 

Reg. No. 34,513 

Reg. No. 22340 

Page 149 of 405



r 

Caw No. 6J0- 72471lí 

respectively and individually, as any attorneys and/or agents, with full power of substitution and 

revocation, to prosecute this application and to transact all business in the Patent and Trademark Office 

connected therewith. Please address all communications to ROBERT S. HONOR, SANDOZ 

CORPORATION, 59 Route 10, East Hanover, New Jersey 07936-1080, whose telephone number is 201- 

503 -8485. 

I hereby declare that all statement made herein of my own knowledge are true and that all 

statements made on information and belief are believed to be true; and further that these statements were 

made with the knowledge that willful false statements and the like so made are punishable by fine or 

imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 

false statements may jeopardize the validity of the application or any patent issuing thereon. 

Sole inventor or 

drat joint inventor: Full name : Edwin Bernard Villhauer 

03 Signature Zit ¿ltn _l SI6 
`-J 
_E Date 1V7 

411 Citizenship S.A. 

.,O Residence . 20 Dorothy Drive 

u, 

M 

.;,Second joint inventor, 

Many: Full name 

Signature 

Date 

Citizenship 

Residence 

Morristown, N.J. 07960 

P.O. Address . Same as above 

P.O. Address 

IMPORTANT. Before the declaration is signed, the patent application (the specification, the claims 

and this declaraton) must be read and understood by each person signing it, and no changes may be 

made in the application after this declaration has been signed. 

Page 150 of 405



Page 151 of 405

 
Page 151 of 405



Biochemistry 1999, 38, 11597 -11.603 11597 

Articles 

NVP- DPP728 
(1- [[[2 -[(5- Cyanopyridin- 2- yl)amino]ethyl] amino] acetyl ] -2- cyan- (S)- pyrrolidine), a 

Slow- Binding Inhibitor of Dipeptidyl Peptidase IV 

Thomas E. Hughes,* Manisha D. Mono, Mary E. Russell, Stephen C. Weldon, and Edwin B. Villhauer 

Metabolic and Cardiovascular Diseases Research, Novartis Institute for Biomedical Research, 556 Morris Avenue. 
Summit, New Jersey 07901 -1398 

Received April 12, 7999; Revised Manuscript Received July 2, 1999 

ABSTRACT: Inhibition of dipeptidyl peptidase IV (DPP -IV) has been proposed recently as a therapeutic 
approach to the treatment of type 2 diabetes. N -Subst ituted- glycyl- 2- cyanopyrrolidide compounds, typified 
by NVP-DPP728 ( 1-[[[ 2-[( 5- cyanopyridin- 2- yl)atnino]ethyl] amino] acetyl ] -2- cyan -(S)- pyrrolidine), inhibit 
degradation of glucagon -like peptide -1 (GLP -1) and thereby potentiate insulin release in response to glucose - 
containing meals. In the present study NVP- DPP728 was found to inhibit human DPP -IV amidolytic 
activity with a K; of 1. 1 nM, a k,,, value of 1.3 x 105 M -r s 1, and a knit of 1.3 x 10 -3 s -1. Purified bovine 
kidney DPP -IV bound 1. mol /mol [14C] -NVP- DPP728 with high affinity (12 nM Kd). The dissociation 
constant, k,», was 1.0 x 10 -3 and 1.6 x 10 -3 s-1 in the presence of 0 and 200 pM H -Gly -Pro -AMC, 
respectively (dissociation 1V2 -10 min). Through kinetic evaluation of DPP -IV inhibition by the o- antipode, 
des -cyan, and amide analogues of NVP- DPP728, it was determined that the nitrite functionality at the 
2- pyrrolidine position is required, in the 1.- configuration, for maximal activity (Kl of 11 nM vs K; values 
of 5.6 to >300 uM for the other analogues tested). Surprisingly, it was found that the D- antipode, despite 
being -500 -fold less potent than NVI'- DPP728, displayed identical dissociation kinetics (Icily of 1.5 x 
10 -3 CI). N V P- DPP728 inhibited DPP -1V in a manner consistent with a two -step inhibition mechanism. 
Taken together, these data suggest that NVP- DPP728 inhibits DPP -IV through formation of a novel, 
reversible, nitrile- dependent complex with transition state characteristics. 

Dipeptidyl peptidase 1V (DPP -IV, PC 3.4.14.5)1 is a post - 
proline cleaving serine protease with significant sequence 
and structural similarity to other ct-ß- hydrolases (e.g., prolyl 
oLigopeptidàsc, acetylcholinestcrase). DPP -A' is found through- 
out the body, both circulating in plasma and as a type II 
membrane protein produced by a variety of tissues, including 
kidney, liver, and intestine. DPP -IV may play a role in 
cleavage and inactivation of biologically active peptides with 
accessible amino- terminal Xaa -Pro- or. Xaa -Ala- sequences 
(1, 2). Indeed, DPP -IV degrades and regulates the activity 
of several regulatory peptides in man (including the gut 
peptide "incretin" hormone glucagon -like peptide -1 (GLP- 
1), growth hormone -releasing hormone, and gastric inhibitory 
polypeptide). Due to the impressive antidiabetic actions of 
GLP -.1, DPP -7V inhibition has been proposed as an intriguing 
new approach to the therapy of type 2 diabetes mellitus (3). 

Several classes of DPP -IV inhibitors bearing transition 
state mimics have been identified, and their kinetic properties 
have been extensively investigated. Peptidyl (a- aminoalkyl)- 

Author for correspondence. Tel: 908 -277 -7336. Fax: 908 -277- 
772X. E-mail: thomase .hughes @pharma.novmtis.cnm. 

Abbreviations: NVP DPP728, 1 [[[2 [(5 cyanopyridin 2yllamino1 
edtyl]amino ]acetyl]- 2- cyano-(S)- pyrrolidine; DPP -IV, dipeptidyl pep- 
tidase W; pNA, p- nitroaniline. 

phosphate diphenyl ester inhibitors of DPP -IV bind with low 
affinity (10 -' M ICs, values) but rapidly fort highly stable 
covalent complexes with the active site serine residue of 
DPP -1V (4). Pro -boroPro and related analogues bind with 
high affinity (K1 ^ 10 -" M) in a reversible manner (half- 
life of enzyme- inhibitor complex - 150 min; 5). The 
boronic acid analogues, however, are unstable in solution 
due to reversible intramolecular cyclization, and also inhibit 
dipeptidyl peptidase II, a related serine protease. Irreversible 
"suicide substrate" metbylsulfonio cyclopeptide inhibitors 
have been described (6) as mechanistic tools but may not 
be suitable for therapeutic use. Although a series of (V- 
hydroxyacyl amide) aminodicarboxylic acid pyrrolidides 
have been described, only relatively unselective inhibitors 
with micromolar potency have been prepared (7). Confor- 
imamally constrained tluoroole Fin- containing peptidyl -hy- 
droxylamine inhibitors also have been described (8), but 
isolation of enantiomerically pure compounds requires 
tedious separation of diastereomers. For these reasons, new 
chemical classes of selective and potent DPP -IV inhibitors 
arc of interest and needed in order to evaluate the feasibility 
and efficacy of DPP -IV inhibition as a therapeutic approach. 

Recently, DPP -1V inhibitors with 2- cyanopyrrolidide Pl 
substituents have been reported (9, 10). These compounds 
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Chart I. Structures of NVP-DPP728 and Analogs 
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bind to DPP -IV several orders of magnitude more tightly 
than the corresponding pyrrolidide analogues (e.g., K; values 
for isoleucinc- 2- cyanopyrrolidide and isoleueine pyrrolidide 
are 2 and 400 aM, respectively; 10, II). Similar potency is 
observed with a new class of cyanopyrrolidide inhibitors, 
termed A'- substituted- glycyl- 2- cyanopyrrolididc compounds 
( /2). Recently, NVP- DPP728 (see Chart 1), a novel deriva- 
tive of this class, has been identified as a potent and selective 
DPP -IV inhibitor for use in the treatment of diabetes mellitus 
(example no. 5 in ref 12, described also in ref 13). NVP- 
DPP728 inhibits human and rat plasma DPP -IV with 1Csa 
values in the range of 5 -10 nM with > 15 000 -fold selectiv- 
ity relative to DPP -11 and a range of proline- cleaving 
protcascs (13). This compound shows promise as an antidia- 
betic agent due to its ability to preserve the integrity of 
GLP -1 (13) and improve glucose tolerance (14). 

While dipcptide -like pyrrolididc compounds (e.g., valine 
pyrrolidide) inhibit DPP -IV through simple reversible com- 
petitive binding (11), the kinetic properties of nitrile- 
containing inhibitors have not been rigorously evaluated. In 
a brief communication, Li and colleagues (9) reported that 
dipeptide cyanopyrrolidide compounds generate competitive 
or mixed inhibition profiles and postulated that the mecha- 
nism of inhibition involves formation of an imidate inter- 
mediate, (comparable to the thioimidate intermediate state 
known for nitrile- cysteine protease complexes; 15, 16). 

We hypothesized that imidate formation for nitrile DPP - 
IV inhibitors, if analogous to cysteine protease inhibition, 
should display slow -binding inhibition kinetics. A series of 
studies, focused on NVP- DPP72S, have been undertaken to 
define the kinetic and molecular mechanisms for responsible 
for the potent inhibition of DPP -IV by eyanopyrrolidine 
compounds. Here we report that NVP- DPP728 inhibits DPP - 
IV by a slow- binding mechanism and that the rate of 
inactivation is dependent upon L- chirality of the pyrrolidinc 
nitrite functionality. The binding affinity and rate of dis- 
sociation of bound inhibitor determined by kinetic experi- 
ments were further confirmed by direct binding measure- 
ments using radiolabeled NVP- DPP728 and DPP -IV highly 
purified from bovine kidney cortex. 

EXPERIMENTAL PROCEDURES 

Materials. Bovine scrum albumin, bromelain, calf intes- 
tinal adenosine deaminase, CNBr- activated Sepharose 4B, 

Hughes et al. 

andp- nitroanilinc were from Sigma (St. Louis, MO). I[ :Ala - 
Pro-pNA was from Barber) (King of Prussia, PA). Bovine 
kidney cortices were obtained from Pell Freeze Biological 
(Rogers, AR). The human colonic carcinoma cell line Caco -2 
was obtained from the American Type Culture Collection 
(ATCC HTB 37). 

Inhibitors NVP-DPP728 was prepared as described (com- 
pound no. 5 in ref /2). The oantipode, des -cyan, and timide 
analogues ofNVP- DPP728 were prepared as described (13). 
Dr. Tapan Ray (Novartis Radiosynthcsis I ahoratory), in- 
corpurating the label at the carbonyl carbon, kindly provided 
114C1 -NVP- DPP728 (specific activity 49 mCVmmol). 

Preparation of flmnau and Bovine DPP -IV Where 
indicated, human DPP -IV preparations consisted of extracts 
of Caco -2 cells (17), cultured as previously described to 
induce differentiation (18). Cell extract containing human 
DPP -IV was prepared from cells solubilized in 10 mM Tris- 
HCI, 0.15 M NaCI, 0.04 tin aprolinin, 0.5% nonidet -P40, 
pH 8.0, by centrifugation at 35 000g for 30 min at 4 °C to 
remove cell debris. The preparations contained approximately 
30 mU DPP -IV /mg (-0.6 pg/mg of protein; 1 unit cleaves 
1 umol ofH -Air- Pro- pNA/min; enzyme content derived from 
V,,,,,, determined using Gly- Pro- 4- nitroaniline, using a theo- 
retical maximal activity of 55 U (mg as described (19)). 
Bovine DPP -1V was purified from kidney cortex using 
adenosine dean-linage (ADA) affinity chromatography as 
previously described (20). Following digestion of a micro - 
somal membrane fraction with bromelain, the resulting 
soluble protein was resolved by sequential Q- Sepharose, 
ADA- Sepharose 4B, and Mono -Q chromatography to yield 
a >90% pure DPP -1V enzyme preparation with a molecular 
weight by SDS PAGE of 105 kDa (specific activity was 
20 units /mg of protein). 

Kinetics of Inhibition r f DPP -IV. The progress of DPP - 
IV inhibition by the indicated compounds was measured 
under pseudo- first -order inhibition conditions, i.e.. [loi ? 10- 
1E01, by reacting DPP -IV with a mixture of inhibitor and 
substrate and recording the liberation of fret pNA at 405 
nm. Unless otherwise indicated, all reactions were conducted 
using 20 ttg of extract protein in 25 mM Tris -HCI, 140 mM 
NaCI, IO mM KCI, I% bovine serum albumin, pH 7.4, at 
25 °C (referred to as "assay buffer"). Under these conditions, 
K,a for H -Ala- Pro -pNA was 73 uM. Reaction progress was 
monitored using a Molecular Devices SpectraMax Plus 
microplate spectrophotometer (Sunnyvale CA). Reactions 
were 0.15 mL of final volume, initiated by the addition of a 
5 uL aliquot of enzyme stock and mixed using the automated 
mixing feature of the SpectraMax reader. Total elapsed time 
between enzyme addition and the initiation of data collection 
was less than 30 s. Readings were taken every 10 s for a 
total of 1000 s, and initial (blank) absorbance values vvcre 
subtracted from the data prior to subsequent calculations. 
Data were exported to Microsoft Excel and subsequently into 
the data analysis package Origin (Microcal Software Inc., 
Northampton, MA) where curve fitting was performed. Data 
were fitted to the integrated rate equation for slow binding 
inhibition (eq 1) according to the method described by 

A = vst+ (vo - vr)(1 - e-k')/K +Ao 

Williams and Morrison (1979), by nonlinear regression 
analysis. Values for un (initial rate), c, (final steady -state rate), 
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FIGURE 1: Dose -response curve of DPP -IV inhibition by NVP- 
DPP728. Following a 10 -min preincubation of human DPP -IV with 
the indicated concentrations of inhibitor, the reaction was initiated 
by the addition of H -Ala- Pro -pNA (166 pct final concentration). 
Values are means f SENT of three independent experiments. The 
line represents the logistic function with upper and lower asymptotes 
and slope fixed at 100, 0, and 1, respectively. The ICso value derived 
from these data is 14 nM. 

k' (apparent rate constant for the transition from vo to v_,), 

and A0 (the initial absorbance at 405 nm) were obtained for 
each progress curve. These values were subsequently used 
to generate knn (association rate constant), k,rr (dissociation 
rate constant), and K; values as described in the Results. 

Radiolabeled Inhibitor Binding. Binding and dissociation 
of [14C]- NVP -DPP728 were studied by incubating 2.5 lug 
(23 pmol) of purified bovine kidney DPP -IV with inhibitor 
in a volume of 4 mL of 50 mM Tris -HC1, pH 8.0, for 5 min 
at 25 °C, followed by capture on DEAE cellulose membrane 
disks (25 mm diameter, Schleicher 8c Schnell). Bound 
enzyme was rapidly washed with I mL of the sante buffer 
at 4 °C, and both bound and eluted 14C were quantified by 
liquid scintillation counting in a Beckman (Columbia, MD) 
LS6000IC scintillation counter with quench correction 
(counting time was 20 min or 2% of a). Nonspecific binding, 
less than 10% of the total bound activity, was determined in 
the presence ofa 1000 -fold excess of nonradioactive NVP- 
DPF728. For determination of dissociation rates of the 
enzyme -inhibitor complex, bovine kidney DPP -TV was 
incubated (2.5 fig/time point) as above with 1000 nM [14C]- 
NVP- DPP728 for 10 min, followed by capture with 100 pL 
of a 5:1 (gel:buffer) shiny of ADA- Sepharose 413. The 
samples were then incubated with mixing for 20 min, and 
enzyme -bound inhibitor was collected on a 0.45 pm nylon - 
66 membrane (Rainin, Woburn MA). The resin (with 
immobilized labeled inhibitor) was resuspended in 10 mL 
of buffer GEL] after dilution was 23 mM). At the indicated 
time points, samples were removed and quickly filtered 
through Whaunan type 1 filter paper disks (2.5 cm). The 
trapped resin was rapidly washed with 1 mL of ice -cold assay 
buffer, and both trapped (enzyme bound) and eluted (free) 
inhibitor were quantified by scintillation counting. Blanks 
containing radiolabcled inhibitor, but no enzyme, were 
subtracted from both the bound and free counts and were 
less than 10% of the total radioactivity. Dissociation curves 
were plotted as the log of the fraction of initial bound enzyme 
versus time following dilution. Off -rates were calculated as 
the slope of these plots. 

Inhibitor Stability. Under the conditions employed, NVP- 
DPP728 undergoes intramolecular cyclization, yielding a 
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FIGURE 2: Lineweaver -Burk plot of DPP -IV activity measured 
in the presence of varied concentrations of NVP- DPP728 and 
substrate. Inhibitor effects were assessed as described in the legend 
to Figure I, except both inhibitor and substrate concentrations were 
varied. Symbols correspond to different inhibitor concentrations 
es indicated in the legend. Values are rne:ms of triplicate determina- 
tions in which the standard deviations were less than 5% of the 
mean values. Lines shown are the least -squares linear regression 
lines. 

0.25 - 

0.20 - 

0.15 - 

0.10 - 

0.05 - 

0.00 - 

rata nv 
nome 

A menue 
ou mm 

Une 

rf 
f 

ra 

0 200 400 600 800 1000 

Time (sec) 
FIGURE 3: Slow -binding kinetics for the inhibition of DPP -IV by 
NVP- DP0728. Progress curves for pNA generation were recorded 
over 1000 s (16.7 min) at 405 mn. Measutetnent was done in 25 
mM Tris -IICI pI -I 7.4, 140 mM NaCI, 10 tmht KC1, and 1 wt % /vol 
bovine tenuto albumin in the presence of 166,0M H -Ala -Pro -pNA. 
Values arc shown corrected for background absorbance (ap- 
proximately 0.03 AU). Symbols correspond to different inhibitor 
concentrations as indicated in the legend. Values are from one of 
three replicate studies. 

cyclic imidate product, with a half -life of approximately 72 
h. Accordingly, less than 1% of the compound is expected 
to cyclize during the time frame of the current investigations. 

RESULTS 

NVP- DPP728 fully inhibited H -Ala- Pro -pNA cleavage by 
DPP -IV derived from human colonic adenocarcinoma cells 
with an IC50 value of 14 nM (Figure 1). NVP- DPP728 
displayed complex inhibition kinetics when assessed graphi- 
cally by Lineweaver -Burk analysis (shown for illustrative 
purposes in Figure 2), consistent with results reported (9) 
for Xaa- cyanopyrrolidide compounds. Assessment of reaction 
progress curves in the presence of varied inhibitor concentra- 
tions revealed a clear time- dependent approach to steady 
state, characteristic of slow binding inhibition kinetics (Figure 
3). These progress curves were fitted to eq 1 to determine 
values for km,', the association rate constant for inhibitor 
binding. Values for k' were plotted against the inhibitor 
concentration, [Io] (Figure 4). A linear dependency between 
[To] and k' was observed and fitted (eq 2) to obtain estimates 
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Table 1: Kinetic Constants for DPP -L \' Inhibition by Pyrrolidinc Compounds' 

P l' substihunP 

compd S R K, (pM) 

NVP -DPP728 CN H 0.011 f 0.004 
D- antipode II CN 5.6 f 1.4 
des -eyano H FI 15.6 f 3.6 
amide CONTI, El 320 tg 118 

Pro- boroProt B(OH)r El 0.000016 
Pro- t'ro(OPhb Prn(OI'h): H 0 

k, (I0r M"' s ') kba (s') El half -life (h) 

127 t 27 
0.27 f 0.03 
rapid 
ND 

(1.3 f 0.2) x 10 ° 

(1.5 t 0.2) x 10 '; 
rapid 
ND 

0.14 
0.13 
<0.01 
ND 

5000 0.078 z 10-' 2.5 
7 0.02 irreversible >672 

Reactions were performed al 25 °C in 25 man Tris -LICI, pH 7.4, containing 140 nn:l NaCI. 10 mM KCI, 1)1, bovine scrum albumin, and 166 
pM 1I -Ala- Pro- pNA.Values are means t standard deviations for three experiments, 'Functional group present at the pyrrolidine - -2- position. `-' Values 
are from Oul icit and Bacltovchin (5) and from Lambeir el al. (23), respectively. ND: not determined. El half -life values were calculated as the 
ratio of 0.693!k °n. 
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Flo wit 4: Determination of the association rate constant k,,,; from 
a plot of K vs [I °]. The line represents a least squares linear fit of 
the indicated E and I (NVP- DPP728 concentration) values. k' values 
were calculated according to cq 2. The line predicts a slope (k,,') 
of 0.47 AM); s-1. Values are means ± SEM of three separate 
experiments. 

k' = kotr+ k-nn [lo] (2) 

of k,,,,' and kor. The rate constant k,,,; was subsequently 
corrected for the competition of the substrate using eq 3, 

ken = ko,.(I+ [So] /Km) (3) 

where [So) is the concentration of the chromogenic substrate 
and Km is the separately determined Michaelis- Menton 
constant. Kí values were determined using a direct, non- 
linearizing plot of u, vs T, fitted to eq 4. 

= vc /(([Io] /K;') + 1) (4) 

K; was subsequently calculated from K; according to eq 
5. 

Ki = K ;'/(t + [S0] /Km) (5) 

The inhibition constants for NVP- DPP728, its D- antipode, 
and its des -cyan and amide analogues, determined in three 
separate experiments, are shown in Table 1. Potency ofNVP- 
DPP726 was strongly dependent upon the presence and 
chirality of the Pl nitrile functionality. By alteration of the 
orientation (r.- to D -) of the nitrile- pyrrolidine bond, 
approximately 500 -fold loss of potency was observed. By 
removal of the nitrile substituent altogether (hydrogen 
replacement), a 1000 -fold loss of potency resulted. 

Similarly, placement of a more bulky avide substituent 
with substantially less dipole character in place of the nitrile 
resulted in a 30 000 -fold loss of potency. These results 
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FIGURE 5: Dissociation of the NVP- DPP728 -DPP -IV complex 
following dilution into substrate. An aliquot of DPP -IV enzyme 
previously incubated in the presence of 0 (squares) or 300 (circles) 
rM L -NVP- DPP728 was diluted 100 -fold into I utM TI- Ala -Pro- 
pNA, in assay buffer. Dissociation was monitored by substrate 
hydrolysis (absorbance at 405 ma). Absorbance readings were taken 
every 15 s for 30 min. 

indicated that the nitrile functionality, in the L.- (or s -) 
configuration, imparts approximately 3.9 kcal/mol of binding 
energy compared to the dcs -cyan ( -H) analogue. 

Inhibitor dissociation was studied by diluting the pre- 
formed NVP- DPP728 /DPP -TV complex into a concentrated 
substrate solution such that the complex concentration was 
approximately 150 -fold less than K¡ and the SIK,,, ratio was 
>I0. Figure 5 shows that the DPP -IV enzymatic activity 
was slowly recovered from the inhibitory complex, indicated 
by the nonlinear increase in rate relative to the control curve. 

A value for k' was determined from the upwardly concave 
curve by fitting the data to eq 1, in which k' represents the 
rate for reestablishment of the steady -state equilibrium 
between DPP -IV and NVP- DPP728iDPP -IV complexes 
following dilution. A value for k_2 (Table 2, 1.4 ± 0.5 x 
10 -' s I) was then derived by linear regression from a plot 
of k' against I (not shown), where the y- intercept is taken as 
the rate constant for decay of the NVP- DPP728 /DPP -1V 
complex, as described (22). Comparison of disassociation 
rates calculated for the des-cyan analogue of NVP-DPP728 
and the amide analogue (Table 1) indicate that the presence 
of the nitrite functionality of NVP- DPP72S imparts potency 
by promoting formation of a relatively Iona -lived complex. 

Equilibrium binding experiments were carried out using 
[14Cj4abeled NVP- DPP728 in order to confirm the results 
obtained by kinetic methods and to assess the potential for 
effects of substrate on enzyme- inhibitor dissociation. The 
compound was bound to bovine kidney DPP -TV, and ET 
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Table 2: NVP- DP11728 Affinity and Dissociation Constants 
Determined by Kinetic and Binding Methods 

method 
[Sn] K; k,.r 

(pM) (nM) (s-') 
Kinetic Methods 

initiated by enzyme addition' 166 11 t 4 (1.3 i 0.2) x 10 -' 
1000 is ± 1 (1.5 ± 0.3) x 10 -3 

initiated by dilution of EP' 166 16 ± 4 (1.5 ± 0.5) x 10 -3 

Binding* Methods 
without substrate 0 12 ± 2 (1.0 ± 0.1) x 10 -' 
with substrate 200 ND D.6±0.1)x 10 -3a 

° Reactions were initiated by the addition of enzyme and were 
performed at 25°C in 25 mM Tris -HCI, pH 7.4, containing 140 mM 
NaCI, 10 mM KCI, l% bovine scrum albumin, and H- Ala -Pro-pNA 
as indicated. h Reactions were initiated by 100 -fold dilution of enzyme 
prcittcubated for 60 min with NVP- DPP728 into buffer containing 
substrate. Inhibition constants were determined as described in the 
Results. ' Binding and dissociation of [11C] -NVP- DPP728 to purified 
bovine kidney DPP -IV was measured at 25 °C in 50 mM Tris-HC!, 
pH 8.0, and 150 mM NaC1. Following washing of DPP -IV saturated 
with í14C1-N VP- DPP723 and dilution into buffer containing 0 or 200 
pM Crly -Pro -AMC, bound and free inhibitor were collected by filtn,tion 
and quantitated by scintillation counting. ' Significantly different front 
0 substrate value (p < 0.0001 by Student's f test). ND: not determined. 

o 

a 
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2 fr 
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ao 
2 

Bout' (nM) 

100 150 200 250 300 350 400 

[10C] -NVP DPP728 (nM) 

FIGURE 6: Equilibrium binding of [14C] -NVP- DPP728 to bovine 
kidney DPP -IV. Aliquots (2.5 rig) of bovine DPP -IV were diluted 
into 50 mM Tris -HCI, pH 8.0, containing 0 -300 nM [14C] -NVP- 
DPP728. Following a 10 -min incubation, enzyme -bound inhibitor 
was separated from free inhibitor and quantified by scintillation 
counting. The data represent the mean (SEM) of three independent 
experiments. 

complexes were adsorbed onto DEAL cellulose disks. After 
subtraction of nonspecific binding, the data were fit (Figure 
6) according to eq 6, where [El] is the concentration of 

[EI] = [Etoial] [I]/(Kn + [I]) (6) 

enzyme - inhibitor complex, [I] is the free inhibitor concen- 
tration, [E,o;a1] is the enzyme concentration, and Ka is the 
dissociation constant (equivalent to Ki). 

The calculated K3 and [E,aa,t] derived from these data were 
11.5 h 1.8 nM and 10.0 rE 0.4 nmol/mg of protein, 
respectively. On the basis of a unit molecular weight of 
110 000 Da, approximately 1 mol of binding was observed 
per mol of enzyme. The data also were plotted according to 
the method of Scatchard (24) (see eq 7, inset to Figure 6), 

[EI] /[I] = ([EI]max - fEI]) /Kd (7) 

where the slope of the fit line is equal to 1 /Kd and the 
x- intercept is equal to [EI]ma,. The Ka value obtained by this 
method was 8.6 nM, in agreement with the value obtained 
by both the saturation binding and kinetic methods. The 

Scheme 1 
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E+I=EI t 
E+1 

(A) 

E ^ E' +I EI' (C) 

x- intercept (6,3 nM), equal to the concentration of binding 
sites, agreed well with the enzyme concentration of 5.7 nM. 
Thus, using equilibrium binding measurements with radio - 
labeled compound, it was possible to confirm the affinity 
measurements obtained using kinetic methods and to sub- 
stantiate a model for single -site, competitive binding. 

Since the both the o- antipode and the des -cyano analogue 
of NVP- DPP72S were found to have similar, low potency 
(K1 values of 5.6 and 15.6 04, respectively), it appeared 
that L- chitality was required for high-affinity binding of the 
nitrile functionality. Surprisingly, evaluation of the inhibition 
kinetics for the D- antipode revealed essentially identical 
dissociation rates (kar values of 1.5 and 1.3 x 10 -3 s-1 for 
the D- and L- isomers, respectively). Because the pair of 
inhibitors bind with markedly different association rates (127 
x 103 vs 0.27 x 10' M -' s-1), but dissociate with identical 
kinetics, a series of experiments were performed to dissect 
the mechanism of stow binding. 

As described above, reaction progress curves obtained in 
the presence of a range of inhibitor concentrations indicated 
that NVP- DPP728 obeyed slow- binding inhibition kinetics. 
This behavior was indicated by the observation that NVP- 
DPP728- mediated inhibition of H -Ala- Pro -pNA cleavage 
approached steady -state equilibrium on a time scale of 
minutes under tic conditions employed and the data could 
be fitted robustly to the slow- binding equation (22). Three 
mechanisms have been proposed that describe slow- binding 
behavior (Scheme 1, after Cha (25)). 

In mechanism A, enzyme (E) binds to the inhibitor (I) in 
a slow step to fonn a tight EI complex. In mechanism B, a 
loose EI complex forms rapidly and is followed by a 
(relatively) slow isomerization to a tight EI* complex. 
Mechanism C describes a slow isomcrization of free enzyme 
(E) to form E* which can rapidly and tightly bind I, forming 
a tight El* complex. To discriminate between the binding 
mechanisms, the relationships observed between I and k', 
and between I and vo, were assessed. The initial velocity 
(ye) was found to be significantly inhibited in proportion to 
the inhibitor concentration (Figure 7) for NVP- DPP728, a 
finding inconsistent with mechanism A in which uo is 
predicted to be unaffected by the concentration of inhibitor 
(22). 

The observation that the first -order rate constant K 
increased with increasing inhibitor concentration (illustrated 
in Figure 4) was consistent with mechanisms A and B but 
not mechanism C, in which. K should decline with increasing 
inhibitor concentration. For this reason, mechanism 13 appears 
to best explain inhibition of DPP -IV by NVP- DPP728. 

Dissociation studies employing radiolabeled NVP- DPP728 
were conducted with purified bovine DPP -W to confirm the 
binding constants determined by kinetic means using DPP - 
IV contained in cell extracts. For these studies, purified 
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Scheme 2. Proposed Model for Inhibition of DPP -IV by 
NVP -DPP728 25 

2.0 

to 1.5 

x 

0.5 

0.0 
0 200 .100 600 sec 

[NVP DPP728] (r11V1) 

FIGURE 7: Dependence of initial velocities (vu) on NVP- DPP728 
concentration. Data represent initial velocity (t) values derived 
using eq 1 from progress curves measured as described in Figure 
3. Measurement was done in 25 nM Tris -ECI pit 7.4, 140 mM 
NaCI, 10 mbi KCI, and 1 wt % /vol bovine serum albutnin in the 
presence of 1 mM H- Ala -Pro -pNA. Values shown are means (SEM) 
of three experiments. 

bovine kidney DPP -IV was saturated with [14C]- labeled 
NVP- DPP728, trapped with ADA- Sepharose, washed, and 
resuspended in buffer (with or without 0,2 mM H- Gly -Pro- 
AMC) such that the concentrations of enzyme and inhibitor 
were < 0.2 K;. The concentrations of free and bound inhibitor 
were determined at 0, 1, 2, 3, 4, 6, 8, and 10 min after 
resuspension in buffer. The data. (percent hound vs time) were 
fitted to a single- exponential decay curve (eq 8), where [El], 

[El] _ [EI]oert` (S) 

[Ella, and k are the concentration of enzyme-inhibitor 
complex at time- t, the concentration of complex at time 0, 
and the rate constant, respectively. The half -life for inhibitor 
dissociation was taken as the natural log of 2 (0.693) divided 
by the rate constant and was determined to be 11.9 and 7.2 
min in the absence and presence of substrate, respectively 
(p < 0.0001 by Student's t test. Table 2). These results 
indicated that, although the effects were relatively minor and 
although the dissociation of the inhibitor Crum the enzyme- 
inhibitor complex occuned more rapidly in the presence of 
the dipeptide substrate than in its absence, die enzymatically 
determined kinetic results represented a reasonable prediction 
of dissociation kinetics. 

1000 

DISCUSSION 

We have identified a new class of potent cyanopynolidine 
inhibitors in which a glycyl Xaa amine moiety is substituted 
with aliphatic and aromatic substiments (12, 13). These 
inhibitors are remarkably specific for inhibition of DPP -IV 
relative to other post- proline and -alanine cleaving enzymes 
(e.g., prolyl oligopeptidase, aminopeptidase P, and DPP -II). 
We have assessed kinetic behavior of this series in detail, 
focusing in this report on NVP- DPP728. 

Through kinetic evaluation of DPP -IV inhibition by NVP- 
DPP728, as well as by direct measurement of radiolabeled 
inhibitor binding in the presence and absence of substrate, 
we have established that NVP- DPP728 derives its potency 
through a slow- binding inhibition mechanism. Formation of 
the high -affinity complex is dependent upon the nitrile 
functionality within this series. Substitution with a variety 
of other substitucnts (c.a., amide, hydrogen) is associated 
with a significant loss of inhibitory potency as well as a clear 

N 

I 

Dipole 
Interaction Sep,o 

-H - a ó 

\1 e 

$1 pocket 

S2 pocket 

Scr^oo 

çfr. 

` ( 

VofYxl 

S/13111,481 \u 
or /}r` 

Imldate 

Seto, 
N*SP \ 

a , 
s' podia' 

Amide 

loss of time- dependent function. Interestingly, while moving 
the nitrile from the r.- to the n-con figuration substantially 
reduces the overall potency of the compound, this loss of 
potency is due to a --500-fold slower binding rate (k,,,, Table 
1). Indeed, the dissociation kinetics for the I, and D- 
emmtiomers are identical, indicating that once formed, 
reversal of the high -affinity complex is independent of the 
nitrile orientation. 

While it is not presently possible to precisely determine 
the mechanism of binding of NVP- DPP728 to DPP -IV, 
structure- activity relationships support the involvement of 
several key interactions. First, the pyrrolidide ring interacts 
with the SI pocket, through van der Waals or hydrophobic 
interactions. Second, hydrogen -bonding and ionic interactions 
stabilize the peptide bond carbonyl and the P2 site basic 
nitrogen fiurctionalily, respectively. Third, hydrophobic 
interactions stabilize P2 site side -chain binding in the 52 
pocket. These interactions may occur equally with nitrite and 
non -nitrite inhibitors. The negative charge derived from the 
acid- base- nueleophile (Asp- His -Ser) charge relay in the 
vicinity of the nitrile carbon drives a dipole -hydrogen bond 
interaction (interactions with both a hydrogen bond donor 
and the negatively charged active site serine) or transient 
imidate intermediate. The free energy change associated with 
the nitrite functionality, approximately 3.9 kcaUmol, may be 
adequately explained by either approach, These alternative 
high affinity state models are depicted in Scheme 2. 

Although additional and novel inhibition mechanisms can 
potentially be forwarded, several consequences of the model 
shown in Scheme 2 can he feasibly approached and will he 
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addressed in subsequent communications. First, formation 
of an imidate intermediate should frequently proceed via 
hydra lion to yield a transformed amide byproduct (as 
observed for nitrile cysteine protease inhibitors; 26). A 
hydrogen- bond -stabilized dipole interaction would, in con- 
trast, be readily reversible, and inhibitor dissociation should 
generate unchanged parent compound only. Second, it should 
be possible to identify, through site -directed mutagenesis or 
through X -ray crystallography, the involvement of residues 
acting as bydmgcn bond donors, capable of stabilizing nitrile 
inhibitor interactions. Recently, a high- resolution X -ray 
crystallographic structure of prolyl oligopeptidase has been 
reported (27) in which a tyrosine hydroxyl residue has been 
demonstrated to participate in stabilization of the oxyanion 
intermediate formed during binding of Z- pro- prolinaldehyde, 
a highly potent slow -binding inhibitor. Prolyl oligopeptidase 
is a member of the a,ß- hydrolase family, closely related to 
DPP -IV. The observation that hydrogen- bonding interactions 
may contribute to the stabilization of catalytic intermediates 
could potentially extrapolate to DPP -IV. Indeed, the finding 
that DPP -IV and prolyl oligopeptidasc (28), both serine 
proteases, are strongly inhibited by nitrite -based inhibitors 
indicates that significant mechanistic differences may emerge 
which distinguish DPP -W and other a,ß- hydrolase enzymes 
from the major classes of serine proteases. 

As an agent under consideration for therapeutic utility in 
the management of a chronic disease (type 2 diabetes 
mellitus), NVP- DPP728 offers high potency, competitive 
behavior, and rapid reversibility. Since the long -term safety 
and side -effect profile of DPP -IV inhibitors has not been 
established in the Truman population, particularly with regard 
to inhibitor effects on peptide substrates other than GLP -1, 
compounds with rapid reversibility may have a safety 
advantage due to the ability of DPP -IV activity to recover 
on a daily basis. This may be of particular importance with 
regard to inhibitor effects on natural peptide substrates other 
than GLP -1 including growth hormone- releasing hormone 
(2) glucagon -like peptide -2 (29) and neuropeptides such as 

Substance P (30). Usc of NVP- DPP728 as an antidiabetic 
agent is predicated on the therapeutic effects of glucagon - 
like peptide -1 (GLP -I), a small peptide hormone produced 
by the intestine during the absorption of nutrients. GLP -1, 
with a His -Ala - amino terminus, is rapidly cleaved and 
inactivated by DPP -IV (2, 31). By preserving OLP -1 activity 
in circulation, DPP -W inhibitors are expected to improve 
insulin release following ingestion of meals, to suppress 
glucagon, a stimulus for hepatic glucose production, and to 
augment satiety (3). Thus rapidly reversible inhibitors that 
inhibit GLP -1 degradation, which are present during meal 
absorption and which are readily cleared from circulation, 
will exert a therapeutic effect while allowing other DPP - 
IV- mediated functions to be minimally affected. As an 
inhibitor with high potency and rapidly reversible inhibition 
kinetics, NTVP- DPP728 will allow for the safety and toler- 
ability of DPP -IV inhibition to be evaluated under conditions 
allowing intermittent recovery of enzyme function. 
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decreases of 2 -0,7% for the Sing or Wing doses. The overall tolerability 
profile of 01262570 was similar to Mai observed with other PPARy ago- 
nises, with dose.relnmd weight gain, hemoglobin decreases. and peripher- 
al edema. These data suggest that G1262570 will have clinical uNity ht the 

treatment of12DM. 
Parameter P 'mg 2mg Snug tong 
Numbero! 1naJcds (Inlenilotrat) n! 5`J hl Sx b! 
Baseline (B) F50 (mg/dL) 201 205 208 204 206 
FSG A from B at 4 weeks +21 -10' -20' -34' -54' 
PSG A from B at 12 weeks +22 411 -28' -48' -66' 
% orsiibjeds with 2 -30 mg/dLFSG A from B 11% 33%- 48 %' 74 %' 85;5` 
Baseline HbAlc ( %) 8.1 7.8 8.0 8.1 8.1 

HbAI° A vs. P at 12 weeks - -0.4V 41.8' -1.4' -1.9' 
HbA le¿Dom B at 12 weeks +1.1 +0.7 +0.3 -0.3 -0.7 
% ofsubjectswith2.0.7%11bAlcA 'from ß 3% 9% 19 %' 41%' 54 %r' 

Significance lavers vs. P: w = <005' _ <0.005 =<0.001 

158-OR 
hfonotherapy with 61262570, n TyrosinaDnsed Non- Tldtvalidinedbne 
PPARyAgonist ,SignifennllyReducnlhglye ridenodlnereasesHDL- 
C Concentrations in Patents Willi Type 2 Diabetes Mellitus 
OREO G. WILSON to MARTHAABOU-DONIA,1z LUCY PRIT1I,tz 
JAI PATEL,ts FRED T, FIEDOREK,11 STUDY GROUP- PPA20005,1 

Research Wangle Park, NC; Greenland, A9ddlnra, United Kingdom 
0/262570 Is a novel, non- tiiazolidiaediote, L- tyrosine -hosed peroxi- 

some proliferates-activated receptor gamma (PPAR7) agonist that is 
-1000 -fold more selçctive for human PPAIty compared to tite honest, 

PPARa isofonn. A total of 376 'Type 2 diabetes mellitus (T2DM) patients 
were randomized to receive either placebo (P) or one of 5 daily doses of 
61262570 (0.25, 1, 2, 5, or IOmg) in a 12 -week double -blind placebo-con- 
trolled study. Mean baseline fussing triglyceride (TO) and high density 
lipopmkin cholesterol (IIDL -C) concentrallorm are listed in the table. 
Approximately 60% of T2DM patient had mild tinting hypedeiglye- 
eridemia (HI) defined as TG > 150 mg/dL. 'Rodeo weeks of treatment 
with 01262570 resulted in significant metabolic improvement in fasting 
Wand /IDL- C(.ace table) along with changes in glycemleparameters that 
are described in a deputate abstract. The maximum reduction in TO was 
achieved within 4 weeks And the effect was maintained over 12 weeks, 
While metabolic improvement In TO and 1113L-C levels was observed 
across the range of T2DM patients regardless of baseline TO status, the 
greatest reductions were observed In subjects with mild/moderate HT. 
Apolipoprotein B levels fell by 8.14% for the 5mg and 10mg doses and 
there was also o non -significant decrease In LDL-C at these two 01262570 
doses. These findings suggest that 01262570 will enhance overall meta- 
bolic control for T2DM patients by improving the high TG /low HDL-C 
dyslipidemia associated wills T2DM as well as by improving hyper- 
glycemia. 
PARAMETER P 1mg 2mg 5mg 10mg 
Number of subjects (Intent- to:Beat) 67 59 61 58 67 
Baseline (B) TO (mg/dL) 170 200 185 199 179 

%TO A from 13 at 12 weeks +3% -6% -13 %9 -30 %+ -03 %' 
Baseline TG (mg/dL) HT group 269 302 261 322 268 
%'TO A from B atl2w'ksJIT group -7% -18% -19% -44% S3% 
Baseline EDL-C (mg/dL) 42 42 42 40 42 
% IdOL -C A from Bat 12 weeks 0% +4% +13 %' +12W +15W 

Significance levels vs. P: V = p <0.05 a = p <0005' =p <0.00I 

159 -OR 
Rasiglllaxono Liver Safety Update 
HAROLD E, LEBOVIT2:,11 ALAN SALZMAN,ta Brooklyn, NY 
Collegeville, PA 

Rosiglllazme Is a potent thiakotidinaiione for the treatment of type 2 

diabetes. The thiazaldinedione troglitazonc has been associated with 
hepatoloxieity, Including liver failure and hepatic-teletext deaths. To date, 
no signal of hepaloloxidty has been seen with rosiglilazone, which has 
been extensively cddaluated. 

The incidence in rosiglitazone-Izeated patient of ALT elevations greater 
Than 3x the upper lint of normal (ULN) was low and stroller to place- 
bo/comparators at Ma time ofFDAflingin November 1998, at which rhmo 

total exposure to rosiglitazone was 3600 patient years. Subsequently, expo- 
sure to rosiglitazone in clinical trials has substantially increased and as of 
November 1999 comprised over 5000 patient years including more than 
1000 patients treated for a 2 years. For all rosiglitamne -Irealed patients 

Abstracts froh the ADA 60th Scientific Sessions 

(including monotbompy and combination with SU or metfonain), Oro raie 
of ALT levels > 3x the ULN Is 0.30 esses per 100 patient years (see Table 
blow). This compares to 0.59 Cnaes per 100 patient years for placebo- 
treated patients and 0.73 casses per 100 paient years for SU- or melfamtin- 
jreeted patients. These me similar to Tho mies seen I year prior. 
Bates of ALT Levels > 3x ULN in the Rosiglitazouo'Dial Program 
(expressed os eases per 100 patient years) 

Roslglitazone Placebo SU or nietrenuln 
November 19911 

November 1999 

0.35 
0.30 

0.59 

0,59 

0.78 

0.73 
'includes monodicrapy and combination with SU or radfomtin 
In addition, rosiglitazone has been prescribed to over 250,000 patients, 

and Ores far the clinical trial experience hos been predictive of the resigli- 
larone safety experience in the marketplace. 

In conclusion, the current clinical trial and poshmarketng experience 
with rosiglitazone indicate no evidence of troglitmane -like hepalotoxicity. 

16D-OR 
Treatment wills a DPP -IV Inhibitor, NVP- D1P728, Increases 
Prandial batted GLP -1 Levels and Reduces Glucose Exposure in 
Humans 
PAUL ROTHENBERG," JYOTI KALBAG, HAROLD SMITH, 
RONALD OINGBRICH, JERRY NBDELMAN, EDWIN VILL- 
HAUER, MMES MCLEOD, THOMAS HUGHES, East Hintava; 

SL Charier, MO 
NVP- DPP728 is a highly selective, orally active inhibitor of d(pcptldyt 

peptidase -IV (DPP -IV) designed to augment theglucose-lowering activity 
of endogenously secreted GLP -e. Recent studies have demonstrated that 
NVP- DPP728 prevents N- terminal degradative inactivation ofGLP -I and 
improves glucose tolemnco In hisulln- resistant rat. The present crossover 
trial evaluated the single dose phamsacodynamies of NVP- DPP72R adrnin- 
istemd to 12 healthy nonnoglyamie volunteers. After an overnight fast, 
subjects were administered 100 mg NVI'APP728 or placebo, followed 30 
minutes Inter by a 1 WD keel solid noel (23g protein, 42g fat, 36g catbo- 
hydrate, etanderd FDA breakfast). Blood samples were obtained prcdose 
and rot up to 24 hone, after each dose for anelyaie of plasma glucose and 
insulin levels and also for active, undegmded OLP -1 levels by direct 
ELISA (Limo Research), NVP- DPP728 increased peak plasma levels of 
active GI-P -I (1532 vs. 932 pnwm, p = 0.018) And also increased active 
OLP -I prandial exposures, AUCoty -Ì1Aa 3 (28 ±4'vs. 1434 pmalXtJs't, p < 

0.0001). Prandial glucose excursions above baseline were reduced by 
NVP- DPP728 relative tuplmxobo (1233 vs 2034 mg.dl'I.h-', respectively, 
p = 0.04), while glucose excursions helot/ baseline were unchanged (- 
2214 vs. -1634, p"0,3). insulin excursions were not affected. No clinical- 
ly significant adverse events were observed. In addition, administration of 
NYP- DPP728 to fasting individuals was unaccompanied byclinially sig- 
nificant changes in plasma glucose levels. 

Thus NVP- DPP728 Increased prandial active GLP -1 levels with con- 
comitant reduction In prandial glucose exposure in normal subjects with- 
out causing hypoglycemia. They result protide the rust direct clinical 
demonstration that DPP -1V Inhibition is a viable new pharmacological 
approach for potentiating endogenous GLP -1 activity, and support the 
investigation of the glucos -lowering potential of NVP- DPP728 for the 
treatment of type 2 diabetics. 

A numeral beside an authors name indicates a duality of interest. See page 93. 
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SingleDosc Weidman( otDlobdtic Patlénis by the DrIV'lnblbltoa 
1,32/98; 
HANS-U. DYiML -Tld( T,ORSTEN 11OPFMANN, KONRAD 
,(T,1361Ä, CHRISTO,P,HBRH. S, MCÍNTOSH, RAYMOND A.PLtn- 
BhSÓN; KATMyUECKER, SADINR FISCIIAA; MARKOLP 
HANRPRLD; Hallñ (Soalgl; Z;wmany;.Yanconver, Canada; Ùsrvdvn, 
Cntaany' ' 

. Sim DPIV Inhiblto7Di{ 3N( (23,3s)hwmino3mmhylpemanuyl) 1,3 
IWaz?lidine) fumonto ( P32 19S)'impiovea.glumsetotersnec (00 by au 

invccdahwdiated nlioneud insulin response In normal and diabetic 
rodents,, se well as in !Inman Volunteon. Within the diaical program, a 

pilo(sIudy in diab'eticoedents ggdiffcienttherupka was designed:Coat of 
dir?pen inveftignllon;Nas ;be tnaluadón ofpatienu,response to u siogia 
doso of. 60 mg P32/96 IS han prior to aft eerr (2¢ g) sOOr over riighl 
Ogling and 12 hgposemédiedlloh (diet, emanate, rnelformin, pilbed- 
elmmWe or inoslin) Paliedia (n%20, men) were allocatedaceording to there 
current médteitiân.ta S gtdupí, nacI.rnedviñg placebo and OGTT at óhá 
bógh Wag ëtibtlexperimwt Sevan'doys tetdgngain tiger overnight fen+ 
ins and,12 hour¢ post +roedleaulhn,.18 minpdarOGIToi, inbletcaunló- 
(ng60litgP32/98*isndminälered Óluäbeoro,Ponse VVaamderded'evcy 
IS min in sainterval or-ES ro 300 min. Bleed rumples were la! en do ill 
lint tine pedals for.detaminniton of.P3298, glpposeriaml n, prblatutie, 
CpcptiderOLPI. gluasen, FPAnnd Iepdti.'Aè axpeeted, u prbfdmd Di 
improvemcn( eauaed'by 1,32/98 Was dbservid In patients hetos heated 
with scarbose or siibatelemidé., hi Mole eises the glurose b lfrone', 
Improvement was 20.6V. and 31:3aó, recpeelively., Dine values parallel 
the elevated insulin responses observed after P32198 treatment in these 
patients. In contrast; in diabetics on India therapy, the arum tit improve 

ment after" singiodoae o1P32r'98lves 8.8% only (asseasad by area under 
der Gs curve). Whether insulin ressleinrace can be reduced or islet respun- 
aiVanma will imprgva,mcdiated by DP IVinhibitioe, rccmnirt to beprovcn 
by longer tend application of P32/98 In such patients. 
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Germany 

MDP W Inhibitor Dl43N428,3S }2- amino.3melhyt-pommmyl) 1,3- 

Wi:volidine] fumarsle (P37/78) improves glucose internee (Ot) by an 
incrotinmediatedenhanced insulin. response in nonna) and diabetic 
rodents, as well as in human volunteers. Width the ciniaal pcagram, n 

pilotstudyin diabolic patients endiffinent 'bombing was designed. Goal of 
tha open investigation mu the cvnluation of pedants re/manse tea single 
dom of 60. mg P32/98 15 min prior to an.00TT (7S g) after over.ntghi 
fasting and 12 hour post - nedlesrion (dial, acarboie, moire: min, gliben 
ciamidear Insulin), Pgilents(n 20.men)waspllocarednemidiaglo there 
camant ancdlealioñ to 5:gmpps, each receiving placebo and OCTP ll dm 

boginhing of theexperiment. Slvendaya War, agafnnncr ova -night fast - 
ingpnd 12 hoots posbmedlation, 15 win prior OG7T ono tablet bantam 
Mg 60m; P321911 was adminislered. Glucose rdspun Sc wes recorded every 
15 min In an ii ton :aI of -15 to 300'' mid. Blood'sampies were taken to all 
Mil line palma for doterminatiun of P32@8, glindse, inpulhl, ptoinsulln, 
C%peptide, GLP -1, glucagon1 WA and Imhlid. As agpicicd,gpror0,16 i 

improvement Matted bÿ P3278 Waa abseived:in pagans Whig Imalal 
with aeltbese or 331lhenctginídd. lo thlse teases the globose tolerance 
Improvement was .20.4% and 31:3%, respeelively: Theca values parallel 
the elevated InFulfn hepatica ebses'ved'afec 5321912 ttearment in.theso 
pajies:R.1n Centrist, in dilbetia do insulin thenpY tins acuth Cl(nil/rdm 

:meat altica siigli dose of P12/93 rund ß.8Y1. only (nssased by Abed tinder 
rho Gt curve). Whether drumlin resialuracein be reduced or isletrapom 
niceness wlll linpme°, etc-dialed byfPIV Inhibition, remains leUnproven 
by longer taon( application ofP32/53in such pallid** 
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otides in length. In vitro "evolution" was done on this region at 

30 Vo mutagenesis, and four more rounds of in vitro selection 

followed before this second population was cloned. From these 

sequences, a consensus region was discovered. Certainly though 

this work is a pioneering achievement in the field, it is an ex- 

ample of how the conventional protocol is significantly more 

involved than that presented here. 
In summary, a novel in vitro selection protocol has been de- 

signed to take advantage of combinatorial library of small size 

that hat multiple copies of every distinct sequence. The method 

condensed the many days of a typical screening strategy to less 

than two days. This was a proof -of- concept experiment that 

showed that the new method succeeds by creating a large num- 

ber of copies of individual sequences in the initial random pool, 

consistently reducing the level of nonspecific binding sequences 

per selection round, and effectively amplifying the few surviving 

sequences. 
Since only the original synthesized sequences were used for all 

he screenings, the technique should allow for the iterative 

3 vitro selection of modified oligonucleotides that previously 

ould not undergo this powerful process.110I Hence, this me-.hod 

hould significantly increase the power of the in vitro selection 

nethod and is the direction that we are currently investigating. 

ïxperimentai Section 

he DNA library[4] (31 mg) was labeled at the 5'end with (y'2P]ATP, purified by 

el chromatography. and suspended in 300 mL of folding buffer (300 nut KC1.5 ems 

4gClr, 20mm Tds. pH 7.5). After cooling down to room temperature following 

bnamration at 75 °C. the HP-fakekd DNA was loaded onto an acetate- a:prose 

necolumn (300 pL), which was attached directly to a 2.5mm ATP.agarosewlumn 
800 pt., Sigma). The prccolumn was washed with 600 pL of buffer, and the elated 

)NA was allowed to equilibrate on the ATP- agarose column for 10 milt. The 

necolumn was discarded after a single use u were all subsequent columns. After 

quilibration, the ATPagarose column was washed with 4 m1 of folding bolter to 

lute unbosind or w'eAkiy bound oligonueteotides. The retained DNA was elated 

vllh 3 mL of the ATP elution buffer (5mM ATP in folding buffer) and collected in 

i00pL fractions. ' 

it order to perform another round of selection, the ATP had to be removed. >lence, 

le Muted fractions were collected directly into Micracon -3 mictocrnldNge devices 

:3000 D cutof, Amico,». After membrane dialiiltratian, about 98% of the total 

ATP was removed. The filtered fractions were then pooled, and folding bulThrwas 

tddcd until a final volume *MO mL was attained. The concentration of contaminat- 

Ng ATP concentration was 30µN for the DNA sample, which was over 811 times 

more dilute than that of the 2.5 nut ATP- agarose column. Each cycle of selection 

started with a new set of stacked affinity columns. i.e. a precolumn attachml to a 

Bgand column. The screening cycles for the ATP aptamers are summer zed in 

Table 1. 

The rare-DNA PCR was performed ds follows: On the last cycle the DNA was 

elated from the ATP-agarose column with 3 mL of 10mw ATP in 20me Tris, 

pH 7.5. Thislast fraction was precipitated twice from ethanol, and the PCR unseats 
(50mM KCI, Beth MgSO4, 10mw (NH4)150., 20 mkt Tris, pH 8.8 et 25°C, 200pM 

dNTPs. 0.1 % Triton X- 100, 20 units of Deep Vent (ere-) DNA misvarase 0.5 PS 

3-primer, 0.5 pg 3'- primer) were added. Thermal cycling (94 °C for 45 s; 4:.°C for 

90 s; 60 °C for45 s; 45 cycles) was done in a mierocentdNge tube that had (list been 

irradiated with UV light. A positive control containing a dilute solution (- .20000 

molecules) ofa 52 -mer, and a negative cootie containing no DNA also unnerwent 

the same amplification protocol. Gel electrophoresis after amplification showed 

DNA in all lanes except the negative control. 

Received: February 27, 1997 (21(1701E1 
German version: Angew. Chem.1997, 109, 1955 -1958 

Keywords: aptamers combinatorial chemistry in vitro selec- 

tion nucleotides polymerase chain reaction 
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The Synthesis of Enantiopure 
w- Methanoprolines and w- Methanopipec 
Acids by a Novel Cyclopropanation Reaction: 
The "Flattening" of Proline ** 

Stephen Hanessian,* Ulrich Reinhold, and 
Gabriella Gentile 

Proline occupies a prominent position in the hierarchy of 
natural amino acid constituents of mammalian proteins!'" As 

part ofa peptidic motif, its unique structure results in secondary 
amide bonds, leading to important conformational and func- 

tional consequences.tll For example, the well -known cis -trans 
isomerism in prolylamides is associated with vitally important 
biological phenomena and functions, such as protein folding; 31 

hormone regulation,t4j recognition,ta] and transmembrane sig- 

nalinglei to mention a few. The importance of cis -trans confor- 

mational changes is manifested by the role that peptidyl prolyl 

isomerases such as the immunophilins play in immunoregula- 
tionP Proline has also figured prominently as a component of 
therapeutic agents?' in drug design?' and in probing en 'me 

activity trot 

Conformationally constrained analogues of proline have 

been used extensively in connection with peptidomimetic re- 

search.1111 Although 2,3- and 3;4- methanoprolines have been 

r) Prot Dr. S. Hanessian, Dr. U- Reinhold, G. Gentile 
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described, 13'31 the 4,5- methanoprolines are relatively unex- 
ploredlr`1 Furthermore, structural investigations that study the 
consequences of introducing strain and its effects on the config- 
uration and stability of amide linkages arc not available to com- 
pare such systems to their proline counterparts. 

We describe herein highly stereocontrolled syntheses of the 
diastereomeric 4,5- methano-L- prolines and 5,6- methano -L- 

pipecolic adds by a novel intramolecular cyclopropanation re- 
action of iminium ions and the extension of the methodology to 
other congeners!". 161 . 

Treatment of the readily available lactam 1(1°°1 with lithium 
hexamethyldisilazide (LiHMDS) and Me,SnCH,I gave the a- 
alky(ated products 2 ((e-]0 = -15.3, c =0.43 in CHCI3) and 3 

(tab = -16.0, c =1.23 in CHCI,) in 63% and 23% yields, re- 
spectively (Scheme 1). The syn- isomer3 could be easily obtained 

tRIMDS,THF Me3Sn-, Me3Sn 
-75°C, ten 

MySnCH21 O o 
Boe oR -30°C B0e OR 

1 

R=TBOPS 

2, 63% 

) 74% 

Boo on 

3, 23% 

4 

1: uHMOS,IHF 
2a6-d1-lM-butvlphmwl,-76°0 

I. tJE(,EH, THE BuCte. Na104 
aTFA CH3CI, ' CCI CHaCWH2o 

N/CO2H 
Boe 

2 
66%, 4 Bec OR +14%, 5 

au4NF,1110, 90% 1-4 (R=TEOPS) 
°-as..--6 (R = H) 

1.vEt,BH,VHF Me35n 
2. MoOH, CSA 

76% 

cH,nk 

np.133134C 
(ale 
(c=1.0inOHCy) 

6 

=-200.0 

NCC2H 3 
Bu,NF/AsOH MOO 

THE 63% Boc 
2. PIXY. Nalo,, 

CC GH3CN/ H H10 (71 %) 
7 6 

mp.128.129 °0 
(ab -0.7 
0.1.01n CHC6) 

Scheme 1. TBDPS = /- BuPh°Si, TFA = trifluoroacetic acid, Hoc - rerl- butoxy- 
arbonyl, CSA - camphor- l0- sulfonic acid. 

by treatment of the enolate from 2 with the proton source 2,6 -di- 
tert- butylpheno1.11e.'91 Generation of the hemiaminal from 2 
and treatment with TFA led to the (4R,5R)- methanopyrrolidine 
derivative 4 ([e)0 = - 69.3, c =1.41 in CHCI3), which was 
smoothly deprotected to 5, and the latter oxidized to give the 
crystalline (4R,SR)- methano -N- Boc -L- proline in excellent over- 
all yield. 

Similar treatment of the syn- isomer 3 gave the diastereoméric 
crystalline acid 8 via its methylaminal derivative 7. The struc- 
tures and gonformations of 6 and 8 in the solid state were unan)- 
biguously confirmed by single -crystal X -ray analysis. Table 1 

lists selected torsion angles for compounds 6 and 8, where con- 
siderable "flattening" of the pyrrolidine ring is observed relative 
to N- Boc- L- proline, "°I particularly in the case of 6. The flatten- 
ing of the pyrrolidine ring in 6 is also manifested in the root - 
mean- square value of 0.003 A for the Co and N atoms from the 
plane defined by C,p,C7,C3, and N (0.013 A in 8). The lowest 
deviation of 0.018 A in the case of N -Hoc proline was found for 
C, and C., atoms in the plane C N,C3,C,,; in this case Cr was 
distinctly above the plane (0.521 A). This differs substantially 

1882 Q WILEY-VCH Verlag GmbH, D -69451 Weinheim, 1997 0570 

Table 1. Selected torsionangRsand root- mean -square deviations from fitted atom¡ 
in agiven plane of X-ray crystal structures, and "C NMR chemical shifts (CDCI,) 

N-Boaoprcline [20] 6 8 

r(NC,) -17 -5.6 -14.4 . . 

r(C,C,) +31 +4.8 +15.3 
r[C,C,) -35 -2.6 -11.4 
r(C,C,) +24 -OJ +2.9 
r(C,N) ' -4 +4.1 +7.6 
r(BocNC,COIH) -72 -64.0 -67.1 ' 

tans deviation 0.018 . 0.003 0.013 
of fitted atoms CN,CC, CCCN Cs,C,CN 

S(cfsllrans) 6(cds /trans) á(ea /traes) 

COON 
NC -0 
C, 
C, 

178.35/176.60 177.7/175.5 179.1(176.1 
153.95/15539 157.1/154 155.7/154.1 

58.8 60.8 /60.1 59.5/59.1 
30.75/29.53 32.0 

from 6 and 8, in which the out-of-plane carbon atom was the one- 

bearing the carboxyl group (0.082 A and 0.235 A respectively): 
Intermediates 2 and 3 could also be subjected to further stereo-. 

controlled branching leading to the a -C -ally! derivative 9, which 
upon controlled reduction and acid- datalyzed destannyl- 
ation led to the branched 4,5- methano -c- proline precursor 10 

((a]o = + 4.3 °, c = 0.72 in CHCI3; Scheme 2). Treatment of 2 

1. OHMOS, THE ..., 
2. ally) bromide 

Sr1Me3. 
I.LIEtaSH,THF' 
2: WA, CHa01a . 

2, 3 
57% ON 62 % R- 

Boo OR . 

R=TEDPS 9, eens/ds 40:8 

I. aryIMgCl, TNP, -78 °C. 

2. TFA, CH,CI, 

50% 

Scheme 2. 

4 \ Bac OTBDPS 
11 

with allj°Imagnesium chloride-, followed by trifluoroacetic add 
(TFA), led to the (S)- 5- (2- propenyl) -4,5- methano- L- proline 
derivative 11 ((a]o = - 27.0, c = 0.57 in CHCI3) on migration 
of the double bond. Compounds 10 and 11 represent uniquely 
functionalized precursors to constrained m-methanoprolines- 

The versatility and generality of the intramolecular carbo 
cyclization reaction with appended trimethylstannylalkyl 
groups via incipient iminium ions can be demonstrated in the 

synthesis of bicyclic proline congeners (Scheme 3). These com- 

pounds are related to the antihypertensive agent ramipril 
1211 A 

highly stereoselective allylation of the enolate front t gave 12 

((a]o = - 45.0, c =1.0 in CHCI,), which was subjected to a 

photoinduced trimethylstannylation1251 to give 13 ((a]D = - 23.6, 

-0833/97/3617 -1882 S 17.50 +30 /0 Angew. Chem. Inn Ed. Engt 1997. 16. etc' 
I7. 
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1.LNMDS.7HF 
2. aDy1 bramde 

67% o 

Me3SnH Me35nft13 
hv 

OR 
R=TBOPS 12,tmns/Gs>40:1 

9a--% 0 

1. IJEI3BH, THE 
21F4, CH,CI, 

Bu,NF iTHHFF 

72% 

C10304as0a 

03% 
°C ÓH 

14 

13 
ÓF1 

15 

CO21-1 

I 

Scheme 3. 

e = 0.92 in CHCI3). Formation of the hemiaminal, followed by 
acid -catalyzed cyclization and deprotection, led to the bicyclic 
prolinol derivative 14 ([a]o = - 97.3, c =1.38 in CHCI3). Final- 
ly, oxidation under Jones conditions gave the immediate precur- 
sor to the N-Boc-(4R,5R)-ramipril diastereomer 15 (m.p.61- 
63 °C; [a]o = -126.7, c = 0.46 in CHCI3) 

It is also of interest to view compounds 6, 8, 10, and 11 as 
precursors to constrained analogues or precursors to L- pipecolic 
acid. The extension of the cyclopropanation reaction to the 
pipecolic acid series is shown in Scheme 4. Trimethylsbtnnyl- 

:methylation of the lithium enolate derived from the readily 
available 171231 gave the anti -isomer 18. Reduction to the hemi- 
aminal and acid -catalyzed cyclization led to 20 ([a]o = -- 564, 

=1.02 in CHCI3); which was deprotected and oxidized to 
the crystalline (5R,65)- methano-N- Boc- L- pipecolic acid 21 
(m.p. 138 -140 °C; [a]o = - 105.2, c =1.17 in CHCI3). Epimer- 
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COMMUNICATIONS 
ization of 18 to the gyn- isomer 19 by diastereoselective protona- 
tion, followed by functional group manipulation as described 
above. led to the crystalline diastereomeric (5S,6S)- methano -N- 
Boc-pipecolic acid 23 (m.p. 79 -81 °C; [alp = - 126.7 ", r = 0.40 in CHC13). The structure of crystalline 21 was unambiguously 
established by X -ray analysis. It is of interest to note that while 
the proline derivatives 6 and 8 adopt a cis -N -Boc praline orien- tation in the solid state (Table 1), the corresponding 4,5- 
methanopipecolic acid analogue 21 exhibits a Irans orientation 
(Scheme 4). The presence of cis and trans isomers of 6 and 8 in 
CDCI3 was evidenced by the corresponding 1JC NMR shifts, as 
in the case of N- Boc -i -proline (Table 1). 

Pipecolic acid is an important constituent of the immunosup- 
pressive agents FK- 5061241 and rapamycin 1237 in which its a -ke- 
toamide portion is intimately involved in an "active complex" 
with the target enzymeilSl It is also involved in the metabolism 
of L- lysine, an essential amino acid for mammalian growth and 
development 1211 Functionalized pipecolic acids are also consid- ered strained analogues of lysine with applications in drug de- 
sign and peptidomimetic research,t28t as well as in the inhibition of L- pipecolate oxidose.t211 

Itisour belief that the replacement of t -proline and L-pipecol- 
(c acid by conformationally altered ring variants represented by the methano congeners described in this work could have im- 
portant consequences in biological recognition, in cis -trans 
conformational changes, in the susceptibility of the secondary 
amide bonds to enzymatic cleavage, and in related processes or 
phenomena. Studies that address these issues will be reported in 
due course. 
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1,8-13is(11tmethytamino) -4,5- dihydroxy- 
naphthalene, a Neutral, Intramolecularly 
Protonled "Proton Sponge" with 
Zwitterionic Structure ** 

Heinz A.; Staab,* Claus Krieger, Gisela Hieber, and 
Klaus O]yerdorf 

. 

The int raction of basic groups in close proximity to each 
other ma lead, as in the case of 1,8- bis(dimethylamino) -. 
naphthnle (1), to unusually high basicities ( "proton spon- 
ges ")3`) a influences of gradually changed distances and on -' 
entations f the basic centers as well as of inductive, mesomericr: 
and steric'effects on the basicity of such compounds have been 
thorough] studied.t2) In comparison to the basicity of I: 
[pKÇ re 12 1 (F1,0); 7.5 (DMSO)1 Isl that of 2,7- dimethoxy -1,8 
bis(dimet ylaminó)naphthalene (2) is found to be increased by 
four pow is of ten [pK, m 16.1 (H20); 11.5 (DMSO)]!31 Ta 
separate t mesomeric effect of the two methoxy groups from_: 
their stern effect on the dimethylamino groups, we were inter 
ested in 3 an isomer of 2 in which the two methoxy groups are' 
not in thel 2,7- positions but in the opposite peri- positions. Iii 
fact, 1,8- is(dimethylamino)-4,5- dimethoxynaphthalene (3) is 
considera ly less basic [pf ta 13.9 (H10); 9.3 (DMSO)) than':, 
the isome 2, indicating that the main reason for the high basic 
ity of 2 is he stark effect of the methoxy groups in ortho- posi - 
[ions to th dimethylamino groups. Irrespective of this primarily - 
intended asicity. comparison of 2 and 3, the synthesis of 3 
should all w the easy preparation of the corresponding 4,5 -di: 
hydroxy c mpound 5, which by intramolecular proton displace- 
ment mayLlead to a new type of neutral, yet zwitterionic "proton 
sponge" (Formula 6). 

h 5 6 

For the synthesis of 3, 1,8- dihydroxynaphthalenet41 was 
metby]atejl to give 1,8- dimethoxynaphthalene, which was ni- 
trated (co)tc. nitric acid, glacial acetic acid /dichloromethane, 
9;5) to yield 1, 8- dimethoxy- 4,5dinitronaphthatcne (39 %; 
m.p. 278 °C); the isomeric 2,5- dinitro product (m.p.151- 
153°C) wps separated by chromatography on silica gel with 
dichloron,ethane as eluent. Catalytic hydrogenation (10% Pd/ 
C, tetrahy'3rofuran (THF), 20 °C) resulted in the formation of 
i,8 -diamt o- 4,5- dimethoxynaphthalene (97 %; m.p. 83 -95 °C. 
decamp), Which was N- methylated according to the method of 
Quast et g1.15J to give 3 (71 %; m.p, 75°C, from n- hexane /ethyl 
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2CYANOPYRROLIDIDES AS POTENT, STABLE INHIBITORS 

OF DIPEPTIDYL PEPTIDASE IV 

Doreen M. Ashworth, Buttas Auash, Graham R. Baker. Andrew I. Baxter, Paul D. Jenkins', 

D. Michael Jones and Michael Szalke 

Fearing Research Insrtture, C.hilwanh Research Centre, Chilworrh, Snmhampton, U.K., 

5016 7NP. Fax +44 {1703)766253; e -mail pdj @ferring.denron.co.uk 

Abstract: A novel series of stable, potent inhibitors of dipeptidyl peptidase 1V has been developed. A 

number of dipeptide analogues, incorporating a 2- cyanopyrrolidide, were found w have Kt values of less than 5 

nM versus human DP -IV and half -lives of>48h in aqueous solut ion (pH 7.4). Copyright O 1996 Elsevier Science Ltd 

Dipeptidyl peptidase 1V (DP -IV, EC 3.4.14.5) is a serine protease which catalyses the cleavage of 

dipeptides from the Nterminus of proteins with the sequence H- X- Pro -Y- or H- X- Ala -Y- (where X, Y= any 

amino acid, 3-m Pro)) DP -IV is widely distributed in mammalian tissues and is found in great abundance in the 

kidney. liver. intestinal epithelium and placenta? In the human immune system, DP -IV is identical to the T cell 

activation marker, CD26. Recent evidence has also shown CD26 to be an activation marker of natural killer 

cells' and of a main population of B cells.° 

Our interest in DP -IV was stimulated by the publication of data which showed that either simple 

inhibitors or antibodies of the enzyme were effective as inhibitors of T cell proliferation and were thus potential 

immunomodulators.5" 

Substrates and-inhibitors of DP -TV require a free N- temiiltus, which means that potential dipeptide serine 

protease inhibitors (e.g. C- terminal aldehydes, horonic acids, ec- ketoacids, tritluoromethylketones. or 

chloromethylketones) are Inherently unstable atneutral pH due to inn-molecular cyclisad on.' 

HAIaN FFPro -N 
B(OH)2 B(OH), 

1 2 

The most potent DP -IV inhibitors reported to date are the boroproline analogues T. (Ki=lnM) and 2, 

(KI =3nM). However, these boronic acids are unstable at neutral pH (4, =30min and 90min for I and 2 

1163 
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respectively)? Other, more stable classes of DP-IV inhibitors have been reported. These include tripeptides;" 
eminency) pyrrolidides and thinzoidides° dipeptide phosphonates'1O azaprolines;" and the irreversible 

N- pepddyl- D- aroylhydroxylamines." Although specific for DP -IV, these compounds exhibit, at best, only 

modest levels of inhibition. 

We felt that it was necessary to develop more potent, stable inhibitors of DP -1V. These would help 

elucidate the physiological role of the enzyme and may have therapeutic potential In o number of disease states 

such as inflammation, graft versus host disease (OVHD), cancer, or AIDS.' 
Table I. Inhibition of human DP-IV by andnoacyl pyrrolidides." 

H-Xaa--N 

Compound N° Xan KI(IM)° 
5 Cyclohexylglycine [Chg1 0.064 t 0.01 
6 (1ì,S)- Cyclopcntylglycine [Cpgl 0.21 ±0.04 
7 11e 0.41 ± 0.01 
8 alla -Be 0.44±0.04 
9 Val 0.47ío.02 

10 Lys(Cbz) 0.52t0,07 
11 sert- Bulylglycine [Tbg] 0.88 t 0.20 
12 Thr(Me) 0.90 ±0.15 
13 Om(Cbz) 0.91 ± 0.20 
14 2- Aminohexanoic acid [Aha] 1.20 t 0.20 
15 Olu 2.00±0.40 
16 Pro 2.10 t 0.20 
17 Cyclohexylalanine [Cho] 2.15 ± 0.50 
18 Glu(OBn) 2.70 ± 0.30 
19 Thr 4.90 t 0.90 
20 Phenylglycine [Phg) 5.30 ±0.10 
21 Ser(Bn) 6.00 t 1.50 
22 Ala 7.00± 1.00 
23 Asp 14.50 ±1.90 

Our attention was drawn by a patent claiming 2- cyanupyrrolidides as inhibitors of prolyt endopeptldase" 
(PEP, EC 3.4.21.26), an enzyme belonging to the same subfamily of serine proteases as DP -IV. PEP differs from 

DP -IV by being an endopeptidase but the two enzymes share the common specificity for cleaving peptides at the 

carboxyl side of praline peptidyl bonds. 

We now wish to report on the synthesis and biological activity of a series of dipeptide nitrilcs15 with 

potencies versus human DP -IV comparable to the boroprotines 1 and 2 but with superior stability in aqueous 

solution. One other group has recently described similes compounds as inhibitors of DP -IV'" but whereas they 

confirm that such derivatives possess good stability, their series exhibit only modest potency (four compounds 

with K values versus rat DP -IV of 0.19-1.2 gM). 
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To establish an optimal N- terminal residue, we prepared a series of amino acid pyrrolidides.° These 
compounds were prepared by reaction of the O- succinimide, (ONSu), ester of the required Roc protected amino 
acid with a slight excess of pyrrolidine iit dichloromethane. Subsequent acid catalysed deprotection (4N 
HCVdioxane) afforded the inhibitor as its hydrochloride salt. As expected, from the substrate specificity of 
DP -IV, only (5) -amino acid derivatives showed any activity and, as can be seen in Table I, tipophilic amino 
acids gave more potent compounds. in particular, II-branched a- ornino acid derivatives were the most potent 
compounds with the non- proteinogenic amino acid. (S)- cyclohexylglycine providing the most active pyrrolidide 
(compound 5 possessing a K, value of 64 nM). 

We then applied these findings to a series of 2- cyenop}rrolidides. The preparation of these compounds 
required a large scale synthesis of 2- cyanopyrroldine 4 (Scheme 1). N- Hoc- 2- cyanopyrroildine was readily 
prepared front Boc-Pro -NH, using a dehydrating mixture of phosphorous oxychloride. pyridine and imidazole 
but the usual acidic conditions required to remove the Bee protecting group led to decomposition of the 
2- cyanopyrrolidide. Employment of the o- nitrophenylsulfenyl (ONPS) protecting group" however, enabled a 
wry mild deprotection to be used in the fmai step. Adding three equivalents of 414 HCVdioxane to 3 in a large 
volume of diethyl ether afforded the hydrochloride salt 4 as an of -white precipitate in excellent yield. 

Scheme I. Preparation ofdipep,ide Marlin. 

H -PrO-OH e°-L ONPS- PrO-NH2 
957 ONPS--N RCN 

90% N '9 HXaa- N 

HCl 4 CN 
.TFA -`CN 

Reagents; a.ONPS -Cl, 214 MOH. b. HONSu, Water soluble carbodiimldc. c cone. NR,OH. dioxanc. 
d. imidazole (2 equiv.), FOCI, (4 equiv.), pyridine. e. 4N HCUdioxane (3 equiv.), diethyl ether. t Boc- Xaa -OH, pyßop, NEb, CH,C12. g. Trifluoroacetic acid. 

The series of dipeptide nitriles described in Table If were prepared via a pyßop" mediated coupling of 4 
with the required Bee protected amino acid, followed by deprotection with TFA (Scheme I). 

We were gratified to fmd that these compounds were potent inhibitors of DP -IV. The S.A.R. for the 
N- terminal residue developed in the pyrrolidide series correlated well for the dipeptide nitrile series and the most 
potent compounds 24, 25, 26 and 27 possessed activity comparable to the boroprotines, 1 and 2. Stability 
studies" revealed excellent half-lives (ail in aqueous solution (pH 7.4) at room temperature (Table H) with 
several examples having ty greater than 48h. Further work on optimisation of the pyrrolidine ring will be 
reported shortly. 
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Table II. Pineotide nitriles' Potency versus human DP -IV and stability in 

aqueous solution (pH 7.4). 

H-Kaa-N 
N 

Compound N° Xnn Kt(nM)ts 11x(11)19 

24 Cpg 1.1±0.2 48 

25 Chg 1.4 ±0.5 >48 

26 Ile 2.2 ± 0.5 48 

27 Tbg 3.8 ± 0.8 >48 

28 Lys(Z) 5.2±1.0 24 

29 Pro 22,014,0 7.5 

These compounds were found to be nun -toxic in T cell assays up to 7211 and inhibitor 26 had no acute 

toxicity when injected into mice (up to 10mg/Kg). We are currently exploring the effects of these compounds on 

lymphocytes (e.g. proliferation and cytokine release) and further details will be reported in due course. 
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4- CYANOTHIAZOLTDIDES AS VERY POTENT, STABLE INHIBITORS 

OF DIPEPTIDYL PEPTIDASE IV 
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Abstract A series of stable. very potent inhibitors of dipeptidyl peptidase IV has been developed. A 
number of dipeptide analogues, incorporating a 4- cyanothiaznlidide, were found to have X1 values of less than 

1 nM versus human DP -IV and half -lives of between 5 and 27h In aqueous solution (pH 7.4). 
Copyright O l996 Elsevier Science Ltd 

The serine protease dipeptidyl peptidase 1V (DP -IV, EC 3.4.44.5)' which is identical to the T cell 

activation marker CD26 has been the subject of intense scrutiny because it was recently shown that inhibitors or 

antibodies of this enzyme can Inhibit T cell proliferation?'" However, the physiological rolo of DP -IV in the 

immune system and the molecular events mediated by this enzyme are only partly established' and we felt that it 

was necessary to develop potent. stable inhibitors of DP -IV to help elucidate the biological role of the enzyme 

and to investigate their therapeutic use in a number of disease states such es inflammation. graft versus host 

disease (GVRD), cancer or AIDS. 

We recently reported a series of aminoacyl- 2cyanopyrrolidides6.7 which possess K values of less than 5 

nM versus human DP -IVs and half-lives (Us) of greater than 48h in aqueous solution (pH 7.4).' This series of 

inhibitors is exemplified by I which has a W value of LI nM versus human DP -IV and a half -life of 481t in 

aqueous buffer (pH 7.4). 
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In a quest to Improve the potency of this class of inhibitors, we investigated replacing the pyaolidide ring 
with other nitrogen heterocycles. We chose isoleucine (Ile) as a standard N- terminal residue as it was the most 
potent natural amino acid in the 2- cyanopyrrolidlde series.' The preparation of 3 (Scheme A illustrates the 
general route to the series of cyano compounds described in Table T. 

Scheme T. Preparation of3- isoleucyl- 4- cyanothiazolidide. 
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Reagents and Yields: a N- hydroxysuccinimide (HONSu), water soluble carbodiimide, CH2C6. 99 %. 
b. cone. NH.OH, dioxane, 96%. c. 4N FICVdioxanc. 99 %. d. Doc -De-OH, PyDop, CH°Cly. NEtr. 38 %. 
e, POCI,, imidazole, pyridine. 53%. I. Trifmoroacetic acid. 75%. 

A pyBop10 mediated coupling of 4- amidothiazolidide with Boc protected isoleucine afforded the 

dipeptide mimic 2 in modest yield. Dehydration of the primary amide function to a nitrite and subsequent acid 
catalysed deprotection yielded Iles trifluoroacetate satt of 3." From a range of compounds with various 
heteroatoms in 5- or 6- membered rings, we were pleased to find that the 4- cyanothiazotidide analogue 3 was 
approximately 5 -fold more active than the 2- cyanopyrrotidide inhibitor 5' (Table I). However, this increase in 

activity was accompanied by a Might decrease in stability. 

Having established 4- cyanathiazoHtlide as an optimum C- terminal residue, we prepared further analogues 
with the best N- terminal cc-amino acids front the pyrrolldide series.' These compounds were prepared as 
described in Scheme I but Boc -Ile -OH, in step d. was replaced with the required Boc- Xaa -OH. A number of 
analogues were prepared with sub- nanomolar activity against OP -IV and good stability in aqueous buffer (pH 

7.4). (Table II) 
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Table I. ¡solenevl heterocyclic nitriles: Potency versus human DP -IV and stability in aqueous solution. 

. CasporAtl:11,5:Si'. :xíti.' :1i..W..?,-'' .- t91: 
wc 

s 
3 NGN 0.413 0.15 27 

(`s 

412 
1.7020.50 

5 
N/, 

/-CN 
"1rCN 7.2 J 0.50 48 

O, 
V i 

6 Ñ 
% 21.035.0 4 

CN 

O- 

7" 8t 34.037.0 1.25 

N 

t^' 
CN 

8 CN 260350 >48 

v° 4403200 13 p. 

N 
GN 

`O 

10 NN 450 3100 >48 

11 CN' 4.2003900 48 

S 

12 LN N 6,000±1500 >48 
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Table IL 3- Arninoacy l- 4- cvanmhirtralidides: Potency versus human DP -IV and stability in 
aqueous saludan (pH 7.4). 

CS\/ 
H.xu ;V{ 

CY 

:r'.Comifola`tdNñ X)a! .. ':.-C ft: K+(nMt ,.- t :'rx(li).vge'jr`` 
3 Ile 0.41 ± 0.15 27 
13 Cyciopentylglycirc 0.50±0.1U 5 
14 Cyclohexylglycine 0.80±0.20 16 
15 Lys(Cbz) 5.00+1.00 >48 

These new. stable, low molecular weight inhibitors should offer the opportunity to study the 
physiological role of DP -IV and possibly have therapeutic benefits. We are currently exploring the effects of 
these compounds on lymphocytes (e.g. proliferation and cytokine release) and further details will be reported in 
due course. 
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The Unique Properties of Dipeptidyl- peptidase IV (DPP IV / CD26) 

and the Therapeutic Potential of DPP 1V Inhibitors 
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University of Antwerp (UTA), Universiteitsplein 1, 8 -2610 Antwerpen, Belgium 

Abstract: This review deals with the properties and functions of dipeptidyl 

peptidase IV (DPP IV, EC 3.4.14.5). This membrane anchored ecto -protease 

has been identified as the leukocyte antigen CD26. The following aspects of 

DPP IV /CD26 will be discussed : the structure of DPP IV and the new family 

of serine proteases to which it belongs, the substrate specificity, the distribu- 

tion in the human body, specific DPP IV inhibitors and the role of CD26 in the intestinal and 

renal handling of proline containing peptides, in cell adhesion, in peptide metabolism, in the 

immune system and in HIV infection. Especially the latest developments in the search for new 

inhibitors will be reported as well as the discovery of new natural substrates for DPP IV such as 

the glucagon -like peptides and the chemokines. Finally the therapeutical perspectives for DPP 

IV inhibitors will be discussed. 

Introduction 

Dipeptidyl peptidase IV (DPP IV /CD26) attracts a lot 

of interest in current research. The biochemical 

properties (ref. 1 and 113) and the functions of the 

molecule in the immunological system and in 

metabolism (ref. 111, 112 and 113) are extensively 

reviewed. Here we deal with the reported DPP IV 

inhibitors and their properties, the recent discoveries of 

new substrates for DPP IV, such as the glucagon -like 

peptides and the chemokines, and the latest 

developments concerning the role of CD26 in 

immunology and HIV infection. 

Proline and Proline- specific Pepti- 
dases 

. Due to the unique structure of proline among the 

amino acids, the peptide bond before or after a proline 

residue is relatively resistant to breakdown by common 

proteases. Therefore, it is not surprising that specific 

enzymes participate in the cleavage of such bonds. 

These proline- specific proteases play an important role 

in the regulation of the life -time of biologically active 

peptides [1]. Remarkably, most of these proteases are 

exopeptidases. Besides the dipeptidases prolidase 

(EC 3.4.13.9) and prolinase (EC 3.4.13.8) only a few 

'Address correspondence to this author at Department of Pharmaceutical 

Chemistry, University of Antwerp (UIA), Universiteitsplein 1, B -2610 

Antwerpen, Belgium; Tel. +32- (0)3- 8202703; Fax. +32- (0)3- 8202739: 
e -mail: augustyn @ uia.ua.ac.be 

0929-8673'99 S19.004-.00 

proline- specific enzymes have been demonstrated. 

These include the N- terminal exopeptidases proline 

iminopeptidase (EC 3.4.11.5), aminopeptidase P (EC 

3.4.11.9), dipeptidyl peptidase II (EC 3.4.14.2, DPP II) 

and IV (EC 3.4.14.5, DPP IV), and the C- terminal 
exopeptidases carboxypeptidase P (EC 3.4.17.16) 

and prolyl carboxypeptidase (EC 3.4.16.2). The only 

known endopeptidase capable of hydrolysing a Pro -X 

bond is prolyl oligopeptidase (EC 3.4.21.26, PO) [2]. 

The specific cleavage points of these proteases are 

illustrated schematically in Fig. (1). 

Structure and Classification of DPP IV 

Dipeptidyl- peptidase IV (DPP IV) is a highly specific 

aminopeptidase cleaving off dipeptides from the amino 

terminus of peptides with preferentially praline at the 

penultimate position. It is a type II transmembrane 

protein having a cytoplasmic tail of only 6 highly 

conserved amino. acids [3]. The hydrophobic 

transmembrane region is located at the N- terminus (7- 

29). A flexible stalk links the membrane anchor with a 

large glycosylated region (48 -324), a cysteine region 

(325 -552) and the C- terminal domain containing the 

catalytic triad (553 -766) [4]. The purified enzyme is 

found to be dimeric, comprising two identical subunits 

of 110 -130 kDa, each. 

A truncated form of DPP IV /CD26 (cleaved in the 

flexible stalk region) exists in serum and other biological 

fluids. The presence in human serum of yet another 

form of DPP IV has been reported. This enzyme is not a 

0 1999 Bentham Science Publishers B.V. 
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Fig. (1). Proline- specific peptidases and their cleavage points. 

breakdown product of bound DPP IV, but shows a 
significant structural similarity [5]. Another novel cell - 

surface- expressed protein with DPP IV activity is also 
described, and is referred to as DPP IV -,ß [6]. Recently, 
a membrane -bound enzyme with gelatinase activity, 
seprase, was found with high homology to DPP IV but 
with differences in substrate specificity [7]. The 
expression of this protease correlates with the invasive 
phenotype of human melanoma and carcinoma cells. 
Another recently discovered homologous protein is 
the fibroblast -activation protein (FAP), selectively 
expressed by reactive stromal fibroblasts on epithelial 
cancers and healing wounds [8]. 

Identification of the active site residues in rat DPP IV 
by affinity labelling and site -directed mutagenesis 
allowed to conclude that the active site serine is found 
in the sequence Gly- Trp -Ser- Tyr -Gly, which 
corresponds to the active site motif Gly- X- Ser -X -Gly 
proposed for serine proteases [9]. However, DPP IV 
does not exhibit sequence similarity with any of the 
members of the classical serine protease families, 
chymotrypsin and subtilisin. There is circumstantial 
evidence that DPP IV is a member of a new family of 
serine proteases, the prolyl oligopeptidase family [10]. 
Also prolyl oligopeptidase (PO) and acylaminoacyl- 
peptidase belong to this family, sharing a conserved C- 
terminal stretch of approximately 200 amino acids 
containing the catalytic triad. The order of the catalytic 
triad residues is different in the three families : His -Asp- 
Ser in chymotrypsin, Asp- His -Ser in subtilisin and Ser- 
Asp -His in mouse DPP IV [1 1 ]. A similar catalytic triad 
was found in the ( hydrolases which regroup very 
diverse enzymes such as lipases, cholinesterases, 
dienelactone hydrolases, dehalogenases and serine 
carboxypeptidases [10,12]. Moreover, the predicted 
secondary structural organisation of DPP IV and the X- 
ray structure of porcine muscle PO [13], exhibiting a C- 

OH 

Augustyns et al. 

Proline 
irninopeptidase 

terminal enzymatic domain made up of alternative cx- 
helix and /3 -sheet segments, is strikingly similar to that 
provided by the three -dimensional structural analysis of 
u.i /3 hydrolases [14 -17]. Likewise, the three - 
dimensional structure of proline iminopeptidase shows 
two domains, with the larger domain containing the 
catalytic triad and showing the general topology of the 
cx,ß3 hydrolase fold [17]. 

Substrate Specificity 
The catalytic mechanism of a serine protease is 

depicted in Fig. (2). The three amino acids involved in 
the catalytic reaction are serine, histidine and aspartic 
acid. They form the catalytic triad in which the 
nucleophilic properties of the serine alcohol increase 
drastically. Substrate binding induces a conformational 
change in the enzyme that leads to a proton shift of 
serine to histidine. The formed histidinium ion is 
stabilised by the aspartate moiety. The activated serine 
attacks the carbonyl group of the scissile amide bond of 
the substrate to give a first tetrahedral intermediate. 
The negatively charged tetrahedral adduct is stabilised 
by a hydrogen bonding system in the oxyanion hole. 
Decomposition of this intermediate gives an acylated 
enzyme, which is subsequently hydrolysed by water via 
a second tetrahedral intermediate to the carboxylic acid 
product and the active enzyme. 

The substrate specificity of DPP IV has been well 
characterised. Besides proline at the penultimate 
position (P1 position) it can accommodate, although 
less efficiently, alanine, dehydroproline and 
hydroxyproline [18]. In an extended investigation of 
the substrate specificity using Ala -X -4- nitroanilides, it 
was concluded that the enzyme can hydrolyse some 
substrates In which the ring structure of proline in 
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Fig. (2). Catalytic mechanism of serine proteases. 

position Pi has been modified into a cyclic imino acid as 
azetidine -2- carboxylic acid and piperidine -2- carboxylic 
acid or an oxa- or thia analogue of proline. The 
replacement of the proline residue by (S)- azetidine -2- 
carboxylic acid gives the best substrate according to its 

kcat /Km value. This substrate has a low affinity that is 
counteracted by a high catalytic turnover. On the 
contrary, the substrate with piperidine -2- carboxylic acid 
has higher affinity, but the lowest kcat value, resulting in 
poor substrate properties. Substituting the methylene 
group by sulphur or oxygen at position 4 of the 
pyrrolidine ring slightly affects the kcat /Krn value. The 
affinity, however, is slightly decreased for the oxa 
analogue and increased for the thia analogue. [19]. 
The rate -limiting step for the hydrolysis of substrates 
with Pro in P1 is the deacylation, and for Ala in P1 is the 
acylation reaction [18]. 

Studies with short synthetic peptides show that the 
P'1 position accepts all amino acids, except secondary 
amines such as N- methylated amino acids, proline and 
hydroxyproline. Any L -amino acid can be placed at the 
P2 position, provided that the N- terminal amino function 
is free and protonated. In general, the nature of the 
side chain of the P2 amino acid has only limited 
influence on binding. With praline as the P1 amino acid, 
the P2 amino acid needs an L- configuration, with 
alanine at Pi it also accepts D -amino acids at the N- 
terminal position [18]. The conformation around the 
peptide bond between P2 and P1 has to be trans for 
catalytic activity [20]. DPP IV can utilise substrates with 
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a thioamide peptide bond between P2 and P1, but with 
a 100 -1000 fold reduced kcat /Km [21]. 

Based on this information the probable 
conformation of substrates when bound in the active 
site of DPP IV has been predicted [22] and a model of 
the active site was proposed using comparative 
molecular field analysis and molecular modelling [23]. A 
new mechanism in serine protease catalysis exhibited 
by DPP IV was also presented, involving the 
stabilisation of the tetrahedral intermediate by the 
formation of an oxazolidine ring with the P2 -P1 amide 
bond and compensation of the negative charge by a 
proton transfer from the positively charged 
aminoterminus [24]. 

Distribution 

DPP IV is expressed ubiquitously in mammalian 
tissues and organs. It is found in the kidney cortex, 
kidney microvilli, liver, microvilli of the small intestine, 
pancreas, submaxillary gland and placenta. It is 
expressed in high density in membrane regions 
organised as microvilli such as the brush- border 
regions of the small intestine and kidney. Comparison 
of DPP IV activity in human intestine revealed that the 
activity was highest in ileum and jejunum, low in 
duodenum but not detectable in colon [25]. The organ 
with the highest specific activity is the kidney, where it 

is located primarily in the cortex and is abundant in 
brush -border membranes [26]. 
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The enzyme has been reported in body fluids such 

as human serum, saliva, urine and synovial fluid. 

Compared to other human body fluids, only low DPP IV 

activity has been found in cerebrospinal fluid. 
Prostasomes, which are prostate -derived multi -layered 

membrane vesicles occurring freely in seminal plasma, 

contain a very high DPP IV specific activity [26]. 

In the hematopoietic system, DPP IV was identified 

as the leukocyte antigen CD26, where its expression 
depends strongly on the differentiation and activation 
status. First described as a T -cell activation antigen, 
CD26 was found on subsets of both activated CD4-i. 

and CD8+ T cells and CD26 expression was associated 
with the capacity of the T cell to produce inlerleukin -2 

[27]. Detailed analysis of subsets of CD4+ lymphocytes 
indicates that CD26 appears to be more restricted than 
most accessory molecules since it is expressed only on 

the CD4 memory /helper (CD45RO+CD29i -) 
population. This unique population of human CD4+ 
cells is the only one that can respond to recall antigens, 
induce B -cell immunoglobulin (IgG) synthesis and 
activate MHC- restricted cytotoxic T cells [28,29]. More 
recently, low- density levels of CD26 have been 
detected on other hematopoietic cells, especially 
natural killer cells [30], B lymphocytes [31] and myeloid 
cells [32]. 

DPP IV Inhibitors 

DPP IV is inhibited by the typical serine protease 
marker diisopropyl fluorophosphate [9]. A wide variety 
of inhibitors for serine proteases have been reported 
[33], and most of them are peptide analogues that have 
an electrophilic group at the P1 amino acid that replaces 
the normally cleaved amide bond. In the case of DPP 
IV, a cyclization reaction can occur between the free 
amino group of the P2 amino acid and the electrophile 
attached to the proline mimic in P1, causing serious 
stability problems (Fig. (3)). This is not surprising since 
it is well known that peptides with proline at the 
penultimate position form relatively easy 
diketopiperazines, arising from the nucleophilic attack 
of the N- terminal nitrogen on the amide carbonyl 

LNO 
o 

NH 

R 

diketopiperazine 

/OH jrOH 
NH-, 

R 

inactivated boronic acid Inhibitor 

Fig. (3). Instability of some DPP IV inhibitors duo to 

intramolecular attack of the N- terminal nitrogen. 
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between the second and the third amino acid [34]. 
Therefore only a few classes of the classical serine 
protease inhibitors are effective for DPP IV inhibition. 
Typical examples of DPP IV inhibitors are shown in Fig. 

(4). 

Competitive Reversible Inhibitors 

These are usually substrate or product analogues. 
Dipeptides (1) resulting from the hydrolytic actions of 
the enzyme are the only known endogenous DPP IV 

inhibitors. Inhibition constants of these competitive 
product inhibitors are in the range of K, = 10 -2000 tM 
[1,23]. Oligopeptides with N- terminal X -Pro 
sequences are also sometimes inhibitors. Diprotin A 

(Ile- Pro -Ile, 2) is a competitive inhibitor with a K1 = 2.2 
iM [35]. This result is rather surprising since the 

compound has the overall substrate -like structure 
needed for DPP IV hydrolysis. A more recent report 
showed that those tripeptides are indeed substrates 
with a low turnover rate (kGat) [36]. 

Product -like compounds lacking the carbonyl 
function of the proline residue, such as Aminoacyl 
pyrrolidines and thiazolidines were reported as 
potent and stable DPP IV inhibitors [23,37,38]. The 
most potent compound of this series was N- 
isoleucylthiazolidine (3) with an IC50 value of 2.8 µM. 
Also N- isoleucylpyrrolidine (4) and the analogous N -(e- 

(4- nitrobenzyloxycarbonyl)lysyl) compounds 5 and 6 

are of similar potency. In a recent structure -activity 
relationship investigation of these compounds it was 
shown that changing the 5- membered ring of 
pyrrolidine or thiazolidine to their 4 -, 6 -, or 7- membered 
analogues or to their unsaturated analogues decreases 
potency [39]. The same is true for the acyclic 
analogues. Introduction of a substituent at the 3- 

position of the pyrrolidine ring generally decreased the 
inhibitory activity. Only a small substituent such as 
fluorine is allowed (7). To establish an optimal N- 
terminal residue, a series of aminoacyl pyrrolidines were 
prepared, showing that lipophilic amino acids gave 
more potent compounds [40]. In particular, ß- branched 
cx -amino acid derivatives were the most potent 
compounds with the non -proteinogenic amino acid, 
cyclohexyiglycine providing the most active pyrrolidide 

(8). 

These findings were applied to a series 
pyrrolidine -2- nitriles [40,41]. The structure -activity 
relationship for the N- terminal residue developed in the 

pyrrolidide series correlated well for the dipeptide 
nitriles, with the most potent compound being the 
cyclopentylglycine derivative 9. This compound has a 

K1 = 1.1 nM and an excellent stability at pH = 7.4 (t112 

48 h). In analogy with the pyrrolidines and thiazolidines, 
replacement of the pyrrolidine -2- nitrile to the 
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Fig. (4). Selected DPP IV inhibitors. 

thiazolidine -4- nitrile enhanced potency [42]. 
Replacement of the amide bond with an isosteric 
alkene in the isoleucyl analogue (1 0) decreased 
potency a 1000 fold (Ki = 1.7 pM) [43]. 

NH2 21 

16 

OCHS 

S+Me2 

19 

OEt 

The HIV -1 Tat (1 -86) protein has been reported 
as a DPP IV inhibitor, suggesting that the 
immunosuppressive effects of Tat on non- HIV -1- 
infected T cells could be mediated by DPP IV [44,45]. It 
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was shown that the N- terminal Xaa -Xaa -Pro 
sequence of this protein was important and that other 
proteins with this sequence and at least 6 amino acids 
in length are competitive inhibitors [46,47]. 

Transition -state Analogues 

Xaa -boroPro dipeptides (1 1) were reported 
among the most potent inhibitors with K1 values in the 
nanomolar range. These compounds are reversible 
transition state analogues with slow, tight -binding 
kinetics [48]. The empty P- orbital at boron is thought to 
interact with the catalytic serine to form a stable "ate" 
complex which mimics the transition state of amide 
hydrolysis. Separation of L- Pro -DL- boroPro into its 
diastereoisomers showed that the L -L isomer has a Ki 

value of 16 pM [49]. Unfortunately, they have a short 
half -life at neutral pH, caused by cyclisation of the 
terminal aminofunction with the boronic acid, forming a 

cyclic, inactive species containing a B -N bond (Fig. (3)) 
[50 -52]. In a structure -activity relationship of boronic 
acid inhibitors it was shown that a wide variety of L- 
amino acids are accepted at the P2 position, but D- 
amino acids, a,a- disubstituted amino acids and glycine 
are not tolerated [53]. The specificity of these 
compounds for DPP IV inhibition was investigated, and 
it was shown that most compounds that were active on 
DPP IV were also potent inhibitors of DPP II. On the 
contrary the IC50 values for PO inhibition were 30 to 
1000 fold higher. 

Acyl Enzyme Inhibitors 

Acyl enzyme inhibitors cause the formation of are 

acyl enzyme which deacylates more slowly than the 
parent enzyme -product complexes. Azapeptides are 
peptides in which an a- carbon is substituted for a N- 
atom. 4- Nitraphenylesters of such peptides are 
inhibitors of several serine proteases due to acylation 
of the active site serine forming a stable acylated 
enzyme [54]. Glycyl- and alanyl -azaprolylphenylesters 
were found to acylate DPP IV, but the deacylation rates 

Ser 

OH / 
\1/4 R-' 
Q 

U 

Ser 

O 

Augustyns et al. 

were high and these compounds could not be 
considered good inhibitors [55]. Some members of a 

series of sernicarbazide, carbazate, acylhydrazine and 
sulphonylhydrazine derivatives of Xaa -azaPro were also 
poor inhibitors, showing inhibitory activity in the 
millimolar range [56]. 

Synthetic peptides containing a C- terminal ß -amino 
alcohol linked to p- methoxybenzoic acid via an ester 
linkage have been found to be potent irreversible 
inhibitors of chymotrypsin and elastase. These 
inactivated proteases regain activity slowly, presumably 
due to slow hydrolysis of a long -lived p- 
methoxybenzoyl enzyme intermediate [57]. However, 
compounds designed following this principle are not 
very active as DPP IV inhibitors (12 : IC50 = 2.1 mM, 13: 
IC5i0 = 1.7 mM, unpublished results). 

Irreversible Inhibitors 

N- peptidyl - O - (4- nitrobenzoyl) hydroxyla- 
mines are enzyme -activated inhibitors for serine 
proteases [58]. After the attack of the active site serine, 
the inhibitor forms a latent chemically reactive 
intermediate, which forms a stable covalent bond with a 

functional group at or near the active site, thus leading 
to an irreversibly modified enzyme. Xaa- Pro- NHO -(4- 
NO2)- benzoyl (14) is such are irreversible inhibitor of 
DPP IV [59,60]. Similar compounds with this reactive 
functionality attached to the carboxylic acid of the side 
chain of the P2 amino acid of aminoacyl pyrrolidines 
(15) are not irreversible, but competitive reversible 
inhibitors with Ki values in the micromolar range [61]. 

Dipeptide- derived diphenyl phosphonate 
esters are potent, irreversible inhibitors of DPP IV 
[62], probably because they lead to a phosporylated 
serine at the active site (Fig. (5)). With these inhibitors 
only a fraction (10 °%) of the enzyme activity was 
regained after 4 weeks in vitro, indicating the strong 
irreversible inhibition [63]. In a study on the role of the 
P2 amino acid in dipeptide diphenyl phosphonates 
[63,64], it was shown that proline in this position gives 

Ter 

I > R-P-O 

Fig. (5). Proposed mechanism for the irreversible inhibition of DPP IV with diphenyl phosphonates. 

O 
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one of the most potent inhibitors (16). A major 
advantage of 16 was its improved stability in human 
citrated plasma (t112 = 5 h) compared to the other 
dipeptide derivatives. The stability of 16 in plasma 
equals its stability in buffer, whereas the other 
compounds display reduced stability in plasma 
compared to buffer. This reflects the relative stability of 
a Pro -Pro amino acid sequence to proteolytic 
breakdown, and indicates that the decrease in activity 
of 16 is mainly caused by hydrolysis of the 
phosphonate ester. Intravenous injection of a single 
dose of 16 (1, 5 or 10 mg) in rabbits reduces the 
plasma DPP IV activity with more than 80 %, and it takes 
more than 20 days for complete recovery. Not only 
plasma DPP IV was inhibited, but also DPP IV in 
circulating lymphocytes and peripheral tissues [65]. 
The role of the P1 amino acid was also investigated 
showing that a 6- membered analogue (homoproline) 
increased activity [62], whereas alanine decreased 
potency [63]. With 16 as lead compound, we recently 
synthesised a series of diary) 1-(S)- prolylpyrrolidine -2- 
(R,S)-phosphonates with different substituents on the 
aryl rings (hydroxyl, methoxy, acylamino, sulfonylamino, 
ureyl, methoxycarbonyl and alkylaminocarbonyl) 
(unpublished results). A good correlation was found 
between the electronic properties of the substituent 
and the inhibitory activity and stability. This means that 
electron- withdrawing substituents increase potency, 
but also decrease stability. The most striking 
divergence of this correlation was the high potency 
combined with a high stability of the 4- acetylamino 
substituted derivative (17, IC50 = 0.4 µM, t112 = 320 
min). This compound is specific for DPP IV, shows low 
cytotoxicity in human peripheral blood mononuclear 
cell and has favourable properties in vivo. Therefore, 
we consider di(4- acetamidophenyl) 1-(S) - 

prolyl pyrrolidine- 2- (R,S)- phosphonate (17) as a major 
improvement and a highly valuable DPP IV inhibitor for 
further studies on the biological function of the enzyme 
and the therapeutic value of its inhibition. 
Phosphinates similar to these phosphonates were 
also prepared, but were poor inhibitors of DPP IV (18 : 

IC50 = 2.4 mM, unpublished results). 

Another approach to inactivate the enzyme is the 
use of Michael addition substrates. These 
compounds could potentially react with the active site 
serine via a Michael addition reaction. On the other 
hand, the double bond can serve as an amide bond 
mimetic. A series was prepared, but most compounds 
behaved as competitive inhibitors in the millimolar 
range. The most potent compound was the isoleucyl 
derivative (19, IC50 = 90 f.tM), that showed a time - 
dependent inhibition and that was only partially 
competitive. Although a rapid equilibrium is established 
between enzyme and inhibitor, some slow steps could 
be observed that were probably occuring during the 
dissociation step (unpublished results). 
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Chloromethyl ketones are known as affinity labelling 
inhibitors of serine proteases. They are substrate 
analogues containing a chemically reactive substance, 
which diffuses into the active site. There, it reacts with 
one of the essential catalytic groups of the enzyme and 
irreversibly blocks enzyme activity. Dipeptide 
chloromethyl ketones (20) for inhibition of DPP IV 
are rapidly inactivated in solution by an intramolecular 
cyclisation, with half -times of around 10 minutes [66]. 
Likewise, dipeptidyl ammonium and pyridinium 
methyl ketones are inhibitors in the micromolar 
range with slow- binding mechanism and half -times 
around 10 minutes [67,68]. 

Recently, a new type of irreversible cyclopeptide 
inhibitors was reported, containing a latent 
quinoniminium methide electrophile (21) responsible 
for inactivation [69]. This compound has a K1 = 85 nM, 
and is specific for DPP IV, giving a rapid irreversible 
inhibition that lasts for several hours. Remarkably, DPP 
IV -ß is much less affected, confirming that it is a 
different protein. 16 is an enzyme- activated inhibitor, 
since attack of serine at the carbonyl of the 
cyclopeptide would unmask a P'1 aniline having a good 
benzylic leaving group. Following a fast elimination of 
dimethylsulfide this should give a quinoniminium 
methide ion, tethered in the active site during the 
lifetime of the acyl- enzyme by means of the peptide 
chain. A Michael -type addition of a second nucleophile 
in the vicinity of the active site on this demasked 
electrophile would establish a covalent enzyme - 
inhibitor bond. The linear analogues do not inhibit the 
enzyme, probably because a fast diffusion of the 
electrophile out of the active center may occur. In 
addition, the cyclic structure prevents decomposition 
by cyclisation due to attack of the free amine on the 
carbonyl. 

Intestinal and Renal Handling of 
Proline Containing Peptides 

The absorption or recycling of proline containing 
peptides is a vital process. DPP IV's contribution to this 
process is twofold due to its brush border localisation in 
the small intestine and the kidney (vide supra). It plays 
an obligatory role in the breakdown of peptides in the 
intestinal and renal tubular lumen, generating the 
substrates for the peptide specific transport systems 
[70]. Using rats that were genetically deficient in DPP 
IV, the functional role of this enzyme in the hydrolysis 
and transport of radiolabeled ß- casomorphin (1 -5) (Tyr - 
Pro-[3H]Phe- Pro -Gly) in renal brush- border membrane 
vesicles was studied. The membrane vesicles from 
DPP IV- positive rats were able to hydrolyse the 
pentapeptide to di- and tripeptides with the 
subsequent active transport of these products via the 
H+ gradient- dependent transporter, that accepts di- 
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and tripeptides, but not tetrapeptides or longer. On the 

contrary, DPP IV- negative rats failed to hydrolyse the 

pentapeptide and hence lacked the ability to transport 

the radiolabeled peptide [71]. Furthermore, urine 

analysis revealed an increased excretion of proline and 

hydroxyproline in DPP IV- deficient rats. Also, following 

intravenous administration of Tyr -Pro -Phe- Pro -NH2, a 

peptide that is exclusively hydrolysed by DPP IV, 

urinary excretion of the intact peptide was many -fold 

greater in these DPP IV- negative rats. 

DPP IV in the small intestine has a similar function. In 

vivo jejuna' perfusion of a model tetrapeptide, Leu -Pro- 

Gly-Gly, showed that Leu -Pro and Gly -Gly were the 

major hydrolytic products found in the lumen [72]. 

Experiments using the DPP IV- negative rats also 
confirmed the role of DPP IV in the hydrolysis of prolyl 

peptides and the assimilation of proline -rich proteins. 

There was no difference in the growth rate between 
DPP IV- negative and control rats fed on a reference 
diet not rich in proline. When the protein source was 

changed to gliadin, a proline -rich protein, the control 
rats maintained their body weight, whereas the DPP IV- 

deficient rats experienced a significant weight loss [73]. 

Role in Cell Adhesion 

The ability of DPP IV to interact with proteins of the 

extracellular matrix as a cell adhesion molecule has 

been emphasised by the basic observation that the 

DPP IV substrate Gly- Pro -Ala interferes in vitro with the 

initial spreading of rat hepatocytes on a matrix 
consisting of fibronectin and collagen [74]. Moreover, 

an antibody against DPP IV delayed fibronectin- 
mediated adhesion of rat DPP IV +- hepatocytes on 

denatured collagen [75]. It was reported that in vitro 

fibronectin binding of DPP IV was independent of its 

ectopeptidase activity [76]. Likewise, DPP IV on murine 

fibroblasts acted as a collagen receptor [77]. On human 

T cells, DPP IV has been demonstrated to be a 

functional collagen receptor leading to cell activation 
[78]. These results show conclusively that DPP IV is 

able to bind collagen, and it has been reported more 

recently that the binding site is found in the cysteine- 

rich region of DPP IV [79]. 

Due to the presence of Gly -Pro sequences in 

collagen and the higher secretion of praline- and 

hydroxyproline- containing peptides in the urine of DPP 

IV- negative rats, it has been suggested that DPP IV 

plays a role in collagen metabolism. This gelatinase 
activity would be possible if the enzyme has 

endopeptidase activity, next to the well established 
exopeptidase activity. Indeed, it has been reported 
very recently that rat DPP IV exhibits weak 
endopeptidase activity, able to cleave denatured 
fibrillar collagens, but not native collagens [80]. It has 

\., ;astyr1s etas, 

been suggested, that the endo- and exopeptidase 
activity reside in a common active site, and that 
endopeptidase activity should he seen in context with 

other gelatinases and collagenases, or alternatively, 
that this activity might have auxiliary functions in cell - 

matrix adhesion processes by unmasking binding sites 

for the integrin receptors. The detection of this 

gelatinolytic activity, makes it acceptable to propose 

that DPP IV and the homologous proteins, seprase and 

FA P rx, represent a new subfamily of gelatinolytic 
integral membrane serine proteases [7,80]. 

Role in Peptide Metabolism 

A lot of cytokines, growth factors and some 
neuropeptides share an Xaa -Pro motif at their amino 

terminus [2]. This sequence may not only contribute to 

the biological activity, but can also serve as a structural 
protection against non- specific proteolytic degradation. 
The striking degree of conservation seems to reflect an 

evolutionary pressure toward this Xaa -Pro motif. Only 

two proline- specific aminopeptidases, respectively 
aminopeptidase P and dipeptidyl peptidase IV have a 

substrate specificity towards this N- terminal Xaa -Pro 

motif (Fig. (1)), and may therefore be important in the 

modulation of the biological activity of some of the 

cytokines, growth factors and neuropeptides. Another 
interesting observation was that phosphorylation of 

serine or threonine in a Ser -Pro or Thr -Pro substrate 

decreased the kcat /Kris value with more than two orders 

of magnitude [81]. This could indicate that 
posttranslational phosphorylation of peptide 
sequences may modulate their proteolytic stability. We 

will discuss hereafter the biologically active peptides 

which are proven to be hydrolysed by DPP IV (Table 

(1)). 

Cytokines 

It was demonstrated that oligopeptides with 

sequences analogous to the N- terminal part of human 

interleukin -1 /3 (IL-1/3), IL -2, tumor necrosis factor -ß 

(TNF -ß) and murine IL -6 were hydrolysed by purified 

DPP IV [82]. In contrast to these results no degradation 

was found for the intact recombinant cytokines. Since 

three -dimensional structures show that the N- terminal 

part is at the surface of these proteins and hence 

should be accessible to exopeptidases, additional 
steric factors must influence their susceptibility to DPP 

IV. 

Neuropeptides 

It was shown that purified DPP IV hydrolyses the 

neuropeptide substance P [83]. The undecapeptide 
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Table 1. Biologically Active Peptides with Proven DPP IV Susceptibility 

Name and N- Terminal Sequence Length References 

Substance P 
11 [83 -5] 

Arg- Pro 'Lys- Pro'Gln- Gin -Phe- Phe -Gly- Leu -Met -NH2 

P3- Casomorphin (1 -5) 5 [71,73,86 -88] 
Tyr- Pro'Phe- Pro *Gly 

Morphiceptin 
4 [71,73] 

Tyr- Pro'Phe- Pro -NH2 

Human Neuropetide Y 36 [89 -92] 
Tyr-Pro`Ser- Lys- Pro -Asp -Asn- Pro -Gly- 

Human Peptide YY 
36 [89 -2] 

Tyr-Pro`IIe- Lys- Pro -Glu -Ala- Pro -Gly- 

Enterostatin 5 [93] 
Val- Pro`Asp- Pro`Arg 

Human growth hormone -releasing factor 44 [94 -97] 
Tyr-Ala'Asp- Ala -Ile- Phe -Thr- Asn -Ser- 

Human glucose- dependent insulinotropic polypeptide 42 [100 -102] 
Tyr-Ala'Giu-Gly- Thr -Phe -Ile- Ser -Asp- 

Human glucagon -like peptide -1 (7 -36) 30 [100 -102] 
His-Ala*Glu-Gly- Thr -Phe -Thr- Ser -Asp- 

Human glucagon -like peptide -2 33 [106] 
His-Ala`Asp-Gly-Ser- Phe -Ser- Asp -Glu- 

Human peptide histidine methionine 27 [100] 
His- Ala`Asp -Gly -Val- Phe -Thr- Ser -Asp- 

Human RANTES 68 [107,108] 
Ser-ProTyr-Ser-Ser- Asp -Thr -Thr -Pro- 

Human stromal cell- derived factor -1 et 68 [109,110] 
Lys-Pro'Val-Ser-Leu-Ser-Tyr-Arg-Cys- 

The susceptible bonds are indicated with an asterisk. 

was converted to the fragment (3 -11) and (5 -11) by the 
sequential removal of Arg -Pro and Lys -Pro. In addition 
to plasma metabolism of substance P by angiotensin 
converting enzyme (ACE), the majority of hydrolysis 
was due to DPP IV. In turn, the substance P (5 -11) was 
rapidly hydrolysed by aminopeptidase M to substance 
P (6 -11) [84]. Using DPP IV- negative rats, it was shown 
that also in vivo, DPP IV was responsible for substance 
P hydrolysis [85]. A combination of an ACE -inhibitor 
(captopril) and a DPP IV inhibitor (diprotin A, 2) 
prevented to a large extent substance P degradation in 
plasma [84,85]. 

ß- Casomorphin (1 -5), a peptide with potent 
morphine -like biological activity derived from milk 
proteins, is rapidly hydrolysed by DPP IV to Tyr -Pro, 
Phe -Pro and Gly. This cleavage completely abolished 
the activity [86]. Changing Pro to D -Pro improved the 
stability both in vitro and in vivo [86,87]. DPP IV is also 

involved in the hydrolysis and renal uptake of this 
opioid peptide [71 ,88]. Together with ACE and 
carboxypeptidase P, DPP IV is responsible for the 
intestinal degradation of ß- casomorphin (1 -5) [73]. 

The same studies report the importance of renal 
DPP IV hydrolysis for morphiceptin (Tyr- Pro -Phe- 
Pro -NH2). Also, in situ perfusion experiments in intact 
animals, revealed that the ability of the opiate agonist 
morphiceptin, when administered into the intestinal 
lumen, to block the cholera toxin -induced water 
secretion, was significantly greater in DPP IV- negative 
rats [73]. 

Members of the pancreatic polypeptide family 
are also substrates for DPP IV. Purified DPP IV 
liberated Tyr -Pro from both, neuropeptide Y and 
peptide YY to their (3 -36) fragments, but almost no 
Ala -Pro from pancreatic polypeptide [89]. This was 
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confirmed in serum, and the hydrolysis v.ias blocked by 

specific DPP IV inhibitors. Removal of this N- terminal 

dipeptide inactivates these peptides for trrndind tC one 

receptor subtype, and is therefore important for the 

biological activity. Beside DPP IV, arninopeptidase P 

and endopeptidase -24.11 are also involved in 

processing of these peptides [90 -92]. Peptide YY (3- 

36), which has an N- terminal Xaa -Xaa -Pro sequence 

has been reported as a competitive inhibitor of DPP IV 

[46], giving some kind of feedback regulation. 

The degradation of enterostatin, a potent 
inhibitor of food intake, by intestinal brush -border 
membranes and brain membranes involves both DPP 

IV and carboxypeptidase P. In serum, degradation was 

mainly due to DPP IV [93]. 

The Glucagon /Secretin /Vasoactive- intestinal 
Peptide Family 

Peptides of this family either start with Tyr -Ala. His - 

Ala or His -Ser and are sometimes physiologically more 

important substrates than what could be expected from 

the substrate specificity of DPP IV. 

The plasma protease responsible for primary 
proteolytic cleavage of growth -hormone -releasing 
factor (GRF) was shown to be DPP IV, liberating Tyr - 
Ala to give GRF (3- 44) -NH2. This degradation is 

responsible for the inactivation of GRF both in vitro arid 

in vivo [94,95], and could be overcome by inhibition 
with diprotin A, or by substitution of the first or second 

amino acid with a D -amino acid. A detailed kinetic 
analysis of DPP IV proteolysis of GRF and analogues 
showed some interesting results concerning the 

substrate specificity at the P1 position. Values of 

kcar /Km for different P1- substituted analogues varied as 

follows : Abu > Pro > Ala » Ser > Gly = Val » Leu. This 

means that kcat/Km is at a maximum for a hydrophobic 
P1 side -chain of about 0.25 nm in length, i.e., the ethyl 

side -chain of eeaminobutyric acid (Abu) is very close to 

optimal [96]. A similar study with Ser, Thr or Val at the 

penultimate position showed some DPP IV cleavage 
[97]. The detailed investigation of GRF degradation led 

to the development of GRF analogues with enhanced 

metabolic stability [98,99]. 

Other members of this family, i.e., glucose- 
dependent insulinotropic polypeptide (GIP), 
glucagon -like peptide -1 (7 -36) (GLP -1 (7 -36)) 

and peptide histidine methionine (PHM) are 

hydrolysed by purified DPP iV, and also in serum [100]. 

Degradation in serum could be prevented by the 

addition of Lys- pyrrolidide or diprotin A as inhibitors. 
Since an intact N- terminus is obligatory for the 

biological activity of the members of this family, DPP IV 

action inactivates these peptide hormones. In vivo. 

AUgilStvns et al. 

using DPP IV- negative rats, it was shown that GIP and 

GLP -1 (7 -36) are degraded by DPP IV [101]. Mass 

spectremetry indicated that incubation of these 
peptides in serum resulted mainly in cleavage by DPP 

IV, with only minor secondary degradation due to other 
serum protease activities [102]. This knowledge led to 

the development of GLP -1 analogues with extended 
metabolic stability and improved biological activity 
[103]. Furthermore, oral administration of the DPP IV 

inhibitor Ile- thiazolidine (3) to Zucker rats increased the 

stability of GIP and GLP -1 [104]. A similar effect was 

seen with an inhibitor in anaesthetised pigs [105]. 
Glucagon -like peptide -2 (GLP -2) is degraded and 

inactivated by DPP IV in vivo, which led to the 
development of a more potent and stable analogue of 

GLP -2 [106] 

Chemokines 

N- terminal truncation of the C -C chemokine 
RANTES (1 -68) (regulated on activation normal T 

cells expressed and secreted) to RANTES (3 -68) by 

DPP IV converted a potent chemoattractant of 

monocytes (the former) to a chemotaxis inhibitor (the 

latter) [107,108]. Also, Rantes (3 -68) inhibited infection 
of mononuclear cells by an M- tropic HIV -1 strain 5 -fold 

more efficiently than intact RANTES. Thus proteolytic 
processing of RANTES may constitute an important 
regulatory mechanism during anti- inflammatory and 
antiviral responses. 

On the contrary, the truncation of the C -X -C 

chemokine granulocyte chemotactic protein -2 

(GCP -2) by DPP IV did not result in a loss of 

chemotactic properties [108]. Other C -X -C 

chemokines, i.e., stromal cell -derived factor 1c.( 

(SDF -1 () and 1/3 (SDF -1 /() are also substrates for DPP 

IV. Their hydrolysis results in complete abrogation of 

the chemotactic properties. In contrast to RANTES, 
truncation of SDF -1 leads to a loss of anti -HIV -1 

properties [109,1 10]. 

Role in immunological Processes 

The CD3 /T -cell receptor (TcR) complex plays a 

central role in T -cell activation and function. However, T 

cells require a second co- stimulatory signal which can 

be provided by a number of accessory molecules, 
including CD26. The importance of CD26 in the 

immune response has recently been reviewed 
extensively [1 1 1 -1 13]. 

A number of observations have linked CD26 to the 

functions of the immune system and, in particular; to 

the functions of T cells. First, CD26 appears to be more 

restricted than other accessory molecules since it is 
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expressed only on the CD4 memory /helper 
(CD45RO +CD29 +) population. These cells are the only 

one that can respond to recall antigens, induce B -cell 

imrnunoglobulin (IgG) synthesis and activate MHC- 

restricted cytotoxic T cells (vide supra). Second, certain 

antibodies against CD26 can activate T cells. Third, 

other antibodies and specific inhibitors of DPP IV 

enzymatic activity have been shown to inhibit mitogen- 

and antigen -induced T -cell proliferation in vitro and in 

vivo. In 1985 it was shown that a diacylhydroxylamine 
inhibitor (14) was able to suppress the proliferation of 
human lymphocytes stimulated with pokeweed 
mitogen or allogeneic cells [114]. These inhibitors and 
also pyrrolidides and thiazolidides (3 -6) inhibit DNA 

synthesis and cytokine production (such as IL -2, 1L -10 

and IL -12) of stimulated lymphocytes [37,115 -117]. 
Pro -boroPro (11) inhibits antigen -induced proliferation 
and interleukin 2 production in T cells, but does not 
inhibit the response of these T cells to mitogens 
[48,1 18]. This is in contrast with the previous studies 
where also mitogen -induced proliferation was inhibited. 
Boronic acid dipeptides also inhibit the mixed 
lymphocyte reaction, and this inhibition was correlated 
with,the amount of DPP IV inhibition [53]. 

In vivo studies with inhibitors confirm the role of 
CD26 in immunological processes. Pro -boroPro (11), 
administered subcutaneously, was found to inhibit 

IV 
suppress antibody production in mice immunised with 
bovine serum albumin [119]. Alkyldiamine- induced 
arthritis in rats, a model that shares several pathological 
features associated with rheumatoid arthritis, was 
suppressed by several DPP IV inhibitors in a dose 
dependent manner, i.e. Ala -boroPro, a thiazolidide (5) 

and a diacylhydroxylamine (14) [120]. Cardiac 
transplantation in rats resulted in an early increase in 

cellular CD26 expression, followed by a rise in DPP IV 

serum activity, which peaked at day 6, i.e., before the 

time of actual graft loss. The use of a dipeptide 
diphenyl phosponate ester (16) abrogated acute 
rejection and prolonged cardiac allograft survival from 7 

to 14 days [121]. It prevented the early peak of cellular 
CD26 expression and thoroughly suppressed systemic 
DPP IV activity. The inhibition of DPP IV was associated 
with severely impaired host cytotoxic T lymphocyte 
responses in vitro. These results demonstrate the role 

of CD26 in alto- antigen mediated immune regulation in 

vivo and provide the first direct evidence that CD26 
plays an important role in the mechanism of allograft 
rejection. 

A fourth evidence for the role of CD26 in the 
immune system is the fact that a recombinant soluble 
CD26, that comprises only the extracellular domain, 
enhances the proliferative response of human T cells 
to tetanus toxoid antigen [122]. Fifth, CD 26 is 

associated on the cell surface with the adenosine 
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deaminase (ADA) protein [123 -125] and with CD45 
[126. It is well known that the deficiency of ;ADA results 
in severe combined immunodeficiency in humans, and 
that CD45 is a tyrosine phosphatase involved in T -cell 
activation, indicating that CD26 might have a 

modulating effect on T -cell signalling. 

Thus, the above results demonstrate that CD26 
plays an important role in T -cell co- stimulation, but the 
exact mechanism remains unknown. CD26 has a 

cytoplasmic region of only 6 amino acids, which may be 

too short to explain its signal -transducing activity. This 
suggests that CD26 might be associated with other 
molecules that are capable of transmitting signals from 
the outside of the cell to the inside. One of the 
possibilities is CD45, that has a cytoplasmic domain with 
protein tyrosine phosphatase activity [112]. The 
hypothesis is that CD26- induced modulation of the 
enzymatic activity of CD45 would account for the 
increased activity of the tyrosine kinase p56Ick, which 
itself might be involved in the CD3 Ç chain 
phosphorylation. This process could amplify the 
immune response, since it is known that the CD3 r; 

chain of the TcR complex is required for signalling via 
CD26 [127]. In this respect, it is worthwhile mentioning 
that DPP IV inhibitors (e.g. 5) strongly suppress the 
PMA induced hyperphosphorylation of p56ick in a dose 
dependent manner [128]. 

Another candidate for the signal transduction 
molecule is the ADA protein. It binds to the extracellular 
domain of CD26 [129] and the exact amino acids of 
CD26 involved in ADA binding are determined [130]. 
ADA catalyses the conversion of adenosine and 
deoxyadenosine to inosine and deoxyinosine, 
respectively. High concentrations of adenosine inhibit 
the proliferation of T cells, and this inhibitory effect of 
adenosine is markedly potentiated by inhibitors of 
ADA. Studies with mutated CD26 tranfectants unable 
to bind ADA show that these transfectants were much 
more sensitive to the inhibitory effect of adenosine on 
IL -2 production. However the same mutated 
transfectants produced the same amount of IL -2 than 
the wild type transfectants following stimulation with 
anti -CD3 and PMA: This means that ADA is not directly 
involved in T cell activation after such stimulation. 
However, ADA expressed on the T -cell surface can aid 

the cell in resisting an inhibitory effect of adenosine by 

deaminating adenosine to inactive inosine, thereby 
reducing the effective extracellular concentration of 
adenosine [130]. 

Another possibility is that CD26 participates in the 
control of T -cell function, not via signal transduction 
molecules, but through DPP IV enzyme processing of 
biologically active molecules. This is still controversial 
and a matter of much debate [131,132], but lately a lot 
of evidence is produced that enzymatic activity is 
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important. In favour of this theory is the fact that DPP IV 
inhibitors are able to suppress T -cell proliferation in vitro 
and in vivo. Hyperphosphorylation can be modulated 
with DPP IV specific inhibition (vide supra). DPP IV- 
negative soluble CD26 could not enhance the 
proliferation of peripheral blood lymphocytes induced 
by the recall antigen tetanus toxoid, implying a 

requirement for enzymatic activity [122]. Definitive 
proof came from an experiment with mutated CD 26 
transfectants, where human CD26 cDNA was mutated 
so that the active -site serine was replaced by alanine, 
abolishing enzymatic activity [133]. After stimulation, 
wild -type transfectants (CD26 +, DPP IV +) produced 
substantially more IL -2 than did mutant (CD26 +, DPP 
IV -) or control (CD26 -) transfectants. Nevertheless, the 
mutant transfectants (CD26 +, DPP IV -) still produced 
significantly more IL -2 than did the control 
transfectants. These results suggest that DPP IV 
enzyme activity plays an important but not absolute role 
in the co- stimulatory activity of CD26 in this system. 

Role in HIV Infection 

It is well known that CD4 lymphocytes in patients 
with AIDS have an intrinsic defect in their ability to 
recognise and respond to recall antigens before the 
reduction in the total number of CD4 cells [134]. This 
immune dysfunction in infected individuals, even in the 
presence of normal CD4 numbers is called the "AIDS 
paradox ". Since the response to recall antigens is 
clearly a property of CD4 +CD26+ cells, it is not 
surprising that a selective decrease in CD26+ T cells 
prior to a general reduction in CD4+ T cells is reported 
in HIV -1 infected individuals [135]. Furthermore, the 
HIV -1 Tat protein, which is a regulatory protein and is 
essential for transactivation of viral genes as well as for 
viral replication, has been shown to have a potent 
immunosuppressive effect on lymphocyte proliferation 
induced by soluble antigen [136]. Linking these 
observations together, it was investigated if Tat could 
mediate its immunosuppressive effect through 
CD26 /DPP IV. Indeed, it has been reported that Tat is a 
DPP IV inhibitor, suggesting that the 
immunosuppressive effects of Tat on non- HIV -1- 
infected T cells could be mediated by DPP IV [44,45]. It 

was shown that the N- terminal Xaa -Xaa -Pro sequence 
of this protein was important for DPP IV inhibition and 
for suppression of CD26- dependent T cell growth 
[46,47]. 

It has been proposed that CD26 serves as an 
essential co- factor for HIV -1 entry [137,138], but this 
proposal has been seriously challenged [139 -142]. 
Studies with the same transfectants as mentioned 
above, showed that (CD26 -) and (CD26 +, DPP IV -) 
transfectants were more readily infected than the 
(CD26 +, DPP IV +) transfectants, showing that 

Ai ifn istvns et al 

CD26 /DPP IV is not a necessary co- factor for HIV 
infection [143]. On the other hand, experiments 
indicate that CD26 expression correlates with entry, 
replication and cytopathicity of monocytotropic (M- 
tropic), but not T -cell line- tropic (T- tropic), HIV -1 strains 
in a T -cell line [144]. So, the role of CD26 in HIV entry is 
still controversial. 

Another important feature of CD26 is its possible 
involvement in HIV infection and related apoptosis. A 
selective loss of CD26+ T cells prior to a general 
reduction of CD4+ T cells in HIV -1 infected individuals 
was noticed (vide supra). More importantly, the same 
authors demonstrated that HIV -1 preferentially infected 
CD4 +CD26- T cells. It was concluded that CD26- T cells 
were a principal reservoir of HIV -1 in vivo [135]. This 
also points to the fact that CD26 could not be an 
essential co- factor for entry. Moreover, in vitro 
coculture experiments of HIV -1 infected and 
uninfected cells have indicated that while uninfected 
cells die by apoptosis, HIV -infected cells are resistant to 
HIV- induced cell death [145]. This phenomenon is 
obviously favourable for the survival of the virus - 
producing cells, and could explain the selective loss of 
CD26+ uninfected cells. But how can it be explained 
that CD26+ cells die by apoptosis and that the infected 
CD26- cells are resistant to cell death? It is suggested 
that the HIV Tat protein is not only responsible for 
immunosuppression, but also contributes to the 
induction of apoptosis [143]. In the regulation of this 
apoptosis Tat plays a dual role : 1) Extracellular Tat 
induces apoptosis of HIV -uninfected cells, and 2) Tat 
protects cell death of HIV -1- infected cells. This was 
confirmed by the protection from apoptosis for 
transfectants that constitutively expressed Tat [146]. 
This modulation of apoptosis might be due to the 
interaction of Tat with CD26 /DPP IV. 

Another proof for the connection of CD26 and HIV 
is that ADA binding to CD26 is inhibited by HIV -1 

envelope glycoprotein gp120 [147]. Also, two types of 
DPP IV inhibitors are inhibitors of HIV infection, i.e., 
pyrrolidine -2- nitriles (9) [148] and the irreversible 
cyclopeptide inhibitor 21 [69], showing the implication 
of CD26 in HIV infection. 

The link between CD26 /DPP IV, chemokines and 
HIV is also remarkable in view of a possible role for 
CD26 in HIV infection. HIV infection is initiated by 
interaction of the virion envelope glycoproteins 
(gp120/41) with at least two cellular receptors : the CD4 
molecule and a seven -transmembrane domain G- 
protein coupled chemokine receptor. Macrophage - 
tropic (M- tropic) strains of HIV -1 replicate in 
macrophages and CD4+ T cells and use the CC 
chemokine receptor CCR5. T- tropic isolates of HIV -1 

replicate primarily in CD4-+- T cells, as well as in 
macrophages. These viruses use the CXC chemokine 
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receptor CXCR4. Although CCR5 and CXCR4 are 
believed to be the primary receptor for HIV -1 entry, 
additional chemokine receptors have also been shown 
to serve as co- receptors. [149,150]. The chemokines 

ithat are the natural ligands of these chemokine 

t 
receptors are able to compete with HIV -1 envelope 
glycoprotein for binding to the receptor, and hence can 
inhibit HIV -1 entry. The CC chemokines MIP-la, MIP- 
1p and RANTES inhibit the replication of M- tropic HIV -1 

strains that use the CCR5 receptor, and the CXC 
chemokine SDF -1 blocks the viral entry of T- tropic HIV- 

E 1 strains that use the CXCR4 receptor. It has been 
shown that some of these chemokines are substrates 
for DPP IV (vide supra). Amino -terminal truncation of 
RANTES by DPP IV converses RANTES (1 -68) into 
RANTES (3 -68), an even more potent inhibitor of HIV -1 

infection [107,108]. In contrast to RANTES (3 -68), 
SDF -1 a (3 -68) has diminished potency to inhibit HIV -1 

infection [109,110].. Thus, CD26 plays a dual role in 
HIV- infection and AIDS. 

All the above elements suggest that CD26 /DPP IV 
plays a role in HIV infection, but the exact mechanism 
remains to be elucidated. 

Therapeutic Perspectives 

The exact biological functions of CD26 /DPP IV are 
still under investigation, but considerable evidence 
exist for the therapeutic potential of DPP IV inhibitors. 
As mentioned earlier DPP IV is involved in the 
metabolic processing of several biologically active 
peptides, and DPP IV inhibitors could be used to 
modulate their metabolism. For instance, co- 
administration of a DPP IV inhibitór and the opiate 
peptide morphiceptin could be used in case of 
diarrhoea, as the experiment with DPP IV- negative rats 
showed [73]. Since GRF is also degraded by DPP IV, 
the use of a DPP IV inhibitor together with GRF could 
be useful to treat children with growth hormone 
deficiency. 

More importantly, DPP IV is also involved in the 
degradation of GIP and GLP -1 in vitro and in vivo. GIP 
and GLP -1 are considered to be the most important 
insulin- releasing hormones (incretins) comprising the 
enteroinsular axis. The term enteroinsular axis refers to 
the signalling pathways between the gut and 
pancreatic islets that amplify the insulin response to 
absorbed nutrients. It has been shown that N- terminal 
truncation by DPP IV abolishes insulinotropic activity 
and numerous studies show that this hydrolysis is the 
primary mechanism of their inactivation in vivo (vide 
supra). Inhibition of circulating DPP IV with orally 
administered Ile -thiazolidine (3) enhanced insulin 
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secretion and improved glucose tolerance in response 
to an oral glucose challenge in lean and obese Zucker 
rats. The enhanced incretin response was greater in 
obese than in lean animals, with a more profound 
improvement in glucose tolerance [104]. This was 
attributed to disruption of DPP IV inactivation of GIP 
and GLP -1, resulting in amplification of the 
enteroinsular axis. The Zucker obese rat exhibits 
abnormalities in glucose metabolism that characterises 
non -insulin dependent diabetes mellitus ( NIDDM), i.e., 
insulin secretory defects as well as insulin resistance, 
leading to glucose intolerance. Therefore, it is believed 
that inhibitors of DPP IV, alone or in combination with 
GLP -1, could be used for lowering glucose levels in 
NIDDM and other disorders involving glucose 
intolerance [151]. 

Likewise, DPP IV hydrolysis of GLP -2 is also 
responsible for its inactivation. GLP -2 has recently 
been shown to display intestinal growth factor activity in 
rodents, raising the possibility that GLP -2 may be 
therapeutically useful for enhancement of mucosal 
regeneration in patients with intestinal disease [151]. 
The use of [GIy2]GLP -2, resistant to DPP IV hydrolysis, 
increases small bowel weight in mice, predominantly 
due to a significant increase in villous height 
[106,152,153]. Therefore, DPP IV inhibitors might be 
useful to increase the intestinotrophic properties of 
GLP -2. 

It has been shown that CD26 plays an important role 
in the immune system by a number of possible 
mechanism. The exact mechanism remains to be 
elucidated, but a few examples are reported where 
DPP IV inhibitors are useful immunosuppressants in 
vivo. A dipeptide diphenyl phosphonate ester (16) was 
able to abrogate acute rejection and prolong allograft 
cardiac survival [121]. Alkyldiamine- induced arthritis in 
rats, a model that shares several pathological features 
associated with rheumatoid arthritis, was suppressed 
by several DPP IV inhibitors in a dose dependent 
manner, i.e. Ala- boroPro, a thiazolidide (5) and a 
diacylhydroxylamine (14) [120]. It was reported that T 
cells with high levels of CD26 may preferentially migrate 
into the rheumatoid synovium to induce inflammation 
and tissue destruction [154]. This proves the potential 
of DPP IV inhibitors as immunosuppressants for the 
treatment of autoimmune diseases and for the 
prevention of transplant rejection. 

The role of CD26 in HIV infection is also not 
completely clear yet, but seems nevertheless 
important. Some DPP IV inhibitors are reported to 
inhibit HIV infection such as pyrrolidine -2- nitriles (9) 
[148] and an irreversible cyclopeptide inhibitor (21) 
[69]. 
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Abbreviations 

DPP II Dipeptidyl peptidase II 

DPP IV _ Dipeptidyl peptidase IV 

FAP = Fibroblast- activation protein 

GCP -2 = Granulocyte chemotactic protein -2 

GIP Glucose -dependent insulinotropic 
polypeptide 

GLP -1 = Glucagon -like peptide -1 

GLP -2 = Glucagon -like peptide -2 

IL = Interleukin 

NIDDM Non -insulin dependent diabetes mellitus 

PHM = Peptide histidine methionine 

PO = Prolyl oligopeptidase 

RANTES = Regulated on activation normal T cells 
expressed and secreted 

SDF Stromal cell -derived factor 
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The synthesis of biologically relevant a -amino acids in which the carbon skeleton has been rigidified 
has been an area of active research for some years.[ 2,3- Methano amino acids, also known as "methanologs" 
have attracted considerable attention in this regard .2 Many of these compounds were prepared with the 

intention of probing spatial, conformational and functional features of the natural substrates at their 
biological receptor sites. Methano23 and related4 analogs of L- glutamic acid have been of particular interest 
because of the importance of this amino acid in the CNS. Indeed, the glutamate receptor is considered to be 
an important target in the quest for therapeutically effective drugs in the cardiovascular and related areas 
Cyclopropane a -amino acids are also natural products2 or components of more elaborate stmcmrcs.6 

Receptors to excitatory amino acids include among others, those that have an affinity to a- kainic acid 

1,7 which, viewed in a different perspective, can be considered as a constrained L- glutamic acid 3. Indeed, in 

addition to a plethora of total8 and partial syntheses8 of a- kainic acid 1 and alto- kainic acid 2, there are 

several reports of kainoid analogs8.9 aimed at finding new bioactive compounds in this series. 

We report in this Letter, the design and synthesis of structurally novel 4,5- methanoproline 3 -acetic 

acid analogs 4 and 5 in enantiomerically pure form (Figure I). Examples of methanoprolines arc rare,10,11 

and to the best of our knowledge compounds like 4 and 5 which am structurally and stereochemically related 
to a- kainic and alto- kainic acids, are unprecedented. 

Figure 1 

5-C;O2H ( -COzl CAR o -C.OzH 
R .,.. 

CO2H Ha 004-1 {v\ A'-coau N r-0O2H OeH 

kalnlc acid 2, allo-kalnie acid 3, L-Glutamlc acid 4, R-H 5,R =H 
4a R.vinyl Ss, R.vtnyl 

In order to have access to both isomers 4 and 5, we chose a method of synthesis that produced 

stereoisomeric intermediates from a common precursor (Scheme I). D -Serine 6 was elaborated upon by a 

series of standard manipulations to give the diene 8. Treatment with trimethyltin hydride12.13 led to a 

mixture of pyrrolidinoncs, which could be separated into the three isomers 9a, 9b, and 9c after conversion to 
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the N -boc derivatives and column chromatography.14 The stereochemical outcome favoring the major trans - 
isomer 10a has been rationalized based on the prevalence of a late transition state.t1.15 

In a key transformation, the !attain was sequentially reduced to the hcmiaminal, then treated with 
acid to give the 4,5- methano derivative 10 via intermolecular alkylation of the corresponding N -Boc iminium 
ion.11 Subsequent steps relied on functional group manipulations to afford the diester 11 which was in turn 
hydrolyzed to the crystalline 4S, 5S- methano- 3S- carboxylmethyl- L- proline, 5. An X -ray crystal analysis 
provided conclusive proof for its structure and stereochemistry. 

The isomeric 4R,5R -analog 4 was prepared in a similar manner, to give an amorphous product, whose 
stereochemistry was rigorously assigned by detailed n.O.e. studies. 

Scheme I 

0Serine 
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The radical carbocyclization reaction can also be done on an extended dienic systemi7a which can 
eventually lead to the functionalized 4,5- methano analogs 4a and Sa (Figure 1). 

The readily available diene 12 was subjected to the free radical carbocyclization reaction to give 
mainly the all- trans- pyrmlidinone which was isolated as the N -Boc derivative I3 (Scheme 2). Quenching 
the potassium dienolate of the all- trans- isomer 13 with dibenzylmalonate16 as a proton source led to the 
isomeric product 14 as the major product. Formation of the N -Bec iminium ion by the method described 
above led to the vinyl cyclopropane 15 which was in turn convened into the a- kainic acid congener 4e, 
isolated as an amorphous solid. Application of the same methodology to the isomeric 13 gave Sa, also 
isolated as an amorphous solid. The structures in this series were unambiguously established by detailed 
N.M.R. studies and by an X -ray crystal analysis of 16. 

SAXA-DEF-00321 
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Compounds 4, 4a, 5 and related amino acids from another seriesll were tested for their binding as 

antagonists and agonists in five receptor assays.sa Unfortunately, no significant binding affinity was found 
at I µM in the DCICA (3H- 5,7- dichlorokynurenic acid) assay for the glycine recognition site of the NMDA 
receptor. When tested in the AMPA, kainate, and other receptor binding assays at concentrations of I pM 
and 10 pM, again, activity was surprisingly low compared to standards.17 

Clearly, the structural requirements for effective binding to these receptors have not been satisfied by 
our methano analogs in spite of their novel structures. The lack of activity in the kainate receptor and the 
glutamate recognition site of N- methyl- D- aspartate receptor (CGP 39653) are reflective of the lack of our 
understanding for specific spatial requirements and hydrophobic Interactions of the appended cyclopropane 
in analogs 4, 4a, 5 vis -a -vis the 2- propenyl group in a- kainie acid itself. 

We are presently developing alternative, highly stereocontrolled methods for the synthesis of 
conformationally constrained analogs of L- proline and L- pipecolic acid. These should find specific 
applications in the design of peptidomimetics aimed at probing enzymatic reactions that involve cisltrans 
amide -bond isomerizationt8 such as in the immunophilins,19 as well as in the study of secondary and tertiary 
local structures of certain peptides.20 
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Chronic Inhibition of Circulating Dipeptidyl Peptidase 
N by FE 999011 Delays the Occurrence of Diabetes in 
Male Zucker Diabetic Fatty Rats 
Béatrice Sudre,' Pierre Broqua,l,2 Richard B. White,' Doreen Ashworth,2 D. Michael Evans,2 
Robert Haigh,2 Jean -Louis Junien,2 and Michel L. Aubert' 

Acute suppression of dipeptidyl peptidase IV (DPP -1V) 
activity improves glucose tolerance in the Zucker fatty 
rat, a rodent model of impaired glucose tolerance, 
through stabilization of glucagon -like peptide (GLP) -1. 
This study describes the effects of a new and potent 
DPP -IV inhibitor, FE 999011, which is able to suppress 
plasma DPP -IV activity for 12 h after a single oral 
administration. In the Zucker fatty rat, FE 999011 
dose -dependently attenuated glucose excursion during 
an oral glucose tolerance test and increased GLP -1(7- 
36) release in response to intraduodenal glucose. 
Chronic treatment with FE 999011 (10 mg/kg, twice a 
day for 7 days) improved glucose tolerance, as sug- 
gested by a decrease in the insulin -to- glucose ratio. In 
the Zucker diabetic fatty (ZDF) rat, a rodent model of 
type 2 diabetes, chronic treatment with FE 999011 (10 
mg/kg per os, once or twice a day) postponed the 
development of diabetes, with the twice -a-day treat- 
ment delaying the onset of hyperglycemia by 21 days. In 
addition, treatment with FE 999011 stabilized food and 
water intake to prediabetic levels and reduced hypertri- 
glyceridemia while preventing the rise in circulating 
free fatty acids. At the end of treatment, basal plasma 
GLP -1 levels were increased, and pancreatic gene ex- 
pression for GLP -1 receptor was significantly unregu- 
lated. This study demonstrates that DPP -W inhibitors 
such as FE 999011 could be of clinical value to delay the 
progression from impaired glucose tolerance to type 2 
diabetes. Diabetes 51:1461 -1469, 2002 

Dipeptidyl peptidase IV (DPP -IV) (CD26, EC.3.4. 
14.5) is a membrane -bound and circulating 
serine protease with a restricted substrate spec- 
ificity, hydrolyzing peptides after a penultimate 

NHz- terminal proline or alanine residue (1). Mice or rats 
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bearing null mutation of the DPP -IV gene have increased 
glucose tolerance (2,3). Acute inhibition of DPP -IV activity 
by specific inhibitors such as isoleucine -thiazolidide, NVP- 
DPP728, or valine- pyrrolidide has been recently shown to 
significantly reduce glucose excursion in Zucker fatty 
(fa/fa) rats and high fat -fed glucose - intolerant mice during 
oral or intraduodenal glucose tolerance tests (4 -6). What- 
ever the animal model used, insulin secretion following 
glucose administration was enhanced by DPP -IV inhibi- 
tion, and this has been attributed to the role played by 
DPP -W in the early inactivation of the two incretins 
glucagon -like peptide (GLP) -1 and gastric inhibitory pep - 
tide/glucose- dependent insulinotropic polypeptide (GIP) 
(7). These gastrointestinal peptides are released postpran- 
dially from intestinal L -cells and duodenal K -cells, respec- 
tively (8), and potentiate glucose- induced insulin secretion 
by sensitizing pancreatic S -cells to stimulation by glucose 
(9 -11). Inactivation of these peptides can be successfully 
prevented by DPP -IV inhibitors, leading to potentiation of 
their biological activity (12). 

The Zucker fatty rat is obese and insulin resistant, with 
normal or slightly elevated glucose concentrations, reflect- 
ing only mild glucose intolerance. Obesity in these animals 
is due to a mutation in the leptin receptor gene (13). Like 
the Zucker fatty rat, the Zucker diabetic fatty (ZDF) rat 
displays glucose intolerance, marked insulin resistance, 
and hyperlipidemia, but only the ZDF rat becomes overtly 
diabetic after 8 weeks of age if fed a diet containing 6.5% 
fat (14). In the prediabetic state, the male ZDF rat experi- 
ences a steady increase in basal insulinemia and plasma 
free fatty acid (FEA) levels. Hyperglycemia develops be- 
tween 8 and 10 weeks of age, leading to overt diabetes and 
collapsing insulin secretion (15). This is similar to the 
progressive loss of glucose- stimulated insulin secretion in 
human type 2 diabetes, and thus ZDF rats represent a good 
animal model for this form of human diabetes (16). 
Interestingly, GLP -1 retains its potency of enhancing glu- 
cose-stimuláted insulin release in prediabetic and diabetic 
ZDF rats (17,18), and chronic administration of exendin -4, 
a peptide showing agonistic activity at the GLP -1 receptor, 
demonstrated antidiabetic efficacy in these animals, im- 
proving glycemic control and insulin sensitivity (19). Sim- 
ilarly, in type 2 diabetic patients, GLP -1 has been 
successfully used to normalize fasting and prandial glyce- 
mia (20 -23). Recently, it has been shown that GLP -1 and 
analogs also stimulate growth and differentiation of 0-cell 
progenitor cells in the pancreas and may therefore restore 
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FIG. 1. Chemical structure of FE 999011. 

functional ß -cell mass when administered to individuals 
with diabetes (24,25). Taken together, these observations 
suggest that inappropriate incretin action at the level of 
the islet cells could be one important factor participating 
in the development of diabetes. We thus postulated that by 
chronically increasing endogenous GLP -1 bioactivity in the 
ZDF rat through constant inhibition of DPP -IV, a similar 
improvement in glycemic control could be obtained. 

In the present study, we have investigated the effects 
of chronic administration of the new DPP -IV inhibitor FE 
999011 [(2S)-1-([2'S]-2'- amino- 3',3'dimethyl- butanoyl )-pyrro- 
lidine-2-carbonitrile] (Fig. 1) in obese Zucker fatty and ZDF 
rats. FE 999011 is a reversible DPP -IV inhibitor, inhibiting 
human and rat DPP -IV with half - maximal inhibitory concen- 
tration (IC6e) values of 7 and 3 nmo1A, respectively (26). 

RESEARCH DESIGN AND METHODS 
Animals. Male Zucker fatty rats were purchased from laaa -Credo (L'Arbresle, 
France) at 8 -10 weeks of age; housed in a temperature -, humidity-, and 
light -controlled room (21 -23 °C, 12-12 h light -dark cycle); and given free 
access to food and water. Obese male ZDF rats (n = 24) and lean controls 
(n = 8), received at 6 weeks of age from Genetic Models (Indianapolis, IN), 
were individually housed. They were fed ad libitum with Purina 5008 (6.5% 
fat). 

Experimental protocols concerning the use of laboratory animals were 
reviewed by the University of Geneva School of Medicine Ethics Committee 
for Animal Experimentation and approved by the State of Geneva Veterinary 
Office. 
Effects of FE 999011 and NVP- DPP728 on plasma DPP -w activity in the 
Zucker fatty rat. Three groups of fed male Zuckerfattyrats, II weeks of age, 
received an oral administration of FE 999011 or NVP- DPP725 at 10 mg/kg or 
vehicle (sterile distilled water). Blood samples (200 -260 pl) were collected 
before dosing and then 10, 30, and 60 min and 3, 6,10,12, and 24 h postdosing. 
Tail blood was collected In heparinlzed tubes (30 units/ml), and plasma was 
extracted after centrifugation at 3,000 rpm for 10 min and stored at -20 °C 
until determination of DPP -IV activity. 
Effects of FE 999011 on glucose excursion during an oral glucose 
tolerance test orally in the Zucker fatty rat. Four groups of overnight - 
fasted male Zucker fatty rats, 19 -20 weeks of age, were injected with FE 
999011 (1, 3, or 10 mg/kg) or vehicle (sterile distilled water). Eight hours later, 
all animals were administered oral glucose (1 g/kg) as a 40% solution (wt/vol). 
Blood samples (200 -260 pl) were collected before dosing and 10, 20, 30, 60, 
and 120 min after dosing. 
Effects of FE 999011 on the glucose excursion and plasma levels in 
GLP -1 and insulin following intraduodenal glucose tolerance test in the 
Zucker fatty rat. Two groups of overnight- fasted obese male Zucker rats and 
one group of lean rats, 19 -20 weeks of age, were anesthetized with pentobar- 
bital (Narcoren, 5 mg/100 g body wt Lp.). A cannula was quickly inserted into 
the right jugular vein, and the abdomen was exposed by laparotomy. In one 
obese group of rats, FE 999011 prepared in distilled water was injected 
intravenously (3 mg/kg), whereas the other rats received a vehicle injection. 
Fifteen minutes later, a 40% glucose solution (2.5 mg/kg) was Infected Into the 
first loop of the duodenum. Blood samples (300 pi) were collected before the 
glucose load and 4, 7, 10, 13, 16, 20, 30, 60, and 90 min thereafter. For plasma 
determination of glucose and insulin, 100 pl was taken in heparinized tubes; 
for plasma determination of GLP -11(7 -36), (7 -37)), 200 pl was taken in 
Eppendorf tubes containing EDTA and diprotin A (Sigma, St. Louis, MO) to 
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achieve a final concentration of 2 mg EDTA and 50 pmol diprotin A per 
milliliter of blood. 
Chronic effects of FE 999011 on glucose and insulin excursion during 
an oral glucose tolerance test in the Zucker fatty rat. Two groups of male 
Zucker fatty rats, 15 weeks of age, received FE 99901.1 (10 mg/kg per os, twice 
a day) or vehicle (sterile distilled water) during 7 days. Seventeen hours after 
the final administration of FE 999011, an oral glucose tolerance test (OGTT) 
was performed as described above, with or without coadministration of FE 
990011. 
Chronic effects of FE 999011 in the ZOF rat. At 6 weeks of age, obese 
(fa/fa) rats were weighed and randomized into three groups of 8. Two groups 
were treated with FE 999011 orally once a day (10 mg/kg, 000 em.) or twice 
a day (10 mg/kg, 8:00 am and 0:00 r.ai.), and one group was injected orally with 
sterile distilled water. A group of eight lean (fo /+ or + / +) rats was included 
as controls for metabolic and molecular parameters. Tall blood was collected 
from rats in the fed state into hepminized tubes three times a week before the 
first daily treatment with FE 999011, for plasma determinations of glucose, 
insulin, triglycerides (TGs), and FFAS. Body weight and food and water 
consumption were recorded throughout the experiment. The day before the 
rats were killed, blood samples were taken to determine plasma 012.1 levels 
in the fed state. At the end of the study, the rats were killed, and trunk blood 
was collected in heparWzed tubes for plasma determination of DPP-W 
activity. Inguinal and retroperitoneal adipose tissues were dissected out and 
weighed. Pancreata were dissected out and frozen for GLP -I receptor anENA 
measurements. 
Plasma analyses. Glycemia was assayed by using a standard glucoseoxidase 
technique (Boehdnger Mannheim, Mannheim, Germany). Plasma insulin con- 
centration was determined by radiolmmunoassay (Lino Research, St. 
Charles, MO). Plasma GLP.1 concentration was determined by an enzyme. 
linked immunosorbent assay (ELISA) technique that measured the biologi- 
cally active GLP -1 forms GLP- I(7 -36) and GLP -1(7.37) amide in plasma (Linea 
Research). Plasma TO and PEA concentrations were measured using an 
enzymatic colorimetric test ('Riglyceride L -Type and NEFA C; Wako Chemi- 
cals, Richmond, VA). 

Plasma DPP-P/ activity was measured using a Ruorometic assay. The 
plasma samples were centrifuged at 4 °C, 10,0009, for 1 min; 0.5 pl supernatant 
was added to 49 pl assay buffer (HEPES 83.3 mmolA, EDTA 2 mmoVl, pH 7.8, 
with 1.5% BSA); and the reaction was started by addition of 0.5 pl substrate 
Ala -Pro-AFC (7- amino- 4- irifinoromethylcoumarin, 20 pmollI final concentra- 
tion; Enzyme Systems Products, Livermore, CA) in assay buffer. The initial 
rate of AFC release was measured at 20 °C over 3 min using a Labsystems 
Fluoroskan Ascent FL instrument at 410 run excitatton/510 mn emission. 
Gene expression assays using competitive quantitative RT -PCR. Ex- 
pression of the gene encoding GLP -1 receptor (OLP -IR) was evaluated by 
competitive RT -PCR. Tissue was quickly dissected, frozen In liquid nitrogen, 
then stored at -80 °C until processing using a rotor -stator homogenizer. RNA 
was extracted by using the Qiagen RNeasy Mini lit method, and then checked 
for purity and quantified using ultraviolet spectroscopy. 

RNose-resistant competitor RNA was synthesized for this gene using the 
RT -PCR Competitor Construction Kit (Arabian, Austin, TX) and supplied 
protocol. Using PCR with P3 and P4 primers specific for the gene, a eDNA 
template was created that was Identical to the mRNA but contained the '17 
RNA polymerase promoter sequence on the 5' end, -60 bp of additional 
sequence on the 3' end for efficient reverse transcription (RI) priming, and an 
internal deletion of 10% to allow for agarose gel size separation of the 
competitor- and mRNA -derived PCR products. A trace amount of InPIGTP 
was added to the synthesis reaction to allow for accurate quantification of the 
acrylamide gel -purified, full-length competitor. 

RT of RNA was done under standard conditions using Moloney marine 
leukemia virus RT (Life Technologies, Rockville, MD) and random decamer 
priming. Sample RNA was reverse -transcribed together with known amounts 
of synthetic RNA competitor. Both the gene -specific and competitor- derived 
cDNAS were then coamplifled using PCR with a specific primer pair for each 
gene of interest, Pl and P2. PCR was done under standard conditions using 
Tao polymerase (Sigma), prebound with TalStart antibody (Clontech, Palo 
Alto, CA) to increase specificity of the reaction. A PE9700 therrnocycler (PE 
Biosystems, Foster City, CA) was used for 30 cycles. A touchdown procedure 
for primer annealing was used. Cycles consisted of denaturation at 94 °C for 
10 s; primer annealing at 65 to >60 °C for 15 s; and extension at 72 °C for 30 s. 
Primer pairs were designed to span at least one intron so that any PCR 
products derived from contarninatmg genomic DNA were easily distinguished 
from RNA-derived products. Also, PCR extension times were minimized to 
further reduce the chance of amplification of longer, genomic -DNA derived 
products. 

Two PCR products were obtained for each reaction, and mRNA content 
was quantified by comparing the amount of DNA in each product band. 
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FIG. 2. Effect of FE 999011 and NVP- DPP728 on plasma DPP -IV activity 
in the Zucker fatty rat. Plasma DPP -IV activity was determined after 
oral administration of 10 mg/kg FE 999011 (0), 10 mg/kg NVP- DPP728 
(o), or vehicle (). The rectangle indicates when the OGTT was 
performed as illustrated in Fig. 3. Data are the means x SE, n = 0 rats 
per group. 

Competitor- and mRNA- derived product sizes were 202 and 225 bp, respec- 
tively. Coamplifeation and comparison using another standard (e.g., 18S 

RNA) is not required for quantification using this technique. Amplified DNA 

samples were prestained by adding SYBR green dye (Molecular Probes, 
Eugene, OR) to the loading buffer and electrophoresed on a 3% agarose gel. 

Gels were analyzed using blue light epbilumination with a Fuji LAS -1000 

digital camera system and quantified using Aida 11) software (Raytest, 
Wilmington, NC). 

The sequences of the primers used are as follows: 
GLP -1R Pl: 5' -AAT CGG GGT CAA OTT CCT TGT OTT CAT -3'; 
GLP -1R P2: 5' -GTG AAG GAG AGC TCT GTG AAC AGC no-3'; 
GLP -1R P3: 5' -GCG TM TAC GAC TCA CTA TAG GGA GAG GAG AAT COG 

GGT CAA CT!' CCT TGT OTT CAT GCC AAG CTGAAG GOT MT CTC ATG 

TOT -3'; 
GLP -1R P4: 5' -GAC AAA GCA GTA CAA GAC AGC CAC CAT -3'. 
Genotyping of rats for leptin receptor mutation. Genomic DNA was 

extracted from 60 -200 pl whole blood using the Qiagen QlAamp DNA Blood 
Mini Kit and amplified by PCR using primers flanking the nucleotide substi- 
tution in the leptin receptor coding sequence that creates the fa mutation (5' 
primer, 5' -CGT ATG GAA GTC ACA GAT GAT GGT AAT -3'; 3' primer, 5' -CCT 

CTC TTA CGA TTG TAG AAT TOT CT -3'). The resulting 118-bp product was 

digested with Mspl and electrophoresed on a 3% agarose gel. Amplicons from 

the normal allege are not digested and migrate as a single 118-bp band, 

whereas the mutant allele is cleaved, resulting in 39- and 79 -bp fragments, 
thus allowing for unambiguous genotyping. 
Statistics. All data are presented as means m SE. They were subjected to 

ANOVA followed by Student - Newman-IIeuis test. P < 0.05 was considered 
significant 

RESULTS 

Studies in Zucker fatty rats 
Plasma DPP -IV activity following FE 999011 and 
NVP- DPP728 administration. Oral administration of 
FE 999011 and NVP- DPP728 to Zucker fatty rats produced 
an immediate suppression of plasma DPP-1V activity (Fig. 
2). Maximal inhibition was obtained 30 min postinjection 
for NVP- DPP728 and 1 h postinjection for FE 999011. FE 
999011 and NVP- DPP728 significantly reduced DPP -IV 

activity for at least 12 h and 6 h, respectively (F2645 = 
58.763, P < 0.001). Twenty -four hours postinjection, 
plasma DPP -IV activity in rats treated with FE 999011 had 
returned to control values. 
Effect of FE 999011 on glucose excursion during an 
OGTT. Pretreatment 8 h before the glucose load with FE 
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FIG. 3. Effect of previous oral administration of the DPP -IV inhibitor 
FE 999011 on glucose tolerance in the Zucker fatty rat. Plasma glucose 
excursion was assessed in response to oral glucose loading (1 g/kg) in 
the absence () or presence of three dosages (1 [Al, 3 IDI, and 30 [V] 
mg/kg) of FE 999011 administered 8 h before. Data are the means ± SE, 
n = G rats per group. 

999011 at doses ranging from 1 to 10 mg/kg produced a 
dose -dependent reduction in plasma glucose excursion 
during the OGTT (Fig. 3). At the time when the glucose 
load was given, circulating DPP -IV activity was still sup- 
pressed (rectangle in Fig. 2). The integrated glucose 
responses were 10,046 ± 410 mg dl ' 120 min-1 for the 
vehicle group and 7,643 ± 1,032, 6,821 1- 747, and 5,522 ± 
644 mg dl-i - 120 min-1 for the groups treated with 1, 3, 

and 10 mg/kg, respectively. The observed decrease in 
integrated glucose response by graded doses of FE 999011 
was highly significant (420 = .6.57, P < a01). 
Effect of FE 999011 on glucose excursion, plasma 
GLP -1, and insulin responses during an intraduode- 
nal glucose tolerance test. A bolus intraduodenal glu- 
cose load (1 g/kg) was given to anesthetized lean or obese 
Zucker rats. One group of obese rats was pretreated with 
FE 9999011 (3 mg/kg intravenously) 15 min before the 
glucose load. A steady increase in glycemia was seen in all 
three groups, with a peak at 20 min for the lean group 
followed by a slow decrease. The glucose excursion in 
untreated obese rats was much larger, with a peak at 30 

min (area under the curve 3,520.9 ± 382M vs. 2,684.0 ± 

631.3 mg dl-i 60 mine in lean controls). Glucose 
excursion in obese Zucker rats pretreated with FE 999011 
was indistinguishable from that of lean controls (Fig. 4). 
The insulin rise in lean controls peaked at ti ± 0.5 ng/ml 
at 30 min. In untreated obese Zucker rats, insulinemia rose 
within 20 min from 43 ± 2.1 to 13 ± 2.5 ng/ml. Upon 
treatment with FE 999011, this insulin rise was enhanced, 
with a peak value at 10 min and a plateau at -25 ng/ml, 
persisting until 30 min. Basal values for plasma GLP -1 

were indistinguishable between lean and obese untreated 
rats (2 pm0/1), with no visible increase during the in- 
traduodenal glucose tolerance test (IDGTT). Conversely, 
pretreatment with FE 999011 produced a brisk rise in 
plasma GLP -1, with a peak at 12 min (Fig. 4). 
Effects of chronic treatment with FE 999011 on 
glucose excursion and insulin response during an 
OGTT. The glucose excursion and insulin response of the 
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FIG. 4. Effect of previous intravenous administration of the DPP -IV 
inhibitor FE 999011 on glucose excursion, and plasma insulin and 
GLP -1 responses during an IDGTT in the Zucker fatty rat. Plasma 
glucose, insulin, and GLP -1 excursions were assessed in response to an 
intraduodenal glucose load (1 g/kg) in the absence or presence of 3 
mg/kg FE 999011 administered intravenously 15 min before. The ELISA. 
technique used for the measurement ofbioactive GLP -1 equally detects 
GLP- 1(7 -36) and GLP- 1(7 -37) amide moieties but none of the inactive 
forms of GLP -1. Data are the means t SE, n = 8 rats per group. 

control rats that were pretreated with vehicle are shown in 
Fig. 5 (V); they exhibit the typical pattern of glucose 
intolerance known for naive Zucker fatty rats. The addi- 
tion of FE 999011 (1 mg/kg) to the glucose load in rats that 
were pretreated with vehicle improved glucose tolerance 
and enhanced insulin secretion (Fig. 5 []). Pretreatment 
with FE 999011 significantly improved glucose tolerance 
even when no inhibitor was added to the glucose load (Fig. 
5 [V]). Such improvement in glucose tolerance compared 
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with vehicle- treated rats (V) was possible with a lower 
insulin response, suggesting improved insulin sensitivity 
after 7 days of treatment. Basal insulinemia was decreased 
in FE 999011 (5.8 ± 0.8 ng/ml) compared with vehicle - 
treated rats (8.6 -_* 1.1 ng/ml, P < 0.05). Combination of 
chronic treatment with FE 999011 for 7 days and addition 
of FE 999011 to the glucose load produced the lowest 
glucose excursion (Fig. 5 [0]). In comparison to the rats 
challenged with glucose alone (V, V), glucose excursion 
was reduced in rats previously chronically treated with FE 
999011(F1160 = 14.4, P < 0.001), glycemia at 20 and 30 min 
postglucose being significantly decreased in the FE 
999011 - treated group (V vs. V). The insulin responses 
were also reduced in rats repeatedly treated with FE 
999011 (F11,60 = 2.607, P < 0.01). Insulin -to- glucose ratios 
were 0.12 ± 0.04 and 0.04 t 0.01 for rats previously treated 
with vehicle and FE 999011, respectively. Chronic treat- 
ment with FE 999011 had no effect on food intake, water 
intake, or body weight gain. 
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FIG. 6. Pattern of changes in glycemia in lean rats (), and obese ZDF 
rats receiving vehicle (0) or treated with 10 mg/kg FE 999011 once a 
day in the evening (Y) ar twice a day, morning and evening (V). In this 
model, untreated ZDF rats become diabetic between 6 and 10 weeks of 
age. At time 0, rats were 6.5 weeks old. Data are the means = SE, n = 
8 rats per group. 

Studies in male ZDF rats. The leptin receptor mutation 
was confirmed by genotyping all obese ZDF rats. Lean rats 
carried either the heterozygote fal+ or the homozygote 
+1+ genotype. 
Pattern of changes in glycemia. At the beginning of the 
study, glycemia in lean and obese rats was not different 
(Fig. 6). Eight days later, the obese control group devel- 
oped hyperglycemia, with plasma levels for glucose of 
186.4 ± 27.1 mg/dl in obese rats and 99.4 ± 0.9 mg/dl in 
lean rats (P < 0.05). At day 19, plasma glucose in the 
control obese group reached a plateau at 417.9 at 24.1 
mg/dl. Treatment with FE 999011 once or twice a day 
significantly delayed this rise in glycemia in the obese ZDF 
rats. Plasma glucose levels became significantly increased 
over lean rat values at day 15 for the once -a -day treated 
group (217.8 ± 34.0 vs. 110.1 ± 1.9 mg/di, P < 0.05), but 
only at day 24 for the twice -a -day treated group (238.3 -* 

32.4 vs. 972 ± 1.6 mg/dl, P < 0.05). Overall changes in 
plasma glucose levels over the 26 days of treatment with 
FE 999011 (Fig. 6) were highly significant (F51,364 = 21.967, 
P < 0.001). At the end of the study, glycenlia remained 
highly significantly decreased by the twice -a -day treatment 
(241.7 ± 34.7 mg/dl) compared with the untreated obese 
group (399.2 ± 22.4 mg/dl, P < 0.001). 
Pattern of changes in body weight gain and food 
and water intake. At the end of the experiment, the 
cumulative body weight gain was similar for the three 
obese groups (Fig. 7), but throughout the course of the 
experiment, body weight gain was differentially affected by 
treatment (F63,445 = 302.371, P < 0.001). The lean control 
group gained less weight than the obese groups. From day 
11 of treatment, FE 999011 twice a day significantly 
stabilized weight gain. There was no significant difference 
between the control obese group and the obese group 
treated with FE 999011 once a day at any time point. 
Retroperitoneal and inguinal fat masses were increased in 
obese compared with lean rats. Treatment with FE 999011 
had no effect on fat pad weight. Food consumption in the 
four groups clearly differed throughout the time course of 
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FIG. 7. Pattern of changes in body weight gain, food intake, and water 
intake of lean rats () and obese ZDF rats receiving vehicle (0) or 
treated with 10 mg/kg FE 999011 once a day (Y) or twice a day (V). 
Data are the means ± SE, n = S rats per group. 

the experiment (F63,447 = 22.8, P < 0.001). The obese 
groups ate significantly more than the lean control group. 
Food consumption increased with time in the control 
obese group and the group treated once a day with FE 
999011. From day 17 to the end of the treatment period, FE 
999011 twice a day stabilized food intake to pretreatment 
level. Water intake in the four groups strikingly differed 
throughout the time course of the experiment (F63,444 = 
14.9, P < 0.001). Ten days after the start of the experiment, 
water intake steadily increased in the control obese group 
and the group treated with FE 999011 once a day. FE 
999011 twice a day fully prevented this large increase in 
water consumption. 
Pattern of changes in insutinemia. The three obese 
groups had increased basal plasma insulin levels at the 
beginning of the experiment in comparison to lean con- 
trols (Fig. 8). Insulinemia in the control obese group 
gradually increased to a peak value of 23.3 ± 3.6 ng/ml 8 
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FIG. 8. Comparison of the pattern of changes in glycemia (S) and insulinemia (0) measured in lean control rats (A) and obese male ZDF rats receiving vehicle (B) or treated with 10 mgfkg FE 999011 once a day (C) or twice a day (D). Data are the means - SE, n = 8 rats per group. 

days after the initiation of treatment. Then, plasma insulin 
steadily decreased to a value of 72 ± IA ng/ml at day 24 
of the study. Obese rats treated with FE 999011 once a day 
showed a similar pattern of insulin secretion during this 
treatment period, with a peak of 24.9 ± 2 ng/ml at day 11 
and a low value of 6.7 ± 1.7 ng/ml at day 24. The fall in 
insulinemia observed in the vehicle and once -a -day treated 
rats clearly coincided with the appearance of overt diabe- 
tes characterized by escalating plasma glucose levels. In 
obese rats treated with FE 999011 twice a day, basal 
insulin levels were generally lower and exhibited a bipha- 
sic pattern that differed from the two other obese groups. 
A fast peak of insulinemia was seen at day 8 (17 ± 2.4 
ng/ml), a trough after 15 days, and a second peak (14.6 ± 
2.3 ng/ml) 21 days after initiation of treatment. 
Plasma GLP -.t levels. Basal plasma levels for GLP -1 
were measured in the fed state 25 days after initiation of 
treatment. Mean plasma level was lowest in untreated, 
obese diabetic rats (4.0 ± 0.1 pmol/1). Chronic treatment 
with FE 999011 increased basal GLP -1 plasma concentra- 
tion to 5.8 ± 0.5 pmol/1 in once -a -day treated rats and 6.2 ± 
0.5 pmol/1 in twice -a -day treated rats, with both increases 
being significant versus vehicle- treated obese rats (F3,27 = 
3.649, P < 0.025). The value for lean rats was 5.2 -!- 0.7 
pmol/1. 
Plasma DPP -IV activity. At the end of the study (day 
26), plasma DPP -IV activity was 0.79 ± 0.03 in lean and 
1.02 -1- 0.05 rate/min in untreated obese rats, whereas a 
value of 0.23 t 0.02 rate/min was measured in obese rats 
injected with FE 999011 twice a day (FS21 = 105.8, P < 
0.001). 
Plasma FFA and TG levels. Plasma FFA and TG levels 
in the three obese groups were significantly higher than in 
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lean rats (Fig. 9 and Table 1). Throughout the study, in 
vehicle -treated rats, there was a large increase in plasma 
levels of both FFAs and TG, whereas in the lean group, no 
change in plasma FFAs and a small increase in TGs were 
observed (F15,112 = 18.5, P < 0.001; F10,119 = 42.4, P < 
0.001 for FFAs and TGs,.respectively). Interestingly, mean 
plasma FFA levels did not increase significantly with the 
twice -a -day treatment (L52 ± 0.16 to 1.84 -_* 0.18 mEq/1), 
thus remaining in the concentration range seen in the 
prediabetic state (1.81 t 0.17 mEq/1). Treatment with FE 

+- Lean 
-0- Vehicle -r- FE 999011, once daily 
--v-- FE99901I, twice daily 

0 5 10 15 20 25 

Time (days) 

FIG. 9. Pattern of changes in plasma FFAs in lean rats () and obese ZDF rats receiving vehicle (0) or treated with 10 mg/kg FE 999011 once a day (V) or twice a day (V). Data are the means ± SE, n = 8 rats per group. 
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TABLE 1 

Plasma FFA and TG levels in ZDF rats 

Plasma FFA (mEg4) Plasma TG (ng/mi) 

Day -1 Day 19 Day -1 Day 19 

Lean FA/? 
No treatment 0.64 ±0.04 0.65-±0.04 61.6 t 4.1 94.5 ± 4.6 

Obesefa/foe 
Vehicle 1.81 ± 0.17* 3.10 t 0.1* 348.6 ± 16.7* 1254.5 ± 45* 

FE 999011 once a day 1.76 ± 0.1* 2.40±0.4*t 342.2 ± 13.6* 993.6 t 130.99 
FE 999011 twice a day 1.62 ± 0.16* 1.84 ± 0.18*t 327.3 ± 39.7* 672.4 ± 69*t# 

< 0.05 vs. lean; tP < 0.05 vs. obese vehicle; $P < 0.05 vs. obese FE 999011 once daily. 

999011 significantly and dose -dependently attenuated the 
increase in TG values in the obese rats. 
Gene expression for GLP -1 receptor in the pancreas. 
Gene expression for GLP -1R (as characterized by the 
number of mRNA copies per microgram of extracted total 
RNA from the whole pancreas) was increased in obese 
compared with lean control rats (Fig. 10). Treatment of 
obese rats with FE 999011 increased gene expression from 
4.9 ± 1.0 x 106 to 7.8 ± 1.2 X 106 mRNA copies/p.g total 
RNA in the once -a-day treated obese rat group (NS) and to 
14.4 ± 3.2 in the twice -a-day treated group, a significant 
increase over the untreated group (F3,26 = 49.0, P < 0.001). 

DISCUSSION 
The new DPP -IV inhibitor FE 999011 described in this 
article was able to inhibit circulating DPP -IV activity and 
therefore improve GLP -1 secretion after a glucose load; it 
then effectively reduced the glucose excursion following 
OGTT in Zucker fatty rats to values in lean controls. 

One major advantage of FE 999011 resides in its long 
duration of action, which extends -12 h, so that twice -a 
day oral administration continuously inhibits DPP -IV ac- 
tivity. Such chronic administration of FE 999011 to Zucker 
fatty rats led to a robust improvement in glucose toler- 
ance: after 7 days of twice -a-day oral administration, the 
glucose excursion following OGTTTP was normalized even in 
absence of inhibitor given at the time of the glucose load. 
The fact that such improved glucose tolerance occurred 
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FIG. 10. Pattern of changes in pancreatic gene expression for GLP -1 

receptor (GLP -1R), as quantified by RT -PCR. Data are the means a SE, 
n = 8 rats per group. 
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with a reduced insulin surge suggests a significant im- 
provement in insulin sensitivity. In the male ZDF rat, 
chronic treatment with FE 999011 significantly delayed the 
rise in glycemia. Our data clearly indicate that prevention 
of the diabetic situation was possible only with the twice - 
a -day administration of FE 999011, suggesting that contin- 
uous inhibition of circulating DPP -IV activity is required 
for optimal efficacy. With the once -a -day treatment, only a 
short-lived delay in onset of hyperglycemia was observed, 
and the pattern of changes in insulin secretion, food 
consumption, water intake, and body weight gain were not 
modified compared with untreated ZDF rats. With the 
twice -a -day treatment, euglycemia was maintained for at 
least 21 days with low basal insulin secretion, suggesting 
improved insulin sensitivity. Normal control of water 
intake, a hallmark of adequate control of glucose metab- 
olism in diabetic rats (27), was another sign of treatment 
efficacy. During the last 10 days of treatment, both basal 
insulin and glucose levels started to rise moderately. 

One key outcome in this study was the improvement in 
glucose tolerance when circulating DPP -IV activity was 
chronically inhibited. This was clearly observed in both 
Zucker fatty and ZDF rats. It can be suggested that 
improvements of both glucose -induced insulin secretion 
and insulin sensitivity were determining factors for the 
prevention of diabetes in male ZDF rats. Stabilization of 
circulating FFAs to pretreatment levels obtained with the 
twice -a -day treatment was probably another determining 
factor for the maintenance of islet cell function in this 
model. The improvement of insulin secretion and efficacy 
observed in this study could have been mediated by 
enhanced GLP -1 secretion. Enhanced GLP -1 action at the 
level of rat pancreatic islets using GLP -1 analog infusion 
can increase insulin release (28). Plasma GLP -1 response 
upon an intraduodenal glucose load was greatly improved 
in FE999011- treated Zucker rats, and basal plasma GLP -1 

levels were significantly increased by FE 999011, 26 days 
after initiation of treatment of ZDF rats. 

GLP -1R is expressed in pancreatic islets and hypothal- 
amus (29,30). In our study, gene expression for GLP -1R in 
the whole pancreas was found to be significantly increased 
in untreated obese compared with lean animals and was 
further upregulated by the twice -a -day FE 999011 treat- 
ment. The latter observation could suggest an increased 
sensitivity to the action of GLP -1, consistent with the 
improvement in insulin secretion and action. Because 
gene expression analysis was performed in total RNA 
extracted from the whole pancreas, GLP -111 mRNAs 
present in all types of islet cells (31,32) were detected. 
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Therefore, such an increase could have happened on each 
islet cell type, apparently improving each GLP -1 action at 
the pancreatic level. Another word of caution relates to 
whether increased gene expression automatically means 
increased cell sensitivity to the ligand. Regulation of GLP -1 
action also depends on postreceptor signaling pathways. 
In the case of GLP -1, it has been shown in vitro that 
overexpression of GLP -1R can lead to desensitization (33). 
In view of the marked improvement in control of glucose 
homeostasis in this rat model following stabilization of 
GLP -1 action, one can hypothesize that an increased 
pancreatic GLP -1R population can be considered a posi- 
tive factor. However, the mechanism and meaning of such 
change clearly require further evaluation. 

GLP -1 is also known to reduce feeding through a brain - 
originating peptide acting on hypothalamic GLP -1 recep- 
tors (34,35). In this study, a hypothalamic anorectic effect 
of GLP -1 is very unlikely as a primary cause for the 
prevention of diabetes by FE 999011, as no anorectic effect 
was observed in Zucker rats after 7 days of treatment or at 
any time in ZDF rats chronically treated with FE 999011 
twice a day. The role of circulating FFAs and TGs in the 
occurrence of the diabetic syndrome in leptin- resistant 
ZDF rats has been well discussed in the literature (36,37). 
In particular, the unusual accumulation of TGs in islet 
cells due to the absence of leptin action has been postu- 
lated to represent a major cause of failure of p -cells to 
produce and release insulin (38). Nonadipose tissues of 
normal rodents have a low TG content, even when fed a 
high -fat diet. In contrast, in rodents with a loss -of- function 
mutation in the leptin receptor, the TG content of certain 
nonadipose tissues is markedly increased, even on a 
normal fat intake (39). In ZDF rats, a 10- to 50 -fold increase 
in TG content of the pancreatic islets has been reported 
(39). This is associated with impairment of p -cell function 
and ultimate loss of p -cells through lipoapoptosis, which 
results in diabetes (39,40). Thus lack of leptin action at the 
level of the p -cells in the ZDF rat and the resulting increase 
in pancreatic TG content could be the primary cause for 
loss of glucose -induced insulin secretion. During the 
course of our study, plasma levels for FFAs and TGs in the 
obese ZDF rat increased by two- and fourfold, respec- 
tively. The increase in plasma FFAs was prevented by the 
twice -a -day treatment with FE 999011 and maintained 
below the 2 mEq/1 level that is toxic for p -cells (39,41). 
With the once -a -day treatment, prevention of this increase 
in plasma FFAs was less efficient. With the prevention of 
overt diabetes thanks to adequate insulin secretion and 
improvement of insulin sensitivity, insulin action on lipid 
metabolism is also enhanced and leads to a maintenance 
of moderate circulating FFA and TG levels. A combination 
of decrease in FFA and TG levels and enhanced GLP -1 
action, both leading to preservation of p -cell function, 
represents the likely mechanism for the successful preven- 
tion of diabetes by FE 999011. 

This study demonstrated that chronic inhibition of 
DPP -IV by FE 999011 can delay the occurrence of type 2 
diabetes in ZDF rats. Permanent inhibition of circulating 
DPP -IV activity most likely leads to a sustained action of 
GLP -1 and possibly GIP at the pancreatic level. GLP -1 also 
stimulates increases in p -cell mass and insulin synthesis 
and thus favors adequate insulin stores in pancreatic 
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islets. Furthermore, GLP -1 can enhance insulin action by 
inhibiting glucagon secretion (42). It is therefore specu- 
lated that in the clinic, DPP -IV inhibitors such as FE 
999011 could delay or even prevent the progression from 
impaired glucose tolerance to type 2 diabetes by Improv- 
ing glucose tolerance and preserving p -cell function. Of 
importance for a DPP -IV -based treatment is assessment 
of its effect on the immune response (43,44) and also 
determination of whether other endocrine axes are modi- 
fied, since inhibition of DPP -IV activity may enhance the 
action of other polypeptide hormones that are susceptible 
to cleavage and inactivation, such as neuropeptide Y (45) 
or growth hormone -releasing hormone (46). 
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compared to a rapidly-dissociating DPP4 inhibitor 
Aiying Wang', Charles Dorso', Lisa Kopcho2, Gregory Locke2, Robert Langish3, Eric Harstad4, Petia Shipkova3, 

Jovita Marcinkeviciene2, Lawrence Hamanns and Mark S Kirby'* 

Abstract 

Background: Dipeptidylpeptidase 4 (DPP4) inhibitors have clinical benefit in patients with type 2 diabetes mellitus 

by increasing levels of glucose -lowering incretin hormones, such as glucagon -like peptide -1 (GLP -1), a peptide 

with a short half life that is secreted for approximately 1 hour following a meal. Since drugs with prolonged 

binding to their target have been shown to maximize pharmacodynamic effects while minimizing drug levels, we 

developed a time -dependent inhibitor that has a half -life for dissociation from DPP4 close to the duration of the 

first phase of GLP -1 release. 

Results: Saxagliptin and its active metabolite (5- hydroxysaxagliptin) are potent inhibitors of human DPP4 with 

prolonged dissociation from its active site (Ki = 1.3 nM and 2.6 nM, t,12 = 50 and 23 minutes respectively at 37 °C). 

In comparison, both vildagliptin (3.5 minutes) and sitagliptin ( < 2 minutes) rapidly dissociated from DPP4 at 37 °C. 

Saxagliptin and 5- hydroxysaxagliptin are selective for inhibition of DPP4 versus other DPP family members and a 

large panel of other proteases, and have similar potency and efficacy across multiple species. 

Inhibition of plasma DPP activity is used as a biomarker in animal models and clinical trials. However, most DPP4 

inhibitors are competitive with substrate and rapidly dissociate from DPP4; therefore, the type of substrate, volume 

of addition and final concentration of substrate in these assays can change measured inhibition. We show that 

unlike a rapidly dissociating DPP4 inhibitor, inhibition of plasma DPP activity by saxagliptin and 5- 

hydroxysaxagliptin in an ex vivo assay was not dependent on substrate concentration when substrate was added 

rapidly because saxagliptin and 5- hydroxysaxagliptin dissociate slowly from DPP4, once bound. We also show that 

substrate concentration was important for rapidly dissociating DPP4 inhibitors. 

Conclusions: Saxagliptin and its active metabolite are potent, selective inhibitors of DPP4, with prolonged 

dissociation from its active site. They also demonstrate prolonged inhibition of plasma DPP4 ex vivo in animal 

models, which implies that saxagliptin and 5- hydroxysaxagliptin would continue to inhibit DPP4 during rapid 

increases in substrates in vivo. 

Background 
Diabetes is a worldwide epidemic, with the World Health 

organization estimating that more than 220 million people 

have diabetes worldwide http: / /www.who.int /mediacentre/ 

factsheets /fs312 /en /index.html, with greater than 90% of 
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Full list of author information is available at the end of the article 

CBioMed Central 

those having type 2 diabetes mellitus (T2DM). T2DM is 

thought to develop as a combination of insulin resistance 

and pancreatic 13-cell failure [1]. Therefore, identification 

of novel treatments that would increase pancreatic insulin 

secretion while protecting pancreatic f3-cells are of great 

interest. 
Incretin hormones, such as glucagon -like peptide -1 

(GLP -1), are secreted from cells in the gastrointestinal 

(GI) tract into the circulation in response to nutrient 

2012 Wang et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons 

Attribution License (http: / /creativecommons.org /licenses /by /2.0), which permits unrestricted use, distribution, and reproduction in 

any medium, provided the original work is properly cited. 
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absorption. They are a major component of the 
mechanism regulating post -prandial insulin secretion 
when it is needed following meals [2J. Incretins account 
for up to 60% of the post -prandial insulin secretion in 
healthy individuals, but the incretin response is impaired 
in T2DM [3]. Incretin effects do not lead to insulin 
release per se, but potentiate the physiological release of 
insulin from the pancreas in response to increases in 
plasma glucose. Since GLP -1 has been shown to have 
the major incretin effect on glucose homeostasis in 
patients with type 2 diabetes [4], much work has been 
done to understand the effects of this incretin hormone 
on normal and pathophysiological glucose homeostasis. 

Following its secretion, dipeptidylpeptidase -4 (DPP4) 
rapidly metabolizes the intact form of GLP -1 (GLP -17.36) 
to inactive GLP -19.36 with a half -life of 1 to 2 minutes in 
vivo [5]. Therefore, two approaches have been taken to 
increase activity of the incretin axis, parenteral adminis- 
tration of DPP4- resistant GLP -1 analogues or oral 
administration of DPP4 inhibitors. DPP4 inhibitors have 
minimal risk of hypoglycemia because they enhance glu- 
cose- dependent insulin secretion and glucagon reduction. 
They are also weight neutral; i.e., they do not promote 
weight gain that is typically seen with many other anti - 
diabetic agents. DPP4 inhibitors are also effective in com- 
bination with several other diabetes drug classes [6 -8]. 
Finally, data from animal models indicate that GLP -1 is a 
trophic factor for [3- cells, and potentiating endogenous 
incretins with DPP4 inhibitors does increase (3-cell func- 
tion and number, thereby contributing to improvement 
of [3-cell function over the long -term [9]. 

There are many examples of enzyme inhibitors display- 
ing time -dependence (e.g. [10,11]), with several becoming 
marketed drugs, including members of the DPP4 inhibi- 
tor class [12 -14]. In many cases, prolonged pharmacody- 
namic effects on the target enzyme (when compared to 
the pharmacokinetics of the drug) confers an advantage 
over rapidly dissociating compounds, because time - 
dependent drugs typically require lower plasma levels 
and reduced drug peak -to- trough ratios, reducing the 
risk of off -target toxicity [11,15]. In humans, peak GLP -1 
secretion occurs during the first phase of secretion, 
which occurs rapidly following a meal, giving a 2- to 3- 
fold increase that lasts 30 to 60 minutes [3]. This can be 
followed by a prolonged phase that gives a small increase 
in GLP -1 levels above fasting levels for up to 2 hours 
[reviewed in [16]. Therefore, we hypothesized that if a 
time -dependent inhibitor has a half -life for dissociation 
close to the duration of the first phase of GLP -1 secre- 
tion, the majority of the enzyme- inhibitor complex 
would not dissociate during the release of GLP -1 and this 
would maximize the compound's beneficial effects while 
minimizing plasma drug levels. DPP4 also has many 
other substrates in vitro, although only a few have been 

shown to be cleaved by DPP4 in vivo (reviewed in [17]). 
Therefore, it would be ideal if binding did not extend 
past the duration of first phase GLP -1 secretion, such 
that the inhibitor activity would follow its pharmacoki- 
netics for inhibition of cleavage of other substrates of 
DPP4, should any such substrates have more prolonged 
in vivo half -lives relative to GLP -1. 

Here we describe the inhibitory properties of saxaglip- 
tin and its 5- hydroxy metabolite, which are both slow 
binding DPP4 inhibitors with extended off -rates from 
DPP4 at 37 °C, similar to the duration of the first phase of 
release of GLP -1 in vivo. We also use the ex vivo plasma 
DPP assays that are used in preclinical animal models 
and the clinic as a biomarker for efficacy, to demonstrate 
how slow binding compounds such as saxagliptin differ 
from rapidly dissociating DPP4 inhibitors. We show that 
saxagliptin does not have a dilution artifact or a large 
dependence on the pseudo- substrate used in the assay, 
unlike rapidly dissociating DPP4 inhibitors, and we dis- 
cuss the significance of these findings. 

Results 
Saxagliptin is a potent inhibitor of human DPP4 in vitro 
irrespective of substrate 
We measured the ICso for inhibition of substrates across a 
range of substrate concentrations (10 [IM to 1000 µM, 
dependent on substrate) that straddled the Km for the 
pseudo- substrate gly- pro -pNA (Km 180 ± 8 kcat 40 ± 
9 s-1, room temp, n = 3), and GLP -1 (Km 24 ± 16 µM, 
kcat 2.9 ± 0.9 s-1; room temp, n = 5), then calculated the 
Ki for inhibition of cleavage by each substrate (Table 1). 

Each of the DPP4 inhibitors tested were equipotent 
inhibitors of GLP -1 and gly- pro -pNA, as expected for 
inhibitors that are competitive with substrate and bind 
in the active site of DPP4. Therefore, we used gly -pro- 
pNA as a substrate in subsequent experiments. Saxaglip- 
tin was approximately 10 -fold more potent than vilda- 
gliptin or sitagliptin under these conditions at room 
temperature. 

Potency and selectivity of saxagliptin and 5- 
hydroxysaxagliptin for human enzymes in vitro at 37 °C 
Routine screening was performed at room temperature. 
However, as DPP4 inhibition in vivo occurs at 37 °C, we 
measured the potency and selectivity of DPP4 inhibitors 
in vitro at that temperature (Table 2). The Km and 
turnover rate of gly- pro -pNA pseudo- substrate for 
DPP4 increased (Km = 209 ± 18 µM; kcat = 67 ± 4 s -1, 
n = 3), as did the Ki values for inhibition of DPP4 by 
DPP4 inhibitors (Table 2). Saxagliptin was 10 -fold more 
potent than either vildagliptin or sitagliptin at 37 °C. Sax - 
agliptin generates an active metabolite in vivo [18], 5- 
hydroxysaxagliptin; it was 2 -fold less potent than 
saxagliptin. 
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Table 1 Inhibition of isolated cloned human DPP4 at 
room temperature 

compound GLP-1 K1 (nM) gly- pro -pNA K; (nM) 

Saxagliptin 0.41 ± 0.1 (7) 0.45 ± 0.1 (5) 

Sitagliptin 2.5 ± 0.7 (4) *** 8 ± 1 (5) * ** 

Vildagliptin 1.5 ± 0.5 (4) *** 7 ± 2 (5)*** 

mean ± standard deviation (number of independent experiments). * * *P < 0.001 
versus saxagliptin 

The gly- pro -pNA pseudo- substrate is not specific to 
DPP4 and is also cleaved by other enzymes, including 
DPP8 (Km = 792 ± 60 µM; kcat = 5.1 ± 0.4 s "', n = 3) and 
DPP9 (Km = 221 ±27µM; kcat = 3.7 ±0.7s "',n =3), 
although the cleavage rate of both enzymes is 20 -fold 
lower than DPP4. Therefore, we also used this substrate to 
investigate inhibition of DPP8 and DPP9 by DPP4 inhibi- 
tors. Saxagliptin is approximately 400 -fold selective and 
75 -fold selective for DPP4 versus DPP8 and DPP9, respec- 
tively, with the 5- hydroxymetabolite having approximately 
twice the selectivity (DPP8 approximately 950 -fold and 
DPP9 approximately 160 -fold). In comparison, vildagliptin 
had 400 -fold selectivity for DPP8 and 20 -fold selectivity 
for DPP9, while sitagliptin had 1900 -fold selectivity for 
DPP8 and 3000 -fold selectivity for DPP9. 

Saxagliptin and 5- hydroxysaxagliptin were tested against 
multiple other enzymes (at room temperature). Both corn- 
pounds had > 1000 -fold selectivity against FAP, and > 

6000 -fold selectivity against DPP2 and all other proteases 
tested: these included neutral endopeptidase, angiotensin 
converting enzyme, aminopeptidase P, prolidase, prolyl 
carboxypeptidase, activated protein C, chymotrypsin, fac- 
tor IXa, Factor VIIa, Factor Xa, Factor XIa, factor XIIa, 
plasma kallikrein, plasmin, thrombin, tissue kallikrein, tis- 
sue plasminogen activator, trypsin and urokinase (data not 
shown). They also had > 10,000 -fold selectivity against a 
panel of 39 unrelated proteins that included 15 G- protein 
coupled receptors, 4 nuclear hormone receptors, 6 ion 
channels, 4 other enzymes and 10 transporters (data not 
shown). 

Potency and selectivity of saxagliptin and 
5- hydroxysaxagliptin for inhibition of cynomolgus 
monkey DPP enzymes in vitro at 37 °C 

The potency and selectivity for all 4 compounds for 
inhibition of cynomolgus monkey (rhesus monkey has 

the same DPP4 DNA sequence) DPP4, DPP8 and DPP9 
is shown in Table 3 and is very similar to that found 
versus the human enzymes. 

Similar data were also obtained for mouse and rat 
enzymes (data not shown). Therefore, we confirmed 
that the potency and specificity of saxagliptin and its 5- 
hydroxymetabolite were similar across species in vitro. 
We did not investigate the effects of DPP4 inhibitors on 
other peptidases from other species because no effect of 
saxagliptin and 5- hydroxysaxagliptin were seen on the 
human proteins tested. 

Saxagliptin and 5- hydroxysaxagliptin are long- acting 
DPP4 inhibitors in vitro 
During the course of initial experiments, we noticed that 
there was time dependence to inhibition of DPP4 by 
some DPP4 inhibitors. In order to determine time - 
dependence, we preincubated DPP4 inhibitors with 
DPP4 and measured the rate of dissociation of DPP4 
inhibitors from DPP4 using an `infinite dilution' method. 

The data in table 4 show that saxagliptin and 5- hydro- 
xysaxagliptin have slow binding when tested at 37 °C, 
with t112 for dissociation of 50 minutes and 23 minutes, 
respectively. While vildagliptin shows some evidence of 
slow binding (t112 = 3.5 minutes), this was much less 
pronounced. Sitagliptin showed no time dependence 
(within the limitations of the experimental protocol at < 
2 minutes). The time dependence was only found for 
inhibition of DPP4 and was not seen during experiments 
investigating the inhibition of DPP8 and DPP9; there- 
fore, these prolonged effects would only relate to inhibi- 
tion of cleavage of DPP4 substrates by DPP4. 

Saxagliptin does not have a dilution artifact in plasma 
DPP assays in vitro 
The ex vivo assay measuring inhibition of plasma DPP4 
activity has been used as a key biomarker assay for 
DPP4 inhibitor assessment by multiple groups in both 
animal models and in the clinic. Given that the duration 
of the ex vivo assay is typically between 10 and 20 min- 
utes, there would be no dilution artifact predicted for ex 
vivo determination of inhibition from saxagliptin dosed 
animals, because negligible dissociation of saxagliptin 
from DPP4 would occur over the time frame of the 
experiment (Table 4 and the rate of dissociation is 

Table 2 Inhibition of isolated, cloned human DPP4, DPP8 and DPP9 at 37 °C 

DPP4 K; (nM) DPP8 K1 (nM) DPP9 K; (nM) 
Saxagliptin 1.3 ± 0.3 (12) 508 ± 174 (13) 98 ± 44 (11) 

5-hydroxysaxagliptin 2.6 ± 1.0 (12)*** 2495 ± 727 (14)* 423 ± 64 (12) 
Vildagliptin 13 ± 2.8 (12)*** 5218 ± 2319 (14) * ** 258 ± 93 (12) 
Sitagliptin 18 ± 1.6 (12)*** 33780 ± 5532 (12)*** 55142 ± 19414 (11)*** 

mean ± standard deviation (number of independent experiments). *P < 0.05, * *P < 0.01, * * *P < 0.001 versus saxagliptin 
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Table 3 Inhibition of isolated, cloned cynomolgus monkey DPP4, DPP8 and DPP9 at 37 °C 

DPP4 K; (nM) DPP8 K1 (nM) 

Saxagliptin 1.1 ± 0.2 (14) 390 ± 82 (6) 

5-hydroxysaxagliptin 2.9 ± 1.1 (13)*** 2061 658 (6)*** 

Vildagliptin 6.8 ± 2.0 (14)*** 3692 ± 917 (7)*** 

DPP9 K; (nM) 

61 ± 5 (6) 

323 ± 60 (6)* 

125 ± 39 (7)*** 

Sitagliptin 15.6 ± 3.6 (14)*** 21949 ± 17461 (6) * ** 65757 ± 7966 (6) * ** 

mean ± standard deviation (number of independent experiments). *P < 0.05, * *P < 0.01, * * *P < 0.001 versus saxagliptin 

decreased with lower temperature). To confirm this for 

saxagliptin, we took naive human plasma and compared 

samples with just the addition of compound to plasma 

only, to samples where compound was added to both 

plasma and buffer (such that total concentration of drug 

was kept constant during the 'dilution step'). 

Saxagliptin is unaffected by the 3 -fold dilution in the 

human plasma assay (Figure la) using ala- pro -AFC as sub- 

strate. However, sitagliptin clearly has a dilution artifact 

(Figure lb). When sitagliptin was added only to the 

plasma, the inhibition curve shifted 3 -fold to the right 

compared to when compound was added to both the 

plasma and the dilution buffer (IC50 = 152 ± 41 nM versus 

414 ± 116 nM: mean ± s.d., n = 3), except where there is 

virtually no inhibition or full inhibition, consistent with 

the 3 -fold dilution during substrate addition. This is pre- 

sumably due to a new equilibrium being rapidly estab- 

lished following dilution, such that the potency of 

sitagliptin will be underestimated when compound is only 

present in the plasma. Similar data were also obtained 

using both cynomolgus and rhesus monkey plasma (data 

not shown). 

Maximum inhibition of plasma DPP4 activity in plasma 

samples by DPP4 inhibitors differs between species 

Untreated human plasma samples gave a plasma DPP 

enzyme activity rate of 5.0 ± 0.6 nmoles /min per ml 

plasma (mean ± s.d., n = 3 independent experiments) 
when ala- pro -AFC was used as substrate. Untreated 
cynomolgus and rhesus monkey plasma DPP4 rates were 

similar to those seen in human, with rates of 5.2.± 0.3 

and 7.3 ± 0.2 nmoles /min per ml plasma, respectively. 

However, the ability of DPP4 inhibitors to inhibit cleave - 

age of peudo- substrates differs among species. Figure 2 

Table 4 On and off rates of DPP4 inhibitors at 37 °C 

Compound kon, 105 M-1 s-' koff, 10-5 s' t1,2 (min.) 

37 °C 

Saxagliptin 4.6 ± 0.6 23 ± 1 50 

5-hydroxysaxagliptin 0.7 ± 0.1 50 ± 2 23 

Vildagliptin 1.2 ± 0.2 330 ± 30 3.5 

Sitagliptin > 100 > 580 <2 

mean ± standard error. Standard errors for kon were calculated from 

equations (2), (3) and (4), and for koff are from the fits to equation (5) 

shows that the maximum inhibition of plasma DPP activ- 

ity seen with saxagliptin was approximately 85% in rhesus 

and 80% in cynomolgus monkeys, but > 95% in humans 

(Figure 2). Like human, rodent (mouse and rat) and dog 

plasma DPP is inhibited > 95% by saxagliptin (data not 

shown). 
These effects were shown to be independent of DPP4 

inhibitor and similar data were obtained with gly -pro- 

pNA as the pseudo -substrate (Table 5; Figure 3). Since 

the pseudo- substrates are not specific for DPP4, pre- 

sumably these findings reflect a species difference in the 

relative activity of all the other plasma peptidases that 

cleave these pseudo- substrates. 
The in vitro IC50 for inhibition of human, rhesus 

monkey and cynomolgus monkey plasma DPP activity 

by saxagliptin, vildagliptin and sitagliptin was similar 

across species (Table 5). Therefore, although there were 

different amounts of maximal inhibition among species, 

DPP4 inhibitors have similar potency in rhesus monkey, 

cynomolgus monkey and human plasma for inhibition 

of plasma DPP activity. 

Choice of assay affects the IC50 measured for inhibition of 

plasma DPP activity by DPP4 inhibitors at steady -state in 

vitro 
The measured IC50 varies with the ratio of substrate con- 

centration to substrate Km for competitive inhibitors (see 

Methods). Using the assays described here, Km values 

were calculated as 57 ± 13 µM (n = 3 independent experi- 

ments) for the ala- pro -AFC assay, and 180 ± 10 µM (n = 

3) for gly- pro -pNA assay in human plasma. Km values 

were similar in cynomolgus monkey plasma, at 35 ± 6 µM 

(n = 3) for ala- pro -AFC assay and 134 ± 5 µM (n = 3) for 

gly- pro -pNA assay. Since the majority of DPP4 inhibitors 

are competitive with substrate, a difference in substrate 
concentration will affect the measured IC50 of these inhibi- 

tors. In the two pseudo- substrate assays we used to mea- 

sure inhibition of plasma DPP activity, the ratio of Km to 

substrate concentration is approximately 7 -fold in the ala- 

pro -AFC assay (370 µM substrate concentration), but is 

only 2 -fold in the gly- pro -pNA assay (400 µM substrate 

concentration). Therefore, using gly- pro -pNA as substrate 

would give an apparent increase in potency of DPP4 inhi- 

bitors compared to ala- pro -AFC. Further, the difference in 

temperature (30 °C versus room temperature) and pH (7.4 
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Figure 1 The effect of dilution on the IC50 for inhibition of human plasma DPP activity by saxagliptin (Panel A) and sitagliptin (Panel 
B) using ala- pro -AFC as substrate (activity is measured as arbitrary fluorescence units. Mean ± s.e.m., n = 3 independent experiments, 3 
replicates per experiment). 

versus 7.9) of the two assays would also affect the mea- 
sured IC50. Figure 3 shows the inhibition of cynomolgus 
monkey plasma DPP activity in vitro for saxagliptin and 
sitagliptin under pseudo- steady -state conditions. There 
was a small change in IC50 for saxagliptin (2.5 ± 0.2 nM to 
9.8 ± 0.3 nM, P < 0.0001), with a narrow concentration 
range over which a difference would be seen between the 
two assays (1 to 10 nM. Figure 3A). This presumably 
reflects differences in temperature and pH between the 
two assays. However, at concentrations of sitagliptin 
between 5 and > 3000 nM, much more inhibition of DPP 
activity is seen with the gly- pro -pNA assay than with the 
ala- pro -AFC assay (Figure 3B). Further, the ICS0 for inhibi- 
tion in the ala- pro -AFC assay was significantly increased 
26 -fold compared to the gly- pro -pNA assay, from 17 ± 2 
nM to 440 ± 163 nM (P < 0.0001). Similar data were 
obtained using human plasma (data not shown). 
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Figure 2 Percent inhibition of plasma DPP activity in human, 
rhesus monkey and cynomolgus monkey plasma by 
saxagliptin using ala- pro -AFC as substrate. 

Measurement of plasma DPP activity in ex vivo assays 
The differences in dissociation rate from DPP4 and the 
substrate used have substantial implications for mea- 
surement of activity following dosing in animals and 
humans. Figure 4 shows data from an in vivo study 
where various doses of saxagliptin and sitagliptin were 
given to cynomolgus monkeys and plasma DPP inhibi- 
tion was measured after 24 hours, at trough. 

When the ala- pro -AFC assay was used to measure 
plasma DPP inhibition ex vivo, saxagliptin treatment 
resulted in close to maximal inhibition of the inhibitable 
plasma DPP activity at its highest doses, with the 1, 3 
and 10 mg /kg doses being statistically different from 
vehicle. However, sitagliptin treatment had no effect on 
plasma DPP activity at any of the doses. When the gly- 
pro -pNA assay was run on exactly the same samples, 
similar results were obtained for saxagliptin and there 
was no statistical difference between the data obtained 
with either assay at any dose. In contrast to the ala -pro- 
AFC assay, sitagliptin treatment gave statistically signifi- 
cant inhibition of plasma DPP activity at 3, 10 and 40 
mg /kg doses when compared to vehicle in the gly -pro- 
pNA assay. Further, plasma DPP inhibition in the gly- 
pro -pNA assay at the 10 and 40 mg /kg doses were sta- 
tistically significantly different from those obtained 
using the ala- pro -AFC assay (P = 0.07 for the 3 mg /kg 
dose). However, the highest dose tested still did not give 
maximal inhibition of plasma DPP activity. Therefore, 
choice of assay had significant relevance for the inter- 
pretation of inhibition by sitagliptin in this study. 

Discussion 
Saxagliptin (BMS- 477118) is a potent inhibitor of DPP4 
that is approximately 10 -fold more potent than vilda- 
gliptin or sitagliptin. Saxagliptin also has an active 
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Table 5 Maximum levels of inhibition of human and monkey plasma DPP activity using ala- pro -AFC as substrate 

Rhesus Cyno Human 

IC50 (nM) Max % inhib ICso (nM) Max % inhib IC50 (nM) Max % inhib 

saxagliptin 2.9 0.3 86 1 1'tt 2.4 ± 0.2 81 
6" 4.0 ! 0.8 100 I 0 

vildagliptin 17 ± 5** 85 ± 11t' 13 I 4** 79 ±61t 2017* 9811 

sitagliptin 17 i 2*** 87 + lttt 
17 1 2*** 8017" 22 ± 3 * ** 98 ,. 0 

N = 3 independent experiments. *P < 0.05, * *P < 0.01, * * *P < 0.001 versus saxagliptin. ttP < 0.01, trip < 0.001 versus human 

metabolite, 5- hydroxysaxagliptin, which is present in 

human plasma at levels between 2- and 7 -fold higher 
than saxagliptin (Fura 2009). 5- hydroxysaxagliptin is 2- 

fold less potent than saxagliptin, but approximately 5- 

fold more potent than sitagliptin and vildagliptin. 

The data here shows that temperature and the choice of 

substrate can have significant effects on ICS0 values, 
accounting for some of the differences in values typically 

reported (reviewed in [17]). However, Thomas et al. [14] 

reported very high IC50 values for saxagliptin and vilda- 

gliptin in particular. In the case of saxagliptin, the value 

was 50 -fold higher than the Ki value reported here and 

50 -fold higher than the value reported for their DPP4 inhi- 

bitor, linagliptin. Saxagliptin (Onglyza®) is available com- 

mercially in many world markets at doses of 2.5 mg and 

5 mg [6] and the minimal efficacious dose of linagliptin is 

5 mg [19]. It is difficult to conceive how saxagliptin could 

be 50 -fold less potent than linagliptin in vitro, but at least 

equipotent in the clinic; therefore, it seems likely that the 

data reported here are more accurate determinations of 

the activity of saxagliptin and vildagliptin. A known con- 

centration of pure DPP4 is typically used in the majority 

of these in vitro studies (we used 100 pM of isolated 
cloned human DPP4) because a low concentration of 

DPP4 is important for avoiding obtaining artifactually high 

inhibition values. Part of the reason for the discrepancy 
may be that Thomas et al. [14] are the only group to use 

"DPP4 extracted from Caco cell membranes ", with DPP4 

purity and concentration undisclosed. 
The increased potency and prolonged binding of saxa- 

gliptin compared to sitagliptin and vildagliptin may be a 

reflection of its strong interactions with both Ser630 and 

G1u205/Glu206, whereas sitagliptin interacts primarily with 

G1u205/G1u206, and vildagliptin with Ser630 [17]. Further, 

we showed that saxagliptin demonstrated slow -onset 
inhibition at room temperature that was partially due to 

a covalent, but reversible enzyme- adduct formation at 

Ser630, but also partially due to another conformational 
change induced by saxagliptin [20]. Both saxagliptin and 

5- hydroxysaxagliptin also have slow binding kinetics at 

37 °C and would be expected to have prolonged pharma- 

codynamic effects in vivo. 

The data in Figure 4 shows that saxagliptin bound to 

DPP4 prior to substrate addition remained bound during 
the time course of the ex vivo assay. The half life for disso- 

ciation of saxagliptin from DPP4 (t112 of 50 minutes at 

37 °C) is similar to the duration of first phase of elevated 

GLP -1 in the plasma following a meal in humans [4]. This 

may be relevant to the cleavage of endogenous substrate(s) 

because saxagliptin (and 5- hydroxysaxagliptin) given 

before a meal will already be bound to DPP4 at its site(s) 

of action. When incretins are released in response to a 

meal, incretins will increase and compete with inhibitors 
with rapid off -rates. However, this would be unlikely to 
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Figure 3 Inhibition of cynomolgus monkey plasma DPP activity by saxagliptin (Panel A) and sitagliptin (Panel B) using the ala -pro- 

AFC and gly- pro -pNA assays (mean of 3 independent experiments). 
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Figure 4 The effect of pseudo- substrate choice on the measurement of plasma DPP activity ex vivo in cynomolgus monkeys 24 hours 

post dose. * *P < 0.01, * * *P < 0.001 versus vehicle. tP < 0.05, ttP < 0.01, versus ala- pro -AFC at the same dose. The dashed line represents the 

average maximum inhibition seen (68.9 ± 3.9%, 1 hour post dose at the highest doses tested). 

occur for saxagliptin, unless substrate concentrations were 
raised for significantly longer than the duration of the first 
phase of GLP -1 secretion, when saxagliptin would equili- 
brate with substrate as with the other DPP4 inhibitors. In 

clinical practice, DPP4 inhibitors currently have a placebo - 
like side -effect profile in trials up to 2 years in length. 
Therefore, rapidly dissociating DPP4 inhibitors can be 
given at high enough doses that any theoretical advantages 
from extended binding are currently not seen in the clinic. 
However, the chronic adverse event profiles of current 
DPP4 inhibitors are not yet fully defined and differences 
between DPP4 inhibitors may yet be seen. 

Saxagliptin and 5- hydroxysaxagliptin are selective for 
DPP4 versus DPP8 and DPP9 at 37 °C. Neither saxaglip- 
tin nor 5- hydroxysaxagliptin exhibited slow binding 
kinetics to DPP8 or DPP9, so any DPP8 /9 related phar- 
macodynamics would closely match their pharmacoki- 
netics. The potential for inhibition of DPP8 and DPP9 
in vivo is difficult to assess in the absence of a known 
physiologically relevant substrate and knowledge of the 
specific tissues and cells where either may play a physio- 
logical role. Further, as DPP8 and DPP9 are cytosolic 
enzymes [21], the cytosolic concentration of saxagliptin 
and 5- hydroxysaxagliptin in those cells would also be 
required to accurately predict the potential for inhibi- 
tion. Since this information is unknown (and to test for 
other off -target issues), extensive toxicity studies are 
typically undertaken in several species and adverse 
events are scrutinized in clinical studies. As discussed 

previously (reviewed in [17]), the preponderance of evi- 
dence for saxagliptin would show that there is no toxi- 
city attributable to inhibition of DPP8 or DPP9 at 
clinically relevant doses across species. 

There was no significant species difference for potency 
of inhibition of human and cynomolgus monkey DPP4, 
DPP8, DPP9 or plasma DPP activity for three DPP4 inhi- 
bitors (saxagliptin, vildagliptin or sitagliptin). However, 
there were significant differences in the maximum 
amount of inhibition of plasma DPP activity seen 
between rhesus and cynomolgus monkey plasma (80 to 
85 %) and the other species tested (95 %). This presumably 
shows a difference between the levels of dipeptidylpepti - 
dases found in the plasma of the two species. The identi- 
ties of the peptidases that underlie this difference are 
unknown and were not a focus of these experiments. 
However, as there was no differentiation between saxa- 
gliptin, vildagliptin and sitagliptin, it is unlikely to be 
attributable to species differences in DPP8 or DPP9 
expression (also consistent with current understanding 
that DPP8 and DPP9 are not secreted or thought to be 
present in plasma [17]). 

Based on the data presented here, interpretation of 
data from ex vivo assays for DPP4 inhibitors should be 

done with caution because the choice of substrate, as 

well as the nature of the ex vivo assay (such as dilution 
artifact), can all affect measured efficacy. The difference 
in plasma DPP inhibition for sitagliptin between these 
two assays (Figure 4) can be explained by sitagliptin's 
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rapid dissociation and reassociation with the active site 
of DPP4. Due to the difference in the ratio of Km to 
substrate concentration between the two assays, one 
substrate is less effective at competing out the inhibitor 
and the inhibitor appears more potent in that assay. 
Consistent with this conclusion was the in vitro data 
that showed that this issue would most likely manifest 
itself across the range of plasma concentrations typically 
found at trough (24 -hour post dose) for sitagliptin in 
cynomolgus monkeys. In contrast, saxagliptin would not 
dissociate appreciably from the active site during the 
time course of the assay and there would be no inhibi- 
tor- substrate competition. 

Krishna et al. [22] recently illustrated the benefits of 
accelerating drug development using biomarkers with 
the example of DPP4 inhibitors and the plasma DPP4 
assay. While this approach can be fundamentally useful, 
some important caveats to this approach have been 
demonstrated here. The pseudo- substrate gly- pro -pNA 
was used in both clinical assays to determine plasma 
DPP inhibition for saxagliptin and sitagliptin. However, 
the conditions are very different: i.e. the substrate con- 
centration is 2000 µM (10 -fold the Km), with an 11 -fold 
dilution step and 120 minute assay duration in the saxa- 
gliptin assay [23]; the substrate concentration is 400 µM 
(2 -fold Km), with a 2.5 -fold dilution step and a 14 min- 
ute assay duration in the sitagliptin assay [24]. The data 
presented here show that, given the comparably longer 
duration of the assay, the larger dilution factor and the 
higher substrate concentration in the saxagliptin clinical 
assay, it is not possible to perform a meaningful direct 
comparison between clinical data for the two drugs 
using these different assays. This may explain why 
Krishna et al. [22] reported that they need 80% inhibi- 
tion of plasma DPP4 activity at trough (24 -hours post 
dose) to obtain maximal glucose lowering for sitagliptin. 
However, only 50% to 60% inhibition of plasma DPP 
activity was seen 24 -hours post dose for vildagliptin at 
the 100 mg dose [25] and for saxagliptin at the 5 mg 
dose [23]. Despite these differences, all the DPP4 inhibi- 
tors have similar glucose -lowering efficacy in the clinic 
at those doses, leading Neumiller et al. [6] to conclude 
that "there does not appear to be a compelling advan- 
tage of one DPP -4 inhibitor over another ". 

Further, saxagliptin is localized to the GI tract when 
given intra- arterially in animal models [18]. Holst and 
Deacon [26] proposed that GLP -1 cleavage in the GI tract 
is important: therefore, saxagliptin, by virtue of its location 
in the GI tract, may give rise to total inhibition of GLP -1 
cleavage, while cleavage of another substrate in a different 
tissue could be unaffected, and the ex vivo plasma DPP 
assay shows only partial inhibition of DPP4. Further, the 
tissue distribution of all DPP4 inhibitors is unlikely to be 
the same and different DPP4 inhibitors may have different 

effects if there is tissue -specific localization of inhibitor or 
substrate. Thus, the action of a DPP4 inhibitor in the rele- 
vant tissue can only be approximated by the evaluation of 
ex vivo plasma DPP activity. 

Conclusions 
Saxagliptin and its active metabolite are potent, selective 
inhibitors of DPP4, with prolonged dissociation from its 
active site. They also demonstrate prolonged inhibition of 
plasma DPP4 ex vivo in animal models, which implies that 
saxagliptin and 5- hydroxysaxagliptin would continue to 
inhibit DPP4 during rapid increases in endogenous sub- 
strates (such as GLP -1 during its physiologic release). 
However, this remains to be demonstrated for a physiolo- 
gic substrate in vivo. 

Interpretation of data from ex vivo assays for DPP4 inhi- 
bitors should be done with caution because the choice of 
substrate, as well as the nature of the ex vivo assay (such 
as dilution artifact), can all affect measured efficacy. 
Therefore, while ex vivo plasma DPP assays may be useful 
as a biomarker for a compound, for the reasons discussed 
in this paper, clinically relevant efficacy, efficacy for endo- 
genous substrates, or relative efficacy across DPP4 inhibi- 
tors cannot be predicted solely using a plasma DPP 
activity assay. 

Methods 
Reagents 

Saxagliptin (Onglyza ©, BMS- 477118, or (1 S,3 S,5 S) -2 -[(2 
S) -2- Amino -2 -(3- hydroxytricyclo [3.3.1.13'71dec -1 -yl) 
acetyl] -2- azabicyclo [3.1.0]hexane -3- carbonitrile, monohy- 
drate [13], vildagliptin [27], sitagliptin [28], active and 
DPP4 cleaved glucagon- like -peptide -1 (GLP -17.36 and 
GLP- 19 -36, respectively) were synthesized at Bristol -Myers 
Squibb. All other chemicals were reagent grade, obtained 
from Sigma (St Louis, MO). For the in vitro assays, plasma 
from rhesus and cynomolgus monkeys was obtained fro- 
zen from Bioreclamation Inc. (Hicksville, NY). Plasma 
from human blood was obtained from healthy volunteers 
within BMS (after obtaining written consent, following the 
BMS standard operating procedure RD -DIR -003, in accor- 
dance with the Helsinki Declaration) by collecting blood 
into EDTA tubes. These tubes were kept on ice and were 
centrifuged at 3000 rpm, 4 °C for 15 minutes (within 15 
minutes of collection). Plasma was aliquoted into polypro- 
pylene tubes, quick -frozen in powdered dry ice, and stored 
at -80 °C until the assay was performed. 

Steady -state inhibition of isolated cloned human and 
cynomolgus monkey DPP4, 8 and 9 in vitro at 37 °C 

All solutions were preheated to 37 °C. Inhibitors were 
preincubated with enzyme for 40 minutes prior to assay 
initiation. The assay was initiated by substrate addition 
and contained: 100 mM Aces, 52 mM Tris, 52 mM 
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ethanolamine, pH 7.4, enzyme, substrate (gly- pro -pNA 
at either 120 pM or 1000 µM), inhibitor (various con- 
centrations) and 1% DMSO (final volume of 100 µl). 
Production of p- nitroaniline was measured at 405 nm at 
30 second intervals over 40 minutes using a Spectramax 
340 plate reader (Molecular Probes, Carlsbad, CA). Soft - 
max Pro software from Molecular Devices (Sunnyvale, 
CA) was used to obtain the initial slope of the reaction 
in each well, and the fits were inspected to insure that 
the reactions were linear to a correlation coefficient of 
0.99. An Excel template with XLFit (IDBS, Guildford, U. 

K.) was used for determination of the IC50 for inhibition 
at each substrate concentration. Three models of 
enzyme inhibition (competitive, uncompetitive, and 
non -competitive) were used, but all of the inhibitors in 
our DPP4 program yielded competitive inhibition 
against gly- pro -pNA. Therefore, IC50 was then con- 
verted to K1 assuming competitive inhibition according 
to: 

Ki = 1cso 
S 

+Kn,) ( 
(1) 

The calculated Ki values for competitive inhibition at 
each substrate concentration were averaged and 
reported. DPP8 and DPP9 were tested under identical 
conditions. The in vitro assays were also used to deter- 
mine substrate Km, by varying substrate concentration 
across an appropriate range. Km was calculated using 
GraFit software (Erithacus, Surrey U.K.) 

Slow binding kinetics at 37 °C for human DPP4 

All solutions were preheated to 37 °C and the assay was 
run at 37 °C. When slow onset inhibition occurs, final 
Ki* is a function of the koff and kon (Ki** = koff /kon). 
Progress of DPP4 inhibition was measured under 
steady -state conditions (E < < I /(1 + S /Km)), initiating 
the reaction by adding the enzyme to the substrate and 
inhibitor mixture. Progress curve analysis was performed 
as described previously [11] to derive kobs values: 

P = vst + (`'1-ns) (1 - exp(-hobst) 
gobs 

(2) 

where P is reaction product, vi and vs are initial and 
steady -state velocities, respectively, and kobs is the 
pseudo -first order rate constant for the approach to 
steady- state. These values were subsequently used to 
generate kon, koff and final equilibrium Ki *. In the cases 
where kobs was linearly dependent upon I /(1 + S /Km), 
kon and koff were calculated from the slope and intercept 
of the line: 

hobs = ho 1/ (1 + S/Km) + hff (3) 

When kobs dependence on effective inhibitor concen- 
tration was hyperbolic, kon and koff 

l` EIlj3 E+I E*1 
k2 k., 

were calculated using following equation according to 
Scheme 1: 

h31 
kobs = S + h4 

Ki(1 + Klt) +i (4) 

where Ki is k2 /kl, kon = k3 /Ki, 1<4 is koff and final Ki* _ 

koff/kon. 

We measured the inhibitor dissociation constant inde- 
pendently using dilution experiments because calculating 
the inhibitor dissociation constant from the final complex 
(k4) is subject to large errors,. Briefly, enzyme (20 nM) 
and inhibitor (500 nM) were preincubated for 30 minutes 
at 37 °C to allow complete equilibration, then put through 
a spin column P -30 (BioRad, Hercules, CA) to eliminate 
excess free inhibitor. The resulting solution was immedi- 
ately diluted (- 10 -fold) into an activity assay containing 
an excess of substrate (250 µM, Km = 60 µM). koff was 
then calculated by fitting the subsequent time course 
with the equation: 

P = v;t + (`'i;r') (1 - exp(-hofft) (5) 

Inhibition of DPP4 cleavage of active GLP -1 by 
human DPP4 

An LC /MS /MS assay was used to measure GLP -1 clea- 
vage in vitro at room temperature. To limit losses of 
cleaved GLP -1 (GLP -19.36) due to aggregation and /or 
adsorption to the walls of the vial, samples were diluted to 
40% acetonitrile composition. To determine Km, various 
concentrations of active GLP -1 (GLP -17.36; concentration 
range 10 to 240 µM) were incubated with DPP4 (2 nM) in 
20 mM phosphate buffer, pH 7.4. Total reaction volume 
was 125 pl. Every 5 minutes, 28 pl samples were with- 
drawn and quenched with 28 pl stop buffer (80% acetoni- 
trile, 18% water, 2% formic acid). To determine Ki, two 
concentrations of active GLP -1 (10 and 50 µM) were incu- 
bated with DPP4 (0.45 nM) in 20 mM phosphate buffer, 
pH 7.4. Total reaction volume was 40 pl. After 90 min, 
40 pl stop buffer was added to quench the reaction. 

A Thermo Fisher LTQ Orbitrap mass spectrometer in 
positive electrospray mode was used to detect GLP -1 9.36. 

The chromatography system was a Waters Acquity UPLC 
with a Waters UPLC BEH C18, 1.7 pm, 2.1 x 50 mm col- 
umn. A short gradient was employed (0% B to 100% B in 
4 minutes) using 98/2 water /acetonitrile (10 mM ammo- 
nium acetate) as solvent A and 2/98 water /acetonitrile 
(10 mM ammonium acetate) as solvent B. A flow rate of 
0.8 ml /min was used and 5 pl were injected onto the 
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column. Under these conditions, GLP -19.36 was chromato- 
graphically separated from GLP -17.36. GLP -19.36 quantita- 
tion was performed by integrating the sum of the 2 +, 3+ 
and 4+ charged ions. Concentrations of GLP -19.36 were 
calculated from a 1 /x2 quadratic fit calibration curve (10 
nM - 2,000 nM). 

Cynomolgus monkey ex vivo plasma DPP inhibition assay 

Male and female cynomolgus monkeys (Charles River 
BRF, Houston, TX), were housed in an AAALAC- accre- 
dited facility (on a 12 -hour light /dark cycle) in stainless - 
steel cages. They had access to purified tap water ad 
libitum and were fed Harlan Diet 2050 C (Certified 20% 

protein primate diet). Six monkeys per dose group (3 to 
4 males and 2 to 3 females per group) were adminis- 
tered single oral gavage doses of saxagliptin (0.1, 0.3, 1, 

3, or 10 mg /kg), sitagliptin (0.3, 1, 3, 10, or 40 mg /kg), 
or vehicle alone (water, final pH 5.0) at a dose volume 
of 2 mL /kg. Doses were administered once weekly using 
a crossover design such that no monkeys received the 
same dose twice. For the ex vivo cynomolgus monkey 
assays, blood samples (approximately 0.5 ml) were col- 
lected prior to dosing and 1, 2, 4, 6, 8, and 24 hours 
post dosing in tubes containing K2EDTA. Tubes were 
inverted several times to ensure mixing, and placed on 
ice. Samples were centrifuged at 5000 rpm for 10 min- 
utes at 4 °C for plasma isolation. Plasma was stored at 
-20 °C until analyzed for DPP activity. No difference in 
DPP inhibition was noted between males and females 
and so data were combined for analyses. 

Ala- pro -AFC plasma DPP inhibition assay 

For the ex vivo assays, plasma from cynomolgus monkeys 
was diluted with buffer alone. For the in vitro assays, 
plasma 'spiked' with compound to be tested (10 µl) was 
added to buffer alone or buffer with drug 'spiked' at con- 
centrations that would yield the same concentration as 
the 'spiked' plasma in the well (10 µl), followed by the 
substrate (10 E.tl, final concentrations were ala- pro -AFC 
370 µM and DMSO 3%). This procedure produced a 

3 -fold dilution of plasma. The buffer contained (final 
concentration) 33 mM HEPES and 140 mM NaCI (no 
BSA) at pH 7.9, and the assay was run at room tempera- 
ture (22 °C). A 384 -well microplate format was employed 
to measure plasma dipeptidyl peptidase activity. Activity, 
the rate of release of fluorescence from the pseudo -sub- 
strate, was assayed using a Fluoroskan Ascent microplate 
reader with rate -determining software. Readings were 
taken after a 10 second shaking step, at 405 nm excita- 
tion and 510 nm emission, with subsequent reads every 1 

minute for 18 minutes. Rates were determined from the 
slope of the regression line fitted to the linear portion of 
the data (a minimum of 8 minutes and a maximum of 

12 minutes from the start of the experiment) showing the 
increase in fluorescence due to cleavage of substrate over 
time. Results were expressed as arbitrary units because 
standard AFC curves were not run for all experiments. 
The extent of DPP inhibition, derived from the reduction 
in the initial rate observed at each drug concentration 
with respect to untreated plasma, were determined and 
IC50 values were calculated using XLfit. 

Gly- pro -pNA Plasma DPP inhibition assay 

This assay was reported by Merck as used in their clin- 
ical trials [24], using gly- pro -pNA as substrate. The 
buffer contained 100 mM HEPES with 0.1 mg /ml BSA 
and the assay was run at 30 °C in 96 -well microplate 
format (Costar 9017, Corning. Corning, NY). For the 
ex vivo assays, plasma from cynomolgus monkeys was 
diluted with buffer alone. For the in vitro assays, 
`spiked' plasma (40 iii) was added to buffer alone or 
buffer with drug 'spiked' at concentrations that would 
yield the same concentration as the 'spiked' plasma in 
the well (40 µl), followed by the substrate (20 µl, final 
concentration of gly- pro -pNA is 400 µM). Activity, the 
rate of release of free pNA from the pseudo- substrate, 
was assayed at 30 °C, using a Spectramax 340 plate 
reader (Molecular Probes) with rate determining soft- 
ware. Absorbance at 390 nm was measured. Results 
were expressed as arbitrary units because standard 
pNA curves were not run for all experiments. The 
extent of DPP inhibition and IC50 values were calcu- 
lated as described above. 

Statistical analysis 
The SAS JMP statistical package was used for all statisti- 
cal analyses. A Dunnett's test was used for comparison 
to vehicle and all pairs were compared with a Tukey 
HSD. 

Abbreviations 
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ABSTRACT: 

Saxagliptin Is a potent dipeptidyl peptidase -4 inhibitor approved 
for the treatment of type 2 diabetes mellitus. The pharmacokinetics 
and disposition of I14C]saxagliptin were investigated in healthy 
male subjects after a single 50 -mg (91.5 ACi) oral dose. Saxagliptin 
was rapidly absorbed (Tmax, 0.5 h). Unchanged saxagliptin and 
5- hydroxy saxagliptln (M2), a major, active metabolite, were the 
prominent drug- related components In the plasma, together ac- 
counting for most of the circulating radioactivity, Approximately 
97% of the administered radioactivity was recovered in the excreta 
within 7 days postdose, of which 74.9% was eliminated in the urine 
and 22.1% was excreted In the feces. The parent compound and 
M2 represented 24.0 and 44.1%, respectively, of the radioactivity 
recovered in the urine and feces combined. Taken together, the 
excretion data suggest that saxagliptin was well absorbed and was 

subsequently cleared by both urinary excretion and metabolism; 
the formation of M2 was the major metabolic pathway. Additional 
minor metabolic pathways included hydroxylation at other posi- 
tions and glucuronide or sulfate conjugation. Cytochrome P450 
(P450) enzymes CYP3A4 and CYP3A5 metabolized saxagliptin and 
formed M2. Kinetic experiments indicated that the catalytic effi- 
ciency (VmaxIKm) for CYP3A4 was approximately 4-fold higher than 
that for CYP3A5. Therefore, it is unlikely that variability in expres- 
sion levels of CYP3A5 due to genetic polymorphism will impact 
clearance of saxagliptin. Saxagliptin and M2 each showed little 
potential to Inhibit or induce important P450 enzymes, suggesting 
that saxagliptin Is unlikely to affect the metabolic clearance of 
coadministered drugs that are substrates for these enzymes. 

Introduction 
The dipeptidyl peptidase -4 (DPP4) inhibitors are promising re- 

cent additions to the arsenal of therapies available for the treatment 
of type 2 diabetes mellitus (Scheen, 2012). The DPP4 enzyme 'is 
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responsible for degrading and inactivating glucagon -like peptide -I 
(GLP -1) and glucose- dependent insulinotropic peptide, incretins 
that regulate blood glucose levels. GLP -I is released postprandi- 
ally and stimulates meal -induced insulin secretion and contributes 
to glucose homeostasis (Kieffer and Habener, 1999; Gorrell, 
2005). By inhibiting the DPP4 enzyme, GLP -1 is sustained, 
thereby leading to increased activity and improved glycemic con- 
trol in patients with type 2 diabetes (McIntosh et al., 2005). 
Because this mechanism results in a glucose- dependent release of 
insulin, DPP4 inhibitors are expected to offer important advantages 
over traditional diabetes treatments including low risk for hypo- 
glycemia and weight gain (Gallwitz, 2008). 

Saxagliptin (Onglyza; Bristol -Myers Squibb, Princeton NJ and 
AstraZeneca, Wilmington, DE) (Fig. 1) is an orally administered, 
small molecule, reversible DPP4 inhibitor approved for the treatment 
of type 2 diabetes mellitus. It was specifically designed for enhanced 
potency and selectivity and to provide extended inhibition of the 
DPP4 enzyme (Augeri et al., 2005). The ability of saxagliptin to affect 
reductions in glycosylated hemoglobin (HbALc) and fasting plasma 
glucose in type 2 diabetes patients has been demonstrated in multiple 

ABBREVIATIONS: DPP4, dipeptidyl peptidase -4; GLP -1, glucagon -like peptide -1; P450, cytochrome P450; HPLC, high -performance liquid chromatography; HLM, human liver microsomes; LSC, liquid scintillation counting; LC- MS/MS, liquid chromatography with tandem mass spectrometry; MRM, multiple reaction monitoring; AUC, area under plasma concentration -time curve; T -HALF, terminal phase half -life; CLR, renal clearance; DMS°, dimethyl suifoxide; 3 -MC, 3- methylcholanthrene; PB, phenobarbital; RIF, rifampicln; Cr, threshold cycle. 
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Phase III clinical trials, both as a single agent and in combination 

regimens with metformin, a sulfonylurea or a thiazolidinedione (Ka- 

nia et al., 2011). The most commonly used clinical dose of saxagliptin 

in adults is 5 mg, once daily (United States prescribing information for 

Onglyza, http:// www. packageinserts .bms.com/pi /pi_onglyza.pdf). 

In nonclinical pharmacokinetic studies, saxagliptin was rapidly 

absorbed and showed good oral bioavailability in rats (75 %), dogs 

(76 %), and monkeys (51 %). A significant portion (33 -60 %) of the 

administered dose was excreted as unchanged drug in the urine in 

these species. Formation of 5- hydroxy saxagliptin (M2) was a major 

metabolic pathway, and this metabolite was a major circulating me- 

tabolite in all species (Fura et al., 2009). Metabolite M2 was phar- 

macologically active, with an in vitro DPP4 inhibitory activity ap- 

proximately half that of saxagliptin (Augeri et al., 2005; Fura et al., 

2009). 
The purpose of the current study was to investigate the in vivo 

disposition of saxagliptin and to determine its major metabolic path- 

ways in healthy male subjects after administration of a single 50 -mg 

(91.5 SCi) p.o. dose of [14C]saxagliptin. In addition, a series of in 

vitro studies were conducted to gain insight regarding possible cyto- 

chrome P450 (P450) -based drug -drug interactions between saxaglip- 

tin and potential comedications. These included the identification of 

enzymes involved in the metabolism of saxagliptin and formation of 

M2 and the determination of the potential of saxagliptin and M2 to 

inhibit or induce P450 enzymes. 

Materials and Methods 

Chemicals. [' C]Saxagliprin (radiochemical purity 9986 %, specific activity 

1.83 MCi/mg) with the C -14 labe) distributed between the carbonyl carbon and the 

adjacent carbon (Fig. 1) and stable -labeled 13C4,15N saxagliptin, and 13C4,'5N -5- 

hydroxy saxagliptin [internal standards for high -performance liquid chromatogra- 

phy (HPLC) analysis] were synthesized by the Radiochemistry Group of the 

Department of Chemical Synthesis, Bristol -Myers Squibb Research (Princeton, 

OH 

FIG. I. Primary pathways for biotransfomtation or 
['3Clsaxagliptin in humans, The C -14 label was 

evenly distributed b:txvecn the carbonyl carbon and 

the adjacent carbon, as indicated by asterisk ( *) on 
the saxagliptin structure. The percentage of admin- 

istered radioactivity recovered in mine and feces as 

saxagliptin and M2 is indicated underneath the suuc- 
tures.Theestimated flux through each pathway (also 

reported as percentage of administered radioactivity) 

is indicated next to the corresponding anew. DI, a 

degrade% known to form in solution, was found in 

small quantities in all samples. 

NJ) (Cao et al., 2007). Unlabeled saxagliptin (P, (IS,3S,55)-2-((S)-2- amino- 2 -( -3- 

hydroxyadamantan -I -yl) acetyl)- 2- azabicyclo [3.I.Ojhexane- 3- carbonitrile); and 

reference standards for 5- hydroxy saxagliptin, (M2, (1S,33,5S)-2-((S)-2- amino-2- 

((Ir,3R .55,75)- 3,5- dihydroxyadamantan -I -yl) acetyl )- 2- azabicyclo[3. t.0]hexane- 

3- carboninile); degradant (DI, (IaS,4S,6aR.7aS)-4-(-3-hydroxyadamantan-t-yl)- 

6- iminohexahydro- Iff- cyclopropal4 ,57pyrrolo[L2- a]pyrazin- 3(IaH) -one); the 

S,R,S,S and S.S,SR diastereomers of saxagliptin (Supplemental Fig. SI) wem 

supplied by the Departments of Chemical Development or Chemical Synthesis 

(Bristol -Myers Squibb). 
Selective chemical inhibitors of P450 enzymes for reaction phenotyping 

experiments were obtained from Sigma- Aldrich (St. Louis, MO), with the 

exception of montelukast, which was purchased from Sequoia Research Prod- 

ucts (Pangbourne, UK), and benzylnirvanol (BD Biosciences, Woburn, MA). 

Chemical inducers. inhibitors, substrates. and metabolites of P450 enzymes 

and internal standards used in experiments to evaluate whether saxagliptin and 

M2 were inhibitors or inducers of P450 enzymes were procured by CellzDirect 

(Pittsboro, NC). All chemicals were of the highest purity available. 

Human liver microsomcs (HLM; 19 donors male /female) and individual 

human cDNA- expressed cytochrome P450 enzymes were purchased from BD 

Biosciences. Individual lots (n = 16) of HLM. for which the vendor had 

determined the activities of various P450 enzymes, were purchased as a 

Reaction Phenotyping kit (version 7) from XenoTech, LLC (Lenexa, KS). 

Monoclonal antibodies with inhibitory activity for specific P450 enzymes were 

obtained from Kristopher W. Krausz at the Laboratory of Metabolism, Na- 

tional Institutes of Health (Bethesda, MD). 

Ecolite scintillation cocktail was obtained from MP Biomedicals (Irvine, 

CA), and Emulsifier-Safe and Permofluor E+ scintillation fluid were obtained 

from PerkinElmer Life and Analytical Sciences (Waltham, MA). Deionized 

water was prepared using a MilliQ ultrapure water system (Millipore Corpo- 

ration. Billerica, MA). All organic solvents were HPLC grade, and other 

regents were reagent grade or better. 

Clinical Study Design, Dosing, and Sample Collection. The clinical phase 

of the study was conducted at the Bristol -Myers Squibb Clinical Research 

Center (Hamilton, NJ). This was an open -label, nonrandomized single dose 

study. Six healthy males participated in the study. The mean age was 29 years 
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(range, 25 to 37 years), and the mean body mass index was 23.6 kg/rn2 (range, 
19.7 to 28.1 kg/m2). The study was conducted in accordance with the Decla- 
ration of Helsinki and guidelines on Good Clinical Practice. Before study 
initiation, the study protocol and informed consent documents were approved 
by the Institutional Review Board of the New England Institutional Review 
Board (Wellesley, MA). All study participants provided written informed 
consent before the initiation of study -specific procedures. 

After a 10 -h fast, each subject received a single 50 -mg p.o. solution dose of 
j14C)saxagliptin containing 91.5 µC1 of radioactivity, immediately followed 
by 240 ml of water on day t. Blood samples were collected at selected time 
points via an indwelling catheter or direct venipuncture into Vacutainers (BD 
Biosciences Medical Supplies, Franklin Lakes, Ni) containing K3EDTA and 
were centrifuged to obtain plasma for pharmacokinetic and biotransformation 

' analysis. The total urine and fecal output was collected for the duration of the 
study (0 -168 h). On the morning of day 6, a single 30 -ml oral dose of Milk of 
Magnesia was administered to each subject to facilitate defecation before 
release from the clinical facility. All subjects were released on the morning of 
day 8. 

Blood samples (6 ml total per time point) for the plasma pharmacokinetic 
analysis of saxagliptin, M2, and radioactivity were collected predose and at 
0.25 0 5 0.75, 1, 13, 2.0. 2.5, 3, 4, 6, 8, 12, 24, 36, 48, 72, 96, 120, 144, and 
163 h postdose. Additional aliquots (10 ml per time point) for metabolite 

profiling were collected in conjunction with the pharmacokinetic samples at 
predose and at 1, 2, 4, 8, 12, 24, 48, 96, 144, and t68 h postdose. 

Cumulative urine was collected predose and over 0 to 12 h, 12 to 24 h. and 
thereafter in 24 -h intervals through 168 h for determining saxagliptin, M2, and 
radioactivity concentrations and for metabolite profiling. Feces were collected 
predose and over 24 -h intervals postdose for the measurement of radioactivity 
concentrations and for metabolite profiling. All samples were stored at -20 °C 
or below until analysis. 

Radioactivity Analysis. Radioactivity in plasma, urine, and feces was 
measured by liquid scintillation counting (LSC) on a Model LS 6500 liquid 
scintillation counter (Beckman Coulter, Inc., Fullerton, CA). Plasma and urine 
were mixed with Emulsifier -Safe scintillation fluid (PerkinElmer Life and 
Analytical Science's) and counted directly. Water was added to each fecal 
sample to form an approximately 20% (w /w) feces mixture, which was 
homogenized using a probe -type homogenizer (Kinematica Polytron model no. 
PT 45-80; Brinkman Instruments, Westbury. NY). Aliquots of fecal homoge- 
nate were then combusted using a sample oxidizer before counting by LSC, as 
described previously (Christopher et al., 2008). 

Quantification of Saxagliptin and M2 in Plasma and Urine Samples. 
The concentrations of saxagliptin and M2 in individual plasma and urine were 
determined with validated liquid chromatographyitandem mass spectrometry 
(LC- MS/MS) methods. In brief. after the addition of stable -labeled internal 
standards ('3C4,16N- saxagliptin and 13C4,15N- 5- hydroxy saxagliptin) to each 
plasma or urine sample, the analytes were isolated by solid -phase extraction 
(Waters Oasis HLB, 10 mg; Waters, Milford, MA). The eluates were evapo- 
rated to dryness, reconstituted in mobile phase, and then applied to an Atlantis 
dC18, 2.1 X 50 mm. 5 -µm HPLC column (Waters). The LC -MS system used 
for plasma samples consisted of LCIOAD delivery pumps (Shimadzu Corpo- 
ration, Columbia, MD) and a Series 200 Autosampler ( PerkinElmer Life and 
Analytical Sciences). The HPLC system was interfaced to either a Quattro 
Premier mass spectrometer (Waters Corporation, Manchester, UK) for the 
plasma method or an API3000 mass spectrometer (AB Sciex, Foster City, CA) 
for the urine method. The mass spectrometers were operated in positive ion 
electrospray mode, and analytes were monitored by multiple reaction moni- 
toring (MRM) with transitions that were characteristic for each analyze. For 
saxagliptin and M2, the standard curve ranges were 5 to 1000 and 10 to 2000 
nglml, respectively, for the plasma method and 25 to 5000 and 50 to 10,000 
ng/ml, respectively, for the urine method. 

Pharmacokinetic Analysis of Saxagliptin, M2, and Total Radioactivity. 
The noncompartmental phariacokinetic parameters of saxagliptin, M2, and 
total radioactivity were determined from plasma concentration versus time 
profiles and urine concentrations with cumulative urinary excretion volumes 
using noncompartmental methods with Kinetica 4.2 in °Toolbox (Thermo 
Fisher Scientific, Waltham, MA). The single -dose pharmacokinetic parameters 
determined included the following: maximum observed concentration (C); 
time of maximum concentration (T,°,); area under the plasma concentration, 
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time curve (AUC) between time 0 and the last quantifiable concentration 
[AUC(0 -T)]; and AUC between time 0 to infinity AUC(INF), terminal phase 
half -life (T- HALF), renal clearance (CLR), and percentage of urinary excre- 
tion. The percentage of fecal excretion was determined for total radioactivity 
only, and the calculation was based on cumulative fecal weights and fecal total 
radioactivity concentrations. For the percentage of dose excreted in urine and 
feces, the actual dose of saxagliptin administered to each subject was deter- 
mined by subtracting the weight of the dosing syringe (in grams) after dosing 
from the weight of the dosing syringe (in grams) before dosing and multiplying 
by the density of the dosing solution (1.0 g/m1) and the concentration of the 
dosing solution (5 mg/ml). 

Preparation of Samples for Biotransformation Profiling and Identifi- 
cation of Metabolites. Representative pools of plasma, urine, and feces were 
prepared for metabolite profiling and identification experiments. Plasma sam- 
ples were segregated by collection time (i.e., I, 2, 4, and 8 h), and equal 
volumes from all subjects were combined. Plasma samples collected after 8 h 
were not analyzed because the radioactivity in these samples was too low to 
produce meaningful profiles. Urine and fecal homogenate pools (0 -168 h) 
were prepared across all subjects by combining a percentage of the volume 
(urine) or weight (fecal homogenate) proportional to the total amount excreted 
over each interval. 

Pooled plasma and fecal homogenate samples were each extracted with 
three volumes of methanoVacetonitrile 50:50 (v /v). After centrifugation at 
2500g for 40 min, the pellets were extracted an additional two times with 
methanol /acetonitrile /water (25:25:50, v /v /v). The supernatants from each ex- 
traction step were combined and evaporated to dryness under nitrogen. The 
dried residues were reconstituted in methanol /acetonitrile/water (- 10:20:70, 
v /v /v), and the resulting supernatants were analyzed by HPLC with offline 
radioactivity detection or LC- MS /MS. The recovery of radioactivity from 
extracted plasma and fecal samples was approximately 100 %. Pooled urine 
samples were centrifuged at I I,000g to remove any particulates and analyzed 
without additional processing. 

LC- Radiochromatographic and LC-MS/MS Methods for Metabolite 
Profiling of In Vivo Samples and Identification of Metabolites. Samples for 
metabolite profiling were analyzed on a Shimadzu LC -LOAD HPLC system 
( Shimadzu Corporation), equipped with two I OAD VP pumps, a SIL -TOAD 
autoinjector, a model SCL -10A system controller, and an SPD -MIOA photo - 
diode array detector. A Zorbax 4.6 X 250 mm, 5 -µm, RX -C8 column (Agilent 
Technologies, Santa Clara, CA) maintained at 30 °C was used to separate 
drug- related components. The mobile phase consisted of two solvents: 
I) mobile phase (A) 0.1% formic acid and 1% acetonitrile in water and 
2) mobile phase (B) 0.1% formic acid in acetonitrile. The mobile phase flow 
rate was 0.5 ml/min. The gradient program used for sample elution was as 
follows: hold isocratic at 0% B (0 -5 min); linear gradient from 0 to 20% B 
(5 -35 min); hold isocratic at 20% B (35 -42 min); linear gradient from 20 to 
30% B (42 -45 min); hold isocratic at 30 %B (45 -50 min); linear gradient from 
30 to 40% B (50 -52 min); linear gradient from 40 to 80% B (52 -55 min); hold 
isocratic at 80% B (55-60 min); return to 0% B (60 -62 min); re- equilibrate 
at 0% B for tO min before the next injection. 

For quantification of metabolites by radioactivity. the HPLC eluate was 
collected in 0.25 -min intervals on Wallac ScintiPlate -96 -well plates with a 
Gilson Model FC 204 fraction collector (Gilson, Middleton. WO. The 
plates were evaporated to dryness on a Savant Speed -Vac (Savant Instru- 
ments Inc., Holbrook, NY) and counted for 10 min /well with a PerkinElmer 
1450 MicroBeta Wallac TRILUX Liquid Scintillation and Luminescence 
Counter ( PerkinElmer Life Sciences, Turku, Finland) to quantify radioac- 
tivity. Radioprofiles were prepared by plotting the net counts per minute 
values obtained from the MicroBeta versus time after injection using 
Microsoft Excel (Microsoft Corporation, Redmond, WA). The metabolites 
were quantified based on the percentage of total radioactivity in each peak 
relative to the entire radiochromatogram. 

Mass spectral analysis was performed on a Finnigan LCQ Deca XP ion trap 
mass spectrometer equipped with an electrospray ionization probe (Thermo 
Fisher Scientific). Analyses were performed in the positive ion mode. Samples 
were introduced into the mass -spectrometer after chromatographic separation, 
using the same HPLC method used for radioprofiling. High purity nitrogen was 
used as the sheath and the auxiliary gas with levels at 60 and 10 (relative flow 
rate), respectively. The capillary temperature was 350 °C. The nitrogen gas 
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flow rate, spiny current. and voltages were adjusted ns required to achieve 

maximum sensitivity or optimal fragmentation of drug- related components. 

Reference standards, available for saxagliptin, M2. DI, M13, and the S,R.S,S 

and SS,S,R epimers of saxagliptin were used to confirm the retention time and 

mass -spectral fragmentation patterns of these nuaytes. 

Identification of Enzymes Involved in the Metabolism of Saxagliptin 

and In the Formation of M2. 114C)Saxagtiptin (10 AM) was incubated at 

37 °C with pooled HLM (I mg /ml protein) and individually expressed human 

P450 enzymes (500 pinol/ml each, including CYPIA2, CYP2A6, CYP2B6. 

CYP2C8, CYP2C9, CYP2C18, CYP2C19, CYP2D6, CYP2E I, CYP3A4, and 

CYP3A5) in 100 mM phosphate buffer (pli 7.4), fortified with I mM NADPH 

to evaluate which enzymes were capable of metabolizing the compound and 

forming the major metabolite, M2. After the incubation period (30 min for 

expressed enzymes; 60 min for HLM), the reactions were terminated by adding 

I to 2 volumes of ice -cold acetonitrile. The samples were then centrifuged. and 

the resulting supernatants were analyzed by LC -MS/MS and off -line radio - 

analysis. The analytical methodology was similar to that described for bio- 

transformation profiling and metabolite identification of in vivo samples, with 

the exception that drug -related components were separated on a YMC 

ODS -AQ S -3 120A column, maintained at 30 °C. and the mobile phase gradient 

was modified, with a shorter run time (48 min). 

A correlation analysis between the formation of M2 and P450 activity was 

conducted by incubating saxagliptin, at concentrations of 1 and IO µM, in 

singlicate with individual lots of HLM from 16 different donors. For each lot, 

the activities of CYPIA2, -2A6, -2Be, -2C8,-2C9,-2C19, -2D&-2E1,-3A4/5, 
and -4A1 I had been determined by the vendor using marker substrates specific 

for each enzyme (Technical Information for Reaction Phenotypiing Kit version 

7, ref. 0510 I 89; XenoTech, LLC) The reaction mixtures contained 0.25 mg/ml 

of HLM, I or 10µM saxagliptin, I mM NADPH, and 0.1 M phosphate buffer 

with 2 mM MgC12 (pH 7.4). Incubations (final volume, 0.5 ml) were conducted 

for 30 min at 37 °C in a shaking water bath. Reactions were stopped with the 

addition of ice -cold acetonitrile. The concentration of M2 in each sample was 

then determined by analyzing an aliquot of the resulting supernatant by 

LC -MS/MS with multiple reaction monitoring as described below. Plots of M2 

versus marker substrate activity were prepared, and r values were calculated 

with Microsoft Excel (Office 2003; Microsoft Corporation). 

The metabolism of saxagliptin to M2 by specific P450 enzymes was also 

investigated with HLM in the presence of specific chemical or monoclonal 

antibody inhibitors of P450 enzymes. Chemical inhibitors included direct 

inhibitors, tranykypromine (2 taM, CYP2A6), montelukast (3 pM, CYP2C8), 

sulfaphenazole (10 AM. CYP2C9), benzylnirvanol (I AM, CYP2CI9), quin- 

idine (I p.M, CYP2D6). ketoconazole (] zM, CYP3A4 /5) and time -dependent 

inhibitors, furafylline (l0 pM, CYPIA2), orphenadrinie (50 AM, CYP2B6), 

diethyldithiocarbamate (50 bM, CYP2B1), tmleandomycin (20 AM, CYP3A4/ 

5), and 1- aminobenzotriazole (1000 pM, all P450s). Anti -P450 monoclonal 

antibodies included anti -CYPIA2, anti- CYP2B6, anti- CYP2C8, anti - 

CYP2CI9, anti- CYP2D6, and anti- CYP3A4 /5. A final concentration of 5 to 7 

Al of antibody mixture was used per incubation. The antibody solutions were 

used as received; the concentration of each of the antibodies was not provided. 

Saxagliptin, at concentrations of 1 and 10 AM, was incubated in triplicate 

with pooled HLM (0.25 mg /m0, I to 2 mM NADPH, and 2 mM MgCl2 in 0.1 

M phosphate buffer (pH 7.4), in the presence or absence of chemical or 

anti -P450 monoclonal antibody inhibitors. The final volume of the reaction 

mixtures was 1 ml for the chemical inhibitor experiments and 0.25 ml for the 

anti -P450 antibody experiments. For incubations with direct chemical inhibi- 

tors, all ingredients except NADPH were added to the incubation tubes, and the 

samples were equilibrated at 37 °C for 2 to 3 min before incubation. Then, 

NADPH was added to initiate the reactions. For incubations with time - 

dependent chemical inhibitors, all ingredients except saxagliptin were added to 

the incubation tubes. The samples were equilibrated at 37 °C for 2 to 3 min, and 

then 1 mM NADPH was added to initiate a 15 -min preincubation with the 

inhibitors. After the preincubation period, saxagliptin and an additional 1 mM 

NADPH were added to initiate the reactions. For incubations with anti -P450 

antibodies, the antibodies were preincubated with HLM in phosphate buffer on 

ice for 20 min, and then warmed at 37 °C for IO min. Saxagliptin and NADPH 

were added to the incubation mixtures to initiate the reactions. To establish the 

initial rate of metabolism of saxagliptin to M2 in HLM, incubations without 

chemical inhibitors or with antibodies against egg lysozyme (Hy- Hei -9) rather 

than anti -P450 antibodies were conducted. The rate of M2 formation in other 

incubations was normalized to the appropriate control incubation. Negative 

control incubations were carried out in the same manner, but they either lacked 

NADPII or contained heat -inactivated microsomes (boiled for 5 min). 

After the appropriate equilibrations and preincubation periods. HLM incu- 

bations were carried out for 30 min at 37 °C. An equivalent volume of ice -cold 

acetonitrile was added to stop each reaction. Samples were vortex mixed and 

centrifuged to precipitate proteins. The concentration of M2 in each sample 

was then determined by analyzing an aliquot of the resulting supernatant by 

LC- MS/MS. 
Concentration -Dependent Metabolism of Saxagliptin to M2. The kinet- 

ics for the fonnation of M2 were determined in pooled HLM and expressed 

CYP3A4 and CYP3A5. Incubations (0.25 ml total volume, in triplicate) 

contained 1 mM NADPH. 2 mM MgCl2, 0.1 mM phosphate buffer (pH 7.4), 

saxagliptin, and HLM (0.25 mg protein /m0, or expressed CYP3A4 or 

CYP3A5 (10 pmol P450 enzyme /ml). Twelve concentrations of saxagliptin 

from I to 800 AM were evaluated. The HLM incubations were conducted at 

37 °C. After the designated incubation period (30 min for HLM, 10 min for 

CYP3A4 and CYP3A5), reactions were quenched by adding an equal volume 

of ice -cold acetonitrile (0.25 ml). The quenched reaction mixtures were vor- 

texed to mix and centrifuged. The concentration of M2 in each sample was 

Oran determined by analyzing an aliquot of the resulting supernatant by 

LC- MS /MS. 
LC -MS/MS Method for Quantification of M2 in In Vitro Samples. 

Internal standard, '3C4,15N -5- hydroxy saxagliptin, was added to the quenched 

reaction mixtures from the in vitro incubations before LC -MS/MS analysis. 

The LC/MS system used for quantitation of M2 in in vitro samples consisted 

of two TOAD -VP pumps, a model SCL system controller and a degasser 

(Shimadzu Corporation), a LEAP HTC PAL autosampler equipped with a 

cooling stock maintained at 10 °C (CrC Analytics, Carboro, NC), and a 

Micromass Quattro Ultima triple quadrupole mass spectrometer (Waters). 

MassLynx software (version 4.0 or 4.1; Waters) was used to control the 

instrumentation and acquire data. Chromatographic separation of M2 from 

other mono- hydroxylated metabolites was achieved on an Agilent Zorbax 

S13-C8 column (4.6 X 75 mm, 3.5 -pm particle size) (Agitent, Wilmington, 

DE) maintained at ambient temperature. The mobile phase consisted of two 

solvents: mobile phase (A), 0.1% formic acid in water; and mobile phase (B), 

0.1% formic acid in acetonitrile. The mobile phase flow rate was 0.3 ml/min. 

The linear gradient program used for elution of the sample components was as 

follows: hold isocratic at 15% B (0 -0.1 min): from 15 to 30% B (0.1 -3 min); 

from 30 to 38% B (3 -4 min); from 38 to 40% B (4 -5 min); from 40 to 80% 

B (5-5.5 min); hold isocratic at 80% B (5.5 -6.5 min); return to 15% B (6.5 -7 

min); re- equilibrate at 0% B for 5 min before the next injection. 

The Micromass Quattro Ultima mass spectrometer was operated in positive 

electrospray ionization mode. Ultrahigh purity nitrogen was used for the 

nebulizing and desolvation gases at flow rates of approximately 85 and 1000 

I/h, respectively. The capillary voltage was 3.5 kV, the cone voltage was 36V, 

and the collision energy was 45 eV. The desolvation temperature was 300 °C, 

and the source temperature was 150 °C. Detection of 5- hydroxysaxagliptin and 

its internal standard were achieved through MRM. The individual selected 

reaction monitoring transitions were 332 -> 196 for M2 and 335 -r 196 for the 

intentai standard. 
Assessment of Potential of Saxagliptin and M2 to Inhibit P450 En- 

zymes. The potential for saxagliptin and M2 to inhibit P450 enzymes in a 

direct or time- dependent manner was assessed with HLM (n = 15 donors, 

mixed gender pool: CellzDirect, Durham, NC). ICm values for nine enzymes 

were determined using probe substrates specific for each of the enzymes 

evaluated. The metabolic reactions monitored and probe substrate concentra- 

tions used were phenacetin 0- deethylation (50 p.M, CYPIA2), coumarin 

7- hydroxylation (I AM, CYP2A6), bupropion hydroxylation (20 AM, 

CYP2B6), paclitaxel 6- hydroxylation (5 AM, CYP2C8), tolbutamide hydroxy- 

lation (140 AM, CYP2C9), S- mephenytoin 4'- hydroxylation (50 AM, 

CYP2C19), bufuratol l'- hydroxylation (40 AM, CYP2D6), chlorzoxazone 

6- hydroxylation (50 AM, CYP2EI), midazolam 1'- hydroxylation and testos- 

terone 6(3- hydroxylation (5 and SO AM, respectively. CYP3A). The final 

concentration of each probe substrate was near the experimentally determined 

K °, value for the indicated enzyme. 
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To evaluate whether saxagliptin or M2 were competitive inhibitors of P450 
enzymes, saxagliptin (at concentrations of 0, 0.1, 1.5. 20, and 50 MM), M2 (at 
concentrations of 0, 0.1. I, 10 50, and 200 pM), or prototypical P450 
inhibitors (positive controls) were mixed with HLM, and the probe substrates 
in 100 mM phosphate buffer (pH 7.4) in a total volume of approximately 0.5 
ml. After a 3 -min equilibration at 37 °C. I mM NADPH was added to initiate 
the reactions. The reactions were carried out using previously established 
conditions to ensure linearity with respect to protein concentration and incu- 
bation time. Incubations were stopped with addition of organic solvents. To 
assess the time -dependent inhibition, saxagliptin, M2, or positive control 
time -dependent inhibitors were preincubated for 15 min at 37 °C with pooled 
human liver microsomes in the presence and absence of 1 mM 
NADPH. After the preineubation, P450- specific probe substrates were added 
to the incubation mixtures at the same concentrations used above. Metabolite 
formation in incubations with test compounds and control inhibitors was 
assessed with validated LC -MS /MS methods for each of the reaction products 
as described in Supplemental Table SI. Then, the percentage remaining 
activity was determined by comparison of probe substrate metabolism in 
incubations containing NADPH but without lest compounds or control inhib- 
itors. If inhibition reached significant levels (i.e., the percentage remaining 
activity was <50%), IC,q values were reported. 

Assessment of Potential of Saxagltptin and M2 to Induce P450 En- 
zymes. The potential of saxagliptin and M2 to induce the expression of mRNA 
levels and/or P450 enzyme activity of CYPIA2, -286, and -3A4 was investi- 
gated in primary cultures of freshly isolated human hepatocytes. as described 
previously (Hong et al., 2011). Human hepatocytes isolated from three indi- 
vidual donors (lots Hu 211, Hu 223, and Hu 224; CellzDìrect) were used. 
Donor information is provided in Supplemental Table 53. The cultured human 
hepatocytes were treated once daily for three consecutive days with either 
saxagliptin (0.2. 1, 5, and 25 µM), M2 (0.2, 1, 10, and 100 µM), solvent 
control [0.1% dimethyl sulfoxide (DMSO)] or known prototypical inducers. 
3- methylcholanthrene ((3 -MC) 2 p.M, a prototypical CYPIA2 inducer], phe- 
nobarbital [(PB) 1000 pM, a prototypical CYP2B6 inducer], and rifampicin 
[(RIF) 10 IsM, a prototypical CYP3A4 inducer]. 

At the end of the treatment period, microsomes were isolated from a subset 
of the various hepatocyte incubations. Enzyme activity was determined by 
incubating microsomal samples with probe substrates specific for each P450 
enzyme and then measuring the formation of marker metabolites by LC -MS/ 
MS, as described in Supplemental Table S I. The probe substrate concentration 
and quantity of microsomal protein in each assay were as follows: 100 p.M 
phenacetin and 0.02 mg/ml protein for CYPIA2; 250 sM bupropion and 0.02 
mg/ml protein for CYP2B6; and 200 p,M testosterone and 0.01 mg/ml protein 
for CYP3A4. The relative fold induction in enzymatic activity was calculated 
by comparing the rate of metabolite formation for treatment groups to that of 
the negative control group (0.1% DMSO). 

Another subset of the various hepatocyte incubations were used for mRNA 
determination. After cell lysis, total mRNA was isolated using the RNeasy 
Mini or Midi Kit (QIAGEN, Valencia, CA) cDNA, according to the manu- 

facturer's instructions. Total RNA was quantified using the RiboGreen RNA 
Quantitation reagent and kit (Invitrogen. Carlsbad. CA). Samples were subse- 
quently diluted to the desired RNA concentration (10 ng/pi). TaqMan real - 
time quantitative polymerase chain reaction was then used to determine the 
levels of CYPIA2, CYP2B6, and CYP3A4 present in each sample using 
primers and probes specific for each enzyme (Applied Biosystems, Foster City, 
CA). The reactions were characterized during the point in the polymerase chain 
reaction cycle at which the amplification product was first detected (threshold 
cycle (CT)). CT values, baseline, and threshold levels wem automatically 
calculated by the ABI 7500 Sequencer software (Applied Biosystems). A 
difference in one CT was considered equivalent to a 2 -fold difference in gene 
expression (i.e., an exponential relationship, 249. Relative -fold mRNA con- 
tent was determined for each treatment group relative to the endogenous 
control gene expression and 0.1% DMSO vehicle control for each sample. 

Results 

Excretion of the Radioactive Dose. After administration of a 
single 50 -mg, 91.5 µC) oral dose of [14C]saxagliptin to healthy male 
subjects, the mean cumulative recovery of radioactivity over the study 
duration (168 h) was -97% (Table I). The majority of the radioac- 
tivity (mean value, -75 %) was excreted in the urine. Approximately 
22% was recovered in the feces, 

For one subject (subject 6), the total radioactivity recovered 
(-55 %) was substantially lower than the recovery for the other 
subjects, which ranged from 84 to 106%. Although the amount of 
radioactivity recovered in the feces for this subject (21.5 %) was 
similar to the other subjects (-9-33%), the urinary recovery of 
radioactivity was only --34 %, compared with -70 to 81% for the 
other subjects. This difference was evident from the first, 0- to 12 -h 
mine collection, where the recovery for subject 6 was only -28%, 
compared with -65 to 72% for the other subjects. Pharmacokinetic 
analysis of plasma exposures of saxagliptin and M2 indicated that this 
subject had plasma exposures that were similar to the other five 
subjects (data not shown). These dati are consistent with a possible 
sampling error for an early urine collection for subject 6. The data 
from subject 6 were therefore excluded from the calculation of the 
mean and S.D. values for urinary excretion reported in Table I. 
However, the data from this subject were included in the calculations 
of fecal recovery and pharmacokinetic parameters (Table 2). 

Pharmacokinetic Parameters, The mean plasma concentration 
versus time profiles for saxagliptin, M2, a summation of saxagliptin 
and M2, and total radioactivity, after administration of [14C]saxaglip- 
tin, are shown in Fig. 2. The mean pharmacokinetic parameters are 
presented in Table 2. Saxagliptin was rapidly absorbed with a T,,,,x of 
-0.5 h postdose. T,n,x values for M2 and total radioactivity occurred 

TABLE I 

Excretion of radioactivity in human urine and feces after administration of a sing. ingle oral dose of 1r4C1saragliptin 
Values in italics repensent total excretion values over the entire study period 

Matriz Time (h) 
R Recovered Per Collection Interval 

Subject Number 

Urine 

Feces 

Total 

2 3 
0-12 65.88 66.70 64.89 

12 -24 0.63 4.27 1.65 
24-48 2.29 0.75 1.84 
48-168 2.13 0.99 1.83 
0-168 70.93 72.71 70.21 
0-24 <LOQ 30.64 0.04 

24-48 NS 2.06 16.26 
48-72 <LOQ 0.25 9.95. 
72-96 5.61 0.06 NS 
96-144 7.96 <LOQ 5.60 
0-144 /3.57 33.01 31.85 
0-168 84.50 105.72 102.06 

4 
71.64 
5.26 
2.53 
1.60 

81.03 
0.07 
9.02 
0.24 
NS 

<LOQ 
9.33 

90.36 

Mean ± S.D.° 

5 6 
71.63 27.65 68.15 ± 3.25 
4.47 1.02 3.26 s 200 
2.07 4.02 1.90 ± 0.69 
1.43 1.26 1.6010.43 

79.60 33.95 74.8915.05 
I 1.14 1.40 7.22 ± 12.27 
8.51 14.88 8.4616.56 
1.79 4.90 2.86 13.94 
1.11 NS 1.13 ± 2.24 

0.46 0.33 2.3913.48 
23.01 21.51 22.05 t- 9.50 

102.61 55.46 97.0519.13 
NS, no sample: <LOQ, below the limit of quantification. 
° a = S. the values for subject 6 wcrc not included in the calculation of mean urinary excretion or toml excretion; mean fecal excretion values Include data from all six subjects. 
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TABLE 2 

Mean pltanuacokinerlc parameters for saragliplia, M2. and radioactivity after 
admInlsrrarlon of a single oml dose of f "Cfsaxaglfpnrt 

PK Parameter Saxagliptin M2° Radioactivity 

Cm,,, nglml 279 606 779 

Mean, %CV (13) (II) (I0) 
AUC(INF), ng Idnd 845 2943 3874 
Mean, %CV (17) (7) (9) 

Tm_ h 0.50 1.50 1.50 

Median (min, max) (0.25, 0.50) (I.00, 2.00) (1.00. 1.50) 

T -HALF, h 2.45 2.69 2.77 

Mean (S.D.) (0.31) (0.31) (022) 
CLR, mItmin 234 102 165 

Mean (S.D.)" (23) (I0) (14) 

%Urinary excretion 23.5 35.7 74.9 

Mean (S.Dj" (3.q (3.0) (5.1) 

%Fecal excretion 0.5 8.4 22.1 

Mean (S.D.) (N.A.)' (N.A.p' (9.5) 

%CV, percentage coefficient of variation: N.A.. not applicable. 

"Values reported for M2 may include xmall amounts of other hydroxylated metabolite 

isomers. 
- 5; CLR and urinary excretion values do not include data for subject 6. 

`Determined via biotronfonnoion profiling of ponied 0- to 16 841 urine or fecal samples; 

ncerdere. S.b. was not determined. 

at approximately 1.5 h postdose. Thereafter, the concentrations of 
saxagliptin, M2, and total radioactivity all declined rapidly with 

elimination half -life values of <3 h. The AUC(INF) values indicated 

saxagliptin and M2 together comprised almost all of the circulating 

radioactivity; based on their molar ratios, they represented approxi- 

mately 22 and 72%, respectively, of the AUC of total radioactivity. 
On the basis of measurements with the validated LC -MS/MS assay, 

approximately 23.4 and 35.7% of the administered radioactivity was 

excreted in the urine as unchanged saxagliptin and M2, respectively. 

Subsequent to the analysis for this study, it was determined that the 

validated LC -MS/MS method used for quantitation was not com- 

pletely specific for the measurement of M2. Other mono -hydroxylated 

metabolites with the saute MRM transition (i.e., Ml, M3, and M13) 
eluted in close proximity to M2 under the chromatographic conditions 

used and may have been included in the M2 plasma measurements. 

Therefore, the reported values for M2 may be overestimated by up to 

9% (based on radioprofiling data from plasma and urine samples) due 

to interference from other hydroxylated metabolites. 

Identification of Metabolites. The structures of the metabolites of 
saxagliptin were characterized by LC-MS/MS analysis on a LCQ 

Deca XP ion trap mass spectrometer. Similarities in HPLC retention 

time and mass spectrometric fragmentation patterns with authentic 

standards facilitated the identification of saxagliptin, M2, and the 

cyclic amidine degradant (Dl) in the human samples. The structures 

of other metabolites were proposed based on their mass spectrometric 

fragmentation patterns relative to saxagliptin or the other available 

reference standards. The mass spectrometric data supporting the struc- 

tural elucidation of the metabolites are summarized in Table 3. 

Saxagliptin had a protonated molecule [M +H]* of tidy 316 and one 

major MS' fragment at n z 180 resulting from cleavage of the 

carbon -carbon bond between the carbonyl carbon and the carbon of 
the methanamine group. The metabolites generally underwent similar 

fragmentation, enabling the localization of structural modifications on 

either the amino -methyl -adamantyl group or the formyl- methanopro- 

linenitrile moiety. 
Metabolite M2 had a protonated molecule [M +Hr of rn'z 332 (16 

Da higher than saxagliptin). The product ion mass spectrum showed 

a major MS' fragment at n z 196, consistent with hydroxylation on 

the amino -methyl -adamantyl group. Like M2, metabolites M1, M3, 

and MI6 each had a protonated molecular ion [M +H3* of n z 332 

(16 Da higher than saxagliptin) and a major MS' fragment at n z 196. 

These MS data suggested that these metabolites were positional 

isomers of mono -hydroxylated saxagliptin with the site of the hy- 

droxylation for all three metabolites on the amino -methyl -adamantyl 

group. Metabolite MI 6 had an additional MS' major fragment at udz 

314 (loss of =18 Da from the protonated molecular ion), indicative of 
a loss of water. This fragment was not observed as a significant 
fragment in the MS' spectra for either M), M2, or M3. 

Degradant D1, an isomer of saxagliptin with a keto- iminopipera- 

zine ring structure, is a known impurity that forms as a degradation 

product in solution (Jones et al., 201 I). Dl had a protonated molecule 

[M +H]' of ndz 316, identical to the mass of saxagliptin. A normal- 

ized collision energy of 23%, which produced a large MS' fragment 

at ink 180 for saxagliptin, resulted in little or no fragmentation of DI 
(data not shown). However, at a higher normalized collision energy of 
30%, two major MS "- fragment ions of DI were observed at n z 288 

and 180. The fragment ion at m/ 288 (28 Da less than the molecular 

ion) corresponded to loss of the carbonyl group, whereas the ion at ink 
180 most likely resulted from an additional cleavage to form a 

fragment similar to that observed for saxagliptin. 
M 13 had a protonated molecule [M +H]* of n z 332 (16 Da higher 

than saxagliptin), suggesting that it was a hydroxylated metabolite. 

Like Dl, MI3 did not show fragmentation when subjected to a 

normalized collision energy of 23% in the mass spectrometer, but at 

30 %, two major MS'- fragment ions were observed at ink 196 (M + 
16) and 304 (loss of carbonyl group). Based on the MS data, and 

comparison of LC -MS/MS data to a subsequently synthesized refer- 

ence standard, M13 is proposed to be a cyclized product of M2, 
having a keto -iminopiperazine ring structure. 

M45 had a protonated molecule [M +H]* of n z 396, 80 Da higher 

than saxagliptin, which is characteristic of a sulfate conjugate. The 

MS2 spectra for M45 showed major fragment ions at rn/z 298 and 260. 

The fragment at a z 298 (neutral loss of -98 Da from the protonated 

molecular ion) was indicative of loss of 112504, whereas the fragment 

at fiat 260 resulted from cleavage of the carbon -carbon bond between 

the carbonyl carbon and the carbon of the methanamine group. Based 

on the MS data, M45 was identified as a sulfate conjugate of saxa- 

gliptin with the site of sulfation most likely on the hydroxyl group of 
the adamantyl ring. 
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no. 2. Mean concentration versus time profiles of total radioactivity, saxagliptin, 
M2, and the summed contribution of saxagliptin and M2, in plasma from healthy 
male subjects after oral administration of 50 mg (91.5 ¡Xi) of ft4C)saxagliptin. s, 
the concentration values reponed for M2 may contain small amounts of other 
hydroxylated metabolites; based on radioprofiling results of plasma samples, the 

contribution of these metabolites is expected to be <9% of the reponed M2 
concentration at each time point. 
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TABLE 3 

Mass -spectral characterization of primary metabolites of saxagliptin identified in Kaman plasma samples after administration of a single oral dose of I''CJaaragliptin 
to healthy volunteers 

O 
NI-12 

180- 
NC 

Saxagliptin (P) 

180.-.: 
NH 

D1 

Metabolite [M + HI' 

OH 

Ole 
NH2 

196- 
- O NC 

5-Hydroxysaxagliptin (M2) 

288 ( -28) 

Major Fragment lens Metabolic Pathway(s) 

Saxagliplin 316 180 

MI 332 196 Hydroxylation 

5Hydroxy saxagliptin (M2) 332 196 Hydroxylation 

M3 332 196 Hydroxylation 

MI3 332 304, 196 Hydroxylation, cyclizntion 

M16 332 314, 196 Hydroxylation 

445 396 298, 260 Sulfation 

M46 492 474, 316, 298 Glucuronidation 

DI 316 288, 180 Cyclization 

Metabolites M46 had a protonated molecule [M +H]+ of udz 492, 

176 Da higher than saxagliptin. The MS' spectra showed a major 

fragment ion at rn/ 316, corresponding to a loss of glucuronic acid. 

These data suggested that M46 is a direct glucuronide conjugate of the 

parent compound; however, the exact site of glucuronidation could 

not be localized based on the MS fragmentation data. 

Metabolite Profiles in Plasma. Metabolite profiles from pooled 

plasma collected at 4 h postdose are shown in Fig. 3A. Similar profiles 

were obtained at 1, 2, and 8 h postdose. Consistent with the pharma- 

cokinetic data, parent drag and the M2 metabolite were the major 

circulating components, representing -20 to 30% and -60 to 70% of 

the plasma radioactivity at the 1- to 8 -h time points, respectively. 

Additional minor circulating metabolites that each represented <4% 

of the plasma radioactivity at each time point included the following: 
hydroxylated metabolites (MI, M3, M13), a sulfate conjugate (M45), 

and a glucuronide conjugate (M46). A small amount of degradant Dl 
(<2%) was also detected in the plasma at each time point. 

Metabolite Profiles in Urine and Feces. The metabolite profile of 
0- to 168 -h pooled urine (Fig. 3B) was similar to the plasma profiles, 

with saxagliptin and M2 accounting for the majority of urinary radio- 

activity and the remainder comprised of multiple minor metabolites, 

each representing <4% of the administered radioactive dose. In 0- to 

168 -h feces (Fig. 3C), M2 was the most abundant drug- related com- 

ponent, representing 8.4% of the administered radioactivity. Metabo- 

lites Ml and MI3 coeluted and together represented 2.5% of the 

administered radioactivity, whereas the parent compound accounted 

for only 0.5%. Multiple additional fecal metabolites, each represent- 

ing <2% of the administered dose, could not be identified due to high 

levels of mass- spectral background interference. 

Potential for Chiral Interconversion of Saxagliptin. To deter- 

mine whether any of the chiral centers of saxagliptin were susceptible 

to chiral inversion, the metabolite profiles of in vivo samples were 

examined for the presence of diastereomers of saxagliptin. Other than 

saxagliptin and D1, no additional peaks corresponding to the proton - 

ated molecule [M +H]' of adz 316 were observed. In addition, there 

were no peaks eluting at the retention time of authentic reference 

standards for the S,R,S,,S and S,S,SR epimers of saxagliptin. These 

two epimers were chromatographically resolved from saxagliptin on 

the chromatographic method used for metabolite profiling (data not 

shown). Of all the saxagliptin diastereomers (Supplemental Fig. Si). 
formation of these two would be the most probable, because they are 

the product of inversion at only one of each of the two independent 
stereogenic sites. 

Identification of Cytochrome P450 Enzymes Involved in the 

Metabolism of Saxagliptin. The biotransformation of [14C]saxaglip- 

tin was investigated in HLM and a panel, of recombinant P450 

enzymes (Fig. 4, A -C). At a substrate concentration of 10 ILM, the 

turnover of saxagliptin in HLM was -32% after a 1 -h incubation. The 

M2 metabolite was the primary metabolite formed, along with several 

additional minor mono -hydroxylated metabolites. The saxagliptin me- 

tabolite profiles with CYP3A4 and CYP3A5 after a 30 -min incubation 
were similar to that observed with the HLM, indicating that these 

enzymes were capable of catalyzing the formation of M2 and other 

minor metabolites. There was no significant turnover of saxagliptin 
with any of the other P450 enzymes evaluated. Consistent with these 

observations, the rate of formation of M2 in a panel of 16 lots of HLM 
from individual donors showed good correlation with the vendor - 
reported CYP3A activity, which was based on rates of testosterone 
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pooled fecal homogenate collected at 0- to 168 -h postdose (Clatter oral adminis- 
tration of a single dose of I"Clsaxagliptin to human subjects. 

6ß- hydroxylation (r = 0.985; Fig. 4D) or midazolam l'- hydroxyla- 
lion (r = 0949; Fig. 4E). 

In HLM incubations conducted in the presence of the chemical 
inhibitor 1- aminobenzotriazole (a general P450 inhibitor), or in the 
absence of NADPH, M2 formation was diminished by >99%, indi- 
cating that the metabolism of saxagliptin to M2 was a P450- mediated 
process. The CYP3A inhibitors ketoconazole and troleandomycin 
both inhibited the formation of M2 from saxagliptin (1 AM) in human 
liver microsornes by a97 %, and an anti-CYP3A4/5 antibody inhib- 
ited M2 formation by >89% (Supplemental Fig. 82). 

Kinetic experiments indicated that the formation of M2 from saxagliptin in 
FILM and expressed CYP3A4 and CYP3A5 followed Michaelis -Menten 
kinetics (Fig. 5, A-C). The Km values for the formation of M2 were 94.8 pM 
in FILM and 81.7 and 252 pM in CYP3A4 and CYP3A5 incubations, 
respectively (Fig. 5D). The V,,,a, values were 496 pmol M2/mg protein/min 
in HLM, 31.7 pmol M2/pmol P450 /min in CYP3A4, and 24.0 pmol M2/ 
pmol P450 /min in CYP3A5. The catalytic efficiency (m/K,,,) for CYP3A4 

(0.388 Al/pmol P450 /min) was approximately 4-fold higher than for 
CYP3A5 (0.095 µl/pmol P450 /min), suggesting that CYP3A4 was the major 
P450 enzyme involved in the formation of M2. 

Assessment of the Potential of Saxagliptin and M2 to Inhibit 
P450 Enzymes. Saxagliptin and M2 were incubated with IILMs in 
the presence of NADPH to assess their potential to inhibit P450 
enzymes. For all P450 enzymes investigated, the IC50 values for 
direct inhibition (no prcincubation) were greater than the highest 
concentrations tested, >50 µM for saxagliptin and >200 µM for 
its M2 metabolite. When saxagliptin and M2 were preincubated 
with FILM in the presence of NADPH for 15 min, before the 
reporting phase of the incubation, the IC50 values were also greater 
than the highest concentrations tested, >50 and >200 AM, respec- 
tively (Supplemental Table S2). These data suggest that at con- 
centrations exceeding 100 -fold of their clinically relevant concen- 
trations, saxagliptin and its M2 metabolite were not direct or 
time -dependent inhibitors of P450 enzymes. 

Assessment of the Potential of Saxagliptin and M2 to Induce 
P450 Enzymes. The enzyme activities and mRNA levels of CYPI A2, 
CYP2B6, and CYP3A4 were determined in primary cultured human 
hepatocytes obtained from three individual donors after treatment 
with either saxagliptin (0.2, 1.0. 5.0, and 25 AM), M2 (0.2, 1.0, 10, 
and 100 AM), or prototypical inducers 3 -MC (positive control inducer 
for CYPI A2), PB (positive control inducer for CYP2B6), and RIF 
(positive control inducer for CYP3A4). The mean enzyme activity and 
mRNA data from three donors are summarized in Fig. 6, and the 
individual data for each donor are provided in Supplemental Tables 
S4 and 85. At the concentrations tested, saxagliptin and M2 were 
not cytotoxic as indicated by morphological integrity and lactate 
dehydrogenase activity assays (data not shown). Treatment with 
saxagliptin and M2 at concentrations up to 25 or 100 AM, respec- 
tively, did not result in meaningful increases of CYPIA2, 
CYP2B6, or CYP3A4 enzyme activity or ruRNA content, suggest- 
ing that these compounds are not inducers of these P450 enzymes 
at clinically relevant concentrations. 

Discussion 

After administration of a single, oral 50 -mg dose of r16C]saxa- 
gliptin (91.5 ACi) to healthy human subjects, saxagliptin was 
rapidly absorbed into the systemic circulation. The Trs, value was 
0.5 h for the parent compound and 1.5 h for both the M2 metabolite 
and total radioactivity. After reaching Tmax, the concentrations for 
all three analytes declined rapidly, each with elimination half -life 
values of <3 h (Table 2). Consistent with the short half -life, nearly 
80% of the administered radioactivity was recovered within the 
first 24 h after dosing. By the end of the 7 -day study, a total of 97% 
of the administered dose was recovered, of which 74.9% was 
eliminated in the urine and 22.1% was excreted in the feces (Table 
I). In urine and feces, respectively, approximately 23.5 and 0.5 % 
of the drug -related radioactivity was recovered as saxagliptin and 
35.7 and 8.4 %n was recovered as M2 (Table 2; Fig. 1). These data 
indicate that saxagliptin was well absorbed (a74.9%) and was 
subsequently cleared by both renal excretion and metabolism, with 
the formation of M2 representing the major metabolic pathway. 
Minor metabolic pathways included hydroxylation at other posi- 
tions and glucuronide or sulfate conjugation. In addition, small 
amounts of both saxagliptin and M2 underwent intramolecular 
cyclization to form compounds with a keto- iminopiperazine ring 
structure, Dl and M13, respectively (^ -2 -3% of the dose each; Fig. 
I). These cyclic amidine products are known degradation products 
of this chemotype, and their formation is favored under aqueous, 
alkaline conditions (Jones et al., 2011). In vitro, the formation of 
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Dl or M13 in HLM incubations with saxagliptin or M2, respec- 
tively, was low (approximately <1 %) and was similar to negative 
controls containing only compound and buffer (data not shown). 
Therefore, we concluded that these cyclization reactions are non- 
enzymatic processes. Based on the structures proposed from LC- 
MS/MS analyses (Table 3), all of the metabolites and degradants 
retained both of the C -14 labels, thus confirming the suitability of 
the labeling scheme for [14C]saxagliptin used in this study. 

Both pharmacokinetic data and biotransformation profiling results 
(Figs. 2 and 3A) indicated that unchanged saxagliptin and M2 were 
the most prominent drug -related components in the plasma; together, 
the two compounds accounted for almost all of the circulating radio- 
activity; based on their molar ratios, they represented approximately 
22 and 72 %, respectively, of the AUC of total radioactivity. Minor 
drug -related species in plasma included other hydroxylated metabo- 
lites, glucuronide- and sulfate -conjugated metabolites, and rearrange- 
ment products, DI and M13. The M2 is pharmacologically active, 
with an in vitro potency for DDP4 inhibition that was approximately 
half that of saxagliptin (Fura et al., 2009). The serum protein binding 
of saxaglitpin and its M2 metabolite are both negligible (Fura et al., 
2009); therefore, their relative in vivo potencies are expected to be 

similar to the values determined in vitro. Because of its potency and 

high plasma concentrations, M2 is expected to significantly contribute 
to the observed pharmacological effect of saxagliptin. Other metabo- 
lites and degradants, due to their low abundance in plasma and/or 
significant structural modifications, are not expected to contribute to 
the pharmacological activity of saxagliptin. All human circulating 
metabolites were represented in one or more of the preclinical species 
(rat, dog, and monkey), with no disproportionate human metabolites 
observed (H. Su, personal communication). Metabolite M2 was the 
predominant metabolite found in all species (Fura et al., 2009), and 
each of the toxicology species provided >2 -fold exposure multiples 
for this metabolite, relative to a 5 -mg human dose, which was suffi- 
cient for toxicological evaluation. 

Saxagliptin has four chiral centers. Although chiral inversion of 
saxagliptin was not expected to occur through traditional metabolic 
mechanisms, i.e., oxidation of a secondary alcohol or conjugation 
of a carboxylic acid with acetyl CoA (Wsol et al.,' 2004), chiral 
inversion might occur via a chemical mechanism, either in vivo or 
ex vivo, during sample storage or processing. Therefore, we ex- 
amined the in vivo samples for the presence of diastereomers of 
saxagliptin. No peaks with the same protonated molecule as saxa- 
gliptin and Dl were observed in the LC -MS/MS chromatograms of 
the plasma, urine, or feces samples. Furthermore, there were no 
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peaks corresponding to the retention time of authentic reference 
standards for the S,R,S,S and S,S,S,R epimers in the pooled urine, 
feces, or plasma samples. Of all the saxagliptin diastereomers, the 

formation of these two were considered most likely, because they 

were each the product of inversion at only one of the two inde- 
pendent stereogenic sites; the other two chiral centers were con - 

formationally locked within the cyclopropyl ring system. These 

data suggest that saxagliptin does not undergo measurable chiral 
inversion either in vivo, after administration to humans, or during 
subsequent sample processing. 

Although the dose used in the clinical portion of the current study was 

higher than the one ultimately selected as the prescription dose (5 mg), 

saxagliptin showed predictable, dose -proportional, multiple -dose phar- 

macokinetics over the range of 5 to 400 mg with minimal accumulation 

when dosed once daily (Boulton and Geraldes, 2007). It is therefore 

expected that the pharmacokinetic, metabolism, and excretion results 

from the current study will be applicable to lower doses within this range. 

Consistent with the in vivo data, M2 was the predominant metab- 

olite of saxagliptin formed in human liver microsomes (Fig. 4A). 
P450 enzymes CYP3A4 and CYP3A5 were both capable of metabo- 

lizing saxagliptin to M2 (Fig. 4, B and C); little or no turnover was 

observed with other P450 enzymes. Experiments with human liver 
microsomes and chemical and monoclonal antibody inhibitors for 
specific P450 enzymes supported the role of CYP3A4 /5 in the for- 
mation of M2. In addition, the formation of M2 correlated highly (r z 
0.949) with the reported testosterone 6ß- hydroxylation and midazo- 
lam l'- hydroxylation activities in a panel of human liver microsomes 

from 16 individual donors (Fig. 4, D and E). Kinetic experiments 
indicated that catalytic efficiency (V m /K,,,) for M2 formation by 
CYP3A4 was approximately 4-fold higher than for CYP3A5 (Fig. 5), 
suggesting that the formation of M2 will be predominantly mediated 
by CYP3A4, even in subjects with high expression levels of CYP3A5. 
The CYP3A5 *3 variant results in functionally defective CYP3A5. 
enzyme; whites are known to have a higher frequency ( -90 %) of the 
CYP3A5 *3 allele, compared with blacks ( -32 %), Hispanics (-63%), 
and Asians (-73 %) (Xie et al., 2004). Population analysis of data 
from Phase IUIII clinical trials suggested that race (whites, blacks, 
Hispanic, or Asian) had no impact on exposures of either saxagliptin 
or M2 (D. Boulton, personal communication), confirming the minimal 
contribution of CYP3A5 in the metabolism of saxagliptin. 

When saxagliptin (100 mg) was coadministered with ketocona- 
zole (200 mg, once every 12 h) in a clinical drug -drug interaction 
study, the AUC of saxagliptin increased by 145% and the AUC of 
M2 decreased by 88% (Patel et al., 2011). In addition, when 
saxagliptin (5 mg) was coadministered with rifampin at steady 

state (600 mg, once daily for 6 days), the AUC of saxagliptin 
decreased by 76% (Upreti et al., 2011). Thus, the role of CYP3A 
enzymes in the metabolism of saxagliptin was confirmed in these 

two clinical studies. 
Saxagliptin and M2 each demonstrated little potential to inhibit or 

induce P450 enzymes in primary cultures of human hepatocytes, 
suggesting that saxagliptin is unlikely to affect the metabolic clear- 
ance of coadministered drugs that are substrates for P450 enzymes. 
The lack of an inhibitory effect of saxagliptin on CYP3A was con- 
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firmed in a clinical drug -drug interaction study between saxagliptin 
and simvastatin, where little or no increase in the AUC values of 
simvastatin and simvastatin acid (4 and 16 %, respectively) was ob- 
served when 40 mg of simvastatin was administered together with a 

10 -mg dose of saxagliptin (Patel et al., 2011). 
In a separate clinical study, the absolute bioavailability of saxagliptin 

in healthy subjects was 50% after administration of a single 5 -mg dose 

(Xu et al., 2011). The current in vivo and in vitro experimental data 

support this result Although at least 74.9% of the saxagliptin dose was 

absorbed after oral administration, metabolite profiling results suggested thet- 

a substantial portion of the administered dose was metabolized to M2. 
In summary, after a 50 -mg (91.5 p.Ci) p.o. dose to healthy male 

volunteers, [16Cjsaxagliptin was rapidly absorbed, and recovery of the 

administered radioactivity was good (97 %). At least 74.9% of the 

dose was absorbed based on the amount of radioactivity recovered in 
urine. Saxagliptin and its active M2 metabolite were the predominant 
circulating components, together comprising almost all of the plasma 
radioactivity. Elimination of saxagliptin occurred via both renal ex- 

cretion and metabolism, with the formation of M2 by CYP3A4 /5 

representing the major metabolic pathway. Neither saxagliptin nor M2 
inhibited or induced P450 enzymes in vitro, suggesting that saxaglip- 
tin is unlikely to alter the clearance of comedications that are metab- 
olized by these enzymes. 
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ABSTRACT: 

The absorption, metabolism, and excretion of (1-I[3- hydroxy -1- 

adamantyl) amino] acetyl] -2- cyano -(S)- pyrrolidine (vildagliptin), an 

orally active and highly selective dipeptidyl peptidase 4 inhibitor 
developed for the treatment of type 2 diabetes, were evaluated in 

four healthy male subjects after a single p.o. 100 -mg dose of 
4C]vildagliptin. Serial blood and complete urine and feces were 

collected for 168 h postdose. Vildagliptin was rapidly absorbed, 
and peak plasma concentrations were attained at 1.1 h postdose. 
The fraction of drug absorbed was calculated to be at least 85.4 %. 

Unchanged drug and a carboxylic acid metabolite (M20.7) were the 

major circulating components in plasma, accounting for 25.7% 

(vildagliptin) and 55% (M20.7) of total plasma radioactivity area 

under the curve. The terminal half -life of vildagliptin was 2.8 h. 

Complete recovery of the dose was achieved within 7 days, with 

85.4% recovered in urine (22.6% unchanged drug) and the remain- 
der in feces (4.54% unchanged drug). Vildagliptin was extensively 
metabolized via at least four pathways before excretion, with the 
major metabolite M20.7 resulting from cyano group hydrolysis, 
which is not mediated by cytochrome P450 (P450) enzymes. Minor 
metabolites resulted from amide bond hydrolysis (M15.3), glucu- 
ronidation (M20.2), or oxidation on the pyrrolidine moiety of vilda- 
gliptin (M20.9 and M21.6). The diverse metabolic pathways com- 
bined with a lack of significant P450 metabolism (1.6% of the dose) 

make vildagliptin less susceptible to potential pharmacokinetic 
interactions with comedications of P450 inhibitors /inducers. Fur- 

thermore, as vildagliptin is not a P450 inhibitor, it is unlikely that 
vildagliptin would affect the metabolic clearance of comedications 
metabolized by P450 enzymes. 

Dipeptidyl peptidase 4 (DPP -4, DPP -IV) is a highly specialized 
aminopeptidase that is present in plasma, the kidney, and the intestinal 

brush -border membranes, as well as on the surface of capillary endo- 

thelial cells, hepatocytes, and a subset of T lymphocytes (Deacon et 
aI., 1995; Mentlein, 1999). DPP -4 is responsible for the rapid inacti- 
vation of the incretin glucagon -like peptide 1 (GLP -1) and glucose - 

dependent insulinotropic peptide. GLP -1, which is released postpran- 
dially, stimulates meal -induced insulin secretion and contributes to 

glucose homeostasis ( Gutniak et al., 1997; Kieffer and Habener, 
1999). Circulating GLP -1 is rapidly degraded and inactivated by 

DPP -4 (Deacon et al., 1995; Mentlein, 1999). With the inhibition of 
the DPP-4 enzyme activity, GLP -I activity increases markedly, im- 

proving glycemic control in experimental and human studies (Balkan 
et al., 1999; Ahrén et al., 2002, 2004; Reimer et al., 2002). Therefore, 
administration of a DPP -4 inhibitor to diabetic patients augments 

endogenous GLP -1 activity, which in turn produces a clinically sig- 

nificant lowering of diabetic glycemia comparable with that observed 

Article, publication date, and citation infórmation can be found at 

http: / /dmd.aspetjournals.org. 
d o í:10.1124/d an d .108.02 3 010. 

when GLP -I is administered by direct infusion (Gutniak et al., 1992; 

Drucker, 2003; Mest and Mentlein, 2005). 
VildagIiptin (Galvus, Novartis, East Hanover, NJ; (1-[[3- hydroxy- 

1- adamantyl) amino] acetyl] -2- cyano -(S)- pyrrolidine) is a potent, 

orally active, highly selective inhibitor of DPP -4 (Villhauer et al., 

2003) and is marketed as an antidiabetic drug in this novel class of 
action mechanisms (He et al., 2007b). Based on an in vitro recombi- 
nant DPP -4 assay, the IC50 for vildagliptin is 2 nM. In humans, the 

efficacy of vildagliptin against the DPP -4 enzyme also shows a low in 

vivo inhibitory constant (ICS0 4.5 nM), a value that suggests higher 

potency than that reported for another DPP -4 inhibitor, sitagliptin 

(íC50 26 nM) (Herman et al., 2005; He et al., 2007b). Vildagliptin has 

shown the ability to inhibit DPP-4, increase plasma concentrations of 
intact GLP -1 and glucose- dependent insulinotropic peptide, decrease 

fasting and postprandial glucose, and suppress plasma glucagons in 

clinical trial in patients with type 2 diabetes. The pharmacokinetics 

and pharmacodynamics of vildagliptin after various dosing regimens 
in healthy volunteers and patients with type 2 diabetes have been 

previously reported (He et al., 2007a,b, 2008; Sunkara et al., 2007). 

The purpose of this study was to investigate the disposition and 

ABBREVIATIONS: DPP -4, dipeptidyl peptidase 4; GLP -1, glucagon -like peptide 1; vildagliptin, (1- [(3- hydroxy -1- adamantyl) amino] acetyl] -2- 

cyano-(S)- pyrrolidine; [14C]vildagliptin, (1- [3- hydroxy- adamant -1 -yl- amino)- acetyl] -pyrrolidine -2(S)- carbonitrile; LSC, liquid scintillation counting; 

LC/MS /MS, liquid chromatography /tandem mass spectrometry; IS, internal standard; ESI, electrospray ionization; HPLC, high -performance liquid 

chromatography; LC /MS, liquid chromatography /mass spectrometry; DMSO, dimethyl sulfoxide; CID, collision- induced dissociation; P450, 

cytochrome P450; UGT, UDP glucuronosyltransferase; AUC, area under the curve; amu, atomic mass unit. 
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* indicates position of C -14 label 

Flo. I. Chemical structure of ('''C)vildagliptin. 

biotransformation of vildagliptin in healthy male volunteers after a 
single 100 -mg (47 MCi) p.o. dose of [14C]vildagliptin [(1-[3- hydroxy- 
adamant -1 -yl- amino)- acetyl]- pyrrolidine -2(S)- carbonitrile]. A daily 
dose of 100 mg is the recommended human efficacious dosing regi- 
men for vildagliptin, and no pharmacokinetic gender difference has 
been observed (He et al., 2007b, 2008). [''`CJVildagliptin has been 
shown to be highly absorbed in both rats and dogs (He et al., 2009). 
Vildagliptin was mainly metabolized before excretion in rats and 
dogs. One major metabolite in excreta involved hydrolysis at the 
cyano moiety to yield a carboxylic acid metabolite (M20.7) in rats and 
dogs. Another predominant metabolic pathway included the hydroly- 
sis of the amide bond (M15.3) in the dog. 

Materials and Methods 

Study Drug. ['4C)Vildagliptin (specific activity 0.47 MCi /mg, radiochem- 
ical purity >99 %) was synthesized by the Isotope Laboratory of Novartis 
Pharmaceuticals Corporation (East Hanover, NJ). The chemical structure of 
vildagliptin and the position of the radiolabel are shown in Fig. 1. 

Metabolites. Synthetic standards of metabolites M20.2, M20.7, and M 15.3 
were also obtained from Novartis Pharmaceuticals Corporation. 

Human Studies. The study protocol and the informed consent document 
were approved by an independent institutional review board. The written 
informed consent was obtained from all the subjects before enrollment. 

Four healthy, nonsmoking, male white subjects, age 18 to 45 years, with 
weights ranging from 77 to 93 kg, participated in the study. Subjects were 
confined to the study center for at least 20 h before administration of the 
study drug until 168 Ih (7 days) postdose. After an overnight fast, the 
subjects were given a single p.o. 100 -mg dose of [14Cjvildagliptin as a 
250 -ml drinking solution. The radioactive dose given per subject was 47 
p.Ci (1.85 MBq). After administration, the subjects continued to abstain 
from food for an additional 4 h. 

Blood was collected at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, 48, 72, 
96, 120, 144, and 168 h postdose by either direct venipuncture or an indwelling 
cannula inserted in a forearm vein. Eighteen milliliters of venous blood was 
collected at each time point in heparinized tubes. Plasma was separated from 
whole blood by centrifugation, transferred to a screw -top polypropylene tube, 
and immediately frozen. 

Urine samples were collected at predose and at 0 to 4, 4 to 8, 8 to 12, 12 to 
l6, 16 to 24, 24 to 36, 36 to 48, 48 to 72, 72 to 96, 96 to 120, 120 to 144, and 
144 to 168 h postdose. Feces were collected as passed from time of dosing until 
at least 168 h postdose. All of the samples were stored at -20 °C or less until 
analysis. 

Radioactivity Analysis of Blood, Plasma, Urine, and Feces Samples. 
Radioactivity was measured in plasma and blood by liquid scintillation count- 
ing (LSC) on a liquid scintillation analyzer (Tri-CARB 2500; Canberra Indus- 
tries, Meriden, CT). Plasma was mixed with scintillant and counted directly; 
whole blood samples were digested with tissue solubilizer (Soluene 350; 
PerkinElmer Life and Analytical Sciences, Waltham, MA), decolorized with 
hydrogen peroxide, stored in the dark to reduce luminescence, and then 
counted. Radioactivity in urine and feces was also assessed by LSC. Urine was 
mixed with liquid scintillant and counted directly. Feces was homogenized in 
water (approximately 1 + 2, w /v). Aliquots of feces homogenates were then 

combusted with a biological oxidizer (Packard Oxidizer 306; PerkinElmer Life 
and Analytical Sciences) before LSC. 

The total radioactivity given with the dose was se: to 100 %. The radioac- 
tivity at each sampling time for urine and feces was defined as the percentage 
of close excreted in the respective matrices. The radioactivity measured in 
plasma was converted to nanogram- equivalents of vildagliptin based on the 
specific activity of the dose. 

Analysis of Unchanged Vildagliptin. Amounts of unchanged vildagliptin 
in plasma and urine were measured quantitatively using a validated liquid 
chromatography /tandem mass spectrometry (LC /MS /MS) assay. Aliquots of 
plasma (200 pi) or human urine (100.cl diluted with 100 µl of water) and 200 
µl of internal standard (IS) solution (1JC5 15N- vildagliptin) were transferred to 
individual wells in a 1 -ml, 96 -well polypropylene plate. Extraction of the 
samples was performed using a Quadra -96 model 320 workstation (TomTec, 
Hamden, CT). Before extraction of samples. a 10 -mg Oasis IILB 96 -well 
solid -phase extraction plate (Waters, Milford, MA) was conditioned with 300 
µI of methanol, followed by 300 /.cl of water. The samples were applied to the 
preconditioned extraction plate. The plate was washed with 300 1.cl of 5% 
methanol (containing 2% ammonium hydroxide), 300 µl of 20% methanol 
(containing 2% ammonium hydroxide), and 300 p.I of water. After vacuum - 
drying each well, the samples were eluted with 2 X 75 p.1 of 80% methanol 
(containing 0.1% trifluoroacetic acid) and evaporated under nitrogen (35 °C) to 
a volume of -50 µl using an Evaporex solvent evaporator (Apricot Designs, 
Monrovia, CA). The samples were diluted with 50 tcl of 15% methanol 
(containing 0.5% ammonium hydroxide) and mixed before injection. 

Samples were analyzed on a Micromass Quattro LC (Waters) operated in 
multiple reaction monitoring mode with electrospray ionization (ESI +) as an 
interface. Vildagliptin and IS were separated on a Polaris 5 -µm C18 -A 50 x 
2.0 -mm column (45 °C) (Metachem Technologies, Torrance, CA) with iso- 
cratic elution. The mobile phase of A/B (1:3, v /v) was used, where A was 
methanol /10 mM ammonium acetate, pH 8.0 (5:95, v /v), and B was acetoni- 
trite /methanol (10:90, v /v). The flow rate was maintained at 0.2 ml/min with 
an injection volume of 10 µl. Multiple reaction monitoring transitions for the 
drug and IS were m/z 304.2 > nr /z 154.1 and inlz 310.3 -> ink 160.0, 
respectively. The dynamic range of the assay was from 1.93 to 2020 ng /ml for 
plasma and 5.13 to 5010 ng/tnl for urine. 

Sample Preparation of Plasma, Urine, and Feces for Metabolite Inves- 
tigation. Semiquantitative determination of main and trace metabolites was 
obtained for plasma, urine, and feces (based on peak areas) using high - 
performance liquid chromatography (HPLC)- radiodetection with off -line mi- 
creplate solid scintillation counting and structural characterization by liquid 
chromatography /mass spectrometry (LC /MS). Plasma samples (3.5 -4.5 ml) 
from each subject at 0.5, 1, 2, 3, 6, 12, 16, and 24 h postdose were protein - 
precipitated with acetonitrile /ethanol (90:10 v /v) containing 0.1% acetic acid 
and removed by centrifugation. Recoveries of radioactivity after plasma sam- 
ple preparation averaged 95%. The supernatant was evaporated to near dryness 
under a stream of nitrogen using the Zymark Turbo -Vap LV (Zymark Corp., 
Hopkinton, MA), and the residues were reconstituted in acetonitrile /5 mM 
ammonium acetate containing 0.1% trifluoroacetic acid (10:90 v /v). Aliquots 
(80 -85 µl) of concentrated plasma extracts were injected onto the HPLC 
column. For urine analysis, a pool of equal percent volume from the 0- to 48 -h 
fractions (10% of urine volume from each time point, e.g., 0 -24 and 24 -48 h) 
was prepared for each subject. An aliquot was centrifuged, and 100 ¡.d was 
injected onto the HPLC column without further purification. Recoveries of 
radioactivity after centrifugation of urine samples were 100 %. Feces homog- 
enates were pooled from 0 to 96 h at equal percent weight for each subject 
(10% of feces homogenates from each time point, e.g., 0 -24, 24 -48, and 
48 -72 h) and extracted twice with methanol by vortexing and centrifugation. 
The average recovery of sample radioactivity in the methanolic extracts was 
87 %. Aliquots of combined supernatant (5 ml) were evaporated to dryness 
under a stream of nitrogen using the Zymark Turbo -Vap LV, and the residues 
were reconstituted in 0.2 ml of acetonitrile /5 mM ammonium acetate contain- 
ing 0.1% trifluoroacetic acid (10:90 v /v). Aliquots (60 -80 µl) of concentrated 
fecal extracts were injected onto the HPLC column. 

HPLC Instrumentation for Metabolite Pattern Analysis. Vildagliptin 
and its metabolites in urine, plasma, and feces were analyzed by HPLC with 
off -line radioactivity detection using a Waters Alliance 2690 HPLC system 
equipped with a Phenomenex (Torrance, CA) Synergy Hydro -RP column 
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(4.6 X 150 mm, 4 µm, maintained at 30 °C) and a guard column of the same 
type. The mobile phase consisted of 5 mM ammonium acetate containing 0.1% 
trifluoroacetic acid, pH 2.3 (solvent A), and acetonitrile (solvent B), and a 

gradient method was used. The mobile phase was initially composed of solvent 
A (100 %) and held for 4 min. The mobile phase composition was then linearly 
programmed to solvent A/solvent B (87:13) over 26 min and held for 2 min 
and to solvent A/solvent B (40:60) in 0.5 min and held for 4 min. A short 
gradient was programmed to solvent A /solvent B (5:95) over 0.5 min, and 
these conditions were held for 4 min. The mobile phase condition was returned 
to the starting solvent mixture over 0.5 min. The system was allowed to 
equilibrate for 10 min before the next injection. A flow rate of 1.0 ml /min was 
used for all the analyses. The HPLC effluent was fractionated into a 96 -deep- 
well Lumaplate (PerkinElmer Life and Analytical Sciences) using a fraction 
collector (FC 204; Gilson Inc., Middleton, WI) with a collection time of 8.4 
swell. Samples were dried under a stream of nitrogen, sealed, and counted for 

1 to 15 min/well on a TopCount microplate scintillation counter (PerkinElmer 
Life and Analytical Sciences). 

The amounts of metabolites of parent drug in plasma or excreta were 
derived from the radiochromatograms (metabolite patterns) by dividing the 
radioactivity in original sample in proportion to the relative peak areas. Parent 
drug or metabolites were expressed as concentrations (in nanogram- equivalent 
per milliliter) in plasma or as percentage of dose in excreta. These values are 
to be considered as semiquantitative only, unlike those determined by the 
validated quantitative LC /MS/MS assay. 

In Vitro Human Blood Distribution and Protein Binding. A single 10 -µ1 
aliquot of the stock solution in ethanol containing [14C]vildagliptin (35 X 106 

dpm) and known amounts of unlabeled vildagliptin was spiked to 1 ml of 
human fresh blood or plasma (n = 3) to achieve final concentrations of 10 to 
10,000 ng /mI. 

For the blood distribution study, triplicate determinations of the hematocrit 
in blood were made, and single blood samples (1 ml) were prepared from each 
of the three male human volunteers. After gentle mixing, a single 200 -µl 
aliquot of blood containing [14C]vildagliptin was pipetted for radioactivity 
analysis. Then the blood samples were incubated at 37 °C for 30 min and 
centrifuged at --3000g for ---15 min at 37 °C. The resultant plasma was 
analyzed for radioactivity using a single 200 -µ1 aliquot. 

For the protein binding study, single plasma samples (1 ml) were prepared 
from each of the three male human volunteers. The pH was adjusted to 7.4 by 
adding 10 µl of 0.1 N HCl/ml plasma and gently vortexing the sample. After 
a single aliquot of plasma containing [14C]vildagliptin (200 µl) was pipetted 
for radioactivity analysis, each sample (- 0.8 -ml aliquot) was transferred to the 
sample reservoir of individual micropartition centrifuge tube (Centrifree Mi- 
cropanition Centrifuge Tube; Millipore Corporation, Billerica, MA). The 
membrane had a molecular mass cutoff of 30,000 Da. Samples were centri- 
fuged for 20 min at -1000g at 37 °C. The ultrafiltrate contained the free 
fraction, and 200 -1.1 aliquots were analyzed for radioactivity. Nonspecific 
binding studies were conducted in 0.2 M sodium phosphate buffer, pH 7.4, 
under the same conditions described above. 

For radioactivity analysis of blood or plasma samples in the blood distri- 
bution study, 200 µ1 of blood was pipetted onto individual Combusto -Pads 
(PerkinElmer Life and Analytical Sciences), air -dried, and combusted in a 
Packard 308 oxidizer before counting in a liquid scintillant (PerkinElmer Life 
and Analytical Sciences). For radioactivity analysis in the protein binding 
study, aliquots (200 p.1) of plasma samples and filtrates were mixed with 2 ml 
of a liquid scintillant (NEN Formula 989; PerkinElmer Life and Analytical 
Sciences) in a vial for direct counting. The radioactivity in all the samples was 
determined by LSC in a Packard spectrometer (Hewlett Packard, Palo Alto, 
CA). M20.7 human protein binding was also determined over the concentra- 
tion range from 10 to 1000 ng/ml using the same ultrafiltration method as 
described above. 

In Vitro Metabolism in Human Liver Slices. [14C]Vildagliptin was incu- 
bated with liver slice preparations from one human subject. The human tissue 
was obtained through the Association of Human Tissue Users (Tucson, AZ). 
Each of the human organs had been perfused with Belzer's University of 
Wisconsin solution but was rejected for transplantation. The incubations were 
carried out at 5 and 20 AM substrate concentrations for 1, 2, 4, 10, 18, and 
24 h. The incubates were analyzed by HPLC with online radioactivity detec- 
tion. Metabolites formed from the incubations were characterized by LC/MS. 

Human liver slices with a diameter of approximately 200 -!- 25 p.m were 
prepared from 8 -mm diameter tissue cores using a Vitron (Tucson, AZ) sterile 
tissue slicer. The individual organs were cored transversely and sliced using a 
Vitron sterile tissue slicer in ice -cold oxygenated (95% 02/5% CO2) V7 
preservation media. The viability of the human liver slices was assessed by 
determining the intracellular K- content and measurement of ATP content in 
0.1% dimethyl sulfoxide (DMSO) and vildagliptin- exposed slice incubates. 
The slices were placed onto roller culture inserts and maintained at 37 °C in 

Dulbecco's modified Eagle's /F -12 media without phenol red (Invitrogen, 
Carlsbad, CA) and supplemented with 10 ml /l Antibiotic AntiMycotic solution 
(Invitrogen), 10% Nu Serum, and Mito /Serum Extender, I ml /I (BD Bio- 
sciences, Franklin Lakes, NJ). After a preincubation period of 90 min, fresh 
media containing [14C]vildagliptin in 0.1% DMSO were added. At the various 
time points, the slice and media were transferred to separate vials, and the 
roller culture vial and insert were bathed in methanol (3.0 ml), which was then 
collected. Before HPLC analysis, the human liver slices were disrupted by 
homogenization with McOH/H20 (50:50) followed by brief sonication. The 
incubation media were extracted with methanol, and the methanol wash was 
evaporated to dryness. All the fractions were pooled, and the protein was 
pelleted at approximately 40,OOOg for 10 min at 20 °C. The pellet was re- 
extracted with methanol, and the resultant supernatant was evaporated to 
dryness and combined with the pooled sample. 

Structural Characterization of Metabolites by LC/MS/MS. Metabolite 
characterization was conducted with a Finnigan LCQ ion -trap mass spectrom- 
eter (Thermo Fisher Scientific, Waltham, MA) equipped with an ESI source. 
The effluent from the HPLC column was split, and approximately 500 µl /min 
was introduced into the atmospheric ionization source after diverting to waste 
during the first 4 min of each run to protect the mass spectrometer from 
nonvolatile salts. The electrospray interface was operated at 5000 V, and the 
mass spectrometer was operated in the positive ion mode. Collision -induced 
dissociation (CID) studies were performed using helium gas at the collision 
energy of 35% (arbitrary unit). 

Metabolism of Vildagliptin in Human Liver Microsomes and by Re- 
combinant Cytochromes P450. The metabolism of [14C]vildagliptin (specific 
activity of 154.5 pCi /mg) was examined in pooled human liver microsomes 
(n = 46 donors, mixed gender) and in microsomal preparations from baculo- 
virus- infected insect cells expressing recombinant human cytochrome P450 
(P450) enzymes (BD Gentest, Woburn, MA). The recombinant P450 enzymes 
examined in this study were CYP1A1, CYP1A2, CYP1B1, CYP2A6, 
CYP2B6, CYP2C8, CYP2C9, CYP2C18, CYP2C19, CYP2D6, CYP2E1, 
CYP2J2, CYP3A4, CYP3A5, and CYP4A11. Human liver microsomes (1 mg 
of microsomal protein /ml) or recombinant P450 enzymes (100 pmol of P450/ 
ml) were preincubated with [14C]vildagliptin (47 µM, 0.5% final DMSO 
concentration, v /v) in 100 mM potassium phosphate buffer, pH 7.4, and 5 mM 
MgCl2, final concentrations, at 37 °C for 3 min. The reactions were initiated by 
the addition of NADPH (1 mM, final concentration) and incubated for 30 min; 
reactions were then quenched by the addition of half the reaction volume of 
cold acetonitrile. The precipitated protein was removed by centrifugation, and 
an aliquot of each sample was analyzed by HPLC with in -line radioactivity 
detection as described above. 

P450 Inhibition Assessment by Vildagliptin and M20.7. The ability of 
vildagliptin and its metabolite M20.7 to inhibit P450 enzyme activity was 
assessed using pooled human liver microsomes (n = 50 donors, mixed gender; 
XenoTech, LLC, Lenexa, KS). To determine individual P450 activities, several 
probe substrate reactions were used that are known to be P450 enzyme - 
selective. The reactions used and corresponding probe substrate concentrations 
included phenacetin O- deethylation (5 AM, CYP1A2), bupropion hydroxyla- 
tion (25 p.M, CYP2B6), paclitaxel 6a- hydroxylation (10 µM, CYP2C8), 
diclofenac 4'- hydroxylation (5 µM, CYP2C9), S- mephenytoin 4'- hydroxyla- 
tion (15 µM, CYP2C19), bufuralol l'- hydroxylation (5 µM, CYP2D6), chlor- 
zoxazone 6- hydroxylation (10 AM, CYP2E1), and midazolam l'- hydroxyla- 
tion (5 µM, CYP3A4 /5). The probe concentrations used were less than or 
approximately equal to their reported K,,, values. The conditions for each probe 
reaction were previously established to ensure linearity with time and protein 
concentration and to limit probe substrate turnover to -- <10% (results not 
shown). Increasing concentrations of the vildagliptin or authentic synthetic 
M20.7 (up to 100 µM) were incubated at 37 °C individually with human liver 
microsomes (0.2 or 0.5 mg /m1) and one probe substrate in (final concentration) 
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100 mM potassium phosphate buffer, pH 7.4, 1 mM NADPI -I, 5 mM MgCI,, 
t mM EDTA, and 0.2% DMSO. After incubation, the reactions were quenched 

by addition of an equal volume of cold acetonitrile. Probe substrate turnover 
was determined by LC /MS /MS analysis (PE Sciex API300 mass spectrometer; 
Applied Biosystems, Foster City, CA; Shimadzu LC, Shimadzu, Kyoto, Japan) 

of metabolite formation. Reference standards for probe metabolites were 
obtained from commercial sources as follows: acetaminophen (Sigma- Aldrich, 
St. Louis, MO); l'- hydroxyhufuralol, hydroxybupropion, 6-hydroxychlorzoxa- 
zone, 4'- hydroxy -S- mephenytoin, and l'- hydroxymidazolam (Ultrafine Chem- 
icals, Manchester, UK); and 6- hydroxypaclitaxel and 4'- hydroxydiclofenac 
(B1') Biosciences, San Jose, CA). Chromatographic separation was achieved on 

a Supelco (Bellefonte, PA) Discovery DP -Amide C16 column (50 X 2.1 mm, 

4 p.m, 0.3 ml /min flow rate, 25 °C). The chromatographic solvents were as 

follows: A = 0.1% formic acid in 10 mM ammonium acetate, pH -4.7, B = 
acetonitrile; the gradient elution program (%B) was 0 >1 min (5 %), l>4 min 
(from 5% to 95 %), 4->6 min (95 %), 6>6.5 min (from 95% to 5 %). Probe 

metabolites derived from phenacetin, bupropion, midazolatn, bufuralol, and 

paclitaxel were analyzed using ESI in positive ion mode, whereas the metab- 

olites of the remaining probes (dic[ofenac, chlorzoxazone, S- mephenytoin) 
were analyzed in negative ion mode. 

UDP Glucuronosyltransferase Enzyme Involvement in the Glucu- 
ronidation of Vitdagliptin. The enzymes involved in the glucuronidation of 
vildagliptin to form M20.2 were determined using a panel of recombinant 

human UDP glucuronosyltransferase (UGT) enzymes, including UGTIA1, 
UGT1A3, UGTIA4, UGTIA6, UGTIA7, UGT1A8, UGT1A9, UGT]A10, 
UGT2B4, UGT2B7, UGT2B l5, and UGT2B 17 (BD Gentest). In the initial 
assessment, incubations (100 µl, 37 °C) consisted of (final concentrations): 
vildagliptin (20 pM), UDP -glucuronic acid (5 mM), alamethicin (0.25 mg /mg 
protein), enzyme protein (1 tag /m1), MgCl2 Tris -HCI buffer (pH 7.6, 50 mM), 
and acetonitrile (<0.2 %). The enzyme protein had been preincubated with the 

alamethicin for 15 min on ice immediately before the experiments. The 

reactions were initiated by the addition of UDP -glucuronic acid after a 3 -min 
preincubation and terminated after 60 min by the additions of acetonitrile (200 
s.d). The incubation samples were evaporated, reconstituted in 100 ¡.t,l of 10:90 

(v /v) acetonitrile /water, and centrifuged at -4000g (10 min). A 25 -pd aliquot 
was analyzed by LC/MS (Finnigan hybrid LTQ ion trap, ESI, positive mode). 

Chromatographic separation was achieved using an Ace3 C18 (50 X 3 mm, 3.5 

pm, 0.25 ml/min flow rate, 35 °C). The chromatographic solvents were as 

follows: A = 0.1% formic acid in 10 mM ammonium acetate, pH -4.7, B = 
acetonitrile; the gradient elution program ( %B) was 0->1 min (10 %), l->5 min 
(from 10 to 30 %), 5>6 min (from 30 to 98 %), 6->7 min (98 %), and 7->8 min 
(from 98 to 10 %). 

DPP -4- Catalyzed Formation of M20.7. Vildagliptin (0.1 AM) was incu- 

bated with human recombinant DPP -IV (expressed in Sf9 cells; Sigma -Al- 
drich) in Tris -I ICI buffer (50 mM, p1I 8.0) at 37 °C. After 60 min, the reaction 
was terminated by the addition of acetonitrile (200 MI). The incubation samples 

were evaporated, reconstituted in 100 ¡.tI of 10:90 (v /v) acetonitrile /water, and 
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Flo. 2. Plasma concentrations of radioactivity (squares) and vildagliptin parent 
drug (triangles) after a single 100 -mg p.o. dose of ('4Clvildagliptin to humans. 

TABLE 1 

Pharmacokinetic parameters (mean ± S.D.) after a single 100 -urg p o. dose of 
[14C)t'ildagliprin 

Pharmacokinctic Parameters" Plasma 
Vildagliptinb 

Plasma Blood 
Radioactivity` Radioactivity` 

C,,,ox (ng/ml) or (ngEq/ml) 397 ± 92 594 ± 153 470 87 

tm (h) 1.1 -!- 0.6 2.1 1; 1.3 2.0 -!- 1.4 
AUC,,., (ng h/m1) or 

(ngEg li/n11)4 
1620 ± 460 

AUCa.,, (ng him') or 
(ngEq h/rnl) 

tin (h) 

1610 

2.8 

± 460 

± 1.0 

6000 

4.6 

± 1610 

± 0.3 

3850 

5.1 

± 1580 

± 2.5 
CL/F (1/h) 65.2 ± 15.5 
Vz/F (1) 269 ± 125 

"The abbreviation definitions for pharmacokinetic parameters, e.g., C,,,,,,, f, AUC, 
CUE', and Vz/F arc denoted in the Phannucokbtetic Analysis under Materials ann! Methods. 

b Vildagliptin was determined by validated LC/MS/MS. 
'Total radioactivity was determined by LSC. 

t was 24 or 48 h. 

centrifuged at -4000g (10 min). A 25 -1.1.1 aliquot was analyzed by LC/MS. The 
LC/MS method was as described above (see UGT involvement). 

Pharmacokinetic Analysis. The following pharmacokinetic variables were 
determined by fitting the concentration -time profiles to a noncompartmental 
model with an iterative nonlinear regression program (WinNonlin software 
version 4.0; Pharsight, Mountain View, CA): area under the blood or plasma 
drug concentration -time curve between time 0 and time t (AUC0.,); AUC until 
time infinity (AUC0,,,); highest observed blood or plasma drug concentration 
(C,,,,x); time to highest observed drug concentration (t,,,,,,); apparent terminal 
half -life (f , ); apparent volume of distribution of parent drug (V/F) calculated 
as dose /(AUC a,), where F is bioavailability and X, is the terminal rate 
constant; and apparent clearance (CL/F), calculated as dose /AUC0.,p. 

Results 

In Vitro Human Blood Distribution and Protein Binding. The 
mean human blood /plasma ratio (Cb/Cp) and fraction of [j4C]vilda- 
gliptin hound to red blood cells (fnC) were 1.0 and 0.44, respectively, 
indicating approximately equal distribution between plasma and blood 
cells. The blood distribution was independent of concentration be- 
tween 10 and 10,000 ng /ml. 

The mean plasma protein binding of vildagliptin in humans was 
low (9.3 %) and also independent of concentration. The nonspecific 
binding of the compound to centrifuge tubes and /or membranes was 
low ( <12 %), suggesting that ultrafiltration is a suitable method. In 
addition, M20.7 showed no plasma protein binding in humans over 
the concentration range of 10 to 1000 ng /ml and was independent of 
concentration. 

Absorption. The absorption of vildagliptin was rapid after oral 
administration, with the peak plasma concentration of vildagliptin 
observed at an average of 1.1 h (range, 0.5-2 h). The percentage of 
drug absorbed was estimated to be at least 85.4 %, because this amount 
of the radioactivity was recovered in urine. 

Pharmacokinetics of Vildagliptin and Total Radioactivity. The 
mean plasma concentration -time profiles and pharmacokinetic param- 
eters of total radioactivity and unchanged vildagliptin in healthy male 
volunteers after a single oral dose of [14CJvildagliptin are shown in 
Fig. 2 and Table 1, respectively. The highest concentrations in plasma 
(C,,,ax) were achieved at 2.1 h postdose with the mean value 594 
ng -Eq /ml (total radioactivity) and at 1 h postdose with the mean value 
of 397 ng /ml (vildagliptin) in all four subjects. Radioactivity and 
parent levels at 48 h were below the limit of quantification. The 
terminal elimination half -life (t,,) of radioactivity and vildagliptin 
averaged 4.6 and 2,8 h, respectively. Based on AUC,_ values, ap- 
proximately 25.7 and 55% of the circulating radioactivity were attrib- 
utable to unchanged vildagliptin and its major metabolite M20.7, 
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TABLE 2 

Cumulative excretion of t4C radioactivity in urine and feces after a single p.o. 
100 -mg dose of [I4C]vildagliptin to humans, meats ± S.D. 

Time Period (h) Urine Feces Total 

% dose ¶b dose % dose 

0 -24 72.7 ± 4.8 1.37 ± 2.0 
0-48 81.6-!-4.2 9.93 ± 8.0 
0-72 83.8 ± 4.4 13.2 -±- 4.8 
0 -96 84.7 ± 4.4 14.3 -* 3.7 
0 -168 85.4 ± 4.4 14.8 ± 3.5 100 -± 1 

respectively. In addition, mean blood -to- plasma ratios of radioactivity 
calculated at specific time points (between 0.25 and 1 h) averaged 
near 1.1, indicating that vildagliptin distributed almost equally be- 
tween blood cells and plasma as the main circulating component was 
the parent drug at the early time points, consistent with the in vitro 
finding (Cb/CP ratio of vildagliptin --I). However, the total radioac- 
tivity AUCb /AUCP ratio was 0.64, suggesting that metabolite(s) 
should be distributed more to plasma than blood cells. The CL/F and 
V,/F values of vildagliptin were 65.2 1/h and 269 liters, respectively. 
With a human bioavailability of 84 %, the estimated CL was 55 l/h, 
which is slightly higher than that after an intravenous infusion dose 
(411/h) (He et al., 2007a). A measured Vz value has not been reported 
in the literature, but V., can be estimated to be 229 liters based on data 
from this study. 

Excretion and Mass Balance in Urine and Feces. After a single 
p.o. 100 -mg dose of ['4C]vildagliptin, radioactivity was excreted 
predominantly in the urine (Table 2). At 168 h after dosing, the 
excretion in urine and feces averaged 85.4 ± 4.4 and 14.8 ± 3.5% of 
the administered dosed, respectively. In total, the cumulative excre- 
tion of radioactivity was complete in all four subjects, averaging 
100 -f- 1.10 %. Elimination of radioactivity was rapid. More than 90% 
of the entire radioactivity recovered in urine and feces was excreted in 
the first 48 h after dose administration. 

Metabolite Profiling. Tables 3 and 4 summarize the pharmacoki- 
netics of vildagliptin and its metabolites in plasma and percentage of 
vildagliptin and its metabolites in excreta, respectively, after a single 
p.o. 100 -mg dose of [14C]vildagliptin to humans. A representative 
HPLC radiochromatogram of circulating metabolites is shown in Fig. 
3A. In plasma, major circulating components were unchanged drug 
and M20.7 (a carboxylic metabolite), accounting for 25.7% (vilda- 
gliptin) and 55% (M20.7) of the total plasma exposure. At early time 
points (up to 1 h) postdose, the predominant radiolabeled plasma 
component was vildagliptin, accounting for 70.2 to 88.3% of the total 
radioactivity. At later time points (12-24 h), the predominant com- 
ponent was M20.7, accounting for 78.4 to 89.9% of the total radio- 
activity. Other metabolites detected in plasma included M15.3 (car- 
boxylic metabolite formed from hydrolysis of the amide bond) and 
M20.2 (glucuronic acid conjugate of vildagliptin), accounting for 8.1 
and 9.3 %, respectively, of the total plasma exposure. 

Representative HPLC radiochromatograms for metabolites in urine 

and feces are shown in Fig. 3, B and C, respectively. Approximately 
27.1% of the administered dose was excreted as unchanged drug in 
urine and feces. In addition to the unchanged drug, five metabolites 
were radiochemically quantifiable in the urine or feces. In urine, 
M20.7 represented the major metabolite (49.6% of the administered 
dose), and all the other metabolites were minor (each <4.5% of the 
dose). Unchanged vildagliptin in urine averaged at 22.6% of the dose. 
In the feces, M20.7 was also the major metabolite, accounting for 
6.89% of the dose; unchanged vildagliptin accounted for 4.54% of the 
dose. In summary, the urinary and fecal metabolites totally accounted 
for >90% of the total radioactivity recovered. 

In Vitro Metabolism in Human Liver Slices. Incubation of 
[ 14C]vildagliptin with human liver slices formed three metabolites: 
M15.3, M20.7, and M20.2 (formed at late time points in the incuba- 
tions at 20 p.M substrate concentration). 

Metabolite Characterization by Mass Spectrometry. Metabolite 
structures were characterized by LC /MS/MS using a combination of 
full and product ion scanning techniques. The structure of major 
metabolites, where possible, was supported by comparisons of their 
retention times on HPLC and mass spectra with those of synthetic 
standards (vildagliptin, M20.2, M20.7, and M15.3). 

Vildagliptin displayed a protonated molecular ion (MH +) at ttt /z 
304. The product ion spectrum of m/z 304 showed major fragment 
ions at its /z 97 and 154 (Fig. 4). The ion at rat /z 154 corresponded to the 
amino acetyl pyrrolidine carbonitrile moiety, and ttt /z 97 corresponded 
to the pyrrolidine carbonitrile moiety. 

Metabolite MI5.3. M15.3 was found in urine, feces, and plasma. 
Mass spectral analysis showed a protonated molecular ion at rat /z 226 
[78 atomic mass units (amu) lower than the parent drug]. The product 
ion mass spectrum of tttlz 226 showed fragment ions at in/z 76 and 
151. The ion at m/z 151 corresponded to the hydroxy adamantyl 
moiety, suggesting modification had occurred at the other half of 
vildagliptin. Based on comparison of the HPLC retention time and 
CID spectrum with the synthetic standard, M15.3 was identified as the 
carboxylic acid metabolite resulting from hydrolysis at the amide 
bond. 

Metabolite M20.2. M20.2 was found in urine and plasma. Its 
full -scan mass spectrum displayed a protonated molecular ion at tn/z 
480, 176 amu higher than that of the parent drug, suggesting that it 
was a glucuronide conjugate. Based on comparison of the HPLC 
retention time and CID spectrum with the synthetic standard, M20.2 
was identified as the O- glucuronide of vildagliptin. 

Metabolite M20.7. M20.7 was found in urine, feces, and plasma. Its 
full -scan MS displayed a protonated molecular ion at tn/z 323, 19 amu 
higher than that of the parent drug. The product ion mass spectrum of 
ntlz 323 showed fragment ions at in/z 305, 173, and 116. The ion at 
rat /z 305 occurred from the loss of water in the molecule. The ions at 
rat /z 173 and 116 were 19 amu higher than those observed in the parent 
drug (ttt /z 154 and 97, respectively), suggesting modification had 
occurred at the pyrrolidine carbonitrile moiety. Based on comparison 
of the HPLC retention time and CID spectrum with the synthetic 

TABLE 3 

Pltarmacokinetic parameters (mean ± S.D.) of vildagliptin and its metabolites in plasma after a single p.o. 100 -mg dose of [14C] vildagliptin 

Pharmacokinetic Parameters' M15.3b M20.2b M20.7b Vildagliptinb 

Cm. (ngEg/tn1) 54.9 ± 20.4 90.9 -_"23.1 230 ± 50 399 ± 100 
t,,,,,, (h) 3.8 -!- 1.5 1.8 ± 0.5 6.0 -±- 0.0 1.3 ± 0.5 
AUCo-t68 t, (ngEq h/ml) 489 ± 166 559 -* 120 3310 -± 1190 1550 ± 520 
AUCn,. (ngEq h/ml) 490 -!- 164 572 ± 124 3350 -± 970 1550 ± 510 
AUC (%) 8.1 9.3 55 25.7 

The abbreviation definitions for pharmacokinctic parameters, e.g., C,,.. , rma. and AUC arc denoted in the Pliarntacokineric Analysis under Materials and Methods. 
b Vildagliptin and its metabolites were determined by HPLC with radio detection. 
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TABLE 4 

Amount of vildagliptin and metabolites (expressed as percentage of dose.) in urine (0 -48 h) and feces (0 -96 Wafter a single p.o. 100-mg nose of [ "C]vildaglipiin, 
mean S.D. 

Matrices 5115.3 M20.2 M20.7 M20.9 M21.6 Vildagliptin 

Urine 3.40 :} 1.1 4.40 0.47 49.6 ± 3.6 0.95 ± 0.I8 0.64 ± 0.50 22.6 ± 5.3 
Feces 0.26 ± 0.07 6.89 ± 2.0 4.54 2.9 
Urine + feces 3.7 ± I.] 4.4 ± 0.5 56.5 ± 3.5 1.0 ± 0.2 0.6 ± 0.5 27.1 ± 2.5 

-, not detected. 

standard, M20.7 was identified as the carboxylic acid metabolite 
resulting from hydrolysis of the cyano moiety. 

Metabolite M20.9. M20.9 was found in urine and plasma. Its 
full -scan MS displayed a protonated molecular ion at m/z 336, 32 amu 
higher than that of the parent drug. The product ion mass spectrum of 
rnlz 336 showed fragment ions at m/z 318, 186, and 129. The ion at 
m/z 318 occurred from the loss of water in the molecule. The ions at 

140 

E 120 a 

in/z. 186 and 129 were 32 amt higher than those observed in the parent 
drug (m /z 154 and 97, respectively), suggesting modification (dioxy- 
genation) had occurred at the pyrrolicline carbonitrile moiety. Based 
on these data, M20.9 was tentatively identified as dihydroxy vilda- 
gliptin. 

Metabolite M21.6. M21.6 was found in urine and plasma. Its 
full -scan MS displayed a protonated molecular ion at nth 311, 7 amu 
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FIG. 3. Representative radiochromatograms of vilda- 
gliptin in plasma 6 h postdose (A), urine 0 to 48 h (B), 
and feces 0 to 96 h (C) after a single oral dose of 
['4C]vildagliptin to humans. Note that M15.3, M20.2, 
and M20.7 were identified by retention times and CID 
product ion spectra that were similar to those of their 
synthetic standards, whereas the other metabolite 
structures were tentatively assigned as described un- 
der Results. 
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higher than that of the parent drug. Because its protonated molecular 
ion is an odd number, the molecule must contain an even number of 
nitrogen. The product ion mass spectrum of ,n/z 311 showed fragment 
ions at rn/z 293, 161, and 143. The ion at m/z 161 was 7 amu higher 
than that observed in the parent drug (m/z 154), suggesting modifi- 
cation had occurred at the pyrrolidine carbonitrile moiety. Based on 
these data, M21.6 was identified as the carboxylic acid metabolite 
resulting from opening of the pyrrolidine moiety. 

Identification of P450 Enzymes Involved in the Metabolism of 
Vildagliptin. The oxidative metabolism of [ 14C]vildagliptin at 47 µM 
was evaluated in human liver microsomes and by individual P450 
enzymes. The results indicated that ['4C]vildagliptin was not metab- 
olized in human liver microsomes nor by any P450 enzymes exam- 
ined to any quantifiable extent in the presence of NADPH. 

DPP -4- Catalyzed Conversion of Vildagliptin to Form M20.7. 
Incubation of vildagliptin (0.1 AM) with recombinant human DDP -4 
(0.1 mg/m1) for 60 min resulted in approximately 1.5% turnover to the 
carboxylic acid metabolite, M20.7, supporting the contribution of this 
enzyme to this metabolic pathway. 

Identification of the UGT Enzymes Involved in Formation of 
M20.2. Incubation of vildagliptin (20 µM) with a panel of recombi- 
nant UGT enzymes indicated that vildagliptin O- glucuronide (M20.2) 
seems to be primarily catalyzed by UGT2B7. Minor contributions of 
UGT enzymes UGT2B 17 and UGT2B4 were also observed (Fig. 6). 

Inhibition of P450 by Vildagliptin and M20.7. Vildagliptin and 
M20.7 showed little or no inhibition of P450 enzyme activities (IC5o 
values > 100 µM), including CYP1A2, CYP2B6, CYP2C8, CYP2C9, 

300 350 

Fic. 4. CID mass spectrum of vildagliptin. 

CYP2C19, CYP2D6, CYP2E1, and CYP3A4 /5, when tested at con- 
centrations of up to 100 µM. 

Discussion 

In the present study, the absorption and disposition of vildagliptin 
were investigated in four male healthy volunteers after a single p.o. 
100 -mg dose of [14C]vildagliptin (47 12Ci), which was well tolerated 
in all the subjects. Vildagliptin was rapidly absorbed with a short 
mean tm of 1.1 h. Based on the amount of dose recovered in urine 
(85.4 %) and with the finding of only a small amount of unchanged 
drug in feces (4.54% of the dose), vildagliptin absorption in humans 
was estimated to be at least 85.4 %. This result is in agreement with the 
high absolute oral bioavailability of vildagliptin determined in healthy 
volunteers (85 %) based on the single i.v. 25 -mg dose (He et al., 
2007a), suggesting a low first -pass metabolism and high intestinal 
absorption. 

At t,n for the radioactivity, vildagliptin accounted for approxi- 
mately 67% of the radioactivity in plasma. Thereafter, the parent drug 
concentrations decreased more rapidly than the total radioactivity, 
reflecting the increasing presence of metabolites in the circulation, 
predominantly metabolite M20.7. The terminal half -lives of both 
parent drug (average 112 2.8 h) and radioactivity (average t12 4.6 h) 
in plasma were short, consistent with previous findings in healthy 
volunteers and patients (He et al., 2007b). However, this short half - 
life does not affect the DPP -4 inhibition as vildagliptin inhibited 
DPP -4 up to 24 h (90 %) (He et al., 2007b). 

Four metabolic pathways are involved in the in vivo biotransfor- 
mation of vildagliptin (Fig. 5): 1) cyano group hydrolysis, leading to 
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Fio. 5. Metabolism of vildagliptin in humans. The major route is indicated by a large arrow. 

formation of M20.7; 2) amide bond hydrolysis, leading to formation 

of M15.3; 3) glucuronidation, leading to formation of M20.2; and 4) 

oxidation on the pyrrolidine, leading to the formation of M20.9 and 

M21.6. The latter is thought to be derived from the decarboxylation of 

M20.7 and/or the loss of cyano group of the parent drug. 

The primary route of elimination of radioactivity was via urinary 

excretion (85.4 %), and vildagliptin was mainly eliminated in humans 

through hydrolysis reactions and excretion of unchanged drug. Hy- 

drolysis of the cyano group, resulting in the M20.7, accounted for 

elimination of 56.5% of the dose (49.6% in urine and 6.89% in feces). 

M20.7 was not detected in the liver microsome incubation in the 

presence of NADPI-I, suggesting P450 is not involved in the hydro- 

lysis of the cyano group. However, M20.7 was observed in the human 

liver slice, confirming the hydrolysis occurs in liver, possibly in the 

cytosolic fraction. Furthermore, based on findings from the in vivo 

metabolism data in DPP -4- deficient rats (He et al., 2009), approxi- 

mately 20% of the cyano group hydrolysis reaction (formation of 

main metabolite M20.7) may be attributable to the DPP -4 enzyme. 

Indeed, the formation of M20.7 was found to be catalyzed by human 

recombinant DDP -IV in vitro, supporting the contribution of this 

enzyme to this metabolic transformation. 

Approximately 27.1% of vildagliptin was excreted as unchanged 

(22.6% in urine and 4.54% in feces). Given negligible protein binding 

(9.3% for vildagliptin and no binding for M20.7), the renal clearance 

was estimated to be 14.6 and 15.0 1/h for vildagliptin and M20.7, 

respectively, using the ratio of the total amount in urine (22.6 mg for 

vildagliptin and 49.6 mg for M20.7) relative to total AUC in plasma 

(1550 ng h /tnl for vildagliptin and 3350 ng h /ml for M20.7). Similar 

renal clearances of vildagliptin (13.4 1/h) have also been reported after 

an intravenous dose (He et al., 2007a). With the protein binding 

correction (fu = 90.7% for vildagliptin and 100% for M20.7), the 

unbound renal clearance of vildagliptin and M20.7 was estimated to 

be 16 and 15 1 /h, respectively. Thus, the unbound renal clearance of 

vildagliptin and M20.7 was 167 and 150% higher than the glomerular 

filtration rate (6.0 l/h) in healthy humans, respectively (Rule et al., 

O-- 
NH 

2 OH 

2004), suggesting possible involvement of renal transporters in the 

elimination process. 
Vildagliptin was also metabolized to form M20.2 (vildagliptin 

O- glucuronide), only accounting for 4.4% of the dose. The direct 

glucuronidation of vildagliptin was found to be primarily catalyzed by 

UG'I'2B7, with minor contributions by UGT2B17 and UGT2B4 (Fig. 

6). The formation of minor metabolites, M20.9 and M21.6, is prob- 

ably mediated by P450s. However, these pathways accounted for only 

approximately 1.6% of the dose, indicating a lack of significant P450 

involvement. The oxidative metabolism of vildagliptin was confirmed 

in human liver microsomes and by individual human recombinant 

P450 enzymes. Consistent with the in vivo findings, results from the 

in vitro studies indicated that vildagliptin was not metabolized by 

P450 enzymes to any quantifiable extent. Therefore, it is unlikely that 

inhibitors or inducers of P450 enzymes would have a significant 

drug -drug interaction effect on the metabolic clearance of vildagliptin 

in humans. Moreover, as both vildagliptin and M20.7 showed no 

inhibition on P450 isoenzyme activities (IC50 values > 100 AM) and 

given that the plasma Cu..), values of vildagliptin and M20.7 in 

humans after a single oral dose of 100 mg (the clinical efficacious 

dose) is much lower (2 -10 µM) than the IC50 values, it is unlikely that 

vildagliptin and M20.7 would inhibit the metabolic clearance of 
potential comedications metabolized by P450 enzymes. 

The elimination of vildagliptin in humans was comparable with that 

in rats and dogs, being primarily metabolized to M20.7 and excreted 

as unchanged drug (He et al., 2009). The other major pathway in dogs 

was the hydrolysis at the amide bond (M15.3). Overall, all the 

metabolites observed in human plasma and excreta were also found in 

rat and dog. 
In summary, vildagliptin is rapidly absorbed in fasting humans after 

a single oral dose of 100 mg; the absorption was high ( >85.4 %), and 

dose recovery was complete. The major circulating components in the 

plasma were unchanged drug and metabolite M20.7. Elimination of 

vildagliptin in humans mainly involved renal excretion of unchanged 

parent drug and cyano group hydrolysis with little P450 involvement, 

suggesting a low potential for drug -drug interaction when coadmin- 
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Fie. 6. Glucuronidation of vildagliptin by human recombinant UGT enzymes. Vildagliptin was incubated with recombinant human UGT1A1, UGTIA3, UGT1A4, 
UGTLA6, UGTIA7, UGTIAS, UGT I A9, UGTIA10, UGT2B4, UGT2B7, UGT2B 15, and UGT2B 17 at 37 °C for 60 min. A substrate concentration of 20 µM and a protein 
concentration of I mg/ml were used. 

istered with P450 inhibitors/inducers. Moreover, vildagliptin is un- 
likely to inhibit the metabolic clearance of comedications metabolized 
by P450 enzymes. 
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ABSTRACT: 

Saxagliptin is a potent, selective, reversible dipeptidyl peptidase 4 

(DPP4) inhibitor specifically designed for extended inhibition of the 

DPP4 enzyme and Is currently under development for the treat- 

ment of type -2 diabetes. The pharmacokinetics of saxagliptin were 

evaluated in rats, dogs, and monkeys and used to predict its 

human pharmacokinetics. Saxagliptin was rapidly absorbed and 

had good bioavailability (50 -75 %) in the species tested. The 

plasma clearance of saxagliptin was higher in rats (115 ml/min/kg) 

than in dogs (9.3 nil/min/kg) arid monkeys (14.5 ml/mitt /kg) arid 

was predicted to be low to moderate in humans. The plasma 

elimination half -Itfe was between 2.1 and 4.4 h In rats, dogs, and 

monkeys, and both metabolism and renal excretion contributed to 

the overall elimination. The primary metabolic clearance pathway 

involved the formation of a significant circulating, phartnacologi- 

The inhibition of dipcptid)I peptidase 4 (DPP4) i, a noel and 

promising treatment for type 2 diabetes. DPP4 is a prolific-specific 

sérine protease enzyme. that is known to rapidly degrade the inerctin 

hormones gastric inhibitory polvpeptidc and glucagon -like peptide -I. 

Incretins are essential for regulating both tasting and postprandial 

plasma glucose by stimulating insulin secretion, supporting f3-cell 

mass, and inhibiting glucagon production by the cr -cells to reduce 

glucose production by the liver (Barnett, 2006; Deacon et al., 2008). 

DPP4 inhibitors augment glucose homeostasis by preventing the 

degradation of these incretins (Deacon et al., 2008). Clinical trials of 

DPP4 inhibitor:, have demonstrated significant glyceritic efficacy with 

a low risk of hypoglycemia. a neutral effect on body weight. and the 

'Current affiliation: SV Life Sciences LLC, Foster City. California. 

'Curent affiliation: Duck Flats Pharma. abridge, New York. 

'Curent affiliation: Novartis Institutes for Biomedical Research, Carnbridao, 

M3Ç - chusotts. 
Article, publication date, and citation information can be found at 

hop: / /dmd.aspetjournats.org. 
do :10.1124 /drrd.108. 026088. 

catty active hydroxylated metabolite. M2. The volume of distribu- 

tion values observed in rats, dogs, and monkeys (1.3.5.2 I /kg) and 

predicted for humans (2.7 I /kg) were greater than those for total 

body water, indicating extravascular distribution. The in vitro se- 

rum protein binding was low (s30°/ó) in rats, dogs, monkeys, and 

humans. After intra- arterial administration of saxagliptin to 

Sprague -Dawley and Zucker diabetic fatty rats, higher levels of 

saxagliptin and M2 were observed in the intestine (a proposed 

major site of drug action) relative to that in plasma. Saxagliptin has 

prolonged pharmacodynamie properties relative to its plasma 

pharrnacoklnetic profile, presumably due to additional contribu- 

tions from M2, distribution of saxagliptin and M2 to tho intestinal 

tissue, and prolonged dissociation of both saxagliptin and M2 from 

DPP4. 

potential, based on animal and in vitro studios, for preservation or 

enhancement of f3 -cell function (Barnett, 2006; Aruori et a1., 200?, 

Drucker, 2007; Rat et. al.. 2008). 

Saxagliptin, also known a:, IiMS -477I I S (Fig. I ), is a potent and 

selective inhibitor of T)I'I'4 with an inhibition constant (R,) value of 

1.1 nM and k currently under drvrlrrprnent for the treatment of typo 

2 diabetes (Auger/ et al.. 2005; Metzler et al., 2008; Rosenstock et al., 

2008). Stuxagliptin was designed to provide high potency and selec- 

tivity and extended inhibition of DPP4. Tt has boon shown to signif- 

icantly &educe DI'l'4 activity in healthy Truman subjects and lower 

plasma glucose in pauents with type 2 diabetes mellitus (Rosenstock 

et at.. 2008). The pharmacokinetics of saxagliptin were evaluated in 

rats. dogs, and monkeys to support compound selection and pharma- 

codynamic and preclinical toxicology studies. Tissue distribution of 

saxagliptin and its major, pharmacologically active metabolite, N12 

(BIAS- 510849), that is also a potent, selective. reversible DPP-/ in- 

hibitor (K., of 2.6 Oil against DPP4) (Fig. t) in Sprague- Dawley (SU) 

rats and Zucker diabetic fatty (ZDF) rats after intra-artetial adminis- 

tration was also evaluated to begin to assess how tissue concentrations 

ABBREVIATIONS: DPP4, dipeptidyl peotidase 4; Biv1S- 477118, ( 5)- 3- hycroxyadamantylgiycine -L- cis- 4,5- methanoprolinenitrile, saxagliptin; 

BMS- 510849, ( S)- 3, 5- dihydroryadamantylglycine- L- cis-4,5- methar,oprolinenitrile, metabolite M2; SD, Sprague- Dawley; ZDF, Zucker diabetic 

fatty; LC- MS/MS, liquid chromatography- tandem mass spectrometry BDC; bile duct- cannulated; SAD, single ascending dose; SIT. species 

invariant time; ROE, rule of exponent. 
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Saxagliptin M2 
I:1c;. 1 Molecular structures of saxagli,ttn and ß.12 

are tclated to efficacy endpoint~ including plasma DPP4 inhibitions. 
Tmporttint hurtan pharmactkinetic parameters were also predicted 
based on the preclinical in vivo pltannacnkinctic data using 11% vivo 
scaling methodologies and compared with actual clinical data 

Materials and Methode 
Chemicals and Reagenla. Saxagliptin t 151 -3- hydroxyad.unantyIglycrnc -1 - 

t is- 4.5- utetltatroptolineniuilcl anti M2 IIS1-3.5-dillydiox }adarn,uttyl ;lysine -t: 
err- 4.- methanol^rohncnunlel were synthecited by the I)rscovery and Process 
Chemistry Departments of l'iristol -Myers Squibb (Princeton. NJI. All the other 
reagents and chemicals were lttrzhased and were reagent grade. 

Serum Protein Binding. The extent of .erupt potter' binding of sax agliptrn 
and M2 was determined by equilibrium dialysis using a Di.tnonn dialysis 
system tliuvard 13insrie.nt. r. Holliston. MA) and Diachana dialysis mem- 
branes Merl. wt. cutoff. 12 000) at relevant toxicological and clini :at 
crucenuac:ous. The pooled scrum was purchased from Btorcclantatiou. Inca 
(Ilickevilc. NY). Before the experiments. the (hale :ts membranes were pre- 
conditioned with dcionieed water and subsequently. with (1.133 M sodium 
phosphate buffer (pl-I 7.4). Serum from different species containing 100 nNr.tl 
(human and monkey), 5000 rig /nut (dog and it 1, and 25.000 ng!ml (mouse) of 
saxagliptin or N12 was added to ens side of the cell. and an equal volume Of 
buffer (0.133 N1 sodium pho %71%ate buffer, pH 7 41 was added to the opposite 
side of the cell. Fquililuitlm was achieved by rotating the cells at 3 to 5 rpm 
at 37'C for h. Aftta incubation. samples from the scrum and the buffer side 
were cd.lected separately and mixed with an equal volume of the opposite 
matrix. 1-fuman, monkey. dog. and rat s.unplcs were further diluted 10 -fold and 
mouse samples 10(1 -fold with mixed matrix (5) butler -50c3 mixed eaten 
from all five species at equal volume). The concentrations of saeaglrptin and 
M2 in the samples were determined using a Ir ii id chromatography /tandem 
grass speclmn let ry (I.C- NIS /MSi iirethutl 

Animal Studies. All procedures involving animals used iu this curdy were 
consistent with the guidelines set by the Natiorwl institute of [icalth (National 
Institutes of Health Publication 85 -23, revtacd in 1951 and approved by 
Bristol -Myers Squibb institutional Animal Care and Use Committee. In all 
animal studies lcscnhed below, caxaglipt:n was a.hnnr.ctereel rn solution in 
I OO" water unless otherwise nosed. The anticoagulant used for the preparation 
of plasma was ettlrct heparin or EDTA. The blued samples were cenlni'uged to 
oblaia plasma. and the pldsmet sdanples were froten at - 2U''C until .ur,tlysis. 
Plastna. urine. bile, and tissue samples collected in thee etudics were molly-Ad 
for the concentrations of saxat;liptin and M2 by L(- -MSIMS as described 
below 

Pltanrutcokrtielic studies. Male rats (SD. 0.26 --030 kg, n = 2 per route) 
received a ernglt, intravenous bolus or oral dose of eaxagliplin. after are 
overnight feat (approximately 10 hi in a parallel study design. The intravenous 
and oral closes were 10 0 and 8.0 mg/kg, respectively, and the .uuutals were fed 
4 h after dotting. Serial blood samples were collected at 0.03 (i.v. only). 0.17. 
0.33. ().67. I, 1.5. 2. 4. 6, 8. and 10 h postdose. Urine samples were also 
concoct' over 1(1 It purtdoe. 

To farther evalaatc exposure -dose relationship over a wide dose range. the 
compound was adinmistcred orally as a suspension in 1 25% aqueous Acieel 
to Three groups of 1i) nr.ile SI) rats at doses Of 2, 20. and 200 tng/kg load 
samples weer obtained float the tail at 0.5 and -i h for the lust group (u = 3). 
I and 8 It for the second group in = 3). and 2 and 24 h for the third group (n - 

4) of animals at each dose level; plasma was harvested as described above and 
analyzed for c:na;liptrn. 

Totale hear lee 1 1 3 6 -I5 5 kg. it 2 per router received a single i v (10 -mire 
itifitsum) ut oral tl disse of o1(dgliptut after sur tenter fast (a1+p11rrrntetely 
LO ht in a crossover study design. with a I -week washout period between 
dosing. 'flea intravenous and oral doses were 5.9 and 5 2 nrg/kg, respectively, 
and the animal :, wire fed 4 h after dosing. Aftct intravenous and oral dosing. 
serial hood eamplcs were collected via the jugular -vein at predos: and at 0.1 1, 
0.33, 0.67, I. 2. 4. h, 8. and 2-1 h. trine :amples were collected over 24 h 
postdtace 

Systemic exposures nl saxaglrptin and f2 alter oral administra ion of 
s,txagliptin tir orale dogs were also determined as part of the ttrsicokinctec 
studies In thee: stucliec. gelatin capsules were filled with saxagliptin in 1 25'3. 
Aviccl and .administered orally to groups of dogs Ur 3 per doser at I, 5. arid 
25 mgfeg. anti the animals were fed 8 h after dosing. Blood samples were 
obtained from the external jugular vein at 0.5, I, 2..1, 8. and 2.1 h posWuse. and 
plasma was prepared a.. described above 

Male cynontolgus monkeys (5.9-8 1 kg; u - 1. i.v dose and it e 2. oral 
dose) received a single i V. (10 -min infusion) or oral dose of saxagliptin after 
an overnight fast (approximately IU 111 it: a parallel study design The intra- 
venous and oral doses were 3 4 mg/kg. and the animals were fed 4 h idler 
dosing. Sena) blood sample., were collected at prcdose and at 0.17 li.v only), 
0.25. 0.5, 0.75, 1, 1 5. 2, 4, 6. O. and 24 h Blood samples were collected from 
the femoral artery. Urine samples were collected over 2Ih postdose. 

Systemic exposures to s.tx.tg:iptin and M2 after oral administration of 
saxughptin to male monkeys were also determined as part of the toxicol:ineuc 
studies. Tri these studies, ittspenston, rf saxaeliptin in 1.25ce. Avicel were 
atirwnt.tered by oral gavage to monkey: (n - ? per dose) at 5 anti 25 ntg/kg. 
and the animals were fcd 8 h after dosing. Blood samples were obtained from 
the femoral vein at 1, 2, 4. 8. and 24 h posldas., and plasma veas prepared as 
described above. 

Bile duct- rrrntsrt /nted rat study The nn vive, cli postttun ut s.ox.ii lipttn was 
determined using hile duet -cannulated (BDC) rats. Male SD rats received a 
single i.v or oral dose in = 1 per route, 10 nib /kgi of saxagliptrn af;cr sur 
overnight ciel. After doing, hile was collected over 0 to 5 ans) 5 to 10 h 
intervals. and unite was collected tact the 0 :o it) it interval liosldtrnc All 
samples were frozen at unul analysts. 

7is.suc distribution .sins /ice sit rites. Male Si) and ZT))' rats were fasted 
overnight before dosing and remained fasted during the. study. Saxagltpun was 
administered as a sangle nitra- ar :er,tI bolus dose of either 0.1 or 2.5 mg/kg to 
three rats per doce level per strain. The rats were euthanieed l h postdoce. 
Blood sarn2les were collected just before euthanasia and processed for plasma. 
1)utxle mire, small intestine (misas dui Actium) large alevina, kidney spleen. 
heart. pan creas. grail, and skeletal rtruscIcs were hars.cstel after cuth.ura.ia. 
Each tissue was blotted dry anti weighed Tissues were homogenized after the 
addition of 3 ml of avaler per ç of tissue. The weight of individual tissue 
homogenate was recorded. and all homogenates were stored at -20' C. until 
analysts. Samples were ar.alyzcd for the concentrations of saxagliptrn and M2 
by I.('- MS/MS, using separate standard calibratior. curves for each of the 
tissues prepareJ in their respective matrices. The total amount of each com- 
pound in each tissue was calculated by multiplying the concentration ut eae.h 
tissue homogcr ale with the volume of the tissue homogenate The level of die 
compounds in a specific tissue was then calculated by dividing the total 
amount of compound in the tissue with the weight of the tissue. However. 
because absolute e,ttractton etlicency for each ressac was not determined, 
s.tragltplin and N12 cancertrations in each nestle could he underestimated. 

Human Phannacokinetic Study. The clinical pharmacokinetie data for 
saxaglipiin were nhtained from the initial single aicending doce 1SA1)) study 
in healthy subjects (u - 6 per dose). Tite compound was udulinistetctl many 
over a wide dose range after a ? 10 h fast. Saxagliptin was adunmstcrcd orally 
as an aqueous solution tot doses les than 5 mg but in dry blcud capsule 
funout :itron; for the 5 -11:; and higher doses. Blood and orme samples were 
collected over 18 h after saxaßtiptin adnunisuation. The concentrations of 
s:ocagliptin aril M2 in plasma and urine samples were determined ovine 
validated LC- MS/NIS methods 

Anaiytical Methods. Samples from the phannacrikinenc, 131X' rat. matte 
dtsuibuuon. and plasma protein binding etudtes were analyzed rot saxegliptin 
and M2 using high -performance 1-quid chromatogeaphy and LC- NIS/MS metit- 
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TABLE t 

Kt.} plutrma,akinrrir parunuvr.r.< of .<ataXlipnin in rats, duKt and nurnkr.y.< 

Species t2,,utc t)osc C.,,,, 4,.a. AUC,,... +rr2 Ct.. V Jr 

n{83..;; ¡sgln,l h pg Ithi! h rulhai,rlág iAt,r 

Rut in - 2. Lv. and p.o. i V. 10.0 5.2 1.6 2.1 115 5.: 
t,e, S0 0.5 0.7 0.9 

Dog (n = 2. iv. and p.o.) i.. D`1 10.1 10 7 3.0 4.3 1.3 

p.o- 5.2 2.7 1.2 7.3 
Monkey (rt = 1, i :.; u = 2 p.a.) i.v. 3 4 5.4 3.0 4.4 14.5 LS 

p.o 3.4 l.0 1.0 20 cl 

ods In all cases, a high -performance ltgtud chromatography system equipped 
with a reverxe-phase column was interfaced to a triple quadrupole tandem arasas 

spectrometer with an clecuaspray interface. Data were acquired via selected 
reaction monitoring Icnns representing the (M + I ll' species for both the 

analytes and internal standards were selected in MS I and collisionally disso- 
ciated with argon to form specific product tons. which were subsequently 
monitored by MS2 using reaction monitoring of a transition unique to each tir 

the three compounds;. The selected reaction monitoring transitions used for 
caxagliprin and M2 were 316.2 - 180 i and 312.2 -' 196 1. respectively 
Standards were analyzed in duplicate or triplicate to prepare calibration cures 
for each analytc. The standard calibration curves were fitted with quadratic 
regressions weighted by reciprocal concentration (1 /x). Quality control sam- 
ples at three concentrations within the range of the calibration curve were also 
analyzed in duplicate or triplicate with each analytical set. The analytical assay 
performance was determined based ou the predicted quality control concen- 
trations ro be within 20% of the nominal coaceotratlot, for acceptable assay 
performance. 

Pharrnacokinctic Data Analysis. Plasma concentrations vsctsuc time data 
of saxagliptin and M2 were analyzed by noncumparttncntal methods using the 

KTNETTCA software program (version 4.2: TnnaPhase Corporation. Philadel- 
phia. PA). The maximum concentration (C , ) and time of C (t) were 
recorded directly from experimental observations. The area under the curve 
front time t) to the lust measurable concentration (AUC _,) and the area under 
the curve from time 0 to infinity (AUC_) were calculated using u combina- 
tion of linear and log trapezoidal summations. The total body clearance (CL) 
and the volume of distribution at steady -state (Vt were calculated after 
intravenous administration. The first -order elimination rate constant (It.,) was 
estimated from the terminal log- linear phase of the coneentration -time curve 
and was identified by best linear tit of at least three data points. The half-life 
of the terminal tog -linear phase wets calculated as In(2)/k,i, where kat is the 

absolute value tif the slope of the terminal log-linear phase. The fraction.. (k) 

of saxagliptin and M2 recovered in hile and ruine were calculated as the 

cumulative amount of unchanged saxagliptin and M2 recovered in each bio- 

logical fluid divided by the dose of saxagliptin administered. Saxagliptin renal 

clearance (CIA values were determined from the total plasma Cl. and the 

fraction excreted in urine. The oral bioavailability (expressed as a percentage) 
was estimated by taking the ratio of dose -normalized AUC values after oral 

doses of saxagliptin lo those after intravenous doses of saxagliptin. 
Prediction of Human Phsrrmsrcokinetics. In vivo based scaling methods 

were used to predict various human pharmacokinctics. 
Prediction of human clearance and volume of distribution. Simple allomct- 

rie scaling (Mahxnood and Bahian, 1996) and species invariant time (SIT) 
(Dedrick et al., 1970; 8oxenbautn and Ronfeld, 1983; Hutchstleeluha et al., 

1997. Mahnsood and Yuan, 1999) methods were used to predict plasma 
clearance and volume of distribution values in human... In the simple allomet- 
ric scaling method, body weights of the animals were used to allametrically 
scale total plasma clearance (or renal clearance) values from tats, dogs, and 

monkeys to humans by using eq. 1, where TV is species body weight and a und 

b are the allometric coefficient and exponent. respectively: 

("t. = aid%F (1) 

Similarly, allometric scaling was used to estimate human V by using body 
weight of the animal (rat. dog. and monkey) and the corresponding animal 
steady -state volume of distribution (ee. 2) as follows: 

V OW' (2) 

where W is species body weight and a and b are the allometric coefficient and 
exponent, respectively. The human plasma clearance and volume of distribu- 
tion were also estimated from the human intravenous pharmacokinetics of 
saxagliptin predicted with the SIT method. ln this approach, the intravenous 
plasma concentration: (C ) obtained from various species (rat, dog, and mon- 

key) were Fust normalized with respect tu dose (milligrams pct kilogram). The 
dose -normalized plasma concentrations (y -axis) and tique (r) fa- anis) were then 

transformed by dividing by the body weight (IVI to power functions (e and (l) 

(eats. 3 and 4) detetmined by simultaneous tilting of the three species profiles 
to a two- compartment model using KIN'FTICA software. (eq. 5). 

y-axis = C/tDoscltt'') (3) 

.t:-axis = (4) 

C /(Duse /Ro) -A x e.itp(- al/WV't) + B x e l,(- ßr/11,') (5) 

where A and R are the intercepts of the y -axis and n and ß are the initial and 
terminal phase elimination rate coustants. 

The human intravenous plasma concentration -time profile was thcn simu- 
lated by applying the best fit of body weight deponents. The intravenous data 
were then analyzed using a noncomparunental analysis to estimate the human 
intravenous pltannacokinetic parameters such as clearance and volume of 
disaibution. 

Prediction of human oral clearance and hinavailahiliry The oral bioavail- 
ability (Fi of saxagliptin in human was estimated from the tocan values 
observed in preclinical species. This human oral bioavailability estimate, in 

combination with the predicted CL values obtained frutti the Ntruplc allometric 
and the. SIT methods discussed above. were used to predict the human apparent 
oral ciearance (CC'FI. The first -order oral absorpuon rate constant (ka) in 

humans was estimated from the mean value of the absorption rate constants 
obtained from the deconvolution analysis of rat, dog, and monkey pharmaco- 
kinetics using the standard KINETICA software. The k., values were calculated 
Gam fitting the dcconvolution absorption -time profile to a tnonocxponcntial 
function. 

Prediction of Inatttur oral plasma co,zcoura;ion -time profile. The human 
intravenous pharmacokineric profile predicted by the SIT method (vide supra). 
in combination with the estimates of the extent (human btoavatlability value) 

and rate of absorption ('mean absorption rate constants, was used to simulate 
the oral concentration -time profile in humans using a multicomparut ant 

model. Key oral pliamtxcnkiuetic parattretcts (Ca,,,. Ce11,,,. AUC, und t,,) in 

humans were then determined with noncompattrucutal analysis and compared 
with the actual clinical pharntacokinetic data obtained from the SAD studies. 

Results 

Pharrnacokinetics of Saxagliptin in Rats, Dogs, and Monkeys. 
The pharrnacokirtetic parameters of saxagliptin calculated after single 
intravenous and oral doses in rats, dogs, and monkeys are summarized 
in Table I. The total plasma clearance. of saxagliptin was higher in rats 
(115 nil /min/kg) than in dogs (9.3 ml/min/kg) and monkeys (1.4.5 

ml/min/kg). The terminal plasma elimination half -lives ranged from 
2.1 to 4.4 h in the three species. The steady -state volume of distribu- 
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TABLE 2 

MUM, tr¡rr,V:/rt .r/ ,Ir 1rr,q1)I7) u),tl i412 in ¡)r, huh a; s¡)rt r1s aft, r 
/(ß? .7 dn7'7t7.i 1 ra(f enl 

r:2) 

t.alilll,ttell 

Species 

1z,:' 

,,,..' 
Sax agitlu u t 

1t,Y 

lrt2 

1) (16 

o .36 04: 
:Utl 18.01 446 

Dog ri) 3/dose 1 1 41 ' 0 .+6 1 l5 057 
5 8 69 . 1 28 1 2 07 - 1 01 

46 50 : :6 (li 17 47 0 17 
Monkey (u - Mtose) 5 2:1; 091 1314 - 245 

:5 1377 2.13 1037 

hunt none tt tt. the It111e ta l ui Pt i tir.tble eowener.tUVt1, 1414. r p l,emectt ItAid 
?r h 

" .-,U(_ u the rcutlt of the comrouc data or road of 11) ruts. hence S.11 n not swell trac 
Moir,. ,la and í1r11 :oJs set tale details of the study dcuisel 

lion values in dogs. monkeys. and rats were in the range of 1.3 to 5.2 
1/kg, higher than those for total body water (0.7 I/kgl. The compound 
was rapidly (1-naß = 0.7 -1.2 h) and well absorbed in rats, dogs, and 
monkeys with absolute oral bioavailabiliry values of 75. 76, and 51%. 
respectively As summarized an Table 2. the increase in plasma 
exposure (Aí1('1 to saxagliptin was approximately dose proportional 
in the dose ranges of 1 to 200 mg./kg (rats). I to 25 (dogs). and 5 to 
25 mg/kg (monkeys), indicating linear pharmacokinetics 

Human Pharmacokinetic Data. important human phannacoki- 
metic parameters of sasaghptin and its major metabolite, M2, obtained 
over a dose range of 2.5 to 50 rug of saxagliptin during the initial SAD 
study in healthy subjects are summarized in Table 3. The compound 
was rapidly absorbed (1 -0.6 I h) with the apparent oral plasma 
climinaItion lialf -life of 2 tri 2.8 h over this dose range. In addition, 
approximately dose proportional exposure was obtained over a wide 
dose range, similar to that obtained in preclinical species. 

in Viso Metabolism and Excretion. After intravenous adminis- 
tration of saxagliptin to intact rats, dogs. and monkeys. respectively. 
31, 40. and 60% of the dose was excreted unchanged in urine. Thus, 
saxagliptin renal clearance values in rats, dogs, and monkeys were 38, 
3.7, and 8.7 ml /rain /kg, respectively. After a 10 mg/kg i.v. or oral 
administration of saxagliptin to ADC rats, --2'n of the alose was 
excreted unchanged in hile M2 (a hydrncy metabolite) was the major 
metabolite observed. although other minor oxidative metabolites (data 
not shown) were also observed in the urine and bile samples in rats. 
No conjugated metabolites were detected in the BDC rat samples 
(hile", urine, and plasma). 11.x2 was also observed as a circulatilig 
metabolite in rats, dogs. and monkeys. After 10 (i.v.l and 8 (oral) 
mg/kg doses of saxagliptin to rats. the rano of plasma exposure of M2 
to saxagliptin was approximately 20 to 40 %. The plasma molar 
exposure tu M2 after oral administration of saxagliptin to dogs (1. 5. 
and 25 mg/kg) and monkeys (5 and 25 rig/kg), respectively, was 
-0.4- to 1.3- and ^-5- to 6 -fold of the exposure to saxagliptin (Table 
2). M2 was also the major metabolite observed in human (Table 3). 
The plasma molar exposure to M2 was 3- to 7 -field higher than that 
of saxagliptin in human, and the apparent oral plasma elimination 
half -hfe of M2 was approximately 3 to 4 h (Table 3). In addition, 7 to 

21';n and Ili to 51* or the dose was eliminated over -Ili h as 
saxagliptin and M2 (Table 3), respectively, in the urine of human 
subjects :after rital administration of saxagliptin t 2 5-50 rang) There- 
fore, the major excretion and metabolic pathways observed for saxa- 
gliptin in preclinical species are consistent with those observed in 

human. 

Tissue Distribution of Saxagliptin and M2 in SD Rats. The 
plasma concentration and tissue levels of saxagliptin in SD rats after 
OA and 2 5 mg/kg i.a doses of saxagliptin were determined I h 

posidose and are summarized in Table 4. Saxagliptin distributed into 
various tissues after 0.1 or 2. 5 mg/kg doses with the tissue concen- 
trations he ne lowest an brain and highest in the kidney and intestine. 
For example. the exposure to the intestinal tissues is 10- to 46 -fold 
higher than that in the plasma lier saxagliptin. 

The distribution of M2 into various tissues of Sf) rats after- a 0.1 and 
2.5 ungìkg dose of saxagliptin administration is also summarized in 
Table 4. The concentrations of M2 in SI) rats after saxagliptin does 
were low in the brain and higher in the intestinal tissues relative to the 
concentrations in plasma 

Tissue Distribution of Saxagliptin and M2 in ZI)F Rals, The 
plasma and tissue concentrations of saxagliptin in ZDF rats after 0.1 
or 2.5 nig/kg La. doses were determined at I h post dose und are 
summarized in Table 5. M these doses. concentrations of saxagliptin 
wen- lower in brain and higher in kidney pancreas, or intestinal 
tissues relative to that observed in plasma. For example, the intestinal 
tissue /plasma ratio of saxagliptin was as high as 17 in the ZDF rats. 

Plasma concentration and tissue tli«trihution data for M2 in ZI)I+ 
rats after OA and 2.5 mg/kg 1.a. doses of saxagliptin are also summa- 
rized in Table 5 After 0.1 or 2 5 tugikg doses of saxagliptin, the 
concentrations of M2 wcte lower in brain and higher in intestinal 
tissues compared with the concentrations observed in plasma. 

Serum Protein Binding. ")lie in vitro protein binding of saxagliptin 
and its major metabolite, tit', in mouse, rat. clog, monkey. and human 
seras was determined by equilibrium dialysis. The sertirai protein hind - 
ing of saxagliptin was very low in all species tested, with a free 
tra:tion of 100% in dog and human and 73. 82. and 80% in mouse, rat. 
and monkey sera, respectively. 11 he serum protein binding of M2 was 
also very low in all species tested, with a free fraction of 100% in 
mouse. rat, clog, and human and 89% in monkey 

Prediction of Human Pharmacokinetic Parameters. Human CI. 
and t',, values predicted for saxagliptin by allometric scaling and SIT 
method: are summarized in Table 6. The human plasma Ci" and I' 
values predicted for saxagliptin with simple allometry were 1.4 ml. 
rain /kg imd 0.8 I/kg. The coefficient (a) and exponent (b) of the simple 
allometric equation used for the estimation of CI. were 44.88 and 
035, respectively. with a correlation coefficient (r2) of 1.00. The 
exponent (b) of the allometric equation used for the estimation of V 
was 0.66 with a con-elation coefficient (r`) of 1.00. To determine 
human plasma clearance and volume of distribution with the SIT 
method. prediction of the intravenous plasma concentration -time pro- 
file from preclimcal data was undertaken. To predict this, the dose 
(milligrams per kilogram) normalized plasma concentration -time pro- 
files obtained from the preclinical species (rat, dog. and monkey) were 
first transformed by dividing both dose -normalized concentration and 
time by the body weights to power functions (c and d) (Fig. 2) that 
were obtained from the best fit of the profiles of the three species 
sùuuttancously to a two-compartment model. For saxagliptin, the 
weight exponent of the time axis converged to a value of 0.3 2, 
whereas the body weight exponent for the ), -axis converged to a value 
of 5 >, 10 -9, which for all practical purposes is zero (Wu I1, 

therefore resulting, in only the need to normalize the concentration by 
dose (milligrams per kilogram). The human intravenous Naomi con - 

centration -time profile was simulated after conversion of the x -axis 
hack to time by multiplying it by 3.89 (= 70D ). assuming a 70 -kg 
human. Basic pharnnacokinetic parameters such as clearance and 
volume of distribution were then calculated using a noncompartmen- 
tal analysis. 
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TABLE 3 

Plutn,utrokmetir parameter.' of saxagliptin and M2 in huma, after oral administration of saittgfrluin daring a single ascending dose study 

[ I 13 Se compound 

Pb.rmtacnkineGt: r'atantetetc 

Al tl /e 

yt8 
p erre! ¡,tg 114n7 b M, 

2.5 Saxaghptin 0.007 ± 0.001 0.009 -± 0.002" 0.56 ± 0.13 N.A. 6.7 ± 2.2 

M2 0.024 : 0.007 0.063 0,05" 1.46 i` 0.87 N.A. 15.6 = 3.3 

5 Saxaghpttn 0.021 = 0.003 0.06 ± 0.02 0.88 ; 0_38 20 ± 0.3 11.4=4.2 

M2 0.092 : 0.022 0.4? w 0.11 1.67 ± 0.61 2.8 ± 0.6 34.9 1lS 

10 Satxagßptin 0.045 ± 0.009 0.16 ± 0.03 0.75 ± 0.16 2.8 ± 0.7 17.x-:3.4 

M2 0.184 ± 0.067 0.9? ± 0.28 1.42 : 0.38 3.0 ± 0.3 42.6 ± 7.0 

20 Sax agltPtin O.nR2 ± 0.02R 0.21i± On9 0.79 ± n.19 2.3 ± 0.2 15.4 -!- 3 7 

M2 0.369 O.090 1.94 0.59 1.75 .,. 0.27 2.9 ± 0.2 44.11 ±- 10.8 

30 S:rxagliptin 0.178 ! 0.062 0.51 ! 0.2 0.67 ! 0.41 2.5 .'. 0.4 I6.2 ! 3.3 

M2 0.503 * 0.095 2.86 ± 035 1.3I4 2.: 0.44 3.6 ± 1.1 39.8 ± 9.0 

5(1 Saxagliptin 0.234 ± 0,067 0.83 ± (1.09 1.04 ± 0.60 2.5 M 0.3 21.3 á. 3.4 

M2 0.717±0.25l 4.56 ± 1.7% 2.I)8 ± 0.74 4.1 ± 1.1 51.2-:1ia 

1 the fraction of saxagliptin or M2 in unnc calculated as the cumulative amotmlrecovered in urine divided by the dose of satagltptin administered, N.A., not availab'e 

because of insufficient data at the terminal phase (<--.'below lower limit tif quantification). 
"AUC,.,: the area under the curve from time zero to the last measurable concentration. 

TABLE 4 

Mean concentrations of su.tuglip:in u t! M2 i,. ttssue.t ut 1 It utter O.1 or 2.5 ant/kg i.u. doses of sataglipti,t to SD rais in 3) 

s tl. I, not gttcn when ut least one of Om rats w.rs futuld tu have a euucentrauun 1(LL_Q to any given tissue. Lowe lunt of yuanurtc ttwn large rntegine 8 6 ngig; hcart. 104 ng/g: bl.un. 

ng /tt: and ,ousels, I.g ng/R. 

Tissue Dust 

Plasma 

Small intestine 

Large intestine 

Duodenum 

Kidney 

Spleen 

osait 

Pancreas 

Bertin 

Muscle 

t,txikK 

0.1 
2.5 
0.1 
25 
0.1 
2.5 
0.1 
2ä 
01 
2.5 
0.1 
2.5 
0.1 
25 
0.I 
25 
0.1 
2.5 
0., 

Sar.rklipt;n 

Avcrngc tvonc. 

l,gig 

4_2 
97 = 23 

159 _ 13 
442 = 193 

71 i 11 

2205 ; 411 
50±-22 

13410 
1243-76 
1 373 - 282 

S() ._ 23 
32.4 50 
3y=7 

224 r 34 

26 ± 5 
186 ± 20 

1 

S .I 
I I =0.5 

291 _r. 
21 

Tt int.aPta os 
Ratio 

1 

1 

46 = 18 
10 1 

20=5 
24±8 
IS 9 
1=0.3 

149 : 102 
11 ± 1 

21 r 3 

4 ±. 1 

11 ... 3 

;-U.3 
7 ± 2 

2,t)3 
0.1 

0.05 0.01 
3±1 
3 -± 1 

M2 

Average Conc. 

Wig 

1.3 - 0.4 
48 _: 18 

28=5 
2396 =: 348 

131.LQ 
113 _ 20 

15 L 

329 ±- 106 
6Q+9 

417 .t 110 
^I 

l i ± 9 
BLLQ 
27 = S 
I 

32i-5 
ßi.LQ 
13t.LQ 
731.1.Q 

7-_*4 

ÌtacnC.'Pt.tctia 
Ratio 

._ 21 110 
55 ±. 21 

3± 1 

?:1 
53 !- 9 

9 2 
1 

0.3 t 1 

0.6 =^ 0.1 
10 

07 ±U2 

0.1 ± 0,04 

13í.1.Q, below lower Unut of quantiacadon. 

CUF was also predicted for saxagliptiu using the CL values ob- 

tained from the two scaling methodologies discussed above and F. 

The human oral bioavatlability value was estimated to he 67% from 

the average of the absolute bioavailability values observed across 

preclinical species. The predicted human apparent oral clearance 

values are summarized in Table 6 and compared with the value 

calculated from the pharmacokinetic data obtained from the single 

ascending dose clinical studies. As shown in Table 6, the predicted 

human oral clearance value estimated using the systemic CL value 

obtained from the SIT method was very close to that observed in 

human. On the other hand. the apparent oral clearance estimated using 

a CL value fruit' simple allornetry was sil;rtificantly lower than the 

observed value. 
Because the observed urinary elimination of the intact saxagliptin 

across precimical species was significant, the renal components of the 

systemic clearance observed in animal species were allometrically 

scaled to human to assess the human renal clearance of the compound. 

This resulted in predicted human renal clearance and apparent oral 

renal clearance (CLr/F) values of 1.9 and 2.8 ml /min/kg, respectively. 

The predicted oral renal clearance was very close to the actual human 

oral renal clearance (CLr /F = 2.5 ml/min/kg) calculated from the total 

oral CL (discussed above) and the mean urinary recovery of intact 

saxagliptin (14.8% of total dose) over a dose range of 2.5 to 50 mg 

(Table 3). 
Relatively similar Graf lc, values for saxagltpun in rats (0.92 h-1), 

monkeys (1.25 h-1), and dogs (1.1411 1) were obtained from dccon- 

volution analyses. Therefore, the human oral absorption kinetics of 

saxagliptin was simulated using the average ka value (l. l I h` 1 

) 

observed across these preclinical species. 
Prediction of the Human Oral Concentration -Time Profile. The 

oral pharmacol:inetic profile of saxagliptin m human was simulated 
using a combination of predicted human intravenous pharmacokinctic 
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TABLE 5 

C,¿trrrtt.ttUUt.. ,,f ertta,;lt/r/ru ¿rIJ 412 tn trc.rtre.< di 1 1t alter fl 1 or 2.5 ng/b',y i tl¿.ar., of e.a4x/1/,ott ¡e, 7.hF rot< tta -- tt) 
s t) t. n,.. given Wt.cn at Icaat one y t,te rrt.. w.t.i t<ntnJ l.t It,tte at 1 Q ttt ,ny F,tvett (ti.tuc Lower huts( ul 41.1.1U1K'.i(14 n .1Icc. I.0 ttr..g I,r:ctt. rt<tnttr.t., 22 .1 nr,l,`t. tnu,c1.. I) )1 ng/X and rr.tttl, 11'7 n,;g ? t'g/t'. 

l'Ianta 

St11a11 nr(csttnc 

t.aY1;e i11tCo.tnc 

17utxlenutn 

Ktdhcy 

Splcrn 

He.ut 

l'ancreaa 

Ißtatu 

Musc lc 

.rtc/I¡: 

01 

01 
:S 
0 
01 
1 C 

01 
25 
01 
25 
UI 
2t 
01 
2` 
O1 
25 
01 
2: 

4ttt.tr Cuut. 

net: 

1-t 11 

148 70 
16-1 21 

759 - 392 
81-~43 

1 547 - 524 
60 = 1 3 

179 _ 74 
921 316 

2662 = 34(1 

139=d3 
1300 ; 656 

25=9 
216 = 108 
115_70 
441) = 671 

BLLO 
11) = I 2(-2 

54) 1711 

Sarabhputt 

TttsUc F'I.0 tia Ra's t wctag: Cuit 

r:F/x 

M_ 

Tl.wr/l'I,ran.t Ral.0 

0.7 -' O 03 1 

3,4 , 
1 '7.9 

29 10 19 IS 6-4 943 - 475 tri -- 15 
u) x 1l+ 24 - 11 
13 . 8 14(to 1 -; 6_1 

1 _ 0.2 
87 = 34 
21 11 :6 12 

9=I 
8 ,- S 

3..t.1 
36 = 30 
1u=8 

0.07=002 
2=I 
a : 05 

19 
_ 119 

2U=0.2 
271 =41 

Bi1.Q 
22 9 

Bt1.Q 
17 5 
BLLQ 
B LL(1 

9 
o it 

LIMO 
5E,'2 

21--9 

27 = 1 

8 -2 
0.7 = 0.3 

0.5 = 0. l 

(I 02 

02 :004 
HHI.Q tant; Inwer only n( gn.m ali. 11411 

TABLE 6 

S.u,r,:hr ::t 1tre.li.7<.! human Cl. tart! CL', ¿rid air and CL'F and V.. 1,:1trts 
obbtaine ' front S/ ttltrtg or in t It t, darla 

lac actual c'I,i r cJ rticai plJaa.t arta retes ttutt ele .&rtal :e vibe% are alo shown. 

Metlt.J - 

CI. 

Ih:amxtttanct.c l'arlroe[crc 

Cl.r t1.F 

SA 3.4 1 9 
tiiT 11 i 
Uha(:rv cd 

lnrt At 
5.1 
li0 
17 1 

2.8 

2.5 

S4, tlrttp'c allomc.r.. SiT, althea intsr,ant nett method 

data, otal bitiavailaltility and the mean alsollttion late constant. The 
resulting human projected oral phannacokinetic profile of saxagliptin 
for a I mg/kg dose is sutnrnarized in Fig. 3 and Table 7 and compared 
with the actual clinical data normalized to I ing/kg. As discussed 
above, the clinical data were obtained from the first -in -human SAD 
studies, in which saxagliptin showed approximately linear oral hha.r- 
macokinetic% over a wide dose range (2 5 -50 rtrg). Tu compare the 
clinical data to the predicted values at the same dose, the observed 
pharmacoktnetic data at every dose were notnialized to a l tng/kg 
dose (for a 70-kg human) and then averaged over the dose range 
studied 

With this approach, the predic'Ird tirai plasina 
concentration at 12 h postdose (C, ? h), and oral r _ values directly 
calculated from the projected oral plasma concentration -time pro- 
file were about factors of I.2 -, 1.7 -, 1.1 -, and 1.0 -fold of the actual 
human observed values, indicating that the prediction accuracy of 
the important human pharmacokinctic parameters was very good. 
At t mg/kg, (hr predicted concentration of saxagliptin at 24 h 
poctdose was 2. I ng /tel The concentration at 24 h postdoce in the 
actual clinical samples was below the limit of quantification (10 
ng /nt!) of the LC-MS/MS method used tor the analysis of the 
human plasma samples. 

10000 

1000 
*1 .a. 

100 

o 
r-) 

10 

Rat 
_t Dog 

Mc,nkey - Best Fit 

1 .t 

0.1 

0 2 4 6 8 10 12 14 16 

TI me/W° 
Etc, 2 The due- norrrahzed plasma intravenous coccentrauon -ume ptttlìles of rat. 
dos, and monkey gitane( by dividing by the body weights to power functions 
determined front the Item lit of the plttIiles t.1 the three specics.ilnultanruusIy to a 
two- c.>,np :ulrnent motta. 

Discussion 
Saxagliptin had g()t.)d oral bioavailabilky and demonstrated dose- 

dependent increases in exposure over a wide dose range in rats, dogs, 
and monkeys In all three species, the compound was well distributed 
cxtrav'ascularly as indicated b) high volumes of distribution. After 
ìntra- a,1erial atlnrinisllalion of saxagliptin to ST) and 7.T)F rats, saxa- 
gliptin and M2 concentrations were lowest in the brain and highest in 
the intestine and kidney. In these studies. the small intestine /plasma 
ratio for saxagliptin was 10 -fold in St) rats and 6 -fold in ZDF rats. 
For M2, the small intestine /plasma ratio ranged from a-24 -fold in SD 
rats to X23 -fold in ZDF rats. This increased intestinal exposure is due 
to extravascular distribution and not contamination from gut contents. 
Saxagliptin was cleared rapidly in rats and at a low to moderate rates 
in dog: and monkeys. Biliar>' excretion in rats was a minor route of 
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TABLE 7 

(jn 
0.1.1 

*aaF 

Ler) 
esesi 

rss 

Predicted and observed human phannacokiuetic parameters of Ja.wglipttn 
at l mg/kg oral dose 

Prediction told errors arc alsn ntctudcd 

Phannletkinettt. Patamcter observetJ Pretlated ikavtrun Futú tirur 
AUC., (ng/ntl x h) 111.0 
C,,, (nglml ì 270 
`e ti 

(nglin1)., 14.4 
t,,: (h) 2.7 

958 
163 
15.1 
2.7 

1.2 
1.7 
t.1 
I.0 

Ctt. values rcrlce the concentration at 12 h ptxtdnsc (thc 1.LCt measurable concentration at 
this date) 

elimination. Between 33 and 60% of the dose was excreted unchanged 
in rat, dog, and monkey urine after intravenous administration, indi- 
cating significant renal elimination in all species examined. The 
hydroxylation of saxagliptin to forni M2 was the major metabolic 
pathway in all of the species tested. This metabolite was pharmaco- 
logically active and was observed to circulate in plasma at significant 

all species. together, the preclinical pharmacokinetic 
parameters as well as safety and efficacy results lcd to the selection of 
saxagliptin for clinical development. 

As a result of the dual elimination pathways (metabolic and renal) 
of saxagliptin, sealing methods based on preclinical in vivo data 
(instead of in vitro metabolic clearance) were used to predict human 
plasma clearance. Simple allometlic scaling is more successful in the 
prediction of human clearance for compounds that show similar 
intcrspccics hepatic clearance, for which the allomctric exponent. b, is 
in the range of 0.55 to 0.71, hut tenth to under- or overpredict if the 
h value is less than or greater than this range [rule of exponents 
(ROE)] (Mahmood and Kalian, 1996). For saxagliptin, the exponent, 
b. was 0.35, and hence based on the ROE, the clearance value (3.4 
nil/min /kg) predicted using simple anomaly is expected to undcrpre- 
dict the human clearance value for the cnnipound. Correction with 
empirical correction factors such as maximum life span or brain 
weight would not have been useful according to the ROE with such a 
value of b (Mahmood and Baliati, 1996). 

On the other hand, in rat. dog. and monkey. renal clearance is 
approximately 33 to 60% of the total clearance of saxagliptin. Allo- 
metnc scaling of these renal clearance values resulted in human renal 
clearance of -1.9 nil/min/kg. This value is expected to reflect the 
actual human renal clearance value, as renal clearance is considered to 
be fairly scalable across species. In tact, consistent with this assertion, 
the predicted oral renal clearance (- -2.8 ml /min /kg) was found to be 
similar to the actual oral renal clearance (-2.5 ml /min/kg) observed 
in humans. However, hepatic clearance is also considered to conuib- 
ute significantly (-'40 -67%) to the total clearance of saxagliptin 
(assuming that liver and kidney arc the major organs of elimination) 
in thc three. species tested. As described above, simple allometry does 

not work well for compounds such as saxagliptin that show substantial 
interspecies difference in hepatic clearance. 

Volume of distribution values arc usually fairly scalable across 
animal species based on body weight, with the h value of the allo- 
metric exponent approaching unity. However, the exponent b (0.66) 
for saxagliptin is on the low Side; hence, the allometry method may 
have underestimated the actual V,,, value. 

Consequently, saxagliptin human CL and I e, values were norther 
assessed using the human intravenous concentration -time profile pre- 
dicted by the SIT method. The . (11.5 ml/min/kg) and Ve4 (-2.7 I/kg) 
values obtained by this method were significantly higher than those 
obtained from simple allometry. The SIT method was based on the 
concept of physiological time and on the assumption that the human 
concentration -time profile can be generated from the transformed chro- 
nological time units with the power functions obtained from the simul- 
taneous fitting of animal concentration -time protilez . The sri method is 
considered to take into account the variations in biological structure and 
metabolic rates across various species. and thus is assumed to Ai low 
improvement in the prediction of human pharmacokinetics (Boxenbatnn 
and Ronfcld, 1983; Mohammed and Yuan, 1999). 

The human CI, and Vim, values predicted by the S11' method suggest 
moderate plasma clearance and significant extravascular disuibution 
iu humans The apparent human oral clearance projected rot saxaglip- 
tin using the predicted bioavailability (67 %) and human CL values 
obtained by the SIT method was very close to the actual value. The 
human CL/F predicted using the CL value from the simple allometry 
was significantly lower. Consistent with these data, the predicted 
human oral concentration -tine profile (ACC, Ceux. Cnn and tttz) 
using the SiT method was similar to that observed in human as shown 
in Fig. 3 and Table 7. 

In humans, consistent with the observations in preclinical species. 
both renal excretion and metabolism were the major elimination 
pathways for saxagliptin. The compound had an apparent oral plasma 
elimination half -life of -2 to 2.8 h (Table 3) in humans, similar to that 
predicted by the SIT method (-2.7 h). The formation of M2 was also 
the major metabolic pathway in humans. This metabolite circulates in 
human plasma at significant levels similar to those observed in pre- 
clinical species. 

Saxagliptin has a plasma pharmacokinetic half -life of 2 to 5 h in 
multiple species including humans. However, saxagliptin has demon- 
strated robust efficacy in clinical trials as well as in preclinical animal 
testing at relatively low doses after once -daily dosing. There arc a 
number of factors that could contribute to the sustained duration of 
pharmacological action of saxagliptin. First, there is likely to be a 
contribution from an active metabolite, M2, to the overall efficacy of 
the compound. This metabolite, which is also a potent and specific 
inhibitor of DPP4, circulates in significant concentrations in human 
plasma (Table 3). Second, both saxagliptin and M2 display prolonged 
binding to the catalytic site of DPP -!(Kirby et al., 2008; Metzler et al., 
2008). The extended rate of dissociation of saxagliptin and M2 from 
the DPP4 active site would be expected to give hysteresis between 
plasma concentration and DPP4 inhibition, which has been observed 
in animal models and humans, providing a longer pharmacodynamic 
half -life than pharmacokinetic half -life for the compound. For exam- 
ple. the trough concentration (C,,,,) (-0.5 u.M, projected) for saxa- 
gliptin at a 5 -mg once daily oral dose was less than its K, (1.3 nM) for 
DPP4 inhibition (the C_t r, in the actual clinical samples was below the 
limit of quantification). Conversely, the trough concentration of sita- 
gliptin (another DPP4 inhibitor currently in clinical use), which does 
not show extended binding to DPP4 (Kirby et al., 2008) in humans is 
6-fold above its DPP4 R value at the dose (100 mg) that gives 
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equivalent efficacy to saxagliptin at S mg (Herman ct al., 2005: 

Rosenstock ct al.. 21708). 

Finally, the extravascular distribution of saxagliptin and its 

active metabolite to the intestinal tissues ( proposed major site of 
pharmacological action ( as demonstrated in this study could also 

play a significant role in its extended therapeutic effect. One of the 

hypotheses lot Ilic mechanism of action of incrctitls, in :addition to 

the effect they elicit alter reaching the general circulation, is that 

alter release from L cells. incrcttlis activate afferent sensory nerve 

fibers arising from the nodose ganglion in the. intestinal intersti- 

tiullt (Hoist and Deacon. 2005). In this hypothesis. 1I'Y4 within the 

intcrstttiuni would be important for regulating the neuron loop- 

mediated release of insulin from the pancreas. This suggests that at 

least part of the high glyceimic clIicacy and patent modulation of 

key hormones by saxagliptin in humans may be duc to its extravas- 

cular uptake and localirauou in the intestinal tissues. This assertion 

would thus predict the dissociation between inhibition of plasma 

DPPI activity and glucose lowering for compounds that had ex- 

travascular uptake into the intestinal tissues. when comparing 

plasma DPP-I inhibition at trough across similar clinical vials with 

equivalent maxi mal glucose- lowering efficacy. 
In conclusion. the objective of the precllnical anima) studies was 

to use an adequate group sic to be able to make a reasonable early 

estimate or human plum' iiitI&Okinrti(:\ arid was rim meant 

to capture interindividual variability characteristics. As such. the 

mean data were presented here and were used fairly well for the 

prediction of the pharinat'okinctics of saxagliptin in humans. The 

data front the preclinical studies showed that saxagliptin ha..c a 

desirable phartnacokinetic profile with good oral bioavailahilny 
and low plasma protein binding and thus was an attractive candi- 

date for further development. Tice compound is currently in latc- 
development and has displayed robust tmntitlidhetic 

activity (Rosenstock et al., 2008). As demonstrated in this study. 

the compound has very good distribution into tissues and was 

found at high concentrations in intestinal tissues relative to plasma. 

This finding also suggests that local concentration of drug in the 

intestine as well as inhibition of DPP-! in the plasma may he 

important in driving overall efficacy. 
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1. Introduction 

A B S T R A C T 1s /3/l4 rc 
In recent years. various dipeptidyl peptidase IV (DPP -4) inhibitors have been released as therapeutic 
drugs for type 2 diabetes in many countries. In spite of their diverse chemical structures, no comparative 
studies of their binding modes in the active site of DPP -4 have been disclosed. We determined the co- 
crystal structure of vildagliptin with DPP -4 by X -ray crystallography and compared the binding modes 
of six launched inhibitors in DPP -4. The inhibitors were categorized into three classes on the basis of their 
binding subsites: (i) vildagliptin and saxagliptin (Class 1) form interactions with the core Sr and S2 sub - 
sites and a covalent bond with Ser630 in the catalytic triad; (ii) alogliptin and linagliptin (Class 2) form 

S; subsitcs in to the S1 and S= subsites: and (iii) sitagliptin and 
teneligliptin (Class 3) form interactions with the S,. S2 and Sa extensive subsites. The present study 
revealed that the additional interactions with the SZ or S= extensive subsite may increase DPP -4 inhi- 
bition beyond the level afforded by the fundamental interactions with the S, and Sz subsitcs and are more 
effective than forming a covalent bond with Ser630. 

e 2013 Elsevier Inc. All rights reserved. 

Dipeptidyl peptidase IV (DPP -4, EC 3.4.14.5) inhibitors are a 

new class of oral anti -hyperglycemic agents for the treatment of 
type 2 diabetes. The glucose lowering effect of DPP-4 inhibitors 
is mediated by suppressing the degradation of the incretin hor- 
mone glucagon -like peptide -1 and stimulating insulin secretion 
in response to increased blood glucose levels 111. Prescriptions 
for recently launched DPP -4 inhibitors for type 2 diabetes have 
been expanding because of their high effectiveness and safety. 

Among the recently marketed DPP-4 inhibitors (Table 1), vil- 
dagliptin 121, saxagliptin (31 and teneligliptin 141 are peptide mi- 
metic compounds, which have been discovered by replacing 
segments of peptide -based substrates [51. In contrast, sitagliptin 
161, alogliptin 171 and linagliptin [Blare non -peptide mimetic com- 
pounds, which have been discovered by optimization of the initial 
lead compounds identified by random screening (51. Therefore, 
their chemical structures are diverse, suggesting that each of their 
binding modes in DPP -4 would be unique. 

+ Corresponding author. Address: Medicinal Chemistry Research Laboratories iI, 
Research Division, Mitsubishi Tanabe Pharma Corporation. 2 -2 -50, Kawagishi, 
Toda -shi, Saítama 335 -8505, Japan. Fax: +81 48 433 2610. 

E -mail address: nabeno.mikalmv.mt- pharma.co.jp (M. Nabeno). 

0006- 291X /S - see front matter O 2013 Elsevier Inc. All rights reserved. 
http: / /dx.doi.org/ 10.1016 /j.bbr c.2013.03.010 

DPP -4 is a highly specific serine protease that recognizes an 
amino acid sequence having proline or alanine at the N- terminal 
penultimate (P1) position and inactivates or generates biologically 
active peptides 191. The amino acid sequence and three- dimen- 
sional structure of DPP -4 are well known 110.111. The structure 
comprises a 13-propeller domain and a catalytic domain, which to- 
gether embrace an internal cavity housing the active center. This 
cavity is connected to the bulk solvent by a "propeller opening" 
and a "side opening" 112j. The conventional hypothesis suggests 
that substrates and inhibitors enter or leave the active site via 
the side opening 112,131. 

While some comparative studies on the pharmacological effects 
of DPP -4 inhibitors have been reported 1141, there have been no re- 
ports comparing their binding modes in DPP-4. X -ray co- crystal 
structures of five inhibitors, sitagliptin 161, saxagliptin [ 151, aloglip- 
tin (16J, linagliptin (81 and teneligliptin 141, with DPP -4 were 
determined by each originator except vildagliptin. Because these 
inhibitors have diverse chemical structures, a comparative study 
of their binding modes in DPP-4 is of considerable interest. 
Although it is well known that all DPP -4 inhibitors bind to the St 
and S2 subsites in common, it has not been systematically under- 
stood whether other subsites exist and whether each inhibitor 
binds to these in a distinct manner. In this study, we determined 
the co- crystal structure of vildagliptin with DPP-4, analyzed those 
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Table 1 

Recently launched DP1-4 inhibitors. 

M. Nabeno et at /Biochemical and Biophysical Research Communications 434 (2013) 191 -196 

Compound naine Chemical structure Release year Originator 

Sitagliptin 

Vildagliptin 

Saxagliptin 

Alogliptin 

Linagliptin 

Teneltgliptin 

F 

N' 

Ha 

Ha 

H3 

NH, 

2006 Merck & co. 

2007 Novartis 

2009 Astrazeneca and bristolmyers Squibb 

2010 Takeda 

2011 Bnehringer inAeiheim 

2012 Mitsubishi tanabe pharma 

Data were collected in Thomson Reuters Integrity on February 4, 2013. 

of the six inhibitors in parallel and studied the relationships be- 
tween their binding interactions with DPP -4 and their inhibitory 
activity. 

2. Materials and methods 

2.1. Synthesis of vildagliptin 

Vildagliptin was prepared according to the method described by 
Villhauer et al. 121. 

2.2. X -ray crystallographic studies 

The protein of human DPP-4 (33 -766) secreted from insect cells 
was purified and crystallized according to the method reported by 
Hiramatsu et al. 1171 The protein -inhibitor complex was obtained 
by soaking a preformed DPP -4 crystal in the presence of vildaglip- 
tin and preserving it in liquid nitrogen for data collection at 100 K. 

X -ray diffraction data were collected at the High Energy Accelera- 
tor Research Organization (KEK) beam line BLS and processed 
using the program HKL2000 1181. The structure of the DPP-4- 
inhibitor complex was solved by molecular replacement with the 
program PHASER [191, utilizing the previously determined coordi- 
nates of DPP-4 with the Protein Data Bank (PDB) accession code 
3VJK. Data collection and model refinement statistics are summa- 
rized in Table 2. 

2.3. Comparison of X -ray complex structures 

The co- crystal structures of five inhibitors with human DPP -4 
have been reported IPDB: 1X70 (sitagliptin), 3BJM (saxagliptin), 
3GOB (alogliptin), 2RGU (linagliptin), and 3VJK (teneligliptin)1. 
They were superimposed on the co- crystal structure of a substrate 
peptide, diprotin A with DPP -4 (PDB: 1 NU8) to analyze the binding 
subsites. The molecular modeling software Molecular Operating 
Environment version 2011.10 (Chemical Computing Group, Inc., 
Montreal, Canada) was used for analysis and graphical visualiza- 
tion of the X -ray co- crystal structures. 

The contact area between the inhibitor and DPP -4 was calcu- 
lated using the molecular modeling software Discovery Studio ver- 
sion 3.5 (Accelrys, Inc., San Diego, USA). For each co- crystal 
structure, the molecular surface area of the inhibitor, and its sol- 
vent- exposed surface area in DPP -4 were calculated. The difference 
between these areas was defined as the contact area. 

3. Results and discussion 

3.1. X -ray co- crystal structures of six inhibitors with DPP -4 

3.1.1. Definition of subsites in the active site of DPP-4 
In the active site of a protease, subsites are generally defined by 

the binding site of the substrate peptide [20j. The amino acids in 
the substrate peptide are numbered from the point of cleavage 
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Table 2 

Data collection and refinement statistics. 

Vildagliptin 

PDB entry code 3W2T 

Crystal 
Space group P252121 
Unit cell parameters: a (A) 118.22 
b (A) 126.24 
c (A) 138.09 

Data 
Resolution (A) 50.00 -2.36 (2.44 -2.36) 
Unique reflections 82418 (7691) 
Redundancy 5.0 (4.6) 
Completeness ( %) 97.1 (91.7) 
Reflenta 0.080 (0.234) 
1/a (I) 16.3 (6.96) 

Refinement 
Resolution (A) 30.00 -2.36 (2.42 -2.36) 
Unique reflections 78.227 (5407) 
Completeness ( %) 97.3 (92.1) 
Data in the test set 4103 (265) 
R -work 0.180 (0.206) 
R -free 0.231 (0.287) 
R.m.s.d. bond lengths (A) 0.011 
R.m.s.d. bond angles () 1.319 

Ramachandran plot 
favored regions (%) 96.1 
Allowed regions ( %) 3.9 

No. of non -H atoms/average B (A ?) 

Protein 12,228/32.7 
Ligand 44/23.7 
Water 1027/34.7 

Values in parentheses are for the highest -resolution shell. 

' Rn,«ee "E I(i - (1))1/ E(1), where 1 is the observed intensity. 

(P2, P1, P',, P2 ...), and the protein subsites occupied by the respec- 
tive amino acids are also numbered in the same fashion (S2, S1, Si, 
92...). In the case of DPP -4, the N- terminus of the substrate peptide 
is recognized by G1u205 and G1u206, and Ser630 cleaves at the N- 
terminus penultimate position (P1). Although, In principle, no sub - 
sites are defined after S2 in DPP -4, our recent study has shown that 
not the substrates but the inhibitors can bind well beyond the S2 

subsite to increase their inhibitory activity (4,21). We therefore de- 
fined the site beyond 52 as the S2 extensive subsite, which is corn- 
posed of Va1207, Ser209, Phe357 and Arg358. 

3.1.2. Binding mode of vildagliptin 
The co- crystal structure of vildagliptin with DPP -4 is shown 

in Fig. 1(A). The cyanopyrrolidine binds to the S1 subsite, with 
the nitrile forming a covalent imidate adduct with the hydroxyl 
of Ser630 in the catalytic triad. The imidate nitrogen forms a 

hydrogen bond with the side -chain hydroxyl of Tyr547. The 
remaining part including the adamantane binds to the S2 subsite, 
where the carbonyl group forms a hydrogen bond with Asn710 
and the amino group forms salt bridges with G1u205 and 
G1u206. The hydroxyl group on the adamantyl moiety forms 
hydrogen bonds with His) 26 and Ser209 via the water 
molecules. 

3.1.3. Categorization of the six inhibitors on the basis of their binding 
subsites 

The co- crystal structures of the six inhibitors with DPP-4 super- 
imposed on that of the substrate peptide (diprotin A, Ile- Pro-Ile) 
are shown in Fig. 1(B) -(H). We categorized the six inhibitors into 
three classes on the basis of their binding subsites. (i) Vildagliptin 
and saxagliptin have the most basic binding modes, binding to only 
the Si and 52 subsites (Class 1). (ii) Alogliptin and linagliptin bind 

to the Si, S2 and S¡ subsites. Moreover, only linagliptin additionally 
binds to the SZ subsite (Class 2). (iii) Sitagliptin and teneligliptin 

, bind to the St, S2 and S2 extensive subsites (Class 3). Fig. 2 shows 
the concept of this categorization. 

32. Relationship between the inhibitory activity and the binding mode 
of each class 

We focus on the characteristic binding interactions with DPP-4 
because other details have been described in previous studies 
(4,6,8,15,16). It is well known that all the DPP -4 inhibitors form 
salt bridges with GIu205 and GIu206 in the S2 subsite, which have 
vital roles in the inhibitory activity. The potency of the six DPP -4 
inhibitors is shown in Table 3 1221. 

3.2.1. Class 1: vildagliptin and saxagliptin 
Because vildagliptin and saxagliptin were designed as peptide 

mimetics, they overlap with the P1 and P2 residues of the substrate 
peptide. As described above, their cyanopyrrolidine moieties bind 
to the S1 subsite, forming a covalent bond between the nitrile 
group and Ser630, and their hydroxy adamantyl groups bind to 
the S2 subsite. While they bind in almost the same mode, one of 
the reasons why saxagliptin has 5 -fold higher activity than vildag- 
liptin is attributed to the cyclopropanated cyanopyrrolidine of sax - 
agliptin. Although it was originally intended to enhance the 
chemical stability of the cyanopyrrolidine 131, introduction of the 
.cyçlopropane moiety afforded an additional hydrophobic interac- 
tion with the side chain of Tyr666 in the S1 subsite. Moreover, 
the direct hydrogen bond between the__hydroxyl group of saxaglip- 
tin and the sid-é lai - ñ óf x547 may also contribute to its higher 
potency. 

3.22. Class 2: alogliptin and linagliptin 
The chemical structures of alogliptin and linagliptin are far dif- 

ferent from those of the substrate peptides. The cyanobenzyl group 
of alogliptin and the butynyl group of linagliptin bind to the S1 sub- 
site. Their uracil rings form zt -rt interactions with Tyr547, which 
undergoes a conformational change in the S¡ subsite. One of the 
reasons why linagliptin has 8 -fold higher activity than alogliptin 
may be because only linagliptin binds to the Sf2 subsite. The phenyl 
component of the quinazoline substituent forms a 7C-It interaction 
with Trp629 located in the ST subsite 1231. Eckhardt et al. reported 
that the introduction of the quinazoline moiety improved its po- 
tency 88 -fold [81. 

3.2.3. Class 3: sitagliptin and teneligliptin 
The trifluorophenyl moiety of sitagliptin and the thiazoline 

moiety of teneligliptin bind to the S, subsite. The triazolopyr- 
azine moiety and trifluoromethyl substituent of sitagliptin and 
the (1- phenylpyrazol -5 -yl) piperazine moiety, referred to here 
as the "anchor lock domain," of teneligliptin bind to the S2 
extensive subsite. Although both inhibitors appear to bind to 
the subsites in the same manner, teneligliptin has 5 -fold higher 
activity. We suggest three potential reasons for the difference. 
The first reason may be related to their chemical structures. Be- 
cause teneligliptin consists of a considerably rigid "i-shaped" 
structure formed by five rings, four of which are directly con- 
nected, the loss in entropy is small upon binding to DPP -4. 
The second reason may be related to the binding interactions 
with the S2 subsite. The carbonyl group of teneligliptin, derived 
from the peptide mimetics, forms a hydrogen bond with the 
side chain of Asn710. The third reason may be related to the 
binding to the S2 extensive subsite. As shown in Fig. 3, for ten- 
eligliptin, introduction of the "anchor lock domain", which binds 
to the S2 extensive subsite, increased the activity by 1500 -fold 
over the corresponding fragment that binds to S1 and S2 only 
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(a) vildagliptin -DPP4 complex 

710 175 '01 

(b) peptide (diprotin A, Ile- Pro-lle) 

(c) vildagliptin (d) saxagliptin 

(e) alogliptin (f) linagliptin 

(g) sitagliptin (h) teneligliptin 

Fig. 1. Binding modes of each inhibitor in the active site of DPP-4. (A) Co- crystal structure of vildagliptin (cyan) bound to DPP -4 (orange) (PUB: 3W2T). (B) Co- crystal 
structure of the substrate peptide, diproin A (magenta) bound to DPP -4 (orange). (C) -(H) Co- crystal structures of each inhibitor (cyan) bound to DPP -4 (orange) superimposed 
on the substrate peptide (magenta). The active site of DPP -4 is shown as a gray -colored surface. Blue. red, yellow and green colors indicate nitrogen. oxygen. sulfur and 
fluorine atoms respectively. and others indicate carbon atoms. Interactions between inhibitors and water molecules are not shown in (B) -(H). PDB codes are noted in Section 2. 

(4,241. On the other hand, for sitagliptin, previous studies re- 
vealed that the introduction of the substituent binding to the 
52 extensive subsite increased the activity by 7 -fold [6,251. To 

investigate the reason for the difference in increased activity, 
we applied the estimation method (see Section 2) to the calcu- 
lation of contact areas in the S2 extensive subsite. The results 
showed that teneligliptin has a contact area of 0.92 nm2 (total 
contact area, 2.08 nm2), while sitagliptin has a contact area of 
0.71 nm2 (total contact area. 1.90 nm2). This result indicates that 
teneligliptin may bind more tightly to the S2 extensive subsite 
as a result of stronger hydrophobic interactions mediated by 

the "anchor lock domain ". Binding of the anchor lock domain 
may relate to the residence time of the inhibitor in DPP -4 and 
the long in vivo duration of action. 

3.3. Particularity of the S2 extensive subsite 

As mentioned above, the S2 extensive subsite, which is not in- 
volved in substrate binding, contributes to increase the inhibitory 
activity for some DPP -4 inhibitors. but the particularity of the S2 

extensive subsite has not been well known. In other related prolyl 
peptidases, including DPP -8, DPP -9 and fibroblast activation 
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Class 2 

Class 9 

Class 3 DPP-4 
Fig. 2. The concept of three classes on the basis of the inhibitor's binding subsites. 

Table 3 

The DIP -4 inhibitory activity 1221. 

Compound DPP-4 inhibition. ICso 

(nmol /L) 

Vildagiiptin 29.2 
Saxagliptin 6.3 
Alogliptin 4.9 
Linagliptin 0.6 
Sitagliptin 10.3 

Teneligliptin 1.9 

protein (FAP, PDB: 1Z68), the S2 extensive subsite cannot be clearly 
defined. As a result of our comparison of the corresponding amino 
acid sequences and three -dimensional structures [26271 of these 
proteins, it was found that inhibitors cannot have sufficient hydro- 
phobic interactions with the region beyond S2 in DPP -8 and DPP -9, 
and FAP does not have the subsite where the inhibitors can bind 
beyond S2. Binding to the S2 extensive subsite, DPP -4 inhibitors 

Teneligliptin : 

SI s N 

o H 
S 

compound 9 

DPP-4 IC50 = 538 nmd/ L 

S2 

extensive 

X11 S r-\ sN 
ó p S 

compound 11 

DPP-4 IC50 = 47.6 nmol/ L 

Sitagliptin : 

can increase not only their inhibitory activity but also their selec- 
tivity against other related prolyl peptidases. 

In conclusion, we comparatively present X -ray co- crystal struc- 
tures of six inhibitors with DPP-4 and categorized them into three 
classes on the basis of their binding subsites. As a result of the 
comparative study of the three classes, it is suggested that DPP -4 
inhibition tended to increase with an increase in the number of 
binding subsites. Furthermore, the additional interactions with 
the S;, SZ or S2 extensive subsite may increase DPP -4 inhibition be- 
yond the level afforded by the fundamental interactions with the 
SI and S2 subsites and are more effective than forming a covalent 
bond with Ser630. 
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ABSTRACT Dipeptidyl peptidase IV (EC 3.4.14.5; DPP 
IV), also known as the leukocyte differentiation antigen CD26 
when found as an extra cellular membrane -bound praline 
specific serine protease, cleaves a dipeptide from the N 
terminus of a polypeptide chain containing a praline residue 
in the penultimate position. Here we report that known 
(Z)- Ala- tfrlCF =C) -Pro dipeptide isosteres 1 and 2, which 
contain O- acylby-droxylamines, were isolated as diastereo- 
merle pairs u-1, I-1, and 1 -2. The effect of each diastereonterie 
pair as an. inhibitor of human placental dipeptidyl peptidase 
DPP IV has been examined. The inhibition of DPP IV by these 
compounds is rapid and efficient. The diastereomerie pair u -1 
exhibits very potent inhibitory activity with a Kt of 1.85 nM. 
Fluoroulefin containing N- peptidyl- O- hydroxylamine pep - 
tidom)metics, by virtue of their inhibitory potency and sta- 
bility, are superior toN- peptidyl- O- hytiroxylamine inhibitors 
derived from an Ala -Pro dipeptide. 

Dipeptidyl peptidase IV (EC 3.4.14.5; DPP IV; CD26), dis- 
covered in 1966 (1), is a Iransntembrane serine peptidase 
found in a variety of human tissues and organs (2 -4). In 
particular, DPP IV, when expressed on the surface of Cal" T 
cells, is identical with the leukocyte differentiation antigen 
CD26 and is considered to he a lymphocyte activation marker 
(5, 6). Although the involvement of DPP IV in the immune 
response and regulation of lymphocyte activation has been 
implicated, the mechanism of the involvement is not clear (7, 
8). Of the many functions that have bee n postulated (9 -14), the 
most intriguing is the role of DPP IV m T -cell activation and 
in the regulation of T-cell proliferation (13, 15 -18). Recog- 
nized as a cell surface activation marker of lymphocytes (19), 
the failure to observe CD26 implies a reduced immune re- 
sponse (20). The presence of DPP 1V is associated with the 
capacity of cells to produce interleukin 2 and to proliferate 
strongly in response to mitogen stimulation (20, 21). Impor- 
tantly, binding of mAbs to CD26 suppresses interleukin 2 
production (21). CD26 modulation also can lead to enhanced 
cell proliferation preceded by an increase in Cat' mobilization 
(22). CD26 is associated physically with CD45, which regulates 
T -cell activation pathways through protein tyrosine phospha- 
tasc action. CD26 apparently modulates the activity of CD45 
by affecting the accessibility of critical substrates, with the 
result that the CD2 /CD3 path amplifies the immune response 
(23). DPP IV, known to be localized on the surface of T cells 
with adenosine deaminase, seems to form a complex with 
adenosine deaminase that is involved in an important immu- 
noregulatory mechanism involving T -tell proliferation (24, 
25). DPP IV appears to be not only up- regulated among 
proliferating thymocytes but also by those undergoing pro 
gemmed cell death (26). The involvement of CD26 in IIIV 
infection has been the subject of investigation for some time, 

The pubaealien costs of this article were defrayed in pan by page charge 
payment. This article must therefore be hereby marked - advertisement" in 
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O 1998 by The National Academy of Sciences 0l1274t424/9s/9514020- 552.60/a 
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with the initial report (27) that CD26was a cofactorfacilitating 
HIV entry in CD4- cells refuted (28 -30). Reports that DPP 
IV enzymatic activity may decrease the efficiency of IIIV 
infection (31) may be related to the binding of 111V glyco- 
proteins gp120 and gp41, which have been shown to be 
responsible for cell killing by apuptosis in CD44 cells (32). The 
Tatprotein of HIV -1, known to be capable of suppressing CD3 
activation of T cells, also has been shown to bind to D1'P IV 
with effects on cytokine production and DNA synthesis, 
implying that the DPP IV plays a role in Tat immunosuppres- 
sion (33, 34). 

DPP IV will cleave the dipeptides Xaa -Pm from the N 
terminus of a polypeptide while recognizing several key struc- 
tural features in substrate proteins or peptides. It has been 
postulated (35) that DPP I V substrates require the presence of 
a prolinc at the Pi position as well as a protonatcd free N 
terminus (36, 37). It also has been proposed that DPP IV 
possesses a high conformational specificity for a trans amide 
bond between the Pt and N- terminal Po residues (38). There 
is the additional requirement for the L configuration of the 
amino acid residue, both in the penultimate and the N- terminal 
position (39, 40). 

Obviously, inhibition of CD26 may critically affect T-cell 
activation and function and may potentially have therapeutic 
utility in the modulation of the immune response. Relatively 
few of the compounds reported thus far are effective inhibitors 
of DPP IV, with most inhibitors suffering from either insta- 
bility or low reactivity. N- Peptidyl- O- acylhydroxylomines irre- 

,versibly inhibit DPP IV, but most of the inhibitor is enzyme - 
hydrolyzed during the inactivation process (41, 42). The bo- 
tonic acids Ala- boroPro, Pro- baraPro, and Val- bomPro are 
potent and specific reversible inhibitors of DPP IV with K1 
values in the nanomolar range. However, these compounds 
lose their inhibitory activity in aqueous solution at neutral pH 
because of the formation of cyclic species in which the 
N- terminal amine nitrogen coordinates to the boron atom (37, 
43 -45). Peptidyl (a- aminoalkyl) phosphonate esters (46) and 
diphenyl phosphonate esters (47) are moderate and specific 
DPP I V mlubitors. These compounds are quite stable because 
phospbonate esters are relatively unreactive with nitrogen 
nucteoph'es or N- terminal amines. Aminoacylpyrrotidine-2- 
nitrites (46) and 4- cyanothiazolidides (49, 50) recently were 
reported as very potent and rather st able inhibitors of DPP IV. 
They were found to have Kt values in the nanomolar to Inv 
submicromolar range and half -lives between 27 and 72 h. 

Many of the problems associated with inefficient inactiva- 
tion of DPP IV are a consequence of the importance of the 
trans conformation of the P1 -P2 amide bond and the require- 
ment for a protonated free N terminus. 111e cyclization 

Abbreviation: DPP IV. dipeptidyl peptidase IV. 
Data deposition: The atomic coordinates and structure factors have 
been deposited in the Cambridge Crystallographic Data Centre, 12 
Union Road, Cambridge, 032 1EZ, United Kingdom (reference 
103375). 
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reaction of the free N- terminal amino group with the reactive 
site of the inhibitor does, however, require the molecule to 
assume the cis conformation, the conformation previously 
proposed to he unreactive with DPP IV (33). To obviate this 
mode of inactivation and to rigorously examine the cis -trans 
selectivity of DPP IV, we have prepared a series of cantor- 
ma clonally constrained fluoroolefin dlpeptide isosteres. The 
fluoroolefin dipeptide isostere was proposed as early as 1984 
(51) as a superior isoelectronic and isosteric replacement for 
the amide bond. Theoretical studies strongly have supported 
the original hypothesis behind introduction of the fluoroolefin 
amide surrogate (52 -54). The syntheses of fluoroolefin dipep- 
tide surrogates, Ala- y,[CF =CJ -Pro containing N,O- diacylhy- 
droxamic acid type protease inhibitors 1 and 2, were reported 
recently by our laboratory (55). 
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MATERIALS AND METHODS 
Materials, Human placenta dipeptidyl peptidase IV (EC 

3.4.14.5) .vas purchased from Calbiochem- Novabiochcm (La 
Jolla, CA). The specific activity is 8,333 milliunits per milli- 
gram of protein. One milliunit, specified by Calbiochem- 
Nuwtbiaehem, is defined as the amount of enzyme that will 
hydrolyze 1.0 pM of Ala -Pro-7- amino -4- trifluoromethyl con- 
main per minute at 30 °C, pH 7.8. 'L'he DPP LV substrate 
Gly- Prop -nitroanilide was obtained from Sigma. The phos- 
phate buffer (ICH2PO4-NaHPO4, 90 mM, pH 7.6) and Tris -HC1 
buffer (20 itiM, pH 7.8) were prepared in our laboratory. 

III, í3C, 19NMR spectra were recorded on a Gemini -300 
NMR spectrometer (Varian) with CD3OD as solvent and 
residual methanol or CPCI3 as the internal standard. Thin layer 
chromatography was performed with Fz54 (Merck) silica gel as 
the adsorbent on 0.2 -mm thick, plastic -hacked plates. The 
chromatograms were visualized under UV (254 nm) and by 
spraying with a 95:5 mixture of 02% ninhydrin in n- butanol 
and 10% aqueous acetic add followed by heating. The U V- 
visible spectra were determined by using a Shimadzu UV- 
visible recording spectrophotometer (UJV -160). 

Syntheses of Inhibitors 1 -2. The general procedure for 
amine deprotection is shown in Scheme 3. Compound 1-4 (14.7 
mg, 0.025 nnnol), prepared as described (55), was treated with 
1 M HCI in acetic acid (1 ml), Stirring at room temperature for 
1 -2 h. The solvent was removed under high vacuum. Diethyl 
ether (2 ml) was added to the residue. This mixture was stored 
at -4°C overnight. After the supernatant was decanted, the 
resultant white solid was washed with ether, and dried, to yield 
the sufficiently pure hydrochloride salts (Z) -(R, R), (Z) -(S. 
S)- 1- [(1'- flutnü -2'- amino) Pl'opylidene3- 2- evclopentane -O- 
benzoyl hydroxamate hydrochloride (i -1) (103 mg, 86 %). Data 
for I3: 19NMI( (CD3OD) S -124.37 (d, J = 27.11íz); IH NMl( 
(CD3OD) S 807 (d, 2H, I = 7.3 Hz), 7.69 (t, 11-1,J = 7.4 Hz), 
7.36 (t, 2H, J = 73 Hz), 429 (dq, 1H, J = 272, 6.9 Hz), 
3.66 -3.58 (m, 1H), 255 -2.45 (m, 2H), 2.39 -1.96 (m, 3f-í), 

1.84 -132 (m, EID), 1.47 (d, 3II, J = 6.8 liz); 'sC NJv(R 
(CH3OD) S 171,81, 164.08, 148.52 (d, J = 2493 Hz), 133.67, 
129.14, 725.29, 126.74, 123.34 (d,J = 13.6 Hz), 44.71, 43.23 (d, 
J = 27.6 Hz), 31.76, 28.03 (d,,l - 1.8 Hz), 25.26, 14,46. 

(Z) -(ft, S), (Z) -(S, R)-1-[(1'-fluoro-2'-amino)propylidcnc]- 
2- cyclopentane -O- benzoyl hydroxamate hydrochloride (u -1) 
was prepared in the same manner from a -4 in 51% yield. Data 
forvrl: 14NIv1R (CD3OD) 5- 124.42 (d,J = 24.4 Hz); 1H NMR 
(CD3OD) S 5.07 (d, 2H, J = 8.51-12), 7.69 (t, 11i, J - 7.5 Ha), 
7.53 (t, 2H, J = 7.3 Hz), 4.29 (dq, 1H, J = 26.8, 6.9 Hz), 
3.68 -8.59 (m, 1H), 2.59 -239 (m, 2H), 2.26 -1.93 (m, 4H), 
J.84 -1.68 (rn, 1H), 1.49 (d, 314, J = 6.9 Hz); 11C NMR 
(CD30D) 8 172.84, 165.57, 149.99 (d, J = 249.7 Hz),135.13, 
130.67, 129.78, 123.30, 124.69 (d, J = 13.7 Hz), 47.35 (d, J = 
27.5 Hz), 45.30, 3120, 29.67 

( 
J = 3.2 Hz), 26.99, 16.32. 

(Z) -(R, R), (Z) -(S, S) -1 -[(1 -fluor'o-2'-amino)propylidenc)- 
2-cyclopentane-(4- nitro)- O- benzoyl hydroxamate hydrochlo- 
ride (1.2) was prepared in the sane manner from LS in 63% 
yield. Data for I -2: 19NMR (CD3OD) 6 -124.33 (d,J = 27.1 11z); 
$i NMR (CD3OD) 6 8.39 (d, 2H, J = 9.1 112). 8.29 (d, 2H, J = 
9.0 Hz), 4.29 (dq, IH, J = 2/1, 6.9 I' z), 3.67 -339 (m, 111), 
2.62 -2.40 (in, 2H), 2.26 -2.11 (m, 1H). 2.10 -1.93 (rat, 2H), 
1.87 -1.70 (m, III), 1.48 (d, 'fl, J = 6.9 Hz); 13C NM2. 
(CD30D) S 173.22, 164.03, 152.51, 150.00 (d, J = 249.7 Hz), 
133.66, 132.03, 12434 (d, I = 133 Hz), 124.83, 47.47 (d, J = 
27.1 Hz), 45M, 33.43, 29.70 (d, J = 28H-4, 26.93, 16.16. 

Crystal Structure Determination oft -3. Diastercomeric pair 
l -3 prepared as described (55) was recrystallized from a 
mixture of hexanos and ethyl acetate (1:1). Crystal data: 
Cr4HviP'NO3. M = 2873, monoclinic, space group P21 /n, e = 
9.607 (4) A, b =9.300 (3) A, c = 17.204 (6) A, ß = 95.66 (3) 
°, V= 1529.7(9)Á3,Z= 4,D = 1.248gcm 1, II.= 0.98 cm-1" 
A(MoRa) = 0.71073 Â, F(000) = 616, T = 298 IC. Ncolet R3 
m/ V diffractometer was used to collect 2,038 reflections (3° < 
29 < 451 on a colorless crystal 0.15 X 0.15 X 0.40 mm 3. Of 
these, 1,961 were unique and 1,193 were observed Fe > 60 
F.). T..nrentz. and polarization cnrrectinnswere applied to the 

data. The non -hydrogen atoms were located by direct methods. 
R= 0.070, R,,,= 0.068, GOP = 2.14. 

Inactivation Assays- Method A (inactivation in the absence 
of substrate): The inhibitory activity of the compounds, u -I, 
I -1. and I -2, was estimated from the residual activity of DPP I V 
in a solution of the substrate Gly- Prop -nitroanilide. An 
aliquot of inhibitor (200, from 50 pM stuck solmien in water) 
was added to 80 µl of a buffered enzyme solution [0.2 milliunit 
in Tris -HCI buffer (pH 7.6)] to initiate the inactivation reac- 
tion. The concentration of inhibitor in the incubation mixture 
(total volume 100 pl) was 10 pM. After the enzyme and 
inhibitor were incubated for tither 2 or 30 min at 30 °C, the 
incubation mixture was added to a 1 -ml cuvette containing 900 
Id of substrate Gly-Pro-p-nitroanilide (0.1 mM) in 45 mM 
phosphate buffer (pH 7.6, Jar= 0.123). The measuring cell had 
been equilibrated thermally in the spectrophotometer for 2 
min before enzyme -inhibitor preincubation solution was 
added. The rate of change in UV absorbance at 385 um, with 
respect to acuvette containing only 0.1 mM substrate in 45 mM 
buffer, gave a straight line with the slope proportional to the 
enzyme activity. The residual enzyme activity is expressed 
relative to a DPP IV control, which was prepared by adding 
only enzyme to the substrate solution. The percentage inhi- 
bidon I) was calculated as % J = [(1 - vt /)'e)] X 100 %, 
where vt and va are the rate of change in absorbance at 385 am, 
with and without inhibitor, respectively. The percentage inhi- 
bidon ( %l) aC other inhibition concentrations was measured 
by the same method. 

Method B (inactivation in the presence of substrate): To a 
cuvette containing 5 to 201'1 of appropriate concentration of 
inhibitor, 20 pl of 5 mM substrate Gly -Pro ¡- nitroanilide, 500 
µl of 90 mM phosphate buffer (pH 7.), and enough water to 
bring the final volume to 1 ml wax added 20 pl of enzyme 
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Fto. 1. ORTEP drawing of the x -ray structure of (Z)-1- Boc -Ala- 
+[CF =C] -Pro (1.3). 

solution (0.2 milliunit) in pH 7.6 Tris buffer. The rate of 
change in the absorbance at 335 nor, with respect to a cuvette 
containing the same amount of inhibitor and substrate in 
buffer. gave the inactivation progress curves. All inhibition 
experiments were monitored by using a Shimadzu UV -160 at 
385 nm and 30 !- 0.1°C. 

Determination of Kt Values. For inhibitors u -1, the data for 
two Dixon plots (1 )/V vs. [I]) were obtained by repeating 
method B at two concentrations of substrate (0.2 mM and 0.4 
mM) and six to seven different inhibitor concentrations (0, 
0 25, 0 5 0 75 10, 5 0, and 10.0 rsM). The correlation coeffi- 
cients of both lines were >0.994. The Ki value of u -1 was 
calculated according to the method of Dixon (56). The IC value 
for compound 1 -1 was determined by the method described 
above. 

Determination of the Half -Life of Inhibitor u -1. An aliquot 
(40 µl) of inhibitor u -1 from 5 mM stud( solution in H2O was 
added to a 1 -nil cuvette containing 500 Al of 90 mM phosphate 
buffer solution (pH7.6) and 460 µl of water at 30°C. such that 
the final inhibitor concentration was 0.2 mM. Spontaneous 
decomposition was monitored by following the decrease in 
absorbance at 229 nm at various time intervals. The absor- 
bance data points at 229 am were recorded and plotted as 
function of time, which gave a spontaneous degradation curve. 
The half -life was obtained from first -order plot of In(A /Aa) vs. 
time, whereA is the absorbance of the mixture at time t, and 
An is the absorbance at initial time (t = 0). 

RESULTS AND DISCUSSION 
Chemistry. (Z) -N- urn- Butyloaycn rbonyl- l- [(1'- fluáro -2'- 

amino )prapylidcnc]- 2- cyclop=tame carboxylic acid 3 was syn- 
thesized and isolated as two diastereomericpairs 3' and 3 ", as 
described in a previous report (55). The relative stereochem- 
istry of these diastereomeric pairs was determined by single 
crystal x -ray diffraction studies. The structure of compound 3', 
crystallized from a mixture of hexanes and ethyl acetate (1:1), 
is shown in Fig. 1. The absolute configurations at Cl and CS 
of 3' were confirmed as R and R or S and S, respectively. 
Therefore, 3' can be designated as the "like" diastereomeric 

HGKN 

ffzitfl 

u-1 and ht: R.CeH.s 
f-4: B=(4NOr)-CeHr 

SCHEME °-. 1. ImzCO; 2. NI{zOH-HCI; 3. BzCI or (4.N0a)BzCI, Py, 
0°C. 

Proc. Nati. Aced. Sci. USA 95 (2998) 

pair ( / -3). Obviously, compound 3 ", as "unlike" diastereo- 
metic pair (u -3), contains the S, R isomer corresponding to the 
natural amino acid L-(5)-Ala-L-(5)-Pro and would be predicted 
to have higher biological activity. 

The two diastereomeric pairs were converted independently 
to i-4 and a -9 after three step transformation (55). The analog 
1 -5 was prepared in the same manner by using 4- nitrobenzoyl 
chloride instead of beazoyl chloride, as shown in Scheme 2. 
Removal of the Boc groups was accomplished by using 1 M 
HCt in AcOH to give compounds 1 and 2 (Scheme 3). 

I® HarrÓ ^ [-eH 
o NH 

o o 
R 

crs 
-R000It 

HO00H 
- 

QQJr- 
Ì 

e HIN Q 'NH-0H 
NHnOH 

Inhibition of DPP 1V. The results of initial inhibition studies of 
DPP IV by diastereomeric pairs a -1, 1 -1, and / -2 are shown in 
Table 1. At the same inhibitor concentration with 2 -min incuba- 
tion time or30 -min incubation time, the percentages of inhibition 
of DPP IV by u-1, 1-1, and 1 -2 unexpectedly remained the same 
or changed only slightly with an increase in incubation time. 

The results presented in Table 1 revealed the following 
phenomena: (i) Inactivation of DPP IV by u -1 did not follow 
pseudo -fast order reaction kinetics. The inactivation process 
was principally dependent on inhibitor concentration and 
independent of incubation time. At a concentration of 0.01 
mM, inhibitor u -1 showed nearly the same percentages of 
inhibition, 42% and 39% inhibition, at both 2 min and 30 min 
incubation time, respectively. At 0.25 mM, after both 2min and 
30 min incubation time, 100% inhibition of the activity of DPP 
IV was observed. For inhibitors 1 -1 and 1 -2, the percentages of 
inhibition (9c I) increased or remained the same within 
experimental error with increasing incubation time at the sante 
inhibitor concentrations (shown in Table 1). (ii) Inhibitory 
potency of u -1 was much greater than that of the other 
diastereomeric pair 1 -1. At a concentration of 0.01 mM and a 
2 -min incubation time, compound u -1 inhibited 42% of the 
enzymatic activity of DPP IV; however, the isomer l-1 was 
nearly ineffective (4% Inhibition) under the same conditions. 
As mentioned above, DPP IV has an absolute requirement for 
the L configuration of the amino acid residue, both in penul- 
timate and N terminal positions. Because the pair u -1 contains 
the compounds with the desired configuration (I, L), it was 
more reactive with DPP IV. (iii) Replacement of the beazoyl 
group (1 -1) by a pars- nitrobenzoyl group (I.2) enhanced the 
inhibitory activity slightly. This may be because the electron 
withdrawing group (4 -NO2) facilitates the rate -determining 
N -O fission. (iv) Inhibitors u-1, 1 -1, and / -2 all exhibited 
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Table 1. Inhibition et DPP LV by fluorookfin -ce training 
N -peps idyl- O- hydrozy lam Ines 

Inhibitors 
[IJ, 

mM 

43 

Inhibition" 

2 
min 

30 
min 

7 -1 (Z)- Aln- q[CF =C]- Pro- HO -nz n.m 4 1 

0.50 n 25 
1 -2 ( Z )- AIa-Q[CP =C)- Pro.NBO- 11z(4-NO2) 0.50 22 34 
u -1 (Z)- Ala- ,y[CF =CJ.Pro- NFHO-Bz 0.01 42 39 

0.25 100 11/0 
A labro- NHO.Bz(4.NOa) 1.10 29r 60 

',Percentage inhibition was measured after Z or 30 -min incubation in 
95 n,M phosphate buffer, pII 7.6, at 30°C. Oly- Pro -p -n imam ilidc was 
used as substrate. 

tlncubation time was 10 min (41). 

inhibitory activity superior to the previously prepared Ala - 
Pro-NHO- Bz(4 -NO,) compounds (41, 42) It has been pro- 
posed thatthe trans Pa-Pro peptide bonds of the substrates use 
essential to the reactivity of enzyme DPP IV. The enhance- 
ment in inhibitory potency of our fluoroolefin containing 
dipeptide isosteres can be attributed to the efficient mimicking 
of the trans P1 -P2 amide bonds of the original dipeptides by thé 
(Z) fluoroolefin double bond conformation. 

The effect of inhibitor u -1 on the hydrolysis of substrate (S) 
by DPP IV (E) was demonstrated Ln two different ways: 
enzyme -initiated assay, (S + 1) + E, and substrote initiated 
assay, (E -I- I) + S (Fig. 2). The results were unexpected. In 
both cases (curves B and C), the rites of hydrolysis of substrate 
by DPP IV increased linearly over 50 min and were nearly 
identical (curves B and C overlapped). The initial rate (u) of 
hydrolysis of substrate in an enzyme initiated assay is often 
larger than that found in a substrate initiated assay (57). The 
curves 13 and C shown in Fig. 1 indicate that inhibitor a -I very 
rapidly inactivates DPP IV in a process much faster than the 
rate of hydrolysis of the substrate by DPP IV; thus, the 
presence of competing substrate did not slow down the inac- 
tivation process. 

To determine the values of the inhibition constant KI for 
both compound u -1 and / -1, the rates of DPP IV- catalyzed 
hydrolysis of Gly- Prop -nitroanilide substrate were estimated 
HL six to seven different tuucentraduns fur each inhibitor (0.25 
to 10 p.M) in a competitive hydrolysis fashion. The KI values 
reported in Table 3 for compounds u -1 and 61 were obtained 

0.2 

0.18 

0.16 

Aass 
0.14 

0.12 

0.1 

--A:[1]-0 
- -F B: (S+I )+E 

-o-C: (E+I )+S 

0 10 20 30 40 
Time (min) 

Eso. 2.Hydrolysis of substrate Cly- Pro- 4- nitroanitide wes monitored 
by the change in absorbance at 385 um with time. In all cases, the final 
concentrations S, E, and I were 0.1 mM, 0.2 milliunir, and 1 µM, 
respectively. 

50 

Table 2. Inhibition constants of inhibitors of DPP IV, i -1, and n -1 

Inhibitors ' ffi. nM 

/ -1 (Z)- Ala- 4CF =CJ- Pro- NHO -Sz 
u -1 (Z)- Ala- y[CFmC]- Pro- NHO -Bz 
A Im Prn- NHO- B7(4 -NO2) 

14,400 
lea 

30,000 (58) 

from the plots 1/v versus [I] according to the method of Dixon 
(56). The Dixon plot revealed that compounds a -1 and 1 -1 art 
as competitive inhibitors. 

As shown in Table 2, the diastereomeric pair a -1 (containing 
the L, L isomer) exhibited very potent inhibitory activity with 
a small XI value in the nanomolar range (0.19 p.M). The affinity 
of this isomer for DPP IV is two orders of magnitude greater 
than the other diastereomere pair f -1 (K, = 14.4 AM). 'l'he 
Demuth's inhibitor, Ala- Pro- NH0- Bz(4 -NOa), also has a 
larger K1 value (30 µM) (58) and is a poorer inhibitor. 

Stability of Inhibitors. As shown in Table 3, inhibitor u -1 
was very stable in buffer (pIT 7.6) with a decomposition rate 
constant k,, of 1.1 x 10-a min -1 and a half -life of 103 h. In 
contrast, the stability of inhibitor Ala- Pro- NEO- 13z(4 -NO3) 
under assay conditions was limited because of a 10 -fold higher 
decomposition rate constant led (L3 x 1O-3 min -1), resulting 
in a shorter half -life of only 8.8 h (42). 

We believe that intramolecular cyclization is probably respon- 
sible for facile, spontaneous degradation of natural peptide -based 
hydrnxamic acid inhibitors. Tn a manner similar to enzvme- 
induced N -O fission, the foe amino group at the N terminus 
nucleophilieally attacks the amide carbonyl carbon, thus forming 
a tetrahedral intermediate and thereby promoting N -O scission 
and subsequent generation of the reactive acylnitrene interme- 
diatc.The six -membered cyclic intermediate is hydrolyzed further 
either to hydroxamic acid or diketopiperazine products (Scheme 
4). Clearly, the findings of our study support this postulate. 
Considerable improvement in stability of our compounds in 
buffer at neutral pli can be ascribed to the constrained double 
bond conformation of (Z)- fluorcolefin, excluding the possibility 
of intramolecular cyclizadon caused by the amide bond rotation 
in the dipeptides. 

(Z)- Fluoroolefm- containing dipeptides a -1, l -1, and / -2, 
designed as the mimics of N-peptidyl- O- acylhydroxylamines, 
have been synthesized and tested as inhibitors of dipeptidyl 
peptidase DPP IV. One diastereomeric pair u -1 exhibits very 
potent inhibitory activity with a Kt of 188 nM. The inhibitory 
potency of this isomer is -70 -fold higher than the other 
diastereomer 1 -1 (Ks = 14. 400 nM). In comparison with the 
Ala- Pro- NI-IO- Bz(4 -N0s) analog, the dipeptide isosteres 1 
and 2 are better inhibitors of DPP IV by virtue of their superior 
inhibitory potency and stability; presumably, the (Z) dnithle 
bond conformation of the fluoroolofin dipeptide isosteres 
efficiently mimics the trans P2 -Pro amide bonds of the original 
dipeptides. In addition, the rates of inactivation of DPP IV by 
compounds 1 and 2 appeared to be very fast. More detailed 
biological studies. kinetic analysis for inactivation rate con- 
stant /gnarl, and investigations of inhibition mechanism are in 
progress at present. The results of this study reveal that a series 
of known inhibitors of DPP IV such as dipeptide boronic acids 
(43 -45), dipeptide phnspltnnates (45, 47), peptidyl nittilas 
(49 -51), and others can be modified by replacing the amide 
bonds by f luoroolefm moieties.Becauso of the anticipated high 
affinity and stability, the fluoroolefm containing dipeptide 
peptinmiluotics should prove to be veryprom using inhibitors of 

Table 3. Spuntaneuus degradation rate constants led and 
half -life r,2 

Inhibitors kd10+, min-1 h 
ro-1 (Z)-Alu-d[CF=C)-Pro-NHO-Bz 
AlaPro-N1I0-1.1z(4-NOz) 13.0 8.8 

1.1 103 n 3 
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DPP IV and therefore helpful in elucidating the biological 
functions of DPPI V in T -cell activation. These agents may also 
be potential therapeutic agents useful in modifying and con- 
trolling the immune response. 

Dedicated to Professor Dieter Scchach on the occassion of his 60th 
birthday. Financed support of this work by the National Science 
Foundation Grant CHE 9413004 and National Institutes of Health 
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1. INTRODUCTION 

1. 1, David P. Rotella, have been retained by counsel for Mylan Pharmaceuticals Inc. 

ill connection with the above -captioned litigation matter to provide expert testimony concerning 

U.S. Patent No. RE 44,186 ( "the '186 patent ") by Robl et al., and entitled "Cyclopropyl -fused 

pyrrolidine -based inhibition of dipeptidyl peptidase IV and method." This report presents my 

opinions regarding the invalidity of claims 8, 9, 25, and 26 (collectively, "the asserted claims ") 

of the '186 patent. For the reasons detailed below, it is my opinion that the asserted claims of the 

'186 patent would have been obvious in view of the prior art to a person of ordinary skill in the 

art at the time of the claimed invention. 

This expert report, submitted pursuant to Fed. R. Civ. P. 26(a)(2)(B), sets forth 

the opinions as to which, if asked, I will testify at trial with respect to the '186 patent. In 

addition, if asked, I may respond to the opinions and testimony of Plaintiff's witnesses regarding 

issues within my area of expertise. I reserve the right to adjust, modify, or supplement my 

opinions in light of any response, critique, or comments on my report or different opinions made 

by or on behalf of other parties to this litigation, including, but not limited to, any deposition 

testimony or rebuttal reports that other parties submit. 

A. Qualifications and Experience 

3. I received my B.S. Pharm. from the University of Pittsburgh in 1981 and Ph.D. in 

Medicinal Chemistry from The Ohio State University in 1985. I was a Postdoctoral Scholar in 

the Department of Chemistry at The Pennsylvania State University from 1985 to 1987. 

4. I am currently the Margaret and Herman Sokol Professor of Chemistry in the 

Department of Chemistry and Biochemistry and in the Sokol Institute of Pharmaceutical Life 
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Sciences at Montclair State University. I have been a member of the faculty of this university 

since 2011. 

5. I am also currently an adjunct professor in the Department of Pharmaceutical 

Sciences at the University of Pittsburgh, in the Center for Drug Discovery at Northeastern 

University, and in the Department of Medicinal Chemistry at the University of Mississippi. I 

have been a member of the faculty of these departments since 2010, 2010, and 2009, 

respectively. 

6. I am currently a registered pharmacist in the Commonwealth of Pennsylvania. 

7. I was formerly a research scientist at multiple pharmaceutical companies during 

the years 1991 -2010, including at Bristol -Myers Squibb PRI, Lexicon Pharmaceuticals, and 

Wyeth Research /Pfizer. My industry experience focused on drug discovery and development. 

8. My current research focuses on protein kinase inhibitors for anti- infective and 

anti -inflammatory applications. Specifically, I work on the discovery of new agents useful for 

the potential treatment of parasitic and neurodegenerative diseases, including the synthesizing of 

new analogs of a lead structure as potential protein kinase inhibitors and investigation of 

structure -activity relationships in a product that has HSP90 inhibitor activity. 

9. I have authored or co- authored more than 20 abstracts for presentation at 

professional meetings, 40 peer- reviewed journal articles, and seven book chapters. I have also 

edited or co- edited five books in the field of Medicinal Chemistry. I have received numerous 

honors, fellowships and awards, and am an inventor or co- inventor on seven granted patents. 

10. A summary of my education, experience, publications, awards and honors, 

patents, publications, and presentations is provided in my CV, a copy of which is provided as 

Exhibit A, attached hereto. 
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B. Compensation 

11. I am being compensated at the rate of $500 /hour for my work in connection with 

this litigation. My compensation is not dependent on the outcome of this lawsuit. I do not have 

any financial interest in the outcome of this matter. 

C. Prior Testimony 

12. 1 have not appeared as an expert, either at trial or by deposition, within the last 5 

years. 

D. Materials Considered 

13. In forming my opinions and preparing this report, I reviewed and considered the 

materials cited in this report and those materials listed in Exhibit B to this report. I have further 

relied on my knowledge, education, and training as reflected in my qualifications and credentials 

set forth above and in my curriculum vitae. 

14. Additionally, I may use the materials cited or listed to assist me in preparing 

demonstratives such as graphics and animations for my testimony or in the event that I am asked 

to provide testimony or a technology tutorial. 

II. APPLICABLE LEGAL STANDARDS 

15. I have been advised that the following legal standards are applicable to this report. 

16. I understand that patents are presumed valid and the party challenging validity has 

the burden of proving invalidity by clear and convincing evidence. I further understand that an 

invalidity analysis involves two steps: first, ascertaining the proper meaning and scope of the 

patent claims; and second, determining whether the limitations of the claims, as properly 

interpreted, are disclosed in the prior art. 
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17. 1 have been advised that, in the present case, the '186 patent claims are to be 

given their broadest reasonable interpretation in view of the specification. I also understand that, 

absent some reason to the contrary, claim terms are typically given their ordinary and 

accustomed meaning as would have been understood by one of ordinary skill in the art. I have 

followed these principles in my analysis described throughout this declaration. Me '186 patent 

provides definitions for certain claim terms. In my opinion, those definitions are conventional. 

A. Priority Date 

18. 1 have been advised that the ' 186 patent claims priority to U.S. provisional 

application number 60/188,555 ( "the '555 application)," which was filed on March 10, 2000. I 

further understand, however, that the '186 patent may not be entitled to that 2000 priority date. 

Each of the opinions expressed in this declaration apply regardless of whether the priority date is 

March 10, 2000 (the filing date of the '555 application) or February 16, 2001 (the filing date of 

the '173 application). 

B. Level of Ordinary Skill in the Art 

19. 1 am informed by counsel that a patent is to be interpreted from the perspective of 

a person ofordinar. skill in the art ("POSA ") to which the patent pertains, as assessed at the time 

of the claimed invention. 1 am further informed that a determination of the level of ordinary skill 

is based on, among other things, the educational level of the inventors, the types of problems 

encountered in the art, prior art solutions to those problems, the rapidity with which innovations 

are made, the sophistication of the technology, and the educational level of'active workers in the 

field. I further understand that a person of ordinary skill is also a person of ordinary creativity. 

20. Counsel has informed me that a POSA is a hypothetical person that may have the 

combined understanding of those of ordinary skill in various fields pertinent to the subject matter 
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of the patent. In this case I have been asked to presume that the POSA is aware of all prior art 

available as of March 10, 2000. Therefore, I have been asked to opine on the qualifications of a 

POSA as of March 10, 2000. My opinion regarding the level of skill of a POSA, detailed infra 

in Section V., thus regards a person of ordinary skill in the relevant field as of March 10, 2000. 

C. Obviousness 

21. I have been informed that a claimed invention is not patentable under 35 U.S.C. § 

103 for obviousness, if the differences between the invention and the prior art are such that the 

subject matter as a whole would have been obvious at the time the invention was made to a 

person having ordinary skill in the field to which the subject matter pertains. 

22. I have been informed that a determination of obviousness involves four factual 

inquiries: (1) the scope and content of the prior art; (2) the differences between the claimed 

subject matter and the prior art; (3) the level of ordinary skill in the art at the time of the alleged 

invention; and (4) secondary considerations of non -obviousness. 

23. I understand from counsel that a claim can be found to have been obvious if all 

the claimed elements were known in the prior art and one skilled in the field could have 

combined the elements as claimed by known methods with no change in their respective 

functions, and the combination would have yielded nothing more than predictable and expected 

results to one of ordinary skill in the art. I also understand that improper hindsight must not be 

used when comparing the prior art to the invention for obviousness. Thus, a conclusion of 

obviousness must be firmly based on knowledge and skill of a person of ordinary skill in the 

field at the time the invention was made without the use of post -filing knowledge. 

24. I understand from counsel that in order for a claimed invention to be considered 

obvious, there must be some supporting rationale for combining cited references as proposed. I 
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have been informed that obviousness may be established by showing that it would have been 

obvious to combine the teachings of more than one item of prior art. In determining whether a 

piece of prior art could have been combined with other prior art or with other information within 

the knowledge of one of ordinary skill in the art, the following are examples of approaches and 

rationales that may be considered: (i) combination of prior art elements according to known 

methods to yield predictable results; (ii) simple substitution of one known element for another to 

obtain predictable results; (iii) use of a known technique to improve similar methods or products 

in the same way; (vi) application of a known technique to a known method or product ready for 

improvement to yield predictable results; (vii) application of a technique or approach that would 

have been "obvious to try" (choosing from a finite number of identified, predictable solutions, 

with a reasonable expectation of success); (viii) known work in one field of endeavor may 

prompt variations of it for use in either the same field or a different one based on design 

incentives or other market forces if the variations would have been predictable to one of ordinary 

skill in the art; or (ix) some teaching, suggestion, or motivation in the prior art that would have 

led one of ordinary skill to modify the prior art reference or to combine prior art reference 

teachings to arrive at the claimed invention. 

25. I understand from counsel that multiple factors may guide the analysis of whether 

it would be obvious to a person of ordinary skill to select a particular prior art compound as a 

lead compound for further modification. I understand that these factors may include positive 

attributes such as activity and potency, negative attributes such as toxicity, or any other relevant 

characteristics that would have been known to a person of ordinary skill from the prior art. 

26. I understand from counsel that an analysis of whether there are any relevant 

differences between the prior art and the claimed subject matter is performed from the view of a 
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person having ordinary skill in the art at the time of the alleged invention. I understand that, in 

analyzing any differences between the claimed subject matter and the prior art, inferences and 

creative steps a person of ordinary skill in the art would have employed in reviewing the prior art 

at the time of the alleged invention may be taken into account. 

27. I understand from counsel that evidence of "secondary considerations" may be 

weighed against evidence of the scope and content of, and the level of skill in, the art to rebut a 

conclusion of obviousness where appropriate. I understand that such secondary considerations 

when in evidence may include: (i) commercial success of a product due to the merits of the 

claimed invention; (ii) a long -felt, but unsatisfied need for the invention; (iii) failure of others to 

find the solution provided by the claimed invention; (iv) deliberate copying of the invention by 

others; (v) unexpected results achieved by the invention; (vi) praise of the invention by others 

skilled in the art; (vii) lack of independent simultaneous invention within a comparatively short 

space of time; and (viii) teaching away from the invention in the prior art. Secondary 

considerations are relevant where there is a nexus, or relationship, between the objective 

evidence and the claimed invention. 

III. OVERVIEW OF THE '186 PATENT 

28. The '186 patent is entitled "Cyclopropyl -Fused Pyrrolidine -Based Inhibitors of 

Dipeptidyl Peptidase IV and Method" and was issued on April 30, 2013. I have been advised 

that the '186 patent issued from U.S. Application No. 13/308,658, which was filed on December 

1, 2011, as a reissued application of U.S. Application No. 09/788,173, which was filed on 

February 16, 2001 and issued as U.S. Patent No. 6,395,767 on May 28, 2002. I have also been 

advised that U.S. Application No. 09/788,173 claims priority to U.S. Provisional Application No. 

60/188,555, which was filed on March 10, 2000. 
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29. The '186 patent is generally directed to cyclopropyl -fused pyrrolidine -based 

compounds with a variety of optional substituents, as well as pharmaceutical combinations and 

methods for treating diabetes and additional diseases. According to the '186 patent, the 

"cyclopropyl -fused pyrrolidine -based compounds [of the '186 patent are] inhibitors of dipeptidyl 

peptidase IV [(DP -IV)] ... for treating diabetes, especially Type II diabetes." '186 patent at col. 

1, II. 19 -21. The '186 patent describes the mechanism by which DP -IV inhibition treats type 2 

diabetes as follows: "[DP- IV] has been shown to be the primary degrading enzyme of GLP -1(7- 

36) in vivo . [t]hus, inhibition of [DP -IV] in vivo should potentiate endogenous levels of GLP- 

1(7-36) and ... thus serve to ameliorate the diabetic condition." Id. at 1:59 -67. 

30. Independent claim 1 discloses a genus of chemical compounds comprising a 

cyclopropyl -fused pyrrolidine -based core with a variety of optional substituents. Dependent 

claims 2 -7 and independent claims 8 and 10 further limit the substituent groups of the compound 

of claim 1. For example, independent claim 8 recites the following: 

A compound having the structure: 
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or a pharmaceutically acceptable salt thereof. 

Dependent claim 9 is directed to the hydrochloride or trifluoroacetic acid salts of the compounds 

of claim 8. Dependent claim 11 is directed to a pharmaceutical composition comprising a 

compound within the scope of claim 1. Claims 12 -21 recite pharmaceutical combinations 

comprising a compound within the scope of claim 1 and an antidiabetic agent for treating 

diabetes and /or additional agents for treating related diseases. Claim 22 recites pharmaceutical 

combinations comprising a compound within the scope of claim 1 and an agent for treating 

obesity or other related diseases. Claims 23 and 24 were canceled upon reissue. 

31. Independent claim 25 recites a single compound as follows: 

HO 

H2N 

NC 

or a pharmaceutically acceptable salt thereof. 

The compound of claim 25 also falls within the scope of composition claims 1, 2, 4, 6, 7, 8, and 

10. Dependent claim 26 recites the hydrochloride salt of the compound of claim 25. Dependent 

claims 27 and 28 further recite pharmaceutical compositions of the compound of claim 25. 

Dependent claims 29 -31 recite a combination of the compound of claim 25 and an antidiabetic 

agent other than a DP -IV inhibitor. Claims 32 -43 recite various methods of treatment using the 

compound of claim 25, alone or in combination with an antidiabetic agent other than a DP -IV 

inhibitor. 
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claims 27 and 28 further recite pharmaceutical compositions of the compound of claim 25. 

Dependent claims 29 -31 recite a combination of the compound of claim 25 and an antidiabetic 

agent other than a DP -IV inhibitor. Claims 32 -43 recite various methods of treatment using the 

compound of claim 25, alone or in combination with an antidiabetic agent other than a DP -IV 

inhibitor. 
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32. The compound of claim 25 is also known as (1 S,3S,5S)-2-[(2S)-2- amino -2 -(3- 

hydroxy -1- adamantyl) acetyl] -2- azabicyclo [3.I.0]hexane- 3- carbonitrile. For convenience, this 

compound will be referred to as "saxagliptin" as shown below: 

HO 

H 

NC 

33. In my opinion, and as explained in detail below, the claims of the '186 patent 

would have been obvious to individuals of ordinary skill in the field prior to and at the time of 

the earliest possible priority filing date of the '186 patent, i.e., prior to March 10, 2000. 

34. Several claim elements of the '186 patent are not described in the'555 application, 

and appear time 

description in the '555 application of: (i) the genus of compounds recited in claim 6; (ii) the 

specific compounds recited in claim 8 or (iii) the specific compound of claim 25. 

35. There is no disclosure in the'555 application of the specific genus of claim 6, in 

which claim 1 is further limited to: 

R3 is H, RI is H, alkyl, cycloalkyl, bicycloalkyl, tricycloalkyl, alkylcycloalkyl, 
hydroxyalkyl, hydroxyalkylcycloalkyl, hydroxycycloalkyl, hydroxybicycloalkyl, or 
hydroxytricycloalkyl, 

R2 is H or alkyl, n is 0, 

X is CN. 

See, e.g., the '555 Application, at p. 6, II. 10 -18; '186 patent, claim 6. Further, the '555 

application exemplifies only short, straight and /or branched alkyl substituents at the 2- position as 

shown below: 

IO 
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See, e.g., id. at p. 54, claim 13. Accordingly, one of ordinary skill in the art would have 

understood that the inventors were not in possession of the genus recited in claim 6 at the time of 

the '555 application's filing. 

36. Claim 8 of the '186 patent recites a compound as defined in claim 1 having the 

structure: 
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or a pharmaceutically acceptable salt thereof. '186 patent at 88:43 -89:29. 
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See, e.g., id. at p. 54, claim 13. Accordingly, one of ordinary skill in the art would have 

understood that the inventors were not in possession of the genus recited in claim 6 at the time of 

the '555 application's filing. 

36. Claim 8 of the '186 patent recites a compound as defined in claim 1 having the 
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or a pharmaceutically acceptable salt thereof. '186 patent at 88:43- 89:29. 
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The only specific compounds described in the '555 application are directed to short, straight 

and /or branched alkyl substituents at the 2- position. See, e.g., the '555 Application at p. 54, 

claim 13. The compounds of claim 8 were first disclosed in the '173 application. See, e.g., U.S. 

Patent No. 6,395,767 File History, Application filed 2 /16/01 at p. 8. 

37. Similarly, the compound of claim 25 is also not specifically disclosed in the 

specification of the '555 application. Independent claim 25 recites the following: 

HO 

H2N 

NC 

or, a pharmaceutically acceptable salt thereof. 

As discussed above, the only specific compounds described in the '555 application are directed 

to short, straight and /or branched alkyl substituents at the 2- position as depicted in the preceding 

paragraph. See, e.g., the '555 Application at p. 54, claim 13. The compound of claim 25 was 

first disclosed in the '173 application. See, e.g., '767 FH, Application filed 2/16/01 at p. 8. 

Accordingly, one of ordinary skill in the art could surmise that the inventors were not in 

possession of the compounds of claims 8 or 25 at the time of the '555 application's filing. 

38. As discussed in detail above, several claim elements of the '186 patent are not 

described in the earliest -filed '555 application, and instead appear for the first time in the later - 

filed '173 application. Accordingly, one of ordinary skill in the art would have understood that 

the inventors were not in possession of the claimed subject matter at the time of the '555 

application's filing. 
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IV. RELEVANT TECHNICAL BACKGROUND 

39. Below I describe the details of what was generally known in the art as of March 

2000, including: (i) the structure and activity of known DP -IV inhibitors; (ii) principles for 

improving a compound's drug- likeness and suitability as an orally bioavailable drug and (iii) 

standard strategies for assessing and modulating compound potency. 

40. As set forth above, the Background section of the ' 186 patent discloses that 

"inhibitors of dipeptidyl peptidase IV [(DP -IV) are known to] ... treat[ ] diabetes, especially 

Type I I diabetes." '186 patent at 1:19 -21. The Background of the '186 patent also describes 

what was well known about the mechanism by which DP -IV inhibitors treat type 2 diabetes: 

"[DP -IV] has been shown to be the primary degrading enzyme of GLP- 1(7 -36) in vivo .. . 

[t]hus, inhibition of [DP -IV] in vivo should potentiate endogenous levels of GLP- 1(7 -36) and 

thus serve to ameliorate the diabetic condition." Id. at 1:59 -67. 

41. Lin describes what was well known in the art in March 2000 regarding the 

substrate structural elements required by DP -IV. Lin, et al., "Inhibition of dipeptidyl peptidase 

IV by fluoroolefin- containing N- peptidyl- O- hydroxylamine peptidomimetics," Proc. Natl. Acad. 

Sci. USA, 95:14020 -14024 (1998) at 14020 ( "Lin "). For example, Lin reports that "[DP -IV] 

substrates require the presence of a proline at the PI position as well as a protonated free N 

terminus." Id. The PI, etc. positions are depicted schematically below: 

Cleavage site 

P4-P3-P2-P1 --P1'-P2'-P3' 
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42. Lin also describes what was generally known in the art in March 2000 regarding 

DP -IV's preferred substrate and inhibitor conformations. For example, Lin reports that "[DP -IV] 

possesses a high conformational specificity for a trans amide bond between the P1 and N- 

terminal P2 residues." Id. at 14020. Where the P1 residue is the C- terminal residue and the P2 

residue is the N- terminal residue (see schematic above for P1 and P2 position designations). The 

trans and cis conformations of the Lin prolyl dipeptides are depicted below: 

WW1 

`O 

cis 

Id. at 14022. Lin addresses the importance of the trans conformation for compound stability and 

its effect on DP -IV inhibition as follows: 

Many of the problems associated with inefficient inactivation of [DP -IV] are a 

consequence of the importance of the trans conformation of the P1 -P, amide 

bond and the requirement for a protonated free N terminus. The cyclization 
reaction of the free N- terminal amino group with the reactive inhibitor ... 
requires' the molecule assume the cis conformation. 

Id. at 14020 -14021. Lin reports K; values of 14,000 nM for a fluoro- olefin dipeptide with the cis 

conformation and 188 nM for a fluoro- olefin dipeptide isomer with the trans conformation. 

Comparison of these K; values for DP -IV inhibition reveals the significantly greater potency of, 

and preference for, inhibitors in the trans conformation. See, e.g., id. at 14023 and Table 2. 

43. Lin also describes what was well known in the art in March 2000 regarding the 

effect of conformation on dipeptide stability. Specifically, Lin describes "the cyclization 
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reaction of the free N- terminal amino acid group with the reactive site of the inhibitor" for 

related dipeptide compounds (id. at 14020 -14021), which negatively impacts chemical stability. 

Lin also observed that intramolecular cyclization was minimized by selecting the trans instead of 

cis conformation. Id. A person of ordinary skill in the art would have also known that having a 

sterically large substituent at the C2 position would favor a trans conformation and disfavor a cis 

configuration. See, e.g., Pal, D. & P. Chakrabarti, "Cis Peptide Bonds in Proteins: Residues 

Involved, their Conformations, Interactions and Location," J. Mol. Biol., 294:271 -288 (1999), at 

274 ( "Pal "). Thus from these teachings, a person of ordinary skill in the art would have 

understood that intramolecular cyclization could be reduced by both selecting against a 

conformation that favors intramolecular cyclization (i.e., the cis conformation) and through the 

addition of a large, steric group to the compound, which would also limit the interaction between 

and the reactive inhibitor. 

44. Hoffman, et al., "Pharnacokinetics and Metabolism of Rimantadine 

Hydrochloride in Mice and Dogs," Antimicrobial Agents & Chemotherapy, 32(11):1699 -1704 

(1988) ( "Hoffman "), describes the use of a large, steric adamantyl group in the antiviral drug, 

rimantadine. As described by Hoffman, the adamantyl moiety was known to be metabolized to a 

hydroxylated derivative at the 3- position as shown below: 

H3C 
Ñ H- 

OH 

3-hydroxy rimantidine 

Hoffman thus serves as further basis that adamantane was generally known in the art to undergo 

metabolism to yield a 3- hydroxylated adamantyl group. 
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45. Lipinski, Hansch, Cates, and other references available to one of ordinary skill in 

the art describe well -known guidelines and strategies for enhancing the drug -like properties of a 

compound, such as by reducing a compound's partition coefficient, and thus potentially 

increasing its solubility in aqueous solution. The partition coefficient (P) is a ratio of 

concentrations of un- ionized compound between two immiscible liquid phases (1- octanol and 

water), and Log P is a measure of a compound's lipophilicity. For example, addition of a 

hydroxyl group at the 3- position of an adamantyl moiety would improve the Lipinski parameters, 

such as reducing Log P and improving water solubility as discussed below. 

46. According to Lipinski, et al., "Experimental and computational approaches to 

estimate solubility and permeability in drug discovery and development settings," Adv. Drug 

Deliv. Rev., 23:3 -25 (1996) ( "Lipinski "), the use of hydroxyl groups on drugs can increase their 

water solubility. See, e.g., id. at 17. Also according to Lipinski, adding a hydroxyl group to a 

molecule should also reduce the compound's Log P and thus improve its solubility. See, e.g., id. 

at 8, 15. These positions are consistent with the knowledge generally available in the art, as 

evidenced by at least by the Lipinski, Hansch or Cates disclosures. 

47. Hansch, et al., "Cluster Analysis and the Design of Congener Sets," Substituent 

Constants for Correlation Analysis in Chemistry & Biology, CH. 6 (John Wiley & Sons 1979) 

( "Hansch "), describes a process of drug design, in particular molecular modification. Id. at 48- 

49. Hansch describes well- characterized Log P fragment values (Fr) for aliphatic substituents 

(e.g., hydroxyl = -1.64). Id. at 52. Thus according to Hansch, hydroxyl groups have the effect of 

lowering Log P when added as a compound substituent. 

48. Cates, L.A., "Calculation of Drug Solubilities by Pharmacy Students," Am. J. 

Pharma. Ed., 45:1 1 -13 (1981) ( "Cates "), describes a process of approximating whether or not a 
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drug is soluble in water and how modifications to such a drug will affect the solubility of the 

drug. See, e.g., id. at 11-12. Cates discloses, "[t]his procedure involves correlation of partition 

coefficient values using the octanol /water system and aqueous solubility." Id. at Abstract. 

Referring to partition coefficients based on the octanol /water system expressed as log P, Cates 

discloses, "[a]lthough this is a measure of the solubility characteristics of the whole molecule, 

one normally uses the sum of the fragments of the molecule which have been assigned relative 

hydrophilic -lipophilic values, (it), to calculate log P. Using this procedure, a positive value for 7r 

means the substituent, relative to H, favors the octanol phase (i.e., lipophilic). And negative n 

value indicates its greater affinity for water (i.e.. hydrophilic)." Id. at 11. Cates also discloses a 

number air values that can be used for calculations involving whole molecules, and thus to 

calculate an approximate log P, which will be indicative of relative solubility. Thus, Cates 

discloses a method of approximating solubilities, and in particular teaches that addition of 

hydrophilic substituents increases the solubility of a drug in water. Furthermore, in March 2000, 

it was also known that an understanding of candidate drug metabolites "can guide structural 

modifications, thereby improving the activity and /or bioavailability." See Korfmacher, et al., 

"HPLC -API /MS /MS: a powerful tool for integrating drug metabolism into the drug discovery 

process," Drug Disc. Today, 2(12):532 -537 (1997) ( "Korfmacher "). 3- Hydroxy adamantane is a 

known metabolite of adamantane. Further, Korfmacher teaches the following advantages of 

metabolite identification: 

Metabolite identification in drug discovery provides early information that can 
lead to structural changes in the current lead compound, improving such 
pharmacokinetic parameters as oral bioavailability, half -life (tip), or Cn,a%. Often 
these parameters can be changed by improving the metabolic stability of the 
compound. In order to improve metabolic stability, it is very important to know 
how a compound is metabolized. The goal of drug discovery is to progress a lead 
compound into a final candidate drug that can be placed in the development stage. 
. . Early metabolite identification can provide information on how to improve 
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the metabolic stability of the lead structure. In this way, future lead 
compounds might be a metabolite identified from the previous lead drug or 
an analog of the previous drug designed to block the major route of 
metabolism. 

Id. at 534 (emphasis added). Thus according to Korfmacher, one of ordinary skill in the art 

would have been motivated to make and test a known or potential metabolite when optimizing a 

lead. 

49. As discussed above, the significance of dipeptide conformation on the effective 

interaction between DP -IV and its substrates and inhibitors was well understood in the art. For 

example, Lin reported that "[DP -IV] possesses a high conformational specificity for a trans 

amide bond" and noted "the importance of the trans conformation." Lin at 14020. As would 

have been understood by one of ordinary skill in the art, the orientation of certain functional 

groups in the DP -IV inhibitor would be distinct for the cis and trans conformations. Id. at 

14020 -14021. 

50. A standard strategy in March 2000 for modulating the orientation of a ring -bound 

substituent by one of ordinary skill in the art would have been through fusion of the substituent - 

bearing ring with another ring. See, e.g., Chiou, et al., "The Cholinergic Effects and Rates of 

Hydrolysis of Confornationally Rigid Analogs of Acetylcholine," J. Pharm. Exp. Ther., 

166(2):243 -248 (1969), at 243 ( "Chiou "). Fusion between two rings can result in significant 

changes in ring flexibility, including ring flattening. Id. These changes in turn would have been 

expected by one of ordinary skill in the art to affect the orientation of ring -bound substituents. 

Id. The smallest ring that can be used for fusion is a cyclopropyl ring. Id. 

51. Cyclopropyl is one of the most commonly used ring fusion agents because: (i) 

addition of a cyclopropyl ring has a negligible effect on compound molecular weight, which is an 

important contributor to better drug -like qualities (see, e.g., id. at 243); (ii) cyclopropyl has an 
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exceedingly small footprint, meaning it adds a minimal steric effect on the the compound to 

which it is attached (see, e.g., id.) and (iii) cyclopropyl provides greater conformational 

restriction than larger ring fusions, resulting in fewer conformations in the bicyclic structure (see, 

e.g., id.). 

52. Chiou explored the fusion of a cyclopropyl ring onto acetylcholine (ACh) in order 

to produce a compound that was "1) structurally as close to ACh as possible and 2) 

conformationally as rigid as possible." According to Chiou, cyclopropyl rings "are considered 

the smallest chemical structure . .. capable of conferring conformational rigidity." Id. at 243. 

53. As would have been well appreciated by one of ordinary skill in the art in March 

2000, an enzyme and its respective substrates and inhibitors typically fit together in a manner 

analogous to a hand in a glove. See, e.g., Koshland, D.E., "The Key -Lock Theory and the 

Induced Fit Theory, Ange *'. Chem. Inl. Ed. Engl., 33:2375 -2378 (1994) at 2377. Closer degrees 

of matching often result in greater affinity (with respect to a substrate) or greater inhibition (with 

respect to an inhibitor). See, e.g. id. at 2376. Thus inhibitor conformation and functional group 

orientation are important to effective interactions between enzymes and their inhibitors. See. 

e.g., id. Like other enzymes, DP -IV inhibition would have been expected to be improved when 

the active site and inhibitor fit more closely. 

V. LEVEL OF ORDINARY SKILL IN THE ART 

54. As discussed above, a POSA is a hypothetical person who is presumed to have 

typical knowledge and experience in the relevant field or fields at the time of the invention. I 

have been asked to use the time prior to March 10, 2000, I as the relevant timeframe for 

References herein to "March 2000," may be understood as referring specifically to the time 

period on or before March 10, 2000. 
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assessing validity of the ' 186 patent, and thus to opine on the qualifications of a POSA as of 

March 10, 2000. 1 have also been asked to presume that the POSA is aware of all prior art 

available as of March 10, 2000. To help me ascertain the qualifications of a POSA, 1 reviewed 

the '186 patent. 

55. By virtue of my education, experience, and training, I am familiar with the level 

of skill in the field of the '186 patent on or about March 10, 2000. 

56. One of ordinary skill in the field would likely have some combination of the 

following skills and experience: (i) designing target compounds towards drug discovery; (ii) 

designing and preparing formulations of drugs that exhibit inhibitory activity; (iii) understanding 

the biological aspects of drug development, including the drug's effect on the whole animal; and 

(iv) understanding work presented or published by others in the field, including the patents and 

printed publications discussed in this declaration. 

57. It is my opinion that, as of March 10, 2000, a POSA would be a person with an 

advanced degree (e.g., a Ph.D.) in pharmaceutics, pharmaceutical chemistry, medicinal 

chemistry or a related field and at least 2 -3 years of practical experience in the design of drugs. 

Alternatively, a POSA could have had less education but considerable professional experience. 

58. My understanding of the level of ordinary skill in the art is corroborated by the 

specification of the '186 patent, which in many instances provides general rather than specific 

guidance regarding how the invention would be practiced. For example, the '186 patent lacks 

specific guidance of the various pharmaceutical combinations that it claims. There are no 

validated or tested dosages for those combinations, nor any examples describing any actual 

combinations produced by the inventors. Rather than providing specific guidance regarding 

dosages for the claimed combinations, the '186 patent invites those of ordinary skill in the art to 
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turn to the knowledge and resources readily available to them when selecting and formulating 

appropriate combinations of known drugs. For example, rather than providing specific guidance 

for the combination dosages, the '186 patent provides very broad dosage ranges (see, e.g., '186 

patent at 4:48 -53), which provide essentially no guidance for selecting actual dosages or 

treatment regimens. The lack of specific guidance provided in the specification reflects the high 

level of skill in the art. 

59. WO Patent App. Pub. No. 98/19998 (published May 14,1998) ( "Villhauer ") 

similarly indicates a high level of skill in the art by relying on that skill to select from the many 

options disclosed in the specification or known to those in the art. See, e.g., id. at 2 -3 (disclosing 

large and diverse R groups), id. at 3, Il. 20 -27 (disclosing pharmaceutically acceptable salts and 

isomers), id. at 7, II. 22 (teaching that "[t]he process of the invention may be effected in 

conventional manner. "), id. at 8, II. 1 -10 (disclosing starting materials known or prepared in 

known or conventional manner) and id. at 20 (disclosing pharmaceutically acceptable carriers, 

adjuvants and modes of administration, and conventional preparation of same). Villhauer thus 

reflects the conventional approach in the art to prepare promising variants of lead compounds 

and compare the results. 

60. Claims 13 -22 of the '186 patent recite various combinations of DP -IV inhibitors 

and additional therapeutic agents (e.g., other antidiabetic agents, anti -obesity agents, lipid - 

modulating agents, etc.). At multiple instances, the '186 patent invites those of ordinary skill in 

the art to select additional agents or mechanisms beyond those disclosed in the specification for 

use in combination with the claimed DP -IV inhibitors, for example: 

The term "lipid- modulating" agent as employed herein refers to agents which 
lower LDL and /or raise HDL and /or lower triglycerides and /or lower total 

cholesterol and /or other known mechanisms for therapeutically treating lipid 
disorders. 
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'186 patent at 4:43 -47 (emphasis added). 

The other antidiabetic agent may also preferably be a sulfonyl urea ..., other 
known sulfonylureas or other antihyperglycemic agents which act on the 
ATP -dependent channel of the 13-cells . 

Id. at 15:5 -1 1 (emphasis added). 

The squalene synthetase inhibitors suitable for use herein include, but are not 
limited to, a- phosphono -sulfonates ... as well as other known squalene 
synthetase inhibitors .. 

Id. at 17:47 -52 (emphasis added). 

Other hypolipidemic agents suitable for use herein include, but are not limited to, 
fibric acid derivatives ... and other known serum cholesterol lowering agents. 

Id. at 18:1 -20 (emphasis added). 

The beta 3 adrenergic agonist which may be optionally employed in combination 
with a compound of formula I may be AJ9677 (Takeda /Dainippon), L750355 
(Merck), or CP331648 (Pfizer) or other known beta 3 agonists . 

Id. at 20:12 -18 (emphasis added). The '186 patent's repeated reliance on knowledge available 

outside the specification itself reflects the high level of skill in the art. 

61. Furthermore, the '186 patent defers in several instances to resources readily 

available to those of ordinary skill in the art for determining dosages and other treatment 

parameters for the claimed combinations, including 15 citations to the Physician's Desk 

Reference (PDR). See, e.g., id. at 15:60 -61; 16:4 -5; 19:3, 35; 20:43, 50, 57, and 67; 21:9, 15, 24, 

41, 47, and 54. For example, the '186 patent states that "[t]he amounts and dosages employed 

will be as indicated in the Physician's Desk Reference ..." id. at 19:2 -4. I agree that the PDR is 

a resource often used in the art for established dosing and treatment regimens for FDA approved 

drugs. 

62. The '186 patent provides a reasonable expectation of success for practicing the 

claimed invention to the extent it is enabled by the specification. The background section of the 
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'186 patent defines the mechanism by which DP -IV inhibitors treat type 2 diabetes, for example, 

by providing that "[DP -1V] has been shown to be the primary degrading enzyme of GLP- 1(7 -36) 

in vivo ... [t]hus, inhibition of [DP -IV] in vivo should potentiate endogenous levels of GLP -1(7- 

36) and ... thus serve to ameliorate the diabetic condition." Id. at 1:59 -67. Villhauer provides 

evidence for what was generally known in the art by teaching that because "GLP -1 is a major 

stimulator of pancreatic insulin secretion and has direct beneficial effects on glucose disposal, 

[DP -IV] inhibition ... represent[s] an attractive approach for treating non -insulin- dependent 

diabetes mellitus (NIDDM)." Villhauer at 1. In addition, the '186 patent teaches that the claimed 

DP -IV inhibitors can he used "for treating diabetes, especially Type Il diabetes." '186 patent at 

3:53 -4:1. Given the high level of skill in the art and the advanced knowledge in the art regarding 

the activity of DP -IV inhibitors, one of ordinary skill in the art would have had a reasonable 

for diabetes to the same extent the claims of the '186 are enabled by the 

specification. 

VI. OVERVIEW OF PRIOR ART REFERENCES 

63. I have reviewed several references that I believe teach or suggest the compounds, 

pharmaceutical compositions, pharmaceutical combinations, and methods recited in the asserted 

claims of the '186 patent. By the virtue of their publication dates, I understand that these 

references, described in more detail below, are considered prior art to the '186 patent. 

A. Ashworth. et al., "2- cyanopyrrolidides as potent, stable inhibitors of 
dipeptid l peptidase IV," Bioorg. & Med. Cheer. Ltrs., 6(10):1163-166 (1996) 
( "Ashworth ") 

64. Ashworth shows a publication date of May 21, 1996. I understand that Ashworth 

can be applied in assessing the validity of the '186 patent claims. 
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65. Ashworth discloses a series of stable, potent inhibitory of clipeptidyl peptidase IV 

(DP-IV). \\ hick incorporate a 2- cyanopyrrolidide moiety into the structure of the inhibitor. 

Ashworth describes DP -IV inhibitors as having the following activity: 

[DP -IV] is a serine protease which catalyses the cleavage of dipeptides from the N- 
terminus of proteins with the sequence H -X -Pro -Y or H -X -Ala -Y (where X, Y= any 
amino acid, Y Pro). 

Id. at 1163. 

66. DP -IV inhibitors were known to be useful for the treatment of conditions such as 

type 2 diabetes. See, e.g., Villhauer at Abstract. 

67. DP -iV inhibitors are typically evaluated and optimized for a variety of properties 

including their stahilit and potency. See, e.g., Ashworth at Table II. Stability is a sum of 

chemical and metabolic stability, both of which ultimately impact the quantity of active inhibitor 

available for interaction with an enzyme target. Chemical stability of DPP IV inhibitors is 

assessed in solution using a well known set of conditions (see e.g. Ashworth I) and includes solid 

state stability as required by FDA in accordance with ICH guidelines. See, e.g., Ariens, E.J. & 

A. M. Simonis, "Optiinaliiation Pharmacokinetics - An Essential Aspect of Drug 

Development - by 'Metabolic Stabilization'," Strategy in Drug Research, pp. 165 -178 (Elsevier 

Sci. Pub. Co. 1982), at 173 -178 ( "Ariens "); Dept. of Health and Human Services, "Int'l Conf. on 

Harmonisation; Stability Testing of New Drug Substances and Products; Guideline; 

Availability," Federal Register, 59:48754 -48759 (Sept. 22, 1994) ("FDA Stability Guidelines "). 

Inhibitor metabolic stability is generally measured in terms of an inhibitor's half -life (t112), with 

longer half -lives representing greater stability. See, e.g., Obach, R.S., "Prediction of Human 

Clearance of Twenty -nine Drugs from Hepatic Microsomal Intrinsic Clearance Data: An 

Examination of in Vitro Half -life Approach and Nonspecific Binding to Microsomes," Drug 
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Metab. Dispos., 27(1 1):1350 -1359 (1999), at 1354 -1355 ( "Obach "). Potency reflects the degree 

to which an inhibitor acts on its target. Inhibitor potency is generally measured in terms of its 

dissociation constant (K;) or using an IC0 concentration (i.e., a concentration of a potential 

inhibitor at which enzyme activity is reduced by 50% from control), which represents the 

propensity of dissociation between an inhibitor and its target, with smaller K; or 105() values 

representing greater potency. Cheng, Y. & W.H. Prusoff, "Relationship Between the Inhibition 

Constant (K,) and the Concentration of Inhibitor which Causes 50 Per Cent Inhibition (15o) of an 

Enzymatic Reaction," Biochem. Pharmacol., 22:3099 -3108 (1973), at 3099 ( "Cheng "). 

68. Some of the compounds described in Ashworth have K; values of less than 5 nM 

versus human DP -IV and chemical stability half -lives of greater than 48 hours in aqueous 

solution at pH 7.4. Ashworth at 1163. Thus some of the compounds of Ashworth have both 

high potency and good chemical stability in solution, making them desirable drug leads. 

69. Ashworth discloses 29 compounds, six of which contain the 2- cyanopyrrolidide 

moiety, as follows: 

H-Xaa CN 

where Xaa represents various amino acid substituents as specified in Table II. Id. at 1166. 

Ashworth discloses that the most potent DP -IV inhibitors previously known were the boroproline 

analogues 1, and 2, 

H-Ala, 
N 

H-Pro 
B(OH)2 

1 

25 

B(OH)2 
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which had K; values of 2 nM and 3 nM respectively. Id. at 1163. Ashworth concludes that the 

2- cyanopyrrolidide analogues "possessed activity comparable to the boroprolines, 1 and 2." Id. 

at 1165. In addition, Ashworth teaches that the 2- cyanopyrrolidide analogues exhibited 

"superior stability in aqueous solution" relative to boroprolines 1 and 2. Id. at 1164. 

70. Ashworth discloses the DP -IV inhibition activity of 19 aminoacyl pyrrolidides 

(lacking the 2 -cyano moiety) in Table I: 

H-Xaa-N 

Compound N° Xaa K, (AM)" 
5 Cyclohexylglycine [Chg] 0.064 ± 0.01 

6 (R,S)- Cyclopentylglycine [Cpg] 0.21 ± 0.04 
7 Ile 0.41 t 0.01 

8 allo -Ile 0.44 ± 0.04 
9 Val 0.47 ± 0.02 
10 Lys(Cbz) 0.52 ± 0.07 
11 tert- Butylglycine [Tbg] 0.88 ± 0.20 

12 Thr(Me) 0.90 ± 0.15 

13 Orn(Cbz) 0.91 ± 0.20 
14 2- Aminohexanoic acid [Aha] 1.20 ± 0.20 
15 Glu 2.00 ± 0.40 
16 Pro 2.10±0.20 
17 Cyclohexylalanine [Cha] 2.15 ± 0.50 
18 Glu(OBn) 2.70 ± 0.30 
19 Thr 4.90 ± 0.90 

20 Phenylglycine [Phg] 5.30 ± 0.10 

21 Ser(Bn) 6.00 ± 1.50 

22 Ala 7.00 ± 1.00 

23 Asp 14.50 ± 1.90 

Id. at 1164. The compounds of Table I exhibit inhibition activity in the 0.064 pM to 14.50 pM 

range. Ashworth notes that the most active of these compounds was compound 5, "[i]n 

particular, 13-branched a -amino acid derivatives were the most potent compounds with the non- 
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proteinogenic amino acid, (S)- cyclohexylglycine providing the most active pyrrolidide 

(compound 5 possessing a K; value of 64 nM)."2 Id. at 1 165 (emphasis added). 

71. By comparison, Table II of Ashworth discloses the DP -IV inhibition activity of 

six analogues having the 2 -cyano moiety: 

H-Xaa-N 

Compound N° Xaa K, (nM)" t (h)!9 
24 

_ 
Cea 1.1 t 0.2 48 

25 Chg 1.4 t 0.5 >48 
26 11e 2.2 ± 0.5 48 
27 Tb& 3.8 ± 0.8 >48 
28 Lys(Z) 5.2 ± 1.0 24 
29 Pro 22.0 # 4.0 7.5 

Id. at 1166. compounds of Table II (having a 2- cyanopyrrolidide moiety) exhibit inhibition 

activity in the 1.1 nM to 22 nM range, which in some cases equates to a 50 -fold increase in 

inhibition activity relative to compound 5, which lacks the 2 -cyano moiety. This clearly shows 

that the cyano moiety is engaged in an interaction with DP -IV that improves affinity of a 

potential inhibitor with the enzyme. 

72. Ashworth teaches that, "[s]ubstrates and inhibitors of DP -IV require a free N- 

terminus, which means that potential dipeptide serine protease inhibitors (e.g., C- terminal 

aldehydes, boronic acids, a- ketoacids, trifluoromethylketones, or chloromethylketones) are 

inherently unstable at neutral pH due to intramolecular cyclisation" likely via a cis conformation 

of the dipeptide. Id. at 1163. 

The value of 0.064 pM, as given for Ashworth compound 5 in Table 1, can alternatively be 
written as 64 nM; both these notations refer to the same amount, and should be understood to be 
interchangeable in both Ashworth and my report. 

proteinogenic amino acid, (S)- cyclohexylglycine providing the most active pyrrolidide 

(compound 5 possessing a K; value of 64 nM). "2 Id. at 1165 (emphasis added). 

71. By comparison, Table II of Ashworth discloses the DP -IV inhibition activity of 

six analogues having the 2 -cyano moiety: 

H-Xaa-N 
PCN 

Compound N° Xaa K, (nM)i í1(h)19 
24 Cu 1.1 ±0.2 48 
25 Chg 1.4±0.5 >48 
26 Ile 2.2 ± 0.5 48 
27 Tb 3.8 ± 0.8 >48 
28 Lys(Z) 5.2 ± 1.0 24 
29 Pro 22.0 ± 4.0 7.5 

of a cyanopyrrolidide moiety) exhibit 

activity in the 1.1 nM to 22 nM range, which in some cases equates to a 50 -fold increase in 

inhibition activity relative to compound 5, which lacks the 2 -cyano moiety. This clearly shows 

that the cyano moiety is engaged in an interaction with DP -IV that improves affinity of a 

potential inhibitor with the enzyme. 

72. Ashworth teaches that, "[s]ubstrates and inhibitors of DP -IV require a free N- 

terminus, which means that potential dipeptide serine protease inhibitors (e.g., C- terminal 

aldehydes, boronic acids, a- ketoacids, trifluoromethylketones, or chloromethylketones) are 

inherently unstable at neutral pH due to intramolecular cyclisation" likely via a cis conformation 

of the dipeptide. Id. at 1163. 

2 The value of 0.064 µM, as given for Ashworth compound 5 in Table I, can alternatively be 
written as 64 nM; both these notations refer to the same amount, and should be understood to be 
interchangeable in both Ashworth and my report. 
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73. Table II of Ashworth shows the stability data of DP -IV inhibitors in aqueous 

solution (pH of 7.4), as measured in half -life (t1,2). Id. at 1166. When changing the substituent 

at the 2- position of the acetyl -pyrrolidine -2- carbonitrile from a straight chain alkyl moiety, for 

example compound 28 (lysine moiety), to a moiety having at least one branch at the a- carbon, 

such as the cyclohexyl moiety in Ashworth compound 25, the stability increases from 24 hours 

to greater than 48 hours. Id. at 1166. Ashworth discloses that substitution at this position 

improves the potency of an aminoacyl pyrrolidide compound as shown in Table I of Ashworth. 

Id. at 1 163 and 1166 (compare Tables I and II). 

74. Specifically, compound 5 (having a cyclohexyl group) of Table I shows at least a 

100 -fold increase in potency compared to compound 7 (having a 1- methyl propyl group) or 

compound 9 (having an isopropyl group). Ashworth confirms this observation by noting, "[a]s 

expected, from the substrate specificity of DP -IV, only (S) -amino acid derivatives showed any 

activity and, as can be seen in Table I, lipophilic amino acids gave more potent compounds. In 

particular, ß- branched a -amino acid derivatives were the most potent compounds with the non - 

proteinogenic amino acid, (S)- cyclohexylglycine providing the most active pyrrolidide 

(compound 5 possessing a K; value of 64 nM)." Id. at 1165. Thus the combined properties of 

potency and solution stability make compound 25 an attractive lead that can be further improved. 

B. WO Patent App. Pub. No. 98/19998 ( "Villhauer ") 

75. Villhauer was published May 14, 1998. Thus, I understand that Villhauer can be 

applied in assessing the validity of the '186 patent claims. 

76. Villhauer discloses numerous DP -IV serine protease inhibitor compounds. The 

dipeptide compounds of Villhauer are N -(N'- substituted glycyl)- 2- cyanopyrrolidines having the 

following structure of formula (1): 

28 

73. Table II of Ashworth shows the stability data of DP -IV inhibitors in aqueous 

solution (pH of 7.4), as measured in half -life (t112). Id. at 1166. When changing the substituent 

at the 2- position of the acetyl -pyrrolidine -2- carbonitrile from a straight chain alkyl moiety, for 

example compound 28 (lysine moiety), to a moiety having at least one branch at the a- carbon, 

such as the cyclohexyl moiety in Ashworth compound 25, the stability increases from 24 hours 

to greater than 48 hours. Id. at 1166. Ashworth discloses that substitution at this position 

improves the potency of an aminoacyl pyrrolidide compound as shown in Table I of Ashworth. 

Id. at 1 163 and 1 166 (compare Tables I and II). 

74. Specifically, compound 5 (having a cyclohexyl group) of Table I shows at least a 

100 -fold increase in potency compared to compound 7 (having a 1- methyl propyl group) or 

compound 9 (having an isopropyl group). Ashworth confirms this observation by noting, "[a]s 

expected, from the substrate specificity of DP -IV, only (S) -amino acid derivatives showed any 

activity and, as can be seen in Table I, lipophilic amino acids gave more potent compounds. In 

particular, (3- branched a -amino acid derivatives were the most potent compounds with the non - 

proteinogenic amino acid, (S)- cyclohexylglycine providing the most active pyrrolidide 

(compound 5 possessing a K; value of 64 nM)." Id. at 1165. Thus the combined properties of 

potency and solution stability make compound 25 an attractive lead that can be further improved. 

B. WO Patent App. Pub. No. 98/19998 ( "Villhauer ") 

75. Villhauer was published May 14, 1998. Thus, I understand that Villhauer can be 

applied in assessing the validity of the '186 patent claims. 

76. Villhauer discloses numerous DP -IV serine protease inhibitor compounds. The 

dipeptide compounds of Villhauer are N -(N'- substituted glycyl)- 2- cyanopyrrolidines having the 

following structure of formula (I): 
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R 
CN 

(Il 

Id. at Abstract. 

77. Villhauer discloses various substituents at position "R" of formula (I) above. For 

example, Villhauer discloses compounds having cycloalkyl groups attached to the amino moiety 

of 2 -cyano pyrrolidides, including a cyclohexyl group: 

ri n CN 

(id. at 12, Example No. 28); adamantyl groups attached to the amino moiety of 2 -cyano 

pyrrolidines: 

'10-- 
N 

H 0 CN 

(id. at 13, Example No. 47); and alkyl groups attached to the amino moiety of 2 -cyano 

pyrrolidides: 

H 0 CN 

(id. at 13, Example No. 52). Villhauer also teaches how the compounds shown directly above 

were prepared. Id. at 8 -10. Each of the variations cited above are considered bulky lipophilic 

groups. 

78. Villhauer discloses the use of DP -IV inhibitors, such as N -(N'- substituted glycyl)- 

2- cyanopyrrolidines, for "the treatment of conditions mediated by DPP -IV, such as non- insulin- 

29 

H\ 0 
CN ,,. 

RN,.If., (I) 

L._____ 

Id. at Abstract. 

77. Villhauer discloses various substituents at position "R" of formula (I) above. For 

example, Villhauer discloses compounds having cycloalkyl groups attached to the amino moiety 

of 2 -cyano pyrrolidides, including a cyclohexyl group: 

N 

H o CN 

(id. at 12, Example No. 28); adamantyl groups attached to the amino moiety of 2 -cyano 

pyrrolidines: 

0 CN 

(id. at 13, Example No. 47); and alkyl groups attached to the amino moiety of 2 -cyano 

pyrrolidides: 

H 0 CN 

(id. at 13, Example No. 52). Villhauer also teaches how the compounds shown directly above 

were prepared. Id. at 8 -10. Each of the variations cited above are considered bulky lipophilic 

groups. 

78. Villhauer discloses the use of DP -IV inhibitors, such as N -(N'- substituted glycyl)- 

2- cyanopyrrolidines, for "the treatment of conditions mediated by DPP -IV, such as non- insulin- 
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dependent diabetes melitus." Id. at Abstract. As disclosed in Villhauer, "DPP -IV is responsible 

for inactivating glucagon -like peptide -1 (GLP -1) ... [and] [s]ince GLP -1 is a major stimulator of 

pancreatic insulin secretion and has direct beneficial effects on glucose disposal, DPP -IV 

inhibition [is] an attractive approach for treating non- insulin- dependent diabetes mellitus 

(NIDDM)." Id. at 1, 11.6 -13. 

79. Villhauer discloses that the DP -IV inhibitor compound may be in free form or in 

acid addition salt form, where the salt could be from any pharmaceutically acceptable acid, with 

hydrochloride as a preferred option. Id. at 3. Similarly, Villhauer discloses that any 

pharmaceutically acceptable carriers, adjuvants and enteral or parenteral administration forms 

(prepared by conventional means) could be used with any of the disclosed agents of the 

invention. Id. at 20. 

80. Villhauer further discloses the use of DP -IV inhibitors. such as N- (N'- substituted 

glycyl)- 2- cyanopyrrolidines, for "use in treating conditions mediated by DPP -IV [such as] 

non -insulin -dependent diabetes mellitus . [and] obesity ..." Id. at 18, 11. 18 -21 (emphasis 

in original). 

81. In an effort to modify Ashworth compound 25, a POSA would be motivated to 

investigate the observations of Villhauer to explore additional lipophilic substituents at C2 of 

compound 25, including an adamantyl moiety and other (3- branched amino acids. This 

optimization would include exploration of solid state stability as required by FDA regulations. 

C. Raag, R. & T.L. Poulos, "Crystal Structure of Cytochrome P- 45OcAM 

Complexed with Camphane, Thiocamphor, and Adamantane: Factors 
Controlling P -450 Substrate Hydroxylation," Bíochen i., 30:2674 -2684 (1991) 
( "Raag ") 

82. Raag shows a publication date of March 1, 1991. Thus. I understand that Raag 

can be applied in assessing the validity of the ' 186 patent claims. 
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dependent diabetes melitus." Id. at Abstract. As disclosed in Villhauer, "DPP -IV is responsible 

for inactivating glucagon -like peptide -1 (GLP -1) ... [and] [s]ince GLP -1 is a major stimulator of 

pancreatic insulin secretion and has direct beneficial effects on glucose disposal, DPP -IV 

inhibition [is] an attractive approach for treating non -insulin -dependent diabetes mellitus 

(NIDDM)." Id. at 1, I1. 6 -13. 

79. Villhauer discloses that the DP -IV inhibitor compound may be in free form or in 

acid addition salt form, where the salt could be from any pharmaceutically acceptable acid, with 

hydrochloride as a preferred option. Id. at 3. Similarly, Villhauer discloses that any 

pharmaceutically acceptable carriers, adjuvants and enteral or parenteral administration forms 

(prepared by conventional means) could be used with any of the disclosed agents of the 

invention. Id. at 20. 

80. Villhauer further discloses DP -IV inhibitors, 

glycyl)- 2- cyanopyrrolidines, for "use in treating conditions mediated by DPP -IV [such as] 

non -insulin -dependent diabetes mellitus ... [and] obesity ..." Id. at 18, 11. 18 -21 (emphasis 

in original). 

81. In an effort to modify Ashworth compound 25, a POSA would be motivated to 

investigate the observations of Villhauer to explore additional lipophilic substituents at C2 of 

compound 25, including an adamantyl moiety and other [3-branched amino acids. This 

optimization would include exploration of solid state stability as required by FDA regulations. 

C. Raag, R. & T.L. Poulos, "Crystal Structure of Cytochrome P- 450cAm 
Complexed with Camphane, Thiocamphor, and Adamantane: Factors 
Controlling P -450 Substrate Hydroxylation," Bíochem., 30:2674 -2684 (1991) 
( "Raag ") 

82. Raag shows a publication date of March 1, 1991. Thus, I understand that Raag 

can be applied in assessing the validity of the '186 patent claims. 
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83. Raag describes a study of the metabolism of adamantane by cytochrome P- 450CAm 

and corresponding X -ray crystal structures for complexes of cytochrome P450CAttt with 

adamantane as the substrate. Raag describes the metabolic hydroxylation of adamantane, as well 

as other substrates. Table III from Raag, presented below, shows the various molecules that 

underwent hydroxylation, where the adamantane group is shown in the third column: 

Table III. Various Substrate -Dependent Parameters' 

°It :3; IQ 
ample( 

molcc vol 315 A2 
hydrogen bond to Y96 yes' 
nu. uf iron ligands 5' 
redux pot. Fe /4 Fee' -170 mVc 
htghspin R 94 -97`4^ 
rcgiospcctf of substr hydroxylatn 5 -exo (100%)4" 

substr temp factor (Fei') 16 2 Al' 
substr hydrophilic groups yes 
hydroxylatn I00%'/ 
'efficiency' 
L6- substr disc NA 

16 -iron disc NA 
L6 occupancy NA 
L6 temp factor NA 
cation occupancy 1.00' 
cation temp factor 12.1 A2' 

odamaMSeoaa adrrralre thioampho( amphoaY96F trcrrareOcr emplane 

300 A' 293 A' 322 A' 315 Al 236 A3 309 A2 
yes' no no no yes' no 
5' 6 6 6' 6 
-175 mV' -206 mV' 
96 -985í" 99S>:' 65'ß' 59%' 46 %' 46%' 
S (1009í)a 1 (100%)' 5 -exo (64%)' 5 -exo (92'x)4 5 -exo (45%Y Sexo (90%)' 

6-exo (34%) 4 (1%) 6-exo (47%) 6 -exo (10%) 
3-exo (2 %) 6 -exo (2-4%) 3 -exo (8 %) 

3 -exo (0-4%) 
9 ( <1%) 

16.5 A" 24.7 A2 23 5 A' 33.5 A2' 30.1 A2 
yes no yes yes yes no 

98%' 100%' 12% 8%' 

NA 2.63 A 2.35 A (70%) 30A' 2 88 A 
3.35 A (30%) 

NA 1.9$ A 1.35 A 
1 73 Ab 167 A 

NA 100 0.90 0 97' I.00 
NA 14.3 A2 19.6 Al 3 8 A2' 7.7 Al 
1.00' 0.89 0.91 100' 0.72 
10.0 A2' 15.5 Al 14.2 A2 7.9 Ali 21.7 A2 

'Poulos et al (1985. 1987) 'Raag and Poulos (1989a). 'Fisher and Sligar (1985). ' White et al. (1984). 'Atkins and Sligar (1988b) 'Atkins and Sligar (1989). 'Carbon numbering for each substrate begins with C -t at the top of the six-membered ring which is in the plane of the table Numbering proceeds counterclockwise such that the carbonyl carbon is C.2 and C.5 is in the lower right -hand portion of the ring. Note that C.5 is j secondary carbon, in some substances and a tertiary carbon in others. 

84. Raag, Table III, shows that substrates that undergo regiospecific hydroxylation of 

adamantane by cytochrome P450 (a xenobiotic metabolizing enzyme). Hydroxylation occurs at 

a specific position, i.e., at a tertiary carbon site (and not a secondary carbon site). Raag also 

teaches that "[a]damantane is ... metabolized to a single product despite having a relatively high 

active site mobility. The single product can he attributed to the existence of only two types of 

unique carbon atoms in adamantane, together with the greater reactivity of tertiary versus 

secondary carbons." Id. at 2678. 
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83. Raag describes a study of the metabolism of adamantane by cytochrome P- 45OcA,,, 

and corresponding X -ray crystal structures for complexes of cytochrome P450cAm with 

adamantane as the substrate. Raag describes the metabolic hydroxylation of adamantane, as well 

as other substrates. Table III from Raag, presented below, shows the various molecules that 

underwent hydroxylation, where the adamantane group is shown in the third column: 

Table III: Various Substrate -Dependent Parameters" 

°1 s 

carthor 

molcc vol 315 A3 
hydrogen bond to Y96 yes° 
no. of iron ligands 5° 
rcdox pot. Fe3' /Fe3' -170 mV' 
high -spin % 94- 97 %'-' 
rcgiospecif of substr hydroxylatn 5 -exo (100 %)á! 

substr temp factor (Fc3 *) 16 2 .Ala 
substr hydrophilic groups yes 
hydroxylatn 100 Y'/ 
-efficiency" 
L6- substr dist NA 

L6 -iron dist NA 
L6 occupancy NA 
L6 temp factor NA 
ration occupancy 1.00° 
cation temp factor 12.1 A2' 

aQlmtaOAa000t adamtatane 

300 A3 
yes6 

293 A3 
no 

5b 6 

-175 mV' 
96- 98 %'d 99 %a 
5 (I00 %)" 1 (100 %)' 

16.5 A1" 24.7 A2 
yes no 

NA 2 63 A 

NA 1.95 A 
NA 1.00 
NA 14.3 A2 
1,004 0.89 
10.0 Alb 15.5 Al 

c6 
thiocampha camphor1Y96F norcurvbor camphoric 

322 A3 315 A3 236 A3 309 A3 
no no yes' no 
6 6b 6 

-206 mV' 
65 %' 59 %' 469íoe 46%' 
5 -exo (64%)' 5 -exo (92 %)'f 5 -exo (45%Y 5 -exo (90%)' 
6 -exo (34 %) 4 (1%) 4 -exo (47%) 6-exo (10%) 
3 -exo (2%) 6 -exo (2-4 %) 3 -exo (8 %) 

3 -exo (0,4%) 
9 (<1%) 

23.5 A2 33.5 Alb 30.1 A2 
yes yes yes no 
98 %' 100%' 12%/ 8 %' 

2,35 A (70 %) 3.0 As 2.88 A 
3.35 A (30 %) 
1.35 A 1.73 Ab 1.67 A 
0.90 0.976 1.00 
19.6 A2 3.8 Al' 7.7 A2 
0.91 1.004 0.72 
14.2 Al 7.9 Alb 21.7 Al 

'Poulos et al. (1985, 1987). b Raag and Poulos (1989a). 'Fisher and Sligar (1985). 'White et al, (1984). 'Atkins and Sligar (1988b). /Atkins und Sligar (1989), "Carbon numbering for each substrate begins with C -1 at the top of the six -membered ring which is in the plane of the table. Numbering proceeds counterclockwise such that the carbonyl carbon is C -2 and C -5 is in the lower right -hand portion of the ring. Note that C -5 is 
a secondary carbon in some substances and a tertiary carbon in others. 

84. Raag, Table III, shows that substrates that undergo regiospecific hydroxylation of 

adamantane by cytochrome P450 (a xenobiotic metabolizing enzyme). Hydroxylation occurs at 

a specific position, i.e., at a tertiary carbon site (and not a secondary carbon site). Raag also 

teaches that "[a]damantane is ... metabolized to a single product despite having a relatively high 

active site mobility. The single product can he attributed to the existence of only two types of 

unique carbon atoms in adamantane, together with the greater reactivity of tertiary versus 

secondary carbons." Id. at 2678. 
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85. With this knowledge, a POSA would be motivated to investigate an hydroxyl - 

adamantyl derivative of Ashworth compound 25 to improve water solubility and metabolic 

stability of a lead molecule. See Lipinski at 8, 15; Ariens. 

D. Hanessian, et al., "The Synthesis of Enantiopure w- Methanoprolines and w- 
Methanopipecolic Acids by a Novel Cyclopropanation Reaction: The 
`Flattening' of Proline," Angell. Chem. Int. Ed. Engl., 36(17):1881 -1884 
(1997) ( "Hanessian ") 

86. Hanessian shows a publication date of September 17, 1997. Thus, I understand 

that Hanessian can be applied in assessing the validity of the '186 patent claims. 

87. Hanessian describes the synthesis of enantiopure w- methanoproline acids by a 

cyclopropanation reaction. Hanessian teaches that the use of conformationally constrained 

analogues of proline were well known in peptidomimetic research at the time the application 

which led to the '186 patent was filed. Hanessian describes the "highly stereocontrolled 

syntheses of the diastereomeric 4,5- methano -L- prolines and 5,6- methano -L- pipecolic acids by a 

novel intramolecular cyclopropanation reaction of iminium ions .... " Id. at 1882. One such 

example shown by Hanessian is compound 8 which was synthesized according to Scheme 1 

below: 
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85. With this knowledge, a POSA would be motivated to investigate an hydroxyl - 

adamantyl derivative of Ashworth compound 25 to improve water solubility and metabolic 

stability of a lead molecule. See Lipinski at 8, 15; Ariens. 

D. Hanessian, et al., "The Synthesis of Enantiopure w- Methanoprolines and co- 
Methanopipecolic Acids by a Novel Cyclopropanation Reaction: The 
`Flattening' of Proline," Angew. Chem. Int. Ed. Engl., 36(17):1881 -1884 
(1997) ( "Hanessian ") 

86. Hanessian shows a publication date of September 17, 1997. Thus, I understand 

that Hanessian can be applied in assessing the validity of the '186 patent claims. 

87. Hanessian describes the synthesis of enantiopure w- methanoproline acids by a 

cyclopropanation reaction. Hanessian teaches that the use of conformationally constrained 

analogues of proline were well known in peptidomimetic research at the time the application 

which led to the '186 patent was filed. Hanessian describes the "highly stereocontrolled 

syntheses of the diastereomeric 4,5- methano -L- prolines and 5,6- methano -L- pipecolic acids by a 

novel intramolecular cyclopropanation reaction of iminium ions . ..." Id. at 1882. One such 

example shown by Hanessian is compound 8 which was synthesized according to Scheme 1 

below: 
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H2O (7196) 
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N 
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8 
rnp 128-129°C 
tab = -6.7 
(c=1.0inCHIC13) 

88. The structure and conformation of compound 8 in the solid state were 

unambiguously confirmed by single crystal X -ray analysis. Further, Table 1 of Hanessian, as 

reproduced below, shows selected torsion angles for compound 8 where "considerable 

`flattening' of the pyrrolidine ring is observed relative to N- Boc- L- proline." Id. Thus, 

Hanessian provides evidence for adjusting the orientation of substituents in the pyrrolidine ring 

resulting from cyclopropane fusion. Further, a POSA would recognize that cyclopropane fusion 

to a pyrrolidine ring would result in a ring system with limited conformational flexibility 

compared to a simple pyrrolidine ring. 
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(c= 1.0 í CHC19) 

88. The structure and conformation of compound 8 in the solid state were 

unambiguously confirmed by single crystal X -ray analysis. Further, Table 1 of Hanessian, as 

reproduced below, shows selected torsion angles for compound 8 where "considerable 

`flattening' of the pyrrolidine ring is observed relative to N- Boc -L- proline." Id. Thus, 

Hanessian provides evidence for adjusting the orientation of substituents in the pyrrolidine ring 

resulting from cyclopropane fusion. Further, a POSA would recognize that cyclopropane fusion 

to a pyrrolidine ring would result in a ring system with limited conformational flexibility 

compared to a simple pyrrolidine ring. 
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Ta bic 1 Selected torsion angles and root - mean -square deviations from fitted atoms 
in a given plane of X -ray crystal structures, and ''C NMR chemical shifts (COCI,). 

N-ßoc-t.-proline 120) 6 8 

r(NC.) -17 - 5.6 - 14.4 

r(C,Co) + 31 + 4.8 +15.3 
r(CoC,) -35 -2 6 -11.4 
r(C,Co) + 24 -0 7 + 2.9 
r(C,N) -4 +4.1 + 7.6 
t(BocNC,CO2H) -72 - 64 O -67.1 
rms deviation 0.018 0 003 0.013 
of fitted atoms C,, N, Co, C, Co, C,, Co, N Co, C,, Co, N 

ó(cts/trans) á(cis/trans) b(cis/trans) 

COOH 178.35/176.60 177.7/175.5 179.111761 
NC=O 153.95/155.39 157.1/154 155.71154.1 

C. 58.8 60.8/60.1 59.5/59.1 

C, 30.75/29.53 32.0 /29.1 311/29.1 

Id. 

89. Hanessian confirms the "flattening" of the pyrrolidine ring by determining the 

root -mean- square values for the and N atoms from the plane defined by Co, Cy, Cs and N (see 

Table 1 above). Id. Hanessian determined that for compound 8, the out -of -plane carbon was the 

carbon hearing the carboxyl group (Cu) when compared to N -Boc proline. Id. Hanessian thus 

observed that by flattening the pyrrolidine ring, the orientation of the out -of -plane carbon was 

modified with respect to the ring. 

90. A POSA would recognize that a substituent bonded at this Ca carbon would be 

expected to have its orientation in space modified compared to proline and because of the limited 

conformational flexibility of this cyclopropyl -fused pyrrolidine ring. 
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Table 1. Selected torsion angles and root -mean -square deviations from fitted atoms 
in a given plane of X -ray crystal structures, and ' 3C NMR chemical shifts (CDC1,). 

8 û,ç 

N-Boc-t-proline 12D) 6 8 

r(NC.) -17 - 5.6 - 14.4 

r(CCa) + 31 + 4.8 + 15.3 

r(CpC,) -35 -2.6 -11.4 
r(C,C,) + 24 -0 7 + 2.9 

r(CyN) --4 +4.1 +7.6 
t(BocNC+CO,H) -72 -64A -67.1 
rms deviation 0.018 0.003 0.013 

of fitted atoms C,, N, Cd, Cr Co, C,, C,, N Co, Ç. Ca, N 

6(cu /frans) 6(ci.c/trans) h(cis/rravts) 

COOH 178.35/176.60 177.7/175.5 179.1/176.1 
NC=O 153.95/S 55.39 157.1 /154 155.71154,1 

Cx 58.8 60.8/60.1 59.5/59.1 
C, 30.75/29.53 32.0 31.5/29.1 

Ici. 
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E. WO Patent App. Pub. No. 99/38501 ( "Bachovchin ") 

91. Bachovchin was published August 5, 1999. Thus, I understand that Bachovchin 

can be applied in assessing the validity of the '186 patent claims. 

92. Bachovchin discloses improved methods for reducing in animal subjects 

(including humans) at least one type of insulin resistance, hyperinsulinemia, and Type II 

diabetes. In particular, Bachovchin describes the use of DP -IV inhibitors in an amount effective 

to treat, among other indications, Type II diabetes. Claim 4 of Bachovchin recites, "[a] method 

for treating Type II diabetes, comprising administering to an animal a composition including one 

or more inhibitors of dipeptidylpeptidase IV [(DP- IV)]." Id. at claim 4. Moreover, various 

examples of DP -IV inhibitors are listed in Bachovchin. For example, a class of DP -IV inhibitors 

shown in Bachovchin are compounds based on the dipeptide (D)- Ala -(L) -Ala. Bachovchin also 

discloses the use of pharmaceutical compositions of DP -IV inhibitors, "another aspect of the 

present invention relates to pharmaceutical compositions of dipeptidylpeptidase inhibitors, 

particularly [DP -IV] inhibitors." Id. at 7, II. 29 -30. Thus, the use of DP -IV inhibitors for 

treating type 2 diabetes was well known at least one year before the application which led to the 

'186 patent was filed. 

93. Bachovchin also discloses that "[i]n particular, it is an object of the invention to 

provide methods for producing long lasting beneficial changes ... to provide effective 

treatments for diabetes [and] obesity ..." Id. at 4, II. 7-11. Bachovchin also discloses 

"administration of a [DP -IV] inhibitor ... in an amount effective to improve one or more 

aberrant indices associated with glucose metabolism disorders ... [such as] Type II diabetes . 

[and] obesity." Id. at 6, II. 16 -22. 
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94. Furthermore, the use of DP -IV inhibitors in combination therapy with various 

antidiabetic agents other than a DP -IV inhibitor for treating type 2 diabetes is also described 

extensively in Bachovchin: 

The [DP -IV] inhibitors used according to the invention can also be used 
conjointly with agents acting on the ATP -dependent potassium channel of the 13- 

cells, such as glibenclamide, glipizide, gliclazide and AG -EE 623 ZW. The 
DPIV inhibitors may also advantageously be applied in combination with other 
oral agents such as metformin and related compounds or glucosidase inhibitors 
as, for example, acarbose. 

Id. at 46 (emphasis added.) 

F. XENICAL Label (available by FOIA Aug. 9, 1999) ( "the Xenical Label ") 

95. The Xenical Label was published August 9, 1999 following FDA approval of 

Xenical. Thus, I understand that the Xenical Label can be applied in assessing the validity of the 

'186 patent claims. 

96. The Xenical Label discloses the FDA -approved uses of the anti -obesity agent, 

Xenical (i.e., orlistat), and supporting studies. In one such study, patients with type 2 diabetes 

were treated with Xenical. As indicated in the Xenical Label, "XENICAL is indicated for 

obesity management ... in the presence of other risk factors (e.g., ... diabetes)." Id. at Label, p. 

8. According to the Xenical Label, "epidemiological studies have established a relationship 

between obesity and visceral fat and the risks for cardiovascular disease [and] type 2 diabetes." 

Id. at p. 3. The Xenical Label also provides dosages for Xenical as follows: "[t]he recommended 

dose of XENICAL is one 120 mg capsule three times a day." Id. at p. 14. 

G. MEVACOR Label (available by FOIA Sept. 15, 1994) ( "the Mevacor Label ") 

97. The Mevacor Label was published September 13, 1994 following FDA approval 

of Mevacor. Thus, I understand that the Mevacor Label can be applied in assessing the validity 

of the '186 patent claims. 
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98. The Mevacor Label discloses the FDA -approved uses of the lipid -modulating 

agent, Mevacor (i.e., lovastatin), and supporting studies. As indicated in the Mevacor label, 

"poorly controlled diabetes mellitus" was considered a "secondary cause[ ] for 

hypercholesterolemia ..." Id. at Package Insert, p. 4. The Mevacor Label also provides dosages 

for Mevacor as follows: "[t]he recommended dosing range is 20 -80 mg/day in a single or two 

divided doses; the maximum recommended dose is 80 mg/day." Id. at p. 8. 

H. GLUCOPHAGE Label (available by FOIA Jan. 8, 1998) ( "the Glucophage 
Label ") 

99. The Glucophage Label was published January 8, 1998 following FDA approval of 

Glucophage. Thus, I understand that the Glucophage Label can be applied in assessing the 

validity of the '186 patent claims. 

100. The Glucophage Label discloses the FDA -approved uses of the 

antihyperglycemic agent, Glucophage (i.e., metformin), and supporting studies. The Glucophage 

label describes a "29 -week double -blind, placebo -controlled study of GLUCOPHAGE and 

glyburide, alone and in combination ... in obese patients with type 2 diabetes," where glyburide 

is also an antihyperglycemic agent for use in treating patients with type 2 diabetes. Id. at 

Package Insert, p. 4. The Glucophage Label also provides dosages for Glucophage as follows: 

"[i]n general, clinically significant responses are not seen at doses below 1500 mg per day .. . 

[and] GLUCOPHAGE may be given to a maximum daily dose of 2550 mg per day." Id. at p. 35. 

VII. THE ASSERTED CLAIMS OF THE '186 PATENT ARE OBVIOUS OVER THE 
PRIOR ART 

101. As explained in detail below, it is my opinion that each element of claims 8, 9, 25, 

and 26 is taught in the combination of Ashworth, Villhauer, Raag, and Hanessian, and that one of 
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ordinary skill in the art would have been motivated to combine these teachings by March 10, 

2000. 

102. Each of claims 8, 9, 25, and 26 is presented below in bold text followed by my 

analysis of the claims. The analysis below identifies exemplary disclosure of the cited references 

with respect to the corresponding claim elements, and is not meant to be exclusive or exhaustive. 

103. Claims 8 and 25 of the '186 patent each disclose a specific chemical compound or 

a pharmaceutically acceptable salt of that compound, while claims 9 and 26 depend from these 

respective claims, further specifying one or more particular pharmaceutically acceptable salts. 

Therefore, claims 8 and 25 will be addressed first, followed by claims 9 and 26. 

104. As discussed above, Ashworth, Villhauer, Raag, and Hanessian can be considered 

prior art to the '186 patent. 

105. Where reference is made to additional publications below, those publications are 

intended to provide additional bases regarding what was generally known in the art in March 

2000 and provide factual basis for my statements. Those references are not intended to serve as 

additional grounds for invalidity. 

A. Each Feature of Claims 8 and 25 is Disclosed by Ashworth, Villhauer, Raag, 
and Hanessian 
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Claim 8: 

"A compound having the structure: 

KI I 

H. 

('4 

N 

or a pharmaceutically acceptable salt thereof." 

The red box outline is provided for illustration purposes and does not appear in the original 

claim, but the structure shown therein is equivalent to the compound of claim 25. 

Claim 25: 

"A compound that is 

or a pharmaceutically acceptable salt thereof." 
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Claim 8: 

"A compound having the structure: 

N.. 

LN 

v 

( 

or a pharmaceutically acceptable salt thereof." 

The red box outline is provided for illustration purposes and does not appear in the original 

claim, but the structure shown therein is equivalent to the compound of claim 25. 

Claim 25: 

"A compound that is 

or a pharmaceutically acceptable salt thereof." 
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106. As will be discussed in greater detail below, the prior art provides specific 

motivation to select Ashworth compound 25 as a lead compound for further optimization. One 

of ordinary skill in the art would understand that certain core features of Ashworth compound 25 

should be retained in the ultimate compound, including the glycyl -proline core, free amine, and 

cyano components of Ashworth compound 25. As explained below, one of ordinary skill also 

would have been motivated to favor a structure in which the trans orientation of the dipeptide in 

order to enhance its activity and chemical stability. See Lin; FDA Stability Guidelines. There 

was also motivation to substitute the cyclohexyl group of Ashworth compound 25 with a 

hydroxylated adamantyl group in order to improve the compound's chemical and metabolic 

stability. See Ashworth; Raag; Villhauer. One would have further been motivated to fuse a 

cyclopropyl ring onto the pyrrolidine ring of Ashworth compound 25 as a means to improve the 

interaction between the active 2 -cyano moiety with the DP -IV enzyme. See Hanessian and 

Ashworth. Thus, as evidenced by prior art references (including Ashworth, Villhauer, Raag and 

Hanessian), claims 8 and 25 of the '186 patent would be considered obvious to one of ordinary 

skill in the art in view of the knowledge and motivation provided by the references to the skilled 

artisan. 

1. A POSA Would Have Been Motivated to Select Ashworth's 
Compound 25 as a Lead Compound 

107. The prior art provided ample motivation for one of skill in the art to select the 

Ashworth's compound 25 as a lead compound to develop a composition as an inhibitor of DP -IV 

enzyme, as claimed in claims 8 and 25 of the '186 patent. 
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H2N 

Ashworth Compound 25 

108. Ashworth discloses potent dipeptide analogues incorporating a 2- 

cyanopyrrolidide moiety useful as inhibitors of dipeptidyl peptidase IV. Ashworth at 1 163 

(disclosing, "[a] novel series of stable, potent inhibitors of [DP -IV] has been developed. A 

number of dipeptide analogues, incorporating a 2- cyanopyrrolidide, were found to have K1 

values of less than 5 nM versus human DP -IV and half -lives of >48h in aqueous solution .... "). 

Because Ashworth explicitly discloses the use of the 2- cyanopyrrolidide compounds as inhibitors 

of DP-IV, a person of skill in the art had express motivation to select the disclosed compounds 

with a reasonable expectation of success for developing improved compositions useful as 

inhibitors of DP -IV. 

109. Further, Ashworth provides motivation to select the 2- cyanopyrrolidine 

analogues. For example, Ashworth teaches that the 2- cyanopyrrolidide analogues "possessed 

activity comparable to the boroprolines, 1 and 2" which were previously known as the most 

potent DP -IV inhibitors as shown below: 

H-Ala/ o N H-Pr 
N 

B(OH)2 

1 

B(OH)2 

2 

Id. at 1165. The boroprolines 1 and 2 had K; values of 2 nM and 3 nM respectively. A POSA 

would recognize a molecule such as Ashworth compound 25, with molecular weight less than 

400 daltons and a K; value less than 3 nM as a potential lead compound. Id. at 1163. Because 
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Ashworth Compound 25 
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number of dipeptide analogues, incorporating a 2- cyanopyrrolidide, were found to have K; 

values of less than 5 nM versus human DP -IV and half -lives of >48h in aqueous solution ...... 
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109. Further, Ashworth provides motivation to select the 2- cyanopyrrolidine 

analogues. For example, Ashworth teaches that the 2- cyanopyrrolidide analogues "possessed 

activity comparable to the boroprolines, 1 and 2" which were previously known as the most 

potent DP -IV inhibitors as shown below: 

H-Ala' 
N 

H-Proz N 

B(OH)2 B(OH)2 

1 2 

Id. at 1165. The boroprolines 1 and 2 had Ki values of 2 nM and 3 nM respectively. A POSA 

would recognize a molecule such as Ashworth compound 25, with molecular weight less than 

400 daltons and a K; value less than 3 nM as a potential lead compound. Id. at 1163. Because 
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the Ashworth reference teaches that 2- cyanopyrrolidide analogues have activity comparable to 

the boroproline analogues, one of ordinary skill in the art had express motivation to select the 2- 

cyanopyrrolidide analogues as lead compounds to arrive at the compound in claims 8 and 25 of 

the ' 186 patent with a reasonable expectation of success. Furthermore, one of ordinary skill in 

the art would select the 2- cyanopyrrolidide analogues as lead compounds because they were 

more synthetically accessible than the boroprolines and metabolic considerations (boronic acid 

vs. cyano group) would make them more desirable. Id. 

110. Further, Ashworth provided ample motivation to specifically select compound 25 

as a lead from the limited compounds described therein (see below, id. at 1166, Table II) because 

(i) compound 25 is one of only six 2- cyanopyrrolidide analogues (i.e., dipeptide nitriles) 

described by Ashworth (see id., Table II, listing only six compounds); and (ii) compound 25, 

which contains a 2 -cyano moiety, exhibits high potency compared to aminoacyl pyrrolidides 

lacking the 2 -cyano moiety (id. at 1 164 and 1166, compare Tables I and II) and good solution 

stability compared to other analogs lacking a [3-branched moiety at C2. Structures of this type 

with sterically large groups at C2 prefer to exist in a trans conformation. See, e.g., Pal at 274. 

1 11. For example, Ashworth discloses the DP -IV inhibition activity of 19 aminoacyl 

pyrrolidides (lacking the 2 -cyano moiety) in Table I: 
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H-Xaa-N 

Compound N° Xan M) K, (µ" 
5 Cyclohexyiglycine (Chg] 0.064 ± 0.01 

6 (R,S)- Cyclopentylglycine [Cpg] 0.21 ± 0.04 
7 Ile 0.41 ± 0.01 

8 allo -ile 0.44 ± 0.04 

9 Val 0.47 ±0.02 
10 Lys(Cbz) 0.52 ± 0.07 - 
11 tent- Butylglycine [Tbg] 0.88 ± 0.20 

12 Thr(Me) 0.90 ±0.15 
13 Orn(Cbc) 0.91 ± 0.20 

14 2- Aminohexanoic acid [Aha) 1.20 ± 0.20 

15 Glu 2.00±0.40 
16 Pro 2.10±0.20 
17 Cyclohexylalanine [Cha] 2.15 ± 0.50 
18 Glu(OBn) 2.70 ± 0.30 

19 Thr 4.90 ± 0.90 

20 Phenylglycine [Phg] 5.30 ± 0.10 

21 Ser(Bn) 6.00 ± 1.50 

22 Ala 7.00 ± 1.00 

23 Asp 14.50 ± 1.90 

Id. at 1 164. The compounds of Table I (i.e., dipeptides lacking the 2 -cyano moiety) have 

inhibition activity in the 0.064 µM to 14.50 µM range. Ashworth notes that the most active of 

these compounds was compound 5, "[On particular, n- branched a -amino acid derivatives were 

the most potent compounds with the non -proteinogenic amino acid, (S)- cyclohexylglycine 

providing the most active pyrrolidide (compound 5 possessing a Ki value of 64 nM)." Id. at 

1 165 (emphasis added). 

112. In comparison, Table II of Ashworth discloses the DP -IV inhibition activity of six 

analogues having the 2 -cyano moiety: 
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H-Xaa--N 

Compound N° Xaa K, (µM )' 3 

5 Cyclohexyiglycine [Chg] 0.064 ± 0.01 

6 (R,S)- Cyclopentylglycine [Cpg] 0.21 ± 0.04 
7 Ile 0.41 ± 0.01 

8 alto -Ile 0.44 ± 0.04 

9 Val 0.47 ± 0.02 

10 Lys(Cbz) 0.52 ± 0.07 

11 tert- Butylglycine [Tbg] 0.88 ± 0.20 

12 Thr(Me) 0.90 ± 0.15 

13 Orn(Cbz) 0.91 ± 0.20 

14 2- Aminohexanoic acid [Aha] 1.20 ± 0.20 

15 Glu 2.00 ± 0.40 

16 Pro 2.10±0.20 
17 Cyclohexylalanine [Cha] 2.15 ± 0.50 

18 Glu(OBn) 2.70 ± 0.30 

19 Thr 4.90 ± 0.90 

20 Phenylglycine [Phg] 5.30 ± 0.10 

21 Ser(Bn) 6.00 ± 1.50 

22 Ala 7.00 ± 1.00 

23 Asp 14.50 ± 1.90 

Id. at 1164. The compounds of Table I (i.e., dipeptides lacking the 2 -cyano moiety) have 

inhibition activity in the 0.064 µM to 14.50 p.M range. Ashworth notes that the most active of 

these compounds was compound 5, "[i]n particular, [3-branched a -amino acid derivatives were 

the most potent compounds with the non -proteinogenic amino acid, (S)- cyclohexylglycine 

providing the most active pyrrolidide (compound 5 possessing a K1 value of 64 nM)." Id. at 

1165 (emphasis added). 

112. In comparison, Table II of Ashworth discloses the DP -IV inhibition activity of six 

analogues having the 2 -cyano moiety: 
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H-Xaa-N 

Compound N° Xaa K1(nMÌ" t (h)19 

24 Ca 1.1 t 0.2 48 

25 Chg 1.4 ± 0.5 >48 

26 Ile 2.2 ±0.5 48 

27 Tbg 3.8 ± 0.8 >48 

28 Lys(Z) 5.2 ± 1.0 24 

29 Pro 22.0 ± 4.0 7.5 

Id. at 1 166. The six compounds of Table II (all having a 2- cyanopyrrolidide moiety) have 

inhibition activity in the 1.1 nM to 22 nM range, which in some cases equates to a 50 -fold 

increase in inhibition activity over the same compounds lacking the 2 -cyano moiety. Id. at 1164, 

1166. For example, compound 5 has a K; value of 64 nM, which decreases to 1.4 nM in 

compound 25 solely through the addition of a 2 -cyano moiety. This decrease in inhibition 

activity represents significantly greater DP -IV inhibition potency for compound 25 relative to 

compound 5. This illustrates the beneficial effect on potency of the cyano moiety in DP -IV 

inhibitors. This further suggests to a POSA that the cyano moiety interacts with DP -IV to form 

an attractive interaction and provides motivation to optimize this to further improve potency. 

113. Taken as a whole, the Ashworth reference contains ample and explicit motivation 

for one of skill in the art to select compound 25 as a lead for designing DP -IV inhibitors such as 

the compounds recited in claims 8 and 25 of the '186 patent. As evidenced by Ashworth, the 

inventors of the '186 patent were not the first to recognize the use of this core structure in 

designing DP -IV inhibitor compounds. 

2. A POSA Would Have Been Motivated Modify Ashworth Compound 
25 While Retaining Certain Structural Elements 

114. One of ordinary skill in the art would have been motivated to retain certain 

structural elements of Ashworth compound 25 when optimizing it toward the ultimate 
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compound. For example, by March 2000, it was well known in the art that proline dipeptides 

and mimetics were therapeutically useful for a variety of purposes, including DP -IV inhibition. 

See, e.g., Ashworth. Early work with pyrrolidinyl dipeptides revealed high inhibitor potency 

when coupling a pyrrolidine- containing amino acid with cyclohexylglycine. Villhauer at 1165. 

Villhauer also identified dipeptide glycyl -cyanopyrrolidines as inhibitors of DP -IV. See, id. at 

Abstract. Therefore, one of ordinary skill in the art would have been motivated to retain the 

dipeptide structure of Ashworth compound 25. 

115. One of ordinary skill in the art would have been motivated to retain the Pi proline, 

free amine, and 2 -cyano moieties of the Ashworth compound 25 based on the knowledge 

generally available in the art. For example, Ashworth states that "[s]ubstrates and inhibitors of 

DP -IV require a free N- terminus" (at 1 163) and describes superior potency with the 2 -cyano 

moiety versus without it (at 1 164 and 1166, compare Tables I and II). Thus one of ordinary skill 

in the art would have been motivated to retain the free amine and 2 -cyano moieties in the lead 

compound and would have had a reasonable expectation of success that the ultimate compound 

having these features would be an active DP -IV inhibitor. 

116. One of ordinary skill in the art would have been motivated to select structures in 

which the trans conformation predominates when optimizing Ashworth compound 25. It was 

well known in the art in March 2000 that DP -IV has selectivity for substrates and inhibitors in 

the trans conformation relative to the cis conformation. Lin represents what was generally 

known in the art in March 2000 regarding DP -IV's preferred substrate and inhibitor 

conformations. Lin reports that "[DP -IV] possesses a high conformational specificity for a trans 

amide bond between the PI and N- terminal P2 residues." Lin at 14020. Lin reports K; values of 

14,000 nM for fluoro olefin dipeptides in the cis conformation and 188 nM for isomeric fluoro 
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olefin dipeptides in the trans conformation. Comparison of these K; values for DP -1V inhibition 

reveals the significantly greater potency of, and preference for, inhibitors in the trans 

conformation. See, e.g., id. at 14023 and Table 2. 

a. A POSA Would Have Been Motivated To Increase Chemical 
Stability By Limiting Intramolecular Cyclization 

117. One of ordinary skill in the art would have been motivated to limit intramolecular 

cyclization when optimizing Ashworth compound 25. It was generally understood in the art that 

intramolecular cyclization was a source of dipeptide instability in DP -1V inhibitors. For 

example, Ashworth teaches that, "[s]ubstrates and inhibitors of DP -IV require a free N- terminus, 

which means that potential dipeptide serine protease inhibitors (e.g., C- terminal aldehydes, 

boronic acids, a- ketoacids, trifluoromethylketones, or chloromethylketones) are inherently 

unstable at neutral pH due to intramolecular cyclisation." Ashworth at 1163. As further basis 

for what was known in the art, Lin describes "the cyclization reaction of the free N- terminal 

amino acid group with the reactive site of the inhibitor" for related dipeptide compounds (Lin at 

14020 -14021), which negatively impacts compound stability. Lin further teaches that "[t]he 

cyclization reaction of the free N- terminal amino group with the reactive inhibitor ... require[s] 

the molecule assume the cis conformation. Id. 

118. One of ordinary skill would have understood that intramolecular cyclization could 

be reduced by selecting against a conformation that favors intramolecular cyclization (i.e., 

selecting against the cis conformation), which can be achieved by the addition of a large, steric 

group to the compound at C2. See, e.g., Pal at 274. The trans conformation advantageously 

places the reactive cyano and amine groups farther from each other, thereby limiting 

intramolecular cyclization. Adding a large group such as adamantane to the compound would be 

expected to restrict its range of motion, thereby limiting intramolecular cyclization. Id. 
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1 19. One of ordinary skill in the art would have understood that a large group could be 

added to Ashworth compound 25 in order to increase its chemical stability. Further, one of 

ordinary skill in the art would have been motivated to substitute the cyclohexyl group at the 2- 

position of the acetyl -pyrrolidine -2- carbonitrile compound 25 with a large tricyclo[3.3.1.1 ]dec -1- 

y1 group (also referred to as the "adamantyl group ") in order to optimize the compound, e.g., to 

increase the stability of the compound and to bias the compound toward the trans conformation. 

Ashworth provides the motivation to do so because it shows increased stability for compounds 

having larger substituents at the 2- position. Furthermore it is reasonable to expect that an 

increase in size of a group at the 2- position on a cyanopyrrolidinyl glycine derivative would 

further increase chemical stability. See, e.g., Ashworth at 1166, Table II (compare compounds 

24 and 25). 

120. One of ordinary skill in the art would also recognize that there are regulatory 

guidelines for chemical stability that must be met. See FDA Stability Guidelines. These 

guidelines indicate that the stability of a drug candidate under "the same storage conditions as 

applied to the drug product" should be studied for a time period "sufficient to cover storage, 

shipment, and subsequent use" of the drug substance in question. Id. at 4. The FDA Stability 

Guidelines also specify that, unless a drug is intended to be stored in a freezer or refrigerator, 

stability of the drug substance should be tested under the following criteria: 

Long -term testing 
Accelerated testing 

Minimum time period at 
Conditions submission 

25 °C ±2 °C /60% RH ±5% 12 Months 
40 °C f2 °C/75% RH ±5% 6 Months 

Id. In order to submit and initial Registration Application for a new drug, the applicant will need 

to have "a minimum of 6 months of data from a 1 2-month study." Id at 5. Additionally, a POSA 
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would recognize the relationship between chemical stability and impurities that can arise during 

storage as degradation products. Id. at 3; Dept. of Health & Human Services, "Int' I Conf. on 

Harmonisation; Guideline on Impurities in New Drug Substances; Availability," Federal 

Register, 61(3):372 -376 (Jan. 4, 1996) ( "FDA Impurities Guidelines "), at 373. The FDA may 

require reporting, identification, and qualification of impurities that arise from degradation 

during storage even if they are present in very small amounts. FDA Impurities Guidelines at 

373 -374. For example, for a drug substance that is dosed at less than 2 grams per day, the FDA 

may require qualification of any impurity present at 0.1% or greater. Id. at 374. A more stable 

compound would be expected to give rise to fewer degradation products over time and /or lower 

quantities of degradation products over time, and thus would be expected to increase the purity 

of drug substance and decrease the analytical burden associated with producing each batch of the 

drug substance. As such, a POSA would be motivated to develop compounds with good 

chemical stability, hoping to produce drug substances that would continue to adhere to their 

specifications after many months of storage under the required conditions. 

121. Ashworth provides motivation to optimize the 2- position of the acetyl - 

pyrrolidine-2- carbonitrile compound 25 with a suitable substituent to enhance stability. Table II 

of Ashworth shows the chemical stability data of DP -IV inhibitors in aqueous solution (pH of 

7.4), as measured in half -life (t112). 

48 

would recognize the relationship between chemical stability and impurities that can arise during 

storage as degradation products. Id. at 3; Dept. of Health & Human Services, "Int'l Conf. on 

Harmonisation; Guideline on Impurities in New Drug Substances; Availability," Federal 

Register, 61(3):372 -376 (Jan. 4, 1996) ( "FDA Impurities Guidelines "), at 373. The FDA may 

require reporting, identification, and qualification of impurities that arise from degradation 

during storage even if they are present in very small amounts. FDA Impurities Guidelines at 

373 -374. For example, for a drug substance that is dosed at less than 2 grams per day, the FDA 

may require qualification of any impurity present at 0.1% or greater. Id. at 374. A more stable 

compound would be expected to give rise to fewer degradation products over time and /or lower 

quantities of degradation products over time, and thus would be expected to increase the purity 

of drug substance and decrease the analytical burden associated with producing each batch of the 

drug substance. As such, a POSA would be motivated to develop compounds with good 

chemical stability, hoping to produce drug substances that would continue to adhere to their 

specifications after many months of storage under the required conditions. 

121. Ashworth provides motivation to optimize the 2- position of the acetyl - 

pyrrolidine-2- carbonitrile compound 25 with a suitable substituent to enhance stability. Table II 

of Ashworth shows the chemical stability data of DP -IV inhibitors in aqueous solution (pH of 

7.4), as measured in half -life (t112). 

48 

Page 306 of 405



H-Xaa-N 

Compound N° X8a Ki (nM)" t4, (h)'ß 
24 

i 

Cpg 1.1 t 0.2 48 
25 Chg 1.4 t 0.5 >48 
26 Ile 2.2±0.5 48 
27 Tbg 3.8 ± 0.8 >48 
28 Lys(Z) 5.2 ± 1.0 24 
29 Pro 22.0 ± 4.0 7.5 

Id. at 1166. 

122. When changing the substituent at the 2- position of the acetyl- pyrrolidine -2- 

carbonitrile from a straight chain alkyl moiety, for example compound 28 (a lysine moiety), to a 

more bulky cycloalkyl moiety such as a cyclohexyl moiety, for example compound 25, the 

stability dramatically increases from 24 hours to greater than 48 hours. Given this teaching, one 

of ordinary skill in the art would have been motivated to try even larger, bulkier alkyl groups, 

such as substituting the cyclohexyl group at the 2- position of the acetyl- pyrrolidine -2- 

carbonitrile compound 25 with an adamantyl group, in order to further minimize cyclization and 

increase the stability of the compound under similar conditions. Adamantyl was well known and 

studied in the art. For example, as discussed in more detail below, Raag, published in 1991, 

taught hydroxylated adamantane. Raag at 2678. 

b. A POSA Would Have Been Motivated To Increase Potency 

123. One of ordinary skill in the art also would have been motivated to substitute the 

cyclohexyl group at the 2- position of the acetyl -pyrrolidine- 2- carbonitrile compound 25 with an 

adamantyl group because, e.g., Ashworth discloses that substitution at this position improves the 

potency of an aminoacyl pyrrolidide compound as shown in Table 1 of Ashworth: 

49 

H-Xaa---N 
N 

Compound N° Xaa K, (nM)" t (h)9 
24 Cpg 1.1 ± 0.2 48 
25 Chg 1.4±0.5 >48 
26 Ile 2.2 ±0.5 48 
27 Thg 3.8 ± 0.8 >48 
28 Lys(Z) 5.2 ± 1.0 24 

29 Pro 22.0 ± 4.0 7.5 

Id. at 1166. 

122. When changing the substituent at the 2- position of the acetyl- pyrrolidine -2- 

carbonitrile from a straight chain alkyl moiety, for example compound 28 (a lysine moiety), to a 

more bulky cycloalkyl moiety such as a cyclohexyl moiety, for example compound 25, the 

stability dramatically increases from 24 hours to greater than 48 hours. Given this teaching, one 

of ordinary skill in the art would have been motivated to try even larger, bulkier alkyl groups, 

such as substituting the cyclohexyl group at the 2- position of the acetyl- pyrrolidine -2- 

carbonitrile compound 25 with an adamantyl group, in order to further minimize cyclization and 

increase the stability of the compound under similar conditions. Adamantyl was well known and 

studied in the art. For example, as discussed in more detail below, Raag, published in 1991, 

taught hydroxylated adamantane. Raag at 2678. 

b. A POSA Would Have Been Motivated To Increase Potency 

123. One of ordinary skill in the art also would have been motivated to substitute the 

cyclohexyl group at the 2- position of the acetyl -pyrrolidine -2- carbonitrile compound 25 with an 

adamantyl group because, e.g., Ashworth discloses that substitution at this position improves the 

potency of an aminoacyl pyrrolidide compound as shown in Table 1 of Ashworth: 

49 

Page 307 of 405



r" 
H-Xaa-N 

Compound N° Xaa K, (PM)" 
5 Cyclohexylglycine [Chg] 0.064 ± 0.01 

6 (RS)-Cyclopentylglycine [Cpgl 0.21 ± 0.04 
7 Ile 0.41 ± 0.01 

8 allo-Ile 0.44 ± 0.04 
9 Val 0.47 t 0.02 
10 Lys(Cbz) 0.52 ± 0.07 
11 tert-Butylglycine [Tbg] 0.88 ± 0.20 

12 Thr(Me) 0.90 t 0.15 
13 Orn(Cbz) 0.91 ± 0.20 
14 2-Aminohexanoic acid [Aha] 1.20 ± 0.20 
15 Glu 2.00 ± 0.40 
16 Pro 2.10 t 0.20 
17 Cyclohexylalanine [Cha] 2.15 ± 0.50 
18 Glu(OBn) 2.70 ± 0.30 
19 Thr 4.90 ± 0.90 
20 Phenylglycine [Phg] 5.30 ± 0.10 
21 Ser(Bn) 6.00 t 1.50 

22 Ala 7.00 t 1.00 

23 Asp 
_ 14.50 f 1.90 

Id. at 1164. Specifically, compound 5 (having a cyclohexyl group) of Table I shows at least a 

100 -fold increase in potency compared to compound 7 (having a 1- methyl propyl group) or 

compound 9 (having an isopropyl group). Ashworth confirms this observation by noting, "[a]s 

expected, from the substrate specificity of DP -IV, only (S) -amino acid derivatives showed any 

activity and, as can be seen in Table I, lipophilic amino acids gave more potent compounds. In 

particular, 13-branched a -amino acid derivatives were the most potent compounds with the non - 

proteinogenic amino acid, (S)- cyclohexylglycine providing the most active pyrrolidide 

(compound 5 possessing a K; value of 64 nM)." Id. at 1165. 

124. Therefore, Ashworth describes and teaches: (i) the advantage of replacing a 

smaller straight chain alkyl moiety (i.e., a 4 -amino -butyl group) at the 2- position of an 

aminoacyl pyrrolidine with a larger cycloalkyl moiety (e.g., a cyclohexyl group) to produce an 

aminoacyl pyrrolidine -carbonitrile with increased stability under physiological pH conditions; 

50 

H-Xaa-N 

Compound N° Xaa K, (µM)'3 
5 Cyclohexylglycine [Chg] 0.064 ± 0.01 
6 (R,S)- Cyclopentylglycine [Cpgl 0.21 ± 0.04 
7 Ile 0.41 ± 0.01 

8 alto -Ile 0.44 ± 0.04 
9 Val 0.47 ± 0.02 
10 Lys(Cbz) 0.52 ± 0.07 
11 tert-Butylglycine [mg] 0.88 ± 0.20 
12 Thr(Me) 0.90 ±0.15 
13 Orn(Cbz) 0.91 ± 0.20 
14 2- Aminohexanoic acid [Aha] 1.20 ± 0.20 
15 Glu 2.00 ±0.40 
16 Pro 2.10±0.20 
17 Cyclohexylalanine [Cha] 2.15 ± 0.50 
18 Glu(OBn) 2.70 ± 0.30 
19 Thr 4.90 ± 0.90 
20 Phenylglycine [Phg] 5.30 ± 0.10 
21 Ser(Bn) 6.00 ± 1.50 

22 Ala 7.00 ± 1.00 
23 Asp 14.50 ± 1.90 

Id. at 1164. Specifically, compound 5 (having a cyclohexyl group) of Table I shows at least a 

100 -fold increase in potency compared to compound 7 (having a 1- methyl propyl group) or 

compound 9 (having an isopropyl group). Ashworth confirms this observation by noting, "[a]s 

expected, from the substrate specificity of DP -IV, only (S) -amino acid derivatives showed any 

activity and, as can be seen in Table I, lipophilic amino acids gave more potent compounds. In 

particular, f3-branched a -amino acid derivatives were the most potent compounds with the non - 

proteinogenic amino acid, (S)- cyclohexylglycine providing the most active pyrrolidide 

(compound 5 possessing a K; value of 64 nM)." Id. at 1165. 

124. Therefore, Ashworth describes and teaches: (i) the advantage of replacing a 

smaller straight chain alkyl moiety (i.e., a 4 -amino -butyl group) at the 2- position of an 

aminoacyl pyrrolidine with a larger cycloalkyl moiety (e.g., a cyclohexyl group) to produce an 

aminoacyl pyrrolidine -carbonitrile with increased stability under physiological pH conditions; 

50 

Page 308 of 405



and (ii) the advantage of replacing a smaller branched alkyl moiety (i.e.,1- methyl propyl group 

or isopropyl group) at the 2- position of an aminoacyl pyrrolidine by a larger cycloalkyl moiety 

(cyclohexyl group) to produce an aminoacyl pyrrolidine with superior activity in inhibiting DP- 

IV. 

3. A POSA Would Have Been Motivated To Replace The Cyclohexyl 
Group On Compound 25 With An Adamantyl Group 

125. Additionally, one of ordinary skill in the art would have been motivated to 

substitute the cyclohexyl group at the 2- position of compound 25 with an adamantyl group 

because the art taught adamantyl as an obvious alternative to cyclohexyl. For example, Villhauer 

discloses compounds having cycloalkyl (e.g., adamantyl groups) or alkyl groups attached to the 

amino moiety of 2 -cyano pyrrolidides for use as DP -IV inhibitors. Specifically, Villhauer 

discloses a cyclohexyl group attached to the amino moiety of 2 -cyano pyrrolidides: 

N 

H 0 CN 

(Villhauer at 12, Example No. 28); adamantyl groups attached to the amino moiety of 2 -cyano 

pyrrolidides: 

p CN 

(id. at 13, Example No. 47) and alkyl groups attached to the amino moiety of 2 -cyano 

pyrrol id ides: 

H 0 CN 
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(id. at 13, Example No. 52). Villhauer performed a pairwise comparative analysis between 

cyclohexyl and adamantyl groups, along with a small number of other substituents. Villhauer 

thus provides motivation for selecting adamantyl as an alternative to cycloalkyl in a DP -IV 

inhibitor. 

126. Given the disclosures of Ashworth and Villhauer, one of ordinary skill in the art 

would have been motivated in March 2000 to make the adamantyl substituted 2 -cyano 

pyrrolidide (i.e., adamantyl substituted Ashworth compound 25) because Villhauer discloses the 

adamantyl group attached to the amino moiety 2 -cyano pyrrolidide compound. 

127. Ashworth provides motivation to position the adamantyl group of Villhauer at the 

2- position of the aminoacyl pyrrolidide of Ashworth compound 25 given that the cyclohexyl 

moiety was also positioned at the 2- position. Thus one of ordinary skill in the art would easily 

surmise that the adamantyl- substituted Ashworth compound 25 (shown on the right -hand side 

below) is merely a logical extension of what was previously known at the time of filing (the 

compound on the left hand side below): 

2t---4»- N 
H CN 

CN 

Accordingly, well before March 2000, it would have been obvious to one of ordinary skill in the 

art to substitute the cyclohexyl group at the 2- position of the Ashworth lead compound 25 with 

an adamantyl group. One of ordinary skill in the art would have expected the modification to 

improve the characteristics of the compound, and particularly, to increase the potency and 

stability of the compound. 
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adamantyl group attached to the amino moiety 2 -cyano pyrrolidide compound. 

127. Ashworth provides motivation to position the adamantyl group of Villhauer at the 

2- position of the aminoacyl pyrrolidide of Ashworth compound 25 given that the cyclohexyl 

moiety was also positioned at the 2- position. Thus one of ordinary skill in the art would easily 

surmise that the adamantyl- substituted Ashworth compound 25 (shown on the right -hand side 

below) is merely a logical extension of what was previously known at the time of filing (the 

compound on the left hand side below): 

CN H2N 
CN 

Accordingly, well before March 2000, it would have been obvious to one of ordinary skill in the 

art to substitute the cyclohexyl group at the 2- position of the Ashworth lead compound 25 with 

an adamantyl group. One of ordinary skill in the art would have expected the modification to 

improve the characteristics of the compound, and particularly, to increase the potency and 

stability of the compound. 
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128. In the context of the '186 patent, one of ordinary skill in the art would only need 

to verify the readily predicted results of adding an adamantyl group and removing the cyclohexyl 

group. Such a modification requires less experimentation than is invited by the specification of 

the '186 patent. 

4. A POSA Would Have Been Motivated To Add A Hydroxyl At The 3- 
Position Of The Adamantyl Group 

129. One of ordinary skill in the art would have been motivated to add a hydroxyl 

group at the 3- position of the adamantyl substituent of the modified Ashworth lead compound 25 

in order to improve the compound's characteristics. For example, addition of a hydroxyl moiety 

would have been expected to reduce the compound's partition coefficient (thereby enhancing its 

solubility and permeability) and potentially increase its metabolic stability. Specifically, one of 

ordinary skill in the art would have expected the hydroxyl group to potentially increase 

compound solubility and possibly increase absorption of the compound without diminishing its 

activity. 

H-Xaa-N 
N 

Compound N° Lui K1 (nM)i' tki (h)19 

24 Cpg 1.1 t 0.2 48 

25 Chg 1.4 t 0.5 >48 

26 11e 2.2 ± 0.5 48 

27 Tb& 3.8 ± 0.8 >48 

28 Lys(Z) 5.2 ± 1.0 24 

29 Pro 22.0 ± 4.0 7.5 

Ashworth at 1066. 

130. Also, it would have been within the general knowledge of one of ordinary skill in 

the art -as evidenced by Lipinski, Hansch, Cates, and /or other references available to one of 
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ordinary skill in the art -to incorporate a hydroxyl group in the adamantyl- modified Ashworth 

lead compound, e.g., to reduce the partition coefficient of the compound, and thus potentially 

increase the solubility in aqueous solution. Thus, the teachings of Ashworth in combination with 

such knowledge would have motivated one of ordinary skill in the art to make such a 

modification. 

131. Raag provides additional motivation for incorporation of a hydroxyl group at a 

specific position on the adamantyl ring. Raag discloses a study of the metabolism of adamantane 

by cytochrome P- 450CAM. Raag at Abstract. Table III of Raag, shows the substrates that are 

subject to hydroxylation, including adamantane and other substrates: 

Table III: Various Substrate-Dependent Parameters, 

°It :3;1 k 
campha admaaueow ad>nwatrae tAioamphor camphor. Y%F aorumpAcv amptuor 

mola vol 
hydrogen bond to Y96 
no. uf iron ligands 
rcdox pot. Fe» /Fee' 
highspin'1 
rcgiuspcctf of substr hydroxylatn 

substr temp factor (Fes') 
substr hydrophilic groups 
hydruxylatn 
-efficiency - 
L6-substr disc 

L6 -iron dut 
L6 occupancy 
L6 tcmp factor 
cation occupancy 
cation temp factor 

315 A2 
yes' 

300 A2 
yes' 

293 Al 
no 

322 A3 
no 

315 A' 
no 

236 A2 

yes' 
309 A3 
no 

5' 5' 6 6 6' 6 
-170 mV' -175 mV' -206 mV' 
94-971e.. 96 -98 %" 99%' 659F' 591.' 46 ' 46%' 
5 -exo (100`g)' 5 (100%)' 1 (100%)' Sexo (64%)' 5 -exo (92%)'/ 5 -exo (45%y 5 -exo (90%)' 

6-exo (34%) 4 (I%) 6-exo (47%) 6 -exo (10%) 
3-exo (2%) 6 -exo (2-4 %) 3exo (8%) 

3 -exo (0-4%) 
9 ( <1%) 

16.2 Ata 16.5 A2' 24.7 A2 23.5 Al 33.5 A2' 30.1 Al 
yes yes no yes yes yes no 
100%' 98 %' 100 %' 12%t 8 %' 

NA NA 2 63 A 2.35 A (70%) 3 0 A' 2 88 A 
3.35 A (30%) 

NA NA 1.95 A 1.35 A i 73 A' 167 A NA NA I 00 0.90 097' 100 NA NA 14.3 A2 19.6 A2 3 8 A2' 7 7 Al 
1.00' 100' 0.89 0.91 100' 0.72 
12.1 A2 10.0 A2' 15.5 A2 14.2 Al 7.9 A2' 21.7 Al 

' Poulos et al (1985. 1987). "Rang and Poulos (1989a). 'Fisher and Slìgar (1985). 'White et al. (1984) 'Atkins and Sligar (1988b) /Atkins and Sligar (1989). 'Carbon numbering for each substrate begins with C -I at the top of the six-membered ring which is in the plane of the table Numbering proceeds counterclockwise such that the carbonyl carbon is C.2 and C -S is in the lower right -hand portion of the ring. Note that C5 is 
a secondary carbon in some substances and a tertiary carbon in others. 

Id. at 2678. Column 7 of Table III describes the regiospecific hydroxylation of adamantane at a 

specific I -position, i.e., at a tertiary carbon site (and not a secondary carbon site). Id. This 

position corresponds directly to the hydroxylation site (i.e., the 3- position on the adamantyl ring) 
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293 A3 
no 

322 A= 
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315 AS 
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5b 6 6 

-175 mV' 
96 -98 %e° 99%° 65%' 59 %' 
S (100%)° 1 (100%)° 5 -cxo (64 %)' 5 -exo (92%)'1 

6 -exo (34%) 4 (1%) 
3 -cxo (2%) 6 -cxo (2 -4 %) 

3 -exo (0-4 %) 
9 ( <1%) 

16.5 A2b 24.7 AZ 23.5 A2 
yes no yes yes 

98 %' 100%' 

NA 2.63 A 2.35 A (70 %) 

3.35 A (30%) 
NA 1.95 A 1.35 A 
NA 1.00 0.90 
NA 14.3 A2 19.6 A' 
1.004 0.89 0.91 
10.0 A"b 15.5 A2 14.2 AZ 

o 

ncrcasrgb::r amtintne 

236 A' 309 A' 
yes& no 
64 6 

-206 mV' 
4696' 46%' 
5 -exo (45 %)! 5 -exo (90%)' 
6-exo (47 %) 6-exo (10%) 
3 -cxo (8 %) 

33.5 A2b 30.1 AZ 
yes no 
12rí 8 %' 

3.0 Ab 2.88 A 

1.73 Ab 1.67 A 
0.974 1.00 
3.8 Mb 7.7 Al 
1.00b 0.72 
7.9 Alb 21.7 A2 

'Poulos et al. (1985, 1987). &Raag and Poulos (1989a). 'Fisher and Sligar (1985). °White et al. (1984). 'Atkins and Sligar (1988b). 'Atkins and Sligar (1989). rCarbon numbering for each substrate begins with C -1 at the top of the six-membered ring which is in the plane of the table Numbering proceeds counterclockwise such that the carbonyl carbon is C2 and C -5 is in the lower right -hand portion of the ring. Note that C -5 is 
a secondary carbon in some substances and a tertiary carbon in others. 

Id. at 2678. Column 7 of Table III describes the regiospecific hydroxylation of adamantane at a 

specific 1- position, i.e., at a tertiary carbon site (and not a secondary carbon site). Id. This 

position corresponds directly to the hydroxylation site (i.e., the 3- position on the adamantyl ring) 
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in saxagliptin and the location of the hydroxyl group of the adamantyl- modified Ashworth 

compound 25. 

132. Raag also teaches that '`[a]damantane is ... metabolized to a single product 

despite having a relatively high active site mobility. The single product can be attributed to the 

existence of only two types of unique carbon atoms in adamantane, together with the greater 

reactivity of tertiary versus secondary carbons." Id. As additional evidence for the teachings of 

Raag, Hoffman describes the antiviral drug rimantadine, which contains an adamantane moiety 

that was known to be metabolized to a hydroxylated derivative. Hoffman serves as further basis 

of what was generally known in the art regarding the tendency for adamantane to preferentially 

undergo hydroxylation at the 3- position. 

133. Therefore, it was known long before March 2000 that 3- hydroxylated adamantyl 

groups were used in drugs and that adamantyl groups were subject to hydroxylation at the same 

site as a result of normal metabolism. Further, one of ordinary skill in the art, given the teaching 

of Raag (and as evidenced by Hoffman), would have been motivated to block metabolism of a 

substituted adamantyl ring at the 3- position by placing a group such as a hydroxyl group at that 

position. Blocking metabolism at the 3- position would result in greater metabolic stability. 

134. Furthermore, at the time the application of the '186 patent was filed, it was also 

known that information on metabolites of candidate drugs "can guide structural modifications, 

thereby improving the activity and /or bioavailability." See Korfinacher at 532. Korfmacher 

teaches the following advantages of metabolite identification: 

Metabolite identification in drug discovery provides early information that can 
lead to structural changes in the current lead compound, improving such 
pharmacokinetic parameters as oral bioavailability, half -life (tw), or Cn,a,. Often 
these parameters can be changed by improving the metabolic stability of the 
compound. In order to improve metabolic stability, it is very important to know 
how a compound is metabolized. The goal of drug discovery is to progress a lead 
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compound. In order to improve metabolic stability, it is very important to know 
how a compound is metabolized. The goal of drug discovery is to progress a lead 
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compound into a final candidate drug that can be placed in the development stage. 
. . Early metabolite identification can provide information on how to improve 
the metabolic stability of the lead structure. In this way, future lead 
compounds might be a metabolite identified from the previous lead drug or 
an analog of the previous drug designed to block the major route of 
metabolism. 

Id. at 534 (emphasis added). 

135. Therefore, it was well known that metabolites (such as 3- hydroxy substituted 

adamantyl compounds) could provide improved metabolic stability to a compound. 

136. Additionally, having a hydroxyl group at the 3- position would also improve the 

Lipinski parameters, such as reducing Log P and improving permeability as discussed below. 

The partition coefficient (P) is a ratio of concentrations of un- ionized compound between two 

liquid phases, and Log P is as a measure of compound lipophilicity. One of ordinary skill in the 

art would have been motivated to add a hydroxyl group at the 3- position of the adamantyl- 

substituted moiety of the modified Ashworth lead compound 25 because the use of hydroxyl 

groups on drugs increases the solubility of the drugs in water. This position is supported by the 

knowledge of one of ordinary skill in the art, as evidenced by at least by the Lipinski, Hansch 

and /or Cates disclosures as discussed in details in V¡¶ 50 -51 above. 

137. One of ordinary skill in the art would have been motivated to improve 

characteristics or properties of the lead compound, e.g., the solubility thereof, particularly 

wherein the prior art indicates a potential problem with such a characteristic or property, e.g., 

very low solubility, as predicted by one of ordinary skill in the art, for example using information 

and teachings available, such as evidenced by Lipinski, Hansch and Cates. 

138. Accordingly, before 2000, in view of the knowledge of one of ordinary skill in the 

art, as seen in the teachings of Lipinski, Hansch and Cates, it would have been obvious to one of 

ordinary skill in the art to add a hydroxy group at the 3- position of the adamantyl modified 
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compound 25. A person of ordinary skill in the art \\ ould have had reason to try such an addition 

with an expectation of success in preparing a DP -IV inhibitor ith improved water solubility, as 

well as increased stability (as taught in Kortìnacher), permeability and bioavailability. 

5. A POSA Would Have Been Motivated To Modify Ashy% °rth's 
Compound 25 By Cyclopropanation Of The P rrolidine Ring 

139. As discussed above, one of ordinary skill in the art \\ould have understood the 

significance of dipeptide conformation on the effective interaction between DP -IV and its 

substrates and inhibitors. As would have been appreciated by one of ordinary skill in the art. the 

orientation of certain functional groups in the ultimate compound (e.g., the free amine and 2- 

cyano moieties) would be controlled, at least in part, by biasing the molecule to prefer a trans 

versus cis conformation of the dipeptide core structure. As discussed above, it was generally 

known in the art that the trans conformation would be favored over the cis conformation for a 

DP -IV inhibitor. Id. at 14020. This can be accomplished by substitution of a large group, such 

as hydroxyadamantyl at the C2 position of the core structure. See Pal at 274 

140. One of ordinary skill in the art also would have been motivated to optimize the 

interaction between the cyano functional group and the i)P -IV enzyme. Specifically, a person of 

ordinary skill would have been motivated to optimize the interaction between DP -1V and the 

cyano group by exploring variations in the point of attachment on the pyrrolidine ring as well as 

the orientation of the cyano group on the pyrrolidine ring. One of ordinary skill in the art would 

have selected as a starting point the 2 -cyano position lòund in both Ashworth compound 25 and 

Villhauer. The cyano moiety in saxagliptin shares the same pyrrolidine ring position described 

in these prior art references. 

141. A person of ordinary skill would have also sought to modulate the orientation of 

the 2 -cyano moiety on the pyrrolidine ring in order to optimize interaction with and inhibition of 
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the DP -IV enzyme. A standard strategy in March 2000 for modulating the orientation of a ring - 

bound substituent would have been through fusion of the pyrrolidine ring with another ring. See, 

e.g., Chiou at 243. Fusion between two rings results in significant changes in ring flexibility, 

including as discussed above, ring flattening in a cyclopropyl fused derivative. These changes in 

turn would be expected by one of ordinary skill in the art to affect the orientation of ring -bound 

substituents (e.g., the 2 -cyano moiety of Ashworth, compound 25). The smallest ring that can be 

used for fusion is a cyclopropyl ring. Id. 

142. Cyclopropyl rings are one of the most commonly used ring fusion agents because: 

(i) addition of a cyclopropyl ring has a negligible effect on compound molecular weight, which 

can translate to better drug -like qualities; (ii) cyclopropane has an exceedingly small footprint, 

meaning it exerts a minimal steric effect on the rest of the compound to which it is attached and 

(iii) cyclopropane provides greater conformational restriction than larger ring fusions, resulting 

in fewer possible conformations. See, e.g., id. 

143. One of ordinary skill in the art would have been motivated to select cyclopropyl 

fusion as a means for modulating the interaction between a DP -IV inhibitor and DP -IV. Chiou 

represents what was generally known in the art in March 2000 regarding the effects of 

cyclopropyl ring fusion. Specifically, Chiou explored the fusion of a cyclopropyl ring onto 

acetylcholine (ACh) in order to produce a compound that was "1) structurally as close to ACh as 

possible and 2) conformationally as rigid as possible." According to Chiou, cyclopropyl rings 

"are considered the smallest chemical structure ... capable of conferring conformational 

rigidity." Id. at 243. Like Chiou, one of ordinary skill in the art would have been motivated to 

start with a compound ha\ ing known activity (e.g., Ashworth compound 25) and to optimize it 

by making small, incremental changes to its size and rigidity near the active 2 -cyano group. 
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144. For the above reasons, cyclopropyl fusion to the pyrrolidine ring of Ashworth 

compound 25 would have been one of the first modifications a person of ordinary skill would 

have chosen for its optimization in March 2000. Moreover, the pool of compounds that would 

have been tried by a person of ordinary skill would have been quite small given the likelihood of 

selecting the cyclopropyl fusion modification. 

145. Selection of the point of attachment for the cyclopropyl ring would have been 

straightforward for one of ordinary skill in the art in March 2000. As can be seen in the 

pyrrolidine ring of Ashworth compound 25 below, there are only three possible cyclopropyl 

fusion sites at the pyrrolidine ring: 

H N 

Ashworth Compound 25 

The resulting fusion would thus be one of: 1,2- methanopyrrolidine, 3,4- methanopyrrolidine or 

4,5- methanopyrrolidine. One of ordinary skill in the art would have understood in March 2000 

that two possible orientations of the fused cyclopropane ring could exist for each of the above 

three positions ring. See, e.g., Hanessian at 1882, compounds 6 and 8. 

146. One of ordinary skill in the art would have prioritized fusion of the cyclopropane 

ring at the two positions farthest from the carbon bearing the cyano moiety. Thus the skilled 

artisan would have conservatively started with the 4,5- methanopyrrolidine and 3,4- 

methanopyrrolidine fusions because the prior art provided expeditious synthetic methods for 

their preparation. See Hanessian; Tverezovsky, et al., "Synthesis of (2S, 3R, 4S) -3,4- 
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Methanoproline and Analogues by Cyclopropylidene Insertion," Tetrahedron, 53(43):14773- 

14792 (1997). Therefore, the 4,5- methanopyrrolidine, as present in saxagliptin, would have been 

one of only a small set of compounds that would have been investigated by one of ordinary skill 

in the art. 

147. Hanessian provides motivation for producing a fused pyrrolidine -cyclopropyl ring 

system as found in saxagliptin. Specifically, Hanessian teaches that the use of conformationally 

constrained analogues of proline were well known in the peptidomimetic research area well 

before March 2000. Hanessian describes the "highly stereocontrolled syntheses of the 

diastereomeric 4,5- methano-L- prolines and 5,6- methano -L- pipecolic acids by a novel 

intramolecular cyclopropanation reaction of iminium ions ..." Id. at 1882. One such example 

shown by Hanessian is compound 8, which was synthesized according to Scheme 1 below: 
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148. The structure and conformation of compound 8 in the solid state were 

unambiguously confirmed by single X -ray analysis. Id. Further, Table 1 of Hanessian shows 

selected torsion angles for compound 8 where "considerable `flattening' of the pyrrolidine ring is 

observed relative to N- Boc- L- proline." Id. 
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Table 1. Selected torsion angles and root -mean -square deviations from fitted atoms 
in a given plane of X -ray crystal structures, and ' }C NMR chemical shifts (CDC %,). 

,to 

N-Roc-t.-proline 120) 6 8 

r(NCJ -17 - 5.6 -14.4 
r(C,Cs) + 31 + 4.8 + 15.3 
r(C,C,) - 35 -2 6 -11.4 
r(C,C,) + 24 -0 7 + 2.9 
r(C,N) -4 +4.1 +7.6 
t(BocNC,CO jH) - 72 -64 0 -67.1 
rms deviation 0.018 0.003 0.013 
of fitted atoms C,. N, Cs, C, Cs, C,, Cs. N C,, C,, C,, N 

b(c:s/trans) á(cés/trans) (Wis/rrans) 

COON 178.35/ 176.60 177.7/175.5 179.1/176.1 
NC =O 153.95/1 55.39 157.1/154 155.7/154.1 
C, 58.8 60.8/601 59.5/59.1 
Cs 30.75/29.53 32 0 31.5/29.1 

Id. Hanessian confirms the "flattening" of the pyrrolidine ring by determining the root -mean- 

square values for the Cp and N atoms from the plane defined by C (3, Cy, Cs and N (see Table 1 

above). It was determined that for compound 8, the out -of -plane carbon was the carbon bearing 

the carboxyl group when compared to N -Boc proline. Id. Therefore, Hanessian taught that 

modification of a substituted proline ring (such as a 2- carboxyl substituted proline) to a 4,5- 

methanoproline ring system "flattens" the ring. Ring flattening would also be expected to result 

in a modified orientation of the 2 -cyano group. Modifying the orientation of the 2 -cyano group 

in Ashworth compound 25 would likely result in a modified interaction with DP -IV that may 

improve potency and possibly cause it to resist intramolecular reaction with the free amine group 

IOund in 1)13-I\' inhibitors (i.e., increased stability). 
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149. One of ordinary skill in the art would have had reason to modify the 2 -cyano 

substituted proline portion of the Ashworth lead compound 25 to a 4,5- methanoproline ring 

system in order to enhance compound stability. For example, Ashworth teaches that, 

"[s]ubstrates and inhibitors of DP -IV require a free N- terminus, which means that potential 

dipeptide serine protease inhibitors (e.g., C- terminal aldehydes, boronic acids, a- ketoacids, 

trifluoromethylketones, or chloromethylketones) are inherently unstable at neutral pH due to 

intramolecular cyclisation." Ashworth at 1163. One of ordinary skill in the art would have had 

reason to try modifying the 2 -cyano substituted proline portion of the Ashworth compound 25, to 

produce a 4,5- methanoproline ring system in order to "flatten" the proline ring as taught in 

Hanessian, thereby adjusting the orientation of the cyano substituent to the proline ring and 

minimizing or preventing intramolecular cyclization, as taught by Ashworth. Furthermore one of 

ordinary skill in the art may expect that a cyclopropyl fused pyrrolidine may also have improved 

chemical stability in FDA -mandated stability testing. See FDA Stability Guidelines; FDA 

Impurities Guidelines. 

150. Hanessian describes and teaches: (i) modification of a substituted proline ring 

(such as a 2- carboxyl substituted proline) (ii) to produce a 4,5- methano- modified substituted 

proline ring with the 2- substituent orientation modified with respect to the proline ring. 

151. Accordingly, before 2000, it would have been obvious to one of ordinary skill in 

the art to modify the substituted proline ring of the Ashworth compound to a 4,5- methano- 

modified compound. Such chemist would have had reason to make such a modification with a 

reasonable expectation of success for improving the characteristics of the compound. For 

example, according to the teachings of Ashworth, one of ordinary skill in the art would have 

expected success in preparing the DP -IV inhibitor with improved stability properties. 
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152. By making these commonly known modifications at the positions indicated 

above, routine experimentation would have led to the following molecule: 

HO 

H N 

NC 

153. This molecule is identical to the compounds recited in claims 8 and 25 of the '186 

patent and encompassed by claims 1, 2, 4, 6, 7, 9 -11, 26 -28, 32 -35, and 39 -40 of the '186 patent. 

154. Taken together, the prior art provided reason: 1) to select the core structure of 

Ashworth compound 25 to form a DP -IV inhibitor; 2) to substitute the cyclohexyl group at the 2- 

position of the acetyl -pyrrolidine -2- carbonitrile of the lead compound with tricyclo[3.3. I . I ]dec- 

1 -yl group (adamantyl group); 3) to add a hydroxyl group at the 3- position of the adamantyl 

group and 4) to form a 4,5- methanoproline moiety of the lead compound. Thus, claims 8 and 25 

of the '186 patent are unpatentably obvious over Ashworth in view of the knowledge and 

motivation of one of ordinary skill in the art, as evidenced by prior art references (including 

Villhauer, Raag, and Hanessian). 

B. Each Additional Limitation Of Dependent Claims 9 And 26 Is Also Disclosed 
By The Prior Art 

Claim 9: 

"The compound as defined in claim 8 wherein the pharmaceutically 
acceptable salt is the hydrochloride salt or the trifluoroacetic acid 
salt." 

Claim 26: 
"The compound as defined in claim 25, wherein the pharmaceutically 
acceptable salt is the hydrochloride salt." 
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155. Claim 9 of the '186 patent recites the compound as defined in claim 8 and further 

claims the hydrochloride salt or the trifluoroacetic acid salt as the pharmaceutically acceptable 

salt. Claim 26 of the '186 patent recites the compound as defined in claim 25 and further claims 

the hydrochloride salt as the pharmaceutically acceptable salt. It would have been obvious to 

one of ordinary skill in the art to make and use the hydrochloride salt or the trifluoroacetic acid 

salt because it was previously disclosed in Ashworth. Further, making the salt would have been 

an ordinary exercise or task one of ordinary skill in the art would have performed at the time the 

application which led to the '186 patent was filed. 

156. Ashworth teaches the formation of DP -IV pyrrolidides as both the hydrochloride 

salt and trifluoroacetic acid salt. For example, Ashworth describes the "subsequent acid 

catalyzed deprotection (4N HCI /dioxane) afforded the inhibitor as its hydrochloride salt." 

Ashworth at 1 165 (emphasis added). Ashworth also describes the preparation of dipeptide 

nitriles as shown in Scheme I, below. 

Scheme I. Preparation of dipeptide nitriks. 
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r. Boc- Xaa -OH, py8op, NEt,. CH2Ch. g. Trißuoroacetic acid. 

Id. 

157. Here, step g of Scheme I shows the formation of the trilluoroacetic acid salt. Id. 

Because it would have been obvious to one of skill in the art to modify the lead compound 25 of 

Ashworth, as described above, the hydrochloride salt or trifluoroacetic acid salt of claim 9 or the 
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hydrochloride salt of claim 26 of the '186 patent would be obvious for at least the reasons set 

forth above with respect to claims 8 and 25, given the disclosure that hydrochloride salts or 

tritluoroacetic acid salts were synthesized in Ashworth. Further. it would have been within the 

ordinary routine of one of skill in the art to make pharmaceutically acceptable salts, such as 

hydrochloride salts or trifluoroacetic acid salts once the base compound was synthesized. 

Villhaucr also teaches the use of pharmaceutically acceptable salt, including the hydrochloride 

salt. 

VIII. CONCLUSION 

158. For the foregoing reasons it is my opinion that claims 8, 9, 25, and 26 of the ' 186 

patent would have been obvious to a person of ordinary skill in the art at the time of the claimed 

invention. 

Executed on this J day of January, 2016. 
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I. INTRODUCTION 

I. I, David P. Rotella, have been retained by counsel for Mylan Pharmaceuticals Inc. 

in connection with the above -captioned litigation matter to provide expert testimony concerning 

U.S. Patent No. RE 44,186 ( "the '186 patent ") by Robl et al., and entitled "Cyclopropyl -fused 

pyrrolidine -based inhibition of dipeptidyl peptidase 1V and method." This report presents my 

opinions regarding the invalidity of claims 8, 9, 25, and 26 (collectively, "the asserted claims ") 

of the '186 patent. For the reasons detailed below, it is my opinion that the asserted claims of the 

' 186 patent would have been obvious in view of the prior art to a person of ordinary skill in the 

art at the time of the claimed invention. 

2. This expert report, submitted pursuant to Fed. R. Civ. P. 26(a)(2)(B), sets forth 

the opinions as to which, if asked, I will testify at trial with respect to the '186 patent. In 

addition, if asked, I may respond to the opinions and testimony of Plaintiff's witnesses regarding 

issues within my area of expertise. I reserve the right to adjust, modify, or supplement my 

opinions in light of any response, critique, or comments on my report or different opinions made 

by or on behalf of other parties to this litigation, including, but not limited to, any deposition 

testimony or rebuttal reports that other parties submit. 

A. Qualifications and Experience 

3. I received my B.S. Pharm. from the University of Pittsburgh in 1981 and Ph.D. in 

Medicinal Chemistry from The Ohio State University in 1985. I was a Postdoctoral Scholar in 

the Department of Chemistry at The Pennsylvania State University from 1985 to 1987. 

4. I am currently the Margaret and Herman Sokol Professor of Chemistry in the 

Department of Chemistry and Biochemistry and in the Sokol Institute of Pharmaceutical Life 
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Sciences at Montclair State University. I have been a member of the faculty of this university 

since 2011. 

5. I am also currently an adjunct professor in the Department of Pharmaceutical 

Sciences at the University of Pittsburgh, in the Center for Drug Discovery at Northeastern 

University, and in the Department of Medicinal Chemistry at the University of Mississippi. I 

have been a member of the faculty of these departments since 2010, 2010, and 2009, 

respectively. 

6. I am currently a registered pharmacist in the Commonwealth of Pennsylvania. 

7. I was formerly a research scientist at multiple pharmaceutical companies during 

the years 1991 -2010, including at Bristol -Myers Squibb PRI, Lexicon Pharmaceuticals, and 

Wyeth Research/Pfizer. My industry experience focused on drug discovery and development. 

8. My current research focuses on protein kinase inhibitors for anti -infective and 

anti -inflammatory applications. Specifically, I work on the discovery of new agents useful for 

the potential treatment of parasitic and neurodegenerative diseases, including the synthesizing of 

new analogs of a lead structure as potential protein kinase inhibitors and investigation of 

structure- activity relationships in a product that has HSP90 inhibitor activity. 

9. I have authored or co- authored more than 20 abstracts for presentation at 

professional meetings, 40 peer- reviewed journal articles, and seven book chapters. I have also 

edited or co- edited five books in the field of Medicinal Chemistry. I have received numerous 

honors, fellowships and awards, and am an inventor or co- inventor on seven granted patents. 

10. A summary of my education, experience, publications, awards and honors, 

patents, publications, and presentations is provided in my CV, a copy of which is provided as 

Exhibit A, attached hereto. 
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B. Compensation 

I I. I am being compensated at the rate of $500 /hour for my work in connection with 

this litigation. My compensation is not dependent on the outcome of this lawsuit. I do not have 

any financial interest in the outcome of this matter. 

C. Prior Testimony 

12. 1 have not appeared as an expert, either at trial or by deposition, within the last 5 

years. 

D. Materials Considered 

13. In forming my opinions and preparing this report, I reviewed and considered the 

materials cited in this report and those materials listed in Exhibit B to this report. I have further 

relied on my knowledge, education, and training as reflected in my qualifications and credentials 

set forth above and in my curriculum vitae. 

14. Additionally, I may use the materials cited or listed to assist me in preparing 

demonstratives such as graphics and animations for my testimony or in the event that I am asked 

to provide testimony or a technology tutorial. 

H. APPLICABLE LEGAL STANDARDS 

15. I have been advised that the following legal standards are applicable to this report. 

16. I understand that patents are presumed valid and the party challenging validity has 

the burden of proving invalidity by clear and convincing evidence. I further understand that an 

invalidity analysis involves two steps: first, ascertaining the proper meaning and scope of the 

patent claims; and second, determining whether the limitations of the claims, as properly 

interpreted, are disclosed in the prior art. 
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17. I have been advised that, in the present case, the '186 patent claims are to be 

given their broadest reasonable interpretation in view of the specification. I also understand that, 

absent some reason to the contrary, claim terms are typically given their ordinary and 

accustomed meaning as would have been understood by one of ordinary skill in the art. I have 

followed these principles in my analysis described throughout this declaration. The '186 patent 

provides definitions for certain claim terms. In my opinion, those definitions are conventional. 

A. Priority Date 

18. I have been advised that the ' 186 patent claims priority to U.S. provisional 

application number 60/188,555 ( "the '555 application)," which was filed on March 10, 2000. I 

further understand, however, that the '186 patent may not be entitled to that 2000 priority date. 

Each of the opinions expressed in this declaration apply regardless of whether the priority date is 

March 10, 2000 (the filing date of the '555 application) or February 16, 2001 (the filing date of 

the '173 application). 

B. Level of Ordinary Skill in the Art 

19. I am informed by counsel that a patent is to be interpreted from the perspective of 

a person of ordinary skill in the art ( "POSA ") to which the patent pertains, as assessed at the time 

of the claimed invention. I am further informed that a determination of the level of ordinary skill 

is based on, among other things, the educational level of the inventors, the types of problems 

encountered in the art, prior art solutions to those problems, the rapidity with which innovations 

are made, the sophistication of the technology, and the educational level of active workers in the 

field. I further understand that a person of ordinary skill is also a person of ordinary creativity. 

20. Counsel has informed me that a POSA is a hypothetical person that may have the 

combined understanding of those of ordinary skill in various fields pertinent to the subject matter 
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of the patent. In this case 1 have been asked to presume that the POSA is aware of all prior art 

available as of March 10, 2000. Therefore, 1 have been asked to opine on the qualifications of a 

POSA as of March 10, 2000. My opinion regarding the level of skill of a POSA, detailed infra 

in Section V., thus regards a person of ordinary skill in the relevant field as of March 10, 2000. 

C. Obviousness 

21. 1 have been informed that a claimed invention is not patentable under 35 U.S.C. § 

103 for obviousness, if the differences between the invention and the prior art are such that the 

subject matter as a whole would have been obvious at the time the invention was made to a 

person having ordinary skill in the field to which the subject matter pertains. 

22. 1 have been informed that a determination of obviousness involves four factual 

inquiries: (1) the scope and content of the prior art; (2) the differences between the claimed 

subject matter and the prior art; (3) the level of ordinary skill in the art at the time of the alleged 

invention; and (4) secondary considerations of non -obviousness. 

23. 1 understand from counsel that a claim can be found to have been obvious if all 

the claimed elements were known in the prior art and one skilled in the field could have 

combined the elements as claimed by known methods with no change in their respective 

functions, and the combination would have yielded nothing more than predictable and expected 

results to one of ordinary skill in the art. I also understand that improper hindsight must not be 

used when comparing the prior art to the invention for obviousness. Thus, a conclusion of 

obviousness must be firmly based on knowledge and skill of a person of ordinary skill in the 

field at the time the invention was made without the use of post -filing knowledge. 

24. 1 understand from counsel that in order for a claimed invention to be considered 

obvious, there must be some supporting rationale for combining cited references as proposed. I 
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have been informed that obviousness may be established by showing that it would have been 

obvious to combine the teachings of more than one item of prior art. In determining whether a 

piece of prior art could have been combined with other prior art or with other information within 

the knowledge of one of ordinary skill in the art, the following are examples of approaches and 

rationales that may be considered: (i) combination of prior art elements according to known 

methods to yield predictable results; (ii) simple substitution of one known element for another to 

obtain predictable results; (iii) use of a known technique to improve similar methods or products 

in the same way; (vi) application of a known technique to a known method or product ready for 

improvement to yield predictable results; (vii) application of a technique or approach that would 

have been "obvious to try" (choosing from a finite number of identified, predictable solutions, 

with a reasonable expectation of success); (viii) known work in one field of endeavor may 

prompt variations of it for use in either the same field or a different one based on design 

incentives or other market forces if the variations would have been predictable to one of ordinary 

skill in the art; or (ix) some teaching, suggestion, or motivation in the prior art that would have 

led one of ordinary skill to modify the prior art reference or to combine prior art reference 

teachings to arrive at the claimed invention. 

25. I understand from counsel that multiple factors may guide the analysis of whether 

it would be obvious to a person of ordinary skill to select a particular prior art compound as a 

lead compound for further modification. I understand that these factors may include positive 

attributes such as activity and potency, negative attributes such as toxicity, or any other relevant 

characteristics that would have been known to a person of ordinary skill from the prior art. 

26. I understand from counsel that an analysis of whether there are any relevant 

differences between the prior art and the claimed subject matter is performed from the view of a 
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person having ordinary skill in the art at the time of the alleged invention. I understand that, in 

analyzing any differences between the claimed subject matter and the prior art, inferences and 

creative steps a person of ordinary skill in the art would have employed in reviewing the prior art 

at the time of the alleged invention may be taken into account. 

27. I understand from counsel that evidence of "secondary considerations" may be 

weighed against evidence of the scope and content of, and the level of skill in, the art to rebut a 

conclusion of obviousness where appropriate. I understand that such secondary considerations 

when in evidence may include: (i) commercial success of a product due to the merits of the 

claimed invention; (ii) a long -felt, but unsatisfied need for the invention; (iii) failure of others to 

find the solution provided by the claimed invention; (iv) deliberate copying of the invention by 

others; (v) unexpected results achieved by the invention; (vi) praise of the invention by others 

skilled in the art; (vii) lack of independent simultaneous invention within a comparatively short 

space of time; and (viii) teaching away from the invention in the prior art. Secondary 

considerations are relevant where there is a nexus, or relationship, between the objective 

evidence and the claimed invention. 

III. OVERVIEW OF THE '186 PATENT 

28. The '186 patent is entitled "Cyclopropyl -Fused Pyrrolidine -Based Inhibitors of 

Dipeptidyl Peptidase IV and Method" and was issued on April 30, 2013. I have been advised 

that the '186 patent issued from U.S. Application No. 13/308,658, which was filed on December 

1, 2011, as a reissued application of U.S. Application No. 09/788,173, which was filed on 

February 16, 2001 and issued as U.S. Patent No. 6,395,767 on May 28, 2002. I have also been 

advised that U.S. Application No. 09/788,173 claims priority to U.S. Provisional Application No. 

60/188,555; which was filed on March 10, 2000. 
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29. The '186 patent is generally directed to cyclopropyl -fused pyrrolidine -based 

compounds with a variety of optional substituents, as well as pharmaceutical combinations and 

methods for treating diabetes and additional diseases. According to the '186 patent, the 

"cyclopropyl -fused pyrrolidine -based compounds [of the '186 patent are] inhibitors of dipeptidyl 

peptidase IV [(DP -IV)] ... for treating diabetes, especially Type II diabetes." '186 patent at col. 

I, 11. 19 -21. The '186 patent describes the mechanism by which DP -IV inhibition treats type 2 

diabetes as follows: "[DP- IV] has been shown to be the primary degrading enzyme of GLP -1(7- 

36) in vivo ... [t]hus, inhibition of [DP -IV] in vivo should potentiate endogenous levels of GLP- 

1(7-36) and ... thus serve to ameliorate the diabetic condition." Id. at 1:59 -67. 

30. Independent claim 1 discloses a genus of chemical compounds comprising a 

cyclopropyl -fused pyrrolidine -based core with a variety of optional substituents. Dependent 

claims 2 -7 and independent claims 8 and 10 further limit the substituent groups of the compound 

of claim 1. For example, independent claim 8 recites the following: 

A compound having the structure: 
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or a pharmaceutically acceptable salt thereof. 

Dependent claim 9 is directed to the hydrochloride or tri/luoroacetic acid salts of the compounds 

of claim 8. Dependent claim 11 is directed to a pharmaceutical composition comprising a 

compound within the scope of claim I. Claims 12 -21 recite pharmaceutical combinations 

comprising a compound within the scope of claim I and an antidiabetic agent for treating 

diabetes and /or additional agents for treating related diseases. Claim 22 recites pharmaceutical 

combinations comprising a compound within the scope of claim I and an agent for treating 

obesity or other related diseases. Claims 23 and 24 were canceled upon reissue. 

31. Independent claim 25 recites a single compound as follows: 

or a pharmaceutically acceptable salt thereof. 

The compound of claim 25 also falls within the scope of composition claims 1, 2, 4, 6, 7, 8, and 

10. Dependent claim 26 recites the hydrochloride salt of the compound of claim 25. Dependent 

claims 27 and 28 further recite pharmaceutical compositions of the compound of claim 25. 

Dependent claims 29 -31 recite a combination of the compound of claim 25 and an antidiabetic 

agent other than a DP -IV inhibitor. Claims 32 -43 recite various methods of treatment using the 

compound of claim 25, alone or in combination with an antidiabetic agent other than a DP -IV 

inhibitor. 
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32. The compound of claim 25 is also known as (1 S,3S,5S)-2-[(2S)-2- amino -2 -(3- 

hydroxy-l- adamantyl) acetyl] -2- azabicyclo [3.1.0]hexane -3- carbonitrile. For convenience, this 

compound will be referred to as "saxagliptin" as shown below: 

HO 

H2N 

O 
NC 

33. In my opinion, and as explained in detail below, the claims of the '186 patent 

would have been obvious to individuals of ordinary skill in the field prior to and at the time of 

the earliest possible priority filing date of the '186 patent, i.e., prior to March 10, 2000. 

34. Several claim elements of the '186 patent are not described in the'555 application, 

and instead appear for the first time in the later -filed '173 application. For example, there is no 

description in the '555 application of: (i) the genus of compounds recited in claim 6; (ii) the 

specific compounds recited in claim 8 or (iii) the specific compound of claim 25. 

35. There is no disclosure in the'555 application of the specific genus of claim 6, in 

which claim 1 is further limited to: 

R3 is H, R' is H, alkyl, cycloalkyl, bicycloalkyl, tricycloalkyl, alkylcycloalkyl, 
hydroxyalkyl, hydroxyalkylcycloalkyl, hydroxycycloalkyl, hydroxybicycloalkyl, or 
hydroxytricycloalkyl, 

R2 is H or alkyl, n is 0, 

X is CN. 

See, e.g., the '555 Application, at p. 6, 11. 10 -18; '186 patent, claim 6. Further, the '555 

application exemplifies only short, straight and /or branched alkyl substituents at the 2- position as 

shown below: 
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0 

HiN 

NC 

/\\+ 

See, e.g., id. at p. 54, claim 13. Accordingly, one of ordinary skill in the art would have 

understood that the inventors were not in possession of the genus recited in claim 6 at the time of 

the '555 application's filing. 

36. Claim 8 of the '186 patent recites a compound as defined in claim I having the 

structure: 

or a pharmaceutically acceptable salt thereof. '186 patent at 88:43- 89:29. 
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The only specific compounds described in the '555 application are directed to short, straight 

and /or branched alkyl substituents at the 2- position. See, e.g., the '555 Application at p. 54, 

claim 13. The compounds of claim 8 were first disclosed in the '173 application. See, e.g., U.S. 

Patent No. 6,395,767 File History, Application filed 2/16/01 at p. 8. 

37. Similarly, the compound of claim 25 is also not specifically disclosed in the 

specification of the '555 application. Independent claim 25 recites the following: 

0 NC 

or, a pharmaceutically acceptable salt thereof. 

As discussed above, the only specific compounds described in the '555 application are directed 

to short, straight and /or branched alkyl substituents at the 2- position as depicted in the preceding 

paragraph. See, e.g., the '555 Application at p. 54, claim 13. The compound of claim 25 was 

first disclosed in the '173 application. See, e.g., '767 FH, Application filed 2/16/01 at p. 8. 

Accordingly, one of ordinary skill in the art could surmise that the inventors were not in 

possession of the compounds of claims 8 or 25 at the time of the '555 application's filing. 

38. As discussed in detail above, several claim elements of the '186 patent are not 

described in the earliest -filed '555 application, and instead appear for the first time in the later - 

filed '173 application. Accordingly, one of ordinary skill in the art would have understood that 

the inventors were not in possession of the claimed subject matter at the time of the '555 

application's filing. 
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IV. RELEVANT TECHNICAL BACKGROUND 

39. Below I describe the details of what was generally known in the art as of March 

2000, including: (i) the structure and activity of known DP -IV inhibitors; (ii) principles for 

improving a compound's drug -likeness and suitability as an orally bioavailable drug and (iii) 

standard strategies for assessing and modulating compound potency. 

40. As set forth above, the Background section of the '186 patent discloses that 

"inhibitors of dipeptidyl peptidase IV [(DP -1V) are known to] ... treat[ ] diabetes, especially 

Type 11 diabetes." '186 patent at I :19 -21. The Background of the '186 patent also describes 

what was well known about the mechanism by which DP -IV inhibitors treat type 2 diabetes: 

"[DP -IV] has been shown to be the primary degrading enzyme of GLP- 1(7 -36) in vivo ... 

[t]hus, inhibition of [DP -1V] in vivo should potentiate endogenous levels of GLP- 1(7 -36) and ... 

thus serve to ameliorate the diabetic condition." Id. at 1:59 -67. 

41. Lin describes what was well known in the art in March 2000 regarding the 

substrate structural elements required by DP -IV. Lin, et al., "Inhibition of dipeptidyl peptidase 

IV by fluoroolefin- containing N- peptidyl- O- hydroxylamine peptidomimetics," Proc. Natl. Acad. 

Sci. USA, 95:14020 -14024 (1998) at 14020 ( "Lin "). For example, Lin reports that "[DP -IV] 

substrates require the presence of a proline at the Pi position as well as a protonated free N 

terminus." Id. The Pi, etc. positions are depicted schematically below: 

Cleavage site 

P4-P3-P2-P1 
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42. Lin also describes what was generally known in the art in March 2000 regarding 

DP -IV's preferred substrate and inhibitor conformations. For example, Lin reports that "[DP -IV] 

possesses a high conformational specificity for a trans amide bond between the Pl and N- 

tenninal P2 residues." Id. at 14020. Where the Pl residue is the C- terminal residue and the P2 

residue is the N- terminal residue (see schematic above for P1 and P2 position designations). The 

trans and cis conformations of the Lin prolyl dipeptides are depicted below: 

vans 

Id. at 14022. Lin addresses the importance of the trans conformation for compound stability and 

its effect on DP -IV inhibition as follows: 

Many of the problems associated with inefficient inactivation of [DP -IV] are a 

consequence of the importance of the trans conformation of the PI -P2 amide 

bond and the requirement for a protonated free N terminus. The cyclization 

reaction of the free N- terminal amino group with the reactive inhibitor... 
requires] the molecule assume the cis conformation. 

Id. at 14020 -14021. Lin reports K, values of 14,000 nM for a fluoro- olefin dipeptide with the cis 

conformation and 188 nM for a fluoro- olefin dipeptide isomer with the trans conformation. 

Comparison of these K; values for DP -IV inhibition reveals the significantly greater potency of, 

and preference for, inhibitors in the trans conformation. See, e.g., id. at 14023 and Table 2. 

43. Lin also describes what was well known in the art in March 2000 regarding the 

effect of conformation on dipeptide stability. Specifically, Lin describes "the cyclization 
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reaction of the free N- terminal amino acid group with the reactive site of the inhibitor" for 

related dipeptide compounds (id. at 14020 -14021), which negatively impacts chemical stability. 

Lin also observed that intramolecular cyclization was minimized by selecting the trans instead of 

cis conformation. Id. A person of ordinary skill in the art would have also known that having a 

sterically large substituent at the C2 position would favor a trans conformation and disfavor a cis 

configuration. See, e.g., Pal, D. & P. Chakrabarti, "Cis Peptide Bonds in Proteins: Residues 

Involved, their Conformations, Interactions and Location," J Mol. Biol., 294:271 -288 (1999), at 

274 ( "Pal "). Thus from these teachings, a person of ordinary skill in the art would have 

understood that intramolecular cyclization could be reduced by both selecting against a 

conformation that favors intramolecular cyclization (i.e., the cis conformation) and through the 

addition of a large, steric group to the compound, which would also limit the interaction between 

the free N- terminal amine and the reactive inhibitor. 

44. Hoffman, et al., "Pharmacokinetics and Metabolism of Rimantadine 

Hydrochloride in Mice and Dogs," Antimicrobial Agents & Chemotherapy, 32(11):1699 -1704 

(1988) ( "Hoffman "), describes the use of a large, steric adamantyl group in the antiviral drug, 

rimantadine. As described by Hoffman, the adamantyl moiety was known to be metabolized to a 

hydroxylated derivative at the 3- position as shown below: 

3- hydroxy rimantidine 

Hoffman thus serves as further basis that adamantane was generally known in the art to undergo 

metabolism to yield a 3- hydroxylated adamantyl group. 
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45. Lipinski, Hansch, Cates, and other references available to one of ordinary skill in 

the art describe well -known guidelines and strategies for enhancing the drug -like properties of a 

compound, such as by reducing a compound's partition coefficient, and thus potentially 

increasing its solubility in aqueous solution. The partition coefficient (P) is a ratio of 

concentrations of un- ionized compound between two immiscible liquid phases (1- octanol and 

water), and Log P is a measure of a compound's lipophilicity. For example, addition of a 

hydroxyl group at the 3- position of an adamantyl moiety would improve the Lipinski parameters, 

such as reducing Log P and improving water solubility as discussed below. 

46. According to Lipinski, et al., "Experimental and computational approaches to 

estimate solubility and permeability in drug discovery and development settings," Adv. Drug 

Deliv. Rev., 23:3 -25 (1996) ( "Lipinski "), the use of hydroxyl groups on drugs can increase their 

water solubility. See, e.g., id. at 17. Also according to Lipinski, adding a hydroxyl group to a 

molecule should also reduce the compound's Log P and thus improve its solubility. See, e.g., id 

at 8, 15. These positions are consistent with the knowledge generally available in the art, as 

evidenced by at least by the Lipinski, Hansch or Cates disclosures. 

47. Hansch, et al., "Cluster Analysis and the Design of Congener Sets," Substituent 

Constants for Correlation Analysis in Chemistry & Biology, CP. 6 (John Wiley & Sons 1979) 

( "Hansch "), describes a process of drug design, in particular molecular modification. Id. at 48- 

49. Hansch describes well- characterized Log P fragment values (Fr) for aliphatic substituents 

(e.g., hydroxyl = -1.64). Id. at 52. Thus according to Hansch, hydroxyl groups have the effect of 

lowering Log P when added as a compound substituent. 

48. Cates, L.A., "Calculation of Drug Solubilities by Pharmacy Students," Am. J. 

Pharma. Ed., 45:11 -13 (1981) ( "Cates "), describes a process of approximating whether or not a 
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drug is soluble in water and how modifications to such a drug will affect the solubility of the 

drug. See, e.g., id. at 11-12. Cates discloses, "[t]his procedure involves correlation of partition 

coefficient values using the octanol /water system and aqueous solubility." /d. at Abstract. 

Referring to partition coefficients based on the octanol /water system expressed as log P, Cates 

discloses, "[a]lthough this is a measure of the solubility characteristics of the whole molecule, 

one normally uses the sum of the fragments of the molecule which have been assigned relative 

hydrophilic -lipophilic values, (rc), to calculate log P. Using this procedure, a positive value for it 

means the substituent, relative to H, favors the octanol phase (i.e., lipophilic). And negative it 

value indicates its greater affinity for water (Le., hydrophilic)." Íd. at 11. Cates also discloses a 

number of it values that can be used for calculations involving whole molecules, and thus to 

calculate an approximate log P, which will be indicative of relative solubility. Thus, Cates 

discloses a method of approximating solubilities, and in particular teaches that addition of 

hydrophilic substituents increases the solubility of a drug in water. Furthermore, in March 2000, 

it was also known that an understanding of candidate drug metabolites "can guide structural 

modifications, thereby improving the activity and /or bioavailability." See Korfmacher, et al., 

"HPLC- API/MS /MS: a powerful tool for integrating drug metabolism into the drug discovery 

process," Drug Disc. Today, 2(12):532 -537 (1997) ( "Korfmacher "). 3- Hydroxy adamantane is a 

known metabolite of adamantane. Further, Korfmacher teaches the following advantages of 

metabolite identification: 

Metabolite identification in drug discovery provides early information that can 

lead to structural changes in the current lead compound, improving such 

pharmacokinetic parameters as oral bioavailability, half -life (t112), or Crnax. Often 

these parameters can be changed by improving the metabolic stability of the 

compound. In order to improve metabolic stability, it is very important to know 

how a compound is metabolized. The goal of drug discovery is to progress a lead 

compound into a final candidate drug that can be placed in the development stage. 

.. Early metabolite identification can provide information on how to improve 
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the metabolic stability of the lead structure. In this way, future lead 
compounds might be a metabolite identified from the previous lead drug or 
an analog of the previous drug designed to block the major route of 
metabolism. 

Id. at 534 (emphasis added). Thus according to Korfmacher, one of ordinary skill in the art 

would have been motivated to make and test a known or potential metabolite when optimizing a 

lead. 

49. As discussed above, the significance of dipeptide conformation on the effective 

interaction between DP -IV and its substrates and inhibitors was well understood in the art. For 

example, Lin reported that "[DP -IV] possesses a high conformational specificity for a trans 

amide bond" and noted "the importance of the trans conformation." Lin at 14020. As would 

have been understood by one of ordinary skill in the art, the orientation of certain functional 

groups in the DP -IV inhibitor would be distinct for the cis and trans conformations. Id. at 

14020- 14021. 

50. A standard strategy in March 2000 for modulating the orientation of a ring -bound 

substituent by one of ordinary skill in the art would have been through fusion of the substituent - 

bearing ring with another ring. See, e.g., Chiou, et al., "The Cholinergic Effects and Rates of 

Hydrolysis of Conformationally Rigid Analogs of Acetylcholine," J. Pharm. Exp. Ther., 

166(2):243 -248 (1969), at 243 ( "Chiou "). Fusion between two rings can result in significant 

changes in ring flexibility, including ring flattening. Id. These changes in turn would have been 

expected by one of ordinary skill in the art to affect the orientation of ring -bound substituents. 

Id. The smallest ring that can be used for fusion is a cyclopropyl ring. Id. 

51. Cyclopropyl is one of the most commonly used ring fusion agents because: (i) 

addition of a cyclopropyl ring has a negligible effect on compound molecular weight, which is an 

important contributor to better drug -like qualities (see, e.g., id. at 243); (ii) cyclopropyl has an 
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exceedingly small footprint, meaning it adds a minimal steric effect on the the compound to 

which it is attached (see, e.g., id.) and (iii) cyclopropyl provides greater conformational 

restriction than larger ring fusions, resulting in fewer conformations in the bicyclic structure (see, 

e.g., id). 

52. Chiou explored the fusion of a cyclopropyl ring onto acetylcholine (ACh) in order 

to produce a compound that was "1) structurally as close to ACh as possible and 2) 

conformationally as rigid as possible." According to Chiou, cyclopropyl rings "are considered 

the smallest chemical structure ... capable of conferring conformational rigidity." Íd. at 243. 

53. As would have been well appreciated by one of ordinary skill in the art in March 

2000, an enzyme and its respective substrates and inhibitors typically fit together in a manner 

analogous to a hand in a glove. See, e.g., Koshland, D.E., "The Key -Lock Theory and the 

Induced Fit Theory, Angew. Chem. In/. Ed. Engl., 33:2375 -2378 (1994) at 2377. Closer degrees 

of matching often result in greater affinity (with respect to a substrate) or greater inhibition (with 

respect to an inhibitor). See, e.g. id. at 2376. Thus inhibitor conformation and functional group 

orientation are important to effective interactions between enzymes and their inhibitors. See, 

e.g., id. Like other enzymes, DP -IV inhibition would have been expected to be improved when 

the active site and inhibitor fit more closely. 

V. LEVEL OF ORDINARY SKILL IN THE ART 

54. As discussed above, a POSA is a hypothetical person who is presumed to have 

typical knowledge and experience in the relevant field or fields at the time of the invention. I 

have been asked to use the time prior to March 10, 2000, I as the relevant timeframe for 

References herein to "March 2000," may be understood as referring specifically to the time 

period on or before March 10, 2000. 
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assessing validity of the '186 patent, and thus to opine on the qualifications of a POSA as of 

March 10, 2000. I have also been asked to presume that the POSA is aware of all prior art 

available as of March 10, 2000. To help me ascertain the qualifications of a POSA, I reviewed 

the '186 patent. 

55. By virtue of my education, experience, and training, I am familiar with the level 

of skill in the field of the ' 186 patent on or about March 10, 2000. 

56. One of ordinary skill in the field would likely have some combination of the 

following skills and experience: (i) designing target compounds towards drug discovery; (ii) 

designing and preparing formulations of drugs that exhibit inhibitory activity; (iii) understanding 

the biological aspects of drug development, including the drug's effect on the whole animal; and 

(iv) understanding work presented or published by others in the field, including the patents and 

printed publications discussed in this declaration. 

57. It is my opinion that, as of March 10, 2000, a POSA would be a person with an 

advanced degree (e.g., a Ph.D.) in pharmaceutics, pharmaceutical chemistry, medicinal 

chemistry or a related field and at least 2 -3 years of practical experience in the design of drugs. 

Alternatively, a POSA could have had less education but considerable professional experience. 

58. My understanding of the level of ordinary skill in the art is corroborated by the 

specification of the '186 patent, which in many instances provides general rather than specific 

guidance regarding how the invention would be practiced: For example, the '186 patent lacks 

specific guidance of the various pharmaceutical combinations that it claims. There are no 

validated or tested dosages for those combinations, nor any examples describing any actual 

combinations produced by the inventors. Rather than providing specific guidance regarding 

dosages for the claimed combinations, the '186 patent invites those of ordinary skill in the art to 
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turn to the knowledge and resources readily available to them when selecting and formulating 

appropriate combinations of known drugs. For example, rather than providing specific guidance 

for the combination dosages, the '186 patent provides very broad dosage ranges (see, e.g., '186 

patent at 4:48 -53), which provide essentially no guidance for selecting actual dosages or 

treatment regimens. The lack of specific guidance provided in the specification reflects the high 

level of skill in the art. 

59. WO Patent App. Pub. No. 98/19998 (published May 14,1998) ( "Villhauer ") 

similarly indicates a high level of skill in the art by relying on that skill to select from the many 

options disclosed in the specification or known to those in the art. See, e.g., id. at 2 -3 (disclosing 

large and diverse R groups), id. at 3, II. 20 -27 (disclosing pharmaceutically acceptable salts and 

isomers), id. at 7, II. 22 (teaching that "[tjhe process of the invention may be effected in 

conventional manner. "), id. at 8, II. 1 -10 (disclosing starting materials known or prepared in 

known or conventional manner) and id. at 20 (disclosing pharmaceutically acceptable carriers, 

adjuvants and modes of administration, and conventional preparation of same). Villhauer thus 

reflects the conventional approach in the art to prepare promising variants of lead compounds 

and compare the results. 

60. Claims 13 -22 of the '186 patent recite various combinations of DP -IV inhibitors 

and additional therapeutic agents (e.g., other antidiabetic agents, anti- obesity agents, lipid - 

modulating agents, etc.). At multiple instances, the '186 patent invites those of ordinary skill in 

the art to select additional agents or mechanisms beyond those disclosed in the specification for 

use in combination with the claimed DP -IV inhibitors, for example: 

The tern "lipid- modulating" agent as employed herein refers to agents which 
lower LDL and /or raise HDL and /or lower triglycerides and /or lower total 
cholesterol and /or other known mechanisms for therapeutically treating lipid 
disorders. 
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'186 patent at 4:43 -47 (emphasis added). 

The other antidiabetic agent may also preferably be a sulfonyl urea ..., other 
known sulfonylureas or other antihyperglycemic agents which act on the 

ATP- dependent channel of the 13 -cells .. . 

Id. at 15:5 -11 (emphasis added). 

The squalene synthetase inhibitors suitable for use herein include, but are not 

limited to, a- phosphono -sulfonates ... as well as other known squalene 
synthetase inhibitors... 

Id. at 17:47 -52 (emphasis added). 

Other hypolipidemic agents suitable for use herein include, but are not limited to, 

fibric acid derivatives ... and other known serum cholesterol lowering agents. 

Id. at 18:I -20 (emphasis added). 

The beta 3 adrenergic agonist which may be optionally employed in combination 
with a compound of formula I may be AJ9677 (Takeda/Dainippon), L750355 

(Merck), or CP331648 (Pfizer) or other known beta 3 agonists .. . 

Id. at 20:12 -18 (emphasis added). The '186 patent's repeated reliance on knowledge available 

outside the specification itself reflects the high level of skill in the art. 

61. Furthermore, the '186 patent defers in several instances to resources readily 

available to those of ordinary skill in the art for determining dosages and other treatment 

parameters for the claimed combinations, including 15 citations to the Physician's Desk 

Reference (PDR). See, e.g., id. at 15:60 -61; 16:4 -5; 19:3, 35; 20:43, 50, 57, and 67; 21:9, 15, 24, 

41, 47, and 54. For example, the '186 patent states that "[t]he amounts and dosages employed 

will be as indicated in the Physician's Desk Reference ..." id. at I9:2 -4. I agree that the PDR is 

a resource often used in the art for established dosing and treatment regimens for FDA approved 

drugs. 

62. The '186 patent provides a reasonable expectation of success for practicing the 

claimed invention to the extent it is enabled by the specification. The background section of the 
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'186 patent defines the mechanism by which DP -IV inhibitors treat type 2 diabetes, for example, 

by providing that "[DP -IV] has been shown to be the primary degrading enzyme of GLP -I (7 -36) 

in vivo ... [t]hus, inhibition of [DP -IV] in vivo should potentiate endogenous levels of GLP -1(7- 

36) and ... thus serve to ameliorate the diabetic condition." Id. at 1:59 -67. Villhauer provides 

evidence for what was generally known in the art by teaching that because "GLP -1 is a major 

stimulator of pancreatic insulin secretion and has direct beneficial effects on glucose disposal, 

[DP -IV] inhibition ... represent[s] an attractive approach for treating non- insulin -dependent 

diabetes mellitus (NIDDM)." Villhauer at I. In addition, the '186 patent teaches that the claimed 

DP -IV inhibitors can be used "for treating diabetes, especially Type II diabetes." '186 patent at 

3:53 -4:1. Given the high level of skill in the art and the advanced knowledge in the art regarding 

the activity of DP -IV inhibitors, one of ordinary skill in the art would have had a reasonable 

expectation for treating diabetes to the sanie extent the claims of the '186 are enabled by the 

specification. 

VI. OVERVIEW OF PRIOR ART REFERENCES 

63. I have reviewed several references that I believe teach or suggest the compounds, 

pharmaceutical compositions, pharmaceutical combinations, and methods recited in the asserted 

claims of the '186 patent. By the virtue of their publication dates, I understand that these 

references, described in more detail below, are considered prior art to the '186 patent. 

A. Ashworth, et al., "2- cyanopyrrolidides as potent, stable inhibitors of 
dipeptidyl peptidase IV," Bioorg. & Med. Chem. Ltrs., 6(10):1163 -166 (1996) 
( "Ashworth ") 

64. Ashworth shows a publication date of May 21, 1996. I understand that Ashworth 

can be applied in assessing the validity of the '186 patent claims. 
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65. Ashworth discloses a series of stable, potent inhibitors of dipeptidyl peptidase IV 

(DP -IV), which incorporate a 2- cyanopyrrolidide moiety into the structure of the inhibitor. 

Ashworth describes DP -IV inhibitors as having the following activity: 

[DP -IV] is a serine protease which catalyses the cleavage of dipeptides from the N- 

terminus of proteins with the sequence H -X -Pro -Y or H -X -Ala -Y (where X, Y= any 

amino acid, Y # Pro). 

Id. at 1163. 

66. DP -IV inhibitors were known to be useful for the treatment of conditions such as 

type 2 diabetes. See, e.g., Villhauer at Abstract. 

67. DP -IV inhibitors are typically evaluated and optimized for a variety of properties 

including their stability and potency. See, e.g., Ashworth at Table II. Stability is a sum of 

chemical and metabolic stability, both of which ultimately impact the quantity of active inhibitor 

available for interaction with an enzyme target. Chemical stability of DPP IV inhibitors is 

assessed in solution using a well known set of conditions (see e.g. Ashworth I) and includes solid 

state stability as required by FDA in accordance with ICH guidelines. See, e.g., Ariens, E.J. & 

A. M. Simonis, "Optimalization of Pharmacokinetics - An Essential Aspect of Drug 

Development - by `Metabolic Stabilization'," Strategy in Drug Research, pp. 165 -178 (Elsevier 

Sci. Pub. Co. 1982), at 173 -178 ( "Ariens "); Dept. of Health and Human Services, "Int'I Conf. on 

Harmonisation; Stability Testing of New Drug Substances and Products; Guideline; 

Availability," Federal Register, 59:48754 -48759 (Sept. 22, 1994) ( "FDA Stability Guidelines "). 

Inhibitor metabolic stability is generally measured in terms of an inhibitor's half -life (tin), with 

longer half -lives representing greater stability. See, e.g., Obach, R.S., "Prediction of Human 

Clearance of Twenty -nine Drugs from Hepatic Microsomal Intrinsic Clearance Data: An 

Examination of In Vitro Half -life Approach and Nonspecific Binding to Microsomes," Drug 
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Metab. Dispos., 27(1 I):1350 -1359 (1999), at 1354 -1355 ( "Obach "). Potency reflects the degree 

to which an inhibitor acts on its target. Inhibitor potency is generally measured in terms of its 

dissociation constant (K;) or using an IC50 concentration (i.e., a concentration of a potential 

inhibitor at which enzyme activity is reduced by 50% from control), which represents the 

propensity of dissociation between an inhibitor and its target, with smaller K; or IC50 values 

representing greater potency. Cheng, Y. & W.H. Prusoff, "Relationship Between the Inhibition 

Constant (K1) and the Concentration of Inhibitor which Causes 50 Per Cent Inhibition (150) of an 

Enzymatic Reaction," Biochem. Pharmacoí, 22:3099 -3108 (1973), at 3099 ( "Cheng "). 

68. Some of the compounds described in Ashworth have K; values of less than 5 nM 

versus human DP -IV and chemical stability half -lives of greater than 48 hours in aqueous 

solution at pH 7.4. Ashworth at 1163. Thus some of the compounds of Ashworth have both 

high potency and good chemical stability in solution, making them desirable drug leads. 

69. Ashworth discloses 29 compounds, six of which contain the 2- cyanopyrrolidide 

moiety, as follows: 

where Xaa represents various amino acid substituents as specified in Table II. Id. at 1166. 

Ashworth discloses that the most potent DP -IV inhibitors previously known were the boroproline 

analogues 1, and 2, 

H-Alá N H-Pro 
B(0 H)2 

1 

25 

B(OH)2 

2 
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which had K1 values of 2 nM and 3 nM respectively. Id. at 1163. Ashworth concludes that the 

2- cyanopyrrolidide analogues "possessed activity comparable to the boroprolines, 1 and 2." Id. 

at 1165. In addition, Ashworth teaches that the 2- cyanopyrrolidide analogues exhibited 

"superior stability in aqueous solution" relative to boroprolines 1 and 2. Id. at 1164. 

70. Ashworth discloses the DP -IV inhibition activity of 19 aminoacyl pyrrolidides 

(lacking the 2 -cyano moiety) in Table I: 

H-Xaa-N 
Compound N° Xaa K1(104)" 

5 Cyclohexylglyine [Chg] 0.064 t 0.01 

6 (R.S)- Cyclopentylglycine [Cpg] 0.21 ± 0.04 
7 Ile 0.41 t 0.01 

8 allo -Be 0.44 t 0.04 

9 Val 0.47 t 0.02 

10 Lys(Cbz) 0.52 t 0.07 

11 tert- Butylglycine [Tbg] 0.88 ± 0.20 

12 Thr(Me) 0.90 ± 0.15 

13 Orn(Cbz) 0.91 ± 0.20 

14 2- Aminohexanoic acid [Alta] 1.20 ± 0.20 

15 Glu 2.00 ± 0.40 

16 Pro 2.10 t 0.20 

17 Cyclohexylalanine [Cha] 2.15 t 0.50 

18 Glu(OBn) 2.70 t 0.30 

19 Thr 4.90 ± 0.90 

20 Phenylglycine [Phg] 5.30 ± 0.10 

21 Ser(Bn) 6.00 t 1.50 

22 Ala 7.00 t 1.00 

23 Asp 14.50 t 1.90 

Id. at 1164. The compounds of Table I exhibit inhibition activity in the 0.064 nM to 14.50 µM 

range. Ashworth notes that the most active of these compounds was compound 5, "[i]n 

particular, ß- branched a -amino acid derivatives were the most potent compounds with the non- 
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proteinogenic amino acid, (S)- cyclohexylglycine providing the most active pyrrolidide 

(compound 5 possessing a K; value of 64 nM). "2 Id. at 1 165 (emphasis added). 

71. By comparison, Table II of Ashworth discloses the DP -IV inhibition activity of 

six analogues having the 2 -cyano moiety: 

H-Xaa-N ` 
N 

Compound N° Xaa Ki(nM)'3 t10)9 
24 Cpg 1.1 t 0.2 48 

25 Chg 1.4 ± 0.5 >48 

26 Ile 2.2 ± 0.5 48 

27 Tbg 3.8 ± 0.8 >48 

28 Lys(Z) 5.2 ± 1.0 24 

29 Pro 22.0 ±4.0 7.5 

Id. at 1166. The compounds of Table II (having a 2- cyanopyrrolidide moiety) exhibit inhibition 

activity in the 1.1 nM to 22 nM range, which in some cases equates to a 50 -fold increase in 

inhibition activity relative to compound 5, which lacks the 2 -cyano moiety. This clearly shows 

that the cyano moiety is engaged in an interaction with DP -IV that improves affinity of a 

potential inhibitor with the enzyme. 

72. Ashworth teaches that, "[s]ubstrates and inhibitors of DP -IV require a free N- 

terminus, which means that potential dipeptide serine protease inhibitors (e.g., C- terminal 

aldehydes, boronic acids, a- ketoacids, trifluoromethylketones, or chloromethylketones) are 

inherently unstable at neutral pH due to intramolecular cyclisation" likely via a cis conformation 

of the dipeptide. Id. at 1163. 

2 
The value of 0.064 µM, as given for Ashworth compound 5 in Table I, can alternatively be 

written as 64 nM; both these notations refer to the same amount, and should be understood to be 
interchangeable in both Ashworth and my report. 
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73. Table II of Ashworth shows the stability data of DP -IV inhibitors in aqueous 

solution @H of 7.4), as measured in half -life (t1/2). Id. at 1166. When changing the substituent 

at the 2- position of the acetyl -pyrrolidine -2- carbonitrile from a straight chain alkyl moiety, for 

example compound 28 (lysine moiety), to a moiety having at least one branch at the a- carbon, 

such as the cyclohexyl moiety in Ashworth compound 25, the stability increases from 24 hours 

to greater than 48 hours. Id. at 1166. Ashworth discloses that substitution at this position 

improves the potency of an aminoacyl pyrrolidide compound as shown in Table I of Ashworth. 

Id. at 1163 and 1166 (compare Tables I and II). 

74. Specifically, compound 5 (having a cyclohexyl group) of Table I shows at least a 

100 -fold increase in potency compared to compound 7 (having a 1- methyl propyl group) or 

compound 9 (having an isopropyl group). Ashworth confirms this observation by noting, "[als 

expected, from the substrate specificity of DP -IV, only (S) -amino acid derivatives showed any 

activity and, as can be seen in Table I, lipophilic amino acids gave more potent compounds. In 

particular, /3-branched a -amino acid derivatives were the most potent compounds with the non - 

proteinogenic amino acid, (S)- cyclohexylglycine providing the most active pyrrolidide 

(compound 5 possessing a K1 value of 64 nM)." Id. at 1165. Thus the combined properties of 

potency and solution stability make compound 25 an attractive lead that can be further improved. 

B. WO Patent App. Pub. No. 98/19998 ( "Villhauer ") 

75. Villhauer was published May 14, 1998. Thus, I understand that Villhauer can be 

applied in assessing the validity of the '186 patent claims. 

76. Villhauer discloses numerous DP -IV serine protease inhibitor compounds. The 

dipeptide compounds of Villhauer are N -(N'- substituted glycyl)- 2- cyanopyrrolidines having the 

following structure of formula (I): 
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H 

R 

CN 

/d. at Abstract. 

77. Villhauer discloses various substituents at position "R" of formula (I) above. For 

example, Villhauer discloses compounds having cycloalkyl groups attached to the amino moiety 

of 2 -cyano pyrrolidides, including a cyclohexyl group: 

aN,P 
H C CN 

(id. at 12, Example No. 28); adamantyl groups attached to the amino moiety of 2-cyano 

pyrrolidines: 

Ó CN 

(id. at 13, Example No. 47); and alkyl groups attached to the amino moiety of 2 -cyano 

pyrrolidides: 

Nr)(rP 
H 

O CN 

(id. at 13, Example No. 52). Villhauer also teaches how the compounds shown directly above 

were prepared. !d. at 8 -10. Each of the variations cited above are considered bulky lipophilic 

groups. 

78. Villhauer discloses the use of DP -IV inhibitors, such as N -(N'- substituted glycyl)- 

2- cyanopyrrolidines, for "the treatment of conditions mediated by DPP -IV, such as non- insulin- 
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dependent diabetes melitus." Id. at Abstract. As disclosed in Villhauer, "DPP -IV is responsible 

for inactivating glucagon -like peptide -1 (GLP -1) ... [and] [s]ince GLP -1 is a major stimulator of 

pancreatic insulin secretion and has direct beneficial effects on glucose disposal, DPP -IV 

inhibition [is] an attractive approach for treating non -insulin -dependent diabetes mellitus 

(NIDDM)." Id. at 1, 11. 6 -13. 

79. Villhauer discloses that the DP -IV inhibitor compound may be in free form or in 

acid addition salt form, where the salt could be from any pharmaceutically acceptable acid, with 

hydrochloride as a preferred option. Id. at 3. Similarly, Villhauer discloses that any 

pharmaceutically acceptable carriers, adjuvants and enteral or parenteral administration forms 

(prepared by conventional means) could be used with any of the disclosed agents of the 

invention. Id. at 20. 

80. Villhauer further discloses the use of DP -IV inhibitors, such as N -(N'- substituted 

glycyl)- 2- cyanopyrrolidines, for "use in treating conditions mediated by DPP -IV [such as] 

non -insulin- dependent diabetes mellitus ... [and] obesity ..." Id. at 18, 11. 18 -21 (emphasis 

in original). 

81. In an effort to modify Ashworth compound 25, a POSA would be motivated to 

investigate the observations of Villhauer to explore additional lipophilic substituents at C2 of 

compound 25, including an adamantyl moiety and other 3- branched amino acids. This 

optimization would include exploration of solid state stability as required by FDA regulations. 

C. Raag, R. & T.L. Poulos, "Crystal Structure of Cytochrome P- 450cnm 

Complexed with Camphane, Thiocamphor, and Adamantane: Factors 
Controlling P -450 Substrate Hydroxylation," Biochem., 30:2674 -2684 (1991) 

( "Raag ") 

82. Raag shows a publication date of March 1, 1991. Thus, I understand that Raag 

can be applied in assessing the validity of the '186 patent claims. 
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83. Raag describes a study of the metabolism of adamantane by cytochrome P- 450cA,,, 

and corresponding X -ray crystal structures for complexes of cytochrome P450cA1 with 

adamantane as the substrate. Raag describes the metabolic hydroxylation of adamantane, as well 

as other substrates. Table Ill from Raag, presented below, shows the various molecules that 

underwent hydroxylation, where the adamantane group is shown in the third column: 

Table Ill: Various Substrate -Dependent Parameters° 

moloc vol 
hydrogen bond to Y96 
nu. of iron ligands 
redor pot, Fe "/ Fe» 
high -opin % 

regiospecil of substr hydroxylain 

substr temp factor (Fe ") 
substr hydrophilic groups 
hydroxylatn 
'cfAciency- 
L6 -substr disc 

L6 -iron disc 
L6 occupancy 
L6 temp factor 
cation occupancy 
cation temp factor 

t iO 
umptt alvunuracn ammnxan thiaamphcr umpindY96F ncrum¢cr ar.mxanr 

315 A' 300 A' 293 .A' 322 A' 315 A' 236 A' 309 A' 
yes° yes° no no no no 

5° 5° 6 6 

,ves" 

6° 6 

-170 mV° -175 mV' -206 mV' 
94 -97 %^ 96 -98%^' 99%' 65%, 59 % 46 %' 46 %' 
5 -eso (100 %)^ -/ 5 (I00%)' 1 (100 %)° 5 -eso (64%)' 5-eso (92 %)'f 5-eso (45%), 5 -eso (90%)' 

6 -exo (34 %) 4 (I %) 6 -eso (47%) 6-exo (10%) 
3 -eso (2%1 6 -oso (2 -4 (9) 3-eso (8 %) 

Sexo (0 -4 %) 

9 (<1 %) 
16.2 A'° 16.5 .A1° 24.7 A' 23.5 Al 33.5 A" 30.1 A' 
yes yes no yes yes yes no 
I00%,/ 98%' 100%' 1281 8%' 

NA NA 2.63 A 2.35 A (70 %) 3.0 M 2.88 A 
3.35 A (30 %) 

NA NA 1.95 A 1.35 A 1.73 M 1.67 A 
NA NA 100 0.90 0.975 1.00 
NA NA 14.3 A' 19.6 A' 3.8 A' ° 7.7 A' 
1.00° 1.00" 0.89 0.91 100° 0.72 
12.1 A'° 10.0 A1° 15.5 A' 14.2 A' 7.9 A" 21.7 A' 

'Poulos et al. (1985, 1987). °Rang and Poulos (1989a). ' Fisher and Sligar (1985). 'White et al. (1984). ' Atkins and Sligar (1988b). /Atkins 
und Sligar (1989). °Carbon numbering for each substrate begins with C -I at the top of the six -membered ring which is in the plane of the table. 
Numbering proceeds counterclockwise such that the carbonyl carbon is C2 and C -5 is in the lower right-hand portion of the ring. Note that C-5 is 

a secondary carbon in some substances and a tertiary carbon in others. 

84. Raag, Table III, shows that substrates that undergo regiospecific hydroxylation of 

adamantane by cytochrome P450 (a xenobiotic metabolizing enzyme). Hydroxylation occurs at 

a specific position, i.e., at a tertiary carbon site (and not a secondary carbon site). Raag also 

teaches that "[a]damantane is ... metabolized to a single product despite having a relatively high 

active site mobility. The single product can be attributed to the existence of only two types of 

unique carbon atoms in adamantane, together with the greater reactivity of tertiary versus 

secondary carbons." !d. at 2678. 
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85. With this knowledge, a POSA would be motivated to investigate an hydroxyl - 

adamantyl derivative of Ashworth compound 25 to improve water solubility and metabolic 

stability of a lead molecule. See Lipinski at 8, 15; Ariens. 

D. Hanessian, et al., "The Synthesis of Enantiopure w- Methanoprolines and w- 

Methanopipecolic Acids by a Novel Cyclopropanation Reaction: The 
`Flattening' of Proline," Ange w. Chem. Int Ed. Engl., 36(17):1881 -1884 

(1997) ( "Hanessian ") 

86. Hanessian shows a publication date of September 17, 1997. Thus, I understand 

that Hanessian can be applied in assessing the validity of the '186 patent claims. 

87. Hanessian describes the synthesis of enantiopure w- methanoproline acids by a 

cyclopropanation reaction. Hanessian teaches that the use of conformationally constrained 

analogues of proline were well known in peptidomimetic research at the time the application 

which led to the '186 patent was filed, Hanessian describes the "highly stereocontrolled 

syntheses of the diastereomeric 4,5- methano -L- prolines and 5,6- methano -L- pipecolic acids by a 

novel intramolecular cyclopropanation reaction of iminium ions ...." Id. at 1882. One such 

example shown by Hanessian is compound 8 which was synthesized according to Scheine 1 

below: 
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LiHMOS, THE 

-78 °C, then 

Mo3SnCH21 
Boc oR -30°C 

1 

A = TBDPS 

1. liEt38H, THE 
2. TFA, CH2Cl2 

2 
66% 4 

3 N 
,14%,5 

Me3Sn-: Me3Sn 

0 
Boc OR 

2, 63% 3, 23% 

74% 4 
1. L94MOS, THE 

2. 2,6-di- tort-bUtytphenol, -78°C 

RuCl3, Na104 
CCl/CH3CN/H2O 

Soc oR 75% 

Bu4NF, THF, 90% ¡-4 (R . TBDPS) 
4- 5 (R = H) 

1. LiE1 BH, THE Me3Sn 
2. WON, CSA 

3 

Ici. 

3. Bu4NF /AcQH Meo 
THF 83% 

1. 7FA, CH2Cl2 
(70%) 

6 
mp.133-134°C 
[alp = -200.0 
(c =1.0 in CHCI3) 

N 2. RuCII3 Nalo4, 
V CCI4/CH3CN/ BCC 

H2O (71%) 
7 

Ni^`CO2H 
BOC 

8 
mu 128-129°C 

[alo =-9.7 
(c F 1.0 in CHC(3) 

88. The structure and conformation of compound 8 in the solid state were 

unambiguously confirmed by single crystal X -ray analysis. Further, Table 1 of Hanessian, as 

reproduced below, shows selected torsion angles for compound 8 where "considerable 

`flattening' of the pyrrolidine ring is observed relative to N- Boc -L- proline." Id. Thus, 

Hanessian provides evidence for adjusting the orientation of substituents in the pyrrolidine ring 

resulting from cyclopropane fusion. Further, a POSA would recognize that cyclopropane fusion 

to a pyrrolidine ring would result in a ring system with limited conformational flexibility 

compared to a simple pyrrolidine ring. 
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Table 1. Selected torsion angles and root -mean -square deviations from fitted atoms 
in a given plane of X -ray crystal structures, and ' NMR chemical shifts (CDCI,). 

N-Boc-t-pro7ine f20) 6 8 

«NC.) -17 -5.6 -14.4 
r(C,Ca) +31 +4.8 +15.3 
r(CeC,) -35 -2.6 -11.4 
r(C,C,) +24 -0.7 +2.9 
r(CjN) -4 +4.1 +7.6 
r(BocNC,CO,H) -72 -64.0 -67.1 
rms deviation 0.018 0,003 0.013 
of fitted atoms C N, Co, C, Co, C Co, N Co, Co, C8, N 

á(cis/trans) ó(cis/trmu) ó(cis/trmu) 

COON 178.35 /176.60 177.7/175.5 179.1¡176.1 
NC =0 153.95)155.39 157.1/154 155.7¡154.1 
Co 58.8 60.8/60.1 59.5¡59.1 
Co 30.75/29.53 32.0 31.5 ¡29.1 

Id. 

89. Hanessian confirms the "flattening" of the pyrrolidine ring by determining the 

root -mean -square values for the CD and N atoms from the plane defined by Co, Co CS and N (see 

Table 1 above). Id. Hanessian determined that for compound 8, the out -of -plane carbon was the 

carbon bearing the carboxyl group (Ca) when compared to N -Boc proline. Id. Hanessian thus 

observed that by flattening the pyrrolidine ring, the orientation of the out -of -plane carbon was 

modified with respect to the ring. 

90. A POSA would recognize that a substituent bonded at this Ca carbon would be 

expected to have its orientation in space modified compared to proline and because of the limited 

conformational flexibility of this cyclopropyl -fused pyrrolidine ring. 
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E. WO Patent App. Pub. No. 99/38501 ( "Bachovchin ") 

91. Bachovchin was published August 5, 1999. Thus, I understand that Bachovchin 

can be applied in assessing the validity of the '186 patent claims. 

92. Bachovchin discloses improved methods for reducing in animal subjects 

(including humans) at least one type of insulin resistance, hyperinsulinemia, and Type 11 

diabetes. In particular, Bachovchin describes the use of DP -IV inhibitors in an amount effective 

to treat, among other indications, Type II diabetes. Claim 4 of Bachovchin recites, "[a] method 

for treating Type II diabetes, comprising administering to an animal a composition including one 

or more inhibitors of dipeptidylpeptidase IV [(DP- IV)]." Id. at claim 4. Moreover, various 

examples of DP -1V inhibitors are listed in Bachovchin. For example, a class of DP -IV inhibitors 

shown in Bachovchin are compounds based on the dipeptide (D)- Ala -(L) -Ala. Bachovchin also 

discloses the use of pharmaceutical compositions of DP -IV inhibitors, "another aspect of the 

present invention relates to pharmaceutical compositions of dipeptidylpeptidase inhibitors, 

particularly [DP -IV] inhibitors." Id at 7, 1I. 29 -30. Thus, the use of DP -IV inhibitors for 

treating type 2 diabetes was well known at least one year before the application which led to the 

'186 patent was filed. 

93. Bachovchin also discloses that "[i]n particular, it is an object of the invention to 

provide methods for producing long lasting beneficial changes ... to provide effective 

treatments for diabetes [and] obesity ..." Id. at 4, Il. 7 -11. Bachovchin also discloses 

"administration of a [DP -IV] inhibitor ... in an amount effective to improve one or more 

aberrant indices associated with glucose metabolism disorders ... [such as] Type II diabetes ... 

[and] obesity." Id. at 6, 11. 16 -22. 
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94. Furthermore, the use of DP -IV inhibitors in combination therapy with various 

antidiabetic agents other than a DP -IV inhibitor for treating type 2 diabetes is also described 

extensively in Bachovchin: 

The [DP -IV] inhibitors used according to the invention can also be used 
conjointly with agents acting on the ATP -dependent potassium channel of the j3- 

cells, such as glibenclamide, glipizide, gliclazide and AG -EE 623 ZW. The 

DPIV inhibitors may also advantageously be applied in combination with other 
oral agents such as metformin and related compounds or glucosidase inhibitors 
as, for example, acarbose. 

Id. at 46 (emphasis added.) 

F. XENICAL Label (available by FOIA Aug. 9, 1999) ( "the Xenical Label ") 

95. The Xenical Label was published August 9, 1999 following FDA approval of 

Xenical. Thus, I understand that the Xenical Label can be applied in assessing the validity of the 

'186 patent claims. 

96. The Xenical Label discloses the FDA -approved uses of the anti -obesity agent, 

Xenical (i.e., orlistat), and supporting studies. In one such study, patients with type 2 diabetes 

were treated with Xenical. As indicated in the Xenical Label, "XENICAL is indicated for 

obesity management ... in the presence of other risk factors (e.g., ... diabetes)." Id. at Label, p. 

8. According to the Xenical Label, "epidemiological studies have established a relationship 

between obesity and visceral fat and the risks for cardiovascular disease [and] type 2 diabetes." 

Id. at p. 3. The Xenical Label also provides dosages for Xenical as follows: "[t]he recommended 

dose of XENICAL is one 120 mg capsule three times a day." Id. at p. 14. 

G. MEVACOR Label (available by FOIA Sept. 15, 1994) ( "the Mevacor Label ") 

97. The Mevacor Label was published September 13, 1994 following FDA approval 

of Mevacor. Thus, I understand that the Mevacor Label can be applied in assessing the validity 

of the '186 patent claims. 
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98. The Mevacor Label discloses the FDA -approved uses of the lipid -modulating 

agent, Mevacor (i.e., lovastatin), and supporting studies. As indicated in the Mevacor label, 

"poorly controlled diabetes mellitus" was considered a "secondary cause[ ] for 

hypercholesterolemia ..." Id. at Package Insert, p. 4. The Mevacor Label also provides dosages 

for Mevacor as follows: "[t]he recommended dosing range is 20 -80 mg/day in a single or two 

divided doses; the maximum recommended dose is 80 mg/day." Id. at p. 8. 

H. GLUCOPHAGE Label (available by FOR Jan. 8, 1998) ( "the Glucophage 
Label ") 

99. The Glucophage Label was published January 8, 1998 following FDA approval of 

Glucophage. Thus, I understand that the Glucophage Label can be applied in assessing the 

validity of the '186 patent claims. 

100. The Glucophage Label discloses the FDA -approved uses of the 

antihyperglycemic agent, Glucophage (i.e., metformin), and supporting studies. The Glucophage 

label describes a "29 -week double -blind, placebo -controlled study of GLUCOPHAGE and 

glyburide, alone and in combination ... in obese patients with type 2 diabetes," where glyburide 

is also an antihyperglycemic agent for use in treating patients with type 2 diabetes. Id. at 

Package Insert, p. 4. The Glucophage Label also provides dosages for Glucophage as follows: 

"[i]n general, clinically significant responses are not seen at doses below 1500 mg per day ... 

[and] GLUCOPHAGE may be given to a maximum daily dose of 2550 mg per day." Id. at p. 35. 

VII. THE ASSERTED CLAIMS OF THE '186 PATENT ARE OBVIOUS OVER THE 
PRIOR ART 

101. As explained in detail below, it is my opinion that each element of claims 8, 9, 25, 

and 26 is taught in the combination of Ashworth, Villhauer, Raag, and Hanessian, and that one of 
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ordinary skill in the art would have been motivated to combine these teachings by March 10, 

2000. 

102. Each of claims 8, 9, 25, and 26 is presented below in bold text followed by my 

analysis of the claims. The analysis below identifies exemplary disclosure of the cited references 

with respect to the corresponding claim elements, and is not meant to be exclusive or exhaustive. 

103. Claims 8 and 25 of the '186 patent each disclose a specific chemical compound or 

a pharmaceutically acceptable salt of that compound, while claims 9 and 26 depend from these 

respective claims, further specifying one or more particular pharmaceutically acceptable salts. 

Therefore, claims 8 and 25 will be addressed first, followed by claims 9 and 26. 

104. As discussed above, Ashworth, Villhauer, Raag, and Hanessian can be considered 

prior art to the '186 patent. 

105. Where reference is made to additional publications below, those publications are 

intended to provide additional bases regarding what was generally known in the art in March 

2000 and provide factual basis for my statements. Those references are not intended to serve as 

additional grounds for invalidity. 

A. Each Feature of Claims 8 and 25 is Disclosed by Ashworth, Villhauer, Raag, 
and Hanessian 
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Claim 8: 

"A compound having the structure: 

n 
e 

Hr¡ 

II." 

n,v 

t 

or a pharmaceutically acceptable salt thereof." 

The red box outline is provided for illustration purposes and does not appear in the original 

claim, but the structure shown therein is equivalent to the compound of claim 25. 

Claim 25: 

"A compound that is 

or a pharmaceutically acceptable salt thereof." 
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106. As will be discussed in greater detail below, the prior art provides specific 

motivation to select Ashworth compound 25 as a lead compound for further optimization. One 

of ordinary skill in the art would understand that certain core features of Ashworth compound 25 

should be retained in the ultimate compound, including the glycyl -proline core, free amine, and 

cyano components of Ashworth compound 25. As explained below, one of ordinary skill also 

would have been motivated to favor a structure in which the trans orientation of the dipeptide in 

order to enhance its activity and chemical stability. See Lin; FDA Stability Guidelines. There 

was also motivation to substitute the cyclohexyl group of Ashworth compound 25 with a 

hydroxylated adamantyl group in order to improve the compound's chemical and metabolic 

stability. See Ashworth; Raag; Villhauer. One would have further been motivated to fuse a 

cyclopropyl ring onto the pyrrolidine ring of Ashworth compound 25 as a means to improve the 

interaction between the active 2 -cyano moiety with the DP -IV enzyme. See Hanessian and 

Ashworth. Thus, as evidenced by prior art references (including Ashworth, Villhauer, Raag and 

Hanessian), claims 8 and 25 of the '186 patent would be considered obvious to one of ordinary 

skill in the art in view of the knowledge and motivation provided by the references to the skilled 

artisan. 

1. A POSA Would Have Been Motivated to Select Ashworth's 
Compound 25 as a Lead Compound 

107. The prior art provided ample motivation for one of skill in the art to select the 

Ashworth's compound 25 as a lead compound to develop a composition as an inhibitor of DP -IV 

enzyme, as claimed in claims 8 and 25 of the '186 patent. 
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CN 

Ashworth Compound 25 

108. Ashworth discloses potent dipeptide analogues incorporating a 2- 

cyanopyrrolidide moiety useful as inhibitors ofdipeptidyl peptidase IV. Ashworth at 1163 

(disclosing, "[a] novel series of stable, potent inhibitors of [DP -IV] has been developed. A 

number of dipeptide analogues, incorporating a 2- cyanopyrrolidide, were found to have K; 

values of less than 5 nM versus human DP -IV and half -lives of >48h in aqueous solution .... "). 

Because Ashworth explicitly discloses the use of the 2- cyanopyrrolidide compounds as inhibitors 

of DP -IV, a person of skill in the art had express motivation to select the disclosed compounds 

with a reasonable expectation of success for developing improved compositions useful as 

inhibitors of DP -IV. 

109. Further, Ashworth provides motivation to select the 2- cyanopyrrolidine 

analogues. For example, Ashworth teaches that the 2- cyanopyrrolidide analogues "possessed 

activity comparable to the boroprolines, I and 2" which were previously known as the most 

potent DP -IV inhibitors as shown below: 

H-Alá H-Pró 
N 

B(OH)2 B(OH)2 

1 2 

Id. at 1165. The boroprolines 1 and 2 had K1 values of 2 nM and 3 nM respectively. A POSA 

would recognize a molecule such as Ashworth compound 25, with molecular weight less than 

400 daltons and a K; value less than 3 nM as a potential lead compound. Id. at 1163. Because 
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the Ashworth reference teaches that 2- cyanopyrrolidide analogues have activity comparable to 

the boroproline analogues, one of ordinary skill in the art had express motivation to select the 2- 

cyanopyrrolidide analogues as lead compounds to arrive at the compound in claims 8 and 25 of 

the '186 patent with a reasonable expectation of success. Furthermore, one of ordinary skill in 

the art would select the 2- cyanopyrrolidide analogues as lead compounds because they were 

more synthetically accessible than the boroprolines and metabolic considerations (boronic acid 

vs. cyano group) would make them more desirable. Id. 

110. Further, Ashworth provided ample motivation to specifically select compound 25 

as a lead from the limited compounds described therein (see below, id. at 1166, Table II) because 

(i) compound 25 is one of only six 2- cyanopyrrolidide analogues (i.e., dipeptide nitriles) 

described by Ashworth (see id., Table II, listing only six compounds); and (ii) compound 25, 

which contains a 2 -cyano moiety, exhibits high potency compared to aminoacyl pyrrolidides 

lacking the 2 -cyano moiety (id. at 1164 and 1166, compare Tables I and II) and good solution 

stability compared to other analogs lacking a (3- branched moiety at C2. Structures of this type 

with sterically large groups at C2 prefer to exist in a trans conformation. See, e.g., Pal at 274. 

111. For example, Ashworth discloses the DP -IV inhibition activity of 19 aminoacyl 

pyrrolidides (lacking the 2 -cyano moiety) in Table I: 
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H-Xaa--N 

Compound N° Xaa K, (µM)" 
5 Cyclohexylglycine [Chg] 0.064 ± 0.01 
6 (11.3)- Cyclopentylglycine [Cpg] 0.21 ± 0.04 
7 Ile 0.41 ± 0.01 
8 allo -Ile 0.44 ± 0.04 
9 Val 0.47 ± 0.02 
10 Lys(Cbz) 0.52 ± 0.07 
11 ten -Butylglycine [Tbg] 0.88 ± 0.20 
12 Thr(Me) 0.90 ±0.15 
13 Orn(Cbz) 0.91 ± 0.20 
14 2- Aminohexanoic acid [Aha] 1.20 ± 0.20 
15 Glu 2.00 ± 0.40 
16 Pro 2.10 ± 0.20 
17 Cyclohexylglanine [Cha] 2.15 ± 0.50 
18 Glu(OBn) 2.70 ± 0.30 
19 Thr 4.90 ± 0.90 
20 Phenylglycine [Phg] 5.30 ± 0.10 
21 Ser(Bn) 6.00± 1.50 
22 Ala 7.00 ± 1.00 
23 Asp 14.50 ± 1.90 

Id. at 1164. The compounds of Table I (i.e., dipeptides lacking the 2 -cyano moiety) have 

inhibition activity in the 0.064 tM to 14.50 µM range. Ashworth notes that the most active of 

these compounds was compound 5, "[i]n particular, 0- branched a -amino acid derivatives were 

the most potent compounds with the non -proteinogenic amino acid, (S)- cyclohexylglycine 

providing the most active pyrrolidide (compound 5 possessing a K; value of 64 nM)." Id. at 

1 165 (emphasis added). 

112. In comparison, Table II of Ashworth discloses the DP -IV inhibition activity of six 

analogues having the 2 -cyano moiety: 
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Compound N° Xaa KI(uM)" t1/2(h)" 

24 Cpg 1.1 t 0.2 48 

25 Chg 1.4 t 0.5 >48 

26 Ile 2.2 ± 0.5 48 

27 Tbg 3.8 t 0.8 >48 

28 Lys(Z) 5.2 t 1.0 24 

29 Pro 22.0 t 4.0 7.5 

Id. at 1166. The six compounds of Table II (all having a 2- cyanopyrrolidide moiety) have 

inhibition activity in the 1.1 nM to 22 nM range, which in some cases equates to a 50 -fold 

increase in inhibition activity over the same compounds lacking the 2 -cyano moiety. Id. at 1164, 

1166. For example, compound 5 has a K; value of 64 nM, which decreases to 1.4 nM in 

compound 25 solely through the addition of a 2 -cyano moiety. This decrease in inhibition 

activity represents significantly greater DP -IV inhibition potency for compound 25 relative to 

compound 5. This illustrates the beneficial effect on potency of the cyano moiety in DP -IV 

inhibitors. This further suggests to a POSA that the cyano moiety interacts with DP -IV to form 

an attractive interaction and provides motivation to optimize this to further improve potency. 

113. Taken as a whole, the Ashworth reference contains ample and explicit motivation 

for one of skill in the art to select compound 25 as a lead for designing DP -IV inhibitors such as 

the compounds recited in claims 8 and 25 of the '186 patent. As evidenced by Ashworth, the 

inventors of the '186 patent were not the first to recognize the use of this core structure in 

designing DP -IV inhibitor compounds. 

2. A POSA Would Have Been Motivated Modify Ashworth Compound 
25 While Retaining Certain Structural Elements 

114. One of ordinary skill in the art would have been motivated to retain certain 

structural elements of Ashworth compound 25 when optimizing it toward the ultimate 
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compound. For example, by March 2000, it was well known in the art that proline dipeptides 

and mimetics were therapeutically useful for a variety of purposes, including DP -IV inhibition. 

See, e.g., Ashworth. Early work with pyrrolidinyl dipeptides revealed high inhibitor potency 

when coupling a pyrrolidine- containing amino acid with cyclohexylglycine. Villhauer at 1165. 

Villhauer also identified dipeptide glycyl -cyanopyrrolidines as inhibitors of DP -IV. See, Id. at 

Abstract. Therefore, one of ordinary skill in the art would have been motivated to retain the 

dipeptide structure of Ashworth compound 25. 

1 15. One of ordinary skill in the art would have been motivated to retain the Pi proline, 

free amine, and 2 -cyano moieties of the Ashworth compound 25 based on the knowledge 

generally available in the art. For example, Ashworth states that "[s]ubstrates and inhibitors of 

DP -IV require a free N- terminus" (at 1163) and describes superior potency with the 2 -cyano 

moiety versus without it (at 1 164 and 1166, compare Tables I and 11). Thus one of ordinary skill 

in the art would have been motivated to retain the free amine and 2 -cyano moieties in the lead 

compound and would have had a reasonable expectation of success that the ultimate compound 

having these features would be an active DP -IV inhibitor. 

116. One of ordinary skill in the art would have been motivated to select structures in 

which the trans conformation predominates when optimizing Ashworth compound 25. It was 

well known in the art in March 2000 that DP -IV has selectivity for substrates and inhibitors in 

the trans conformation relative to the cis conformation. Lin represents what was generally 

known in the art in March 2000 regarding DP -IV's preferred substrate and inhibitor 

conformations. Lin reports that "[DP -IV] possesses a high conformational specificity for a trans 

amide bond between the Pi and N- terminal P2 residues." Lin at 14020. Lin reports K1 values of 

14,000 nM for fluoro olefin dipeptides in the cis conformation and 188 nM for isomeric fluoro 
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olefin dipeptides in the trans conformation. Comparison of these K; values for DP -IV inhibition 

reveals the significantly greater potency of, and preference for, inhibitors in the trans 

conformation. See, e.g., id. at 14023 and Table 2. 

a. A POSA Would Have Been Motivated To Increase Chemical 
Stability By Limiting Intramolecular Cyclization 

117. One of ordinary skill in the art would have been motivated to limit intramolecular 

cyclization when optimizing Ashworth compound 25. It was generally understood in the art that 

intramolecular cyclization was a source of dipeptide instability in DP -IV inhibitors. For 

example, Ashworth teaches that, "[s]ubstrates and inhibitors of DP -IV require a free N- terminus, 

which means that potential dipeptide serine protease inhibitors (e.g., C- terminal aldehydes, 

boronic acids, a- ketoacids, trifluoromethylketones, or chloromethylketones) are inherently 

unstable at neutral pH due to intramolecular cyclisation." Ashworth at 1163. As further basis 

for what was known in the art, Lin describes "the cyclization reaction of the free N- terminal 

amino acid group with the reactive site of the inhibitor" for related dipeptide compounds (Lin at 

14020- 14021), which negatively impacts compound stability. Lin further teaches that "[t]he 

cyclization reaction of the free N- terminal amino group with the reactive inhibitor ... require[s] 

the molecule assume the cis conformation. Id. 

118. One of ordinary skill would have understood that intramolecular cyclization could 

be reduced by selecting against a conformation that favors intramolecular cyclization (i.e., 

selecting against the cis conformation), which can be achieved by the addition of a large, steric 

group to the compound at C2. See, e.g., Pal at 274. The trans conformation advantageously 

places the reactive cyano and amine groups farther from each other, thereby limiting 

intramolecular cyclization. Adding a large group such as adamantane to the compound would be 

expected to restrict its range of motion, thereby limiting intramolecular cyclization. Id. 
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119. One of ordinary skill in the art would have understood that a large group could be 

added to Ashworth compound 25 in order to increase its chemical stability. Further, one of 

ordinary skill in the art would have been motivated to substitute the cyclohexyl group at the 2- 

position of the acetyl -pyrrolidine -2- carbonitrile compound 25 with a large tricyclo[3.3.1.1]dec-l- 

yl group (also referred to as the "adamantyl group ") in order to optimize the compound, e.g., to 

increase the stability of the compound and to bias the compound toward the trans conformation. 

Ashworth provides the motivation to do so because it shows increased stability for compounds 

having larger substituents at the 2- position. Furthermore it is reasonable to expect that an 

increase in size of a group at the 2- position on a cyanopyrrolidinyl glycine derivative would 

further increase chemical stability. See, e.g., Ashworth at 1166, Table 11 (compare compounds 

24 and 25). 

120. One of ordinary skill in the art would also recognize that there are regulatory 

guidelines for chemical stability that must be met. See FDA Stability Guidelines. These 

guidelines indicate that the stability of a drug candidate under "the same storage conditions as 

applied to the drug product" should be studied for a time period "sufficient to cover storage, 

shipment, and subsequent use" of the drug substance in question. Id. at 4. The FDA Stability 

Guidelines also specify that, unless a drug is intended to be stored in a freezer or refrigerator, 

stability of the drug substance should be tested under the following criteria: 

Long -term testing 
Accelerated testing 

Minimum time period at 
Conditions submission 

25 °C f2 °C /60% RH *5% 12 Months 
40 °C ±2 °C/75% RH ±5% 6 Months 

Id. In order to submit and initial Registration Application for a new drug, the applicant will need 

to have "a minimum of 6 months of data from a 12 -month study." Mat 5. Additionally, a POSA 
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would recognize the relationship between chemical stability and impurities that can arise during 

storage as degradation products. Id. at 3; Dept. of Health & Human Services, "Int'l Conf. on 

Harmonisation; Guideline on Impurities in New Drug Substances; Availability," Federal 

Register, 61(3):372 -376 (Jan. 4, 1996) ( "FDA Impurities Guidelines "), at 373. The FDA may 

require reporting, identification, and qualification of impurities that arise from degradation 

during storage even if they are present in very small amounts. FDA Impurities Guidelines at 

373 -374. For example, for a drug substance that is dosed at less than 2 grams per day, the FDA 

may require qualification of any impurity present at 0.1% or greater. Id. at 374. A more stable 

compound would be expected to give rise to fewer degradation products over time and /or lower 

quantities of degradation products over time, and thus would be expected to increase the purity 

of drug substance and decrease the analytical burden associated with producing each batch of the 

drug substance. As such, a POSA would be motivated to develop compounds with good 

chemical stability, hoping to produce drug substances that would continue to adhere to their 

specifications after many months of storage under the required conditions. 

121. Ashworth provides motivation to optimize the 2- position of the acetyl - 

pyrrolidine-2- carbonitrile compound 25 with a suitable substituent to enhance stability. Table II 

of Ashworth shows the chemical stability data of DP -IV inhibitors in aqueous solution (pH of 

7.4), as measured in half -life (t112). 
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H-Xaa-nt 
N 

Compound N° Xen K,(nM)Ir 450)19 

24 Cpg 1.1 t 0.2 48 

25 Chg 1.4 t 0.5 >48 

26 11e 2.2 ± 0.5 48 

27 Tbg 3.8 ± 0.8 >48 

28 Lys(Z) 5.2 t 1.0 24 

29 Pro 22.0 ± 4.0 7.5 

/d. at 1166. 

122. When changing the substituent at the 2- position of the acetyl- pyrrolidine -2- 

carbonitrile from a straight chain alkyl moiety, for example compound 28 (a lysine moiety), to a 

more bulky cycloalkyl moiety such as a cyclohexyl moiety, for example compound 25, the 

stability dramatically increases from 24 hours to greater than 48 hours. Given this teaching, one 

of ordinary skill in the art would have been motivated to try even larger, bulkier alkyl groups, 

such as substituting the cyclohexyl group at the 2- position of the acetyl- pyrrolidine -2- 

carbonitrile compound 25 with an adamantyl group, in order to further minimize cyclization and 

increase the stability of the compound under similar conditions. Adamantyl was well known and 

studied in the art. For example, as discussed in more detail below, Raag, published in 1991, 

taught hydroxylated adamantane. Raag at 2678. 

b. A POSA Would Have Been Motivated To Increase Potency 

123. One of ordinary skill in the art also would have been motivated to substitute the 

cyclohexyl group at the 2- position of the acetyl- pyrrolidine -2- carbonitrile compound 25 with an 

adamantyl group because, e.g., Ashworth discloses that substitution at this position improves the 

potency of an aminoacyl pyrrolidide compound as shown in Table 1 of Ashworth: 
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H-Xaa N 

Compound N° Xaa K, (µM)" 
5 Cyclohexylglycine [Chg] 0.064 ± 0.01 

6 (R,S)- Cyclopentylglycine [Cpgl 0.21 ± 0.04 

7 Ile 0,41 t 0.01 

8 allo -Pe 0.44 t 0.04 

9 Val 0.47±0.02 
10 Lys(Cbz) 0.52 ± 0.07 

11 tent- Butylglycine [Tbg] 0.88 ± 0.20 

12 Thr(Me) 0.90 ± 0.15 

13 Om(Cbz) 0.91 ± 0.20 

14 2- Aminohexanoic acid (Aha] 1.20 ± 0.20 

15 Glu 2.00 ± 0.40 

16 Pro 2.10±0.20 
17 Cyclohexylalanine [Cha] 2.15 ± 0.50 

18 Glu(OBn) 2.70 ± 0.30 

19 Thr 4.90 ± 0.90 

20 Phenylglycine [Phg] 5.30 t 0.10 

21 Ser(Bn) 6.00±1.50 
22 Ala 7.00 ± 1.00 

23 Asp 14.50 ± 1.90 

Id. at 1164. Specifically, compound 5 (having a cyclohexyl group) of Table I shows at least a 

100 -fold increase in potency compared to compound 7 (having a 1- methyl propyl group) or 

compound 9 (having an isopropyl group). Ashworth confirms this observation by noting, "[als 

expected, from the substrate specificity of DP -IV, only (S) -amino acid derivatives showed any 

activity and, as can be seen in Table I, lipophilic amino acids gave more potent compounds. In 

particular, I3-branched a -amino acid derivatives were the most potent compounds with the non - 

proteinogenic amino acid, (S)- cyclohexylglycine providing the most active pyrrolidide 

(compound 5 possessing a K; value of 64 nM)." Id. at 1165. 

124. Therefore, Ashworth describes and teaches: (i) the advantage of replacing a 

smaller straight chain alkyl moiety (i.e., a 4- amino -butyl group) at the 2- position of an 

aminoacyl pyrrolidine with a larger cycloalkyl moiety (e.g., a cyclohexyl group) to produce an 

aminoacyl pyrrolidine- carbonitrile with increased stability under physiological pH conditions; 
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and (ii) the advantage of replacing a smaller branched alkyl moiety (i.e.,1- methyl propyl group 

or isopropyl group) at the 2- position of an aminoacyl pyrrolidine by a larger cycloalkyl moiety 

(cyclohexyl group) to produce an aminoacyl pyrrolidine with superior activity in inhibiting DP- 

IV. 

3. A POSA Would Have Been Motivated To Replace The Cyclohexyl 
Group On Compound 25 With An Adamantyl Group 

125. Additionally, one of ordinary skill in the art would have been motivated to 

substitute the cyclohexyl group at the 2- position of compound 25 with an adamantyl group 

because the art taught adamantyl as an obvious alternative to cyclohexyl. For example, Villhauer 

discloses compounds having cycloalkyl (e.g., adamantyl groups) or alkyl groups attached to the 

amino moiety of 2 -cyano pyrrolidides for use as DP -IV inhibitors. Specifically, Villhauer 

discloses a cyclohexyl group attached to the amino moiety of2 -cyano pyrrolidides: 

aN"--)(P 
H o CN 

(Villhauer at 12, Example No. 28); adamantyl groups attached to the amino moiety of 2 -cyano 

pyrrolidides: 

H Ö CN 

(id. at 13, Example No. 47) and alkyl groups attached to the amino moiety of 2 -cyano 

pyrrolidides: 

>N7(N 
H Q CN 
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(id. at 13, Example No. 52). Villhauer performed a pairwise comparative analysis between 

cyclohexyl and adamantyl groups, along with a small number of other substituents. Villhauer 

thus provides motivation for selecting adamantyl as an alternative to cycloalkyl in a DP -IV 

inhibitor. 

126. Given the disclosures of Ashworth and Villhauer, one of ordinary skill in the art 

would have been motivated in March 2000 to make the adamantyl substituted 2 -cyano 

pyrrolidide (i.e., adamantyl substituted Ashworth compound 25) because Villhauer discloses the 

adamantyl group attached to the amino moiety 2 -cyano pyrrolidide compound. 

127. Ashworth provides motivation to position the adamantyl group of Villhauer at the 

2- position of the aminoacyl pyrrolidide of Ashworth compound 25 given that the cyclohexyl 

moiety was also positioned at the 2- position. Thus one of ordinary skill in the art would easily 

surmise that the adamantyl- substituted Ashworth compound 25 (shown on the right -hand side 

below) is merely a logical extension of what was previously known at the time of filing (the 

compound on the left hand side below): 

Accordingly, well before March 2000, it would have been obvious to one of ordinary skill in the 

art to substitute the cyclohexyl group at the 2- position of the Ashworth lead compound 25 with 

an adamantyl group. One of ordinary skill in the art would have expected the modification to 

improve the characteristics of the compound, and particularly, to increase the potency and 

stability of the compound. 
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128. In the context of the '186 patent, one of ordinary skill in the art would only need 

to verify the readily predicted results of adding an adamantyl group and removing the cyclohexyl 

group. Such a modification requires less experimentation than is invited by the specification of 

the '186 patent. 

4. A POSA Would Have Been Motivated To Add A Hydroxyl At The 3- 
Position Of The Adamantyl Group 

129. One of ordinary skill in the art would have been motivated to add a hydroxyl 

group at the 3- position of the adamantyl substituent of the modified Ashworth lead compound 25 

in order to improve the compound's characteristics. For example, addition of a hydroxyl moiety 

would have been expected to reduce the compound's partition coefficient (thereby enhancing its 

solubility and permeability) and potentially increase its metabolic stability. Specifically, one of 

ordinary skill in the art would have expected the hydroxyl group to potentially increase 

compound solubility and possibly increase absorption of the compound without diminishing its 

activity. 

H-Xaa-N 
N 

Compound N° Xaa Ki(nM)" 640)t3 
24 Cpg 1.1 t 0.2 48 
25 Chg 1.4±0.5 >48 
26 Ile 2.2 ±0.5 48 
27 Tbg 3.8 ± 0.8 >48 
28 Lys(Z) 5.2 ± 1.0 24 
29 Pro 22.0 ±4.0 7.5 

Ashworth at 1066. 

130. Also, it would have been within the general knowledge of one of ordinary skill in 

the art -as evidenced by Lipinski, Hansch, Cates, and /or other references available to one of 
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I 

I 

ordinary skill in the art-to incorporate a hydroxyl group in the adamantyl -modified Ashworth 

lead compound, e.g., to reduce the partition coefficient of the compound, and thus potentially 

increase the solubility in aqueous solution. Thus, the teachings of Ashworth in combination with 

such knowledge would have motivated one of ordinary skill in the art to make such a 

modification. 

131. Raag provides additional motivation for incorporation of a hydroxyl group at a 

specific position on the adamantyl ring. Raag discloses a study of the metabolism of adamantane 

by cytochrome P- 450cAm. Raag at Abstract. Table III of Raag, shows the substrates that are 

subject to hydroxylation, including adamantane and other substrates: 

Table Ill: Various Substrate-Dependent Parameters: 

°6 °S; °tb 
ram 6Lf 

melee vol 315 Al 
hydrogen bond to Y96 yes° 

no. of iron ligands 5° 

redox pot. Fc " /Fe2' -170 mVr 
high-spin % 94 -97 %^ 
rcgiespccif of substr hydroxylatn 5 -coco (100 %) °9 

substr temp factor (Fe") 16.2 Al" 
substr hydrophilic groups yes 

hydroxylatn 100 %' 

`efficiency 

L6- substr dist NA 

L6 -iron dist NA 
L6 occupancy NA 
L6 temp factor NA 

ration occupancy 2.00' 
cation temp factor 12.1 A'° 
'Poulos el al. (1985, 1987). °Raag and Poulos (1989a). 'Fisher and Sligar (1985). 'White et al. (1984). 'Atkins and Sligar (1988b). /Atkins 

und Sligar (1989). 'Carbon numbering for each substrate begins with C -1 at the top of the six -membered ring which is in the plane of the table, 

Numbering" proceeds counterclockwise such that the carbonyl carbon is C -2 and C -5 is in the lower right -hand portion of the ring. Note that C -5 is 

a secondary carbon in some substances and a tertiary carbon in others. 

alauvoxm ayaaa.a< tblaamphur camphoNY55F aclart{Eor amriNr 

300 A' 
yes° 

293 Al 
no 

322 Al 
no 

315 As 
no 

236 A' 
yes° 

309 As 
no 

5° 6 6 6° 6 

-175 mVr -206 mV' 
96 -98 %°4 99 %4 65 %' 59 %' 46 %' 46 %' 
5 (100 %)° I (100 %)0 5-no (64 %)' 5 -exo (92 %)" 5-no (45 %)r 5 -exo (90%)' 

6 -exo (34 %) 4 (1 %) 6-exo (47 %) 6-exo (10%) 

3 -exo (2 %) 6 exo (2-4 %) 3 -exo (8 %) 
3 -exo (0-4 %) 

16.5 A3° 24.1 Al 23.5 Al 
9 (<1%) 

33.5 All 30.1 A' 
yes no yes yes yes no 

98 %' 100 %1 12%° 8 %' 

NA 2.63 A 2.35 A (70 %) 3,0 A° 2.88 A 
3.35 A (30 %) 

NA 1.95 A 1.35 A 1.73 Al 1.67 A 
NA 1.00 0.90 0.97° 1.00 

NA 14.3 A' 19.6 A' 3.8 A1° 1,7 Al 
1.00° 0.89 0,91 1.001 0.72 

10.0 A1° 15.5 A' 14.2 A2 7.9 A2d 21.7 A2 

Id. at 2678. Column 7 of Table III describes the regiospecific hydroxylation of adamantane at a 

specific 1- position, i.e., at a tertiary carbon site (and not a secondary carbon site). Id. This 

position corresponds directly to the hydroxylation site (i.e., the 3- position on the adamantyl ring) 
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in saxagliptin and the location of the hydroxyl group of the adamantyl- modified Ashworth 

compound 25. 

132. Raag also teaches that "[aldamantane is ... metabolized to a single product 

despite having a relatively high active site mobility. The single product can be attributed to the 

existence of only two types of unique carbon atoms in adamantane, together with the greater 

reactivity of tertiary versus secondary carbons." M. As additional evidence for the teachings of 

Raag, Hoffman describes the antiviral drug rimantadine, which contains an adamantane moiety 

that was known to be metabolized to a hydroxylated derivative. Hoffman serves as further basis 

of what was generally known in the art regarding the tendency for adamantane to preferentially 

undergo hydroxylation at the 3- position. 

133. Therefore, it was known long before March 2000 that 3- hydroxylated adamantyl 

groups were used in drugs and that adamantyl groups were subject to hydroxylation at the same 

site as a result of normal metabolism. Further, one of ordinary skill in the art, given the teaching 

of Raag (and as evidenced by Hoffman), would have been motivated to block metabolism of a 

substituted adamantyl ring at the 3- position by placing a group such as a hydroxyl group at that 

position. Blocking metabolism at the 3- position would result in greater metabolic stability. 

134. Furthermore, at the time the application of the '186 patent was filed, it was also 

known that information on metabolites of candidate drugs "can guide structural modifications, 

thereby improving the activity and /or bioavailability." See Korfmacher at 532. Korfmacher 

teaches the following advantages of metabolite identification: 

Metabolite identification in drug discovery provides early information that can 

lead to structural changes in the current lead compound, improving such 
phannacokinetic parameters as oral bioavailability, half -life (tint), or C,,,ax. Often 
these parameters can be changed by improving the metabolic stability of the 

compound. In order to improve metabolic stability, it is very important to know 
how a compound is metabolized. The goal of drug discovery is to progress a lead 
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compound into a final candidate drug that can be placed in the development stage. 

.. Early metabolite identification can provide information on how to improve 
the metabolic stability of the lead structure. In this way, future lead 
compounds might be a metabolite identified from the previous lead drug or 
an analog of the previous drug designed to block the major route of 
metabolism. 

Id. at 534 (emphasis added). 

135. Therefore, it was well known that metabolites (such as 3- hydroxy substituted 

adamantyl compounds) could provide improved metabolic stability to a compound. 

136. Additionally, having a hydroxyl group at the 3- position would also improve the 

Lipinski parameters, such as reducing Log P and improving permeability as discussed below. 

The partition coefficient (P) is a ratio of concentrations of un- ionized compound between two 

liquid phases, and Log P is as a measure of compound lipophilicity. One of ordinary skill in the 

art would have been motivated to add a hydroxyl group at the 3- position of the adamantyl- 

substituted moiety of the modified Ashworth lead compound 25 because the use of hydroxyl 

groups on drugs increases the solubility of the drugs in water. This position is supported by the 

knowledge of one of ordinary skill in the art, as evidenced by at least by the Lipinski, Hansch 

and /or Cates disclosures as discussed in details in ¶¶ 50 -51 above. 

137. One of ordinary skill in the art would have been motivated to improve 

characteristics or properties of the lead compound, e.g., the solubility thereof, particularly 

wherein the prior art indicates a potential problem with such a characteristic or property, e.g., 

very low solubility, as predicted by one of ordinary skill in the art, for example using information 

and teachings available, such as evidenced by Lipinski, Hansch and Cates. 

138. Accordingly, before 2000, in view of the knowledge of one of ordinary skill in the 

art, as seen in the teachings of Lipinski, Flansch and Cates, it would have been obvious to one of 

ordinary skill in the art to add a hydroxy group at the 3- position of the adamantyl modified 
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compound 25. A person of ordinary skill in the art would have had reason to try such an addition 

with an expectation of success in preparing a DP -IV inhibitor with improved water solubility, as 

well as increased stability (as taught in Korfmacher), permeability and bioavailability. 

5. A POSA Would Have Been Motivated To Modify Ashworth's 
Compound 25 By Cyclopropanation Of The Pyrrolidine Ring 

139. As discussed above, one of ordinary skill in the art would have understood the 

significance of dipeptide conformation on the effective interaction between DP -IV and its 

substrates and inhibitors. As would have been appreciated by one of ordinary skill in the art, the 

orientation of certain functional groups in the ultimate compound (e.g., the free amine and 2- 

cyano moieties) would be controlled, at least in part, by biasing the molecule to prefer a trans 

versus cis conformation of the dipeptide core structure. As discussed above, it was generally 

known in the art that the trans conformation would be favored over the cis conformation for a 

DP -IV inhibitor. /d. at 14020. This can be accomplished by substitution of a large group, such 

as hydroxyadamantyl at the C2 position of the core structure. See Pal at 274. 

140. One of ordinary skill in the art also would have been motivated to optimize the 

interaction between the cyano functional group and the DP -IV enzyme. Specifically, a person of 

ordinary skill would have been motivated to optimize the interaction between DP -IV and the 

cyano group by exploring variations in the point of attachment on the pyrrolidine ring as well as 

the orientation of the cyano group on the pyrrolidine ring. One of ordinary skill in the art would 

have selected as a starting point the 2 -cyano position found in both Ashworth compound 25 and 

Villhauer. The cyano moiety in saxagliptin shares the same pyrrolidine ring position described 

in these prior art references. 

141. A person of ordinary skill would have also sought to modulate the orientation of 

the 2 -cyano moiety on the pyrrolidine ring in order to optimize interaction with and inhibition of 
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the DP -IV enzyme. A standard strategy in March 2000 for modulating the orientation of a ring - 

bound substituent would have been through fusion of the pyrrolidine ring with another ring. See, 

e.g., Chiou at 243. Fusion between two rings results in significant changes in ring flexibility, 

including as discussed above, ring flattening in a cyclopropyl fused derivative. These changes in 

turn would be expected by one of ordinary skill in the art to affect the orientation of ring -bound 

substituents (e.g., the 2 -cyano moiety of Ashworth, compound 25). The smallest ring that can be 

used for fusion is a cyclopropyl ring. Id. 

142. Cyclopropyl rings are one of the most commonly used ring fusion agents because: 

(i) addition of a cyclopropyl ring has a negligible effect on compound molecular weight, which 

can translate to better drug -like qualities; (ii) cyclopropane has an exceedingly small footprint, 

meaning it exerts a minimal steric effect on the rest of the compound to which it is attached and 

(iii) cyclopropane provides greater conformational restriction than larger ring fusions, resulting 

in fewer possible conformations. See, e.g., id. 

143. One of ordinary skill in the art would have been motivated to select cyclopropyl 

fusion as a means for modulating the interaction between a DP -IV inhibitor and DP -IV. Chiou 

represents what was generally known in the art in March 2000 regarding the effects of 

cyclopropyl ring fusion. Specifically, Chiou explored the fusion of a cyclopropyl ring onto 

acetylcholine (ACh) in order to produce a compound that was "1) structurally as close to ACh as 

possible and 2) conformationally as rigid as possible." According to Chiou, cyclopropyl rings 

"are considered the smallest chemical structure ... capable of conferring conformational 

rigidity." Id. at 243. Like Chiou, one of ordinary skill in the art would have been motivated to 

start with a compound having known activity (e.g., Ashworth compound 25) and to optimize it 

by making small, incremental changes to its size and rigidity near the active 2 -cyano group. 
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144. For the above reasons, cyclopropyl fusion to the pyrrolidine ring of Ashworth 

compound 25 would have been one of the first modifications a person of ordinary skill would 

have chosen for its optimization in March 2000. Moreover, the pool of compounds that would 

have been tried by a person of ordinary skill would have been quite small given the likelihood of 

selecting the cyclopropyl fusion modification. 

145. Selection of the point of attachment for the cyclopropyl ring would have been 

straightforward for one of ordinary skill in the art in March 2000. As can be seen in the 

pyrrolidine ring of Ashworth compound 25 below, there are only three possible cyclopropyl 

fusion sites at the pyrrolidine ring: 

CN 

Ashworth Compound 25 

The resulting fusion would thus be one of: 1,2- methanopyrrolidine, 3,4- methanopyrrolidine or 

4,5- methanopyrrolidine. One of ordinary skill in the art would have understood in March 2000 

that two possible orientations of the fused cyclopropane ring could exist for each of the above 

three positions ring. See, e.g., Hanessian at 1882, compounds 6 and 8. 

146. One of ordinary skill in the art would have prioritized fusion of the cyclopropane 

ring at the two positions farthest from the carbon bearing the cyano moiety. Thus the skilled 

artisan would have conservatively started with the 4,5- methanopyrrolidine and 3,4- 

methanopyrrolidine fusions because the prior art provided expeditious synthetic methods for 

their preparation. See Hanessian; Tverezovsky, et al., "Synthesis of (2S, 3R, 4S) -3,4- 
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Methanoproline and Analogues by Cyclopropylidene Insertion," Tetrahedron, 53(43):14773- 

14792 (1997). Therefore, the 4,5- methanopyrrolidine, as present in saxagliptin, would have been 

one of only a small set of compounds that would have been investigated by one of ordinary skill 

in the art. 

147. Hanessian provides motivation for producing a fused pyrrolidine-cyclopropyl ring 

system as found in saxagliptin. Specifically, Hanessian teaches that the use of conformationally 

constrained analogues of proline were well known in the peptidomimetic research area well 

before March 2000. Hanessian describes the "highly stereocontrolled syntheses of the 

diastereomeric 4,5- methano -L- prolines and 5,6- methano-L- pipecolic acids by a novel 

intramolecular cyclopropanation reaction of iminium ions ..." Id. at 1882. One such example 

shown by Hanessian is compound 8, which was synthesized according to Scheme 1 below: 
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148. The structure and conformation of compound 8 in the solid state were 

unambiguously confirmed by single X -ray analysis. Id. Further, Table 1 of Hanessian shows 

selected torsion angles for compound 8 where "considerable `flattening' of the pyrrolidine ring is 

observed relative to N- Boc- L- proline." Id. 
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Table 1. Selected torsion angles and root- mean -square deviations from fitted atoms 
in a given plane of X -ray crystal structures, and '3C NMR chemical shifts (CDCI3). 

N-Boc-L-proline 120) 6 8 

r(NC) -17 -5.6 -14.4 
r(C,Cr) +31 +4.8 +15.3 
r(CsC,) -35 -2.6 -11.4 
r(C,C3) +24 -OJ +2.9 
r(C3N) -4 +4.1 +7.6 
r(BocNC,CO,H) -72 -64.0 -67.1 
rms deviation 0.018 0.003 0.013 
of fitted atoms C N, C C, Cr, C Cr, N C,, C Ca, N 

ó(cis¡trans) ó(ris/trmu) 6(ais/trau) 

COON 178.35/176.60 177.7/175.5 179.1/176.1 
NC =0 153.951155.39 157.1/154 155.7/154.1 
C, 58.8 60.8/60.1 59.5/59.1 
Cr 30/5/29.53 32.0 31.5 ¡29.1 

Id. Hanessian confirms the "flattening" of the pyrrolidine ring by determining the root -mean- 

square values for the Cp and N atoms from the plane defined by Cp, C7, CS and N (see Table 1 

above). It was determined that for compound 8, the out -of -plane carbon was the carbon bearing 

the carboxyl group when compared to N -Boc proline. Id. Therefore, Hanessian taught that 

modification of a substituted proline ring (such as a 2- carboxyl substituted proline) to a 4,5- 

methanoproline ring system "flattens" the ring. Ring flattening would also be expected to result 

in a modified orientation of the 2 -cyano group. Modifying the orientation of the 2 -cyano group 

in Ashworth compound 25 would likely result in a modified interaction with DP -IV that may 

improve potency and possibly cause it to resist intramolecular reaction with the free amine group 

found in DP -IV inhibitors (i.e., increased stability). 
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149. One of ordinary skill in the art would have had reason to modify the 2 -cyano 

substituted proline portion of the Ashworth lead compound 25 to a 4,5- methanoproline ring 

system in order to enhance compound stability. For example, Ashworth teaches that, 

"[s]ubstrates and inhibitors of DP -IV require a free N- terminus, which means that potential 

dipeptide serine protease inhibitors (e.g., C- terminal aldehydes, boronic acids, a- ketoacids, 

trifluoromethylketones, or chloromethylketones) are inherently unstable at neutral pH due to 

intramolecular cyclisation." Ashworth at 1 163. One of ordinary skill in the art would have had 

reason to try modifying the 2 -cyano substituted proline portion of the Ashworth compound 25, to 

produce a 4,5- methanoproline ring system in order to "flatten" the proline ring as taught in 

Hanessian, thereby adjusting the orientation of the cyano substituent to the proline ring and 

minimizing or preventing intramolecular cyclization, as taught by Ashworth. Furthermore one of 

ordinary skill in the art may expect that a cyclopropyl fused pyrrolidine may also have improved 

chemical stability in FDA -mandated stability testing. See FDA Stability Guidelines; FDA 

Impurities Guidelines. 

150. Hanessian describes and teaches: (i) modification of a substituted proline ring 

(such as a 2- carboxyl substituted proline) (ii) to produce a 4,5- methano- modified substituted 

proline ring with the 2- substituent orientation modified with respect to the proline ring. 

151. Accordingly, before 2000, it would have been obvious to one of ordinary skill in 

the art to modify the substituted proline ring of the Ashworth compound to a 4,5- methano- 

modified compound. Such chemist would have had reason to make such a modification with a 

reasonable expectation of success for improving the characteristics of the compound. For 

example, according to the teachings of Ashworth, one of ordinary skill in the art would have 

expected success in preparing the DP -IV inhibitor with improved stability properties. 
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152. By making these commonly known modifications at the positions indicated 

above, routine experimentation would have led to the following molecule: 

HO 

H2N 

O 
NC 

153. This molecule is identical to the compounds recited in claims 8 and 25 of the '186 

patent and encompassed by claims 1, 2, 4, 6, 7, 9 -11, 26 -28, 32 -35, and 39 -40 of the '186 patent. 

154. Taken together, the prior art provided reason: 1) to select the core structure of 

Ashworth compound 25 to form a DP -IV inhibitor; 2) to substitute the cyclohexyl group at the 2- 

position of the acetyl -pyrrolidine -2- carbonitrile of the lead compound with tricyclo[3.3.1.1]dec- 

1 -y1 group ( adamantyl group); 3) to add a hydroxyl group at the 3- position of the adamantyl 

group and 4) to form a 4,5- methanoproline moiety of the lead compound. Thus, claims 8 and 25 

of the '186 patent are unpatentably obvious over Ashworth in view of the knowledge and ' 

motivation of one of ordinary skill in the art, as evidenced by prior art references (including 

Villhauer, Raag, and Hanessian). 

B. Each Additional Limitation Of Dependent Claims 9 And 26 Is Also Disclosed 
By The Prior Art 

Claim 9: 

"The compound as defined in claim 8 wherein the pharmaceutically 
acceptable salt is the hydrochloride salt or the trilluoroacetic acid 
salt." 

Claim 26: 
"The compound as defined in claim 25, wherein the pharmaceutically 
acceptable salt is the hydrochloride salt." 

64 

Page 389 of 405



155. Claim 9 of the '186 patent recites the compound as defined in claim 8 and further 

claims the hydrochloride salt or the trifluoroacetic acid salt as the pharmaceutically acceptable 

salt. Claim 26 of the '186 patent recites the compound as defined in claim 25 and further claims 

the hydrochloride salt as the pharmaceutically acceptable salt. It would have been obvious to 

one of ordinary skill in the art to make and use the hydrochloride salt or the trifluoroacetic acid 

salt because it was previously disclosed in Ashworth. Further, making the salt would have been 

an ordinary exercise or task one of ordinary skill in the art would have performed at the time the 

application which led to the '186 patent was filed. 

156. Ashworth teaches the formation of DP -IV pyrrolidides as both the hydrochloride 

salt and trifluoroacetic acid salt. For example, Ashworth describes the "subsequent acid 

catalyzed deprotection (4N HCI /dioxane) afforded the inhibitor as its hydrochloride salt." 

Ashworth at 1165 (emphasis added). Ashworth also describes the preparation of dipeptide 

nitriles as shown in Scheme I, below. 

Scheme I. Preparation of dipeptide nitrites. 

H-Pro-OH ONPS-Pro-NH2 --4-4.05% QNPSN 
3 

'Q- H X00- rimy 
CN .TFA CN 

fJ 90% H" 
.HCI 4 

CN 

Reagents: a.ONPS -Cl, 2N NaOH. b. HUNSu, Water soluble carbodiimide. a conc. NH,OH, dioxane. 
d. imidazole (2 equiv.), POCK (4 equiv.), pyridine. e. 4N HCl/dioxane (3 equiv.), diethyl ether. 
f. Roc- Xaa -OH, pyRop, NEt,, CRC)). g. Trifluoroacetic add. 

/d. 

157. Here, step g of Scheme I shows the formation of the trifluoroacetic acid salt. Id. 

Because it would have been obvious to one of skill in the art to modify the lead compound 25 of 

Ashworth, as described above, the hydrochloride salt or trifluoroacetic acid salt of claim 9 or the 
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hydrochloride salt of claim 26 of the '186 patent would be obvious for at least the reasons set 

forth above with respect to claims 8 and 25, given the disclosure that hydrochloride salts or 

trifluoroacetic acid salts were synthesized in Ashworth. Further, it would have been within the 

ordinary routine of one of skill in the art to make pharmaceutically acceptable salts, such as 

hydrochloride salts or trifluoroacetic acid salts once the base compound was synthesized. 

Villhauer also teaches the use of pharmaceutically acceptable salt, including the hydrochloride 

salt. 

VIII. CONCLUSION 

158. For the foregoing reasons it is my opinion that claims 8, 9, 25, and 26 of the '186 

patent would have been obvious to a person of ordinary skill in the art at the time of the claimed 

invention. 

Executed on this day of January, 2016. 
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Margaret & Herman Sokol Professor of Medicinal Chemistry 

Department of Chemistry & Biochemistry 
Montclair State University 

1 Normal Avenue 
Montclair NJ 07043 

Voice: 973-655-7204 
Fax: 973- 655 -7772 

Email: rotellad @mail.montclair.edu 

Summary of Accomplishments: 

Montclair State University- Obtained $2.5MM, 5 year drug discovery research grant from 

Defense Threat Reduction Agency and an additional $300K in pharmaceutical industry research 

funding in three years. 
Wyeth Research -led chemistry teams in CNS drug discovery projects and key leader for 

collaboration with Solvay Pharmaceuticals. Delivered a clinical candidate, managed chemists in 

group that delivered another. 
Lexicon Pharmaceuticals - Beginning from a screening hit, in less than one year, led project 

team that identified potent, selective, orally bioavailable inhibitors of PDE7A. 

Bristol -Myers Squibb -First to publish the discovery of novel phosphodiesterase type 5 inhibitors 

with better in vitro potency and selectivity compared to sildenafil. Contributed to discovery of 2 

clinical candidates (PDES inhibitor, DPP4 inhibitor). 

Cephalon- Responsible for initial conception and development of several programs. Key leader in 

collaborations with Kyowa Hakko and Schering Plough. Discovered CEP 1347, which advanced 

to phase III trials for Parkinson's Disease. 

Experience: 

Montclair State University July 2011- present 
Margaret and Herman Sokol Professor of Chemistry, Department of Chemistry and Biochemistry; 

joint appointment in Sokol Institute of Pharmaceutical Life Sciences 

Independent Consultant, February 2010 -present 
Established consulting agreements with pharmaceutical companies and law firms to advance drug 

discovery programs and provide expert information on selected topics in drug development 

Wyeth Research /Pfizer, 2005- February 2010 
Principal Research Scientist III, chemistry team leader. Directed up to 20 chemists. Member of 

Princeton Chemical Science leadership team. 

Lexicon Pharmaceuticals, 2003 -2005 
Senior Group Leader, responsible for multiple drug discovery programs. Directed up to 18 FTEs 

with 4 direct reports. Member of department leadership team. 

Bristol -Myers Squibb PRI, 1997 -2003 
Principal Scientist, cardiovascular and metabolic disease drug discovery 

Cephalon, Incorporated, 1991 -1997 
Group Leader, CNS and cancer drug discovery. 

School of Pharmacy, University of Mississippi 
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Assistant Professor, Department of Pharmacognosy 1987 -1991 
Adjunct Professor, Department of Medicinal Chemistry, 2009 -present 
School of Pharmacy, University of Pittsburgh, 2010- present 
Adjunct Professor, Department of Pharmaceutical Sciences 
Center for Drug Discovery, Northeastern University, 2010 -present 
Adjunct Professor 
Registered pharmacist, Pennsylvania, 1981 -1991, 2010 -present 

Education: 

Postdoctoral Scholar, Department of Chemistry, The Pennsylvania State University, 
1985 -1987, under the direction of Prof. K. S. Feldman. 
Ph.D. Medicinal Chemistry, The Ohio State University, 1985, under the direction of Prof. 
D. T. Witiak. 
B.S. Pharm., Magna cum laude, School of Pharmacy, University of Pittsburgh, April 
1981. 

Professional Service: 

American Chemical Society, Organic and Medicinal Chemistry Divisions 
Fellow, Royal Society of Chemistry 

Division of Medicinal Chemistry, American Chemical Society: 
Five year term as Vice Chair /Long Range Planning Committee chair, Program Chair, 
Chair and past Chair (2004- 2008). These roles required leadership and collaborative 
interactions nationally and internationally. 
Three year term as academic councilor (2012 -2014) 
Treasurer, 2015 -2017 

Gordon Research Conference on Medicinal Chemistry 
2012 vice chair elect 
2013 vice chair 
2014 chair 

Co- editor, 3`d edition, Comprehensive Medicinal Chemistry 2014 -present 

Co- editor, 7th edition, Burger's Medicinal Chemistry 2007 -present 

Senior Editor, Royal Society of Chemistry series on Drug Discovery, 2008 -present 

Co- editor, "Successful Drug Discovery ", (2014), Wiley VCH 

Co- editor, "Analogue -Based Drug Discovery ", volume 3, (2012), Wiley VCH 

Program co- chair, National Medicinal Chemistry Symposium (2010) 
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Scientific Advisory Board National Medicinal Chemistry Symposium (2014) 

Scientific Advisory Board Frontiers in Medicinal Chemistry 2014 -2015 

Organizer and conference co -chair for "Frontiers in CNS and Oncology Medicinal Chemistry ", 

Siena, Italy, October 7 -9, 2007, jointly organized with European Federation for Medicinal 

Chemistry. 

Current Research Funding: 

Discovery of Novel Botulinum Toxin Protease A Inhibitors, 9/29/14- 9/28/19, $2.5MM, 

Defense Threat Reduction Agency 

Protein Kinase Inhibitors for Parasitic Diseases, 3/1/14- 2/28/15, $90,000, Celgene 

Corporation 
Research Support, 9/1/11 -8/31/16, $50,000 annually, Margaret and Herman Sokol 

Endowment 

Past Research Funding: 

Protein Kinase Inhibitors for Parasitic Diseases, 3/1/13 -2/28/14, $115,000, Celgene 

Corporation 
Protein Kinase Inhibitors for Parasitic Diseases, 3/1/12- 2/28/13, $90,000, Celgene 

Corporation 
Purchase of LCMS, 10/1/13, $70,000, Shimadzu Corporation 

Lactam Inhibitors of Phospholipase A2, 7/1/88- 6/30/90, direct costs $25,000, Mississippi 

Affiliate, American Heart Association 

Novel Calmodulin Inhibitors, 7/1/89- 6/30/91, direct costs $35,000, Elsa U Pardee Foundation 

Phospholipase A2 Inhibitors as Novel Anti -inflammatory Agents, 7/1/89- 6/30/91, direct costs 

$200,000, American Lung Association 

Publications: 

1. "Stereocontrolled Syntheses for the Six Diasteromeric 1,2- Dihydroxy -4,5- 

Diaminocyclohexanes: Pt(11) Complexes and P388 Antitumor Properties ", Donald T. Witiak, 

David P. Rotella, Joyce A. Filppi, and Judith Galucci, J Med. Chem. 30, 1327 (1987). 

2. "Synthesis and P -388 Antitumor Properties of the Four Diastereomeric Dichloro 1- Hydroxy -3,4- 

diaminocyclohexane Pt(II) Complexes" , Donald T. Witiak, David P. Rotella, Yong Wei, Joyce A. Filppi 

and Judith C. Gallucci J. Med. Chem. 32, 214 (1989). 

3. "Mechanistic and Preparative Studies of the Intramolecular Photocyclization of Methylated 2 -(4- 

Pentenyl)tropones", Ken S. Feldman, Jon H. Come, Benedict J. Kosmider, Pamela M. Smith, David P. 

Rotella and Ming -Jung Wu, J Org. Chem. 54, 592 (1989). 

4. "Homoallylically Controlled Epoxidation of A4- cis -1,2- Disubstituted Cyclohexenes ", David P. 

Rotella, Tetrahedron Letters, 1913 (1989). 
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5. "Application of an Intramolecular Tropone -Alkene Photocyclization to the Total Synthesis of (±) Dactylol ", Ken S. Feldman, Ming -Jung Wu and David P. Rotella, J. Am. Chem. Soc. 111, 6457 (1989). 

6. "Chloroperoxidase Mediated Halogenation of Phenols ", Cheryl F. Wannstedt, David P. Rotella and Jerome F. Siuda, Bull. Contamin. Environ. Toxicol. 44, 282 (1990). 

7. "Stereocontrolled lodolactonization of Erythro and Threo Tertiary Amides ", David P. Rotella and Xun Li, Heterocycles 31, 1205 (1990). 

8. "The Total Synthesis of (±) Dactylol and Related Studies ", Ken S. Feldman, Ming -Jung Wu and David P. Rotella, J. Am. Chem. Soc. 112, 8490 (1990). 

9. "Synthesis and Structural Analysis of Stereospecific 3,4,5 -Trisubstituted 'y- Butyrolactone 
Phospholipids ", Xun Li and David P. Rotella, Lipids 29, 211-224 (1994). 

10. "The Effect of Pyrrolo[3,4- c]Carbazole Derivatives on Spinal Cord ChAT Activity" David P. Rotella, Marcie A. Glicksman, J. Eric Prantner, Nicola Neff and Robert L Hudkins, Bioorganic and 
Medicinal Chemistry Letters. 5,1167 -1170 (1995). 

11. "Microbial Metabolites of Ophiobolin A and Antimicrobial Evaluation of Ophiobolins ", Erguang 
Li, Alice M. Clark, David P. Rotella and Charles D. Hufford, J. Nat. Products 58, 74 -81, (1995). 

12. "Stereoselective Synthesis of Erythro ct-Amino Epoxides" David P. Rotella, Tetrahedron Letters 35, 5453 -5456 (1995). 

13. "Genesis and Degradation of A[3 Protein by Cultured Human Neuroblastoma Cells ", Robert Siman, John T. Durkin, E. Jean Husten, Mary J. Savage, Seetha Murthy, Suzanne Mistretta, David P. Rotella, 
Sankar Chatterjee, Bruce Dembofsky, Roger Poorman and Barry D. Greenberg, Recent Advances in 
Alzheimer's Disease and Related Disorders, John Wiley and Sons (1995). 

14. "Facile Lewis Acid -Mediated Ring Opening of 4- Hydroxypyrrolidin -2 -ones by Amino Acid Esters ", 
David P. Rotella, Synlett, 479 -480 (1996). 

15. "Solid Phase Synthesis of Olefin and Hydroxyethylene Peptidomimetics ", David P. Rotella, J. Am. 
Chem. Soc. 118, 12246 -12247 (1996). 

16. "Neurotrophic 3,9- Bis[(alkylthio)methyl]- and -Bis(alkoxymethyl)- K -252a Derivatives ", Masami Kaneko, Yutaka Saito, Hiromitsu Saito, Tadashi Matsumoto, Yuzuru Matsuda, Jeffry L. Vaught, Craig A. Dionne, Thelma S. Angeles, Marcie A. Glicksman, Nicola T. Neff, David P. Rotella, James C. Kauer, John P. Mallamo, Robert L. Hudkins, Chikara Murakata, J. Med. Chem. 40, 1863 -1869 (1997). 

17. "An Update on COX -2 and Farnesyltransferase Inhibitor Development ", David P. Rotella, Curr. Opin. Drug Discovery and Development, 1, 165 -174 (1998). 
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18. "Rank -Order of Potencies for Inhibition of the Secretion of 440 and 442 Suggests that Both are 

Generated by a Single y- Secretase ", John T. Durkin, Seetha Murthy, E. Jean Husten, Stephen P. Trusko, 

Mary J. Savage, David P. Rotella, Barry D. Greenberg and Robert Siman, J. Biol. Chem. 274, 20499- 

20504 (1999). 

19. "N -3 Substituted Imidazaquinazolinones: Potent and Selective PDE5 Inhibitors as Potential Agents 

for Treatment of Erectile Dysfunction" David P. Rotella, Yeheng Zhu, Zhong Sun, John Krupinski, 

Ronald Pongrac, Laurie Seliger, Diane Normandin, John E. Macor, J. Med. Chem. 43, 1257 -1263 

(2000). 

20. "Optimization of Substituted N- 3- Benzyl Imidazoquinazolinone Sulfonamides as Potent and 

Selective PDE5 Inhibitors" David P. Rotella, Yeheng Zhu, Zhong Sun, John Krupinski, Ronald Pongrac, 

Laurie Seliger, Diane Normandin, John E. Macor, J. Med. Chem. 43, 5037 -5043 (2000). 

21. "Phosphodiesterase 5 Inhibitors: Discovery and Therapeutic Utility ", David P. Rotella, Drugs of the 

Future 26, 153 -162 (2001). 

22. "Osteoporosis: Challenges and New Opportunities for Therapy ", Curr. Opin. In Drug Discovery 

and Development 5, 477 -486 (2002). 

23. "Phosphodiesterase Type 5 Inhibitors: Current Status and Potential Applications ", Nature Reviews 

Drug Discovery 1, 674 -683 (2002). 
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