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CHAPTER 1

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

JEFFREY A. ROBL AND LAWRENCE G. HAMANN

Bristol-Myers Squibb Research & Development, Department of Discovery
Chemistry — Metabolic Disecases, 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™! (7.0mmol L™') 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.’
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 1990s
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, Pargluva™, dual PPAR agonist),*
dapaglifiozin (2, SGLT? inhibitor),” and saxagliptin (3, Onglyza™, DPP4 inhi-
bitor)'5 were discovered within the BMS Discovery organization {Figure [.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 HbAIc 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.’ 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.'”
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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 HbA Ic 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 mucocsa in response to glucose stimulation. Since the early 1990,
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,'""'* but efforts to advance GLP-1 itself as a pharmaceutical agent
were hampered by its extremely short pharmacokinetic half-life i vivo (plasma
f1p~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
bicavailability 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. 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 (Byetta™)!* and liraglutide (Victoza™),'> 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.'® 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."” 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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activation of intracellular signal transduction pathways and cell-cell interac-
tion in addition to its peptidase enzymatic activity.'® 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."”” In the majority of cases,
selective enzyme inhibitors have been used to prevent the conversion of an
endogenous “non-functional” peptide/protein precursor (¢.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,?® HIV protease inhibitors for AIDS,*' and thrombin inhibitors for
DVT.?? 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.? 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/CID26 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).>* Phosphate-
based inhibitors such as 5 were also reported to undergo covalent addition to
DPP4 but exhibited weak potency.? The interesting boronate-based inhibitors
(e.g. 6), originally advanced by the Tufts University and Boehringer Ingelheim
groups, exhibited exceptionally high inhibitory activity in vitre, 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

themselves as “transition-state* inhibitors which presumably form tetrahedral
boronate esters involving the Ser630 hydroxy! group.?*2® As such, many of
these compounds exhibited slow tight-binding kinetics with K g 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 Probiedrug 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 Zucker™™ rats
in an oral glucose tolerance test (0GTT). 2! Reports from Li ef al. at Mount
Sinai highlighted early examples of nitrilo-pyrrolidines specifically designed as
inhibitors of DPP4.%> Equally intriguing was the work described by Ferring in
which nitrilo-pyrrolidines such as 10 were identified as exceptionally potent
inhibitors of the enzyme.*3* 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 Novartis®® described the structure of com-
pound 11 (a related analogue 12 would later be disclosed as Novartis’ first
clinical compound, DPP-728)*¢ 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
carlier 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 co1nplications.37 Tt 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.”® 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, DPPY, FAP, efc.) 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.’*** 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 al.,*® 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,*® 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, efc.) 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. 4
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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,* 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).** As
compared to the unsubstituted prototype 10, the {rans-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 feri-leucine at P2 as in 24-26 minimized potency dif-
ferences between the respective cores, though solution stability was still

R
= N N;
H,N N j X > (?‘z/ Q L‘;/N (?7/
2 HN CN CN CN
0 CN 0
10 20 21
no substitution is-4,5+ ¢/s-3,4-
1 DPP4 Ki = 2 nM DPP4 Ki = 25 nM DPP4 Ki = 15 nM
soln stabllity t;z=5 h saln stabillty t,, = 25 h soln stability ty, =4 h
N /N -lII“P"
% LI
CN
22 n
frans-4,5- trans-2,3-
DPP4 Ki = 1820 nM DPP4 Ki = 7600 nM
soin stability t,; = ND soln stability t,, = ND
N N: ?
H,N szxr H:NK,Q
o] CN o CN <] cN
24 25 26
DPP4 K| = 7 nM DPP4 Ki = 14 n DPP4 K = 8 nM
seln stability t,, = 42 h soln stability t,,= 4 h soln stabillty t,, = 27 h

Figure 1.5 Genesis of cyclopropyl-fused nitrilo-pyrrolidine chemotype.
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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. ters-butyl, efc.) enhanced both i vitro
potency as well as solution stability. A similar trend was also observed by the
Ferring Research group in the simple nitrilo-pyrrolidine series.**

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 kcalmol™'. 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 irn 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, efc.], as well as favorable pharmacokinetic properties in the rat
(F=77%, t;;2=2.8 h). Additionally, compound 24 was efficacious in Zucker®®
rats, reducing glucose AUC in an acute oGTT (EDsy=3.3 mgkg™!, glucose
challenge 30 min post-dose) when compared to vehicle control. While the
duration of action of 24 was not particularly long (EDsy=92 mgkg ™!, glucose
challenge 5 h post-dose), the in vivo potency was still significantly greater
than that of the literature thiazolidine lead 9 (EDsy =38 mgkg™", 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 B-branched P2 side-chains. Due to the very limited commercial
availability of B-quaternary o-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.®*> 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 B-branched amino acids. A parallel
approach began with Horner—Emmons condensation of the ketone to give an
o,B-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 B-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-Ra Ri__R
4 | 1 | 3 Ry Ry
R4 Rj -~ —~—— -— i
PG 0 CO,R
PG. -
N cozH N OH N
0

/O
R R
R: Ry zRa R zRa R4 Rs
e — I - I -
PG.

CHO H CO.H HO,C” "CO.H RO,C” "CO;R

HN Lo R
SRy 2Ry
CONH,
R. N
L N
H &5 ©N
3

Figure 1.7 Various synthetic routes for the generation of highly f-branched amino
acids.
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Figure 1.8 Classical PK/PD disconnect in rats leads to hypothesis of active meta-
bolite generation in vive, resulting in the discovery of saxagliptin.

enantiomerically pure Pl 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 umolkg™" (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 (t,, = [.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 (¢, = 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 (K;=0.9nM) as compared to com-
pounds with smaller fragments in this position. In the normal rat, this com-
pound (4 pmol kg_l, po) afforded robust plasma DPP4 inhibition (84% @ 0.5h
post-dose and 83% @ 4h post-dose) despite exceptionally low bioavilability
(2%) and modest half-life (¢f,,;=1.4h). 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%, t;;=2.1h) and effected
near maximal (~87%) plasma DPP4 inhibition in the rat at both 0.5 and 4h
post-dose when administered at 4 umolkg~".

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 fuoroadamantane. 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 B-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.* 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,
Kon=4.6x10°M~'s™"), and, once anchoring the inhibitor in the active site,
covalent interaction with the nitrile drove enthalpic aspects governing off-rate
(for 3, Kor=23%10"°s71), resulting in overall K; enhancement for certain
inhibitors possessing these features.*> As a result, the ¢, ;2 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,**®*® proved to be a unique
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attribute of saxagliptin among the clinically advanced inhibitors. The slow off-
rate kinetics exhibited by saxagliptin likely serves to enhance saxagliptin’s
pharmacodynamic potency and duration in vive, and may also contribute to its
enzymatic selectivity.*74®

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,***® revealing the characteristic downfield shift indi-
cative of a short, strong H-bond upon complex formation.’*%! 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

His740

[
v
'

" Asn710

Glu205

-

R

Glu206

Phe357

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),” 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)*® and LAF-237 (35, vildagliptin)>® 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 (r,, &~ 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;= 10nM) inhibitor of the enzyme with a favorable in vitra
and in vivo development profile.®* SAR in this non-nitrile series was narrow,
with a precipitous drop-off of aclivity 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.
~TN N
(Y ey ~
NC / O CN o CN HzN
o)
12 35 36

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
HbA ic 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,
Onglyza™. 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.> 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 Zucker™™ 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 pmol kg~'.5 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 Zucker™™
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 Ila 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 versus
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).*>” 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
DPPY. 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™') and single-dose dog (10 mg kg™") 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.”® Both the DPPg/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 i 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 DPPg/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 ef ar.
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.® In a separate study, Chen et al. demon-
strated that repeated exposure (iv, QD for 14 days) of 1G244, 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.%® Additionally,
Burkey et al. demonstrated that chronic dosing of vildagliptin (achieving
plasma levels well above its K; for DPP8 and DPP9 inhibition) failed to reca-
pitulate the toxicity profile observed with the Merck DPPg/9 inhibitor.®! 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.®? 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 ~100-200g 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 adamanty] 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
SAXA-DEF-00342

Page 19 of 405




Page 20 of 405

18 Chapter |
9 ‘ cl OSiMe @ Br
Zn, CISiMe, : i 3
ClsC Ohe THF ol OMe ZnCly, CH,Cl;
92%
HO
NaOH HNO,
THFH,0, it CO:Me Ha50, CO,Me
[o/ el Ci Cl
99%
HO HO phenylalanine
dehydrogenase
1) pH 7.4 (6 N HCI)
COM 2) NaHC0,. B5°C o i
2 2 NADH NAD '—‘
3) HCI, E10Ac Y~
cr Ci 0
~99% formate
(2 steps) 37 dehydrogenase
Ammenium
formate CO;,
OH OH
1. BocO/NaOH
CO.H -
? 2.i-PrOAc extraction COH
NHBoc NH;
78% yield a8
96 - 99% enantiomeric purity
- Zn(Ety), CHalz
N
Boc/N Boc” 39
0% “NH, 0% “NH,

Figure 1.11 Development synthesis of the hydroxyadamantylgiycine and methano-
proline fragments of saxagliptin.

acid 37;%* (2) an enzymatic asymmetric reductive amination with ammonia to
give the requisite unnatural amino acid 38:%* and (3) a continuous flow process
for large-scale diethylzinc-mediated diastereoselective cyclopropanation of a
protected dehydroprolinamide 39,95

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 ITb 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 5mg dose.
Additional higher dose panels (up to 600mg) 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 ITb protocol in drug naive type-2 diabetic patients measuring
HbA ¢ reductions.®® Five doses of saxagliptin were studied (2.5, 5, 10, 20, and
40mg, 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 —0.45to —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.®” In January of 2007, BMS entered into a co-development and
co-marketing agreement with Astra-Zeneca encompassing saxagliptin and the
SGLT?2 inhibitor dapaglifiozin, 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, % sulfonylureas,”® 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
SAXA-DEF-00344
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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 [ull-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
(Januvia™, Merck),”" and vildagliptin (Galvus™, 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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. Introduction

espite an enormous rescarch effort, the fundamental cause of hypertension is still not
nown. What is known is that high blood pressure, whatever the underlying cause, leads
0 increased morbidity and mortality as a consequence of arterial disease. If unireated
ver long.periods of time, hypertension increases the risk of myocardial infarction,

ic, i , and atherosclerotic changes oceur in the hlood

essels. Reduction of blood pressure to normal levels has been shown to lessen the
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®incidence of coronary heart disease, stroke and kidney failure, thereby providing jus-
Yification for therapy, cven if the hypertension itself is asymptomatic.
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TABLE 8.1
in vitra Activilies of Inhibitors ol Angi In-Converling Enzyme lllustrating lhe Effecls
of Chain Lengih and Substiullon on Inhibllory Potency :

. Compound Stracture ICy, (129)

1 < Glu-Trp-Pro-Arg-Pro-Glu-lie-Pro-Pro 0.56
(5Q20,381,Teprotide)

2 Hw\/ﬁr"" | 630
0

COH

N{ 3
3 : Hozc’\/ﬁor U, 70

4 ”020\/’\”/"? 52

O CoH
Hoc At
5 W 1470
O  coH
. 6 . . H NS 0.023
o S Cog
; (8Q14,225,Captopril)

i¢y elopment of specific means of blocking the system that allowed its full importance to
jbe appreciated.
‘;Angiotensin IT antagonists such as saralasin ([1-sarcosine, 8-alanine]angiotensin) were
he ‘ficst agents to be used to probe the renin-angictensin system. Barly results with
alasin (Brunuer et al., 1973) clearly showed the therapeutic potential of blocking the
Stem, ard a sustained effort has been directed towards identifying potent orally bio-
Vailable antagonists of angiotensin II. Much attention hes also been focused on the
esign of inhibitors of the first enzyme of the cascade, renin, Many pharmaceutical
mpanies have identified potent inhibitozs of this highly specific enzyme, but the clinical
elopment of these has been impeded so far by disappointing oral activity. In the late
960s, the first peptidic inhibitors of the converting enzyme became available. These
B¥inhibitors were initially isolated from the venom of the Brazilian viper, Bothrops jararaca
@K (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 (Bogel et
1972; Gavras ef al., 1974). The lack of oral bioavailability of these early peptidic ACE
12l ibitors again prectuded their usc as long-term therapy and prompted Cushman and
..; Ondetti at the Squibb Institute to begin the search for an orally active compound. This
gi-search was to herald the dawn of a new era in medicinal chemistry: a largely empirical
ii uest for new drugs was to become a true scientific discipline based on mechanistic
i theories and design. .
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Flg. 9.2 Enzymes catalyso reactons by raducing AG. ——, Calalysed reactlon; ———-., uncalalysed
reaclfon.

. Proteoiytic Enzvmes

Chemical reactions in biological systems rarely occur in the absence of o catalyst. This
esseritial role is performed by proteins known as enzymes, a tenn coined in 1878 by
Friedrich Wilhelm Kiihne from the Greek en, in, and Zynie, leaven. Enzymes have truly
awesome catalytic abilities; reactions are aceclerated by factors of at least a million-fold.
Since eozymes are catalysts, they do not alter the equilibrium of a clhernjcal reaciion; the
attainment of equilibrium is accelerated, but the position of that equilibrium is not
shifted. A chemical reaction, A — B, gocs through a transition state which has a higher
cnergy than that of A or B. The binding of a substrate by an cnzyme is not cquivalent
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 discriminate between the substrate and the transition state, binding the latter more
tightly, and reducing the difference jn encrgy that limits the rate of the reaction, Enzymes
accelerate reaclions, then, by decreasing AG, the activation bacricr, The combination of
enzyme and substrate creates a new reaction pathway, the transition state of which is of
lower encrgy than that for the redction taking placc in the absence of enzyme (Fig. 9.2).

The making and breaking of chemical bonds by the enzyme is picceded by the
formation of an enzyme-substrate (ES) 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 specilieity of binding to the enzyme

.depends on the precisely defined arrangement of the residues forming the active site,

e
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9. ACE INHIBITORS AND THE DESIGN OF CILAZAPRIL 167

The chemical reaction carried out by proteolytic enzymes is the hydrolysis of the
amide bonds linking amino acids in peptides and proteins:

g H © 1 0
{ \N/HM} <o [ Ok - HM}
H o R H g R
Substrate Products

Proteinases differ enormously in how fastidious they are in their choice 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 ingredieats 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 peptidc 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 categeries depending upon their catalytic
mechanism. The serine and cysteine proteinases are named after the nucieophilic residues
in the active sites which form an jnitial acyl-enzyme intermediate. “Thig intermédiate is
ther hydrolysed by an activated water molecule to release the enzyme and products. The
pathway for a cysteine proteinase is iltustrated below: .

——— uncatalyseq,"'-

~-Enz + H,N-R
ﬁ KO

R-C-OH + HS-Enz

Q
R'—-@—NHF\‘ * H$-Enz <=—= R~C-g

[uilibrium is, not
ach hasa highc

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 cozyme, subtilisin,

T T
o e TR T e . s e e i 4 T

BRT

rather its aib'i;[T!L It is generally held that the enzymes comprising the other two classes, the aspattic 4
; the latter” ] proteinases and the metaltoproteinases, do not form an initial acyl-enzyme intermediate 1 E:
action. Enzymes ' as described above. The preferred mechanism is for specific residues in the active sites %{
: combination ‘ol of these enzymes to act as general bases and in this way to ‘pep up’ the nucleophilicity i |
te of wh'ich'is_.\ ;

ofa bound water mélecule which then attacks the scissile amide bond directly. Important
aspartic proteinases include renmin and also the proteinase cncoded by the human
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ases Crystallographxc studies on enzyme-substrate complcxes show an electrostatic in-
action between the positively charged guaridino function of Arg-145 and the nega-
uvely charged free carboxy group of a bound substrate.

< Aun adjacent hydrophobic pocket (not shown) is responsible for the substrate specific-
of carboxypeptidasc 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
zinc, displacing a water molecule from the native enzyme as it does so. The mechan-
1 of hydrolysis of the amide bond has been tbe subject of some controversy: direct

Glu-270 as a general basc to activate a water molccule, and activation of a water
polecule by the zinc ion have all been proposed. Studies using H," O (Breslow and
; roick, [976) support the general base mecbanism: Tyr-248 donates a proton to the
arison with other 310! i released amino function, the resulting phenolate anion is positioned to accept a proton
3, 1971), Cﬂrbo pepi rom the samc water molecule which attacks the amide bond.

vant {‘actors remaiy
undcrstandmg I‘H

1d__inhibitors to i - V. Assays for ACE

1b, 1971), has afl
/eloped. A sché"
n.in Fig. 9.3.

A reliable, and preferably high-throughput, assay is crucial to any enzyme inhibitor
rogramme. Although a whole cell system or animal model can be used if the target
nzyme is unavailable, these methods are less than ideal since they introduce complicat-
ng factors such as bioavailability, mctabolism and cell penctration. These additional
actors can have pronounced effects on activity, and as they are not easily taken into
ccount, can generate very misleading structure-activity relationships (SARS).
Purified preparations of ACE are available and vaiious assay systems have been
evised to measure the potency of inhibitors. The most widely used of these involves
pectrophotometric determination of the hippuric acid zefeased from the N-terminal-
protected tripeptide substrate hippuryl-L-histidyl-z-leucine [Fig. 9.4(a)], either alone
(Cushman and Cheung,. 1971}, or ss the complex formed with cyaniitic chloride
- (Hayakari et al., 1978).
. A schematic representation of the assay procedure using the cyanuric chlotide complex
> method is shown in Fig, 9.4{b). The experinents are repeated at a number of different
"inhibitor concentrations and a graph is then plotted of the enzyme activity (determined
by the amount of hippurylhistidice produced in the reaction) against the concentration
of inhibitor pfesent. This produces a sigmoidal curve as shown in Fig. 9.4(c).
The activity of an inhibitor is then usually quoted as an ICy, value which can be

determined directly from the graph. The ICy, value thus represents the concentration of
a given inhibitor that will reduce the activity of the enzyme by 50%.

2SR e

e

e

.
TRy

VYIL. The Design of ACE Inhibitors
A. Using a Two-dimensional Model of the Enzyme Aclive Slie
1. Captopril

In 1972, Byers and Wolfenden discovered a potent inhibitor of carboxypeptidase A. The
activity of this compound, 1L-benzylsuccinic acid, was rationalized on the basis of its
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. TABLE 8.2 .
in vitro Activities of Inhlbitors of Anglotensin-Converling Enzyme Hlusiraling the Eifects of
Additional Binding Groups on Inhlbitory Potency

© Compound Structure ICy (unt)

HOQC/\/‘\H/ N; 45
O COM ,
A~ N~ 24
H . r(l\r(
07, ;

O COM
/L N 0.09
HOLC N
O COMH.
Ph ,
j\ ' : F0.04
HOC v :
(] COH
Ph .
j - 0.001
HO.C N
H‘ [¢] COzH
[
: d 0.8
HOzC/\H .
0O  CoM R

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

1. Thiol-contalning Inhibitors
2" Design. approaches using a two-dimensional schematic representation of the enzyme
{pralif active site have proved to be very eficctive, and, as in the case of captopril and enalapril,
ey have led to potent enzyme inhibitors. Several groups, including odr own at Roche,
betieved that it should be possible to achieve further.improvements in potency if the
bioactive conformation of these inhibitars could be used in a more rigid molecule, The
portance of the three key binding groups, i.e. the carboxy group, the amide group and
‘the zinc ligand, was well recognized, but information about their relative spatial orienta-
lion jn the bound state was not accessible directly, since no X-ray crystalfographic data
were available, for either the native enzyme or enzyme-inhibitar complexes,
We addressed this problem by attaching the three important binding groups to a rigid
template which could be varied systematically in order to change the relative spatial
orientation of these groups (Hassall ez al., 1984). We began by imposing the constraint
that the amide bond of captopril should remain in the trans conformation in the

s e U S e =
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.. . TABLE 8.3
:ﬂro Aclvitles of Conformationally Resiricied Thiol-contalning Inhibltors of Anglotensin-Converling

enzyme
Q
A,
ol
H2
[¢] CO:H
ICy (109) Campound R R 1Cq ()
1 0.7 ' 17 HSCH,CH, H,C 0.1
2 0.5 18 H,C HSCH,CH, - 43
3 6.0 19 HSCH, H,C 10
o]
N
A, g‘:‘j
R .
0 COzH
Compound R! R? ICy (y1r6)
20 HSCH, H 0.1
21 H HSCH, 0.04

{}";rh the different regions of this locus, and hence identily the prpl_)’ablt?' bioactive
‘onformations of captopril. e

Figure 9.12(a) represents the superposition of the mesh plot for compound (21) on that

t captopril. The carboxy and amide groups of the two molecules have been aligned,

nhibitors (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 captopdil. If it
assumed that the enzyme inhibitory activity of the conformationally restricted inhibitors
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 biclogical activity (I'} of each compound
(Fig. 9.13). :

-~y

o} COH

Fig. 9.10 Rataticn abaut the CH,-GH{Me) and CH{Me)-CO bonds of caplopril allows generalion of the
mesh plot depleted in Figure 9.11(a).
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9. ACE INHIBITORS AND THE DESIGN OF CILAZAPRIL

1g. 9.12  {a) Superposition of captoprli and bleyelic compound {21); and {b} tho ¢common locus of the
sulphur atoma In compound (21) and captopril,

oAy )]
<0.04

0.04-0.10
0.10-0.50

<0.50
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Arg

[ e

Ly s _ »

[

>posed enzyme-bon
L1s. S

3 parent diacid, cildZa’
ot affords the prodingg
1,-once absorbe §ﬁ1 ;

[
e e e AT

Fig. 8.15 The proposed orlentation of cllazaprilat for binding to tho calalylic site of ACE,

;- cthyl ester is rapidly hydrolysed by plasma és:terases 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
hcxahydropyridazine-3(.S'J»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 fiod that
reduction of compound 34 with boraneftetrahydrofuran (H,B/THF) was highly regio-
selective, possibly because the sccond amide is jn a rather crowded cnvironment. De-
protection of intermediate 35 hy 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 fittle evidence
- of asymmeiric induction at the newly formed chiral centre, Initial studjes using racemic .

ethyl 2-bromo-4-phenylbutaroate 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 hard-earned' chiral bromo ester (38). The
. racemization was presumed to stem from nucleophilic exchange of bromide ion, and was
i1 avoided by the use of trifluvoromethanesulphonate (triflate) as the leaving group. Qur

e e e e e TR
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9. ACE INHIBITORS AND THE DESIGN OF CILAZAPRIL 183

VIl. Biological Properties of ACE Inhibitors

@, @) . i A. Pharmacokinetics

contrast with the position with epzyme inhibition, it is still barely possible to apply e
% Hesign principles to overcome pharmacokinetic problems, and serendipity remains the 1
major operator. Fortune has favoured the medicinal chemist in the field of ACE | R
nhibitors since captopril is well absorbed orally, and those inhibitors that use a carboxy ;
.. frroup as the zinc ligand can be rendered orally bioavailable by the simple expedient of |
— monocsterification. When cilazapril is administered orally to rats, approximately 98% of
the dose is absorbed {Attwood et al., 1984). The action of esterases then releases the
parent diacid, cilazaprilat, o

B. Efficacy In Animal Models of Hypertension

Cilazapril, and other ACE inhibitors, have long been estiblished to lower blood pressure
in a range of hypertensive animal models. Cilazapril lowers established high blood
pressure in spontancously hypertensive rats (SHRs) (Natoff ef al., 1985), and prevents
. the development of hypertension in young SHRs (Hefti ef al.,, 1986). In this animal o
] . model, cilazapril lowers bloed pressure largely by a decrease in total peripberal resistance .
,\i ' with little or no effect on heart rate or cardiac output. '
N .

G. Clinical Resulls

1. Hypertension

Numerous clinical trials have clearly demonstrated the efficacy of ACR inhibitors as
monotherapy in mild, moderate and even severe hypertension. Although early theories
suggested that angiotensin IT might be important only in relatively rare forms of
hypertension, e.g. renal hypertension, it is now known that ACE inhibitors, in conjunc-
tion with diuretics if necessary, will lower blood pressure in over 80% of patients.

2. Cardiac and Vascular Hypertrophy

High blood pressure damages the heart by causing thickening (hypertrophy) of the heart
muscle (myocardium) and also of the walls of the blood vessels supplying the heart.
These changes reduce the ability of the heart to increase its capacily beyond its normal
work load (coronary reserve), and can also lead to an inadequate blood supply to the
1 heart muscle itself {myocardial iscbaemia). These pathological changes predispose the
patient to heart feilure, so thc 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 cstablished
. (Clozel and Hefti, 1988). )

3. Reperfusion Arrhythmias
ontrary to apparent logic, restoration of hlood flow to the ischaemic heart is more

likely to cause fibrillation and death than the period of ischaemia itsclf. Reperfusion can
ccur spontaneously or as a result of medical intervention and frequently leads to

e #om e n DA i TLATANE Uil b AW idmla s i oot s
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57 ABSTRACT
The present invention relules (o 3 compound of formula (1)

{

H\N\)l £
RCHMW N: ]

whersin R is substituted adamantyk; nad n is 0 to 3; in free
form or in ucid addifion salt form. Compounds of formuta 1
inhibit DPP-TV {dipeptidyl-peptidase-[V) activity. They are
therolore indicuted [og use ns phannacouticals in mhbiting
DPP-IV and in the Ireatment of conditions medinted by
DPE-IV, such as nun=josulin-dependont divhetes melllis,
anhritis, obesity, osteopocosis and further conditions of
impaired glucose {olerance.

9 Clainis, No Drawings
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1
N-(SUBSTITUTED GLYCY)}.2.
CYANDPYRROLIDINES,
PHARMACEUTICAL COMPOSITIONS
CONTALNING THEM AND THELR USE IN
INHIBITING DIPEPTIDYL PEPTIDASE-IV

" This application claims the bencfit of U.S. application
Ser. No. 09/209,068, filed Dec. 10, 1998, now abandoned,
and which is incorporaled herein by relerence.

The presenl invention provides pew dipeptidyl
peplidase-1V (BPFP-1V) iphibilors which are elfeclive in
treating conditions mediaed by DEP-IV. More recenly, it
was diszovered that DPP-IV is responsible for inaclivaling
glecagon-like peptide-1 (GLP-1). Since GLP-1 is a major
slimulator of pancreatic insnlin sectution and has dicect
Leneficial cffccts on glucose dispossl, DPP-IV inhibition
appears o represent an allraclive approach for trealing
conditivns such as nog-insulin-dependent diabetes mellitus
(NIDDM).

The instant iuvention relates to novel N-(substituted
glyeyl)-2-cyanopyrrolidines oF [ormula It

&
F

H
\N\/ﬁ\
RN T: ]

wheroin

R is substitnted ndamantyl; and

n is O to 3; in lree Jorm or in acid addition salt Eoem.

The cumpounds of foomula T ean exist i free form or iz
acid addition salt form. Phammaceutically neceplabie (i.c.,
nen.toxie, physiologically acceprable) salis are preferred,
altbough other salls are also useful, e.g., o isolaling or
purifying the compounds of this invention. Although 1he
preferred gcid addilivn sals are (he hydrochlurides, szlts of
methancsullonic, sulluric, phosphorie, citrie, lactic and ace-
tic acid may also be utilized.

The compounds af the invention may exist i the form of
optically active isomers or diastercoisomers and can be
separated and recoveied by canventional techniques, such as
chromatography.

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

The term “alkyl” refers to straight or branched chain
hydrocarhon groups having 1 (0 10 carbon ators, preforahly
1 to 7 cartbon aloms, most preferably 1 1o 5 carbon atoms.
Exemplary alkyl groeps include methyl, ethyl, propyl,
isopropyl, n-butyl, t-batyl, isabuiyl, pentyl, hexyl and the
like.

The tecen “alkanoy)” refers to alkyl-CfQ)—.

The term “substituted adamamyl” refors to adamantyl,
i, 1- or 2-adatomaty], substituled by ane or mors, for
example two, substitutents selected rom alkyl, —OR, or
—NR,R,; where Ry, R, and R, are independently hydregen,
alkyl, (C;—Cg-alkunopl), carbumyl, or —CO—NR,Ry;
where R, and R are jndepoadently alkyl, unsubstituted or
substituted aryl and wheze ope of R, nod Ry additionally is
hydrogen or R, and Ry together reprasent Co~Coalicylene.

The term “arvl” prefecably represents phenyl. Substituled
phenyl preferably is phenyl suhstituled by one or more, LY.
two, substitutents selected from, e.g., alkyl, alkoxy, hulogen
and triflvoromethyl.

o
=

-
o

20

2%

0

50

"

=,

<
in

2

The tenm “alknxy” refors o alkyl-O—. :

The tenn “halogen” or “hale” rofers 1o fluorine, cllorine
bromine and iodine,

The term “alkylene” refers o a swaight chaio bridge of 2
to 7 earbon atoms, proferably of 3 lo & carbon stoms, most
preferably § eabon aloms.

A, preferred group of compounds of the {nvention is the
compounds of formula 1 wherein the substituent oo the
adamantyl i5 banded an a bridgohead ar o mathylone adju-
cent 1o a bridgebead. Compaunds of formula I wherein the
the glyeyl-2-cyanopyrrolidine moicty is Louded to a
bridgehead, the R’ substituent on the adamaniyl is profernbly
3-hydroxy. Compounds of formula I wherein 1he e glyevl-
2-cyanapyrrolicline wojety is boaded at x 1ethylene adja-
<ent {0 a bridgehead, the R' substitucal on the adamanty] is
proferably S-hydroxy.

The preseni invention especinlly relates 10 2 compotnd of
formulac (I A) or (! B)

{ta)
T
N

X 4

m

whercin R represeats hydroxy, C,-Cjalkoxy, Cu—Cg-
alkagayloxy, or RgR,N—CO—0O—, where R, and Ry inde-
pendently me C,=-Chulkyl or phenyl which is unsubstituted
or substituted by 2 substitutent sclected from C,—Cyalkyl,
C;—Conlkoxy, halogen and trifluorenielhyl and wlhere R,
additionally is hydrogen; or R, and Ry together mpresent
CG—Cgolkylene; nnd R" represents hydrogon; or R' and R
independently represent C,—~Coalkyl; in tree torm or in form
af a pharmaceutically acceptable neid addition salt.

The compouads of the invention may be prepared e.g.- by
a process which comprises coupling a reaclive
(2-oyenopyrrolidino)catbonylmethylene campound with an
Appropriate substijuled amine; more particularly, Tur ihe
preparation of the compounds of formula I, it comprises
reacting 1 compound of formula I,

wherein Y is a reaclive group (prefecably a halogen such as
bromine, chlorine or lodine) with 2 compound of formula 11T

NH,{CH,),—R i

wherein R is as defined above, and recovering the resultant
compound of formula 1 in free form or in acid addition salt
form.

AZ-SAXA-8024002
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3

The process af the invention may be effected in conven-
tional manner. For example, the compound of formuln 11 is
reacied with 1 (u 3 equivalents, preferably 3 equivalents, of
o primary amino of formula [1I. The reaction is convenieatly
conducted in the presence of an iners, organie solvent, such
as methylene chloride or a cyclic ether such as tetrahydro-
furan. The temperature preferably is of from about 0° fo

5

abont 35° C., pieferably between about 0° and about 25° C. -

The compounds of the inveation may be isolated [rom the
Teaction mixture and purified in convenlivoul manner, s,
by chrematography. i

The starting maferials may also be prepared in conven-
tional manner. The compounds of formula 11 may be pro-
pared by the following rwo-sicp reaction s¢heme:

1

.
o NEz -\/C\Y
—_— T

STEP1

1

4%
STEP?

TRAA
(etlensi 2¢q))

Step 1 involves the reaction of the pyrrolidine of formuln
TV with a slight molar excess of a haloacelylhalide such as
bromeacetylbromide or chloroacetylelloride aud a base
such as potassiwn carbonate or trdethylamine. The reaction
conveniently is coonducted in the presence of an inert,
uiganic solvenl, suct as telrbydrofuran or g chiloringled,
aliphatic hydrocarbon such as methylene chloride, at a
temparature of fram about 0° to about 25° L., preferably at
& temperature berween about 0% and sbowt 153° C.

Slep 2 concerus the dehydration of the compound of
formoula V, prepared in Step L, with 1 to 2 equivalents of
Iriffuorcacetic aphydride (TFAA). The dehydration prefer-
ably is conducted in (he presence of an fuett, crganic solvent
such as tetrahydrofuran or a chlorinated, aliphatic hydrocar-
ban such as methylene chloride, at a temperature of from
about O to ahout 25° C., peeferably at a temperatyre
between about 0° and about 15° C.

Insofar as its preparation is nov particularly described
herein, a compound used as stsrting material is known or
may be prepared frora konown compounds in kngwn manner
or analogously to known methods or analogously to methods
deseribed in the Examples,

For example, the primary amine compounds of farmula
111 are known and may be prepared by procedures docu-
mentzd in the literatre, for example, Khim, -Farm. Zh,
(1986), 20(7, B10~15.

Fnally, compounds of the invention arc cither eblained in
the frec 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 accepiable acid addition salls. These are formed, for
exampls, with inorgeaie acids, stch as mineral acids, for
example sulfuric acid, a phosphoric or hydrohalie acid, or
with organic earboxylic acids, Preferred are salts formed
with lyydrochloric actd.

o
a
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Tn view of the clase celatiauship between e free com-
pounds and the compounds in the form of their salts,
whenever a compound s selerred to in this contexl, »
corresponding salt is also intended, provided suchb is pos-
sible or appropriate under the circumstences.

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

Tho instant invention also includes pharmaceutical
compositions, for exumple, wselvl iu inhibiling DEP.1V,
comprising a pharmoceutically acceptable carrier or diluent
and a therapevtically effecrive amonnt of a compound of
{ormule 1, or a phermacentically scccploble zeid sddition
salt thereof,

In still anotber embeodiment, the inslant inveation pro-
vides a method of inhibitiog DPP-IV cotngrisiag adminiss
tering to & mammal in need of sueh treatment a therapeuti-
cully effeclive amount of = compound of formulu 1, or «
pharmacevtically acceptable acid addition salt therenf.

In a Rurther embadiment, the inslant invention provides a
method of treating conditions mediated by DFP-IV inbibi-
tion comprising, administerieg to a mamnal in need of such
treatment o therapenticnlly cffcative amount of o compound
of formula 1 above, or 4 pharmacewtically acceptable acid
addition salt thereof.

‘The present invenlion also relates to the use of u com-
pouad according to the instant inventioa or a phanmaceuti-
cally acceptable salt thereof, c.g., for the manufaciure of a
medicament for the prevention or treatment of discases or
condilions associsted wilh elevaled Jevels of DPE-IV.

As indicated abave, vl of the compounts of formmula I,
and tbeir corresponding pharmaccutically acceptablo acid
addition salls, ace useful io inhibiting DPP-1V, "T'he ability of
the compounds of formula I, and their comesponding phar-
macentically acceptahle acid addition salts, to inhibit DPP-
[V may be demonstrated employing the Caco-2 DPP-1V
Assay which measures the abllfiy of test compounds to
inhilil DEP-TV activity fram human colonic carcitirma cell
oxtrzcts. The human colonic carcinoma cell link: Caco-2 wus
obtained from the American Type Cullure Colteclion (ATCC
HTB 37). Differeniialion of the cells © induce DPP-IV
expression was accomplished as deseribed by Reisber, et al.
in an article entitle] “Imergased expression of inlestinal eell
line Caeo-2” ih Proe. Nail. Acad. Sei, Vol. 90, pgs.
S5757-5761 (1993), Cell cxtract is preparcd fom cclls soltu-
bilized in 10 mM Tris HCl, 013 M MNaCl, 0.04 tin.
aprotinin, 0.5% nonidet-P40, pH 8.0, which is centrifuged at
35,000 g for 30 miu. at4* C. ta remove cell debris, The assay
is eonductcd by adding 20 s solubilized Caco-2 protein,
diluted to a final volume of 125 ul in assay buffes (25 mM
Tris HCI pH 7.4, 140 mM NaCl, 10 mM K, 1% bovine
serum albumin} to microtiter plate wells. Afier a 60 min.
incubation at room temperatuce, the reaction is initiated by
adding 25 ul of L M substrate (H-Alanine-Proline-pNA;
pNA 35 p-nilreanilioe). The reaction is caried out at room

5 temperature for 10 minules after which time a 19 p} volume

of 25% glacial acetie acid js added lo stap the reaction, Test
compounds are typically added as 30 a4l additions and the
assay bulfer volume is reduced 10 95 ul, A stapdard curve of
free p.nitroaniiine is generated using 0-500 1M solutions of
free pNA in assay hulTer. The curve genstated fs Thwear und
is used for imerpalation of substrate consumption (catalytic
activily in nmoles substeate cleaved/min). The endpeint is
deterrpined by measuring sbsurbanee a1 405 nm in 2
Molecular Devices UV Max microtiter plate reader.

The potency of the test compounds as DPP-IV inhibitors,
cxpressed as JCyy, is caloulated from S-point, dose-response
curves using a 4-parameter logistic function.
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The following 1C.y wits abilained:

Compound Caco-Z DPP-1V (aM)
Ex. 1 35135
Ex, 4 13

The ability of the compounds of formula 1, sod their
corsesponcling  pharmaccuivally accepiable acid additinn
salis, 1o inhibit DPE-]IV may also be demonstrated by
measuing the elecs of lest compounds on DPP-IVY aciivity
in human and 2t plasma crrployiog o modified version of
the assay described by Kubota, et 3, in an arlicle coutled
“Involvement of dipeptidylpeptidase IV in an In vivo
immunc response” in Clin. Exp, [mmunol., Vol. 89, pgs.
192-197 (1992). Briclly, 5 4l of plasmau are added to 96-well
flat-bottem microtiter plates (Falcon), followed by the addi-
tion aof 5 41 of 80 mM MgCL in incuwbmion buffer (25
MMHEPES, 140 mM NaCl, 1% RIA-grade BSA, pH 7.8).
After a 60 min. incubation at room temperaire, the reaction
is initiated by the addition of 10 sd of incubation buffer
contzining 0.1 mM subsirate (H-Glycine-Proline-
AMC:AME is 7-anino-d-methyleguranrin). The plates arc
vovered wilih alueminum foil {or kept io ibe dJurk) cod
incubated at room temperature for 20 min. After the 20 nain.
reaclion, fluorescence s nwasured using a CytoFluor 2350
fluorimeler (Excilation 380 nm Emission 460 nm; sensitivity
selling 4), Tes! compounds arc (ypically added as 2 pl
additons und the sssey bulfer volume is teduced w0 13 4l A
fluarescerncc-concentration curve of free AMC is gencraled
using 050 gtvl selutions of AMC in assay bulfer. The curve
generated is Linear and is used for interpolation of substeate
consumption (catalytic aclivily in omoles substrate cleaved/
min). As with the previous assay, the poleacy of the 1est
compounils as DPP-IV inhibitors, expressed as IC,,, is
caleulated fram 8-point, dose=response curves using a 4
parameter logistic function.

The following ICs, was obtained:

Compound himan plaanin DPPIV (oM)  mi plasma DPP.IV (nAf)
Tr 1 27 =01 23 =01
Ex 8 [ 12

In view of their ability to inhibit DPP-IV, the compounds
of formula X, and their correspording phormaceutically
acceplable acid addition salts, are useful in Lreating condi-
tions mediated Dy DPP-IV inbibition, Based on the abave
and findings in the literature, it is expectcd that the com-
pounds disclosed hersin are useful in the trcatment of
conditians such as non-insulin-dependent diabetes mellitus,
arihritis, obesity, allograft transplantation and calcitonin-
osteoporosis. In addition, based on tbe roles of glucagon-like
peptides (such as GLP-1 and GLP-2) and their asscciation
with DPP-IV inbibition, it is expecied that the compounds
disclosed berein ote usoful for example, to produce a sodu-
tive or anxiolytic effect, or ta attenuate post-surgical cata-
bolic chunges and hoemanal responses Lo stress, o7 10 recduce
mortality and mon(sidity afier myocardial infarciion,or itt the
reatment of cooditions ralated to the -above effects which
may he nediated by GLP-1 undfor GLP-2 levels,

More specificatly, for example, the compounds of formula
1, aad their corr ling phaca tically acceptable acid
addivon salts, improve carly insulin response to an oral
glucose challenge and, thercfore, are useful ia treating
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not-insalin-dependent disbetes mellits. The ability of the
compounds of formula 1, and their corcesponding phasma-
ceuticully ncoeplable acid addilion salts, (o improve early
inswio response to an oral ghicose challenge may bo mea-
sured in insnlin resistant rats accarding (o the following
method:

Male Sprague-Dawley rats thut had been fed a high fai
dict (saturated fat=57% calorics) for 2-3 weeks were ﬁaswd
for npproximalcly 2 hours on the day of Iesting, divided inlo
groups of 810, and dosed orally with 10 panel/kg of the test
compdunds in CMC. An ozal glucose bolus of 1 g/kg was
administered 30 minutes after tie test compound direcily
into the stomach of ihe test animals, Blood samples,
obtatoed at various timepoints from chronic jugular vein
cathelers, were analyzed for plasma glucose and immunore-
aclive iosulin (IRI) coocentrations, and plasma DPP-1V
aclivity. Plasma jnsulin fevels were nssayed by a double
antibedy radioimmunoessay (RIA) methed using a specific
anti-rat insulin antibedy fram Linco Rescarch (St. Louis,
Mo.). The RIA has o lower linsit of detection of 0.5 #U/mL
with intra- and inter-assay variations of Iess than 5%. Data
are cxprossed as % increose of the mean of the control
animals. Upon oral administration, each of the compounds
tested amplified tbe carly insulin response which led to an
improvement in glucose lolerimee: in (he insulio resistant test
animals. The following results were obtained:

Tnzienss of Tosulia Response
at 10 imalkg

4%

Compound

Exl

The precise dosage of the compounds of formwla T, and
their comresponding pharmaceutically necepleble acid addi-
ticn salis, 10 be employed for teating conditions mediated
hiy DPP-IV fubilition depends upon several faclors, inclul-
ing the bast, the nature and the scverity of Lhe condition
being freated, the mode of administralion end the purticular
compound employed, However, in general, conditions mei-
ated by DPP-IV inhibition ate offectively trcated when 2
vompuund o formula I, or a corresponding pharmaceuti-
cally acceptable acid addition salt, is administcred enlerally,
e.g., ocally, or parenterally, c.g., intravenously, preferably
orally, at & daily dosage of 0.002-5, profecably Q.02-2.5
mg/kp body weight or, for most larger primales, a daily
dasage of 0.1-250, preferably 1-100 mg. A iypical oral
dosage unit is 0.01-0.75 mg/kg, onc 1o three times a doy.
Usually, 2 small dose is administered initially and the dosape
is gradually inereascd until the optimal dosepe for the host
wixler treaiment is determined, The upper limit of dosage is
that imposed by side effects and can Le determined by trial
for the host being treated.

The compounds of formula I, and their corresponding
pbarmaceutically accepiable acid addition salts, may bc
combined with one or more pharmaceutically acceptable
carriers arnd, optionafly, ore or morc other convontionat
pharmaceutical adjuvanis and administered enterally, e.g.,
orally, in the form of tablels, capsules, caplets, ete, or
parentorally, c.s., intravenously, in the form of sterile injeci-
able solutions or suspeusions. The enteral-aod parenteral
compositions may be prepared by conventional means.

The compounds of formula 1, and their comaspoading
phanmaceutically acceptable acid addition salts, may be
formulated into enteral and parenteral pharmacoutical com-
positions containing an amount of (he active substance that
is effeciive for treating couditions mediated by DPP-IV
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inhibyition, such compositions in unit dosage Torm and such
eompositions comprising o pharmaceutieally acceptable car-
rier.

The cornpounds of formule T (inclwding those of each of
the subscopes thereol and euch of the examples) may he
adrninistured in cnuntiomerically pure fom (e.g., ce »9R%,
preferably »99%) ar 1ogether with the R enantiorer, e.g., in
racemic form. The zbove dosage ranges are based on (he
compounds of fornula 1 {excluding the amount of the R
cnantiomer).

Tue following exmunples show representative compounds
cacompsssed by this inveation and their synthesis.
However, It should be clearly understoad that they are for
purposes of illusteation only.

EXAMPLE 1
Pymolidine, 1-[(3-hydroxy-1-adamantyl)amino]acetyl-2-
eyana-, (5)

A L

A l-Amincadamantanc-3-0]

Slight meadifications to the synlhesis found in Khim.
-Farm. Zh. {1986), 20(7), $10=15, may be used.

To a capidly stirred, clear and colotless, ice-weler chilted
mixture of copcentrated sulfuric acid 96% (210 mL; 3,943
mmol) and 65% nitric acid (21.0 mL; 217.0 mmol) is added
210 g (112.0 mmol) of l-adamantylamine HCL (99%), in
small portions aver 30 minues. Upon adamantylamine
hydrochloride addition, slight bubbling occurs and the reac-
tion is slipbtly exothennie. This bubbling, yellow solution is
stirred al fce-water temperature for ahout 2 hours and then
at room iemperaturo for 30 hours. This clear, light yellow
reaclion is then poured inte about 100 g of ice and the
resulting solution Js clear green-blue,

The solulion is placed in anice-water bath ond allowed to
slir for 3) minutes. Approximately 550 g of $9% pure KOH
{8.74 mo)) is then tdded in small portions over 45 minttes,
During this addmun the rca.u:uon is exothermic; reaching
80° C. mnd producing or ts of brown NO, gas.
By the end of the addmon, the reaclion i thiek witb white
snlids (horh product and salts), Tuo resulting whits paste is
zen poured onte a buchner funnel/oelite pad and washed
with 1.2 L of CH,Cl,. The CH,Cl.. layer is theo extracled
ftom the water layer and dried aver Na,SQ,. The solution is
then filterod and concentrated (ratovap/pump) @ provide
1-uminosdamantane-3-ol as a whits solid.

Alternntively, 1the teaction may be camied onl using
n-butannl as solvent instead of methylene chiloride.

Alternatively, 1-amiooadamantane-3-ol can be prepared
e.g. as follows: A 2-L, 4-pecked, round-bottomed flask is
thoroughly flushed with nitrogea. The flask is charged under
nilrofon with 420 mL of eone sulfuric acid (95%). The
conten's are cocled to 8° C,, then slowly {slightly exother-
mic & HCl gas evolution) 100.8 g of T-aminondamantace
hydrochloride arc added into the mixture in 8 portions at
9-1G° C. over 20 min (minutes), then the Lazy conlents are
slirred ar 9-10° C, for 20 min to chiain a bomogenous
mixture. 72 mL of cone. {(coneentrated) nitric acid (707) are
added (very exothermic) dropwise into the mixwure rain-
faining inner tempezalure ai 14-15° C. with ¢fficient cooling
(at this seale 20 min, nzeded for this addition). The mixture

D‘"’ll

1

o

s

25

3
is sticred al 14=15° C. far 20 min, the tempeemture s alkbowed
10 raise to 25° C, over 1 1s (hour) (L520° C. for 30 min, and
20-25" C. for 30 min}, then the contents a stizred al 24-25.5°
C. for 5 h {exxernal cooling is needed). 1.7 L of water are
charged inlo a 5-L, 4-necked fAask, the water is cooled to 10°
C., then the reaction mixture is slowly poured (very
exothermic, some NO, gas evolution) ever 25 min. mam-
taining Ibe internal temporature below 33° C. {o give a
bluoegreco bomogenous solution. The original 2-L Nask
(shighily exolhermic) is rinsed once with 0.3 L of water and
the water wash is poured inlo the 5-L flask. Slowly 900 wml.
of 50% sodivm hydroxide afueons solution aro added (vory
exothermie, some NO, gas evolution) inlo the 5-L flask aver
30 min. af 65-70° C, ta bring the pH, of the mixture to 13,
800 mL of L-butane) and 200 mL of tolucne are added (not
cxothenmnic) under vigorous etirring and allow 1he mixture to
reach 30° C. The bauom aqueons layer is sepncnted for
proper disposal, The organic layer is once washed with 100
mL of saturated sodium chloride soluiion. The saturated
sodium chloride wash is saved for disposal. The organic
layer is concentrated at G0-85° C. (20-200 mbac) to give 2
pata yollow viscous oil. 600 mL of heptone and 50 mL of
methanol are added into and 1he mixmre is maintained at
40-30° C. for 15 min 1o give a thick suspension. The slurry
is ¢ooled 10 12° C. and maintuincd a1 12-14° C. for 5 min.
The solids are filtered off throush a polyprapylene pad and
Buchner funnel, then the fAask aod filter cake are washed
occe with §0 mL of heptane, The methanol/heptanc Aliratc
is saved. The Alter cake is dried at 55-60° C. (30 mbar) for
16 b to afford 1-aminoadamantane-3-ol 0s an of~white solid.

B. 1-Chloroacetyl-2-cyanopyiolidine

2.
=

-3
"

T'a a mechanically slirred solution of 20.0 g (LB0.0 mmol}
of chlbroacetylchloride and 97 g (0.70 mmol) of potassium
carbanate in 150 ml, of teirahydm furan #s added a solution
of L-prolinamide 20.0 g (180.0 mimol) in 500 mL of tel-
rahydrofuran in a dropwise fashion over 45 minutes. This
regction s Uea rmechanically stirred Tor an additoos] two
hours al raom tcmperaturc, The reetion is then fltered to
remove polossium salts ond the filtrate is dried pver N2.S0,,
The Nx,50, is then removed via filatioo and (0 \bis
cologless filtrate is added trifluoroacetic anhydride (25.0 mL,
0,180 mmol} in one perlion, The reactiop is (hen magneli-
cally stirted for 1 hour atroom temperature and the resnlting
clear yellow/orange solution is- conczntrated via rolovap.
The ¢xcess trifluoroacetic anhydride is removed by adding
ethyl acetat 1o the concentrated oil and reconceatrating via
tolovap. This renoving operation is performed three rinies.

The resulting oil is pactitioned between othyl acetate and
waler, The product is then exiracted Into the ethyl acetate
and the agueons layer is then washed twice with ethyl
acetate, The combined organic layers are then washed
successively wilh watec and brine dried over magnesivm
sulfate, filtered and concentrated to obtain 1-chloroacetyl-
2-oyanopyrrolidine as a ycllow solid.

Alternatively, the reaction may be carried out by using, as
base, a mixture, e.g. 2-cthyi-hexanoic acjd/sodium hydride.
C. Pytrolidine, 1{(3-hydroxy-1-adamantyl)amino]acetyl-2-
cynno-, (S)

To a helerngenzous solution of the titl: A compaund
(1-aminoadamantane-3-01 (5.80 g, 34.7 mmal) in CH.Cl,
(68.0 mL) is added 9.6 g (69 mmol) of K,CO,. This
heterogenecus mixwre is then cooled in aa ice.waler bath
amd o solutien of 3.0 g (17 mmo]) of the Hile B compound
(1 -chloroacetyl-2-cyanopyrrolidine) dissolved in 25.0mL of
CH,Cl, is added dropwise over a period of 30 minutes, The
resulting mixture i3 sticred for 2 hours al 0° C. &nd at room
temperatute for 6 days. The veaction is then concentrated to
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oblain » yellow pasty material which is puriled on silica gel
employing a SIMS/Biotagu Flash chromatography systen
and a 7% solution of niethaaol in methylene chloride as the
eluent to yield the title compound in free base form as a

while crystalline solid {melling point 138° C-140° C,

PCNMA (ppm)=119.59).

10

Alternalively, the reaclion miay be cneried vul using tot-
rihydrofuran 42 solvent instead of methylene chloride;
furthernore, the chromatopraphy step may be eliminated.

EXAMPLES 2 TO 12

5 The followitg compounds are preparcd analogous lo the

methedd of Example 1 (especially Siep C):

Exncuple

Struehue

MR [* ]

2

-

Pyrrolidine, 1-||(3,5-dimethyl-1-sdamantylaminet-
neslyl]-2-evane-, 6}

Qi
o A
F
4] 3
N\)N: 3

Pyirolivdine, 1-[[{3-ubyl-d-udumanylhokolicyl}
2-0ya00- (S>

N
4
£

H\/ﬁ\O

Tynolidine, 1-[[(3-methoxy-1-adamanzyl)amino]-
acelyl]2-cynno-, (S

S -

Pymalidine, T-1{{3-[[(-hutylamina)cubanyioxy)-1-
adagmanty)Jaruno]acetylFZ-cyano-, (S)-

103-105
e

22214

(HTY

22-54
ey

210-212
(HC)
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Pysrlidine, 3-{I[3[1{4-metloxypheayaaluol-
carbonyifoxy]-1-adamantyl faminoreeryl)« 2 o ynno-,
(-
7T

. 205207
Q CHint @

yrrokidiae, Lj[L(3-1{ (Fhongl earbonyloxy J-1-
], -II. H [ '|}1 Y ’(s)_
8 I [0 NMR N
& Erevp); 124.56
el
H
N
H .
Py , B[{Fhydoxy-2 Daniino}
acetyl]-2-cyanc-, (§)-
2 o

['*¢ NMR (o
greup): 11854
)k {Epm)]
Q

F idire, 1-[[(% oe e

Y

acetyl]-Zcymon, (S)+

'v,"’

Q
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Esample Sirucluze Ml e
10 o 143-150
I ol Heh
. 1-[[[3-{{{ e
heetyl Fa-cy (-ﬂ )
n 155-157
st men)
\/L $
! ﬁ ;
Byrroliding, 1-[[[3-[[[{cyclobexyDamino]earbunyt]
oxyJ-1-adnmantylJamine heeeyl} 2cymino-, (8)-
12 st 12C NMR (G
Zroup): 119.31
I/ (ppm)]
(1o

AL

Pynoltdine, 1f[(d-ethmey-1adamnntyiaminn}
neatyl )« 2-eynac-, (S)-

Q""'a

(HCT) « as hyd:ochleride

All HCI salts of final products ate prepared by passing
1ICIL gas through a 0.1 Molar solution of the free base in
tetrahydrofuraz unii! solution is clearly acidic followed by
removal of the selvent (rotovap/pumgy)

The amino-zdemantane siecting malerdals are known in

the literature or cun be prepuced as follows:

‘The mzputacture of 3,5-dimethyl-L-adamuntylnmine Is
described in J. Med. Chem, 25; 1; 1982; 51-56.

The manufacture of 3-cthyl-L-adamantylamioe is
deseribed in J. Med. Chem, 25; 1; 1982; 51--56,

3.Melboxy-1-adamantylamine cnn be prepared as follows

To a sticred, joe-waler chilled suspension of potassium
hydridc (0.680 gm; 5.95 mmel) io 15,0 ml of teirahydoluran
is added a mixture of 1-amincadamantane-3.al (1.00 g; 5,95
mrnn'lj and 15.0 ml of ll..lr.:hydrnl'ul:m dropwise over 30
minutes. The resulting niixture is then stirred for an addition
30 minutes and jodomethane (0.370 ml; 5.95 mmol) is then
added dropwise over onc mioute. The resulting opaque
white reaction is thea stirred at 100m tomperalure for 18
hours. The mixture is then diluted with 50 rl of mothylene
chloride and filiered to remove the inorganic impuritics. The
filrate is then concentraled and purified on silica gel

45

employing a SIMS/Blotage apparatus and 19% methanol
and 19% amimnonium hydroxide in melhylene chloride as
eluent io yield 3-methoxy-1-adamantylamine 25 an opaque
oil,

Synthesis of 3-[[(tertbutylamino)carbonylJoxy]-1-
aminvadamantine

“l'o & mixiuze of f-amincadamantane-3-ol (5,00 g; 30.0
mmof) and potassium carbonate {6.20 g; 45 mmol) io 150 ml
of tetrehydrofuran is added benzylchloreformate (4.70 g,
33.0 mmol) in dropwise fashion over a 10 minute peried.
The mixturcs is then stirced at zoom temperature for 2 h and
then partitioned between cthyl acetate and waler. The protl-
uet is then extracted into the ethyl neetote and the aqueons
layer is washed twice with ethy! acetate (100 ml). The
comhined orgunie layers ace then washed suceessively wilh
100 1l of aqueous 2 N sadium hydroxide, water and hrine,
dried owver sodinm sullate, Gitered and concenicated
{rotovap/pump) lo provide 1-benzylcarbamoyladamaniane-
3-0l a5 a white solid in 85% yield.

To a clear solution of 1-benzylcarbamoyladamaulane-3-0l
{1.00 g 3.32 mmol) and ere-butylisocyanate (380 ul, 3.32
mmoly in 30 ml of methylene chloride is syriuge-added
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trimethylsilyl chlaride (20,04, 0.17 mmal), This ranction is
then slirred at room temperoture for 18 hours, concentrated
(rotovap) and purified on silica gel emplaying n SIMS/
Biotage apparatus and 2095 ethyl acetate in hexane as cluent
1o yield 3-[[(tertbutylamino)earbonyl]oxyl-1-
benzylearbamoyiadamantane as a white solid in quantitative
yield.

To a mixmee of 3-[[{enbuiylamino)carbonyljoxyl-1-
benzylcatbamoyladamantane (1,50 g, 3.75 mmol) and 10%
pullacium on carbon (400 my) it ethimol (150 rl) i 4 1-liwer
parr hydrogenation Hask is added hydrogen (S0 psi). ‘This
opaque black mixmuce Is then shaken for 24 h. The reaction
is then filtered through celitc to remove lhe palladium
calalyst and concenirated (rotovap/pump) to provide
34[(tortbntylamino)earbonyt)oxy]-1-aminoadamantane os a
clear oil in 99% yield.

The procedure Tor the synthesis of 4-[[[(mcthoxyphenyly
amingJesrbonyljexy ]-1-uminosdamaniuns is essentiolly (he
procedure of 2A-[[¢tertbutylamino)carbonylloxy]-1-
arninondamantane except in the second step whers an
equivalent of 4-methoxyphenyl isocyanate replaces term-
butylisocyanaiz, 1,2-dichlorocthane is used as solvent
instead of methylenc chloride and the waction is stirred at
50° C. for 18 hours. The final amine intermediaie is provided
as an ail.

The procedure bor the synthosis of 3{[(phenyluminc)
carbonyljoxyl}-l-aminoadamantane is essentially the proce-
dure of 3-[[(terthutylamine)earbonylloxy]-1-
aminoadamantanc cxcept in the second siep whers an
equivalent of phenyl isocyanate teplaces the tert-
butylisocyanate, 1,2-dichlorocihane is used os solvent
instead of methylene chloride and the reaction is stirred at
50° ¢, for 18 hours. ‘The inal amine intermediale is provided
a5 4 clear oil.

The procedure tp make 2-amincadamantang=5-al is the
same s {n Example 1 except that the stacting malerial is
2-aminosdamantrae instead of L-aminoadamamane.

The procedure fur Ue synthiesis of U nueleoplite
3uacotoxy-1-aminosdemantane s cssenlially the procedurc
of 3[(fortbutylaminc)eurbonylJoxy]-1-amigcadamaniane
excepl [or a  standard acylation of
1-benzylearbamoyladamaatanc-3-ol using 1.2 eq of acetyl
chioride, 3,0 e¢g. of pyridine, 0.1 ey ol
4-dimethylaminopyridine and 1,2 dichloroethane which are
all stirred at room temperature for 24 hours, The final aminc
is provided as a thick oil,

The procedure for the synthesis of 3-[[[(diisopropyl)
aminojcarbonyljoxy}-1-aminc-zdamentane is essentially the
procedure of 3-[{(iertbuiylamino)earbonylloxy]-1-
aminoadamantane except in ths secood siep where am
cquivalent of dilsoprapylcarbamoy) chlvride repluces the
tert-butylisocyanate, 1,2-dichlorocihane is used as solvent
insicad of methylene chloride nnd the rsaction is stirred at
£5° C, for 18 hours. The final amine intermiedinte is provided
as a gray solid.

The procedurs for the systhesis of 3-[[[(cyclonexyl)
amino]earbonyljosy]-1-aminoadamaniane is essenlially Ihe
procedure of 3-[[¢tcributylamino)carbonyl]oxy]-1-
aminondumontane 2xcep! in the sccond siep where an
equivalent of cyclohexylisocyanate replaces Lhe tert-

butylisocyanate, 1,2«Jichlorocthane s used as sulvent

instead of methyteae chiloride nnd Ibe reaction is stirred at
50° C, for LS hours, The final amine intermediate is provided
a5 a (hick clear oil,

The procedure to make J-ethoxy-l-adamantylamine (a
clear oil) is the same as for 3-inethoxy-1-adamantylamine
excepl that iodoethane (1.3 equivalen() is used jnstead of
jodowmethane.
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Formulation Example
Tablets, each containiag 50 mg of active ingredient, for
cxample, (5) 1[(3-hydrmxy-1-adamantyDamin]acetyl-2-
cyanc-pyrroliding, ean be prepared as follows:

Compesition {for 10,000 tablets)

Active fngredient 5000 g
Lacivse 500.0 g
Polalo starch 3520
Qclatin &ag
Thle 00 g
Magnesium stearate odag
8ilien (highly dizpumy) 0K
Eiliazol [EX

The active ingredient is mixed wilh the lactose and 292 g of
potate starch, and the mixture is meistened wsing an alco-
aolic solulion of the pelatin and grapulated by means of a
sicve. Aftor drying, the remainder of the polato sarch, the
1alc, the magnesium stearate and the highly disperse silica
are admixed and the mixiure is compressed 1o give tablels of
weight 145.0 mg each and aclive ingredient content 50.0mg
which, if desired, can be provided with brsuking nolches for
finer adjustment of the dose.

‘What is cluimed is:

1. A compound of formula It

H Q o
\N\)k £
R{CH N: ]

wherein

R is substiwted adamantyl; ond

n is 0 to 3; in free form or in acld addition salt form.
a %) A compound according to claim 1 of formula (I A) or

(1A)
"
N
i /
R N, i‘e or
an)
r" N
H o &
.
. '@

wherein R' represents hydroxy, C,-Coalkoxy, C—Cs-
alkanoyloxy, or ReR ,N—LCO , where R, and Ry
independently are C~C,alkyl or phenyl which js unsubsti-
ted or substituted by a substitutent selected from
Cy~Cyalkyl, €~ alkory, halogen and trifluoromethyl and
where R, additicnally is hydrogen; or R, and Ry together
represent Cy—Cgalleylene; and R” represents hydrogen; or !
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el R™ dndependently wepresent Co=Cyalkyl; i Free foem or
in form of a phannecouticdlly cegoplable ek addifion sali.
3. A compourd according 1o claim 1 selected om the
group consisling of
pyrrolidine, 1-[[(3,5-dimethyl-1-adumantyl)aminei-
acetyl]-2-cyanc-, (8)-
pyrrolidine, 1.[[(3-cthyl-1-adamantyl)aminojacelyl]-2-
cyano-, (S)
pymotidiae, 1-{{(3-methoxy-1-adamantyamine]-acetyl)-
2-cyanos, (S);
pyrrolidine, 1-[[[A-[[(t-hmiylamina)carbonyi]oxy]-1-
adumantyl]amice]acetyl]-2-cyana-, (8)-;
pyreolidine, 1-[[[3-[[[(4-meiboxypbenviinminn]-
cn)rbonyl]oxy]-l-udamam ylJaminoJacetyl]-2-cyano-,
a
pyrrolidine, 1-[{[(3-[((phenylamino)earbonylloxy)-1-
sdamantylJaming]acetyl]-2-cyano-, {S)-;
pyrralidine, 1{[(5-bydroxy-2-adamantyDaminoj-acetyl]-
2-cyano-, (S)-
pymolidine, 1{[{3-acetyloxy-1-adamantylyaminoJaceiyl]-
2-¢yano-, (5)-;
pyrolidine, 1-{[(3-[[[{diisopropyi)aminc Jearbonyl]oxy]-
1-atmantyJaminaJacetyl§-2-cyano-, (5)-
pyrrolidine, 1-[[[3-f[[{cyclohexyDamina]carbanyloxy])-
1-adamantylJaminca]acetyl3-2-cyanc-, (8)-; and

18
pyrrolidine, 1-[[(3-cthaxy-1-adamaniyDsrmina)aceiyl]-2-
cyeno-, (8)-
or, in each case, a pharmaceutically aceeptable acid addition
salt thereof

4. A compennd according te claim 1 which is pyecolidine,
L-[(3-hydroxy-1-adamanty[}aminc]acetyl-2cyane-, (), or a
phummaccetically acceptable acid additinn sall thercof.

5. A pharmacentical composition comprising a compound
aceording to claim 1 in free form or in pharmacsutically
aceeptable acid addition salt form, together with at least one
pharmaceutically acceptable carrier o diluent,

§. & roothod of inhibiting dipoptidy? peptidase-[V com-
prising administering to a mammal in need of such treatment
a (herapentically effective amaunt of 8 compound accarding
to claim 1, or a pharmaceutically acceplable scid addition
sall thereof.

7..A method of ueadng conditicns mediated by dipsptidyl
peplidase-1V iphibilion comprising admiristering 1o 2 wam-
mal i need of such treaiment u therapoutically offcetive
2imount of a compound according to claim 1, or a pharma-
ceutically acceptable acid addition sall thereof.

8. The wothod ncconding 1o claim 7 wherein the condition
treated is non-insulin-dependent diabetes mellitus.

9, The selhod according 10 claim 7 wherein e condition
Lrealed is obesily,
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N-SUBSTITUTED 2-CYANOPYRROLIDINES -

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

it provides nove} N-glycyl-2-cyanopyrrolidine derivatives.

Background

Dipeptidy! peptidase-I'V (DPP-IV) I5.2 sexine protease which cleaves N-terminal
dipeptides from a peptide chain containing, prefeiably, a proline residue in the penultimate
position. Although the biclogical role of DPP-IV in mamnmalian systemns has not been
completéty established, it is believed to play an important role in neuropeptide metabolism,
T-cell activation, attachment of cancer cells to the endothelium and the éntry of HIV into
lymiphoid cefls. DPP-IV is responsible for ihactivating 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-TV 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 anti¢ipated 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).

Although a fizmber of DPP-TV inhibitors have been described, all have limitations
rélating to potency, stability or toxicity. Accordingly, a great need exists for nove] DPP-IV
inhibitors which are useful in treating conditions mediated by DPP-IV inhibition z2nd which do

not suffer from the above-mentioned limitations.

POWERSQ0851

Page 65 of 405



WO 98/19998 ‘ PCT/EP97/06125 _

Summary of the invention

The invention provides novel N-(M'-substituted glycyl)-2-cyanopyrrolidines 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
inbibiting DPP-IV comprising administering fo a'patient in need of such treatment a
therapentically-effcclive amount thereof, the compounds for use as a pharmaceutical, and their
use in a process, for the preparation of a medicament for treating a condition-mediated
by DPP-IV.

Detailed description
~ The invention concerns N-(N'-substituted glycyl)-2-cyanopyrolidines, hereinafter:
briefly named "the compounds of the invention"; more particularly, it concerns compounds

of formula I:

wherein R is:
2). RIRuN(CHz)p- wherein
Ry is a pyridinyl.or pyrimidiny! mojety optignally mono- or independently
‘disubstituted with (Cy.a)alkyl, (Cy.s)alkoxy; halogen, trifluoromethyl,.
¢yano or titro; or'phenyl optionally mono-or independéntly disnbstituted.
with (C;4)alkyt, (Ci)alkoxy or halogen;
Ry is‘hydrogen or (Ci.s)alkyl; and_
mis2or3; .
b): (Ci.iz)cycloalkyl optionafly monosubstituted in the. i-pasition with (Cy5)hydroxyalkyl;
€) Ry(CHy),- whersin either '
R; is phenyl optionally mone- or indépendently di- or indeperidently trisnbstituted
with (C;4)alkyl, {C4)alkoxy, halogen or I_J_,heny]thio optionally monosubstituted,
in the pheny! ring with hydroxymethyl; or is (Ci.g)alky]; a [3.1.1]bicyclic

carbocyclic moiety aptionally méno- or plurisubstituted with ('C,.g')alkyl;_
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a pyridinyl or naphthyl mojety optionally mono- or independently disubstituted
with (CM)aikyl, (Cs.4)alkoxy or halogen; cyclohexene; or adamantyl; and
nis i to3; or
R. is phenoxy optionally mono- or independently disubstituted with (Cya)alkyl,
(C:)alkoxy or halogen; and
nis2or3;
d) (Rs);CH(CH;);- wherein each R; independently is phenyl optionally mono- or
independenily disubstituted with (Cy-alkyl,
(Ci.s)alkoxy or halogen;
&) R4(CH,),- wherein Ra is 2-oxopyrrolidinyl or {Cap)alkoxy and
pis2to4;

f) isopropyl optionally monosubstituted in 1-position with (C).s)bydroxyalkyl;

g) Rs wherein Rs is: indanyl; a pyrolidiny) or piperidinyl moiety optionally substituted with
benzyl; a [2.2.1]- or [3.1.1]bicyclic carbocyclic moiety optionally merio- or
plurisubstituted with (Cy.s)alkyl; adamantyl; or (Ci.g)alkyl optionally mono- or
independently plurisubstituted with hydroxy, hydroxymethy] or phenyl optionally mono-
or independently disubstituted with (C14),alkyf. (Cy)alkoxy or halogen;

in free form or in-acid addition salt form.

The compounds of formula 1 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 .2, be those of pharmaceutically acceptable organic or inorganic acids. Although
the preferred acid addition salts are thé hydrochlorides, salts of methanesuifonic, sulfuric,
phosphoric, citric, lactic and acetic-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 ard recovered by conventional techniques, such as
chromatography:.

"Alkyl" and "alkoxy" are'éither straightor branched chain, of which examples of the
Jatter are isopropyl and tert-butyl,

R preferably is a), b) or €) as defined above: R, preferadly isa pyridinyl or pyrimidiny
moiety optianally substituted as defined above. Ru pteferably is hydrogen. R, preferably is
pheny! optionally substituted as defiried above. Ry prcferaﬁly is unsubstituted phenyl.
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Ra preferably is alkoxy as defined above. R preferably is optionally substituted alky! as defined
above. m preferably is2, n preferably is | or22, especially 2. p preferably is 2.or 3,
especially 3.

Pyridinyl preferably is pyridin-2-yl; it preferably is unsubstitated or monosubstituted,
preferably in 5-position. Pyri:ﬁidiny'l preferably is pyrimidin-2-yl. It preferably is unsubstituted
or monosubstituted, preferably in 4-position. Preferred as 'subjs‘ititu‘tcnts for pyridiny! and
pyrimidinyl are halogen, cyano and tiitro, especially chlorine,

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

- {Cs-z)cycloalkyl preferably is cyclopentyl or cyclohexyl.. When it is substituted, it
preferably is substitated with hydroxymethyl, (C,.jalkoxy preferably is of 1 or 2 carbon
atoms, it especially is methoxy. (Cza)alkoxy preferably is of 3 earbon atoms, it especially is
isopropoxy. Halogen is fluorine, chlorine, bromine or jodine, preferably fluorine, chiorine or
bromirie, especially chlorine, (C;.g)alkyl preferably is of 1 to 6, preferably 1 todor3to 5,
especially of 2 or 3 carbon atoms, or methyl. (Cys) alkyl preferably is methyl or ethyl,
especially methyl. (C,.;)hydroxyalky] preferably is hydroxymethyl.

A [3.1.1]bicyelic carboeyelic moiety optionally substituted as defined above preferably
is bicyclo[3.1.1]hept-2-yi optionally disubstituted in 6-position with methyl, or
bicyclo[3.1.1)hept-3-yl optionally trisubstiinted with one'méthyl in 2-position and two methy}
groﬁps in 6-position. A [2.2.1]bicyclic carbocyclic moiety optionally substituted as defined
above preferablyis bicyclo[2.2.1] }hept-i;}z]_.

‘Naphthyl preférably is 1-naphthyl, Cyclohexene preferably is:cyclohex-1-en-1-yl.
Adarnantyl preferably is 1--or2-adamantyl.

A pyrrolidinyl or piperidinyl mojety optionally substituted as.defined above preferably is
pyl',rdli'din-iB-y] or piperidin-4-yl. When it is substituted it preferably-is 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 Xa), whereby R’ is:

- Ry'NH(CH,)p- wherein R,” is pyridinyl optionally mono- or independently disubstituted with
halogen, trifluoromethyl, cyano or nitro; or unsubstituted
pyrimidinyl;

= (Cyq)cycloalkyl optionally monosubstituted in 1-position with (C,3)hydroxyalkyl;

« Ry’'(CHy)3- wherein Ry’ is (Co.4)alkoxy; or

- Rs, wherein R; 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
Ris R" (compounds Ib), whereby R is:
- R,"NH(CH:).- wherein R," is pyridiny] mono-or independently disubstitvted with haloge;x,
trifluoromethyl, cyano or nitro;
- (Cas)cycloalkyl monosubstituted in 1-position with (C;.a)hydroxyalky};
- R4'(CH,):- wherein Ry" is as defined above; or
- Rs” wherein Rs" is a[2.2.1)- or [3.1.1]bicyclic carbacyclic.moiety optionally mono- or
plurisiibstituted with (€,.¢)alkyl; or ademantyl;

in free form or in acid addition salt form.

Even more preferred compounds of the invention are the compounds of formuta I wherein
Ris R™ (compounds Ic), whereby R" is:
~ Ry"NH(CH3)~ wherein R," is as defined abave;
- (Ces)cycloalkyl monosubstituted in 1-position with hydroxymethyl;
~ R4'(CHa)3- wherein Ry is as defined above; or
- Rs" wherein Rs"is adamantyl;

in ftee form or in acid addition salt form.
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A further group of compounds of the-invention is compounds Ip, wherein R is R®,
which js:

a) Ry"NH(CHy):- wherein R is a pyridinyl orpyrimidinyl moiety optionally mono- or
independently disubstituted with halogen, triﬂuoromethyi,
cyano or nitro;

b) (Cia)cycloalkyl optionally monosubstituted in I-position with (Cy.3)hydroxyalkyl;

¢} RaF(CH,)-wherein Ry’ is phenyl optionally mono- or independently di- or independently

trisubstituted with halogen or (Cy.3)alkoxy;

d) (Rs"):CH(CH,)s- wherein each Ry® independently is phenyl optionally monosubstituted with

halogen.or {C).3)alkoxy;

¢} Re(CHa)s- wherein Ry is as defiied above; or

f) isopropyl optionalty monosubstituted in. 1-position-with (Cy:3)hydroxyalkyl;

in free form or in pharmacentically acceptable acid addition salt form.

A further group of compounds of the invention is compoinds s, wherein R is R,
which is:

a) Rj’Rl,‘_('CHz')m-_ wherein. Rj* is' pyridinyl optionally mone- or independently disubstituted
with chtorine, trifliioromethyl, eyano or nitro; pytimidinyl
©optionally monosubstituted with chlorine of trifluoromethyl;
-or phenyl;.

Ru'is hydrogen os'methyl; and
msis2or3;
b) ,(Cg;ig)_cyclbalkyl‘.opﬁonally monosubstituted in lépagiﬁon with hydroxymethyl;
c) Re'(CHg)n: whietein éithet
Rs! is pheny)-optionally mono- or independently-di- or independently
trisubstituted with halogen, alkoxy of 1 or 2 carbon atoms or
.phcﬂy]thib‘-'monosub‘stitutcd-in the phenyl ring with hydroxymethyl;
{Cy.s)elkyl; 6,6-dimethylbicyclo[3.1.1}hept-2-y1; pyridinyl;
naphthy!; cyclohexene; or adamantyl; and nsis 1to3; or
Ry is.phenoxy-; and ‘ns is 2;

d) (3,3-diphenyl)propyl;
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&) Re{CHa), wherein Ry’ is 2-oxopyrrolidin-1-y] or isopropoxy and
ps is2or3;
T) isopropy! optionally monosubstituted in I-position with hydroxymethyl;
£) Rs" wherein Ry" i5: indanyl; a pyrrolidiny! or piperidinyl moiety optionally N-substituted
. with benzyl; bicyclo[2.2.1]hept-2-yI; 2,6,6-trimethylbicyclo-
[3.1.11hept-3-yl; adamantyl; or (C).5)alkyl optionally mono- or
independently disubstituted with hydroxy, hydroxyinethy! or phenyi;

in free form of 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 compound of formula IT

Tl).
| SCN
X\,’ C\.N A Ir

wherein X-is a reactive group;
witha corhpound-of formula T

NHR m
wherein R is as defiried:above,

'aﬁdfl‘ebeerihg- the resultant compound of formula I in free form or in acid-addition salt form:

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

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

The conipound of formula ILis preferably reacted with at least 3 equivlents of a
primary amine of formula XII. The reaction is conveniently conducted in the presence of an
inert, organic soivent, preferably a cyclic ether such as tetrahydrofuran. 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.
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The starting materials may also be preparcd in conventional manner.

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

scheme:
STEP 1 STEP 2
| Q P8 “SNH,
Mg, X Il X~ O A
- O~ x TFAA 1
Et,N, DMAP - {atleast? eq.)
v v

Step | involves the reaction of the pysrolidine.of formula I'V with a slight molar excess;

.of a haloacetylhalide such as bromoacetyibromide or chloroacetylchloride and triethylamine

.And a catalyiic amourit of dimethylaininopyridine (DMAF). The reaction conveniently is

conducted in the presence of an inert, organic solvent, preferably a chiorinated, aliphatic

hydrocarbon such as methylene chloride, at a temperare of from about 0°to:about 25_"(},

prefetably. at a témperature; between about 0° and about 15°C.

_Step 2 concems the dehydration of the compound of formula V, prepared i Step I,
with-at least 2 equivalents of trifluoroacetic anhydride (TFAA). The dehydration preferably i$:
coh_duci_:e‘d in.the presence of an inert, organijc solvent such as tetrahydrofuran or.a chlorindted,
aliphatic:hydrocarbon such'as methylene chloride, at a temperature of from about 0° to.about-
25°C, preferably al 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 comppunds jn’known manfier 0t

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

Celsius.

Examplel: 1.
(8)-pyrrolidine

To-a 500 ml flask is added 16.6 g of 2-[(S-chloropyridin-2-yl}aminolethylamine and
100 m] of tetranydrofuran and the mixture is cooled in an ice bath. To. the copled mixture is
added 7.0 g of (2-cyanopyrrolidino)carbonylmethylene-(S)-bromide dissolved in 30 ] of
tetrahydrofuran, The resultant mixture is stirred for 2 hours at 0°, 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 washed successively with water and brine, dried over
sodium sulfate and concentrated to obtain the desited-free base compound in crude form. The.
crude form is then purified on silica gel employing a mixture of 5% methanol in methylens.
chloride as the eluent to yield the title compound in free base form as 2 light brown oil.

After dissolving the free base in 30 ml of dry tetrahydrofuran, hydrogei chloride gas
i bubbled into the solution for five seconds. The off-white precipitate that forms i§ filtered,
washed with dry tetrahydrofuran and the solvent is removed by high. vacuum-pumping to
obtain the title compound in dihydrochloride acid addition salt.form (off-white solid;
m.p. 265°267° NMR: see * at bottom of Table hereunder).

The starting material is obtained as follows:
a) 22.37 g of {§)-2-carhamoylpyrrolidine, 30.1 ml of triethylamine and 30.0 mg of
'dimemylanﬁnopyﬁdine,(DMAP) are dissolved in-200 mml of methylene chloride and the solution
is-then added, dropwise, to an ice-cold solution of 18.8 mlof bromoacetylliromide in 192'ml
-of meth-yle'm': ¢hloride, over a period of 60 minutes under a calcium sulfate drying tube. The
resultant solution is stirred for 2 hours at ice-water temperamure under a calcium sulfate drying
tube, then poured into 3.5 liters of ethy] acetate. The resultant precipitate is filtered, washed
with eth¥l acetate, and the filtrate is concentrated to obtdin (2-carbamoylpyrrolidino)-
carbonylmethylene-(S)-bromide (hatd yellow taffy).
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b) 50.0 g of the bromide compound prepared in a) above is dissolved in 300 ml of methylens
chioride 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 of trifluoroacetic anhydride over a 2 minute
period, the resultant solution is stirred at-jce-water temperature under a caleium sulfate drying
tube for 4 hours, and partitioned between méthylene chloride and saturated agueons sodium
bicarbonate. The product is cxtracted into the methylene chloride Yayér and the.agueous layer
is washed twice with methylene chloride. The combined crganic
layers are. washed successively with water and brine and then dried over:sodium sulfate. “The
solution is filtered and the solvent is removed by rotovaping and high vacuum pumping to-

obtain (2-cyanppyrro]idino)carbonylmethyiene-(S)-bromide {dark yellow solid).
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The compounds of the invention in free form or in pharmaceutically acceptabie 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-IV. This activity 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 iine
Caco-2 can be obtained from the American Type Culture Collection (ATCC HTB 37).
Differentiation of the cells to induce. DPP-IV expression is accamplished as described by
Reisher et a}. in Proc.Natl. Acad. Sci.TISA 90 (1993) 5757-5761. Cell extract is prepared from
cells selubilized in 10 mM Tris-HC1, 0.15 M NaCl, 0.04 t.i.u. {trypsin inhibitor unit)
aprotinin, 8.5% non-jonic détergent P40, pH 8.0, which is centrifuged at 35 600 g for 30 min

at 4°C 1o remove, cell debris. The assay is conducted by adding 20 mg solubilized Caco-2.
protein, diluted to.a final volume of 125 ml in assay buffer (25 mM Tris-HC1 pH 7.4, 140 mM
N4Cl, 10 miM KC1, 1%:bovine setum albumin) to microtiter plate-wells. The reaction is =
initiated by adding 25m] of 1. 1oM substrate (H-Alanine-Proline-pNA; pNA is pnitroaniline).
The reaction is run at room temperature for 10 minutes after which time a 19 ml volume of
25% glacial apetic acid is added to stop the reaction. Test compounds are typically added as
30 nil additions and the assay buffer volume is reduced to 95 ml, A standard curve of free
p-nitroaniling is generated using 0-500 mM solutions of frée pNA. in assay buffer, The curve-
_gpncr_ated ‘is Tinear and is-used for interpolation of substrate consumption (catalytic actjvity.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 thie test
compounds a$ DPP-IV inliibitors; expressed as ICy, is calculated from 8-point, dose-response
cubves using a 4-paramerer logistic function:

In the above test, ICsp values of from about 10 nM to about 900 nbi are obtained with
the agents of the.invention, e.g. 22 nM 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 described-by Kubota et al. in Clin.Exp.Immunol. 89 (1992) 192-197. Briefly, five ml
of plasma are added to 96-well flat-bottom microtiter plates (Falcon), followed by the addition
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of 5 mt of 80 mM MgCl1; in incubation buffer (25 mM HEPES, 140 mM NaCl,
1% RIA~gra_dc' BSA, pH7.8). Aftera 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-
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 min.. After the 20 min
reaction, fluorescence js measured using a CytoFluor 2350 fluorimeter (Excitation 380 nm
Emission 460 nm; sensitivity setting 4). Test compounds are typically added as 2 ml additions
and the assay buffer volume is reduced to 13 ml. A fluorescencé:corncentration curve of free.
AMC is generated using 0-50 mM solutions of AMC in assay buffer. The curve. generated'is
Jlinear and is used for interpolation of substrate consumption (catalytic activity in.nmoles
substrate cleaved/min). As with the previous assay, the potency of the test compounds-as
DPP-IV inhibirors, expressed.as ICsg, is calculated from 8-point, dose-response curves using a
4 pararneter logistic fonction. | ‘

In the gbove assay, ICso values.of from about 7 nM to about 2000 nM are obtained in
human plasma, and of from about 3 nM to about 400 nM in rat plasma, e.g:, for the agent of

Example 3, of 7 nM in human-and 6 nM in fat plasma, respectively,

In view of their ability to inhibit DPP-IV, the agents of the-invention are indicated for
use’in treating conditions mediated by DPP-IV. It is-expected that the comipounds
disclosed herein are useful in the treatment of non-insulin-dependént digbetes mellitus,
arthritis, obesity, and osteoporosis such as calcitonin-osteoporosis. The-agents. offthé
invention improve early insulin response {0 an oral glucose éhall’enge‘and, therefore, are.
particularly indicated for use in treating non-insulin-dependent 1diabet¢‘s.“i.‘1'iel.lit‘iﬁ-qnd

farther conditions of impaired glucose toferance (IGT).

The ability of the agents of the invention to improve earljr_ insulin response:to at oral.
glucose challenge may e.g, be measured in insulinrésistant rats accordijng to the following
method: '

Male Spraguc;Dawley rats that have been fed a high fat diet (saturated fat =57 %
caloties) for 2-3 weeks are fasted for gpproximately 2 hours on the'day. of testing, divided
into groups of 8-10, and dosed orally-with 10'mmol/kg of the test-corpdunds in ~
carboxymgmy]qcllulose.(CMC). .An oral glucose bolus of I gfkg is administered 30 min after
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the test compound directly into the stomach of the test animals. Blood samples, obtained at
various timepoints from chyonic jugular vein catheters are analyzed for plasma glucose and
immunoreactive insulin (IRT) concentrations, and plasma DPP-IV activity, Plasma insulin
levels are assayed by a double antibody radioimmunoassay (RLA) method using a specific
anti-rat insulin antibody from Linco Research (St. Louis, MO, USA). The RIA has a lower
limit of detection of 0.5 mU/m} with intra- 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 amplifiéd 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 respoiise
at 10 mmol/kg
Ex. 1 61 %
Ex. 5 66 %
Ex. § 108 %
Ex. 8 144 %
Bx. 12. . 50%

" The precise dosage of the agents of the invention to-be-employed for treating.
‘coriditions mediated by DPP-IV inhibition-depends upon several factors, including the host, the,
‘nature and the severity of the condition being treated; the mode of admiinistration and the
,parti'c':ular compound employed. However, in general, conditions iediated by DPP-TV

fihibition are effectively treated when aﬁ-agent'of the inverition i$ administered enterally,

e.g. orally, or parenterally, 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 0.02 mg/kg _to;ébout.z.s' mg/kg body
weight or, for most larger primates, a daily dosage of from about 0.1 mg to about 250 mg,
preférably from about 1 mg to about 100 mg. A typical oral dosage unit is from 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 for. the host
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under treatment is détermined: The upper lithit of dosage is that imposed by side effects and

can be determined by trial for the host being treated.

“The agents of the invention may be combined with one ormore phannaceutica]ly
acceptable carriers and,.- optionzlly, one or mare other conventional pharmaceutical adjuvants
and administéred enterally, &.g, orally, in thé fortn of tabléts; capsules, caplets, efc,, or
parenterally, e.g. intravenously, in the form of sterile injectable solutions or'suspensions. The
entgral and_pa:entcra] compositions may. be prepared by conventional means,

The agents of the invention may be formulated into enteral and parenteral ]
pharmiaceutical compositions containing an amount of the a.cti'v'e substance that is effective for
treating Conditions mediated by DPP-1V, such compositions in unijt dofagé-form and such

compositions comprising a phammaceutically acceptable carrier,

Those agents of the invention which are e.g. of formula I may be administered in
enantiomerically pure (8) form (e.g. = 98 %, preferably 2'99 % pure) or together with the
other enantiomer, e.g. in racemic form. The above dosage ranges are-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 of formmla I‘ as defined above, in free form or in pharmaceyitically acceptablé acid
addition salt form, for use as a pharmaceutical. 1t further includes a pharmaceutical
composit'i.on.compﬁsing an agent of the invention, in particular a compoynd of formula Ias
defined above; in free form or in pharmaceutically acceptable acid-addition salt form, together
with at Jeast one pharmaceitically acceptable carrier of dilient, Tt furthef comprises the' use of
an agent of the invention, in particular, a compound of formule I as defined above, in free-form’
ot in ‘pharmaceutically acceptable acid addition salt formi in the preparation.of a medicament
for inhibiting DPP-TV or treating: conditions mediated by DPP-IV, by a process comprising
mixing an agent of the invention with a pharmaceutically acceptablg carrier or diluent, It
further provides.a methad 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 formula I inv

free form or in pharmaceuticélly acceptable acid addition salt form.
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The agents of Examplés 1, 3, 5, 8 2nd 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 1-[2-](5-cyanopyridin-2-yl)amino]-
ethylaminclacetyl-2-cyano-(S)-pyrrolidine, preferably in dihydrochloride acid addition salt
form. It has been determined that in hydrochloride form they have an ICs 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 ICsq value for, respectively, human and rat plasma DPP—IV; 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). 1t is, therefore, indicated that for the above
uses the compounds of Examples 1, 3, §, 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 glycyl)-2-cyanopyrmolidine,

2. A ecmpound of formula I:
N S oA I
g N

whercin R is:
a) RyRy,N(CH,)n wherein
R, is.a pyridinyl or pyrimidinyl moiety optionallly‘ meno- or independently
disubstituted With (Cy4)alkyl, (C).«)dlkoxy, halogen, rifluoromethy!,
£yano or nitro; of. phényl optippal]y mono- or:independently disubstituted
with (C1.9)alkyl, (Ci4)alkoxy orhalogen;
R, is hydrogen‘or. (Cy.5)alkyl; and
m'is 2 or 3
5) (Can)eyeloalkyl optionally monosibstitiited in'the, 1-position with (Ci.s)hydroxyalkyl;
¢) ‘Ry(CHy),= wherein gither
R is phenyl optionally mono- ot independently di- or independeritly trisubstitted
with (Cy«)alkyl, (Cy4)alkoxy, halogeii or phenylthio:optionally monosubstitated
in the phenyl ring withhydroxymethyk; or is (Cy.s)alkyl; a {3.1.1]bicyclic-
carbocyelic.moiety optionally.-mono- of plurisubstituted with (Cy.g)alkyl;
‘a' pyﬁdinyl%or naphthy] moiety-optionally mono- or independently disubstituted
with (Ci.yalky), ('Cll..q)‘élkoxy o halogen; cyclohexene; or-adamarityl; and
nis 1 to3; or ‘
R, is phenoxy optionally mono- or independently disubstituted with (C).q)alkyl,
(Cyr)alkoxy or halogen; and
. nis2or3;
d) (Rs):CH(CH,),- wherein eachi Ryindépérdéntly is pheiyl optionally mono- or
independently disﬁbstimt_ed with (Cys)alkyl,
(C,A)alko:;y orhaloggn;
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€) R4(CHydp- wherein Ry is 2-oxopyrrolidiny! or (Ca.q)alkoxy and

pis2to4;

f) isopropyl optionally monosubstituted.in 1-position with (Cr.ahydroxyalkyl;

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
plurisubstituted with (Cj.g)alkyl; adamantyl; or (Cy.g)alky] optionally mono- or
independently plurisubstituted with hydroxy, hydroxymethyl or phenyl optionaly mono-
or independently disubstitated with (Ch4)alkyl, (C))alkoxy or halogen;

in free formh or in acid addition salt form,

3. A compound according to claim 2 (a compound Ip) wherein R is RF, which is:
a) RIPNH(CHy)- wherciﬁ R is a pyridiny] or pyrimidinyl mgiety optionally mono- or
independent]y disubstituted with halogen, trifluoromethyl,
.c¥ano or nitro;
b) (Cys)eycloalkyl optionally monosubstituted-in 1-position with (Cy.5)hydroxyalkyl;
€) Ro"(CHz)o~ wherein Ro” is phenyl optionally mono- or independently di- or independently
trisubstituted with halogen or (C).p)alkoxy;

d) (Ry"):CH(CHy)- wheiein each Ry® independently is pheny] optionally monosubstituted with
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halogen or (Cy.3)alkoxy;
€). Ri(CHa)s= wherein Ry s as'defined above; or .
f) isopropyl.optionally monosubstituted in 1-position with (Cys)hydroxyalkyl;

in‘free form or in acid addition salt form.

4, A compound according o claim 2 {a compoind Is), wherein R 15 R®, which is:

2) RiRu(CHz)s- wherein R;*is pyridiny! optionally mono- or independently disubstituted
with chlorine; trifluoromethyl, cyano or nitro; pyrimidiny!
optionally monosubstituted with chlorine or trifluoromethyl;
or phenyl;

Ry” is hydrogen or methyl; and.
ms is 2 or 3;

b) (Cs.ia)cycloalkyl optionally monosubstituted in 1-position with hydroxymethyl;
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¢) Ro(CHa)w~ whetein cither
R;* is pheny) optionally mono- or independently di- or independently
trisubstituted with haiogen, alkoxy of 1 or 2 carbon atoms or
phenylthio monosubstituted in the phenyl ring with hydroxymethyl;
(C1r.5)alkyl; 6,6-dimethylbicyclo[3.1.1]hept-2-y1; pyndinyl;
naphthiyl; cycloliexene; or adamantyl; and ns is1to3;0r
R® is phenoxy; and nsis 2;
d) (3,3-diphenyl)propyl; ‘
&) 'Ry} (CHz)y; wherein R.* is 2-oxopyrrolidin-1-yl or isopropoxy and
ps is2or3; . '
f) isopropyl optionally mionosubstituted in 1-position with hydroxyméthyl;
g) R¢* wherein Rs' is: indany}; a pyrrolidiny] or piperidiny! moiety optionaily N-substituted
" with benzyl; bicyclo[2.2. 1 hept-2-y]; 2,6 6-trimethylbicyclo-
[3.1.1]hept-3<y}; adamantyl;.or (Cr.g)alkyl optionally meno- 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-cyan,opyn'din-z-yl)mxiho]ethyl.
jie. ]-[2-[(5-.cy.anopyﬁdin‘-2-y1)aminb]ethy]amino]acetyI‘—_'z-'cyano-(S)-p)(rrdlidine‘, in free form
or in acid addition saltform, especially in dihydrochloride acid addition'salt form, or

a compound according to claim 2 which is of formula I wherein R is either

2-{(5-chloropyridin-2-yl)aminoJethyl, or

]

(1-hydroxymethyl)cyclopent-1-yl, or

]

2-[(5-nit’r0pyridin—z-yl)a;min.o]emyl,. or
3-(isopropoxy)propyl,
in free form or in.acid addition salt form.

1

6. A process for the preparation of a compound agcording to claim | which comprises
coupling a reactive (2-cyanopynolidino)carbonylmcmylcnc 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 I

0]
| SCN

X
C D
A

wherein X is a reactive group,
‘with a compound of formula ITI

NH,R 1
wherein R is as defined in claim 2,

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

7. A pharmaceiitical composition comprising a-compound according to ¢laim 1 in free form 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 2 pharmaceutical,

9, Use of a compound according to claim 1 in free form or in phannaceutica'ily acceptable acid
addition salt form in the preparatioh of.a' medicament for inhibiting DPP-IY or treating
‘conditions medidted by DPP-TV.

10. A method of iphibiting DPP-TV, or of treating 2 condition mediated by DPP-IV, which
comprises administering a therapeutically.effective amount of a compound according to claim 1

'in free form or in pharmacéutically acceptable acid addition salt form to a patient in need of

such treatment.
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(57 ABSTRACT
N-(N"substituted glycyl}-2-cyanopyrzolidines of fornmla 1

I
o]

H 2CN
; N\)‘\ <
B ,T: ]

Compounds of formula I inhibit DPP-IV (dipeplidyl-
peptidase-[V) activity. They are therefore Indicated for use
as pharmaceutieals in inhibiting DPP-IV and in the treat-
ment of conditions mediated by DPP-TV, such as mon-
insulin-dependent diabetes mellitus, arlhritis, obesity,
osteoporosis and funther coaditions of impaired glucose
tolerance.

11 Claims, No Drawings
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1
N-(SUBSTITUTED GLYCYL)-2-
CYANOPYRROLIDINES,
PHARMACEUTICAL COMPOSITIONS
CONTAINING THEM AND THEIR USE IN
INHIBITING DIPEPTIDYL PEPTIDASE-IV

‘This application claims the benefit of Provisional Appli-
cation mumber 60/030,570 filed on Nov, 7, 1996.

FIELD OF THE INVENTION

The present invention relates 1o the area of dipeptidyl
peptidase-TV (DPP-IV) inhibition. DPP-IV is a sering pro-
tease which cleaves N-tcrminal dipeptides from a peptide
chain containing, preferably, a praline residue in the penul-
timate position. Although the biological role of DEP-1V in
mammalian systems has nol been completely eslablished, il
is believed to play an imporlaot role in neuropeptide
metabolism, T-cell activation, attachment of cancer cells lo
the endothelium and the eniry of HIV into lymphoid cells.

More recently, it was discovered that DPP-1V is respon- 2

sihle for inactivating glucagon-like peptide-1 (GLP-1).
More particularly, DPP-LV cleaves the amino-~lerminal His-
Ala dipeptide of GLP-1, generating 2 GLP-1 receptor
antagonist, and thereby shortens the physiological respanse
io GLP-1. Since the half-life for DPP-1V ¢leavage is much
shorler than the half-life for removal of GLP-1 from
circulation, a significant increase in GLP-1 binactivity (5- to
10-fold} is anlicipated from DPP-1V inhibition. Since GLP-1
is a major stimulator of pancreatic insulin secretion and bas
direct beneficial effects on glucose disposal, DPP-IV inhi-
bition appears 1o represent an attraclive approach for treating
noa-insulin-dependent diabetes mellitus (NIDDM),

SUMMARY OF THE INVENTION

The presentl invention provides new DPP-1Y inhibitors
which are effective in treating conditions mediated by DPP-
1V, Morc particularly, the present invention relates to certain
Ne(substituted glycyl)-2-cyanopyrrolidines which inhibit
DI'P-IV. In addition, the present invention provides pbar-
maceulical compositions useful in inhibiting DPP-I1V com-
prising a tberapeutically effective amount of a N-(substituted
glyeyl)-2-cyanopyrrolidine disclosed Lierein, Morcover, the
present invention pravides a method of inhibiting DPP-IV
comprising administering o a mammal in need of such
treatment a therapeutically efective amount of a
N-(substituted glycyl)-2-eyanopyrrolidine.

DETAILED DESCRIPTION OF THE
INVENTION

The instant invention relates lo novel N-(substituted
Elyeyl)-2-cyanopyrrolidines of formula It

H

;N\i : :‘“\“CN
R N

wherein R is: .
2) R, R, ,N(CH,),,- wherein

R; is a pyrdinyl or pyrimidinyl moiely oplionally
mone- or independently disubstiteted wilh (C,..)
alkyl, (C,.,)alkoxy, halogen, trifluoromethyl, cyano
or nilro; or pheny! opliorally moneo- or indepen-
dently disubstituled with (C,_.Jalky), (C,_,)alkoxy or
halngen;
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R,, is hydrogen or (C,_g)alkyl; and
m is2or3;

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

¢) Ry(CH,),- wherein either
R; is phenyl optionally mono- or independently di- or

independently trisubstiluted with (C,. Jalkyl, (C,_))
alkoxy, halogen or phenylihio optionally monosub-
stiluted in the.phenyl ring with hydroxymethyl; or is
(Ci.galkyl; a [3.L.1]bicyclic carbocyclic moiety
optionally mono- or plurisubstituled with (C,_g)
alkyl; a pyridinyl or paphthyl molety opticnally
mone- or independenily disubstituled wilth (C,_,)
alkyl, (C;..)alkoxy or halogen; cyclohexene; or ada-
mantyl; and

nis1llo 3 or
R, is phenoxy optionally mono- or independently dis-

ubstituted with (C,.Jalkyl, (C,..)alkoxy or halogen;
and
nis2or3;

d) (R3),CH(CH,),- wherein cach R, independently is
phenyl aptionally mono- or independently disubstituted
with (C,.,)alkyl, {(C,.,)alkoxy or halogen;

¢) R,(CH,),- wherein R, is 2-oxopyrrolidinyl or (C,.,)
alkoxy and p is2tod;

£) isopropyl optionally monosubstituted in 1-position with
{C,.s)hydroxyalkyl;

g) Ry wherein R, ist indanyl; a pyrrolidiny] or piperidinyl
moiely optionally substituted with benzyl; a [2.2.1])- or
[3.1.1]bicyelic carbocyclic moiety optionally mono- or
plurisubstituted with (C, g)alkyl; adamantyl; or (C,.)
alkyl optionally mono- or independently plurisubsti-
tuted with hydroxy, hydroxymethyl or phenyl option-
ally mono- or independently disubstituted with (C,_,))
alkyl, (C,_,)alkoxy or balogen;

in free form or in acid addition salt form.

The compounds of formula I can exist in free form or in
acid eddition salt form. Salt forms may be recovered from
the free form in koown manper and vice-versa. Acid addition
salls may e.g. be those of pharmaceutically acceptable
arganic or inorganic acids. Although the preferred acid
addition salts are the hydrochlorides, salts of
methanesulfonic, sulfuric, phospborie, 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 disterecisomers and can be
separated and recovered by conventional techniques, such as
chromatography,

“Alkyl” and “alkoxy” are either straight or branched
chain, of which cxamples of the latier are isopropyl and
tert-butyl,

R preferably is a), b) or €) as defined above. R, preferably
is a pyridinyl or pyrimidinyl moiely optinnally subslituted as
defined above. Ry, preferably is hydrogen. B, preferably is
phenyl optionally substituted as defined above. R, prefer-
ably is unsubstituted phenyl. R, preferably is alkoxy as
defined above. Rs preferably is oplionally substituted alkyi
as defined above. m preferably is 2. n preforably is 1 or 2,
espeeially 2. p preferably is 2 or 3, especially 3.

Pyridinyl preferably is pyridin-2-yl; it preferably js
unsubslituted or monosubstituted, preferably in S-position.
Pyrimidinyl prelerably is pyrimidie-2-yl. It preferably is
unsubstituted or monosubstituted, preferably in 4-position.
Preferred as substitutents for pyridinyl and pyrimidiny] are
halogegr, cyane and nitro, specially chlorine.

Wheo il is substituted, phenyl preferably is monosubsti-
tuted; it preferably is substituted with halogen, preferably
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chlorine, or methoxy. It preterably is substituted in 2-, 4-
and/or 5-position, especially in 4-position.

(C;.1z)cycloalkyl preferably is cyclopentyl or cyclohexyl.
When il is substiluted, it preferably is substituted with
hydroxymethyl. (C,_,)alkoxy preferably is of I or 2 carbon
aloms, it especially is methoxy. (C,_)alkoxy preferably is of
3 carhan atoms, it especially is isopropoxy. Hulogen is
flucrine, chlorine, bromine or iodine, preferably fluorine,
chlorine or bromine, especially chlorine. (C,.g)alkyl prefer-
ably is of 1 1o 6, preferably I to 4 or 3 1o 5, especially of 2
or 3 carbon atoms, or methyl. (C,.,) alkkyl preferably is
methyl or ethyl, especially methyl. (C,_j)hydroxyalkyl pref-
erably is hydroxymethyl.

A [3.1.1]vicyclic carbocyclic moiety optionally substi-
tuted as defined above preferably is bicyclo[3.1.1]hept-2-yl
opticnally disubstituted in 6-position with methyl, or bicyclo
[3.1.1]hept-3-yl optionally trisubstituted with one methyl in
2-posilion and lwo methy! groups in 6-positicn. A [2.2.1]
bicyclic carbocyelic moiety oplionally substituted as defined
above preferably is bicyclo[2.2.1Thepts2.yl.

Naphthyl preferably is 1-naphthyl. Cyclohexene prefer-
ably is cyclohex-1-en-1-yl. Adamantyl preferably is 1- or
2-adamantyl,

A pyrrolidinyl or piperidinyl mojely oplionally substi-
tuted as defined above preferably is pyrrolidin-3-yl or

piperidin-4yl. When it is substituted it preferably is 4

N-substituted.

A preferred group of compounds of the invention is the
compounds of formula I wherein R is R' (compounds Iz),
whereby R' is:

R,'NH(CH,),- wherein R,' is pyridinyl optionally mono-
or independently disubstituled with halogen,
trifluoromethyl, ¢yano or mitro; or unsubstituted pyr-
midinyl;

(Ca.7)cycloalkyl optionally monosubstituted in 1-position
with (C;_pyhydroxyalkyl;

R,(CH,);- wherein R is (C,. )alkoxy; or

Ry, wherein Ry 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 whertin R is R" (compounds Ib),
whereby R" is:

R,"NH(CH,),- wherein R," is pyridinyl mono- or inde-
pendently disubstituted with halogen, triluoromethyl,
cyano or nitro;

(Coe)eycloalkyl monosubstiluted in 1-position with {C,,
3)bydroxyalkyl;

R,(CH,);- wherein R, is as defined above; or -

Ry wherein Ry'is a [2.2.1}- or [3.1.1]bicyelic carboeyclie
moiety optionally mono- or plurisubstituted with (C,.
ajalkyl; or adamantyl;

in frec form or in acid addition salt form.

Even more preferred compounds of the invention are the
compounds of formula 1 wherein R is R" (compounds 1¢),
whereby R is:

I, "NH(CH,),- wherein R," is 25 defined above;

(C,.s)cycloalkyl monosubstituted in 1-position with
hydroxymethyl;

R,(CH ) wherein R, is as defined above; or

Rg" wherein Ry" is adamantyl;
in free form or in ocid addition salt form.

A further group of compounds of the invention is com-
pounds Ip, wherein R is R?, which is:

a} R”NH(CH.,).- wherein Ry is a pyridinyl or pyrim-
idiny]l modety optionally mono- or independently dis-
ubstiluted with balogen, irifluoromethyl, cyano or
nitro;
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b) (Cj.;)eycloalkyl optionally monosubstituted in
1-position with (C,_,)hydroxyalkyl;

c) R.F(CH,),- wherein R.7 is phenyl optionally mono- or
independently di- or independently trisubstituted with
halogen or (C,_j)alkoxy;

d) R,7),CH(CH,)» wherein cach Ry? independently is
phenyl optionzlly monosubslituted with halogen or
(C,.3)alkoxy;

€) R,(CH,),- wherein R, is as defined above; or

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

in [ree form ot in phammaceulically acceptable acid addition
salt form.

A further group of compounds of the invention is com-
pounds Is, wherein R is R®, which is:

2) R;'R,,(CHy),..~ wherein R,* is pyridinyl optionally
mono- or independently disubstituted with chlorine,
trifluoromethyl, cyano or nilro; pyrimidinyl optionally
monosubstituted with chlorine or trifluoromethyl; or
phenyl; R,,” is hydrogen or methyl; and ms is 2or3;

B) (C,.;o)cycloalkyl optionally monosubstituled in
1-position with hydroxymethyl;

c) R;/(CH.,),,,- whetein either
R, is phenyl optionally mono- or independenily di- or

independently trisubstituied with halogen, alkoxy ol
1 or 2 carbon atoms or phenylihio manosuhstituted
in the phenyl ring with hydroxymethyl; (C, galkyl;
6,6-dimethylbicyclo[3.1.1]hepl-2-yl; pyridinyl;
naphthyl; cyclohexene; or adamanty); and
nsis1lto 3; or
R,* is phenoxy; and ns is 2;

d) (3,3-diphenyl)propyl;

¢) R,(CHy),wherein R,’ is 2-oxopyrrolidin-1 -yl or
isopropoxy and ps is2or3;

f)isopropyl optionally monosubstituted in 1-posilion with
hydroxymetbyl;

£) Ry" wherein R® is: indanyl; a pymrolidinyl or piperidi-
nyl moiely optionally N-substituted with benzyl;
bicyclo[2.2.1]bept-2-y]; 2,6,6trimethylbicyclo-[3.1.1]
hept-3-yi; adamantyl; or (C,.g)alkyll optionally meno-
or independently disubstituted with bydroxy,
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-cyanopyrrolidine)carbonylmethylene compound with an
appropriate substituted amine; more particularly, for the
preparation of the compounds of formula I it comprises
reacting a compound of formula I

o]
| | _,\\\‘CN

Ay

wherein X is a reactive group,
with a compound of formula JII

NHR

wherein R is as defined above,
and recovering the resultant compound of formula [ in free
form or in acid addition salt form.
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X preferably is n halogen such as bromine, chlorine or
iocline.

The process af the invention may be effecied in conven-
tional manner.

The compound of farmula II is preferably reacted with at
least 3 equivalents of a primary amine of formula III. The
reaction is convenicntly conducted in he presence of an
inert, organie solvent, preferably e cyclic ether such as
tetrahydrofuran. The temperature preferably is of from about
0° 1o about 35° C,, preferably between about 0° and about
25° C.

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

The slarting matesials may also be prepared in conven-
tional manner,

The compounds of formula [1 may e.g. be prepared by the
following, two-step reaction scherme:

STEP 1
[}

o]
[

NH, X G
H—y STy

_ X
Et;N, DMAP

v
STER2

PN

TFAA
NN NH: Erieastzeqy U

Step 1 invelves the reaction of the pyrrolidine of formula
IV with a slight molar cxcess of a baloncetylhalide such as
bromoacetylbromide or chloroacetylchloride and {riethy-
laminc and a catalytic amount of dimethylaminopyridine
{(DMAP). The reaction convenicntly is conducted in the
presence of an inert, organic solvent, preferably a
chlorinated, aliphatic bydrocarbon such as methylene
chloride, at a temperature of from about 0° to about 25° C,,
preferably at a temperature between abowt 0° and about 15°
C.

Step 2 concerns the dehydration of the compound of
formula V, prepared in Step 1, with at least 2 equivalents of
trifluoroacetic anbydride (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
belween about 0° and about 15° C.

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

For example, the primary amine compounds of formula
Il are known and may be prepared by procedures docu-
meoted in the literature. More particularly,: a)
1-hydroxymethyleyclopentylamine can be prepared by the
reducition of 1-amino-1-cyclopentzne carboxylic acil wilh
lithium aluminum hydride as set forth below;
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The reduction is conducted in the presence of an inert,
organic solvent, preferably a cyclic ether such as
tetrahydrofuran, at the reAux temperature of the solvent for
a period of Dbetween 14 and 24 hours. (b) 2-[(5-
chloropyridin-2-yl)aminolethylamine cun be prepared by
reflexing a mixtre of 2,5-dichloropyridine with etbylenc-
dinmine in an oil bath for a period of between 6 and 12
hours. (¢) Similarly, 2-[(5-wrifluoromethylpyridin-2-y1)
amino]ethylamine ¢an be prepared by refluxing a mixture of
2-chloro-5-trifluoromethyl pyridine with ethylencdiamine in
an oil bath for a period of beiween 6 and 12 hours, (d)
2-[(5-cyanapyridin-2-yl)amino]-ethylamine can be prepared
by stirring a mixture of 2-chloropyridine-5-¢arbonitrile and
etbylenediamine at a temperature belween 20° and 30° C.,
for a period of between 4 and 6 hours. () 2-[(pyrimidin-2-
yDamino]ethylamine can be prepared by adding ethylene-
diamine Lo ice-bath cooled 2-chloropyrimidine and allowing
the mixture 1o reacl at a temperalure between 20° and 30° C.,
for a period of between 12 and 20 hours. (f) 1-amino-1-
cyclohexanemethanol can be prepared by the reduction of
1-amino-1-cyclohexane carboxylic acid with lithium alumi-
num bydride. The reduction is ¢onducted in the presence of
an inert, organic solvent, preferably a eyclie ether such as
tetrahydrofuran, at the reBux temperature of the solvent for
a peried of between 14 and 24 hours. (g) 2(3-
aminopropylamino)-5-cyanopyridine can be preparcd by
refluxing a mixture of 2,5-dichlorapyridine with 1,3 propyl
diamine in an oil bath for a period of between 6 and 12
hours. Alicrnatively, the above examples (a) through (g} may
be carricd out at room temperature.

The instan( invenlion also includes pharmaceutical com-
positions uscful in inhibiting DPP-]V comprising a pharma-
ceutically acceptable carrier or diluent and a therapeutically
cffcctive amouat of a compound of formula 1, or a phar-
maceutically accaptable acid addition salt thereof,

In still anather embodiment, the instant invention pro-
vides a method of inhibiting DPP-IV comprising adminis-
tering to a mammal in need of such treatment a therapeuti-
cally effective amount of 2 compound of formula I, or a
pharmaceutically acceptable acid addition salt thereof.

Ia a further embodiment, the instant invention provides a
method of lreating conditions mediated by DPP-IV inhibi-
tion comprising administering 10 a manmoal in need of such
treatment a thérapeutically effective amount of a compound
of formula I above, or a pharmaceulically aceeplable acid
addition salt thereof,

As indicaled above, all of the compounds of formula 1,
and their corresponding pharmuceutically acceptable acid
addition salts, are useful in inhibiting DPP-1V, The ability of
the compounds of formula 1, and their corresponding, phar-
maceutically acceptable acid addition salts, to inhibit DPD-
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 (he American Type Culture Collection (ATCC
HTB 37). Dilferentiation of the cells lo induce DPR-IV
expression was accomplished as deseribed by Reisher, el al.
in an article entitled “Increased expression of , .. intestinal
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cell line Caco-2" in Prac. Natl. Acad. Sci., Vol. 90, pgs.
3757-5761 (1993), Cell extract is prepared from cells solu-
bilized in 10 mM Tris-HCl, 0.15 M NaCl, 0.04 ti.u.
uprolinin, 0.5% nonidet-P40, pH 8.0, which is centrifuged at
35,000 g for 30 min. at 4° C, to temove cell debris. The assay
is conducted by adding 20 g solubilized Caco-2 protein,
diluted 10 a final volume of 125 pi in assay buffer (25 mM
Tris-HCl pH 7.4, 140 mM NaCl, 10 mM XCl, 1% bovine
serum aibumin) to microtiter plate wells. The reaction is
initiated by adding 25 ul of 1 mM substrate (H-Alanine-
Proline-pNA; pNA is p-nitroanilinc). The reaction js run at
rcom lemperalure for 10 minutes after which time a 19 ul
volume of 25% glacial acetic acid is added o stop the
reaction. Tesl compounds are typically added as 30 gl
additions and the assay buffer volume is reduced to 95 3. A
standard curve of free p-nitroaniline is generated using
0-500 uM solutions of ftee pNA in assay buffer. The curve
generaled is linear and is nsed for interpolation of substrate
consumplion (calalytic activity in nmoles substrale cleaved/
min). The endpoint is determined by mensuring absarbance
at 405 nm in 2 Molecular Devices UV Max microfiter plate
reader. The potency of the test compounds as DPP-IV
inhibitors, expressed as IC~g,, is caleulated from 8-paint,
dosc-response curves using a 4-parameter logistic funetion.
Tac following IC,,s were ohtained:

Compaund Caco-2 DFP-1V (nM)
Ex, 1 35
Ex. 2 176
Ex. 3 22
Ex. 4 140
Ex. 5 20
Ex. 6 50
Ex, TA 165
Ex. 8 8
Ex, 7B 175
Ex. A 990
Ex. 7C 290
Ex. §C 295
Ex. 10 54
Ex. 11 215
Ex. 7D 382
Ex. 7E 388
Ex. 12 279
Ex, 13 227
Cx. 14 116
Ex. 15 150
Ex. 16 130
Ex, 17 60
Ex. 18 ico
Ex. 19 120
Ex. 20 50
Bx. 21 390
Ex, 22 150
Ex. 23 30
Ex. 24 0
Ex. 25 140
Ex. 26 170
Ex, 27 310
Ex. 28 90
Ex. 29 130
Ex. 30 650
Ex. 31 500
Ex, 22 150
Ex. 33 10
Ex. 34 37
Ex. 35 130
Ex. 36 150
Ex, 37 220
Ex. 38 50
Ex. 3% 330
Ex. 40 240
Ex. 41 140
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Compauad Caco-2 DEE-IV (nM)
Ex. 42 240
Ex. 43 850
Ex, 44 5
Ex. 45 70
Ex. 46 150
Ex. 47 10
Ex, 48 35
Ex. 49 12
Ex. 30 23
Ex. 51 250
Ex, 52 20
Ex. 53 860
Ex. 54 2430
Ex. 55 270
Ex. 56 150
Ex. 57 470
Ex, 33 S0
Ex. 59 350
Ex. 60 600
Ex. 61 3lo
Ex. 62 20
Ex. 63 46
Ex. 64 220
Ex. 65 80
Ex. 66 50

The ability of the compounds of formula I, and their
corresponding  pharmaceutically acceptable acid addition
salts, to inhibit DFP-IV may aiso be demonstrated by
neasuring the effects of test compounds on DPP-IV activity
in fuman and rat plasma employing a modified version of
lhe assay described by Kubota, et al. in an arlicle entitled
“Involvement of dipeplidylpeptidase IV in an in vivo
immune response” in Clin. Exp. Immunol., Vol. 89, pgs.
192-397 (1992). Briefly, five 1 of plasma are added io
D6-well flat-bottom mictatiter plates (Falcon), followed by
the addition of 5 ul of 80 mM MpCl, in incubation buffer (25
mM HEPES, 140 mM NaCl, 1% RlA-grade BSA, pH 7.9).
After a 5 min. incubation at room lemperature, the reaction
is initiated by the addition of 16 ul of incubation buffer
conltaining 0.1 mM substrale (H-Glycine-Proline-AMC;
AMC is 7-amino4-methylcoumarin). The plates ace covered
with aluminura foil (or kept in the dark) and incubated at
room temperature for 20 min. After the 20 min. reaction,
fluorescence is measured using a CyloFluor 2350 Auorim-
eler (Excitation 380 nm Emission 460 nm; scositivity setting
4). Test compounds are typically added as 2 ul additions and
the assay buffer volume is reduced to 13 zl. A flucrescence-
concentration curve of free AMC is generated using 050
#M sclutions of AMC in assay buffer. The curve generated
s linear and is used for interpolation of subsirate consump-
tion (catalylic activity in nmoles substrate cleaved/min). As
with the previous assay, Ihe potency of the test compounds
as DPP-1V inhibitors, expressed as 1C;q, is culculated from
8-oint, dose-response curves using a 4 parameler logistic
funetion.

Tue following IC,e5 were obtained:

Compound buman plesnia DPP-LV (aM)  rat plasma DPP-IV (nM)
Ex 1 27 . 22
Ex. 3 7 3
Ex. 4 40 23
Ex 5 37 1§
Ex 6 22 32
Ex. 8 12 1
Ex. 10 51 1%
Ex 12 95 38
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~continued
Compaund htunan plasma DPP-LY (nd)  rat plasma DPP-IV (nM)
Ex, 14 95 24
Ex. 15 0 40
Ex 16 170 ]
Ex. 17 250 120
Ex. 18 160 70
Bx, 19 180 an
Ex. 20 180 150
Ex. 21 210 110
Ex. 22 170 60
Ex, 23 X 40 40
Ex. 24 2 EE]
Ex. 25 110 140
Ex. 20 240 0
Ex. 27 150 160
Ex. 28 180 60
Ex. 29 23 9
Ex. 30 80 90
Ex. 31 80 100
Ex. 32 160 130
Ex, 33 10 10
Ex. 34 277 161
Ex. 35 1080 340
Ex. 26 170 20
Ex, 37 100 150
Ex. 38 a5 23
Ex. 3% 220 200
Crx. 40 340 370
Ex. 41 100 50
Ex. 42 140 180
Ex. 43 240 120
Ex, ¢4 10 10
Ex. 45 2130 %0
Ex. 4§ 280 60
Ex. 47 1 5
Ex. 48 60 0
Ex. 49 8 3
Ex. 50 G0 40
Bx. 51 180 150
Ex. 52 20 10
Ex. 55 490 400
Ex. 54 90 60
Iix, 55 140 %
Ex. 56 140 100
Bx. 57 420 150
Ex 58 20 100
Ex. 59 280 1350
Ex. 60 250 110
Ex. 61 260 80
Ex. 62 150 100
Bx, 63 &0 0
Ex. 64 150 60
Ex. 65 90 40
Ex. 66 130 40

In view of their ability to inhibit DPP-IV, the compounds
of formula I, and their corresponding pharmaceutically
aceeplable acid addition salts, are useful in reating condi-
{ions mediated by DPP-1V inhibition. Based on the above
and findings io the literature, it is expected that the com-
pounds disclosed hersin are useful in the Irealment of
conditions such as non-insulin-dependent diabetes mellitus,
arthritis, obesity, atlograft transplantation, and ealcitonia-
osteoporosis. More specifically, for example, the compounds
of formula I, and their corresponding pharmaceutically
acccptable acid addition salis, improve carly insulin
responsc to an oral glucose challenpe and, therefore, are
useful in treating non-insulin-dependent dinbetes mellitus.
The ability of the compounds of formula I, and their
corresponding pharmaceutically acceplable acid addition
salts, to improve early insulin response to an oral plucose
challenge may be measured in insulin resistant rais accord-
ing 1o the [ollowing method:

Male Sprague-Dawley rats that had been fed o high [at
diet (saturated fat=57% catories) for 2-3 weeks were fasted
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for approximately 2 hours on the day of lesting, divided into
proups of 810, and dased orally with 10 #mol/kg of the test
compounds in CMC. An oral glucose bolus of lg/kg was
administered 30 minutes aftec the test compound directly
into the stomach of the test animals. Blood samples,
obtained at various timepoints from chronic jugular vein
cathelers were analyzed [or plastna glucose and immunore-

active insulin ([RI) concentrations, and plasma DPP-IV

activity. Plasma insulin levels were assayed by a double
antibady radicimmuncassay (R1A) method using a specifie
anti-rat_insulin antibody from Linco Rescarch (St. Louis,
Mo.). The RIA has a lower limil of detection of 0.5 #U/ml
with intre- and inter-assay variations of less than 5%. Data
are cxpressed as % increaso of the menn of the conirol
znimals. Upon oral administeation, each of the compounds
tested amplified the early insulin response which led 1o an
improvement in glucose tolerance in the insulin resistant test
animals. The following resulls were obtained:

Increase of Tnsalin Respanse

Campound at 10 pmolfkg
Ex.1 61%
Ex. 3 6%
£x. 3 108%
Ex. 8 144%
Bx, 12 59%

The precise dosage of the compounds of formula I, and
Iheir corresponding pharmacculically acceptable acid addi-
lion salts, to be employed for treating conditions mediated
by DPP-IV inhibition depends upon severa] Eactors, includ-
ing the host, the nature and the severily of the condition
being trealed, the mode of administration and the particular
compound employed. However, in general, conditions medi-
ated by DPP-IV ichibition are effectively treated when a
compound of formula I, or a corresponding pharmaceuti-
cally acceptable acid addilion salt, is administered enlerally,
¢.p., orally, or parenterally, e.g, intravenously, prefecably
orally, al a daily dosage of 0.002-5, prelerably 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 unil is 0,01-0.75 mg/ke, one to three times a day.

Usually, 2 small dosc is administered initially and the
dosage is gradually increased until the optimal dosage for
the bost under trealment is delermined. The upper limit of
dosage is thal imposed by side effects and cap be determined
by trial for the host being treated.

The compounds of formula I, and their corresponding
pharmaceutically acceptable acid addition salis, may be
combined with one or more pharmaceutically acceptable
carriers and, optionally, one or more other conventional
pharmacentical adjuvants and administered enlerally, .8,
orally, in the form of tablels, capsules, caplels, ele, or
parenterally, &.g., intravencusly, in the form o sterile inject-
able solutions or suspensions. The enteral and parenternl
compositions may be prepared by conventional means.

The compounds of formula I, and their corresponding
pharmaceutically acceptable acid addition salts, may be
formulated into cnteral and parenteral pharmaceutical com-
positions containing an amount of the active substance that
is effective for treating conditions mediated by DPP-IV
inhibition, such compasitions in unit dosage form and such
composifions comprising 2 pharmacentically acceptable car-
rier.

The compounds of formula I (including those of each of
the subscopes thereol and each of the examples) may be
administered in enantiomerically pure form (e.g., ce Z98%,
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preferably299%] or together with ihe R enantiomer, ¢.g., in
racemic form. The above dosage ranges are based on the
compounds of formula I (excluding the amount of the R
enantiomer).

Prior US’ Provisionel Application mumber 60/030,570,
filed on Nov. 7, 1996 is incorporated by reference herein, in
iL's enlirety.

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

EXAMPLE 1

1-[2-[(5-chloropyridin-2-yl)amino]elhylamine)
acetyl-2-cyano-(S)-pyrrolidine dikydrochloride

A. Preparation ol 2-carbamoylpyrrolidine-
carbonylmethylene-(S)-bromide

22.37 g (196 mmol) of (S)-2-carbamoylpyrrolidine, 30.1
ml (216 mmol) of triethylamine and 30.0 mg of dimethy-
laminopyridine (DMAT) are dissolved in 200 ml of meth-
ylene chloride and the solution is then added, dropwise, to
an ice-cold solution of 18.8 ml (216 mmol) of bromoacetyl-
bromide in 192 ml of metliylene chloride, over a period of
60 minutes under a caleium sulfate drying tube. The result-
ant solution is then stirred for 2 hours at ice-waler empera-
ture under a calcium sulfaie dying {ube, alter which time i
is poured inic 3.5 liiers of ethyl acetate. The resultant
precipifate is filtered, washed with cthyl acetale, and the
filtrate is concentrated to obtain the desired compound as a
bard yellow taffy.
B. Prsparation of 2-Cyanopyrrelidino-Catbonylmethylene-
(S)Bromide

50.0 g(213 mmol) of the bromide compound prepared in
) above is dissolved in 300 ml of methylene chloride and
the solution is cooled in an ice water batb 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 resullant solution is then stirred at
ice-waler lemperalure under a calcivm sulfate drying tube
for 4 hours and partitioned between methylene chlaride and
saturated aqueous sodium bicarbonate. The product is then
extracled into the methylene chloride layer and the aqueous
layer is then washed twice with methylene chloride. The
combincd organic layers are then washed successively with
water and brine and then dried over sodium sulfate. The
solution is then filtered and tbc solvent is removed by
rotovaping and high vacuum pumping to obtain the desited
compound 25 a dark yellow solid.
C. Preparation of the Title Compound in Free Base Form

To a 500 ml fAask is added 16.6g (97.2 mmol} of 2-[(5-
chloropyridin-2-yl)aminoJethylamine and 100 ml of tetrahy-
drofuran and the mixture is cocled 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
tetrahydmfuran. The resultant mix{ure 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 extracled into the ethyl acelate fayer and tbe
aqucous layer is then washed twice wilh cthyl acetate. The
combined organic layers are then washed suecessively with
waler 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%
methano] in methylene chloride as the eluent lo yield the
desired compound as a light brown oil.
D. Preparation of the Tille Compound

Alter dissolving 1he [ree base compound prepared in ¢}
above in 30 ml of dry tetrahydrofuiran, hydrogen chloride
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g5s is bubbled into the solution for tive seconds. The
off-white precipitate that forms is tben filtered, washed with
dry tetrahydrofuran and the solvent is removed by high
vacuum pumping lo obtain the title compound as an off-
white solid, m.p. 265°-267° C,

EXAMPLE 2

1-2-[(5-trifluoromethyipryrdin-2-yl)amino]
ethylamino]acetyl-2-cyano-(S)-pyrrolidine

To a 25 ml. flask is added 115 g (5.61 mmol) of
2[(3-trilluoromethylpyrdin-2-yl)-aminoJethylamine and 10
ml of tetrahydrofuran and the mixiure is cooled in an jce
bath. To the cooled mixture is added 0.404 g (1.87 mmol) of
the hromide compound of Example 1b) dissolved in 5 ml of
tetrahydrofuran. The resultant mixture is stirred for 2 hours
at 0° C, thc solvent is removed by rotovaping and the
mixture is parlitioned between cthyl acctate and water. The
product is then exiracted into the ethyl acetate layer and the
aqueous layer is then washed twice with etbyl acetate. The
combined organic layers are then washed successively with
water and brine, dried over sodium sulfate and concentrated
to abain the desired compound in crude form. The crude
form is then purificd on silica gel employing a mixture of 5%
methanol io methylene chloride as the eluent 1o yield the title
compound as a golden oil.

EXAMELE 3

1-[2-[(5-cyanopyridin-2-yl)arnino]ethylamino]
acetyl-2-cyano-S)-pywrolidine dihydrochloride
A. Preparation of the Title Compound in Free Base Form
Following essentially the procedure of Example 1c), and
using in place of the amine therein, an equivalent amount of
2-{(5-cyanopyridin-2-yl)amino]-sthylamine, the desired
compound is ¢biained as a golden oil.
B. Preparation of the Title Compound
Following cssentially the procedure of Example 1d), and
using in place of the [ree base compound prepared in
Example 1c), an equivalent amount of the free base com-
pound prepared in a) above, the tille compound is obtained
as an off-while precipitate, m.p. 155°-157° C.

EXAMPLE 4

1[-2-[(pyrimidin-2-yDamino]eibylamino]Jacetyl-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-yhaminoJethylamine, and using in place of
the eluent theeein, a mixture of 10% methenol in metbylene
chloride, the title compouad is obtained as a golden oil.

EXAMPLE 5

1{(1 -bydroxymethyleyclopent-1-ylyamino]acetyl-2-
cyano-(S)-pyrrolidine

To 1.5 g of (1-hydroxymethyl)cyclopentylamine in 40 ml
of aohydrous tetrahydrofuran is added, dropwise via an
addition funnel over 40 minutes, 0.93 g (4.35 mmol) of the
bromide compound of Example 1b) under a caleium sulfate
drying tube, The resultznt mixture is then stirred at room
temperature for 18 hours under a calcium sulfate drying
tube, alter whicb time hydrogen chloride pas is bubbled in
[or ~5 seconds. The resuflant gum is then separated from the
solution by decanting and washed with 25 ml of tetrahy-
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drofuran, The solution is then decanted and the gum is
partitioned between methylene chloride and saturaled aque-
ous sodium bicarbonate. The product is then extracled into
the methylene chloride layer and the aqueous layer is tben
washed twice with methylene chloride, The combined
organic layers are then washed successively with water and
brinc and then dried over sodium sulfate, The solution is
then filtered and the solvent is removed by rotovaping and
high vacuum pumping to oblain the title compound as a clear
yellow oil which solidifies to a yellow solid, m.p. 65°-67°
C

EXAMPLE 6

1-{2{(pyddin-2-yl)amino]ethylamino]acetyl-2~
cyano(S)-pyreolidine

Following essentially the procedure of Example 2, and
using in place of the amine therein, an cquivalent amount of
2-[(pyridin-2-ylaminoJethylamine, and using in place of the
cluent therein, a 90:10:0.5 mixturc of mcthylene chloride,
methanol and ammonium hydroxide, the title compound is
oblained as a golden oil.

EXAMPLE 7

Following essentially the procedure of Example 2, aod

usiag in place of the amine therein, an equivalent amount of:

a) 2{(4-chloropyrimidin-2-yl)aminoJethylamine;

b) 2-{(3-chloropyridin-2-yl)aminoJethylamine;

c) 2-[(4-trifluorometbylpyrimidin-2-yl)amino]
ethylamine;

d) (2-chloraphenyl)etbylamine; and

&) (3,3-biphenylypropylamine;

there is obtained:

A) 1-[2-[(4-chloropyrimidin-2-yl)amino]ethylamina]
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-iriflucromethylpyrimidin-2-yDamino]
cthylaminoJacelyl-2-cyano-(S)-pyrrolidine as & golden
oil;

D) 1-[(2-chlorophenyl)ethylaminolacetyl-2-cyanc-(S)-
pyrrolidine; and

E) 1-[(3,3-diphenyDpropylamino]acelyl-2-cyano-{S)-
pyrrolidine, respeclively.

EXAMPLE 8

12-f(5-nitropyridin-2-yDamino]ethylamino]acetyl-
2-cyano-(S)pyreolidine

Ta 83.6 m] of anhydrous telrahydrofuran is added 4.54 g
(24.9 mmol) of 2-{(5-nitropyridin-2-yl)aminoJethylamiae,
and the resultant mixture is healed slighily then stirred at
room lemperature voder a calcium sulfate drying tube, 1.80
g (8.3 mmol) of the bromide compound of Example 1b) in
20 ml of anbydrous tetrabydrofuran is then added, over a
period of 30 minutes, under 2 caleium sulate drying tube.
The resultant mixture is then stirred at room temperature for
2 hours under a cilcium sulfate drying tube and concentrated
via rotovaping. The resultant pastc is then parlitioned
between methylene chloride and saturated aqueous sodium
bicarbonate. The product is hen extracted into the methyl-
ene chloride layer and the agueous layer is then washed
twice with methylene chloride, The combined organic layers
are then washed successively with water and brine and then
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dricd over sodium sulfate. The solution is then fillered and
the solvent is removed by rolovaping and high vacuum
purnping o obtain the crude form of the title compound as
a dack yellow-ornoge clear thick oil. The crude form is then
Nlash chromatographed employing a mixture of 5% methanol
in methylene chloride as the eluent to abtain the title
compound as a bright yetlow thiek oil.

EXAMPLE ¢

Following essentially the procedure of Example 2, and

using in place of the amine therein, an equivalent amount of:

a) 2-[(3-chloro-5-trifluoromethylpyridin-2-yl}aminc]
cthylamine;

b) 2-[(3-triffuoromethylpyridin-2-yl)aminoJethylamine;
and

c) 2{(3,5-dichloropyridin-2-yl)aminoJeihylamine;

and using in place of the cluent therein, a mixture of 3%
methanol in methylene chleride, there is obuined:

A) 1-[2-[(3-chloro-5-trifluoromethylpyridin-2-yl)amino]
cthylaminoJacetyl-2-cyano-(S)-pyrmolidine as a golden
oil;

B) 1-[2-[(3-1riflvoremethylpyridin-2-yl)amino]
ethylamine Jacetyl-2-cyano-(S)pyrrolidine as a golden
oil; and

C) 1-[2-[(3,5-dichloropyridin-2-yl)aminolethylamino]
acetyl-2-cyano-(S)-pyrrolidine as a golden ail.

EXAMPLE 10

1-[(cyclopent-1-yl)amino-acetyl-2-cyano-(S)-
pyrrolidine monohydrochloride
A. Preparation of the Title Compound in Free Base Form
Following, essenlially the procedure of Example 2, and
using in place of the amine therein, an equivalent amount of
(cyclopent-1-yl)amine, the desired compound is oblained as
o fan solid.
B. Preparation of the Title Compound .
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 ttle compound is obtained as a white solid.

EXAMPLE 11

1-[2-(2-bromod,5-dimethoxyphenyl)ethylamino]
acelyl-2-cyano-(S)-pyrrolidine

To 15 ml of anbydrous 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 1b) is then added, dropwise, over a
peciod of 10 minutes. The resultant mixture is then stirred at
room lemperature for 18 hours under a culcium sulfate
drying tube, concentrated via rotovaping and partitioned
between methylene chloride and saturated squeous sodium
bicarbonate. The product is then extracted inlo the methyl-
ene chloride layer and the aqueous layer is then washed
twice with methylene chloride. The combined organie lnyers
are then washed successively with water and brine and then
dried over sadium 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 yeilow oil. The crude form is then flash chromato-
graphed employing a mixture of 5% methanol in methylene
chloride as the eluent (o obtain the title compound as a clear,
light yellow, thick oil.
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EXAMPLE 12

1-[3-(isopropoxy)propylamino Jacelyl-2-cyano-(S)-
pyrroliding monohydrochloride

A. Preparation of the Title Coinpound in Free Base Form

Following essentinlly the procedure of Example 1¢), und
using in place of 1he amine therein, an equivelent amount of
3-(isopropoxy)propylamine, the desired compound is
oblained as a brown oil.
B. Preparation of the Title Compound

Following essentially the procedure of Example 1d), and
using in place of the free basc compound therein, an
equivalent amount of the compound prepared in 2) above,
the tille compound is obtained as a white solid, m.p.
174°-176° C.

EXAMPLE 13

1-1(2-hydroxy-1,1-dimethylethylamino)]acetyl-2-
cyano-(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
2-hydroxy-1,1 -dimethylethylamine, and using in place of
the eluent therein, an 80:20:1 mixture of methylenc chloride,
methanol and ammonivm hydroxide, the tille compound is
oblained as 2 golden oil.
B. Preparation of the Title Compound

Following essentially the procedure of Example 1d), and
using in place of the free Lase compound therein, an
equivalent amount of the compound prepared in a) above,
the title compound is obtained as a brown soiid.

EXAMPLE 14

1-[3-(2-0x0-pyrrolidin-1-yl)propylzmino]acetyl-2-
cyano-(8)-pyrrolidine monohydrochloride

A. Preparation of the Title Compound in Free Base Form

Following cssentially the procedure of Example 2, and
usiog in place of the amine therein, an equivalent amount of
3-(2-oxo-pyrrolidin-1~y]) propylamine, and using in place of
the eluent therein, a 90:10:1 mixture of methylens chloride,
methanol and ammonium hydroxide, the desired compound
is abtained 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 therein, an
equivalent amount of the compound prepared in z) above,
the title compound is oblaired as a tan solid.

Below are the **C NMR signals for tie pitrdle function-
alities of the specific synthesized compounds described
above:

Compeund #  *C NMR (MHz, solveni) 8 ppm (CN)

Ex. 5 12C NMR (75 Milz, CD,OT) § 119.64 ppm (CN)
Ex. 12 ¢ NMR (75 MHz, D,0) 8 122,63 ppmt {CN)
Ex. 1 13C NMR (75 MHz, D,0) & 121,60 ppm (CN)
Ex. 3 2C NMR (75 MHz, D0} & 120,42 ppm (CN)
Ex. 8 2C NMR (75 MHz, DMSO) 3 119.13 ppay (CN)
Ex. 7B BC NMR (75 MHz, CDCL) § 11823 ppm (GN)
Bx, DA B¢ NMR (75 MHz, CD,0D) & 119,68 ppm (CN}
Ex. PB 13C NMR (75 MHz, CD,0D) & 119,66 ppm (CN)
Ex. 9C 2C NMR (75 MHz, CD,0D) 5 119.68 ppm-(CN}
Ex. 6 =2C NMR (75 MHz, CD,OD)  119.84 ppm (CN)
Ex. 7C 3¢ NMR {75 Mz, CDCl;) 8 118.23 ppm (CH)
Ex. 2 3C NMR (75 MHz, CD,OD) & 119.68 ppm (CN}
Ex. 7A “C NMR (75 MHz, CD,0D) & 115.64 ppm (CN)
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-continued

Compound #  °C NMR (MHz, salvent) 8 ppm (CN)

Ex. 4 $3C NMR (75 MHz, CD,0D) b 119.66 ppm (CN)
Ex. 10 ¢ NMR (75 MHz, D;0) 8 121.69 ppm (CN)
Ex 11 C NMR (75 MHz, CDCl,) 6 118,31 ppm (CN)
Ex. 7D 3C NMR (75 Mz, CD,0D) 6 119,63 ppes (CN)
Ex. TE 3¢ NMR (75 MHz, CD,0D) 6 119,64 ppm (CN)
Ex. 13 120 NMR (75 MHz, D,0O) 812152 ppm (CN)
Ex, 14 G NMR (75 MHz, D;0) & 121.52 ppm (C)
EXAMPLE 15

1-{(1-hydroxymeihylcylohexyl)aminoJacetyl-2-
cyano-(S)-pyrrolidine

ll'l OH
)7\/N

A, Preparation ol 1-chloroacelyl-2-cyanopyrrolidine

T a mechanically stirred solution of 20.0 g (180.0 mmol)
of chlorozcelylchloride 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 mmol) in 500 m] of tetrahy-
drofuran in a dropwise fashion over 45 minutes; This
reaction was then mechanicatly stired for an additional two
hours, The reaction was then filtered to remove potassium
salts and the filirate was dried over Na,S0,. The Na,S0,
was then removed via filiration and to this colorless filtrate
was added triftuoroacetic anbydride (25.0 ml, 0.180 mmol)
in ope porlion. The reaction is then magnetically stirred for
1 hour 2nd the resulting clear yellow/orange solution is
concenirated via rotovup, The excess rifluoroacetic anhy-
dride is chased by adding ethyl acetaie to the concentrated
oil and reconcentrating via rotovap. This operation is per-
formed three times.

The resulting oil is partitioned between cthyl acelate and
waler. The product is then exteacted into the cthyl aceiate
and the aqueous lnyer is then washed twice with ethyl
acelate. The combined organic layers are them washed
successively wilh water and brine dricd over magnesfum
sulfate, filtered and concentrated to oblain 17.0 g (98.6
mmol) of 1-chloroacetyl-2-cyanopyrrolidine as a yellow
solid.

B. Preparation of the Title Compound

To a 100 rol fask is dissolved 1.2 g (8.70 mmol) of
1-amino-1-cyclohexanemelhancl (amine nucleophile;
preparation described above) into 20 ml of tetydrofuran.
Potassium carbonate (1.60 g, 11.6 mmol) is then added and
ihe 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 tetrahydrofu-
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 al room temperature for 18
hours, The reaction is then filtered with THF washing to
remove the potassium salts and concentrated via rotovap to
provide an opaque, light-yellow oil. The crude form is then
purified on silica gl employing a mixlure of 5% methanol
in methylene chloride as (he eluent (o yield the e base of
the title compound as a yellow waxy solid. Melting point=
softens at 93° C. '3C NMR(ppm)=118.1.
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Using the procedures deseribed in the sbove examples,
andfor with minor modifications therelo as noted below, the N
following additional compounds wece prepared: o] T HCl

EXAMPLE 16 5 N)k/" °
Pyrralidine, 1-[24-c1hoxyphenylethylJaminolacetyl-2-

eyana-{5)-,monobydrochloride

10 3.Methoxyphenethylamine (commercially available) was

N,
I T et used as the amine nucleophile. The title compound was a
')]\/N light yellow solid, Melling point=172° C.~174° C. *C NMR
(ppm)=119.25.
15 EXAMPLE 20

(\\ Pyrrolidine, 1-[[(1-naphthaleaylmethylJamino}
acelyl-2-cyano-,(S)-,monohydrochloride

4-Ethoxyphenelhylamine {commurcially available) was 20 b o N ua

used as the amine nucleophile. The title compound was a |
white solid. Melting point=182°-184° C. *3C NMR (ppm)= )J\/
N

N
121.4. ‘
EXAMPLE 17 % O
Pyrroliding, 1-[(1-phenylmetbyl-3-pyrrolidinyl)

amino]acetyl-2-cyano-,(S)-(R)-dihydrochloride

30
1-Naphthalenemelbylamive (commercially available)
was used as lhe amine nucleophile. The title compound was

N,
o ? 2HC
/u\/N N a light yellow solid. Melting point=130° C.~135° C. Be
N NMR (ppm)=119.29.
EXAMPLE 21

Pyrolidine, 1-{(3-phenylpropyl)aminoJacetyl-2-

(3R)-(-)-1-Benzyl-3-aminopyrrolidine (commercielly cyano-($)-monohydrochloride
available) was used as the amine mucleophile. The title
compound was an off white solid. Melting point=175° i

C—177° C, 13C NMR (ppm)=121.5. /L/II{ HQl
N.
EXAMPLE 18
45

Pyrrolidine, 14f[2-(4-methoxyphenyl)ethylJamino]
acetyl-2-cyano-,(5)-monohydrochlaride

o

3-Phenyl-1-propylamine (commercially available) was

o
H Hel 5o used as the amine nucleophile. The title compound was an
J\/J\' off-white Ruffy solid. **C NMR (ppm)=119.26.
N \/\@\ EXAMPLE 22
o 55 Pyrrolidine, 1-{[3-[(phenyl)(methyl)amino]propyl]
~ aminc]acetyl-2-cyano-, (S)-dihydrochloride
N

4-Melboxyphenethylamine (commercially available) was f T el
used as the amine nucleophile. The titde compound wis 2 g0 )k/w
white solid. Melling point=185° C~187° C. 3C NMR N S
(ppm)=121.4. T

EXAMPLE 19
5

Pyrrolidine, 1-{[2-(3-methoxyphenylethyl]amino]acetyl- N-(3-Aminopropyl)-N-methylaniline (commercially

2-cyano-(S)-.monohydrochloride available) was used as the amine nucleophile. The tide
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compound was a white solid. Melting point=06° C.-08° C. EXAMPLE 26
(foams). *C NMR (ppm)-121.6.

Pyrrolidine, 1-[[2-(2,5-dmethoxyphenylethyl)
EXAMPLE 23 3 amino Jacetyl-2-cyanc-,(S}-,monohydrochloride

Pyrrolidine, 1-2-[(3,4-dimethoxyphenyljethyl] 1
2minoJacetyl-2-cyano-(8)-,monohydrochloride J\/ |1
) N

N, O—

1%

N,
[4] !ll HCQ
] — —o
N
15
0—

3,4-Dimethoxyphenethylamine {commercially available) 2
was used as the amine nuclecphile. The Title compound was

2,5-Dimethoxyphenelhylamine (commercially available)
was used as the amine nucleophile. The title compound was
a while fluffy solid. Melting point=65° C.-67° C. *3C
NMR(ppm)=119.25.

=3

2 white solid. Melting point=170° C.-172° C. *C NMR EXAMPLE 27
(ppm)=121.5.
25 Pysrclidine, 1-[[2-(1-cyclohexen-1-yl)ethylJamino]
EXAMPLE 24 acetyl-2-cyanon,(S)-,monchydrochloride
- . . N HCi
Pyrrelidine, I-(acycloheptylamino)acetyl-2-cyano-, o] H
(S)-monohydrochloride 10 )j\/IL
N \/\O
R Hct

Q H
JN
N.

N 35

2-(1-Cyclohexenyl) ethylamine (commercially available)
was used as the amine nucleophile. The title compound was
an off-white Auffy solid. Melting point=162° C~1G64° C. **C
40 NMR (ppm)=119.27,
Cycloheptylamine (commercially available) was used as
the amine mecleophile, The title compound was a white

solid. Melting point=68° C.~70° C. 3C NMR (ppm)=121.4. EXAMPLE 28
45 ‘g .
EXAMPLE 25 Pymolidine, 1-(cyclohexylaminoc)acetyl-2-cyano-,
(8)+,monchydrochloride
Pyrrolidine, 1-[[(6,6-dimethylbicyclo[3.1.1]hept-2- N, o el

yD)methyl]aminoJacetyl-2-cyana-{18[ 1c,2a(S*), 50
5a]]-(S)-,monohydrochloride

)‘\/I
N,
N
N,

o g HCt

N—-.. $5
N "': :
£ Cyclohexylamine {commercially available) was used as
/\ the amioe nucleaphile. The title compound was a white
60 fuffy solid. Melling point=182° C-~184° C. **C NMR
{ppm)=119.28.
(-)-Cis-myrtanylamine (vommercially available) was EXAMPLE 29

used as the amine nucleophils. The title compound was a &5
white solid. Melting point=275° C-279° C., decomposed. Pyrrolidine, 1-{(bicyclo[2.2.1]hept-2-yl)amino]acetyl-2-
33C NMR (ppm)=119.17, eyano-{18[1a,20(S*),50)]-(8)-,monohydrochloride
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EXAMPLE 33

N
Q H Pyrralidine,i-[(2,6,6-trimethylbicyclal3.1.1]hept-3-y1)
)I\/tl\. aminolacetyl-2-cyano-, {S)[1S [1¢,283,30(5*),5a]]-
N § monohydrochloride

{1 T
7

HCl
o} Ill H
(£)-Exo-2-aminonorbornane (commercially available) 19 )K/N
was used as the amine mieleophile. The title compound was N
a while solid, Melting point=98° C.~100° C. **C NMR
(ppm)=118.36.
EXAMPLE 30 15
Pyrrolidine, 1-[[2-(2-pyridiny)Jethyllaminolacetyl-2- (IR,2R,3R,58)-(~)-Isopinocampheylamine
cyano-, (S)-dihydrochloride (commercially available) was used as the amine nucleophile.

The lille compound was a white solid. Melting point=82°
2 C—84° C. 3*C NMR (ppm)=121.5.

Lot 211cl
i T
. N
%qk/hv@ EXAMPLE 34

Pyrrolidine, 1-[[{1-hydraxymethyDpropyllamina]
acclyl-2-cyana{S,8)} -

2-(2-Aminoethyl) pyrdine (commercially available) was

used as the amine nucleophile. The title compound was 2 ! o u
white solid. Melting point=95° C.=97° C. **C NMR (ppm)= 3 [
121.5. JJ\/N,,,,
N j\ou

a

EXAMPLE 31

Pycrolidine, 1{[(2-phenytamino)ethyi]amino]acetyl- .,
2-cyano-,(S)-,dihydrochloride

(8)-(+)-2-Amino-1-butanol (commercially available) was

! 2HC]
LT used as the amine nucleaphile. The title compound was used
N 40 as an off-white solid. Melting point=80° C-B2° C, "3C
N \/\T—@ NMR (ppm)=118.2.
i

EXAMPLE 35
45
N-phenylethylenediamine (commercially available) was

used as the amine_nuclco_phile. The title compound was a Pyreolidine, 1-[[2-[(2-bydroxymetbyl)phenyl]thio]
wiite solid. Meltiog point=124° C-126° C. **C NMR phenylmethytlamino Jacetyl-2-cyano-(8)-,
(ppm)=121.4. monohydrechloride

50

EXAMPLE 32 ‘ Hal

N,
Pyrrolidie, 1-(3,3-dimethylbutyaminojacetyl-2- o H
cyan0-,(S)-,monehydrochloride |
55 N ¥
N Bel
0 H S
)I\/ !
N
0 OH

3,3-Dimethylbutylamine (commercially available) was 2-(2-(Aminomethyl) phenylikio) benzyl alcohol
used a5 the amine nucleophile. The litle compound was a &5 (commercially available) was used as the amine nucleophile.
white solid. Melting point=164°> C.~166° C. *C NMR  'Vhe tifle compound was a yellow solid. Melting poini=65°
(ppr)=121.3, C~67° C. *C NMR (ppm)=121.4.
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EXAMPLE 36 EXAMPLE 39

Pyrealidine, 1-[[2-(2-methoxyphenyl)ethylJamino] s Pyrrolidine, 1-[[2-(2,4-dichlorophenyl)ettiyl]amina]

acetyl-2-cyano-,(5)-,monohydrochloride acelyl-2-cyano-,(S),monohydrochloride
Hel / Hel
N, N
o u B a H «
I - NI
N. N,
N N Cl
15
2-Methoxyphencthylamine (commereially avafiablc) was 2,4-Dichlorophencthylamine (commercially available)

used as the amine mucleophile. The title compound was an  was used as the amine nueleophile. The title compound tas
off white solid. Melting point=174° C. ~176° C, °C NMR 20 2 white Auffy solid, Meliing point=154° C~156° C. 12C
(ppm)=121.7. NMR (ppm)=121.48.

5]

EXAMPLE 37 2 EXAMPLE 40

Pyrrolidine, 1-[(1-hydroxymethyl]-3-methylbutyl)

rrolidine, 1-[(5-hydrox tylyami tyl-2-
Pyrrolidine, 1-[(5-hydroxypentyl)amino]acety: aminojacotyl-2-cyan0sO-(8).,

cyano-(5)-,monohydrachloride
30

HCI HCl
N, R OH
i I
LN\/WW N o
N 35
H
a0
: : . 8)+(+)-Leucinol (commercially available) was used as
5-Amine-1-pentanol (commercially available) was used ¢ : ) : .
as the amine nucieophile. The title compound was a sticky thcu ammcl.:‘ucﬁq; l'flle' Tl'{cl nst?,, cg?gg‘:mé ‘ﬁa;r’caljﬁ?
light-green solid. * C NME (ppm)=121.67. E’:Pn‘;;‘; 151"7’95 elting poinl= , :
45
EXAMPLE 38 . EXAMPLE 41

Pyrcolidine, 1-(cyclobutylaminojacetyl-2-eyano-, 50 Pyrrolidine, 1-{(2-hydroxy-2-phenylethyl)amino]

(8)-monohydrochloride acetyl-2.cyano-{25-[1R*,25* |-monohydrachloride
el N
N,
[+] ll'l 55
/”\/N .
A
60
Cyclobutylamine {commercially available) was used as (1R,25)-(-)-Norephedrine (commercially available) was

the amine nucleophile. The title compound was an off-white g5 Used as the amine mucleophile. The title compound was a
solid. Melting poinl=274> C<278° C. decomposed. *3C  light yellow solid. Melting point=82° C.-83° C. 1*C NMR
NMR (ppm)=121.64. (ppm)=118.35.
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EXAMPLE 42 EXAMPLE 45

. . Pyrrolidine, 1-[[(2-phenoxy)ethylJamino]acelyl-2-
Pyrrolidiae, 1-[[2—(2-ﬂuorophcny])=lhyl]a_mmo] s cyano-(S)-,monobydrochloride
acelyl-2-cyano-(S)-manohydrochloride

o i
0 lll R )j\/ |
N
)k/ N 10 N ~ N
N

HCI

3.Phenoxyethylamine (commercially available) was used

. . . the amine nucleophile. The (itle compound was a sticky
2-Fluorophencihylamine (commercially available) was as 2 13 _
used as the amine nucleophile. The title compound was a golden solid. *C NMR {ppm)-121.7.

white Aulfy solid. Melting point=160° C.~162° C. *CNMR 54
(ppr)=121.70. EXAMPLE 46

EXAMPLE 43 Pyrrolidine, 1-{2-[(3,5-diroethoxyphenyljethyl]
s amino)acetyl-2-cyano-,(S)-,monohydrachloride

Pyrrolidine, 1-{cyclapropylamino)acetyl-2-cyano-,(8)-, ]
monohydrochloride N

1
30
N
0 !-ll N)l\/N
JK/N el
N
Hel

Cycloptopylamine (commereially available) was used as . . . .
the amine miclcophile, The title compound was an off-white 0 3,5-D;metl;oxypl;enethyllnmli:.'l_a; (glc_\hmm_elr ciatly nvmi‘able)
solid. Melti iLe170° C—172° C. 1°C NMF ~ was used as the amine oucleophile. The title compound was

id, Melting point1 R GPm)=  \hite fuffy solid. Melting point=74° C.-76° C. *C NMR

121.62.
(ppm)=121.66.
45
EXAMFLE 44 EXAMPLE 47
Pyrrolidine, 1-{(2,6,6-trimethylbicyclo[3.1.1Jhept-3- Py«rolidine, 14{(1-adamantyD)amino]acelyl-2-cyano-,
yhaminoJacetyl-2-cyano-,[15[1a,2a,3p(S5*),5a]} 50 {S)-monchydrochloride
monohydrochloride
ACI
N
L o 1 o) Iil
| )k/
N)l\/ N, * N i
HCl
69
(18,28,38,5R)-(+)-Tsopinacampheylamine (commereially 1-Adamantanamine (commercially available) was used as
Y

available) was used as (he amine mucleophile, The title 65 the amine mucloophile. The title compound was a while
compound was a white solid, Melting point=84° C—86° C.  solid. Melting poinl=240° C.-242° C. **C NMR (ppm)=
13C NMR (ppm)=121.8, 121.80.
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EXAMPLE 48 EXAMPLE 51

Pyrrolidine, 1-[(phenylmethyl)aminojacetyl-2-

. . . cyano-(S)-,monohydrochloride

Pyrrolidine, 1-[(1,1,3,3-telramethylbutyl)amine]
acetyl-2-cyano-,(S)-,monohydrochloride

o4
A :
N.
Benzylamine (commercially avajlable} was used as the

15 amine nucleaphile, The tille compound was a white solid.
Melting point=58° C.~60° C. 13C NMR (ppm)=121.38.

1,1,3,3-Teiramethylbutylamine (commercially available) EXAMPLE 52
was used as the amine nucleophile. The title compound was Pyrrolidine, 1-{(1,1-dimethylethyl)amino]acetyl-2-
a white fluffy solid, Melting point=68° C.~70° C, *3C NMR 20 cyano-,(S),monohydrochloride
(ppm)=121.55.
N Hel

H
EXAMPLE 49 /U\/i,
R R

Pyrrolidine, 1-[(2-adamentyl)amine]acetyl-2-cyano-,
(S)~monohydrochloride

[

0 Tert-butylamine (commercially available) was uscd as the

HCL amine nuclcopbﬂe The title comgound was 2 While solid.

R o u Melting point=226° C—228° C. 3C NMR ppm)=121.56.
J\/»lz EXAMPLE $3
w 35 Pyrrolidine, 1-{[(2-adamantyl)methyl]aminc]acetyl-
2-¢yano-,(S)-,monchydrochleride
N HC
o
¢ J
2-Adamantanamine {commercially available) was used as N N

the amine nucleophile. The title compound was an off-white
fluffy solid. Meliing point=122° C.-124° C. 3C NMR=

{ppm)=121.69, 4
1-Adampantanemethylamine (commercially available)
EXAMPLE 50 was used as the amine nucleophile, The title corngound was
a white salid. Melting poinl=158° C-160° C. *C NMR~
so 121.56.
Pyrrolidine, 1-(1,1-dimethylpropyl)aminc]acetyl-2- EXAMPLE 54

cyano-£8)-monohydrochioride
Pyrrolidine, 1-[(2-phenylethyl)aminolacetyl-2-
cyano-,(S)-,monohydrocbloride
55

Hel
0 q
/ﬂ\/ | N HC
K. o] H
7 1.
N
. \/\@
60

1,1-Dimethylpropylamine {(commercially available) was Phencthylamine (commercially available) was used asthe
used as the amine nucleopbile. The title compound was a ¢5 amine nucleophile. The litle compound was 2 white solid.
while Quffy solid. Melling poin(=62° C~64° C. *C NMR  Melting point=275° C.~280° C. decompased. **C NMR
(ppm)=121,53. (ppm)=121.52.
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EXAMPLE 55 EXAMPLE 59
Pyrrolidine, 1-{penlylamina)acetyl-2-cyano-,(S)-, Pyrrolidine, 1-(propylamino)acelyl-2-cyano-(8)-,
monohydrochloride monohydrochloride
5
nel [N HCI
9 H
/H\/N/
N ~T
10
Pentylamine (commercially available) was used as the Propylamine {commercially available) was used as the

amine nucleophile, The title co; ipound was a white solid, 15 amine nucleophile. The title comgound was a white solid.

Meltiog point 176° C.~178° C. **C NMR (ppm)=121.57. Melting point=193°> C—194° C. 1°C NMR (ppm)=121.57.
EXAMPLE 56 EXAMPLE 60
Pyriolidine, 1-(bwiylamino)acetyl-2-eyano-4(S)-, 1 Pyrrolidine, 1-(ethylaminc)acetyl-2-cyano-,(S)-,
monohydrochlorde monohydrochloride
HCl X Hel
H H
W N \/
k'

Butylamine (cornmercially available) was used as (he Bthylamine (commercially available) was used as the
amine nucleophile. The title comgound waes a white solid. amine nucleophile. The title compound was an off-white
Melting point=180° C—182° C. °C NMR (ppm)=121.56. stick solid. **C NMR (ppm)=121.67.

EXAMPLE 57 a5 EXAMPLE 61
Pyrrolidioe, 1-(cy<lodadecylamino)acetyl-2-cyano-, Pyrrolidine, 1-(heptylamino)acetyl-2-cyano-,(S)-,
(S)-,monochydrochloride monehydrochloride
N HCl 10 N HCE
o )i o H
/H\/ { )l\/ {
N e VA YN
S N
45
CycIododecylaminc {commercially available) was used as Heptylamine (commercially available) was used as the

the amine pucleophile. The title compound was a white amine nucleopbile. The title compound was a white solid.

luffy solid. **C NMR {ppm)=121.52. 50 Melting point=170° C~172° C. 3C NMR (ppm)=121.7.
EXAMPLE 58 EXAMPLE 62
Pyrrolidine, 1-{cyclooctylamino)acetyl-2-cyano-, Pyrrolidine, 1-(hexylamino)acetyl-2-cyano-,(S)-,
(S)-,monchydrochloride 55 monohydrochloride
HECl HCJ

Cyclooctylamine (commerciatly available) was used as 65 Hexylamine {commercially available) was used as the
the amine nucleophile. The title compound was a white amine nucleophile. The fitle compound was a white solid.
fluffy solid. *C NMR (ppm)=121.64. Melting, point=174° C~176° C. **C NMR (ppm)=121.75.

Page 105 of 405



6,011,155

31 32
EXAMPLE 63 a white solid. Melting point=280° C.-283° C. decomposed.
13C NMR (ppm)=121.39.

Pyrrolidine, 1{[3-[(5-cyanc-2-pyridinyl)amino] What is claimed is:

propyl]amina)acetyl-2-cyano-(8)-, dihydrochloride 1, A compoond of formula It

5
N, 2HC I
o /I-I T — o
< > H. =N
N. N =N ~ T

N)k/ N \N / x /N\)kN
10 !

wherein
R is a group CH,)5N—R,; an unsubstituted (Cy 40)-
cycloaklyl ring; a (C,_;o)cycloalkyl ring substituted in
the 1-position by a hydroxy(C,_s)alkyl group; a group

2(3-Aminopropylamino)-5-cyanopyridine (preparation
described above) was used as the amine nucleophile. The ;5
title compound wis a white sticky solid, Melling point=210°

C-212° C. 'C NMR(pm)=119.33. SLCH, 3R 2 group
EXAMPLE 64 N
. / 3
Pymolidine, 1-[(1-etbylpropyDamino]acetyl-2- 0 —(‘Cﬂg')fg\
eynno-,{S)-,monohydrochloride Ra;
N, Hel . :
0 H a group -(CH:-);Rd; an isopropyl group; an isopropyl group
)L/N/ 25 substituted in the i-position by a hydroxy(C;_,)alky] group;
or Rg;

N R, is an unsubstituted pyridine ring; & pyridine ring
mono- or di-subslituted by halg, trifluorometbyl, cyano
or nitro; an unsubstituted pyrimidine ving; a pyrimidine

N cing monosubstiluted by halo, trifluoromethyl, ¢yano or
. , . nitro; or an unsubstituted phenyl ring;
3-An'_unopcmane (.commcrm.ally available) was used 2 Ry {s an unsubstituted phenyl ring; 2 phenyl ring mono-,
the amine nuclgop}lﬂﬂc. The title compound was a white di- or tri-substituted by halo, (C,.5)alkoxy or a pheayl
fufy sticky solid. **C NMR ppm)=119.33. sulfide (optionally substituted with a (C, g)alkoxy);
X AMPLE 35 phenoxy; (C,.galkyl; 3,1,1 bicyclic ring system
E PLE 65 (optionelly substituted with 1 or more (C,.q) alkyl
Pyrrolidine, 1-{(2,3-dinydro-1H-inden-2-yt)amino] groups); unsubstituted pyridine ring; naphthyl, cyclo-
acetyl-2-cyano-,(S)-,monohydrochloride hexene; or adnmaulyl.; . .
each R, independently, is an unsubstituted phenyl ring; or
N Hal 0 a phenyl ring mono-substituted by halo or (Ci.5)
o a alkoxy;
)]\/N/ R, is a 2-oxopyrrolidine group or a (C,_,)alkoxy group;

N R, is indan; pyrrolidine (unsubstituted or substituted with
—CH,-phenyl); piperidine (unsubslituled or subst-

5 tuted with —CH,-phenyl); a 2.2,1 bicyclic ring system
(unsubstituted or substituted with 1 or mere (C,_g) alky!
groups); zdamantyl; a straight or branched chain (C,.g)
alkyl (unsubslituted or substituted by one or more
2-Amijnoindan (commercially available) was used as fie substituents selected from hydroxy, —CH;0H and
amine nucleophile. The title compound was a white solid, 30 phenyl); or 2 3,1,1 bicyclic ring system (unsubstituted
Melting point=182° C.~184° C. **C NMR (ppm)~=12138. or substituted with 1 or more {C,_glalkyl groups); and
m and n independently are integers of 1 to 3;
EXAMPLE 66 ' pis an integer of 2 to 4;
Pyrrolidine, 1-[(1-phenylmethyl-4-piperidinyl) g5 972 pharmaceutically acceptable nE:id addition salt thereaf.
aminoJacetyl-2-cyana-,(S)-,-monohydrochloride 2. A compound according to claim 1 of formula la:
N, 2HCL la
/H H E=N
¥
N 60 >N <
N R N
. )
65 where

4-Amino-1-benzylpiperidine (commercially available) R is a grotp CH,IN—R," an unsubstituted (C,.)
was used as the amine nucleophile. The title compound was cycloalkyl ring; # (C5.,) eycloalkyl ring substituted in
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the 1-position by a hydroxy(C,.,)alkyl group; a group
—CH,»R,; or a group R, as defined in claim 1;

R, is an unsubstituted pyridine ting; a pyridine riog
mong- or di-substituted by halo, triffuoromethyl, cyano
or nitro; or an unsubstituted pyrimidine ring; and

R,'is a (C..,)alkoxy group;

or a pharmaceutically acceptable acid addition salt thereof.
3, A compound according to claim 2 of formula Ib:

Tt
H W==N
> N\J\
R" N ]
where

R" is a group CH,JxN—R,"; a (C, Jeycloalkyl ring
substituted in the 1-position by a hydroxy(C, ,)alkyl
group; n group CH,JsR,'; or a group Ry';

R," is a pyridine ring mono- or di-substituted by halo,
triflucremethy), cyano or nitro;

R, is as defined in claim 2; and

Ry is a 3,1,1 bicyclic ring system (unsubstituted or
substituted with 1 or more (C, g} alkyl groups; a 2,2,1
bicyclic ring system (optionally substituted with 1 or
moze (C, o) alkyl groups; or adamantyl;

or a pharmaceutically acceptable acid addition salt thereof.
4. A compound according to claim 3 of formula Ic:

o
> \)I\ SN
N _/_\
R‘ N N

where
R" Is a group CH,yN—R,"; a (C,_sJeyelonkkly ring
substituted in the 1-position by a hydcoxymethyl group;
a group CH,33R,"; or a group R,";
R,"™ is a pyridine ring monosubstituled by halo,
trifluoromethyl, cyane or nitro;
R, i3 as defined in claim 3; and
Rg¢&:41 is adamantyl;
or a pbarmaceutically acceplable acid addition sall thereof.
5. A compound of formula I:

o
\)L o
" o
r” :\ ]

wherein R is:
) RyR,,N(CH,),,- wherein

R, is a pyridinyl or pyrimidinyl moiely unsubslituted or
mono- or independently disubslituted with (C,_,)
alkyl, (C,_.,)alkoxy, halogen, triflucromethyl, cyano
or nilro; or phenyl unsubstituted or- or indepeadenily
disubstituted with (C,_,)alkyl, (C,, Yalkoxy or halo-
gen,

R, is hydrogen or (C,_galkyl; and
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m is 2 or3;
1) (C,. g)eycloalkyl unsubstitued or monosubstituted in
the 1-position with (C,_;)hydroxyalkyl;
¢) Ry(CH.),- wherein either
R, is phenyl uosubstituted or mono- or independently
di- or independently trisubsiituted with {C,_;)alkyl,
{C,_s)alkoxy, halogen or phenylthio unsubstituled or
monosubstituted in (be phenyl ring with hydroxym-
cthyl; or is (C, g)alkyl; a [3.1.1]bicyclic carbocyelic
moiely unsubstituted or mono- or plurisubstituted
with (C,p)alkyl; 2 pyridinyl or naphthyl moiety
unsubstiluted or mono- or independently disubsti-
tuted with (C,_,)alkyl, (C,..)alkoxy or halogen;
cyclohexene; or adamantyl; and

nis1to 3; or

R. is phenoxy unsubstituted or mono- or independently
disubstituted with (C,.,), (C,.)alkoxy or halogen;
and

n is 2013;

d} (Ry).CH(CI1,),- wherein each R, independently is
phenyl unsubstituted or mono- or independently dis-
ubstitnied with (C;_p)alkyl, {C,_,)alkoxy or halogen;

¢) R(CH,}, - wherein R, is 2-oxopyrrolidinyl or (Cy_,)
alkoxy and p is2tod;

f) isopropyl unsubstituted or monosubstiluted in the 1
-position with (C,.5)bydroxyalkyl;

€) Ry wherein Ry is: indanyl; a pyrrolidinyl or piperidinyl
mojely unsubstituted or substifuted with benzyl; a
[2.2.1)- or [3.1.1]bicyclic carboeyclic moiety unsubsti-
tuted or mono- or plurisubstituted with (C,.g)alkyl;
adamantyl; or (C, glaliky] unsubstituted or mono- or
independenlly plurisubstiluted witb hydroxy,
hydroxymethyl or phenyl unsubstituied or mono- or
independently disubstituted with (C, Jalkyl, (C,.)
alkoxy or halogen;

in free form or in acid addition sall form.

6. A compound according lo claim 5 (a compound Ip)

wherein R is R, which is:

1) RyPNH(CH,),- wherein R,” is a pyridinyl or pyrim-
idinyl mofety unsubstiluted or mono- or independently
disubstituted with halogen, trifluoromethyl, cyano or
nitro;

b) (Cy;)cyctoalkyl unsubstituted or the monosubstituted
in 1-position with (C,_4)hydroxyalkyl;

<) RA(CH,),~ wherein R is phenyl unsubstituled or
mono- or ndependently di- or independently trisubsti-
tuted with halogen or (C,.;)alkoxy;

d) (R7):CH(CH,}»- wherein each R;® independently is
phenyl substituted or monosubstituted with halogen or
(C,.)alkoxy;

¢) R (CH.)s- wherein R, is as defined in claim 5; or

f) isopropyl unsubstituted or monosubstituted in
1-position with (C,_;}hydroxyalkyl;

in free form or in acid addifion salt form.

7. A contpound according to claim 5 (a compound Is),

wherein R is R7, which is:

1) R, Ry, *(CHL),,- wherein R, * is pyridinyl uasubstiiuted
or mano- or independently disubstituled with chlorine,
trifluoromethyl, cyano or nilro; pyrimidinyl unsubsti-
tuted or monosubstituted with chlorine or trifluorom-
elhyl; or phenyl; R, is hydrogen or methyl; and ms
is2or3;

b) (Cy.1a)eycloalkyl unsubstituted or monosubstituted in
the 1-position with hydroxymethyl;

¢} Ry (CHa), - wherein either Ry is phenyl unsubstitufed
or mono- or independently di- or independently trisub-
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stituted with halogen, alkoxy of L or 2 carbon atoms or
phenylthio monosubstituted in the phenyl ring with
hydroxymethyl; (C,.s)alkyl; 6,6-dimethylbicyclo
[3.1.1Jbept-2-yl; pyridinyl; naphthyl; cyclohexene; or
adamantyl; and ns is 1 1o 3; or R,° {5 phenoxy; and ns
is 2

d) (3,3-dipheny!)propyl;

€) RS(CH,),, wherein R, is 2-oxopyrrolidin-1-yl or

isopropoxy and ps is20r3;

[) isopropyl unsubstituted or monosubstituled in

1-position with hydroxymethyl;

£) R¢* wherein R,* is: indanyl; a pyrrolidinyl or piperidi-

nyl moiety unsubstituted or N-substituted with benzyl;
bicyclo[2.2.1]hept-2-yl; 2,6,6-trimethylbicyclo-{3.1.1]
hept-3-y]; adamantyl; or (C, g)2lkyl optionally mano-
or independently disubsiituted with hydroxy,
hydroxymethyl or phenyl;

in free form or in acid addition salt form.

8. The compound gccording lo claim 5 wheeein R is
2-[(5-cyanopyridin-2-yl)amina]ethyl, ie. 1-[2-[(5-
cyanopyridin-z-yl)amino]elhylaminn]accty]-2-cyano-(S)-
* pyrrolidine, in free form or in acid addition salt form, or &
compound according to claim 5 which is of formula I
wherein R is either
2{(5-chloropyridin-2-yl)aminoJethyl, or
(1-hydroxymethyl)cyclopent-1-yl, or
3-[(5-nitropyridin-2-yl)amino]ethyl, or
3-(isopropoxy)propyl,
in free form or in acid addition salt form.

9. A compound according to claim 5 which is:
1-[2-[(5-chloropyridin-2-y1)amino]cthylamino]ncely]—z-

eyano-(S)-pyrrolidine dihydrochloride;
1-[2-[(5-triﬂuoromethylpryridin-2-yl)aminc]clhylamino]

acetyl-2-cyano-(S)-pymolidine;
1-[2-[(5-cymopyridin-2-yl)amino]cthylamino]accly]-z-

cyano-(S)-pyrrolidine dihydrochloride;
1{2-{(pyrimidin-2-yl)amino]ethylamino]acelyl-2-cyano-

(S)-pyrrolidine;
1-[(l-hydroxymethylcyclopen1-1-yl)amino]acelyl-z-cyano-

(8)-pyrrolidine;
1-[2-[(pyridin-2-yl)amino]e(hylamino]acelyl-Z-cya.no-(S)-

pyrrolidine;
1-[2-[(4-chloropyrimidin-?.-yl)amino]e[hy]amino]acelyl-?.—

cyano-(S)-pyrmrolidine;
1-[?.-[(3-chloropyridiu-z—yl)nmino]c\hylamino]acclyl—.‘l-

cyano-(S)-pyrrolidine; .
1~[2-[4—triﬁuoromelhylpyrimidin-2-yl)amino]ethylamino]

acetyl-2-cyano-(S)-pymolidine;
1-[(Z-chlorophcnyl)ethylamino]acctyl-z-cyano—(S)-

pyrrolidine;
1-[(3.3-diphenyl)propylamino]acetyl—Z-cyano-(S)-
pyrrolidine;
1-[2-[(5-11ilropyridin-2-y1)amino]elhylamino]accty]-z-
cyano-(S)pyrrolidine;
1-[2-[(3-chloro-5-trilluoromethylp yridin-2-yl)amino]
ethylamina]acetyl-2-cyano-(S)-pyrrolidine;
1-[2-[(3-lriﬂuoromelhylpyridin-z-y].)amino]elhylnmino]
acetyl-2-cyano-(S)pyrrolidine;
1-[2-[(3,5—dichloropyridin-?.-yl)amino]clhylamino]ncclyl-2-
cyano-(S)-pyrrolidine;
1-[(cyclopenl-l-yl)amino-acetyl-?.-cyano-(S)-pyrrolidinc
monohydrochloride;
1-[2-(2-bromo-4,5-dimelhoxyphcnyl)elhylamino]acclyl-z-
cyano-(5)-pyrrolidine;
1-[3-(isepropoxy)propylamino]acetyl-2-cyano-(S)-
pyrolidine monchydrochloride;
1-(2-hydroxy-1,1-dimethylethylamino) Jacetyl -2-cyano-
(3)-pyrrolidine monohydrochloride;
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1-[3—(2-nxo-pyrrolidin-l-y])proPylamino]a celyl-2-cyano-
{S)-pyrrolidine monohydrochloride;
1-f(i-hydroxymethyleylohexyl) aminoJacetyl-2-cyano-(S)-
pyrrolidine;

Pyrrolidine, 1{[2-(4-cthoxyphenyl)ethylJaminoJacetyl-2-
cyano-,(5)-,monochydrochloride;

Pyrrolidine, 1-[(1-phenylmelhy1-3-pyrrolidinyl)umino]
acetyl-2-cyana-,(S)-(R)-dihyydrochloride;

Pyrrolidine, 1{[2-(4-sethoxyphenyljethylJaminolacetyl-2-
cyano-,(S)-,monohydrachloride;

Pyrrolidine, 3{[2-(3-methoxyphenylethylJamino]acctyl-2-
¢yano-,(S)-monchydrochloride;

Pyrrolidine, 1-[[(1-naphthatenyl)methyl Jaminojacetyl-2-
cyano-,(S)-,monchydrochloride;

Pyrrolidine, 1-[(3-phenyipropylamine]acetyl-2-cyanc-,
(S)-,monchydrochloride;

Pyrrolidine, 1-[3-[(phenyl)(methyl)amino]prapyllamino]
acetyl-2-cyann-,(§)-,dihydrochlaride;

Pyrrolidine, 1-[2-[(3,4-dimeth oxyphenyl)etliylJamino]
acetyl-2-cyano-,(S)-,monohydrochlorids;

Pyrrolidine, 1-(acyc]ohcptylamino}acctyl-z-cyano-,(S)-,
monohydrochloride;

Pyrrolidine, 1-([(6,6-dimethylbicyclo[3.1.1]hept-2-yl)
methyl]amino]acetyl-z-cyano-[lS[la.,zct(S*),50.}]-(8)—,
menohydrochloride;

Pyrrolidine, 1-[[2-(2,5-dmelhoxyphenyl)ethylJaminc]
acelyl-2-cyano-,(§)-monohydrochloride;

Pyrrolidine, 1-[[2-(1 -cyclohexen-1-ylethyl JamineJacetyl-2-
cyano~,(8)-

Pyrrolidine, 1-(cycIohexylamino)acelyl—?.-cyano-,(s)-,
monohydrochloride;

Pyrrolidine, 1-[(bicyelo[2.2.1]hept-2-yl)amina Jacetyl-2-
cyano-[ 15[ Lo, 20(S*),5¢]]-(S}-monohydrochloride;

Pytrolidine, 1-[[2-{2-pyridinyl)ethyla minoJacetyl-2-
cyano-{8)-dihydrochloride;

Pyrrolidine, 1-[[(2-phenylumino)ethylJamino]acetyl-2-
cyano-,(S)-,dihydrachloride;

Pyrrolidine, 1-[(3,3-dimethylbutylJaminolacetyl-2-cyano-,
(S)-,monohydrochloride; :

Pyrrolidine, 1-[(2,6,6-trimethylbicyelo[3.1.1 Thept-3-y1)
amino]acelyl-2-cyano-,(S)[15]1c,2f JA3a(S%),5a]]-
monohydrochloride;

Pyrrolidine, 1{[(1 -hydroxymethyDpropyljeminojacetyl-2-
cyano-{S,S)]-

Pyrrolidine, 1-[ [[2-[(2-hydroxymethyl)phenyl]thio]
phcnylmc!byl]amino]acctyl-z-cyano-,(s)-,
monohydrochloride;

Pyrrolidine, 1-[[2-(2-mclhoxyphcnyl)elhyl]amino]ncclyi-?.-
cyano-,(S)-,menohydrachloride;

Pyrrolidine, 1-[(5-hydroxypentyl)amino]acetyl-2-cyano-,
(S)-monohydrochloride;

Pyrrolidine, 1-(cyclobutylamino)acetyl-2-¢yano-,(8)-
monohydrochloride; '

Pyrrolidine, 1{[2-(2,4dichlorophenylethylJasinclacetyl-2-
cyano-,(S),monohydrochloride;

Pyrrolidine, 1-[(1-hydmxyme.thyl]-3—melhy1butyl)amino]
acetyl-2-cyano-,0-(S)-»

Py:rolidine, 1-[(2-hydroxy-2-phenylethylaminoJacelyl-2-
cyano[25-[1R*,28*]-monohydrachloride;

Pyrrolidine, 1-[[2-(2-fluorophenyl)ethyl Jamino]acetyl-2-
cyano-,(S)-monohydrochloride;

Pyreolidine, 1-(cyclopmpylamino)acetyl-’l-cyauo-,(S)—,
monohydrochleride;

Pyrrolidine, 1-[(2,6,6-trimethylbicyclo[3.1.1]hept-3-yI)
aminoJacetyl-2-cyano-[15[1 @,20.,38(S%),5a]]-
monohydroachloride;

Pyrrolidine, 1:[[(3-phenoxy)ethytjamino]acelyl-2-cyano-,
(S)-monohydrochloride;
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Pyrrolidine, 1-[2{(3,5-dimc[hoxyphcnyl)clhyl]amino]
acetyl-2-cyano-(S)-monohydrochloride;

Pytrolidine, 1-[(1 -adamantylamincJacetyl-2-cyanc-{S)-,
mooochydrochloride;

Pyrrolidine, 1-[(1,1,3,3—tctramcthylb‘ulyl)amino]acclyl-z‘- 5
cyano-,(S)-,mooohydrochloride;

Pyrrolidine, 1-[(2-adamantyl)amino]acetyl-2-cyano-,(S)-,
monohydrochloride;

Pyrrolidine, 1-[(1,1-dimclhy]propyl)amino]acctyl-?.-cyano—,

{8)-,monchydrochloride; 10

Pyrrolidine, 1-[(phenylmethyl)aming]acetyl-2-cyano-(S)-,
monohydrochloride;

Pyrrolidine, 1-[(1,1 -dimethylethyl)aminoJacetyl-2-cyano-,
(8),monchydrochlaride;

Pyrrolidine, 1-[[(2-adamantyl)metnyl]aminolacetyl-2- 15

¢yano-,(8)-,monohydrochiloride;

Pyrroliding, 1-[(Z-phcny]ethyl)amino}acelyl-2-cyano-, (S)-,
menchydrochloride;

Pyrrolidine, 1-(pentylamine)acclyl-2-cyano-,(S)-,

monohydrochloride; 20

Pyrrolidine, 1~(buty]amino)aculyl-z-cyano-,(S)-,
monohydrochloride;

Pyrrolidine, l-(cyclododecylnmino)acetyl-2-cynno-,(S)-,
monohydrochloride;

38

Pyrrolidine, 1-(propy1nmino)nce1y1-2-cynno-,(S)-,
monohydrochloride;

Pyrrolidine, I1-(ethylamino)acctyl-2-cyano-,(8)-,
monohydrochloride;

Pyrrolidine, 1-(heptylamino)acetyl-2-cyano-,(§)-,
monohydrochloride;

Pyrrolidine, 1-(hexylamine)acetyl-2-cyano-(S)-,
monohydrochloride;

Pyrrolidine, 1-[[3{(5-eyano-2-pyridinyl)amine Jpropyl]
amino Jacetyl-2-cyano-,(S)~dibydrochloride;

Pyrrolidine, l-[(1-cthylpropyl)amino]ncctyl-z-cyauo-,(S)-,
meonohydrochleride,

Pyrrolidine, 1-1(2,3-dibydro-1H-inden-2-yl)amino acetyl-
2-cyano-(S)-,menohydrochloride;

Pyrrolidine, 1-[(1-phcnylmclhyl—4-pipcrid1'nyl)nmino]
acetyl-2-cyano-,(S)-,

monohydrochioride; or a pharmaceutically acceplable salt of

any of the above compounds whick are in free Form.

10. A pharmaceutical composition comprising a com-
pound according to claim 5 in free form or in pharmaceu-
tically aceeptable acid addition salt form, together with at
leasl one pharmaceutically accepiable cartier or diluent.

il. A compound according to claim 8 which is 1-[2-
[(5cyanopyridin-2—y1)amino]e!hylamiuo]accty!~2—cyano-

Pyrrolidine, 1-(cycIuoc:lylamiuo)acc!yl—Z-cynno-,(S)-, 25 (8)-pyrrolidine dikydrochloride.

monchydrochleride;

LI Y
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N-{SUBSTITUTED GLYCYL)-2-CYANCPYRROLIDINES,
PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

' FIELD OF THE INVENTION

": The present invenlion relazes to the area of dipepitdy] peptidase-IV inhibition and,
more particularly, relates to certain N-(substituted glycyl}-2-cyanopyrrelidines, pharmaceutical
compositions containing said compounds, and the use of said compounds in inhibiting

dipeptidyl peptidase-TV.

] BACKGROUND OF THE INVENTION

&

@

= Dipeptidyl peptidase-IV (DPP-IV) is a serine protease which cleaves N-termital ®

Ydipeptides from a peptide chain containing, preferably, 2 proline residue in the penultimate
l/position. Although the biclogical role of DPP-IV in mermmalian systems has not been
;_r,-omplctely established, it is believed to play an important role in newropeptide metabolism,
FT-cell activation, artachment of cancer cells to the endothelium and the entry of HIV ioto
\lymphoid cells. '

£

m

More recently, it was discovered that DFP-IV is responsible for inactivating glucagons
like peptide-1 (GLP-1). More particularly, DPP-IV cleaves the amino-terminal His-Ala
dipeptide of GLP-1, generating a GLP-1 teceptor a.nté.gonisl., 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-TV inhibition. Since GLP-1 is a major
stimulator of pancreatic insulin secretion and has direct beneficial effects on glucose disposal, .
DPP-1V ichibition appears to represent an atiractive 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 1o potency, stability or toxicity, Accordingly, it is clear that a great need
exists for novel DPP-IV inhibitors which are useful in treating conditions mediated by DPP-
1V inhibition and which do not suffer from the above-mentioned limitations of known DPP-
IV inhibitors.

DESCRIPTION OF THE PRIOR ART

) WO 95/15309 discloses certain peptide derivatives v;rhich are inhibitors of DPP-IV
affl, thercfore, are useful in treating a number of DPP-IV mediated processes.
?j .
.gﬁ WO 95/13069 discloses certain cyclic amine compounds which are useful in
stimulating the release of natural or endogenous growth hormone.
: European Patent 555,824 discloses certain benzimidazolyl compounds which prolong

29
tifombin time and inhibit thrombin and serine-related proteases.

ey B

Archives of Biochemistry and Biophysics, Vol. 323, No. 1, pgs. 148-154 (1995)
scloses certain aminoacylpyrrolidine-2-nitriles which are usefil as DPP-IV inhibitors.

£

Journal of Neurochemistry, Vol. 66, pgs. 2105-2112 (1996) discloses certzin Fmoc-
gminoacylpyrrolidine-2-nitriles which are uscful in inhibiting prolyl oligopeptidase.

Bulletin of the Chemical Society of Japan, Vol. 50, No, 7, pgs. 1827-1830 (1977)
discloses the synthesis of an a.minohcxapcpﬁdé, viz., Z-Val-Val-lmPro-Gly-Phe-Phe-OMe, and
its related aminopeptides. [n addition, the antimicrobial properties of said compounds were

examined,




2y

3.

Bulletin of the Chemical Society of Japan, Yol 51, No. 3, pas. 878-883 (197%)
-discloses the synthesis of two known peptide antibiotics, viz., Bottromycins B, and B,
. according to the structures proposed by Nakamure, et al, However, since the resultant

compounds were devoid of anfimicrobin) properties, it was concluded that the structures
2 proposed by Nakamura, et al, were crroneous,

WO 90/12005 discloses certain amino acid compounds which inhibit prolylen-
dopepudasc activity and, therefore, are useful in treating dementia or aranesia.

i‘f} Chemical Abstracts 95: 302548 dlsc[ost: certain N-(aryl(alkyl)carhony]) substituted
he&cmcychc compounds which are cholinesterase activators with ephanced peripheral
sé}tctmty useful in treating conditions due to the lowering of cholinesterase activity, .
fL
]‘}? Chemical Abstracts 84: 177689 discloses certain i-acyl-pyrrolidine-2-carbonitrile
c?Empounds which are usefol as intsrmediates for proline compounds exhibiting angiotensin
céhverting enzyme (ACE) inhibiting activity,
S
€ Chemical Abstracts 96: 116353 discloses certain 3-amjno-2-mercapto-propyl-proline

-
=i

compounds which are Ras famesyl-transferase inhibitors useful in treating various carcinomas

or myeloid leukemias.

WO 95/34538 discloses centain pyreolidides, phosphonates, azetidines, peptides and
azaprolines which inhibit DPP-IV and, thercfore, are useful in treating conditions mediated by
DPP-IV inhibition. .

WO 95/29190 discloses certain compounds characterized by a plurality of KPR-type
repeat pattems carried by a peptide matrix enabling their .multiple presentation to, and having

an affinity for, the enzyme DPP-IV, which compounds exhidit the ability to inhibit the entry
of HIV into cells.
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WO 91/16339 discloses certain tewapéptide boronic acids which are DPP-IV inhibitors
useful in treating autoimmune diseases and conditions mediated by IL-2 suppression.

WO 93/08255 discloses certain polypeptide boronic acids which are DPP-IV inhibitors
useful in treating autoimmune diseases and conditions mediated by TL-2 suppression,

WO 95/11689 discloses certain tétrapcptide boronic acids which are DPP-IV inhibitors
useful in blocking the entry of HIV into cells.

German Patent 158109 discloses certain N-protected peptidyl-hydroxamic acids and
nésmbenzoyloxanﬁdcs which arc usefill a5, inter alia, DPP-IV inhibitors.

[0

:i WO 95/29691 discloses, inter alia, certain dipeptide proline phosphonates which are

=

IZT’P—IV inhibitors useful in the treatment of immune system disorders.

5

German Patent 296075 discloses certain amino acid amides which inhibit DPP.TV,

Biochimica et Biophysica Acta, Vol, 1293, pgs. 147-153 discloses the preparation of

EIIEF Y Site

=

cgitain di- and tri-peptide p-nitroanilides to study the infinence of side chain modifications on
(Rir DPP-IV and PEP-catalyzed hydrolysis.

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 (SepL.'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,
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SUMMARY OF THE INVENTION

The present invention provides new DPP-IV inhibitors which are cffective in treating
conditions mediated by DPP-IV inhibition. More particularly, the present invention relates to
certain N-(substitated glycyl)-2-<yanopyrrolidines which inhibit DPP-IV. In addition, the
present invention provides pharmaceutical compositions useful in ighibiting DPP-IV .
comprising & 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 & mammal in nced of such treatment a therapeutically effective
amount of a certain N-{substituted glycyl)-2-cyano-pymolidine.”

SG9hsadl

The essence of the instant invention is the discovery that certain N-(substituted
gidey)-2-cyanopyrrolidines are useful in inhibiting DPP-IV. In onc embodiment, the present
By

jovention provides compounds of formula T:

,)“\)Lnﬁ I
i) R

wherein R is & group —-(—-CHI-}-Z{:I{-R.; an unsubstituted {C, ,)-
cycloalkyl ring; 2 (C,;)Jcycloalkyl ring substituted in the 1-
- position by 2 hydroxy(C,.,Jalky! group; a group —{—-CH;—3-Rx
a group

OTT
T
o
Il
z

H R,
~cu-c s
R,

a group —CH;~R,; an isopropyl group; or an isopropyl
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group substituted in the 1-position by & hydroxy(C, ;)alkyl group;

is an unsubstituted pyridine rix.lg; a pyridine ring mono- or di~
substinited by hale, triflucromethyl, cyanc or nitro; an unsubstituted
pyrimidine ring; or a pyrimidine ring monosubstituted by hale,
triflucromethyl, cyano or nitro;

is an unsubstituted pheny) ring; or a phenyl ring mono-, di- or tri-
substituted by halo or (C,j)alkoxy;

independently, is an unsubstituted phenyl ring; or a phenyl ring mone-
substituted by halo or {C,;)alkoxy; and

is a 2-oxopytrelidine group or a {C,; Jalkoxy group;
oe': a pharmaceutically acceptable acid addition salt thereof,
u
. _:;_! Preferred compounds are those of formula Ia:
i
! . '
v H‘ 9 =N
‘Lﬁ N 4 Ia
= /i N
o R
5
£ H
' where R' is a group ——CH,—3,N-R!; an unsubstituted (C, ,)eyeloalkyl
ring; a (C,,) ¢ycloalkyl ring substituted in the }-position by a
hydroxy(Cy.,)aliyl group; or & group ~—CH,——Ry;
R: is an unsubstituted pyridine ring; or a pyridine ring mone- or di-
b substituted by halo, trifluoromethyl, cyano or nitro; and
R is a (Cy)alkoxy group;
. or a phanmaceutically acceptable acid addition salt thereof.
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More preferred compounds are those of formula Ib;

=N

<
-
N

H O |
R" N ]

where R*  is a group —{—CH,—)-,g-R','; 2 (C,Jeycloalkyl ring substituted in
the 1-position by a hydroxy(C, ;)alky! group; or & group
| —CH R
R: is a pyridine ring mono- or di-substituted by halo,
trifluoromethyl, cyano or nitro; and
R, is as defined above; .
pharmacecutically acceptable acid addition salt thereof, .

PR LB0

K

" g

Even more preferred compounds are those of formula Ic:

H O =y

ér:'\)J\D Ic

H ) )
where R™ is a group ——CH,—-N-R,; a (C, Jeycloalkyl ring substituted in
- the l-position by a hydroxymethyl group; or a group

+—CH,— RS
R} is a pyridine ring monosubstitued by halo, triflusromethyl, .

L ELOTE

cyano or nitro; and
R.' is as defined above;
or a pharmaceutically acceptable acid addition salt thereof.
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In another embodiment, the instant invention-provides pharmageutical compositions
useful in inhibiting DPP-IV comprising a pharmaceutically ecceptable carrier or difuent and a
. therapeutically effective amount of a compound of formula I abave, or a pharmaceutically
acceptable acid addition salt thereof, preferably a compound of formula Ia above, (;I:‘ a
pharmacentically acceptable acid addition salt thercof, more preferably a compound of
formula Ib above, or a pharmaceutically acceptable acid addition salt thereof, and even more
preferably a compound of formule Ic above, or a pharmaceutically aceeptable acid addition
salt thereof,

In still another embodiment, the instant invention provides a method of inhibiting
D?P-[V comprising administering to a2 mammal in need of such treatment a therapeutically
eﬂ'ecuve amount of & compound of formula [ above, or a pharmaceutically zcceptable acid
. addmon salt thereof, preferably a compound of formula Ia zhbove, or a pharmaceutically
aa:eptablc acid addition salt thereof, more preferably a compound of formula Ib above, or a
p&rrnaccuncally acceptable acid addition salt thereof, and sven more preferably a compound
af.',formula lc above, or a pha.rmaceuucally acceptablc acid addition salt thereof,

5

l-"’.l[]il:

In a further embodiment, the instant invention provides a method of treating conditions
rﬂedlated by DPP-IV inhibition comprising administering to a mammal in need of such
treatment a therapeutically effactive amount of a compound of formula I above, or a
pharmacentically acceptable acid addition salt thereof, preferably a compound of formula Iz
abeve, or a pharmaceutically accepiable acid addition salt thereof, more preferably a
compound of formula Jb ebove, or 2 pharmaceutically acceptable acid addition salt thereof,
and even more preferably a compound of formula Ic above, or a pharmaceuti cally 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 t-butyl,
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The acid addition salts of the compounds of formula I may be thosc of
phermaceutically acceptable organic or inorganic acids, Although the preferred acid addition ‘
salts are the hydzochlorides, 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:

SN .
Br \/ AN N * NHZR ; 1
Lj (at least 3 eq.}

I I .

RShLT0

\Ad‘?rre R is as defined above.

In the above reaciion, the bromide compound of formula IT is reacted with at least 3
quivalents of a primary amine compound of formula III ta obtain an N-(substituted glycyt)-
ZJ;yanopyrrolldme compound of formula I. The reaction is conducted in the presence of an

DR

mert. organic solvent, preferably a cyclic ether such as tetrahydrofuran, at a temperature of

_ from 0° to 35°C,, preferably at a témperature between 0° and 25°C.,, for a period of between 1
and 20 hours.

The bromide compound of formula If may be prepared by the following two-step

reaction scheme: . .
Step 1 Step 2
i o
& (o] Q u
L NH, i T
H-N ] Ber\Br BIVC\N NH, TFAA
> | } ———— i
E4N, DMaP (at least 2 eq.)
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As to the individual steps, Step 1 involves the reaction of the pyrrolidipe compound of
formula IV with a slight m.o[ar excess of bromoacetylbromide and triethylamine and a
catalytic emount of dimethylaminopyridine (DMAP) to obtain the bromide compound of
for'mu.la V. The reaction is conducted in the preseree of an inert, organic solvent, preferably
a chlorinated, eliphatic 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 §
hours, preferably between 2 and 4 hours.

Step 2 concems 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
I%mid: compound of formula II. The dehydration is conducted in the presence of an inert,
organic solvent, preferably a chiorinated, aliphatic hydrocarbon such as methylene chloride, at
a.';cmpcmture of from 0° to 25°C, preferably at a temperature between 0° and 15°C, for &
ﬂg—iod of between 3 and 8 hours, preferably between 3 and 6 hours,

.

1; The primmary amine compounds of formula I are known and may be prepared by
pEg-cedurcs well documented in the literature.  For example: a) 1-hydroxymethylcyelo-
pehitylamine can be prepared by the reduction of l-amine-1-cyclopentans carboxylic acid with
Ié\ium aluminum hydride as set forth below:

OH -
HN COC.)H NE,
TN
The reduction s conducted in the presence of an inert, organic solvent, preferably a eyclic
ether such as tetrahydrofuran, at the reflux temperature of the solvent for a period of between
14 and 24 hours. (b) 2-[(5-chloropyridin-2-yl}amino)ethylamine can be prepared by refluxing

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-triﬂuoromcthy]pyridin-2-yl)amin0]cthylamine can be

ot
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prepared by refluxing a mixture of 2-chloro-5-triflusromethyl pyridine with ethylenediamine

in an oil bath for a period of between 6 and 12 hours. (d) 2-[(5-cyanopyridin-2-yl)amino})-

cthylamine can be prepared by stirring a mixture of 2-chloropyridine-5-carbonitrile and

fa ethylenediamine at a temperature between 20° and 30°C, for a period of between 4 and 6
hours, (e} 2-{(pyrimidin-2-y}amino]ethylamine can be prepared by adding ethylenediamine to

R 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 eddition salts. For example, the free base of a compound of formula I can be reacted

r'%th hydrochloric acid in gaseous form to form the comesponding mono- and di-hydrochloride

¥t forms, whereas reacting the free base with methanesulfonic acid forms the corresponding

Eesylate salt form. All phamaceutically acceptable acid addition salt forms of the .
g)mpounds of formula I are intended to be embraced by the scope of this invention.

L '

;.'- As indicated above, &ll of the compounds of formula 1, and their co;rcSpondi.ng

Eha.rmaccutica]ly acceptable acid addition salts, are useful in inhibiting DPP-IV. The ability

of the compounds of formula [, and their comresponding pharmaceutically acceptable acid

Fidition salis, to inhibit DPP-IV may be demonstrated employing the Caco-2 DPP-IV Assay

which measures the ability of test compounds to inhibit DPP-TV activity from human colonic

carcinoma cell extracts. The human colonic carcinoma cell line Caco-2 was obta.i}acd from

the American Type Culture Collection (ATCC HIB 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 celf line Caco-2" in Proc. Natl. Acad, Sci., Vol. 90, pgs.

5757-5761 (1993). Cell extract is prepared from cells solubilized in 10mM Tris-HCI, 0.15 M .
NaCl, 0.04 tiu. 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 pg solubilized Caco-
2 protein, diluted to a final volume of 125 pi in assay buffer (25 mM Tris-HC! pH 74, 140
‘mM NaCl, 10 mM KC1, 1% bovine serum albumin} to microtiter plate wells. The reaction .
is initiated by adding 25p! of 1 mM substrate (H-Alanine-Proline-pNA; pNA is
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p-nitroaniling). The reaction is Tun 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 arc

. typically added as 30 pul additions and the assay buffer volume is reduced to 95 pt. A
standard curve of free p-nitroeniline is generated using 0-500 pM solutions of free pNA in
assay buffer. The curve gencrated is linesr 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 1C,,, is calculated from
8-point, dose-response curves using a 4~parameter logistic function.

The following [C,,s were obtained:

’Eg Compound Caco-2 DPP-IV (nM)
‘ % Ex. 1 36
a1 Ex. 2 176
2 Ex. 3 2
:|= Ex. 4 140
= Ex. § 26
s Ex. 6 50
Z Ex. 7A 165
7 Ex. 8 8
Ex. 7B 175
Ex. SA 990
. Ex. 7C 250
Ex. 9C 295
. Ex. 10 54
Ex. 11 215
Ex. 7D 382
Ex. 7E g8
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
acceplable acid addition salts, to inhibit DPP-IV may also be demonstrated by measuring the
effects of test compounds on DPP-TV activity in buman and rat plasma employing a modified
version of the assay described by Kubota, et al. in an article entitled "Involvement of
dipeptidylpeptidase TV in an in vivo immune response” in Clin. Exp. Immunol., Vol. £9, iags.
192-197 (1952). Briefly, five pl of plasma are added to 96-well flat-bottom mictotiter plates
(Falcon), followed by the addition of 5 pl of 80 mM MgCl, in incubation buffer (25 m.M
HEPES, 140 mM NaCl, 1% RIA-grade BSA, pH 7.8). After a 5 min. incubation at room
temperature, the reaction is initiated by the addition of 10 ui of incubation buffer containing
0.1 mM substrate (H-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
%n After the 20 min. reaction, fluorescence is measured using a CytoFluer 2350 fluorimeter
(B:cltauon 380 nm Emission 460 nm; sensitivity setting 4). Test compounds are typically
adﬂcd as 2 pl additions and the assay buffer volumc is reduced to 13 pl. A fluorescence-
cpﬂﬁcentranon curve of free AMC is generated using 0-50 pM solutions of AMC in assay
Bl"ﬂTer The curve generated is linear and is used for interpolation of substrate consumplion
{g:atalﬁxc activity in nmoles substrate cleaved/min). As with the previous assay, the potency of
th‘c' test compounds as DPP-IV inhibitors, expressed as ICy, is caleulated from 8-point, dose-

responsc curves using a 4 paramctc-r logistic function.

i

w

“!  The following IC,,s were obtained:

Compound human plasma DPP-IV (nM) rat plasma DPP-IV (u]M)

Ex, | 27 22
Ex. 3 7 6
Ex. 4 40 23
Ex. 5 37 18
Ex. 6 22 32
Ex. 8 12 1
Ex. 10 51 19
Ex. 12 95 38
Ex, 14 95 24
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In view of their abijlity to inhibit DPP-IV, the compounds of formula ], and their
corresponding pharmaceutically acécprablc acid addition salts, are usefu] in treating conditions
mediated by DPP-IV inhibition, For example, the compounds of formula I, and their
corresponding pharmaceutically acceptable acid addition salts, improve carly insulin response
to an oral glucose challenge and, therefore, arc ussful in treating non-insulin-dependent
diabetes mellitus, The ability of the compounds of formula 1, and their corresponding

i pharmaceutically acceptable acid addition saits, i improve early insulin response to an oral

- giucose challenge may be measured in insulin resistant rats according to the following method:

Male Sprague-Dawl]ey mats that had been fed a high fat dist (saturated fat = 57%
calories) for 2-3 weeks were fasted for approximately 2 hours on the day of testing, divided
ﬂﬂo groups of 8-10, and dosed omally with 10pmol/kg of the test compounds in CMC. An cral
lucose bolus of lg/kg was administered 30 minutes after the test compound directly into the
. ;Eomach of the test animals. Blood samples, obtained at various timepoints from chronic
;‘\}:gular vein catheters were analyzed for plasma glucose and immunoreactive insulin (IRT)
‘fpncentrations, and plasma DPP-IV activity. Plasma insulin levels were assayed by a double
::‘i'ltibody radicimmunosssay (RIA) method using a specific anti-rat insulin antibody from Linco
Rescarch (St. Louis, MO). The RIA has a lower limit of detection of 0.5 jUlm! with intra-
%d inter-assay variations of less than 5%. Data are expressed as % increase of the mean of
{ke control animals. Upon oral administration, each of the compounds tested amplified the
%nérly 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 18pmolkg
' Ex. 1 61%
‘ . Ex. 3 56%
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 DPP-IV inbibition depends upon several factors, inciuding the host, the nature
and the severity of the condition being treated, the mode of administration and the particutar
compound employed. However, in general, (;onditions mediated by DPP-IV inhibition are
cffectively 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 £.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 mp/kg, one to three fimes a day.

o .
2
:é Usually, a small dose is administered initially and the dosage is graduatly increased

funtil the optimal dosage for the host under treatment is determined. The upper limit of
il .
rdosage is that imposed by side effects and can be determined by trial for the hosl being
Utreated.

The compounds of formula I, and their corresponding phanmaceutically acceptable acid

ddition salts, may be combined with one or more pharmaceutically acceptable carriers and,

ol TR ™

=

ptionally, one or more other conventional pharmaceuticel adjuvants and administered
enterally, €.g., orally, in the form of tablets, capsules, caplets, ete. or parenterally, e.g.,
intravenously, in the form of sterile injectable solutions of suspensions. The enteral and

parenteral compositions may be prepared by conventional means.

The compounds of formula I, and .thei: 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 DPF-IV inhibition, such compositiont in unit dosage form and such compositions

comprising a pharmaceutically acceptable carrier.
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The compounds of formula I (including thase of each of the subscopes thereof and
each of the examples) may be administered in enantiomerically pure form (e.g., e2z 98%,
preferably = 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 understoad that they are for
o purposes of illustration only.

b
o]
b EXAMPIE 1
&=
® z
%-[2-[(5—chloropyridin-2-yl)anﬁno]cthylamino}anctyl-z-cyano-(S)-pymlidinc dihydrochloride.
1§}
5',.-. a) Preparation of 2-carbamoylpymolidine—carbonylmethylene-(S)-bromide.
i .
bt} . .
4 22.37g (196 mmol) of 2-carbamoylpyrrolidine, 30.1 ml (216 mmol) of tricthylamine
; and 30.0 mg of dimethylaminopyridine (DMAP) are dissalved in 200 mi of methylene
chloride and the solution is then added, dropwise, to an ice-cold solution of 18.8 ml
(216 mmol) of bromoacetylbromide in 192 ml of methylene chloride, over a period of
60 minutes under a calcium svlfate drying tubs. The resultant solution is then stirred
- for 2 hours at ice-water temperature under a calcium sulfate drying wbe, after which
time it is powred into 3.5 liters of ethy] 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 Z-tyanopyrrolidino-carboiiylmethylene-(S)bromide.

50.0 g (213 mmol) of the bromide compound prepared in &) above is
dissolved in 300 ml of methylene chloride and the solutian is cooled in an ice water
bath under a caleium 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 jce-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 cxtracted into the methylene chloride layer and the
aqueous layer is then washed twice with methylene chloride. The combined organic
tayers 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.
¢} Preparation of the title compound in free base form.

To a 500 m} flask is added 16.6g (97.2 mmol) of 2-[(5-chloropyridin-2-
yl)amino]ethylamire and 100 ml 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
stirmed 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 érganic layers are then washed successively with water and brinc, 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 mikture of 5% methano! in

methylene chloride as the eluent to yield the desired compound as a light brown oil,



d) Preparation of the title compound.

After dissolving the free base eompound prepared in ¢) above in 30 m!
of dry tetrahydrofuran, hydrogen chioride gas is bubbled into the solution for five
seconds. The off-white precipitate that forms is then filtered, washed with dry
tetrahydrofuran and the selvent is removed by high vacuum pumping fo obtain the title
cornpound as an off-white solid, m.p, 265°-267°C.

i EXAMPLE 2

TE

-'14-[2-[(5-u'iﬂuoromethylpryridin-2-yl)amino]ethylnmhm]a.cctyl—Z-cyano—(S)—pyrroIidine.

B Sy

To 8 25 ml, flask is added 1.15g (5.6]1 mmol) of 2-[(5-riflucromethylpyridin-2-yl}-
Yimino)ethylamine and 10 ml of tetrahydrofuran and the mixture is cooled in an ice bath, To
ithe cooled mixture is added 0.404g (1.87 rmmol) of the bromide compound of Example 1b)
ﬁisso]ved in 5 ml of tetrahydrofuran. The resultant mixture is stirred for 2 hours at 0°C., the
:blvent is removed by rom\;aping and the mixtuze is partiioned between cthyl acetate and
%ater. The product is then extracted into the ethyl ecetate fayer and the aqueous layer is then
washed twice with cthyl 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 emplaying a mixture

- of 5% methanol in methylene chioride as the eluent to yield the title compound as a golden
oil. '

m

l-[2~[(5-cyanopyﬁdin—2-yl)a.mino]et.hy]am.ino}accty1-2-cyano-(S)~pyrmlidinc dibydrochloride.
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) Prcparation of the title compound in free base form.

Following essentially the procadure of Example 1c), and using in place of
the amine thercin, an equivalent amount of 2-[{5~cyanopyridin-2-yl)amino}-
cthylamine, the desired compound is obtained 25 2 golden oil,

by Preparation of the title compound.

) Following essentially the procedure of Example 1d), and using in place of
. . the free base compound prepared in Example Ic), an equivalent amount of the free

: = base compound prepared in 2) above, the title compound is obtained as an off-
e
™) white precipitate, m.p. 155°-157°C.
z ®
i
3 EXAMPLE ¢
i
;_1-[2-[(pyﬁ.midin-Z-yl)amino]cthylamino]acelyl-2—cyano—(5)-pyrrolidinc.
w

Following essentially the procedure of Example 2, and using in place of the amine

il

herein, an equivalent amount of 2-[(pyrimidin-2-yl)amino]ethylamine, end using in place of

the eluent therein, 2 mixture of 10% methano! in methylens chioride, the title compound is
ohtained as a golden oil. ) »

EXAMPLE.5

[k

1-[(1-hydmxymcmylcyclopcnt-l-yl)amino}acety[-2-cyano~(S)-pyrrolid:i.ne.
To 1.5g of (l-hydroxymethyl}eyclopentylamine in 40 ml of anhydrous tetrahydrofuran
is added, dropwise via 2n addition funnel over 40 minutes, 0.943g {4.35 mmol) of the

bromide compound of Example 1b) under a calcium sulfate drying tube. The resultant
mixture is then stirred at room temperature for 18 hours under & calcium sulfate drying tube,
aftér which time hydrogen chloride gas is bubbled in for ~ § 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 v
and the agueous Jayer is then washed twicc 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,

RO

R -7 e D
TRAL .
[T

. m.p. 65°-67°C.
EXAMPLE 6
2
"?3 +
'“;_i -[2-[{pyridin-Z-yl)anﬁno]cthylmnino]acetyl—2-cyano—(S)—pyrrolidmc.

Following essentially the procedure of Example 2; and using in place of the amine
Uiherein, an equivalent amount of 2-[(pyridin-2-yDemino]ethylamine, and using in place of the
Feluent therein, & 90:10:0.5 mixture of methylene chioride, methano! and ammonium

=3

w

L
ghydroxide, the iitle compound is obtained as a golden oil.

1

iy
Q .
7 EXAMPLE 7

Following essentially the procedure of Example 2, and using in place of the amine

therein, an equivalent amount of:

‘ 3) 2-{(4-chlotopyrimidin-2-yl)aminolethylamine;
b) 2-[{3-chlorapyridin-2-yl)aminaethylamine;
¢) 2-{{4-triflucromethylpyrimidin-2-yl)amino]ethylamine;
d) (2-chlorophenyl)ethylamine; and
) (3,3-biphenylpropylamine;
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there is obtained:

A) 1-[2-[(4-chlompyﬁrnidin-2-y])amino]cthylamino]ar,ety]-2-cyano-(S)-pynolid'me as a tan
solid; ]

B) 1-[2—[(3-chloropy'rid1n-2-yl)amino]elhylamino]acctyl-Z-cyano—(S)—pyrmlidinc sa
golden oil;

C) 1-[2—[4-triﬂuoromelhylpyrimidin-2-y1)nmino]cthy]ami.uo]aécty}-Z—cymo—(S)-pyno]idin:
as a golden.oil;

D) 1-[(Z-cblorophenyl)cthyla.mino]ncetyl-2—cyano—($)-py:mlidinc; and

E) 1-[(3,3-dipheny1)propy1amino]anctyl-l—cyano—(S)-pyrm!idine, respectively.

]

i3

:‘__{ EXAMPLE &

i | |
,Eé-['2-[(S-n.ifropyridiu—Z-yl}amino]ethylnmino]a.cctyl—2-cyano—(8)pymlidin=.

i

;4- To 83.6 ml of anhydrous tetrahydrofuran is added 4.54g (24.9 mmol) of 2-[(5-
. '

5utropyridin-2~yl)amino]ethylami.ne, and the resultant mixture is heated slightly then stirred at
“Yoom temperature under a calcium suifate drying tube. 1.80g (8.3 mmol) of the bromide

f?i:ompound of Example 1b) 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 methylens 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 soluticn is ther filtered and the solvent is removed by rotovaping and high vacuum
pumping to obtain the erude 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 yeltow thick oil.
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EXAMPLE 9

Following essentially the procedure of Example 2, and using in i:lar.c of the amine
therein, an equivalent amount of:

s a) 2—[(3-chloro-S-Iriﬂuommethylpyﬁdin-z-yl)amino]emy]mninc;

% b) 2-[(3-trifluoromethylpyridin-2-yl)aminojethylamine; and
c) 2-[(3.5-d.ich]oropyridin-2-yl)amino]ethylam;’nc;
and using in place of the eluent therein, a mixture of 3% methanol in methylene chloride,
- there is obtained: )
' B A} [-[2-{(3-chloro-5-trifluoromethylpyridin-2-yljamino]ethylamine]acetyl-2-cyano-(S)-

‘..J pyrrolidine as a golden oil:
. = B) ]-[2-[(3-u-i.ﬂuoromcthylpyﬁdin—Z-yl)amino]elhyln.mino]ace!yl-Z-cyan&-{S)pynoﬁdine

=R=

as a golden oil; and .
oy} l-[2-[(3,5-dic.hloropyridin-2-yl)amino]cthylmrﬁno]acctyl—2—cyano—(3)-pynolidinc as
a golden oil, '

4

EXAMPLE 10

L A o e ¥

1-[(cyclopcnt-l-yl)ammo—acetyl-2-cyano—(S)—pyrrolidine moenohydrochloride.
a) Preparation of the title compound in free base form.
Following esseatially 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.
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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 es a whilc solid.
EXAMPLE 11
1—[2-(2-bromo—4.5-djmcmoxyphcnyl)cthylamino]acety]-2—cyano-(S)-pyrmlidine.

To 15 ml of anhydrous tetrahydrofuran is added 1.44g (5.52 mmol) of 2-(2~bromo-4,5
dimethoxy)ethylamine, and the resultant mixmre is heated glightly under a calcium sulfate
%rying tube, O.4g (}.84 mmol) of the bromide compound of Example 1b) is then added,
“dropwise, over a period of 10 minutes. The resultant mixture is then stirred at room
premperature for 18 hours under a calcium sulfate drying tube, concentrated via retovaping end .
Téardﬁoncd between methylene chloride and saturated agueous sodium bicarbonate. The
Uproduct is then extracted into the methylene chlaride layer and the agueous layer is then
:Fwashcd twice with methylene chloride, The combined organic layers are then washed
:éuccessively 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
§Mc 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 eluent to
obtain the title compound 2s a clear, light yellow, thick oil.

- EXAMPLE 12

]-[3-(isupropoxy)propylamino]acetyl-Z—cyano-(S)—pyrrolidinc monohydrochloride. .

a) Preparation of the title comound in free base form.
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Following essentially the procedure of Example 1¢), and using in place of the
amine therein, an equivalent amount of 3-(isopropoxy)propylemine, the desired compbund

is obtained as a brown oil.
b) Preparation of the title compound.

Following essentially the procedure of Example 1d), and vsing in place of the free
base compound therein, an equivalent amount of the compound prepared in a) above, the

title compound is obtained as 2 white solid, m.p. 174%-176°C.

EXAMPLE 13

.l -[(Z-hydroxy-l,1-dimﬁhy]cthyla.uﬁ.uo)]acctyl-2—cyano—($)—pyrro]idine monohydrechloride.

2) Preparation of the title compound in free base form.

Following essentially the procedure of Example 2, and using.in place of the amine
thersin, 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 ammohinm
bydroxide, the title compound is obtained as & golden oil.

b) Preparation of the title compound.

Following estentially 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 brown so]iél.

= -1
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EXAMPLE 14

o 1-[2{2-oxo-pyrrolidin.1-yl)propylaminc]acetyl-2-cyano(S)-pyrrolidine monchydrochleride,
8) Preparation of the title compound in free base form.
Foltowing essentially the procedure of Example 2, and using in place of the amine
therein, an equivalent amount of 3-(2-oxo-pyrrolidin-i-yl) propylamine, and using in place

of the cluent therein, a 90:10:1 mixture of methylene chloride, methano!l and ammon.il:lm
hydroxide, the desired compound is obtained as a golden oil.

]
o-
“ b) Preparation of the title compound.
0 - @
E Following essentially the procedure of Example 1d), and using in place of the free
Ul base compound therein, an equivatent amount of the compound prepared in &) above, the
L. title compound is obtained as a tan solid,
[
o
b, Below are the *C NMR signals for the nitrile functionalities of the specific
%ynthesized compounds described above:
Compound # UC NMR (MHz, sotvent) & ppm (CN)
Ex. 5 “C NMR (75 MHz, CD,0D) 8 119.64 ppm (CN)
Ex, 12 ¢ NMR (75 MHz, D,0) & 121.63 ppm (CN)
- Ex.1 PC NMR {75 MHz, D,0) 3 121.60 ppem (CN)
Ex. 3 "L NMR (75 MHz, D,0) 3 120,42 ppm (CN}
Ex. 8 "C NMR (75 MHz, DMSO) 3 119,13 ppm (CN} .
Ex. 7B C NMR (75 MHz, €DC1,) 3 11823 ppm (CN)
Ex. 9a UC NMR (75 MHz, CD,0D) 3 119.68 ppm (CN)
Ex. 9B Y& NMR (75 MHz, CD,0D) & 119.66 ppm {CN)
Ex, §C UC NMR (75 MHz, CD,0D) 3 119.68 ppm (CN)
Ex. § C NMR (75 MHz, CD,0D) 3 119.84 ppm (CN)
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Compound # “€ NMR (MHz, solvent) & ppm (CN)

Ex. 7C BC NMR (75 MHz, CDCly) & 118.23 ppm (CN)
Ex. 2 C NMR (75 MHz, CD,0D) 3 119,58 ppm (CN)
By, 7A PCNMR (75 MHz, CD,0D) § 119.66 ppm (CN)
Ex. 4 YC NMR {75 MHz, CD,0D} & 119.66 ppm (CN)
Ex. 10 “C NMR (75 MHz, D,0) 3 121,69 ppm (CN)
Ex. 11 “C NMR (75 MHz, CDC1,} & [1831 ppm (CN)
Ex 7D "C NMR (75 MHz, CD,0D) & 119.63 ppm (CN)
Ex. 7E PCNMR (75 MHz, CO,0D) 8 119.64 ppm (CN)
Ex. 13 ¢ NMR (75 MHz, D,0) 3 121.52 ppm (CN)
Ex. 14 ¢ NMR (75 Mtiz, D,0) & 121.52 ppm (CN)
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WHAT IS CLAIMED IS:

1. A compound of formula I:

- . " . . N , “
5 N -‘
B /. N I
i R
: . H - "
wherein R is a gronp 4-CH,-N-R,; an unsubstituted (C, ;)cycloalicy} ring;
2 a (G, )oycloalky! ring substituted in the 1-position by 2

hydroxy(C,.;alkyl group; a group ——CH,——R,; & group

H_ R,
~ccl s

3

a group ——CH;—~R,; an isopropyl group; or an
isopropyl group substinried in the i-position by a hydroxy-
(C,.5)alky! group;

R, is an unsubstituted pyridine ring; a pyridine ring mono- or di-

SR LT Q290280

. substituted by halo, trifluoremethyl, cyano or nitro; an
unsubstituted pyrimidine ring; or a pyrimidine ring
- monosubstituted by halo, triflucromethyl, cyano or nitro;

R, is an unsubstitted phenyl ring; or a phenyl ring mono-, di- or
tri-substitated by hale or (C,.))alkoxy; .
each R,, independently, is an unsubstintted phenyl ring; or a phenyl ring

mono-substituted by hale or (C,;)alkoxy; and

R, is a 2-oxopyrrolidine gronp or a {C, Jalkoxy group;
or a pharmacewtically acceptable acid addition salt thereof. '
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2. A compound eccording 1o Claim 1 of formula‘Ta:

Y =
éfq\./lLN .] Ia

. H
1s a group ~{—CH,—=N-R;; an unsubstituted (C, ;cycloalkyl
ring; a (Cy) cycloalkyl ring substituted in the 1-position by a
hydroxy(C, ;)alky! group; or a group <—CH,—~R;
Rf is an unsubstituted pyz:i&}ne n.ng, ora pyfit'iine l:ing moene- or .

% . di-substituted by halo, trifluoromethyl, cyano or nitro; and

o

~ R{  isa (Cyalkoxy group;

il
. {ipr 8 pharmaceutically acceptable acid addition salt thereof.

[yi}

o)

Ui3. A compound according to Claim 2 of formula Ib:

er

where R’

o 5 W R
~
30= -
l—_z}
=3

where R*  is a group -{—CH,«-)—,II-:T’:R’;; a (C.g)cycloalkyl ring substituted in
the 1-position by a hydroxy(C, ;)alky] group; or a group
- CH 3R
Rl,] is a pyridine ring mone- or di-substituted by halo,
. trifluoromethyl, ¢yano 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 le:

H O =n
N 7

/ﬂl N - e
R l I

H
where R™ is a group -(-—Cl—l,—)-,N-RT;f a (C,ocycloalkyl ring substituted in
the I-position by s hydroxymethyl group; or a group
¢CH 1R ‘
R',“ is a pyridine ring monosubstituted by halo, trifluoromethyl,

I

b

] cyano or nitro; and

!

= Rl is as defined in Claim 3; A .
gor a pharmaceutically acceptable acid sddition salt thereof.

8

iR, .
75, A compound according 1o Claim 4 which is 1-[2-[(5-chloropyridin-2-y))amino]-

:cthy!amino]acctyl—Z-cyai:o—(S)-pynolidine, or a pharmaceutically acceptable acid addition salt

thereof.
]

-0
. The compound according to Claim 5 which is 1-[2-[(5-chloropyridin-2-yDamino}-
ethylamino]acetyl-2-cyano-(S)-pyrrolidine dibydrochioride.

7. A compound according to Claim 4 which is I-[2-[(5-cyanopyridin-2-yl)amino}-

ethylamino}acetyl-2-cyano-(S)-pymrolidine, or a pharmaceutically acceptable acid addition salt
thereof.

8, The compound according to Claim 7 which is 1-[2-{(5-cyanopyridin-2-yl)amino}-

ethylaminelacetyl-2-cyano-(S)-pyrrolidine dihydrochloride.
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- 9. A compound according to Claim 4 which is 1-[{1-hydroxymethylcyclopent-l-yl)amino}-
acetyl-2-cyano~{5)-pymrolidine, or a pharmaceutically acceptable acid addition salt thereof,

10. The compound according io Claim 9 which is 1-[(1-bydroxymethylcyclopent-l-
iz yhamino)acetyl-2-cyano-(S)-pyrrolidine.

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.

%‘12. The compound according to Claim 11 which is 1-[3-{isopropoxy)propylamincacetyl-2-

Ej:.yano-{S)-pyrrolidinc monohydroch.lorid!?.

¢ 5
'-93. A, pharmaceutical composition comprising a pharmaceutically acceptable carrier or
-"f diluent and 2 therapeutically effective amount of a compound according to Claim 1, ora
Lpha:maccutical]y acceptable acid addition salt thereof.

FI'_
=

:.i4. A pharmaceutical composition compﬁsing a pharmaceutically acceptable cartier or
.
~diluent and a therapeutically effective amount of 2 compound according to Claim 2, or a
W p

pharmaceutically acceptable acid addition salt thereof,

15, A pharmaceutical composition comprising 2 pharmaceutically acceptable carrier or
- dilvent and a therapeutically effective amount of a compound according to Claim 3, or a
pharmaceutically acceptable acid addition salt thereof,

16. A pharmaceutical composition comprising 2 pharmaceutically aeceptable carrier or
diluent and a therapeutically effective amount of a compound according to Ciaim 4, or a
pharmaceutically acceptable acid addition salt ther=of,
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17. A pharmaceutical composition according to Claim 16 comprising & therapeutically
effective amount of 1-[2-[(5-chioropyridin-2-yl)amino}ethylamino]acetyl-2-cyano-(S)-
pyrrolidine, or a pharmaceutically acceptable acid addition salt thereaf.

18. A pharmaceutical composition according to Claim 17 comprising a therapeutically
effective amount of 1—[2-'[(5-chloropyridi.n-2-—yl)amino]cmylamino}accty1-2-cya.n0~(S)-
pymrolidine dihydrochloride.

15, A pharmaceutical composition according to Claim-16 comprising & therapeutically ‘
effective amount of 1-[2-[(5-cyanopyridin-Z-yl)amino]cthylamino]acctyl-Z-cyano—(S)-
%pyrmlidiuc, or & pharmaceutically acceptable acid addition salt thereof.
'~J .
E-EZO. A pharmaceutical composition aceording to Claim 19 comprising a therapeuticaily
Tleffective amount of 1-[2-[(5-cyanopytidin-2-yDamino]ethylaminojacetyl-2-cyano«(8)-
Uipyrrolidine dibydrochloride.
) -
21, A phammaceutical composition according to Claim 16 comprising a therapeutically .
E}cﬁcctivc amount of 1-[(|-hydroxymcmy]_cyclopcnt-l-yl)aminu]acetyl-z-cynno-(S)npyno]idlnc,
é:';or  pharmeceutically acceptable acid addition salt thereof.

22. A pharmaceutical composition according to Claim 21 comprising a therapeutically
effective amount of 1-{(1-hydroxymethylcyclopent-I-yl)amino)acetyl-2-cyano~(S}-pyrrolidine.

23, A pharmacentical composition according to Claim 36 comprising a therapeutically
effective amount of 1-[3-(isopropoxy)propylamino}acetyl-2-cyano~(8)-pymrolidine, or a

pharmaceutically acceptable acid addition salt thereof.

24. A pharmaceutical composition according to Claim 23 comprising a therapeuticaity

effective amount of 1-{3-isopropoxy)propylaminojacetyl-2-cyane-(S)-pyrrlidine
monohydrochloride. -
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25. A method of inhibiting dipeptidyl peptidase~-I[V comprising administering to & 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-TV cotprising administering to a mammal
in need of such treatment a therapeuticatly effective amount of a compound according to
Claim 2, or a pharmacentically accepieble 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

s Claim 3, or 2 pharmaceutically acceptable acid addition salt thereof,
!11

2,'3 A method of inhibiting dipeptidyl peptidase-IV comprising administering to a mammal
. Ei need of such treatment a therapeutically effective amount of a compound according to

gmm 4, or a pharmaceutically acceptable acid addition salt thereof

]

;9 A method according to Cia.un 28 comprising administering a therapeutically effective
amount of 1-[2-[(S-chloropynd1n-2-yl)ammo]ethylammo]&cctyl-z-cyano-(S)-pyrrohdme, ora
pj_hazmaccuhca]ly acceptable acid addition salt thereof,

E’:

30. A method according to Claim 29 comprising administering a therapeutically effective
amount of I-[2—[(5-chloropy'i-idin-z—yl)amino]ethylamino]acetyl-z-cyanb-(S)-pyrrolidine
dihydrochloride.

31. A method according to Claim 28 comprising administering a therapeutically effective
‘ amount of 1-[2-[(5-cyanopyridin-2-yl)amino]cr.hylamino]acety1—2-cyano-(S)—pynolidine, ora
pharmaceutically acceptable acid addition salt thersof,

32, A methed according to Claim 31 comprising administering a therapeutically effective
amount of 1-{2-[(5-cyanopyridin-z-yl)amino]ethylam.ino]acctyl-z-cya.no-(S}-pyno!idinc
dihydrochloride.
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13. A method accarding to Claim 28 comprising adm.tmstcrmg a therapeutically effective
amount of 1—[(1-hydroxymcthylcyciopem-l—yl)amino]acety]-Z—cyano-(S)-pyrrolidinc, ora
pharmaccutically eeceptable acid addiion salt thercof.

34. A method according to Claim 33 comprising administering 2 tliuapemically effective
amount of I-[(l—hyclroxymelhy]cyclopcnt-l-yl)mnino]acctyl-Z-cyano-(S)-pynolidinc.

15. A method according to Claim 28 comprising administering a therapewticaily effective

amount of 1-[3(isopropoxy)propylamino]acetyl-2-cyano~(S)-pyrrolidine, or 2

pharmaceutically acceptable acid addition salt thereof. :

2

%145. A method according to Ciaim 35 comprising administering a therapeutically effective

guount of 1-[3-(isopmpoxy)propyla.mino]m:etyl—z-cyano-(s)-pyrro[id.inc monohydrochloride.

1]}

;%'. A method of treating conditions mediated by dipeptidy} peptidase-TV inhibition

jg@mprjsing administering to 2 mammal in need of such weatment & therapcutically effective
ount of a compound according to Claim 1, or a pharmaccutically acceptablc acid addition

sqit thereof.

£

18. A mecthod of treating conditions mediated by dipeptidyl peptidase-1V inhibition

comptisiog administering to a rpammal 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 necd 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 therapeuticaily effective
amount of a compound according to Claim 4, or a pharmaceutically acceptable acid addition
salt thereof. l

4]. A method according to Claim 40 comprising administering a therapeutically effective
amount of }-[2- [(5-chlorOpyndm-?.-yl)ammo]ethylammo]aceM—Z-cynnu—(S)—pymhd.me ora
pharmaceutically acceptable acid addition salt thereof,

%2 A method aecording to Claim 41 comprising administering 2 therapeutically effective .
samount of 1- [2-[(5-ch]oropyndm-2~y1}ammo]ethylam.mo]acctyl—Z-cyano—(S)—pyrrohdme. ora

@ammuunally acceptable acid addition salt thereof, .
i

Eg_", A method according to Claim 40 comprising administering a therapeutically effective

amount of 1- [2-[{5-cyanopmdm—2-yl}ammo]cthyla.mmo]acctyl-z-cyano-(s)-pyrrohdme, ora

-l_’gha.nnaccutlcally acceptable acid addition salt thereof.

‘5{?}1. A method according to Claim 43 comprising administering a therapeutically effective

amount of l-[2-[(5-cyanopyridin-z-yl)amino]cthy]amino]acctyl-Z-cyano-(S)-pynolidine

dihydrochloride.

-45. A method according to Claim 40 compiising administering a therapeutically effective
amount of 1-((1-hydroxymethyicyc[opent-l-yl)a.mino]acctyl—Z-cyano-(S)-pyrrolidinc, ora
pharmaceutically acceptable acid addition salt thereof.

46. A method according to Claim 45 comprising administering a therapeutically effective
amount of l-[(l-hydroxymeihylcyclopcnt-l—yl)amino]acetyl-Z-cyano-(S)-pyTrolidine.
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47. A method according to Claim 40 comprising administering a therapeutically effective
amount of I-[3-(isopropoxy)propylam.ino]mryl-z-cynno-(S)-pyrrol_idinc, ora
pharmaceutically acceptable acid addition salt thercof.

48. A method secording to Claim 47 comprising administering a thempeuticatly effective
amount of 1-{3-(isopropoxy)propylaminojacetyl-2-cyano-{S)-pymolidine, 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.

b
o

-

3}5. A method according to Claim 38 wherein the condition treated is non-insulin-dependent

E’Fiabctes mellitus,
fu
fual

lﬂ. A method according to Claim 39 wherein the condition treated is non-insulin-
‘glependcm. diabetes mellitus,

<, (L

. A method according to Claim 40 wherein the condition treated is non-insulin-dependent
LS
diabetes mellitus,

53. A method according to Claim 52 comprising administering = therapeutically effective
amount of 1-[2-[(5-clﬂoropyridjn&-yl)a.mino]emylamino]-mtyl-z-cyano-(S)-pyrrulidine, ora

~pharmaceuticelly acceptable acid addition salt thereof.

54. A method according to Claim 53 comprising administering a therapeutically effective

amount of 1-[2-[(5-chloropyridin-2-y})amina]ethylamino)acetyi-2-cyano-(S)-pyrrolidine
dihydrochloride.
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*  55. A method according to Claim 52 comprising al:lministe.ring a therapeutically effective
amount of 1-[2-[(5-cyanopyridin-z-yl)am.ino]ethylan-ﬁnp]acetyl—Z-cyano-(S)—pyrmlidinl:. ora
pharmaceuntically acceptable acid addition salt thereof.

s6. A meihod aceording to Claim 55 comprising administering a therapeutically effective
amount of l-[2-[(5-cyanopyridin-z-yl)amino}clhy}amino]acctyl-Z-cyano—(S)—pymlidine
dihydrochlonide.

HEF SR R
N 11;‘1":_’4) -

57. A method according to Claim 52 comprising administering a therapeutically effective
amount of 1-[( ]-hydroxymethylcyclop-:nt—]-yl)mnino]acety[-Z-cyano-(S)—pyrrolidinc, ora
-
pharmaceutically acceptable acid addition salt thereof.
\-_J ,

¢ -
§3. A method according to Claim 57 comprising administering & therapeutically effective

g_g:ount of 1-[(1-hydmxymeﬂ'\ylcyclopcnt-l-yl)a.uﬁno]acctyl-z-cyauo-(S)-pyrrolidinc.
1 .

"

;9 A method according to Claim 52 comprising administering a therapenticaily effective
Enount of 1-[3-{isopropoxy)propylzmino]acetyl-2-cyano-(S)-pysrolidine, or 2
ig\annacentim]ly acceptable acid addition salt thereof.

@

60. A method according to Claim 59 comprising administering a therapeutically effective
amount of l-[3-(isopropoxy)propylamino]acctyl-2-cyano-{S)7pyxrolidine monohydrechioride.

fs v s
ot AR

wgi e
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Abstrat of the Disclosure:

The invention discloses certain N-(substituted glycyl}-2-cyanopyrrolidines,
- pharmacentica! compositions containing said compounds es an active ingredient thereof, end
the use of said compounds in inhibiting dipeptidy] peptidase-TV.
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Articles

NVP-DPP728
(1-[[[2-[(5-Cyanopyridin-2-yl)amino]ethylJaminoJacetyl]-2-cyano-(S)-pyrrolidine), a
Slow-Binding Inhibitor of Dipeptidy! Peptidase IV

Thotnas E. Hughes,* Manisha D. Mone, Mary E. Russell, Stephen C. Weldon, and Edwin B. Villhauer

Metabolic and Cardiovascular Diseases Research, Novartis Institvie for Biomedical Research, 556 Morris Avenue,
Summit, New Jersay 079001-1398

Received April 12, 1999; Revised Manuscript Recetved July 2, 1999

ABSTRACT: Inhibition of dipeptidyl peptiduse IV (DPP-IV) has been proposed recently as a therapewtic
approach to the treatment of type 2 diabetes. N-Substituted-glycyl-2-cyanopyrrolidide compounds, typified
by NVP-DPP728 (1-[[[2-[(5-cyanopyridin-2-y)amino Jethyljamino]acetyl}-2-cyano-(S)-pyrmrolidine), 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 tound to inhibit human DPP-IV amidolytic
activity with a K; of 11 nM, a ko, value of 1.3 x 10° M~ s}, and a korot' 1.3 x 10-3 s~1, Purified bovine
kidney DPP-IV bound 1 mol/mol {'*C]-NVP-NPP728 with high affinity (12 nM Kj). The dissociation
constant, kex, was 1.0 x 10~% und 1.6 x L0~ s~! in the presence of 0 and 200 M H-Gly-Pro-AMC,
respectively (dissociation 732 ~10 min). Through kinetic evaluation of DPP-IV inhibition by the p-antipede,
des-cyano, and amide analogues of NVP-DPP728, it was determined that the ninrile functionality at the
2-pyrrolidine position is required, in the L-configuration, for maximal activity (K; of 11 nM vs & 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 NV1-DPP728, displayed identical dissociation kinetics (kwr of 1.5 x
10-% s=1). NVP-DPP728 inhibited DPP-IV in a manner consistent with a two-step inhibition mechanism.
Taken together, these data suggest that NVP-DPP72R inhibits DPP-IV through formation of a navel,

reversible, nitrile-dependent complex with transition state characteristics,

Dipeptidyl peptidase [V (DPP-IV, EC 3.4,14.5)" is 4 post-
proline cleaving serine protease with significant sequence
and structiral similarity to other ¢-8-hydrolases {e.g., prolyl
oligopeptidase, acetylcholincsterase). DPP-1V is found through-
out the body, both circulating in plasma and as a type 11
membrane protein produced by a variety of tissues, including
kidney, liver, and intestine, DPP-TV may play a tole in
cleavage and inactivation of biologically active peptides with
accessible amino-terminal Xaa-Pro- or Xaa-Ala- sequences
(I, 2). Indeed, DPP-IV degrades and regulates the activity
of several regulatory peptides in man (including the gut
peptide “incretin® hormone glucagen-like peptide-1 (GLP-
1), growth hormone-relensing hormone, and gastric inhibitory
polypeptide). Due to the impressive antidiabetic actions of
GLP-1, DPP-IV inhibition has been proposed as an intriguing
new appreach 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: 008-277-7336. Fax: 0Q08-277-
7728. E-mail: thomase.hughes@pharma.navartis.com.

! Abbreviations: NVP DPP72K, 1 [[[2 [(5 cyanopyridin 2 yl)amino]
ethyl]laminolacetyl]-2-cyuno-(S)-pyrrolidine; DPP-1V, dipeptidyl pep-
tidage IV; pMA, p-nitroaniline.

phosphate diphenyl ester inhibitors of DPP-IV bind with ow
affinity (10~ M 1Cs values) but rapidly form highly stable
covalent complexes with the active site serine residue of
DPP-1V (4). Pro-borolro and rclated analogues bind with
high affinity (X ~107'' M} in a reversible manner (half-
life of enzyme--imhibitor complex ~ 150 min; 5). The
boronic acid analogues, however, are unstable in solution
due to reversible intramolecular cyclization, and also inhibit
dipeptidyl peptidase 11, a related serine protease, Imeversible
“suicide substrate” methylsulfonio cyciopeptide inhibitors
have been deseribed (6) as mechanistic tools but may not
be suitable for therapeutic use. Although a series of (iV-
hydroxyacyl amide) aminodicarboxylic acid pymolidides
have been described, only relatively unselective inhibitors
with micromalar potency have been prepared (7). Confor-
mationally constrained fluoroolefin-conlaining peptidyl-ly-
droxylamine inhibitors also have been deseribed (), but
isclation of enantiomerically pure compounds requires
tedions separation of diastereomers. For these reasons, new
chemical classes of selective and potent DPP-1V inhibitors
arc of interest and needed in order to cvaluate the feasibility
and efficacy of DPP-IV inhibition as a therapeutic approach.

Reeently, DPP-1V inhibitors with 2-cyanopywrolidide P1
substituents have been reported (9, 10). These compounds

10.102 1/6i990852f CCC: $18.00 © 1999 Aunerican Chemical Society
Published on Web 08/18/1999

Page 152 of 405

pDx-28

AZ-SAXA-8023676



L1598  Binchemistry, Vol. 38, No. 36, 1999

Chart 1. Structures of NYP-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 isoleucine-2-cyanopyrrolidide and isoleucine pyrrolidide
are 2 and 400 1M, respectively; #0, //}. Similar potency is
observed with a new class of cyanopyrrolidide inhibitors,
termed M-substituicd-glyeyl-2-cyanopyrrolidide compounds
(12). Recently, NVP-DDPP728 (sce Chart 1), a novel deriva-
tive of this cluss, lus been identified as a potent und selgctive
DPP-IV inhibitor for use in the treatment of diabeies mellitus
(example no. 5 in ref 12, described also in ref /3). NVP-
DPP728 inhibits human and rat plasma DPP-TV with 1Cx,
vilues in the range of 5—10 nM with > 13 000-fold selectiv-
ity rclative to DPP—Il and a mangc of proline-cleaving
proteasces (£3). This compound shows promisc as an antidia-
betic agent due to its ability to preserve the integrity of
GLP-1 (/3) and improve glucose wlerance (74),

While dipeptide-like pyrrolidide compounds (e.g., valine
pyrrolidide) inhibit DPP-1V tluough simple reversible com-
petitive binding (£7), the kinetic propertivs of nitrile-
containing inhibitors have not been rigerously evaluated. In
a bricf communieation, Li and collcagucs (%) reported that
dipeptide cyanopyrrelidide compeunds generats competitive
or mixed inhibition profiles and postulated that the mecha-
nism of inhibition involves formation of an imidale inter-
mediate, {comparable to the thioimidate intermediate state
known for nitrile—cysteine protease complexes; /5, 16).

We hypothesized that imidate formation for nitrile DPP-
IV inhibitors, if analogous to cysteine protease inhibition,
should display slow-binding inhibition kinetics, A serics of
studics, tocused on NVP-DPP728, have been undertaken to
define the kinetic and molecular mechanisms for responsible
for the potent inhibiton of DPP-IV by cyanopyrrolidine
compounds. Here we report that NVP-DPP728 inhibits DPP-
[V by a slow-binding mechanism and that the rate of
inactivation is dependent upon L-chirality of the pyrrolidine
nitrile functionality. The binding affinity and rate of dis-
sociation of bound inhibitor determined by kinstic experi-
ments were further confirmed by direct binding measure-
ments using radiolabeted NVP-DPP728 and DPP-IV highly
purified from bovine kidney cortex.

EXPERIMENTAL PROCEDURES

Materiais. Bovine scrum albumin, bromeiain, calf intcs-
tinal adenosine deaminase, CNBr-activated Sepharose 4B,
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and p-nitroaniline were from Sigma (St. Louis, MO). H-Ala-
Pro-pNA was from Bachem (King of Prussia, PA). RBovine
kidney cortices were obtained [romn Pell Freeee Biolugical
(Rogers, AR). The human colonic carcinoma cell line Caco-2
was obuained from the American Type Culture Collection
(ATCC HTB 37).

Inhibitors. NVP-DPP728 was prepared as described (com-
pound no, 5 in n:f /2). The p-antipode, des-tyuno, and umide
analogues of NVP-DPP728 were preparcd as described (7 3).
Dr. Tapan Ray (Novartis Radiesynthesis Laboratory), in-
corporating the label at the carbonyl carbon, kindly provided
|#C)-NVP-DPP728 (specific activity 49 mCi/mmol),

Preparation of Humman and Bovine DPP-JV. Where
indicated, human DDPP-1V prepartions consisted of extracts
of Caco-2 cells (/7}, cultured as previously described to
induce differentiation (/&). Ccll extract containing human
DPP-1V was prepared from cells solubilized in 10 mM Tris-
HCI, 0.15 M NaCl, 0.04 tiv aprolinin, 0.5% nonidet-P40,
pH 8.0, by centrifugation at 35 000g for 30 min at 4 °C tw
remove cell debris. The preparations contained approximately
30 mU DPP-1IV/mg (~0.6 pg/myg of protein; 1 unit clcaves
1 umeol of H-Ala-Pro-pNA/min; enzyme content derdved from
Ve determined using (Gly-Pro-d-nitroaniline, using a theo-
retical maximal activity of 55 U/mg as deseribed (79)),
Bovine DPP-TV was purified from kidney corlex using
adenosine deaminase (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 vield
a >90% pure DPP-1V enzyme preparation with 4 molecular
weight by SDS~PAGE of 105 kDa (specific activity was
20 unitsfmg of protein).

Kinetics of Inhibition of DPP-IV. The progress of DPP-
IV inhibition by the indicated compounds was measurcd
under pseudo-fiest-order inhibitdon conditions, i.e., {To] = 10-
[E¢], by reacting DPP-IV with a mixture of inhibitor and
substrate and recording the liberation of frec pNA at 405
nm. Unless otherwisc indicated, all reactions were conducted
using 20 pg of extract protein in 23 mM Tris-HCL, 140 mM
NaCl, 10 mM KCl, 1% bovine serum albumin, pH 7.4, at
25 °C (referred to as “assay buffer™). Under these conditions,
Ky for H-Ala-Pro-pNA was 73 gM., 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 cnzyme stock and mixed using the sutomated
mixing featurs of the SpectraMax reader. Total elapsed time
between enzyme addition and the initiation of datza collectiou
was less than 30 s. Readings were taken every 10 s for 2
total ot 1000 s, and initial (blank) absorbance valucs were
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.,
Nerthampton, 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= v+ (g~ o — e ™Y + 4,

Williams and Morrison (1979), by nenlinear regression
analysis. Valnes for va (initial rate), v, (final steady-state rate),

AZ-SAXA-8023877
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FIGURE 1! Dosc—responsc ¢urve of DPP-1V inhibition by NVE-
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 @M final concentration).
Values are means £ SEM of three independent experiments. The
line represents the logistic function with npper and lower asymptotes
and stope fixed at 100, 0, and 1, respectively. The ICs value derived
from these daia is 14 nM.

k' {(apparent rate constant for the transition from v to 2),
and ¢ (the initial absorbance at 405 nm) were obtained for
each progress curve. These values were subsequently used
to generate k. (association rate constant), &qr (dissociation
ratc constant), and K; valucs as described in the Results,

Radiolubeled Inhibitor Binding. Binding and dissociation
of [“C]-NVP-DPP728 were studied by incubating 2.5 ug
(23 pmol) of purified bovine kidney DPP-IV with inhibitor
in a volume of 4 mL of 50 mM Tris-HC], pH 8.0, for 5 min
at 25 °C, followed by capture on DEAE cellulose membrane
disks (25 mm diameter, Schleicher & Schuell). Bound
enzyme was Tapidly washed with 1 mL of the same buffer
at 4 °C, and both bound and eluted '“C were quantified by
liguid scintillation counting in 2 Beckman (Columbia, MD)
LSG000IC scintiilation counter with quench correcton
(counting time was 20 min or 2% of ¢). Nonspecific binding,
less than 10% of the total bound activity, was determined in
the presence of a 1000-fold excess of nonradioactive NVP-
DPP728. Tor determination of dissociation rates of the
enzyme —inhihitor complex, hovine kidney DPP-IV was
incubated (2.5 pp/time point) as above with 1000 oM [HC]-
NVP-DPP728 for 10 min, followed by capture with 100 &L
of a 5:1 (gelbuffer) slury of ADA-Sepharvse 4B. The
samples were then incubated with mixing for 20 min, and
enzyme-bound inhibitor was collected on & 0.45 xm nylon-
66 membrene (Rainin, Woburn MA). The resin (with
immobilized labeled inhibitor) was resuspended in 10 mL
of buffer ([EIj after dilution was 2.3 nM). At the indicated
time poinots, samples were removed and quickly filtered
through Whaunan type | filter paper disks (2.5 c¢m). The
trapped resin was rapidly washed with 1 mL of ice-cold assay
buffer, and both trapped (enzymc bound) and cluted {frec)
inhibitor were quantified by scintillation counting, Blanks
containing radiolabeled inhibitor, but no cnzyme, 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 inirial bound enzyme
versus time following dilution, Off-rates were calculated as
the slope of thesc plots.

Tithibitor Stabifizy. Under the conditions employcd, 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 varicd concentrations of NVP-DPP728 and
substrate. Inhibitor effects were assessed as described in the legend
to Figure 1, except both inhibitor and substrate concentrations were
varied. Symbols correspond to different inhibitor concentrations
us indicated in the legend, Values are meins of triplicate determina-
tions in which the standard deviations were Icss than % of the
mean values, Lines shown are the least-squares linear regression
lines,
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FIGURE 3: Slow-binding kinctics for $he inhibition of DPP-IV by
NYE-DPP728. Progress curves for pNA generation were recorded
aver 1000 s (16.7 min) at 405 nm, Measuremen! was done in 23
mM Tris-HCI pH 7.4, 140 mM NeCl, 10 mM KCI, and 1 wt %/vol
bovine senun albumin in the presence of 166 ;M H-Ala-Pro-pNA.
Valucs arc shown corrected for hackground absorbance (ap-
proximately 0.03 AU) Symboels correspond to different inhibitor
concentrations as indicated in the legend. Values are from one of
threz replicate studies.

cyclic imidate produect, with a half-life of approximately 72
h. Accordingly, less than 1% of the compound is expected
to cyclize during the time frams of the current investigations.

RESULTS

NVP-DPP728 fully inhibited H-Ala-Pro-pNA cleavage by
DPP-IV derived from human colenic adenocarcinoma cetls
with an ICsp value of {4 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 (%)
for Xaa-cyanopyrrolidide compoumds. Assessnient of reaction
progress curves in the preseuce of varied inhibitor coucentra-
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 ! to determine
vatues for k,,", the association rate constant for inhibitor
binding. Values for ¥ were plotted against the inhibitor
concentration, {Io] (Figurc 4). A lincar dependency between
[Ts] and k" was abserved and fitted (eq 2) to obtain estimates
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Table 1: Kinctic Constants for DPP-IV Inhibition by Pyrrolidine Conpounds®

Y substitucnt®

compd 5 R K (M) b (1P M7V 57y ko (57'y El halt-life (h)
NVP-DPP72B CN H 0.011 £ 0.004 127 4 27 (13+02) % 10° 0.14
o-antipode L1 CN 56+ 1.4 0.27+0.03 (1.3+£02) =10 0.13
des-cyana H M 15.6 + 3.0 rapicd rapid <0.01
amide CONH; H 320:£ L18 ND ND ND
Pro-boroPret B(OLH); H Q.000016 5000 0.078 ~ 107} 2.5
Bro-Pro(OPh)! Pro(CH2h); H 0 n.02 irreversible > 672

A Reactions were performed al 25 °C in 23 mM Tris-HCL, oH 7.4, contuining 140 mM NaCl 10 mM KCl, 1% bovine serum albumin, and 166
4M H-Ala-Pro-pNA.Values are means = standard deviations for three experiments. * Functional group present at the pyrrolidine-2-position. *f Vulues
are from Guiheil and Bachovehin (5) and Gom Lambeir el al. (23), respectively. ND: not determined. BI halflife values were caleulated as the

ratio of 0.693/ k..

L L . ; L .
00 40 B0 80 1000 1200
INVP DPE728] (M)
FIGURE 4: Determination of the association 1ate constant &y, from
a plot of & vs [I,]. The line represents a least squares lincar fit of
the indicated ¥ and T (INVP-DPP728 concentration) values. ¥ values
were caleulated according to eq 2. The line predicts a slope (k')
of 0.47 ud ! 57l Values are means = SEM of three separate
eXperiments.

K=l et K, [T0] 2)

of k,, and kur The rate constant k,,” was subsequently
corrected for the competition of the substrate using eq 3,

koo = ko (L -+ [Sol/E LY )

where [S¢] is the concentration of the chromogenic substrate
and K. is the separately determined Michaelis—Menton
constant, K values were determined using a direct, non-
lincarizing plot of u; vs 1, fitted to eq 4.

v = vo/([LVK) + 1) )

K, was subsequently calculated from K" according to eq
5.

K = KL+ [Sol &) (5)

The inhibition constants for NVP-DPP728, its p-antipode,
and its des-cyano and amide analogues, determined in three
separate experiments, are shown in Table 1, Potency of NVDP-
DPP728 was strongly dependent upon the presence aud
chirality of the P1 nitrile functionality. By alteration of the
orientation (L- 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 resuited.

Similerly, placement of a more bulky omide substituent
with substantially less dipole character in place of the nitrilc
resulted in a 30 000-fold loss of potency. These results
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Fiauke 5: Dissociution of the NVP-DPP728—DPP-1V complex
following dilution into substrate. An aliquot of DPP-IV cnzyme
previcusly incubuated in the presence of O (squurey) or 300 (circles)
nM L-NVI-DI'P728 was diluted 100-fold into 1 mM H-Ala-Pro-
pNA, in assay buffer. Dissociation was monitored by subshrate
hydrolysis (absorbance at 405 nin). Absorbance readings were mken
every 15 s for 30 min.

indicated that the nitrile functionality, in the L- (or s-)
configuration, imparts approximately 3.9 keal/mol of binding
cnergy compared to the des-cyanc (—H) analogue.
Inhibitor dissociation was studicd by diluting thc prc-
formed NVP-DPP728/DPP-TV complex into a concentrated
substrale solution such that the complex concentration was
approximately 150-fold Less than X;” and the /K, ratio was
>10, Figure 5 shows that the DPP-IV enzymatic activity
was slowly recoveregd from the inhibitory complex, indicated
by the nonlinecar increase in rate relative to the control curve.
A valuc for & was determined from the upwardly concave
curve by fitting the data to eq 1, in which & represents the
rate for recstablishment of the steady-state equilibrium
between DPP-IV and NVP-DPP728/DPP-TV complexes
tollowing dilution. A value for £_; (Table 2, 1.4 £ 0.5 x
1073 s~y was then derived by linear regression from a plot
of # apainst I (not shown), where the y-intercept is taken as
the rate constant for decay of the NVP-DRP72¥/DPPP-LV
complex, as described (22). Comparison of disassociation
rates calculated for the des-cyano analogue of NVP-DPP728
and the amide analogue {Table 1) indicate that the presznce
of the nitrile functionality of NVP-DPP728 imparts potency
by promoting formation of a relatively long-lived complex.
Equilibrium binding experiments were carried out using
[MC]-lzbeled NVP-DPP728 in order to confirm the results
obtained by kinetic methods and to assess the potential for
cifects of substrate on cnzymc—inhibitor dissociation. The
compound was bound to bovine kidney DPP-TV, and ET
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Table 2: NVP-DPP728 Affinity and Dissociation Constants
Determined by Kinelic and Binding Methods
[Sn] Ki Kot
methad M) (nM) (sH
Einelic Methods

initiated by enzyme addition” 166 1 £4 (1L.3L0.2) x 10
1000 15+1 (1.5£03) %1073
initiated by dilution of EI* 166 16+4 (1.5+£0.5) x 1073
Binding? Methuxls .
without substrate 0 1242 (LO£0.0)x1073
with substrawc 200 ND (L6E£0.1) x 1073¢

< Heaclions were initfated by the addition of enzyme and were
performed at 25 *C in 25 mM Tris-HCl, pH 7.4, containing 140 mM
NaCi, 10 mM K1, 19 bovinc scrum aibumin, and H-Ala-Pro-pNa
as jndicated. # Reactions were initiated by 100-fold difulion of enzyme
preincubated for 60 min with NVP-DPPT728 into buffer containing
substrate. [nhibition constants were determined a3 described in the
Results. © Binding and dissociation of [“C]-NVP-DPP728 1o purified
bovine kidney DPP-IV was meosured at 25 °C in 50 mM Tris-HC},
pH 8.0, and 150 mM Naf’l. Following washing of DPP-IV saturated
with [#C]-NVP-DI'P728 and dilution into buffer containing 0 or 200
HM Gly-Pro-AMC, bound and free inhibitor were collected by filtrution
and quantitated by scintillation counting. © Significantly different from
0 substrate value (¢ < 0.0001 by Student’s / test). ND: not determined.
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g 2 [ ] 4 8

m |Eluur:d(nM)l =

0 50 100 150 200 250 300 3%0 40

[“C}-NVP DPP728 (nhf)
FIGURE 6: Equilibrium binding of [“C]-NVP-DPP728 to bovine
kidney DPP-IV. Aliquots (2.5 1g) of bovine DFP-1V were diluted
into 50 mM Tris-HCl, pH 8.0, containing 0—300 nM [“C]-NVD-
DPP728. Following 2 10-min incubation, enzyme-hound inhibitor
wns separated from frec inhibitor and quantitied by seintillation
counting. The data represent the mean (SEM) of three independent
experiments.

complexes were adsorbed onto DEAT cellulose disks. After
subtraction of nonspecific binding, the data were fit (Figure
6) according to eq 6, where [CI] is the concentration of

[ET] = [Equo (VK + [ID Q)

enzyme—inhibitor complex, [1] is the free inhibitor concen-
tration, [Eixm] is the enzyme concentration, and Ky is the
dissociation constant (equivalent to X).

The calculated X, and [Ewum} derived from these data were
11.5 £ 1.8 oM and 10.0 + 0.4 nmol/mg of protein,
respectively. On the basis of a unit molecular weight of
110 Q00 Da, approximately ! inol 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),

[ET)/IN] = ([ET] o — [EID/EY (7

where the slope of the fit line is equal to 1/K; and the
x-intercept is equal to [El]ma.. The Ky value obtained by this
method was 8.6 nM, in agreement with the valuc obtained
by hoth the saturation hinding and kinetie methods. The
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Scheme 1
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x-tntercept (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
measurcments obiained using kinetic methods and to sub-
stantiate a model for single-site, competitive binding.

Since the both the p-antipode and the des-cyano analogue
of NVP-DPP728 were found to have similar, low potency
(K values of 5.6 and 15.6 uM, 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 (koy values of 1.5 and 1.3 x 1073 57} for
the D- and L-isomers, respectively). Because the pair of
inhibitors bind with markedly different association rates (127
x 10° vs 0.27 x 107 M~! 571, but dissociate with identical
kinetics, a series of experiments were performed to dissect
the mechanism of slow 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 stcady-statc cquilibrivm on & timc scale of
minutes under the conditions cmployced and the data could
be fitted robustly to the slow-binding equation (22). Thiee
mechanisms have been proposed that describe sTow-binding
behavior (Scheme 1, after Cha (25)),

In mechanism A, enzyme (E) binds to the inhibitor (T) in
a slow stcp to form z tight EI complex. In mechanism B, a
loos¢ 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 fonn E* which can rapidly and tightly bind I, forming
a tight ET* complex. To discriminate berween the binding
mechanisms, the relationships observed between I and K,
and between I and v, were assessed. The initial velocity
() was found to be significantly inhibited in proportion to
the inhibitor coneentration (Figure 7) for NVP-DPP728, a
finding inconsistent with mechanism A in which u is
predicted to be unaffected by the concentration of inhibitor
(22).

The observation that the first-order rate constant &’
increased with increasing inhibitor concentration (illustrated
in Figure 4) was consistent with mechanisms A and B but
not mechanism C, in which &’ should decline with increasing
inhibitor concentration. For this reason, mechanism B appears
to best explain inhibition of DPP-IV by NVP-DPP728.

Dissociation studies employing radiolabeled NYP-DPP728
were conducted with purified bovine DFP-IV to confimm the
binding constants determined by kinetic means using DPP-
TV contained in cell extracts. For these studies, purified
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Frourr 7. Dependence of jnitial velocitics (2} on NVEP-DIP728
concentration. Data represent initial velocity (¢4) values derived
using eq ] fromn progress curves measured as described in Figure
3. Measurement was done in 25 mM Tris-FCI plT 7.4, 140 mM
NaCl, 10 oM KCI, and 1 wr %/vol bovine serum albumin 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 ['“C]-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 = (.2 K;. The concentrations of free and bound inhibitor
were determined at 0, 1, 2, 3, 4, 6, & and 10 min after
resuspension in buffer. The duta (percent beund vs time) were
fitted to a single-exponential decay curve (ey 8), where [EI],

(EI] = [ElJpe™ ()

[ETls and k& are the concentration of enzyme-—inhibitar
complex al fime £, (he 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 i the abscnce and presence of substrate, respectively
(p = 0.0001 by Student’s ¢ test, Table 2). Thesc rcsuits
indicated that, although the effects were relatively minor and
although ¢he: dissociation of the inhibitor from the enzyme—
inhibitor complex occuned more rapidly in the presence of
the dipeptide subsirate than in its absence, the enzymatically
determined kinetic results represented a reasonable prediction
of dissociation kinetics.

DISCUSSION

We have identified a new class of potent cyanopyrrolidine
inhihitors in which a glyeyl Xaa amine moiety is substituted
with aliphatic and aromutic substituents ({2, /3). 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 cvaluation of DPP-1V inhibition by NVP-
DPP728, as well as by direct measurement of radiolabeled
inhibitor binding in the presence and absence of substrate,
we have cstablished 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.g., amide, hydrogen) is associated
with a significant loss of inhibitory potency as well as a clear
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loss of time-dependent function. Tnteroestingly, while moving
the mitrile from the r- to the p-configuration substantially
reduces the overall potency of the compound, this loss of
potency is due to a ~500-fold slower binding rate {/..,, Table
1). Indeed, the dissociation kinetics for the t- and b-
enantiomers 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-1V,
structure—activity relationships support ihe involvement of
several key interactions. First, the pyirolidide ring interacts
with the 81 pocket, through van der Waals or hydrophobic
interactions. Second, hydrogen-bonding and ionic interactions
stabilizc the peptide bond carbony! and the P2 sitc basic
nitrogen  functionality, respectively. Third, bydrophobic
interactions stabilize P2 site side-chain binding in the S2
pocket. These interactions rnay oceur equally with nitrile and
non-nitrile inhibitors. The negative charge derived from the
acid—base—nuelcophile {Asp-His-Ser) charge relay in the
vicinity of the nitrile carbon drives 2 dipole—hydrogen bond
interaction (interactions with both a hydrogen bord donor
and the negatively charged active site serine) or transient
imidate intermediate, The fice energy change associated with
the nitrile functionality, approximately 3.9 keal/mol, 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, scveral consequencces of the modcl
shown in Scheme 2 can be feasibly approached and will be

AZ-SAXA-8023681
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addressed in subsequent communications. First, formation
of an imidate intermediate shauld frequently proceed via
bydmtion o yield 2 tansforned amide byproduct (as
observed for pitrile cysteine protease inhibitors; 26). A
hydrogen-bond-subilized dipole interaction would, in con-
trast, be readily reversible, and inhibitor dissociation should
generatz nnchanged parent compound only, Second, it should
be possible to identify, through site-directed mutagenesis or
through X-ray crystallography, the involvement of residnes
acting a8 hydrogen bond donors, capable of stabilizing nitrile
inhibilor interactions. Recently, a high-resolution X-ray
crystallographic structwre 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 cligopcptidase
is a member of the a.8-hydrolase family, closcly related to
DPP-IV. The observation that lydregen-bonding interactions
may contribufc ta the stabilization of catalytic intermediates
could potentiaily extrapolate to DPP-IV. Indeed, the finding
that DPP-IV and prolyl oligopcptidase (28), both scrine
proteasss, are strongly inhibited by nitrile-based inhibitors
indicates that significant mechanistic differences may emerge
which distinguish DPP-IV and other a,f-hydrolase enzymes
from the major classes of sering proteases.

As an agent under consideration for therapeutic utility in
the management of a chronie 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 human population, paricularly 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-1V activity to recover
ou 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
(21 glucagou-like peptide-2 (29) and neuropeptides such as
Substance P (3M). Usc of NVP-DPP728 as an antidiabctic
agent is predicated on the therapeutic effects of glucagon-
like peptide-1 (GLP-1), a small peptide hormone produced
by the intestine during the absorption of nutrients. GLP-1,
with a His-Ala- amino terminus, is rapidly cieaved and
inactivated by DPP-IV (2, 31). By preserving GLP-1 activity
in circulation, DPP-IV 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
juhibit GLP-1 degradation, which are present during meal
absorption and which are readily cleared from circulation,
will exert a therapeutic cffect while allowing other DPP-
IV-mediated functions to be minimally affected. As an
inhibitor with high potency and rapidly reversible inhibition
kinctics, NVP-DPP728 will allow for the safety and toler-
ability of DPP-TIV inhibition to be evaluated under conditions
allowing intermittent recavery of enzyme function.
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decreases of 2 -0,7% [for the Sing or 10mg doses. The averall lolerability
profilc of GI262570 was similar 1o thof ohscrved with otler PPAIY ago-
nists, with dose-relnted weight gain, hemoglobin decrenses, and pecipher-
ul eden, These data sugpest that G1262570 will have elinical utility iu the

treatmient of T2DM.
Paramector P Img 2mp Smp EOmg
Number of subjccls {Inleni-lo~1tealy o7 59 6l 38 o7
Bageline () F5Q (mg/dL) 201 205 208 204 206
FSG A from B at 4 wesks +2{ -10" 200 347 54"
F8G A from B at {2 weeks +22 f' 2Bt 4w g6t
% of bects with 2 30 mpdLFSG Afrom B 1% 33%° AB%* 7d%* BS%4*
Baseline HbAle (%) * g1 78 80 81 &8l
HbAle & vs. P at 12 weeks — -04Y 0.8 .14 L9
HbAlc A from B at 12 wecks +1.1 #0727 403 .03 0.7
%ol sobjeciswith2-0.B&tbAle A from B 3% 9% 19%' 41%' 4%t
Signilicance levels vs. P: V= < 0,05 * = < 0,005 * = < 0.001
158-0OR

Monaherapy with GI262570, a Tyrosine-Bnsed Non-TldazolidLnedfone
PLARyAganist, SignlTenntly Reduces Tripglyceride nnd Increases HDL~
C Concentratians in Patlents with Type 2 Dinbeles Mellifus
QREQ G. WILSON,"? MARTHA ABOU-DONIA, 2 LUCY FRITIL,H2
JAI PATELM? FRED T, FIEDOREK,"? STUDY GROUP- leooos,
Rescarch THnngle Park, NC; Greenford, Middlesex, Unitzd Kingdom
QI262570 I3 a novel, non-thinzolidinedlone, L-tyrosine-hased peroxis
some proliferalor-nctivaled teceptor gammn (PPARY) agonist thol is
~1000-fold more selective for hunan PPARY compared fo the human
PPARL jsoforin. A tolol of 376 Type 2 dinkietes mellitus (T2DIM) patients
were randemizad to receive cither piacebo {P) or one of 5 daily doses ol
Gi262570 (0.25, 1, 2, 5, or 10mg)in a | 2-weck double-blind placebo-con-
trolled study. Meait baseline fasling triglyseride (TG) and high-density
lipoprotein cholesterol (IHDL-C) conceatrsiions ure listed {n the table.
Approximately 60% of T2DM patients had mild fhating hyperdriglyc-
eridemis (HT) defined as TG > 150 mg/dL, Twelvo weeks of Ircalment
wyith 01262570 resulied n significant metabolic Improvemenl in fasifng
TQ and HDLL-C {scc tabla) nlong with chinges in glycemic parameters that
are described in 2 sepurmte sbstract, The moximum veduction in TG was
schieved within 4 weeks and the cffecl was maintained over b2 wesks,

- While maabolic: improvement [n TG apil MDL-C levels was obscrved

across the rangs of T2DM potients cegasdless of baseline TG status, the
greatest reductions weee observed In subjects with millmoderate HT,
Apolipoprotein B Jevels fell by 8-14% for the Smg and }mg doscs and
therc was afse a non-significont decreasc In LDL-C at thess nvo GI262570
doses, These Bndiogs supgest that G1262570 will enhince overall mets-
belic control for T2DM patienls by improving the high TG/low HDL-C
dyslipidemia nssociated with T2DM a5 well 58 by improviog hyper-

glycemie,

PARAMETER P 1mp Img Smg 10mg
Number of subjects {Intent-to-Treal) 67 59 61 58 07
Bascling (B) TG (mgAlL) 170 200 185 193 179
% TG A from I3 at 12 woeks % 6% 13NY 30%F 43%°
Baseline TG {mg/dL) HT group 260 302 261 322 268
% TG & from B ot 12 wks HT grotp -7% -18% -19% -44% -53%

Baseline HDL-C {mg/dL) 42 42 42 40 42

% HDL-C A from B ot 12 weeks D% 449 +1I%* H114% 5%
Significance leveh vo, 1 Y=p < 0,05 * =p <0005 *=p < 0.00]

159-OR.
Rasiglitazono Liver Snfety Update
HAROLD B, LEEQOVITZ,"? ALAN SALZMAN,? Frooklym, NY:
Collogoville, PA

Rosigliuzone b5 a potent thinkolidinedione for the treatment of type 2
diabeles. The lhinzoldinedionc Iroglitazune hag been assosinted tvith
hepatotoxieity, ncludng liver failue: ond hepatic-related deaths, To date,
no signal of hepatojoxicily haz been s¢en with rosiglitazone, which has
been extensively cvalvalzd,

Thc incidence in rosiglitazone-treated paticals of ALT elevations greates
thsn 3x the upper lunlt of normal (ULN) was low ond similar to plaee-
bofeomparatons at the fims of FDA filing in November [958, ot which timo
totn] cxposure 1o rosiglitazone was 3600 patlont years. Subscquently, expo-
sure to rosiglitazone in clinica! frials has substantially increased and as of
Movember 1999 comprised over 5000 paticnt ycars inclwding more then
1000 paticnts troated for 2 2 yeurs. For sll rosiglitazone.treafed patients

Abstracis from the ADA 60th Scientific Sesslons

{includi tberapy and combi with BU ar in), the e
o[’AL’I Ievcls >3 lhe ULN is 0,30 eases per 100 prricnt years {sco Tnbic
below). This ¢oimpares to 0.5 ¢uses per 100 patient years for plnecho-
treated palients ond 0.73 cases pey 100 potient years for SU- or metfomin-

Ireated poticats. These are similer to the rales acen | yeor prion

Rates of AL Levels > 3x ULN fa the Roslgiinzone Trirl Propram
{oxpressed us enses per 10D prlieut years)

Toslelitazone* Placelo SU or Mellovniin
Noyrmber 1998 0.35 .59 0.78
November 1999 0,30 05y 0.73
*Includ: ey and tion with SU or mdf;

In addition, rosighitezone has been prescribed (o over 250,000 pallenls,
end thus far the clinical irinl oxpericnce hos been predietive of the Tosigli-
fnzone safety expericnee in the marketplzee.

In conclusion, the current cifnleal wisl and postmarkeling expericnce
wilh cosighiezone indicate rio evidence of teoglitozone-like hepuloloxicity.

160-OR
Treatment with a DPP-1¥ Inhibllor, NVP-DPP728, lacreascs
Frandiat Intnct GLP-] Levels and Reducey Glucose Exposure in
Uemang
PAUL ROTHENBERG," ? JYOTI KALBAG, HAROLD SMITH,
RONALD OINGERICH, JERRY NEDELMAN, HDWIN VILL-
HAUER, JAMES MCLEOD, THOMAS HUGHES, East Hanover,
NI: 81, Charles, MO

NVP-DIP728 is n highly seleclive, omlty active inhibitor of dipeptidyl

plidase-1V (DPP-1V) designed to nugment the glucose-lowering activity
of cndagenously scereted GLP-1. Recent studics hsve dentonstroled that
NYR-DPP728 o ls N-terminal degradative inactivation of GLP-] 2nd
impraves gl i tn Irisulln-resistant rats, The preseat crossover
trial evaluated the single dose phurmacedynamics of NVP-DPP728 admin-
istered to 12 Nealthy wormtoglyeemie volunteers. Afler an overnight (st
subjects were sdministered 100 mg NVE-DPPT28 or placebe, followed 30
minutes Jnter by a 1000 keal solid meal (233 protcln, 423 B, 363 carbo—
, bydrele, stondard PDA brenklast), Blood samples ware
* and for up 1o 24 hours alter coch dose for analyais of plasinz zluuou and
insulin levels and plso for nctive, undegraded GLP-1 levels by ditect
ELISA (Ligco Research), NVP-DPP?2R increused peak plusmu levels of
acive GLP-1 (1542 va, 832 pmalf), p = 0.018) and also increased uctive
GLP-I prandial exposures, AUGo, 0 (28..4 v3. 1404 pmol' b p <
0.0061). Prandial above baselino were reduced by
NVP-DFF728 relative to Plucebo {1243 vs, 2044 mg.dlh, respectively,
p = 0.04), whilc glucose excursions below baseline were unchanged (-
2244 ve. -1644, p=0.3). Insulin excursions were not affected. Mo clinieal-
Iy significant odverse events were observed. In addition, admiuistration of
RYP-DPP723 1o faaing individuals was unaccoripatied byclinfeally sig-
nificant changes in plasma glucose levels,

Thus NVP-DPF728 Increased prondfal active GLP-1 levels with cone
comitant reduslion In prandial ghucose exposure in noomal subjects with-
out causing hypoglycemla. Thexe resulls provide the fimt direct clinleal
demionatmilon that DPP-1V Inhibition is o viable new pharmscological

P h for p Ing endogy GLP-] aciivity, and support the
investigation of the glueoselowering potential of NVP-DPPI28 for the
rextmtent of type 2 diabetles.

A numeral beskde an authot's nams indicates a'duality of interast, See page 93.
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) ! . 413-P
Slnglc Duge Treatment of Diubetle Fatlents by the DP IV Inhlblroi
P32/98,

HANS-[Z. DEMUTH; TORSFEN HOFFMANN, KONRAD
.GLUND, CHRISTOPRUER H.-8, MCINTOSH, RAYMOND A, PED-
BREON, KATIA- FURCKER, SADINE FISCHER, MARKOLF
HANEFELL; Halte (S‘aa!q) Garnan Vaneauven, Conade; Dreyden,
Gemany:

The DP IV lnhlblturDJ-D‘N {(25,15):2-amino-3 mc:hyl-pcmanoyi) 1,3
uﬁlzohdlncj Iumnmln (P32/98) improvee. glucass-talerance (G1) by an
inctotffovdi harieed insufin vesp {1 nommal nml diubetic
sodentx, a3 well ws fn humage volunizers, Within the 'elisical program, s
pilotstudy in dlghictie p:hems an diftefent herples was designed. Goal of
tfie-oped {nvestigntion sz the: r.uhuﬂon of patients zesponse 16 u singla
doso of 60 g P32/95 13 min p:.icr 10 a0, OGTT (75 £) afer overuigh!
Filig and 12 hour post (diet, ocary , melformln, gliben-
clnmlde oringuling. Patiejits. Qr\*'—'D, man} were Allo :nted qc:o:dms Lo thiérs
edrent- mcdu:anm\ ta § grouph, edck. rchvmg placsbi and OGTT at lha
heg[nnlng or ihd oxpenmcnr. §cvcndny: iutar. apoln siter oveﬂ-nlgln fagt
Ing and_ 32 hotirs postruedicalfon,. l'i min p:lnrOG‘I‘l‘aﬂe tnblct cenmtn-
ing 60'rig P32/08 s ndminta J, Gluc onse iz dovesy
15 min In wo'Tntérval of -{5 10 300 min. Blond zumpl:s were fukizn fo all
thpt timia fielnts for doterminnllon of P3Z/98, glucose, fnsulin, pmln.':ulm,
C-peptide, GLP-1, glucagen, BEA and leptin, At ghpeeted, w profound Qi
Impro\emmt covsed by P32/98 was dbterved m patients belog fisated

with acarbose or glibq\clnmutc lii-these chses the gluobss toleranes
Impravemnent was 20.5% and 31:1%%, veepeotively, Theta values P wrabiel
the elevated insulin respoitses obsaved after PA2/0R treatment in these
patents, In contrast, in disbeties on dosulintherapy, the acule Gt improve-

-ment nfter.a dbgle doac of 132/93 wos 8,8% anly {nssesscd by ares under
dier Gt curve), Wiether insulin reslstancorcan be reduced o Ilet respoa-
sivencss will fmprove, medi inted by DP IV inhibition, remains fo be proves
by langer lenm application of F32/98 in guch paticris.

A numerat heslds an at@thor‘s nama Indlcates a dusality of (ntorest. Soe page 83.

A102
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SInzp}lu Dose Treatment of Dinbeile Patlents by the DP KV Inhiblior
P32/08
HANS-U., DEMUTH, TORSTEN HOPFFMANN, KONRAD
GLUND, CH‘RISTOPHER H: S. MCINTOSH, RAYMOND A. PED-
BRSON, KATIA FURCKER, SABINE PMISCHER, MARKOLE
!lANGPBLD, Halle (Soalg),Germany; Yatcoivar, Cattaday Drasdan,
Goymany

The DI TV inhibitor DI[IN-((25,38)2-smino-3-mothyl-pomtancyl) §,3-
tiazolidiine} fumarete (PI2I8) lmpmm gluu)sc Holeranee (Gt by an
inoretin-mediated , enhaaced inaulin reaponse i nomnal and disbetic
todents, 15 vwell us In lwmaen’ voluntesis. Within the linizal pragram, &
pilot study In dinbelie patlonts cndiffosent lhetnptes wwas deajgned, Goalof
the open investigation wes tio cval of' p T . yngle
dose of 60.mg P32/98 15 min prior to an- oG (75 p) aftex over-night
fasting and 12 hour pnst-medlmmn {dict, ncarbese, mollomain, gliben-
clanitde ar Insnlin, Paiients (1920, men) were alfocatsd heeording t there
earront medication ta 5:graups, ench recciving plaecbo and GGTT at the
haginnlng of tha experimeat. Sévendays ln:nr, again:nfior overnight fes-
Ing ond 12 hours past-medication, 15 win prior OG‘{T ono tahlet tontrin.
Ing 6¢'mg PIVIR was administered, Glucoss zespunss was seconded every
15 min I on dntorval of <18 16 300 wmin, Blaod safmples ware taken to all
that thne palnls for doleemiution of $32/98, glucn:e. ngwliv, protnoculln,

Cpegtide, GLE-1, glucagon, KA and leplin, A3 cxpcctcd, apmround [T

i:nmovaneul ciiised by P'3298 was observedin paticas Uelug fremicd

wih acubosc ar mnbenunmme Iu thése eases the slucoﬁe 1olérance

i.mpmv«nen( 1404 20.6% mid 31:2%, respedlively. Theso values nurnI!ul

:h: :!cvmed lnsu!ln ro:pome: abserved, alee 222498 neaiment in“these

Tué in disbetics on jasubn therapy, tho atme Gt fmprove-

»moent after  singlo Gose of P32/98 was, 8,8% onfy (ussessnd by Ared under
ihe Gt corve), Whether fisolfd resfatunce: can be seduced 2 Islel veapon-

Hiveness will Tmprove, medined hynl' 1V ithibitien, remainu 16 be proven

by [onger teeni uppﬂcntwﬂ of I32/98:in such pailenls,
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ofides in [ength. In vitro “evolution” was done on this region at
30% 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, & novel in vitro selection protocol has been de-
signed to 1ake advantage of a combinatorial library of small size
thet has multiple copies of every distinet sequence. The method
condensed the many days of a typical screening strategy to less
than two days. This was a proof-ofconcept experiment that
showed that the new method succeeds by creating a large pum-
per 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

1 vitro selection of modified oligonucleotides that previcusly
ould not undergo this powerful process.'*® Hence, this mehod
hould significantly increase the power of the in vitro selection
nethod and is the direction that we are currently investipating.

Iaperimental Seciion

e DNA Tbrary[4] (31 mg) wns labeled at the $'-end with [y-**P]ATP, purilied by
elchr graphy, and suspended in 200 mL of folding bulfer (300 mu KL, Smu
AgCly, 20mu Tris, pH 7.5). After coaling down to room temperalure following
lenaturation at 75°C, the ¥*P-labeled DNA, was loaded onio an acetate-ajarose
recolumn (300 pL), which was attached directly to & 2.5mM ATP-agarose cumn
800 pL, Sigmaz), The precolumn was washed with 600 pL of bufler, and the eluted
A was alfowed 1o equllibrate on the ATP-agarose column for 10 mii. The
itecolums was discardcd after a siogle use as were all subscquent columns. After
quilibration, the ATP-agarose column was washed with 4 mL of falding befTer to
Jule unbound or w'v:‘ikly bound oligonusleotides. The retained DNA was cluted
ik 3 mL of the ATF elution buffer (SmM ATP in folding buffer) and calloded in
i00 nL. fractions, : :

a1 arder to perform another round of selection, the ATP had to be removed. Hence,
e eluted fraclions were collected divectly into Mi -3 microcenirifuge devices
‘3000 D cutoff, Amicon}. After membranc diafiltration, about 98% of the total
ATP was removed. The filtered fractions were then pooled, and folding bulier was
1ddzd until  fingl volume of 10 mL was attained, The ation of i

ng ATP concentration was 30um for the DNA ssmple, which was aver 8 timcs
noze dilute than that of the 2.5mu ATP-agarese column, Each cyele of selection
started with a new sat of stacked affinity col i.c.ap hed toa
bgand column. The screening ¢yeles for the ATP aptamers arc summarzzed jn
Table 1.

The rare-DNA PCR was performed as follows: On the [ast cycle the DXA wa
suted from the ATP-agarose column with 3mL of 10mu ATP in 20m« Tris,
pH 7.5. Thislast fraction was precipitated twice from etbanol and the PCR nagents
(S0mm KCl, 8mu MgS0,, 10mu (NH,),50;, 20mm Tris, pH 8.8 a1 25°C, 200
dNTPs. 0.1 % Triton X-100, 20 units of Deep Vent (=x0-) DNA polymerase 0518
S-primer, 0.5 pg 3-primer) were added. Thermal cycling (34°C far 48 s; 42.°C for
90 5; 50°C for 45 3; 45 cyctes) was doneina microcentrifuge tube that bad fiest been
ireadiated with UV light. A positive control contalning a dilute solvtion (~-20000
molecules) of & $2-mer, and a negative contral containing no DNA aiso unacrwent
the same amplification protecol. Gel electrophoresis after amplification thowed
DNA in all lanes except the negative control,

Received: February 27, 1997 [Z501701E)
German versien: Angew, Cher. 1997, 109, 1955-1938

Keywords: aptamers « combinatorial chemistry « in vitro selec-
tien + nucleotides + polymerase chain reaction
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The Synthesis of Enantiopure
@-Methanoprolines and w-Methanopipecol
Acids by a Novel Cyclopropanation Reaction:
The “Flattening” of Proline**

Stephen Hauessian,* Ulrick Reinhold, and
Gabriella Gentile .

Proline occupies a prominent position in the hierarchy of
npatural amino acid constituents of mammalian proteins.M As
part of a peptidic motif, its unique structure results in sccondary
amide bonds, leading to important conformational and func-
tional consequences.t?! For example, the well-known cis—trans
isomerism in prolylamides is associated with vitally important
biological phenomena and functions, such as protein folding,!*!
hormone regutation,™ recognition,! and transmembrane sig-
naling!® to mention a few, The importance of cis—irans confor-
mational changes is manifested by the role that peptidyl prolyl
isomerases such as the immunophilins play in immunoregula-
tion.™™ Proline has also figured prominently as a component of
therapeutic agents,'® in drug design,”®! and in probing enzyme
activity 110 .

Conformationally constrained analogues of proline have
been used extensively in connection with peptidomimetic re-
search.l'! Although 2,3- and 3,4-methanoprolines have been

_ [*] Prof. Dr. §. Henessian, Dr. U, Reinhold, G. Gentile

Department of Chemistry
Université de Montréal
€. P. 5128, Succ, Ceatre-ville
Montreal, QC, H3C 37 (Canada)
Fax: Int. code +(514)343-5728
{*%] We thank NSERG for genevous financipl assistance through the Medicinat
Chemistry Chair program. W thank Dr. Mlchel Simard for the X-roy asaly-
ses. U. R. acknowledges @ DFQ Rescarch F hip from the Deutssh
Forschungsgemeinschaft. G, G, thanks the University of Sitna and the Ttalian
C. M. R. for a summer fellowship.
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described, 11?13 the 4,5-methanoprolines are relatively unex-
plored.l4) Furthermore, structural investigations that study the
consequences of introducing strain and its effects on the config-
uration and stability of amide linkages are 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 ard 5,6-methano-1-
pipecolic acids by a novel intramolecular cyclopropanation re-
action of iminium ions and the extension of the methodology to
other congeners.tt3+ 46 -

Treatment of the readily available lactam 147 with lithium
hexamethyldisilazide {LiIHMDS) and Me,SnCH,I gave the -
alkylated products 2 ([a]p = —15.3, ¢ =0.43 in CHCl,} and 3
([alp = —16.0, ¢ =1.23 in CHCl,) in 63% and 23% yields, re-
spectively (Scheme 1), The syn-isomer 3 could be easily obtained

LHMDS, THF  MegSn—, MesSn .
=78°C, then
0y Wes5nCH;) O’L:H * oy
BoCG o -30°C Bae oR Bac o
1 2, 6% 3, 28%
R = TBDPS 74%
1. UHMDS, THF
2, 2,6-dhtert-butylphonol, ~76°C
1. LIEIyBH, THF AuCly, HalO, )
ZTFA, COI /My,
2 c“fl‘ 5 N Jerianing Qcozn
66%, Bec
+14%, 5 OR =% Sos
. : - 6
Bu,NF, THF, 0% : (ﬁ _?DPS’ mp. 1351340
R=H) ol =-200.0

{c=1.0In CHCIy)

MaaSn
1. LiELeH, THE Mea 1.TFA, CHC
2 MO, GBA oy ﬂ
33— MsO ———— GOEH
2 Bu NF/AZOH N 2. FuCh, NalDy, Moo

Boc CL1/CH,ON
THE 83% OH ndmy
8
mp, 128-128°C
[6}o n =07
{e=1.01n CHCLY

Scheme §. TBDPS = /-BuPhSi, TFA = trfluoreacetic acid, Boc = rerf-butoxy-
carbonyl, CSA = camphor-10-sulfonit acid. .

by treatment of the enolate from 2 with the proton source 2,6-di-
tert-butylphenol.i*8-19) Generation of the hemiaminal from 2
and treatment with TFA led to the (4 R,5R)-methanopyrrolidine

derivative 4 ([o)p = ~ 69.3, ¢ =1.41 in CHCl,), which was
" smoothly deprotected to 5, and the latter oxidized to give the
crystalline (4R,5R)-methano-N-Boo-L-proline in excellent over-
all yield.

Similar treatment of the sys-isomer 3 gave the diastereomeric
crystalline acid 8 via its methylaminal derivative 7. The struc-
tures and conformations of 6 and 8 in the solid state were unam-
biguously confirmed by single-crystal X-ray analysis, Table 1
lists selected torsion angles for compounds 6 and 8, where con-
siderahle “fattening” of the pyrrolidine ring is observed relative
to N-Boc-L-proline,2 particularly in the case of 6. The flatten-
ing of the pyrrolidine ring in 6 is also manifested in the root-
mean-square vale of 0.003 A for the C, and N atoms from the
plane defined by C,,C,,C,, and N {0.013 A in 8). The lowest
deviation of 0.018 A in the case of ¥-Boc proline was found for
C, and C, atoms in the plane C,,N,C,,C,; in this case C, was
distinctly above the plane (0.521 &), This differs substantially

1882 © WILEY-VCH Verlag GmbH, D-69458 Weinhcim, 1997

Page 166 of 405

- pounds are related to the antihypertensive agent ramipeil-

0570-0833/97/3617-1882 8 17.50 + .50/C

Table 1. Selecied torsion angles and root-mean-square devintions from fiticd atqm;_
ina given plane of X-my crystal structures, and '3C NMR chemical shifts (CDC)

N¥-Boc-L-praline [20] 6 8
«NC) -17 —56 —144
£{C.Cp +31 +438 +153
tG,C) . =35 ~26 -114
t(C,C) +24 -0.7 +29
CeNy - - -4 +4.1 +1.6
WBcNC,CO,H) -T2 —64.0 —67.1
rms deviation 0.018 . 0.003 0.013
of fitted atems C,N,C, C, CuC,CuyN C,.C,.Cu N
Sicisfirans) S(etsftrans) &els/irans)
CooH 178.35/176.60 ~ITLITSS 179,1/176.1 |
NC=0 153,95/155.3% 157.1/154 155.7/154.1
c, 5B.8 60.8/60.1 59.5/59.1
c, 30.75/29.53 .0 31.5/29.1

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):

Intermedistes 2 and 3 could also be subjected to further stereo-.

controlled branching leading to the a-C-zllyl derivative 9, which
upon controlled reduction and acid-catalyzed' destannyl-
aton led to the branched 4,5-methano-L-proline precursor 10

([elo = + 4.3%, ¢ = 0.72 in CHCl,; Scheme 2). Treatment of 2

RN

ﬁ SriMey H *
1. LUHMDS, THF ', 1, LIELBH, THF i
23 2. altyd bromida 2.TFA CHCl -
' 7% OF vy TR
Bet o - v OR
' A=TROPS S, trane/dls 3201 Lt 10
1, ekyIMgCl, THE, -78°C, o
. 2. TFA, CHCly s,
2 50% = :
Boc oTBDPS
11
Scheme 2.

with allylmagnesium chiloride, followed by trifluoroacetic a;id
{TFA), led to the {S)~5-(2~propenyl)-4,5-metbano-l.-pl‘0|§1'l3
derivative 11 ([a], = — 27.0, ¢ = 0.57 in CHCI,) on migration
of the double bond. Compounds 10 and I represent uniquely
functionalized precursors to constrained w-methanoprolines-
The versatility and generality of the intramolecular carbo*
cyclization remction with appended trimethylstannylalky!
groups vin ingipient iminium fons can he demonstrated in the
synthesis of bieyclic profine congeners (Scheme 3), Theselgtl?lﬂ;
highly stereoselective allylation of the enolate from 1 gavé 12
([a]p = — 45.0, e=1.0 in CHC!,), which was subjected t¢ *
photoinduced trimethylstannylation™ to give 13 ([a]p = — 74

Angess, Chem. Int, Ed. EnglL 1997, 36. 86 7.
POWERSQ307
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COMMUNICATIONS

" ization of 18 to the syn-isomer 19 by diastereoselective protona-

DS ’ MeaSaH MegSn—d, tion, followed by functional group manipulation as described
1= 5 IH —_— o above. led 10 the crystalline diastereomeric (58.65)-methano-N-
87% -8 1a 8% oo o Boc-pipecolic acid 23 (m.p. 79-81 °C; [, = - 126.7, 0 = 0,40
S 12, trnsie adget 1 in CHCI,). The structure of erystalline 21 was unambiguously

1. LEHEBH, THF

established by X-ray analysis. 1 is of interest to note that while
the proline derivatives 6 and 8 adopt a eis-N-Boc proline orien-
tation in the solid state (Table 1), the corresponding 4.5-

i;ﬁ:‘rﬁﬁ'ﬁl’ ( ™ CrOM:S0, ( N'O_ methanopipecolic acid analogue 21 exhibits a frens orienlution
—— K‘H ~— Eo COH (Scheme 4). The presence of #fs and trans isomets of 6and 8in
7 o0e gy e CDCl, was evidénced by the corresponding *C NMR shifts, as

14
Scheme 3.

¢ = 0.92in CHCl,). Formation of the hemiaminal, followed by

15

in the case of N-Bac-L-proline (Tzble 1).

Pipecolic acid is an important constituent of the immunosup-
pressive agents FK-5064T and rapamycin 2% in which its a-ke-
toamide portion is intimately involved in an “active complex™
with the target enzyme.P9 It is also involved in the metabolism

acid-catalyzed cyclization and deprotection, led to the ticyclic
- prolinol derivative 14 ((a], = — 97.3, £ =1.38 in CHCly}. 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; [aJp = —126.7, ¢ = 0.46 in CHCI,).

It is 2lso 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, Trimethylstanny]-
methylation of the lithium enolate derived from the readity
available 171*¥ gave the angi-isomer 18. Reduction to the hemi-
aminal and acid-catalyzed cyclization led to 20 ([, = - 56.0,
‘e =1.02 in CHCIl,), which was deprotected and oxidized to
the crystalline (5R,65)-methano-N-Boc-L-pipecolic acid 21
(m.p. 138—-140°C; [o]p, = ~105.2, ¢ =117 in CHCl,). Epimer-

of L-lysine, an essential amino acid for mammalian growth and
development.™" Functionalized pipecolic acids are also consid-
ered strained analogues of lysine with applications in drug de-
sign and peptidomimetic research 129 ag well as in the inhibition
of L-pipecolate oxidase 27 -

It is our belief that the replacement of L-proline and L-pipecol-
ic 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—frans
conformational changes, in the susceptibility of the secondary
amide bonds to enzymatic rleavage, and in related processes or
phenomena. Studies that address these issues will be reported in
dve course.

Recelved: February 4, 1997 12 100751E)
German version: Angew. Chem. 1997, 109, 1953-1956

Keywords: amino acids - asymmetsic synthesis - cyclizations +
steained molecules '
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1,8-Bis(flimethylamino)-4,5-dihydroxy-
naphthalene, a Neutral, Intramolecularly
Protonated “Proton Sponge” with
thtenomc Structure®*

Hcinz A.;Staab,* Claus Kneger, G:sela H:eber, and
Klaus Olberdorf

The intpraction of basic groups in close proximity to each
other may lead, as in the case of 1,8-bis(dimethylamino). -
naphthalepe (1), to unusually high basicities (“proton spon--
ges™) 1) The influences of gradually changed distances and ori»"
entations of the basic centers as well as of inductive, mesomeric,,
and stericleffects on the basicity of such ¢compounds have been .
thoroughly studied.! In comparison to the basicity of E
[pK, = 12{i (H;0); 7.5 (DMSO0)],™ that of 2,7-dimethoxy-1,8-
bis{dimetlylamino)naphthalene (2) is found to be increased by
four powers of ten [pK, ~ 16.1 (H,0); 11.5 (DMS0)).! To.
separate the mesomeric effect of the two methoxy groups from~-
their steri¢ cffect on the dlmethylammo Zroups, we were inter-
ested in 3, an isomer of 2 in which the two methoxy groups are:
not in the 2,7-positions but in the opposite peri-positions, In':
fact, 1,8-bis(dimethylamino}-4,5-dimethoxynaphthalene (3) is-
considerably less basic [pX, ~ 13.9 (H,0); 9.3 (DMSO)) than;
the isomeg 2, indicating that the main reason for the high basie-’
ity of 2 is the steric effect of the methoxy groups in arr.'ra-pos:-
tions to the dimethylamino groups, Irrespective of this primarily.-
intended basicity. comparison of 2 and 3, the synthesis of 3.
should allpw the easy preparation of the corresponding 4, S.dis
hydrexy compound 5, which hy intramolecuiar proton displace-
ment mayl!ead to a new type of nentral, yctzwlttenomc “proton
sponge’ ( ormula 6).

' MeN  HMey " Magh H-ldz Nclh'
| “
d MlO OMa~
' e
MozN\__,HH-z Me N H-INTNHG;
sel
Me Q:;:O
4 5 6

For th¢ synthesis of 3, 1,8-dihydroxynaphthalens®! was
methylatell to give 1,8-dimethoxynaphthalene, which was ni-
trated (cong. nitric acid, glacial acetic acid/dichloromethane,
9:5) to yield 1,8-dimethoxy-4,5-dinitronaphthalene (39%;:
m.p. 278°C); the isomeric 2,5-dinitro product {m.p. 151-
133°C) whps separated by chromatography on silica gel with
dichlororethane as eluent. Catalytic hydrogenation {10% Pd/
C, tetrahydrofuran (THF), 20°C) resulted in the formation of
1,8-diamino-4,5-dimethoxynaphthalene (97%; m.p. 83-95°C.
decomp), which was N-methylated according to the methed of
Quast et a(l 13 to give 3 (71 %; m.p. 75°C, from n-hexanc/ethy]

[*} Prof. Dal. H. A, Staab, C. Kricyer, Dr. G. Hicber, Dr. K, Oberdor!

Abtcilurjg Organische Chcmne
Mux-Pldnck-fastitut fr mediziniseh 1
Iahnstrasse 29, D-69120 Heidelberg (Gcrm.my)
Fux: Inteode +(6221)486219
e-mail: Jtaabifmixi.mpimf-heidelbeeg mpp.de

{**] New “Pforon Sponges™, Part 12. Part 11: H. A. Sraab, M., Diehm, C. KiRE"
Tetralwedron Leit, 1996, 34, 2967 -2970,
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2-CYANOPYRROLIDIDES AS POTENT, STABLE INHIBITORS
OF DIPEPTIDYL PEPTIDASE IV

Doreen M. Ashworth, Butrus Atrash, Graham R. Boaker, Andrew I. Baxier, Pael I Jenkins*,
D. Mighsel Jones and Michael Szalke

Ferring Research X , Chitwarth Res H Centre, Chilwarth, Southampton, UK.,
SOIG 7NP. Fax +44 {1703}766253; e-mail pdj@ferring.denton.co.uk

Abstract: A novel scries of stable, patent inhibitors of dipeptidyl peptidase 1Y has been developed. A
mmber of dipeptide anelogues, incarporating a 2-cyanopyrrolidide, were found o have K; vales of tess than 5
nM versus human DP-1V and half-lives of >48h in aqueovs solution (pH 7.4). Copyright ® 1996 Blsevier Science Ltd -

Dipeptidyl peptidase 1V {DP-1V, EC 3.4.14.5) is a serine protcase which catalyses the cleavage of
dipeptides from the N-terminus of proteing with the sequence H-X-Pro-Y- or H-X-Al-Y- (where X, Y= any
amino acid, Y+ 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 1o the T ccll
actlvation marker, CD26. Recent gvidence has alsv shown CD26 to be an activation marker of pawral killer
celle’ and of a main population of B ¢cells.”

Our interest in DP-1V was stimulated by the publicution of data which showed Lhat either simple
inhibitors or unlibodies of the enzyme were effective a inhibitors of T cell proliferation und were thus potenlizl
immunomodulators.*”

Substrates and.inhibitors of DP-IV 1equire a frce N-temiinus, which mcans that poieatial dipeptide strine
protease inhibitors (&.g, C-terminal aldehydes, horonic acids, o-ketoocids, trifiuoromethylketones., or
chloromethylketones) are Inherently unstable acneutral pH due 10 intmmolecular cyclisation.’

H-Ala~ Q M-Pro~” N

B(OH}, B{OH),
1 2
The most potent DP-TV inhibitors reported to date are the boroproling analogues 1, (K=2nM) and 2,
(Ki=3nM). However, these boronic acids are upstable et neutral pH {f,=30min and 90min for 1 and 2
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1164 D. M. ASH\WORTH e al.

respectively).” Other, more stable classes of DP-1V [nhibitors have basn reported. These include tipeptides;®
ominoncyl pyrrolidides and thinzolidides:® dipeptide phosphonates™® azaprolines;'t and the ireversible
N-peptidyl-O-aroylhydroxylamines.'? Although specific for D]V, these compounds exhibit, at best, only
maodest levels of inhibition, '

We el that it was necessary to develop more potent, stable inhibitors of DP-TV. These would help
clucidate the physiolopical role of the enzyme and may have thcrapeudic potential In o number of disease staies
such as inflammation, graft versus host disease (GYHD), cancer, or A1DS.}

Table L Inhibition of h DP-IV by aminoazy! pyrrolidides."”

H-)(aﬂ--NQ

Compound N° Xaa Ky (pM)™
5 Cyclohexylglycine [Chgl _ 0064001
[ (R.8)-Cyclopentylplycine [Cpg) 0.21+0.04
7 Ie 041 £ 0.01
3 atlo-Tle 0.44 3: 0.04
g Val 047002
10 Lys(Cbz) Q.52 % 007
11 tert-Butylglycine [Thp) 0.88 & 0.20

12 Thr{Me) 0.90%0.15
13 Om(Cbz) 0.91:+0.20
14 Z-Aminohexanoic acid [Aha) 1.2040.20
15 Gla 2.00 £ 0,40
16 Pro 2.10 £ 0,20
17 Cyclohexylalanine [Cha) 2.15+0.50
18 Glu(OBn) 2,70+ 030
1% Thr 4.90+ 0.50
20 Phenylglycine [Phg] 5.304+0.50
21 Ser{Bu) 600+ 1.50
22 Ala 7.00+1.00
23 Asp 14.50+ 1,90

Our aitention was drawn by 4 patent claiming 2-cyanopyTrolivides as inhibitors of prolyl endopeptidase™
(PEP, EC 3.4.21.26}, an enzyme belonging 1o 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 preline papudyl bonds.

We now wish to report on the synthesls and biological activity of o series of dipeptide nitriles' with
potencies versos buman DP-IV comparable to 1the boroprolines 1 and 2 but with superior stability in agueous
salution. One other group has recently described similar compounds as inhibiiors of DP-IVY but whereas they
confirm that such derivatives possess good stability, theic serics exhiblt only modest poiency (four compounds
with K vedues versus rat DP-IV of 0.19-1.2 pM),
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2-Cyanepymolidides : 1165

To establish an optimal M-1erminal residue, we prepared a series of aming acid pyrrolidides.* These
compounds were prepared by reaction of the O-succinimids, (ONSu), esler of the required Boc protected amino
acid with & slight excess of pyrrolidine in dichloromethane. Subsequent acid catalysad deprotection (4N
HCVdioxane) afforded the inhibitor as its hydrochloside salt, As expected, [rom the substrate specificity of
DP-1V, only (S)-amino acid derivatives showed any activity and, as can be seen in Table I, lipophilic amino
teids gave more potent compounds, In pariicular, B-branched o-omine acid derivatives were the most potent
compounds with the non-proteinogenic amino acid, (5)-cyclohexylglycine providing the most aciive pymrelidide
(compound 5 pessessing o K; value of 64 n),

We then applied these findings 1o a series of 2-cyanopyrrolidides. The preparation of these compovnds
required a large scale synthesis of 2-cyanopyrrolidine 4 (Scheme ). N-Boc-2-cyanopyrralidine was readily
prepared fram Boc-Pro-NH; using a dehydrating mixture of phosphorous oxychloride. pyriding and imidazole
but the usual acidic conditions requlred to remove the Boc prolecting group led to decomposltion of the
2-cypnopyrrolidide. Emplayment of the o-pitrophenylselfenyl (ONPS) pratecting group'” however, ¢nabled a
very mild deprotection to be used in the final step. Adding three equivalents of 4N HCVdioxane (o 3 in a large
volume of diechyl ether afforded the hydrochlotids salt 4 as an off-white precipitate in excellent yield.

Scheme I. Prepararion of dipepiide nitriles.

H-Pro-OH 82 -Pro-NH, —=2—» Q\
Py ONPS-Pro- Ha 5% ONPS/N ;

‘—'—"qw .Ng\ —8 , HXaa Ng\
e H CN

Ho 4 TFA CN

Reagents: a.0NPS-CJ, 2N NoOH. b, HONSu, Water soluble cawbodiimlde. ¢ cong. NH.OH, dloxane.
d. imidazole (2 equiv.), POCI; (4 equiv.), pyridine, ¢. 4N HCl/dioxans (3 equiv.}, diethyl cther,
f. Bee-Xaa-OH, pyBop, NE1, CHyCls, g. Trifluoroacstic acid,

The series of dipepride nitrites described in Table X were prepaced via a pyBop'® mediated coupling of 4
with the required Boc pretected amino acid, followed by deprotection with TFA (Scheme I),

We were gratified to find that these compourds were potent inhibitors of DP-IV, The 5.A.R. for the
N-terminal residue developed in the pyrrolidide series corre)ated well for the dipeptide nitrile series and the most
potent compouﬁds 24, 25, 26 and 27 possessed activity comparable to the boroprolines, 1 and 2. Subility
stodies' revealed excellent half-lives (1) [u equeous solution (pH 7,4) at room temperature (Table II) with
several examples having ©, greater than 48h. Further work on optimisation of the pyrrolidine ring wil be
reporied shortly.

AZ-SAXA-8023450

Page 171 of 405



1166 . D. M. ASHWORTH ef al.

Table L. Dipeptide nitriles: Potency versus human DP-IV and stability in
aqueous solution (pH 7.4},

H-Xaa—nN
N
Compaund N® Xna Ki(nM)P ta(h)®
24 Cpg 1.1+£0.2 48
25 Chg 1.4£0.5 >48
26 e 2.2£0.5 48
27 The 3.820.8 >48
28 Lys(Z) 52210 24
pL Pro 22040 7.5

These compourds were found 1o be non-todc in T cell assays up to 72h and inhibitor 26 had no acwte
toxicity when injected inco mice (up 10 10mg/Kg). We are currcally exploring the effects of these compounids on

Iymphocytes (e.g. proliferation and cytokine release} and funther desails will bz rponed in due course,
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4.CYANOTHIAZOLIBIDES AS VERY POTENT, STABLE INHIBITORS
OF DIPEPTIDYL PEPTIDASE IV
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D. Michael Jones and Michael Szelke

Ferring Research Institie, Chilworih Research Centre, Chilworth, Southampton, UK.,
S016 7NP.

Abstract: A series of stable, very potent inhibitors of dipeptidyl peptidase IV has been developed. A
number of dipeptide analogues, corporating a 4-cyanothiszolidide, were found to have X, values of less than
1 nM versus human DP-1V and half-lives of between S and 27h In aqueous solyen (pH 7.4).

Copyright ® 1996 Elsevier Sclence Lid

The sarine protease dipeptidyl peptidase IV (DP-IV, EC 3.4.14.5) which is jdentical to the T cell

activation macker €D26 has been the gubject of intense scrutiny because it was regently shown that inhibitors or

. antibodies of this enzyme can Inhibit T cell proliferation™ However, the physiological role of DP-IV in the

immone sysiem and the molecular events mediated by this enzyme are only parlly established® and we fell that it

was necessary to develop potent, stable inhibitors of DP-LV to help efucidate the biological rols of the enzyme

and 10 investigate their therapeutic use in a number of discase states such es inflammation, graft versus host
disease (GVHD), cancer or AIDS.

2
HN (]
o

We recently reported a seties of aminorcyl-2-cyanopymrolidides®” which possess K, values of less than 5
1M versus human DP-IV® and half-ives {iw) of preater than 48h in agueous solution (pH 7.4). This series of
inhibitors is exemplified by 1 which has 2 Ky volue of 1.1 nM versus human DP-IV and a half-life of 48k in
agueous buffer (pH 7.4).

* Fax +44 (1703)766253; ¢-mail pdj@ferring. demon.covk
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In a quest to Improve the potency of this class of inhibilors, we investigated replacing the pyrralidide ring
with other nitrogen heterocycles. We chose isoleucine {1k as a standard N-terminal residuc es it was the most
potent narueal amine acid in the 2-cyanopyrrolidide series.’ The preparation of 3 (Scheme @) illusrates the
general route to the series of cyano compounds described in Table 1.

Scheme L. Preparation of 3-isoleucyl-4-cyanothiazolidide.

S § K]
Eloc—g-—l — ( —b, (
COM

BacuN Boe=N NH,
CO,NSu
]
5 s
a .
——  h- N, > Boc-llo=N NH, —2

Hel

z

s s
( — (
Boc-lla'N . H-tlaeN
(oY N
3

" Reagents and Yields: a. N-hydroxysuceinimide (HONSu), water soluble carbodiimide, CH,Cly. 99%.
b. cone. NH.OH, dioxane, 96%, <. 4N HCldioxane. 99%. d. Boc-Te-OH, PyBop, CH.Ch, NEt;. 38%.
. POCh, imidazole, pyridine. 53%. [, Trifluoroacetic acid. 75%.

A pyBop" mediated coupling of 4-amidothiazolididz with Boc protected isoleuvine affjrded the
dipeptide rtimic 2 in modest yield. Dehydration of the primary amide fonction to a nitrile and subsequent acid
catolysed deprotection yielded the uifluoroacetate salt of 3." From a range of compounds with various
heteroatoms in 5- or 6-membered rings, we were pleased to find that the 4-cyanothiazolidide analogue 3 was
approxinumiely 5-fold more active than the 2-cyanopyrrolidide inhibitor 57 (Table I). However, this increase in
activity was sccompanied by a slight decrease in stability, .

Having established 4-cyanothiazolidide us &n optimum C-terminal residue, we prepered further analogues
with the best N-terminal c-amino ncids froms the pyrcolidide series.” These compounds were prepared as
deseribed in Scheme X bt Boc-Tle-OH, in step d, was replaced with the required Boc-Xaa-OH. A number of
analngues were prepared with sub-nanomolar activity against DP-IV and goad stability in aqueous buffer (pH
7.4). {Table IT)
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Table L. Jsoleucvl heferoeyelic nitrites: Polency versus human DP-1V and stability in agueous solution.

4-.Cyangthinzolidides

Hy
R R N A A
(S
3 A N 041£0.15 27
<3
4 MN 170 050 3
5 ’ch 2.2 £0.50 48
-Q, .0
S+
6 g 21.0 £ 5.0 4
”, CN
cl,-
7 (s+ 34.0%7.0 1.25
j 3
CN
8 Q\CN 260 £ 50 »48
9 (L 440 & 200 L5
=L,
- TN
(o]
{ _L
10 M 450£100 43
Gl CH
11 ,Q * 4.200 = 900 48
GN
s
12 b " 6,000 = 1,500 >48
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Tabte 1. S-Awmingaevl-4-cyanorhinralidides: Potency versus human DP-IV and stability in

uqueons solution (pH 7.4).

(s
H-X!J-N{
(=]
qrKinM)* . e
041%0.15
13 Cyclopentylglycine 0.50£0,10
14 Cyclohexylglycine 0.80£0.20
15 Lys(Cbz) 5.0041.00

These new, stable, low molecular weight inhibitors should offer (he opportunily to study the
physiclogicel role of DP-IV and possibly have theropeutic benefits. We are cuttently exploring the effects of
these compounds on lymphocytes {e.g. proliferation and cytokine release} and further decalls will be reported in
due covrse.
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Al compounds were tested in vitro against pure human DP-IV (purchased from M&E, Copenbagen,

Denmark), Inhidition was dewesmined using the fluorogenic substrate, H-Ala-Pro-AFC ar three

ctnceniratons per inhibilor. A typical assay (10121 volume 0.4 mL) comprised sodium HEPES 83,3 mM,

EDTA 1.67 M, BSA 1.5 mg mL*, pH 7.8, DP-IV 25 WU mL™, inhibitor {In 10 mM acetawz pH 4.0). The

reAction was started by the addilion of substrate and readings taken every 30 sec for 7.5 min, excitation at

395 nm, emission 450nm. K; values were determined using Dixon plats.

The stability, of the inhibitors in buffercd, aqueous solution (100 mM Tris, pH 7.4) was monitored by

reverse-phase IPLC. The inhibitors with halflives of Jess than 48k decampuse to multiple products which

have not been characierised.

10) Martingz, J.; Bali, I.B.; Rodriguez, M.; Castro, B.: Laur. J.; Lignon, M.-F. /. Med, Chem. 1988, 28, 1874,

11)Al compounds weore >95% purc by HPLC and were chamcterised by a combination of 'H NMR, ¥C NMR
and FAB mass speciromelry.

12) Compound 4 is the active diastereomer of 2 pair separated by preparative HPLC and was assigned the (S,5)
stercochemistry. The (S,R) diastercomer was inactive versus human DP-LV,

13)Compounds 7 and ¢ are separated dinstercomers (prepatative HELC) whose absolute stereochemisity was
not detepmined.
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The Synthesis of 4,5-Methano Congeners of a-Kainic and
o-allp-Kainic Acids as Probes for Glutamate Receptors

Stephen Hanessian," Sacha Ninkovic and Ulrich Reinhold
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Moniral, Québec HIC 357, CANADA

Abstract; The synthesis of diaster ic 4.5-methano-L-proline 3-acetic acids ls described stariing
fmm D-.rmnc The key reacuon.r inci‘ude a fru-rad!cal carboeycli:armn and an acid-catalyred
ylative cyelop of an Imi; lon i

Copycight © 1996 Blsevier Science Lid

The synthesis of biologically relevant c-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 knowa 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 featres of the natural substrates at their
biological receptor sites. Methano2- and related analogs of L-glutamic acid have been of particular interest
because of the importance of this amino acid in the CNS. Indecd, the glutamate receptor is considered to be
an impontant target in the quest for therapentically effective drugs in the cardiovascular and related areas’
Cyclopropane a-amino acids are also natural products? or components of more elaborate smictures.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 2 constrained L-glutamic acid 3. Indeed, in
addition 10 2 plethora of total® and panial syntheses® of @-kainic acid 1 and allo-kainic acid 2, there are
scveral reports of kainoid analogs8d aimed at finding new biozctive compounds in this series.

We report in this Letter, the design and synthesis of stnicturally novel 4,5-methanoproline 3-acetic
acid analogs 4 and 5§ in enantiomerically pure form (Figure 1). Examples of methanoprolines are rare, 1011
and to the best of our knowledge compounds like 4 and § which are structurally and stereochemically related
to at-kainic and ello-kainic acids, are unprecedented.

Figure 1
— o oo o
"' s & R"‘l‘“ \ R, 1
Qﬁ:oaﬂ N TOH COH OH @"G%H
1, a- kalnic acid 2, alfp-kalnic acld 3, L-Glutamlc acid 4, RaH % R=H
43, R=vinyl 3, R=vinyl

In order 1o have access to both isomers 4 and 5, we chose a method of synthesis that produced
sterecisomeric intenmediates from a common precursor (Scheme 1). D-Serine 6 was claborated upon by a
series of standard manipulations te give the dienc 8. Treatment with timethylin hydridel213 Jed to a
mixtuee of pyrrolidinones, which could be separated into the three isomers 9a, 9b, and ¢ after conversion t0
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the N-boc derivatives and column chromatography.i4 The stereochemical eutcome favering the major trans-
isomer 10a has been rationalized based on the prevalence of a late transition state,11.15

In a key transformation, the lactam was sequentially reduced to the hemiaminal, then treated with
acid to give the 4,5-methano derivative 10 via intermolecular alkylation of the corresponding N-Boc iminium
ion.1! Subsequent steps relied on functional group manipulations to afford the diester 11 which was in
hydralyzed to the crystalline 48,5§-methanc-3§-carboxylmethyl-L-proline, 5. An X-ray crystal analysis
provided conclusive proof for its structure and stercochemistry,

The isomeric 4R,5R-analog 4 was prepared in a similar manner, o give an amorphous product, whose
stereochemistry was rigorously assigned by detatled n.O.c. studies.

Scheme 1 MoO.
1, Boc;0
2 CHN, 1. TFA, CHLL
3. TBOFSCI o 2 2ctylayl chiordu
DSaine e RO NN
4, Dibal then, R N B4% OF Ny =CH0R
HshP~CHCOzM: H
(CeHshP~CHCO2Me (el 404
[ R =TBOPS 7.70% 8 [(ct.1, CHCly)
"'M“a nl-h;, nhley
1. MeySnCl, 1BuOH mllux,
sI:ev add'n N r.- r.,_ —GOddw {5 COMe
AIBN HtOH 'mf. ' " :
Z.Boc,C,DMAF cuzon + oy HOR
EGN, CHaCN, 90%
oC
ralio Sab,c = 6131 L] ﬂh 9c
SCOMe 1 TRAF, THE s—COMe 1, KOH, MsOH
1. LiEY BH, THF 2. Cr0y, Hp50, { 2.TFA, CHLY
2. TFA, CHLCly ﬂc 1 CH-‘J\'Z. ElL 3. len exchange resin
—————
g L —Tw M %
10 Y 1
—LCOAH L 0zH

.,

it
4

np 201-205°C {dec.) [a]p+67° {c 0.9, CHC13
[alp+26.4° (20.28, CHCIy)

The radical carbocyclization reaction can also be done on an extended dicnic system!22 which can
cventoally lead to the functionalized 4,5-methano analogs 4a and 5a (Figure 1).

The readily available dienc 12 was subjected to the free radical carbocyclization reaction to give
mainly the all-frans-pynolidinone which was isolated as the N-Boc derivative 13 (Scheme 2). Quenching
the potassium dienolate of the ali-frans-isomer 13 with dibenzylmalonatel® as a proton source led 1o the
isomeric product 14 as the major product. Formation of the N-Boc iminium ion by the method described
above led o the vinyl cyclopropane 15 which was in turn converted into the a-kainic acid congener da,
isolatcd as an amorphous solid. Application of the same methodology to the isomeric 13 gave 5a, also
isolated as an amorphous solid. The structures in this series were unambiguously cstablished by detailed
N.M.R. studies and by an X-ray crystal analysis of 16.
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Scheme 2
ey aMea
OM3 4 Ma.8nGI, NaliHiCN O:Ma
b AALCH MBI, ¢-BUOH, retux T / T
EDC, CHCly 2, Boc, O, DMAP S & Y&
7 e R
0% o HaOR 5% H,0R GH;0R
2, TFA "
KkHMDS
12 A =TBOPS 9
zdlbenzyl malonate
1. LIEGEH, TH —COMe 1 'rsu-' THF OO 1. KOH, MeOH
oyt Hz50. 2.TFA, O
2.TFA.GHZl, & b, 3, cH,N,,Et,cf L 3 kon .xm”icngamrn
———————i - I —————
+ 86 % H2OR U L O >80%
[alp—14.5¢ falp—5.0"
45 {£0.7, CHCl) @ ©0.2,CHCIY
mp, §6-60°C {doc.)
»—COzH F—COH
& S
7 e ﬂc
GOH OH

& T

Compounds 4, 4a, 5 and related amino acids from another series!! were tested for their binding as
antagonists and agonists in five receptor assays.’a  Unfortunately, no significant binding affinity was found
at 1 pM in the DCKA (*H-5,7-dichlorokyaurenic 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 1 M
and 10 M, again, activity was surprisingly low compared to standards, 17

Clearly, the sructural requirernents for effective binding to these reccptors have not been satisfied by
our methano analogs in spite of their novel structures, The lack of activity in the kainate receptor and the
glutamste recogmition 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-propeny} group in a-kainic 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
applicaons in the design of peptidomimerics aimed at probing enzymatlc reacrions that involve cis/rrans
amide-bond isomerization!® such as in the immunophilins,19 as well as in the study of secondary and tertiary
local swructures of certain peptides.20
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Chronic Inhibition of Circulating Dipeptidyl Peptidase
IV by FE 999011 Delays the Occurrence of Diabetes in
Male Zucker Diabetic Fatty Rats

Béatrice Sudre,! Pierre Broqua,*” Richard B. White," Doreen Ashworth,Z D. Michael Evans,?

Robert Haigh,? Jean-Louis Junien,? and Michel L. Aubert’

Acute suppression of dipeptidyl peptidase IV (DPP-IV)
activity improves ghicose 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 & 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 839011 stabilized food and
water intake to prediabetic levels and reduced hypextri-
glyceridemia while preventing the rise in circulating
free fatty acids. At the end of treatment, basal plasma
GLP-1 levels were inereased, and pancreatic gene ex-
pression for GLP-1 receptor was significantly dpregu-
lated. This study demonstrates that DPP-IV 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, 2602

ipeptidyl 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
NH,-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 fafty
(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-IV in the eady inactivation of the two incretins
glucagon-like peptide (GLP)-1 and gastric inhibitory pep-
tide/glucose-dependent insulinotropic polypeptide (GIF)
(7). These gastrointestinal peptides are released postpran-
dially from intestinal L-cells and duodenal K-cells, respec-
tively (8), and potentiate glucose-induced insukin secretion
by sensitizing pancreatic B-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 (FFA) 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-stimulated 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). Sirm-
jlarly, 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 p-cell
progenitor cells in the pancreas and may therefore restore

1461



INHIBITION OF DPP-IV DELAYS DIABETES

H ) N \O \'\N

FIG. 1. Chemical structure of FE 939011.

functional B-cell mass when administered to individuals
with diabetes (24,26). Taken together, these observations
suggest that inappropriate incretin acton 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
969011 [(28)-1-([2'S)-2"-amino-3,3'dimethyl-butanoyl)-pyrro-
lidine-2-carbonitrile] (Fig. 1} in obese Zucker fatty and ZDF
rats. FE 589011 is a reversible DPPIV inhibitor, inhibiting
human and rat DPPIV with half-maximal inhibitory concen-
tration (ICy,) values of 7 and 3 nmol/}, respectively (26).

RESEARCH DESIGN AND METHODS

Animals. Male Zucker fatty rats were purchased from Iffa-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 eycle); and given free
access to food and water. Obese male ZDF rats (n = 24) and lean controls
(n = B), received at § weeks of age from Genetic Models (Indfanapolis, IN),
were Individually housed. They were fed ad lbltum with Purina 5008 (6.5%
fat).

Experimental protocols concerning the use of laboratory animals were
reviewed by the University of Geneva Schocl of Medicine Ethics Committer
for Animal Experimentation and approved by the State of Geneva Veterinary
Office.

Effects of FE 999011 and NYP-DPP728 on plasma DPP-IV activity in the
Zucker fatty rat. Three groups of fed male Zucker fatty rats, 11 weeks of age,
received an oral administration of FE 898011 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,
Tall blood was collected In heparinized tubes (30 units/ml), and plasma was
extracted after centrifugation at 3,000 rpm for 10 min and stored at —20°C
untl determination of DPP-IV activity.

Effects of FE 995011 on glucose excursion during an oral glucose
tolerance test orally in the Zucker fatty rat. Four groups of ovemight-
fasted male Zucker fatty rats, 18-20 weeks of age, were injected with FE
S99011 (1, 3, or 10 mg/kg) or vehicle {sterlle distilled water). Eight hours later,
all animals were adminstered oral glucose (1 g/kg) as a 409 solution (wttvol).
Blood samples {200-260 ) were collected before dosing and 19, 20, 20, 80,
and 120 min after dosing.

Effects of FE 993011 on the glucose excursion and plasmu levels in
GLP-1 and insulin following intrnduodenal glucose tolerance test in the
Zucker [atty rat. Two groups of overnight-fasted obese male Zucker rats and
one group of lean rats, 19-20 weeks of age, were anesthetlzed with pentobar-
bital (Narcoren, 5 mg/100 g body wt ip.). A cannula was quickly inserted into
the right jugular vein, and the abdomen was exposed by laparotomy. In one
obese group of rats, FE 983011 prepared in distilled water was injected
intravenously (3 mg/kg), whereas the other rats received z vehicle injection,
Fifteen minutes later, a 40% glucose solution (2.6 ml’kg) was Infected into the
first loop of the duodenum. Blood samples (300 pl) 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-1[(7-36), (7-37)], 200 wl 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 60 pmel diprotin A per
niillifiter of blood.

Chronic effects of FE 999011 on glucose and insulin excursion during
an orul glucose tolerance test in the Zucker fatty rat. Two groups of male
Zucker fatty rats, 15 weeks of age, received FE 999011 {10 rug/kg per os, twice
a day) or vehicle (sterile digtilled water) during 7 days. Seventeen hours after
the final edministration of FE 090011, an oral glucose tolerance test (CGTT)
was performed as described above, with or without coadministration of FE
990011,

Chronic effects of FE 999011 in the ZDF rat. At 6 weeks of age, obese
{fe/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, 6:00 r.m.) or twice
a day {10 mg/lcg, 8:00 .M and 6:00 p.».), and one group was injected orally with
sterile distilled water. A group of elght lean (fa/+ or +/+) rals was incleded
as controls for metzabotic and molecular parameters. Tall blood was collected
from rats in the fed state into heparinized tubes three ties a woek before the
frst daily treatment with FE 998011, for plasma determinations of glucose,
insulln, triglycerides (TGs), and FFAs. Body weight and food and water
consumptiion were recorded throughout the experiment. The day before the
rals were killed, blood samples were Laken to determine plasma GLP-1 levels
in the fed state. At the end of the study, the rats were killed, and trunk blood
was collected in heparinized tubes for plasma delermination of DPP-IV
activity, Inguinal and retroperltoneal adipose tissues were dissected out and
weighed, Pancreata were dissected out and frozen for GLP-1 receptor mRNA
Imeasurements.

Plasma analyses. Glycemia was assayed by using a standard glucose-oxidase
technique {Boehringer Mannheim, Mannheim, Germany). Plasma insulin con-
centration was determined by radlolmmunoassay (Linco Research, St
Chartes, MO). Plasma GLP-! concentration was determined by an enzyme-
linked irmmunosorbent assay (ELISA) technique that measured the blologl
cally active GLP-1 forms GLP-1(7-36) and GLP-1(7-37) amide In plasma {Linco
Research). Plasma TG and FFA concentrations were measured using an
enzymatic colorimetrie test (Triglyceride L-Type and NEFA C; Wako Cheri-
cals, Richmond, VA).

Plasma DPP-IV activity was measured using a fluorometric assay. The
plasma samples were centrifuged at 4°C, 10,000g, for 1 min; 0.5 1 supematant
was added to 48 pl assay buffer (HEPES 83.9 mmol/, EDTA 2 ramol, pH 7.8,
with 1.5% BSA); and e reaction was started by addition of 0.5 pl substrate
Ala-Pro-AFC (T-amino-4-rifluoromethylcoumarin, 20 pmol final concentra-
tion; Enzyme Systems Products, Livermore, CA) in assay buffer. The initlal
rate of AFC release was measured at 20°C over 3 min using a Labsystems
Fluoroskan Ascent FL instrument at 410 nm excitation/510 nm emission.
Gene expression assnys using competitive quantitative RT-PCR. Ex-
pression of the gene encoding GLP-1 receptor (GLP-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 Kit method, and then checked
for purity and quantifled using ultraviotet spectroscopy.

RNase-resislant competitor RNA was synthesized for this gene using the
RT-PCR Competitor Construction Kit (Ambion, Austin, TX) and supplied
protoco). Using PCR with P3 and P4 primers specific for the gene, a ¢<DNA
template was created that was identical to the mRNA but contained the T7
RNA polymergse promoter sequence on the 5’ end, ~50 bp of additional
sequence on the 3’ end for efficient reverse transeriplion (RT) priming, and an
intemnal deletion of 10% to allow for agarose gel size separation of the
compelitor- and mRNA-derived PCR products. A trace amount of [**P)GTP
waa 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 murine
Jeukemia virus RT (Life Technologies, Rockville, MD} and randomn decamer
priming. Sample RNA was reverse-transcribed together with known arounts
of synthetic RNA competitor. Both the gene-specific and competitor-derived
cDNAs were then coamplifled using PCR with a specific primer palr for each
gene of interest, P1 and P2, PCR was done under standard conditions using
Taq polymerase (Sigma), prebound with TaqStart antibody (Clontech, Palo
Alto, CA) to increase specificity of the reaction. A PE9700 thermocycler (PE
Blosystems, Foster City, CA) was used for 30 cycles, A touchdown procedure
for primer mnealing was used. Gycles consisted of denaturation at 94°C for
10 5; primer annealing at 65 to >60°C for 15 s; and extension at 72°C for 30 s.
Primer palrs were designed to span at least one intron so that any PCR
products derived from contaminating genomic DNA were easlly distinguished
from RNA-derived products, Also, PCR extension times were minimized to
further reduce the chance of amplification of longer, genomic-DNA derlved
products.

Two PCR products were obtalned for each rsaction, and mRNA content
was quantificd by comparing the amount of DNA in each product band.
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F1G, 2. Effect of FE 999011 and NVP-DPP728 on plasma DPP-IV activity
tn the Zucker fztty rat. Ploasma DPP-TV activity was determined after
oral adminlstration of 10 mg/kg FE 999011 (O), 10 mg/kg NVP-DPP728
(A), or vehicle (®). The rectangle indicates when the OGTT was
performed as illustrated in Fig. 8. Data are the means = SE, n = 0 rats
per group.

Competitor- and mRNA-derived product sizes were 202 and 226 bp, respec-
tively, Coamplification and comparison using another standard (e.g, 185
RNA) is not required for guantification using thls technique. Amplified DNA
samples were prestained by adding SYBR green dye (Molecular Probes,
Eugene, OR) to the loading buffer and electrophoresed on a 3% agarase gel.
Gels were analyzed using biue Mght epi-iliumination with a Fuji LAS-1000
digital camera system and quantified using Aida 1D software (Raytest,
Wilmington, NC). '
The sequences of the primers used are as follows:

GLP-1R Pl: 5'-AAT CGG GGT CAA CTT CCT TGT CTT CAT-3';

@LP-1R P2: 5-GTG AAG GAG AGC TCT GTG AAC AGC TTG-3";

GLP-1R P3; 5-GCG TAA TAC GAC TCA CTA TAG GGA GAG GAG AAT CGG
GGT CAA CTT CCT TGT CTT CAT GCC AAG CTG AAG GCT AAT CTC ATG
TGT-3";

GLP-1R P4: 6'-GAC AAA GCA GTA CAA GAC AGC CAC CAT-3.

Genotyping of rats for leptin receptor mutation, Genomic DNA was

extracted from 50-200 w1 whole blood using the Qiagen QIlAamp DNA Blood

Mini Kl¢t and amplified by PCR using primers flanking the nucleotide substl-

tution in the leptin receptor coding sequence that creates the fao mutation (5

primer, 5'-CGT ATG GAA GTC ACA GAT GAT GGT AAT-3'; 3’ primer, 5-CCT

OTC TTA CGA TTG TAG AAT TCT CT-3"). The resulting 118:bp product was

digested with Mspl and electrophoresed on a 3% sgarose gel. Amplicons from

the normo! allelle nre not digested and migrate as a single 118-bp band,
whereas the mutant allelle is cleaved, resulting in 3¢- and 70-bp fragments,
thus allowing for unambiguous genotyping.

Statistics. All data are presented as means * SE. They were subjected to

ANOVA followed by Student-Newman-Keuls test. P < 0.05 was considered

significant.

RESULTS

Studies in Zucker fatiy rats

Plasma DPP-IV activity following FE 999011 and
NVP-NDPP728 administration, Oral administration of
FE 999011 and NVP-DPP728 to Zucker fatty rats produced
an fmmediate suppression of plasma DPP-IV activity (Fig.
2). Maxima! inhibition was obtained 30 min postinjection
for NVP-DPP728 and 1 h postinjection for FE §99011. FE
909011 and NVP-DPP728 significantly reduced DPP-IV
activity for at least 12 h and 6 h, respectively (Fagqs =
58763, P < 0.001). Twenty-four hours postinjection,
plasma DPPIV 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 FF.
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FIG. 3. Effect of previcus oral admindstration of the DPP-IV inhibitor
FE 999011 on glucose tolerance in the Zucker fatty rat. Plasma glucose
cxcursion was nssegsed in response to oxal glucose loading (L g/kg) in
the ab ({®) or pr af three dosages (1 [(Al, 8 {[1), and 10 [V]
mg/kg) of FE 909011 administered 8 k before. Data are the means * SE,
n = ( rats per group.

999011 at doses ranging from I 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 - di™* - 120 min™" for the
vehicle group and 7,643 * 1,032, 6,821 * 747, and 5,622 =
644 mg » dI! - 120 min™? 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 hj.gbly Signjﬂcmt (Fﬁ,zo = ‘6.57, P< 0.01).

Effect of FE 999011 on glucose excursion, plasma
GLP-1, and insulin responses during an infraduode-
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.% + 382.6 vs, 2,684.0 =
531.3 mg + dI'' « 60 min™ 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 2.1 % 0.5 ng/mt
at 30 min. In untreated obese Zucker rats, insulinemia rose
within 20 min from 4.7 = 2.1 to 18 * 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/m,
persisting until 30 min. Basal values for plasma GLP-1
were indistinguishable between lean and obese untreated
rats (2 pmol1), 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 trealment 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 998011 on glucose excurston, and plasma Insulin and
GLP-1 responses during an IDGTT in the Zucker fatty rat. Plasma
glucoge, insulin, and GLP-1 excursieons were assessed in response to on
inteaduodenal glucose load (1 g/kg) in the absence or presence of 3
mg/kg FE 899011 administered intravenously 15 min before. The ELISA
technigue used for the measurement of bioaetive GLP-1 equ ally detects
GLP-1(7-36) and GLP-1(7-37) amide moietles but none of the inactive
forms of GLP-1. Data are the means + SE, n = 8 rats per group.

control rats that were pretreated with vehicle are shown in
Fig. 5 (¥); they exhihit the fypical pattern of glucose
intolerance known for naive Zucker fatty rats. The addi-
tion of FE 989011 (1 mg/kg) to the glucose load in rats that
were pretreated with vehicle improved glucose tolerance
and enhanced insulin secretion (Fig. 5 [@)). Pretreatinent
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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FIG. 5. Effect in the Zucker fatty rat of repeated oral administxation
for 7 days of FE 989011, 10 my/kg twice a day (¥, Q), or vehicle (¥, ®)
on glucose excursion and insulin response during an OGTT (1 g/kg)
performed on the eighth day. At the time of orel glucose administra-
tlon, rats received either F 11 (1 mg/kg) with glucose (O, 8) or
glucose alone (W7, ¥), Data are the means & SE, n = § rats per group.

with vehicle-treated rats (¥) was possible with a lower
insulin response, suggesting improved insulin sensitivity
after 7 days of treatment. Basal insulinemia was decreased
in FE 889011 (6.8 = 0.8 ng/ml) compared with vehicle-
treated rats (8.6 = 1.1 ng/ml, P < 0.05). Combination of
chronic {reatment with FE 899011 for 7 days and addition
of FE 999011 to the glucose load produced the lowest
glucose excursion (Fig. 5 [O]). In comparison to the rats
challenged with glucose alone (¥, ¥), glucose excursion
was reduced in rats previously chronically treated with FE
999011 (Fy, go = 14.4, P < 0.001), glycemia at 20 and 30 min
postglucose being significantly decreased in the FE
999011-treated group (¥ vs. ¥). The insulin responses
were also reduced in rats repeatedly treated with FE
999011 (Fyy 6o = 2.607, P < 0.0L). Insulin-to-glucose ratios
were 0,12 * 0.04 and 0.04 £ 0.01 for rats previously treated
with vehicle and FE 989011, 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 velicle (O) or treated with 10 mg/kg FE 999011 once 2
day in the evening (Y) or twice a day, morning and evening (V). In this
mode), untreated ZDF rats become diabetic between 6 and 10 weeks of
age. At timie 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 confinmed by genotyping all obese ZDF rats. Lean rais
carried either the heterozygote fa/+ or the hocmozygote
+/+ genotype.

Pattern of changes in glycemia. At the beginning of the
study, glycemiz 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 rais 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 = 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/dl, # < 0,05), but
only at day 24 for the twice-a-day treated group (238.3
324 vs. 97.3 = 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 (Fg; a4 = 21.967,
P < 0.001). At the end of the study, glycemia remained
highly significantly decreased by the twice-a-day treatrnent
(241.7 £ 34.7 mg/dl) compared with the unireaied 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 (Fgg 44s = 302371, P < 0.001). The lean conirol
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 dsy 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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F1G. 7. Pattern of changes in body weight gain, food intake, and water
intake of lean rats (@) and chese ZDF rats receiving vehicle (O) or
treated with 10 my/kg FE 939011 once a day (¥) or twice 4 day (V).
Data are the means = SE, rn = 8 rats per group.

the experiment (Fesuy = 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 ireated 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 (Fyy 404 =
14.8, P < 0.001). Ten days after the start of the experiment,
water intake steadily inereased in the control obese group
and the group treated with F2 993011 once a day. FE
999011 twice a day fully prevented this large increase in
water consumption.

Pattern of changes in insulinemia. 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 conirol obese group
gradually increased to a peak value of 23.3 = 3.6 ngfml §
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FIG. 8. Compnrison of the pnttern of changes in glycemia (@) and insulinemia {(O) measured in Ienr control rats (A) and obese male ZDF rats
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days after the initiation of treatment. Ther, plasma insulin
steadily decreased to a value of 7.2 = 1.4 ng/ml af day 24
of the study. Obese rats treated with FE 999011 once a day
showed a similar pattemn of insulin secretion during this
freatment 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 first 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-I 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 unireated,
obese diabetic rats (4.0 * 0.1 pmol/I)., Chronic treatment
with FE 999011 increased basal GLP-1 plasma concentra-
tion te 5.8 = 0.5 pmol/l in once-a-day treated rats and 6.2 =+
0.5 pmol/ in twice-a-day treated rats, with both increases
being significant versus vehicle-treated obese rats Foor =
3.649, P < 0.025). The value for lean rats was 5.2 =+ 0.7
prool/l.

Plasma DPP-IV activity. At the end of the study (day
20), plesma DPP-IV activity was 0.79 * 0.03 in lean and
102 * 0.05 rate/min in untreated obese rats, whereas a
value of 0.23 * 0.02 rate/min was measured in obese rats
injected with FE 999011 twice a day (Fop = 1068, P <
0.001).

Plasma FFA and TG levels, Plasma FFA and TG levels
in the three obese gronps 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 Eroup, no
change in plasma FFAs and a small increase in TQs were
observed (5 ,,, = 18.5, P < 0.001; Flon = 424, P <
0.001 for FFAs and TGs, respectively). Interestingly, mean
plasma FFA levels did not increase significantly with the
twice-a-day treatment, (1.52 = 0.16 to 1.84 + 0.18 mEq/1),
thus remaining in the concentration range seen in the
prediabetic state (1.81 % 0.17 mEq/). Treatment with FE
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FIG. 8. Pattern of changes in plasma FFAs in lean rats (®) and obese
ZDF raisreceiving vehicle (O} or treated with 10 mg/kg FE 999011 once
a day (¥) or twice o 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 (mEqgA) Plastaa TG (ng/ral)
Day -1 Day 19 Day -1 Day 18

Lean FAR? .

No ireatment 0.64 = 0.04 0.66 = 0.04 G616 * 4.1 94.6 = 4.6
QObese fa/ffa

Vehicle 1.81 = 0.17* 3.10 £ 0.1* 348.6 *+ 16.7* 1254.5 & 45"

FE 995011 once a day 176 £ 0.1* 240 * 0.4%t 342.2 = 13.6* 893.6 % 130.9%%

FE 965011 twice a day 1,62 = 0.16* 1.84 = 0,18*F 327.3 * 39.7* 672.4 £ 69%t%

%P < 0,06 vs. Jean; {2 < 0.05 vs. obese vehicle; P < 0.05 vs. obese FE 998011 once daily.

099011 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
49 = 1.0 X 10%to 7.8 = 1.2 X 10° mRNA copies/pg 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 (J o = 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 confrols.

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
giucose excursion following OGTT was normalized even in
absence of inhibitor given at the time of the glucose load.
The fact that such improved glucose tolerance occurred

20 -
18 1
16 1
14 4

P<0,05

12 4
10 4

[ 2z

10% coples of mRNA for GLP-1R/ug RNA total

FE 999011
once daily

FE £99011
twice dally

Lean Vehicle

¥IG. 10. Pattern of changes in pancreatic gene expression for GEP-1
receptor (GLP-1R), as quantified by RT-PCR. Deta are the means & 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 FI2 99011 significantly delayed the
rise in glycemia. Our data clearly indicate that prevention
of the diabetic situation was possible only with the twice-
a-day admuinistration 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 conirol of water
intake, a hallmark of adeguate control of glucose metab-
olism in diabetic rats (27), was another sign of treatment
efiicacy. 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. Tt can be suggested that
improvements of both ghicose-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 treatinent was probably another determining
factor for the maintenance of islet cell function in this
model. The improvement of insulin secretion and eficacy
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 953011, 25 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-1R rmRNAs
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-]
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 improvenient in control of glhucose
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 (84,35). In this study, 2 hypothalamic anorectic effect
of GLP-1 is very unlikely as a primary cause for the
prevention of diabetes by FE 9939011, as no anorectic effect
was observed in Zucker rats after 7 days of treatinent or at
any time in ZDF rats chronically treated with FE 998011
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 accunmlation of T3s in islet
cells due to the absence of leptin action has been postu-
lated to represent a major cause of failure of B-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
rmutation 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 B-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 B-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 treatrnent with FE 999011 and maintained
below the 2 mEq/l level that is toxic for B-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 B-cell function,
represents the likely mechanisru for the successfill preven-
tion of diabetes by FE 9399011.

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 f-cell mass and insulin synthesis
and thus favors adequate insulin stores in pancreatic
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islets, Iurthermore, GLP-1 can enhance irsulin 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 B-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
te cleavage and inactivation, such as neuropeptide Y (45)
or growth hormone-releasing hormone (46).
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ethanolamine, pH 7.4, enzyme, substrate (gly-pro-pNA
at either 120 pM or 1000 pM), inhibitor (various con-
centrations) and 1% DMSO (final volume of 100 pl).
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 [Cs, 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, IC5, was then con-
verted to K, assuming competitive inhibition according
to:

M

The calculated K| 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.X))

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 < < /(1 + $/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 k,p. values:

oy —1t

R {1 — exp(—lu.1) (2)

where P is reaction product, v, and v, are initial and
steady-state velocities, respectively, and k,,, is the
pseudo-first order rate constant for the approach to
steady-state. These values were subsequently used to
generate k,,,, ko and final equilibrium Ki*. [n the cases
where k,p, was linearly dependent upon [/(1 + S/Km),
Kun and k; were calculated from the slope and intercept
of the line:

Bope = kand/ {1 + S{Km) + kay 3
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When k., dependence on effective inhibitor concen-
tration was hyperbolic, k,, and k¢

. Bk
E+l=Ftl=FEx*/[
I ¥,
were calculated using following equation according to
Scheme 1:

= T N +,\’.| (4)

where Ki is Ky/k;, ko = k3/Ki, k; is ko and final Ki* =
Kott/Kon-

We measured the inhibitor dissociation constant inde-
pendently using dilution experiments because calculating
the inhibitor dissociation constant from the final complex
(k,} 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 uM, Km = 60 pM). ki was
then calculated by fitting the subsequent time course
with the equation:

=t

P=ut+ o (1 — exp{—kyt) (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-1y.4,) 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-1- ;. concentration
range 10 to 240 pM) 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 pM) 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 ul stop bufter was added to quench the reaction.

A Thermo Fisher LTQ Orbitrap mass spectrometer in
positive electrospray mode was used to detect GLP-1 y 4.
The chromatography system was a Waters Acquity UPLC
with a Waters UPLC BEH C18, 1.7 um, 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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ABSTRACT:

Saxagliptin is a potent dipeptidy! peptidase-4 inhibitor approved
ffor the treatment of type 2 diabetes mellitus. The pharmacokinetics
and disposition of [“C]saxagliptin were investigated in healthy
male subjects after a single 50-mg (91.5 uGi) oral dose. Saxagliptin
was rapidly absorbed (T, 0.5 h). Unchanged saxagliptin and
S-hydroxy saxagliptin (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
excration 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 CYP3AS5 metabolized saxagliptin and
formed M2. Kinetic experiments indicated that the catalytic effi-
ciency (Vinax/Ky) for CYP3A4 was approximately 4-fold higher than
that for CYP3AS. Therefore, it is unlikely that variability in expres-
sfon levels of CYP3AS due to genetic polymorphlsm will impact
clearance of saxagliptin. Saxagliptin and M2 each showed little
potential to Inhibit or induce important P450 enzymes, suggesting

hat saxagliptin Is unfikely 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

Parts of this work wera praviously presented as follows: Christopher LJ, Su H,
Bamos A Jr, Wang L, Cae K, Bonacoral S Jr, lyer RA, and Humphreys WG (2008)
Identification of the enzymes involved In the oxidative metabolism of saxagliptin
and kinetics of formatian ef its major hydroxylated metabelite; Abstract 289, 76th
North American Reglonal Intemational Soclety for the Study of Xencbiotics Meat-
ing; 2009 Oct 18-22; Baitimore, MD. Intemational Society for the Study of
Xenobiotics, Washington, DC; Su H, Christopher LJ, Iyer RA, Cao K, Bonacors! S
Jr, and Humphreys W (2011) In vivo disposition and pharmacokinetics and in vitre
Inhibitian and induction profiles of [**Clsaxagliptin, a potent inhibiter of dipeptidyl
peptidase 4, in human, Abstract P236. 17th North American Reglonal Intarna-
tional Socialy for the Study of Xenobiotics Mesting; 2011 Oct 16-20; Atlanta, GA;
Intemational Sociaty for the Study of Xenobiotics, Washington, DC.

Article, publication date, end citation information can be found at
http:/fdmd.aspetjoumnals.org.

hitp://dx.doi.arg/10,1124/dmd.112.045450.

(8] The online verston of this arlicle (availabla at http«/dmd.aspetjoumals.org)
centalns supplemental material,

responsible for degrading and inactivating glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic peptide, incretins
that regulate blood glucose levels. GLP-1 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-| is sustained,
thereby leading to increased activity and improved glycemic con-
trol in patients with 1ype 2 diabetes (Mclntosh et al., 2005).
Becense this mechanism results in a glucose-dependent release of
insulin, DPP4 inhibitors are expected to offer important advantages
over traditional diabetes treatments including fow 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
DFP4 enzyme (Augeri et al., 2005). The ability of saxagliptin to affect
reductions in glycosylated hemoglobin (HbA,~) and fasting plasma
glucose in type 2 diabetes patients has been demenstrated in multiple

ABBREVIATIONS: DPP4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; P450, ¢ytochrome P450;
chromatography; HLM, human liver microsomes; LSG, llquid seintillation counting;

HPLG, high-performance liquid
LC-MSAMS, liquid chromatography with tandem mass

spectromstry; MAM, multiple reaction monttoring; AUC, area under plasma concentration-time curve; T-HALF, terminal phase half-life; CLR, renal

clearance; DMSO, dimethyl sulfoxide; 3-MC, 3-mathylcholanthrene; PB, phenobarbital; RIF, rifampicin; Cr, threshold cycle.
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Phase III clinical trdals, 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, onee daily {United States prescribing information for
Onglyza, hutp:fiwww.packageinserts.bms.com/pi/pi_englyza.pdf).

In nonclinical pharmacckinetic studies, saxagliptin was rapidly
absorbed and showed good oral bicavailability 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 ail species (Fura et al., 2009). Metabolite M2 was phar-
macologically active, with an in vitro DPP4 inhibitory activity ap-
proximately half that of sexagliptin (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
(9L.5 pCi) p.c. dose of [“*Cisaxagliptin. 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 formaticn of
M?2 and the determination of the potential of saxagliptin and M2 1o
inhibit or induce P450 enzymes.

Materials and Meihods

Chemicats. [MC]Saxagliptin (radiochemical purity 99.86%, specific activity
1.83 pCifmg) with the C-14 labe) distributed between the carbonyl carbon and the
adjacent carbon (Fig, 1) and stable-labeled '*C,'*N-saxagliptin, and B3¢, BN-5-
hydrexy saxagliptin [intemal standards for high-pedformance liquid chromatogra-
phy (HPLC) analysis] were synthesized by the Radiochemistry Greup of the
Department of Chemical Synthesis, Bristol-Myers Squibb Research (Princeton,
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reported as percentage of administered mdicactivity)
NH is indicaied next 1o the corresponding amow., D1, a
degradant known 1o form in solution, was found in
small quantities in all samples.

NI} (Cao ct al., 2007). Unlabeled saxagliptin (P, (15.35,58)-2-((5)-2-amino-2-(-3-
hydroxyadamantan-1 -yl)acetyl)-2-azabicyelof3.1.0Jhexane-3-carbonitrile); and
reference standards for 5-hydroxy saxagliptin, (M2, (15,35,55)-2-((S)-2-amino-2-
((1r,3R,55,75)-3,5-dihydroxyadamontan-| -ylacetyl)-2-azabicyclo[3. 1.0]hexane-
I.carbonitile); degradant (D1, (1a5,45,6aR.7a8)-4-(-3-hydroxyadamantan-1-yl)-
6-iminchexahydro- | H-cyclopropal4,5lpyrrolo[1,2-alpyrazin-3(JaH)-one); the
SR.SS and 5.55.R diastereomers of saxagliptin (Supplemenial Fig. S1) were
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, MQ), with the
exception of montelukast, which was purchased from Sequoia Research Prod-
ucts (Pangbourne, UK), and benzylnirvanol (BD Biosciences, Woburm, MA),
Chemical indocers, inhibitors, substrates, and metabolites of P450 enzymes
and internal standards used in experiments to cvaluate whether saxagliptin ond
M2 were inhibitors or inducers of P450 enzymes were procured by CellzDirect
(Pitisboro, NC). All chemicals were of the highest purity available.

Human Liver microsomes (HLM; 19 donors male/female) and individual
human ¢DNA-expressed eylochrome P450 enzymes were purchused 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 ackivity 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 obiained from MP Biomedicals (Irvine,
CA), and Emulsifier-Safe and Permofluor E+ scintillation fluid were obtained
from PerkinElmer Life and Analytical Sciences (Waltham, MA). Delonized
water was prepared using a MilliQ ultrapure water system (Millipore Corpo-
ration. Billerice, 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 Bristal-Myers Squibb Clinical Rescarch
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 kp/m?® (rangg,
19.7 to 28.1 kg/m®), The study was conducted in accordance with the Decla-
ration of Helsinki and guidelines on Good Clinical Practice. Before study
initiation, the study proteco) and informed consent documents were approved
by the Inslitotional Review Board of the New England Institutional Review
Board (Wellesley, MA). All study panicipants provided wrinen 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
1¥C)saxagliptin contzining 91.5 pCi of radioaciivity, immediately followed
by 240 m of water on day 1. Blood samples were collected at selected time
Ppoinis vin an indwelling catheter or direct venipuncture into Vacutainers (B>
Biosciences Medical Supplies, Franklin Lakes, NJ) containing K,EDTA and
were centrifuged to cbtain plasma for pharmacokinetic and bjotransformation

" analysis. The total urine and fecal output was collected for the durntion of the
swdy (0-168 h). On the moming of day 6, a single 30-m1 oral dose of Milk of
Magnesia wos administered to each subject to facilitate defecation before
relense from the clinical Facility. All subjects were released on the moming of
duy 8.

Blood samples (6 ml total per time point) for the plasma pharmacokinetic
analysis of saxagliptin, M2, and radioactivity were collected predose and at
0.25,05.0.75,1,1.5,2.0,2.5, 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 168 h postdose,

Cumulative urine was collected predose and over 0 19 12 h, 12 to 24 h, and
thereafter in 24-h intervals through 168 h for determining saxagliptin, M2, and
radioctivity concentrations and for metabolite profiling, Feces were collected
predose and over 24-h intervals postdose for the measurement of radionctivity
concentrations and for metabolite profiling. All samples were stored at —20°C
or below until analysis.

Radionctivity Analysis, Rodionctivity 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 scintiliation fluid (PerkinElmer Life and
Analytical Sciences) and counted directly. Water was added lo each fecal
sample to form an approximately 20% (w/w) feces mixture, which was
homogenized using o probe-1ype homogenizer (Kinematica Polyiron model no.
PT 45-80; Brinkman Instruments, Wesibury, NY). Aliquois of fecal homoge-
nate were then combusted using a sample oxidizer before counting by LSC, as
deseribed previously (Christopher et al., 2008).

Quantification of Saxagliptin and M2 in Plasma and Urine Samples,
The concentrations of saxagliptin ard M2 in individual plasma and urine were
determined with validated liquid chromatography/tandem mass spectrometry
(LC-MS5/MS) methads, In brief, after the additon of stable-labeled internal
standards ('*C,,"*N-suagliptin and 3C,,'SN-5-hydroxy saxogliptin) to each
plasma or urine sample, the analytes were isolated by solid-phase extraction
(Waters Qasis HLB, 10 mg; Waters, Milford, MA). The eluates were evapo-
rated ta dryness, reconstituted in mobile phase, and then applied 1o an Atlantis
dCl18, 2.1 ¥ 50 mm. 5-um HPLC column (Waters). The LC-MS system used
for plasma samples censisted of LCI0AD delivery pumps (Shimadzu Corpo-
ration, Columbiz, MD) and a Series 200 Autasampler (PerkinElmer Life and
Analytical Sciences). The HPLC system was interfaced to either o 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 jon
electrospray mode, and analytes were monitored by multiple reaction moni-
toring (MRM) with transitions that were characteristic for ezeh analyte. For
saxagliptin and M2, the standard curve ranges were 5 to 1000 and 10 to 2000
ng/ml, 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 pharmacokinetic 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 metheds with Kinetica 4.2 in eToslbox (Thermo
Fisher Scientific, Weltham, MA). The single-dosc pharmacokinetic parameters
determined included the following: moximum observed concentration (Crnat
time of maximum concentration (7,,,.); area under the plasma concentration-
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time curve (AUC) between time 0 and the last quantifiable concentration
[AUC(0-T)I; 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 radiouctivity
only, and the calculation was based on cumulative fecal weights and fecal tota!
radioactivity concentrations. For the percentage of dose excreted in urine and
feces, the actual dose of saxagliptin administered (o each subject was deter-
mined by subiracting 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 dosiag solution (1.0 g/ml) and the concentration of the
dosing solution (5 mg/ml).

Preparation of Samples for Biotransformation Profiling and Ident:fi-
cation of Metabolites. Representative poals of plasma, urine, and feces were
prepared for metabolite profiling and identification experiments. Plasma sam-
ples were segregated by collection time (Le., 1, 2, 4, and § h), and equal
volurnes from all subjects were combined. Plasma samples collected oftey 8 h
were not analyzed because the radioactivity in these samples was too low to
produce meaningful profiles. Urine and fecal homogenate paols (0-168 hy
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 fecnl homogenate samples were ench extracted with
three volumes of methanol/acetonitrile 50:50 (v/v). After centrifugation at
2500 for 40 min, the pellets were extracted an additional two fimes with
methanoMacetonitrile/waler (25:25:50, vfv/v), The supemnatants frem each cx-
traction step were combined and evaporated to dryness under nitrogen. The
dried residues were reconstituted in methanol/acetoniteilefwpter (~10:20:70,
v/vlv), 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 11,000 to remove any particulates and analyzed
without additional processing,

LC-Radiochromatographic and LC-MS/MS Methods for Metabokte
Profiling of In Vive Samples and Identification of Metabalites, Samples for
metabolite profiling were analyzed on a Shimadzu LC-10AD HPLC syslem
(Shimadzu Corporation), equipped with two 10AD VP pumps, a SIL-10AD
autoinjector, a model SCL-10A system controller, and an SPD-M10A pholo-
diode array detector. A Zorbax 4.6 X 250 mm, 5-pm, RX-C8 column (Agilent
Technologies, Sante Clara, CA) maintained at 30°C was used to separnte
drug-related components, The mobile phase consisted of two solvens:
1) 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
rale was 0.5 mlmin. The gradient program used for sample elntion 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
30to 40% B {5052 min); linear gradient from 40 to 80% B (52-55 min); hold
isocratic at 80% B (55~60 min); relurn to 0% B (60-62 min); re-equilibrate
at 0% B for 10 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, W1). The
Plaies were evaporated to dryness on a Savant Speed-Vac (Savant Instru-
ments Inc., Holbrook, NY) and counted for 10 minfwell with a PerkinElmer
1450 MicroBeta Wallac TRILUX Liquid Scimtillation and Luminescence
Counter (PerkinElmer Life Sciences, Turku, Finland) to quantify radioac-
tivity. Radioprofiles were prepared by plotting the net counts per minute
values obtnined from the MicroBeia versus time nfter injection using
Microsoft Excel (Microscft Corporation, Redmond, WA). The metabolites
were quantified based on the percentage of total radionctivity in each peak
refative to the entire radiochromatogram.

Mass spectral analysis was performed on o Finnigan LCQ Deca XP jon trap
mass spectrometer equipped with an electrospray fonization 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 radiaprofiling. High purity nitrogen was
vsed 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, spray current, ond voltoges were udjusted as required to achicve
maximum sensitivity or optimal fragmentation of drug-related components.
Reference standards, available for saxagliptin, M2, DI, M13, and the S,R.5,S
and S.5.5, R cpimers of saxagliptin were used to confirm the retention time and
mass-spectmal frag ation patters of these analytes.

Identification of Enzymes Tnvolved in the Metabolism of Saxagliptin
and In the Formation of M2, ["*C)Saxngliptin (10 xM) was incubated at
37°C with pooled HLM (1 mg/ml protein) and individually expressed humnan
P450 enzymes {500 pmol/ml cach, including CYPIA2, CYP2A6, CYP2BG.
CYP2C8, CYP2C9, CYP2C18, CYP2C19, CYP2D6, CYPZEL, CYP3Ad, and
CYP3A5) in 100 mM phosphate buffer (pH 7.4}, fortified with 1 mM NADPH
to evaluate which enzymes were capable of metabolizing the compound and
forming the major metabolite, M2. After the incubation peried (30 min for
expressed enzymes; 60 min for HLM), the reaclions were icrminated by adding
1 to 2 volumes of ice-cold acetonitrile, The samiples were (hen centrifuged, and
the resulting supematants were anaiyzed by LC-MS/MS and off-line radio-
analysis. The analytical methodology was similar to that deseribed for bio-
transformation profiling and metabolite identification of in vive samples, with
the cxccption that drug-related components were separnted on a YMC
OD5-AQ 5-3 120A column, maintained at 30°C. and the mobile phase gradient
was modified, with o shorter run time (48 min).

A correlation analysis between the formation of M2 and P450 aetivity was
conducted by incubating saxagliptin, al concentrations of | nnd 10 pM, in
singlicate with individual lots of HLM from L6 different donors. For cach lot,
the activities of CYPLA2, -2A6, -2B6, -2C8, -2C9, -2C (9, -2DG, -2El, -3A4/5,
and -4A11 had been determined by the vendor using marker substrates specific
for each enzyme (Technical Information for Reaction Phenotyping Kit version
7, ref, 0510189; XenoTech, LLC). The reaction mixtures contained 0.25 mg/ml
of HLM, | or 10 oM saxagliptin, | mM NADPH, and 0.1 M phosphate buffer
with 2mM MgCl, (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 determincd by analyzing an aliquot of the resulting supernatant by
LC-MS/MS with multiple reaction monitoring as described below. Plats 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 moaoclonal
antibody Inhibilors of P450 cnzymes. Chemical iphibitors included direct
inhibitors, tranylcypromine (2 pM, CYP2AG), moatelukast (3 pM, CYP2CS),
sulfaphenazole (10 uM, CYP2C9). benzylnirvanol (I M, CYPIC!9), quin-
idine {1 M, CYP2D6), ketoconazole (1 pM, CYP3Ad4/5) and time-dependent
inhibitors, furafylline (10 puM, CYP1A2), orphenadrinie (50 pM, CYP2B6),
diethyldithiocarbamate (50 pM, CYP2E1), traleandomyein (20 uM, CYP3A4/
53, and |-aminobenzotriazole (1000 pM, all P450s). Anti-P450 monoclonal
antibodies inciuded anti-CYP1A2, anti-CYP2B6, anti-CYP2C8, anti-
CYP2C19, anti-CYP2D6, and anti-CYP3A4/5. A final concentration of 5to 7
gl of antibody mixture was used per incubation. The antibody solutions were
used as received: the concentration of cach of the antibodies was not provided.

Saxagliptin, al concentrations of 1 and 10 M, was incubated in tiplicale
with pooled HLM (0.25 mg/mi), 1 to 2 mM NADPH, and 2 mM MgCl, in0.1
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 m! for the chemical inhibitor experiments and 0.25 ml for the
anti-P450 antibody experiments. For incubations with direct chemical inhibi-
tors, alt 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 ndded to initiate the reactions. For incubations with time-
dependent chemical inhibiters, all ingredients except saxagliptin were added to
\he incubation tubes. The samples were equilibrated at 37°C for 2 to 3 min, and
then | mM NADPH was added to initiate 2 15-min preincobation with the
inhibitors. ARterthe 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 EILM in phosphate buffer on
ice for 20 min, and then warmed at 37°C for 10 min. Saxagliptin and NADFH
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-Eei-9) rather
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than anti-P450 antibodies were conducted. The mie 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
NADPH or contained heat-inactivated microsomes (boited for 5 min).

After the appropriate equilibrations and preincubation periods, HLM incu-
bations were carried out for 30 min at 37°C. An cquivalent volume of ice-cold
ncetonitrile was added fo stop ench renction. Samples were voriex mixked and
centrifuged ta precipitate proteins. The concentration of M2 in each sample
was then determined by analyzing oo aliquot of the resulting supermatant by
LC-MSMS,

Concentration-Dependent Metabolism of Saxagliptin to M2. The kinet-
ics for the formation of M2 were detennined in pooled HLM and expressed
CYP3A4 and CYP3AS5. Incubations (0.25 ml total volume, in triplicate)
contained 1 mM NADPH, 2 mM MgCl,, 0.1 mM phosphate buffer (pH 7.4},
saxagliptin, and HLM (0.25 mg protein/ml), or expressed CYP3A4 or
CYP3AS5 {10 pmo! P450 enzyme/ml). Twelve concentrations of saxagliptin
from 1 1o 800 uM were evaluated. The HLM incubations were condueted ot
37°C. After the designated incubation period (30 min for HLM, 10 min for
CYP3A4 and CYP3AS), reactions were quenched by adding an cqual 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
then determined by analyzing an aliquot of the resulting supernatant by
LC-MS/MS.

LC-MSMS Mecthod for Quantification of M2 in In Vitro Samples.
tnternal standard, '*C,,SN-5-hydroxy saxagliptin, was added to the quenched
reaclion mixtures from the in vitro incubations before LC-MS/MS analysis.
‘The LC/MS system used for quantitation of M2 in in vitro samples consisied
of two 10AD-VP pumps, a model SCL system controllcr and a degasser
{Shimadzu Corporation), a LEAP HTC PAL autosampler cquipped with a
cooling stack maintained ot 10°C (CTC Analytics, Cartboro, NC), and a
Micromass Quattro Ullima triple quadrupole mass spectrometer (Waters),
MessLynx soflware (version 4.0 or 4.1; Waters} was used to control the
instrumentation and acquire data. Chromalographic separation of M2 from
other mono-hydroxylated metabolites was achieved on an Agilent Zorbax
SB-C$ column (4.6 X 75 mm, 3.5-zm particle size) (Agilent, 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); frem 40 to 80%
B (5-5.5 min); hold isocratic at 80% B {5.5-6.5 min); retum 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 made. Ultrahigh purity nitrogen was used for the
nebulizing and desolvation gases at flow rates of approximately 85 and 1000
Ifh, respeetively. The capillary voltage was 3.5 kV, the cone voltage was 6V,
and the collision encrpy was 45 eV. The desofvation temperature was 300°C,
ond the source temperature was 150°C. Detection of 5-hydroxysnxagliptin and
its internal standard were achieved through MRM. The individual selected
reaction monitoring transitions were 332 — 196 for M2 and 335 — 196 for the
internal 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 (» = 15 donors,
mixed gender pool; CellzDireet, Durham, NC). ICs, values for ninc enzymes
were determined using probe substrates specific for each of the enzymes
cvaluated. The metabolic reactions monitored and probe substrate concentra-
tions used were phenacetin Q-decthylation (50 pM, CYPIA2), coumarin
7-hydroxylation (L pM, CYP2A6), bupropion hydroxylation (20 pM.
CYP2B6), paclitaxel 6-hydroxylation (5 uM, CYP2C8), tolbutamide hydroxy-
lation (140 pM, CYP2CS), S-mephenytoin 4'-hydroxylation (50 pM,
CYP2C19), buforalal 1'-hydroxylation (40 pM, CYP2D6), chlorzoxazone
6-hydroxylation (50 pM, CYP2E1), midazolam 1’-hydroxylation and testos-
terone 63-hydroxylation {5 and 50 pM, respectively, CYP3A). The final
concentration of each probe substrale was near the experimentally detcrmined
K., value for the indicated enzyme.
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To evaluate whether saxagliptin or M2 were competitive inhibitors of P450
enzymes, saxagliptin (a1 concentrations of 0, 0.1, 1. 5, 20, and 50 M), M2 (at
concentrations of 0, 0.1, 1, 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, Afier a 3-min equilibration at 37°C, 1 mM NADPH was added 10 initiate
the reactions. The reactions were camied 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
gssess the time-dependent inhibition, saxapliptin, M2, or positive control
time-dependent inhibitors were preincubated for 15 min at 37°C with pooted
tioman liver microsomes in the presence and absénce of | mM
NADPH. After the preincubation, 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 cach of the reaction products
as described in Supplemental Table S1. Then, the percentage remaining
activity was determined by comparison of probe substrate metabolism in
incubations containing NADPH but without 4est compounds or contro! inhib-
itors, If inhibilion reached significant levels (i.e., the percentage remaining
aclivity was <50%), ICy, values were reported,

Assessment of Potential of Saxagliptin and M2 to Induce P450 En-
zymes. The potential of saxagliptin and M2 te induce the expression of mRNA
levels andfor P450 enzyme activity of CYP1AZ, -2B6, ond -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; CellzDirect) were used.
Donor information is provided in Supplemental Table $3. The cultured human
hepatocyles were treated once daily for three consecutive days with either
saxagiiptin (0.2. 1, 5, and 25 pM), M2 (0.2, 1, 10, and 100 kM), solvent

control [0.1% dimethyl sulfoxide {DMSO)] or known prototypical inducers,
3-methylcholanthrene [(3-MC) 2 pM, a prototypical CYP1A2 inducer], phe-
nobarbital [(PB) 1000 uM, a prototypical CYP2B$ inducer], and rifampicin
[(RIF) 10 uM, 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
fncubating microsomal samples with probe substrates specific for cach P450
enzyme ond then measuring the formation of marker metabolites by LC-MS/
MS, as described in Supplemental Table S1. The probe substrate concentrmtion
and quantity of microsomel protein in cach assay were as follows: 100 uM
phenacetin and 0,02 mg/ml protein for CYP1A2; 250 #M bupropion and 0.02
mg/ml protein for CYP2B6; and 200 uM testostcrone 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% DMS0).

Another subset of the various hepatocyte incuhations 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-
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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/ul). TogMan real-
time quantitative polymerzse chain reaction was then used to determine the
levels of CYP1A2, CYP2BS, and CYP3A4 present in each sample using
primers and probes specific for each enzyme (Applied Biosystems, Foster City,
CA). The reactions were chamcterized during the point in the polymerase chain
reaction cycle at which the amplification praduct was first detected [threshold
cycle (Cp)). Cy values, baseline. and threshold levels were automatically
calculated by the ABI 7500 Sequencer software (Applied Biosystems), A
difference in one Cy was considered equivalent to a 2-fold difference in gene
expression (i.e,, an exponential relationship, 227}, Relative-fold mRNA con-
tent was determined for each treatment group relative 1o the endogenous
conrol 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 uCi oral dose of ['Clsaxagliptin to healthy male
subjects, the mean cumulative recovery of radicactivity over the study
duration (168 h) was ~97% (Table 1). The majorily of the radioac-
tivity (mean value, ~75%) was excreted in the urine. Approximately
22% was recavered in the feces,

For one subject (subject §), 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
urine 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 data’ 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 caleulation of the
mean and S.D. values for urinary excretion reported in Table |,
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 radioaclivity, after administration of [“’C]saxaglip-
tin, are shown in Fig. 2. The mean pharmacokinetic parameters are
presented in Table 2. Saxagliptin was rapidly absorbed with a T,,_, of
~0.5 h postdose. T,,,, values for M2 and total radioactivity occurred

TABLE 1

Excretlon of radloactivity in luman urine and feces after administration of a single oral dose of [*'CJsaxagliptin

Valucs in italics represent total excretion values over the entire study period,

% Recoversd Per Callaclion Interval

Time (h)

Matrix
Subject Number Mean £ $.D.%
1 2 3 4 5 6

Urine 0-12 65.88 6670 64.89 71.64 71.63 27.65 68.15 £ 325
i2-24 0.63 4.27 1.65 5.26 447 1.02 3.26 = 2.00

24-48 2,29 0.75 1.84 2.53 207 4.02 1.90 = 0.69

48-163 213 0.9 1.83 1.60 1.43 1.26 160 £ 043

0-168 7093 7271 7021 81.03 79.60 33,95 74,89 * 5.05
Feces 0-24 <LOQ 30.64 0.04 0.07 11.14 1.40 7.22 % 1227
24-48 NS 206 16.26 9.02 8.51 14.88 8.46 x 6.56

48-72 . <LOQ 0.25 9.95 0.24 1.79 4.90 2.86 £ 3.94

72-96 5.61 0.06 NS NS 1.} NS .13 224

96-144 7.96 <LOQ 5,60 <LOQ 046 0.33 2.39 =348

0144 13,57 33.01 3185 9.33 23,01 21.51 22.05 % 9,50

Total 0-168 84.50 105.72 102.06 20.36 102,61 5546 97.05 £ 9.13

NS, no samplc; <LOQ, below the limit of quantification.

91 = 5; the values for sbbject 6 were not included in the caleulation of mean urinary éxcretion or tolal excretion; mean feeal exeration values inctude data from all six subjects,
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TABLE 2

Mean phannacokineic paramerers for saxaglipiin, M2, and radicacriviry after
adntnistration of a single oral dose of {*'Clsaxagliptin

PK Parameter Saxagliptin M2° Radioactivity
C e AEIML 279 606 779
Mean, #CVY (13) (1n (10}
AUC(INB), ng - /ml 845 2043 3874
Meon, %CY {17 (Y] ()]
T Q.50 1.50 1.50
Median (min, max) (0.25, 0.50) (i.00, 2.00) (1.00, 1.50)
T-HALF, h 245 2.69 277
Mean (5.D.) (0.31) 0.31) (0.22)
CLR, mlfmin 234 102 165
Mean (S.D.)" (23) (10 (14)
ZUrinary exeretion 23.5 35.7 74.9
Mean (S.D.)" 3.1 (3.0} $.0
%Fecal excrction 0.5 84 221
Mean (S.D.) (N.AT (NAY (9.5)

%Y, percentage cosfficient of vacimion: N.A., not applicable.

@ yalues reported for M2 may include small amounts of other hydroxylated melabolite
isomers.

by = §; CLR and wrlnary exerction values do net include dara for subject 6.

¢ Deigrmined via bioteansformation profiling of pooled 0- 10 E68-h uring or fecal samples;
therefore, S.D. was not delermined.

at approximately 1.5 h posidose. Thereafter, the concentrations of
saxagliptin, M2, and total radicactivity 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 eirculating
radioactivity; based on their molar ratios, they represented approxi-
maitely 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 same MRM transition (i.e., M1, 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 (D1) 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 /2 316 and one
major MS? fragment at sz 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+H]™ of m/z 332 (16
Da higher than saxagliptin). The product ion mass spectrum showed
a major MS® fragment at m/z 196, consistent with hydroxylation on
the amino-methyl-adamanty! group. Like M2, metabolites M1, M3,
and MI6 each had a protonated molecular ion [M+H]* of m/z 332
(16 Da higher than saxagliptin} and a major MS* fragment at s/z 196,
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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. Meiabolite M16 had an additional MS? major fragment at n/z
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 M1, 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., 2011). D1 had a protonated molecule
[M+H]" of m/z 316, identical to the mass of saxagliptin, A normal-
ized collision energy of 23%, which produced a large MS? fragment
at m/z 180 for saxagliptin, resulted in little or no fragmentation of D
(data not shown). Howgver, at a higher normalized collision energy of
30%, two major MS? fragment ions of D1 were observed at n/z 288
and 18Q. The fragment ion at /2 288 (28 Da less than the molecular
ion) corresponded to loss of the carbonyl group, whereas the jon at nv/z
180 most likely resulied from an additional cleavage to form a
fragment similar to that observed for saxagliptin.

M3 had a protonated molecule (M+H]* of m/z 332 (16 Da higher
than saxagliptin), suggesting that it was a hydroxylated metabolite.
Like DI, MI13 did not show frapmentation when subjected to a
normalized collision energy of 23% in the mass speclrometer, but at
30%, iwo major MS? fragment ions were observed at m/z 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 1o be a cyclized product of M2,
having a keto-iminopiperazine ring structure.

M45 had a protonated molecule [M+ H]™* of m/z 396, 80 Da higher
than saxagliptin, which is characteristic of a sulfate conjugate. The
MS? spectra for M45 showed major fragment ions at m/z 298 and 260.
The fragment at nr/z 298 (neutral loss of —98 Da from the protonated
molecular ion) was indicative of loss of H,S0O,, wherzas the fragment
at mv/z 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, M4S 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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Fig. 2. Mean concentration versus time profiles of total radicactivity, saxagliptin,
M2, and the summed conwribution of smxogliptin and M2, in plasma from healthy
male subjects afier oral adminisiratian of 50 mg (91.5 1Ci) of ['C]saxagliptie. =,
the concentration values reporied for M2 may contain small amounts of other
hydroxylated metabolites; based on radioprofiling results of plasma samples, the
contribution of these melabolites is expected to be <9% of the reporied M2
coneeniration at each time point.
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TABLE 3

Mass-speciral characterization of primary meiabolites of saxagliptin id

en y
v

inn human ph

iples ofter admhitsiration of a single oral dose of [Clsaxagliptin

to healthy volunicers

Saxagliptin {P) 5-Hydroxysaxagliptin (M2)
oH 288 (-28)
c A
Metabolite [M + HJ* Major Fragment fons Metabalic Patbiway(s)

Saxagliptin 316 180
MI 332 196 Hydroxylalion
5-Hydvoxy soxagliptin {M2) EErs 196 Hydroxylation
M3 332 196 Hydroxylalion .
MI3 332 304, 196 Hydroxylation, eyelizatio
Ml6 132 314, 196 Hydroxylation
M45 396 208, 260 Sulfation
Mas ) 492 474,316,298 Glueuronidation
DI 316 238, 130 Cyelization

Metabolites M46 had a protonated molecule [M+H]" of nvz 492,
176 Da higher than saxagliptin. The MS® spectra showed a major
fragment ion at s/z 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 fragmeniation 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 drug 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 (M1, M3, M13), a suifate conjugate (M45),
and a glucuronide conjugate (M46). A small amount of degradant DI
(<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 piasma 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 M1 and MI3 coeluted and together represented 2.5% of the
administered radicactivity, whereas the parent compound accounted
for only 0.5%. Multiple additional fecal metabolites, ¢ach represent-
ing <2% of the administered dose, could not be identified due to high
levels of mass-spectral background interference.
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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, QOther than
saxagliptin and D1, no additional peaks corresponding to the proton-
ated molecule [M+H]™ of n/z 316 were observed. In addition, there
were no peaks eluting at the retention time of authentic reference
standards for the §,R.8.S and 5,5.5,R 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. 81),
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
Metaholism of Saxagliptin, The biotransformation of ['“C]saxaglip-
tin was investigated in HLM and a panel of recombinant P450
enzymes (Fig. 4, A-C). At a substrate concentration of 10 uM, the
turnover of saxagliptin in HLM was ~32% after a 1-h incubation. The
M2 metabolite was the primary metabolire formed, along with several
additional minor mono-hydroxylated metabolites. The saxagliptin me-
tabolite profiles with CYP3A4 and CYP3AS5 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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68-hydroxylation (r = 0.985; Fig. 4D) or midazolam 1'-hydroxyla-
tion (» = 0.949; 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 10 M2 was a P450-mediated
process. The CYP3A inhibitors ketoconazole and troleandomycin
both inhibited the formation of M2 from saxagliptin (1 @M) in human
liver microsomes by =57%, and an anti-CYP3A4/5 antibedy inhib-
ited M2 formation by >89% (Supplemental Fig, §2).

Kinetic experiments indicated that the formation of M2 from saxagliptin in
HLM and expressed CYP3A4 and CYP3AS followed Michaelis-Menten
kineties (Fig. 5, A-C). The K., values for the formation of M2 were 94.8 uM
in HLM and 81.7 and 252 pM in CYP3Ad4 and CYP3AS incubations,
respectively (Fig. 5D). The V.., values were 496 pmol M2/mg protein/min
in HLM, 31.7 pmol M2/pmol P450/min in CYP3A4, and 24.0 pmo) M2/
pmot P450/min in CYP3AS. The catalytic efficiency (V,,.../K...) for CYP3A4
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(0.388 pl/pmol P450/min) was approximaicly 4-fold higher than for
CYP3AS5 (0.095 pl/pmel 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 HLMs in
the presence of NADPH to assess their potential to inhibit P450
cnzymes. For all P450 enzymes investigated, the ICs, values for
direct inhibition (1o preincubation) were greater than the highest
concentrations tested, >50 uM for saxagliptin and >200 uM for
its M2 metabolite. When saxagliptin and M2 were preincubated
with HLM in the presence of NADPH for 15 min, before the
reporting phase of the incubation, the 1C,, values were also greater
than the highest concentrations tested, >50 and >200 uM, 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 dircct or
time-dependent inhibitors of P450 enzymes.

Assessment of the Potential of Saxagliptin and M2 to Induce
P450 Enzymes. The enzyme activitics and mRNA levels of CYP1AZ,
CYP2B6, and CYP3A4 were determined in primary cultured human
hepatocytes obtained from three individval donors afier treatment
with either saxagliptin (0.2, 1.0, 5.0, and 25 uM), M2 (0.2, 1.0, 10,
and 100 uM), or prototypical inducers 3-MC (positive control inducer
for CYP1A2), PB (positive control inducer for CYP2B6), and RIE
(positive control inducer for CYP3A4). The mean enzyme activity and
mRNA data from three donors are smnmarized in Fig. 6, and the
individual data for ¢ach donor are provided in Supplemental Tables
S4 and 85. At the concentrations tested, saxagliptin and M2 were
nol cytotoxie 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 uM, respec-
tively, did not result in mecaningful increases of CYPIA2Z,
CYP2B6, or CYP3Ad enzyme activity or mRNA content, suggest-
ing that these compouads are not inducers of these P450 enzymes
at clinically relevant concentrations. ;

Discnssion

After administration of a single, oral 50-mg dose of ["*C]saxa-
gliptin (91.5 uCi) to healthy human subjeets, saxagliplin was
rapidly absorbed into the systemic circulation. The T, value was
0.5 h for the parent compound and 1.5 h for both the M2 metabolite
and total radioactivity. After reaching 7,,,,, 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 afier dosing, By the end of the 7-day study, a total of 97%
of the administered dose was recovered, of which 74.9% was
eliminaied in the urine and 22,1% was excreted in the feces (Table
1). In urine and feces, respectively, approximately 23.5 and 0.5%
of the drag-refated radioactivity was recovered as saxagliptin and
35.7 and 8.4% was recovered as M2 (Table 2; Fig. 1). These data
indicate that saxagliptin was well absorbed (=74.9%) 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, D1 and M13, respectively (~2-3% of the dose each; Fig.
1). 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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,D1 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 bath of the C-14 labels, thus confirming the suitability of
the labeling scheme for ["*Clsaxagliptin 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 ail 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, D1 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
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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 saxaglipiin. 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.c., 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 vive samples for the presence of diastereomers of
saxagliptin. No peaks with the same protonated molecule as saxa-
gliptin and D1 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 §,R, 5,5 and 5,5,5,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 resulls
from the carrent 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 CYP3AS5 were both capable of metabo-
lizing saxagliptin to M2 (Fig. 4, B and C); liule 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 =
0.949) wilh the reported testosterone 63-hydroxylation and midazo-
lam 1'-hydroxylation activities in a panel of human liver microsomes
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from 16 individual donors (Fig. 4, D and E). Kinetic experiments
indicated that catalytic efficiency (V. /K;,) for M2 formation by
CYP3A4 was approximately 4-fold higher than for CYP3AS (Fig. 5),
suggesting that the formation of M2 will be predominantly mediated
by CYP3A4, even in subjects with high expression levels of CYP3AS.

The CYP3A5*3 variant results in functionally defective CYP3AS.

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 IIII 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
M?2 decreased by 88% (Patel ct 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-dmg interaction study beiween 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 absoluie bicavailability of saxagliptin
in healthy subjects was 50% after administration of a single 5-mg dose
(Xu'er 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 resulls suggested that”

a substantial ponion of the administered dose was metabolized to M2,

In summary, after a 50-mg (91.5 pCi) p.o. dose to healthy male
volunteess, ['*Clsaxagliptin 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 thess enzymes.
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ABSTRACT:

The absorption, metabolism, and excretion of (1-[[3-hydroxy-1-
adamantyl} aminc] 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
[“Clvildagliptin. Serial blood and complete urine and feces were
collccted for 168 h postdosc. Vildagliptin was rapidly absorbed,
and peak plasma concentrations were attained at 1.1 h postdose.
The fragtion of drug abscrbed was calculated to be at least B5.4%.
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 arca
under the curve. The termina! 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 jour pathways before excretlon, 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-
vined with a lack of significant P450 meatabolism (1.6% of the dose)
make vildagiiptin less susceptible to potential pharmacokinetic
interactions with comedications of P450 inhibitors/inducers. Fur-
thermore, as vildagliptin Is not a P45C inhibitor, it is unlikely that
vildagliptin would affect the metabolic clearance of comedications
metabollzed 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
al., 1995; Mentlein, 1999). DPP-4 is responsible for the rapid inacti-
vation of the incretin glucagon-like peptide 1 (GLP-1) and glucose-
dependent insulinotzopic peptide. GLP-1, which is released postpran-
dially, stimulates meal-induced insulin secretion and contributes to
glucose homeostasis (Guiniak 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-1 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 Information can be found at
http://dmd.aspetjournals.org.
doi-10.1124/dmd.108.023010.

when GLP-1 is administered by direct infusion (Gutniak et al., 1992,
Drucker, 2003; Mest and Mentlein, 2005).

Vildagliptin (Galvus, Novartis, East Hanover, NJ; (1-[[3-hydroxy-
1-adamantyl) amino) acetyl]-2-cyano-(S)-pymolidine} 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 viuo recombi-
nant DPP-4 assay, the IC,, for vildagliptin is 2 nM. In humans, the
efficacy of vildagliptin against the DPP-4 enzyme also shows a low in
vivo inhibitory constant (1Cso 4.5 nM), a value that suggests higher
potency than that reported for another DPP-4 inhibitor, sitagliptin
(ICs, 26 nM) (Herman et al., 2005; He et al., 2007b). Vildagliptin has
shown the ability to inhibit DPP4, increase plasma concentrations of
intact GLP-! and glucose-dependent insulinotropic peptide, decrease
fasting and postprandial glucose, and suppress plasma glucagens 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: DFF-4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 1; vildagliptin, (1-[[3-hydroxy-1-adamantyl} amino] acetyl]-2-
cyano-(S)-pyrrolidine; ['4C)vildagliptin, (1-[3-hydroxy-adamant-1-yl-amino)-acetyl]-pyrrolidine-2(S)-carbonitrite: LSC, liquid scintillation counting;
LC/MS/MS, liquid chromatography/tandem mass spectrometry; IS, internal standard; ESI, electrospray ionization; HPLC, high-performarce liquid
chromatography; LC/MS, liquid chromatography/mass spectrometry; DMSC, dimethyl sulfoxide; CID, colliision-induced dissociation; P450,
cytochrome P450; UGT, UDP glucuronosyliransferase; AUC, area under the curve; amu, ataomic mass unit.
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ABSORPTION, METABOLISM, AND EXCRETION OF ["'CIVILDAGLIPTIN
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browransformaten of vildagliptin in healthy male volunieers afier a
single 100-mg (47 nCi) p.o. dose of [ “*Clvildagliptin [(1-]3-bydroxy-
adamzni-1-yl-amino)-acetyl]-pymalidine-2(S) carbenitrile]. A daily
dose of 100 my is the riecommended hunan «(ficacious dosing repi-
men for vildagliptin, and no pharmacokinetic gender difference has
been observed (He ¢t al.. 2007b, 2008). ("*C)Vildagliptin has been
shown to be highly absorbed in buth rats and dogs (He et al., 2000).
Vildagliptin was mainly metabolized before excretion in rats and
dogs. One major metabolite in excreta involved lydrolysis at the
cyano moiety (o yield a carboxylic aeid metabolite (M20.7) in rats and
dogs, Another predominant inetabolic pathway included the hydroly-
sis of the amide bond (M15.3) in the dog.

Materiuls and Methods

Study Drug. ["'C]Vildagliptin (specific activity 0.47 pCifing, radiochem-
ical purity >99¢¢) was synthesized by the Isotope Laboratory of Novartis
Pharmaceoticals Cuorporation (Cast Hanover, NJ). The chemical siructure of
vildaglipin and the pnsition of the radiolabel are shown in Fig. 1.

Metabolites. Synthetic standards of metabobites M20.2, M20.7, and M15.3
were also obtained feom Novanis Pharmacenticals Corporation

Humun Studivs. The siudy protoco] and the informed consent dogument
were approved by en imdependent institutional review buard, The written
informed consent was obtained from all the subjects before enrollment.

Four healthy, nonsmoking, male while subjects, age 18 10 45 years, with
weights ranging from 77 w0 93 kg, participated in 1he study. Subjects were
cunfined to the study center for at Jeast 20 h before administration of the
study drug until 168 h (7 days) postdose. After an overnight fast, the
subjects were given a single p.o. 100-mg dose of ['*Clvildagliptin as a
250-m] drinking selution. The radioactive dosc given per subject was 47
u1Ci (1.85 MByg). Afier adminisiration, the subjects continued to abstain
frum food for an additional 1 h,

Blood wis 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 b postdese by either dircer venipunctore or an indwelling
cannula inserteel in o forearm vein. Eighteen milliliters of venous blood was
collected at each time point in heparinized wbes. Plasma was separsied from
whole blood by centrifugation, transferred 1o a screw-top poly propylene tube,
and immediately frozen.

Urine samples were collected at predose and at 0 to 4. 410 8.8 10 12, 12 1o
16, 161024, 24 10 36, 36 to 48, 48 16 72, 72 10 96, 96 10 120, 120 to 144, and
144 to 168 h postdose. Feces were collected as passed from time of dosing until
ar least 168 h posidose All of the samples were stored at —20°C or less until
analysis.

Radioactivity Analysis of Blood, Plasma, Urine, and Feces Samples.
Radivactivity was measured in plasma and blood by liquid scintillation count-
ing (LSC) on 1 ligoid seintillation analyzer {Tri-CARB 2300; Canberra Indus-
tries, Meriden, CT). Plasma was mixed with scintillaot and coonted directly;
whole hlood samples were digested with tlissve solubilizer (Soluene 350;
PerkinElmer Life and Analytical Sciences, Waltham, MA), decolosized with
hydrogen peruxide, stored in the dark 10 reduee luminescence, and then
counted. Radioactivity in urine and feces was also assessed by 1.SC, Uring was
mixed with hiquid scintillant and counted dJirectly, Feces was homogenized in
water (approximately ] + 2, wfv). Aliquois of feces homogenates were then
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comhusted witna biolupical oaddizes (Packard Odieer 300, PerthanElmer Lile
and Analytical Saenvest before 1 8C

The total radioactivity given with e dose was set W 1005 The iadioac-
tivity at each sampling time for urime and feces was defined as the percentage
of dese excreled m the respectine mances. Lhe radioactivity mensured in
plasma was converted to nanogram-equivaleats of vildaaliptin based on the
specilic activity of the dose,

Analysis of Unchanged Vildagliptin, Amoonts of unchanged viklagliptin
in plasma and mine wete measured quantitatively vsing a validated hiquid
chromatepraphvitandeny mass specirometry (1LO/AMS/MS) assay. Alguots of
plasma (200 pty o human urine (100 ul Jikmed with 100wl of wate) and 200
sl of inteanal standard (18) solution {''CyN-vildagliptin wese anslerred 10
individual wells in a 1-ml, 96-well polypropylene alate. Exirzetion of the
samples wirs perfommed using o Quadra-Y6 nodel 320 warksiation (TonTec,
Hamden, CT). Betore extraction of semples. 3 10-mp Oasis HLB 96-well
solid-phase extraction plate (Waters, alilford, MaA ) was conditioned with 300
ul of methanod, follawed by 300 yul ot water The samples were applicd to the
preconditinned exiraction plate. ‘The plate was washed with 300 gl of §4%
melhanol (contzining 2% ammemum hydroaide), 360 wl of 20% methanol
(containing 2% ammoniuwin hydroxidey, and 300 @l of water Afier vacuum-
drying each well, the samples weee cluted with 2 % 75 ul of 0% merhanol
(contanng 0.1% triflucroacetic acid) and evapomied unde: njtosen {35°C) o
a volume of --50 pl using an Evapatex solvent evapotitot (Apricot Duesigns,
Monrovia, CA). The sainples were diluted with 50 pul of 15% methanol
{containing 0 5% ammonium hydroside) and mined befose injection,

Samples were analyzed on a Micromass Quattro 1.C (Waters) opered in
multiple reaction monitoring mode with elecirospray ionizatiun (ESI7) as an
interface. Vildagliptin and 15 were separated on a Polans 5-um CLE-A 50 >
2.0-mm column (45°C) (Metachom Technologies, Tomrance, CA) with isa-
cratic clotion. The mobile phase of A/B (1:3, v/v) was used, whese A was
methanol/10 mM smmenivm acetate, pH 8.0 (395, v/v), and B was acetoni-
trilefmethanol (L1:90, v/v). The flow ratc was mainiained at 0.2 ml/min with
an mjection velume of 10 ul. Multiple reaction menitoring transitions for the
drug and IS were pr/z 304.2 > /s 150] and mfz 3103 —» midz 1600,
respectively. The dynamic range of the assay was from 1.93 1o 2020 na/ml for
plasma and 5.13 1o 5010 ng/mi for wing

Sample Preparation of Plasma, Urine, and Feces for Metabolite Inves-
tipation. Semiguantitztive determination of main and trace metabolites was
obtained for plasma, urinc, and feces (based on peak areas) using high-
performance liquid chromatography (HP1.C)-1ndiodetection with off-line mi-
croplate solid scintillation counting and structural characterization by hquid
chromalography/mass spectrometry (LC/MS). Plisma samples (3.5-4.5 mly
from each subject a1 0.5, 1, 2, 3, 6, 12, 16, and 24 h postdose were protein-
precipitated with acetonitrile/etltanol (90:10 v/v) con:aining 0.1% acetic acid
and removed by cemtrifugation. Recoveries of radivactivity after plasma sam-
ple preparation averaged 95%. The supernatant was evaporated 10 near dryness
under a stream of nitcogen using the Zymark Turbo-Vap LV (Zymark Corp.,
Hopkinton, MAY), and the residucs weie reconstituted in acetonitrile/s mM
amimoniun acetate containing 0.1% trifluoroacetic acid (10:00 viv). Aliquots
(80-85 pl) ol concenuraied plasma extracts were injected onio the HPLC
column, For urine analysis, a poo! of equal percent volume from the 0- to 48-h
fractions (10% of urine volume (rom euch time point, e.g., 0-24 and 24-48 h)
was prepared for each subject. An aliquot was centrifuged, and 100 ul was
injected onto the HPLC column without further purification. Recoveries of
radioactivity after centrifugatioe of urine samples were 100%, Feces homog-
enates were pooled from 0 to 96 h at equal pereent weight for each subjeet
(10% of feces homogenates from each litne point, ¢.g., 0-24, 24-48, and
48-72 h) and cxiracted twice with methanol by vorteaing and centrifugation,
The average recovery of sample radioactivity in the methanolic extracts was
87%. Aliguots of combined supernatant (5 ml} were evaposaled 1o dryness
under a stream of nitrogen using the Zymark Turbo-Vap LV, and the residues
were reconstituted in 0.2 mi of acetonitrile/5 MM ammonium acetate contain-
ing 0.1% trifluoroacetic acid {i0:90 v/v). Aliguots (60-80 pl) of concentrated
fecal extracts were injected onlo the HPLC column.

HPLC Instrumentation for Metabolite Pattern Analysis. Vildaglptin
and its metabolites in urinc, plasma, and feces were analyzed by HPL.C with
off-line radioactivity detection using 3 Waters Alliance 2690 HPLC sysiem
equipped with a Phenomenex (Torrance, CA) Synergy Hydro-RP column
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(4.6 X 150 mm, 4 pm, maintained at 30°C) and a guard column of the same
type. The mobile phase consisted ¢f 5 mM ammonivm acerate comtaining 0.1 %
trifluoroacetic acid. pH 2.3 {solvent A), ond acetonitrile (solvent B), and a
gradient method was used. The mobile phase was initially composed of solvent
A (100%) and heid for 4 min. The mobile phase composition was then linearly
programmed to solvent Afsolvent B (87:13) over 26 min ond held for 2 min
and to solvent Afsolvent B {40:60} in 0.5 min and held for 4 min, A shon
gradient was progmmmed o solvent Afsolvent 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 ond Anelytical Scicnces) using a fraction
collector (FC 204; Gilson Inc., Middieton, WI) with a colleetion time of 8.4
s/well. Samples were dried under a stream of nitcogen, sealed, and counted for
1 to 15 minfwell on a TepCount 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-cquivalent
per milliliter) in plasma or as percentage of dose in excreta. These volues are
lo be considered as semiquantitative only, untike those determined by the
validated quantitative LC/MS/AMS assay.

In Vitro Human Blood Distribution and Protein Binding. A single 10-p}
aliquot of the stock solution in thano] containing ["*C]vildagliptin (35 > 105
dpm) and known amoums of unlabeled vildagliptin was spiked (v 1 ml of
human fresh blood or plasma (a = 3) 1o achieve final concentrations of 10 1o
10,000 ng/ml.

For the blood distribution study, triplicate determinations of the hematocrit
in blood were made. and single blcod samples (1 ml) were prepared from each
of the three male human voluntesrs. After gentle mixing, a single 200-p1
aliquot of blood containing ['*C)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 radicactivity using a single 200-nl aliquot.

For the protein binding study, single plasma samples (1 ml) were prepared
from cach of the three male human volunteers. The pH was adjusted 1o 7.4 by
adding 10 ul of 0.1 N HCVm plasma and gently vortexing the sample. After
a single aliguot of plasma containing ['“C]vildagliptin (200 ul) was pipetted
for radioactivity analysis, each sample (~0.3-ml aliquot) was transferred 10 the
sample reservoir of individual micropanition centrifuge tube {Centrifree Mi-
cropanition Centrifuge Tube; Millipore Corporation, Billerica, MA), The
membrane had a molecular mass cutofl of 30,000 Da. Samples were centri-
fuged for 20 min at ~1000g at 37°C. The vitrafiltrate contained the free
fraction, and 200-ul aliquots were analyzed for radioactivity. Nonspecitic
binding studies were cond d 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 pl 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 2 liquid scintillant (PerkinElmer Life
and Analytical Sciences). For radioactivity analysis in the protein binding
study, aliquots (200 ul) of plasma samples and filtrates were mixed with 2 ml
of a liguid scinillant (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 Alio,
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. ['*C|Vildagliptin was incu-
bated with liver slice preparations from onc human subject. The human tissue
was obtained through the Assaciation 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 § and 20 M substrate concentrations for 1, 2, 4, 10, 18, and
24 h. The incubates were analyzed by HPLC with online radicactivity detec-
tion. Metabolites formed from the incubations were characterized by LC/MS.
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Human liver slices with a diameter of approximately 200 = 25 um were
prepared from S-mm diameer tissue cores using a Vitron (Tucson, AZ) sterile
tissue slicer. The individua) organs were cored transversely and sliced using a
Vitron sterile lissue slicer in ice-cold oxygenated (95% 0,/5% CQ;) 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 solfoxide {DMSQ) 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,
Carlshad, CA} and supplemented with |0 ml/l Antibiotic AntiMycotic solution
(Invitrogen), 10% Nu Serum, and Mito/Serum Extender, | miA (8D Bio-
sciences, Franklin Lakes, NJ). After a preincubation period of 90 min, fresh
media containing ["“Civildagliptin in 0.1% DMS5Q were added A1 the various
time points, the slice and media were transferred 1o separate vials, and the
roller cultere vial and insert were bathed in methano) (3.0 rl), which was then
collecied. Before HPLC analysis, the human liver slices were disrupted by
homogenization with MeOH/H,0 (50:50) followed by brief sonication. The
incubation media were extracted with methanol, and the methano] wash was
cvaporated lo dryness. All the fractions were pooled, and the protein was
pelleted at approximately 40,000z for 10 min at 20°C. The pellet was re-
extracted with methanol, end the resuliant supcrmatant was evaporated to
dryness and combined with the pocled sample.

Structural Characterization of Metabolites by LCMS/MS, Melabolite
charagterization 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 ul/min
was introduced into the atmospheric ionization source after diverting to waste
during the first 4 min of each run 10 protect the mass spectrometer from
nonvolatile salts. The electrospray interface was operated at 5000 V, and the
mass spectrometer was operaled in the positive ion mede, Collisicn-induced
dissociation (CID) studies were performed using helium gas ot the collision
energy of 35% (arbitrary unit).

Metabolism of Vildogliptin in Human Liver Microsomes and by Re-
combinant Cytochromes P450. The metabolism of [Clvildagliptin (specific
activity of 154.5 nCifmg) 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
exarnined in this study were CYPIAL, CYP1A2, CYPIB!, CYP2AS,
CYP2BS, CYP2C8, CYP2C9, CYP2C18, CYP2C19, CYP2D6, CYP2E],
CYP212, CYP3A4, CYP3AS, and CYP4A1 L. Human liver microsomes (1 mg
of microsomal protein/ml) or recombinant P450 enzymes (100 pmol of P450/
mly were preincobated with ['*Clvildagliptin (47 uM, 0.5% finai DMSO
concentration, v/v) in 100 mM potassium phosphate buffer, pH 7.4, ond 5 mM
MgCla, linal concentrations, ot 37°C for 3 min. The reactions were initiated by
the addition of NADPH (| 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 remaved by centrifugation, and
an aliquot of each sample was analyzed by HPLC with in-linc radigactivity
detection as described above,

P450 Inhihition Assessment by Vlldagliptin and M20,7, The ability of
vildagliptin and its metabolite M20.7 10 inhibit P450 enzyme aciivity was
assessed vsing pooled human liver microsomes {(» = 50 donors, mixed gender;
KenoTech, 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 uM, CYPA2), bupropion hydroxyla-
tion (25 uM, CYP2B6), paclitaxel 6a-hydroxylation (10 uM, CYDP2CS),
diclofenac 4'-hydroxylation (5 uM, CYP2C9), S-mephenytoin 4'-hydroxyla-
tion (15 M, CYP2C19), bufuralol |'-hydroxylation (5 uM, CYP2D6), chlor-
zoxazone 6-hydroxylaiion (10 uM, CYP2EL), and midazolam 1'-hydroxyla-
tion (5 uM, CYP3A4/5}. The probe concentrations osed were less than or
approximately equal to their reported X, values. The conditions for cach probe
reaclion were previously established to ensure linearity with time and protein
concentration and to limit probe subsirate turnover 10 ~<10% (results not
shown). Increasing concentrations of the vildagliptin or authentic synthetic
M20.7 {up to 100 M) were incubated at 37°C individually with human liver
microsomes {0.2 or 0.5 mg/ml) and one probe subsirate in {final concentration)
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TABLE 2

Cromndative exeretion of *C radioactivity in urine and feces after a single p.o.
100-my dose of [*'Clvildagliptin 1o htemans, mean = S.D.

Time Pecied ¢h) Urine Feces Total
Ir S dose % dose % dose
0-24 727%48 1.37 =20
043 816142 9.95 = 8.0
0-72 838 =44 13248
0-56 847 =44 143 % 3.7
0-168 854 £ 44 148+ 35 LK1+ 1

respectively. In addition, mean blood-to-plasima ratios of radioactivity
calculated at specific lime painis (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 compenent was
the parent drug at the early time points, consistent with the in vitro
finding (C/C, ratio of vildagliptin ~1), However, the total radicac-
tivity AUC/AUC, ratio was 0.64. suggesting that metabolite(s)
should be distributed more to plasma than hlood cells. The CL/F and
VF values of vildagliptin were 65.2 I/h and 269 liters, respectively.
With a human bioavailability of 84%, the estimated CL was 55 ¥h,
whbich is slightly higher than that after an intravenous infusion dose
(41 I/h) (He ct al,, 2007a). A measured V, value has not been reporled
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 [C]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 + 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 {'*C]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 | h) postdose, the predominant radiolabeled plasma
compenent was vildagliptin, accounting for 70.2 10 88.3% of the total
radioactivity. At later time points (1224 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
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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,
M?20.7 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 aiso 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 radicactivity recovered.

In Vitro Metabolism in Human Liver Slices. Incubation of
["“C)vildagliptin with human liver slices formed three metabolites:
Mi5.3, M20.7, and M20.2 (formed at late time points in the incuba-
tions at 20 M subsirate 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 mnajor
metabolites, where possible, was supported by comparisons of their
retention times on HPLC and mass spcetra with those of synthetic
standards (vildagliptin, M20.2, M20.7, and M15.3).

Vildagliptin displayed a protonated molecular ion (MH™) at ni/z
304. The product jon spectrum of m/z 304 showed major fragment
ions at m/z 97 and 154 (Fig. 4). The jon at m/z 154 corresponded to the
amino acetyl pyrrolidine carbonitrile moiety, and #/z 97 corresponded
to the pymolidine carbonitrile moiety.

Metabolite Mi5.3. M15.3 was found in urine, feces, and plasma.
Mass spectral analysis showed a protonated molecular ion at 1z 226
[78 atomic mass units {amu) lower than the parent drug]. The product
ion mass spectrun of m/z 226 showed [ragment ions at m/iz 76 and
L51. The ion at m/z 151 comresponded to the hydroxy adamaniyl
moiety, suggesiing 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 (ound in urine and plasma. Its
full-scan mass spectrum displayed a protonated molecular ion at miz
480, 176 amu higher than that of the parent drug, suggesting that it
was 2 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 atm/z 323, 19 amu
higher than that of the parent drug. The product jon mass spectrum of
mfz 323 showced fragment tons at /n/z 305, 173, and 116. The ion at
miz 305 occurred from the loss of water in the molecule. The ions at
mi/z 173 and 116 were 19 amu higher than those observed in the parcnt
drug (m/z 154 and 97. respectively), suggesting medification had
occurred at the pyrrolidine carbonitrile moiety, Based on comparison
of the HPLC retention time and CID spectrum with the synthetic

TABLE 3
Pharmacokinetic parameters {mean = 5.0.) of vildagliptin and its metabofues in playina afier a single p.o. 100-mg dose of [13€C) vildagliptin

Phaemazcokinetic Parameters” Mi53* M20.2 M20.7 Vildagliprin®
C, .. (ngEq/mi) 549 = 20.4 90.9 = 23.1 230 = 50 399 + 100
Imax () 3815 18205 6.0 =00 13*035
AUCg_ 45 » (ngEq - /i) 489 = 166 559 =120 3310 = 1190 1550 = 520
AUC, , (ngEqg - h/mt) 490 + 164 572 %124 3350 = 970 1550 £ 510
AUC (%) 8.1 2.3 55 257

“ The abbreviation definitions for pharmacokinetic parametces, €8, Caays fugys 308 ALUC are denoted in the Pharmacokuenc Analysis under Materials and Methods.

® Vildagliptin and its metabolites were determined by HPLC with radia detection:

Page 234 of 405



Page 235 of 405



542 HE ET AL.
+
2H — 154
“2h - g7
N
o) 4
0 H F
N -
)
m/z 304 [M+H]*
1540

100

%0 ‘; Fic. 4. CID mass spectrum of vildagliptin,

&0
] ]
g 70
o ]
2 0
3 3
2 50
2 w0
) 3
T W
3

20 —5 MH*

"’é 071 304.1

D-- ¥ 1271 1531 168.5 194.3 2284 2439 257.9 286.8 ] 326
LARSLE AR R MANE SRt bl LRAM Sl Lie aans athad uasar L B AL T L et naimeaskd|
100 150 200 250 300 350

miz

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 mifz 311 showed fraginent
ions at m/z 293, 161, and 143. The ion at sz 161 was 7 amu higher
than that ohserved in the parent drug (n/z 154), suggesting modifi-
cation had occurred at the pyrrolidine carbonitrile moiety. Based on
these data, M21.6 was identified as the carboxylic acid melabolite
resulting from opening of the pyrrolidine moiety.

Identification of P450 Enzymes Involved in the Metabolism of
Vildagliptin. The oxidative metabolism of {"*C}vildagliptin at 47 uM
was evalvated in human liver microsomes and by individual P450
cnzymes. The results indicared that [**C]vildagliptin was not metab-
olized in human liver microsomes nor by any P450 enzymes exam-
ined to any quantifiable exient in the presence of NADPH.

DPP-4-Catalyzed Conversion of Vildagliptin to Form M20.7.
Incubation of vildagliptin (0,1 uwM) with recombinant human DDP-4
(0.1 mg/ml) for 60 min resulted in approximately 1.5% tumover to the
carboxylic acid metabolite, M20.7, supporting the contrihution of this
enzyme 10 this metabelic pathway.

Identification of the UGT Enzymes Involved in Formation of
M20.2. Incubation of vildagtiptin (20 M) with a panel of recombi-
nant UGT enzymes indicated that vildagliptin O-glucuronide (M20.2)
seems (0 be primarily catalyzed by UGT2B7. Minor contributions of
UGT enzymes UGT2B17 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 (ICso
values > 100 uM), including CYP1A2, CYP2B6, CYP2C8, CYP2CS9,
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CYP2C19, CYP2D6, CYP2EL, and CYP3A4/5, when tested at con-
centrations of up to 100 uM,

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 [*“C]vildagliptin (47 uCi), which was well tolerated
in all the subjects. Vildagliptin was rapidly absorbed with a short
mean f,,., 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 bicavailability of vildagliptin determined in healthy
volunteers (85%) based on the single iv. 25-mg dose (He et al.,
2007a), suggesting a low first-pass metabolism and high intestinai
absorption.

AL 1, for the radioactivity, vildagiiptin accounted for approxi-
mately 67% of the radioactivily in plasma. Thereafter, the parent drug
concentrations decreased more rapidly than the total radioacuvity,
reflecting the increasing presence of metabolites in the circulation,
predominantly metabolite M20.7. The terminal half-lives of both
parent drug (average ¢, , 2.8 h) and radioactivity (average ,,, 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) eyano group hydrolysis, leading to
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formation of M20.7: 2) amide bond hydrolysis, lcading to formation
of M15.3; 3) glucuronidation, eading 1o formation of M20.2; and 4)
oxidation on the pyriolidine, leading o the formation of M20.9 and
M21.6. The later is thought to be derived from the decarboxylation of
M?20.7 and/or the loss of cyano group of the parent drug.

The primary routc of climination of radicactivity 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 cyanc group, resulting in the M20.7, accounted for
elimination of §6.5% of the dose (49.6% in urine and 6.89 in feces).
M?20.7 was not detected in the liver microsome incubation in the
presence of NADPH, suggesting P450 is not favolved in the hydro-
lysis of the cyano group. However, M20.7 was observed in the human
liver slice, confirming the hydrolysis oceurs in liver, possibly in the
cytosolic fraction. Furthermore, bused on findings from the in vive
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 enzymne.
indeed, the formation of M20.7 was found to be catalyzed by human
recombinant DDP-IV in viwo, supporting the contribution of this
enzyme to this metaholie transformation.

Approximately 27.16 of vildagliptin was excreted as unchanged
(22.6% in urine and 4.54% in feces). Given negligihle protein binding
(9.3% for vildagliptin and no binding for M20.7), the renal clearance
wis estimated to be 14.6 and 15.0 I/h for vildagliptin and M20.7,
respectively, using the ratio of the total amount in urine (22.6 ing for
vildagliptin and 49.6 mg for M20.7) relative to total AUC in plasma
(1550 ng - h/inl for vildagliptin and 3350 ng - h/ml for M20.7}. Simifar
renal clearances of vildagliptin (13.4 I/h) have also heen reported after
an intravenous dose (He et ol, 2007a). With the pratein binding
correciion (fu = 90.7% for vildagliptin and 100% for M20.7), the
unbound renal clcarance of vildagliptin and M20.7 was estunated 1o
be 16 and 15 I/h, respectively. Thus, the unbound rengl clearance of
vildagliptin and M20.7 was |67 and 150% higher than the glomerular
filiration rate (6.0 1/h) in healthy humans, respectively (Rule et al.,
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The major 1aute is indicated by a Jarge arrow.

2004), suggesting possible involvement ol renal transporters in the
elimination process.

Vildagliptin was also metabolized to form M20.2 (vildagliptin
O-glucuronide), only accounting for 44% of the dose. The diect
glucuronidation of vildagliptin was found to be primarily catalyzed by
UGT2B7, with minor contributions hy UGT2B17 and UGT2B4 (Fig.
). The formation of minor metaholites, M20.9 and M21.6, is prob-
ahly mediated by P450s. However, these pathways accounted for only
approximately 1.6% of the dose, indicaiing a lack of significant P430
involvernent. The oxidative melabolism of vildagliptin was confirmed
in human liver microsomes and by individual human recombinant
Pa50 enzymes. Consistent with the in vivo findings, results from the
in vitro studies indicated that vildagliptin was not melabolized by
P450 enzymes to any quantifiable extent. Therefore, itis unlikely that
inhibitors or inducers of P430 enzymes would have a significant
drug-drug interaction effect on the metabolic ¢learance of vildagliptin
in humans. Moreover, as both vildagliptin and M20.7 showed no
inhibition on P450 isoenzyme activities (ICsq values =100 puM) and
given that the plasma C,,,, valucs of vildagliptin and M20.7 in
hurnans after a single vral dose of 100 mg (the clinical efficacious
dose) is much lower (2-10 uM) than the IC,, values, it is unlikely that
vildagliptin and M20.7 weuld inhibit the metabolic clearance of
potential comedications metabolized by P450 enzymes.

The climination of vildagliptin in humans was cornparable with that
in rats and dogs, being primarily metabolized (o 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). Overali, all the
metabolites observed in human plasma and excreta were also found in
rat and dog.

In summary, vildagliptin is rapidly absorhed 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 metabotite M20.7. Elimination of
vildagliptin in humans mainly involved renal cxcretion of unchanged
parent drug and cyano group hydrolysis with litle P45Q involvement,
suggesting a low potential for drug-drug interaction when coadmin-
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FiG. 6. Glucuronidation of vildagliptin by human recombinant UGT enzymes. Vildagliptin was incubated with recombinant human UGTIAL UGTIA3, UGTl1A4,
UGTLAS. UGTLA7, UGT1AB, UGTIA9, UGTIA10. UGT2B4. UGT2B7. UGT2B15, and CGT2B17 & 37°C for 60 min A substrate concentration of 20 uM and a protein

concentration of 1 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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Reso.ution {A)

Table 2
Darta collect.on and refinement statistcs
Vildagliptin

PDB entry code IwWIT
Crystal
Space graup 2,2,2,
Umut celf parametcss a (A) 118.22
BiA) 126 24
cih) 138.00
Daia

50.00-2.36 (244-2 36)

Uneque reflections 82418 {769%)
Redundancy 5D{4.5}

Completeness () a9t 1 {9.T)

[ — 0.080{0.234)

Ha () 161 (596}

Refinement

Resolulion (A) 3000 236(242 236)

uUn.que reflections

78227 (5407}

Completeness (1) 973{921)
Data in the test set 4103 (255)
R-work 0180 (0.206)
R-free 0231 (0.287)
Rmsd bond lengths {A) oon

Rms.d bord angles ") 1.319
Ramachandran plot

Favared regions (1) 96,1

AMlowed ~egions |5 19

No. of non-H atngfaverage B{AY)

Protein 12,228432.7
Ligand 44/23.7
Water 1027/34.7

Values in parentheses are for the highest-reolution shell.

! Rimege = 3.1~ 1) Y241} where §is the observed intensity.

(P2 P\.P;. P, ). and the protein subsites occupied by the respec-
tive amino acids are also numbered in the same fashion (53 54, ),
55 ).inthe case of DPP-4, the N-terminus of the substrate peptide
is recognized by Glu205 and Clu206, and Ser630 cleaves at the N-
terminus penultiniate position (Py). Although, in principle, no sub-
sites are defined after S; in DPP-4, our recent study has shown that
not the substrares but the inhibitors can bind well beyond the 5,
subsite to increase their inhibitory activity [4,21]. We therefore de-
fined the site beyond 5; as the 5; extensive subsite, which is com-
poscd of Val207, 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)L The cyanopyrrolidine binds to the 5, 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 S; subsite,
where the carbony!l group forms a hydrogen bond with Asn710
and the amino group forms salt bridges with Glu205 and
Clu206. The hydroxyl group on the adamantyl moiety forms
hydrogen bonds with His126 and S$Ser209 via the water
molecules.

3.1.3. Coregorization of the s infubitars on the basis of their binding
subsiles

The co-crystal structures of the six inhibitors with DPP-4 super-
imposed on that of the substrate peptide (diprotin A, lle-Pro-lic)
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 S, and S; subsites (Class 1). (ii} Alogliptin and linagliptin bind
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tothe Sy, 5; and 5, subsites. Moreover, only linagliptin additionally
binds to the 5; subsite (Class 2). (iii) Sitagliptin and teneligliptin
bind to the §,, 5; and 5; extensive subsites (Class 3). Fig. 2 shows
the concept of this categorization.

3.2. Relarionship 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]). 1t is well known that all the DPP-4 inhibitors form
sait bridges wath Glu205 and Glu2Q6 in the S, subsite, which have
vital roles in the inhibitory activity. The potency of the six DPP-4
nhibitors is shown in Table 3 {22].

3.2.1. Class I vildagliptin end saxaghptin

Because vildagliptin and saxagliptin were designed as peptide
mimetics, they overlap with the P, and P; residues of the substrate
peptide. As described above, their cyanopyrrolidine moieties bind
to the S, subsite. forming a covalent bond between the nitrile
group and Ser630C, and their hydroxy adamanty! groups bind to
the Sz subsite, While they Lind in almost the same mode, one of
the reasons why saxagliptin has 5-fold higher activity than vitdag-
liptin is attributed to the cyclopropanated cyanopyrrolidine of sax-
agliptin. Although it was originally intended to enhance the
chemical stability of the cyanopyrrolidine [3], introduction of the
cyclopropane moiety afforded an additional hydrophabic interac-
tion with the side chain of Tyr6G5 in the S, subsite. Moreover,
the direct hydrogen bond between the hydroxyl group of saxaghip-
tin and the ‘side chain of Tyr547 may also contribute to its higher
potency. '

3.2.2. Class 2: ologliptin and linagliprin

The chemical structures of alogliptin and linagliptin are far dif-
ferent from those of the substrate peptides. The cyanobenzy! group
of aloghptin and the butynyl group of linagliptin bind to the S sub-
site. Their uracil rings form n-n interactions wath 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 §) subsite. The phenyl
componcnt of the quinazoline substituent forms a n-x interaction
with Trp629 located in the §; subsite [23). Eckhardt et al. reported
that the introduction of the quinazoline moiety improved its po-
tcncy 88-fold (8]

3.2.3. Class 3. sitagliptin and teneligliptin

The trifluoropheny] motiety 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, referted to here
as the "anchor lock domain™ of teneligliptin bind to the 5;
extensive subsite. Although both inhibitors appear to bind to
the subsites in the same manner, teneligliptin has S-fold higher
activity. We suggest three potental reasons for the difference.
The first reason may be related to their chemical structures. Be-
cause teneligliptin consists of a considerably rigid “J-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 5; 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 S; extensive subsite. As shown in Fig. 3, for ten-
eligliptin, introduction of the “anchor lock domain”, which binds
to the S; extensive subsite, increased the activity by 1500-fold
over the corresponding fragment that binds to S; and S, only
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ABSTRACT Dipeptidyl peptidase IV (EC 3.4.14.5; DPP
1Y), slso known as the leukucyte dilferentintion antigen CD26
when lound as an extracellufar menibrane-hound proline
specifie serino profense, cleaves n dipeptide from the N
terminus of a polypeptide chain centaining a proline residue
in {he peoultimate position. Here we report that known
(Z)-Ala-yf[CF=C]-Pro dipeptide isosieres 1 and 2, which
confain O-acylhydroxylamines, weve isolated as dinstereo-
merle pairs 1-1, I-1, and I-2, The effect of each diastereomeric
pair as an inbibitor of hinnoan placental dipeptidy] peptidase
DI'P IV has been exomined. The inhibition of DI'D TY by these
conipounds is rapid ond cfficlent. The dinstereomeric patr u-1
exlibits very petent inhibitory activity with a & of 188 nM.
Fluaroslelin vontaining N-peplidyl-O-hydroxylnmine pep-
tidomimetics, by virtue of thelr inhibitory potency and sta-
bilily, nre superior to N-peptidsl-C-hydroxylamine inhibitors
devived [rom an Ala-Pro dipeptide,

Dipeptidyl peptidase IV (EC 3.4.14.5; DFP IV; CD26), dis-
covered in 1966 (1), is a Iransmembrane serine peptiduse
found in a varicty of human tissucs and organs (2-4). In
partioular, DPPIV, when expressed on the siwface of CDA™ T
cells, is identical with the leukocyte differentiatlon antigen
CD26 and is considered ta be a lvmphoeyte activation marker
(5, 6). Althongh the involvement of DPP IV in the immune
response and regulation of lymphocyte activation has been
implicated, the mechanism of the jnvolvement is not clear (7,
8). Of the many functions thathave been postulated (914}, the
most intriguing is the role of DPP IV in T-cell activation and
in the regulation of T-cell praliferadon (13, 15-18). Recog-
nized as a cell surface activation marker of lymphocytes (19,
the failure to obseyve CD26 implies n reduced immune re-
sponse (20). The presence of DPP 1V is associnted 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 CID26 suppresses interleuldn 2
production (21). CD26 modnlation also can lcad to cohanced
cell proliferation preceded by zn increase in Ca22* mobilization
(22). CD26 Is assoclated physically with CD45, which regulates
T-cell activation pathways through protein tyrosine phospha-
tasc action, CD26 apparcntly modulates the aclivity of CD45
by affecting the accessibility of critical substrates, with the
result thae the CD2/CD3 puth amplifies the Immune respunse
(23). DPP 1V, known to be localized on the surface of T cclls
with ndenosine dewninase, seems (o form & complex with
adenosine deaminase that is invoived in an impertant immu-
noregulatory mechanism involving T-cell proliferation (24,
25). DPP IV appears to be not only up-regulated among
proliferating thymocytes but also by those undergoing pro-
grammed cell death (26). The involvement of CD26 in IOV
infection hus been tie subject of investigation for some Ume,
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with the initial report (27) that CD26was a cofactor facilitating
HIV entry in CD4~ cells vefuted (28-30). Reporis that DPP
TV enzymalic activity may decrease the cHicicncy of IIIV
infection (31) may be related to the binding of HIV glyco-
proteins gpi20 and gpdl, which have been shown to be
responsible for cell killing by apoptosis in CD4* cells (32). The
Tatprotein of HI'V-1, knows to be capable of suppressing CD3
activation of ‘1’ cells, also has been shown (o bind to DPP 1V
with effects on cylokine production and DXNA synthesis,
implying that the DPP I'V plays a role in Tat immunosuppres-
slon (353, 34)

DPP {V wiil clcave the dipeptides Xaa-Pro from the N
terminus of a polypeplide while recognizing several key struc-
toral features in substrate proteins or pepudes. It has been
postulated (35) that DPP I'V substrates require the presence of
a proling at the Py position as well as a protonnted frce N
terminus (36, 37). Il also has been proposed that DFP IV
possesses a high conformacional specificity far a tmans amide
bond hetween the Py and Neterminal P- 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).

Qbvigusly, inbibition of CD26 may critically affect T-cell
activation and function and may potentially have therapcutic
utility in the modulation of the immmue response. Relatively
few of the compounds reported thus far are effective inhibitors
of IPP TV, with most inhibitors suffering from either insta-
bility or low reactivity. N-Peptidyl-O-acylhydroxylamines irre-
,versibly inhibit DPP TV, but mast of the jnhibitor is enzyme-
hydralyzed during the {nactivation process (41, 42). The bo-
ronic acids Ala-boroFso, Pro-boroPra, and Val-bosoPro nre
potent and specific reversible inhibitors of DPP IV with X;
values in the nanomclar range. However, these compounds
lose {heir inhibitory activily in aqueous solution a¢ neutral pH
liecanse of the formation of cyclic species in which the
N-terminal amine nitrogen coordinates to the boron atom (37,
43-45), Peptidyl («-aminoalkyl) phosphonate esters {46) and
dipheny) phosphonate esters {47) are moderate and spegific
DPP IV inhibilors, These compounds are quite stuble because
phosphanate esters are relatively unreactive with nitrogen
nucleophiles or N-terminal amines. Amincaeylpyrrolidine-2-
nitriles {48) and d-cyanathiazolidides (49, 50) recently were
reported as very potent and rather stable inhibitors of DFP IV,
They were found to have K; values in the nanomolar o low
submicromolar range and half-lives between 27 and 72 h.

Many of the problems assaciated with inefficient inactiva-
tion of DPF I'V ure u consequence of the importance of the
trans conformation of the P)-P» amide bond and the require-
ment for 2 prolonated free N terminus. The cyclizaiion

Abbrevintion: DPP 1V. dipeptidyl peptidase IV.

Dara deposition: The atomic coordinates and structure factors have

been deposited in the Cambridge Crystallopraphic Data Cenire, 12

Union Road, Cambridge, CB2 1EZ, United Kingdem (reference

103375).

*To wsgom r_c[-.yrm: roquests should be addressed at: Departraent of
Chemistry, University at Albony, 1400 Washiagton Avenue, Albany,
NY 12222 e-mail: TTWOS@cnsvax.albany.edu.
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reactian of the free N-terminal omino group with the reactive
site of the inhibitor does, however, require the malecule to
assume the cis conformation, the conformation previously
propused to be uurcactive with DPP 1V (38). Ta obviate this
mode of inactivation and to rigorously examine the cis-trans
selectivity of DPP IY, we bave prepared a series of confor-
mationally constralned fluoroolefin dipeptide isosteres. The
fluoroolefin dipeptide isostere was proposed as early as 1984
(51) s o superior isoclectronic and isosteric replacement for
the amide bond. Theoretical studies strongly have supported
the originul hypothesis behind otroduction of the fluoroolefin
amide surrogate (52-54). The syntheses of fluoroolefin dipep-
tide surrogates, Ala-[CF=CJ-Pro containing N,0-diacylhy-
droxamic acid (ype protease inhibiters 4 and 2, were reported
recently by our laboratory (55).

1. Im e
2 NHOH-HCI
—_ 8
Bo 3. BrCl or (AN, 18201 e 1
F o on Py, e o “NHeR
(Zrua {004 AwBr
(D)U& R= Br4-NOy)
. 1ImC0 -
2. NH, OHHCE ""\R
- B
BacHH I 9, BxClor (4K, 1BCI F o
oH Py, ¢ WHOR
{2r5a (214’ R=BZ
(2418 ReB2{4-NO2)
SCHEME 1.

MATERIALS AND METHOD'S

Materlals, IIuman placenta dipeptidyl peptidase IV (EC
3.4.14.5) was purchascd from Calbiochecm-Novabiochem {La
Jolla, CA). The specific activity is 8333 milliunits par milli-
gram of protein. One milliunit, specified by Calbiochem-
Nuovabiochem, Is defined sy the amount of enzyme that will
hydrolyze 1.0 pM of Ala-Pro-7-amino-4-trifiuoromethyl cou-
marin per minute at 3U0°C, pH 7.8. ‘The DPP LV substrale
Gly-Pro-p-pitroanilide was obtained fram Sigma. ‘Ihe phos-
phate buffer (KH;PO4-NaHPQO4, 90 mM, pH 7.6) and Tris-HCl
bufler (20 mM, pH 7.8) were prepared in our laboratary.

1], 1, ¥WNMR spectra were recorded on a Gemini-300
NMR spectrometer {Varian) with C20D as selvent and
residual methanol ar CFCly ns the internal standard, Thin layer
chromatography was performed with Fase (Merck) silica gel as
the adsorbent on 0.2-mm thick, plastic-backed plates. The
chromatograms were¢ visualized under UV (254 nm) and by
spraying with a 95:5 mixture of 0.2% ninhydrin in n-butano!
and 10% aqueous acetic acid followed by heating, The UV-
visible spectra were determined by using a Shimadzu UV-
visible reconding spectrophotometer (EJV-160).

Syntheses of Inhibitors 1-2, The general procedure for
amine deprotection is shown in Scheme 3, Compound /-4 (14.7
mg, 0.025 mmotl), prepared as described (55), was treated with
1 M HClin acetic acid {1 ml), stirring at room temperature for
1-2 I The solvent was remaved under high vacmun, 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 sufficicolly pure hydrochloride salts (Z){R, R), (Z)-(S.
§3-1-[()'-MNeoro-2’-amino)propylidens)-2-cyclopentane-0)-
benzoyl hydroxamaie hydrochloride (213 (10.7 mg, 86%). Datu
for 11: PNMR (CD;0D) & -124.37 (d, J = 27.1 Hz); *H NMR
(CD;0D) 5 8.07 (d, 2H, J = 7.3 Hz), 7.69 ((, 1M, J = 7.4 Hz),
7.36 (1, 2H, 7 = 7.8 Hz), 429 (dg, 1H, ] = 27.2, 6.9 Hz),
3.66-3.58 (m, 1K), 2.55-2.45 (m, 2H), 2.39-1.9G6 (m, 3H),

Prec. Nad. Acad. Sci. USA 95 (1998) 14021

1.84-1.72 (m, 111), 147 (d, M1, 7 = 68 11z); *C NMR
(CHOD) & 171,81, 164.08, 148.52 (d, J = 249.7 HZ), 133.67,
129.14, 128.29, 126.74, 123.34 {d,J = 13.6 Hz),44.71, 43.23 (d,
J = 27.6 Hz), 31.76, 28.03 (d,.] = 1.8 Bz), 25.26, 14.46.

(Z)-(R, 5, (£)-(S, R)-1-[(1'~fluore-2"-aming)propylidenc]-
Z-cyclopentane-O-benzayl hydroxamnte hydrochloride (w-1)
was prepared in the same manner from k-4 in 5195 yigld. Data
for1-1: “NMR (CD;0D) §-124.42 (d,J = 24.4 Hz); 1H NMR
{CL300) § 8.07 {d, 2H,J = 8.5 Hz), 7.69 (t, 14,7 = 7.5 H2),
7.55 (1, 26, J = 7.3 Hz), 4.29 (dg, 1M, J = 26.8, 6.9 Hz),
3.08-3.59 (m, 1H), 2.56~2.39 (m, 2H), 2.26-1.93 (i, 411),
1.84-1.68 (mn, 1H), 149 (J, *H, J = £9 Hz); "C NMRR
{CDyOD) 5 172.84, 165.57, 149.98 (d, J = 249.7 Hz),135.13,
130.67, 120.78, 128,30, 124.6¢ (d, J = 15.7 Hz), 47.35 (d,J =
27.5 Hz), 45.30, 33.20, 29.67 9 ,J = 3.2 Hz), 26.99, 16.32.

(Z)-(R, R), (Z)-(5, 5)-1-[(1"-fluoro-2-amino)propylidenc]-
2-cyclopentane-(4-nitvo)-G-benzoyt hydroxamate hydrechla-
ride (1-2) was prepared in the same manner from /-5 in 63%%
yield. Data for /-2: "NMR (CD3OD) §-124.33 (4,7 = 27.1 11Iz);
1H NMR (CI2,0D) § 8.39 (d, 2HL, J = 9.1 HZ), 8.29 (d, 2H,7 =
9.0 Hz2), 4.29 (dqg, 1H, 7 = 27.1, 89 Hxz), 3,67-3.59 (m, 1H),
2.62-240 (u, 2H), 2.26-2.11 (m, 1H), 2.10-1.93 (m, 21,
1.87-1.70 {m, 1II), 1.48 (d, 1, 7 = 69 IIz); '*C NMR
(CDs0D) § 173.22, 164.03, 152.51, 150.00 {d, 7 = 249.7 Hz),
133.66, 132.03, 124.84 (d,J = 13.7 Hz), 124.33, 47.47 (d,7 =
27.1 Hz), 45.07, 33.43, 29.70 (I, 7 = 2.8 Hz), 26.93, 16.16.

Crystal Struetnve Determination of 1-3. Diastercomeric pair
-3 prepared as described {35) was recrysiallized from a
mixture of hexanes and cthyl acctate (2:1). Crystal data:
CLaHlnFNO;, M = 287.3, monoclinie, space group P21 /0,0 =
9.607 (4) A, b = 9300 {3) A, ¢ = 17.204 {6) ‘f B =9566(3)
% ¥=13207 (9 A% Z=14,0. = 1.248gcm ™, g = 0.98 em™T
M{MoKea) = 0.71073 A, F{00) = 616, T = 298 IC Nicolet R3
m/V diffractometer was used to collect 2,038 reflections (3° <
2¢ < 45%) on a colorless crystal 0.15 X 0.15 X 0.40 mm?, Of
tbese, 1,961 were unique and 1,193 were observed SF,, > 6o

F4 ). Eorentz and polarization corrections were applied tn the
data. The non-hydrogen atoms were located by dircct methods,
R = 0,070, Ry = 0.068, GOF = 2.14.

Inactivation Assays. Method A. (inactivation in the absence
of substrate): The inhibitory sctivity of the compounds, u-1,
I1, und +Z, was estimnted [rom the residual activity of DPP IV
in a solution of the substrate Gly-Pro-p-nitroanilide, An
alicuot of inhibitor (20 k, from 50 uM stack solution in water)
was added to 80 ul of a buffered enzyme solution [0.2 milliunit
in TrisHIC] buffer (pH 7.6)] to initiate the inactivation reac-
tion. The concentration of inhibitor in the incubation mixture
{total volume 100 p1) wns 10 uM. After the enzyme and
inhibitor were incubated for either 2 or 30 min at 30°C, the
incubation mixiure was added to a 1-ml cuvette containing 900
gl of substrate Gly-Pro-p-nitroanilide (0.1 mM) in 45 mM
phosphate buffer (pH 7.6, i = 0.123). The measuring ceil had
been equilibrated thermally in the spectrophotometer for 2
min before enzyme-inbibitor preincubation solution was
added. The rale of change in UV absorbance at 385 nn, with
respect to a cuvette contrining only 0.1 mM substrate in 45 mM
buffer, gave a straight line with the slope proportional o the
enzyme activity. The residual enzyme activity is expressed
relative to a DPP [V contral, which was [yrepared by adding
only enzyme to the substrate solution. The percentage inhi-
bitton (% I) was caleulated as 96 J = [(1 — vi/1o)] X 1009,
where v;and v, are the rate of change in absorbance at 385 nm,
wilh and without inhibitor, respeciively. The percentage inhi-
bition (% {) at other inhibition concentrations was measured
by the same method,

Method B (inactdvation in the presence of substrate): To a
cuvette containing 5 to 20 ul of appropriate concentration of
inhibitor, 20 pf of 5 mM substrate Gly-Pro-z-nitroanilide, 500
pl of 90 mM phosphate buffer {(pH 7.6), and enough water w0
hring the final volume to 1 m1 was added 20 p! of enzyme
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F1o. 1. ORTEPF drawing of the x-ray structure of {Z)-FBoc-Ala-
¥{CF=C]-Fro {-3).

salution (0.2 milliunit) in pH 7.6 Tris buffer. The rate of
change in the absorbance at 385 nm, with respect to a cuvette
containing the same amount of inhibitor and substrate in
buffer. gave the inactivation progress curves, All inhibition
axperiments weore monitored by using a Shimadzu UV-160 at
385 nm and 30 = 0.1°C,

Determination of K; Values, For mmhibitors u-1, the data for
two Dixon plots {1/V vs. [I]) were obtained by repesating
mcthod B at two ¢oncentrations of substrate (0.2 mM and 0.4
mM) and six to seven different inhibitor concentrations (0,
0,25, 0.5, 0.75, 1.0, 5.0, and 10,0 pM). The correladon coeffi-
cients of both lines were >0.994. The Kj value of u-1 waus
calculated according to the method of Dixon (56). The K value
tor compound /1 wos determined by the mcthod described
above.

Determinadion of the Half-Life of Inhibltor z-1. An aliquot
(40 p1) of inhibitur k-1 from 5 mM stode solution in HzO was
added {o a 1-ml cuvetie containing 500 ul of 90 mM phosphate
buffer sotulion (pH 7.6) and 460 ul of water at 30°C, such {hat
the final inhibilor concentration was 0.2 mM. Spontaneous
decomposition was monitored by following the decrease in
absorbance at 229 nm at vations timme intervals. The absor-
bance data points at 229 nm were recorded aud plotted as
function of time, which gave o spontaneous degradation curve.
The half.life was obtained from first-order plot of In{4 f4q) vs.
time, where .4 is the absorbance of the mixture at time 7, and
Ap is the absorbance at initial ime (7 = 0).

RESULTS AND DISCUSSION

Chewmistry, (Z)-N-teri-Butyloxycarbonyl-1-{(1'-fluoro-2'-
nmino)propylidenc}-2-cyclopentane carboxylic acid 3 was syn-
thesized and isotated as fwo dinsterecmeric pairs 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 sbructure of compound 3,
crystallized from a mixture of hexanes and ethyl acetate (1:1),
is shown in Fig. 1. The nbsolute configurations at Cl. and C§
of 3' were confirmed as R and R or § and S, respectively.
Therefore, 3' can be designated as the “like” diastereorneric

M)\& 1 MHC! In AcOH )\a
Bar I » H_—_——_ HCHHMN ! R
Y Yy

H

uTand 1 : R=CeHs

(24, 4 or S £2: A= (ENOPCeHe

Sciiems 2. L ImzC0; 2, NH,OH-HCI; 3. BzCl or (4-NO3)BzO, Py,
n"c.
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pair {-3). Obviously, compound 3*/, as “unlike” diasterco-
meric pair (#-3), contains the 5, R isomer corresponding to the
natural amine acid L-{§)-Ala-L-($)-Pro and would be predicted
to have higher biclagical activity.

The two diastcreomeric poirs were converted independently
10 -4 and u-4 after three step wansformation (55). The analog
I-5 was prepared in the same manner by wsing 4-nitrobenzoyl
chloride instend of benzoyl chioride, as shown in Scheme 2.
Removal of the Boc-groups was accomplished by using 1 M
HCE in AcQH to give compounds 1 and 2 (Scheme 3).

H
et } ~ RCOCH
- t

NHOH + E —}_
N o o

NH—OH
e SR
F g HGHHH "
@ <, @ a_,
A R
Seieme 3.

Inhibition of DFP IV. The results of initial inhibition studies of
DPP IV by diastereomeric pairs u-1, i1, and /-2 are shown in
Table 1. At the same inhibitor concentration with 2-min incuba-
tion time or 30-min incubation time, the percentages of inhibition
of DPP IV by -1, l-1, and /-2 uncxpectedly remained the same
or changed only slightly with an increase in incubation dre.

The results presented in Table 1 revealed the following
phenomena: () Inactivatlon of DPP IV by #-1 did not follew
pseudo-first order reaclion kinelics. The inactivation process
was principally dependent on inhibitor concentration and
independent of incubation time. At a concentration of 0.01
i, inhibitor u-1 showed nearly the same percentages of
inkibition, 42% and 39% inhibidon, at both 2 min and 30 ain
incubation lime, respectively. At0.25 md, after both 2minand
30 min incubation time, 100% inhibilion of the nctivity of DPP
TV was observed. For inhibitors &1 and -2, the percentages of
inhibition (% I) increased or remaincd the same within
experimental ertorwith increaring incubation time atthe same
inhibitor concentrations (shown in Tahle 1). (#) Inhibitcry
potency of #-1 was much greater than that of the other
dizastereomeric pair I-1, At a copceniration of 0.01 mM and a
2-min incubation time, compound -1 inhibited 42% of the
enzymalic activity af DPP TV; however, the {somer /-1 was
nearly ineffective (4% inhibition) under the same conditions.
/s 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 thie pair -1 contains
the cnmpounds with the desired configuration {L, L), it was
more reactive witk DEP 1V. (jif) Replacement of the benzoyl
group (1) by a para-nitrobenzoyl group {I-Z) enhanced the
inhibitory activity slightly, This may be because the electron
withdrawing group (4-NO») facilitates the rate-determining
N-0 fission. (iv) Inhibitors u-1, -1, and /-2 all exhibited
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Tabk 1. Inhibition of DPF [V by fluoroolefin-containing
N-pepiidyl-O-hydroxylamines

%a

Inhibition*

1. 2 30
Iohibitors mM min min

I-1 (Z)-Aln-p[CF=C]-Pro-NHO-Bz 0.0: & 1
0.50 17 25

1-2 (Z)-Ala-¢{CP=C)-Pro-NHO-Bz{4-NO;) 050 22 34
#-1 (Z)-Al2-p[CF=C]-Pro-NHO-Bz 0.m 42 39
0,25 100 100

Alu-Pro-NHO-Bz{4-NQO3) 1.10 20t G0

rPercentage inhibition was measured aficr 2- or 30-min incubatien in
45 mM pliospliate buffer, pH 7.6, at 30°C. Gly-Pro-p-niuvanilide was
used as substrate.

TIneubation time was 10 min (41).

inhibitory aclivity superior (o the previously prepared Ala-
Pro-NHOQ-Bz(4-NO,) compounds (41, 42} It hos been pro-
poscd that the trans P2-Pro peptide bonds of the substrates are
essential to the reaclivity of enzyme DPP IV. The enhance-
ment in inhibitory potency of our fluoroalefin containing
dipeptide isosteres can be atrjbuted to the ¢fficient mimicking
of the (rans Py-P» amidc bonds of the original dipcptides by the
(Z) fluoroolefin double bond conformation.

The effect of inhibitor u-1 on the hydrolysis of substrate (5)
by DPP IV (E) was demonstrated In two different ways:
enzyme-initiated assay, (S + I) + E, and substrate injliated
nssay, (E -+ I) + § (Fig. 2). The results were unexpecied. In
bath cases {curves B and C), tbe rates of hydrolysis of subsirale
by DPP LV increased linearly over 50 min and were nearly
identical (curves B and C overlapped). The initial rate (u) of
hiydrolysis of substrate in an enzyme initiated assay is often
larger than ibat found in a subslrate initfaled assay (57). The
curves 4 and Cshowa in Fig. 1 indicate that inhibitor -1 very
rapidly inactivates DPP [V in a process much faster than the
rate of hydrolysis of the substrate by DPP IV, thus, the
presence of competing substrate did nor slow dow the inzc-
lvation process,

Ta determine the values of the inhibition constant &) tor
both compound -1 and /-1, the rates of DPY IV-catalyzed
hydrolysis of Gly-Pro-p-nitroanilide substrate were estimated
i six to seven differene concentrations for esch inhibitor (6.25
to 10 uM) in a competitive hydrolysis fashion. The k) values
rcported in Table 3 for compounds u-1 and /1 were abtained

0.2 — T r—T—
—e—A:[l]=0
Q.18+ —m B:(S+ }HE -
-G {EH S
0.16 _Aa -
Age o
0.14 N
0.12 N
0.1 . L L L .
0 10 20 30 a0 50

Time {min)

F16. 2. Hydvrolysis of substeate Gly-Pra-4-nitce anilide was moaitored
by the change in absorbanee at 385 nin with time. In all cases, the final
concentrations 5, E, and I wers 0.1 mM, 0.2 milliunic, and 1 uM,
respectively.

Proc. Natl. Acad. Sci. US4 95 (1998) 14023

Table 2. [nhibition constants of inhibitors of DUP IV, -1, and x-1

Tnhibitors - K oM
I {Z)-Ala-${CP=C]-Pro-NHO-Bz 14,400
u-1 (Z)-Ala-$[CEC]-Pro-NHO-Bz 188
Aln-Pro WHO-R2(4-N()z) 0,000 (58)

from the plots L/v versus {I] according 1o the method of Dixon
(56). The Dixan plat revealed that compaonngs u-1 and L1 act
#ts competitive inhibilors.

Asshown in‘table 2, the diastereomeric pair -1 {containing
the L, L isomer) exhibited very potent inhibitory activity with
a small K value in the nanomalar range (0.19 pM). The affinity
of this isomer for DPP IV is two orders of magnitude greater
than the other dinstereomeric pair {1 (K; = 14,4 uM). The
Demuth’s inhibitor, Ala-Pro-NHO-Bz{4-NQ;}, also has a
larger K value (30 pM) (58) and is 4 poorer inhibitor.

Stubility of Inhibitors, As shown in Table 3, inhibiror n-1
way very siable in buffer {(pII 7.6) with e decomposition rate
constant &y of 1.1 X 10~% min—! and a half-life of 103 h. In
contrast, the stability of Inhibitor Ala-Pro-NHO-Bz{4-NO,)
under assay conditions wus limited becawse of u 10-fold higher
decampasition rate constant k4 (1.3 % 10~ min~4), resulting
in a shorter halt-life of only 8.8 h {42).

We believe that incramolecular cyclization is probably respon.
sible. for facile, spontaneous degradation of natwral peptide-based
hydroxamic acid inhihitors. Tn a manner similar to enzyme-
induced N-O fission, the free amino group at the N terminus
nucleophilically attacks the amide carbonyl carben, thus forming
a tetrahedral inteymediate and thereby promoting N-O scission
and subsequent generation of e reactve weylnitrene intermes-
diate. The six-membered cyclic intermediate is hydrolyzed forher
cither to hydroxamic neid or dilketapiperazine products {Scheme
4). Clearly, the findings of owr study support this postulate,
Considerable improvement in seability of our compounds in
buffer at nevtral pH can be asciibed to the constrained double
bond conformation of (Z)-flucroolefin, exciuding the possibility
of intramolecular cycliztion caused by tha amide bond rotation
in the dipeptides.

(Z)-Fluorgolefin-containing dipeptides -3, -1, nnd I-2,
designed as the mimies of N-peplidyl-O-acylhydroxylamines,
huve been synthesized and tested as inhibitors of dipeptidyl
peplidase DPP I'V. One diastereometic pair u-1 exhibits very
polent inhibilory activity with a K of 188 nM. The inbibitary
potency of this isomer is ~70-fold higher than the other
diastercomer £-1 (K; = 14, 400 nM). In comparison with the
Ala-Pro-NHQ-Bz(4-NQ,) analog, the dipeptide isosteres 1
ard 2 are better inhibitors of DPP IV by virtue of their superior
inhibitary potency and stability; presumahly, the (Z) double
bond conformation of the fluoroolefin dipeptide isosteres
efficiently mimics the trans Pa-Pro amide bonds of the originat
dipeptides, In addition, the rates of inactivation of DPP IV by
compuunds X and 2 appeared (0 be very fast. More detailed
biological studies. kinetic analysis for inaclivation rate con-
stant fKinaer, ood invesligations of inhibition mechanism are in
progress al present. The results of this study reveal that a series
of known inhibitors of DPP IV such as dipeptide boronic acids
(43-45), dipeptide phosphanates (46, 47), peptidyl nitriles
{49-51), ond others can be maodified by replacing the amide
bonds by fluoroolefia moietics. Because of the anticipated hjgh
affinity and stability, the flucroclefin containing dipeptide
peptiomiroctics should prave ta be very promising inhibitors of

'xble 3. Spontanecus degradation rate constenls kg and
half-life &,

Tnhibitors kg10% min~! faz, A
1-1 {Z)-Alu-f{ CF=C]-Fro-NHO-Bz, 11 1033
Ala-Pro-N1IO- Bz(4-NO2) 13, 8.8
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DPP IV and therefore helpful in elucidating the biclogical
functions of DPPIV in T-cell activation. These agentsmay also
be potential therapeutic agents nseful in modifying and con-
trolling the immune 1esponse.
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

ASTRAZENECA AB,
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Defendants.

ASTRAZENECA AB,
Plaintif¥,
v,
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Defendants.
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I INTRODUCTION

1. 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 ef al., and entitled “Cyclopropyl-lused
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. 1 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. Iwas 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

Page 326 of 405



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. 1

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 proteiﬁ 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. Ihave 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, Tam 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. 1 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, [ reviewed and considered the
materials cited in this report and those materials listed in Exhibit B to this report. 1 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, Thave been advised that the following legal standards are applicable to this report.

16.  Tunderstand that patents are presumed valid and the party challenging validity has
the burden of proving invalidity by clear and convincing evidence. [ 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. [ 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. Ihave
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.  Ihave been advised that the *186 patent claims priority to U.S. proﬁisional
application number 60/188,555 (“the *555 application),” which was filed on March 10, 2000. 1
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 Februéry 16, 2001 (the filing date of
the *173 application).

B. Level of Ordinary Skill in the Art

19.  Iam 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. 1am 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. 1 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 [ have been asked to presume that the POSA is aware of all prior art
avatlable 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. [ 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, 1have been informed that a determination of cbviousness 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) secoendary 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.  Tunderstand 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. 1
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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 knowledg§ 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 Iready 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. [ 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.  Tunderstand from counsel that evidence of “seccndary censiderations™ 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. | 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 cf the invention by
others; {(v) unexpected results achieved by the inventicn; (vi) praise of the invention by others
skilled in the art; (vii} lack of independent simultaneous invention within 2 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
compeunds 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 pyrrelidine-based compounds [of the *186 patent are] inhibitors of dipeptidyl
peptidase IV [(DP-1V)] . . . for treating diabetes, especially Type II diabetes.” *186 patent at col.
1, 1. 19-21. The *186 patent describes the mechanism by which DP-I1V 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 opticnal 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 fellowing:

A compound having the structure:

. .
N , N .
TR HaN HaN
NC

: iy k] (8] 0 NC
) HG
L
or
. !
Lite e, i~ N ' N .
Haw k) ’ 11N
o CN 0 NC
[a]
plid] - HO
N
i N
(PN HN
N
0 CN
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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 | 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
N i
HN
0

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-1V

inhibitor.
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32. The compound of claim 25 is also known as (18,3S,55)-2-[(28)-2-amino-2-(3-
hydroxy-1-adamantyl) acetyl]-2-azabicyclo[3.1.0]hexane-3-carbonitrile. For convenience, this

compound will be referred to as “saxagliptin® as shown below:

HO

H.N N

© NC

33.  Inmy 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:

R¥isH, R isH, alkyl, cycloalkyl, bicycloalkyl, tricycloalkyl, alkylcycloalkyl,

hydroxyalkyl, hydroxyalkylcycloalkyl, hydroxycycloalkyl, hydroxybicycloalkyl, or

hydroxytricycloalkyl,

R?is Hor alkyl, nis 0,

X is CN.

See, e.g., the "555 Application, at p. 6, 1I. 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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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 | having the
structure:
N . N .
\l: 113N $ 159 $
! . 0 N 0N

L )
. 1)
Illh: or
~ . N .
L= <\ i 1N IRy '
38 Y] .
N 0 Q NC

0 CN

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.

By ™
d et

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.  Asdiscussed 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 | 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 1:19-21. The Background of the *186 patent also describes
what was well known about the mechanism by which DP-1V 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.” [d. 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 dipeptidy! 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-1V]
substrates require the presence of a proline at the Py position as well as a protonated free N

terminus.” fd. The Py, etc. positions are depicted schematically below:

Cleavage site

P4_P3-P2-P14iP1-P2-P3
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42.  Lin also describes what was generally known in the art in March 2000 regarding
DP-1V’s preferred substrate and inhibitor conformations. For example, Lin reports that “[DP-1V]
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:

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-1V] are a
consequence of the importance of the trans conformation of the P,-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 . ..
require[s] 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 thg 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. /d. 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,” /. 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, Hoffiman, et al., “Pharmacokinetics and Metabolism of Riméntadine
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:

H F
HiC N

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 availéble 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 Jor 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., 45:11-13 (1981) (“Cates™), describes a process of approximating whether or not a

16

Page 341 of 405



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, (7), to calculate log P. Using this procedure, a positive value for @
means the substituent, relative to H, favors the octanol phase (i.e., lipophilic). And negative 7
value indicates its greater affinity for water {i.e., hydrophilic).” /d. at I1. Cates also discloses a
number of 7 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) (“Korfinacher”). 3-Hydroxy adamantane isa
known metabolite of adamantane. Further, Korfinacher 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 (ti52), or Cpay. 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 thé 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-1V 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. /d. 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. /d. 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 cyclopropy! 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.” /d. 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. 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. 1

have been asked to use the time prior to March 10, 2000, " 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.

19

Page 344 of 405



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; (i1)
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 persen 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, 1l. 22 (teaching that “[t]he process of the invention may be effected in
conventional manner.”), id. at 8, 1. 1-10 (disclosing starting materials known or prepared in
known or conventional manner) and /d. 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 *1 86 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 muitiple 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 B-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 18:1-20 (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
lparameters 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. 1 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-1V 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.” /d. 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-1V] inhibitien . . . represent[s] an attractive approach for treating non-insulin-dependent
diabetes mellitus (NIDDM).” Villhauer at |. In addition, the *186 patent teaches that the claimed
DP-1V inhibitors can be 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
expectation for treating diabetes to the same extent the claims of the > 186 are enabled by the
specification.
VI.  OVERVIEW OF PRIOR ART REFERENCES

63.  lhave reviewed several references that [ 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

dipeptidy] peptidase 1V,” 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 TV
(DP-1V), 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 I 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 T) and includes solid
state stability as required by FDA in accordance with ICH guidelines. See, e.g., Ariéns, 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’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 (ti2), 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(11):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 ICsy 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 1Csp 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 (Is9) 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-1V 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:

HXad  CN
where Xaa represents various amino acid substituents as specified in Table 11. 74 at 1166.
Ashworth discloses that the most potent DP-1V inhibitors previously known were the boroproline

analogues 1, and 2,

N
H—Ala/Q H-Pro” Q
B(OH), B(CH)

1 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. /d. at 1164.

70.  Ashworth discloses the DP-IV inhibition activity of 19 aminoacyl pyrrolidides

(lacking the 2-cyano moiety) in Table I:

H-Xaa— NQ

Compound N° Xaa K, (pM)”°
5 Cyclohexylglycine [Chg] 0.064 £ 0.01
6 (R.8)-Cyclopentylglycine [Cpg] 0.21£0.04
7 e 0.4i £ 0.01
8 allo-lle 0.44 +0.04
9 Val 047 +0.02
10 Lys(Cbz) 0.52 +0.07
11 tert-Butylglycine [Thg] 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 Gl 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 490+ 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 uM to 14.50 pM
range. Ashworth notes that the most active of these compounds was compound 5, “[i]n

particular, B-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).** /d, at 1165 (emphasis added).
71. By comparison, Table II of Ashworth discloses the DP-1V inhibition activity of

six analogues having the 2-cyano moiety:

H-Xaa—r\Q\c
N

Compound N° Xas Ki(nM)" ts (h)”
24 Cpg 1.1£0.2 48
25 Chg 14+£0.5 >48
26 He 22+0.5 48
27 Tbg 31.8+0.8 >48
28 Lys(2) 52+ 1.0 24
29 Pro 22,0+ 4.0 7.5

Id. at 1166. The compounds of Table Il (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-1V 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. 7/ at 1163.

? The value of 0.064 uM, as given for Ashworth compound 5 in Table |, 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 (ti2). Jd. 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 aminoacy! pyrrolidide compound as shown in Table I of Ashworth.
Id. at 1163 and 1166 (compare Tables 1 and II).

74.  Specifically, compound § (having a cyclohexyl group) of Table T 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-1V, only (8)-amino acid derivatives showed any
activity and, as can be seen in Table I, lipophilic amino acids gave more potent compounds. In
particular, B-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 X; value of 64 aM).” Id. at 1165. Thus the combined properties of
potency and solution stability maké 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, | understand that Villhaver 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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/N\)thf ]

/d. at Abstract.
77. Villhauer discloses various substituents at position “R” of formula (1) above. For
example, Villhauer discloses compounds having cycloalky! groups attached to the amino moiety

of 2-cyano pyrrolidides, including a cyclohexyl group:

(id. at 12, Example No. 28); adamantyl groups attached to the amino moiety of 2-cyano

@ﬂ?Q

(id. at 13, Example No. 47); and alkyl groups attached to the amino moiety of 2-cyano

>Lu/ﬁg Q

(id. at 13, Example No. 52). Villhauer also teaches how the compounds shown directly above

pyrrolidines:

pyrrolidides:

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-1V, such as non-insulin-
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dependent diabetes melitus.” Jd. 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, 1l. 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. /d. 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. fd. at 20.

80. Villhauer further discloses the use of DP-1V 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 bé motivated to
investigate the observations of Villhauer to explore additional lipophilic substituents at C2 of
compound 25, including an adamantyl moiety and other B-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,” 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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33. Raag describes a study of the metabolism of adamantane by cytochrome P-450.am
and corresponding X-ray crystal structures for complexes of cytochrome P450.4,, with
adamantane as the substrate. Raag describes the metabolic hydroxylation of adamantane, as well
as other substrates. Table 111 from Raag, presented below, shows the various molecules that

underwent hydroxylation, where the adamantane group is shown in the third column:

Table HI: Yarious Substrate-Dependent Parameterst

D 0L DD O ¢

camny saratuncds  shmuasaone thiocamphot camphon Y3EF tetearepher camphane

molee vol s A 00 A 93 8 3z A 35 A? 236 A! A
hydrogen bond to Y96 yes® yest no no no vest no
0. of iron ligands 50 4 6 f 6t 6
redon pot, Fet*jFe?* -170 my¢ -175 mv* -206 mV*
high-spin & 93-97% 96-98F S 995Rd BbS%! 59%* 46%7 46%*
regivspecal of substr hydroxylatn  S-exo {100%) 5 (100%) 1 (J0OF)  S-cxo (64%)  S-ex0 (92%)  5-cx0 (45%)  S-cxo (0%

5-exo (34°%) 1{i%) G-cxo (47%)  b-cxo (10R)

J-exa (2%) G¢x0 {2-4F)  J-cxo (8%}

3.¢x0 (0-4%)
9 {<1%)

substr temp factor (Fe*) 16.2 A0 16.5 81t 243 A2 235 Al 335 Rie 30.1 A?
substr hydrophilic groups yes yas 10 yes ¥e3 yeb no
hydroxylatn 100%/ D5 100% 2% 8%
“efficlency™
Lé-substr dist NA NA 263 A 235 A (70%) oA 288 A

135 A (30%)
Lé-iron dist NA NA 1.95 A 1354 1.73 At 1.67 A
L6 occupzncy NA NA 1.00 090 L9 1.00
L6 temp fuctor NA Na 143 A2 19.6 A? 18 A AN
cativn occupancy 1.00¢ 1.00 0.39 031 1.00° 0.72
calion temp facter 12.1 Ate 100 A" 15547 M2 A 7.9 A 21.7 At

#Poulos c1 af. (1985, 1987). *Raag and Poulos (1989a). “Fisher and Sligar (1985). 7White et al. (1984). ¢ Atkins and Stigar (1988b). /Atkins
und Sligar (1989). *Carbon numbering for ¢ach substeate begins wish -1 at the top of the six-membered ring which is in Lhe plane of the table,
Numbering procecds eounterclockwise such that the carbonyt carben is C+2 and C-5 is in the lower right-hand portion of the ring. Note that C.5 is
a secondary carbor in some substances and a tertiary carbon in olhers.

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 @-Methanoprolines and «-
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, 1 understand
that Hanessian can be applied in assessing the validity of the *186 patent claims.
87.  Hanessian describes the synthesis of enantiopure m-methanoprolihe 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 jons . ...” Id. at 1882. One such

example shown by Hanessian is compound 8 which was synthesized according to Scheme 1

below:
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LiHMDS, THF  MezSn—, Mea;Sn

-78°C, then
(SN Ma35nCH,| o0&y t 0PNy
8oc SR -ac Boc oR Boc gr
1 2, 63% 3, 23%
A=TBDPFS L 74%
1. LHMOS, THF

2. 2,6-d tort-butylphencl, -78°C

1. LELBH, THE RuCl,, NalO, -
2 TFA CHoCl, % COIYEHyCNH,0 a.,&
2 COH
wa N - ¥
+ 14%, 5 OR 7
4 (R - TBOPS) 6
BuJNF. THF, 80%
ES(R:H} mp.133-134°C
(ol = —200.0
(¢ =1.0in CHCYy)
1. igtsH, THF MeaSa 1. TFA, CH,Cly
2. MoOH, CSA (79%) ﬂ
L . . COgH
3.BuNF/AcoH  MeO go 2, gctf . L‘aé%? goc %
C
THF 83% OH Setse
8
mp 128-129°C
Al =07

(¢ = 1.0 0 CHOy)

Id.

88. The structure and conformation of compound 8 in the solid state were
unambiguously confirmed by single crystal X-ray analysis. Further, Table | 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.” Jd. 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 '3C NMR chemnical shifts (CDC).

N-Boc-L-proline §20) & ]
{NC)) -17 —56 —144
H{C.Cp) +31 +4.38 +15.3
t{C,C) -135 —-246 —114
(C,C,) +24 -0.7 +29
t(CN) -4 4.1 +7.6
{BocNC,CO,H} ~Mn ~64.0 ~67.1
rms deviation 0018 0.003 0.013
of fitted atoms C, N, C,C, C,.C,.CuN C,,C,, G N

S{cisftrans) d{cisfirans) Heisftrans)
COOH 178.35/176.60 L7T.7/175.5 179.1/176.1
NC=0 153.95/155.39 157.1/154 155.71154.1
C, 58.8 60.8760.1 59.5/59.1
() 30.75/29.53 320 31.5/29.1

I

89.  Hanessian confirms the “flattening” of the pyrrolidine ring by determining the
root-mean-square values for the Cg and N atoms from the plane defined by Cg, Cy, Cs and N (see
Table 1 above). Id. Hanessian determined that for compeund 8, the out-of-plane carbon was the
carbon bearing the carboxyl group (C,,) when compared to N-Boc proline. /4. 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 C, 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, | 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-1V inhibitors in an amount effective
to treat, among other indications, Type Il diabetes. Claim 4 of Bachovchin recites, “[a] method
for treating Type 11 diabetes, comprising administering to an animal a composition including one
or more inhibitors of dipeptidylpeptidase IV [(DP-1V)].” /d. at claim 4. Moreover, various
examples of DP-1V inhibitors are listed in Bachovchin. For example, a class of DP-1V 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-1V] inhibitors.” Id. at 7, Il. 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-1V] 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, Il. 16-22.
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94,  Furthermore, the use of DP-TV inhibitors in combination therapy with various
antidiabetic agents other than a DP-1V inhibitor for treating type 2 diabetes is also described
extensively in Bachevchin:

The [DP-1V] inhibitors used according to the invention can also be used

conjointly with agents acting on the ATP-dependent potassium channel of the -

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.)

E. 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, [ 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 Labe!, “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. atp. 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, 1 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 . ..” /d. 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.” /d. atp. 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, | 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. /d. at
Package Insert, p. 4. The Glucophage Label also provides dosages for Glucophage as follows:
“li]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.” fd. at p. 35.

VII. THE ASSERTED CLAIMS OF THE °186 PATENT ARE OBVIOUS OVER THE
PRIOR ART

101.  Asexplained 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 & 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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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. Sée Ashworth; Raag; Vilihauer. 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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0 CN

Ashworth Compound 25

108.  Ashworth discloses potent dipeptide analogues incorporating a 2-
cyanopyrrolidide moiety useful as inhibitors of dipeptidyl 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-cyanopyrrelidide, were found to have K;
values of less than 5 nM versus human DP-1V 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-1V inhibitors as shown below:

e,
Hmfg:? H-Pro

B(OH), B(OH),
1 2

Id. at 1165. The boroprolings 1 and 2 had K; values of 2 nM and 3 nM respectively. A POSA
would recognize a molecuie 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. fd. 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 11) because
(i) compound 25 is one of only six 2-cyanopyrrolidide analogues (i.e., dipeptide nitriles)
described by Ashworth (see id., Table 11, 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 11) and good solution
stability compared to other analogs lacking a B-branched moiety at C2. Structures of this type
with sterically large groups at C2 prefer to exist in a trans conformation. See, ¢.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-)(aa—l\lQ

Compound N° Xaa K (uM)"
5 Cyclohexylglycine [Chg] 0.064 +0.01
6 (R.S)-Cyclopentylglycine [Cpg] 0.21 £0.04
7 lle 0411 0.01
8 alio-lle 044 +0.04
9 Vul 047 £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 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 490+ 0.90
20 Phenylglycine [Phgj 5.30+0.10
2t 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 uM to 14.50 uM range. Ashworth notes that the most active of
these compounds was compound 5, “[i]n particular, B-branched u-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 (emphasis added).

112.  In comparison, Table II of Ashworth discloses the DP-1V inhibition activity of six

analogues having the 2-cyano moiety:
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H-Xaa-wNQ\
N

Compound N° Xaa Ki(nM)" ts (h)®
24 Cpg 1.1£0.2 48
2 Chg _ 14£0.5 >48
26 Ile 22%0.5 48
27 Tbg 3.8+0.8 >48
28 Lys(Z) 52+ 1.0 24
29 Pro 22.0+4.0 15

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 dec;reases 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 beneﬂciai effect on potency of the cyano moiety in DP-IV
inhibitors. This further suggests to a POSA that the cyanc 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-1V inhibition.
See, e.g., Ashworth. Early work with pyrrolidinyt 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-1V. 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 Py 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-1V.require a free N-terminus” (at 1163) and describes superior potency with the 2-cyano
moiety versus without it {at 1164 and 1166, compare Tables 1 and 1I). 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-1V 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-1V’s preferred substrate and inhibitor
conformations. Lin reports that “[DP-1V] possesses a high conformational specificity for a trans
amide bond between the Py and N-terminal P; residues.” Lin at 1402C. 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-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, trif‘luoromethylketones, ot 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 “[the
cyclization reaction of the free N-terminal amino group with the reactive inhibitor . . . require[s]
the molecule assume the cis conformation. 7d.

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. /d.
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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 tricycle[3.3.1.1]dec-1-
y! 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. /4. 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:

Minimum time period at

Conditions submission
Long-term testing 25°C £2°C/60% RH £5% 12 Months
Accelerated testing 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.” /4 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. /d. at 3; Dept. of Health & Human Services, “Int’] 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. /d. 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 aquecus solution (pH of

7.4), as measured in half-life (t;,,).
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H-)(aa—hQ\
N

Compound N° Xaa Ki(nM)" ts (h)"’
24 Cpg 1.1+0.2 48
25 Chg 14405 >48
26 lle 22£0.5 43
27 Thg 38+0.8 >48
28 Lys(Z) 52+1.0 24
29 Pro 220240 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 skiil 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 aminoacy! pyrrolidide compound as shown in Table 1 of Ashworth:
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H-Xaa—NQ

Compound N° Xaa Ki (M)
5 Cyclohexylglycine [Chg] 0.064 £ 0.01
6 (R,S)-Cyclopentylglycine [Cpgl 0.21 £0.04
7 Ile 0.41 % 0.01
8 alio-Te 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 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 Cyclohexylatanine [Cha) 2.15+0.50
18 Glu(OBn) 2.70 £ 0.30
19 Thr 4.90 +0.90
20 Phenylglycine [Phg] 530+0.10
21 Ser(Bn) 6.00 +1.50
22 Ala 7.00 £ £.00
23 Asp 14.50+1.90

Id. at 1164. Specifically, compound 5 (having a cyclohexy! 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 cbservation by noting, “[a]s
expected, from the substrate specificity of DP-1V, only (8)-amino acid derivatives showed any
activity and, as can be seen in Table I, lipophilic amino acids gave more potent compounds. In
particular, B-branched a-amino acid derivatives were the most potent compounds with the non-
proteinogenic amino acid, (§)-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 (if) the advantage of replacing a smaller branched alkyl moiety (i.e.,|-methy! 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-
V.

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:

gt
H/ﬁo( CN

(Villhauer at 12, Example No. 28); adamantyl groups attached to the amino moiety of 2-cyano

pyrrolidides:

N

@ﬁ( QN

O
(id. at 13, Example No. 47) and alkyl groups attached to the amino moiety of 2-cyano

pyrrolidides:
S
ﬁ/ﬁo( CN
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(id. at 13, Example No. 52). Villhauer performed a pairwise comparative analysis between
cyclohexyl and adamanty! 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 algo 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):

@\H/KQN — HoN Q

5 CN

Accordingly, well beforf; 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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[28.  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 adamanty! 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

H-Xaa—NO\
N

activity.

Compound N° Xaa Ki(nM)" t ()"
24 Cpg 1.1+0.2 48
25 Chg 14+0.5 >48
26 e 22+0.5 48
27 Thg 38408 >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 hydroxy! group in the adamantyl-modified Ashworth

lead compound, e.g., to reduce the partition coefficient of the compound, and thus petentially

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 {11: Yarious Subsiratc-Dependent Parametersf

D 00

D

&

¢

camphor Y35F scrramphor carpphane

maoles vol N5 A 300 A? 293 Al A 315 A? 236 A? 109 A
hydrogen bond 10 Y96 yes? yeu? no ne ne yes® no
no. of iron ligands 5 5 6 4 6 6
redux pol. Fe*/Fe?* -170 mV* -175 mv¢ -206 m¥*
high-spin % 94-97% 96-98F4  99%¢ 5% S9%* 46%° 46%
regiospecil of subsir hydroxylaw  S-exo (100%)%Y 5 (100%) | {100%)¢ S-cxo (64%)¢  S-cxo (929 S-eno (45%Y  S-cxo (90%)°

Gexn (M%) 4(I%) 6-exo (47%)  6-tx0 (10%)

3-exo (2%) 6-oxo (2~4%)  3-cxo (B%)

J.exo (04%)
9 {<IF)

substr temp factor (Fe!*) 16.2 At 165 A7 2a7Ar s Al 33,5 As 30,1 At
substr hydrophilic groups yes yes no yes yes yes o
hydroxylatn 1003 98 100% 12% $%¢
“efficiency™
L-subsir dist NA NA 2638 2.35 A (10%) 3.0 Ab 188 A

335 A (30%)
Lé—iron dist NA NA 1.95 & 154 1.73 Ad 167 A
L6 occupuncy NA NA 1.00 0.90 097 1.00
L6 temp factor NA NA 14347 196 At 18 Alt 17 A
cation occupancy 1,00¢ 1008 0.89 051 1.p0 0.12
cation temp [actor 12.1 Ate 100 A28 15347 42 A? 1.9 AT 21.7A?

*Poalos et al. {1985, 1987). Raag and Poulos (1989a). © Fisher and Sligar (1985), ¢White ct al. (1984). * Atkins and Sligar (1988b). JAtkins
and Sligar (1949}, fCarbon numbering for each substrate begins with C-1 4t the tap of the six-membered ring which s in the planc of the table.
Numbering procceds counterciotkwist such that the carbonyl carbon is C-2 and C-5 is in the lower sight-hand portion of the ring. Note that C-5 is

u secondary carbon in some substanees and a tertiary carbon in others.

Id at 2678, Column 7 of Table 111 desgribes the regiospecific hydroxylation of adamantane at a

specific 1-position, i.., at a tertiary carbon site (and not a secondary carbon site). Zd. This

position corresponds directly to the hydroxylation site (i.c., the 3-position on the adamanty! ring)
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in saxagliptin and the location of the hydroxy! 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, Hoffiman 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 Hoffiman), 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. Korfimacher
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 (t;2), or Cinax. 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.
1d. 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 hydroxy! 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-ioniéed 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 19 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 would have had reason to try such an addition
with an expectation of success in preparing a DP-1V inhibitor with improved water solubility, as
well as increased stability (as taught in Korfimacher), permeability and bioavailability.

5. A POSA Would Have Been Motivated To Modify Ashworth’s
Compound 25 By Cyclopropanation Of The Pyrrolidine Ring

139.  Asdiscussed 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 c¢is 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-1V 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-1V 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-1V. 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 éyclopropyl 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 cyclopropy!

fusion sites at the pyrrolidine ring:

H,N
0 CN

Ashworth Compound 25
The resulting fusion would thus be one of: 1,2-methanopyrrolidine, 3,4-methanopyrrolidine or
4,5-methancpyrrelidine. 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-methancpyrrolidine and 3,4-
methanopyrrelidine fusions because the prior art provided expeditious synthetic methods for

their preparation. See Hanessian; Tverezovsky, et al., “Synthesis of (25, 3R, 48)-3,4-
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Methanoproline and Analogues by Cyclopropylidene Insertion,” Tetrahedron, 53(43):14773-
14792 (1997). Therefore, the 4,5-methénopyrrolidine, 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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2. 2.6-dr tart-butyiphenol, -78°C

1.UEGBH, THE e RUCH,, NaIO, -
2TFA CICl T COICHCNH,0 s@
2 66%. 4 goc 5%, EOC COQH
+14%, 5§ OR 7
- 6
Bu,NF. THF, 90% E; u; TBOPS) I
(A=H) [l = ~200.0
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(¢ = 1.0 in CHCYy)

Id.

148.  The structure and conformation of compound 8 in the solid state were
unambiguously confirmed by single X-ray analysis. /4. 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 ({CDCl,).

[
Q 3
4
N-Boc-L-proline {20] [ 8
(NC) -17 —56 - 14.4
HC.Cp) +31 +4.8 +15.3
TC,C,) ~35 -2.6 -4 -
«(C,C,) +24 ~0.7 +29
C;N) - +4.1 +7.6
{BocNC,COH) ~72 —64.0 —67.1
rms deviation 0.0:8 0.003 0.013
of fitted atoms C,.N G, C, C,,C,.C N C,,C,Cu N
M cisftrans) S{cisitrans) S{cisf1rans)
COOH 178.35/£76.60 177.7/175.5 179.1/176.%
NC=0 153.95/155.39 157.4/154 155.7/154.1
C, 58.8 60.8/60.1 59.5/59.1

C, 30.75729.53 320 31.5029.1

Id. Hanessian confirms the “flattening” of the pyrrolidine ring by determining the root-mean-
square values for the Cg and N atoms from the plane defined by Cj, Cy, Cs and N (see Table 1
above). Tt was determined that for compound 8, the out-of-plane carbon was the carbon bearing
the carboxyl group when compared to N-Boc proline. /d. 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 te a 4,5-methanoproline ring
system in crder 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 chloromethyiketones) 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 cbvious to one of ordinary skill in
the art to modify the substituted proline ring of the Ashworth compound te 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 compeound. 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

HoN 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[3.3.1.1]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. [t would have been obvious to
one of ordinary skill in the art to make and use the hydrochloride sait 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 HCl/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 1, below.

Scheme 1. Preparation of dipepride nitrites.

H-Pro-OH —2£ 4 ONPS-Pro-NH, —S— Q\
4% S-ProNHz e onpsN 5 YON

_.....!_, ’N -.-_fLL.b H-Xaa- r\q
% H CN CN
Hcl 4 TFA

Reagenes: a.ONPS-C], 2N NaOH. b. HONSu, Water soluble carbodiimide. ¢ conc. NH,QH, dioxane,
d. imidazale (2 equiv.}, POCl: (4 equiv.), pyridine. e. 4N HCl/dioxane (3 equiv.), diethyl ether.
[. Boc-Xaa-OH, pyBop, NEt;, CHyCl. g. Triffuoroacetic acid.

Id.
157.  Here, step g of Scheme I shows the formation of the trifluoroacetic acid salt. fd.
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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hyvdrochloride salt of claim 26 of the "1R86 patent would be obvious for at Jeast the reasons set

forth above with respect to claims & and 23, given the disclosure that hvdrochloride saits or

rifluoroacetic acid salts were synthesized in Ashworth. Farther. it would have been within the

| ordinary routine of one of skill in the arnt to make pharmaceutically acceptable salts, such as
hydrochloride saits or triflucroacetic acid salts once the basc 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 %, 9. 25, and 26 of the 713806
patent would have been obvious to a person of ordinary skill in the art at the ume of the claimed

invention,
Executed on thi day of January. 2016,

LJavia 1. KUIC‘:m. 1L,
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DAVID P. ROTELLA, Ph.D.

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:

e 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.

s 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.

e 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 111, chemistry team leader. Directed up to 20 chemists. Member of
Princeton Chemical Science leadership team.

e 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.

o 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)
e Treasurer, 2015-2017

Gordon Research Conference on Medicinal Chemistry
* 2012 vice chair elect
e 2013 vice chair
s 2014 chair

Co-editor, 3" edition, Comprehensive Medicinal Chemistry 2014-present
Co-editor, 7" 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

Prograim 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:

e Discovery of Novel Botulinum Toxin Protease A Inhibitors, 9/29/14-9/28/19, $2.5MM,
Defense Threat Reduction Agency

e Protein Kinase Inhibitors for Parasitic Diseases, 3/1/14-2/28/15, $90,000, Celgene
Corporation

e Research Support, 9/1/11-8/31/16, $50,000 annually, Margaret and Herman Sokol
Endowment

Past Research Funding:

e Protein Kinase Inhibitors for Parasitic Diseases, 3/1/13-2/28/14, $115,000, Celgene
Corporation

e Protein Kinase Inhibitors for Parasitic Discases, 3/1/12-2/28/13, $90,000, Celgene
Corporation

s Purchase of LCMS, 10/1/13, $70,000, Shimadzu Corporation

e 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

e 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(ll) 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-Tung Wu, J. Org. Chem. 54, 592 (1989).

4. "Homoallylically Controlled Epoxidation of A4-cis-1,2-Disubstituted ~Cyclohexenes”, David P.
Rotella, Tefrahedron Letters, 1913 (1989).

Page 395 of 405



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 (+) Dactylo]l and Related Studies”, Ken S. Feldman, Ming-Jung Wu and
David P. Rotella, .S Ani. Chem. Soc. 112, 8490 (1990).

9. "Synthesis and Structural Analysis of Stereospecific 3,4,5-Trisubstituted v-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, Biocorganic and
Medicinal Chemistry Letters, 5,1167-1170 (1995).

I'l. "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 Eryrhro o-Amino Epoxides" David P. Rotella, Tetrahedron  Letters
35, 5453-5456 (1995).

13. "Genesis and Degradation of AB 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, Synlert, 479-480 (1 996).

15. “Solid Phase Synthesis of Olefin and Hydroxyethylene Peptidomimetics”, David P. Rotella, /. 4m.
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. Roteila, 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 Farnesyitransferase Inhibitor Development”, David P. Roteila, Curr.
Opin. Drug Discovery and Development, 1, 165-174 (1998).
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e

18. “Rank-Order of Potencies for Inhibition of the Secretion of AB40 and AB42 Suggests that Both are
Generated by a Single y-Secretase”, John T. Durkin, Seetha Murthy, E. Jean Husten, Stephen P. Truske,
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 PDES 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 PDES 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”, Nafure Reviews
Drug Discovery 1, 674-683 (2002).

24.  “Tadalafil (Lilly/ICOS)”, Curr. Opin. Invest. Drugs 4, 60-65 (2003).
25.  “SB-480848. GlaxoSmithKline”, Curr. Opin. Invesi. Drugs 5, 348-351 (2004).

26. “Novel Second Generation Approaches for the Control of Type 2 Diabetes”, J. Med. Chem. 47,
4111-4112 (2004).

27 “Discovery and Structure Activity Relationships of 2-Benzylpyrrolidine-Substituted
Aryloxypropanols as Calcium-Sensing Receptor Antagonists”, Wu Yang, Yufeng Wang, Jacques
Roberge, Zhengping Pa, Yalei Yu, David P. Rotella, Ramakrishna Seethala, R. Michael Lawrence, Jean
H. M. Feyen, John K. Dickson, Bicorg. Med. Chem. Lett. 15,1225-1228 (2005).

28. “Phosphodiesterase Inhibitors: Potential CNS Applications”, Nicholas J. Brandon, David P. Rotella,
Annual Reports in Medicinal Chemistry, 42, 3-12 (2007)

29. “Potent Non-nitrile Dipeptidic Dipeptidyl Peptidase IV Inhibitors”, Ligaya M. Simpkins, Scott
Bolton, Zulan Pi, James C. Sutton, Chet Kwon, Guohua Zhao, David R. Magnin, David J. Augeri, Timur
Gungor, David P. Rotella, Zhong Sun, Yajun Liu, William S. Slusarchyk, J ovita Marcinkeviciene, James
G. Robertson, Aiying Wang, Jeffrey A. Robl, Karnail S. Atwal, Robert Zahler, Rex A. Parker, Mark S.
Kirby, Lawrence G. Hamann, Bioorg. Med. Chem. Lett. 17, 6476-6480 (2007).

.30, “Alzheimer’s Disease: A Light at thé End of the Tunnel?”, Albert ]. Robichaud, David P. Rotella,

Drug. Development Res. 2009, 70, 57-39.
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31. “Tetrahydrocarbazole-based Serotonin Reuptake Inhibitors/Dopamine D2 Partial Agonists for the
Potential Treatment of Schizophrenia™, David P. Rotella, Geraldine R. McFarlane, Alexander Greenfield,
Cristina Grosanu, Albert J. Robichaud, Rajiah Aldrin Denny, Rolf W. Feenstra, Sara Nufiez-Garcia, Jan-
Hendrik Reinders, Martina van der Neut, Andrew McCreary, Chris G. Kruse, Kelly Sullivan, Farhana
Pruthi, Margaret Lai, Jean Zhang, Dianne M. Kowal, Tikva Carrick, Steven M. Grauer, Rachel L.
Navarra, Radka Graf, Julie Brennan, Karen L. Marquis, Mark H. Pausch, Bioorg. Med. Chem. Lett. 2009,
19, 5552-5555.

32, “WS-30030 [7-{4-[3-(1H-inden-3-yl)propyl]piperazin-1-yl}-1,3-benzoxazol-2(3H)-one]: A Novel
Dopamine Receptor Partial Agonist/Serotonin Reuptake Inhibitor with Preclinical Antipsychotic-Like
and Antidepressant-Like Activity”, Julie A. Brennan, Karen L. Marquis, Mark H. Pausch, Chad E. Beyer,
Zoe Hughes, Radka Graf, Steven Grauer, Qian Lin, Sharon Rosenzweig-Lipson, Farhana Pruthi,
Claudine Pulicicchio, David P. Rotella, Albert J. Robichaud, Deborah L. Smith, Rolf Feenstra, Chris G.
Kruse, Andrew McCreary, Pierre Broqua, Wouter Grotier, Martina van der Neut, J. Pharmacol. Exp.
Ther. 2010, 332, 190-201.

33. “Potent Dihydroisoquinolone-Based Dopamine D, Partial Agonist/Serotonin Reuptake Inhibitors
for Treatment of Schizophrenia”, Yinfa Yan, Ping Zhou, David P. Rotella, Rolf Feenstra, Chris G. Kruse,
Martina van der Neut, Jan-Hendrik Reinders, Farhana Pruthi, Dianne Kowal, Tikva Carrick, Margaret
Lai, Karen L. Marquis, Mark H. Pausch, Albert J. Robichaud, Bivorg. Med. Chem. Left. 2010, 20, 2983-
2986.

34. “Drug Discovery 2012 and Beyond”, David P. Rotella, ACS Med. Chem. Lett. 2012, 3, 172-174,

35. “Recent Results on Protein Kinase Inhibition for Tropical Diseases”, David P. Rotella, Bioorg.
Med . Chem. Lett, 2012, 22, 6788-6793.

36. “Discovery and Development of Boceprevir”, David P. Rotella, Expert Opin. Drug Discovery
2013, 5, 1-9.

37. “The Spectral Properties of (-)-Epigallocatechin-3-O-Gallate (EGCG) Fluorescence in Different
Solvents: Dependence on Solvent Polarity”, Vladislav Snitsarev, Michael N. Young, Ross M. S. Miller,
David P. Rotella, PLoS One, 2013, 8(11) e79834. '

38. “Toward the Discovery of Drug Like Epigallocatechin Gallate Analogs as Hsp90 Inhibitors”, Rohit
Bhat, Amna Adam, Jungeun Jasmine Lee, Ellen C. Henry, Thomas A. Gasiewicz, David P. Rotella,
Bioorg. Med. Chem. Lett. 2014, 24, 2263-2266.

39.  “Structure-activity Studies of (-)-Epigallocatechin Gallate Derivatives as HCV Entry
Inhibitors” Rohit Bhat, Amna Adam, Jungeun Jasmine Lee, Gaspard Deloison, Yves Rouillé,
Karin Séron, David P. Rotella, Bioorg. Med. Chem. Lett. 2014, 24, 4162-4165.

40.  “Progress in the Discovery and Development of Hsp90 Inhibitors”, Rohit Bhat, Sreedhar
Reddy Tummalapalli, David P. Rotella, invited perspective J. Med. Chem. 2014, 57, 8718-8728.
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Patents:

1. "Diastereomeric Mono- and Di-Substituted Diaminocyclohexane Compounds and Methods of
Preparation Thereof" Donald T. Witiak and David P. Rotella, US 5,206,400.

2. "K252a Functional Derivatives Potentiate Neurotrophin-3 Activity for the Treatment of Neurological
Disorders" Marcie A. Glicksman, Robert L. Hudkins, David P. Rotella, Nicola Neff and Chikara
Murakata, US 3,468,872,

3. “K252 Derivatives Which Enhance Neurotrophin-Induced Activity” Marcie A. Glicksman, Robert L.
Hudkins, David P. Rotella, Nicola Neff and Chikara Murakata, US 5,516,772.

4. “Quinazolinone Inhibitors of ¢cGMP Phosphodiesterase”, David P. Rotella, John E. Macor, David
Cushman, Joseph Yevich, US 6,087,368

5. “Quincline Inhibitors of cGMP Phosphodiesterase”, Yingzhi Bi, David P. Rotella, Guixue Yu, John
E. Macor, US 7,378,430 .

6. “2-Substituted cyclic amines as calcium sensing receptor modulators”, Ashvinikumar Gavai, Roy J.
Vaz, John K. Dickson, Jacques Y. Roberge, Wu Wang, Timur Gungor, James R. Corte, David P.
Rotella, Yufeng Wang, Wu Yang, US 7,103,337,

7. “Preparation of substituted piperidines and pyrrolidines as calcium sensing receptor modulators”,
John K. Dickson, Michael R. Lawrence, Jacques Y. Roberge, David P. Rotella, Wu Yang, US
7,265,145,

Book Chapters:

“Recent Results in Phosphodiesterase Inhibitor Development and CNS Applications”,“Cyclic-
Nucleotide Phosphodiesterases in the Central Nervous System: From Biology to Drug
Discovery”, John Wiley and Sons, 2014 115-144, Anthony West, Nicholas J. Brandon, editors.
“Monoaminergic Targets for Treatment of Schizophrenia”, “New Approaches to Psychiatric Drug
Discovery”, Royal Society of Chemistry Press, 2012, 33-47, Zoran Rankovic, editor.

“Pioneer and Analogue Drugs”, “Analogue-based Drug Discovery”, volume 3, Wiley VCH, 2012,
3-18, edited by Janos Fischer, C. Robin Ganellin, David P. Rotella

“SSRIs” David P. Rotella and Wayne E. Childers, “Analogue-Based Drug Discovery, volume 2,
Wiley-VCH, 2010, 269-296, Janos Fischer and Robin Ganellin, editors.

“Medicinal Chemistry Challenges in the Discovery of Novel Antidepressants”, “Next Generation

Antidepressants”, 2010, 102-118, Cambridge University Press, Chad E. Beyer, Stephen M. Stahl,
editors.

Page 399 of 405



“Drug Discovery for Non-Life Threatening Disorders™, “Burger’s Medicinal Chemistry”, volume
5, 7" edition, John Wiley and Sons, 2010, 711-728, Donald J. Abraham and David P. Rotella, co-
editors.

“Phosphodiesterase  Enzymes, Inhibitors and Therapeutic Applications” “Comprehensive
Medicinal Chemistry II” Elsevier Science, 2006, $19-957, Walter H. Moos editor.

Abstracts and Presentations:

“A Natural Product Template for Medicinal Chemistry” Merck Research Laborateries,
Kenilworth NJ, March 2014.

“Progress Toward the Identification of Drug-Like Hsp90 Inhibitors based on (-)-Epigallocatechin
Gallate”, Department of Medicinal Chemistry, University of Illinois at Chicago, October 2013.

“Design, Synthesis and Use of Novel Diamine Templates in Medicinal Chemistry” Eli Lilly
Research Laboratories, May 2013.

“Structure-activity Relationships of Novel Inhibitors of the Brugia malayi Stress-activated
Protein Kinase, Bm-MPK1” David P. Rotella, Sreedhar R. Tummalapalli, Agnieska Chojnowski,
Tamara W. Kreiss, Deborah S. Mortensen, Veronique Plantevin, Stacie Canan, Vikram Khetani,
Jerome B. Zeldis, Ronald Goldberg, John Siekierka, poster presentation American Society of
Tropical Medicine and Health national meeting, Washington DC November 5, 2013.

*Novel inhibitors of the Brugia malayi stress-activated protein kinase, Bm-MPK1”, Mortensen
DS, Khetani V, Satoh Y, Cathers B, Canan S, Zeldis I, Chojnowski AN, Patel A, Goldberg R,
Rotella D, Siekierka J. poster presentation American Society of Tropical Medicine and Hygiene
national meeting, Atlanta, GA, November 11-15, 2012.

“Antipsychotic-like profile of WS-50030, a combined partial D, receptor agonist and selective
serotonin reuptake inhibitor”, Julie Brennan, Karen Marquis, Claudine Pulichiccio, Mark Pausch,
Steven Grauer, David P. Rotella, Roif Feenstra, Andrew McCreary, poster presentation, Society
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