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Otsuka v. Sandoz, 678 F.3d 1280, 1292 (Fed. Cir. 2012)
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==k “In determining whether a chemist would

have selected a prior art compound as a
lead, the analysis is guided by evidence of
the compound’s pertinent properties.”

Coarrt

s aatherity, 1 ry
< 1292

OTSUKA PH.
LTI, ¥

BANIMIE, INC.
dusiries, Lid)
Haldings BV}
Inc., and Sy
Ime.. Defendad

st e e

T
a chemieal composition.

upan ez 5
Apodex Ind such cases our analysis focuses on those !
Defend the alleged  [§
infringer has attempted wve, by clear ap-
and convineing evid fie art with &
Teen. Piarmmed il CoTvin V||;z e I .
artisan wouhl have had & reason to se b rodify o besd o0
Labaratories,
el Tne. from the paneply of ki i To make the claimed eompound with
= " the prior art. Dadicks, 618 F, 2661, areasonable expectation of success. Take-
Noa. 201 da, 462 F.3d at 1357 {4[1]n eases involving

[7] In determining whether a chemist
would have selected a prior art compound
s 5 lead, the anslysis i guided by evi- ©S54ry to identily some reason that would
o dence of the compound’s pertinent proper- 1™ d a chemiat to modify & known

lies, See Bl Lilly, 471 F.3d at 1378; In  ©ompound in a particular manner ta estab.

ve Lo 24 70! FedCir,1984), lish prima facie obviousness of & new
Such properties may inelnde positive at-  claimed compound”y; Pfizer, 450 F.3d at
bributes such as activity and potency, Alfa- 1361 (“[TThe et of the patent
F3d at 1008; £ Lally, 471 F. [mst] show by elear and

i Yamanouchi, 231 F3d at 1 denee that a skilled artisa
p effects such s icity, been motivated te combine the tes
, and other velevant char-  of the prior art references to achieve the
ies in evidence, see Eisoi, 533 F.3d  clabmed invention, and that the skilled arti-
T (considering a prior art con san wenld have had a reasonable
pound’s lipophilicity and low molecular
o Tne., 480

new chernieal cornpeunds, it remains pee-

United

Lox! Taleda,

patients, an
Mar

F.2d at 692

Cie 2007)
ing the solubility

kenown chemical eharacteristics
art saltforming acid). Absent a
mativation based on such prior art evie

18] In heoping with the flexble nature
of the cbvisusness inquiry, the reason or
stivation for medifying & lead compound
pmme from any number of sources and

e Eisai, 55
u the lead compound  KSE, 550 US. ab 415, 137 SCt 17275
d al 1354, Aventis Phavma Deutschiond GmbH o
In ve Dills Fad Cir. ¥ F.
1990 (en Jirueiural similaricy be-
tween claimed and prior art subject mat-
ter, proved by combining references or  promising useful properties in s

pound does
select See Daiichi, 819 F.

ad

Source: Institution Dec. at 9. 2



Daiichi Sankyo v. Matrix Labs., 616 F.3d 1346, 1354 (Fed. Cir. 2010)
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Ashworth 25 is a Pertinent Lead Compound

P2 P1
Substituent Substituent
N
HoN
o CN
v" Potency: Ki<2nM

v" Solution Stability: t,,, >48 hours

Source: EX1007 (Ashworth I) at 1166. 4



Ashworth 25 Has Good Potency and Stability
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Source: EX1007 (Ashworth |) at 1165-66. 5



Measuring Potency by K; and IC., Values

piechemial Fhasmacoiogy, Yal. 22, pp, M49-3103, Pergarson Prew, 1973, Frime
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Source: EX1025 (Cheng) at 3099; EX1003 (Rotella Decl.), 964. 6



Ashworth | Table Il Compounds

HoN ;I NQ H2N Q H2NK/E'/ Q
O CN O CN O CN
Cpg Analogue Chg Analogue lle Analogue
(Cyclopropylglycine) (Cyclohexylglycine) (Isoleucine)
Compound 24 Compound 25 Compound 26
OYO
HN
N N N
Hz"j;r Q HjN\/lﬁr Q (Hjﬁf Q
9) CN 9) CN 9) CN
Tbg Analogue Lys(Z) Analogue Pro Analogue
( Tert-butylglycine) (Carboxybenzyl-lysine) (Proline)
Compound 27 Compound 28 Compound 29

Source: EX1007 (Ashworth I) at 1166. 7



Cyanopyrrolidines Were of Interest

NVP-DPP728, containing a
— cyanopyrrolidine, entered clinical
h . trials in humans.

H
N N\/\ N
N N
| H/\{f CN

NG~ NF

B ey NVP-DPP728

“By the time of the invention,
Novartis had selected NVP-DPP728
as a clinical candidate, and it was

reported to be safe and effective
in initial studies in humans.”

Source: PO Resp. at 12, 14, EX2012 (Rothenberg) at A39; EX1074 (Second Rotella Decl.), 915. 8



Ashworth 25 More Potent than Other Clinical Candidates

H
N. N '\Q R
| SN N N
P H O CN H,N H,N

Ki=11nM IC;, = 2800 nM K;=1.4 nM

Dr. Weber concedes that “compound 25 of Ashworth-I
[is] more potent than the clinical candidates NVP-
DPP728 and P32/98].]”

Source: EX1074 (Second Rotella Decl.), 911; EX2016 (Hughes) at 11600;
EX1007 (Ashworth 1) at Table 2, 1166, EX2078 (Schon) at 308, EX2056 (Weber Decl.), 9172 . 9



Superior Stability of Ashworth 25

S
N »
HoN HN
o CN

o CN
Ashworth Il compound 3 Ashworth | compound 25
t1/2 = 27 h t1/2 - >48 h

Ashworth 25 has greater in vitro stability (longer half-
life, t, ;) than compound 3 from Ashworth II.

Source: EX1074 (Second Rotella Decl.), 914, EX2001 (Ashworth Il) at 2748. 10



Summary of Structural Differences

¢ Cyclopropanation of the
pyrrolidine ring

o EX1007: Ashworth |
0 EX1010: Hanessian

¢ Replace cyclohexyl ring with
hydroxyadamantyl

o EX1007: Ashworth |
o EX1008: Villhauer WO 98
o EX1009: Raag

Ashworth 25

»
H,N
o CN

Saxagliptin

fgg‘:&
J
\{ ;y//

/
HoN7 N
O

CN

11



Petitioner’s Motivation to Modify P1

¢ Cyclopropanation

o flattens and rigidifies
pyrrolidine ring

o modulates cyano position

¢ Optimizes interaction with
DPP-4 enzyme to improve
activity and stability

H,N

O

P1

Substituent

N

CN

Source: Pet. at 29; EX1003 (First Rotella Decl.), 9134; EX1010 (Hanessian).
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Cyclopropanation Modulates Proline Conformation

|
“The structures and conformations of 6 and 8 in the

solid state were unambiguously confirmed by single-
crystal X-ray analysis. Table 1 lists selected torsion
angles for compounds 6 and 8, where considerable
‘flattening’ of the pyrrolidine ring is observed relative
to N-Boc-L- prolme[]

CO,H

O\ &COZH @COZ
BOC

OC

N-Boc- 6 8
L-proline

Source: EX1010 (Hanessian ‘97) at 1882; EX1003 (Rotella Decl.), 9135. 13



Cyclopropanation Confers Conformational Rigidity
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Q. Okay. And just to be clear, fusing a ring to
that pyrrolidine ring does involve replacing two of the
hydrogen atoms with something else; correct?

A. It does.

Q. Okay.

A. The difference is that when you fuse a ring,
when you fuse two rings together, especially when you
have a small ring but it's a difference in degree, that
introduces increased rigidity to the structure and can
alter the orientation in space of substituents attached
to what was previously the monocycling structure.

That's just a consequence of molecular structure.

Source: EX2174 (Rotella Depo. Trans.), 119:10-21.
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Increase in Cyanopyrrolidine Stability Was Predictable

| And. in fact, 1f vou turn to page 2591 and look
. at table 2 — I'll save you. but vou can certainly read
sl this for vourself -- but these are theoretical
calculations that predict that the stability of the

4. 5 methano -- sorry — the 4, 5 cyclopropane CIS
15 going to be more stable compared to the simple
cyvanopyrrolidine.

Source: EX2174 (Rotella Depo. Trans.), 139:22-140:3; EX2002 (Magnin) at 2591. 15



Patent Owner Cites Augustyns 1997

Pyrrolidides|
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“[T]he inhibitory capacity increases from
azetidine 8b (270 uM) and pyrroline 9b (100
UM) to the optimal five-rings pyrrolidine 3
(21 uM) and thiazolidine 4 (18 uM), and
decreases when larger rings like
tetrahydropyridine 10b (310 uM), piperidine
6b (510 uM) or hexamethyleneimine 7b
(2700 uM) are at the P1 position.”

Patent Owner: “Increasing the

yrrolidine ring size to a 6- or

7-membered ring . . . was not
well tolerated.”

Source: Patent Owner Resp. at 10; EX2151 (Augustyns 1997) at 303.
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Small Changes to P1 Ring Size Were Tolerated

l/S
H->N

O o CN
K.=2.2nM K;=0.41 nM

Source: EX2001 (Ashworth Il) at 2747; EX1074 (Second Rotella Decl.), 940. 17



Cyclopropanation Has Minimal Effect on Ring Size

nuas o7 Pianuscouoot axs Exresneras Tuekarscios Vol 198, %3
+1@ 148 oy The Willism & Wikking Co. Hrinted in 8.4,
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MYLAN - EXHIBIT 1021

Source: EX1021 (Chiou) at 243; EX1003 (Rotella Decl.), 9135; Pet. at 22.
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Cyclopropanation Fits with 5-Membered Ring Preference
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Source: EX2151 (Augustyns) at 303; EX1074 (Second Rotella Decl.), 40. 19



Methods For Cyclopropanating Pyrrolidine were Known

1. LEtBH, THF MesSa
2. MeOH, CSA

..——_.—’..
3. BuNF/ACcOR  MeO

THF 83%

CN

— — COMMUNICATIONS
e TUELBH, THE RUCH, NaiO, -
2.TFA, CH,Cl, %, cobHeNmo | AL\
- » COoH
2 66%, 4 goc g
" ) 0C
+14%, 5 OR 75%
B} 6
Bu,NF, THF, 90% [:; (‘:“ TBOPS) mp123134°C
R=H) [alp = ~200.0

{c =1.0 in CHClg)

1. TFA, CH,Cly
CO,H

—_——
N 2. RuCly, NalO,, goc
Boc OH CClyf/CHLCN/
Ho0 (71%)

7 8
m.p.128-128°C
[elb=-8.7

{c = 1.0 in CHCI,)

Scheme 1. TBDPS = z-BuPh,Si, TFA = trifluoroacetic acid, Boc = feri-butoxy-
carbonyl, CSA = camphor-10-sulfonic acid.

Hanessian teaches
synthesis of cis-4,5 and
trans-4,5 cyclopropyl
cyanopyrrolidine.

Source: EX1010 (Hanessian ‘97) at 1882; EX1074 (Second Rotella Decl.), 938.
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Limited Number of Positions to Cyclopropanate Pyrrolidine

SORa R
CN

CN

CN
Cis-4,5 Trans-4,5 Trans-2,3
NV N
By By
CN CN
Cis-3,4 Trans-3,4

Only 5 possible ways to
cyclopropanate pyrrolidine ring
(including cis and trans isomers).

Source: EX1010 (Hanessian ‘97) at 1882; EX1003 (Rotella Decl.), 99139-40. 21



Magnin Confirms Ease of Evaluating Each Option

. H
R Hr., .-“'H E H % aH R - R
'
O ¢CN O ¢CN O CN O N

12 13 14 15
2 (a) N-Boc-amino acid, EDAC, DMAP or PyBop, 50—90%; (b)
(for intermediates 8—10) POCl3, pyridine, imidazole, 70—90%: (c)
TFA, CH:Clz, TFA or HCI in EtzO or EtOAc, 70—90%.

Magnin confirms the straightforward task of screening
cyclopropanation derivatives at each of the available
cyanopyrrolidine positions.

Source: EX2002 (Magnin) at 2588; EX1074 (Second Rotella Decl.), 950. 22



Motivation to Modify P2

¢ Sterically bulky P2 substituents

0 improve stability O N

O improve potency T CN

o favor trans confirmation ”J
and reduce cyclization 2

Cyclization

P2
Substituent

N

H,N
o ©CN

Source: Pet. at 7, 24; EX1003 (Rotella Decl.), 99 114-15; EX1007 at 1165-66. 23



Intramolecular Cyclization Favored in Cis-Conformation

HoN

CHj 2
N O- _N
HQNJ\H’ o —— -
HN
oA

5 CN

Intramolecular cyclization is minimized by favoring trans-
conformation, instead of cis-conformation.

Source: EX1003 (Rotella Decl.), 9946-47; EX1015 (Lin) at 14022; Pet. at 7. 24



Bulky P2 Groups Improve Stability

Biortont. & Moo Chrminy evers, Vol 640, 10, . [ 11116, 1956
@ Pergamon Conyegh © 1996 Fiievier Science Lid
i et M. A s o

PII: SOP60-8543(55100150 PRNRAETAN $00

- H-Xaa—N
N

B Compaund N° Xaa Ki(nM)* tw ()™
= 24 Cpg 1.120.2 48
5T 2 25 Chg 1.4£0.5

= 26 Ile 22405

These eampounds were. found

Qor fa; Loxieity when ingocied into mice (up 10 14
inhibitors or antit Iymphocytes (e.g. proliferation and cytokinl 2 ’ ! bg 3 8 i 0 8
. -

immunomodulatof

e mm——— ) 28 Lys(Z) 524 1.0
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AZ-SAXA-8023451

Source: EX1007 (Ashworth ) at 1165-66; EX1074 (Second Rotella Decl.), 919. 25



Steric Bulk Localized at the Beta Position

Beta—
position N

H,N
5 CN

CHs

HsC_ | CH,
Beta—

position N
H,N

6 CN

Ashworth | Compound 25

t1/2= >48 h
Ki=1.4 £0.5 nm

Ashworth | Compound 27

t1/2= >48 h
Ki=3.8 £0.8 nm

Source: EX1007 (Ashworth |) at Table 2; EX1074 (Second Rotella Decl.), 924.
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Steric Bulk Localized at the Beta Position

Beta

/

position N

H,N
5 CN

Beta /
position N

H,N
5 CN

Ashworth | Compound 25

t1/2= >48 h
Ki=1.4 £0.5 nm

Ashworth | Compound 24

t1/2= 48 h
Ki=1.1 £0.2 nm

Source: EX1007 (Ashworth |) at Table 2; EX1074 (Second Rotella Decl.), 924.
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More Atoms Alone # Steric Bulk

Lys(Z) group is longer with
more atoms.

Lys(Z) is less sterically bulky
compared to a cyclohexyl
group, with a smaller

footprint at the B-position. Beta Q
position
HzNJW

Lys(Z) has decreased
stability compared to a

cyclohexyl substituent. Ashworth | Compound 28
t1/2= 24 h

Source: EX1007 (Ashworth ) at Table 2; EX1074 (Second Rotella Decl.), 924; EX2261 (PO Demonstrative). 28



Use of Adamantyl at P2 was Known in DPP-4 Inhibitors

PCT WORLD INTELLECTUAL FROPERTY ORGANIZATION
Tnlemational Bureas

INTERNA'TTONAL APPLICAT(ON PUBLISHED UNDEGR THE PATENT COOPERATION TREATY (PCT)

(51} International Patent Classification & ; | (1) International Publication Number: WO 98/19998
COTI 207/00, 401/00, COTK 5/00 A2
(43) Internations] Publication Date: 14 May 1998 (1405.98)
(1) International Application Numbee: PCI/RPITOSI2ZS L AU, . BB, BG, AR,
CN, 3 . Fl , GE,
(22) Yulernations) Filiog Date; 5 November 1997 (05.11.97) GH. WU, ID, 1L, 1S, JP, , KP, KR, KZ, LC, LK,
LR, LU, LV, MD, MG, MK, MN, JW, MX, NO,
NZ,PL, , RU, SD, . S1, 5K, SL, T3, TM™, TR,
(30) Priarity Data: I, UA, UG, US, . ZW, (GH,
08746295 7 November 1996 (07.11.96)  US LS, MW, D, . ZW), L AZ,
BY, KG, KZ, MD, RU, TJ, TM), . BE,
. DE, DK, ES, FL, FR, GB, GR, I, IT, LU, MC: NL,
(71) Applicant for all designated Siates except USk: NOVARTIS 3 , B, CF, CG; CI, CM, OA, GN,
'AG [CIVCHY: Schwarzwaldallee 215, CHI-40S8 Dasel (CH). MT., MR, NE, SN, TD, TG).
(72) Inventor; and
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Markenableihung, Lichistrasse: 35, CH-4002 usel (CH),
(54) Title: N-SUBSTITUTED 2-CYANOPYRROLIDINES
(87) Abstract
No. 10 Ex. No,

34 [S,5)-(1-hydroxymethyl)propyl <h '

35 (2-{(2-hydroxymethyl)phenyljthioJphenylmethyl ch b

36 2-(2-methoxyphenyl)ethyl ch 1 4 9 2 d l

k1) S-hydroxypentyl ch 1 - t

38 cyclobutyl ch 1 off a aman y

39 2-(2,4-dichlorophenylethyl ch 1

40 1-(S)-(+)-hydroxymethyl-3-methylbutyl ch 1

41 [1R*,25+%]-2-hydroxy-2-phenylethyl ch

42 2-(2-fluorophenyl)ethyl s

43 cyclopropyl

a4 [IS[15,25,38,5R1}-26,6 trimethylbicys’ 53 2 d t l th l
e (2-adamantyl)methy

45 (2-phenoxy)ethyl ch 1

46 2-(3,5-dimethoxypher__ <uyi ch 1

47 1-adamantyl ch I WIS SO0, WP, 2902427, C-INMIEC 12180 (ppry

48 1,1,3,3-tetramethylbutyl ch 1 white flufTy solid; m.p. 68-70% "*C-NMR: 121.55 (ppm)

49 2-adamanty] ch 1 off-white solid; m.p. 122-124°; "“C-NMR: 121.69 (ppm)

50 1,1-dimethylpropyl ch 1 white fluffy solid; m.p. 62-64°; "C-NMR: 121.53 (ppm)

51 benzyl ch 1 whilte solid; m.p. 58-60%; YC-NMR: 121.38 (ppm)

52 1,1-dimethylethyl ch i while solid; m.p. 226-228°; "C-NMR: 121.56 (ppm)

53 (2-adamantyl)methyl ch 1 white solid; m.p. 158-160°; "C-NMR: 121 53 (ppm)

54 2-phenylethyl ch 1 white solid; m.p. 275-280° (dec.); "C-NMR: 121.52 (ppm)

55 pentyl ch 1 white solid: m.p. 176-178%; “C-NMR: 121.67 (ppm)

56 batyl ch 1 while solid; m.p. 180-182°; "C-NMR: 121.53 (ppm)

Source: EX1008 (Villhauer WO ’98) at 13; EX1074 (Second Rotella Decl.), 920. 29



Hydroxyadamantyl Was Known From Villhauer 2000

e R T o 0 Q You are aware in the prior art there
2 BEFORE THE PATENT TRIAL AND APPEAL BOARD

B v ddongnd] is an example of a DPP-4 inhibitor compound that
, contained hydroxy adamanty!| moiety, correct?

: C A Yes, |'m aware of the patent

& 4 contained ey amartyl ey, correct? literature and there were patents —— there was a
. e —— Vil lhauer patent, for example, that contained a
o :; - F(P;evi:us\ylmjrked AstraZeneca Exhibit hydr 0x y adama nty ' mo i ety-

GregoryEdwards, LLC | Worldwide Court Reporting
GregoryEdwards. com | B66-4Team GE

Source: EX1073 (Weber Depo. Trans.), 63:2-8; EX1074 (Second
Rotella Decl.), 933; EX2013 (Villhauer 2000), 7:15-27 . 30



Hydroxyadamantyl at P2 was Known in DPP-4 Inhibitors

United States Patent | Patent Number: 6,166,063
Villhauer 1) Date of Patent:  Dec. 26, 2000
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Patent Owner Cites Mentlein 1993

Eur. J. Biochem. 214, 829835 (1993}
© FEBS 19

Dipeptidyl-peptidase IV hydrolyses gastric inhibitory polypeptide,
glucagon-like peptide-1(7-36)amide, peptide histidine methionine
and is responsible for their degradation in human serum

Rolf MENTLEIN', Baptist GALLWI

' Ansomisches Institut and
* Abieilung Allgemeine Innere Medi

(Received February 9Apal 16, 1003

Peptides of the g
sequence similarity a)
might be in part potg
removing dipeptides
hormons-releasing fa
tropic peptide (GIP)
tropin [GLP-1(7—36)
Iydrolysed 1o their d
centa. VIP with term|
the hydrolysis of GIP)
values of 4—34 M o
purificd peptidase wi
concentrations. When
menis as with the pui
n the case of GIF
degradation products
peptidase TV, | mM
production of these
metabolism of GIP a
for the biological act
Wil to be inactive;
peptidase- 1V action
inactivation and their|

Dipeptidylpeptidase IV (DEP|
aminopepiidase removing dipepi
und synthetic peptide substrates
nine are ihe penultimale N-ter
1988, for review). Small peprides|
with prolinc in this position are
thase with slanine (Heins et al.,
humen serum, a5 an ectoenzyme
endothelial cells, at kidney brush,

Carrespondence te R. Mentiem, L
Institur, Olshausenstrasse 4060, D-
Fax; +49 431 R8D1557
Abbreviations, DPP IV, dipeptidy)
ibitory polypeptide o glucose depe
titke; GLP-1(7-36)emide, glocagon-
insulinctropin or preprogiucagon{ 78—
like peptide-2 or preprogiucagani|
mone-releasing fuctooTormone, PHI
PHM, peptide histidine methionine;
tide; PACAP, pituitary sdenylate-cyc
Enzyme. Dipeptidy] peptidase [V

Page 1l of 7

Fig. 4. Schematic representation of the I.Illli(‘-llllh: and
substrate-cleaving (arrow) sites of DFP IV. Proks i
fit in the hydrophobic P,-substrase-hinding pockes, hhﬂ‘vn wering
appean 10 be o hydophilic 1o yickd spprociable binding. In the »-
,.,m- ulky amino acids with an chligate free snino g

with Pro or Hyp in the P! possohesems
n.Ie-'m! by DFF 1V, Proferential amino acids for the P'mlﬂ
not k.

as further degradation product coubd be idemtified afier deri-
vatisation with 4-dimethylaminoazcbenzenc-salphonyl-chilo
ride (soc Experimental Procedures) by identical retention
time and co-chromatography with a derivatized, symthetic
His-Ala standasd. Again, in the presence of Lys-pyrolidide
(1 mM) and diprotin A (0.1 mM), the gencration of the des-
His—Ala-fragment was abolished (<$%). Thes, as con-
chuded from specific inhibition snd generation of His-Als
and the des-His = Ala-peptide GLP-1(7- 36)amide Is cleaved
bry hesman serum mainly by sction of DPP IV,

I sera of heallhy males we messured & mean activity of
S5=12 pmol « min™' « 17" {n = 6) with the chromogenic
wubstrate (.5 mM Gily-Pro-4- m:ﬂmlld: for DPP TV, No sig-
mificant differences were found for the peptidase activities in

al an postprandial sera (n = 3). In o senum with an

activity of 50 umod - min ' - 1 for Gly-Pro-4-natranilide, we
extimated degradation raies of abowt 0.3 pmol - min ' - 1"
lo( Tyr-Ala liberation from 20 M GIP and 0.4 pmol-min~"
* for His-Ala liberation from 20 uM GLP-1{7 =36 amide.

DISCUSSION

Members of the VIPiglucagon peptide family with N-
terminal penisltimate alanine are good wubstrates for DPP IV,
GRF(1 = 2jamide or GRF(1 —44)smide 35 analyzed here and
by Bongers et al. (1992), GIP. GLP-1{7 - 36 amide and PHM
are cheaved 1o their des-Tyr— Ala or des-His~ Ala derivatives
by the highly purified buman enzyme. In contrast. VIP with
N-terminal His-Ser was pot significantly degraded. This fits
well with the known, preferential specificity of DPP IV for

Page Sof 7

833

penaltimate proline or alanine residues (Fig. 4). Almost no
other asturally occurring amino acid is accepled in this posi-
tion. Replacement of penaltimate Al in  GRF( 1 —Xamide
derivative by bydrophilic Ser or Gly resulied in dipeptidyl-
peptidase-1V substrales of far bower k.. and higher K., valucs
(Bongers et al., 1992). In contrast, substrates with \}mhﬂn
hydrophobic derivatives of the prolise fing (ox3- or thia de-
rivatives) of shori, unbranched hydrophobic alky] deri
m the P, position are good substraies for DPP TV t!nM:[d =l
1991 b Schutkowski, 1991). This indicates 3 hydropho-
huc wubstrate (P,) recognition site for DPP 1V where Ser is

less well {or not) bound thas Als or Pro (Fig. £). Moreover,
a bulky N-terminsl amino acid with free amino group (P,
position) as with Tur or His in the nentidns insstinsed b
is optimal for
fiects of the C-(
the relatively |

== “Preferential amino acids for the

stimulaics insy
ence of elevate
have clearly sb

=~ P’ position are not known.”

cation of GIP
spect b its ma

Cleavage pGo0E M0 THITSE0E THEIGIGE
clearly show that dipeptidyl peptidase IV n Ilu: main degra-
dation and, considering the above findings, inactivation en-
zyme for GIP in humas serum. The enzyme should be sill
more active on this peptide hormane ot otber sites, ¢. g. cndo-
thelial cells of blocd vessels, hepatcytes, kidney brush-bor.
der membranes (podocytes of the glomemlar hasement mem-
beame and proximal wbale cells), lymphocytes, chief cells of
gastric glands, or epithelial cells of the intestine, where it i
found in high concentrations as an cctocnzyme of the plasma
membranes (Loijda, 1979; Hartel et al.. 198%; Gossrau,
1979; McCaughan et 1990; Mentlein ef al., 1984). Active
hydrolysis by DPF IV might therefore explain why GIP(—
42) has been isolated as o second component (relative yiekd
about 20~ 30%) beside intsct GIF from porcine intestine and
has been found 25 & contaminent of patural GIP preparations
(ienvall et al, 1981 : Schmidt et al., 1987).

GLP-1{7 - 36)amide is o product of the tissue-specific
post-tramslational processimg of the glucagon precursor. |t i
released postprandially from intestinal endocrine L cells and
stimulates insulin secrction. Callwitz et al (1990) have
shown that the C-terminal fragment of the peptide is impor
{ant for receptor binding of the hormaone, bat is not sufficiest
1o tramsduce o biologhcal actson as does the intact
(raise in cychic AMP levels in ral insulinoma RINmSF cells),
Tt apypears that 2 in the case of ghicagon (Unson et al., 1989),
of GIP (Schanide et al., 1986, 1987) and of other members of
the VIPfglucagon peptide family (Chrisiophe of al., 1989;
Robbereck et al., 1992) also for GLP1{7—36)amide &n in-
tact Neterminus s needed fior signal transduction and bi
cal action. Provided this, action of DFF IV inactivates GLP-
17 = Milamide.

Source: EX2056 (Weber Decl.), 991, EX2096 (Mentlein) at 833.
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Mentlein: Bulky Groups are Preferred at P2

Eur. J. Biochem. 214, 829835 (1993}
© FEBS 19

Dipeptidyl-peptidase IV hydrolyses gastric inhibitory polypeptide,
glucagon-like peptide-1(7-36)amide, pepude histidine methionine

and is responsible for their degy

Rolf MENTLEIN', Baptist GALLWITZ® sud Wolfgang

! Anatomisches lastitut &
“ Abteilung Allg : Innere Meddizin der Universita

(Received Februaey @Al 16, 1003) — EIB 93 0215/3

Peptides of the glucagon/vasoactiv
sequence similarity at their N-termin
might be in part potential targets for
removing dipeptides only from peptis
hormone-releasing factor(1—29jamid
fropic peptide (GIP) with terminal Tyr-
tropin [GLP-1(7—36)emide] and pept]
hydrolysed to their des-Xaa— Ala derif
centa. VIP with terminal His-Ser was|
the hydrolysis of GIP, GLP.1(7—36)a
values of 4—34 uM and V,,, valucs of]
purificd peptidase which should allo
concentrations. When human serum
menis as with the purified dipeptidyl-
in the case of GIF or His-Ala in th
degradation products of these |1=|m]u
peptidase TV, | mM Lys-pyrrolidide
production of these fragments by scri
metabolism of GIP and GLP-1(7—- 364
for the biological activiey of (he mem)|

wiL to be inactive to release insulil
peptidase-1V action inactivates these
inactivation and their determination by

Dipeptidyl-peptidase IV (DPF a highly
aminopepiidase removing dipeptides from bioactiv)
and synthetic peptide substrates provided that proli
nine are the penulfimate N-terminal residues
1988, for review). Small peptides or chromogenic
with prolinc in this position are far heter hydrol
those with alanine (Heins et al, 1088). DPP TV
human serum, as an ectoenzyme on the surface of
endothelial cells, at kidney brush-border membra

Carrespondence to R. Mentiem, Universitat Kicl, A
Institut, Olshausenstrasse 4060, D-24118 Kiel, Germa

Far: +48 431 §801557.

Abbreviations. DPP IV, dipeptidyl-peptidase IV GIFf
ibitory polypeptide o gluose dependens insuling
tite; GLP-1(7~36)emide, glocagon-like pepiide-] 10
insulinctropin or preprogiucagon{ 78— 107)amide
ke pepiide 2 or preprogincagoni26—150); GRF,
mone-releasing fuctonTonmone. PHI, peptide histidine
PHM, peptide histdine methionine; VIF, visoactive int
tide; PACAP, piluitary ssbenylate-¢yclase-activaring poly

Enzyme. Dipeptidyl peptidase [V (EC 34.14.9).
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Fig.4. Schematic r < the substrate-bi

leavi- 7sites of DPP IV. Proline s
it in the hy i€ P, -substrate- binding pocket, whereas ser
appears 17 o hydrophific © yield appreciable binding. In the P,
pociiam balky amino acids with an obligate free amino group ar
preferved, Pepiides with Pro or Hyp in the P/ position are not
eleaved by DPP IV. Preferential amino acids for the P} position are
ot known,

s farther degradation product could be ideatified after deri-
vatisation with 4
ride (see Experimental Procedures) by |dﬂmcnl retention
time and co-chromatography with a derivatized, synthetic
His-Ala standard. Again, in the presence of Lys-pyrrolidide
(1 mM) and diprotin A (0.1 mM), the generation of the des-
His— Aln-fragment was abolished (<3%). Thus, as con-
chuded from specific ishibition and generation of His-Ala
und the des-His— Ala-peptide GLP-1(7 - 36)amide is cleaved
by human serum mainly by action of DPP IV,
In sera of healthy males we measured o mean activity of

S5*12pmol - min ' - 1! (n = &) with the chromogenic
substrate 0.5 mM Gly-Pro-4-pitranilide for DPP IV, No sig-
nificant differences were found for the peptidase activities in
preprondial an postprandial sera (n = 3). Tn a serum with an
activity of S0 pmol - min—* - 17* for Gly-Pro-4- nm
estimated de;r\dillwl rates of about 0.3 pmel -
for Tyr-Ala liberation from 20 uM GIP and (.- Qu.mnl -min~

1" for His-Ala liberation from 20 uM GLP- u,—ge};m.gc

DISCUSSION

Members of the VIP/ghicagon peptide family with N-
terminal penultimate alaninc arc good substrates for DPP [V,
GRF(1— 29)amide or GRF(1—44)amide as analyzed here and
by Bongers et al. (1992), GIP, GLP-1{7 - 36)amide and PHM
are cheaved to their des-Tyr—Ala or des-His— Ala derivatives
by the highly purificd human enzyme. In contrast, VIP with
N-terminal His-Ser was not significantly degraded. This fits
well with the knawn, preferential specificity of DPP IV for

PageSof7
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penultimalte proline or alanine residues (Fig. 4). Almost no
other naturally eceurring amino acid is accepted in this posi-
tign. Replacement of penultimate Ala in 3 GRF(1=20amide
derivative by hydrophilic Ser or Gly resulied in dipeptidyl-
peptidase-1V substrates of far lower k,, and higher K, values
(Bongers et al, 1992). In contrast, substrates with synth
hydrophobic derivatives of the proline ring (oxa- or thia de-

=" “In the P, position bulky amino acids with
s an obligate free amino group are preferred.”

cal effect) of GIE. Pure des-Tyr— Ala-GIP (3—42) unlike in-
tact GIP dad ot increase insulin secretion in the presence of
16.7 mM glucose from rat pancreatic islets at physiological
or higher concentrations even up to 250 nM. Therefore, trun-
cation of GIP by DPP IV results in its inactivation with re-
spect 10 its major physiological, the insulinotropic, action.

Cleavage products and influence of specific inhibitors
clearly show that dipeptidyl peplidase TV is the main degea-
daticon and, eonsidering the above findings, inactivation en-
zyme for GIP in human serum, The enzyme should be stll
maore active on this peptide hormone at other sites, e. g. endo-
thelial eells of blood vessels, hepatocytes, kidney brush-bor-
der membranes (podocytes of the glomenlar basement mem-
brane and proximal wbule cells), lymphocytes. chief cells of
gastric glands, or epithelial cells of the intestine, where it is
found in high conceatrations as an cctoenzyme of the plasma
membranes (Loijda, 1979; Hartel et al, 198%; Gossraw,
1979; MeCaughan et al . 1990; Mentlein et al., 1984). Active
hydrolysis by DPP TV might therefore expluin why GIF(3—
42) has been isolated as a second component (relative yield
wbout 20~ 30%) beside intact GIP from porcine insestine and
has been found a5 a contaminant of natural GIP preparations
(Jsrmvall et al., 1981; Schmidt et al., 1987).

GLP-1(7—36mmide is a product of the issve-specific
post-translational processing of the glucagon precarsor. It is.
released postprandially from intestinal endocrine L cells and
stimulates insulin secretion. Gallwitz et al. (1990) have
shown that the C-terminal fragment of the peptide is impor-
tant for receplor binding of the hormone, but is not sufficient
to transduce a biological action us docs the intact peptide
(ruise in cyclic AMP levels in rat insulinoma RINmSF cells,
It appears tht as in the case of glucagon (Unson et al., 1989),
of GIP (Schmidt et al., 1986, 1957) and of other members of
the VIPfglucagon peptide family (Christophe ef al., 1989;

Robberecht et al., 1992) also for GLP-1(7—36}amide an in-

tact N-terminus is needed for signal transduction and biologi-
«cal action. Provided this, action of DPP IV inactivates GLP-
1{7—36)amide.

Source: EX2096 (Mentlein) at 833; EX1074 (Second Rotella Decl.), 919.
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Hydroxyadamantyl is a Bulky Group

Ann E. Beber, PhD. - October 27, 2016
Page 1
1 UNITED STATES PATENT AKD TRADEMARK OFFICE
2 BEFORE THE PATENT TRIAL AND APFEAL BOARD
3
4
5 Bl
s Ann E. Weber, Ph.D. - October 27, 2016
7 Page 60
8
1 A That's correct.
L]
2 Q "Whereas serine appears to be too
10
3 hydrophilic to yisld appreciable binding. *
1
4 Correct?
12
5 A That's correct.
13
6 Q It goes on to say, "In the P2 position
"
7 bulky ammino acids with an obligate free amino
15
8 group are preferred"?
16 [ "
¢ A Yes, bulky amina acids are preferred
7
10 for substrates.
18
" Q You agree with me that an adamanty!
L]
12 group is bulky, right?
0 . -
13 A | would imagine that most medicinal
]
14 chenists would consider adamantyl a bulky group,
n
15 yes.
16 Q And hydroxy adamantyl is also a bulky
17 group to most medicinal chemists in October of
18 20007
19 A Yes.
20 Q And just to clarify the question
il before, put some time frame on that, as of October
22 2000 most medicinal chemists would have considered
GregoryEdwards, LLG | Worldwide Court Reporting
GregoryEdwards. con | Bot-dTean GE

0 You agree with me that an adamantyl
group is bulky, right?

A | would imagine that most medicinal
chemists would consider adamantyl a bulky group,
yes.

0 And hydroxy adamantyl is also a bulky
group to most medicinal chemists in October of
20007

A Yes.

Source: Pet. Reply at 13; EX1073 (Weber Depo. Trans.), 60:11-19. 34



Metabolites Guide Modification of Drug Candidates

REVIEWS R

HPLC-API/MS/
tool for integra
metabolism int
discovery proc

Walter A. Korfmacher, Kathleer

John Veals, Kwokei No, Robert

st

“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,/,), or C ...

......
erior

Source: EX1020 (Korfmacher) at 534, EX1003 (Rotella Decl.), 953.

35



Metabolites Guide Modification of Drug Candidates

“Early metabolite identification can provide

neic-apvs,  information on how to improve the metabolic stability

tool for integra

mewbolismint - Of the lead structure. In this way, future lead

discovery proc

" " ] | ] e | ] 2 1 [ ] . [ ] . ~ | ] ~ . !
Walter A. Korfmacher, Kathleer e e e e e e e e e e L
! COAMNNIINANC NMICNT NO O MATaANNIITO INONTITION TrMmMm TNmo
John Ve ORI iU (il T a 1H1I1ICLaJUNiLT IUCIILiEiCTLd (feJiil Liic
THIR AT IO THHISIIL RO O THITC LA UIILC TV TILIEIC U TERERE LEiC
i o

== | previous lead drug or an

on the analysis of 40 b

Q)
>
~+ Q

drug designed to block

ol
sanal] volurne of bl
mean da, three s ¢

==55 metabolism.”

© Fower raty are noods

e 2 shows data obtained fiom (a a serial bleecling

study and (b} a ot sty for the same compound '
daned owally 10 mehg. T can be seen .
bettes comelation betwveen the indwvilyal data o

dlun for he serial bieeding stody than for the muki-mt study.

Nigtabolite identification

-,

&
dnd s
fropress 2
& that can de
iraditional role of
g metabe a5 often limited and. in
the plasma metaboltes of a1 drug dosed in w0 the past, o ioducing 4 phamcokinetic
ack at other flsids prodfile of & Buly metbolie idessificaion
an provi don on Low to improve: the meabolic
o 2 woeks. | case, signil siability ¢ structure. b this way, Furure Jead coan:
maiion n e meiabolism of @ compound can he obtained  poundss |l be o meiabolie denified from the previous
Ina rebatively short peried of time, kead diug or an enaleg of the previous dug designed 1o
Metabolse Idenificatian in drug discovecy provides carly  black the major route of meiabalism. In either ease, metnb
infocenation that ean lead to soerural changes i the corment information [n early may lead h
fead compoun, Improving such pharmacokinetic param-  faster progressian from the carly leid dug 1o the fnal

eters s ol bicavadabibiy, halffife (hy3, or 6, Ofier  candidaie drug
Y DT Vel 2, Me. 12 Decamoer 1557

Source: EX1020 (Korfmacher) at 534; EX1003 (Rotella Decl.), 953. 36



Adamantane is Metabolized at Tertiary Carbons

“Adamantane is the only substrate we have

-~ investigated, in this study, that is metabolized to a

Crystal Structures of Cytochrome P-450
Thiocamphor, and Adamantane: Factc

Comapr for Advame
Girane, 9800 Gudisky Drive.

o the

regimperificity of me
heme iron. Tyrs
campbor-P-&30; 4

N o

in the prewescs of thi

ag the rela)
o In the &
hiocamphor i il

active site in 1hd

I( tockeome PL450 sy

sy differeat types of oxdal

. ¥ 3
Pl geserally caise s
Tacliiating their excretion. 0]
e e

reipanch

kg
Rorbaitte Maryland 208

~="5 site mobility. The single product can be attributed to

ARSTRACT: X-ray eryatal itructeres have been determised
subsirates camphate. adumas
bonds o Tyr96 and is me

nad thiccamphor. Unld
ed b3 8 single product, cf

subatr emp factoe (Fe2")
st gl st
nyd

Usrsibst diss
Li-iron sist NA NA 1954
L8 occupusey NA NA 100
Lt temg factor Na Na 134
cation accupanc 1ow Ly

suln mp i 121 A oAl 133 A

w - single product despite having a relatively high active

=T the existence of only two types of unique carbon

2678 Blachemistry, Vi

atoms in adamantane, together with the greater
. reactivity of tertiary versus secondary carbons.”

(1983, 1987)_ *Raag wne Poslos (1989a). < Fiker and Siga

*Foslos
454 Siger (1983). Carbon num mberig o coch st begis wih

\sesondary cutho i s tupes 104 trars arban in cubrs

T8, TWi
o g o e
and €5 isin e lower =

the distal ligand is located between the heme iron and the

interact via the distal ligand and increase elocteon density &t
this fnt:nM which could be reflected in an anomalously high
ligand oc

Athough i oscupsncy etimats or d e thi
camphor orientatior il i ling sub-

ided
explore ather oceupsney combinations because of the di
crepancy bewween the refined occupancy of the distal ligand
(0.50) and the estimated occupancy of the thiocamphor ori-
entation (0.30), which wobld be sterically compatible with the
presence of the ligand. After calculating and examining ma
based on occupancy combinations ranging from 0.30/0.70 to
0:30/0.20 in increments of canch that the relative
occupancies of thiocamphar arlentations | and 2 {paris A and
Bof Figure 4, respectively) are probably araund 65% and 35%,
respectively, with an error of roughly 10%.

Discussion

Substrate Hydroxylaiion Projiles

Camphane. Although camphane is incapable of hy@rogen
bonding with Tyr96, is similarity 1o camphor in overall shape
and sizs cavics i 10 be bound in a ncarly identical position
i the P-450cyy astive site. The methyl groups of camphanc.
and camphor interact with the same active site features. As
with camphor, the 5-carbon atom of camphanc is the nearest
0 the heme iron atom, caplaining the observed prefercace
(90% of products) for S-cxo hydroxylation of this subsirate
(Atkins & Sligar, 1988h). That 10% of the products are 6-cxa
hydroaylated (Atkins & Sligar, 1988b) can be aitributed (o
the enhanced mobility of camphane in the P-430cay active
site (Table

Hydrony )

jon profiles and crysuallographic data on nor-
e

‘camphor complexes, demanstrate that two features, a

‘Waals interactio

of a substrate
taliographic e To¢ high
iospecificiy <
Adamanic 3 subsiraie we have
investigated & mesabolized 10 o single
product de vl igh active she moti
The singh i be anrl the existence of anly

o typal e carbon atows in aduesratans, gecher
with the greater reactivity of tertary versus secondry carbons
(White et al., 1984)

Thiocamphor, Thioetmphor binds to P-450cu 1 tvo
aricatations. both of which are different from that preferred
by camphr and both of wtch b slfur 0 he e
atom nearest tviron. A prior, the proximity of the sulfur atom
o the heme suggesis that the thincamphor hydroxylation
mechanism might involve an initial single electron transfer
from sulfur 10 heme instead of, or in competition with, nitial
hydrogen abstraction, as is thought 1 oceur with camphor
(Ortiz de Montellano, 1986). Howeser, the major products
of thiocamphor metabolism are 5~ and 6-cxo hydroxylaied,
ind these substrate atoms arc among the farthest substrate
atoms from the active oxygen location in our thiocamphor-
P-450cq model. Modeling of thiocamphor in the orfentation
preferred by camphor (with full oceupancy) resulted in dif-
i density maps strongly suggesting that such
correct. Nevertheless, the products of thio-
camphor hydraxylation imply tha this subsirae is only me-
tabolized when it adopis a camphor-like orientation in the

wclive lead us to conclude that the conformers
and that the
camphor-like conformer is fractionally occupied and crys-
tallographically unobservable. Although thiocamphor appears
10 make a snug van der Waals it with P-

possible for it 0 occassionally rotate w

hydrogen bond 10 the enzyme a

yield o camphor-Jike complex. as suggested by moleculzr dy-
ors o the Ty phor comp

Source: EX1009 (Raag) at 2678; EX1003 (Rotella Decl.), 19 80, 126.

37



Hydroxylated Adamantane Can Impede Metabolism

HO

HzN/\fQ
O CN

“Blocking metabolism at the 3-position would result in greater
metabolic stability.”

Source: EX1003 (Rotella Decl.), 919 53, 127; EX1020 (Korfmacher) at 534. 38



Hydroxyadamantyl at P2 was Known in DPP-4 Inhibitors

United States Patent | Patent Number: 6,166,063
Villhauer 1) Date of Patent:  Dec. 26, 2000
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Source: EX2013 (Villhauer 2000), 7:15-27; Pet. Reply at 14. 39



Saxagliptin is also Metabolized at a 3° Carbon

Saxagliptin Saxagliptin Metabolite M2

M2 metabolite predictably results from a second oxidation at one
of only two remaining tertiary adamantyl carbons.

Source: EX2045 (Su) at 1346; EX1074 (Second Rotella Decl.), 932. 40



Summary of Structural Modifications

¢ Cyclopropanate the pyrrolidine
ring

O Smallest possible fusion confers
conformational rigidity and modulate
position of cyano group

Source: EX1007 (Ashworth ) at 1163
EX1010 (Hanessian) at 1882

¢ Replace cyclohexyl ring with
hydroxyadamantyl

0 Sterically bulky substituent favors trans
conformation to maintain or improve
stability and prevent intramolecular
cyclization; potential to improve potency

Source: EX1007 (Ashworth |) at 1163

EX1008 (Villhauer) at 13

O Routine evaluation of metabolites
Source: EX1009 (Raag)

Ashworth 25

»
HoN
o CN

Saxagliptin

41



Secondary Considerations Don’t Overcome Prima Facie Case

¢ Did not meet a long-felt need
¢ No commercial success
¢ No evidence of failure of others

¢ No unexpected results

42



Metformin is Still the Most Preferred Anti-Diabetic Drug

AMERICAN DI4

STAN
MED
IN DI

Page 1 of 119

THE JOURNAL OF CLINICAL AND APPLIED RESEARCH AND EDUCATION

Diabetes Care

VOLUME 30 | SUPPLEMENT 1

S ——

Brevention or Delay of Tyae 2 B

Nutritien
s for peaple with diabetes (see Section 3
"Foundations of Care and Comprehen
sive Wedical Evaluation’, evidence sup
ports the importance of maintaining a
healthy diet in order to prevent ciabetes
anset. Unlike past recommendations
that focused on simply reducing total di
etary fat and cholesterol consumption
more recent evidence argues against
the proventative effects of lowering fat
and cholesterol intake across the board
and supports instead that the quolity of
fots consumed i the diet is more imy
tamt thon the totol quontily of dietory fot.
For example, recent work supports the
Mediterrancan dict, which is relativaly
rieh in mengunsaturated fats, 25 a means
type 2 disbetes (15)
ycemic index to

hve been inconsistent (15,1
data suggest that consumation of o diet
enriched in whole grains s helpful in pre
venting type 2 diabetes {18).
ereased consumption of nuts (19 and
barries {20] n the contest of a diet high
in vegetables and whole fruits has heen
correlated with reduced diabetes rsk. In
dividualized

Comprehensive Medical Evaluation” for
more detailed inforn

) has been
shawn to be effective in lowering ALC in
individuals diagnosed with prediabetes
(73 This indicates that nutitionl inter
ventions are potentially effective in stav
ing off the progression toward type 2
diabetes (e g., indviduals showing signs
of metabolic syncrome)

Physical Activity and Exercise
Physical actity and exercise are mpor-
tant for those living with diabetes (see
Saction 3 “Foundations of Care and Com.
prehensive Mesbcal Evaluation”), but they
hivealso been evalusted for disbetes pre-
vention. Physical activity s a more general
tarm that cavers all types of activiy,
e relers to structured ar

whereas exer
planned activities, Although ot well stud
jed in isolaton, exercise and physical ac.
tivity have been validated w0 prevent or
delay diabites devel

health care providers should Inform
st risk patiants of these bencfits in or
der to motivate the e
in requiar maderate intensity physical
activiy.

Moderate exe uch as brisk
walking or other aetivitics of cquivalent
intensity, has boen also observed to im.
prove Insulln sensitivity and reduce 2b-
domiral fat content in children and
young aduits (22,23). The 0P included
150 min week ofmoderate-intensity ex-
ercise and showed benefieial effect on
glycamia in those with predl
Both resistance training and endurance

pear o have henefcial of

betes (1),

sensitivity, and thus diabetes risk
124,25). The proventative cffects of exer
cise appear to extend to the prevention
of gestational diabetes mellitus (GOM)
as wol (26},

Prevention of Cardiovaseular Disease
People with prediabetes oftan hawe other
cardiovaseular risk factors, such a5 obe
sity, hypertension, and dyslipidemia
and are at increased risk for cardiovas
cular disease events. While treatment
g0als for people with prediabetes are
the same 25 for the general population
increased vigilance is warranted to
entify and treat these and other risk
factors (e g., smoking)

Technology Assistance to Deliver
Lifestyle Madification.
Technology may be an effective means

dated DVD-based content delivery
[29]. This has been corrobarated In 3
primary care patient population {30]

tudies support content delivery
throughvirtual smallgraups (31, Interat
driven social networks (32,33], cellular
phanes, and other mobile devices. Mo
bile-applications for waight lass and di
abetes prevention have been validated

abetes Prevention Recognition Program
[DPRP) (hetp:/fwwew.cdc.gov/diabetes/
[

part o
comprehensive approachito lfestyle mod
ifcation (21). These stueies suggest that
while exercise treatment programs may
ot reduce body weight, programs of suf-
ficient intensity have been shown to de
crease diabetes risk (24). Therefore,

Page 44 of 119

as

iy electronic and mobile
health based madalities as eHfectve ve
hicles for BFP.style prevention content
be considered slongside more
traditional face:to face andcoach driven
programs,

PHARMACOLOGICAL
INTERVENTIONS
Pharmocological agents, sueh as metfor
min, a glucosidase inhibitors, orlstat,
and thiazolidinedianes, have cach
been shown to decrease incident dia
betes 1o various degrees. Metfas
has the strongest eviden
demonstrated long-teriie
armacologieal therapy for diabés
prevention (341, For other drugs, cost
side effects, and durable officacy re
quire consideration.

Metiormin was less effective than
lifestyle madification in the DFP and
DPPOS but may be cost saving over a
10-year period (12). It was as effective
as lifestyle modifieation in participan
with BMI =35 kg/m? but not 5
cantly better than placebo in these
over 60 years of age (1) In the DPP
for womenw
farmin
tion|ed to an equivalent S0% reduction
in diabetes risk (35), and both Inter
aincd highly cife
during a 10-year follow-up period
136). Metformin may be recommendod

very cbese, and/or those with more
severe or progressive hyperglycemia)
andfor those with rising ALC despite
lfestyle nion.

DIABETES SELF-MANAGEMENT
EDUCATIGN AND SUPPORT

s for thse with established disbetes, the
standardls for diabetes seif management
eation and suppart (see Section 3
Foundations of Care and Comprehen
swe Medieal Evaluation’] can also apply
ta the education and support of people
with predianetes. Currently, there sre
significant barriers to the pravision of
educationand support to those with pre
disbetes. However, the stra
supporting successful behavior change
and the healthy behaviors recom
mended for people with pre
able 1o thase for diabetes.

Although reimbursement remains a
barrier, studies show that providers of
diabetes self-mar
and suppart are particularly well cquip
ped toassist people with prediabetes in
developing and maintaining behaviors
that can prevent o delay the onset of

diabetes (7,37}

it education

“Metformin has the strongest
evidence base and demon-
strated long-term safety as
pharmacological therapy for
diabetes prevention.”

“In my opinion, there is no drug
(including saxagliptin) that stands
out above the others as the
second best choice alternative to
metformin.”

Source: EX2065 (American Diabetes) at 44; EX1041 (Tanenberg Decl.), 9920-21; Pet. Reply at 4.



Metformin is Essential Medicine for Type 2 Diabetes

The World Health Organization DOES NOT
list saxagliptin as an essential medicine in
WHO Model List .
of the treatment of Type 2 Diabetes.

Essential Medicines

18.5 Insulins and other medicines used for diabetes

Solid oral dosage form: (controlled-release tablets)
30 mg; 60 mg;

O gliclazide*
80 mg.
n,,, * glibenclamide not suitable above 60 years.
glucagon Injection: 1 mg/ mL.

Injection: 40 IU/ mL in 10- mL wial; 100 IU/ mL in
10- mL wvial.

insulin injection (soluble)

Injection: 40 IU/ mL in 10- mL wial; 100 IU/ mL in
intermediate-acting insulin 10- mL vial (as compound insulin zinc suspension or
isophane insulin).

metformin Tablet: 500 mg (hydrochloride).

Complementary List [c]

metformin Tablet: 500 mg (hydrochloride).

Source: EX1043 (WHO) at 34; EX1041 (Tanenberg Decl.), 9919, 21. 44



Metformin is Still the Most Preferred Anti-Diabetic Drug

L Octobe
UNITED STATES PATENT AND TRADEMARK OFF ICE
.
T m— “What we were ex pecting
IIIIIIIIIIIIIIIIIII INC., BOCKHARDT

was that by the time
omarigliptin was ready to be
approved that DPP-4
inhibitors would be used as
| _ first class therapy in the U.S.
%E.;Zii"“j;’:f:?;h;;‘f:fi e That, however, has not
o= e happened and
— continues to be used as firs
line therapy in the U.S.”

n i

4} r\rrr'\v Ll a) IIV'\
FEg— § B¢ UR B B HEE I
B & 8 % B 0 B HEE R

Source: EX1073 (Weber Depo. Trans.), 105:15-20;
EX1041 (Tanenberg Decl.), 1920-21; Pet. Reply at 23. 45



Vildagliptin was Invented Before Saxagliptin

United States Patent

Villhawer 48]

6,166,063
Dec. 26, 2000
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Source: EX2013 (Villhauer 2000), 7:15-27; Pet. Reply at 14. 46



Vildagliptin Received Regulatory Approval Before Saxagliptin

U NOVARTIS

“Galvus (vildagliptin) , an oral
DPP-4 inhibitor, and Eucreas, a
single-pill  combination  of
vildagliptin and metformin, are
indicated for the treatment of
type 2 dlabetes The products

,‘...._.‘.-A--‘_‘..l 2 Y AYAT O]
AR AN AN a\VIiaYa | ll"\ A I D 4
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Source: EX1048 (2012 Novartis Annual Report) at 0039; Pet. Reply at 23.
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Sitagliptin was FDA-Approved Before Saxagliptin

Ann E. Beber, Ph.D. October 27, 2016

Page 1
I . 1S DISTRICT COURT
397 'RICT OF DELAWARE
Lenhard - cross
Q In fact, the first FDA approved | get a prescription for vildagliptin. Correct? civil Action
2 & I am not an expert on European drugs, but that sounds

3 like a reasonable possibility.

diabetes treatment was sitagliptin; is that

4 . When a drug is approved here in the United States, it
9 5 is presumed to be safe and effective. Yes? No. 14-664—aMS
correct? v e Civil Aotion
7 o Do you have any reason to assume that a drug approved
A I 'F 'F . h ‘F - FDA a in the E.U. is not safe and effective?
you are retrerri ng to t € r St a B I am not up-to-date in the difference of the approval

10 requirements for the E.U. versus the approval requirements

approved DPP-4 inhibitor for the treatment of i for the ma.

12 e Sitting here today do you have any reason to believe

Ho. 14-666-GMS

Civil Action

13 that a drug that is approved by the requlatory agency in the

type 2 diabetes and not a compound in the prior b o emis ot b safe o ettcsieen

15 A I think there are shades of gray. If the drug were

ar-t, yes, -the -Firs-t one to be approVed was 16  poison and were not safe in any dose or effective in any

17 dose, it would not be approved in either location.

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

No. 14-667-GMS

n, Delaware
tember 20, 2016

. . . . . . 18 o Now, in addition to saxagliptin, you testified earlier am.
sitagliptin that wasn't in the prior art. 15 that there are three ther FoA-approved DEE4s. Correct? Sench Trial
20 R, Tas. ILEET, U.S.D.C.J.
21 o Those are sitagliptin, linagliptin and alogliptin? ¥ FOLLOWING PAGE
22 B Correct.
14 L : . sitagliptin was the first DPP-4 inhibitor that MYLAN—kalBl'T 1028
15 a In fact, the first FDA approved Mylan et al. v. AstraZeneca
received FDA approval in the United States. Correct? IPR2015-01340
16 diabetes treatment was sitagliptin; is that
It is
7 correct?
18 A If you are referring to the first FDA
19 approved DPP-4 inhibitor for the treatment of o
20 type 2 diabetes and not a compound
21 art, yes, the first one to be appro
2 sitagliptin that wasn't in the prio - . - - . - -
23 0. Sitagliptin was the first DPP-4 inhibitor that
. . .
24 received FDA approval in the United States. Correct?

GregoryEdwards, LLG | Worldw
GregoryEdwards. com | €

25 A, It is.

Source: EX1073 (Weber Depo. Trans.), 25:15-22; EX1028 (Lenhard Depo. Trans.), 397:23-25. 48



Sitagliptin is the Highest Selling Gliptin

Ann E. Beber, Ph.D. October 27, 2016

e s Q You are aware that it's the biggest

2 aFFIm; THE PATENT TRIAL AND APFEAL w;!
v e — selling of the four FDA approved gliptin

BID AG and TEVA PHARMACEUT ICALS USA, INC.,

Petitioners,

: . compounds, correct?

e Ann E. Weber, Ph.D. - October 27, 2016 A That I S Ccor I’eCt .

n Page 27
1
|i 1 approval and is being used to treat patients with . .
: R R Q And you are aware that it's the
i 3 Q  You are aware that it's the biggest
1% o 4 selling of the four FDA approved gliptin
. 5 compounds, correct? b . _t I | N 'F t h t | d . d d
- . [Re— Iggest selling o € ten worlawide approve
- 7 0 And you are aware that it's the
5 8 biggest selling of the ten worldwide approved . .
" P slintin comouts, snrectt gliptin compounds, correct?
o 10 A That's correct.

" 0 Let me just ask. s there any way in

12 which you think sitagliptin is net successful? A Th t I t

13 A Not if you are referring to success in a S CO r r ec "

1 the marketplace or success in treating patients

15 with type 2 diabetes, but no. MNo.

16 Q@  MNow, vildagliptin, you are aware of

17 the compound vildagliptin, eorreet?

18 A I am

19 Q I don't want to quibble with you about

20 terminelogy here. | understand that the compound

21 that Is now known as vildagliptin is a prier art

22 comound to saxagliptin; is that correct?

GregoryEdwards, LLC | Wor Idwide Court Reporting
GregoryEdwards. com | 846-4Tean GE

Source: EX1073 (Weber Depo. Trans.), 27:3-10. 49



Saxagliptin Under-Performs Sitagliptin (Januvia®)

DPP-4 Inhibitor Total Prescriptions

1800 Jan. 2006 - Oct. 2015 (in 000s)

1,600
1,400
1,200

1,000
800
600

Kombiglyze® XR
400 glyza®

On

200

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

m Onglyza® » Kombiglyze® XR Januvia® Janumet®
® Janumet® XR ® Juvisync™ ® Tradjenta® ® Jentadueto®
= Jentadueto® XR m Nesina® m Kazano® m Oseni®

Saxagliptin products failed to capture a substantial
share of the U.S. DPP-4 inhibitor market.

Source: EX1060B (McDuff Decl.), 920, EX1062B (McDuff Attachments) at B-3; EX1035,
9136, EX2117 (IMS Health Audit); EX1029 (Meyer Depo. Trans.), 422:4-13. 50



Large and Increasing Rebates for Saxagliptin

Onglyza®

2009 2010 2011 2012 2013 2014 2015

Net Sales Adjustments

0, 0, 0, 0 0 o o
3s 3 % of Gross Sales 11% 32% 33% 37% 35% 54% 66%

Kombiglyze® XR

2010 2011 2012 2013 2014 2015

Net Sales Adjustments as

(0) 0, ) o o 0
a % of Gross Sales 26%  33%  37% 38w  53% 57%

Net sales adjustments are a large percentage of gross
sales and have increased continuously and significantly
from launch through 2015.

Source: EX1060B (McDuff Decl.), 941; EX1062B (McDuff Attachments) at B-8a; EX1035, 963. 51



Large Marketing Expenditure on Saxagliptin

Product Measure 2009 2010 2011 2012 2013 2014 2015 Tota| Tatl
(Jul - Dec) (Jan - Jul) | (2009-2015) | (2011-2015)
Promotional Onglyza $ 4411 % 1286 § 8551 ¢ 658 | $ 550 $ 357 % 146| % 42931 § 256.7
Spending Kombiglyze XR $ - |8 05| % 5411 % 382 % 331 ¢ 1311 | i 500l 2 $ 1414
(millions) Total $ 441 % 1291 $ 1395 | § 1040 | $ 881§ 468 | $ 19. 4 398.1
Onglyza $ 133 % 1505 | $ 36111 § 4818 $ 5248 | $ 5790 $ 338508 44907 S 22852
US Sales Kombiglyze XR $ - $ 03]5% 730 % 2000 | % 2531 % 2881 % 1800 § 9945 § 994.2
(millions) Total gross sales $ 133 | $ 150.8 | $ 4341 % 6818 | $ 180 $ 8671 % 5185| ¢ 34435 %  3,2794
Total net sales $ 220 % 1190 | § 3390 § 516.0 | § 5910 § 4810 § 4200 $ 24880| % 23470

Onglyza 330.7% 85.5% 237% 13.7% 10.5% 6.2% 43% 17.5% 11.2%

Marketing Share Kombiglyze XR n/a 163.3% 74.1% 19.1% 13.1% 3.8% 2.8% 14.3% 14.2%

Sales Total gross sales 330.7% 85.6% 32.1% 15.3% 11.3% 54% 3.8% % 12.1%

Total net sales 2004% 108.5% 41.2% 20.2% 14.9% 9.7% 47% 17.0%

S571 million in promotional expenditures on Onglyza and
Kombiglyze XR in the U.S. from 2009 to 2015, which is
23.0% of total U.S. sales over the same time period.

Source: EX1060B (McDuff Decl.), 925, EX1062B (McDuff Attachments) at B-4.
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Saxagliptin Also Underperforms Vildagliptin (Galvus)

$7.000

$6,000

$5,000 / \
/ Sitagliptin
$4.000
$3,000 /
Vildagliptin
$2,000 j
$1,000 ////

2009 2010 2011 2012 2013 2014 2015
Year

Net Sales (millions)

s Sitagliptin  =====Vildagliptin Saxagliptin

Worldwide sales of vildagliptin beat
worldwide sales of saxagliptin.

Source: EX1060B (McDuff Decl.), 918; EX1062B (McDuff Attachments) at B-1b. 53



Saxagliptin Also Underperforms Vildagliptin (Galvus)

$1.400
$1,200 \
$1,000 . \ .
Vildagliptin (non-US)
$800 -

\

$600 Saxagliptin (total sales)

Net Sales (millions)

$400

$200

2009 2010 2011 2012 2013 2014 2015

Year

w\/ildagliptin (Non-US)  s====Saxagliptin (Total) Saxagliptin (Non-US)

Even without U.S. sales, worldwide sales of
vildagliptin beat worldwide sales of saxagliptin.

Source: EX1060B (McDuff Decl.), 918, EX1062B (McDuff Attachments) at B-1c. 54



They Call Vildagliptin a “Failure”

Page 1

Ann E. Weber, Ph.D. - October 27, 2016

Page 23

was never advanced te any clinical trials,

I'm not aware of any clinical trials

Ann E. Beber, Ph.D. October 27, 2016
1 UNITED STATES PATENT AND TRADEMARK OFF ICE
2 BEFORE THE PATENT TRIAL AND APPEAL BOARD
3
4 NYLAN PHARMACEUTICALS, INC., BOCKHARDT
5 BIO AG
&
7
L]
L
1
10
2 correct?
"
3 A
12
4 that were
13 "
5 4] And thi
"
[ approved, correct?
15
7 A That's
1% CROSS-E
8 Q So unde:
7 3
9 and we will get to
1B
10 but this compound w
1%
" failure of others
n
12 this case, correct?
]
13 A So this
n .
14 that it was not FDA
15 standard | used for
16 would be a failure.
17 Q@ So just
Grep 18 applied for your as
19 was FDA approval, o
20 A That is
21 Q And was
22 mere asked to apply
GregoryEdwardg
Gregor

Ann E. Weber, Ph.D. — October 27, 2016

Page 28

A That is correct.

0 MNow | recognize that at the time,
October 2000, vildagliptin was not known commonly
as wildagliptin but rather the structure of the
compound itself was known at that paint, correct?

A That is correst

0 Okay

Wildagliptin, under your standard in

this case, is a failure, correct?

A That is correet

O MNow vildagliptin is approved in
Europe for treatment of type 2 diabetes as a DPP-4
inhibitor, correct?

A Vildagliptin is approved in Europe.

0 Okay.

Going back to the patent, you were
talking about Exhibit 1001, We were talking about
the compounds |isted under claim B, We had just
finished discussing the first compound under
claim 8. | would like to ask the same series of
questions with regard to the second compound

So with respect to the second

GregoryEdwards, LLO | Worldwide Court Reporting
GregoryEdwards. com | 866-4Team GE

0 So under your analysis in this case,
and we will get to some of this a little later,
but this compound would be a failure, exhibit a
failure of others in connection with your work in
this case, correct?

A So this compound by virtue of the fact
that it was not FDA approved, and that was the
this

standard | used for failure of others, ves,

would be a failure.

o Dkay.

Vildagliptin, under your standard in

this case, is a failure, correct?

A That is correct.

Source: EX1073 (Weber Depo. Trans.), 23:8-16, 28:7-10; EX2057 (Lenhard Decl.), 176. 55



Best-in-class Glyptin “a Failure”

T S Dr. Weber’s own “best in class of the

Page 1

UNITED STATES PATENT AND TRADEMARK OFF ICE

B —— gliptins” omarigliptin qualifies as

NYLAN PHARMACEUTICALS, INC., BOCKHARDT

L an FDA-approval “failure.”

ASTRAZENECA AB,

Patent Dwner.
10
1"
12
13 Ann E. Weber, Ph.D. - Octeber 27, 2016
14 Page 100
e )
. R — Q And omarigliptin is not approved in
2 A We use that to describe omarigliptin.
L 3 Lat me just take a step back. At the time when we
* 4 were discovering or working on the amarigliptin .
w o e o s o ey ¢ et 1 o the United States, correct?
0 ) inhibitor.
3 7 ] Now, the omarigliptin, | think you
2 8 just said something along the lines of the program -
b e e et A That is correct.
10 same program that had initially determined
1 sitagliptin, correct?
| 12 A If you mean by the same program, if Q A d d I = *® _t h ®
G yoivectiTag: bt DPEUTHE Hion-sacasgemersh na so unaer your analyslis In IS
14 program, yes, It is also a DPP-4 inhibitor.
15 0 And omarigliptin is not approved in
16 s T i (i, T H | M .t M | d b 1: M | "}
- g case omarigliptin wou e a tallure”
18 Q And so under your analysis in this
19 case omarigliptin would be a failure?
20 A That is correct. A Th -t M t
21 Q0 Now vou're aware that there are lots a I S C O r r e C -
2 of reasons why a company might elect not to pursue
GrotorsEdrds, UG | Nor e Gourt Bser i

Source: EX1073 (Weber Depo. Trans.), 99:9-100:20. 56



FDA-Approved DPP-4 Inhibitors are Interchangeable

ASTRAZENECA AB,

M THE UNITED STATES DISTRICT COURT

IN AND FOR THE DISTRICT OF DELAWARE

H Civil Action

2

3

s ot ame) () Now, Doctor, do you wview DPP-4 inhibitors as
o= interchangeable?

.en dln‘h:‘.ha.torandl .p.l.. RElativEly.

T ¢ But generally side effect profile, as you testified
~wwm:« @arlier, are the same for the class; is that correct?

They have a favoral

warrant FDA approval.

oot R Correct.

i drug, FDA-approved drugs

cally effective?

I'm sorry. You could rephrase that?

Source: EX1028 (Lenhard Depo. Trans.), 402:2-14; EX1041 (Tanenberg Decl.), 1924-25; Pet. Reply at 21. 57



FDA-Approved DPP-4 Inhibitors are Interchangeable

TR N DreTMIE G Q. It's your opinion that there is no meaningful
Zesherd - ezoas difference in the side effect profile of the DPP-4
1 o You testified earlier that saxagliptin can be a
2 first-
; e inhibitors on the market, Iz that correct?
s : zme“js there one that yo
o el A. Correct.
8 could difference in thE‘;ldE effect pr.
9 @ 6 inhibitors on the market. Is that corrsct?
10 ecould 7 Correct
i A 8 o Now, are you aware, Doctor
2 9 required that a waming be ndded () Now, Doctor, you also testified earlier that
14 favoral 11 Q. Do you know what the co=*
15 [ettioy s m;, saxagliptin demonstrated unexpected results because of its
1; o . favorable side effect profile of once-daily dosing and
19 16 A Okay .
20 o 17 Q So this was an FDA warning E.-ff.'l.l:‘:aﬂy. CO.‘I‘.‘.I‘.‘EC:t?
21 E 18 Is that correct?
22 o 13 A Yes, it is.
23 any of] 20 o You see in the first parag o That L) = C'Drrect .
24 a 21 says, A U.S. food and drug Admin
25 tabulal 22 review has found that type 2 dia
23 saxagliptin and alogliptin may i Q. That would apply to the other members of the DPP-4
24 disease, particularly in patient
25 kidney disease."
class that have been FDA-approved. Correct?

h. That would.

Source: EX1028 (Lenhard Depo. Trans.), 398:12-19, 399:4-7; EX1041 (Tanenberg Decl.), 99 25-29. 58



FDA Requires Safety Warning on Saxagliptin Product Label

g Safety Communication: FDA adds wamings about hea
to labels of type 2 diabetes medicines containing saxs
n

w0 the FDA Tirug Safety Commumication: FDIA (o rev
s drwg swxagliptin (marketed as Onglyza and Kombi”
4.

update 1w the
dinbete:
11,201

MYLAN - EXHIBIT 1032
Mylan etal. v. AstrnZeneca
IPR2015-01340

JTX-146 Page 1 of 4

“Saxagliptin and alogliptin may increase the
risk of heart failure, particularly in patients
who already have heart or kidney disease. . ..
As a result, we are adding new warnings to
the drug labels about this safety issue.”

Sitagliptin does not have
a heart failure warning.

Source: EX1032 (FDA Drug Safety Communication);
EX1041 (Tanenberg Decl.), 926, EX1060 (McDuff Decl.), 935.
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Vildagliptin Also Has a Once-Daily Combination Form

42

Adhults
‘When used as monotherapy, in combination with metformin, in combination with thiazolidinedione,

with metf anda )y L of in with insulin (with or without
), the recommended daily dose of vildagl
ing and ong dose of 50 mg in the evening Il

form

‘ .
When used in dual combination with a , dose o vildagliptin is <2 W e n u Se I n u a
once daily administered in the moming. In this patient population, vildagliptin 100 mg daily v

‘more effictive than vildagliptin 50 mg once

nistered as one dose of 50 mg

in is 100 mg, as

When used in combination with a sulphonylurea, a lower dose of the sulphanylurea may be

) . . .

considered 10 reduce the risk of hypoglycaemia.

Doses higher than 100 mg are not rezommended C O l I I I n a I O I l W I a
1fa dose of Galvus is missed, it should be taken as soon as the patient remembers. A double dose

should not be taken on the same day.

The safety and efficacy of vildagliptin as triple oral therapy in combination with metformin S l l I h O n I l l re a t h e

anda have nat been )

No dose adjustments arc necessary in elderly paticats (sce also sections 5.1 and 5.2). re C O m m e n d e d d O S e Of
Reral impairment

No dose adjustment is required in patients with mild renal impairment (ereatinine clearance:
50 ml/min). In patients with moderate or severe renal impainment or with end-stage renal discase
{ESRD). the recommended dose of Galvus s 50 mg once daily (see also sections 4.4, 5.1 and 5.2)

. . . .

-~y g
Hepati impairment ) @ (‘ -
Galvus should not be used in patients with hepatic including patients with pre-treatment - st Qe

alaning aminotransferase (ALT) or aspartate aminotransferase (AST) > 3x the upper limit of normal
) (sec a

[ 0 scctions 4.4 and 5.2).

Pasdiatric population i L | i ® L3 . i e
Galvus is not recommended for use in children and adolescents (< 18 years). o Ea SR AW AR, W N o'W | Yok ey adaYe |

of Galvus in children and adolescents {< 18 years) have not been established. No data ar UAdliV calUliiilliSLeiIcuU

(see also section 5.1). 4 7 - L | N N

Method of administration

.
Oral use
Galvus can be administered with or without a meal (see also section 5.2} I I l O r n I l l .

43 Contraindications

substance or to any of nts listed in seotion 6.1.

Page 1 of 36 Hypersensitivity to the ac

Page 3 0f 36

Source: EX2080 (Galvus Summary of Product Characteristics) at 3; Pet. Reply at 22. 60
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Patent Owner’s Cyanopyrrolidine Arguments

NN N
(y¥y
e} CN
NC 7

Figure 3: NVP-DPP728 1.  NVP-DPP728 and P32/98 were more plausible leads

Case No. [PR2015-01340

Paten RE, 186 “But there were additional reasons to dismiss

compound, vildagliptin, into the clinic. Ex. 2056, 94146, 252; Ex. 2008, 4138,

Vildagliptin, described in the prior art U.S. Patent No. 6,166,063 (Ex. 2013), also Com poun d 25 as a |ea d . For instan ce, th e cyano group

had the stabilizing N-linkage but ultimately failed to obtain FDA approval. It is

o e bt oty o adition ey nd i e introduced the concern of toxic cyanide release in vivo
for liver toxicity screening. Ex. 2036, %248; Ex. 2057, 9967-70; Ex. 2050, 34, (EX. 205 6’ 1" 162)’ |ea d i ng M e er tO d |S m iss

The stucture of vildagliptin is shown in Figure 5 below. See Ex. 2013, 5.

cyanopyrrolidine compounds|.]”
R

Figure 5: Vildagliptin

2 Merck’s first clinical trial candidate P32/98

Amide cleavage

When Merck began medicinal chemistry on DPP-4 inhibitors, it performed a
real-world lead compound analysis. Ex. 2056, f116-118. Merck scientists were

concemed by the presence of a eyano group m the P1 position of Ashworth-l-type

compounds because of the potential for cyclization and for toxic cyanide release O N H N
should amide bond cleavage oceur in vive. Ex. 2056, 91116-117; Figure 6 below. ’ \4 , N - + H C-\[

Amide cleavage
\ CN
O 9N | -
A - | HN S [ L. -
. ‘o, Ny
: A
7 (&n
Figure 6: Avoidance of the eyano for risk of toxic cyanide release

Figure 6: Avoidance of the cyano for risk of toxic cyanide release

Source: Patent Owner Resp. at 15, 23-25. 62



Cyanopyrrolidines Do Not Release HCN

Ann E. Weber, Ph.D. - October 27, 2016
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UNITED STATES PATENT AND TRADEMARK DFFICE

BE|
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Ann E. Weber, Ph.D. - Octobe

a And that is a concerr

doesn't have anythin
about Dr. Rotella's
Exhibit 1007; is tha
A Go there

as no information
ncern. And so my

was really based on

prior art, whigh inc

and NVP-DPP728 and v

g to do with your

selection of compou
t your testimony?

was no information
This was a hypothe
selection of a lead
the data that was k
luded clinical data

iery limited data on

hundreds, probably thousands of other m

that have been repor

ted in the literatu

'] Well, if you turn to Page &

GregoryEdwards, LLC | Wor Idwide
GregoryEdwards. com | Béé—:

Q So let me make sure | understand. So
you do not criticize Dr. Rotella's selection of
Ashworth compound 25 for fear of toxic cyanide
release; is that your testimony?

A So when | was talking about the toxic
cyanide release | was actual ly describing our
program at Merck, and really explaining why we had

elected not to have a nitrile in the molecule.

Source: EX1073 (Weber Cross-Examination), 52:1-8.
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Cyanopyrrolidines Do Not Release HCN

Ann E. Weber, Ph.D. — October 27, 2016
Page 1
1 UNITED STATES PATENT AND TRADEMARK OFFICE
2 BEFORE THE PATENT TRIAL AND APPEAL BOARD
3
4 [}
6 @ And that | that that
" ot v i at I% a concern a a
7
8
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: ) . . e .
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10
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1
4 release; is that your testimony?
12
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15
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19
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20
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14
2
15
16 was really based on the b
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Source: EX1073 (Weber Depo. Trans.), 52:9-15. 64



worth | Table | Explores Optimal N-Terminal Residues

€

Bisorpanic & Medirina! Chemisiry Levers. Val. & Mo 10, pp. 11601 Foa, 1995
Cogyright © 1996 Elsevier Science Lad
Pristed in Civeat. Britaim. AN righs reservad

PAI: S0060- SH4X(96100190-4 TSNS F15.07 ¢ 0109

2-CYANOPYRROY
O

Doreen M. Ashworth, Busn)

Ferring Research Insrin
F0IG FNP. Fax

Abstract: A movel serics of
mumber of dipeptide analogues, incor|
mbd versus human DP-TV and half-fiv

Dipeplidyl peptidase [V (DF
lipeptides from the Neterminus of o
amiza scld, Y= Pro)' DP-IV is wids
Kidney, [ver, intestanal epitheliuem an
activation marker, CO26. Recent ¢
«cells’ and of & main poputation of B of

Our imerest in DP-IV was
inkdbitors or antibodies of the enzymd
immusomodulators. ™

Substestes ard mhibiloes of D
prolease  imhitors feg C-termm|

chloromethylketones) an inherently

H-Ala:

The muost potent DP-1Y inhil
(K;=3nM). However, these bororid

2-Cyanapyrrolidides 1165

&

Tar estahlish an aptimal V-1=rm 4 serigs of amano Hidides.” These

compounds wene prepared by tom of the O-succinimid: Bul. ester of the equired Bot prodectad amisa
acid with 2 slight excess of pyrolidine in dichlarnmethans, Subsequent scid catalpsed deprotection (4N
HCldioxane) Sagdad_the inb

DE-IV, only (S1-amno i

as its bydrochlorsde salt. As expested, from the subcirste specificicy of
sz showed any activity and, as can be ssen in Table I, lpophilic amina
acids gave more polent compoands, whed ceammng scid derivatives were the most potent
compoands with the: non-protzinogenic amino . widing the most active pymolidide
(eompound 5 possessing a K. value of 64 nb),
We then applied thess findings 10 a series of 2-cyanopyrrlidie

required & large scale synthesis of 2-cyanc

prepared from Boc-Pra-NH; wsing a dehyd

but the wsual scidic conditions reguired 10

yyi e 2 e "

2-gyanoparrolidide. Employment of the o-n L .‘ S Y ("‘+"§ ll"\ I i ."‘i
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Seheme 1. Proparation of dipeptide 1

residue, we

H-Pro-OH —&f—p o
st

% H'N \C

Hel 4

Reagents: . ONPS-C], ZN NalJH. b. HOMSu, Water solenle carbodismice. ¢ cons, MH,OH, dioxane.
d. imidazole (2 equiv.), POCl (4 equiv.}, pyridine. e 4N HCUoxane {3 equaiv.), diethy] ether,
1. Boc-Xan-OH. pyBop, NEr., CHiCh. g. Trifluorcacetc scid.

The series of dipeptide nitriles described In Table I were prepared viaa pyBop™ mediated coupling of 4
with the required Boc prosscied andno acid, followed by deprotection with TFA (Scheme 1.

W were grarified 1o find 1bae these compounds were patent inhiibitors of DP-TV. The S.AR. for the
N-terminal ressdue develaped in the pyrrolidide series cormelated well for the dipeptide nitrike series and the most
potent compounds 24, I8, 26 and 17 passessed activity comparable o the boroprolines, 1 and 2. Stahdity
stadies™ revealed excellent hali-lves (1) in squeous sobstson (pH 7.4 &1 mom lemperature (Table 11 with
several examples having L, greater than 4Bh Further work on oplimisation of the pymolidine ring will be
reported ghirily]

—_ PR EE-AEPu | N I - |

= ANTIMAL IN_TAVPrMirnai

A8 8 U B B BE R Bedl ENE=8 @& 0 DB BEQ det
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amino acid pyrrolidides|[.]”

Source: EX1007 (Ashworth I) at 1165.
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Bulky Cylcohexyl at P2 Was Most Potent

Busorgans: & Meshcing! Chemisiry Levers Wal. & Noo 10, pp. 11631166, 1598
@ Pergaman Copyright I 1966 Elsevier Sclence lLad
Prinied in Civeat Britais. All righs reserosd
PIL: S0060-S94X(36/00190-4 TR 1307 ¢ 000
2.CY
2 Cyanapymolidides 1165
Doreen M)

Tox establish an aptisnal V-teeminal sesides, we pes

compounds were prepared by react

moid with o slight excess “(?'l:n,::‘( £l J._/OI'IW'.&I ({ M M
el iz “In particular, B-branched a-amino

DP-IV, ouly (Shamine s0id depvanw At

acids gave more potent compounds. In

] o) acid derivatives were the most potent

numiber of dipepticd {eompound § possessing a K, value of 63 nb),
oM versus human 0 W then applied these findings 10 a serie .
s ot COMpPOUNAS with the non-
Dipeptidyl | prepared from Boc-Pro-NHy wsiag a debdrating mi
dipegtides from the but the wsual scidic contitions required 10 remove 1 . . . .
amind acld, Y= Proy Tcyanopyrrobdive. Employment of the e-nitrophenylsuli rote I n O e n I C a m I n O a C I d S -
Kiciney, [ver, intest very mild deprodection to be used in the final step. Adding @ p g )
sciivation macker, volume of dieahyl ether affarded he hydrockloride salt & as
cells” and of & main - e o1 o
Oue intres SRR, Prepermion of diprptce nirtes. 0D NFrNvVINIinog TN mnct
C LIVl LT Ll lUSNL
inkibitors ot antibo — VIRl il fiilUOL
immusomodulators) H-Pro-OH _:? ONPS-Pro-NH, —

Subairstes )

s e O ' lidide (compound

0

chloromethylketons

HCI
s a =
T AT -
\VAV A S}
Reagents: 8. ONFS-Cl, ZN NaOH. b. HOMSu, Water soluble . \..‘ ‘_’ L §
d. imidazole (2 equiv.), POCL {4 equiv.), pymdine

f. Boc-Xan-OH, pyBop, NEt., CH:Ch. g. Trifluor(
The most pd

(Ki=3nM). Howews The series of dipeptide niciles deseribed In Tabie 11 t h e e fi n d i n gS to a S e ri e S

with the required Boc protecicd andimo acid, followed by dep
W were grarified w fed thar these compounds we

n <
QL
c

L] ] 1)}
) ) - N A e 77
N-tereninal ressdue developed in the pyrralidide series cormels IR R LW
ILAILAT O,

potent compounds 24, 25, 26 and 27 possessed activity ¢

studies' revealed excellent half-lives (1) In squecus sobut
several examples having . prearer than 4Bh Further wor
reported sherily]

Source: EX1007 (Ashworth |) at 1165. 66
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2-Cyanapyrrolidides

Tov estahlish an optimal Neterminal residoe, we prepared & sel
compounds were prepared by reaction of the O-succinimide, (DNSu), e
neid with 2 slight excess of pyrrolidine @ dichlaromethane, Suheed
HCWdboxane) sffordisd the inbibitor & its bydrochlosde salt As exp
DF-IV, only (Sl-aminoe scid derwvatives showed any activity and, as of
arids gave more polent compounds. In partcular, fobranched o amang
compoands with the non-prokeinogenic amino acid, (8)-syclobexylghyei
(comprand § possessing a K, value of 64 nb).

We then applied thess Andings (o a series of 2-cyanopyrmlidide
required & large scake synthesis of 2-cyanopyrroliding 4 (Scheme T,
grepared from Boc-Pra-NH; using a debydrating mixeure of phosphon
but the wsual witfic conditions required 10 remove the Bog protecti
2eLyanipy iz, ¥ of 1he p-ni ylulfenyl (ONFS)
very mikd deprodecrion to be ased in the final siep. Adding three equive
wilumie of dizthyl ether afforded ke hydrochlende sall 4 as an ofl-white

Scheme L. Preparation of dipspeide nimiles,

H-Pro-0H _55_. ONPS-Pro-lH —a

6%
. [
— N —28 . H-Xaa- N
H N
Hel 4 TFA

Reagents: . ONPS-C1, ZN NaOH. b. HONSu, Water soluble
d. imidazole (2 equiv., POCL (4 equiv ), pyoe”
1. Boc-Xan-OH, pyBop, NEt, CHiCh. g7

dipeptids

N-ierminad residue deved

poenl compoands 24, 25, 26 sl Lrpe

stadies™ revenled excellent half-lives (L) in squeous soldlsn i
several cxamples baving o greater than 4Bh Further wark on optin
reparted ghorily)

Source: EX1007 (Ashworth I) at 1165.

[Ere

“The series of dipeptide nitriles
described in Table Il were prepared
....\We were gratified to find that these
compounds were potent inhibitors of
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potent compounds 24, 25, 26 and 27
possessed activity comparable to the
boroprolines, 1 and 2.”
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Ashworth | Finds Excellent Stability Greater Than 48 Hours
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2-Cyanopyrrolidides 1165
Doreen M ) . . . A
Tar eslahlish an aptisnal N-lerminal fesidue, we propased & series of amane scid pymrolidides.” These
compounds were prepared by reaction of the O-succinimide. (GNSu). ester of the required Boe protected amina
Ferrin ncid with 2 slight excess of pymolidine @ dichloromethane, Suhseguent scid catsbesd Asnsoresiion, (AN
HCWdioxane) afforded the inkibitor as its kydrechlossde salt. As expected, frol
DIV, only (Sh-amino scid dervetives showed any activity and, as can be sser
acids gave more polent compoands, In partcular, fohranched coammo acid der o b .
Abstract: 4 compounds with the non-protzinogenic amine ackd, (S)-cyclobexylghcine providi ta I I ty St u I ‘ S
mumber of dipepridd {eompound § possessing a K value of 64 nb).
abd versus human O We then applied these findings 10 & series of 2-cyanopyrrolidides. The pr ] W ol B i A @
required & large scabe symshesis of 2-cyanopyrrolidine 4 (Scheme 1), N-Bos-2 NAalT- IV QS IT1/>1% 1t
Dipeptidyl . o i BRAE S HE W S [ " Ay | §E
grepared from Boc-Pra-NH; using a dehydrating mixture of phospherous cayeh L} 2 i
ipeptides from o
dipeptides from the but the wsual scidic conditions reguired 10 remove the Boc protecting group
amina scid, Y= Pro / - - Y 3
i, T of the oo dsulfenyl (NP5} g open B H V.4 4 Y oy [T oW NV VN
——— - ' - o /.4) at room
o ) very mild deprodection to be ased in the final siep. Adding three equivalents of d N LUy et - e
aclivation masker, .8 g
ol and of a main volume of dizahyl ether afforded the hydrochlocide calt 4 as an offwhibe pracipitate .
e e m—— Il) with several examples hav
inkibitors or antibao
immusomodulstors| H-Pro-OH —85p ONPS-Pro-NH, —1— _
St 8% ONPS
Substrates o V74
iy . \ greater than .
chloromethylketond wn oy . : H-Xaa- N
Hel 4 TFA
Reagents: . ONFS.C1, IN NaldH. b. HONSu, Water soleble carbodiimide. ¢ cone. MH,OH, dioxane.
d. imidazole (2 equiv.), POCL (4 equiv.}, pyridioe. e 4N HCUdoxane {3 equiv.), dicthy] cther,
1. Boc-Xan-OH. pyBop, NE., CHiCh. g. Trifluoreacetic scid.
The most
(Ki=3nM). Howew “The series of dipeptide nitriles described in Table I were prepared viaa pyBop™ medic
with the required Boc prosecied amdno acid, followed by depeotection with TFA {Scher
We were grarified tw fad that Thesd cospoinds were palent inkibito o ihe
N-terminal cesidue dewehiped in the purolidide seriex correlatod wedl for b e Fies and the eost
i compouns 34, 35, 16 and 17 poskexsid actisily oenpays irobnes, § and 2, Stahaity
vealed exoeliens half-lives (L) I sgquecus sl 4F &l o \emperature {Table I with
il exar r than 48k Furthe pymalidine ring | be
reported ghirily )

Source: EX1007 (Ashworth |) at 1165. 68



Ashworth Promises Further Investigation at P1
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2-Cyanapymolidides 1165

Te estahlish an optimal ¥-termina] regidue, we prepared & series of amino scid pymolidides.” These
compounds were prepared by reaction of the O-succinamide, ((ONSu), ester of the required Boe protected sming
acid with & slight excess of pymolidine in dichlaromethane, Suhsequent acid calalysed deprolection (4N
HCWdboxane) sfforded the inkibitos &8 its bydrochlossde salt. As expected, from the substrate specificicy of
DF-IV, only (S}-amino scld derwvaives showed any activity and, as can be seen in Table 1, lpophilic amino
acids gave moce polenl compounds, In parcular, brenched c-ammi s derivatives were the naosl pelent
compoands with the: non-proteinogenic amino acid, (3)-cyclobexylghcine providing the most active pymolidide
(ecmprand § possessing a K, value of 64 nb).

We then applied these fAndings 10 a series of 2-cyanopyrmlidides. The preparmtion of these compounds
required @ large scale synthesis of 2-cpnopymolidine 4 (Scheme 1), N-Boc-2-cyamapyrrolidine. was readily

rrrindines amed_imidarmla

prepared from Boc-Pro-NH; using a defiydrating mixtupe ol ohoomborme orchls

but the usual sitic conditions required 10 remove

2ecyanopyrrobdide. T of the peni i

very mikd deprodection to be ased in the final sep. Add o
volume of dizthyl ether affarded the hydrochloride salt 4 u r e r

Scheme |. Prepararion of dipepeide niriles,

work on optimization of the

wozeoow PYrrolidine ring will be reported shortly.”
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Reageniz: 0. ONPS-C1, 2N NaldH. b. HONSu, Water soleble carbodiimide. ¢ cons
d. imidazole (2 equiv.), POCL (4 equiv.), pyridine, e 4N HCLdicss
. Beoc-Xan-OH, pyBop, NEr., CH,CL. g. Triflsoreacens scid

The series of dipeptide niriles described in Table I wes aediated coupling of 4
with the required Boc prosecied andno acid, followed by 2  (Scheme I

We were gratlfied 10 find that these compe «iil inkibiters of DP-TV. The S.AR. for the
N-tereninal ressdue develaped in the pyrralidit correlated well for the dipeptide nitrile series and the mosy

potent compounds 24, 25, 26 and 17 «ssed activity comparable o the boropralines. 1 and 2. Stabdity

ies' revealed cxoellent hulf-lUses (. In agueses sabution (pH 7.4) &t e emperatore (Table 11 with

several examph

MIrK dHn gl

, prester than 4RR Fu o the pymalidine ring will be
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Source: EX1007 (Ashworth I) at 1165.
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Ashworth Il Supports Selection of Compound 25
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The serine prodease dipeptidyl peptidase TV (DP-1V, BC 34.14.5)" which is ider

Abstract: A series of slable, very potent mhibtors of dipeptidyl peptidase [V has b

activation marker CD26 has been the subject of miense scrotiny . becouss ® was recently sh
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and 10 anvestigale thiir IMTSFQIILK' wse o a number of discase stawes such as b M ”
dasease (OVHD), cancer or AIDS, S O u I O n p . .

W recently reporied o series of i teoynoy/ i K, vy 0f less thars §

hich po

1" This meries of

ol vergos humam DPCIVY snd hulflis

grestes S AR i sgmeans kol

inhibitors tx excenplified by 1 owhich bav 2 B valee of 11 @ verss Somen DIV and » Baltife of $5h in

* Fan bl [ [703 P05, eomtil P ferving deram 00,k

2745 o
s AstraZeneca Exhibit 2001
o
Pagelof4 Mylan v_ AstraZeneca
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Source: EX2001 (Ashworth Il) at 2745. 70



Ashworth Il Seeks Even Greater Potency
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F itis class of inhibaiors, we nvestigated replhicing the prrolidide ring
chose: isolewcing () as & sadurd N-eominal mosidos as il was the most

potent nacusal yanopyrralidide sy The prepariticn of 3 (Scheme 17 iiarites the
peneral roae o the series of cyand compoonds described in i\ Nale I
Scheme 1. Prep of Teisoleucyl hiazolidid

(L () “In a quest to improve the potency

~ (. - & of this class of inhibitors, we
O - .0/ Investigated replacing the

Feagents and Yields: a. N-hydrosysuccinemide (HONSu), wales solub
b. cone. NHyOH, dicxane, 96%, ¢ 4N HCUdioxane. 99%. d. Boc-Tle-()
& POCL. imidaznle, pyridine, 53%. £ Triflwomacetic acid, 73%.

pyrrolidide ring with other nitrogen
heterocycles.”

A pyBop" medinled coupling of d-smidothiszolidide with Boc pro
dipeptide mimic 2 in modest yvisld. Debydration of the prmary amdde fanction |
catalysed 4 yiclded the rid
heteroatoms in 5. or G-memberes) rings, we were plessed (o find that the 4-cyanimazonine analgee 3 was
approximately 5-fold more sctive than the 2-cyanopyrrelidide inhdvitor 57 (Table 1), However, this increase in
activity was aecompanicd by a slight decrease in stability.

Having cstablished 4-cyanothiszobdide a5 an optimum C-terminal residue, we prepared further anzkigues
wilh the best N-lerminal a-aming acids from the pyrrolidide series.” These compounds were prepared as
deserited in Scheme 1 bat Boc-Te-OH. in step d, was replaced with the required Boc-Xao-0H. A number of
amalgues were prepansd with sub-nancmolar activity agamnst DPIV and good sishilsty in aquesus baffer (pH
7.4). {Table IT}

salt of 3" From a mng

Page 2 of 4

Source: EX2001 (Ashworth Il) at 2746.
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Ashworth Il Supports Selection of Compound 25

“From a range of compounds with
e e\ arioys heteroatoms in 5- or  6-

Ferri poicst namral amine acid in the Z-cyanopyrolidide series.” The preparition o
general roate 1o the series of cyana compeunds described in Table L

- membered rings, we were pleased to

number of dipepd Scheme 1. Prepararion of 3-issleucyl-¥-cxanothiazotidide,

o L e (L e find that the 4-cyanothiazolidide
—m _’Qwr j“-@w analogue 3 was approximately 5-fold
e R ' more active than the 2-
o R o Y cnat
-~/ cyanopyrrolidide inhibitor 57 (Table

e ). However, this increase in activity

: in <cranitityv
activity was nooormpanied by o slight decrmase in stabiliny. B | i CIL FEEEE %7 _
i 8 8 w wen r L
Havimg catablished 4-cyanothiszolidide &5 an optimam C-ierminal residue, &
Page lofd with the best N-wrminal a-amino acids from the pyrrolidide series.” These

deserined in Scheme 1 bat Boc-Tle-OH. (0 step d, was replaced with the reguin

asslogues wene prepared with sub-nanemolar activity against DP-IV and gaod
7,4). (Table 0}

Page 2 of 4

Source: EX2001 (Ashworth Il) at 2746. 72



Many Structures Successfully Inhibit DPP-4
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Source: EX2246 (AstraZeneca Demonstrative Exhibit).
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In Vivo Toxicity Testing Not Required

UNITED STATES DISTRICT COURT

——-o00---

AUROBINDC PHAH ‘

9 Def

Q. Okay. And once one has a new molecule that
appears to be active and sufficiently potent for the

target, the logical next step would be to -- or a

logical next step would be to test the molecule for

activity in an animal model. Is that fair?
MS. STEINER: Objection to form. Foundation.
THE WITNESS: No.

R00-567-B658
Page 1 of 92

Page 15 of 92 800-567-8658

Source: EX2174 (Rotella Depo. Trans.), 56:3-9; Institution Dec. at 11. 74



Double Bonds Affect Pyrrolidine Conformation Differently

[ think it's worth pointing out here, for

UNITED STATES DISTRICT COURT

| g, s clarification, that introduction of a double bond into

14-664-GMS

(Consolidated)

the ring, the 5-membered ring, while it does flatten it,

it flattens it in a different manner and with a
different form and orientation compared to the
flattening that might occur when you fuse another ring,

for example, a cyclopropyl ring to the structure. And

so that observation would not rule out or would not

prevent or teach a person of ordinary skill in the art

|

not to flatten the ring. It might lead them to suggest

or to hypothesize about other ways, and as I outlined

earlier, fusing another ring system to the one that

exists is a third strategy that is commonly employed.

Source: EX2174 (Rotella Depo. Trans.), 124:23-125:10. 75



lla’s Prior Art Search

Page 1

Page 1 of 92

Page 6 of 92

Page 15
Q. Abslutely 1 Q Ok
A Andthars the only season And 1 take 2
3 testimony in this case”
'
ol bused on Dr. Rotell's | $ exact date
thatwe iy to 6 Q Ea
hourcebowand | 7 A. 1 dont recall
. 8 Q
MR LIPSEY: Thats fine withme. 11end to > A Katherin: Hasper

And when were you irs contar
‘conection Wit the possitility of providing expert

A. Atsome point in 2015. 1 don't recall the

Okay. And wha centacted your!

Paze 20

“Q. What I'm trying to get at is how
you came to know of the existence of
the materials that you principally rely
upon in your report.”

Bl

Source: EX2174 (Rotella Depo.), 22:15-26:4.

Page 22
1 THEWITNESS: Iwasaskod by counscl fo provide
2 opinions based on - or prewids opinians on GbVIOUSAESS

3 related to the discovery synthesis identification and

4 dliscovery of sasagliptin. And | camiod it a

5 Hterature seasch foe documents that ight be

@ ight e relevant. In some cases,

8 s, 1eodd
a SEY

10 el hosw 8 you go about doing the fiteran
It

wis knowm
tome by

14 counsel

e preesisting knowledge of ny of
at you weze looking for?
R: Objestion to form.

2 nghy
B A Thatscor
24 Q Andwhich
25 previsting knowl
Page )
I A Arcmy references listed in this? 1dont
2 rememibe i they're listed in here or o,
30 Ielieve extiit whih is yous
1 materials considered. It is Exubit B to Plaintifts.
5 Deposition Exhibit 57
6 A Tmnol certuin | have alist of those in this
7 copy, 10yed <an i 30means has one, 1 san review
8 it This copy doesnt have th extibits attached
9 WS STEINER: Itmight be casier to mark
18 another cxtibit
il MR LIPSEY: Lets go ahead and mark a5

12 Plaintiffs Deposition Exhibit 57-A

vglete copy

13 of Dr. Retella's opening report
14 (Depostion Extubit 57-A was marked
15 for adentification)

16 BY MR LIPSEY
1T Q Letmejustpetan
18 sowe all know what
eferey

Depositicn Exibit 5
aterials considered in

report n this <o

Paze 20

s at page 11637

Q Olay
A Cheng o Pruso, Biochenical Pharmacology

starting on page 3090
ADkay

¢hg et paper in the lst, starting
iy
h : 1881
Q oxly
A Kortma
thatsall

Q How about the b

3 Q Haly e §
24 RE 44,186, which is Defendants Deposition Exlibic 18,
25 o the original potent, 6,305,767, prior 10
Fuge 25
1 commancement of your work on i
1 M STEINER: Objecticn 1o
3 THE WITNESS: Ne, L4id not
+ BY MR LIPSEY
S Q. Ifyourccall, bow dd you ocene fo be aw
6 appearing in the
7 e 1163, which with your
§ permsssion we'l call Ashwerth O is that all ight?
o A Thrs
10 Q Allright. How didyou become fimiliar with
11 Ashworth Oz, if you rocall?
12 That was part of the infionmation tha | was
13 provided with by Bristcl Myers when | began o wark on
14 this program as o medicinal chermist
IS Q. Okay. And howw about the Hancssian peblication
16 that yourve sdentiied, he 1997 cne?

MS. STEINER: Objectica to forrn
s

ot BMS beyond

anthis progta

those two, if you recal
A. Well, 'm reasonabiy certain that all of the

enes | identified were part of o ure that we

were provided with as & part of working on that program.

7 (Pages 22 - 25)

Veritext Legal Solutions

Page 7 of 92 800-367-86358

973-410-4040

“THE WITNESS: | was asked by
counsel to provide...opinions on
obviousness related to the
discovery[,] synthesis|,]
identification[,] and discovery of
saxagliptin. And | carried out a
literature search for documents that
might be rel[evant].... In some cases, |
could -- | could get those references

easily; in other cases, | could not.”
76



Dr. Rotella’s Prior Art Search

“IClan you identify the publications of which
you had preexisting knowledge prior to the
commencement of the formulation of your
opinions?

A. Ashworth[l]..., Cheng,... Chiou,... Hanessian,
Korfmacher,... the Villhauer patent....”

Page 1

“Q. Were there other materials you were
provided when you began working on this
program at BMS beyond those two, if you
recall?

Loom w3 m

B4

A. Well, I'm reasonably certain that all of the
ones | identified were part of the literature
that we were provided with as a part of
working on that program.... | apologize. The
Chiou paper and the Cheng and Prusoff
paper, | was aware of from my days in
graduate school.”

Page 1 of 92

Page 7of92 SH-

8 (Pages 26 - 29)

Veritext Legal Solutions
BO0-567-8658 973-410-4040

Page 8 of 92

Source: EX2174 (Rotella Depo.), 23:25-24:22, 25:20-26:6 . 77



Dr. Rotella’s Prior Art Search

Page 1

| “Q. No, no, no. At the time that was the subject
: I of your report, before the invention of saxagliptin

ber

; T was made.

T A. Okay. So to be clear, you're talking about the
late 1990s? Because my report was written in
“ 2016, and so | want to make certain that we have
Gr— our date references because -- the reason | say
mmm — SRS that is because drug discovery has evolved in the
: e — period of time.

. K Q. We”’ which pe riod of time were you
referencing in your report?

ot it amy such publicaic

Page 1 of 92

A. | was using the priority dates as provided to me
by counsel.”

es of whit we've been calling

3 the Ashworth One publication?

hatis one potential staring point. There 14 diabetic paticnis by the [
E (Previously marl

tarting point upon which you bassd

‘v bean talking about it for 19 Q. Do yourecomnize
Exibit 31 s ons

copy ofit, Tdlike atticles that Dr. Weber
port?

‘s repert? Could you

0 show youa docun
22 for idersifcation as Plunti ¥ Depesition Exhitit 34 n
B (Previouly marked Exhibit 31 23 showme a copy of that, ple
24 Q. TYikes | probably can. Doyou et remember

it s previously been marked [ 21

1 was shownio

3 andisamex 25 cme way with or anedber?

16 (Pages 58 - 61)
Veritext Legal Solutions
Prlge 16 0f 92 B00-567-8658 973-410-4040

Source: EX2174 (Rotella Depo.), 58:2-22. 78



Dr. Rotella

Casc: IPR2013-01340
Rotella, Ph.D., David P December 2, 2016

Case: IPR2015-01340
Rotella, Ph.D., David P December 2, 2016

37

A And, again, I'll note that the

Henderson Legal Services, Inc.
202-220-4158 WWW.

Source: EX2221 (Rotella Depo. Transcript), 37:6-13.

“Q. And over under the heading
Conclusion, in the second sentence
you stated that, ‘this template
confers substantial improvement in
PDE selectivity and  potency
compared to sildenafil” Those were
your words there, right?

A. Those are — those are my words.
The substantial improvement refers
primarily, of course, to selectivity.”
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