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Holst and Deacon (1998)

Ex. 2005 at 7
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Prior Art DPP-4 Inhibitors: None FDA-Approved
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Paper 62 at Observation 28; Ex. 2246



-

“P2" Group “P1” Group
Adamantyl —
—
3-Hydroxy — <— cis-4,5-cyclopropyl
Quaternary carbon— . .
)

3 Pyrrolidine

Cinked—___ C

Primary amine —p

<4— Cyano (or “nitrile™)

Paper 28 at 4

AstraZeneca Demonstrative Exhibit 4




Claim 25

l 25. A compound that is

. United States

- Reissued Patent o Patent Number: LS REA44,186 k
Robl et al. «* Date of Rebssmed Patent: Apr. M, 201}
. el 1
Y RS DN AT ENII DO O 4 e o
BEPLPTIEN L FEPTURASE Iy NI MR 11N el Rt -
co Defevy A Hebd Nownma "4 - ity - o
- avi = W e
NPT R S— — gy >
O T — - Avie s -
S Wbkl W Magade, Sumscr W 0 hAe e
[ystioshasipry e » WO b s
M & 1L P - A v
P v s rewee ik v n AU % e - "
" » .
Hemand-Mvers Squib { camper
po [ " X
D 1, 2613 R - -
[FRTSPY IR P — v .
a0 TaT » -«... .
W 30 32 s el
o .Taa, 1Y . -
[T * 0 -
o i
New . -
v [
s
-

H,N

O

NC

' or a phavrmaceutically acceptable salt thereof.
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The Experts
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Dr. Weber

Ex. 2210

Co-lead of program core team
that identified JANUVIA®
(sitagliptin)
Authored/co-authored thirty-eight
publications relating to DPP-4
iInhibitors

Co-inventor of thirty-three patents
relating to DPP-4 inhibitors

Presented forty-eight times on
DPP-4 inhibitors

Chaired two symposiums relating
to DPP-4 inhibitors

Vice President of Lead
Optimization Chemistry at Merck
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Ann E. Weber, Ph.D. — October 27, 2016

1 UNITED STATES PATENT AND TRADEMARK OFF ICE
2 BEFORE THE PATENT TRIAL AND APPEAL BOARD
3

4 MYLAN PHARMACEUTICALS, INC., WOCKHARD”
5 BIO AG and TEVA PHARMACEUTICALS USA, |

6 Petitioners,

T V.

8 ASTRAZENECA AB,

9 Patent Owner.

10

11 1PR2015-01340

12 Patent RE44, 186

13

14

15

16 CROSS-EXAMINATION OF ANN E. WEBER, Pi
17 Washington, D.C

18 October 27, 2016

19

20

21

22

GregoryEdwards, LLG | Worldwide Court Reporting
GregoryEdwards. com | 866-4Team GE
MYLAN - EXHIBIT 1073

Mylan et al. v. AstraZeneca
IPR2015-01340

Ex. 1073 (Weber Redirect) at 111:11-19
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Paper 62 at Observation 31; Ex. 2221 at 109:4-8, 116:22-25
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Paper 62 at Observation 31; Ex. 2174 at 125:10-25; Ex. 2221 at 109:14-113:6
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Lead Compound Selection
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The Principal Prior Art

Clinical Trial Compounds
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Ann E. Weber, Ph.D. — October 27, 2016

Page ‘iI

1 UNITED STATES PATENT AND TRADEMARK OFFICE
2 BEFORE THE PATENT TRIAL AND APPEAL BOARD
3

4 MYLAN PHARMACEUTICALS, INC., WOCKHARDT
5 BIO AG and TEVA PHARMACEUTICALS USA, INC
6 Petitioners,

T V.

8 ASTRAZENECA AB,

9 Patent Owner.

10

" IPR2015-01340

12 Patent RE44, 186

13

14

15

16 CROSS—EXAMINATION OF ANN E. WEBER, Ph.D.
17 Washington, D.C

18 October 27, 2016

19
20
21
22

GregoryEdwards, LLG | Worldwide Court Reporting
GregoryEdwards. com | 866-4Team GE
MYLAN - EXHIBIT 1073

Mylan et al. v. AstraZeneca
IPR2015-01340

Ex. 1073 (Weber Redirect) at 114:5-14
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Weber (2007): Discovery of Januvia™

Ex. 2161 at 2; Ex. 2056 11 115, 118; Paper 28 at 16
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Weber (2007): Discovery of Januvia™

Ex. 2161 at 2; Ex. 2056 1 118
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Dr. Rotella

Paper 28 at 24; Ex. 2174 at 63:18-64.5, 65:18-23
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Mylan Demonstrative Exhibit
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Paper 28 at 14; Ex. 2012 at 2
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Paper 28 at 14; Ex. 2010
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Paper 28 at 11, 24; Ex. 2056 171
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Intramolecular Cyclization

CN
R NH2 Cyano

“Electrophile”

Amine
“Nucleophile”

Active

Inactive

Paper 28 at 8; Ex. 2056 { 116
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DPP-4 Inhibitors in the Clinic (2000)

Dr. Weber’s Lead Compounds

L N
O CN HoN
NC - 5

NVP-DPP728 P32/98

Paper 28 at 14-16, 23-26; Ex. 2010; Ex. 2012; Ex. 2226
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Villhauer’s DPP-4 Inhibitor Comgounds

Exhibit# Reference Structure

WO

Ex. 1008 98/19998 O
Ex. 2157 6,107,317 O

Ex. 2158 | 6,110,949 O

Paper 28 at 12; Ex. 2056 § 113
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Ex. 2016 at 3; Ex. 2056 11 144, 190; Paper 28 at 12
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Paper 28 at 11-12; Ex. 2056 125
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Peters and Mattei (2010): Ex. 2262

Paper 62 at Observation 9; Ex. 2262 at 9; Ex. 2174 at 77:5-80:14
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Paper 28 at 9, 26; Ex. 1007 at 1165
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Paper 28 at 9-10, 27; Ex. 2001 at 2
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Ashworth Il (1996): Ex. 2001

Compound 5 Compound 3
Ki=2.2nM = 0.50 Ki=0.41nM = 0.15

Paper 28 at 9, 27; Ex. 2056 1 107-108; Ex. 2001 at 3, Table I; Ex. 2231
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Ashworth I ‘1996‘: Ex. 2001

From a range of compounds with various
heteroatoms in 5- or 6-membered rings, we were pleased to find that the 4-cyanothiazolidide analogue 3 was
approximately 5-fold more active than the 2-cyanopyrrolidide inhibitor 57 (Table I). However, this increase in
activity was accompanied by a slight decrease in stability.

Ex. 2001 at 2
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Paper 62 at Observation 13; Ex. 2158; Ex. 2056 { 113
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Cyclopropanation
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Prior Art DPP-4 Inhibitors: None FDA-Approved
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Dr. Weber

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 Q I n the course O-F your wor k [ n

3

4 MYLAN PHARMACEUT ICALS, INC., WOCKHARDT R . . . .

5 B10 AG and TEVA PHARMACEUTIGALS USA, ING., developing DPP-4 inhibitors at Merck, did you or
6 Petitioners,

7 V. . -

. . any of your colleagues consider adding a

9 Patent Owner.

2 cyclopropyl group at the P1 position of your DPP—4
1 IPR2015-01340

12 Patent RE44, 186

13 compounds?

14

15 .

16 CROSS-EXAMINATION OF ANN E. WEBER, Ph.D. A NO’ We never d I d’ and -to the beSt Of
17 Washington, D.C

- toscker U my knowledge nobody other than the chemists at BMS
1

20 .

2 ever did that.

22

GregoryEdwards, LLGC | Wor |dwide Gourt Reporting
GregoryEdwards. com | 866—4Team GE
MYLAN - EXHIBIT 1073

Mylan et al. v. AstraZeneca
IPR2015-01340

Ex. 1073 (Weber Redirect) at 117:4-11; Ex. 2056 { 187; Paper 28 at 37
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Dr. Weber

Ann E. Weber, Ph.D. — October 27, 2016
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UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

MYLAN PHARMACEUTICALS, INC., WOCKHARDT
BIO AG and TEVA PHARMACEUTICALS USA, INC.
Petitioners,

V.

ASTRAZENECA AB,

Patent Owner.

IPR2015-01340
Patent RE44, 186

CROSS-EXAMINATION OF ANN E. WEBER, Ph.D.
Washington, D.C

October 27, 2016

Q What was your reaction when you first
learned that saxagliptin had a cyclopropyl group
on the pyrrolidine ring?

A | was very surprised when | saw the
patent when it was first published. | was first
surprised that they had actually tried it, and |

was even more surprised that it worked.

GregoryEdwards, LLGC | Wor |dwide Gourt Reporting

GregoryEdwards. com | 866—4Team GE
MYLAN - EXHIBIT 1073

Mylan et al. v. AstraZeneca
IPR2015-01340

Ex. 1073 (Weber Redirect) 117:12-20; Ex. 2056 { 187; see Paper 28 at 37
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Ashworth Il (1996): Ex. 2001

N
H,N
0O CN

Compound 5 Compound 8 Compound 11
Ki=2.2nM K; =260 nM Ki =4200 nM
5-membered ring 6-membered ring 2-methyl

Paper 28 at 10; Ex. 2056 11 107-108, 173-174; Ex. 2001 at 3, Table I; Ex. 2230
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Augustyns (1997): Ex. 2151

Compound 8b Compound 3 Compound 6b Compound 7b
ICsp = 270 uM ICs, = 21 pM ICsp = 510 pM IC5, = 2700 pM
4-membered ring 5-membered ring 6-membered ring 7-membered ring

Paper 28 at 10; Ex. 2151 at 2, 4; Ex. 2228
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Paper 28 at 10; Ex. 2151 at 3
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Standard IUPAC Name

Ex. 2221 at 30:14-31:20; Ex. 2258; Paper 62 at Observation 10
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Augustyns (1997): Ex. 2151

Compound 3
ICsp =21 M

Compound 20b
IC;, = 1070 pM

Compound 17b
ICsp = 27 UM

Compound 21b
ICs, = 6200 pM

OH
N
HoN
O

Compound 16b Compound 19b

ICsp = 740 pM ICs, = 610 pM
Compound 22b Compound 23b

IC;, = >10,000 puM ICs, = 320 pM

Paper 28 at 10; Ex. 2151 at 2, 4; Ex. 2229
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Ex. 2151 at 3
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Augustyns (1999): Ex. 2007

‘Compctltlvt Reversible Inhibitors

Paper 28 at 35; Ex. 2007 at 4 AstraZeneca Demonstrative Exhibit 42



* %k %

Paper 62 at Observation 14; Ex. 2221 at 52:10-18, 53:3-11; Ex. 2257
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Mylan Demonstrative Exhibit
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Chiou: Ex. 1021

Acyclic, Single Bond

O O

|
PN

Acetylcholine Cyclopropyl-fused acetylcholine

|
O/\//"“g

Paper 28 at 31; Ex. 1021 at 243; Ex. 2056 {1 177-178
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Ashworth Il (1996): Ex. 2001

Compound 3 Compound 4 Compound 5
Ki=0.41 nM = 0.15 Ki=1.70 nM = 0.50 Ki=2.2nM £ 0.50

Ex. 2001 at 3, Table I; Ex. 2232
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Paper 62 at Observation 11; Ex. 2221 at 36:1-38:3; Ex. 2254 at 2
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Paper 62 at Observation 12; Ex. 2221 at 38:6-12, 38:16-18
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Ann E. Weber, Ph.D. — October 27, 2016

Page 1 .

1 UNITED STATES PATENT AND TRADEMARK OFF ICE
2 BEFORE THE PATENT TRIAL AND APPEAL BOARD
3

4 MYLAN PHARMACEUTICALS, INC., WOCKHARDT
5 BIO AG and TEVA PHARMACEUTICALS USA, INC.,
6 Petitioners,

T V.

8 ASTRAZENECA AB,

9 Patent Owner.

10

11 1PR2015-01340

12 Patent RE44, 186

13

14

15

16 CROSS-EXAMINATION OF ANN E. WEBER, Ph.D.
17 Washington, D.C

18 October 27, 2016

19
20
21
22

GregoryEdwards, LLG | Worldwide Court Reporting

GregoryEdwards. com | 866-4Team GE
MYLAN - EXHIBIT 1073
Mylan et al. v. AstraZeneca
IPR2015-01340

Ex. 1073 (Weber Redirect) at 104:3-13, 121:14-122:1 (correcting Augustyns 2 to Ashworth II)
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Paper 62 at Observation 13; Ex. 2158; Ex. 2056 { 113
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Teachings of Hanessian
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Mylan Demonstrative Exhibit
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Paper 62 at Observation 15; Ex. 2221 at 58:21-24; Ex. 2151; Ex. 2233
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Ex. 2151 at 3
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Hanessian ‘1996‘: Ex. 2043
| |

Ex. 2043 at 3; Paper 62 at Observation 16; Ex. 2221, 62:1-63:3
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Hanessian (1998): Ex. 2028

H\)\Ir@ 130 6 1.0 M)

O Com
1, Captopril

Paper 62 at Observation 16; Ex. 2028
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Paper 62 at Observation 16; Ex. 2221 at 65:19-23
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Dr. Weber

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

Page 1
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UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE PATENT TRIAL AND APPEAL BOARD

MYLAN PHARMACEUTICALS, INC., WOCKHARDT
BIO AG and TEVA PHARMACEUTICALS USA, INC.,
Petitioners,

V.

ASTRAZENECA AB,

Patent Owner.

IPR2015-01340
Patent RE44, 186

CROSS-EXAMINATION OF ANN E. WEBER, Ph.D.
Washington, D.C

October 27, 2016

Q

Merck did you or your colleagues look to any of

the ACE inhibitor art for guidance?

A

In your work on DPP-4 inhibitors at

No, we absolutely never did that.

GregoryEdwards, LLGC | Wor |dwide Gourt Reporting
GregoryEdwards. com | 866—4Team GE
MYLAN - EXHIBIT 1073

Mylan et al. v. AstraZeneca

IPR2015-01340

Ex. 1073 (Weber Redirect) at 118:11-119:5; see Ex. 2056 { 187; see also Paper 28 at 37
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Mylan’s Position on Stabillity

Motivation to modify:

Paper 28 at 28-29; Paper 11 at 4, 5
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Ashworth |
Compound 25

O CN

Paper 28 at 25; Ex. 2174 at 115:21-116:13 AstraZeneca Demonstrative Exhibit 60



Paper 28 at 33; Ex. 2174 at 127:1-4
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Paper 28 at 32; Ex. 2174 at 142:3-9
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Paper 28 at 32-33; Ex. 2174 at 119:10-13, 119:22-120:5
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KSR Int'l Co. v. Teleflex Inc.

127 S. Ct. 1727, 1742 (2007)

AstraZeneca Demonstrative Exhibit 64



Effects of Cyclopropanation in DPP-4

Inhibitors
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Hanessian ‘1998': Ex. 2028

—

Paper 62 at Observation 16; Ex. 2028 at 4-5, Table 1
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Effects of Cyclopropanation: Magnin (2004)

Effect of ORIENTATION

Compound 24 (cis-4,5) Compound 22 (trans-4,5)
K; =25 nM K, =1620 nM

Paper 62 at Observation 17; Ex. 2002 at 3; Ex. 2234
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Knoll Pharm. Co. v. Teva Pharm. USA, Inc.

367 F.3d 1381, 1385 (Fed. Cir. 2004)
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Effects of Cyclopropanation: Magnin (2004)

Effect of LOCATION on Stability

Compound 21 Compound 25 (cis-3,4) Compound 24 (cis-4,5)
t1/2:5h t1/2:4h t1/2:22h

Compound 28 Compound 30 (cis-3,4) Compound 29 (cis-4,5)
t, =27 h t,=4h t, =42 h

Paper 62 at Observation 17; Ex. 2002 at 3; Ex. 2235 AstraZeneca Demonstrative Exhibit 69



Effects of Cyclopropanation: Magnin (2004)

Effect of LOCATION on Potency

Compound 21 Compound 25 (cis-3,4) Compound 24 (cis-4,5)
Ki=2nM K, =15 nM Ki=25nM

Compound 28 Compound 30 (cis-3,4) Compound 29 (cis-4,5)
Ki= 8 nM Ki= 14 nM Ki=7 nM

Paper 62 at Observation 17; Ex. 2002 at 3; Ex. 2236 AstraZeneca Demonstrative Exhibit 70



Effects of Cyclopropanation: Magnin (2004)

Effect of the P2 GROUP

Compound 21
K,=2nM

Compound 28
K,=8 nM

Paper 62 at Observation 18; Ex. 2002 at 3; Ex. 2237

Compound 24 (cis-4,5)
K; =25 nM

Compound 29 (cis-4,5)
Ki=7 nM
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Effects of Cyclopropanation: Magnin (2004)

Effect on Stability and Potency From Cis-4,5-Cyclopropyl +
Quaternary Carbon

Compound 29 (cis-4,5)
Ki=7nM
t, =42 h

Paper 62 at Observation 19; Ex. 2002 at 3; Ex. 2238 AstraZeneca Demonstrative Exhibit 72



December 16, 1999: Ex. 2187

. Dave B. - Generate novel amino acids for N-terminus

Ex. 2187; Ex. 2173 7111
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Cis-4,5-Cyclopropyl + Quaternary Carbon

HO
N N
H2N HoN
O CN O CN

Saxagliptin

Paper 62 at Observation 20; Ex. 2239 AstraZeneca Demonstrative Exhibit 74



Ashworth Il (1996): Ex. 2001

Ex. 2001 at 2, 4, Table Il
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Selection of an “Adamantyl” P2 Group
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Declaration of Dr. Rotella

Ex. 1074 1 19
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Ex. 1007 at 1165
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Ashworth I's largest P2 group Is less stable

HoN

0] CN

Compound 25
t,>48 h

NH

HoN
O CN

Compound 28
t, =24 h

Paper 62 at Observation 3; Paper 28 at 46; Ex. 2261; Ex. 1007 at 4, Table II
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Mylan Demonstrative Exhibit
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Mentlein (1993): Ex. 2096

Eur. 1 Biochem. 714, 819835 (1993
@ FEBS 1993

5 10
gpAla lle  Phe Thr AsnSer Tyr  ...-28  h GRF{1-28)amida
~ lle Ser Asp — ..-42 hGIP

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

Rolf MENTLEIN', Baptist GALLWITZ? ard Wolfgang E. SCHMIDT®

* Anatomisches [nstit and
* Abteilung Allgemeine Innere Medizin der Universitit Kiel, Germany

F GLP-1(7-36)amide
fr GLP-2

h PHM-27

r PHI-27

Glu Gly Thr
~  Gly Ser -
Gly val —

Thr Ser AspVal

iReceived Fetruury 9/Apel 16, 1993) — EJR 93 021573

Pepiides of the ive-intestinal-peptida (VIF) peptide family share s congic

sequence similarty at their N-terminus, They either start with Tyr-Ala, His-Ala or His-Ser wi.
might be in pant potential targets for dipeptid; pcpndasc TV, a highly specialized aminopeptida;
removing dipeptides only from peptides w erminal pe.nu\nmstc proline or alanine. Growih-
hormene releasing factor{1=2%mmide and gastm. inhil dent insulino-
tropic peptide (GIF) with terminal Tyr-Ala as well ag g]uugou dike plepl.uie -1(7~36)amide/insulino-
tropin [GLP-1(7-36)amide| and peptide histidine methionine (PHM) with terminal His-Ala were
ydrolysed to their des-Xaa— Ala derivatives by dipeptidyl-peptidase IV purified from human pla-
centa, VIP with terminal His-Ser was not significantly degraded by the peptidase. The kinetics of
the hydrelysis of GIF, GLP-1{7—36)amide and PHM were analyzed in deuml. or these peplides K
values of 4—34 yuM and V., values of 0.6—3.8 pmol - min™ - mg pmmn were determined for the
purified peptidase which should allow their enzymi; physiological 1
concentrations. When human serum was incubated with GIP or GI P1 36)amide the same frag-
ments as with the purified dipeplidyl-peptidase TV, namely the des-Xaa—Ala peptides and Tyr-Ala
in the case of GIP or His-Ala in the case of (‘LP 1(7—36)amide, were identified as the msm
degradation products of these peptide b o specific for
peptidase IV, 1 mM Lys-pyrrofidide or 0.1 mM mprolm A (Le-Pro-lie), completely abol shed the
production of these fragrments by serum. I is concluded that dipeptidyl-peptidase IV initiates the
metabolism of GIP and GLP-1{7—36)amide in human serum. Since an intact N-terminus is ohligate
for the biclogical activity of the members of the g].ucagom’\«’lr’ peptide family [e. g, GIP(3-42) is
known w be ina o release insulin in the presence of glucose as docs intace GIF), dipeptidyl-

Ceorresprmdence o K. Mentlein, Universit Kicl, Anatomisches
Institwt, Olshausenstrasse 40—60, D-24118 Kiel, Germany

Fax: +40 431 8801457
pepdyl-pepridass IV; GIP, gastric n-

Abbuum.r\oﬁe DPT’
hibie
like; GLI‘ l[r stlmmdt glwcagon-like peptide-1(7 - 36
insulinatropin or preproglucagoni 78— 107 jamide ; GLP-2,
like peptide-2 or preproglucagond 126 159); GRF,
mone-releasing factorhormone;, PHI, peptide histidine isoleucine;
PHM. peplide histidine methionine: VIP. vasoaciive inlestinal pep-
ticde; PACAF, pititary se-activaling

Enzyme. Dipeptidyl pepnmn (T-.( 34.14.5).

rckiumli, factor (GRF) with penulimate alanine {(Frohman et

; Kubiak, 1969; Boulanger et al, 1992).
[a’\l.l"]GRF{l 29amide with penultimate Ala is even a
comparably good substrate as a synthetic Pro™-containing de-
rivative for purified DPP IV (Boagers et al., 1993). This sug-
gests that the conformation or chain length may greaily influ-
ence the cleavage of peptides with penultimate proline/ala-
ninc-residues by DPP IV,

‘We therefore evaluated whether or not other peptide hor-
mones related to GRF might be substrates for PP IV, and
whether this probable proteolytic degradation might be of
relevance in the circulation. GRE belongs to the glucagen/

™ HO.
L iy - e g, i
HN
peptidase-I'V action inaclivates these peptide hormones. The relevance of this finding for their
mactivation and the by s is di d /
Digeptidy]-peptidase I\' iDPP IV) is & highly specialized  swrface of hepatocytes (here termed also GP110 or OX-61
amir from bioactive peptides  antigen), on the surface of a subset of T-lymphocytes and N
and synthetic peptide su‘lmrms provided that proline or ala-  thymoceyies (here termed CD 26, or thymocyte-activating
nine arc the penultimate N-terminal rcuduc« (Mentlein,  molecule) and other sites (Loijda, 1979 Mawsch and Hey- HZN
1988, for review). Smalt peplides or chromogenic substrates  mann, 1985 ; Mentlein et al., 1984; McCaughan ct al., 1990}, N
with proline in this position arc far better h}'d.l'ﬂ])‘icd than  The enzyme has been shown 1o be responsible for the degra- HoN
those with alanine (Heins et al.. 1988). DPP IV occurs in  dation and inactivation of circulating peptides with penulti- CN
human serum, as an ecioenzyme on the surface of capillary mate proling, like substance P (Heymann and Mentlcin, (@]
entdothelial cells, al kidney brush-border membrancs, on the  1978: Ahmad ot al., 1992), but also for growth-hormone- o ON

Histidine

Tyrosine

Ex. 2096, 2 (Figure 1); Ex. 2056, 11 57, 90
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Ashworth I's largest P2 group Is less stable

HoN

0] CN

Compound 25
t,>48 h

NH

HoN
O CN

Compound 28
t, =24 h

Paper 62 at Observation 3; Paper 28 at 46; Ex. 2261; Ex. 1007 at 4, Table II
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Villhauer-1998’s large alkyl groups

12 Carbons
Ex. 57

////éé ,

10 Carbons
Ex. 44

N

8 Carbons
Ex. 48

Paper 28 at 45; Ex. 2056 1 203; Ex. 1008 at 11-16

|

-,
“
l/ :/
/P
, )
/, \)
7, \
AN

/A\

"

10 Carbons 10 Carbons
Ex. 25 Ex. 33
K %

8 Carbons 8 Carbons

Ex. 58 Ex. 27
~;Lb

7 Carbons 7 Carbons

Ex. 24 Ex. 29
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Villhauer-1998: Ex. 1008

above, an ICs, value for, respectively, human and rat plasma DPP-IV; of 27 and 22 nM
(Example 1); 7 and 6 nM (Example 3); 37 and 18 nM (Example 5); 12 and 11 nM

(Example 8); and 95 and 38 nM (Example 12). It is, therefore, indicated that for the above
uses the compounds of Examples 1, 3, 5, 8 and 12 may be administered to larger mammals, for
example humans, by similar modes of administration at similar dosages than conventionally

employed with metformin.

Ex. 1008 at 23
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Villhauer-1998: Ex. 1008

Increase of
insulin Human Rat Plasma Caco-2
Example Structure Plasma DPP-  DPP-4 ICg, DPP-4 (nM)

Response at
10 umol/kg 4 1C;, (NM) (nM)

H
N N N
Ex. 1 ) g Q 61% 27 22 36

Ex. 3 U s /\[(Q 66% 7 6 22
NC

NVP- DPP728
OH
Ex. 5 QJ N 108% 37 18 26
0 CN
H
N N\/\N N
Ex. 8 .., | P A S 144% 12 11 8
N

Ex. 12 )\O/\/\N/\"/N 59% 95 38 279

Ex. 1008 at 19, 21; Ex. 2056 11 201-202
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Daiichi Sankyo Co. v. Matrix Labs., Ltd.

619 F.3d 1346, 1354 (Fed. Cir. 2010)
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C-linked v. N-linked

N-linked
C-linked / Q
. H/\”/
5 CN O CN

Paper 62 at Observation 7; Ex. 2056 { 200; Ex. 2259
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Dr. Weber Declaration

In my opinion. one of skill in the art would not have considered the

adamantyl. or any alkyl group of Villhauer-1998. apart from its N-linkage.

Paper 28 at 42-43; Ex. 2056 197
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Paper 28 at 11-12; Ex. 2056 125
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Peters and Mattei (2010): Ex. 2262

Paper 62 at Observation 9; Ex. 2262 at 9; Ex. 2174 at 77:5-80:14
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Hydroxylating an Adamantyl P2 Group
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Substrate Differences & Potential Oxidation Sites

Paper 28 at 52; Ex. 2056 § 212; Ex. 2174 at 164:19-165:3
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Paper 28 at 52; Ex. 2174 at 164.:19-24, 165:4-9
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Hoffman (Ex. 1016)

Pharmacokinetics and Metabolism of Rimantadine Hydrochloride
in Mice and Dogs

NH,

Amantadine

Ex. 1016 at 1703; Ex. 2056 { 215; Ex. 2174 at 168:8-21; Paper 28 at 53

AstraZeneca Demonstrative Exhibit 94



Mylan Demonstrative Exhibit
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Torrent Pharm. Ltd. v. Merck Frosst Canada & Co.

IPR2014-00559, Paper 8 at 9 (PTAB Oct. 1, 2014)
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Mylan Demonstrative Exhibit
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Unexpected Results
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Vildagliptin and Saxagliptin

Vildagliptin Saxagliptin

HO
M
HHH“HWTf !
'S CN

Villhauer '063 Patent — Ex. 1
Ex. 2013

Paper 28 at 15; Paper 62 at Observation 22; Ex. 2176 at 3, 4; Ex. 2241; Ex. 2056 at { 234
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Su (2012): Ex. 2045

Metabolism of Saxagliptin

Paper 28 at 62-63; Ex. 2056 11 236-240; Ex. 2045 at 2
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He (2009): Ex. 2046

Metabolism of Vildagliptin

M20.7 M15.3 M21.6

Vildagliptin

M20.2 M20.9

Paper 28 at 62-63; Paper 62 at Observation 23; Ex. 2046 at 8; Ex. 2244, Ex. 2056 { 241 AstraZeneca Demonstrative Exhibit 101



Novartis’ Galvus (Vildagliptin) European Label:

SEX 2080

2-Cyanopyrrolidides 1165

P WL

The major metabolite (LAY 151) 1s pharmacologically inactive and 1s the hydrolysis product of
the cyano moiety, accounting for 57% of the dose, followed by the glucuronide (BQS867) and the
anude hydrolysis products (4% of dose).

Reagents: 2. ONPS-Cl, 2N NaOH. b. HONSu, Water soluble carbodiimide. ¢ conc. NH,OH, dioxane.
d. imidazole (2 equiv.), POCl; (4 equiv.), pyridine. &. 4N HCUdioxane (3 equiv.), diethyl ether.
1. Boc-Xaa-OH, pyBop, NEty, CHyCh. g. Trifluoroacetic acid.

‘The series of dipeptide nitriles described in Table Il were prepared via a pyBop'* mediated coupling of 4
with the required Boc protected amino acid, followed by deprotection with TFA (Scheme 1),

We were gratified 10 find that these compounds were potent inhibitors of DP-IV. The S.AR. for the
N-terminal residue developed in the pymrolidide series correlated well for the dipeptide nitrile series and the most
potent compounds 24, 25, 26 and 27 possessed activity comparable 10 the boroprolines, 1 and 2. Stability
studies'® revealed excellent half-lives (1) in aqueous solution (pH 7.4) at room temperature (Table 1) with
several examples having L, greater than 48h. Further work on optimisation of the pyrrolidine ring will be
reported shortly.

Paper 28 at 62-63; Ex. 2056 § 241; Ex. 2080 at 15
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Knoll Pharm. Co. v. Teva Pharm. USA, Inc.

367 F.3d 1381, 1385 (Fed. Cir. 2004)
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C-linked v. N-linked

HO N-linked

C-linked HO@\ Q
N
H,oN H/\H/
5 CN O CN

Paper 62 at Observation 21; cf. Ex. 2056 § 200; Ex. 2259A
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Paper 62 at Observation 21; Ex. 2221 at 83:8-84:2; Ex. 2259A
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Binding Interactions of Vildagliptin and Saxagliptin

Vildagliptin Saxagliptin

Glu
205

.

The hydroxyl group on the adamantyl moiety forms
hydrogen bonds with His126 and Ser209 via the water
molecules.

Paper 28 at 63-64; Paper 62 at Observation 22; Ex. 2176 at 3, 4; Ex. 2241; Ex. 2056 | 244
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Wang (2012): Ex. 2018

Enzyme Binding of Saxagliptin and Vildagliptin

Paper 28 at 61; Ex. 2018 at 4; Ex. 2056 11 235-236
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Wang (2012): Ex. 2018

Potency of Saxagliptin and Vildagliptin

Paper 28 at 61; Ex. 2018 at 3; Ex. 2056 { 235
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Su ‘2012': Ex. 2045

\ Pharmacokinetics of Saxagliptin

|
Paper 62 at Observation 24; Ex. 2045 at 6; Ex. 2243; Ex. 2056 {1 239-240 AstraZeneca Demonstrative Exhibit 109




Fura ‘2009]: Ex. 2073

Paper 28 at 63; Ex. 2073 at 7; Ex. 2221 at 95:7-19; Ex. 2056 { 238
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Saxagliptin Label: Ex. 2047

Paper 7 at 53-54; Ex. 2047 at 1; Ex. 2056 { 248; Paper 28 at 64 (citing Ex. 2057 {1 78-85)
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Galvus Label: Ex. 2050

Adults
When used as monotherapy. in combination with metformin. in combination with thiazolidinedione.
in combination with metformin and a sulphonylurea. or in combination with insulin (with or without
metformin), the recommended daily dose of vildagliptin is 100 mg. administered as one dose of 50 mg
in the morning and one dose of 50 mg in the evening.

When used i dual combination with a sulphonylurea. the recommended dose of vildagliptin 1s 50 mg
once daily administered in the morning. In this patient population, vildagliptin 100 mg daily was no
more effective than vildagliptin 50 mg once daily.

Ex. 2050 at 3; Paper 28, 15, 59, 65 ; Ex. 2057 { 68
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Novartis’ Galvus (Vildagliptin) European Press

Release $20072: Ex. 2081

Paper 28 at 15, 59, 65; Ex. 2081 at 1; Ex. 2056 { 248
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Long-Felt Need and Failures of Others
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Oral Treatments From the Late 1990s

Compounds Side Effects

Tolbutamide
Chlorpropamide
Tolazamide
o Acetohexamide .
Sulfonylureas/Meglitinides Glyburide Hypoglycemia
Weight gain
Glipizide gntg
Glimepiride
Repaglinide
Nateglinide
: : : Lactic acidosis
Biguanides Metformin . . :
Gastrointestinal distress
Edema
7Ds Rosiglitazone Weight gain
Pioglitazone Fractures
Hepatic toxicity
: _ Acarbose Gastrointestinal distress
Alpha-Glucosidase Inhibitors . : .
Miglitol Hepatic toxicity

Paper 28 at 5; Ex. 2057 { 34, Table 2; Ex. 2063 at 8-9, 17; Ex. 2067 at 2-7 AstraZeneca Demonstrative Exhibit 115



Prior Art DPP-4 Inhibitors: None FDA-Approved

QO /_ON
0 v
.
Ex. 2075 Ex. 2008 Ex. 2078 Ex. 2078 T Ex. 2083
o HO\B’ OH
'.HJNNQ” * H’N)Y? NH, \\/> H-Xaa— 3 "_"i >
® 0" Nonr PT-100 (Talabostat) 1007 B p1EL
", X. X.
Ex. 2095 Ex. 2095 Ex. 2149 Ex. 2150 Ex. 2153
Ex. 2042
Yty F OH 0 N, e, \)(L .‘__‘\EN I | ﬁ/o—@—uncocn,
||0—N\/J II.—N:j.rr ll.—-Naf. Hlo=N !l.—NUr W N \/\ » \ HCEFHN
! &o tﬂ F I‘(QY“
Ex. 2151  Ex. 2151 Ex. 2151 Ex. 2151 Ex. 2151 Ex. 2158 - NoCH, H o
Ex. 2007 Ex. 1015
H OCHy
= HO\/\/OH . o
= \ “\CN - o]
]/N i /N\J'I\ { R;‘\)k‘/ﬁ (S
N . Q — 5 H-Xaa—NO\ H-Xaa-N
COOH = N CN
EX. 2152 Ex. 2152 Ex. 2017 Ex. 1008 Ex. 2157 Ex. 1007
Ex. 2001
ISLEE : ™ oy
. A N
X- P’g /\ /\ X HzN/k’( N\)U H/\‘O]/ 9 N/\H/I\Q
i Xis CHZ, S, 0, or N Ho A S Y
Lw C(CHy), Ash . o
Ex. 2154 Ex. 2155 shworth | P32/98 NVP-DPP728 Vildagliptin
Ex. 2156 Ex. 1007 Ex. 2009 Ex. 2016 Ex. 2013

AstraZeneca Demonstrative Exhibit 116

Paper 62 at Observation 28; Ex. 2246



Clinical Failures of Others
e

Clinical

DPP-4 Inhibitor Developer FDA Status
Phase
LAF-237 Novartis AG Discontinued
(vildagliptin)
GW823(.)93.C GlaxoSmithKline PLC Discontinued
(denagliptin)
PHX 1.149 Phenomix Corp. and Forrest Laboratories, Inc. Discontinued
(dutogliptin)
PT-630 Point Therapeutics, Inc. Discontinued
AMG-222 Amgen Inc. Discontinued
NVP-DPP728 Novartis AG Discontinued
PSN-9301 Probiodrug AG, Prosu_:llon Ltd., and OSI Discontinued
Pharmaceuticals, Inc.
P32/98 Probiodrug AG Discontinued
R-1438 F. Hoffmann-La Roche Ltd. Discontinued
TA-6666 Mitsubishi Tanabe Pharma Corp. Discontinued
15-021 Taisho Pharmaceutical Co., Ltd. and Eli Lilly Discontinued
and Co.
SSR-162339 Sanofi-Aventis U.S. LLC Discontinued
SYR-619 Takeda Pharmaceutical Co. Ltd. Discontinued

See Paper 28 at 59; Ex. 2057 { 66, Table 4; Ex. 2086
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In re Cyclobenzaprine Hydrochloride Extended-Release

CaEsuIe Patent Litig.

The Federal Circuit has implicitly accepted
that failure to obtain FDA approval is
relevant evidence of failure of others. Knoll
Pharm. Co. v. Teva Pharm. USA, Inc., 367
F.3d 1381, 1385 (Fed.Cir.2004). In Pfizer
Inc. v. Teva Pharmaceuticals USA, Inc., 460
F.Supp.2d 659, 662 (D.N.J.2006), the court
went one step further, and expressly stated
that “[n]ot getting to market with FDA
approval is an appropriate benchmark for
failure [of others].”

No. CIV. 09-MD-2118-SLR,
2010 WL 3766530, at *1 (D. Del. Sept. 21, 2010)

AstraZeneca Demonstrative Exhibit 118



Post Invention Compounds Not FDA Approved

DDP-4 Inhibitor Developer Structure FDA Status
W823093C b‘
GW8 39 : GlaxoSmithKline PLC o, Ao, Discontinued
(denagliptin) O O
PHX1149T Phenomix Corp. and Forrest L L, . .
(dutogliptin) Laboratories, Inc. s 00)3 Discontinued
PT-630 Point Therapeutics, Inc. OMQ Discontinued
AMG-222 Amgen Inc. “er Discontinued
PSN-9301 Probiodrug AG, Prospllon Ltd., and OSI Discontinued
Pharmaceuticals, Inc.
R-1438 F. Hoffmann-La Roche Ltd. Ha“’@*wl 2 Discontinued
TA-6666 Mitsubishi Tanabe Pharma Corp. Discontinued
15-021 Taisho Pharmaceutical Co., Ltd. and Eli HO\Xu/\fr“r\S Discontinued

Lilly and Co.

CN

Paper 62 at Observation 30; Ex. 2056 {1 253-54; Ex. 2247
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In re Cyclobenzaprine Hydrochloride Extended-Release

CaEsuIe Patent Litig.

Because science necessarily builds upon past
discoveries, failure of others after a patent's
Issue date may be more persuasive than
failures that occur before. See generally
Kristen C. Buteau, Denuterated Drugs:
Unexpectedly Nonobvious, 10 J. High Tech.
L. 22 (2009).

No. CIV. 09-MD-2118-SLR,
2010 WL 3766530, at *2 (D. Del. Sept. 21, 2010)
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FDA Approved DPP-4 inhibitors (2016)

£ F
HO ,ZZ,F
(\N \
N
N F N\)i‘-N’
HoN m
NH, O
O CN F Foo

Saxagliptin Sitagliptin
First Invented

O

Kz )
/N\l/\N N/ ;
5@ Y - Q

Alogliptin Linagliptin
Paper 62 at Observation 29; Ex. 2047; Ex. 2049; Ex. 2079; Ex. 2077; Ex. 2245
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Procter & Gamble Co. v. Teva Pharm. USA, Inc.

566 F.3d 989, 998 (Fed. Cir. 2009)

AstraZeneca Demonstrative Exhibit 122



Commercial Success
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U.S. Total Dispensed Prescriptions for
Products

O

n

lyza Famil

Total Dispensed Prescriptions (No.)

800,000

700,000

600,000

500,000

400,000

300,000

200,000

100,000

Q3 2009 through Q3 2015

Total Onglyza Family

—Onglyza® Total

Paper 28 at 66; Ex. 2059A { 33, Table 2(a), Fig. 1; Ex. 2117
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U.S. Sales of Onglyza Family
Products in Dollars

Q3 2009 through Q3 2015

Total Onglyza Family —Onglyza®
$250,000,000
$200,000,000
$150,000,000 e —

$100,000,000

$50,000,000
$0
A 4 0 O O 0O & N O &N N IR R R N N N
Q,QQ q,QQ (19\ (19\ ‘19\ Q,Q\ Q,Q\ (19\ (19\ (19\ (19\r1’ (19\(1’ (19\ (19\(1’ (19\ (19\ (19\ "19\ "19\ "19\ Q,Q\ Q,Q\ Q,Q\ ‘],Q\ ‘],Q\
ST >XT N H7 7 KT N7 DT X NT 7 T KT N0 DT X N 7 T K N O D
cNcaNcNc aicaNc AN e dic e SN ¢ dic e S ¢ dic Sic Sl e dic e Sl e ge:

Paper 28 at 66; Ex. 2059A { 34, Table 3, Fig. 2; Ex. 2118
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U.S. Net Revenues from Sales

of Onglxza Familx Products

Q3 2009 through Q3 2015

Total Onglyza Family

$700,000,000
$600,000,000
$500,000,000
$400,000,000
$300,000,000
$200,000,000
$100,000,000

$0
2009 2010 2011 2012 2013 2014 2015

Ex. 2059A 35, Table 4, Fig. 3; Exs. 2004, 2111-2115, 2108
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First-Mover Advantage

During this time, Merck aggressively promoted Januvia to gain
early buy-in from stakeholders and to build a positive brand image.
Januvia secured its place as “the” gliptin, an image
followers have found hard to challenge despite
comparable promotional spending.

Ex. 2141 at 2

Paper 28 at 67; Ex. 2059A 11 42-43
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Ex. 2220 at 134:8-16

Ex. 2220 at 136:14-137:7

Paper 61 at Observation 15
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Paper 62 at Observation 8; Ex. 2221 at 24:7-16
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Paper 62 at Observation 13; Ex. 2221 at 43:12-21
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Paper 62 at Observation 14; Ex. 2221 at 53:12-54:3; Ex. 2257
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Dr. Weber

Ann E. Weber, Ph.D. — October 27, 2016
Page 1
1

TIT eI T EATIDIT 1O
Mylan et al. v. AstraZeneca
IPR2015-01340

Ex. 1073 (Weber Cross-Examination) 85:2-86:4; Ex. 2056 1 112, 174-176; Paper 28 at 10, 35-36
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Paper 62 at Observation 11; Ex. 2221 at 35:15-19
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Augustyns (1997): Ex. 2151

Effect of ring “flattening” with a double bond

Compound 3
IC;, = 21 pM
Saturated

Compound 9b
IC;, = 100 uM
Unsaturated

Paper 28 at 10; Ex. 2151 at 2, 4; Ex. 2233

AstraZeneca Demonstrative Exhibit 135



Villhauer-1998: Ex. 1008

H \J‘\ \CN
N I

Even more preferred compounds of the invention are the compounds of formula I wherein
Ris R"' {compounds Ic), whereby R" is:
- Ry"NH({CH;):- wherein R," is as defined above;
= (Cygcycloalkyl monosubstituted in 1-position with hydroxymethyl;
- By ({CH;)s- wherein Ry is as defined above; or
- R:" wherein R:" is adamantyl;

in free form or in acid addition salt form.

Ex. 1008 at 2, 5

Ex. 2221 at 21:7-14; Paper 62 at Observation 6
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Ex. 2221 at 22:23-23:8; Paper 62 at Observation 7
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Dr. Weber Declaration

Paper 28 at 52; Ex. 2056 § 213
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Dr. Rotella

Paper 62 at Observations 23, 24; Ex. 2221 at 89:17-21, 90:7-11
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Paper 62 at Observation 23; Ex. 2221 at 88:19-89:4
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Paper 62 at Observation 24; Ex. 2221 at 91:1-11
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Paper 62 at Observation 22; Ex. 2221 at 84:21-23, 86:4-21
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Dr. Rotella
.

Paper 62 at Observation 25; Ex. 2221 at 92:18-21, 93:20-23
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Paper 62 at Observation 24; Ex. 2221 at 91:12-22
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Dr. Rotella
.

Paper 62 at Observation 26; Ex. 2221 at 94:25-95:3, 95:23-96:1
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Paper 63 at Observation 8; Ex. 2222 at 40:23-41:12

AstraZeneca Demonstrative Exhibit 146



Dr. Tanenberg

Paper 63 at Observation 4; Ex. 2222 at 35:22-24
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Paper 63 at Observation 1; Ex. 2222 at 23:3-8
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October 30, 2000: Ex. 2189

Paper 28 at 4; Ex. 2173 {1 13; Ex. 2189 at 5
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Augustyns (1997): Ex. 2151

In order to fully explore the S-1 subsite of the
enzyme and because of the chemical and biological
instability of reactive electrophiles, we concentrated
on potential inhibitors containing substituted pyrro-
lidines, open pyrrolidines or homologues thereof at
the P-1 position (6b-23b) (figs 2 and 3). In this study,

\\\\\

Ex. 2151 at 2
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DPP-4 versus ACE

Cleavage site GLP-1

d

Ex. 2056 11 82, 181
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Challenged Claims

Claim(s)

Ground

Scope of Claim(s)
cyclopropyl-fused pyrrolidine

1 1 and cyanopyrrolidine compounds
4,5-cyclopropyl pyrrolidine
2 1 2
and cyanopyrrolidine compounds
cis-4,5-cyclopropyl
4 1 o
cyanopyrrolidine compounds
6 1 “C-linked” compounds of claim 1
7 1 “up” cyclopropyl compounds of claim 1 I
subgenera comprising eight cis-4,5-cyclopropyl
8,9 1 cyanopyrrolidine compounds, each containing a
quaternary B-carbon in the P2 group
10 1 cis-3,4 and cis-4,5-cyclopropyl cyanopytrrolidine
compounds, each with a C-linked alkyl at P2
pharmaceutical compositions comprising a
11 1 : :
compound of claim 1 and a carrier
pharmaceutical combinations comprising a
12-22 2-4 :
compound of claim 1 and another agent
25-28, 32-35, 1 it
39, 40 saxagliptin
pharmaceutical combinations comprising
29-30, 36-37, o
41-42 2 saxagliptin and another agent or methods of

treating with such combinations

HO

LN

NC

Paper 28 at 19-21; Ex. 2056 11 19-38
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CERTIFICATE OF SERVICE

In addition to the service via email on January 23, 2017 per the Order of
Paper No. 69, the undersigned certifies that a copy of the foregoing PATENT
OWNER’S DEMONSTRATIVES was served electronically via e-mail on
January 24, 2017, pursuant to 37 C.F.R. 42.70(b), in its entirety to the following:
Counsel for Petitioner Mylan Pharmaceuticals Inc.:

Steven W. Parmelee
sparmelee@wsqgr.com

Richard Torczon
rtorczon@wsqgr.com

Jad A. Mills
imills@wsgr.com

Douglas H. Carsten
dcarsten@wsqgr.com

Counsel for Petitioner Wockhardt BIO AG.:

Patrick Gallagher
PCGallagher@duanemorris.com

Counsel for Petitioner Teva Pharmaceuticals U.S.A., Inc..:

Gary Speier
gspeier@-carlsoncaspers.com

lain Mclntyre
imcintyre@carlsoncaspers.com




Counsel for Petitioner Aurobindo Pharma U.S.A., Inc..:

Counsel for Petitioners Sun/Amneal:

Dated: January 24, 2017

Sailesh K. Patel
SPatel@schiffhardin.com

George Yu
GYu@schiffhardin.com

Samuel Park
SPark@winston.com

Andrew Sommer
ASommer@winston.com

By: /Lauren K. Young/

Lauren K. Young

Litigation Legal Assistant
FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.
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