JP 2014-12689 A 2014.1.23

(19) B EEHEFT (UP) w4 M4 F A BRA (1) S5 R A P 2

15602014-12689
(P2014-126894)
43) 2BE TR265E1H236 (2014.1.23)

(51) Int.CI. F1 F—=a—F (%)
CO07D 209/02 (2006.01) CO7D 209/02 CSP 4B0O65
AB1P 310 {2006.01) AG1P 3/10 ZNA 4C0O86
AB6 1K 31/403 (2006.01) A6 1K 31/403 4C204
CO7K 5/08 {2008, 01) CO7K 5/08 4HO45
C12N 1/21 {2006.01) ClzN 1721
EETHER B BREOCHE 12 OL MNERLE (£ 183 H BEREHRS
QL) HEES #FEE2013-168522 (P2013-168522) | (71) HEEA 391015708
(22) HEER SER2ESH 148 (2013.8. 14) FVAMN—~FAAP—RE AZLT H
62) HFOFT 5 BE2010-181559 (P2010-181559) 2Ro—
DHE BRISTOL-MYERS SQUIB
EHEE ERISEIZR4E (2003.12.4) B COMPANY
(@1 EEEEXESES 60/431,814 FTANVAERE—_2—3a =2 1015
(32) B8 ER14€E12R 98 (2002.12.9) 4 Za—3—F —F FTAZI—

G3) EEEEERE  KRE WS

(74) (RE A
(74) {LIB A

T4 IREA

345

100081422

FEL HYP N
100084146

FELT L E
100122301

#E+T EHR BE

BARRIZA

64) [READEMR] PTFOARTFI—E | VA e A—BIU0Z OoPHE2ET 2 HEL L ILED

GnHoOooooooooooo

0000000000000 000000000000000000000000000
0000000000000 000000000
000000 ( S)-a -000-3-0000000000([3.3.1.13,7]0 00 -1-00 0 (1S
,35,58)-2-0 00000 [3.1.0]0000-3-0000000000000000000Q
S,3S,55)-2-[(28)-2-0 0 0 -2-(3-0 000000000 [3.3.1.13,7]0 O -1-0 0 )-1-0
00000]-2-000000([3.1.010000-3-0000000000000000000
000000000000 000000000000000000000

goooooaod



(2)

goooooooan
ooocooao
gooo-~d
ogooao

OH

HaN N

NC M

ooocooObOoOoOooooooooobobbobooooooan
oooao

OH

KLY,

L

NC

JP 2014-12689 A 2014.1.23

goooboooooooooooooooobooooobooooobobooooon-=g

10

20

30



3) JP 2014-12689 A 2014.1.23

ogogoano

10

HCI « NH; N

O
CN

Ll
ooocooboboboooooooooooooobbbooooooOooooooooboao
oooooboooooooo~oooooooboobbooooo
oooooao 20
oooooODbOO0ooooooao
goooao

OH

o

K o) NH,

oooODobOoOO0oo0ooooooobobobboooooooobDbboboooooooboao
oooOobObOO0oO0oDoooooobOobobbooooooocobobbobobooooooboao 40
ooobDODDbOO0O000ad

O

"0

ogogoao
oooao
goono
ggoao
aggoano

AN T I I Ay



4) JP 2014-12689 A 2014.1.23

0000
OH

Ho0 sHoN N,

© CN M

ooocooOboOoOooooooooobobooooo
goono

OH

a ¢l
NC L]

gogobooooobooogooboooooooor ~0b000oobbooooboboad
ooocooao

gooooao

agogoano

OH

PhCOOH = NH; N

ooooObooooaod

10

20

30

40

50



(5) JP 2014-12689 A 2014.1.23

Ooo0o0o0ogad
gooo0o0Ooaod
Ooo0dnoao
OH
H,0 oH,N N,
© CN M
Ooo0oo0O0O0o0ooooao
Oooo0o0o000Oogoaoao
oo0oo0ogad
Ooo0o0o0ogadg
Oo0o0O0QOgzo022012090 0 0000000000 DO0O0O60O/431,8140 0 0000000
goo0oo0o00oooooouoooooooooo
Ooo0o0o0ogad
gopooogoooogogogoouogogpooooogoopoboooyo b ooy Db oo oo oooOoDoDoao
gooooQ0oooooooooooooooooooD oo oooDUoooooboooooao
gfdooogogooogoggoouUooyggoooyggyggooyUyggpoD ooy ooy oo oouogDooao
odooooooooooooooG)-oooD-@EoUoooo-0oo0oo0ooo-1-00)-0a0
gooo0o00ooooo0ooooooooooooooD oo oo ooooooao
go0doo0og0oooogggogoooyggoooyggyggooyygpoD ooy ooy oo ogooao
gfodooogoooogogogoouoyggtoouogygpobootoyo b oo oo ooy oo oo oDoao
gooo0o0Q0ooooo0oooooo0oouUooooooD oo oOooOoooooao
OoooO00Ooaod
Ooo0oo0ogadg
Ooo0o0o0ogag
gooo0O0o00ooooo0oO0ooooooouooooooD oo oooD oo ooooooao
godooogooooggggoooygoooyggyggooyygo oD oDy oD oDy oDoogDooao
godooogoooouogooboouogogpoooooyooDT-o Db oo ooooOooboao

cbh-260 0 0000000 DOOODUODODDODOOODODDODODDOOOODOOODOOGLP-1(7-3
6)0 0 0000000000000 000D0DD0DDDO0OO0OO0OOOODODODODGHRHO NPYD GLP
-2000VIPODOD0D0DODODODODODODDODOODODODODODODOGO

OoDoooo

OGLP-1(7-36)0 00000000000 DODODODOOO0DODUOODDODOOOOD20DO00
0 A o o o A A B W R A ] I =2 R
7-36) 0 00000000000 D0DO0DO0DO0OoOO0DOooDO0DoDoDUODoDoDOooODOoDOoOoDoDOoDoOoODOaOo
O00OsatietyD 0O 0O0D0O0OO0OODODOgastric emptyingD 00 00O O O GLP-1(7-36)0
000000000 DoDU0ooo0Do0oo0DooDUooOo0DO0o0D0DOooDU0ooODO0ooDOoDOooDoDoOooDoOooOaOo
Ooo0oo0oo0o0oDOooo0Do0ooo0DooDooDoDo0oDo0ooDooDoDOooDoDooDoDooDooaOo
OoDoooo

OGLP-1(7,36) 0000000000 0DO0DDODDODDOOO0DODDUOODDUOODODODODODDO

10

20

30

40



(6) JP 2014-12689 A 2014.1.23

ooooDDDoODOo00oO0ooooooDoDoDe,39%,7670 0 000 0000ODDODODODOOOODOGO
0Ooo0oo0oo0oooDooo0Dooo0DooDoooDOooDOo0DooDUooDoDOooDoDooDoDooDooaOo
OoOO00o0oo0ooDoDOoooDOooO0ooDOoe,l39,7670 0 00 000000O0DODODO0DODO

0O 0O 0O 0O Sagnardd O Tet-Lett. 1995 36: 3148-31520 Tverezovskyd 0O Tetrahedron 1997

53: 14773-1479200 O O O HanessianO 0O Bioorg. Med. Chem. Lett. 1998 8: 2123-2128
000000000 e,39,7670 0000000 DOO0OO0DODDODODDOODODODODOODDOC
1S,3S,59)-2-[(2S)-2-0 0 0 -2-(3-0 000 0-00000[3.3.1.13-7]0 0 -1-0 O )-1-
ooDoooo]-2-000000-[8-1.0]j0000-3-000D00O0O@™=HODODODODODOO
O@@*=»Hoooao

Oooao 10

HO

HaN

0] M’ 20

goooooag:.

Ooo0oooad
0doo0oooo0oooDoOo0oo0ooDoooooDoDoo0ooDoDooooODoDoOoooDoDoooonan
O0O00OO0OO0OOOEPOBS808 824 A20 000000 OO Imashirod O O Kuroda Tetrahedron
Letters 2001 42: 1313-13150 ReetzO O Chem. Int. Ed. Engl. 1979 18: 720 Reetz[( 0O
0 Heimbach Chem. Ber. 1983 116: 3702-37070 ReetzO O Chem. Ber. 1983 116: 3708-37
240 0 00000

ooooooao

0000000 oDoo0oooooao 30
oooooao

0000000000000 0000000O0000000000000000O0oGOan
0000000000000 D0DO0OD00D0DD0DO00oDO0ODOoDOooDOaOn
000o00DO0o0DO0oDOooooao

oooooao

0000000000000 000000000000D0000000000000G0an
0000000000000 D0D00D000D00D0D00D0D0D0DO00DO0o0Do0DooDoOooGoOaDn
oooooao

0000000000000 00O0000O0000a0

40



) JP 2014-12689 A 2014.1.23

Ooon
R1
R2
3
R IA
OooQoo
RIOODHODOODOHOOOOOOODOOOAO
RZ0 O -C(=0)-COR*0 -C(=0)NR®R®0 -C(X),,-COR?0 O O -C-NR7RBCOR*D 0 D D DO DO OO O
00000O0OX00O0O0O00OnO1-20R00-00000NH000O0HO OO ODOODODOODO
O0OODOOORPORSOR/ DD ORBODOODOOODDOHOOOCOORRD D ODORPOOODDOOO
00000 oDoDooOoooon

REOOHOOHO OOROODODOODODODODODODOOOD RO ONHRYMC(=0)RT20 RO R
13cooHO R¥20 O O O
0ooad

N

N

NC

oooobooooao

RB0D0DDDDDDDDDDDDDDDDDDDDDDDDDDD

ooooDoaD
ooocoooboooooooooobbboooooooboooboobobobbooooooboooooao
ooocoobobobooooooooobobbooooooooobobobobooooooooobooao

goooao
ogogoao

OH

COzMe

o |

ooooos-uo0odid-a-00000000 [3.3.1.13-/]000-1-00000000D0
g
oooao

10

20

30

40

50



(8) JP 2014-12689 A 2014.1.23

ogogoano

CO,H
10
O ]
00D0003-00000-a-00000000[3.3.1.13-7]1000 -1-0 0 O
000
0000
OH
CO,H 20
NH, \Y
00D000(@S)-0 -000-3-0000000000([3.3.1.13-7]J000-1-000
0000
0000
OH
30
o
OH
NH O
© Vi 40

00000 S)-a [[(1,1-00000000)I0000]1000]3-3-00000000
00 [3.3.1.1%-7]0 00 -1-00 0

(0000 0DABCOO OO O )O

0o g



9 JP 2014-12689 A 2014.1.23

Ooodoaod
zzigi::;;l“;7<zjfcozcﬁa
cl Ci Vi
goooooooDooboD-1-00-000b0-0b00oo0ogogooaogao 10
oodginmng
Oo00oao
HO ci ci VI
goooooooo-@O0o0DoDoODo0-0D0o0obDoD-1-0O0)-0D0D0O0OOO0ODODOO 20
Ooo0ooooad
Oogdooao
HO ci ¢l iX
goooooooo-@UOoooo0-0Do0o0ooDo-1-00-000O0OOO0ao 30
Ooo0o0ogaod
Ooooooodoooooooooooodi rng
Oododao
N

R? COR' I
40

O0DO0DO0ORWMODO-00O0ODDONH,O000O0OHOO0O0O0O0O0O0O00O0O0O0O0O00
RPOOt-BOCODDOCBzOODODODODODODODODODODODODODODODODODOA4,5-0000-1H-00
ocob-1,5-0000001-C1,1-0D000O000O),5-00000000000D0D0DOO



(10) JP 2014-12689 A 2014.1.23

goooano

CONH;,

v

ooooD GsS)-5-00o0bo0o0oog4,5-00d00-1H-0OC0O0-2-0DOD0DO00O1-C1,2-0O
ocoooogo)H)oooooooao

ooocooao
ooocobObObOb0ODooooooobobboooooan
gooooao
20
PhCOOH =NH; 30

NG M

000000000000 000O0000O0000O000O0O(1S,3S,55)-2-[(2S)-2-0
00-2-(3-0000000000([3.3.1.13-7]00-1-00)-1-000000 ]-2-000
000[3.1.010000-3-000000000000(:1) 0000000000000
D*0000000O0O0O0O0O0OooO0:®:



(11) JP 2014-12689 A 2014.1.23

ooooo

HO

H,0 oH,N N
0
CN MUI

00000000000 O0O0O00O00
0Ooo0o00oo
000000000000 00O00000O000O0O00O0O0O0O0O0O0O0O0OOO0OoOoGooaO
000000000000 0000000O00000000O0000O000000000
000000000000 000O00000O0 000 (1S,3S,58)-2-[(2S)-2-0 0 0 -2-(3-
0000000000 ([38.3.1.13-7]00-1-00)-1-0000007]-2-0000 00 [3-1.
0]J0000-3-000000000000@:1)0000000000000000000
000000000000 000O00000O
Doooo

gogao
goaao
ooao
gogao
gogao

A
00 S)-a -000-3-0000000000[3.3.1.1%-7]000-1-0000 0

aad

i/

HEl o HN
oF
MSA

CONH, J

00 (1s,38,58)2-00 0000 [@8-1.0]O000d0-8-00b0bDOoDOooooooogao
I T A T A A I A O B R A 0 R W O N O M W A
Oo0ood

Ooodn

gooboboooooooooobbooooooboooobobobooooobooooboobooboao

10

20

30

40

50



(12) JP 2014-12689 A 2014.1.23

0000000000000 000000000D000000000000000000
0000000003000 00-a -00000000([3.3.1.13-7]000-1-0000
00000000000 000000000O00000000000000000000
0000000000000 00000(S)-a-000-3-0000000000 [3.3.1
.13-7000-1-00000000000000000000000000000000
0000000000000 000000000000000000 (o S)-a [[(1,1-0
000000D0)I0000]000]1-3-00000000001([3.3.1.13-7]00 0 -1-0
00000000000 00000000000000000000000000000
00000000000 00000000000000EGS)-5-00000000-4,5-0
000-1H-0000-1-000001-1,1-0000000)0 000000000000
00000000000 00000000000000000000

oooooo

00000000000 00000000000000000000000000000
0000000000000 0000000O00D00000000000003-0000
0-« -00000000([3.3.1.13-7]1000-1-000000000000000000
000000000000 (@S)-a-000-3-0000000000([3.3.1.13-7]000

-1-0000000000000000000000000000000000O00 [3.3.
1.1%-7]1000-1-00000000( S)-a -000-3-0000000000 [3.3.1.13-
7U00-1-0000000000000000000000000000000000
000000D0-1-00-0000-00000000000011000000-(@-000
00-000000-1-00)-0000000000001I000000000-(@-00
00D0-000000-1-00)-0000000003-00000-a-00000000[3
.3.1.1%-7]000-1-000000000000000000000000000-1-00
-0000-000000000000N000000-GB-00000-000000-1-0
0D)-0000O0O0O00O0O0O0O0ONMIDO00O0O0O0O0DO0O0-GB-00000-000000 -1-
0D0)-000D0000000000000O0000O0000O0000O0O000O0O0O0ao A4,
5-0000-1H-0000-1,5-000000,1-(1,1-0000000),5-0000000
OO0 o00(GS)-5-00000000-4,5-0000-1H-0000-1-000001-(1,1
-0000000)0O0000O0O00DO0ODO0ODO0OONONODO0OONONONOONODONODOODONOoGOGO
00O0(GS)-5-010000000-4,5-0000-1H-0000-1-000001-(1,1-00 0
00D00)I0O000O0D0O0DO(1S,35,58)-3-00000000)-2-000000I[3.1.0
]J0000-2-000001,1-000000000000000000000000000

oooooboooao

goooogao

ooooooooooos3-0oo0o0o00-e -00O0O0O000O([3E-3.1.18,7]000-1-00
boooo0oooooooooOoooooooooOoooobOo0o0O0 (@ S)-a -000-3-
0000000000 ([38.3.1.13-7]000-1-00000000000D00O0ODDOOO0
goooooooboooobooobobboooobboooobboooboboooooan
ugogoboboooooboouooboooobobbooobbooooobboooobboooooan
OoooDODDbOO0OO0OO0OggATCcCO OO0 PTA-45200 00000000

gooooao

0 (1S,3S,58)-2-[(2S)-2-0 00 -2-(3-0 000000000 [3.3.1.13-7]0 0 -1-0 0 )-
1-000000]-2-000000([3.1.0]10000-3-000000000000 @:1)0

0000000000000 D0D0DO0D0O00D0DO0DO0D0D0DO0D00NO00oDO0DOo0DOooDoOoGoOnDn
0000000000000 0D00D0D00D0D0D0D00D00D0o0D0DO0o0DO0o0Do0oooDoOooOan
0000000000000 0000000O0D00000D0O00DO0o0DO0o0DooOooDooGOan
0000000000000 000000000000D00O00000000000G0an
(15,3S,59)-2-[(28)-2-0 0 0 -2-(3-0 000000000 I[3.3.1.13-]0 0 -1-0 O )-1-
000000]-2-000000([3.1.0]0000-3-000000000000@:1)00

0000000000000 0000000O00000D00000000000DO0o0G0an

10

20

30

40



(13) JP 2014-12689 A 2014.1.23

000000000000 00O0O0O000O0O0O0O0O0O0O0O0O0O00
0OoO0o00oo

00000000000 00000000O00000O0C(S,3S,55)-2-[(25)-2-0 00 -2-(3
-0000000000[3.3.1.13-7]00-1-00)-1-0000007]-2-000000 [3.1
.00 000-3-000000000000@:1)000000

OoO0o00ao
OH
10
PhCOOH oNH, N
0
NG M 20
gooo0o00oooooooouoooooooooao-e=o
ooo0oaog
30

CN ik
goobobobobobobgogrs"obobono
ugboooon
ooo0OoODODbOODO0O0oO0oOo0ooo0OobDDbDbO0OO0O00O0OOoaD(s,3s,55)-2-1[(25)-2-0 00 -2-
(-0 000000000 ([3.3.1.13-7]00-1-00)-1-00000071-2-0000 00 [3
lo0jjdoo-3-ggdgogooopopoOoOor*oo0bbb0O0O00UoooooDoDbODOoOoOooooao 40
ooono



goooano

CH

CO,H

(14) JP 2014-12689 A 2014.1.23

Vv

00000@S)-0 -000-3-0000000000([3.3.1.13-7]000-1-00000

NH,
Oo0ao0o
oooO0oaod

HCieHN

F-E

MSA CONH,

J

OoOO00@s,3s,585)-2-000000[@.1.0]0oogo-8-0OooboOoobooOooOOooOoDO
goooooooboogoobooobbobooobobooobbooobbooooboao
gogoooooobboooobobooao

gooodad

oooooooooooooooooooooooos-ooo0dbd-a-00000000
[3.3.1.13%-/]0 00 -1-00 0000000000000 0O0OO0DDOO0OOODODOOOODOO

ooooooooon
000 [3.3.1.13-7]0
0oo0o0O0oOooooo
(o S)-a -0 00 -3-0
oooo0o0oOooooO
Do0o0DO0DD0DO0OD0DO0OODDOD

OOoo0ooood
OO0Oo0ood

0 (a_S)-a -0 00 -3-0

O oOoooo

O

O
O
O
O
O
O

O

00000000 [8.3.1.1%-7]000-1-0000000D0
oooo0oo0ooo0oo0oo0O0oo0o0oos3-00000-a-000
-1-00 0000000 bobooo0obobboboooboooodd
goobooboooobooooooooooobooobao
0000000 ([3.3.1.13-7]000-1-000000000
oo0ooo0oooDUooOoDooU0ooDUooDoDooooDooao
Sporosarcinall O 0O 0O 0O O 0O O O O Thermoactinomyces in

termediusd O O Thermoactinomyces 0 0 0000 O0D0D0ODOOOODDODOOOODODDOOOO
000000000000 0D0DO0O0ODA0OPIchia pastorisO 00O 00O D O O Thermoactin
omyces intermedius( ATCC 332060 0 D 0D DODODO0DO0DOODODDODODDODODODOOOODOGO
00000000000 O0O0O0DO0O0OO00D0aoOdaOdThermoactinomyces intermediusl] ATCC 33
2060 0 0D0DO00000O0DQOPichiapastorisD 0 00 000OO0DODODDOOOOHansonO O
Enzyme and Microbial Technology 2000 26: 348-3580 D O OO DODDOOOOOOOOO
OO0O00D0PiIchiapastoris0 0000 Q00D0DDOD0DO0DOOODODOODODDODODOOOOOOH
anson] O Enzyme and Microbial Technology 2000 26: 348-3580 O

goooooaon

O Pichia pastorisd ATCC 208640 0 0D 0D OO DO DO0OOOO0OODODODO Thermoactinomyces

intermedius(] ATCC 332050 0 00 00 O0O0O0DOD0DO0DODDODODODOOODOODODODOOGO
ooooo0oo0oooDOooo0DooU0ooDUoooDO0oDO0DooDUooDDOooDoDooODOooDoDOooOaO
00000000 oDo0ooo0Do0ooDo0ooDooDo0DO0o0DO0DooDUooODOooDOoDOooDo0DoOooDoOoOaOo
00000010801 University Boulevard in Manassas( O 0 0O O 0O O 20110-22090 0O O

10

20

30

40

50



(15) JP 2014-12689 A 2014.1.23

OO0O000O00OATCCOOOOOPTA-4200 0 0000000 OoooODOoOoooooooogao
gooo0o0Q0ooooo0ooooo0o0ooUoUoooopoD oo oOoooOooooao
goooo00oooooooooooootoooooop oo oooDoooooooooao
ggfodooogoooggggoouooyggtoooygyggoDoyygg ooy ooy oUoOogDoDooao
godpooogoooogogogoouogogpooogoogoopobotooyo b ooy pDbD oo o ooooOoDoao
Oooo0o0o0O0oOoooaooao
Ooo0o00ogadg
0(<aS)-<a-0 00 -3-0000000000([3.3.1.13-7]000-1-00000000 3-
00000 -<a-O00O000OO0O0OO [3.3-1.13’7]D Oo0-1-00000O0Q0co0oouoooao
go0o0o0o00o00ooooogogooao
Ooo0o0o0ogad
Oo0o0oo
goooO0oaod
oH OH
> CO,H
COH PN
NADH NAD
y *____~ NH,
T ™ v
i PBT7UE=YL O
Ooooo0oOoaod
goooooooooooooooootouoooooD oo oooD oo ooboooooao
gofdooooooogogooouoygotooooogogoboooyo oD ooy oD ooy oo ooooOooao
gopooogoooogogogoouogogpooooogoopoboooyo b ooy Db oo oo oooOoDoDoao
goo0oo0oo00oooooouooooootouooooooooooao (g_S)—g_—D O0-3-000
Ooo00o00ggano [3-3-1-13’7]D O0-1-0 000000000 0onosesod 10000 0dnonoao
goo0ooouooooDo9whooooooooouooooououoooooooooao
goooooOoaod
go0doo0og0oooogggogoooyggoooyggyggooyygpoD ooy ooy oo ogooao
o0
gooooOoao
OoO0o0o0oao
OH
o SLEIUE a—H RT3 UE
- CO.H
COH
\ NH,
I v
Ooo0o00oQgadg

goooboooooobooooboooobobboooobbooooobobooooboooooan

10

20

30

40



(16) JP 2014-12689 A 2014.1.23

goooooooooooooooootbooooooooooooDooooooon0onooano
Oo0oo0oo0ooooooboooooaoan
Ooo0o0OooOoao
0000000000 @S)-a -000-3-0000000000([3-3.1.1%-7]J000 -1-
gooooooooooooooaooao (g_S)—g_—D 00-3-00000000O00O[3-3.1.1
3’7]D O0o0-1-000000000o0o0oo0ooob0ooooormnoooa
goooirnnl
oooO0o0aod
som
77 l:FEI:? o e HNOEJHESOoz NH,OHIEtOH
CO;H 90% CO:H 92% COH 90% COzH
VOZEIEEY
{Bocl,OiNaOH SE|
——p COH —— T CoH=1EE
gy WO HO
NHBoc RHBac | 70-80% ee i
R s
Oo00o0OooOoao

000000000000 @S)-a -000-3-0000000000[3.3.1.13-7]0
00-1-0000000000000000000000([3.3.1.137]000-1-00 0 «
-00000000([3.3.1.13-7]000-1-000000000000000000000

00[3.3.1.13%-7]000-1-000000000000000000000000000
0000000000000 ([@.3.1.13-7]J000-1-0000000000000000
uggoboooooboboouoobooooboobboooobboooooboboool.soo0bDoOOaa
ooocooboboboooooooooobobbooooooooobbobobooooooooobooao
gooboooooboooobooobobbooobbooobboecbbOoOoO0OO
oooooODbOoOoooooooooeobeS0 DD ODOOODOOOOODOOOOODDOO
ooocooboboobooooooooobobbooooooooobobobobooooooooobooao
gyvysgsouoooooooobooobbboooboboooobbooobboooobao
gooboooooooboooooboooboboboooobobooooobboooobobooooonan
ooocooboboooooooooobobbooooooocooobobobobooooooooobooao
ooocoobbobooooooooobbbooooooooobbobobooooooooboao
gooooooooboooooobooooboboboooobbooooobbooooboboooooan
OO0O0O0OseedsU 0D 0O0O0OOCODOOOODOODODODODOODODODDODODOo -OO0DODOO

00[3.3.1.1%-7]J000-1-000000000000000000000000000
gogooooooobooogogobooobobobooob bbb 0o -00O0bDDODOO
0[3.3.1.1°-7]000-1-0000000000000000000000000000

ooocooOboOoooooooooobobooooao

goooogao

0000O0Oe-00000000([3.3.12.13-7]000-1-0000000 H>S0,0 O O HNO4
000000 -000-3-0000000000[3.3.1.1%7]000-1-0000000
00000000000 -000-3-0000000000([3.3.1.1%7]000 -1-00
oooobObOO00oo0ooooooobDbbo0oogHr,So, 000000 00Db0b0ao -00000
000([3.3.1.1%-7]J000-1-00000000000000000000000000
OoDOoo0oOoooOOooDOosowHNO D D 00D O0O0D0D0OD0D0DD0De -0D00O0O0D00O0DOI[8.3.1.1
3

-I000-1-0000000000000000000002000000000000
ooocooboooooooooobbobooooooboeOnObODOooooooooDOO
ooocooboboooooooooobobbooooooocooobobobobooooooooobooao
0000000000000 e-000-3-0000000000 [3.3.1.1%-7]000 -1-



oaddg
ooao
ooao
ogddg
650 O
ooao
oogdg
ugadg
ooao
ogdad
oaddg

Ooooooom~ooooogooooDooogogooao

oo o ooooogoQgog

O

17 JP 2014-12689 A 2014.1.23

00000000000 000000000000
O

« -000-3-0000000000([3.3.1.13-7]000-1-00000000
O0O00000D0O03wWI 0000000000000 000000000O0
0000000000000 000000C0CC0OO0O0O0EOHOODOOODOOODO
(@S-« -000-3-0000000000([3.3.1.13-7]000-1-00000
0000000000000 00000O0O0O0000000

O

0000 (@S)-a -000-3-0000000000[3.3.1.13-7]0 0 0 -1-0
0000000000000 0000000OC0O0O0000000000ooao
0000000000000 0000000000000a -[[(1,1-0000

0O0O0)IODO0O0O0]000]1-]13]0000000000([3.3.1.1%-7]000-1-0000

00000000000 -[[(1,1-00000000)I00000]10007-13]000

000000 [3.3.1.13-7]000-1-0000000C 00 [1R,28]-(-)-1,2-0 00 0O

00000000 O00O0l,7,7-000000000([2.2.1]0000-2-000000S-
-)-1-1(1-0000)000000000000000000O0000O0000O0O00O0

000000000000 00O0O000D0OO0O0DODO0ODOO0ONODOO0ONOooOoOooao

000000000000 S)-a -[[0000000)0O000]000]-3-00

0000000 ([3.3.1.13-7]000-1-0000000000000000000O00

0000000000000

ooooo

0000000000 (@S)-0a -000-3-0000000000[3.3.1.13-7]000 -1

-0000Do0o0o0ooooao

0Ooo0o0o0oo

0000000000000 (@S)-a-000-3-0000000000 [3.3.1.13-7]00
0-1-00000000000000000003-00000-0-00000000 [3.3.
1.1%-7]1000-1-000000000000000000000003-00000-a -0
00O00000([3.3.1.13-7]000-1-000000000000000000000O0
0DoO00O0O0O0O0O0O0O0O0a0

0DoO0o00oo

Doo0o0oo

10

20

30



(18) JP 2014-12689 A 2014.1.23

Ooo0ooOoao
OTHMS OTWMS
OTMS COH MeOH/AGCH
Br ———— B
ZnCly OH
DCM
A B
10
COQMB 002M8
{COCI/DMSO HNO3/H,80,
NEt/DCM, -78°C
OH
C D ©

oH OH
20
COMe NaOH/THF CO,H
o C
l

gooodaad
ooocooboboboooooooooobobbooooooooobbobobooooooooobooao
ooooooooodoe -O00000O0O00O00 [3.3.1.13%-/]000-1-00000000
ocooooodida -O000oO0o0oOoo0Oooao [3.3.1.13%-7]000-1-000000000O0 30
ooooooooooooooooodooob0e -O0O0O0O0O0OO0O0O0O [3.3.1.13-7]0
bo-1-000o0o0obo0oboO0o0oO0oooobob0o0d0oo0bae -0DO00O0O0O0O0ODOODOIL3-3

.1.1°-7000-1-00000000000000000000000 a-00o0o0o0o0an
0[3.3.1.1%-7]000-1-00000000000000000000000 o -000n0
0000([3.3.1.13-7]J000-1-0000000000000000000000000
ooood-a -00000000O [3.3.1.13-7]000-1-0000000000000OD0
ooooooooooooooooodobD - -OO0O0oOoOoOoOoOoao [3.3.1.13%-7]J0 00 -1
-0o0b000000o0oocoobObObob0oooooooboobobboboooooooao

oooooDaD

boooooooooooUooooooOoOboOU0U0b0D-e -O0DOOOOOO [3.3.1.13-7]0 40
oo-1-oooooobObbob0oooooocobobbboooooooooboDDbbOb0Oboooan
ooooDbano



(19)

JP 2014-12689 A 2014.1.23

Ooo0ooOoao
Zn, TMSCH cl OCH, A
THF
ChCCO,CHy ——m — Br
Cl OSiMe, ZnCl{#0.15 4= )
9 CHRCl, RT
HNG4, 4250 10
COCHy S C0,CH,
Cl
HO e T oy ci vii
NaOH (1. 363 &)
CH;OH/H,0, RT
BE 20
COH JmE CO,H
HO ci Crax HO 0
]

Ooo0ooooao
ooooooooooDooo@E,2-0000-1-0000-0000O0OO0)-00000DOO0
00 D000 Kurodall O EP 08 08 824A30 Imashiro and Kuroda Tetrahedron Letters 2001
42: 1313-13150 0 000 00000000000 o0bo0o0b0fo0ooooooobooooaoano
0000000000 D00D0O00D0DO00DOReetzd O Chem. Int. Ed. Engl. 1979 18:72
, Reetz and Heimbach Chem. Ber. 1983 116: 3702-37070 ReetzO O Chem. Ber. 1983 11 30
6: 3708-37240 O OO Nooooooobobooo-1-00-0000~-000000000
oooooooooOooonNMooo0oooobOoDo0oo0oo0oDL-1-0D0-0D000-000D0D0O0OO0
000000000000 o0ooDoDooooDoDooooDoINMDoo0ooooDoog-@G-00
0o0o-0oo0oooo0o-1-00)-00000Do0D00o0oDoDooooDoDoooooirnooad
0000000000000 bOOoOO0oo0oo0ODDbODoODO0oO0oo0DDoODO0OOooO0DDODDODO0OO0OO0DoODOOooOonaon
oooo-@00ooDo-oo0o00do00-1-00)-00000DO0OO0O0DO0DODOODODOO0OO-3-
0odooo-000o0o0oD-1-00)-00000O00D0D0DO0DO0O0DDoDOoOO0O0OoDoDOoOOoOooao
cboooodooooooodooooooodb-a 00000000 [3.3-1-13’7]D
00-1-000000000000b0000o0bOO0O0oO0oo0bODbODO0oOoo0oob0oOoDoOoOooOoDbDDOOaO
Ooo0o00o0oaoao 40
oooooao



goooano

OCH;y

ct Ci

VIH

Ol

(AR 3

oooooao
oooooooo
[3.3.1.13%-7]0 O
Nnooooooao
0oooad
0
0
0

O

ggao
ooao
ggao

Oooo0oo0oogoad

ud
ooooao
goooan

ooooOaon
Ooon0D
ooao
ooano

Ooooooogoooog
OO0 OoDoooogooooogdg
OoooooooooooQgdg

[3.3.1.13-

(20) JP 2014-12689 A 2014.1.23

1) pH7. 4% T ~6NHCI

2) NaHCO3 (2.648)
1 M NaOH 0 3)~80°CIzhnZh, THF#= B X
THEM0 oha 4)pH 0. 20%F ;EHCI

7~ 5)EtOAC T
o 10
K oBiGa
OH
HO e

oooocoooooooooooooooodid-a-00000000
u-1-ggboboooobboocoobboooobooooobooooon

oooobOOO0O0oDoooooooObobbooooooooobobooodo
gogooboooobobboooobboooobboooobobobooooboboboo 20
oogoboboooobobbooooobbooooobboooooboboooooboobooboao
oooobODObOO0OO0oooooo.s0c00bbOOoOoOoo.2oco0bObOOOOOd
gogoboooobobobooobobooobboooboboooboboo

00000 (S,35,55)-2-0 00000 ([3.1.010000-3-00000
00000000 (S,3S,55)-2-[(2S)-2-0 00 -2-(3-0 000000
700-1-00)-1-0000007]-2-000000([3.1.010000 -3-
000000000000 000O0000O0000O000000000

30



(1)

JP 2014-12689 A 2014.1.23

gooooao
Bocj,0 {(1.07
o O, % 2
i 1. BtOH/BQCH ™= a4y %)
R
2. Et;NiPhMe NH FILI >, 30
COOH COOEL
o S
1. LIEL;BH{1. 14 8) 1. LiOM
o 2. MsCUDIPEA
kX, 4550 ¥ 3 NH
COOEt 2. DIPEA, DMAP(M!&) COOEL
TFAA
c
1]
| N
(/\ CHLIELZNn ﬁgi&( }ff" I
g
“mfﬁgfiﬁquw EtOACITHF

CONH, \ H

Y
DY

gooodad

MSA CONH,

ooooobobobooogoooooL-0ObO0o0ooooooobobbobobooooooooLwL-00

goobooooobooooboogsQ 7530000000
OoOO0O0O0O0oO0O0oO0oDOooOOoOgoBoCc-000¢0OCEGS)-2-000
0i1-1,1-0000O00O),5-00000Db000O0DO0000n0
gooooooobb4,5-0000-1H-0000-1,5-0000
),5-000C0COOO0OONoUOoo0ogo00ODdBOC-DHPEE
oooobODbOO0OO0oOooooBoC-DHPOO O ODODDOOOOOOO
gobooooobobbooogoboosBoC-DHPO D DO OO DODODO
0o-4,5-0000-1HO0D0O0C-1-00000C21-12,1-0000O

O000L-000o00ooo
oooo0o-1,5-00000
0 0 O 0O SuperHydrided O
oO01-(1,1-00o0o0ood
1Nni00o0oooooooag
Oo0o0o00ooDooooo
oo @GS)-5-00o0o000a0
Ooo)ooooDoooOoao

ocoOoooooOoooDGs)-5-00o00o0o0D0ob0-4,5-0000-1H-0000-1-00D00
01-1,1-0000000)H)00000D000D00Simmons-SmithC 0 O000O00O00O0DO
o000 (s,38,589))-3-0 00000 obo)-2-000000([EB-1.0]0000b0-2-000¢0

01,1-000000D00O0O00O00O0DOoOobOOooOO0oOoDOooBOCOOOOODOORD (s,

S,58)-2-000000[B.1.0]0000-8-0000O0D0O0ODODOOODOODODODODODOO
oooooboboooooooooobbobooooooooobbooooooobooDbooo

goooaao

OCoOO0O00O0oO0O0O0ODOooOOoDOobOO0O0oDOoOO0ODSsSImmons-SmithD 0O 0D O00OO0OO0O0O0DO
ooo@GsS)-s5s-0o0oooooo-4,5-0000-1H-0000-1-000001-1,2-000O

OoOoOo)H)YOOooopDooDOooo@s,3s,59)-3-0o0p0goooo)-2-000000D0[3-1.0

joooo-2-000001,2-0000O0O0O0CO0O0DODO0OO0ODODOODOODOODODODODODOGO
ocoooGs)-s5-00o0ooooo-4,-0000-1H-0000-1-000001-2,1-00

ooooo)yoooooooooooooobbOooooono
ooocoobobooooo-3o0ooooooobobbooooonn
ooscwndoooooOoOboooooooooboboooooan

goooboooooobbood
uoooboooooobooad
oooobODDbOO0OO0OO0ooooan

10

20

30

40



(22) JP 2014-12689 A 2014.1.23

goooooooobooootootbooboo0oboo0obo0obo0oboooooooooooOoonOooao
Oo000o0o0oo0oooob0oo0oo0ooooo o o0oooooo oo oooooboOooooonOonbdn
Oo000o0oo0oooboo0o0oo0oooo 00000000 oooooDob0ooooonObn
000000 o0ooDoDoDo0oo0ooDoooooDoDoagds,3s,b8)-3-000ooooano)y-2-d
0ooo0[@.1.0]j0o0ooo-2-000001,1-00000000O00O0OCOODOOOOO0OAO
Oo0oo0oooooooboao
Ooo0o00o0oaoao
oooooooGs)-5-0o0o0o0o0oDoDo-4,5-0000-1H-0000-1-00 000 1-(,
1-0000000)00DDODOOODODDDODOODDODDODOOODDODDOOOODDODODOODODDOOOd
Oo000o0o0oao
Ooo0o0ooOoao
MeD. N _OWe Me MeQ.__N_ _OMs MeD. _N___OMe
e N b i g
N_ N . ~ £10Ac NN Slaw _ A
b [ ) t<28°C CF 41 e \l/ + MaCl
o © N N
4=0.92 [oj (o]
CoHgCINO, Gyl NG GygHy7CINGD DMMT
Mol. Wit 175.57 Mol WL 101,15 Mol Wi.: 276.72
214 5dme0-435- R ST S0 wAFILEILR L 44 60 AR 3 5T~
CAS 3140.73-8 {CDMT) CAS 108:02-4 (W8} AATF LT =r S SR
CAS 3545.69-5 [DMT-MM)
Tl O
CL ,O 10N 2, HaOH = Efgir- 0 Q + \“/ \,{
N 1.4 _3eq NI b5
o " ?Q S OY CooMa e Y 0“<\ / T CONH, 1’;
T coon >f/ X [ j o >I/ w DHMT
>r o Cqpbgghz0y
X WEBEDE D60 :”'rﬁ'fi‘l EDMTIRTIL Mol. Wt: 712.25
CopHagN 204 CapHisNOy xm BMS-562412
Mol WL 394.55 Mol. Wi 293.23
BMS-387502
DCHA
oooooao
oooooooooogooooboDo4,5-0000-1H-0D000-1,5-0000001-(1,1-0
000000 )OOODODoDCHAD O oooooooooooooooooooooooan
gooooo0ooooooooooooooOoodoao
Oo000ooOoao
04,5-0 000 -1H-OO0 OO -1,5-00 0000 1-(1,1-0000000)DH)00O0DOOOO
goooooooobooootbootboobooboo0obo0obo0oboobooboooooooOoonOoao
Oo0o00ooo0oooob0oo0oo0oo0oooo o o0oooooo o oooooob0OooooooOnbdn
Ooo0oo0OooOoooaoano
Ooo0oooOooao
pgoooooooooooooobooooboobobobobooboooooooOooOoao
ooo0ooooooobooo0oooob0 oo ooooO . ObooooooOoboooooooboOoa
-(4,6-00000-1,3,5-00000-2-00)-4-00000000000000O0OD0ODMT-
MmO OO0 OooooogobDMT-000O0oomuooooooooooooooooooodd
00000000 oDoO0o0o0Do0Do0D0O0o0DoDoDO0O0o0DoDoDOo0Ooo0DDODoDOoOoo0DDbOOadGs)-5

-0oboDoo0oo0o0oo0-4,5-0000-1H-0D000-1-0DO00001-1,2-0000000)Hd
oooooooooooodd

gooodaad
04-4,6-00000-1,3,5-00000-2-00)4-00000000000000DOD
MT-vWO O ODODOQODODOOO0DOoooopDoo2Cl-4,6-00000-1,3,5-000000 CDbMm
TOoooN-OOoOOoOoooooooooloooooobobbooooooobodbDbMT-wmO O O
ooocooObOO0OO0OO0oooooan

goooogao
04,5-0000-1H-0DO00D0-1,5-0000001-1,1-0000000O)0000OODCHA

10

20

30

40

50



(23)

JP 2014-12689 A 2014.1.23

OO ELD O000O0O0O0O00O0O00O00O0b0O0b0O0b000O0Oao0aoOaobCcHAD O Q_D Oo0oaoao
o000t 00o0oo0O0oo0cOMIBEDODODOODOOOOOOOODOOHRHgPO,0000000O0
gz25030 0 0000000000000 boo0oboo0ob0o0oboooooooooooOooaooao
goo0oo000o0ooooo00oo0oooooo0ob0oooooOooO0oOobCcHAD O OO 0O 0O 00O DCHAO O
goooodaod
Ooo0o00o0ooano
Oooo0O00oao
oooO0o0aod
= 1. EtzZn (R TR TTIM)
o Q 2. CICHg!
i RIS~ 20°0
' COOEL :
o 3. NaHCG3, §271
i 4, 40% MB%HZ f‘l, 24h
CizH1gNO,
Mol WL 244,28
L ST FFRSR
H 44% MENHQ o N
OY " COGEL ne OY " COOES * Y CONHMe
(s} O O
%’ X s
XV Xl Xvil
BOC-MPEE 5-BOCHMPEE
CaataqNOy Cy3H2 N0,
Mol WE: 25531 Mol. Wt 255,31
1, LIOH, EtOH b
o N J_K__W_——_uu-b O;-:{’N
COQEL 2. HEL TBME COOH
S0 84-82% 40
v I T
Xyt XY
sHBOCMPEE 5-BOC-MP
Cr3HaNCy Cy1HNOy
Kol. Wt.: 255,31 Mol. Wi.: 227,26
1. RBUGCOCH )
N NIIM N
[+ 5 o
h( COOH 2. NH3 Q( \g\:ouﬂz
A\ °
I H
s-BOC-MP s-BOC-MPA
CyqHqzNO; CqqHgh20,
Mol Wt 227,26 Mol. Wt.: 226,27
goooooano
Oo0oo0oo00oo0O0ooOO0ooO0ooO00oo0O0oo0ob0oo0oboo0ob0O0ob0O0ob0O0Ob0O0On0nON-BOC 4,5-0000
gooooooooooooOonmmoooocoooooooobotootoooooooooooao
0
gooooao
ON-BOC 4,5-0 000000 0OO0O0OOOOOOMNMMOOOOOoOOooOoooOooooOoOnoano
goooo00ooooooooooooooooo-=-3oooDooboDoOobooobobooooao
O0O0OO0O0O0O0OO0O0O0OON-BOC 4,5-00000000000000O0O0O0O0O0O00O0OO0OQ0OAO
gooooaod
go0oOooBoC 4,5-0 0000000000000 O0OOOOOOOOOOOO0OOOGODAO

10

20

30

40

50



(24) JP 2014-12689 A 2014.1.23

ooooboOses:1oo0bobO0O0oOoooooobbobobooooooooDbbbOoOoooooaob
oooocoooOOooDOooogEe)-BoC4,5-0 0000000 DODOODODODODODODODOO
gonooooooooooan
gooooao
ooocoobbOoooooooobbboboooooobooooboos-BOC4,5-00000¢00
ooocooboobooooodoooooobobbooooooooobobobobooooooooobooao
oooooooooodoooooooooooOods-BOC-4,5-0 000000000000
niooooooao
ooooaon
N-OOO04ooooooboboogo-sooogogobooobbooobbooobboboo 10

0000000000000 00000000000000000000000000
ONID0000000000000000000C0O0O0O0O0s-BOC-000000O0O

0000000000000 00D000000NINI0000s-BOC-0000000000

0oooooooon

00000

000000000000 C@S)-0 -000-3-0000000000 [3.3.1.13-7]00

1-00000000000(S,35,55)-2-000000([3.1.010000-3-00000

Ooooooo0oooojoogooQg

00000000000 000(1S,3S,55)-2-[(28)-2-0 00 -2-(3-0 0000000
0[3.3.1.1%-7]00-1-00)-1-0 00000 ]-2-000000[3.1.010000 -3-0
00000000000 1:100000000000000000000000000 20
0000000000000 o0o0on
00000
0Doooill



(25) JP 2014-12689 A 2014.1.23

Ooo0ooOoao
OH
B R I
G,
Boo, OMNaOHATHF) oH
coMH FPrOATAN TR
HH o
a \ﬂ/
L v - W :
ok
o1
. Hy T T Rk
1} MsClitunigmHr
OH I o
: powes
HEloHN 0 N
NHYD FiE Teomn, .
MSA 4
Vi 3 HOBY
o KH,
K
Bk ds L U ANk fE
TRaRE )0
HNalH
K:CO, i
« o 1)pH6 2 TNaOH
A I
3) IPAT, G a0B2z
o) N N PhCOOHs H.N N
o o
NC NC
L M
gooooad
DDDDDDIIDDDDI]DDDD(G_S)—G_—DDD—S—DDDDDDDDDD[3.3.1-13’
7]DIZID—l—l][II:I[II:IDI:IDIZIDIZIDDDDDDDDDDDDDDBOCZODDDDDDD
IZIDIZIDEtOACDEI[II:IDIZIDEIDI:I(G_S)—O(_[[(l,l—DDDDDDDD)DDDDD]DD
D]—S—DDDDDDDDDD[3.3.1.13’7]|:|[||:|—1—[||]DDDDDDDDDDDDDD
DDI:ID(G_S)—G_—DDD—3—D[ID[ID[ID[IDD[3-3-1.13’7]DDD—1—DDDDDD
DDDBOCDD[II:I(a_S)—a_[[(l,l—DD[II:IDDDD)DDDDD]DDD]—S—DDDDD
DDI:IDI:I[3-3.1-13’7]DDD—l—DDDDDDDDDDDDDDDDDDDDDDDD
ooo0ooo0oooob o000 ooo0 b0 ooo oo ooooDobooooonOobd
0000 O0DO000o0Db0Do000o0Db0DO000o0Db0OO000Db0DODO0O0O0Db0O00aOOPDH/FDHO O O
poooooooooooooooooooogodd
Ooo0o0o0ooOoao
oooooooooooootbootbooooooboobooo-100000O000000O0O0O0A0O
goooooooobooooootbooboo0oboo0obo0obo0oboooboDooooooOoonOooao

HunigD 000000000000 COOO0O0ODIPEADDDODOOOOCOODODODDDOO
00000000000 00000

Dooo0QoO
000001-0000000000000C0C0HBTDODOOODODODODOOOOOOOOO
00D00000000000000( S)-a [[(1,1-00000000)310000700
0]1-3-0000000000([3.3.1.13-7]000-1-000000000000C0000
0 (1S,3S,58)-2-0 0 0000 ([3.1.0]0000-3-00000000000000000

10

20

30

40

50



(26) JP 2014-12689 A 2014.1.23

003-(00000000)-0aS)-0 (3-0000000000[3.3.1.1%-7]10 0 -1-0

)-8 -0 00 -(18,35,58)-2-0 0 0000 [3.1.010000-2-0000000001,1-

0000000000000 0000000000O0O00000000000000O0
0000000000000 000000000000D0D000000000000O0
oO0001000000000000000000KOHOLIOHDO OO OO0 O0O000000
0000000000000 000000000000003-000-aS)-a-(3-00
0000000 [3.3.1.13-7]0 0 -1-0 0 )-B -0 0 0 -(1S,3S,55)-2-0 00 00 O [3.1
.,0]0000-2-0000000001,1-0000000000000000000000
0000000000000 00000000000000000000000000CQ
S,3S,58)-2-[(2S)-2-0 0 0 -2-(3-0 000000000 [3.3.1.13-7]0 0 -1-0 0 )-1-0

OOoooooaog

ocooocoj-2-0000C0CO0O[@EB10]00D00-8-000000DO0ODODDODOO11I:20D00
gogoboboooooboouooboooobobobboooobboooonn

gooooao

goooogino

goooao

OH

OH

ho )T R

233
o
o 1) MaClHunig/THF
B —— T
H
OH < DABGG (4] N N
2) H
HE1 aiN &
L. o FfzlE Teonn,

e}
OH
—————-
i ° BASA
HOJBT ° B
K
v ] VIA

[+]

oooooo
000000 N0D0D0D000000000000000000000000000000
ODABCOO OO DO OOO0O00

oooooo

00000001,4-0000000([2,2,2100000DABCO0 00000 (a S)-a [[(1,1
-00000000)I0O00O0D]000]-3-0000000000 [3.3.1.13-7]000 -1-
001,4-0000000([2.2.2]0000000000000000000001-000
00000000000 0HBTOOOOOOOOODO0O0O0O00000000000000O
000000000 N000000000 (@ S)-o [[(1,1-00000000)00000
]J000]1-83-0000000000([3.3.1.13-7]000-1-001,4-0 000000 [2.2.2
1000000000000 (1S,38,55)-2-0 00000 ([3.1.010000-3-000000
OHCIOOOMSAD 00 0O0OO0D000D0D00003-(MO0000000)-aS)-a-(3-000
0000000 [3.3.1.1%-7]0 0 -1-0 0 )-B -0 0 0 -(1S,35,558)-2-0 00 0 0 0 [3.1.0
]J0000-2-0000000001,1-000000000000000000000
oooooo

000000 NO0D0D000000000000000N0000000000000000
000000000 000000000

oooooo

000000

10

20

30

40



goooano

ooao
Ooon0D
ooo
ooao
BOC-O

Ooo0oooQgogoao

g
a
O
g

OoOoo0oo0ogao
I I Iy

oo oooooogoogoooo
O 0O oO0goOooo

O

27) JP 2014-12689 A 2014.1.23

Uk

NC

] e
o ‘Jmi!! HE! %ﬁ A
o N N HE)nMHy e - Hyl _MN.\
NC
N '

33,0
+ 2.31H,0

O
ONOO00D0D000000000000D00 " 00BC-0000000000
oooo0oo0o0o0n0

O

0000000000000 D02025000000000000000000
0000000000000 000000Q0®*000000000000 00
0000000000000 D0D00O000D00 000000000000
'00000000000D0000000*" 00000000

O

0000000000000 0000000000000000000000
0000000000000 (S,3S,55)-2-[(2S)-2-0 00 -2-(3-00000
[3.3.1.13-7]0 0 -1-00)-1-000000]1-2-0 00000 [3.1.0]0 00 O

-3-0000000o0oboobDbb1xa00bb000000oo0oobOoOoDbDDbOboO0oo0oo000o

gogooan
goooao
goooao
goooano
gooooao

goood *~obbooooboouooboboooobbooooboboooooan
gooomnmoooooboooooonmoooonooooooooobao
gooooooobobommooogoooooobonnmoooonoooobooao
gboboboooobbooooobooooboboooooobbooooboboooooan
oooooooooooooooooooo-o-00O0O0000aO0 [3.3.1.13-

‘l000-1-000000@S)-a -000-3-0000000000[3.3.1.1%-7]000 -

1-0000
gooooao

0000 @S)-a [[(1,1-00000000)10000]10007-3-0000
0[3.3.1.1%-7]000-1-001,4-0000000[2.2.210 00000000

00O0O0(GS)-5-00000000-4,5-0000-1H-0000-1-00000 1-(1,1-00
00O000)000C0O0O0DO0OODO0OD0OO0ODOD0OO0ODONOOODONODOODONODOOOOoaO
0 O (1S,3S,58)-2-[(2S)-2-0 0 0 -2-(3-0 000000000 [3.3.1.1%-7]0 0 -1-0 O

)-1-0 0 O
ooooo
ooooo
Doooo
0]1-3-00
Doooo
ooooo

000]-2-000000([3.1.010000-3-00000000000001:1
0000000000000 0000000000000000000

O

00000000000 (aS)-a [[(A,1-00000000)00000700
00000000 ([3.3.1.13-7]000-1-0 00000000000 0 DABCOD
000O0(1S,3S,58)-2-0 0 0 000([3.1.010000-3-00000000000
00D0003-(MO0000000)aS)-a (3-0000000000[3.3.1.1

10

20

30

40

50



(28) JP 2014-12689 A 2014.1.23

37100 -1-00)-B -0 00 -(2S,35,58)-2-0 00 000 [3.1.010000-2-00000
00001,1-000000000000000000003-(00000000)-aS)-a
-3-0000000000 [3.3.1.13-7]0 0 -1-0 0 )-B -0 0 O -(4S,35,55)-2-0 0 0 O
00[3.1.0]0000-2-0000000001,1-000000000000000000
0D003-000-a8S)-0 ~(3-0000000000[3.3.1.13-7]100-1-00 )-8 -0 00 -(
1S,3S,55)-2-0 0 O O
Doooooo0
0 -1-0 0 )-B -0
0D1,1-0000 0
DooooooO
O
0O

aod
10
od
O d
od
od

0O
oo
00

13,

OooooOooo:
Oo0Ooo0ogno

O

Ooo0O0O0O0oo
0@ S)-a [[(1,1-00000000)I0000]1000]-83-000000000
0[3.3.1.1%-7]000-1-000000000000O0DABCOD 0O OOODOOOOO (S,
38,58)-2-0 0 0000([3.1.010000-3-000000000000000
0Dooooo
0Doo0o0ooO
0007-3-00
o -0 00 -3-0

OO
0O

oad
oad
od

0

OooooooogoQgogoo

O Ooooao
O Ooo0oooao

O

O Oo0oooao

O

O 0Oooo

O

O 0Ooo0oooao

O
g
u
O
g

O

O Ooo0oooao

[3.1.0]0000-2-0000000001,1-00000000
0003-000-aS)-0 (3-0000000000[3.3.1.13-
-(18,3S,58)-2-0 0 0 000 [3.1.0]0 000 -2-000000
000000000000 0000000000000000
0000000000000 000000000000000
0000000000000 000000000000000

000 S-a [[(1,1-00000000)I00O00]
[3.3.1.1%-7]000-1-00000000000 (aS)-
0[3.3.1.1%-7]000-1-00000000BOCO OO0
0000000000000 000O0O00DO0DO0O0O00aO
00-a -00000000O0[3.3.1.13-7]000 -1-0 0
O00(@S)-a -000-3-0000000000[3-3.1

O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao

0-1-00000000000000000000000000000000
0000000000000 0IMIO000000000[E.3.1.1%-7]J000 -1-
0000 (@S)-a -000-3-0000000000[3.3.1.1%-7]0 0 0 -1-0
000000000000

OooooDDOOoOO0OO0OoOoOooboOoDD@s,38,59)-3-00000ooaO)-2-
o@Ek.i1.0co0gdo-2-00000C1,1-000000DO0O0O0CODOODO0OODDODOO

BocU OO OoDOOoDOO(s,38,58)-2-00do00o0o@B.1.0]0ogo-s-00b00ooo0OoO
OCoOO0O00O00OD00D0OO0o0OO0O0oDbOD0O0ODOOooOO0OO0ODODO0ODbDDODGS-5-0000
-4,5-0000-1H-0000-1-0000C01-1,2-00000CO0O0)Yoopoood

0

oo ooooogogoooo
I O B

Oooooooooogoo

oo ooooooooo
OO oooQgooo

OH

opoDOoO0simmons-SmithD O OO O00OCODOOOODOOQOOOD (1S,35,55)-3-0
oo)-2-00000O0([E.1.0]00C00-2-000001,1-0000000O00O
goobooooobboogoobao

t

gooooooboobobooooooooobbobooooooooobobboboooao
gooboooobobooooobobobooooboboooobbooobobooooobono
gboboboooobbooooooooooobooooobboooooboboooooan
gboboboooobboooooboouooboboooobboooboboooooan

CO,Me

10

20

30

40

50



(29) JP 2014-12689 A 2014.1.23

booood3-ooo0ob0b0-a-00000D0O0O0 [3.3.1.13%-7]000-1-0000000D0
ooocooao
goooano

OH

CO,H
10

0 i

ooooos-u0oodbfd-a-00000000 [3.3.1.13-7]000-1-0 000000

Ooo0o0ooao
g _ 20
CONH,

oﬁo/\”
£

OoooooEGsS)-5-00000000-4,5-0000-1H-0000-1-000001-1,1-0
00000 0)Yooooooao
Ooooo 30

OH

CO,H

NH, v
40
00000 (@S)-0 -000-3-0000000000 [3.3.1.13-7]000-1-00000
00



(30) JP 2014-12689 A 2014.1.23

goooano

OH
O
OH
10
NH O

0 Vi

00000 @S)-a [[(1,1-00000000)00000]1000]3-3-00000000
00 [3.3.1.13-7]000-1-000(@ O00O00DABCOD 0 DO )I OO 11D
ooooo

20
cl Cl Vi

ugugobooooobodo-1-ou0-ooob-ob0bOO0coooboocooorrg
gogooan

30
4@7<°020H3
HO Ci Gl

Vil

coooooooo-@BLOoDooo-oopDooo0-1-00)-0DODOOCDODODODOODDODOO
aggoano

goooano

40
CO;H
HO cl Cl X

cooooboooo-G8ODOoooDoO-0DOO0ODDODOD-1-ODD-ODOO0ODDOOOO
gooooaad
oooooboOoooooooobbboboooooooboObobooooooano



(31) JP 2014-12689 A 2014.1.23

Ooo0ooOoao
ﬁm{
' / 10
PhCOOH eNH,

N
0
NC M

OoOOoo0o0O0oo0O00oDOO0ooOO0ODO0o0O0O0oDO0DO0ODbDO0O0OO0OO0D00D(1S,38,55)-2-[(2S)-2-0
00-2-(3-0000000000([3.3.1.1%-7]00-1-00)-1-0000007]-2-000
coo@E.1.0]0ooo-s-0obooooDoooOoboo@:»ooooooooooooDOd

g*0oooo*"0cocoobobboooooooobobbooooooooe. 20
gooooao

HO

HaN N
30

G ]
CN '

3

O
O
O
O

"rOboo0ooobobboooobboooooboooooboobn

goobooooboboooooooooobbooooboogoboboboo
oooboboboooobobboooobbooooobobooooboboooooan
uogboboodooobobbooobbooooobbooobboooooan

O o0Oooo

O 0Oooo

O 0Oooo
[ |

40

O
OJ
O
O

gogobooooobobood

Iy A I N [
OoOo0ooogooogao
Iy A I N [y
OoOo0ooogooogao

O ooooogoQgooao
OO0 ooooogogog
O

000
Thermoactinomyces intermediusd 0 0000000000000 OO0O0ODOOOO0O0NODADO
0000000000000 0000D000DO00PIchiapastorisD 000000000
Ooooooan
0 Thermoactinomyces intermedius0 O 00000 OOO0ODODDOOOOOOOODOOOO
O 0O 0O Pichia pastoris 0 00 02.25kgD0 00 00000DO0OQODO?28.65g0 0.4540 0O O
00o0o0oDDD0DO000e6.75L0 000000000000 Janke and Kunkel Ultra-turrax T 50




(32) JP 2014-12689 A 2014.1.23

250 000000000000 0000ONH,OHOpH7O D OO ODOOOOOOODODODCS0mM
0o0o0ooDoooooDo2s%w/vD 000000000000 O00DO0O0OOaODA0O0Omicrofluidizer
0012000psi0 000 0O0O0ODODDOOOODDOOOODDOGOR20,000xg0 40 00000003
0000000 oDoDoDo0oo0ooDoo0oo0o0oDoDoo0o0oDoDoo0o0oDoDooooDoDooooan
000000000000 02309980 00001246410 0 00000 0O00O00O0O0O00O0OAO
Oooooogao 800800 D 00 0DDDODOODDODDODOOODOOODNDDOT7024mIO O New
Brunswick Scientific Bioflo IVO O 0D O DO O0OOD16LO00000O0O00O0ODO
oooooad
000000 O0oo0ODoDD442.590 7017000 000@-00000-000000-1-00)-
000-000786.7g0 3.5100 0 000 07024ami0D 000 00DODOOOODODO0OODR0NOZ27
emlD DD O00O0DO0DO0ODO0DO0OO0OODODOoDOoOOo8.000o0DoDOoo0ooDoDOooooDoDooooDooodd
O000000O0OONADO9.834g0 14.820 0 O 0D 00 0DO0ODODOOO0ODOOOOODO?2.163g0 14.0
2700 000000000 0O00PIchiapastorisD 00000000 O0ODDOOODODODO
0oooo0o4000000010rpm0 000000 O0ODDODOOODDOOOODSODOO1I8O OO
450250 002ml0 0000000 0OCO0O0ODDOOOODODODOOOOOOS8.o0O0O0O0OO?2
500 00000000OHPLCODOOOODOOOODDDOOOODDOOOODDOGOOOAOS1s
.9g0 3.6370 0 O 100%0 O OO (S)-0 00O -@B-00000-000O00O0DO0-=-1-00)-000
0o0oooo0ooDoDoo0oooDoooooDoDoo0o0ooDoDR-O0000O0O0DOOOOO0OGO
oooano
Ooo0ooDoad
O()-000-@E-00
oo0oooooooao
Ooo0oooDoooogao
Ooooooooao

O

00D-000000-1-00)0000000000000000
000000000000 0000000C0O0O00000000
Dowex 50 (H+)J 0 00 O0O0OD01.5M00C00000000000

0000000000000 (@S)-a-000-3-0000000
00 [3.3.1.1%-7]000-1-0000000000C000000000000000

00D0D0787g0 0 0000000080490 (0 S)-a -0 00-3-00000000000[3.3
.1.1%-7]1000-1-00094.3%0 000003-00000-a -00000000 [3.3.1.1
3-71000-1-000009.0x00000000000000000000 (aS)-a-0

00-3-0000000000([3.3.1.13-7]000-1-000000000000 (1S,3S,5
S)-2-[(2S)-2-0 00 -2-(3-0000000000([3.3.1.13-7]00-1-00)-1-0000

O Oooo

a
u
O
a
a
O

00 Pichia pastoris0 0 000000000000 O0OO0O0OAO
osomCCOODOODOOOOO0.25M - 0UO0O0OOC0-ODO0OODOQOCO-10O0)-ODOD-ODODO12
0O6mM NADD 1.oomvO OO0 0 DO0OQCDODOOODODDODODODDODODODOOODODOODODGOS32.7
Oo0o0DDDODO0000oo0oooDoDoDoDo0o0ood214.60000000000000DODDO0OO
0 250mgd O 0O O Pichia pastorisO OO0 000 O00O00ODOA4.0mI0 0O O 8.00 NH,OHO
0000D0000D0DD0O0O00DOO0OdPIiIchia pastorisll 00000 DO OO O Hanson
Enzyme and Microbial Technology 2000 26: 348-3580 0 0 000 O0O0O0O0O0O0OAO

ooOj-2-00000CD0 (310000030000 00DU0O0DDOO0DODUODODOODDODODO
ggbobooooobboooobbooadd

gooocooao

goono

a

O

ocosomlDOO0OO0OO0DOOCODODODOODOO4000100rpm0 0400 0000D00OO
OCOOHRPLCODODOODODODOODOODODA45.02mg/ml0 80%0 O O O (S)-0 0 O -(3-0
oo-ooooob-1-0g)-ocoooboobooood

ogogoao

00

O 0PichiapastorisD 0 000000000000 DOOOO
o4is5sMO0000O0DOODODOO.208M 3-UC0DOOO0-0O0O0DOD-1-00)-000-00
0.88mM NADO O0.84mMO OO0 000 O0O0O0OO0OOOCOODDODOOOOOOOOODDDOOOGeG.
60 0 00O0O0oOoOODDbOOO0OO0OOOOOOODbDObOObO12. 80000000000 O00O0C0OGOG

Oooooocooooooag:
OO0 ooooggdg

10

20

30

40



(33) JP 2014-12689 A 2014.1.23

O00012.5% w/vO Pichia pastoris0 00000 00O 3.0ml0 O O 8.00 NH,OHO O O

ocooocooo0oooDOoooobOoooDooogosomMobOoo0bDOoOoOoDOobOooDOoDbDO
400 O 200rpm O 68U OO0 OO DOOOOOOOOOHPLCOOOOOOOOOODODOGDOS31.9
mg/ml0 68%0 0 OO (S)-0 00 -@-O0O0C0O0DO0-oo00oooDUd-1-0cO0)-000D0DO0ooOd

O

gooocooao

ggao

0

Thermoactinomyces intermediusd 0 0 0000000000000 O0O0OOOOO0O0ODO

O0D0000000D00000Candida boidiniiD 000000000 ODO0O0O0ODOOO

goooogoooan

gosoMOOOpDoopDgfbo2sM B-ODOooOo-ooOooobDOf0-1-0O0)00O0-0D001
.06mM NADO 1.0omMO O O OO0 O ODOQ2.550 0 /ml0 0.510 O /mgd O Candida boidini
iJ000000D0O000O0000DDOBoehringer MannheimD DO OO0 OD0DOODODODO

oad
ud
oo
od

oo

gd

-(3-

0
4
O
0
O
O
O
0

O o0Ooo0Oo0ooano
OoOoo0oo0ogao

0o

O

0

O Ooooo
O OoOooo

O

o000 0D00OO0O0O0DDODOO0OO0ODODDODOOODbODOO20mg 0 ODO0O0O
ocooo4.0miDDOO8.0ONHOHO DO ODOOODOOODODODOODO
somiDOO0O0OO0OO0O0O0OO0O0DOOO0OOO400 0 100rpmO0 0400000
OHPLCO DD OOOOOOODODDO7.69mg/miO 13.7%0 O 0O O (S)-0 O
-0o0oo0oobD-1-00)-0oocooooood

O0D0000Candida boidiniiD 0 00000000 O0OO0O0ODODODOOO

gagao

O

O

0

I I o [y

Ooooooo0=-poOoojojoo0oooQgdg
O O0Oo0oooao

ad

O
0
O
4
O
0

O

0.415M0 O O
0.88mM NADO
OO0O00O0O0D0ODO0OO0DOOO0O00OD00O0OAO0OBoehringer MannheimD O OO0 O00O0O0DOOOCOO

obooobOoo.208M (3-00O0O0O0-00000D0-12-00)-000-00C
o.84amMO D OO OOODDDOI00/mIO 0.510 O /mgD O Candida boidini

ocooobooy00O0O0DOOOOO0OODODODO0DODODDODODOO™I2.5%w/vD 0000
ocooo3.omliDbOO8.00NH,OHODDODODODOODODODODODDODDODOODODODOODO
somliD O O0DODOQ0CO0ODO0O0OO0OO0ODOO0OOO4000200rpmO0 0680 00000000
OHPLCO OO DODOODOODOODOOS.16mg/mi0 11.0%0 O 0 O (S)-00 O -(3-0
-00000b-1-00)-0000000D0O

O

O

Sporosarcinal 0 000000000 OO00O0DODOO0OODODOQ0OQ0OCandida boidiniil O 0O

gooooogooobooogoooboogooooogogano

go.isMmO00O0onoOOoO0OOo.o5MO 11.2mg/mi0 (3-0000O0-00O0O000O-1-00)-

OoOO0-0001mM NADO ImMO O OO0 OO D0 O O 0O 0.510 O /7m0 0.510 O /mgO O Candida
boidiniiODCODODDOOOOOOOOODODODEDODAOOBoehringer MannheimO O O 0O 1.010 O O

OoOO0O0OO0O0O0OO0O0D0OO0O0O14.500 /mgd Sigma Chemical Co.0 0 OO0 O0O1.0
8. 50NHOHO OO DODODODODODOODOOOOOODODOODODOODOODS300DOOde200

O0O0D0OD00D0OO0ORPLCODODOODODOOODDOODO.31mg/mIO 2.74%0 O 0O O

-B-0DoooDobo-ooobDbObO-1-0bO0)H)-O0OO0O0OOO0OOOO

0O O pBMS2000-PPFDH-PDHmodO O D 0D O OO0 OO0 OODOOOCOODOOODOO
O0O0D0D000P. pastorisOD FDHO O O OS50 000030 00000000

0ooo
mid O O

ooooo

(S)-0 00

oooooo

Dooo

0000 O pBMS2000-PPFDH-PDHmodO O O
ooooao

ooooao

00000000000

5

BspHI
5% TACTGTTTTTCCAGCGTATTCCTAGGCT 3" (300D DOO0OO0OOOOCOODOD?2

" TCGTCATGAAAATCGTTCTCGTTTTG 3" (Bb"0 000D ODDOODOO1L)

10

20

30

40

50



OOoooood
O 0O oo
O Oooo
O 0O oo

(34) JP 2014-12689 A 2014.1.23

BamHlI
P. pastorisl FDHO 0 O O 0O O O O O O pBMS20000 pBMS200000 S. W. Liud O O
6,068,9910 O 20000 50300 0 0 000000000 O0oOoODOoObODO0OO0OO0OoOoOoOoObOO

O d
0O O
O d

od

01x TagPlusO 0 OO0 0O O Stratagenel 00O 00000 OOODOOOAOO.2mMO
0000000000 O0O0OJOdATPO dCTPO dGTPO O O O dTTPO O 0.4nMO O O O O
0 00 2.5U0 TagPlus DNAD 0 0 O O O O Stratagened 0O O O O P. pastorisl FD

HOOOOOD10pgDO OO O OODNAODOODOODOOODOI2I00p 1D 0O ODOOP. pastorist F
DHO OO OODODOPCROEDODDDOOOOOOODOODDDEDODAOOPerkin-Elmer Model 4800

I e ey e e ey o B

O00DDD0OD00000oM40 D040 0000DDO0O0O0OOODo9O40 0 10 0 0500 O 10 O
O0072001.5000200000000000

Ooooao

OOPCRODDODDDDODOOO1:10 0000 :00000OD0ODOGibcoBRLO OO0 O OO DO
0000000000000 013,000x g0 00000000000 ODOODODOOO
Oo0oo0oooDOoooooo.l0DoD3MOOOdO0ODODUODODD2000000D0D00ODOOO
OODNAO O ODODDODO13,000x g0 S0 0000000 OOOOODDODDODOOOOOOOO
osGmidO0Oov7owO D OODODODODODODDODODODOODODODDODODODOOOOOOOS30000
000000

Ooooao

0O0D0D0ODNAD O 2000 0BspHIO OOBamHIO 30 O 0O370 00 0050 1000000
0000000 pBMS20000 00 002y g0 OBspHIO OO BamHID O O OO0 O0OOODOOO
1.O%TAED D D 0000002000 100v0 0000000 DOFDHO OO O 1100-0 000
O00oDDDoDO00O0ooooo4700-0 000000000 0OO0ODODDODDODODODOOOOOOGO
O O QIAquick Gel Extraction KitO QiagenD 0 OO0 00 O0O0ODDOOOODODOOOODODRDO
0000000000000 O0D0D0DO0D0DOO0OO0O0D0O0DO Invitrogen Corp.00000OO

000000000000 o0DDoDo0DO0D0O000U0O0oooDDS:10000000000000
OO00010p 10220002000 000000015u 10 dH,00 O 0O 250p 10 1-00 0
O0O00O0ODNAD D ODODDODODDOD0DDODDODDODDOODA23,000x gd O0B0 000000000
0 00DDOO0O0OODNAOD SpeedvVac Savant InstrumentsO0 0 00 OO0 O0D0OD0OOODOADO
O00O0sS000000000000000D000O0S5u 10dH,00000000
Ooooao

O0O00DODNAD D OO DODODU0DDODDOODODODO.04amiD OO ODHIOBDO OO OODOODO

Invitrogend O 25p FO O O 250Q 0 00 00000O0OsocoboOoODDOOOao.eemlds

oc010pooooOooo.5wboooDOoo2wd0O0OODO10omM NaCIO 2.5mM KCIO 10mM MgCl
S0 10mM MgSo,0 D O O2omO O 00000000 O0OO0OOODODO1000370 000 225r
pmO0 00 0O0D0ODDOOOOO0OOOODODNADODODDDOOOOS0Ono/mIDDODODOOOO

a
u
O
g
a

O 0 Sigma ChemicalsD 0 0000000 ODOOCODOOOLWLBODOOODOOOODOOOO
O0O0000D0OO0OO0DO0OO0O00OO0DORapidCyclerd Idaho TechnologyD O 0 O 00O OO
ooooboboooooooooobobbooooooocobobbboboooooooobooao
OO0 050mM Tris-HCIO pH 8.30 O 4mM MgCI,0 0.25mg/mi0 0 0 00 O 0O 0O O 0O O 2%0
oooD40000.amMOOoooooboboObOo4annMDO OO0 ODOO0OOOOODIDOODODODDOO

200000 2.500 Tag DNAO O O OO O 0O Promega Corp.00000000OO0OOCODOGO

oooobDoOO0oOoOooooO0i1ow ID0OC0ODDODODODOUOODODODDDODODODOOOO
goobooooooobooooobooobobobbooooboboooooboboooobobooooonan
ooocooboobOoOooDoooooooOobooboboooooLwB-OOO0oooOooOoObODbODOOOOooOOoo
ocooooooO0ooD3o IDO0O00O0O0ODODDODDODODODODODDODDODOODODODODDODODO
ODODO000O009%400D30000000000OD0ODNADCOUOODORapidCyclerdl I1daho Techno
logyd O OOO0OOOCODODOOCODODOOODOOODOO9400o00004000000000O0T720
geo0OO30000000O0O0CODODDOO0OOODOOO1I.%TAEDODODODODOOOOZ2000

10

20

30

40



(35) JP 2014-12689 A 2014.1.23

oov 00D O0OD0O0O0O1700D0DODO0ODO0DO0DODOOD70 0000110000000 0000R0
0000000000000 O0D00OPpPBMS2000-PPFDHO O OO0 0D OO 0100000 0OO
Ooo0o0oO0Ooo0ooDpDoooDooooooooo

Oo0oogao

PDHmodO OO0 (3-0 0 000 -0 0D0O0O0DO-1-00)-000-000((S)-000-(3-0
oco-0o0oo0ooD-1-00)-0000D0OO0DOQ0O0DO0ODOO0DO0DDODDODODODODODODDODUODDOO
00o00DD0DD0D0000000D00DDDO0ODO0DO0O0O0O0O0DDODDOaO0DNAD O O Takadald
J. Biochem. 109, pp. 371-376 [1991]0 0 0 0 000 O O O O O O Thermoactinomycet
es intermediusO 0 0000000 ODO0OO0OO0DODODOODOOOODOODODOOODOAOOQO pPDHIK
/100 Donovan O O O WO2000041790 20000 10 270 0 0 0 0 0 0 0 00O0ODDODOOOOO
O0O00DDD0OD0O0000OD0DOAOP. pastoris SMD11680 O ATCC 744080 0 0 0 0 O O O O
ooooao

oOoDoooo

oooopPDHOODOO3"OODODODODODODODODODDDODODODODOOOODOGO

AAC AGC GCA AGG AGG TAA

Asn Ser Ala Arg Arg O O

OoDoooao

OPDHmodO 0 00300000000 DODDODODODODODDODODOOOODOODODODOGO
OoDo0oO0ooDoDooooooo

AAC AGC GCG GAG GGG TAC CTC GAG CCG CGG

OOoooood
O O oOgogo

Asn Ser Ala Glu Gly Tyr Leu Glu Pro Arg
CGG CCG CGA ATT AAT TCG CCT TAGO O O O O 50

000000000000 o0ooDoO0O0oo0ooDoDOoOOoOo0PHmodO OOOS"0 0000300
Ooooo0oooooDoooDooooao
GATGCTCATATGCGCGACGTGTTTGAAATGATGL 5"0 0 O D OD OO OO OO 30

Ndel
GATCCCGGGCTAAGGCGAATTAATAATTCGO 3"0 D 0D 0D 0D O0ODOO0ODOODOA0
Smal
ooon
uogon
OCOOO0OOPDHhndDO O OO ODODODODODDOOOODODODODOATCC 744080 000000
000000000000 0D0DD0D0O00D0OP. pastorisO FDHO O OO OO D OOAO
0000000000 00020000Ndell 00Smalld 250001000000 370
02000000500 1ID000D00O0CDOOCODODOODODODONdeld O00O0ODO pBMS
000 0000000 DDODO2p g0 0000000 0O0ONdelDOOSmalOOO0DODO0OO
00000000000 1.0%TAED OO OO0 O0OO0OOO020 0 0100v0 000 0O O O O O PDHm
odD 00 0O1200-0 0000000 O0OO0ODODOOODODO4700-0 0000 OCOODODOOOO
O00D0D0O0O0OO0OD0ODOQIAquick Gel Extraction Kit QiagenD 00 00D OOODOADO
0000000000000 DOO0ODODO0ODODO0ODODO0ODODODODODOPDHMOdO D OO ODOODOAO
pBMS2000-PDHmodO O O OO0 0 00D DO OODDODDODOOODDOOOODDODOOODOOOO

O0Ooo0oooao
OO oOgooao

Oo0oooao

pBMS2000-PPFDH-PDHmodD O 00 O O O O pBMS2000-PDHmod 2u g0 O 50y LO O O O O O
100 0 0O HIindINIO OO SmalO 250 0010 000003700010 0000000100
OT4ADNAOD D OO DO OO InvitrogenD 00040 00000000000 ODOODOO
gooo2z25mMO002u LOODODODOODOI11I0D020000000000000000O00O01.0
WTAEDO D 00D 0000020001000 000000001800-000000O0000O0O0D0OQI
Aquick Gel Extraction KitDO QiagenD D 0 000D DOOOODOOOODDO®TacO OO O

O
O
O
O
O
O
O
O

10

20

30

40



(36) JP 2014-12689 A 2014.1.23

OOOgroESO O DO OCOCDOOPHMOdDO OO D OODODOOOODDODODOCOCODOOODODODP
BMS2000-PPFDHO 2p g D100 0 0 0000 O0OODODOOOSmald 50p LOOOO200 02
5000000000040 00000000000000A00OUnIted States Biochemica

I1sO

O

OoooOoooboooobooOoogoao
Ooooooooogoooogo

OoooOooooooooOoooOod

OoOooDooooooogood

O

0
O

U
0
g

OoooooQgogoao

0

ooo
oo0o

PDHmodO

ugaao
ogoao
ogao

oooboboo0oobobbo0o0i100o03y000o0bb0000DbDD0OO0ODNAO 1.0%TAE
CoOoo0O02000100v0 00 0O0D0OCDOO0OOQIAquickD ODODOODOOODO
ooooObODbOO0OO0e.5010 0000000000 OCOO1600 040 0 0O 10p LO
goobooooobobil-ogooboooobobooooboOobDNO OO DbDoogano
bHioBOD O D DO OooboooOoOObOO0OooooobocoboODboOorHAOODOOOOO

OPDHmod-O O OO OODOOCOOOPHModO OO OOOODOODODO
gooboooobboooobbooobobDbo0o0bPPFDHD OO O 57
3'0 0000000 o0oDoOoOob0O0oooo0obo0-0ooboooDbaO
gboboboboooobboooobooooobobooooobooooboad
goooocoboOoOOoO0OKpniODOOODODDOOOOOGOGOOOODODOO
54220 0 000018260 0000000 O0DODOOOODODODOOO0OGDO

0 pBMS2000-PPFDH-PDHmodO O O O O O

FDHO O O PDHmodO O O

O pBMS2000-PPFDH-PDHmodO O O O JM1100 OO OO0 O ODODOODOOCDODODODOODODOO
JM1100 pBMS2000-PPFDH-PDHmodO O MT50 O O 2.0%Yeastamined 4.0%0 0O O O O O 0.6%0O
ooooobDobooooooooo.wboooooooooDboboDDo125%w0 0D ODDOO
goo.o26w 000D DbO0O0O00oO0ooOooooODbOaMbOodooooobDDbDbOOoooooan
ocoOspg/mO0OD0OOOCDOO0OO0OODOOCDOOSMg/mMIDOOCDOOCOOOOODO

goooao
0.350 0 O

0.80 1.00
Mg d

g
ad
g
oo

|
a
o O

Ooo0oo0oo0ooood
OoOoooogoogodg

N
<
|

ad

OoOoo0ooog

a
u
O
a

Sonic

OooooooQgoo

O

ud
oo
oogdag

0
g
gaddg
U
0

ooo
ggao
oggao
ugdaao
ogoo

0 280 0 250rpm0 180 000 000 0 600nmd 0O 000 00 ODgeeDd 00 000
ODgood D00 DDO0DO0DO00ODOMS/00000000000000 ODgeol

goooooO2s0rpm 280 0000000000 O000O00OO0ODODODOGO
oo0o-p-bDoooocooDoOOoOwTGOOO0OOCCODO3yMODODDDOO
002404800 00000006,500xg050000000000AG0O
ooooosomvD DD OooooObOpH7.OODO0O0DO0O0O0O0O0OOORO
2000 0000o0coobbb0oo0ooooooooboDbObO0Oosomvddnan

pH7.00 0 0 10mL/g0 O OO OO 0O 0O O OO O O O Fisher Scientific Model

Dismembratord Fisher ScientificO 0O 00000 O0ODO0OODOODOOOOOOAO

ooo0OD0O0O00100003x 150000000000 00000¢0013,000x gO
os00o0oo0obobobbooooooooboboooo

ugaddg

ooo0obObOO0O0DO0ooooboobObObOb0oDOoOooooooDbDDOsSbsS-PAGEDOODODODOO
01y LO DO OO O OO 5u LO 4X NUPAGE™ LDSO O O O Invitrogend 0 OO0 0O OO
lomtooooDOOoOOoOvooo1ooOoOoOOoODOOmOIMODOOOOOOOOODDDGO
00010y LO 10%NUPAGE™ Bis-Tris0 0 00 0000000000000 00O00
O200ovO500600 0000000O0.1%0w/vdO0OO00O00O0DAODOSigmad O 40%0 v
oooDoDoooo1wowowvoOOOoOoooooooobooooooooooboao
uogobobooooooooooboboooooobooooobooboooooboooobobDboao
4orpm0 0150 0 000 0000000000000 OOOOOOOOODOGelClear™0O |
nvitrogenD 0 00 O0O0O0O0ODODDODOODOOOOOOODDODOODOOOODOOO2WO0O000

Oo0oo0DDDbOO0O0DO00oO0oo0oDoOoODbDDOMr 43,0000 0040,0000000000000000¢0
OOFDHO O OPDHmodDO O OO O0ODOOCDODOOODODOOODOODODOODOODOODOO
ooobObOO0o0oDo0oooooooObObb0ooDoooorHOOOoPHOOOOOOOODODOGO
OOoDDDOO0O0DO0O0oO0ooooODbDDbDDObOsSC1e49o60 0 0 00 O0O0O0OAO

ooooao
SCle496U DO DO DO 15-000000020-000C00000000001-00000¢0

10

20

30

40

50



37) JP 2014-12689 A 2014.1.23

Ooo0o0D1mOOOSsSCle4960 0D DD 0D 000000 OoOoODOoODoDOoODOoDO0DO0O04-0000ODOO0O
o005 g/mMID 00000000010 0000ONMTISO0O0O0ODOODODOOOOO?280 025
OrpmO0 0240 0000000000 Braund 0000130000 OMTS00015L00 00O
O00DDD0D000000) 000 oooOoDOSs0p g/mid0 0 O0O0.0246%0 OO ODODOOO
00000000000 oO0D0ooD0DoDooDOoDOoDOoDOoDoDOooOsOMLO0O0 OO0
.20 000C0DOOO0O0ODODDODO0DO0ODDUODODDODOOODODDODODODDUOODDODODODODODOO
O00D000O000000ODgged 003500000

000

O000D0o0oDoDOooo0DooD0oooDooooao

O0ooooao

O 280

d 1.0vvm

O 690mbar

g 500rpm

O 000ONH,OHO O 0O 0O pHO 6.80 O O

ad 0000 foamingd 0 0 OO O O O UCONO Dow Chemical Companyd O O OO O OO
O 00000000000 oU0oooDoooooooao

O Oooao

OO0Dgoo O0-801.0000C000O00O0OOOOODODOODOIPTGO 500mLO dH,00 0 0 00O O
O

O

O

O

O

O

O

O

OOoo0oooaoo
OO oO0ooog

=
|

6

OO0 ooooogoQgog

Oooo0ogoood

ooobObOO0o0oooos3s syMMioooooDODbOOOoD480000O0O0OD0ODODOODOOOORO
io0co0ooDOooo0DO0oo0O0ooDO0oo0DoDOoo0D0DOO0OOo.lvol 5o0mMO 000 O 0O O O O pH7.0
ooooOoboOooooooooboboboboooooooobbbOboDoooo-7yo00ooOooOoao
O
goooano
250-L0 00000000 oobObbO0b0ooooooDbODbOb00Inlh 0O 0O sCie4960 O
OO0Ssopg/mID 0000000 D0OS0OmMLOMTS OO OOCDODODOODOOO?280 0 250rpm
0200000 000O0CDggod DO OO8OODODODODODOOOODODODDODDODODODOOOGODO?2
somlO0 0 0OMTSO 000000000 Braund OO0 O010LO0MTS/Z0000000D0OOO
O00000000O0Dbgee DO.0080O0ODO0OOODOOOOOOODOOO16000000O0
gooocobOboOoo0ooooooooboboboooooooobbbob0OO0oOooaoaooao?a2soLo VT
500 00000000000SC1e4000 00O DOO90O00ODOODO0OO00O0DODOOO?250L0 O 10
LOOOOD0O0.3000.350000Dbgeo D00 OO0OOODODOODODOODODODOOODOCOO
oi5-l0 0000000 ocobbbooooooooaon
goooan
gagano
OOOPDH/FDHO 0 0000 0003-00000-a -00000000-[3.3.1.13-]10
0
0

-1-0000000000C@ S)-a -000-3-0000000000 [3.3.1.13-7]0
-1-0000000000 (@ S)-a -[[(1,1-00000000)000007]0007-3
-0000000000([3.3.1.13-7]000-1-0000000000 0 telescopedd O O
0ooO

OO0OPDH/FDHO 00 OO0 00O

0 O JM1100 pBMS2000-PPFDH-PDHmodD 0 0 0 0 0 0 0300 0 O O O O 4000L0 O O O
000000000 Microfluidicsd O O M-110Y0 O O O O 12,0000 20,000psid O O
100000000004000000000000000000000000000
00O0O0O0PDH/FDHO O O O PDHO 00 0O O 3210 0 /MLO FDHO 0 O O O 810 O /mld O
0

0oo0O

000000000000 DO04.5kgdCelitel 0000000000000 0000
0.20l0 0 00030%I 000000000000 00300000000000000
000000 Ertel Alsopd O 0 8-ESSC-100 0 0000000180 00000000

I o A

Oooo0oo0oooooo|iono
Oooooogoooogoogolioog

10

20

30

40



(38) JP 2014-12689 A 2014.1.23

0000000012000 00000000000300000000000000000
OOPPHO 97%0 00O O0O0O0O0O0OO0O0O311U/mI0 FDHO O 0 O 81u/mid 00 O O
0DoO0o00oo

000000 D0O00C0 100,000 MVCOD 0O 0 000 O OO O Millipore Pellicon 20 O O O
000000000000 00O0O0O0O0O0O0O0O0OO0D0O0.5mM0000000000000
0000000000 O0400m/0000000000000O01.5000000000PDH
00 O05671U/mI0 FDHO 00 1361U/mI0 0 0 000000000000 O0000O0O000
000000000000 00O0O000O0O0000O0000O0S84%00000
0Dooooo

Doo0o00oooooon

03-00000-a -00000000-[3.3.1.13-7]000-1-0000000 O 1.00kgd
4460000200 0000000000500000000000000 10N NaOHD pH
DO0O0O0O0OpHOBO OO OODOOOODarco KBBO O OO DO100g0 0000000 0500
00000005 000000000000000000000000002x 1L00 0
000000000000 000O0000O00000

0Doo0Oo0oo

0000000000000 00O0O0.562Kg0 8.920 00 0O OO 10N NaOHD O O O pHO
00O07.500000000000000000000000002.65g00000000
0000001.54g0 0000000000000 000PDH/FDHO 00000 O OODO 1.

O3L0O PDHO 500,0001U)0 10N NaOHOD 0D O O pHO DO O DO 8.00 0000 0O

goooan
ooobODbO0OO0oDOoo400000D0DO0OO0OO00OIIOL00000004200000000pH
7.708.30 000000000 0O00O0OO0.955Kg09%.1%00 000 (o S)-a -0 00O -3-
OD0000000D0([8.3.1.13-7]J000-1-000000000000O0

goonoan

000 BOC-00

OoOooooooooooo0 oo oDoooooooo googogoao

w
SDDDDDDDDDDDDDDDDDDDD
Ooooooo0ooooooooDooogogooooaog
OO0 oDooo4dgooooogogogoao
OooDoooooooQ -
OO0oo0ooogd

O O
O O

O
4
O
0
4
O

p

(a0 S)-a -000-3-0000000000([3.3.1.13-7]000-1-000000000O0

477.590 2.120 0000000 DOO0O -tert-0 000 1.022kgd 4.680 0 0 OO
ooooObODbOi1ION NOHO O OO pHOD OO OO OGOOo1oooOOO0OO0OO0OO00oo0oooboao
ooooObOO0OO0OBoc,O0DODOO400000000O0CODODDODODOIL1.0%0000
ooooDao

00

O pHO 35%H,S0,0 080 0D 00O OO00O0O I -PrOAcOS.0L000000DODODOO

HO 35%H,S0,0 2.00 O 0O 00O 0O O pHO 50 100 O O O O O O DicaliteD 25090 O O

CoO0d1o00000D00C0CD0OO00CO0000O0DOD0ODOUODiIicalited 25090 O O O
OO0 0ODicaliteD OO0 00O 2.5L0 i-ProAcC O OO ODOOODO

0od

10N NaOHO pHSO OO OO D10 0oooooODboboo0ooooooboobbboboooo
i-PrOAcO 7.5L0 0000000 0ODO 35%H,50,0 pHO 2.00 0 0 00O 0 0O0ODOA40
gooooobbobooo4b00000ooooobbboooooooooDbao
OOoO0oO0ii-ProAcO 3.75L0 0 000D400 02000 00000000ODODGO
OD00Oi-ProAcO 3.75L0 00 0000040002000 00000000

0

goobooogistgoooooogob4s5L000000000D00000
oL D100 0 oo oooboobobooooooosz2-8QUuUOooooDOO
ooooOobOvoooooooooObOObOO10O0DbDOOO0OO0OO0OO0OO0OOoOOODOO
ooooObObOO0o0oDoooooobObbooo400000DDbDOOOOO

O 0Ooooo
O Ooogoao

ooooObObOO0OO0oDooooooousboooooooosobilooooOoOan

10

20

30

40

50



(39) JP 2014-12689 A 2014.1.23

0000000000000 00000002.50000000004000000000
607.0g0 88%0 0 O O (a S)-a -[[(1,1-0 0 000000)I00C00]000]-3-000
0000000 ([38.3.1.13-7]000-1-00000000000

OoooQoO

0000

000000 SC16496 JM110[pBMS2000-PPFDH-PDHmod]0 ATCCO O O O PTA-45200 0 O O O
Doo00000000000

0000000000000 2¢0000000000000100mMIO0000C0C00000

SmiO MO OO0 O0O00CO0O0OO0OO0OOCDOOCDOODOOODOODDODOOJdanke and Kunkel Ultra-tu
rrax T8O O 00000000000 0OO0OD0ODO0O0O0ONH,OHOpH7O OO0 O0O0O0O0O0O0OOADO

a
u
O
g

O
O

goosomMmOODOCOOO0OO0OO0OD2%w/v0 0 0O0000D00ODODOOA212000psi0 00O 00O

ooobODbOO0O0DO0oooooooObobbOb0oDO0oooooZ20,000xgb40ooooooOoOaO

ooo0DbD24560 0000000000 O0vYY6e80 0000000000 D0OOO0OOO0OGOG

I 1 A o A o A A o R 20515711 AW A R R W
-LOoogogooand

ooooaon

OO0O0DDDbO0O00016.749g00.26540 0 0 0 00 @G-0000b0-0ooooob-1-00)
-000-00029.7600 0.13270 0000 02e6mI0 00 00O O0022. 7m0 00000

OO0OoO0OD0OD0OpH8.00000NADO 372mg 05610 0 0000000000 OCODODODOGOB®SsL
.8mg0.5300 0000000000 OOODODODOO0DODOOOOODODODDODOODOOGOGOO

oobO40rpmb 00 0D0DOO4000000DDODOOOOOODDOODDOODOOOODODP
He.oUOOOODO3suOOOHPLCOOODODODDODOOOOOOOODODDEDOAOS31.5g0 0.1400
o100 0 oD (G)-0obo-@-00O0O0DO0-000O0DO0-1-00)-000000DOOC

goooboboORrR-000D0O0OO0O0O0DDODOO0OODDOO

goonoan

oooano

000D DO SC16496 IM110[pBMS2000-PPFDH-PDHmod]0O ATCC Deposit PTA-45200 0 O O
goooboogooooogoobooad

OOoO0o0Di1o.omiDO0O0OOO00OPHB.OOpHONH, OHO OO ODODODDODOOOODODODOO

go.sombbOpobOOobOOObo.23vMm -0O0bO0b0O0-00DO0ODDO-1-00)-0D00-00C
1.00mM NADO 1.oomMO O 0 DO O0O0O0DODODOoOO0oO0oOsmgb 0D O0O0o0ooooooooad

O00o0o00z2e%0 0000000 DOOO0ODOODO0Oe65.0400/00000000000OOC
Oo0ooo0oooOOoobooOoobo0oobOoobOobobooOoo12.7900/0000D00O0OO
oooDbDbO0oO0oOoooooo0Di1s3.320d/gooocooobbooooooooboobooDboo
OO0oo0oooDOooooosomiDOCDOOCDOOOOODODRDOA4000 100rpmd O 30
O000O0O0DOoOo0O0OOOHPLCODODODOOCDOODOODODAOA49.06mg/mld 92.13.0%0 O
oG-ooo0-@ooooo-ooooob-1-0O0)H)-ODOOOOOOOO

goooan

gagao

ooo0ob0Obo00o0oogooooboooooogoan

OooDooogo|ojoooocoooooog|ooooogodg

O

somMm0 D00 00O0DDOO0OO0OpHE.OODOO1.OMOOOOOOOODDOOOOOOODOGO
oooo.ioMODO O OOCOOODOODOO.OBM B-000DO0-O0C0O0O0O-1-00)-0O
O-000o0.o5MNaOHD O OO oo.mmMmOOooooOoODODDOO0OO0OO0OOImgO0OOO0OAO
OO0OO0ODDOOOBiIoccatalyticsU OO DODODDDODODOOOOO37y0DODOe680 0O OO0ODO
O0O0000D00O0D0S5.83mg/mi0 49.2%0 0 00 (S)-00D0-@-0DO0O0O0O0-000oa0O
-1-g0)-0cooocov.o5mg/miC0DO00CD0@G-00000-000000-1-00)-00
-00000000:0

gooooao

gogooan

GH-o0o0-(@E-0bo0go-000000-1-00)H)-0000000000000D000O

10

20

30

40



(40) JP 2014-12689 A 2014.1.23

HPLCO 00
OCoOOz2mg/mID00O0O0COODOOODOO1I0000DOO0DODOOOODOOOO
ooooObOOO0o0oDooooo.2z0uoboooDbbOO0OO0DODOoUOOOArHPLCODOOOO
ooooODbDboooooooao

ud

O

Chiralpak WH 25x 0.46cm0 Daicel Industries, Ltd.O

0.3mM CuSO,

Iml/0O

O 0O 0O 500

20nm0 0 00000 O0OOODODOOO0OOOOdDADO

10u 1

ODo0oo0oo00@S)-a -000-3-0000000000 [3.3.1.13-7]0 0 O -1-0
000 79.90

ooQooODO0O0O0Ods32.80

00

O oo ogoold

Regis Davankov Ligand Exchange 15x 0.46cm

25%0 0 0 0 0O /75%6mM CuSO,

Iml/0O

00O 0 400

240nm0 O O O O DAD

O 10u 1

OO0O000(@S)-a-000-3-0000000000[3.3.1.1%7]000 -1-0
000 3.20

I o A s B 2

3-00000-0 -00000000[3.3.1.13-7]000-1-000000005.2

e A I B |

|
I e I Iy o
OoocoOooooooooooooooooboooinboooOooOoad

O o0Oood

ud

O

goobooooooogooboogg
cooooooOoooOooOoooOOoooDOoomIo400 000D obOOoOoO
oo 0.4mM NADHO 5mMO 0 0 00 00D OO0 OO OO O HCIO pH8.750 0O O O O 0.75M
NHOHD O OOoodooos4onmuoooooOOoODOoOO0oooooooboobobbobooooooodao

oo g
O0c |0 O

oo oooTId0uvwiopoooogojoo o wvwoooooo|ooogao
O Oo|oio o

ocopOO/000000000O

ooocooao

goooan

gooooogooooogoooogooooao
ocooocoooO0oooDOoooobooooDoooDOoocOowmIDb4o00O00CDODODOOODO
Ooo00Oo.4mM NADO 10mM L-O OO0 O O O O O O IN NaOHO pH10.00 O O O O 0.1IM K5HPO,
gooooooobos34onmb 00000000 O0DODOO0OO0O0DODDOOoOO0OODODOOoOO0DbDDOO
pOoo/0 000000000

goooooaon

goooan

gooboooogooobooogogoboogogooooboad
ocooooooO0oooDOooooboOoooDooDbDOoocOowmIDbD400D0O00DOODOOODO
0O000O0.4mM NADHO 50mM 3-0 00O 0O -a -0 0000O000O [3.3.1.13-7]0 0 O -1-0
OO010 00 NaOHO OO0 0 O O O HCIO pH8.750 0 O O O 0.75M NH,OHO OO O 0O O O O 340

nmOb 0ooO0ooOOooooooooooooooooooooooppbbo/0o0booonO
ooo

10

20

30

40

50



goooogag
goooano

(41) JP 2014-12689 A 2014.1.23

gooooboboooogoooooooao

oooooooU0oooDOoooUooUoooDUoowiDb4000DDO0D0DODODODO0DODDUODDON
mM NADO 100mMO D OO O oOooOoDi1ocommOOOnObDO0OO0O0OOoo0OpH8.OODOOOODODOO

dgonmj 00 00O0CDOOOOOOOODOOODODODOODDOODDODOOpwODOV/ODODO0O

-0 0000000 ([3.3.1.13-]000-1-0000000000000[3.3.1.13-7]0

-1-0000000288g01.480 00000000
oooOd465mO0O0D0OD0OO0OO0OO0OO0OO0OOOODODODGO
gi.s5000o0bo0o00o0oooo0oooboogao
oooONBSO3O7gD DO OOOOOOOODOO
oooDbOD3qW0oo0O0O00000000e0d0O es500
gooboooobbooooboboogooboboboo

O 0Oo0oo0ooao
O Ooo0oooo

ooomLD D OO O0OO0OoOooooooDboDbOOboDoooooysoson00OoooOoan
ooocoobObOOob0oDooooooobobObOoOoooooooDbiesomltD0 O o oooboano
soomO0DOO0OO0O0O0eOOMLO 000 O0O0OO0OOCODODODODOOOOOOOODODODDOGO
eoomLOD 0D OO 0000000 OODDODDODOODO0DO0OOO0OOOODDGDOOAasomLD OO

oooocooooboooooobocoobovyomlDoooooooOO

oooocobObOO0O0DO0ooooo0oo0OTHRO 1200mlO0 00000 O00O0OOO
goobobolle0bbooooooooobobboooobbooobobDboo
ooooooooooooooobooobobobooooooooooooboao
isoml0 0 00oooooboObO0ob0oDooooooobobobbooooooan

0000000000000 000O0THFOOOOOOODOOO
0000000000000 0000000000000000
00D0200000000000000000000000O0250
gosooml0 D0 0O0D0D0O0O0O0DDOO0OODDOOODDOOO
00000000 -0000000DO0([3.3.1.13-7]00 0 -1-0
0264g0 APOS0 DD 000D DO0DO0O0ODDO66% 000000
1130 00 0000000000000 250mL/250mL0 O O O 0O
0000000000000 D0D000000000a -0000
00-1-0000000000000e64g0 AP0D O O O 16%0 O

0
ooooao
oooooad
0ooooag
a
00-1-0000000000
000000000 [3.3.1.13-7]0
Jo0o0oO0oO0oO0oO0oO0oO0oOoOoOoooao
OODMFO 0.3mLO0 0D OO0 O0D0OO0
JooO0oO0ooO0oOoOoOoOoooooad
goOoOoOoOoOoOoeod0OdOOOn
go0oO0oO0oO0oO0O0oO0oO0oO0oOoOoooao
0ooad
0ooad
oooad
0ooad
ooooooooad
ooooooooao
ooooooooao
ooooooooao
ooooooooad
oooo0ooooOoOooao
ooooooooooao
ooooOooooooao
mtOOOO0O0O0o000ao
0 2x 250mL0 0 O O O
0000000000
0o0O0O0O0O0OoOoOoO
10200000000
000 [3.3.1.13-7]0
0o0oQd
Oooooo
0000

-0 0000000 ([3.3.1.13-7]000-1-000000000a -000-3-00000

0000([3.3.1.13-/]J000-1-000000000

Oooook|Ioo o ooogoogoao

O0O0oo0O0oO0oDODOoO0O0OO000s3SismiOos0osyH,So,00 0000000008000 0O0O
00000HNOgO 30miIO O O 50ml0 70%HNO;0 O O O OO0 OO0O0O0O00O0 S50%0 35mic
ooobODbOO0O0DO0oooooooboboboboosobobooooooooobobobO28000000

D0000D0D00D0DD0e -00000000([8.3.1.13-7]000-1-000000092

go.338s8ppoos3pgpneocl oo oobboooboooooobbboooooooan
ooobooeocOODOOOOOOOODODOOOOO

goooooao

ooooobobooooooooooboooooTCO OO0 D OooooooODoDDbDbOOoDOooOooOooOH
PLCOOO0O0ODOOOCDOOCDODOOOTLCODOKMNO,0000O0C0DOO/OOO0O0O0/Z000O
gooilbi1o000000O0O0ODO0OD0DO0OO00000HxHPLCO OODSO OO O C18 S-3 120A0 4.6

10

20

30

40

50



X
2
g

(42) JP 2014-12689 A 2014.1.23

50omO 10%0 O OO0 O00O/H 0001000 0 0 0OO0O0OCOO0OYyODODOOOOOOOOOO
Smi/000000O00COOO0OO0O0DODOODO220nmO 00000

ooooao
goooooooboboogoobooobbbilso0boooobboooobDbooo
ooocoobooooooovvoomoooobbboOoOooooboooobobooo
goosooooooOoObOO0ooOooooooobobooozoml00D0ooooooOn0Oan
90gl a -0 0D0-3-0000000000([3.3.1.13-7]000-1-0000000000
ooooDDoOoOooez2ywn 000

oooao

ggao

Ooo0oOo0ogoood

-000-3-0000000000([3.3.1.13-7]000-1-000000000 (a S)-a -

M

OoOoooood

N

0

0

0

0

0

0

0

o

000-3-0000000000([3.3.1.13-7]000-1-000000000

Do -000-3-0000000000([3.3.1.13-7]000-1-00 00000 7590 0.278
O0D00O226mO30%0 0 000000004.0800014.60 0000000000000
0000060016000 0000000000000 0000DO0O rotovapd OO 00O
O000D0DO0DO0OO0OO0DODOOEtOHO 200Ml0 0 000000000000 DOOO0ODODOOO
00000000000 71g000000000D00([3.3.1.13-7/]J000-1-000000
0000000000000 90%0 0

0ooooao

00000

0000000000([3.3.1.13-7]000-1-000000000
0000000000000 0Boc0 000D DDO0DOOODDODOOOBocO DD OODODOO
0000000000000 0D0000000a -[[(1,1-00000000)D00000]
000]-13]0000000000([3.3.1.13-7]000-1-000000000EADDO0.25

O8op I006.52mg0 O 0000 OO ([1R.2S]-(-)-1.2-0 0000000000000
0D000.25M080p ID00O0000O0000O0O000OSpeedvacd 000000000
2000 ID 000000000 OO0DOCOOOCOS00000000000001.500
000000 Q@ S)-a -[[D0C0000C00)I00O00]000]-3-0000000
0[3.3.1.1%-7]000-1-00000000000000000000000000

oggono

1,0 0000000000000 00D00000000a0

O Ooooo

O
5
O
0

W oOOoOoOooogao

O
0
0
0
O
0
0ood
nC
0
0
O
0
0

O007.5kg0 0000000000000 0DDOO0OO0OO0ODDOOO0OODODOO0O?22.5
0000000000000 0O0OO0OO0ODOD0ODODOOODODODODODDODODODODODOO0nD
0000000000000 O0OO0OO0OO0OD020000000000000000000
1.05kg0 0000200050 000000000000002002500 0000

00000000 @OUD0DO000O0000O0)-0000015.3kgd 0000000

0000200000000 000000000@@O000000000O0)-00000
.0kgD DD DODDODO0O0O0O0O00000300000000000000030030120 150
0200250 000000000000000000D0O0OO0O0150000000000
OS00000000000000000000NH,CIODODODO0OO0DDDOO0OODOOO

000000030 0000000000000000000000O0O0O00an
93.750 0 0000000000000 D0015000000000000000

ooooooao oooooao 00oo00i18.750 00000000

ooooooao oooooao 00O0O0O0oO0Oo37.5000000
ooooooao 37.50000 0o0O0O0O0O0O0O0oO0oOoOoOoOoaO
ooooooao 0 22.50 00 000000000000 ooan
ooooooao 50 100 O 10 0DO00e -000000000O0TL
.1%-710 0 0 -1-0 oooooao o -0000000000I[3-3.1.

OO0OoOgoaogahp

.OODDDDDDD
P O0Oo0o0oQgogao
OO0 oooogogdg
OOoooog
I B
OoOoo0ooog
I B
OoOoo0ooog
O0Ooo0Oo0ooao
OoOoo0ooog
O 0OoOooo

10

20

30

40

50



(43) JP 2014-12689 A 2014.1.23

1-7]000-1-00000000006.96kgd 33.110 0 0 95%0 0O O O O O
ooocooao

gooooan

a -0000000000([3.3.1.13-/]000-1-000000000000

ooocooboboooooooooobobboboooooocoobobbbooooooooDbDbas3s.0
cooooo0ooo0oo00db0a -O0O00O0O0D0O00O [3.3.1.13-7]1000-1-0 00000 0O 14.
ookgD O oooooDDbOoO0oOoooobobooboos0DgoooooDbbboOooooooao
oooosticcooobobbOOoOooooooobobbboooooooobDbbOoooooon
gobozo02s000002002500200000000000000000000A0A400
gooooooobbooogogoobooobobobooooboboooobriee b bDOO
oooobDbOO0O0oDoooooobbbobooouooo28. 78000 ooDoDboDO0ODO0O0DOoOOO
ooocoobbOooooooooooboboboooooooobbbOobooooooooDbDOO3N
NOHO O O pHO.SO 0 O0OODDODOO0OO0O0OO0OOOOODODOODODOOOOOODODDDOOOOOI14
Bdo0ogoooooooobbooobbooobbooobbooobbooobboo

000000000000 00O0O000O0O000O0O00O00O00000O000?28.7800
000000000043.1800000000000000000000000000O0
D400 0000000000000 000O000O0O00D0OOODO0DOOODODOOODOOOO
0 13.29kg0 59.260 0 0 89%0 0o -0 000000000 [3.3.1.1%-7]10 00 -1-0 0 O
000000000000 0O00O00

0DoO0o00oo

Doooo

o« -0000000000([3.3.1.13-7]000-1-000000000000000000
oo

000000000200 00000000000000000000000D00000¢0O

ocooocooo0oooDOoooOoboO0oooDOoobODO0oo0OoO0ooOD0OoODODOdosoomids.730

OoOOoo0O0oOoo0OO0OocHCI,080 0000000 DO0D0DODO0O0DDODODDODODODODOV/WODODOO
gob-e000g0obbboogbbbouogoo-e0bb00o0bbOo0oobbooobnnb
OoOOoobMsoo 7voomiD 9.860 D D OO OOO3OOODOODOODODOOOODOO-600 -7
ooboooOOObOObOObOOOoOoOo2O0O0b0b0O00000OO0OO0O-e000O0O0O0OODODODOOOOCHSC
1,01.70000000a -0

ogooao
0 0O 300
gooono
gogoao
aogogoano
gooaon
gogono
ogogoano
aggoano
gooao
gogono
a

oo oooooogooao

OO0 oooogodgogooao

Ooooooogoogoao

99090
0

O 0OooOgooo
OO oQgooo

U
O
O
O
O
O
a
U

O o0ooogogao s

-420

O OooOgooo
O 0Ooo0oooao

00O0O000000([3.3.1.1%-7]000-1-0000000
000000030 00000000000000000a0
ONEt,0 30 000021.5000000000000000
0000000000000 O0O0O0100000000a0
TEAODODODOO0OOOOOOOOOOOOOOOOOOGOO
O00D0ODCMO OO0 ONEts0 0000 0 Et0AcO 120 0 0 O
0000000000000 0O0O0O0OO0O0O0200000
0000002000000 0000000000NayS0,0

-0 0000000 ([3.3.1.13-/]000-1-000000000000D0
oooobODbOO0OO000104%0 0000

-0 0000000 ([3.3.1.13-7]000-1-000000000000003-00000

-0 -0 0000000([3.3.1.13-7]000-1-0000000000000000000

O 0o ooljo
O OO oo
| Q O 0O O|O

00000000000 950 98%H,50,0495mI0 0 0000000810000 00
0 HNO5O 30mI0 O O 50ml0 70%HNO,0 0 0000000 00 0 0 O 50%0 47.5mi0 O
00000000000 000810000002000000000000000

-00000000([3.3.1.1%-7]000-1-000000000000C 0010090 0.

4500 000300eOoC0ODOOOO0OOOO0OOOOODDOODODOOOOODODDOOOOO

O
|

ooocooboOoooooooooobobboooooTLcOooooocooobobooooo

10

20

30

40

50



(44) JP 2014-12689 A 2014.1.23

ooooDbHPLCOOOOODOODDOODOOOTLCOOOOOODODDDODOODODOODORO
O EtOAc/MeOH/0 0 O O O 9717100 0O KMnO,,O0 O O O O HPLCO O O O O O 4.6x 50mmO €180
3g000ob0b1200000000000D000010%0000000/H,00 0 100%90 00 O 0O
ocovyvoooUoopoDOoooooo2z2.s5miOODOOOOOOODOOOODOO?220nmO 0
OCoOO000O0o0O00D00100000001.500000000 EtOAcO s00mi0 00O
OoOO00O0O00O0D0DO0OO0OO0O0OD0OEOACOD OSOOMIO DD ODODOOOOODOODODO
ooo0oDDbOO0o0O0oOoOoOos3sqmoooooosoomIDOEOACO OO ODDDDDODOOO
boooooooooboboooooss-00b0b00-a-OO0O0O0O0O0OO [3.3.1.13-7]0
-1-000000000cO0coOO0O0000180gu0o0obobobOon0oooan

gogono

ggao

0000-0 -00000000([3.3.1.1%-7]000-1-0000000003-000
-0 -0 0000000([3.3.1.13-]000-1-00000000000000000

OoOoIo;o oooogono

cooooooOoooOooooobUoooDooogsoOomMIooDooooooOosooOod
gooosocbhoooooooblooooanNoDbOOOoOooooooobobooon
OpHO O 70 000CO0ODDOOOO0OOS00mIOIN NOHO O OO pHO O 214000 00O
goooooooobooooooboooobobooooboooooboooobboooao
TLCOOOHPLCO O ODODODODODODDOOS3OOO0OO0O0ODODODOODOEtOAcO 500mi0
OoOO00OO0O0o0O00DOO0oO0OO0DO0oDbODO0O0oDOOoOoOOOO0OS00mMIDECACO 00 ODOODODOO
HCIO OO ODODOODOOpH7O OO ODODOOEOACO 500mI0 0 0000 0O0OpHO 0.7
OCOoOO0O0O0O0O0O0ORCICODOOODODODOODHIDODODOOSOMIOOOOOOODOD
OEtOAcO 4x 400miD 0000 O0O0D0OOOCDOOCOODOOA400mIO OO0 OO DO 400miO
gooobObooooooooobboOoMmgSO,0000000000O0000O000
OOoOOs8sgh0O0DOOO0DOOO0O100mIOEtOACO D O 300mMID OO OO0O3000000
ooocooObOO0OO0oO0oooooooboDbbOooOossgh0000O0sswd3-00o0oan-
-0 0000000 ([3.3.1.13-7]000-1-00000000D00000D0

aad g

ad
0o
2-0
ud
oo
od
aad g
00.3g0 0.5650

Ooooooooogooogo

-1-00-0000-000000000000Mnoooao
gooboooobobooooboooobobbooooboooobbooo
oooocooOoboboboooooovys.ogdl1lo0oDobobob0ooooOoan
opD4oOmMIC 0 00O0O0DOOCDOOO1,2-000000002miIDO000O0O
gooboooobDboo go2s0000000-5500000
0 -550 -e00 O OOOO inodoooobooooobbooooba
O
g
g

O Ooo0ooioioo
I o Y

I:II:II:II:II:II:II:II:IlQDDDDDDDDDDDD|DD$DDDDDDDD
O Ooooo

OoOoo0oogioiod

ooocoobooooao OsomlD 0.6480 0 00 O0OD0OO0ODO
goooogao ooobo0oogaooon ooooDoODbOoOO0oOO0oO0oooaovroomid
goooogao OO 00O Celite 5450 gooooooobboooobbooao
1x 300mI0O 3x 200mI0D 0 O OO OOO ooocoobboOoooooaoao?22o 27
Ooo00Oi10015mmHgO0 O OO OODO oob@,2-0000-1-0000-00
O)-ooDooooooooooDoao 01290.2g0 000000000000 0ONMR
OO0O0OD0OD0O0Oo.3890 O 0O 68.8%0 ,2-0000-1-0000-00000D0)-0O
ooobODbOO0O00o0oooooao

gogdad

gooooooooiooooooooooooo0 @,20000-1-000Q0-00O
O)-0000D0OO000129.1g000.380 0000000000000 OG0OE100ml
ooo0bObOO00o0oooi1-0co000000000v75.2g00.3490000o0ooo0OaO
6.56g00 480 0 DO OoOoooDbOOOO0oOoOooooobDDbDOO0DOoDOoooooDoDDbDaO
OoooOOoooOoocogeoOomiCODOoCOosoomiD OO OOCODODODOODODOGO
2x 100miD 0D INDC DO D0 O0O0DOO0O3x 150miO 000000 2x 200mMiIO0O000O0OO

O
OooOoo0ooood

Oooo0ooogoogoo
Oooooogg
Oo0oo0oooogdg
OooOoo0ooood

OoooooQgoooaoo
OO0 oDooogodgoooao
OooooooogogQgoao

10

20

30

40



(45) JP 2014-12689 A 2014.1.23

DoQo0O0OD0OD0O0OCelite 5450 0000000000 0ODODDODDODODODODODOODODODODODOO
OoODo0oo0ooo0oooDoooooOo2somIiD 0000000 DODOOOOI0D0DO0ODOO0OO
O0OO000S5S500200000000000000000000D0D0DDODO0O0OODO®9406
O4x 5omlO 00 00OD0ODODO0ODO0DOO=-1-00-0000-000000000OOOTNIO0
O0DO00O0O0oO0o0ooOoY5.0001-0000000000000077-3%);mp 76.30 0
OoDoooo

O00D00D0C;3H gCy2050

OoOOooc, 56.330 H, 6.550 CI, 25.58%

ODoOOoQoc, 56.490 H, 6.590 ClI, 25.72%

H NMRO 500.16MHz00 CDCl;0 & 3.855 (s, 3H), 2.069 (br s, 3 H), 1.866 (d, J=2.75
Hz, 6 H), 1.683, 1.612 (AB q, J=12_.1 Hz) ppm

13C NMRO 127.78 MHzO CDCI3)8 166.130, 95.805, 53.969, 43.980, 36.842, 36.256, 2

8.309 ppm

OoDoooao

Oooon
oo0oo0o0-@-00000-000000-1-00)-0000000000001M110o00ad
010N HNOsO O O 0O 100mlO0 0 000000 0ODO OO HNOgO 88.25g0 O 62.58mLO O 1.00
OoDo0oo0oo0oooDoooooOo3sBmoo0oDo0o0o0ooDoooDooo0oooDooDooano
0000000000000 D0O0000000DO0O000000A0I1I0NHNOSO O OO
oooooo

O2soml0 0000000000 OO0OC0OO0O0O0OODODQGH,S0,0 10390 O056mLO 00O 0O O
O00O00o0.40000000010NHNOgOS5.68mLO56.80 0 0 0 0 00300000000
ooooooo0oooDOooi100000O0DDODO0O0DOOO0DOoDDODONMOOO0DODODOD-1-0
0-0000-00000000D0D0O15.00054.110000000/000000 00000
OO/00000000DO0O0OO0OO0100001.25g0100500000000000006500
Ooooo0Doo0ooDpDoooDoooooDoooo

OoDoooao

0020 0000000000000 D0D0DODODODODODODO0DODDODODODOODODODOOODOGO
00000000 oDOooo0DO0o0DoDooDi1Il00O0002s0mL0 000000 8.0g00
330 0OHNO,0 00002340 0000000000000 000O0OD0OGOGAO230mLO O
ooooDoDoODO0oo0ooooooooDoDoOoil1.000000000000ODDODODODOOODOE
tOAc/0 /0 000000000000 0O0O0ODODO0ODODODOOOODOOODOGOSomMLO OO
000000000 D0oo40000000D0D0D0DD0OD0O00D0DD0DO0DDODODDODODODA.

500000 ooboogoboboogoobooooboboooobobbooo0obDboailoomeg g
I I e A A A N B e R S 510
LOOO0DO0O0oooooOoo0ODDbOO0OO0O000o0o000aDnDe?2x 9omLO O 1IN NaHCO5z0O 4x 90mLO O O O
gooooooooboogogooboogoboboboooboboooobboooboboooooboao
nmicoooo-@Ooooo-0oooDoo-1-0O0H)-DOoDOOQODODOOCODODODODODO

O

Ooo0oooQgogoao

O

OoOooooogodg

OooooogQgQg

O

0D000015.67g098.7%0 000 O0O0D00000O0D000O0DO0O0O0DO0OOOO
000-GB-00000-000000-1-00)-0000000000000000
0000000000000 000D000015.65g0 00000 00102mL0 OO
85ML0 0000000000000 0mp 114.8-115.00 0 091%J 000 000 O
00

000

0 O O CqgHqgCl,050

0C, 53.25; H, 6.18; CI, 24.18%
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H NMR (500.16MHz, CDCl3)3 3.857 (s, 3H), 2.298 (br m, 2 H), 1.824 (s, 2 H), 1.7
93 (d, 4 H, =2.75 Hz), 1.682, 1.629 (br AB q, 4 H), 1.529 (n, 3 H) ppm
13C NMR (127.78 MHz, CDCl3)3 165.929, 94.281, 68.932, 54.150, 44.478, 44.529, 44
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134 NMR (125.77MHz, CD5;0D)3 167.957, 96.356, 69.322, 48.070, 45.360, 44.794, 37.

050, 36.039, 31.631 ppm
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Dooooood
METHODS AND COMPOUNDS FOR PRODUCING DIPEPTIDYL

PEPTIDASE IV INHIBITORS AND INTERMEDIATES THEREOF

This application claims priority from U.S. Provisional Application 60/431,814

filed December 9, 2002 which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention provides methods and compounds for use in methods
for production of cyclopropyl-fused pyrrolidine-based inhibitors of dipeptidyl
peptidase IV. Also provided are methods for asymmetric reductive amination of the
intermediate compound (S)-amino-(3-hydroxy-adamantan-1-yl)-acetic acid used in the
production of cyclopropyl-fused pyrrolidine-based inhibitors of dipeptidyl peptidase
IV. Additional intermediate compounds and methods for their production are also
provided. Dipeptidyl peptidase IV inhibitors produced by the compounds and
methods of the present invention are useful in the treatment of diabetes and
complications thereof, hyperglycemia, Syndrome X, hyperinsulinemia, obesity, and
atherosclerosis and related diseases, as well as immunomodulatory diseases and

chronic inflammatory bowel discase.

BACKGROUND OF THE INVENTION

Dipeptidyl peptidase IV is a membrane bound non-classical serine
aminopeptidase which is located in a variety of tissues including, but not limited to,
intestine, liver, lung, and kidney. This enzyme is also located on circulating T-
lymphocytes wherein it is referred to as CD-26. Dipeptidyl peptidase IV is
responsible for the metabolic cleavage of the endogenous peptides GLP-1(7-36) and
glucagons in vivo and has demonstrated proteolytic activity against other peptides
such as GHRH, NPY, GLP-2 and VIP in vitro.

GLP-1(7-36) is a 29 amino acid peptide derived from post-translational
processing of proglucagon in the small intestine. This peptide has multiple actions in
vivo. For example, GLP-1(7-36) stimulates insulin secretion and inhibits glucagon
secretion. This peptide promotes satiety and slows gastric emptying. Exogenous

administration of GLP-1(7-36) via continuous infusion has been shown to be

-1-
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efficacious in diabetic patients. However, the exogenous peptide 1s degraded too
rapidly for continual therapeutic use.

Inhibitors of dipeptidyl peptidase IV have been developed to potentiate endogenous
levels of GLP-1(7,36). U.S. Patent No. 6,395,767 discloses cyclopropyl-fused
pyrrolidine-based inhibitors of dipeptidyl peptidase IV. Methods for chemically
synthesizing these inhibitors are disclosed in U.S. Patent No. 6,395,767 as well as in
the literature. For example, see Sagnard et al. Tet-Lett. 1995 36:3148-3152;
Tverezovsky et al. Tetrahedron 1997 53:14773-14792; and Hanessian et al. Bioorg.
Med. Chem. Lett. 1998 8:2123.2128. A preferred inhibitor disclosed in U.S. Patent
No. 6,395,767 is the free base, (18,35,55)-2-[(2S)-2-amino-2-(3-hydroxy-
tricyclof3.3.1.1% Jdec-1-y1}-1-oxoethyl |-2-azabicyclo-[ 3.1.0Thexane-3-carbonitrile

(M),

HO

H,N N

CN

free base M’

Methods adapted for preparing intermediates used in the production of this
dipeptidyl peptidase IV inhibitor are disclosed in EP 0 808 824 A2. Also see,
Imashiro and Kuroda Tetrahedron Letters 2001 42:1313-1315, Reetz et al,. Chem. Int,
Ed. Engl. 1979 18:72, Reetz and Heimbach Chem. Ber. 1983 116:3702-3707, Reetz et
al. Chem. Ber. 1983 116:3708-3724.

The present invention provides new production methods and compounds for
use in the production of cyclopropyl-fused pyrrolidine-based inhibitors of dipeptidyl
peptidase TV.
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SUMMARY OF THE INVENTION
An object of the present invention is to provide compounds usetul as
intermediates in the production of cyelopropyl-fused pyrrolidine-based inhibitors of
dipeptidyl peptidase V.
In one embodiment, intermediates of the present invention comprise a

compound of Formula [A:

wherein
R! is selected from the group consisting of H and OH;
R? is selected from the group consisting of -C(=0)-COR’, -C(=0)NR°RS6,
-C{X),-COR* and -C-NR'R*COR",
wherein
X 1s a halogen;
nis from 1-2
R* is selected from the group consisting of O-alkyl, NH, and OH; and
R°, R®, R” and R® are each selected from the group consisting of H and
COOR’, wherein R’ is a substituted or unsubstituted alkyl; and
R’ is selected from the group consisting of H, OH and R'", wherein R"
is NHR''C(=O)R 7,
R''is R”COOH,
R"™is
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NC

and R" is an alkyl or aryl.

Exemplary preferred compounds of Formula 1A of the present invention useful
as intermediates in the production of cyclopropyl-fused pyrrolidine-based inhibitors of
dipeptidyl peptidase IV include:

3-hydroxy-a-oxotricyclo[3.3.1 .1*"decane-1-acetic acid, methyl ester as

depicted in Formula L,

OH

CO,Me

3-hydroxy-a-oxotricyclo[3.3.1.1>"Jdecane-1-acetic acid as depicted in

Formula II,

OH

CO,H

(aS)-a-amino-3-hydroxytricyclo}3.3.1.1%"|decane-1-acetic acid as depicted in

Formula V,
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OH

CO,H

NH,

(aS)-a[{(1,1-dimethylethoxy)carbonylJamino]-3-hydroxytricyclo[3.3.1.17]

decane-1-acetic acid as depicted in Formula VI,

OH

CH

Y

adamantan-1-yl-dichloro-acetic acid methy! ester as depicted in Formula VII,

{or its DABCO salt VIA),

CO,CH;

o/ v

dichloro-(3-hydroxy-adamantan-1-yl}-acetic acid methyl ester as depicted in

Formula VIII, and
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CO,CHs;

HO cl Ct Vil

dichloro-(3-hydroxy-adamantan-1-yl-acetic acid as depicted in Formula IX

CO,H

In another embodiment, intermediates of the present invention comprise the
compounds 4,5-dilvdro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1 ,1-dimethylethyl),5-

ethyl ester as depicted in Formula I,

7z
d

2
R cor’ ]

wherein

R' is selected from the group consisting of O-alkyl, NH; and OH, and

R? is selected from the group consisting of t-BOC and CBz;

and (55)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-
dimethylethyl) ester as depicted in Formula [V,
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CONH,

in a preferred embodiment, these compounds are used as intermediates in the
production of the dipeptidyl peptidase IV inhibitors (15,35,58)-2-1(25)-2-amino-2-(3-
hydroxytricyelo[3.3.1. 13‘7](160— [-yI}-1-oxoethyl}-2-azabicyclo[3.1.0]hexane-3-

carbonitrile, benzoate (1:1) as depicted in Formula M

OH

PhCOOH eNH; N

NC M

or its free base M’ (set out above), and monohydrate M" thereof
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HO

H,0 oH,N N

CN Mll

Another object of the present invention 1s to provide methods for production
of cyclopropyl-fused pyrrolidine-based inhibitors of dipeptidyl peptidase [V. Ina
preferred embodiment, the inhibitor produced are (18,35,58)-2-[(28)-2-amino-2-(3-
hydroxytricyclo[3.3.1.1 *Mdee-1-y1)-1 ~oxoethyl]-2-azabicyclo[3.1.0]hexane-3-
carbonitrile, benzoate (1:1) and its corresponding free base as depicted in Formulas M
and M, respectively. These inhibifors are ultimately formed from the coupling of two
fragments, (aS)-a-amino-3-hydroxytricyelo [3.3.1.177]decane-1-acetic acid as

depicted in Formula V,

OH

CO,H

NH, v

and (18,3S,58)-2-azabicyclo[3.1.0]hexane-3-carboxamide acid salt such as the
hydrochloride salt or the methanesulfonic acid salt (mesyl or MSA salt) as depicted in

Formula J



(72) JP 2014-12689 A 2014.1.23

HCI eHN
or

MSA CONH, J

Various methods are disclosed herein for production and coupling of these
fragments depending upon the intermediate compounds selected as the starting
materials. For example, in one embodiment of the present invention, a method is
“provided for production of the cyclopropyl-fused pyrrolidine-based inhibitor from 3-
hydroxy-a-oxotricyclo{3.3.1.1*"Jdecane-1 -acetic acid as depicted in Formula II. In
another embodiment of the present invention, a method is provided for production of
the cyclopropyl-fused pyrrolidine-based inhibitor from (aS)-a-amino-3-
hydroxyiricyelo[3.3.1.17"]decane-1-acetic acid of Formula V. In another embodiment
of the present invention, a method is provided for production of the cyclopropyl-fused
pyrrolidine-based inhibitor from (aS)-a[{(1,]1-dimethylethoxy)carbonyljamino]-3-
hydroxytricyclo[3.3.1.1°"|decane-1 -acetic acid of Formula V1. In yet another
embodiment of the present invention, a method 1s provided for production of the
cyclopropyl-fused pyn‘oiidine—baséd inhibitor from (55)-5-aminocarbonyl-4,5~
dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl) ester of Formula IV.

Another object of the present invention is to provide methods for synthesis of
intermediates useful in the production of cyclopropyl-fused pyrrolidine-based
inhibitor. In one embodiment of the present invention, a method is provided for
asymmetric reductive amination or transamination of 3-hydroxy-a-
oxotri cyclo[3.3.1.13’7]decane-]—acetic acid (Formula IT) to (aS)-a-amino-3-
hydroxytricyclof3.3.1.17"|decane-1-acetic acid (Formula V). In another embodiment
of the present invention, a method for chemical synthesis of (aS)—awamino—3—
hydroxytricyclo[3.3.1.1>"|decane-1-acetic acid (Formula V) from
tricyclof3.3.1.17"|decane-1-acetic acid (Formula N) is provided. In another
embodiment of the present invention, methods are provided for production of 3-

1%

hydroxy-a-oxotricyclo[3.3.1.17 " Jdecane-1-acetic acid (Formula IT) from adamantan-1-

_0-
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yl-dichloro-acetic acid methyl ester (Formula VII), dichloro-(3-hydroxy-adamantan-1-
vl}-acetic acid methyl ester (Formula VII), and dichloro-(3-hvdroxy-adamantan-1-yi)-
acetic acid (Formula IX). Methods for production of adamantan-1-yl-dichloro-acetic
acid methy! ester (Formula V), dichloro-(3-hydroxy-adamantan-1-yl}-acetic acid
methyl ester (Formula VIII}, and.dich.loro—(3-hydroxy-adamantan-1—yi)-acetic acid
(Formula IX) are also provided. In another embodiment of the present invention, a
method is provided for production of (58)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-
1-carboxylic acid, 1-(1,} -dimethylethyl) ester (Formula IV) from 4,5-dihydro-1H-
pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester (Formula III}. In
this embodiment, (5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid, 1-
(1,1-dimethylethy!) ester (Formula (V) can then be used as an internmediate in the
production of (18,35,55)-3-aminocarbonyl)-2-azabicyclo[3.1.0thexane-2-carboxylic
acid, 1,1-dimethylethyl ester (Formula H) .

Another object of the present invention is to provide a cell line capable of
producing (a$)-a-amino-3-hydroxytricyclo[3.3.1.1>"]decane-1-acetic acid (Formula
V) by asymmetric reductive amination or transamination of 3-hydroxy-a-
oxotricyelo{3.3.1.1°7]decane-1-acetic acid (Formula T). In a preferred embodiment,
the cell line comprises cells containing a plasmid expressing formate dehydrogenase
and phenylalanine dehydrogenase. Most preferred is the cell line of ATCC Accession
Number PTA-4520.

DETAILED DESCRIPTION OF THE INVENTION

Cyclopropyl-fused pyrrolidine-based compounds such as (15,35,55)-2-[{2S)-
2-amino-2-(3-hydroxytricyclo{3.3.1. 13’7} dec-1-yl)-1-oxoethyl |-2-
azabicyclo[3.1.0thexane-3-carbonitrile, benzoate (1:1) and its corresponding free base
and monohydrate thereof are dipeptidyl peptidase IV inhibitors useful in the treatment
of diabetes and complications thereof, hyperglycemia, Syndrome X, hyperinsulinemia,
obesity, and atherosclerosis and related diseases, as well as immunomodulatory
diseases and chronic inflammatory bowel disease. In the present invention, new
compounds and methods are provided for use in production of cyclopropyl-fused |

pyrrolidine-based compounds such as (18,38,55)-2-[(2S)-2-amino-2-(3- .

- 10 -
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hydroxytricyelof3.3.1.177|dec-1-y1}-1-oxoethyl]-2-azabicvelo[3.1.0Thexane-3-

carbonitrile, benzoate (1:1) and its corresponding free base and monohydrate thereof,
The dipeptidyl peptidase IV inhibitors (1S,38,58)-2-[(2S)-2-amino-2-(3-

hydroxytricyelo[3.3.1.17 ]dec-1-y1)-1 -oxoethyl]-2-azabicyclof3.1.0Jhexane-3- -

carbonitrile, benzoate (1:1) is depicted below as Formula M.

OH

PhCOCH eNH;

and preferably the corresponding free base Formula M’ depicted below or its

monohydrate M" set out hereinbefore.

HO

H,N

MI

In the present invention, a method is provided for production of (18,38,55)-2-
[(28)-2-amino-2-(3-hydroxytricyclo[3.3.1.177]dec-1-y1)-1 -oxoethyl]-2-

azabicyclo[3.1.0Thexane-3-carbonitrile (Formula M') by assembly of two fragments.

S 11 -
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These fragments are (aS}-a-amino-3-hydroxytricyelo[3.3.1.1%" 1decane-1-acetic acid

as depicted m Formula V,

OH

CO.H

NH,

and acid salts of (15,3S,55)-2-azabicyclo[3.1.0]hexane-3-carboxamide such as the

hydrochloride salt or MSA salt as depicted in Formula J.

>

HC1 =HN
or

MSA CONH, J

The present invention also provides methods for production of these fragments as well
as intermediate compounds useful in the production of these fragments.

In one aspect of the present invention, methods are provided for production of
the fragment (a $)-a-amino-3-hydroxytricycio [3.3.1.1>"1decane- 1-acetic acid
(Formula V) by reductive amination or transamination of the intermediate compound
3-hydroxy-a-oxotricyclo[3.3.1.1%"Jdecane-1-acetic acid (Formula I). Ina preferred
embodiment of this .method, 3-hydroxy-a-oxotricycio[3.3.1.1%"]decane-1-acetic acid
(Formula IT) is converted to (aS)-a-amino-3-hydroxytricyclo [3.3.1.1%"]decane-1-
acetic acid (Formula V) by reductive amination performed enzymatically using a
phenylalanine dehydrogenase or other amino acid dehydrogenases active with
ketoacids . Exemplary phenylalanine dehydrogenases useful in the present invention

include, but are not limited to, those from Sporosarcina species or a phenylalanine

-12-
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dehydrogenase from Thermoactinomyces species such as Thermoactinomyces
intermedius. 1t is preferred that reductive amination be performed with the
phenylalanine dehydrogenase of Thermoactinomyces intermedius, ATCC 33205,
expressed in Escherichia coli or Pichia pastoris. Construction and growth of
recombinant strains of £. coli and Pichia pastoris expressing phenylalanine
dehydrogenase Thermoactinomyces intermedius, ATCC 332035, have been described
by Hanson et al. (Enzyme and Microbial Technology 2000 26:348-358). Growth of
Pichia pastoris on methanol also induces the production of formate dehydrogenase
(Hanson et al. Enzyme and Microbial Technology 2000 26:348-358).

E. coli cells containing a plasmid expressing the Pichia pastoris (ATCC
20864) formate dehydrogenase and a modified version of the Thermoactinomyces
intermedius (ATCC 33205) phenylalanine dehydrogenase gene were deposited and
accepted by an International Depository Authority under the provisions of the
Budapest Treaty. The deposit was made on June 25, 2002 to the American Type
Culture Collection at 10801 University Bouievar_d in Manassas, Virginia 20110-2209.
The ATCC Accession Number is PTA-4520. All restrictions upon public access to
this celi line will be irrevocably removed upon granting of this patent application. The
Deposit will be maintained in a public depository for a period of thirty years after the
date of deposit or five years after the last request for a sample or for the enforceable
life of the patent, whichever is longer. The above-referenced cell line was viable at the
- time of the deposit. The Deposit will be replaced if viable samples cannot be
dispensed by the depository.

Reductive amination of 3-hydroxy-a-oxotricyclo [3.3.1.1°"]decane-1-acetic
acid (Formula II) to (aS)-a-amino-3-hydroxytricyclo [3.3.1.1%"]decane-1-acetic acid

(Formula V) is depicted in the following Scheme L.

SCHEME I
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OH
OH
- COH
C02H /_\
NADH NAD
S NH,
ST TN Vv
H ammonium formate co,

As shown in Scheme [, this reaction requires ammonia and reduced
nicotinamide adenine dinucieotide (NADH). Nicotinamide adenine dinucleotide
(NAD) produced during the reaction is recycled to NADH by the oxidation of formate
to carbon dioxide by formate dehydrogenase. The expected ﬁeld of (aS)-a-amino-3-
hydroxytricyclo [3.3.1.1°"]decane-1-acetic acid (Formula V) from this reaction is 80
to 100% and the expected enantiomeric excess is greater than 99%. Also see
Examples 1 through 10 herein.

The same conversion can also be accomplished using a transaminase as shown

in Scheme II:

- 14 -
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SCHEME I
OH
OH
glutamate  o-ketoglutamate
- CO,H
CO,H
\ NH,
Vv

As shown in Scheme II, in this enzymatic conversion glutamic acid serves as
the amino donor. An exemplary transaminase for use in this conversion is the
branched chain transaminase set forth in Example 11 herein,

In another embodiment, (aS)-a-amino-3-hydroxytricyclo [3.3.1.1%"decane-1-
acetic acid (Formula V) is synthesized chemically. An exemplary method for
chemical synthesis of (aS)-a-amino-3-hydroxytricyelo [3.3.1.1° ’7}decane-l—acetic

acid (Formula V) is depicted in Scheme 111

SCHEME HI

S0CkL

N, N- Dtbromohydantom HNOEIHZSC& _NHOHEOH
COM o COM oo o 2% COM gom e CO,H

racemic mixture of V

{Bock,O/MNaOH Resoiution
Rl COMH —e 3 COHaBase
90% HO Ho

NHBoe NHBoc | 70-80% ee
R s

As shown in Scheme III, a racemic mixture of (a8)-a-amino-3-hydroxytricyclo
13.3.1.17""1decane- 1 -acetic acid (Formula V) is chemically synthesized from tricyclo
[3.3.1.17"]decane- 1 -acetic acid (Formula N) by first brominating tricyclo
[3.3.1.17"]decane-1-acetic acid into o-bromotricyclo[3.3.1.177]decane-1-acetic acid
(Formula O). In this bromination, the starting material, tricyclo [3.3.1.1°"]decane-1-
acetic acid (Formula N) is suspended in thionyl chloride. Dimethyl formamide

-15-
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(DMF) is then added and the suspension is stirred at room temperature for 1.5 hours.
Completion of the reaction is verified by gas chromatography. Solid N-bromosuccinic
anhydride (NBS) is then added portionwise to the reaction mixture and the reaction
mixture is heated to 60°C. The temperature is maintained between 60 and 65°C while
the reaction is stirred for 3 hours. Again, completion of the reaction is verified by gas
chromatography. Heptane is then added to the reaction mixture and excess thionyl
chloride is distilled off at 78-80°C. Water is added to quench the reaction and
additional heptane is added. The aqueous layer is then separated from the organic
layer and the organic layer is washed with water. After washing, additional water is
added to the heptane layer and the heptane is distilled off. Tetrahydrofuran (THF) is
then added to the remaining agueous layer and the mixture is stirred vigorously at
room temperature for multipie hours. Additional water can be added to speed up this
hydrolysis. The THF is then distilled off, leaving a biphasic (water and oil) reaction
mixture. Seeds are then added and the reaction 1s allowed to reach room temperature
while a-bromotricyclo[3.3.1.1°")decane-1-acetic acid (Formula O) is produced as a
heavy solid. Water and acetonitrile are added to keep the suspension stirrable. After
stirring for several hours, the solid containing a-bromotricyclo[3.3.1.1°"]decane-1-
acetic acid (Formula O) is filtered off and washed several times with acetonitrile. See
also Example 17 herein.

a-Bromotricyclo[3.3.1.17"|decane-1-acetic acid (Formula O) is then reacted
with H,SO,4 and HNOs to produce a-bromo-3-hydroxytricyclo [3.3.1 .13’7]decane-1-
acetic acid (Formula Q). More specifically, a-bromo-3-
hydroxytricyclo[3.3.1.17"]decane- 1 -acetic acid (Formula Q) is prepared from -
bromotricyelo[3.3.1.1°7]decane-1-acetic acid (Formula O) by first charging an Erlen-
Mever flask with H,SO4. The flask is then cooled in an ice bath and.50% HNOs is
added to the flask. The solid a-bromotricyclo[3.3.1 .13’7]decane-1~acetic acid
(Formula O) is then added to the mixture in portions which maintain the temperature
under 28°C. The reaction is then heated to 60°C with stiming until a clear solution is
obtained. When the reaction is complete, it is cooled to and maintained at room

temperature. Water is then added to quench the reaction. The resulting slurry is

S 16 -
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cooled in an ice bath and then filtered to obtain a-bromo-3-hydroxytricyclo
[3.3.1.13 ‘7]décane—1-acetic acid (Formula Q). See also Example 18 herein. |
a-Bromo-3-hydroxytricyclo[3.3.1.1" Jdecane-1-acetic acid (Formula Q) is
then dissolved in ammonium hydroxide, preferably 30% ammonium hydroxide and
the reaction mixture is heated preferably to 65°C. The reaction mixture is then
concentrated to a solid. EtOH is then added and the reaction is again concentrated to
yield a racemic mixfure comprising (aS})-a-amino-3-hydroxytricyclo
13.3.1.17"{decane-1-acetic acid (Formula V). See also Example 19 herein.

To isolate (aS)-a-amino-3-hydroxytricyclo [3.3.1.1%"|decane- 1 -acetic acid
(racemic mixture of Formula V} from the racemic mixture, the mixture is treated by
typical Boc protection using Boc anhydride and sodium hydroxide in tetrahydrofuran
to vield a-[[(1,1-dimethylethoxy)carbonyljaminol-13 Jhydroxytricyelo[3.3.1.1%7]
decane-1-acetic acid (Compound R). a-{[(1.1-Dimethylethoxy)carbonyl]amino]-]
3]hydroxytricyclo[3.3.1.177|decane- 1-acetic acid (Compound R) is then mixed with a
chiral base such as [1R,251-(-)-1,2-diphenylhydroxy ethylamine, 1,7,7-
trimethylbicyclo[2.2.1]heptane-2-amine, or S-(~}-1-1(1-naphthylethylamine and the
mixture is evaporated to dryness. The dried mixture is resuspended in a solvent and
the resuspended mixture 1s placed on a shaker with heating for several hours. Upon
cooling to room temperature, crystallization of (aS)-a-{[dimethylethoxy)carbonyl]
amino]-3-hydroxytricyclo[3.3.1.17" Jdecane- 1 -acetic acid (Compoﬁnd S) occurs. See
also Example 20 herein.

Removal of the Boc group yields (aS)-a-amino-3-hydroxytricyclo
[3.3.1.13‘7]decanc~1~acetic acid (Formula V).

Another aspect of the present relates to methods for production of the
intermediate compound 3-hydroxy-a-oxotricyclo [3.3.1.13’_7]decane~l-acetic acid
(Formula II) used in the synthesis of the fragment (aS)-a-amino-3-hydroxytricyclo
[3.3.1.177]decane-1-acetic acid (Formula V). The intermediate compound 3-hydroxy-
a-oxotricyclo [3.3.1.1%" decane-1-acetic acid (Formula I} can be produced in

accordance with the method depicted in Scheme IV.

17 -



(81) JP 2014-12689 A 2014.1.23

SCHEME IV
OTMS OTMS
OTMS COH MeQH/ACC
Br —_— J————
ZnCl, OH
DeM
A B
' COzMe CO,Me
{COCI),/DMSO HNOy/H;80,
\ NEt,/DCM, -78°C
O y
Cc 3]
OH OH
COzMe “um @Xcozﬂ
o}
)}

As shown in Scheme [V, in this method, adamantyl bromide (Forzﬁuia A)is
alkylated via zinc chloride catalysis to produce a-hydroxytricyclo{3.3.1.1*"]decane-1-
acetic acid (Formula B). a-Hydroxytricyclo[3.3.1.1%]decane-1-acetic acid (Formula
B) is then esterified using acetyl chloride in methanol to produce a-
hydroxytricyclo]3.3.1.1>7]decane-1-acetic acid, methyl ester (Formula C). a-
Hydroxytricyclo[3.3.1.17"]decane-1-acetic acid, methy! ester (Formula C) is then
converted to a-oxotricyclo[3.3.1.1>"|decane- 1 -acetic acid, methyl ester (Formula D)
by Swern oxidation. a-Oxotricyclo[3.3.1.1°"|decane-1-acetic acid, methyl ester
(Formula IJ) is then hydroxylated to form 3-hydroxy-a-oxotricyclo[3.3.1. 13‘7}decane—
1-acetic acid, methyl ester (Formula I), which is then hydrolyzed to form 3-hydroxy-a-
oxotricyelo[3.3.1.17"]decane-1-acetic acid (Formula 15. Also see Examples 21

through 23 herein.

18-
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Alternatively, the intermediate compound 3-hydroxy-a-oxotricyclo
[3.3.1.17"]decane-1-acetic acid (Formula IT) can be produced in accordance with the

method depicted in Scheme V.

SCHEME V
Zn, TMSCI ci _ OCH, A
THF o
CI;CCO,CH;—— » Br
i OSiMe, ZnChiapprox. 0.15 eq)
1 CH,Cl3, RT
HNO3, H,50
CO,CH; = i CO,CH;
Cl
HG o o v ¢ vil
NaOH {1.36 eq)
CH;OH/H,0, RT
base
CoH CO,H
HO cl Coax HO o

As shown in Scheme V, (2,2-dichloro-1-methoxy-vinyloxy)-trimethysilane 1
is prepared by minor modification of the method of Kuroda et al. (EP 08 08 §24A3;
Imashiro and Kuroda Tetrahedron Letters 2001 42:1313-1315). Treatment of
bromoadamantane with 1 under the influence of zinc chloride (Reetz et al. Chem, Int.
Ed. Engl. 1979 18:72, Reetz and Heimbach Chem. Ber. 1983 116:3702-3707, Reetz et
al. Chem. Ber. 1983 116:3708-3724) yields adamantan--yl-dichloro-acetic acid
methyl ester of Formula VII. Adamantan-1-yl-dichloro-acetic acid methyl ester of
Formula VII is then hydroxylated with nitric oxide in concentrated sulfuric acid to

© provide a quantitative yield of dichloro-(3-hydroxy-adamantan-1-yl}-acetic acid

9.
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methyl ester of Formula VIII. Hydrolysis of Formula VI with aqueous sodium
hydroxide in methano! at room temperature yielés dichloro-(3-hydroxy-adamantan-1-
vl)-acetic acid of Formula IX. Subsequent treatment of dichloro-(3-hydroxy-
adamantan-1-yl)-acetic acid (Formula IX) with a weak base, preferably sodium
bicarbonate, at elevated temperature results in the exclusive formation of the
intermediate compound 3-hydroxy-a-oxotricyclo [3.3.1 .13’7]decane—1 -acetic acid

(Formula IT). Also see Examples 26 through 29.

SCHEME VA

1) ~6 N HCl to pH 7.4

ﬁ\‘ o 1 2) NaHCO; (2.6 en)

0
| 1 N NaQH i ] 3} Heat to ~80°C, distill off THF
oCH, THFHL0 ONa | 4) conc. HCl_to pH 0.20
5) Extract with EtOAc :
[ I Cl Cl J

HO HO

Vil

Recrystallize from water
i GH OH
HO o HO 0
1l ]
(crude)

As shown in Scheme VA, the intermediate compound 3-hydroxy-a-
oxotricyclo-[3.3.1.1.>"decane-1-acetic acid {(Formula II) may be prepared in a one pot
procedure. As seen, treatment of Formula VIII compound with aqueous sodium
hydroxide in tetrahydrofuran (or other base such as potassium hydroxide or lithitam
hydroxide} in an inert atmosphere such as argon, yields the corresponding sodium salt.
Without recovering the sodium salt, the reaction mixture containing the sodium salt is
treated with an acid such as hydrochloric acid to lower pH to less than about 0.50
preferably about (.20, to form the corresponding keto acid I, which may be
recrystallized from water to form crystals of the keto acid I

Another aspect of the present invention relates to a method for production of
the fragment (18,3S,58)-2-azabicyclo{3.1.0]hexane-3-carboxamide (Formula J). This
fragment used in the production of (15,35,58)-2-[(25)-2-amino-2-(3-

.13,7

hydroxytricyclo[3.3.1.17 " Jdec-1-yI}-1-oxoethyl]-2-azabicyclo[3.1.0]Thexane-3-

-20 -



(84) JP 2014-12689 A 2014.1.23

carbonitrile can be produced in accordance with the method depicted in Scheme VI

shown below.

SCHEME VI
o o {Boc¢),0 (1.07
1. EtOH/SOCH, eq.)
— T DMAR RS
N 2. EtsN/Phie NH toluene, rt, 3 h
COOH COOEt
E F

o. S

\ 1. LIEt;BH{1.1eq.} 1. LIOH

N toluene, A5°C N 2. MisCIDIPEA
o AN 0 _3NHy

coOE:t 2. DIPEA, DMAP (cat) COOE:
TFAA
(o] (8]
G

| 7 CHghy/Et,Zn MSA or
! CHzc'Z gfol/(x?:)/m?
o
% CONH, HCI +NH
MSA

CONH,

o) CONH,
v _ J

As shown in Scheme VI, L-pyroglutamic acid (Formula E) is first esterified to
produce the L-pyroglutamic acid ethyl ester (Formula F; SQ 7539). This L-
pyroglutamic acid ethyl ester is then BOC-protected on the nitrogen to produce (55)-
2-oxopyrrolidine-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester (Formula
G). SuperHydride reduction and elimination is then performed to form 4,5-dihydro-
1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl ester (Formula II).
The BOC-DHPEE I is then hydrolyzed by saponification with lithium hydroxide to
form BOC-DHP. An amide is then formed on BOC-DHP via mixed anhydride using
mesy! chloride followed by ammonia to produce {(55)-5-aminocarbonyl-4,5-dihydro-
1H-pyrrole-1-carboxylic acid, 1-(1,1 —diméthylethyl) ester (Formula V). (58)-5-
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aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethvl) ester
(Formula IV) is then cyclopropanated via the Simmons-Smith reaction to produce
(1S,3S,58)-3-aminocarbonyl)-2-azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-
dimethylethyl ester (Formula H). BOC is then removed resulting in formation of an
acid salt such as the hydrochloride salt or the methanesulfonic acid salt of the
fragment (1S5,35,58)-2-azabicyclo[3.1.0]hexane-3-carboxamide (Formula J). Also
see Examples 29 through Example 35.

Another aspect of the present invention also depicted in Scheme VI relates to
the transformation of {(5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid,
1-(1,1-dimethylethyl} ester (Formula IV) to (15,3S,5S)-3-aminocarbonyl)-2-
azabicyclof3.1.0Thexane-2-carboxylic acid, 1,1-dimethylethyl ester (Formula H} by
cyclopropanation in a Stimmons-Smith Reaction. In this reaction, (55)-5-
aminocarbonyi-4,5-dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl) ester
is dissolved in methylene chloride in a first reactor. In a second reactor, methylene
chioride is cooled to -30°C and dimethoxy ethane and a 30% solution of diethyl zinc
in toluene are added followed by addition of ditodo methane. This mixture is then
added to the first reactor followed by addition of saturated bicarbonate solution. The
resulting reaction mixture is stirred until a precipitate formed. The precipitate is then
filtered, washed and resuspended in methylene chloride two or more times. Filtrates
are then separated into aqueous and organic phases and the organic phase is washed
with half saturated brine. Solvent is removed and exchanged by heptane to obtain a
sturry of crude product of (15,3S,55)-3-aminocarbonyl)-2-azabicyclo[3.1.07hexane-2-
carboxylic acid, 1,1-dimethylethyl ester (Formula H) in heptane,

Alternatively, (55)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid,
1-(1,1-dimethylethyljester (Formula IV) may be prepared as shown in Scheme VIA.

-22 -
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Mal ‘ N:“\/OMB 5\‘#& MEO\H/ N\\QY/OME MeO\\l/NVDMe
| | N | | :
N N 7 EtOAc N N Stow N N
Y ’ Thawe T e T — 7
H + ! _Me + MeCl
o] Q /N\ [Nj
|
4=0.92 e o
CyHgCiNzGy GgHyNC CypH47CI8, 05 DIMT
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CAS 3440-73-6 {(CDMT) CAS 108-02-4 (MM} |
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CAS 3945-69-5 {DMT-MM}

MeQ N OMe
VD g 5 B [ o ] DT
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T1e8ey - Ou, - T /0_<\ N : CONH
QO N (}} COONa Mg 0 i N—/< ! \\/O : On
i N | >r ! A
& CO0H xi P ‘ OMe | \ W EHMT
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X For free acid Activatad DMT-gster Mol We: 212,25
BMS.552419
CazHzzM04 CaotlighiOy Xt

Mol. Wt.: 394.55 Mol Wt: 213.23

-BMS-587582
DCHA

As shown in Scheme VIA, the DCHA salt of 4,5-dihydro-1H-pyrrole-1,5-
dicarboxylic acid, 1-(1,1-dimethylethyl)ester X is treated with alkali metal base such
as sodium hydroxide to form the corresponding salt, such as the sodium salt. -

The sodium salt of 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-
dimethylethyl)ester XI may also be prepared from the corresponding ethyl ester by
treating the ethyl ester (preferably a solution of the ethyl ester in toluene) with ethanol
and sodium hydroxide.

A solution of the sodium salt X1 is treated with buffer such as ammonium
chloride and sodium dihydrogen phosphate to lower pH of the solution below 7,
preferably about 6 to 6.5, and the buffered solution of sodium salt is treated with 4-
(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (DMT-MM) to
form the activated DMT-ester XII which 1s treated with ammonia or other base such
as ammonium sulfate, ammonium chloride or ammonium hydroxide, to form (58)-5-
aminocarbonyl-4,5-dihydro-1 H-pyrrole-1-carboxylic acid 1-(1,1-dimethylethyl)ester
IV.

4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methyl-morpholinium chloride (DTM-
MM} may be prepared as shown in Scheme VIA by reacting 2-Cl-4,6-dimethoxy-
1,3,5-triazine (CDMT) and N-methylmorpholine at reduced temperatures ranging

from about 0 to about 10°C o form DMT-MM.
203
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The DCHA salt of 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-
dimethylethyl}ester X may be prepared from the corresponding sodium salt X1 by
treating an aqueous solution of previously prepared DCHA salt X with methyl t-butyl
ether (MTBE) adjusting pH of the reaction mixture to 2.5-3 employing an acid such as
H;PO4. The organic layer is separated and treated with brine to form the
corresponding sodium salt XI. The resulting reaction mixture 1s cooled and treated

with DCHA to form the corresponding DCHA salt X.

- 24 -
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CONHMe

Xvi
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Oy N 2. CICHal
! OOEL toluene, -30 to -20°C
0 3. NaHCOa, sat,
m 4. 40% MeNH, 1t, 24h
CopriigNOy
Mol. WH.: 241,28
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40% MeNH:
e} N (8] N
5 rt, 24 b Y +
|
>|-’0 COOEt >r0 COQEt
Xv XVi
BOC-MPEE s-BOC-MPEE
CqzHpINOy CygHaNGy
Mol. Wt.: 255,31 Mol Wt 255,31
1. LIiOH, EtOH
0%/ N water o Q\/N
O COOEt 2. HCl, TBME COOH
>r 81-82% )
XV Xviii
s-BOC-MPEE s-BOC-MP
CqaHaNOy CqqH{zNOy
Mol. Wt.: 25531 Mol. Wt.: 227,26
g 1. -BLOCOC!
N . MR
O_E\/
COOH 2. NH3
40
i XVin
s-BOC-MP s-BOC-MPA
CpHyNOy C41H1aN205

Mol. Wt.: 227,26

Mol. Wt.: 226,27

Compound H Scheme VI may also be prepared as shown in Scheme VIB by

cyclopropanation of N-BOC 4,5-dehydroproline ethyl ester 111 as follows.

N-BOC 4,5-dehydroproline ethyl ester I is treated with diethyl zinc and

chloro iodomethane in the presence of dry organic solvent such as foluene, methylene

chloride or dichloroethane at a reduced temperature ranging from about -30 to about

0°C to form N-BOC 4,5-methanoproline ethyl ester XV.
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The resulting BOC 4,5-methanoproline ethyl ester XV (mixture of syn- and
anti-isomers (8:1)) is separated by treating with aqueous methyl amine under an inert
atmosphere such as a nitrogen atmosphere and syn (S)-BOC-4,5-methaneproline ethyl
ester X VI (separated from XVII) is recovered.

The s-BOC-4,5-methanoproline ethyl ester XVI in ethanol or other organic
éolvent such as toluene or THF is treated with base such as aqueous lithium hydroxide,
sodium hydroxide or potassium hydroxide to form the corresponding s-BOC-
methanoproline free acad XVIIL |

The free acid XV1II is converted to the corresponding s-BOC-methanoproline
amide H by treating free acid XVIII dissolved in an organic solvent such as THF or
methylene chloride; isobutyl chloroformate or mesyl chloride, in the presence of N-
methyl morpholine, under reduced temperatures such as not to exceed about -8°C, and
then treating the reaction mixture with ammonia to form the s-BOC-methanoproline
amide H.

Another aspect of the present invention relates to a method for coupling the
fragments (aS)-a-amino-3-hydroxytricyclo [3.3.1.1° ‘7]decane-1 -acetic acid (Formula
V) and (15,35,55)-2-azabicyclo[3.1.0Thexane-3-carboxamide (Formula J) to produce
(18,38,58)-2-[(28)-2-amino-2-(3-hydroxytricyclo[3.3.1.1%"]dec-1-y)-1-oxoethyl]-2-
azabicyclo{3.1.0]hexane-3-carbonitrile, benzoate (1:1). Coupling of these fragments

18 depicted in Scheme VII below.
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SCHEME VII
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T —————
K o 1} NaOH to pHE
2) Separate phases
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NC NC
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As shown in Scheme VII, the fragment (aS}-a-amino-3-hydroxytricyclo
[3.3.1.1%7]decane-1-acetic acid (Formula V) is first BOC protected to produce (aS)-
a[[(1,1-dimethylethoxy)carbonylJamino]-3-hydroxytricyelo [3.3.1.1%"decane-1-acetic
acid (Formula V1) by treating V with BOC;0 in the presence of base such as sodium
hydroxide and separated via ethyl acetate (EtOAc) extraction to separate out free acid
VI Alternatively, in place of ethyl acetate, 1sopropyl acetate/heptane may be
employed to crystallize out free acid VI. In another embodiment, the compound of
Formula V is used without isolation from a bioconversion using an isolated

PDH/FDH enzyme concentrate as set out in Example 8A.
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A solution of Formula VI compound in an appropriate organic solvent such as
tetrahydrofuran (THF) (cooled to a temperature within the range from about -10 to
about 0°C) 1s treated with methanesulfonyl chloride (Mesyl CI), and Hunig base
(diisopropylethylamine or DIPEA) to form the corresponding methanesulfonic acid
salt of VL.

A coupling reaction is then used to couple (aS)-a[[(1,1-
dimethylethoxy)carbonylJamino]-3-hydroxytricyclo[3.3.1.1%"|decane-1 -acetic acid,
{Formula V1) methanesulfonic acid salt to (15,3S,55)-2-azabicyclo{3.1.0Thexane-3-
carboxamide (Formula I) in the presence of 1-hydroxybenzotriazole (HOBT) or other
known coupling agent to produce 3-(aminocarbonyl}-a S)—a—(S—-
hydroxytricyclo[3.3.1. 13q7]dec~1 ~-y1}-B-ox0-(1 S,3 S,ﬁS}~2-aZabicyclo[3. 1.0Thexane-2-
ethanecarbamic acid, 1,1-dime‘ihy1<3thyl ester (Formula K). Formula K compound 1s
subjected to dehydration by treating compound K with organic base such as pyridine
or triethylamine and trifluoroacetic anhydride, and then subjecting the reaction to
hydrolysis by cooling to from about ( to about 10°C and adding sodium hydroxide or
other strong base such as KOH or LiOH to form Compound L. 3-cyano-(aS)-a-(3-
hydroxytricyclo[3.3.1.177}dec-1-y1)-B-0x0-(18,3S,55)-2-azabicyclo[3.1.0]hexane-2-
-ethanecarbamic acid, 1,1~-dimethylethyl ester (Formula L}, which is then deprotected
(and treated with sodium benzoate) to form the dipeptidyl peptidase TV inhibitor
(18,3S,5S)-2-[(28)-2-amino-2-(3-hydroxytricyclo[3.3.1.1% 1dec-1-y1)-1-oxoethyl}-2-
azabicyclo[3.1.0]hexane-3-carbonitrile, benzoate (1:1) (Formula M). Also see

Examples 37 through 39 herein.



(92) JP 2014-12689 A 2014.1.23

SCHEME VIIA
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As shown in Scheme VIIA, compound K may also be prepared from fhe-
compound VIA (DABCO salt) as follows.

Formula VI acid is treated with 1,4-diazabicyclo[2,2,2]octane (DABCO) to
form (aS)-a[{{1,]1-dimethylethoxy)carbonyl]amino]-3-
hydroxytricyclo[3.3.1.1° |decane-1 -acetic acid, 1,4-diazabicyclo[2.2.2]octane salt
(Formula VIA). A coupling reaction (as described in Scheme VIIA) is then used to
couple (aS)-a[[(1,1-dimethylethoxy)carbonyl]amino]-3-

13'7]decane—1 -acetic acid, 1,4-diazabicyclo[2.2.27octane salt

hydroxytricyclo{3.3.1.
(Formula VIA) to (18,35,55)-2-azabicyclo[3.1.0Thexane-3-carboxamide HCI or MSA
salt (Formula J) in the presence of 1-hydroxybenzotriazole (HOBT) or other known
coupling agent to produce 3-{(aminocarbonyl)-aS)-a-(3-hydroxytricyclo[3.3.1 1% "1dec-
1-y1)-B-0x0-(18,3S,58)-2-azabicyclof3.1.0]hexane-2-cthanecarbamic acid, 1,1-
dimethylethyl ester (Formula K). '

Referring back to Scheme VII, compound L may be deprotected by treatment

with strong acid such as hydrochloric acid as described with respect to Scheme VIIB,
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SCHEME VIiB

=4 T A
Iy
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Referring to Scheme VIIB, the free base monohydrate M" may be formed from
the BOC-protected intermediate L as foliows.

BOC-protected intermediate L is treated with concentrated hydrochloric acid
in the presence of methylene chloride and methanol while maintaining reaction
temperature within the range from about 20 and 25°C, to form hydrochloride salt L.
Hydrochloride salt L’ is treated with sodium hydroxide or other strong base to form
the free base M'. Free base M’ is then treated with water to form the free base
monohydrate M"".

As will be understood by those of skill in the art upon reading this disclosure,
the fial product, the dipeptidyl peptidase IV inhibitor (15,38,58)-2-[(28)~2-amino-2-
(3-hydroxytricyclo{3.3.1.1%"]dec-1-y1)-1-oxoethyl] -2-azabicyclo[3.1.0]hexane-3-
carbonitrile, benzoate (1:1) (Formula M) or its corresponding free base M’ or
monohydrate M’ thereof can be produced using all the steps depicted in Schemes I, 11,
or Il and 1V, V, VI, VII and VIIA or only a portion of the steps depicted in any of
Schemes I, 1I, or lil and IV, V, V1, VIl and VIIA depending upon which intermediate
is seiected as the starting material. For example, using the teachings of the present
invention, one of skill in the art can routinely produce the cyclopropyl-fused

pyrrolidine-based inhibitor (15,38,58)-2-[(28)-2-amino-2-(3-
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hydroxytricyclof3.3.1.1%"]dec-1-y1)-1-oxoethyl]-2-azabicyclo[3.1.0Thexane-3-
carbonitrile, benzoate (1:1) (Formula M) or the corresponding free base M’ using 3-
hydroxy-a-oxotricyclo[3.3.1.1 Jdecane-1-acetic acid of Formula 11 , (aS)-a-amino-3-
hydroxyiricyclof3.3.1.17 |decane-1-acetic acid of Fonﬁula V, (aS)-a[[(1,1-
dimethylethoxy)carbonyl Jamino]-3-hydroxyiricyclo[3.3.1.1 *']decane-1-acetic acid,
1,4-diazabicyclol2.2.2Joctane salt of Formula VIA, or (58)-5-aminocarbonyl-4,5-
dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl) ester of Formula I'V as
-the starting material.
| ‘Thus, one of skill in the art can produce a cyclopropyl-fused pyrrolidine-based
inhibitor of dipeptidyl peptidase IV simply by coupling (aS)-a{[{1,1-
dimethylethoxy)carbonyl]amino]-3-hydroxytricyclo[3.3.1.17 Jdecane- 1-acetic acid,
(Formula V) (or its DABCO salt (Formula VIA)) to (15,35,58)-2-
azabicyclo[3.1.0]hexane-3-carboxamide (Formula J) to produce 3-(aminocarbonyl)-
aS)-a-(3-hydroxytricyclo[3.3.1 .13’7]dec—1-y1)—8—0x0-(1 S,38,58)-2-
azabicyclo[3.1.0]hexane-2-ethanecarbamic acid, 1,1-dimethylethyl ester (Formula K);
dehydrating 3-(aminocarbonyl)-aS)-a-{3-hydroxytricyclo[3.3.1.1 3‘7]616(:—] -yl}-B-oxo0-
(15,38,58)-2-azabicyclo]3.1.0]hexane-2-ethanecarbamic acid, 1,1~dimethylethyl ester
(Formula K) to produce 3-cyano-(aS)-a-(3-hydroxytricyclo3.3.1.1° ’7]dec—1—yl)—ﬁ—oxo-
(18,38,58)-2-azabicyclo{3.1.0thexane-2-cthanecarbamic acid, 1,1-dimethylethyl ester
(F-onnuia_ L); and hydrolyzing 3-cyano-{aS)-a-(3-hydroxytricyelof3.3.1.1>71dec-1-y1)-
8-0x0-(15,38,55)-2-azabicyclof3.1.0]hexane-2-ethanecarbamic acid, 1,1-
dimethylethyl ester (Formula L} to form the dipeptidyl peptidase IV inhibitor. In this
method, the starting materials comprise the fragments, (aS)-af[{1,1-
dimethylethoxy)carbonylJamino]-3-hydroxytricyclo[3.3.1.1>"] decane-1-acetic acid,
(Formula VI) (or its DABCO salt (Formula VIA)) and (15,3S,58)-2-
azabicyclo[3.1.0]bexane-3-carboxamide (Formula J).

However, the method may further comprise steps for production of the
fragment (aS)-a[{(1,1-dimethylethoxy)carbonyl]amino]-3-hydroxytricyclo
[3.3.1.1%"]decane-1-acetic acid (Formula VI) from the intermediate {aS)-a-amino-3-
hydroxytricyclo[3.3.1.1>"|decane-1-acetic acid (Formula V) via BOC protection. In
this embodiment, the method may further comprise production of the (aS)-a-amino-3-

3
13

hydroxytricyclo [3.3.1.17 " Jdecane-1-acetic acid (Formula V) intermediate by
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asymmetrically reducing 3-hydroxy-a-oxotricyclo[3.3.1.17"Jdecane- 1 -acetic acid
(Formula II) by enzymatic amination or transamination (see Scheme I or IT).
Alternatively, the method may further comprise chemical synthesis of (aS-a-amino-3-
hydroxytricyelo[3.3.1.1% decane- 1-acetic acid (Formula V) from trieyclo[3.3.1.1%]
decane-1-acetic acid (Formula N) in accordance with Scheme IIL

In addition, or alternatively, the method may further comprise steps for
production of the fragment (15,35,55)-2-azabicyclo{3.1.0Thexane-3-carboxamide
{(Formula I} by removal of BOC from the intermediate (1S,3S,58)-3-aminocarbonyi)-
2-azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethyiethyl ester (Formula H). In
this embodiment, the method ﬁla.y further comprise a step for production of
(15.38,55)-3-aminocarbonyl}-2-azabicyclo[3.1.0 hexane-2-carboxylic acid, 1,1-
dimethylethyl ester (Formula H) by cyclopropanation, preferab}y via a Simmons-
Smith reaction of (5S)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic acid, -
(1,1-dimethvlethyl) ester (Formula [V). |

Another aspect of the present invention relates to new compounds identified
herein as being useful intermediates in the production of cyclopropyl-fused
pyrrolidine-based inhibitors of dipeptidyl peptidase IV. Compounds of the present
invention useful as intermediates in the production of cyclopropyl-fused pyrrolidine-
based inhibitors of dipeptidyl peptidase 1V include:

3-hydroxy-a-oxotricyclo[3.3.1.1>1decane- 1 -acetic acid, methyl ester as

depicted in Formula 1,

OH

CO,Me

3-hydroxy-a-oxotricyclo[3.3.1.17 decane-1-acetic acid as depicted in

Formula I,
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OH

CO,H

{5S)-5-aminocarbony!-4,5-dihydro-1H-pyrrole-1-carboxylic acid, 1-(1,1-
dimethylethyl} ester as depicted in Formuia IV,

7

N
° |
CONH,

0

v

(aS)-a-amino-3-hydroxytricyclo[3.3.1.1>"]decane-1-acetic acid as depicted in

OH
@Lfccw
NH, V

(aS)-a[[(1,1-dimethylethoxy)carbonyljamino]-3-hydroxytricyelo[3.3.1.1%7]

Formula V,

decane-1-acetic acid as depicted in Formula VI,
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OH

OH

NH o

T

0 vi
{or its DABCO salt VIA),

adamantan-1-yl-dichloro-acetic acid methyl ester as depicted in Formula VII,

CO,CH;
Cl Cl Vil
dichloro—'@—hydroxy—adamantan-1—yI)—acetic acid methyl ester as depicted in

Formula VIII, and

CO,CH;

HO cl ¢l vill

dichloro-(3-hydroxy-adamantan- 1-yl}-acetic acid as depicted in Formula IX.
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CO,H

HO ci ¢l X

In a preferred embodiment, as shown herein, these compounds are used as
intermediates in the production of the dipeptidyl peptidase IV inhibitors (15,38,55)-2-
[(28)-2-amino-2-(3-hydroxytricyclo[3.3.1.17 " ]dec-1-y1)-1-oxoethyl]-2-

azabicyclo[3.1.0]hexane-3-carbonitrile, benzoate (1:1) as depicted in Formula M.

OH

PhCOOH «NH;

and preferably the corresponding free base or its monohydrate as depicted in Formulas

M’ and M", respectively

HO

CN M'
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or its monohydrate M" (set out hereinbefore).

Dipeptidyl peptidase 1V inhibition produced using the compounds and
methods of the present invention are useful in the treatment of diabetes and
complications thereof, hyperglycemia, Syndrome X, hyperinsulinemia, obesity, and
atherosclerosis and related diseases as well as immunomodulatory diseases and
chronic inflammatory bowel disease.

The following Examples represent preferred embodiments of the invention.
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EXAMPLES

~ EXAMPLE 1
Reductive amination using an extract from recombinant Pichia pastoris
expressing phenylalanine dehydrogenase from Thermoactinomyces intermedius
and producing an endogenous formate dehydrogenase

Recombinant Pichia pastoris frozen cells (2.25 kg) expressing phenylalanine
dehydrogenase from Thermoactinomyces intermedius were added to deionized water
(6.75L) containing ammonium formate (28.65 g, 0.454 moles). After thawing, the
cells were suspended using a Janke and Kunkel Ultra-turrax T25 homogenizer,
adjusted to pH 7 with concentrated NH4OH and cooled with crushed ice to give a 25%
w/v cell suspension in 50 mM ammonium formate, Cells weré disrupted by 2
passages through a microfinidizer at 12000 psi and cell debris was removed by
centrifugation at 20,000xg and 4°C. Supernatant, 7024 ml containing 230998 units or
124641 units of phenylalanine dehydrogenase activity as determined by Assay A (see
.Examplc 9) or Assay B (see Example 10), respectively, and 80080 units formate
dehydrogenase were added to a 16 L vessel of a New Brunswick Scientific Bioflo IV
bioreactor.

A 7024 ml solution was prepared containing ammonium formate (442.5 grams,
7.017 moles) and (3-hydroxy-adamantan-1-vl)-oxo-acetic acid (786.7 grams, 3.510
moles). The pH of this solution was adjusted to 8.0 with 276 ml concentrated
ammonium hydroxide. Nicotinamide adenine dinucleotide (NAD; 9.834 grams, 14.82
mmoles) and dithiothreitol (2.163 grams, 14.027 mmoles) were then added and the
solution was added to the bioreactor containing the Pichia pasioris extract. The
solution was maintained at 40°C and stirred at 150 rpm. Aliguots of concentrated
ammoniam hydroxide of 45, 25 and 27 fnl were added at 0, 3 and 18 hours,
respectively, after the start of the reaction to adjust the pH to 8.0. After 25 hours, the
solution contained 818.9 grams (3.637 moles , 100% yield) (S)-amino-(3-hydroxy-
adamantan-1-yi)-acetic acid as measured by HPLC analysis (see Example 8, Method
2) and no detectable keto acid or R-enantiomer of the amino acid.

(S)-amino-(3-hydroxy-adamantan-1-yl)-acetic acid was isolated via a

procedure consisting of boiling the enzymatic transformation mixture to drive off
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ammonia, adjusting to pH 3 with formic acid, filtration to remove precipitated
proteins, sorption of the amino acid on Dowex 50 (H+) resin, elution with 1.5 M
ammonia and concentration of the rich effluent to give (aS)-a-amino-3-
hydroxytricyclo[3.3.1.1 3’7]decanc—:~«l -acetic acid as a crystalline solid. The last run
using this isolation procedure {787 grams ketoacid input) gave 804 grams of (aS)-a-
amino~3—hydroxytricycio[3.3.1.13’7]decane~1~acetic acid with a potency 0f 94.3% and
a vield of 96.0% from 3-hydroxy-a-oxotricyclo[3.3.1.17|decane-1-acetic acid. All
of the batches of (a8)-a-amino-3-hydroxytricyclo[3.3.1.17"]decane-1-acetic acid
isolated by this procedure performed well in subsequent reactions en route to
(18,38,58)-2-[(28)-2-amino-2-(3-hydroxytricyclo[3.3.1.17 " 1dec- 1-y1)-1 -oxoethyl}-2-

azabicyclo{3.1.0}hexane-3-carbonitrile, benzoate.

EXAMPLE 2
Reductive amination using heat-dried cells from recombinant Pichia pastoris
A solution was prepared containing in a final volume of 4.0 ml at pH 8.0 (pH

adjusted with NH4OH): 0.50 M ammonium formate, 0.25 M (3-hvdroxy-adamantan-
I-yl}-oxo-acetic acid, 1.06 mM NAD, 1.00 mM dithiothreitol, and 250 mg
recombinant Pichia pastoris heat-dried cells containing 32.7 units, as determined by
Assay A, phenylalanine dehydrogenase and 24.6 units formate dehydrogenase.
Preparation of Pichia pastoris heat-dried cells has been described by Hanson et al.
{Enzyme and Microbial Technology 2000 26:348-358). The solution was incubated
in a 50 ml Erlenmeyer flask at 40°C, 100 rpm for 4 days, then analvzed by HPLC.
The solution contained 45.02 mg/ml (80% yield) (S)-amino-(3-hydroxy-adamantan-1-

vi}-acetic acid.

EXAMPLE 3
Reductive amination using wet cells from recombinant Pichia pastoris
A solution was prepared containing in a final volume of 3.0 ml at pH 8.0 (pH
adjusted with NH4OH): 0.415 M ammonium formate, 0.208 M (3-hydroxy-
adamantan-1-yl}-oxo-acetic acid, 0.88 mM NAD, 0.84 mM dithiothreitol, and
12.5% % w/v Pichia pastoris wet cells containing 6.06 units phenylalanine

dehydrogenase, as determined by Assay A, and 12.8 units formate dehydrogenase.
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The solution was incubated in a 50 ml Erlenmeyer flask at 40°C, 200 rpm for 68 hours,
then analyzed by HPLC. The solution contained 31.9 mg/ml (68% yield) (S)-amino-

(3-hydroxy-adamantant-1-yl}-acetic acid.

EXAMPLE 4
Reductive amination using recombinant Escherichia coli heat-dried cells
expressing phenylalanine dehydrogenase from Thermoactinomyces intermedius
and formate dehydrogenase from Candida boidinii
A solution was prepared containing in a final volume of 4.0 mi at pH 8.0 {pH
adjusted with NH;OH): 0.50 M ammonium formate, 0.25 M (3-hydroxy-adamantan--
I-y)-oxo-acetic acid, 1.06 mM NAD, 1.00 mM dithiothreitol, 2.55 units/ml {0.51
units/mg) formate dehydrogenase from Candida boidinii (Boehringer Mannheim), and
250 mg recombinant Escherichia coli heat-dried cells containing 76 units, as
determined by Assay A, phenylalanine dehydrogenase. The solution was incubated in
a 50 ml Erlenmeyer flask at 40°C, 100 rpm for 4 days, then analyzed by HPLC. The
solution contained 7.69 mg/mi (13.7% vield) (8)-amino-(3-hydroxy-adamantan-1-yI)-

acetic acid.

EXAMPLE 5
Reductive amination using recombinant Escherichia coli wet cells and formate
dehydrogenase from Candida boidinii
A solution was prepared containing in a final volume of 3.0 ml at pH 8.0 (pH

adjusted with NH4OH): 0.415 M ammonium formate, 0.208 M (3-hydroxy-
adamantan-1-yl}-oxo-acetic acid, 0.88 mM NAD, 0.84 mM dithiothreitol, 1 unit/ml
(0.51 units/mg) formate dehydrogenase from Candida boidinii (Boehringer
Mannheim), and 12.5% w/v Escherichia coli wet cell containing 97 units, as
determined by Assay A, phenylalanine dehydrogenase. The solution was incubated in
a 50 mi Erlenmeyer flask at 40°C, 200 rpm for 68 hours, then analyzed by HPLC.
The solution contained 5.16 mg/ml (11.0% yield) (S)-amino-(3-hydroxy-adamantant-

1-yi)-acetic acid.
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EXAMPLE 6
Reductive amination using phenylalanine dehydrogenase from Sporosarcina
.species and formate dehydrogenase from Candida boidinii

A solution was prepared containing in a final volume of 1.0 ml at pH 8.5 (pH
adjusted with NHsOH: 0.15 M ammonium formate, 0.05M (11.2 mg/ml) (3-hydroxy-
adamantan-1-yl)-oxo-acetic acid, 1 mM NAD, I mM dithiothreitol, (.51 units/ml
(0.51 units/mg) formate dehydrogenase from Candida boidinii (Boehringer
Mannheim) and 1.01 units/ml phenylalanine dehydrogenase (14.5 units/mg; Sigma
Chemi.cal Co.) from Sporosarcina species. The solution was incubated at 30°C for 20
hours, then analyzed by HPLC. The solution contained 0.31 mg/ml1 (2.74% yield) (S)-

amino-(3-hydroxy-adamantant-1-yl)-acetic acid.

EXAMPLE 7
Construction of plasmid pBMS2000-PPFDH-PDHmod
A two-step construction of the expression vector pBMS2000-PPFDH- -
PDHmod was employed. The P. pastoris FDH gene was subcloned into expression
vector pBMS2000 (pBMS2000 1s disclosed in U.S. Patent No. 6,068,991, issued May
30, 2000 to S.W. Liu et al.) using oligonucieotide primers containing the 5’ and 3" end
of the P. pastoris FDH gene along with compatible restriction endonuclease cleavage

sites:

5" TCGICATGAAAATCGTTCTCOGTTTTG 37 (57 end; sense;SEQ ID NO:1)
BspHI
5 TACTGTTTTTCCAGCGTATTCCTAGGCT 37 (37 end; anti-sense;SEQ ID NO:2)
BamHI

High-fidelity PCR amplification of the P, pastoris FDH gene was carried out in four
100 ul aliquots, each containing I X TagPlus reaction buffer (Stratagene, Laloila, CA),
0.2 mM each deoxynucleotide triphosphate (dATP, dCTP, dGTP, and dTTP), 0.4 nM
each oligonucleotide, 2.5 U TagPlus DNA polymerase (Stratagene), and 10 pg
plasmid DNA containing the cloned P, pastoris FDH gene. The aihpiiﬁcation

conditions included incubation at 94°C for 4 minutes, followed by 25 cycles of

- 40 -



(104) JP 2014-12689 A 2014.1.23

incubation at 94°C for 1 minute; 50°C for 1 minute; and 72°C for 1.5 minutes, using a
Perkin-Elmer Model 480 thermocycler with autoextension.

The PCR reaction mixture was extracted with an equal volume of 1:1
phenol:chloroform (GibcoBRI., Gaithersburg, MD), and centrifuged at 13,000 x g for
5 minutes. The upper aqueous phase was removed and placed in a new
microcentrifuge tube. DNA was precipitated by addition of 0.1 volumes 3 M sodium
acetate and 2 volumes ice-cold ethanol. After centrifugation at 13,000 x g for 5
minutes, liquid was aspirated from the tube, and the pellet washed with 0.5 ml ice-
cold 70% ethanol. Liquid was aspirated again, and the pellet was allowed to air dry
for 30 minutes at room temperature.

Amplified DNA was digested with 20 units each of BspHI and BamHI for 3
hours at 37°C in a total volume of 50 pl. In parallel, the pBMS2000 vector (2 pg) was
digested with BspHI and BamHI. The digested samples were electrophoresed on a
1.0% TAE agarose gel for 2 hours at 100 v. The bands corresponding to the FDH
gene (1100-base pair fragment) and linearized vector (4700-base pair fragment) which
were separately excised from the gel and purified using the QlAquick Gel Extraction
Kit ((Qiagen, Chatsworth, CA). The concentrations of the 1solated fragments were
estimated by electrophoresis against the low molecular weight mass ladder (Invitrogen
Corp., Carlsbad, CA) and ligated in a 5:1 (insert:vector) molar ratio in a total volume
of 10 ul at 22°C for 2 hours. DNA was precipitated by addition of 15 ul dH,O and
250 ul I-butanol, and pelleted at 13,000 x g in a microcentrifuge for 5 minutes.
Liquid was removed by aspiration, and the DNA was dried in a SpeedVac (Savant
Instruments, Farmingdale, NY) for 5 minutes under low heat. The pellet was
resuspended in 5 ul dH;O.

The resuspended DNA was transformed by electroporation into 0.04 ml E. coli
DHI10B competent cells (Invitrogen) at 25 uF and 250 Q. SOC mediom was
immediately added (.96 ml; SOC = 0.5% yeast extract, 2% tryptone, 10 mM NaCl,
2.5 mM KCI, 10 mM MgCl,, 10 mM MgSQO4, and 20 mM glucose per liter), and the
cells incubated in a shaker for 1 hour at 37°C and 225 rpm. Colonies contain plasmid
DNA were selected on LB agar plates containing 50 pg/ml kanamycin sulfate (Sigma

Chemicals, St. Louis, MO). Plasmids with the desired insert were identified by
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colony PCR in capillary tubes using the RapidCycler (Idaho Technology, Salt Lake
City, UT). Each reaction mixture contained 50 mM Tris-HCI (pH 8.3), 4 mM MgCl,,
0.25 mg/ml bovine serum albumin, 2% sucrose 400, 0.1 mM cresol red, 0.4 nM each
primer (SEQ ID NO:1 and SEQ ID NO:2), and 2.5 U Taq DNA polymerase (Promega
Corp., Madison, WI). The reaction mixture was divided into 10 ul aliquots, and
pipetted into the wells of a round-bottom microtiter plate. A kanamycin-resistant
colony was picked using a disposable plastic inoculation needle, swirled into the
reaction mixture, and transferred to LB-kanamycin agar. Each reaction mixture
aliguot was drawn into a 30 ul capillary tube, and the tube was flame-sealed at both
ends. Cells were lysed and DNA denatured by incubation at 94°C for 30 seconds;
amplification was performed using 30 cycles of incubation at 94°C for 0 seconds;
40°C for 0 seconds, and 72°C for 60 seconds using a RapidCycler Thermocycler
(Idaho Technologies, Salt Lake City, UT). Samples were electrophoresed on a 1.0%
TAE agarose gel for 2 hours at 100 v. Seven samples out of 17 tested showed a strong
band at 1100 base pairs. One colony containing this plasmid (referred to herein as
pBMS2000-PPFDH) was chosen for the next step in the plasmid construction.

“PDHmod” refers to a modified Thermoactinomycetes intermedius
phenylalanine dehydrogenase that differs from the publiéhed DNA sequence (Takada
et al., J. Biochem. 109, pp. 371-376 [1991]) by a change of the last two amino acids
and an additional 12 amino acids at the carboxyl terminus that is required for
complete conversion of (3-hydroxy-adamantan-1-yl)-oxo-acetic acid to (S)-amino-(3-
hydroxy-adamantan-1-yl)-acetic acid. This change was introduced info plasmid
pPDHIK/10 (described in detail by in patent WO 200004179, issued to Donovan et
al., January 27, 2000), which was subsequently transformed into P. pastoris
SMD1168 (deposited as strain ATCC 74408).

37 end of native PDH gene and corresponding amino acids:

AAC AGC GCA AGG AGG TAA
Asn Ser Ala Arg Arg Stop

3’ end of PDHmod gene and corresponding amino acids (changed or new

amino acids 1n bold):
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AAC AGC GCG GAG GGG TAC CTC GAG CCG CGG
Asn Ser Ala Glu Gly Tyr Leu Glu Pro Arg

CGG CCG CGA ATT AAT TCG CCT TAG
Arg Pro Arg HE Asn Ser Pro Stop

Oligonucleotide primers containing the 57 and 3 end of the PDHmod gene

along with compatable restriction endonuclease cleavage sites were prepared:

GATGCTCATATGCGCGACGTGTTTGAAATGATG (5 end, sense; SEQ ID NO:3)
Ndel
GATCCCOGGGCTAAGGCGAATTAATAATTCG (37 end, anti-sense; SEQ 1D NO:4)
Smal

Reaction conditions for amplification and purification of the PDHmod by PCR
were identical to that used for the P. pastoris FDH gene except chromosomal DNA
prepared from ATCC 74408 was included as template for the reaction. The resulting
fragment was digested with 20 units each of Ndel and Smal for 1 hour at 25°C,
followed by 2 hours at 37°C, in a total volume of 50 pl. In parallei, a version of the
pBMS2000 vector with an Ndel site at the initiation codon (2 pg) was digested with
Ndel and Smal using identical conditions. The digested samples were separately
electrophoresed on a 1.0% TAE agarose gel for 2 hours at 100 v. The bands
corresponding to the PDHmod gene (1200-base pair fragment) and hinearized vector
(4700-base pair fragment) were excised from the gel and purified using the QIAquick
Gel Extraction Kit (Qiagen). Ligation of the two fragments, transformation of £. coli,
and screening for colonies containing inserts with the PDHmod gene (forming
pBMS2000-PDHmod) were performed as described supra.

For construction of pBMS2000-PPFDH-PDHmod, pBMS2000-PDHmod (2
ug) was cleaved with 10 U each HindIll and Smal in a 50 uL reaction for 1 hour at
25°C, followed by 1 hour at 37°C. Ten units of T4 DNA polymerase (Invitrogen) and
2 ul ofa 2.5 mM mixture of all four deoxyribonucleoside triphosphates were added

and the sample incubated at 11°C for 20 minutes. The reaction was electrophoresed
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on a 1.0% TAE agarose gel for 2 hours at 100 v. The 1800-base pair fragment was
excised and isolated using the QIAquick Gel Extraction Kit (Qiagen). This fragment
contains, in order, the tac promoter, groES gene, and the PDHmod gene (as a
transcriptional fusion). Next, pPBMS2000-PPFDH (2 ug) was digested with 10 units
restriction endonuclease Smal in a 50 pl. volume for 2 hours at 25°C, then treated
with .4 U shrimp .alkaﬁne phosphatase (United States Biochemicals, Cleveland, OH)
for 1 hour at 37°C. Plasmid DNA was electrophoresed for 2 hours at 100 von a 1.0%
TAE agarose gel, isolated, and extracted with the QlAquick kit. The two fragments
were ligated in a 6.5:1 (insert:vector) molar ratio at 16°C for 4 hours in a 10 uL final
volume. After 1-butanol extraction and centrifugation, the DNA was transformed into
electrocompetent DH10B cells, Kanamycin-resistant colonies were screened for the
presence of the PDHmod gene with the two PDHmod-specific primers as previously
described for FDH. A second round of PCR screening was conducted by using DNA
primers homologous to the 57 end of the PPFDH and 3° end of the PDHmod gene,
respectively. Only those constructs able to support amplification of a 1400-base pair
fragment possessed the two genes in the same orientation. One such plasmid was
found and the orientation confirmed by diagnostic restriction digestion with Kpnl,
which gave the expected fragments of 5422 and 1826 base pairs. This plasmid was
designated “pBMS2000-PPFDH-PDHmod.”

EXAMPLE 8
Expression of FDH and PDHmod

pBMS2000-PPFDH-PDHmod was transformed into Escherichia coli IM110.
In shake-flasks studies, JIM110(pBMS2000-PPFDH-PDHmod) was grown for 18
hours at 28°C, 250 rpm in MT5 medium (2.0% Y eastamine, 4.0% glycerol, 0.6%
sodium phosphate {dibasic], 0.3% potassium phosphate [monobasic], 0.125%
ammoniﬁm sulfate, 0.0256% magnesium sulfate {heptahydfate; added post-
autoclaving from a sterile 1M solution], and 50 pg/ml kanamycin sulfate [added post-
autoclaving from a filter-sterilized 50 mg/ml solution]). The optical density at 600 nm
(ODgno) was recorded and cells sufficient to give a starting ODggq of 0.35 were added

to fresh MT5/kanamycin medium. Flasks were shaken at 250 rpm, 28°C until the
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ODggo was 0.8-1.0. Expression of both genes was induced by addition of filter-
sterilized 1M isopropylthio-B-I) galactopyranoside (IPTG) to a final concentration of
35 puM and the fermentation continued for 24-48 hours. Cells were pelleted by
centrifugation at 6,500 x g for 5 minutes, washed once with an equal volume of 50
mM ammonium formate pH 7.0, and repelieted. Cells were stored frozen at —20°C or
used immediately. The pellet was resuspended in 50 mM ammonium phosphate, pH
7.0 at 10 mL/g wet cell weight and sonicated 3 x 15 seconds using a Fisher Scientific
Model 50 Sonic Dismembrator (Fisher Scientific, Pittsburgh, PA), power setting 15
with a microtip. Debris was pelleted by centrifugation at 13,000 x g for 5 minutes at
TOOm temperature. |
~ Expression was examined by sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE). One ul of the cell extract was mixed with 5 pL of 4X
NuPAGE™ LDS buffer (Invitrogen) and brought up to 19 mL with distilled water.
Samples were heated at 70°C for 10 minutes. One mL of a IM dithiothreito solution
was added to the mixture and 10 uL applied to a 10% NuPAGE™ Bis-Tris
polyacrylamide mini-gel. Electrophoresis was carried out at 200 v for 50-60 minutes
and the gel stained in a solution consisting of 0.1% (w/v) Coomassie Blue (Sigma),
40% (v/v) ethanol, and 10% (v/v) acetic acid. The gel, immersed in the stain, was
heated in a microwave oven until boiling was evident, then shaken at 40 rpm on an
orbital shaker for 15 minutes. The gel was washed thoroughly with deionized water
and covered with destaining solution (GelClear™ ; Invitrogen). The solution was
again heated just to the point of boiling and shaken gently for at least 2 hours. Two
prominent bands at M, 43,000 and 40,000 were seen upon induction, corresponding to
the expected molecular weight of the subunits of FDH and PDHmod. Samples were
also found to possess both FDH and PDH activities when tested as described in
Example 10. This recombinant £. coli strain was given the internal designation of SC
16496.

SC 16496 was subsequently fermented at 15- and 250-liter volumes. Fora 15-
liter fermentation, one vial containing I mL of frozen SC 16496 was thawed at room
temperature and added to 1 liter of MT5 medium containing 50 ug/ml kanamycin in a

4-liter flask, The flask was incubated at 28°C, 250 rpm for 24 hours and transferred to

L 45 .



(109) JP 2014-12689 A 2014.1.23

13 liters of MTS medium (ingredients batched based on a final volume of 15 L) in a
Braun fermentor. Kanamycin sulfate and magnesium sulfate heptahydrate sufficient
to give a final concentration of 50 pg/ml and 0.0246%, respectively, were dissolved in
500 mL distilled water and filter-sterilized through a (.2 micron cellulose acetate
filtration unit. The solution was added to the tank, followed immediately By the
inocufum. The mitial Gy was ca. 0.35.

Fermentation operating parameters were as follows:

16 liter working volume

Temperature: 28°C

Aeration: 1.0 vvm

Pressuré: 690 mbar

Agitation: 500 rpm

Control pH at 6.8 with NH4OH as required
Foaming was controlled by addition of UCON (a fluorocarbon solvent biend produced
by Dow Chemical Company) on demand.

At ODgpg 0.8-1.0 (approximately two hours after inoculation), filter-sterilized
IPTG (dissolved in 500 mL dH,0O) was added aseptically to give a final concentration
of 35 uM. The fermentation continued for an additional 48 hours, whereupon the
contents of the tank were subcooled to 10°C. Cells were collected by centrifugation
and rinsed once with 0.1 vol 50 mM ammonium formate pH 7.0. The cell paste was
placed into plastic containers and stored at ~70°C until needed.

For 250-L tanks, the inoculum was prepared as follows: 1 mL Qf frozen SC
16496 was thawed and added to 300 mL MT5 medium with 50 pg/ml kanamycin.
The flask was grown at 28°C, 250 rpm for 24 hours. The ODgg was determined and
the appropriate volume of cells fo give 80 OD units was removed and added to 250
mlL fresh MTS medium. The cells were aseptically added to 10 L of MTSﬂ(ananlyéin
medium in a Braan fermentor (initial ODgge ~ 0.008) and grown under the
Fermentation Operaﬁng Parameters disclosed supra for 16 hours. The culture was
then transferred to 250 L of MTS5 containing the appropriate concentrations of
kanamycin and magnesium sulfate. Based on the 90 minute doubling time of SC

16496 under these conditions, 10 I of inoculum in 250 L should give a starting ODgp
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0f 0.30-0.35. Induction, growth, harvesting, and storage were carried out as described

for the 15-L fermentation.

EXAMPLE 8A
Telescoped production of (aS)-o-[[(1,1-dimethylethoxy)carbonyl]amino}-3-
hydroxytricycio[3.3.1.13’7] decane-1-acetic acid (Formula VI) from 3-hydroxy-a-
oxotricyclo-[3.3.1.1%7] decane-1-acetic acid (Formula IT) through {(aS)-o-amino-
3-hydroxytricyelo[3.3.1.1%"] decane-1-acetic acid (Formula V) using an isolated

PDH/FDH enzyme concentrate

Step 1: Isolation of PDH/FDH enzyme concentrate

Fermentation broth (30 liters) of Escherichia coli IM110(pBMS2000-PPFDH-
PDHmod) was obtained from a 4000L tank fermentation and passed through a
microfluidizer (Microfluidics model M-110Y, operating pressure 12,000-20,000 pst)
{one pass) to release the activity from the cells keeping the temperature of the broth
below 40°. The PDH/FDH activity of microfluidized broth was 32 ITU/ML for PDH

and 8 [U/ml for FDH. '

To clarify the whole broth, 4.5kg of Celite was added to well-stirred broth.
Then 0.201 liters of 30% aq. polyethyleneimine was added and mixed for 30 minutes.
The mixture was then filtered using a filter press (Ertel Alsop model 8-ESSC-10) and
18 liters of filtrate was obtained. The filter cake was washed with 12 liters of water to
bring the volume back to 30 liters. The step yield was 97% activity recovery of PDH
with an activity of 31 IU/ml and a FDH activity of 8 IU/ml.

The clarified broth was ultrafiltered through a 100,000 MWCO filter cassette
(Millipore Pellicon 2 unit, polyethersulfone low protein binding cassette, 0.5 m? filter
area). The circulation rate of the pump was 400 mL/min. The clarified filtrate was
concentrated to 1.5 liters and gave an enzyme concentrate with PDH titer of 567
[U/m] and FDH titer of 136 IU/ml. The permeate was assayed and no activity was

found. The overall enzyme activity recovery in the concentrate was 84%.
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Step 2: Reductive amination

3wHydroxywamoxotricyclo—[3.3.E‘13’7] decane-1-acetic acid (Formula 1) (1.00
kg; 4.46mol) was added to a 20L vessel followed by water (51). The mixture was
stirred and the pH was adjusted to pH~8 with 10N NaOH to give a solution. Darco
KBB carbon (100g) was added and the mixture was stirred for 5 minutes then filtered
through a Buchner funnel with 5u filter paper. The filter was washed with water
(2x1L) and the filtrates and washes were combined to give a clear solution.

With stirring, ammonium formate (0.562Kg; 8.92 mol) was added and the pH
was re-adjusted to ~7.5 with 10N NaOH. Nicotinamide adenine dinucleotide (2.65g)
and dithiothreitol (1.54g) were added. When the solids had dissolved, a PDH/FDH
enzyme concentrate was added (1.03L; 500,0001U of PDH). The pH was re-adjusted
to ~8.0 with 10N NaOH at ambient temperature.

The mixture was then warmed to ~40°C and diluted to a total volume of 10L
with water. The pH was maintained at 7.7-8.3 while stirring over 42 hours. The
resulting solution contained .955 Kg (95.1%) of the product (aS)-a-amino-3-

hydroxytricyelo[3.3.1.1%

1 decane-1-acetic acid (Formula V).
Step 3: BOC-protection

Di-tert-butyl dicarbonate (1.022kg; 4.68mol) was added to a portion of the
solution of (a.8)-a-amino-3-hydroxytricyclo[3.3.1.1%7] decane-1-acetic acid (Formula
V) (477.5g; 2.12mol). This mixture was stirred at ambient temperatare, with pH
adjusted to and maintained at 10 with a pH stat titrator using 10N NaOH. The
reaction was complete 4hrs after Boc,O addition when there was less than 1.0%
starting material remaining.

The pH of the mixture was adjusted to ~8 with 35% H»S04 and i-PrOAc
(5.0L) was added to the mixture. The pH of the mixture was then adjusted to 2.0 with
35% H,S04 and maintained at this pH for 5-10 min. Dicalite (250g) was added; the
mixture was stirred for ~10min, and then filtered through a pad of Dicalite (250g) on
filter paper in a Buchner funnel. The Dicalite pad was further washed with 2.5L i-
PrOAc.
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The filtrate was adjusted to pH 8 with 10N NaOH. After settling for 1hr, the
organic layer including interface was disc.arded. To the aqueous layér, i-PrOAc (7.5L)
was added. The mixture was acidified with 35% H>SO4 to pH~2, and then heated to
and maintained at ~40°C for 4 hours with mild stirring. The layers were separated
and the organic extract was saved. The aqueous layer with interface was extracted
with i-PrOAc (3.75L) and the layers were again separated after 2hrs at 40°C. The
aqueous layer with interface was extracted again with 1-PrOAc (3.75L) and the layers
were separated after 2hrs at 40°C.

The combined organic extracts (~15L) were concentrated by distillation to
~4.5L.. To this solution, heptane (~10L) was then added over 10-15min while the
temperature was maintained at ~82-89°C. The reactor jacket temperature was set to
70°C and maintained at this temperature for 1hr. Crystallization occurred shortly after
cooling. The reactor jacket temperature was then setf at 40°C and maintained at this
temperature for 30 min.

The suspension was cooled down to ambient temperature, and then further
cooled to 0-5°C. After one hour of stirring at 0-5°C, the product was fiitered. The
product was washed with heptane (2.5L), then dried in vacuo at 40°C to give 607.0g
(88% yield) of (uS)-a-[[(1,1-dimethylethoxy)carbonyijamino]-3-

hydroxytricyelof3.3.1.1>7] decane-1-acetic acid (Formula VI).

EXAMPLE 9
Reductive amination using an extract from recombinant Escherichia coli
SC16496 JM110[pBMS2000-PPFDH-PDHmod] (ATCC Deposit PTA-4520)

Recombinant Escherichia coli frozen cells (25 grams) were added to deionized
water (sufficient to bring the final volume to 100 mi and containing Sml 1 M
ammonium formate). After thawing, the cells were suspended using a Janke and
Kunkel Ultra-turrax T8 homogenizer then adjusted to pH 7 with concentrated NH4,OH
and cooled with crushed ice to give a 25% w/v cell suspension in 50 mM ammoniam
formate. Cells were disrupted by 2 passages through a microfluidizer at 12000 psi and

cell debris was removed by centrifugation at 20,000xg and 4 °C. 266 m! supernatant
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containing 2456 u (assay A) or 768 u (assay C) phenylalanine dehydrogenase and
8801 u formate dehydrogenase was added to a 1-L bottle.

A 266 mi solution was prepared containing ammonium formate (16.74 g,
0.2654 moles) and (3-hydroxy-adamantan-1-yl}-oxo-acetic acid {29.76 g, 0.1327
moles) and brought to pH 8.0 with 12.7 ml concentrated ammonium hydroxide. NAD
(372 mg, 0.561 mmoles) and dithiothreitol (81.8 mg, 0.530 mmoles) were added,
then the solution was added to the bottle containing the Escherichia coli extract. The
bottle was maintained at 40° on a shaker at 40 rpm. Concentrated ammonium
hydroxide was added periodically to maintain pH 8.0 After 38 hours, the solution
contained 31.5 grams (0.140 moles, 100% yield) (S)-amino-(3-hydroxy-adamantan-1-

yl)-acetic acid as measured by HPLC analysis and no R-enantiomer of the amino acid.

EXAMPLE 10
Reductive amination using freeze dried cells from recombinant Escherichia coli
SC16496 JM116{pBMS2000-PPFDH-PDHmod] (ATCC Deposit PTA-4520)
The solution contained in a final volume of 10.0 ml at pH 8.0 (pH adjusted
with NH;OH): ¢.50 M ammonium formate, 0.237 M (3-hydroxy-adamantan-1-yl)-
oxo-acetic acid, 1.00 mM NAD, 1.00 mM dithiothreitol, and 975 mg freeze dried

recombinant Escherichia coli. The cells were dried to 26% of the wet weight. Before

drying the cells contained 65.04 units/g (assay A) phenylalanine dehydrogenase, (or
12.79 unit/g by assay C phenylalanine dehydrogenase), and 133.32 units/g formate
dehydrogenase. The solution was incubated in a tightly sealed 50 ml Erlenmeyer flask
at 40° C, 100 rpm for 3 days, then analyzed by HPLC. The solution contained 49.06
mg/ml (92.13.0% yield) (S)-amino-(3-hydroxy-adamantan-1-yl}-acetic acid.

EXAMPLE 11
Transamination using branched chain transaminase
A solution was prepared containing in a final volume of 1.0 mi in 50 mM
potassium phosphate buffer, pH 8.0: 0.10 M sodium glutamate, 0.05 M (3-hydroxy-
adamantan-1-yl)-oxo-acetic acid {neutralized with 0.05 M NaOH), 0.1 mM pyridoxal
phosphate, and 1 mg branched chain transaminase (Biocatalytics). The solution was .

incubated in a microfuge tube at 37° for 68 hours, then analyzed by HPLC. The
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solution contained 5.53 mg/ml (49.2% yield)(S)-amino-(3-hydroxy-adamantan-1-yi)-

acetic acid and 7.05 mg/ml remaining (3-hydroxy-adamantan-1-yl)-oxo-acetic acid.

EXAMPLE 12
HPLC Assay of (S)-amino-~(3-hydroxy-adamantan-1-yl)-acetic acid Enantiomeric
‘ Excess and Amount
Samples were diluted with water to about 2 mg/ml concentration and placed in
a boiling water bath for 1 minute to stop reactions and precipitate proteins. After
cooling, the samples were fiitered through 0.2 micron nylon filters into HPLC vials.

Two separation methods were used.

Method 1:
column: Chiralpak WH 25x0.46 cm (Daicel Industries, Ltd.).
mobile phase: 0.3 mM CuSQ;,
flow rate: 1 ml/minute
column temperature: 50°C
detection: diode array detector (DAD) set at 240 nm
injection volume: 10 ul
S-enantiomer {(aS)-a-amino-3-hydroxytricyclo[3.3.1.1 3’?}decane- l-acetic acid)
retention time: 79.9 minutes

R-enantiomer retention time: 32.8 minutes

Method 2:
column: Regis Davankov Ligand Exchange 15x0.46 cm
mobile phase: 25% methanol/75% 6 mM CuSOy
flow rate: 1 mminute
column temperature: 40°C
detection: DAD set at 240 nm
injection volume: 10 pl _
S-enantiomer (aS)-a-amino-3-hydroxytricyclo[3.3.1.1%"|decane- L -acetic acid)

retention time: 3.2 minutes

R-enantiomer retention time: 11.2 minutes
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Ketoacid (3-hydroxy-a-oxotricyclo[3.3.1.1%"|decane-1-acetic acid) retention

time: 5.2 minutes

EXAMPLE 13
Phenylalanine dehydrogenase Assay A
Phenylalanine dehydrogenase assay A contained in I ml at 40°C: 0.4 mM
NADH, 5 mM sodimum phenylpyruvate, 0.75M NH4OH adjusted to pH 8.75 with HCL
Absorbance decrease was monitored at 340 nm. Enzyme activity units were

calculated as umoles/minute based on the rates of absorbance change.

EXAMPLE 14
Phenylalanine dehydrogenase Assay B
Phenylalanine dehydrogenase assay B contained in 1 ml at 40°C: T mM NAD,
10 mM L-phenylalanine, 0.1 M KoHPO, adjusted to pH 10.0 with 1 N NaOH.
Absorbance increase was monifored at 340 nm. Enzyme activity units were calculated

as pmoles/minute based on the rates of absorbance change,

EXAMPLE 15
Phenylalanine dehydrogenase Assay C
Phenylalanine dehydrogenase assay C contained in 1.0 mL at 40° C: 0.4 mM
NADH, 50 mM 3-hydroxy-a-oxotricyclo[3.3.1 .13’7]decane—3-acetic acid (dissolved in
1 equivalent NaOH solution), 0.75M NHsOH adjusted to pH 8.75 with HCL
Absorbance decrease was monitored at 340 nm. Enzyme activity units were calculated

as umoles/minute based on the rates of absorbance change.

EXAMPLE 16
Formate dehydrogenase Assay
The formate dehydrogenase assay contained in 1.0 ml at 40°C: I mM NAD,
100 mM ammonium formate, 100 mM potassium phosphate buffer, pH 8.0.
Absorbance increase was monitored at 340 nm. Enzyme activity units were calculated

as pmoles/minute based on the rates of absorbance change.
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EXAMPLE 17
Bromination of tricycle [3.3.1.1> [decane-1-acetic acid (Formula N) to
a—bromotricyclo[SB.l.13’7}decane~1—acetic acid (Formula Q)

Solid tricyelo [3.3.1.1%}decane-1-acetic acid (Formula N) (288 grams; 1.48
mole) was suspended in thionyl chloride (465mL) in a 3-necked round bottomed flask,
equipped with a condenser. Dimethylformamide (DMF;0.3 mL was added and the
suspension was stirred at room temperature for 1.5 hours. Completion of the reaction
was checked by gas chromatography. Solid NBS (307 g) was then added portionwise
to the reaction mixture and the reaction mixture was heated to 60°C. The reaction
was stirred for 3 hours while maintaining the temperature at 60 to 65°C. Monitoring
by gas chromatography was performed to ensure the completion of the reaction.
Heptane (900mL) was added to the reaction mixture. Excess thionyl chloride was
distilled off at 78-80°C. Water was then added cauticusly (violent reaction) to quench
the reaction (total volume 1050 ml.). Heptane (500 mL) and water (600mL) were
then added and the aqueous layer was separated from the organic layer. The organic
layer was washed with additional water (600 mL} and the aqueous layer was again
separated from the organic layer. Additional water (150 mL) was added to the organic
heptane layer and the heptane was distilled off from the aqueous layer. Specifically,
70 mL of water co-distilled with heptane. After distilling off the heptane,
tetrahydrofuran (THF;1200 mL) was added to the agueous layer and the resulting
mixfure was stirred vigorously at room temperature for 16 hours for slow hydrolysis.
Monttoring via gas chromatography indicated the presence of some unreacted acid
chloride. Addition water (150 mL.) was then added to speed up the hydrolysis and the
reaction was monitored by gas chromatography to ensure completion. The THF was
then distilled off vielding a biphasic {(water and oil) reaction mixture, Seeds were then
added and the reaction was allowed to reach room temperature so that a heavy solid
comes out. Water (250 mL) and acetonitrile (500 mL) were added to keep the
suspension stirrable as the suspension was stirred for 2 hours at room temperature.
The solid was then filtered off and washed with acetonitrile (2X250 mL}. This filtrate

contained the first crop of o-bromotricyclo[3.3.1.1%"]decane-1-acetic acid (Formula
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0); 264 grams with AP 95 in 66% vield after drying in vacue at room temperature.
The mother liquor (113 gram residue) was then triturated the residue with water and
acetonitrile (250 mL/250 mL) for 1-2 hours at room temperature. The reaction was
then filter and the solid dried to obtain a second crop of a-

bromotricyclo[3.3.1. 13°?]decane—1—acetic acid (Formula O); 64 grams with AP 90 in |
16 % yield.

EXAMPLE 18
Preparation of a-bromo-3-hydroxytricyclo[3.3.1.1%"]decane-1-acetic acid
(Formula Q) from a-bromotricyclo[3.3.1.13’7]decane-1-acetic acid (Formula Q)

An Erlen-Meyer flask was charged with 315 ml of 95-98% H,SOq and then
cooled to 8°C in an ice bath. HNO; (35 ml of 50% prepared by adding 50 ml of 70%
HNOs to 30 ml of water) was then added to the flask while maintaining the mixture in
an ice bath at 8°C. Solid a-bromotricyclo[3.3.1.17 Jdecane-1-acetic acid (Formula O)
(92 grams, 0.338 moles) was then added to the mixture in portions over approximately
30 to 60 minutes so that the temperature stayed under 28°C°. The reaction was then
stirred while heating to 60°C until a clear solution was obtained.

PrOgress of the reaction was monitored by either thin layer chromatography
(TLC} or high performance liquid chromatography (HPLC). TLC was performed with
a silica gel using efhyl acetate/methanol/hexanes at a ration of 9:1:10 with KMnO,.
HPLC was performed using an ODS column, C18 §-3 1204, 4.6 X 50mm, a linear
gradient of 10% acetonitrile/H,0O to 100% acetonitrile in 7 minutes, and a flowrate of
2.5 ml/minute. The detection wavelength was 220 nm,

When the reaction was complete, the mixture was cooled to room temperature
and maintained there for approximately 16 hours. Water (700 mL) was then added to
quench the reaction until no brown gases evolved. The resulting slurry was cooled in
an ice bath to approximately 5°C and then filtered. The solid filtrate was washed with
200 mL of water and air dried to vield 90 grams of «-bromo-3-
hydroxytricyclo{3.3.1 .13'7]decane—]-acetic acid (Formula Q) as a light yellow solid
(92% yield).
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EXAMPLE 19
Preparation of (aS)-a-amino-3-hydroxytricyclo[3.3.1.1>"|decane-1-acetic acid
(Formula (V) from o-brome-3-hydroxytricyclo[3.3.1.1> Jdecane-1-acetic acid
(Formula Q)
a—Bromo-S~hydr0xytricycio{3L3. 1.1>"1decane-1-acetic acid (Formula Q) (75

grams, 0.278 moles) was dissolved in 225 mL of 30% ammonium hydroxide (4.08
moles, 14.6 equivalents). The reaction mixture was then heated at 65°C for 16 hours.
The reaction mixture was then concentrated on a rotovap to a solid. EtOH (200 mL)
was added to the concentrated solid and then re-concentrated on rotovap. The vield
was 71 grams of a chiral mixture of hydroxytricyclo{3.3.1.1° ’7]decane—1—acetic acid

(Formula (V) as a yellow solid {90%).

EXAMPLE 20
Resolution of hydroxytz‘icyclo{S.B.l.13’7]decane-l—acet§c acid (Formula (V)

Boc protection of the chiral mixture of Example 19 was performed using Boc
anhydride and sodium hydroxide in tetrahydrofuran. The resulting compound a-
[[(1,1-dimethylethoxy)carbonylJamino}-]3 Thydroxytricyclof3.3.1.1> |decane- I -acetic
acid (Compound R} (0.25M in EA, 80ul, =6.52mg) was mixed with chiral base
([1R.25]~(-)-1,2-diphenylhydroxy ethylamine) (0.25M, 80ul) in a vial and the mixture
was evaporated to dryness in the SpeedVac. Solvent (200u) was added. The vial
containing the mixture was placed on a shaker with heating at 50°C for 1.5 hours. The
mixture was then cooled to room temperature for crystallization of (aS)-o-
[[dimethylethoxy)carbonyl] amino]-3-hydroxytricyclo[3.3.1.17"decane- 1 -acetic acid
{Compound S).

EXAMPLE 21
ZnCly-catalyzed adamantyl bromide (Formula A) coupling
A dry vessel was charged with 7.5 kg adamantyl bromide. Methylene chloride
(22.5 liters) was then added at room temperature to dissolve the solid adamantane
bromide. Dissolving is endothermic so before the next step, the temperature of the

reaction mixture was atlowed to return to 20°C. The reaction mixture was then
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charged with zinc chloride (1.05 kg) and stirred for approximately 5 minutes at 20°C,
The reaction mixture was then charged with tris(trimethylsiloxy}-ethylene (15.3 kg)
while maintaining the reaction temperature between 20 to 25°C and the resulting
mixture was stirred for 2 hours. Following this mixing, tris(irimethylsiloxy)-ethylene
(5.10 kg) was added. During this addition, the temperature was maintained below
30°C. The reaction was maintained for another 12 to 15 hours at 20 to 25°C, at which
time the reaction mixture was diluted with methylene chloride (15 liters) and cooled
to 0 to 5°C. The reaction mixture was then treated, beginning in dropwise fashion,
with half-saturated NH4C1 solution. During addition, the temperature was kept below
30°C. A thick suspension was obtained. To this suspension was added ethyl acetate
(93.75 liters). The mixture was stirred vigorously for 15 minutes and the organic and
aqueous phases were split. The organic layer was stored and the aqueous layer was
washed twice with ethyl acetate (18.75 liters in each wash). The cthyl acetate washes
and organic layer were then combined and washed with water (37.5 liters) followed by
water half saturated with brine (37.5 liters). The organic layer was separated again
and evaporated to form crystals. A solvent exchange to heptane was then performed
at a final volume of 22.5 liters. The resulting suspension was cooled to 5 to 10°C for
1 hour and the product a-hydroxytricyclo[3.3.1.17"]decane-1-acetic acid (Formula B)
was obtained via filiration. Yield of a-hydroxytricyelo[3.3.1.17"]decane-1 -acetic acid

(Formula B) was 6.96 kg (33.11 mol, 95%).

EXAMPLE 21A

13,7

Esterification of a-hydroxytricyclo{3.3.1.17 Jdecane-1-acetic acid (Formula B)

An inert atmosphere was first created in the reactor. The reactor was then
charged with methanol (35.00 liters) followed by a-hydroxytricyclo[3.3.1.1>"Jdecane-
1-acetic acid (Formula B) (14.00 kg) to form a suspension. The suspension was
cooled to 0 to 5°C and acetyl chloride was added in a manner such that the
temperature of the reaction mixture was kept between 5 and 10°C. After completion
of the addition of acetyl chloride, the reaction mixture was warmed to 20 to 25°C and
stirred for 2 hours at 20 to 25°C. The reaction mixture was than concentrated under

vacuum at 40°C and a thin oil was obtained. The oil was dissolved in ethyl acetate
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(71.96 liters) and brought to room temperature. The resulting mixture was washed
twice in water {28.78 liters each wash) and the organic and aqueous layers were
separated after each wash. The organic layer was stored while the agueous layers
were combined and adjusted to pH 9.5 with 3 N NaOH solution. The combined
aqueous layers were then extracted twice with ethyl acetate (14.39 liters with each
extraction). The organic layers following each extraction were separated and
combined with the stored organic layer. These combined organic layers were then
washed with saturated sodium bicarbonate solution (28.78 liters) followed by brine
(43.18 liters). All volatiles were then removed under vacuum at 40°C and a colorless
to slightly yeliow oil which crystallized on standing was obtained. This oil contained
13.29 kg (59.26 mol, 89%) a-hydroxytricyclo[3.3.1.1%"]decane-1-acetic acid, methyl

ester (Formula C).

EXAMPLE 22
Swern Oxidation of a-hydmxytricyclo[3.3.1.13’7]decane~1-acetic acid, methyl
ester (Formula C)

A three-necked flask (22 liters) was equipped with a mechanical stirrer,
temperature probe and an addition funnel and purged with nitrogen overnight. Oxalyl
chloride (500 ml, 5.73 mol) was then added followed by CHCl; (8 liters). The
resulting solution was cooled to -69°C with an acetone/dry ice bath. A solution of
dimethylsulfoxide (DMSO; 700 ml, 9.86 moi} was then slowly added over
approximately 30 minutes while keeping the internal temperature below -60°C. The
solution was stirred for 20 minutes while maintaining the temperature at -60 to -70°C.
A solution of a-hydroxytricyclof3.3.1.1>"decane-1-acetic acid, methyl ester
(Formula C) (990 grams, 4.42 mol} in CH;Cl; (1.7 liters) was then slowly a&ded over
approximately 30 minutes while keeping the internal temperature below -60°C . The
resulting solution was stirred for 30 minutes. NEt; (3 liters, 21.5 mol) was then added
to form a heavy slurry of triethylamine hydrochloride salt. The reaction mixture was
warmed to room temperature and water (1 liter) was added to dissolve triethyl
ammeonium salt (TEA salt). The reaction mixture was then transferred to a round

bottom flask, and concentrated down to remove dichloromethane (DCM) and NEt;.

-57 -



(121) JP 2014-12689 A 2014.1.23

EtOAc (12 liters) was added and the resulting aqueous and organic layers were split.
The organic layer was washed three times with water (2 liters each wash) followed by
a brine wash (2 liters) . The organic f}hase was then dried over anhydrous NaSOy
with evaporation to produce a slight yellow solid of a-oxotricyclo[3.3.1.1°7]decane-

1-acetic acid, methyl ester (Formula D). Yield was approximately 104%.

EXAMPLE 23
Hydroxylation of a-Oxotricyclof3.3.1.1"decane-1-acetic acid, methy! ester
(Formula D) to 3-hydroxy-a-oxotricyelo[3.3.1.1%"]decane-1-acetic acid, methyl
ester (Formuia 1)

An Erlenmeyer flask was charged with 95 to 98% H,S0, (495 ml) and cooled
in an ice bath to 8°C. HNO; (47.5 ml at 50% prepared by adding 50 ml of 70% HNO;
to 30 mi of water) was then added to the flask and the mixture was again cooléd to
8°C in the ice bath. Solid a-oxotricyclo3.3.1.17 Jdecane-1-acetic acid, methyl ester
(Formula DY(100 grams, 0.45 moles) was slowly added to the mixture in portions over
30 to 60 minutes to maintain a temperature less than 28°C. The reaction mixture was
stirred while cooling in the ice bath. Progress of the reaction was monitored by either
thin layer chromatography (TLC) or high performance liquid chromatography (HPLC).
For TLC, a silica gel was used and the solvent was EtOAc¢/MeOH/Hexane (9/1/10);
KMnO,. For HPLC, a 4.6 x 50 mm, C18, 3 micron, 120 angstrom column was used
with a gradient of 10% acetonitrile/H>0 to 100% acetonitrile in 7 minutes at a flow
rate of 2.5 ml/minute. The monitoring wavelength was 200 nm. ‘When the reaction
was complete (after approximately 1 hour), the reaction was quenched by addition to
cold water (1.5 liters) and EtOAc (500 ml). Additional water and EtOAc (500 ml
each) were added to aid in separation of the aqueous and organic layers. The aqueous
layer was then extracted with 3 aliquots, 500 ml each, of EtOAc. The organic layers
were combined and washed with brine (400 ml). The washed organic layer was then
concentrated under reduced pressure to 130 grams of a yellow oil residue containing

3-hydroxy-a-oxotricyclo]3.3.1.1° "jdecane-1-acetic acid, methyl ester (Formula I).
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EXAMPLE 24
Hydrolysis of 3-hydroxy-a-oxotricyclo[3.3.1.1%"]decane-1-acetic acid, methyl
ester (Formula I) to 3-hydrexy-a-oxotricyclof3.3.1.1*"|decane-1-acetic acid
(Formula II)
The yellow oil residue of Example 23 was dissolved in tetrahydrofuran (300
ml) and cooled in a ice bath to 5 °C. One liter of 1 N sodium hydroxide was added
slowly to the solution to adjust the pH to approximately 7 while maintaining the
temperature below 30°C. An additional 500 ml of 1N NaOH was then added to adjust
the pH to approximately 14. The reaction mixture was then stirred while cooling in an
ice bath and the progress was monitored by TLC or HPLC as described in Example 23.
When the reaction was complete after approximately 30 minutes, EtOAc (500 ml) was
added and the aqueous and organic layers were separated. The aqueous layer was
washed with another 500 ml of EtOAc. Tﬁe agueous layer was acidified with
concentrated HCl. When the solution reached pH 7, EtOAc (500 ml) was added
followed by more concentrated HC1 until the pH reached 0.7. Total concentrated HCI
added was 150 ml. The agueous layer was then extracted with EtOAc (4 x 400 ml)
and the combined organic layers were washed with 400 mi of water followed by 400
ml of brine. The washed organic layer was then dried with MgSQy4 and concentrated.
Yield was 88 grams of a light vellow solid. Dissolution of this solid in 100 ml EtOAc
and 300 ml heptane with stirring for 30 minutes followed by filtration and air drying
vielded 85 grams of a tan solid (85% 3-hydroxy-a-oxotricyclo[3.3.1.17]decane-1-

acetic acid (Formula II)).

_ EXAMPLE 25

Preparation of Adamantan-1-yi-dichloro-acetic acid methy! ester (Formula VII)

A 2-liter three-necked flask equipped with a mechanical stirrer, thermometer,
condenser, pressure equalizing addition funnel and an argon inlet was charged with
zinc dust (78.0 g, 1.19 mol) followed by the addition of anhydrous tetrahydrofuran
(400 ml). To this mixture was added 1,2-dibromoethane (2 mi) to activate the zinc.
The resulting mixture was heated at a gentle reflux for 25 minutes. After cooling to
-55°C, a solution of methy! trichloroacetate (100.3g, 0.565 mol) and
chlorotrimethyisilane (80 mi, 0.648 mol) was added at a rate to maintain the reaction
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temperature at —55 to -60°C {1 hour required). After the addition was complete, the
mixture was allowed to stir at room temperature for approximately 90 minutes. The
resulting mixture was diluted with heptane (700 ml) and filtered under nitrogen
through a Celite 545 pad. The filtercake was washed with additional heptane (1 x 300
ml, 3 x 200 ml). The filtrate was then concentrated at reduced pressure on a rotary
evaporator (approximately 10-15 mm Hg with a 22-27°C water bath) to give crude
(2,2-dichloro-1-methoxy-vinyloxy}-trimethylsilane as a dense oil (12.9‘2 2).
Quantitative proton NMR indicates this crude material contains 0.389 mol (68.8%) of
(2,2-dichloro-1-methoxy-vinyloxy)-trimethylsilane,

A1 liter flask equipped with an argon inlet was charged with crude (2,2-
dichloro-i-methoxy-vinyloxy)-trimethylsilane (129.1 g, approximately 0.389 mol) and
anhydrous dichloromethane {100 ml). To the resulting solution was added 1-
bromoadamantane (75.2 g, 0.349 mol) and anhydrous zinc chloride (6.56 g, 48 mmol).
The resulting mixture was allowed to stir at room temperature overnight. The
resulting red-brown mixture was diluted with heptane (600 ml) and water (300 ml).
The organic layer was separated and washed with water (2 x 100 ml), 1 N sodium
bicarbonate (3 x 150 ml), and water (2 x 200 ml). The resulting solution was filtered
though a pad of Celite 545 and filirate was concentrated at reduced pressure to give a
colorless solid. This material was dissolved in boiling methanol (250 ml). The
resulting solution was allowed to cool to room temperature for 1 hour. After cooling
to approximately 5°C for 2 hours, the solid was collected by filtration and washed
with cold methanol:water (94:6; 4 x 50 ml) to give adamantan-1-yl-dichloro-acetic
acid methyl ester (Formula VII) as a colorless solid: 75.0 grams (77.3% based on 1-

bromoadamantane); mp 76.3°C.
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Elemental analysis: C;3H;gClLOs:

Calculated:  C, 56.33; H, 6.55; CI, 25.58%

Found: C,56.49% H, 659 CL 25.72%

"H NMR (500.16 MHz, CDCL)8  3.855 (s, 3H), 2.069 (br s, 3 H), 1.866 (d, }=2.75
Hz, 6 H), 1.683, 1.612 (AB q. J=12.1 Hz) ppm

PC NMR (127.78 MHz, CDCl3) 8 166.130, 95.805, 53.969, 43.980, 36.842, 36.256,
28.309 ppm

EXAMPLE 26
Preparation of Dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid methyl ester
(Formula VIII)
Preparation of 10 N HNO;: A 100 mL volumetric flask was charged with

conc. HNO; (§8.25 g, ~62.58 mL, ~1.0 mole} and cooled in an ice bath. Water (35
mb) was added. After the heat of mixing had dissipated, the solution was allowed to
warm to room temperature. The flask was then made up to the mark with water to
give 10 N HNO,

A 250 mL three-necked flask equipped with a thermocouple thermometer was
charged with conc. H,SOy (103 g, ~56 mL.,). After cooling to 0.4° C in an ice bath,
10 N HNO, (5.68 mL, 56.8 mmol) was added over ~30 minutes. When the
temperature of this acid mixture was lowered to ~1.0°C, the cold bath was removed.
Adamantan-1-yl-dichloro-acetic methyl ester of formula VII (15.0 g, 54.11 mmol;
ground lightly in mortar/pestle to break up large chunks/crystals) was added
portionwise (1.25 g every 10 minutes; Thr 50 minute addition time). After ~5 hours
the reaction mixture was a clear, pale yellow solution.

After stirring for ~24 hours the reaction mixture was a very pale yellow
solution. A four-necked Morton flask (1 L) equipped with a mechanical stirrer and
thermocouple thermometer was charged with water (250 mL) and urea (8.0 g, 0.133
mole, ~2.34 equivalents relative to HNO;). To the resulting solution was added ethyl
acetate (230 mL). Resulting biphasic mixture was cooled to ~1.0°C in an ice bath.
The reaction mixture from above was added, over ~15 minutes, to the cold

EtOAc/water/urea mixture. The transfer was completed using additional ethyl acetate
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and water (~50 mL of each). After stirring for ~45 minutes, the cold bath was
removed and the mixture was allowed to warm with stirring. After stirring for 4.5
hours (from start of quench), the resulting mixture was transferred to a separatory
funnel (1 L) using additional ethyl acetate (~100 mL) to complete the transfer. The
aqueous fraction was removed and extracted with ethyl acetate (I x 80 mlL). The

organic fractions were combined and washed with water (2 x 90 mL), 1 N NaHCO; (4

x 90 mL), and brine. After drying over anhydrous magnesium sulfate, the solvent was
removed at reduced pressure to give dichloro~(3-hydroxy-adamantan-1-yl)-acetic acid
methyl ester of Formula VIIT as a nearly colorless solid: 15.67 g (98.7% crude yield).
This crude material can be used to prepare dichloro-(3-hydroxy-adamantan-1-yl)-
acetic of Formula IX without purification. If desired, however, the crude material
(15.65 g) can be recrystallized from methanol {102 mL) and water (85 mL) to afford a
flufty cotton-like solid (mp 114.8-115.0°C) with 91% recovery.

Elemental analysis: C3H;3Cl04:

Calculated:  C, 53.25; H, 6.18; Cl, 24.18%

Found: C, 53.24; H, 6.24; C1, 24.31%

"H NMR (500.16 MHz, CDCl) 8 3.857 (s, 3H), 2.298 (br m, 2 H), 1.824 (s, 2 H),
1.793 (d, 4 H, =2.75 Hz), 1.682,1.629 (br AB q,
4 H), 1.529 (m, 3 H) ppm '

PC NMR (127.78 MHz, CDCI3)8  165.929, 94.281, 68.932, 54.150, 44.47 8,
44.529, 44.020, 35.750, 34.759, 30.149 ppm

Lab HPLC:

YMC ODS-A 83 120 A (4.6 x 50 mm), 2=200 nm, 2.5 ml/minute

Solvents: A = 0.2% HiPOy4 in water

B = 90% cch in water
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Gradient: 20% A to 100% B over 10 minutes

Retention Time Area % Identity
2.06 minutes 1.19 unknown _
4.54 minutes 98.16. dichloro-(3-hydroxy-admantan-1-yl)-acetic acid
methyl ester
5.09 minutes 0.65 unknown
8.35 minutes adamantan-1-yl-dichloro-acetic methyl ester
EXAMPLE 27

Preparation of Dichioro-(3-hydroxy-adamantan-1-yl}-acetic acid (Formula IX)
A 500 ml round-bottomed flask was charged with methanol (200 ml) and 1 N

NaOH (194 ml, 194 mmol, approximately 1.36 equivalents relative to input dichloro-
(3-hydroxy-adamantan-1-vyl)-acetic acid methyl ester (Formula VIII)). The resulting
solution was cooled in an ice bath until the tempeﬁture was <9°C, The cold bath was
removed and dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid methyl ester (Formula
VIIE){41.68 g, 142.1 mmol) was added. The resulting suspension was allowed to stir
at ambient temperature under argon. After stirring for approximately 6 hours, an
additional portion of methanol (10 ml) was used to rinse down the vessel walls, After
stirring for approgimately 17 hours, the reaction mixture was filtered to remove a
small amount of particulate material. The resulting solution was transferred to a 2-
liter three-necked flask equipped with a mechanical stirrer. Water (900 ml) was used
to dilute the reaction mixture and to compete the transfer. The resulting solution was
acidified by the addition of concentrated HCI (38 ml, approximately 456 mmol). A
white solid quickly formed. The mixture was gently stirred for approximately 20
minutes and then placed in an ice bath. After gently stirring for approximately 90
minutes, the stirrer was stopped and the mixture was allowed to stand in the ice bath
for an additional 2 hours. The resulting suspension was filtered and the filtercake was
washed with ice cold water. The bulk of the water was removed from the solid by
pﬁlling air through the filtercake. The material was tilen dried under vacuum at
ambient temperature for 22 hours to give dichloro-(3-hydroxy-adamantan-i-yi)-acetic
acid (Formula IX) as a colorless powdery solid: 39.19 grams (98.7% vield); mp 238°C
(dec).
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Elemental analvsis: C2HicCLOs:
Calculated:  C,51.63; H, 5.77; Cl, 25.40%
Found: C,51.43; H, 5.74; Cl, 25.48%
Lab HPLC: .
YMC ODS-A $3 120 A (4.6 x 50 mm), X 200 nm, 2.5 mi/minute
Solvents A = 0.2% H;PO, in water '
B = 90% CH;CN in water
Gradient: 20% A to 100% B over 10 minutes

Retention Time Area % Identity
0.53 minutes 0.95 unknown
2.65 minutes 97.27 dichloro~(3-hydroxy-adamantan-1-yl}-acetic acid
4.54 minutes dichloro-(3-hydroxy-adamantan-1-yl)-acetic acid

methyl ester

"H NMR (500.16 MHz, CDsOD) & 2.258 (brs, 2 H), 1.858 (s, 6 H), 1.674, 1.615 (br
AB q,J=1 1.54 Hz, 4 H})), 1.588-1.526 (m, 2 H)
ppm

PH NMR (125.77 MHz, CD30D)s  167.957, 96.356, 69.322,48.070, 45.360, 44.794,
37.050,36.039,31.631 ppm

EXAMPLE 2§
' Preparation of 3-Hydroxy-a-oxotricyclo]3.3.1.17"|decane-1-acetic acid (Formula
113)

A 500 ml three-necked flask was charged with dichloro-(3-hydroxy-
adamantan-1-yl)-acetic acid (Formula IX) (38.67 g, 138.5 mmol). To this material
was added water (160 ml) and 1 N NaOH (138 rﬁl, 138 mmol; 1 N NaOH was used to
generate the sodium salt of dichloro-(.%—hydroxy—adamantan—_1—yl)-acetic acid to avoid
foaming problems which would occur with solid NaHCOs3) to give a hazy solution.

To this solution was added solid NaHCO; (29.10 grams, 346 mmol, 2.50 equivalents).
After the NaHCO; was added the reaction mixture became a suspension as the sodium
salt of dichloro-(3-hvdroxy-adamantan-1-yl}-acetic acid was forced from solution.

The reaction vessel was fitted with a reflux condenser/argon inlet and heated to
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approximately 80°C. After heating for approximately 6 hours the mixture was
allowed to cool to room temperature. The reaction mixture (pH 7.22) was carefully
acidified (CO, evolution) to pH 0.15 by the addition of concentrated HCI (32 ml
required). The resulting mixture was extracted with ethyl acetate (4 x 300 ml). The
aqueous layer (pH 0.37) after the first extraction with ethyl acetate was lowered to pH
0.18 by the addition of concentrated HCI (approximately 2 ml). The ethyl acetate
fractions were combined and washed with brine (100 ml). After drying over
anhydrous magnesium sulfate, the solvent was removed at reduced pressure to give 3-
hydroxy-a-oxotricyclo[3.3.1.1%7] decane-1-acetic acid (Formula I} as a colorless

granular solid: 30.77 gram (99%).

Elemental analysis: Cy2H;404:

Calculated: C,64.27;H, 7.19%

Found: C,6430;H, 7.13%

"H NMR (500.16 MHz, D,0O) & 2.288 (brs, 1.33 H), 2.227 (br s, 0.67 H), 1.819-
1.575 (m, 12 H) ppm - partial hydrate

“C NMR (125,77 MHz, D,0) & 207.704, 174.583, 169.608, 98.109, 69.618,
68.830, 47.538, 43.716,43.251,
43.190,42.907.42.563, 36.073, 34.677, 34.232,
30.006, 29.865 ppm - partial hydrate

Lab HPLC:

YMC ODS-A 83 120 A (4.6 x 50 mm), A =200 nm, 2.5 ml/minute

Solvents: A =0.2% HiPO, in water

B = 90% CH:CN in water
Gradient: 10% A to 60% B over 10 minutes
Retention Time Area % Identity
| 1.39 minutes 100% 3~hydroxy~a~oxotricyclo[3.3.1.13’7]decane-1—

acetic acid

4.95 minutes dichloro-(3-hydroxy-adamantan-1-yl}-acetic acid
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EXAMPLE 28A
Preparation of 3-Hydroxy-a oxotricyclo-[3.3.1.1%"|decane-1-acetic acid (Formula
IT) employing a one pot procedure

A 250-mL three-necked flask equipped with a pressure equating addition
funnel and argon inlet was charged with dichloro-(3-hydroxy-adamantan-1-yl)acetic
acid methyl ester (Formula VIII), prepared as described in Example 26 (15g, 51.16
mmol) followed by the addition of tetrahydrofuran (30 mL, instabilized). After
stirring for several minutes, the bulk of the Formula VIII methyl ester dissolved to
give a hazy solution. To this solution was added distilled water (30 mL) and a loose
suspension formed. The addition funnel was charged with 1N NaOH (69 ml, 69
mmol, ~ 1.35 eq relative to Formula VIII compound input). NaOH was added
dropwise over 70 minutes to give a nearly colorless solution which was allowed to stir
at ambient temperature.

HPLC analysis at ~ 16 hours showed the hydrolysis of the Formula VIII
compound complete. The reaction mixture, a clear colorless solution with a pH of
13..24, was adjusted to pH 7.40 by the addition of ~ 6NHCI (2.8 mL). Solid NaHCO;
(11.2 g, 0.133 mol., 2.60 eq} was added to form a suspension.

HPLC analysis after heating for 4 hr 15 min shows the reaction to be complete.
After heating for 5 hours, the heat source was removed and the reaction mixture (clear,
colorless solution) was allowed to cool. After cooling to room temperature, the
reaction mixture was stored in a refrigerator (+4°C) for 4 days.

After storage in the cold for 4 days the reaction mixture was still a clear
colorless solution and HPLC analysis shows little, if any, change upon storage. After
warming to room temperature, the mixtare (pH 7.77) was acidified to pH 0.20 by the
careful addition of conc. HCI (11 mL required, CO, evolution; atpH ~1.40a
colorless solid began to precipitate). The resulting suspension was extracted with
EtOAc (x 4, ~500 mL total volume; HPLC analysis performed on aqueous fraction
after each EtOAc extraction). The aqueous layer (pH 0.38) after the 1% EtOAc
extraction was adjusted to pH 0.18 by the addition of conc. HC1 (~1.6 mL required).
The agueous layer (pH 0.37) after the 2™ EtOAc extraction was adjusted to pH 0.17
by the addition of conc. HCI (~0.8 mL required). The aqueous layer required no
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additional pH adjustment after the remaining EtOAc extractions {extraction #3, pH
0.19, extraction #4, pH 0.19). The organic fractions were combined. After drying
(MgS0,), the solvent was removed at reduced pressure to give crude title Formula 11

compound as a nearly colorless, granular solid which was dried under vacuum (pump)

for 16 hours: 11.42 g (99.53% vyield); HPLC, 100% (area %).

Elemental analysis: C;,H,,C1,0; [55465-020-31, TR46373]

Calculated: C,64.27%; H, 7.19%
. Found: C, 64.19%; H, 7.09%

Crude Formula II compound (5.0 g) was dissolved with heating to ~85°C in
distilled water (19 mL), then removed from the heat source and allowed to cool. At
~53°C, the material began to crystallize. After standing at room temperature for ~2
hours, the solid was collected by filtration and washed with ice cold water. The bulk
of the water was removed by pulling nitrogen through the filtercake. The material was
then dried under vacuum (pump) for 17 hours to give title Formula II compound as
large, coloriess needles: 4.33 g (86.6% recovery); mp 164.5-165.6°C (on Mettler
FPBOO system); HPLC, 100% (area %).

Elemental analysis: Cy,H,CL, 0, [55465-023-15, TR46905]

Calculated: €, 64.27%; H, 7.19%
Found: C, 64.42%; H, 7.04%

EXAMPLE 29
Esterification of L-pyroglutamic acid (Formula E) to form L-pyroglutamic acid
ethyl ester (Formula F)
A reaction vessel was charged with ethanol (49.0 liters) and cooled to -5°C.
The reaction vessel was then charged with thionyl chloride (4.97 kg) in a manner so
that the temperature of the mixture did not exceed 0°C. After complete addition of
the thionyl chloride, the mixture was cooled again to -5°C and L-pyroglutamic acid

(Formula E) was added portionwise so that the temperature was maintained between 0
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and -5°C during the addition. Following addition of the acid, the reaction mixture
was heated to 20 to 25°C and stirred- for 5 hours. The reaction mixture was then
evaporated under vacuum (T max 45°C) to approximately 15% of its original volume.
The remaining oil was then dissolved in toluene (49 liters). The toluene solution was
then cooled to approximately 10°C and triethyl amine (8.45 kg) was added slowly so
that the maximum temperature was between 20 and 25°C. The 1'esu1tihg suspension
was stirred for 30 minutes and then filtered. The filter cake was washed with toluene
(about 5 liters). The ﬁltréte was reduced at 50°C under vacuum to a total volume of
about 10 liters. Crystallization was initiated by slow addition of cyclohexane (8 liters)
at 50°C and subsequent cooling to approximately 30°C. After seed formation the
mixture was cooled to 20 to 25°C and charged with a second 8 liter portion of
cyclohexane. The mixture was then cooled to 6 to 8°C, stirred for one hour, and the
resulting crystals were filtered off. The crystals were washed twice with cyclohexane
(4 liters each wash). The yield was 4.89 kg (82%) L-pyroglutamic acid ethyl ester

(Formula F) as colorless needles.

EXAMPLE 30
BOC-Protection of L-Pyroglutamic acid ethyl ester (Formula F)

The L-pyroglutamic acid efhyl ester (Formula F)(5.00 kg) was dissolved at
room temperature in toluene (24.97 liters). 4-Dimethlyaminopyridine (.19 kg) was
then added to the solution. The reaction mixture was then charged with a solution of
BOC-anhydride (7.29 kg} dissolved in toluene (24.97 liters) in a manner so that the
reaction temperature did not exceed 25°C.  After complete addition, the reaction
temperature was stirred for three hours at 25°C. The reaction mixture was then
charged with half saturated NaHCO;-solution (49.94 liters) and stirred vigorously for
10 minutes before separating the organic and aqueous phases. The separated organic
layer was washed twice with water (24.97 liters each). The organic layer was then
evaporated from solvent under vacuum at a maximum of 50°C. The remaining
colorless to slight yellowish oil erystallized on standing. The theoretical yield was
8.18 kg, (31.81 mol) of the (55)-2-oxopyrrolidine-1,5-dicarboxylic acid, 1-(1,1-
dimethylethyl), S-ethyl ester (Formula G).
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EXAMPLE 31
SuperHydride Reduction and Elimination
The (5S)-2-oxopyrrolidine-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl),5-ethyl
ester (Formula G)(4.80 kg) was dissolved in toluene (30.97 liters; Kf max 0.01%
water) and cooled to -50°C. This solution was charged with SuperHydride (LiEt;BH
1 Min THF; 19.96 liters}in a manner so that the reaction temperature did not exceed -
45°C. After complete addition, the mixture was stirred at —45 to -50°C for 30 minutes.
N-ethyldiisopropvlamine (DIPEA; 14.47 liters) was then added fo the reaction mixture
in a manner so that the temperature did not exceed -45°C. Dimethyaminopyridine
(0.030 kg) was added as a solid to the mixfure. The reaction mixture was then
charged with trifluoroacetic anhydride (TFAA) (4.70 kg) in a manner so that the
reaction temperature did not exceed -45°C. After complete addition, the reaction
mixture was warmed to 20 to 25°C within one hour and kept for an additional 2 hours
at this temperature. The reaction mixture was then cooled to 0°C and slowly charged
with water {(48.00 liters) so that the reaction temperature did not exceed 5°C.
Aqueous and organic phases were then separated and the organic phase was again
washed with 48 liters of water (0 to 5°C). The organic later was then evaporated and
degassed at 40°C. A yellowish oil was obtained with a yield of 4.5 kg (18.66 mol,
100%%) of the 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1-dimethylethyl), 5-
ethyl ester (BOC-DHPEEYFormula II1}.

EXAMPLE 32
Hydrolysis of BOC-DHPEE (Formula Ii)

A solution prepared from 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1~
(1,1-dimethylethyl),5-ethyl ester (BOC-DHPEE)(Formula II)(6.00 kg) and ethanol
{24.00 liters) was cooled to 0 to 5°C and slowly treated at this temperature with a
solution of lithium hydroxide hydrate (2.09 kg) in water (20.87 liters) to produce a
turbid solution. This turbid solution was then warmed to 20 to 25°C and stirred for 2
hours at this temperature. The reaction mixture was then evaporated to a volume of

approximately 10.5 liters at a maximum temperature of 40°C under vacuum and
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charged with water (24.00 liters) and t-butylmethyl ether(TBME or MTBE), (24 liters)
and mixed for 10 minutes. The resulting organic and aqueous phases were separated
and the aqueous phase was charged again with 24 liters of TMBE. This mixture was
then cooled to 5 to 10°C, and the pH was adjusted to 2.3 to 2.3 using H3PO4 85%-
water (1:4) while being vigorously stirred. The temperature was maintained during
this process at 5 to 10°C for stability. The resulting organic and aque()'{ls layers were
separated. The organic layer was stored and the agueous layer was again extracted
with 24 liters of pre-cooled TBME at 5 to 10°C. The resulting organic layer was
combined with the stored organic layer and charged with diisopropylethylamine
(DIPEA) (4.82 kg). The solution was then evaporated and degassed at a maximum
temperature of 30°C under vacuum. The yield was 7.84 kg (22.88 mol, 92%) [N-
BOC dehydroproline * DIPEA (BOC-DHP}.

EXAMPLE 33
Amide fermation on BOC-DHP

BOC-DHP, synthesized by saponification as described in Example 32 may
contain water. Therefore an azeotropic distillation with toluene was applied prior to
running the reaction. However, due to the excess of reagents, calculation of raw
materials was based on the amount of BOC-DHP prior to removing any water. For
azeotropic distillation, BOC-DHP was diluted with toluene to an approximate 30%
solution. Toluene was removed under vacuum at 40°C. Treated BOC-DHP (6.00 kg)
was then dissolved in THF (48.0 liters). The solution was charged with DIPEA (2.26
kg) and the reaction mixture was cooled to ~20 to -25°C. Mesyl chloride (3.01 kg was
then added slowly. During this addition, DIPEA hydrochloride precipitates. The
resulting suspension was then stirred for 2 hours at -20°C followed by saturation with
ammonia via a sub-surface gas inlet. While adding the ammonia, the reaction was
heated to 0°C. After saturation, the reaction mixture was heated to 20°C and stirred
for 3 hours. Following stirring, the reaction mixture was filtered to remove
hydrochloride. The filter cake was washed with THF (12 liters) in several portions.
The filtrate was concentrated under vacuum at a maximum temperature of 40°C and

then dissolved in methylene chloride (33.33 liters). The solution was washed with
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water {26.66 liters), The resulting organic and aqueous phases were separated and the
aqueous phase was extracted twice with methylene chloride (20 liters each). The
resulting organic layers were combined and concentrated under vacuum and degassed
to remove any excess Hiinigs base. The yield was 3.35 kg (15.77 mol, 90%) of (58)-
5-aminocarbonyl-4,5-dihydro- L H-pyrrole-1-carboxylic acid, 1-(1,1-dimethylethyl)
ester (BOC-DHPA)}(Formula V).

EXAMPLE 34
Cyclopropanation of (§5)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-carboxylic
acid, I-(1,1-dimethylethyl) ester (Formula IV)

A first reactor, Reactor A, was charged with BOC-DHPA (Formula IV)(4 kg)
dissolved in methyléne chloride (18.0 liters) and maintained at 20°C. A second
reactor, Reactor B, was charged with methylene chloride (18.00 liters) and cooled to -
30°C. Reactor B was then charged with dimethoxy ethane (DME) (3.36 kg), followed
by a 30% solution of diethy! zinc (15.36 kg) in toluene, while maintaining the
temperature between 30 and -25°C. Reactor B was then charged with diiodo
methane (19.99 kg) while maintaining the reaction temperature between —30 and -
25°C. After complete addition of the diiodo methane, the mixture was stirred for 45
minutes at —30 to -25°C. This mixture was then charged to Reactor A via a cooled
pipe (-20 to -25°C). Charging was performed slowly in portions of approximately 5%
so that the reaction temperature of Reactor A was maintained between 22 and 24°C
until the reaction was completed. Following completion of the reaction, the mixture
of Reactor A was cooled to 5 to 10°C. The reaction mixture was then slowly charged
with saturated bicarbonate solution (21.6 liters) in a manner so that the reaction
temperature did not exceed 15°C. Following this addition, the reaction mixture was
stirred for at least one hour while a precipitate formed. The suspension was filtered.
The resulting filter cake was transferred back to the vessel, slurried again with
methylene chloride (14.4 liters) for 30 minutes; and re-filtered. Following this second
filtration, the filter cake was washed with addition methylene chloride (7.2 liters).
The filtrates were then separated into aqueous and organic phases and the organic

phase was washed with half saturated brine (21.6 liters). Solvent was then removed
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by vacuum at a maximuimn temperature of 30°C and exchanged by heptane. A slurry
of crude product in heptane was obtained. Final volume of the suspension after
solvent exchange was 14.4 liters. The crude product was isolated by filtration. The
filtercake was washed with heptane (2.9 liters) and then dried under vacuum to a
constant weight. The crude yield was 2.76 kg (12.2 mol, 72%) (18S,3S,5S)-3-
aminocarbonyl)-2-azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl ester
(Formula H). To purify, the crude material is slurried in 8-fold amount ofa 1:1
mixture of butyl acetate/heptane at 20 to 22°C for 4 hours. The material was filtered
and the filtercake was washed with an approximate 1-fold amount of heptane. The
vield was 2.11 kg (9.33 mol, 55%) (15,3 S,SS)—EE—aminoéarbonyl)Q— |
azabicyclo[3.1.0Thexane-2-carboxylic acid, 1,1-dimethylethyl ester (Formula H).

EXAMPLE 35
Deprotection of (15,35,58)-3-(aminocarbonyl)-2-azabicyclo[3.1.0]hexane-2-
carboxylic acid, 1,1-dimethylethyl ester (Formula H) to form (15,35,55)-2-
azabicyclo[3.1.0]hexane-3-carboxamide (Formula J)

A 100 ml, 2 necked flask equipped with a mechanical stirrer and a
thermocouple was charged with (18,35,5S)-3-aminocarbonyl)-2-
azabicyclo[3.1.0Thexane-2-carboxylic acid, 1,1-dimethylethyl ester (Formula H)(5.0
grams, 22.1 mmol} and THF (20 ml). HC1(2.5 M in EtQAc, 25 ml, 62.5 mmol) was
then added to the suspension. The resulting solution was stirred at room temperature
for 18 hours during which time precipitation was observed. Completion of the
reaction was monitored by HPLC. Methyl t-butyl ether (MTBE ) (30 ml) was added
to the suspension and stirring was continued for an additional 30 minutes. The
suspension was then filtered under N, protection to produce a white solid that was
washed with MTBE (20 ml). The solid was dried in an oven under reduced pressure
for 48 hours to afford the hydrochloride salt of (18,38,55)-2-azabicyclof3.1.0]hexane-
3-carboxamide (Formula J; 3.6 grams, 100%).

-7 -



(136) JP 2014-12689 A 2014.1.23

EXAMPLE 35A
Alternative preparation of (55)-5-aminocarbonyl-4,5-dihydro-1H-pyrrole-1-
carboxylic acid, 1-(1,1-dimethylethylester (Formula I'V)

A. Conversion of 4,5-dihydro-1H-pyrroele-1,5-dicarboxylic acid, 1-(1,1-

dimethylethyl)

To a suspension of 10.4 g (25.86 mmol) of solid dicyclohexylamine (DCHA)
salt in a mixture of 30 mL water, 40 mL of toluene and 10 mL MTBE were added 2.7
mL of 10N ag. NaOH (27 mmol) (excess of NaOH should be limited to 1.05 eq. or
less). Upon stirring a biphasic mixture with clear layers resulted and all the solid
dissolved Phases were split. The spent organic containing the 4,5-dihydro-1H-
pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl) sodium salt was extracted with 4
mL water which was added to the initial aqueous phase. HPLC quantitation gave

12.55% (w/w) of “free olefin-acid” content in the aqueous or 96% recovery.

B. Generation of DMT-MM

To a solution of 2-Cl-4,6-diMeO-1,3,5-triazene (CDMT) (6.2 mg, 35 mmol;
1.5 eq.) in 70 mL of EtOAc kept in a room temiperature water bath were added 4 mL
{36.38 mmol) of neat N-methylmorpholine (MM). Solid 4-(4,6-dimethoxy-1,3,5-
triazin—2-yi)-4—1ne‘{hylmorpholinitm chloride (DMT-MM) started to precipitate out,
The suspensién containing DMT-MM was stirred for 30 min at room temperature at
which time it became a thick paste. The temperature rose from 23 to 28-29°C during
the reaction. The temperature of the reaction is kept down to minimize competing

demethylation to form di-MeO-N morfolino-triazene (DMMT).

C. Conversion of the sodium salt of -4,5-dihydro-1H-pyrroele-1,5-dicarboxylic
acid, 1-(1,1-dimethylethyl) into (5S)-5-aminocarbonyl-4,3-dihydro-1H-
pyrrole-l-carboxylic acid, 1-(1,1-dimethylethylester IV
To a solution of sodium salt of Part A sodium salt equivalent to 5 g (23.5

mmol) of free olefin-acid by HPLC quantitation (V=25 mL) was added solid NH4C1

(3.75 g, 70 mmol, 3 eq.) at which time pH dropped from 14 to 8.9. To this solution

were added enough NaH,PO,xH,0 to adjust pH to pH=6.20. Note: The amount of
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phosphate may vary depending on the initial excess of NaOH used to convert the
DCHA salt into Na-salt. The buffered solution of sodium salt was run into a
suspension to DMT-MM prepared as above in Part B.

The biphasic mixture was stirred at rt. for 4 h at which time the initial
emulsion became a suspenion and some DMHT precipitated out. By HPLC the
reaction was complete and neither activated DMT-ester nor acid were apparent in
either phase.

Under the reaction conditions 12-15% by weight of 4,6-diMe0-1,3,5-triazene
ether (DMT-ether) is also formed through a reaction of DMT-MM and DMHT. The
suspension was filtered to remove 4,6-diMeO-1,3,5-triazene (DMHT) and the phases
were split. The rich organic phase was washed with 2N aqueous NaH,POuxH,O
(.2x25 mL) or until pH (aq.)<6 which implied that most N-methylmorpholine was
removed from the orgam'c.. The phases were split and the rich organic was washed
with 25 mL of brine.

Typically solution yield of the title compound I'V is 87-90%; unreacted starting
olefin-acid at 1-0%. The rich organic was rotoevaporated and azeotropically dried
with fresh EtOAc (2x250 mL). The material partially crystallized. The mixture was
dissolved in 8§ mL of hot EtOAc and mixed with 10 mL of n-heptane. A solid started
to come out. The suspension was stirred at 50°C for 30 min and additional 10 mL of
n-heptane were added. The suspension was stirred for 30 min at room temperature
after having been removed from the heating bath and every 30 min two additional
heptane charges are made and the suspension is stirred overnight at room temperature
to complete crystallization. The solid is filtered and dried. Typical crystallization
vield is close to 90%; the potency of the title compound IV is 90% and the DMT-ether
accounts for the remaining 10% by weight.

The solid formed was found to be a frue co-crystal of title compound IV and
DMT-ether which gave a single sharp mp of 97.4°C compared to amide’s mp of
89.7°C by DSC. The co-crystal form is more crystalline and more readily comes out

of solution.
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EXAMPLE 35B
Preparation of dicyclohexyhamine salt of 4,5-dibydro-1H-pyrrole-1,5-
dicarboxylic acid, 1-(1,i-dimethylethyl)

A, Preparation of the sodium sait of 4,5-dihydro-1H-pyrrole-1,5-dicarboxylic
acid, 1-{1,1~dimethylethyl)

3 Volumes of ethanol were added to a toluenc.so]ution of 4,5-dihydro-1H-
pyrrole-1.5-dicarboxylicacid, 1-(1,1-dimethylethyl} (about 15 wt % to 25 wt %)
(1g/mL). The solution was cooled to 0-5°C. To the solution was added slowly a 5N
solution .of NaQOH-water (2 egs) while maintaining temperature <°5C (slightly
exothermic). The reaction mixture was warmed to 20-25°C and stirred until the
reaction was completed.

4 Volumes of water were added to the reaction mixture and the reaction
mixture was distilled under vacuum (bath temp. 40°C) to remove ethanol. To the
residue was added 0.5 volume of toluene (0.865g/ml.) and the mixture was stirred for
10 minutes. Agueous and organic layers formed. The aqueous layer containing the

sodium salt was separated and used in Part B.

B. Preparation of dicyclohexylamine salt of 4,5-dihydro-1H-pyrrole-1,5-
dicarboxylic acid, 1-(1,1-dimethylethyl)

1 Volume of MTBE (0.74g/mL) was added to an aqueous solution of 4,5-
dihydro-1H-pyrrole-1,5-dicarboxylic acid, 1-(1,1-dimethylethyl)-sodium salt. 0.2
Volume of heptane (0.684g/mL} was added to the above solution and the resulting
solution was cooled to 0-5°C. To the solution was added slowly 85% H3PO4 (1g/mL)
to bring the pH to ~ 2.5-3 while maintaining temperature <5°C (slightly exothermic).
The resulting layers were separated and to the organic layer containing the product
was added 1 volume of 75% brine. The mixture was stirred for 10 minutes and the
resulting layers were separated. The product was contained in the organic layer.

The organic solution was cooled to 0-5°C and dicyclohexylamine (0.91g/mL)
was added stowly (slighly exothermic) while maintaining temperature <10°C. The

reaction mixture was stirred at 0-5°C for 3 hours. The solids were filtered out and
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washed with 0.5 volume of 1:1 MTBE/heptane. The resulting DCHA salt {(Ig/mL}

was dried and recovered.

EXAMPLE 35C
Alternative preparation of (15,35,58)-3-(aminocarbonyl)-2-
azabicyclo[3.1.0]hexane-2-carboxylic acid, 1,1-dimethylethyl, ethyl ester
(Formula H) (also referred to as syn-N-BOC-4,5-methanoproline)

A. Preparation of (s)-BOC-4,5-methanoproline ethyl ester

A flame-dried 3-necked flash (magnetic stirring) was charged with 2.2 g of
4,5-dihydro-1H-pyrrole-1,5-dicarboxylic acid, I-(1,1-dimethylethyl),5-ethyl ester
(2.20 g, 9.12 mmole, 1 eq) and 22 ml of dry toluene. The resulting solution was
cooled to -30° and charged further dropwise with 16.58 m! (18.24 mmole) of diethy?
zine {1.1m solution in foluene). :

A solution of 2.66 ml (6.43 g, 36.47 mmole) of chloro iodomethane in 2.2 ml
toluene was added dropwise while keeping the reaction temperature between -25°C
and ~-30°C. The reaction was kept at -20°C for 16 hr. The reaction was then quenched
with 22 m] of half-saturated bicarbonate solution and warmed to room temperature. A
white precipitate formed which was filtered off over Hyflow (filter aid) and washed
with toluene (ca 10 ml). The organic layer was separated from the biphasic filtrate
and washed twice with water (11 ml each time). The organic layer was evaporated to
dryness to give a yellowish oil {2.33 g) which was N-BOC-methanoproline ethyl ester
{mixture of syn- and anti-(8:1) isomers).

The above procedure was used to make large quantities of the above mixture

of isomers sufficient for use in the next stop. At 20-25°C, 3.40 kg of the N-BOC 4,5-
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methanoproline ethyl ester {mixture of syn- and anti-isomers) were vigorously stirred
with 5.17 kg (66.59 gmol) 40.0% methyl amine (solution in water) under a nitrogen
atmosphere.

After complete reaction, the mixture was diluted with 5.17 1 water and 5.17 1
MTBE and stirred for another 5 minutes before phase-split occurred. The organic
layer was washed with 5.17 | water. The resulting organic layer was evaporated
{vacuum, Tmax 40°C) to constant weight.

A yield of 2.52 kg syn-N-Boc-4,5-methanoproline ethyl ester (9.85 mol, 74%)

was obtamned.

B. Preparation of s-BOC-4,5-methanoproline

N
lF\; COOH

A solution of 2.57 kg syn-N-BOC 4,5-methanoproline ethylester (s-BOC-
MPEEY} in 10.28 1 ethanol is prepared. To this solution is added at 20-28°C a solution
made 0f 0.51 kg lithium hydroxide hydrate in 5.07 1 water. The reaction was
performed under inert gas protection (nitrogen). The reaction mixture is stirred for 14
hoat 20-25°C (IPC). After complete reaction, the mixture evaporated at 40°C
(vacuum). The resulting o1l was taken into 25.70 1 water and 25.70 1 MTBE and
stirred for 30 min. The organic phase separated and the aqueous layer is again
extracted with 12.85 1 MTBE. To the aqueous phase are added 25.70 1 MTBE and the
pH of the mixture is adjusted to pH 2 by addition of 1 N HCI (ca. 12 1). The organic
layer separated and the aqueous phase was re-extracted with 12.85 1 MTBE. The

combined organic layers from the previous step are evaporated to dryness to yield 1.88

kg syn-N-BOC 4,5-methanoproline (8.25 mol %, 82%).
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C. Preparation of (15,35,55)-3-(aminocarbonyl)-2-azabicyclo[3.1.0}hexane-2-
carboxylic acid, 1,1-dimethylethyl ester

N

i
i
O N
ﬁ/o

2.00 kg syn-N-BOC-4,5-methanoproline are dissolved in 40.00 | THF and

CONH;

cooled to -15°C. To this mixture is added 1.07 kg N-Methyl morpholine (P0). To the
reaction mixture 1s charged 1.32 kg Isobutyl chloroformate in a way that the reaction
temperature does not exceed -8°C. After complete addition the mixture is stirred for
30 min at -10°C (P1, IPC 1). N-Methyl morpholine hydrochloride precipitates from
the reaction mixture.

The reaction mixture is warmed to -5°C and then purged via a gas inlet tube
with ammonia (0.79 kg, theor. 5.00 eq.). Then the reaction mixture is warmed to 20-
25°C and stirred at this temperature for 4 h (P2, [PC 2). To the reaction mixture is
added 40.00 1 sat. brine. Then the pH of the mixture is adjusted to pH 4 to 4.5 by
addition of sat.potassium bisulfate solution. Then the organic laver is separated and
the aqueous phase is again extracted with 20.00 | MTBE. The combined organic
layers are evaporated to dryness. The crude product is dissolved in 8.00 1 butyl acetate
at reflux temperature. Product precipitates at ca. 30°C. On start of crystallization the
mixture is slowly treated with 20.00 | heptane and further stirred for another 2 h. The
product is isolated by filtration. The filter cake is washed with two portions of cold
butyl acetate/heptane (1:4), 1.6 1 each, and twice with 2.00 | heptane, each and dried at
30-35°C (vacuum) to yield 1.64 kg (7.22 mol, 82%) syn-N-BOC 4,5-methanoproline
amide (s-BOC-MPA).
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EXAMPLE 36
BOC Protection of (aS)-—a~amin0«3-hydr0xytricyclo{3.3.1.13’7] decane-1-acetic
acid (Formula V) to form (aS)-a{|(1,1-dimethylethoxy) carbonyl]amino}-3-
hydroxytricycio [3.3.1.17"]|decane-1-acetic acid, (VI)

Formula VI Acid

(aS)-a-amino-3-hydroxytricyclo{3.3.1.1%"Jdecane-1-acetic acid (Formula V)
(469 grams, 2.08 moles) was dissolved in ice cold 1 N NaOH (5 liters, 5 moles, 2.4
equivalents) in a phase splitter equipped with a temperature probe and a pH probe.
“THF (2.5 liters) was added to the solution. Solid Boc,O was then added and the
reaction mixture was stirred at ambient temperature for approximately 1 hour. EtOAc
(4 liters) was then added with stirring and the resulting organic and agueous layers
were separated. The pH of the aqueous layer was adjusted to 7 with concentrated HCL
EtOAc (4 liters) was then added and additional HCI was added to lower the pH to
approximately 1. The total volume of concentrated HCl added was 510 ml. The
organic and aqueous layers were again separated and the aqueous layer was extracted
with EtOAc (3 x 3 liters). The organic layers were then combined and washed with
water {3 liters) and brine (3 liters). The washed organic layer was then dried with
NaySOy4 and concentrated on a rotovap at room temperature until dryness. The yield
was 342 grams of (aS})-a[[(1,1-dimethyiethoxy)carbonyl]amino]-3-
hydroxytricyelof3.3.1.1%"Jdecane-1-acetic acid (Formula VI).

EXAMPLE 37
Coupling Reaction to produce 3-aminocarbonyl-(aS)-a-(3-
hydroxytricycloB.3.1.13’7] deec-1-yl)-B-0x0-(15,35,55)-2-azabicyelo[3.1.0]hexane-2-
ethanecarbamic acid, 1,1-dimethylethyl ester (Formula K)

A 2 L three-necked flask equipped with a thermometer, a mechanical stirrer
and a gas iniet was charged with (aS)-a[I(1,1-dimethylethoxy)carbonyl]amino}-3-
hydroxytricvelo[3.3.1.1%7decane- 1 -acetic acid (Formula VI) (50 grams, 153.8 mmol).
THF (200 ml) was added and stirred to produce a clear solution. The solution was
cooled to -6°C in an acetone-dry ice-water bath. Methanesulfonyl chloride (Mes-

CI)(13.1 ml, 169 mmol, 1.1 equivalents} was then added as a single portion followed
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by diisopropylethylamine (94 ml, 539 mmol, 1.1 equivalents). The
ditsopropylethylamine was added slowly over a period of about 4 minutes to keep the
internal temperature below 8°C. The reaction mixture was stirred at 0°C until all acid
was converted to mixed anhydride. (1S,38,55)-2-azabicyclo[3.1.0]hexane-3-
carboxamide hydrochloride salt (32.5 grams, 200 mmol, 1.1 equivalents) and
hydroxybenzotriazole (HOBT) (1.04 grams, 7.6 mmol, 0.05 equivalents) were then
added in a single portion and the flask was removed from the cooling bath. The
reaction mixture was stirred at room temperature for 2 hours and then left overnight at

room temperature.

EXAMPLE 38
BOC Protection of (aS)-a-amino-3-hydroxytricyclo[3.3.1.1%"] decane-1-acetic
acid (Formula V) to form (aS)-a[{(1,1-dimethylethoxy) carbonyljamino]-3-

hydroxytricyclo]3.3.1.1%

Jdecane-1-acetic acid, 1,4-diazabicycloe]2.2.2]octane salt
(Formula VIA)
Formuia VIA (DABCO Salt)
1,4-Diazabicyclo]2.2.2]octane (DABCO) (15g; 125.1 mmole) was charged
into a solution of ca. 30g {135 mmole) of Example 36 Formula VI acid in 300 mi of
1sopropyl acetate. Ethyl acetate (150 mL) was charged into the above reaction
mixture (volume ratio of ethyl acetate: isopropyl acetate (150 mL/300 mL})). The
reaction mixture was seeded with Formula VIA DABCO salt (200 mg). The reaction
mixture was stirred vigorously at room temperature. Water (5 mL) was slowly
charged to the reaction mixture and the reaction mixture stirred vigorously at room
temperature to induce crystal formation after 15-20 minutes. The reaction mixture
was stirred for 16 hours at room temperature and the reaction product was filtered in a

Buchner funnel. The solids were washed with ethyl acetate at room temperature and

dried at 50°C in vacuo to give 47g (79%) of the Formula VIA DABCO salt.
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EXAMPLE 39
Coupling Reaction to produce 3-aminocarbonyl-(aS)-a-(3-
hydroxytricyele[3.3.1.1%7|dec-1-yD)-B-0x0-(15,38,55)-2-azabicyclo[3.1.6] hexane-2-
ethanecarbamic acid, 1,1-dimethylethyl ester (Formula K)

A 250 L three-necked flask equipped with a thermometer, a mechanical stirrer
and a gas inlet was charged with (aS)-a[{(1,1-dimethylethoxy)carbonylJamino]-3-
hydroxytricyclo[3.3.1.17 "Jdecane-1-acetic acid, 1,4-diazabicyclo[2.2.2joctane salt
(Formula VIA) (5 grams, 11.44 mmol) prepared in Example 38, THF (25 ml) was
added and stirred to produce a siurry. The slurry was cooled to 0°C in an ice-water
bath. Methanesulfonyl chloride (Mes-C1)(1.15 ml, 14.85 mmol, 1.3 equivalents) was
then added as a single portion followed by diisopropylethylamine (94 ml, 40 mmol,
3.5 equivalents). The diisopropylethylamine was added slowly over a period of about
4 minutes to keep the internal temperature below 5°C. The reaction mixture was
stirred at 0°C for 10 minutes until all acid was converted to mixed anhydride.
(18,38,5S)-2-azabicyclio[3.1.0Thexane-3-carboxamide hydrochloride salt (2.42 grams,
14.9 mmol, 1.3 equivalents) and hydroxybenzotriazole (HOBT) (77 mg, 0.57 mmol,

(.05 equivalents) were then added in a single portion and the flask was removed from
the cooling bath. The reaction mixture was stirred at room temperature for 2 hours

and then left overnight at room temperatuore.

EXAMPLE 4¢
Dehydration and Hydrolysis to Produce 3-cyano-(aS)-a-(3-
hydrcxytricyelo[3.3.1.13 ’7]dec-1~yl)-ﬂ-oxo-(1 8,38,55)-2-azabicyclo[3.1.0]hexane-2-
ethanecarbamic acid, 1,1-dimethylethyl ester (Formula L)

Pym'diné (6 equivalents, 922 mmol, 74.6 ml) was added to the reaction mixture
of Example 39 and the reaction mixture was cooled in a cooling bath to -8°C.
Trifluoroacetic anhydride (TFAA) (4 equivalents, 616 mmol, 87 ml) was then added
slowly over 6 minutes while keeping the temperature below 10°C. The reaction was
stirred at 24°C for 0.5 h and checked via HPLC (30 ml, 0.5 ml AcN, 0.5 ml H,O) for
the disappearance of Ex_ampie 37 Compound K.

The reaction was then cooled in a cooling bath to approximately -3°C. NaOH

(5N, 6 equivalents, 0.925 mol, 185 ml) was added to the reaction over 10 minutes
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(aqueous pH = 9.9) while maintaining the reaction temperature below 10°C. Aqueous
I<2C03 {319 grams, 15 equivalents, dissolved in 510 ml H,0) was added over 5
minutes (temperature = 8°C, aq. pH 11.1). The reaction was allowed to run for 7
hours 40 minutes. The reaction was complete when all intermediates were hydrolyzed
to penultimate as determined via HPLC (30 ul, 0.5 ml AcN, 0.5 ml H,O).

EtOAc (500 ml) was then added to the reaction mixture and the resulting
aqueous and organic layers were separated. The organic layer was washed with 500
ml butfer solution (2M H3PO4, 1M NaH;PO,). The temperature rose to 23°C from
15°C; addition time: 5 min., aq. V= 560 ml pH = 4.5, 32 mg product by HPLC; org
V =1,080 ml. The organic was washed with a second 500 ml buffer solution; aq. V =
780 ml, pH = 2.5, 415 mg product by HPLC; organic V = 800 ml, 1.02 v/v% pyridine.
The organic was washed with 300 ml brine; ag. V =350 ml, pH = 1.8, 20 .mg
produced by HPLC. The organic was washed with 130 ml sat. NaHCO; solution; aq.
V=176 ml, pH = 6.0, 780 mg product. The organic was washed with 300 ml half sat.
brine; aq. V =330 ml, pH = 5.2, 25 mg product; organic V = 650 ml, pyridine 0.045
viv%. 5 g Darco was added to the organic and stirred for 5 min, filtered through 50 g
silica, washed with 4 x 25 ml EtOAc, organic V = 750 ml, pyridine 0.04 v/v%.

The organic layer was then distilled to approximately 133 ml. The organic
was stirred for [ hour until the solution turmned cloudy. 133 ml heptane was added
over 15 min. and the slurry stirred overnight. 133 ml heptan.e was added overnight.
The mixture was stirred violently for 20 minutes with mechanical stirring. The solids
were filtered off and the cake was washed with 50 ml 5% EtOAc/heptane; 3.4 g
product was found in 8.86 g crude after removal of solvents from the mother liquor.
Dry product crystals were heated at 50°C under vacuum overnight. 467 g product was

obtained ~73%, 96.6 AP.
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EXAMPLE 41
Deprotection to produce (15,35,55)-2-[(25)-2-amino-2-(3-

hydroxytricyclo[3.3.1.1%7

jdec-1-yl)-1-oxoethyvi}-2-azabicyclof3.1.0]hexane-3-
carbonitrile, benzoate (1: 1)}{(Formula M)

3-cyano-(aS)-a-(3-hydroxytricyclo[3.3.1.1%"|dec-1-y1)-B-0x0-(18,38,58)-2-
azabicyclo[3.1.0]hexane-2-ethanecarbamic acid, 1,1-dimethylethyl ester (Formula
L)(5.0 grams, 12.04 mmoles) was charged to a three-necked flask equipped with a
thermometer, a mechanical stirrer, and a gas inlet. EtOAc, approximately 45 to 50 ml,
was added to achieve a clear solution. Concentrated HCI (3.00 ml, 37% w/w%, 36.14
mmoles, 3 equivalents) was added at room temperature and the reaction mixture was
stirred until a solid was produced. Water (30 ml) was then added and the mixture was
stirred for 1 to 2 minutes. This reaction mixture was transferred to a separatory funnel
and the layers of the reaction mixture were allowed to separate into a clean phase split.
The aqueous layer was adjusted to a lower pH of approximately 6 with 25% NaOH
while matintaining the temperature below 25°C.,

Salt exchange was then performed by addition of isopropyl alcohol (IPA; 2 to
3 ml) to the aqueous layer followed by addition of sodium benzoate (0.65 mi of a
sodium benzoate solution prepared by dissolving 2.6 grams for sodium benzoate in
6.5 ml of water). The remaining sodium benzoate solution was then added in
dropwise fashion via an addition funnel. The resulting reaction mixture was stirred at
room temperature for 16 to 24 hours. Solids in the reaction mixture were then filtered
on a Buchner funnel and washed with water until the solid gave a negative test for Cl-
with AgNO;. The solids were then washed with heptane (10 ml) to drive off the water,
air dried on the funnel, an dried in a vacuum oven at 35°C until KF < 5%. Yield was

79%, 4.1 grams.
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EXAMPLE 42

Deprotection of L.

s

to produce free base M’

OH

H,N

MI

Example 40 compound (L) (300g, 0.723 mol, potency of 90.6%), methylene
chloride (3L}, methanol (285 ml, 7.23 mol}) and concentrated (36%) hydrochloric acid
(288 ml, 7.23 mol) were charged to a 3-neck 12 L flask equipped with mechanical
stirrer, temperature probe and N gas inlet. Reaction occurred while maintaining
reaction temperature within the range from about 20 to about 25 °C. The reaction

mixture was stirred for 18 hours, split into 2 phases and the top aqueous layer was
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collected. To the aqueous layer was added methylene chloride (6L), and water (720
ml), and 5N NaOH (~600 ml} was added dropwise to adjust pH to 9.0 ~ 10.5.

The organic phase containing the hydrochloric salt

OH

HCl e NH;

(identified by HPLC) (Formula L") was treated with methylene chioride (6L) and
water (720 ml), and 5N sodium hydroxide solution (~ 600 ml) was added dropwise
while maintaining reaction temperature between 20 and 25°C to adjust pH between 9
and 10.5. NaCl (120g) was added and the mixture agitated for 20 min. to form a
phase spiit. The organic layer (6.2L) was collected (contained ~ 174g of compound
M'") and the aqueous layer (1.75L) was discarded (contained 6.5g compound M').

The organic layer was washed with 1% NH,CI brine solution (450 m1). (1%
NH4Cl1 brine solution contained 1g NH4Ci, 25¢ NaCl and 74g H,0O). From the
resulting phase split 6.0L organic layer was recovered (contained ~ 176g compound
M' in solution) and the aqueous layer (0.451.) containing 1.4g compound M’ (~ 0.4%)
was discarded.

Ethyl acetate (~ 4L) was added to the organic layer while CH,Cl; was distilled
off at 25°C/50 mm Hg. Distiliation was discontinued when a final volume of 2.5L
was reached. The organic layer was polish filtered to remove solid NaCl and was
concentrated to ~ 1 Kg (~ 170g of compound M' in 1L ethyl acetate) GC analysis:
DCM < 0.1%. Water (17 ml) was added dropwise and after 10 min. crystallization

began. 17 ml of water was added and the resulting slurry was agitated for 30 min,
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filtered, the cake washed with ethyl acetate and dried at room temperature under

vacuum to give 186g of monohydrate compound M', vield §1%.
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WHAT IS CLAIMED IS:

I. A method for preparing a free base compound of the structure M’

OH

MI

which comprises

providing a protected compound of the structure L
OH

L

treating compound L with hydrochloric acid to form the corresponding hydrochloric

acid salt L'
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OH

HCI oNHz/

Li

and treating compound L' with sodium hydroxide to form the free base compound M,

2, The method as defined in Claim 1 wherein compound L is formed by

dehydrating intermediate K

OH

e

n the presence of pyridine and trifluoroacetic anhydride, and then hydrolyzing the

reaction product in the presence of strong base to form compound L.

3. A method for preparing a monohydrate of the structure M"
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HO

H.C e HoN

oN oW
which comprises treating a free base of the structure

OH

MI

with water to form the monohydrate M".

4. A compound having the following structure

2014-12689 A 2014.1.23
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Ot

PhCOOH »NH,

5. A compound having the following structure

HO

HoO eHN

MI!

ABSTRACT

METHODS AND COMPOUNDS FOR PRODUCING DIPEPTIDYL
PEPTIDASE IV INHIBITORS AND INTERMEDIATES THEREOF
Methods and compounds for production of cyclopropyl-fused pyrrolidine-
based inhibitors of dipeptidyl peptidase IV are provided.
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