v U Bk A A3 % #T B Dipeptidyl peptidase IVBEEFINZ B3 2 WF5E

20084F 3 A

A EL SRS BT R AR
WEAIR BT

U



H

L A <= OO OO 1
T Lo BEDRIPT oottt ettt ettt ettt ettt et ettt et et e et e et e ereereeaeens 1
1-2. Glucagon-like peptide-1 (GLP-1) ...cceoviiiiiiicieeeeieeeeetee ettt e eete e ereeeaeeeeaeeneas 1
1-3. DPP-IVILERIDOAIFK S —47 2 B E L TOTEGME oo 3
1240 DPP-IV oottt ettt ettt ettt ettt ettt 3
1 =50 DPP-IVEHTEA oottt ettt ettt r et a et aeeaens 5
1=6 . ARBIFTTID B oottt ettt ettt ettt ettt ettt reens 7
1m0 BB MR oottt ettt eaeaen 7

B ANEMRE ) U UAEEE AT DHTERDPPIVELES O U — LA OAIH 9
2w L P R eveereee et ettt ettt ettt ettt ettt et et e et ettt e etseatetteat et et et et et e eteeteereeaeesens 9
2-2. ANIEBE T U DU FEEIRD AR oo, 12
2-3. AfEHE Y VU FHERDIin vitroBE R R EIETEDFEAM .ooveeeeee e 17
2-4. AfiEHRE O P UFERO T v MIET D% 0RIE & ER RGO ... 20
2-5. AfEHE Y P UFFEEIRD 3 FNERAEBUSIT T D ZEME (o 23
2 o B . I ettt ettt ettt ettt ereeae e 25
2 - T FEBRDIT oottt ettt ettt eae s 26
2280 B TUMR oottt ettt ettt 43

B 47z n ) CUBRORHEEREO A D = X LOREHE U — REEE o 44
B o L e P R eveereee ettt ettt ettt ettt ettt ettt ettt et eeteeteeteerteat et et et et et e eteeteeteereeae e 44
3-2. LB 8 DUMLFENHE L ARFHI DERTR oo, 45
33 T U RD BT oo, 47
3-4. invirofREFEBRIC X 21051 8 DA OREIERFIE oovovveeeeeercecececee 50
3-5. 7=/ = ViFEERODPP-IVBLETEME DR «.oovveveeeeeeeeeeeeeeeeeee e, 52
3-6. 7= /) — ViR S NEALERIC R T 2 R EE DT o 54
3-7. 2,6 BT = = VFHEEIRD B AR vttt 56
3-8. 2,6 BT = = LFFEIRDODPP-IVIEEFETEM R L O FWNERALBUSIZ 63 2 Z @M O R
.................................................................................................................................................. 59
-9. (LB 60 Din vitrof S EBRIZ L 2 7 V7 0 VR A RO ER & FEM e 62
-1 0. k&P 64 LILAEW 66 DT v MENEGREOMLF 7V 7 b VAR ORET..65
S L e N ettt ettt ettt ens 67
o1 20 ZEBRDTB oottt ettt ettt ettt ne e nnens 68
ST 8. BB TUMR oottt 86

FIUE 4G27 X FFEERO Y — Fiaiifl & Rt B D A T = XL OEF 87
A T o TRl eveereereereete oottt ettt et ettt ettt et et et et et e et e ete et e eteeteerteat et et et et et e eteeteeaeereereeaeas 87



2. AFVUVHHOEIDRRDT I FIRDEEL oo 88

-3, 72 FHE(RDODPP-IVELETEPE DT .eoveeeeeeeeeeeeeeeeeeceeeee e 91
4. ANET S RIRD BT oottt 92
-5, 40T R RIKODPP-IVEHLETETE DG ©ovevieieeieeeeeeceeeeeeeeee e 94
I VAN - /- L= 5 N OO 96
-7. SHALAFARODPP-IVBAFETENE, 23 FNEBALSC KT D EPE DT e 99
-8 SALAT AR 105 DJFHTAEAII DB oo 102
-9, SNZA TR 105 O LAY ODPP-IVELETENE DR oo 110
-1 0. 72 RBERODPP-IVIEGZEE R 10T DB RPE DT’ . 113
-1 1. 7R RFERORR AR FRER T OREM oo 115
-1 2. 7 X FHE(RODPP-IVIHETEEDRFEKAFAIZRZAY o 116
-1 3. 7 X FeHE{K L DPP-IVOBE GARDARBEIEEL DFRET v 119
-1 4. DPP-IVD ZIRTTAEEIZIE T < B e 124
Aol 5. I ettt 129
4o 6. FEBRDT oottt ettt ettt re s 130
Aol T BBTUER oottt 167
B BT R ettt ettt ettt ettt ettt et r ettt et et et et et et et et et ene et et ene et eteteaene e 168
T oottt ettt ettt e ettt ettt et et er e et et et et et re et et ene et et eaeenens 170



AcCl: acetyl chloride, ¥E{b7 &F /L

AcyO: Acetic anhydride, #E/KFEEE

AcOH : acetic acid, HFf2

AMC: 7-amino-4-methyl coumarin, 7-7" X /J -4- A F )L 7~ 1

Bn: benzyl, X v

Boc: tert-Butoxycarbonyl, tert-7 K% 71 /LR =1

Bu: butyl, 7 F /v

BzOAg: silver benzoate, %57 EER

Cbz: benzyloxycarbonyl, X2 /LA F 2 LR =)L

CSA: (18)-(+)-10-camphorsulfonic acid, (1S)-(+)-10-71 > 7 7 — AL 7R U fig

DHP: 3,4-dihydro-2H-pyran, 3,4- ¥t Nu-2H-v°7

DMAP: 4-(dimethylamino)pyridine, 4->AF /LT I /Y T

DMF : dimethylformamide ¥ X F/LR/LV AT I R

DMSO: dimethylsulfoxide, ¥ A FI/LA/LRF T R

DPP-1V: Dipeptidyl peptidase IV, I _XTFIN_TFH—E [V

EDC: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 1-=F /L-3-(3’-3 A
FAT I RTaEIALRIA I NGRS

ESI: Electrospray ionization, =L 7 fh 1 A7 L —jk

Et: ethyl, —F /L

Et,O: diethyl ether, ¥ F /L T=—7F /L

EtOAc: ethyl acetate, FEfZTF /L

EtOH : ethanol, =% / —/L

Et;N: triethylamine, ~J =F /L7 I

GLP-1: Glucagon-like peptide-1, 7 /L 71 I R~ TF R-1

HMPA: hexamethylphosphoric Triamide, ~F % X F /LD A Y 7 I R

HOBt: 1-hydroxybenzotriazole, 1-t KR ¥ X > F U7 ' —)L

HPLC: high-performance liquid chromatography, &K 7 v~ K77 7 41—
LC/MS: Liquid Chromatography / Mass Spectrometry, iK{&7 v~ ~ 77 7  —/E &5 Hr
%

LDA: lithium diisopropylamide, UV F 7V AT A VY 7 E/LT I R

LiHMDS: lithium bis(trimethylsilyl)amide, V F 7 AE A MU AF /L U7 I R
Me: methyl, X F /b

MeOH : methanol, X %/ —/L

MOM: methoxy methyl, A K& X F /L

MsCl: methanesulfonyl chloride, A % > A/Lk=)L7 1l R

MsOBt: 1-methanesulfonyloxy-1H-benzotriazole, 1-A % > AL R=/L A F X/ |



U7 —

NADPH: nicotinamide adenine dinucleotide phosphate, == > 7 I K7 7= U X7 L
FF R g

NaHMDS: sodium bis(trimethylsilyl)amide, 7 F U 7 AEZX U AF LT YT I R
NMM: N-methylmorpholine, N-AF/LE/NLFRY

Ph: Phenyl, 7 ==/

po: per os, &M

PPTS: pyridinium p-toluenesulfonate, ©'VJ =17 A p- h/L= 2 A LR F— |

QOL: Quality of life, /EiEDE

TEMPO: 2,2,6,6-tetramethylpiperidine 1-oxy, 2,2,6,6-7 b A F /LY T -4 F
Jb

Tf: trifluoromethanesulfonyl, ~ U 741 X % 2 Z )Lk =)v

TFA: trifluoroacetic acid, F U 7 /L7 & [El2

TFAA: trifluoroacetic anhydride, kU 7 /L4 o FEEREKY)

THF : tetrahydrofuran, 7 F 7t Kmn~>7 7

THP: tetrahydropyranyl, 7 7 & N &7 =1

TLC: thin-layer chromatography, ##E27 v~ s/ 77 ¢ —

Tris: 2-Amino-2-(hydroxymethyl)propane-1,3-diol, 2-7 X /-2-E FE ¥ I A F /L7 1 /X
v-13-UFA— v

TsCl: p-toluenesulfonyl chrolide, p- h/V > AR =)L7 a1l R

TsOH: p-toluenesulfonic acid, p- F /L ALK g

UDPGA: uridine diphosphate glucuronic acid, 7V > U U fg-a-7 V7 1B = |
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1-1. BERRE"?

BERIA & 131 o AV AFRARRIZ X DB MO & MRRAE 2 15 & 3 2 R B
Th b, BERFITAEEEE L HSEEOZEIf > THINL TH Y | ERI4FEDRAE
TG OFERERIC L D & THERE IR BebirH A 1TKI74005 N, THEIRIE O AT
BEMEERETERVAL] 28DED E81,6200 N E72o TN D,

BERIF X2 ORRIRIC L 0 2 EIC S D, IBLBERIFIEL, EICH ik & i
LTaBET V7o A BRI OREEE, TERDA 2 ) UAERAAREO EE KK TH
%o BARNDHERFED 5 %RI#H TH Y . /N TORIENZL | IBFEICIEA VA U
FhzkampEay he— AR RARTH D, 2BBERFBEIL, A AV UMK oA
YA B E E T TEBOBER I, mE, EEAAE, B, A RLARED
BREER -3 L OUMER SN 0 FIET D, HARNDEIRIFDI0% L. L% 5D, 405%LL 1
TORIENZ N, 2HFERPIC B TR SERE, EIEEIC LY = o —
MEER CTE WA, RO FEAHW LN,

PERIGOTERNHEIT T 2 & MRE, BIREE, fESER SORIHEZ T &2
L. BEDOEFEOE (QOL) #F LK TS5, £, FERFIXEIARGELIE 2 (e
L. DARFEZE, IMfZER CAMICEDRBEZSIER TV AR EE D, mIEOK
HUERIRSER I, ZEERE O @ lpE £ 0 & &% O & g N BIREECIEE B O Y 27 T
HHZENHLEMNMIEINTEY, BRECEEEDO THOT-DHIC G, BEHIREIRE O B
B b B m S ORI A BlG 32 Z L B3R b TV 5,

1-2. Glucagon-like peptide-1 (GLP-1) **

TN a—A&EBEARE LIGE EBIRNEG LTS E 2T o8 A 20 U9
WATHTIE OGE DL < b ERITRETH L, FVva—ARAAMmIZED A A
VWL DOMSRITELE N D WS DA 7 VF U ORR5ERBT 55D Th
Do AT VF U EITRBRORBBIC LV HELEN DLW S, A AT U % 1
RS DHENE DRI TH D, Glucagon-like peptide-1 (GLP-1) [X19844FIZFE L &
NIleA 7 VFUARVETHY  ITFE, HERFTIRE, FrIC &% & AR ORI >
HIEHRINTWD,

GLP-HFHERIZEV NG OLMIE L 0 53 Sdv, EZ 7~ A5 Blifaic sy
TR EEARAFANC A AV W ERET 2, £D AT =X NFLLTD X 5 IZHH]
Sid (Figure 1-1), §7205, BB MAICHER SR AR H LT/ L a— A0
AFEN D & adenosine 5’-triphosphate (ATP) 2 FEAEIND, ZOFER. ATPIRE &
adenosine 5’-diphosphate (ADP) J2FED LS L, AR | DO ATPRIFIEKF ¥ 1L
MAEASE L, OB A U 5, TSR, BRI FEC™ T v KoL EME L L,
MRS O M ~Ca® Z A S5, MIAPNCa> WL DBINNIEA > A U 53 kL
DEFYHP A F—VAEEEL, A RY) U &2RWT %, —J7, GLP-1iZ B Al I



D 7 BIEEEMEOGE A M2 /R TH HGLP- 1 ZFEEKICHE L, 77 =1y
77—V 2 1EMAL LA N cyclic AMP  (cAMP) 23814 %, cAMP® _EF1ECa* iz L %
ARV DTF YA =V AR T L, ZOfh, GLP-11ZiX, BMOfRE -

BUETER>C, 7V 2 3 UmsNe & 2 PR EMEIERT, B PRiamsl X 5 e

FHERA SR BNTEBY . 2 b —EOERITHERFIERICBN AR E B2 bR,
F D7, GLP-1DfEMEHRZ % — 47 v b & LI AIERIT R R 2B AR TA IR & L
THEHIN TV,

Fa—=x GLP-1

-1 TpEEAEUEN GLP-13%Z &k

KawT v M ~&—— ATP/ADP 1 —F
434 . ATP cAMP
B MR ¢
Ca?* o~ @ o

Figure 1-1. GLP-1IZ X B 1 > A U 43k

TEMRY DOGLP-11XGLP-1(7-37) % WM MEGLP-1(7-36)amide & 3£ 315315 5\ NE307
BN DT F R THD (Figure 1-2), GLP-11F 3%, Ifi - D Dipeptidyl
peptidase IV (DPP-1V) (Z & U RIEMEALDGLP-1(9-37) & 5 \ M GLP-1(9-36)amide | 77 fi#
D, GLP-1D I H =I5 LT & STV 5, GLP-1D 4y g% & L C, DPP-1V
D= Neutral endopeptidase 24.11 (NEP-24.11) 2 E15HH TV 5%, 4K TOGLP-1D
IYFEIINEP-24.1178 ¥ OREE A H L T D00l STz,

DPP-IVIZ %9 DA 22 O L7=GLP-17 1 7 3B % &L, Byetta (—fi%4
Exenatide) & L C20054F4HIZFDA (7 A U W BMEIEKMR) L0 AR S ERKRICE
WC2BBEPRIGTRIEIE & L CORA MR LIS TV 5D, Lo L) HByettal3~
7F FRFICTHDHZ LD, ROKEIXARFRETIH2BOESF 2 0B L35, £/,
ByettalZ 13X 572 FORWEA b#HE SN TWbD, —F, K5 DODPP-IVELEAIZ,
A5 Z 0 ARMEDOGLP-1DEH 258 L 5 506, AKX —5 > M & LTIE
HIH., #%< OSSN RHBEHF 2T T\ 5D,



Figure 1-2. GLP-1(7-36)amide D##i& & DPP-IVIZ L 2 GIWrEHAL

1-3. DPP-IVIHEFEAIDOAIFKZ —57 v h & L TORYEME

DPP-IVX{E~ 7 APDPP-IVKIE T » b Cl, &fHREM & bl L <, A&7z
GLP-10O#/N & BAF/RMHFERE MBI X, S OICEBIFRAMICL D4 2 ) AHRHL
PEF & OB O3 R 23580 Sz 12 £ 72 DPP-IVARIR~ 7 A TR A 77
THZENMBNTWS, LLEDZ &5, DPP-IVELET 5 Z L2 HS < 28R
JRIRIRIZ I T DG S v, BWERFBLO MR BIERWEEZE X DD,

BEAF O 1% m s 2 & 9 5364 (B m s [Zida-7va v —EH
HIK R A UUMEEEA A S, D AN E b ICERERNCIRAT
LHRENDH Y | B% TIIRERI o, #3EA 2 Y VMR ESR I T R RT304 T
O CIHERIME 2 Z AR H Y . L0 EELRRE 2 b e — A RN ETH D,
T, a-ZNar X —VIHERKIIRIER & U CESm, KR, TR &N
5N TW5,

DPP-IVIHEANL, BEE OB % m B SGERE % 1A% A M & BEFEEO R S o 5wk
Mrrsivs, T72bb, BBEMEEEDRICINZ, BMIAORE - FrAIEH. FEr
ARSEIER ., BEIMEERICE S SHERBIRE RSB I D, E72GLP-1D/EH
VRIBERR BE LA L T D 72D GLP-1DA/EH & Ik & & 2 DPP-TV IR Al AR b o
U A7 b TERWEE X B b, T FisetE D & 5 DPP-IVIHEHI A AL H S v,
— H—FORETCEZRMPEEZ 2> Fe—/L325 2 ERAMEEIZ/R Y BE DQOLMD KL
BIIREZSERT S EBZZONS,

1-4. DPP-IV

DPP-1V (EC3.4.14.5) 1%V » NEKOMIFEIREIAFET H2CD26& L THILIL TV 5,
DPP-IVIZ110kDadD & > /37 & U CE g, I, B, ik, B, U ekl N
Fefifa7e & ORI IS < AT D, MHIZ 13K 100kDad Al AEYEDPP-IV /£
%, DPP-IViZt U 7 a7 7 —¥D—>THY, NRmENL2EADO T Y U HH W



X7 7 =0 i LYW 5, DPP-IVORE & LTiE, A1 > 27 LF oD, 7 A

V. RASRTF RAREZEMLN TSP L LAans, 256 EEODPP-IVIC

\%@éﬁ%%ﬁi%i$t+ﬂ CRRIF S LT R0,

DPP-IVG\_J: HIEORRITILLTO@®Y TH 5 (Figure 1-3) 10V N7 2/
HKix2-o0 7% 2 Uk (Glu205, Glu206) & Fu v (Tyr662) OIEHIC X - TR
Wb, TIRODNAR=AFKIZT LX =0 (Argl25) &7 A87 X2 (Asn710)
OMIENHIL L KFBFREA L TWD, PO T 0 Y U EIET 7= 3E kD

72 /FE (Val656, Tyr631, Tyr662, Trp659, Tyr666, Val711) TIEm 4L 5S1A 47 v RC
ct DE&% Lmhﬂ&éﬂé

Tyr662
Tyr631
! Tyr666
Glu206 O--.._ v R Vall
S~ a
H /K/N 0
0 D
_.----H .0 pN
Glu205 AO"" I NRa
H . )\
AR
HITI NH, Oﬁ/NH
Argl25
Asn710

Figure 1-3. DPP-IV (2 & % J&& 083

7 REGEUIMT 528 VX ATF U ET ART X UMRIT LV catalytic triad
(Ser630, His740, Asp708) # Rk LiEMHE L S 41T 5 (Figure 1-4.a), 37206, T A
NIXUBOANEFY T — M FTUNERATF DA IF Y —)LDKE L KFER
BTHZEIWCEDVAIF = LOEFEMENE L, B COKEBEIEDOKFENF E i,
REEPERLTWD, BEPRELEZZTEC AT = FFe v
(Tyr547) DIBUKEEIL & U 2 (Ser630) EH{D T I RNHIZ & 0 ZiElk &4 5 (Figure
1-4b), DPWT, FHL VY VR AT NFEETHARE LT VA AR L
(Figure 1-4.c) . % catalytic triad (2 & 0 {EME(L ST KD RESBE % 21T T VR
VEREIEREL . E OGN T L, BEENFET D (Figure 1-4.de),



2) Tyr547 b) \©\Tyr547

H—N

/\ Ser630 1 ﬁ;o
/4/ T

N
R = His740 -H
Zz QN- N= His740
A R2 &N\
\ T( Asp708 [
o \OT( Asp708

o)
o)
c) d)
\©\Tyr547 \©\Tyr547
/O ‘ O
R TN “N
1
H )YN Ser630 %/ Ser630
N
O Y/ \
0
k H-- Nj His740 H- Nj His740
O\H &N\H N\_N-g
‘OT{ Asp708 bT( Asp708
o) o)
e)
Tyr547
/ /N
{ H
Ser630
His740

&N\ H

\‘oj{ Asp708
(0]
Figure 1-4. DPP-1V |2 & % 3E O Y fe

1-5. DPP-IVIHEH

198044 42 &L U . DPP-IVEHEAIDN A SVEH TV D, TiIvh D IXEE O
AL NoRIHC 7 2/ B L CoRuc ' Y v o/kERiL M EERA 3 5 KRE ‘r
EROWBEZA LTS, T/ HERE LI TN TEREERT HALEIC
EINTWDHI=D, HiEINTZHES DL 130 FHERIERISIZ L 2R+ 5 2 }:75>
F BTV D, Flentke b3 L7274 v VRS E (K 1al358 /) 72 DPP-IVILEIEA (Ki
3nM) ZA LTV ey, HHKIER R T A0z FNEBL RS AT L, RIS
I ZEART D (tp=90 min) %,



B\OH

N E?

neutral pH
la

Ki=3nM ATEME
KREAHAZAH 720 P32/98 (2) 1ZDPP-IVEHEERILZ T EMAI TIZRW DS, i
PRERER I 35\  TDPP-IVEHEH| O EIE FToH AR RIS,

f/s
H,N N\/>

(0]
P32/98 (2)
ICsp 1.7 uM
1995412 Ashworth & [35R 7 72 DPP-IVHEAEH & 43 FNERAL SIS 3 2 et %
PR OER & LC2-v 7 B r U DUBERE LY, 185 0WE L bA W3
ICso=1.4nM E3J1 T, ZEMLENLTND (tp=>48h),

o

3

ICSO =1.4nM
tl/2 = >48 h

Ashworth & DG D% L D2-> 7 /7 vu ) DUVENREIND Lok oT,
J VT 4 ZAFEOBIFE L 7-NVP-DPP728 (4a) 328U JRIK BE 12k 5150 mg (1 H2
[m]) F£7212100 mg (1H3[E) O4EMEGITHBWT, BRIMEEDOSER X TUHbALcD
1&? o Uy BIVERZEREE 72 RRFE 0 mAE SR 72 & T do . DPP-IVBHE A O B IR I 1R 1%

B AEMMERL L OZEMEOE SR THRENEY, 2 20T 4 21T, 20
?éé Fifge kDB L 7-NVP-LAF237 (4b) ZBAFE L. fir LHilcE > T\ 5%

L PR

NVP-DPP728 (4a) NVP-LAF237 (4b)
ICSO =22 nM ICSO =3.5nM

F7o. MerckfhiZo 7 2 vm ) U UEM 2RV MK-0431 (5) ZBAFE L. sl b
TICE-> TV BE,



ICSO =18 nM

1-6. AHHEDHR
AP BAG S VT2 DIZ20004E TH 575, (K LGETIH 1 B 54 EBL e Fr
fGelE & R I DPP-IVILEANT A ST ey o 7o, ARIFZEIL. BEREERE O LR DY
(QOL) DUGEIZ 27223 %, RIFFMIEH OFifi 3 2DPP-IVELERI ORI Z B & LT
1Tz, DPP-IVIAEAI DR D8 T d 2 77 T INERAL UGS k3 2 22 ek & 1E ke
PEIZOWT, HELEOMEEZ S LUV TEEL, b OfE% iR L 72DPP-IV
PLER ORI A B L7,
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E AEHE D ) U URNEE AT 5 HEDPP-IVILEAI O U — RMeEW ORI

2-1. Fim

MBI ICBWT, EEMEFHFIOF —7 y MEAEMEERAT K21 (e
MbAY) R L, OfEEICLY BRET2WHE G5, RNERE, 2k,
Fearte7e &) 25Tk e (U — MMedw) ~riax | OfEREkic L H
1y &3 HME DR KL SN TCERRBAIR MG~ EHB, Lo Rmzil 5,

AL E LT A D _RELBMOMEE L ix, ¥ —7 v NEAICHT 2 E MM GEE)
Nz, (RNEhRE, ettt ZEMR Eke Th o, BEEIEIC & - TIIRFRFIUS AT
REMEDHEERERO—DOTHD,

by MEEWMORKRIZIZ, B ORI ALEM T A 77 )V —DA 7 Y —= 78
ITOND ZEREW, e 2B EGT 2ILEMT A7 7 ) —DOHNBMBEMED R
bty MEEWMDE LIV, FFrC b ETHIED H 5 U — NMEaW 3G b 5 AlRgtk
Wb, Ky MZBWTHLAMILEM T A T TV —DR 7 ) —=2 T %{T>
e, U—NbEWmeERv 558y MEAEWIZRH SN2 oT-,

ZD X REE . BEEHER ORI\ TIIEESE O E OS2 LI ER Ok
H7rarz) REitsnbd, HETHhZE Y DPP-IVEIHER O3 B2\ TEkE
SN ETFa 7056, BETHHEBEEEE ZEMELZFZBL S H5b01Fv 7T /
vr U U HEORTH T, DPP-IVIZRE & L TP DT 7 = bidikd 5723, A
EH|L L CPIEDICT 7 = B2 W TERalImEndin, 77 =BTy T
JREHETDHERANI2-VT7  En U UL il LRI EEMES KRN 2 &
PDHESHTWS, 22T, Fix by 7 /v n U V8% ICDPP-IVILER & Al
I 5H & Lz, Figure 2-11ZR" T X D IZPIEpIZ2-v 7 /v ) U utdEa G745
DPP-VIBLEH| & LT, P2EICIdk & s i S vz,

R~ 2} type 1 N

H “] NI '
o N-BHT ) > v M | P1 N
2

. )ﬁfiﬁ? type 2 . R, N? R]\N)YO

NI cmsrom [ lﬁ/\y . }mg\(i7
<g;tl\\ﬁﬁg e 3 I
H BRI )

Figure 2-1. 7/ ¥'n U U HHOREE/YHE

P24y & LT, type LT DWW T lidINovartistE D3N RFFFHIEZ L TR Y . £ OFFREIHIX



JEVN G DT dh - 722, Ferringthidtype 2 & type 3D L EFNZ SV TRER L EIGME, 47N
BAU RO kT B 2 ENE 2 A LT 53, Table 2-115779 &L 912, RE(EW & Lk
T 5 Ltype2®D b DIFFHETEMED & < | 53 T INBRALS IR 2 2B MED i v ME H] 23 AL
BT, ZOWMEEZIT, type2 DPP-IVEHEANCEI T 252 < ORFFFHFAN 72 S 1
TW5, —J., type3DiEidE % FF oL AWIILEEME, ZEMEIMEL . DPP-IVILEA
DORFFFHREIX D 2o T2,

Table 2-1.2->7 7 v'u U 2 Bk ODPP-IVILES OEE R ERE & 22 etk

o solution
in vifro stability
type compound structure DPP-1V (pH 7.4)
Ki (nM )
(M) t1 (h)
2 6 2.2 48
N
H,N
0] CN
3 7 (NjYNQ 22 7.5
H

0] CN

ARFGE CIIFFFFESE A BB L. type 3OMEAIOTREM 2 METd 52 & & Lz,
(LT HMER 58 THEM EifgitE 0 & 5 DPP-IVIHEFIORIFE DO HFE S L LTS TH
LW 572D, ALEMT~OBEEEANCL VU TO 3 REBmiET 22 &L
776
O K584 FEET 5 - OICEERLEEVEN & £ D aTRerk,

@ OV, MERRHEMED B E 5 ATRE M,
@ 3 FNERALBUSIZ)ET 2 Z BN F 5 Al HE M,

D3R ERGET DICHT=0 ALBEWTO EONMEIZED L D InE LA E AT DD
INZMELE LT, OORGEREIZR LT, HF7EBAAE S EDPP-IVO & A — IR IT L IR
&S IIARHTH o272, EAE ORG-S < GHEM 2 LEAR OB FHIRATHETH
ST, o T, SF I EREHIELZ STIRSINAIE AN TRE R EHALE 4 F LUy, Pl
HSTIXDPP-IVO R ERF B 2B ET D L b F D REREBRITHR SN N EEZ XD
. P2 DEWN R LB L EZ HND, 71U VEROAN O SLASER ) 72 B
NEIFEZ S RESN TV D, QORFERBEIC OV T, & ORI, 1ERR e
FWHTHERE UCEEEE, koM, R, PRt ke Bz o b, bl
WEZ 52 2 ORGEER & U TiX, o rOB0hME, BUKME, EHLE AL 51
HILENEZ DD, 7u ) VROMNHEE L UM OKBIEN LN TWD, @D
FREERRREIC AT U CIREHISE AN L DS REEN L EMICFHF ST EE2x b, 1
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ST, HORESEOEBRENEAFRRERENEE LU,

PLEDEBLZNG ALEW T OP2E O w ) ¥ U EROMLIZERILZE AN L in vitro
FERPAEFTEME, (ERFNE, 0 FNBRILEUSIZRT T DL EMEN E D X 5 ITEE T % )
WEt&a175 2 & & Lz (Figure 2-2),

GLP-1I 3%, MH ODPP-IVIZ KV 73R S ATEMEL S D 720 1ERIRs el
7 v MEOEG% O MAEFDPP-IVELETEM: (ex vivol R HETEM) (2L VFHMIT 25 2
e LT, £, ARSI T 222X, pH 743y 7 7 —IRIKF CTO%

EMEICEVFHMET 22 & & LT,
-
A
H ' CN

OI
P2 << . — Pl
Figure 2-2. 71 U )L2-v7 7 ¥r U DU b OE R
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2-2. MifEHE 0 ) D UHEEEDOAK

Scheme 2-11R T K D2, 4-7 ==/ VU iFEK8, 9D ARk %17 - 72, Krapcho
SOWENTENER L2192k (25)2-> 7 /v u P uhk 1-A X AR =LA
ARV NYT Y —b (MsOBt) #HHWTHEA L, 7 2 NR20a%z 157, 7 2 N1K20a
DBockkz, NUB U ALK UBERWCTHREL, BRUE 3 5@R)-7 = =/L{K8%
VB ANV VERE E LT, HERO19bE VY, 8D AR & FIEED J51ET4S)-7 =
=R ARG & L TR,

Ry, T
201 / a R2// borc Ry )
Q Q @YQ
COH Boc 0]

T Z

CN

19a:R;=Ph,R, = 20a:R;=Ph, R, = 8-9

19b:R; =H,R,= Ph 20b:R;=H, szPh
Scheme 2-1. Synthesis of 8-9. Reagents: (a) (25)-2-cyanopyrrolidine, MsOBt, Et;N, DMF; (b) PhSO;H, EtOH,;
(c) 4N HCI/EtOAc.

4-T )L X )VIEHUR O G RO EF AR T & 5 23a-d % Scheme 2-2127~7 7", Hanessian & O
FEICHE, #EPRIATH 523a-bIIN-Boc-L- 7 /L 4 2 VERY A F 121 K 0 SLARERR

CE LTz, 785, N-Boc-L-Z VX I VAV ATFN2UE Y TFULAEARNY AF
NI NLNTIRZEYVZ ) T—FE L, 7V AT RERFIAZ I LTI REK
JEEHE, SN E I VBT AT D y (LCSEETT VLR, A Z U LA E A L22ab
187, b U 74 aEEEC22a-bDBocki A BREL, B TT Y —DT I L,
ML RS D 2 LI KV 23a-b 2 ST, #EP R TH % 23¢-diTEzquerra b O 5
IO HEVN-Boc-L-¥' 11 Z /L X 2 UERTF 24 L VAT IRRINIIC AR LT, b b,
N-Boc-L-t'B2 7 /L% I UBRTTFN2UE Y T TLAEA RN AF LU AT I RIZEDY
T /)5 — k&L, BFs-OELIEE R, Y7 unk¥ ) v ER32-7 X~ 7 ) v &G
S, TN WBaba G, AL ANR=A T Y REREp- LTS AR Y
W SV, 7 b = — L 2Sacb % UK L L E A(V)OAELE T, YR AL L,
23c-d & 1577,
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Ry

B . Boc |
HN oc a 1'2 HI;J b,c,d 0
MeOzC/\/\COZMe MeOZC/\/\COZMe /N
Boc C02R2
21 22a:R= allyl 23a: Ry = allyl, R, =Me

22b : R = methallyl 23b : R, = methallyl, R, = Me

23c¢ : R = cyclohexyl, R, = Et
23d : R; = 2-adamantyl, R, = Et

R; R,
—OH
0 e o forg, h

N
Boc’ CO,Et

CO,Et

24 25a : R1+R2 = _(CHZ)S' 26a: R1+R2 = -(CHQ)S-

25b :R;tR, = @ 26b : R|tR, = Q
N

\

Scheme 2-2. Synthesis of 23a-d. Reagents: (a) LIHMDS, RBr, THF; (b) TFA, CH,Cl,; (¢) toluene, reflux; (d)
Boc,0, DMAP, CH;CN; (e) LIHMDS, R;R,C=0, BF;-OEt, THF; (f) MsCl, Et;N, CH,Cl,; (g) p-TsOH-H,0,
toluene; (h) Boc,O, DMAP, CH,Cly; (i) Hy, PtO,.

DT, 23a-d L V4-T VX LERIKE Scheme 2-31C/RT HIEIC KD &R LT,
Pedregal & D HiEZHEV23a-d & 1ETT L27a, 27c. 27e-flliE-, T 72 H, 23a-d
KRB RNY =T AR TR FULTEILE, BF-OEfFERN N ZF LT TX
SIEITT L. 27a, 27c. 27e-f%2157=, 27afkU27edD " HEEAZ10%/3T7 VU LR
DIFAE T, KFEL2Tb, 27dZ57-, 272272 MK R L B VR v lR28a-f 4 157,
BONTZ VAR U R28a-f L (28)-2- T B U VU E 1-A X ANV A F TN
YR T Y= ERWTHES L, 72 MMR29a-t%4 1572, 7 I N{A29a-fOBockk Z 4N
AL KRB D A XY W E T idp- PV A VR U EEE W THREL, BAET 5
4-T VX VEHIRL10-15 % MR £ 7= 1dp- L= U ZVIR VIR & LT,

13



R

R
a,b Q d ] e
23a-d _— - > - .
N Q
/

Boc COzR, Boc’ CO,H
c [ 27a:R;=allyLR,=Me 28a : R = allyl
L » 27b:R;=propyl, R,=Me 28b : R = propyl
c 27¢ : Ry = methallyl, R, = Me 28c¢ : R = methallyl
———> 27d:R;=isobutyl, R, = Me 28d : R =isobutyl
27e : R, = cyclohexyl, R, = Et 28e : R = cyclohexyl

27f : R; = 2-adamantyl, R, = Et 28f : R = 2-adamantyl

by~ BR

Boc/ O CN

29a : R =allyl

29b : R = propyl

29¢ : R = methallyl
29d : R =isobutyl
29e : R = cyclohexyl
29f : R = 2-adamantyl

Scheme 2-3. Synthesis of 10-15. (a) LiEt;BH, THF; (b) Et;SiH, BF;-OEt,, CH,Cly; (c) H,, 10% Pd-C, MeOH;
(d) NaOH aq, MeOH; (e) (2S)-2-cyanopyrrolidine, MsOBt, Et;N, DMF; (f) p-TsOH-H,O, EtOH; (g) 4N
HCIl/1,4-dioxane.

A-FEFRIR16 £ 72 1F4-NN- A F LT & b7 2 FIK1TDOE L % Scheme 2-412 777,
N-Cbz-4-t Faxo7ulJ v AF /LT 27 /L30DMSO & BV 20 SOk % iV T
B L. 7 b 31%7457-, Kemp® DHFIEICHEN 7 b 31125 L Peterson i 2170 2
REFEWR LT 2T 30255, ET 2T AREEREASAV)DFIE . SRR
RN KFEL LT2%%. CbztE 2 Boc kB ICHNT N A, ATF IV ATV ENKGME L, BV
N34 T2, HIVR R34 L (29)-2-2 T /¥ ) Dk - TF L33 A F
VT I RT eIV R YA I Rl (EDC) ZHWWTHEE L, 7 I RIER35215
oo 72X NIR35Zp- MV AR U2 W T, BocdkB L -7 FAEEFRE L,
A-FERIR16% p- F L ZOLIR UERER & LT TE, 4-BERRIR16% F O'Boc ks TR L.
EDCEHWTYATFAT IV EfiG L, PAFAT I R36%&17-, p-hLT i AL
RUfRERWT, YAFALT I R36DBockzbrEL, 4NN-UAFLTERT IR
K17%p- bV AR U ERE & LT,
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HO 0
N7 C0oMe N7 coMe N

M
Cbz Cbz b CO;Me
30 31 32
CO,tBu
COQtBu COztBu ?
< e < f £
A G AN
) COMe N* TCOH Bol O CN
Boc Boc
33 34 35

0
H ,
CO,H <C02 N |
< d h Me !

Scheme 2-4. Synthesis of 16 and 17. Reagents: (a) SOs-pyridine, Et;N, DMSO; (b) Me;SiCH,CO,'Bu, LDA,
THEF; (c) H,, PtO,, AcOH; (d) Boc,0O, NaHCO; aq, THF; (e) NaOH aq, MeOH, THF; (f) (25)-2-cyanopyrrolidine,
EDC, HOB, Et;N, DMF; (g) p-TsOH, CH;CN; (h) Me,NH, EDC, HOBt, Et;N, CH,Cl,; (i) p-TsOH, EtOH.

7 v 32— V18D % % Scheme 2-5127~7 9, 4-BEEEIR16 D45 Ak H E1{A33 D Bockkds L Y
-7 FUEEREL, Bockh TIREL., DA EE38E LT~ HILAREE38%, 7/ un
I F L2 W TRAGHBEKY L Lk, KEMARUVRZRT NI U LATETLT V2
—N39% 1572, KIEFEZTHPIE CIRIEL, AT VT ATV ENKGIE L, VR R
N&EBT-, VR EEALE(2S)-2-2 7 /vl Y&, EDCEHWTHEAL, 73 K
K225, 72 FER2%&(H)-I > 7 7 — AR e a VW TBocka fRE L, 7z
—18% (+)- v 7 7 — AR UERE & L TR,
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COZH OH OTHP
c,d <\ € <\

COzMe N COzMC
Boc Boc
38 39 40
<\OTHP OTHP OH
f q g (
CO,H j}( Q N NQ
Bod H 5 CN
41 42 18

Scheme 2-5. Synthesis of 18. Reagents: (a) TFA, PhOMe; (b) Boc,O, NaHCO; aq, THF; (¢) CICO,Et, EtN,
CH,Cl,; (d) NaBH,4, THF, H,O; (e) DHP, PPTS, CH,Cly; (f) NaOH aq, MeOH, THF; (g) (25)-2-cyanopyrrolidine,
EDC, HOBY, Et;N, DMF; (h) (+)-CSA, EtOH.
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2.3, MEEHLE O Y UKD vitrolEFE B ETE M O R

2-3-1. Hi&

ARk L2 BLERIODPP-IVEEZ LEE ML, b bl L 0 SCERFEE O FiEIC TR L
72DPP-IV % JH TRl L 727, EEBFLEEMIT, AR IEE T H % H-Gly-Pro-AMC D
DPP-1VZ & % 75 f# % BHEAI 2N Ed 72 o #iiil 9 % Hv% . 7-amino-4-methyl coumarin
(AMC)DERGEE ZHEST 25 = L1z L v ko721 FHEITER DL EMIEFEIC BN T
1TV, 50% 3 D IRE ZICsfE & L TRD 7,

\ DPP-IV
7 N = X
N \ - - +
N ? e HZNAg 30 m
0O /N o/ OH HoN 0~ o
O H
AMC

H-Gly-Pro-AMC

Scheme 2-6. DPP-IV[# 35 [H.ZE &M o) &

2-3-2. FEFR LB

B LT-AE# Y 0 U O B EARDIn vitroliBE T ETE M O S AE 5 A table 2-2 12
T~ LT,

7 2= )VIERECE (2L VR =V L cisBilE) (ZEA LB EMSIZRB VLTI,
EROAEWT & L, 6 OBERLEEEOm LN R 5z, —J, SEilE (2
AL VAR =V & transBil i) (8N LT2ALEW9IX, EEHLO(LEWTE RETH T,
EHLIE OB NI VR = VI L eisBlE N E LW B 2 Bz,

UL A VAR =V L cisBliE THRR A R @ SO T VX VEBRILAZE A LT, 7 UV
10 7 L1, A X VL2 E A Y T F VI RIS OREE L EEMEEZ R LT,
T, e~ LHI4E T 2 SV ESIF RIS ORERILEEEE TR LT, 2 Rb D
fERL Y BHED B OBZMEEE~OTFERN VLB Z NS, 2, FE
@ m2-T X~ FUEISH MWEERAEEMNZ R L, BEROR T v My
JRNEEZEZDBND,

TV VEHITEAKMEDEBRIE TH D VR T VHEL6, VATFNVT I ) VR =)v
FE17, KEEFI8Z B A LT L Z A, DARFUIIVIELADILEMIZBNT, VS
BELEEEME 2 7R LTz,

UL EDOFER DB FREOMEETE AR MG b7z,

O MLITIFL I VAR =V L cistiliE Td H W 5 i iE S OEHILNEAFEETH 5.
@ Blmtk, BAKMED EH L OEMHILLEARGETH D,

T2, O, OQOFER LY, BHILOE AN L SBRAEEEO M FIXRESE & OB

WA EAER (BER 0T X /7 itk & OFIMMEOM B/ERSKE R A7 L) Tidke<,
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PHEEF 2 B SR B A (i L 7o SLAREL BRI [ E 95, E 72 IFBER & BER RS LT BRIC
PREAI OS2 R L T D, 72 EORENRIRIZEI D bDEEZBND,

Table 2-2. A/ EHL " 1 U L FBE R Din vitrofE 352 1E M

Ry, I
N
/NjY Q
H

0 CN
human
compound R, R, DPP-1V
ICso (nM)

10 H 3.5

11 H 34

13

14

H
H
M
12 Y\ H 5.7

15 @ H 7.8

16 HOTO(\“H H 16

Vol

Me
17 Me/Ner H 4.5
0
18 HO o~y H 3.8
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2-3-3. DPP-IVD =R ICHEEIZ H S &%=

B, > 7 2 ea ) YU SEODPP-IVIREA] & DPP-IV & OHE A RO XA St i & AT
DFRERDPMEINTND, 2095, PLicEr Y DUVBREA T HHEAICOVTY
Pei HIZ K Vi S, BEE RO XA LS AT 23 Protein Data Bank {28 &k S LTV
% (2G63) ", ZOfEfTiER AR, MIEHE 2 Y P U EROMEEEAERIC
WTHELE LT,

vr U Y UBROAMLERRIE DR EFEIZOWNW T, LR =)L & cistil B T OB #EL D
AN E LW E W) EETEMEMRBE NS LTV 5, DPP-IVO3R TG HIX, &
0 U Y UEROULD IV =)V L cisBil B D FRII R E RZE/MNH D 2 ENphoiz,
— 5 2LD TIVIR =V EE & transBRE O F I IIEER O T X ) BERETELINLTED
CBEPN D Z ENDONY | REEEMEMEE & T 5,

K& 7222/ D st (& D I AN 35 D LW 9 DPP-IVO3R TTHEE 2B, HH )5 iEm &,
R OBHILNEAFRERFLHHAFRELE S X DD,

Figure 2-4. 4B 1 U )L-2-2 7 /v U P2 D2G63~DERADOHE
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2-4. MIEHBE ) DUFEERDOT v MBI D8R0 W & 1A ERG O R

2-4-1. FHik

Bk LT BEA O O W ME & ERFreE 4. IR 7 » & (Sprague-Dawley rats,
SDZ v ~) ZHW., BO&5%OMmEFDPP-IVIHEIEM (ex vivol#EHLEIEM) %
HETDHZ LI L VT LT, 0.5% A F /Lt /ba— A KRR U= PLER &
mg/kg@&ﬁéf%im%ﬁ?& PRI BARRIR L v B L, EA R L=, B oh
7o AT A RIS E C & S H-Gly-Pro-AMC % il %, fL4EH ODPP-IV O BRETEME 2 I E L
77 %%Bﬂ%%ﬁr %, BHRTOMAEODPP-IVIETEIZ KT HHFHEZER (%HES) THRL
7o 728, ex vivolEF L ETEMEIZIB W TRIS0% UL EO R ER 2~ 1, & 1 FEA fafak
BB W TN RIEAN R OND Z ENbho TS, £72. LM THL1LEY
4b. LAY 5IRFRI% ICIBVTE2%, 59% DL ERZ R4,

2-4-2. FEFR LB

B LT-AER e 0 U O R ERDex vivold 35 B ETEME O FEAM G5 2R 2 table 2-3 12
T~ LT,

HNVRE U NEEHT HIEEW6% BR T, #5151 L 0 1l FDPP-TVIETE % 90%
<RI L, REOILEW D RAF 78 OWRINMEZ 7~ 3 2 & 235302 > 72, Lipinski 6
X, BROESEOESKS & PR E ORI DWW TS L. Rule of Five (Ro5)
EV O REBAIZ R LTS Z oRBREINE, 437 ES00LL T, cLogP (k&4 4

J = NVRIOACE DO ERHEOFHEAE) SLLT, KEMHEMGEO (NH, OHOH) 73
SULF., AKFBREGZRIEOH (N, OD%) MB10LLFOLEWH @\ ORI 2 7R~ §
EWVNIHLDOTH S, table 2-31R LIZALAEMINT O /RT X — 2 —% BT LTV
HTEMNL, WHOWAHIED LWVEIE EE 2D, — . IVRXIVLEERET LA
YNeITHIENED T I 7 B L FRMED T VIR X LV EED N _/\T?L A F W CAEE
LTWh EEZBND, EMHPELE R Z @il LRI S5 72 DIl A AR Tlidze
<EMZLERWGTHE L DVERHLH EFEDILTND, %0)71&5 L EW16134%

HRUPENME < L IR W ex vivolER R ETEM A R LT LB 2 b LD,

ex vivolE B ETE M ORIF LI EMIC L - TEN AN, 7 = =)V % cishit

B CHT DILEW8IL, B 1RFE% ICIKES U 7= L ETEE S 2R R A2 IS FFOBE L 72 0 | 6
FFEIZICB VT H60% DIHEREZ R LT-, ZOHBITIT = =V E 2 transtid & TH T 5
{EEITIBNTITR BTV, FEMIEE RIS TEm T 2205, (Law8n 7 v b
EERNTIERZA T 2 EHEREY) 24 L, FitEar LT EE XL
b,

TIVFIVEREILZONWTIE T v BV, A Y 7 FIVIA3N 4R 1I250% L E o
PLEVEMEZ R LIS, T ULVEL0, A X VU LVEI2, v 7 a4, 74~ F
VST ETEE DB R NN Th - 72,

— 5. TV NEHIZEKMEDEBRIETH D AT VT I ) VA= V317, KERE

20



18% 38 A L7 ALAEW TIRORFRIZ I BN TH60% TV HERZ R L, 1ERAFHMEN A
LT,

BUKMED B ML A0S FieetE 2 R TR ITEA D Tl WAy, LU o X 9 72 Al fetk
WNHERI S5, ERNIZRIR SN IALEIZRY TH D720, ARITAHNT L v KA
AN S PRI 5, AT 2 REmIEE < O%AE. T4 LT AREM4 2&
5. Bz 1E. DPP-IVEHERITIZPIEHO 1 U 2 U B OAMIT KI5 =T 5 & PEE
PEAKIEICIETT2 Z LN TWDY, B & O BLER T X 0 ELoMT
EIEMEZ R S BT EST U, BUKMED @ MBS TIIAGH O T2 E < Btk 2~ L
T2 A REMEDN B D,
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Table 2-3. 4/ EHL " 1 U L 58K Dex vivolit 5 R ETEME

R

T Z

CN

ex vivo DPP-1V inhibition (%) at 1 mg/kg po, normal rats

human
compound R DPP-1V
ICs, (NM) time after administraton (h)
0.25 0.5 | 2 4 6
7 H 20 94 94 89 68 26 20
8 ©\ 35 88 81 68 93 88 60
9 @ 16 90 80 57 36 12 17
10 NN 35 97 97 96 77 46 26
11 NN 3.4 96 96 94 83 56 50
12 ﬁ/\ 57 93 94 90 69 46 27
13 \r\ 2.9 95 96 93 77 54 40
14 O\f 2.4 97 97 94 70 36 38
15 @ 7.8 95 87 66 47 38 47
)
HO
16 TO(\*“ 16 40 46 53 50 47 38
Me
N ,
17 Me” 7(\ 4.5 96 97 96 89 78 66
0
18 HO_~v 3.8 93 95 94 87 75 58
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2-5. MiEHE 0 Y 2 FFEIRD ST NEALRUSIZ T 5 L ENE

2-5-1. K5k

AR LTALERE Y DUBERD S b, RFEILED O TNERILSIZH T 5
LEMZ ., pH 7.4/8y 7 7 — TR URRRFAJIZHPLC 2 I E LEHM L 7=, pH 7.4 Tris
buffer (100 mM) [ZRHFEAIZ1 mg/mLIZ7e b X O ML, S|IRIC TG LTe, &I
HPLCIZVEAN L7-RE 200 & L, 2, 6. 24BFI DY 7 )V & 058 L=, BfFEL T
ALEM DO — 7 OmEFEZLC/MSIZ TR L, K23 Llog(E — 7 ififd/0FF D £ —
) E 77y ML, BIBEEIERROM E X0 - 42 ke 7z,

2-5-2. fEFR LB

MyEHRE ) O SRR EN & table 2-4 (2R LT,

R L 7oA AR DTS FEE O EWT & I LT e N B EMEN SGE L
TWo, D TNBALRIGHEIT T B8, cisflBEICEBRENH 556 = N U VIENER
JRAAZD < BRIZAL OEHILIC L O SRR E 220 2720, ZEWNE LT LB X
bd, M- T, MuBE L w U P UFEARL Y — NMeam & L TRk 217 9 BRI
X, MLICEmWVERILZ B AT 5 ERERORG HEto—o LB b,

N
R \\/\\\\\j
77N\
h\fQ N - 0
N - N
N 0
H

T 4 AN HNJ\Q

Scheme 2-7. 4ffiEH ' 1 U O L FHEAR D 4y - NERAL UG Z %9 5 2 EAL
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Table 2-4. M [EHA L 1 U 2 2 FFEIRD 43 FNEML US04 % 2 ek

R
N N
H & N
solution
tabilit
compound R (SP?{ 171 4y)
tin (h)
7 H 7.5
DY 5
10 N 12
l\([e
N .
17 Me~ T(\ 24
(0]
HO 5
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2-7. FEBROK
2-7-1. Chemistry

General directions

Analytical samples were homogeneous as confirmed by TLC and afforded spectroscopic
results consistent with the assigned structures. Proton nuclear magnetic resonance

spectra ('"H NMR) were taken on a Varian Mercury 300 spectrometer using deuterated
chloroform (CDCls) or deuterated dimethylsulfoxide (DMSO-dg) as the solvent. The chemical
shift values are reported in parts per million (8) and coupling constants (J) in hertz (Hz). Fast
atom bombardment mass spectra (FAB-MS, HRMS) and electron ionization (EI) were
obtained on a JEOL JMS-700 spectrometer. Atmospheric pressure chemical ionization (APCI)
was determined on a HITACHI M-1200H spectrometer. Matrix-assisted laser desorption
ionization (MALDI) mass spectra were obtained on a PerSeptive Biosystems VoyagerTM
Elite spectrometer. Infrared spectra (IR) were measured in a JASCO FT/IR-430 spectrometer.
Column chromatography was carried out on silica gel [Merck silica gel 60 (0.063-0.200 mm),
Wako gel C200 or Fuji Silysia FL60D]. Thin-layer chromatography was performed on silica
gel (Merck TLC or HPTLC plates, silica gel 60 F254). The following abbreviations for
solvents and reagents are wused; tetrahydrofuran (THF), diethyl ether (Et,0),
dimethylsulfoxide (DMSO), ethyl acetate (EtOAc), dimethylformamide (DMF),
dichloromethane (CH,Cl,), chloroform (CHCIl;), methanol (MeOH), ethanol (EtOH), acetic
acid (AcOH), hydrochloric acid (HCI).

(25,4R)-1-(tert-Butoxycarbonyl)-4-phenyl-2-pyrrolidinecarboxylic acid (19a)

To a stirred solution of methyl (25,4R)-4-phenyl-2-pyrrolidinecarboxylate’ (524 mg, 2.56
mmol) in EtOH (3 mL) was added di-tert-butyl-dicarbonate (655 mg, 3.00 mmol) at room
temperature. After being stirred for 15 h, the reaction mixture was diluted with EtOAc. The
organic layer was successively washed with 10% aqueous citric acid, aqueous NaHCOs3, brine,
dried over MgSOs, and concentrated in vacuo. To a stirred solution of the resulting residue in
MeOH (5 mL) was added 1 M NaOH (3 mL) at 0 °C. After being stirred at room temperature
for 3 h, the reaction mixture was quenched with 1 M HCI (3 mL) and extracted with EtOAc.
The organic layer was washed with brine, dried over MgSOs, and concentrated in vacuo to
yield 19a (635 mg, 85%) as a white powder. TLC Ry = 0.36 (CHCIs/MeOH, 9/1); MS (APCI,
Neg. 20 V) m/z 290 (M—H); 'H NMR (300 MHz, CDCl3) § 1.45 and 1.49 (s, 9H), 2.01-
2.47 (m, 1H), 2.54-2.87 (m, 1H), 3.16-3.56 (m, 2H), 3.91-4.21 (m, 1H), 4.24-4.64 (m, 1H),
7.02-7.48 (m, SH).

tert-Butyl (25,4R)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-phenyl-1-pyrrolidinecarb
oxylate (20a)
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To a stirred solution of 19a (590 mg, 2.03 mmol) in DMF (10 mL) were added
(25)-2-pyrrolidinecarbonitrile hydrochloride (268 mg, 2.01 mmol),
1-methanesulfonyloxy-1H-benzotriazole (433 mg, 2.10 mmol), triethylamine (0.57 mL, 4.1
mmol) at 0 °C. After being stirred at room temperature for 15 h, the reaction mixture was
poured into water and extracted with EtOAc. The organic layer was successively washed with
10% aqueous citric acid, aqueous NaHCO3, brine, dried over MgSQy, and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography using EtOAc/hexane
(1/2) as an eluant to yield 20a (562 mg, 75%) as a white powder. TLC Ry = 0.61
(CHCI1:/MeOH, 9/1); MS (APCI, pos. 20 V) m/z 370 (M+H)"; '"H NMR (300 MHz, CDCl;) &
1.41 and 1.44 (s, 9H), 2.06-2.43 (m, 5H), 2.51-2.71 (m, 1H), 3.27-3.44 (m, 1H), 3.44-3.56
(m, 1H), 3.56-3.72 (m, 1H), 3.74-4.24 (m, 2H), 4.39-4.65 (m, 1H), 4.79-4.99 (m, 1H), 7.10—
7.50 (m, SH).

According to the same procedure as described above, 20b was prepared from 19b.

tert-Butyl (25,45)-2-{[(2S)-2-cyano-1-pyrrolidinyljcarbonyl}-4-phenyl-1-pyrrolidinecarb
oxylate (20b)

Yield 66%. A white powder. TLC R = 0.64 (CH,Cl,/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
370 (M+H)"; 'TH NMR (300 MHz, CDCl3) & 1.40 and 1.45 (s, 9H), 2.09-2.43 (m, 6H), 3.32—
3.54 (m, 1H), 3.56-3.91 (m, 3H), 3.98-4.16 (m, 1H), 4.51 and 4.62 (dd, J = 8.1, 2.3 Hz, 1H),
4.83-4.91 (m, 1H), 7.16-7.44 (m, SH).

(25)-1-{[(25,4R)-4-Phenyl-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonitrile benzenesu
Ifonate (8)

A solution of 20a (1.61 g, 4.37 mmol) and benzenesulfonic acid (1.04 g, 6.56 mmol) in EtOH
(8 mL) was refluxed for 3 h. The reaction mixture was concentrated in vacuo. The resulting
crystalline solid was collected by filtration and washed with hexane-EtOAc to yield 8 (1.28 g,
69%) as a white powder. TLC Ry = 0.45 (CHCls/MeOH/H,0, 10/2/0.1); MS (APCI, pos. 20
V) m/z 270 (M+H)"; IR (KBr) 3448, 3085, 2244, 1660, 1226, 1161, 1148, 1123, 1015, 608 cm
I 'TH NMR (300 MHz, DMSO-ds) & 1.74-1.89 (m, 1H), 1.95-2.09 (m, 2H), 2.09-2.34 (m,
2H), 2.89-3.03 (m, 1H), 3.18-3.29 (m, 1H), 3.49-3.66 (m, 3H), 3.66-3.77 (m, 1H), 4.61 (dd,
J=10.6, 7.6 Hz, 1H), 4.86 (dd, J = 8.0, 4.8 Hz, 1H), 7.23-7.40 (m, 8H), 7.55-7.62 (m, 2H),
9.21 (s, 2H); HRMS (FAB) calcd for C;6HN30O: 270.1606. Found: 270.1606.

(25)-1-{[(25,45)-4-Phenyl-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonitrile hydrochlo
ride (9)

To a solution of 20b (421 mg, 1.14 mmol) in EtOAc (4 mL) was added 4M HCI in EtOAc (2
mL). After 3 h, the reaction mixture was concentrated in vacuo. The resulting crystalline solid
was washed with EtOAc to yield 9 (205 mg, 59%) as a white powder. TLC Ry = 0.43
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(CH,Cl,/MeOH, 9/1); MS (APCI, pos. 20 V) m/z 270 (M+H)"; IR (KBr) 3440, 2242, 1654,
1495, 1455, 1446, 1348, 763, 704, 523 cm '; "H NMR (300 MHz, DMSO-d;) & 1.96-2.34 (m,
4H), 2.41-2.48 (m, 1H), 3.07-3.29 (m, 1H), 3.34-3.51 (m, 1H), 3.52-3.85 (m, 4H), 4.75 (s,
1H), 4.84 (dd, J = 7.9, 4.6 Hz, 1H), 7.13-7.54 (m, 5H), 8.93 (s, 1H), 10.76 (s, 1H); HRMS
(FAB) calcd for C16H20N30: 270.1606. Found: 270.1604.

Dimethyl (25.,45)-2-[(tert-butoxycarbonyl)amino]-4-(2-methyl-2-propen-1-yl)pentanedio
ate (22b)

Compound 22b was prepared from 21 according to the method reported by Hanessian et al.’
To a stirred solution of lithium bis(trimethylsilyl)amide in THF (32 mL ,1.0 M) was added
dropwise a solution of 21 (4.13 g, 15.0 mmol) in THF (45 mL) at —78 °C. After being stirred
for 30 min, a solution of methallyl bromide (4.05 g, 30 mmol) in THF (45 mL) was added and
the reaction mixture was stirred at =78 °C for additional 3 h. The reaction mixture was
quenched with 1 M HCI, and extracted with EtOAc. The organic layer was successively
washed with aqueous NaHCOs3, brine, dried over MgSQO,, and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography using EtOAc/hexane (1/5) as an
eluant to yield 22b (4.41 g, 89%) as a colorless oil. TLC Ry = 0.55 (EtOAc/hexane, 1/2); MS
(APCI, pos. 20 V) m/z 330 (M+H)"; "H NMR (300 MHz, CDCl3) & 1.44 (s, 9H), 1.71 (s, 3H),
1.93-2.03 (m, 2H), 2.20 (dd, J = 14.0, 7.1 Hz, 1H), 2.29-2.41 (m, 1H), 2.64-2.76 (m, 1H),
3.65 (s, 3H), 3.73 (s, 3H), 4.31-4.42 (m, 1H), 4.68-4.72 (m, 1H), 4.76-4.82 (m, 1H), 4.91—
5.02 (m, 1H)

1-tert-Butyl 2-methyl (2S5,45)-4-(2-methyl-2-propen-1-yl)-5-0x0-1,2-pyrrolidinedicarbox
ylate (23b)

Compound 23b was prepared from 22b according to the method reported by Hanessian et al.’
To a stirred solution of 22b (4.41 g, 13.4 mmol) in CH,Cl, (13 mL) was added trifluoroacetic
acid (13 mL) at room temperature. After being stirred for 50 min, the reaction mixture was
concentrated in vacuo and diluted with EtOAc. The organic layer was successively washed
with aqueous NaHCOs, brine, dried over MgSQy, and concentrated in vacuo, The resulting
residue was diluted with toluene (40 mL), refluxed for 2 h, and evaporated. To a stirred
solution of the resulting residue in CH3CN (55 mL) were added 4-(dimethylamino)pyridine
(1.71 g, 14.0 mmol) and di-fert-butyl-dicarbonate (2.55 g, 11.7 mmol) at room temperature.
After 18 h, the reaction mixture was diluted with EtOAc. The organic layer was successively
washed with 1M HCI, aqueous NaHCO3, brine, dried over MgSQy, and concentrated in vacuo,
The resulting residue was purified by silica gel chromatography using EtOAc/hexane (1/5) as
an eluant to yield 23b (1.98 g, 49%) as a coloeless oil. TLC R = 0.42 (EtOAc/hexane, 1/3);
MS (APCI, pos. 20 V) m/z 298 (M+H)"; 'H NMR (300 MHz, CDCl3) & 1.50 (s, 9H), 1.64—
1.77 (m, 1H), 1.71 (s, 3H), 2.12 (dd, /= 14.1, 10.8 Hz, 1H), 2.38-2.52 (m, 1H), 2.61-2.70 (m,
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1H), 2.70-2.80 (m, 1H), 3.78 (s, 3H), 4.52 (dd, J = 9.0, 6.6 Hz, 1H), 4.66 (s, 1H), 4.80 (s,
1H).

1-tert-Butyl 2-ethyl (25)-4-(1-hydroxycyclohexyl)-5-0xo0-1,2-pyrrolidinedicarboxylate (2
5a)

Compound 25a was prepared from 24 according to the method reported by Ezquerra et al.’ To
a stirred solution of 24 (4.77 g, 18.5 mmol) in THF (50 mL) was added dropwise a solution of
lithium bis(trimethylsilyl)amide in THF (20 mL, 1.0 M) at =78 °C. The reaction mixture was
stirred for 1 h at =78 °C prior to the addition of a solution of cyclohexanone (1.99 g, 20.2
mmol) and boron trifluoride etherate (2.6 mL, 21 mmol) in THF (50 mL). After being stirred
for 2.5 h, the reaction mixture was quenched with aqueous NH4Cl and concentrated in vacuo.
The aqueous layer was extracted with Et;O. The organic layer was washed with brine, dried
over MgSO,, and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (1/3) as an eluant to yield 25a (5.32 g, 80%) as a
yellow oil. TLC Ry = 0.52 (Acetone/hexane, 1/2); MS (APCI, pos. 20 V) m/z 356 (M+H)"; 'H
NMR (300 MHz, CDCls) 8 1.08-1.90 (m, 10H), 1.29 (t, J = 6.9 Hz, 3H), 2.05-2.25 (m, 2H),
2.77 (dd, J = 12.0, 9.0 Hz, 1H), 3.21 (s, 1H), 4.24 (q, J = 6.9 Hz, 2H), 4.54 (dd, J = 9.6, 1.8
Hz, 1H).

According to the same procedure as described above, 25b was prepared from 24.

1-tert-Butyl 2-ethyl (25)-4-(2-hydroxy-2-adamantyl)-5-o0xo0-1,2-pyrrolidinedicarboxylate
(25b)

Yield 66%. A colorless oil. Ry = 0.54 (Acetone/hexane, 1/3); MS (APCI, pos. 20 V) m/z 408

(M+H)"; '"H NMR (300 MHz, CDCl5) & 1.22-1.34 (m, 3H), 1.34-2.03 (m, 13H), 1.50 (s, 9H),

2.07-2.27 (m, 2H), 2.36-2.50 (m, 1H), 2.84 (s, 1H), 3.34 (dd, J=12.1, 8.5 Hz, 1H), 4.25 (q, J

=6.9 Hz, 2H), 4.56 (dd, J=9.8, 1.2 Hz, 1H).

1-tert-Butyl 2-ethyl (25)-4-cyclohexylidene-5-0x0-1,2-pyrrolidinedicarboxylate (26a)

Compound 26a was prepared from 25a according to the method reported by Ezquerra et al.®
To a stirred solution of 25a (5.32 g, 14.9 mmol) in CH,Cl, (30 mL) were added
methanesulfonyl chloride (1.88 g, 16.4 mmol) and triethylamine (23 mL, 165 mmol) at room
temperature. After being stirred for 2 days, the reaction mixture was quenched with water, and
extracted with CH,Cl,. The organic layer was dried over MgSOs, and concentrated in vacuo.
The resulting residue was purified by silica gel chromatography using EtOAc/hexane (1/9) as
an eluant to yield a mixture of 26a and endo—olefin isomer (1.43 g). This compound was used

for the next reaction without further purification.

1-tert-Butyl 2-ethyl (25)-5-ox0-4-tricyclo[3.3.1.1~3,7~]dec-2-ylidene-1,2-pyrrolidinedica
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rboxylate (26b)

To a stirred solution of 25b (1.23 g, 3.02 mmol) in toluene (10 mL) was added
p-toluenesulfonic acid (780 mg, 4.10 mmol). The reaction mixture was refluxed for 15 h,
cooled to room temperature, and diluted with EtOAc. The organic layer was successively
washed with 1M HCI, aqueous NaHCOs brine, dried over MgSQOy4, and concentrated in vacuo.
To a stirred solution of the residue in CH,Cl, (5 mL) were added 4-(dimethylamino)pyridine
(54 mg, 0.44 mmol) and di-fert-butyl-dicarbonate (4.82 g, 22 mmol) at room temperature.
After being stirred for 1 h, the reaction mixture was diluted with EtOAc. The organic layer
was successively washed with 1M HCI, aqueous NaHCOj, brine, dried over MgSQOy4, and
concentrated in vacuo. The resulting residue was purified by silica gel chromatography using
EtOAc/hexane (1/3) as an eluant to yield 26b (825 mg, 69%) as a colorless oil. TLC R¢= 0.92
(CHCI13/MeOH, 9/1); MS (APCI, pos. 20 V) m/z 390 (M+H)"; '"H NMR (300 MHz, CDCl;) &
1.28 (t,J= 7.1 Hz, 3H), 1.45-1.55 (m, 9H), 1.70-2.02 (m, 12H), 2.48-2.57 (m, 1H), 2.57 (dd,
J=16.3,4.0 Hz, 1H), 2.95 (dd, /= 16.3, 10.6 Hz, 1H), 4.22 (q, J= 7.1 Hz, 2H), 4.49-4.55 (m,
1H), 4.51-4.59 (m, 1H).

1-tert-Butyl 2-ethyl (25,4R)-4-cyclohexyl-5-0xo0-1,2-pyrrolidinedicarboxylate (23c)
Compound 23¢ was prepared from 26a according to the method reported by Ezquerra et al.®
To a mixture of 26a and endo—olefin isomer (1.43 g, 4.24 mmol) in EtOAc (20 mL) was
added platinum(IV) oxide (96 mg, 0.42 mmol). The mixture was vigorously stirred at room
temperature under an atmospheric pressure of hydrogen for 18 h. The catalyst was removed
by filtration and the filtrate was concentrated in vacuo. The resulting residue was purified by
silica gel chromatography using EtOAc/hexane (1/8) as an eluant to yield 23¢ (527 mg, 36%)
as a colorless oil. TLC Ry = 0.56 (EtOAc/hexane, 1/2); MS (APCI, pos. 20 V) m/z 340
(M+H)"; 'TH NMR (300 MHz, CDCl3) & 0.96-1.20 (m, 4H), 1.29 (t, J = 7.2 Hz, 3H), 1.49 (s,
9H), 1.60—1.95 (m, 8H), 2.30-2.40 (m, 1H), 2.45-2.53 (m, 1H), 4.22 (q, /= 7.2 Hz, 2H), 4.51
(dd, J=8.4,7.5 Hz, 1H).

According to the same procedure as described above, 23d was prepared from 26b.

1-tert-Butyl 2-ethyl (25,4R)-4-(2-adamantyl)-5-oxo0-1,2-pyrrolidinedicarboxylate (23d)
Yield 79%. A colorless oil. TLC Rf = 0.63 (EtOAc/toluene, 1/5); MS (APCI, pos. 20 V) m/z
392 (M+H)"; 'TH NMR (300 MHz, CDCl3) § 1.25-1.34 (m, 3H), 1.45—1.55 (m, 9H), 1.56-2.00
(m, 15H), 2.37-2.50 (m, 1H), 2.57 (s, 1H), 2.76-2.97 (m, 1H), 4.16-4.30 (m, 2H), 4.46 (dd, J
=38.2,7.1 Hz, 1H).

1-tert-Butyl 2-methyl (25,4S5)-4-allyl-1,2-pyrrolidinedicarboxylate (27a)
Compound 27a was prepared from 23a according to the method reported by Pedregal et al.’
To a stirred solution of 23a (2.88 g, 10.2 mmol) in THF (55 mL) was added a solution of
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lithium triethylborohydride in THF (12.2 mL, 1.0 M) at =78 °C. After being stirred for 40 min,
the reaction mixture was quenched with aqueous NaHCO; and warmed to 0 °C. After the
addition of 35% H,0O, (2 mL), the reaction mixture was stirred at 0 °C. After being stirred for
20 min, the reaction mixture was evaporated to remove organic solvent, and the aqueous layer
was extracted with CH,Cl,. The organic layer was dried over MgSQOy, and concentrated in
vacuo. The resulting residue was used for the next reaction without further purification. To a
stirred solution of the residue in CH,Cl, (55 mL) were added triethylsilane (3.4 mL, 21 mmol)
and boron trifluoride etherate (3.0 mL, 24 mmol) at =78 °C. After being stirred for 3 h, the
reaction mixture was quenched with aqueous NaHCO; and extracted with CH,Cl,. The
organic layer was dried over MgSQO,, and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography using EtOAc/hexane (1/9) as an eluant to yield 27a
(2.45 g, 89%) as a colorless oil. TLC Ry = 0.42 (EtOAc/hexane, 1/4); "H NMR (300 MHz,
CDCls) & 1.45 and 1.40 (s, 9H) , 1.60 (m, 1H) , 2.43-2.08 (m, 4H) , 3.05 (m, 1H) , 3.73 and
3.72 (s, 3H), 3.79-3.63 (m, 1H), 4.28-4.16 (m, 1H), 5.07-4.99 (m, 2H), 5.74 (m, 1H).

According to the same procedure as described above, 27¢, 27e—f were prepared from 23b—d,

respectively.

1-tert-Butyl 2-methyl (25,45)-4-(2-methyl-2-propen-1-yl)-1,2-pyrrolidinedicarboxylate
(27¢)
Yield 77%. A colorless oil. TLC Ry = 0.35 (Acetone/hexane, 1/3); '"H NMR (300 MHz,
CDCl3) 6 1.37-1.49 (m, 9H), 1.53-1.66 (m, 1H), 1.71 (s, 3H), 2.11 (d, J = 6.6 Hz, 2H), 2.27—
2.47 (m, 2H), 2.97-3.09 (m, 1H), 3.69-3.77 (m, 3H), 4.15-4.32 (m, 1H), 4.69 (s, 1H), 4.74 (s,
1H).

1-tert-Butyl 2-ethyl (25,4R)-4-cyclohexyl-1,2-pyrrolidinedicarboxylate (27¢)

Yield 98%. A colorless oil. TLC R¢ = 0.68 (Acetone/hexane, 1/3); MS (APCI, pos. 20 V) m/z
326 (M+H)"; 'TH NMR (300 MHz, CDCl3) 8 0.90-1.30 (m, 6H), 1.22 (m, 3H), 1.40 and 1.45
(s, 9H), 1.50-1.95 (m, 7H), 2.40 (m, 1H), 3.01 (t, /= 10.5 Hz, 1H), 3.63—3.83 (m, 1H), 4.10—
4.30 (m, 3H).

1-tert-Butyl 2-ethyl (25,4R)-4-(2-adamantyl)-1,2-pyrrolidinedicarboxylate (27f)

Yield 98%. A colorless oil. TLC Ry = 0.56 (EtOAc/hexane, 1/3); MS (APCI, pos. 20 V) m/z
378 (M+H)"; '"H NMR (300 MHz, CDCls) & 0.60 (m, 1H), 0.97 (m, 2H), 1.15-1.34 (m, 3H),
1.35-1.48 (m, 9H), 1.48-2.00 (m, 13H), 2.28-2.66 (m, 2H), 2.89-3.05 (m, 1H), 3.57-3.89 (m,
1H), 4.06-4.32 (m, 3H).

1-tert-Butyl 2-methyl (25,4S5)-4-propyl-1,2-pyrrolidinedicarboxylate (27b)
To a solution of 27a (538 mg, 2.0 mmol) in MeOH (4 mL) was added 10 % palladium on
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carbon (200 mg). The reaction mixture was vigorously stirred at room temperature under an
atmospheric pressure of hydrogen for 2 h. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (1/9) as an eluant to yield 27b (505 mg, 93%) as a
colorless oil. TLC R; = 0.47 (EtOAc/hexane, 1/4); '"H NMR (300 MHz, CDCl3) § 0.91 (t, J =
7.0 Hz, 3H), 1.40 and 1.46 (s, 9H), 1.24-1.62 (m, 5H), 2.06-2.22 (m, 1H), 2.33-2.49 (m, 1H),
2.99 (t,J=10.3 Hz, 1H), 3.72 and 3.73 (s, 3H), 3.61-3.82 (m, 1H), 4.07-4.30 (m, 1H).

According to the same procedure as described above, 27d was prepared from 27¢c.

1-tert-Butyl 2-methyl (25,4S5)-4-isobutyl-1,2-pyrrolidinedicarboxylate (27d)

Yield 91%. A colorless oil. TLC R¢ = 0.38 (EtOAc/hexane, 1/4); 'H NMR (300 MHz, CDCl;)
0 0.89 (d, J = 6.6 Hz, 6H), 1.20-1.33 (m, 2H), 1.36-1.49 (m, 9H), 1.49-1.66 (m, 2H), 2.11—
2.31 (m, 1H), 2.33-2.46 (m, 1H), 2.97 (t, J=10.3 Hz, 1H), 3.61-3.84 (m, 1H), 3.70-3.75 (m,
3H), 4.10-4.31 (m, 1H).

(25.,45)-4-Allyl-1-(tert-butoxycarbonyl)-2-pyrrolidinecarboxylic acid (28a)

To a stirred solution of 27a (538 mg, 2.0 mmol) in MeOH (7 mL) was added 1 M NaOH (3
mL) at 0 °C. After being stirred at room temperature for 6 h, the reaction mixture was
quenched with 1 M HCI (3 mL). The organic solvent was removed by evaporation, and the
aqueous layer was extracted with EtOAc. The organic layer was dried over MgSOs,
concentrated in vacuo. The resulting residue was solidified by hexane yielding 28a (440 mg,
86%) as a white powder. TLC R¢ = 0.24 (CHCl3/MeOH, 19/1); MS (APCI, Neg. 20 V) m/z
255 (M—H); '"H NMR (300 MHz, CDCl3) & 1.38 (s, 9H), 1.45-1.59 (m, 1H), 2.05-2.46 (m,
4H), 2.91 (dd, /= 10.4, 8.5 Hz, 1H), 3.59 (dd, J=10.4, 7.1 Hz, 1H), 4.08 (t, J = 8.0 Hz, 1H),
4.94-5.10 (m, 2H), 5.63-5.90 (m, 1H).

According to the same procedure as described above, 28b—f were prepared from 27b—f,

respectively.

(25.,45)-1-(tert-Butoxycarbonyl)-4-propyl-2-pyrrolidinecarboxylic acid (28b)

Yield 67%. A white powder. TLC Ry = 0.27 (CH,Cl,/MeOH, 19/1); MS (APCI, Neg. 20 V)
m/z 257 (M—H); 'H NMR (300 MHz, CDCl;) & 0.91 (t, J = 6.9 Hz, 3H), 1.28-1.39 (m, 4H),
1.42 and 1.48 (s, 9H), 1.55-2.58 (m, 3H), 2.82-3.13 (m, 1H), 3.56-3.88 (m, 1H), 4.13—4.43
(m, 1H).

(25.,45)-1-(tert-Butoxycarbonyl)-4-(2-methyl-2-propen-1-yl)-2-pyrrolidinecarboxylic acid
(28¢)
Yield 96%. A white powder. TLC Ry = 0.43 (CH,Cl,/MeOH, 9/1); MS (APCI, neg. 20 V) m/z

32



268 (M—H); "H NMR (300 MHz, CDCl3) & 1.38-1.52 (m, 9H), 1.72 (s, 3H), 1.60-2.01 (m,
1H), 2.28-2.52 (m, 2H), 3.60-3.83 (m, 1H), 4.17-4.40 (m, 1H), 4.70 (s, 1H), 4.77 (s, 1H).

(25.,45)-1-(tert-Butoxycarbonyl)-4-isobutyl-2-pyrrolidinecarboxylic acid (28d)

Yield 100%. A white powder. TLC R¢= 0.52 (CH,Cl,/MeOH, 9/1); MS (APCI, neg. 20 V) m/z
270 (M—H); '"H NMR (300 MHz, CDCl3) & 0.85-0.93 (m, 6H), 1.22—1.33 (m, 2H), 1.38-1.50
(m, 9H), 1.51-1.84 (m, 2H), 2.13-2.53 (m, 2H), 2.95 (q, J = 10.6 Hz, 1H), 3.63-3.86 (m, 1H),
4.15-4.35 (m, 1H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-cyclohexyl-2-pyrrolidinecarboxylic acid (28e)

Yield 89%. A white powder. TLC Ry = 0.15 (EtOAc/hexane, 1/3); MS (APCI, neg. 20 V) m/z
296 (M—H); '"H NMR (300 MHz, CDCl3) & 0.85-1.30 (m, 6H), 1.42 and 1.48 (s, 9H), 1.60—
1.97 (m, 7H), 2.30-2.50 (m, 1H), 2.90-3.10 (m, 1H), 3.70 — 3.83 (m, 1H), 4.15-4.35 (m,
1H).

(25,4R)-4-(2-Adamantyl)-1-(tert-butoxycarbonyl)-2-pyrrolidinecarboxylic acid (28f)
Yield 82%. A white powder. TLC R = 0.69 (CHCI3/MeOH, 9/1); MS (APCI, neg. 20 V) m/z
348 (M—H); '"H NMR (300 MHz, CDCl3) & 1.38-1.53 (m, 9H), 1.17-1.96 (m, 16H), 2.24—
2.61 (m, 2H), 2.81-3.05 (m, 1H), 3.64-3.90 (m, 1H), 4.17-4.45 (m, 1H).

According to the same procedure as described for the preparation of 20a from 19a, 29a—f

were prepared from 28a—f, respectively.

tert-Butyl (28,45)-4-allyl-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-1-pyrrolidinecarbox
ylate (29a)

Yield 76%. A white powder. TLC Ry = 0.24 (EtOAc/hexane, 1/1); '"H NMR (300 MHz,
CDCl;) 6 1.38 and 1.44 (s, 9H), 1.54-1.74 (m, 1H), 1.98-2.44 (m, 8H), 3.11 (t, J = 9.8 Hz,
1H), 3.47-3.88 (m, 3H), 4.26-4.44 (m, 1H), 4.84 (t, J = 9.6 Hz, 1H), 4.92-5.19 (m, 2H), 5.65
—=5.87 (m, 1H).

tert-Butyl (25,45)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-propyl-1-pyrrolidinecarb
oxylate (29b)

Yield 61%. A white powder. TLC Ry = 0.29 (EtOAc/hexane, 1/1); '"H NMR (300 MHz,
CDCl3) 6 0.91 (t, J = 7.0 Hz, 3H), 1.18-1.49 (m, 4H), 1.38 and 1.37 (s, 9H), 1.50-1.72 (m,
1H), 2.03-2.43 (m, 6H), 2.92-3.16 (m, 1H), 3.51-3.89 (m, 3H), 4.23-4.45 (m, 1H), 4.71-4.95
(m, 1H).

tert-Butyl (25,45)-2-{[(25)-2-cyano-1-pyrrolidinyl|carbonyl}-4-(2-methyl-2-propen-1-yl)-
1-pyrrolidinecarboxylate (29c)
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Yield 64%. A white powder. TLC Ry = 0.74 (CHCl3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
348 (M+H)"; "H NMR (300 MHz, DMSO-ds, 100 °C) & 1.35 (s, 9H), 1.36-1.47 (m, 1H), 1.71
(s, 3H), 1.99-2.24 (m, 6H), 2.29-2.48 (m, 2H), 2.89-2.99 (m, 1H), 3.50-3.68 (m, 3H), 4.39 (4,
J=7.9 Hz, 1H), 4.68-4.76 (m, 2H), 4.74-4.82 (m, 1H).

tert-Butyl (25,45)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-isobutyl-1-pyrrolidinecar
boxylate (29d)

Yield 59%. A white powder. TLC Ry = 0.78 (CHCl3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
350 (M+H)"; '"H NMR (300 MHz, DMSO-dg, 100 °C) 6 0.89 (dd, J= 6.6, 1.5 Hz, 6H), 1.28 (t,
J=6.8 Hz, 3H), 1.35 (s, 9H), 1.49-1.65 (m, 1H), 1.99-2.11 (m, 2H), 2.11-2.28 (m, 3H), 2.40
—2.47 (m, 1H), 2.87 (t, J=10.2 Hz, 1H), 3.51-3.62 (m, 2H), 3.65 (dd, J = 10.2, 7.4 Hz, 1H),
437 (t,J=28.1 Hz, 1H), 4.71-4.83 (m, 1H).

tert-Butyl (2S,4R)-2-{[(25)-2-cyano-1-pyrrolidinyl]jcarbonyl}-4-cyclohexyl-1-pyrrolidine
carboxylate (29e¢)

Yield 60%. A colorless oil. TLC Ry = 0.76 (EtOAc/hexane, 1/2); MS (APCI, pos. 20 V) m/z
376 (M+H)"; '"H NMR (300 MHz, DMSO-dq, 100 °C) & 0.90—1.20 (m, 2H), 1.10-1.42 (m,
4H), 1.35 (s, 9H), 1.52—-1.75 (m, 5H), 1.85-2.40 (m, 7H), 2.89-2.99 (m, 1H), 3.30 — 3.63 (m,
3H),4.37 (t, /= 8.1 Hz, 1H), 4.71-4.83 (m, 1H).

tert-Butyl (25,4R)-4-(2-adamantyl)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-1-pyrrolid
inecarboxylate (29f)

Yield 49%. A white powder. TLC R¢ = 0.41 (CHCl3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
428 (M+H)"; '"H NMR (300 MHz, DMSO-dq) & 1.24-1.32 (m, 9H), 1.20—2.28 (m, 20H), 2.38
—2.54 (m, 1H), 2.70-2.90 (m, 1H), 3.35-3.69 (m, 4H), 4.31-4.41 (m, 1H), 4.73—4.86 (m, 1H).

(29)-1-{[(25,45)-4-Allyl-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonitrile 4-methylben
zenesulfonate (10)

A solution of 29a (866 mg, 2.60 mmol) and p-toluenesulfonic acid (740 mg, 3.9 mmol) in
EtOH (5 mL) was refluxed for 3 h. After cooling to room temperature, the resulting
precipitates were collected by filtration and dried under reduced pressure to yield 10 (891 mg,
84%) as a white powder. TLC Ry = 0.35 (CH,Cl,/MeOH, 9/1); MS (APCI, pos. 20 V) m/z 234
(M+H)"; IR (KBr) 3852, 3152, 3083, 3002, 2603, 2464, 2241, 1916, 1809, 1667, 1492, 1460,
1383, 1268, 1236, 1162, 1118, 1032, 1010, 996, 920, 880 cm'; 'H NMR (300 MHz,
DMSO-dg) 6 1.32-1.50 (m, 1H) 1.95-2.07 (m, 2H) 2.09-2.25 (m, 4H) 2.28 (s, 3H) 2.32-2.45
(m, 1H) 2.54-2.69 (m, 1H) 2.82-2.99 (m, 1H) 3.28-3.35 (m, 1H) 3.46-3.66 (m, 2H) 4.34—
4.57 (m, 1H) 4.82 (dd, J= 7.8, 4.7 Hz, 1H) 4.95-5.16 (m, 2H) 5.65-5.87 (m, 1H) 7.11 (d, J =
8.0 Hz, 2H) 7.47 (d, J = 8.0 Hz, 2H) 8.72 (s, 1H) 9.35 (s, 1H); Anal. Calcd for Cy0H27N304S:
C,59.24; H, 6.71; N, 10.36. Found: C, 59.34; H, 6.70; N, 10.07.
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(25)-1-{[(2S5,4S5)-4-Propyl-2-pyrrolidinyl|carbonyl}-2-pyrrolidinecarbonitrile hydrochlo
ride (11)

Compound 11 was obtained as a white powder in 91% yield from 29b according to the same
procedure as described for the preparation of 9 from 20b. TLC Ry = 0.34 (CH,Cl,/MeOH,
9/1); MS (APCI, pos. 20 V) m/z 236 (M+H)"; IR (KBr) 3434, 2959, 2874, 2739, 2243, 1658,
1454, 1348, 1265, 1189, 739 cm'; "H NMR (300 MHz, DMSO-ds) & 0.86 (t, J = 7.0 Hz, 3H),
1.18-1.49 (m, 5H), 1.87-2.38 (m, 5H), 2.56-2.68 (m, 1H), 2.80 (s, 1H), 3.24-3.40 (m, 1H),
3.50-3.72 (m, 2H), 4.43 (s, 1H), 4.82 (dd, J = 7.8, 4.8 Hz, 1H), 8.66 (s, 1H), 10.38 (s, 1H);
HRMS (FAB) calcd for C;3H,,N30: 236.1763. Found: 236.1767.

(25)-1-{[(25,45)-4-(2-Methyl-2-propen-1-yl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbo
nitrile 4-methylbenzenesulfonate (12)

Compound 12 was obtained as a white powder in 45% yield from 29¢ according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.16 (CHCl3;/MeOH,
9/1); MS (APCI, pos. 20 V) m/z 248 (M+H)"; IR (KBr) 3438, 2984, 2594, 2242, 1664, 1235,
1164, 1121, 1034, 1011, 683, 569 cm '; '"H NMR (300 MHz, DMSO-dg) & 1.30-1.48 (m, 1H)
1.67 (s, 3H), 1.90-2.27 (m, 6H), 2.28 (s, 3H), 2.49-2.67 (m, 2H), 2.89 (dd, J = 11.0, 8.3 Hz,
1H), 3.24-3.40 (m, 1H), 3.48-3.63 (m, 2H), 4.42-4.55 (m, 1H), 4.71 (s, 1H), 4.75 (s, 1H),
4.82 (dd,J=17.8,4.7 Hz, 1H), 7.11 (d, J= 8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 8.85-9.24 (m,
2H); HRMS (FAB) calcd for C14H2,N30: 248.1763. Found: 248.1762.

(29)-1-{[(25,4S5)-4-Isobutyl-2-pyrrolidinyl|carbonyl}-2-pyrrolidinecarbonitrile 4-methyl
benzenesulfonate (13)

Compound 13 was obtained as a white powder in 60% yield from 29d according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.16 (CHCl3;/MeOH,
9/1); MS (APCI, pos. 20 V) m/z 250 (M+H)"; IR (KBr) 3442, 2956, 2870, 2239, 1661, 1161,
1010, 683 cm'; 'H NMR (300 MHz, DMSO-ds) & 0.85 (d, J = 6.5 Hz, 6H), 1.20-1.41 (m,
3H), 1.45-1.61 (m, 1H), 1.93-2.07 (m, 2H), 2.08-2.42 (m, 3H), 2.28 (s, 3H), 2.58-2.73 (m,
1H), 2.81 (t, J = 10.5 Hz, 1H), 3.31-3.41 (m, 1H), 3.56 (t, J = 6.6 Hz, 2H), 4.45 (dd, J = 9.7,
7.6 Hz, 1H), 4.82 (dd, J= 7.8, 4.7 Hz, 1H), 7.11 (d, J = 8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H),
8.49-9.47 (m, 2H); HRMS (FAB) calcd for C4H24N30: 250.1919. Found: 250.1921.

(29)-1-{[(25,4R)-4-Cyclohexyl-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonitrile hydro
chloride (14)

Compound 14 was obtained as a white powder in 28% yield from 29e according to the same
procedure as described for the preparation of 9 from 20b. TLC Ry= 0.37 (CHCl3;/MeOH, 9/1);
MS (APCI, pos. 20 V) m/z 276 (M+H)"; IR (KBr) 3380, 2926, 2852, 2239, 1655, 1565, 1541,
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1451, 1185 cm '; 'H NMR (300 MHz, DMSO-d) & 0.83-1.01 (m, 2H), 1.09-1.29 (m, 4H),
1.32-1.47 (m, 1H), 1.53-1.76 (m, 5H), 1.93-2.08 (m, 3H), 2.08-2.32 (m, 2H), 2.53-2.67 (m,
1H), 2.78-2.94 (m, 1H), 3.29-3.40 (m, 1H), 3.59 (t, J = 6.5 Hz, 2H), 4.41 (dd, J = 10.0, 7.8
Hz, 1H), 4.82 (dd, J = 7.6, 4.6 Hz, 1H); HRMS (FAB) calcd for C;¢HsN5O: 276.2076.
Found: 276.2077.

(29)-1-{[(2S,4R)-4-(2-Adamantyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonitrile 4-
methylbenzenesulfonate (15)

Compound 15 was obtained as a white powder in 57% yield from 29f according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.60 (CHCl3;/MeOH,
9/1); MS (APCI, pos. 20 V) m/z 328 (M+H)"; IR (KBr) 3448, 2906, 2239, 1662, 1455, 1216,
1190, 1181, 1171, 1123, 1033, 1010, 684 cm™'; '"H NMR (300 MHz, DMSO-ds) & 1.21-1.39
(m, 1H), 1.44-1.91 (m, 15H), 1.94-2.08 (m, 2H), 2.08-2.26 (m, 2H), 2.28 (s, 3H), 2.55-2.74
(m, 2H), 2.82 (t, J=10.5 Hz, 1H), 3.34-3.42 (m, 1H), 3.48-3.67 (m, 2H), 4.42-4.53 (m, 1H),
4.82 (dd,J=17.9, 4.8 Hz, 1H), 7.10 (d, /= 7.8 Hz, 2H), 7.46 (d, J= 7.8 Hz, 2H), 8.96 (s, 2H);
HRMS (FAB) calced for C,0H3oN3O: 328.2389. Found: 328.2395.

Methyl (25)-1-(benzyloxycarbonyl)-4-oxo-2-pyrrolidinecarboxylate (31)

To a stirred solution of 30 (15.5 g, 55 mmol) in EtOAc (40 mL) were added triethyamine
(15.4 mL, 110 mmol), DMSO (20 mL), sulfur trioxide-pyridine complex (17.5 g, 110 mmol)
at 0 °C. After being stirred for 88 h at room temperature, the reaction mixture was quenched
with water and extracted with EtOAc. The organic layer was successively washed with water,
brine, dried over MgSQy, and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography using EtOAc/hexane (1/2) as an eluant to yield 31 (8.81 g, 58%) as
a colorless oil. TLC R¢= 0.35 (hexane/EtOAc, 2/1); "H NMR (300 MHz, CDCl3) § 2.57-2.64
(m, 1H), 2.88-3.02 (m, 1H), 3.63 and 3.77 (s, 3H), 3.95 (s, 2H), 4.80-4.92 (m, 1H), 5.08-5.26
(m, 2H), 7.26-7.42 (m, SH).

Methyl (2S,4E)-1-(benzyloxycarbonyl)-4-(2-tert-butoxy-2-oxoethylidene)-2-pyrrolidinec
arboxylate (32)

To a stirred solution of diisopropylamine (72 mL, 510 mmol) in THF (1 L) was added a
solution of n-butyllithum in hexane (325 mL, 1.58 M) at —10 °C. After being stirred for 30
min, the reaction mixture was cooled to —78 °C. To the reaction mixture was added
(trimethylsilyl)acetic acid fert-butyl ester (96.7 g, 513 mmol) and stirred for 15 min. To the
reaction mixture was added a solution of 31 (119 g, 428 mmol) in THF (500 mL). After being
stirred for 3 h at =78 °C, the reaction mixture was quenched with 1M HCI and extracted with
EtOAc, The organic layer was successively washed with water, brine, dried over MgSQOs, and
concentrated in vacuo. The resulting residue was purified by silica gel chromatography using
EtOAc/hexane (1/3) as an eluant to yield 32 (62.5 g, 39%) as a colorless oil. TLC Ry = 0.35
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(hexane/EtOAc, 3/1); "H NMR (300 MHz, CDCls) & 1.44-1.46 (m, 9H), 2.76-2.84 (m, 1H),
3.07-3.20 (m, 1H), 3.58-3.75 (m, 3H), 4.30-4.60 (m, 3H), 5.03-5.24 (m, 2H), 5.57-5.74 (m,
1H), 7.26-7.42 (m, SH).

Methyl (2S,4R)-1-(tert-butoxycarbonyl)-4-(2-tert-butoxy-2-oxoethyl)-2-pyrrolidinecarbo
xylate (33)

To a solution of 32 (2.66 g, 7.1 mmol) in AcOH (25 mL) was added platinum(IV) oxide (250
mg, 1.1 mmol). The mixture was vigorously stirred at room temperature under an atmospheric
pressure of hydrogen for 24 h. The catalyst was removed by filtration and the filtrate was
concentrated in vacuo. To the resulting residue were added AcOH (25 mL) and 10 %
palladium on carbon (250 mg). The mixture was vigorously stirred at room temperature under
an atmospheric pressure of hydrogen for 3 h. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo. To a solution of the residue in THF (30 mL) were added
aqueous NaHCOj and di-tert-butyl-dicarbonate (2.18 g, 10 mmol) at room temperature. After
being stirred for 10 min, the reaction mixture was extracted with EtOAc. The organic layer
was successively washed with water, brine, dried over MgSQO,, and concentrated in vacuo, The
resulting residue was purified by silica gel chromatography using EtOAc/hexane (1/3) as an
eluant to yield 33 (2.02 g, 83%). TLC Ry = 0.30 (EtOAc/hexane, 1/3); '"H NMR (300 MHz,
CDCls) 6 1.40-1.44 (m, 18H), 1.52-1.70 (m, 1H), 2.25-2.60 (m, 4H), 3.03-3.12 (m, 1H),
3.72 and 3.74 (s, 3H), 3.75-3.85 (m, 1H), 4.15-4.30 (m, 1H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-(2-tert-butoxy-2-oxoethyl)-2-pyrrolidinecarboxylic aci
d (34)

To a stirred solution of 33 (12 g, 34.9 mmol) in MeOH (70 mL) and THF (35 mL) was added
1 M NaOH (70 mL) at 0 °C. After being stirred for 15 h at room temperature, the reaction
mixture was quenched with 2 M HCIl (35 mL). The organic solvent was removed by
evaporation, and the aqueous layer was extracted with EtOAc. The organic layer was dried
over MgSO;, and evaporated to yield 34 (8.54 g), which was used for the next reaction without

further purification.

tert-Butyl (25,4R)-4-(2-tert-butoxy-2-oxoethyl)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbony
1}-1-pyrrolidinecarboxylate (35)

To a stirred solution of 34 (8.54 g, 26 mmol) in DMF (30 mL) were added
(25)-2-pyrrolidinecarbonitrile  4-methylbenzenesulfonate  (6.98 g, 26  mmol),
1-hydroxybenzotriazole (3.18 g, 26 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (4.96 g, 26 mmol) and triethylamine (3.6 mL, 26 mmol) at 0 °C. After being
stirred for 3 h at room temperature, the reaction mixture was poured into water and extracted
with CH,Cl,. The organic layer was successively washed with 5% KHSO,, aqueous NaHCO3,

brine, dried over MgSO,, and concentrated in vacuo. The residue was purified by silica gel
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chromatography using acetone/hexane (1/2) as an eluant to yield 35 (8.65 g, 61%) as a
colorless oil. TLC Ry = 0.33 (acetone/hexane, 1/2); 'H NMR (300 MHz, DMSO-ds, 100 °C) &
1.30-1.44 (m, 18H), 1.90-2.50 (m, 8H), 2.90-3.03 (m, 1H), 3.30-3.72 (m, 4H), 4.37-4.43 (m,
1H), 4.72—4.80 (m, 1H).

((3R,55)-5-{](25)-2-Cyano-1-pyrrolidinyl|carbonyl}-3-pyrrolidinyl)acetic acid 4-methyl
benzenesulfonate (16)

A solution of 35 (106 mg, 0.26 mmol) and p-toluenesulfonic acid (74 mg, 0.39 mmol) in
CH;CN (2 mL) was refluxed for 5 h. The reaction mixture was evaporated. The resulting
crystalline solid was washed with ‘BuOMe, collected by filtration, and dried under reduced
pressure to yield 16 (104 mg, 95%) as an ivory powder. TLC Ry = 0.17 (CHCIl3;/MeOH/AcOH,
5/1/1); MS (APCI, neg. 20 V) m/z 250 (M—H); IR (KBr) 3063, 2983, 2244, 1728, 1662, 1455,
1372, 1221, 1156, 1122, 1033, 1008, 682, 566 cm™'; 'H NMR (300 MHz, DMSO-ds) & 1.37—
1.54 (m, 1H), 1.94-2.26 (m, 4H), 2.28 (s, 3H), 2.37-2.75 (m, 4H), 2.85-3.04 (m, 1H), 3.33—
3.47 (m, 1H), 3.47-3.65 (m, 2H), 4.40—4.55 (m, 1H), 4.82 (dd, J = 7.7, 4.8 Hz, 1H), 7.10 (d, J
= 7.8 Hz, 2H), 7.42-7.50 (m, 2H), 8.70 (s, 1H), 9.34 (s, 1H); HRMS (FAB) calcd for
Ci2HgN30;5: 252.1348. Found: 252.1347.

((3R,55)-1-(tert-Butoxycarbonyl)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-3-pyrrolidin

yDacetic acid (36)

A solution of 35 (7.50 g, 18.4 mmol) and p-toluenesulfonic acid (5.25 g, 27.6 mmol) in
CH;CN (100 mL) was refluxed for 5 h. The reaction mixture was evaporated. To a solution of
the residue in THF (50 mL) were added 1M NaHCO; (50 mL) and di-tert-butyl-dicarbonate
(5.89 g, 27 mmol) at room temperature. After being stirred for 1 h, the reaction mixture was
diluted with hexane (100 mL) and extracted with aqueous NaHCO;. The aqueous layer was
acidified with 1M HCI and extracted with EtOAc. The organic layer was washed with brine,
dried over MgSO,, and concentrated in vacuo, The resulting crystalline solid was washed with
EtOAc/hexane (1/1), collected by filtration, and dried under reduced pressure to yield 36
(4.48 g, 69%) as a white powder. TLC Ry = 0.16 (CHCIl3/MeOH, 9/1); MS (APCI, pos.) m/z
352 (M+H)"; "H NMR (300 MHz, DMSO-ds, 100 °C) & 1.37 (s, 9H), 1.39-1.50 (m, 1H), 2.00
—2.20 (m, 4H), 2.30-2.77 (m, 4H), 2.90-3.00 (m, 1H), 3.50-3.74 (m, 3H), 4.37 —4.43 (m,
1H), 4.72—4.82 (m, 1H).

tert-Butyl (2S,4R)-2-{[(2S5)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[2-(dimethylamino)-2-ox
oethyl]-1-pyrrolidinecarboxylate (37)

To a stirred solution of 36 (250 mg, 0.71 mmol) in CH,Cl, (7 mL) were added a solution of
dimethyl amine in THF (2M, 0.53 mL), triethylamine (0.10 mL, 0.71 mmol),
1-hydroxybenzotriazole (96 mg, 0.71 mmol) and
1-(3-dimetylaminopropyl)-3-ethylcarbodiimide hydrochloride (164 mg, 0.85 mmol) at room
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temperature. After being stirred for 6 h, the reaction mixture was poured into water and
extracted with EtOAc. The organic layer was successively washed with 1M HCI, aqueous
NaHCOs;, brine, dried over MgSQO,, and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography using EtOAc/MeOH (40/1) as an eluant to yield 37
(174 mg, 64%) as a white powder. TLC Ry = 0.43 (CHCls/MeOH, 9/1); 'H NMR (300 MHz,
DMSO-dg) & 1.28 and 1.36 (s, 9H), 1.30-1.40 (m, 1H), 1.90-2.26 (m, 4H), 2.35-2.58 (m, 3H),
2.79 (s, 3H), 2.80-2.90 (m, 1H), 2.91 and 2.92 (s, 3H), 3.25-3.30 (m, 1H), 3.48-3.60 (m, 2H),
3.64-3.70 (m, 1H), 4.30—4.40 (m, 1H), 4.76-5.00 (m, 1H).

2-((3R,55)-5-{[(25)-2-Cyano-1-pyrrolidinyl]carbonyl}-3-pyrrolidinyl)-V,/N-dimethylaceta
mide 4-methylbenzenesulfonate (17)

Compound 17 is obtained as a white powder in 77% yield from 37 according to the same
procedures as described for the preparation of 10 from 29a. TLC Ry = 0.27
(EtOAc/AcOH/H,0, 3/1/1); MS (FAB, Pos.) m/z 279 (M+H)"; IR (KBr) 3447, 2959, 2244,
1662, 1649, 1456, 1373, 1221, 1170, 1122, 1035, 1011 cm™'; "H NMR (300 MHz, DMSO-dj)
6 1.37-1.54 (m, 1H), 1.93-2.07 (m, 2H), 2.08-2.33 (m, 3H), 2.28 (s, 3H), 2.46—2.57 (m, 1H),
2.57-2.73 (m, 2H), 2.80 (s, 3H), 2.83-2.99 (m, 1H), 2.91 (s, 3H), 3.33-3.67 (m, 3H), 4.41—
4.54 (m, 1H), 4.82 (dd, J = 8.0, 4.8 Hz, 1H), 7.10 (d, J = 7.8 Hz, 2H), 7.46 (d, J = 7.8 Hz,
2H), 8.66 (s, 1H), 9.30 (s, 1H).

[(3R,5S5)-1-(tert-Butoxycarbonyl)-5-(methoxycarbonyl)-3-pyrrolidinyl]acetic acid (38)

A solution of 33 (1.37 g, 3.99 mmol) and anisole (0.8 mL) in trifluoroacetic acid (8 mL) was
stirred for 1 h at room temperature. The reaction mixture was evaporated. To a stirred solution
of the residue in THF (10 mL) were added aqueous NaHCO; (10 mL) and
di-tert-butyl-dicarbonate (1.33 g, 6.10 mmol) at room temperature. After being stirred for 2 h,
the reaction mixture was quenched with 1 M HCI and extracted with EtOAc. The organic
layer was successively washed with water, brine, dried over MgSQ,, and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography using CHCIl3;/MeOH
(9/1) as an eluant to yield 38 (1.16 g, 100%) as a colorless oil. TLC Ry = 0.38 (CHCl3/MeOH,
9/1); '"H NMR (300 MHz, CDCl3) § 1.40 and 1.44 (s, 9H), 1.60—1.70 (m, 1H), 2.40-2.63 (m,
4H), 3.07-3.14 (m, 1H), 3.73 and 3.74 (s, 3H), 3.75-3.85 (m, 1H), 4.20-4.34 (m, 1H).

Methyl (25,4R)-1-(tert-Butoxycarbonyl)-4-(2-hydroxyethyl)-1,2-pyrrolidinecarboxylate
(39)

To a stirred solution of 38 (575 mg, 2.00 mmol) in THF (10 mL) were added triethylamine
(0.42 mL, 3.0 mmol) and ethyl chloroformate (0.23 mL, 2.4 mmol) at 0 °C. After being stirred
for 2 h at room temperature, the reaction mixture was filtered and the filtrate was concentrated
in vacuo. To a stirred solution of the residue in THF (5 mL) was added a solution of sodium
borohydride (378 mg, 10 mmol) in water (5 mL) at 0 °C. After being stirred for 30 min, the

39



reaction mixture was extracted with EtOAc, The organic layer was successively washed with
water, brine, dried over MgSQO,, and evaporated to yield 39 (546 mg, 100%) as a colorless oil.
TLC Rs = 0.50 (EtOAc); '"H NMR (300 MHz, CDCl3) & 1.40 and 1.45 (s, 9H), 1.57-1.72 (m,
3H), 2.20-2.51 (m, 2H), 3.05 (t, J = 11.2 Hz, 1H), 3.63-3.84 (m, 3H), 3.72 and 3.73 (s, 3H),
4.13-4.30 (m, 1H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-[2-(tetrahydro-2 H-pyran-2-yloxy)ethyl]-2-pyrrolidine
carboxylic acid (41)

To a stirred solution of 39 (546 mg, 2 mmol) in CH,Cl, (4 mL) was added
3,4-dihydro-2H-pyran (0.27 mL, 3.0 mmol) and pyridinium p-toluenesulfonate (50 mg, 0.20
mmol) at room temperature. After being stirred for 3 h, the reaction mixture was quenched
with aqueous NaHCOs. The organic layer was washed with brine, dried over Na,SO4, and
evaporated to yield 40, which was used for the next reaction without further purification. To a
stirred solution of 40 in MeOH (4 mL) and THF (4 mL) was added 1 M NaOH (4 mL) at
room temperature. After being stirred for 15 h, the reaction mixture was quenched with 1 M
HCI (4 mL). The organic solvent was removed in vacuo, and the aqueous layer was extracted
with EtOAc. The organic layer was dried over MgSQO,4 and evaporated to yield 41, which was

used for the next reaction without further purification.

(25)-1-({(28,4R)-1-(tert-Butoxycarbonyl)-4-[2-(tetrahydro-2 H-pyran-2-yloxy)ethyl]-2-pyr
rolidinyl}carbonyl)-2-pyrrolidinecarbonitrile (42)

Compound 42 was obtained as a colorless oil in 65% yield from 41 according to the same
procedures as described for the preparation of 35 from 34. TLC R; = 0.50 (EtOAc); '"H NMR
(300 MHz, CDCl3) 6 1.37 and 1.43 (s, 9H), 1.50—1.90 (m, 9H), 2.05-2.46 (m, 6H), 3.00-3.17
(m, 1H), 3.35-3.62 (m, 4H), 3.70-3.90 (m, 4H), 4.30—4.60 (m, 1H), 4.65-4.90 (m, 1H).

(25)-1-{[(2S5,4R)-4-(2-Hydroxyethyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonitrile
[(15,4R)-7,7-dimethyl-2-oxobicyclo[2.2.1]hept-1-yljmethanesulfonate (18)

A solution of 42 (6.0 g, 17.8 mmol) and (1S5)-(+)-10-camphorsulfonic acid (4.55 g, 19.6
mmol) in EtOH (20 mL) was refluxed for 4 h. After cooling to 0 °C, the resulting precipitates
were collected by filtration and dried under reduced pressure to yield 18 (6.80 g, 81%) as a
white powder. TLC Ry = 0.22 (CHCl3;/MeOH/AcOH, 8/2/1); MS (APCI, pos. 20 V) m/z 238
(M+H)"; IR (KBr) 3467, 3166, 2991, 2954, 2239, 1739, 1670, 1387, 1374, 1163, 1033 cm ';
'H NMR (300 MHz, DMSO-d) & 0.73 (s, 3H), 1.03 (s, 3H), 1.18-1.33 (m, 2H), 1.32—1.46 (m,
1H), 1.46—-1.64 (m, 2H), 1.78 (d, J = 18.1 Hz, 1H), 1.82—-1.89 (m, 1H), 1.92 (t, J = 4.4 Hz,
1H), 1.95-2.09 (m, 2H), 2.08-2.29 (m, 3H), 2.29-2.44 (m, 2H), 2.56-2.76 (m, 2H), 2.78-2.95
(m, 2H), 3.33-3.50 (m, 3H), 3.50-3.69 (m, 2H), 4.20-4.63 (m, 2H), 4.83 (dd, J = 7.8, 4.7 Hz,
1H), 8.66 (s, 1H), 9.33 (s, 1H); Anal. Calcd for C,y,H3sN30¢S: C, 56.27; H, 7.51; N, 8.95.
Found: C, 56.25; H, 7.45; N, 8.81.
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2-7-2. Biological methods

Purification of human DPP-1V

Human DPP-IV was purified according to the published procedure with some modifications.”
Briefly, the enzyme was prepared from pooled plasma obtained from healthy volunteers by
ammonium sulfate precipitation (50-70%). After extensive dialysis against 25 mM Tris-HCl
(pH 7.4), the material was mixed with DEAE cellulose, DE52 (Whatman Chemical
Separation, Inc., USA) for 60 min, and eluted with buffer containing 100 mM NaCl.
Fractions of 10 mL were collected, and the fraction with maximal DPP-IV activity was
dialyzed against 25 mM MES-NaOH (pH 6.0). DPP-IV-containing fractions were detected by
the ability to hydrolyze Gly-Pro-7-amido-4-methyl-coumarin (Gly-Pro-AMC) (Sigma-Aldrich,
USA) using the standard method described below. The DES52 elute was loaded onto a SP
Sepharose Fast Flow column (GE Healthcare, Sweden), and the flow-through fraction
containing DPP-IV was then applied to a DEAE cellulose column (Whatman DES52).
Bounded proteins were eluted with 25 mM Tris-HCI1 (pH 7.8) containing 150 mM NaCl.
Fractions of 10 ml were collected, and the fraction with maximum DPP-IV activity was
concentrated using polyethylene glycol 20000 (PEG20000). The concentrated material was
applied to a Sephacryl S-300 High Resolution 26/60 column (GE Healthcare, Sweden), and
was eluted at a flow rate of 0.1 ml/min. Fractions of 1 ml were collected, and the fractions

containing DPP-IV activity were pooled.

Enzyme assays

Enzymatic activity was determined at 37 °C by the cleavage rate of a substrate, Gly-Pro-AMC
(30uM) (Sigma-Aldrich, USA)."® Briefly, 10 pL of DPP-IV solution was added to each well
of a 96-well flat-bottomed microtiter plate , followed by the addition of 50 puL of 60 uM
Gly-Pro-AMC, 10 pL of 500 mM Tris-HCI (pH 7.4), 20 uL of distilled water, and 10 pL. of a
test compound.  The change of fluorescence was monitored at 37 °C using a
spectrofluorometer (excitation at 355 nm/ emission at 460 nm) (fmax, Molecular Devices,
USA). The initial rate of DPP-IV enzyme activity was calculated over the first 15 min of the
reaction, with units/mL being defined as the rate of increase in the fluorescence intensity
(arbitrary units) under these conditions. The percent inhibition relative to addition of the

solvent alone was calculated and ICs values were determined by logistic analysis.

DPP-1V Inhibition in rats

Male Sprague-Dawley (SD) rats were purchased from Charles River Laboratories Japan.
The rats were housed in an air-conditioned animal room with a controlled temperature (24 +
2 °C), humidity (55 + 5%), and lighting (12:12 h light/dark cycle), and were provided with
standard pellet food for rodents CRF-1 (Oriental Yeast, Japan) and water ad libitum. All
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procedures were conducted according to the ONO Pharmaceutical Animal Care Committee
guidelines. After at least 8 h fast, male SD rats (6-7 weeks of age) were orally administered
test compounds dissolved in 0.5% methyl cellulose at a single dose of 1 mg/kg. Blood
samples were collected from the jugular vein before, and 0.25, 0.5, 1, 2, 4, 6 and 10 h after
administration. Blood was centrifuged immediately to obtain plasma and its DPP-IV activity
was determined. Then 50 pL of plasma was added to each well of a 96-well flat-bottomed
microtiter plate, followed by the addition of 50 pL of 60 uM substrate. The initial rate of
DPP-IV enzyme activity was calculated using the standard method described above. The

percent inhibition relative to basal DPP-IV activity was calculated.
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49



3-4. invitrof KHIFEBRIZ X 2LE Y8 DY) OREE R E

3-4-1. HiE (@07 Vvy =2 —FHe)

ICEMBORBMTH L 7N v VB ERD T Y a2y FiiGa sV rn=4—8
THET A Z LIkl L, AL 7 =/ — /L {K43-45 L LC/MSIZ T Lk L 7=

(Scheme 3-4.), {LEW18%0.5% A F /LB /L 10— ZKEERICESE L. 100 mg/kgDF5-
BETROKG%, 2MFFMZICHEFIRE VML L, miEZFH% L7, Son/itz,
FREE . Bzl L. B -Glucuronidase/arylsulfatase (Roche Diagnostics Corporation) T37°C
(ZCARFMBOS LT, A%, BRER®., LOMSIZTHHr Lz (17 A YMC-Pack
ODS-A, 4.6x 150 mm, 5 pum; ABER A: 0.1 % FER/KIAN; WHERB: CH;CN; 2545 C
TREEIEB 5% 520%~8IE 77 Y v b D53 E: 1 mL/min) ,

3-4-2. fEREEBLE (GO 77 v =4 —EE)

ILEM8DREM D 77 v =2 — VP RVEA IR ER R (114)) . m/z73286
(M+H) Z/RL, NI T = /) — k45 — LTz, SEARREENELS | EFHEEOS
WRZNERKBbEZ T2 EZ 2 b5,

HO
OH

HO,, WOH
BI NI a=H—F
0”7 >0~ NCOOH
%NQ N N
H H o oN

0) CN
45

LA 8D

Scheme 3-4. {XET¥) O EHEE

3-4-3. JiiE GnvitroZ V7 a A6 )

NRINT = ) —NAK45% T v MFI 7 Yy — AL 77 v U Ria AR o il &
THHUDP-Z V7 va Ul (UDPGA, VU U Uz N a BN 7 ) asv R
fEAELIZbO) ZHV in vitrolZ TS 1T > 72 (Scheme 3-5.), 7 v MFI 7
1 Y — 2 (Xenotech Corporation, 1 mg/mL) & /XF L7 = / —/L{K (100 ng/mL) {22 mM
UDPGA % Nz, 37°CIZ TIRFREI R LTz, ZERk % | BREE AR LC/MSIZ CToafr L7 (1
Z I: YMC-Pack ODS-A, 4.6 x 150 mm, 5 um; ABER A: 0.1 % FTHER/KIEWR; WAEEEB:
CH;CN; 2557 THBEIEB 5%70° H20%~FE 7 7 v b B0GEE: 1 mL/min) ,

3-4-4. #HEREEL (nvitroZ V7 v YA L)

in vitrofEH SO RS IR FRRER (549) . m/iz03462 (M+H) #RrL. 7 v M LS
M8EROEE L TCAR LIy a s Biaaike S LT,
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.
HO HO" COOH
0
Iy MFI /7 a Y —A 0)
UDPGA
-
G0
H
O CN <;;jx\~ﬂ/g;:;>
H e} CN
45
I
{LAEY8DAEH

Scheme 3-5. in vitrof St K it

UEORRIY, 7y MULEW8L A& G LA LR OME L, T L
WKL AEZT, IV ur BRaGIhifbemEEZ b5,
OH

HO,, ~OH
OH ' ‘
[;:] 0” ~0”~ “COOH
73 =g i,

o Re A&

NC NC

8 45 NC
Scheme 3-6. {LAMI8D T~ MTEIT B ACHHRRIE
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3-5. 7= /) —/LEBE(RODPP-IVIHEE M O

3-5-1. FiE

B L7 = 7 — )ViFiER43-450D & MERIEELZ T Din vitroBEE L EIEEE 2 -
3-1 LA TFIBICE VM LT, 72, 2-4-1 LRFEDOFIEICLDVSDT v M7
x /) —/VikE(R43-45% 1 mg/kght O % 5- L 72 BR Dex vivoli# 54 B 1EME 2 344 L 72,

3-5-2. fEFR LB

7 = ) — Vil EAR43-45Din vitrol FE I ETEMEI KR L O EIZE DL 63, SV MEE
RLUTz. —J7. 7 v M mg/kgt® D $E5-1% Dex vivol 36 BHLETE M TIXAMKRE TN
bz, T7bb, A0 MRA3ITORERIZITIT43% DI EREZ /R LizDicxt L, A ¥
K44, XTRA51377%. 85% DIHEFRLZ R L TH V| FHutEn o7,

Table 3-1. 7 = / — /)VFHEKODPP-IVPHETE

R
\
Q\(Q
H 9) CN

ex vivo DPP-1V inhibition (%) at 1 mg/kg po, normal rats

human

Compound R DPP-IV
ICs, (nM) time after administraton (h)

0.25 0.5 1 2 4 6

8 @ 35 88 81 68 93 88 60
43 (I 9.1 &3 90 84 69 47 43

OH
OH
“
HO
45 \@ 2.5 98 99 99 98 88 85

35 98 98 97 94 80 77
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A A K44, NTASIKDN T = = )VAR8LL FDex vivolHETEMEDEiIEE 7~ LT- DX,
7 = VRS TITIEMREY Th D 7 V7 a VAR E R T A 7= OB b &
ZTHMBENDDDICK L, 7= ) —IVETH 5440451 XTERE THH /7 0
VBRI AR E IR LK AKRT A EBEXLND, —FH, AV MEA3IISREED -
b7V a AR LIC < < DPP-IVBHETEM: 2 2 5 Rt £ 72138kt L v
etk N polmtEZ BN D,
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3-6. 7= /) —)ViHERDL T NEALK I kT 5 22 M O R

3-6-1. FiE

B LT 7 = ) — ViEER43-45D 7 T INBRAL SIS 3 D 2 EME %, 5 % 2-5-
1 ERBED TR LV FElh L 7=,

3-6-2. fER LB

7 x ) — VB R43-45D 5 NERALSGIC T D B EM Al L= & 2 A, A
MMEA3D N3 2 TH Y . A F (K44, /RTIR45 L el L. KIEIZE D> 7=,

Table 3-2. 7 = / — VKR D o3 T NER LRSI X9 5 2 ENE

R
\
Q\WQ
H 9) CN

solution
stability
Compound R (pH 7.4)
t1 (h)
OH
43 (j/; 32

44 @ 20
HO
45 \@ 21

TN MERBN R ZECSNIZBHZRD L D ICELR LT, HFNERILR ST
HES, T RITAMID T = = )VEESCUNLD T VIR =V FE LR CARIN S T S 2 Bz
<o 7= B EOA I MEOKEEILIZS T 2 IO BEIAET H Z ENFHET, 7
= /)= NVOBMET e R R T ) EOESE EKRERBA L, BB S Ul xR
bR ERE LT B2 BN D, A X K44, RXTRASTITIEYET 0 honv T 23l
KFEAT DAL T4 A= a U ERY ZRWTZOEE T, TOREITA X IK44 L%
TIRASTRIFBE CH -7 B2 BN D,
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43
Scheme 3-7 A /V N7 = /) — UAR4A3D 5 FNERAL R GRIE X = X 4

U EDBLZLY | AV MLOBEIITERILSIE DR T ) FEOEFITHFIEL 9 5
EEBEZ BN, £ T, AV MLICSRREE &7 p LA E AT X, 5 FHERIb
ISR CE D EEZ NG, v 7 /e T I PN IESL OEIHIT D 72DI2i,
NRUBVENPER YD UVEREERL, Er Y UV RISV MO BRI A FLE T X
MIEEWEEZ DND, BTOA IV MISLRRESE & 72 5 EfIL 28 AT R, v
VO VERET 2= VENBERTHEEZ, W OA N MLIZEBRILZ FFOREA 25
L. BT 52 L L L= (Scheme 3-8),

Scheme 3-8 4 /L MI~OEHLILE A L B 50 NERAL S O



3-7. 2,67 = = VIFEHIEDEH
585R1:MC,R2:H,R3:H,R4:MG

R3 59 : R, =Me, R, =H, Ry = OH, Ry = Me
R — 60 : R, = Me, R, = H, Ry = OH, R, = OMe
2N\ /Ry 61: R, =0Me, R, =H, Ry =OH, R, = OMe
R 62ZRIZMG,RzzH,R3:OH,R4:Et
! < 63: R, = OEt, R, = H, Ry = OH, R, = OEt
N N 64 : R, =Me, R, =OH, Ry =H, R, =Me
H 0 CN 655R1:MC, RzZOH, R3:H, R4:OMG

66:R1 :Me,RZZOH,R3:MC,R4:M€
Figure 3-6. 2,6 #t 7 = = )L §HE(K

2,6/ #L7 = = )L iHER58-660 4 ik % Scheme 3-9, 3-101Z/R L7,

T /)= )L )T T— RSl U BEIIR e VBT AT V6Ta B AR v )
YT LA VT 4 NR68a 1 15T, A LT 4 {K68a-d, 68f, 68i1110% /X7 T LRI D
F1E T, KFEAL L2,4-cis 7 = =/L{K69a-d, 69f, 69i% 157, —J7. 4 L 7 1 L {K68e, 68g-h
I ENARPEE OB CKBL S DETRE WD, BockkaFrE L, KFEMLIE,
B UBoclt L. 2,4-cis7 = =/L1{K69e, 69g-h % 137-, 69b, 69h|T 7 = / — /L& T/
—T7 V& UTR# L69j-k& 157, 2,4-cis7 = =/L{K69a, 69j, 69c-g, 69Kk, 69i% NI /K 4y i
L. VAR UEET0a-iE LT, /LR HE70a-b, 70d, 70f-g, 70i & (25)-2-> 7 /€0 U ¥
VELL-ABANKREN A XX N T = EHWTHEAS L, 7 2 N{K71a-b,
71d, 71f-g, 71i%157=, Tle,7le, T1hiX 1 -A XV A)VR= VA FH R N U TV — )b
DDV IZEDCEAEEH & L THWERK LTz, 7 R{ET71b, 7IThOX > 2L —TF )b
ZKRFBEFEHRAT, 10%/37 V07 LRFEF721320%KEE LT V0 Lk E VTR
L. 7= —IRTL, TIkE 572, Tla, 71j Tlc-g, 71k, 71i0DBockk Z 4N Hifb/kH#E ¥
FXV WK E T TIp- MV ANVR R WTHRGE L, B E 3 52,6BH# 7 =
= VABERE8-66 2 HRERME £ 72 13p- L ALK VR & LTS T,
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OTf R, R3

R2 a 7
N + R\ ,/ Rd
N
Bo¢  CO,Me Ry 1 Ry R, <i

51 67a-1 Boé
683:R1:MC,R2:R3:H,R4:MQ
68b : R] = Me, Rz = H, R3 = OBH, R4 =Me
68c : R, = Me, R, = H, Ry = OBn, R, = OMe
68d : R, = OMe, R, = H, R; = OMOM, R, = OMe
68e : Rl = Me, Rz = H, R3 = OTHP, R4 =FEt
68f: R, = OEt, R, =H, R; = OMOM, R, = OEt
68g : R, = Me, R, = OH, R; = H, R, = Me
68h : R1 = Me, R2 = OBH, R3 = H, R4 =0OMe
68i : Rl = Me, R2 = OH, R3 = Me, R4 = Me

R3
borc,b,d R, Ry
R,
N COzMe
|
Boc

69a :R; =Me, R, =R; =H, Ry =Me

. ,:, 69b : R; =Me, R, =H, R; =0OH, R, = Me
69j : R, =Me, R, =H, R; =0Bn, R, = Me
69c : R =Me, R, =H, R3; = OH, R4 = OMe
69d : R; =OMe, R, =H, R; =OMOM, R, = OMe
69¢ : R; =Me, R, =H, R;=0H, R, =Et
69f : R, = OEt, R, = H, R; = OMOM, R, = OEt
69g : Ry =Me, R, =OH,R;=H,R;=Me

. D 69h : R; =Me, R, =OH, R;=H, R, = OMe
69k : Ry =Me, R, =0Bn, R; =H, R, =OMe
69i: R, =Me, R, = OH, Ry =Me, R, =Me

Scheme 3-9. Synthesis of 58-66. Reagents: (a) Na,COj; aq, Pd(Ph3P),, 1,4-dioxane; (b) H,, 10% Pd-C, MeOH;
(c) 4N HCl/1,4-dioxane ; (d) Boc,O, NaHCOj; aq, THF; (e) BnBr, K,CO;, DMF
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R, Ry a R, borc
. .
CO,H

N CO,Me 1\‘1 2

]‘300 Boc
69a:R1:M€,R2:R3:H,R4:Me 703:R1:MC,R2:R3:H,R4:M6
69j : R, =Me, R, = H, R; = OBn, R, = Me 70b : R; =Me, Ry =H, R3 = OBn, Ry = Me
69C:RIZMQ,RQZH,R3:OH,R4:OMC 70c:R1=Me,R2=H,R3=OH,R4=OMe
69d : R; = OMe, R, = H, R; = OMOM, R, = OMe 70d : R; = OMe, R, = H, R; = OMOM, R, = OMe
69¢ : R; =Me, R, =H, Ry = OH, R, = Et 70e : R; = Me, R, =H, Ry = OH, R, = Et
69f : R, = OEt, R, = H, R; = OMOM, R, = OEt 70f : R; = OEt, R, = H, R3 = OMOM, R4 = OEt
69g : R, =Me, R, =0H,R;=H,R;=Me 70g : Ry =Me, R, =0OH, R; =H, R4, = Me
69Kk : Rl = MC, R2 = OBH, R3 = H, R4 =0OMe 70h : R] = Mea R2 = OBH, R3 = Ho R4 =OMe
69i : R;i=Me,R; = OH, R; =Me, R4 =Me 70i : R; =Me, R, = OH, R3 =Me, R, =Me

Ry forg

Boc 0 CN

58-66

71a:R, = Me, Ry = Ry = H, R, = Me
71b : R, = Me, R, = H, R; = OBn, R, = Me

d[ 71j : R, = Me, R, = H, R; = OH, R, = Me
71c : Ry =Me, R, =H, R;=0OH, R, = OMe
71d : R, = OMe, R, = H, Ry = OMOM, R, = OMe
7le: R, = Me, R, = H, Ry = OTHP, R, = Et
71f: R, = OEt, R, = H, Ry = OMOM, R, = OEt
71g: R, = Me, R, = OH, R; = H, R, = Me

¢ [ 7H:R;=Me R, = OBn. Ry = H.R; = OMe
71k : R, = Me, R, = OH, Rs = H, R, = OMe
71i : R, = Me, R, = OH, R; = Me, R, = Me

Scheme 3-10. Synthesis of 58-66. Reagents: (a) NaOH aq, MeOH; (b) (2S)-2-cyanopyrrolidine, MsOBt, Et;N,

DMF; (c) (25)-2-cyanopyrrolidine, EDC, HOBt, NMM, DMF; (d) H,, 10% Pd-C, MeOH; (e¢) H,, 20%
Pd(OH),-C, EtOAc; (f) 4N HCI/1,4-dioxane ; (g) p-TsOH-H,0, EtOH.
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3-8. 2,6[EMT = = VFFHERODPP-IVIHEIEMER L OV FINEBRILES ISR 52 0E
PO FEAR

3-8-1. Hi&

AR LT-2,6BH# 7 = = /LiHHEK58-660D b N ERIIEF 6T Din vitrolE P EENE
Z 2-3-1 LIRERDIFIEZ L0 FF-l LTz, 2,6[EH#L 7 = = /L3538 1K58-66 D 53 1 N ER (LI
SRR DK EM L, 2-5-1 LREFEO HIEIZ KL VFHE L7z (table 3-3),

Flo, 2-4-1 LRBEOFIEICEIVSDT v MI2,6(EH T = = /L 755 1K58-66 % 1
mg/kgit A 5- LT BR Dex vivolt FBHETE M 2 5 L 72 (table 3-4),

3-8-2. fEF LB

W7 DA N MIZ A FNVEELZ BN LTALE WSS, 59, 64135\ in vitroli# & R TE M
R LTz, AV MLO—FOEBILE A FVEND A R 3560, 65, —F /1556212
ZHLL THmWOBEREETEE AR Loy, WM oEREEL A Mo iel, = M
F63 T D LB OB EIEEDOWHI N A D, MAREEIZL LSO EBZZHND,

AV MLOBERIEE KE T DI (59—60—61), 7 FNERALSIGIZ X9 5 %
EMEDREE > TWo T, (LAE0DXFFGmtEEMIT LV En ) DURE T = =L
IRIZIFEATLTEY , A/ MIoE#RELT, BRIEKGOBRIC= N U ARESL< D%
ELTWDHEEZLNLD (Figure 3-7),

KR I A FF7= 7288127~ M1 mg/kgit 0 B 5-6WF 1% 1262% DILER 2R LT-D
WXL, 7NT059, A X L6 KIRIE A E AT S5 L 6IFEITZ DL EED88%. 95%
2720, RN EL o,

RINLT = ) —IVIRE9, 60 & A XN T = /) —)L1K64, 65D FEHGi & b4 25 &, A X
N7 = 7 —UAKIZ T v b1 mg/kgt 0851082 12380 T H80% LA EDHER %2R
L. RIALT7 = ) — UKL D Rt 2= LTz,

{EE64D KA D AV MLIZ A FNLEEZBAN LT ALEW66IE, 7 v M1 mg/kgft
H & G-6IF 2 1T B W THLEERD39% & FifttE 2 RS 2o Tc, 7=/ — )L OWITD
AV MLICEBRIENASD Z & T, MEEEICL Y 7 v 7 v Vgl 221 <720,
FiitE 2 RSl eole B2 6N 5,
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Table 3-3. 2,6[EH#4 7 = = /)L FHE (RO DPP-IVIHEEM B L OV FNBRAV G645 22 et

solution
human stabilit
compound R, R, R, R, DPPIV Y
1C5, (nM) (pH 7.4)
%0 ty(h)
58 Me H H Me 6.1 NT*
59 Me H OH Me 33 31
60 Me H OH OMe 8.3 49
61 OMe H OH OMe 23 59
62 Me H OH Et 8.9 39
63 OEt H OH OEt 22 NT*
64 Me OH H Me 4.9 65
65 Me OH H OMe 7.1 NT
66 Me OH Me Me 5.3 40

*NT : Not tested.

Figure 3-7. L4460 XHRAE S & AT
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Table 3-4. 2,6/ E#L 7 = = LK E(RDex vivo DPP-IVPHETEM:

ex vivo DPP-1V inhibition (%) at 1 mg/kg po, normal rats

compound
time after administraton (h)

0.25 0.5 1 2 4 6 8 10
58 89 93 92 83 81 62 NT NT®
59 98 98 97 93 90 88 79 57
60 96 97 98 95 94 90 81 73
61 89 92 92 87 85 81 78 66
62 98 98 97 91 87 90 NT NT
63 78 81 79 71 81 79 68 50
64 99 99 99 98 97 95 91 83
65 99 99 98 96 93 93 92 86
66 93 95 9] 76 53 39 16 NT

*NT : Not tested.
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3-9. {LEW0Din vitrof it EERIC X D 7 v 7 o U gin SR o ARk & T

INETORBT, ROBGHOMIECT = 2 —AD T N7 a UEBERAIEN G 1.
Bt H S L QWD HERBT 5T 20N E5n 0D (B =%3-2-4, 3-4-
2. 3-4-4), 7= /) —NDOI NI 0 UBRESENMEEREY TH Y | ZOEBNE
DIACEIN T v MZBW TR 2 R T E W ORI THN D, T OIGEL % s
THED, T, T =D a SERASERNEE B T D L AR
HELE LIz, £ZT, LEW60Din vitrof T FEER 21TV (H SR B W) Ol FEFH
EEENET HHEE L,

3-9-1. Hi&

ILEW60E Z v FF 7 u Yy —a Lt 77 a U ERANE oS TH 5 UDP-7
N7 u g (UDPGA) F/2ii=aF o T7IRTT=20 VX7 LAF R U
(NADPH) % V>, invitrolZ TRETS 24T AR UGS AR Din vitrol# 2 ETE
PERE L, 7> MFIZ v Y —2A (Xenotech Corporation, 1 mg/mL) &{LE#760
(100 ng/mL) {22 mM UDPGA & 721% 2 mM NADPH % il %, 37°CIZ TR G L7z,
B % FREABLCMSIZ THONr L, {LEM60DRFHEERDT-, Fio. T4

¥ DODPP-1V FHEVEM: 2 HlE L7,

3-9-2. fEREELE

X7 vy —A ENADPHZ HWZAREH G Tid s b 7 @ AP450 (CYP) (2K 252
B DS S 2 28, ALE60IZ BV CIFER LA & £ 0 #EFT L e 2 & 30 h
- 72 (Figure 3-8), — /5., 7 Y —2ALUDPGAZ WG TIX 7 v v v
Pt & OB EIT L, 60702 113 LA 601 XIZIETHE R L Tz (Figure 3-8), Z /L7
2 UEBBIEA RIS D WD ERE TE 2o 7223, HPLCIZE T 2 WL &)
DE—Z7HEE DXL VRNV 7 v VEBREERPER L TWD DR LT
(Figure 3-9), = D7)V v VA KISA Y O DPP-IVERL EIEME LSO O T2 B
oI, BOEEEEZHERF L2 b, 7 V7 v VR A RIS & WODPP-TVERE
RN H D Z &R S (Figure 3-10),
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100

S
o
G
]
SRS
(]
an
s
S 50 — A NADPH
5
(=¥
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Incubation time (min)

Figure 3-8. L5600 7 » NI 7 v Y — A& WG, XEhEA o F a2 X—3 9 VIR, Yl
LB W60 DFEITR % T,

ratio to internal standard

0 30 60

Incubation time(min)

Figure 3-9. L5600 7 » MNFI 7 v Y — A& HW RIS, XEHEA % a2 X—3 9 VIR, Yl
X7 v CBREEIROERE (NEEEICHT 2 277,
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100

i
=
& 75t
o
c
©
g
T 50 - —a— NADPH
]
5
= —m— UDPGA
5 25 -
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0
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Incubation time (min)

Figure 3-10. (L5600 7 > MEFI 7 v YV — A% AW AHIRS A R4 ODPP-IVEH EIGME, XL~ o~
X o _X— g UEFRL YENT b MERIEER IO A IHE R,
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3-10. {bEW6a L ILEW66D T ~ MEOK GO 7V 7 o & KRR D
Rt

Fieth 2 R LT Eed L FiitE 2 R X g o 2L &Me6 D 7 v~ Mt 7 v 7 v
VBT AREEEZRGI L, v u UBRAEE L FRREORBBREA L NI TH I L b
L7,

3-10-1. Jik

{LE64 L EM66DIEH Z ~ & (Sprague-Dawley rats, SD7 v k) #&O& 5% D
IMAE R EE AT L=, 0.5% A F /Lt Lm— Z KSR LTS 6d4 £ 7213k a
66% . 1 mgkgDHHETROKG%, RIFINCHESIRE DM L, ML L
7o BN MELZREAE., LOMS/MSIZTHHT L, (LEW64% 72 13{LE 66D I
PR E (REME) #HM Lz, —hH, ARL-MEZREA#%, wEL, B
-Glucuronidase/arylsulfatase (Roche Diagnostics Corporation) C37°CIZ C2Rffi] )i L 72,
BOGHEAEY 2 FRE A%, LOMSMSIZTHHT L, ALE64 % 7 i3LE4166 D A 4
ML, 77 a  BREIRDRE & L7z (table 3-5),

3-10-2. fERLBLE

it 2 ) L2 b B 64 &AL & 66 D S R IKIE FE I L A TH £ v %
NR N T-, —J7, EO TNV o= —FUEZiT\, 77 o EBEiaik
EREAEE L TR LIz V7 v U A IRIREIZ OV TE, {bEe4iI k5466
EHE L EWMEE R LT, KRB E 707 o USROS LB 164773513857
H122f5TH - T=DIZK L, ALAW66ITHIN0fE0 51575 & . (LEWedn LV @\ ElE
TN a U BIAEEZIT TS 2 ERbhoTz, ZORRIT, LEW66IZILT = /
— LVDF ST DA I ML A FIVEENEIE L, F DOSAREED BT V7 a UG
I W EEZ NS,

Table 3-5. {LAW64. 66X NFeH (1 mg/kg) & D MEHEE

plasma concentrarion (ng/mL)

time after
compound administration without with
(h) glucuronidase treatment glucuronidase treatment
64 0.25 6.89 266
2 0.31 38
6 ND* 14.7
66 0.25 9.7 100
2 0.65 9.5
6 0.95 ND*

*ND : Not detected.
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LEDFRERE O, v v VBl E 2% 0T W WEEWIZB\W T, Rtttz 9 7]
REMND D Z LR ENTZ, ZOFEIZOWTIL, fEmiiT a0 0+545hT—4
MDA, LLFO XS RAlfeEnExonbd, £3., HEREmTchHL 7o v Ui
AR EHRE AR T 2ILEWIE. £ OMOIENEL K 5 RHHRE (B 2 1XP1BE =
U VBROMLOKEEL L) OFENDRIbZtnEZLND, ERLEZI IV
7 v BRI A RIT— MR ANIRIR RIS L 0 B IR S D, IR ICHRI S N2 S
/A= 2 IR N R /= &~?cibﬁ@7i/~wm~ﬁbxﬁ@&
RaEnzd GHHEER) ¢ 2oL AI=XAicky, FHERHW THD /L7 1
VR %%émb%ﬁwmA%ﬁﬁﬁ@%rbtk%z%hé [FAED A T = K
X0 Rt A R TEAIOF L LT, #REOT L E RXRNMOEN TS, e
VIS T K WEE T, AR O BN LV FetE A R & e o Tz
AREMENE 2 bND N, TNEHOMNCT D720k, g, R, #EheLIcE
ENHREY. (LEYMOERNIREZ FEHICHRFTT 2 0ERH 5,

RBPOSITITFEZE, JRERH D Z ENMBN TS, Lizi- T, REmIc
WTRHMEZ T b E W TIEENZEAZD T < G EORIEIC l%mﬁoﬁ
ENbHEZEZLND,

ek

TGIu QOGlu
)il
e Ol

@OH : 7 x ) — )UK QOGN /A= LAl

Figure 3-11. JIATEER (2 K 5 Fefe
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3-11. /NiE

V—FbEMTHH4-7 == 7 Y L2-7 ) ) V8D E21T ) 12H
720, ETIHEWD T v NMIBIT A A =X L&kt L=, ZOfE%R, b
B8O T v MBI D FHEEIITTEMERE O G- R s v, oW bE
M8NIKIEAL 4L, S BTN u R XTI EETH L LWL LT,
B ETHLNEETEMEMERE LY KB bOMEEZN B VR EEHEEL, 7=/
—VBEEREAR LTz, @O/ V7 o= A —BREIC LD, RXITMLDT = ) —)b
RASPLEMSDORFOF R TH L Z ERAL N E o7, [LEWASIZIT v MTE
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ERISDBEZ= R U VEOEFITFIEL 9 D EBLE LT, TOBELIIT, 5 TR
ROk 22 EREOm EZ B E L, 2 7 FTOA IV MIICERILZEA LT =
J —IVIEEARERE L, AR LT, TOFE. 27 FTDOA I MIIZ A FIVEF -1 A
bR AEA L7 EEY60, 61, 64, 651235\ TE W EERLEIGME & Fpitt 2”7
ZEDRHOLMNE R oT, BT, AEMLT =) — K TH DD W64, 651LT v B
mg/kgi® 13 5102 12 BV T H80%LL EDHESR A/~ L7 ALE60Din vitro /v
Ja CBRIERNZE D T s v CEERAIRDNEMENEY Th 5 Z & AR S LT,
Fo, MEEFEICLID I a oAb s Tz VMeEEmee L v . Jv s a g
BEZTRTVEAMAN TGt 2 R L2 D, Z 7 u U A EZITed 0
LB 2 R T EEBR LT, 2RO 7 =/ —)LiBEKIIEERE cH 5 7
VT a AR AR, MBVFHE, BRI AR IRT Z IRV FReES B L
TWH EHEEL TV,

8: Rl R,=R3;=R4=H

43 :R;=0OH,R,=R3=R,;=H

45:R1 R,=H,R3;=0H,R4=H

60 : Rl Me, R, =H, R; = OH, R, = OMe
61 : R, =OMe, R, =H, R; =0OH, R4, = OMe
64 : Rl Me, R, =OH, R;=H, R4=Me
65:R;=Me, R, =0OH, R;=H, Ry, =OMe
66 : R, =Me, R, = OH, R; =Me, R, =Me
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3-12. FEBROMW
3-12-1. Chemistry

General directions

Analytical samples were homogeneous as confirmed by TLC and afforded spectroscopic
results consistent with the assigned structures. Proton nuclear magnetic resonance

spectra ('"H NMR) were taken on a Varian Mercury 300 spectrometer using deuterated
chloroform (CDCls) or deuterated dimethylsulfoxide (DMSO-dg) as the solvent. The chemical
shift values are reported in parts per million (8) and coupling constants (J) in hertz (Hz). Fast
atom bombardment mass spectra (FAB-MS, HRMS) and electron ionization (EI) were
obtained on a JEOL JMS-700 spectrometer. Atmospheric pressure chemical ionization (APCI)
was determined on a HITACHI M-1200H spectrometer. Matrix-assisted laser desorption
ionization (MALDI) mass spectra were obtained on a PerSeptive Biosystems VoyagerTM
Elite spectrometer. Infrared spectra (IR) were measured in a JASCO FT/IR-430 spectrometer.
Column chromatography was carried out on silica gel [Merck silica gel 60 (0.063-0.200 mm),
Wako gel C200 or Fuji Silysia FL60D]. Thin-layer chromatography was performed on silica
gel (Merck TLC or HPTLC plates, silica gel 60 F254). The following abbreviations for
solvents and reagents are wused; tetrahydrofuran (THF), diethyl ether (Et,0),
dimethylsulfoxide (DMSO), ethyl acetate (EtOAc), dimethylformamide (DMF),
dichloromethane (CH,Cl,), chloroform (CHCIl;), methanol (MeOH), ethanol (EtOH), acetic
acid (AcOH), hydrochloric acid (HCI).

1-tert-Butyl 2-methyl (25)-4-{[(trifluoromethyl)sulfonyljoxy}-2,5-dihydro-1H-pyrrole-1,
2-dicarboxylate (51)

To a stirred solution of sodium bis(trimethylsilyl)amide (2.02 g, 11 mmol) in THF (20 mL)
was added dropwise a solution of 50 (2.43 g, 10 mmol) in THF (7 mL) at =78 °C. After being
stirred for 15 min, N-phenyl-bis(trifluoromethanesulfonimide) (3.57 g, 10 mmol) in THF (12
mL) was added and the reaction mixture was stirred at —78 °C for additional 3 h. The reaction
mixture was quenched with aqueous NaHCOs3, and extracted with EtOAc. The organic layer
was washed with brine, dried over MgSO,, and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography using EtOAc/hexane (1/15) as an eluant to yield 51
(2.89 g, 77%) as a colorless oil. TLC R¢ = 0.37 (EtOAc/hexane, 1/4); MS (APCI, pos. 20 V)
m/z 398 (M+Na)"; '"H NMR (300 MHz, CDCl3) & 1.43 and 1.49 (s, 9H), 3.77 (s, 3H), 4.16—
4.53 (m, 2H), 4.89-5.20 (m, 1H), 5.67-5.79 (m, 1H).

1-tert-Butyl 2-methyl (25)-4-(2,6-dimethylphenyl)-2,5-dihydro-1H-pyrrole-1,2-dicarbox
ylate (68a)
To a heterogeneous mixture of 51 (1.12 g, 3.0 mmol), 2,6-dimethylphenylboronic acid (540
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mg, 3.6 mmol) and 2M Na,CO; (3.5 mL), in 1,4-dioxane (28 mL) was added
tetrakis(triphenylphosphine)palladium(0) (86 mg, 0.074 mmol). The reaction mixture was
refluxed for 1.5 h under argon atmosphere. The reaction mixture was cooled to room
temperature and diluted with EtOAc. The organic layer was washed with water, brine, dried
over MgSO,, and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (1/7) as an eluent to yield 68a (933 mg, 100%) as a
colorless oil. TLC Ry = 0.60 (EtOAc/hexane, 1/3); MS (APCI, pos. 20 V) m/z 332 (M+H)"; 'H
NMR (300 MHz, DMSO-ds) 6 1.35-1.44 (m, 9H), 2.16 (s, 6H), 3.65-3.73 (m, 3H), 4.18-4.24
(m, 2H), 5.04-5.11 (m, 1H), 5.59-5.67 (m, 1H), 7.04 (d, J= 6.6 Hz, 2H), 7.07-7.15 (m, 1H).

According to the same procedure as described above, S4a-c and 68b—i were prepared from 51.

1-tert-Butyl 2-methyl (25)-4-[2-(benzyloxy)phenyl]-2,5-dihydro-1H-pyrrole-1,2-dicarbo
xylate (54a)

Yield 72%. A colorless oil. TLC R¢ = 0.63 (EtOAc/hexane, 1/1); 'H NMR (300 MHz, CDCl5)
0 1.41 - 1.52 (m, 9H), 3.67 - 3.77 (m, 3H), 4.52 - 4.77 (m, 2H), 5.05 - 5.18 (m, 3H), 6.35 -
6.41 (m, 1H), 6.92 - 7.02 (m, 2H), 7.19 - 7.30 (m, 2H), 7.30 - 7.46 (m, 5H).

1-tert-Butyl 2-methyl (25)-4-[3-(benzyloxy)phenyl]-2,5-dihydro-1H-pyrrole-1,2-dicarbo
xylate (54b)

Yield 89%. A colorless oil. TLC R¢ = 0.28 (EtOAc/hexane, 1/4); 'H NMR (300 MHz, CDCl;)
0 1.46 and 1.52 (s, 9H), 3.75 and 3.76 (s, 3H), 4.44—4.73 (m, 2H), 5.03-5.09 (m, 2H), 5.09—
5.22 (m, 1H), 5.99-6.11 (m, 1H), 6.89-7.04 (m, 3H), 7.23—-7.48 (m, 6H).

1-tert-Butyl 2-methyl (25)-4-[4-(benzyloxy)phenyl]-2,5-dihydro-1H-pyrrole-1,2-dicarbo
xylate (54c)

Yield 75%. A colorless oil. TLC R¢ = 0.39 (EtOAc/hexane, 1/3); 'H NMR (300 MHz, CDCl5)
0 1.42-1.54 (m, 9H), 3.71-3.79 (m, 3H), 4.44-4.70 (m, 2H), 5.05-5.21 (m, 3H), 5.87-5.98 (m,
1H), 6.95 (d, J = 8.8 Hz, 2H), 7.27-7.52 (m, 7H).

1-tert-Butyl 2-methyl (25)-4-[4-(benzyloxy)-2,6-dimethylphenyl]-2,5-dihydro-1H-pyrrol
e-1,2-dicarboxylate (68b)

Yield 90%. A colorless oil. TLC R¢ = 0.52 (EtOAc/hexane, 1/3); 'H NMR (300 MHz, CDCl3)
0 1.46 and 1.49 (s, 9H), 2.20 and 2.21 (s, 6H), 3.77 and 3.78 (s, 3H), 4.15-4.44 (m, 2H), 5.03
(s, 2H), 5.08-5.22 (m, 1H), 5.43-5.55 (m, 1H), 6.68 (s, 2H), 7.28-7.47 (m, SH).

1-tert-Butyl 2-methyl (25)-4-[4-(benzyloxy)-2-methoxy-6-methylphenyl]-2,5-dihydro-1H
-pyrrole-1,2-dicarboxylate (68c)
Yield 83%. A pale yellow powder. TLC R; = 0.54 (EtOAc/hexane, 1/2); 'H NMR (300 MHz,
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CDCly) & 1.45 and 1.49 (s, 9H), 2.21 (s, 3H), 3.73 and 3.75 (s, 3H), 3.77 (s, 3H), 4.31-4.48
(m, 2H), 5.04 (s, 2H), 5.11-5.18 (m, 1H), 5.50-5.53 (m, 1H), 6.45 (d, J = 2.0 Hz, 1H), 6.93 (d,
J=2.0 Hz, 1H), 7.30~7.46 (m, SH).

1-tert-Butyl 2-methyl (25)-4-[2,6-dimethoxy-4-(methoxymethoxy)phenyl]-2,5-dihydro-1
H-pyrrole-1,2-dicarboxylate (68d)

Yield 23%. A pale yellow oil. TLC Ry = 0.31 (EtOAc/hexane, 1/2); '"H NMR (300 MHz,
CDCls) 6 1.41 and 1.52 (s, 9H), 3.49 (s, 3H), 3.70-3.80 (m, 9H), 4.28-4.76 (m, 2H), 5.05—
5.13 (m, 1H), 5.18 (s, 2H), 5.84-5.98 (m, 1H), 6.27 (s, 2H).

1-tert-Butyl 2-methyl (25)-4-|2-ethyl-6-methyl-4-(tetrahydro-2H-pyran-2-yloxy)phenyl]
-2,5-dihydro-1H-pyrrole-1,2-dicarboxylate (68e)

Yield 88%. A colorless oil. TLC R¢ = 0.50 (EtOAc/hexane, 1/3); 'H NMR (300 MHz, CDCl3)
0 1.14 and 1.15 (t, J = 7.5 Hz, 3H), 1.46 and 1.48 (s, 9H), 1.55-1.74 (m, 3H), 1.81-1.88 (m,
2H), 2.00 (m, 1H), 2.20 and 2.21 (s, 3H), 2.50 (q, J = 7.5 Hz, 2H), 3.61 (m, 1H), 3.77 (s, 3H),
3.92 (m, 1H), 4.15-4.42 (m, 2H), 5.11-5.18 (m, 1H), 5.42 (t, J = 3.0 Hz, 1H), 5.48-5.42 (m,
1H), 6.77 (m, 2H).

1-tert-Butyl 2-methyl (25)-4-[2,6-diethoxy-4-(methoxymethoxy)phenyl]-2,5-dihydro-1H-
pyrrole-1,2-dicarboxylate (68f)

Yield 36%. An orange oil. TLC R¢= 0.29 (EtOAc/hexane, 1/4); 'H NMR (300 MHz, CDCl;) &
1.34-1.43 (m, 6H), 1.43—-1.53 (m, 9H), 3.48 (s, 3H), 3.72-3.76 (m, 3H), 3.94-4.04 (m, 4H),
4.54-4.63 (m, 2H), 5.05-5.12 (m, 1H), 5.15 (s, 2H), 5.93-6.11 (m, 1H), 6.25 (s, 2H).

1-tert-Butyl 2-methyl (25)-4-(3-hydroxy-2,6-dimethylphenyl)-2,5-dihydro-1H-pyrrole-1,
2-dicarboxylate (68g)

Yield 35%. A colorlesss oil. TLC Ry = 0.44 (EtOAc/hexane, 1/2); 'H NMR (300 MHz, CDCl3)
0 1.47 and 1.49 (s, 9H), 2.11-2.16 (m, 6H), 3.78 (s, 3H), 4.20-4.41 (m, 2H), 4.96 and 5.06 (s,
1H), 5.15-5.25 (m, 1H), 5.47-5.53 (m, 1H), 6.69 (d, J= 8.0 Hz, 1H), 6.91 (d, /= 8.0 Hz, 1H).

1-tert-Butyl 2-methyl (25)-4-[3-(benzyloxy)-2-methoxy-6-methylphenyl]-2,5-dihydro-1H
-pyrrole-1,2-dicarboxylate (68h)

Yield 61%. A pale yellow oil. TLC Ry = 0.45 (EtOAc/hexane, 1/4); '"H NMR (300 MHz,
CDCls) 6 1.45-1.50 (m, 9H), 2.14-2.20 (m, 3H), 3.75-3.83 (m, 6H), 4.29-4.55 (m, 2H), 5.09
(s, 2H), 5.11-5.26 (m, 1H), 5.52-5.64 (m, 1H), 6.80-6.90 (m, 2H), 7.28~7.47 (m, 5H).

1-tert-Butyl 2-methyl (25)-4-(3-hydroxy-2,4,6-trimethylphenyl)-2,5-dihydro-1H-pyrrole
-1,2-dicarboxylate (68i)
Yield 35%. A colorless oil. TLC R¢ = 0.44 (EtOAc/hexane, 1/2); 'H NMR (300 MHz, CDCl5)
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& 1.46 and 1.48 (s, 9H), 2.12 (s, 3H), 2.14 (s, 3H), 2.22 (s, 3H), 3.78 (s, 3H), 4.20-4.41 (m,
2H), 4.56 and 4.58 (s, 1H), 5.10-5.20 (m, 1H), 5.45-5.55 (m, 1H), 6.84 (s, 1H).

1-tert-Butyl 2-methyl (25,4R)-4-(2,6-dimethylphenyl)-1,2-pyrrolidinedicarboxylate (69a)
To a solution of 68a (933 mg, 2.81 mmol) in MeOH (8 mL) was added 10% palladium on
carbon (200 mg). The reaction mixture was vigorously stirred at room temperature under an
atmospheric pressure of hydrogen for 13 h. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (1/7) as an eluant to yield 69a (528 mg, 56%) as a
colorless oil. TLC Ry = 0.59 (EtOAc/hexane, 1/3); MS (APCI, pos. 20 V) m/z 334 (M+H)"; 'H
NMR (300 MHz, CDCls) 6 1.31-1.42 (m, 9H), 2.12-2.31 (m, 2H), 2.34 (s, 6H), 3.50-3.63 (m,
2H), 3.63-3.73 (m, 3H), 3.76-3.97 (m, 1H), 4.30 (t, /= 8.5 Hz, 1H), 6.93-7.05 (m, 3H).

1-tert-Butyl 2-methyl (25,4R)-4-(2-hydroxyphenyl)-1,2-pyrrolidinedicarboxylate (55a)
Compound 55a was obtained as a colorless oil in 98% yield from 54a according to the same
procedure as described for the preparation of 69a from 68a. TLC Ry = 0.63 (EtOAc/hexane,
1/1); '"H NMR (300 MHz, CDCl3) & 1.41 — 1.52 (m, 9H), 3.67-3.77 (m, 3H), 4.52-4.77 (m,
2H), 5.05-5.18 (m, 3H), 6.35-6.41 (m, 1H), 6.92-7.02 (m, 2H), 7.19-7.30 (m, 2H), 7.30-7.46
(m, SH).

1-tert-Butyl 2-methyl (25,4R)-4-(3-hydroxyphenyl)-1,2-pyrrolidinedicarboxylate (55b)
Compound 55b was obtained as a colorless oil in 91% yield from 54b according to the same
procedure as described for the preparation of 69a from 68a. TLC Ry = 0.37 (EtOAc/hexane,
2/3); '"H NMR (300 MHz, CDCl;) & 1.44 and 1.46 (s, 9H), 1.96-2.17 (m, 1H), 2.54-2.72 (m,
1H), 3.19-3.52 (m, 2H), 3.76 (s, 3H), 3.89-4.07 (m, 1H), 4.27-4.45 (m, 1H), 5.61 and 5.88 (s,
1H), 6.65-6.85 (m, 3H), 7.08-7.22 (m, 1H).

1-tert-Butyl 2-methyl (25,4R)-4-(4-hydroxyphenyl)-1,2-pyrrolidinedicarboxylate (55¢)
Compound 55¢ was obtained as a colorless oil in 100% yield from 54¢ according to the same
procedure as described for the preparation of 69a from 68a. TLC Ry = 0.43 (EtOAc/hexane,
1/2); '"H NMR (300 MHz, CDCl3) & 1.39-1.51 (m, 9H), 1.92-2.12 (m, 1H), 2.552.68 (m,
1H), 3.18-3.43 (m, 2H), 3.76 (s, 3H), 3.85-4.04 (m, 1H), 4.26-4.44 (m, 1H), 6.80 (d, J = 8.6
Hz, 2H), 5.73-8.14 (m, 1H), 7.03—7.12 (m, 2H).

1-tert-Butyl 2-methyl (25,4R)-4-(4-hydroxy-2,6-dimethylphenyl)-1,2-pyrrolidinedicarbo
xylate (69b)

Compound 69b was obtained as a colorless oil in 92% yield from 68b according to the same
procedure as described for the preparation of 69a from 68a. TLC Ry = 0.42 (EtOAc/hexane,
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2/3); "H NMR (300 MHz, CDCl3) & 1.40-1.52 (m, 9H), 2.25-2.54 (m, 8H), 3.77 (s, 6H), 4.26
~4.45 (m, 1H), 4.80-5.03 (m, 1H), 6.51 (s, 2H).

1-tert-Butyl 2-methyl (25,4R)-4-(4-hydroxy-2-methoxy-6-methylphenyl)-1,2-pyrrolidine
dicarboxylate (69c)

Compound 69¢ was obtained as a colorless oil in 100% yield from 68c according to the same
procedure as described for the preparation of 69a from 68a. TLC Ry = 0.49 (EtOAc/hexane,
1/1); "H NMR (300 MHz, CDCl3) & 1.44 and 1.46 (s, 9H), 2.27 and 2.29 (s, 3H), 2.50-2.71
(m, 1H), 3.48-3.68 (m, 2H), 3.73 (s, 3H), 3.77 (s, 3H), 3.84 (m, 1H), 4.31 and 4.40 (t, /= 8.4
Hz, 1H), 4.79 and 4.87 (brs, 1H), 6.25 (d, /= 2.4 Hz, 1H), 6.28 (d, J = 2.4 Hz, 1H).

1-tert-Butyl 2-methyl (2S5,4R)-4-[2,6-dimethoxy-4-(methoxymethoxy)phenyl]-1,2-pyrroli
dinedicarboxylate (69d)

Compound 69d was obtained as a beige powder in 100% yield from 68d according to the
same procedure as described for the preparation of 69a from 68a. TLC Ry = 0.38
(EtOAc/hexane, 1/2); '"H NMR (300 MHz, CDCl;) § 1.35-1.51 (m, 9H), 2.17-2.42 (m, 1H),
2.46-2.68 (m, 1H), 3.45-3.53 (m, 3H), 3.72-3.80 (m, 9H), 3.80-3.97 (m, 3H), 4.20-4.45 (m,
1H), 5.16 (s, 2H), 6.27 (s, 2H).

1-tert-Butyl 2-methyl (25,4R)-4-(2-ethyl-4-hydroxy-6-methylphenyl)-1,2-pyrrolidinedic
arboxylate (69e)

To a stirred solution of 68e (933 mg, 2.81 mmol) in MeOH (3 mL) was added 4M HCI in
1,4-dioxane (2 mL). After being stirred for 3.5 h, the reaction mixture was concentrated in
vacuo. To a solution of the residue in MeOH (5 mL) was added 10% palladium on carbon (30
mg). The reaction mixture was vigorously stirred under an atmospheric pressure of hydrogen
for 17 h at room temperature and additional 24 h at 50 °C. The catalyst was removed by
filtration and the filtrate was concentrated in vacuo. To a stirred solution of the residue in THF
(2.5 mL) and water (2 mL) were added triethylamine (0.11 mL, 0.79 mmol) and
di-tert-butyl-dicarbonate (171 mg, 0.79 mmol) at room temperature. After 30 min, the
reaction mixture was diluted with EtOAc. The organic layer was successively washed with
water, 1M HCI, brine, dried over MgSQy,, and concentrated in vacuo The resulting residue
was purified by silica gel chromatography using EtOAc/hexane (1/6) as an eluant to yield 69e
(204 mg, 75%) as a colorless oil. TLC Ry = 0.64 (EtOAc/hexane, 1/1); '"H NMR (300 MHz,
CDCl3) 6 1.18 (t, J = 7.3 Hz, 3H), 1.44 and 1.46 (s, 9H), 2.35 and 2.38 (s, 3H), 2.25-2.50 (m,
2H), 2.64 (q, J = 7.3 Hz, 2H), 3.70 (m, 3H), 3.77 (s, 3H), 4.34 and 4.40 (t, J = 8.4 Hz, 1H),
4.80 and 4.90 (s, 1H), 6.51 (d, J=3.0 Hz, 1H), 6.54 (d, /= 3.0 Hz, 1H).

1-tert-Butyl 2-methyl (2S5,4R)-4-[2,6-diethoxy-4-(methoxymethoxy)phenyl]-1,2-pyrrolidi
nedicarboxylate (69f)
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Compound 69f was obtained as a pale yellow oil in 69% yield from 68f according to the same
procedure as described for the preparation of 69a from 68a. TLC Ry = 0.24 (EtOAc/hexane,
1/4); "H NMR (300 MHz, CDCl3) & 1.35-1.51 (m, 15H), 2.17-2.32 (m, 1H), 2.61-2.81 (m,
1H), 3.46-3.51 (m, 3H), 3.72-3.78 (m, 3H), 3.80-3.91 (m, 2H), 3.91-4.05 (m, 5SH), 4.24-4.41
(m, 1H), 5.13 (s, 2H), 6.24 (s, 2H).

1-tert-Butyl 2-methyl (25,4R)-4-(3-hydroxy-2,6-dimethylphenyl)-1,2-pyrrolidinedicarbo
xylate (69g)

Compound 69g was obtained as a colorless oil in 70% yield from 68g according to the same
procedure as described for the preparation of 69e from 68e. TLC Ry = 0.42 (EtOAc/hexane,
1/2); MS (APCI, pos. 20 V) m/z 350 (M+H)"; '"H NMR (300 MHz, CDCl;) & 1.44 and 1.46 (s,
9H), 2.28-2.32 (m, 6H), 2.40—2.54 (m, 2H), 3.72-3.88 (m, 6H), 4.44—4.45 (m, 1H), 4.70-4.79
(m, 1H), 6.61 (d, J= 8.0 Hz, 1H), 6.88 (d, /= 8.0 Hz, 1H).

1-tert-Butyl 2-methyl (25,4R)-4-(3-hydroxy-2-methoxy-6-methylphenyl)-1,2-pyrrolidine
dicarboxylate (69h)

Compound 69h was obtained as a colorless oil in 87% yield from 68h according to the same
procedure as described for the preparation of 69e from 68e. TLC Ry = 0.37 (EtOAc/hexane,
1/2); '"H NMR (300 MHz, CDCls) & 1.42-1.49 (m, 9H), 2.28-2.35 (m, 3H), 2.39-2.61 (m, 2H),
3.69-3.89 (m, 9H), 4.29-4.46 (m, 1H), 5.30 (s, 1H), 6.77 (d, J = 8.2 Hz, 1H), 6.82 (d, J = 8.2
Hz, 1H).

1-tert-Butyl 2-methyl (25,4R)-4-(3-hydroxy-2,4,6-trimethylphenyl)-1,2-pyrrolidinedicar
boxylate (69i)

Compound 69i was obtained as a colorless oil in 77% yield from 68i according to the same
procedure as described for the preparation of 69a from 68a. TLC Ry = 0.52 (EtOAc/hexane,
1/2); MS (APCI, pos. 20 V) m/z 364 (M+H)"; '"H NMR (300 MHz, CDCl;) & 1.44 and 1.46 (s,
9H), 2.10-2.30 (m, 9H), 2.36-2.53 (m, 2H), 3.60-3.90 (m, 6H), 4.32-4.43 (m, 1H), 4.55-4.62
(m, 1H), 6.80 (s, 1H).

1-tert-Butyl 2-methyl (2S5,4R)-4-[2-(benzyloxy)phenyl]-1,2-pyrrolidinedicarboxylate (55
d)

To a stirred solution of 55a (466 mg, 1.45 mmol) in DMF (15 mL) were added K,CO; (201
mg, 1.45 mmol) and benzyl bromide (0.18 mL, 1.5 mmol) at room temperature. After being
stirred for 15 h, the reaction mixture was poured into water and extracted with EtOAc. The
organic layer was washed with brine, dried over Na;SO4, and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography using EtOAc/hexane (1/8) as an
eluant to yield 55d (586 mg, 98%) as a colorless oil. TLC Ry = 0.24 (EtOAc/hexane, 1/3); 'H
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NMR (300 MHz, CDCl3) & 1.41-1.47 (m, 9H), 2.03-2.15 (m, 1H), 2.48-2.76 (m, 1H), 3.33—
3.57 (m, 1H), 3.64-3.85 (m, 4H), 3.89-4.08 (m, 1H), 4.24-4.44 (m, 1H), 5.09 (s, 2H), 6.84—
7.01 (m, 2H), 7.15-7.28 (m, 2H), 7.29-7.47 (m, SH).

1-tert-Butyl 2-methyl (25,4R)-4-[3-(tetrahydro-2H-pyran-2-yloxy)phenyl]-1,2-pyrrolidi
nedicarboxylate (55e)

To a stirred solution of 55b (466 mg, 1.45 mmol) in CH,Cl, (3 mL) were added
3,4-dihydro-2H-pyran (0.41 mL, 4.5 mmol) and pyridinium p-toluenesulfonate (80 mg, 0.31
mmol) at room temperature. After being stirred for 2 h, the reaction mixture was diluted with
Et,0, washed with brine, dried over Na,SO,, and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography using EtOAc/hexane (1/7) as an eluant to yield 55e
(1.28 g, 98%) as a colorless oil. TLC Ry = 0.58 (EtOAc/hexane, 2/3); '"H NMR (300 MHz,
CDCl3) 6 1.43 and 1.47 (s, 9H), 1.55-1.74 (m, 3H), 1.85 (dd, J = 8.4, 3.3 Hz, 2H), 1.94-2.15
(m, 2H), 2.57-2.72 (m, 1H), 3.22-3.50 (m, 2H), 3.54-3.67 (m, 1H), 3.72 and 3.77 (s, 3H),
3.84-4.11 (m, 2H), 4.26—4.44 (m, 1H), 5.35-5.49 (m, 1H), 6.77-7.02 (m, 3H), 7.17-7.31 (m,
1H).

According to the same procedure as described above, 55f was prepared from 55c.

1-tert-Butyl 2-methyl (25,4R)-4-[4-(tetrahydro-2H-pyran-2-yloxy)phenyl]-1,2-pyrrolidi
nedicarboxylate (55f)

Yield 95%. A colorless oil. TLC R¢ = 0.58 (EtOAc/hexane, 2/3); 'H NMR (300 MHz, CDCl3)
0 1.43 and 1.46 (s, 9H), 1.52—1.78 (m, 3H), 1.80-2.10 (m, 4H), 2.58-2.68 (m, 1H), 3.22-3.44
(m, 2H), 3.56-3.63 (m, 1H), 3.74 and 3.76 (s, 3H), 3.84-4.05 (m, 2H), 4.28—4.40 (m, 1H),
5.39 (t,J=3.0 Hz, 1H), 6.99-7.01 (m, 2H), 7.12-7.20 (m, 2H).

According to the same procedure as described for the preparation of 55d from 55a, 69j—k
were prepared from 69b and 69h, respectively.

1-tert-Butyl 2-methyl (25,4R)-4-[4-(benzyloxy)-2,6-dimethylphenyl]-1,2-pyrrolidinedica
rboxylate (69j)

Yield 79%. A colorless oil. TLC R¢ = 0.40 (EtOAc/hexane, 1/3); 'H NMR (300 MHz, CDCl3)
0 1.44 and 1.46 (s, 9H), 2.31-2.49 (m, 8H), 3.63-3.83 (m, 6H), 4.27-4.45 (m, 1H), 5.01 (s,
2H), 6.66 (s, 2H), 7.28-7.47 (m, SH)

1-tert-Butyl 2-methyl (2S5,4R)-4-[3-(benzyloxy)-2-methoxy-6-methylphenyl]-1,2-pyrrolid

inedicarboxylate (69Kk)
Yield 90%. A colorless oil. TLC Ry = 0.34 (EtOAc/hexane, 1/4); 'H NMR (300 MHz, CDCl5)
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§ 1.42-1.49 (m, 9H), 2.27-2.32 (m, 3H), 2.33-2.73 (m, 2H), 3.58-3.93 (m, 9H), 4.25-4.48 (m,
1H), 5.06 (s, 2H), 6.75-6.84 (m, 2H), 7.27-7.49 (m, 5H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-(2,6-dimethylphenyl)-2-pyrrolidinecarboxylic acid (7
0a)

Compound 70a was obtained as a white powder in 56% yield from 69a according to the same
procedure as described for the preparation of 28a from 27a. TLC Ry = 0.59 (EtOAc/hexane,
1/3); MS (APCL Neg. 20 V) m/z 318 (M—H); '"H NMR (300 MHz, DMSO-dg) & 1.31 - 1.42
(m, 9H), 2.12 - 2.31 (m, 2H), 2.34 (s, 6H), 3.50 - 3.63 (m, 2H), 3.63 - 3.73 (m, 3H), 3.76 -
3.97 (m, 1H), 4.30 (t, J= 8.5 Hz, 1H), 6.93 - 7.05 (m, 3H).

(25,4R)-4-[2-(Benzyloxy)phenyl]-1-(tert-butoxycarbonyl)-2-pyrrolidinecarboxylic acid
(56a)

Compound 56a was obtained as a white powder in 91% yield from 55d according to the same
procedure as described for the preparation of 28a from 27a. TLC Ry = 0.36 (CHCl3;/MeOH,
10/1); '"H NMR (300 MHz, CDCl3) § 1.33 and 1.53 (s, 9H), 2.41-2.79 (m, 2H), 3.14-3.86 (m,
2H), 3.94-4.16 (m, 1H), 4.22-4.54 (m, 1H), 5.09 (s, 2H), 6.87-7.03 (m, 2H), 7.12-7.30 (m,
2H), 7.30-7.48 (m, 5H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-[3-(tetrahydro-2H-pyran-2-yloxy)phenyl]-2-pyrrolidi
necarboxylic acid (56b)

Compound 56b was obtained as a white powder in 100% yield from 55e according to the
same procedure as described for the preparation of 28a from 27a. TLC Ry = 0.41
(CH,Cl/MeOH, 9/1); "H NMR (300 MHz, CDCl3) & 1.45 and 1.49 (s, 9H), 1.55-1.77 (m,
3H), 1.80—-1.90 (m, 2H), 1.93-2.04 (m, 1H), 2.09-2.49 (m, 1H), 2.57-2.81 (m, 1H), 3.26-3.52
(m, 2H), 3.56-3.66 (m, 1H), 3.84-3.96 (m, 1H), 3.99-4.09 (m, 1H), 4.29-4.52 (m, 1H), 5.42
(s, IH), 6.82=7.01 (m, 3H), 7.19-7.28 (m, 1H)

(25,4R)-1-(tert-Butoxycarbonyl)-4-[4-(tetrahydro-2 H-pyran-2-yloxy)phenyl]-2-pyrrolidi
necarboxylic acid (56c¢)

Compound 56¢ was obtained as a white powder in 86% yield from 55f according to the same
procedure as described for the preparation of 28a from 27a. TLC Ry = 0.35 (CHCl3/MeOH,
10/1); '"H NMR (300 MHz, CDCls) & 1.29-1.44 (m, 9H), 1.44-1.95 (m, 8H), 2.52-2.67 (m,
1H), 3.14 (m, 1H), 3.46-3.58 (m, 1H), 3.65-3.90 (m, 2H), 4.15 (t, J = 8.4 Hz, 1H), 5.41 (s,
1H), 6.95 (d, J= 8.6 Hz, 2H), 7.18 (d, /= 8.6 Hz, 2H), 12.57 (s, 1H).

(25,4R)-4-[4-(Benzyloxy)-2,6-dimethylphenyl]-1-(fert-butoxycarbonyl)-2-pyrrolidinecarb
oxylic acid (70b)

Compound 70b was obtained as a colorless oil in 100% yield from 69j according to the same
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procedure as described for the preparation of 28a from 27a. TLC R, = 0.75 (EtOAc); '"H NMR
(300 MHz, CDCls) & 1.45 and 1.48 (s, 9H), 2.38 (s, 6H), 2.41-2.75 (m, 2H), 3.63-3.90 (m,
3H), 4.29-4.50 (m, 1H), 5.01 (s, 2H), 6.66 (s, 2H), 7.27-7.46 (m, 5H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-(4-hydroxy-2-methoxy-6-methylphenyl)-2-pyrrolidine
carboxylic acid (70c¢)

Compound 70c¢ was obtained as a white powder in 100% yield from 69¢ according to the
same procedure as described for the preparation of 28a from 27a. TLC Ry = 0.35
(CHCl3/MeOH, 9/1); 'H NMR (300 MHz, CDCls) & 1.45 (s, 9H), 2.26 and 2.27 (s, 3H), 2.34
(m, 1H), 2.68 (m, 1H), 2.70 (brs, 1H), 3.45-3.65 (m, 2H), 3.72 and 3.73 (s, 3H), 3.79 (m, 1H),
4.27 and 4.34 (t, J= 8.6 Hz, 1H), 6.28 (s, 2H), 8.66 (brs, 1H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-[2,6-dimethoxy-4-(methoxymethoxy)phenyl]-2-pyrroli
dinecarboxylic acid (70d)

Compound 70d was obtained as a beige powder in 77% yield from 69d according to the same
procedure as described for the preparation of 28a from 27a. TLC R;= 0.22 (EtOAc); 'H NMR
(300 MHz, CDCls) 6 1.38-1.56 (m, 9H), 2.20-2.44 (m, 1H), 2.81-3.01 (m, 1H), 3.49 (s, 3H),
3.57-4.02 (m, 9H), 4.28—4.54 (m, 1H), 5.16 (s, 2H), 6.27 (s, 2H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-(2-ethyl-4-hydroxy-6-methylphenyl)-2-pyrrolidinecar
boxylic acid (70e)

Compound 70e was obtained as a white powder in 91% yield from 69e according to the same
procedure as described for the preparation of 28a from 27a. TLC Ry = 0.38 (CHCl3;/MeOH,
9/1); '"H NMR (300 MHz, CDCl3) & 1.20 (t, J = 7.5 Hz, 3H), 1.46 and 1.49 (s, 9H), 2.37 (s,
3H), 2.48 (m, 2H), 2.65 (q, J = 7.5 Hz, 2H), 2.72 (m, 1H), 3.62-3.83 (m, 2H), 4.38 and 4.48
(m, 1H), 6.51 (d, /= 3.0 Hz, 1H), 6.55 (d, J= 3.0 Hz, 1H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-[2,6-diethoxy-4-(methoxymethoxy)phenyl]-2-pyrrolidi
necarboxylic acid (70f)

Compound 70f was obtained as a brown powder in 72% yield from 69f according to the same
procedure as described for the preparation of 28a from 27a. TLC Ry = 0.04 (EtOAc/hexane,
1/2); 'H NMR (300 MHz, CDCl3) & 1.33-1.56 (m, 15H), 2.17-2.41 (m, 1H), 2.94-3.15 (m,
1H), 3.47 (s, 3H), 3.55-3.74 (m, 2H), 3.91-4.06 (m, SH), 4.27-4.52 (m, 1H), 5.14 (s, 2H),
6.25 (s, 2H).

(25,4R)-1-(tert-Butoxycarbonyl)-4-(3-hydroxy-2,6-dimethylphenyl)-2-pyrrolidinecarboxy
lic acid (70g)

Compound 70g was obtained as a colorless oil in 92% yield from 69g according to the same
procedure as described for the preparation of 28a from 27a. TLC Ry = 0.23 (CHCl3/MeOH,
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9/1); MS (APCI, neg. 20 V) m/z 334 (M—H)"; '"H NMR (300 MHz, CDCl5)  1.47 and 1.49 (s,
9H), 2.29 (s, 3H), 2.33 (s, 3H), 2.50-2.57 (m, 2H), 3.70-3.90 (m, 3H), 4.38-4.52 (m, 1H),
6.62 (d,J=8.2 Hz, 1H), 6.88 (d, J = 8.2 Hz, 1H).

(25,4R)-4-[3-(Benzyloxy)-2-methoxy-6-methylphenyl]-1-(zert-butoxycarbonyl)-2-pyrrolid

inecarboxylic acid (70h)

Compound 70h was obtained as a white powder in 89% yield from 69k according to the same
procedure as described for the preparation of 28a from 27a. TLC R;= 0.75 (EtOAc); 'H NMR
(300 MHz, CDCls) 6 1.48 (s, 9H), 2.31 (s, 3H), 2.39-2.97 (m, 2H), 3.55-3.87 (m, 3H), 3.91 (s,
3H), 4.33—4.52 (m, 1H), 5.06 (s, 2H), 6.75-6.86 (m, 2H), 7.28-7.51 (m, SH).

(25,4R)-1-(tert-Butoxycarbonyl)-4-(3-hydroxy-2,4,6-trimethylphenyl)-2-pyrrolidinecarbo
xylic acid (70i)

Compound 70i was obtained as a white powder in 100% yield from 69i according to the same
procedure as described for the preparation of 28a from 27a. TLC Ry = 0.52 (CHCl3/MeOH,
9/1); MS (APCI, neg. 20 V) m/z 348 (M—H); '"H NMR (300 MHz, CDCls) & 1.44-1.52 (m,
9H), 2.19 (s, 3H), 2.29 (s, 3H), 2.31 (s, 3H), 2.40-2.60 (m, 2H), 3.65-3.90 (m, 3H), 4.35-4.52
(m, 1H), 6.81 (s, 1H).

tert-Butyl (2S5,4R)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-4-(2,6-dimethylphenyl)-1-p
yrrolidinecarboxylate (71a)

Compound 71a was obtained as a white powder in 99% yield from 70a according to the same
procedure as described for the preparation of 20a from 19a. TLC Ry = 0.33 (CHCIl3/MeOH,
9/1); MS (APCI, pos. 20 V) m/z 398 (M+H)"; 'H NMR (300 MHz, CDCl;) § 1.36-1.59 (m,
9H), 2.42 (s, 6H), 2.46-2.82 (m, 2H), 3.62-3.96 (m, 3H), 4.30-4.53 (m, 1H), 6.95-7.11 (m,
3H).

tert-Butyl (25,4R)-4-|2-(benzyloxy)phenyl]-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-1-
pyrrolidinecarboxylate (57a)

Compound 57a was obtained as a white powder in 59% yield from 56a according to the same
procedure as described for the preparation of 20a from 19a. TLC Ry = 0.61 (CHCIl3/MeOH,
10/1); "H NMR (300 MHz, DMSO-dq) § 1.26-1.40 (m, 9H), 1.75-2.30 (m, 5H), 2.54-2.74 (m,
1H), 3.05-3.44 (m, 2H), 3.51-3.71 (m, 2H), 3.81-3.98 (m, 1H), 4.43-4.57 (m, 1H), 4.75-4.89
(m, 1H), 5.05-5.20 (m, 2H), 6.93 (t, J = 7.3 Hz, 1H), 7.08 (t, J = 8.8 Hz, 1H), 7.16-7.27 (m,
2H), 7.28-7.54 (m, 5H).

tert-Butyl (2S5,4R)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[3-(tetrahydro-2H-pyran
-2-yloxy)phenyl]-1-pyrrolidinecarboxylate (57b)

Compound 57b was obtained as a white powder in 60% yield from 56b according to the same
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procedure as described for the preparation of 20a from 19a. TLC R; = 0.58 (CH,Cl,/MeOH,
9/1); '"H NMR (300 MHz, CDCl;) 6 1.41 and 1.44 (s, 9H), 1.54-1.76 (m, 3H), 1.80-1.91 (m,
2H), 1.95-2.39 (m, 6H), 2.52-2.68 (m, 1H), 3.26-3.41 (m, 1H), 3.43-3.55 (m, 1H), 3.57-3.68
(m, 2H), 3.76-4.15 (m, 3H), 4.41-4.57 (m, 1H), 4.80-4.94 (m, 1H), 5.37-5.47 (m, 1H), 6.85—
7.01 (m, 3H), 7.19-7.28 (m, 1H).

tert-Butyl (2S5,4R)-2-{[(2S5)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[4-(tetrahydro-2H-pyran
-2-yloxy)phenyl]-1-pyrrolidinecarboxylate (57c)

Compound 57¢ was obtained as a white powder in 61% yield from 56¢ according to the same
procedure as described for the preparation of 20a from 19a. TLC Ry = 0.62
(CHCI13/MeOH,10/1); 'H NMR (300 MHz, CDCl3) § 1.36-1.49 (m, 9H), 1.51-1.77 (m, 3H),
1.79-1.89 (m, 2H), 1.92-2.39 (m, 6H), 2.50—-2.65 (m, 1H), 3.21-3.39 (m, 1H), 3.38-3.51 (m,
1H), 3.53-4.10 (m, 5H), 4.39-4.56 (m, 1H), 4.81-4.93 (m, 1H), 5.40 (t, /= 3.2 Hz, 1H), 6.94
—7.06 (m, 2H), 7.18 (t, J= 8.0 Hz, 2H).

tert-Butyl (25,4R)-4-[4-(benzyloxy)-2,6-dimethylphenyl]-2-{[(2S)-2-cyano-1-pyrrolidiny
IJcarbonyl}-1-pyrrolidinecarboxylate (71b)

Compound 71b was obtained as a white powder in 93% yield from 70b according to the same
procedure as described for the preparation of 20a from 19a. TLC Ry = 0.38 (EtOAc/hexane,
2/1); 'H NMR (300 MHz, DMSO-ds, 100 °C) & 1.38 (s, 9H), 1.94-2.33 (m, 5H), 2.34 (s, 6H),
2.52-2.66 (m, 1H), 3.28-3.47 (m, 1H), 3.51-3.72 (m, 3H), 3.72-3.90 (m, 1H), 4.56 (t, J= 8.2
Hz, 1H), 4.73-4.86 (m, 1H), 5.04 (s, 2H), 6.66 (s, 2H), 7.26-7.46 (m, SH).

tert-Butyl (25,4R)-2-{[(2S5)-2-cyano-1-pyrrolidinyljcarbonyl}-4-(4-hydroxy-2-methoxy-6-
methylphenyl)-1-pyrrolidinecarboxylate (71c)

To a stirred solution of 70c (9.10 g, 23.8 mmol) in DMF (60 mL) were added
(25)-2-pyrrolidinecarbonitrile  4-methylbenzenesulfonate  (7.65 g, 28.6  mmol),
4-methylmorholine (5.8 mL, 52 mmol), 1-hydroxybenzotriazole (3.21 g, 23.8 mmol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (5.47 g, 28.5 mmol) at room
temperature. After being stirred for 15 h, the reaction mixture was poured into water and
extracted with EtOAc. The organic layer was successively washed with 10% aqueous citric
acid, aqueous NaHCOj3, brine, dried over MgSQOy,, and concentrated in vacuo. The resulting
residue was purified by silica gel chromatography using EtOAc/hexane (1/1) as an eluant to
yield 71c¢ (5.20 g, 51%) as a white powder. TLC R; = 0.48 (CHCl3/MeOH, 19/1); 'H NMR
(300 MHz, DMSO-dp) 6 1.31 and 1.38 (s, 9H), 2.20 and 2.22 (s, 3H), 1.97-2.44 (m, 6H), 3.39
—3.68 (m, 5H), 3.64 and 3.65 (s, 3H), 4.43 (m, 1H), 4.80 and 4.95 (m, 1H), 6.17 (m, 1H), 6.23
(m, 1H), 9.22 (s, 1H).

tert-Butyl (2S5,4R)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[2,6-dimethoxy-4-(metho
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xymethoxy)phenyl]-1-pyrrolidinecarboxylate (71d)

Compound 71d was obtained as a white powder in 53% yield from 70d according to the same
procedure as described for the preparation of 20a from 19a. TLC Ry = 0.23 (EtOAc/hexane,
2/1); "H NMR (300 MHz, DMSO-ds, 100 °C) & 1.37 (s, 9H), 1.98-2.11 (m, 2H), 2.11-2.25 (m,
2H), 2.29-2.39 (m, 2H), 3.41 (s, 3H), 3.43-3.67 (m, 4H), 3.74 (s, 6H), 3.77-3.87 (m, 1H),
4.47 (t,J=8.3 Hz, 1H), 4.75-4.86 (m, 1H), 5.16 (s, 2H), 6.32 (s, 2H).

tert-Butyl (25,4R)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-(2-ethyl-4-hydroxy-6-met
hylphenyl)-1-pyrrolidinecarboxylate (71e)

Compound 71e was obtained as a brown oil in 63% yield from 70d according to the same
procedure as described for the preparation of 71¢ from 70¢c. TLC Ry = 0.47 (CHCl3;/MeOH,
9/1); '"H NMR (300 MHz, DMSO-ds) & 1.09 (t, J = 7.2 Hz, 3H), 1.30 and 1.37 (s, 9H), 1.97—
2.30 (m, 4H), 2.25 and 2.26 (s, 3H), 2.26—2.45 (m, 4H), 3.40-3.80 (m, 4H), 4.51 and 4.54 (m,
1H), 4.81 and 4.98 (m, 1H), 6.39 (m, 2H), 9.05 and 9.06 (s, 1H).

tert-Butyl (25,4R)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[2,6-diethoxy-4-(methoxy
methoxy)phenyl]-1-pyrrolidinecarboxylate (71f)

Compound 71f was obtained as a brown powder in 51% yield from 70f according to the same
procedure as described for the preparation of 71¢ from 70c. TLC Ry = 0.32 (EtOAc/hexane,
2/1); "H NMR (300 MHz, DMSO-ds, 100 °C) § 1.28-1.44 (m, 15H), 1.99-2.34 (m, 5H), 2.41—
2.52 (m, 1H), 3.40 (s, 3H), 3.41-3.88 (m, 5H), 3.94-4.09 (m, 4H), 4.43-4.52 (m, 1H), 4.74—
4.85 (m, 1H), 5.13 (s, 2H), 6.29 (s, 2H).

tert-Butyl (25,4R)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-4-(3-hydroxy-2,6-dimethyl
phenyl)-1-pyrrolidinecarboxylate (71g)

Compound 71g was obtained as a colorless oil in 72% yield from 70g according to the same
procedure as described for the preparation of 20a from 19a. TLC R = 0.49 (CHCIl3/MeOH,
9/1); MS (APCI, pos. 20 V) m/z 414 (M+H)"; 'H NMR (300 MHz, DMSO-ds, 100 °C) & 1.38
(s, 9H), 2.00-2.20 (m, 5H), 2.18 (s, 3H), 2.26 (s, 3H), 2.50-2.60 (m, 1H), 3.60-3.67 (m, 4H),
3.82-3.90 (m, 1H), 4.57 (t, J = 8.2 Hz, 1H), 4.75-4.85 (m, 1H), 6.61 (d, J = 8.1 Hz, 1H), 6.77
(d, J=8.1 Hz, 1H), 8.55 (s, 1H).

tert-Butyl (2S5,4R)-4-[3-(benzyloxy)-2-methoxy-6-methylphenyl]-2-{[(25)-2-cyano-1-pyrr
olidinyl]carbonyl}-1-pyrrolidinecarboxylate (71h)

Compound 71h was obtained as a white powder in 63% yield from 70h according to the same
procedure as described for the preparation of 71¢ from 70c. TLC Ry = 0.39 (EtOAc/hexane,
1/2); 'H NMR (300 MHz, CDCl;) & 1.40-1.50 (m, 9H), 2.09-2.72 (m, 9H), 3.55-3.99 (m,
8H), 4.44-4.63 (m, 1H), 4.81-4.97 (m, 1H), 5.06 (s, 2H), 6.74-6.85 (m, 2H), 7.28=7.51 (m,
5H).
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tert-Butyl (2S5,4R)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-4-(3-hydroxy-2,4,6-trimeth
ylphenyl)-1-pyrrolidinecarboxylate (71i)

Compound 71i was obtained as a white powder in 36% yield from 70i according to the same
procedure as described for the preparation of 20a from 19a. TLC Ry = 0.69 (CHCIl3/MeOH,
9/1); MS (APCI, pos. 20 V) m/z 428 (M+H)"; 'H NMR (300 MHz, DMSO-ds, 100 °C) & 1.38
(s, 9H), 2.00-2.23 (m, 5H), 2.11 (s, 3H), 2.21 (s, 3H), 2.24 (s, 3H), 2.50-2.60 (m, 1H), 3.55—
3.65 (m, 4H), 3.70-3.90 (m, 1H), 4.56 (t, J = 8.3 Hz, 1H), 4.75-4.85 (m, 1H), 6.70 (s, 1H),
7.49 (s, 1H).

tert-Butyl (2S5,4R)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-4-(2-hydroxyphenyl)-1-pyr
rolidinecarboxylate (57d)

To a solution of 57a (294 mg, 0.62 mmol) in MeOH (6 mL) was added 10 % palladium on
carbon (29 mg). The reaction mixture was vigorously stirred at room temperature under an
atmospheric pressure of hydrogen for 5 h. The catalyst was removed by filtration and the
filtrate was evaporated. The resulting residue was purified by silica gel chromatography using
EtOAc/hexane (1/2) as an eluant to yield 57d (76 mg, 42%) as a white powder. TLC R¢y= 0.39
(EtOAc/hexane, 2/1); MS (APCL pos. 20 V) m/z 386 (M+H)"; 'H NMR (300 MHz,
DMSO-ds) 6 1.28-1.41 (m, 9H), 1.75-2.31 (m, 5H), 2.53-2.78 (m, 1H), 3.10-3.23 (m, 1H),
3.42-3.71 (m, 3H), 3.86 (dd, J = 9.9, 7.3 Hz, 1H), 4.40-4.54 (m, 1H), 4.76-4.88 (m, 1H),
6.67-6.86 (m, 2H), 6.97-7.18 (m, 2H), 9.53 (s, 1H).

According to the same procedure as described above, 71j was prepared from 71b.

tert-Butyl (25,4R)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-4-(4-hydroxy-2,6-dimethyl
phenyl)-1-pyrrolidinecarboxylate (71j)

Yield 56%. A white powder. TLC Ry= 0.60 (EtOAc); 'H NMR (300 MHz, CDCl;) & 1.40 and
1.45 (s, 9H), 2.07-2.51 (m, 12H), 3.51-3.87 (m, 5H), 4.41-4.60 (m, 1H), 4.80-4.92 (m, 1H),
6.50 (s, 2H).

tert-Butyl (25,4R)-2-{[(2S5)-2-cyano-1-pyrrolidinyljcarbonyl}-4-(3-hydroxy-2-methoxy-6-
methylphenyl)-1-pyrrolidinecarboxylate (71k)

To a solution of 71h (142 mg, 0.273 mmol) in EtOAc (3 mL) was added 20 % palladium
hydroxide on carbon (28 mg). The reaction mixture was vigorously stirred at room
temperature under an atmospheric pressure of hydrogen for 2.5 h. The catalyst was removed
by filtration and the filtrate was evaporated. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (2/1) as an eluant to yield 71k (100 mg, 85%) as a
white powder. TLC Ry = 0.28 (EtOAc/hexane, 2/1); '"H NMR (300 MHz, DMSO-ds, 100°C) &
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1.38 (s, 9H), 1.99-2.38 (m, SH), 2.24 (s, 3H), 2.40-2.58 (m, 1H), 3.46-3.70 (m, SH), 3.75 (s,
3H), 4.53 (t, J = 8.3 Hz, 1H), 4.75-4.86 (m, 1H), 6.65 (d, J= 8.1 Hz, 1H), 6.68 (d,J= 8.1 Hz,
1H), 8.64 (s, 1H).

(25)-1-{[(25,4R)-4-(2,6-Dimethylphenyl)-2-pyrrolidinyl|carbonyl}-2-pyrrolidinecarbonit
rile hydrochloride (58)

Compound 58 was obtained as a white powder in 76% yield from 71a according to the same
procedure as described for the preparation of 9 from 20b. TLC Ry = 0.43 (CHCl3;/MeOH, 9/1);
MS (APCI, pos. 20 V) m/z 298 (M+H)"; IR (KBr) 3434, 2974, 2885, 2242, 1656, 1544, 1363,
1340, 1154, 556 cm '; '"H NMR (300 MHz, DMSO-ds) & 1.94-2.08 (m, 2H), 2.08-2.27 (m,
4H), 2.33 (s, 6H), 2.68-2.85 (m, 1H), 3.43-3.71 (m, 4H), 3.88-4.20 (m, 1H), 4.68 (t, J = 8.6
Hz, 1H), 4.81-4.90 (m, 1H), 6.93-7.09 (m, 3H); HRMS (FAB) calcd for C;sH,4N30:
298.1919. Found: 298.1916.

(25)-1-{[(2S5,4R)-4-(2-Hydroxyphenyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonitril
e 4-methylbenzenesulfonate (43)

Compound 43 was obtained as an ivory powder in 42% yield from 57d according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.24 (CHCl3;/MeOH,
5/1); MS (APCI, pos. 20 V) m/z 286 (M+H)"; IR (KBr) 3588, 2243, 1656, 1455, 1170, 1124,
1034, 1009, 683, 567 cm'; "H NMR (300 MHz, DMSO-ds) & 1.88-2.08 (m, 3H), 2.09-2.26
(m, 2H), 2.28 (s, 3H), 2.74-2.89 (m, 1H), 3.20-3.37 (m, 1H), 3.48-3.81 (m, 4H), 4.54-4.69
(m, 1H), 4.85 (dd, J= 7.7, 4.6 Hz, 1H), 6.73-6.86 (m, 2H), 7.05-7.14 (m, 3H), 7.14-7.20 (m,
1H), 7.46 (d, J = 8.0 Hz, 2H), 8.82 (s, 1H), 9.47 (s, 1H), 9.76 (s, 1H); HRMS (FAB) calcd for
Ci6H20N30,: 286.1556. Found: 286.1555.

(25)-1-{[(2S5,4R)-4-(3-Hydroxyphenyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonitril
e 4-methylbenzenesulfonate (44)

Compound 44 was obtained as a white powder in 87% yield from 57b according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.20 (CH,Cl,/MeOH,
9/1); MS (MALDI, pos.) m/z 286 (M+H)"; IR (KBr) 3165, 2243, 1661, 1601, 1589, 1454,
1161, 1122, 1033, 1009, 682, 568 cm'; '"H NMR (300 MHz, DMSO-d;) 6 1.65-1.87 (m, 1H),
1.95-2.09 (m, 2H), 2.09-2.26 (m, 2H), 2.28 (s, 3H), 2.82-3.04 (m, 1H) 3.08-3.31 (m, 1H),
3.45-3.55 (m, 1H), 3.56-3.74 (m, 3H), 4.51-4.69 (m, 1H), 4.85 (dd, J = 7.7, 4.8 Hz, 1H),
6.61-6.81 (m, 3H), 7.06-7.19 (m, 3H), 7.46 (d, J = 8.0 Hz, 2H), 8.78-9.05 (m, 1H),
9.31-9.63 (m, 2H); HRMS (FAB) calcd for C;sH»0N30,: 286.1556. Found: 286.1554.

(25)-1-{[(25,4R)-4-(4-Hydroxyphenyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonitril
e 4-methylbenzenesulfonate (45)

Compound 45 was obtained as an ivory powder in 92% yield from 57¢ according to the same
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procedure as described for the preparation of 10 from 29a. TLC Ry = 0.25 (CHCl3;/MeOH,
2/1); MS (APCI, pos. 20 V) m/z 286 (M+H)"; IR (KBr) 3290, 2242, 1660, 1615, 1519, 1449,
1213, 1164, 1122, 1009, 684 cm'; '"H NMR (300 MHz, DMSO-dg) & 1.62-1.84 (m, 1H),
1.92-2.08 (m, 2H), 2.09-2.27 (m, 2H), 2.28 (s, 3H), 2.80-2.97 (m, 1H), 3.06-3.22 (m, 1H),
3.35-3.53 (m, 2H), 3.55-3.70 (m, 2H), 4.47-4.68 (m, 1H), 4.85 (dd, J = 7.8, 4.7 Hz, 1H),
6.72 (d, J= 8.0 Hz, 2H), 7.11 (dd, J = 8.2, 2.9 Hz, 4H), 7.47 (d, J = 8.0 Hz, 2H), 8.69-9.12 (m,
1H), 9.27-9.60 (m, 2H); HRMS (FAB) calcd for C;6H20N30,: 286.1556. Found: 286.1558.

(25)-1-{[(2S5,4R)-4-(4-Hydroxy-2,6-dimethylphenyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidi
necarbonitrile 4-methylbenzenesulfonate (59)

Compound 59 was obtained as an ivory powder in 100% yield from 71j according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.25 (CHCl3;/MeOH,
5/1); MS (APCI, pos. 20 V) m/z 314 (M+H)"; IR (KBr) 3169, 2243, 1662, 1611, 1593, 1453,
1150, 1122, 1033, 1009, 682, 568 cm™'; '"H NMR (300 MHz, DMSO-dq) § 1.95-2.22 (m, 5H),
2.23 (s, 6H), 2.28 (s, 3H), 2.61-2.80 (m, 1H), 3.34-3.66 (m, 4H), 3.75-3.97 (m, 1H),
4.54-4.74 (m, 1H), 4.86 (dd, J = 7.8, 4.7 Hz, 1H), 6.42 (s, 2H), 7.07-7.13 (m, 2H), 7.46 (d, J
= 8.0 Hz, 2H), 9.00 (s, 1H), 9.18 (s, 1H), 9.41 (s, 1H); HRMS (FAB) calcd for C;sH,4N30;:
314.1869. Found: 314.187.

(25)-1-{[(25,4R)-4-(4-Hydroxy-2-methoxy-6-methylphenyl)-2-pyrrolidinyl]carbonyl}-2-p

yrrolidinecarbonitrile hydrochloride (60)

Compound 60 was obtained as a white powder in 69% yield from 71¢ according to the same
procedure as described for the preparation of 9 from 20b. TLC Ry= 0.19 (CHCl3;/MeOH, 9/1);
MS (EI, pos.) m/z 329 (M+H)"; IR (KBr) 3129, 2939, 2237, 1644, 1618, 1609, 1586, 1455,
1381, 1371, 1155 cm'; 'H NMR (300 MHz, DMSO-ds) & 1.93-2.07 (m, 2H), 2.20 (s, 3H),
2.07-2.34 (m, 3H), 2.53-2.67 (m, 1H), 3.25-3.40 (m, 1H), 3.44-3.64 (m, 3H), 3.68 (s, 3H),
3.64-3.81 (m, 1H), 4.49-4.64 (m, 1H), 4.86 (dd, J=17.8, 4.8 Hz, 1H), 6.21 (d, J= 2.2 Hz, 1H),
6.27 (d, J = 2.2 Hz, 1H), 8.64 (s, 1H), 9.39 (s, 1H), 10.15 (s, 1H); Anal. Calcd for
Ci3H24N303: C, 59.09; H, 6.61; N, 11.49. Found: C, 58.79; H, 6.68; N, 11.03.

(25)-1-{[(25,4R)-4-(4-Hydroxy-2,6-dimethoxyphenyl)-2-pyrrolidinyl]carbonyl}-2-pyrroli

dinecarbonitrile 4-methylbenzenesulfonate (61)

Compound 61 was obtained as a beige powder in 100% yield from 71d according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.43 (CH,Cl,/MeOH,
5/1); MS (APCI, pos. 20 V) m/z 346 (M+H)"; IR (KBr) 3194, 2245, 1662, 1615, 1600, 1196,
1153, 1121, 1033, 1009, 682 cm'; "H NMR (300 MHz, DMSO-ds) & 1.91-2.06 (m, 2H),
2.07-2.33 (m, 3H), 2.28 (s, 3H), 2.45-2.62 (m, 1H), 3.19-3.81 (m, 4H), 3.69 (s, 6H),
3.86—4.08 (m, 1H), 4.49-4.72 (m, 1H), 4.85 (dd, J = 8.0, 4.7 Hz, 1H), 6.07 (s, 2H), 7.10 (d, J
= 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 8.67 (s, 1H), 9.33 (s, 1H), 9.56 (s, 1H); HRMS (FAB)
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calced for CigHp4N304: 346.1767. Found: 346.1768.

(25)-1-{[(2S,4R)-4-(2-Ethyl-4-hydroxy-6-methylphenyl)-2-pyrrolidinyl]carbonyl}-2-pyrr
olidinecarbonitrile 4-methylbenzenesulfonate (62)

Compound 62 was obtained as a pale pink powder in 85% yield from 71e according to the
same procedure as described for the preparation of 10 from 29a. TLC Ry = 0.25
(CHCI3/MeOH, 5/1); MS (APCI, neg. 20 V) m/z 326 (M—H); IR (KBr) 3377, 2967, 2245,
1661, 1611, 1454, 1146, 1123, 1033, 1009, 682 cm '; 'H NMR (300 MHz, DMSO-d) &
1.07-1.15 (m, 3H), 1.94-2.09 (m, 2H), 2.10-2.32 (m, 3H), 2.23 (s, 3H), 2.28 (s, 3H),
2.44-2.58 (m, 2H), 2.63-2.80 (m, 1H), 3.30-3.50 (m, 2H), 3.51-3.72 (m, 2H), 3.64 (s, 1H),
3.78-3.95 (m, 1H), 4.61-4.75 (m, 1H), 4.86 (dd, J = 7.6, 4.7 Hz, 1H), 6.40-6.47 (m, 2H),
7.10 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 9.05 (s, 1H), 9.42 (s, 1H); HRMS (FAB)
calced for Ci9HpsN3O»: 328.2025. Found: 328.2023.

(29)-1-{[(2S,4R)-4-(2,6-Diethoxy-4-hydroxyphenyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidi
necarbonitrile 4-methylbenzenesulfonate (63)

Compound 63 was obtained as a white powder in 93% yield from 71f according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.36 (CHCl3;/MeOH,
5/1); MS (APCI, pos. 20 V) m/z 374 (M+H)"; IR (KBr) 3186, 2978, 2243, 1662, 1599, 1461,
1159, 1121, 1033, 1009, 682 cm'; 'H NMR (300 MHz, DMSO-d¢) & 1.22-1.37 (m, 6H),
1.91-2.32 (m, 4H), 2.28 (s, 3H), 2.36-2.66 (m, 2H), 3.15-3.82 (m, 5H), 3.82-4.04 (m, 4H),
4.53-4.69 (m, 1H), 4.73-4.90 (m, 1H), 6.00—6.08 (m, 2H), 7.10 (d, J = 8.0 Hz, 2H), 7.46 (d, J
= 8.0 Hz, 2H), 8.67 (s, 1H), 9.35 (s, 1H), 9.48 (s, 1H); HRMS (FAB) calcd for C;0H2sN3O4:
374.208. Found: 374.2082.

(25)-1-{[(25,4R)-4-(3-Hydroxy-2,6-dimethylphenyl)-2-pyrrolidinyl|carbonyl}-2-pyrrolidi
necarbonitrile 4-methylbenzenesulfonate (64)

Compound 64 was obtained as a white powder in 92% yield from 71g according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.28 (CHCl3;/MeOH,
9/1); MS (APCI, pos. 20 V) m/z 314 (M+H)"; IR (KBr) 3148, 2244, 1662, 1452, 1281, 1156,
1122, 1033, 1009, 682, 567 cm™; 'H NMR (300 MHz, DMSO-dg) & 1.95-2.26 (m, 5H), 2.10
(s, 3H), 2.22 (s, 3H), 2.28 (s, 3H), 2.67-2.83 (m, 1H), 3.44-3.69 (m, 4H), 3.90—4.12 (m, 1H),
4.63-4.79 (m, 1H), 4.86 (dd, J = 7.8, 4.9 Hz, 1H), 6.63 (d, J = 8.0 Hz, 1H), 6.80 (d, J = 8.0
Hz, 1H), 7.10 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 9.07 (s, 2H), 9.20-9.70 (m, 1H);
HRMS (FAB) calcd for CisH24N30;: 314.1869. Found: 314.1868.

(25)-1-{[(25,4R)-4-(3-Hydroxy-2-methoxy-6-methylphenyl)-2-pyrrolidinyljcarbonyl}-2-p
yrrolidinecarbonitrile 4-methylbenzenesulfonate (65)

Compound 65 was obtained as a white powder in 97% yield from 71k according to the same
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procedure as described for the preparation of 10 from 29a. TLC Ry = 0.26
(CH,Cl,/MeOH/AcOH, 100/10/1); MS (APCI, pos. 20 V) m/z 330 (M+H)"; IR (KBr) 3396,
2961, 2776, 2244, 1661, 1452, 1174, 1123, 1034, 1009, 683 cm '; 'H NMR (300 MHz,
DMSO-dg) 6 1.92-2.35 (m, 4H), 2.20 (s, 3H), 2.28 (s, 3H), 2.43-2.59 (m, 1H), 2.64-2.84 (m,
1H), 3.38-3.75 (m, 5H), 3.77 (s, 3H), 4.56-4.73 (m, 1H), 4.80-5.14 (m, 1H), 6.64—6.75 (m,
2H), 7.10 (d, J = 8.4 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 8.75-8.92 (m, 1H), 9.18-9.55 (m, 2H);
HRMS (FAB) calcd for CisH24N303: 330.1818. Found: 330.1817.

(25)-1-{[(25,4R)-4-(3-Hydroxy-2,4,6-trimethylphenyl)-2-pyrrolidinyl] carbonyl}-2-pyrroli
dinecarbonitrile 4-methylbenzenesulfonate (66)

Compound 66 was obtained as a beige powder in 90% yield from 71i according to the same
procedure as described for the preparation of 10 from 29a. TLC Ry = 0.24 (CHCI3/MeOH,
9/1); MS (APCI, pos. 20 V) m/z 328 (M+H)"; IR (KBr) 3408, 2976, 2244, 1662, 1574, 1452,
1122, 1033, 1009, 683, 568 cm™'; 'H NMR (300 MHz, DMSO-ds) & 1.94-2.26 (m, 5H), 2.09
(s, 3H), 2.14 (s, 3H), 2.20 (s, 3H), 2.28 (s, 3H), 2.64-2.83 (m, 1H), 3.41-4.02 (m, 5H),
4.58-4.78 (m, 1H), 4.86 (dd, J= 7.6, 4.7 Hz, 1H), 6.73 (s, 1H), 7.10 (d, J = 8.4 Hz, 2H), 7.47
(d, J = 8.4 Hz, 2H), 8.94-9.15 (m, 1H), 9.33-9.65 (m, 1H); HRMS (FAB) calcd for
C19H26N30,: 328.2025. Found: 328.2021.

Chemical stability assay.

Test compounds were dissolved in pH 7.4 Tris buffer (100 mM) to produce a solution of 1
mg/mL. Samples were incubated at room temperature and analyzed by LC/MS, with the first
sample injected being designated as the time zero sample. Then the peak area of the
remaining samples was measured at the intervals of 0 h, 2 h, 6 h, 24 h. Reactions were
analyzed using a first-order kinetics model, in which a plot of log(peak area /peak area at time
zero) versus time was linear. The half-life was obtained by linear fitting to the plot using
Microsoft Excel 2000.

3-1 2-2. Biological methods

Pharmacokinetic (PK) studies in rats.

Male Sprague-Dawley rats (5-7 weeks old) were purchased from Charles River Laboratories,
and fasted for 24 h prior to dosing. Test compounds were prepared as solutions in 0.5%
methylcellulose (0.2 mg/mL) for oral administration (po). An oral dose of 1 mg/5 mL/kg was
administered to rats (n = 3 each).

Blood samples (250 puL) were collected from the jugular vein using a heparinized syringe at
multiple times from 0 to 24 h. The blood was chilled on ice and then centrifuged at 12,000
rpm for 3 min at 4 °C to obtain plasma. Plasma protein was precipitated by acetonitrile and

the supernatant was evaporated. Then the sample was reconstituted in the mobile phase and
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analyzed by LC/MS/MS.

Plasma analysis after glucuronidase treatment.

B-Glucuronidase / arylsulfatase was purchased from Roche Diagnostics Corporation. Then 0.5
mol/L acetate buffer (pH 5.0) : B-glucuronidase / arylsulfatase = 40 : 1 was added to the
evaporated supernatant prepared from a blood sample according to the procedure as described
above and incubated for 2 h at 37 °C. Incubation was terminated by the addition of
acetonitrile and the supernatant was evaporated. The sample was reconstituted in the mobile
phase and analyzed by LC/MS/MS.

Assessment of hepatic microsomal metabolism.

Rat liver microsomes were purchased from Xenotech Corporation. Reaction mixtures
contained 50 mmol/L sodium phosphate, 8§ mmol/L magnesium chloride, 25 pg/mL
alamethicin, 1 mg/mL microsomal protein, and 100 ng/mL test compound. Reactions were
initiated by the addition of 2 mM NADPH or UDPGA and were carried out for up to 60 min
in a water bath at 37 °C. Incubation was terminated by addition of acetonitrile and the
supernatant was evaporated. Then the sample was reconstituted in the mobile phase and
analyzed by LC/MS/MS.
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Scheme 4-1. Synthesis of 72. Reagents: (a) TsCl, pyridine, CH,Cl,; (b) NaCN, DMSO; (¢) TMSCI, EtOH; (d)
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SDT v MIT 2 FikiE{A17, 72-73% 1 mg/kgtt NG L= Dex vivoli# & ML ETEM: %
A L 7=,

4-3-2. fER LB

7 X BT, 72-73Din vitroFE R LETEEIZA F L ORSICEL LT, mVME
Zx L7z (table 4-1),

7 v M mg/kgtt 0¥ HREO A DPP-IVRLETEMEOFHGMEICB L Tk, A F L 8
DEIICLVENR OGN (tabled-1), T7bb, PAFALT I WK VERE
vy U URICEEMSS LI EEWT213 % 510K 12358V T H 50%1E W L E R 2 7R
L. FN Aoz, AT LUVHOE S Ko TRGIMEICZEN A S # R Ic >\ T
ITRIZBLET 5,

ZOREREZIT, VA= AENE R Y CURICEERSS LB E RO, o7
X RO ETY) 2 L& LT,

Table 4-1. 7 X R#FE (KO DPP-1VIHETE M

(@)

R
Me—N
w (0D
N
H CN

O

ex vivo DPP-1V inhibition (%) at 1 mg/kg po, normal rats

human
compound n DPP-1V
ICs, (nM) time after administraton (h)
0.25 0.5 1 2 4 6 8 10
72 0 1.8 90 97 97 94 86 76 65 52
17 1 4.5 91 95 95 88 63 50 41 16
73 2 2.4 77 85 85 73 74 58 50 21
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4-4. M7 2 FEOKRELERK

R, R, R, R,
R'1 0
R/zN 88 H H 94 (CHps-
NQ 89 H  Me 95 -(CHp)y
E (. %0 H Et 96 -(CH2)5-
© 91 H  nPr 97 (CHe
s 92 Me  Et % (CH)r
93 Et Et

Me\ O
B
Me/
0
H 9

99
Figure 4-3. 4.7 X REOEW L o7 ) FKOFRE

HR= AR E R Y D UBICEBER G LICEZ O, 40T I NS O kil
IbZ4To7c, 7 7 FEOMEE LT, BEWRT I £/ T7AFAT IV, DTV
FAT I BRIRT I VAL, 73V EORE SICHLTNSWbO0D—RKHE
TOREILTW Z LT, 2. B TFARIERICDRKEED —D>THLHTT
) HEEBRE LAY EZERTHZ L L LT,

7 X F1R88-981F 238 Y D SIETHEMK LT (Scheme 4-3), /AN HR80% LRFR T Y
TAER UL TEI RTRUDILT AT L1008 L, b 704 afFiisiEky & v
VO EHCTHAL, = U A10la~EEH LT, = kU A101aDKEE (L XT T
DFETRUVONVT ATV E B L. TR CER101b & 157-, B /LR FE101b%
BereT I A L. 7 2 F102a-d, 102j-k&f57-, F721%. DIVR U EE80IZK L.
KRz 72T v EMEE OGS EMAKIEZITV, 7 2 R102e-ix 1537, £72. 7 I F102a-k
DBockkZp- MV 2R R THRGE L, B9 CTh H1L51)88-98% 157,

VT HERE LTALAEWIID AL % Scheme 4-4(Z 8T FIETIT o 72, HIVR R
78L v'r ) U ZEDC, HOBtZ W CHdA L, 7 X FR103%4 1572, Fon/=7 I K
R103ZNAKGIE LT, VATFNALT I MG L, YATILT I R10d%5 1572, VA
FILT 2 R1040DBockkZp- bV AL VR THAA#E L. B TH H1LEW99%
7=,
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\ |
. b
NH /

/
Boc (0] S ) Boc 9) 5 NH, Boc (o) CN
80 100 d 101aR=Bn
10lbR=H
l a,b
R.l O Rl O
aore, /N /
R2 < & RZ
e — —
ol 20
/ H
Boc 0 CN o) CN
102a-k 88-98
R, R, R R,
a H H g -(CHy)3-
b H Me h -(CHy)4-
c H Et i -(CHy)s-
d H nPr i -(CHy)s-
e Me Et k -(CH,)4-

f Et Et

Scheme 4-3. Synthesis of 88-98. Reagents: (a) Ri{R,NH, EDC, HOBt, CH,Cl,; (b) TFAA, pyridine, THF,
CH,Cly; (c¢) BnBr, K,CO;, DMF; (d) H,, Pd(OH),, EtOAc; (e) CICO,Et, Et;N, THF; (f) R;R,NH, THF; (g)
p-TsOH, EtOH.

Me 0
CO,Et EtO,C \N
a O b, ¢ Me’
—_— —_—
N
/@ N N N@
Boc CO,H Boc/ (9] /
Boc 0
78 103 104
Me\ 0
/N
d Me
- ()
N N
H 9o
99

Scheme 4-4. Synthesis of 99. Reagents: (a) pyrrolidine, EDC, HOBt, CH,Cl,; (b) NaOH aq, MeOH; (c) Me,NH,
NMM, EDC, HOBt, CH,Cl,; (d) p-TsOH, EtOH.
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4-5. M7 I RIEODPP-IVIHETEM: O 5

4-5-1. Hik

B UTZAMLT X RIKR88-99D b MMEHRIEEFR T %t Din vitroF L EIEME 2 5 7 2
-3-1 LRBEDFIEIZ L VEMI Lz, £/, F % 2-4-1 LREOFIEIZLVSDT
v MZAAET I F1A88-987% 1 mg/kght M % 5- L 72 BR Dex vivoli# 52 B ETE M 2 7l L 72,

4-5-2. fER LB

M7 2 RIK88-98Din vitroff FE L EFIE LT 2/ RoM&EIZEDL LT, EVWVEEZ R
LTz —H. D FHNEBLRISDRREE D —>TH DT ) EaiE LA
in vitrol#% 34 PR ETE MRS KIE 2859 L 7=,

7 v Ml mg/kgtt 05RO M DPP-IVIREIE O FFGeEICBE L Tld, 7 2 &
BETENLONT, T7hbb, WEHOT I N88, £/ T /X /LT I N89-91/%,
BHEZIZEWIERZRTHOO, 101F#EEZ T A F LT I 72L& kT 5 LK
WAER AR L, FieetEnM Ko 72,

FROTTNAFALT I RIE, VAFAVT I R72, TF VAT LT I R92, VT
7 RBETAXNAEHNEL RDITOH, 6%, 10K % OAERMELS 720 |
FrottE MR < 72 o 72,

BIRT X RITDOWTIT4-8 5 8R94-98% Ll %5 & | 6 BER96N6IRF[HITL ., 10WFREI1% D
FREREN RO E <, RERBRIZRDITON, IFREZOERNME 720 . Ffetkn
K< 72 o7z,

VL EDRERIG | in viroBEFE L EEMEIZT 2 R E2Em< LThHEWEEZ R LT
M, TR EmmEm< T2 ERENMES b 2 b, ZoMEEEEL T
HZ IR0 TFNRILISICR T 2 ZEME @O HERMIIAFAIETHL EB XD
iz,

TR E LTE R ) DUBOSICERILAZEANT L L L L,

Me\ (6]
N
Me/ 4
H 0) CN

Figure 4-4. 4L 7 X RFFERO @b OFr 7 7 G i ¢t
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Table 4-2. 4.7 X R{KODPP-IVHEEME

R%O Me
<h I\E\EN

88-98

Me

/N%Qw@

(0]

H

929

ex vivo DPP-1V inhibition (%) at 1 mg/kg po, normal rats

human
compound R DPP-IV
ICs (nM) time after administraton (h)
0.25 0.5 1 2 4 6 8 10
88 NH, 7.7 91 96 96 91 73 47 40 20
89 NHMe 3.5 96 96 96 95 89 75 56 28
90 NHEt 4.4 96 95 95 91 80 60 38 19
91 NH"Pr 5.7 92 95 94 87 77 59 44 21
72 NMe, 1.8 90 97 97 94 86 76 65 52
92 NMeEt 4.9 93 95 94 89 80 71 53 34
93 NEt, 6.0 86 94 91 75 57 43 NT*  NT*
«—N
94 n=1 4.0 83 92 94 91 82 75 63 46
95 n=2 5.6 95 96 97 92 86 75 63 40
96 n=3 4.9 96 97 97 92 82 74 65 50
97 n=4 8.3 93 94 92 82 73 68 NT*  NT*
98 n=>5 11 92 93 86 77 55 63 NT*  NT*
99 670 NT* NT* NT* NT* NT* NT* NT* NT*

*NT : not tested
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4-6. SAL~OEHIEEA

R, R, R, R,
R
1'1\1 o 105 Me  Me 110 -CH,CH,OCH,CH,-
/
R2 106 Me Et 111 -CH,CH,SCH,CH,-
M —_—
e 5N@WNQ 107 -(CHy);- CH,-
H 5 on 108 ~(CH),- 112 C[
109 -(CH,)s- CH,-

105-112

Figure 4-5. 5{i. A F /LR

{EEWmT2OE R ) ¥ U BROSN ~cisfit & CERILZE AT L, @RI L 5K
EED O NEALUNCR T D EEENEGEL EEZOBND, TZ T, Er U Y
VERDSNACAFNIEZEATHZ L L Lz, 7 2 REIEEIR E 2138 R 2k 7 2
VEBATHIEE LT,

THIVETIZ2, 4, SMiZcisEliEE CEBE A RO R Y UUROAGKIEIIS E VAL
NTELT, FTLOWERIENKLETH 722 BoscoblIF#ES N7/ L& I UFEN3
DY€L T b L, Bk 252 LIk P Re e —LiF8fkid4ntEgons 2 &
EWELTWDY, 2ot N4z Mk FE LT IE 2L Dtert-7 R X VR =1
FEONIRESEIC L0 . KBEGIStert-7 F2 v VR = VI Erans TTHEIT L, BROE T
%2,4,5-cisiE HLA115a035F 541D &5 272 (Scheme 4-5), & Z TILE¥114%10%/37
VU NRBIFE T, KBS EITT28 2 A, B TH 525,48,55(K115a & 371K
FLERD2S,AR5SIK115b 73 3« 2 DT vz, ML OSARLFEHIE T X 720>
STEHBRAZLUTOLIICEBEL TS, T2DbL ALEMN4%E10% /3T 27 MRFAT
TEF. KFIIEEITD &, FTCozEDMRENHEITT D, Ak LIz I
BN6ITA I R EFEHICH D EBLXLND, A I RITAMEONAREFITEIL T4S
RK117a & 4 RIKIITbD2FED BAMEARNFAE L, = I K116 L UV4 SIR117a0° 5
IZE I D28,48,55115a73 £ L, 4 RIE117b D> 51328 4R SSIR1ISb AR L T2 & %
ZHND, —F., 10%37 VT LRFEOPD Y IZERILEA4A V) 2HWS L. BIOY
D2S4S 5SA115a28 L VB L CTAERT 2 Z EB¥bhrodz, Z OB OFEMII AT
H DM, CozDPiREDRNIKBLDHEITT 2 KISRE D FIET 500, A I ke >
F I UKD KB DEHEDRNNNT DT A A TR LEDHANEZ b5,
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a,b c \ ¥
—> Me —_— Mer(j\ Me™
HN™ ~CO,tBu N* 7COyBu N~ C0,tBu N~ C0,tBu
Cbz Cbz H
113 114 115a (desired) 115b
10% Pd/C 47% 28%
PtO, 89% trace
MeO,C MeO:G, MeO,C
— +
Me N Me/< Me—\
CO,tBu N~ C0,tBu N~ C0,tBu
H
116 117a 117b

Scheme 4-5 Reagents: (a) AcCl, LIHMDS, THF; (b) AcOH; (c¢) H,, 10% Pd/C or PtO,, AcOH

ZOLHIZLTELNILEWI15a% VY, Scheme 4-612 773 5L TSAL A F /LK %
AR LT AbA N BsaDert-7 F T AT )V R 7 LA o lElE A VTR L,
T ) A Boch TIRE L, EHONT- IR UVEENSEL-T Y 7 2 REZEDC L
HOB t Z W THEA L7 2 FAN9ax157-, 7 X RA119adD A F )V A7 V& KEiE
BV F U L2 HNTIKRGRE L, VR VBN E ST, 7 X REN9ad Ko fED
BRI —ERApr s B LTeTod, — AU z—FT v E LTIR#EL., 73 RaEBIK
L. =hUAI0E L, YIUBFNIT I a~ NTT77 0 —ICL0ERL, 4L
PEARZSBE L T2 = B Y L1200 DL —T )L 2 KR LR T 0 D OIFAE TR,
KRB L0 WARGE L W VAR CRI21 157, O NI VAR U121 L k% 727
> %EDC & HOBtZ HWCHEA L7 2 RK122a-h % 157-, 7 X R{K122a-h®Bock % p-
MV 2R A O TRGE L, SO A F/LR105-112% p- bV 2 AV 7R g
e LT,
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e ab \ c
el e I
N N™ *CO,H /
CO,tBu / 2 Boc
H Boc 0 0O NH,
115a 118 119a
HOZC BHOZC
sz}r ¢ Me
Boc Boc
119b 119¢
R
RO,C 1 o
\
M —
Boc CN
0 Boc
120 R =Bn 122a-h 105-112
e L~ 121R=H
Rl R2 1{l R2
a Me Me f -CH2CH20CH2CH2-
b Me Et g -CH,CH,SCH,CH,-
¢ -(CHys- CH,-
h
@ Chyy C[
e -(CHy)s- CHy-

Scheme 4-6 Synthesis of 105-112. Reagents: (a) TFA aq; (b) Boc,O, NaHCO; aq, THF; (¢) L-ProNH,, EDC,
HOBY, Et;N, CH,Cl,; (d) LiOH aq, MeOH; (e) BnBr, K,COs;, DMF; (f) TFAA, pyridine, THF; (g) H,, Pd(OH),,

EtOAc; (h) RyR,NH, EDC, HOBt, NMM, CH,Cl; (i) p-TsOH, EtOH.
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4-7. SLA T IWARODPP-IVIHEIEM:, 77 FINEALRISIT 3T 5 22 E MO

4-7-1. HiE

B LTESAL A FUAR105-11200 b MMERFERIC3E T Din vitroBE R L ETG M2 5 =
2-3-1 LFEREDOTFIBICE VI LZ, /-, F 8 2-4-1 L RO ITIEICEVSD
7 v MZMLT 2 FK105-112% 1 mg/kgté O $E5 L72BEDex vivoli# 3 BHETE M & REAM
L7z,

B LTS A FAR105-1120 3 F-INERAL BSOS IR D ZEM 2. 2-5-1 & [AER
DIFIEIT X0 34l L 7=,

4-7-2. fER LB

SO A FIUARI05Din vitroBe SR L ETE M I IS B E AT & e L, D070 B
58 R B Tz, k9 B 8, S A F LR IEslow binding & W 9 BLEREZ A L TEY |
BERE T LA o Fa—2 g LIERICEEREAEEEZE T 5 & SO EEA L [F
EDin vitrofEF L EIEEE RT Z Lo T,

7 v M mg/kgt 13 5-FF O i FDPP-IVH EE O Fefe 2B L CTik, SALIiZ A F v
BEENTDHZETEHELWH ENA S (table 4-3), SALMEEHL{AT7273 8 51085
BIZBNT2% DO EREZRTOIXT L, SALA F/VE105Trdf 5108 % 12350 T
84% DIHERZ IR LIz, SMLATFIVERKTT I Ny &2 28 L7 E%106-112135
80% DILEFZ /R L, SNATF/VER TIE—HRICRRERFEL D 2 EnbhoTz,

— 7. SPLIZAFNVELZEANT 52 & T, 0 FHERIERISITRT 2 ZEMHITIB N T
b, HLWEN A O (table 4-4), T7205, SALHEEEHLRT2AS U128 R [H] 2
R ULTZDIZxE Ly SOLA T /UR105 TIF24RFRIZ I3V T H92%5% 7 L TR0 | 1R
FI2000F TR S T D2 EMZ R Lic, THIL7ZEY | SO X FOVENNAREFEIZ X
D TFNERIEROSZIHI LI ZE 2 bhvd,

SAEA FIUARI05I LR et D = < L 0 FNEBRALEUS IS T 2 L e b mv M e T o
ST, MLEHEL, SAEHEE, STMET, PIE R SR SN TV D, EHICHE
BB 2T WRET T 5 2 & & LT,

| PLESY DR FIREMERR R

Figure 4-6. S{\. A F /AR D it Ak 0O FT EMEAR S
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Table 4-3. 57 A F /L{KODPP-IVBHETL

~
Me™
H 0 CN

(0]

ex vivo DPP-1V inhibition (%) at 1 mg/kg po, normal rats

human
compound R DPP-IV
ICs, (nM) time after administraton (h)
025 0.5 1 2 4 6 8 10 12 24
72 1.8 9 97 97 94 8 76 65 52 NT NT
105 NMe, 10 95 96 97 95 94 92 89 84 81 43
106 NMeEt 15 97 97 97 93 93 92 90 79 74 -5
107 *E*N 13 95 97 97 96 95 95 93 8 NT NT
108 737 @ 6.5 9% 97 96 95 93 94 92 88 82 13
109 *E*N N 13 98 98 97 95 94 91 8 81 NT NT
110 —Ef 0] 20 94 96 96 95 95 94 91 8 NT NT
_/
! \
111 --N S 6.2 9% 97 97 95 94 92 94 89 85 30
__/
112 - C@ 5.6 98 98 97 92 90 8 81 77 71 13
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Table 4-4. S5 A F /AR D 5y 1 WNERALG IR 5 ZEM:
Me\ (@)
S
Me/

Sl

9) CN

solution
stability

(pH 7.4)
t1 (h)

compound R

72 H 28

92%?*

105 Me (24 h)

*remaining percentage
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4-8. 5L A FIVEL05D &0/ E M DA R

Me Me

\ \ O Me (@)
o N—Me }w\g N—/
i Me / M -
- e
NS AL MO0
N H H
H o CN (0] CN 0) CN
123 124 126

5 (L EHIE DL H D AT RENVERR Y

(0] Me
N: MC\N (0)
Me Me/ A(
N H
H (e CN
12

o) CN
7 125
4 (7 EHIE DLW D FTREMERRET A7, SALDOSLEAV DO KET
Me\ (¢
N 128: R=H 132 : R=allyl
Me R 129 : R=Me 133 : R = cyclopropyl
134 : R = propargyl
- N 130 : R=Et :
3 W 131: R="P
H :R="Pr
O CN

P1ER 4 DZEHA D R REMEM T

Figure 4-7. S{\f. A F /LR

S A FIARL0573 Fe il 72 1515 T o 2 DR 3 5 72 O Ik & 123-134 2 G 5 2
e LTz, Thbb, O THBRAERISICHT A2 LZENIZETS L O DO @EILs S
DIZEBEmWDSDIZTELDETT A7, = F VEEICERB L1232 86T 562 L &
Lice £70 400 SOEDOSLIRL N Bl T D Z & R 572 SR M (K124-126
AT AL E LT, £lo. MLOBEBIEEZ L AREDRTTT 5720, A F L
EHIELERIZAKR T L E Lz, £, AESAEES TN S 2 04
HT7o128-134% Gk HZ L & LTz,

SO F ARI23ITSAL A FLR105 & [FIEED I TEBL L 72 (Scheme 4-7),

AL, SPLDNIARFMEAR D A % % Scheme 4-8, 4-9, 4-10, 2k L72, 4R, 5518124131k
BWN05% ARk L T2 BRITHS B AV SR EMER115b 2 F W AEE 105 & [RIER D 51512 T
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A% L7- (Scheme 4-8), 4S, 5RIK125, 35 L UMR, 5RIK126D4 Ff X Pedregal & D J71E4C
e, a7 g I R F 24D T VX IAKIC L VS B 5 149a, 149b% AV TET
572 (Scheme 4-9, 4-10), T7ebbH, BRI NE I VBT N24%E Y F 7 L~FH R
FNAPTTVRIZEV VT ) T—FE L, RXUUALTF AT N7 RTT
VxR IUL L, 4RIK149a, 4SIK149b % 157=, SAL~D A F /L FDE AT Collado® J7 #5712
HEONWTTo T, 77205 4RK149a, Z KFL N =2 TF AR TUFEI F UL TEILL,
FEVESRME T A X ) — v BER L, 5-A B UR150% 572, 5- A F T {K150% A F 1
TV = — Vi IRIC L D AFVIHEEEAN L, SRATF ARSI 272, ZORGHFIZ—
W Boc N ARTE X5 T2 D FF U Bock CLRiE L 7=, SRA T /URISIONR Vv —F
Na10%/37 V0 NRFBIAE T, MAKRFESE LT Va3 —182% 157, 7L =a—/1152
L L LR UERIS3 L L2158, U AF LT R EEDCEHOBtZ W CHEE L, ¥
AFNT 2 R154%157-, P AF AT I R154% KSR L VR BI85 %45 7=, H
VAR UPE155 & (25)-2-2 7/ B U ¥ #EDC EHOBtZ W CHisA L. 7 2 FIK156
AT, 7 2 FIK156DBockk & p- bV A LR R A W TR L. 4S8, SRIK125
Zp- MV AVIR B L U TR, 4R, SRIR126 DA AIEAS, SRIF125 & ARk D J7 1k
IZTITo T2,

ANEHERRIR1271350L A FAR105D & pH A 119b % VN TYT 5 72 (Scheme 4-11),
{EEH1II9b %, 7 e XHBoF L E2HWTUHEEREAY & Lz, U7V AX LK
G, TV N 164E T, TV b 164% REFBRPIZL D AF L ATV
165~ B LTz, ATF NN AT N165% KDL VAR U B166% 57-, VR
166 - 2 AF LT I %, EDCEHWTHEG LTk, MU 7 A nfFigiEky & v
VoW TlAKL, =8 16851572, =~V L168DBockkap- LT AL
TR CTHRGE L. MIFEERR1272p- BV v ZVR VR LTS,

PLER DO LI A0SO A iEZ R L TI{T>7- (Scheme 4-12), T 725, Boc
ECRESNTEITINE I VR ATNL9%, VT T LANFHAFLITTY Re A
WIUF L)) T —Fe L, BAFERIZL VY27 BF (b L, BRMESRAT. BRIb
L. Ve RebEe— 170247, ¥t Rt e —L1700OX V)V A7 )V & NKE
IR X0 AR L. VIR BRI B4, VAR VHiR166 & Y A F LT R & EDC
EHWTHES L, AT VT I RINEEZ, AT VT I 1720 —EiEE =LA
BT LV IKRFEIE L, 28, 48, 5SIK173a% 15372, 173al2132S, 4R, SRIK173b DS £ TV
2% (173a:173b = #J 8:1), 173a L 173bDIREM Z MK R LT-1% . B I K 0 i
IRTIIVIR CTE1TAZ G T VAR CER1TAD IR % B T 5 T2 D IZBockk & Cbz ik T
B2 T-%, B E L, N-ATFAT )T 2 REME L, 72 NK176% 15
2o 7 X NK176 DCbzRE ZBoc kT IT A 7212, MU 7 A ufigEky vl &
YERWTHAL, = bV L178b% 1572, E£7=. Carpino® D ENTHEV I LR R
174% 7 oAb T XK VT vk e L, #RABN-T VX ALT I )78 =1
L EREA L=V L178a, 178¢c-g % 1572, Z D 1L TITRHEIL DT T B 2 1T M B2 ) -
72o = K U L178a-gDBoctk & p- h /L ALK U CHR#E L. N-T VX LT R )T
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¥ b=~ U LK128-134% p- F L A JLIR U ERE L LT,

_Cbz Me0,C MeO,C
HN a,b c
: > Et — Et
MGOZC /\/\COztBu b N COZtBu E COztBu
V4
113 135 136
MeOZC
MeO2C
d e f g
, - . Et -,
Et' N N
N~ “CO,H /
B
Bod °c 0 /ONH,
137 138
RO,C RO,C
\ 1 1 K
Et - Et= —
%NE N N
/
B
0oC (0] o NH, Boc 0 CN
141 : R=Bn
139:R=H j T

h [ s 140:R=Bn 142:R=H

Me\ \<O M

Me 1 M¢

e 0
N
/
Et
N Et
H 0 CN

143 123
Scheme 4-7. Synthesis of 123. Reagents: (a) EtCOCI, LIHMDS, THF; (b) TFA, CH,Cl,; (¢) H,, PtO,, AcOH; (d)

TFA aq; (e) Boc,O, NaHCO; aq, THF; (f) L-ProNH,, EDC, HOBt, Et;N, CH,Cly; (g) LiOH aq, MeOH; (h) BnBr,
K,CO;, DMF; (i) TFAA, pyridine, THF; (j) H,, Pd(OH),, EtOAc, THF; (k) Me,NH, EDC, HOBt, Et;N, CH,Cl,;
(1) p-TsOH, EtOH.
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a, b M602% c
115b Me*(Nj\ — Me—(jw
CO,H
/ 2 Boc
Boc H,
144 145
Me fe)
d e M€’ K f
. Me' M ,
> e
Boc I/\I :
NH
2 Boc o) . NH,
146 147
Me 0
Me 0
N~ N/
Me p / z

0 CN
148 124

Scheme 4-8. Synthesis of 124. Reagents: (a) TFA aq; (b) Boc,0, NaHCO; aq, THF; (¢) L-ProNH,, EDC, HOBt,
Et;N, CH,Cly; (d) NaOH aq, MeOH; (e) Me,NH, EDC, HOBt, Et;N, CH,Cly; (f) TFAA, pyridine, THF; (g) 4N
HCI/EtOAc.

105



OBn

: (
o={_\_ o
N0,k oﬂ
! N

Boc / CO,Et / CO,Et
Boc Boc
24 149a
OBn
b, c d, e g
149a MeO 7 Men T
N Nco,Et CO,Et
Boc Boc
150 151 : R=Bn
f E. 152:R=H
Me\
0 OH D{Ie N—Me
O~__N.
A " e 0=
- J
) TCOE N 7 o CN
Boc Bocd CO,R Boc
153 ; 154 : R=Et 156
155: R=0H
Me
N—Me
(0]
k
Me'"" N
H 0 CN
125

Scheme 4-9. Synthesis of 125. Reagents: (a) LiHMDS, BnOCH,Cl, HMPA, THF; (b) LiBEtH, THF; (c)
p-TsOH, MeOH; (d) MeMgBr, CuBr-Me,S, BF;-OEt,, Et,O; (¢) Boc,O, NaHCO; aq, THF; (f) Hy, 10% Pd/C,
EtOH; (g) Jones reagent, Acetone; (h) Me,NH, EDC, HOBt, Et;N, CH,Cl,; (i) NaOH aq, MeOH; (j)

(285)-2-cyanopyrrolidine, EDC, HOB, Et;N, CH,Cl,; (k) p-TsOH, EtOH.
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OBn .
a, b E ¢, d E f
149b MeO— Meﬂ
N"Nco,Et N Nco,Et
Boc Boc
157 R 158 : R=Bn
159 : R=H
Me Me
O N. -M
0-/O1 Ve ot e
z g MC/IMQ 1 - Q
Me— —_ ; N
Me"
}\I COZEt Boc/N COZR ) % CN
Boc Boc o
160 161 : R=Et 163
h[ 162 : R=OH
Me\
N—Me
=4
j - Q
Me''" N
H o) CN
126

Scheme 4-10. Synthesis of 126. Reagents: (a) LiBEt;H, THF; (b) p-TsOH, MeOH; (c) MeMgBr, CuBr-Me;S,
BF;-OEt,, Et,0; (d) Boc,0O, NaHCO; aq, THF; (e) H,, 10% Pd/C, EtOH; (f) Jones reagent, Acetone; (g) Me,NH,
EDC, HOBt, Et;N, CH,Cly; (h) NaOH aq, MeOH; (i) (2S)-2-cyanopyrrolidine, EDC, HOBt, Et;N, CH,Cl,; (j)

p-TsOH, EtOH.
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Me a,b Me = c Me
N N —_— N N R }I N
/ Boc
Boc 5 Boc o (0]
0~ "NH, 0~ NH, O~ NH,
119b 164

165 : R=Me
d [; 166 : R=H

O
Me O Me
N N
Me Me
¢ Me f —>g
Me
N N N N
Boc /
O Boc o) CN
0~ NH,
167 168
0 Me
N
Me
Me
N N
H (@) CN

127

Scheme 4-11. Synthesis of 127 Reagents: (a) CICO,Et, Et;N, THF; (b) CH,N,, Et,0, THF; (c) BzOAg, Et;N,
MeOH; (d) NaOH aq, MeOH; (e) Me,NH, EDC, HOBt, Et;N, CH,Cl,; (f) TFAA, pyridine, THF; (g) p-TsOH,
EtOH.
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_Boc RO,C N
HN a,b d Me/
? Me B — Me
BnOZC/\/\COZMe N* TCo,Me N~ YCO,Me
Boc Boé
169 c 170 : R=Bn 172
171: R=H
Me (0] Me O
e N— N
Me/ Me/ - f
¢ N CO,Me ¢ N CO,Me
BOé Boé
173a 173b
M O Me
Me\N @) e\N /N O
/ . .
Mé gh Me _ i.j M;[ Me !
———= Me e N
CO,H
Me N COzH N D I/\]
, Cbz Cbz 0O
Boc 07 “NH,
174 175 176
n, o
Me\ (0] Me (e} Me 0

¥ e ® x
e N Me' Me—
N NN NN
/ | H

Boc o) CN 0 CN

177 178a: R=H 178e : R = allyl 128-134
178b: R=Me 178f: R=cyclopropyl
178¢ : R = Et 178g : R = propargyl

178d : R ="Pr
Scheme 4-12. Synthesis of 128-134. Reagents: (a) Ac,0, LIHMDS, THF; (b) TFA, CH,Cl,; (¢) H,, 10% Pd/C,
MeOH; (d) Me,NH, EDC, HOBt, NMM, CH,Cl,; (e) H,, PtO,, AcOH; (f) NaOH aq, THF; (g) 4N
HCl/1,4-dioxane, CH,Cl,; (h) CbzCl, NaHCO; aq, THF; (i) (COCI),, DMF, CH,Cl,; (j) MeNHCH,CONH,, Et;N,
CH,Cl,; (k) Hy, Pd/C, THF; (1) Boc,O, THF; (m) TFAA, pyridine, CH,Cl, ; (n) Cyanuric fluoride, pyridine,
CH,Cl,; (0) RNHCH,CN, pyridine, CICH,CH,Cl; (p) p-TsOH, EtOH.
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4-9. S5(LA T NAK105D JE301bE Y DODPP-IVELENE M O R

4-9-1. Jik

ARk L7250 A FUIR105D [E0/0E%123-134D & M FERIEESR 26 Din vitroli#35
PLEEME 29 3 2-3-1 LRBOHIEICI VMM L7Z, £/, & F2-4-1 LA
FEOFEIZ L VSDT v MALE123-134%0.3 mg/kghk 035 L 7B Dex vivol# 1
ETEME 2 R L 72,

4-9-2. fERLEE

{LEWI0SDSALEHIE 2 A T VHN S = F VI AE B L 7212313 A T /L1K105 & [F]
S Din vitrofF R L EEN 2 R LTz, L LR B, 7 v bex vivolEZ L EIEMEIZ A T
JUARI0S & bR L5 < | SAEOEHLIED = L EOBE BT ZH72 5 L B2 oz

(table 4-5) .

{EEW105D 3FEDSIAREMERIT, W HILAEW05 & LB L in vitrof% R R ETE
PEANIEES L. i@ O EEE B ETEME DO R BUTIE2S, 48, 5SE W ) SR LR EETHH 2 &
MNhHhro 7~ (table 4-5),

MIDTAF VT I ) VKR NVIED AT L % —oIE L7 FERRIR12713 5\ in
vitrofF B EEM 2 R LTz, LU G, T v bex vivol#EZ L EIEEIZ(LEW105
CEEE L5 . FiEORFIIIMIIC DV R =V ENEEE S LI EENEE TH
HZ ENbhyo7- (table 4-5),

REREZEOTHRTER LIZPIEHON-T VX LTE b= KU /KD H L, NHIK
D128(Lin vitrolk & L ETE S KIFIZHES Lz, A FAR129, =F/L{K130, 7 Vv
K132, > 7 a7 v R133, Fa L UR1341%, (LAW105 & EIEFEE Din vitro
EFLETEMEZ R Uiz, L LR S, 71 EOUK131Lin vitrofe 35 [HETEMED KiE
WIS L7, BRI TH L0, Z OMFEEE MBI X Magnin © O LTV 5 N-
TAFNTE = U UEOEEEEAEBE & —%9 257, 7 v Fex vivofER L ETEMEIX
TNAFNIEICL > TENRA LN, Thbb, =T /UR1301X9REI % I28 VT 1 59%
DILERZ R LIZOIZX L, AT K129, 7V IViR132, v 7 7o e ik133, 7
2L LR34 TIE14% 0 533% DOAER T, FifetEad RS Rholz, &k bEFR
DEWNZ T RIZNZBN TS, {LAEMI05ITIT IR T . {LAEI05SD Rt I IZP1ED
DIEEHLHEETCHDLHEE X HND (table 4-6)

UL EDORFHZ L0 ALEW105I3F et o0 PNBRALBOGR TR 2 % 7 14 0D i 1 70>
b b SNTAbEmThH D & ftim L7 (Figure 4-8)
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Table 4-5. 57 & 4K O DPP-IV L =TG4

RWQ

o) CN

ex vivo DPP-1V inhibition (%) at 1 mg/kg po, normal rats

human
compound R DPP-1V
ICs (nM) time after administraton (h)
0.25 0.5 1 3 6
Me\ 0
/N\<
Me¢
x—@\ ,
N j,
H
105 X =Me 10 95 97 97 96 95
123 X =Et 16 71 84 84 75 58
Me
\ O
N~
124 Me ) 1100 NT* NT* NT* NT* NT*
w1
N~ >
H
Me\ o
/N\<
Me
125 70 NT* NT* NT* NT* NT*
Me!' @ P
N~ 5w
H
Me
\ O
N/
126 Mé ; 110 NT* NT* NT* NT* NT*
Me'' (1
N ‘J'r'
H
0 Me
N
127 Me ¢ 83 87 83 NT* 40
Me=
N S
H

*NT : not tested.
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Table 4-6. N-7 /L ¥ /L7 & ~ = ~ U KO DPP-IVIHETEM:

Me\ fe)
/N
Me [‘{
Me
N Nﬁ
H 65 o~

ex vivo DPP-1V inhibition (%) at 0.3 mg/kg po, normal rats

human
compound R DPP-1V
ICs, (nM) time after administraton (h)
0.25 0.5 1 3 6 9
105 10 90 96 96 94 89 84
128 H 13000 NT* NT* NT* NT* NT* NT*
129 Me 25 64 77 80 67 55 33
130 Et 24 79 85 90 82 71 59
131 "Pr 600 NT* NT* NT* NT* NT* NT*
132 allyl 41 49 58 57 35 19 14
133 cyclopropyl 56 39 53 59 46 29 22
134 propargyl 60 54 64 62 31 18 17
*NT : not tested.
Me\ (0]

Figure 4-8. 7 X NahER D feii (b kiE
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4-10. 72 FFEARODPP-IVEGIEZ 6T 5 3R ME O 214

4-10-1. HiE
i%%ﬁ@ﬁ%* %@Ltmwvmprm%%wfmiﬁé%ﬂﬁbt”o%
FIHENEMEIX, B EEE CH HH-Gly-Pro-AMCPODPP-VIII, DPP-IXIZ & % /)i 4 BH5E

FIN Enre TTfI]ﬁ%'J“g"é 7% . 7-amino-4-methyl coumarin (AMC) @EEJZJEE{%(EUET
HZ LRV RDTe,  FHIITIEEOILEWIREIZIB O TITV, 50% 0+ 2 IRE %
ICsofii & L TROT=,

4-10-2. R LB

P2ERy DAMED T X RE N AT NNT X ) IIVR=VEETH HiLEW105, £l
V=V ANVR = VIR TH HALAEW108, PIERYISIN-=F LT h= M U AEETH D
{EE&¥13000DPP-VIIL, DPP-IXDHETEM:Z7i L7 (table 4-7), DPP-VIII, DPP-IX
DOBIRAIPLEFINA XITB DT EEROEEZ T 2 ERRES N TR Y | 4t
D7 S AR~ X HEENE L SN TV 5, (LA 105/ZDPP-VIIL, DPP-IXIZ% L.
1300f%, 250f% &+ ICTBEN RO TWD, M7 2 RERD A ISAREIIC & E < L Bk
PeDE < 725 72Ab-E¥1081ZDPP-VIIL, DPP-IXIZ%F L. 750f%. 110% & FeffEiy/h& <
AN RSN, £, PIERYMNN-=F LT+ b= b U LiEETH 21LE 130
IZDPP-VIIL, DPP-IX!IZ%f L. 41001 LA E. 130045 & TeBfE2S K& < 2 A\ N L S 7,
DPP-VIIIX°DPP-IXD & > /3 7 3R GUAEIE TR TZH S 2 STV W As, PIE 0 %
T DS N O, P2E ) A58k D S2AR T v N OREIE OEW A RIS D
R d 52 HERI OISO Db T BN L ABIREOZ(IE, SIFR, > b, S2
Ry NOEDEWZE Y 763N TWNDH EEX LD,
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Table 4-7. 7 3 RFH#E(KODPP-IVEZELZ 5T 41BN

human human human
compound structure DPP-IV  DPP-VIII DPP-IX
ICsy (M) 1ICsy (nM) ICs (nM)

Me\ 0
/N
Me
105 10 13000 2500
Me"< N
H o CN
( N\ O
108 < 6.5 4900 740
Me™ N
N
H o CN
Me\ 0
/N
Me
130 < K 24 >100000 32000
Me™ N
e N ﬁ
H
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4-11. 72 FFEEROROEAMRER COAM

4-11-1. Kk

SO HEE HIAT235 K OSAL A T /UAR1050 KBRS 5TEAl 2 1E% 7 ~ b (Sprague-Dawley
rats, SD7 > k) ZHAV, BOMEAMREBRICEL Y 2i7o7, SDT v b & 208 LA i
B L%, {LEWT2E7213105%1 me/kg AL Lo, {bEMELGD305%IZT L
a—R (1gkg) ZROKE LT, EHORTRMZFAMT 5720, RHIOFEALR D6IRF
M. 12Bp%ICHRRICZ ra—2 (1 gkg) ZRO#KG L-, FEAMTHE., R
ICEML L, g o L o — R PEE A RIE LT,

4-11-2. fEREER

L& 5-3055 1 DI OREARTIZHR LT, {LEWT2E LML EW10513 3% Gk
BRIk LA BRI 7 v a— AR EH 286 L7z (Figure 4-9), ex vivoldR L ETE
PEDO R BN TRIGEMED F 0y T AL A W1051X6RE £ O FEA M I3t L TH A RIS
M 7y o — AR R ZE L, 128 % ORI 3 LT h sl m 2R Lz,
— 7. ex vivol#Z L ETEM ORI B W T A 105 & Lhik L ERsIEN B> 726 &
720k, 6FFREtL. 128FRIE OREAMTIIHR L ik 7L o — AR E EJ 28 L7
mole, LEDOFRERI D ALEW1051T, K57 T—H —EERGIC X 2 bEEo =
FNH 2 EBLATRERR . FRtE A AT ok Th L EE R bILD,

230

—O— Vehicle (0.5% MC) *p<0.05 vs vehicle by Student t test.
—A— 72 (Img/kg, p.o.) Mean+S.E.(n=7)
105 (1mg/kg, p.o.)

210 |
190 |

170 |

ZZW\
L

Plasma glucose (mg/dL)

110

Time (h)

Figure 4-9. 7 X RiFE(RT2L 1050 7 » ME DB A ATk

115



4-12. 73 RFHEAKRDODPP-IVIHETE M ORI AFH) 22 254k
(@) Me\
N

0 Me
N
Me -y Me” Me
\
Me — N
N M
N N N N
H g CN H o CN H o CN
17 72 105

Figure 4-10. 7 X R#FEK17, 72, 105

Figure 4-1112, 7 2 FaBiik17, 72, 1051225\ T, K x AL BRI Cin vitrol 3
PRV 2 E L7 BR Ok 2 /R LTz, XBlEA o 2 _X— 3 UIFEL YIS
T %5 H-Gly-Pro-AMCODPP-IVIT K 2 73 I PE 5 dORE D2 b2 R LT\ D, 7 2
REEEIRT2, 105123V TiE, RRRFRYIZHOETRE OB DM & 3/ & < 72 DT D3 2
St RREFICLEEEN IR 2 280N R S5z, FRTLEMI05DOBRICEEE Th
>, —Ji. U— FEAEWDILEYITIZBNTIEZD L ) BRBSRN A LN o Tz,
Z DX 5 PR EREXIEslow binding inhibition & FEIEIL 5, 18 & ORESE L ETE MO RIE
X B ERE ARG L TRE, ZICRFELMA 5 Z LI KISZBIE L T
% M3, slow binding inhibitionZ /R 3L AT W TIFHEEMEMES MBS bvd A]
RN D, T2 T ALEMEBELZDH LN LD —TERRIEAL (LA v Fa—
vay), EHEMASZ LKV IREEEREICED RN NETHZ & L L,

4-12-1. FHiE

b b & SCEREEE O RIS TR L 72DPP-IV & 7 2 RaBiE(K17.72.105%37°C
IZT10%5. 3045, 604y, 1200y 7L A v FaxX— g Lictk, HETH D
H-Gly-Pro-AMC% Il 2, BEHFFLEISMEZRE LT, FHHIZTEH O EMIREIZB N T
1TV, 50% P03 DIREZICsfE & L TR 7=,

4-12-2. fERLEER

TA X aX— g VIR L2ICsoiE D 2L & Figure 4-12127Rr L7z, {b&
YT, ALEWT2IT N TIRICsEIC R & 72 BB B O > 723, ALAE105I2B 0
T, 300 EDT LA v Fa = a3 BV TRINEDTEED ERB R 57,
FIUEE 4 -7 -2 28V TEE Din vitroli# 5 L ETE O RIEIZ BV TIE, /A 105131k
BN LW L OTNRBEORENR AN TNV, LA rFaX—r a3 Tk
V. W LEWIXRFEE OFEEILEIEEZ R 2 E R aho Tz,

LEDOBFHZ LY, M7 I RES OREE, 8L OSSO A T VO H TR &
DFEGHEAN LD 2 EN o TE T,
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350 | 7 o .
300 | o e | o
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Figure 4-11. 7 X RaFE(R17, 72, 105Din vitrold 3 FHETE M
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12

1Cs0 (nM)

0
0 30 60 90 120

Pre-incubation time (min)

Figure 4-12. 7 X R#FEKR17, 72, 105DOFEBIKTER 72in vitrol# FEBLETR T D 2L
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4-13. 7 X FeFEK L DPP-IVOE A MR OfREER I D R

7 2 FiBEKR17, 72, 105%2SD7 v M1 mg/kg #% 05 L 72 B oo i i b EEHER
% Figure 4-131278 L7, ALEW1T, 72, 1051Fex vivolETE D FHGMEICITAMEIZ ZE0N 7 5
NHICHEEL T NREERROIMAEFTREHS 2R3 2 Lo 72, Lo T, exvivo
TEMEDFFEIED 2T, MEFRE TR TE RN EB X b,

HUEA-1 2 TRLZEY  ALAEWIT, 72, 105DO[IZ1X, DPP-IV & OfESHIC
EWRSHDZ ENboTz, ZNBLEY EDPP-IVOBEAIROLEN, T 70bbltdk
N DR EROMBEREEICEZRZH D EEZBIL, B2 &L L,

1000

——17
2 100 | T2
) —&—105
=
=
S
5
£ 10 |
54
=
o
Q
<
£
8 1t
o
0
0 2 4 6 8 10 12

time after administration (h)

Figure 4-13. 7 3 RiBER17, 72, 1050 A 54 O Mg PR EHER (1 mg/ke)

4-13-1. FHiE

b b X 0 SCERERE O H RIS TR L 72DPP-IV & 7 2 R EA17, 72, 105%
I FIE5ERICDPP-IVIETE A2 Hi 3 2R, B XD 1/1000RE T37CIZ T 7 L
A FaX—varliz, 0%, HETHHH-Gly-Pro-AMCZ NNz, BEHEMLEENE
ZHIE LTz, £72. 1RIE 582 CDPP-IVIENM: 2 14~ 2 B E T37°CIT T 7 LA v 5%
aX— g v Ltk WEBEK TIOOICAIR L, BERFLEIEMEZ 1200 MHE Lz,
IFITEAICDPP-IVIEE 2 M4 212 E & L, {L&W17, 1051X1 nM., {LEMT2130.3
nM & BE LT,

fESE & ORI O OFLES OMEENE T IUX, 1006512 T 25 & [FIRFIZ, 10015
AR Y T 2R EE A R T B2 oD, — ., BREOBEEENLD
BRI OfRBEA LT AL, 100512 L Th . HRa 1005 A RIEE /Y 4 D EEE
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PHETEMEIC 2> T &E&F 2 b s,

4-13-2. fEFREEE

{EA™17, 72, 105 L DPP-IVOE AR 5 OFLEHR O fREEHE 2 et Lo R %
E@m4m15m_rbtoxﬁ FESE N, E T EEE RN X 5 100657 1% O f
W (4y) . Y#hZI3EE T 2 H-Gly-Pro-AMC DO DPP-IVIZ K 2 43 i f£F 5 8 3R E
WM%TLTwé %ﬁ@@%ﬂ¢é%ik PHETEMENBRNZ & 2R LT D, i
AR A 15 IR CTRAEIEEL L, i (ARFU/min) % K®7- (Table 4-8), = OfHX
DE/NZ VT E, HEFEEMENRNZ & 2R LTV D,
{EEVNTIIAIRERICKE R E 2R L, BEEMICEIEN R O - 72 (Table
4-8 . Figure 4-14),

ILEWT21%, FREBIT/NESREE 2R L T2, 160 UIBBICIE R E il X 2R
L. RRIFHICEIN A 572 72572 (Table 4-8 | Fgme419

{EEW1051E, AREZ IO TNS R E 2R L, 750% F TICRA ICK & 724

T L TWo 7z (Table 4-8 | Figure 4-16),

L EDOFERD G BHEH] & DPP-IVOREAR D> & 0 B H O iR i 1 3 b 517, 72,
105DNETIHEWNE WS FERTHoT-, T ORBEREEDOEMN . ex vivolE OO 2=
IZENTWDL EEZBNLD,

Table 4-8. 7 3 REFHE(KDODPP-IV DE A KD B O FR i

time (min) ARFU/min

17 72 105

0-15 24 1.0 0.1
16- 30 2.4 2.0 0.5
31-45 23 2.1 0.6
46-60 22 2.2 0.8
61-75 23 22 0.9
76-90 22 2.2 1.0
91-105 2.0 2.1 1.0
106-120 2.2 2.1 1.0
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Figure 4-14. 7 X RFFER1TODPP-IV)> B O fi ok
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=
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Figure 4-15. 7 X RFFERT2ODPP-IV)> B O fi ik ok
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105 «;>

120
o1
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Figure 4-16. 7 X R#HE(K105DDPP-IV)» & O fif s i
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4-1 4. DPP-IVD =R eHEEIZEES < BE

LB 1050 Bk & O fE i &S fRAT 247 - 7= (Figure 4-17), ZOFEH, P2DRHE -
WHEEB EHIVR VNS T HAIT0.8E, PIDEE - REME & LR =L
D7 THAIISSE Th Tz, B —E TR0, 7I 2 WA= VI v
7 7 FEIIDPP-IV & FHER O EEHOFR CHR O EELRMEEHATH D,

Figure 4-17. 7 X FREEAR105D XM A & AT

—JF. P2ALICE e U P U AR T HEAINTICOW T, Peibl kv @t &snt,

AR DOXHRE & A7 T /3 Protein Data Bank [Z84% ST\ % (2GST, Figure 4-18,
19), BHEANTIOP2OT 2 /KX 25D 7 V% 2 U (Glu205, Glu206) OIS L
REIIEL IAR=AVEITAF =125 (Argl25) BLOT 285 X710
(Asn710) &, PlOE T U P UBRITBUKMET 2 VSR 5S8R v S EFAMER L
TWb, 7 /7 HiFtE U 630 (Ser630) &S LA I X — MEEpL, Ak LA
I H— R ESer630D EEHDONHE L ONF 11 3547 (Tyr547) OAIEEKEREL & KFEHES
LTCWb, Fr 547 (Tyr547) OMISHKEEILII2 DD K %2 LT 17 666
(Tyr666) & /KFE G LTV D,

KEEERIZBT DAEROP2OKRFE - EBHRMEH & VR VN 72T i A1X1.6
JE. PIOZEFR - IRFEFEE E I NVAR = VIR 2T HAIT03E TH -T2, (LEWI0SD
Bt oS L . DPP-IV E OB ST TOEMITIDOREE & 2 i+ 5 & | DPP-IV
EOFBEAERIZBWCIEFICEE R EREEN, JEFICL “EHATRHEEINTWD Z
NG T, & 2T, ALEMI0SD S OREiE S Z O{L-E 179 & DPP-IVOE SR
Ayt a—4%— ETEHERGDE, LEW105 L DPP-IVOMAEEM % THl L7- (Figure
4-20, 4-21),

ZORER, PO U P UBOMID Y AF VT 2 VR = VIO EFZ O E
(#93.5A) 12ksr 1 (Figure 421 OFRIN) BFET H T Enahote, TOKIE,
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DPP-1V & AL EM179 & DEAIAT TDTyr547 & Tyr666 DK % I L= /K FERE A IS L
TW5, ZOKIE, BIO T V—T0R#E LT DHDPP-IV & BLER OB A AR g 12
BWTHEROSNATNDY, ZOKRGTFEPUIO D AFILT I VR =)V EDKEHE
HIEEEW105 & DPP-IVOE RO L E /GG (AW L OEEEEOES) 127
INOEDPDEEEZ LTS EHEESND,

TyrS4713 5 — 3 Tk 7228, FENDPP-IVIZ X 0 Ul SN 2\ IS W CEHEE /%
BRI LTWBET I/ BTHLY, bbb, Tyrsdnid, HEOT I MEAICE Y
> (Ser630) M REEKEE U7ZBICART 2 IEME AT MK E, 7= 7 — UPEKERI &
Ser630D T D EHLE TAF T T =AU R—LEERTDHZ LIk > TLENHL T
Lo VT AT HHEALEDPPIVOESIKIZEBWTIL, AT HAIFX— L&
Tyr5470 7 = ) — KBTI AKFRESZ LT D, L7eh > T, EAIDDPP-IV)
DREEET ABRICIT, T IR ENE | KBR/EEDNUNDILER D D,

FIUE 4-1 3 THRR7ALEWT2, 105D AR O OFEREREE DB WE R, 47
DI AFNT I IV = VIR K 1% L TCTyr54T0 7 =/ — VPR K BRI &K
FEETHZLITLY ., Tyr547OMIHOESE) 2 IR L, DPP-IV & O AR Z L EL L
TWAHTEDEHESIND, ATFLUEHEOESERATLEYITIZEB W T, Tyrs47L
DIKBHEE DEG NN T2, DPP-IVH S OfEHEEEE N H W EHEE S5,

FEP2M O R U D UBROSN O A FIVELIIFEZOBEICH ) O ICEHBEIND
(Figure 4-23), SNLOD A FVKEIIEERZ OBEIZ > THRE L TWAH 72, P2io e r Y
VUVBROEEIZHIRL TS EEZLBND, TDT=D, ALEWI05DDPP-IV)> B OfiF
BEEFS I L AT L i LIERITELS o T D EHEE S LD,
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179
AR I AT (2G5T)

Glu206 ﬁ/ Ser630

Glu205 Argl25 Asn710
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4-16. EROH
4-16-1. Chemistry

General directions

Analytical samples were homogeneous as confirmed by TLC and afforded spectroscopic
results consistent with the assigned structures. Proton nuclear magnetic resonance

spectra ('"H NMR) were taken on a Varian Mercury 300 spectrometer using deuterated
chloroform (CDCls) or deuterated dimethylsulfoxide (DMSO-dg) as the solvent. The chemical
shift values are reported in parts per million (8) and coupling constants (J) in hertz (Hz). Fast
atom bombardment mass spectra (FAB-MS, HRMS) and electron ionization (EI) were
obtained on a JEOL JMS-700 spectrometer. Atmospheric pressure chemical ionization (APCI)
was determined on a HITACHI M-1200H spectrometer. Matrix-assisted laser desorption
ionization (MALDI) mass spectra were obtained on a PerSeptive Biosystems VoyagerTM
Elite spectrometer. Infrared spectra (IR) were measured in a JASCO FT/IR-430 spectrometer.
Column chromatography was carried out on silica gel [Merck silica gel 60 (0.063-0.200 mm),
Wako gel C200 or Fuji Silysia FL60D]. Thin-layer chromatography was performed on silica
gel (Merck TLC or HPTLC plates, silica gel 60 F254). The following abbreviations for
solvents and reagents are wused; tetrahydrofuran (THF), diethyl ether (Et,0),
dimethylsulfoxide (DMSO), ethyl acetate (EtOAc), dimethylformamide (DMF),
dichloromethane (CH,Cl,), chloroform (CHCIl;), methanol (MeOH), ethanol (EtOH), acetic
acid (AcOH), hydrochloric acid (HCI).

Benzyl (2S,4R)-(1- tert-butoxycarbonyl)-4-[(4-methylbenzenesulfonyl)oxy|-2-pyrrolidin
ecarboxylate (75)

To a stirred solution of 74 (64.2 g, 200 mmol) in CHCI; (200 mL) were added pyridine (50
mL, 646 mmol) and p-toluenesulfonyl chrolide (76.3 g, 400 mmol) at room temperature. After
being stirred for 88 h, the reaction mixture was quenched with 1M HCI and extracted with
CHCI;, The organic layer was successively washed with 1 M HCI, water, brine, dried over
Na;SO4, and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (1/4) as an eluant. The resulting crystalline solid was
washed with 'Pr,O to yield 75 (77.7 g, 82%) as a white powder. TLC Ry = 0.63
(hexane/EtOAc, 1/1); MS (MALDI, pos. 20V) m/z 498 (M+Na)"; '"H NMR (300 MHz,
CDCls) 6 1.35 and 1.42 (s, 9H), 2.10-2.20 (m, 1H), 2.37-2.60 (m, 1H), 2.46 (s, 3H), 3.54—
3.68 (m, 2H), 4.37-4.50 (m, 1H), 4.97-5.28 (m, 3H), 7.28-7.42 (m, 7H), 7.78 (d, J = 7.5 Hz,
2H).

Benzyl (25,4S5)-1-(tert-butoxycarbonyl)-4-cyano-2-pyrrolidinecarboxylate (76)
To a stirred solution of 75 (77 g, 162 mmol) in DMSO (200 mL) was added NaCN (12 g, 244
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mmol) at room temperature. After being stirred for 4 h at 80 °C, the reaction mixture was
cooled to room temperature and diluted with ‘BuOMe. The organic layer was successively
washed with water, brine, dried over MgSQO,, and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography using EtOAc/hexane (1/4) as an eluant to yield 76
(31.5 g, 58%) as a colorless oil. TLC Ry = 0.32 (EtOAc/hexane, 1/2); "H NMR (300 MHz,
CDCl3) 6 1.33 and 1.47 (s, 9H), 2.21-2.37 (m, 1H), 2.60-2.77 (m, 1H), 3.03-3.17 (m, 1H),
3.60-3.73 (m, 1H), 3.84-4.03 (m, 1H), 4.30-4.50 (m, 1H), 5.05-5.37 (m, 2H), 7.30-7.42 (m,
5H).

2-Benzyl 4-ethyl (25,45)-1-(tert-butoxycarbonyl)-2,4-pyrrolidinediicarboxylate (77)

Trimethylsilyl chloride (150 mL, 1.18 mol) was added dropwise to EtOH (200 mL) at 0 °C.
To the reaction mixture was added a solution of 76 (20.9 g, 63 mmol) in CH,Cl, (120 mL).
The reaction mixture was stirred at room temperature for 20 h. The reaction mixture was
cooled to 0 °C, and quenched with H,O. The aqueous layer was neutralized with aqueous
NaHCO;, and extracted with CH,Cl, (1000 mL). To the organic layer was added
di-tert-butyl-dicarbonate (13.7 g, 63 mmol) at room temperature. After being stirred for 1 h,
the reaction mixture was concentrated in vacuo. The resulting residue was purified by silica
gel chromatography using EtOAc/hexane (1/6) as an eluant to yield a mixture of 77 and the
corresponding diethylester (20.0 g), which was used for the next reaction without further

purification.

(25.,45)-1-(tert-Butoxycarbonyl)-4-(ethoxycarbonyl)-2-pyrrolidinecarboxylic acid (78)

To a solution of 77 and corresponding diethyl ester (20.0 g) in MeOH (150 mL) was added
10 % palladium on carbon (6.0 g). The reaction mixture was vigorously stirred at room
temperature under an atmospheric pressure of hydrogen for 1 h. The catalyst was removed by
filtration and the filtrate was concentrated in vacuo. The resulting residue was diluted with
EtOAc/hexane (1/1) and extracted with aqueous NaHCO;. The aqueous layer was acidified
with 2M HCI and extracted with EtOAc. The organic layer was dried with Na,SO,4 and
concentrated in vacuo. The resulting crystalline solid was washed with ‘Pr,O to yield 78 (9.25
g, 51%) as a white powder. TLC R; = 0.40 (CHCl3/MeOH, 9/1); '"H NMR (300 MHz, CDCls)
0 1.27 (t,J=7.5 Hz, 3H), 1.44 and 1.50 (s, 9H), 2.30-2.67 (m, 2H), 3.00-3.12 (m, 1H), 3.60—
3.92 (m, 2H), 4.14 (q, J = 7.5 Hz, 2H), 4.22—4.42 (m, 1H).

Ethyl (35,55)-5-{[(25)-2-(aminocarbonyl)-1-pyrrolidinyl]carbonyl}-1-(tert-butoxycarbon
yD-3-pyrrolidinecarboxylate (79)

To a stirred solution of 78 (4.31 g, 15 mmol) in CH,Cl, (30 mL) were added L-prolincamide
(257 g 22 mmol), I-hydroxybenzotriazole (2.30 g, 15 mmol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (3.45 g, 18 mmol) at 0 °C.

After being stirred for 4 h at room temperature, the reaction mixture was poured into water
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and extracted with CH,Cl,. The organic layer was washed with 5% KHSO4, aqueous NaHCO:3,
brine, dried over MgSQy4, and evaporated to give 79 as a colorless oil. TLC Ry = 0.42
(CH,Cl/MeOH, 9/1); "H NMR (300 MHz, CDCl3) & 1.22-1.30 (m, 3H), 1.40 and 1.47 (s,
9H), 1.70-2.60 (m, 6H), 3.00-3.18 (m, 1H), 3.48-3.94 (m, 4H), 4.10-4.20 (m, 2H), 4.22-4.70
(m, 2H), 5.35 and 5.59 (brs, 1H), 7.01 and 7.94 (brs, 1H).

(35,595)-5-{[(2S5)-2-(Aminocarbonyl)-1-pyrrolidinyl]carbonyl}-1-(zert-butoxycarbonyl)-3-
pyrrolidinecarboxylic acid (80)

To a stirred solution of 79 (5.75 g, 15 mmol) in MeOH (40 mL) was added 1 M NaOH (20
mL) at 0 °C. After being stirred for 2 h at room temperature, the reaction mixture was
quenched with 1 M HCI (20 mL). The organic solvent was removed in vacuo. The resulting
crystalline solid was collected by filtration, washed with H20O, and dried in vacuo to yield 80
(4.20 g, 78%) as a white powder. TLC Ry = 0.20 (CHCl3/MeOH, 9/1); '"H NMR (300 MHz,
CDCls) 6 1.37 and 1.46 (s, 9H), 1.83-2.08 (m, 3H), 2.25-2.45 (m, 2H), 2.57-2.64 (m, 1H),
3.10-3.23 (m, 1H), 3.54-3.63 (m, 2H), 3.73-3.84 (m, 1H), 4.00-4.20 (m, 1H), 4.43—4.66 (m,
2H), 7.15 and 7.22 (s, 1H), 7.75 and 7.81 (s, 1H).

tert-Butyl (25,45)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[(dimethylamino)carbon
yl]-1-pyrrolidinecarboxylate (81)

To a stirred solution of 80 (300 mg, 0.85 mmol) in CH,Cl, (2 mL) were added dimethylamine
hydrochloride (104 mg, 1.27 mmol), triethylamine (0.36 mL, 2.5 mmol),
1-hydroxybenzotriazole (114 mg, 0.85 mmol) and
1-(3-dimetylaminopropyl)-3-ethylcarbodiimide hydrochloride (243 mg, 1.27 mmol) at 0 °C.
After being stirred for 20 h at room temperature, the reaction mixture was poured into water
and extracted with CH,Cl,. The organic layer was successively washed with 10% aqueous
citric acid, aqueous NaHCOs3, brine, dried over MgSQ,, and concentrated in vacuo. The
resulting residue was used for the next reaction without further purification. To a solution of
the residue in THF (3 mL) and CH,Cl, (4 mL) were added pyridine (0.23 mL, 2.85 mmol)
and trifluoroacetic anhydride (0.12 mL, 0.86 mmol) at 0 °C. After being stirred for 15 min, the
reaction mixture was quenched with water and extracted with CH,Cl, The organic layer was
successively washed with 1M HCI, brine, dried over MgSQO,, and concentrated in vacuo. The
resulting crystalline solid was washed with ‘BuOMe and collected by filtration and dried
under reduced pressure to yield 81 (214 mg, 69%). TLC R; = 0.44 (CH,Cl,/MeOH/AcOH,
10/1/1); "H NMR (300 MHz, DMSO-ds) & 1.21-1.45 (m, 9H), 1.61-2.57 (m, 6H), 2.82 (s,
3H), 3.02 (s, 3H), 3.16-3.76 (m, 5SH), 4.28-4.47 (m, 1H), 4.75-4.85 (m, 1H), 4.92-5.05 (m,
1H).

(35,595)-5-{[(2S5)-2-Cyano-1-pyrrolidinyl]carbonyl}-/N,N-dimethyl-3-pyrrolidinecarboxa

mide 4-methylbenzenesulfonate (72)
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Compound 72 was obtained as a white powder in 92% yield from 81 according to the same
procedures as described for the preparation of 10 from 29a. TLC Ry = 0.13 (CH,Cl,/MeOH,
5/1); MS (MALDI, Pos.) m/z 265 (M+H)"; IR (KBr) 2243, 1647, 1452, 1219, 1171, 1123,
1034, 1010, 683, 568 cm™'; "H NMR (300 MHz, DMSO-dg) & 2.02-2.17 (m, 6H), 2.36 (s, 3H),
2.64-2.77 (m, 1H), 2.89 (s, 3H), 2.93 (s, 3H), 3.33-3.45 (m, 1H), 3.45-3.67 (m, 2H), 3.68—
3.79 (m, 1H), 4.79-4.86 (m, 1H), 5.02 (s, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.75 (d, J = 8.0 Hz,
2H), 8.28 (s, 1H), 9.59 (s, 1H); HRMS (FAB) calcd for C;3H;N4O;: 265.1665. Found:
265.1668.

Methyl (25)-1-(tert-Butoxycarbonyl)-4-(3-hydroxy-1-propyn-1-yl)-2,5-dihydro-1H-pyrro
le-2-carboxylate (82)

To a mixture of 51 (750 mg, 2.0 mmol), diisopropylamine (1.6 mL, mmol), copper(I) iodide
(57 mg, 0.6 mol), bis(triphenylphosphine)palladium(II) dichloride (70 mg, 0.20 mol) in
THF (5 mL) was added 2-propyn-1-ol (0.12 mL, 4.0 mmol). The reaction mixture was stirred
for 30 min under argon atmosphere. The reaction mixture was quenched with aqueous NH4Cl
and extracted with EtOAc. The organic layer was successively washed with water, brine,
dried over MgSO,, and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (1/3) as an eluent to yield 82 (579 mg, 100%). TLC R¢
= 0.40 (EtOAc/hexane, 1/1); '"H NMR (300 MHz, CDCl3) & 1.38-1.51 (m, 9H), 1.61-1.76 (m,
1H), 3.72-3.77 (m, 3H), 4.17-4.36 (m, 2H), 4.41 (dd, J = 6.3, 2.8 Hz, 2H), 4.98-5.13 (m, 1H),
5.84-6.05 (m, 1H).

Methyl (25,45)-1-(tert-Butoxycarbonyl)-4-(3-hydroxypropyl)-2-pyrrolidinecarboxylate
(83)

To a solution of 82 (809 mg, 2.88 mmol) in MeOH (30 mL) was added 10 % palladium on
carbon (162 mg). The reaction mixture was vigorously stirred at room temperature under an
atmospheric pressure of hydrogen for 3 h. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (1/1) as an eluant to yield 83 (455 mg, 55%). TLC R¢=
0.50 (EtOAc/hexane, 1/2); '"H NMR (300 MHz, CDCl3) & 1.37-1.49 (m, 9H), 1.50-1.67 (m,
6H), 2.06-2.27 (m, 1H), 2.32-2.50 (m, 1H), 3.02 (t, J = 10.1 Hz, 1H), 3.53-3.86 (m, 6H),
4.13-4.33 (m, 1H).

3-[(35,5S5)-1-(tert-Butoxycarbonyl)-5-(methoxycarbonyl)-3-pyrrolidinyl]propanoic acid
84)

To a solution of 83 (497 mg, 1.73 mmol) in CH3CN (9 mL) were added
2,2,6,6-tetramethylpiperidine 1-oxyl (19 mg, 0.12 mmol) and sodium phosphate buffer (pH
6.86, 6.5 mL). To the reaction mixture were added NaClO;, (313 mg, 3.4 mmol) and 12%
NaClO (0.3 mL) at 35 °C. The reaction mixture was vigorously stirred at 35 °C for 3 h, diluted
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with ‘BuOMe and extracted with aqueous NaHCO;. The aqueous layer was acidified with 1M
HCI and extracted with EtOAc. The organic layer was washed with brine, dried over MgSOs,,
and evaporated to yield 84(451 mg, 85%). TLC R;= 0.43 (EtOAc/hexane, 3/1); "H NMR (300
MHz, DMSO-dg) & 1.29 and 1.36 (s, 9H), 1.40-1.60 (m, 3H), 1.99-2.27 (m, 3H), 2.28-2.43
(m, 1H), 2.80-2.87 (m, 1H), 3.50-3.60 (m, 1H), 3.60 and 3.63 (s, 3H), 4.07-4.26 (m, 1H),
12.10 (s, 1H).

Methyl (25,45)-1-(tert-Butoxycarbonyl)-4-|3-(dimethylamino)-3-oxopropyl]-2-pyrrolidin
ecarboxylate (85)

Compound 85 was obtained as a colorless oil in 75% yield from 84 according to the same
procedures as described for the preparation of 37 from 36. TLC Ry = 0.63 (CHCl3;/MeOH,
9/1); '"H NMR (300 MHz, CDCl;) & 1.37-1.50 (m, 9H), 1.52-1.94 (m, 3H), 2.11-2.51 (m,
4H), 2.94 (s, 3H), 2.97-3.08 (m, 4H), 3.71-3.75 (m, 3H), 3.79 (dd, J=10.2, 7.1 Hz, 1H), 4.14
—4.31 (m, 1H).

(28,4S5)-1-(tert-Butoxycarbonyl)-4-[3-(dimethylamino)-3-oxopropyl]-2-pyrrolidinecarbox
ylic acid (86)
Compound 86 was obtained from 85 according to the same procedures as described for the

preparation of 34 from 33, which was used for the next reaction without further purification.

tert-Butyl (2S,4R)-2-{[(2S5)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[3-(dimethylamino)-3-ox
opropyl]-1-pyrrolidinecarboxylate (87)

To a stirred solution of 86 (285 mg, 0.91 mmol) in CH,Cl, (2 mL) were added L-prolineamide
(156 mg, 1.37 mmol), I-hydroxybenzotriazole (209 mg, 1.37 mmol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (262 mg, 1.37 mmol) at 0 °C.
After being stirred for 4 h at room temperature, the reaction mixture was poured into water
and extracted with CH,Cl,. The organic layer was washed with 10% aqueous citric acid,
aqueous NaHCO:s, brine, dried over MgSQO,, and evaporated. To a solution of the residue in
THF (5 mL) were added pyridine (0.37 mL, 4.5 mmol) and trifluoroacetic anhydride (0.19
mL, 1.5 mmol) at 0 °C. After being stirred for 1 h at room temperature, the reaction mixture
was quenched with water and extracted with CH,Cl,, The organic layer was successively
washed with 10% aqueous citric acid, aqueous NaHCOs3, brine, dried over MgSO4, and
concentrated in vacuo. The resulting residue was purified by silica gel chromatography using
EtOAc/MeOH (40/1) as an eluant to yield 87 (214 mg, 60%) as a white powder. TLC Ry =
0.44 (CHCl3/MeOH, 9/1); '"H NMR (300 MHz, DMSO-ds 100 °C) § 1.34 (s, 9H), 1.37-1.43
(m, 1H), 1.54-1.71 (m, 2H), 2.00-2.23 (m, 5SH), 2.29 (t, J = 7.1 Hz, 2H), 2.39-2.46 (m, 1H),
2.70-2.93 (m, 7H), 3.46-3.73 (m, 3H), 4.36 (t, /= 8.1 Hz, 1H), 4.62-4.91 (m, 1H).

3-((35,59)-5-{[(25)-2-Cyano-1-pyrrolidinyl]carbonyl}-3-pyrrolidinyl)-/V,N-dimethylprop
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anamide 4-methylbenzenesulfonate (73)

Compound 73 was obtained as a white powder in 88% yield from 87 according to the same
procedures as described for the preparation of 10 from 29a. TLC Ry = 0.28
(CHCl3/MeOH/AcOH, 3/1/1); MS (APCI, pos. 20 V) m/z 293 (M+H)"; IR (KBr) 2924, 1658,
1650, 1643, 1634, 1454, 1186, 1122, 1034, 1010, 683 cm™'; '"H NMR (300 MHz, DMSO-d¢) &
1.20-1.44 (m, 1H), 1.46-1.76 (m, 2H), 1.94-2.09 (m, 2H), 2.08-2.44 (m, 5H), 2.27 (s, 3H),
2.562.75 (m, 1H), 2.79 (s, 3H), 2.80—2.91 (m, 1H), 2.93 (s, 3H), 3.26-3.43 (m, 1H), 3.55 (t,
J = 6.6 Hz, 2H), 4.32-4.55 (m, 1H), 4.82 (dd, J = 7.9, 4.6 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H),
7.45 (d, J = 8.0 Hz, 2H), 8.69 (s, 1H), 9.28 (s, 1H); HRMS (FAB) calcd for C;sH,sN4O:
293.1978. Found: 293.1975..

Benzyl (35,55)-5-{[(25)-2-(aminocarbonyl)-1-pyrrolidinyl]carbonyl}-1-(zert-butoxycarbo
nyl)- 3-pyrrolidinecarboxylate (100)

To a stirred solution of 80 (4.16 g, 11.7 mmol) in DMF (12 mL) were added K,CO; (1.78 g,
12.9 mmol) and benzylbromide (1.4 mL, 12 mmol) at room temperature. After being stirred
for 2 h, the reaction mixture was poured into water and extracted with EtOAc. The organic
layer was successively washed with water and brine, dried over MgSO,, and evaporated to
yield 100 (4.97 g, 96%). TLC R; = 0.48 (CHCl:/MeOH, 9/1); 'H NMR (300 MHz, CDCls) &
1.39 and 1.45 (s, 9H), 1.75-2.63 (m, 4H), 3.05-3.25 (m, 1H), 3.40-4.77 (m, 7H), 5.03-5.29
(m, 3H), 6.98 (s, 1H), 7.29-7.50 (m, 5H), 7.91 and 8.02 (s, 1H).

Benzyl (35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-1-(zert-butoxycarbonyl)-3-pyr
rolidinecarboxylate (101a)

To a stirred solution of 100 (4.97 g, 11.2 mmol) in THF (75 mL) were added pyridine (4.5 mL,
56 mmol) and trifluoroacetic anhydride (2.4 mL, 17 mmol) at 0 °C. After being stirred for 1 h
at room temperature, the reaction mixture was quenched with water and extracted with
hexane/EtOAc (1/1), The organic layer was successively washed with 0.5 M HCI, aqueous
NaHCOs, brine, dried over MgSQO,, and evaporated to yield 101a (4.63 g, 97%). TLC Ry =
0.67 (CHCl3/MeOH, 9/1); 'H NMR (300 MHz, CDCls) § 1.35-1.50 (m, 9H), 2.07-2.68 (m,
6H), 2.98-3.26 (m, 1H), 3.51-3.64 (m, 1H), 3.66—4.04 (m, 3H), 4.30-4.56 (m, 1H), 4.75-4.95
(m, 1H), 5.03-5.30 (m, 2H), 7.29-7.54 (m, 5H).

(35,5S5)-1-(tert-Butoxycarbonyl)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-3-pyrrolidine
carboxylic acid (101b)

To a solution of 101a (4.63 g, 10.8 mmol) in EtOAc (43 mL) was added 20 % palladium
hydroxide on carbon (460 mg). The mixture was vigorously stirred at room temperature under
an atmospheric pressure of hydrogen for 1 h. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo to yield 101b (3.68 g, 100%). TLC Ry = 0.43
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(CHCl3/MeOH, 9/1); 'H NMR (300 MHz, DMSO-dg) & 1.24-1.45 (m, 9H), 1.77-1.92 (m,
1H), 1.99-2.22 (m, 4H), 2.51-2.65 (m, 1H), 2.96-3.23 (m, 1H), 3.37-3.82 (m, 4H), 4.29-4.58
(m, 1H), 4.66-5.15 (m, 1H), 12.58 (s, 1H).

tert-Butyl (25,45)-4-(aminocarbonyl)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-1-pyrro
lidinecarboxylate (102a)

To a stirred solution of 101b (300 mg, 0.89 mmol) in THF (5 mL) were added triethylamine
(0.14 mL, 1.0 mmol) and ethyl chloroformate (0.10 mL, 1.0 mmol) at 0 °C. After being stirred
for 2 h at room temperature, the reaction mixture was filtered and the filtrate was concentrated
in vacuo. To a stirred solution of the residue in THF (5 mL) was added 28% aqueous NHj (2
mL) at 0 °C. After being stirred for 2 h at room temperature, the reactcion mixure was diluted
with CH,Cl,. The organic layer was successively washed with water, 10% aqueous citric acid,
aqueous NaHCOs, brine, dried over Na,SOy, and concentrated in vacuo. The resulting residue
was purified by silica gel chromatography using EtOAc/MeOH (20/1) as an eluant to yield
102a (117 mg, 39%). TLC R; = 0.54 (CHCl3/MeOH, 4/1); "H NMR (300 MHz, DMSO-d) &
1.24-1.40 (m, 9H), 1.73-1.93 (m, 1H), 1.97-2.31 (m, 4H), 2.37-2.46 (m, 1H), 2.80-2.99 (m,
1H), 3.08-3.23 (m, 1H), 3.36-3.64 (m, 2H), 3.64-3.78 (m, 1H), 4.28-4.46 (m, 1H), 4.72-5.00
(m, 1H), 7.01 (s, 1H), 7.44 (s, 1H).

According to the same procedures as described above, 102b—c were prepared from 101b.

tert-Butyl (25,4S5)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[(methylamino)carbonyl]
-1-pyrrolidinecarboxylate (102b)

Yield 41%. A white powder. Ry =0.41 (EtOAc/MeOH, 9/1); 'H NMR (300 MHz, DMSO-d,
100 °C) 6 1.36 (s, 9 H) 1.87-2.00 (m, 1H) 2.02-2.11 (m, 2H) 2.12-2.22 (m, 2H), 2.44-2.48
(m, 1H), 2.61 (d, J=4.5 Hz, 3H), 2.87-2.93 (m, 1H), 3.28 (t, /= 10.0 Hz, 1H), 3.50-3.64 (m,
2H), 3.73 (dd, J=10.0, 8.2 Hz, 1H), 4.41 (dd, J = 8.7, 7.9 Hz, 1H), 4.73-4.83 (m, 1H), 7.10—
7.99 (m, 1H).

tert-Butyl (25,4S5)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[(ethylamino)carbonyl]-1
-pyrrolidinecarboxylate (102c¢)

Yield 59%. A white powder. Ry = 0.64 (CHCl3/MeOH, 9/1); 'H NMR (300 MHz, DMSO-d;) &
1.01 (t, J = 7.5 Hz, 3H), 1.30 and 1.38 (s, 9H), 1.75-1.93 (m, 1H), 1.97-2.31 (m, 4H), 2.37—
2.46 (m, 1H), 2.80-2.99 (m, 1H), 3.00-3.75 (m, 6H), 4.32-4.43 (m, 1H), 4.75-5.00 (m, 1H),
7.92-8.01 (m, 1H).

tert-Butyl (25,45)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[(propylamino)carbonyl]-
1-pyrrolidinecarboxylate (102d)
To a stirred solution of 101b (300 mg, 0.89 mmol) in CH,Cl, (2 mL) were added propyl
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amine (0.11 mL, 1.3 mmol), triethylamine (0.19 mL, 1.3 mmol), 1-hydroxybenzotriazole (142
mg, 1.05 mmol) and 1-(3-dimetylaminopropyl)-3-ethylcarbodiimide hydrochloride (243 mg,
1.3 mmol) at 0 °C. After being stirred for 16 h at room temperature, the reaction mixture was
poured into water and extracted with CH,Cl,. The organic layer was successively washed with
10% aqueous citric acid, aqueous NaHCOs, brine, dried over Na,SOs, and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography using EtOAc/MeOH
(50/1) as an eluant to yield 102d (333 mg, 99%) as a white powder. TLC Ry = 0.61
(CHCI1:/MeOH, 9/1); MS (APCI, pos.) m/z 379 (M+H)"; '"H NMR (300 MHz, DMSO-ds) &
0.82 (t,J=7.5 Hz, 3H), 1.25-1.44 (m, 2H), 1.28 and 1.36 (s, 9H), 1.88-2.20 (m, 5H), 2.40—
2.50 (m, 1H), 2.84-3.06 (m, 3H), 3.10-3.24 (m, 1H), 3.40-3.76 (m, 3H), 4.33—4.43 (m, 1H),
4.77-4.82 (m, 1H), 7.93-8.00 (m, 1H).

According to the same procedures as described for the preparation of 81 from 80, 102e—i were

prepared from 80.

tert-Butyl (25,45)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-{[ethyl(methyl)amino]car
bonyl}-1-pyrrolidinecarboxylate (102e)

Yield 66%. A white powder. Ry = 0.42 (CHCIl3/MeOH, 9/1); MS (APCI, pos.) m/z 379
(M+H)"; '"H NMR (300 MHz, DMSO-dg, 100 °C) 6 1.07 (t, J= 7.5 Hz, 3H), 1.37 (s, 9H), 1.84
—2.22 (m, 5H), 2.46-2.57 (m, 1H), 2.97 (s, 3H), 3.08-3.42 (m, 4H), 3.52-3.75 (m, 3H), 4.40—
4.47 (m, 1H), 4.75-4.82 (m, 1H).

tert-Butyl (25,4S5)-2-{[(2S5)-2-cyano-1-pyrrolidinyl]carbonyl}-4-[(diethylamino)carbonyl]
-1-pyrrolidinecarboxylate (102f)

Yield 58%. A white powder. Ry = 0.61 (CHCIl;/MeOH, 5/1); MS (APCI, pos.) m/z 393
(M+H)"; 'H NMR (300 MHz, DMSO-d;. 100 °C) & 0.99-1.18 (m, 6H), 1.36 (s, 9H), 1.85—
2.12 (m, 3H), 2.12-2.23 (m, 2H), 2.49-2.55 (m, 1H), 3.22-3.43 (m, 6H), 3.49-3.64 (m, 2H),
3.66-3.76 (m, 1H), 4.43 (dd, J=9.2, 7.7 Hz, 1H), 4.73—4.85 (m, 1H).

tert-Butyl (2S5,4S5)-4-(1-azetidinylcarbonyl)-2-{[(2S5)-2-cyano-1-pyrrolidinyl]carbonyl}-1-
pyrrolidinecarboxylate (102g)

Yield 42%. A white powder. Ry = 0.58 (CHCl;/MeOH, 9/1); MS (APCI, pos.) m/z 393
(M+H)"; 'H NMR (300 MHz, DMSO-dg, 100 °C) & 1.36 (s, 9H), 1.78-1.94 (m, 1H), 2.00—
2.11 (m, 2H), 2.12-2.28 (m, 4H), 2.50-2.53 (m, 1H), 2.95-3.08 (m, 1H), 3.27 (t, /= 10.4 Hz,
1H), 3.49-3.61 (m, 2H), 3.64-3.77 (m, 1H), 3.83-4.24 (m, 4H), 4.40 (dd, /= 9.0, 7.7 Hz, 1H),
4.69-4.88 (m, 1H).

tert-Butyl (25,45)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-(1-pyrrolidinylcarbonyl)-
1-pyrrolidinecarboxylate (102h)
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Yield 77%. A white powder. Ry = 0.46 (CHCl3/MeOH, 9/1); 'H NMR (300 MHz, DMSO-d;) &
1.23-1.40 (m, 9H), 1.66—1.96 (m, 5H), 1.96—2.18 (m, 4H), 2.49-2.60 (m, 1H), 3.08-3.31 (m,
5H), 3.48 (t,J= 6.6 Hz, 2 H), 3.53-3.76 (m, 2H), 4.25-4.46 (m, 1H), 4.65-5.06 (m, 1H).

tert-Butyl (25,45)-2-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-4-(1-piperidinylcarbonyl)-1
-pyrrolidinecarboxylate (102i)

Yield 41%. A white powder. Ry=0.55 (CHCl3/MeOH, 9/1); 'H NMR (300 MHz, DMSO-d;) &
1.24-1.38 (m, 9H), 1.39-1.64 (m, 7H), 1.78-1.90 (m, 1H), 1.93-2.31 (m, 4H), 3.29-3.53 (m,
7H), 3.53-3.74 (m, 2H), 4.27-4.46 (m, 1H), 4.65-5.08 (m, 1H).

According to the same procedures as described for the preparation of 102d from 101b, 102j—
k were prepared from 101b.

tert-Butyl (25,45)-4-(1-azepanylcarbonyl)-2-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-1-p
yrrolidinecarboxylate (102j)

Yield 78%. A white powder. Ry=0.56 (CHCl:/MeOH, 9/1); '"H NMR (300 MHz, DMSO-dq) &
1.21-1.40 (m, 9H), 1.40—1.71 (m, 8H), 1.72-1.93 (m, 1H), 1.97-2.31 (m, 4H), 2.36-2.62 (m,
1H), 3.15-3.78 (m, 9H), 4.21-4.48 (m, 1H), 4.57-5.17 (m, 1H).

tert-Butyl (25,45)-4-(1-azocanylcarbonyl)-2-{[(2S5)-2-cyano-1-pyrrolidinyl]carbonyl}-1-p
yrrolidinecarboxylate (102k)

Yield 83%. A white powder. Ry = 0.49 (CHCl3/MeOH, 9/1); 'H NMR (300 MHz, DMSO-ds,
100 °C) 6 1.36 (s, 9H), 1.40—1.80 (m, 10H), 1.90-2.30 (m, 5H), 2.45-2.55 (m, 1H), 3.30-3.80
(m, 9H), 4.43 (dd, J = 9.3, 7.8 Hz, 1H), 4.74-4.84 (m, 1H).

According to the same procedures as described for the preparation of 10 from 29a, 88-98

were prepared from 102a—k, respectively.

(35,595)-5-{[(2S5)-2-Cyano-1-pyrrolidinyl]carbonyl}-3-pyrrolidinecarboxamide 4-methylb
enzenesulfonate (88)

Yield 76%. A white powder. TLC R¢= 0.11 (CHCls/MeOH/AcOH, 3/1/1); MS (APCI, pos. 20
V) m/z 237 (M+H)"; IR (KBr) 2239, 1693, 1661, 1379, 1230, 1171, 1126, 1038, 1014, 685,
569 cm'; '"H NMR (300 MHz, DMSO-d;) & 1.78-1.95 (m, 1H), 1.94-2.07 (m, 2H), 2.08—2.33
(m, 2H), 2.27 (s, 3H), 2.62-2.79 (m, 1H), 2.98-3.20 (m, 1H), 3.23-3.46 (m, 2H), 3.46-3.64
(m, 2H), 4.40-4.57 (m, 1H), 4.81 (dd, J = 7.8, 4.9 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 7.20 (s,
1H), 7.45 (d, J = 8.0 Hz, 2H), 7.61 (s, 1H), 9.09 (s, 2H); HRMS (FAB) calcd for C;;H;7N40,:
237.1352. Found: 237.1356.

(35,55)-5-{[(285)-2-Cyano-1-pyrrolidinyl]carbonyl}-N-methyl-3-pyrrolidinecarboxamide
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4-methylbenzenesulfonate (89)

Yield 77%. A white powder. TLC Ry = 0.13 (EtOAc/AcOH/H,0, 3/1/1); MS (APCI, pos. 20
V) m/z 251 (M+H)"; IR (KBr) 3105, 2964, 2783, 2246, 1663, 1567, 1455, 1186, 1124, 1035,
1010, 685, 569 cm™'; "H NMR (300 MHz, DMSO-ds) & 1.80-2.25 (m, 5H), 2.28 (s, 3H), 2.59
(d, J =4.2 Hz, 3H), 2.64-2.75 (m, 1H), 2.98-3.17 (m, 1H), 3.24-3.36 (m, 1H), 3.38-3.62 (m,
3H), 4.45-4.59 (m, 1H), 4.82 (dd, J = 7.8, 4.9 Hz, 1H), 7.10 (d, J = 8.2 Hz, 2H), 7.46 (d, J =
8.2 Hz, 2H), 8.12 (d, J = 4.2 Hz, 1H), 8.73-8.94 (m, 1H), 9.32-9.53 (m, 1H); HRMS (FAB)
calcd for C,H9N4O»: 251.1508. Found: 251.1510.

(35,595)-5-{[(25)-2-Cyano-1-pyrrolidinyl]carbonyl}-/N-ethyl-3-pyrrolidinecarboxamide 4-
methylbenzenesulfonate (90)

Yield 83%. A white powder. TLC R¢= 0.31 (CHCl3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
265 (M+H)"; IR (KBr) 3423, 2976, 2245, 1662, 1560, 1452, 1376, 1186, 1123, 1034, 1010,
684, 568 cm '; '"H NMR (300 MHz, DMSO-d) & 1.01 (t, J = 7.2 Hz, 3H), 1.78-2.26 (m, 5H),
2.28 (s, 3H), 2.63-2.79 (m, 1H), 2.99-3.18 (m, 3H), 3.19-3.49 (m, 2H), 3.54-3.62 (m, 2H),
4.42-4.60 (m, 1H), 4.82 (dd, J = 7.8, 4.7 Hz, 1H), 7.10 (d, J = 7.8 Hz, 2H), 7.47 (d, J = 7.8
Hz, 2H), 8.08-8.24 (m, 1H), 8.68-8.97 (m, 1H), 9.33-9.57 (m, 1H); HRMS (FAB) calcd for
C13H21N4O;: 265.1665. Found: 265.1668.

(35,595)-5-{[(25)-2-Cyano-1-pyrrolidinyl]carbonyl}- N-propyl-3-pyrrolidinecarboxamide
4-methylbenzenesulfonate (91)

Yield 86%. A beige powder. TLC R = 0.38 (CHCI3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
279 (M+H)"; IR (KBr) 3434, 2247, 1661, 1189, 1124, 1035, 1011, 684 cm™'; '"H NMR (300
MHz, DMSO-dc) 6 0.83 (t,J = 7.4 Hz, 3H), 1.31-1.49 (m, 2H), 1.75-1.94 (m, 1H), 1.95-2.09
(m, 2H), 2.09-2.26 (m, 2H), 2.28 (s, 3H), 2.36-2.47 (m, 1H), 2.64-2.84 (m, 1H), 2.94-3.18
(m, 3H), 3.20-3.38 (m, 1H), 3.55 (t, J/ = 6.6 Hz, 2H), 4.43-4.61 (m, 1H), 4.82 (dd, J = 7.7,
4.8 Hz, 1H), 7.10 (d, J = 7.8 Hz, 2H), 7.41-7.54 (m, 2H), 8.11-8.19 (m, 1H), 8.81 (s, 1H),
9.44 (s, 1H); HRMS (FAB) calcd for C;4H,3N40;: 279.1821. Found: 279.1820.

(35,595)-5-{[(25)-2-Cyano-1-pyrrolidinyl]carbonyl}-/V-ethyl-N-methyl-3-pyrrolidinecarbo
xamide 4-methylbenzenesulfonate (92)

Yield 98%. A beige powder. TLC R = 0.30 (CHCI3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
279 (M+H)"; IR (KBr) 3450, 2978, 2243, 1637, 1454, 1187, 1123, 1035, 1011, 684, 569 cm*;
'H NMR (300 MHz, DMSO-ds) § 0.92-1.20 (m, 3H), 1.64—2.26 (m, 5H), 2.28 (s, 3H), 2.71—
3.04 (m, 4H), 3.13-3.71 (m, 7H), 4.43-4.61 (m, 1H), 4.82 (dd, J = 7.6, 4.6 Hz, 1H), 7.10 (d, J
= 7.8 Hz, 2H), 7.47 (d, J = 7.8 Hz, 2H), 8.69-8.98 (m, 1H), 9.18-9.59 (m, 1H); HRMS
(FAB) calcd for C14H23N405: 279.1821. Found: 279.1818.

(35,55)-5-{[(25)-2-Cyano-1-pyrrolidinyl] carbonyl}-/V,/NV-diethyl-3-pyrrolidinecarboxami
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de 4-methylbenzenesulfonate (93)

Yield 97%. A white powder. TLC R¢ = 0.18 (CHCl3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
293 (M+H)"; IR (KBr) 3568, 3449, 1663, 1655, 1646, 1638, 1451, 1214, 1190, 684, 569 cm';
'H NMR (300 MHz, DMSO-ds) & 0.95-1.06 (m, 3H), 1.07—1.18 (m, 3H), 1.69-1.84 (m, 1H),
1.97-2.07 (m, 2H), 2.09-2.25 (m, 2H), 2.28 (s, 3H), 2.73-2.88 (m, 1H), 3.17-3.50 (m, 7H),
3.51-3.64 (m, 2H), 4.43—4.60 (m, 1H), 4.83 (dd, J = 7.78, 4.8 Hz, 1H), 7.10 (d, J = 7.8 Hz,
2H), 7.40-7.54 (m, 2H), 8.84 (s, 1H), 9.37 (s, 1H); HRMS (FAB) calcd for C;4H»3N4O,:
293.1978. Found: 293.1981.

(29)-1-{[(25,45)-4-(1-Azetidinylcarbonyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarboni
trile 4-methylbenzenesulfonate (94)

Yield 98%. A white powder. TLC R¢ = 0.19 (CHCl3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
277 (M+H)"; IR (KBr) 3439, 2242, 1654, 1648, 1446, 1188, 1123, 1034, 1010, 683, 568 cm';
'H NMR (300 MHz, DMSO-ds) & 1.67-1.86 (m, 1H), 1.95-2.08 (m, 2H), 2.11-2.26 (m, 4H),
2.28 (s, 3H), 2.66—2.87 (m, 1H), 3.07-3.22 (m, 1H), 3.22-3.36 (m, 2H), 3.49-3.65 (m, 2H),
3.86 (t,J = 7.6 Hz, 2H), 4.18 (t,J = 7.6 Hz, 2H), 4.38-4.59 (m, 1H), 4.83 (dd, J = 7.6, 4.7 Hz,
1H), 7.10 (d, J = 7.8 Hz, 2H), 7.42-7.50 (m, 2H), 8.88 (s, 1H), 9.40 (s, 1H); HRMS (FAB)
calcd for C4H,1N4O,: 277.1665. Found: 277.1667.

(25)-1-{[(2S,45)-4-(1-Pyrrolidinylcarbonyl)-2-pyrrolidinyljcarbonyl}-2-pyrrolidinecarbo
nitrile 4-methylbenzenesulfonate (95)

Yield 96%. A white powder. TLC R¢= 0.67 (CHCI;/MeOH/AcOH, 3/1/1); MS (APCI, pos. 20
V) m/z 291 (M+H)"; IR (KBr) 3434, 3061, 2974, 2881, 1660, 1633, 1450, 1187, 1123, 1034,
1010, 683 cm'; "H NMR (300 MHz, DMSO-ds) & 1.68-2.08 (m, 7H), 2.09-2.26 (m, 2H),
2.27 (s, 3H), 2.50-2.61 (m, 1H), 2.77-2.93 (m, 1H), 3.28 (t, J = 6.7 Hz, 2H), 3.42-3.79 (m,
6H), 4.44-4.61 (m, 1H), 4.82 (dd, J = 7.8, 4.7 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 7.45 (d, J =
8.0 Hz, 2H), 8.86 (s, 1H), 9.41 (s, 1H); HRMS (FAB) calcd for C;sH»3N4O,: 291.1821.
Found: 291.1821.

(28)-1-{[(25,45)-4-(1-Piperidinylcarbonyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbon
itrile 4-methylbenzenesulfonate (96)

Yield 98%. A white powder. TLC R¢= 0.61 (CHCI;/MeOH/AcOH, 3/1/1); MS (APCI, pos. 20
V) m/z 305 (M+H)"; IR (KBr) 2938, 2241, 1662, 1636, 1448, 1218, 1186, 1123, 1033, 1010,
682 cm '; "H NMR (300 MHz, DMSO-d) & 1.37-1.69 (m, 7H), 1.94-2.23 (m, 4H), 2.36 (s,
3H), 2.61-2.80 (m, 1H), 3.22-3.82 (m, 9H), 4.76-4.88 (m, 1H), 4.93-5.10 (m, 1H), 7.18 (d, J
= 8.0 Hz, 2H), 7.75 (d, J = 8.0 Hz, 2H), 8.24 (s, 1H), 9.59 (s, 1H); HRMS (FAB) calcd for
Ci6H25N40,: 305.1978. Found: 305.1977.

(29)-1-{[(25,45)-4-(1-Azepanylcarbonyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonit
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rile hydrochloride (97)

Yield 97%. A white powder. TLC R¢ = 0.22 (CHCl3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
319 (M+H)"; IR (KBr) 3411, 2927, 2722, 1634, 1448, 1369, 1267, 1191, 1101, 1046, 730 cm”
. 'TH NMR (300 MHz, DMSO-d) & 1.39-1.72 (m, 8H), 1.72-1.88 (m, 1H), 1.91-2.06 (m,
2H), 2.08-2.32 (m, 2H), 2.36-2.60 (m, 1H), 2.67-2.86 (m, 1H), 3.33-3.82 (m, 8H), 4.43-4.58
(m, 1H), 4.81 (dd, J = 7.8, 4.7 Hz, 1H), 9.59 (s, 2H); HRMS (FAB) calcd for C;7H,7N40O;:
319.2134. Found: 319.2135.

(29)-1-{[(25,45)-4-(1-Azocanylcarbonyl)-2-pyrrolidinyl]carbonyl}-2-pyrrolidinecarbonit
rile 4-methylbenzenesulfonate (98)

Yield 87%. A beige powder. TLC R = 0.22 (CHCI3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
333 (M+H)"; IR (KBr) 2927, 2242, 1662, 1636, 1450, 1214, 1174, 1123, 1033, 1010, 682,
568 cm'; '"H NMR (300 MHz, DMSO-d;) 8 1.34-1.72 (m, 10H), 1.74-1.90 (m, 1H), 1.93—
2.09 (m, 2H), 2.09-2.25 (m, 2H), 2.27 (s, 3H), 2.38-2.62 (m, 1H), 2.67-2.92 (m, 1H), 3.27—
3.66 (m, 8H), 4.44-4.57 (m, 1H), 4.82 (dd, J = 7.6, 4.9 Hz, 1H), 7.10 (d, J = 8.0 Hz, 2H),
7.46 (d, J = 8.0 Hz, 2H), 8.85 (s, 1H), 9.38 (s, 1H); HRMS (FAB) calcd for C;sH29N4O5:
333.2291. Found: 333.2288.

1-tert-Butyl 3-ethyl (35,55)-5-(1-pyrrolidinylcarbonyl)-1,3-pyrrolidinedicarboxylate (1
03)

To a stirred solution of 78 (23.4 g, 81 mmol) in CH,Cl, (160 mL) were added pyrrolidine
(7.14 mL, 86 mmol), 1-hydroxybenzotriazole (13.7 g, 90 mmol), N-methylmorpholine (10.7
mL, 98 mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (18.7 g, 98
mmol) at room temperature. After being stirred for 19 h, the reaction mixture was poured into
water and extracted with CH,Cl,. The organic layer was washed with 10% aqueous citric acid,
aqueous NaHCOs, brine, then dried over MgSQOy, and evaporated to give 103 (27 g, 97%) as a
pale orange powder. TLC R; = 0.38 (EtOAc/hexane, 4/1); '"H NMR (300 MHz, DMSO-ds) &
1.17 (t, J=7.0 Hz, 3H), 1.24-1.43 (m, 9H), 1.61-1.98 (m, 6H), 3.03-3.53 (m, 6H), 3.56-3.76
(m, 1H), 3.98-4.15 (m, 2H), 4.26-4.56 (m, 1H).

tert-butyl (25,45)-4-(dimethylcarbamoyl)-2-(1-pyrrolidinylcarbonyl)-1-pyrrolidinecarbo
xylate (104)

To a stirred solution of 103 (1.56 g, 3.4 mmol) in MeOH (6.8 mL) was added 2 M NaOH (3.4
mL) at 0 °C. After being stirred at 0 °C for 1 h, the reaction was quenched with 2 M HCI (3.4
mL). The organic solvent was removed by evaporation. The resulting residue was diluted with
EtOH. Insoluble substance was removed by filtration and the filtrate was evaporated to yield
crude carboxylic acid (709 mg, 66%) as a white powder. To a stirred solution of crude
carboxylic acid (100 mg, 0.32 mmol) in CH,Cl, (1 mL) were added dimethylamine
hydrochloride (39 mg, 0.48 mmol), I-hydroxybenzotriazole (43 mg, 0.32 mmol),
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N-methylmorpholine (0.10 mL, 0.96 mmol) and

1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (92 mg, 0.48 mmol) at room
temperature. After being stirred for 19 h, the reaction mixture was poured into water and
extracted with CH,Cl,. The organic layer was washed with 10% aqueous citric acid, aqueous
NaHCOs, brine, then dried over MgSQOs, and evaporated to give 104 (98 mg, 90%) as a white
powder. TLC Ry = 0.36 (CH,Cl,/MeOH, 10/1); "H NMR (300 MHz, CDCl3) & 1.40 and 1.45
(s, 9H), 1.75-2.07 (m, 4H), 2.25-2.54 (m, 2H), 2.96 (s, 3H), 3.07 (s, 3H), 3.10-3.30 (m, 1H),
3.28-4.03 (m, 6H), 4.28—4.60 (m, 1H).

(35,55)-N,N-Dimethyl-5-(1-pyrrolidinylcarbonyl)-3-pyrrolidinecarboxamide 4-methylbe
nzenesulfonate (99)

A solution of 104 (93 mg, 0.27 mmol) and p-toluenesulfonic acid (78 mg, 0.41 mmol) in
EtOH (2 mL) was stirred at 90 °C for 5 h. After cooling to room temperature, the reaction
mixture was evaporated to give 99 (113 mg, 100%) as a colorless oil. TLC Ry = 0.21
(CH,Clo/MeOH, 9/1); MS (APCI, pos.) m/z 240 (M+H)"; IR (KBr) 3418, 2979, 1645, 1496,
1455, 1172, 1123, 1035, 1011, 685 cm™'; "H NMR (300 MHz, DMSO-ds) & 1.68-1.97 (m, 5H),
2.28 (s, 3H), 2.67-2.80 (m, 1H), 2.82 (s, 3H), 3.00 (s, 3H), 3.27-3.60 (m, 7H), 4.38-4.54 (m,
1H), 7.11 (d, J=8.1 Hz, 2H), 7.47 (d, J=8.1 Hz, 2H), 8.56-8.75 (m, 1H), 9.23-9.44 (m, 1H);
HRMS (FAB) calced for C;,H2,N30,: 240.1712. Found: 240.1715.

2-tert-Butyl 4-methyl (25)-1-benzyloxycarbonyl-5-methyl-2,3-dihydro-1H-pyrrole-2,4-d
icarboxylate (114)

To a stirred solution of lithium bis(trimethylsilyl)amide in THF (400 mL ,1.0 M) was added
dropwise a solution of 113 (51.9 g, 142 mmol) in THF (500 mL) at =78 °C. After being
stirred for 30 min, acetyl chloride (31.4 mL, 441 mmol) was added and the reaction mixture
was stirred at —78 °C for additional 1 h. The reaction mixture was quenched with AcOH (280
mL), warmed up to 50 °C, and stirred for 2 h. The reaction mixture was cooled to room
temperature, diluted with EtOAc/hexane (1/1, 400 mL), and filtered. The filtrate was
concentrated in vacuo and the resulting residue was diluted with EtOAc/hexane (1/1, 1000
mL). The organic layer was successively washed with 1M HCI, aqueous NaHCOs, brine,
dried over MgSO,, and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (1/10) as an eluant to yield 114 (33.5 g, 60%) as a white
powder. TLC R; = 0.70 (EtOAc/hexane, 1/2); MS (APCI, pos. 20 V) m/z 376 (M+H)"; 'H
NMR (300 MHz, CDCl3) 6 1.37 (s, 9H), 2.65 (s, 3H), 2.66—2.75 (m, 1H), 3.03-3.17 (m, 1H),
3.71 (s, 3H), 4.59-4.66 (m, 1H), 5.17 (s, 2H), 7.30-7.38 (m, SH).

2-tert-Butyl 4-methyl (25,4S5,55)-5-methyl-2,4-pyrrolidinedicarboxylate (115a) and 2-¢
ert-Butyl 4-methyl (25,4R,55)-5-methyl-2,4-pyrrolidinedicarboxylate (115b)
To a solution of 114 (6.24 g, 16.6 mmol) in AcOH (80 mL) was added 10 % palladium on
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carbon (1.2 g). The reaction mixture was vigorously stirred at room temperature under an
atmospheric pressure of hydrogen for 9 h. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo. The resulting residue was diluted with EtOAc. The organic
layer was washed with aqueous NaHCOj3, dried over MgSO,4 and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography using EtOAc/hexane (3/1) as an
eluant to yield 115a (1.91 g, 47%) and 115b (1.15 g, 28%) as a colorless oil. 115a : TLC R¢=
0.36 (EtOAc/hexane, 2/1); MS (APCIL pos. 20 V) m/z 244 (M+H)"; '"H NMR (300 MHz,
CDCls) 6 1.15 (d, J = 6.6 Hz, 3H), 1.48 (s, 9H), 2.14-2.37 (m, 2H), 2.90-2.99 (m, 1H), 3.32—
3.43 (m, 1H), 3.66-3.70 (m, 1H), 3.67 (s, 3H). 115b : TLC R¢ = 0.17 (EtOAc/hexane, 1/1);
MS (APCI, pos. 20 V) m/z 244 (M+H)"; '"H NMR (300 MHz, CDCl3) § 1.31 (d, J = 6.3 Hz,
3H), 1.47 (s, 9H), 2.10-2.19 (m, 1H), 2.35-2.50 (m, 2H), 3.20-3.30 (m, 1H), 3.68-3.78 (m,
1H), 3.70 (s, 3H).

2-tert-Butyl 4-methyl (25,4S5,55)-5-methyl-2,4-pyrrolidinedicarboxylate (115a)

To a solution of 114 (14.7 g, 39.2 mmol) in AcOH (80 mL) was added platinum(IV) oxide
(890 mg, 3.92 mmol). The mixture was vigorously stirred at room temperature under an
atmospheric pressure of hydrogen for 8 h. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo. The resulting residue was diluted with EtOAc. The organic
layer was washed with aqueous NaHCOj3, dried over MgSOj, and concentrated in vacuo, The
resulting residue was purified by silica gel chromatography using EtOAc/MeOH (20/1) as an
eluant to yield 115a (8.50 g, 89%). TLC R = 0.36 (EtOAc/hexane, 2/1); MS (APCI, pos. 20
V) m/z 244 (M+H)"; '"H NMR (300 MHz, CDCls) § 1.15 (d, J = 6.6 Hz, 3H), 1.48 (s, 9H),
2.14-2.37 (m, 2H), 2.90-2.99 (m, 1H), 3.32-3.43 (m, 1H), 3.66-3.70 (m, 1H), 3.67 (s, 3H).

(25,4S,55)-1-(tert-Butoxycarbonyl)-4-(methoxycarbonyl)-5-methyl-2-pyrrolidinecarboxy
lic acid (118)

A solution of 115a (9.68 g, 39.8 mmol) in trifluoroacetic acid (31 mL) and water (3 mL) was
stirred for 19 h at room temperature. The reaction mixture was evaporated. To a stirred
solution of the residue in THF (5 mL) and water (20 mL) were added NaHCO; (15 g, 178
mmol) and a solution of di-tert-butyl-dicarbonate (10.4 g, 47.8 mmol) in THF (15 mL) at
room temperature. After being stirred for 3 h, the reaction mixture was quenched with 2 M
HCI and extracted with EtOAc. The organic layer was dried over MgSQOy, and evaporated to
yield 118 (1.16 g, 100%). TLC R; = 0.44 (EtOAc/MeOH, 20/1); 'H NMR (300 MHz, CDCls)
6 1.15 (d, J= 6.6 Hz, 3H), 1.48 (s, 9H), 2.38-2.78 (m, 2H), 3.11-3.21 (m, 1H), 3.73 (s, 3H),
4.20—4.40 (m, 2H).

Methyl (25,35,55)-5-{[(25)-2-(aminocarbonyl)-1-pyrrolidinyl]carbonyl}-1-(zert-butoxyca
rbonyl)-2-methyl-3-pyrrolidinecarboxylate (119a)
Compound 119a was obtained as a white powder in 85% yield from 118 according to the
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same procedures as described for the preparation of 79 from 78. TLC Ry = 0.44
(EtOAc/MeOH, 9:1); MS (APCI, pos. 20 V) m/z 384 (M+H)"; "H NMR (300 MHz, CDCl;) &
1.18-1.27 (m, 3H), 1.39-1.46 (m, 9H), 1.60-2.60 (m, 7H), 3.10-3.70 (m, 3H), 3.72 (s, 3H),
4.20—4.72 (m, 2H), 5.28 and 5.51 (s, 1H), 7.02 and 7.98 (s, 1H).

(25,35,55)-5-{[(25)-2-(Aminocarbonyl)-1-pyrrolidinyl|carbonyl}-1-(zert-butoxycarbonyl)
-2-methyl-3-pyrrolidinecarboxylic acid (119b)

To a stirred solution of 119a (12.5 g, 32.5 mmol) in MeOH (65 mL) was added 1 M LiOH (36
mL) at 0 °C. After being stirred for 3 h at room temperature, the reaction mixture was
quenched with 2 M HCI (18 mL). The organic solvent was removed in vacuo. The resulting
residue was diluted with EtOH and filtered. The filtrate was evaporated to yield 119b (12.0 g),

which was used for the next reaction without further purification.

Benzyl (2S,35,55)-5-{[(2S5)-2-(aminocarbonyl)-1-pyrrolidinyl]carbonyl}-1-(zert-butoxyca
rbonyl)-2-methyl-3-pyrrolidinecarboxylate (119¢)

To a stirred solution of 119b (12.0 g, 32.5 mmol) in DMF (33 mL) were added K,CO; (4.94 g,
35.8 mmol) and benzylbromide (4.3 mL, 36 mmol) at room temperature. After being stirred
for 15 h, the reaction mixture was poured into water and extracted with CH,Cl,. The organic
layer was dried over MgSQy, and evaporated to yield 119¢ (14.9 g), which was used for the

next reaction without further purification.

Benzyl (25,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-1-(fert-butoxycarbonyl)-2-
methyl-3-pyrrolidinecarboxylate (120)

To a stirred solution of 119¢ (14.9 g, 32.5 mmol) in THF (100 mL) were added pyridine (7.9
mL, 98 mmol) and trifluoroacetic anhydride (5.5 mL, 39 mmol) at 0 °C. After being stirred for
30 min, the reaction mixture was quenched with water and extracted with EtOAc, The organic
layer was successively washed with 1 M HCI, brine, dried over MgSQy, and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography using EtOAc/hexane
(3/1) as an eluant to yield 120 (6.09 g, 42% from 119a). TLC Ry = 0.29 (EtOAc/hexane, 1/1);
'H NMR (300 MHz, CDCl3) & 1.19 (d, J = 7.5 Hz, 3H), 1.34 and 1.42 (s, 9H), 2.05-2.50 (m,
6H), 3.10-3.22 (m, 1H), 3.53-3.83 (m, 2H), 4.22—4.41 (m, 2H), 4.77-4.84 (m, 1H), 5.12-5.22
(m, 2H), 7.30-7.42 (m, 5H).

(25,35,55)-1-(tert-Butoxycarbonyl)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-2-methyl-3
-pyrrolidinecarboxylic acid (121)

To a solution of 120 (6.0 g, 13.6 mmol) in EtOAc (45 mL) was added 20 % palladium
hydroxide on carbon (1.2 g). The mixture was vigorously stirred at room temperature under
an atmospheric pressure of hydrogen for 20 min. The catalyst was removed by filtration and
the filtrate was concentrated in vacuo to yield 121 (4.45 g, 93%). TLC R = 0.20
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(EtOAc/hexane, 2/1); 'H NMR (300 MHz, DMSO-dg) & 1.15 (d, J = 7.5 Hz, 3H), 1.27 and
1.37 (s, 9H), 1.80-2.43 (m, 6H), 3.12-3.24 (m, 1H), 3.40-3.68 (m, 2H), 4.03-4.13 (m, 1H),
4.30-4.39 (m, 1H), 4.76-4.82 (m, 1H).

tert-Butyl (25,3S5,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-3-[(dimethylamino)carb
onyl]-2-methyl-1-pyrrolidinecarboxylate (122a)

To a stirred solution of 121 (200 mg, 0.57 mmol) in CH,Cl, (2 mL) were added dimethyl
amine hydrochloride (93 mg, 1.14 mmol), triethylamine (0.28 mL, 2.0 mmol),
1-hydroxybenzotriazole (87 mg, 0.57 mmol) and
1-(3-dimetylaminopropyl)-3-ethylcarbodiimide hydrochloride (164 mg, 0.85 mmol) at room
temperature. After being stirred for 4 h, the reaction mixture was poured into water and
extracted with CH,Cl,. The organic layer was successively washed with 10% aqueous citric
acid, aqueous NaHCOj3, brine, dried over MgSQy,, and concentrated in vacuo. The resulting
residue was recrystalized from EtOAc and hexane to yield 122a (164 mg, 76%) as a white
powder. TLC Ry = 0.40 (CHCly/MeOH, 10/1); "H NMR (300 MHz, DMSO-d) & 0.92 (d, J =
7.5 Hz, 3H), 1.27 and 1.36 (s, 9H), 1.98-2.28 (m, 6H), 2.82 (s, 3H), 3.01 (s, 3H), 3.38-3.68
(m, 3H), 4.08-4.16 (m, 2H), 4.77-4.83 (m, 1H).

According to the same procedures as described above, 122b—h were prepared from 121.

tert-Butyl (25,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-3-{|ethyl(methyl)amino]
carbonyl}-2-methyl-1-pyrrolidinecarboxylate (122b)

Yield 41%. A white powder. Ry=0.37 (CHCl3/MeOH, 9/1); 'H NMR (300 MHz, DMSO-d;) &
0.87-1.13 (m, 6H), 1.21-1.46 (m, 9H), 2.00-2.31 (m, 6H), 2.73-3.05 (m, 3H), 3.05-3.20 (m,
1H), 3.33-3.54 (m, 3H), 3.54-3.68 (m, 1H), 4.05-4.22 (m, 1H), 4.22-4.38 (m, 1H), 4.70-5.03
(m, 1H).

tert-Butyl (25,35,55)-3-(1-azetidinylcarbonyl)-5-{[(2S5)-2-cyano-1-pyrrolidinyl]carbonyl}
-2-methyl-1-pyrrolidinecarboxylate (122c¢)

Yield 42%. A white powder. Ry = 0.42 (CHCl3/MeOH, 9/1); '"H NMR (300 MHz, DMSO-dg) &
0.91-1.06 (m, 3H), 1.22-1.44 (m, 9H), 1.99-2.31 (m, 8H), 2.93-3.19 (m, 1H), 3.37-3.70 (m,
2H), 3.83 (t, /= 7.7 Hz, 2H), 3.95-4.23 (m, 3H), 4.28 (dd, J=10.1, 7.6 Hz, 1H), 4.66-5.01 (m,
1H).

tert-Butyl (25,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-2-methyl-3-(1-pyrrolidi
nylcarbonyl)-1-pyrrolidinecarboxylate (122d)

Yield 72%. A white powder. Ry=0.32 (CHCl3/MeOH, 9/1); 'H NMR (300 MHz, DMSO-d;) &
0.88-1.02 (m, 3H), 1.23-1.42 (m, 9H), 1.67-1.95 (m, 4H), 2.00-2.31 (m, 6H), 3.21-3.70 (m,
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7H), 4.12-4.22 (m, 1H), 4.23-4.37 (m, 1H), 4.64-5.07 (m, 1H).

tert-Butyl (2S5,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-2-methyl-3-(1-piperidin
ylcarbonyl)-1-pyrrolidinecarboxylate (122e¢)

Yield 96%. A white powder. Ry=0.53 (CHCl3/MeOH, 9/1); 'H NMR (300 MHz, DMSO-d;) &
0.89-1.00 (m, 3H), 1.23-1.38 (m, 9H), 1.37-1.68 (m, 6H), 1.99-2.32 (m, 6H), 3.24-3.73 (m,
7H), 4.02—4.16 (m, 1H), 4.20-4.36 (m, 1H), 4.71-5.01 (m, 1 H).

tert-Butyl (2S5,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-2-methyl-3-(4-morpholi
nylcarbonyl)-1-pyrrolidinecarboxylate (122f)

Yield 84%. A white powder. Ry = 0.36 (CHCl3/MeOH, 9/1); '"H NMR (300 MHz, DMSO-dg) &
0.94-1.04 (m, 3H), 1.24-1.39 (m, 9H), 1.99-2.30 (m, 6H), 3.33-3.72 (m, 11H), 4.05-4.20 (m,
1H), 4.20—4.37 (m, 1H), 4.71-5.06 (m, 1H).

tert-Butyl (2S5,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-2-methyl-3-(4-thiomorp
holinylcarbonyl)-1-pyrrolidinecarboxylate (122g)

Yield 97%. A white powder. Ry = 0.59 (CHCl;/MeOH, 9/1); 'H NMR (300 MHz, DMSO-ds,
100 °C) 6 1.03 (d, J = 6.4 Hz, 3H), 1.35 (s, 9H), 1.97-2.39 (m, 6H), 2.50-2.53 (m, 1H), 2.51—
2.65 (m, 4H), 3.36-3.47 (m, 1H), 3.52-3.64 (m, 2H), 3.78 (t, J = 5.2 Hz, 3H), 4.11-4.19 (mm,
1H), 4.33 (t, /= 8.7 Hz, 1H), 4.70—4.85 (m, 1H).

tert-Butyl (2S5,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-3-(1,3-dihydro-2H-isoin
dol-2-ylcarbonyl)-2-methyl-1-pyrrolidinecarboxylate (122h)

Yield 50%. A white powder. Ry =0.29 (EtOAc/hexane, 9/1); MS (APCI, pos. 20 V) m/z 453
(M+H)"; '"H NMR (300 MHz, DMSO-ds. 100 °C) & 1.08 (d, J = 6.4 Hz, 3H), 1.38 (s, 9H),
2.00-2.39 (m, 6H), 3.40-3.50 (m, 1H), 3.56-3.64 (m, 2H), 4.17-4.23 (m, 2H), 4.60-5.03 (m,
5H), 7.28-7.38 (m, 4H).

(25,35,59)-5-{[(25)-2-Cyano-1-pyrrolidinyl|carbonyl}-N,N,2-trimethyl-3-pyrrolidinecarb
oxamide 4-methylbenzenesulfonate (105)

A solution of 122a (2.0 g, 5.29 mmol) and p-toluenesulfonic acid (1.21 g, 6.36 mmol) in
EtOH (20 mL) and ‘PrOH (10 mL) was stirred at 90 °C for 2 h. After cooling to room
temperature, the resulting precipitates were collected by filtration and dried under reduced
pressure to yield 105 (1.91 g, 80%) as a white powder. TLC Ry = 0.24 (CHCls/MeOH, 9/1);
MS (APCI, pos. 20 V) m/z 279(M+H)"; IR (KBr) 3449, 2243, 1654, 1647, 1639, 1450, 1219,
1188, 1122, 1010, 682, 568 cm™'; "H NMR (300 MHz, DMSO-dg) & 1.15 (d, J = 6.7 Hz, 3H),
1.94-2.26 (m, 5H), 2.28 (s, 3H), 2.57-2.71 (m, 1H), 2.85 (s, 3H), 3.01 (s, 3H), 3.47-3.67 (m,
3H), 3.92 (s, 1H), 4.51 (s, 1H), 4.81 (dd, J = 7.8, 5.1 Hz, 1H), 7.10 (d, J = 8.2 Hz, 2H), 7.46
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(d, J = 7.8 Hz, 2H), 8.10—8.44 (m, 1H), 9.53-9.80 (m, 1H); Anal. Calcd for C,;H3oN4OsS: C,
55.98; H, 6.71; N, 12.43. Found: C, 55.72; H, 6.76; N, 12.31.

According to the same procedures as described above, 106-112 were prepared from 122b-h,

respectively.

(25,35,595)-5-{[(25)-2-Cyano-1-pyrrolidinyl]carbonyl}-/N-ethyl-V,2-dimethyl-3-pyrrolidin
ecarboxamide 4-methylbenzenesulfonate (106)

Yield 95%. A white powder. TLC R¢ = 0.50 (CHCl3/MeOH, 5/1); MS (APCI, pos. 20 V) m/z
293 (M+H)"; IR (KBr) 2980, 2244, 1663, 1560, 1496, 1452, 1222, 1173, 1122, 1010, 682,
568 cm'; '"H NMR (300 MHz, DMSO-d;) § 0.94-1.13 (m, 3H), 1.12-1.19 (m, 3H), 1.92-2.25
(m, 5H), 2.27 (s, 3H), 2.53-2.75 (m, 1H), 2.79-2.99 (m, 3H), 3.10-3.34 (m, 1H), 3.36-3.66
(m, 4H), 3.81-3.97 (m, 1H), 4.44-4.60 (m, 1H), 4.80 (dd, J = 7.7, 5.2 Hz, 1H), 7.10 (d, J =
8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 8.21 (s, 1H), 9.64 (s, 1H); HRMS (FAB) calcd for
Ci5H5sN40,S: 293.1978. Found: 293.1975.

(25)-1-{[(25,45,55)-4-(1-Azetidinylcarbonyl)-5-methyl-2-pyrrolidinyl]carbonyl}-2-pyrrol
idinecarbonitrile 4-methylbenzenesulfonate (107)

Yield 68%. A white powder. TLC Ry = 0.41 (CH,Cl,/MeOH, 5/1); MS (APCI, pos. 20 V) m/z
291 (M+H)"; IR (KBr) 2951, 1671, 1644, 1465, 1456, 1441, 1379, 1222, 1155, 1121, 1031,
681, 574 cm'; "H NMR (300 MHz, DMSO-de)  1.20 (d, J = 6.7 Hz, 3H), 1.91-2.25 (m, 7H),
2.27 (s, 3H), 2.52-2.73 (m, 1H), 3.14 (q, J = 7.6 Hz, 1H), 3.49-3.60 (m, 2H), 3.75-3.94 (m,
3H), 4.16 (t, J = 7.6 Hz, 2H), 4.43-4.57 (m, 1H), 4.79 (dd, J = 7.7, 5.2 Hz, 1H), 7.09 (d, J =
8.0 Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 8.21 (s, 1H), 9.67 (s, 1H).

(25)-1-{[(25,45,55)-5-Methyl-4-(1-pyrrolidinylcarbonyl)-2-pyrrolidinyl]carbonyl}-2-pyrr
olidinecarbonitrile 4-methylbenzenesulfonate (108)

Yield 93%. A white powder. TLC R = 0.51 (CHCI3/MeOH, 5/1); MS (FAB, pos.) m/z
305(M+H)"; IR (KBr) 2975, 2880, 2242, 1666, 1637, 1449, 1226, 1169, 1121, 1009, 681 cm”
. TH NMR (300 MHz, DMSO-de) 8 1.17 (d, J = 6.7 Hz, 3H), 1.70-2.25 (m, 9H), 2.27 (s, 3H),
2.54-2.73 (m, 1H), 3.21-3.37 (m, 2H), 3.36-3.60 (m, 5H), 3.84-4.01 (m, 1H), 4.40—4.61 (m,
1H), 4.80 (dd, J = 7.8, 5.3 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 8.20 (s,
1H), 9.68 (s, 1H); Anal. Calcd for Cy3H3,N4O5S: C, 57.96; H, 6.77; N, 11.76. Found: C,
57.96; H, 6.75; N, 11.55.

(25)-1-{[(25,45,55)-5-Methyl-4-(1-piperidinylcarbonyl)-2-pyrrolidinyl]carbonyl}-2-pyrro
lidinecarbonitrile 4-methylbenzenesulfonate (109)

Yield 87%. A pale yellow powder. TLC R;= 0.44 (CHCl3/MeOH, 4/1); MS (APCI, pos. 20 V)
m/z 319 (M+H)"; IR (KBr) 2939, 2242, 1665, 1644, 1561, 1447, 1370, 1248, 1227, 1167,
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1122, 1032, 1009, 681, 568 cm™'; "H NMR (300 MHz, DMSO-ds) & 1.15 (d, J = 6.7 Hz, 3H),
1.22-1.66 (m, 6H), 1.92-2.26 (m, 5H), 2.27 (s, 3H), 2.52-2.66 (m, 1H), 3.28-3.73 (m, 7H),
3.76-3.93 (m, 1H), 4.39-4.61 (m, 1H), 4.80 (dd, J = 7.8, 5.3 Hz, 1H), 7.09 (d, J = 8.0 Hz,
2H), 7.45 (d, J = 8.0 Hz, 2H), 8.24 (s, 1H), 9.57 (s, 1H); HRMS (FAB) calcd for C;7H»7N4O,:
319.2134. Found: 319.2130.

(29)-1-{[(25,4S5,55)-5-Methyl-4-(4-morpholinylcarbonyl)-2-pyrrolidinyl]carbonyl}-2-pyr
rolidinecarbonitrile 4-methylbenzenesulfonate (110)

Yield 93%. A white powder. TLC Ry = 0.43 (CHCl3/MeOH, 5/1); MS (APCI, pos. 20 V) m/z
321 (M+H)"; IR (KBr) 2242, 1654, 1448, 1230, 1169, 1119, 1032, 1009, 681, 568 cm '; 'H
NMR (300 MHz, DMSO-dg) 6 1.09-1.30 (m, 3H), 1.88-2.26 (m, 5H), 2.27 (s, 3H), 2.55-2.74
(m, 1H), 3.33-3.69 (m, 11H), 3.80-3.96 (m, 1H), 4.46—4.59 (m, 1H), 4.72-4.87 (m, 1H), 7.10
(d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 8.27 (s, 1H), 9.63 (s, 1H).

(29)-1-{[(25,4S,55)-5-Methyl-4-(4-thiomorpholinylcarbonyl)-2-pyrrolidinyl]carbonyl}-2-
pyrrolidinecarbonitrile 4-methylbenzenesulfonate (111)

Yield 99%. A white powder. TLC Ry = 0.60 (CHCl3/MeOH, 4/1); MS (APCI, pos. 20 V) m/z
337 (M+H)"; IR (KBr) 2242, 1652, 1450, 1221, 1198, 1168, 1122, 1032, 1009, 682 cm™'; 'H
NMR (300 MHz, DMSO-dg) 6 1.17 (d, J = 6.7 Hz, 3H), 1.91-2.10 (m, 2H), 2.11-2.26 (m,
2H), 2.28 (s, 3H), 2.52-2.75 (m, 3H), 3.47-3.87 (m, 11H), 4.40—4.61 (m, 1H), 4.81 (dd, J =
7.6, 5.1 Hz, 1H), 7.10 (d, J = 8.2 Hz, 2H), 7.47 (d, J = 8.2 Hz, 2H), 8.17-8.38 (m, 1H), 9.51—
9.71 (m, 1H); HRMS (FAB) calcd for C,cH,5N40,S: 337.1698. Found: 337.1689.

(29)-1-{[(25,45,55)-4-(1,3-Dihydro-2 H-isoindol-2-ylcarbonyl)-5-methyl-2-pyrrolidinyl]ca
rbonyl}-2-pyrrolidinecarbonitrile 4-methylbenzenesulfonate (112)

Yield 98%. A white powder. TLC R¢ = 0.29 (CHCl3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
353 (M+H)"; IR (KBr) 2980, 2243, 1656, 1449, 1370, 1227, 1166, 1121, 1032, 1008, 681,
566 cm '; '"H NMR (300 MHz, DMSO-ds) & 1.23 (d, J = 6.7 Hz, 3H), 1.952.33 (m, 5H),
2.28 (s, 3H), 2.65-2.80 (m, 1H), 3.46-3.65 (m, 3H), 3.94-4.08 (m, 1H), 4.50-4.64 (m, 1H),
4.64-4.74 (m, 2H), 4.82 (dd, J = 7.8, 5.3 Hz, 1H), 4.86-5.01 (m, 2H), 7.10 (d, J = 8.2 Hz,
2H), 7.23-7.41 (m, 4H), 7.47 (d, J = 8.2 Hz, 2H), 8.13-8.50 (m, 1H), 9.57-9.96 (m, 1H);
HRMS (FAB) calcd for C,0H,5N4O;: 353.1978. Found: 353.1975.

1-Benzyl 2-tert-butyl 4-methyl (2S5)-5-ethyl-2,3-dihydro-1H-pyrrole-1,2,4-tricarboxylate
(135)

To a stirred solution of lithium bis(trimethylsilyl)amide in THF (100 mL, 1.0 M) was added
dropwise a solution of 113 (14.0 g, 40 mmol) in THF (40 mL) at —78 °C. After being stirred

for 30 min, the reaction mixture was treated with propionyl chloride (5.2 mL, 60 mmol) and
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stirred at —78 °C for additional 2 h. The reaction was quenched with 5% aqueous KHSO4 and
extracted with EtOAc. The organic layer was successively washed with aqueous NaHCOs3,
brine, then dried over MgSQy, and evaporated. To a stirred solution of the resulting residue in
CH,CI; (40 mL) was added trifluoroacetic acid (3.1 mL, 40 mmol) at 0 °C. After being stirred
for 2 h at room temperature, the reaction mixture was diluted with EtOAc and treated with
IM NaOH. The organic layer was successively washed with aqueous NaHCOs3, brine, then
dried over MgSO,, and evaporated. The resulting residue was purified by silica gel
chromatography using EtOAc/hexane (1/4) as an eluant to yield 135 (10.1 g, 65%) as a white
powder. TLC Ry = 0.78 (EtOAc/hexane, 1/2); 'H NMR (300 MHz, CDCl3) § 1.19 (t, J = 7.5
Hz, 3H), 1.36 (s, 9H), 2.67 (dd, J = 15.9, 3.9 Hz, 1H), 3.02-3.29 (m, 3H), 3.71 (s, 3H), 4.63
(dd, J =12.0,4.2 Hz, 1H), 5.16 (s, 2H), 7.30-7.38 (m, SH).

(28,4S5,55)-1-(tert-Butoxycarbonyl)-5-ethyl-4-(methoxycarbonyl)-2-pyrrolidinecarboxylic
acid (137)

To a solution of 135 (10.0 g, 25.7 mmol) in AcOH (50 mL) was added platinum(IV) oxide
(1.0 g, 44 mmol). The mixture was vigorously stirred at room temperature under an
atmospheric pressure of hydrogen for 8 h. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo. A solution of the resulting residue in trifluoroacetic acid
(18 mL) and water (2 mL) was stirred at room temperature for 19 h. The reaction mixture was
evaporated. To a stirred solution of the resulting residue in THF (3 mL) and water (13 mL)
were added NaHCO; (10.8 g, 129 mmol) and a solution of di-tert-butyl-dicarbonate (6.72 g,
31 mmol) in THF (10 mL) at room temperature. After being stirred for 15 h, the reaction was
quenched with 2 M HCI and extracted with EtOAc. The organic layer was washed with brine,
dried over MgSQ,, and evaporated to yield 137 (3.60 g, 47%). TLC R¢ = 0.33 (EtOAc); MS
(APCI, pos. 20 V) m/z 302 (M+H)"; 'H NMR (300 MHz, CDCl3) § 0.92 (t, J = 7.2 Hz, 3H),
1.30-1.50 (m, 2H), 1.48 (s, 9H), 2.30-2.50 (m, 1H), 2.60-2.85 (m, 1H), 3.08-3.18 (m, 1H),
3.72 (s, 3H), 4.20-4.26 (m, 1H), 4.30-4.43 (m, 1H).

1-tert-Butyl 3-methyl (25,35,55)-5-{[(25)-2-carbamoyl-1-pyrrolidinyl]carbonyl}-2-ethyl-
1,3-pyrrolidinedicarboxylate (138)

To a stirred solution of 137 (3.58 g, 11.9 mmol) in CH,Cl, (12 mL) were added L-prolinamide
(1.49 g, 13.1 mmol), I-hydroxybenzotriazole (1.84 g, 11.9 mmol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.73 g, 14.3 mmol) at room
temperature. After being stirred for 3 h, the reaction mixture was poured into water and
extracted with CH,Cl,. The organic layer was washed with 10% aqueous citric acid, aqueous
NaHCOs, brine, then dried over MgSQO,, and evaporated to give 138 (4.77 g) , which was
used for the next reaction without further purification.

(285,38,55)-1-(tert-Butoxycarbonyl)-5-{[(25)-2-carbamoyl-1-pyrrolidinyl]carbonyl}-2-eth
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yl-3-pyrrolidinecarboxylic acid (139)

To a stirred solution of 138 (4.77 g, 11.9 mmol) in MeOH (24 mL) was added 1 M LiOH (13
mL) at 0 °C. After being stirred at room temperature for 4 h, the reaction was quenched with 2
M HCI (18 mL). The organic solvent was removed by evaporation. The resulting residue was
diluted with EtOH. Insoluble substance was removed by filtration. The filtrate was evaporated

to yield 139 (4.56 g), which was used for the next reaction without further purification.

3-Benzyl 1-tert-butyl (25,35,55)-5-{[(25)-2-carbamoyl-1-pyrrolidinyljcarbonyl}-2-ethyl-
1,3-pyrrolidinedicarboxylate (140)

To a stirred solution of 139 (4.56 g, 11.9 mmol) in DMF (24 mL) were added K,COs (1.86 g,
13.5 mmol) and benzylbromide (4.3 mL, 36 mmol) at room temperature. After being stirred
for 15 h, the reaction mixture was poured into water and extracted with EtOAc. The organic
layer was dried over MgSQy, and evaporated to yield 140 (5.63 g), which was used for the

next reaction without further purification.

3-Benzyl 1-tert-butyl (28,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-2-ethyl-1,3-p
yrrolidinedicarboxylate (141)

To a stirred solution of 140 (5.63 g, 11.9 mmol) in THF (40 mL) were added pyridine (2.4 mL,
30 mmol) and trifluoroacetic anhydride (1.85 mL, 13 mmol) at 0 °C. After being stirred for 30
min, the reaction was quenched with water and extracted with EtOAc The organic layer was
successively washed with 1 M HCI, aqueous NaHCOj3, brine, then dried over MgSO,, and
concentrated in vacuo The resulting residue was purified by silica gel chromatography using
EtOAc/hexane (1/1) as an eluant to yield 141 (2.34 g, 43% from 138). TLC R = 0.29
(EtOAc/hexane, 1/1); 'H NMR (300 MHz, DMSO-dg) & 0.78-0.91 (m, 3H), 1.20-1.50 (m,
2H), 1.29 and 1.38 (s, 9H), 1.90-2.20 (m, 6H), 3.30-3.68 (m, 3H), 3.97-4.05 (m, 1H), 4.35—
4.43 (m, 1H), 4.78-4.83 (m, 1H), 5.10-5.18 (m, 2H), 7.30-7.42 (m, 5H).

(25,35,55)-1-(tert-Butoxycarbonyl)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-2-ethyl-3-
pyrrolidinecarboxylic acid (142)

To a solution of 141 (1.27 g, 2.79 mmol) in EtOAc (5.5 mL) and THF (3 mL) was added
20 % palladium hydroxide on carbon (127 mg). The mixture was vigorously stirred at room
temperature under an atmospheric pressure of hydrogen for 20 min. The catalyst was removed
by filtration and the filtrate was concentrated in vacuo to yield 142 (1.01 g, 99%). TLC R; =
0.20 (EtOAc/hexane, 2/1); 'H NMR (300 MHz, DMSO-ds) & 0.86-0.98 (m, 3H), 1.20-1.50
(m, 2H), 1.29 and 1.38 (s, 9H), 1.85-2.45 (m, 6H), 3.09-3.20 (m, 1H), 3.40-3.65 (m, 2H),
3.95-4.05 (m, 1H), 4.35-4.42 (m, 1H), 4.78—4.83 (m, 1H).

tert-Butyl (2S,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-3-(dimethylcarbamoyl)-
2-ethyl-1-pyrrolidinecarboxylate (143)
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To a stirred solution of 142 (300 mg, 0.82 mmol) in CH,Cl, (2 mL) were added
dimethylamine hydrochloride (134 mg, 1.64 mmol), triethylamine (0.40 mL, 2.9 mmol),
1-hydroxybenzotriazole (125 mg, 0.82 mmol) and
1-(3-dimetylaminopropyl)-3-ethylcarbodiimide hydrochloride (235 mg, 1.23 mmol) at room
temperature. After being stirred for 4 h, the reaction mixture was poured into water and
extracted with CH,Cl,. The organic layer was successively washed with 10% aqueous citric
acid, aqueous NaHCOs;, brine, then dried over MgSO4, and concentrated in vacuo. The
resulting residue was recrystallized from EtOAc and hexane to yield 143 (162 mg, 50%) as a
white powder. TLC R¢ = 0.59 (CHCl3/MeOH, 9/1); '"H NMR (300 MHz, DMSO-ds, 100 °C) &
0.84 (t, J = 7.5 Hz, 3H), 1.25-1.40 (m, 1H), 1.37 (s, 9H), 1.44-1.60 (m, 1H), 2.00-2.33 (m,
6H), 2.83 (brs, 3H), 3.04 (brs, 3H), 3.33-3.42 (m, 1H), 3.55-3.63 (m ,1H), 4.01-4.09 (m, 1H),
4.37 (t,J = 6.9 Hz, 1H), 4.78-4.83 (m, 1H).

(25,35,595)-5-{[(25)-2-Cyano-1-pyrrolidinyl]carbonyl}-2-ethyl-/V,/N-dimethyl-3-pyrrolidin
ecarboxamide 4-methylbenzenesulfonate (123)

A solution of 143 (162 mg, 0.41 mmol) and p-toluenesulfonic acid (86 mg, 0.45 mmol) in
EtOH (2 mL) was stirred at 90 °C for 2 h. After cooling to room temperature, the resulting
precipitates were collected by filtration and dried under reduced pressure to yield 123 (188
mg, 98%) as a white powder. TLC Ry = 0.44 (CHCI3/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
293 (M+H)"; IR (KBr) 3459, 2972, 1661, 1556, 1496, 1454, 1223, 1167, 1121, 1033, 1009,
682, 567 cm'; "H NMR (300 MHz, DMSO-ds)  0.91 (t, J = 7.4 Hz, 3H), 1.43—1.79 (m, 2H),
1.90-2.31 (m, 5H), 2.28 (s, 3H), 2.58-2.78 (m, 1H), 2.84 (s, 3H), 3.03 (s, 3H), 3.43— 3.62 (m,
3H), 3.62-3.77 (m, 1H), 4.46—4.63 (m, 1H), 4.81 (dd, J = 7.8, 5.3 Hz, 1H), 7.10 (d, J = 8.0
Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.97-8.28 (m, 1H), 9.60-9.89 (m, 1H); HRMS (FAB) calcd
for Ci5H2sN40O7: 293.1978. Found: 293.1976.

(28,4R,55)-1-(tert-Butoxycarbonyl)-4-(methoxycarbonyl)-5-methyl-2-pyrrolidinecarboxy
lic acid (144)

A solution of 115b (1.14 g, 4.69 mmol) in trifluoroacetic acid (9 mL) and water (1 mL) was
stirred at room temperature for 3 h. The reaction mixture was evaporated. To a stirred solution
of the resulting residue in THF (10 mL) and water (10 mL) were added NaHCOs to adjust to
pH 9 and then di-fert-butyl-dicarbonate (1.54 g, 7.04 mmol) at room temperature. After being
stirred for 17 h, the reaction mixture was acidified with 10% aqueous citric acid and extracted
with EtOAc. The organic layer was dried over MgSQy, and evaporated to yield 144 (1.45 g),

which was used for the next reaction without further purification.

1-tert-Butyl 3-methyl (25,3R,55)-5-{[(2S)-2-carbamoyl-1-pyrrolidinyl]carbonyl}-2-meth
yl-1,3-pyrrolidinedicarboxylate (145)

Compound 145 was prepared as a white powder in 65% yield from 144 according to the same
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procedures as described for the preparation of 138 from 137. TLC Ry = 0.23 (EtOAc/MeOH,
20/1); MS (APCI, pos. 20 V) m/z 384 (M+H)"; 'H NMR (300 MHz, CDCls) & 1.35-1.50 (m,
12H), 1.70-2.20 (m, 4H), 2.30-2.50 (m, 2H), 2.80-3.05 (m, 1H), 3.50-3.90 (m, 2H), 3.72 (s,
3H), 4.07-4.48 (m, 2H), 4.54—4.73 (m, 2H), 5.30 and 5.74 (brs, 1H), 6.83 and 6.98 (s, 1H).

(25,3R,55)-5-{[(25)-2-(Aminocarbonyl)-1-pyrrolidinyl]carbonyl}-1-(zert-butoxycarbonyl)
-2-methyl-3-pyrrolidinecarboxylic acid (146)

To a stirred solution of 145 (430 mg, 1.12 mmol) in MeOH (3 mL) was added 2 M NaOH
(0.67 mL) at 0 °C. After being stirred at room temperature for 3 h, the reaction was quenched
with 2 M HCI (0.67 mL). The organic solvent was removed by evaporation. The resulting
residue was diluted with EtOH. Insoluble substance was removed by filtration and the filtrate
was evaporated to yield 146 (412 mg), which was used for the next reaction without further

purification.

tert-Butyl (28,3R,5S5)-5-{[(2S5)-2-carbamoyl-1-pyrrolidinyl]carbonyl}-3-(dimethylcarbam
oyl)-2-methyl-1-pyrrolidinecarboxylate (147)

Compound 147 was prepared as a white powder in 90% yield from 146 according to the same
procedures as described for the preparation of 143 from 142. TLC Ry = 048
(EtOAc/MeOH/H,0, 3/1/1); MS (APCI, pos. 20 V) m/z 397 (M+H)"; '"H NMR (300 MHz,
CDCl3) 6 1.35-1.50 (m, 12H), 1.70-2.20 (m, 5H), 2.25-2.60 (m, 2H), 2.95-2.97 (m, 3H),
3.01-3.05 (m, 3H), 3.50-3.90 (m, 2H), 4.00—4.17 (m, 1H), 4.57-4.80 (m, 2H), 5.30 and 5.50
(s, 1H), 6.76 and 7.04 (s, 1H).

tert-Butyl (285,3R,55)-5-{[(2S5)-2-cyano-1-pyrrolidinyl]carbonyl}-3-[(dimethylamino)carb
onyl]-2-methyl-1-pyrrolidinecarboxylate (148)

Compound 148 was prepared as a white powder in 40% yield from 147 according to the same
procedures as described for the preparation of 141 from 140. TLC R; = 0.31 (EtOAc/MeOH,
10/1); MS (APCI, pos. 20 V) m/z 379 (M+H)"; "H NMR (300 MHz, DMSO-ds 100 °C) § 1.31
(d, J= 6.3 Hz, 3H), 1.18 (s, 9H), 1.93-2.35 (m, 6H), 3.09-3.17 (m, 1H), 3.55-3.64 (m, 2H),
3.97-4.04 (m, 1H), 4.51-4.58 (m, 1H), 4.76—4.81 (m, 1H).

(25,3R,55)-5-{[(25)-2-Cyano-1-pyrrolidinyl]carbonyl}-/V,V,2-trimethyl-3-pyrrolidinecar
boxamide hydrochrolide (124)

To a stirred solution of 148 (153 mg, 0.40 mmol) in EtOAc (1 mL) was added 4M HCI in
EtOAc (1 mL). After being stirred for 4 h, the reaction mixture was concentrated in vacuo.
The resulting solid was washed with EtOAc to yield 124 (137 mg, 100%) as a white powder.
TLC Ry = 0.58 (CH,Cly/MeOH, 5/1); MS (APCI, pos. 20 V) m/z 279 (M+H)"; IR (KBr) 3423,
2944, 2244, 1639, 1508, 1452, 1403, 1256, 1191, 1156, 637 cm '; '"H NMR (300 MHz,

152



DMSO-dg) & 1.32 (d, J = 6.5 Hz, 3H), 1.93-2.44 (m, 6H), 2.85 (s, 3H), 2.98 (s, 3H), 3.04—
3.22 (m, 1H), 3.29-3.69 (m, 2H), 3.71-3.88 (m, 1H), 4.52-4.69 (m, 1H), 4.77-4.87 (m, 1H),
8.64 (s, 1H), 10.41 (s, 1H); HRMS (FAB) calcd for C 4H23N4O5: 279.1821. Found: 279.1819.

1-tert-Butyl 2-ethyl (2S5,4R)-4-[(benzyloxy)methyl]-5-0x0-1,2-pyrrolidinedicarboxylate
(149a) and 1-tert-Butyl 2-ethyl (25,45)-4-[(benzyloxy)methyl]-5-0x0-1,2-pyrrolidinedic
arboxylate (149b)

To a stirred solution of lithium bis(trimethylsilyl)amide in THF (22 mL ,1.0 M) was added
dropwise a solution of 24 (5.15 g, 20.0 mmol) in THF (20 mL) and HMPA (5 mL) at —78 °C.
After being stirred for 1 h, the reaction mixture was added to a stirred solution of
benzyloxymethyl chloride (5.5 mL, 40 mmol) in THF (10 mL) at =78 °C and stirred for
additional 1 h. The reaction was quenched with 1 M NH4CI and extracted with ‘BuOMe. The
organic layer was successively washed with aqueous NaHCOj3, brine, then dried over MgSOs,
and concentrated in vacuo. The resulting residue was purified by silica gel chromatography
using EtOAc/hexane (1/2) as an eluant to yield 149a (2.20 g, 27%) and 149b (1.37 g, 18%) as
a colorless oil. 149a : TLC Ry = 0.35 (EtOAc/hexane, 1/2); MS (APCI, pos. 20 V) m/z 378
(M+H)"; "H NMR (300 MHz, CDCl3) & 1.24 (t, J = 7.1 Hz, 3H), 1.49 (s, 9H), 1.99-2.13 (m,
1H), 2.45-2.60 (m, 1H), 2.80-2.94 (m, 1H), 3.66 (dd, J = 9.3, 7.3 Hz, 1H), 3.76 (dd, J = 9.3,
4.2 Hz, 1H), 4.04—4.24 (m, 2H), 4.44-4.59 (m, 3H), 7.17-7.45 (m, 5H). 149b : TLC Ry= 0.42
(EtOAc/hexane, 1/2); MS (APCI, pos. 20 V) m/z 378 (M+H)"; '"H NMR (300 MHz, CDCl3) &
1.27 (q, J = 7.1 Hz, 3H), 1.50 (s, 9H), 2.10-2.24 (m, 1H), 2.29-2.47 (m, 1H), 2.77-2.99 (m,
1H), 3.60-3.84 (m, 2H), 4.22 (q, J = 7.1 Hz, 2H), 4.42-4.66 (m, 3H), 7.21-7.41 (m, 5H).

1-tert-Butyl 2-ethyl (2S5,4R)-4-[(benzyloxy)methyl]-5-methoxy-1,2-pyrrolidinedicarboxy
late (150)

To a stirred solution of 149a (1.41 g, 3.74 mmol) in THF (20 mL) was added a solution of
lithium triethylborohydride in THF (4.5 mL, 1.0 M) at —78 °C. After being stirred for 30 min,
the reaction was quenched with aqueous NaHCO; and warmed up to 0 °C. After the addition
of 30% H,0, (2 mL), the reaction mixture was stirred at 0 °C. After being stirred for 30 min,
the reaction mixture was evaporated to remove organic solvent and extracted with ‘BuOMe.
The organic layer was dried over MgSO,, and concentrated in vacuo. To a stirred solution of
the resulting residue in MeOH (20 mL) was added p-toluenesulfonic acid (142 mg, 0.74
mmol) at room temperature. After being stirred for 18 h, the reaction was quenched with
aqueous NaHCO; The reaction mixture was evaporated to remove organic solvent and
extracted with ‘BuOMe. The organic layer was washed with brine, dried over MgSO,, and
concentrated in vacuo to yield 150 (1.71 g), which was used for the next reaction without

further purification.

1-tert-Butyl 2-ethyl (25,4S5,5R)-4-[(benzyloxy)methyl]-5-methyl-1,2-pyrrolidinedicarbox
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ylate (151)

To a stirred suspension of copper (I) bromide-dimethyl sulfide complex (3.58 g, 17.4 mmol)
in Et;0 (34 mL) was added MeMgBr in Et,0 (5.8 mL, 3.0 M) at —40 °C. After being stirred
for 1 h, the reaction mixture was cooled to —78 °C and treated with boron trifluoride etherate
(2.2 mL, 17 mmol). After being stirred for 30 min, to the above described reaction mixture
was added a solution of 150 (1.71 g, 3.74 mmol) in Et,O (6 mL). After being stirred for 15
min, the reaction mixture was warmed up to room temperature. After 1 h, the reaction was
quenched with a mixture of saturated NH4Cl aq (10 mL) and 28% NHj3 aq (10 mL). After
being stirred for 30 min, the reaction mixture was extracted with ‘BuOMe. The organic layer
was successively washed with H,O, brine, then dried over MgSQy, and concentrated in vacuo.
To a stirred solution of the resulting residue in THF (10 mL) were added aqueous NaHCO;
and di-tert-butyl-dicarbonate (816 mg, 3.74 mmol) at room temperature. After being stirred
for 3 h, the reaction mixture was extracted with EtOAc. The organic layer was washed with
brine, then dried over MgSQOs, and concentrated in vacuo. The resulting residue was purified
by silica gel chromatography using EtOAc/hexane (3/7) as an eluant to yield 151 (732 mg,
45%) as a colorless oil. TLC R = 0.57 (EtOAc/hexane, 7/3); MS (APCI, pos. 20 V) m/z 378
(M+H)"; "H NMR (300 MHz, DMSO-ds_ 100 °C) & 1.18 (t, J = 7.0 Hz, 3H), 1.22 (d, J = 6.2
Hz, 3H), 1.37 (s, 9H), 1.67-1.78 (m, 1H), 2.06-2.20 (m, 1H), 2.37-2.47 (m, 1H), 3.37 (dd, J
= 9.7, 7.3 Hz, 1H), 3.51 (dd, J = 9.7, 7.5 Hz, 1H), 3.65-3.77 (m, 1H), 4.01-4.13 (m, 2H),
4.19 (dd, J = 9.8, 4.1 Hz, 1H), 4.39-4.53 (m, 2H), 7.21-7.39 (m, 5H).

1-tert-Butyl 2-ethyl (25,4S5,5R)-4-(hydroxymethyl)-5-methyl-1,2-pyrrolidinedicarboxylate
(152)

To a solution of 151 (732 mg, 1.94 mmol) in EtOH (10 mL) and AcOH (1 mL) was added
10 % palladium on carbon (200 mg). The reaction mixture was vigorously stirred at room
temperature under an atmospheric pressure of hydrogen for 3 h. The catalyst was removed by
filtration and the filtrate was concentrated in vacuo to yield 152 (566 mg, 100%) as a
colorless oil. TLC Ry = 0.53 (CH,Cl,/MeOH, 9/1); MS (APCI, pos. 20 V) m/z 378 (M+H)";
'H NMR (300 MHz, CDCls) & 1.19-1.35 (m, 6H), 1.37-1.50 (m, 9H), 1.74-1.95 (m, 1H),
1.97-2.18 (m, 1H), 2.39-2.58 (m, 1H), 3.48-3.64 (m, 1H), 3.65-3.80 (m, 1H), 3.83-4.03 (m,
1H), 4.05-4.40 (m, 3H)

(2R,35,5S5)-1-(tert-Butoxycarbonyl)-5-(ethoxycarbonyl)-2-methyl-3-pyrrolidinecarboxyli
¢ acid (153)

To a stirred solution of 152 (566 mg, 1.94 mmol) in acetone (5 mL) was added Jones reagent
(1 mL) at 0 °C. After being stirred for 2 h at room temperature, the reaction was quenched
with ice-water. The reaction mixture was extracted with EtOAc. The organic layer was
successively washed with H,O, brine, then dried over MgSQO,, and concentrated in vacuo to
yield 153 (544 mg, 93%) as a colorless oil. Ry = 0.47 (CH,Cl/MeOH, 9/1); '"H NMR (300
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MHz, CDCl3) § 1.21-1.33 (m, 6H), 1.37-1.50 (m, 9H), 2.44-2.52 (m, 2H), 2.64-2.76 (m, 1H),
4.00~4.64 (m, 4H)

1-tert-Butyl 2-ethyl (25,4S,5R)-4-(dimethylcarbamoyl)-5-methyl-1,2-pyrrolidinedicarbo
xylate (154)

Compound 154 was prepared as a colorless oil in 70% yield from 153 according to the same
procedures as described for the preparation of 37 from 36. TLC Ry = 0.35 (acetone/hexane,
1/2); "H NMR (300 MHz, DMSO-ds) & 1.09-1.28 (m, 6H), 1.28-1.42 (m, 9H), 1.83-1.97 (m,
1H), 2.36-2.46 (m, 1H), 2.80 (s, 3H), 2.98 (s, 3H), 3.00-3.12 (m, 1H), 3.83-3.97 (m, 1H),
3.96-4.14 (m, 2H), 4.21 (dd, J = 8.6, 5.9 Hz, 1H)

(25,45,5R)-1-(tert-Butoxycarbonyl)-4-(dimethylcarbamoyl)-5-methyl-2-pyrrolidinecarbo
xylic acid (155)

To a stirred solution of 154 (200 mg, 0.61 mmol) in MeOH (2 mL) was added 1 M NaOH (1.2
mL) at room temperature. After being stirred at 60 °C for 3 h, the reaction mixture was cooled
to 0 °C and the reaction was quenched with 1 M HCI (1.2 mL). The organic solvent was
removed by evaporation. The resulting residue was extracted with CH,Cl,. The organic layer
was washed with brine, dried over MgSOs, and concentrated in vacuo to yield 155 (159 mg,
87%) as a colorless oil. TLC R;= 0.46 (EtOAc/AcOH, 9/1); '"H NMR (300 MHz, DMSO-d;) &
1.24 (d, J = 6.0 Hz, 3H), 1.30-1.41 (m, 9H), 1.80-1.92 (m, 1H), 2.35-2.46 (m, 1H), 2.81 (s,
3H), 2.99 (s, 3H), 3.01-3.10 (m, 1H), 3.82-3.95 (m, 1H), 4.12 (t, J = 7.8 Hz, 1H), 12.33—
12.54 (m, 1H).

tert-Butyl (2R,35,55)-5-{[(25)-2-cyano-1-pyrrolidinyl]carbonyl}-3-(dimethylcarbamoyl)-
2-methyl-1-pyrrolidinecarboxylate (156)

To a stirred solution of 155 (159 g, 0.53 mmol) in CH,Cl, (2 mL) were added
(25)-2-cyanopyrrolidine 4-methylbenzenesulfonate (116 mg, 0.61 mmol),
1-hydroxybenzotriazole (74 mg, 0.61 mmol), triethylamine (0.085 mL, 0.61 mmol) and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (116 mg, 0.61 mmol) at room
temperature. After being stirred for 15 h, the reaction mixture was poured into water and
extracted with CH,Cl,. The organic layer was successively washed with 1M HCI, aqueous
NaHCOs, brine, then dried over MgSQy, and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography using EtOAc/hexane (3/7) as an eluant to yield 156
(130 mg, 75%) as a colorless oil. TLC Ry = 0.38 (EtOAc/MeOH, 9/1); '"H NMR (300 MHz,
DMSO-ds) 6 1.29 (d, J = 6.0 Hz, 3H), 1.35 (s, 9H), 1.55-1.80 (m, 1H), 1.98-2.25 (m, 4H),
2.40-2.56 (m, 1H), 2.91-2.97 (m, 6H), 2.96-3.07 (m, 1H), 3.45-3.67 (m, 2H), 3.90-4.12 (m,
1H), 4.49 (dd, J = 8.8, 7.7 Hz, 1H), 4.71-4.81 (m, 1H).

(2R,35,55)-5-{[(25)-2-Cyano-1-pyrrolidinyl]carbonyl}-N,N,2-trimethyl-3-pyrrolidinecar
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boxamide 4-methylbenzenesulfonate (125)

Compound 125 was prepared as a white powder in 57% yield from 156 according to the same
procedures as described for the preparation of 10 from 29a. TLC Ry = 0.35 (CHCl3;/MeOH,
5/1); MS (APCI, pos. 20 V) m/z 279(M+H)"; IR (KBr) 3057, 2239, 1663, 1646, 1619, 1455,
1369, 1225, 1167, 682 cm™'; "H NMR (300 MHz, DMSO-d) & 1.29 (d, J = 6.5 Hz, 3H), 1.61
—1.80 (m, 1H), 1.94-2.08 (m, 2H), 2.08-2.25 (m, 2H), 2.28 (s, 3H), 2.84 (s, 3H), 2.87-2.99
(m, 1H), 3.02 (s, 3H), 3.07-3.26 (m, 1H), 3.55 (t, J = 6.5 Hz, 2H), 3.73-3.85 (m, 1H), 4.49—
4.66 (m, 1H), 4.82 (dd, J = 7.8, 4.7 Hz, 1H), 7.10 (d, J = 8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz,
2H), 8.86—9.41 (m, 2H); Anal. Calcd for C,;H39N4OsS: C, 55.98; H, 6.71; N, 12.43. Found: C,
55.83; H, 6.80; N, 12.27.

1-tert-Butyl 2-ethyl (25,45)-4-[(benzyloxy)methyl]-5-methoxy-1,2-pyrrolidinedicarboxyl
ate (157)

Compound 157 was prepared from 149b according to the same procedures as described for
the preparation of 150 from 149a, which was used for the next reaction without further

purification.

1-tert-Butyl 2-ethyl (25,4R)-4-[(benzyloxy)methyl]-5-methyl-1,2-pyrrolidinedicarboxyla
te (158)

Compound 158 was prepared as a colorless oil in 41% from 157 according to the same
procedures as described for the preparation of 151 from 150. TLC Ry = 0.65 (acetone/hexane,
1/2); "H NMR (300 MHz, DMSO-ds, 100 °C) § 0.95-1.32 (m, 6H), 1.38 (s, 9H), 1.73-2.69 (m,
3H), 3.31-3.55 (m, 2H), 3.61-4.28 (m, 4H), 4.42—4.55 (m, 2H), 7.14—7.43 (m, 5H)

1-tert-Butyl 2-ethyl (2S5,4R)-4-(hydroxymethyl)-5-methyl-1,2-pyrrolidinedicarboxylate
(159)

Compound 159 was prepared as a colorless oil in 83% from 158 according to the same
procedures as described for the preparation of 152 from 151. TLC Ry = 0.42 (acetone/hexane,
1/1); 'TH NMR (300 MHz, CDCl3) & 1.03-1.39 (m, 3H), 1.27 (q, J = 7.1 Hz, 3H), 1.39-1.50
(m, 9H), 1.84-2.79 (m, 3H), 3.51-3.76 (m, 2H), 4.04—4.39 (m, 4H).

(3R,55)-1-(tert-Butoxycarbonyl)-5-(ethoxycarbonyl)-2-methyl-3-pyrrolidinecarboxylic a
cid (160)

Compound 160 was prepared as a colorless oil in 90% from 159 according to the same
procedures as described for the preparation of 153 from 152. TLC R; = 0.44 (CH,Cl,/MeOH,
9/1); '"H NMR (300 MHz, CDCl;) & 1.02-1.21 (m, 3H), 1.22-1.33 (m, 3H), 1.38-1.50 (m,
9H), 2.00-2.29 (m, 1H), 2.42-2.70 (m, 1H), 3.26-3.57 (m, 1H), 4.05-4.55 (m, 4H).

1-tert-Butyl 2-ethyl
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(25,4R,5R)-4-(dimethylcarbamoyl)-5-methyl-1,2-pyrrolidinedicarboxylate (161)
Compound 161 was prepared as a colorless oil in 70% yield from 160 according to the same
procedures as described for the preparation of 37 from 36. TLC Ry = 0.40 (acetone/hexane,
1/2); 'H NMR (300 MHz, CDCl;) & 0.96-1.10 (m, 3H), 1.22-1.33 (m, 3H), 1.37-1.51 (m,
9H), 1.85-2.00 (m, 1H), 2.75-2.94 (m, 1H), 2.93-2.99 (m, 3H), 3.04-3.11 (m, 3H), 3.34-3.54
(m, 1H), 4.05-4.50 (m, 4H).

(25,4R,5R)-1-(tert-Butoxycarbonyl)-4-(dimethylcarbamoyl)-5-methyl-2-pyrrolidinecarbo
xylic acid (162)

Compound 162 was prepared as a white powder in 81% yield from 161 according to the same
procedures as described for the preparation of 155 from 154. TLC Ry = 0.50 (EtOAC/AcOH,
10/1); '"H NMR (300 MHz, DMSO-d¢) 8 0.79-0.94 (m, 3H), 1.29-1.43 (m, 9H), 1.68-1.87 (m,
1H), 2.53-2.75 (m, 1H), 2.81 (s, 3H), 2.98 (s, 3H), 3.32-3.44 (m, 1H), 4.08-4.30 (m, 2H).

tert-Butyl (2R,3R,55)-5-{[(2S)-2-cyano-1-pyrrolidinyl]carbonyl}-3-(dimethylcarbamoyl)-
2-methyl-1-pyrrolidinecarboxylate (163)

Compound 163 was prepared as a white powder in 75% yield from 162 according to the same
procedures as described for the preparation of 156 from 155. TLC Ry = 0.38 (acetone/hexane,
1/1); '"H NMR (300 MHz, DMSO-d) & 0.95 (d, J = 6.6 Hz, 3H), 1.35 (s, 9H), 1.72 (dd, J =
12.7, 6.1 Hz, 1H), 2.00-2.11 (m, 2H), 2.13-2.23 (m, 2H), 2.63-2.77 (m, 1H), 2.80-3.08 (m,
6H), 3.42-3.64 (m, 3H), 4.19-4.34 (m, 1H), 4.49 (d, J = 9.2 Hz, 1H), 4.70-4.81 (m, 1H).

(2R,3R,55)-5-{[(285)-2-Cyano-1-pyrrolidinyl]carbonyl}-N,N,2-trimethyl-3-pyrrolidinecar
boxamide 4-methylbenzenesulfonate (126)

Compound 126 was prepared as a white powder in 75% yield from 163 according to the same
procedures as described for the preparation of 10 from 29a. TLC Ry = 0.45 (CHCl3/MeOH,
5/1); MS (APCI, pos. 20 V) m/z 279(M+H)"; IR (KBr) 3449, 2957, 2243, 1667, 1644, 1217,
1204, 1186, 1169, 567 cm'; "H NMR (300 MHz, DMSO-dq) 6 1.19 (d, J = 6.8 Hz, 3H), 1.91
—2.08 (m, 3H), 2.08-2.26 (m, 2H), 2.28 (s, 3H), 2.65-2.80 (m, 1H), 2.87 (s, 3H), 3.02 (s, 3H),
3.49-3.64 (m, 2H), 3.64-3.75 (m, 1H), 3.83—4.01 (m, 1H), 4.60-4.74 (m, 1H), 4.83 (dd, J =
8.0,4.9 Hz, 1H), 7.10 (d, J = 8.1 Hz, 2H), 7.46 (d, J = 8.1 Hz, 2H), 8.99 (s, 1H), 9.20 (s, 1H);
Anal. Calcd for C,;H30N4O5S: C, 55.98; H, 6.71; N, 12.43. Found: C, 55.27; H, 6.71; N,
12.03.

tert-Butyl (28,35,55)-5-{[(2S)-2-carbamoyl-1-pyrrolidinyl]carbonyl}-3-(diazoacetyl)-2-m
ethyl-1-pyrrolidinecarboxylate (164)

To a stirred solution of 119b (100 mg, 0.23 mmol) in THF (2 mL) were added triethylamine
(0.038 mL, 0.27 mmol) and ethyl chloroformate (0.026 mL, 0.27 mmol) at 0 °C. After being

stirred at room temperature for 2 h, the reaction mixture was treated with a solution of
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diazomethane in Et,O and stirred for 2 h. The reaction was quenched with H,O and extracted
with CH,Cl,. The organic layer was dried over MgSQOs, and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography using EtOAc/MeOH (6/1) as an
eluant to yield 164 (38 mg, 42%) as a colorless oil. TLC Ry = 0.32 (EtOAc/MeOH, 5/1); MS
(APCI, pos. 20 V) m/z 394 (M+H)"; '"H NMR (300 MHz, CDCl;) & 1.18-1.30 (m, 3H), 1.35—
1.50 (m, 9H), 1.70-2.60 (m, 6H), 3.04-3.17 (m, 1H), 3.50-3.80 (m, 2H), 4.10—4.50 (m, 2H),
4.55-4.72 (m, 1H), 5.23-5.54 (m, 2H), 6.97-7.12 (m, 1H).

tert-Butyl (25,3R,55)-5-{[(2S)-2-carbamoyl-1-pyrrolidinyl]carbonyl}-3-(2-methoxy-2-o0x
oethyl)-2-methyl-1-pyrrolidinecarboxylate (165)

To a stirred solution of 164 (279 mg, 0.71 mmol) in MeOH (2 mL) were added triethylamine
(0.10 mL, 0.72 mmol) and silver benzoate (8 mg, 0.03 mmol) at room temperature. After
being stirred for 1 h, the reaction mixture was concentrated in vacuo. The resulting residue
was purified by silica gel chromatography using EtOAc/MeOH (6/1) as an eluant to yield 165
(219 mg, 78%) as a colorless oil. TLC Ry = 0.48 (EtOAc/MeOH, 5/1); MS (APCI, pos. 20 V)
m/z 398 (M+H)"; "H NMR (300 MHz, DMSO-ds. 100 °C) & 1.03 (d, J = 6.6 Hz, 3H), 1.35 (s,
9H), 1.42-1.63 (m, 1H), 1.83-2.06 (m, 5H), 2.26—2.58 (m, 3H), 3.46-3.58 (m, 2H), 3.63 (s,
3H), 3.92-4.04 (m, 1H), 4.26—4.52 (m, 2H), 6.68 (s, 2H).

[(28,3R,5S5)-1-(tert-Butoxycarbonyl)-5-{[(25)-2-carbamoyl-1-pyrrolidinyl]carbonyl}-2-me
thyl-3-pyrrolidinyljacetic acid (166)

Compound 166 was prepared from 165 according to the same procedures as described for the
preparation of 119b from 119a. This compound was used for the next reaction without further

purification.

tert-Butyl (28,3R,5S5)-5-{[(25)-2-carbamoyl-1-pyrrolidinyl]carbonyl}-3-[2-(dimethylamin
0)-2-oxoethyl]-2-methyl-1-pyrrolidinecarboxylate (167)

Compound 167 was prepared as a white powder in 85% yield from 166 according to the same
procedures as described for the preparation of 37 from 36. TLC Ry = 0.50
(EtOAc/MeOH/AcOH, 5/1/0.1); MS (APCI, pos. 20 V) m/z 398 (M+H)"; '"H NMR (300 MHz,
CDCl3) 6 1.11-1.23 (m, 3H), 1.36-1.49 (m, 9H), 1.52—-1.73 (m, 1H), 1.81-2.83 (m, 8H), 2.92
—2.98 (m, 3H), 2.98-3.03 (m, 3H), 3.43-3.84 (m, 2H), 4.07-4.73 (m, 3H), 5.22-5.57 (m, 1H),
6.86-7.09 (m, 1H).

tert-Butyl (28,3R,5S5)-5-{[(25)-2-cyano-1-pyrrolidinyl]jcarbonyl}-3-[2-(dimethylamino)-2-
oxoethyl]-2-methyl-1-pyrrolidinecarboxylate (168)

Compound 168 was prepared as a white powder in 40% yield from 167 according to the same
procedures as described for the preparation of 120 from 119¢. TLC R;= 0.30 (hexane/acetone,
1/1); MS (APCI, pos. 20 V) m/z 393 (M+H)"; "H NMR (300 MHz, DMSO-ds, 100 °C) & 1.03
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(d, J = 6.6 Hz, 3H), 1.35 (s, 9H), 1.42-1.57 (m, 1H), 2.00-2.20 (m, 4H), 2.24-2.60 (m, 3H),
3.50-3.70 (m, 2H), 3.98-4.08 (m, 1H), 4.55 (dd, J = 7.2, 6.6 Hz, 1H), 4.70-4.80 (m, 1H).

2-((2S,3R,55)-5-{[(285)-2-Cyano-1-pyrrolidinyl]carbonyl}-2-methyl-3-pyrrolidinyl)-NV,N-d
imethylacetamide 4-methylbenzenesulfonate (127)

Compound 127 was prepared as a white powder in 100% yield from 168 according to the
same procedures as described for the preparation of 10 from 29a. TLC Ry = 0.30
(CHCI3/MeOH, 5/1); MS (APCI, pos. 20 V) m/z 293(M+H)"; IR (KBr) 2949, 2242, 1645,
1452, 1221, 1122, 1033, 1009, 682, 568 cm™'; '"H NMR (300 MHz, DMSO-d¢) 5 1.13 (d, J =
7.0 Hz, 3H), 1.52-1.69 (m, 1H), 1.91-2.25 (m, 6H), 2.28 (s, 3H), 2.59-2.74 (m, 2H), 2.80 (s,
3H), 2.93 (s, 3H), 3.43-3.67 (m, 2H), 3.80-3.95 (m, 1H), 4.40-4.55 (m, 1H), 4.80 (dd, J = 7.9,
4.9 Hz, 1H), 7.10 (d, J = 8.1 Hz, 2H), 7.46 (d, J = 8.1 Hz, 2H), 8.25 (s, 1H), 9.58 (s, 1H).

4-Benzyl 1-tert-butyl 2-methyl (25)-5-methyl-2,3-dihydro-1H-pyrrole-1,2,4-tricarboxyl
ate (170)

Compound 170 was prepared as a white powder in 82% yield from 169 according to the same
procedures as described for the preparation of 135 from 113. TLC Ry = 0.55 (EtOAc/hexane,
1/3); 'TH NMR (300 MHz, CDCl3) § 1.45 (s, 9H), 2.64 (s, 3H), 2.69-2.80 (m, 1H), 2.97-3.30
(m, 1H), 3.75 (s, 3H), 4.67 (dd, J = 12.4, 5.2 Hz, 1H), 5.16 (s, 2H), 7.16—7.48 (m, 5H).

(595)-1-(tert-Butoxycarbonyl)-5-(methoxycarbonyl)-2-methyl-4,5-dihydro-1H-pyrrole-3-¢
arboxylic acid (171)

To a solution of 170 (230 g, 613 mmol) in MeOH (900 mL) was added 10 % palladium on
carbon (23 g). The mixture was vigorously stirred at room temperature under an atmospheric
pressure of hydrogen. The catalyst was removed by filtration and the filtrate was concentrated
in vacuo. The resulting residue was recrystallized from ‘Pr,O—hexane to yield 171 (161 g,
92%) as a white powder. TLC Ry = 0.25 (EtOAc/hexane, 1/3); '"H NMR (300 MHz, CDCl3) &
1.46 (s, 9H), 2.64 (s, 3H), 2.67-2.77 (m, 1H), 2.93-3.19 (m, 1H), 3.77 (s, 3H), 4.69 (dd, J =
12.5, 5.1 Hz, 1H).

1-tert-Butyl 2-methyl (25)-4-(dimethylcarbamoyl)-5-methyl-2,3-dihydro-1H-pyrrole-1,2
-dicarboxylate (172)

Compound 172 was prepared as a white powder in 100% yield from 171 according to the
same procedures as described for the preparation of 143 from 142 TLC Ry = 0.57
(CH,Cl,/MeOH, 10/1); 'TH NMR (300 MHz, CDCl3) & 1.45 (s, 9H), 2.17 (s, 3H), 2.57-2.69
(m, 1H), 2.99 (s, 6H), 3.09-3.29 (m, 1H), 3.76 (s, 3H), 4.69 (dd, J = 12.0, 4.9 Hz, 1H).

1-tert-Butyl 2-methyl (25,45,55)-4-(dimethylcarbamoyl)-5-methyl-1,2-pyrrolidinedicarb
oxylate (173a)
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To a solution of 172 (11 g, 35.1 mmol) in AcOH (120 mL) was added platinum(IV) oxide (3.0
g, 13.2 mmol). The mixture was vigorously stirred at room temperature under an atmospheric
pressure of hydrogen for 5 h. The catalyst was removed by filtration and the filtrate was
concentrated in vacuo. The resulting residue was dissolved in EtOAc. The solution was
successively washed with water, aqueous NaHCO;, brine, then dried over MgSO,, and
concentrated in vacuo to yield 173a (10.3 g, 93%) as a colorless oil. TLC Ry = 0.55
(CH,Cl,/MeOH, 10/1) '"H NMR (300 MHz, CDCl3) & 1.07-1.19 (m, 3H), 1.38-1.52 (m, 9H),
2.21-2.37 (m, 1H), 2.53-2.77 (m, 1H), 2.93-3.01 (m, 3H), 3.03-3.13 (m, 3H), 3.17-3.38 (m,
1H), 3.69-3.80 (m, 3H), 4.06—4.45 (m, 2H)

(25.,45,55)-1-(tert-Butoxycarbonyl)-4-(dimethylcarbamoyl)-5-methyl-2-pyrrolidinecarbo
xylic acid (174)

To a stirred solution of 173a (10.3 g, 32.8 mmol) in THF (100 mL) was added 2 M NaOH
(21.3 mL) at room temperature. After being stirred for 23 h, the reaction was quenched with 2
M HCI (21.3 mL). The reaction mixture was extracted with CH,Cl,. The organic layer was
washed with brine, dried over MgSQy, concentrated in vacuo, and recrystallized from EtOAc
to yield 174 (5.62 g, 57%) as a white powder. TLC Ry = 0.36 (CH,Cl,/MeOH, 10/1) '"H NMR
(300 MHz, CDCl3) 6 1.12 (d, J = 6.6 Hz, 3H), 1.44 (s, 9H), 2.25-2.44 (m, 1H), 2.58-2.83 (m,
1H), 2.98 (s, 3H), 3.08 (s, 3H), 3.17-3.43 (m, 1H), 4.12-4.56 (m, 2H), 8.11 (s, 1H).

(25.,45,595)-1-|(Benzyloxy)carbonyl]-4-(dimethylcarbamoyl)-5-methyl-2-pyrrolidinecarbo
xylic acid (175)

To a stirred solution of 174 (5.62 g, 18.7 mmol) in CH,Cl, (20 mL) was added 4 N HCI in
dioxane (45 mL) at room temperature. After being stirred for 1 h, the reaction mixture was
concentrated in vacuo. To a stirred solution of the resulting residue in H,O (20 mL) — 'Pr,O
(5 mL) were added NaHCO; (6.28 g, 74.8 mmol) and a solution of benzyloxycarbonyl
chloride (3.0 mL, 21 mmol) in ‘Pr,O (15 mL). After being stirred for 15 h, the reaction was
quenched with 2 M HCI and extracted with CH,Cl,. The organic layer was washed with brine,
dried over MgSO4, and concentrated in vacuo to yield 175 (5.44 g, 87%) as a white powder.
TLC Ry=0.22 (CH,Cl/MeOH, 10/1) '"H NMR (300 MHz, CDCl3) & 1.15 (d, J = 6.2 Hz, 3H),
2.32-2.51 (m, 1H), 2.64-2.81 (m, 1H), 2.98 (s, 3H), 3.07 (s, 3H), 3.21-3.36 (m, 1H), 4.20—
4.55 (m, 2H), 5.02-5.26 (m, 2H), 7.20-7.44 (m, 5H).

Benzyl (25,3S,55)-5-[(2-amino-2-oxoethyl)(methyl)carbamoyl]-3-(dimethylcarbamoyl)-2
-methyl-1-pyrrolidinecarboxylate (176)

To a stirred solution of 175 (340 mg, 1.02 mmol) in CH,Cl, (7 mL) were added oxaly chloride
(0.10 mL, 1.12 mmol) and DMF (one drop) at room temperature. After being stirred for 20
min, the reaction mixture was concentrated in vacuo. To a stirred solution of the resulting
residue in CH,Cl, (5 mL) were added N-methylglycinamide hydrochloride (152 mg, 1.22
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mmol) and triethylamine (0.36 mmol, 2.54 mmol). After being stirred for 1 h, the reaction
mixture was poured into water and extracted with CH,Cl,. The organic layer was washed with
10% aqueous citric acid, aqueous NaHCOj3, brine, dried over MgSQy, and evaporated to give
176 (270 mg, 66%). TLC R¢=0.36 (EtOAc/MeOH, 10/1); "H NMR (300 MHz, CDCl3) & 1.01
—1.48 (m, 6H), 2.09-2.39 (m, 1H), 2.53-2.80 (m, 1H), 2.78-3.13 (m, 9H), 3.24-3.40 (m, 1H),
4.19-5.51 (m, 5H), 6.20 and 6.40 (s, 1H), 7.24-7.41 (m, 5H), 7.68 (s, 1H)

tert-Butyl (2S5,35,55)-5-[(cyanomethyl)carbamoyl]-3-(dimethylcarbamoyl)-2-methyl-1-p
yrrolidinecarboxylate (178a)

To a stirred solution of 174 (300 mg, 1.0 mmol) in CH,ClI, (4 mL) were added pyridine (0.25
mL, 3.0 mmol) and cyanuric fluoride (0.085 mL, 1.0 mmol) at 0 °C. After being stirred for 1 h,
the reaction was quenched with ice-water. Insoluble substance was removed by filtration. The
organic layer was dried over MgSOj, and concentrated in vacuo. To a stirred solution of the
resulting residue in 1,2-dichloroethane (4 mL) were added aminoacetonitrile (84 mg, 1.5
mmol) and pyridine (0.16 mL, 2 mmol) at room temperature. After being stirred for 30 min at
60 °C, the reaction was quenched with 10% aqueous citric acid and extracted with CH,Cl,.
The organic layer was successively washed with aqueous NaHCO3, brine, then dried over
Na,SO,, and concentrated in vacuo. The resulting solid was washed with ‘BuOMe to yield
178a (250 mg, 74%) as a white powder. TLC R; = 0.41 (CH,Cl,/MeOH, 9/1); "H NMR (300
MHz, CDCl3) 6 1.14 (d, J = 6.6 Hz, 3H), 1.47 (s, 9H), 2.25-2.42 (m, 1H), 2.54-2.79 (m, 1H),
2.97 (s, 3H), 3.08 (s, 3H), 3.22-3.34 (m, 1H), 3.97-4.12 (m, 1H), 4.17 (dd, J = 10.4, 7.7 Hz,
1H), 4.26-4.47 (m, 2H), 6.38-6.82 (m, 1H).

tert-Butyl (25,35,55)-5-[(cyanomethyl)(methyl)carbamoyl]-3-(dimethylcarbamoyl)-2-me
thyl-1-pyrrolidinecarboxylate (178b)

To a solution of 176 (261 mg, 0.645 mmol) in THF (6 mL) was added 10 % palladium on
carbon (55 mg). After being stirred at room temperature under an atmospheric pressure of
hydrogen for 2 h, the catalyst was removed by filtration. To the filtrate was added a solution
of di-tert-butyl-dicarbonate (169 mg, 0.774 mmol) in THF (6 mL). After being stirred for 1 h,
the reaction mixture was treated with pyridine (0.26 mL, 3.23 mmol) and trifluoroacetic
anhydride (0.14 mL, 0.97 mmol) and stirred for additional 30 min. The reaction was quenched
with water and extracted with EtOAc. The organic layer was successively washed with 1 M
HCIl, aqueous NaHCO;, brine, then dried over MgSQO,, and concentrated in vacuo, The
resulting residue was purified by silica gel chromatography using EtOAc/MeOH (40/1) as an
eluant to yield 178b (170 mg, 75%) as a white powder. TLC R¢= 0.31 (CH,Cl,/MeOH, 10/1);
'H NMR (300 MHz, DMSO-d) 8 0.91 (d, J = 6.6 Hz, 3H), 1.26-1.39 (m, 9H), 2.11-2.23 (m,
2H), 2.81 (s, 3H), 3.01 (s, 3H), 3.11 (s, 3H), 4.06-4.31 (m, 2H), 4.36—4.67 (m, 3H).

According to the same procedures as described for the preparation of 178a from 174,
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compounds 178c—g were prepared from 174.

tert-Butyl (28,35,55)-5-[(cyanomethyl)(ethyl)carbamoyl]-3-(dimethylcarbamoyl)-2-meth
yl-1-pyrrolidinecarboxylate (178c¢)

Yield 75%. A white powder. Ry = 0.21 (EtOAc); 'H NMR (300 MHz, CDCl;) & 1.15 (d, J =
6.6 Hz, 3H), 1.34 (t, J = 7.1 Hz, 3H), 1.39-1.49 (m, 9H), 2.17-2.37 (m, 1H), 2.53-2.71 (m,
1H), 2.96 (s, 3H), 3.05-3.13 (m, 3H), 3.23-3.39 (m, 1H), 3.47-3.71 (m, 2H), 3.98-4.70 (m,
4H).

tert-Butyl (2S,35,55)-5-[(cyanomethyl)(propyl)carbamoyl]-3-(dimethylcarbamoyl)-2-me
thyl-1-pyrrolidinecarboxylate (178d)

Yield 82%. A white powder. Ry = 0.28 (EtOAc); 'H NMR (300 MHz, CDCl3) § 0.91-1.05 (m,
3H), 1.16 (d, J = 6.6 Hz, 3H), 1.40—1.48 (m, 9H), 1.63-1.83 (m, 2H), 2.13-2.37 (m, 1H), 2.56
—2.77 (m, 1H), 2.96-2.99 (m, 3H), 3.05-3.11 (m, 3H), 3.19-3.66 (m, 3H), 3.91-4.73 (m, 4H).

tert-Butyl (2S,35,55)-5-[allyl(cyanomethyl)carbamoyl]-3-(dimethylcarbamoyl)-2-methyl
-1-pyrrolidinecarboxylate (178e)

Yield 80%. A white powder. Ry = 0.29 (EtOAc); MS (APCI, pos.) m/z 379 (M+H)"; '"H NMR
(300 MHz, CDCls) 6 1.16 (d, J = 6.6 Hz, 3H), 1.40-1.51 (m, 9H), 2.15-2.29 (m, 1H), 2.56—
2.77 (m, 1H), 2.96 (s, 3H), 3.03-3.13 (m, 3H), 3.18-3.35 (m, 1H), 3.90—4.78 (m, 6H), 5.24—
5.44 (m, 2H), 5.70-6.07 (m, 1H).

tert-Butyl (25,35,55)-5-[(cyanomethyl)(cyclopropyl)carbamoyl]-3-(dimethylcarbamoyl)-
2-methyl-1-pyrrolidinecarboxylate (178f)

Yield 73%. A white powder. Ry = 0.24 (EtOAc); 'H NMR (300 MHz, CDCl3) & 0.81-1.10 (m,
4H), 1.12-1.22 (m, 3H), 1.41-1.48 (m, 9H), 2.20-2.41 (m, 1H), 2.50-2.68 (m, 1H), 2.80-3.02
(m, 4H), 3.05-3.14 (m, 3H), 3.23-3.40 (m, 1H), 3.99-4.16 (m, 1H), 4.17-4.46 (m, 1H), 4.49—
4.62 (m, 1H), 4.88-5.05 (m, 1H).

tert-Butyl (2S,35,55)-5-[(cyanomethyl)(2-propyn-1-yl)carbamoyl]-3-(dimethylcarbamoy
1)-2-methyl-1-pyrrolidinecarboxylate (178g)

Yield 61%. A white powder. R = 0.32 (EtOAc); 'H NMR (300 MHz, CDCl3) § 1.15 (d, J =
6.6 Hz, 3H), 1.34-1.51 (m, 9H), 2.25-2.51 (m, 2H), 2.55-2.76 (m, 1H), 2.97 (s, 3H), 3.05—
3.14 (m, 3H), 3.19-3.42 (m, 1H), 4.06-4.83 (m, 6H)

According to the same procedures as described for the preparation of 10 from 29a,

compounds 128-134 were prepared from 178a-g, respectively.

(25.,45,55)-N-(Cyanomethyl)-4-(dimethylaminocarbonyl)-5-methyl-2-pyrrolidinecarboxa
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mide 4-methylbenzenesulfonate (128)

Yield 100%. A white powder. TLC R¢= 0.33 (CH,Cl,/MeOH, 4/1); MS (APCI, pos. 20 V) m/z
239(M+H)"; IR (KBr) 1632, 1551, 1495, 1214, 1160, 1120, 1031, 1007, 680, 566 cm'; 'H
NMR (300 MHz, DMSO-dg) ¢ 1.11 (d, J = 6.8 Hz, 3H), 2.13-2.27 (m, 1H), 2.28 (s, 3H), 2.39
—2.48 (m, 1H), 2.83 (s, 3H), 2.99 (s, 3H), 3.57-3.68 (m, 1H), 3.86-4.00 (m, 1H), 4.18-4.35
(m, 3H), 7.11 (d, J = 7.9 Hz, 2H), 7.47 (d, J = 8.2 Hz, 2H), 8.23-8.39 (m, 1H), 9.16 (t, J =
5.6 Hz, 1H), 9.59 (s, 1H); HRMS (FAB) calcd for C;1H9N4O,: 239.1508. Found: 239.1515.

(25.,45,595)-N-(Cyanomethyl)-V,5-dimethyl-4-(dimethylcarbamoyl)-2-pyrrolidinecarboxa
mide 4-methylbenzenesulfonate (129)

Yield 100%. A white powder. TLC R¢= 0.50 (CH,Cl,/MeOH, 5/1); MS (APCI, pos. 20 V) m/z
253(M+H)"; IR (KBr) 3426, 2940, 2250, 1665, 1635, 1183, 1124, 1034, 1010, 685 cm '; 'H
NMR (300 MHz, DMSO-dg) 6 1.15 (d, J = 6.8 Hz, 3H), 2.02-2.17 (m, 1H), 2.28 (s, 3H), 2.56
—2.71 (m, 1H), 2.83 (s, 3H), 3.00 (s, 3H), 3.06 (s, 3H), 3.56-3.68 (m, 1H), 3.81-3.95 (m, 1H),
4.39 (d, J = 18.0 Hz, 1H), 4.56 (d, J = 18.0 Hz, 1H), 4.63-4.76 (m, 1H), 7.11 (d, J = 8.1 Hz,
2H), 7.47 (d, J = 8.1 Hz, 2H), 8.04—8.22 (m, 1H), 9.57-9.71 (m, 1H).

(25,45,55)-N-(Cyanomethyl)- V-ethyl-4-(dimethylcarbamoyl)-5-methyl-2-pyrrolidinecar
boxamide 4-methylbenzenesulfonate (130)

Yield 100%. A white powder. TLC R¢= 0.29 (CH,Cl,/MeOH, 4/1); MS (APCI, pos. 20 V) m/z
267(M+H)"; IR (KBr) 2975, 2939, 2245, 1654, 1637, 1217, 1162, 1120, 1008, 566 cm'; 'H
NMR (300 MHz, DMSO-d) 6 1.05-1.27 (m, 6H), 1.99-2.19 (m, 1H), 2.28 (s, 3H), 2.52-2.70
(m, 1H), 2.83 (s, 3H), 3.00 (s, 3H), 3.32-3.52 (m, 2H), 3.63 (q, J = 7.4 Hz, 1H), 3.82-4.01 (m,
1H), 4.31-4.58 (m, 2H), 4.57-4.84 (m, 1H), 7.11 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H),
7.99-8.38 (m, 1H), 9.44-9.84 (m, 1H); HRMS (FAB) calcd for C;3H3N4O,: 267.1821.
Found: 267.1818.

(25.,45,55)-N-(Cyanomethyl)-4-(dimethylcarbamoyl)-5-methyl-N-propyl-2-pyrrolidineca

rboxamide 4-methylbenzenesulfonate (131)

Yield 89%. A white powder. TLC R¢ = 0.53 (CHCl3/MeOH, 4/1); MS (APCI, pos. 20 V) m/z
281(M+H)"; IR (KBr) 3464, 3112, 2246, 1655, 1458, 1223, 1163, 1120, 1008, 680 cm'; 'H
NMR (300 MHz, DMSO-ds) 6 0.83-0.93 (m, 3H), 1.16 (d, J = 6.8 Hz, 3H), 1.46-1.77 (m,
2H), 2.01-2.17 (m, 1H), 2.28 (s, 3H), 2.55-2.72 (m, 1H), 2.83 (s, 3H), 3.00 (s, 3H), 3.32 (t, J
= 7.5 Hz, 2H), 3.59-3.72 (m, 1H), 3.85-3.97 (m, 1H), 4.31-4.63 (m, 2H), 4.59-4.78 (m, 1H),
7.11 (d, J = 8.1 Hz, 2H), 7.48 (d, J = 8.1 Hz, 2H), 8.08-8.23 (m, 1H), 9.57-9.74 (m, 1H);
HRMS (FAB) calced for Ci4H25N4O5: 281.1978. Found: 281.1988.

(25.,45,55)-N-Allyl-N-(Cyanomethyl)-4-(dimethylcarbamoyl)-5-methyl-2-pyrrolidinecarb

oxamide 4-methylbenzenesulfonate (132)

163



Yield 90%. A white powder. TLC R¢ = 0.57 (CHCl3/MeOH, 4/1); MS (APCI, pos. 20 V) m/z
279(M+H)"; IR (KBr) 3448, 2246, 1661, 1636, 1560, 1496, 1224, 1120, 1008, 681 cm '; 'H
NMR (300 MHz, DMSO-dq) 6 1.16 (d, J = 6.8 Hz, 3H), 1.99-2.19 (m, 1H), 2.28 (s, 3H), 2.53
—2.69 (m, 1H), 2.83 (s, 3H), 3.00 (s, 3H), 3.56-3.70 (m, 1H), 3.84-3.95 (m, 1H), 3.96-4.17
(m, 2H), 4.21-4.53 (m, 2H), 4.59-4.76 (m, 1H), 5.22-5.39 (m, 2H), 5.73-5.96 (m, 1H), 7.11
(d, J = 8.1 Hz, 2H), 7.47 (d, J = 8.1 Hz, 2H), 8.12-8.26 (m, 1H), 9.58-9.76 (m, 1H); HRMS
(FAB) calcd for C14H,3N40;: 279.1821. Found: 279.1819.

(25.,45,55)-N-(Cyanomethyl)-V-cyclopropyl-4-(dimethylcarbamoyl)-5-methyl-2-pyrrolidi
necarboxamide 4-methylbenzenesulfonate (133)

Yield 100%. A white powder. TLC R¢= 0.42 (CH,Cl,/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
279(M+H)"; IR (KBr) 1639, 1442, 1364, 1226, 1161, 1119, 1031, 1008, 680, 565 cm'; 'H
NMR (300 MHz, DMSO-d) 6 0.83—1.06 (m, 4H), 1.15 (d, J = 6.8 Hz, 3H), 2.18-2.34 (m,
1H), 2.28 (s, 3H), 2.58-2.73 (m, 1H), 2.81-2.94 (m, 1H), 2.84 (s, 3H), 3.01 (s, 3H), 3.59-3.74
(m, 1H), 3.90-4.05 (m, 1H), 4.35-4.54 (m, 2H), 4.72-4.84 (m, 1H), 7.11 (d, J = 7.9 Hz, 2H),
747 (d, J = 8.1 Hz, 2H), 8.07-8.31 (m, 1H), 9.33-9.64 (m, 1H); HRMS (FAB) calcd for
C14H23N40,: 279.1821. Found: 279.1820.

(25.,45,55)-N-(Cyanomethyl)-4-(dimethylcarbamoyl)-5-methyl- N-propargyl-2-pyrrolidin
ecarboxamide 4-methylbenzenesulfonate (134)

Yield 100%. A white powder. TLC R¢= 0.44 (CH,Cl,/MeOH, 9/1); MS (APCI, pos. 20 V) m/z
277(M+H)"; IR (KBr) 2120, 1667, 1634, 1466, 1161, 1120, 1032, 1008, 680, 566 cm'; 'H
NMR (300 MHz, DMSO-dg) 6 1.15 (d, J = 6.8 Hz, 3H), 2.04-2.26 (m, 1H), 2.28 (s, 3H), 2.57
—2.77 (m, 1H), 2.84 (s, 3H), 3.01 (s, 3H), 3.36-3.71 (m, 2H), 3.83-3.97 (m, 1H), 4.21-4.84
(m, 5H), 7.11 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.2 Hz, 2H), 8.10-8.35 (m, 1H), 9.58-9.79 (m,
1H); HRMS (FAB) calcd for C14H21N4O;: 277.1665. Found: 277.1663.

4-1 6-2. Biological methods

Multiple oral glucose tolerance tests in rats

The effect of inhibitor 72 and 105 on the outcome of multiple oral glucose tolerance tests was
assessed in male SD rats (364-473 g). The rats were fasted for at least 20 h before the study,
and then were dosed orally with the vehicle (0.5% methyl cellulose) or with compound 72 or
105 (1 mg/kg) at -0.5 h. Blood samples (75 pl) were collected from the tail vein into
heparinized tubes at -0.08 h. Glucose (1 g/kg) was administered orally at 0, 6, and 12 h.
Additional blood samples (75 ul) were collected at 0.17, 0.5, 1, 2, 6, 6.17, 6.5, 7, 8, 12, 12.17,
12.5, 13, and 14 h after the first glucose load. Plasma was obtained from each sample by
centrifugation and was stored at -80 °C until measurement of the glucose level, with a glucose

oxidase peroxidase dye system (Diacolor GC, Toyobo, Japan).
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Enzyme assays

Enzymatic activity was determined at 37 °C by the cleavage rate of a substrate, Gly-Pro-AMC
(30 uM) (Sigma-Aldrich, USA). "> Briefly, 10 pL of DPP-IV solution was added to each
well of a 96-well flat-bottomed microtiter plate, followed by the addition of 50 puL of 60 uM
Gly-Pro-AMC, 10 pL of 500 mM Tris-HCI (pH 7.4), 20 uL of distilled water, and 10 pL of a
test compound. Then the change of fluorescence was monitored at 37 °C using a
spectrofluorometer (excitation at 355 nm/ emission at 460 nm) (fmax, Molecular Devices,
USA). The initial rate of DPP-IV activity was calculated over the first 15 min of the
reaction, and was defined as the rate of increase in the fluorescence intensity (arbitrary units 1
mL) under these conditions. The percent inhibition was calculated relative to the addition of
the solvent alone and ICs, values were determined by logistic regression analysis. To study
slow binding, the apparent inhibitory potency of compound 17, 72 or 105 was determined as a
function of the preincubation time in a standard ICsy experiment. Test compounds were
preincubated with the enzyme for 0, 10, 30, 60, or 120 min, and then the reaction was initiated

by adding the substrate.

To study dissociation rate,

Dissociation rate was determined at 37 °C by the cleavage rate of a substrate, Gly-Pro-AMC
(30 pM) (Sigma-Aldrich, USA). "> Briefly, 10 uL of DPP-IV solution was added to each
well of a 96-well flat-bottomed microtiter plate, followed by the addition of 10 pL of a test
compound (1 uM for 17 and 105, 0.3 uM for 72), 10 puL of 500 mM Tris-HCI (pH 7.4), and 70
pL of distilled water. After the preincubation for 90 min, 10 pL of reaction mixture was
diluted with 90 pL of 33 uM Gly-Pro-AMC (30 uM). Then the change of fluorescence was
monitored for 120 min at 37 °C using a spectrofluorometer (excitation at 355 nm/ emission at
460 nm) (fmax, Molecular Devices, USA)

DPP-VIII Enzyme assays

Reaction solutions containing 10 pL of a test compound, 10 pL of DPP-VIII enzyme
preparations, 5 pL of 1 mM Tris-HCI (pH 7.4), 10 pL of 100 mM EDTA, 15 pL of distilled
water and 50 puL of 200 pM Gly-Pro-AMC were incubated at 37 °C using a 96-well
flat-bottomed microtiter plate. The change of fluorescence was monitored at 37 °C using a
spectrofluorometer (excitation at 355 nm/ emission at 460 nm) (fmax, Molecular Devices,
USA). The initial rate of DPP-VIII enzyme activity was calculated over the first 15 min of the
reaction, with units/mL being defined as the rate of increase in the fluorescence intensity
(arbitrary units) under these conditions. The percent inhibition relative to addition of the

solvent alone was calculated and ICs values were determined by logistic analysis.

DPP-IX Enzyme assays
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Reaction solutions containing 10 pL of a test compound, 10 pL of DPP-IX enzyme
preparations, 10 uL of 500 mM Tris-HCI (pH 7.4), 20 pL of distilled water and 50 pL of 60
uM Gly-Pro-AMC were incubated at 37 °C using a 96-well flat-bottomed microtiter plate.
The change of fluorescence was monitored at 37 °C using a spectrofluorometer (excitation at
355 nm/ emission at 460 nm) (fmax, Molecular Devices, USA). The initial rate of DPP-IX
enzyme activity was calculated over the first 15 min of the reaction, with units/mL being
defined as the rate of increase in the fluorescence intensity (arbitrary units) under these
conditions. The percent inhibition relative to addition of the solvent alone was calculated

and ICsg values were determined by logistic analysis.
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