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Figure 3  Structures of representative DPP-IV inhibitors.
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Figure 4 4-Fluoro—-2-cyanopyrrolidines.
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1,2-dichloroethane; then HCl, (f) Boc-L-isoleucine, EDC, HOBt, N, N-diisopropylethylamine, THF-DMF, (g)

Cyanuric chloride, DMF, (h) 2M HCL.
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F4H (2549-4-Fluoro-1-L-isoleucylpyrrolidine-2-carbonitrile M {AKPNEHFE K& )
in vivo H5aHR

—i%IZ ., FWY DI IFEBUNIIER 51126 DIEME & AR T O FEM IR B 73 B 32
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ORI E LA L 72D, 16> T, DPP-IV BEEANTRE 0 W BN SR h 5 8L
(i PREE AT D MERD D,

EEE2 -7 vn ) VUBREEROBEBRELEALREI L. L0 A — T A
2K 9g [ZIEVEM EASERD BTz /o8, ORI WIPEZ G ~7- (Figure 7).
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Figure 7 Plasma drug concentrations after oral administration of 9g or 1
at a dose of 1 mg/kg to Wistar rats.
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Z D XD ITIEMECIRNENRE TEN RS Z A9 5 9g I DUV T, in vivo HERhakli 2
1To7=, B CHHERE R 2RI 7 LE) CTh 5 Zucker fatty rats 2\ CTEhE
L7, Z o B 0 A5 (Oral Glucose Tolerance Test ; OGTT) & FEiE
. BB 52 & TilbE EA 2SI &k 2 U, R A VT b5 -4mi2h i)
BB THY | B MAESEEN 2 2 5 REV LA ITETH 5, 4 EIOER
Tk, G 30 5%I2T v MEE 1kg 720 2g D7V a—AxRO#L5 L, &
IRFAIZ BRI L 7
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itz O MHE BT 700y TibERE R %2 7”3 Zucker fatty rats & VW TIHEAIO A
S TWRWKEER G L7-RE (Vehicle) TIIPEAMZICIBEN K E < EAH L7z (Figure
8A) . Zucker fatty rats (2L 5% 9g % 1mg/kg & Ndmg/kg DHE TR OKET S &
BT 30 771212 Vehicle IZHARIMPHE T2 H 72, £ LT, 60 43 £ TOMbEfEdh
# T fE (Area under the Curve ; AUC) Tid, 4 mg/kg CHEIZ S M Z e L7z

(Figure 8B),

o> DPP-IV &M%, &5 b 0HGEICE N THIAMTE 15 /7 TIRIFERIC
FRL5 <417 (Figure 8D), % L C. 1 mg/kg TIiZHEE M4 90 040> Rk 4 (2 DPP-IV
D B2 ba 7o, X, FEALT 156 3% oMt > 2 ) URREEIL, 1 mglkg KM 4
mg/kg O] I # T Vehicle #£ D 2 5L L& /R L7z (Figure 8C),

ZDOZ &, {bEY 9g 5 DPP-IV ZHET 5 2 & TIEMA GLP-1 022 il L |

ZHUS XD IEMER GLP-1 238 %, g B Mifa TA AU U2 R % Ly H A
N=A L% ZFTLHMBETH D, ZOXDITEFEE L, FEAmERIC TiibE -5 2 Hm)
+ 2 8HL 72 DPP-IV (L&A 9g 2 W3 2 L3 T& 7=,
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Figure 8

(A) £~ (B)

5 3307 E 20000 ]

3 = S .8

%D 300 (D) E | %

= 250 A < o0 15000 .

2 g E

S 200 & 3 i HH

= g 10000

= 150 o0

< <

g 100 £ 5000

= 50 o e

O Ll Ll Ll 1 O
0 30 60 90 120 Vehicle 1mg/kg 4 mgkg Lean

= Time after glucose administration (min)
- gﬁ —@— Vehicle
= g BES
g % (C) sk _ (D) —&— 1 mgkg r(RESY )
25307 s -8 4 mg/kg

=l
T 895 L g —O- Lean (EESYH)
£ = > 025
S 2207 =020
»n Q n p=
.E é’ 15 & 0.5
£ 21071 = 010
E£ 57 £ 00
E 5 a 00

0 0
Vehicle 1 mg/kg 4 mg/kg 0 30 60 90 120

Time after glucose administration (min)

Effects of oral administration of 99 (1 or 4 mg/kg) on plasma glucose (A), plasma glucose AUCgopin (B), plasma insulin at 15
min afetr glucose loading (C) and plasma DPP-1V activity (D) during OGTT in Zucker fatty rats. Each point represents the

mean + S.E. (n=6). * p<0.05, *** p<0.001 vs. Vehicle, Dunnett’s test. ## p<0.01 vs. Vehicle, Student’s t-test.
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Fow o~ T /BMHERTDL2 VT —4—TAFurnl P UEEEKO
A1 O DPP-IV BHEEA
HBIH o—T I /BAUEEAETH2—VT ) —4—TFubnl VU iFER
DA K
FEHORH L2 -7/ —4—7Fuvn ) PUFHER 9g 13, pH1.2 OfEMEK
R CTILZE T > 7275 pH 6.8 DHHKEEE T THFTLEMHITRITTEY 37 C
T O RFINET 2 &, FBAFR T0% Th-7- (Table 3), ¥ 7/NF Kk 9h (%, HIZ%
FEMEIZ RS pH 6.8 O PE/KIRIE T THRAFHR 8 % Th 72y, Dz kA L CTuis
WTe O R TEPEDJRENE A 5 2> T2,
Table 3. Chemical stability of 9g and 9h

residual amount (%)>?

Comp pH 1.2 pH 6.8
H F
>95 70
%l
oo © CN
H F
- &
9h N > 95 8
HoN
oo © CN

a) HPLC determination after 24 h (pH 1.2) or 6 h (pH 6.8) incubation at 37 °C in aqueous solution.

4 —7)NF itk 9g O IROFRAIO AT v FIIHEIEMERIR DT ) Do+
PR EZ 2 5, ZOMBRBRBIRT IV 10 BAERK L, 5I&EE U7 hET
VAR 11 RS D L HEETE D (Table 4), (k&% 9g % pH 6.8 DNy 77—t
60 CT 2 BiENES % & il HPLC (& THRFIERE 4.7 20 D B — 27 23 6T% 4R L.
THUTERIRT I VUK 10 EHEE S Te, & L CHEICIENT 5 & 10 BRI LR R
M 7.450E—2 (86%) ICELL, ZHUIT T FEXT U UR1L LHEE ST,

15



Table 4. Degradation peaks of 9g

HPLC retention time 2

4.7min 7.4min 8.7min
incubation time ®
Oh trace 0% >97% F F
2h 67% 12% 20% o) N/f o N/E
10h 13% 86% 0% NTSNH N0
H H
estimated structure 10 11 99 10 1

a) The solution was then analyzed using reverse phase HPLC using a CAPCELL PAK UG120 (5 mm particle size, ¢ 4.6X
150 mm; SHISEIDO) and eluted at 1.0 ml/min with acetonitrile—-H,O (15 : 85 v/v, 10 mM ammonium acetate solution); its
UV absorbance was monitored at 210 nm.

b) Compound 99 was dissolved in pH 6.8 Britton—Robinson buffer solution and incubated at 60 °C.

RNT, 10 KON 11 ORGSR 21T o7z, BRIRT I VUK 10 1%, PHERE T T 9g
N AERT D DIKENED S < BRI LEMEIZRIT D720, KEHET O HBEST 5
DIFNEETH o7z, £Z T, 9g D7V —KTH D 12 OBRILIEZE VRV BBRAFAE T
BB CITo 7=, Alb, 1254 ) —)L—n-~FH T 1.1 YEOEHERZ N
D ERBICBRAL LERIRT 2 ¥ 0 OFFIRIE 13 DL 135 D e, #5513, NMR, Mass,
TR R VIR LI, ZOHNR BRI L DRGIRENRIL, 9g O /VKR
W Z R L COW D BRMBRBIZE I N b D TH D,

BN 18 % pH6E.8 DNy 77— 80 CTMET D L, U7 hERT VUKL
BB (Scheme 3), LA 18 & 11 ZKFEALY MLT — X 5 Z OREEN K
Ff S HPLC ORI IZ 9g DN 7 7 —HTOL iR & —E L=, LH» L NMR
D JED B TIEZE DNAR I DWW TUIHA B2 TIE AR D o 7o, SEREEZ B 5 2+
%7212 11 O X RG22 s L7z & 2 A, BREAE AL O SR L Z 23 G LT
HZENHA LT, L, BIRT PR 18 ONARILFEN 30 BT E DBk
BE TR L 72 I BTk 72, BBIBIK 11 O =3 L ¥ —% Z O 8a-epi kD= /L
F— LT 5 L 11 © 528 0.93keal/mol ZETH V| > CTEERFIZEMEL LT
LB,

9g XIE 12 ONAR(LFIZ B U CITEHE 2 MEGRIL TE TV W03, JFUEE 15 oK
LD X BUERMATIC L D IC K VLR 2 & & %k T 266 23 TIXZ DAL
FBNEEROEEIEEDKIBIIK T 52 & K0, 9g XX 12 OZKLFEIE (2548 T
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HHZ LR\ ARWEEZ D,

Scheme 3
F
O_N
H
R N~ O
AcOH H H
12 11

Reagents: (a) AcOH, EtOH, n-hexane, 1t, overnight; (b) pH 6.8 buffer, 80 °C, 5h.

DX DT 9g DHRERSFNEILICE D Z E B hoT-D T, LW ZERLEY
EAGHT-OIZ 1T I v OfNEREEE2HZEE LT, BB, P2 site #E#d 5
TETBRILER I LIS KT M EITo72, £, 9g DAL L FREIC, Boc
K15 535 16 24 Lok e Lz @ (Scheme 4).,

X, FHEREKRE XV HENATI dls, 7 2 IRFREEE LTE 18 s 2
LuEZT, LAY 15 % DMF h ity 7 X1 WaHWClAT 5 2 & Thaw
17 #15C, WWTHEEIC X Y PRE 18 2457-, 7 I UHEESE 16, 18 |33z EAR
& LTHWE,

Scheme 4
F F
3 steps a
N N HN
R
Boc HC
CO,Me CONH, CONH,
14 15 16

F
/? /?
CN
18

Reagents: (a) 4M-HCl1 / AcOEt ; (b) cyanuric chloride / DMF ; (c) 2M-HCl1/ H,0-MeOH

P2 site iR G5 1%/ — k% Scheme 51279, P2 site 7 I /B DOfRGEIL & L Cld,
Boc X% Fmoc Db WA Z ENRTE S, X, 7y RIEFRALE LT 16 8t
18 DL R FTHETH 22, 18 ZHWA 7N 1 TRV R SR i+ 2 2 &
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INTE D,

{b&% 16 12, EDC-HOB t % i C N—Boc XX N—Fmoc 7 2 / BR L HEA L.
19a-e. 19j. 19k, 21i # &R L7, [FEEDHFIET, 7 /1K 1813 20h & 22g (254
L7z,

7 X FRRFEILIZES L Tid Boe £ % U Fmoc ZE D7 C 8 &k A RE T & 5 53, Fmoc
KOG IR EDRICEY THDL I NA LV ENOREICTFRRDZ 6 H 0,
Boc A2 FNCER LTz, O—tert— 7 F /v b LA =1k 23g DAL, SR
Dt Boe T O— tert— 7 FVIED 3 5 AlREMED & > 72 72 8 Fmoc 5% H 72, 23h,
231 DEEIX, EHLLOREELTHWTHERWEEZ BN,

Scheme 5

/
Boc e} CONH, Boc o CN

a / 19a-e,j,k 20a-fj-n \c i
;
F F /; R ¥
e
HN H
HN Hel HCI O CN
HCl N
CONH, d / 23a-n
16 g 18 e
\ F ; F
R? R
R2 b Rz\ N
T
/ /
o)

Fmoc CONH, Fmoc o CN
21h,i 22g-i

Reagents: (a) BocNRZCH(RI)COZH, EDC, HOBt, DMF ; (b) cyanuric chloride, DMF ; or (CF,CO),, THF ; (c) 2M-HCl/

H,0-MeOH ; (d) FmocNR’CH(R')CO,H, EDC, HOBt, DMF ; (e) Et2NH, 1,2-dichloroethane ; then HCI

Flb T Koz, FRNBRIEZ B R EMEZ B3 729012 P2 site DAL %
AT, KIROT 2 V7 BERTZT TRIERROT X /7 BCMIBENMERI L CTH DT R /R
PR 2 IR B 2 s U 7z, AIBHES 3 CILIRINITIR G © Jihs K 0 B ks
ZhienweEZohlommWMilHZEA LT, X, 2SN b E#H ORI
BiRka =TI /B CTHDHT Y i ELRRIISH A EA LT,

P2site (21X, RRDOT I /g NV, 7rly), IERRTI /i (Taaf e
A, tert—TFNT )V v ruankLs Uy r) TR BB ER (N—Chz
-V, O—AF NV A=r, O—_X VNV A=2, O—tert— 7 F I/ ML A
=) #HW,
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o7 7K 20ae. 22h. 22i (X, HASEA UK 19are. 21h, 211 FHLT T XL
& DMF, 3K MY 7 A uFiigl NN—U A Y 7a )L Lr7 I 2 TRET
HZEIZEVELNT,

Boc Tfi# L72{b&% 20a-f, 20jn %, % AV ChifR#E L T 28a-f, 23jn IC
Nz, — )7, Fmoc TIR#EL7LEMW 22g-i 2, P F /L7 2 & HVT 28gH (1
SEARY

BEIRMIEHE LC7 — RFaexy 7 hT e Faa V%) U VSR 20m (2 R
HRIEMEDN RO DT, HIOKBEELEM LI ERE G LT, 7T—A T T
FoERoA YR Y UFHFER 200 &7 —IANREALANLA LT T FaAg Y
/U UBHER20p X, T REXU T RTINS VX U FEER20m 27
X ETH Z & THTZ (Scheme 6), = LT, 200, 20p ZHife TALEE L T/ Boc
LR 21TV 280, 23p & 157,

Scheme 6
F
F F o)

u 0 a P b :

: N —_— : N B —— N

N N. R3O NH ¢
HO “Boc CN RO Boc CN HCl

20m 200 R3=Me 230,p

20p R3=CH,CONH,

Reagents: (a) R3-X, K,CO;3, DMF ; (b) 2M-HC1 / H,0-MeOH.

Woffia—T7 I VBNEAERTL2 VT /) —4—TFurn ) VUEEEk
O DPP-IV FHLFEH K QML 22 E

flix D7 3 ) Bk% P2 site (T A L, = DPP-IV FLEHM: 2 HI%E L7z (Table 5) ,

NY VR 28a & tert— T FNT ) T UREIR 28 13, A Y uA VU FEE 9g

(IC50=0.6 nM) & [AEkIZ, £ Z4 IC50 8 0.7, 0.6 nM & #1258 7772 DPP-IV [
EEEE R LT, Y7 X s U U ER 231 1 IC50=1.1 nM & G 2 (R FF
LCW=, —J7, b A= B8R 23e, 23f, 28g OFLERMIX. Zh 2 IC50 i
4.7,2.1,4.9 nM & BHEIEVEIFIC T L7z,

DPP-IV 0 X ik s M 10 L 0 . M8 R 235495 DPP-IV OB ARAN:
NEWEHE SN, b LA = U BE RN ORER I3, 237 EORFEITLY
TEMME T L2 TE D, X, O—X VLK 238 13, O— A F V1K 28e, O—tert
— 7 TFNAR28g LV HIRVIEEZ R L, ZAUE T = = VRO RREMHERAL IS )T 5 BlAn
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Table 5. DPP-IV inhibitory activity and chemical stability of 9g, 23a-
R? F
2
R\”J}(N?
O
CN
HCI 23

remaining
Comp =¥ R2 ICs0(nM) @

amount (%)®

H
99 Y H 0.6 70

23a H 0.7 74

H
23b H 12 65

23¢ \‘/ H 0.6 93
(o]
23d '/\/\H)J\o/\ Ph H 1.4 52

O~ H 4.7 67

H

\r
23f \5(0\/ Ph H 2.1 73
\r0j< H 4.9 92

H
N CO,Bn
23h h( NN H 07 41

H
23 \i) Me >100

a) DPP-1V inhibitory activity.

b) Residual amount was measured after incubation at 37 OC for 6 h in pH 6.8 aqueous buffer solution.

PRI X OIEMEREIE LD EB X LD,

R#HE2AT2Y VUK 28d, 7V F X UEEHER 28h 13, £ 1C50=1.4
nM, 0.7 nM & FRVEMEEZ R LT,

BIEMED 9g DT X V) HIC AT NEEAN LT N— ATV A Va3 U iFEK 235 14,
IC50>100 nM &, {EMHESVEE LT, ZHUd, A4 Y 7 FAMIBED R » MIZASTW
HDIRETT IV HKAIZATFNAVEEZEAT D & ATFNAVEDN DPPIV LT 5720 &5
Zoivd,

Rl & RZABRAL LB h Tk, vl UiFdEk 28k 28 1C50=0.8 nM, 7 b
Te RueA VXU g R 281p NIC50=1.2 - 3.3 nM & 58 \EME: % 7R L7z (Table
6).
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Table 6. DPP-IV inhibitory activity and chemical stability of 23k-p

R' F
R2
A
O N
23

HCI

Com R2 J\ o remaining
P N ICao(nM) amount (%)P)
23k Q\ 0.8 <20

231 w 22 <20
23m /©©/ 1.2 <20
HO NH
MeO
23n m 25
MeO NH
230 /@3/ 17 <20
MeO NH
23p m 3.3
H,NOC™ N0

a) DPP-1V inhibitory activity.

b) Residual amount was measured after incubation at 37 OC for 6 h in pH 6.8 aqueous buffer solution.

R LiZLoicond 2-v7 /7 vn ) VriFERE R T 256 ALFENREMEIX
BEREFR LD, V— NMeAY 9g 1M O P CTIXRZE TH DA, HIHEKEIR
HCIERAF MK T LT,

FHEKEIR R COLEY 9g OofiRix, HIEMERFRIR TRV 7  ERORER T %R
ML BT IV AR T 52 L0k b, EHEET A ARICIRLRE - 1=
BRIRAMET 52 LT, 20X ROMRITERTE % B 2T,

tert—7F N7 ) U UHHER28¢ & O—tert—7 F )V F LA =2 238g L. pH6.8 D
FEMETHE HC 6 e, 37 ‘CITHNR L 722 DFRAFRDBENZEI 93%., 92% TH Y . 70%
FAFFRD 9g LV LEMEN M L7z, 2, o —RFEEUD LV IELEG > TWDHTC
HEZEZOBND,

THE TR, a ML OBEDRFBELPE PN L TELTAF LU 2RO 23d X
23h 1T, ENENEFR 52%, 41% EIEVMETH -7, 7r ) iFEk 28k &7 |
TFb ReA Yk /U UFEK 28], 23m, 230 1E, 20% L FORWEGFRE TH -T2, =
NOREEK TOREIL, ZNOFERNBA Y aA v L0 bHBRKE LTV a v
T A= a DR T VD EEZI LD,
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H3fia—T I BMNEEETH2 ST ) —4—7)Fua ) Y UER
? in vivo FHEZEhEAER

e b EIEVED 0 < BB FRIC i b ZE Td - 72 23¢ Z VT in vivo HEAhEAER
Z et L7c,in vivo FEEERIZ I, Bk L 72 Zucker fatty rat 2 HV 72, 23¢ 13 1 mg/kg
OHRETHAM 30 WANIIEE ARG S, ERICIEE, 2D & DPP-IV
EMEAZMIE L7 (Figure 9),

AR O MBI, ABLERRE (Vehicle) (2T 28c MLERRED 5 A3 EHMEICAR
WMEZ R L7z, (Figure 9A,B) DPP-IV iEMEIIHEANT 1 5 0% ICIXFTERICHE S
P, I 2 FFfERE - THMkEE L7= (Figure 9D), T 6 OfERIX, fiEH o DPP-IV
EMZIHET L2 LITL 0 LB 28¢ DEIMBEFSGEICAHTHL Z L 2R LTV D,
BEEW 15 0% OA A UoribiE, 28¢ B GREO T BVERA GHEL Y A EICH
mL Tz (Figure 9C),

Figure 9

3 400 7 £3 20000 ;

eh 8 g

E300 S'E -

2 < 215000 -

g 200 2= :

! 2 10000 - *#*
s &

£ 100 g 1

g £ 5000

A~ =

0 I ] 1 1 A 0
0 30 60 90 120 ]

(A) Time after glucose administration (min) (B) Vehicle 23c Lean

g 035 -@— Vehicle
R= ED —g 0.30 —‘— 23c¢
e £ —-O— Lean
2 .£ 30 * > 025

EE I = 020

5§25 £ o
=220 < 0.15

»n O _ >
2315 = 0.10

< & 4 &

g 5 10 | A 0.05
SEE 5
BE 0 A—h—A

0 . 0 30 60 90 120
() Vehicle 23c (D) Time after glucose administration (min)

Effects of oral administration of 23¢ (1 mg/kg) on plasma glucose (A), plasma glucose AUCggpin (B), plasma insulin at 15
min afetr glucose loading (C) and plasma DPP-IV activity (D) during OGTT in Zucker fatty rats. Each point represents the

mean + S.E. (n=6). * p<0.05 vs. Vehicle, Dunnett’s test. ## p<0.01 vs. Vehicle, Student’s t-test.
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%48 (2S,49)-4-Fluoro-1-(3-methyl-L-valyl)pyrrolidine-2-carbonitrile ¢ 37
REMERO G, DPP-IV BLEMEH. KON EfERR

BRLTE2 =37 /) —4—7nduaval) UUFERIIIEORERLERD 8
FEDSIARBMARNGFET D, 0 OIEMEOZERIZHEN R =720 T, 58V EMEE
BT 5 238¢ IZOWTEDNAREMERZ G LIREEEZHIET 2 Z LI Lz, 4 5
De Fexr vl (L—FJ7A, L=—YA, D=7 A, D—VR) LK
O'D—N—Boc—tert—7F N7V o AWT, 7T ODSERRNER 24~30 A H L
7= (Table 7),

4 — 7 NFa KOS FRLFEOFERIZ LD SAR 12DV TiX Table 1 TORE & [FlEk
2, WR)— 7 /A k24 13 1C50=246 nM & KIEIZTEMHEAME T Lz, X, 2—v7
J BEOSAREZFEN BT 5 QR) — 7 /1K 25 13 1C50>300 nM, I DO SLARILEE AN 72
% D—tert— 7 F N7V U UFHEK 271X 1C50=42 nM, & =°id Y KIE7IGMEER T3
Aoz, HIZEDOMDOSAMMEFOMAE OELEY 26, 28, 29, 30 (2 DV TH A
BRIZ, IC50>300 nM & FHEIGMHER R Sehotze, Lo Z & X0, 285494 L
—tert— 7 F NI ) 2 DMK FEDAFEOSIEHICLETH D Z L DR SN,

Table 7. DPP-1V inhibitory activities of stereoisomers of 23c

F
HzN\/tf N/?
O CN

stereochemistry ~ stereochemistry

Compd  of t-Bu Gly of the pyrrolidine  1C50(nM)?
23c (HCl) L (2S,4S) 0.6
24 L (2S,4R) 246
25 L (2R, 4S) >300
26 L (2R, 4R) >300
27 D (2S,4S) 42
28 D (2S,4R) >300
29 D (2R, 4S) >300
30 D (2R, 4R) >300

a) DPP-1V inhibitory activity.
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X, 23c D7 Y —HHAK 31 OFEFEIG D ILTZD T Z O X ik ST 2170,
DT IHEET RNV ARBETHLZEET I NN T U ARE TS Z &
e L7= (Figure 10),

Figure 10. X-ray crystal structure of compound 31 (free base of 23¢)
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F3®E N-BEHEIJV IV MEEETDH2 VT /) —4—7N0Fnerl UUigE
(KDOAR% O DPP-IV BLEEH
F1E N—@EHRZ7VMEE R T2 -7 ) —4—T7FrEr ) Vv
FHERO G

W1IET, 2—v7/—4—7nFuvol PUiFEEK9g (Figure 11) 75, 417
(B B O M NFFEARIZ L~ C DPP-IV BHFEMA R <, 7 v MRS Lz &
DOMAFEPIEMBENE N L 2R LTIz, L LR S, 9g 1ML EME DS EN
LENnT7md, 1LAAHOE#EZITVN 28 # R L2 L2 2w Tik<7z, Ll
23¢ IZB W T HLFHLZENRDO R R DUCENLEEND T2, TOWREHT T,

2—v7/vn Y vrafFT 5 DPPIVEEAE LT, 1AIEHICEAL T2 20
EATRHBNTND, 12X a Il ZFT LTI BETHY ., H 9 1 D/L N—
BT ) XA 7 ThY NVP-DPP728 & 9 {b&icfizE& &b, NVP-DPP728
X/ 7SV T ¢ AFRIZ X0 BAFE S 4 2002 ARITHEIR IR BRI K D EEREREBR 2 WV THID
THBMED R S - DPP-IV LERTH 5 17,

EFIL, LVENTIEAE LT 72012, NVP-DPP728 Ofllgis 2 —> 7 / — 4
—7NFurra ) o 1 AUZEAL, (LAY 32a 26 LT, (LAY 32a OFFEH
[ZOWTEEZIR T 525, 58V DPP-IV [LETE M 27~ + & 1 pH 6.8 @ 37 CKEIK
H D22 TEMEFER T 6 IEfE] COFRAFEN 9g D T0% % A5 86% % 1~ L7,

Figure 11
F
H F
j N H N N H N
N ~"N — N ~"N
-y LTy LNy
O CN NC CN NC CN
99 NVP-DPP728 32a

FI T HICN-BEBRT ) B A TOFERE SR LT, 52 BTk L 91,
a—T I BOEBTIY S5 tert— 7 F NIV BB AT H L TILFRE
EMENSE LD, SEmIE2ZE L TUEOLEHZIT -7,

ARIZE L TE, N—E#T ) U BEREART 272017 aE 7 vF LK 34
NiFZ a7 v F R8s & PRIA L L C®AT (Scheme 7)., 7 3 L HieHE 16 © 13,
O —TFNAFHUBEA Y T AEELEL LTHW I oET7 v F L7 03 REREE
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fTWT BET BT /LK 33 ~E\ -, Z LT, 33 28K NU 74 Fifg Tk LT
VT K84 ~E W, T34 3L D 1T I v EUREITV, 32a~382d, 36f~
36k, 36m~36v #1572 (Method A), ZDKF, 7 I VDY ENDIWNWET I UVNTT
X bz E O DRI M L7720, ZNE<TEDIZT IV % 2~
54 &MV,

F7z, Bl—hRELT, 7 UHERE 16 2 DMF ¢/ uua7rtFirral RE
M) ZFUT I 2 HOTRISZITV, 5l & HEE one pot TH LT 7 X/ —DMF %
MOWTHAKRBIEZITV, Z7ra T 8 FER3 258 Lz, Z7ra 7 ®BF K35 &1
T e DR, BIRTIHETRENZO, KEEEET 572912 KT #Mx T
w47\ 36a~36e, 361 157~ (Method B).

Scheme 7
F F
HCl /\W r/\r
CON CONHZ O CN
16

CW“ " ?

/ \ 32 and 36

Bochmé o

38 h 40

F F
H N\>< N/? Lom N?
2 b'N\><
N R N
O CN (0] CN
39 41

Reagents: (a) potassium 2-ethylhexanoate, toluene / BrCH,COBr, THF, (b) (CF5CO),0, THF, (c) R-NH,, THF (Method

CN

A), (d) (i) CICH,COCI, Et;N, DMF, (ii) cyanuric chloride, (e) R-NH,, KI, MeOH, THF (Method B), (f)
BocNHCH,C(CH;),NH, 37, KI, MeOH, (g) 4M HC1/AcOEt, (h) acylation (method C), sulfonilation (method D), or
reductive amination (method E), (i) RaRbNCHZC(CH3)2NH2, KI, MeOH (method F), (j) methylation (method G) or

acylation (method H), (k) dialkylation (method I).
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WNT BB T 52— AFN—2—T3 /7)) —)LEEALKE 36k BPIEMHELD
ICWFHLZENNR B Th oo, 1,1 —VAF LT Lo U7 I AMEHEE AL
36k FUL B DA A B L1z, HEET T I K 89 1X, Boc THRIEL-TT
CHEEIR3T L nu T T UK 36 S S 38 15T, T AR Tl Boc LT
AR LTz,

T I K89 1E. EnFiLT vl (method C), A/ =/1{t (method D).
L7 X /fb (method E) 128V, 40 ~E W7o, T UbsE LTI, B2 e
U R&RWDFERH VA 8 EREEAIZE D 715 TITO, 40a~40h Z &R L7,
AN = ABRORE, Avdk=rvral) RE RV ZF AT I &2 HANWS HIET 40 %=
AR LTz, BT I MbiE, 74T e RE RN TE MR IKRFBILATREFT T UL
EHAWTITV, 40k & 401 2 AR L7z, YT 22 8927 R /S 2 » T 513,
28 DT L UNINARTIRA T WD T2, T ik, Avdk =ik, BT I 1k
E. 1O T X 7 HBSBEIRWIT S LTz,

FioN-BHETHD RaVEASNTNDT I &7 aaT BT /LK 35 & DO
BEMNDLZLEHTE, ZOHETA0i 25 L7z (method F),

7 ==L ANVER T 2 RK 40§ 1Z, DEAD-PhsP-MeOH (250 N— A FLfb% LT
41a (2372 (method G),

N—A I TFNAR 40k X N—(4 =T ) _UPE 40l LRy A rrnml REK
JESHERY A NVEEEEANL, 41c,41d Z & LT72 (method H), Z DA, 28k
DT 2 IEN 2 r DN, DAFNIEOBEDOT 2 7 FIFISAEHNIRA THWD T2,
EDFTVTNDRaDBfFNTND T I FERNERIRAYIT L LTz,

Flo, NN—TV=F K 41b L, 7T T LTE RE 39 ZHWZEIILHT I /1kic
L&KL, (methodI),

o N-EHRITVUEERTDL2 VT ) —4 -7t vr
FEfED DPP-IV [/
2= T /R VrDANIZT v FEEBEANT HETHEERES MR I, 1 LD
M o — 7T X VBEHT D 9g K 23¢ 23, 7 v b &AW OGTT akbric ik E
FHEER Z R 2 & ik L7,
— 0 N—E#T ) 2 U FFHERIZE LT, BIR CTRIMPESGEICA TH L FEN R I
TV 7= NVP-DPP728 (CClkE# 7 MM 1C50=7.0 nM) "® ofigz 2 —+ 7
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—4—TnFuerl PUlEALRE 82 A LIZE DA, 32a IFHEIEMEN
NVP-DPP728 L v & %¥tfis#50 L 1C50=1.1 nM %7~ L7= (Table 8),

N AR EMEICB L CiE, pH 6.8 @ 37 C/RIER T 022 ENERER T 6 B To
FRATHEN 82a 13X 86% TH V|, 93% D 23¢ LV EHEHHLDOD, T0%D 9g L VIXLETH
77,

RN, 82a OIEMM LA BMIICE Y D UR EO LT ) HA 28 L EEHLK 32D,
7 v )UK 82¢, FINVNEA K 82d AR LTC, £ IC50=2.8, 2.7, 2.4 nM
SIEMEIE ST R 82a X VAR T LZEMIZHOWT TR 5720 - 7~ (Table 8),

Table 8. DPP-IV inhibitory activity and chemical stability of 32a-d
F

H
NN~ N
D N
R CN

(HX)

Comp R ICs0(nM) ? ;?rr::j:n%mb)
32a CN 1.1 86 ©
32b H 2.8
32c Cl 2.7 79
32d CONH, 24 80

a) DPP-1V inhibitory activity.
b) Residual amount was measured after incubation at 37 0C for 6 h in pH 6.8 aqueous buffer solution.

c¢) Dihydrochloride salt of 32a was used in the chemical stability test instead of 32a.

Z DOFRIZ., NVP-DPP728 DOlg % = D % £ A L 72721 T FRL EME & oot
TERDSTEN, 98 LV IFLRETH o220, WENEZFICHETEDLEEZ N—
BT ) O BRI A A RS LT,

FPUE, B2alAtk, HEREATOLMEEZMFI L7z, X, LV ERIEZHTDIC
T EOBEDOATF L AT AFNVEZEAL B VUK 36a (IC50=22 nM) .
77 ViEK 36b (IC50=8.6 nM), T4 7 = »#%#E(Kk 36c (IC50=12 nM), X/
7 J v #Ek 36d (IC50=88 nM)., A F L #Fi(k 36e (IC50=16 nM) Z &R L7-
2. 32a KV IEHEDEWMES TGS o7 (Table 9),
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Table 9. DPP-IV inhibitory activity and chemical stability of 36a-v
F

R. N
Y

) 36

Synthetic Cs0” remaining

CN

Synthetic 'Cs0”  remaining

Comp R Method (nM) amount (%)b) Comp R Method (nM) amount (%)b)
Me. Me
36a @ B 22 ] 36m >— A 33 )
/N
Vo, Me 36n R
36b @% B 8.6 -
0 360 & A 26 97
Me. Me
Z
6c (] B 12 - 36p QE A 33 o7
Me. Me OH
~
36d 0 B 88 - 36q Q A 33  >98
Me. Me
36e @/:PK 5 6 ) 36r @L A 4.1 -
MeO 36s g A 3.1 93
36f j@/\/ A 27 ]
MeO
36t HO@\ A 3.1 >98
36g t-Bu- A 2.9 >98
36h i-Pr- A 7.8 90 36U Meog\ A 83 )
36i jprO~ A 8.7 86
Me_ Me
. 36v Hog A 53 -
36w A 13 ;
Me_ Me
36k HO A 46 96

6l > B >316 -

a) DPP-1V inhibitory activity.

b) Residual amount was measured after incubation at 37 OC for 6 h in pH 6.8 aqueous buffer solution.

WNT, KT VX NIETHD tert— 7 F VK 86g (IC50=2.9 nM), Y 7 rt
VR 36h (IC50=7.8nM) (X, 32a|2lZH D b DD, HERAIFRYMEME 2 /RT 2 & 2357
o7z,

FAaxVEEETS 361 & 36 1L, 424 IC50=8.7 nM, 13 nM DIEMETH - 7=
M, KEEFEZH T 5 36k 1L 1C50=4.6 nM & RIf72iEHTH-7-, LML, EEIN
B U778 F LBk 361 Ti I1C50>316 nM & iEMERS KIEICIE T L7,
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FIZ3BEEND 8 BROBEIRT VIV OE A Z4T), {EHEOBRW Y 7 10 7 F Lk
36n (IC50=3.1nM), > 7 a X% k360 (IC50=2.6 nM), > 7 B~ % (K 36q

(IC50=3.3 nM) %#f57/=, X, 7 X Z ke Faxv A FLEEEA LT
36p (IC50=3.3 nM) %, 860 LIFIEXFRKDOIEREZRLTZ, LorL, SEBROY /1
7’1 EJLR 386m (IC50=33 nM) (%, IS/ NS T /e ONEERNME T Le, 74
< U FOVEEEMRIL, HEH 36r (IC50=4.1 nM) K ¥ 36s (IC50=3.1nM). /Kfgfbik
36t (IC50=3.1nM) M (}36v (IC50=5.3nM). # b*I1K36u (IC50=8.3nM) &
s BIFeiEtEZ2 R U, BEHAOFHE « FRIZ X D7EHE~OR BT/ NS b DZ -
7o 72, T FNLEOEENMEICOWTIL, BIBEHEEN THE L7z 36r

(IC50=4.1nM) TH., AF L UEALTHRIA L7z 836s (IC50=3.1 nM) T HiEMEIZK
XTI T,

IS OTEMD BIF bSO\ TP e 2 ~7- (Table 9), &fi%iZ.
a—T I BAEEA TV N—@ TV O IS A 7Ol R LIERTEE
PEIXRAFC, FRlo7 R 7 EEIREE L 72> TV DbAE#1%. pH 6.8 KK T
37 ClzEBT 5 24 Fefith DFRAFHRIT 95% L, ETH - 7=,

Z D X 51T DPP-1IV FHETEM &K ML FRVL EVEN B bG8 6, 20
1 2IZ 86k W9 5, (LAWY 86k IOV Tik, DPP-IV ~DO#E G A Z O X His i
EER O 2HCTTHLE Figure 12), 2 —b Ra$y— 1,1 — P AF LT
FEOMEHIEX, His126, Ser209. Phe357. Arg358 7 b 75K 7 v hOFRIZE S IY
FoTHEY, ZNREBREICEML WD EExbhb, X, ¥ 7 /vl Vg
aATHER O T 7 ED Ser630 & IAFES L T O XEENE b
TWAHZ E XD, 86k IZBWTHRERICIEAR GO EZHEER LS Lz,
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Figure 12. Predicted binding model of compound 86k in DPP-IV active site.

Phe357

Tyr666

y . Glu206
b — ] * =
rg358 1, '
. - - s
M v ~q Ser630

- |

er209
- Glu205

Hiizﬁ e ._ r d H_|s7_,40

—

LAY 36k 13, HLBRITENE b BIF TILZMLENE S BIF Th o =78, FICHEK
BHEEZZ2, THA v &2iTo72, (bLEW 36k DKIEIAE ATV —TFT L& LTAbEY
36j IZIEMED /3 12 L TRy, KEEDO7 v b R —L LTOERPRER I
Too £ZC, KREEEZT I RNHICES A -2 T Lo VU IHAEZE A LT 40a,b %
THA LA LTcE ZA, XUV ALK 40b (IC50=4.5 nM) TIIEMZIRFFT 5
ZEINTET, MAT, pH 6.8 OFEEHZ T T 24 Kifi], 37 CIZINE L 72 D% 7=
23 98% LA E LD TLETH -7 (Table 10),

RWNT, TN B L, 40b L RIFDOTEEREZ AT LF 47 = K8 40c
(IC50=5.4 nM) %457=, HICHEERZHEA LI Z A, XY Uk Fr7J 1K 40d
(IC50=2.9 nM), x> kU 7V —/L{K 40f (IC50=1.5 nM) TiHMENH E L,

LTIV T 7T 4w 07 N EEANLI tert— 7 F VK 40g & 1 — AF v
7 v ~F VUK 40h 13, E N IC50=5.8,13 nM &G EIZFRD Hivie o7z,
X, BEX (4—7nmu7xz=/) AF/K40i (IC50=109 nM) [T KIEARIEMAR T2
BT, ZHUFNERRIC R E 5 Z E IR E B LT,

T =)V AVIR T 2 RIE 40§ 1, XU R T 2 RIK 40b I 1 740 1 OiEM:

(IC50=75 nM) Th o7z, HEHEETORRITFFETE RN, ALK T IR
D7 m b x2S Lic N— A F K 41a TH IC50=31 nM Th o7z Z &b,
40] OIEEPMEONERRIZIRME 7 0 o TldnweE X B b,

WNT, BHRIRF~T VX NVIEEEA LT N—A V7T UK 40k 1% 1C50>316
nM, NN— T TF /UK 41b 13 IC50=252 nM & IEMHEIT KN -T2, ZHix7 2 7 Ko
HEMENEE 2 SE TV b0 EZLND,
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Table 10. DPP-IV inhibitory activity and chemical stability of 40a-j and 41a-d

F

R3
Rb N\Xﬁ/\n,N?
(X) O N

40 or 41
Comp R@ RP iﬁlgttgggc ICso(nM) fm”fuiﬂl"ﬁw
40a /_': cor H C 8.2 >98
40b PhCO- H C 4.5 >98
40c @-CO‘ H c 5.4 >98
40d %_Co- H o} 2.9 >98

40e Hl‘\::@—co' H c 57 93
NN
40f HN@—CO' H c 15 >98

40g >-cor H C 5.8 >98
Me
40h (o H C 13 -
40i  (4-CHPh),CHCO- H F 109 -
.0
40j @—‘é’\ H D 75 -
Q.0
\,,
#a S Me G 31 -
aok - H E >316 ;
40l NC'@\ H E 39 -
41b Et Et | 252 -

41c PhCO- H 7.3 -

-
41d NC‘@W PhCO- H 6.2 -

a) DPP-IV inhibitory activity.

b) Residual amount was measured after incubation at 37 OC for 24 h in pH 6.8 aqueous buffer solution.

FREDOENEZ R LTz N—(4 — 7 7 XU VWK 401 (IC50=39 nM) 1%, 7/
7 = =)VHN DPP-IV EEIRAMMEZFF>Z & LD N—A V7 VK 40k K 0 1EMED A
kL7 EEZBND,

N—A VT I A0k DX N—(4 =T ) XUV E 401 X A UL L TH
R L7 NN— VTV F AR AT 2 KK 41e, 41d 1%, £ IC50=7.3, 6.2 nM
TSNS E SN, ZHUE, XU XT 2 RIR 40b ORI A VT INEER 4
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VTN UNEEBANLTOIERIRIEEAEEDL R STLLEEV 5T LD
TE %,

ZDOXDICTHAFHFERE AL, in vitro IEMEZHIE L7223, 32a & RREIDIEMZ
AT 2LaEMIGELNLRNroTz, LvL, 40f (IC50=1.5 nM) %% U OHEFMED
BIFCTHACERINC R E ML EM E ERATD Z LN TE T,

%5 3 i (25,4S)-4-Fluoro-1-[N-(2-hydroxy-1,1-dimethylethyl)glycyl]pyrrolidine-2-
carbonitrile 36k DIENENE MK U in vivo HELhEAER

BHAT B I IEVE R OV EVED BAF LB HOW T, T v MENEIEEZ T~ T
PRI LA 2 BOALTS, RERLEW DT » MANEIREL Table 11 127 ¥, 1k
E¥) 40a 1%, Table 10 IR L7 TF Lo U7 2 AMBHFEERORE & L TARNEHRE
ZREH LN, INE2EOTT L U7 I AEHBEER O C Iy i E O R
PEDS 86k ZHEZ D b DIFHELILR o7,

N—{E# 7Y o U FERO P TIE, 86k (T b FW i PR EE ORFREMEN B0 ST,
36k @ 2 IFfHI&EN T 6 FFfFZ O M PRI 9g. 32a DOMHIRE XV &5 0ITE
WETH -7, ZO & 512, 36k (T RAF I PREDRRilEZ AT KA THD Z &
Doy o Tz, 86k DALZFEMIZEEMEIL, 402 12135 H DD 9g, 32a LV 1T KIEIZ:E
LTHY., T DI RLZEREZ R LI,

Table 11. Chemical stability and plasma drug concentrations after oral
administration of 9¢g, 32a, 36a and 40a

Comp residual plasma drug concentrations® (ng/mL)
amount (%) 0.5 1 2 6 (h)
99 70 195 24 5 1
32a 86 © 157 62 8 6
36k 96 355 274 168 31
40a >98 9 93 39 8 <1°)

a) HPLC determination after 6 h of incubation at 37 °C in pH 6.8 aqueous buffer solution.
b) LC-MS determination after oral administration at a dose of 1 mg/kg to Wistar rats.

c¢) Dihydrochloride salt of 32a was used in the chemical stability test instead of 32a.

d) HPLC determination after 24 h of incubation at 37 °C in pH 6.8 aqueous buffer solution.

e) {b&Y 40a [L4BEMEIEIZ 1 ng/ml L FOEMRE TH -T2,
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fb&¥ 36k DB TEM 2, T CIPERERH 2R3 E 7 VEW T 5 Zucker
fatty rat Z VN CTE~7z, 0.1 mg/kg &% Y 0.3 mg/kg ® A& TILEY 36k 2D 5-
T 5 &, BEARE 30 %ICIXMpE LA omflA R STz (Figure 13A), LT,
0.3 mg/kg TIIAEICHEIMEZE LTz (Figure 13B),

il OFEEIZB N THIFARTHE 15 2% 2T o DPP-IV {EMHITIZIE T2
PLE S, 2L T, 24U 120 0% £ CHE STV (Figure 13D), X, A v~
A 3T 0.1 mg/kg KON 0.3 mg/kg Ol & TRt X7z (Figure 13C),

ZD LT, 36k 0.1mgkg L WIHERAETHT v P TENEZRLTEY,
(CBWNTHIRWVBIRD B S iz,

Figure 13
-0= Vehicle

_ 500 -o- 0.1 mg/kg 25000 [
,—2‘ =~ 0.3 mg/kg E
g 400 =8— Lean §g 20000 [ *
3 :E - #
2 300 < -, 15000
3 SE :
=] 8 10000
g 200 3 I
3 £ 5000
a 100 g

0 * 0

0 30 60 90 120 (B) \,«\Q\\Q n_)@;\\& &

(A) Time after glucose administration (min) Q-
20 =
E - Vehicle 203
2 15 O 0.1 mg/kg S
= =4 0.3 mg/kg 2
E @ Lean =
2 502
Kl a8
= & 0.1
g 0

-5 0

0 '30 60 N _90 _ 120 Pre 15 30 60 90 120

(C) Time after glucose administration (min) (D) Time after glucose administration (min)

Effects of oral administration of 36k (0.1 or 0.3 mg/kg) on plasma glucose (A), plasma glucose AUCgomi, (B), plasma insulin
(C) and plasma DPP-1V activity (D) during OGTT in Zucker fatty rats. Each point represents the mean + S.E. (n=6). * p<0.05

vs. Vehicle, Dunnett’s test. ## p<0.01 vs. Vehicle, Student’s t-test.

EZHIX 2— T ) —4—TAav e ) DUFHEERD 1 NIEHICHE 2 O N—E# T
Voo w8 ANLTALEME T VA v - Bk L. LR Z2 E MR 1 $8 5-F D Fpfge s
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g &, A e B TYER 20”9 36k & LH L7-, 86k IXEMEHc L N B
ZIVIR CPRE AR E L, T a3 LA TS-021 & L7- (Figure 14),

Figure 14
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WA TS—021D8K

TS-021 MBAFMEEALAWICEBITN =2, FIIAE R IEO £ £ CIEFHi AR AR Ot
MmN TH-Te, 22T, AT —NAT v TERDTOIZHEIEA 16 LIEIZ O\ TH
[ - B - RFEDLREZMFT L. L ORI RIS N TRRIC R o7, A7 U —=
¥ 7 DORIEEHROBEIL, 7 rE7 v FLHRIE 34 ZHWTWIZR AT —1LT v 72
XL VeI ZER 7 aa T B FVRRIK 85 WA Z LT L,

Scheme 8
F F F
a b
HN N HO\X N
HCl a N T
CONH; O CN H o on
16 35 42

F
C
N
HO\><H/\[(
so;H O CN
©/ TS-021

Reagents: (a) chloroacetyl chloride, triethylamine / DMF; then cyanuric chloride; (b) 2-amino-2-methyl-1-propanol / iPrOH;
(c) benzenesulfonic acid / MeOH-IPE.

T a7 BT FEEE AW EBV— R TIE, T YRS & VR A VEED

WA S Z R A2 D TREE LTITo TV, 7 UK 38 OHIHNAES TldlehoTz
7O ZD2TREE IRy TITOMEZ Lc, BiEE LTE, EH6DISTHHEM
Al fE72 DMF %2 Wiz, PO TEROT Vb Z7 a7 Frrsal) K& MY
TFNT IVERNDZET, tle EEEMICET Lz, 2 TREE OBUKEE,
B BKRAETH DT T L& VT, BAEEZ K TIT, AT H L 7RG b 2 8 E
T2 & THMEICH D 86%DEINEET 35 #1552 &N TET,
X, TIMEICOWT bR &, B, REZBRE L7oRER, TPA 23t s LT
WD ZETRIGRT D B RER E LTI L, 77 MR EITH 2 L72< 42
FHHET A ENTER, 7V K42 13, A¥ ) — NP TRUB U ALK VIR EE
Rk & i b 2170, IPE 23RIN3 2% 2 L ClEZ M\ EXE72, 20k RRFHc X
D16 L VRILE 61% T, I T 2EREAND Z E72< TS-021 AT HZ LN T
=7,

COXIBRERITERRICEY, EHED TS-021 2k g A— 4 —ThliEca 5 &
INTIp Tz,
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A
VD

2
k=10
E=b

BEPRIR O FRECTRFIC BT, 1EE) - £5F - FANGRAEERERZ R LTS
LIRS H BTN DD, TRECIRIEITEDN 732 TV SIS b & 3 HE R B
ML T OREIRTH 5, HERBOBINEZRIET S 1 2OFEEX, ZhETe
IXH72 D A T = X WO PERPIHAFIE A BRI LBE IR 2L Th D,

Z 2T EBNTHHA I = XL OFERIEIRRIE L LT DPP-IV BLEARNC R AR D |
ORI EZBME LT, BED 2 =37 e n U P UBROE R U D UBREAICE
BL., BHRLEAZRG Lz, FRRREELZRFSO7 v RIFTOEAETH L, —HD
SEARTE T DIRVEMEZ R UEEHUR K 0 HIEMEDS M BT 2 2 &R ghrotc, X, o
EHRLICE L QX R CEERA L VIEENME T T2 2 b0 ote, 7 v K 9g
IZoWTIE, 7 v MO G L7CBRICEERA LD S RIEICmPRES EHT5 2
xR LT,

LU, 7 v H#EER 9g 1T FRILEMEICHER H Y . KRBT TRz X 5
IENELC D Z R yinotz, T2 T, 9g OA Y aAf v AIHEMD o« —7 2
ICEW L CTEEMDOSEE -7, TRRINTE L) ICEEWAEZEAN LTALEawIZ
BEMOR ENR O, tert—7F N7V 2 MEE AT 5 28¢ Tik, KB
DEEMEZ RIBIZSET D2 &N TE L, £, 23¢ DIVREMHELRIZOWNTIH~N,
2 D UBREDD (2848 OSLAR, B S L- 7 XV BRONAKN A TH D Z &
e L7,

Z LT, BEMEEOHEALE LTELY BWEEOREA 21525 X F 258N
o MIgHE LT N—&EHR 7Y o 28 AL, DPP-IV BETEME, (L2 E T,
B IIAENEEICEN T bA W & LT 36k & L L7z,

X, ZNHHEERBRRIOMERE, Figure 15 (2R T X127 /B v U P UiFEERD
HEETEMEMR A R 5 2 L3 T T,
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-7 3/ BAIETELEOAEEHY

Figure 15 o
E#BIETLSERERT ‘
EEVEIEOBAEEHREMAE L
7;U>E£®Et%ﬁ%fﬁ | -
7 : MEFERIIZTR )
e A S —7//‘ R ~— (4S)FOHEMAEL

R2__ N
N -~ 2S)ADHFEEHY
O CN

/" H
ATFOBFICLBERHETERESALL
73/ EBDNESL 5B LIEEHEREEN ST
=D 86k L. HRFORREE SR R LR VR TS-021 & L CEERRER
ZPAME L72. TS-021 (X .98 /3 CH-> 1 H 1 mO& 5 TH R Figittk 2 A9 5 DPP-IV

FHEAIE LTHfFS D,
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e

KX xELODITHID, HIFE, HEALLHY £ L THERF KRG A
Bt PHEFAHRICELIVEHOBEEZERLET,

AWPTEDOH =% 5 2 TIHE £ LERERERASHRISR  REHE, Fff#H 2
T LR AR FE TSR RARABRELIOEHEHLE L LT ET,

FIARMFEOFERMIZHT= 0 | 46 THRE L HBURZ 150 £ Lo, KIERESERASH:
AT E AR E L FBREAEHC P L hEEME LA L ONCRAIRLES
2t EE KEA O LICES BE#H W LET,

FERIZH 7 L T2 720 e RIEBUSERR U S RIS L 758 2 AP S0 2 TR e F
BRI, REAEMEEM SBEAEL FNSEE = bR, KSR Z E G L
TN 2o RIERFERR A S AR 2 TSRS ZE 8 ILARsE it [ 3
EAFTEEM RACK I, WEMEMIEEM REAHEER, RFEMEEM AR
K, RIERSEREA S BRI E = TTAFR e ALERERS, (RNEERER A L T
W 2N e RIEREEE A SRR E BT R FBESER, FnERRE o 2 —
R BAREREL HFIal—rarE L TWEREWE KIERERRR SRS
VAT LAEEAEMIE R @ R RE R R EEHV T L E T

PIPERRBR 2 L TNz 72 T2 ROE SRR Ut AR S0 2 TIPSR Bl EAT R
K. RITEEGEEM ST R, XERE ST 2 L Tz 720 7o RIEREEMR IS 1
BRI GIIGEE AARBERME L, R EEEM [ HBEIRE S0 S
NN LR,

Fio, B O TS B W2 T & F LT RIEREBER A S AT
+, [FFEEMER R R ERE L, FSKEEREMT ST R AR IR
LA R L BT ET,

=K OHEEIER
B R EEAZ

H
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EEROE

'H BRI A~ 7 /LI Varian VXR-300 X1 JEOL GX500 THIE L. 1%y 7 Mk
tetramethylsilane ZWNEBIEAHEL LT ppm (§) Tri#i L7z, (NMR KO H T, s I3 singlet, d
I doublet, t I triplet. q IZ quartet, m |% multiplet, br |% broad peak % 759") C BERLK IS %
X7 [V JEOL GX500 T, VF BRE I A7 /LI Varian VXR-300 THIE L 7=, B R A
~Z7 kb (MS) 1% Shimadzu/Kratos HV-300 THIZE L 72, @lsiiE Buchi 535 @lAHlESR T GR
FEIXRMIE) . RAMRILA X2 Fb (IR) 1% Perkin—Elmer 1760 spectrometer CHHIE L 72, JLHR
53713 Perkin—Elmer 240C & I TR, KF, EROTHREZWE L, ~m s v LB
VT Yokokawa-Denki IC7000P % W TCHIE L7z, @27 a~ N7 F 7 ¢ —|T silica gel 60
F254 Merck) C. > U BTN T L7 v~ N7 T 7 4 —% 100~200-mesh silica gel C-200 (Wako
Pure Chemical) C1T - 7=,

N-7I 7w ) UFFERIE, WP TVARR NI A0 —2~v—REWME L TIHE
FTHZERMLENTNS O, (LAWICL > TIENMR Tavh—~—BRbh, ErY oy
BRD 2L KN4 LDKFEIX NMR OE—27 Bt TRl S NnD, FEEREO NMR 7 —4# C
I, v AT —arih—~v—0t =73, HRIZBHSh D bDIZ OV TREH LT,

%1 FICEEY % %R
tert-Butyl (2S,4S)-2-(aminocarbonyl)-4-fluoropyrrolidine-1-carboxylate (3g)
(4S)-1-(tert-butoxycarbonyl)-4-fluoro-L-proline 2g 12 (4.5 g, 193 mmo)Z7 & ~= K U /(50
mL) (Z % 7> L . l-hydroxybenzotriazole —monohydrate (3.6 g, 23.5 mmol) &
1-(3,3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (4.5 g, 23.5 mmol)% /Il 2. Tk L
Too RAICHIR LEIRICT BRI Lz, RIGKRZFOOKEG L, 25% 7 E=77/K (5 mL)
ZINA KT 30 40, =T 30 o Lz, 78 h= 1 U (50 mL)Z SSIRIZANZ
Nz le s Ulc, IR ZEICTRME L, BREEZ S VBTNV T L rux 777 40— (8
P 5 hexane : EtOAc = 4:1 - 1:5) TR L, BfEZ A~ 22 52 & THREAH KD H
HI¥(4.2 g, 94%) % 157, mp 169—170 °C. '"H NMR (300 MHz, DMSO - d¢) 8 7.21, 7.15 and 6.95 (2H,
each br, CONH,), 5.21 (1H, br d, J = 54.0 Hz, H-4), 4.13 (1H, d, J = 9.6 Hz, H-2), 3.47-3.68 (2H, m,
H-5), 2.26-2.55 (1H, m, H-3), 2.09-2.22 (1H, m, H-3), 1.41 and 1.36 (9H, each s, (CH;);CO). MS(ESI
pos.) m/z 255 ([M+Na]"). Anal. calcd for C,;oH;;FN,0s: C, 51.71; H, 7.38; F, 8.18; N, 12.06. Found: C,
51.72; H, 7.46; F, 8.14; N, 11.90. IR(KBr) 3474, 3283, 3218, 3162, 2990, 1696, 1649, 1397, 1378,
1360, 1223, 1167, 1119, 1072, 848 cm™. [a]p™ -56.3 (¢=0.5, MeOH).
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(4S)-4-Fluoro-L-prolinamide hydrochloride (4g)

AMHCI/ VA F%H% > (45mL)IZ 39 (4.2 g, 18.1 mmol) & /& L, =iE C 2 Wi # L7214,
PRI A IEIC CREE L, BB ML= (GOmL) 2Nz, FEREZBIEIC CEELE, &
OEEE 3RV IK L, BM3.1 g, 100%) & AR e LTHE, ZOHRERE, Znllk
DR Z4THOTITR OISV =, mp 230-231 °C ( decomp. ). '"H NMR (300 MHz, DMSO -
de) 8 9.72 (2H, br s, H,N"), 8.10 (1H, br s, CONH,), 7.70 (1H, br s, CONH,), 5.38 (1H, dt like, J =
52.5, 3.6 Hz, H-4), 4.31 (1H, dd, J = 10.4, 3.7 Hz, H-2), 3.56 (1H, ddd, J = 19.9, 13.4, 1.7 Hz, H-5),
3.39 (1H, ddd, J = 36.5, 13.4, 3.6 Hz, H-5), 2.48-2.72 (1H, m, H-3), 2.24-2.40 (1H, m, H-3). MS(ESI
pos.) m/z 155 ([M+Na]"). Anal. calcd for CsH,FN,O HCI: C, 35.62; H, 5.98; CI, 21.03; F, 11.27; N,
16.62. Found: C, 35.57; H, 5.95; C1, 21.03; F, 11.26; N, 16.46. IR(KBr) 3319, 3174, 3063, 2902, 2778,
2731, 1707, 1626, 1583, 1399, 1340, 1322, 1207, 1162, 1055, 1026, 965, 863, 635 cm™. [a]p"* -48.8
(c=0.5, MeOH).

N-[(9H-Fluoren-9-ylmethoxy)carbonyl]-L-isoleucyl-(4S)-4-fluoro-L-prolinamide (59)

N-[(9H-fluoren-9-ylmethoxy)carbonyl]-L-isoleucine (5.1 g, 14.4 mmol)% ., THF (40 mL) & DMF
(10 mL)DIRA TR f# L. JK#% T T 1-hydroxybenzotriazole monohydrate (2.6 g, 17.0 mmol),
1-(3,3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (3.3 g, 17.2 mmol) M OV
N,N-diisopropylethylamine (2.5 mL)Z I X, #& 4 (Z SR U SR C—BefEdr U7, 280+ T/
L, BREICKEMA T2, B LT RZIRIRL, SV ATV Thra~x 7T 70— (&
PRI 5 hexane : EtOAc=4:1-1:4) TR L T, HIUY(6.9 g, quant) Z LK EHAT /LT 7 A WY)
B L L7, 'H NMR (300MHz, DMSO-dq) 8 7.89 (2H, d, J = 7.5 Hz, aromatic H), 7.72 (2H, d, J
= 7.5 Hz, aromatic H), 7.41 (2H, t like, J = 7.5 Hz, aromatic H), 7.32 (2H, t like, J = 7.5 Hz, aromatic
H), 7.05 (1H, br s, NH), 6.91 (1H, br s, NH), 5.31 (1H, br d, J = 52.5 Hz, H-4), 4.45 (1H, dd , J = 8.8,
2.2 Hz, H-2), 4.32-3.96 (5H, m), 3.89-3.74 (1H, dd, J = 25.6, 12.6 Hz, H-5), 2.45-2.12 (2H, m, H-3),
1.88-1.76 (1H, m), 1.61-1.49 (1H, m), 1.20-1.10 (1H, m), 0.95 (3H, d, J = 6.7 Hz, Me), 0.84 (3H, dd, J
—17.5,7.3 Hz, Me).

9H-Fluoren-9-ylmethyl
((1S,29)-1-{[(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yljcarbonyl}-2-methylbutyl)carbamate (6g)
THF (70 mL)IZ 59 (6.9 g, 14.8 mmol)Z ¥ f# L. K IZ T trifluoroacetic anhydride (4.0 mL, 28.3
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mmol) Z Nz 72, JKIIZT 1.5 Refiff#R L7ct2. SO AL Tt L, REZ ) W7 h
Thru~w 777 40— (EHEEEE ; hexane : EtOAc = 8:1 - 3:2) THEL L THMMI(6.2 g, 97%)
BIREOT TN T 7 AWE L L T2, 'HNMR (300MHz, DMSO-d¢) 8 7.91 (1H, d, J=7.9 Hz,
NH), 7.89 (2H, d, J = 7.3 Hz, aromatic H), 7.72 (2H, d, J = 7.5 Hz, aromatic H), 7.42 (2H, t like, J =
7.3 Hz, aromatic H), 7.35-7.29 (2H, m, aromatic H), 5.49 (1H, br d, J = 50.5 Hz, H-4), 5.05-4.98 (1H,
m, H-2), 4.34-3.80 (6H, m), 2.60-2.30 (2H, m, H-3), 1.90-1.74 (1H, m), 1.65-1.48 (1H, m), 1.20-1.13
(1H, m), 0.87 (3H, d, J = 6.8 Hz, Me), 0.86 (3H, t, J = 7.3 Hz, Me). MS(ESI pos.) m/z 472 ([M+Na]").

(2S,4S)-4-Fluoro-1-L-isoleucylpyrrolidine-2-carbonitrile hydrochloride (9g)

1,2-Y7 v /(90 mL)iZ 6g (6.2 g, 13.8 mmol) & ¥Af# L. /K2 T diethylamine (10 mL)
A, & OFEFEKMT 30 53, IRWVTEINR T 5 REEFEHR U7c, BOSNIR 2 J8UE Clefa L. 7%
&Y F )L —7 /(100 mL), THF (50 mL)&% (87 1 &2 75 /L A (50 mL)DIRA VAR iE L .
KT TAMHCH UAFH v @G.omL)E N7z, AR LTEMEREZERL, YoFro—T1
T LT B ONTMRE S VWAV T Ay a~ T T 7 ¢ — (EHIEL ; CHCly: MeOH :
25% aqueous ammonia = 40:1:0.1 - 25:1:0.1) TR L 72, 5 D752 7 1 v A8 L D ZEME L
KB TAMHCL/ VAT @.0mL)Z M AR LM REZEEL, 7 2 a iRV A THEL,
WL TRz L CHIIM2.9 g, 80%) & My K & LT/ 7-, mp 245-248 °C ( decomp. ). 'H NMR
(500 MHz, DMSO - d¢) § 8.59 (3H, br s, H;N"), 5.54 (0.9H, br d, J = 52.1 Hz, H-4 of the major
conformer), 5.45 (0.1H, br d, J = 53.3 Hz, H-4 of the minor conformer), 5.39 (0.1H, d, J = 6.7 Hz, H-2
of the minor conformer), 5.06 (0.9H, d, J = 9.4 Hz, H-2 of the major conformer), 4.07-3.77 (3H, m,
H-5 and NCHCO), 2.55-2.34 (2H, m, H-3), 1.94-1.83 (1H, m), 1.66-1.53 (1H, m), 1.22-1.13 (1H, m),
0.94 (3H, d, J = 6.7 Hz, Me), 0.88 (3H, t, J = 7.3Hz, Me); °C NMR (125.4 MHz, DMSO - d¢) 5 168.2,
118.3,92.9 (d, Jcr= 175.7 Hz), 54.4, 53.6 (d, Jcr=21.7 Hz), 44.7, 36.3, 35.4 (d, Jc.r= 20.7 Hz), 23.7,
13.9, 10.9; ”F NMR (282.2 MHz, DMSO - dg) 8 -175.1. MS(ESI pos.) m/z 250 ([M+Na]"); (ESI neg.)
m/z 262 ([M+CI]). HRMS calcd for C;HoFN;O[M+H]"228.1512, found (m/z) 228.1508. Anal. calcd
for C;;H;sFN;O HCI 0.5H,0: C, 48.44; H, 7.39; N, 15.41. Found: C, 48.20; H, 7.37; N, 15.23. [oc]D25
-62.7 (¢=0.3, MeOH).

(2S,4R)-4-Hydroxy-1-L-isoleucylpyrrolidine-2-carbonitrile hydrochloride (9a)
{bEW 99 & RIERDFIET, REEMZEAK KL LTHTZ, mp 173-176 °C ( decomp. ).
'H NMR (300 MHz, DMSO — dy) & 8.32 (3H , br s, H;N"), 5.45 (1H, d, J = 3.7 Hz, OH), 4.75 (1H, t
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like, J = 9 Hz, H-2), 438 (1H, br s, H-4), 4.08 (1H, d, J = 5.3 Hz, NCHCO), 3.74 (1H, d, J = 10.8
Hz, H-5), 3.64 (1H, dd, J = 10.8, 3.8 Hz, H-5), 2.37-2.21 (2H, m, H-3), 1.95-1.81 (1H, m ), 1.55-1.40
(1H, m ), 1.26-1.05 (1H, m ), 0.97 (3H, d, J = 7.0 Hz, Me), 0.88 (3H, t, J = 7.3 Hz, Me). MS(ESI pos.)
m/z 248 ([M+Na]), 226 ([M+H]); (ESI neg) m/z 260 ([M+Cl]). HRMS caled for
C11HoN;0,[M+H] 226.1556, found (m/z) 226.1570.

(2S,4S)-4-Hydroxy-1-L-isoleucylpyrrolidine-2-carbonitrile hydrochloride (9b)

L& 9g & RIBED AT, REILEMEZBEATEL T 7 AWE L L TH7=, "HNMR (300
MHz, DMSO - dg) 8 8.40 (3H, br s, H;N"), 5.44 (1H, br s, OH), 4.88 (1H, dd, J = 9.0, 2.5 Hz, H-2),
4.45-4.38 (1H, m, H-4), 3.94-3.82 (1H, m, NCHCO), 3.75 (1H, dd, J = 10.8, 4.3 Hz, H-5), 3.53 (1H, d,
J =10.8 Hz, H-5), 2.25 (1H, ddd, J = 13.2, 9.2, 4.1 Hz, H-3), 2.10 (1H, br d, J = 13.2 Hz, H-3),
2.01-1.80 (1H, m), 1.65-1.47 (1H, m), 1.26-1.08 (1H, m), 0.96 (3H, d, J = 7.0 Hz, Me), 0.88 (3H, t, J
= 7.4 Hz, Me). MS(ESI pos.) m/z 248 ([M+Na]"), 226 (IM+H]"); (ESI neg.) m/z 260 ([M+CI]).
HRMS calcd for C;H,0N3O0,[M+H]"226.1556, found (m/z) 226.1565.

(2R,3S)-3-Hydroxy-1-L-isoleucylpyrrolidine-2-carbonitrile (9¢)

HWIREETERR O S 2 R LB 99 & [AEROTTIETRBEILEY 2 BEAMRWE L LT
#%7-. "HNMR (300 MHz, CDCl3) § 4.76 (1H, br s, H-2), 4.60 (1H, br d, J = 3.7 Hz, H-3), 3.83-3.67
(2H, m, H-5), 3.33 (1H, d, J = 6.4 Hz, NCHCO), 2.40-2.26 (1H, m, H-3), 2.19-2.09 (1H, m, H-3),
1.70-1.54 (2H, m), 1.27-1.05 (1H, m), 0.96 (3H, d, J = 6.8 Hz, Me), 0.92 (3H, t, J = 7.3 Hz, Me).
MS(ESI pos.) m/z 248 ([M+Na]"). HRMS caled for C;H,N;O,[M+H]" 226.1556, found (m/z)
226.1545.

(2S,4R)-1-L-Isoleucyl-4-methoxypyrrolidine-2-carbonitrile hydrochloride (9d)

& 99 & RO TIET, LA EEAT TV T 7 AWE L L7, 'HNMR (500
MHz, DMSO — dg) & 8.37 3H, br s, H;N"), 4.70 (1H, dd, J = 9.1, 7.9 Hz, H-2), 4.20 (1H, br d, J = 4.3
Hz, NCHCO), 4.07 (1H, br s, H-4), 3.99 (1H, d, J = 11.5 Hz, H-5), 3.63 (1H, dd, J = 11.5, 3.6 Hz,
H-5), 3.25 (3H, s, OMe), 2.54-2.47 (1H, m, H-3), 2.34-2.27 (1H, m, H-3), 1.95-1.86 (1H, m),
1.53-1.44 (1H, m), 1.26-1.12 (1H, m), 0.98 (3H, d, J = 7.0 Hz, Me), 0.88 (3H, t, J = 7.3 Hz, Me).
MS(ESI pos.) m/z 262 ([M+Na]"), 240 ([M+H]"); (ESI neg.) m/z 274 (IM+CI]). HRMS calcd for
C1,H2,N30,[M+H] 240.1712, found (m/z) 240.1723.
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(2S,4S)-1-L-Isoleucyl-4-methoxypyrrolidine-2-carbonitrile hydrochloride (%)

LA 99 L IRBED HiE T RELAW & KR E L CH7-, mp 175-178 °C. "H NMR (500
MHz, DMSO - d¢) § 8.46 (3H, br s, H;N"), 5.23 (0.05H, d, J = 8.5 Hz, H-2 of the minor conformer),
4.91 (0.95H, dd, J = 9.2, 1.6 Hz, H-2 of the major conformer), 4.14 (0.95H, br s, H-4 of the major
conformer), 4.09 (0.05H, m, H-4 of the minor conformer), 3.87 (1H, d, NCHCO), 3.80-3.73 (2H, m,
H-5), 3.29 (3H, s, OMe), 2.37 (1H, d, J = 14.0 Hz, H-3), 2.22 (1H, ddd, J = 13.7, 9.5, 4.0 Hz, H-3),
1.91-1.80 (1H, m), 1.64-1.53 (1H, m), 1.23-1.12 (1H, m), 0.94 (3H, d, J = 6.7 Hz, Me), 0.88 (3H, t, J
= 7.3 Hz, Me). MS(ESI pos.) m/z 262 ([M+Na]"), 240 ([M+H]"); (ESI neg.) m/z 274 ([IM+CI]).
HRMS calcd for C,H,N30,[M+H]240.1712, found (m/z) 240.1717.

(2S,4R)-4-Fluoro-1-L-isoleucylpyrrolidine-2-carbonitrile hydrochloride (9f)

{b5% 99 & RIERD LT, REILEM & AR E L THZ, mp 222-225°C ( decomp. ).
'H NMR (500 MHz, DMSO - dg) & 8.38 (3H, br s, H;N"), 5.42 (1H, br d, J = 51.9 Hz, H-4), 4.87 (1H,
dd, J=10.1, 8.0 Hz, H-2), 4.28-4.20 (2H, m, H-5 and NCHCO), 3.81 (1H, ddd, J =39.0, 12.6, 2.5 Hz,
H-5), 2.77-2.67 (1H, m, H-3), 2.60-2.45 (1H, m, H-3), 1.95-1.84 (1H, m), 1.52-1.43 (1H, m),
1.23-1.13 (1H, m), 0.98 (3H, d, J = 6.7 Hz, Me), 0.88 (3H, t, J = 7.3Hz, Me). MS(ESI pos.) m/z 250
(IM+Na]"), 228 ([M+H]"); (ESI neg.) m/z 262 ([M+CI]). HRMS caled for C;H;oFN;O[M+H]"
228.1512, found (m/z) 228.1518.

tert-Butyl
((1S,2S)-1-{[(2S)-2-cyano-4,4-difluoropyrrolidin-1-yl]carbonyl}-2-methylbutyl)carbamate (8h)
DMF (2.5 mL) |2 tert-butyl ((15,25)-1-{[(2S)-2-(aminocarbonyl)-4,4-difluoropyrrolidin-1-yl]
carbonyl}-2-methylbutyl)carbamate 7h (900 mg, 2.48 mmol) Z & L, Mk 7 X/1(280 mg, 1.49
mmol) & AN % ZIR T 1 RefE R U7z, ROSKR & KICH T TR — F /L Chltt L 7=, A 4
FREEKRFET B U U LKEEIR, B ERIEK oy UEKEEE T MY O DTz L7z, W
A28 5%, IBIREZBIECIRM L, BoNTEEL VW TN T AIa~v NI T 7 14—
(V& AL hexane : EtOAc = 20:1 - 4:1) THEHL L CH (760 mg, 89%) % a7 E/L 7 7 A
Mg L L C157-, "HNMR (300 MHz, DMSO - d¢) 8 7.29 (1H, d, J = 7.9 Hz, NH), 5.08 (1H, dd, J =
9.1, 4.1 Hz, H-2), 4.34-4.10 (2H, m, H-5), 3.90 (1H, t like, J = 8.7 Hz, NCHCO), 3.03-2.73 ( 2H, m,
H-3), 1.83-1.67 (1H, m), 1.59-1.43 (1H, m), 1.36 (9H, s, Boc), 1.26-1.04 (1H, m), 0.87-0.78 (6H, m,
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2Me). MS(ESI pos.) m/z 368 ([M+Na]"); (ESI neg.) m/z 344 ([M-H]).

(2S)-4,4-Difluoro-1-L-isoleucylpyrrolidine-2-carbonitrile hydrochloride (9h)

{bE4 8h (560 mg, 1.62 mmol)iZ 2M HEFE/KEIK(12 mL)Z M1 2., =R CT—BeiEE L=, ®iZ
2M KRR (6 mL) 2 N % S T —Wafftsk U7c, ROSR 2 WElie — 5 /L CTotid L. KEIZ IM
KB LT U 7 LOKESHR(35 mL), @R ORI, faFREAKFE T U U KR AN Z . B
TF S THI Ue, ARRRE 2 fafn ik Tl L. BKEIRE T R U U ASTHR L7z, W
W 2 8 1% . IR A UL TN L. (25)-4,4-difluoro-1-L-isoleucylpyrrolidine  -2-carbonitrile
218, Tha YT F o —7 (20 mL)IZEM L, K T 4M HCl /EER2 = F/1(0.50 mL) % il
2T, e L T, BHE®EGT0 mg, 81%) & Ay kL L TH7=, mp 235-243 °C
( decomp. ). '"H NMR (300 MHz, DMSO - d¢) & 8.38 (3H, br s, H;N"), 5.14 (1H, t like, J = 7.1 Hz,
H-2), 4.46-4.12 (2H, m, H-5), 4.00 (1H, d, J = 6.2 Hz, NCHCO), 2.98-2.81 (2H, m, H-3), 1.96-1.78
(1H, m), 1.60-1.44 (1H, m), 1.28-1.06 (1H, m), 0.95 (3H, d, J = 6.8 Hz, Me), 0.88 (3H, t, J = 7.3Hz,
Me). MS(ESI pos.) m/z 268 ([M+Na]"), 246 ([M+H]"); (ESI neg.) m/z 280 ([M+CI1]"). HRMS calcd
for C;1H,,F,N;0[M]" 245.1340, found (m/z) 245.1353.

tert-Butyl
((1S,2S)-1-{[(2R,3R)-2-cyano-3-fluoropyrrolidin-1-ylJcarbonyl}-2-methylbutyl)carbamate (8i)
6g XX 8h %157 k% H v T(3S)-1-(tert-butoxycarbonyl)-3-hydroxy-L-proline 7> & 1572

tert-butyl ((1S,25)-1-{[(2R,3S)-2-cyano-3-hydroxypyrrolidin-1-yl]carbonyl}-2-methylbutyl)carbamate
8c (168mg, 0.516mmol)& ., 7 m 1 A X (S mLWIEME LT-, ZOWkZE RIA4TARAET®
k> TH AT L . diethylaminosulfur trifluoride (0.206 mL)% Il X 7=, IR & Rk 2 ([Z =R £ T LT,
—WeHEEE U7, ROSRICEBIRIRIEKFE T N U U LK Z N %, BEfg—F /L Thit L7z,
AE 2 BRI EEKE T R U U 2OKEEIR, RO CRIFIEIE K TP L, BKEEE~ 7 2 v
DI THLIE LT, HoRR 28 5%, IBIRZECRME L. JBoNEEZ L VTN T M
vna~< 7T 7 40— (BEHIELE ; hexane : EtOAc=3:2) THEL L T HBW(65 mg, 38%) % HEfn
T IARE & L CTH572, "HNMR (300 MHz, CDCl;) 8 5.32 (1H, br d, J = 51.8 Hz, H-3), 5.09 (1H,
brd,J=9.3 Hz, NH), 4.84 (1H, dd, J=21.8, 4.4 Hz, H-2), 4.27-4.08 (2H, m, H-5 and NCHCO), 3.81
(1H, td like, J = 10.2, 6.2 Hz, H-5), 2.52-2.36 (1H, m, H-4), 2.31-2.05 (1H, m, H-4), 1.83-1.71 (1H,
m), 1.66-1.52 (1H, m), 1.42 (9H, s, Boc), 1.24-1.08 (1H, m), 0.98 (3H, d, J = 6.8 Hz, Me), 0.92 3H, t,
J=7.4 Hz, Me). MS(ESI pos.) m/z 350 ((M+Na]").
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(2R,3R)-3-Fluoro-1-L-isoleucylpyrrolidine-2-carbonitrile trifluoroacetate (9i)

Ky Lz b U 7 v e FEE(1.0 mL)IZ 8i (62mg, 0.18mmol)Z Il %2 CTIRME L. =il T 30 43
ML=, BIECHEEE2EE L, B4 Y7 =—7 0(10mL) 2Nz, LE
ZBRELE, BEYDA Y 7o) = —F (10 mL) 2 x. RE% AR L THB®EG2 mg,
51%) % N 2R & L& 7=, "HNMR (300 MHz, DMSO - dg) 8 8.22 (3H, br s, H;N™), 5.50
(1H, br d, J = 52.8 Hz, H-3), 5.08 (1H, dd, J = 26.1, 4.0 Hz, H-2), 4.19 (1H, d, J = 5.4 Hz, NCHCO),
4.05 (1H, t like, J = 8.9 Hz, H-5), 3.64-3.54 (1H, m, H-5), 2.42-2.00 (2H, m, H-4), 1.99-1.84 (1H, m),
1.54-1.38 (1H, m), 1.26-1.08 (1H, m), 0.96 (3H, d, J = 6.8 Hz, Me), 0.89 (3H, t, J = 7.3 Hz, Me).
MS(ESI pos.) m/z 250 ([M+Na]"), 228 ([M+H]"); (ESI neg.) m/z 340 ([M+C,F;0,]). HRMS calcd for
C H oFN;O[M+H]"228.1512, found (m/z) 228.1525.

9H-Fluoren-9-ylmethyl
((1S,2S)-1-{[(2S,4S)-4-chloro-2-cyanopyrrolidin-1-yl]carbonyl}-2-methylbutyl)carbamate (6j)
&% 6g & IR D J5 1k T (4R)-1-(tert-butoxycarbonyl)-4-hydroxy-L-proline 7> & & %k L 7=
9H-fluoren-9-ylmethyl
((1S,25)-1-{[(2S,4R)-2-cyano-4-hydroxypyrrolidin-1-yl]carbonyl } -2-methylbutyl)carbamate 6a (200
mg, 045 mmol) 2. ¥ 7 m 1 A% (2 mL)& M LR FEQ mL)DIESEH IR L.
triphenylphosphine (234 mg, 0.89 mmol)& il %, =i T—WufidE L7z, ZOSKIZ=H /) —)b
0.5mL)Z 0%, =R T4 KB Lo, BWIEZBEEEL, G2V DTNV T Lo m~
N7 74— (FRHEREE ; hexane : EtOAc = 1:1 - 2:3) THHL L T HAO¥(126 mg, 60%)% HE(
TENT 7 AWE L L T2, "HNMR (300MHz, CDCl3) 8 7.76 (2H, d, J = 7.5 Hz, aromatic H),
7.57 (2H, d, J = 7.5 Hz, aromatic H), 7.40 (2H, t, J = 7.5 Hz, aromatic H), 7.30 (2H, t, J = 7.5 Hz,
aromatic H), 5.42 (1H, d, J = 9.2 Hz, NH), 4.88 (1H, dd, J = 8.3, 3.5 Hz, H-2), 4.63-4.56 (1H, m, H-4),
4.44-4.08 (5H, m), 3.96 (1H, dd, J = 11.5, 1.9 Hz, H-5), 2.73-2.56 (2H, m, H-3), 1.93-1.79 (1H, m),
1.72-1.56 (1H, m), 1.30-1.13 (1H, m), 1.12 (3H, d, J = 6.7 Hz, Me), 0.96 (3H, t, J = 7.4 Hz, Me).
MS(ESI pos.) m/z 488 ([M+Na]").

(2S,4S)-4-Chloro-1-L-isoleucylpyrrolidine-2-carbonitrile hydrochloride (9j)
{bA 99 L [ABED 515, 6j(100 mg, 0.22 mmol) 7> 5 KL A#)(32 mg, 53%) % MR L L
THF7=, mp 189-192 °C. 'H NMR (300 MHz, DMSO — d) 8 8.46 (3H, br s, HsN"), 5.01-4.92 (2H, m,
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H-2 and H-4), 4.11 (1H, dd, J = 12.0, 4.3 Hz, H-5), 3.98 (1H, br d, J = 12.0 Hz, H-5), 3.90 (1H, d, J =
6.8 Hz, NCHCO), 2.73 (1H, ddd, J = 14.6, 9.4, 4.8 Hz, H-3), 2.54-2.43 (1H, m, H-3), 2.00-1.80 (1H,
m), 1.66-1.48 (1H, m), 1.27-1.10 (1H, m), 0.97 (3H, d, J = 6.8 Hz, Me), 0.88 (3H, t, J = 7.4 Hz, Me).
MS(ESI pos.) m/z 266 ([M+Na]"), 244 ([M+H]"); (ESI neg.) m/z 278 ([M+CI]), 242 ([M-H]"). HRMS
caled for C;H,sCIN;O[M+H] 244.1217, found (m/z) 244.1231.

tert-Butyl  ((1S,2S)-1-{[(2S)-2-(aminocarbonyl)-4-oxopyrrolidin-1-yl]carbonyl}-2-methylbutyl)-
carbamate (7k)

T mnr A K (10 mL)IZ tert-butyl ((1S,2S)-1-{[(2S,4R)-2-(aminocarbonyl) -4-hydroxy-

pyrrolidin-1-yl]carbonyl}-2-methylbutyl)carbamate 7a (250 mg, 0.73 mmol)% ¥ f# L. Molecular
Sieves-4A (1.5 g). pyridinium chlorochromate (235 mg, 1.09 mmol) & O'FERZ(0.07 mL)Z 2., =
AT 2 R e, RONMREZDEE VAT NT T ra~x 87T 70— (BHEE
hexane : EtOAc = 1:1 - 1:3) THH L THMP(180 mg, 72%) & tBta 7 €/ 7 7 AWE L L TH
7~» 'H NMR (300 MHz, CDCl;) & 6.70 and 5.50 (1H each, br s each, CONH,), 5.25-5.05 (2H, m,
BocNH and H-2), 4.41 (1H, d, J = 17.3 Hz, H-5), 4.17-4.07 (1H, m, NCHCO), 3.92 (1H, d, J = 17.3
Hz), 3.05 (1H, br d, J = 18.2 Hz, H-3), 2.76-2.60 (1H, m, H-3), 1.80-1.50 (2H, m), 1.43 (9H, s),
1.27-1.07 (1H, m), 0.98-0.85 (6H, m, 2Me). MS(ESI pos.) m/z 364 ([M+Na]"); (ESI neg.) m/z 340
(IM-H]).

tert-Butyl ((1S,2S)-1-{[(2S)-2-cyano-4-oxopyrrolidin-1-yl]carbonyl}-2-methylbutyl)carbamate
(8k)

THF (10 mL)iZ 7k (168 mg, 0.49 mmol) % %% L. JK# T trifluoroacetic anhydride (0.21 mL) &
N,N-diisopropylethylamine (0.51 mL)Z %, K& T 1| KR U7-, BOGHR & BElR — F/1(100
mL) TAR L. 7K, 10%HREAKSE D U 7 DKEIR, K, BIRIERIRKSZ T B U 0 DOKEHE, fafn
B CNERBE R LT, AHIE 2 BAKMEE~ 7 2 U AT U, BRI OIRE, W%
L <. HEO¥(174 mg, quant) 2487 £/ 7 7 AWE & L TH7-, '"HNMR (300 MHz, CDCl;) &
5.38 (1H, br d, J = 7.6 Hz, H-2), 5.07 (1H, br d, J = 8.1 Hz, NH), 4.52 (1H, d, J = 18.0 Hz, H-5),
4.03-3.95 (1H, m, NCHCO), 4.00 (1H, d, J = 18.0 Hz, H-5), 3.10-2.86 (2H, m, H-3), 1.90-1.72 (1H,
m), 1.70-1.54 (1H, m), 1.41 (9H, s, Boc), 1.34-1.10 (1H, m), 0.98 (3H, d, J = 6.5 Hz, Me), 0.92 (3H, t,
J = 7.3 Hz, Me). MS(ESI pos.) m/z 378 ([M+MeOH+Na]"), 346 ([M+Na]"); (ESI neg.) m/z 322
(IM-H]).
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(2S)-1-L-Isoleucyl-4-oxopyrrolidine-2-carbonitrile trifluoroacetate (9k)

L& 9 L RIBEDIT1ET, 8K(91 mg, 0.28 mmol)7» B FELEWI(76 mg, 80%) % MK R &
L CTH72, mp 121-124 °C ( decomp. ). 'H NMR (300 MHz, DMSO — d¢) & 8.21 (3H, br s, H;N"),
5.30 (1H, dd, J = 9.8, 5.6 Hz, H-2), 4.29 (1H, d, J = 17.7 Hz, H-5), 4.18 (1H, d, J = 17.7 Hz, H-5),
4.09-3.98 (1H, m, NCHCO), 3.11 (1H, dd, J = 19.0, 9.8 Hz, H-3), 3.01 (1H, dd, J = 19.0, 5.6 Hz, H-3),
2.00-1.90 (1H, m), 1.54-1.38 (1H, m), 1.34-1.10 (1H, m), 0.98 (3H, d, J = 7.0 Hz, Me), 0.88 (3H, t, J
= 7.3 Hz, Me). MS(ESI pos.) m/z 278 ([M+MeOH+Na]"), 246 ([M+Na]’). HRMS caled for
C1H,sN;0,[M+H]"224.1399, found (m/z) 224.1381.
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52 BT 2 B

&% 99 D53fR L HPLC 5347

{b&% 9a (5 mg)% pH6.8 @ Britton-Robinson #% & (5 mL)Z¥EME L. 60°C (ZMEAL 7=, Z D
VAl % CAPCELL PAK UG120 (5 um particle size, ¢ 4.6 x 150 mm; SHISEIDO)% H\ 7= i¥iFd
HPLC THr#r L7z, Zo#rix. iiiE ; 1.0 mL/min, FEEFE ; acetonitrile-H,O (15:85 v/v, 10 mM
ammonium acetate solution), UV #HJE K ; 210 nm, TIT\, (LRI ZEMOREIZI
THRERDIFIETITo 72,

(3S,75)-7-Fluoro-1-imino-3-[(1S)-1-methylpropyl]lhexahydropyrrolo[1,2-a]pyrazin-4(1H)-one
acetic acid salt (13)

L& 1299 ® 7 U —1K,1.30 g, 5.72 mmol) & =% / — /(4.5 mL)ZIEfE L, FERE (0.36 mL,
6.29 mmol) K ONFH 2 (12 mL)Z Nz, iR T Bk L=, T L72mRZIEmR L, &
JERCIE L C HAI(0.73 g, 44%) 2 AR E L CHE 7=, mp 143-146 °C. '"H NMR (500 MHz,
DMSO - dg) & 5.34 (1H, dt like, J = 53.1, 3.8 Hz, H-7), 4.35 (1H, dd, J = 11.8, 5.7 Hz, H-8a), 3.87 (1H,
ddd, J =384, 14.4, 4.3 Hz, H-6), 3.66 (1H, d, J = 5.3 Hz, H-3), 3.41 (1H, dd, J = 28.3, 14.4 Hz, H-6),
2.68 (1H, td like, J = 15.1, 5.6 Hz, H-8), 2.04—1.88 (1H, m, H-8), 1.84 (3H, s, AcOH), 1.77-1.65 (1H,
m), 1.52-1.42 (1H, m), 1.20-1.08 (1H, m), 0.87 (3H, d, J = 6.7 Hz), 0.85 (3H, t, J = 7.3 Hz); *C NMR
(125.4 MHz, DMSO - d¢) 8 173.4, 167.2, 158.2, 90.5 (d, Jer= 171.5 Hz), 64.1, 54.4, 51.7 (d, Jor=
23.8 Hz), 39.4, 36.5 (d, Jc..= 20.7 Hz), 24.7, 22.0, 15.5, 11.2; ’F NMR (282.2 MHz, DMSO - d¢) &
-173.4. MS(ESI pos.) m/z 228 (M+H)", 250 (M+Na)"; (ESI neg.) m/z 226 (M-H)". Anal. calcd for
Cy1HsFN;0 C,H40, 0.5H,0: C, 52.69; H, 7.82; N, 14.18; F, 6.41. Found: C, 52.80; H, 7.93; N, 14.30;

F, 6.45. [o]p> +99.4 (c=0.3, MeOH).

(3S,79)-7-Fluoro-3-[(1R)-1-methylpropyl]hexahydropyrrolo[1,2-a]pyrazine-1,4-dione (11)

{bE% 13 (240 mg, 1.28 mmol)% pH6.8 @ Britton-Robinson FE &% (24 mL)\Z¥Af# L. 80°C T
5 WREfEEE Uic, POSRZER—F /L ChiE U, A 2 fafn &K Trei LK GiiE - ~
v LTHIE LU, WA U8R L, J8HE 2 BT Tl L7, ZRIEICHIR T F L LT
Nz E U R 2T E Lo U C HAO%(128 mg, 44%) % B R & L TH72, mp 129-131
°C. "H NMR (500 MHz, DMSO - dq) & 8.48 (1H, d, J = 4.0 Hz), 5.31 (1H, dt like, J = 53.0, 3.8 Hz,
H-7), 4.36 (1H, dd, J = 11.6, 6.1 Hz, H-8a), 3.83 (1H, ddd, J = 38.4, 14.3, 4.0 Hz, H-6), 3.55-3.44 (2H,
m, H-3 and H-6), 2.38 (1H, td like, J = 15.4, 5.9 Hz, H-8), 2.08 (1H, dddd, J =43.2, 15.3, 11.6, 3.7 Hz,
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H-8), 1.82-1.73 (1H, m), 1.57-1.47 (1H, m), 1.18-1.08 (1H, m), 0.89 (3H, d, J = 7.0 Hz), 0.87 (3H, t,
J=17.3 Hz); ’C NMR (125.4 MHz, DMSO - d¢) & 168.0, 165.0, 90.4 (d, Jer= 171.5 Hz), 61.4, 55.8,
52.4 (d, Jox=23.8 Hz), 38.7, 35.9 (d, Jox= 20.6 Hz), 24.6, 15.1, 10.9; '°F NMR (282.2 MHz, DMSO
- dg) & -172.7. MS(ESI pos.) m/z 251 (M+Na)"; (ESI neg.) m/z 227 (M-H). Anal. caled for
C1H7FN,0,: C, 57.88; H, 7.51; N, 12.27; F, 8.32. Found: C, 57.86; H, 7.44; N, 12.26; F, 8.35. [a.]p>
+76.0 (c=0.3, MeOH).

tert-Butyl (2S,4S)-2-cyano-4-fluoropyrrolidine-1-carboxylate (17)

tert-Butyl (25,45)-2-(aminocarbonyl)-4-fluoropyrrolidine-1-carboxylate 15 (697 mg, 3.00 mmol) %
DMF (3 mL)IZ¥&f# L. cyanuric chloride (332 mg, 1.80 mmol)Z Il %, =& T 20 /M L7,
BOGIR 2 AKIZ & B = F )L CHIEE U, A RS & fafn Rtk CToeid LI KIREE ~ 27 % 2 0 A
TR U7z, FOAI 2085 U, IR A B CTIRHME L C B AY42(680 mg, quant) Z kMG EMR & L
TH372, "HNMR (300 MHz, DMSO - d¢) 8 5.37 (1H, br d, J = 53.3 Hz, H-4), 4.85-4.80 (1H, m, H-2),
3.66-3.38 (2H, m, H-5), 2.58-2.36 (2H, m, H-3), 2.64-2.36 (2H, m), 1.44 (9H, s). MS(ESI pos.) m/z
237 (M+Na)"; (ESI neg.) m/z 249 (M+Cl)..

(2S,4S)-4-Fluoropyrrolidine-2-carbonitrile hydrochloride (18)

L& 17 (450 mg, 2.10 mmol)Z A % / —/L(3 mL) & 4M HEEE/KIA#E (3 mL)D IR B HRIZ AR
L. =53 T 20 WRefiifkeR U 7o, PSR 2 JUE Tl L C H AU%(320 mg, quant)Z k18 ENK &
LTHE7, ZOPEEITEREFICRORISICHVZ, 'HNMR (300 MHz, DMSO - d¢) § 5.53
(1H, brd, J =52.4 Hz, H-4), 4.97 (1H, dd, J = 8.2, 4.3 Hz, H-2), 3.59 (1H, dd, J = 22.1, 13.7 Hz, H-5),
3.47 (1H, ddd, J = 35.9, 13.7, 3.7 Hz, H-5), 2.64-2.43 (2H, m, H-3). MS(ESI pos.) m/z 115 (M+H)" ;
(ESI neg.) m/z 149 (M+Cl)".

N-(tert-Butoxycarbonyl)-L-valyl-(4S)-4-fluoro-L-prolinamide (19a)

(4S)-4-Fluoro-L-prolinamide hydrochloride 16 (500 mg, 2.97 mmol) & N-(tert-butoxycarbonyl)-
L-valine (645 mg, 2.97 mmol)% DMF (10 mL)IZ#%f# L. Jk# L T I-hydroxybenzotriazole
monohydrate (455 mg, 2.97 mmol), 1-(3,3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(598 mg, 3.12 mmol) % T N,N-diisopropylethylamine (0.54 mL) & 1 % 7=, R~ ICIREZE BT, =
Tt L, BOSIRZ B &HKIZ & g~ F /L Thil L, AHE %2 10%0AEE K5
BV T DK, S%REEKET U 7 DOKEEHE, fafn ik CIRRGES L, KRR~ 7 %
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U LTHME U, WA ZIEE L, IRIR 2 JHUE T L C B B9%(840 mg, 85%)% HE(A T £
VT 7 AME L L CTH72, "H NMR (300 MHz, DMSO - d¢) 8 7.02 (1H, br s), 6.95-6.85 (2H , m),
5.33 (1H, br d, J = 53.6 Hz, H-4), 4.43 (1H, dd, J = 9.8, 1.9 Hz, H-2), 4.09-3.73 (3H, m), 2.50-2.10
(2H, m, H-3), 2.02-1.84 (1H, m), 1.37 (9H, s), 0.94 (3H, d, J = 6.7 Hz), 0.88 (3H, d, J = 6.7 Hz).
MS(ESI pos.) m/z 354 (M+Na)"; (ESI neg.) m/z 330 (M-H)".

(4S)-1-((2S)-2-Cyclohexyl-2-{[(9H-fluoren-9-yImethoxy)carbonyl]amino}acetyl)-4-fluoro-L-proli
namide (21i)

&% 19a L RO FIET, 16 (300 mg, 1.78 mmol) & (2S)-cyclohexyl{[(9H-fluoren-9-
ylmethoxy)carbonyl]amino } acetic acid (709 mg, 1.87 mmol)”> & BV E&#9(880 mg, quant) % (4
TENT 7 AWE L LT, "HNMR (300 MHz, DMSO - d¢) 8 7.88 (2H, d, J = 7.5 Hz), 7.73
(2H, d, J = 7.4 Hz), 7.66 (1H, d, J = 8.4 Hz), 7.41 (2H, t, J = 7.4 Hz), 7.32 (2H, t, J = 7.4 Hz), 7.06
(1H, br s), 6.89 (1H, br s), 5.32 (1H, br d, J = 53.8 Hz, H-4), 4.44 (1H, dd, J = 9.7, 2.1 Hz, H-2),
4.33-3.74 (6H, m), 2.50-2.10 (2H, m, H-3), 1.90-0.90 (11H, m). MS(ESI pos.) m/z 516 (M+Na)".

tert-butyl ((1S)-1-{[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-ylJcarbonyl}-2-methylpropyl) carba-
mate (20a)

{b&W) 17 & REED 1T, 19a (760 mg, 2.29 mmol))> 5 K EAL & %656 mg, 91%) % Hfh 7
TNT 7 AWE L LT, "HNMR (300 MHz, DMSO - d¢) 8 7.17 (1H, br d, J = 7.9 Hz), 5.49
(1H, br d, J =51.5 Hz, H-4), 5.01 (1H, dd, J = 7.3, 2.0 Hz, H-2), 4.11-3.76 (3H, m), 2.60-2.25 (2H, m,
H-3), 2.01-1.83 (1H, m), 1.36 (9H, s), 0.94 (3H, d, J = 6.5 Hz), 0.88(3H, d, J = 6.8 Hz). MS(ESI pos.)
m/z 336 (M+Na)" ; (ESI neg.) m/z 312 (M-H)".

9H-Fluoren-9-ylmethyl
((1S,2R)-2-tert-butoxy-1-{[(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl]carbonyl}propyl)carbamate
(229)

&9 19a & [RERD 75T, 18 (301 mg, 2.0 mmol) & O-(tert-butyl)-N-[(9H-fluoren-9-yl-
methoxy)carbonyl]-L-threonine (795 mg, 2.0 mmol)7%> & (L5 #1(870 mg, 88%) % Mta 7 /L 7
7 ZAM'E L LTH 7=, '"HNMR (300 MHz, DMSO - dg) 8 7.89 (2H, d, J = 7.3 Hz), 7.74 2H, dd, J =
73,22 Hz), 7.41 (2H, t, J = 7.3 Hz), 7.37-7.28 (2H, m), 5.48 (1H, br d, J = 51.6 Hz, H-4), 5.04-4.97
(1H, m, H-2), 4.36-4.16 (4H, m), 3.94-3.70 (2H, m, H-5), 2.60-2.30 (2H, m, H-3), 1.16 (9H, s), 1.09
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(3H, d, J = 6.2 Hz). MS(ESI pos.) m/z 516 (M+Na)".

9H-Fluoren-9-ylmethyl
{(1S)-2-[(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl]-1-cyclohexyl-2-oxoethyl}carbamate (22i)
L& 21i (860 mg, 1.74 mmol)% THF (20 mL)(Z¥Afi# L. JK# T trifluoroacetic anhydride (0.49
mL, 3.48 mmol) & N X 1 IefEIfEE L7, ROSRZJHE ClfE L, FRiEZ S U WS T Lo nm
~ 87T 7 4 — (IRHEEEE ; hexane : EtOAc =3:1 - 1:2) THHEL L T B HI#(760 mg, 92%) % HE
BT ENT 7 AWE L L TH7Z, "HNMR (300 MHz, DMSO - dg) 8 7.90-7.82 (3H, m), 7.72 (2H,
d, J=7.3 Hz), 7.45-7.28 (5H, m), 5.49 (1H, br d, J = 51.6 Hz, H-4), 5.04-4.97 (1H, m, H-2),
4.32-3.78 (6H, m), 2.60-2.25 (2H, m, H-3), 1.92-0.92 (11H, m). MS(ESI pos.) m/z 498 (M+Na)".

(2S,4S)-4-Fluoro-1-L-valylpyrrolidine-2-carbonitrile hydrochloride (23a)

& 20a (1.70 g, 5.43 mmol)& A ¥ / —/1(10.9 mL) & 4M H2(10.9 mL)DIRAHRICIAfE L .
FIR T Lc, aM KEB(LT N U & AKIEEHR(12 mL) & fl & o &1 2 00 2 JEfg =5 /L
THI L7z, A 2 fafn ik Cleidr U, BAKmEE T Y O ATzl LT, WAl 285
L. J8¥E Z )T CiEfE L C(25,4S)-4-fluoro-1-L-valylpyrrolidine-2-carbonitrile (800 mg, 70%) % 15
72e ZOWN600mg &, KEH T AKX/ —/(1.2mL) & 4M HiFg —Eifg = F VIEIE0.77 mL) DR
BRI, | EEHRL, o4 Y e el —7 120 mL)IC oSz, IR Em s
TR LT, HAP(750 mg)Z AR R & L7, mp 256-259 °C ( decomp. ). 'H NMR (500
MHz, DMSO - d¢) & 8.57 (3H, br s), 5.55 (1H, br d, J = 51.8 Hz, H-4), 5.06 (1H, d, J = 9.2 Hz, H-2),
4.08-3.90 (2H, m, H-5), 3.83 (1H, d, J = 7.3 Hz), 2.55-2.34 (2H, m, H-3), 2.17-2.07 (1H, m), 1.01
(3H, d, J = 6.7 Hz), 0.98 (3H, d, J = 6.7Hz); °C NMR (125.4 MHz, DMSO - d¢) 5 168.2, 118.3, 92.9
(d, Jep=174.7 Hz), 55.2, 53.5 (d, Jc.r= 21.7 Hz), 44.7, 35.4 (d, Jc.s= 20.7 Hz), 29.9, 17.8, 17.7; °F
NMR (282.2 MHz, DMSO - d¢) 8 —175.2. MS(ESI pos.) m/z 214 (M+H)", 236 (M+Na)"; (ESI neg.)
m/z 248 (M+Cl). HRMS calcd for C;oH,;FN;O(M+H)"214.1356, found (m/z) 214.1355. Anal. calcd
for C,oH,sFN;0 HCI H,0: C, 44.86; H, 7.15; N, 15.69; F, 7.10; C1,13.24. Found: C, 44.67; H, 7.09; N,
15.75; F, 6.97; C1,12.90. [a]p> —68.2 (¢=0.3, MeOH).

(2S,4S)-1-L-Alloisoleucyl-4-fluoropyrrolidine-2-carbonitrile hydrochloride (23b)
LA 23a LRABED FIET, BEMLEDE AR L LT, '"HNMR (300 MHz, DMSO
- d¢) 8 8.35 (3H, brs), 5.55 (1H, br d, J = 51.0 Hz, H-4), 5.12-5.06 (1H, m, H-2), 4.02-3.80 (3H, m),
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2.60-2.25 (2H, m, H-3), 1.92-1.80 (1H, m), 1.56-1.40 (1H, m), 1.34-1.15 (1H, m), 0.94 3H, d, J =
6.8 Hz), 0.91 3H, t, J = 7.3 Hz). MS(ESI pos.) m/z 228 (M+H)", 250 (M+Na)"; (ESI neg.) m/z 262
(M+C1y. HRMS caled for C;,H;sFN;O(M)'  227.1434, found (m/z) 227.1438.

(2S,4S)-4-Fluoro-1-(3-methyl-L-valyl)pyrrolidine-2-carbonitrile hydrochloride (23c)

{b& 23a L REED HET, REEWZ BEAKKRE L THTZ, mp265-269 °C ( decomp. ).
'"H NMR (500 MHz, DMSO - dg) § 8.54 (3H, br s), 5.55 (1H, br d, J = 51.5 Hz, H-4), 5.07 (1H, d, J =
9.8 Hz, H-2), 4.15-3.93 (2H, m, H-5), 3.79 (1H, s), 2.55-2.32 (2H, m, H-3), 1.05 (9H, s); *C NMR
(125.4 MHz, DMSO - d¢) 6 167.8, 118.3, 92.9 (d, Jcr= 174.7 Hz), 57.5, 54.2 (d, Jc.r,= 22.8 Hz), 44.5,
35.4 (d, Jer= 20.7 Hz), 34.0, 25.7; "°F NMR (282.2 MHz, DMSO - dg) 8 —175.4. MS(ESI pos.) m/z
228 ([M+H]"), 250 ([M+Na]"); (ESI neg.) m/z 262 (M+Cl). HRMS calcd for C;oH;;FN;O(M+H)"
228.1512, found (m/z) 228.1513. Anal. calcd for C;;HsFN;O HCI H,O: C, 46.89; H, 7.51; N, 14.91.

Found: C, 46.74; H, 7.56; N, 14.78. [a]p> —44.4 (c=0.3, MeOH).

Benzyl {(5S)-5-amino-6-[(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl]-6-oxohexyl}carbamate
hydrochloride (23d)

L& 23a L RIEED LT, RELEW Z B KL LT/ 7=, '"HNMR (300 MHz, DMSO
- dg) 6 8.42 (3H, brs), 7.42-7.21 (6H, m), 5.54 (1H, br d, J = 51.0 Hz, H-4), 5.08 (1H, br d, J = 8.2 Hz,
H-2), 5.00 (2H, s), 4.06-3.66 (3H, m), 3.09-2.90 (2H, m), 2.62-2.26 (2H, m, H-3), 1.85-1.65 (2H, m),
1.50-1.25 (4H, m). MS(ESI pos.) m/z 399 (M+Na)"; (ESI neg.) m/z 411 (M+Cly, 375 (M-H)". HRMS
calcd for CoH,sFN,O3 (M) 376.1911, found (m/z) 376.1930.

(2S,4S)-4-Fluoro-1-(0-methyl-L-threonyl)pyrrolidine-2-carbonitrile hydrochloride (23e)

L& 23a & RO J71E T RE(LA Y & TR & L CHE72, mp 149-152 °C. 'TH NMR (500
MHz, DMSO - dg) 8 8.62 (3H, br s), 5.54 (1H, br d, J = 51.7 Hz, H-4), 5.07 (1H, d, J = 8.8 Hz, H-2),
4.17-3.93 (3H, m), 3.70 (1H, quintet, J = 6.4 Hz), 3.33 (3H, s), 2.55-2.33 (2H, m, H-3), 1.17 (3H, d, J
= 6.4 Hz); °C NMR (125.4 MHz, DMSO - d¢) & 166.5, 118.2, 92.9 (d, Jc.;= 174.7 Hz), 75.5, 56.5,
54.3,53.4 (d, Jor= 22.7 Hz), 44.9, 35.4 (d, Jc.r= 19.6 Hz), 14.6; '°’F NMR (282.2 MHz, DMSO - d¢)
8 —174.8. MS(ESI pos.) m/z 252 (M+Na)"; (ESI neg.) m/z 264 (M+Cly. HRMS caled for
CoH7FN;0,(M+H) " 230.1305, found (m/z) 230.1308. Anal. caled for C,oH;FN;0, HCI 1/3H,0: C,
44.20; H, 6.55; N, 15.46; F, 6.99; CI, 13.05. Found: C, 44.58; H, 6.77; N, 15.03; F, 6.87; Cl,12.71.

53



[a]p” —80.8 (c=0.3, MeOH).

(2S,4S)-1-(O-Benzyl-L-threonyl)-4-fluoropyrrolidine-2-carbonitrile hydrochloride (23f)

L& 23a L ABEDTTIET, RE(LEWEBEAKRAR L L THZ, 'HNMR (300 MHz, DMSO
-dg) 8 8.57 (3H, br s), 7.42-7.23 (5H, m), 5.53 (1H, br d, J = 52.1 Hz, H-4), 5.12 (1H, br d, J = 8.4 Hz,
H-2), 4.62 and 4.56 (2H, ABq, J = 11.8 Hz), 4.20-3.85 (4H, m), 2.60-2.30 (2H, m, H-3), 1.23 (3H, d,
J = 6.4 Hz). MS(ESI pos.) m/z 306 (M+H)", 328 (M+Na)"; (ESI neg.) m/z 340 (M+Cl). HRMS calcd
for C16H21FN;0, (M+H)" 306.1618, found (m/z) 306.1615.

(2S,4S)-4-Fluoro-1-(N-methyl-L-isoleucyl)pyrrolidine-2-carbonitrile hydrochloride (23j)

& 23a L RO HIET RELEGWE RAT TV 7 7 AWE & L TH72. "HNMR (300
MHz, CD;0OD) & 5.48 (1H, br d, J = 51.9 Hz, H-4), 5.12 (1H, br d, J = 8.2 Hz, H-2), 4.19-3.80 (3H,
m), 2.71-2.33 (2H, m, H-3), 2.68 (3H, s), 2.10-1.93 (1H, m), 1.79-1.63 (1H, m), 1.37-1.17 (1H, m),
1.13 3H, d, J = 7.0 Hz), 1.02 (3H, t, J = 7.3 Hz). MS(ESI pos.) m/z 242 (M+H)", 264 (M+Na)"; (ESI
neg.) m/z 276 (M+Cl).

(2S,4S)-4-Fluoro-1-L-prolylpyrrolidine-2-carbonitrile hydrochloride (23k)

A9 23a & [AIEED 515 T BB AW & R R & LT 7=, 'TH NMR (300 MHz, DMSO
- dg) 8 5.56 (1H, br d, J = 51.6 Hz, H-4), 5.12-5.05 (1H, m, H-2), 4.37 (1H, t, J = 7.3 Hz), 3.96-3.74
(2H, m, H-5), 2.62-2.32 (2H, m), 2.00-1.87 (2H, m), 1.85-1.71 (1H, m). MS(ESI pos.) m/z 212
(M+H)", 234 (M+Na)"; (ESI neg.) m/z 246 (M+Cl). HRMS caled for C;oH,FN;O(M)" 211.1121,
found (m/z) 211.1129.

(2S,4S)-4-Fluoro-1-[(3S)-1,2,3,4-tetrahydroisoquinolin-3-ylcarbonyl]pyrrolidine-2-carbonitrile
hydrochloride (23I)

L& 23a LFEED TiET, BELEM A EOT T T 7 AWE L L THE7-, "THNMR (300
MHz, DMSO - dg) 8 9.94 (2H, br s), 7.34-7.24 (4H, m), 5.59 (1H, br d, J = 52.7 Hz, H-4), 5.19-5.13
(1H, m, H-2), 4.50 (1H, dd, J = 12.1, 4.4 Hz), 4.32 (2H, s), 4.18-3.87 (2H, m, H-5), 3.40 (1H, dd, J =
16.6, 4.4 Hz), 3.01 (1H, dd, J = 16.6, 12.1 Hz), 2.63-2.34 (2H, m, H-3). MS(ESI pos.) m/z 274
(M+H)", 296 (M+Na)"; (ESI neg.) m/z 272 (M-H), 308 (M+Cl)y. HRMS calcd for C;sH;;FN;O
(M+H)" 274.1356, found (m/z) 274.1339.
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(25,4S)-4-Fluoro-1-{[(3S)-7-hydroxy-1,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl}pyrrolidine-2-c
arbonitrile hydrochloride (23m)

b6 23a L RIBRD FIET, RE(LEWZ AT EL T 7 AWE & L TH7Z, 'HNMR (300
MHz, DMSO - d¢) § 9.81 (2H, br s), 9.57 (1H, s), 7.09 (1H, d, J = 8.4 Hz), 6.72 (1H, dd, J = 8.4, 2.4
Hz), 6.65 (1H, d, J = 2.4 Hz), 5.57 (1H, br d, J = 52.1 Hz, H-4), 5.18-5.12 (1H, m, H-2), 4.43 (1H, dd,
J=12.1,4.2 Hz), 422 (2H, s), 4.14-3.87 (2H, m, H-5), 3.27 (1H, dd, J = 16.2, 4.2 Hz), 2.88 (1H, dd,
J=16.2, 12.1 Hz), 2.62-2.32 (2H, m, H-3). MS(ESI pos.) m/z 290 (M+H)", 312 (M+Na)"; (ESI neg.)
m/z 288 (M-H), 324 (M+Cly. HRMS caled for C;sH;;FN;O, (M+H)" 290.1305, found (m/z)
290.1304.

(2S,45)-1-{[(3S)-6,7-Dimethoxy-1,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl}-4-fluoropyrrolidine
-2-carbonitrile hydrochloride (23n)

bW 23a LIFEED TiET, BEILEMAEOT T T 7 AWE L L THE7-, 'THNMR (300
MHz, DMSO - dg) § 9.86 (2H, br s), 6.91 (1H, s), 6.87 (1H, s), 5.56 (1H, br d, J = 52.4 Hz, H-4),
5.19-5.13 (1H, m, H-2), 4.44 (1H, dd, J = 12.4, 4.4 Hz), 4.21 (2H, s), 4.15-3.85 (2H, m, H-5), 3.733
(3H, s), 3.730 (3H, s), 3.35-3.25 (1H, m), 2.91 (1H, dd, J = 16.1, 12.4 Hz), 2.63-2.34 (2H, m, H-3).
MS(ESI pos.) m/z 334 (M+H)", 356 (M+Na)"; (ESI neg.) m/z 368 (M+Cl)y. HRMS calcd for
C,7H, FN;05 (M+H)"334.1567, found (m/z) 334.1566.

(2S,4S)-1-[O-(tert-Butyl)-L-threonyl]-4-fluoropyrrolidine-2-carbonitrile hydrochloride (23g)

{b&¥ 229 (710 mg, 1.44 mmol)% THF (7 mL)Z¥&fi# L. diethylamine (0.7 mL)% /il 2. C=EIR
T2 KR L7, ROGIRAECIRME L, fohEEx s VSN ara~ 75
74— (EHERE ; CHCL-MeOH = 100:3 - 100:5) THEH L7, HoniEEicy=F Lo —
7120 mL) & 4 M il — FEliE = T LIAH(0.36 mL) A%, 15572 B R 2 T8 LT 8208
L C HB(278 mg, 59%) % Mk & L&/, 'HNMR (300 MHz, DMSO - dy) & 8.38 (3H,
brs), 5.53 (1H, br d, J = 52.4 Hz, H-4), 5.09 (1H, br d, J = 8.2 Hz, H-2), 4.33-3.83 (4H, m), 2.58-2.25
(2H, m, H-3), 1.18 (9H, s) , 1.15 (3H, d, J = 6.2 Hz). MS(ESI pos.) m/z 294 (M+Na)"; (ESI neg.) m/z
306 (M+Cl). HRMS calcd for C13HpFN;O, (M+H)™ 272.1774, found (m/z) 272.1793.

Benzyl
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6-({5-[(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl]-(4S)-4-amino-5-oxopentanoyl}amino)hexanoate
(23h)

b&9 239 LIRABEO LT, BELEH Z BARRE L THE7, "HNMR (300 MHz, DMSO -
de) & 8.49 (3H, br s), 8.06 (1H, t, J = 5.6 Hz), 7.42-7.29 (5H, m), 5.54 (1H, br d, J = 51.9 Hz, H-4),
5.08 (2H, s), 5.08-5.04 (1H, m, H-2), 4.13-3.66 (3H, m), 3.10-2.96 (2H, m), 2.55-2.18 (6H, m),
2.00-1.83 (2H, m), 1.60-1.48 (2H, m), 1.45-1.34 (2H, m), 1.32-1.20 (2H, m). MS(ESI pos.) m/z 469
(M+Na)"; (ESI neg.) m/z 481 (M+Cl). HRMS calcd for Cp3H3 FN,O4 (M)" 446.2329, found (m/z)
446.2328.

(25,4S)-1-[(2S)-2-Amino-2-cyclohexylacetyl]-4-fluoropyrrolidine-2-carbonitrile  hydrochloride
(23i)

fb&ip 23g L FABROHIET, RELEM A BEEAKKR L L TH7Z, 'HNMR (300 MHz, DMSO
- dg) 8 8.48 (3H, brs), 5.54 (1H, br d, J = 51.6 Hz, H-4), 5.06 (1H, d, J = 8.7 Hz, H-2), 4.10-3.78 (3H,
m), 2.60-2.26 (2H, m, H-3), 1.86-1.51 (6H, m), 1.30—1.00 (5H, m). MS(ESI pos.) m/z 276 (M+Na)';
(ESI neg.) m/z 288 (M+Cly. HRMS caled for C13HyFN;O (M) 253.1590, found (m/z) 253.1605.

tert-Butyl
(3S)-3-{[(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl]Jcarbonyl}-7-methoxy-3,4-dihydroisoquinoline-2
(1H)-carboxylate (200)

A% 20m (630 mg, 1.62 mmol)% DMF (6 mL)IZIAfE L. REEH U 7 & (250 mg, 1.81 mmol) &
methyl iodide (0.15 mL, 2.41 mmol) % /il x| SiR C—BpfEHE L7z, SOSIR & el = F L CTHAR L,
0.5M Mgk, [RIEKFET T U U LKEHR, B @K TR L. AE 2 BoKREE T ~ Y
U ALTHR LT, WRAIAIEE L, IBIRZECRME L, g/ Y e e ro—T 0%
TN Z 7=, W7 H W) 2 S8 U BE 205 L C L B AO(420 mg, 64%) & AR & LT 7=, 'THNMR
(300 MHz, DMSO - d¢) & 7.22-7.10 (1H, m), 6.88-6.73 (2H, m), 5.56 (1H, br d, J = 52.5 Hz, H-4),
5.06-3.78 (6H, m), 3.73 (3H, s), 3.20-2.25 (4H, m), 1.43, 1.37 and 1.33 (total 9H, each s). MS(ESI
pos.) m/z 426 (M+Na)".

tert-Butyl
(3S)-7-(2-amino-2-oxoethoxy)-3-{[(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl]carbonyl}-3,4-dihydro

isoquinoline-2(1H)-carboxylate (20p)
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b5 200 & FIEED LT, 20m (600 mg, 1.54 mmol) & 2-bromoacetamide (320 mg, 2.27
mmol)7)» & Z (LA (550 mg, 80%) % My kK & L TH#/-, "H NMR (300 MHz, DMSO - dg) &
7.47 (1H, br s), 7.36 (1H, br s), 7.23-7.11 (1H, m), 6.88-6.75 (2H, m), 5.55 (1H, br d, J = 53.9 Hz,
H-4), 5.07-4.46 (3H, m), 4.39 (2H, s), 4.35-3.60 (3H, m), 3.18-3.02 (1H, m), 2.94-2.70 (1H, m),
2.58-2.20 (2H, m), 1.43, 1.38 and 1.33 (total 9H, each s). MS(ESI pos.) m/z 469 (M+Na)"; (ESI neg.)
m/z 445 (M-H)".

(2S,4S)-4-Fluoro-1-{[(3S)-7-methoxy-1,2,3,4-tetrahydroisoquinolin-3-yl]carbonyl}pyrrolidine-2-c
arbonitrile hydrochloride (230)

bW 23a LREED FTiET, BEILEM A2 EOT T T 7 AWE L L THE7-, 'THNMR (300
MHz, DMSO - dg) § 9.96 (2H, br s), 7.21 (1H, d, J = 9.3 Hz), 6.90-6.85 (2H, m), 5.58 (1H, br d, J =
52.3 Hz, H-4), 5.19-5.13 (1H, m, H-2), 4.46 (1H, dd, J = 12.2, 4.3 Hz), 4.28 (2H, s), 4.16-3.87 (2H, m,
H-5),3.74 (3H, s), 3.34 (1H, dd, J=16.4, 4.3 Hz), 2.92 (1H, dd, J = 16.4, 12.2 Hz), 2.63-2.33 (2H, m,
H-3). MS(ESI pos.) m/z 304 (M+H)", 326 (M+Na)"; (ESI neg.) m/z 338 (M+Cl). HRMS calcd for
C16H1oFN;0, (M+H)" 304.1461, found (m/z) 304.1456.

2-[((3S)-3-{[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-ylJcarbonyl}-1,2,3,4-tetrahydroisoquinolin-7-y
l)oxy]acetamide hydrochloride (23p)

& 23a L ARRO HIET RELEWERAT TV 7 7 AWE & L TH72, "HNMR (300
MHz, DMSO - dg) 8 9.78 (2H, br s), 7.52 (1H, br s), 7.39 (1H, br s), 7.23 (1H, d, J = 8.4 Hz),
6.94-6.85 (2H, m), 5.58 (1H, br d, J = 52.1 Hz, H-4), 5.19-5.13 (1H, m, H-2), 4.47 (1H, dd, J = 11.8,
4.0 Hz), 4.42 (2H, s), 4.27 (2H, s), 4.16-3.84 (2H, m, H-5), 3.41-3.25 (1H, m), 2.92 (1H, dd, J = 16.6,
12.4 Hz), 2.60-2.34 (2H, m, H-3). MS(ESI pos.) m/z 347 (M+H)", 369 (M+Na)"; (ESI neg.) m/z 345
(M-H)’, 381 (M+Cly. HRMS calcd for C1;H20FN,4O5 (M+H)"347.1519, found (m/z) 347.1527.

(2S,4R)-4-Fluoro-1-(3-methyl-L-valyl)pyrrolidine-2-carbonitrile (24)

& 23c LRIERD J7IET, REEGWEBRAT TV 7 7 AWE L L TH72. 'HNMR (500
MHz, DMSO - d¢) & 5.37 (1H, br d, J = 52.1 Hz, H-4), 4.75 (1H, dd, J = 9.4, 7.9 Hz, H-2), 4.13 (1H,
ddd, J=21.1, 12.7, 2.0 Hz, H-5), 3.72 (1H, ddd, J = 38.5, 12.6, 2.8 Hz, H-5), 3.22 (1H, s), 2.73-2.63
(1H, m, H-3), 2.55-2.40 (1H, m, H-3), 1.63 (2H, br s), 0.91 (9H, s); '*C NMR (125.4 MHz, DMSO -

de) & 174.2, 118.5, 91.8 (d, Jer= 176.7 Hz), 59.2, 53.3 (d, Jor= 21.7 Hz), 44.3, 35.4 (d, Jer= 21.7
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Hz), 35.2, 25.9; '”F NMR (282.2 MHz, DMSO - dg) 8 —176.9. MS(ESI pos.) m/z 250 (M+Na)"; (ESI
neg.) m/z 226 (M-H). HRMS calcd for C;;H;oFN;O(M+H)" 228.1512, found (m/z) 228.1517. Anal.
caled for C;;HsFN;O: C, 58.13; H, 7.98; N, 18.49; F, 8.36. Found: C, 57.93; H, 8.00; N, 18.34; F, 8.60.
[a]p” —60.1 (c=0.3, MeOH).

(2R,4R)-4-Fluoro-1-(3-methyl-L-valyl)pyrrolidine-2-carbonitrile (26)

& 23c LRERD J7IET, RELEWEBRAT TV 7 7 AWE L L TH72. 'HNMR (500
MHz, DMSO - dg) 8 5.45 (1H, br d, J = 48.8 Hz, H-4), 4.96-4.88 (1H, m, H-2), 4.08 (1H, dd, J = 25.0,
12.2 Hz, H-5), 3.73 (1H, ddd, J = 38.8, 12.2, 3.4 Hz, H-5), 3.12 (1H, s), 2.58-2.35 (2H, m, H-3), 1.70
(2H, br s), 0.89 (9H, s); °*C NMR (125.4 MHz, DMSO - d¢) § 174.2, 118.8, 93.1 (d, Jcr= 174.3 Hz),
59.3,53.2 (d, Jer= 22.7 Hz), 44.4, 35.6 (d, Jcr= 20.6 Hz), 34.7, 26.0; ’F NMR (282.2 MHz, DMSO
- dg¢) & —174.3. MS(ESI pos.) m/z 250 (M+Na)"; (ESI neg.) m/z 226 (M-H). HRMS calcd for
C11H,oFN;O(M+H)"228.1512, found (m/z) 228.1515. Anal. calcd for C,;H,;sFN;O: C, 58.13; H, 7.98;

N, 18.49; F, 8.36. Found: C, 58.01; H, 8.04; N, 18.45; F, 8.35. [a]p>> +163.4 (c=0.3, MecOH).

(2S,4R)-4-Fluoro-1-(3-methyl-D-valyl)pyrrolidine-2-carbonitrile (28)

{b&% 23c & RO TET, RELAMEEAT TV 7 7 AWE L L7, 'HNMR (500
MHz, DMSO - ds) 6 5.39 (1H, br d, J = 52.1 Hz, H-4), 4.79 (1H, t, J = 8.6 Hz, H-2), 4.08 (1H, ddd, J
=20.3, 13.0, 1.8 Hz, H-5), 3.79 (1H, ddd, J = 37.8, 12.8, 3.1 Hz, H-5), 3.19 (1H, s), 2.73-2.63 (1H, m,
H-3), 2.53-2.38 (1H, m, H-3), 1.68 (2H, br s), 0.90 (9H, s); *C NMR (125.4 MHz, DMSO - d¢) &
174.2, 118.7, 91.9 (d, Jer= 175.7 Hz), 59.0, 52.9 (d, Jcr= 21.7 Hz), 44.3, 35.6 (d, Jcr= 21.7 Hz),
34.6, 25.9; '’F NMR (282.2 MHz, DMSO - dg) & —178.0. MS(ESI pos.) m/z 250 (M+Na)"; (ESI neg.)
m/z 226 (M-H). HRMS calcd for C;;H;o)FN;O(M+H)"228.1512, found (m/z) 228.1514. Anal. calcd for
C11HisFN;O: C, 58.13; H, 7.98; N, 18.49; F, 8.36. Found: C, 57.99; H, 8.05; N, 18.42; F, 8.39. [OL]D25
—190.0 (c=0.3, MeOH).

(2R,4R)-4-Fluoro-1-(3-methyl-D-valyl)pyrrolidine-2-carbonitrile (30)

fb&i 23c L RIERD LT, REGWEBEAT L7 7 AWE L L THTZ, 'HNMR (500
MHz, DMSO - dg) 8 5.47 (1H, br d, J = 52.5 Hz, H-4), 4.98 (1H, br d, J = 5.5 Hz, H-2), 3.98 (1H, dd
like, J = 25.7, 12.5 Hz, H-5), 3.82 (1H, ddd, J = 39.6, 12.5, 3.3 Hz, H-5), 3.14 (1H, s), 2.48-2.33 (2H,
m, H-3), 1.60 (2H, br s), 0.93 (9H, s); °C NMR (125.4 MHz, DMSO - d¢) § 174.1, 118.8, 93.2 (d, Jcr

58



=174.3 Hz), 58.9, 53.4 (d, Jc.r.= 21.7 Hz), 44.1, 35.3 (d, Jc.r,= 20.6 Hz), 35.0, 25.8; F NMR (282.2
MHz, DMSO - d¢) 8 —174.5. MS(ESI pos.) m/z 250 (M+Na)"; (ESI neg.) m/z 226 (M-H). HRMS
caled for C; H;oFN;O(M+H)"228.1512, found (m/z) 228.1517. Anal. calcd for C;;H;sFN;O: C, 58.13;

H, 7.98; N, 18.49; F, 8.36. Found: C, 57.78; H, 8.06; N, 18.42; F, 8.38. [a]p"> +33.7 (c=0.3, MeOH).

X B e ARAT

31 (free base of 23¢)IL., 7 7 v R/L A —FEfRT T /L OIRAVEBECRRESZITV, XOERAE bh i
MriciE U7- s dh 2 1572, Cu-K, radiation (A = 1.54178)% fJ\ 7= Mac Science/Bruker axs
MXC18 4o 7 v HEErat 2 VT, 288KDF —# 28 L=, R C HigFiN;O,
ThHDZOIEMIT, P2, a=9.642(2), b = 10.662(2), ¢ = 6.1103(11) A, B = 106.793(13)°, V =
601.42) A°,Z=2 L\ ) HEFRZEMBEZ L L T 5, HiEIE, maXus &V o) 7 u s T Lk
FHTHED L, full-matrix least square method Z i > TG L7z, T X TOKFKHEFDOAEIL,
Bip 7 — ) 2 ERIZE D, KEBEUNADTRTORFITER G, T XTOKRERITES
AIceksE Lz, SR R1Z 0,039, Rw X 0.068 & 727z,
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%5 3 EIZRY 5 FEBR
(4S)-1-(Bromoacetyl)-4-fluoro-L-prolinamide (33)

(4S)-4-Fluoro-L-prolinamide hydrochloride 16 (650 mg, 3.9 mmol)% THF (10 mL){Z %% L . k%
T potassium 2- ethylhexanoate (90 % purity, 1.6 g, 7.9 mmol)Z Il . 1 R E#R L7z, K& T,
Bromoacetyl bromide (0.37 mL, 4.3 mmol)% 1 2 K3 T 30 43, iR T 1 R #R L7, ROt
RIZZ vk bh—AH ) — ) VIRATEEEQ0:1, 50 mL)Z Iz, =R T 15 R Lz, it
N a2 E L, WIRZHTECRIE LTz, WEZS VDTN T80 7T 7 40— (B
HIVRIE ; CHCL;-MeOH = 40:1 - 25:1) THEL L T HI¥(570 mg, 58 %) & a7 £ /L7 7 AWE
& LT 7=, 'HNMR (300 MHz, DMSO - dg) & 7.56 and 7.19 (0.3H each, br s each), 7.23 and 7.03
(0.7H each, br s each), 5.35 (0.7H, br d, J = 51.9 Hz, H-4 of major isomer), 5.26 (0.3H, br d, J =52.9
Hz, H-4 of minor isomer), 4.58-4.53 (0.3H, m, H-2 of minor isomer), 4.36—4.31 (0.7H, m, H-2 of
major isomer), 4.21 and 4.09 (1.4H, ABq., J = 12.1Hz, COCH,), 3.92-3.55 (2H, m, H-5), 2.48-2.16
(2H, m, H-3). MS(ESI pos.) m/z 275 and 277 ([M+Na]").

(2S,4S)-1-(Bromoacetyl)-4-fluoropyrrolidine-2-carbonitrile (34)

{b&# 33 (560 mg, 2.2 mmol)% THF (6 mL)IZ¥&f#E L, JK# L T trifluoroacetic anhydride (0.62
mL, 4.4 mmol) & N %, K& T 1 K Lo, ROSKZ T CIRME L., FohikiEs Y
ATNIT LT va~ s 7T 74— (WHEEE ; CHCl,-MeOH = 50:1 - 30:1) TR L THAY
(540 mg, quant) % FE@[E K L L CH7=, 'HNMR (300 MHz, DMSO - dg) 8 5.52 (1H, br d, J = 52.5
Hz, H-4), 5.02-4.96 (1H, m, H-2), 4.23 and 4.19 (2H, ABq., J = 12.3 Hz, COCH,), 4.00 (1H, dd like, J
=23.9, 12.5 Hz, H-5), 3.78 (1H, ddd, J = 39.6, 12.5, 3.4 Hz, H-5), 2.46-2.32 (2H, m, H-3). MS(ESI
pos.) m/z 257 and 259 ([M+Na]").

(2S,4S)-1-(Chloroacetyl)-4-fluoropyrrolidine-2-carbonitrile (35)

L& 34 (43.0 g, 255 mmol)% DMF (255 mL)IZ¥Af# L. 7k L T chloroacetyl chloride (22.3
mL, 281 mmol)% 1 2T 10 s3I #: L. YK\ C triethylamine (74.7 mL, 536 mmol) & N X 7=, 7K
WmOFE F 1 FREEIEEE L 7= cyanuric chloride (28.2 g, 153 mmol)%& )1 %, 18°C & CHIR =¥ 7=,
50 oy R L2 i812. ROSR 2 KKISTEWTE, ArHERZ g L. KT L. #oid 52
L CTHBII41.9 g, 86 %)% MEAAE R L L 7=, mp 140-141 °C ( decomp. ). "H NMR (300 MHz,
DMSO - dg) 6 5.50 (1H, d, J = 51.8 Hz, H-4), 5.02-4.96 (1H, m, H-2), 4.51 and 4.39 (2H, ABq., J =
14.2 Hz, COCH,), 3.97 (1H, dd like, J = 23.6, 12.4 Hz, H-5), 3.76 (1H, ddd, J = 39.3, 12.4, 3.4 Hz,
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H-5), 2.6-23 (2H, m, H-3). MS(ESI pos.) m/z 213 ([M+Na]’). HRMS caled for
C;HCIFN,ONa[M+Na] 213.0207, found (m/z) 213.0201. Anal. caled for C;HsCIFN,O: C, 44.11; H,
4.23; N, 14.70; Cl, 18.60. Found: C, 43.91; H, 4.21; N, 14.56; CI, 18.47. [a]p> -125 (c=0.3, MeOH).

(2S,4S)-4-Fluoro-1-(N-{2-[(5-cyanopyridin-2-yl)amino]ethyl}glycyl)pyrrolidine-2-carbonitrile
maleate (32a). (Method A)

6-(2-Amino-ethylamino)-nicotinonitrile (520 mg, 3.2 mmol)% THF (10 mL) [Z¥%f# L, JKm LT
(25,4S)-1- bromoacetyl-2-cyano-4-fluoropyrrolidine 34 (250 mg, 1.1 mmol)® THF (5 mL) &K%
MZ Teo WEZRAIZ T, SR TS L7, RIS Z BT Tl L, S onickiEs
YUBGTNAT BT v~ 8T T T 44— (WHIEEBE ; CHCL-MeOH = 50:1 — 25:1) THR L,
3 572 7% (80 mg) & EtOH (1 mL)IZ¥&# L. maleic acid (30 mg, 0.26 mmol)?® EtOH (1 mL)#
WaeMzic, VoFLo—7 Va2 zx LK ZRE it Ee = Fro—7 Tl LTz,
Pt 2 JRE TR 5 2 L THEMI(70 mg, 15 %) Z AR E L THA7Z, "HNMR (300 MHz,
DMSO - dg) § 8.44 (1H, d, J = 1.7 Hz), 7.80-7.70 (2H, m), 6.62 (1H, d, J = 8.9 Hz), 6.03 (2H, s,
maleic acid), 5.55 (1H, br d, J = 52.2 Hz, H-4), 5.09-5.03 (1H, m, H-2), 4.23 and 3.98 (2H, ABq, J =
16.5 Hz, COCH,), 4.00-3.87 (1H, m, H-5), 3.80-3.58 (3H, m, H-5 and NCH,), 3.20-3.06 (2H, m,
NCH,), 2.67-2.32 (2H, m, H-3). MS(ESI pos.) m/z 339 ([M+Na]"), 317 ([IM+H]"); (ESI neg.) m/z 315
(IM-H]). HRMS caled for C;sHsFN4O [M+H]"317.152613.0207, found (m/z) 317.1536.

(2S,4S5)-4-Fluoro-1-{N-[2-(pyridin-2-ylamino)ethyl]glycyl}pyrrolidine-2-carbonitrile
dihydrochloride (32b). (Method A”)

N'-(Pyridin-2-yl)ethane-1,2-diamine (823mg, 6.0 mmol)% THF (10 mL)IZV&f# L. sk F. THF
(5mL) & EtOH(5 mL)D{RA VR # L 7= (2S,4S)-1-bromoacetyl-2-cyano-4- fluoropyrrolidine
34 (705 mg, 3.0 mmol)Z I A, 7K T 30 7yfH. =i T 1 BpfE]Fe#R U7e, BOGHK & BUEIRAE L
Btz VA TNATEIa~ N7 T 7 40— (RHEE ; CHCl; - MeOH - 25% aqueous
ammonia = 30:1:0 — 20:1:0 to 20:1:0.1) THR L7=, HAYY & N'-(pyridin-2-yl)- ethane-1,2-diamine
DIREY & B 555 % THF (20 mL)\Z¥Af# L, di-tert-butyl dicarbonate (1.31g, 6.0 mmol)%
A, SR T 30 SRR Lz, ROSRZ LR L, REE L VATV T hon< N7 7T
7 4 — (AL 5 n-hexane - EtOAc = 1:1 - 1:3 to EtOAc — MeOH = 20:1) THH L | tert-butyl
2-((2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl)-2-oxoethyl(2-(pyridin-2-ylamino)- ethyl)carbamate (600
mg, 51 %) &5 7=, 55N LA D —EB8(540 mg, 1.38 mmol)iZ, 7K F 4M HCl/ A F 4>
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(7.5mL) & UAFH L QSmL)ORGEBEA M, 1 R Lz, EEEEzREL, ik
XY TR L, Y e —Q2mL)E VA Y T e B —T 120 mL) & R
Nz, ER LT RAZER L, BHAOY(416 mg, 43 % from 5) %137, Z DO—#B(334 mg)% ¥
VBTN T AhTIa~ N7 T 70— (BHEBR ; CHCl;— ammonia in MeOH = 100:3 —100:7 to
CHCl;-MeOH = 100:5 — 100:7) TH#L L, 72 4 M HCl/ EtOAc (0.55 mL) & ¥4 Y 7' r E L
T—T7 V(15 mL) & N A 7=, AR L= R 28R L T, HAOW(266 mg) % My R & LT,
'H NMR (300 MHz, DMSO - dg) 8 9.50 (2H, br s, NH,"), 7.96 (1H, br d, J = 7 Hz), 7.82 (1H, br t, J =
8 Hz), 7.03 (1H, br d, J = 8 Hz), 6.83 (1H, br t, J = 7 Hz), 5.55 (1H, br d, J = 52.7 Hz, H-4), 5.10-5.03
(1H, m, H-2), 4.32 and 4.09 (2H, ABq, J = 16.7 Hz, COCH,), 4.04-3.66 (2H, m, H-5), 3.80 (2H, br s,
NCH,), 3.21 (2H, br s, NCH,), 2.7-2.3 (2H, m, H-3). MS(ESI pos.) m/z 292 ([M+H]"), 314
(IM+Na]"); (ESI neg.) m/z 326 ([M+CIl]). HRMS calcd for C,4H;sFNsO[M] 291.1495, found (m/z)
291.1503.

(25,4S)-1-(N-{2-[(5-Chloropyridin-2-yl)amino]ethyl}glycyl)-4-fluoropyrrolidine-2-carbonitrile
dihydrochloride (32c)

fb&i 32a L RO HIET, RELEM A EAKKR L L TH7Z, 'HNMR (300 MHz, DMSO
- dg) 89.47 (2H, br's, NH,"), 8.04 (1H, d, J = 2.4 Hz), 7.72 (1H, dd, J = 9.3, 2.4 Hz), 6.87 (1H, d, J =
9.3 Hz), 5.55 (1H, br d, J = 52.7 Hz, H-4), 5.09-5.03 (1H, m, H-2), 4.29 and 4.05 (2H, ABq, J = 16.8
Hz, COCH,), 4.05-3.60 (4H, m, H-5 and NCH,), 3.18 (2H, br s, NCH,), 2.67-2.32 (2H, m, H-3).
MS(ESI pos.) m/z 326 ((M+H]"), 348 ([M+Na]"); (ESI neg.) m/z 324 ([M-HJ), 360 ((M+CI]"). HRMS
caled for C14H;;CIFNsO[M]"325.1106, found (m/z) 325.1112.

6-{[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)ethyl]amino}nicotinamide
dihydrochloride (32d)

L& 32a L [FIKED 7L T REILEW 2 bk & L C#7=, '"H NMR (300 MHz, DMSO
-dg) $9.42 (2H, br s, NH,"), 8.52 (1H, s), 8.17 (1H, d, J = 10.1 Hz), 8.10 (1H, br s, CONH), 7.42 (1H,
br s, CONH), 6.99 (1H, d, J = 10.1 Hz), 5.55 (1H, br d, J = 52.5 Hz, H-4), 5.10-5.04 (1H, m, H-2),
4.44-3.50 (4H, m, H-5 and COCH,), 3.83 (2H, br s, NCH,), 3.23 (2H, br s, NCH,), 2.68-2.32 (2H, m,
H-3). MS(ESI pos.) m/z 357 ([M+Na]); (ESI neg.) m/z 369 ([M+Cl]). HRMS caled for
C15H20FNO,[M+H]" 335.1632, found (m/z) 335.1638.
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(2S,4S)-4-Fluoro-1-[N-(1-methyl-1-pyridin-2-ylethyl)glycyl]pyrrolidine-2-carbonitrile (36a).
(Method B)

1-Methyl-1-pyridin-2-yl-ethylamine (177 mg, 1.3 mmol)% A % / —/L(10 mL)IZ¥EfE L. {L&W)
35 (112 mg, 0.59 mmol) & potassium iodide (98 mg, 0.59 mmol)Z Il %, =R T3 HREHEHE L7,
OGS ZWIECTRE L, BEZ VISV T Ara~ T T 70— (EHELE
CHCI3-MeOH = 50:1 - 25:1) THHLL T, HAY¥(104 mg, 61 %) Zt8ta 7 E/N 7 7 AEH L LT
#37-. "H NMR (300 MHz, DMSO - d¢) 8 8.61-8.54 (1H, m), 7.67 (1H, td, J = 7.7, 1.9 Hz), 7.49-7.39
(1H, m), 7.19-7.12 (1H, m), 5.48-5.16 (1H, m, H-4), 4.92 (1H, d, J = 9.2 Hz, H-2), 4.03-3.26 (4H, m,
H-5 and CH,), 2.63 (1H, t, J = 15.8 Hz), 2.40-2.12 (2H, m, H-3), 1.53 (6H, s, CHs). MS(ESI pos.) m/z
291 ([M+H]"), 313 ([M+Na]"); (ESI neg.) m/z 289 ([M-H]). HRMS calcd for C,sH,FN,O [M+H]"
291.1621, found (m/z) 291.1612.

(2S,4S)-4-Fluoro-1-{N-[1-(2-furyl)-1-methylethyl]glycyl}pyrrolidine-2-carbonitrile (36b)

& 36a L AERDHIET, RELEWEBET 2RYE & L7, "HNMR (300 MHz,
DMSO - dg) 8 7.55 (1H, dd, J = 1.8, 0.9 Hz), 6.35 (1H, m), 6.21 (1H, dd, J = 3.2, 0.9 Hz), 5.40 (1H, br
d, J=50.8 Hz, H-4), 4.95-4.87 (1H, m, H-2), 3.84 (1H, dd, J = 23.9, 12.6 Hz, H-5), 3.61 (1H, ddd, J =
39.6, 12.5, 3.3 Hz, H-5), 3.21 and 3.02 (2H, ABq, J = 16.0 Hz, COCH,), 2.60-2.22 (2H, m, H-3),
1.44-1.32 (6H, m, CH3). MS(ESI pos.) m/z 302 ([M+Na]"); (ESI neg.) m/z 278 ([M-H]). HRMS calcd
for C14H,5sFN;0,Na [M+Na]" 302.1281, found (m/z) 302.1277.

(25,4S)-4-Fluoro-1-{N-[1-methyl-1-(2-thienyl)ethyl]glycyl}pyrrolidine-2-carbonitrile (36c)

bA 36a & REEDTIET, REILAYE BOMRYE L L# 7, 'H NMR (300 MHz,
DMSO - dg) § 7.45 (1H, dd, J = 5.0, 3.0 Hz), 7.23 (1H, dd, J = 3.0, 1.4 Hz), 7.13 (1H, dd, J = 5.0, 1.4
Hz), 5.40 (1H, br d, J = 52.1 Hz, H-4), 4.95-4.87 (1H, m, H-2), 3.82 (1H, dd, J = 24.1, 12.4 Hz, H-5),
3.60 (1H, ddd, J =39.7, 12.4, 3.4 Hz, H-5), 3.18 and 3.00 (2H, ABq, J = 16.1 Hz, COCH,), 2.56-2.22
(2H, m, H-3), 1.40-1.35 (6H, m, CH3). MS(ESI pos.) m/z 318 ([M+Na]"); (ESI neg.) m/z 294 ([M-H]).
HRMS caled for C,4H;sFN;ONaS [M+Na] 318.1052, found (m/z) 318.1060.

(25,4S)-1-{N-[1-(1-Benzofuran-2-yl)-1-methylethyl]glycyl}-4-fluoropyrrolidine-2-carbonitrile
(36d)
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LA 36a & [AIEED 515 C R AW & ks E R & LT 7=, '"H NMR (300 MHz, DMSO
- dg) 8 7.59-7.48 (2H, m), 7.28-7.26 (2H, m), 6.70 (1H, s), 5.38 (1H, br d, J = 52.2 Hz, H-4), 4.90-4.83
(1H, m, H-2), 3.85 (1H, dd, J = 23.2, 12.3 Hz, H-5), 3.60 (1H, ddd, J = 39.6, 12.5, 3.4 Hz, H-5),
3.38-3.04 (2H, m, COCH,), 2.60-2.18 (2H, m, H-3), 1.48 (6H, s, CHs). MS(ESI pos.) m/z 352
(IM+Na]"); (ESI neg.) m/z 328 ([M-H]). HRMS calcd for C,3H,0FN30,Na [M+Na]"352.1437, found
(m/z) 352.1454.

(2S,45)-1-{N-[(2E)-1,1-Dimethyl-3-phenylprop-2-en-1-yl]glycyl}-4-fluoropyrrolidine-2-carbonitri
le (36¢e)

L& 36a LFEED TiET, BEILEMAEOT T T 7 AWE L L THE7-, 'THNMR (300
MHz, DMSO - dg) & 7.44-7.38 (2H, m), 7.35-7.27 (2H, m), 7.25-7.17 (1H, m), 6.40 (1H, d, J = 16.3
Hz, C=CH), 6.21 (1H, d, J = 16.3 Hz, C=CH), 5.42 (1H, br d, J = 51.8 Hz, H-4), 4.91 (1H, d, J = 8.9
Hz, H-2), 3.90 (1H, dd, J = 23.5, 12.4 Hz, H-5), 3.78-3.56 (1H, m, H-5), 3.44-3.14 (2H, m, COCH,),
2.60-2.20 (2H, m, H-3), 2.06-1.98 (1H, m), 1.22 (6H, s, CHs). MS(ESI pos.) m/z 338 ([M+Na]").
HRMS caled for CisH,,FN;ONa [M+Na]* 338.1645, found (m/z) 338.1641.

(2S,4S)-1-{N-[2-(3,4-Dimethoxyphenyl)ethyl]glycyl}-4-fluoropyrrolidine-2-carbonitrile
hydrochloride (36f)

b& 32a LIRAIED LT, BELAEYE KL LTH 7, '"HNMR (300 MHz, DMSO
-dg) 8 6.89 (1H, d, J = 8.2 Hz), 6.83 (1H, d, J = 1.9 Hz), 6.74 (1H, dd, J = 8.2, 1.9 Hz), 5.52 (1H, br d,
J =53.0 Hz, H-4), 5.05-5.00 (1H, m, H-2), 4.02-3.61 (4H, m, H-5 and COCHy,), 3.75 (3H, s, OCHj),
3.72 (3H, s, OCH3), 3.07-2.92 (2H, m, NCH,), 2.87-2.77 (2H, m, PhCH,), 2.64-2.30 (2H, m, H-3).
MS(ESI pos.) m/z 336 ([M+H]"), 358 ([M+Na]"); (ESI neg.) m/z 334 ([M-HJ), 370 ((M+Cl]). HRMS
caled for C;7H,,FN;05Na [M+Na]" 335.1645, found (m/z) 335.1670.

(2S,4S)-1-[N-(tert-Butyl)glycyl]-4-fluoropyrrolidine-2-carbonitrile hydrochloride (369)

b 32a L [FEERD HIET, RE(LAEMZ TAHAKE L THZ, mp247-250 °C ( decomp. ).
'H NMR (500 MHz, DMSO - dg) § 9.10 (2H, br s, NH,"), 5.56 (1H, br d, J = 52.9 Hz, H-4), 5.09-5.06
(1H, m, H-2),4.16 (1H, dd, J = 24.4, 12.5 Hz, H-5), 4.12 and 3.88 (2H, ABq, J = 16.5 Hz, COCH,),
3.86 (1H, ddd, J = 39.9, 12.5, 3.3 Hz, H-5), 2.54-2.40 (2H, m, H-3),1.33 (9H, s, CH;); °C NMR
(125.4 MHz, DMSO - dg) § 165.1, 118.4, 93.0 (d, Je.r= 174.7 Hz), 56.4, 52.1 (d, Jc.r = 22.7 Hz), 44.8,
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42.0, 35.7 (d, Jc.r= 19.6 Hz), 25.0; F NMR (282.2 MHz, DMSO - ds) 6 -174.5. MS(ESI pos.) m/z
250 ([M+Na]"); (ESI neg.) m/z 226 ([M-H]), 262 ([M+CI]). HRMS calcd for C;;H;;FN;O[M+H]"
228.1512, found (m/z) 228.1515. Anal. calcd for C;;HsFN;O HCI: C, 50.09; H, 7.26; N, 15.93; Cl,

13.44; F, 7.20. Found: C, 50.11; H, 7.37; N, 15.89; Cl, 13.38; F, 7.19. [a.]p” —101.5 (c=0.3, MeOH).

(2S,4S)-4-Fluoro-1-(N-isopropylglycyl)pyrrolidine-2-carbonitrile hydrochloride (36h)

b6 32a & FABRD H1ET, REULEWE BEEAKAR L LTHZ, "HNMR (300 MHz, DMSO
-dg) 85.52 (1H, br d, J = 51.4 Hz, H-4), 5.03-4.97 (1H, m, H-2), 3.98 (1H, dd, J = 23.2, 12.4 Hz, H-5),
3.84-3.64 (1H, m, H-5), 3.74 and 3.55 (2H, ABq, J = 16.6 Hz, COCH,), 3.02-2.88 (1H, m, CHMe,),
2.62-2.26 (2H, m, H-3), 1.09 (6H, d, J = 6.2 Hz, CH;). MS(ESI pos.) m/z 214 ([M+H]"), 236
(IM+NaJ"); (ESI neg.) m/z 212 ([M-HJ), 248 (IM+CI]). HRMS calcd for C;oH;FN;O [M]"213.1277,
found (m/z) 213.1297.

(2S,4S)-4-Fluoro-1-[N-(3-isopropoxypropyl)glycyl]pyrrolidine-2-carbonitrile hydrochloride (36i)

bA 32a LIRIBED LT, BELAEYE KL LTH 77, '"HNMR (300 MHz, DMSO
- dg) 8 9.23 (2H, br s, NH,"), 5.54 (1H, br d, J = 52.5 Hz, H-4), 5.10-5.03 (1H, m, H-2), 4.21 and 3.96
(2H, ABgq, J = 16.6 Hz, COCH,), 4.04-3.90 (1H, m, H-5), 3.84-3.76 (1H, m, H-5), 3.58-3.48 (1H, m,
CHMe,), 3.43 (2H, t, J = 5.8 Hz, OCH,), 3.10-2.85 (2H, m, NCH),), 2.67-2.31 (2H, m, H-3), 1.95-1.82
(2H, m, CH,), 1.09 (6H, d, J = 6.2 Hz, CH;). MS(ESI pos.) m/z 294 ([M+Na]"); (ESI neg.) m/z 270
(IM-HJ) 306 ([M+CI]"). HRMS calcd for Ci3Hy;FN;O, [M+H]* 272.1774, found (m/z) 272.1785. Anal.
calcd for C;3H,,FN;O, HCI: C, 50.73; H, 7.53; N, 13.65; Cl, 11.52; F, 6.17. Found: C, 50.44; H, 7.49;
N, 13.44; Cl, 11.39; F, 5.92.

(2S,4S)-4-Fluoro-1-[N-(2-methoxy-1,1-dimethylethyl)glycyl]pyrrolidine-2-carbonitrile
hydrochloride (36j)

L& 32a L FIEED LT, RELEM ZEOK KL LT/ 7=, 'HNMR (300 MHz, DMSO
- dg) 8 8.82 (2H, br s, NH,"), 5.56 (1H, br d, J = 53.0 Hz, H-4), 5.09-5.04 (1H, m, H-2), 4.18-3.66 (4H,
m, H-5 and COCH,), 3.42 (2H, s, OCH,), 3.32 (3H, s, OCH3), 2.58-2.32 (2H, m, H-3), 1.27 (6H, s,
CH3). MS(ESI pos.) m/z 258 ([M+H]"), 280 ([M+Na]"); (ESI neg.) m/z 292 ([M+Cl]). HRMS calcd
for Cj,H, FN;0, [M+H]" 258.1618, found (m/z) 258.1603.
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(2S,4S)-4-Fluoro-1-[N-(2-hydroxy-1,1-dimethylethyl)glycyl]pyrrolidine-2-carbonitrile
hydrochloride (36k)

& 32a L [ARRD LT RELAEM 2 Y ER R L L T2, 'TH NMR (300 MHz, DMSO
- dg) 8 8.75 (2H, br s, NH,"), 5.57 (1H, br s, OH), 5.56 (1H, br d, J = 52.7 Hz, H-4), 5.10-5.04 (1H, m,
H-2), 4.20-3.70 (4H, m, H-5 and COCH,), 3.48 (2H, s, OCH,), 2.70-2.30 (2H, m, H-3), 1.24 (6H, s,
CH;). MS(ESI pos.) m/z 244 ((M+H]"), 266 ((M+Na]"); (ESI neg.) m/z 242 ([M-HJ), 278 (IM+CI]).
HRMS calcd for C;H sFN;O, [M+H] 244.1461, found (m/z) 244.1449. Anal. calcd for C;H;sFN;0,
HCI 0.3H,0: C, 46.33; H, 6.93; N, 4.74; Cl, 12.43; F, 6.66. Found: C, 46.68; H, 6.98; N, 14.29; Cl,
12.20; F, 6.43.

(2S,4S)-1-[N-(1,1-Diethylprop-2-yn-1-yl)glycyl]-4-fluoropyrrolidine-2-carbonitrile hydrochloride
(36l)

L& 40a L [FIEED 7L T, RELEM 2B KL L THE7=, 'HNMR (300 MHz, DMSO
-d¢) 6 5.48 (1H, br d, J = 51.5 Hz, H-4), 4.99-4.93 (1H, m, H-2), 3.95 (1H, dd, J = 24.6, 12.6 Hz, H-5),
3.72 (1H, ddd, J = 39.6, 12.6, 3.4 Hz, H-5), 3.50-3.27 (2H, m, COCH,), 3.18 (1H, s, CH), 2.62-2.28
(2H, m, H-3), 2.06 (1H, t, J = 5.9 Hz), 1.53 (4H, q, J = 7.4 Hz), 0.87 (6H, t, J = 7.4 Hz). MS(ESI pos.)
m/z 288 ([M+Na]"). HRMS calcd for C;4H,,FN;O [M+H]" 266.1669, found (m/z) 266.1654.

(2S,4S)-1-(N-Cyclopropylglycyl)-4-fluoropyrrolidine-2-carbonitrile hydrochloride (36m)

fb&i 32a L FAFROHIET, RELAM A BEEAKKRE L THR7Z, 'HNMR (300 MHz, DMSO
- dg) 8 9.50 and 9.35 (2H, br s each, NH,"), 5.55 (1H, br d, J = 53.0 Hz, H-4), 5.10-5.04 (1H, m, H-2),
431 and 4.05 (2H, ABq, J = 16.9 Hz, COCH,), 4.12-3.65 (2H, m, H-5), 2.76-2.64 (1H, m, NCH),
2.62-2.32 (2H, m, H-3), 0.96-0.88 (2H, m, CH,), 0.77-0.69 (2H, m, CH,). MS(ESI pos.) m/z 212
(IM+H]"), 234 ([M+Na]"); (ESI neg.) m/z 246 ([M+CI]). HRMS caled for C;H;sFN;O [M+H]"
212.1198, found (m/z) 212.1208.

(2S,4S)-1-(N-Cyclobutylglycyl)-4-fluoropyrrolidine-2-carbonitrile hydrochloride (36n)

fb&i 32a L FAFROHIET, RELAME EEAKKR L L THR7Z, 'HNMR (300 MHz, DMSO
-dg) §7.98 (2H, br s, NH,"), 5.52 (1H, br d, J = 53.0 Hz, H-4), 5.05-4.99 (1H, m, H-2), 4.04-3.34 (5H,
m, H-5, NCH and COCH.), 2.63-2.30 (2H, m, H-3), 2.18-1.90 (4H, m, CH,), 1.80-1.57 (2H, m, CH>).
MS(ESI pos.) m/z 226 ([M+H]"), 248 ([M+Na]"); (ESI neg.) m/z 260 ([M+CI]). HRMS calcd for
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C11H,7FN;O [M+H]" 226.1356, found (m/z) 226.1352.

(2S,4S)-1-(N-Cyclopentylglycyl)-4-fluoropyrrolidine-2-carbonitrile hydrochloride (360)

fb&# 32a L FAFROHIET, RELEM A EEAKKRE L TH7Z, 'HNMR (300 MHz, DMSO
-dg) 89.11 (2H, br's, NH,"), 5.55 (1H, br d, J = 52.7 Hz, H-4), 5.09-5.03 (1H, m, H-2), 4.30-3.60 (4H,
m, H-5 and COCH,), 3.52-3.36 (1H, m, NCH), 2.66-2.32 (2H, m, H-3), 2.02-1.87 (2H, m, CH.,),
1.78-1.46 (6H, m, CH,). MS(ESI pos.) m/z 240 ([M+H]"), 262 ([M+Na]"); (ESI neg.) m/z 238
(IM-H]), 274 (IM+CI]"). HRMS calcd for C;,H;oFN;0 [M+H]240.1512, found (m/z) 240.1499.

(2S,4S)-4-Fluoro-1-{N-[1-(hydroxymethyl)cyclopentyl]glycyl}pyrrolidine-2-carbonitrile
hydrochloride (36p)

{b&¥ 32a & [FERD HiEC . RE(LED & BAKHEK L LT, mp 175-178 °C. "H NMR (500
MHz, DMSO - dg) § 8.99 (2H, br s, NH,"), 5.68 (1H, br s, OH), 5.55 (1H, br d, J = 52.4 Hz, H-4),
5.08-5.05 (1H, m, H-2), 4.17 and 3.98 (2H, ABq, J = 16.5 Hz, COCH,), 4.09 (1H, dd, J = 23.1, 12.2
Hz, H-5), 3.82 (1H, ddd, J = 39.3, 12.2, 3.1 Hz, H-5), 3.51 and 3.48 (2H, ABq, J = 12.5 Hz, OCH.,),
2.56-2.36 (2H, m, H-3), 1.86-1.68 (6H, m, CH,), 1.59-1.48 (2H, m, CH,); *C NMR (125.4 MHz,
DMSO - dg) & 165.1, 118.4, 93.0 (d, Jcr= 174.7 Hz), 69.6, 62.7, 52.1 (d, Jc.r= 22.7 Hz), 44.8, 43.5,
35.7 (d, Jer= 20.7 Hz), 31.6, 31.2, 23.9; '’F NMR (282.2 MHz, DMSO - dg) & -174.5. MS(ESI pos.)
m/z 270 ([M+H]"), 292 ([M+Na]’); (ESI neg.) m/z 304 ([M+Cl]). HRMS caled for
C3H, FN;O,[M+H]"270.1618, found (m/z) 270.1614. Anal. calcd for C;3HFN;0, HCI: C, 51.06; H,
6.92; N, 13.74; Cl, 11.59; F, 6.21. Found: C, 50.85; H, 7.02; N, 13.54; Cl, 11.53; F, 6.16. [oc]D25 -89.3
(c=0.3, MeOH).

(2S,4S)-1-(N-Cyclooctylglycyl)-4-fluoropyrrolidine-2-carbonitrile hydrochloride (36q)

L& 32a LRIKED TiET, RELEWZ B KL LT 7=, 'HNMR (500 MHz, DMSO
- dg) 8 9.09 and 8.96 (2H, br s each, NH,"), 5.56 (1H, br d, J = 52.6 Hz, H-4), 5.10-5.04 (1H, m, H-2),
4.21 and 3.96 (2H, ABq, J = 17.0 Hz, COCH,), 4.04 (1H, dd, J = 23.6, 12.4 Hz, H-5), 3.78 (1H, ddd, J
=39.5, 12.4, 3.3 Hz, H-5), 3.24 (1H, br s, NCH), 2.67-2.33 (2H, m, H-3), 2.00-1.88 (2H, m, CH.,),
1.78-1.34 (12H, m, CH,). MS(ESI pos.) m/z 282 ([M+H]"), 304 ([M+Na]’); (ESI neg.) m/z 280
(IM-HT), 316 (IM+CI]). HRMS calcd for C;sH»,FN;0 [M]281.1903, found (m/z) 281.1911.
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(25,4S)-1-(N-1-Adamantylglycyl)-4-fluoropyrrolidine-2-carbonitrile hydrochloride (36r)

b&4 32a L AR LT, BEILEYZ B E L LTH 7, '"HNMR (300 MHz, DMSO
- dg) 8 9.04 and 8.91 (2H, br s each, NH,"), 5.56 (1H, br d, J = 52.4 Hz, H-4), 5.10-5.04 (1H, m, H-2),
4.22-3.72 (4H, m, H-5 and COCH,), 2.68-2.34 (2H, m, H-3), 2.12 (3H, br s), 1.91 (6H, br s), 1.71-1.52
(6H, m). MS(ESI pos.) m/z 306 ([M+H]"), 328 ([M+Na]"); (ESI neg.) m/z 304 ([M-H]), 340
(IM+CI]"). HRMS calcd for C;7H,sFN;0 [M+H]"306.1982, found (m/z) 306.1973.

(2S,4S5)-1-(N-2-Adamantylglycyl)-4-fluoropyrrolidine-2-carbonitrile hydrochloride (36s)

L& 32a LRIEED LT, RELEWZ B KL L THE7=, '"HNMR (300 MHz, DMSO
- dg) 89.01 (2H, br s, NH,"), 5.55 (1H, br d, J = 53.0 Hz, H-4), 5.10-4.99 (1H, m, H-2), 4.24 and 3.98
(2H, ABq, J = 16.8 Hz, COCH,), 4.06 (1H, dd, J = 24.4, 12.8 Hz, H-5), 3.78 (1H, ddd, J = 39.2, 12.6,
3.3 Hz, H-5), 3.29 (1H, br s, NCH), 2.68-2.32 (2H, m), 2.28-2.08 (4H, m), 1.90-1.78 (4H, m),
1.74-1.64 (4H, m), 1.60-1.49 (2H, m). MS(ESI pos.) m/z 306 ([M+H]"), 328 ([M+Na]"); (ESI neg.)
m/z 304 ([M-HJ"), 340 ([M+CI]"). HRMS calcd for Ci7H,,FN;O [M]305.1903, found (m/z) 305.1913.

(2S,4S)-4-Fluoro-1-[N-(3-hydroxy-1-adamantyl)glycyl]pyrrolidine-2-carbonitrile hydrochloride
(36t)

L& 32a L RIEED 7L T, RELEW Z B KL LT/ 7=, 'HNMR (300 MHz, DMSO
- dg) 85.55 (1H, br d, J = 52.7 Hz, H-4), 5.08-5.02 (1H, m, H-2), 4.75 (1H, s, OH), 4.19-3.70 (4H, m,
H-5 and COCH,), 2.65-2.32 (2H, m, H-3), 2.22 (2H, br s), 1.80-1.43 (12H, m). MS(ESI pos.) m/z 322
(IM+H]"), 344 (IM+Na]"); (ESI neg.) m/z 320 ([M-H]), 356 ([M+CI]"). HRMS calcd for C;7H,sFN;0,
[M+H]"322.1931, found (m/z) 322.1913.

(2S,4S)-4-Fluoro-1-[N-(3-methoxy-1-adamantyl)glycyl]pyrrolidine-2-carbonitrile hydrochloride
(36u)

L& 32a L RIEED 7L T, RELAEW Z O KL LT/ 7=, 'HNMR (300 MHz, DMSO
-dg) §9.04 (2H, br s, NH,"), 5.57 (1H, br d, J = 52.4 Hz, H-4), 5.10-5.04 (1H, m, H-2), 4.24-3.66 (4H,
m, H-5 and COCH,), 3.14 (3H, s, OCH3), 2.58-2.38 (2H, m, H-3), 2.36-2.24 (2H, m), 1.88-1.78 (6H,
m), 1.72-1.42 (6H, m). MS(ESI pos.) m/z 336 ([M+H]"); (ESI neg.) m/z 370 ([M+CI]"). HRMS calcd
for C,sH,7FN;0, [M+H]"336.2087, found (m/z) 336.2101.
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(2S,4S)-4-Fluoro-1-[N-(5-hydroxy-2-adamantyl)glycyl]pyrrolidine-2-carbonitrile hydrochloride
(36v)

{b&W 32a LIRERDFIET, RELEY (7 AT VA~—IREGW) ZEEHKE L TH
7=. 'H NMR (300 MHz, DMSO - dg) § 5.53 (1H, br d, J=52.8Hz, H-4), 5.06-5.00 (1H, m, H-2), 4.49
(0.3H, s, OH), 4.40 (0.7H, s, OH), 4.08-3.63 (4H, m, H-5 and COCHy,), 3.03 (0.3H, br s, NCH), 2.89
(0.7H, br s, NCH), 2.63-2.33 (2H, m, H-3), 2.30-2.15 (2H, m), 2.05-1.89 (3H, m), 1.68-1.48 (6H, m),
1.42-1.27 (2H, m). MS(ESI pos.) m/z 322 ([M+H]"), 344 ([M+Na]"); (ESI neg.) m/z 356 ([M+CI]).
HRMS caled for C7H,sFN;0, [M+H]" 322.1931, found (m/z) 322.1949.

tert-Butyl
[2-({2-[(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]carbamate
(38)

{bE% 35 (0.95 g, 5.0 mmol) & tert-butyl (2-amino-2-methylpropyl) carbamate 37 (1.88 g, 10
mmol)& A & / —/L(20 mL)IZIEfE L, 3 7t U w7 2 (0.83 g, 5.0 mmol) & Il 2 551 C— Btk
L7zo BEIZ 50°C LA UC 2 IR L, SOSHE & 8T TR L7, BRila2 v U D5
Lyva~< N7 40— (IR ; CHCL-MeOH-25% aqueous ammonia = 100:2:0.2) CTRHL L
T ALEW 7 & 8 DIREWMNFHNT=, Zi% THF (30 mL)IZ#%fi# L . di-tert-butyl dicarbonate
(1.09 g, 5.0 mmol), 4-dimethylaminopyridine (12 mg, 0.1 mmol), K%Y 0.5 M NaOH /K& (10
mL)Z MR 7o, IR T 2 Reffiee L7z, faf@sfik 2z, Fifg—F L CHitl L7z, Aik)E
ZMEKWEET U U LA THERE L, FRAIAIEEE, BIETRE Lz, REZ VTNV T
Lrwva~< 777 40— (EHEEEE ; CHClL-MeOH-25% aqueous ammonia = 100:2:0.2) THEHR L
T, HE9(1.08 g, 63 %) &R EOT T/ 7 7 AW L L7, '"H NMR (300 MHz, DMSO - dq)
8 6.64 (1H, brt,J=6.1 Hz), 5.48 (1H, br d, J = 53.5 Hz, H-4), 4.97-4.91 (1H, m, H-2), 3.91 (1H, dd, J
= 24.6, 12.5 Hz, H-5), 3.71 (1H, ddd, J = 39.6, 12.5, 3.5Hz, H-5), 3.38 and 3.23 (2H, ABq, J = 16.5
Hz, COCH,), 2.87 (2H, d, J = 6.1 Hz, CH,), 2.60-2.25 (2H, m, H-3), 1.76 (1H, br s, NH), 1.38 (9H, s,
CH3), 0.94 (6H, s, CH;). MS(ESI pos.) m/z 343 ([M+H]"), 365 ([M+Na]"); (ESI neg.) m/z 341
([IM-HJ"). HRMS calcd for C;¢H,sFN,Os[M+H]" 343.2145, found (m/z) 343.2134.

(2S5,4S)-1-[N-(2-Amino-1,1-dimethylethyl)glycyl]-4-fluoropyrrolidine-2-carbonitrile
dihydrochloride (39)
1A% 38 (100 mg, 0.29 mmol) % KEliE = F /1(0.5 mL)IZ¥&f# L . 4-M HC1/ EtOAc (0.5 mL) % il
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ZToe ST 4 WFESeHRE . ATttt 208 L, #ol LT HBI(88 mg, 96 %)% HEER &

L C#7=, '"HNMR (300 MHz, DMSO - d¢) 8 8.61 (3H, br s, NH;"), 5.57 (1H, br d, J = 50.7 Hz, H-4),
5.11-5.04 (1H, m, H-2), 4.32-3.72 (4H, m, H-5 and COCH,), 3.21 (2H, s, CH,), 2.58-2.33 (2H, m,
H-3), 1.43 (6H, s, CH3). MS(ESI pos.) m/z 243 ([IM+H]"); (ESI neg.) m/z 277 ([IM+C1]). HRMS calcd
for C;;HyFN,O[M+H] 243.1621, found (m/z) 243.1639.

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]pyridine-
2-carboxamide (40a). (Method C)

1A% 39 (100 mg, 0.32 mmol) & triethylamine (0.177 mL, 1.3 mmol)% DMF (0.5 mL)\ZIAf#E L.
JK# T C nicotinoyl chloride hydrochloride (51 mg, 0.29 mmol) & DMF (0.5 mL)Z 1%, =& T
10 3 [ERFE L7e, BUSHRIC 10%p818K3E T b U 0 LOKE (10 mL) & faf &K (10 mL) 2 /0
A, Zwawadb 25 mL, 3 BT Lz, AHEZ 8Kk~ 71 o0 LT L, ok
FlaIgEth, WIECRME L, HMEEZ VDSV TLara~ N T 70— (BHEE
CHCI15-MeOH-28% aqueous ammonia = 20:1:0.1) THHR L T, BI®(31 mg, 31 %)% HAHIRY
B & LTH72, 'HNMR (300 MHz, DMSO - do) 8 8.69-8.63 (1H,m), 8.61-8.52 (1H, m), 8.05 (1H,
m), 8.00 (1H, td, J = 7.3, 1.7 Hz), 7.65-7.57 (1H, m), 5.46 (1H, brd, J = 52.8 Hz, H-4), 5.01-4.94 (1H,
m, H-2), 3.96 (1H, dd, J = 23.9, 11.8 Hz, H-5), 3.86-3.64 (1H, m, H-5), 3.54-3.24 (4H, m, CH,),
2.62-2.25 (2H, m, H-3), 1.04 (6H, s, CH;). MS(ESI pos.) m/z 348 ([M+H]"), 370 ([M+Na]"); (ESI
neg.) m/z 346 ([M-H]). HRMS calcd for C7H,3FNsO,[M+H]" 348.1836, found (m/z) 348.1831.

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]benzamid
e (40b)

b& 40a LRIED LT, BEILAEY & KL LTH 7, '"HNMR (300 MHz, DMSO
- d¢) 8 8.23 (1H, m), 7.86 (1H, br d), 7.83 (1H, br d), 7.55-7.43 (3H, m), 5.50 (1H, br d, J = 52.8 Hz,
H-4), 4.98-4.95 (1H, m, H-2), 3.96 (1H, dd, J = 23.8, 12.4 Hz, H-5), 3.74 (1H, ddd, J = 39.7, 12.5, 3.3
Hz, H-5), 3.55-3.30 (2H, m, CH,), 3.27-3.20 (2H, m, CH,), 2.59-2.28 (2H, m, H-3), 1.98 (1H, br s,
NH), 1.02 (6H, br s, CH;).

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]thiophene
-2-carboxamide (40c)

LA 40a LRAIBED kT, BHELAEYE KL LTH 7, '"HNMR (300 MHz, DMSO

70



- dg) 6 8.30-8.21 (1H, m), 7.80 (1H, d, J = 3.7 Hz), 7.74 (1H, d, J = 4.8 Hz), 7.15 (1H, dd, J = 4.8, 3.7
Hz), 5.45 (1H, br d, J = 50.4 Hz, H-4), 5.00-4.93 (1H, m, H-2), 3.96 (1H, dd, J = 23.8, 12.4 Hz, H-5),
3.73 (1H, ddd, J = 39.5, 12.4, 3.4 Hz, H-5), 3.52-3.28 (2H, m, CH,), 3.26-3.12 (2H, m, CH,),
2.62-2.25 (2H, m, H-3), 1.98-1.86 (1H, br s, NH), 1.02 (3H, s, CH3), 1.01 (3H, s, CH3). MS(ESI pos.)
m/z 353 ((M+H]"), 375 ([M+Na]"); (ESI neg.) m/z 351 ([M-H]).

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]-2,3-dihy
dro-1-benzofuran-5-carboxamide (40d)

L& 40a L [FIEED FTHE T, BELEW A EOH LRWE & L CTE7-, 'HNMR (300 MHz,
DMSO - d¢) 8 8.07-7.95 (1H, m), 7.75-7.73 (1H, m), 7.69-7.61 (1H, m), 6.80 (1H, d, J = 8.4 Hz), 5.46
(1H, br d, J = 51.4 Hz, H-4), 4.99-4.92 (1H, m, H-2), 4.59 (2H, t, J = 8.8 Hz, OCH,), 3.96 (1H, dd, J =
23.5, 12.6 Hz, H-5), 3.74 (1H, ddd, J = 39.8, 12.5, 3.3 Hz, H-5), 3.52-3.14 (6H, m, CH,), 2.62-2.26
(2H, m, H-3), 2.10-1.80 (1H, m, NH), 1.01 (3H, s, CH;), 1.00 (3H, s, CHs). MS(ESI pos.) m/z 411
([M+Na]"); (ESI neg.) m/z 387 ([M-H]). HRMS caled for C,oH,FN,O; [M+H]" 389.1989, found
(m/z) 389.1977.

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]-1H-benzi
midazole-5-carboxamide (40e)

LA 40a L RO AT, KE(LEWEEEAT €L 7 7 AWE & LT, HNMR (300
MHz, DMSO - dg) § 12.80-12.50 (1H, m), 8.38-8.18 (3H, m), 7.82-7.70 (1H, m), 5.47 (1H, br d, J =
51.8 Hz, H-4), 5.04-4.90 (1H, m, H-2), 4.10-3.18 (6H, H-5 and CH,), 2.62-2.25 (2H, H-3), 1.06 (6H, s,
CHs;). MS(ESI pos.) m/z 387 ([M+H]"), 409 ([M+Na]"); (ESI neg.) m/z 385 ([M-H]). HRMS calcd for
C19H24FNGO, [M+H]" 387.1945, found (m/z) 387.1959.

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]-1H-1,2,3-
benzotriazole-5-carboxamide (40f)

fE&¥ 40a LRERD LT, RE(LEWMEREET TN T 7 AWE L L TR, 'H NMR
(300 MHz, DMSO - d¢) & 8.49-8.38 (2H, m), 7.99-7.82 (2H, m), 5.46 (1H, br d, J = 51.0 Hz, H-4),
5.03-4.90 (1H, m, H-2), 3.97 (1H, dd, J =24.2, 12.7 Hz, H-5), 3.86-3.00 (5H, H-5 and CH,), 2.64-2.25
(2H, m, H-3), 1.07 (6H, s, CHs). MS(ESI pos.) m/z 410 ([M+Na]); (ESI neg.) m/z 386 ([M-H]).
HRMS caled for C,sH,3FN;0, [M+H]" 388.1897, found (m/z) 388.1881.

71



N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]-2,2-dime
thylpropanamide (409)

fb&i 40a L [FAFRO LT, RELAW A BARF KL L TH7-, 'HNMR (300 MHz, DMSO
-dg) §7.27-7.15 (1H, m), 5.62-5.30 (1H, m, H-4), 4.99-4.92 (1H, m, H-2), 3.94 (1H, dd, J=24.1, 11.9
Hz, H-5), 3.72 (1H, ddd, J = 39.6, 12.5, 3.5 Hz, H-5), 3.47-3.21 (2H, m, COCH,), 3.08-2.92 (2H, m,
CH,), 2.56-2.26 (2H, m, H-3), 1.12 (9H, s, CH3), 0.94 (6H, d, J = 2.5 Hz, CH3). MS(ESI pos.) m/z 349
(IM+Na]"); (ESI neg.) m/z 325 ([M-H]). HRMS caled for C;sHyFN,O, [M+H]" 327.2196, found
(m/z) 327.2185.

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]-1-methyl
cyclohexanecarboxamide (40h)

{b&M 40a L RO J1ET, RE(LEDEREOA A VIRPE & L7, 'H NMR (300
MHz, DMSO - dg) 8 7.29-7.19 (1H, m), 5.43 (1H, br d, J = 51.5 Hz, H-4), 4.99-4.90 (1H, m, H-2),
3.94 (1H, dd, J = 24.0, 11.6 Hz, H-5), 3.82-3.61 (1H, m, H-5), 3.48-3.22 (2H, m, COCH,), 3.10-2.95
(2H, m, CH,), 2.62-2.26 (2H, m, H-3), 2.04-1.75 (3H, m), 1.54-1.10 (8H, m), 1.05 (3H, s, CH3), 0.96
(3H, s, CH3), 0.95 (3H, s, CH3). MS(ESI pos.) m/z 367 ([M+H]"), 389 ([M+Na]"); (ESI neg.) m/z 365
(IM-H]).

2,2-Bis(4-chlorophenyl)-N-[2-({2-[(2S,4S)-2-cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-
methylpropyl]acetamide (40i). (method F)

&) 40a ERIBRDHIET, RELAMERECT ELT 7 AWE & L TH7, 'H NMR
(300 MHz, DMSO - dg) & 8.22-8.13 (1H, m), 7.41-7.27 (8H, m), 5.45 (1H, br d, J = 53.2 Hz, H-4),
5.10 (1H, s, CH), 4.97-4.90 (1H, m, H-2), 3.90 (1H, dd, J = 24.2, 12.0 Hz, H-5), 3.78-3.58 (1H, m,
H-5), 3.48-3.20 (2H, m, COCH,), 3.15-2.90 (2H, m, CH,), 2.60-2.25 (2H, m, H-3), 0.94 (6H, s, CH;).

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]benzenes
ulfonamide (40j). (method D)

benzenesulfonyl chloride Z FVMEAH) 40a & FIERD H1ET, REEWZEAKKRE L TH
7= 'HNMR (300 MHz, DMSO - d¢) § 7.82 (2H, dd, J = 8.1, 1.9 Hz), 7.67-7.55 (4H, m), 5.49 (1H, br
d, J=53.0 Hz, H-4), 4.98-4.92 (1H, m, H-2), 3.87 (1H, dd, J = 24.3, 12.1 Hz, H-5), 3.66 (1H, ddd, J =
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39.4, 12.5, 3.4 Hz, H-5), 3.33 and 3.18 (2H, ABq, J = 16.5 Hz, COCH,), 2.63 (2H, s, CH,), 2.53-2.30
(2H, m, H-3), 0.96 (6H, s, CHs). MS(ESI pos.) m/z 383 ([M+H]"), 405 ([M+Na]"); (ESI neg.) m/z 381
(IM-H]). HRMS caled for C;,H,4FN,OsS[M+H]" 383.1551, found (m/z) 383.1551.

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]-N-methy
Ibenzenesulfonamide (41a). (Method G)

{b45% 40d (57 mg, 0.15 mmol) & triphenylphosphine (59 mg, 0.23 mmol)% THF (3 mL) (Z¥%
it L, S|IRTAY¥ 7 —/1(0.009 mL) & diethyl azodicarboxylate (40% toluene solution, 98 mg,
023 mmol)Z AR, EDFE F—Wpid#R L7z, BOSHK Z T Tt L, RiEZ U BTN T b
va~ 777 40— (BHEBEE ; CHCl;-MeOH-25% aqueous ammonia = 100:3:0.3 - 100:5:0.5)
THEL T, BEWQRS mg, 42 %) & \ETE/L 7 7 2AWE L LTHE7~, 'H NMR (300 MHz,
DMSO - dg) §7.79 (2H, br d, J = 8.4 Hz), 7.72-7.60 (3H, m), 5.49 (1H, br d, J = 52.7 Hz, H-4),
4.98-4.92 (1H, m, H-2), 3.94 (1H, dd, J = 24.1, 12.0 Hz, H-5), 3.70 (1H, ddd, J = 39.5, 12.5, 3.2 Hz,
H-5), 3.46 and 3.30 (2H, ABq, J = 17.4 Hz, COCH,), 2.92 (2H, s, CH,), 2.78 (3H, s, CH;), 2.60-2.26
(2H, m, H-3), 1.07 (6H, s, CH;). MS(ESI pos.) m/z 397 ((M+H]"), 419 ([M+Na]"); (ESI neg.) m/z 395
(IM-HT). HRMS calcd for C oHssFN4O;S[M+H] 397.1710, found (m/z) 397.1718.

(25,4S)-4-Fluoro-1-{N-[2-(isobutylamino)-1,1-dimethylethyl]glycyl}pyrrolidine-2-carbonitrile
(40K). (Method E)

{bE% 39 (150 mg, 0.48 mmol) & isobutyraldehyde (34 mg, 0.48 mmol)% 7 & & 7= /L (2 mL)IZ
W L, =1 T 30 R L7z, kW T, Sodium triacetoxyborohydride (202 mg, 0.95 mmol)
ZANZ ., HITEIR T 30 /M Uz, RIGHKRIZ 10%REEKFET b U 7 A/KEIR & fafn &K
A, 7 ma ARV L THI Ule, A8 2 BRI T b U 7 5Tzl U, R 218 £1%
P TR Lc, BEA S VDI N T T L7 va~ N7 T 70— (BHEE ; CHCl;-MeOH-25%
aqueous ammonia = 100:3:0.3 — 100:5:0.5) THE L T, HAI(99 mg, 52 %)% AR E & L
T#37-. 'H NMR (300 MHz, DMSO - d¢) & 5.60-5.28 (1H, m, H-4), 4.98-4.90 (1H, m, H-2), 3.93
(1H, dd, J = 23.5, 12.4 Hz, H-5), 3.71 (1H, ddd, J = 39.6, 12.4, 3.4 Hz, H-5), 3.41-3.16 (2H, m,
COCH,), 2.62-2.28 (6H, m), 1.64 (1H, m), 0.97 (6H, s, CHs), 0.85 (6H, d, J = 6.7 Hz, CHs). MS(ESI
p0s.) m/z 299 (IM+H]"); (ESI neg.) m/z 297 ([M-H]"). HRMS calcd for CsHyFN,O [M+H]' 299.2247,
found (m/z) 299.2236.
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(2S,4S)-4-Fluoro-1-(N-{2-[(4-cyanobenzyl)amino]-1,1-dimethylethyl}glycyl)pyrrolidine-2-carbon
itrile (40I)

4-cyanobenzaldehyde % IV MEA) 40e & [AERD HIET, REIAEW &2 EAT JRWE L L
T#7-., "H NMR (300 MHz, DMSO - d¢) 8 7.77 (2H, d, J = 8.4 Hz), 7.54 (2H, d, J = 8.2 Hz), 5.49
(1H, br d, J = 52.8 Hz, H-4), 4.99-4.93 (1H, m, H-2), 3.89 (1H, dd, J = 24.1, 11.6 Hz, H-5), 3.68 (1H,
ddd, J=39.6, 12.4, 3.3Hz, H-5), 3.32 and 3.17 (2H, ABq, J=16.3 Hz, COCH,), 2.60-2.25 (4H, m, H-3
and CH,), 0.98 (6H, s, CH;). MS(ESI pos.) m/z 358 ([M+H]"), 380 ([M+Na]"); (ESI neg.) m/z 356
(IM-HT). HRMS calcd for CyoH,sFNsO [M+H]"358.2043, found (m/z) 358.2044.

(25,4S)-1-{N-[2-(Diethylamino)-1,1-dimethylethyl]glycyl}-4-fluoropyrrolidine-2-carbonitrile
(41b). (Method 1)

acetaldehyde % HIVMEGW) 40e & RERD H1ET, REEM L BAMRME L L THZ, ¥
TE b ENT 41b B~A F—py e LTHELN, '"H NMR (300 MHz, DMSO - dq)
0 5.60-5.30 (1H, m, H-4), 4.99-4.90 (1H, m, H-2), 3.93 (1H, dd, J = 23.3, 12.5 Hz, H-5), 3.71 (1H,
ddd, J = 39.6, 12.5, 3.4 Hz, H-5), 3.44-3.20 (2H, m, COCH,), 2.62-2.30 (6H, m, H-3 and CH,),
2.28-2.18 (2H, m, CH,), 1.01-0.85 (12H, m, CH;).

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]-N-isobut
ylbenzamide (41c). (Method H)

benzoyl chloride & 40e % HVMEAW) 40a & FIEkD H1ET, RELEW 2 EARYE & L
T47-, 'H NMR (300 MHz, DMSO - dg) § 7.50-7.28 (5H, m), 5.46 (1H, br d, J = 51.1 Hz, H-4),
5.01-4.91 (1H, m, H-2), 4.06-3.18 (8H, m, H-5 and CH,), 2.62-2.35 (2H, m, H-3), 1.90-1.78 (1H, m),
1.13-0.88 (6H, m), 0.86-0.54 (6H, m). MS(ESI pos.) m/z 403 ([M+H]"), 425 ([M+Na]"); (ESI neg.)
m/z 401 ([M-HJ). HRMS calcd for C2,H3,FN,O, [M+H]" 403.2509, found (m/z) 403.2524.

N-[2-({2-[(2S,4S)-2-Cyano-4-fluoropyrrolidin-1-yl]-2-oxoethyl}amino)-2-methylpropyl]-N-(4-cya
nobenzyl)benzamide (41d)

benzoyl chloride & 40f Z IV Mb&H 40a & [FIERD H1ET, REIEMEZ AT ELT 7 A
W L L C157-, "H NMR (300 MHz, DMSO - d¢) 8 7.88-7.72 (2H, m), 7.60-7.20 (7H, m), 5.61-5.30
(1H, br d, J = 51.8 Hz, H-4), 5.08-4.92 (1H, m, H-2), 4.81 (2H, br s, PhCH,), 3.89 (1H, dd, J = 24.0,
12.5 Hz, H-5), 3.80-3.54 (1H, m, H-5), 3.50-3.20 (4H, m, COCH, and CH,), 2.60-2.25 (2H, m, H-3),
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1.11 (4.3H, s, CH; of major isomer), 0.85 (1.7H, s, CH; of minor isomer). NMR revealed that
compound 41d occurred as mixtures of conformers in solution. By heating, two peaks of methyl group
tended to converge. MS(ESI pos.) m/z 462 ([M+H]"), 484 ([M+Na]"); (ESI neg.) m/z 460 ([M-H]).
HRMS calcd for CoHoFNsO, [M+H]" 462.2305, found (m/z) 462.2307.

(2S,4S)-4-Fluoro-1-[N-(2-hydroxy-1,1-dimethylethyl)glycyl]pyrrolidine-2-carbonitrile (42)
2-Amino-2-methyl-1-propanol (47.9g, 538mmol) % 1 ¥ 7 1 /X J — L (7T1TmL) ([Z &R L |
35(41.0g.215mmoD # I 2 7=, Wik 66~71°C T 4 K@ #E L7=%, EiRE TWHI L7=, Hrifd
L7-fdm 2B L C, 4 Y 7 rs3 ) —(250mL) T L. #20 L CTEAK KD 42(39.03g,
75%) % 1572, mp ( 148 — 149 °C ) and 154 — 155 °C. "H NMR ( 500 MHz, DMSO - d¢ ) & 5.48 ( 1H, br
d, J=51.9 Hz, H-4 ), 4.95 ( 1H, d, J=7.9Hz, H-2 ), 4.60 ( 1H, br s, — OH), 3.93 ( 1H, dd , J = 24.7,
12.5Hz, H-5 ), 3.72 ( 1H, ddd, J = 39.7, 12.5, 3.4Hz, H-5 ), 3.38 and 3.25 ( 2H, ABq, J=16.5Hz,
COCH2 ), 3.20 - 3.12 ( 2H, m, — CH20H ), 2.58 — 2.32 ( 2H, m, H-3 ), 1.92 ( 1H, br s, NH ), 0.94
(3H, s, Me ), 0.93 ( 3H, s, Me ); '°C NMR ( 125.7MHz, DMSO- ds) & 170.9, 118.9, 93.2 (d,
Jc.r=174.7THz), 68.0, 53.1, 51.9 (d, Jcr7=22.8Hz), 44.5, 44.3, 35.6 (d, Jc.r7=20.7Hz), 23.6, 23.5; VE
NMR ( 282.2MHz, DMSO- d¢) & — 174.2. MS(ESI pos.) m/z 244([M+H] "), 266([M+Na]"); (ESI
neg.) m/z 242([M-H] ). HRMS calcd for C;;H;gFN;O,[M+H]" 244.1461, found (m/z) 244.1460.
Anal. Calcd for C;;H;3sFN;O, : C, 54.31; H, 7.46; N, 17.27; F, 7.81. Found: C, 54.10; H, 7.66; N,

17.13; F, 7.77. IR (KBr) 2973,2243,1545,1418,1018,1061,857,838 cm™. [a]p™ -102 (c=0.3, MeOH).

(2S,4S)-4-Fluoro-1-[N-(2-hydroxy-1,1-dimethylethyl)glycyl]pyrrolidine-2-carbonitrile
benzenesulfonate (TS-021)
(2S,4S)-4-Fluoro-1-[N-(2-hydroxy-1,1-dimethylethyl)glycyl|pyrrolidine-2-carbonitrile (free base of
36k, 20.0 g, 82.2 mmol)% A ¥ / — (300 mL)IZ¥&f# L. benzenesulfonic acid mono hydrate (15.2
g, 86.3 mmol) & ANz, IR T 30 /rfffiEE L7z, IRWT, A Y 7 e /b= —7 /(330 mL) %
AT 2 WEEI SRR Lz, AR Lo R 2 T8 Lz LT, BROMI(31.5 g, 95%) & R &
L C/72, mp 220221 °C (dec.). '"H NMR (500 MHz, DMSO - d¢) 5 8.64 (1H, br s), 8.57 (1H, br s),
7.62 —17.58 (2H, m), 7.35 - 7.28 (3H, m), 5.54 (1H, br d, J = 52.1Hz), 5.52 — 5.44 (1H, br s), 5.06 (1H,
d, J=8.5Hz), 4.15 — 3.70 (4H, m), 3.47 (2H, s), 2.54 — 2.38 (2H, m), 1.23 (3H, s), 1.22 (3H, s); °C
NMR (125.7 MHz, DMSO - d¢) & 165.1, 148.3, 128.3, 127.6, 125.4, 118.4, 93.0 (d, Jcr = 174.7 Hz),
65.2, 59.8, 52.1 (d, Je.r = 22.7 Hz), 44.8, 42.2, 35.7 (d, Jcr = 20.7 Hz), 20.2, 20.0; "°F NMR (282.2
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MHz, DMSO - dg) & -174.5. MS(ESI pos.) m/z 266 ([M+Na]"), 244 ([M+H]"); (ESI neg.) m/z 400
([IM+BsOH-H]). Anal. caled for C;7H,FN30sS: C, 50.86; H, 6.03; N, 10.47; F, 4.73;S, 7.99. Found: C,
50.80; H, 6.00; N, 10.34; F, 4.73;S, 7.95. [a.]p> -61 (c=0.3, MeOH).

5.2. Biological methods
5.2.1. DPP-1V inhibitory activity.
DPP-IVIEMERE % 582 13 Deacon B 0 41 N2 fiE» CIT - 72, DPP-IV & &ieifix, A
RIZUT 4T POMKRERIRL, EO0BHC X0 R Uie, BERRIE9 6 FCRET L — b
Z V>, 25 mM HEPES, 140 mM NaCl, 1% BSA % & ¢ pH7.8 OFEE{RH T1T - 72, 100 uM
Gly-Pro-4-methylcoumaryl-7-amide (-~ 7"F FHFFERTHL) FA#K 25 pL. 133 mM MgClL, %54 7.5 pL.,
{EEWERHE 5 uL ZiRG L, RO T EREREHE C 1100 f5IC AR L7zifiE 1 2. 50 1 2001
oo IR T2 MBS S 7cth. 25%FEMEKIRIK S0uL ZIRM LIS A k7o, Ak L7z
7-amino-4-methylcoumarin %, Y7 L — K U —%—(1420 ARVO™ Multilabel Counter Wallac
ALY Z FV T 390nm THE S 72 & & 0 460nm O EHRE 2 IE LT, ISR LTS
RFfE % 0 p & LIz EOENMEEZT T 7L L, FEMENST T o 7 EE & LGz
b O&FERIVEEIRE & Uic, 5D RERIEOEIREN S | FRIZ XV DPP-IVIEHELE
(%) ZRDT=, LWL 1000 FFEIRED I AFNVANT + % FERRZHE- L, L&D
TR CAIR L CHEH Lz, FIREORERND 50%ME 2~ La Wi (1C50 H) %5
H L7z,
PHESR (%) =A+BX100
(A =FIIRINC 31T 2 FOLRE — A LS WEINC 31T 5 #OLRE)
(B =R BT 5 8 iR E)

5.2.2. 7 v MR OG-0 I A i I 2 AR

ARBREMATH L0 MR ST wistar 7 > b (B 8l ZHWV., #RILAY DO KEIK
CREBIKZ W TR L, Img/mL KSR A TR L72) % Img/kg (Imlkg) TREOEE LT,
BB G#%. 545, 1047, 1543, 30 47, 1 FEfE], 2 WIS BERAR LV 0.2mL 28R E L |
EOBER O MIE AR L L, MIRHIEMIRETHIE s v~ NI T T 4 — 2 0T LNEES
Pri (LCMS/MS) (ICXVHIEL, T7bb, MRS LICTE h=FU /200 L ZMZ
T L, BLHBRZEO REEKE v~ N7 7123 ALz, 77 A% CAPCEL PAK C18
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UGI205um (&1 50mm, EA2mm) ObOx MW, WEEKILZ 10mM FiET o€ =
T LKEHE—90% T & k= U LKEEH (1:9) 18# % A7, MS/MS SAFIZ DUV T, Sciex
API3000 LC/MS/MS System (Perkin Elmer Sciex) Z i/ L, A A ALIEIZIZ BESI 2 v, =
2 7L LTEEASA Ay, SRM (L —H—AF B R—%—1F>) THIEL
7=

5.3.2. Zucker fatty rats Z HV 7= Oral glucose tolerance test (OGTT)

Zucker fatty 7 v FTOOG T T Balkan™ & D F k% BEIC L TiTo7, REBRICIE 10 HiEh
DOREM: Zucker fatty 7 > b & —BuifiRZICHEH Lz, LA WITAREAKIZEM L TR O #
H L7z, #5010 30 5% 2mlkg KEORE T/ NV a—RAEREROHRE L, IRE§HIR
MDOERIM L, MFEE, o > AV ¥R, DPP-IVIEH:Z2HIE L7,
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