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RSB O TULU TSR T GRE K O 5% 7z,

Ac acetyl

ADP adenosine diphosphate

aq aqueous

Arg arginine

Asp aspartic acid

AUC area under the concentration-time curve
BA bioavailability

Boc tert-butoxycarbonyl

"Bu normal butyl

cAMP cyclic AMP (Adenosine 3°,5’-cyclic monophosphate)
Cbz benzyloxycarbonyl

COX cyclooxygenase

D aspartic acid

de diastereomeric excess

DMAP 4-dimethylaminopyridine

DMF N, N-dimethylformamide

ee enantiomeric exess

EDC 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
eq equivalent

Et ethyl

G glycine

Gly glycine

GPIb Glycoprotein Ib

GPIIb Glycoprotein IIb

GPIlla Glycoprotein Illa

GPIIb/IlIa Glycoprotein IIb/I11a

h hour(s)

HOBT 1-hydroxybenzotriazole

HPLC high performance liquid chromatography
HRMS high resolution mass spectra

ICso half inhibition concentration
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FD, INVRFIVERIE I NVR=NVED C R+ % T 15 RN FET D, 20 15 F+
SN T DR SICEST 5720, K/ FOTEFEFES 158 & L ThrRadiL
oo BT, T NiEEZ 2 EPPEATHZ & T, O FIClmIEE2R-E, /R E OB
DM ExE oz, WIS, 2O FREOR S EBERE L7225 RGD B -# — A& Orav s
D EHBT 5720 P, S TPICERIEE -7 2V BEYAT ARG ETo72, T7hbb,
BRIRMEEIZ 92 2 &1 & 0 MR OTEPER BUC MR B REEEAY K 0 @ E kS 41, RGD X7
FFEEVNAET LU 2EEICE S ZENTEDLEDEX T T, 5T OFRESIZERKE
EEEANLIINF 1 ZRGH L2, LanL, 22 TR, HERMENE L, EOH
EaED ETROEERNESETH D X BHEERITICEID 747 ) 2 5 r o HICFTET
% RGD B-#— O LA 0 AENRES N TE LT, EEE ST EDOAE THEITL TV
DONRAMHE TR, T72b5, &el/ Vo1 1 OFGESTIVEID O A AREIC /> TR
Mmolo, £IT, FEZ. Zorhuin 0 IS T D BRI EESr (C. Figure 9 12R"$ 5 B
RO 8 BRICEDARIRB-7 I/ BEEZMAANTEIERTF M/ (1a-1f) Za%EE
L7, /NSREBEECHIVE, 20 2 FREORTAEIT/NI L, 2 BREAMOE/H G /NS
725, BMENRELRIUIRDITZE, 2 ERBEDORTAEIIREL RV, 2 BiARO
IR K3 D, 7 BB AU 8 BERBRIRIEFEMADORMNIC 2 B & 2 MAT 2 & T, RO
HHENRD DBRERETE 5, ZbOEN, M/ MUOEEMHNEMEIC E D XL 5 g%
HBZ250hEW)ImbMiET 22 Lz, 2T, BT, ZROEFHD T (a-1hz 7€
KO TERKT 5 Z LI L7z (Figure 9), Z D Thd RGD B -Z — A E0riuhns v
L 2 BReARHIEREAL L0 RS BETEALEWN, &b mW I IMREEEMGIRE 2 =371
TTHDH, SHIT, TNHERMENDICHET D AREREZELHIEH S22 LIk, AR
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X VAR A A B RN E S SZHIEET S Z E R RRETH D, kAT B kS
MOH T, HIILT 07 7 A VD IMEAEY O EE R Z A L, GPIb/Ia 13 X5 5
DIFRIERE L0 EL BT DONEEILL, ZOZL2H_ELTT O N oA FLAY
ERETHI LI,

Os N 0]
AN~ co,n
1
N
H
7
N2 o. N5 o N o
(724 ‘sz/ ii/
1a 1b 1c
— ~X
7 8 8
'?Z&/N 0571/N (0] '724/N (0]
1d 1e 1f

Figure 9. The mimetics of B-turn (B —2—#E:EDHLIZEHR)
1. 2. RGDB-¥— &I LI=7 1 b & A THEMLED DAL

1. 2. 1. 7a M A TERIEAEVM DB KA X — L

O OR
O IN 0
Ncom =D * |BocN o " FN~copre
OR'
1a-f N

Boc
R' Part G' Part D' Part

Iz

Scheme 1. The retro-synthesis of RGD mimetics 1a-f
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ATEICRkEt L= 7' e b & A Tt AW 1af OWiA % Scheme 1 1ZRT,  #ZEH0FI2i%
TINREEBR2r b5, 2NHDT I REGH S T4/ —F R,G,D /S—h) &
TNENEKT D, BAFRERLDOIZEDOEEMHNTHZ L& L, &3— MEfEda., R
MR ANRE L, BB L — FOREIZ L VILED 1af 26T 5, ZOWEMA
F—LTCHEERST-DIX.G N—FTHDLB-X—IIvIHTOEKTH D, 5 BIR,
BERB-T X VBHEIRIBEAFRETH 720, 7 BERU EOBRK B-7 I/ BEMIEIX
AR FIENC L B T BB BT X BBERE RO T IFE A LWERIN 2N, 22
T, AR EER B-T7 X BEH RO GHIE A WS D LB L LTz, FHIT, AW
T, ZOFBRKB-7 IV BEMRIEZME LT, KIEICZINDLDOEMELRT,

1. 2. 2. WEBEB-TI /M7 vIFERDOEH P

=

Figure 10 (2787 Grubbs HIZ L > TR S NTZNT =0 AV UBEK 2, 3 A gtz V7=
SN A X AR EHWT G N— MY TAH2FERB-T X BOEKEIT-
72, Grubbs A HWNZPAER A X &V AL, T2 AR OER A BRI EWM 215D K

mq
m

3

2 3
(1st generation) (2nd generation)

Figure 10. Grubbs' catalyst

BEHERABRIGTH D, BREFAM D K&, ITHEL RERILEW A RO #ER S HF]
ENTVS Y, ZHIZ-0RIGERWT, 7EBE2H 9 BROT I -7 IV BFHEARD

ARIZET LTz (Scheme 2), A XV ARIEDIEE L 70 b V=K 14-16 ZLLTF D X H 1
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TAKRLT, 1-78E3-77 2 @) £2031-70E-4-0T 0 (5) ICREEE Y U A E R
L., 3L FULEEAFIE T, A X ) P HNKR RV -tert-7 F IV EAEH S, N,N-di-Boc
TN =LVT I4K6,7 #1572, (bAWe6,T 1ZFNZEIIEEET Boc LA BfE#EL, 1-
T3-TTr 8) £ 1-T7 2420 T L 9) EXNTNEREORRE LTHED
TEMNTE I, RIZ, TIAT I 10) KOT Ve 8,9 127 7 VI VEE= T )L % 44N
@8, 9 DEFAIIT NY =TT R U EHLF) SWT%, T HED Boe R#EEZITV, ATV
{EEM 1113 & L1z, 2O AT VHD ofii % LIN(TMS), Z T F U A= ) T — MNIE
Lotk a7 UL EEIISETY T K 14-16 21572, 2DV T 14-16 % 2 FED
Grubbs fili#it 9, 10 (2 K HPHER A Z & ZMERISISAT L, FEMIZRE R & Table 2 (277
B —1ER Grubbs Al 2 (10 mol%) % IV T, JLE 14, 15 2 BRI A F L i Tngl
B LT, 2 B CEBRALBUSIZZERE L. *IST 2 7 XU 8 BERMELEW 17,18 = 2L £
90%ILETHHD Z LN TE L, AT THEY PO L 725 A Grubbs il 3 2 Hv
HE . IR 97-98%F T L L7z, LavL, Y= 16 Zfiii 2 ZHWCPHBR L, 9 BER B
-7 X AR 19 2455 RS TIHNEERKRIBIZIRT Lc, ZHiE 16 O Y= 53k
FICPHBR LIS WELE L 205 Z L ICEIRT 5 B2 b D, £72. 16 OIS TITFHT
ARV VARIGER I Lz 2 BRE & HIT, 8 BB B-7 I/ BETHEIR 18 2349 5% L T
DT ENGhole, ZHITT T 16 DPAREA X BV ARS EFEFT LB T 2 HFGA R
PAbZRZ Lotk HBRAZ BV ARISER 320 ThH EEZ 5N S (Scheme 3) 7,
UEDRRELD BHIIZZOAZ B ARIEDORIUT 9 BERIPHRISTHD Z L a2 1k
Wiz, WIS, 7THERBIOS BEB-T X/ BEFHER 17, 18 Z e T X 2R XA A TEHFiE —
F VIR T Boc FDOBRHELZITV, B-T I VBT ATV 20,21 IZFHE L, (LEW 1 OARKL
ZBTFDL G RN—heLTHERALE (124, 28,

ZZTIHRATZPAR A & v AMUIG A FE e U, EAEERIR B-7 XV BOARFERIEL
JEBA L7,
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| | f)ﬂ
(f)Jn + HN(Boc)2L> (ﬁJn I o

Br N(Boc), NH,
4(n=2) 6(n=2) 8 (n = 2; HCl salt)
5(n=3) 7 (n=3) 9 (n = 3; HCl salt)
r)ﬂ c,d
(7 —
NH,
10 (n=1)
8 (n = 2; HCl salt) 12 (n =2) 15 (n=2)
9 (n = 3; HCl salt) 13 (n=3) 16 (n = 3)
f (@ b ( n HCI
BocN coet MmN CO,Et
17 (n = 1) 20 (n=1)
18 (n = 2) 21 (n=2)
19 (n = 3)

Scheme 2. Reagent: (a) Cs,COs3 (2 eq) Lil (0.05 eq), 2-butanone, reflux, 61% for 6,
97% for 7; (b) HCI, AcOEt, 95% for 8, 89% for 9; (c) ethyl acrylate, Et3N (in the cases
of 8, 9), EtOH, rt; (d) (Boc),0O, CH,Cly, rt, 82% for 11, 56% for 12, 40% for 13 in 2
steps; (e) LIN(TMS),, -78°C, THF, then allyl iodide, 67% for 14, 57% for 15, 73% for
16; (f) Grubbs' catalyst 2 or 3, CH,Cl,, reflux ( see table 2).

Table 2. Ring-closing metathesis of 14-16

Substrate N Catalyst Product Yield, %P
14 1 2 17 90
14 1 3 17 97
15 2 2 18 90
15 2 3 18 98
16 3 2° 19 244
16 3 3 19 0°

8 Reaction conditions: 14-16 (1 mmol), catalyst 2 or 3 (10 mol%),
dry CH»Cl; (40 ml), reflux, 2h, under N, atmosphere.

b |solated yields after purification by silica gel column chromatography.

€20 mol% of catalyst 2 was used.

4 |solated as a mixture of 19 and 18 (19:18=4:1).
€18 was isolated in 5% yield.
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16 —_— 19

BocN
22

CO,Et

Scheme 3.

1. 2. 3. WERB-T I /BOARELK

BT L7z RIS L0 eEeiEE T
DINVHKRET MF T a Ll T VNV E STREIRICEAT OV ER b -T2, £ 2 CTEHEHIL

T N

Ao
c
BocN _ BocN
ocC \/\CozEt BOCN\/\COQH M\H/ ))
O CH,Ph
2

1M1:n=1 23:n =1 25:n=1
12:n=2 24:n=2 26:n=2
| — O _
n 7\*0 e ( n o, »—O f ( n o,
BocN BocN N — BocN OH
(R) (R) (R)
CH2Ph O CH,Ph O
27:n=1;87% de 29:n =1;>99% de 31:n=1;>98% ee
d 28:n =2;89% de 30: n = 2; >99% de 32:n=2;>98% ee

27:n =1;>99% de
28: n =2; >99% de

Scheme 4. Reagents and conditions: (a) 1 N ag NaOH, THF, EtOH, rt; (b) tBuCOCI, EtsN, THF,
then (R)-4-benzyl-2-oxazolidinone, "BuLi, 60% for 25, 79% for 26 in 2 steps; (c) NaN(TMS), (1.1
eqiv), THF, -78°C, then allyl iodide (3.5 eqiv) allowed to warm to 0 °C, 71% for 27, 68% for 28; (d)
medium pressure column chromatography on silica gel, 64% for 27, 57% for 28 from 25, 26; (e) 3
(10 mol%), CH,Cl,, reflux, 97% for 29, 96% for 30; (f) LIOOH, THF, 0 °C, 87% for 31, 93% for 32.
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Evans 5 2305 L2 oSG tE A9 U ¥ Vi 5 T VBN R 08K 25,26 DV T A
FUABRNT VRIS 2T 2 & Lz %3, 2 2 ToRE &R BB 25, 26
DAL Scheme 4 (2R T, TAT VL 12 DT AT VIS 2TV H U NKSREL, L
RUBE23,24 L L72, 2023, 2452 The o nral) RZLHRAEREKYIEC
X0, WVRUEEEREKRY & LT-th, @R)-XVIUNLAXFH VIV ) D) F UL ER
SR &, T IOVIR 25,26 15T, RIZ, 25,26 &-78 ‘C T NaN(TMS), & i S &, A <)
N DA )T — St FIRETI VBTV LEZHEFL, U7 A7 LA ER
B2 7 U MMERIS ZAT o To, ZOFER, 25 151X 87% de T27 %, 26 1 HiX 89% de T
28 157, TNODOMHAERMIIFIEIZ L7~ NI 7 4 —IZX D ENENHE—TT X
TlLAw—ICERTE, B U7 AT LAY—027,28 %, LTI Grubbs 5 AL
filfiE (3)Z& FHWCRHBR A # & o A BRSITAT L, st 3% 7 BB KO 8 BERFHE A 29,30 &
WA DRI A ) 2 ER<SAFNETRH LI ENTEZ, FNT, FTILBHTHL A
FY YY) U EEYFULE FaLd s RIS BMKRSIEC L VEREDL, 78 B
BEBT X VIR L 31, 32 & 98% ee LA EOYEEME THD Z LICEEI LT, Ak LTz
WG ME B -7 X BEHEAR 31 Okt iE 1L Scheme 5 1R T HIEIC K VIRE LT, 7TV L
HKa T AT UVARRIICEAN LT Y= K27 (87% de)il, KB TFTYF T AL Rrb
FXVREEHSE, XV VEREBREL, AAVRVEEERZ P, ZOBLRFE
SNHE RNV AFAL YLD TV AL 3 (TMSCHN,) LRSS, AF LT AT L E L
7ot4. Boc &% U 7V A a g (TFA) ([CCHREL, T U R33 & Lz, H\ T,
33 % PA(PPhs), EHEAEIE TR, N, N-P A F AL EY R EER &8, BHFFICERSH
ETUNEERELRE, 20%, 7 & HE Bocf# L, T/ 7 VILIA34 BT,
%I 34 DAFNT AT NV KEEGY F U LT THKS R L, SCEREEAN O B -7 X/ BEhiE
K35 ICHEE LT, 35 DIENEALET A ZLICED, 35 DRFTLITE RFETHD Z &
PHBA L P, ZoZ 06 -7 2 BFHER 31 ICHFET D ARFIREOARLEIL (R)
BfETH D EIRE Lo, ZORLEIT Evans OARE T U IALES OFRED HEH] T & D BLE &
RMUTHDHI EEMHERLI,
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| o [

>‘O a,b,c H d, e

BocN * N HN *
(R) (R) (R)CO2Me

CH,Ph
27 (87 %de) 33

f
BocHN._ * BocHN_ *
(R) COMe (R) CO5H

34 35

Scheme 5. Reagents and conditions: (a) LIOOH, THF, 0 °C;
(b) TMSCHN,, CH,Cl,, MeOH, rt; (c) TFA, CH,Cly, rt, 32% in 3
steps; (d) cat.Pd(PPh3),, 3,5-dimethylbarbituric acid, CH,Cl,, rt;
(e) (Boc),0, 63% in 2 steps; (f) LIOH, THF, MeOH, rt, 82%; 35:
[0]%%p +11.0° (¢ 1.09, CH,CL,).

1. 2. 4. 7a M A TEMILEMDERL

F. 70 b XA Tl LAY 1a DA% Scheme 6 1IZ/RT, 4RI LE YTV (36) &
Horner-Emmons % A 7" Wittig ) JSIZ £ U a, B-AEAFI= A7 VEHEIR 37 & L7ctk, kA
B XD FETOKBIRMISIZE Y 2 BEEAGLO, VU P UVRARRFICEL LT,
AR LIZERY DU EOERFF% Boc A THRELI8 L L, ZF AL AT /LDT VY
MK G 2T, 39 457,

5 BERP-7 2/ BEHER 40 (THIRAL) &2 1-G-VAF AT 2 ) 7T a EN)3-2F )L LRy
A4 2 K (EDC), 1-&E k% XY U 7Y —b (HOBDEIFEF T, B-7T 7= AF LT R
TV LS ST, Boc SRR LD HARFE L. 41 ~ LW, 39 & 41 2N EDC,
HOBT A7 FCHiA L 42 & Lictk, AT RO T B VIR, HEEEIZ X 5 Boc &
DOPifRi&EE T, 5 BERFEE 1a ~LiENT,

WIZ, 7'a N A T LS 1b-f D& Z1T 572 (Scheme 7), Scheme 2 (ZfEVME H L7
17, 18 B L UWEARLTH D 6 BER B-7 X / WA 8K 43 IZTENZEN LR 2 39 & EDC,

HOBT A7 FCTHiA L. 44-46 ~LiFE, =F )L AT )VEDOT )V U KSR, ARk L

19



N\ a N\ b,C

| — |l .
NP OEt
Z>cHo
0
36 37
BocN d BocN
OEt — OH
38 0 39 0
e f 9
BocN O HN 0 —_—
HN
a0 " HCI 44 ~coMe
, |
HN — HN
~">co,Me " CoH
N 42 N 1a
Boc H

Scheme 6. Reagents and conditions: (a) (EtO),POCH,CO,Et/NaH, THF,

78%; (b)PtO,/H,, EtOH; (c) (Boc),0, 81% in 2 steps; (d) 1 N NaOH, 91%; (e)
B-AlaOMe HCI, EtzN, EDC HCI, HOBT, DMF, (f) HCI, AcOEt 99% in 2 steps; (9)
39, EDC HCI, HOBT, Et3N, DMF; (h) 1 N LiOH, (i) HCI, AcOEt 91% in 2 steps.

R-R2
1. o2
( R'R (0,
12 n Os_N 0

a » 6 D,
—_— -, HN
L) o
CO,Et
43:n=0,R",R*=CH, 44:n=0 R R%=CH, N~ 1b:n=0,R',R®=CH,
17:n=1,R, R2=CH(HCIsalt)  Boc 45:n=1 R',R? = CH H o 4dn=1R' R2=CH
18:n=2,R', R? = CH (HCl salt) 46:n=2 R' R?=CH 1#:n=2,R" R®=CH

1c:n =1, R1, R2=CH2
1e:n =2, R1, R? =CH,

Scheme 7. Reagents and conditions: (a) 39, EDC, HOBT, EtzN, DMF, 74% for 44, 68% for
45, 86% for 46; (b) 1 N LiOH; (c) B-AlaOMe HCI, EtzN, EDCHCI, HOBt, DMF; (d) HCI, AcOEt,
57% for 1b, 53% for 1d, 68% for 1f in 4 steps; (e)PtO,/H,, EtOH, 86% for 1¢, 89% for 1e.

T2 HVIR CERTRREIIR A B-T T = AF LT AT L L EDC, HOBT 377 FICCTHAEA L., =
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AT VARG, #5E0 T Boe SEAMHRRIC L0 PR L. 1b, 1d, If ~LHWNZ, Z0D 95 bR
BAFIBRIRFE A 1d, 1f (IC O W TR L A @MBEAA(E T KFBIINBRIZ &0 2 6 2T

L. BOFNBRIRGAEIR 1c, le ICAE LT,

1. 3. 71 N A TR e E Y O LI TR

1. 3. 1. IM/MREEEIHIZE (Cso)DRNETE

AIETICARR L7271 b & A FEmi b AW 1a-f O i/ MREEESHIGEIE 50% /MK EESE % $1H
T 5 & & OIAKIPEE . half inhibition concentration  (ICso; M) DOHITEIZ L W FAMH L 72, Z DI
P/NE T, SEAIRE MR TR A R T I L 2ERT S, Thbh, miEE AT
HEMTHD Z LNy D, WEEE Figure 11 IRT Y, RI0F 47 X0 ELREZAD
M/ 2 B A TR R 5y A R VI AL, OFBREAZRET D, DL EDNDOFBEL
To £ 3%, I, ZOMHERLSI, 37 CIC T/ MOEHEILT I=A NO—2>THD 77

/v U UM (adenosine diphosphate; ADP) % E/LINDIREN25uM & 725 L HEAT S,

N / N\ /
@ 1in
% |0 00 1= A b
——- ¥
. T — ﬂ) AT=T,—T,
e e ofe affe | T,
™~ /g
&)
coM) N
+ ] L
ADP " o
N |
& @ | ° 4
&T’=T2_Tn

o Hm
IGED(M):Fz‘D' 50 #TTEEMERRE (C)

Figure 11. The measurement of platelet aggregation inhibitory IC, (if/]\ifESE I 1C,, MR E &)

21



Z OB LV MIEHICAFAET D L/ IMRITE 2 EEE T D, BEE L7/ MR 2 &
T 2720, EBEITEERNOLA LY b LT 5, ZONEHE T, ZH EL, T, &
DFEZAT=Ty—T; &5, RIZ, MIED A T=B /i HET HHEFNEZFE L OPREC (M)
ThHOLNUDTEALTEE, £ZICADP % iR L FIRE CTHEAT D, ZO5HA. AN
TET Dl M/MUTEB S EEEMGI 2L 23, 207, HFREL T & ToOMO T, &
WOMEZRFS, FERIC To—T, DEZFRH L, ZOMEEZAT LT 5, Z 2 THRHELZAT, AT
DAL MREEE SR 192 O TICsfllE AT/ AT=0.50 Z/R7 & X DOIANRE L 725,
INEEMT LI LICXY, ICsHARE LT,

1. 3. 2. 7u bZA TR LA O i MREEE M =R

ATEOFIEIC LV EM L7 w s Z A TEEW O ICs fE% Table 3 (27, - — 2 &M
L2 et/ 1af @ ICs 1% 10°—107 M %R L7z, 747V /7 rEAFO
GPIIb/IMla & DFEATNETH D RGD b U~XTF RO ICso DOMEEIT o728 2 5,5.0x 107
M WD REGFGUERZ R TICBE R o7, ZHE7 4 7V 2 7F UV EANBUIVEES
72RGD kU RTF ROLTIIIEMERBUCMEAR B-F — U EEZTERT 2 2 &M T&ET £
D7z GPIb/a & OFFHENRKESKTFTLTVDL DO EHMTE D, ZOMENDH
GPIIb/IMla & D@V EAMEZ EE T 51218, &KV PSR R E AR R TH H 2 &
PR STz, AR CHRM LTz -2 — VB EUEEY O T, 5 BEHER 1a 1358 LT
RS, Eo 7 BEAEMFELR 1d L, 8 BERAAFFEER le [LTFVEEL R TICEE
NS, 6 BERFAEIR 1b, 7 BERAFIFSEIN 1c KUY, 8 BERAAFIZEEM 1f (TP ILE OTF
W RTEN GNP oIz, ZORPTRBIEIEORVOIX 7 BEREIFGHER 1c T, Z0 ICs
fE1332x10"M THotz, LoL, 6 BEFEAK 1D (5.7x 107 M), KO8 BB AR
K (4.6 x 107 M) D ICsp Ml & DT 18U E . THIEETEIIIR bR -7,
I de, 1b, KNI OHNE TEARIHOIEIZ/R D 70 b7 A AHEEWERTET 5125
720, ZO Table3 DIEFMEMEL . IO AFOLLT S, B A b, B L URMAICE I
DARFRFZOHIE G ERE LI-fER, EAREK b 270 ¥ A EEMITIIRT 500K b
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Table 3. ICsq value for platelet aggregation
inhibition of 1a-f.

Compd ICs50,% M
RGD 5.0x 107
1a >1.0x 10®
1b 5.7 x 107
1c 3.2x107
1d 9.9x 107
1e 8.4x 107
1f 46x107

@ Concentration required to reduce binding
ADP-induced human platelet aggregation
response by 50%

BELWEWIFEGRICELL, ¥R 51, le, 1f TiX, Scheme 2 LN 3 1T ZEREN
JEERRTERIR B-7 X W2 31,32 215D MENH D DITKR L, 6 BERFEMR 1b T REICHA
ARETHY ., SHICKRETERD LIV T AT UA~—HEFAT 50205k LY
HFTEER OB GICAFARTHLINO TH D, TNETOMTIZ, 7' IKD 1b ZfE
M U7z, EBRIIOEFRMER R) & ORDRIT, M/ MREEMHRRIZEN R SN D137 Th
5o £IZ T, &6 OLDONARENMELD XV IEEDRRONDINEZIRET D720, 1b OIEFIEMER

DEREATH> T2,

1. 4. HEET 0 % A TEGILEY OERK

Bk B-7 X VB EA T D HFIENE T 7 b Z A TEM{EEY 50 DA A% Scheme 8 (27T,
Jed, BEAFTRER 78 IR =RaF U= TV (43)% SCHRGEH O 7 IEICEV, K El %

1757230, Fhbb, 43 & LIEARO. 111 OVT AT LA~—HONRImfis e T2
—/V % 3 EATV, HFERISHIRE 22 il O A 1572, LIBABRE KR V) 7 LKk = A
WTERE L, EFERNSHE (R)-=_aF BTV @) ZFHRTF b OfiHIZ &V
o ZOREMONFHEIL, ()-(H-1-(1-F 7 FNZ=F N £ VT F—k ZHNTY
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LT HER 48 (IZE W%, DOV T AT LA ~—t% HPLC IZ X W HIE L. >99%LL EE
P CTdh A Z L AR LT, BiE 1.2.4.00 Scheme 7 TiR~<7= 1b OERIEICHEV . JLFHY

AP 47 2 49 (238 X | SRHIEMER 50 2 ARk L7z,

SIS W= (]

. 5 SEV S
CO5Et N N

43 47 (@) 48

c, d = '\O\’//O e d,f
39 T oH — NcoH
50
N
H

49

N
Boc

Scheme 8. Reagents and conditions: (a) L-tartaric acid, recrystallization from EtOH (x 3),
K,COs, 20%; (b) (S)-(+)-1-(1-naphthyl)ethyl isocyanate; (c) 47, EDC, HOBT, Et;N, DMF;

(d) 1 N LiOH, 77% in 2 steps; (e) B-AlaOMe HCI, EtsN, EDC HCI, HOBT, DMF; (f) HCI,
AcOEt, 89% in 3 steps.

1. 5. JeEMET v b7 A Tt & o o IWasEEMSIER & 7'a - 2 A4 AL EMODE

F I TOWERE & [FERD 715 Tl IMUEEIMTEE 2 1E L7z, TORR, 6 BEREK
FEORFREN (REEE AT 57BN 50 O i/ MOEEEMHIER X7 & I ROIGE & g
L CIRIEMREHET 2 2 B8 ho 7z (Table 4), L7243 T 1b OXZRMEED 5 5 (RELE D
50 WEMARIKTHD Z Enmgmole,  LLEDFERNL, (LEW S0 271 b X A4 T{ai

WZBEL, 71 b2 A AMEEWDORELE T To, FRIZOWTIRE TR~ S,
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Table 4. The comparison of IC5q value
between 1b and 50

Compd ICs0,7 M
1b (Racemate) 57x107
50 (R) 2.4x107

& Concentration required to reduce binding
ADP-induced human platelet aggregation
response by 50%

RGD B-# =2 I AT 4 v 7 O4yFiit, Bk, FENEEFHRIZ LD 7'e b & A TLEW 50
AR TZ LN TE T, ZOFHEMR S0 2 A HmfE T EH LB -F — b 5720,
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Figure 12. Stacked figure of cyclic p-amino acid derivatives (calculated by molecular modeling
software package SYBYL (TRIOS Associates))
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AL LT, ER5iEEOm B EBEFRE 02k z Bfe L, £ b OfERIZH

WL, 28, 3ETiv5,
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1. 8. ZEBRDOER

1. 8. 1. General

Melting points were determined with a BUCHI 535. Proton NMR spectra were recorded on a
Brucker BIOSPIN AVANCE400 or DPX200. & Values in ppm relative to tetramethylsilane are
given. IR spectra were recorded with the compound (neat) on a sodium chloride disk or as KBr
pellets or nujol suspension using HITACHI 260-10, or HORIBA FT-710. Mass spectra were
recorded with Hewlett Packard 1100LC/MSD. High resolution mass spectra were recorded with

micromass LCT. Results of elemental analysis were recorded with PERKINELMER 24001I.

1. 8. 2. Chemistry

1-{N,N-di(tert-Butoxycarbonyl)amino}-3-butene (6) .27 To a solution of Di-tert-butyl
iminodicarboxylate (16.3 g, 75.0 mmol) in 2-butanone (163 ml) were added 4-bromo-1-butene (4)
(15.2 g, 112.5 mmol), CsCO; (48.9 g, 150 mmol), and Lil (0.50 g, 3.75 mmol) successively. The
mixture was refluxed overnight. After cooling to room temperature, volatiles were evaporated in
vacuo. To the residue was added water, and extracted with EtOAc. The organic phase was
washed with water and brine, dried over MgSQOy,, filtered and evaporated in vacuo. The residue
was purified by column chromatography on silica gel with hexane/EtOAc (95:5) to give 6 (12.7 g,
61%) as a colorless oil: 'H NMR (CDCl3) & 1.51 (s, 18H), 2.27-2.38 (m, 2H), 3.59-3.67 (m, 2H),

4.99-5.12 (m, 2H), 5.77 (ddt, J = 17.1, 10.4, 7.0 Hz, 1H); MS (ESI) m/z 294.2 (M+Na)".

1-{N,N-di(tert-Butoxycarbonyl)amino}-4-pentene (7). This compound was prepared from 5

using a procedure similar to that employed for the preparation of 6 (97%): IR (neat) 1749, 1699,

27



1394, 1367, 1128, 858 cm’'; 'H NMR (CDCls) & 1.50 (s, 18H), 1.54-1.74 (m, 2H), 2.01-2.11 (m,
2H), 3.53-3.60 (m, 2H), 4.94-5.09 (m, 2H), 5.78 (ddt, J = 17.0, 10.4, 6.6 Hz, 1H); MS (ESI) m/z

286.15 (M+H)".

4-Butenylamine hydrochloride (8). To a solution of 6 (12.7 g, 46.8 mmol) in dry EtOAc was
added 4 N HCI in EtOAc (94 ml, 374 mmol), and the resulting mixture was stirred at room
temperature for 4 h. The volatiles were evaporated in vacuo. To the residue was added Et,0,
and precipitates were collected on a glass filter, washed with Et,O, and dried in vacuo to give 8
(4.85 g, 95%) as absorbent solid: 'H NMR (DMSO-ds) 6 2.28-2.39 (m, 2H), 2.70-2.87 (m, 2H),

5.07-5.20 (m, 2H), 5.80 (ddt, J = 17.1, 10.5, 6.5 Hz, 1H), 8.06 (br-s, 3H).

5-Pentenylamine hydrochloride (9). This compound was prepared from 7 using a procedure
similar to that employed for the preparation of 8 (89%): 'H NMR (DMSO-d) & 1.58-1.73 (m, 2H),
2.03-2.14 (m, 2H), 2.70-2.78 (m, 2H), 4.98-5.11 (m, 2H), 5.80 (ddt, J = 17.0, 10.3, 6.5 Hz, 1H),

8.12 (br-s, 3H).

Ethyl 3-[allyl(zert-butoxycarbonyl)amino|propanoate (11). Ethyl acrylate (3.47 g, 34.6 mmol)
was added to a solution of allyl amine (10) (1.98 g, 34.6 mmol) in EtOH (35 ml). The mixture
was stirred for 9.5 h at room temperature, and then evaporated in vacuo. The residue was
dissolved in CH,Cl; (35 ml), and (Boc),0 (7.54 g, 34.6 mmol) was added thereto. The mixture
was stirred for 2 h at room temperature, and then evaporated in vacuo. The residue was diluted
with EtOAc, and washed successively with 10% aqueous KHSO, solution twice, water, saturated

aqueous NaHCOj; solution, and brine, dried over MgSO,, filtered and evaporated in vacuo. The
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residue was purified by column chromatography on silica gel with EtOAc/hexane (5:1) to give 11
(7.30 g, 82%) as a colorless oil: IR (neat) 2979, 1736, 1699, 1466, 1410 cm™; "H NMR (CDCls) &
1.26 (t,J="7.2 Hz, 3H), 1.50 (s, 9H), 2.56 (t, /= 7.1 Hz, 2H), 3.47 (t,J= 7.1 Hz, 2H), 3.75-3.95 (m,
2H), 4.13 (q, J = 7.2 Hz, 2H), 5.02-5.20 (m, 2H), 5.75 (ddt, J = 17.6, 9.5, 5.5 Hz, 1H); MS (ESI)

m/z 258.12 (M+H)".

Ethyl 3-[3-buten-1-yl(zert-butoxycarbonyl)amino]propanoate (12). This compound was
prepared from 8 and Et;N (1.2 eq) using a procedure similar to that employed for the preparation of
11 (56%): IR (neat) 2978, 2933, 1734, 1697, 1471, 1415, 1163 cm™; '"H NMR (CDCl;) & 1.26 (t, J
= 7.2 Hz, 3H), 1.46 (s, 9H), 2.22-2.32 (m, 2H), 2.56 (t, J = 7.0 Hz, 2H), 3.27 (t, J = 6.8 Hz, 2H),
3.46 (t, J=17.0 Hz, 2H), 4.14 (q, J = 7.2 Hz, 2H), 5.00-5.11 (m, 2H), 5.76 (ddt, J=17.1, 10.1, 6.9

Hz, 1H); MS (ESI) m/z 294.2 (M+Na)".

Ethyl 3-[(tert-butoxycarbonyl)(4-penten-1-yl)amino]propanoate (13). This compound was
prepared from 9 and Et;N (1.2 eq) using a procedure similar to that employed for the preparation of
11 (40%): IR (neat) 2978, 2933, 1736, 1697, 1477, 1415, 1367, 1167 cm™; "H NMR (CDCl;)  1.26
(t, J= 7.2 Hz, 3H), 1.46 (s, 9H), 1.50-1.75 (m, 2H), 1.98-2.09 (m, 2H), 2.56 (t, J = 7.3 Hz, 2H),
3.20 (t, J= 7.3 Hz, 2H), 3.46 (t, J = 7.2 Hz, 2H), 4.13 (q, J = 7.2 Hz, 2H), 4.95-5.08 (m, 2H), 5.81

(ddt, J=17.0, 10.3, 6.5 Hz, 1H); MS (ESI) m/z 308.4 (M+Na)".

Ethyl 2-{[allyl(tert-butoxycarbonyl)amino|methyl}-4-pentenoate (14). To a solution of 11
(3.86 g, 15.0 mmol) in THF (40 ml) was added 1N solution of LiN(TMS), in THF (18.0 ml, 18.0
mmol) below =70 °C. After stirring at —70 °C for 30 min, allyl iodide (4.8 ml, 52.5 mmol) was

added dropwise at —70 °C. The mixture was then stirred at 0 °C for 40 min, quenched by

29



phosphate buffer solution (pH = 7) and extracted with EtOAc. The extract was washed with water
and brine, dried over MgSQ,, and evaporated in vacuo. The residue was purified by column
chromatography on silica gel with EtOAc/hexane (1:8) to give 14 (2.98 g, 67%) as a colorless oil:
IR (neat) 2979, 1732, 1699, 1464, 1406, 1430, 1173 cm™'; "H NMR (CDCls) & 1.25 (t, J = 7.1 Hz,
3H), 1.45 (s, 9H), 2.09-2.41 (m, 2H), 2.70-3.00 (m, 1H), 3.20-3.55 (m, 1H), 3.28 (dd, /=15.9, 5.9
Hz, 2H), 3.68 (dd, J=15.9, 5.9 Hz, 1H), 3.78-4.03 (m, 1H), 4.13 (g, J= 7.1 Hz, 2H), 5.00-5.14 (m,
4H), 5.64-5.84 (m, 2H); HRMS (ESI) m/z Calcd for C;cH,sNO4 (M+H)+: 298.2018, found:

298.2016.

Ethyl  2-{[3-buten-1-yl(zert-butoxycarbonyl)amino]methyl}-4-pentenoate  (15). This
compound was prepared from 12 using a procedure similar to that employed for the preparation of
14 (57%): IR (neat) 2978, 2933, 1732, 1697, 1415, 916, 775 cm™; '"H NMR (CDCl3) 8 1.25 (t, J =
7.1 Hz, 3H), 1.46 (s, 9H), 2.10-2.45 (m, 4H), 2.68-3.02 (m, 1H), 3.20-3.55 (m, 4H), 4.13 (q,J=7.1
Hz, 2H), 5.00-5.12 (m, 4H), 5.68-5.81 (m, 2H); HRMS (ESI) m/z calcd for C;;H3(NO, (M+H)":

312.2175, found: 312.2171.

Ethyl 2-{[(fert-butoxycarbonyl)(4-penten-1-yl)amino]methyl}-4-pentenoate (16). This
compound was prepared from 13 using a procedure similar to that employed for the preparation of
14 (73%): IR (neat) 2977, 2933, 1734, 1699, 1415, 1365, 1173, 914 cm™; '"H NMR (CDCl3) & 1.25
(t, J = 7.1 Hz, 3H), 1.46 (s, 9H), 1.50-1.70 (m, 2H), 1.95-2.10 (m, 2H), 2.10-2.45 (m, 4H),
2.70-2.95 (m, 1H), 2.98-3.13 (m, 1H), 3.27 (dd, J = 14.0, 8.5 Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H),
4.94-5.12 (m, 4H), 5.68-5.90 (m, 2H); HRMS (ESI) m/z calcd for C;sH3»NO, (M+H)": 326.2331,

found: 326.2318.
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1-tert-Butyl 3-ethyl 2,3,4,7-tetrahydro-1H-azepine-1,3-dicarboxylate (17). To a solution of 14
(297 mg, 1.00 mmol) in anhydrous CH,Cl, (40 ml) was added 2nd generation Grubbs’ catalyst 3
(85 mg, 0.10 mmol). The mixture was refluxed under N, atmosphere for 2 h. After cooling to
room temperature, solvent was evaporated in vacuo. The residue was purified by column
chromatography on silica gel with EtOAc/hexane (5:95) to give 17 (262 mg, 97%) as an oil: IR
(neat) 2978, 2933, 1734, 1699, 1460, 1415, 1365, 1248, 1167, 1038 cm™; 'H NMR (CDCl;) &
1.22-1.29 (m, 3H), 1.47 (s, 9H), 2.38-2.55 (m, 2H), 2.88-3.00 (m, 1H), 3.52 (dd, J = 13.9, 8.8 Hz,
1H), 3.72-4.05 (m, 3H), 4.05-4.28 (m, 3H), 5.60-5.80 (m, 2H); HRMS (ESI) m/z calcd for

C4H»3NO4Na (M+Na)+: 292.1525, found: 292.1532.

1-tert-Butyl 3-ethyl 3,4,7,8-tetrahydro-1,3(2H)-azocinedicarboxylate (18).  This compound
was prepared from 15 using a procedure similar to that employed for the preparation of 17 (98%):
IR (neat) 2976, 2935, 1732, 1697, 1466, 1414, 1365, 1171, 931, 877, 729 cm™; "H NMR (CDCl;) &
1.20-1.32 (m, 3H), 1.46 (s, 9H), 1.95-2.22 (m, 2H), 2.22-2.45 (m, 2H), 2.60-2.83 (m, 1H),
2.83-3.00 (m, 2H), 3.40-3.60 (m, 1H), 3.78-3.90 (m, 1H), 4.08-4.25 (m, 2H), 5.45-5.92 (m, 2H);

HRMS (ESI) m/z caled for CsHxNO, (M+H)™: 284.1862, found: 284.1849.

1-tert-Butyl 3-ethyl 2,3,4,7,8,9-hexahydro-1H-azonine-1,3-dicarboxylate (19). This compound
was prepared from 16 using a procedure similar to that employed for the preparation of 17 as a 4:1
mixture of 19 and 18 (24%). Analytically pure 19 was purified by preparative TLC: IR (neat)
2970, 2925, 1732, 1701, 1483, 1169, 864 cm™'; 'H NMR (CDCl;, major rotomer) & 1.24 (t, J = 7.1
Hz, 3H), 1.47 (s, 9H), 1.95-2.17 (m, 2H), 2.18-2.48 (m, 2H), 2.57-2.75 (m, 2H), 2.80-2.87 (m, 1H),

3.39-3.46 (m, 1H), 3.56 (ddd, J = 13.9, 5.9, 2.2 Hz, 1H), 3.77 (dd, J = 13.5, 5.9 Hz, 1H), 4.14 (q, J
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= 7.1 Hz, 2H), 5.42-5.62 (m, 2H); HRMS m/z calcd for C;¢H,sNO4 (M+H)™: 298.2018, found:

298.2028.

Ethyl 2,3,4,7-tetrahydro-1H-azepine-3-carboxylate hydrochloride (20). 17 (280 mg, 1.04
mmol) was dissolved in EtOAc (5 ml) and 4 N HCI in EtOAc (2.5 ml, 10 mmol) was added under
ice cooling. The reaction mixture was stirred at room temperature for 3 h. The volatiles were
evaporated, and the residue was dried under vacuum to give crude 20. This material was used for

the next step without further purification.

Ethyl 1,2,3,4,7,8-hexahydro-3-azocinecarboxylate hydrochloride (21). This compound was
prepared from 18 using a procedure similar to that employed for the preparation of 20. This

material was used for the next step without further purification.

N-(tert-Butoxycarbonyl)-3-(2-propenylamino)propionic acid (23). To a solution of 11 (4.35 g,
76.2 mmol) in EtOH (75 ml) was added 1N aqueous NaOH solution (91 ml, 91 mmol). After
stirring at room temperature overnight, EtOH was evaporated off, and residual aqueous phase was
washed with IPE. The aqueous phase was acidified to pH 2.5 with 1N HCI solution, and extracted
with EtOAc. The extract was dried over MgSQ,, and evaporated in vacuo to give 23 (10.5 g, 73%)
as a colorless oil: IR (neat) 2976, 2933, 2866, 1728, 1693, 1479, 1165, 926, 868, 775 cm'lg "
NMR (CDCl;) & 1.46 (s, 9H), 2.63 (t, J= 7.0 Hz, 2H), 3.48 (t, /= 7.0 Hz, 2H), 3.85 (d, /= 5.1 Hz,

2H), 5.08-5.17 (m, 2H), 5.77 (ddt, J = 17.6, 9.6, 5.6 Hz, 1H); MS (ESI) m/z 230.15 (M+H)".

N-(tert-Butoxycarbonyl)-3-(2-butenylamino)propionic acid (24). This compound was prepared

from 12 using a procedure similar to that employed for the preparation of 23 (95%): 'H NMR
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(CDCL3) § 1.46 (s, 9H), 2.28 (dt, J = 7.0, 7.0 Hz, 2H), 2.63 (t, J = 7.0 Hz, 2H), 3.28 (t, /= 7.0 Hz,

2H), 3.47 (t, J = 5.1 Hz, 2H), 5.01-5.11 (m, 2H), 5.76 (ddt, J = 17.1, 10.1, 7.0 Hz, 1H).

(4R)-Benzyl-1-| N-(tert-butoxycarbonyl)-3-(2-propenylamino)propionyl]-2-oxazolidinone (25).
To a solution of 23 (6.88 g, 30.0 mmol) in THF (70 ml) was added Et;N (5.0 ml, 36.0 mmol) and
pivaloyl chloride (4.10 ml, 33.0 mmol) at =70 °C. After stirring at the same temperature for 30
min, THF (60 ml) solution of lithium (R)-4-benzyl-2-oxazolidinone (33.0 mmol), prepared from
(R)-4-benzyl-2-oxazolidinone (5.85 g, 33.0 mmol) and n-BuLi (1.59 M in hexane, 20.8 ml, 33.0
mmol) at -70 °C in advance, was added dropwise via syringe. After 30 min, the mixture was
allowed to warm to 0 °C and stirred for further 30 min by adding a saturated aqueous NH,CI
solution and EtOAc. The organic layer separated was washed with water and brine, dried over
Na,S0O,, and evaporated in vacuo. The residue was purified by column chromatography on silica
gel with EtOAc/hexane (1: 3) to give 25 (9.60 g, 82%) as a colorless oil: IR (neat) 2978, 2931,
1782, 1736, 1699, 1456, 1049, 761, 704 cm™; "H NMR (CDCls) & 1.45 (s, 9H), 2.76 (dd, J = 12.6,
10.0 Hz, 1H), 3.20-3.25 (m, 2H), 3.31 (dd, J = 13.0, 3.0 Hz, 1H), 3.45-3.70 (m, 2H), 3.75-4.00 (m,
2H), 4.10-4.26 (m, 2H), 4.55-4.75 (m, 2H), 5.05-5.25 (m, 2H), 5.80 (ddt, J = 15.8, 11.3, 5.6 Hz,
1H), 7.19-7.39 (m, SH); HRMS m/z caled for CyHyoN,05 (M+H)™: 389.2063, found: 389.2067;

ol p . ¢ 1.05, 3).
[a]*p —46.2° (¢ 1.03, CHCI

(4R)-Benzyl-1-| N-(tert-butoxycarbonyl)-3-(3-butenylamino)propionyl]-2-oxazolidinone (26).
This compound was prepared from 24 using a procedure similar to that employed for the
preparation of 25 (83%): IR (neat) 2978, 2929, 1784, 1736, 1697, 1479, 1389, 1365, 1051, 997, 918,
704 cm™; "H NMR (CDCls) & 1.46 (s, 9H), 2.25-2.39 (m, 1H), 2.68-2.88 (m, 1H), 3.10-3.42 (m,

SH), 3.48-3.68 (m, 2H), 4.10-4.28 (m, 2H), 4.56-4.75 (m, 1H), 5.02-5.10 (m, 2H), 5.78 (ddt, J =

33



17.0, 9.7, 6.9 Hz, 1H), 7.20-7.36 (m, 5H); HRMS m/z calcd for C,,H3/N,Os (M+H)": 403.2253,

found: 403.2232; [a]*p —44.2° (¢1.04, CHCL,).

(4R)-Benzyl-1-[N-(tert-butoxycarbonyl)-(2R)-(2-propenyl)-3-(2-propenylamino)propionyl]-2-o
xazolidinone (27). To a solution of 25 (777 mg, 2.0 mmol) in dry THF (10 ml) was added 1N
solution of NaN(TMS), in THF (2.2 ml, 2.2 mmol) dropwise below —70 °C. After stirring at
—78 °C for 30 min, allyl iodide (4.8 ml, 52.5 mmol) was added dropwise at =78 °C. The mixture
was stirred at —78 °C, and allowed to warm to 0 °C and stirred for 30 min at the same temperature,
then quenched by phosphate buffer solution (pH = 7) and extracted with EtOAc. The extract was
washed with water and brine, dried over Na,SO,4, and evaporated in vacuo. The residue was
purified by a medium-pressure silica gel column chromatography with a mixture of EtOAc/hexane
(1:9) to give 27 (550 mg, 64%) as an amorphous solid: IR (KBr) 2978, 2931, 1782, 1697, 1616,
1392, 1367, 1165, 762, 702 cm™; "H NMR (CDCl3) & 1.46 (s, 9H), 2.20-2.35 (m, 1H), 2.35-2.62 (m,
1H), 2.67 (dd, J= 6.7, 5.0 Hz, 1H), 3.29 (dd, J= 6.7, 1.4 Hz, 1H), 3.32-3.50 (m, 2H), 3.60-4.08 (m,
2H), 4.08-4.45 (m, 3H), 4.63-4.66 (m, 1H), 5.06-5.14 (m, 4H), 5.73-5.86 (m, 2H), 7.21-7.35 (m,
5H); HRMS m/z caled for Co4sH3sN,Os (M+H)™: 429.2389, found: 429.2384; [a]*p —71.7° (¢ 1.11,

CHCly).

(4R)-Benzyl-1-[ N-(tert-butoxycarbonyl)-(2R)-(3-butenyl)-3-(2-propenylamino)propionyl]-2-ox
azolidinone (28). This compound was prepared from 26 using a procedure similar to that
employed for the preparation of 27 (57%): IR (KBr) 2978, 2929, 1780, 1693, 1641, 1479, 1390,
1365, 1430, 1103, 918, 704 cm™; "H NMR (CDCl3) & 1.45 (s, 9H), 2.18-2.37 (m, 3H), 2.37-2.60 (m,
1H), 2.67 (dd, J = 6.6, 5.0 Hz, 1H), 3.05-3.55 (m, 5H), 4.15-4.20 (m, 2H), 4.15-4.45 (m, 1H),

4.60-4.75 (m, 1H), 5.00-5.14 (m, 4H), 5.70-5.86 (m, 2H), 7.21-7.35 (m, 5H); HRMS m/z calcd for
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CysH3sN,Os (M+H) " : 443.2546, found: 443.2546; [a]**p —69.8° (¢ 0.67, CHCLS).

tert-Butyl (3R)-3-{[(4R)-4-benzyl-2-0x0-1,3-0xazolidin-3-yl]carbonyl}-2,3,4,7-tetrahydro-1H-
azepine-1-carboxylate (29). This compound was prepared from 27 using a procedure similar to
that employed for the preparation of 17 (97%): IR (KBr) 2976, 2929, 1772, 1697, 1641, 1684, 1456,
1365, 1051, 1020, 669 cm™'; "H NMR (CDCls, major rotomer) & 1.47 (s, 9H), 2.38-2.58 (m, 2H),
2.73-2.79 (m, 1H), 3.28 (dd, J = 13.2, 3.3 Hz, 1H), 3.65 (dd, J = 13.9, 8.0 Hz, 1H), 3.79 (dd, J =
13.9, 6.8 Hz, 1H), 3.85-4.06 (m, 2H), 4.10-4.27 (m, 3H), 4.58-4.82 (m, 1H), 5.62-5.89 (m, 2H),
7.20-7.36 (m, 5H); HRMS m/z caled for Co,HyoN,0s (M+H)': 401.2076, found: 401.2094; [a]*'p

—42.0° (¢ 0.525, CHCl,).

tert-Butyl (3R)-3-{[(4R)-4-benzyl-2-0x0-1,3-0xazolidin-3-yl]carbonyl}-1,2,3,4,7,8-hexahydro-3-
azocine-1-carboxylate (30). This compound was prepared from 28 using a procedure similar to
that employed for the preparation of 17 (96%): IR (KBr) 2976, 2935, 1782, 1693, 1641, 1414, 1385,
1211, 1167, 762, 702 cm'lg "H NMR (CDCl3, major rotomer) & 1.47 (s, 9H), 2.05-2.24 (m, 2H),
2.25-2.42 (m, 2H), 2.43-2.58 (m, 1H), 2.74-2.81 (m, 1H), 3.24-3.35 (m, 2H), 3.35-3.57 (m, 1H),
3.62 (dd, J=14.2,4.8 Hz, 1H), 4.10 (ddd, J = 14.2, 7.0, 3.1 Hz, 1H), 4.39 (dt, J=15.7, 4.8 Hz, 1H),
4.72 (ddd, J=13.5, 7.1, 3.6 Hz, 1H), 5.55-5.62 (m, 1H), 5.96 (dt, J= 9.7, 8.2 Hz, 1H), 7.21-7.37
(m, 5H); HRMS m/z caled for Co3H;N,Os (M+H)™: 415.2237, found: 415.2247; [OL]27D —100.4° (¢

0.705, CHCl,).

(R)-N-tert-Butoxycarbonyl-2,3,4,7-tetrahydro-1H-azepine-3-carboxylic acid (31). Into a
solution of 29 (560 mg, 1.40 mmol) in THF (28 ml) and H,O (9 ml) was added 30% H,O, (1.27 ml,

11.2 mmol, 8.0 equiv) and 1 N aqueous LiOH solution (2.8 ml, 2.8 mmol, 2.0 equiv) under ice
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cooling. The reaction mixture was stirred at the same temperature for 30 min, then treated with
20% aqueous Na,S,0s solution (55 ml) and stirred for further 5 min. It was extracted with mixed
solvent of THF-Et,0. The aqueous phase was acidified to pH~2 with 10% aqueous KHSO,, and
extracted with EtOAc twice. The extracts were combined and dried over MgSQ,, filtered, and
evaporated in vacuo. The residue was purified by short column chromatography on silica gel with
CH,CL/EtOAc (1/1) to give 31 as a solid (295 mg, 87%): IR (neat) 2978, 2933, 2866, 1734, 1697,
1419, 1367, 1269, 1252, 1167, 891 cm™; 'H NMR (CDCl3) & 1.47 (s, 9H), 2.43-2.47 (m, 2H),
2.80-3.15 (m, 1H), 3.55-4.30 (m, 4H), 5.55-5.85 (m, 2H); HRMS m/z calcd for C;;H;yNO4

(M+H)": 242.1392, found: 242.1387; [0]*°, —23.2° (¢ 1.01, CHCl).

(R)-N-tert-Butoxycarbonyl-1,2,3,4,7,8-hexahydroazocine-3-carboxylic acid (32). This
compound was prepared from 30 using a procedure similar to that employed for the preparation of
31 (93%): IR (neat) 2976, 2937, 2866, 1732, 1714, 1473, 1697, 1473, 1417,1367, 1165, 930, 719
cm”; 'TH NMR (CDCly) & 1.47 (s, 9H), 2.43-2.47 (m, 2H), 2.80-3.15 (m, 1H), 3.55-4.30 (m, 4H),
5.55-5.85 (m, 2H); HRMS m/z caled for C3H»NO, (M+H)™: 256.1549, found: 256.1544; [a]26D

~104° (¢ 1.01, CHCl,).

Methyl (R)-2-(N-allylaminomethyl)-4-pentenoate (33). 32 33 Into a solution of 25 (530 mg,
1.24 mmol, 87% de) in THF (26.5 ml) and H,O (8.7 ml) was added 30% H,0O; (1.12 ml, 9.90 mmol,
8.0 equiv) and 1 N aqueous LiOH solution (2.48 ml, 2.48 mmol, 2.0 equiv) under ice cooling.
The reaction mixture was stirred at the same temperature for 1.5 h, then treated with 20% aqueous
Na,S,05 solution (55 ml) and stirred for further 5 min. It was extracted with Et;O. The aqueous
phase was acidified to pH~2 with 10% aqueous KHSO,, and extracted with EtOAc. The extracts

was dried over MgSQy, filtered, and evaporated in vacuo. The residue was dissolved with CH,Cl,
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(9 ml) and MeOH (3 ml) and to this was added trimethylsilyldiazomethane in hexane (2.0 M in
hexane, 0.75 ml, 1.5 mmol) and the mixture was stirred at room temperature for 30 min.  After the
additions of small amount of acetic acid to quench the excess trimethylsilyldiazomethane, volatiles
were evaporated. The residue was added CH,Cl, (3 ml) and TFA (1 ml), and it was stirred for 20
min. To the resulting solution was added with EtOAc, and washed with water three times. The
combined aqueous phase was adjusted to pH~9 with saturated aqueous NaHCO;, and extracted
with EtOAc twice. The extracts were dried over Na,SOy, filtered, and evaporated in vacuo to give
33 (72 mg, 32%) as an oil. This materials was immediately used to the next steps without further
purification: 'H NMR (CDCls) & 2.26-2.34 (m, 1H), 2.34-2.45 (m, 1H), 2.68-2.76 (m, 1H),
2.88-2.94 (m, 1H), 3.70 (s, 3H), 5.03-5.11 (m, 2H), 5.13 (ddd, J = 10.2, 2.9, 1.1 Hz, 1H), 5.20 (ddd,
J=12.2,3.3, 1.4 Hz, 1H), 5.74 (ddt, /= 17.0, 10.2, 7.0 Hz, 1H), 5.87 (ddd, J=17.2, 10.2, 6.0 Hz,

1H).

Methyl (R)-2-(N-tert-butoxycarbonyl-aminomethyl)-4-pentenoate (34).34 To a solution of 33
(72 mg, 0.39 mmol) in CH,Cl, (1.4 ml) were added N, N’-dimethylbarbituric acid (123 mg, 0.78
mmol) and Pd(PPh;), (14 mg, 0.012 mmol) under N, atmosphere. The solution was stirred at
room temperature for 2.5 h. After adjusting the solution to pH = 9 by adding THF (5 ml) and
saturated aqueous NaHCOj; solution, (Boc),O (100 mg, 0.47 mmol) was added. The solution was
further stirred at room temperature overnight. To the resulting mixture was added water and
extracted with EtOAc. The organic phase was washed with saturated aqueous NaHCOj; solution,
10% aqueous KHSOj solution, saturated aqueous NaHCO; solution, and brine, dried over MgSQO,,
filtered, and evaporated in vacuo. The residue was purified by column chromatography on silica
gel with hexane/EtOAc (7/1) to give 34 (60 mg, 63%) as an oil: "H NMR (CDCl3) ¢ 1.43 (s, 9H),

2.24-2.36 (m, 1H), 2.37-2.43 (m, 1H), 2.66-2.76 (m, 1H), 3.21-3.28 (m, 1H), 3.34-3.44 (m, 1H),
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4.80-4.95 (br, 1H), 5.05-5.13 (m, 2H), 5.75 (ddt, J=17.2,9.9, 7.0 Hz, 1H).

(R)-2-(V-tert-Butoxycarbonyl-aminomethyl)-4-pentenoic acid (35). To a solution of 34 (58 mg,
0.24 mmol) in THF (0.6 ml) and MeOH (0.6 ml) was added 1N aqueous LiOH solution (0.50 ml,
0.50 mmol). After stirring overnight at room temperature, to this was added water and washed
with Et;0. The aqueous phase was acidified to pH 2.5 with 10% aqueous KHSO, solution, and
extracted with Et;0. The extract was dried over MgSQ,, and evaporated in vacuo to give 35 (45
mg, 82%) as a colorless oil: IR (neat) 2976, 2931, 2870, 1732, 1697, 1481, 1419, 1367, 1167, 1155,
773 em™; "H NMR (acetone-dg) & 1.41 (s, 9H), 2.26-2.41 (m, 2H), 2.68 (quintet, J = 7.0 Hz, 1H),
3.26-3.41 (m, 2H), 5.01 (dt, J = 10.1, 1.1 Hz, 1H), 5.11 (ddd, J = 17.0, 3.4, 1.5 Hz, 1H), 5.90-6.10

(br, 1H); [a]*p +11.0° (¢ 1.09, CH,CL,).

Ethyl (2E)-3-(4-pyridinyl)acrylate (37). To a suspension of NaH (60% dispersion in mineral oil,
39.4 g, 1.02 mol) in THF (500 ml) was added dropwise triethyl phosphonoacetate (230 g, 1.02 mol)
in THF (500 ml) over a period of 0.5 h at 15-20 °C. The mixture was stirred for 1 h at the same
temperature. To the reaction mixture was added isonicotinaldehyde (3) (100 g, 934 mmol) in THF
(40 ml) over a period of 20 min at room temperature, and the mixture was stirred overnight at the
same temperature. The resulting mixture was poured into 1 N HCI and extracted with EtOAc
twice. The combined organic layer was washed with brine, dried over MgSQO,, filtered, and
concentrated in vacuo. The residual solid was triturated with hexane, filtered, washed with
hexane, dried in vacuo to give 37 (129 g, 78%) as a solid: 'H NMR (DMSO-dg) 6 1.28 (t,J=7.1Hz,
3H), 4.23 (q, J = 7.1Hz, 2H), 6.90 (d, /= 16.4Hz, 1H), 7.64 (d, J= 16.4Hz, 1H), 7.69 (dd, J=17.7,

4.5 Hz, 2H), 8.64 (dd, J = 7.7, 4.5 Hz, 2H); MS (APCI) m/z 178 (M+H)".
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tert-Butyl 4-(3-ethoxy-3-oxopropyl)-1-piperidinecarboxylate (38). A solution of 37 (123 g, 747
mmol) in EtOH (1500 ml) and 4 N HCI in 1,4-dioxane (187 ml, 748 mmol) was treated with PtO,
(12.3 g) with bubbling H, for 5 h at 45 °C. After the catalyst was filtered off, the filtrate was
concentrated in vacuo. The residual solid was triturated with Et,O, filtered, washed with Et,O,
dried in vacuo to give ethyl 3-(4-piperidinyl)propanoate hydrochloride (146 g, 88%) as a solid: 'H
NMR (DMSO-dg) & 1.18 (t, J = 7.1Hz, 3H), 1.20-1.60 (m, 5H), 1.65-1.85 (m, 2H), 2.31 (t, J =
7.3Hz, 2H), 2.68-2.85 (m, 2H), 3.16-3.22 (m, 2H), 4.05 (q, J = 7.1Hz, 2H), 8.85-9.55 (br, 2H); MS
(APCI) m/z 186 (M+H)". To a suspension of this material (50 g, 225 mmol) in CH,Cl, (500 ml)
were added Et;N (69 ml, 496 mmol) and (Boc),0 (59 g, 271 mmol) in CH,Cl, (200 ml) under ice
cooling. The mixture was stirred for 5 h at room temperature. To this was added water and
extracted with CH,Cl,. The organic layer was washed with 10% aqueous KHSO, solution, water,
and brine, dried over MgSQ,, filtered, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel with CHCl;/MeOH (100:1). The eluate was concentrated in
vacuo to give 38 (52 g, 81%) as an oil: IR (KBr) 2980, 2960, 2920, 1730, 1690, 1160 cm'lg 'H
NMR (CDCls) 6 1.01-1.19 (m, 2H), 1.26 (t, J = 7.1Hz, 3H), 1.39 (s, 9H), 1.41-1.72 (m, SH), 2.32 (t,
J=7.6Hz, 2H), 2.61-2.72 (m, 2H), 4.04-4.18 (m, 2H), 4.13 (q, /= 7.1Hz, 2H); MS (APCI) m/z 186

(M+H-Boc)".

3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoic acid (39). To a solution of 38 (46.9 g,
164 mmol) in THF (200 ml) and EtOH (200 ml) was added dropwise 1 N aqueous NaOH solution
(247 ml, 247 mmol) and the mixture was stirred for 2 h at room temperature. Volatiles were
evaporated off, and residual aqueous solution was adjusted to pH 4 with 10% aqueous KHSO,
solution, and extracted with EtOAc. The organic layer was washed with water and brine, dried

over MgSQ,, filtered, and concentrated in vacuo. The residue was triturated with the mixture of
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Et,0 and hexane, collected and dried in vacuo to give 39 (38.5 g, 91%) as a solid: IR (nujol) 1730,
1660, 1260, 1160 cm™; "H NMR (DMSO-d¢) & 0.84-1.07 (m, 2H), 1.38 (s, 9H), 1.41-1.50 (m, 3H),
1.55-1.65 (m, 2H), 2.22 (t, J = 7.4Hz, 2H), 2.50-2.80 (m, 2H), 3.88-3.95 (m, 2H), 12.03 (s, 1H);

MS (APCI) m/z 158 (M+H)".

Methyl 3-[(3-pyrrolidinylcarbonyl)amino]propanoate hydrochloride (41). To a solution of 40
(431 mg, 2.0 mmol), B-alanine methyl ester hydrochloride (307 mg, 2.2 mmol) and HOBT (324 mg,
2.4 mmol) in DMF (4.3 ml) were added EDC-HCI (460 mg, 2.4 mmol) and Et;N (0.34 ml, 2.4
mmol) under ice cooling. The reaction mixture was stirred at room temperature overnight. To
the resulting solution was added saturated aqueous NaHCO; and extracted with EtOAc. The
organic layer was washed with water (x 3) and brine, dried over MgSOQy, filtered, and concentrated
in vacuo. The residue was purified by column chromatography on silica gel with CHCl;/MeOH
(100:1). The eluate was concentrated in vacuo to give an intermediate oil (471 mg, 79%): 'H
NMR (CDCl3) & 1.45 (s, 9H), 2.00-2.20 (m, 2H), 2.55 (t, J = 5.9Hz, 2H), 2.72-2.90 (m, 1H),
3.24-3.68 (m, 6H), 3.71 (s, 3H), 6.12-6.30 (br, 1H). This intermediate (450 mg, 1.50 mmol) was
dissolved in EtOAc (4.5 ml), and to this was added 4 N HCI in EtOAc (3.75 ml, 15.0 mmol) under
ice cooling. The reaction mixture was stirred at room temperature for 2 h. The volatiles were
evaporated, and the residue was dried under vacuum to give 41 (350 mg, 99%) as an oil. 41 was

used for the next step without further purification.

3-[({1-[3-(4-Piperidinyl)propanoyl]-3-pyrrolidinyl}carbonyl)amino]propanoic acid (1a). To
solutions of 39 (210 mg, 0.81 mmol), 41 (231 mg, 0.98 mmol) and HOBT (165 mg, 1.22 mol) in
DMF (4 ml) was added EDC-HCI (234 mg, 1.22 mmol) and Et;N (0.34 ml, 2.4 mmol) under ice

cooling. The reaction mixture was stirred at room temperature overnight. To the resulting
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solution was added saturated aqueous NaHCOj; solution and extracted with EtOAc. The organic
layer was washed with water and brine, dried over MgSQ,, filtered, and concentrated in vacuo.
The residue was purified by column chromatography on silica gel with CHCl;/MeOH (100:1).
The eluate was concentrated in vacuo to give the desired intermediate as a viscous oil (193 mg,
54%): IR (KBr) 2966, 2939, 1734, 1684, 1653, 1618, 1456, 1269 cm'; '"H NMR (CDCl;) &
0.98-1.22 (m, 2H), 1.45 (s, 9H), 1.52-1.78 (m, 5H), 2.02-2.40 (m, 4H), 2.48-3.02 (m, SH),
3.30-3.88 (m, 6H), 3.71 (s, 3H), 3.98-4.16 (m, 2H), 6.20- 6.38 (m, 1H); MS (ESI) m/z 440.4
(M+H)". To a solution of this material (185 mg, 0.42 mmol) in THF (1.8 ml) and EtOH (1.8 ml)
was added aqueous 1 N LiOH (1.47 ml, 1.47 mmol) solution under ice cooling. The reaction
mixture was stirred at room temperature for 1 h.  The resulting solution was washed with Et,O and
the pH of the aqueous layer was adjusted to 3 with 10% aqueous KHSO, solution, and extracted
with EtOAc. The organic layer was washed with H,O and brine, dried over MgSQy,, filtered, and
concentrated in vacuo to give crude carboxylic acid as a colorless oil. To a solution of this
carboxylic acid in EtOAc (1 ml) was added 4 N HCI in EtOAc (1.05 ml, 4.2 mmol) under ice
cooling. The reaction mixture was stirred at room temperature for 2 h. The resulting precipitate
was collected and dissolved in water. The pH of the solution was adjusted to 7 with saturated
aqueous NaHCOj solution. The solution was then subjected into ODS column chromatography.
The eluate was concentrated in vacuo and lyophilized to give 1a as an amorphous solid (124 mg,
91%): IR (KBr) 1670, 1653, 1616, 1454, 1201, 1134 cm™'; "H NMR (D,0) & 1.30-1.48 (m, 2H),
1.52-1.70 (m, 3H), 1.96 (d, J = 13.7 Hz, 2H), 1.96-2.32 (m, 2H), 2.32-2.50 (m, 4H), 2.97 (dt, J =
2.6, 12.8 Hz, 2H), 3.05-3.20 (m, 1H), 3.33-3.47 (m, 4H), 3.47-3.81 (m, 4H); HRMS (ESI) m/z calcd

for CsHgN304 (M+H)+: 326.2080, found: 326.2082.

Ethyl N-{3-[1-(tert-butoxycarbonyl)-4-piperidinyl]propionyl}-3-piperidinecarboxylic acid (44).
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To a solution of 39 (2.32 g, 9.0 mmol), ethyl 3-piperidinecarboxylate (43) (1.41 g, 9.0 mmol) and
HOBT (1.22 g, 9.0 mmol) in DMF (23 ml) was added EDC (1.73 g, 9.0 mmol) under ice cooling.
The reaction mixture was stirred at room temperature overnight. To the resulting solution was
added saturated NaHCOj; followed by extraction with EtOAc. The organic layer was washed with
water (x 3) and brine, dried over MgSQ,, filtered, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel with acetone/CH,Cl, (1:1). The eluate was
concentrated in vacuo to give 44 (2.63 g, 74%) as a viscous oil: IR (KBr) 1684, 1653, 1558, 1469,
1458, 1201 cm™; "H NMR (DMSO-ds, rotomer observed) & 0.80-1.10 (m, 2H), 1.18 (t, /= 7.1 Hz,
3H), 1.38 (s, 9H), 1.40-1.78 (m, 7H), 1.78-2.02 (m, 1H), 2.22-2.45 (m, 3H), 2.50-2.93 (m, 3H),
2.96-3.15 (m, 1H), 3.64-3.85 (m, 2H), 3.85-4.01 (m, 2+1/2H), 4.01-4.12 (m, 2H), 4.26-4.40 (m,

1/2H); MS (ESI) m/z 419.4 (M+Na)".

Ethyl N-{3- [1 - (tert-butoxycarbonyl)-4-piperidinyl|propionyl}-1H-2,5,6,7-terahydroazepine
-3-carboxylate (45). This compound was prepared from 39 and 17 using a procedure similar to
that employed for the preparation of 44 (68%): 'H NMR (CDCls) 6 1.07-1.13 (m, 2H), 1.22-1.32
(m, 3H), 1.45 (s, 9H), 1.53-1.70 (m, 6H), 2.32-2.49 (m, 4H), 2.60-2.72 (m, 2H), 2.82-3.06 (m, 1H),

3.66-4.20 (m, 7H), 5.63-5.83 (m, 2H); MS (APCI) m/z 309 (M-Boc+H)".

Ethyl N-{3- [1 - (tert-butoxycarbonyl)-4-piperidinyl]propionyl}-3,4,7,8-tetrahydro-1-(2H)-
azocine-3-carboxylate (46). This compound was prepared from 39 and 18 using a procedure
similar to that employed for the preparation of 44 (86%): This material was used for the next step

without further purification.

3-[({1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]propanoic acid (1b). To a
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solution of 44 (2.58 g, 6.48 mmol) in THF (26 ml) and EtOH (26 ml) was added dropwise 3.0 M
aqueous NaOH solution (6.48 ml, 19.4 mmol) under ice cooling and the mixture was stirred for 1 h
at room temperature. The resulting solution was adjusted to pH 3 with 10% aqueous KHSO4
solution, and extracted with EtOAc. The organic layer was washed with water and brine, dried
over MgSQ,, filtered, and concentrated in vacuo. The residue was triturated with hexane,
collected, and dried in vacuo to give carboxylic acid intermediate (2.31 g, 97%) as an amorphous
solid: IR (KBr) 2931, 2862, 1732, 1716, 1697, 1686, 1456, 1279, 1248, cm™; 'H NMR (DMSO-ds,
rotomer observed) & 0.82-1.12 (m, 2H), 1.38 (s, 9H), 1.38-1.79 (m, 8H), 1.80-2.02 (m, 1H),
2.13-2.48 (m, 3H), 2.50-2.80 (m, 3H), 2.88-3.08 (m, 1H), 3.64-4.01 (m, 3+1/2H), 4.30-4.44 (m,
1/2H), 11.75-12.82 (br, 1H); MS (ESI) m/z 391.3 (M+Na)". To a solution of this material (2.21 g,
6.0 mmol), B-alanine methyl ester hydrochloride (837 mg, 6.0 mmol) and HOBT (811 mg, 6.0
mmol) in DMF (22 ml) were added EDC-HCI (1.15 g, 6.0 mmol) and Et;N (0.86 ml, 6.0 mmol)
under ice cooling. The reaction mixture was stirred at room temperature overnight. To the
resulting solution was added saturated NaHCO; and extracted with EtOAc. The organic layer was
washed with water and brine, dried over MgSQy,, filtered, and concentrated in vacuo. The residue
was purified by column chromatography on silica gel with CH,Cl,/acetone (3:1). The eluate was
concentrated in vacuo to give the desired intermediate as an oil (2.07 g, 76%): IR (neat) 2933, 2861,
1734, 1697, 1684, 1653, 1541, 1363, 1167, 970, 860 cm™; 'H NMR (DMSO-dg) & 0.82-1.12 (m,
2H), 1.15-1.80 (m, 9H), 1.38 (s, 9H), 2.02-2.38 (m, 3H), 2.38-2.78 (m, 5H), 2.82-3.18 (m, 1H),
3.18-3.41 (m, 2H), 3.59 (s, 3H), 3.66-4.02 (m, 3H), 4.10-4.42 (m, 1H), 7.92-8.08 (m, 1H); MS
(ESI) m/z 476.4 (M+Na)". To a solution of this material (2.03 g, 4.48 mmol) in THF (5 ml) and
MeOH (10 ml) was added LiOH (56 mg, 13.4 mmol) solution in H,O (10 ml) under ice cooling.
The reaction mixture was stirred at room temperature for 1 h. The resulting solution was washed

with Et;0. The pH of the aqueous layer was adjusted to 3 with 10% aqueous KHSO, solution,
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and extracted with EtOAc. The organic layer was washed with H,O and brine, dried over MgSQ,,
filtered, and concentrated in vacuo to give the carboxylic acid intermediate (1.62 g, 82%) as an oil:
IR (neat) 1720, 1610, 1430, 1160 cm™; "H NMR (DMSO-d) & 0.84-1.09 (m, 2H), 1.32-1.83 (m,
9H), 1.38 (s, 9H), 2.26-2.40 (m, 5H), 2.55-2.75 (m, 3H), 2.84-3.27 (m, 4H), 3.71-3.98 (m, 3H),
4.11-4.38 (m, 1H), 7.90-8.02 (m, 1H); MS (APCI) m/z 440 (M+H)". To a solution of this
carboxylic acid (1.58 g, 3.59 mmol) in EtOAc (16 ml) was added 4 N HCI in EtOAc (13.5 ml, 54.0
mmol) under ice cooling. The reaction mixture was stirred at room temperature for 2 h. The
resulting precipitate was collected, washed with Et,O, and dried under vacuum to give 1b as a
white solid (1.27 g, 94%): IR (KBr) 1687, 1684, 1647, 1456, 1201, 1132 cm™; 'H NMR
(DMSO-dg) 6 1.21-1.65 (m, 7H), 1.62-1.83 (m, 3H), 2.29-2.41 (m, 4H), 2.56-3.07 (m, 4H),
3.15-3.30 (m, 4H), 3.70-3.85 (m, 1H), 4.13-4.38 (m, 4H), 7.97-8.14 (m, 1H), 8.65-9.00 (br, 1H),

9.00- 9.25 (br, 1H); HRMS (ESI) m/z caled for CgHysN304 (M+H)': 340.2236, found: 340.2226.

3-[({1-[3-(4-Piperidinyl)propanoyl]-2,3,4,7-tetrahydro-1H-azepin-3-yl}carbonyl)amino]propa
noic acid (1d). This compound was prepared from 45 using a procedure similar to that employed
for the preparation of 1b (53%): IR (KBr) 1630, 1568, 1466, 1402 cm; '"H NMR (D,0) &
1.36-1.61 (m, SH), 1.94-2.01 (m, 2H), 2.36-2.54 (m, 6H), 2.91-3.04 (m, 3H), 3.37-3.47 (m, 4H),
3.79-3.88 (m, 2H), 4.02-4.23 (m, 2H), 5.64-5.70 (m, 1H), 5.72-5.93 (m, 2H); HRMS (ESI) m/z

calcd for CigH39N304 (M+H)+: 352.2236, found: 352.2231.

3-[({1-[3-(4-Piperidinyl)propanoyl]-1,2,3,4,7,8-hexahydro-3-azocinyl}carbonyl)amino]propan
oic acid (1f). This compound was prepared from 46 using a procedure similar to that employed
for the preparation of 1b (68%): IR (KBr) 1653, 1645, 1558, 1387, 1238, 1213 cm™; '"H NMR

(D,0) 6 1.36-1.62 (m, 5H), 1.93-2.01 (m, 2H), 2.24-2.46 (m, 8H), 2.92-3.46 (m, 9H), 3.79-4.23 (m,
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2H), 5.71-5.90 (m, 2H); HRMS (ESI) m/z calcd for C9H3,N304 (M+H)+: 366.2393, found:

366.2382.

3-[({1-[3-(4-Piperidinyl)propanoyllhexahydro-1H-azepin-3-yl}carbonyl)amino]|propanoic acid
(1c¢). A mixture of 1d (70 mg, 0.20 mmol) and PtO, (10 mg) in MeOH (5 ml) was hydrogenated
under H, atmosphere (1 atm) at room temperature for 8 h. The catalyst was removed by filtration,
and the filtrate was evaporated in vacuo. The residue was purified by Daisogel SP-1200® (Daiso)
reversed phase chromatography eluting with a mixture of CH;CN/water (1:10). The fractions
containing a product were concentrated in vacuo and lyophilized to give 1¢ (61 mg, 86%) as a
white powder: IR (KBr) 1635, 1624, 1541, 1466, 1398 cm™; "H NMR (D,0) & 1.37-2.01 (m, 13H),
2.36-2.64 (m, 5H), 2.93-3.05 (m, 2H), 3.21-3.94 (m, 8H); HRMS (ESI) m/z caled for C3H3,N304

(M+H)": 354.2393, found: 354.2396.

3-[({1-[3-(4-piperidinyl)propanoyl]octahydro-3-azocinyl}carbonyl)amino]propanoic acid (1e).
This compound was prepared from 1f using a procedure similar to that employed for the
preparation of 1¢ (89%): IR (KBr) 1645, 1635, 1626, 1558, 1456, 1396 cm™; '"H NMR (D,0) &
1.38-2.05 (m, 15H), 2.36-2.50 (m, 4H), 2.92-3.05 (m, 3H), 3.29-3.47 (m, 6H), 3.71-3.83 (m, 2H);

HRMS (ESI) m/z caled for C1gH34N304 (M+H)': 368.2549, found: 368.2554.

Ethyl (R)-piperidine-3-carboxylate (47). To a solution of ethyl piperidine-3-carboxylate (43)
(1000 g, 6.36 mmol) in EtOH (25 L) was added L-tartaric acid (954 g, 6.36 mol) and the resulting
solution was stored at room temperature overnight. The resulting precipitate was collected on a
Biichner funnel and washed with EtOH, and dried. The crude crystal was recrystallized from

EtOH for three times. The resulting crystal was treated with saturated K,CO; solution and
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extracted with EtOAc (x 3). The combined organic phase was dried over Na,SOy,, filtered, and
evaporated in vacuo. The residual oil was distilled under the reduced pressure to give
enantiomaercally pure 47 (200 g, 20% recovery): bp 63 °C/3 mmHg; IR (nujol) 1710, 1620, 1450
cm; '"H NMR (CDCl3) & 1.26 (t, J = 7.1 Hz, 3H), 1.30-1.80 (m, 3H), 1.90-2.04 (m, 1H), 2.38-2.48
(m, 1H), 2.58-2.70 (m, 1H), 2.81 (dd, J=12.4, 9.2 Hz, 1H), 2.89-2.97 (m, 1H), 3.17 (dd, J = 12.4,

3.7 Hz, 1H), 4.13 (q,J=7.1 Hz, 1H).

(R)-1-[3-(1-tert-Butoxycarbonyl-4-piperidyl)propionyl]-3-piperidinecarboxylic acid (49). To
a solution of 39 (3.04 g, 11.8 mmol), 47 (1.86 g, 11.8 mmol) and HOBT (1.60 g, 11.8 mmol) in
DMF (20 ml) was added EDC (2.16 ml, 11.8 mmol) under stirring at 0 °C. After stirring at
ambient temperature overnight, the mixture was poured into water and extracted with EtOAc. The
extract was washed with water, brine, dried over MgSQO,, and evaporated in vacuo. The residue
was purified by chromatography on silica gel with CHCI;/MeOH (100:1) to give the intermediate
(4.01 g, 86%) as an oil: IR (neat) 2960, 2900, 2840, 1710, 1665, 1630 cm™; 'H NMR (CDCl,,
rotomer observed) 6 1.00-1.20 (m, 1H), 1.28 (t, J = 7.1 Hz, 3H), 1.45 (s, 9H), 1.48-1.88 (m, 9H),
1.98-2.15 (m, 1H), 2.31-2.51 (m, 3H), 2.62-3.12 (m, 4H), 3.35-3.47 (m, 1/2H), 3.65-3.85 (m, 1H),
4.00-4.22 (m, 4H), 4.56-4.69 (m, 1/2H); MS (APCI) m/z 397 (M+H)". A solution of this
intermediate (3.99 g, 10.1 mmol) in a mixture of EtOH (10 ml), THF (10 ml), and water (10 ml)
was added LiOH (1.27 g, 30.2 mmol) under stirring at 0 °C.  After stirring at room temperature
for 1 h, the mixture was acidified with aqueous 5% KHSO, solution and extracted with EtOAc.
The extract was washed with water, and brine, dried over MgSQy,, and evaporated in vacuo to give
49 (3.34 g, 90%) as a white solid: mp 102-104°C; IR (nujol) 1720, 1680, 1630 cm™; '"H NMR
(DMSO-ds) 6 0.84-1.10 (m, 2H), 1.38-1.76 (m, 8H), 1.38 (s, 9H), 1.82-2.01 (m, 1H), 2.20-2.45 (m,

3H), 2.59-2.76 (m, 2H), 2.89-3.09 (m, 1H), 3.28-3.40 (m, 1H), 3.69-3.98 and 4.31-4.44 (total 4H,
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m); MS (APCI) m/z 269 (M—Boc+H)+; Anal. Calcd for C;9H3,N,Os5: C, 61.93; H, 8.75; N, 7.60.

Found: C, 62.04; H, 8.94; N, 7.64; [0]*°p —33.9° (¢ 1.00, MeOH).

(R)-3-[({1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]propanoic acid (50).
This compound was prepared from 49 and (-alanine ethyl ester using a procedure similar to that
employed for the preparation of 1b (89%) as hydrochloride salt: IR (nujol) 2920, 1715 cm™; 'H
NMR (DMSO-dg) 6 1.21-1.65 (m, 7H), 1.62-1.83 (m, 3H), 2.29-2.41 (m, 4H), 2.56-3.07 (m, 4H),
3.15-3.26 (m, 4H), 3.70-3.85 (m, 1H), 4.13-4.37 (m, 4H), 7.97-8.10 (m, 1H), 8.60-8.76 (br, 1H),
8.91- 9.03 (br, 1H); MS (APCI) m/z 340 (M+H)"; HRMS (ESI) m/z Calcd for C,7H3,N304 (M+H)":

340.2236, found: 340.2227; [o]*’p —24.3° (¢ 1.00, MeOH).

1.8.3. Platelet aggregation study36

Platelet aggregation assays were performed using NBS HEMA TRACER 801, an 8 channel
aggregometer (Nikobioscience, Tokyo, Japan). Light transmittance of platelet poor plasma (PPP)
was calibrated as 100%. Platelet rich plasma (PRP) was incubated for 2 min in the aggregometer
at37°C. ADP (2.5 pM for humans and 20 - 40 uM for dogs) was added as an agonist at which the
full response of platelet aggregation was obtained, and the change in light transmittance was
monitored with a PL500 recorder (Yokogawa, Japan). Percent inhibition of aggregation in the
drug-treated sample was calculated by comparison with the aggregation in absence of drug or in the

pretreatment period.
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2. 1. ZeEomOIMREERIHERF ORI OB

Fram T~ 7281, BEAF O /MRS 0 2 < 13/ Mg 2 0], 3720 b ke iE
Rl A o EAEM & i BEEEMRRE Z ], Tab bR IEEVIC<<RD V- T2H]
VR % Fedadi 2 7o £ SICHERNORIOIEHITH 5, SMIFEEIC K5 M LM & & PN R
B CUE, Il MRIZ £ 2 8 NI O ER BMTHOI T\ D28, Z OFSREAN /M
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Figure 13. The differences the mechanism between the platelet aggregation
and the platelet adhesion (M/EEE DR MESEEEOAHDZ A LOELY)
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T, HAEH o Za s /ORI RS AR AT S 2 B 4G LTz, M/ IMROEER., 370
B MARTERL & /N O MLE N B~ DREE A 71 = X LDV T Figure 13 1277, IR
EEEE & RIS MR L OREE, T2 b bR BRILE 1 Tk~ L Hic, mEPE
HDOT7 470 7 v& L, M/MREEREEST 2 A=A LT > TEZ S (Figure 6),
ZAUTKE L, —REREE & FRIEA D /MR D AEBE~OREFEITRO L H I L TR Z 5, 72
b, MENEMENMEGEZZITHE, TORHICHT-a 77— U EanEn L., £
&0 M/ MRBTEMA L S, MEBE~ORENEZ 5, OB, /ML, BEEOBRIZ
L7747V 7 L i3BlomniEERchd 7+ 77 2 RIAY (vonWillBrand Factor,
UL VWF) 20 LIRS THD E VD ZENRA SN TS ) FHIE, Z ol MrFE £
DUEE & MAERE~DORE X, ZOMNATLEAICEVDRHDH L VD Z EIZHER L, fivIMR
D747V )T REEDRZAE L, vWF K35 2 fHLE L2tk 2 v iz < nwg s
PEDE WA ORI B ERL TE 5O TRV E B 2 T2, KEIT 2 OEEIS] & k25 Bl
FETE IS OV TR D,

2. 2.  EEMEEWERZRIRHREDER L 7u M2 A LB OFHE

SHN D AR T & 2 i/ IRIF T OBERIHIER (ICso) %, AiTE Tk ~7= 0 &[] UL TRIE
T& 2, 2D ICso A ARETITICs0A &5, LAUTK L, ML/IMR D I BE~D K55 FLEAE
F OFHMmE T GPIIb/Ila & vWF & OFEA % 50%MH1E T 2 B O SRFNPREE (ICs5) THIE TE 5,
ARETIIZ D ICso % IC5oB &5, ICsoA fEITEAEA /N SVIE EEEF O EEM B @ Z &
T, EIUTKE L. ICsoB EZN K & WIE ERGEIHNEMEMELS . BHERZEZ v ic<nz
LEEWT 5, Thbb. EEMIEERIRE & BEIEHFEBRE D 1C5B/ICsA 25 K EVMET
X, M LRIEROTEBEE N &V, ZEMEORWERITHDIRIR L 22D, FHIL,
ZAMED @Ol MREEEIHIAI ORI 21T 5 12H 720 | FIEHOTEMEEZ R T ICsA i & R
M DOTERERE 2759 IC5oB/ICsoA, T AV BT O A 1ML L7228 SR ZE A2t D 72,

EP. T b TEW S0 OLREMET 1 T 7 A )V ERGE L T2, fER% Table S IR T, b

BB D 78D, AL 7 4338 LT L= (R AR A 1 = X 2% $55 Tirofiban™® & [F U7 v &
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Table 5. the verification of safety margin for the prototype 50
(FOr2A T E 500D R £ 18 DIREE)

ICs0 (ADPinduced ICso(inhibition of _
aggregation), nM?@ VWF madiated c rat|c; c
(IC50A) adhesion),nM?(IC5oB)  (1C50B)/(1C50A)
Os_N e}
241 335 1.39
AN co,H
N 50
H
O/\:(:/ 46 6.7 0.15
H,O

HO,C ’NHSOZ"Bu
Tirofiban(Merck)

@ Concentration required to reduce binding ADP-induced human platelet aggregation response by 50%

b Concentration required to inhibit VWF mediated human platelet adhesion by 50%.

AN LTz, ZDfER, 50 DEIEM TH L i/ MIEEEMSITE] 1Cs0A 1EIT 241 nM & 5 A
Tirofiban @ 5 {%LL FOIEMEZ R TICEE e hr o7z, L LR S, vWF & OfE G ERE
VEFFEBLIRFE 1CsoB 7% 335 nM & Tirofiban @ 50 {5 b HIVMEZE R L7z, T OFEHE, 50 OE
VEF/BIVE P BLI BE 0 Bt TCsoB/ICsA fifi% 1.39 & | Tirofiban &l 10 {53 < m< . +47

EMEOEVIEAI L+ 0GP EHEEFOTa A A AW THDLZ ERNHH L, *
Z T, FBEHEITEEM ICsA & [ E &2 1C5B/ICsA % i) EShuE, it aw
SIEHONCEINETE D RABMEOEWERZ AN TE 2 L 2MHEL. 7 u b2 A 71k
B 50 2T e N F A TR e 21T o T,

2. 3. IM/REEIHIVER O LD D575

747U /% RGD BlHIO N Kl < 7 i -8V U EH3 L-7 == 1T 7=

V) DT X REEBEMIICH YT 285270 2 A T{LEW 50 1[4 TIXDTERD L.
TV a T 2 REHREZEAN L -5AI1c—23 5, F7- Tirofiban AIHAFFEZI1E T
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WEFTDHINETOBRBES > D0, DR VIR ERTIHECLY . ZoKE
EEAZ M ETE D RS, 1> T, 7a NE A TIEW S0 DA NVR B afillT 2
RE L 238 A9 X, GPIb/a il & oFFntE m) L, TEMEOm BRI D O Tiden
MEBZ T a NI ATIREW S0 DTINVR T a fTT X REA IR & T 54 OEHLEL
BANERALT,

2. 4. Fua NEATFEWDS DI

o I\O\fOF \j
0. I\O\fo a b c n
+ _—
HoN
OH 2 CO2MB COZH
HCI
52
N
H

49 51

N
Boc

Scheme 9. Reagents and conditions: (a) EDC, HOBT, Et3N, DMF, ; (b) 1 N LiOH; (c)
HCI, EtOAc, 100% in 3 steps.

ANVRAARD  afLilN B B2 AT 578 52 (X, Scheme 9 (ZTEVY, B-7 T/ RFHE
K51 7 49 LG S’ WRGEEZITWV., Bl LTz, DNVRVBED ofifilT I NiEzAT
T 2HFHEK 61a-j DA AKX, Scheme 10 (IR T HIEIC L VITole, T /AU LAF
CHNR= VI (Cbz) TIR#E L7 L-F721ED-T AT X 83,54 BRI E L, I U R
N VT T bR I TENTFAUIRE LR 7~ VRIS 2T YO BT
UM AF NI AT AL, B-7 X/ IEihEAk 55, 56 ~& H -, Zi b % EDC, HOBT
fFEF CHIEDO FIETER L2 VR ik 39 LHEA S8, 57, 58 ([CF8 L7z, KIZ. Cbz
FEOKFEHRRE T LD WRGE, KLY T U LI KD = AT VKRG EZRET, a-T X/
FRFHEIR 59,60 2157-, ZNDHDT I/ H% Table 6 (R THEAREMREY 0T A K, £721X
FRHEAKRIZ K0 7 Ak L72t% . Boc JEDEREIZ L D BifRE ATV, HAOW 6la-j ~ & 755
Lice ZOBMITETIIANR W of i AFRFOTE A UKITFIALEE Z > TRV &

% HPLC IZ L VHEEE L TV A,

51



N *

HN\)\CO Me)

O NHCbz  ab HCI NHCbz . ©

——— H,N —

H2N * COZH * COzMe
53(S) 55(S)
54(R) 56(R) 57; R = (S)-NHCbz
N 58; R = (R)-NHCbz
Boc
o}
d, e (S) or (R)
_ coH —9 .
(S)or(R) 2 1o COzH
59; R = (S)-NH,
Boc 60; R = (R)-NH,

Scheme 10. Reagents and conditions: (a) PhI(OAc),;(b) SOCI,, MeOH; 81% for 55, 90% for 56 in 2 steps;(c) 39,
EDC, HOBT, DMF, 93% for 57, 96% for 58; (d) Pd-C/H,, EtOH; (e) LiOH; 97% for 59, 95% for 60 in 2 steps;
(f)acylating reagent (see Table 1); (g) HCI, AcOEt.

Table 6. Acylating reagents and product yields

Compd R Acylating Reagent Stereo Yield,%?
50 H - - 89P
52 Ph - racemic 100°
61a NH> - (S) 60
61b NHCOPh-pCN pCN-PhCOCI (S) 90
61c NHCOPh-pOMe pMeO-PhCOCI (S) 94
61d NHCOPh-pOMe pMeO-PhCOCI (R) 94
61e NHAc Ac,0 (S) 82
61f NHAc Ac,0 (R) 85
61g NHCOHex ("HexCO0),0 (S) 90
61h NHCO%°Hex cycHexCOCI (S) 86
61i NHCO'Bu ‘Bucocl (S) 86
61j NHCO'Bu ‘Bucocl (R) 79

@ isolated yields from 59 or 60  ? isolated as HCI salt

F7o. GPart iZ 7 BEMIEZ AT 2HERDOEAZIT 57 (Scheme 11), FH—FIZTHRK L

72 (R) BEAZAT 5 7 BERNEFIEVET X VEEHER 31 & 55 2HEia L. 62 L L7z, 62 D
Boc J: & ifriE, 39 SHES
ZIVEDORZE, KO EHES ORI

T Pd-C iz X 5 /KFEE T
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KA VAR B a DT I 2 O T I AbHIE LTHWERY 61k ~LFHE LT,

Q HCl NHCbz 4 B
BocN * HyN -
> CO,H 2 \)*\CogMe BocN ©

31 55 62 CO,Me

NHCbz

® o
S0

© NHAc

oo

CO,H

N 61k
H

Scheme 11. Reagents and conditions: (a) EDC, HOBT, DMF; (b) HCI,
AcOEt; (c) 39, EDC, HOBT, DMF; (d) Pd-C/H,, MeOH; (e) LiOH; (f)Ac,0O.

2. 5. 7'u hF A TELE Y OEKEEVEREAR

/Bonirm b & A TEHEDD ICsA LN, IC5B ZIE L. ICsB/ ICs0A DAE 2 HI7E L
72, MR %A Table 7129, 70 NFATLEW S0 DINVR RO ofiill 7 = =V 48
ALTZ52 DICsA 13 110n0M & 50 & 0 2 5L EoiEtEm BB oniz, ZoZ&nbbh
NARVEBD a (LI EHRIEZEANT 2 Z LIS EDIEERR ET 5652615, ZOHAR
Y afET 4 7Y 7 RGD XTF RTIET X REEESITHY T 2720, 73 7 K
7ET R REAEAT S Z &L D, GPIb/Ia & H & OF EAEH % f) E X 50 R85 %
TE5, LL, ZOMEICT I 7 EZHAL 61alEICs0A 232720M &, 7'm b ¥ AT
LA S0 L0 HEIT HERE /o7, LU S, ICsB fiAY 2140 nM & ZLL EiC
55 L THY | ICsB/ ICsA DIEIZT 1 k& A FMLEM 50 % L[H1 5 7.87 &\ 9 IEEITEL

BEBBERTZEB DM olz, ZOT ) RICKEROT v bzl L, FiEE#RETH
57 X RFEERA~LEBEW, ENOOIEEZRIE L7oRER, HFEEY I FE#REEL T v
B L7=@5 51K 61b-d Tid, ICsoA [TTRIERIICIA 92 Z &3 L7, LrL7R3 5, ICsB
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Table 7. The structure-activity relationships and the investigation of safety margin.

IC50 (ADP ICsp(inhibition of .
Compd R Stereo induced . vWF madiated Ic reglc; e A
aggregation) adhesion),nM?(1C5,B) (1C50B)(IC50A)
nM? (ICsoA)
50 H - 241 335 1.39
52 Ph racemic 110 NT -
61a NH, (S) 272 2140 7.87
61b NHCOPh-pCN (S) 43 21 0.49
61c NHCOPh-pOMe (S) 32 13 0.41
61d NHCOPh-pOMe (R) 33 21 0.64
61e NHAc (S) 53 289 5.45
61f NHAC (R) 80 NT -
61g NHCO"hex (S) 26 21 0.81
61h NHCO®%°Hex (S) 34 77 2.26
61i NHCO!Bu (S) 123 NT -
61j NHCO!Bu (R) 37 94 2.54
61k® NHAc (S) 44 NT
(Tirofiban) 46 6.7 0.15

@ Concentration required to reduce binding ADP-induced human platelet aggregation response by 50%
b Concentration required to inhibit VWF mediated human platelet adhesion by 50%.

€ G' part is 7membered ring structure

DEBIAT LT L L, FiRE LT ICsB/ ICs0A DIEIT/NE L 7pofe, TN EKOFBEHFER I
WS IPEEBIL (61b) 0 7 GMEE AL (61c, d)ZEA L TH ICs50A DfEIZ K& 7o
fBIZR b7 oTz, EHIT, 207 I FENER SN IRFRFONAREER) £721%
@D TE ICA DEICKE RZBLITR N2 oTo, T2, 2T LFHERN
GPIIb/IMla (ZHE A 2 22/, R Z 07 I MG OEHFICIE, 7 == VEREDORE S 2%
FAND AR 2R ZERINIFAE L TV D EHERITE 5,

WIZ, 7 FEBILANENIET I FICEHR L, & L@REOm EIZHOWTHRE Lz, £
DFER, MRS CTH D77 b7 I FEEZEA LS 61e (X, 1CsA 73 53nM &
HEIZHRVMEZ R L, ICsoB S 289 nM & HEFIZHIVMEIZRE £ o7z, TORER, LEMED
FEEET®H % IC5B/ ICsA fEI 5.45 LHEFITmVMEZ R T Z L2 RH L7, 6le Dmt'~—T
H D 611 1T [Cs0A MFEF T HHEMICH Y . Z DAL (R), (SIERME TOMEMEIZE T DA
DRI, £, 7B 87 I FEOT UV E n-~F D VILITIER L7z 61g 13 1CsoA 73 [A)

54



EFT250D, ICBESH M EL, ZDHEH ICsoB/ ICsA 1% 61e 1T LA L LZRWAER & 72
olz, ZTHITH LERHIEZA Lilm S 2 0m LS ¥ v 7 maFd oL FFiE(k 61h Tl
ICsoB fEI, ORI L7z, ZOHR AL, LV &E&EW tert-7 F V7 X FEEZH A LTZ 61i,
jEFME L, TORE, REEZAT D 61j 3EV ICsHA fH 37nM 278 L, 52 ICsB/
ICsoA fEIZ 2.54 LIRVWME A RS Z L3 pinode, ERBBMEONFERE LT, IR VEE oL
DONAREYER EIEVE & ORTRE tert-7 F VT X RFFEIR 610, j &7 b7 2 FiFElK 6le,
61f D ICsoA % TTITKER LT, ZOFEE. tert-7F N7 X Nk ~— 61i,j TiZ &
VAR UEE a L2y (R) BLED 61 NEIEETH L2 DICx L, 7 7 X RiFEA= '~ — 6le,
61f TIL (S) BLiE D 6le NETEMETH D L Vo RSN R LN TEY | tert-7 FVEEIF
EDNARMNCE @ W ERILZ T2 61, j TliX GPIIb/IIa & O] 5 MO SEARY 72 FEE AN E =
STWHHLDEBEZBND, £, G T BERB-TI JBEEAL, HAVKRUEE L
IZ6le LIAILT & M7 I REZEALZ 61k X, THILZZHED | ICso=42nM &L IFFITH W
M/ REEEINRIER 277 L7, LA LR 6 6le & LLiER U CHREZRTEME D AT R G ho
7ol EaRLBEHIR IR Uiz, BIZil 7 in vitro (CERSNRBROFER LD . HVR R
aflZT ' b T X REE, R tert-7 F T X REEZ AT 255K 6le, 61 D3RRI E O/ MK
SRS ME & AR ORI & AR IS PR R ORI TH 2 Liffamo T, kI
FEEIERNICBNT, ZOEEM L RIEROTERER R TE 202 FAET <<, 4 X%
FAN T i/ NBCOEESE A VEF & HH i B T4 2 1 P o TR B8 - L 7=

2. 6. A XTOM/MREEEMFIER & H iR FRE R VR & O TefE L] E

2. 6. 1. MEHiE

:

puns

JIXE D in vitro (FEARSN) BB TR 7T 07 7 A V&R LT 21668 6le, 61 2 FHNT, A

T O/ ESIEH & Hii R RERAEH & OTRBEEAZRE L, EERNTOREMEL
REMEZWERT D invivo (CEERN)EBRZIT o7, FEBRFEZTLTO®Y Tho, £, 5k
RE—=7NWVICFER Z R EETIZ30 oHET oM, LI —FEORS, IS TAAZ AN

X
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Figure 14. The measurement of the bleeding time and platelet aggregation inhibition in dog
(A TOEHZ &5 /N 50sE S HNH 45 A & H i B EE R4 B O BIE %)

7o BEARZ AN 1 53 T L ICAREGRICAT, MBS E LR RDETD
e 2 E L, £ Ok 2 I E & L7, RIS, Bk 223 580 HKA] 61e £7213 615 % i
RS U, RIRFIC A O R E A2 MERr T~ 5 729 RISEAIO Sl #& 5 I T L, Jeft e
[FRRICHR %D 30 pMR T 6 |, A A& A, ZOMMKHEZNE Lz, £7-, A X%
AL D & FRFICERIL A ATV, Z O MR K 0 MAERS A 53 B L. i o> FE41R FE 22 HPLC
HECEVRE L, mIERoEARENEWESE. BWEH TH 5 H MM OIS RS
Mo, AR G-HRF O MR I 2.5 fE O MR OIER 2N S 256 13 & 778
BIWERAMRB LI AL, 20 L EOMBETEANREZFHE Lz, AR TITIZOMEE (D)
ng/ml &35, fih)7, H—FE TR~/ T7ik L RBRIC, BRI 24T - 72 AR 312 ADP 2%
M/ NREEE 2 FR ST, SRIOEE. & 2 RE OB MIER S IHFET D7D, /)
BT RN 22 = 3, i vh o> S 1 M iR S 0 HPLC JIEIC K 0 i Hhi 2
WETE D, ZOFWIRE & M/IMUEEEIMBIREDORRE Ty ML, £ XIZBT D 50%
M/ EREE 2 B0 3 2 REOSEANRE (KETIL (CO)ng/ml & 7°2) Z#HH L, ZOERT

Dl E LT, Ei&N T Tirofiban (2% L T RO ER A TT -7,
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2. 6. 2. fEHR

HITE TIT o 7o R COEERAE R % Table 8 (278 T, A X ML/ 500 RPN HI RF D i #7E H i B
O)Z. {LEWY 61e Tl 46 ng/ml TH Y . {LEW 61j Tl 31 ng/ml Th o7z, KHIRIEA|D

Tirofiban DfEIX, 57 ng/ml ThH-72Z & KV, FEHEOGK LI 2 >DibaiE. FEH DR

Table 8. The prolonging of the bleeding time and the inhibition of
the platelet aggregation in dog
(AXIZH T 5 H mEFFEEREREM/MRESIIHEREDFTRERE)

Compd concentration concentration ratio
(C)2,ng/ml (D)?, ng/ml. (D)/(C)

61e 46T 4.0 770 = 20 17

61j 31£ 3.0 244+ 12 7.8

(Tirofiban) 57 1.0 148 £ 5.8 3.0

@ Concentration required to reduce binding ADP induced dog's platelet
aggregation response by 50%

bplasma concentration of drugs in dog when bleeding time was 2.5 fold
prolonging

Tl Tirofiban &AZIEFREDOTEMEZ RN TRT Z L0 oTc, THUTK L, 2.5 fiFH i
MIE R R RAIEE (D)X, EEW 2 Tl 770 ng/ml & FEFITEWVBEZ R Lzocx L, 1k
4 351 TiX 244 ng/ml & PREOEZ R L X IETH 5 Tirofiban @ (D)% 148 ng/ml T,
ARV SEAN I R B D B2 & (M R 2 -9~ 2 L Ny Tz, EREFERIC K > TRLAT
b 2HoO0fE (C), D)D DC) Z&tHE L. EM L BIEMOTEME 2 2L hE
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2.9.1. Chemistry

(2R,S)-2-Phenyl-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]

propanoic acid hydrochloride (52). This compound was prepared from 49 and 51 using a
similar procedure to that employed for the preparation of 1b (100%): IR (nujol) 1724, 1635, 1616
cm’; "H NMR (DMSO-dg) & 1.05-1.85 (m, 11H), 2.02-2.60 (m, 4H), 2.60-3.06 (m, 3 H), 3.10-3.27
(m, 2H), 3.33-3.68 (m, 3H), 3.70-3.90 (m, 2H), 4.10-4.40 (m, 1H), 7.18-7.40 (m, SH), 7.95-8.20 (m,
1H), 8.60-9.20 (m, 2H); HRMS (ESI) m/z Caled for Ca3H3N3;04 (M+H)™: 416.2549, found:

416.2535.

Methyl (2R)-3-amino-2-{[(benzyloxy)carbonyl]amino}propanoate hydrochloride (56). To a
stirred solution of iodobenzene diacetate (7.26 g, 22.5 mmol) in a mixture of EtOAc (44 ml),
MeCN (44 ml) and water (22 ml) was added N-carbobenzoyl-D-asparagine (54) (5.0 g, 18.8 mmol)
at ambient temperature.  After stirred for 3 h, the reaction mixture was cooled to 5 °C, followed by
stirring for 2 h. Insoluble material was collected by filtration, washed with EtOAc, and dried
under reduced pressure to give (2R)-3-amino-2-{[(benzyloxy)carbonyl]amino} propanoic acid (4.15
g, 93%) as a white solid: IR (KBr) 3303, 3028, 2949, 1693, 1657, 1624, 1593, 1543 cm™ ; "H NMR
(D,0O-TFA) 6 3.35 (dd, J = 13.4, 8.7 Hz, 1H), 3.57 (dd, J = 13.4, 5.3 Hz, 1H), 4.57 (dd, /= 8.7, 5.3
Hz, 1H), 5.16 (s, 2H), 7.43 (s, 5H); MS (APCI) m/z 239 (M+H)"; mp 238 °C (dec.); [a]’'p +8.6°
(c1.0, IN NaOH aq). SOCI; (3.22 ml, 44.1 mmol) was added dropwise to MeOH (25 ml) at 4 °C
under a nitrogen atmosphere. After stirred for 30 min, to the reaction mixture was added the

material obtained above (3.00 g, 12.6 mmol), followed by warming to the ambient temperature and
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stirring was continued overnight. The insoluble material was collected by filtration, washed with
IPE, and dried under a reduced pressure to give 56 (3.15 g, 87%) as a white solid: IR (KBr) 1734,
1695, 1595, 1537 cm™; '"H NMR (DMSO-dg) & 3.06 (dd, J = 13.1, 9.2 Hz, 1H), 3.22 (dd, J = 13.1,
4.8 Hz, 1H), 3.68 (s, 3H), 4.38-4.49 (m, 1H), 5.07 (s, 2H), 7.37 (s, 5H), 7.92 (d, J = 8.2 Hz, 1H),

8.20 (br-s, 3H); MS (APCI) m/z 253 (M+H)"; mp 166.0-166.5 °C; [a]’p +39.2° (¢ 1.0, MeOH).

Methyl (25)-3-amino-2-{[(benzyloxy)carbonyl]amino}propanoate hydrochloride (55). This
compound was prepared from 53 using a similar procedure to that employed for the preparation of
56 (90%): IR (KBr) 1734, 1691, 1598, 1541 cm™; 'H NMR (DMSO-dq) & 3.06 (dd, J = 13.1, 9.2
Hz, 1H), 3.22 (dd, /= 13.1, 4.8 Hz, 1H), 3.68 (s, 3H), 4.38-4.49 (m, 1H), 5.07 (s, 2H), 7.37 (s, SH),
7.92 (d, J = 8.2 Hz, 1H), 8.20 (br-s, 3H); MS (ESI) m/z 253.3 (M+H)"; [a]*p —43.1° (¢ 1.01,

MeOH).

tert-Butyl 4-[3-((3R)-3-{[((25)-2-{[(benzyloxy)carbonyl]amino}-3-methoxy-3-oxopropyl)
amino] carbonyl}-1-piperidinyl)-3-oxopropyl]-1-piperidinecarboxylate (57). To a solution of
39 (20.0 g, 54.3 mmol), 55 (17.2 g, 59.7 mmol) and HOBT (5.07 g, 59.7 mmol) in DMF (10 ml)
was added EDC (10.9 ml, 59.7 mmol) dropwise under ice cooling. The reaction mixture was
stirred at 4 °C overnight. To the resulting solution was added water followed by extraction with
EtOAc twice. The organic layer was washed with saturated aqueous NaHCO; solution, water and
brine, dried over MgSQy, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel with EtOAc/hexane (1:1) to give 57 (30.5 g, 93%) as a colorless oil:
IR (neat) 3307, 2974, 2933, 2855, 1724, 1689, 1535, 1434 cm™; "H NMR (CDCl3) § 0.95-1.15 (m,

2H), 1.20-1.80 (m, 9H), 1.46 (s, 9H), 2.15-2.50 (m, 4H), 2.56-2.67 (m, 2H), 3.15-3.45 (m, 3H),
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3.45-3.75 (m, 2H), 3.69 (s, 3H), 3.95-4.20 (m, 4H), 4.25-4.55 (m, 1H), 5.12 (s, 2H), 6.41 (d, /= 8.8

Hz, 3H), 7.25-7.45 (m, 5H); MS (APCI) m/z 503 (M-Boc+H)".

tert-Butyl 4-[3-((3R)-3-{[((2R)-2-{|(benzyloxy)carbonyl]amino}-3-methoxy-3-oxopropyl)
amino]carbonyl}-1-piperidinyl)-3-oxopropyl]-1-piperidinecarboxylate (58). This compound
was prepared from 39 and 58 using a similar procedure to that employed for the preparation of 57
(96%): IR (neat) 3309, 2974, 2935, 2860, 1726, 1689, 1535, 1435 cm™; '"H NMR (DMSO-dg) &
0.80-1.15 (m, 2H), 1.15-1.90 (m, 9H), 1.38 (s, 9H), 2.00-2.80 (m, 6H), 2.80-4.00 (m, 6H), 3.61 (s,
3H), 4.10-4.45 (m, 2H), 5.04 (s, 2H), 7.36 (s, 5H), 7.64 (d, J = 8.1 Hz, 1H), 7.95-8.15 (m, 1H);

MS (ESI) m/z 625.3 (M+Na)".

(285)-2-Amino-3-{[((3R)-1-{3-[1-(tert-butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)

carbonyl]amino}propanoic acid (59). To a solution of 57 (9.70 g, 16.1 mmol) in MeOH (200
ml) was added 10% palladium on charcoal (1.94 g). The reaction mixture was stirred under H,
atmosphere at room temperature for 3 h. The catalyst was filtered off and washed with MeOH.
The filtrate was concentrated in vacuo. The residue was dissolved with THF (100 ml). To this
was added 1 N aqueous LiOH solution (48.3 ml, 48.3 mmol) dropwise under ice cooling and stirred
for further 0.5 h at 5 °C. The pH of the resulting solution was adjusted to 7 with 20% aqueous
solution of KHSO,, and evaporated under vacuum to remove THF. The residual aqueous solution
was purified by ODS column chromatography. The eluate was concentrated in vacuo and
lyophilized to give 59 (7.08 g, 97%) as an amorphous solid: IR (KBr) 1691, 1649, 1427, 1244,
1165 cm™; "TH NMR (D,0) & 0.90-1.22 (m, 3H), 1.45 (s, 9H), 1.48-1.60 (m, 2H), 1.61-1.80 (m, 4H),
1.80-2.10 (m, 1H), 2.35-2.55 (m, 4H), 2.70-2.88 (m, 2H), 2.95 (dd, J = 13.0, 10.6 Hz, 1H),

3.12-3.38 (m, 1H), 3.62 (dd, J = 14.9, 6.8 Hz, 1H), 3.77 (dd, J = 14.9, 3.4 Hz, 1H), 3.82-4.10 (m,
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3H), 3.90 (dd, J = 6.8, 3.4 Hz, 1H), 4.15-4.40 (m, 1H); MS (APCI) m/z 455 (M+H)".

(2R)-2-Amino-3-{[((3R)-1-{3-[1-(tert-butoxycarbonyl)-4-piperidinyl]|propanoyl}-3-piperidinyl)
carbonyl]amino}propanoic acid (60). This compound was prepared from 58 using a similar
procedure to that employed for the preparation of 59 (95%): 'H NMR (D,0) 6 0.90-1.22 (m, 3H),
1.45 (s, 9H), 1.46-1.60 (m, 2H), 1.65-1.85 (m, 4H), 1.85-2.10 (m, 1H), 2.40-2.55 (m, 4H),
2.70-2.90 (m, 2H), 2.98 (dd, J=12.8, 10.6 Hz, 1H), 3.12-3.35 (m, 1H), 3.53-3.67 (m, 1H), 3.76 (dd,

J=3.7,2.2 Hz, 1H), 3.82-3.95 (m, 2H), 4.18-4.38 (m, 1H); MS (ESI) m/z 455.3 (M+H)".

(25)-2-Amino-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]
propanoic acid (61a). To a solution 59 (200 mg, 0.44 mmol) in EtOAc (4 ml) was added 4 N
HCI in EtOAc (1.10 ml, 4.40 mmol) under ice cooling. The reaction mixture was stirred at room
temperature for 2 h. The resulting precipitate was collected and washed with Et,0 and dried
under vacuum to give a crude solid. It was dissolved in water, and the pH of the solution was
adjusted to 7.0 with saturated aqueous NaHCOj; solution. The resulting solution was purified by
ODS column chromatography with MeCN/H,0 (3:97). The eluate was concentrated in vacuo and
lyophilized to give 61a (94 mg, 60%) as an amorphous solid: IR (KBr) 1631, 1566, 1444, 1228,
1084 cm™; "H NMR (D,0) & 1.26-1.90 (m, 9H), 1.90-2.08 (m, 3H), 2.35-2.58 (m, 3H), 2.75-3.10
(m, 3H), 2.75-3.10 (m, 3H), 3.12-3.60 (m, 6H), 3.78-4.05 (m, 1H) 4.12-4.38 (m, 1H); HRMS (ESI)

m/z Calcd for C;7H31N4O4 (M+H)+: 355.2345, found: 355.2331.

(25)-2-[(4-Cyanobenzoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}
carbonyl)amino]propanoic acid (61b). To a suspension of 59 (204 mg, 0.45 mmol) in MeCN (5

ml) was added N-(trimethylsilyl)acetamide (MSA; 700 mg, 5.3 mmol), and the reaction mixture
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was stirred at 40°C for 30 min and then cooled to 0 °C. To this solution was added
p-cyanobenzoyl chloride (80 mg, 0.48 mmol) under ice cooling and the reaction mixture was stirred
for further 0.5 h at room temperature. The pH of the resulting solution was adjusted to 2.5 with
20% aqueous KHSO, solution and extracted with EtOAc, dried over Na,SO,, filtered and
concentrated in vacuo. The residue was dissolved in EtOAc (6 ml). To this was added 4 N HC1
in EtOAc (2.1 ml, 8.4 mmol) under ice cooling. The reaction mixture was stirred at room
temperature for 2 h. The resulting precipitate was collected and washed with Et,0 and dried
under vacuum, dissolved in water, and the pH of the solution adjusted to 7 with saturated aqueous
NaHCO; solution. It was then purified by ODS column chromatography. The eluate was
concentrated in vacuo and lyophilized to give 61b (191 mg, 90%) as an amorphous solid: IR(KBr)
1641, 1630, 1610, 1444, 1390 cm™; 'H NMR (D,0) & 1.25-1.62 (m, 7H), 1.62-1.82 (m, 2H),
1.82-2.02 (m, 3H), 2.25-2.52 (m, 3H), 2.70-3.12 (m, 3H), 3.23 (dd, J = 13.2, 10.6 Hz, 1H),
3.35-3.48 (m, 2H), 3.56-3.83 (m, 3H), 4.05-4.22 (m, 1H), 4.58-4.78 (m, 1H), 7.92 (d, J = 1.6 Hz,
4H); HRMS (ESI) m/z Calcd for C,5H34N505 (M+H)+: 484.2560, found: 484.2577; Anal. Calcd for

C»sH33N505-2H,0: C, 57.79; H, 7.17; N, 13.47. Found: C, 57.65; H, 7.21; N, 13.42.

(25)-2-[(4-Methoxybenzoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}car
bonyl)amino]propanoic acid (61c). This compound was prepared from 59 and
p-methoxybenzoyl chloride using a similar procedure to that employed for the preparation of 61b
(94%): IR (KBr) 1644, 1640, 1633, 1622, 1608, 1502 1254, 1180, 1022, 850 cm™; 'H NMR (D,0)
6 1.20-1.60 (m, 7H), 1.60-1.75 (m, 2H), 1.75-2.00 (m, 3H), 2.15-2.30 (m, 1H), 2.30-2.50 (m, 2H),
2.65-2.85 (m, 1H), 2.85-3.05 (m, 2H), 3.20 (dd, J = 13.4, 10.4 Hz, 1H), 3.40-3.48 (m, 2H),
3.55-3.85 (m, 3H), 3.90 (s, 3H), 4.05-4.20 (m, 1H), 4.55-4.71 (m, 1H), 7.09 (d, J = 8.8 Hz, 1H),

7.11 (d, J=9.1 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 7.80 (d, J = 9.1 Hz, 1H); HRMS (ESI) m/z Calcd
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for C,5H37N,06 (M+H)": 489.2713, found: 489.2713.

(2R)-2-[(4-Methoxybenzoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}car
bonyl)amino]propanoic acid (61d). This compound was prepared from 60 and
p-methoxybenzoyl chloride using a similar procedure to that employed for the preparation of 61b
(94%): IR (KBr) 1647, 1608, 1254, 1180, 1024, 850 cm™; '"H NMR (D,0) & 1.25-1.60 (m, 7H),
1.60-1.78 (m, 2H), 1.78-2.00 (m, 3H), 2.27-2.50 (m, 3H), 2.70-3.20 (m, 3H), 3.22 (dd, J = 13.6,
10.3 Hz, 1H), 3.30-3.49 (m, 2H), 3.53-3.88 (m, 2H), 3.91 (s, 3H), 4.05-4.30 (m, 1H), 4.60-4.72 (m,
1H), 7.10 (d, J = 9.0 Hz, 2H), 7.81 (d, J = 9.0 Hz, 2H); HRMS (ESI) m/z Calcd for C5H37;N404

(M+H)": 489.2713, found: 489.2721.

(25)-2-(Heptanoylamino)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl} carbonyl)ami
no|propanoic acid (61g). To a suspension of 59 (200 mg, 0.44 mmol) in THF (4 ml) were added
1 N aqueous NaOH solution (1.45 ml, 1.45 mmol) and hexanoic anhydride (0.26 ml, 0.97 mmol)
under ice cooling. After 15 min, the reaction mixture was stirred at room temperature for further
1 h. The resulting mixture was washed with Et,0, and the pH of the aqueous layer was adjusted
to 2.0 with 20% aqueous solution of KHSO,, and extracted with a mixed solvent of EtOAc/THF
(1:1), dried over Na,SQy, filtered and concentrated in vacuo. The residue was dissolved in EtOAc
(10 ml). To this was added 4 N HCI in EtOAc (1.1 ml, 4.4 mmol) under ice cooling. The
reaction mixture was stirred at room temperature for 2 h. The resulting precipitate was collected
and washed with Et,O and dried under vacuum, dissolved in water, and the pH of the solution was
adjusted to 7 with saturated aqueous NaHCO; solution.  The solution was then purified by ODS
column chromatography with MeCN/H,O (1:3). The eluate was concentrated in vacuo and

lyophilized to give 61g (184 mg, 90%) as an amorphous solid: IR (KBr) 3430, 3413, 1648, 1456,
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1392 cm™; 'H NMR (D,0) & 0.86 (t, J = 6.5 Hz, 3H), 1.20-1.80 (m, 17H), 1.80-2.05 (m, 3H), 2.29
(t, J = 7.2 Hz, 2H), 2.42-2.55 (m, 2H), 2.73-3.06 (m, 3H), 3.07-3.34 (m, 1H), 3.35-3.50 (m, 3H),
3.66 (ddd, J = 13.8, 4.2, 3.0 Hz, 1H), 3.77-3.98 (m, 1H), 4.12-4.38 (m, 1H), 4.39 (dd, J = 8.9, 4.2

Hz, 1H); HRMS (ESI) m/z Calcd for Cy4H43N4O5 (M+H)+: 467.3233, found: 467.3231.

(25)-2-(Acetylamino)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]

propanoic acid (61e). This compound was prepared from 59 using a similar procedure to that
employed for the preparation of 61g (82%). Purified amorphous product was crystallized from
H,O/EtOH (0.5/99.5): mp>210 °C; IR (KBr) 1633, 1624, 1444, 1396 cm; 'H NMR (D,0) &
1.30-2.10 (m, 11H), 2.03 (s, 3H), 2.30-2.60 (m, 3H), 2.70-3.10 (m, 3H), 3.10-3.55 (m, 4H), 3.69 (dt,
J=13.9,4.2 Hz, 1H), 3.80-4.05 (m, 1H), 4.10-4.35 (m, 1H), 4.38 (dd, /= 8.4, 4.2 Hz, 1H); HRMS
(ESI) m/z Caled for Ci9H33N405 (M+H)+: 397.2456, found: 397.2438; Anal. Calcd for
C19H3,N,053H,0: C, 50.65; H, 8.50; N, 12.44. Found: C, 50.51; H, 8.54; N, 12.33; [a]*’p -11.8°

(c 1.00, MeOH).

(2R)-2-(Acetylamino)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]
propanoic acid (61f). This compound was prepared from 60 using a similar procedure to that
employed for the preparation of 61g (85%). Purified amorphous solid was crystallized from H,O /
EtOH (0.5:99.5): mp >124.0-124.5 °C; IR (KBr) 1666, 1627, 1599, 1402, 1144 cm™'; '"H NMR
(D,0) 6 1.30-2.10 (m, 11H), 2.03 (s, 3H), 2.30-2.65 (m, 3H), 2.80-3.10 (m, 3H), 3.10-3.50 (m, 4H),
3.69 (dt, J =13.9, 4.2 Hz, 1H), 3.80-4.00 (m, 1H), 4.10-4.35 (m, 1H), 4.38 (dd, J = 8.4, 4.2 Hz,
1H); HRMS (ESI) m/z Calcd for CoH33N405 (M+H)™: 397.2456, found (M+H)" 397.2451; Anal.
Calcd for CysH33NsOs:3H,0: C, 50.65; H, 8.50; N, 12.44. Found: C, 50.88; H, 8.51; N, 12.49;

[a]*p -45.9° (¢ 1.00, MeOH).
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(25)-2-[(Cyclohexylcarbonyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}ca
rbonyl)amino]propanoic acid (61h). This compound was prepared from 59 using a similar
procedure to that employed for the preparation of 61b (86%): IR (KBr) 1643, 1637, 1633, 1523,
1469, 1441, 1255, 1225 cm™; "H NMR (D,0) & 1.20-1.80 (m, 18H), 1.80-2.05 (m, 3H), 2.15-2.60
(m, 4H), 2.73-3.15 (m, 3H), 3.20-3.35 (m, 1H), 3.35-3.52 (m, 3H), 3.66 (dt, J = 14.0, 3.9 Hz, 1H),
3.78-3.95 (m, 1H), 4.20-4.34 (m, 1H), 4.38 (dd, J = 8.5, 4.4 Hz, 1H); HRMS (ESI) m/z Calcd for

Co4H4 N4O5 (M+H) ": 465.3077, found 465.3077.

(25)-2-[(2,2-Dimethylpropanoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl
}carbonyl)amino]propanoic acid (61i). This compound was prepared from 59 using a similar
procedure to that employed for the preparation of 61b (86%): IR (KBr) 1631, 1541, 1390, 1230
cm’'; '"H NMR (D,0) & 1.19 (s, 9H), 1.33-1.89 (m, 8H), 1.90-2.05 (m, 3H), 2.42-2.56 (m, 3H),
2.83-3.18 (m, 3H), 3.20-3.58 (m, 4H), 3.62-3.74 (m, 1H), 3.80-3.95 (m, 1H), 4.10-4.30 (m, 1H),

4.30-4.38 (m, 1H); HRMS (ESI) m/z Calcd for C2H3oN4Os (M+H)': 439.2920, found: 439.2942.

(2R)-2-[(2,2-Dimethylpropanoyl)amino]-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidiny
I}carbonyl)amino]propanoic acid (61j). This compound was prepared from 60 using a similar
procedure to that employed for the preparation of 61b (79%): IR (KBr) 1631, 1541, 1390, 1228
cm”; '"H NMR (D,0) & 1.19 (s, 9H), 1.28-1.88 (m, 8H), 1.90-2.05 (m, 3H), 2.30-2.60 (m, 3H),
2.75-3.25 (m, 3H), 3.28-3.49 (m, 2H), 3.53 (dd, /= 8.1, 5.2 Hz, 1H), 3.61 (dd, J= 8.5, 4.0 Hz, 1H),
3.52-3.98 (m, 1H), 4.12-4.28 (m, 1H), 4.30-4.44 (m, 2H); HRMS (ESI) m/z Calcd for C»,H39N4O5

(M+H)": 439.2920, found: 439.2903.

67



tert-Butyl (BR)-3-{[((25)-2-{[(benzyloxy)carbonyl]amino}-3-methoxy-3-oxopropyl)amino]
carbonyl}-2,3,4,7-tetrahydro-1H-azepine-1-carboxylate (62). To a solution of 31 (142 mg,
0.59 mmol) in DMF (5 ml) was added 55 (188 mg, 0.65 mmol), HOBT (88 mg, 0.65 mmol) and
EDC (118 pL, 0.65 mmol) successively. After the mixture was stirred at room temperature
overnight, the reaction was quenched by adding saturated aqueous NaHCO; solution, and extracted
with EtOAc. The extract was washed with water, and brine, dried over Na,SOy, and evaporated in
vacuo.  The residue was purified by column chromatography on silica gel with EtOAc/hexane
(1:5) to give 62 (94 mg, 34%) as a colorless oil: '"H NMR (CDCl3) 8 0.74-0.97 (m, 1H), 1.4 (s,
9H), 2.34-2.79 (m, 3H), 3.39-3.86 (m, 4H), 3.74 (s, 3H), 4.07-4.49 (m, 2H), 5.11 (s, 2H), 5.56-6. 07

(m, 3H), 7.34 (m, 5H), 8.17 (br, 1H); MS(APCI) m/z 376 (M-Boc+H)".

(25)-2-(Acetylamino)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyllhexahydro-1H-azepin-3-yl}carb
onyl)amino|propanoic acid (63). To a solution of 62 (90 mg, 0.19 mmol) in EtOAc (2.0 ml) was
added 4 N HCI in EtOAc (4.0 mmol). After the mixture was stirred for 2 h, the solvent was
removed by decantation. The residue was dried in vacuo and dissolved in DMF (2 mL). To the
solution were added 39 (54 mg, 0.21 mmol), HOBT (28 mg, 0.21 mmol), and EDC (0.10 mL, 0.55
mmol). After stirring at room temperature overnight, the mixture was quenched by a saturated
aqueous NaHCOj; solution, then extracted with EtOAc. The extract was washed with water, and
brine, dried over Na,SO,4 and evaporated in vacuo. The crude residue was dissolved in MeOH (10
mL). The solution was stirred under H, atmosphere in the presence of 10% Pd-C (20 mg, 50%
wet). After stirring at room temperature for 3 h, 1 N LiOH solution (0.50 mL, 0.50 mmol) was
added to the mixture at 0 °C.  After stirring at the same temperature for 30 min, acetic anhydride
(28 uL, 0.30 mmol) was added successively, and the mixture was stirred for further 30 min. The

resulting mixture was acidified to pH 2.5 with 20% aqueous KHSO, solution, and extracted with
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EtOAc. The extract was dried over Na,SOy, filtered, and evaporated in vacuo. The residue was
dissolved in EtOAc (2 mL), and 4 N HCI solution in EtOAc (1.0 mL, 4.0 mmol) was added.  After
the mixture was stirred at room temperature for 1 h, the solvent was removed by decantation. The
residue was dried in vacuo, and dissolved in water. The solution was neutralized with saturated
aqueous NaHCO; solution, then purified by Daisogel SP-120° (Daiso) reversed phase gel
chromatography with a CH3;CN/water (1:10). The fraction containing a product was concentrated
in vacuo and lyophilized to give 63 (28 mg, 36%) as a white powder: IR (KBr) 3122, 1623, 1550,
1437 cm™; "H NMR (D,0) 8 1.32-1.94 (m, 13H), 2.03 (s, 3H), 2.45-2.65 (m, 3H), 2.92-2.99 (m,

2H), 3.30-3.72 (m, 8H), 4.34-4.41 (m, 1H); MS(APCI) m/z 411 (M+H)".

2.9.2. Platelet adhesion to vWF coated plate

Venous blood from healthy male volunteers was collected onto sodium citrate. Platelet rich
plasma (PRP) was prepared by rapid centrifugation of whole blood. Platelets were washed with
modified HEPES-Tyrode’s buffer (129mM NaCl, 2.8 mM KCl, 0.8 mM KH,PO,, 8.9 mM NaHCO;3,
0.8 mM MgCl,, 10 mM HEPES, 5.5 mM Glucose, 0.1 % bovine serum albumin (BSA), pH7.4)
containing 1 uM PGE 1.  After washing, platelets were suspended in modified HEPES-Tyrode’s
buffer containing 1.0 mM CaCl, and platelet count was adjusted. Adhesion assay protocol was
performed as follows. 96-well microtiter plates were coated with 1 pg/well of von Willebrand
factor. The plates were then blocked with 1 % BSA. After the plates were washed with buffer,
ADP-activated washed platelets were added to each well in the presence of drugs or buffer and
incubate for 30 min at 37 °C. The plates were then washed three times with buffer. The number
of adhered cells was determined by the acid phosphatase activity of cells at 410 nm using a

microplate reader.
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2.9.3. Calculation of the plasma concentrations for 50% inhibition of platelet aggregation

and for 2.5-fold prolongation of the bleeding time in dogs.

Various amounts of 6le, 61j and tirofiban were administrated by bolus injection, followed by
continuous  injection (6le: 20 pg/kg +7 pg/kg/h, 100 pg/kg + 30 pg/kg/h, 200
pg’kg + 70 ug/kg/h, and 500 pg/kg + 150 ug/kg/h;  61j: 3 ug/kg +3 ug/kg/h, 10
pg/kg + 10 pg/kg/h, 30 pg/kg +30 pg/kg/h, and 60 pg/kg + 60 pg/kg/h; tirofiban: 39
ng’kg + 1.3 ug/kg/h, 75  pupgkg +2.5 ug/kg/h, 150  pg/kg +5 pug/kg/h, and 300
png/kg + 10 pg/kg/h) to dogs (beagle; n = 2-4), respectively. Blood samples were taken at 6
time-points for the platelet aggregation study ex vivo and for measurement of drug concentrations
in plasma by HPLC analyses at 30 min intervals after dosing. At the same time as blood sample
collection, bleeding time was assessed with an automated spring-loaded device designed to produce
a standardized incision applied to the inner side of the upper jowl. Blood from the incision was
blotted with filter paper every 30 sec until all bleeding had stopped. Prolongation of bleeding
time was determined by comparison with the time in the pretreatment period. Drug

concentrations in plasma for 2.5-fold prolongation were calculated.
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3 M/ MREEER IR DA ORI

3. 1. BAFAHOERLHRE

%

AT Tl X7z K o1, FF T, HlEm O LR mWESFIORI 2 #5 L Tc,
—IRENTIERANT R G-% ., BB 6 2 LR EHNIETIN D 20, FR TN
BnsfEnbo, BERE, ABRBREORGIIIREADTH D, LirL, @EEERHKIC
Lo THERAR G, BEOEIZERELZ L T bd, BFEAZOIEMAE, EW
HREWV, fEo TR A G ATRE 22 i/ MBI A ORI X, BFE OATEDE (=Quality of
Life; QOL)D ] LD ICHE W T H REBEFREN LD TH D, M T D= DA 5
EWVo Tl L LR OPIMRFIOTEL K&V, 29 LR, D, HEIE, Ok sa

BEZ2 BORBLIL MR ORI F Lz P, ROFIZAINT 2 ECTOMBIL, @ik

(A) intravenous (iv.: BiEHNIES5) (Bl per os (p.o; 80O E)

UOTEDUSIUDD Fic]
UMEIUaU0D SN

2)

9 .

(1). (2): AUC (area under the concentration-time curve; (¥ 348 FihiE TEH)
(DEIRABEIZETS AUC: (#O/B5I2HH5 AUC

BA=[(2)/ (1)]x100(%)

Figure 16. The measurement of bioavailability (BA) (4 ¥4 FI R EBADEIEE)

EHENEYEOREL L & b, ITIEHEE D> 6 OWINED W FER 2 AT 5 8128 5,

06 01 i SRR NI 2 BT 9 D12 75 T, BH I, RORIEEZ R~ 36, T7hbb
W FHIFI . (bioavailability; LA K BA) ORIEZIT 72, BA &iE, #BO#HE LI3KAIN
HILEDL S ENTETOREG TRINES NS0 E R~ ThH D, Figure 16 |2 BA OHIE T4
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Y, ETEBREWIC. —EEONERA L FIRES (intravenous; iv.) 2, £ D1k,
EHAZER M 24TV A O MIETIREDORRMER 2 77 71270y 45 (777 (A
FFEOEWIZ, MR N EIFIERERE TIZT, FEOHEAZREAELE (peros; p.o)T b, ZD
& b AR 515 WIS BRI 24TV HH o0 Ml PR E DR 2 77 7 1o 7 m
N5 (7T 7 (B), TNENDOHEHAITBNT, IR LRSS OmEEZ2 T 5,
Z OE RV MR O RERIRE 5y R T, T OFESE A MUE SR R AR T RS (Area
under the concentration-time curve; AUC) & IMES, EARMNES & G5O AUC 1Z, Bofh
AT FEHIDY 100%IHE L0 IR S M FICBAT LT HmE O AUC IZFE LN E B3 2 &3
T& %, T72bb, AUC(HE A5 )/AUCHEIRNE G O+ 252 LT, EnlEgo
FHETHEADRN SN0 EZRETE D, ZOENBA THhLH, FEDHIFEICTRELEZ
TESA) 61e DR AWINEZRIE L7I2E 2 A, 7 v MERFFICHIT 5 BA 13 0.8% & 5A kD
WNEAES | 6le ZZDEERAAIE LTHEHT 2DIEAARETH D Z &2V LT,

3. 2. RO Z R U 7o i N I O 73 5% R

A 61e HMERWEE DN MEZ R T RRZ RO X D ICHEE LT, —MRICERZRE OG5 Lz
it EINGOBRBEN ORI SIS, ZOEMBEIIIEE _EE T TRy, REHE
WVEIIIEZ 8D 090, L, KIEMEICE T B A 8 0 12 < <, mHIcBIT Lz,
6le [TKEMHEICE LG TH L2, BREZED IZ<WEBZLND, —RILEHD
JETAVEZ R EIMEE LT, Kk—427 & 7 —NV5BteEk (LOGP) &9 %Kiz v 5,

LOGP X, &b A 7 % ) ——K (1 : 1(KFE) BRIAHRICBWT, ThZ
NORBIZEMR L TWBILEMDLZRBTRLIEBDTHL, Thbb, ZOENAKEN
EERRBEMEDA 7 2 ) — VIR T TV DEIENR LN L 2R L, IBEEOSWHE TH D
Z NG, FEZ BEEE TS 50O FE L LTkt OBEREIZI VT LOGP
DOHFEETH S CLOGP #5#%(Z L7=, CLOGP & X, Daylight > 7 k7 =7 CLOGP %
MWTHEIHLZ LOGP DIETH Y . F a2 E8HB0 7 V—7 (B icnglL, £71r—7

RO HNTZNT A= OfMEHWCHEINDS, 6le ® CLOGP #H 7T 5 L, -2.884
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EWOEZEZR L, FERITKBEHEICEDLEM TH D Z EREMIT bz, KEMER SO
X, BTNV R R, 77 ERIMZ32O7 I REEAELTNDTEDTH D, o1
W ARIGD VAR AR OT X HITTEERBUCLARFRETHY, ZnbaRETLHZ
LIXTERY, INVRABafiOT & 8T I FEBRBAICEREEREZ AT S Z L1
ARETH D, H—HE T T v b2 A B 50 (N TEEHIL 2 G A L, i/ MREEE
PHNEMEZ ) B C&E 572 HIX, o F ORREMER 212 X0 @0 AWM 2 A3 2 354 & AL
HE2 DO TRV EHEE LT, LA, B2 ECOENARRIIEICL D ANVA U o
LIRS HIL, B2 X7 = =V ERE B AL TH RIERIGEHEOH LA RS2 &an
SO TVWDLDT, ZNETHER Lol ra NZ A TG VR R B AL IR
B EZEATH L L Lz (63, Figure 17), £ OFIAIMICBIT 2 EERSHZ T A —

42 L72% CLOGP S, BEHMEEMIZ OV TR LT,

HN

\gﬁA\COZH
R

0 Q(O Nﬁ_/ﬁosmon / p-position

C
HN_ > I 6
~">Co,H
N 61e
H

Figure 17. Synthetic strategy for the creation of orally-active anti-plataelet agents.
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3. 3. M/MVREEEEMRE DA OB Bk

3. 3. 1. BrkHE

[-substituted
f-amino acid
O- N * 0 OsUIN 0]
HoN
HN G' Part OH + %\C02R
+ CO,H |::>
?A 2 R
R D' Part
N
H 63 Boc 49
R' Part

Scheme 12. Retro-synthesis of the target molecule 63.

LAY 63 DifiA Ak % Scheme 12 (277, R’Part 38 JL OV G’Part Z#g & L 7= 1 EIA 49 1%,

e

HEZETAR LIS Th D, 2 CTik D'Part OWFIEM: B EHL L -7 I/ FEO SR G

L%, LUTICH A O@EMIE (R) & BALICFRF OIS B-7 X/ FH RO Gz =T,

3. 3. 2. BEWB-TI /BB ATILOERK

BALIZ 7 = = VHEEFFO(E)B-7 X /2 64 1 XTHRA E L CTHEARRETH D, ZDOT7EIH

BIK 64 DI IVAR B B = AT AL LT LB 65 21572 (Scheme 13), ZD B-T7 I/

265137 IR F FHRMHENY 63a, b F THE L B THFENEZITo 72 (1),

HoN HaN
2 CO,H a 2 CO,Me
HCl
HCl
64 65

Scheme 13. Reagents:(a) SOCl,, MeOH, 81%.
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CHO

66
OH
b, c
4
R?-’\

72;R=H 78;R=H 84;R=H

67; R = p-OMe 73; R = p-OMe, 79; R = p-OMe, 85; R = p-OMe,

68; R = m-OMe 74; R = m-OMe 80; R = m-OMe 86; R = m-OMe

69; R = 0-OMe 75; R = 0-OMe 81; R = 0-OMe 87; R = 0-OMe

70; R = p, m-di-OMe 76; R = p, m-di-OMe 82; R = p, m-di-OMe 88; R = p, m-di-OMe

71; R=m-CF3 77, R=m-CF3 83; R=m-CF3 89; R=m-CF3
72; R' = Et, 78; R' = Et, 84; R' = Et,
73-77; R' = Me, 79-83; R' = Me, 85-89; R' = Me,

Scheme 14. Reagents:(a) NaH, (EtO),POCH,CO,Et, THF, 59%; (b) DMSO, (COCI),, EtzN, CH,Cl,; (c)
Ph3P=CHCO,Me, 84% for 73, 82% for 74, 70% for 75, 87% for 76, 73% for 77 in 2 steps respectively; (d)
(R)-N-benzyl-1-phenylethylamine, n-BuLi, THF, -70 °C, 72% for 78, 97% for 79, 73% for 80, 66% for 81,
70% for 82, 74% for 83; (e) Pd-C/H,, 83% for 84, 87% for 85, 95% for 86, 100% for 88, 75% for 89, 45% for
90.

HoN(R) HNR)

COzEt CO.H
84 90
Scheme 15. Reagents:(a) PhCH,OCOCI, EtsN, CH,Cl,,47%;

(b) LiOH, THF-EtOH; (c) Hy, Pd-C, MeOH, 84% in 2 steps;
90: [0]p2*-26.4° (c, Hy0)

W, BALIZ T = = v = FVEBILZ RO B-7 X/ EFH 8RO G %% Scheme 14 127",
3Tz = AT EF T AT E R (66), EIEEWT =T rX ) —)L 6771 O Swemn
B THOLND T AT b RRRIRICARE Wittig 382 EH S8, o, B R 27 LR
72-77 \ZFFE LTz, IRIT, Davis & DFEIHE,  (R)-N-X2 P -a-AF NPT
VIF LR, 1277 VT AT VAR IS 8, (LAY 78-83 2157- Y, =
DOHEBEMIMEISIZINT OB E L E WS T AT LARIRMEEZ R L, YU AWFAD T L0
Y NI T4 IR DA OBBETIE, BRAICEMED YT AT vAS—2/5 2 &N
TX72 (78; 93% de), 78-83 % Pd filllilz WD KFEWHIISIZ LD | NPV HERE N a-A
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FNANRCDNVEATRH#EL, B-T I /BT X7 )L 84-89 [ZFHEE L7, ZHHFEARDARFH
JROSLRFLE X, Scheme 15 (R T HIEICEIVIRE LT, T70bBB-T I/ = A7 /LK 84
DT I )R DNFFR AN RZNVIETRE LR, =X T AR O T VI ) Ky
fif, PAd-C T X D/KFIWMBUS 2R T, CEEEA D B-7 X /£ 90 (ZFFE L7z, 90 DFELE
DB LD | Z O IAREEIEL (R)ERE L, FEREDOME L D ML 93% ee TH
HERELE Y,

BALIZE =V, = F = VA GT 5 B-7 X/ BFHEMRIZE L TiE, Scheme 16, 17 (2787
FIFIZE VAR LTz, STREEE O FIEIZHEN L-T AN X VR ROV E AT VNG
LT AT RO ZHREERE LTHWE Y, BghmER, 3 vkrFLy, F4=0 L
ThIA4YTaRFY R ZHOCT AT E RESEAFLALL, 2 2 LEY, 20 92
DB-T 75 LEREERE—T Y ) —VEIRCHER S, B VBT X 93 ~LihiE
L7= (Scheme 16), =F =/LiFEIK 96 ~L, 7Tt K91 %, MU T x=LiIKAT 4 1F
EFCEALIRSE & RIS S, U7 2 EiHEK 94 ([CA# L 7=, LIN(TMS), Z1EH &,

TF=VEHK 95 IZFFE LT, 95 D B-T 7 Z LR G RERIZHERE—T %/ — LIS CRAER

(S),CHO SIS HoN')
HzNj,COQBn f_s_t_e_p* /,/j/ a f b 2 )*/\CQ2Et
N N~ =
A
91

92 93

Scheme 16. Reagents:(a) Zn, CHl,, Ti(OiPr)4, THF, 50%; (b) HCI, EtOH, 79%.

Vi
(S) ,CcHO (S) Br (S) (S)
d a e b 4 ¢ NS0 e
N, . N\S_/Br 5 N\s/ I we
o] Si i i

AN AN AN

91 94 95 96

Scheme 17. Reagents:(a) CBry4, PPhy, CH,Cl,, 48%; (b) LIN(TMS),, 56%; (c) HCI, EtOH, 56%.
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SH, B-T I /W96 ~LFHHELI- (Scheme 17), *¥

3. 3. 3. ROFEMMLED~DFHE

3. 2. 2. ICTHAMLIATER-T X/ MRIFEIK 65, 84-89, 93,96 (3, L4, EDC, HOBT
FFETTA49 LAEE Lizth, = AT VEK O Boc & MifR# L. EHAY 63a,b, 35 L1 63d-k
\ZFBE L7 (Scheme 18), 7235, BILIC 7 ==V ENEHRENTZFEIB-T I /B AT )L
65 1 OFFHE LT 63a, b D'~ —iIRGWIT, HPLC Z MWl Z&R T, £hfho
TV —Z45EE LT (63a 2NEMEREER, 63b DM FEER), 63a, b (R =Ph) DH/L
R B LD B E L, BRSO TR (5)-3-7 X /-3-T == T a BT L i i
VT Scheme 18 & [ABRD FFIETERR LTz BALD (A TH DL & O HPLC # b3 25 2 &
k0., (LB 63a s (SIK, 62b 72 RIKTHD ERE LT,

F 72 VR VR BALIZ T TV E R S AR 63¢ 1T B = L EEER 104 & ERL A fil

PEAFAE N CARBERME T L NS ITEHE U721  PRERDOBRGEZITWE R L 72 (Scheme 19),
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Os_N 0]

O<_N o) N
+ CO,R HN
OH \{\ 2 CO,R'
: 18
49 65, 84-89,
93,96 N 97, 104, 105; R = Et
N Boc R
Boc 85-90; R = Me
Os_N o)
HN c HN
N \{\COZH \{\cozH
R
106-114 63a, b, d-k
N
Boc H
Compd R (Stereo) Compd R (Stereo) Compd R (Stereo)
65, 97, .
106 Ph (R,S mix)
86, 100 89, 103,
63a Ph (S) 100, 63f (R) 112, 63i R)
63b Ph (R) OMe .
3
(R) 87 101 (R) 93, 104
84,98, Ay 2 g3l (S)
107, 63d 110, 63g OMe 113, 63] K
85, 99, (R) 88, 102, (R) 96, 105, (S)
108, 63e 111, 63h 114, 63k I
OMe OMe

Scheme 18. Reagents: (a) EDC HCI, HOBT, Et3N, DMF, 83% for 97, 100% for 98, 92% for 99, 88% for 100,
90% for 101; 100% for 102, 62% for 103, 100% for 104, 100% for 105; (b) LiOH, ROH, THF, 86% for 106, 97%
for 107, 85% for 108, 72% for 109, 72% for 110; 87% for 111, 86% for 112, 100% for 113, 100% for 114; (c)
HCI, AcOEt, 34% for 63a, 43% for 63b, 77% for 63d, 93% for 63e, 84% for 63f; 100% for 63g, 100% for 63h,
90% for 63i, 100% for 63j, 70% for 63k.
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A
63c

N N
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Scheme 19. Reagents: (a) cat.PtO,, Hy, 91% (b) LiOH, EtOH, THF; (c) HCI, AcOEt, 90% in 2 steps.

3. 4. BoFBE LS O M MR TENE & #8 0 WIS o I E

ATHEIC R LI RIS K 0 15 D7z BALEBFER 63a-k O i/ MEEEINHI1EM 1Cs 8 % /i
B L FARROFIETHE Lz, RIRHIZ, fARNMEZ B SICIET 5720, LFDFER%
7otz #T > MZ 1.0 mgkg DGR THERAN 2R OKS L, &5 1 FF#E%E K&K 3 I
IR I 24TV, Z Oty & o LTz, 2o iy o 7 s fiMRIBSE A 5
HIToH 25 ADP ZIRM LTz, fROWINMED BWIEFIOLGAIZIX, 3EANIIE(LE 28 U TN
Sh, MIRPITHAET D, D7 ADP 3/ MREEEITHI A B D, W R IED
FDHEA TR, IS EEAN D B LAMETE Le W72, ADP BA%8 M/ MREE 1 35A LI 2
b, o T, ZALOEEMBRZBNT 52 LI2X 0., fMHIICERN ENZT
MR STz D2 HERI T & % (ex vivo assay 1), ML/ INREEEEANH] 1Cso il & o % N IRICIE A 7~ 3
ex vivo FEBRFERL A Table 10 (2R T, BALIC Y = = /LA EHESE A L7358k 63a O ifi /Ml
BEEEH] ICso 1T 91 nM T, 7’1t b Z A LAWY Th L MEE T LR 50 DIZIF 2 5 DG
Lz, LovL, 63a OFRROWRIET ex vivo T— 2 B3 L 91, 71 ¥ A T (LAWY
50 LY BRI L7, 63a D= ~—Th2 63b |35h LTEMEA RS IeinoTo, R TiRR7
TV W a AR DY 6 Tld, =~ —[M T I ETEEICEZN L bR o7,

Z DOXRRE7RAE RS L 63b DA IVR R BTSN, SRR F T IXE A AT B DK
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N O

HN * COZH
R (s)or(R)
N
H
Table 10.
ex vivo assay
ICs0 (ADP induced Orally activity in Rat
Compd 50 i raily Yy CLOGP
P R Stereo aggregation), nM®  inhibition, %
1h 3h
50 H - 190 55 29 -2.834
63a Ph (S) 91 9 17 -0.801
63b Ph (R) >1000 NT NT -0.801
63c Et (R) 300 NT NT -1.546
63d (R) 190 49 46 -0.128
63e E} (R) 110 0 26 -0.209
OMe
63f (R) 65 12 13 -0.209
63g (R) 390 NT NT -0.209
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Table 10. (continued)

ICs9 (ADPinduced

ex vivo assay

Orally activity in Rat

Compd R Stereo aggregation), nM? inhibition, % cLoee
1h 3h
63h (R) 27 4 11 -0.470
OMe
OMe
63i ? (R) 625 NT NT +0.755
CF3
63 k\ (S) 160 NT NT -1.830
63k 33 71 46 -1.654

()
Ih

@ Concentration required to reduce binding ADP-induced human platelet aggregation response by 50%

J A HL 29 GPIb/Ia & OB EET LT\ 5 Z LAVRIB S N5, HHERN O IEIHICE
B LTz B-=FFEEAR 63¢ (2O TR/ IMREEERIFIREAMEIR L7z, ZDZ &b, I
RNUWEBAAEICIE, BFERRERENVLATHL EEZX LN, T2bb, IRy
W% B AL C GPIb/IMa & H & BRI AAFINFET 2 D TIXARWn ERIR S 115, IRIT,
BALIEWILZ B-7 == V=T L LT, ZOVAKEEE 63a LRI CAIEICEE L, £
DFER 63d 1L, 7’1 ~ ¥ A T(AEY 50 & RIFRE O M/ MRIEEEISIER 2~ L, 720k
IPES 50 LIZIFFREFETHD Z &N hotz, B2 M MREEEEINHNEE R _E &k 0k
D FEAZ AL L, 63d D FER OB RARTI Lc, A P UEZHHFR LITEA
L7oALE ) 63e-g Tld, A X B 63f (2 3\ T/ IMIEEEEIIHIIEED ) E (ICs; 65 nM) 73
RBiTz, N7 EHFHER 63e IZH W T HOIEM DM B R N7, AL MESIK 63g
TIIEWEMET Lc, 2o Oz ELIZ,
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ST, EORER, M/ NEEEMSIETE 1Cs 28 27 0M &, 2 E TOMIE CRIBOTEE A
THAMTHD Z LR holz, LInLRNBL, b A bF VEREEBRTER 63e-h
XL B AR ORISR A T2 Z & exvivo T—HX LV Bt leoTz, ZOFRKA
ELT, FEEROIEEEIIM ELZZbO0, BAOEMBRENRE SRV TED. B
R Z @i LIZ S K RoTelew & B2 6D, B, HER LOBEIL AL E 7o HEE R
KTHD M 7Adm AF VIS LT8R 631 Tl MREEE IS D KE 721K
B R bz, DLEDOREREI D | VAR BALOFHFERFTIL T, M/ IEEE IiTE
PEOm EERAWINED 2 D& FRIRFICEBR CE 25F 8K L R 2 LT TERn el L
Teo T T, P A XM EL BORFRICRDEF BRI QREHRLE LT, FL7
4. TEFVUEE NIRRT BAIAIA T 5K 63, 63k DRI 21T -7, Z DGR,
B = LEEEAR 63 DI/ IMREEEIHENEMEIZ 7 1 X A TEAW 50 L RIS TH o728, =F
=VEREAR 63k Tl IMREEEEINIHITEME I KRG 727 B3GR BTz (ICs; 33 nM), F 72,
63k O AWIXMEDRERE R (ex vivo EER) 206 #EAKE 1 R T 71%EEEME], 3 By
ARICBWN TS 46%EEMBIZREF L TRV | BRARINMED RWEFEIRTH 5 Z & A HIfF

SNz, FZ T, 3k ZHWTT v b RO XITEIT HEEM7: BA Z2HI17E Lz,
3. 5. B-mTF = HEEROEYFRIFIAE (BA)
{bEW 63k Z HWTT v b, KO IR HAEWZEHIFIHE (BA) % 3111 R L HE

WEDHIE LT, ZORE. 7y MIBITDHBAIX7.6%. 1 XIIBITHBAIX63%E., &
BTV BAEIZE £ 5 Z LB Uiz, Wtz m B S 512k, B2 508D R EA

o) K:Lfo
HN
HN coH ——> T\COZH
I Il
H 63k

63l

Iz

CLOGP: -1.654 CLOGP: -1.137

Figure 19. Incorporation of double bond at R' Part of 63k.
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YUEnlr, FIT.63kDAL T4 A —a VOEEXHBE L, GR—FDOERY D%
BT L2ATF LV BHIC2EBEGEZBEA LAY 631 OGRLZEHE L7- (Figure 19), 631 DJE
A% 779 CLOGP 1% -1.137 T. 63k @ CLOGP fE-1.654 & sk L. X 0 IEEAtEIC ST &

EZZ 5. WM EREE X,
3. 6. 7 a M ATIEEYW~DOREFIFES ZEN LA B8RO AR
3. 6. 1. RFEW.B-TIAXF=)LB-T 2 ) BHEKROFSKRIEDOH N 7

631 35 L O OJEALAE Y OB FEEY) TOR ORI AZRIE T D720, KEO BRI 631 %
BEPMECTH Tz, ZZTHELEZRDDIE 631 D D/S— K THD (5)2-T/LF=/LB-T
X R 96 DREATIETH-Tz, VED 96 1% Scheme 17 [ZR L7 L-7 AT X
MR LFFETE, Ll BEBEOIENMES EBANEMET, SR CTEE R
T LEHEPMELTHRE REAKIZIFARE ThoTo, FEHIL. ThbOfEE A
U272 B-7 2 12 96 D REERIEDMENL Z1T > 72, BRFRE % Scheme 20 127”7,
HREEEE LTATERS 24T MU TEFY ) (116)E VW=, ZofbEicit=
FNS TR THE R AFALVYATEFLUNLRISHRPTRAESEZ 5 BEOHL

TMS
/ / e
J/:( N OH
118

m%//

7
d T COzEt 15 on
NH o N c
O
121

120 64%

[alos® -6.3° (1.1, MeOH)

Scheme 20. Reagents:(a) trimethylsilylacetylene, EtMgCI, -40-0 °C, 100%; (b) paraformaldehyde, neat,
75%;(c) Lipase PS®, vinyl acetate, then SiO, column chromatography (see table 12);(d) NH4,OH, MeOH,
61%; (e) HCI, MeOH, 94%.
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TF NV TR L ERESED (30 C—10 C) &, TEFV /) v AfiPn=F =)L
TEHINTALEY 17 2 RTEREMITHD 2 ENTE o, BT 117 LT RV LT L
TE R&E 135 CTHNEAT 22 LICk Y, EREFNE Fufd A Fbsni 18 # 75%
WHETHZ, 20 U8 %, SF&. FIENE 52K iE S U X —Eilil 2 72l R
HESBIRIGIA L2, Fhebh, 7eFAHITH HEEE =LV OFET, 37 CTTY
NR—P PS® L T IHE U8 AT D L. REOLRPRIRIICT B F /UL AT,
120 2T 2, . (HEIZIEBNETETE FeX Tk 119 & LTRSS,
Z OB E R BIE DG ORRG 21T - T2 f6 58 (Table 11), SUSREEC X 0 KOG #HE
KO REEPRELS LML, ZOFT, kAT L /A Y TR ELZ—TFT V=12
BV B & S BIRED N T VAR S BV R & 72572 (entry 2), Z DRI
LHHE N8 DT F A~ —KAIMEIE, HEREICEBNTHREETII RN -7, 5L
Tk 60%FE CHED MR TRIGEKRT Sz, VAA—EE2ABICL VIRV RE, AIRER
MELicte, YV ATNITZLIa~ v 7T 74— TN & 1202538 LT-, AR TH S
119 Ot Fax A FEE M) 2AF L U VOB RELZ R TV F =7 K Tl
L. 121 2372, fit\W T, HWBHT A ZREIALTET S ) —L T 121 O B-TF 7 Z LB B
BREE, HIOMITHD 96 [IZFHE L=, 96 DFfaxBlE D (SR TH S Z L1, Scheme 17 12
RUTEHETER LTZALE Y 96 & OFENEED HHIZ L 0 kE Lz, £70, L5 ME 1T HPLC
IHTIZE YD 9B% ee THhDH I L aMER LIz, ZONFENEISNIAT —NVT v T H{ToTH
FHMER S RUSHHEITL, 700 g OJFEN 118 Z# FHNWTHAITI ZENTEX D ENghoT,

Table 11. Optimization of the kinetic resolution reaction of 118.

Entry ?:?(l)v\? /rx) Tso™.h 5$Z?t;10n Sfe‘lC ‘? ;S{V% Z:: »? »'13 9%
1 CH,Cl, 12 24 40 91
2 IPE-CH,CI, (2: 1) 4 9 40 97
3 IPE-CH.CI, (2: 1) 4 24 30 >99
4 1,4-Dioxane 10 24 50 92

a) the time the reaction conversion was proceeded to 50%; b) Isolated yield after purified by column
chromatography; c) 119 was converted to 96 and determined by HPLC analysis of 96 (CROWNPAK CR).
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3. 6. 2. B-TF = LEMFEEKROARK

O OEt Ox-OH
CO,Et CO,Et
ﬁj a ﬁj b, ¢ 7 d = e
N 5
oC
N N
124 125

122 123 Boc Boc
o r\O\fo o) I\O\’//O 0 OYO
_ OEt f (%/ OH g g HNT\CC)zEt
128
N 126 N 127 N
Boc Boc Boc
h, i
HN s HN
| ﬁjj == g [
12
N 9 N 63l
Boc H

Scheme 21. Reagents: (a) (Boc),0, 100%; (b) DIBAL, -75 °C; (c) (EtO),POCH,CO,Et, NaH, 86% in 2
steps; (d) NaOH, 88%; (e) 47, EtsN, EDC HCI, HOBT, DMF, 96%; (f) LiOH, 74% for 127, 97% for 129;
(9) 96, Et3N, EDC HCI, HOBT, DMF, 74%; (h) HCI, EtOAc; (i) Diaion HP20® 100% in 2 steps.

TROA Y =_aF gL (122) 76 B & T 2 REFFEEME 631 ~D & iR %
Scheme 21 127”7, R 1% Boc (R L7 A VY =_aF U BT /L 123 & 1 B EOKFEL
VAV TFNALTNI=0 L DBAL) EAEHSETT VT & RIRICER L 2%,

Horner-Emmons % - 7'0 Wittig SIS IZ K Y «, B-AEFIT= AT /L 124 IZFFE LT, 124 D
E/ZHIZ'HNMRIZEY 96:4 Thote, TNLEMKIN T L0~ v 7T 7 4 —ITk-
THEETTRETH D, HDHWIX EZIRAWD T VA VIR IREFT, T1VIR R 125 (TZEHR
Lz, ~FH -4 Y 7T rc—F i W TERSmEITV. ERD 125 0R55 =

EMTETZ, 2O 25T TNE TR LIEFREROTIET, JeHET I 47 & fil T 96
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CIERKEG AT o T21%. T AT IVIK R ZERET 129 21572, H%IC Boc JEDOMLREIZ X
D REAFIEFEL 631 213 AFHICHEI LT,

3. 7. EIROIFEEAR O M M EER IR &g A

HeDIETIR AT 515 TEH R U 72 AREFEE AR 631 O 1L/ MR HNE M ICs fl5 & 1 XIZFB 1T
2 W O RIE 24T - 7. fi 5% Table 12 12773, 631 D I/ MREREEINHIETE 1Cso 1% 38

Table 12. IC5 values and pharmacokinetic parameters in fasted animal of 63k and 63l

: i.v.(FRARPEST) p.o.(¥O#%5)
Compd 'Cs0 | species (3.2 mglkg) (10 mg/kg)
(M) BA, %
| (#n=3) AUC(0-0), T1/2, AUC(0-24h), Cmax, Tmax,
: ug h/ml h ug h/ml ug/ml h
63k 33 |  dog 16185  2.35 3.164 0.608 1.0 6.3
, + 0.735 + 0.20 + 0.313 + 0.048 + 0.5 + 0.5
63 38 | dog 12007 2.162 5.535 1.266 133 14.8
! + 0530 =+ 0.657 + 1.760 + 0.403 + 0.33 +47
631 | monkey | 17.126 1.135 3.490 0.328 4.00 6.45

+=1.917 =+ 0.151 =+ 1.040 =+ 0.004 =+ 0.00 =+ 0.05

nM OfEiZ 7R L, faFIEEEA 63k &ITITE Ui lilETE &2 /52 2 L 3o 72, 631
DREARINNEZL TR NT A —=F ZRET 5 &, AR GEO AUC ED, 63k (IR0
# L, T OREH BA A 14.8% & fIFI75E K 63k LV 2 (500 ERR O WIEA H B35 2 &A%
gmole, Ll HIEESWREAL & MW &3 2 b b2 TRk a2 ) E
L72& ZA, BAEIE 6.45% LIRVMEICR 5 Z L3I L72, 29 L7e=EEND ., KB
B TIEMEIFIRDIHELE D ORIUIRETH L L Hlr L, RIZT v T v ZIKOKGE &

1To7,
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3. 8. NEIFFHEARORE WM DTk E
3. 8. 1. 7ua 7 v ko

7u N7y 7 lid FREFITFEHAICNEETH 205, FEY OERENL E 7213 % Our s
TEEHCFOERIC L viEM b Esn 2D Z L TH D, Figure 19 ([Z-T/LEY 631 D
TEMEENL CTH D INRFRETTT X b HEM L. Zolasttzm Lsginid, 15
BREDN D OIEANWIN A\ LT 2D TIER W EB 2Tz, S IO R TS BEN ORE
FOMEITLD  JEEERIZE D Z ENTENL, MR TORWEYRENFEBTE S &
b, Btk LTIE, Figure 19 IZRT L9512, {77 2 7 Eiimna v L2 b7
50515 (FER 130 DERK). KO VR VB 2 = 2T kT 5071k R 131 D&
FR)D 2 Y REZ HiTz, 02 MOFEROP T ZAT VMR GHER 131)03 155 BE
NWDOTAT 7 —BICLOEGITNAKGHREREZ L, ZORBITTEERICKE S Z LN TPRES

N7 T, HIVRVEEAS DT AT L ~DOEBMEF 51T -7,

o "O\(O o I\O\fo o I\O\fo
(%/ AN COH
I
\ 130
R‘o’&o

Z HNTCOzH —— & HN co,R
Il Il

Figure 19. The sttategy for the conversion of 63l to prodrug.

3. 8. 2. 7ua k7 v I KOEK
7u N7y JIROERZREK % Scheme 22 2T, 70 R7 v 7L b=F /LT X7 )UK
131a 1. 63k A kICHIT 2 HIAE 128 Z i Boc (b L THK LT, FDOfOFEL DT 25 )L

AT, AP RA 129 2 38 EEE L CHW=, EDC. HOBT, 4-AF LT I /¥
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Uy (DMAPUFIE TR T, KO T /L a—L&aHWTT 2T UL EFTV, T Boe 1k
Xk, 7F LT AT IR 131D, X F LT AT UK 131e, B-7 = X F /LT AT )UK 131d
A LTZ, Fio. XA LRAF LT AT )UK 131e DS TIEL, B a4 /03 7k A

FNERIET Y U LEE T T AT UL ZITV, W Tt Boc L& 1T > 72,

- HNT\COZEt 2 -z HNTcozEt
I I
N 128

131a
Boc H
HN bore HN HN
(%/ T\COZH (%/ TCOZR a (%/ \rcozR
12
N ° N N
Boc H H
132 R="Bu 131b R="Bu
133 R="Pen 131c R="Pen
134 R= \/\@ 131d R= \/\@
_ 131e R= ¢
135 R= __ocoBu ~_-0COBu

Scheme 22. Reagents: (a) HCI, EtOAc, 84% for 131a, 100% for 131b, 32% for 131c, 83% for 131d, 81% for 131e
(b) DMAP, EDC, HOBT, DMF, 89% for 132, 94% for 133, 100% for 134; (c) K,CO3, ICH,0CO'Bu, 59% for 135.

3. 8. 3. 7 N7 v ZIEOR OV

K70 N7 v 71K 131a-e 27 » M2 1.0 mgkg DENE TROKS- L, 3 B &8 FEE#%
WCERIM A2 ATV, AR A 43 HE L C. 4t & [RIEEIT ex vivo BERZ1T o 77, §EHR% Table 13 (12777,
TNFNTATIVOEHEE, =F L (131a) 5 7 F L4 (131b), 2 FrHE (131e)~ &

X L7286, XU F LT AT VFEEER 131 TH O VR OB ERA R Sz, &
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BRREEOM B2 AR E LTHM LT B-7 = 1 F /L= AT VIR 131d TR RN
WINMEDME T L7, F72, R0 HEMEREZETOR LTV EEL N a L AT
NI AT ATRIED R ERdE Y ROENRWEER L2 o7z, 2D Z &%, WLE TOIl
ENDLANCHIN SNIZS Wb TH D EBEZX TS, BLEDOREREN S, bRt

NDENWEEZLENDLERF LT AT IVIE131e Z VLSRR OFE L, 0O BA ZHlE LT,

o I\O\*fo
- HNT\COZR
I
N
H

Table 13. Orally-activity of prodrug

ex vivo assay
Orally activity in Rat inhibition, %

Compd R CLOGP 1.0 mg/kg p.o.
3h 8h
131a N 2.137 42 47
131b PN 3.195 35 44
131¢c VN 3.724 56 49
131d /\/@ 3.705 22 18
o]

131e /\O)H< 2.952 37 38

3. 8. 4. TR KT v Z Ao IR

# YU Il 10 mg/kg (B VAR Wk 631 #AF) DOF BT 131e Z#E A& G L, £ DR
RS A 7T 7127 my b Uiz, BRSHRO 720 {EHFIRTH 5 631 ORI E TOR M
BRI EHERE b FRIC 7 2 v » L7z (Figure 20), TOFEER, 70 KT v Z{E~DZE
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HZ L0, YOI IRENREMICH L5252 ENghotz, EAHEEYEE T 1>
7 A V% Table 14 |ZR" T, ZNHDENSGHEE L7272 R v 71K 131c @ BA 1% 25.8% & .

TEMERIR 631 D) 4 f5m B35 2 L& R LT,

Plasma conc, ¢ g/ml

0 4 8 12 16 20 24
Time, hr

Figure 20. Plasma concentration of 63| in monkey (HJLIZEIT5 631 DM EEHETE)
(p.o. administration of 631 A and 131c @ (10mg/kg) (631 BT 131c M 10mg/keg FOZRSH))

Table 14. Pharmacokinetic parameters in fasted mokey of 131¢ and 631
(MBI IVIZETS131c RUGIDENENRE/NTA—E) mErLy n=3

= HN TCOgnPen = HN TCOzH
Il Il
N 631
H

N 131c
H
§ L. (B ARIISEST) p.o. (OS5
! (3.2 mg/kg) (10 mg/kg)
Compd ' BA, %
AUC (0- ), T1/2p, AUC (0-24h),  Cmax, T max,
ug h/ml h ug h/ml ug/mi h
131¢c é - - 10.067 1.198 5.00 258
' + 1.284 + 0.182 =+ 1.00 + 8.1
63l E 17.126 1.135 3.490 0.328 4.00 6.45
. +1.917 = 0.151 =+ 1.040 + 0.004 = 0.00 =+ 0.05
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3. 9. /NE

b, FETIT 0 N2 A TEEW S0 DBV R R A F o VERRIEZEA L, B
i/ MREEEIHIRE 2 AT H1AW 63k & R L7z *0, Makitkom F2 B E L, £
\CIRFE—RFE 2 BEFEAEZEAL (631). FICHIR VB T AT VR L2770 KT v
LA

N

N
/

-, FORER. BROWINMEICENT g KT v 7K 131c OAIHICEKRD LT,
Ete. LORORINMEZ M B 570, ®ANLE: EORE 7 EE BRI, A 6le (2#E
WTCHRIR BTSRRI A D b D L I SN 5D,
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3. 10. FEBoE

3.10.1. Chemistry

Methyl 3-amino-3-phenyl propanoate hydrochloride (65). Thionyl chloride (1.27 ml, 17.4
mmol) was added dropwise to MeOH (5.0 ml) at —10 °C. After stirring for 10 min at the same
temperature, 3-amino-3-phenyl propanoic acid hydrochloride (64) was added to the solution, and
stirring was continued for 3 h at room temperature. Volatiles were evaporated in vacuo, and the
residual solid was triturated with Et,O, collected on a glass filter, washed with Et,0, and dried in
vacuo to give 65 (870 mg, 81%) as a solid: IR (neat) 1725, 1600, 1210, 995, 895, 770 cm'l; "H NMR
(DMSO-dq) 6 3.02 (dd, J=16.2, 8.9 Hz, 1H), 3.27 (dd, /= 16.2, 5.7 Hz, 1H), 3.54 (s, 3H), 4.57(dd,
J=18.9, 5.7 Hz, 1H), 7.33-7.46 (m, 3H), 7.55-7.60 (m, 2H), 8.57 (s, 2H); MS (APCI) m/z 180

(M+H)".

Ethyl (2E)-5-phenyl-2-pentenoate (72). To a suspension of sodium hydride (60% dispersion in
mineral oil, 3.28 g, 82.0 mmol) in THF (35 ml) was added dropwise triethyl phosphonoacetate (16.3
ml, 82.0 mmol) in THF (50 ml) over a period of 0.5 h under ice cooling. The mixture was stirred
for 0.5 h at the same temperature. To the reaction mixture was added 3-phenylpropanal (66) (10.0
g, 74.5 mmol) in THF (60 ml) over a period of 20 min at room temperature and the mixture was
stirred for 1 h at room temperature. The resulting mixture was poured into iced water and extracted
with EtOAc. The organic layer was washed with water and brine, dried over MgSQOy,, filtered, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel with
hexane/EtOAc (100:2.5) to give 72 (8.91 g, 59%) as an oil: IR (neat) 2980, 2920, 1710, 1650, 1040

em’; 'H NMR (CDCly) & 1.28 (t, J = 7.1 Hz, 3H), 2.47-2.58 (m, 2H), 2.74-2.92 (m, 2H), 4.18 (g, J =
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7.1 Hz, 2H), 5.84 (dt, J = 15.6, 1.5 Hz, 1H), 7.00 (dt, J = 16.4, 6.7 Hz, 1H), 7.16-7.35 (m, SH); MS

(APCI) m/z 205 (M+H)".

Methyl (2E)-5-(4-methoxyphenyl)-2-pentenoate (73). To a solution of oxalyl chloride (3.67 ml,
42.1 mmol) in CH,Cl, (35 ml) was added dropwise dimethylsulfoxide (3.66 ml, 51.1 mmol) at
—70 °C. To this was added a solution of 3-(4-methoyphenyl)-1-propanol (73) (5.00 g, 30.1 mmol)
in CH,Cl, (9 ml) dropwise, and then added triethylamine (14.3 ml, 102 mmol), and the mixture was
allowed to warm to room temperature, stirred for further 1 h at the same temperature. To the
resulting mixture was added methyl (triphenylphosphoranylidene)acetate (12.1 g, 36.1 mmol) and
the mixture was stirred for 2 h at room temperature. The resulting mixture was poured into water
and extracted with Et;0. The organic layer was washed with 10% KHSO,, water, saturated
aqueous NaHCO3;, and brine, dried over MgSQy, filtered, and concentrated in vacuo. The residue
was purified by column chromatography on silica gel with hexane/Et,O (10:1) to give 73 (5.55 g,
84%) as an oil: IR (neat) 3000, 2940, 2840, 1710, 1605, 1505, 1435, 1240, 1035 cm™; 'H NMR
(CDCl3) 6 2.43-2.54 (m, 2H), 2.72 (t, J = 7.7 Hz, 2H), 3.72 (s, 3H), 3.78 (s, 3H), 5.83 (dt, J = 15.7,

1.5 Hz, 1H), 6.79-7.13 (m, SH); MS (APCI) m/z 221 (M+H)".

Methyl (2E)-5-(3-methoxyphenyl)-2-pentenoate (74). This compound was prepared from 68
using a procedure similar to that employed for the preparation of 73 (82%): IR (neat) 2948, 1718,
1657, 1603, 1585, 1489, 1456, 1319, 1263, 1201, 1153, 1043, 781, 696 cm™'; '"H NMR (CDCl;) &
2.46-2.58 (m, 2H), 2.71-2.79 (m, 2H), 3.72 (s, 3H), 3.80 (s, 3H), 5.85 (dt,J=15.8, 1.5 Hz, 1H), 6.73
(s, 1H), 6.73-6.79 (m, 2H), 7.00 (dt, J = 15.8, 6.7 Hz, 1H), 7.17-7.25 (m, 1H), 7.21 (dd, J=8.5, 7.5

Hz, 1H); MS (ESI) m/z 243.3 (M+Na)".
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Methyl (2E)-5-(2-methoxyphenyl)-2-pentenoate (75). This compound was prepared from 69
using a procedure similar to that employed for the preparation of 73 (70%): IR (neat) 3000, 2950,
2840, 1720, 1635, 1510, 1030, 770 cm™'; "H NMR (CDCls) & 2.43-2.54 (m, 2H), 2.77 (t, J = 7.8 Hz,
2H), 3.72 (s, 3H), 3.82 (s, 3H), 5.83 (dt, J = 15.7, 1.5 Hz, 1H), 6.83-7.26 (m, SH); MS (APCI) m/z

221 (M+H)".

Methyl (2E)-5-(3,4-dimethoxyphenyl)-2-pentenoate (76). This compound was prepared from 70
using a procedure similar to that employed for the preparation of 73 (87%): IR (neat) 3000, 2940,
2840, 1720, 1650, 1490, 1240, 1030, 750 cm™; 'H NMR (CDCls) & 2.45-2.59 (m, 2H), 2.73 (t, J =
7.5 Hz, 2H), 3.72 (s, 3H), 3.86 (s, 3H), 3.87 (s, 3H), 5.84 (dt, J = 15.7, 1.5 Hz, 1H), 6.69-6.82 (m,

3H), 7.00 (dt, J = 15.7, 6.7 Hz, 1H); MS (APCI) m/z 251 (M+H)".

Methyl (2E)-5-[3-(trifluoromethyl)phenyl]-2-pentenoate (77). This compound was prepared
from 71 using a procedure similar to that employed for the preparation of 73 (73%): IR (neat) 3000,
2940, 2850, 1710, 1650, 1435, 1325, 1070, 800, 700 cm™; "H NMR (CDCls) & 2.49-2.60 (m, 2H),
2.85(t,J=17.3 Hz, 2H), 3.73 (s, 3H), 5.85 (dt, J = 15.6, 1.5 Hz, 1H), 6.98 (dt, J=15.6, 6.8 Hz, 1H),

7.73-7.50 (m, 4H); MS (APCI) m/z 259 (M+H)".

Ethyl (3R)-3-{benzyl|(1R)-1-phenylethyl]amino}-5-phenylpentanoate (78). To a solution of
(R)-N-benzyl-a-methylbenzylamine (2.00 ml, 9.46 mmol) in THF (40 ml) was added dropwise
n-BuLi (5.88 ml, 9.46 mmol) at 0 °C. This mixture was stirred at 0 °C for 15 min. After cooling
to =70 °C, to this was added a solution of 72 (970 mg, 4.73 mmol) in THF (30 ml) dropwise and the

mixture was stirred for 1 h at the same temperature. To the resulting mixture was added saturated
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aqueous NH4Cl solution to quench the reaction and extracted with Et,O. The organic layer was
washed with water and brine, dried over MgSQ,, filtered, and concentrated in vacuo. The residue
was purified by column chromatography on silica gel with hexane/EtOAc (97:3) to give 78 (1.41 g,
72%) as an oil. The diastereomer excess was 93% de determined by 'H NMR analysis: IR (neat)
3030, 2980, 2930, 1725, 1600, 1495, 1450, 1360, 1030, 745, 700 cm™'; '"H NMR (CDCl3) & 1.16 (t, J
= 7.1 Hz, 3H), 1.35 (d, J = 7.0 Hz, 3H), 1.59-1.67 (m, 1H), 1.74-1.84 (m, 1H), 2.04-2.06 (m, 2H),
2.58 (ddd, J = 13.5, 10.6, 5.7 Hz, 1H), 2.97 (ddd, J = 13.5, 10.6, 5.1 Hz, 1H), 3.38-3.45 (m, 1H),
3.59 (d, J = 14.6 Hz, 1H), 3.82 (d, J = 14.6 Hz, 1H), 3.88 (q, J = 7.1 Hz, 1H), 3.91-4.06 (m, 2H),
7.12-7.18 (m, 3H), 7.21-7.31 (m, 8H), 7.34-7.40 (m, 2H), 7.46-7.48 (m, 2H); MS (APCI) m/z 416

(M+H)".

Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-(4-methoxyphenyl)pentanoate (79). This
compound was prepared from 73 using a procedure similar to that employed for the preparation of
78 (97%): IR (neat) 3020, 2925, 2840, 1720, 1605, 1490, 1450, 1240, 1030, 820, 745, 695 cm™; 'H
NMR (CDCl3) 8 1.35 (d, J= 7.0 Hz, 3H), 1.50-1.80 (m, 1H), 2.07 (d, J = 6.6 Hz, 2H), 2.45-2.60 (m,
1H), 2.82-2.97 (m, 1H), 3.33-3.46 (m, 1H), 3.52 (s, 3H), 3.56-3.91 (m, 2H), 3.64 (s, 3H), 6.78-6.84

(m, 2H), 7.01-7.08 (m, 2H), 7.19-7.48 (m, 10H); MS (APCI) m/z 432 (M+H)".

Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-(3-methoxyphenyl)pentanoate (80). This
compound was prepared from 74 using a procedure similar to that employed for the preparation of
78 (73%): IR (neat) 3026, 2949, 2835, 1734, 1601, 1493, 1454, 1259, 1045, 748, 700 cm™; 'H
NMR (CDCl3) 8 1.35 (d, J= 7.0 Hz, 3H), 1.55-1.66 (m, 1H), 1.74-1.84 (m, 1H), 2.10 (d, J= 6.6 Hz,
2H), 2.56 (ddd, J=13.6, 11.0, 5.5 Hz, 1H), 2.94 (ddd, J=13.6, 10.6, 5.5 Hz, 1H), 3.37-3.45 (m, 1H),

3.52 (s, 3H), 3.60 (d, J = 14.6 Hz, 1H), 3.77 (s, 3H), 3.86 (q, J = 7.0 Hz, 1H), 6.68-6.75 (m, 3H),
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7.16-7.38 (m, 8H), 7.50 (d, J = 7.2 Hz, 2H); MS (ESI) m/z 432.2 (M+H)".

Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-(2-methoxyphenyl)pentanoate (81). This
compound was prepared from 75 using a procedure similar to that employed for the preparation of
78 (66%): IR (neat) 3030, 2930, 2840, 1725, 1600, 1485, 1455, 1240, 1025, 750, 695 cm™; "H NMR
(CDCl;) 6 1.34 (d, J = 7.0 Hz, 3H), 1.43-1.61 (m, 1H), 1.79-1.97 (m, 1H), 2.10 (d, J = 7.5 Hz, 2H),
2.44-2.62 (m, 1H), 2.95-3.10 (m, 1H), 3.10-3.44 (m, 1H), 3.49 (s, 3H), 3.56-3.65 (m, 1H), 3.76 (s,
3H), 3.77-3.91 (m, 2H), 6.82-6.91 (m, 2H), 7.08-7.39 (m, 10H), 7.50 (d, J = 6.8 Hz, 2H); MS

(APCI) m/z 432 (M+H)".

Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-(3,4-dimethoxyphenyl)pentanoate (82).
This compound was prepared from 76 using a procedure similar to that employed for the preparation
of 78 (70%): IR (neat) 2940, 2840, 1725, 1590, 1505, 1455, 1260, 1235, 1155, 1015, 750, 700 cm’";
'H NMR (CDCls) & 1.34 (d, J = 7.0 Hz, 3H), 1.51-1.86 (m, 2H), 2.09 (d, J = 6.5 Hz, 2H), 2.47-2.61
(m, 1H), 2.83-2.92 (m, 1H), 3.34-3.46 (m, 1H), 3.52 (s, 3H), 3.58-3.70 (m, 1H), 3.78-3.91 (m, 2H),

3.83 (s, 3H), 3.86 (s, 3H), 6.65-6.80 (m, 3H), 7.22-7.49 (m, 10H); MS (APCI) m/z 462 (M+H)".

Methyl (3R)-3-{benzyl[(1R)-1-phenylethyl]amino}-5-[3-(trifluoromethyl)phenyl]pentanoate
(83). This compound was prepared from 77 using a procedure similar to that employed for the
preparation of 78 (74%): IR (neat) 3020, 2930, 2850, 1725, 1595, 1490, 1445, 1325, 1200, 1020, 800,
750, 695 cm™'; "H NMR (CDCls) & 1.36 (d, J = 7.0 Hz, 3H), 1.57-1.86 (m, 2H), 2.08 (d, J = 6.8 Hz,
2H), 2.56-2.71 (m, 1H), 2.95-3.10 (m, 1H), 3.33-3.46 (m, 1H), 3.53 (s, 3H), 3.57-3.72 (m, 3H),

7.21-7.48 (m, 10H); MS (APCI) m/z 470 (M+H)".
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Ethyl (3R)-3-amino-5-phenylpentanoate (84). To a solution of 78 (1.40 g, 3.37 mmol) in EtOH
(30 ml) was added 10% Pd-C (280 mg), and the mixture was stirred under H, atmosphere (1 atm) at
room temperature for 4 h. The catalyst was filtered off, and the filtrate was evaporated off to give
84 (620 mg, 83%) as an oil: IR (neat) 2970, 2920, 1720, 1600, 1495, 1450, 1370, 645, 600 cm™; 'H
NMR (CDCl3) 6 1.17 (t, J = 7.1 Hz, 3H), 1.48-1.66 (m, 2H), 2.23 (dd, J = 15.0, 8.1 Hz, 1H), 2.40
(dd, J=15.0, 5.1 Hz, 1H), 2.57-2.75 (m, 2H), 2.90-3.04 (m, 1H), 4.04 (q, J= 7.1 Hz, 2H), 7.12-7.31

(m, 5H).

Methyl (3R)-3-amino-5-(4-methoxyphenyl)pentanoate (85). This compound was prepared from
79 using a procedure similar to that employed for the preparation of 84 (87%): IR (neat) 3360, 2930,
2840, 1720, 1605, 1440, 1245, 1035 cm™; "H NMR (CDCl3) & 1.41-1.65 (m, 2H), 2.23 (dd, J = 15.0,
8.3 Hz, 1H), 2.41 (dd, J = 15.0, 5.0 Hz, 1H), 2.54-2.63 (m, 2H), 2.88-2.98 (m, 1H), 3.57 (s, 3H),

3.71 (s, 3H), 6.81-6.86 (m, 2H), 7.08-7.12 (m, 2H); MS (APCI) m/z 238 (M+H)".

Methyl (3R)-3-amino-5-(3-methoxyphenyl)pentanoate (86). This compound was prepared from
80 using a procedure similar to that employed for the preparation of 84 (95%): IR (neat) 2999, 2951,
2837, 1734, 1601, 1583, 1489, 1454, 1437, 1259, 1043, 783, 696 cm'; 'H NMR (CDCL;) &
1.60-1.84 (m, 2H), 2.32 (dd, J = 15.7, 8.7 Hz, 1H), 2.52 (dd, J = 15.7, 4.1 Hz, 1H), 3.16-3.30 (m,

1H), 3.69 (s, 3H), 3.80 (s, 3H), 6.70-6.83 (m, 3H), 7.16-7.25 (m, 1H); MS (ESI) m/z 238.3 (M+H)".

Methyl (3R)-3-amino-5-(2-methoxyphenyl)pentanoate (87). This compound was prepared from
81 using a procedure similar to that employed for the preparation of 84 (100%): IR (neat) 2930, 2830,
1720, 1595, 1485, 1435, 1340, 1045, 1025, 750 cm™'; "H NMR (CDCl3) & 1.48-1.81 (m, 2H), 2.30

(dd, J = 15.6, 9.0 Hz, 1H), 2.53 (dd, J = 15.6, 3.9 Hz, 1H), 2.61-2.77 (m, 2H), 3.12-3.21 (m, 1H),
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4.05 (s, 3H), 4.17 (s, 3H), 6.82-6.92 (m, 2H), 7.19-7.31 (m, 2H); MS (APCI) m/z 238 (M+H)".

Methyl (3R)-3-amino-5-(3,4-dimethoxyphenyl)pentanoate (88). This compound was prepared
from 82 using a procedure similar to that employed for the preparation of 84 (75%): IR (neat) 2930,
2830, 2650, 1720, 1585, 1505, 1260, 1230, 1155, 1020 cm™; "H NMR (CDCl;) & 1.40-1.71 (m, 2H),
2.23 (dd, J = 15.1, 9.0 Hz, 1H), 2.38-2.71 (m, 3H), 2.87-3.02 (m, 1H), 3.58 (s, 3H), 3.71 (s, 3H),

3.73 (s, 3H), 6.67-6.86 (m, 3H); MS (APCI) m/z 268 (M+H)".

Methyl (3R)-3-amino-5-(3-(trifluoromethyl)phenyl)pentanoate (89). This compound was
prepared from 83 using a procedure similar to that employed for the preparation of 84 (45%): IR
(neat) 2930, 2870, 1725, 1595, 1445, 1335, 1075, 805, 705 cm™'; "H NMR (CDCls) & 1.40-1.76 (m,
2H), 2.25 (dd, J = 15.1, 8.3 Hz, 1H), 2.39-2.52 (m, 1H), 2.65-2.84 (m, 2H), 2.88-2.98 (m, 1H), 3.58

(s, 3H), 7.52-7.56 (m, 4H); MS (APCI) m/z 276 (M+H)".

Ethyl (3R)-3-amino-5-phenylpentanoate (90). To a solution of 84 (221 mg, 2.50 mmol) in
CH,Cl, (10 ml) were added benzyl chloroformate (0.393 ml, 2.75 mmol), and Et;N (0.418 ml, 3.00
mmol) successively under ice cooling, and the mixture was stirred at room temperature for 1 h. To
the resulting mixture was added water extracted with EtOAc. The organic layer was washed
successively with 10% aqueous KHSO, solution, saturated aqueous NaHCO; solution, and brine,
dried over MgSQ,, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel with hexane/EtOAc (4:1) to give the N-Cbz protected intermediate
(415 mg, 47%) as a solid: IR (KBr) 3330, 2945, 1724, 1691, 1539, 1257, 1053, 756, 727, 698 cm';
'H NMR (CDCls) & 1.23 (t, J = 7.1 Hz, 3H), 1.78-1.98 (m, 2H), 2.48-2.78 (m, 4H), 3.96-4.10 (m,

1H), 4.12 (q, J=7.1 Hz, 2H), 5.11 (s, 2H), 5.29 (d, J= 9.1 Hz, 1H), 7.14-7.20 (m, 3H), 7.25-7.29 (m,
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2H), 7.30-7.37 (m, 5H); MS (ESI) m/z 356.11 (M+H)". To a solution of this intermediate (355 mg,
1.00 mmol) in THF (3.5 ml) and EtOH (3.5 ml) was added dropwise 1 N aqueous LiOH solution
(3.00 ml, 3.00 mmol) under ice cooling and the mixture stirred for 2 h at room temperature. The
resulting mixture was washed with Et,O, and the aqueous phase was adjusted to pH 3 with 10%
aqueous KHSO, solution, and extracted with EtOAc. The organic layer was washed with brine,
dried over MgSOQ,, filtered, and concentrated in vacuo. The residue was dissolved with MeOH (3.0
ml). To this solution was added 10% Pd-C (170 mg), and the mixture was stirred under H,
atmosphere (1 atm) at room temperature for 1 h. The catalyst was filtered off, and washed with
water. The filtrate was evaporated off to give 90 (620 mg, 84%) as a solid: IR (KBr) 2952,
2920,1637, 1556, 1404, 721, 700 cm™; "H NMR (D,0) & 1.97-2.02 (m, 2H), 2.49 (dd, J = 16.7, 8.4
Hz, 1H), 2.64 (dd, J = 16.7, 4.7 Hz, 1H), 2.74-2.79 (m, 1H), 7.28-7.42 (m, 5H); MS (ESI) m/z

194.10 (M+H)"; [a]*'p —26.4° (¢ 0.56, MeOH): /it*; [a]**p —28.4° (¢ 0.56, MecOH).

(S)-N-tert-Butyldimethylsilyl-4-vinyl-2-azetidinone (92). To a mixture of zinc powder (11.9 g,
182 mmol) in THF (215 ml) was added Ti(O'Pr), (6.0 ml, 20.2 mmol) dropwise at room temperature
and the resultant mixture was stirred for 1 h. A solution of CH,I; (8.1 ml, 101 mmol) was then
added to the mixture and it was stirred for further 30 min at room temperature. To the resultant
mixture was added dropwise a solution of 91 (4.3 g, 20.2 mmol) in THF (130 ml) and stirred at room
temperature for 2 h. The mixture was poured into a mixture of Et,O (500 ml) and 1N HCI (300 ml).
The organic layer was washed with water, saturated aqueous NaHCOj solution and brine, dried over
MgSO,, and evaporated in vacuo. The residue was purified by a column chromatography on silica
gel with EtOAc/hexane (1:10) to give 92 (2.13 g, 50%) as a colorless oil: IR (neat) 2940, 2860, 1730
ecm'; "H NMR (CDCls) & 0.17 (s, 3H), 0.19 (s, 3H), 0.96 (s, 9H), 2.77 (dd, J = 2.8, 14.7 Hz, 1H),

3.30 (dd, J = 5.6, 14.7 Hz, 1H), 3.97-4.06 (m, 1H), 4.95-5.13 (m, 2H), 5.58-5.76 (m, 1H); MS
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(APCI) m/z 212 (M+H)"; [a]*p -15.6° (¢ 1.00, MeOH).

Ethyl (S)-3-amino-4-pentenoate hydrochloride (93). To a solution of 92 (1.0 g, 4.7 mmol) in
EtOH (5 ml) was added 6N HCI in EtOH (5.0 ml, 30 mmol) at 0 °C.  After stirring for 1 h at room
temperature, the mixture was evaporated in vacuo and the resultant solid was washed with Et,O to
give 93 (670 mg, 79%) as a white solid: IR (nujol) 3420, 2100, 1720, 1600 cm™; '"H NMR
(DMSO-dq) 6 1.19 (t, J = 7.1 Hz, 3H), 2.70 (dd, J = 16.0, 8.4 Hz, 1H), 2.91 (dd, J = 16.0, 5.7 Hz,
1H), 3.93-4.00 (m, 1H), 4.05 (q, J=7.1 Hz, 2H), 5.32 (d, /= 10.4 Hz, 1H), 5.38 (d, /= 17.4 Hz, lH),
5.89 (ddd, J = 17.4, 10.4, 6.9 Hz, 1H), 8.54 (br, 3H); MS (APCI) m/z 144 (M+H)"; [a]*’p -8.9° (¢
1.00, MeOH); Anal. Calcd for C;H3NO, -HCI-0.2EtOH: C, 47.11; H, 8.01; N, 7.42. Found: C,

47.26; H, 8.37; N, 7.79.

(S)-N-tert-Butyldimethylsilyl-4-(2,2-dibromoethenyl)-2-azetidinone (94). To a solution of CBry
(3.11 g, 9.38 mmol) in CH,Cl; (15 ml) was added dropwise a solution of PPh; (4.92 g, 18.8 mmol)
in CH,Cl, (15 ml) at 0 °C.  After stirring at the same temperature for 10 min, a solution of 91 (1.00
g, 4.69 mmol) in CH,Cl, (10 ml) was added dropwise at 0 °C and the resulting mixture was stirred
for 20 min at the same temperature. The mixture was poured into saturated aqueous NaHCOj;
solution and extracted with CH,Cl,. The extract was washed with water, dried over MgSO,4 and
evaporated in vacuo. The residue was purified by column chromatography on silica gel with
Et,0O/hexane (1:5) to give 94 (0.83 g, 48%) as a pale yellow oil: IR (neat) 3450, 3300, 2940, 2850
1740, 1600 cm™; "H NMR (CDCl3) & 0.12 (s, 3H), 0.16 (s, 3H), 0.85 (s, 9H), 2.75 (dd, J = 2.8, 15.6
Hz, 1H), 3.30 (dd, J = 5.6, 15.6 Hz, 1H), 4.13-4.22 (m, 1H), 6.38 (d, J = 8.8 Hz, 1H); MS (APCI)

m/z 370 (M+H)".
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(S)-N-tert-Butyldimethylsilyl-4-ethynyl-2-azetidinone (95). To a solution of 94 (630 mg, 1.71
mmol) was added LiN(TMS), (1.0 M solution in n-hexane, 3.75 mmol) at —75 °C.  After stirring at
-75°C for 1 h, a saturated aqueous NH4CI solution was added and extracted with EtOAc. The
extract was washed with water and brine, dried over MgSQy,, and evaporated in vacuo. The residue
was purified by column chromatography on silica gel with Et,O/hexane (1:5) to give 95 (220 mg,
56%) as an colorless oil: IR (nujol) 3420, 3250, 2100, 1720 cm™; '"H NMR (CDCl3) & 0.19 (s, 6H),
0.88 (s, 9H), 2.35 (d, J=2.2 Hz, 1H), 3.02 (dd, /= 3.0, 15.1 Hz, 1H), 3.28 (dd, J = 5.6, 15.1 Hz, 1H),

4.00-4.05 (m, 1H); MS (APCI) m/z 210 (M+H)"; [0]*°p -61.5° (¢ 1.00, MeOH).

Ethyl (S)-3-amino-4-pentynoate hydrochloride (96). To a solution of 95 (120 mg, 0.57 mmol) in
EtOH (3 ml) was added 4N HCI in EtOH (2 ml, 8.0 mmol) at room temperature. ~After stirring at
room temperature for 1 h, the mixture was evaporated in vacuo. The residue was recrystallized
from Et,0 to give 96 (57 mg, 56%) as a white solid. The ratio of enantiomers was determined to be
99.5:0.5 by chiral HPLC using CROWNPAK CR(+): IR (nujol) 3210, 2190, 1710, 1560 cm™; 'H
NMR (DMSO-dg) & 1.21 (t,J = 7.1 Hz, 3H), 2.84 (dd, J = 16.1, 9.1 Hz, 1H), 3.07 (dd, J = 16.1, 5.0
Hz, 1H), 4.13 (q, J = 7.1 Hz, 2H), 4.29 (m, 1H), 8.94 (br, 3H); MS (APCI) m/z 142 (M+H)"; [a]*’%
-7.1° (¢ 1.00, MeOH); Anal. Calcd for C;H;{NO,-HCI-0.1EtOH: C, 47.45; H, 6.97; N, 7.69. Found:

C,47.78; H, 7.12; N, 7.88.

tert-Butyl 4-{3-[(3R)-3-({[(1R)-3-ethoxy-3-0x0-1-(2-phenylethyl)propyl]amino}carbonyl)-1-
piperidinyl]-3-oxopropyl}-1-piperidinecarboxylate (98). To the solution of 84 (600 mg, 2.71
mmol), 49 (1.00 g, 2.71 mmol) and HOBT (370 mg, 2.71 mmol) in DMF (6 ml) was added EDC
(0.49 ml, 2.71 mmol) at 0 °C. After stirring at ambient temperature overnight, the mixture was

poured into water and extracted with EtOAc. The extract was washed with water, brine and dried
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over MgSQO,, and evaporated in vacuo. The residue was purified by column chromatography on
silica gel with CHCl;MeOH (100:1) to give 98 as an oil (1.55 g, 100%): IR (neat) 3450, 3310, 2980,
2930, 2860, 1720, 1640 cm™; "H NMR (CDCls, rotomer observed) & 1.01-1.20 (m, 2H), 1.22-1.30
(m, 3H), 1.45 (s, 9H), 1.45-2.05 (m, 13H), 2.28-2.72 (m, 8H), 3.16-3.59 (m, 2H), 3.91-4.48 (m, 4H),
4.11 (q, J=17.1 Hz, 2H), 6.40 (d, J = 9.0 Hz, 1/3H), 6.76 (d, J = 8.8 Hz, 2/3H), 7.16-7.31 (m, SH);

MS (APCI) m/z 572 (M+H)".

tert-Butyl  4-[3-((3R)-3-{[(3-methoxy-3-0x0-1-phenylpropyl)amino]carbonyl}-1-piperidinyl)-3-
oxopropyl]-1-piperidinecarboxylate (97). This compound was prepared from 49 and 65 using a
procedure similar to that employed for the preparation of 98 (83%): IR (neat) 2940, 2860, 1735,
1630 cm™; '"H NMR (CDCls) & 0.99-1.24 (m, 2H), 1.45 (s, 9H), 1.45-1.89 (m, 9H), 2.00-2.16 (m,
1H), 2.25-2.44 (m, 3H), 2.61-2.96 (m, 4H), 3.19-3.55 (m, 2H), 3.55 (s, 3H), 3.62-4.48 (m, 4H),

5.37-5.47 (m, 1H), 7.28-7.35 (m, SH); MS (APCI) m/z 530 (M+H)".

tert-Butyl  4-(3-{(3R)-3-[({(1R)-3-methoxy-1-[2-(4-methoxyphenyl)ethyl]-3-oxopropyl}amino)
carbonyl]-1-piperidinyl}-3-oxopropyl)-1-piperidinecarboxylate (99). This compound was
prepared from 49 and 85 using a procedure similar to that employed for the preparation of 98 (92%):
IR (neat) 2930, 2860, 1730, 1630 cm™; '"H NMR (CDCl3) & 1.02-1.21 (m, 2H), 1.45 (s, 9H),
1.53-1.89 (m, 10H), 2.00-2.23 (m, 1H), 2.29-2.73 (m, 9H), 3.16-3.59 (m, 3H), 3.66 (s, 3H), 3.78 (s,
3H), 3.91 (dd, J=13.8, 3.6 Hz, 1H), 4.08 (d, /= 12.7 Hz, 2H), 4.23-4.37 (m, 1H), 6.72-6.80 (m, 1H),

6.82 (d, J = 8.6 Hz, 2H), 7.09 (d, J = 8.6 Hz, 2H); MS (APCI) m/z 588 (M+H)".

tert-Butyl  4-(3-{(3R)-3-[({(1R)-3-methoxy-1-[2-(3-methoxyphenyl)ethyl]-3-oxopropyl}amino)

carbonyl]-1-piperidinyl}-3-oxopropyl)-1-piperidinecarboxylate (100). This compound was
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prepared from 49 and 86 using a procedure similar to that employed for the preparation of 98 (88%):
IR (neat) 3280, 1640, 1420, 1240, 1150, 860, 740, 680 cm™; "H NMR (DMSO-dg) & 0.80-1.15 (m,
6H), 1.38 (s, 9H), 1.50-1.96 (m, 6H), 2.02-3.10 (m, 16H), 3.55 (s, 3H), 3.72 (s, 3H), 3.95 (m, 2H),
4.08-4.22 (m, 1H), 6.73 (m, 3H), 7.17 (m, 1H), 7.84 (m, 1H), 8.31 (s, 1H); MS (APCI) m/z 588

(M+H)".

tert-Butyl  4-(3-{(3R)-3-[({(1R)-3-methoxy-1-[2-(2-methoxyphenyl)ethyl]-3-oxopropyl}amino)
carbonyl]-1-piperidinyl}-3-oxopropyl)-1-piperidinecarboxylate (101). This compound was
prepared from 49 and 87 using a procedure similar to that employed for the preparation of 98 (90%):
IR (neat) 2990, 2930, 2860, 1725, 1660, 1620 cm™; "H NMR (CDCls) & 1.00-1.21 (m, 2H), 1.45 (s,
9H), 1.53-2.15 (m, 11H), 2.21-2.38 (m, 3H), 2.48-2.66 (m, 6H), 3.15-3.60 (m, 2H), 3.65 (s, 3H),
3.81 (s, 3H), 3.86-4.50 (m, 4H), 6.23-6.35 (m, 1H), 6.64 (d, J = 8.6Hz, 1H), 6.81-6.91 (m, 2H),

7.09-7.19 (m, 2H); MS (APCI) m/z 588 (M+H)".

tert-Butyl 4-(3-{(3R)-3-[({(1R)-1-[2-(3,4-dimethoxyphenyl)ethyl]-3-methoxy-3-oxopropyl}
amino)carbonyl]-1-piperidinyl}-3-oxopropyl)-1-piperidinecarboxylate (102). This compound
was prepared from 49 and 88 using a procedure similar to that employed for the preparation of 98
(100%): IR (neat) 3290, 2980, 2925, 2850, 1720, 1650, 1620 cm™'; "H NMR (CDCl3) & 1.02-1.23 (m,
3H), 1.45 (s, 9H), 1.45-1.94 (m, 9H), 2.03-2.73 (m, 11H), 3.18-3.67 (m, 3H), 3.66 (s, 3H), 3.85 (s,
3H), 3.88 (s, 3H), 3.92-4.11 (m, 2H), 4.23-4.47 (m, 1H), 6.69-6.81 (m, 4H); MS (APCI) m/z 618

(M+H)".

tert-Butyl  4-[3-((3R)-3-{[((1R)-3-methoxy-3-0x0-1-{2-[3-(trifluoromethyl)phenyl]ethyl} propyl)

amino]carbonyl}-1-piperidinyl)-3-oxopropyl]-1-piperidinecarboxylate (103). This compound
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was prepared from 49 and 89 using a procedure similar to that employed for the preparation of 98
(62%): IR (neat) 2980, 2925, 2860, 1720, 1645 cm™; '"H NMR (CDCl3) & 1.00-1.21 (m, 2H), 1.45 (s,
9H), 1.45-1.72 (m, 9H), 1.84-2.20 (m, 3H), 2.34-2.77 (m, 9H), 3.39-3.50 (m, 1H), 3.63-3.69 (m, 4H),
3.80-3.81 (m, 1H), 4.02-4.17 (m, 2H), 4.25-4.39 (m, 1H), 6.45-6.93 (m, 1H), 7.35-7.43 (m, 4H); MS

(APCI) m/z 626 (M+H)".

tert-Butyl 4-{3-[(3R)-3-({[(1.5)-1-(2-ethoxy-2-0xoethyl)-2-propen-1-yl|]amino}carbonyl)-1-
piperidinyl]-3-oxopropyl}-1-piperidinecarboxylate (104). This compound was prepared from 49
and 93 using a procedure similar to that employed for the preparation of 98 (100%): IR (neat) 3300,
1720, 1680, 1630, 1530 cm™; "H NMR (CDCl3) & 1.03-1.21 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H), 1.45
(s, 9H), 1.52-2.05 (m, 10H), 2.33-2.41 (m, 3H), 2.55-2.73 (m, 4H), 3.27-3.54 (m, 2H), 4.07-4.18 (m,
5H), 4.62-4.90 (m, 1H), 5.12-5.24 (2H, m), 5.84 (ddd, J = 17.2, 10.4, 5.5 Hz, 1H), 6.64-6.92 (m,

1H); MS (APCI) m/z 494 (M+H)".

tert-Butyl 4-{3-[(3R)-3-({[(15)-1-(2-ethoxy-2-oxoethyl)-2-propyn-1-yl]amino}carbonyl)-1-
piperidinyl]-3-oxopropyl}-1-piperidinecarboxylate (105). This compound was prepared from 49
and 96 using a procedure similar to that employed for the preparation of 98 (100%): IR (neat) 3280,
1730, 1670, 1630, 1530 cm™; '"H NMR (CDCls) & 1.00-1.18 (m, 2H), 1.26-1.33 (t, J = 7.4 Hz, 3H),
1.45 (s, 9H), 1.59-1.69 (m, 2H), 1.64 (s, 3H), 2.09-2.31 (m, 5H), 2.61-2.96 (m, 5H), 3.44-3.76 (m,

4H), 4.15-4.19 (m, 2H), 4.22 (q, J = 7.4 Hz, 2H), 5.05-5.12 (m, 1H), 6.50-6.70 (m, 1H).

(BR)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl|propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-phenylpentanoic acid (107). To a solution of 98 (1.55 g, 2.71 mmol) in THF (10 ml),

EtOH (10 ml) and water (10 ml) was added LiOH (340 mg, 8.13 mmol) at 0 °C.  After stirring at
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ambient temperature for 1 h, the mixture was acidified with 10% KHSO, solution and extracted with
EtOAc. The extract was washed with water, brine and dried over MgSO,4 and evaporated in vacuo
to give 107 as an oil (1.20 g, 97%): IR (neat) 3400, 2920, 2850, 1700, 1640 cm™; 'H NMR
(DMSO-dg) & 0.63-0.86 (m, 2H), 1.17 (s, 9H), 1.17-1.29 (m, 8H), 1.36-1.66 (m, 5H), 2.04-2.18 (m,
4H), 2.30-2.54 (m, SH), 3.49-3.90 (m, 4H), 3.95-4.23 (m, 1H), 6.94-7.09 (m, 5H), 7.65 (d, J = 8.2

Hz, 1H); MS (APCI) m/z 544 (M+H)".

3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]amin
0}-3-phenylpropanoic acid (106). This compound was prepared from 97 using a procedure
similar to that employed for the preparation of 107 (86%): IR (neat) 3380, 3020, 2940, 2870, 1710,
1660, 1630 cm™; '"H NMR (DMSO-ds) & 0.86-1.06 (m, 2H), 1.21-1.91 (m, 9H), 1.38 (s, 9H),
2.16-2.35 (m, 3H), 2.58-2.67 (m, 5H), 2.86-3.06 (m, 1H), 3.63-3.97 (m, 3H), 4.05-4.42 (m, 1H),

5.11-5.23 (m, 1H), 7.17-7.31 (m, 5H), 8.40-8.47 (m, 1H); MS (APCI) m/z 516 (M+H)".

(BR)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl|propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-(4-methoxyphenyl)pentanoic acid (108). This compound was prepared from 99 using a
procedure similar to that employed for the preparation of 107 (85%): IR (neat) 3400, 3930, 3860,
1700, 1630 cm™; '"H NMR (DMSO-dg) & 0.85-1.09 (m, 2H), 1.25-1.49 (m, 4H), 1.38 (s, 9H),
1.39-1.88 (m, 8H), 2.10-2.72 (m, 9H), 2.89-3.16 (m, 1H), 3.71 (s, 3H), 3.77-4.06 (m, 4H), 4.12-4.39
(m, 1H), 6.82 (d, J = 8.6 Hz, 2H), 7.07 (d, J = 8.6 Hz, 2H), 7.83 (d, J = 8.4 Hz, 1H), 12.08 (s, 1H);

MS (APCI) m/z 574 (M+H)".

(BR)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl|propanoyl}-3-piperidinyl)carbonyl]a

mino}-5-(3-methoxyphenyl)pentanoic acid (109). This compound was prepared from 100 using
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a procedure similar to that employed for the preparation of 107 (72%): 'H NMR (DMSO-ds) 6
0.92-1.12 (m, 2H), 1.38 (s, 9H), 1.38-1.98 (m, 13H), 2.03-3.20 (m, 14H), 3.72 (s, 3H), 3.75-4.38 (m,
6H), 6.73 (d, /= 6.0 Hz, 3H), 7.17 (d, J= 8.3 Hz, 1H), 7.84 (d, J = 8.6 Hz, 1H), MS (APCI) m/z 574

(M+H)".

(BR)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-(2-methoxyphenyl)pentanoic acid (110). This compound was prepared from 101 using a
procedure similar to that employed for the preparation of 107 (72%): IR (neat) 3290, 3000, 2930,
2850, 1715, 1640, 1615 cm™; '"H NMR (DMSO-dg) & 0.84-1.08 (m, 2H), 1.30-1.45 (m, 4H), 1.38 (s,
9H), 1.59-1.91 (m, 7H), 2.09-2.74 (m, 10H), 2.89-3.18 (m, 1H), 3.71-4.02 (m, 4H), 3.75 (s, 3H),
4.16-4.39 (m, 1H), 6.81-6.94 (m, 2H), 7.07-7.20 (m, 2H), 7.84 (d, J = 8.5 Hz, 1H), 12.12 (s, 1H);

MS (APCI) m/z 574 (M+H)".

(BR)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-(3,4-dimethoxyphenyl)pentanoic acid (111). This compound was prepared from 102
using a procedure similar to that employed for the preparation of 117 (87%): IR (neat) 3300, 3430,
3360, 1720, 1640, 1625 cm™; '"H NMR (DMSO-ds) & 0.83-1.10 (m, 2H), 1.21-1.46 (m, 4H), 1.38 (s,
9H), 1.61-1.91 (m, 8H), 2.07-2.73 (m, 10H), 2.87-3.20 (m, 2H), 3.70 (s, 3H), 3.73 (s, 3H), 3.76-4.08
(m, 3H), 6.64-6.68 (m, 1H), 6.74-6.85 (m, 2H), 7.83 (d, J = 8.2 Hz, 1H), 11.97-12.14 (br, 1H); MS

(APCI) m/z 604 (M+H)".

(BR)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-5-[3-(trifluoromethyl)phenyl]pentanoic acid (112). This compound was prepared from

103 using a procedure similar to that employed for the preparation of 107 (86%): IR (neat) 3280,
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2920, 2850, 1720, 1630 cm™'; 'H NMR (DMSO-dg) & 0.86-1.09 (m, 2H), 1.38 (s, 9H), 1.30-1.44 (m,
4H), 1.59-1.86 (m, 6H), 2.28-2.40 (m, SH), 2.60-2.74 (m, SH), 2.82-3.14 (m, 1H), 3.71-4.05 (m, 5H),

4.15-4.40 (m, 1H), 7.48-7.56 (m, 4H), 7.85-7.90 (m, 1H); MS (APCI) m/z 612 (M+H)".

(39)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl|propanoyl}-3-piperidinyl)carbonyl]a
mino}-4-pentenoic acid (113). This compound was prepared from 104 using a procedure similar
to that employed for the preparation of 107 (100%). This compound was used for the next step

without further purification.

(39)-3-{[((3R)-1-{3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]propanoyl}-3-piperidinyl)carbonyl]a
mino}-4-pentynoic acid (114). This compound was prepared from 105 using a procedure similar
to that employed for the preparation of 107 (100%): IR (KBr) 3430, 3300, 1731, 1686, 1662 cm'lg
"H NMR (DMSO-ds) & 0.92-1.17 (m, 2H), 1.38 (s, 9H), 1.49-1.77 (m, 9H), 1.91 and 1.99 (s, total
1H), 2.13-2.64 (m, 8H), 2.89-3.06 (m, 1H), 3.17-3.28 (m, 1H), 3.76-4.32 (m, 3H), 4.78-4.84 (m, 1H),

8.37-8.44 (m, 1H), 12.39 (br, 1H).

(3R)-5-Phenyl-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino] pentanoi
¢ acid hydrochloride (63d). To the solution of 107 (1.20 g, 2.59 mmol) in EtOAc (12 ml) was
added 4 N HCI in EtOAc (6.47 ml, 25.9 mmol) at 0 °C.  After stirring at ambient temperature for 2
h, the resulting precipitate was collected on a Biichner funnel, washed with Et,O and dried in vacuo
to give 63d (77%): IR (nujol) 3300, 1700, 1620 cm™; "H NMR (DMSO-dg) & 1.03-1.91 (m, 13H),
2.06-3.07 (m, 11H), 3.12-3.24 (m, 2H), 3.70-3.90 (m, 1H), 3.78-4.38 (m, 2H), 7.16-7.51 (m, 5H),
7.93-8.05 (m, 1H), 8.71-9.01 (m, 1H), 9.08-9.20 (br, 1H); MS (APCI) m/z 444 (M+H)"; Anal. Calcd

for C,5H37N304 -HCI-2.7H,0: C, 56.80; H, 8.27; N, 7.95. Found: C, 56.94; H, 8.01; N, 7.58.
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(35)-Phenyl-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]propanoic

acid trifluoroacetate (63a), and (3R)-Phenyl-3-[({(3R)-1-[3-(4-piperidinyl)
propanoyl]-3-piperidinyl}carbonyl)amino]propanoic  acid trifluoroacetate (63b). This
compound was prepared from 106 using a procedure similar to that employed for the preparation of
63d. The two diastereomers were separated by using preparative HPLC (34% for 3a, 43% for 3b).
63a: IR (neat) 3250, 2960, 1710, 1600 cm™; '"H NMR (DMSO-ds) & 1.12-1.85 (m, 11H), 2.11-2.36
(m, 3H), 2.66 (d, J = 7.5 Hz, 2H), 2.79-3.11 (m, 3H), 3.17-3.29 (m, 2H), 3.63-3.84 (m, 1H),
4.11-4.33 (m, 2H), 5.11-5.23 (m, 1H), 7.24-7.34 (m, 5H), 8.07-8.23 (br, 1H), 8.40 (d, J = 8.1 Hz,
1H), 8.40-8.53 (br, 1H); MS (APCI) m/z 416 (M+H)"; HRMS (ESI) m/z Calcd for Co3H34N304
(M+H)": 416.2549, found: 416.2539; [a]*p -1.20° (¢ 1.0, MeOH). 63b: IR (neat) 2910, 2850,
1710, 1630 cm™; "H NMR (DMSO-ds, rotomer observed) & 1.17-1.85 (m, 11H), 2.12-2.36 (m,
2+1/2H), 2.60-3.28 (m, 7+1/2H), 3.71-3.83 (m, 1H), 4.12-4.38 (m, 2H), 5.18 (q, J = 7.8 Hz, 1H),
7.20-7.38 (m, SH), 8.18-8.32 (br, 1H), 8.42 (d, J = 8.3 Hz, 1H), 8.54-8.64 (br, 1H); HRMS (ESI) m/z
Caled for Cp3H34N;04 (M+H)™: 416.2549, found: 416.2549; [a]*’p -39.62° (¢ 0.45, MeOH). The
absolute configurations of these epimers were determined by the HPLC analysis compared with the

authentic sample prepared from optically-active ethyl (S)-3-amino-3-phenylpropionate.

(3R)-5-(4-Methoxyphenyl)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)ami
no]pentanoic acid hydrochloride (63e). This compound was prepared from 108 using a
procedure similar to that employed for the preparation of 63d (93%); IR (nujol) 1715, 1620, 1600
cm’'; "H NMR (DMSO-dg) & 1.22-1.86 (m, 12H), 2.11-3.24 (m, 12H), 3.71-4.36 (m, 5H), 3.71 (s,
3H), 6.82 (d, J = 8.6 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 7.90 (t, J = 8.8 Hz, 1H), 8.63-8.74 (br, 1H),

8.90-9.01 (br, 1H); MS (APCI) m/z 474 (M+H)"; [a]*’p -43.1° (¢ 1.0, MeOH); Anal. Calcd for
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C16H39N305 -HCI-2H,0: C 57.19, H 8.12, N 7.69. Found: C 56.82, H 8.17, N 7.51.

(3R)-5-(3-Methoxyphenyl)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)ami
no]pentanoic acid hydrochloride (63f). This compound was prepared from 109 using a procedure
similar to that employed for the preparation of 63d (84%): IR (nujol) 1710, 1600, 720 cm™; "H NMR
(DMSO-dq) 6 1.13-2.00 (m, 14H), 2.01-3.70 (m, 9H), 3.17-3.29 (m, 2H), 3.73 (s, 3H), 3.97-4.08 (m,
1H), 4.10-4.37 (m, 1H), 6.72-6.75 (m, 3H), 7.13-7.22 (m, 1H), 7.88-7.98 (m, 1H), 8.73 (br, 1H), 8.99
(br, 1H); HRMS (ESI) m/z Caled for CogH4oN3O0s (M+H)": 474.2968, found: 474. 2985; [a]"p -20.7°

(c 1.16, MeOH).

(3R)-5-(2-Methoxyphenyl)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl)ami
no|pentanoic acid hydrochloride (63g). This compound was prepared from 110 using a
procedure similar to that employed for the preparation of 63d (100%): IR (nujol) 1725, 1640, 1600
cm; "H NMR (DMSO-dg) & 1.21-1.91 (m, 16H), 2.30-3.24 (m, 11H), 3.75 (s, 3H), 3.70-3.89 (m,
1H), 4.12-4.39 (m, 1H), 6.81-6.94 (m, 2H), 7.07-7.20 (m, 2H), 7.84-7.94 (m, 1H), 8.60-8.75 (br, 1H),
8.91-9.03 (br, 1H); HRMS (ESI) m/z Caled for CysHyoN3;Os (M+H)": 474.2968, found: 474.2962;

[a]*p -17.7° (¢ 1.0, MeOH).

(3R)-5-(3,4-Dimethoxyphenyl)-3-[({(3R)-1-[3-(4-piperidinyl)propanoyl]-3-piperidinyl}carbonyl
)amino]pentanoic acid hydrochloride (63h). This compound was prepared from 111 using a
procedure similar to that employed for the preparation of 63d (100%): IR (nujol) 1730, 1635 cm™;
"H NMR (DMSO-d) & 1.05-1.50 (m, 9H), 1.66-1.83 (m, 8H), 1.83-3.23 (m, 11H), 3.71 (s, 3H), 3.73
(s, 3H), 4.15-4.38 (m, 2H), 6.65-6.69 (m, 1H), 6.77-6.85 (m, 2H), 8.88-9.02 (br, 1H), 9.15-9.25 (br,

1H); HRMS (ESI) m/z Calcd for C;7H4,N30¢ (M+H)+: 504.3074, found: 504.3072.
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(BR)-3-[({(3R)-1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl} carbonyl)amino]-5-[3-(trifluorome
thyl)phenyl]pentanoic acid hydrochloride (63i). This compound was prepared from 112 using a
procedure similar to that employed for the preparation of 63d (90%): IR (nujol) 3300, 1715, 1630,
1610 cm™; '"H NMR (DMSO-d¢) & 1.23-2.13 (m, 14H), 2.35-2.45 (m, 5H), 2.61-2.83 (m, 5H),
3.15-3.28 (m, 2H), 3.72-3.89 (m, 1H), 3.99-4.10 (m, 1H), 4.15-4.41 (m, 1H), 7.49-7.55 (m, 4H),
7.94-8.05 (m, 1H), 8.75-8.93 (m, 1H), 9.03-9.17 (m, 1H); MS (APCI) m/z 512 (M+H)"; [a]*p -21.4°
(¢ 1.0, MeOH); Anal. Calcd for CysH36F3N;3;04 -HCI-1.8H,0O: C 53.80, H 7.05, N 7.24. Found: C

53.72,H7.10,N 7.02.

(395)-3-1({(3R)-1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]-4-pentenoic acid
hydrochloride (63j). This compound was prepared from 113 using a procedure similar to that
employed for the preparation of 63d (100%): IR (KBr) 3429, 2947, 1724, 1629, 1621 cm™; "H NMR
(DMSO-dg) 6 1.17-1.99 (m, 11H), 2.32-2.60 (m, 5H), 2.75-3.00 (m, 2H), 3.19-3.24 (m, 2H),
3.82-4.38 (m, 4H), 4.54-4.62 (m, 1H), 5.05-5.12 (m, 2H), 5.74-5.92 (m, 1H), 8.00-8.06 (m, 1H);

HRMS (ESI) m/z Calcd for C9H3,N;304 (M+H)+: 366.2393, found: 366.2400.

(39)-3-[({(3R)-1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]-4-pentynoic acid
(63k). This compound was prepared from 114 using a procedure similar to that employed for the
preparation of 63d (70%): IR (KBr) 3425, 3250, 1726, 1638, 1614 cm™; '"H NMR (DMSO-d) &
1.27-1.83 (m, 11H), 2.08-2.32 (m, 3H), 2.58-3.09 (m, 5H), 3.18-3.22 (m, 3H), 3.75-3.80 (m, 1H),
4.08-4.32 (m, 1H), 4.79-4.82 (m, 1H), 8.42-8.54 (m, 1H), 8.75 (br, 1H), 9.04 (br, 1H); MS (APCI)
m/z 364 (M+H)"; Anal. Calcd for C9Hx N30, -0.5H,0: C 61.27, H 8.12, N 11.28. Found: C 61.10, H

8.23, N 11.10.
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tert-Butyl 4-{3-[(3R)-3-({[(15)-1-(2-ethoxy-2-oxoethyl)-1-propanyl]amino}carbonyl)-1-
piperidinyl]-3-oxopropyl}-1-piperidinecarboxylate (115). To a solution of 104 (800 mg, 1.62
mmol) in EtOH (10 ml) was added PtO; (200 mg), and the mixture was stirred under H, atmosphere
(1 atm) at room temperature for 2 h. The catalyst was filtered off, and the filtrate was evaporated
off to give 115 (730 mg, 91%) as an oil: IR (neat) 3280, 1720, 970, 860, 770 cm'l; 'H NMR (CDCl3)
6 0.99-1.22 (m, 2H), 1.24 (t, /= 7.0 Hz, 3H), 1.26 (t, J = 7.1 Hz, 3H), 1.45 (s, 9H), 1.45-2.16 (m,
11H), 2.21-2.58 (m, 5H), 2.60-2.80 (m, 2H), 3.18-3.60 (m, 2H), 3.80-4.32 (m, 7H), 6.28-6.78 (m,

1H).

(BR)-3-[({(3R)-1-[3-(4-Piperidinyl)propanoyl]-3-piperidinyl}carbonyl)amino]pentanoic acid
hydrochloride (63c). This compound was prepared from 115 using a procedure similar to that
employed for the preparation of 107 and 63d (90% in 2 steps): IR (KBr) 3408, 3257, 1724, 1637
cm; "H NMR (DMSO-dg) 8 0.76-0.83 (t, J = 6.3 Hz, 3H), 1.21-1.91 (m, 14H), 2.18-2.40 (m, 5H),
2.59-3.23 (m, 5H), 3.76-4.35 (m, 3H), 7.73-7.83 (m, 1H); HRMS (ESI) m/z Calcd for C 9H34N304

(M+H)": 368.2549, found: 368.2554.

4-(2-Trimethylsilylethynyl)-2-azetidinone (117). To a solution of 1-trimethylsilylacetylene
(1715 ml, 12.4 mol) in THF (18.0 L) was added ethyl magnesium chloride (2.0M solution in THF;
6.19 L, 12.38 mol) dropwise below -30 °C under N, atmosphere. The reaction mixture was
allowed to 0 °C and stirred for 1 h. After cooling to -30 °C, 4-acetoxy-2-azetidinone (116) (320 g,
2.48 mol) was added and the reaction mixture was warmed to room temperature, and stirred for 2 h.
After cooling to -20 °C, saturated NH4CI solution (4.0 L) and extracted with EtOAc (20 L). The

organic layer was washed with water (10 L x 2) and brine, dried over MgSQ,, filtered off and
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evaporated in vacuo to give 117 (425 g, 102%), which was essentially pure. It was used to the next
step without further purification: IR (nujol) 3150, 2130, 1740, 1330, 1240, 1090,1060, 950, 840, 750,
740 cm™; "H NMR (CDCl3) 8 0.16 (s, 9H), 3.02 (ddd, J = 14.7, 2.7, 1.6 Hz, 1H), 3.30 (ddd, J = 14.7,

5.3, 1.8 Hz), 4.24 (dd, J = 5.3, 2.7 Hz, 1H), 6.41 (br, 1H).

N-Hydroxymethyl-4-(2-trimethylsilylethynyl)-2-azetidinone (118). 117 (285 g, 1.70 mol) and
paraformaldehyde (153 g, 5.1 mol) was heated at 135 °C for 45 min. The resulting mixture was
cooled to room temperature and purified by column chromatography on silica gel with
CH,CL/EtOAc (8:2) to give 118 (429 g, 75%) as a solid: IR (nujol) 3300, 1710, 1280, 1230, 1020,
820 cm™; 'H NMR (CDCl5) 8 0.18 (s, 9H), 3.02 (dd, J = 14.8, 2.7 Hz, 1H), 3.26 (dd, J = 14.8, 5.4 Hz,
1H), 3.69 (dd, J=9.4, 5.3 Hz, 1H), 4.41 (m, 2H), 5.01 (dd, J=11.8, 5.2 Hz, 1H); MS (FAB) m/z 197

(M+H)".

(R)-N-Hydroxymethyl-4-(2-trimethylsilylethynyl)-2-azetidinone (119). To a solution of 118
(200 g, 1.01 mol) in CH,Cl, (2.0 L) and IPE (4.0 L) was added vinyl acetate (280 ml, 3.04 mol) and
Lipase PS® (Amano Enzyme Co., Ltd., 152 g). The mixture was warmed to 37° C and stirred for
16 h. Catalyst was filtered off and washed with CH,Cl,. Solvent was evaporated in vacuo. The
residue was subjected to a column chromatography on silica gel with hexane/EtOAc (8:2 to 0:1) to
give 119 (77.8 g, 39%): IR (nujol) 3300, 1710, 1280, 1230, 1020, 820 cm™; "H NMR (CDCls) § 0.18
(s, 9H), 3.02 (dd, J = 14.8, 2.7 Hz, 1H), 3.26 (dd, J = 14.8, 5.4 Hz, 1H), 3.69 (dd, J = 9.4, 5.3 Hz,
1H), 4.41 (m, 2H), 5.01 (dd, J = 11.8, 5.2 Hz, 1H); MS (FAB) m/z 197.8 (M+H)"; [a]*’p -130.3° (¢

1.18, CHCl,).

(S)-4-Ethynyl-2-azetidinone (121). To saturated aqueous NHj solution (300 ml) and MeOH (1000
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ml) was added 119 (101 g, 513 mmol). The resulting mixture was stirred at room temperature
overnight. Solvent was evaporated in vacuo and the residue was added EtOAc and washed with
water (x 3), and brine. The organic layer was dried over MgSQ,, filtered off and evaporated in
vacuo. The residue was purified by column chromatography on silica gel with CH,Cl,/ EtOAc
(9:1) to give 121 (29.8 g, 61%): IR (nujol) 3200, 2080, 1400, 1320, 1160 cm™; '"H NMR (CDCL3) &
2.46 (d, J=2.0 Hz, 1H), 3.11 (ddd, J = 14.8, 2.5, 1.6 Hz, 1H), 3.35 (ddd, J = 14.8, 5.3, 1.8 Hz, 1H),

4.27 (m, 1H), 6.46 (br, 1H); [a]*’p -63.3° (¢ 1.09, CHCL;).

Ethyl (S)-3-amino-4-pentynoate hydrochloride (96). To a solution of 121 (28.5 g, 300 mmol) in
EtOH (140 ml) was added a solution of HCI in EtOH (5.86 N) below 10 °C, and stirred for 1 h at
room temperature. The mixture was evaporated in vacuo. The residue was washed with Et,O and
collected by filtration to give 96 (50.3 g, 94%) as white crystal. The enantiomer ratio was
determined by chiral HPLC using CROWNPAK CR(+) (DAICEL CHEMICAL INDUSTRIES,
LTD.): IR (nujol) 3210, 2190, 1710, 1560 cm™; '"H NMR (DMSO-dg) 5 1.21 (t, J = 7.1 Hz, 3H), 2.84
(dd, J=16.1,9.1 Hz, 1H), 3.07 (dd, J=16.1 and 5.0 Hz, 1H), 4.13 (g, J= 7.1 Hz, 2H), 4.29 (m, 1H),
8.94 (br, 3H); MS (APCI) m/z 142 (M+H)"; [a]*’p -6.27° (¢ 1.11, MeOH); Anal. Calcd for

C;H;1NOyHCI: C, 47.33; H, 6.81; N, 7.89. Found: C, 47.39; H, 6.73; N, 7.84.

1-tert-Butyl 4-ethyl 1,4-piperidinedicarboxylate (123). To a solution of ethyl isonipecotate (122)
(1.00 g, 6.36 mmol) in CH,Cl, (10 ml) were added Et;N (1.06 ml, 7.63 mmol) and (Boc),0 (1.67 g,
7.63 mmol) successively. The mixture was stirred for 1 h at room temperature. To the resulting
mixture was added water and extracted with CH,Cl,. The organic layer was washed with water and
brine, dried over MgSQOy, filtered, and concentrated in vacuo to give 123 (1.64 g, 100%) as an oil: IR

(neat) 2970, 1730, 1685, 1420, 1170 cm’™’; 'H NMR (CDCl3) & 1.26 (t, J = 7.1 Hz, 3H), 1.46 (s, 9H),
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1.57-1.72 (m, 2H), 1.81-1.97 (m, 2H), 2.36-2.51 (m, 1H), 2.77-2.91 (m, 2H), 3.77-3.78 (m, 2H), 4.14

(q,J="7.1 Hz, 2H); MS (APCI) m/z 258 (M+H)".

tert-Butyl 4-[(1E)-3-ethoxy-3-oxo-1-propen-1-yl]-1-piperidinecarboxylate (124). To a solution
of 123 (2.57 g, 10.0 mmol) in toluene (26 ml) was added dropwise DIBAL (1.01 M in toluene, 10.2
ml, 10.3 mmol) at —=75 °C. It was stirred for 1 h at the same temperature. The resulting mixture
was poured into saturated aqueous NH4Cl solution and extracted with EtOAc. The organic layer
was washed with water, saturated aqueous NaHCOs, and brine, dried over MgSQ,, filtered, and
concentrated in vacuo. The residue was dissolved in THF (5 ml) and it was added dropwise at
room temperature to the solution of Horner-Emmons reagent which has been prepared from NaH
(60% dispersion in mineral oil, 440 mg, 11.0 mmol) and triethyl phosphonoacetate (2.47 g, 11.0
mmol) in THF (50 ml) in advance. The mixture was stirred for 1 h at the same temperature. The
resulting mixture was poured into water and extracted with EtOAc. The organic layer was washed
with water, and brine, dried over MgSQ,, filtered, and concentrated in vacuo. The residue was
purified by column chromatography on silica gel with hexane/EtOAc (5:1) to give 124 (2.43 g, 86%)
as an oil: IR (neat) 2977, 2933, 2854, 1716, 1697, 1423, 1365, 1176, 1039, 970, 872, 766 cm™; 'H
NMR (CDCl;) 6 1.22-1.45 (m, 2H), 1.29 (t, J = 7.2 Hz, 3H), 1.45 (s, 9H), 1.65-1.80 (m, 2H),
2.18-2.42 (m, 1H), 2.66-2.86 (m, 2H), 4.02-4.23 (m, 2H), 4.19 (q,J= 7.2 Hz, 2H), 5.80 (dd, J = 15.7,

1.4 Hz, 2H), 6.90 (dd, J = 15.7, 6.6 Hz, 2H); MS (ESI) m/z 306.3 (M+Na)".

(2E)-3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]acrylic acid (125). To a solution of 124 (2.40 g,
8.48 mmol) in THF (12 ml) and EtOH (12 ml) was added dropwise 1 N aqueous NaOH solution
(25.4 ml, 25.4 mmol) under ice cooling and the mixture stirred overnight at room temperature.

Volatiles were evaporated off and residual aqueous solution was adjusted to pH 3 with 10% aqueous
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KHSOy solution, and extracted with EtOAc. The organic layer was washed with water and brine,
dried over MgSQ,, filtered, and concentrated in vacuo. The residue was triturated with hexane,
collected and dried in vacuo to give 125 (1.92 g, 88%) as a solid: IR (KBr) 3002, 2976, 2927, 1691,
1679, 1412, 1284, 1234, 1178, 1109, 1012, 987, 943, 775, 544 cm™; '"H NMR (CDCl3) & 1.25-1.50
(m, 2H), 1.46 (s, 9H), 1.68-1.82 (m, 2H), 2.12-2.45 (m, 1H), 2.65-2.88 (m, 2H), 4.02-4.22 (m, 2H),

5.82 (dd, J=15.8, 1.2 Hz, 1H), 7.01 (dd, J = 15.8, 6.6 Hz, 1H); MS (ESI) m/z 278.2 (M+Na)'.

tert-Butyl 4-{(1E)-3-[(3R)-3-(ethoxycarbonyl)-1-piperidinyl]-3-oxo-1-propen-1-yl}-1-piperidine
carboxylate (126). This compound was prepared from 125 and 47 using a procedure similar to
that employed for the preparation of 49 (96%): IR (neat) 1730, 1680, 1660, 1615, 1420, 1170, 970,
870, 760 cm™; '"H NMR (CDClL;) & 1.15-1.46 (m, 2H), 1.27 (t, J = 7.1 Hz, 3H), 1.46 (s, 9H),
1.62-1.82 (m, 8H), 2.02-2.14 (m, 1H), 2.21-2.36 (m, 1H), 2.64-2.83 (m, 2H), 3.02-3.10 (m, 1H),
4.08-4.17 (m, 2H), 4.15 (q, J = 7.1 Hz, 2H), 6.27 (d, J = 15.2 Hz, 1H), 6.81 (dd, J = 15.2, 6.7 Hz,

1H).

(3R)-1-{(2E)-3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]-2-propenoyl}-3-piperidinecarboxylic

acid (127). This compound was prepared from 126 using a procedure similar to that employed for
the preparation of 107 (74%): IR (neat) 1715, 1680, 1660, 1570, 1170, 1000, 960 cm™; '"H NMR
(DMSO-dq) 6 1.08-1.31 (m, 2H), 1.39 (s, 9H), 1.65-1.70 (m, 5H), 2.24-2.41 (m, 2H), 2.74-2.82 (m,
2H), 3.04 (t, J=10.9 Hz, 1H), 3.32-3.46 (m, 2H), 3.85-3.98 (m, 3H), 6.43 (d, /= 15.8 Hz, 1H), 6.60
(dd, J=15.8, 5.4 Hz, 1H) 12.40 (s, 1H); MS (APCI) m/z 367 (M+H)"; Anal. Calcd for C;oH3,N,Os:

C, 62.27;H, 8.25; N, 7.64. Found: C, 62.24; H, 8.49; N, 7.59.

tert-Butyl 4-{(1E)-3-[(3R)-3-({[(1.5)-1-(2-ethoxy-2-0xoethyl)-2-propyn-1-yl]Jamino}carbonyl)-1-
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piperidinyl]-3-oxo-1-propen-1-yl}-1-piperidinecarboxylate (128). This compound was prepared
from 127 using a procedure similar to that employed for the preparation of 98 (74%): IR (neat) 1715,
1660, 1640, 1360, 1160 cm™'; "H NMR (CDCls) & 1.05-1.57 (m, 2H), 1.28 (t, J = 7.1 Hz, 3H), 1.46 (s,
9H), 1.70-1.80 (m, 3H), 1.92-2.10 (m, 2H), 2.24-2.40 (m, 2H), 2.28 (d, J = 2.3 Hz, 1H), 2.70-2.85
(m, 4H), 3.22-3.41 (m, 2H), 3.65-3.80 (m, 1H), 4.07-4.25 (m, 4H), 4.18 (q, J = 7.1 Hz, 2H),
5.05-5.17 (m, 1H), 6.22 (d, J = 15.1 Hz, 1H), 6.83 (dd, J=15.1, 7.1 Hz, 1H) 7.02-7.18 (m, 1H); MS

(APCI) m/z 490 (M+H)".

39)-3-{[((3R)-1-{(2E)-3-[1-(tert-Butoxycarbonyl)-4-piperidinyl]-2-propenoyl}-3-piperidinyl)car
bonyl]amino}-4-pentynoic acid (129). This compound was prepared from 128 using a procedure
similar to that employed for the preparation of 107 (97%): IR (neat) 3270, 2925, 2855, 1720, 1650,
1600 cm™; "H NMR (DMSO-dq) & 1.17-1.32 (m, 2H), 1.37 (s, 9H), 1.39-1.86 (m, 7H), 2.11-2.40 (m,
2H), 2.55-3.11 (m, 6H), 3.21 (d, J = 2.3 Hz, 1H), 3.90-3.98 (m, 2H), 4.13-4.45 (m, 1H), 4.75-4.88
(m, 1H), 6.42 (d, J = 15.3 Hz, 1H), 6.60 (dd, J = 15.3, 6.3 Hz, 1H), 8.43 (d, J = 8.0 Hz, 1H); MS

(APCI) m/z 462 (M+H)".

(39)-3-1({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl)amino]-4-pentyno
ic acid (631). This compound was prepared from 129 using a procedure similar to that employed
for the preparation of 63d (100%): IR (KBr) 2361, 1726, 1655, 1601, 1277, 1255, 1223, 1194 cm'l;
"H NMR (DMSO-d) & 1.19-1.41 (m, 2H), 1.59-1.88 (m, 5H), 2.14-2.32 (m, 4H), 2.51-2.76 (m, 4H),
2.89-3.17 (m, 4H), 3.89-4.42 (m, 2H), 3.89-4.42 (m, 2H), 4.60-4.71 (m, 1H), 6.36 (d, J = 15.1 Hz,
1H), 6.57 (dd, J = 15.1, 6.4 Hz, 1H), 8.85 (m, 1H); MS (APCI) m/z 366 (M+H)"; Anal. Calcd for

C19H27N304-1.1H,0: C, 59.58; H, 7.74; N, 10.77. Found: C, 59.59; H, 7.78; N, 10.89.
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tert-Butyl  4-((1E)-3-0x0-3-{(3R)-3-[({(15)-1-[2-0x0-2-(pentyloxy)ethyl]-2-propyn-1-yl}amino)
carbonyl]-1-piperidinyl}-1-propen-1-yl)-1-piperidinecarboxylate (133). To a mixture of 129
(600 mg), "pentanol (0.16 ml, 1.43 mmol) and DMAP (16 mg, 0.13 mmol) in CH,Cl, (6 ml) was
added EDC-HCI (270 mg, 1.43 mmol) at 0 °C. After stirring at room temperature overnight, the
solution was evaporated in vacuo. The residue was poured into water and extracted with EtOAc.
The extract was washed with saturated aqueous NaHCO;, water and brine, dried over MgSQy,,
evaporated in vacuo, subsequently. The residue was purified by column chromatography on silica
gel with EtOAc/Hexane (1:1) to give 133 (650 mg, 94%) as a colorless oil: IR (neat): 2900, 2825,
1710, 1640, 1600 cm™; '"H NMR (DMSO-dq) & 0.89-0.97 (m, 3H), 1.26-1.40 (m, 7H), 1.46 (s, 9H),
1.61-1.79 (m, 6H), 1.92-2.05 (m, 1H), 2.28 (d, J = 2.3 Hz, 1H), 2.24-2.38 (m, 2H), 2.68-2.83 (m,
4H), 3.23-3.39 (m, 2H), 3.64-4.26 (m, 6H), 5.05-5.16 (m, 1H), 6.22 (d, J = 15.2 Hz, 1H), 6.82 (dd, J

=15.2, 6.6 Hz, 1H), 7.07-7.16 (m, 1H); MS (APCI) m/z 532 (M+H)'".

tert-Butyl

4-{(1E)-3-[(3R)-3-({[(15)-1-(2-butoxy-2-oxoethyl)-2-propyn-1-yljJamino}carbonyl)-1-piperidinyl
]-3-oxo-1-propen-1-yl}-1-piperidinecarboxylate (132). This compound was prepared from 129 and
"butanol using a procedure similar to that employed for the preparation of 133 (89%): 'H NMR
(CDCl3) 6 0.96 (t, J = 7.3 Hz, 3H), 1.33 (d, J = 7.3 Hz, 2H), 1.36-1.45 (m, 3H), 1.46 (s, 9H),
1.56-1.77 (m, 4H), 1.90-2.05 (m, 2H), 2.20-2.31 (m, 2H), 2.28 (d, J = 2.4 Hz, 1H), 2.60-2.81 (m,
4H), 4.06-4.18 (m, 5H), 5.05-5.13 (m, 1H), 6.23 (d, J = 15.1 Hz, 1H), 6.82 (dd, J = 15.1, 6.7 Hz,

1H); MS (APCI) m/z 518 (M+H)".

tert-Butyl

4-((1E)-3-0x0-3-{(3R)-3-[({(1S)-1-[2-0x0-2-(2-phenylethoxy)ethyl]-2-propyn-1-yl}amino)carbon
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yl]-1-piperidinyl}-1-propen-1-yl)-1-piperidinecarboxylate (134). This compound was prepared
from 129 and 2-phenethyl alcohol using a procedure similar to that employed for the preparation of
133 (100%): IR (neat) 2930, 2850, 1730, 1650, 1600 cm™; 'H NMR (CDCl3) & 1.26-1.40 (m, 2H),
1.46 (s, 9H), 1.45-1.89 (m, 8H), 1.95-2.04 (m, 1H), 2.20-2.39 (m, 1H), 2.25 (d, J = 2.4 Hz, 1H),
2.67-2.91 (m, 4H), 2.97 (t, J= 7.0 Hz, 2H), 3.20-3.41 (m, 1H), 4.07-4.17 (m, 3H), 4.36 (t, /= 7.0 Hz,
2H), 5.01-5.13 (m, 1H), 6.23 (d, J = 15.2 Hz, 1H), 6.82 (dd, J = 15.2, 6.7 Hz, 1H), 7.21-7.51 (m,

6H); MS (APCI) m/z 566 (M+H)".

tert-Butyl 4-{(1E)-3-[(3R)-3-({[(1.5)-1-(2-{[(2,2-dimethylpropanoyl)oxy|methoxy}-2-oxoethyl)-2-
propyn-1-ylJamino}carbonyl)-1-piperidinyl]-3-oxo-1-propen-1-yl}-1-piperidinecarboxylate

(135). To a solution of 129 (500 mg, 1.08mmol) in DMF (5 ml) was added K,CO; (75 mg, 0.54
mmol) under stirring at 0 °C, stirred for 15 min, and pivalic acid iodomethyl ester (310 mg, 1.30
mmol) in DMF (3 ml) was added to the mixture. After stirring at room temperature for 1 h the
mixture was poured into water and extracted with EtOAc. The extract was washed with water and
brine, dried over MgSQ,, and evaporated in vacuo, subsequently. The residue was purified by
column chromatography on silica gel with CHCl;/MeOH (98:2) to give 135 (370 mg, 59%) as a
colorless oil: IR (neat) 2960, 2920, 2850, 1745, 1650, 1600 cm'l; 'H NMR (CDCl3) & 1.22 (s, 9H),
1.32-1.60 (m, 3H), 1.46 (s, 9H), 1.69-1.80 (m, 3H), 1.89-2.03 (m, 2H), 2.16-2.40 (m, 5H), 2.28 (d, J
= 2.4 Hz, 1H), 2.70-2.85 (m, 4H), 3.33-3.51 (m, 1H), 4.04-4.18 (m, 3H), 5.04-5.17 (m, 1H), 5.77 (s,

2H), 6.24 (d, J = 15.1 Hz, 1H), 6.83 (dd, J = 15.1, 6.6 Hz, 1H); MS (APCI) m/z 576 (M+H)".

Ethyl (395)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl)amino|-4-
pentynoate (131a). To a solution of 128 (800 mg, 1.63 mmol) in EtOAc (8 ml) was added 4 N

HCI in EtOAc (4.08 ml, 16.3 mmol) at 0 °C, and the reaction mixture was stirred for 3 h at room
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temperature. The precipitates were filtered, washed with Et,O and resolved in water, neutralized
with saturated aqueous NaHCO; desalted by using the resin of HP-20 with isopropanol/H,0 (1:1),
then lyophilized to give 131a (536 mg, 84%) as an amorphous solid: IR (KBr) 3427, 3269, 3049,
2941, 2862, 2742, 1732, 1655 cm™; 'H NMR (D,0) & 1.10 (t, J = 7.2 Hz, 3H), 1.32-1.68 (m, 6H),
1.75-1.89 (m, 3H), 2.23-2.54 (m, 3H), 2.59-3.14 (m, 6H), 3.23-3.30 (m, 3H), 3.37-4.19 (m, 2H), 4.03
(9, J=7.2 Hz, 2H), 4.76-4.86 (m, 1H), 6.30 (d, J= 15.6Hz, 1H), 6.43-6.57 (m, 1H); MS (APCI) m/z
390 (M+H)+; Anal. Calcd for C,1H3N304:2.7H,0: C, 57.57; H, 8.37; N, 9.59. Found: C, 57.89; H,

8.13; N, 9.19.

Butyl (35)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl)amino|-4-
pentynoate (131b). This compound was prepared from 132 using a procedure similar to that
employed for the preparation of 131a (100%): 'H NMR (D,0) 6 0.92 (t, J= 7.2 Hz, 3H), 1.24-1.41
(m, 5H), 1.59-1.76 (m, 2H), 2.18-2.30 (m, 2H), 2.58-2.82 (m, 5H), 3.11-3.18 (m, 2H), 3.83 (d, J =
7.2 Hz, 2H), 5.16-5.19 (m, 1H), 6.15 (d, J = 15.4 Hz, 1H), 6.25-6.40 (m, 1H); HRMS (ESI) m/z

Caled for C3H36N30, (M+H)": 418.2706, found: 418.2717.

Pentyl (35)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl)amino]-4-
pentynoate hydrochloride (131c). This compound was prepared from 132 using a procedure
similar to that employed for the preparation of 131a. To the purified aqueous solution was added
IN HCI and lyophilized to give the product as a HCI salt (32%): IR (KBr) 3417, 3294, 3035, 2958,
2939, 2864, 2727, 1734, 1655 cm™; '"H NMR (D,0) & 0.76-0.83 (m, 3H), 1.18-1.32 (m, 4H),
1.39-1.76 (m, 7H), 1.88-2.00 (m, 3H), 2.31-2.58 (m, 2H), 2.67 (d, J = 2.4 Hz, 1H), 2.75-3.20 (m,
4H), 3.29-3.42 (m, 3H), 3.80-4.27 (m, 2H), 4.07 (d, J = 6.5 Hz, 2H), 4.55-4.93 (m, 2H), 6.38 (d, J =

15.2Hz, 1H), 6.51-6.63 (m, 1H); MS (APCI) m/z 432 (M+H)"; Anal. Calcd for C»4H3;N3;0,HCI: C,
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61.59; H, 8.18; N, 8.98. Found: C, 61.65; H, 8.42; N, 8.95.

2-Phenylethyl (395)-3-1({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]-3-piperidinyl}carbonyl)
amino]-4-pentynoate hydrochloride (131d). This compound was prepared from 134 using a
procedure similar to that employed for the preparation of 131a (83%): IR (KBr) 3028, 2945, 2864,
2804, 1736, 1651 cm™; '"H NMR (DMSO-dg) 6 1.21-1.75 (m, 11H), 2.30-2.35 (m, 2H), 2.61-3.10 (m,
8H), 2.88 (t, J = 6.8 Hz, 3H), 3.17-3.29 (m, 2H), 3.66-3.84 (m, 1H), 4.24 (d, J = 7.0 Hz, 2H),
4.69-4.92 (m, 1H), 7.20-7.35 (m, 5H), 8.45-8.55 (m, 1H), 8.46-8.65 (br, 1H), 8.81-8.93 (br, 1H);

HRMS (ESI) m/z Caled for C,7H36N304 (M+H)": 466.2706, found: 466.2761.

[(2,2-Dimethylpropanoyl)oxy|methyl (39)-3-[({(3R)-1-[(2E)-3-(4-piperidinyl)-2-propenoyl]
-3-piperidinyl}carbonyl)amino|-4-pentynoate trifluoroacetate (131e). This compound was
prepared from 135 using a procedure similar to that employed for the preparation of 131a. Crude
product was purified by preparative HPLC and lyophilized to give 131e as TFA salt (81%): IR (KBr)
3373, 3049, 2981, 2943, 2870, 2536, 1757, 1674, 1659, 1601 cm™'; 'H NMR (D,0) & 1.19 (s, 9H),
1.46-1.86 (m, 6H), 1.93-2.11 (m, 3H), 2.39-2.66 (m, 2H), 2.77 (d, J = 2.4 Hz, 1H), 2.90-2.95 (m,
2H), 3.00-3.30 (m, 4H), 3.40-3.52 (m, 3H), 3.90-4.13 (m, 2H), 5.78 (s, 2H), 6.45 (d, J = 15.5 Hz,

1H), 6.64 (dd, J = 15.5, 6.2 Hz, 1H); MS (APCI) m/z 476 (M+H)".

3.10.2. Pharmacokinetic Studies.

Following overnight fast animals (rats, dogs, or monkeys) in the oral group were administrated a

single dose of compound. Animals in the intravenous group received a single intravenous dose.

All blood samples were collected from the jugular vein into heparinized Vacutainer tubes. Blood
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samples from oral group were collected at 0, 1.0, 2.0, 4.0, 6.0, 8.0, and 12.0 h post-dose. Blood
samples from intravenous group were collected at 0, 1.0, 2.0, 4.0, 6.0, 8.0, and 12.0 h post-dose.

Plasma samples were analyzed for plasma concentration of compound using a HPLC assay.
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