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Figure 1. VTE (venousthromboembolism)2)
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Figure 2. Strucrure of Factor Xa inhibitors
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Figure 3. Physical and Biological property of DX-9065a
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Figure 5. Design concept of benzimidazole derivatives
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Figure 5. (continued)
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Figure 7. Benzimidazole Bt &W)— 7 7 7 % —Xa fE G TEEX
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(PPhs) & MW= WIERGL, MK RZRETH VAR IR 14 21572, S on{LaY 14
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Scheme 1. Synthesis of Benzimidazole intermediate
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COzt Bu 15 OH 16

COzt Bu S

Boc

Reagents and conditions: (a) Gly-O-'Bu (1.8 eq), EtzN (3.0 eq), EtOH, rt -50 °C, 18 h (74 %); (b) Hp, 7.5
% Pd/C, THF, 1 atm, rt, 2 h (54 %); (c) Ha, 7.5 % Pd/C, THF, 3 atm, rt, 7 h (93 %); (d) N-Boc-4-
piperidinol (1.2 eq), DEAD (1.2eq), PPh3 (1.2 eq), THF, rt, 5 h (49 %); (e) NaOH (1.1eq), THF-EtOH, rt,
0.5 h (87 %); (f) 1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) (1.1 eq), CHCI5, rt, 3 h (80 %);
(9) AcOH, 75 °C, 12 h, then Boc,0O (1.0 eq), Na,CO5 (3.0 eq), THF-H,O, rt, 12 h (88 %).

{b5% 5a - 55 1%, Scheme 1 THRZEHEH A 16 & 457 I 2 & D 1-(3-dimethylamino-
propyl)-3-ethylcarbodiimide hydrochloride (EDC) % f\W=MEA 2L D, 774 %A MTH
BT XA IFY =)V IGLUCT X RaAT 266 17 ~EH#ii%, S1 2= MY
THYT ) IET IV RICHFELAK LT (Scheme2), T72bh, 7 /K17 &Y
Pr— R UZFAT I UDRAEBT HS T AZIEM SEDZ L TFAT I RAZLHL,
WICBFIED I TL A F )V & RS SEFF AT RN, BEBICHRT V=0 LA EDE
ST T IV K 18 ~EFHE LTz, SHITHELNTILEY) 18 D fert-butoxycarbonyl
(Boc) #:7% trifluoroacetic acid (TFA) ChZf%, 72 b I 7 — FEIGSHED T LITLD,
HIO(LEW 5§ AR LTz, WD TRV MEEY 5 ITREENDLERT I VLA
W%, WFH HPLC #%, HFeHELE L CREdMbT o2 Lk kR LT,
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Scheme 2. Synthesis of Compound 5a - 5j
(0]
vy ST T
\©[N\>/\O N\Boc
O

OH 16 N\R' 1 7a-j
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N.
a \©E \>/\O Boc

[E— .

N-R' N-R'
NH
J\@ \>/\O£j \G “Boc )ﬁ \>/\O£j @
o et
R’N\RI 18a+ R'N\R' 5a-j

Reagents and conditions: (a) RR'NH (1.0 eq), EDC (1.1 eq), HOBt (1.1 eq), DMF, rt, 15 h (64-96 %); (b)
H,S, pyridine-Et3N, rt, 12 h; (c) Mel (excess), acetone-MeOH, reflux, 2 h; (d) NH4OAc (1.5 eq), EtOH, 75 °C,
2 h (40-94 % 3steps); (e) TFA, CHCIs, rt, 5 min (77 %-quant.); (f) ethyl acetoimidate (5.0 eq), Et3N (10 eq),
rt, 18 h (20-60 %).

72, (LAY 6a-6g 1%, EEHMIAK 16 DbV (LA 22 % VT Scheme 2 & [AlER
DI ETERM LT (Scheme 3) . HBEIFEEIOMEW 191X, 4-7 VA n= X B L0,
SNAT ST Boe-E XY V) — LA EANLRE L, Bbhiz 19 ZHflukFHiET,
benzyloxycarbonyl (Cbz){t:,, NaH f#{E [ C7 = EFifET X7 VE A%, TFA LT 52 &
TIEEW 20 ~FE LT, Z{bEW20 27 =127 2 K12 & Scheme 1 & [AlEE
\Z, EEDQ Z MW Tt L, HEleH CHKBR L S W EHEPHEIA 22 21572, Z OHHIE 22
DR RAIFY =) 1 AIEEIC N-EHR T X RS2 8 A L, B Cbz b, 4 (L2
AN a ) R OHEE R TULEY 23 ~FFE LT, 55417223 KV, Scheme 2 & A
OFETYT a7 IV ) BB LG 24 ~NEE, BRIZT RN IV A%
HBATHZETIbEWw 6 A LT, mieltThHLEW 6 DFERLUL, Scheme 2 DILA
Y5 LIAEE, 1WiAH HPLC 43 B & SRR O s b T1T - 72,
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Scheme 3. Synthesis of Compounds 6a - 6g
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. e, L
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(e}
CO,t-Bu
2 21 OoH 22
(e}
e T
N.
g, h,i \©EN\>/\N Boc i-1
— > — =
O¥ ©
R CO,Me
23a-g
(e} (e}
N
*@\ AT, *@E OUW
NH
N\R' CO,Me N\R‘
24a-g 6a-g

Reagents and conditions: (a) H,, 7.5 % Pd/C, THF-EtOH, 3 atm, rt, 3 h (86 %); (b) CbzClI (1.0 eq),
NaHCO; (1.1 eq), THF-H,0, rt, 1 h (74 %); (c) NaH (1.5eq), BrCH,CO,Et (1.5 eq), DMF, rt, 2 h (98 %); (d)
NaOH (1.1eq), THF-EtOH, 50 °C, 1 h (quant.); (e) EEDQ (1.1 eq), CHClj, rt, 3 h (72 %); (f) AcOH, 90 °C, 4
d, then Boc,O (1.0 eq), Na,COj3 (3.0eq), THF-H,O, rt, 12 h (59 %); (g) RR'NH (1.0 eq), EDC (1.1 eq),
HOBt (1.1 eq), DMF, rt, 15 h; (h) Hy, 7.5 % Pd/C, THF, 3 atm, rt, 7 h; (i) (4-MeOCO)PhCOCI (1.0 eq), EtzN
(1.5 eq), CHCIs, rt, 18 h (15-74 % 3steps); (j) HoS, pyridine-EtsN, rt, 12 h; (k) Mel (excess), acetone-MeOH,
reflux, 2 h; (I) NH4OAc (1.5 eq), EtOH, 75 °C, 2 h (39-63 % 3steps); (m) TFA, CHCIj, rt, 5 min; (n) NaOH
(5.0 eq), H,0, rt, 5 h; (0) ethyl acetoimidate (5.0 eq), EtzN (10 eq), rt, 18 h (27-81 % 3steps).
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Scheme 1,2 THE L7LEWIE, HE@VLEH Sa (R'=Et) LHIL, LVi@n>
7 7 X —Xa EEMEZ /R L2 (Table 1), 2N HILEHOEET I MEEX, %27 =
FUR—NETET D Glyl93 EHHEAEMT 2L ICT A o LIcbDTHLT2H, 77
7 H—Xa \Z X DMAKSET e BIGRMRIE Y > (Serl95) 27 v UbT 52 LicL &
EMERI L COWAAREM N H o T2, TDTD, 2RO T LA % 23— NMEICHER
EIEMEEFHE L7228, ZOIEMHEICEILITRO b hotz, ZOFERIL, Table 1 2R L
7oA B Ser195 1T K DMK R Z 2 T FIEMHAZREIL L TWD Z 2 rmmle LTk, 1§
PEm EOBERNIR U XA I X — Vil (=774 5% A FAO) TO Glyl93 & DKFE
fhia, MOEMN TOBKMHEAEENOERICE D2 b0 EBR LT,

Table 1.  Enzyme inhibitory activity for FXa and Flla (thrombin)

NH

H,N N
| CHj
oo
R NH

1 FXa Flla
C d
ompoun R IC5 DY 1Cs0 MDY
5a —CH,CHj 0.4 > 10
5b —CHZCONH© 0.1 > 10
o

Bc —CHZCONHGC. 0.06 >10
5d _CHchNHCH2'© 0.1 >10

Cl

56 @ —CHZCONH%H-Q 0.03 > 10

Me

bg —CHZCONH(CHz)g@ 0.2 > 10

a) racemic form b) IC;, values are the mean of two independent determinations.
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Table 1. (continued)

FXa Flla

5h —CHzCO‘NC> 3 >10
51 —CHZCONHO 0.04 > 10
5j —CHZCONHCHZO 0.3 >10
5k —CHZCONHCHzl---<:><COZCH3 0.3 >10

a) racemic form b) IC;, values are the mean of two independent determinations.

Compound R!

FRIZ, 7 RERD o RFETHIE LG 2 H T 568 51, 5i, KOXUEBUER R
7 uutkrE LA AY Se, Se 1L 108 M A — X —REOERELZ R LEZ, Zhb0
BKMEIEDS 7 7 7 2 —Xa @ Phedl T FFBUK I COM ANEMERICHEY Th o 7272 &
BX DI, KT T4 LY A N TIIBUKMHEAERN 7 2150 R EER & B LT,

ZH5 Table 1 (2R LT2ABLEMIZHOWT, invivo TO 7 7 7 % —Xa [LEFMM 21T 5> BHY
T, 10mgkg &~ 7 ATFIRNEE- LT, LavL, 77 7 % —XaBHEEMEOMRES 2 o
T, WTOAEWIC b BSEEOAMEEERRO v, —7, iktg & L TRV
E% 1 (DX-9065a) Tl, FEEOFTRNERD Lotz (LAY 1 (DX-9065a) & D
BN D, ZORMEEOREIE, BARF AN RN EIZX 0 RlZ—57 Y Moxt
T HMBPERFEDMEIR L 727207y, b LIRS S1 2=y MEAIZKVHIIZ —5 > MZ
] BHEFMED A B L2 S HEER LT,

Z DI OAFEEZFRET <L, SFNICHLVRF I VEEZEN LI E AR T D
Z L ZFE L7 (Scheme3), BANEIL, 77 7 ¥ —Xa & DFEZED 22\ AT 1)~ E
T o120, RURXAIFY 2 (LEBRIED B LA U, 7, HAEHILLE LT
X, BE =5y MTRE L, VR F DOVIEORRER 7R KR RITIN 2., SRR 72 SRR R
EHFEL, YA ROKRERAINRI AR ANVIEERIR LT, BAINALEY) 6a & &
L, SWEBEMEORNZ S0 L= (Figure 8), & DOfEHE, 30mgkg &~ 7 ATEARN S
LTH, B0 EREEIIMEE SN o7z, —F, LA 6a DA TN AT LT F
07 6b &~ U AERNEES (10mg/kg) L7=& Z A, Table 1 (2R LIAbAW & RIEED
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AVERMEDSRO ST, ZOMRE Y, AFEIEISLARRY R B 0 b ARIERY 72 B T Al
ARETH DL EZHLMNITTE T,
Figure 8.

NH NH
OQX OQX O
NH NH
5i; 1Co = 0.04 UM 6a(R=H) ICsp=0.01pM

LDso < 10mg/kg LDs, > 30mg/kg
6b (R = Me) IC5; =0.02 uM
LDs5y < 10mg/kg

72, {LAW6alx, WARF LI IMEAW 5i LERL, LR T 7o X
—Xa fLEIEM: (ICso=0.01uM) 2R L7, 20728, BET T A LA ~OEHLZ T
L, Table2 IZRTILAMEARK LTz, ZDOREE, Table | Tas L7ZfER & [RIEROREETENE
FAREAZE O B AL, ZDOPLAEY 6¢, 6g (2 TiL, Table 1l DILEY) 5f, Se Ll L LV
172, 10°M A —H—0D7 7 7 % —Xa [LEEEDGRD 7z (ICs = 0.003 uM, 0.006
uM), BVRF IV EE AT D720, N AL I E Y )L 2 (LERILD B AL E sp D
EFRFFICESHMZ-ZLIZEY, S4a=y o7& M7 IV ED Glu97 L OFFAAE
FIZ X 0 Lo Bl S alREMER B 5 L HEZZ LT,

Table 2. Enzyme inhibitory activity for FXa and Flla (thrombin)

NH
o)
N
H,N \
O T 0o
¥, T
R2 NH
O)\@\
CO,H

, FXa Flla
Compound
P R IC50 (llM)a) IC50 (}lM)a)
1 0.06 >10
DX-9065a '
6a —CHzcoNH—O 0.01 > 10
6b —CHCON 0.01

methyl ester of 6a
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Table 2. (continued)

, FXa FIla
C d
ompoun R 1C;, (}IM)a) ICs, (PM)a)
CH,
6¢c —CH,CONH' g 0.003 >10
CH;
6d —CHzCONH(® 0.08 > 10

H3;C CHj;

e —CH2CONH>© 0.2 >10
of
6f _CHchNHGCI 0.2 >10
cl

6g —%ﬂhCONHCHyﬂ<:j;—CI 0.006 >10

a) IC;, values are the mean of two independent determinations.

Table 2 (TR L7ZALAEMD 5 B, {LEW 6a AW TROKGHOMEY 7 7 7 ¥ —Xa
PREVEM: 2 7 U 7= (ex vivo assay,  Figure 9) . {84 6a & LS R D144 1(DX-90652)
B a <A 10 mgkg ODHEEZROEE L, OGRS, RElED 7 7 7 4
—Xa [HEEEAZTE Lz, TOREE, {bEW 6a 7 7 7 % —Xa BAEFENEL, (LEW1

(DX-9065a) & LLig Lo0s@ o 72, —F, 1 mg/kg OFEARNEL G- & L3 2 & 072 0 55
WHDThHoTz, ZORRIT, ROAKRLGROMFEESEDOERD, in vitro TEMED TR

(0.01 uM; 6a vs  0.041 uM; 1(DX-9065a)) (2L DHHDOTH Y, HIYORRDWRIELEIC
EDHDTIERNWI LZRBLTND EER LT, HHEE L X ISR AR EDK
B, D FOAFT MR T T, D b b — O A RET D 0ER &
HEEZT,
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Figure 9. ex vivo assay of Compound 6a
B0

Ii —e— DX-90652 10 mg/kg po
- —a— {[;&40 6a 10 ma,/kg po
| —-a---{E#l 62 1 mgfkg iv

m'ﬁ aia

% of inhikbition to Human FXa

o T

o &80 120 180
time {min)

Figure 9. Percent of inhibition of human FXa after
intravenous and oral administration of DX-9065a or
compound 6a in mice. Datarepresent mean + 50 [n=3)

DI, LG 6a & A b DI FEMEEHEL D2 WA TN L, Table 3 12~ {LAY)
EAB LD, WO T HIEMR T AR b vz, BRI EE X o oA X
L7ALEW Te TIX, (LB 6a L LLER L 30 5 DIGMEREI N RO b, o Fha <
S22 LT, S4 A N Glu9T & DOBEEENR < 72 0 BRI EA/ER OREIR T A4 5] X
ZLTeleEBER L, 2D S4 %A N TOREEMEEFERINO CTHETHD Z L HVR
i, b Xy oA AR ORREIL, KiERIEER T 2R EHERTE T,
WORHE L7258 1) bbby XA 24— VAU EME W=7 T A LA b~
DOMREICE D S4 2= hDORRE, fHILIZEREE im0 7,

KR XA 22— VARUCEWT, 55 FOHIALE S S S1, S4 DR IEMEIE L 75
LY A N ORREMER CHEEH 25 L TR, FRIEALCTOIEME~D 578 EEH) /)N
SV, ARETORERIL, RERIEIEORSE, WEs 2L, PRI O, $72bbH
AL COTENER EARETH L Z L 2Rl T b0 EEx L, HEt2) 2%+ 2 1
THRRMAERD Z ENTER, M2 T, BMEOBSEEHEMEOREE LM T, DIk
(DR D EE S A SR bS50 2 LR TE T,
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Table 3.

Enzyme inhibitory activity for FXa and Flla (thrombin)

NH
o)
N ~R3
HzN)U \>_ R
N N
O§) (0]
QNH CO,H
c q X FXa Flla
ompoun R
P 1Cs @MY 1C5, ()Y
CHs,
6a ACN—ﬁ 0.01 > 10
NH
NH,
7a ‘CN—ﬁ 0.02 >10
NH
CHs,
b a) %\‘CN« 0.1 >10
NH
7¢? h]CNH 0.3 > 10

a) racemic form

b) ICs, values are the mean of two independent determinations.
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F2% T hIEREA VX ) AL E YO AR 1920
FE1fi 7RI Rag Yk ) U AUEAMOT YA

B EORAA IF VUL EWTIE, 7T A LA N THT A AR % S
L, S4 2=y FOBEMEZREST 2 Z L2l Ale, ZOF 2 BTIX, 5 OWFFEHE
DETHRANZE DI S1 2=y FROPEEN A2 L, AR ZRE LT 52 LT,
S4 =y FOFREME b ERS D Z L L LT,

S1 == h RO COMAIEH R ARAL DI, TFid Z & A FtHm L7z,
ftAM 1 (DX-90652) DSl 2=v N CTHDHFT 7 X L UBROVEEEZMEERL, T772b
L sp EDOEWEEAZEAT S Z LICEY SI ARy v hOFHEEZ R ESE 5,

- PRERAL TIE, NP uBIcH, ko
SR 7R BR IS A M KR ALVE AR 2 08455
%o £, AT E21bd ¥ 1 (DX-

9065a) 1%, WEFELO 2 T CToH+%
P TRy, = hrby e xnbH
HEHERINT-, TDD, Lo x AL
A
R S4 A b~ T RE L& (Dx-50652)
Binding conformation
WAEHL, = haty 7o A%

LEIED,

AFHEIZHSE, S1 2=y MIFTT7X LV UVRED spP RICEALZT FJ b Frg VF
IV UVBRERWSZ L& LT, 5% S4 Hm~iiF 5~<, FEESIHMEEw 1 (DX-
9065a) LI[Alkk “2 il F+EBR” DANZ—THEIL, 4B D=L A F LA v L2 iR
L7,

E7, (L&MW 8a L7 7 7 ¥ —Xa DBELIRET L% Schrodinger #1: Glide Z HWTIE
L 1), O RREMEA MRET L7z (Figure 10), EO#ER, (L&Y 8a 1, (L& 1 (DX-
9065a) CHELIL/-E— R C7 77 ¥4 —XallfiB T D2 Enfscaz, 972bb, 7 b
T RurA VX UV RIISIA Yy MemE L, FRES TRy, e~y
VUBRODERIFTFIIT 77 X —Xa O S4 YA MHMERL ZEDBaholl, Tib DR
A R a2, {bE% 8a, 8b 2GRk LILEEE A MRS L7 (Figure 11), £ DOR5E, b&
¥) 8a, 8b |L% %1Cso = 3.34, 406 uM O 7 7 7 ¥ —Xa [LEEMEEZ R LTz, 2 OEMET,
SAR study # FEi§ HI12H72 0+ b D TH Y, F7- DX-9065a D EFERIA DR
EIEPE (ICso>10uM) & B L XV RN TH -7, SI 2=y MROHFRIENLT, L%
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REVANHAEFESEN TE TWD EEZLN, (LAY 8a I3F -2 AR FHRIZ/R D 5 5 &
YW L7,

Figure 10. # ARt /L Factor Xa+Compound 8a'™)

g\

Phel74

—)

54 site

8a (R=H); ICs9=3.34 uyM DX-9065a analogue
8b (R=Ac); IC50 =4.04 uM ICs50 > 10pM

WRIT, (LG 8a DERY PN EEHE, 72065 4 2=y FOTHA 2772,
Ty 7% —Xa D S4 WA ML, LLFORIERREA AT 5, 1) Phel74, Trp2l15, Tyr99
DOFFERICFEN BRI 288K 2, 2) REEIT Glu97 BFEET Dt U < 13
R TH D, ZNHOBENS, B~ D UBRERFF RITIE, Phel74, Trp215, Tyr99 &
DO EAEAER L Glu97 & OMEMAEEREZ ML C, WAOGEFE~T i, HE
BT IVEEBATLHIEE LT,
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F2H T hIe A YIRS ) A OERK 1

e 8a, BL U 8alZ S4 = hEEALIALEY) 8b- 8i ¥, Scheme 4 (2R /L—
NCAEM LT, £, HEEEE LTHWALEY 26,27 %, (LAWY 25 L OFREILT-,
fba# 2513, ST O FIE2NCHEL, 7-2 bR A V¥ 7 U O PO, & Vo5& T
&t < HBr KR A FIWTZ B A F A Ko THEAS L7z, k&4 26 1%, 25 & BocO %
RIGES®H5HZ &2k, £2ibE 27 1%, (L&YW 25 & 1H-pyrazole-1-(N,N -bis-tert-
butoxycarbonyl)-carboxamidine 22 & A IHAF/E F CHaG SELH Z LIC K VR L 72,

Scheme 4. Synthesis of compounds 8a - 8i

OHC OMe MeOY\ OMe OMe
N~ N~
101 e LY g
HN OH a Boc\N OH
— | — |
HBr

2521 26
\/Ol "
J b HO c
30: R= 4-pyridyl
NBoc 31: R= quinolin-4-yl R
M OH N
BocHN |\©©/ Boc.. 0
0]
27 32: R= 4-pyridyl

\/O,Cbz 33: R= quinolin-4-yl
d| Br e

28
R
BocHNJ\I\(D/O H,N I\OQ/O

29 from 29 from 32
8a:R=H 8d: R= 4-pyridyl
8b: R=Ac from 33
8c: R= C(=NH)Me 8e: R= quinolin-4-yl
8f: R=4-picolyl
89: R= 2-picolyl

8h: R= 2-aminobenzyl

8i: R= 3-aminobenzyl
Reagents and conditions: (a) Boc,O, NaOH, dioxane-H,0, rt (93 %); (b) 1H-pyrazole-1-(N,N"-bis-tert-
butoxycarbonyl) carboxamidine®?), DMF, rt (82 %); (c) 30 or 31, diisopropyl azodicarboxylate (DIPAD), PPhs,
THF-CH,Cly, rt (32: 76 %, 33: 71 %); (d) (i) 28, NaOH, DMSO, rt; (ii) Hy, 7.5 % Pd/C, THF, EtOH, rt (68 %
2steps); (e) (i) TFA, CHCIjg rt; (ii) 1H-pyrazole-1-carboxamidine hydrochloride, DIPEA, DMF, rt (8d: 61 %, 8e:
89 %); (f) TFA, CHCIj, rt (8a: 85 %); Ac,0, pyridine, THF, rt, then TFA, CHCI3 rt (8b: 81 %); MeC(=NH)OEt,
Et3N, THF-EtOH, rt, then TFA, CHCIj rt (8c: 83 %); 4-picolyl chloride or 2-picolyl chloride, NaOH, THF-DMF,
50 °C, then TFA, CHCI; rt (8f: 71 %, 89: 63 %); 2-nitrobenzyl bromide or 3-nitrobenzyl bromide, NaOH, DMF-
THF, rt, then TFA, CHCIj rt then Hy/ 7.5% Pd-C, MeOH (8h: 68 %, 8i: 58 %).

_21_



L& 8a-8i X Fid L 2 IZERL L7z (Scheme4), (L& 27 Z#JiEHZ 7 = (k28 &
}iﬁf\éﬁ’ S DITKRFEBRINBUET Coz B ZBRET 2 Z LIT K VLEW 29 2157, {bEW
8ald, HHMNT7229 % TFAREES 2 Z L2k Y, EbEw8b KU 8c i, LEW29 L
ﬁ7kﬁ’ﬁﬁé€i eiZ=F AT b I 75— hEOfiA#%, TFA TUBT 52 LICk VAL
7oo E7z, LAWY 8f, 8gIEINaOH F/EF 29 L2V Lyl REDfiEs, K< TFA %
AW WifREZ1T O 2 & TEM LTz, REEDHIET, L& 8h, 8i bEM LT,

L& 8d, 8e ITNIESUS AWM L, FRid X 512G L7z (Scheme4), L5426 %7
Jba—)UAK 30 £ 7213 31 & diisopropyl azodicarboxylate (DIPAD), PPhs f#1E I CX s &,
&% 32,33 24571, TFA % M\ 7=t Boc b, 1H-pyrazole-1-carboxamidine & Di#fg A
FVEK LT, BEbEMITAT, ¥ HPLC & L < |THEERE ORSS b TR L 7=,

DFRNCT AT IVETZIINVRF NV EE /T 505 8j, 8k, 9a, b (T FFLD K 51T
&R L7 (Scheme 5),

Scheme 5. Synthesis of compounds 8j, 8k, 9a, 9b

R
Boc-. OH N
r\(j@/ a Boc.. o
gl
N,Cbz
26 Br.

28 b

34: R= COOBzI
35:R=H

- e
36: R= 3-formylpyridin-4-yl J d
37: R= 3-methoxycarbonyl-
|: pyridin-4-yl

38: R= 3-(2-ethoxycarbonyl-

vinyl)pyridin-4-yl
_R
- > O
8j: R= 3-methoxycarbonylpyridin-4-yl <:| g
9a: R= 3-carboxylpyridin-4-yl
b 39: R= 3-(2-ethoxycarbonylvinyl)pyridin-4-yl

8k: R= 3-(2-ethoxycarbonylethyl)pyridin-4-yl
9L+ op:R= 3-(2-carboxyethyl)pyridin-4-yl

Reagents and conditions: (a) 26, NaH, DMF, rt (79 %); (b) Hy/ 7.5% Pd-C, EtOH, rt (35: 87 %,
8k: 86 %); (c) 4-chloro-3-formylpyridine?®), Et;N, EtOH, reflux (90 %); (d) MnO,, NaCN, CHCl,-
MeOH, rt (93 %); (e) triethyl phosphonoacetate, NaH, THF, rt (91 %); (f) (i) TFA, CHCI3 rt; (ii)
1H-pyrazole-1-carboxamidine hydrochloride, DIPEA, DMF, rt (8j: 39 %, 39: 49 %); (g) NaOH,
MeOH-H,0,rt (9a: 36 %, 9b: 85 %).
Tz /)= K26 LT uE(R28 L OfES, K< Cbz ORI L VLAY 35 2157
%, 473 RV INE TP BDEROESELZ LIV EW 36 ~FH LT, (LE

W36 % it~ HUAFIETR, AX =P T AL T U DAL RIGEEDLZ LIk
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DAFIVEAT AR ST &, FTALEW 36 &R —F—F v A3 & G S, o, p-RiE
e 2T ViR 38 2157=, 1AW 37 LV, TFA % HAW/=it Boc 1k, 1H-pyrazole-1-
carboxamidine & DFFEIZ K VLAY 8 Z157-1%, MKBEL TILEY 9a ARk LT,
70, LAY 9a L RO FIET, {LEW 38 L LAWY 39 ~FFE Li-1%, Pd-C Zfillit &
L 7o AKBIRMBE TIE AW 8k %2, X BITHK R L TILEW 9b &2 ARk L7z,

%k Scheme 7 \ZRTALEW 3 DAL, 4 IRFEEZ OVDIZERT D0MNARA > b &
EzT, LAY 40, 4229% v, SEiC 4f&ﬁ?§’%*§M/( SI, S4D2HOD2=v ¥
< Route A &, HM4IZ 4 #/RFBEZMEET 25 Route B D 2 Fli & it L7= (Scheme 6),

Scheme 6. Synthesis of Intermediate 44 for compound 3

EtOZC/Q

4224

2\
| = N
N X \I
Cbz. 0 hH N
N | H NJ\N o
CO,Et 2 \/D COEt
44 3
Route A
/
O - jQ Sea
E10,C EtOzC
4224 40
Route B
Z "N
Cbz. OH Cbz. o_X <
Q™ — 00 s oy —
EtO,C
40 4224)
Cbz. OH
Run 1 '\(D/ DEAD, PPh3/ THF r.t. No reaction
EtO,C
40 HO™ 4.
Z >N
Cbz. OH N/Q
Run 2 “@C{ K,CO3/ DMF 90 °C 65 %
EtO,C
40 Br 42.
Cbz. /Q
Run 3 "(D/ LDA/ THF -70°C 92 %
41
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£ 9, Route A TiX, LAWY YD /) 77— 7 =42 %t BOM-Cl (BOM=
benzyloxymethyl) % L < I% CH.Br, Z RS S8, 1 RFHR LILAY 42-1, 42-2 %25
L7, 0472 42-1, 42-2 2454 7 = ) — VK40 L OGS T2 L 25, Runl OIGIER
JE TS EITE T, Run2 @ SN2 SUG Tl LAY 42-2 O H CHEE B IFIRFICE Z 0,
T e DWWV PWEBE Lo 7, Runl,2 LT A F AN TOBERSIND, Z DL
IREEED T2 DIZ A L— RZHEIT Lo T2z E B4 LT, KRIZ, Route B (2 DWW THEGR
L7z, JElbE® 40 205 1 REWR LIALEW 41 25 LT-, BGohi 41 Z{ay
290> ) T — "7 =AU ERIGESETEEZ A, KR ((70°C) THECMIZETL, &
WETIEW 44 252D 2 Loz,

INHOBEER L VLAY 81,3 & Scheme 7 12789 /L— h TER L7 (L&Y 41 1%
fbaw 25 L VR L7{bE 40 2, NaH /(£ F T MTM-Cl (MTM= methylthiomethyl)
LIS SEATFNF A AF N T =T AR~ %, 27 V7 v ) Ra/EH S-S
L722), Scheme6Run3 OHEZHHL, 56N/ 41 ZT= AT AR 2DDT ) F— T
=F v ERIESE, (LG 44 2157z, (LG 41 IR CIR TRICHEM Lz, SUSE
Y CTHDLAFNANT =)7K MeS-Cl W L TW=72d, = AT /UK 42
Dx ) T7— T =F 32 Y& MERT 2 0ERH - T7,)

Scheme 7. Synthesis of compounds 81, 3

H,\(D/OH a Cbz\l\(j@/OH b CbZ\r\(D/O\/Cl
HBr

25 40 41

c d

Cbz. o

1 2SN | \/p
O, R CO,Et

EtO,C

44: R'= 4-pyridyl
422%): R'= 4-pyridyl 45: R=

: Boc
43 :R'=Boc 46: R'=H jf

)J\ O
NN
(D/ COzR?
8l: R2= Et
LRIE e

Reagents and conditions: (a) CbzCl, NaOH aq., THF, rt (86 %); (b) (i) CICH,SMe, NaH, DMF, 0 °C-rt; (ii)
SO,Cly, CH,Cly, 0 °C (85 % 2steps); (c) 42 or 43 (2 eq), LDA (2 eq), THF, -70 °C- rt (44: 92 %, 45: 48 %);
(d) (i) 30 % HCI- EtOH, 80 °C; (ii) 1H-pyrazole-1-carboxamidine, iPr2NEt, DMF, rt (92 % 2steps); (e) c-HCI,
reflux (91 %); (f) TFA, CHCIg, rt (99 %).

_24_



L& 811L, (L&Y 44 D 30% ML AKFE —= % ) — & Wi, it < 1H-pyrazole-
l-carboxamidine & DFFEIZ LV Gk L7z, L&Y 3 13MLEW 81 % RIERE THK 3T %
ZEICE AR L,

LAY 9¢,9d 1%, Scheme 8 (27”4 /L— hTHKLIZ, T7abb, (LAY 45 DRLLRER
46 LTV — /T A REMEILAFIET SNAr [UG S/ D 2 LI L VLG 48, 49 IF51E,
fet U < 138K SEEICIC L D0 Cbz 1k, #i< 1H-pyrazole-1-carboxamidine & DffE5, Hi
FRANENZ X DRI LV B LTz,

Scheme 8. Synthesis of compounds 9c, 9d

NH

N
R, o\/p

47: R?= Et, R%= Cbz
8m : R%= Et, R3= C(=NH)NH,

46

e

R3

PN

Y~ N

N

Cbz. o
z N \/Q
| CO,Et

48: R3= 2-Me, Y= CH

N

AN NH N)\)

cord

LIS SOy
| CO,R?

50: R2= Et, R%= Me, Y= CH

e
e

Reagents and conditions: (a) (i) 4-fluorobenzonitrile, K,CO3, DMSO, 120 °C;(ii) H,S, EtsN-
Pyridine, rt; (iii) Mel, acetone, reflux; (iv) NH4,OAc, EtOH, 75°C (36 % 4steps); (b) from 46 to 48:
4-chloro-2-methylpyridine®®), Et;N, EtOH, 150 °C (88 %); from 46 to 49: 2,4-dichloropyrimidine,
Et3N, EtOH, 150 °C (47 %); (c) from 48 to 50: 25 % HBr-AcOH, rt, then 1H-pyrazole-1-
carboxamidine, 'Pr,NEt, DMF, rt (90 %); (d) from 49 to 51: 7.5 % Pd/C, HCO,NH,, reflux, then
1H-pyrazole-1-carboxamidine, 'Pr,NEt, DMF, rt; (e) c-HCI, reflux (9c: 89 %, 9d: 21 % 2steps).

9c¢: R?= H, R%= Me, Y=CH

51: R2= Et, R3= H, Y=N
9d: R2=H, R%=H, Y=N

49: R3=2-Cl, Y=N

{bE® 8m L, FTLEW 46 # 4-T LA XY = R L ERIESHE, F0D% 25
DT IV ) FEEET L TAK L7 (Scheme 8), LAY 46 ZHiFEAFAE T T 4-7 04
BV = MUV ERIE SR, VT EEEY YV — U ZFT I OREGREE
HHS HWAZERSHLZETFAT I RAZHL, WICEEIED T Uk FL L KR
SETHATF AR, BITHR T VE= 0 A EDBEBEIGTT I Y /K47 ~FE LT,
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4

SONT- 47 D, FERUKEZETIC L DM Cbz b, %iv T 1H-pyrazole-1- carboxamidine &
i SEDZ LICLVILEY 8m &Rk LT,

B3E T hTbRaAg VX)) U RULEY OIS

EAEHTT YA v LIAbEWIE, Table 4-1 127 T 7 7 7 Z—Xa fHEEMZ R LT, £
DOWN, BV UEREZEANLLEY 8d 7%, (L&MW1 (DX-9065a) ERIEDRIF/2T7 77
# —Xa PLETEME (1ICs0=0.056 uM) Z/Rx L7z, —F, G4 8e—8i TiX, (L5 8d &L
B L 10 {5 2L EISPEREE 0~ 72,

Table 4-1. Enzyme inhibitory activity for FXa and Flla and Acute Toxicity in Mice

R1
o}

-n HCI
Comp da) R! RZ FXa " Flla " mortalityd)
ICs50 @M)”  ICs0 @M)” (10 mg/kg iv)
8a H H 3.34 >10 NT
0
8b H 4.06 >10 o
)J\CH3 NT
NH ®
8c H 0.51 >10 3/3
)J\CHg
Z N
8d 9§ H 0.056 >10 3/3
8e Z>N H 0.42 >10 3/3
|
ZN
8f | H 0.80 >10 3/3
NS
N/
8g ¢ H 1.35 >10 3/3
HoN
8h \;@ H 3.25 >10 NT®
8i \/©\ H 4.06 >10 NT

NH,

a) Compounds 8a, 8c-8e: 2HCI salt. Compounds 8f-8i: 3HCI salt. Compounds 8b: HCI salt.
b) IC5, values are the mean of three independent determinations. c) Not tested.
d) Number of death / Number of animals tested.
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IbEWMSADE Y VU BT, tho@E#EE L L L, 7 7 7 ¥ —Xa D Glu97 35 X ' Phel74,
Trp215, Tyr99 & OFHAEAEREFIC o7l M2 A L, ot 2R, E I ChllE Sz
OETEMEZ R U EHEEZ LT,

ZDOLEY 84 IZOWT, invivo TO T 7 7 #—Xa [LEFMAZIT 5 HAIT, 10 mgkg
T U ATEIRNGE G- LTz, LvL, 8 1 OV XA 8 — VAU A & RO ESE
HIRMEEMENRD b, ZO7®, AR THOLNTCHREZEN T 5, ALRFI L
BB AZGHE L, PHENE O S4 2=y MIHARF I NVEEZEALTLEY 3, 9a,
9b G LT,

Table 4-2. Enzyme inhibitory activity for FXa and Flla and Acute Toxicity in Mice

FXa Flla mortalityd)

IC50 (}IM)b) IC50 (}IM)b) (10 mg/kg I’V)

Rl
MeOzC
8j ~ N H 0.27 >10 3/3
™

Compd® R

7
8k N H 0.19 >10 3/3
N
2\
8l | CO,Et  0.074 >10 3/3
NH
8m /@NHZ CO,Et 0.40 >10 NT?
HO,C
9a 7N H 1.98 >10 0/3
N
HO,C
9b Z N H 0.16 >10 0/3
NS
~ "N
3 | CO,H 0.026 >10 0/3
= "N
9c S CO,H 0.23 >10 0/3
CH,
NZON
9d | CO.H 0.12 >10 0/3

a) Compounds 3, 8j-81: 2HCI salt. Compounds 8m: 3HCI salt.
b) IC5, values are the mean of three independent determinations. c) Not tested.
d) Number of death / Number of animals tested.
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S4 2= MIINVRFINVIELEZEANLTALEY 9a, 9b TlE, 77 7 ¥ —Xa [HEEE
IR T L7228, FRIEALICEA Lifbad 3 Tlonibd® 8d &l L, RSLLE (ICs
=0.026 uM) DOPFREEMEZ 7~ L7z (Table4-2) , (LA 3 D /LR 2 2V BLIX IR 7 10 % [A)
WTEBY, (kAWML 777 7 —Xa L OB ICEBEEThH- - L EE LT,

APt D[R Z i<, DARF IV EETHIAY 3, 9a, 9b & Hhlt g b
LCEDZRT VIR ((LEW 81, 8j, 8k) Z#~ U ATEIRNE S (10 mgkg iv. ) L7z,
ZORER, AT IRTITONTHOMAEMICB T RMEFEENBE I ), IR F
UNVEEAET AL TIREL B SN o7 (Table 4-2), RIEDOFEELED, HL
R VOB ANBIERIEERIC AN TH D 2 & & FEMR LT,

BMRMEN 2L, OBWT 7 7 2 —Xa FEEEEH T 2bAW 3 232, 4=
N DiEA LR 2 ikt L=, £, AW 3 & 7 7 7 #—Xa DEAEIKRTE T L % Schrodinger
f100 Glide # FHIWTIERL L 17, ER GO THEfE L7 (Figure 12),

BAERET VLY, BV VVRERFTE Gu7 & OHRHE 44 A L90EL (DX-
9065a TIX2.9A TH D), YUYHAEE L T = ERIEFAR B AVER 1T ATRENED RIZ S vz,
—7J7, S4 VA MHEED D IFEER Phel74, Trp215, Tyr99 L OAF 4 —a fHEIEM, =
—n AR TE TV D DRI, TNOH T AEMERERIC LY, 59
HETHHEV VU (pKa=8.7) THLT B T IV/H (pK.=112) L[FZELL EOTEME
NELNIZLDEE 2T, FIZ, (LAEW3 D S4 2= Mirigid R2EETH L0, =
febyZha2b/hEL, AROHEAEREZRERELLTWD LB LT,

Table 4-2 |27k L7z SAR #E5R1E, HAEKET L LV GHRICH TS 7,

C(EREMEE ZOME) S4a=y NOBEMEIEY UUR ((bEW3) X 5EEET
b, B CHIEHER T 25X Lz, T72bb, VU UVRIVFEEEETHD
EUIVVRAEALALEY 9d T, TOHEEMEKTFICLY, BRShd T4
INAREENZIR Y, BT A —n FHAEERCRBE AR AN T 670 B0, —
7, BUTUVEBRIVBELETHLT IV BBV B U EEA LAY 8Sm T,
B SND T AN S4 A SOFFHET I iRk 00Nz, b LI
G7 IZEL RV EME /272D, W F Ay —n, KOBEREOKHEAEERNET L2 &1
LD EBETE,

(mr T A=y FREOME) BEAEET LTI, EXVDUEREEEY VY
BITFITR —FHE LICE L TV, ZOETFTANS, B U DU MICERELZEA
L, 2 OOROMKT 2 HAIZEEL 52 b6 9a, 9b ITTEHEE T ARO LN &
EREThoTe, £/, VU DU 2 BN LAY 9¢ 1T HIEMAR T 23R
Do, EUPUVEOWTIONME~DOEBIEEASRETH D Z L1 nhoT,
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VLD SAR # R L HAERET VAW ELZND, S4 2=y MIKLERERIE, 1)
BEIRNF A BT DRt L, 2) BEEET 2 VBEMEIERL S 5iEY)
IPLBA~OWRIER, HFHEROEE CTHLZENHLNERY, FREELTS42=y |k
F4—7T I YV UMENRETH D L ORI E ST,

Figure 12. #5415/ Factor Xa + Compound 3!7)

Phel74

Trp215

S

Prime site

— -

-29_



%3 F  JTV-803 OAFJH 1920

FL1HE T hoebRaAYx ) AAUEEMOER 2

e 3 % HAZBELO R L Z21T 9 <<, S1 2=y b M OHHFAL O L HIR 2 B Rk

L7z,

SI = FNEHYKTH /LA 10a 1% Scheme 9 I R" 4 /L— TR LTZ, 7=/ —/b
a4 LV, HHEOT T Faag Vx /U U 8bEY 3 & FEEED Scheme 7 IZR L7ZJF
EEEALAER L, HREETHL T =/ — /UK 854 1%, BT Fo o2 52 L0 etk

EETFT T R T AEERESEA L Tl a Iy MEMIKD T 7 7 MME~EHIE,
VFI AT NVI= At KU F (LiAIH:) TiEJC, Boc{b LTI L 7-,

Scheme 9. Synthesis of compound 10a

o Boc,
OMe a HN OMe b N OH
— O OO
52 53 54
=
9 J
NS
=
N O~ Eo,c N °
CO,Et
d

55 56

NH P
e HoN

—_

CO5R 57: R=Et f
10a: R=H <:|

Reagents and conditions: (a) (i) NaN3, c-HCI, 0 °C-rt; (ii) LiAIH4, THF-dioxane, reflux (81 % 2steps);
(b) (i) 48 % HBr aq., reflux; (ii) Boc,O, NaOH, dioxane-H,0, rt (75 % 2steps); (c) (i) CICH,SMe,
NaH, DMF, 0 °C-rt; (ii) SO,Cl,, CH,Cl,, 0 °C (85 % 2steps); (d) 42 (2 eq), LDA (2 eq), THF, -70 °C-
rt (54 %); (e) (i) TFA, CHCIj3, rt; (i) 1H-pyrazole-1-carboxamidine, iPr,NEt, DMF, rt (78 % 2steps);
(f) c-HCI, reflux (97 %)

F72, /L& 10b 1X Scheme 10 (TR /V— hTHK LT, £7, (LEWS8E Y 7 L
— MERA~ZEHL L, PA(PPhs)s Z I Zn(CN), & RO &W721%%, H(bT7 LI =0 A THLA
FUAETHZETT7 2/ — UK 59 ~FE LT, HFohi 59 KV, (L& 3 RO
Scheme 7 IZ/r L= HiEE#EAL, {bEW60 2R T{ba a2 D= /) 53— 7T =F4 L th
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v 7Y 7 ZEREWY 61 3T, /LAY 10b 1X, HFHNT2 61 LD R XA I XY —)L
LAY L [AEED J71E (Scheme2,3) ZH L Co 7 /a7 I v FLICEBRE, BRINK
R LA LT,

Scheme 10. Synthesis of compound 10b

HO OMe NC OH , ¢ o_¢C
— ——
58 59 60

Z>N /IN
| N
N N
¢ NC 0
- S S
61 62: R=Et e
10b: R=H

Reagents and conditions: (a) (i) Tf,O, Et3N, CHCI3, 0 °C; (ii) Zn(CN),, Pd(PPh3),, DMF, 80 °C;
(iii) AICI3, chlorobenzene, reflux (42 % 3steps); (b) (i) CICH,SMe, NaH, DMF, 0 °C-rt; (ii)
SO,Cl,, CH,Cl,, 0 °C (39 % 2steps); (c) 42 (2 eq), LDA (2 eq), THF, -70 °C-rt (72 %); (d) (i)
H,S, Pyr, EtsN, rt; (ii) HCI-EtOH then Mel, acetone-MeOH, reflux; (iii) NH4,OAc, EtOH, 75 °C (69
% 3steps); (e) c-HCl, reflux (51 %).

{b&% 3 ORI % 1 R L72bE&% 11alX, Scheme 11 (2R /V— K THEL L
oo AIROILAEWY 40 & 2-3— R=H ) — )L EDORIERIHIZ LD 3 — K 63 ~fFE1%,
ThZ7e kaag XU U BUEAEY 9¢, 9d & [AIEROD Scheme 7, 8 1Tk L7z iiEzw A L
oo Tbb, Fonlca— K63 Z{tam 43 O/ T — T =F v LSS LA
Yy 64 ~ZHit%, TFA IZX DM Boc fb, #< 4-7mmr vl T & OfEEIZ L VLAY 65

AR ALEY Na L, 1554072 65 D Cbz 2% HBr—AcOH TRErZ%E L, = D% 1 H-pyrazole-
1-carboxamidine & fiA SE D Z EICL VAR LT,
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Scheme 11. Synthesis of compounds 11a

Cbz\'\(D/OH a CbZ\,\(>©/O\/\| b
—_— —_—
40

63
CO,Et CO,Et
Cbz. (0] Cbz. (0]
Z ,\(D/ \/\b c z N \/\b
N N
“Boc | A
64 65 _N
CO5R
11a: R= H<:| e

Reagents and conditions: (a) (i) Br(CH,),OH, diisopropyl azodicarboxylate (DIPAD), PPhg,
THF, rt; (ii) Nal, DMF, 90 °C (64 % 2steps); (b) 43, LDA, THF, -70 °C-rt (52 %); (c) (i) TFA,
CHCl3, rt; (ii) 4-chloropyridine, Et3N, EtOH, 150 °C (76 % 2steps); (d) (i) 25 % HBr-AcOH, rt;
(i) 1H-pyrazole-1-carboxamidine, 'ProNEt, DMF, rt (63 % 2steps); (€) c-HClI, reflux (13 %).

{bEW 3 ORI % F A= —T MZEB LTIALEY b & T L% /L AL IR AR
L7Ab&EW 11e 1X, Scheme 12 IZRT/— R TEK LT, T7bb, SCHBERMOTF A —/1
1 6829% JFUEHT, (LAW 43 LV FE L7723 — PR 67 LRISEH 5 Z & TILAW 69 (24
L, w<BLOSTLEY THICHE LT, B5o7ba 69, 71 LV, Scheme 11 {2
R LT iR L, Boc DR, 4-7 00 B) DU AT 5 2 LTk o TUEAEW 70,
72 2157, BITHEOINTZ 70,72 ZRERFINEAS 52 LI 7T FVEERER, 1H-
pyrazole-1-carboxamidine & OFEA, Hit < MAKZFIZ LY, (LAY 11b, 1le ZERK LT,

bEW 3 O &2 A VAR T X RICE# LI2Ab&4 11d 13X, Scheme 13 (27”7 /L—
NTAR LIz, (LB 13 ZEEHT, 4-7 nu ') D LiEa LILAW 74 ~ZEHits, A b
Ly —FOSICE 0T X ) 2 AT IR 75 24572, FFoiviz 75 % SCRRBERN D A V7l =)v
7l RIS EMEET D& TILAW 7T ~FHE Lotk HESFH T O N 7rta T
v FNVILDFRE, 1H-pyrazole-1-carboxamidine & DffE#r, e < MAKSARIZ L VL5 11d
AR LT,
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Scheme 12. Synthesis of compounds 11b, 11c

N,Boc a N,BOC b
EtO,C ! o -
2
CO,Et Me)LN SH
43 67
6829
.B .
o N oC o o N Boc
P s g P s’
Me N — > Me N
CO,Et CO,Et
69 71
c,d c,d
l 7N J 7N

|
A A
N 0, N

RlN S\/Q RlN S\/‘i\)

72: R'= Ac; R%= Et

70: R'= Ac; R>= Et ef
H—<_| ef 11c: R'= C(=NH)NH,; R2=H—<—l ’

11b: R'= C(=NH)NH,; R?=
Reagents and conditions: (a) LDA, CH,l,, THF, -78 °C-rt (79 %); (b) K,CO3, DMF, 100 °C (88
%); (c) TFA, rt; (d) 4-chloropyridine hydrochloride, Et;N, EtOH, 150 °C (70: 30 % 2steps, 72:

62 % 2steps); (e) c-HCI, 90 °C; (f) (i) 1H-pyrazole-1-carboxamidine hydrochloride, NaOH,
acetone, rt; (ii) HCI aq. (11b: 67 % 3steps, 11c: 55 % 3steps); (g) m-CPBA, CH,Cly, rt (75 %).

Scheme 13. Synthesis of compound 11d

NR )
b [
o e o™ —
HoN
</0 J SO,CI
73:R=H 7629

74: R= 4-pyridyl .| @ s
| |
0 o N7 NH o N7
J s ¢, N s’
FsC~ N “N HN" °N “N
M R
C©/ H COMe HCOR e
77 78: R= Me
e

Reagents and conditions: (a) (i) 4-chloropyridine hydrochloride, EtzN, EtOH, 150 °C; (ii) c-HCI,
reflux (62 % 2steps); (b) (i) NH4OAc, NaCN, MeOH, rt; (ii) HCI, MeOH, rt, then H,O (57 %
2steps); (c) pyridine, CHCIg, rt (74 %); (d) (i) NaOH, MeOH; (ii) 1H-pyrazole-1-carboxamidine
hydrochloride, 'ProNEt, DMF, rt (88 %, 2steps); (e) HCI aq., reflux (90 %).
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H2E T hTb RuAa VX ) URULEYO R E LR

LAWY 3 %R — RN OB RG22 i L7z, £, SI 2= MIOW T
L7z (TableS), 7 b7 RuA VX U&7 BRICVAXT v S LRV AT EE Y
(BB 10a) °F 7 Z L CBRICEH LT 6LEY 10b TIIIEMEIR T 238D b/, K7,
TEPE R R HNTALEY 10a TIX, A ANKEL 720, SIARTZ Yy MIRES 20
T EBLE L, Sl2=y N, \LEW3INPETHT hTe FaA Vx U AEEN K

1 & RO 7,

Table 5.  Enzyme Inhibitory Activity for FXa and Flla (thrombin)

| SN , N FXa Flla
Ao Compd ICso (p.M)b) ICs (HM)b)
(0]
- NH
R CO5H -
3 HoN ’\\i>©/ 0.026 >10
_<NH
HoN

10a 2 {1:)@/ >10 >10

NH
10b HzN/ 0.51 >10

a) Compounds 3, 10a, 10b: 2HC] salt.
b) IC;, values are the mean of three independent determinations.

HEES T, BE, EOREL{EY 1a- 11d &L=, L& 3 ©—O0CH,
—REEN R CTH 7= (Table 6),

Table 6. Enzyme Inhibitory Activity for FXa and Flla (thrombin)

Z >N 2 R FXa Flla
JN]\H N A | Compd 1050 (}lM)b) IC50 (}IM)b)
R
HN™ N \Q 3 —OCH,— 0.026 >10
CO,H

lla —OCH,CH,— 0.23 >10

11b —SCH,— 0.39 >10

llc —SO0,CH,— 5.44 >10

11d —SO,NH— 2.90 >10

a) Compounds 3 and 11a - 11d: 2HCI salt.
b) IC5, values are the mean of three independent
determinations.
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UEDZ Ens, bW 3 #RF(LEWE LU TGRIRL, 80U G 2 566 L 7=,
fbEW 3 &% D a1 (DX-9065a) &% 4~ U AREA#KE L, BN T 77
A —Xa BETEMEZ TG Lz, ZOREE, LA 3 D ex. vivo 7 7 7 &% —Xa BEIEMEIZ,
LA 1 (DX-9065a) & thi UKIE/R =278 Hiviz (Figure 13), L&Y 3 I3MLEW
1 (DX-9065a) |2k, S4 ==y M CTOHEIEMINT, MZ TSl 2=y hI5 L OHFRHIERAL
TONRBA LM ANERERICLV G FET T A A TERTDEBLE LI,

Fi2, LB 3 1L, W= AP TH~ T R L REREOWIMENHERTE 2, KMed
WD DB RO WINMEE /T 5 Z EX 00 -o7 (Figure 14), S 612, =7
A PFN~ORROFGTI, #5% 8 TH 7 7 7 ¥ —Xa [REEMEZHERF L CTRY, B
2B RRGE DA LT,

Z LAY 313\ 7 7 X —Xa BLETEME & B AOWRINEO® T OME A AT 5 Z L
BHONERY, BT 7 7 Z2—XaRAMWERNC/RY 55 LW T& -,

Figure 13. ex vivo assay of Compound 3 in mice

80 -
—a— DX-90653 10 mg kg po

i —a— S35 10 mg/kg po
el 4 '

----de--- {EH0 3 1 ma,/kqg iv

a0 - |

% of inhibition to Human FXa

20 4!

t

0 60 120 180
time (min)

Percent of inhibition of human FXa after intravenous and

oral administration of DX-9065a or compound 3 in mice.
Data represent mean + 5D (n=3)
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Figure 14. ex vivo assay of Compound 3 in cynomolgus monkey?®)

100 T
2~ 1mg/ks iv.
- 10mg/ke p.o.

80
60
40
20

1 L 1 |

% of inhibition to Human FXa

0
0 120 240 360 480

tim e{min)
Percent of inhibition of human FXa after intravenous and

oral administration of compound 3 in cynomalgus
monkey. Data represent mean T SD (n=6)

H3E LS 3 (JTV-803) DOBHISTEHERET K OEF (i

55 2 HiCRAFRTENE, RO Z R LIALEY 3 ORISR &2 320 L7, Kb
T, ETKMOKRENED D &, BARINIENRZL L, DI ORETLTH L
BHERBENBRREN D, OF V) HBERICKNIERBL, REICRIERTRER 2 & L RZE
WIRFATRER 2L ThH D, (LW 3L, 2R 1 BOIEWTH LD, ekl LT
(THEEENE 2R3, MBI Z2 TP R T A W L, RIREE 2 TS D T2 D & E IS
RIFTHZLDRRETH D, TNHERNDG, 1BMEEZHRFTL2 2L L LT,
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£7, VIEREORSZ M L7z (Table8), 2 MMM 2 JFUBHT VY, RN E O BHE T
KEEET U O LEMA TOEFFEEfMER L%, GHRIL, fmZ2BiE Lz, 2ok
fa 4, ARKEROVEHEELE (EtOH) THeltk, Wl Lo, @E OWEZE (SmmHg) % L7-
&2 A, ETORMB THEIRFEE FICBW CRIBEIFTED by, ke S E2ElbzE R
IS, PRI K 0 B Bk N — v EoR LT, T OBIRITEG, Rk, K
FARDS LR L, ZD%RELRDHOKIKERET HEER~EFRIBT 5720 L ELL
Too WL ARET LT E 24, 40 °C OXRELEE CTITHFIRE LA N CUIRMED 722U b
BEFLNT, LD, INBEFCRARAFEMm~EZLL, ThbbLIBERkIZLY
KRBT D 2 LNy hoTz, THEORRNS | R, AKfiko=ay be—
REEL <, ZE Lo, (REVPE#EETHD EBE LT,

Table 8. &I&E#RFT -mono hydrochloride-

1) 2HEEAYE AKVRIRIZNaOH aq. Z¥siN
pr Ll 2) RS EMHERRRL, 3 molb D ER RN
3) WA, ST
e cold H,0 EtOH
o 5 mmHg 0 m oy - 5 mmHg
7y T £ i ks
] M 12 hr 40 'C &5 12 hr
DT I
(F 2 (b) gl fi
. " SIEBAL  ARFIKARR | |IEBIA SRR KRR | fafnik A
POk I 3d 2d 3d 2d 2d
WA o - - o -
(EEE)
EA 14 % 14 % 14 % 18 % 12 %
(4 H,0) (4 H,0) (4 H,0) (5 H,0) (3.5 H,0)
XRD INFZ—23 INF—23 INF—1 INE—4 INF—2

WIZ, 1 ANV ORISZBE Lic, LW 3 7 U —(ROKERERIC, /MERIOD A >
IR Z N AR L T-%, ARl (SHEARIEE; 7 va—n, 7 by, 778 Fr>
7)) Iz dbfr S, PG L7z, @ ORIERE (5 mmHg) FfF T T, 1 HERIE S
[FERDOWIRIEDNHER SN2 b OO, R L7z L ZARMRIEOLG L R0, 2 T3 50
KFIKRZA L, 3OR— DR X RS F — o 2R it 21572, £/, (RBEERE (100
mmHg) TIFRIRIED 22 WEEEE MG DAL, THESMFE TR/ F — 2 OZBITRRD b i
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Motz 1 AIVERE, KFiAKkDay ha— A WARETH Y, L8 L BYEME, fRFE
EHTDHIENDMNoTe, THHDFEERNS, 1| AVAREIIRIEEL L CHEbTh D
LEZLN, 1 AR KM ELEY 3 (JTV-803) DOBIREEL L CER LT,

Table 9. &IEHRET -mono mesylate-

1) 7V—ARKEEIRIZ1.1 eqdD AL VERERIN
ftdait 2) WfiRte, ARSI A N
3) WAL, ST

Yeigr H,O-acetone (1:3) H,O-EtOH (1:12) Hzgj;)HF
. 5 mmHg 100 mmHg 5 mmHg 100 mmHg | 100 mmHg
i i s
Rl HAF 12 hr 12h 12 hr 12h 12h
WA - fi -
(FEAAL) A gl
. Ak RA fafkZREA | fAFIKARR  AIFIKARR | SRk IRA
) 2
POk I 2d 2d 2d 2d 2d
(E%%{E) VWY IV AR AR AN
EA 10 % 10 % 10 % 10 % 10 %
(3 H0) (3 H,0) (3 H,0) (3 H,0) (3 H0)
XRD INF—A INF—A INE—A INF—A INF—A

{bE 3 (JTV-803) 1%, Table 10 [T RT L HIZT7 7 7 #—XalZxh Lim ERMEZR L
oo bR UE AT HARD TEVVERMY, S4 4 FTOMEEROFRIZES LD
LEZT, Thbb, 777 ¥ —Xa Tl Gu97 L{LEW 3 (JTV-803) OB U 2 U ERMEE
WHAREAER 25 L T D01k L, by B TIXFENLED Argd7 7> THEY A
FURENEL, HAEHEZESTEX/WEH EEBLR L, £/, NI T v uickd 5k
PFHERMEA 1 (DX-9065a) LV HLENTWHIKIE, S1 A7 > hOZERYA X2k D
LDEBZ0, Tbb, SRy MUZHDIRIEN T 7 7 #—Xa lE Alal90 Th 5
DIZXHFL, FU T Tl Serl90 E7e> Tk, MU T DN S AT v NRDZER
DINEN30, (190 FEEL - (LAW3 (JTV-803) O Sl 2=v ~h®OFT kT kb KXy Y
VIVIZHE) ZDi, RUTUACK LT, S1 2=y b &L COREEEZ AWz
A1 (DX-9065a) OF52%, KV spP tEo @ Z W 7-{ba4 3 JTV-803) LV %
WY ThH ozl L B LT,
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Table 10. Selectivity of Compound 3 for Serine Protease Enzyme inhibitory
activity (Ki value, uM) against Factor Xa, Thrombin, Plasmin and Trypsin

Ki (ph\D*®
Compd Factor Xa Thrombin Plasmin Trvpsin
3 (JTV-803) 0.019 =100 78.2 13.6
1 (DX50635a) 0.041 =100 23.0 0.62

a) The K7 value for each enzyme were determined fron Dixon's plot
constructed at two concentrations of substrate. Data represent the mean; n = 6.

{E5% 3 (JTV-803) OEMW)ET V%2 H T R & S L 7=, FRlRIMARIERREE T
VDT, AbE® 3 (JTV-803) DFFARNFEREEEAIZ LV A EKFH 22 iz EEOMK T2
R btz (Figure 15), ZOADMEE, 0.3 mgkghr UL EORETHERDIETH -T2,

F70, PRIMEAREAZET TV DTIX, 0.1 mg/kg/hr O 8D HA B 72 I g O A
e X 7= (Figure 16), V&2 HWZ AV > v > hET A TIE, BROF5IZBNTH 10
mg/kg DHEN LB BRI EDHEGE LT 3,

57T 57
> - = -
B I 240 1 |
E 4
23 T * 53 [
T ()
2 / *k z
o o)
5 / £
E17 / S1r
0 | /4 | | | 0 | | |
Vehicle 0.1 0.3 1 Vehicle 30 100 300
Compound 3 (mg/kg/hr) LMWH (U/kg/hr)

Figure 15. Effect of compound 3 and LMWH on venous thrombosis in rats3").
Data represent the mean £ SEM: (**) P < 0.01, (*) P < 0.05, Dunnett test (n= 5-7)
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300

SR g B
RiE B R

o
w

Vehicle 0.0 0.1

w

Compound 3 (mg/kg/hr)

Figure 16. Effect of compound 3 on the infarct volume induced by middle cerebral
artery acclusion with PIT methods in rat3?),

Data represent the mean + SEM: (*) P < 0.05, (#) P < 0.1, Dunnett’s test (n = 8-10)

IO DFERND, (LA 3 JTV-803) 1%, RN 536 L O 0 850 il 5 THUEE[E
TER W& RTIBINK T 7 7 X —Xa EAIDH D Z ERHA LN E o7, 2R, (LE
¥ 3 (JTV-803) 1%, MARSEDIEEILTHL~NY ROV —T7 7V rOREE R L
iz 7eR O PUREIRIZ /2 0 155 EMIfF T T,

VL EORER, ®ROFGNFHICOAINE 3, BLXOEEREELEO DNl
Eon, kAW 3 (TV-803) IXERKRRBRENIMET 2LAEWTH D EikmmdT 7,
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GhaA
NI

FEELT 77 7 —Xa O ARER ORI EZ HETAIEZIT, FTRROBREZHET,

1. HEHRET V7 AT 0 2FA L, DRMULEW T FA v &2ToTz, T b,
1) Fl=MHAEERESEPIR SN T T4 50 A4 b~ EREEZEAN L XA
E V= VHUEEY, 2) S1 2=y B LOHRENLEZ LV 3 R iEE A~
L, BKFAEEAHEREZEm LT o Raa Yk U L BUva, 235 L,
ZORER, FATILAEY (DX-9065a) &gk L, EI-IHEEMEZAT 5 2 FOFH
7 7 7 & —Xa BEARBIHIZE) LT,

2. 1 CHRMLEZ2FTOHM I X A 7ITH L S4 2= b Ofcl{bigg 2 FEhE Lz, %
DFER, TIVUHBEE L KT v 7 T4 7 X AOBLETH S (V) U UER)
SOEBUTRI) Uz, £z, BHEEM (=551 F 2 Mb) 12X 0, BORIRPER K
IEICHEET 2 2 e 2o E L, RAWMEE BT 2887 7 7 % —Xa BLEH UTV-
803) DAIMITAE L=,

3. JTV-803 17 7 7 #Z—Xa IZxf L, MO CTEVaERMZ RS E & I, JREEW A
W72 in vivo iBRICB W TEN - PLEEER 2" 2 E 2 LMhE LT,

4. KRB Z RIEZ, ITV-803 (2 oW CHRUER G 21TV, KEN DL ER 72 BE T 2,
NOLTEINARE e & TERE & LT JTV-803 + 1MsOH * 3H,O # HL.H L7-,

| Benzimidazole Typel NH le)
NH H2NJ\©EN\>/\N/©/ \O\‘\H/Me
HzNJ\CENy-- ) \ o NH
N O¥
CO,H

\ NH
k Me: .

\
toward Prime Site IC50 = 0.003 uM

| Tetrahydroisoquinoline Typel

/N
|
NH N

-CH4S04H +3H,0

high sp® skelton
JTV-803 ICsg = 0.019 uM

Potent, selective and orally available Factor Xa inhibitor
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Hiroshi Ueno, Susumu Katoh, Katsuyuki Yokota, Jun-ichi Hoshi, Mikio Hayashi, Itsuo Uchida,
Kazuo Aisaka, Yasunori Hase, and Hidetsura Cho. Structure-activity relationships of potent and
selective factor Xa inhibitors: benzimidazole derivatives with the side chain oriented to the
prime site of factor Xa. Bioorg. Med. Chem. Lett. 2004, 14, 4281-4286.

Hiroshi Ueno, Katsuyuki Yokota, Jun-ichi Hoshi, Katsutaka Yasue, Mikio Hayashi, Itsuo
Uchida, Kazuo Aisaka, Yasunori Hase, Susumu Katoh, and Hidetsura Cho. Discovery of novel
tetrahydro isoquinoline derivatives as potent and selective factor Xa inhibitors. Bioorg. Med.
Chem. Lett. 2005, 15, 185-189.

Hiroshi Ueno, Katsuyuki Yokota, Jun-ichi Hoshi, Katsutaka Yasue, Mikio Hayashi, Yasunori
Hase, Itsuo Uchida, Kazuo Aisaka, Susumu Katoh, and Hidetsura Cho. Synthesis and Structure-
Activity Relationships of Novel Selective Factor Xa Inhibitors with a Tetrahydroisoquinoline
Ring. J. Med. Chem. 2005, 48, 3586-3604.

_42_



E e

AREAMRD DITER L, RIRHZRE 2 DS, HHiREZ Y £ LI TN RFRF BT
WFFERE RIEZFEE BRI X 0 E L L BT £,

KM FTT D25 2 TFEWE Lz AARTIE Z RS EIR S SR T
PESIEE mUETE, [AMESABRZERT WHIERES  ATFTRICER BV L E

ARBFFEDZITIZH T2, #IEZ R HHFEE, BHHEZ Y £ Uiz BATIE Z EEZERRA
DALEIFR S ORI E RO ERT RBE  AIATR, [RMESEORSERT R AiEIT
RICHEA TR LET

AWIFEDZITICER L, #ARZ K72 28000, BIBNE 2 THS £ L AR Z EEERAS
HAESMOIIERT BAHEAT WHER, BiF— JohigER, RMEENITERT  LZiTwi A
FeB, RAEM BHERICHRSEHOZLET,

AWFFROZATICER L, FEBLERER 24020 Svic BARTE SRS At JErr 1R
Soe—ffE HiEIPTR, wHE O RiZA—7U—2—, HRZ#R RBIFTR, BR X T —
ZOMEE LTHSE £ LFAEESMIES  FAHZ R, 25 TICAMZEIZ D
WAOHTEE E L2 TOH 2 IZEEH - LET,

Kz 2255 2 T IS WE Lz BRI 2 PE RS L E IR S 50T
KNG Fr, FULSEOTZERT ARIE Frk, FUESEOZERT HEIRE RIFTR, =
R BIFTRICIR EEHO 2 LR

RRIZEHE OFIFRITH LW LET,

3]

_43_



KEBROER

AR (mp) TR TRMETH Y, WIAMERLSHES (HK-10D) 2 AW THIE Lz,
RIS (H NMR) A2 h/LiE JEOL INMA 300 (300 MHz) % VY, 7 kT A F )L
T U NEREEEE & U CHIlE L7e, B &5 (MS) 1, Finnigan TSQ-700 % HIV > FAB
ETCTHIE Uz, RARILA L7 R LiE, Perkin Elmer FT 1650 % AV CHlllE L7=, HPLC IZ
S LC-6A ZHWTHIEL, ME VS vra~ N7T 7 4 —I, Merck ' U 147V
7' L— b (60F-254) /=, h T LZ v~ ~7T 7 4 —IZ1F Merck > U 771 (70-230
mesh) ZfEH L7z,

5 1 FHO IR

Scheme 1 DAYy

N-(2-Amino-4-cyanophenyl)glycine zer-butyl ester (12)

4-Chloro-3-nitrobenzonitrile (33.87 g, 0.19 mol) & glycine tert-butyl ester hydrochloride (55.98 g,
0.33 mol)® EtOH (400 mL)¥&i% (2, EtN (77.6 mL, 0.56 mol)& /N %, =RiE T 15 B[, 50°C
T 3 W[ L7, WA BIE TR E L TR ORI F L 2Nz, 10 %7 =
> BRIKVA IR K QM AN SR CUE L7z, KBRS & U U L CHot, WA RIE T EL
THEOLNT@EKRE AHL, IPE THEF L, N-(4-cyano-2-nitrophenyl)glycine tert-butyl ester (38.42
g, 74 %)% 137-, 'H NMR (CDCls) § 1.53 (9H, s), 4.03 (2H, d, J= 5.0 Hz), 6.75 (1H, d, J = 8.9
Hz), 7.64 (1H, dd, J=2.0, 8.9 Hz), 8.55 (1H, d, /= 2.0 Hz), 8.81 (1H, brs).
N-(4-Cyano-2-nitrophenyl)glycine tert-butyl ester (17.34 g, 62.54 mmol)®> THF (173 mL)¥&IZ,
75%37 Y MRFE (173 )& M, KFEFRFK T T 3 REEBEHL L, illiizE7 1 FC
AHER, WA T TR E L TR LN EIRZ AR IPE THE L, (L& 12(8.32 g, 54 %)
Z147-, '"HNMR (CDCl3) 8 1.51 (9H, s), 3.84 (2H, s), 6.45 (1H, m), 6.95 (1H, m), 7.15 (1H, m).

Ethyl 4-benzyloxyphenoxyacetate (13)

4-Benzyloxyphenol (18.34 g, 91.59 mmol)® THF (150 mL}A#RIZ, 7K# T C NaH (4.76 g of a
60 % dispersion in mineral oil, 0.12 mol) & i1 X, 15 73 #R L7z, KISHKIZ ethyl bromoacetate
(142 mL, 0.13 mol)Z{iii N L, =i T 16 Kfflffi#E L7z, 5 % HCl Z /%, n-hexane THAMH
U7, AREIE 2 KYE, fafn Bk CHed, SoKmERT Y U A Crali, W2 T T E
L THE LN ER%EZ AEL n-hexane THeHE L, LA 13 (21.78 g, 83 %)% 157-, 'H NMR
(CDCl3) § 1.29 (3H, t, J = 7.2 Hz), 4.26 (2H, q, J = 7.2 Hz), 4.56 (2H, 5), 5.01 (2H, 5), 6.84-6.92
(4H, m), 7.26-7.43 (SH, m).
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4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenoxyacetic acid (14)

L& 13 (21.78 g, 76.07 mmol)® THF (220 mLY&FIFIZ, 7.5 %37 V7 LR (3.2 )&
Z, KFEFHE (3 atm) [T 7RISR Lo, A2 T4 N THER, WHEAZBE T
ELTEONZERE AL, IPE THE L, ethyl 4-hydroxyphenoxyacetate (13.88 g, 93 %)%
#5472, 'THNMR (DMSO-ds) 5 1.19 (3H, t,J=7.2 Hz), 4.14 (2H, q, J= 7.2 Hz), 4.61 (2H, 5), 6.63-
6.76 (4H, m), 8.95 (1H, s).

tert-Butyl 4-hydroxypiperidine-1-carboxylate (35.59 g, 0.18 mol), ethyl 4-hydroxyphenoxyacetate
(25 g, 0.13 mol) & T} PPh; (46. 4 g, 0.18 mol)?® THF (500 mL)¥A#Z!\Z, diethyl azodicarboxylate
(27.8ml, 0.18 mol) & K3 T Tl F L, =R T 16 R L7z, BOGIR 2 080)E Rl L <5
bivlcxzY Y W SN T A a~w NI T 7 0 —THHRE L, ethyl 4-(1-tert-
butoxycarbonylpiperidin-4-yloxy)phenoxyacetate (23.71 g, 49 %)% 1572, 'HNMR (CDCl3) § 1.30
(3H,t,J=7.2Hz), 1.47 (9H, s), 1.73 (2H, m), 1.88 (2H, m), 3.30 (2H, m), 3.70 (2H, m), 4.27 (2H,
q,J=7.2Hz),4.33 (1H, m), 4.56 (2H, s), 6.85 (4H, s).

Ethyl 4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxyacetate (23.71 g, 62.49 mmol)?> THF (34
mL) & EtOH (34 mL)DIRATANRIZ, 7K#% FC INNaOH (68.7 mL, 68.7 mmol)/KI&i& % Nz,
IR T 20 R U, WIEABIE TR E L TR LAVFRIEID, 10 %7 — ERKEHE 2N
., AcOEt THuHH U7z, AHESE 2 /KIE, Sk Tred, HAKMEET Y O L CHIE,
R ZE TREEL, LAY 14 (19.09 g, 87 %)% 457=, 'H NMR (DMSO-ds) § 1.40 (9H, s),
1.49 (2H, m), 1.83 (2H, m), 3.15 (2H, m), 3.63 (2H, m), 4.40 (1H, m), 4.58 (2H, s), 6.83 (2H, d, J
=9.2Hz), 6.91 (2H, d, J=9.2 Hz).

N-{4-Cyano-2-[4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxyacetamido]phenyl} glycine
tert-butyl ester (15)

LA 14 (12.94 g, 36.82 mmol) & {LAH 12 (9.11 g, 36.84 mmol)?> CHCl; (200 mL)I&IF (2,
1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) (11.3 g, 45.70 mmol) Z il ., =ZE{E T 3
R e L, BOSKATE TIRME L CRONTREEZ YV A TN T Do n<x N7 5
7 4 — (n-hexane:AcOEt=2:3) THH L, {LE® 15(17.11 g, 80 %)% 157=, 'THNMR (CDCls)
6 1.47 (9H, s), 1.50 (9H, s), 1.71 (2H, m), 1.88 (2H, m), 3.31 (2H, m), 3.71 (2H, brd), 4.37 (1H, m),
4.66 (2H, s), 4.99 (1H, brt), 6.58 (1H, d, J= 8.7 Hz), 6.89 — 6.97 (1H, m), 7.45 (1H, d, J= 8.7 Hz),
7.57 (1H, s), 8.07 (1H, brs).

5-Cyano-2-[4[(1-fert-butoxycarbonylpiperidin-4-yloxy)phenoxymethyl]|benzimidazole-1
-carboxylic acid (16)

LA 15(16.91 g,29.12 mmol) DEEEE (500 mL)A#K 2, 75°C T 12 REfF#EER L7, A%
WE T2 L TE OIS, TFA (100 mL)Z %, =={ET 30 48R L7, MG %
PUE T A U CHE DIV RIEITK EKERIE T R U U LOKEIRZ N A T2, T L7z iR 2
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AL, KK OWERE = F L T L, N-{4-Cyano-2-[4-(piperidin-4-yloxy)phenoxyacetamido]
phenyl} glycine (8.64 g, 73 %)% 157=, 5N 7ALEY (8.64 g, 21.26 mmol)® 1,4-dioxane (25
mL)A#RIZ, 1IN NaOH /KIA#E (23.4 mL, 23.4 mmol) & di-tert-butyldicarbonate (6.96 g, 31.98
mmol) %, SRR TR LT, KIGHEZ ELO T 2 Ve, RIS INHCI (25 mL)
Nz, =T L CHit U7, ARIE A KYE, fafnafik oo, MoK ~ Y oA
THMR L, BEHARIE T®EL, LAY 16 (9.51 g, 88 %)% 457=, 'H NMR (CDCl;) & 1.46
(9H, s), 1.64 (2H, m), 1.79 (2H, m), 3.25 (2H, m), 3.63 (2H, m), 4.28 (1H, m), 5.12 (2H, s), 5.33
(2H, 5), 6.77 (2H, d, J=9.1 Hz), 6.88 (2H, d, J= 9.1 Hz), 7.43 (1H, d, J = 8.4 Hz), 7. 59 (1H, dd, J
=1.2,8.4 Hz), 8.10 (1H, d, J= 1.2 Hz).

Scheme 2 DAYy

2-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenoxymethyl]-5-cyano-1-(trans-4-methoxy-
carbonylcyclohexylmethylcarbamoylmethyl)benzimidazole (17k)

L& 16 (1.1 g,2.17 mmol) & 1-hydroxybenzotriazole hydrate (350 mg, 2.28 mmol)? DMF (10
mL)A#RIZ, methyl trans-4-aminomethylcyclohexane-1-carboxylate hydrochloride (452 mg, 2.18
mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) (437 mg, 2.28
mmol) & T8 N-methylmorpholine (0.263 mL, 2.39 mmol)% I %, =R T 15 BE#HE L7, X
JSRIZ AR &N A, BT /L CThlt U7z, AHE & fafnikHE 7 b U 7 LK, 10 %
7 T WRKEEIR, BN HEK TIEICYE, MOKEREE T N U O L CHgle, B2 RE T %
L7c, BRI IPE 204, AT L7-fbsh 2 AH, BUE FHc L Tea® 17k (1.37
g, 96 %)% 1%7-, 'HNMR (CDCl;) § 0.79 (2H, m), 1.27 (3H, m), 1.46 (9H, s), 1.55 (2H, m), 1.72
(2H, m), 1.85 (4H, m), 2.09 (1H, m), 3.02 (2H, m), 3.30 (2H, m), 3.64 (3H, s), 3.67 (2H, m), 4.35
(1H, m), 4.97 (2H, s), 5.37 (2H, s), 5.66 (1H, m), 6.87 (2H, d, J=9.0 Hz), 6.95 (2H, d, /= 9.0 Hz),
7.48 (1H, m), 7.61 (1H, m), 8.14 (1H, s).

2-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenoxymethyl]-1-(trans-4-methoxycarbonyl-
cyclohexylcarbamoylmethyl)benzimidazole-5-carboxamidine (18Kk)

LA 17k (1.1 g, 1.67 mmol)?® pyridine-Et;N (5:1, 30mL)YAIRIZ, K% FTH.S B A% 10
38T Y 7 Uz, SR T 12 BRI E, WA E T 25 L TS B AL FRIE LT toluene
Nz, M L7zibitzd AH LT, 55 72R58IT acetone (30 mL), & Mel (1.3 mL)Z
A, 1 RPN %, T 2 JRUE TR 5 L7, 3 b7z (1.819 )™ 606 mg % EtOH
(10 mL)Z¥&fiE L, FEfR 7 > =7 A (80mg, 1.04 mmol) & %, 75°C T 3 WifE#HFE L 7=,
W ZHIETEELTHBONTERELZ VATV T LT LI a~x NI T 74—
(CHCI3:MeOH = 95:5-93:7) THRL L, (LA 18k (341 mg, 0.51 mmol, 91 %)% %57=, 'H
NMR (DMSO-dy) 6 0.91 (2H, m), 1.20-1.55 (14H, m), 1.70 (2H, m), 1.86 (4H, m), 2.18 (1H, m),
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2.94 (2H, m), 3.15 (2H, m), 3.58 (3H, s), 3.62 (2H, m), 4.40 (1H, m), 5.10 (2H, s), 5.30 (2H, s),
6.91 (2H, d, J =9.0 Hz), 6.99 (2H, d, ] = 9.0 Hz), 7.70 (1H, m), 7.78 (1H, m), 8.21 (1H, brs), 8.35
(1H, brs), 8.79 (1H, brs), 9.26 (1H, brs).

2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(trans-4-methoxycarbonylcyclo-
hexylcarbamoylmethyl)benzimidazole-5-carboxamidine (5k)

{t&% 18k (341 mg, 0.50 mmol)?® CHCl; (5 mL)I&IZ TFA (S mL) & Iz 7=, =L T 10 %y
R, WBEAIE TR E L TR ORI HCI-MeOH Z/NA 7z, T 10 5Hi#t
%, WA RETEEL TEONT-ER] A, MeOH (5 mL)ICIAfE L, EtN (0.40 mL, 2.87
mmol) & ethyl acetimidate hydrochloride (171 mg, 1.38 mmol)Z Il 2.7z, ZEiR TT 15 FefijfE#:
%, WA T E L TE LN %, W HPLC (0.05 % TFA aq.:MeOH = 6:4) TFf
"7z, BoWE G777 v a B E A, WE TR Lz, 557581 IPA
ZINZ, HrifiERzE A, 7L LAY 5k (185 mg, 53 %)% 2 st & L (457, H
NMR (DMSO-ds) 6 0.82-1.00 (2H, m), 1.10-1.40 (3H, m), 1.65-1.80 (4H, m), 1.80-1.93 (2H, m),
1.93-2.10 (2H, m), 2.10-2.30 (1H, m), 2.29 (3H, s), 2.90-3.00 (2H, m), 3.45-3.60 (2H, m), 3.58 (3H,
s), 3.65-3.85 (2H, m), 4.57 (1H, m), 5.13 (2H, s), 5.33 (2H, s), 6.93-7.04 (4H, m), 7.73-7.83 (2H,
m), 8.23 (1H, s), 8.50 (1H, m), 8.75 (1H, brs), 9.09 (2H, brs), 9.32 (3H, brs); MS (FAB) m/z 618
(M+1)".

Table 1 [Z” /b E4 5a — 5§ 1%, FiRDbEM Sk & [FAERDF 1L (Scheme2) TEHRK LTz,
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-ethyl-benzimidazole-5-
carboxamidine (5a) {&5%) 5a; '"H NMR (DMSO-ds) § 1.19 (3H, t, J = 6.9 Hz), 1.60-1.81 (2H,
m), 1.91-2.08 (2H, m), 2.28 (3H, s), 3.43-3.62 (2H, m), 3.62-3.82 (2H, m), 4.35-4.65 (3H, m), 5.43
(2H, s), 6.95-7.08 (4H, m), 7.80 (1H, dd, /= 1.8, 8.7 Hz), 7.92 (1H, d, J= 8.7 Hz), 8.26 (1H, d, J =
1.8 Hz), 8.77 (1H, brs), 9.14 (2H, brs), 9.28-9.44 (3H, m); MS (FAB) m/z 435 (M+1)".
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(phenylcarbamoylmethyl)-
benzimidazole-5-carboxamidine (5b)

b5 5b; T2 a) 82 %, L2 b)-d) 76 %, L2 e)-f) 42 %. 'H NMR (DMSO-ds) & 1.60-1.79
(2H, m), 1.90-2.05 (2H, m), 2.27 (3H, s), 3.40-3.60 (2H, m), 3.63-3.80 (2H, m), 4.53 (1H, m), 5.34
(2H, s), 5.39 (2H, s), 6.86-6.98 (4H, m), 7.02-7.10 (1H, m), 7.31 (2H, t,J = 8.1 Hz), 7.56 (2H, d, J
=17.8 Hz), 7.72-7.56 (1H, m), 7.87 (1H, d, J = 8.7 Hz), 8.23 (1H, m), 8.64 (1H, brs), 8.94 (2H, brs),
9.15-9.35 (3H, m), 10.6 (1H, brs); MS (FAB) m/z 540 (M+1)".
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(3,4-dichlorophenylcarbamoyl-
methyl)benzimidazole-5-carboxamidine (5c)

L&) S¢; T2 a) 91 %, L2 b)-d) 40 %, [.F2 e)-f) 28 %. 'H NMR (DMSO-ds) § 1.60-1.80
(2H, m), 1.90-2.10 (2H, m), 2.27 (3H, s), 3.40-3.60 (2H, m), 3.60-3.80 (2H, m), 4.53 (1H, m), 5.37
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(2H, s), 5.39 (2H, s), 6.85-6.95 (4H, m), 7.48 (1H, dd, J = 2.4, 9.0 Hz), 7.58 (1H, d, J = 9.0 Hz),
7.74 (1H, dd, J= 1.8, 8.7 Hz), 7.88 (1H, d, J=8.7 Hz), 7.93 (1H, d, /= 1.8 Hz), 8.23 (1H, s), 8.60-
8.75 (1H, m), 9.15-9.40 (5H, m), 11.12 (1H, s); MS (FAB) m/z 608 (M+1)*.
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(phenylmethylcarbamoylmethyl)-
benzimidazole-5-carboxamidine (5d)

{b&W 5d; TF2 a) 74 %, LFE b)-d) 64 %, LFE e)-f) 49 %. 'H NMR (DMSO-ds) § 1.60-1.81
(2H, m), 1.92-2.09 (2H, m), 2.28 (3H, s), 3.40-3.80 (4H, m), 4.31 (2H, d, /= 6.0 Hz), 4.57 (1H, m),
5.18-5.40 (4H, m), 6.91-7.00 (5H, m), 7.24-7.35 (5H, m), 7.72-7.90 (2H, m), 8.23 (1H, s), 8.68-
9.40 (6H, m); MS (FAB) m/z 554 (M+1)".
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(3,4-dichlorophenylmethyl-
carbamoylmethyl)-benzimidazole-5-carboxamidine (Se)

b5 Se; TR a) 64 %, T.F2 b)-d) 94 %, TFE e)-f) 37 %. 'H NMR (DMSO-ds) § 1.62-1.80
(2H, m), 1.95-2.07 (2H, m), 2.28 (3H, s), 3.45-3.60 (2H, m), 3.65-3.80 (2H, m), 4.30 2H, d, /=54
Hz), 4.56 (1H, m), 5.20 (2H, s), 5.33 (2H, s), 6.88-7.00 (5H, m), 7.23-7.27 (1H, m), 7.52-7.56 (2H,
m), 7.78-7.85 (2H, m), 8.22 (1H, s), 8.80-9.40 (6H, m); MS (FAB) m/z 622 (M+1)".
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(1-phenylethylcarbamoylmethyl)-
benzimidazole-5-carboxamidine (5f)

L&) 5f;, T2 a) 93 %, LF2b)-d) 82 %, L2 e)-) 48 %. 'H NMR (DMSO-ds) & 1.36 (3H, d,
J=6.9 Hz), 1.60-1.80 (2H, m), 1.95-2.10 (2H, m), 2.28 (3H, s), 3.45-3.60 (2H, m), 3.65-3.85 (2H,
m), 4.57 (1H, m), 4.85-4.95 (1H, m), 5.18 (2H, s), 5.31 (2H, s), 6.90-6.99 (4H, m), 7.20-7.40 (5H,
m), 7.72-7.81 (2H, m), 8.21 (1H, s), 8.76 (1H, brs), 9.03-9.10 (3H, m), 9.32 (3H, brs); MS (FAB)
m/z 568 (M+1)™.
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(3phenylpropylcarbamoylmethyl)-
benzimidazole-5-carboxamidine (5g)

b5 5g; TH2 a) 75 %, TF2 b)-d) 40 %, TF2 e)-) 35 %. 'H NMR (DMSO-ds) & 1.60-1.80
(4H, m), 1.90-2.06 (2H, m), 2.27 (3H, s), 2.43-2.60 (4H, m), 3.04-3.18 (2H, m), 3.42-3.90 (2H, m),
4.50-4.60 (1H, m), 5.11 (2H, s), 5.34 (2H, s), 6.90-7.02 (4H, m), 7.12-7.30 (5H, m), 7.70-7.82 (2H,
m), 8.22 (1H, s), 8.51 (1H, m), 8.70 (1H, brs), 8.98 (2H, brs), 9.20-9.35 (3H, m); MS (FAB) m/z
582 (M+1)*.
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(1-piperidinecarbonylmethyl)-
benzimidazole-5-carboxamidine (Sh)

b5 5h; TR a) 73 %, LFE b)-d) 89 %, LFE e)-f) 20 %. 'H NMR (DMSO-ds) § 1.35-1.80
(8H, m), 1.90-2.08 (2H, m), 2.27 (3H, s), 3.30-3.80 (8H, m), 4.56 (1H, m), 5.30 (2H, s), 5.40 (2H,
s), 6.93-7.01 (4H, m), 7.69-7.80 (2H, m), 8.20 (1H, s), 8.66 (1H, brs), 8.95 (2H, brs), 9.20-9.30 (3H,
m); MS (FAB) m/z 532 (M+1)*.
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(cyclohexylcarbamoylmethyl)-
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benzimidazole-5-carboxamidine (5i)

L&Y 5i; 172 a) 89 %, LF2b)-d) 47 %, LF2 e)-) 59 %. 'H NMR (DMSO-ds) 5 1.08-1.32
(6H, m), 1.45-1.80 (6H, m), 1.90-2.10 (2H, m), 2.28 (3H, s), 3.40-3.93 (5H, m), 4.56 (1H, m), 5.08
(2H, s), 5.33 (2H, s), 6.92-7.03 (4H, m), 7.72-7.80 (2H, m), 8.21 (1H, s), 8.42 (1H, d, J= 7.5 Hz),
8.75 (1H, brs), 9.10 (2H, brs), 9.32 (3H, brs); MS (FAB) m/z 546 (M+1)".
2-[4-(1-Acetoimidoylpiperidin-4-yloxy)phenoxymethyl]-1-(cyclohexylmethylcarbamoyl-
methyl)-benzimidazole-5-carboxamidine (5j)

L&Y 55, TF2E a) 93 %, LF2b)-d) 70 %, L2 e)-N 41 %. 'H NMR (DMSO-ds) & 0.78-0.98
(2H, m), 1.02-1.27 (3H, m), 1.30-1.50 (1H, m), 1.53-1.80 (7H, m), 1.92-2.10 (2H, m), 2.28 (3H, s),
2.92 (2H,t,J=6.3 Hz), 3.42-3.60 (2H, m), 3.62-3.82 (2H, m), 4.56 (1H, m), 5.12 (2H, s), 5.32 (2H,
s), 6.92-7.02 (4H, m), 7.72-7.80 (2H, m), 8.22 (1H, s), 8.45 (1H, m), 8.62-8.83 (1H, m), 9.00-9.45
(5H, m); MS (FAB) m/z 560 (M+1)".

Scheme 3 D{LE W)

tert-Butyl 4-(4-nitrophenoxy)piperidine-1-carboxylate (19)

ZE RS PHAT, tert-butyl 4-hydroxypiperidine-1-carboxylate (38.28 g, 0.19 mol) & 4-fluoro-
nitrobenzene (26.84 g, 0.19 mol)?® DMSO (326 mL}&#&(Z, JK# FC NaH (7.99 g of a 60 %
dispersion in mineral oil, 0.20 mol)& I % 7z, =R T | KFERHEE, BOUNRISKEZ N, HE
e F v Th U7c, AHE 2 KTE, 8af Kk CUel, BOKRBET b U © L THER, &
WA E TTEEL TR ONTRIEE Y ISV 87 a~ N7 T 7 4 — (n-hexane :
AcOEt=10: DTHHRL L, LA 19 (52.38 g, 86 %) & 457=, "HNMR (CDCls) § 1.48 (9H, s),
1.80 (2H, m), 1.96 (2H, m), 3.39 (2H, m), 3.70 (2H, m), 4.61 (1H, m), 6.96 (2H, d, J=9.3 Hz), 8.20
(2H, d, J=9.3 Hz).

N-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenyl-/NV-benzyloxycarbonylaminoacetic acid
(20)

LAY 19 (53.69 g, 0.17 mol)? THF (215 mL) & EtOH (215 mL)DIEATARRIZ, 7.5 % Pd-C
(8.05g)& M %, KFEFKFK FBatm)T 3 KB LI, REMAEET A FNABL, A%
T TIRME L CE O ERE AELL 72, n-hexane Ty, WL Nzl L C tert-butyl 4-
(4-aminophenoxy)piperidine-1-carboxylate (42.16 g, 86 %)% 157z, 'HNMR (CDCl;) & 1.46 (9H,
s), 1.71 (2H, m), 1.86 (2H, m), 3.27 (2H, m), 3.71 (2H, m), 4.26 (1H, m), 6.63 (2H, d, J= 8.7 Hz),
6.76 (2H, d, J = 8.7 Hz).

tert-Butyl 4-(4-aminophenoxy)piperidine-1-carboxylate (6.63 g, 22.68 mmol) & [XIEKFET N U
7 2 (2.1 g,25.00 mmol)? THF (100 mL) & 7K (100 mL)DR A ¥AWRIZ, benzyl chloroformate
(3.24 mL, 22.70 mmol) & N % 7=, =i T 1 ReffE#pt:, FEER—F /L Chitt L7=, AHkE 4%
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KYE, FAFIEHEAK CYEs, MOKREEET b U w7 AT, WA A2 IE TR E LG LR
TelEfR % AB LTz, IPE TYEH, BIE T2 LT, tert-butyl 4-(4-benzyloxycarbonylamino-
phenoxy) piperidine-1-carboxylate (7.19 g, 74 %)% 1572, 'H NMR (CDCl5) & 1.47 (9H, s), 1.74
(2H, m), 1.88 (2H, m), 3.31 (2H, m), 3.69 (2H, m), 4.39 (1H, m), 5.19 (2H, s), 6.54 (1H, brs), 6.86
(2H, m), 7.26-7.42 (TH, m).

tert-Butyl 4-(4-benzyloxycarbonylaminophenoxy)piperidine-1-carboxylate (42.28 g, 99.13 mmol)
@ DMF (254 mL)/&%(Z, NaH (3.97 g of a 60 % dispersion in mineral oil, 99.25 mmol)% /Il %,
R C 20 R U7e, RO Z K& L, ethyl bromoacetate (12.1 mL, 0.11 mol) Z i F L 7=,
SREC 15 RFERER%, NaH (3.97 g of a 60 % dispersion in mineral oil, 99.25 mmol) & ethyl
bromoacetate (12.1 mL, 0.11 mol)Z BN L, =i T 4 R L7z, RUSRICKZN A, KE
Fe /L Chi Uz, AREIE Z2KkvE, Stk Ty, HEOKRRET LY v A THE, &
BAE T ELSONTREEZ Y DTSNV T A 7a~ N7 T 7 14— (n-hexane :
AcOEt=7:3)THEML L, tert-butyl 4-[4-(N-benzyloxycarbonyl-N-ethoxylcarbonylmethylamino)
phenoxy] piperidine-1-carboxylate (49.92 g, 98 %)% 157-, 'HNMR (CDCl3) 5 1.28 (3H,t,J=7.2
Hz), 1.47 (9H, s), 1.75 (2H, m), 1.89 (2H, m), 3.31 (2H, m), 3.68 (2H, m), 4.19 (2H, d, J= 7.2 Hz),
4.30 (2H, brs), 4.43 (1H, m), 5.17 — 5.19 (2H, m), 6.86 (2H, m), 7.13 — 7.35 (7H, m).

tert-Butyl 4-[4-(N-benzyloxycarbonyl-N-ethoxylcarbonylmethylamino)phenoxy]piperidine-1-
carboxylate (49.92 g, 97.39 mmol)? EtOH (102 mL)#&##%(Z, 1IN NaOH /KA (102 mL, 102
mmol) & THF (102 mL)% il .72, =R T 104y, 50°C T 1 REEEEHE, OS2 T TR
i LR BT RIE 2 Wi — T L CHlltE L7z, ARE A 10% 7 — U FR/KIaIR & fafn b
K TUel, HAMEET b Y © L THIE, WA E L TEEY 20 (47.18 g, quant.) & 1572,
'H NMR (CDCl5) § 1.47 (9H, ), 1.76 (2H, m), 1.89 (2H, m), 3.34 (2H, m), 3.68 (2H, m), 4.35 (2H,
s), 4.44 (1H, m), 5.16 (2H, brs), 6.86 (2H, m), 7.15-7.45 (7H, m).

tert-Butyl 4-{4-|N-benzyloxycarbonyl-N-(2-tert-butoxycarbonylmethylamino-5-cyano-
phenyl)carbamoylmethylamino]phenoxy}piperidine-1-carboxylate (21)
{LE# 12 (21.53 g, 87.06 mmol) & {L-E 4 20 (42.18 g, 87.05 mmol)?> CHCl; (300 mL)IAHRIZ,
1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) (23.68 g, 95.76 mmol)Z /Il 2., =i T
3 RFEIREE UTc, BOSRZ L FiRiE L CRONTREEZ S Y DTN T LA T LT a~
272 7 4 — (n-hexane: AcOEt=2:3)THHL L, (L&Y 21 (44.48 g, 72 %) % 157-, '"HNMR
(CDCl3) 6 1.47 (9H, s), 1.76 (2H, m), 1.90 (2H, m), 3.34 (2H, m), 3.67 (2H, m), 3.78 (2H, brd),
4.36 (2H, s), 4.45 (1H, m), 5.10-5.25 (1H, m), 5.20 (2H, s), 6.53 (1H, m), 6.89 (2H, m), 7.20-7.31
(7H, m), 7.40 (2H, m), 7.96 (1H, brs).

2-{N-Benzyloxycarbonyl-/NV-[4-(tert-butoxycarbonylpiperidin-4-yloxy)phenyl]aminomethyl}-

5-cyanobenzimidazol-1-acetic acid (22)
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EE¥ 21 (44.48 g, 62.31 mmol) DEERR (600 mL)A#Z % 90 °C T 4 HR#EH L=, MIbiR%E
JE FIHE LTS BRI (51 g)? 1,4-dioxane (500 mL) & 7K (500 mL)DIRATRIFIZ,
NayCOs (19.8 g, 0.19 mol) & di-tert-butyl dicarbonate (13.6 g, 62.31 mmol)& 1z 7=, ={A T3
WFE AR, 1,4-dioxane Z UL FiEME L CE O KEKZ V=F )L o—T )L TG L
7o JKJEIZ INHCl Z 002 TRRMEIZ L7zt%, W= L Chlth U7, A4 KYE, fafn
RHKTHES, BARREET b U U A THE, WIEZBIE THEL TRONRELZ U
TFNHT LT a~x 7T 74— (CHCl; : MeOH =9:1) CHRL L, L& 22 (23.55 g, 59 %)
%%%7-, '"HNMR (CDCl3) & 1.46 (9H, s), 1.67 (2H, m), 1.81 (2H, m), 3.27 (2H, m), 3.63 (2H, m),
4.35 (1H, m), 5.05 (6H, brs), 6.75 (2H, m), 7.02-7.27 (7H, m), 7.30 (1H, d, J = 8.4 Hz), 7.50 (1H,
dd,J=1.1, 8.4 Hz), 7.99 (1H, d, J= 1.1 Hz).

(8)-2-{/V-|4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenyl]-/V-(4-methoxycarbonylbenzoyl)
aminomethyl}-5-cyano-1-(1-phenylethylcarbamoylmethyl)benzimidazole (23c)

{bE% 22 (583 mg, 0.91 mmol) & 1-hydroxybenzotriazole (154 mg, 1.01 mmol)?® DMF (5 mL)
s W8 12, (S)-phenetylamine (0.12 mL, 0.95 mmol) & 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC) (193 mg, 1.01 mmol) % il 2 7=, =RiE.C 15 W ###R44,
REBEAKRFET DU T LK EINZ, BT VTRt Lz, AHEE 10% 7 = ki
i & BB K CIRIC Vel MoKGRERT R U © LT, WIERZRIE THE L, BFbh
ToFREC IPE %, M U7-BER%Z AH, IPE Ty, WL TRz L TS)-2-{N-
benzyloxycarbonyl-N-[4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenylJaminomethyl}-5-cyano-
1-(1-phenylethylcarbamoylmethyl) benzimidazole (623 mg, 92 %)% 137, 'H NMR (CDCl) &
1.46-1.48 (12H, s), 1.70 (2H, m), 1.86 (2H, m), 3.30 (2H, m), 3.65 (2H, m), 4.38 (1H, m), 4.95-5.05
(3H,m), 5.14 (2H, s), 5.21 (2H, s), 6.81 (2H, m), 7.10-7.30 (12H, m), 7.48 (1H, d, J=8.0 Hz), 7.63
(1H, d, J=8.0 Hz), 8.06 (1H, s).
(S)-2-{N-Benzyloxycarbonyl-N-[4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenyl]amino-
methyl}-5-cyano-1-(1-phenylethylcarbamoylmethyl) benzimidazole (623 mg, 0.84 mmol)?®> THF
(6 mLYAWKIZ, 7.5%Pd-C 310 mg)Z Mz 7=, KFEFRFK T (3atm)T 7 RefE R, Ml
T4 NTAEL, ARERE FIEM L7, 5 D4L725%iED CHCl (6 mL)HRIZ, EtN
(0.176 mL, 1.26 mmol), methyl 4-chloroformylbenzoate (167 mg, 0.84 mmol), MK ' 4-
dimethylaminopyridine (10 mg, 0.082 mmol)Z 1 X 7=, =2 T 18 RFR#E4%, SOSHK A it
TIRME L CEONTREEZ S Y BTNV T A7 a~ 8757 41— (n-hexane : AcOEt= 3 :
TNTHEL, 1t&Y 23¢ (284 mg, 44 %)% 4372, 'H NMR (CDCl3) § 1.36 (3H, d, J = 7.2 Hz),
1.46 (9H, s), 1.70 (2H, m), 1.86 (2H, m), 3.30 (2H, m), 3.69 (2H, m), 3.87 (3H, s), 4.36 (1H, m),
5.02-5.09 (3H, m), 5.15-5.28 (2H, m), 5.21 (2H, s), 6.73 (2H, d, J=9.0 Hz), 7.11 (2H, d, /= 9.0
Hz), 7.15-7.23 (6H, m), 7.30 (2H, d, J = 8.4 Hz), 7.40 (1H, m), 7.51 (1H, m), 7.82 (2H, d, J= 8.4
Hz), 8.04 (1H, m).
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2-{N-|4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenyl]-/V-(4-methoxycarbonylbenzoyl)
aminomethyl}-1-cyclohexylcarbamolmethyl-5-cyanobenzimidazole (23a)

b 22 X0, LAY 23¢ TRE# L2 FIEICHE U LAY 23a (333 mg, 79 %) % 157-, 'H
NMR (CDCl3) & 1.09-1.23 (7H, m), 1.46 (9H, s), 1.50-1.94 (7H, m), 3.29 (2H, m), 3.69 (3H, m),
3.87 3H, s), 4.36 (1H, m), 5.07 (2H, s), 5.25 (1H, s), 6.38 (1H, d, /= 8.4 Hz), 6.72 (2H, d, J= 8.9
Hz), 7.08 (2H, d, /= 8.9 Hz), 7.34 (2H, d, J = 8.4 Hz), 7.48 (1H, d, /= 8.6 Hz), 7.57 (1H, dd, J =
1.2,8.6 Hz), 7.84 (2H, d, J = 8.4 Hz), 8.06 (1H, d, /= 1.2 Hz).

(S)-2-{NV-|4-(1-tert-Butoxycarbonylpiperidin-4-loxy)phenyl]-/V-(4-methoxycarbonylbenzoyl)
aminomethyl}-1-(1-phenylethylcarbamoylmethyl)benzimidazole-5-carboxamidine (24c)
LA 23¢ (284 mg, 0.37 mmol)® pyridine-EtN (5:1, 10 mL)ATRIZ, 7K FTH.S U A% 15
GNT Y T Ul IR T 12 REREIRR S, BOSR & B Tl L 7o, 15 b 7 7R8I HCI-
EtOH %1%, FFEERIE T Lz, 535725 % acetone (6 mL)& MeOH (6 mL)IZ¥A
fi# L, Mel(0.23mL)&fN%, 2 RFRIINBVEDE 7o, BOSK Z T TIRfE L TR bR
% MeOH (12 mL)IZVAfiE L, FilE7 > E =1 A (43mg, 0.56 mmol)Z Mz, 75°C T 2 W
INEEEE U, BSOS ZBE TIHME L TR ONTREZ SV DTN T LT T~
k227 4— (CHClz:MeOH=95:5-90:10) THELL, LAY 24c (113 mg, 39 %)% 157=,
'"H NMR (DMSO-ds) 8 1.30-1.45 (14H, m), 1.76 (2H, m), 3.07 (2H, m), 3.57 (2H, m), 3.80 (3H, s),
4.40 (1H, m), 4.92 (1H, m), 5.21-5.38 (4H, m), 6.75 (2H, d, J=9.0 Hz), 7.14 (2H, d, /= 9.0 Hz),
7.21-7.33 (7TH, m), 7.3-7.70 (2H, m), 7.75 (2H, m), 8.14 (1H, s), 8.96 (1H, brs).

2-{N-|4-(1-tert-Butoxycarbonylpiperidin-4-loxy)phenyl]-V-(4-methoxycarbonylbenzoyl)
aminomethyl}-1-cyclohexylcarbamoylmethyl-benzimidazole-5-carboxamidine (24a)

{bE¥ 23a L0, (LAY 24c TRk L 72 FIEIZHE T TLEW) 24a (201 mg, 59 %) & 1572,
"H NMR (CDCls) 6 1.08 (3H, m), 1.23 (2H, m), 1.46 (9H, s), 1.52-1.80 (7H, m), 1.86 (2H, m), 3.29
(2H, m), 3.67 (3H, m), 3.87 (3H, s), 4.36 (1H, m), 5.07 (2H, s), 5.25 (2H, s), 6.41 (1H, d, J=8.3
Hz), 6.72 (2H, d, J= 8.9 Hz), 7.08 (2H, d, J= 8.9 Hz), 7.34 (2H, d, J= 8.3 Hz), 7.47 (1H, m), 7.56
(1H, m), 7.84 (2H, d, J= 8.3 Hz), 8.05 (1H, m).

(5)-4-{V-[S-Amidino-1-(1-phenylethylcarbamoylmethyl)benzimidazol-2-ylmethyl]-/V-
(1-acetimidoylpiperidin-4-yloxy)phenyl}carbamoylbenzoic acid dihydrochloride (6¢)
{E&% 24¢ (113 mg, 0.14 mmol)?> CHCl; (2 mL)AWKIZ, TFA (1 mL)Z NNz, =R TS 77k
U 7o, IOSHRZ2 T T L TR A7 %I IC 4N NaOH ZKIEHE(1.1 mL, 4.4 mmol) %
Z, SRR TS WEREE L7z, MOGIRIC 2 N HCl KA (2.2 mL, 4.4 mmol)INz, AL % 6
JET®ELE, 55N 7-5&# % EtOH (2 mL)IZIAf# L, EtN (0.2 mL, 1.44 mmol) & ethyl
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acetimidate hydrochloride (89 mg, 0.72 mmol)Z I 2., =EJE T 18 REfEfEEE L7z, i L7=A
W aE A AEL, AIREZRE TN L7, & b7k 4 00 HPLC (0.05% aqueous TFA:
MeOH=1:1)CHR L=, B A GTe7 7 7 > a > ZHRRAE L, (LAY 6c (78 mg, 69 %)
Z 2 HEEEE & L Cf7=, 'H NMR (DMSO-ds) § 1.38 (3H, d, J = 7.0 Hz), 1.54-1.72 (2H, m),
1.89-2.04 (2H, m), 2.27 (3H, s), 3.36-3.53 (2H, m), 3.62-3.83 (2H, m), 4.50-4.61 (1H, m), 4.85-
5.00 (1H, m), 5.20-5.45 (4H, m), 6.81 (2H, d, J = 8.9 Hz), 7.14-7.41 (9H, m), 7.70-7.80 (4H, m),
8.18 (1H, s), 8.74 (1H, brs), 9.11 (2H, brs), 9.19-9.25 (1H, m), 9.33 (3H, brs); MS (FAB) m/z 715
(M+1)".

HPLC purity: 99.05 % (UV 254 nm).

HPLC condition; column: YMC ODS AM-302 (4.6 x150 mm), flow rate: 1 mL/min, temp: 40 °C,
eluent: 0.05 % TFA aq. : CH3CN = 78 : 22, retention time: 7.82 min.

N-[5-Amidino-(1-cyclohexylcarbamoylmethyl)benzimidazol-2-ylmethyl]-/V-[4-(1-
acetimidoyl-piperidin-4-yloxy)phenyl]carbamoylbenzoic acid dihydrochloride (62a)

{bE¥ 24a LV, (LA 6¢ TRLELL 72 HIEICHE L TILAY) 6a (28 mg, 26 %) Z1%7-, 'H
NMR (DMSO-ds) 6 1.10-1.30 (6H, m), 1.50-1.75 (6H, m), 1.90-2.05 (2H, m), 2.27 (3H, s), 3.40-
3.60 (4H, m), 4.57 (1H, m), 5.17 (2H, s), 5.34 (2H, s), 6.82 (2H, d, /= 8.4 Hz), 7.20 (2H, d, J= 8.7
Hz), 7.37 (2H, d, J = 8.7 Hz), 7.72-7.82 (4H, m), 8.19 (1H, s), 8.55-8.60 (1H, m), 8.75 (1H, brs),
9.11 (2H, brs), 9.33 (3H, brs); MS (FAB) m/z 693 (M+1)*.

HPLC purity: 99.22 % (UV 254 nm).

HPLC condition; column: YMC ODS AM-302 (4.6 x150 mm), flow rate: 1 mL/min, temp: 40 °C,
eluent: 0.05 % TFA aq. : CH3CN = 78 : 22, retention time: 8.15 min.

Table 2 2 Y 3 129 /LEW) 6b, 6d-6g, Ta-Tc X, Lk DIbE9) 6¢ & [FIALD J71k (Scheme3)
THR LT,
N-[5-Amidino-(1-cyclohexylcarbamoylmethyl)benzimidazol-2-ylmethyl]-NV-[4-(1-
acetimidoyl-piperidin-4-yloxy)phenyl]carbamoylbenzoic acid methyl ester dihydrochloride
(6b)

{LE#) 6b; THE g)-i) 35 %, T2 j)-1)59 %, TFE m)-0)32 %. 'HNMR (DMSO-ds) § 1.05-1.30
(6H, m), 1.45-1.80 (6H, m), 1.90-2.05 (2H, m), 2.27 (3H, s), 3.40-3.60 (4H, m), 3.81 (3H, s), 4.58
(1H, m), 5.19 (2H, s), 5.35 (2H, s), 6.82 (2H, d, /= 8.4 Hz), 7.21 (2H, d, /= 8.1 Hz), 7.41 (2H, d,
J=28.1Hz), 7.75-7.82 (4H, m), 8.20 (1H, s), 8.60-8.68 (1H, m), 8.80 (1H, brs), 9.17 (2H, brs), 9.36
(3H, brs); MS (FAB) m/z 707 M+1)".
(R)-4-{N-[5-Amidino-1-(1-phenylethylcarbamoylmethyl)benzimidazol-2-ylmethyl]-/V-
(1-acetimidoylpiperidin-4-yloxy)phenyl}carbamoylbenzoic acid dihydrochloride (6d)

{E5W 6d; T2 g)-i) 74 %, TAZj)-1)41 %, T.F2 m)-0) 52 %. 'H NMR (DMSO-ds) 5 1.38 (3H,
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d, J=7.0 Hz), 1.54-1.72 (2H, m), 1.89-2.04 (2H, m), 2.27 (3H, s), 3.36-3.53 (2H, m), 3.62-3.83
(2H, m), 4.50-4.61 (1H, m), 4.85-5.00 (1H, m), 5.20-5.45 (4H, m), 6.81 (2H, d, J= 8.9 Hz), 7.14-
7.41 (9H, m), 7.70-7.80 (4H, m), 8.18 (1H, s), 8.74 (1H, brs), 9.11 (2H, brs), 9.19-9.25 (1H, m),
9.33 (3H, brs); MS (FAB) m/z 715 (M+1)*.
4-{N-|5-Amidino-1-(2-phenyl-2-propylcarbamoylmethyl)benzimidazol-2-ylmethyl]-/NV-(1-
acetimidoylpiperidin-4-yloxy)phenyl}carbamoylbenzoic acid dihydrochloride (6e)

bW 6e; T2 g)-i) 73 %, THEj)-1) 63 %, L2 m)-0) 81 %. 'H NMR (DMSO-ds) & 1.48-1.70
(2H, m), 1.59 (6H, s), 1.85-2.02 (2H, m), 2.25 (3H, s), 3.35-3.85 (4H, m), 4.54 (1H, m), 5.29 (4H,
brs), 6.78 (2H, d, J = 8.4 Hz), 7.09-7.40 (9H, m), 7.70-7.84 (4H, m), 8.18 (1H, s), 8.78 (1H, brs),
9.07 (1H, brs), 9.18 (2H, brs), 9.36 (3H, brs); MS (FAB) m/z 729 (M+1)".
4-{N-|5-Amidino-1-(3,4-dichlorophenylcarbamoylmethyl)benzimidazol-2-ylmethyl]-/V-(1-
acetimidoylpiperidin-4-yloxy)phenyl}carbamoylbenzoic acid dihydrochloride (6f)

{EEW 6f, T2 g)-i) 15 %, LFEj)-1)41 %, LFE m)-0) 70 %. 'H NMR (DMSO-ds) & 1.53-1.74
(2H, m), 1.90-2.06 (2H, m), 2.26 (3H, s), 3.36-3.86 (4H, m), 4.57 (1H, m), 5.30-5.59 (4H, m), 6.82
(2H,d,J=8.7Hz), 7.13 (2H, d, J=8.7 Hz), 7.27 (2H, d, J = 8.1 Hz), 7.50-7.79 (6H, m), 7.88-7.96
(2H, m), 8.19 (1H, s), 8.70 (1H, brs), 9.06 (2H, brs), 9.21-9.38 (3H, m); MS (FAB) m/z 755 (M+1)*.
4-{N-[5-Amidino-1-(3,4-dichlorophenylmethylcarbamoylmethyl)benzimidazol-2-ylmethyl]-
N-(1-acetimidoylpiperidin-4-yloxy)phenyl}carbamoylbenzoic acid dihydrochloride (6g)
{LE¥) 6g; THE g)-i) 41 %, TFLEj)-1) 44 %, TF2 m)-0) 67 %. 'H NMR (DMSO-ds) & 1.52-1.73
(2H, m), 1.89-2.07 (2H, m), 2.26 (3H, s), 2.43-2.59 (2H, m), 3.35-3.60 (2H, m), 4.35 2H, d, J=5.5
Hz), 4.56 (1H, m), 5.34 (4H, brs), 6.81 (2H, d, J=8.7 Hz), 7.17 (2H, d, /= 8.7 Hz), 7.27-7.33 (3H,
m), 7.53-7.55 (2H, m), 7.72-7.80 (4H, m), 8.19 (1H, s), 8.73 (1H, brs), 9.10 (2H, brs), 9.22-9.40
(4H, m); MS (FAB) m/z 769 (M+1)".
4-{N-[5-Amidino-1-(cyclohexylcarbamoylmethyl)benzimidazol-2-ylmethyl]-~V-(1-
carbamimidoylpiperidin-4-yloxy)phenyl}carbamoylbenzoic acid dihydrochloride (7a) {t&
¥ 7a; 'TH NMR (DMSO-d) 8 1.05-1.30 (5H, m), 1.45-1.75 (7H, m), 1.85-1.98 (2H, m), 3.20-3.35
(2H, m), 3.50-3.70 (3H, m), 4.51 (1H, m), 5.17 (2H, s), 5.33 (2H, s), 6.80 (2H, d, /= 8.7 Hz), 7.18
(2H, d, J=8.7 Hz), 7.36 (2H, d, J = 7.8 Hz), 7.52 (4H, brs), 7.70-7.77 (4H, m), 8.18 (1H, s), 8.55
(1H, d, J= 7.8 Hz), 9.10 (2H, brs), 9.32 (3H, brs); MS (FAB) m/z 694 (M+1)".
4-{N-[5-Amidino-1-(cyclohexylcarbamoylmethyl)benzimidazol-2-ylmethyl]-~V-(1-
acetimidoyl-pyrrolidin-4-yloxy)phenyl}carbamoylbenzoic acid dihydrochloride (7b) 1t.5%)
7b; '"H NMR (DMSO-ds) & 1.05-1.30 (5H, m), 1.45-1.75 (5H, m), 2.03-2.30 (2H, m), 2.20 (1.5H,
s), 2.25 (1.5H, s), 2.99-3.08 (1H, m), 3.35-3.75 (4H, m), 5.00-5.15 (1H, m), 5.18 (2H, s), 5.34 (2H,
s), 6.75-6.85 (2H, m), 7.12-7.46 (4H, m), 7.70-7.82 (4H, m), 8.19 (1H, s), 8.45-8.63 (2H, m), 9.16
(2H, brs), 9.29-9.40 (3H, m); MS (FAB) m/z 679 (M+1)*.
4-{N-[5-Amidino-1-(cyclohexylcarbamoylmethyl)benzimidazol-2-ylmethyl]-/NV-(pyrrolidin-4-
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yloxy)phenyl}carbamoylbenzoic acid dihydrochloride (7¢) {LA%) 7¢; 'H NMR (DMSO-ds) &
1.08-1.30 (SH, m), 1.47-1.75 (5H, m), 1.90-2.20 (2H, m), 3.10-3.30 (3H, m), 3.30-3.60 (2H, m),
4.99 (1H, m), 5.16 (2H, s), 5.33 (2H, 5), 6.78 (2H, d,J = 8.7 Hz), 7.21 (2H, d, J= 8.7 Hz), 7.36 (2H,
d,J=8.4 Hz), 7.72-7.80 (4H, m), 8.17 (1H, ), 8.54 (1H, d, /= 7.8 Hz), 9.07 (2H, 5), 9.25-9.45 (3H,
m), 9.45-9.65 (1H, m); MS (FAB) m/z 638 (M+1)".

5 2 EOEER

Scheme 4 DA WY

7-Hydroxy-1,2,3,4-tetrahydroisoquinoline hydrobromide?! (25)

7-Methoxyisoquinoline 2" (1.43 g, 8.96 mmol) DEERE (20 mL)AHZIZ PtO, (50 mg) & Nz, 7K
FIFPHR (3 atm) FC3 MM LTz, MUSIREMZE T A4 N TAML, AHKAZRIE TR
i L7z, 15Dk % 48 % HBraq. (35 mL)ZIAME S8, 3 BREINBGRE L7, OGRS
W) 2 8L T IEME L T b kEdb % EtOH & EnO DIRAIRIETHEE L, (LEW 25(1.80g,
87 %)% 15%7-. 'HNMR (DMSO-ds) & 2.84-2.90 (2H, m), 3.25-3.38 (2H, m), 4.17 (2H, brs), 6.58
(1H, d, J = 2.7 Hz), 6.67 (1H, dd, J = 2.7, 8.4 Hz), 7.00 (1H, d, J = 8.4 Hz), 8.96 (2H, brs), 9.40
(1H, s). Anal. (CoH2BrNO) Calcd: C, 46.98; H, 5.26; N, 6.09, Found: C, 47.05; H, 5.46; N,
5.92

2-tert-Butoxycarbonyl-7-hydroxy-1,2,3,4-tetrahydroisoquinoline (26)

{EA54 25 (370 mg, 1.61 mmol)® 1 N KEE{tF KU 7 A/KEEWE (4 mL)& 1,4-dioxane (8 mL)
DIREAIRIEIZ,  BocaO (386 mg, 1.77 mmol) & I % 7=, =BIA T 12 FERBIE, KISREY
ZEEEE T TV O Uiz, RS 2 fafn ik CoEle, MOKRREET R U U A TRIEL, IR
WAl T B L CTEA ) 26 (385 mg, 93 %) & 457,  'HNMR (CDCl3) § 1.49 (9H, 5), 2.75
(2H, t,J=5.7 Hz), 3.62 (2H, t, J = 5.7 Hz), 4.52 (2H, brs), 6.60-6.70 (2H, m), 6.99 (1H, d, J= 8.4
Hz). Anal. (C14H19NOs) Caled: C, 67.45; H, 7.68; N, 5.62, Found: C, 67.26; H, 7.46; N, 5.92

N,N’-Di-tert-butoxycarbonyl-7-hydroxy-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine (27)
{bE9) 25 (500 mg, 2.17 mmol) D7 & k= k U /L (5 mL)&&#IKIZ, 0°C T EtsN (0.3 mL,2.15
mmol) & I %, =BT 1 KRR L7z, M L7=fE % AEu%, DMF (S mL)IZ¥EfE L, 1H-
pyrazole-1-(N, N -di-tert-butoxycarbonyl)carboxamidine 22 (742 mg, 2.39 mmol) & I . 7=, =i
T 2 KR E, BOSIRIZKZ A, BRIV Thll L7z, AHEE 2 fafn ik Tk
e, MOKHGERT b U U ATHRL, WEABIE TR ELZ, GoNEEELZ VDT NVT
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Z L7 v~ 7T 7 4 —(n-hexane:EtOAc=3:1)THEHL L, L& 27 (700 mg, 82 %) %1537,
'H NMR (CDCls) & 1.50 (18H, s), 2.87 (2H, m), 3.73 (2H, m), 4.62 (2H, m), 6.53 (1H, d, J=2.5
Hz), 6.66 (1H, dd, J = 2.5, 8.2 Hz), 6.97 (1H, d, 1H, J = 8.2 Hz). Anal. (C20H29N305) Calcd: C,
61.36; H, 7.47; N, 10.73, Found: C, 61.06; H, 7.66; N, 10.67

Benzyl 4-bromomethylpiperidine-1-carbaxylate (28)
1-Benzyloxycarbonylpiperidine-4-carboxylic acid (10.0 g, 37.98 mmol) @ THF (100 mL)&i#& (2,
T UFPHKE, —15 °C T EN (5.56 mL, 39.89 mmol) & isobutyl chloroformate (IBCF)
(5.1 mL, 39.32 mmol) Z IEIZ{ F L 72, -15°C T 20 /0#8#R%, il L= R i A5 LT,
A% 0 °C FC, NaBHs (4.3 g, 0.11 mmol) /KIEHEIZH F L7z, 0°C TI154y, =R T2
PR, Nz SR L, AL BE TR 5 L, K8 & JFig— 7/ Thll %,
ARG 2 INKIRIE T b U U DOKERIRTUES, BKmET R Y » A TR L, 2T
42 LT benzyl 4-hydroxymethyl piperidine-1-carboxylate (7.2 g, 76 %)% 1472, 'H NMR
(CDCl3) 6 1.05-1.30 (2H, m), 1.55-1.80 (3H, m), 2.70-2.85 (2H, m), 3.50 (2H, d, J= 6.3 Hz), 4.10-
4.30 (2H, m), 5.13 (2H, s), 7.26-7.40 (5H, m).

F2 T 572 hydroxymethyl (5.5 g, 22.06 mmol)® CH>Cl, (55 mL)¥A# (2, CBrs(8.85g,
26.68 mmol) & PPh; (7.0 g, 26.68 mmol)Z % 7=, ZIE T 5 KB, AL Z T T8
ELTe, BonliRiEE> ) BTN T L7 va~ h7 T 7 ¢ —(n-hexane:acetone = 10:1) T
KLU, LA 28(6.25g,91 %)% 15%7-, 'HNMR (CDCls) & 1.05-1.30 (2H, m), 1.70-1.90 (3H,
m), 2.70-2.90 (2H, m), 3.29 (2H, d, /= 6.0 Hz), 4.10-4.30 (2H, m), 5.13 (2H, s), 7.26-7.38 (SH, m).
Anal. (C14H13BrNO;) Calced: C, 53.86; H, 5.81; N, 4.49, Found: C, 54.05; H, 5.96; N, 4.20

N,N’-Di-tert-Butoxycarbonyl-7-(piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine (29)

L% 27 (50 mg, 0.13 mmol) & {b&4) 28 (120 mg, 0.38 mmol)? DMSO (I mL)&FFEIZ, 4N
KEAET B U 7 LOKEEHE (013 mL)Z A7z, ST 17 REffEE Lo, SONRICKZ
Mz, Helg—F /LT Uc, ARE 2K, SafniiioKk T, HKAEET F Y U ATz
ML, WIEEZWIE TR E LT, BoNEEE S VA FNVAT LI a~ NI T 7 4 —(n-
hexane : acetone = 5:1) CH&EH L, benzyl 4-[2-(N,N -di-tert-butoxycarbonylamidin)- 1,2,3,4-
tetrahydroisoquinolin-7-yloxymethyl]piperidine-1-carboxylate (55 mg, 68 %)% 157, 'H NMR
(CDCl3) 6 1.20-1.35 (2H, m), 1.51 (18H, s), 1.75-2.05 (3H, m), 2.70-2.95 (4H, m), 3.65-3.80 (4H,
m), 4.15-4.35 (2H, m), 4.67 (2H, brs), 5.14 (2H, s), 6.61 (1H, d, J/=2.7 Hz), 6.71 (1H, dd, J= 2.7,
8.4 Hz), 7.03 (1H, d, J= 8.4 Hz), 7.30-7.40 (5SH, m).

R THE LA P(50 mg, 0.081 mmol)? THF (0.5 mL) & EtOH (10 mL)DIRATAIKIZ,
7.5%Pd/C (15mg)Z %, KFEFPHK F(3atm)T 3 BEEHEL L, fiifta o1 FChE
L, ARERE T L A 29 (38 mg, 96 %)% 1572, 'HNMR (CDCl3) § 1.20-1.40 (2H,
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m), 1.56 (18H, s,), 1.75-2.00 (3H, m), 2.60-2.70 (2H, m), 2.85-2.95 (2H, m), 3.10-3.20 (2H, m),
3.65-3.85 (4H, m), 4.67 (2H, s), 6.62 (1H, d, J=2.7 Hz), 6.72 (1H, dd, J=2.7, 8.4 Hz), 7.03 (1H, J=
8.4 Hz). Anal. (C2HaoN4Os) Caled: C, 63.91; H, 8.25; N, 11.47, Found: C, 64.05; H, 8.46; N,
11.22

4-Hydroxymethyl-1-(pyridin-4-yl)piperidine (30)

1-(Pyridin-4-yl)piperidine-4-carboxylic acid 2* (500 mg, 2.42 mmol)® THF (5 mLy&E#KIZ, 1M
BH; @ THF ¥&{% (14.5 mL, 14.5 mmol)Z i T L7z, iR T 12 Reflift#Pk, BOSH 2 7KK
(2280, WERe—F L CHlE U7, A8 2K, Sk Ty, EKREET FY U AT
WL, IR ZRE TR E L, BONIFKRIEL 12% R L, 50°CT 1 KRefngl
L7, BOSHZ 4 N KIR{ET b U 7 LK T, BT F /LT Lz, A8
K, BRI K TR, MOKREE S R U U AT L, B IE PR E L TEEY 30
(400 mg, 86 %)% 1572, 'HNMR (CDCls) § 1.24-1.38 (2H, m), 1.70-1.90 (3H, m), 2.86 (2H, m),
3.53 (2H, d, J= 6.2 Hz), 3.92 (2H, m), 6.66 (2H, d, /= 5.1 Hz), 8,22 (2H, d, /= 5.1 Hz). Anal.
(C11H16N202) Caled: C, 68.72; H, 8.39; N, 14.57, Found: C, 68.55; H, 8.46; N, 14.38

4-Hydroxymethyl-1-(quinoline-4-yl)piperidine (31)

4-Chloroquinoline (2.0 g, 12.22 mmol), ethyl isonipecotinate (2.8 mL, 18.16 mmol) & Et;N (3.4
mL, 24.39 mmol)D =% / —/L (7.5 mL)&#E % sealed tube [Z A4L, 150 °C TS5 HIFMELL
Too RONRIZKZ M 2, Bife—F LV CHi L7z, AR 20K, fafn ik Coed:, MK
B b U U LCHRL, WIHAE FTREE L, BoNREE L VTSN AT hra~
k272 7 4 — (n-hexane:acetone = 3:1) CHE i L T, ethyl 1-(quinolin-4-yl)piperidine-4-
carboxylate (3.2 g). =157z, Z D{LAE® (3.0 g, 10.55 mmol)% THF (30 mL)ZZ¥AfEL, 7V
=2 RPHACT, LiAlH4 (800 mg, 21.08 mmol)? THF (30 mL)#R#&IEIZ 0 °C T F L7z, X
JSIRE % 0 °C T 2 FEfEe#R1%, faffiie ) U v KSR zZ Nz, Namatr 74k
THE LT, AWERIE TR L TRONfmE YA Y 7r Vo —F L THIEL T,
LAY 31 (225 g, 88 %)% 4F7=, 'H NMR (CDCls) & 1.57-1.90 (3H, m), 1.93-2.05 (2H, m),
2.85(2H, m), 3.64-3.68 (4H, m), 6.84 (1H, d, J=4.8 Hz), 7.47 (1H, m), 7.65 (1H, m), 8.01 (1H, m),
8.67 (1H, d, J = 4.8 Hz). Anal. (C15sH1sN20) Caled: C, 74.35; H, 7.49; N, 11.56, Found: C,
74.05; H, 7.46; N, 11.49

tert-Butyl 7-[(pyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (32)

LA 26 (389 mg, 1.56 mmol) & LA 30 (300 mg, 1.56 mmol)?> THF (15 mL) & CH.Cl, (4
mL) DR SRR IZ, PPhs (450 mg, 1.72 mmol) & diisopropyl azodicarboxylate (DIPAD) (0.34 mL,
1.73 mmol) & M % 7=, FNEG A IR T 24 FFEBEEEE, HE TIEM L TS b ok
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BTN HT AT v~ kT T 7 4 —(n-hexane:acetone =3:2 - 1:1) THHL L C, (L& 32
(500 mg, 76 %)% 57-. 'H NMR (CDCLs) § 1.36-1.50 (11H, m), 1.92-2.15 (3H, m), 2.76 (2H,
brt), 2.90 (2H, brt), 3.62 (2H, brt), 3.80 (2H, d, J = 6.3 Hz), 3.90-3.96 (2H, m), 4.53 (1H, s), 6.62-
6.74 (4H, m), 7.04 (1H, d, J=8.4 Hz), 8.20-8.25 (2H, m). Anal. (C25HssN503) Calcd: C, 70.89:
H, 7.85; N, 9.92, Found: C, 70.77; H, 7.99; N, 9.92

tert-Butyl 7-[1-(quinolin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (33)

{bE4% 33 (280 mg, 71 %)i%, LA 26 (206 mg, 0.83 mmol), LA 4 31 (200 mg, 0.83 mmol),
DIPAD (0.18 mL, 0.91 mmol) & PPh; (238 mg, 0.91 mmol) &b &4 32 (ZFt#k L 7= FiEICHEL
TER L7z, "THNMR (CDCls) § 1.50 (9H, s), 1.65-1.85 (2H, m), 2.00-2.15 (3H, m), 2.78 (2H, t,
J=6.0 Hz), 2.85-2.95 (2H, m), 3.60-3.70 (4H, m), 3.92 (2H, d, J= 6.0 Hz), 4.56 (2H, s), 6.68 (1H,
d, J=2.7Hz), 6.77 (1H, dd, J = 2.7, 8.4 Hz), 6.86 (1H, d, /= 5.1 Hz), 7.06 (1H, d, J = 8.4 Hz),
7.45-7.50 (1H, m), 7.62-7.68 (1H, m), 8.00-8.06 (2H, m), 8.72 (1H, d, J = 5.1 Hz). = Anal.
(C29H35N303) Caled: C, 73.54; H, 7.45; N, 8.87, Found: C, 73.35; H, 7.46; N, 8.92

7-(1-Acetylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine (8b)

Step 1. 1L&%) 29 (100 mg, 0.21 mmol)? THF (1.5 mL)A#ZIZ, Ac2O (0.021 mL, 0.22 mmol)
& pyridine (0.025 mL, 0.31 mmol)& AN % 72, ZWIR T 2 REMIBERE, KINRIZKZ M, BE
Fpr F /L CTHIM U7e, AHIE 20K, Safnftiok Clelf, SRR MY O LA THEREL, &
AT ¥ L, N, N'-di-tert-butoxycarbonyl-7-(1-acetylpiperidin-4-ylmethoxy)- 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine (100 mg, 90 %)% 1572, 'H NMR (CDCls) & 1.20-1.40
(2H, m), 1.45-1.65 (20H, m), 1.80-2.10 (6H, m), 2.50-2.65 (1H, m), 2.85-2.95 (2H, m), 3.00-3.20
(2H, m), 3.85-3.90 (4H, m), 4.67 (2H, brs), 6.62 (1H, d, /=2.4 Hz ), 6.72 (1H, dd, J=2.4, 8.4 Hz),
7.04 (1H, d, J = 8.4 Hz).

Step 2. Stepl T/5 5 7-ALAW(94 mg, 0.18 mmol)?> CHCI; (1.0 mL)¥A# 2, TFA (0.5 mL)
AMA Tz, T 5 Refft#Rg, DOSIKZ T MG LTz, 7572582, HCI-EtOH
ZUSIN, E FEEL TEAY 8b (60 mg, 91 %)z Hafisth & LT 7=, 'HNMR (DMSO-ds)
6 1.00-1.30 (2H, m), 1.75-1.85 (2H, m), 1.98 (4H, m), 2.52 (1H, m), 2.81 (2H, t, /= 6.0 Hz), 3.18-
3.25 (1H, m), 3.57 (2H, t, J = 6.0 Hz), 3.57-3.90 (3H, m), 4.53 (2H, s), 6.69 (1H, d, J = 2.4 Hz),
6.82 (1H, dd,J=2.4, 8,4 Hz), 7.13 (1H, d, J= 8.4 Hz), 7.57 (4H, brs); MS (FAB) m/z 331 (M+1)*.
Anal. (C1gH26N4O; - HCI - 2.2 H,0) Caled: C, 53.18; H, 7.79; N, 13.78, Found: C, 53.02; H, 7.61;
N, 14.03

7-(1-Acetoimidoylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine

L)
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&% 29 (100 mg, 0.21 mmol)?® THF (1.5 mL) & EtOH (1.5 mL)DIRAVANRIZ, EtN (0.086
mL, 0.62 mmol) & ethyl acetoimidate hydrochloride (38 mg, 0.31 mmol)& Iz 7=, =E{R T 18 IFF
AR, ROSHRIZ EtOAc & EO N, il L7 N E AE Lz, AIRZEIE TR
# L T  N,N’-di-tert-butoxycarbonyl-7-(1-acetoimidoylpiperidin-4-ylmethoxy)-1,2,3,4tetra
hydroisoquinoline-2-carboxamidine (105 mg, 94 %)% #+7-, 'H NMR (CDCl;) & 1.43-1.54 (20H,
m), 2.00-2.20 (3H, m), 2.46 (3H, s), 2.85-2.95 (2H, m), 3.05-3.15 (2H, m), 3.70-3.95 (5H, m), 4.67
(2H, brs), 4.80-4.90 (1H, m), 6.60 (1H, s), 6.70 (1H, d, J = 8.4 Hz), 7.04 (1H, d, J = 8.4 Hz).
FRTHEONTZALEW(100 mg, 0.19 mmol)%, {LE%) 8b @ Step 2 ([ ZFL#k L7 /7 {k CALER
LT, L& 8¢ (67 mg, 88 %)% 2 st &b L CTH7-, '"HNMR (DMSO-ds) 5 1.28-1.48 (2H,
m), 1.86-1.90 (2H, m), 2.12 (1H, m), 2.29 (3H, s), 2.83 (2H, t, J = 4.4 Hz), 3.00-3.29 (2H, m), 3.59
(2H, t, J = 4.4 Hz), 3.85 (2H, m), 3.92-4.20 (2H, m), 4.56 (2H, s), 6.72 (1H, d, J = 1.7 Hz), 6.84
(1H, dd,J = 1.7, 6.3 Hz), 7.15(1H, d, J = 6.3 Hz), 7.65 (4H, brs), 8.77 (1H, brs), 9.33 (1H, brs): MS
(FAB) m/z 330 (M+1)". Anal. (C1sHa7NsO - 2.1 HCI - 2.4 H,0) Caled: C, 48.12; H, 7.61; N, 15.59,
Found: C, 47.82; H, 7.54; N, 15.87

7-[1-(Pyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine
(8d)

{bA % 32 (500 mg, 1.18 mmol)?> CHCls (5 mL)AWRIZ, TFA (2.5mL)& M7=, iR T 1K
MR, OGS Z T FIRME L7, 5 DAL FRIEICRIEKRFE T MY U LKERE N A
Fefg =~ F L CHIM U7z, AR 2K, Sk Toedy, HEKBER Y U A THIERL,
TR 2 JE TR L, 7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline
(350 mg, 92 %) %157, '"HNMR (CDCl;) § 1.30-1.49 (2H, m), 1.91-2.15 (3H, m), 2.72 (2H, t, J
= 6.0 Hz), 2.85-2.95 (2H, m), 3.11 (2H, t, J = 6.0 Hz), 3.79 (2H, d, J = 6.6 Hz), 3.90-3.98 (4H, m),
6.54 (1H, d, J = 2.4 Hz), 6.66-6.72 (3H, m), 6.99 (1H, d, J = 8.4 Hz), 8.25 (2H, m).
ERETHLNTEA(300 mg, 0.92 mmol)? DMF (0.5 mL) %2, diisopropylethylamine
(DIPEA, 0.16 mL, 0.92 mmol) & 1H-pyrazole-1-carboxamidine hydrochloride (140 mg, 0.96
mmol)Z X 72, IR T 1 KefilifEpt%, SUSHRIZ EnO 2N, i L7 REmia AEL
72o AU ZERIE TN L CHE 72782, HCI-EtOH Z ¥, JBIE FEE L TEAY 8d
(265 mg, 66 %)% 2 EfsE L L CH57=, 'H NMR (DMSO-ds) § 1.20-1.45 (2H, m), 1.88-1.93
(2H, m), 2.17 (1H, m), 2.81 (2H, t, /= 6.0 Hz), 3.20 (2H, m), 3.57 (2H, t, J= 6.0 Hz), 3.85 (2H, m),
4.23-4.28 (2H, m), 4.54 (2H, s), 6.70 (1H, d, J= 2.7 Hz), 6.82 (1H, dd, /= 2.7, 8.4 Hz), 7.13 (1H,
d,J=8.4Hz), 7.19(2H, d, J= 7.8 Hz), 7.64 (4H, brs), 8.19 (2H, d, J= 7.8 Hz), 13.68 (1H, brs); MS
(FAB) m/z 366 (M+1)".  Anal. (C21H27;NsO - 2 HCI - 2.6 H,0) Calcd: C, 51.98; H, 7.10; N, 14.43,
Found: C, 51.82; H, 7.02; N, 14,57

7-[1-(Quinolin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine
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(8e)

&Y 8e (65 mg, 89 %), L& 33 (70 mg, 0.15 mmol), 1H-pyrazole-1-carboxamidine
hydrochloride (28 mg, 0.19 mmol) & DIPEA (0.033 mL, 0.19 mmol)%, {t&47 8d (25t L 7=
FIEIZHE L TAR L7=, "HNMR (DMSO-de) § 1.55-1.66 (2H, m), 1.96-2.02 (2H, m), 2.22 (1H,
m), 2.82 (2H, t, J = 6.0 Hz), 3.49 (2H, m), 3.58 (2H, t, J = 6.0 Hz), 3.92 (2H, m), 4.17-4.23 (2H,
m), 4.56 (2H, s), 6.73 (1H, d, J = 2.4Hz), 6.85 (1H, dd, J = 2.4, 8.1 Hz), 7.15 (1H, d, J = 8.4 Hz),
7.20(1H, d, J = 6.9 Hz), 7.64 (4H, brs), 7.69 (1H, m), 7.96 (1H, m), 8.12 (2H, m), 8.63 (1H, d, J =
6.9 Hz); MS (FAB) m/z 416 (M+1)*.  Anal. (C2sHxNsO - 2.1 HCI - 2.5 H,0) Caled: C, 55.90; H,
6.77; N, 13.04, Found: C, 55.85; H, 6.70; N, 13.05

7-[1-(Pyridin-4-ylmethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine (8f)

{LA# 29 (100 mg, 0.20 mmol)?> THF (1 mL) & DMF (1 mL)DIRAVANRIZ, 9.1 N NaOH (0.068
mL, 0.62 mmol) & 4-picolyl chloride hydrochloride (51 mg, 0.31 mmol) ZJIRIZ /N % 7=, 50°C T
5 WFERFR Lok, BOSHRICKZ A, HElR—F v CHi L7, ARE 2 KTE, KRR
TR ULTHBRL, BWIHZRBIE TR E L, (BOoNTRELZ VTN T A7 v~ b
77 7 4 — (CHCl3: MeOH = 20:1) THH L, N N’-di-tert-butoxy-carbonyl-7-[1-(pyridin-4-
ylmethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine (93 mg, 80 %)
Z1%7-, '"H NMR (CDCls) & 1.50 (18H, s), 1.40-1.90 (5H, m), 2.00-2.10 (2H, m), 2.85-2.95 (4H,
m), 3.51 (2H, s), 3.70-3.85 (4H, m), 4.67 (2H, brs), 6.62 (1H, s), 6.72 (1H, d, J = 8.4 Hz), 7.03 (1H,
d,J=8.4Hz),7.28 (2H, d, J= 6.0 Hz), 8.54 (2H, d, /= 6.0 Hz).

R THELNIALEY (88 mg, 0.15 mmol) %, {L&4) 8b ™ Step2 Trrdk L 7= )75 CHLEE
L, {bAY 8f(65mg, 89 %) % 3HEHAtE L L CTf7-, 'HNMR (DMSO-ds) & 1.70-2.00 (5H,
m), 2.81 (2H, m), 3.00 (2H, m), 3.38 (2H, m), 3.57 (2H, m), 3.81 (2H, m), 4.48-4.54 (4H, m), 6.71
(1H, s), 6.82 (1H, d, J= 8.4 Hz), 7.13 (1H, d, J = 8.4 Hz), 7.60 (4H, brs), 8.19 (2H, d, /= 6.0 Hz),
8.88 (2H, d, /= 6.0 Hz), 11.63 (1H, brs); MS (FAB) m/z 380 (M+1)". Anal. (C22H2NsO - 3.1 HC1
- 2.2 H,0) Calced: C, 49.65; H, 6.91; N, 13.16, Found: C, 49.72; H, 6.98; N, 12.90

7-[1-(Pyridin-2-ylmethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine (8g)

LA 8g (65 mg, 63 %)L, (LA 29 (110 mg, 0.225 mmol), 2-picolyl chloride hydrochloride
(44 mg, 0.270 mmol) & 9 N NaOH (0.060 mL, 0.541 mmol) & it S®7-%, L& 8f Tt
L7 J7VEICHE U T Boe 2% TFA & FWWIifRiE+ 5 2 & TH7z, 'HNMR (DMSO-ds) § 1.75
(2H, m), 2.00 (2H, m), 2.10 (1H, m), 2.88 (2H, m), 3.16 (2H, m), 3.49 (2H, m), 3.63 (2H, m), 3.91
(2H, m), 4.51 (2H, s), 4.60 (2H, s), 6.77 (1H, d, J = 2.3 Hz), 6.89 (1H, dd, J = 2.3, 8.4 Hz), 7.21
(1H, d, J = 8.4 Hz), 7.55 (1H, m), 7.63 (4H, brs), 7.69 (1H, m), 7.99 (1H, m), 8.74 (1H, m), 10.35
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(1H, brs); MS (FAB) m/z 380 (M+1)". Anal. (C22H29N5sO - 3.1 HCI - 2.5 H,0) Caled: C, 49.15; H,
6.96; N, 13.03, Found: C, 48.89; H, 6.89; N, 13.30

7-[1-(2-Aminobenzyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine (8h)

L& 29 (100 mg, 0.205 mmol)?> DMF (1 mL) & THF (1 mL)D{EA¥&EIZ, 9N NaOH (0.027
mL, 0.246 mmol) & 2-nitrobenzyl bromide (53 mg, 0.246 mmol)Z 1 % 7=, =ZRIE T 1 FEfEEe
%, BONRIZKEI A, BT /L CHI L7c, ARE A K, fafnasfK Cuel, MK
e hU U LATHIEL, WIERZEIE TR E L, RONT/ONTIREZS )V ISV Z
L v~ 27T 7 4 —(n-hexane:acetone = 7:1) CHEHL L, N,N’-di-tert-butoxy-carbonyl-7-[1-
(2-nitro-phenylmethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine
(90 mg, 70 %) & 537=,

BN 7= bk 2{R(90 mg, 0.144 mmol) %, {54 8b D Step2 IZFCHL L 72 HIEIZHE L T TFA
THRLER L, 7-[1-(2-nitro-phenylmethyl)piperidin-4-ylmethoxy]-1,2,3,4,-tetrahydroiso-quinoline-2-
carboxamidine (70 mg, 98 %)% 2 Mgt & L CTH7=,

5 5 = MR (70 mg, 0.141 mmol)® 1 NHCI(1mL) & MeOH (1 mL)DIRESVEIRIZ, 7.5%
Pd/C (15 mg)Z %, /KFEHRFHLKG atm) F T 2 FEEEHE Lz, iz &7 1 N TAEE,
A % PR T EAE L CTE& %) 8h (70 mg, 99 %)% #57=, 'H NMR (DMSO-ds) § 1.71 (2H, m),
1.97 (3H, m), 2.81 (2H, m), 3.12 (2H, m), 3.57 (2H, m), 3.83 (2H, m), 4.38 (2H, s), 4.54 (2H, s),
6.71 (1H, s), 6.83 (1H, d, /= 8.4 Hz), 7.02 (1H, m), 7.13 (2H, m), 7.34 (1H, m), 7.51 (1H, m), 7.64
(4H, brs); MS (FAB) m/z 394 (M+1)*. Anal. (C23H31NsO - 3 HC1 - 2.5 H0) Calcd: C, 50.41; H,
7.17; N, 12.78, Found: C, 50.38; H, 6.99; N, 12.97

7-[1-(3-Aminobenzyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine (8i)

A% 8i (60 mg, 58 %)%, {LA# 29 (100mg, 0.205 mmol), 3-nitrobenzyl bromide (53 mg,
0.246 mmol) & 9 N NaOH (0.027 mL, 0.246 mmol)%, {t-&4) 8h (Zit#k L 7= HiEICHEL T
HH L7z, 'HNMR (DMSO-ds) & 1.67(2H, m), 1.95 (3H, m), 2.81 (2H, m), 2.96 (2H, m), 3.34
(2H, m), 3.56 (2H, m), 3.86 (2H, m), 6.70 (1H, s), 6.81 (1H, d, /= 8.4 Hz), 7.07-7.37 (5H, m), 7.56
(4H, brs), 10.52 (1H, brs); MS (FAB) m/z 394 (M+1)". Anal (C23H31NsO - 3 HCI - 2.4 H,0) Calcd:
C, 50.58; H, 7.16; N, 12.82, Found: C, 50.32; H, 6.97; N, 12.92

Scheme 5 DILEW)

Benzyl 4-(2-fert-butoxycarbonyl-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine-1-
carboxylate (34)
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&% 26 (1.2 g,4.81 mmol)?® DMF (15 mL)&#ZIZ, 0°C T NaH (230 mg of a 60 % dispersion
in mineral oil, 5.75 mmol)& /> L§" 2l % 7=, =BG T 30 iR, (LA 28 (1.80 g, 5.77
mmol) & M Z 7o, RINREAEWZ =R T 1 REEHER%E, KEMx, FEB—F /LTt L7z,
BHSIE 2K, SRR K CHeG, BOKEREE T N U U A TR L, WAL TR A LT,
BohikEE YV SNV H T A7 a~ 7T 7 4 — (n-hexane:acetone = 6:1) T L T,
L&) 34 (1.82 g, 79 %) %= #+7-, '"HNMR (CDCl;) § 1.20-1.35 (2H, m), 1.48 (9H, s), 1.75-2.05
(3H, m), 2.70-2.90 (4H, m), 3.62 (2H, m), 3.77 (2H, d, J= 6.3 Hz), 4.10-4.35 (2H, m), 4.53 (2H, s),
5.14 (2H, s), 6.67 (1H, d, J=2.5 Hz), 6.71 (1H, dd, J=2.5, 8.3 Hz), 7.29 (1H, d, J= 8.3 Hz), 7.26-
7.38 (5H, m). Anal. (C2sHs6N205) Caled: C, 69.98; H, 7.55; N, 5.83, Found: C, 70.25; H, 7.46;
N, 5.92

tert-Butyl 7-(piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylate (35)
LA 34 (1.3 g,2.70 mmol)?® THF (10 mL) & A % / —/b (20 mL)DIRAIRIRIZ, 7.5%Pd/C
(300 mg) & MMz, KFEFHXTF (3 atm)T 3 BEHHLE L1-, MISREME LT A FTHi
L, AiZEE T M LA 35 (815 mg, 87 %)% 4F7-, 'H NMR (CDCls) & 1.20-1.35
(2H, m), 1.49 (9H, s), 1.75-2.00 (4H, m), 2.62-2.76 (4H, m), 3.10-3.20 (2H, m), 3.62 (2H, m), 3.76
(2H, d, J = 6.0 Hz), 4.53 (2H, s), 6.63 (1H, s), 6.71 (1H, d, /=8.4Hz), 7.03 (1H, 8.4 Hz). Anal.
(C20H30N203) Caled: C, 69.33; H, 8.73; N, 8.09, Found: C, 69.45; H, 8.90; N, 7.92

tert-Butyl 7-[1-(3-formylpyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-
2-carboxylate (36)

&% 35(442mg, 1.28 mmol) D =% / —/L BmL)I&WKIZ, 4-chloro-3-formylpyridine?® (150
mg, 1.06 mmol) & EtN (0.3 mL, 2.15 mmol)Z Il %, 27 REfEIAINENERE L7z, KISHRIZ THF
& ELO ZIMA, RNz A5 Lz, AIRERE MR L TRoNTERIEL LY Tl
T L7 va~< 7T 7 4 —(CHCl;:MeOH =100:1) THHEL L, L& 36 (430 mg, 90 %) & 157=,
"H NMR (CDCls) 8 1.49 (9H, m), 1.60-1.70 (2H, m), 1.95-2.15 (3H, m), 2.76 (2H, m), 3.07 (2H,
m), 3.60-3.65 (4H, m), 3.86 (2H, d, /= Hz), 4.54 (2H, s), 6.65 (1H, s), 6.73 (1H, d, J= 8.4 Hz),
6.84 (1H, d, /= 6.0 Hz), 7.05 (1H, d, /=8.4 Hz), 8.42 (1H, d, /=6.0 Hz), 8.74 (1H, s), 10.02 (1H, s).

tert-Butyl  7-[1-(3-methoxycarbonylpyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydro-
isoquinoline-2-carboxylate (37)

LA 36 (400 mg, 0.89 mmol)? CHCIl; (4 mL) & MeOH (1.5 mL)DIRATANZIZ, NaCN (65
mg, 1.33 mmol), MnO> (2 g, 11.5 mmol) &% T AcOH (0.025 mL, 0.44 mmol)% 1 2., =il T
12 B Lo, W2 ETREELESEONTEREE L VDTN DT LI ax 7T 7
4 —(CHCI3;:MeOH = 15:1) CHHL L, LA 37 (400 mg, 93 %)% 157-, 'H NMR (CDCl3) &
1.49-1.70 (11H, m), 1.90-2.10 (3H, m), 2.76 (2H, m), 2.97 (2H, m), 3.50-3.68 (4H, m), 3.83 (2H, d,
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J=63Hz),3.91 (3H, s), 4.54 (2H, s), 6.64 (1H, s), 6.72 (1H, d, J = 8.4 Hz), 6.78 (1H, d, J= 6.0
Hz), 7.04 (1H, d, /=8.4 Hz ), 8.35 (1H, d, J= 6.0 Hz), 8.73 (1H, s). Anal. (C27H3sN;05s) Calcd: C,
67.34; H, 7.33; N, 8.73, Found: C, 67.19; H, 7.52; N, 8.66

Ethyl 3-{4-[4-(2-tert-butoxycarbonyl-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin-
1-yl]-pyridin-3-yl}-2-propenate (38)

Triethyl phosphonoacetate (0.05 mL, 0.252 mmol) & NaH (12 mg of 60 % dispersion in mineral
oil, 0.300 mmol)?® THF(1 mL)A 7 VY —(Z, =& TL&® 36 (95 mg, 0.210 mmol) ¢ THF
(mLYER 2 T Uiz, FOSEEW % IR T 2 R Lz, ROSRIZEafE 7y vt =
U LOKEIEZ A, WER= T VTR L7, AHE 20K, SR /K Cot, MoKER 7
MU DLTHREL, W2 BIETRE L, Boniklzes V5NV hon~< b7
Z 7 4 —(CHCl::MeOH =20:1) CH 8L L, {54 38 (100 mg, 91 %)% 457, 'HNMR (CDCls)
6 1.35 (3H, t, J= 6.4 Hz), 1.49 (9H, s), 1.50-1.80 (2H, m), 1.95-2.10 (3H, m), 2.75-2.95 (4H, m),
3.40-3.50 (2H, m), 3.63 (2H, m), 3.86 (2H, d, J = 6.3 Hz), 4.27 (2H, q, J = 6.4 Hz), 4.54 (2H, s),
6.45 (1H, d, J=15.9 Hz), 6.65 (1H, s), 6.74 (1H, d, /= 8.4 Hz), 6.83 (1H, d, /= 6.0 Hz), 7.05 (1H,
d,/=8.4Hz),7.76 (1H,d,J=15.9 Hz), 8.38 (1H, d,/=6.0 Hz), 8.55 (1H, 5). Anal. (C30H39N30s)
Calcd: C, 69.07; H, 7.54; N, 8.06, Found: C, 70.25; H, 7.66; N, 7.92

Methyl 4-14-(1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin-1-yl|pyridin-3-
carboxylate (8j)

L&Y 8§ (15 mg, 39 %)%, LA 37 (37 mg, 0.077 mmol), 1H-pyrazole-1-carboxamidine
hydrochloride (13 mg, 0.092 mmol) & DIPEA (0.016 mL, 0.092 mmol) % {b.&%) 8d (ZFC# L 7=
FIEIZHE L TERK L=, 'HNMR (DMSO-ds) § 1.34-1.54 (2H, m), 1.87-1.93 (2H, m), 2.15 (1H,
m), 2.82 (2H, m), 3.29 (2H, m), 3.57 (2H, m), 3.76-3.87 (7H, m), 4.54 (2H, s), 6.71 (1H, s), 6.82
(1H, d, J=8.4 Hz), 7.14 (1H, d, J = 8.4 Hz), 7.40 (1H, d, J =7.2 Hz), 7.59 (4H, brs), 8.30 (1H, d, J
= 7.2 Hz), 8.58 (1H, s); MS (FAB) m/z 424 (M+1)". Anal. (C23H29Ns0; - 2 HCI - 2.8 H,0) Calcd:
C, 50.51; H, 6.75; N, 12.81, Found: C, 51.35; H, 6.66; N, 13.02

4-14-(1,2,3,4-Tetrahydroisoquinolin-7-yloxymethyl)piperidin-1-yl|pyridin-3-carboxylic acid
(%)

LA 8 (43 mg, 0.087 mmol) @ MeOH (0.2 mL)¥&#ZIZ, IN NaOH (0.3 mL)& iz, 3 HF
UNBGEDT L7z, RS Z IN HCL CTHFIER, JBE TR L TS b 75k 4 WifH HPLC
(0.1% aqueous TFA: CH;CN = 6:4) TR L 7=, AROME &7 7 7 3 a v 2 ERAEL L,
LA 9a (15 mg, 36 %)% 2 HEfeiE & L 457, 'H NMR (DMSO-ds) § 1.38-1.58 (2H, m),
1.85-1.95 (2H, m), 2.15 (1H, m), 2.82 (2H, m), 3.56 (2H, m), 3.80-3.95 (4H, m), 4.51 (2H, s), 6.70
(1H, m), 6.82 (1H, m), 7.14 (1H, d, J = 8.4 Hz), 7.34(1H, d, J = 7.4 Hz), 7.44 (4H, brs), 8.27 (1H,
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d, J = 7.4 Hz), 8.59 (1H, s); MS (FAB) m/z 410 (M+1)*. Anal. (C22H27NsO;3 - 2 HCI - 2.6 H,0)
Caled: C, 49.93; H, 6.51; N, 13.23, Found: C, 49.75; H, 6.44; N, 13.36

Ethyl 3-[4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin-1-yl|-
pyridin-3-yl]-2-propenonate (39)

{EA% 39 (50 mg, 49 %)%, {LA% 38 (100 mg, 0.191 mmol), 1H-pyrazole-1-carboxamidine
hydrochloride (27 mg, 0.184 mmol) & DIPEA (0.032 mL, 0.184 mmol) % {t. &%) 8d (25t L 7=
FIEIZHE LT TAR LT-, "HNMR (DMSO-ds) 8 1.25 (3H, t,J=7.3 Hz), 1.40-1.55 (2H, m), 1.82-
2.05 (3H, m), 2.76-2.96 (4H, m), 3.42 (2H, m), 3.57 (2H, m), 3.90 (2H, m), 4.18 (2H, q, /= 7.3 Hz),
4.53 (2H, s), 6.63 (1H, d, J=16.1 Hz), 6.73 (1H, s), 6.85 (1H, d, J=8.4 Hz), 7.04 (1H, d, J= 6.0
Hz), 7.14 (1H, d, J = 8.4 Hz), 7.51 (4H, brs), 7.60 (1H, d, J = 16.1 Hz), 8.35 (1H, d, J = 6.0 Hz),
8.64 (1H, s). Anal. (C26H33NsO3 < 2 HCI * 2.4 H,O) Calced: C, 53.87; H, 6.92; N, 12.08, Found:
C, 53.58; H, 6.82; N, 12.19

Ethyl 3-[4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin-1-yl]-
pyridin-3-yl]-2-propanoate (8k)

LA 39 (35 mg, 0.056 mmol) @ EtOH (2 mL)A#RIZ, 7.5 % Pd/C (10 mg)& Nz, KEFR
P53 atm) FC 3 Ref#EE L, 2 7 1 M TAER, AIREHEE TR L TILEY
8k (30 mg, 86 %). % #37-, 'HNMR (DMSO-ds) 5 1.14 3H, t,J= 7.2 Hz), 1.44 (2H, m), 1.91 (2H,
m), 2.09 (1H, m), 2.72-2.84 (4H, m), 2.95 (2H, m), 3.15 (2H, m), 3.57 (2H, m), 3.76 (2H, m), 3.88
(2H, m), 4.04 (2H, q, J = 7.2 Hz), 4.54 (2H, s), 6.72 (1H, s), 6.83 (1H, d, /= 8.4 Hz), 7.14 (1H, d,
J = 8.4 Hz), 7.26 (1H, m), 7.60 (4H, brs), 8.33 (2H, m); MS (FAB) m/z 466 (M+1)". Anal.
(Ca6H35NsO3 - 2 HCI - 2.1 H,0) Calced: C, 54.18; H, 7.21; N, 12.15, Found: C, 54.47; H, 7.42; N,
11.87

3-[4-[4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin-1-yl|pyridin-3-
yl]-2-propionic acid (9b)

LA 9b (20 mg, 85 %)%, LA 8k (25 mg, 0.046 mmol) & 1 N NaOH (0.2 mL)Z (LA
9a [ZFH L7 FIEICHE L TA R L 7=, 'THNMR (DMSO-ds) § 1.46 (2H, m), 1.90 (3H, m), 2.59-
2.87 (8H, m), 3.57 (2H, m), 3.88 (2H, m), 4.53 (2H, s), 6.72 (1H, s), 6.84 (1H, d, J= 8.4 Hz), 6.97
(1H, m), 7.14 (1H, d, J= 8.4 Hz), 7.51 (4H, brs), 8.25 (2H, m); MS (FAB) m/z 438 (M+1)". Anal.
(C24H31N503, 2.1 HCI, 2.5 H,0) Caled: C, 51.55; H, 6.87; N, 12.53, Found: C, 51.38; H, 6.88; N,
12.78

Scheme 7 DILEW)
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Benzyl 7-chloromethoxy-1,2,3,4-tetrahydroisoquinoline-2-carboxylate (41)

L& 40 (2.5 g, 8.82 mmol)® DMF (25 mL)/A#%IZ, NaH (390 mg of a 60 % dispersion in
mineral oil, 9.75 mmol)% 0 °C THlx, 30 /3##: L7z, #iV > T MeSCHCI (0.96 mL, 11.46
mmol)Z A, =T 12 REfEfE L7, BOSHIZKZ A, Bafn K TUelf, MK
TR ULTHBRL, WHZBIE TR E L, BoNTREEZ S VTN T A7 v~ b
77 7 4 — (n-hexane:EtOAc = 8:1) CTHE# L, benzyl 7-methylthiomethoxy-1,2,3,4-tetra-
hydroisoquinoline-2-carboxylate (2.7 g, 89 %)% 1572, 'HNMR (CDCl;) § 2.24 (3H, s), 2.79 (2H,
brs), 3.71 (2H, m), 4.62 (2H, s), 5,11 (2H, s), 5.18 (2H,s), 6.69 (1H, brs), 6.79 (1H, dd, J=2.7, 8.4
Hz), 7.06 (1H, d, J= 8.4 Hz), 7.26-7.38 (5H, m).

BB AF LT A A FARQR.0 g, 5.82 mmol)? CH,Cly (40 mLYAIRIZ, SO2Cly (0.52 mL,
6.47 mmol)Z 0 °C THIZ, 1 KRR L7, ROSR AT FIEME L TLAEY 41 (1.85 g,
96 %) &5 7=, AMEEMIZE DO E F R TRIZH V=, 'HNMR (CDCls) § 2.82 (2H, m), 3.72
(2H, m), 4.65 (2H, s), 5.18 (2H, s), 5.87 (2H, s), 6.84 (1H, brs), 6.91 (1H, d, /= 8.4 Hz), 7.11 (1H,
d, J=8.4 Hz), 7.26-7.39 (5H, m).

Ethyl 1-tert-butoxycarbonylpiperidine-4-carboxylate (43)

Ethyl isonipecotinate (25.5 g, 0.16 mmol)?® 1 N NaOH (160 mL) & 1,4-dioxane (100 mL)D 7k
BVATRIZ, BocaO (36.5 g, 0.17 mmol) % A 7=, =RiEC 12 W%, Eiig—5 /L CHit
LTz, AHEEZ K, BaMEIEK CoEdy, MKEEET h U U AT L, WIEZ BT TR %
L, {b&a¥ 43 (4145157, AMEAWIT T D £ R TEIZH V-, 'THNMR (CDCl3) 8 1.27
(3H, t, /=7.1 Hz), 1.60-1.70 (2H, m), 1.80-1.92 (2H, m), 2.38-2.50 (1H, m), 2.78-2.90 (2H, m),
3.90-4.10 (2H, m), 4.14 (2H, q, J= 7.1 Hz). Anal. (C13H23NO4) Calcd: C, 60.68; H, 9.01; N, 5.44,
Found: C, 60.65; H, 891; N, 5.57

Benzyl 7-[4-ethoxycarbonyl-1-(pyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydro-
isoquinoline-2-carboxylate (44)

LAY 4229 (13.4 g, 57.19 mmol)? THF (300 mL)/A#RIZ, 7 /v2 U FRF% F-70 °C T LDA
(31 mL of 2 M solution in THF, 62 mmol)Ziiii F L7z, —70°C T 45 /3 ##k%, (ke 41 (74
g, 22.30 mmol) @ THF (80 mLYAWKR &l T L7z, BUSHKRAZZIIZKE L, 5.5 Rt L7
%, W7 o E=U DKER AN Z, BTV CHIt Lo, AEZK, fafflikT
Ve, MOKBEET b Y U AT L, WEABIE TR ELZ, foniEEE2Y ) 7L
BT hTa~ T Z 7 4 —(CHCl:MeOH=20:1-10: ) THEL L, (LAY 44 (10.87 g, 92 %)
Z47-, '"HNMR (CDCl) & 1.25 (3H, t, J = 7.3 Hz), 1.65-1.80 (2H, m), 2.30-2.40 (2H, m), 2.77
(2H, m), 3.10-3.20 (2H, m), 3.65-3.80 (4H, m), 3.96 (2H, s), 4.22 (2H, q, J= 7.3 Hz), 4.60 (2H, s),
5.17 (2H, s), 6.61 (1H, brs), 6.65-6.71 (3H, m), 7.02 (1H, d, J = 8.0 Hz), 7.26-7.40 (5H, m), 8.25
(2H, m). Anal. (C31H35N30s5) Caled: C, 70.30; H, 6.66; N, 7.93, Found: C, 70.45; H, 6.46; N, 7.92
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Benzyl 7-(1-tert-butoxylcarbonyl-4-ethoxycarbonylpiperidin-4-ylmethoxy)-1,2,3,4-tetra-
hydroisoquinoline-2-carboxylate (45)

b5 43 (300 mg, 1.17 mmol)?® THF (3 mL)&#ZIZ, 7 /L= 2 35PHA F-70 °C T LDA (0.97
mL of 1.5 M solution in THF, 1.46 mmol) % i I~ L7z, —70 °C T 50 srfit#btc, {LAa4 41 (213
mg, 0.64 mmol)? THF (3 mLyEIR A ~ L7z, BUSIKZ=IRIZE L, 2 RefE#EPE, HEik
T =Y LK E A, HERTFVTHIM Uiz, AHE 2K, Saf K cti, M
AKWEERT R U U LA THRL, W RIE TRE L, BonlRbe v Y SN 7 57
1~ k27 7 4 —(n-hexane:acetone = 7:1) THERL L, (L& 45 (170 mg, 48 %)% 157=, 'H
NMR (CDCl3) § 1.23 (3H, t, J= 7.2 Hz), 1.49 (9H, s), 1.52-1.62 (2H, m), 2.16-2.21 (2H, m), 2.77
(2H, m), 3.04 (2H, m), 3.69 (2H, m), 3.80-4.00 (4H, m), 4.19 (2H, q, /= 7.2 Hz), 4.60 (2H, s), 5.17
(2H, s), 6.60 (1H, brs), 6.69 (1H, dd, J = 2.4, 8.4 Hz), 7.02 (1H, d, J= 8.4 Hz), 7.32-7.38 (5H, m).
Anal. (C31H40N207) Caled: C, 67.37; H, 7.30; N, 5.07, Found: C, 67.36; H, 7.30; N, 4.92

7-(1-tert-butoxylcarbonyl-4-ethoxycarbonylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydro-
isoquinoline (46)

{LA ¥ 45 (165 mg, 0.30 mmol)?> CHCI; (1.5 mL)AHZIZ, TFA (0.5 mL)Z A1z, =R T 1
R U7, BSOS 20 F I L O S - Fkilils, fafniRiekE T b U 7 2K %
Iz, W= F L CHit U7, AiE 2K, fafn K o, BoKmie) R v ATz
BeL, B2 RE T8 E L TEAY 46 (135 mg, 99 %) %157, 'HNMR (CDCl3) & 1.23 (3H,
t, J = 7.5 Hz), 1.50-1.65 (2H, m), 2.15-2.25 (2H, m), 2.65-2.90 (4H, m), 2.95-3.05 (2H, m), 3.69
(2H, m), 3.93 (2H, s), 4.19 (2H, q, J = 7.5 Hz), 4.60 (2H, s), 5.17 (2H, s), 6.60 (1H, brs), 6.69 (1H,
d,J=8.4Hz),7.02 (1H, d, J= 8.4 Hz), 7.26-7.38 (5H, m). Anal. (C26H3,N,0s) Calcd: C, 69,01; H,
7.13; N, 6.19, Found: C, 69.24; H, 7.26; N, 6.12

Ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine-
4-carboxylate (81)

LB 44 (12.1 g, 22.85 mmol)® 30 % HCI-EtOH (200 ml)¥AE & 80 °C T 1 WfEINEE#E L
720 PSR ZWUE TIAME L T D%k % DMF (50 mL)IZ¥f# L7=, 1H-pyrazole- 1-
carboxamidine hydrochloride (3.69 g, 25.17 mmol) & diisopropylethylamine (15.4 mL, 88.38
mmol)Z 1A, IR T 12 RfalR R L7z, PO &L T i L TR b o 7%l 2 04l
HPLC(0.05% TFA in H;O:MeOH = 6:4). T L7, BMEZ G777 > a o & LR
L, {L&% 81(9.2g, 92 %)% 2 ¥t & L CT#7=, 'HNMR (DMSO-dq) 5 1.15 (3H,t,J=17.1
Hz), 1.65-1.80 (2H, m), 2.81 (2H, t, /= 6.0 Hz), 3.30-3.50 (2H, m), 3.56 (2H, t, J = 6.0 Hz), 3.95-
4.18 (6H, m), 4.53 (2H, s), 6.68 (1H, d,J=2.1 Hz), 6.81 (1H, dd, J=2.1, 8.4 Hz), 7.14 (1H, d, J=
8.4Hz),7.19 (2H, d,J=7.5Hz), 7.58 (4H, bs), 8.22 (2H, d, J=7.5 Hz); MS (FAB) m/z 438 (M+1)".
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Anal. (C24H31N5O3 - 2.1 HCI - 2.2 H,0) Caled: C, 52.06; H, 6.83; N, 12.65, Found: C, 51.93; H,
6.66; N, 12.89

4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine-
4-carboxylic acid (3)

&4 81(9.0 g, 20.57 mmol) @ ¢-HC1 (50 mL)¥ATE % 3 W NERTE L 7=, RaW & A 5%,
AR T T AR L L% 3 (9.0 g, 91 %)% 2 gt & L C#57=, 'H NMR (DMSO-ds) &
1.65-1.75 (2H, m), 2.14-2.20 (2H, m), 2.81 (2H, t, J = 5.7 Hz), 3.57 (2H, t, J = 5.7 Hz), 4.00-4.15
(4H, m), 4.54(2H, s), 6.70 (1H, d, J = 2.4 Hz), 6.81 (1H, dd, J = 2.4, 8.1 Hz), 7.15 (3H, m), 7.63
(4H, brs), 8.22 (2H, m), 13.71 (1H, brs); MS (FAB) m/z 410 (M+1)*. Anal. (C22H»7Ns03 - 2 HC1 -
2.8 H>0) Caled: C, 49.59; H, 6.54; N, 13.14, Found: C, 49.32; H, 6.42; N, 13.33

4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine-
4-carboxylic acid monomethanesulfonate (3-MsOH) (JTV-803)

{EE¥ 3 (10 g, 24.42mmol)D7K (100 mL)AEHKIZ, 1 NNaOH (75 mL)& 1%, HrHi L7-fEdb
AR LTz, Z OfdhZ/K(G0mL) I % L, methanesulfonic acid (1.6 mL, 24.64 mmol) % /I
Z., 50°C ([ZHNEN U IRfR 7o, IOGHRIZ acetone (150 mL) & Nz, @R L7236 1 BEREH
FCEIRICERE Lz, A Lcfiia AH L, (L& 3-MsOH (11.5 g,93%) % 1572, 'HNMR
(D20) 6 1.60 (2H, m), 2.19 (2H, m), 2.72 (3H, s), 2.77 (2H, t, J= 5.8 Hz), 3.34 (2H, m), 3.45 (2H,
t,J=15.8 Hz), 3.84-3.92 (4H, m), 4.38 (2H, s), 6.72 (1H, s), 6.79 (1H, d, /= 8.4 Hz), 6.92 (2H, d, J
=7.8 Hz), 7.09 (1H, d, J = 8.4 Hz), 7.89 (2H, d, J= 7.8 Hz); MS (FAB) m/z 410 (M+1)*. IR (KBr):
2918 ecm!, 1639 cm!, 1547 em!, 1209 cm™!.  Anal. (C22H27Ns03 - CH3SOsH - 3.0 H>O) Calced: C,
49.36; H, 6.66; N, 12.51, Found: C, 49.43; H, 6.79; N, 12.43

Scheme 8 DILEW)

Benzyl 7-[1-(1-amidinophenyl-4-yl)-4-ethoxycarbonylpiperidin-4-ylmethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxylate (47)

L&) 46 (120 mg, 0.265 mmol)?® DMSO (1 mL)i&F#(Z, K,COs (100 mg, 0.723 mmol) & 4-
fluorobenzonitrile (68 mg, 0.562 mmol)Z i1z, 120 °C T 12 RFfEIINEMRE L7z, ROSHRIZK
ZINZ, Hilk=F VT L7, A8 20K, faf ik T, Bk ) v AT
WOl L, VAR AE PRIE LTS, 55N T2 % pyridine (2.5 mL) & EtN (0.5 mL)IZVA 7
L7zo BOGHRIC HoS H A% 15 4317V v 7 Uietk, IR T 12 BFEE#R Lo, ROGIR
ZIUE FIEME LTS D2 EEIC, acetone (2 mL) & Mel (1.0 mL, 16.1 mmol) & /%, 2 HF
FUNBGEDT U7, FFEEROSHR 22 JBUE T LTS b 7278 % EtOH (2 mL)IZ#fE L 72,
NH;OAc (25 mg, 0.324 mmol) % iz, 75°C C 2 FERB %, MOSIKARE FigfE L, (b8
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¥) 47 (56 mg, 36 %) & 1537=,

Ethyl 1-(1-amidinophenyl-4-yl)-4-(2-amidino-1, 2, 3, 4-tetrahydroisoquinolin-7-yloxy-
methyl)piperidine-4-carboxylate (8m)

L&) 8m (47 mg, 81 %)%, (LA 50 TRi# L= FIEICHELT, 25 % HBr-AcOH (2 L A fit
Cbz 1b, %t < 1H-pyrazole-1-carboxamidine hydrochloride (30 mg, 0.205 mmol) &
diisopropylethyl amine (0.090 mL, 0.517 mmol)Z i\ /= 77 = /{kic L W &Rk L7z, 'H
NMR (DMSO-de) & 1.14 (3H, t, J= 6.9 Hz), 1.60-1.75 (2H, m), 2.10-2.20 (2H, m), 2.78-2.85 (2H,
m), 3.10-3.20 (2H, m), 3.52-3.60 (2H, m), 3.70-3.90 (2H, m), 4.05 (2H, s), 4.14 (2H, q, /= 6.9 Hz),
4.52 (2H, s), 6.74 (1H, s), 6.81 (1H, m), 7.07 (2H, d,J=9.0 Hz), 7.13 (1H, d, /= 8.4 Hz), 7.56 (4H,
brs), 7.75 (2H, d, /= 9.0 Hz), 8.71 (2H, brs), 8.97 (2H, brs); MS (FAB) m/z 479 (M+1)*. Anal.
(C26H34N6O3 - 3 HCI - 3.1 H20) Caled: C, 48.50; H, 6.76; N, 13.05, Found: C, 48.28; H, 6.62; N,
13.31

Benzyl  7-[4-ethoxycarbonyl-1-(2-methylpyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetra-
hydro isoquinoline-2-carboxylate (48)

{54 46 (100 mg, 0.22 mmol)® EtOH (3 mL)I&#ZIZ, EtN (0.05 mL, 0.36 mmol) & 4-chloro-
2-methylpyridine hydrochloride?® (40 mg, 0.24 mmol)% 1%, 150 °C T 25 BEfEINEGERE L
7o OISR ZWIE TIRME L TR o EkEL, YV TSN TAIa~w NI T 7 14—
(CHCI3;:MeOH = 4: 1) CTHHL L, (A4 48 (105 mg, 88 %) & 437,  'HNMR (CDCl3) § 1.26
(3H,t,J=6.6 Hz), 1.70-1.85 (2H, m), 2.35-2.45 (2H, m), 2.64 (3H, s), 2.78 (2H, m), 3.28-3.37 (2H,
m), 3.70 (2H, m), 3.80-3.90 (2H, m), 3.97 (2H, s), 4.24 (2H, q, J = 6.6 Hz), 4.60 (2H, s), 5.17 (2H,
s), 6.45 (1H, m), 6.60-6.69 (2H, m), 7.04 (1H, m), 7.34-7.38 (5H, m), 8.25 (1H, d, J = 7.2 Hz).
Anal. (C32H37N30s) Caled: C, 70.70; H, 6.86; N, 7.73, Found: C, 70.88; H, 6.96; N, 7.52

Benzyl 7-[1-(2-chloropyrimidin-4-yl)-4-ethoxycarbonylpiperidin-4-ylmethoxy]-1,2,3,4-tetra-
hydroisoquinoline-2-carboxylate (49)

LB 49 (263 mg, 47 %)%, LA 46 (550 mg, 1.00 mmol), 2,4-dichloropyrimidine (150mg,
1.01 mmol) & EtsN (0.15 mL, 1.08 mmol)Z {54 48 ICFC#k L 72 FIEICHEC TR L=, H
NMR (CDCls) 6 1.25 (3H, t,J= 6.9 Hz), 1.50-1.70 (2H, m), 2.25-2.40 (2H, m), 2.78 (2H, m), 3.18-
3.30 (2H, m), 3.70 (2H, m), 3.95 (2H, s), 4.09-4.26 (4H, m), 4.60 (2H, s), 5.17 (2H, s), 6.40 (1H, d,
J=16.1Hz), 6.60 (1H, m), 6.69 (1H, m), 7.03 (1H, m), 7.26-7.38 (5H, m), 8.03 (1H, d, /= 6.1 Hz).
Anal. (C30H33CIN4Os) Caled: C, 63.77; H, 5.89; N, 9.91, Found: C, 63.66; H, 6.06; N, 9.92

Ethyl 4-(2-amidino-1, 2, 3, 4-tetrahydroisoquinolin-7-yloxymethyl)-1-(2-methylpyridin-4-
yl)piperidine-4-carboxylate (50)
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{b& % 48 (100 mg, 0.18 mmol)% 25 % HBr-AcOH (2 mL)IZiAfE L, =R T 10 ek L7,
BOSHRIZ TPE 2Nz, A L7-FERE AR L2, 35072 F{R% DMF (1 mL)WZiAEfE L,

1 H-pyrazole-1-carboxamidine hydrochloride (55 mg, 0.38 mmol) & diisopropylethylamine (0.16
mL, 0.92 mmol)Z A %, SRR T 12 WRefiBHE U7, BOSHRZ T MM L TR D -2
% i1 HPLC (0.05% TFA in H,O : MeOH = 6:4) T L 7=, HEMAEie 777 v a v %k
HWRRALEE L, (LA 50 (85 mg, 90 %)% 2 st & LT/ 7=, 'H NMR (DMSO-ds) & 1.16
(3H, t, J = 6.9 Hz), 1.73 (2H, m), 2.14-2.22 (2H, m), 2.83 (2H, m), 3.35-3.60 (4H, m), 4.00-4.10
(4H, m), 4.16 (2H, q, J= 6.9 Hz), 4.54 (2H, s), 6.70 (1H, m), 6.80-6.85 (1H, m), 7.05-7.17 (3H, m),
7.58 (4H, brs), 8.13 (1H, m), 13.64 (1H, brs). Anal. (C2sH33N505 - 2 HCI - 2.2 H,0) Caled: C,
53.23; H, 7.04; N, 12.41, Found: C, 53.56; H, 6.96; N, 12.59

Ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-1-(pyrimidin-4-yl)-
piperidine-4-carboxylate (51)

{54 49 (300 mg, 0.53 mmol)?® EtOH (5 mL)&E#KIZ, 7.5 % Pd/C (120 mg) & HCO,NH;4 (200
mg, 3.17 mmol) & AN ., 30 /3 MNBGRIE LTz, NEWE 5%, AIRAITE TR L T ethyl
1-(pyrimidin-4-yl)-4-(1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine-4-carboxylate (210
mg, 99 %)% 472,

5 721bE % (200 mg, 0.50 mmol)® DMF (1 mL)&#ZIZ, 1H-pyrazole-1-carboxamidine
hydrochloride (154 mg, 1.05 mmol) & DIPEA (0.18 mL, 1.03 mmol)% i1z, iR C 2 HrH#e
U7e, BOSR 2 J80E T IAE L TP B AL7= 7% % 0FH HPLC (0.05% TFA in H,O: MeOH = 6:4)
THM L, AfMEET 777 v a 2D, MeOH 2 -ELTLEMS1 25675
KR ZFFT2e Z DKEHR % € D FEFER TR,

4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-1-(2-methylpyridin-4-yl)-
piperidine-4-carboxylic acid (9¢)

LA 50 (63 mg, 0.12 mmol)® 6 N HCI (1 mL)&Fk %, 3 BEINEGEE L=, REWE 5
£, AHURZHIE TN L TEAY 9¢ (53 mg, 89 %)% 2 HEfetE & L T4 7-, 'H NMR
(DMSO-ds) 6 1.63-1.75 (2H, m), 2.05-2.25 (2H, m), 2.47 (3H, s), 2.83 (2H, m), 3.30-3.70 (4H, m),
3.95-4.10 (4H, m), 4.55 (2H, s), 6.71 (1H, m), 6.83 (1H, m), 7.07-7.16 (3H, m), 7.63 (4H, brs), 8.12
(1H, m), 13.74 (1H, brs); MS (FAB) m/z 424 (M+1)". Anal. (C23H20Ns03:2 HCI-2.7 H,0) Calcd: C,
50.68; H, 6.73; N, 12.85, Found: C, 50.55; H, 6.45; N, 13.12

4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-1-(1,3-pyrimidin-4-yl)piperidine-
4-carboxylate (9d)

FIRDIEEW 51 % ETe/KIETRIZ ¢-HCL (5 mL)Z Nz, 2 ReNBGERE U7z, IBEA T
THEL LAY 9d (51 mg, 21 %)% 2 R & L5 7=, 'HNMR (DMSO-ds) § 1.60-1.80
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(2H, m), 2.10-2.25 (2H, m), 2.81 (2H, m), 3.40-3.60 (4H, m), 4.05 (2H, s), 4.05-4.80 (2H, m), 4.54
(2H, ), 6.69 (1H, d, J=2.4 Hz), 6.81 (1H, dd, J=2.4, 8.4 Hz), 7.13 (1H, d, J = 8.4 Hz), 7.23 (1H,
d, J=17.8 Hz), 7.66 (4H, brs), 8.32 (1H, d, J = 7.8 Hz), 8.81 (1H, s); MS (FAB) m/z 411 (M+1)".
Anal. (C21H2eN¢O3 - 2.1 HCI - 2.8 H,0) Caled: C, 46.93; H, 6.32; N, 15.64, Found: C, 46.72; H,
6.39; N, 15.93

3 EDER

Scheme 9 DA W

8-Methoxy-2,3,4,5-tetrahydro-1H-benz|c]azepine (53)
7-Methoxy-1,2,3,4-tetrahydronaphthalen-1-one (52; 5.21 g, 29.56 mmol) @ c-HCI (26 mL)¥&i%
12, 0°C CNaN;(1.98 g,30.46 mmol)% /> L3 DMz, ZEIEC2 IR LIz, KIniE%E
0 °C TIREEN U 7 LK 1T, CHCL THiIH L7o, A 20K, fafnfifiK o,
BEOKBRRET B Y U LTHEL, W ARIE T E L, BoniRiELe s Y TV T L
Ja~< hJ7T 7 4 —(EtOAc) THEHEL L, 8-methoxy-2,3,4,5-tetrahydrobenz[c]azepin-1-one (4.7
g, 83 %)% 15%7-, 'HNMR (CDCl3) 5 1.98 (2H, q, J = 6.9 Hz), 2.80 (2H, q, J = 6.9 Hz), 3.13 (2H,
q,J=6.9 Hz), 3.83 (3H, s), 6.96 (1H, dd, /= 2.7, 8.4 Hz), 7.09 (1H, d, /= 8.4 Hz), 7.26 (1H, d, J
=2.7 Hz).

Bon-ba%4.42 g 23.11 mmol)?® 1,4-dioxane (30 mL)¥A R %, LiAlH4 (3.07 g, 80.90
mmol)® THF (60 mL)####ZIZ 0°C Tl T L7z, 20 RERDINAGERE L7-1%, =IIZE L 20 %
NaOH % N L7z, NEWME A5, AHREBIE TR L TEAY 53 (4.05 g, 98 %) %15
72 'H NMR (CDCls) 8 1.68 (2H, m), 2.82-2.90 (2H, m), 3.10-3.25 (2H, m), 3.77 (3H, s), 3.88
(2H, s), 6.60-6.70 (2H, m), 7.05 (1H, d, J= 8.4 Hz). Anal. (C11H15sNO) Calcd: C, 74.54; H, 8.53; N,
7.90, Found: C, 74.25; H, 8.46; N, 7.92

2-tert-Butoxycarbonyl-8-hydroxy-2,3,4,5-tetrahydro-1H-benz|c]azepine (54)

LA 53 (3.65 g, 20.59 mmol)® c-HBr (36 mL)/A#R %, 2 BERIINEGERE LTz, SOGHK % I8
J£ T IRAME L TR b2 [ER %, BtOH & EuO TUEH L, 8-hydroxy-2,3,4,5-tetrahydro-1H-
benz[c]azepine (4.56 g, 91 %)% HBr i & L T#372, 'HNMR (DMSO-ds) 5 1.80-1.83 (2H, m),
2.85-2.88 (2H, m), 3.22 (2H, m), 4.20-4.22 (2H, m), 6.69 (1H, dd, J = 2.5, 8.1 Hz), 6.82 (1H, d, J
=2.5Hz), 7.05 (1H, d, J= 8.1 Hz), 8.80 (2H, brs), 9.42 (1H, brs).

L) 54 (2.64 g, 82 %)%, ERETHSLNLE(3.00 g, 12.29 mmol), Boc,O (3.20 g, 14.66
mmol)& 2 N NaOH (30 mL, 15 mmol) KX VL&) 26 (ZRed L7 FIEICHE LA LTz, H
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NMR (CDCLs) § 1.40 (9H, s), 1.68-1.80 (2H, m), 2.84-2.88 (2H, m), 3.66 (2H, m), 4.28-4.37 (2H,
m), 5.19-5.91 (1H, m), 6.63 (1H, m), 6.70-6.85 (1H, m), 6.98 (1H, m). Anal. (C;5H2:NOs) Calcd:
C, 68.42; H, 8.04; N, 5.32, Found: C, 68.52; H, 8.06; N, 5.32

tert-Butyl 8-chloromethoxy-2,3,4,5-tetrahydro—1H-benz|c]azepine-2-carboxylate (55)

L&) 55 (1.07 g, 85 %)E, LA 54 (1.06 g, 4.03 mmol), MeSCH,CI (0.41 mL, 4.89 mmol)
& NaH (195 mg of 60 % dispersion in mineral oil, 4.88 mmol) L ¥ {b.&4 41 |25 L 7= 51k
\ZHEU CTARL L72, 'HNMR (CDCls) § 1.40 (9H, s), 1.75 (2H, m), 2.89-2.93 (2H, m), 3.68 (2H,
m), 4.36 (2H, m), 5.88 (2H, s), 6.87-6.95 (1H, m), 7.10-7.20 (2H, m). Anal. (CisH22CINO3) Calcd:
C, 61.63; H, 7.11; N, 4.49, Found: C, 61.69; H, 7.26; N, 4.22

tert-Butyl  8-[4-ethoxycarbonyl-1-(pyridin-4-yl)piperidin-4-ylmethoxy]-2,3,4,5-tetrahydro-
1H-benz|c]azepine-2-carboxylate (56)

LA 56 (755 mg, 54 %)X, L& 55 (850 mg, 2.73 mmol) & (LA 42 (1.60 g, 6.82 mmol)
X VLEY) 44 TRE L= FIEICHE T TAM L7Z, 'HNMR (CDCls) § 1.27 3H, t, J= 6.9
Hz), 1.39 (9H, s), 1.64-1.78 (4H, m), 2.30-2.36 (2H, m), 2.85-2.88 (2H, m), 3.01-3.18 (2H, m),
3.62-3.75 (4H, m), 3.98 (2H, s), 4.21 (2H, q, J = 6.9 Hz), 4.30-4.38 (2H, m), 6.62-6.67 (3H, m),
6.72-6.84 (1H, m), 7.02 (1H, m), 8.25 (2H, d, J= 6.3 Hz). Anal. (C290H39N30s) Calcd: C, 68.35; H,
7.71; N, 8.24, Found: C, 68.25; H, 7.76; N, 7.99

Ethyl 4-(2-amidino-2,3,4,5-tetrahydro-1H-benz|c]azepin-8-yloxymethyl)-1-(pyridin-4-
yl)piperidine-4-carboxylate (57)

&% 57 (200 mg, 78 %)%, 56 (250 mg, 0.49 mmol), 1H-pyrazole-1-carboxamidine
hydrochloride (90 mg, 0.61 mmol) & DIPEA (0.11 mL, 0.63 mmol)Z {b-&4 8d CTrdl L 7= 715
WZHEL CTABK L7=, 'HNMR (DMSO-ds) 5 1.16 3H, t, J= 7.2 Hz), 1.75 (4H, m), 2.20 (2H, m),
2.89 (2H, m), 3.41 (2H, m), 4.04 (4H, m), 4.16 (2H, q, /= 7.2 Hz), 4.58 (2H, s), 6.76 (1H, dd, J =
2.6, 8.1 Hz), 7.11-7.22 (4H, m), 7.47 (4H, brs), 8.24 (1H, d, J = 6.6 Hz), 13.60 (1H, brs). Anal.
(C25H33Ns03 - 2 HCI - 2.6 H,0) Caled: C, 52.56; H, 7.09; N, 12.26, Found: C, 52.43; H, 6.86; N,
12.39

4-(2-Amidino-2,3,4,5-tetrahydro-1H-benz|c]azepin-8-yloxymethyl)-1-(pyridin-4-yl)-
piperidine-4-carboxylic acid (10a).

LA 10a (140 mg, 97 %)i, {LA# 57 (150 mg, 0.29 mmol) & 6 N HCI (2 mL, 12 mmol) &
D, bEW 9¢ TREH L7 FIEICHE T THEC L 72, "H NMR (DMSO-ds) § 1.56-1.81 (4H, m),
2.12-2.25 (2H, m), 2.88-3.00 (2H, m), 3.42 (2H, m), 4.00-4.13 (4H, m), 4.59 (2H, s), 6.76 (1H, dd,
J=12.6,8.1Hz),7.12 (1H, d, J= 8.1 Hz), 7.19-7.23 (3H, m), 7.54 (4H, brs), 8.23 (1H, m), 13.70
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(1H, brs); MS (FAB) m/z 424 (M+1)". Anal. (C23HaoN5O5 - 2 HCI - 2.8 H,0) Caled: C, 50.51; H,
6.75; N, 12.81, Found: C, 50.23; H, 6.55; N, 13.03

Scheme 10 D&Y

7-Hydroxynaphthalen-2-carbonitrile (59)

2-Hydroxy-7-methoxynaphthalene (58: commercially available; 12.34 g, 70.84 mmol) ¢ CHCl3
(185 mLY&HKIZ, EtN (9.87 mL, 70.85 mmol) & TH0 (20 g, 70.84 mmol)% 0 °C THIZ 7=,
0 °C T 30 offt#Pte, FAMRERAKFET MY v LKIEERZMA, CHCL THitt L7z, AHE
ZK, ffIREK TR, MOKRERT U U A TR L, WEZBIE T AL, foh
PREE Y BTNV T A7~ T T 7 4 —(n-hexane:EtOAc = 9:1) THRL L, 7-
methoxy- 2-trifluoromethanesulfonyloxynaphthalene (15.36 g, 71 %)% 1572, 'H NMR (CDCl;) &
3.96 3H, s), 7.14 (1H, d, J= 2.4 Hz), 7.21 2H, dd, /= 2.4, 8.9 Hz), 7.64 (1H, d, J = 2.4 Hz), 7.83
(1H, d, /= 8.9 Hz).

55 =AbAY(11.15 g, 7.28 mmol)? DMF (8.9 mL){A#Z (2, Zn(CN)2(2.99 g, 5.09 mmol) &
Pd(PPhs)s (1.68 g,0.29 mmol) % i1z, 80°C T 1 BREINEA L 7=, BUMRIC/AKZNZ, FEEgT
FATHIH UTe, A8 A K, fafn@fK o, BoKAEET MY o AT L, Wik
BWETREEL, Soni-EEs > VA FNVh T L7 a~ b7 T 7 4 —(n-hexane:EtOAc =
19:1) THEML L, 7-methoxynaphthalen-2-carbonitrile (4.82 g, 72 %)% 157z, 'H NMR (CDCls) &
3.95(H,s), 7.15 (1H, d, J=2.5 Hz), 7.29 (1H, dd, J= 2.5, 9.0 Hz), 7.47 (1H, dd, J = 1.6, 8.4 Hz),
7.78 (1H, d, J=9.0 Hz), 7.83 (1H, d, /= 8.4 Hz), 8.11 (1H, d, J = 1.6 Hz).

LR THROLNTZALA (4.0 g, 21.83 mmol)®D chlorobenzene (40 mL){&E%IZ, AlCI; (10.2 g,
76.50 mmol) & N A, 30 3 NENEE L7z, PG Z 0 °CIZMmAIL, 1 NHCI Z < Filik =
FUTHI LT, AREE A K, fafaik Cutyy, MK MY O ATzl L, Wiz
BIE TR E LT, BONn7-[EA% n-hexane THE L, LAY 59 (3.02 g, 82 %)% 17-, 'H
NMR (CDCl3) 6 5.42 (1H, brs), 7.20 (1H, s), 7.25-7.28 (1H, m), 7.46 (1H, J = 8.4 Hz), 7.79-7.85
(2H, m), 8.07 (1H, s). Anal. (C;1H;NO) Calcd: C, 78.09; H, 4.17; N, 8.28, Found: C, 78.24; H,
4.35; N, 8.01

7-Chloromethoxynaphthalen-2-carbonitrile (60)

LA 60 (567 mg, 39 %)i%, LAY 59 (1.12 g, 6.62 mmol), MeSCH,CI (0.72 mL, 8.61 mmol)
& NaH (318 mg of a 60 % dispersion in mineral oil, 7.94 mmol) & ¥ {54 41 12528 L 7= 51k
WZHE L CHARL L7, '"HNMR (CDCls) § 6.01 (3H, s), 7.39 (1H, dd, J= 2.5, 9.0 Hz), 7.51 (1H, d,
J=2.5Hz),7.56 (1H, dd, J= 1.5, 8.5 Hz), 7.87 (1H, d, /= 9.0 Hz), 7.89 (1H, d, J = 8.5 Hz), 8.20
(1H, d, J=1.5 Hz). Anal. (C2HsCINO) Calcd: C, 66.22; H, 3.70; N, 6.44, Found: C, 66.25; H,
3.86; N, 6.72
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Ethyl 4-(2-cyanonaphthalen-7-yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxylate (61)
L&) 61 (430 mg, 72 %)i%, LE% 60 (314 mg, 1.44 mmol) & {L&54) 42 (743 mg, 3.17 mmol)
XV, /LB 44 \ZFEH L= HIEICHE L TE AL 72, 'HNMR (CDCl) 6 1.25 3H, t,J=7.1
Hz), 1.75-1.85 (2H, m), 2.35-2.45 (2H, m), 3.10-3.25 (2H, m), 3.70-3.82 (2H, m), 4.14 (2H, s), 4.25
(2H, q,J=7.1 Hz), 6.69 (2H, d, J= 6.6 Hz), 7.13 (1H, d, J=2.5 Hz), 7.24-7.28 (1H, m), 7.49 (1H,
dd, J=1.5, 8.4 Hz), 7.78 (1H, d, J = 9.0 Hz), 7.84 (1H, d, J = 8.4 Hz), 8.08 (1H, d, J = 1.5 Hz).
Anal. (C25H25N303) Caled: C, 72.27; H, 6.06; N, 10.11, Found: C, 72.35; H, 6.18; N, 9.92

Ethyl 4-(2-amidinonaphthalen-7-yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxylate (62)

{LE% 61 (51 mg, 0.12 mmol)® pyridine (1.5 mL) & Et;N (0.3 mL)DIRATRIKIC, HoS H A %
15 317 U 7 UTctk, SIET 12 RRfEREE U7, POSHRZE TR L T D75k
12, acetone (1 mL), MeOH (1 mL) & Mel (0.6 mL, 9.63 mmol)Z /%, 2 R IR HE L
7o BOBRZWIE TIAE LR D% EtOH (2 mL)IZ¥f# L7-, NHsOAc (19 mg,
0.24 mmol)Z X, 75 °C T 2 KRR, BOSHKZ BT TifE L TR b gz v )
HTFNH T AT e~ k7T 7 4 —(CHCl;::MeOH:c-NH3 aq. = 100:10:1) CHHRL L 7=, HHI®
ate7 77 v a % HCI-EtOH CTREL, L&Y 62 (36 mg, 69 %)% 1%7=, 'H NMR
(DMSO-ds) 6 1.14 3H, t, J = 7.1 Hz), 1.75-1.88 (2H, m), 2.19-2.31 (2H, m), 3.44 (2H, m), 4.00-
4.20 (4H, m), 4.27 (2H, s), 7.21 (2H, d, J = 7..0 Hz), 7.34 (1H, d, J = 8.9 Hz), 7.48 (1H, s), 7.66
(1H, d,/J=8.9 Hz), 7.98 (1H, d, /= 8.9 Hz), 8.07 (1H, d, /= 8.9 Hz), 8.24 (2H, d, J=7.0 Hz), 8.32
(1H, s), 9.19 (2H, brs), 9.45 (2H, brs), 13.53 (1H, brs). Anal. (C2sH2sN4O3 - 2 HCI - 2.3 H>0)
Calcd: C, 54.91; H, 6.38; N, 10.24, Found: C, 54.78; H, 6.22; N, 10.52

4-(2-Amidinonaphthalen-7-yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid (10b)
L% 10b (85 mg, 51 %)i%, LA 62 (150 mg, 0.35 mmol)& 6 N HCI (3 mL, 18 mmol) &
D, LB 9¢ TR L7 FIEIZHE T TAEC L72, "H NMR (DMSO-ds) § 1.75-1.90 (2H, m),
2.20-2.35 (2H, m), 3.47 (2H, m), 4.00-4.15 (2H, m), 4.27 (2H, s), 7.25 (2H, d, J = 7.0 Hz), 7.34
(1H, d, J=8.9 Hz), 7.48 (1H, s), 7.66 (1H, d, J = 8.9 Hz), 7.98 (1H, d, J = 8.9 Hz), 8.07 (1H, d, J
=8.9 Hz), 8.24 (2H, d, J= 7.0 Hz), 8.32 (1H, s), 9.25 (2H, brs), 9.45 (2H, brs), 13.6 (1H, brs); MS
(FAB) m/z 404 (M+1)*.  Anal. (C23H2¢N4O; - 2.1 HCI - 2.3 H,0) Caled: C, 52,87; H, 5.92; N,
10.72, Found: C, 52.78; H, 5.87; N,10.99

Scheme 11 D&Y

Benzyl 7-(2-iodoethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylate (63)
{E54 40 (1.21 g, 4.27 mmol)® THF (30 mL)¥A#ZIZ, 2-bromoethanol (0.55 mL, 7.76 mmol),
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PPhs (2.01 g, 7.76 mmol) & diethyl azodicarboxylate (3.36 mL of 40 % solution in toluene, 7.72
mmol) Z NARAN A 7=, IR T 1 WFEREE, DUOSIKZE TIRME Lz, Bohkils
DMF (30 mL)IZ&f#% L, Nal (0.96 g, 6.40 mmol)Z 1%, 90 °C T 15 FEREIMEA L 7=, Bk
)T TR L CR N RIEE ) BNV T A7 a~ T T 7 ¢ —(n-hexane:EtOAc
=41)THRL, (LB 63 (1.19 g, 64 %)% 157, 'HNMR (CDCl) § 2.79 (2H, m), 3.40 (2H,
t,J=6.9 Hz), 3.70 (2H, m), 4.21 (2H, t, /= 6.9 Hz), 4.61 (2H, s), 5.18 (2H, s), 6.63 (1H, m), 6.74
(1H, dd, J=2.6, 8.3 Hz), 7.05 (1H, d, /= 8.3 Hz), 7.26-7.38 (SH, m). Anal. (C19H2INO3) Calcd:
C, 52.19; H, 4.61; N, 3.20, Found: C, 52.05; H, 4.68; N, 3.29

Benzyl 7-[2-(1-tert-butoxycarbonyl-4-ethoxycarbonylpiperidin-4-yl)ethoxy]-1,2,3,4-tetra-
hydroisoquinoline-2-carboxylate (64)

LA 64 (935 mg, 52 %)%, L& 63 (1.4 g, 3.20 mmol) & {L5H) 43 (1.81 g, 7.03 mmol) L
D, LAWY 45 1TFLHE L7 FIEICHE U TR L7z, "THNMR (CDCls) 8 1.25 (3H,t,J=6.9 Hz),
1.60-1.66 (2H, m), 2.01-2.05 (2H, m), 2.10-2.20 (2H, m), 2.73-2.80 (2H, m), 2.85-3.00 (2H, m),
3.65-3.75 (2H, m), 3.80-3.95 (4H, m), 4.18 (2H, q, J = 6.9 Hz), 4.60 (2H, s), 5.18 (2H, s), 6.56 (1H,
m), 6.67 (1H, dd, J=2.7,8.4 Hz), 7.02 (1H, d, /= 8.4 Hz), 7.30-7.40 (SH, m). Anal. (C3,H4:N>07)
Calcd: C, 67.82; H, 7.47; N, 4.94, Found: C, 67.97; H, 7.66; N, 5.00

Benzyl 7-{2-[4-ethoxycarbonyl-1-(pyridin-4-yl)piperidin-4-yl]ethoxy}-1,2,3,4-tetrahydro-
isoquinoline-2-carboxylate (65)

LA 65 (680 mg, 76 %)L, LA 64 (935 mg, 1.65 mmol), 4-chloropyridine hydrochloride
(248 mg, 1.65 mmol) & Et;N (1.38 mL, 9.90 mmol) & ¥, {LA4) 48 [Z5E# L 7= 7L HE L T
B LT, RMEEWITZEDOFE ERTERITHW,

Ethyl 4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxy)ethyl]-1-(pyridin-4-yl)-
piperidine-4-carboxylate (66)

L% 66 (208 mg, 63 %)%, LA 65 (397 mg, 0.73 mmol), 25 % HBr-AcOH (3 mL), DIPEA
(0.64 mL, 3.67 mmol) & 1H-pyrazole-1-carboxamidine hydrochloride (214 mg, 1.46 mmol) X ¥,
LB 50 \ZF0#E L7 FIEICHE U CTARK L7, "HNMR (DMSO-de) § 1.19 (3H, t, J= 7.1 Hz),
1.55-1.70 (2H, m), 2.00-2.10 (2H, m), 2.10-2.25 (2H, m), 2.80-2.88 (2H, m), 3.20-3.35 (2H, m),
3.58 (2H, m), 3.97 (2H, m), 4.00-4.10 (2H, m), 4.15 (2H, q, /= 7.1 Hz), 4.55 (2H, s), 6.65 (1H, s),
6.75 (1H, m), 7.14 (1H, d, J= 8.4 Hz), 7.19 (2H, d, J= 7.6 Hz), 7.60 (4H, brs), 8.20 2H, d,J=7.6
Hz). Anal. (Cy5H33Ns03 - 2 HCI - 2.5 H>0O) Calcd: C, 52.72; H, 7.08; N, 12.30, Found: C, 52.89;
H, 7.16; N, 12.17

4-[2-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxy)ethyl]-1-(pyridin-4-yl)piperidine-4-
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carboxylic acid (11a)

b&M 11a (29 mg, 13 %)%, LAY 66 (200 mg, 0.44 mmol) & ¥, {LAW 9e IZFEd L=
EIZHEL CTAR L=, 'H NMR (DMSO-ds) & 1.54-1.68 (2H, m), 1.95-2.22 (4H, m), 2.82 (2H,
m), 3.58 (2H, m), 3.92-4.12 (4H, m), 4.55 (2H, s), 6.67 (1H, s), 6.78 (1H, m), 7.14 (1H, d, J= 8.4
Hz), 7.19 (2H, d, J = 7.4 Hz), 7.61 (4H, brs), 8.21 (2H, d, J = 7.4 Hz); MS (FAB) m/z 424 (M+1)".
Anal (C23H2N505 - 2 HCI - 2.2 H,0) Caled: C, 51.53; H, 6.66; N, 13.06, Found: C, 51,68; H, 6.69;
N, 12.86

Scheme 12 DiLEW

tert-Butyl 4-ethoxycarbonyl-4-iodomethylpiperidine-1-carboxylate (67)

{54 43 (7.14 g,27.75 mmol)® THF (140 mL)# %12, —70 °C T LDA (16.6 mL of 2 M solution
in THF, 33.2 mmol) & CHyl, (2.7 mL, 33.52 mmol) Z JIE(Z{# F L7z, KISiEZERIZEL, 15
P sE L7z, BOSIRIC 10 %7 = UMKk 2N A, Hilg—F /L Chlth L7z, Ai¢E %
K, SRR CUEg, MOKREE T MY U A TR L, WA RIE TR E L, fohi
Bika VBN H T L7 va~ ~TT 7 4 —(n-hexane:EtOAc = 9: 1) THRL L, {LEW 67
(8.68 g, 79 %)% 15%7-, 'HNMR (CDCl3) & 1.27-1.33 (3H, m), 1.38-1.45 (10H, m), 1.59-1.64 (1H,
m), 2.10-2.22 (2H, m), 2.90-3.10 (2H, m), 3.29 (2H, s), 3.65-3.95 (2H, m), 4.18-4.26 (2H, m).
Anal. (C14H24INOy) Caled: C, 42.33; H, 6.09; N, 3.53, Found: C, 42.44; H, 6.00; N, 3.41

tert-Butyl 4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylthiomethyl)-4-ethoxycarbonyl-
piperidine-1-carboxylate (69)

2-acetyl-1,2,3,4-tetrahydroisoquinoline-7-thiol?” (68; 1.94 g, 9.36 mmol)?® DMF (120 mL)}&#&
(2, K2COs (427 g, 30.90 mmol) & LA 67 (3.71 g, 9.34 mmol) & /Il Z. 7=, 100 °C C 1 H¢f
REER, NaMEE T4 S A Llc, SHRETRE TR L TR ONIREE > D D7
T LU= k27T 7 4 —(n-hexane:EtOAc = 2:8) THHL L, {LE% 69 (3.92 g, 88 %) & 157-,
"H NMR (CDCl3) 6 1.18-1.24 (3H, m), 1.44-1.51 (11H, m), 2.12-2.18 (5H, m), 2.80-3.05 (4H, m),
3.12 (2H, br), 3.66 (1H, m), 3.72-3.95 (3H, m), 4.01-4.11 (2H, m), 4.57-4.69 (2H, m), 7.03-7.22
(3H, m). Anal. (C25H36N20sS) Caled: C, 63.00; H, 7.61; N, 5.88, Found: C, 62.88; H, 7.46; N,
5.92

Ethyl 4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylthiomethyl)-1-(pyridin-4-yl)piperidine-4-
carboxylate (70)

LA 70 (63 mg, 30 %)1E, LA 69 (221 mg, 0.46 mmol), 4-chloropyridine hydrochloride (70
mg, 0.47 mmol) & EtN (0.39 mL, 2.80 mmol) X ¥, (LAY 48 |[ZFE# L= J7iEICHEL CTA
% L7z, 'H NMR (CDCl;) & 1.21-1.26 (3H, m), 1.58-1.70 (2H, m), 2.17 (3H, s), 2.25-2.40 (2H,
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m), 2.78-2.90 (2H, m), 3.05-3.22 (4H, m), 3.64-3.85 (4H, m), 4.07-4.15 (2H, m), 4.57-4.69 (2H, m),
6.69 (2H, d, J= 5.4 Hz), 7.04-7.20 (3H, m), 8.25 (2H, d, J=5.4Hz). Anal. (C25sH3N;0:S) Calcd:
C, 66.20; H, 6.89; N, 9.26, Found: C, 66.40; H, 6.76; N, 9.56

4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-ylthiomethyl)-1-(pyridin-4-yl)piperidine-4-
carboxylic acid (11b)

&%) 70 (63 mg, 0.14 mmol)® c-HCI (2 mL)¥&#E %, 90°C T 21 WfMMEMEEE L7, Rt
ZIRE T LT b5k 2 acetone (2 mL) & IN NaOH (0.7 mL)IZIEfi# L, 1H-
pyrazole-1-carboxamidine hydrochloride (61 mg, 0.42 mmol) % /Il %, 28R C 12 R EEE L 7=,
PORNIR % 980 T L 15 B 7= 7% 2 0740 HPLC(0.05% TFA in HyO:MeOH = 6:4) TFE il
L. BHEMZE G777 v a AR TUE L, LAY 11b (47 mg, 67 %)% 2 HlkE &
L C#72, 'HNMR (DMSO-de) 6 1.57-1.70 (2H, m), 2.08-2.20 (2H, m), 2.84-2.92 (2H, m), 3.20-
3.40 (4H, m), 3.60 (2H, m), 3.95-4.10 (2H, m), 4.57 (2H, s), 7.14-7.20 (5H, m), 7.66 (4H, brs), 8.22
(2H, m); MS (FAB) m/z 426 (M+1)*. Anal. (C22H27N50,S - 2 HC1 - 2.5 H>0) Calced: C, 48.62; H,
6.31; N, 12.89, Found: C, 48.32; H, 6.12; N, 13.08

tert-Butyl  4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)-4-ethoxycarbonyl-
piperidine-1-carboxylate (71)

LA 69 (252 mg, 0.53 mmol)? CH>Cl,y (5 mL)¥&#IZ, m-chloroperbenzoic acid (m-CPBA)
(260 mg of 70 % grade, 1.05 mmol) & 1 % 7o, =R T 12 RefAEFPRIEE, ROSIRIC T A il
T U T LOKIEIR & RERKRSE T NV U LOKEZ A, CHCL ThEH L7z, ARERE 20K,
BN RIEK THES, BOKRIRET U U A THIR L, WA RIE TR % Lz, 50725
BEVUNTNAT AT~ N7 T 7 4 —(EOA) THR L, (LAY 71 (203 mg, 75 %)% 15
72 '"HNMR (CDCls) § 1.32 (3H, t, J = 7.1 Hz), 1.49 (9H, s), 1.55-1.75 (2H, m), 2.10-2.30(5H,
m), 2.88-3.04 (2H, m), 3.23 (2H, br), 3.43 (2H, m), 3.65-3.78 (3H, m), 3.85 (1H, m), 4.22 (2H, q, J
=7.1 Hz), 4.69-4.81 (2H, m), 7.32-7.37 (1H, m), 7.65-7.75 (2H, m). Anal. (C25sH36N207S) Calcd:
C,59.04; H, 7.13; N, 5.51, Found: C,59.32; H, 7.43; N, 5.51

Ethyl 4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)-1-(pyridin-4-yl)-
piperidine-4-carboxylate (72)

{LE# 72 (120 mg, 62 %)%, LA 71 (203 mg, 0.40 mmol), TFA (1 mL), 4-chloropyridine
hydrochloride (72 mg, 0.48 mmol) & Et;N (0.32 mL,2.30 mmol) & ¥, &4 48 Titd L7z
JFEICHE LT TARL L7=, 'H NMR (CDCl3) § 1.35 (3H, t, J = 7.5 Hz), 1.80-2.00 (2H, m), 2.20
(3H, s), 2.40-2.55 (2H, m), 2.90-3.05 (2H, m), 3.40-3.55 (4H, m), 3.70-3.90 (4H, m), 4.20-4.32 (2H,
m), 4.70-4.81 (2H, m), 6.80 (2H, d, J= 6.9 Hz), 7.30-7.40 (1H, m), 7.65-7.75 (2H, m), 8.28 (2H, d,
J=6.9 Hz). Anal. (C25sH31N30s5S) Calcd: C, 61.84; H, 6.43; N, 8.65, Found: C, 61.67; H, 6.13; N,
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8.68

4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)-1-(pyridin-4-yl)piperidine 4-
carboxylic acid (11¢)

{EA% 11e (120 mg, 55 %)%, L& 72 (200 mg, 0.41 mmol), c-HCI (10 mL), 1H-pyrazole- 1-
carboxamidine hydrochloride (181 mg, 1.23 mmol) & 1 N NaOH (2.06 mL, 2.06 mmol)X ¥,
E&% 11b TR L= HIEICHEU CE A L7=,  'H NMR (DMSO-ds) & 1.70-1.90 (2H, m),
2.08-2.20 (2H, m), 3.03 (2H, m), 3.51 (2H, m), 3.67 (2H, m), 3.77 (2H, s), 3.92 (2H, m), 4.72 (2H,
s), 7.19 (2H, d, J= 7.5 Hz), 7.54 (1H, d, J=8.1 Hz), 7.65 (1H, s), 7.72-7.76 (5H, m), 8.23 (2H, d, J
= 7.5 Hz); MS (FAB) m/z 458 (M+1)". Anal. (C22H27N504S - 2.2 HCI - 2.8 H,0) Calcd: C, 44.92;
H, 5.96; N, 11.91, Found: C, 45.17; H, 6.03; N, 11.74

Scheme 13 DfbEY)

1-(Pyridin-4-yl)piperidin-4-one (74)

1,4-Dioxa-8-azaspiro[4,5]decane 73 (10 g, 69.8 mmol)?® EtOH (10 mL)}¥&A#Z!Z, 4-chloropyridine
hydrochloride (10 g, 66.4 mmol) & Et;N (29 mL, 210 mmol)Z %, £ 150 °C T 22 FfH
AR UTe, BOSH A SEIRICRE L, 5NNaOH (25mL)%Z %, CHCl; CHit L7z, Ak
J&Z K, fafn A K T, MOKREET MY U ATHEL, WAL TR E Lz, 55
NI=F % ¢-HCl (30 mL)ICIAfiE L, 0 °C T 10 438#R L7, KOS NaOH (15 g, 375
mmol)& il x, CHCl; THitH L7z, AR A K, fafiffiK ooy, MoKk ~Y oA
THMEL, WA TREE Lz, B RiEE v VBTNV T Ao a~w NI T 7 41—
(CHCI3:MeOH:c-NH3 = 90:10:1) KL L, (L&Y 74 (6.1 g,52 %)% 457-, 'HNMR (CDCl)
82.57 (4H, t,J = 6.2 Hz), 3.74 (4H, t, J= 6.2 Hz), 6.71 (2H, dd, J= 1.5, 4.5 Hz), 8.33 (2H, dd, J =
1.5,4.5 Hz). Anal. (Ci0H12N20) Calcd: C, 68.16; H, 6.86; N, 15.90, Found: C, 68.11; H, 6.98; N,
15.72

Methy 4-amino-1-(pyridin-4-yl)piperidine-4-carboxylate (75)
{E5% 74 (1 g, 5.67 mmol)?® MeOH (10 mL)&#ZIZ, NH4OAc (880 mg, 11.42 mmol), NaCN
(560 mg, 11.43 mmol), c-NH4OH (5mL) & AcOH 2 mL)% Iz, ZRILT 12 B L7z, X
SR 2 U A L, AKZ&NR, CHCL Tl L7c, AHEE 2K, fafnitfik T,
KWiEET N U O A THEEL, WEARE TREE Lz, 5D/ ikiE % MeOH (25 mL)IZH
iR LT T OFIRIZHCL W AZ 0°C T30 5537 U 7 LTctk, SR T 12 RefiB#R L7z,
PR 2 J8)E T L, 2NHCI(25mL)Z Nz, =R T 2 BpigH L7, REKEST MY
U L& MAR L%, CHCL Thitt L7z, AHEZK, fafn ik Totd, MKhiie T
MU U LTHEEL, BH2REIE NEE L TEEY 75 (760 mg, 57 %) & 1572, AMbaid<
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D F FR TRV, 'THNMR (CDCL) § 1.55-1.65 (2H, m), 2.08-2.17 (2H, m), 3.46-3.50 (4H,
m), 3.74 (3H, s), 6.66 (2H, dd, J = 1.5, 4.5 Hz), 8.25 (2H, dd, J = 1.5, 4.5 Hz).

Methyl 1-(pyridin-4-yl)-4-(2-trifluoroacetyl-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)
piperidine-4-carboxylate (77)

&% 75 (330 mg, 1.40 mmol)® CHCl; (5 mL)&#ZIZ, 7-chlorosulfonyl-2-trifluoroacetyl-
1,2,3,4-tetrahydroisoquinoline® (76; 500 mg, 1.53 mmol) & pyridine (0.23 mL, 2.84 mmol)% /Il
Z Tz, FEIRT 12 RERIBHRE, AKZM 2 CHCL Tt L7z, AHEE K, fafi@iik o
G, TOKEEE T N U o ATz L, W AT TR E L TEA M 77 (627 mg, 74 %) 2 1572,
AMEAWITE DO F TR TFRIZH V=, 'HNMR (CDCls) § 2.02-2.16 (2H, m), 2.22-2.35 (2H,
m), 2.94-3.08 (2H, m), 3.39-3.58 (5H, m), 3.62-3.76 (2H, m), 3.80-3.96 (2H, m), 4.77-4.82 (2H, m),
6.80 (2H, d, J=17.0 Hz), 7.16-7.32 (1H, m), 7.68-7.82 (2H, m), 8.20 (2H, m).

Methyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)-1-(pyridin-4-yl)--
piperidine-4-carboxylate (78)

LB 77 (627 mg, 1.04 mmol)?> CHCl; (5 mL) & MeOH (1 mL)DIREAVANTRIZ, 2N NaOH (1.1
mL, 2.2 mmol)Z 1 2 7=, il C 2 FeffEEr%, 2NHCI (1.1 mL, 2.2 mmol) & %, KR
)T TIEME Lz, 5o 7-5%E % DMF (3 mL)IZ¥&f# L, 1H-pyrazole-1-carboxamidine
hydrochloride (305 mg, 2.08 mmol) & DIPEA (0.19 mL, 5.22 mmol) % i1 % 7=, =R T 12 K]
BHRE, NEWMZ AEL, AIRZEE TR L7, 15 5au7o ik 4 0iFH HPLC(0.05% TFA
in H;O:MeOH = 6:4) TR L 7=, B Z &~ 7 7 2 3 % HCI-EtOH THLEEL, fb&
) 78 (480 mg, 88 %)% 2 et & L C47=, 'H NMR (DMSO-ds) & 1.86-2.16 (4H, m), 3.00
(2H, m), 3.35-3.42 (5H, m), 3.67 (2H, m), 3.84 (2H, m), 4.74 (2H, s), 7.17 (2H, d, J= 7.1 Hz), 7.47
(1H, d, J= 8.1 Hz), 7.56 (1H, s), 7.62 (1H, d, J= 8.1 Hz), 7.82 (4H, brs), 8.22 (2H, d, J = 7.1 Hz),
8.56 (1H, s), 13.89 (1H, brs). Anal. (C22H2sN¢O4S - 2 HCI - 2.3 H,0) Calcd: C, 45.02; H, 5.94;
N, 14.32, Found: C, 45.23; H, 5.98; N, 14.25

4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)-1-(pyridin-4-yl)iperidine-4-
carboxylic acid (11d)

L9 11d (360 mg, 90 %)%, {LE4) 78 (415 mg, 0.878 mmol) L ¥, L& 3 (ZiE# L7=J7
BEICHEL CTA L L7=, "HNMR (DMSO-ds) § 1.85-2.10 (4H, m), 2.99 (2H, m), 3.30 (2H, m), 3.67
(2H, m), 3.80-3.95 (2H, m), 4.71 (2H, s), 7.16 (2H, d, J = 7.3 Hz), 7.44 (1H, d, J = 8.1 Hz), 7.56
(1H, s), 7.67 (1H, d, J= 8.1 Hz), 7.80 (4H, brs), 8.20 (2H, d, J = 7.3 Hz), 8.35 (1H, s); MS (FAB)
m/z 459 (M+1)". Anal. (C21H26N¢O4S - 2 HCI - 2.3 H,0) Calcd: C, 44.03; H, 5.74; N, 14.67, Found:
C,44.27;H, 591; N, 14.61
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Pharmacological Experiments

Ex vivo Assessment of Anti-Human Factor Xa in Cynomolgus Monkey Plasma

LA O LB REKIRR 2 A A DI =27 A4 P2, 1 mgkg OFAEZEIRNES Lz, &
B O 54 5, 10, 15, 30, 60, 120 SSRGS =7 A IV ORIEFRAR L D 1500 pL
DR Z BRI U=, (BRIMICIE 3.8% D7 = U ER/KIRIE & 300 uL Gdes V) P& Hviz,)
FIE Y > 7 O M, 4°C TC 10 i Doy (2000G) L, FAR L,
ICEMDOBA A KB EMER T THEAD I =7 4 P2, 10 mg/ kg DR EEFROKS
L7z, #5RIER O G 15,30, 60, 120, 240, 360, 480 43 (ZFEHFAIIC 1 = 77 A L DIRTER
k& D 1500 pL DIk ZFRE L, ik & Rk ik ClfEt o 7 L AR Uiz,

40pL Db MU T 7 7 Z—Xa (0.5U/mL) & 40l @ 4 57K LMy o 7 L%, 40 ul
DFEMEHE (0.1 M Tris-0.2 M NaCl buffer ; pH8.4) H, 37°C F 10 /filA > F=~_— h L7z,
Z D%, 0.8mM IR L 7= AR IE S-2222 & 40 uL Mz, 37°C F 3 504 v F 2 _—
~L7ze 60 %liElE 2 N 2 SOz 451k LU, WOt EERE (Model 3550, BIO-RAD, Hercules, USA)
T 405 nm OWIEEZRIE L=, BEERIOMEEY > T a2 Hni-lotEs2 o ha—n kb
L7, & M7 77 Z—Xa[LEEMEZ, 2> b — k3 5 E% THEAE LT,

Ex vivo Assessment of Anti-Human Factor Xa in Mice Plasma

=T AP E T ex vivo iRER & [RIAED F1ETHEE L=,

B L, BRMITEAIRNE S 05 A, #514 10,30,60,120 43 TITV, 20850541,
544 10, 30, 60, 120, 180 43 T1T > 72,

Assessment of the Inhibitory Effect on Human Factor Xa

40pL Ok M7 7 7 2 —Xa (0.16 U/mL) & 40 uL DILEIEIE %, 40 L OFRERH,
37°C F10 31 »Fax— b L7, £Dtk, FHE S-2222 OUEHK 40 uL MMz, I HIC
37 °C F 10 70fA v Fa~_— h L7, 60 %EENE 40 uL 2 2 BELEROG 221 L, FE X
DIFREL 72T = e 7=V (p-NA) &%, vA 77 L— ) —Z—%H\CTHlE
L 72 405 nm OWIEEE LW B L7,

Assessment of the Inhibitory Effect on Human Thrombin

40pL Dt MM ko By (04U/mL) & 40 pL OILATETR %, 40 pL OFEER T, 37°C
T103MA vFaX—k LT, 2Dk, FEE S-2238 DIFIK 40 uL # Nz, & HIZ37°C
T 105 MA ¥ a_— |k L7z, 60 %HERR 40 pL 2 N2 BER OGS A1 U, BB X0 b
L7z =tr7=U>r (pNA) &%, v~f 7/ L — ) —%—%HTHIE L7 405
nm OWSERE L0 B Lz,
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Assessment of the Inhibitory Effect on Human Trypsin

40 uL Dk R Y 7Ly (5U/MmL) & 40 L OALAY 3 ORI RIREEA 50, 100, 200
pM 725 KO L72) %, 40 pL OFEMEHES, 37°C F 10 A Fa~— b L7z,
T Dk, HE S-2222 OYEHK 40 uL Nz, X 5HI237°C F 10 54 ¥ a_X— kL7,
60 %L 40 uL Z N X BERROGCZEIE L, E IV EH L7 X7 = a7 =Y (p-NA)
B, v{ 77 L— ) —F—%HWTHIE L7 405 nm OWSERE L0 HiH L7z,

Assessment of the Inhibitory Effect on Human Plasmin

40puL Db FMHZZ 232 (0.02U/MmL) & 40 L OILEY) 3 DA (FRIZEEN 12.5,25,50
pM 725 KO L72) %, 40 pL OFEMEHES, 37°C F 10 A F2~— b L7,
D%, HE S-2403 DAEWK 40 uL 2%, S 61237 °C F 10 A o Fa~— kL7,
60 %lERE 40 uL Z N A BEEOGZEIE L, E IV EBE L7 X7 = 1 a7 =V (p-NA)
B, vA4 77— ) —X—%ZHWTHIE L7 405 nm OWSEEE X D B L7z,

Determination of Ki values

k&3 D7 7 7 % —Xa HERRKIL, FIHE [OD 405 nm] & FEIREE [uM]PD Lineweaver-
Burk plot (IZ X W IRE LT, F72, (LEWM3 DT 77 ¥ —Xa Lot ) v FuTrT7—FiC
%95 KifilE, Dixon plot £ Y RE L7,

Survival test used mice
FADICR v A% AN TITo T2, FILAW 10 mgkg DHEZEFIREVES L, &5
%1 BAMEEL, 1 BEO~Y T ADAEFREZRE LT,

Effects of compound 3 in animal models

Animals.  Male SD rat were purchased from CRJ (Yokohama,Japan) and used in the study at the
age of 7-9 weeks.

Assessment of the effect on rat venous thrombosis®".

Rats were anesthetized with urethane (1.3 g/kg i.p.). About 1 cm length of an abdominal vein was
carefully dissected at a site below the left renal veins, and Parafilm (Parafilm M, ANC) was placed
on the dorsal aspect of the abdominal vein. A 2 x 3 mm piece of filter paper (No. 1, Whattman)
containing 25 % FeCls was applied to the detached vein and removed after 20 minutes.
Immediately after removing the filter paper, a 5 mm length of the abdominal vein was resected and

weighed. The thrombus weight was calculated by subtracting the weight of the venal vessel walls
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from the total measured weight. Compound 3 (0.1, 0.3, 1 mg/kg/hr) was administered by continuous

intravenous infusion from 1 hour prior to placement of the filter paper.

Assessment of the effect on rat middle cerebral arterial thrombosis’?.

PESO0 catheters were inserted into animals through the right and left femoral veins (for rose bengal
and drug administration) under anesthesia with a mixed gas of halothane, nitrous oxide, and oxygen
(nitrous oxide:oxygen = 7:3, halothane concentration: 4 % at introduction, 1.5 % at maintenance
phase). During cathetherisation, rectal temperature of the animals was maintained above 37 °C
with an insulating pad. A hole approximately 2.5 mm in diameter was made with a dental drill in
the basal part of the temporal bone, and the intersection of the major trunk of the middle cerebral
artery and the olfactory tract was exposed without incising the dura. In addition, a hole
approximately 2 mm in diameter was made in the skull, peripheral to the middle cerebral artery.
Twenty minutes after starting intravenous infusion of saline or Compound 3 (0.03, 0.1, 0.3
mg/kg/hr), rose Bengal (Sigma) was intravenously administered at a dose of 20 mg/kg. The
animals were then irradiated with light for 10 minutes. ~ After completion of irradiation, the surgical
site was closed and the animals were aroused. Drug administration under freely moving conditions
was continuously performed until 24 hours after occlusion. The study was blinded through all
processes including operation, drug administration, and imaging analysis by encoding the drug
sample labels. Following decapitation, 24 hours after occlusion, whole brains were isolated and
cut into 6 coronal slices at 2 mm intervals (bregma: +4, +2, 0, =2, —4, =6 mm).  Specimens were
measured for infarction size using an imaging analyzer after staining (37 °C, 20 minutes) with 2 %
TTC (2,3,5-triphenyltetrazolium chloride) in saline solution. “Total infarction volume” was

calculated by multiplying slice thickness (2 mm) by the sum of infarction size.
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