
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0006099 A1 

US 2004OOO6099A1 

Katoh et al. (43) Pub. Date: Jan. 8, 2004 

(54) AMIDINE COMPOUNDS (57) ABSTRACT 

A compound of the formula I 
(75) Inventors: Susumu Katoh, Osaka (JP); Katsuyuki 

Yokota, Osaka (JP); Mikio Hayashi, I 
Osaka (JP) R3 Y 

Correspondence Address: is-, 
FOLEY AND LARDNER 
SUTE 500 R2 
3000 KSTREET NW 
WASHINGTON, DC 20007 (US) wherein R, R and Rare the same or different and each is 

hydrogen atom, hydroxy, lower alkyl or aryl, R is a group of 
the formula 

(73) Assignee: JAPAN TOBACCO INC. 

(21) Appl. No.: 10/386,458 

(22) Filed: Mar. 13, 2003 

Related U.S. Application Data Xs 
--(CH)-X-X N-X-X-R or 
2 R5 

(62) Division of application No. 09/647,847, filed on Oct. N 
6, 2000, now Pat. No. 6,562,828, filed as 371 of N 1. 2- V3- to 7 
international application No. PCT/JP99/01900, filed (CH2)-Y Y4-Y--R 
on Apr. 9, 1999. 

(CH)-Y4-YS-R8 
Publication Classification 

wherein each Symbol is as defined in the Specification, a Salt 
thereof or a prodrug thereof. The compound of the present 

(51) Int. Cl." .................. A61K 31/506; A61K 31/4709; invention, a Salt thereof and a prodrug thereof are useful as 
CO7D 41/14 factor Xa inhibitor and blood coagulation inhibitor, and are 

(52) U.S. Cl. ......................... 514/307; 514/314; 546/148; useful for the prophylaxis and/or treatment of diseases 
514/256; 544/333 caused by blood coagulation or thrombus. 

  



US 2004/OOO6099 A1 

AMIDINE COMPOUNDS 

FIELD OF THE INVENTION 

0001. The present invention relates to a novel amidine 
compound having a blood coagulation factor Xa inhibitory 
activity. The present invention also relates to a pharmaceu 
tical composition, a factor Xa inhibitor and a therapeutic 
agent for the diseases caused by blood coagulation or 
thrombus, which comprises this compound. 

BACKGROUND OF THE INVENTION 

0002 One of the etiologies of thrombosis, such as 
unstable angina, deep vein thrombosis and disseminated 
intravascular coagulation (DIC), is promotion of blood 
coagulation. For the prophylaxis and treatment of thrombus, 
heparin and warfarin have been conventionally used. Hep 
arin acts on antithrombin III (ATIII) to indirectly inhibit the 
coagulation System and, therefore, may show a weak action 
on arterial thrombus. Heparin is associated with generation 
of an antibody against platelet factor (PF4), which promotes 
coagulation in Some patients, and a propensity toward hem 
orrhage as a Side effect. Warfarin requires longer time for the 
expression of the drug effect and is not necessarily an easy 
and Safe drug. Under the circumstances, a new anticoagulant 
is desired to overcome these problems. 
0003. The factor X is a glycoprotein having a molecular 
weight of 58,000, and in an intrinsic pathway, the factor X 
is activated on a phospholipid membrane in the presence of 
a factor IXa/factor VIIIa/Cat" complex and becomes factor 
Xa. In the coagulation System called extrinsic pathway, 
factor X is activated by factor VIIa in the presence of a tissue 
factor and becomes factor Xa. The factor Xa generated in the 
both pathways activates prothrombin to give thrombin. The 
generated thrombin further activates the upstream of this 
cascade to produce a large amount of thrombin. Conse 
quently, fibrinogen becomes fibrin and coagulation of blood 
OCCS. 

0004 Inasmuch as the blood coagulation system is an 
amplification reaction, inhibition of generation of thrombin 
in the early Stage is considered to be more efficient than 
direct inhibition of the activity of the generated thrombin. In 
addition, Since factor Xa is the confluence of intrinsic and 
extrinsic coagulation pathways, inhibition of factor Xa is 
considered to be extremely effective. Some reports have 
documented that low molecular weight heparin showed a 
lower tendency of bleeding than heparin in clinical appli 
cations, and in a test using baboon (Thrombosis and Hae 
mostas, 74, 464 (1995)), it was found that inhibition of 
factor Xa rather than thrombin showed less tendency of 
bleeding. Therefore, a factor Xa inhibitor has a potential of 
showing antithrombus effect without influencing the bleed 
ing time observed in the use of conventional anticoagulants. 
0005. As a factor Xa inhibitor, WO97/08165 discloses a 
compound of the formula 

--O-A- R3 

2 Nea 
r^SS 
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0006 wherein R, R and R are each hydrogen atom, 
hydroxy, halogen atom, hydroxyalkyl, alkyl, alkenyl, alky 
nyl, alkoxy, aralkyloxy, alkenyloxy, alkynyloxy, carboxy, 
alkoxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl, 
carboxyalkyl, alkoxycarbonylalkyl, alkenyloxycarbonyla 
lkyl or alkynyloxycarbonylalkyl, A is alkylene optionally 
Substituted by hydroxy, carboxy, alkoxycarbonyl or halogen 
atom, X is a bond, alkylene or alkyleneoxy, Y is a Single 
bond, chalcogen atom or CO, Z is a Saturated or unsaturated 
optionally Substituted hetero ring or carbon ring, optionally 
Substituted amino, hydroxy, carboxy, alkoxycarbonyl or 
alkyl, n is an integer of 1 or 2, and m is an integer of 0 to 
4. In addition, Japanese Patent Unexamined Publication No. 
5-208946 (U.S. Pat. No. 5,620,991, EP No. 540051) dis 
closes a compound of the formula 

R1 R2 R3 

) O-()- Z. A. X-(CH2)-Y 
HN S \ / 

R4 

0007 wherein R is hydrogen atom or lower alkoxy, R is 
hydrogen atom, lower alkyl, lower alkoxy, carboxy, alkoxy 
carbonyl, carboxyalkyl or alkoxycarbonylalkyl, R is hydro 
gen atom, carboxy, alkoxycarbonyl, carboxyalkyl, alkoxy 
carbonylalkyl, carboxyalkoxy or alkoxycarbonylalkoxy, R' 
is hydrogen atom, hydroxy, lower alkyl or lower alkoxy, n is 
an integer of 0 or 1, A is C-C alkylene optionally Substi 
tuted by 1 or 2 substituents from hydroxyalkyl, carboxyl, 
alkoxycarbonyl, carboxyalkyl and alkoxycarbonylalkyl, X is 
a single bond, oxygen atom, Sulfur atom or carbonyl, Y is 
optionally Substituted Saturated or unsaturated 5 or 6-mem 
bered heterocyclic group or cyclic hydrocarbon group, 
optionally Substituted amino or optionally Substituted ami 
noalkyl, and a group of the formula 

0008 is selected from indolyl, benzofuranyl, benzothie 
nyl, benzimidazolyl, benzoxazolyl, benzothiazolyl, naph 
thyl, tetrahydronaphthyl and indanyl. Furthermore, WO96/ 
16940 discloses a compound of the formula 

HN 21 R1 

X- R3 HN R2 

HN S. rol N N 4N ? 
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0009 wherein R'is hydrogen atom or a group of the 
formula -A-W-R" wherein A is a group of the formula 

O O 

0010) or -SO- wherein X is oxygen atom or sulfur 
atom, and W is a single bond or -NR-, R' is hydroxy, 
lower alkoxy, optionally Substituted lower alkyl, optionally 
Substituted cycloalkyl, optionally Substituted aryl, or option 
ally substituted heteroaryl, with the proviso that when W is 
a group of the formula-NR, R may be hydrogen atom 
but is not hydroxy or lower alkoxy; wherein R is hydrogen 
atom, carbamoyl, lower alkoxycarbonyl, mono- or di(low 
er)alkylaminocarbonyl, lower alkylsulfonyl, mono- or 
di(lower)alkylaminothiocarbonyl, optionally Substituted 
lower alkyl or optionally substituted lower alkanoyl; R is 
lower alkyl; R is hydrogen atom, halogen atom, carboxy, 
amino, cyano, nitro, hydroxy, lower alkoxy, lower alkyl or 
lower alkoxycarbonyl; B is lower alkylene or carbonyl; and 
n is an integer of 0 or 1. 

DISCLOSURE OF THE INVENTION 

0.011 The present invention aims at providing a novel 
compound useful as a factor Xa inhibitor. The present 
invention also aims at providing a novel factor Xa inhibitor. 

0012. In view of the above situation, the present inven 
tors conducted intensive Studies in an attempt to find a 
compound useful as a factor Xa inhibitor and found the 
amidine compound of the following formula I. They have 
further found that the compound can be a Superior factor Xa 
inhibitor and completed the present invention. 

0013 The compound of the present invention specifically 
inhibits blood coagulation factor Xa and shows Strong 
anticoagulation action. Therefore, the compound is useful as 
an agent for the prophylaxis and/or treatment of various 
diseases caused by blood coagulation or thrombus, namely, 
cerebrovascular diseases Such as cerebral infarction, cere 
bral thrombosis, cerebral embolism, transient ischemia 
attack (TIA), Subarchnoid hemorrhage and the like; 
ischemic heart diseaseS Such as acute or chronic myocardial 
infarction, unstable angina, coronary thrombosis and the 
like, pulmonary vascular diseaseS Such as pulmonary inf 
arction, pulmonary embolism and the like; and diseases 
caused by various vascular disorderS Such as peripheral 
arterial embolism, deep vein thrombosis, disseminated intra 
vascular coagulation, thrombosis after Surgery of artificial 
blood vessels or replacement of artificial valve, reocclusion 
or restenosis after coronary bypass, reocclusion or restenosis 
after recanalization Such as percutaneous transluminal coro 
nary angioplasty (PTCA), percutaneous transluminal coro 
nary recanalization (PTCR) and the like, thrombosis due to 
extracorporeal circulation and the like, glomerulonephritis, 
nephrotic Syndrome, diabetic retinopathy, arteriosclerotic 
obliteration, Buerger disease, tumor thrombosis, thrombus 
by atrial fibrillation, and the like. 
0.014 AS is evident from Experimental Example 2 to be 
mentioned later, Since the compound of the present inven 
tion does not have inhibitory activity against thrombin, 
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namely, factor Xa (FIIa), hemorrhage as a side effect is 
considered to be noticeably less. Experimental Examples 6 
and 7 to be mentioned later reveal striking factor Xa 
inhibitory effect by oral administration. 
0015 There is also a finding that factor Xa is involved in 
the growth of influenza virus (Japanese Patent Unexamined 
Publication No. 6-227971). Thus, the compound of the 
present invention is expected to be useful for the prophylaxis 
and/or treatment of influenza. 

0016. The present invention relates to a compound of the 
following formula I, which is useful as a factor Xa 
inhibitor. In addition, the present invention relates to a factor 
Xa inhibitory agent containing a compound of the following 
formula I or a Salt thereof or a prodrug thereof as an active 
ingredient. More particularly, the present invention provides 
the following (1)-(23). 

0017 (1) An amidine compound of the formula II 

R3 
N1 

RN l 
R 

R2 

0.018 wherein 
0019 R is a group of the formula 

0020 wherein 
0021) R' is hydrogen atom, hydroxy group, lower 
alkyl group, lower alkoxy group or halogen atom, 

0022 R is hydrogen atom, cyano group, carboxy 
group or lower alkoxycarbonyl group, 

0023 R is hydrogen atom, cycloalkyl group, 
hydroxy group, carboxy group, lower alkoxycarbo 
nyl group, aralkyloxycarbonyl group 

0024 wherein said aralkyloxycarbonyl group is 
optionally Substituted by halogen atom, nitro 
group, alkyl group, alkoxy group or trifluorom 
ethyl group, 

  



US 2004/OOO6099 A1 

0025 nitro group, amino group, lower alkylamino 
group, di(lower)alkylamino group, aryl group, het 
eroaryl group 
0026 wherein said aryl group or heteroaryl group 

is optionally substituted by 1 to 3 substituents 
Selected from lower alkyl group, hydroxy group, 
lower alkoxy group, carboxy group, lower alkoxy 
carbonyl group, aralkyloxycarbonyl group, nitro 
group, amino group, acylamino group, amidino 
group and hydroxyamidino group, 

0027 5- to 7-membered saturated heterocycle hav 
ing at least one nitrogen atom 
0028 wherein said saturated heterocycle is 
optionally Substituted by lower alkyl group, acyl 
group, di(lower)alkylamino(lower)alkanoyl group 
or imidoyl group 

0029) or 

r N. ul 
0030 wherein Ak is lower alkyl group and Hal is 
halogen atom, 

0031) X is oxygen atom, sulfur atom, -SO-, 
-SONH- or a single bond, 

0032) Xis-(CH-)- wherein m is 0 or an integer 
of 1 to 3, 

0033 X is CO-, C(=NH)–, SO-, 
CONH-, CSNH-, SONH-, 

1s 1s 
2 2 

N N 

0034 wherein r is 0 or an integer of 1 to 3, 
0035) or a single bond, 
0036) X is alkylene group having 1 to 6 carbon 
atoms, alkenylene group having 2 to 6 carbon atoms, 
or a Single bond, 

0037) R' is hydrogen atom, lower alkyl group or 
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0038 wherein R is oxygen atom, sulfur atom, 
NH, NR11 
0039) wherein R' is lower alkyl group, aralkyl 
group 

0040 wherein said aralkyl group is option 
ally substituted by 1 to 3 substituents selected 
from halogen atom, lower alkyl group, 
hydroxy group, lower alkoxy group, 
haloalkyl group, cyano group, nitro group, 
amino group and acyloxy group, 

0041 or hydroxy group, 
0042) and R' is lower alkyl group, lower alkoxy 
group, amino group, lower alkylamino group or 
di(lower)alkylamino group, 

0.043 R is hydrogen atom, lower alkyl group, 
cycloalkyl group 

0044) wherein said cycloalkyl group is optionally 
Substituted by lower alkyl group or carboxy group, 

0045 carboxy group, lower alkoxycarbonyl group, 
aryl group, heteroaryl group 

0.046 wherein said aryl group or heteroaryl group 
is optionally substituted by 1 to 3 substituents 
Selected from halogen atom, lower alkyl group 
0047 wherein said lower alkyl group is option 
ally Substituted by halogen atom, 

0.048 hydroxy group, lower alkoxy group, car 
boxy group and lower alkoxycarbonyl group, 

0049) aralkyl group 
0050 wherein said aralkyl group is optionally 
Substituted by 1 to 3 substituents selected from 
halogen atom, lower alkyl group, hydroxy group, 
lower alkoxy group, haloalkyl group, cyano 
group, nitro group, amino group and acyloxy 
grOup, 

0051 or 5 to 7-membered saturated heterocycle 
having at least one nitrogen atom, 

0052) Y is oxygen atom, -NH-, -CONH-, 9. 
-NR'- 

0053 wherein R' is lower alkyl group or - Y 
R13 

0054) wherein R' is hydrogen atom, lower 
alkyl group or aryl group 

0055 wherein said lower alkyl group or aryl 
group is optionally Substituted by carboxy 
group, lower alkoxycarbonyl group or 
aralkyloxycarbonyl group, 

0056 Y is -CO-, -CO-, -COCO-, 
-SO-, -SO(CH-)- or -(CH)- 
0057 wherein r is 0 or an integer of 1 to 3, 

0.058 or a single bond, 
0059) Y° is oxygen atom, sulfur atom or a single 
bond, 
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0060) Y is 

11y 21 

N- 's- 
(CH2). 

(CH2) s 

0061 whereins and t are the same or different and 
each is an integer of 1 to 3, 

0062 or a single bond, 

0063 Y" is oxygen atom, -CO-, -CO-, 
SO-, -CONH-, -CH=CH- or a single 

bond, 

0064) Y is -(CH2)-, -(CH-)-CHAk 
(CH-)-, -(CH2)-CAk Ak'-(CH2)-, 

0065 wherein Ak, Ak' are the same or different 
and each is lower alkyl group, p is 0 or an integer 
of 1 to 3, p' and p" are the same or different and 
each is 0 or an integer of 1 or 2, 

0066 or a single bond, 

0067 

1s 
2 

ring A is 

0068 wherein R'' is carboxy group, lower 
alkoxycarbonyl group or aralkyloxycarbonyl 
group 

0069 wherein said aralkyloxycarbonyl group 
is optionally Substituted by halogen atom, nitro 
group, alkyl group, alkoxy group or trifluorom 
ethyl group, 

0070) is 1 or 2, 

0071 k is 0 or 1, and 

0072 m and n are the same or different and each is 
0 or an integer of 1 to 3; and 

0.073 R', R and R are the same or different and 
each is hydrogen atom, hydroxy group, lower alkyl 
group or aryl group, 

0.074 or a salt thereof or a prodrug thereof. 
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0075) (2) The amidine compound of the formula I 
described in (1) above, wherein R is a group of the 
formula 

0.076 wherein R', R, R, X, X, X, X, and k are as 
defined above, or a Salt thereof or a prodrug thereof. 

0077 (3) The amidine compound of the formula I 
described in (2) above, wherein R is a group of the 
formula 

0078 wherein R", R, R, X, X, X, X, and k are as 
defined above, or a Salt thereof or a prodrug thereof. 

0079 (4) The amidine compound of the formula I 
described in (3) above, wherein R is a group of the 
formula 

0080 wherein R', R, R, X, X, X, X, and k are as 
defined above, or a Salt thereof or a prodrug thereof. 

0081 (5) The amidine compound of the formula II 
described in (4) above, wherein X is -(CH2)- 
wherein m is as defined above and X" is a group of the 
formula 

Re! s 

0082) 
0083) or a salt thereof or a prodrug thereof. 
0084 (6) The amidine compound of the formula II 
described in (5) above, wherein R is hydrogen atom, 
X is oxygen atom, and X is a single bond, or a salt 
thereof or a prodrug thereof. 

and j is 1, 
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-L1-(Indol-2-ylmethyl)piperidin-4-ylmethoxy 0239 7-1-(indol-2-vlmethvl)piperidin-4-vlmeth 
1,2,3,4-tetrahydroisoquinoline-2-carboxamidine, 

0240 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)piperidine-1-acetic acid, 

0241 N-benzyl-4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)piperidine-1-acetamide, 

0242 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)piperidin-1-ylacetylaminoacetic acid, 

-L1-(5-nitropyridin-2-yl)piperidin-4-yl 0243 7-1-(5-ni idin-2-vl)piperidin-4-vl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxa 
midine, 

0244) 7-1-(2-nitrobenzyl)piperidin-4-ylmethoxy)-1,2, 
3,4-tetrahydroisoquinoline-2-carboxamidine, 

0245) 7-1-(2-aminobenzyl)piperidin-4-ylmethoxy)-1, 
2,3,4-tetrahydroisoquinoline-2-carboxamidine, 

-(1-hexaneimidoylpiperidin-4-ylmethoXy)-1,2, O246 7-(1-h imidoylpiperidin-4-ylmethoxy)-1,2 
3,4-tetrahydroisoquinoline-2-carboxamidine, 

0247 N-benzy14-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)piperidine-1-Sulfonamide, 

0248 N-butyl-4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)piperidine-1-Sulfonamide, 

0249 N-cyclohexyl-4-(2-amidino-1,2,3,4-tetrahy 
droisoquinolin-7-yloxymethyl)piperidine-1-Sulfona 
mide, 

0250) N-(2-nitrophenyl)-4-(2-amidino-1,2,3,4-tetrahy 
droisoquinolin-7-yloxymethyl)piperidine-1-carboth 
ioamide, 

0251 7-1-(benzimidazol-2-vl)piperidin-4-wl yl)pip y 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxa 
midine, 

0252) 3-4-4-(2-amidino-1,2,3,4-tetrahydroisoquino 
lin-7-yloxymethyl)piperidin-1-ylpyridin-3-ylpropi 
onic acid ethyl ester, 

0253) 3-4-4-(2-amidino-1,2,3,4-tetrahydroisoquino 
lin-7-yloxymethyl)piperidin-1-ylpyridin-3-ylpropi 
onic acid, 

0254) 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(2-aminopyridin-5-ylcarbonyl)piperi 
dine-4-carboxylic acid, 

0255 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(3-aminopropionyl)piperidine-4-car 
boxylic acid, 

0256 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(imidazol-4-ylacetyl)piperidine-4-car 
boxylic acid, 

0257 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(piperidin-4-ylsulfamoyl)piperidine-4- 
carboxylic acid, 

0258) 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-dimethylaminoacetylpiperidine-4-car 
boxylic acid, 

0259 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(pyridin-3-ylcarbamoyl)piperidine-4- 
carboxylic acid ethyl ester, 
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0260 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(1-dimethylaminoacetylpiperidin-2- 
ylcarbonyl)piperidine-4-carboxylic acid ethyl ester, 

0261 4-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin 
7-yloxymethyl)-4-carboxypiperidin-1-yl)-1-methylpy 
ridinium chloride, 

0262 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl) 1-(4-amidinophenyl)piperidine-4-car 
boxylic acid ethyl ester, 

0263 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(2,6-dimethylpyridin-4-yl)piperidine 
4-carboxylic acid ethyl ester, 

0264) 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(2-methylpyridin-4-yl)piperidine-4- 
carboxylic acid ethyl ester, 

0265 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(1-ethylpiperidin-4-yl)piperidine-4- 
carboxylic acid ethyl ester, 

0266 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(1-ethylpiperidin-4-yl)piperidine-4- 
carboxylic acid, 

0267 7-2-(4-cyanopiperidin-4-yl)ethoxy)-1,2,3,4-tet 
rahydroisoquinoline-2-carboxamidine, 

0268) 4-2-(2-amidino-1,2,3,4-tetrahydroisoquinolin 
7-yloxy)ethyl-1-(pyridin-4-yl)piperidine-4-carboxylic 
acid ethyl ester, 

0269) 4-(2-amidino-6-methoxy-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine-4- 
carboxylic acid, and 

0270 4-(2-amidino-6-methyl-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine-4- 
carboxylic acid, 

0271 or a salt thereof or a prodrug thereof. 
0272 (11) A pharmaceutical composition comprising 
an amidine compound of any of the above (1) to (10) 
or a Salt thereof or a prodrug thereof, and a pharma 
ceutically acceptable additive. 

0273 (12) Ablood coagulation inhibitor comprising an 
amidine compound of any of the above (1) to (10) or a 
Salt thereof or a prodrug thereof as an active ingredient. 

0274 (13) A factor Xa inhibitor comprising an amidine 
compound of any of the above (1) to (10) or a salt 
thereof or a prodrug thereof as an active ingredient. 

0275 (14) An agent for the prophylaxis or treatment of 
diseases caused by blood coagulation or thrombus, 
which comprises an amidine compound of any of the 
above (1) to (10) or a salt thereof or a prodrug thereof 
as an active ingredient. 

0276 (15) A method for inhibiting coagulation of 
blood, which comprises administering the amidine 
compound of any of the above (1) to (10) or a salt 
thereof or a prodrug thereof. 

0277 (16) A method for inhibiting factor Xa, which 
comprises administering the amidine compound of any 
of the above (1) to (10) or a salt thereof or a prodrug 
thereof. 



US 2004/OOO6099 A1 

0278 (17) A method for the prophylaxis or treatment 
of diseases caused by blood coagulation or thrombus, 
which comprises administering the amidine compound 
of any of the above (1) to (10) or a salt thereof or a 
prodrug thereof. 

0279 (18) Use of the amidine compound of any of the 
above (1) to (10) or a salt thereof or a prodrug thereof 
for the production of a blood coagulation inhibitor. 

0280 (19) Use of the amidine compound of any of the 
above (1) to (10) or a salt thereof or a prodrug thereof 
for the production of a factor Xa inhibitor. 

0281 (20) Use of the amidine compound of any of the 
above (1) to (10) or a salt thereof or a prodrug thereof 
for the production of an agent for the prophylaxis or 
treatment of diseases caused by blood coagulation or 
thrombus. 

0282 (21) A commercial package comprising the 
blood coagulation inhibitor of the above (12) and a 
written matter associated therewith, the written matter 
stating that the inhibitor can or should be used for 
inhibiting coagulation of blood. 

0283 (22) A commercial package comprising the fac 
tor Xa inhibitor of the above (13) and a written matter 
asSociated therewith, the written matter Stating that the 
inhibitor can or should be used for inhibiting factor Xa. 

0284 (23) A commercial package comprising the 
agent for the prophylaxis or treatment of the above (14) 
and a written matter associated there with, the written 
matter Stating that the agent can or should be used for 
the prophylaxis or treatment of diseases caused by 
blood coagulation or thrombus. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0285) The terms used in the present specification to 
explain the inventive compound are defined as follows. 
0286 “Lower alkyl group” is linear or branched alkyl 
group having 1 to 6 carbon atoms, which is exemplified by 
methyl group, ethyl group, propyl group, isopropyl group, 
butyl group, isobutyl group, tert-butyl group, pentyl group, 
tert-pentyl group, hexyl group and the like, with preference 
given to methyl group, ethyl group, propyl group, isopropyl 
group, butyl group, isobutyl group, tert-butyl group and the 
like having 1 to 4 carbon atoms. Lower alkyl group at R' 
is optionally be Substituted by carboxy group, lower alkoxy 
carbonyl group or aralkyloxycarbonyl group. 
0287) “Cycloalkyl group” is alkyl having cyclic alkyl 
moiety having 3 to 10 carbon atoms. Examples thereof 
include cyclopropyl group, 2,3-dimethylcyclopropyl group, 
cyclobutyl group, 3-methylcyclobutyl group, cyclopentyl 
group 3,4-dimethylcyclopentyl group, cyclohexyl group, 
4-methylcyclohexyl group, cycloheptyl group, cyclooctyl 
group, norbornyl group, adamantyl group, bicyclo3.3.0 
octan-1-yl group or bicyclo3.3.1 nonan-9-yl group and the 
like. Preferred are cyloalkyl having 3 to 7 carbon atoms, 
Such as cyclopropyl group, cyclobutyl group, cyclopentyl 
group, cyclohexyl group and the like. Cycloalkyl group at 
R is optionally Substituted by lower alkyl group or carboxy 
grOup. 

10 
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0288 “Alkylene group having 1 to 6 carbon atoms” is 
linear or branched alkylene group having 1 to 6 carbon 
atoms, Such as methylene group, ethylene group, propylene 
group, butylene group, pentylene group, heXylene group and 
the like, which is preferably methylene group, ethylene 
group, propylene group, butylene group and the like having 
1 to 4 carbon atoms. 

0289 “Alkenylene group having 2 to 6 carbon atoms” is 
linear or branched alkenylene group having 2 to 6 carbon 
atoms, Such as ethenylene group, 1-propenylene group, 
1-butenylene group, 2-butenylene group, 3-butenylene 
group, 1-pentenylene group, 2-pentenylene group, 3-pente 
nylene group, 1-hexenylene group, 2-hexenylene group, 
3-hexenylene group, 4-hexenylene group, 5-hexenylene 
group and the like. Preferred are ethenylene group, 1-pro 
penylene group, 1-butenylene group, 2-butenylene group, 
3-butenylene group and the like having 2 to 4 carbon atoms. 
0290 “Aryl group” is phenyl group, naphthyl group or 
biphenyl group having 6 to 12 carbon atoms, with preference 
given to phenyl group. Aryl group at R is optionally 
substituted by 1 to 3 substituents selected from lower alkyl 
group, hydroxy group, lower alkoxy group, carboxy group, 
lower alkoxycarbonyl group, aralkyloxycarbonyl group, 
nitro group, amino group, acylamino group, amidino group 
and hydroxyamidino group. Aryl group at R is optionally 
substituted by 1 to 3 substituents selected from halogen 
atom, lower alkyl group (said lower alkyl group is optionally 
Substituted by halogen atom), hydroxy group, lower alkoxy 
group, carboxy group and lower alkoxycarbonyl group. Aryl 
group at R' is optionally Substituted by carboxy group, 
lower alkoxycarbonyl group or aralkyloxycarbonyl group. 

0291 “Heteroaryl group” is 5 or 6-membered aromatic 
ring having 1 to 3 hetero atoms Selected from nitrogen atom, 
oxygen atom and Sulfur atom, and may form a condensed 
ring with other ring that may be partially Saturated. 
Examples thereof include imidazolyl group, pyridyl group, 
pyridine-1-oxide group, pyrimidyl group, thienyl group, 
thiazolyl group, isoxazolyl group, oxadiazolyl group, triaz 
olyl group, indolyl group, quinolyl group, furyl group, 
benzofuryl group, 1H-benzimidazolyl group, 2-benzothiaz 
olyl group and the like. Preferred are pyridyl group, pyri 
dine-1-oxide group, thienyl group, thiazolyl group, isox 
azolyl group, indolyl group and the like. Heteroaryl group at 
R is optionally substituted by 1 to 3 substituents selected 
from lower alkyl group, hydroxy group, lower alkoxy group, 
carboxy group, lower alkoxycarbonyl group, aralkyloxycar 
bonyl group, nitro group, amino group, acylamino group, 
amidino group and hydroxyamidino group. Heteroaryl 
group at R is optionally substituted by 1 to 3 substituents 
Selected from halogen atom, lower alkyl group (Said lower 
alkyl group is optionally Substituted by halogen atom), 
hydroxy group, lower alkoxy group, carboxy group and 
lower alkoxycarbonyl group. The binding Site of these 
heteroaryl groups is not limited as long as the Site is 
chemically acceptable. 

0292 “Aralkyl group” is arylalkyl group wherein aryl 
moiety is as exemplified for the above-mentioned “aryl 
group” and alkyl moiety is as exemplified for the above 
mentioned “lower alkyl group', and is exemplified by ben 
Zyl group, phenethyl group, phenylpropyl group, phenylbu 
tyl group, phenylhexyl group and the like. Aralkyl group 
may have, on the aryl group, 1 to 3 Substituents Selected 
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from halogen atom, lower alkyl group, hydroxy group, 
lower alkoxy group, haloalkyl group, cyano group, nitro 
group, amino group, acyloxy group and the like. It may be 
Substituted Simultaneously with two or more Substituents, 
but preferably mono-substituted. The position of substitu 
tion is not particularly limited as long as it is chemically 
acceptable. 

0293 “Lower alkoxy group” is linear or branched alkoxy 
group having 1 to 6 carbon atoms and is exemplified by 
methoxy group, ethoxy group, propoxy group, isopropoxy 
group, butoxy group, tert-butoxy group, pentyloxy group, 
tert-pentyloxy group, hexyloxy group and the like. Preferred 
are methoxy group, ethoxy group, propoxy group, isopro 
poxy group, butoxy group, tert-butoxy group and the like 
having 1 to 4 carbon atoms. 
0294 “Lower alkoxycarbonyl group” is that wherein the 
lower alkoxy moiety is those exemplified for the above 
mentioned “lower alkoxy group”. Examples thereof include 
methoxycarbonyl group, ethoxycarbonyl group, propoxy 
carbonyl group, isopropoxycarbonyl group, butoxycarbonyl 
group, isobutoxycarbonyl group, tert-butoxycarbonyl group 
and the like, with preference given to methoxycarbonyl 
group, ethoxycarbonyl group, propoxycarbonyl group and 
the like. 

0295) “Aralkyloxycarbonyl group” is that wherein the 
aralkyl moiety is those exemplified for the above-mentioned 
“aralkyl group”. Examples thereof include benzyloxycarbo 
nyl group, 2-phenylethoxycarbonyl group, 3-phenylpro 
poxycarbonyl group and the like, which may be Substituted 
by halogen atom, nitro group, alkyl group, alkoxy group, 
trifluoromethyl group and the like. Preferred is benzyloxy 
carbonyl group. 
0296 “Acyl group” is formyl group; alkanoyl group 
having 2 to 6 carbon atoms Such as acetyl group, propionyl 
group, butyryl group, pivaloyl group and the like; or aroyl 
group Such as benzoyl group and the like wherein aryl group 
may have 1 to 3 substituents. Preferred are formyl group, 
acetyl group, pivaloyl group, benzoyl group and the like. 
0297 "Imidoyl group” is formimidoyl group, acetimi 
doyl group, propanimidoyl group, butanimidoyl group, pen 
tanimidoyl group or hexanimidoyl group and the like having 
1 to 6 carbon atoms. Preferred are acetimidoyl group, 
propanimidoyl group and the like. 

0298 “Lower alkylamino group” is amino group mono 
substituted by those exemplified to the above-mentioned 
“lower alkyl group”. Examples thereof include methylamino 
group, ethylamino group, propylamino group or butylamino 
group and the like, with preference given to methylamino 
group, ethylamino group, propylamino group and the like. 

0299 “Di(lower)alkylamino group” is amino group dis 
ubstituted by those exemplified for the above-mentioned 
“lower alkyl group”, and is exemplified by dimethylamino 
group, diethylamino group, dipropylamino group, methyl 
ethylamino group, methylpropylamino group and the like. 
Preferred are dimethylamino group, diethylamino group and 
the like. 

0300 “Di(lower)alkylamino(lower)alkanoyl group” is 
alkanoyl group Substituted by those exemplified for the 
above-mentioned “di(lower)alkylamino group”. Examples 
thereof include dimethylaminoacetyl group, diethylami 
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noacetyl group, dipropylaminoacetyl group, methylethy 
laminoacetyl group, methylpropylaminoacetyl group, dim 
ethylaminopropanoyl group, diethylaminopropanoyl group, 
dipropylaminopropanoyl group and the like. Preferred are 
dimethylaminoacetyl group, diethylaminoacetyl group and 
the like. 

0301 “Acylamino group” is amino group substituted by 
those exemplified for the above-mentioned “acyl group'. 
Examples thereof include formylamino group; alkanoy 
lamino group having 2 to 6 carbon atoms Such as acety 
lamino group, propionylamino group, butyrylamino group, 
pivaloylamino group and the like; and aroylamino group 
Such as benzoylamino group and the like, wherein aryl group 
may be substituted by 1 to 3 substituents. Preferred are 
formylamino group, acetylamino group, pivaloylamino 
group, benzoylamino group and the like. 

0302) “Halogen atom' is chlorine, bromine, fluorine or 
iodine, with preference given to chlorine or bromine. 
0303 “Saturated 5- to 7-membered heterocycle having at 
least one nitrogen atom' is exemplified by pyrrolidine, 
piperidine, hexahydroazepine, and oxazolidine, thiazolidine, 
imidazolidine, morpholine, thiomorpholine, piperazine, tet 
rahydrooxazepine, tetrahydrothiazepine, hexahydrodiaz 
epine and the like having, as hetero atom, oxygen, Sulfur 
and/or nitrogen atom. Saturated 5- to 7-membered hetero 
cycle having at least one nitrogen atom at R may be 
Substituted by lower alkyl group, acyl group, di(lower)alky 
lamino(lower)alkanoyl group or imidoyl group. 

0304 “The salt” of the compound includes, but not 
limited to, inorganic acid addition Salt Such as hydrochlo 
ride, hydrobromide, Sulfate, phosphate, nitrate and the like; 
organic acid addition Salt Such as acetate, propionate, Suc 
cinate, glycolate, lactate, malate, oxalate, tartrate, citrate, 
maleate, fumarate, methaneSulfonate, benzeneSulfonate, 
p-tolueneSulfonate, ascorbate and the like, addition Salt with 
amino acid Such as aspartate, glutamate and the like; Salt 
with inorganic base Such as Sodium, potassium, calcium, 
magnesium and the like, Salt with organic base Such as 
methylamine, dimethylamine, ethylamine, diethylamine, tri 
ethylamine, triethanolamine, trishydroxymethylami 
nomethane, dicyclohexylamine, ethylenedimane, quinine, 
guanidine and the like; and base Salt with amino acid Such 
as asparagine, glutamine, arginine, histidine, lysine and the 
like. The Salt may be water containing compound or hydrate. 

0305. “The prodrug” of a compound is a derivative of the 
compound of the present invention, which has a chemically 
or metabolically degradable group and which shows phar 
maceutical activity upon hydrolysis, Solvolysis, or decom 
position under physiolocial conditions. 

0306 “Various diseases caused by blood coagulation or 
thrombus' include cerebrovascular deseaseS Such as cere 
bral infarction, cerebral thrombosis, cerebral embolism, 
transient ischemia attack (TIA), Subarachnoid hemorrhage 
and the like; ischemic heart diseaseS Such as acute or chronic 
myocardial infarction, unstable angina, coronary thrombosis 
and the like; pulmonary vascular diseases Such as pulmonary 
infarction, pulmonary embolism and the like; and diseases 
asSociated with various vascular disorderS Such as peripheral 
arterial embolism, deep vein thrombosis, disseminated intra 
vascular coagulation, thrombosis after Surgery of artificial 
blood vessels or replacement of artificial valve, reocclusion 
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or restenosis after coronary bypass, reocclusion or restenosis 
after percutaneous transluminal coronary angioplasty 
(PTCA) or percutaneous transluminal coronary recanaliza 
tion (PTCR), thrombosis due to extracorporeal circulation, 
and the like. 

0307 The compound of the present invention is 
explained in detail in the following. 

0308 Of the inventive compounds of the formula I, R 
is a group of the formula 

0309 and preferably a group of the formula 

R4 
n XS N -a-x-x N-X-X-R6 or 

j 2 R5 

N 

X-ch-y-G-y-y-R 
(CH)-Y4-YS-R8 

0310 and particularlv preferablv a group of the formula p y p y a group 

R4 

0311) R', R and Rare preferably hydrogen atom. 

0312 The mode of connection of 

O s 

12 
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-continued 

-at-x-x-O-x-x-r 
R5 

0313 is preferably as shown by the formula 

ci-x-x-O-x-x-r R5 

0314) Preferable R" is hydrogen atom, lower alkoxy 
group or halogen atom, which is particularly preferably 
hydrogen atom. Preferable R is hydrogen atom, carboxy 
group or lower alkoxycarbonyl group, particularly prefer 
ably carboxy group. Preferable R is hydrogen atom, car 
boxy group, lower alkoxycarbonyl group, aryl group or 
heteroaryl group wherein aryl group or heteroaryl group is 
optionally substituted by 1 to 3 substituents selected from 
lower alkyl group, hydroxy group, lower alkoxy group, 
carboxy group, lower alkoxycarbonyl group, aralkyloxycar 
bonyl group, nitro group, amino group, acylamino group, 
amidino group and hydroxyamidino group, which is par 
ticularly preferably pyridyl group. 

0315) Preferable X is oxygen atom or sulfur atom, which 
is particularly preferably oxygen atom. X is preferably 
-(CH2), , particularly preferably -(CH-)-. X" is pref 
erably 

1s 
e 

0316 or a single bond, particularly preferably a single 
bond. X is preferably alkenylene group having 2 to 6 carbon 
atoms or a Single bond, which is particularly preferably a 
single bond. Preferred j is 1, and k is preferably 0. 
0317 R7 is preferably 

R10 

0318 wherein R is preferably oxygen atom or NH, and 
particularly preferably NH. R' is preferably lower alkyl 
group, lower alkoxy group or amino group, and particularly 
preferably lower alkyl group or amino group. R is prefer 
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ably hydrogen atom, aryl group, heteroaryl group wherein 
aryl group or heteroaryl group is optionally Substituted by 1 
to 3 Substituents Selected from halogen atom, lower alkyl 
group (said lower alkyl group is optionally Substituted by 
halogen atom), hydroxy group, lower alkoxy group, carboxy 
group and lower alkoxycarbonyl group, particularly prefer 
ably phenyl group. 

0319 Y is preferably oxygen atom or -NR'- 
wherein R' is preferably —Y-R" wherein R' is pref 
erably phenyl group optionally Substituted by carboxy group 
or lower alkoxycarbonyl group, Y is preferably -CO-, 
particularly preferably -N-Y-R. Y is preferably 
oxygen atom. Y is preferably 

0320 whereins and t are each preferably 2. Y is pref 
erably –CONH-. Y is preferably -(CH2) , 
-(CH-)-CHAk-(CH), -(CH-)-CAk Ak'- 
(CH2)— wherein p is preferably 1 or 2, p' is preferably 1 
and p" is preferably 0, which is particularly preferably 
-(CH-)-CHAk-(CH-)-. The ring A is preferably a 
group of the formula 

(CH2). 
M o N 

(CH/ 

0321) The compound of the formula I of the present 
invention includes tautomer, Stereoisomer, optical isomer 
and geometrical isomer. The present invention encompasses 
all of them. 

0322 The production method of the compound of the 
present invention is explained in the following, to which the 
production method of the inventive compound is not limited. 

0323 Production Method 1 

moiety ii 
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N- + -X-X-R6 

R5 
moiety iii) moiety iv moiety v. 

0324. The production method shown here is suitable for 
producing, of the compounds of the formula I; compound 
of the formula I 

(I) 

-R 
4 

R l R 

0325 In this case, connection between moieties i, ii), 
iii., iv) and V can be started from any position. Construc 
tion or conversion of each moiety may be carried out 
independently or may be done after connecting Some moi 
eties. When reactive functional group is present, a protecting 
group may be introduced or removed as appropriate. 

0326 (1 Connection of moiety i and moiety ii) 
0327. A compound at the moiety ii of the formula (2) 

(2) 

HN 

R4 
S/S 

(CH2)- x-S 

wherein 

- S 
0328 means connection with other moiety or binding of 
a convertible group Such as hydrogen atom, protecting group 
or leaving group and the like (hereinafter the same in the 
following formulas), and R', X,j and k are each as defined 
above, is reacted with the compound of the moiety i of the 
formula (3) 

(3) 
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0329 wherein R, R and R are the same or different 
and each is hydrogen atom, hydroxy group, lower alkyl 
group, aryl group or a protecting group of nitrogen atom, or 
a Salt thereof, in the presence of a base Such as triethylamine, 
N,N-diisopropylethylamine, N-methylmorpholine and the 
like to give a compound of the formula (4) 

(4) 

0330 wherein R, R, R, R, X,j and k are each as 
defined above. When any of R', R and R is a protecting 
group, this protecting group can be removed by a conven 
tional method. 

0331 Alternatively, ammonium thiocyanate and benzoyl 
chloride are reacted in advance under heating and a com 
pound of the formula (2) is reacted to give a thioamide 
compound. Then, after treating with an acid Such as hydro 
gen chloride, hydrogen bromide and the like, the compound 
is reacted with methyl iodide under heating, preferably at 
50 C.-70° C. The compound may be reacted with amine 
having the desired Substituent. 
0332 Alternatively, the compound of the formula (2) and 
the compound of the formula (5) 

R-NCS (5) 

0333 wherein R' is as defined above, are reacted and 
then with methyl iodide to give thiomethyl compound, 
followed by reaction with ammonium acetate or amine 
having the desired Substituent. 
0334. When a compound of moiety ii) wherein j is 2 is 
desired, a compound of the formula (6) 

(6) 

21 

0335 wherein Rh is a protecting group such as methyl 
group and the like, and R', X and k are as defined above, 
is reacted with Sodium azide and Subjected to rearrangement 
reaction to give an azepinone compound. This compound is 
reduced with lithium aluminum hydride to give a compound 
of the formula (7) 

(7) 
R4 

HN SAS s 
21 

0336 wherein R', X, Rh and k are as defined above. 
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0337 2 Connection or construction of moiety ii) and 
moiety iii) 

0338 A compound at the moiety ii of the formula (8) 

(8) 

J. 

0339) wherein R', X,j and k are as defined above, and 
a compound at the moiety iii) of the formula (9) 

(9) 

L-x-S 
0340 wherein L' is leaving group such as halogen atom 
and the like or hydroxy and X is as defined above, are 
reacted to give a compound of the formula (10) 

(10) 
R4 

SA 
(CH-x-x-S 

0341 wherein R', X, X,j and k are as defined above. 
When L' is a leaving group, it is Subjected to alkylation 
using a base Such as Sodium hydride, Sodium hydroxide, 
potassium hydroxide, Sodium carbonate, potassium carbon 
ate, triethylamine, N,N-diisopropylethylamine and the like, 
and when L' is hydroxy, it is subjected to Mitsunobu 
reaction using triphenylphosphine and diisopropyl azodicar 
boxylate. 

0342) When a compound wherein X is -SO- is 
desired, a compound of the formula (10) wherein X is sulfur 
atom is oxidized using a peracid Such as m-chloroperbenzoic 
acid or peracetic acid and the like to give a compound of the 
formula (11) 

(11) 
R4 

SAS 
ch-so-x-S 

0343 wherein R', X,j and k are as defined above. 
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0344) When a compound wherein X is -SO2NH- is 
desired, a compound of the formula (12) 

(12) 

o (CH2)k SOCI 

0345 wherein R', j and k are as defined above, and a 
compound of the formula (13) 

HN-x-S 
0346) wherein X is as defined above, are subjected to 
typical amidation under basic conditions to give a compound 
of the formula (14) 

(13) 

(14) 

R4 

Sé G-cho-sonii-x-S 21 

0347 wherein R', X,j and k are as defined above. 
0348) When a compound wherein k is 1 and X is oxygen 
atom is desired, a compound of the formula (15) 

(15) 

--COAk 

0349 wherein R', Ak and j are as defined above is 
reduced using a reducing reagent Such as Sodium borohy 
dride, lithium borohydride, lithium aluminum hydride, 
Sodium cyanoborohydride and the like to give a compound 
of the formula (16) 

(16) 

--CHOH 

0350 wherein R" and j are as defined above. The result 
ant compound is condensed with a compound of the formula 
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(9) by the method shown in the production method of a 
compound of the formula (10) to give a compound of the 
formula (17) 

(17) 

0351 wherein R', X and j are as defined above. 
0352 3) Connection or construction of moiety iii) 
and moiety iv 

0353) When a compound wherein R is hydrogen atom 
and X is -CH-, -(CH-)- or -(CH-)- is desired, 
the formula (18) 

AkOC-(CH2) -O -S 
0354 wherein m' is 0 or an integer of 1 or 2 and Ak is as 
defined above, is reduced using a reducing reagent Such as 
lithium aluminum hydride, Sodium borohydride, lithium 
borohydride, Sodium cyanoborohydride and the like to give 
a compound of the formula (19) 

to-en-O-S 
0355 wherein m" is an integer of 1 to 3. 
0356 Alternatively, a compound of the formula (20) 

HOC-(CH2) -O-S 
0357 wherein m' is as defined above, is reduced using a 
reducing reagent Such as borane and the like to give a 
compound of the formula (19). This compound corresponds 
to a compound of the formula (9) wherein X is 
-(CH-)- and L' is hydroxy group. 
0358) When a compound wherein R is cyano group, 
lower alkoxycarbonyl group or carboxy group and X is 
CH-, -(CH2)- or -(CH2)- is desired, a com 

pound of the formula (21) 

e-O-S 

(18) 

(19) 

(20) 

(21) 
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0359 wherein R is cyano group, lower alkoxycarbonyl 
group or carboxy group, is reacted with a compound of the 
formula (22) 

L’-(CH2)-CH=CH, (22) 
0360 wherein L is a leaving group such as halogenatom 
and the like and m' is as defined above, in the presence of a 
base such as lithium diisopropylamide and the like at -80 
C. to 0° C. to give a compound of the formula (23) 

CH2=CH-(CH2) -O-S 
R5 

0361) wherein R and m' are as defined above. The 
obtained compound is reacted with an oxidizing reagent 
Such as OSmium tetroxide and the like to give a diol 
compound wherein the double bond was oxidized. This diol 
compound is Subjected to periodate oxidation to allow 
adjacent diol to be oxidatively cleaved to give an aldehyde 
compound. This is reduced using a reducing reagent Such as 
Sodium borohydride, lithium borohydride, sodium 
cyanoborohydride and the like to give a compound of the 
formula (24) 

to-a-O-S 
R5 

0362 wherein R and m" are as defined above. This 
compound corresponds to a compound of the formula (9) 
wherein X is -(CH-)- and L' is hydroxy group. 
0363 Alternatively, a compound of the formula (23) is 
Subjected to periodate oxidation to give a carboxylic acid, 
which is reduced with a reducing reagent Such as borane and 
the like to give a compound of the formula (24). 
0364 Alternatively, a compound of the formula (21) and 
a compound of the formula (25) 

S- (CH2)-L2 

0365 wherein L and m are as defined above, may be 
reacted in the presence of a base Such as lithium diisopro 
pylamide and the like at -80 C. to 0 C. 
0366) When a compound wherein R is cyano group is 
desired, a compound of the formula (26) 

(23) 

(24) 

(25) 

(26) 
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0367) is amidated and reacted using a dehydrating 
reagent Such as triphenylphosphine and the like to give a 
compound of the formula (27) 

sc-O-S 
0368. Then, this compound may be bonded with a com 
pound of moiety iii) by a method similar to the production 
method of a compound of the formula (23) or a known 
method. 

0369) The leaving group L can be introduced into a 
compound of the formula (25) by, for example, a compound 
of the formula (28) 

S- (CH2), SMe 

0370 wherein m is as defined above is reacted with a 
halogenation reagent Such as Sulfuryl chloride and the like to 
give a compound of the formula (25). The compound of the 
formula (25) may be converted to a compound with a 
leaving group having higher reactivity by the use of alkai 
metal halide. 

0371) When a compound wherein X is -SONH- and 
X is -(CH2)- is desired, a compound of the formula 
(29) 

HOC- cle KX -S 
R5 

0372 wherein R and mare as defined above, is subjected 
to Curtius rearrangement, Hofmann rearrangement and the 
like to give a carbamate compound, which is Subjected to 
typical removing reaction of amino group to give a com 
pound of the formula (30) 

HN- al-K) -S 
R5 

0373) wherein R and m are as defined above. This 
compound corresponds to a compound of the formula (13) 
wherein X is -(CH-)-. 
0374. Alternatively, a compound of the formula (31) 

o-O-S 

(27) 

(28) 

(29) 

(30) 

(31) 
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0375) is subjected to Strecker reaction by reacting hydro 
gen cyanide in the presence of ammonia to give a compound 
of the formula (32) 

0376. This compound corresponds to a compound of the 
formula (30) wherein R is cyano group and m is 0. Sub 
Sequent alcoholysis gives a compound of the formula (33) 
wherein R of the formula (30) is lower alkoxycarbonyl 

COAk 

(32) 

(33) 

0377 wherein Ak is as defined above, and hydrolysis of 
the resultant compound gives a compound of the formula 
(34) wherein R of the formula (30) is carboxy group 

COH 

(34) 

0378 4 Connection or construction of moiety iv) 
and moiety V 

0379 A compound at the moiety (iv) of the formula (35) 

S K Xh 
(35) 

0380 wherein R is as defined above, is reacted with a 
compound at the moiety v of the formula (36) 

L-X-X-R (36) 

0381 wherein R, X, X and L are as defined above, in 
the presence of a base Such as Sodium hydride, potassium 
hydride, Sodium hydroxide, potassium hydroxide, lithium 
hydroxide, Sodium carbonate, potassium carbonate, Sodium 
hydrogencarbonate, potassium hydrogencarbonate, triethy 
lamine, N,N-diisopropylethylamine, pyridine and the like or 
reacted using a base Such as triethylamine, N,N-diisopropy 
lethylamine and the like at 120-160° C. to give a compound 
of the formula (37) 
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(37) 

S N-X-X-R6 

0382 wherein R, R, X" and X are as defined above. 
0383) When a compound wherein R is aryl group or 
heteroaryl group and the aryl group or heteroaryl group is 
Substituted by amino group or acylamino group is desired, a 
compound having nitro group as a Substituent at aryl group 
or heteroaryl group is reduced to give a compound having 
amino as a Substituent. Further, an acylation reagent Such as 
acyl halide, acid anhydride and the like is reacted to give a 
compound having of acylamino group as a Substituent. 

0384) When a compound wherein X is -CH=CH- is 
desired, a compound of the formula (38) 

S-x-cho 
0385) wherein X" is as defined above, is reacted with a 
compound of the formula (39) 

(38) 

(39) 
O 

(AkO)P-CH-R 

0386 wherein R and Ak are as defined above, in the 
presence of a base Such as Sodium hydride, potassium 
hydride and the like, to give a compound of the formula (40) 

S-x-CH=CH-R 
0387) 

(40) 

wherein R and X" are as defined above. 

0388 Production Method 2 
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-continued 

21 
moiety vi 

R5 
moiety iii) moiety iv 

-X-X-R6 

moiety v. 

0389. The production method shown here is suitable for 
producing, of the compounds of the formula I, a compound 
of the formula II" 

18 
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(42) 

R4 
sa ya 
s (CH2)k -x-S R2 21 

0394 wherein R', R.R., R', X and k are as defined 
above. 

0395. When a compound of the formula (43) having 
halogen atom at the 8-position at R' 

II" 
N1 

4 R R 
as NN y^ 

2 --(CH2)4-X2-X N-X-X-R6 
R 21 

R5 

0390. In this case, connection between moieties i, iii, 
iv, V and Vican be started from any position. Construc 
tion or conversion of each moiety may be carried out 
independently or may be done after connecting Some moi 
eties. When reactive functional group is present, a protecting 
group may be introduced or removed as appropriate. 

0391) 5 Connection and construction of moiety i 
and moiety vil 

0392 A compound at the moiety vi of the formula (41) 

(41) 
HO 

0393 wherein R', X and k are as defined above, is 
reacted with a Sulfonylation reagent Such as trifluo 
romethaneSulfonic anhydride and the like to convert 
hydroxy group thereof to a leaving group and reacted with 
cyanation reagent Such as Zinc cyanide and the like in the 
presence of a catalyst Such as tetrakis(triphenylphosphine 
)palladium and the like to give a cyano compound. The 
resultant compound is reacted with hydrogen Sulfide under 
basic conditions to give a thioamide compound, which is 
further S-alkylated with methyl iodide and the like and 
reacted with ammonium acetate or amine having a desired 
Substituent to give a compound of the formula (42) 

(43) 
Hal 

N 
--(CH2)4- x-S 
2 

0396 wherein Hal is halogen atom, and X’ and k are as 
defined above, is desired, a compound of the formula (44) 

J. 

(44) 

J. N 
--(CH2)4- x-S 
21 

0397) wherein X and k are as defined above is halog 
enized with a halogenizing reagent Such as tert-butyl 
hypochlorite and the like. 

0398 Connection of moiety vi and moiety iii), and 
moiety iii-moiety V can be carried out in the same manner 
as in the connection of moiety ii-moiety V shown in 
Production Method 1. 
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0399 Production Method 3 

Jan. 8, 2004 

3 
-R N 

N N ... . . )--a- --(-)---- n N N 

l, R 

moiety i moiety vii) 

-- 

moiety Xi 

0400. The production method shown here is suitable for 
producing, of the compounds of the formula I, a compound 
of the formula II" 

N1 R3 

R'S N 
N N 2 )-CH2-y-GO-y-y-R 
R N 

(CH)-Y-YS-R8 

04.01. In this case, connection between moieties i, vii), 
viii., ix), x and Xi can be started from any position. 
Construction or conversion of each moiety may be carried 
out independently or may be done after connecting Some 
moieties. When reactive functional group is present, a pro 
tecting group may be introduced or removed as appropriate. 

0402 6 Connection and construction of moiety i 
and moiety vii) 

0403. Using a compound of the formula (45) 

(45) 
NC N 

04.04 and connection or construction of moiety i and 
moiety vi as shown in Production Method 2 is carried out 
to give a compound of the formula (46) 

(46) 

moiety viii) moiety ix moiety X 

04.05 wherein R', R, R are each as defined above. 
0406 7 Connection and construction of moiety vii) 
and moiety viii), moiety Xi 

0407. A compound of the formula (47) 

(47) 

0408 wherein L is as defined above, is reacted with a 
compound at the moiety xi) of the formula (48) 

H.N-(CH2), Y-Y-R (48) 
04.09 wherein R, Y', Y and n are each as defined above, 
or a Salt thereof, in the presence of a base Such as triethy 
lamine, N,N-diisoropylethylamine, Sodium hydrogencar 
bonate, potassium hydrogencarbonate, Sodium carbonate, 
potassium carbonate and the like to give a compound of the 
formula (49) 

(49) 

0410 wherein R, Y', Y and n are as defined above. The 
compound of the formula (48) itself may be used as a base. 
0411 The nitro group of a compound of the formula (49) 
is reduced by a known method to give a compound of the 
formula (50) 

(50) 
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0412 wherein R. Y',Y and n are each as defined above, 
and reacted with a compound of moiety viii) of the formula 
(51) 

(51) 

Hoc-Ichi-S 
0413 wherein m is as defined above, to give a compound 
of the formula (52) 

JR NHCO- cha-S 
(52) 

0414 wherein R, Y', Y, m and n are as defined above. 
0415. Alternatively, a compound of the formula (53) 

(53) 

JS-a-N: 

0416) and a compound of the formula (51) are reacted to 
give a compound of the formula (54) 

JR NHCO- cha-S 
NH2 

(54) 

0417 wherein m is as defined above. This reaction can be 
a typical amidation reaction. For example, a condensing 
reagent Such as dicyclohexylcarbodiimide (DCC), diisopro 
pylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyl)carbo 
diimide hydrochloride (EDC.HCl), diphenylphosphory 
lazide or 2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline 
(EEDQ) and the like is used, or mixed acid anhydride 
method using alkylhalocarbonate and the like, or after 
conversion of carboxylic acid to acid halide using thionyl 
chloride, oxalyl chloride and the like, reaction under basic 
conditions, or other method may be used. 
0418) A compound of the formula (55) 

Rh oc-cha-S 
(55) 
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0419 wherein Rh' is a protecting group such as methyl 
group, ethyl group and the like and m is as defined above, 
is deprotected by a conventional method to give a compound 
of the formula (51). Alternatively, a compound of the 
formula (56) 

OHC- cha-S 

0420 wherein m is as defined above, is oxidized by a 
typical method to give a compound of the formula (51). 
0421) A compound of the formula (52) and a compound 
of the formula (54) are Subjected to ring-closing reaction 
under acidic conditions using acetic acid, methaneSulfonic 
acid, p-toluenesulfonic acid and the like to give a compound 
of the formula (57) 

(56) 

(57) 

0422 wherein R, Y', Y, m and n are as defined above, 
or a compound of the formula (58) 

Cry 
0423 wherein m is as defined above, respectively. 
0424. Alternatively, a compound of the formula (59) 

NC- (Ch-S 
0425 is converted to imidate using an alkoxide, Such as 
Sodium methoxide, Sodium ethoxide, potassium tert-butox 
ide and the like, and reacted with a compound of the formula 
(50) or a compound of the formula (53) under acidic 
conditions to give a compound of the formula (57) or a 
compound of the formula (58), respectively. 
0426. When a compound wherein Y is -CONH- is 
desired, a compound of the formula (60) 

(58) 

(59) 

(60) 

(CH2), COH 
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0427 wherein n is as defined above, and a compound of 
the formula (61) 

H.N. YS-R (61) 
0428 wherein Rand Y are as defined above, are reacted 
in the same manner as shown in the production method of a 
compound of the formula (52) or a compound of the formula 
(54), to give a compound of the formula (62) 

(62) 

fy 
(CH),-CONH-Y-R8 

0429 wherein R.Y. and n are as defined above. 
0430. When a compound wherein Y" is oxygen atom, Y 
is a single bond and R is lower alkyl group is desired, a 
compound of the formula (63) 

(63) 

fy 
(CH2), OH 

0431 wherein n is as defined above, and a compound of 
the formula (64) 

L-R (64) 

0432) wherein R is lower alkyl group and L' is as defined 
above, are reacted in the same manner as shown in the 
production method of a compound of the formula (37) to 
give a compound of the formula (65) 

(65) 

fy 

0433 wherein Rand n are as defined above. 
0434) When a compound wherein Y" is -CO-, Y is a 
single bond and R is heteroaryl group is desired, a com 
pound of the formula (60) is reacted with N.O-dimethylhy 
droxylamine in the Same manner as shown in the production 
method of a compound of the formula (52) or a compound 
of the formula (54) to give a compound of the formula (66) 

(66) 

0435 wherein n is as defined above. Separately, a com 
pound of the formula (67) 

H-R" (67) 

Jan. 8, 2004 

0436 wherein R is heteroaryl group is activated with a 
base such as butyl lithium and the like and reacted with the 
above-mentioned compound (66) to give a compound of the 
formula (68) 

(68) 

fy 
(CH-)-CO-R8 

0437 wherein Rand n are as defined above. 
0438) 8 Connection and construction of moiety viii) 
and moiety ix 

0439 A compound at the moietyviii) of the formula (69) 

S- (CH)- L2 

0440 wherein Land m are as defined above, is reacted 
with a compound of the formula (70) 

0441 wherein Y and ring A are as defined above, in the 
presence of a base Such as Sodium hydride, potassium 
hydride, Sodium hydroxide, potassium hydroxide, lithium 
hydroxide, Sodium carbonate, potassium carbonate, Sodium 
hydrogencarbonate, potassium hydrogencarbonate, triethy 
lamine, N,N-diisopropylethylamine, pyridine and the like to 
give a compound of the formula (71) 

S-cup-Y-O S 
0442 
above. 

0443) When a compound wherein Y is NH is desired, the 
compound is protected with a protecting group Such as 
benzyloxycarbonyl, tert-butoxycarbonyl and the like and 
Subjected to the reaction and deprotected to give a com 
pound of the formula (72) 

0444 wherein ring A and m are as defined above. In 
addition, when a compound wherein Y is -NR'- is 

(69) 

(70) 

(71) 

wherein Y', ring A and m are each as defined 

(72) 
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desired, a compound of the formula (72) is reacted with a 
compound of the formula (73) 

L2-R12 (73) 

0445) wherein R'' and L are as defined above, in the 
Same manner as in the production method of a compound of 
the formula (49) to give a compound of the formula (74) 

R12 

(74) 

0446 wherein R'' and m are as defined above. 
0447. When a compound wherein R'' is -Y-R', Y 

is -CO-, -CO-, -COCO- or -SO2- is desired, 
a compound of the formula (72) is reacted with a compound 
of the formula (75) 

HO-Y-R's (75) 

0448 wherein Y is -CO-,-CO-,-COCO- or 
-SO- and R' is as defined above, in the same manner as 
in the production method of a compound of the formula (52) 
or the formula (54) to give a compound of the formula (76) 

6-R13 

(76) 

0449) wherein R', Y' ring A and mare as defined above. 
0450. When a compound wherein Y is a single bond and 
the ring A is a group of the formula 

-O- 
R14 

0451) 

R-O-S 
0452 wherein R'' is as defined above, and a compound 
of the formula (69) are reacted in the same manner as in the 
production method of a compound of the formula (23) to 
give a compound of the formula (78) 

0453 wherein R'' and m are as defined above. 

is desired, a compound of the formula (77) 

(77) 

(78) 
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0454) When a compound wherein Y is oxygen atom is 
desired, a compound of the formula (79) 

0455 wherein ring A is as defined above, is oxidized with 
peracid Such as m-chloroperbenzoic acid, peracetic acid and 
the like to give a compound of the formula (80) 

to-OS 
0456 wherein ring A is as defined above. This compound 
corresponds to a compound of the formula (70) wherein Y' 
is oxygen atom. 

(79) 

(80) 

0457) 9 Connection and construction of moiety ix 
and moiety X 

0458) A compound at the moiety ix) of the formula (81) 

S-y-G)–: 
0459 wherein Y', L' and ring Aare as defined above, is 
reacted with a compound of the formula (82) 

(81) 

0460 wherein R7,Y° and Y are as defined above, in the 
Same manner as in the production method of a compound of 
the formula (10) to give a compound of the formula (83). 

S-y-G-y-y-R 
0461) wherein R7, Y', Y, Y- and ring A are as defined 
above. 

(83) 

0462. When a compound wherein ring A has the follow 
ing formula 
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0463) and Y is a single bond, is desired, a compound of 
the formula (84) 

(84) 

Sy-O" 
0464) wherein Y is as defined above, or a compound of 
the formula (85) 

S-O- 
0465 
with a compound of the formula (86) 

(85) 

wherein R'' and Y are as defined above, is reacted 

L°-Y-R7 (86) 

0466 wherein R, Y and L are as defined above, in the 
same manner as in the production method of a compound of 
the formula (37) to give a compound of the formula (87) 

(87) 

S--O- 
0467 wherein R7, Y and Y are as defined above, or a 
compound of the formula (88) 

Syl-O-y- 
R14 

0468 wherein R, R'', Y and Y are as defined above. 

(88) 

0469 When a compound wherein Y is a group of the 
formula 

Jan. 8, 2004 

0470 and R is lower alkyl group or 

R10 

0471) is desired, a compound of the formula (89) 

(89) 

0472 wherein Y, s and t are as defined above, is reacted 
with a compound of the formula (90) 

L-R7. 

0473 wherein L is a leaving group Such as ethoxy group, 
1-pyrazolyl group, halogen atom and the like and R is 
lower alkyl group or a group of the formula 

R10 

0474 wherein R and R'' are as defined above, in the 
presence of a base Such as triethylamine, N,N-diisopropyl 
ethylamine, Sodium hydrogencarbonate, potassium hydro 
gencarbonate, Sodium carbonate, potassium carbonate, 
Sodium hydroxide, potassium hydroxide, lithium hydroxide, 
Sodium hydride, potassium hydride and the like to give a 
compound of the formula (91) 

(91) 

0475 
0476. The compound of the formula I of the present 
invention thus obtained has a factor Xa inhibitory action. 
When the inventive compound is used as a factor Xa 
inhibitor or anti-blood coagulation agent, it is generally 
administered orally or parenterally and Systemically or 
locally. 
0477. While the dose varies depending on the age, body 
weight, Symptom, therapeutic effect, administration route, 
treatment time and the like, it is generally from 0.01 mg to 
1 g for an adult, which is orally or parenterally administered 
once to Several doses per day. 

wherein R7, Y, s and t are as defined above. 

0478. When the compound of the present invention is 
formulated into Solid compositions for oral administration, it 
can be prepared into a dosage form Such as tablet, pill, 
powder, granule and the like. In Such Solid compositions, 
one or more active Substances are admixed with at least one 
inert diluent, dispersing agent or absorbent, Such as lactose, 
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mannitol, glucose, hydroxypropylcellulose, microcrystalline 
cellulose, Starch, polyvinylpyrrollidone, magnesium alumi 
nometasilicate and anhydrous Silicate powder. Moreover, the 
composition may comprise additives other than the diluent 
according to a conventional method. 
0479. When the compound is formulated into tablet or 

pill, gastric coating or enteric coating of, for example, 
Sucrose, gelatin, hydroxypropylcellulose or hydroxymethyl 
cellulose phthalate may be applied, or two more layerS may 
be formed. Moreover, a capsule made from a Substance Such 
as gelatin and ethylcellulose may be used. 
0480. When a liquid composition for oral administration 
is desired, the. compound can be formulated into a dosage 
form Such as pharmaceutically acceptable emulsion, Solu 
tion, Suspension, Syrup, elixir and the like. Examples of 
diluent to be used include purified water, ethanol, vegetable 
oil and emulsifier. This composition may also comprise, 
besides the diluent, auxiliary agents Such as wetting agent, 
Suspending agent, Sweetener, flavor, aromatic and preserva 
tive. 

0481. When the compound is prepared into an injection 
for parenteral administration, a Sterile aqueous or nonaque 
ous Solution, Solubilizer, Suspending agent or emulsifier is 
used. Examples of the aqueous Solution, Solubilizer and 
Suspending agent include distilled water for injection, physi 
ological Saline, cyclodextrin and its derivatives, organic 
amines Such as triethanolamine, diethanolamine, monoetha 
nolamine, triethylamine, and inorganic alkaline Solution. 
0482. When the compound is prepared into an aqueous 
Solution, propylene glycol, polyethylene glycol, vegetable 
oils. Such as olive oil, alcohols Such as ethanol and the like 
may be used. AS the Solubilizer, for example, polyoxyeth 
ylene hydrogenated castor oil, Surfactants Such as Sucrose 
fatty acid ester (forming mixed micelle), lecithin and hydro 
genated lecithin (forming liposome) may be used. In addi 
tion, an emulsion preparation comprising a nonaqueous 
Solvent Such as Vegetable oil, and lecithin, polyoxyethylene 
hydrogenated castor oil, or polyoxyethylene polyoxypropy 
lene glycol maybe produced. 
0483 As other composition for parenteral administration, 
an external liquid, liniment Such as ointment, Suppository or 
pessary comprising one or more active ingredients, which 
can be formulated by a method known in this field of the art, 
may be employed. 

EXAMPLES 

0484. The compound of the formula I of the present 
invention and production method thereof are explained in 
detail by way of the Examples below. It is needless to say 
that the present invetnion is not to be limited to these 
Examples. 

Example 1 
Synthesis of 7-1-(pyridin-4-yl)piperidin-4-yl 

methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxa 
midine dihydrochloride 

0485 Step 1 
0486 7-Hydroxy-1,2,3,4-tetrahydroisoquinoline-2-car 
boxylic acid tert-butyl ester 

OH 
t-BuOCN 
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0487 7-Hydroxy-1,2,3,4-tetrahydroisoquinoline hydro 
bromide (370 mg) was dissolved in 1N aqueous sodium 
hydroxide solution (4 ml) and 1,4-dioxane (8 ml) and 
di-tert-butyl dicarbonate (386 mg) was added, which was 
followed by Stirring at room temperature overnight. The 
reaction mixture was extracted with ethyl acetate and the 
organic layer was washed with Saturated brine. The organic 
layer was dried over anhydrous Sodium Sulfate and the 
Solvent was evaporated under reduced pressure to give the 
title compound (385 mg). 

0488 Step 2 

0489) 4-Hydroxymethyl-1-(pyridin-4-yl)piperidine 

0490 Under an argon atmosphere, to a solution of 1-(py 
ridin-4-yl)piperidine-4-carboxylic acid (Tetrahedron, vol. 
44, No. 23, page 7095 (1988)) (500 mg) in tetrahydrofuran 
(5 ml) was added 1M borane-tetrahydrofuran solution (14.5 
ml) with ice-cooling, and the mixture was stirred at room 
temperature for 12 hours. After completion of the reaction, 
the reaction mixture was poured into ice water and extracted 
with ethyl acetate. The organic layer was washed Succes 
Sively with water and Saturated brine, and dried over anhy 
drous Sodium Sulfate. The Solvent was evaporated under 
reduced preSSure and the obtained residue was dissolved in 
12% hydrochloric acid and stirred at 50° C. for 1 hour. The 
reaction mixture was neutralized with aqueous Sodium 
hydrogencarbonate and 4N aqueous Sodium hydroxide Solu 
tion, and extracted with ethyl acetate. The organic layer was 
washed with Saturated brine and dried over anhydrous 
Sodium Sulfate. The Solvent was evaporated under reduced 
preSSure and dried under reduced pressure to give the title 
compound (400 mg). 

0492 Step 3 

0493) 7-1-(Pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carboxylic acid tert-butyl ester 

NN 

t-BuOCN 
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0494. To a mixture of 7-hydroxy-1,2,3,4-tetrahydroiso 
quinoline-2-carboxylic acid tert-butyl ester (389 mg) and 
4-hydroxymethyl-1-(pyridin-4-yl)piperidine (300 mg) in 
tetrahydrofuran (15 ml) and methylene chloride (5 ml) were 
added triphenylphosphine (450 mg) and diisopropyl azodi 
carboxylate (0.34 ml) and the mixture was stirred at room 
temperature for 24 hours. After completion of the reaction, 
the reaction mixture was concentrated under reduced pres 
Sure and the obtained residue was purified by Silica gel 
column chromatography (hexane:acetone=3:2-1:1, 1% tri 
ethylamine) and dried under reduced pressure to give the 
title compound (500 mg). 
0495 H-NMR(8 ppm,CDC1,) 1.36-1.50(m.11H), 1.92 
2.15(m,3H), 2.76(brtr.2H), 2.90(brtr.2H), 3.62(brtr,2H), 
3.80(d.2H), 3.90-396(m.2H), 4.53(s.2H), 6.62-6.74(m.4H), 
7.04(1H), 8.25(2H) 
0496 Step 4 
0497 7-1-(Pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline 

HN 

0498 To a solution of 7-1-(pyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic acid 
tert-butyl ester (500 mg) in chloroform (5 ml) was added 
trifluoroacetic acid (2.5 ml) and the mixture was stirred at 
room temperature for 1 hour. After completion of the reac 
tion, the reaction mixture was concentrated under reduced 
preSSure. Aqueous Sodium hydrogencarbonate Solution was 
added and the mire was extracted with ethyl acetate. The 
organic layer was washed Successively with water and 
Saturated brine and dried over anhydrous Sodium Sulfate. 
The Solvent was evaporated and dried under reduced pres 
Sure to give the title compound (350 mg). 
0499) 'H-NMR(8 ppm,CDC1,) 1.30-1.49(m.2H), 1.91 
2.15(m,3H), 2.72(tr.J=6.0 Hz,2H), 2.90(m.2H), 3.11(tr.J=6.0 
Hz,2H), 3.79(d.2H), 3.90-3.98(m.4H), 6.54(1H), 6.66 
6.72(m,3H), 6.99(1H), 8.25(2H) 
0500) Step 5 
0501) 7-1-(Pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carboxamidine dihydrochloride 

NN 

NH N 2 

us O 
NH N 

O2HCI 
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0502. To a solution of 7-1-(pyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline (50mg) in dimeth 
ylformamide (0.5 ml) were added diisopropylethylamine 
(0.027ml) and 1H-pyrazole-1-carboxamidine hydrochloride 
(23 mg), and the mixture was stirred at room temperature for 
12 hours. After completion of the reaction, diethyl ether was 
added and insoluble material was collected by filtration. The 
obtained solid was washed with diethyl ether. Apart (45 mg) 
of the obtained solid was treated with hydrogen chloride 
methanol and dried under reduced preSSure to give the title 
compound (44 mg). 

Example 2 
Synthesis of 7-1-(quinolin-4-yl)piperidin-4-yl 

methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxa 
midine dihydrochloride 

0504) Step 1 
0505 1-(Quinolin-4-yl)piperidine-4-carboxylic acid 
ethyl ester 

to-O 

0506 A solution of 4-chloroquinoline (2 g), isonipeco 
tinic acid ethyl ester (2.8 ml) and triethylamine (3.4 ml) in 
ethanol (7.5 ml) was stirred in a sealed tube at 150° C. for 
5 days. After completion of the reaction, water was added 
and the mixture was extracted with ethyl acetate. The 
organic layer was washed Successively with water and 
Saturated brine, and dried over anhydrous Sodium Sulfate. 
The Solvent was evaporated and the obtained residue was 
purified by Silica gel column chromatography (hexane:ac 
etone=3:1) and dried under reduced pressure to give the title 
compound (3.2 g). 
0507 Step 2 
0508) 4-Hydroxymethyl-1-(quinolin-4-yl)piperidine 

7-O-( ) 

0509) To a solution of lithium aluminum hydride (267 
mg) in tetrahydrofuran (10 ml) was added dropwise 
1-(cquinolin-4-yl)piperidine-4-carboxylic acid ethyl ester (1 
g) in tetrahydrofuran (10 ml) under nitrogen atmosphere and 
with ice-cooling, and the mixture was stirred at the same 
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temperature for 2 hours. After completion of the reaction, 
aqueous Sodium Sulfate was added with ice-cooling and the 
mixture was filtered through celite. The Solvent was evapo 
rated and the obtained solid was washed with diisopropyl 
ether and dried under reduced pressure to give the title 
compound (750 mg). 
0510) "H-NMR(8 ppm,CDC1,) 1.57-190(m,3H), 1.93 
2.05(m.2H), 2.85(m.2H), 3.64-3.68(m.4H), 6.84(d.J=4.8 
HZ,1H), 7.47(m.1H), 7.65(m.1H), 8.01(m.2H), 8.67(d.J=4.8 
Hz,1H) 
0511 Step 3 
0512) 7-1-(Quinolin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carboxylic acid tert-butyl ester 

r 
N 21 

O 
t-BuOCN 

0513. In the same manner as in Example 1, Step 3, the 
title compound (280 mg) was obtained from 7-hydroxy-1, 
2,3,4-tetrahydroisoquinoline-2-carboxylic acid tert-butyl 
ester (206 mg), 4-hydroxymethyl-1-(quinolin-4-yl)piperi 
dine (200 mg), triphenylphosphine (238 mg) and diisopropyl 
aZodicarboxylate (0.18 ml). 
0514) Step 4 
0515 7-1-(Quinolin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline 

r 
N 2 

O 
HN 

0516. In the same manner as in Example 1, Step 4, the 
title compound (200 mg) was obtained from 7-1-(quinolin 
4-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquino 
line-2-carboxylic acid tert-butyl ester (275 mg). 
0517) Step 5 
0518) 7-1-(Quinolin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carboxamidine dihydrochloride 

NN 

NH N 2 

ls O 
HN N 
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0519 In the same manner as in Example 1, Step 5, the 
title compound (75 mg) was obtained from 7-1-(quinolin 
4-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline 
(70 mg), diisopropylethylamine (0.033 ml) and 1H-pyra 
Zole-1-carboxamidine hydrochloride (28 mg). 

0520 H-NMR (8 ppm. DMSO-d) 1.55-1.66(m.2H), 
1.96-2.02(m.2H), 2.22(m.1H), 2.82(tr.J=6.0 Hz,2H), 
3.49(m.2H), 3.58(tr.J=6.0 Hz,2H), 3.92(m.2H), 4.17 
4.23(m.2H), 4.56(s.2H), 6.73(d.J=2.4 Hz,1H), 6.85(dd.J= 
2.4, 8.1 Hz,1H), 7.15(d.J=8.4 Hz,1H), 7.20(1H), 7.64(brs, 
4H), 7.69(1H), 7.96(1H), 8.12(m.2H), 8.63(1H) 

Example 3 

Synthesis of N-methyl-7-1-(pyridin-4-yl)piperidin 
4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 

boxamidine dihydrochloride 

0521) Step 1 

0522 7-1-(Pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carbothioamide 

NN 

2 
S N 

l O 
HN N 

0523 To a solution of ammonium isothiocyanate (220 
mg) in acetone (4.5 ml) was dropwise added benzoyl chlo 
ride (0.32 ml) at room temperature, and the mixture was 
stirred at 75° C. for 10 min. Then, a mixture of 7-1-(pyridin 
4-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline 
(850 mg) in acetone (4.5 ml) and methylene chloride (4.5. 
ml) was added dropwise, and the mixture was stirred at the 
Same temperature for 1 hour. After completion of the reac 
tion, the Solvent was evaporated and water was added. The 
mixture was extracted with chloroform. The organic layer 
was washed Successively with water and Saturated brine and 
dried over anhydrous Sodium Sulfate, and the Solvent was 
evaporated. To the obtained residue was added conc. hydro 
chloric acid (10 ml), and the mixture was stirred under reflux 
for 1 hour. After completion of the reaction, water was added 
and the mixture was washed Successively with ethyl acetate 
and chloroform. The aqueous layer was concentrated and the 
resultant residue was dissolved in water and ethanol, and 
neutralized with ion-exchange resin (IRA-410). This was 
filtrated and the filtrate was concentrated. The obtained 
residue was purified by Silica gel column chromatography 
(chloroform:methanol=100:1-20:1) and dried under reduced 
pressure to give the title compound (450 mg). 

0524 'H-NMR (8 ppm.DMSO-d) 1.22-1.35(m.2H), 
1.76-1.88(m.2H), 2.01(m.1H), 2.74(m.2H), 2.84(m.2H), 
3.81-4.00(m,6H), 4.85(s.2H), 6.70-6.82(m.4H), 7.08(1H), 
7.44(brs.2H), 8.11(2H) 
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0525) Step 2 
0526 7-1-(Pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carbothioimidic acid methyl 
eSter 

NN 

NH N 

us O 
MeS N 

0527 7-1-(Pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carbothioamide (200 mg) was 
treated with hydrogen chloride-ethanol Solution. To a SuS 
pension of the obtained residue in methanol (6 ml) was 
added methyl iodide (0.1 ml), and the mixtures was stirred 
at 60° C. for 2 hours. After completion of the reaction, the 
Solvent was evaporated and the obtained residue was dis 
Solved in water and ethanol and neutralized with ion 
exchange resin (IRA-410). This was filtrated and the filtrate 
was concentrated and dried under reduced pressure to give 
the title compound (200 mg). 
0528 H-NMR (8 ppm. DMSO-d) 1.20-140(m.2H), 
1.80-1.90(m.2H), 2.03(m.1H), 2.47(s.3H), 2.79(tr.J=6.0 
Hz,2H), 2.89(m.2H), 3.72(tr.J=6.0 Hz,2H), 3.82(d.2H), 
3.96-4.02(m.2H), 4.67(s.2H), 6.77-6.86(m.4H), 7.08(1H), 
8.12(2H) 
0529) Step 3 
0530 N-Methyl-7-1-(pyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinohne-2-carboxamidine 
dihydrochloride 

n N 

NH N 21 

ls O 
MeNH N O2HCI 

0531) To an ethanol solution (2 ml) of 7-1-(pyridin-4- 
yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinone-2- 
carbothioimidic acid methyl ester (100 mg) were added 
methylamine hydrochloride (20 mg) and sodium acetate (25 
mg), and the mixture was stirred at 80° C. for 3 hours. After 
completion of the reaction, water was added and the mixture 
was washed with chloroform. Thereto was added aqueous 
Sodium hydrogencarbonate Solution and the mixture was 
washed with chloroform. To the aqueous layer was added 
4N aqueous Sodium hydroxide Solution and the mixture was 
extracted with chloroform. The extract was washed Succes 
Sively with water and Saturated brine. The organic layer was 
dried over anhydrous Sodium Sulfate and the Solvent was 
evaporated and the obtained residue was treated with hydro 
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gen chloride-ethanol Solution and dried under reduced pres 
Sure to give the title compound (80 mg). 
0532 'H-NMR (8 ppm. DMSO-d) 1.19-138(m.2H), 
1.87-194(m.2H), 2.17(m, 1H), 2.80(m.5H), 3.20(m.2H), 
3.59(m.2H), 3.84(m.2H), 420-4.29(m.2), 4.56(s.2H), 
6.70(1H), 6.81 (1H), 7.12(1H), 7.19(2H), 7.75(2H), 
8.03(1H), 8.20(2H), 13.74(1H) 

Example 4 
Synthesis of 7-1-(pyridin-4-yl)piperidin-4-yl 

methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxa 
mide oxime dihydrochloride 

0533) 

NN 
OH 

N 2 

l O 
HN N 

O2HCI 

0534) To a solution of 7-1-(pyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carbothioimidic 
acid methyl ester (135 mg) in ethanol (3 ml) were added 
hydroxylamine hydrochloride (47 mg) and Sodium acetate 
(56 mg), and the mixture was stirred at 40° C. for 2 hours. 
After completion of the reaction, water was added and the 
mixture was washed with chloroform. Thereto was added 
4N aqueous Sodium hydroxide Solution, and the mixture was 
extracted with chloroform. The organic layer was washed 
Successively with water and Saturated brine and dried over 
anhydrous Sodium Sulfate. The Solvent was evaporated and 
the obtained solid was treated with hydrogen chloride 
ethanol Solution and dried under reduced pressure to give the 
title compound (82 mg). 
0535 H-NMR (8 ppm. DMSO-d) 1.25-1.38(m.2H), 
1.88-1.95(m.2H), 2.17(m.1H), 2.81 (tr.J=5.7 Hz,2H), 3.05 
3.25(m.2H), 3.56(tr.J=5.7 Hz,2H), 3.84(m.2H), 4.22 
4.29(m.2H), 4.52(s.2H), 6.70(d.J=2.4 Hz,1H), 6.82(dd.J= 
2.4, 8.0 Hz,1H), 7.12(d.J=8.0 Hz,1H), 7.19(d.J=7.5 Hz,2H), 
8.08(brs.2H), 8.19(d.J=7.5 Hz,2H), 10.06(s.1H), 10.86(brs, 
1H), 13.71(brs,1H) 

Example 5 
Synthesis of N-phenyl-7-1-(pyridin-4-yl)piperidin 
4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 

boxamidine dihydrochloride 
0536) Step 1 
0537 N-Phenyl-7-1-(pyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carbothioamide 

Ol co-C 2 



US 2004/OOO6099 A1 

0538 To a solution of 7-1-(pyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline (30 mg) in meth 
ylene chloride (0.5 ml) was added phenyl isothiocyanate 
(0.012 ml), and the mixture was stirred at room temperature 
for 1 hour. After completion of the reaction, the Solvent was 
evaporated and the obtained residue was purified by Silica 
gel column chromatography (chloroform:methanol=100:1, 
1% triethylamine) and dried under reduced pressure to give 
the title compound (40 mg). 
0539 H-NMR (8 ppm.CDC1,) 1.36-149(m.2H), 1.90 
2.15(m,3H), 2.85-2.95(m.4H), 3.79(d.2H), 3.84-4.00(m, 
4H), 4.92(s.2H), 6.66-6.68(m,3H), 6.76(1H), 7.09-7.38(m, 
6H), 8.24(2H) 
0540 Step 2 
0541 N-Phenyl-7-1-(pyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine 
dihydrochloride 

N N 
H 

0542 N-Phenyl-7-1-(pyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carbothioamide 
(35 mg) was treated with hydrogen chloride-ethanol Solu 
tion. To a Suspension of the obtained residue in methanol (1 
ml) was added methyl iodide (0.014 ml), and the mixture 
was stirred at 60° C. for 1.5 hours. After completion of the 
reaction, the Solvent was evaporated and the obtained resi 
due was dissolved in water and ethanol and neutralized with 
ion-exchange resin (IRA-410). This was filtrated and the 
filtrate was concentrated. To the obtained residue were 
added ethanol (1 ml) and ammonium acetate (24 mg), and 
the mixture was stirred under reflux for 12 hours. After 
completion of the reaction, water was added and the mixture 
was washed with chloroform. Thereto was added aqueous 
Sodium hydrogencarbonate Solution and the mixture was 
extracted with chloroform. The organic layer was washed 
Successively with water and Saturated brine and dried over 
anhydrous Sodium Sulfate. The Solvent was evaporated and 
the obtained residue was purified by reverse phase prepara 
tive TLC (50% acetonitrile-water, 1.5% trifluoroacetic acid). 
The obtained residue was treated with hydrogen chloride 
ethanol Solution and dried under reduced preSSure to give the 
title compound (12 mg). 
0543) H-NMR (8 ppm. DMSO-d) 1.21-1.37(m.2H), 
1.88-1.93(m.2H), 2.17(m,1H), 2.89(m.2H), 3.69(m.2H), 
3.85(m.2H), 4.23-4.28(m.2H), 4.64(s.2H), 6.74(1H), 
6.84(1H), 7.15-7.28(m,6H), 7.43(2H), 7.96(2H), 8.20(2H), 
9.66(brs,1H), 13.38(brs,1H) 

Example 6 
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 

quinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine 
4-carboxylic acid ethyl ester dihydrochloride 

0544) Step 1 
0545 7-Methylthiomethoxy-1,2,3,4-tetrahydroisoquino 
line-2-carboxylic acid tert-butyl ester 

O SMe 
N1 t-BuOCN 
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0546) To a solution of 7-hydroxy-1,2,3,4-tetrahydroiso 
quinoline-2-carboxylic acid tert-butyl ester (13 g) in dim 
ethylformamide (100 ml) was added 60% sodium hydride 
(2.5 g) under an argon atmosphere, and the mixture was 
stirred at room temperature for 30 minutes. Then, chlorom 
ethyl methyl sulfide (5.2 ml) was dropwise added with 
ice-cooling, and the mixture was Stirred at room temperature 
overnight. After completion of the reaction, the reaction 
mixture was poured into water, extracted with ethyl acetate 
and washed Successively with water and Saturated brine. The 
organic layer was dried over anhydrous Sodium Sulfate and 
the Solvent was evaporated and the obtained residue was 
purified by Silica gel column chromatography (hexane:ac 
etone=20:1-10:1) and dried under reduced pressure to give 
the title compound (9.6 g). 

0548 Step 2 

0549 7-Chloromethoxy-1,2,3,4-tetrahydroisoquinoline 
2-carboxylic acid tert-butyl ester 

Cl 
t-BuOCN 

0550 To a solution of 7-methylthiomethoxy-1,2,3,4-tet 
rahydroisoquinoline-2-carboxylic acid tert-butyl ester (9.6 
g) in methylene chloride (100 ml) was added a solution of 
sulfuryl chloride (2.75 ml) in methylene chloride (30 ml) 
under an argon atmosphere and with ice-cooling, and the 
mixture was Stirred at the same temperature for 1 hour. The 
Solvent was evaporated and toluene was added to the 
obtained residue to filter off insoluble material. The solvent 
was evaporated and dried under reduced preSSure to give the 
title compound (7.4 g). 

0552) Step 3 

0553 7-4-Ethoxycarbonyl-1-(pyridin-4-yl)piperidin-4- 
ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic 
acid tert-butyl ester 

N 

COEt 

N 

21 
N 

O 

roo 
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0554) To a solution of 1-(pyridin-4-yl)piperidine-4-car 
boxylic acid ethyl ester (Tetrahedron, vol. 44, No. 23, p. 
7095 (1988)) (13.4 g) in tetrahydrofuran (300 ml) was 
dropwise added a 2M-lithium diisopropylamide-tetrahydro 
furan solution (31 ml) at -70° C. under an argon atmosphere, 
and the mixture was stirred at the same temperature for 45 
min. To this Solution was dropwise added a Solution of 
7-chloromethoxy-1,2,3,4-tetrahydroisoquinoline-2-car 
boxylic acid tert-butyl ester (7.4 g) in tetrahydrofuran (80 
ml) at the same temperature, and the mixture was allowed to 
warm to room temperature in 5.5 hours in Stirring. After 
completion of the reaction, aqueous ammonium chloride 
solution (50 ml) and water (50 ml) were added, and the 
mixture was extracted with ethyl acetate. The organic layer 
was dried over anhydrous Sodium Sulfate and the Solvent 
was evaporated and the obtained residue was dissolved in 
methanol (150 ml). Thereto was dropwise added 1N aqueous 
sodium hydroxide solution (50 ml) with ice-cooling, and the 
mixture was stirred at room temperature for 1 hour. The 
Solvent was evaporated and the obtained residue was 
extracted with ethyl acetate and dried over anhydrous 
Sodium Sulfate. The Solvent was evaporated and the obtained 
residue was purified by Silica gel column chromatography 
(chloroform:methanol=20:1-10:1) and dried under reduced 
pressure to give the title compound (10.87 g). 

0555 H-NMR (8 ppm.CDC1,) 1.26(tr.J=7 Hz,3H), 
1.49(s.9H), 1.68-1.80(m.2H), 2.30-2.40(m.2H), 2.75(m, 
2H), 3.10-3.20(m.2H), 3.61(brtr,2H), 3.68-3.76(m.2H), 
3.97(s.2H), 4.22(qJ=7 Hz.2H), 4.52(s.2H), 6.61 (1H), 6.65 
6.71(m,3H), 7.02(1H), 8.25(2H) 
0556) Step 4 
0557 1-(Pyridin-4-yl)-4-(1,2,3,4-tetrahydroisoquinolin 
7-yloxymethyl)piperidine-4-carboxylic acid ethyl ester 

n N 

2 
N 

O 
HN 

COEt 

0558 To a solution of 7-4-ethoxycarbonyl-1-(pyridin-4- 
yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline 
2-carboxylic acid tert-butyl ester (10.87 g) in chloroform (50 
ml) was dropwise added trifluoroacetic acid (30 ml) with 
ice-cooling, and the mixture was Stirred at room temperature 
for 30 min. The solvent was evaporated and to the obtained 
residue was added aqueous Sodium hydrogencarbonate Solu 
tion, and the mixture was extracted with ethyl acetate. The 
organic layer was dried over anhydrous Sodium Sulfate and 
the Solvent was evaporated. The residue was dried under 
reduced-pressure to give the title compound (8.29 g). 

0559) H-NMR (8 ppm,CDC1,) 1.25(tr.,J-7 Hz,3H), 1.65 
1.95(m.2H), 2.30-2.36(m.2H), 2.72(brtr,2H), 3.05-3.18(m, 
4H), 3.69-3.76(m.2H), 3.96(s.4H), 4.21(qJ=7 Hz,2H), 
6.52(1H), 6.65-6.67(m,3H), 6.98(1H), 8.25(2H) 
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0560 Step 5 
0561 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
ethyl ester dihydrochloride 

n N 

NH N 2 

ls O 
HN O O2HCI COEt 

0562) To a solution of 1-(pyridin-4-yl)-4-(1,2,3,4-tet 
rahydroisoquinolin-7-yloxymethyl)piperidine-4-carboxylic 
acid ethyl ester (8.29 g) in diethylformamide (50 ml) were 
added diisopropylethylamine (4.4 ml) and 1H-pyrazole-1- 
carboxamidine hydrochloride (3.69 g), and the mixture was 
stirred at room temperature for 12 hours. The solvent was 
evaporated and to the obtained residue was added diethyl 
ether (350 ml) and the Supernatant was removed. The 
obtained oil was dissolved in methanol (20 ml) and thereto 
was dropwise added diethyl ether (700 ml) with stirring. The 
Supernatant was removed and dried under reduced pressure. 
Fifty (50) mg from the obtained 4-(2-amidino-1,2,3,4-tet 
rahydroisoquinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperi 
dine-4-carboxylic acid ethyl ester (10.0 g) was dissolved in 
ethanol and dil. hydrochloric acid was added. The mire was 
concentrated and dried under reduced preSSure to give the 
title compound (55 mg). 
0563) H-NMR (8 ppm.DMSO-d) 1.15(tr.3H), 1.65 
1.80(m.2H), 2.15-2.22(m.2H), 2.81 (tr.J=6.0 Hz,2H), 3.30 
3.50(m.2H), 3.56(tr.J=6.0 Hz,2H), 3.95-4.18(m,6H), 453(s, 
2H), 6.68(d.J=2.1 Hz, 1H), 6.81 (dd.J=2.1, 8.4 Hz,1H), 
7.14(d.J=8.4 Hz,1H), 7.19(d.J=7.5 Hz,2H), 7.58(brs,4H), 
8.22(d.J-7.5 Hz.2H) 

Example 7 
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 

quinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine 
4-carboxylic acid dihydrochloride 

0564) 

n N 

NH N 2 

ls O 
HN OO O2HCI CO2H 

0565) 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
ethyl ester dihydrochloride (9 g) was dissolved in conc. 
hydrochloric acid (50 ml), and the mixture was stirred under 
reflux for 3 hours. After completion of the reaction, 
insoluble material was filtered off and the solvent was 
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evaporated. The residue was dried under reduced pressure to 
give the title compound (9.0 g). 
0566) H-NMR (8 ppm. DMSO-d) 1.65-1.75(m.2H), 
2.14-2.20(m.2H), 2.81 (tr.J=5.7 Hz,2H), 3.57(tr.J=5.7 
Hz,2H), 4.00-4.15(m.4H), 4.54(s.2H), 6.70(1H), 6.81 (1H), 
7.15(m,3H), 7.63(brs,4H), 8.22(2H), 13.71(brs,1H) 

Example 8 

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine 

4-carboxylic acid 

0567) 

n N 

NH N 2 

ls O 
CO2H 

0568 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
dihydrochloride (11 g) was dissolved in water (100 ml) and 
filtrated. 4N Aqueous sodium hydroxide solution (20 ml) 
was added dropwise at 50 C., and the mixture was stirred 
at the same temperature for 30 min. After completion of the 
reaction, the resultant Solid was collected by filtration, 
washed Successively with water and ethanol, and dried 
under reduced pressure to give the title compound (7.7 g). 

Example 9 

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine 

4-carboxylic acid hydrochloride 

0570) 

n N 

NH N 2 

ls O 
HN O OHC CO2H 

0571 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
(7.55 g) was suspended in water (135 ml) and 1N hydro 
chloric acid (20 ml) was added. The mixture was heated to 
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60° C. and thereto was successively added dropwise 1N 
aqueous sodium hydroxide solution (2.9 ml) and 1N hydro 
chloric acid (1 ml). The mixture was stood at room tem 
perature for 12 hours and the resultant crystals were col 
lected by filtration, washed with water and dried to give the 
title compound (4.7 g). 
0572) H-NMR (8 ppm. DMSO-d) 1.59-1.70(m.2H), 
2.05-2.16(m.2H), 2.82(tr.J=5.7 Hz,2H), 3.15(m.2H), 3.57(tr. 
J=5.7 Hz,2H), 3.65-3.80(m.2H), 4.03(m.2H), 4.52(s.2H), 
6.70(1H), 6.79-6.86(m,3H), 7.13(1H), 7.61(brs.4H), 
8.14(2H) 

Example 10 
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 

quinolin-7-yloxymethyl)-1-(2,6-dimethylpyridin-4- 
yl)piperidine-4-carboxylic acid ethyl ester dihydro 

chloride 

0573) Step 1 
0574 7-Hydroxy-1,2,3,4-tetrahydroisoquinoline-2-car 
boxylic acid benzyl ester 

OH 
BnOCN 

0575 7-Hydroxy-1,2,3,4-tetrahydroisoquinoline hydro 
bromide (3 g) was dissolved in 1N aqueous sodium hydrox 
ide solution (46 ml) and tetrahydrofuran (10 ml) and benzyl 
chlorocarbonate (2.45 g) was added. The mixture was stirred 
at room temperature for 30 min. The reaction mixture was 
extracted with chloroform and the organic layer was washed 
with Saturated brine. The organic layer was dried over 
anhydrous Sodium Sulfate, and the Solvent was evaporated. 
The residue was dried under reduced pressure to give the 
title compound (3.3 g). 
0576) Step 2 
0577 7-Methylthiomethoxy-1,2,3,4-tetrahydroisoquino 
line-2-carboxylic acid benzyl ester 

O SMe 
N1 BnOCN 

0578. To a solution of 7-hydroxy-1,2,3,4-tetrahydroiso 
quinoline-2-carboxylic acid benzyl ester (2.5 g) in dimeth 
ylformamide (25 ml) was added 60% sodium hydride (390 
mg) with ice-cooling and under an argon atmosphere, and 
the mixture was Stirred at the Same temperature for 30 min. 
Then, chloromethyl methylsulfide (0.96 ml) was added, and 
the mixture was stirred at room temperature for 12 hours. 
After completion of the reaction, water was added and the 
mixture was extracted with ethyl acetate and washed with 
water. The organic layer was dried over anhydrous Sodium 
sulfate and the solvent was evaporated. The obtained oil was 
purified by Silica gel column chromatography (hexane:ethyl 
acetate=8:1) and dried under reduced pressure to give the 
title compound (2.7 g). 
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0579. H-NMR (8 ppm,CDC1)2.24(s.3H), 2.79(brs.2H), 
3.71 (brtr,2H), 4.62(s.2H), 5.11(s.2H), 5.18(s.2H), 6.69(1H), 
6.79(1H), 7.06(1H), 7.26-7.38(m.5H) 
0580 Step 3 
0581 7-Chloromethoxy-1,2,3,4-tetrahydroisoquinoline 
2-carboxylic acid benzyl ester 

O Cl 
BnOCN 

0582 To a solution of 7-methylthiomethoxy-1,2,3,4-tet 
rahydroisoquinoline-2-carboxylic acid benzyl ester (200 
mg) in methylene chloride (4 ml) was dropwise added 
sulfuryl chloride (0.052 ml) with ice-cooling and under an 
argon atmosphere, and the mixture was Stirred at the same 
temperature for 1 hour. The Solvent was evaporated azeo 
tropically with toluene and the residue was dried under 
reduced pressure to give the title compound (213 mg). 
0583) H-NMR(8 ppm.CDC1) 2.82(birtr2H), 3.72(birtr, 
2H), 4.65(s.2H), 5.18(s.2H), 5.87(s.2H), 6.84(1H), 
6.91 (1H), 7.11(1H), 7.26-7.39(m.5H) 
0584) Step 4 
0585 1-tert-Butoxycarbonylpiperidine-4-carboxylic acid 
ethyl ester 

EtOC -Ocon. 
0586. In the same manner as in Example 1, Step 1, the 

title compound (41.4 g) was obtained from ethyl isonipeco 
tinate (25.5 g) and di-tert-butyl dicarbonate (36.5 g). 
0587 Step 5 
0588 7-(1-tert-Butoxycarbonyl-4-ethoxycarbonylpiperi 
din-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 
boxylic acid benzyl ester 

COEt 

NCO t-Bu 

O 

roo 
0589 To a solution of 1-tert-butoxycarbonylpipendine 
4-carboxylic acid ethyl ester (300 mg) in tetrahydrofuran (3 
ml) was dropwise added a 1.5M lithium diisopropylamide 
tetrahydrofuran solution (0.97 ml) at -70° C., and the 
mixture was stirred at the Same temperature for 50 min. 
Then, a solution of 7-chloromethoxy-1,2,3,4-tetrahydroiso 
quinoline-2-carboxylic acid benzyl ester (213 mg) in tet 
rahydrofuran (3 ml) was dropwise added at the same tem 
perature, and the mixture was allowed to warm to room 

Jan. 8, 2004 

temperature in 2 hours in Stirring. After completion of the 
reaction, aqueous ammonium chloride Solution and water 
were added with ice-cooling. The mixture was extracted 
with ethyl acetate and the extract was washed Successively 
with water and Saturated brine. The organic layer was dried 
over anhydrous Sodium Sulfate and the Solvent was evapo 
rated and the obtained residue was purified by Silica gel 
column chromatography (hexane:acetone=7:1) and dried 
under reduced pressure to give the title compound (170 mg). 
0590 H-NMR (8 ppm.CDC1,) 1.23(tr.J-72 Hz,3H), 
1.46(s.9H), 1.52-1.62(m.2H), 2.16-2.21(m.2H), 2.77(m, 
2H), 3.04(m.2H), 3.69(m.2H), 3.80-4,00(m.4H), 4.19(qJ= 
7.2 Hz,2H), 4.60(s.2H), 5.17(s.2H), 6.60(1H), 6.69(1H), 
7.02(1H), 7.32-7.38(m.5H) 
0591 Step 6 
0592 7-(4-Ethoxycarbonylpiperidin-4-ylmethoxy)-1,2, 
3,4-tetrahydroisoquinoline-2-carboxylic acid benzyl ester 

NH 

O 
BnOCN 

COEt 

0593. To a solution of 7-(1-tert-butoxycarbonyl-4- 
ethoxycarbonylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahy 
droisoquinoline-2-carboxylic acid benzyl ester (165 mg) in 
chloroform (1.5 ml) was added dropwise trifluoroacetic acid 
(0.5 ml), and the mixture was stirred at room temperature for 
1 hour. The Solvent was evaporated and aqueous Sodium 
hydrogencarbonate Solution was added to the obtained resi 
due. The mixture was extracted with ethyl acetate and the 
organic layer was dried over anhydrous Sodium Sulfate. The 
Solvent was evaporated and the residue was dried under 
reduced pressure to give the title compound (135 mg). 
0594) H-NMR (8 ppm.CDC1,) 1.23(tr.J-7.5 Hz,3H), 
1.50-1.65(m.2H), 2.15-2.25(m.2H), 2.65-2.90(m.4H), 2.95 
3.05(m.2H), 3.69(m.2H), 3.93(s.2H), 4.19(qJ=7.5 Hz,2H), 
4.60(s.2H), 5.17(s.2H), 6.60(1H), 6.69(1H), 7.02(1H), 7.26 
7.38(m.5H) 
0595) Step 7 
0596) 7-1-(2,6-Dimethylpyridin-4-yl)-4-ethoxycarbon 
ylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 
carboxylic acid benzyl ester 

Me 

n 

COEt 

N 

21 
N Me 

O 

roo 
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0597 To a solution of 7-(4-ethoxycarbonylpiperidin-4- 
ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic 
acid benzyl ester (140 mg) in ethanol (3 ml) were added 
triethylamine (0.05 ml) and 4-chloro-2,6-dimethylpyridine 
(Journal of Heterocyclic Chemistry, vol. 27, p. 1841 (1990)) 
(45 mg) and the mixture was stirred at 150° C. for 25 hours 
in a Sealed tube. After completion of the reaction, the Solvent 
was evaporated and the obtained residue was purified by 
Silica gel column chromatography (chloroform:methanol= 
4:1) and dried under reduced pressure to give the title 
compound (160 mg). 
0598 H-NMR (8 ppm,CDC1,) 1.26(tr.J=6.6 Hz,3H), 
1.70-1.85(m.2H), 2.35-2.45(m.2H), 2.66(s,6H), 2.78(m, 
2H), 3.28-3.37(m.2H), 3.70(m.2H), 3.80-3.90(m.2H), 
3.97(s.2H), 4.24(qJ=6.6 Hz,2H), 4.60(s.2H), 5.17(s.2H), 
6.41(s.2H), 6.60(1H), 6.69(1H), 7.04(1H), 7.34-7.38(m.5H) 
0599 Step 8 
0600 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(2,6-dimethylpyridin-4-yl)piperidine-4-car 
boxylic acid ethyl ester dihydrochloride 

Me 

NN 

2 
NH N Me 

l O 
HN N O2HCI 

COEt 

0601) To 7-1-(2,6-dimethylpyridin-4-yl)-4-ethoxycarbo 
nylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline 
2-carboxylic acid benzyl ester (155 mg) was added 25% 
hydrogen bromide-acetic acid Solution (3 ml), and the mix 
ture was stirred for 10 min. After completion of the reaction, 
diisopropyl ether was added and the resultant Solid was 
collected by filtration. To the obtained solid were added 
dimethylformamide (1 ml), diisopropylethylamine (0.25 ml) 
and 1H-pyrazole-1-carboxamidine hydrochloride (80 mg), 
and the mixture was Stirred at room temperature for 12 
hours. The Solvent was evaporated and the obtained residue 
was washed with tetrahydrofuran and separated by HPLC 
(0.05% aqueous trifluoroacetic acid:methanol=4:1-2:3). The 
obtained residue was treated with dil. hydrochloric acid and 
dried under reduced pressure to give the title compound (120 
mg). 

Example 11 
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 

quinolin-7-yloxymethyl)-1-(2,6-dimethylpyridin-4- 
yl)piperidine-4-carboxylic acid dihydrochloride 

0602) 
Me 

NN 

NH N 2 Me 

l O 
HN N O2HCI 

CO2H 
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0603) To 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(2,6-dimethylpyridin-4-yl)piperidine-4-car 
boxylic acid ethyl ester dihydrochloride (85 mg) was added 
6N hydrochloric acid, and the mixture was stirred under 
reflux for 3 hours. After completion of the reaction, 
insoluble material was removed and the Solvent was evapo 
rated. The obtained residue was washed with diethyl ether 
and dried under reduced pressure to give the title compound 
(76 mg). 

0604) H-NMR (8 ppm.DMSO-d) 1.60-1.75(m.2H), 
2.05-2.20(m.2H), 2.46(s,6H), 2.83(m.2H), 3.59(m.2H), 
3.80-4.15(m.4H), 4.57(s.2H), 6.72(1H), 6.82(1H), 6.99(s, 
2H), 7.15(1H), 7.72(brs.4H), 13.69(brs, 1H) 

Example 12 

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)-1-(2-methylpyridin-4-yl)pi 
peridine-4-carboxylic acid methyl ester dihydro 

chloride 

0605 Step 1 

0606) 4-Chloro-2-methylpyridine hydrochloride 

Cl 

0607 According to the method of Journal of Heterocy 
clic Chemistry, vol. 27, p. 1841 (1990), the title compound 
(743 mg) was obtained from 2-methylpyridine N-oxide (5.1 
g). 

0608 H-NMR(8 ppm,CDC1,) 2.99(s.3H), 7.70(s, 1H), 
7.77(d.J=6.3 Hz,1H), 8.01(d.J=6.3 Hz, 1H) 
0609 Step 2 

0610) 7-4-Ethoxycarbonyl-1-(2-methylpyridin-4-yl)pip 
eridin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 
boxylic acid benzyl ester 

n 

COEt 

N 

2 
N Me 

O 

roo 
0611. In the same manner as in Example 10, Step 7, the 

title compound (105 mg) was obtained from 7-(4-ethoxy 
carbonylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroiso 
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quinoline-2-carboxylic acid benzyl ester (100 mg), 4-chloro 
2-methylpyridine hydrochloride (40 mg) and triethylamine 
(0.07 ml). 
0612) Step 3 

0613 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(2-methylpyridin-4-yl)piperidine-4-car 
boxylic acid ethyl ester dihydrochloride 

-C 2 M 

O2HCI 

e 

COEt 

0614. In the same manner as in Example 10, Step 8, the 
title compound (83 mg) was obtained from 7-4-ethoxycar 
bonyl-1-(2-methylpyridin-4-yl)piperidin-4-ylmethoxy)-1,2, 
3,4-tetrahydroisoquinoline-2-carboxylic acid benzyl ester 
(100 mg), 25% hydrogen bromide-acetic acid solution (2 
ml), diisopropylethylamine (0.16 ml) and 1H-pyrazole-1- 
carboxamidine hydrochloride (55 mg). 

Example 13 

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)-1-(2-methylpyridin-4-yl)pi 

peridine-4-carboxylic acid dihydrochloride 

-Cl 2 M 

O2HCI 

0615) 

e 

CO2H 

0616) In the same manner as in Example 11, the title 
compound (53 mg) was obtained from 4-(2-amidino-1,2,3, 
4-tetrahydroisoquinolin-7-yloxymethyl)-1-(2-methylpyri 
din-4-yl)piperidine-4-carboxylic acid ethyl ester dihydro 
chloride (63 mg). 

0617) H-NMR (8 ppm. DMSO-d) 1.63-1.75(m.2H), 
2.05-2.25(m.2H), 2.47(s.3H), 2.83(m.2H), 3.30-3.70(m, 
4H), 3.95-4.10(m.4H), 4.55(s.2H), 6.71 (1H), 6.83(1H), 
7.07-7.16(m,3H), 7.63(brs.4H), 8.12(1H), 13.74(brs,1H) 
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Example 14 

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)-1-(pyrimidin-4-yl)piperi 

dine-4-carboxylic acid dihydrochloride 

0618) Step 1 
0619) 7-1-(2-Chloropyrimidin-4-yl)-4-ethoxycarbon 
ylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 
carboxylic acid benzyl ester 

r als 
N C I N 

O 
BnOCN 

COEt 

0620. To a solution of 7-(4-ethoxycarbonylpiperidin-4- 
ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic 
acid benzyl ester (295 mg) in ethanol (5 ml) were added 
triethylamine (0.15 ml) and 2,4-dichloropyrimidine (150 
mg), and the mixture was stirred under reflux for 1 hour. 
After completion of the reaction, water was added and the 
mixture was extracted with ethyl acetate. The extract was 
dried over anhydrous Sodium Sulfate. The Solvent was 
evaporated and the obtained residue was purified by Silica 
gel column chromatography (hexane:ethyl acetate=1:2) and 
dried under reduced pressure to give the title compound (263 
mg). 
0621 H-NMR (8 ppm,CDC1,) 1.25(tr.J=6.9 Hz,3H), 
1.50-1.70(m.2H), 2.25-2.40(m.2H), 2.78(m.2H), 3.18 
3.30(m.2H), 3.70(m.2H), 3.95(s.2H), 4.09-426(m.4H), 
4.60(s.2H), 5.17(s.2H), 6.40(d.J=6.1 Hz,1H), 6.60(1H), 
6.69(1H), 7.03(1H), 7.26-7.38(m.5H), 8.03(d.J=6.1 Hz,1H) 
0622 Step 2 
0623) 1-(Pyrimidin-4-yl)-4-(1,2,3,4-tetrahydroisoquino 
lin-7-yloxymethyl)piperidine-4-carboxylic acid ethyl ester 

C N 2 
N N 

O 
HN 

COEt 

0624) To a solution of 7-1-(2-chloropyrimidin-4-yl)-4- 
ethoxycarbonylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahy 
droisoquinoline-2-carboxylic acid benzyl ester (263 mg) in 
ethanol (5 ml) were added 7.5% palladium carbon (120 mg) 
and ammonium formate (200 mg) with ice-cooling, and the 
mixture was stirred under reflux for 30 min. After comple 
tion of the reaction, the Solvent was evaporated and water 
was added to the obtained residue. The mixture was 
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extracted with chloroform and the organic layer was washed 
with aqueous Sodium hydrogencarbonate Solution and dried 
over anhydrous Sodium Sulfate. The Solvent was evaporated 
and the residue was dried under reduced pressure to give the 
title compound (270 mg). 
0625) Step 3 
0626 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(pyrimidin-4-yl)piperidine-4-carboxylic 
acid dihydrochloride 

r 2 
N 

O2HCI 
CO2H 

0627 To a solution of 1-(pyrimidin-4-yl)-4-(1,2,3,4-tet 
rahydroisoquinolin-7-yloxymethyl)piperidine-4-carboxylic 
acid ethyl ester (260 mg) in dimethylformamide (1 ml) were 
added diisopropylethylamine (0.24 ml) and 1H-pyrazole-1- 
carboxamidine hydrochloride (200 mg), and the mixture was 
Stirred at room temperature for 2 hours. After completion of 
the reaction, the Solvent was evaporated and the obtained 
residue was separated by HPLC (0.05% aqueous trifluoro 
acetic acid:methanol=6:4-2:8). The obtained residue was 
refluxed with conc. hydrochloric acid for 2 hours. After 
completion of the reaction, the Solvent was evaporated and 
the obtained residue was washed with diethyl ether and dried 
under reduced pressure to give the title compound (51 mg). 
0628 H-NMR (8 ppm.DMSO-d) 1.60-180(m.2H), 
2.10-2.25(m.2H), 2.81 (m.2H), 3.40-3.60(m.4H), 405(s, 
2H), 405-4.80(2H), 4.54(s.2H), 6.69(d.J=2.4 Hz,1H), 
6.81 (dd.J=2.4, 8.4 Hz,1H), 7.13(d.J=8.4 Hz,1H), 7.23(d.J= 
7.8 Hz,1H), 7.66(brs.4H), 8.32(d.J=7.8 Hz,1H), 8.81 (s.1H) 

Example 15 

Synthesis of 4-2-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxy)ethyl-1-(pyridin-4-yl)piperidine-4- 

carboxylic acid ethyl ester dihydrochloride 

0629 Step 1 
0630 7-(2-Iodoethoxy)-1,2,3,4-tetrahydroisoquinoline 
2-carboxylic acid benzyl ester 

N-1- BnOCN 

0631) To a solution of 7-hydroxy-1,2,3,4-tetrahydroiso 
quinoline-2-carboxylic acid benzyl ester (1.21 g), 2-bromo 
ethanol (5.46 ml) and triphenylphosphine (20.11 g) in tet 
rahydrofuran (30 ml) was added 40% diethyl 
aZodicarboxylate-toluene solution (33.6 ml), and the mix 
ture was Stirred at room temperature for 1 hour. After 
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completion of the reaction, the Solvent was evaporated and 
to the obtained residue were added dimethylformamide (30 
ml) and sodium iodide (9.6 g). The mixture was stirred at 
90° C. for 15 hours. After completion of the reaction, the 
Solvent was evaporated and the obtained residue was puri 
fied by Silica gel column chromatography (hexane:ethyl 
acetate=4:1) and dried under reduced pressure to give the 
title compound (1.19 g). 

0633 Step 2 
0634) 7-2-(1-tert-Butoxycarbonyl-4-ethoxycarbonylpip 
eridin-4-yl)ethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 
boxylic acid benzyl ester 

COEt 
O 

BnOCN 

NCO t-Bu 

0635. In the same manner as in Example 10, Step 5, the 
title compound (935 mg) was obtained from 7-(2-iodoet 
hoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic acid 
benzyl ester (1.4 g), 1-tert-butoxycarbonylpiperidine-4-car 
boxylic acid ethyl ester (1.81 g) and 2M-lithium diisopro 
pylamide-tetrahydrofuran solution (0.82 ml). 
0636) H-NMR (8 ppm.CDC1,) 1.25(tr.J=6.9 Hz,3H), 
1.60- 1.65(m.2H), 2.01-2.04(m.2H), 2.13–2.19(m.2H), 
2.77(m.2H), 2.94(m.2H), 3.70(m.2H), 3.80-4,00(m.4H), 
4.18(qJ=6.9 Hz,2H), 4.60(s.2H), 5.18(s.2H), 6.56(1H), 
6.67(1H), 7.01(1H), 7.31-7.38(m.5H) 
0637 Step 3 
0638 7-2-4-Ethoxycarbonyl-1-(pyridin-4-yl)piperidin 
4-ylethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic 
acid benzyl ester 

COEt 
O 

BnOCN 

2N 

0639. In the same manner as in Example 10, Step 6, 
7-2-(4-ethoxycarbonylpiperidin-4-yl)ethoxy)-1,2,3,4-tet 
rahydroisoquinoline-2-carboxylic acid benzyl ester was 
obtained from 7-2-(1-tert-butoxycarbonyl-4-ethoxycarbon 
ylpiperidin-4-yl)ethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 
carboxylic acid benzyl ester (935 mg) and trifluoroacetic 
acid (5 ml). In the same manner as in Example 10, Step 7, 
the title compound (680 mg) was obtained from this com 
pound, 4-chloropyridine hydrochloride (248 mg) and tri 
ethylamine (1.38 ml). The reaction was carried out for 2 
days. 
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0640 Step 4 
0641 4-2-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxy)ethyl-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
ethyl ester dihydrochloride 

COEt 
NH 

ls O 
HN N OOC 

O2HCI 2N 

0642. In the same manner as in Example 10, Step 8, the 
title compound (208 mg) was obtained from 7-2-4-ethoxy 
carbonyl-1-(pyridin-4-yl)piperidin-4-yl)ethoxy)-1,2,3,4-tet 
rahydroisoquinoline-2-carboxylic acid benzyl ester (397 
mg), 25% hydrogen bromide-acetic acid Solution (3 ml), 
diisopropylethylamine (0.64 ml) and 1H-pyrazole-1-car 
boxamidine hydrochloride (214 mg). 

Example 16 
Synthesis of 4-2-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxy)ethyl-1-(pyridin-4-yl)piperidine-4- 

carboxylic acid dihydrochloride 
0643) 

CO2H 
NH 

l O 
HN N OOC 

O2HCI 2N 

0644. In the same manner as in Example 11, 4-2-(2- 
amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxy)ethyl-1- 
(pyridin-4-yl)piperidine-4-carboxylic acid ethyl ester dihy 
drochloride (200 mg) was reacted. The obtained residue was 
separated by HPLC (0.05% aqueous trifluoroacetic acid 
:methanol=1:1) and the obtained residue was treated with 
dil. hydrochloric acid to give the title compound (29 mg). 
0645 H-NMR (8 ppm.DMSO-d) 1.54-1.68(m.2H), 
1.95-2.22(m.4H), 2.82(m.2H), 3.58(m.2H), 3.92-4.12(m, 
4H), 4.55(s.2H), 6.67(1H), 6.78(1H), 7.14(1H), 7.19(d.J= 
7.4 Hz,2H), 7.61(brs.4H), 8.21(d.J=7.4 Hz,2H) 

Example 17 
Synthesis of (S)-4-N-5-amidino-1-(1-phenylethyl 
carbamoylmethyl)benzidazol-2-ylmethyl-N-4-(1- 
acetimidoylpiperidin-4-yloxy)phenylcarbamoyl 

benzoic acid dihydrochloride 
0646 Step 1 
0647 4-(4-Nitrophenoxy)piperidine-1-carboxylic acid 
tert-butyl ester 

NCO t-Bu 
ON 
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0648. To a solution of 4-hydroxypiperidine-1-carboxylic 
acid tert-butyl ester (38.28 g) and 4-fluoronitrobenzene 
(26.84 g) in dimethyl sulfoxide (326 ml) was added 60% 
sodium hydride (7.99g) under nitrogen atmosphere and with 
ice-cooling, and the mixture was Stirred at room temperature 
for 1 hour. After completion of the reaction, water was added 
and the mixture was extracted with ethyl acetate and washed 
with water. The organic layer was dried over anhydrous 
Sodium Sulfate and the Solvent was evaporated. The obtained 
residue was purified by Silica gel column chromatography 
(hexane:ethyl acetate=10:1) to give the title compound 
(52.384 g). 

0650 Step 2 

0651) 4-(4-Aminophenoxy)piperidine-1-carboxylic acid 
tert-butyl ester 

NCO t-Bu 
HN 

0652) 4-(4-Nitrophenoxy)piperidine-1-carboxylic acid 
tert-butyl ester (53.687 g) was hydrogenated using 7.5% 
palladium carbon (8.05 g) in a mixture of tetrahydrofuran 
(215 ml) and ethanol (215 ml) at 3 atm over 3 hours. After 
completion of the reaction, the reaction mixture was filtered 
through celite and the Solvent was evaporated. Hexane was 
added to the obtained residue, and the obtained Solid was 
collected by filtration and dried under reduced pressure to 
give the title compound (42.157 g). 

0654) Step 3 

0655 4-(4-Benzyloxycarbonylaminophe 
noxy)piperidine-1-carboxylic acid tert-butyl ester 

NCO t-Bu 
BnOCNH 

0656 To a solution of 4-(4-aminophenoxy)piperidine-1- 
carboxylic acid tert-butyl ester (6.63 g) and sodium hydro 
gencarbonate (2.1 g) in a mixture of tetrahydrofuran (100 
ml)-water (100 ml) was dropwise added benzyl chlorocar 
bonate (3.24 ml), and the mixture was stirred at room 
temperature for 1 hour. After completion of the reaction, the 
mixture was extracted with ethyl acetate and washed with 
Saturated brine. The organic layer was dried over anhydrous 
magnesium Sulfate and the Solvent was evaporated. The 
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obtained residue was washed with diisopropyl ether, col 
lected by filtration, and dried under reduced pressure to give 
the title compound (7.189 g). 

0658) Step 4 
0659 4-4-(N-Benzyloxycarbonyl-N-ethoxycarbonylm 
ethylamino)phenoxypiperidine-1-carboxylic acid tert-butyl 
eSter 

1N NCOt-Bu 
EtOC N 

COBn 

0660 To a solution of 4-(4-aminophenoxy)piperidine-1- 
carboxylic acid tert-butyl ester (42.28 g) in dimethylforma 
mide (254 ml) was added 60% sodium hydride (3.97g), and 
the mixture was stirred at room temperature for 20 min. 
Then, ethyl bromoacetate (12.1 ml) was added with ice 
cooling, and the mixture was Stirred at room temperature for 
15 hours. Thereto were added 60% sodium hydride (3.97g) 
and ethyl bromoacetate (12.1 ml), and the mixture was 
stirred at room temperature for 4 hours. Further, 60% 
sodium hydride (1.19 g) and ethyl bromoacetate (3.3 ml) 
were added, and the mixture was stirred at room temperature 
for 2 hours. After completion of the reaction, water was 
added and the mire was extracted with ethyl acetate and 
washed with water. The organic layer was dried over anhy 
drous Sodium Sulfate and the Solvent was evaporated. The 
obtained residue was purified by Silica gel column chroma 
tography (hexane:ethyl acetate=7:3) to give the title com 
pound (49.916 g). 
0661 H-NMR (8 ppm.CDC1,) 1.28(3H), 1.47(s.9H), 
1.75(m.2H), 1.89(m.2H), 3.34(m.2H), 3.68(m.2H), 
4.19(2H), 4.30(brs.2H), 4.43(m.1H), 5.19, 5.17(2H), 
6.86(2H), 7.13-7.35(m,7H) 
0662 Step 5 
0663 N-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl-N-benzyloxycarbonylaminoacetic acid 

1N NCO t-Bu 
HOC N 

COBn 

0664) To a solution of 4-4-(N-benzyloxycarbonyl-N- 
ethoxycarbonylmethylamino)phenoxypiperidine-1-car 
boxylic acid tert-butyl ester (49.916 g) in ethanol (102 ml) 
were added 1Naqueous sodium hydroxide solution (102 ml) 
and tetrahydrofuran (102 ml), and the mixture was stirred at 
room temperature for 10 min and at 50 C. for 1 hour. After 
completion of the reaction, the Solvent was evaporated. The 
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obtained residue was extracted with ethyl acetate and 
washed with 10% aqueous citric acid Solution and Saturated 
brine. The organic layer was dried over anhydrous Sodium 
Sulfate. The Solvent was evaporated and dried under reduced 
pressure to give the title compound (47.18 g). 

0665 H-NMR (8 ppm,CDC1,) 1.47(s.9H), 1.76(m.2H), 
1.89(m.2H), 3.34(m.2H), 3.68(m.2H), 4.35(s.2H), 4.44(m, 
1H), 5.16(brs.2H), 6.86(2H), 7.15-7:45(m,7H) 
0666 Step 6 

0667 N-(4-Cyano-2-nitrophenyl)glycine tert-butyl ester 

NC NO2 

N CO2t-Bu 
H 

0668 To a solution of 4-chloro-3-nitrobenzonitrile 
(33.87 g) and glycine tert-butyl ester hydrochloride (55.98 
g) in ethanol (400 ml) was added triethylamine (77.6 ml), 
and the mixture was Stirred at room temperature for 15 hours 
and then at 50° C. for 3 hours. After completion of the 
reaction, the Solvent was evaporated and the obtained resi 
due was extracted with ethyl acetate. The extract was 
washed with 10% aqueous citric acid Solution and Saturated 
brine. The organic layer was dried over anhydrous magne 
sium Sulfate and the Solvent was evaporated. The obtained 
residue was washed with diisopropyl ether and collected by 
filtration to give the title compound (38.419 g). 

0670) Step 7 

0671 N-(2-Amino-4-cyanophenyl)glycine 
eSter 

tert-butyl 

NC NH2 

N CO2t-Bu 
H 

0672 N-(4-Cyano-2-nitrophenyl)glycine tert-butyl ester 
(17.337 g) was hydrogenated using 7.5% palladium carbon 
(1.73 g) in tetrahydrofuran (173 ml) at atmospheric pressure 
for 2 hours and by adding 7.5% palladium carbon (3.84 g) 
for one more hour. After completion of the reaction, the 
reaction mixture was filtered through celite and the Solvent 
was evaporated. The obtained residue was washed with 
diisopropyl ether, collected by filtration and dried under 
reduced pressure to give the title compound (8.324 g). 

0673) H-NMR (8 ppm.CDC1,) 1.51(s.9H), 3.84(s.2H), 
6.45(1H), 6.95(1H), 7.15(1H) 



US 2004/OOO6099 A1 

0674) Step 8 
0675 4-4-N-Benzyloxycarbonyl-N-(2-tert-butoxycar 
bonylmethylamino-5-cyanophenyl)carbamoylmethylamino 
phenoxypiperidine-1-carboxylic acid tert-butyl ester 

O 

H NC N O Clos 
^ N 

O COBn 

CO2t-Bu 

0676 To a solution of N-(2-amino-4-cyanophenyl)gly 
cine tert-butyl ester (21.53 g) and N-4-(1-tert-butoxycar 
bonylpiperidin-4-yloxy)phenyl-N-benzyloxycarbonylami 
noacetic acid (42.18 g) in chloroform (300 ml) was added 
1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (23.68 g), 
and the mixture was stirred at room temperature for 3 hours. 
After completion of the reaction, the Solvent was evaporated 
and the obtained residue was purified by Silica gel column 
chromatography (hexane:ethyl acetate=2.3) to give the title 
compound (44.479 g). 

0677 'H-NMR (8 ppm,CDC1,) 1.47(s.9H), 1.76(m.2H), 
1.90(m.2H), 3.34(m.2H), 3.67(m.2H), 3.78(brd.2H), 4.36(s, 
2H), 445(m.1H), 5.10-5.25(m.1H), 5.20(s.2H), 6.53(1H), 
6.89(2H), 7.20-7.31(m,7H), 7.40(2H), 7.96(brs, 1H) 
0678 Step 9 
0679 2-N-Benzyloxycarbonyl-N-4-(1-tert-butoxycar 
bonylpiperidin-4-yloxy)phenyl-aminomethyl-5-cyanoben 
Zimidazole-1-acetic acid 

O 

NC y-n O Clos N 

N u COBn 
HOC 

0680 A solution of 4-4-N-benzyloxycarbonyl-N-(2- 
tert-butoxycarbonylmethylamino-5-cyanophenyl)carbam 
oylmethylaminophenoxypiperidine-1-carboxylic acid tert 
butyl ester (44.479 g) in acetic acid (600 ml) was stirred at 
90° C. for 4 days. After completion of the reaction, the 
Solvent was evaporated and the obtained residue (51 g) was 
reacted with sodium carbonate (19.8 g) and di-tert-butyl 
dicarbonate (13.6 g) by a conventional method. The 
obtained residue was purified by Silica gel column chroma 
tography (chloroform:methanol=9:1) and dried under 
reduced pressure to give the title compound (23.545 g). 
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0682 Step 10 
0683 (S)-2-N-Benzyloxycarbonyl-N-4-(1-tert-butoxy 
carbonylpiperidin-4-yloxy)phenylaminomethyl-5-cyano 
1-(1-phenylethylcarbamoyl-methyl)benzimidazole 

O 

NC N N O Clos y-n 
N COBn 

s 
Me NH 

0684) To a solution of 2-N-benzyloxycarbonyl-N-4-(1- 
tert-butoxycarbonylpiperidin-4-yloxy)phenylaminom 
ethyl-5-7cyanobenzimidazole-1-acetic acid (583 mg) and 
1-hydroxybenzotriazole hydrate (135 mg) in dimethylfor 
mamide (5 ml) were added (S)-phenethylamine (0.118 ml) 
and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro 
chloride (193 mg), and the mixture was stirred at room 
temperature for 15 hours. After completion of the reaction, 
the mixture was extracted with ethyl acetate and washed 
Successively with water, aqueous Sodium hydrogencarbon 
ate Solution, 10% aqueous citric acid Solution and Saturated 
brine. The organic layer was dried over anhydrous magne 
sium Sulfate and the Solvent was evaporated. To the obtained 
residue was added diisopropyl ether and the resultant Solid 
was collected by filtration to give the title compound (623 
mg). 
0685 H-NMR (8 ppm.CDC1,) 1.46-148(s, 12H), 
1.70(m.2H), 1.86(m.2H), 3.30(m.2H), 3.65(m.2H), 4.38(m, 
1H), 4.95-5.05(m,3H), 5.14(s.2H), 5.21(s.2H), 6.81(2H), 
7.10-7.30(m, 12H), 7.48(d.J=8.0 Hz,1H), 7.63(d.J=8.0 
HZ,1H), 8.06(s, 1H) 
0686) Step 11 
0687 (S)-2-N-4-(1-tert-Butoxycarbonylpiperidin-4- 
yloxy)phenyl-N-(4-methoxycarbonylbenzoyl)ami 
nomethyl-5-cyano-1-(1-phenylethylcarbamoylmethyl 
)benzimidazole 

O 

toy- O Clos N 

N 

COMe 
Mer, NH 
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0688 (S)-2-N-Benzyloxycarbonyl-N-4-(1-tert-butoxy 
carbonylpiperidin-4-yloxy)phenylaminomethyl-5-cyano 
1-(1-phenylethylcarbamoylmethyl)benzimidazole (623 mg) 
was hydrogenated in tetrahydrofuran (6 ml) using 7.5% 
palladium carbon (310 mg) at 3 atm for 7 hours. After 
completion of the reaction, the reaction mixture was filtered 
through celite and the Solvent was evaporated. The obtained 
residue was dissolved in chloroform (6 ml) and thereto were 
added triethylamine (0.176 ml), methyl 4-chloroformylben 
Zoate (167 mg) and 4-dimethylaminopyridine (10 mg), and 
the mixture was stirred at room temperature for 18 hours. 
After completion of the reaction, the Solvent was evaporated 
and the obtained residue was purified by Silica gel column 
chromatography (hexane:ethyl acetate=3:7) and dried under 
reduced pressure to give the title compound (284 mg). 

0690 Step 12 
0691 (S)-2-N-4-(1-tert-Butoxycarbonylpiperidin-4- 
yloxy)phenyl-N-(4-methoxycarbonylbenzoyl)ami 
nomethyl-1-(1-phenylethylcarbamoylmethyl 
)benzimidazole-5-carboxamidine 

NH O 

HN v O Clos y-n 
N 

s O 
COMe Me NH 

0692 Hydrogen sulfide was blown into a solution of 
(S)-2-N-4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phe 
nyl-N-(4-methoxycarbonylbenzoyl)aminomethyl-5-cy 
ano-1-(1-phenylethylcarbamoylmethyl)benzimidazole (284 
mg) in a mixture of pyridin-triethylamine (5:1) (10 ml) with 
ice-cooling, and the mixture was Stirred at room temperature 
for 12 hours. After completion of the reaction, the solvent 
was evaporated and the residue was treated with hydrogen 
chloride-ethanol. Thereto were added acetone (6 ml), metha 
nol (6 ml) and methyl iodide (0.229 ml), and the mixture was 
stirred under reflux for 2 hours. After completion of the 
reaction, the Solvent was evaporated and the obtained resi 
due was dissolved in ethanol (12 ml). Ammonium acetate 
(43 mg) was added, and the mixture was stirred at 75° C. for 
2 hours. After completion of the reaction, the Solvent was 
evaporated and the obtained residue was purified by Silica 
gel column chromatography (chloroform: methanol=95:5- 
90:10) and dried under reduced pressure to give the title 
compound (113 mg). 
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0693) 'H-NMR (8 ppm, DMSO-d) 1.30-1.45(m,14H), 
1.76(m.2H), 3.07(m.2H), 3.57(m.2H), 3.80(s.3H), 4.40(m, 
1H), 4.92(m.1H), 5.21-5.38(m.4H), 6.75(d.J=9.0 Hz,2H), 
7.14(d.J–9.0 Hz.2H), 7.21-7.33(m,7H), 7.63-7.70(m.2H), 
7.75(2H), 8.14(s.1H), 8.96(brs,1H) 
0694 Step 13 

0695 (S)-4-N-5-Amidino-1-(1-phenylethylcarbamoyl 
methyl)benzimidazole-2-ylmethyl-N-4-(1-acetimidoylpi 
peridin-4-yloxy)phenylcarbamoylbenzoic acid dihydro 
chloride 

NH O 

HN \ O O Me y-n 
N NH 

O O 
O2HCI 

CO2H Me NH 

0696) To a solution of (S)-2-N-4-(1-tert-butoxycarbon 
ylpiperidin-4-yloxy)phenyl-N-(4-methoxycarbonylbenzoy 
l)aminomethyl-1-(1-phenylethylcarbamoylmethyl 
)benzimidazole-5-carboxamidine (113 mg) in chloroform (2 
ml) was added trifluoroacetic acid (1 ml), and the mixture 
was stirred for 5 min. The solvent was evaporated and to the 
obtained residue was added 4N aqueous Sodium hydroxide 
solution (1.1 ml), and the mixture was stirred for 5 hours. 
After completion of the reaction, dil. hydrochloric acid was 
added and the Solvent was evaporated. The residue was dried 
under reduced preSSure to give a residue. The obtained 
residue was dissolved in methanol (2 ml), and triethylamine 
(0.2 ml) and ethyl acetoimidate hydrochloride (89 mg) were 
added. The mixture was stirred at room temperature for 18 
hours. After completion of the reaction, insoluble material 
was removed and the solvent was evaporated. The obtained 
residue was separated by HPLC (50% methanol-water, 
0.05% trifluoroacetic acid). To the obtained residue was 
added dil. hydrochloric acid, and the Solvent was evaporated 
and dried under reduced pressure to give the title compound 
(78 mg). 

0697) 'H-NMR (8 ppm. DMSO-d) 1.37(d.J–7.2 Hz,3H), 
1.63(m.2H), 1.94(m.2H), 2.25(s.3H), 3.43(m.2H), 3.72(m, 
2H), 4.56(m.1H), 4.91 (quint.J=7.2 Hz,1H), 5.23-5.39(m, 
4H), 6.80(2H), 7.16-7.37(m.9H), 7.72-7.74(m.4H), 8.17(s, 
1H), 8.73(brs,1H), 9.09(brs.2H), 9.20(d.J=7.2 Hz,1H), 
9.31(brs.3H) 
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Example 18 

Synthesis of 4-N-5-amidino-1-(4-benzyloxyphe 
nylcarbamoylmethyl)benzimidazol-2-ylmethyl-N- 
4-(1-acetimidoylpiperidin-4-yloxy)phenylcarbam 

oylbenzoic acid dihydrochloride 

0698 Step 1 
0699 2-N-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl)aminomethyl-5-cyanobenzimidazole-1-acetic 
acid 

O 

y-r 
N 

CO2H 

0700 2-N-Benzyloxycarbonyl-N-4-(1-tert-butoxycar 
bonylpiperidin-4-yloxy)phenylaminomethyl-5-cyanoben 
Zimidazole-1-acetic acid (7.037 g) was hydrogenated using 
7.5% palladium carbon (3.52 g) in ethanol (70 ml) at 3 atm 
over 3 hours. After completion of the reaction, the reaction 
mixture was filtered through celite and the Solvent was 
evaporated. The obtained residue was washed with diiso 
propyl ether, filtrated and dried under reduced pressure to 
give the title compound (4.189 g). 

0702) Step 2 
0703 2-N-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl-N-(4-methoxycarbonylbenzoyl)aminomethyl-5- 
cyanobenzimidazole-1-acetic acid 

O 

N 

N 

o 
HOC 

COMe 

0704) To a solution of 2-N-4-(1-tert-butoxycarbonylpi 
peridin-4-yloxy)phenylaminomethyl-5-cyanobenzmida 
Zole-1-acetic acid (3.36 g) and Sodium hydrogencarbonate 
(1.67 g) in a mixture of water (34 ml) and tetrahydrofuran 
(34 ml) was added methyl 4-chloroformylbenzoate (1.32 g), 
and the mixture was stirred at room temperature for 30 min. 
After completion of the reaction, the mixture was extracted 
with ethyl acetate and washed successively with water, 10% 
aqueous citric acid Solution and Saturated brine. The organic 
layer was dried over anhydrous magnesium Sulfate and the 
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Solvent was evaporated. The obtained residue was purified 
by Silica gel column chromatography (ethyl acetate) to give 
the title compound (2.907 g). 

0706) Step 3 
0707 2-N-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl-N-(4-methoxycarbonylbenzoyl)aminomethyl-5- 
cyano-1-(4-benzyloxyphenylcarbamoylmeth 
yl)benzimidazole 

O 

NC cry-CCo y-n 
N 

s’ O 

Or" BO 

0708 2-N-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl-N-(4-methoxycarbonylbenzoyl)aminomethyl-5- 
cyanobenzimidazole-1-acetic acid (632 mg), 1-hydroxyben 
Zotriazole hydrate (128 mg), 4-benzyloxyaniline 
hydrochloride (223 mg), 1-(3-dimethylaminopropyl)-3-eth 
ylcarbodiimide hydrochloride (182 mg) and N-methylmor 
pholine (0.104 ml) were treated in the same manner as in 
Example 17, Step 10. The solvent was evaporated and the 
obtained residue was purified by Silica gel column chroma 
tography (hexane:ethyl acetate=3:7-2:8) to give the title 
compound (605 mg). 
0709) H-NMR (8 ppm,CDC1,) 1.46(s.9H), 1.85(m.2H), 
3.29(m.2H), 3.66(m.2H), 3.84(s.3H), 4.35(m.1H), 4.98(s, 
2H), 5.23(s.2H), 5.31(s.2H), 6.72(d.J=9.0 Hz.2H), 6.80(d. 
2H), 7.07(d.J–9.0 Hz,2H), 7.27(d.J-8.4 Hz,2H), 7.30 
7.41(m,7H), 7.56(s.2H), 7.73(d.J=8.4 Hz,2H), 8.06(s.1H), 
8.72(brs,1H) 
07.10 Step 4 
0711 2-N-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl-N-(4-methoxycarbonylbenzoyl)aminomethyl)-1- 
(4-benzyloxyphenylcarbamoylmethyl)benzimidazole-5-car 
boxamidine 

NH O 

N HN N O Ol. Bu y-n N 
N 

s O 
NH COMe 

BO 

COMe 
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0712 Hydrogen sulfide was blown into a solution of 
2-N-4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenyl 
N-(4-methoxycarbonylbenzoyl)aminomethyl-5-cyano-1- 
(4-benzyloxyphenylcarbamoylmethyl)benzimidazole (605 
mg) in a mixed Solution (15 ml) of pyridin-triethylamine 
(5:1) with ice-cooling, and the mixture was stirred at room 
temperature for 15 hours. After completion of the reaction, 
the Solvent was evaporated and the obtained residue was 
collected by filtration and washed with toluene. To the 
obtained solid were added acetone (15 ml) and methyl 
iodide (0.443 ml), and the mixture was stirred under reflux 
for 1 hour. After completion of the reaction, the Solvent was 
evaporated and dried under reduced pressure to give a crude 
product (804 mg). From the obtained crude product, 434 mg 
was dissolved in ethanol (10 ml) and thereto was added 
ammonium acetate (44 mg) at room temperature. The mix 
ture was stirred at 75 C. for 3.5 hours. After completion of 
the reaction, the Solvent was evaporated and the obtained 
residue was purified by Silica gel column chromatography 
(chloroform:methanol=95:5-90:10) and dried under reduced 
pressure to give the title compound (141 mg). 

0713) H-NMR (8 ppm.DMSO-d) 1.38(s.9H), 1.75(m, 
2H), 3.05(m.2H), 3.60(m.2H), 3.79(s.3H), 4.40(m,1H), 
5.06(s.2H), 5.35(brs.4H), 6.77(2H), 6.97(2H), 7.25 
7.50(10H), 7.65-7.76(4H), 8.13(1H) 
0714 Step 5 

0715) 4-N-5-Amidino-1-(4-benzyloxyphenylcarbam 
oylmethyl)benzimidazol-2-ylmethyl-N-4-(1-acetimi 
doylpiperidin-4-yloxy)phenylcarbamoylbenzoic acid 
dihydrochloride 

NH O 

y-n 
N H 

O O 

COH O2HCI 
NH 2 

BO 

0716. In the same manner as in Example 17, Step 13, the 
title compound (59 mg) was obtained from 2-N-4-(1-tert 
butoxycarbonylpiperidin-4-yloxy)phenyl-N-(4-methoxy 
carbonylbenzoyl)aminomethyl-1-(4-benzyloxyphenylcar 
bamoylmethyl)benzimidazole-5-carboxamidine (141 mg), 
trifluoroacetic acid (1 ml), 4N aqueous Sodium hydroxide 
solution (0.973 ml), triethylamine (0.226 ml) and ethyl 
acetoimidate hydrochloride (100 mg). 
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Example 19 

Synthesis of 2-4-(pyrrolidin-3-yloxy)phenoxym 
ethyl-1-(2-methoxyethyl)benzimidazole-5-carboxa 

midine dihydrochloride 
0718 Step 1 
0719) 4-(1-tert-Butoxycarbonylpyrrolidin-3-yloxy)ben 
Zaldehyde 

Ocoee 
0720 To a solution of 3-hydroxypyrrolidine-1-carboxylic 
acid tert-butyl ester (3.07 g), 4-hydroxybenzaldehyde (2 g) 
and triphenylphosphine (4.51 g) in tetrahydrofuran (50 ml) 
was added diethylazodicarboxylate (2.7 ml), and the mix 
ture was stirred at room temperature for 2 hours. After 
completion of the reaction, the Solvent was evaporated and 
the obtained residue was purified by Silica gel column 
chromatography (hexane:acetone=5:1) and dried under 
reduced pressure to give the title compound (3.2 g). 

0722) Step 2 
0723 4-(1-tert-Butoxycarbonylpyrrolidin-3-yloxy)phe 
nol 

O 

OHC 

O 

Ocon. 
0724) To a solution of 4-(1-tert-butoxycarbonylpyrroli 
din-3-yloxy)benzaldehyde (500 mg) in methylene chloride 
(10 ml) was added 70% 3-chloroperbenzoic acid (712 mg) 
with ice-cooling, and the mixture was stirred at room 
temperature for 4.5 hours. After completion of the reaction, 
aqueous Sodium hydrogencarbonate Solution and aqueous 
Sodium thiosulfate Solution were added, and the mixture was 
extracted with methylene chloride and washed Successively 
with water and Saturated brine. The organic layer was dried 
over anhydrous Sodium Sulfate and the Solvent was evapo 
rated. The obtained residue was dissolved in methanol (3.4 
ml) and thereto was added 1N acqueous Sodium hydroxide 
Solution (1.7 ml), and the mixture was stirred at room 
temperature for 1 hour. After completion of the reaction, 
10% aqueous citric acid Solution was added, and the mixture 
was extracted with chloroform and washed Successively 
with water and Saturated brine. The organic layer was dried 
over anhydrous Sodium Sulfate and the Solvent was evapo 
rated. The obtained solid was washed with diethyl ether and 
dried under reduced pressure to give the title compound (350 
mg). 
0725 H-NMR (8 ppm,CDC1,) 1.47(s.9H), 2.09(m.2H), 
3.54(m.4H), 4.75(m,1H), 6.71-6.79(m.4H) 

HO 
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0726 Step 3 

0727 4-(1-tert-Butoxycarbonylpyrrolidin-3-yloxy)phe 
noxyacetic acid ethyl ester 

O 

Ocon. 
0728. To a solution of 4-(1-tert-butoxycarbonylpyrroli 
din-3-yloxy)phenol (2.14 g) in tetrahydrofuran (43 ml) were 
added ethyl bromoacetate (1.1 ml) and 60% sodium hydride 
(368 mg) with ice-cooling, and the mixture was stirred at 
room temperature for 1 hour. After completion of the reac 
tion, ice water was added and the mixture was extracted with 
ethyl acetate and washed with 10% a aqueous citric acid 
Solution. The organic layer was dried over anhydrous mag 
nesium Sulfate and the Solvent was evaporated. The obtained 
residue was purified by Silica gel column chromatography 
(hexane:ethyl acetate=7:3) and dried under reduced pressure 
to give the title compound (2.605 g). 

EtOC O 

0730 Step 4 

0731 4-(1-tert-Butoxycarbonylpyrrolidin-3-yloxy)phe 
noxyacetic acid 

O 

Ocon. 
0732) To a solution of 4-(1-tert-butoxycarbonylpyrroli 
din-3-yloxy)phenoxyacetic acid ethyl ester (2.5 g) in a 
mixture of tetrahydrofuran (5 ml) and ethanol (5 ml) was 
added 1N aqueous lithium hydroxide solution (7.5 ml) with 
ice-cooling, and the mixture was Stirred at room temperature 
for 30 min. After completion of the reaction, the solvent was 
evaporated and to the obtained residue were added ice water 
and 10% aqueous citric acid Solution, and the mixture was 
extracted with ethyl acetate. The organic layer was washed 
Successively with water and Saturated brine and dried over 
anhydrous magnesium Sulfate. The Solvent was evaporated 
and the residue was dried under reduced pressure to give the 
title compound (2.30 g). 

0733 H-NMR (8 ppm,CDC1,) 1.47(s.9H), 2.14(m.2H), 
3.54(m.4H), 4.61(brs.2H), 4.79(m.1H), 6.80-6.89(m.4H) 

HOC O 
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0734) Step 5 
0735) 4-(2-Hydroxyethylamino)-3-nitrobenzonitrile 

NC NO 

1-N-OH N 
H 

0736. A solution of 4-chloro-3-nitrobenzonitrile (10.13 
g) and ethanolamine (3.52 ml) in a mixture of ethanol (150 
ml) and tetrahydrofuran (50 ml) was stirred at room tem 
perature for 2 hours. Ethanolamine (3.35 ml) was added and 
the mixture was stirred at 50 C. for 1 hour. Then, ethano 
lamine (3.35 ml) was added, and the mixture was stirred at 
the Same temperature for 1 hour. After completion of the 
reaction, the Solvent was evaporated and the obtained Solid 
was washed with isopropanoyl, collected by filtration, and 
dried under reduced pressure to give the title compound 
(7.25 g). 
0737 H-NMR (8 ppm. DMSO-d) 3.48(m.2H), 3.63(m, 
2H), 5.00(brs,1H), 7.22(d.J=9.0 Hz,1H), 7.81 (dd.J=1.8, 9.0 
HZ,1H), 8.50(d.J=1.8 Hz,1H), 8.62(brtr,1H), 
0738 Step 6 
0739) 3-Amino-4-(2-hydroxyethylamino)benzonitrile 

NC NH2 

OH 
N 1N1 
H 

0740. A solution of 4-(2-hydroxyethylamino)-3-nitroben 
Zonitrile (3.11 g) and tin chloride dihydrate (16.94 g) in 
ethanol (50 ml) was stirred at 70° C. for 1 hour. After 
completion of the reaction, the Solvent was evaporated and 
to the obtained residue were added tetrahydrofuran and 15% 
aqueous Sodium hydroxide Solution. The mixture was stirred 
and insoluable material and the aqueous layer were 
removed. The obtained organic layer was dried over anhy 
drous magnesium Sulfate and the Solvent was evaporated. 
The obtained Solid was washed with chloroform, filtrated 
and dried under reduced pressure to give the title compound 
(2.08 g). 

0742 Step 7 
0743) 3-4-5-Cyano-2-(2-hydroxyethylamino)phenyl 
carbamoylmethoxyphenoxypyrrolidine-1-carboxylic acid 
tert-butyl ester 

O 

H NCOt-Bu 
NC N 

^O 
O 

t 
OH 
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0744) To a solution of 3-amino4-(2-hydroxyethylami 
no)benzonitrile (1.21 g) and 4-(1-tert-butoxycarbonylpyrro 
lidin-3-yloxy)phenoxyacetic acid (2.30 g) in chloroform (50 
ml) was added 1-ethoxycarbonyl-2-ethoxy-1,2-dihydrox 
yguinoline (2.19 g), and the mixture was stirred at room 
temperature for 15 hours. After completion of the reaction, 
the Solvent was evaporated and the obtained residue was 
purified by Silica gel column chromatography (hexane:ethyl 
acetate=1:4) to give the title compound (2.56 g). 
0745) H-NMR (8 ppm.CDC1,) 1.46(s.9H), 2.13(m.2H), 
3.31(m.2H), 3.55(m.4H), 3.73(m.2H), 4.64(s.2H), 4.82(m, 
1H), 6.73(1H), 6.85-6.94(m.4H), 741-7.50(2H), 7.99(1H), 
8.10(1H) 
0746 Step 8 
0747 2-4-(1-tert-Butoxycarbonylpyrrolidin-3-ylox 
y)phenoxymethyl-5-cyano-1-(2-hydroxyethyl)benzimida 
Zole 

N 
OH 

0748) A solution of 3-4-5-cyano-2-(2-hydroxyethy 
lamino)phenylcarbamoylmethoxyphenoxypyrrolidine-1- 
carboxylic acid tert-butyl ester (2.56 g) in acetic acid (15.4 
ml) was stirred at 65° C. for 4 hours. After completion of the 
reaction, the Solvent was evaporated and the obtained resi 
due was extracted with ethyl acetate and washed with 
aqueous Sodium hydrogencarbonate Solution. The organic 
layer was dried over anhydrous magnesium Sulfate and the 
Solvent was evaporated. The obtained residue was purified 
by Silica gel column chromatography (hexane:ethyl acetate= 
1:4-ethyl acetate) to give the title compound (1.356 g). 
0749 H-NMR (8 ppm,CDC1,) 1.44(s.9H), 2.11(m.2H), 
3.44-3.54(m.4H), 3.75(brs,1H), 4.06(m.2), 4.46(m.2H), 
4.77(m, 1H), 5.32(s.2H), 6.77(2H), 6.93(2H), 7.49(2H), 
7.79(1H) 
0750 Step 9 
0751 2-4-(1-tert-Butoxycarbonylpyrrolidin-3-ylox 
y)phenoxymethyl-5-cyano-1-(2-methoxyethyl)benzimida 
Zole 

N 
OMe 
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0752 To a solution of 2-4-(1-tert-butoxycarbonylpyrro 
lidin-3-yloxy)phenoxymethyl-5-cyano-1-(2-hydroxyethyl 
)benzimidazole (270 mg) in tetrahydrofuran (5 ml) was 
added 60% sodium hydride (271 mg) at room temperature, 
and the mixture was stirred for 30 min. Thereto was added 
methyl iodide (0.105 ml), and the mixture was stirred for 24 
hours. After completion of the reaction, 10% aqueous citric 
acid Solution was added and the mixture was extracted with 
ethyl acetate and washed with Saturated brine. The organic 
layer was dried over anhydrous magnesium Sulfate and the 
Solvent was evaporated. The obtained residue was purified 
by Silica gel column chromatography (hexane:acetone=4:1) 
and dried under reduced pressure to give the title compound 
(199 mg). 
0753 H-NMR (8 ppm,CDC1,) 1.46(s.9H), 2.10(m.2H), 
3.27(s.3H), 3.55(m.4H), 3.72(tr.2H), 4.52(tr.2H), 4.79(m, 
1H), 5.39(s.2H), 6.79(2H), 6.90(2H), 7.50(1H), 7.55(1H), 
8.10(1H) 
0754) Step 10 
0755 2-4-(1-tert-Butoxycarbonylpyrrolidin-3-ylox 
y)phenoxymethyl-1-(2-methoxyethyl)benzimidazole-5- 
carboxamidine 

NH O 

HN N O Ocoes 2 y-no 
N 

OMe 

0756. In the same manner as in Example 18, Step 4, the 
title compound (119 mg) was obtained from 2-4-(1-tert 
butoxycarbonylpyrrolidin-3-yloxy)phenoxymethyl-5-cy 
ano-1-(2-methoxyethyl)benzidazole (195 mg), methyl 
iodide (1 ml) and ammonium acetate (37 mg). 
0757 "H-NMR (8 ppm,CDC1,) 1.45(s.9H), 2.10(m.2H), 
3.24(s.3H), 3.54(m.4H), 3.69(brtr,2H), 4.47(brtr,2H), 
4.76(m.1H), 5.32(s.2H), 6.79(2H), 6.94(2H), 7.48(1H), 
7.66(1H), 8.08(1H) 
0758) Step 11 
0759 2-4-(Pyrrolidin-3-yloxy)phenoxymethyl-1-(2- 
methoxyethyl)benzimidazole-5-carboxamidine dihydro 
chloride 

NH O 

uCO HN y-no 
O2HCI 

OMe 

0760. To a solution of 2-4-(1-tert-butoxycarbonylpyrro 
lidin-3-yloxy)phenoxymethyl-1-(2-methoxyethyl)benzimi 
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dazole-5-carboxamidine (115 mg) in chloroform (3 ml) was 
added trifluoroacetic acid (3 ml), and the mixture was stirred 
at 5 min. The solvent was evaporated and to the obtained 
residue was added 1N hydrogen chloride-diethyl ether (2 
ml). The solvent was evaporated and the obtained residue 
was washed with tetrahydrofuran and dried under reduced 
pressure to give the title compound (97 mg). 
0761 H-NMR (8 ppm, DMSO-d) 2.10(m.2H), 3.18(s, 
3H), 3.28-3.42(m.4H), 3.69(brtr2H), 4.59(brtr2H), 5.02(m, 
1H), 5.43(s.2H), 6.94(d.J=9.0 Hz,2H), 7.07(d.J=9.0 Hz,2H), 
7.60(d.J=9.0 Hz,1H), 7.87(d.J=9.0 Hz,1H), 8.23(s.1H), 
9.08(brs.2H), 9.34(brs.2H) 

Example 20 
Synthesis of 2-4-(1-acetimdoylpyrrolidin-3-ylox 
y)phenoxymethyl-1-(2-methoxyethyl)benzimida 

Zole-5-carboxamidine dihydrochloride 
0762) 

NH O NH 

N-( HN N t 

0763) To a solution of 2-4-(pyrrolidin-3-yloxy)phe 
noxymethyl-1-(2-methoxyethyl)benzimidazole-5-carboxa 
midine dihydrochloride (44 mg) in a mixture of tetrahydro 
furan (2 ml) and water (0.6 ml) were added sodium 
hydrogencarbonate (38 mg), and ethyl acetoimidate hydro 
chloride (33 mg), and the mixture was stirred at room 
temperature for 16 hours. After completion of the reaction, 
insoluble material was removed and the Solvent was evapo 
rated. The obtained residue was separated by HPLC (50% 
methanol-water, 0.05% trifluoroacetic acid). To the obtained 
residue was added dil. hydrochloric acid and the Solvent was 
evaporated and dried under reduced pressure to give the title 
compound (40 mg). 
0764) H-NMR (8 ppm.DMSO-d) 2.12-2.28(m.5H), 
3.18(s.3H), 3.35-3.95(m,6H), 4.59(brs.2H), 5.06-5.13(m, 
1H), 5.43(s.2H), 6.94(dd.J=2.9, 9.0 Hz,2H), 7.07(dd.J=2.9, 
9.0 Hz,2H), 7.77(1H), 7.88(1H), 8.24(1H), 8.47, 8.54(1H), 
9.13(2H), 9.27, 9.31 (1H), 9.36(2H) 

Example 21 
Synthesis of 7-1-(2-hydroxyethyl)piperidin-4-yl 

methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxa 
midine dihydrochloride 

0765) Step 1 
0766 N,N'-di-tert-Butoxycarbonyl-7-hydroxy-1,2,3,4- 
tetrahydroisoquinoline-2-carboxamidine 

NCO t-Bu 

l OH 
t-BuOCNH N 

Jan. 8, 2004 

0767 To a suspension of 7-hydroxy-1,2,3,4-tetrahy 
droisoquinoline hydrobromide (500 mg) in acetonitrile (5 
ml) was added triethylamine (0.3 ml) with ice-cooling, and 
the mixture was stirred at room temperature for 1 hour. The 
precipitated solid was collected by filtration. The obtained 
solid was dissolved in dimethylformamide (5 ml) and 
thereto was added 1H-pyrazole-1-(N,N'-bis-tert-butoxycar 
bonyl)carboxamidine (Synthesis, p. 579 (1994)) (74.2 mg), 
and the mixture was stirred at room temperature for 2 hours. 
After completion of the reaction, water was added and the 
mixture was extracted with ethyl acetate and washed with 
Saturated brine. The organic layer was dried over anhydrous 
Sodium Sulfate and the Solvent was evaporated. The obtained 
residue was purified by Silica gel column chromatography 
(hexane:ethyl acetate=3:1) and dried under reduced pressure 
to give the title compound (700 mg). 

0769 Step 2 
0770 4-Hydroxymethylpiperidine-1-carboxylic acid 
benzyl ester 

7-Ocon. HO 

0771. In the same manner as in Example 10, Step 1, 
1-benzyloxycarbonylpiperidine-4-carboxylic acid (10 g) 
was obtained from isonipecotic acid (15.5 g). To a Solution 
of this obtained compound in tetrahydrofuran (100 ml) were 
added dropwise at -15° C. triethylamine (5.56 ml) and 
isobutyl chlorocarbonate (5.2 ml) under an argon atmo 
Sphere, and the mixture was stirred at the same temperature 
for 20 min. After completion of the reaction, the reaction 
mixture was filtrated, and the filtrate was dropwise added to 
aqueous Sodium borohydride (4.3 g) Solution with ice 
cooling. The mixture was stirred at the same temperature for 
15 min and then at room temperature for 2 hours. After 
completion of the reaction, water was added and insoluble 
material was removed. The Solvent was partially evaporated 
and the mixture was extracted with ethyl acetate. The 
organic layer was washed Successively with 1N aqueous 
Sodium hydroxide, water and Saturated brine and dried over 
anhydrous Sodium Sulfate. The Solvent was evaporated and 
the residue was dried under reduced pressure to give the title 
compound (7.2 g). 
0772 'H-NMR (8 ppm,CDC1,) 1.05-130(m.2H), 1.55 
1.80(m,3H), 2.70-2.85(m.2H), 3.50(d.2H), 4.10-4.30(m, 
2H), 5.13(s.2H), 7.26-7.40(m.5H) 
0773) Step 3 
0774 4-Bromomethylpiperidine-1-carboxylic acid ben 
Zyl ester 

7-Ocon. Br 
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0775 To a solution of 4-hydroxymethylpiperidine-1-car 
boxylic acid benzyl ester (1.11g), carbon tetrabromide (1.77 
g) in methylene chloride (11 ml) was added triphenylphos 
phine (1.4 g) with ice-cooling, and the mixture was stirred 
at room temperature for 5 hours. After completion of the 
reaction, the Solvent was evaporated and the obtained resi 
due was purified by Silica gel column chromatography 
(hexane:acetone=10:1) and dried under reduced pressure to 
give the title compound (1.25 g). 
0776) "H-NMR (8 ppm.CDC1,) 1.05-130(m.2H), 1.70 
1.90(m,3H), 2.78(m.2H), 3.29(d.2H), 4.10-4.30(m.2H), 
5.13(s.2H), 7.26-7.38(m.5H) 
0777 Step 4 
0778) 4-2-(N,N'-Di-tert-butoxycarbonylamidino)-1,2,3, 
4-tetrahydroisoquinolin-7-yloxymethylpiperidine-1-car 
boxylic acid benzyl ester 

NCOt-Bu 

ls O 
t-BuOCNH N 

NCOBn 

0779) To a solution of N,N'-di-tert-butoxycarbonyl-7- 
hydroxy-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine 
(50 mg) and 4-bromomethylpiperidine-1-carboxylic acid 
benzyl ester (120 mg) in dimethyl sulfoxide (1 ml) was 
added 4Naqueous sodium hydroxide solution (0.13 ml), and 
the mixture was stirred at room temperature for 17 hours. 
After completion of the reaction, water was added, and the 
mixture was extracted with ethyl acetate and washed Suc 
cessively with water and Saturated brine. The organic layer 
was dried over anhydrous Sodium Sulfate, and the Solvent 
was evaporated. The obtained residue was purified by Silica 
gel column chromatography (hexane:acetone=5:1) and dried 
under reduced pressure to give the title compound (55 mg). 
0780 H-NMR (8 ppm,CDC1,) 1.20-1.35(m.2H), 1.51(s, 
18H), 1.75-2.05(m,3H), 2.70-2.95(m.4H), 3.65-3.80(m.4H), 
4.15-4.35(m.2H), 4.67(brs.2H), 5.14(s.2H), 6.61 (1H), 
6.71(1H), 7.03(1H), 7.30-7.40(5H) 
0781 Step 5 
0782 N,N'-Di-tert-butoxycarbonyl-7-(piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine 

NCO t-Bu NH 

l O 
t-BuOCNH N 

0783 4-2-(N,N'-Di-tert-butoxycarbonylamidino)-1,2,3, 
4-tetrahydroisoquinolin-7-yloxymethylpiperidine-1-car 
boxylic acid benzyl ester (500 mg) was hydrogenated using 
7.5% palladium carbon (150 mg) in a mixture of tetrahy 
drofuran (5 ml) and ethanol (100 ml) at 3 atm over 3 hours. 
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After completion of the reaction, the reaction mixture was 
filtered through celite, and the Solvent was evaporated. The 
residue was dried under reduced preSSure to give the title 
compound (815 mg). 
0784. H-NMR (8 ppm,CDC1,) 1.20-1.40(m.2H), 1.56(s, 
18H), 1.75-2.00(m,3H), 2.67(brtr.2H), 2.89(brtr2H), 3.10 
3.20(m.2H), 3.65-3.85(m.4H), 4.67(s.2H), 6.62(1H), 
6.72(1H), 7.03(1H) 
0785) Step 6 
0786) 4-2-(N,N'-Di-tert-butoxycarbonylamidino)-1,2,3, 
4-tetrahydroisoquinolin-7-yloxymethylpiperidine-1-acetic 

NCO t-Bu 

acid ethyl ester 

N 1Nooet 
l O 

t-BuOCNH OC 

0787 To a solution of N,N'-di-tert-butoxycarbonyl-7- 
(piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 
carboxamidine (100 mg) in a mixture of tetrahydrofuran (1 
ml) and dimethylformamide (1 ml) were added 9.1N aque 
ous sodium hydroxide solution (0.027 ml) and ethyl bro 
moacetate (0.027 ml), and the mixture was stirred at room 
temperature for 1 hour. After completion of the reaction, 
water was added and the mixture was extracted with ethyl 
acetate and washed Successively with water and Saturated 
brine. The organic layer was dried over anhydrous Sodium 
Sulfate and the Solvent was evaporated. The obtained residue 
was purified by Silica gel column chromatography (hexa 
ne:acetone=4:1) and dried under reduced pressure to give 
the title compound (100 mg). 
0788 H-NMR (8 ppm.CDC1,) 1.28(tr.J-5.2 Hz,3H), 
1.51 (s.18H), 1.60-1850m,5H), 2.17-2.23(m.2H), 2.85 
3.05(m.4H), 3.22(s.2H), 3.55-3.95(m.4H), 4.19(qJ=5.2 
Hz,2H), 4.86(brs.2H), 6.61 (1H), 6.71 (1H), 7.03(1H), 
10.22(brs,1H) 
0789 Step 7 
0790 N,N'-Di-tert-butoxycarbonyl-7-1-(2-hydroxyeth 
yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline 

NCOt-Bu 

2-carboxamidine 

OH 

Or l O 
t-BuOCNH O 

0791) To a solution of 4-2-(N,N'-di-tert-butoxycarbony 
lamidino)-1,2,3,4-tetrahydroisoquinolin-7-yloxymethylpi 
peridine-1-acetic acid ethyl ester (155 mg) in a mixture of 
tetrahydrofuran (2 ml) and methanol (0.008 ml) was added 
lithium borohydride (11 mg), and the mixture was stirred at 
room temperature for 3 hours. After completion of the 
reaction, water was added and the mixture was extracted 
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with ethyl acetate and washed Successively with water and 
Saturated brine. The organic layer was dried over anhydrous 
Sodium Sulfate and the Solvent was evaporated. The obtained 
residue was purified by Silica gel column chromatography 
(hexane:acetone=3:1) and dried under reduced pressure to 
give the title compound (65 mg). 
0792 'H-NMR (8 ppm,CDC1,) 1.30-1.55(m.20H), 1.70 
1.90(m,3H), 2.11(brtr2H), 2.54(tr.J=5.4 Hz,2H), 2.85 
3.00(m.4H), 3.61(tr.J=5.4 Hz,2H), 3.65-3.85(m.4H), 4.67(s, 
2H), 6.63(1H), 6.72(1H), 7.03(1H), 10.21(brs, 1H) 
0793) Step 8 
0794) 7-1-(2-Hydroxyethyl)piperidin-4-ylmethoxy)-1,2, 
3,4-tetrahydroisoquinoline-2-carboxamidine dihydrochlo 
ride 

OH 
NH 1N1 

ls O 
HN N 

O2HCI 

0795) To a solution of N,N'-di-tert-butoxycarbonyl-7-1- 
(2-hydroxyethyl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahy 
droisoquinoline-2-carboxamidine (60 mg) in chloroform 
(0.6 ml) solution was added trifluoroacetic acid (0.3 ml), and 
the mixture was stirred at room temperature for 5 hours. 
After completion of the reaction, the Solvent was evaporated 
and to the obtained residue was added a hydrogen chloride 
ethanol Solution and insoluble material was removed. The 
resultant mixture was concentrated and dried under reduced 
pressure to give the title compound (40 mg). 
0796) H-NMR (8 ppm. DMSO-d) 1.58-180(m.2H), 
1.85-2.10(m,3H), 2.82(m.2H), 2.90-3.15(m.5H), 3.55 
3.60(m.2H), 3.75-3.83(m,6H), 4.54(s.2H), 6.71 (1H), 
6.83(1H), 7.14(1H), 7.59(4H), 10.08(1H) 

Example 22 

Synthesis of 7-1-(pyridin-4-ylmethyl)piperidin-4- 
ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 

boxamidine trihydrochloride 

0797 Step 1 
0798 N,N'-Di-tert-butoxycarbonyl-7-1-pyridin-4-ylm 
ethyl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquino 

NCO2t-Bu 

line-2-carboxamidine 

UCC l O N 
t-BuOCNH O 2 

0799) To a solution of N,N'-di-tert-butoxycarbonyl-7- 
(piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 
carboxamidine (100 mg) in a mixture of tetrahydrofuran (1 
ml) and dimethylformamide (1 ml) were added 9.1N sodium 
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hydroxide (0.068 ml) and 4-picolyl chloride hydrochloride 
(51 mg), and the mixture was stirred at 50° C. for 5 hours. 
After completion of the reaction, water was added and the 
mixture was extracted with ethyl acetate and was washed 
Successively with water and Saturated brine. The organic 
layer was dried over anhydrous Sodium Sulfate, and the 
Solvent was evaporated. The obtained residue was purified 
by preparative thin layer chromatography (chloroform 
:methanol=20:1) and dried under reduced pressure to give 
the title compound (93 mg). 

0800 Step 2 

0801) 7-1-(Pyridin-4-ylmethyl)piperidin-4-ylmethoxy 
1,2,3,4-tetrahydroisoquinoline-2-carboxamidine trihydro 
chloride 

---OC s CO 2N O3HCI 

0802. In the same manner as in Example 21, Step 8, the 
title compound (65 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-1-(pyridin-4-ylmethyl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine 
(88 mg) and trifluoroacetic acid (0.45 ml). 
0803) H-NMR (8 ppm. DMSO-d) 1.70-2.00(m.5H), 
2.81(m.2H), 3.00(m.2H), 3.38(m.2H), 3.57(m.2H), 3.81(m, 
2H), 4.48-4.54(m.4H), 6.71 (1H), 6.82(1H), 7.13(1H), 
7.60(4H), 8.19(d.J=6.0 Hz,2H), 8.88(d.J=6.0 Hz,2H), 
11.63(1H) 

Example 23 

Synthesis of 7-1-(2-hydroxy-2-phenylethyl)piperi 
din-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 

carboxamidine dihydrochloride 

0804) Step 1 

0805 N,N'-Di-tert-butoxycarbonyl-7-(1-phenacylpiperi 
din-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 
boxamidine 

N 

l O O 

t-BuOCNH O 

0806. In the same manner as in Example 21, Step 6, the 
title compound (125 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-(piperidin-4-ylmethoxy)-1,2,3,4-tetrahy 
droisoquinoline-2-carboxamidine (200 mg), phenacyl bro 
mide (90 mg) and 9.1N sodium hydroxide (0.054 ml). 

NCOt-Bu 
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0807 Step 2 

0808 N,N'-Di-tert-butoxycarbonyl-7-1-(2-hydroxy-2- 
phenylethyl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroiso 

NCOt-Bu 

quinoline-2-carboxamidine 

N r 
l O OH 

t-BuOCNH O 

0809. To a solution of N,N'-di-tert-butoxycarbonyl-7-(1- 
phenacylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroiso 
quinoline-2-carboxamidine (120 mg) in a mixture of tet 
rahydrofuran (1 ml) and methanol (0.2 ml) was added 
Sodium borohydride (11 mg), and the mixture was stirred at 
room temperature for 2 hours. After completion of the 
reaction, water was added and the mixture was extracted 
with ethyl acetate and washed Successively with water and 
Saturated brine. The organic layer was dried over anhydrous 
Sodium Sulfate and the Solvent was evaporated. The obtained 
residue was purified by Silica gel column chromatography 
(hexane:acetone=5:1, 1% triethylamine) and dried under 
reduced pressure to give the title compound (90 mg). 

0810) "H-NMR (8 ppm,CDC1,) 1.39-1.55(m.20H), 1.75 
1.95(m,3H), 2.08(m,1H), 2.36(m.1H), 2.46-2.56(m.2H), 
2.85-295(m,3H), 3.15-3.25(m,1H), 3.65-3.85(m.4H), 4.60 
4.77(m,3H), 6.64(1H), 6.73(1H), 7.04(1H), 7.26-7.40(m, 
5H) 
0811 Step 3 

0812) 7-1-(2-Hydroxy-2-phenylethyl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine 
dihydrochloride 

NH N r 
l O OH 

HN N 
O2HCI 

0813. In the same manner as in Example 21, Step 8, the 
title compound (55 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-1-(2-hydroxy-2-phenylethyl)piperidin 
4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxami 
dine (85 mg). 

0814) H-NMR (8 ppm.DMSO-d) 1.60-2.10(m.5H), 
2.82(m.2H), 2.95-3.25(m,3H), 3.58(m.2H), 3.84(d.2H), 
4.55(s.2H), 5.17(m.1H), 6.73(1H), 6.84(1H), 7.15(1H), 
7.25-7.50(m.5H), 7.60(brs.4H), 9.98(brs,1H) 
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Example 24 

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)piperidin-1-ylacetylglycine 

ethyl ester dihydrochloride 
0815) Step 1 
0816 4-2-(N,N'-Di-tert-butoxycarbonylamidino)-1,2,3, 
4-tetrahydroisoquinolin-7-yloxymethylpiperidine-1-acetic 
acid benzyl ester 

N1 NCO.Bn 
l O 

t-BuOCNH OO 

0817. In the same manner as in Example 21, Step 6, the 
title compound (810 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-(piperidin-4-ylmethoxy)-1,2,3,4-tetrahy 
droisoquinoline-2-carboxamidine (1 g), benzyl chloroac 
etate (0.34 ml) and 9.1N sodium hydroxide (0.025 ml). 
0818 Step 2 
0819) 4-2-(N,N'-Di-tert-butoxycarbonylamidino)-1,2,3, 
4-tetrahydroisoquinolin-7-yloxymethylpiperidine-1-acetic 

NCO t-Bu 

acid 

N1 Ncoh 
l O 

t-BuOCNH OO 

0820 4-2-(N,N'-Di-tert-butoxycarbonylamidino)-1,2,3, 
4-tetrahydroisoquinolin-7-yloxymethylpiperidine-1-acetic 
acid benzyl ester (735 mg) was hydrogenated using 7.5% 
palladium carbon (220 mg) in a mixture of tetrahydrofuran 
(7 ml) and methanol (14 ml) at atmospheric pressure over 3 
hours. After completion of the reaction, the reaction mixture 
was filtered through celite and the Solvent was evaporated. 
The residue was dried under reduced pressure to give the 
title compound (600 mg). 
0821 H-NMR (8 ppm,CDC1,) 1.34-1.56(m.20H), 1.80 
2.10(m.5H), 2.77(brtr,2H), 2.89(brtr2H), 3.49(s.2H), 3.55 
3.90(m.4H), 4.66(s.2H), 6.60(1H), 6.70(1H), 7.03(1H) 
0822) Step 3 
0823) 4-2-(N,N'-Di-tert-butoxycarbonylamidino)-1,2,3, 
4-tetrahydroisoquinolin-7-yloxymethylpiperidin-1- 
ylacetylglycine ethyl ester 

NCOt-Bu 

H 

N1 NN-CO2Et 
l O O 

t-BuOCNH OC 
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0824) To a solution of 4-2-(N,N'-di-tert-butoxycarbony 
lamidino)-1,2,3,4-tetrahydroisoquinolin-7-yloxymethylpi 
peridine-1-acetic acid (120 mg) and glycine ethyl ester 
hydrochloride in methylene chloride (1.5 ml) were added 
triethylamine (0.031 ml), 4-dimethylaminopyridine (27 mg) 
and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro 
chloride (42 mg), and the mixture was stirred at room 
temperature for 12 hours. After completion of the reaction, 
water was added and the mixture was extracted with ethyl 
acetate and washed Successively with water and Saturated 
brine. The organic layer was dried over anhydrous Sodium 
Sulfate and the Solvent was evaporated. The obtained residue 
was purified by Silica gel column chromatography (hexa 
ne:acetone=5:2) and dried under reduced pressure to give 
the title compound (100 mg). 
0825 H-NMR (8 ppm,CDC1,) 1.29(tr.J=7.2 Hz,3H), 
1.45-1.65(m.2H), 1.70- 1.90(m,3H), 2.21(brtr2H), 2.87 
3.00(m.4H), 3.05(s.2H), 3.70-3.85(m.4H), 4.07(d.2H), 
4.22(qJ=7.2 Hz,2H), 4.67(brs.2H), 6.63(1H), 6.73(1H), 
7.04(1H), 7.70(brtr, 1H), 10.20(brs,1H) 
0826) Step 4 
0827 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)piperidin-1-ylacetylglycine ethyl ester dihy 
drochloride 

H 
N COEt 

NH 1. ne-1 
l O O 

HN N 
O2HCI 

0828. In the same manner as in Example 21, Step 8, the 
title compound (75 mg) was obtained from 4-2-(N,N'-di 
tert-butoxycarbonylamidino)-1,2,3,4-tetrahydroisoquinolin 
7-yloxymethylpiperidin-1-ylacetylglycine ethyl ester (100 
mg). 
0829 H-NMR (8 ppm. DMSO-d) 1.20(tr.J-7.0 Hz,3H), 
1.58-2.1(m.5H), 2.82(m.2H), 3.00-3.20(m.2H), 3.51(m.2H), 
3.82(m.2H), 3.9.-3.98(m.4H), 4.11(qJ=7.0 Hz), 4.56(s.2H), 
6.72(d.J=2.1 Hz, 1H), 6.83(dd.J=2.1, 8.3 Hz,1H), 7.15(d.J= 
8.3 Hz, 1H), 7.68(brs,4H), 9.24(brtr,1H), 10.07(brs,1H) 

Example 25 
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)piperidine-1-acetic acid 

N-methylamide dihydrochloride 
0830) Step 1 
0831 4-2-(N',N"-Di-tert-butoxycarbonylamidino)-1,2, 
3,4-tetrahydroisoquinolin-7-yloxymethylpiperidine-1-ace 
tic acid N-methylamide 

NHMe 

1. -C O 
NCOt-Bu 

t-BuOCNH l O 
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0832. In the same manner as in Example 24, Step 3, the 
title compound (25 mg) was obtained from 4-2-(N,N'-di 
tert-butoxycarbonylamidino)-1,2,3,4-tetrahydroisoquinolin 
7-yloxymethylpiperidine-1-acetic acid (120 mg), methy 
lamine hydrochloride (148 mg), triethylamine (0.6 ml), 
4-dimethylaminopyridine (27 mg), 1-(3-dimethylaminopro 
pyl)-3-ethylcarbodiimide hydrochloride (42 mg) and N-me 
thylmorpholine (0.24 ml). 

0833 Step 2 

0834) 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)piperidine-1-acetic acid N-methylamide dihy 
drochloride 

NHMe 

NH 1 
ls O O 

HN N 

0835. In the same manner as in Example 21, Step 8, the 
title compound (15 mg) was obtained from 4-2-(N',N'-di 
tert-butoxycarbonylamidino)-1,2,3,4-tetrahydroisoquinolin 
7-yloxymethylpiperidine-1-acetic acid N-methylamide (20 
mg). 

0836) H-NMR (8 ppm. DMSO-d) 1.60-1.78(m.2H), 
1.88-2.08(m.2H), 2.67(s.3H), 2.83(tr.J=44 Hz,2H), 3.00 
3.15(m.2H), 3.45-3.55(m.2H), 3.58(tr.J=4.4 Hz,2H), 3.82 
3.92(m.4H), 4.62(s.2H), 6.72(1H), 6.85(1H), 7.15(1H), 
7.63(brs.4H), 8.67(brs,1H), 9.93(brs,1H) 

Example 26 

Synthesis of 7-(1-acetylpiperidin-4-ylmethoxy)-1,2, 
3,4-tetrahydroisoquinoline-2-carboxamidine hydro 

chloride 

0837 Step 1 

0838 N,N'-Di-tert-butoxycarbonyl-7-(1-acetylpiperidin 
4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxami 
dine 

NCOt-Bu NAc 

l O 
t-BuOCNH N 

0839. To a solution of N,N'-di-tert-butoxycarbonyl-7- 
(piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 
carboxamidine (100 mg) in tetrahydrofuran (1.5 ml) were 
added acetic anhydride (0.02 ml) and pyridine (0.025 ml) 
and the mixture was stirred at room temperature for 2 hours. 
After completion of the reaction, the mixture was extracted 
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with ethyl acetate and washed Successively with water and 
Saturated brine. The organic layer was dried over anhydrous 
Sodium Sulfate and the Solvent was evaporated. The residue 
was dried under reduced pressure to give the title compound 
(100 mg). 

0840 H-NMR (8 ppm,CDC1,) 1.20-1.40(m.2H), 1.45 
1.65(m.20H), 1.80-2.10(m,6H), 2.59(m.1H), 2.90(brtr.2H), 
3.08(m.2H), 3.85-3.90(m.4H), 4.67(brs.2H), 6.62(1H), 
6.72(1H), 7.04(1H) 
0841) Step 2 

0842) 7-(1-Acetylpiperidin-4-ylmethoxy)-1,2,3,4-tet 
rahydroisoquinoline-2-carboxamidine hydrochloride 

NH NAc 

ls O 
HN N 

OHC 

0843. In the same manner as in Example 21, Step 8, the 
title compound (60 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-(1-acetylpiperidin-4-ylmethoxy)-1,2,3,4- 
tetrahydroisoquinoline-2-carboxamidine (94 mg). 

0844) H-NMR (8 ppm.DMSO-d) 1.00-130(m.2H), 
1.70-1.85(m.2H), 1.98(m.4H), 2.52(m.1H), 2.81 (tr.J=6.0 
Hz,2H), 3.02(m.1H), 3.57(tr.J=6.0 Hz,2H), 3.75-3.90(m, 
3H), 4.53(s.2H), 6.69(d.J=2.4 Hz,1H), 6.82(dd.J=2.4, 8.4 
HZ,1H), 7.13(d.J=8.4 Hz,1H), 7.57(brs.4H) 

Example 27 

Synthesis of 7-(1-benzylsulfonylpiperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxa 

midine hydrochloride 

0845 Step 1 

0846 N,N'-Di-tert-butoxycarbonyl-7-(1-benzylsulfo 
nylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline 
2-carboxamidine 

Y ouG NCO t-Bu N 

l O 
t-BuOCNH OC 

0847 To a solution of N,N'-di-tert-butoxycarbonyl-7- 
(piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 
carboxamidine (100 mg) in tetrahydrofuran (1.5 ml) were 
added pyridine (0.02 ml), 4-dimetlylaminopyridine (12 mg) 
and C-toluenesulfonyl chloride (43 mg), and the mixture 
was stirred at room temperature for 12 hours and then at 50 
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C. for 6 hours. After completion of the reaction, the mixture 
was extracted with ethyl acetate and washed Successively 
with water and Saturated brine. The organic layer was dried 
over anhydrous Sodium Sulfate, and the Solvent was evapo 
rated. The obtained residue was purified by Silica gel column 
chromatography (hexane:acetone=3:1) and dried under 
reduced pressure to give the title compound (48 mg). 

0848 H-NMR (8 ppm,CDC1,) 1.20-1.40(m.2H), 1.45 
1.60(m.20H), 1.70-1.90(m,3H), 2.60(m.2H), 2.89(m.2 H), 
3.65-3.80(m.4H), 4.22(s.2H), 4.66(brs.2H), 6.59(1H), 
6.68(1H), 7.03(1H), 7.36-7.40(5H) 
0849 Step 2 

0850 7-(1-Benzylsulfonylpiperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carboxamidine hydrochloride 

0851. In the same manner as in Example 21, Step 8, the 
title compound (30 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-(1-benzylsulfonylpiperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine 
(43 mg). 

0852) H-NMR (8 ppm. DMSO-d) 1.14-1.30(m.2H), 
1.70-1.88(m,3H), 2.68-2.83(m.4H), 3.56(m.4H), 3.80(m, 
2H), 4.38(s.2H), 4.52(s.2H), 6.69(d.J=2.7 Hz,1H), 6.82(dd, 
J=2.7, 8.3 Hz,1H), 7.13(d.J-8.3 Hz,1H), 7.35-7.40(m.5H), 
7.53(s.4H) 

Example 28 

Synthesis of 7-1-(2-naphthylsulfonyl)piperidin-4- 
ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 

boxamidine hydrochloride 

0853) Step 1 
0854 N.N'-Di-tert-butoxycarbonyl-7-1-(2-naphthylsul 
fonyl)piperdin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquino 
line-2-carboxamidine 

a SO 

uC CO NCO t-Bu 
l O 

t-BuOCNH O 

0855. In the same manner as in Example 27, Step 1, the 
title compound (75 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-(piperidin-4-ylmethoxy)-1,2,3,4-tetrahy 
droisoquinoline-2-carboxamidine (100 mg), 2-naphthalene 
sulfonyl chloride (51 mg) and pyridine (0.2 ml). 
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0856) Step 2 
0857) 7-1-(2-Naphthylsulfonyl)piperidin-4-ylmethoxy 
1,2,3,4-tetrahydroisoquinoline-2-carboxamidine hydrochlo 
ride 

SO2 
NH N 

l O 
HN N 

OCI 

0858. In the same manner as in Example 21, Step 8, the 
title compound (55 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-1-(2-naphthylsulfonyl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine 
(70 mg). 

Example 29 

Synthesis of 7-(1-acetimidoylpiperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxa 

midine dihydrochloride 

0860) Step 1 

0861 N,N'-Di-tert-butoxycarbonyl-7-(1-acetimidoylpip 
eridin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 
boxamidine 

NCO t-Bu 

t-BuOCNH l O 

0862 To a solution of N,N'-di-tert-butoxycarbonyl-7- 
(piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 
carboxamidine (100mg) in a mixture of tetrahydrofuran (1.5 
ml) and ethanol (1.5 ml) were added triethylamine (0.086 
ml) and ethylacetoimidate hydrochloride (38 mg), and the 
mixture was Stirred at room temperature for 18 hours. After 
completion of the reaction, ethyl acetate and diethyl ether 
were added and insoluble material was removed. The Sol 
vent was evaporated and the residue was dried under 
reduced pressure to give the title compound (120 mg). 

O863) H-NMR (8 ppm,CDC1,) 1.43-1.54(m.20H), 2.00 
2.20(m,3H), 2.46(s.3H), 2.90(m.2H), 3.05-3.15(m.2H), 
3.70-395(m.5H), 4.67(brs.2H), 4.80-4,90(m,1H), 6.60(1H), 
6.70(1H), 7.04(1H) 
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0864) Step 2 
0865 7-(1-Acetimidoylpiperidin-4-ylmethoxy)-1,2,3,4- 
tetrahydroisoquinoline-2-carboxamidine dihydrochloride 

NH N Me 

ls O 
HN N 

O2HCI 

0866. In the same manner as in Example 21, Step 8, the 
title compound (80 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-(1-acetimidoylpiperidin-4-ylmethoxy)-1, 
2,3,4-tetrahydroisoquinoline-2-carboxamidine (120 mg). 

Example 30 

Synthesis of 7-(1-phenylacetimidoylpiperidin-4- 
ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 

boxamidine dihydrochloride 

0868) Step 1 
0869. Ethyl Phenylacetoimidate Hydrochloride 

0870 Hydrogen chloride was blown into a solution of 
benzyl cyanide (5.8 ml) in diethyl ether (10 ml) with 
ice-cooling, and the mixture was stood at room temperature 
for 12 hours. After completion of the reaction, the solvent 
was evaporated. The obtained solid was washed with diethyl 
ether, collected by filtration and dried under reduced pres 
Sure to give the title compound (9.43 g). 
0871) Step 2 
0872 N,N'-Di-tert-butoxycarbonyl-7-(1-phenylacetimi 
doylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline 
2-carboxamidine 

JUO NCOt-Bu N 

l O 
t-BuOCNH ROC 

0873. In the same manner as in Example 29, Step 1, the 
title compound (105 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-(piperidin-4-ylmethoxy)-1,2,3,4-tetrahy 
droisoquinoline-2-carboxamidine (105 mg) and ethyl phenyl 
acetoimidate hydrochloride (64 mg). 
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0874) Step 3 
0875 7-(1-Phenylacetimidoylpiperidin-4-ylmethoxy)-1, 
2,3,4-tetrahydroisoquinoline-2-carboxamidine dihydrochlo 
ride 

JUO 
HN l N 

O2HCI 

0876. In the same manner as in Example 21, Step 8, the 
title compound (70 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-7-(1-phenylacetimidoylpiperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine 
(100 mg). 
0877 'H-NMR (8 ppm. DMSO-d) 0.80-1.00(m.1H), 
1.20-1.40(m.1H), 1.60-1.65(m,1H), 1.80-1.95(m.1H), 
2.05(m.1H), 2.80(m.2H), 3.05-3.25(m.2H), 3.56(m.2H), 
3.74(m.2H), 3.93-4.26(m.2H), 4.07(s.2H), 4.53(s.2H), 
6.66(1H), 6.77(1H), 7.12(1H), 7.25-7.42(m.5H), 7.62(brs, 
4H), 9.13(brs,1H), 9.75(brs,1H) 

Example 31 

Synthesis of N-2-4-(2-amidino-1,2,3,4-tetrahy 
droisoquinolin-7-yloxymethyl)-piperidin-1-ylpyri 

din-5-yl)acetamide dihydrochloride 
0878 Step 1 
0879 N,N'-Di-tert-butoxycarbonyl-7-1-(5-nitropyridin 
2-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquino 
line-2-carboxamidine 

NCO t-Bu 

coers ROC 
0880. To a solution of N,N'-di-tert-butoxycarbonyl-7- 
(piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 
carboxamidine (120 mg) in a mixture of tetrahydrofuran (1.2 
ml) and dimethylformamide (1.2 ml) were added triethy 
lamine (0.068 ml) and 2-chloro-5-nitropyridine (58 mg), and 
the mixture was stirred at room temperature for 2 hours. 
After completion of the reaction, the mixture was extracted 
with ethyl acetate and washed Successively with water and 
Saturated brine. The organic layer was dried over anhydrous 
Sodium Sulfate and the Solvent was evaporated. The obtained 
residue was purified by Silica gel column chromatography 
(hexane:acetone=4:1) and dried under reduced pressure to 
give the title compound (120 mg). 
0881 H-NMR (8 ppm,CDC1,) 1.30-1.50(m.20H), 1.90 
2.20(m,3H), 2.90(brtr2H), 3.06(m.2H), 3.65-3.82(m.4H), 
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4.50-470(m.4H), 6.57-6.63(2H), 
8.19(1H), 9.03(1H), 10.19(brs,1H) 

6.72(1H), 7.04(1H), 

0882 Step 2 

0883 N,N'-Di-tert-butoxycarbonyl-7-1-(5-aminopyri 
din-2-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroiso 
quinoline-2-carboxamidine 

NCOt-Bu 

t-BuOCNH O 

0884 N,N'-Di-tert-butoxycarbonyl-7-1-(5-nitropyridin 
2-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquino 
line-2-carboxamidine (100 mg) was hydrogenated using 
7.5% palladium carbon (30 mg) in a mixture of tetrahydro 
furan (1 ml) and methanol (2 ml) at 2.5 atm over 4 hours. 
After completion of the reaction, the reaction mixture was 
filtered through celite, and the Solvent was evaporated. The 
obtained residue was purified by preparative thin layer 
chromatography (chloroform:methanol=10:1) and dried 
under reduced pressure to give the title compound (90 mg). 

0885) Step 3 
0886) N-2-4-2-(N,N'-Di-tert-butoxycarbonylamidino)- 
1,2,3,4-tetrahydroisoquinolin-7-yloxymethylpiperidin-1- 
ylpyridin-5-yl)acetamide 

NCO t-Bu 

t-BuOCNH OC 

0887 To a solution of N,N'-di-tert-butoxycarbonyl-7-1- 
(5-aminopyridin-2-yl)piperidin-4-ylmethoxy)-1,2,3,4-tet 
rahydroisoquinoline-2-carboxamidine (100 mg) in tetrahy 
drofuran (1.5 ml) were added acetic anhydride (0.017 ml) 
and pyridine (0.017 ml), and the mixture was stirred at room 
temperature for 2 hours. After completion of the reaction, 
the mixture was extracted with ethyl acetate and washed 
Successively with water and Saturated brine. The organic 
layer was dried over anhydrous Sodium Sulfate and the 
Solvent was evaporated. The obtained residue was purified 
by Silica gel column chromatography (hexane:acetone=2:1). 
The obtained residue was dissolved in methanol and treated 
with active charcoal, and dried under reduced pressure to 
give the title compound (75 mg). 

0888 H-NMR (8 ppm,CDC1,) 1.30-1.55(m.20H), 1.85 
2.10(m,3H), 2.17(s.3H), 2.80-2.90(m.2H), 3.65-3.85(m, 
4H), 420-4.30(m.2H), 4.67(s.2H), 6.60-6.76(m,3H), 
7.04(1H), 7.11(1H), 7.82(1H), 8.09(1H) 
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0906) 4-(2-tert-Butoxycarbonyl-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)piperidine-1-carboxylic acid ben 
Zyl ester (1.3 g) was hydrogenated using 7.5% palladium 
carbon (300 mg) in a mixture of tetrahydrofuran (10 ml) and 
methanol (20 ml) at 3 atm over 3 hours. After completion of 
the reaction, the reaction mixture was filtered through celite 
and the Solvent was evaporated. The residue was dried under 
reduced pressure to give the title compound (815 mg). 
0907 H-NMR (8 ppm,CDC1,) 1.20-1.35(m.2H), 1.49(s, 
9H), 1.75-2.00(m.4H), 2.62-2.76(m.4H), 3.10-3.20(m.2H), 
3.62(m.2H), 3.76(d.2H), 4.53(s.2H), 6.63(1H), 6.71 (1H), 
7.03(1H) 
0908 Step 3 
0909) 7-1-(3-Formylpyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic acid 
tert-butyl ester 

t-BuOCN 

0910 To a solution of 7-(piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carboxylic acid tert-butyl ester 
(442 mg) in ethanol (3 ml) were added triethylamine (0.3 
ml) and 4-chloro-3-formylpyridine (Journal of Heterocyclic 
Chemistry, vol. 25, p. 81 (1988)) (150 mg), and the mixture 
was stirred under reflux for 27 hours. After completion of the 
reaction, tetrahydrofuran and diethyl ether were added and 
insoluble material was removed. The Solvent was evapo 
rated and the obtained residue was purified by Silica gel 
column chromatography (chloroform:methanol=100:1) and 
dried under reduced pressure to give the title compound (430 
mg). 
0911 H-NMR (8 ppm,CDC1,) 1.49(s.9H), 1.60-170(m, 
2H), 1.95-2.15(m,3H), 2.76(m.2H), 3.07(m.2H), 3.60 
3.65(m.4H), 3.86(d.2H), 4.54(s.2H), 6.65(1H), 6.73(1H), 
6.84(d.J=6.0 Hz,1H), 7.05(1H), 8.42(d.J=6.0 Hz,1H), 
8.74(s.1H), 10.02(s.1H) 
0912) Step 4 
0913 3-4-4-(2-tert-Butoxycarbonyl-1,2,3,4-tetrahy 
droisoquinolin-7-yloxymethyl)-piperidin-1-ylpyridin-3- 
yl)-2-propenoic acid ethyl ester 

NN 

O N 

21 

t-BuOCN 

COEt 
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0914) To a solution of triethyl phosphonoacetate (0.05 
ml) in tetrahydrofuranO1 ml) was added sodium hydride (12 
mg) with ice-cooling, and the mire was stirred at the same 
temperature for 1 hour. A solution of 7-1-(3-formylpyridin 
4-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquino 
line-2-carboxylic acid tert-butyl ester (95 mg) in tetrahy 
drofuran (1 ml) was added dropwise and the mixture was 
Stirred for 2 hours. After completion of the reaction, aqueous 
ammonium chloride Solution was added with ice-cooling, 
and the mixture was extracted with ethyl acetate and washed 
Successively with water and Saturated brine. The organic 
layer was dried over anhydrous Sodium Sulfate and the 
Solvent was evaporated. The obtained residue was purified 
by Silica gel column chromatography (chloroform:metha 
nol=20:1-10:1) and dried under reduced pressure to give the 
title compound (100 mg). 

0916) Step 5 

0917 3-4-4-(1,2,3,4-Tetrahydroisoquinolin-7-yloxym 
ethyl)piperidin-1-ylpyridin-3-yl)-2-propenoic acid ethyl 
eSter 

HN 

COEt 

0918 To a solution of 3-4-4-(2-tert-butoxycarbonyl-1, 
2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin-1-yl) 
pyridin-3-yl)-2-propenoic acid ethyl ester (100 mg) in chlo 
roform (1.5 ml) was added trifluoroacetic acid (0.45 ml), and 
the mixture was stirred at room temperature for 1 hour. After 
completion of the reaction, the Solvent was evaporated. To 
the obtained residue was added aqueous Sodium hydrogen 
carbonate Solution and the mixture was extracted with ethyl 
acetate and washed Successively with water and Saturated 
brine. The organic layer was dried over anhydrous Sodium 
Sulfate and the Solvent was evaporated. The residue was 
dried under reduced pressure to give the title compound (70 
mg). 
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0920 Step 6 
0921] 3-4-4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin 
7-yloxymethyl)piperidin-1-ylpyridin-3-yl)-2-propenoic 
acid ethyl ester dihydrochloride 

r 
NH OC ls O2HCI 

HN OC N COEt 

0922 To a solution of 3-4-4-(1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)piperidin-1-ylpyridin-3-yl)-2-pro 
penoic acid ethyl ester (70mg) in dimethylformamide (1 ml) 
were added diisopropylethylamine (0.032 ml) and 1H-pyra 
Zole-1-carboxamidine hydrochloride (27 mg), and the mix 
ture was stirred at room temperature for 12 hours. The 
Solvent was evaporated and to the obtained residue was 
added diethyl ether and the Supernatant was removed. This 
procedure was repeated twice and hydrogen chloride-etha 
nol Solution was added to the obtained residue and insoluble 
material was removed. The Solution was concentrated and 
dried under reduced pressure to give the title compound (50 
mg). 
0923) H-NMR (6 ppm.DMSO-d) 1.25(tr.J=7.3 Hz,3H), 
1.40-1.55(m.2H), 1.82-2.05(m,3H), 2.76-2.96(m.4H), 
3.42(m.2H), 3.57(m.2H), 3.90(m.2H), 4.18(qJ=7.3 Hz,2H), 
4.53(s.2H), 6.63(d.J=16.1 Hz,1H), 6.73(1H), 6.85(1H), 
7.04(1H), 7.14(1H), 7.51(brs,4H), 7.60(d.J=16.1 Hz,1H), 
8.35(1H), 8.64(s.1H) 

Example 34 

Synthesis of 4-4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)piperidin-1-ylpyridine-3- 

carboxylic acid methyl ester dihydrochloride 

0924) Step 1 
0925) 7-1-(3-Methoxycarbonylpyridin-4-yl)piperidin-4- 
ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic 
acid tert-butyl ester 

t-BuOCN 

0926 To a soution of 7-1-(3-formylpyridin-4-yl)piperi 
din-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 
boxylic acid tert-butyl ester (50 mg) in a mixture of chlo 
roform (0.5 ml) and methanol (0.2 ml) were added sodium 
cyanide (8 mg), manganese dioxide (250mg) and acetic acid 
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(0.003 ml), and the mixture was stirred at room temperature 
for 12 hours. After completion of the reaction, the reaction 
mixture was filtrated and the solvent was evaporated. The 
obtained residue was purified by preparative thin layer 
chromatography (chloroform:methanol=15:1) and dried 
under reduced pressure to give the title compound (50 mg). 
0927) H-NMR (8 ppm,CDC1,) 1.49-1.70(m.11H), 1.90 
2.10(m,3H), 2.76(m.2H), 2.97(m.2H), 3.50-3.68(m.4H), 
3.83(d.2H), 3.91 (s.3H), 4.54(s.2H), 6.64(1H), 6.72(1H), 
6.78(d.J=6.0 Hz,1H), 7.04(1H), 8.35(d.J=6.0 Hz,1H), 
8.73(s.1H) 
0928 Step 2 
0929 4-4-(1,2,3,4-Tetrahydroisoquinolin-7-yloxymeth 
yl)piperidin-1-ylpyridine-3-carboxylic acid methyl ester 

HN 

0930 To a solution of 7-1-(3-methoxycarbonylpyridin 
4-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquino 
line-2-carboxylic acid tert-butyl ester (37 mg) in chloroform 
(0.5 ml) was added trifluoroacetic acid (0.15 ml), and the 
mixture was stirred at room temperature for 1 hour. After 
completion of the reaction, the Solvent was evaporated. To 
the obtained residue was added aqueous Sodium hydrogen 
carbonate Solution, and the mixture was extracted with ethyl 
acetate. The organic layer was washed Successively with 
water and Saturated brine and dried over anhydrous Sodium 
Sulfate. The Solvent was evaporated and dried under reduced 
pressure to give the title compound (30 mg). 
0931) Step 3 
0932 4-4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)piperidin-1-ylpyridine-3-carboxylic acid 
methyl ester dihydrochloride 

SN 

NH N 2 

ls O COMe 
HN N 

0933. In the same manner as in Example 33, Step 6, the 
title compound (15 mg) was obtained from 4-4-(1,2,3,4- 
tetrahydroisoquinolin-7-yloxymethyl)piperidin-1-ylpyri 
dine-3-carboxylic acid methyl ester (30 mg). 
0934) H-NMR (8 ppm.DMSO-d) 1.34-1.54(m.2H), 
1.87-193(m.2H), 2.15(m.1H), 2.82(m.2H), 3.29(m.2H), 
3.57(m.2H), 3.76-3.87(m,7H), 4.54(s.2H), 6.71 (1H), 
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Example 35 

Synthesis of 4-4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-yloxymethyl)piperidin-1-ylpyridine-3- 

carboxylic acid dihydrochloride 

0935) 

NN 

NH N 2 

ls O CO2H 
HN N 

0936 To a solution of 4-4-(2-amidino-1,2,3,4-tetrahy 
droisoquinolin-7-yloxymethyl)piperidin-1-ylpyridine-3- 
carboxylic acid methyl ester dihydrochloride (43 mg) in 
methanol (0.2 ml) was added 1Naqueous sodium hydroxide 
solution (0.1 ml), and the mixture was stirred under reflux 
for 3 hours. After completion of the reaction, the reaction 
mixture was neutralized with 1 N-hydrochloric acid and the 
Solvent was evaporated. The obtained residue was purified 
by reverse phase preparative thin layer chromatography 
(40% aqueous acetonitrile, 1% trifluoroacetic acid) and the 
obtained residue was treated with hydrogen chloride-ethanol 
Solution and dried under reduced preSSure to give the title 
compound (15 mg). 

0937 'H-NMR (8 ppm. DMSO-d) 1.38-1.58(m.2H), 
1.85-1.95(m.2H), 2.15(m,1H), 2.82(m.2H), 3.56(m.2H), 
3.80-3.95(m.4H), 4.51(s.2H), 6.70(1H), 6.82(1H), 7.14(1H), 
7.34(d.J=7.4 Hz,1H), 7.44(brs.4H), 8.27(d.J=7.4 Hz,1H), 
8.59(s.1H) 

Example 36 

Synthesis of 6-1-(pyridin-4-yl)piperidin-4-yl 
methoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxa 

midine dihydrochloride 

0938 Step 1 
0939) 6-Hydroxy-1,2,3,4-tetrahydroisoquinoline hydro 
bromide 

HN 

OH OBr 

0940 6-Methoxy-1,2,3,4-tetrahydroisoquinoline (2.89 g) 
was dissolved in 48% aqueous hydrogen bromide Solution 
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(70 ml) and the mixture was refluxed for 2 hours. The 
Solvent was evaporated and to the obtained residue were 
added ethanol and diethyl ether. The mixture was filtrated 
and dried under reduced pressure to give the title compound 
(3.93 g). 

0942) Step 2 
0943 6-Hydroxy-1,2,3,4-tetrahydroisoquinoline-2-car 
boxylic acid tert-butyl ester 

t-BuOCN 

OH 

0944. In the same manner as in Example 1, Step 1, the 
title compound (325 mg) was obtained from 6-hydroxy-1, 
2,3,4-tetrahydroisoquinoline hydrobromide (350 mg) and 
di-tert-butyl dicarbonate (365 mg). 

0946 Step 3 

0947 6-1-(Pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carboxylic acid tert-butyl ester 

t-BuOCN 

2N 

0948. To a solution of 6-hydroxy-1,2,3,4-tetrahydroiso 
quinoline-2-carboxylic acid tert-butyl ester (320 mg) and 
4-hydroxymethyl-1-(pyridin-4-yl)piperidine (247 mg) in a 
mixture of tetrahydrofuran (15 ml) and methylene chloride 
(5 ml) were successively added triphenylphosphine (370 
mg) and diisopropyl azodicarboxylate (0.28 ml), and the 
mixture was Stirred at room temperature for 12 hours. After 
completion of the reaction, the Solvent was evaporated and 
the obtained residue was purified by Silica gel column 
chromatography (hexane:acetone=3:2-1:1, 1%triethy 
lamine) and dried under reduced pressure to give the title 
compound (400 mg). 

0949) H-NMR (8 ppm,CDC1,) 1.35-1.54(m, 11H), 1.90 
2.15(m.2H), 2.79(tr.J=6.0 Hz,2H), 2.90(m.2H), 3.62(tr.J= 
6.0 Hz.2H), 3.81 (d.2H), 3.90-3.96(m.2H), 4.50(s.2H), 6.66 
6.68(m,3H), 6.73(1H), 7.01 (1H), 8.25(2H) 
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0950 Step 4 
0951 6-1-(Pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline 

HN 

O 

N1s 
l 

0952. In the same manner as in Example 33, Step 5, the 
title compound (265 mg) was obtained from 6-1-(pyridin 
4-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquino 
line-2-carboxylic acid tert-butyl ester (400 mg) and -trifluo 
roacetic acid (1.5 ml). 
0953 'H-NMR (8 ppm.CDC1,) 1.36-1.50(m.2H), 1.90 
2.15(m,3H), 2.80(tr.J=6.0 Hz,2H), 2.93(m.2H), 3.15(tr.J= 
6.0 Hz.2H), 3.80(d.2H), 3.92-3.99(m.4H), 6.62(1H), 6.67 
6.70(m,3H), 6.93(1H), 8.24(2H) 
0954) Step 5 
0955 6-1-(Pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3, 
4-tetrahydroisoquinoline-2-carboxamidine dihydrochloride 

NH 

ls 
HN N 

0956. In the same manner as in Example 33, Step 6, the 
title compound (60 mg) was obtained from 6-1-(pyridin-4- 
yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline 
(70 mg), diisopropylethylamine (0.042 ml), 1H-pyrazole-1- 
carboxamidine hydrochloride (35 mg). 
0957) H-NMR (8 ppm. DMSO-d) 1.20-145(m.2H), 
1.84-2.00(m.2H), 2.17(m.1H), 2.86(tr.J=5.8 Hz,2H), 
3.20(m.2H), 3.56(tr.J=5.8 Hz,2H), 3.85(m.2H), 4.23 
4.28(m.2H), 4.48(s.2H), 6.80(2H).7.05(1H), 7.19(2H), 
7.60(4H), 8.19(2H), 13.65(1H) 

Example 37 
Synthesis of 7-2-4-cyano-1-(pyridin-4-yl)piperi 
din-4-ylethoxy)-1,2,3,4-tetrahydroisoquinoline-2- 

carboxamidine dihydrochloride 
0958) Step 1 
0959) 4-Carbamoylpiperidine-1-carboxylic acid benzyl 
eSter 

NCOBn 

HN 

57 
Jan. 8, 2004 

0960 To a solution of 1-benzyloxycarbonylpiperidine-4- 
carboxylic acid (10.5 g) in tetrahydrofuran (100 ml) were 
dropwise added N-methylmorpholine (4.6 ml) and isobutyl 
chlorocarbonate (5.4 ml) with ice-cooling and under an 
argon atmosphere, and the mixture was Stirred at the same 
temperature for 10 min. Then, 28% aqueous ammonia (100 
ml) was added dropwise, and the mixture was stirred at room 
temperature for 1 hour. After completion of the reaction, the 
Solvent was evaporated and water was added. The mixture 
was extracted with ethyl acetate and washed Successively 
with aqueous Sodium hydrogencarbonate Solution, 10% 
aqueous citric acid Solution and Saturated brine. The organic 
layer was dried over anhydrous Sodium Sulfate and the 
Solvent was evaporated and dried under reduced preSSure to 
give the title compound (8.3 g). 

0961) H-NMR (8 ppm.CDC1,) 1.58-1.75(m.2H), 180 
1.95(m.2H), 2.25-2.40(m, 1H), 2.75-2.95(m.2H), 4.05 
4.30(m.2H), 5.13(s.2H), 5.30-5.90(brd.2H), 7.26-7.62(m, 
5H) 
0962 Step 2 

0963 4-Carbamoylpiperidine-1-carboxylic acid tert-bu 
tyl ester 

NCOt-Bu 

HN 

O 

0964) 4-Carbamoylpiperidine-1-carboxylic acid benzyl 
ester (8.3 g) was hydrogenated using 7.5% palladium carbon 
(2 g) in a mixture of tetrahydrofuran (50 ml) and methanol 
(50 ml) at 3 atm over 2 hours. After completion of the 
reaction, the reaction mixture was filtered through celite, and 
to the obtained solution was added di-tert-butyl dicarbonate 
(7.6 g). The mixture was stirred at room temperature for 1 
hour. After completion of the reaction, the Solvent was 
evaporated and water was added. The mixture was extracted 
with ethyl acetate. The organic layer was washed with 
Saturated brine and dried over anhydrous Sodium Sulfate. 
The Solvent was evaporated and hexane was added. The 
mixture was filtrated and dried under reduced preSSure to 
give the title compound (5.6 g). 

0965 H-NMR(8 ppm,CDC1,) 1.46(s.9H), 1.57-170(m, 
2H), 1.78-1.90(m.2H), 2.26-2.38(m,1H), 2.65-2.88(m.2H), 
4.00-4.25(m.2H), 5.30-5.80(m.2H) 
0966) Step 3 

0967 4-Cyanopiperidine-1-carboxylic acid 
eSter 

tert-butyl 

NCOt-Bu 

NC 
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0968 To a solution of 4-carbamoylpiperidine-1-carboxy 
lic acid tert-butyl ester (5.6 g) in a mixture of tetrahydro 
furan (110 ml) and carbon tetrachloride (90 ml) was added 
triphenylphosphine (24.4 g), and the mixture was stirred 
under reflux for 1.5 hours. After completion of the reaction, 
the reaction mixture was filtrated and the Solvent was 
evaporated. The obtained residue was purified by Silica gel 
column chromatography (hexane:ethyl acetate=3:1) and 
dried under reduced pressure to give the title compound (3.5 
g). 
0969 H-NMR (8 ppm,CDC1,) 1.46(s.9H), 1.70-195(m, 
4H), 2.75-2.85(m, 1H), 3.30-3.38(m.2H), 3.62-3.70(m.2H) 
0970) Step 4 
0971 4-Allyl-4-cyanopiperidine-1-carboxylic acid tert 
butyl ester 

NCO t-Bu 

21 
CN 

0972 To a solution of 2M lithium diisopropylamide 
tetrahydrofuran solution (9.96 ml) in tetrahydrofuran (20 
ml) was dropwise added a Solution of 4-cyanopiperidine-1- 
carboxylic acid tert-butyl ester (3.5 g) in tetrahydrofuran (15 
ml) at -78 C. and under argon atmosphere, and the mixture 
was stirred at room temperature for 30 min. Then, allyl 
bromide (2.15 ml) was added at -78° C., and the mixture 
was stirred at the same temperature for 30 min and at room 
temperature for 1 hour. After completion of the reaction, 
10% aqueous citric acid was added and the mixture was 
extracted with diethyl ether. The organic layer was washed 
with Saturated brine and dried over anhydrous sodium 
Sulfate. The Solvent was evaporated and the obtained residue 
was purified by Silica gel column chromatography (hexane 
:ethyl acetate=5:1) and dried under reduced pressure to give 
the title compound (3.5 g). 
0973) H-NMR (8 ppm.CDC1,) 1.37-155(m. 11H), 1.85 
1.95(m.2H), 2.33(d.2H), 2.98-3.10(m.2H), 4.00-4.25(m, 
2H), 5.17-5.23(m.2H), 5.81-5.95(m.1H) 
0974) Step 5 
0975 4-Cyano-4-(2,3-dihydroxypropyl)piperidine-1-car 
boxylic acid tert-butyl ester 

OH NCOt-Bu 

HO 

CN 

0976 To a solution of 4-allyl-4-cyanopiperidine-1-car 
boxylic acid tert-butyl ester (3.5 g) in a mixture of acetone 
(160 ml) and water (20 ml) were added N-methylmorpholine 
N-oxide (2.5 g) and osmium tetroxide (5% tert-butanol 
Solution, 8 ml), and the mixture was stirred at room tem 
perature for 1 hour. After completion of the reaction, aque 
ous Sodium thiosulfate was added and the mixture was 
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filtrated. The solvent was evaporated and water was added to 
the obtained residue. The mixture was extracted with ethyl 
acetate and washed with Saturated brine. The organic layer 
was dried over anhydrous Sodium Sulfate and the Solvent 
was evaporated. The obtained residue was purified by Silica 
gel column chromatography (ethyl acetate) and dried under 
reduced pressure to give the title compound (3.65 g). 
0977 H-NMR (8 ppm,CDC1,) 1.40-181(m.13H), 1.90 
1.96(m.1H), 2.00(brs,1H), 2.15-2.21(m.1H), 2.50(brs,1H), 
2.95-3.20(m.2H), 3.49(brtr, 1H), 3.65-3.72(brd,1H), 4.00 
4.20(m,3H), 
0978 Step 6 
0979) 4-Cyano-4-(2-hydroxyethyl)piperidine-1-carboxy 
lic acid tert-butyl ester 

NCO t-Bu 

HO 
CN 

0980. To a solution of 4-cyano-4-(2,3-dihydroxypropy 
l)piperidine-1-carboxylic acid tert-butyl ester (3.65 g) in 
tetrahydrofuran (100 ml) was added 10% aqueous sodium 
periodate solution (100 ml), and the mixture was stirred at 
room temperature for 40 min. After completion of the 
reaction, water was added and the mixture was extracted 
with ethyl acetate and washed with Saturated brine. The 
organic layer was dried over anhydrous Sodium Sulfate and 
the solvent was evaporated. The obtained residue (3.3 g) was 
dissolved in tetrahydrofuran (100 ml) and sodium borohy 
dride (360 mg) and methanol (20 ml) were added with 
ice-cooling, and the mixture was Stirred at room temperature 
for 30 min. After completion of the reaction, 10% aqueous 
citric acid was added and the mixture was extracted with 
ethyl acetate and washed with Saturated brine. The organic 
layer was dried over anhydrous Sodium Sulfate and the 
Solvent was evaporated. The obtained residue was purified 
by Silica gel column chromatography (chloroform:metha 
nol=95:5) and dried under reduced pressure to give the title 
compound (3.13 g). 
0981 H-NMR (8 ppm.CDC1,) 1.49-155(m.11H), 
1.86(m.2H), 1.96-2.00(m.2H), 3.00-3.09(m.2H), 3.93(m, 
2H), 405-4.20(m.2H) 
0982) Step 7 
0983) 7-2-(1-tert-Butoxycarbonyl-4-cyanopiperidin-4- 
yl)ethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic acid 
benzyl ester 

CN 
O 

BnOCN 

NCOt-Bu 

0984) To a solution of 7-hydroxy-1,2,3,4-tetrahydroiso 
quinoline-2-carboxylic acid benzyl ester (1.1 g), 4-cyano 
4-(2-hydroxyethyl)piperidine-1-carboxylic acid tert-butyl 
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ester (1 g) and triphenylphosphine (1.22 g) in tetrahydrofu 
ran (40 ml) was added diethylazodicarboxylate (2 g) with 
ice-cooling, and the mixture was Stirred at room temperature 
for 16 hours. After completion of the reaction, the solvent 
was evaporated. The obtained residue was purified by Silica 
gel column chromatography (hexane:ethyl acetate=3:1) and 
dried under reduced pressure to give the title compound (1.6 
g). 

0985 H-NMR (8 ppm,CDC1,) 1.46-1.55(m, 11H), 1.96 
2.10(m.4H), 2.78(m.2H), 3.00-3.14(m.2H), 3.71(m.2H), 
4.05-4.25(m.4H), 4.61(s.2H), 5.18(s.2H), 6.60-6.80(m.2H), 
7.04(1H), 7.26-7.40(m.5H) 
0986) Step 8 
0987) 7-2-(4-Cyanopiperidin-4-yl)ethoxy)-1,2,3,4-tet 
rahydroisoquinoline-2-carboxylic acid benzyl ester 

CN 
O 

BnOCN 

NH 

0988. In the same manner as in Example 10, Step 6, the 
title compound (1g) was obtained from 7-2-(1-tert-butoxy 
carbonyl-4-cyanopiperidin-4-yl)ethoxy)-1,2,3,4-tetrahy 
droisoquinoline-2-carboxylic acid benzyl ester (1.2 g) and 
trifluoroacetic acid (10 ml). 
0989) H-NMR.(8 ppm,CDC1,) 1.53-1.64(m.2H), 1.99 
2.05(m.2H), 2.07(tr.J=6.3 Hz,2H), 2.78(brs.2H), 2.92 
3.12(m.4H), 3.70(brtr,2H), 4.18(tr.J=6.3 Hz,2H)4.61(s.2H), 
5.18(s.2H), 6.63-6.75(m.2H), 7.04(1H), 7.26-7.38(m.5H) 
0990 Step 9 

0991) 7-2-4-Cyano-1-(pyridin-4-yl)piperidin-4-yl) 
ethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylic acid 
benzyl ester 

CN 
O 

roo N 
N 

0992. In the same manner as in Example 10, Step 7, the 
title compound (590 mg) was obtained from 7-2-(4-cyan 
opiperidin-4-yl)ethoxy-1,2,3,4-tetrahydroisoquinoline-2- 
carboxylic acid benzyl ester (850 mg), 4-chloropyridine 
hydrochloride (300 mg) and triethylamine (0.84 ml). 

0993) 'H-NMR (8 ppm.CDC1,) 1.68-1.78(m.2H), 2.08 
2.16(m.4H), 2.79(brs.2H), 3.17-3.24(m.2H), 3.71(brtr,2H), 
3.84-3.91 (m.2H), 4.21(m.2H), 4.62(s.2H), 5.18(s.2H), 
6.63(1H), 6.68(dd.J=1.0, 3.9 Hz,2H), 6.74(1H), 7.05(1H), 
7.32-7.40(m.5H), 8.29(dd.J=1.0, 3.9 Hz,2H) 
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0994) Step 10 
0995 7-2-4-Cyano-1-(pyridin-4-yl)piperidin-4-yl) 
ethoxy)-1,2,3,4-tetrahydroisoquinoline 

CN 
O 

HN 

iOO rt N 
2N 

0996 To a solution of 7-2-4-cyano-1-(pyridin-4-yl)pi 
peridin-4-ylethoxy)-1,2,3,4-tetrahydroisoquinoline-2-car 
boxylic acid benzyl ester (585 mg) in ethanol (5 ml) were 
added 7.5% palladium carbon (220 mg) and ammonium 
formate (220 mg), and the mixture was stirred under reflux 
for 3 hours. After completion of the reaction, the reaction 
mixture was filtrated and the solvent was evaporated. To the 
obtained residue was added acqueous Sodium hydrogencar 
bonate and the mixture was extracted with chloroform. The 
organic layer was washed with Saturated brine and dried 
over anhydrous Sodium Sulfate. The Solvent was evaporated 
and the residue was dried under reduced pressure to give the 
title compound (385 mg). 
0997) 'H-NMR (8 ppm.CDC1,) 1.68-184(m.2H), 2.02 
2.21(m.4H), 2.73(m.2H), 3.12(m.2H), 3.17-3.24(m.2H), 
3.84-3.95(m.2H), 3.98(s.2H), 4.21(m.2H), 6.55(1H), 6.67 
6.71(3H), 7.00(1H), 8.29(2H) 
0998 Step 11 
0999 7-2-4-Cyano-1-(pyridin-4-yl)piperidin-4-yl) 
ethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine 
dihydrochloride 

NH 
CN 

O 

HN CO N 

rs 
O2HCI 2N 

1000 To a solution of 7-2-4-cyano-1-(pyridin-4-yl)pi 
peridin-4-ylethoxy)-1,2,3,4-tetrahydroisoquinoline (70 mg) 
in dimethylformamide (5 ml) solution were added diisopro 
pylethylamine (0.1 ml) and 1H-pyrazole-1-carboxamidine 
hydrochloride (85 mg), and the mixture was stirred at room 
temperature for 15 hours. After completion of the reaction, 
the Solvent was evaporated and the obtained residue was 
purified by HPLC (0.05% aquesous trifluoroacetic acid 
:methanol=1:1). The obtained residue was treated with dil. 
hydrochloric acid and dried under reduced pressure to give 
the title compound (67 mg). 
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Example 38 

Synthesis of 4-(2-amidino-8-chloronaphthalen-7- 
yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxy 

lic acid ethyl ester dihydrochloride 

1002 Step 1 

1003 7-Methoxy-2-trifluoromethanesulfonylox 
ynaphthalene 

CFSOO OMe 

1004 To a solution of 2-hydroxy-7-methoxynaphthalene 
(12.34 g) and triethylamine (9.87ml) in chloroform (185 ml) 
was added trifluoromethanesulfonic anhydride (20 g) with 
ice-cooling, and the mixture was stirred at the same tem 
perature for 30 min. After completion of the reaction, 
aqueous Sodium hydrogencarbonate was added and the 
mixture was extracted with chloroform and washed Succes 
Sively with water and Saturated brine. The organic layer was 
dried over anhydrous magnesium Sulfate and the Solvent was 
evaporated. The obtained residue was purified by Silica gel 
column chromatography (hexane:ethyl acetate=9:1) and 
dried under reduced pressure to give the title compound 
(15.36 g). 

1006 Step 2 

1007 7-Methoxynaphthalene-2-carbonitrile 

NC . OMe 

1008 To a solution of 7-methoxy-2-trifluoromethane 
sulfonyloxynaphthalene (2.23 g) in dimethylformamide (8.9 
ml) were added zinc cyanide (598 mg) and tetrakis(triph 
enylphosphine) palladium (337 mg) at room temperature, 
and the mixture was stirred at 80 C. for 1 hour. After 
completion of the reaction, water and ethyl acetate were 
added and insoluble material was removed. The organic 
layer was separated and concentrated, and the obtained 
residue was purified by Silica gel column chromatography 
(hexane:ethyl acetate=19:1) and dried under reduced pres 
Sure to give the title compound (965 mg). 

1009) H-NMR (8 ppm.CDC1) 3.95(s.3H), 7.15(d.J-2.5 
Hz.H), 7.29(dd.J=2.5, 9.0 Hz,1H), 7.47(1H), 7.78(d.J-9.0 
Hz.H), 7.83(1H), 8.11(1H), 
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1010 Step 3 
1011 7-Hydroxynaphthalene-2-carbonitrile 

NC OH 

1012 To a solution of 7-methoxynaphthalene-2-carboni 
trile (6 g) in chlorobenzene (60 ml) was added aluminum 
chloride (15.3 g) at room temperature and the mixture was 
heated under refluxing for 30 min. After completion of the 
reaction, the reaction mixture was ice-cooled and ice, ethyl 
acetate and conc. hydrochloric acid were added, and the 
mixture was stirred. The organic layer was separated and 
concentrated. To the obtained residue was added hexane and 
the resultant solid was collected by filtration and dried under 
reduced pressure to give the title compound (5.21 g). 
1013 'H-NMR (8 ppm.CDC1,) 5.42(1H), 7.20(1H), 
7.25-7.28(1H), 7.46(1H), 7.79-7.85(2H), 8.07(1H) 
1014 Step 4 
1015 8-Chloro-7-hydroxynaphthalene-2-carbonitrile 

C 

NC OH 

1016 To a solution of 7-hydroxynaphthalene-2-carboni 
trile (2.23 g) in chloroform (120 ml) was dropwise added 
tert-butyl hypochlorite (1.64 ml) with ice-cooling, and the 
mixture was stirred at room temperature for 15 min. After 
completion of the reaction, the resultant Solid was collected 
by filtration and dried under reduced pressure to give the title 
compound (1.88 g). 
1017) H-NMR (8 ppm. DMSO-d) 7.49(d.J–9.0 Hz,1H), 
7.68(1H), 7.94(d.J–9.0 Hz,1H), 8.19(1H), 8.46(1H) 
1018) Step 5 
1019 8-Chloro-7-methylthiomethoxynaphthalene-2-car 
bonitrile 

C 

NC O SMe 

CO N1 

1020. In the same manner as in Example 10, Step 2, the 
title compound (1.31 g) was obtained from 8-chloro-7- 
hydroxynaphthalene-2-carbonitrile (1.88 g). 
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1022) Step 6 
1023 8-Chloro-7-chloromethoxynaphthalene-2-carboni 

trile 

C 

NC O C 

1024. In the same manner as in Example 10, Step 3, the 
title compound (939 mg) was obtained from 8-chloro-7- 
methylthiomethoxynaphthalene-2-carbonitrile (1.28 g). 
1025 H-NMR (8 ppm.CDC1) 6.04(s.2H), 7.61 
7.67(2H), 7.88(1H), 7.94(1H), 8.65(1H) 
1026 Step 7 
1027 4-(8-Chloro-2-cyanonaphthalen-7-yloxymethyl)- 
1-(pyridin-4-yl)piperidine-4-carboxylic acid ethyl ester 

SN 

2 
C N 

NC O 

CO COEt 
1028. In the same manner as in Example 10, Step 5, the 

title compound (128 mg) was obtained from 8-chloro-7- 
chloromethoxynaphthalene-2-carbonitrile (295 mg) and 
1-(pyridin-4-yl)piperidine-4-carboxylic acid ethyl ester (603 
mg). 

1030 Step 8 
1031) 4-(2-Amidino-8-chloronaphthalen-7-yloxym 
ethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid ethyl 
ester dihydrochloride 

NN 

2 
NH Cl N 

O 
HN O2HCI 

COEt 

1032 Hydrogen sulfide was blown into a solution of 
4-(8-chloro-2-cyanonaphthalen-7-yloxymethyl)-1-(pyridin 
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4-yl)piperidine-4-carboxylic acid ethyl ester (124 mg) in a 
mixture of pyridine (2.5 ml) and triethylamine (0.5 ml) with 
ice-cooling, and the mixture was Stirred at room temperature 
for 12 hours. After completion of the reaction, the solvent 
was evaporated and the residue was treated with hydrogen 
chloride-ethanol. To the residue were added acetone (2 ml), 
methanol (2 ml) and methyl iodide (0.172 ml), and the 
mixture was stirred under reflux for 2 hours. After comple 
tion of the reaction, the Solvent was evaporated and the 
obtained residue was dissolved in ethanol (4 ml). Ammo 
nium acetate (106 mg) was added, and the mixture was 
stirred at 75 C. for 2 hours. After completion of the reaction, 
the Solvent was evaporated and the obtained residue was 
purified by Silica gel column chromatography (chloroform 
:methanol:ammonia). The obtained residue was treated with 
hydrogen chloride-ethanol and dried under reduced preSSure 
to give the title compound (92 mg). 

Example 39 
Synthesis of 4-(2-amidino-8-chloronaphthalen-7- 

yloxyymethyl)-1-(pyridin-4-yl)piperidine-4-carboxy 
lic acid dihydrochloride 

1033) 

NN 

21 
NH Cl N 

O 
HN O2HCI 

CO2H 

1034) A solution of 4-(2-amidino-8-chloronaphthalen-7- 
yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
ethyl ester dihydrochloride (78 mg) in conc. hydrochloric 
acid was stirred at 50° C.-100° C. for 3 hours. After 
completion of the reaction, the Solvent was evaporated and 
the obtained residue was separated by HPLC (0.05% aque 
ous trifluoroacetic acid:methanol=1:1). The obtained residue 
was treated with hydrogen chloride-ethanol and dried under 
reduced pressure to give the title compound (49 mg). 
1035 H-NMR (8 ppm. DMSO-d) 1.75-194(m.2H), 
2.19-2.31 (m.2H), 3.49(m.2H), 4.07(m.2H), 4.41(s.2H), 
7.22(2H), 7.78(2H), 8.12(1H), 8.18-8.25(m,3H), 8.56(s.1H), 
9.34(brs.2H), 9.62(brs.2H), 12.98(brs,1H), 13.65(brs,1H) 

Example 40 
Synthesis of 4-(2-amidinonaphthalen-7-yloxym 

ethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
ethyl ester dihydrochloride 

1036) Step 1 
1037 7-Methylthiomethoxynaphthalene-2-carbonitrile 

NC O SMe 
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1038. In the same manner as in Example 10, Step 2, the 
title compound (907 mg) was obtained from 7-hydroxynaph 
thalene-2-carbonitrile (1.12 g). 
1039 Step 2 
1040 7-Chloromethoxynaphthalene-2-carbonitrile 

NC O C 

1041. In the same manner as in Example 10, Step 3, the 
title compound (567 mg) was obtained from 7-methylthi 
omethoxynaphthalene-2-carbonitrile (647 mg). 
1042 Step 3 
1043 4-(2-Cyanonaphthalen-7-yloxymethyl)-1-(pyridin 
4-yl)piperidine-4-carboxylic acid ethyl ester 

r 
N 2 

NC O 

CO COEt 
1044. In the same manner as in Example 10, Step 5, the 

title compound (430 mg) was obtained from 7-chlo 
romethoxynaphthalene-2-carbonitrile (314 mg), 1-(pyridin 
4-yl)piperidine-4-carboxylic acid ethyl ester (743 mg) and a 
2M-lithium diisopropylamide-tetrahydrofuran solution 
(1.73 ml). 
1045 Step 4 
1046 4-(2-Amidinonaphthalen-7-yloxymethyl)-1-(pyri 
din-4-yl)piperidine-4-carboxylic acid ethyl ester dihydro 
chloride 

NN 

21 
NH N 

O 
HN O2HCI 

COEt 

1047. In the same manner as in Example 38, Step 8, the 
title compound (36 mg) was obtained from 4-(2-cyanonaph 
thalen-7-yloxymethyl)-1-(pyridin-4-yl)piperidine-4-car 
boxylic acid ethyl ester (51 mg) and methyl iodide (0.6 ml). 
1048 H-NMR (8 ppm, DMSO-d) 1.14(tr.J=7.1 Hz,3H), 
1.75-1.88(m.2H), 2.19-2.31(m.2H), 3.44(m.2H), 4.00 
4.20(m.4H), 4.27(s.2H), 7.21(d.J=7.0 Hz,2H), 7.34(d.J=8.9 
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Example 41 
Synthesis of 4-(2-amidino-2,3,4,5-tetrahydro-1H 
benzcazepin-8-yloxymethyl)-1-(pyridin-4-yl)pip 
eridine-4-carboxylic acid ethyl ester dihydrochlo 

ride 

1049 Step 1 
1050 8-Methoxy-2,3,4,5-tetrahydrobenzcazepin-1-one 

1051) To a solution of 7-methoxy-1,2,3,4-tetrahy 
dronaphthalen-1-one (5.21 g) in conc. hydrochloric acid (26 
ml) was added sodium azide (1.98 g) by portions with 
ice-cooling, and the mixture was stirred at the same tem 
perature for 2 hours, and then at room temperature for 2 
hours. After completion of the reaction, the reaction mixture 
was poured into ice water and aqueous potassium carbonate 
was added. The mixture was extracted with chloroform and 
washed Successively with water and Saturated brine. The 
organic layer was dried over anhydrous Sodium Sulfate, and 
the Solvent was evaporated. The obtained residue was puri 
fied by Silica gel column chromatography (ethyl acetate) and 
dried under reduced pressure to give the title compound (470 

1053 Step 2 
1054 8-Methoxy-2,3,4,5-tetrahydro-1H-benzcazepine 

HN OMe 

1055) To a solution of lithium aluminum hydride (3.07 g) 
in tetrahydrofuran (60 ml) was dropwise added a solution of 
8-methoxy-2,3,4,5-tetrahydrobenzcazepin-1-one (4.42 g) 
in 1,4-dioxane (30 ml) with ice-cooling and the mixture was 
refluxed for 20 hours. After completion of the reaction, 20% 
aqueous Sodium hydroxide Solution was added dropwise 
with ice-cooling, and the mixture was stirred at room 
temperature for 1 hour. After completion of the reaction, the 
reaction mixture was filtrated, and the Solvent was evapo 
rated and the residue was dried under reduced pressure to 
give the title compound (4.05 g). 
1056 H-NMR (8 ppm,CDC1,) 1.68(m.2H), 2.82 
2.90(m.2H), 3.10-3.25(m.2H), 3.77(s.3H), 3.88(s.2H), 6.60 
6.70(2H), 7.05(1H) 
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1076 Step 8 

1077 4-(2-Amidino-2,3,4,5-tetrahydro-1H-benzc 
azepin-8-yloxymethyl)-1-(pyridin-4-yl)piperidine-4-car 
boxylic acid ethyl ester dihydrochloride 

NN 

NH 2 

ls N 
O 

HN N O2HCI 

COEt 

1078. In the same manner as in Example 6, Step 5, the 
title compound (200 mg) was obtained from 1-(pyridin-4- 
yl)-4-(2,3,4,5-tetrahydro-1H-benzcazepin-8-yloxymeth 
yl)piperidine-4-carboxylic acid ethyl ester (200 mg), diiso 
propylethylamine (0.105 ml) and 1H-pyrazole-1- 
carboxamidine hydrochloride (90 mg). 

1079 'H-NMR (8 ppm. DMSO-d) 1.16(tr.J=7.2 Hz,3H), 
1.75(m.4H), 2.20(m.2H), 2.89(m.2H), 3.41(m.2H), 4.04(m, 
4H), 4.16(qJ=7.2 Hz,2H), 4.58(s.2H), 4.58(s.2H), 6.76(1H), 
7.11-7.22(m.4H), 7.47(brs.4H), 8.24(1H), 13.60(brs,1H) 

Example 42 

Synthesis of 4-(2-amidino-2,3,4,5-tetrahydro-1H 
benzcazepin-8-yloxymethyl)-1-(pyridin-4-yl)pip 

eridine-4-carboxylic acid dihydrochloride 

1080) 

NN 

NH 2 

ls N 
O 

HN N O2HCI 

CO2H 

1081) 4-(2-Amidino-2,3,4,5-tetrahydro-1H-benzc 
azepin-8-yloxymethyl)-1-(pyridin-4-yl)piperidine-4-car 
boxylic acid ethyl ester dihydrochloride (150 mg) was 
dissolved in 6N-hydrochloric acid (2 ml), and the mixture 
was stirred under reflux for 3 hours. After completion of the 
reaction, insoluble material was removed and the Solvent 
was evaporated. The residue was dried under reduced pres 
Sure to give the title compound (140 mg). 

1082) H-NMR (8 ppm.DMSO-d) 1.56-1.81(m.4H), 
2.12-2.25(m.2H), 2.88-3.00(m.2H), 3.42(m.2H), 4.00 
4.13(m.4H), 4.59(s.2H), 6.76(1H), 7.12(1H), 7.19-7.23(m, 
3H), 7.54(brs.4H), 8.23(2H), 13.70(brs, 1H) 
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Example 43 

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-ylthiomethyl)-1-(pyridin-4-yl)piperidine 

4-carboxylic acid dihydrochloride 

1083) Step 1 
1084) 4-Ethoxycarbonyl-4-iodomethylpiperidine-1-car 
boxylic acid tert-butyl ester 

NCO t-Bu 

COEt 

1085. To a solution of 1-tert-butoxycarbonylisonipeco 
tinic acid ethyl ester (7.14 g) in tetrahydrofuran (140 ml) 
were dropwise added a 2M-lithium diisopropylamide-tet 
rahydrofuran solution (16.6 ml) and diiodomethane (2.7 ml) 
at -78 C., and the mixture was stirred for 15 hours. After 
completion of the reaction, 10% aqueous citric acid Solution 
was added, and the mixture was extracted with ethyl acetate 
and washed with Saturated brine. The organic layer was 
dried over anhydrous magnesium Sulfate and the Solvent was 
evaporated. The obtained residue was purified by Silica gel 
column chromatography (hexane:ethyl acetate=9:1) and 
dried under reduced pressure to give the title compound 
(8.68 g). 
1086) H-NMR (8 ppm.CDC1,) 1.27-1.33(m,3H), 1.38 
1.45(m,10H), 1.59-1.64(m.1H), 2.10-2.22(m.2H), 2.90 
3.10(m.2H), 3.29(s.2H), 3.65-3.95(m.2H), 4.18-4.26(m.2H) 
1087 Step 2 
1088) 4-(2-Acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylthi 
omethyl)-4-ethoxycarbonylpiperdine-1-carboxylic acid tert 
butyl ester 

NCO t-Bu 

S 
AcN 

COEt 

1089 Crude crystals of 2-acetyl-1,2,3,4-tetrahydroiso 
quinoline-7-thiol were obtained from 2-acetyl-7-chlorosul 
fonyl-1,2,3,4-tetrahydroisoquinoline (U.S. Pat. No. 3,725, 
388)(7.68 g) and tin chloride dihydrate (25.3 g) according to 
the method described in Journal of Medicinal Chemistry, 
vol. 23, No. 8, p. 837 (1980) and the obtained crystals were 
dissolved in dimethylformamide (120 ml). Thereto were 
added potassium carbonate (4.27 g) and 4-ethoxycarbonyl 
4-iodomethylpiperidine-1-carboxylic acid tert-butyl ester 
(3.71 g), and the mixture was stirred at 100° C. for 1 hour. 
After completion of the reaction, the reaction mixture was 
filtrated and the solvent was evaporated. The obtained 
residue was purified by Silica gel column chromatography 
(hexane:ethyl acetate=2:8-ethyl acetate) and dried under 
reduced pressure to give the title compound (3.92 g). 
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1090 H-NMR (8 ppm,CDC1,) 1.18-1.24(3H), 144 
151(11H), 2.12-2.18(5H), 2.80-3.05(4H), 3.12(2H), 
3.66(1H), 3.72-3.95(3H), 4.01-4.11(2H), 4.57.4.69(2H), 
7.03-7.22(3H) 
1091) Step 3 
1092] 4-(2-Acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylthi 
omethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid ethyl 
eSter 

n N 

2 
N 

S 
AcN 

COEt 

1093) To a solution of 4-(2-acetyl-1,2,3,4-tetrahydroiso 
quinolin-7-ylthiomethyl)-4-ethoxycarbonylpiperidine-1- 
carboxylic acid tert-butyl ester (221 mg) in chloroform (0.5 
ml) was added trifluoroacetic acid (1 ml), and the mixture 
was stirred at room temperature for 10 min. After comple 
tion of the reaction, the Solvent was evaporated and to the 
obtained residue were added ethanol (3 ml), triethylamine 
(0.39 ml) and 4-chloropyridine hydrochloride (70 mg). The 
mixture was stirred in a sealed tube at 150° C. for 2 days. 
After completion of the reaction, the Solvent was evapo 
rated, and the obtained residue was purified by Silica gel 
column chromatography (5% methanol-chloroform) and 
dried under reduced pressure to give the title compound (63 
mg). 

1094) H-NMR (8 ppm,CDC1,) 1.21-1.26(3H), 1.58 
1.70(2H), 2.17(3H), 2.25-240(2H), 2.78–2.90(2H), 3.05 
3.22(4H), 3.64-3.85(4H), 4.07.4.15(2H), 4.57.4.69(2H), 
6.69(2H), 7.04-7.20(3H), 8.25(2H) 
1095) Step 4 
1096 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
ylthiomethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
dihydrochloride 

n N 

NH N 2 

S 
HN 2HCI 

CO2H 

1097 To 4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7- 
ylthiomethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
ethyl ester (63 mg) was added conc. hydrochloric acid (2 
ml), and the mixture was stirred at 90° C. for 21 hours. After 
completion of the reaction, the Solvent was evaporated and 
to the obtained residue were added 1N acqueous Sodium 
hydroxide solution (0.7 ml), acetone (2 ml) and 1H-pyrazole 
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1-carboxamidine hydrochloride (61 mg), and the mixture 
was stirred for 12 hours. After completion of the reaction, 
dil. hydrochloric acid was added to make the Solution acidic 
and the Solvent was evaporated. To the obtained residue was 
added methanol and the mixture was filtrated. The solvent 
was evaporated and the obtained residue was Separated by 
HPLC (25%-40% methanol-water, 0.05% trifluoroacetic 
acid) and treated with dil. hydrochloric acid, which was 
dried under reduced pressure to give the title compound (47 
mg). 
1098 H-NMR (8 ppm. DMSO-d) 1.57-170(m.2H), 
2.08-2.20(m.2H), 2.84-2.92(m.2H), 3.20-3.40(m.4H), 
3.60(m.2H), 3.95-4.10(m.2H), 4.57(s.2H), 7.14-7.20(m, 
5H), 7.66(brs.4H), 8.22(2H) 

Example 44 

Synthesis of 4-2-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-ylthio)ethyl-1-(pyridin-4-yl)piperidine 

4-carboxylic acid dihydrochloride 

1099] Step 1 
1100 4-Allyl-4-ethoxycarbonylpiperidine-1-carboxylic 
acid tert-butyl ester 

COEt 
S 

1101) To a solution of 1-tert-butoxycarbonylisonipeco 
tinic acid ethyl ester (6 g) in tetrahydrofuran (120 ml) were 
dropwise added a 2M-lithium diisopropylamide-tetrahydro 
furan solution (14 ml) and allyl bromide (2.42 ml) at -78 
C., and the mixture was stirred for 3 hours. After completion 
of the reaction, water was added and the mixture was 
extracted with ethyl acetate and washed with water. The 
organic layer was dried over anhydrous magnesium Sulfate 
and the Solvent was evaporated. The obtained residue was 
purified by Silica gel column chromatography (hexane:ethyl 
acetate=4:1) and dried under reduced pressure to give the 
title compound (5.07 g). 
1102) Step 2 
1103 1-tert-Butoxycarbonyl-4-ethoxycarbonylpiperidin 
4-ylacetic acid 

COEt 

HOC 

NCO t-Bu 

1104) To a solution of sodium periodate (14.69 g) in a 
mixture of water (90 ml), carbon tetrachloride (50 ml) and 
acetonitrile (50 ml) was added ruthenium chloride (111 mg) 
and a Solution of 4-allyl-4-ethoxycarbonylpiperidine-1-car 
boxylic acid tert-butyl ester (5.07 g) in a mixture of carbon 
tetrachloride (10 ml) and acetonitrile (10 ml) was added 
dropwise, and the mixture was Stirred at room temperature 
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for 1.5 hours. After completion of the reaction, the reaction 
mixture was filtrated and the residue was washed with ethyl 
acetate. The aqueous layer of the obtained filtrate was 
removed and the organic layer was dried over anhydrous 
magnesium Sulfate. The Solvent was evaporated and the 
obtained residue was purified by Silica gel column chroma 
tography (ethyl acetate) and dried under reduced pressure to 
give the title compound (4.23 g). 
1105 H-NMR (8 ppm.CDC1,) 1.26(tr.J-70 Hz,3H), 
1.48-1.57(m, 11H), 2.05-2.18(m.2H), 2.65(s.2H), 3.21(m, 
2H), 3.65-3.75(m.2H), 4.19(qJ=7.0 Hz,2H) 
1106 Step 3 
1107 4-Ethoxycarbonyl-4-(2-hydroxyethyl)piperidine 
1-carboxylic acid tert-butyl ester 

COEt 
HO 

NCO t-Bu 

1108 To a solution of 1-tert-butoxycarbonyl-4-ethoxy 
carbonyl-piperidin-4-ylacetic acid (2.34 g) in tetrahydrofu 
ran (60 ml) was added a 1Mborane tetrahydrofuran solution 
(7.42 ml) at -78°C., and the mixture was allowed to warm 
to room temperature in 15 hours in Stirring. After completion 
of the reaction, water and potassium carbonate were added, 
and the mixture was stirred at room temperature for 1 hour. 
Water was added and the mixture was washed with hexane. 
The aqueous layer was extracted with ethyl acetate and 
washed with Saturated brine. The organic layer was dried 
over anhydrous magnesium Sulfate and the Solvent was 
evaporated. The residue was dried under reduced pressure to 
give the title compound (1.92 g). 
1109) H-NMR (8 ppm.CDC1,) 1.28(tr.J=7.1 Hz,3H), 
1.35-1.75(m.11H), 1.82(tr.J=6.7 Hz,2H), 2.10-2.20(m.2H), 
2.91 (m.2H), 3.68(tr.J=6.7 Hz,2H), 3.75-4.00(m.2H), 4.18(q, 
J=7.1 Hz,2H) 
1110 Step 4 
1111) 4-Ethoxycarbonyl-4-(2-methanesulfonyloxyeth 
yl)piperidine-1-carboxylic acid tert-butyl ester 

COEt 
MeOSO 

1112) To a solution of 4-ethoxycarbonyl-4-(2-hydroxy 
ethyl)piperidine-1-carboxylic acid tert-butyl ester (1.92 g) in 
a mixture of triethylamine (1.15 ml) and methylene chloride 
(40 ml) was added methanesulfonyl chloride (0.592 ml) at 
-78 C., and the mixture was stirred for 1 hour. After 
completion of the reaction, aqueous Sodium hydrogencar 
bonate was added and the organic layer was separated and 
dried over anhydrous magnesium Sulfate. The Solvent was 
evaporated and the obtained residue was purified by Silica 
gel column chromatography (hexane:ethyl acetate=1:1) and 
dried under reduced pressure to give the title compound 
(2.38 g). 
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1113) H-NMR (8 ppm,CDC1,) 1.29(tr.3H), 1.36-1.52(m, 
11H), 2.00(m.2H), 2.10-2.20(m.2H), 2.91 (m.2H), 2.99(s, 
3H), 3.80-4,00(m.2H), 4.17-4.34(m.4H) 
1114) Step 5 
1115) 4-Ethoxycarbonyl-4-(2-iodoethyl)piperidine-1-car 
boxylic acid tert-butyl ester 

COEt 

NCO t-Bu 

1116) To a solution of 4-ethoxycarbonyl-4-(2-methane 
Sulfonyloxyethyl)piperidine-1-carboxylic acid tert-butyl 
ester (2.38 g) in dimethylformamide (24 ml) was added 
sodium iodide (4.77g), and the mixture was stirred at 70° C. 
for 7 hours. After completion of the reaction, water was 
added and the mixture was extracted with ethyl acetate and 
washed with water. The organic layer was dried over anhy 
drous magnesium Sulfate and the Solvent was evaporated. 
The obtained residue was purified by Silica gel column 
chromatography (hexane:ethyl acetate=1:1) and dried under 
reduced pressure to give the title compound (1.03 g). 

1117) H-NMR (8 ppm,CDC1,) 1.28(tr.J=7.1 Hz,3H), 
1.26-1.45(m. 11H), 2.05-2.20(m.4H), 2.87(m.2H), 3.01 
3.07(m.2H), 3.75-4.00(m.2H), 4.20(qJ=7.1 Hz,2H) 
1118) Step 6 

1119) 4-2-(2-Acetyl-1,2,3,4-tetrahydroisoquinolin-7- 
ylthio)ethyl-4-ethoxycarbonylpiperidine-1-carboxylic acid 
tert-butyl ester 

COEt 
S 

AcN 

NCO t-Bu 

1120 Crude crystals (1.26 g) of 2-acetyl-1,2,3,4-tetrahy 
droisoquinoline-7-thiol were dissolved in dimethylforma 
mide (15 ml) and thereto were added 60% sodium hydride 
(243 mg) and 4-ethoxycarbonyl-4-(2-iodoethyl)piperidine 
1-carboxylic acid tert-butyl ester (1 g), and the mixture was 
stirred at 70° C. for 1 hour. After completion of the reaction, 
water was added and the mixture was extracted with ethyl 
acetate and washed with Saturated brine. The organic layer 
was dried over anhydrous magnesium Sulfate and the Solvent 
was evaporated. The obtained residue was purified by Silica 
gel column chromatography (hexane:ethyl acetate=3:7) and 
dried under reduced pressure to give the title compound (535 
mg). 

1121 'H-NMR (8 ppm,CDC1,) 1.26(3H), 1.30 
1.44(11H), 1.75-1.85(2H), 2.05-2.20(5H), 2.75-3.00(6H), 
3.67(1H), 3.79-3.95(3H), 4.19(2H), 4.57.4.69(2H), 7.05 
7.15(3H) 
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1122) Step 7 
1123) 4-2-(2-Acetyl-1,2,3,4-tetrahydroisoquinolin-7- 
ylthio)ethyl-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
ethyl ester 

COEt 
S 

AcN 

2N 

1124. In the same manner as in Example 43, Step 3, the 
title compound (98 mg) was obtained from 4-2-(2-acetyl 
1,2,3,4-tetrahydroisoquinolin-7-ylthio)ethyl-4-ethoxycar 
bonylpiperidine-1-carboxylic acid tert-butyl ester (233 mg), 
trifluoroacetic acid (1 ml), 4-chloropyridine hydrochloride 
(72 mg) and triethylamine (0.4 ml). 
1125) Step 8 
1126) 4-2-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
ylthio)ethyl-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
dihydrochloride 

NH 
CO2H 

S 

HN OO N 

rs 
O2HCI 2N 

1127. In the same manner as in Example 43, Step 4, the 
title compound (53 mg) was obtained from 4-2-(2-acetyl 
1,2,3,4-tetrahydroisoquinolin-7-ylthio)ethyl-1-(pyridin-4- 
yl)piperidine-4-carboxylic acid ethyl ester (94 mg), conc. 
hydrochloric acid (2 ml), 1N acqueous Sodium hydroxide 
Solution (1 ml) and 1H-pyrazole-1-carboxamidine hydro 
chloride (88 mg). 
1128) "H-NMR (8 ppm, DMSO-d) 1.48-1.60(m.2H), 
1.75-1.90(m.2H), 2.05-2.20(m.2H), 2.80-2.98(m.4H), 3.17 
3.34(m.2H), 3.60(m.2H), 4.04(m.2H), 4.57(s.2H), 7.07 
7.18(m.5H), 7.63(brs,4H), 8.21(2H), 12.93(brs,1H), 
13.62(brs,1H) 

Example 45 
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 

quinolin-7-ylsulfonylmethyl)-1-(pyridin-4-yl)piperi 
dine-4-carboxylic acid dihydrochloride 

1129 Step 1 
1130 4-(2-Acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylsul 
fonylmethyl)-4-ethoxycarbonylpiperidine-1-carboxylic acid 
tert-butyl ester 

NCO t-Bu 

SO 
AcN 

COEt 

67 
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1131) To a solution of 4-(2-acetyl-1,2,3,4-tetrahydroiso 
quinolin-7-ylthiomethyl)-4-ethoxycarbonylpiperidine-1- 
carboxylic acid tert-butyl ester (252 mg) in methylene 
chloride (5 ml) was added 70% 3-chloroperbenzoic acid 
(260 mg) at room temperature, and the mixture was stirred 
for 12 hours. After completion of the reaction, aqueous 
Sodium hydrogencarbonate Solution and aqueous Sodium 
thiosulfate Solution were added, and the mixture was Stirred 
for 30 min, followed by extraction with chloroform. The 
organic layer was washed with Saturated brine and dried 
over anhydrous magnesium Sulfate. The Solvent was evapo 
rated and the obtained residue was purified by Silica gel 
column chromatography (ethyl acetate) and dried under 
reduced pressure to give the title compound (203 mg). 

1132) H-NMR (8 ppm,CDC1,) 1.32(3H), 1.45(9H), 
1.66(2H), 2.10-2.30(5H), 2.88-3.04(2H), 3.23(2H), 
3.43(2H), 3.65-3.78(3H), 3.85(1H), 4.16-4.25(2H), 4.69, 
4.81(2H), 7.32-7.75(3H) 
1133 Step 2 

1134) 4-(2-Acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylsul 
fonylmethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
ethyl ester 

21 NN 

N N 

SO 
AcN 

COEt 

1135) In the same manner as in Example 43, Step 3, the 
title compound (120 mg) was obtained from 4-(2-acetyl-1, 
2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)-4-ethoxy 
carbonylpiperidine-1-carboxylic acid tert-butyl ester (203 
mg), trifluoroacetic acid (1 ml), 4-chloropyridine hydrochlo 
ride (72 mg) and triethylamine (0.33 ml). 

1136 Step 3 

1137 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yl 
Sulfonylmethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic 
acid dihydrochloride 

21 NN 

NH N S 

ls SO 0 HN N 2HCI 

CO2H 
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1138. In the same manner as in Example 43, Step 4, the 
title compound (120 mg) was obtained from 4-(2-acetyl-1, 
2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)-1-(pyridin 
4-yl)piperidine-4-carboxylic acid ethyl ester (200 mg), conc. 
hydrochloric acid (10 ml),1N aqueous sodium hydroxide 
solution (2.06 ml) and 1H-pyrazole-1-carboxamidine hydro 
chloride (181 mg). 

1139) H-NMR (8 ppm. DMSO-d) 1.78-190(m.2H), 
2.08-2.20(m.2H), 3.03(m.2H), 3.51(m.2H), 3.67(m.2H), 
3.77(s.2H), 3.92(m.2H), 4.72(s.2H), 7.19(d.J=7.5 Hz,2H), 
7.54(1H), 7.65(1H), 7.72-7.76(m.5H), 8.23(d.J-7.5 Hz.2H) 

Example 46 

Synthesis of 4-2-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-ylsulfonyl)ethyl-1-(pyridin-4-yl)piperi 

dine-4-carboxylic acid dihydrochloride 

1140 Step 1 

1141 4-2-(2-Acetyl-1,2,3,4-tetrahydroisoquinolin-7-yl 
Sulfonyl)ethyl-4-ethoxycarbonylpiperidine-1-carboxylic 
acid tert-butyl ester 

COEt 
SO 

AcN 

NCO t-Bu 

1142. In the same manner as in Example 45, Step 1, the 
title compound (173 mg) was obtained from 4-2-(2-acetyl 
1,2,3,4-tetrahydroisoquinolin-7-ylthio)ethyl-4-ethoxycar 
bonylpiperidine-1-carboxylic acid tert-butyl ester (295 mg) 
and 70% 3-chloroperbenzoic acid (297 mg). 

1143) Step 2 

1144. 4-2-(2-Acetyl-1,2,3,4-tetrahydroisoquinolin-7-yl 
Sulfonyl)ethyl-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
ethyl ester 

COEt 
SO 

AcN 

CO rt N 
2N 

1145. In the same manner as in Example 43, Step 3, the 
title compound (97 mg) was obtained from 4-2-(2-acetyl 
1,2,3,4-tetrahydroisoquinolin-7-ylsulfonyl)ethyl-4-ethoxy 
carbonylpiperidine-1-carboxylic acid tert-butyl ester (173 
mg), trifluoroacetic acid (1 ml), 4-chloropyridine hydrochlo 
ride (60 mg) and triethylamine (0.28 ml). 
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1146 Step 3 
1147 4-2-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
ylsulfonyl)ethyl-1-(pyridin-4-yl)piperidine-4-carboxylic 
acid dihydrochloride 

CO2H 
NH 

ls SO 
HN O N 

rs O2HCI 2 N 

1148. In the same manner as m Example 43, Step 4, the 
title compound (57 mg) was obtained from 4-2-(2-acetyl 
1,2,3,4-tetrahydroisoquinolin-7-ylsulfonyl)ethyl-1-(pyri 
din-4-yl)piperidine-4-carboxylic acid ethyl ester (97 mg), 
conc. hydrochloric acid (2 ml), 1N acqueous Sodium hydrox 
ide solution (0.97 ml) and 1H-pyrazole-1-carboxamidine 
hydrochloride (86 mg). 
1149) H-NMR (8 ppm, DMSO-d) 1.42-1.56(m.2H), 
1.78-1.90(m.2H), 1.96-2.12(m.2H), 3.03(m.2H), 3.17 
3.30(m.4H), 3.66(m.2H), 3.95-4.10(m.2H), 4.71(s.2H), 
7.17(2H), 7.53(1H), 7.67-7.82(m,6H), 8.20(2H) 

Example 47 
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 

quinolin-7-ylsulfonylamino)-1-(pyridin-4-yl)piperi 
dine-4-carboxylic acid methyl ester dihydrochloride 

1150 Step 1 
1151 1-(Pyridin-4-yl)piperidin-4-one 

o-O-O. 
1152) A solution of 4-chloropyridine hydrochloride (10 
g), 1,4-dioxo-8-azaspiro4.5decane (10 g) and triethy 
lamine (29 ml) in a mixture of ethanol (10 ml) and water (30 
ml) was stirred at 150° C. for 22 hours in a sealed tube. After 
completion of the reaction, the Solvent was evaporated and 
5N aqueous sodium hydroxide solution (25 ml) was added. 
The mixture was extracted with a mixed solvent of chloro 
form-methanol (10:1). The organic layer was dried over 
anhydrous Sodium Sulfate and the Solvent was evaporated. 
To the obtained residue was dropwise added conc. hydro 
chloric acid (30 ml) with ice-cooling, and the mixture was 
Stirred at the same temperature for 10 min. After completion 
of the reaction, sodium hydroxide (15 g) was added. The 
mixture was extracted with chloroform and dried over 
anhydrous Sodium Sulfate. The Solvent was evaporated and 
the obtained residue was purified by Silica gel column 
chromatography (chloroform:methanol=9:1, 1% aqueous 
ammonia) and dried under reduced pressure to give the title 
compound (6.1 g). 
1153) H-NMR (8 ppm.CDC1,) 2.57(tr.J=6.2 Hz,4H), 
3.74(tr.J=6.2 Hz,4H), 6.71 (dd.J=1.5, 4.5 Hz.2H), 8.33(dd, 
J=1.5, 4.5 Hz,2H) 
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1154 Step 2 
1155) 4-Amino-1-(pyridin-4-yl)piperidine-4-carboxylic 
acid methyl ester 

HN 
N N 

MeOC \ / 

1156 To a solution of 1-(pyridin-4-yl)piperidin-4-one (1 
g) in methanol Solution were added ammonium acetate (880 
mg), aqueous Sodium cyanide Solution (560 mg/5 ml), 
aqeuous ammonia (5 ml) and acetic acid (2 ml), and the 
mixture was Stirred at room temperature for 12 hours. After 
completion of the reaction, the Solvent was evaporated and 
aqueous ammonia (3 ml) was added and the mixture was 
extracted with chloroform. The organic layer was dried over 
anhydrous Sodium Sulfate, and the Solvent was evaporated to 
give a residue. Hydrogen chloride was blown into a Solution 
of the residue in 10% hydrogen chloride-methanol (25 ml) 
with ice-cooling and the Solution was Stood at room tem 
perature for 12 hours. After completion of the reaction, the 
Solvent was evaporated and to the obtained residue was 
added 2N-hydrochloric acid (25 ml). After stirring for 2 hr, 
the mixture was neutralized with Sodium hydrogencarbonate 
and extracted with chloroform. The organic layer was 
washed Successively with water and Saturated brine and 
dried over anhydrous sodium sulfate. The solvent was 
evaporated and the residue Was dried under reduced preSSure 
to give the title compound (760 mg). 
1157 H-NMR (8 ppm,CDC1,) 1.55-1.65(m.2H), 2.08 
2.17(m.2H), 3.46-3.50(m.4H), 3.74(s.3H), 6.66(dd.J=1.5, 
4.5 Hz,2H), 8.25(dd.J=1.5, 4.5 Hz,2H) 
1158 Step 3 
1159 1-(Pyridin-4-yl)-4-(2-trifluoroacetyl-1,2,3,4-tet 
rahydroisoquinolin-7-ylsulfonylamino)piperidine-4-car 
boxylic acid methyl ester 

21 NN 

O N N 

l SO2 
FC N N 

H CO.Me 

1160) To a solution of 4-amino-1-(pyridin-4-yl)piperi 
dine-4-carboxylic acid methyl ester (330 mg) in chloroform 
(5 ml) were added 7-chlorosulfonyl-2-trifluoroacetyl-1,2,3, 
4-tetrahydroisoquinoline (Journal of Medicinal Chemistry, 
vol. 23, No. 8, p. 837 (1980)) (500 mg) and pyridine (0.23 
ml), and the mixture was stirred at room temperature for 12 
hours. After completion of the reaction, water was added, 
and the mixture was extracted with chloroform and washed 
Successively with water and Saturated brine. The organic 
layer was dried over anhydrous Sodium Sulfate, and the 
Solvent was evaporated. The residue was dried under 
reduced pressure to give the title compound (627 mg). 
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1161 H-NMR (8 ppm,CDC1) 2.02-2.16(2H), 2.22 
2.35(2H), 2.94-3.08(2H), 3.39,3.46(3H), 3.42-3.58(2H), 
3.62-3.76(2H), 3.80-3.96(2H), 4.77-4.82(2H), 6.80(2H), 
7.16-7.32(1H), 7.68-7.82(1H), 8.20(2H) 
1162 Step 4 
1163) 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yl 
Sulfonylamino)-1-(pyridin-4-yl)piperidine-4-carboxylic 
acid methyl ester dihydrochloride 

21 NN 

NH N S 

ls SO 0 HN N YN 2HCI 
H CO.Me 

1164) To a solution of 1-(pyridin-4-yl)-4-(2-trifluoro 
acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)pi 
peridine-4-carboxylic acid methy ester (627 mg) in a mix 
ture of chloroform (5 ml) and methanol (1 ml) was added a 
2N aqueous Sodium hydroxide Solution (1.1 ml), and the 
mixture was stirred at room temperature for 2 hours. After 
completion of the reaction, 2N-hydrochloric acid (1.1 ml) 
was added and the mixture was concentrated. To the 
obtained residue were Successively added dimethylforma 
mide (3 ml), diisopropylethylamine (0.91 ml) and 1H-pyra 
Zole-1-carboxamidine hydrochloride (305 mg), and the mix 
ture was stirred at room temperature for 12 hours. After 
completion of the reaction, the reaction mixture was fil 
trated, and the filtrate was dropwise added to diethyl ether. 
The resultant solid was separated by HPLC (0.05% aqueous 
trifluoroacetic acid:methanol=4:1-3:2) and treated with dil. 
hydrochloric acid and dried under reduced pressure to give 
the title compound (480 mg). 
1165 H-NMR (8 ppm, DMSO-d) 1.86-2.16(m.4H), 
3.00(m.2H), 3.35-3.42(m.5H), 3.67(m.2H), 3.84(m.2H), 
4.74(s.2H), 7.17(d.J=7.1 Hz,2H), 7.47(1H), 7.56(1H), 
7.62(1H), 7.82(brs,4H), 8.22(d.J=7.1 Hz,2H), 8.56(s.1H), 
13.89(brs, 1H) 

Example 48 

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-ylsulfonylamino)-1-(pyridin-4-yl)piperi 

dine-4-carboxylic acid dihydrochloride 

1166) 

21 NN 

NH N N 

ls SO 0 HN N YN 2HCI 
H COH 



US 2004/OOO6099 A1 

1167 To 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7- 
ylsulfonylamino)-1-(pyridin-4-yl)piperidine-4-carboxylic 
acid methyl ester dihydrochloride (415 mg) was added 6N 
hydrochloric acid (2 ml), and the mixture was stirred under 
reflux for 4 hours. After completion of the reaction, 
insoluble material was removed and the Solvent was evapo 
rated. Diethyl ether was added and the resultant solid was 
collected by filtration and dried under reduced pressure to 
give the title compound (363 mg). 
1168 H-NMR (8 ppm, DMSO-d) 1.85-2.10(m.4H), 
2.99(m.2H), 3.30(m.2H), 3.67(m.2H), 3.80-3.95(m.2H), 
4.71(s.2H), 7.16(d.J=7.3 Hz,2H), 7.44(1H), 7.56(1H), 
7.67(1H), 7.80(brs.4H), 8.20(d.J-7.3 Hz,2H), 8.35(s.1H) 

Example 49 
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-ylsulfonylaminomethyl)-1-(pyridin-4- 

yl)piperidine-4-carboxylic acid ethyl ester dihydro 
chloride 

1169 Step 1 
1170 4-Benzyloxycarbonylaminomethyl-4-ethoxycarbo 
nylpiperidine-1-carboxylic acid tert-butyl ester 

COEt 

BnOCNH 

NCO t-Bu 

1171 To a solution of 1-tert-butoxycarbonyl-4-ethoxy 
carbonylpiperidin-4-ylacetic acid (1.6 g) and triethylamine 
(0.71 ml) in dimethylformamide (20 ml) was added diphe 
nylphosphoryl azide (1.1 ml) at room temperature, and the 
mixture was stirred at 70° C. for 30 min and then at 90° C. 
for 10 min. Benzyl alcohol (0.58 ml) was added at the same 
temperature, and the mixture was stirred for 20 hours. After 
completion of the reaction, water was added and the mixture 
was extracted with ethyl acetate and washed with 1N 
aqueous Sodium hydroxide Solution. The organic layer was 
dried over anhydrous magnesium Sulfate and the Solvent was 
evaporated. The obtained residue was purified by Silica gel 
column chromatography and dried under reduced pressure to 
give the title compound (1.35 g). 
1172) H-NMR (8 ppm.CDC1,) 1.26(tr.J-70 Hz,3H), 
1.36-1.50(m.11H), 1.96-2.10(m.2H), 3.12(m.2H), 3.37(m, 
2H), 3.70(m.2H), 4.14(qJ=7.0 Hz,2H), 5.01(brtr,1H), 
5.09(s.2H), 7.26-7.40(m.5H) 
1173 Step 2 
1174) 4-Benzyloxycarbonylaminomethyl-1-(pyridin-4- 
yl)piperidine-4-carboxylic acid ethyl ester 

COEt 

BnOCNH 
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1175 To a solution of 4-benzyloxycarbonylaminom 
ethyl-4-ethoxycarbonylpiperidine-1-carboxylic acid tert-bu 
tyl ester (851 mg) in chloroform (5 ml) was added trifluo 
roacetic acid (5 ml), and the mixture was stirred at room 
temperature for 30 min. After completion of the reaction, the 
Solvent was evaporated and to the obtained residue were 
added ethanol (5 ml), 4-chloropyridine hydrochloride (304 
mg) and triethylamine (1.69 ml). The mixture was stirred at 
150 C. for 2 days in a sealed tube. After completion of the 
reaction, the Solvent was evaporated. To the obtained residue 
was added 2N acqeuous Sodium hydroxide Solution, and the 
mixture was extracted chloroform. The organic layer was 
dried over anhydrous Sodium Sulfate and the Solvent was 
evaporated. The obtained residue was purified by Silica gel 
column chromatography (chloroform:methanol=93:7) and 
dried under reduced pressure to give the title compound (738 
mg). 
1176) H-NMR (8 ppm.CDC1,) 1.27(tr.,J-70 Hz,3H), 
1.50-1.70(m.2H), 2.05-2.22(m.2H), 3.10-3.22(m.2H), 3.35 
3.45(m.2H), 3.52-3.68(m.2H), 4.19(qJ=7.0 Hz,2H), 
5.05(brtr,1H), 5.09(s.2H), 6.63(d.J=6.4 Hz,2H) 7.26 
7.38(m.5H), 8.25(d.J=6.4 Hz,2H) 
1177 Step 3 
1178) 4-Aminomethyl-1-(pyridin-4-yl)piperidine-4-car 
boxylic acid ethyl ester dihydrobromide 

COEt 

2N 

1179 To a solution of 4-benzyloxycarbonylaminom 
ethyl-1-(pyridin-4-yl)piperidine-4-carboxylic acid ethyl 
ester (331 mg) in chloroform (0.5 ml) was added 25% 
hydrogen bromide-acetic acid (2 ml), and the mixture was 
stirred at room temperature for 10 min. After completion of 
the reaction, hexane, diisopropyl ether and diethyl ether 
were added and the Supernatant was removed. Then, dim 
ethylformamide (1 ml) was added and the resultant solid was 
collected by filtration, and washed with diethyl ether and 
dried under reduced pressure to give the title compound (423 
mg). 
1180 Step 4 
1181 1-(Pyridin-4-yl)-4-(2-trifluoroacetyl-1,2,3,4-tet 
rahydroisoquinolin-7-ylsulfonylaminomethyl)piperidine-4- 
carboxylic acid ethyl ester 

COEt 
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1182 To 4-aminomethyl-1-(pyridin-4-yl)piperidine-4- 
carboxylic acid ethyl ester dihydrobromide (423 mg) were 
added pyridine (2 ml) and 7-chlorosulfonyl-2-trifluoro 
acetyl-1,2,3,4-tetrahydroisoquinoline (273 mg), and the 
mixture was stirred at room temperature for 2 hours. After 
completion of the reaction, the Solvent was evaporated and 
water was added. The mixture was extracted with chloro 
form and the organic layer was dried over anhydrous Sodium 
Sulfate. The Solvent was evaporated and the obtained residue 
was purified by Silica gel column chromatography (chloro 
form:methanol=4:1) and dried under reduced pressure to 
give the title compound (222 mg). 
1183 H-NMR (8 ppm.CDC1,) 1.20-1.35(3H), 1.75 
1.85(2H), 2.15-2.30(2H), 2.88-3.15(4H), 3.30-3.45(2H), 
3.75-3.95(4H), 4.15-4.25(2H), 4.65-485(2H), 6.80 
6.88(2H), 7.12-7.36(1H), 7.65-7.80(2H), 8.15-8.25(2H) 
1184 Step 5 
1185) 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yl 
Sulfonylaminomethyl)-1-(pyridin-4-yl)piperidine-4-car 
boxylic acid ethyl ester dihydrochloride 

NH 
COEt l SO 

HN N N 
H 

N 
n 

1186 In the same manner as in Example 47, Step 4, the 
title compound (75 mg) was obtained from 1-(pyridin-4-yl)- 
4-(2-trifluoroacetyl-1,2,3,4-tetrahydroisoquinolin-7-ylsul 
fonylaminomethyl)piperidine-4-carboxylic acid ethyl ester 
(222 mg), diisopropylethylamine (0.28 ml) and 1H-pyra 
Zole-1-carboxamidine hydrochloride (117 mg). 
1187) H-NMR (8 ppm.DMSO-d) 1.21(tr.J=7.1 Hz,3H), 
1.50-1.65(m.2H), 2.00-2.15(m.2H), 2.89-3.15(m.4H), 
3.28(m.2H), 3.64(m.2H), 3.95-4.18(m.4H), 4.67(s.2H), 
7.18(2H), 7.46(1H), 7.57(1H), 7.60-7.70(m.5H), 7.94(brtr, 
1H), 8.22(2H) 

Example 50 

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 
quinolin-7-ylsulfonylaminomethyl)-1-(pyridin-4- 
yl)piperidine-4-carboxylic acid dihydrochloride 

1188) 

NH 
CO2H l SO 

HN N NN 
H 

N 
n 

1189. In the same manner as in Example 48, the title 
compound (52 mg) was obtained from 4-(2-amidino-1,2,3, 
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4-tetrahydroisoquinolin-7-ylsulfonylaminomethyl)-1-(pyri 
din-4-yl)piperidine-4-carboxylic acid ethyl ester dihydro 
chloride (59 mg). 
1190) H-NMR (8 ppm. DMSO-d) 1.50-1.65(m.2H), 
1.96-2.10(m.2H), 2.86-3.05(m.4H), 3.28(m.2H), 3.64(m, 
2H), 4.04(m.2H), 4.67(s.2H), 7.19(d.J=7.3 Hz,2H), 
7.45(1H), 7.58(1H), 7.60-7.70(m.5H), 7.90(brtr,1H),8.21(d, 
J=7.3 Hz,2H), 12.88(brs,1H), 13.57(brs,1H) 

Example 52 

Synthesis of 1-2-(benzothiazol-2-yl)-2-oxoethyl-2- 
phenoxymethylbenzimidazole-5-carboxamidine 

hydrochloride 

1191 Step 1 
1192 N-(4-Cyano-2-phenoxyacetamidophenyl)glycine 
tert-butyl ester 

H 
NC N 

ro 
O 

NH 

N 
CO2t-Bu 

1193. In the same manner as in Example 17, Step 8, the 
title compound (6.66 g) was obtained from N-(2-amino-4- 
cyanophenyl)glycine tert-butyl ester (5.97g), phenyloxy 
acetic acid (3.44 g) and 1-ethoxycarbonyl-2-ethoxy-1,2- 
dihydroxyquinoline (6.15 g). 

1195 Step 2 
1196 5-Cyano-2-phenoxymethylbenzimidazole-1-acetic 
acid 

NC y 
ls 

CO2H 

1197 A solution of N-(4-cyano-2-phenoxyacetami 
dophenyl)glycine tert-butyl ester (6.61 g) in acetic acid (250 
ml) was stirred at 80° C. for 12 hours. After completion of 
the reaction, the Solvent was evaporated and to the obtained 
residue was added trifluoroacetic acid (60 ml), and the 
mixture was stirred at 50 C. for 30 min. After completion 
of the reaction, the Solvent was evaporated. To the obtained 
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residue were added chloroform and acetone and the resultant 
solid was collected by filtration and dried under reduced 
pressure to give the title compound (5.0 g). 

1199 Step 3 
1200 N-Methoxy-N-methyl-(5-cyano-2-phenoxymeth 
ylbenzimidazole)-1-acetamide 

NC N 

y-no 
N 

N 
YOMe 

O 

1201. In the same manner as in Example 17, Step 10, the 
title compound (1.83 g) was obtained as a white solid from 
5-cyano-2-phenoxymethylbenzimidazole-1-acetic acid 
(2.14 g), N, O-dimethylhydroxylamine hydrochloride (815 
mg), N-methylmorpholine (0.919 ml), 1-hydroxybenzotria 
zole hydrate (1.13 g) and 1-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (1.6 g). 
1202 'H-NMR (8 ppm.CDC1) 3.22(s.3H), 3.77(s.3H), 
5.27(s.2H), 5.41(s.2H), 6.98-7.03(3H), 7.26-7.36(3H), 
7.54(1H), 8.11(1H) 
1203 Step 4 
1204) N-Methoxy-N-methyl-5-(N',N'-di-tert-butoxy 
carbonylamidino)-2-phenoxymethylbenzimidazole-1-ac 
etamide 

NCOt-Bu 

t-BuOCNH N 2 y-no 
N y 

N 
YOMe 

O 

1205. In the same manner as in Example 17, Step 12, 
N-methoxy-N-methyl-(5-amidino-2-phenoxymethylbenz 
imidazole)-1-acetamide was obtained from N-methoxy-N- 
methyl-(5-cyano-2-phenoxymethylbenzimidazole)-1-aceta 
mido (893 mg), methyl iodide (1.6 ml) and ammonium 
acetate (295 mg). In the same manner as in Example 1, Step 
1, the title compound (144 mg) was obtained from this 
compound and di-tert-butyl dicarbonate (1.11 g). The Sol 
vent used was tetrahydrofuran (10 ml) and Saturated aqueous 
Sodium hydrogencarbonate Solution (10 ml) was used 
instead of 1N aqueous Sodium hydroxide Solution. 
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1206 H-NMR (8 ppm,CDC1,) 1.57(s.9H), 3.22(s.3H), 
3.70-3.80(m,3H), 5.25(s.2H), 5.40(s.2H), 6.90-7.05(m,3H), 
7.25-7.35(m,3H), 794-8.19(m.2H) 
1207 Step 5 
1208 N,N'-Di-tert-butoxycarbonyl-1-2-(benzothiazol 
2-yl)-2-oxoethyl)-2-phenoxymethylbenzimidazole-5-car 
boxamidine 

NCO t-Bu 

y 

1209 To a solution of benzothiazole (42 mg) in tetrahy 
drofuran (5 ml) was dropwise added a 1.66M n-butyl 
lithium-hexane solution (0.204 ml) at -78° C., and the 
mixture was stirred at the Same temperature for 10 min. 
Then, a solution of N-methoxy-N-methyl-5-(N',N'-di-tert 
butoxycarbonylamidino)-2-phenoxymethylbenzimidazole 
1-acetamide (144 mg) in tetrahydrofuran (1 ml) was added 
dropwise, and the mixture was stirred at the same tempera 
ture for 3 hours. After completion of the reaction, aqueous 
ammonium chloride Solution and water were added, and the 
mixture was extracted with ethyl acetate and washed Suc 
cessively with water and Saturated brine. The organic layer 
was dried over anhydrous Sodium Sulfate, and the Solvent 
was evaporated. The obtained residue was purified by Silica 
gel column chromatography (hexane:ethyl acetate=2:3) and 
dried under reduced pressure to give the title compound (25 
mg). 

1210 H-NMR (8 ppm,CDC1,) 1.57(s.9H), 5.45(s.2H), 
6.07(s.2H), 6.898-6.95(3H), 7.17-722(2H), 7.34(1H), 
7.63(2H), 7.97(1H), 8.03(1H), 8.22-8.25(2H) 
1211) Step 6 
1212 1-2-(Benzothiazol-2-yl)-2-oxoethyl)-2-phenoxym 
ethylbenzimidazole-5-carboxamidine hydrochloride 

t-BuOCNH 

NH 

HN N 2. y-no OHC 
N N 

CO S 

O 

1213. In the same manner as in Example 19, Step 11, the 
title compound (18 mg) was obtained from N,N'-di-tert 
butoxycarbonyl-1-(2-(benzothiazol-2-yl)-2-oxoethyl-2- 
phenoxymethylbenzimidazole-5-carboxamidine (25 mg) 
and trifluoroacetic acid (1 ml). 
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1214) H-NMR (8 ppm. DMSO-d) 5.52(s.2H), 6.32(s, 
2H), 6.84-6.88(m,3H), 7.13-7.18(m.2H), 7.69-7.76(m,3H), 
7.93(d.1H), 8.28-8.34(m,3H) 9.01(brs.2H), 9.32(brs.2H) 

Example 53 

Synthesis of trans-4-2-4-(1-acetimidoylpiperidin 
4-yloxy)phenoxymethyl-5-amidinobenzimidazol-1- 
ylacetylaminomethylcyclohexanecarboxylic acid 

dihydrochloride 

1215) Step 1 

1216 Ethyl 4-benzyloxyphenoxyacetate 

OBn 

EtOC O 

1217 To a solution of 4-benzyloxyphenol (18.34 g) in 
tetrahydrofuran (150 ml) was added 60% sodium hydride 
(4.76 g) with ice-cooling, and the mixture was stirred at the 
same temperature for 15 min. Ethyl bromoacetate (14.2 ml) 
was added dropwise, and the mixture was Stirred at room 
temperature for 16 hours. After completion of the reaction, 
5% hydrochloric acid was added and the mixture was 
extracted with hexane. The extract was dried over anhydrous 
magnesium Sulfate. The Solvent was evaporated and the 
obtained Solid was filtrated with hexane and dried under 
reduced pressure to give the title compound (21.78 g) as a 
white Solid. 

1219 Step 2 

1220 Ethyl 4-hydroxyphenoxyacetate 

OH 

EtOC O 

1221 Ethy 4-benzyloxyphenoxyacetate (21.78 g) was 
hydrogenated using 7.5% palladium carbon (3.2 g) in tet 
rahydrofuran (220 ml) at 3 atm over 7 hours. After comple 
tion of the reaction, the reaction mixture was filtered through 
celite, and the Solvent was evaporated. The obtained Solid 
was filtrated with diisopropyl ether and dried under reduced 
pressure to give the title compound (13.88 g) as a white 
Solid. 

1222 'H-NMR (8 ppm, DMSO-d) 1.19(tr.J=7.2 Hz,3H), 
4.14(qJ=7.2 Hz,2H), 4.61(s.2H), 6.63-6.76(m.4H), 8.95(s, 
1H) 
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1223 Step 3 
1224) Ethy 4-(1-tert-butoxycarbonylpiperidin-4-ylox 
y)phenoxyacetate 

O 

Bloc.1NO NCOt-Bu 

1225. In the same manner as in Example 37, Step 7, the 
title compound (23.71 g) was obtained from 4-hydroxypip 
eridinecarboxylic acid tert-butyl ester (35.59 g), ethyl 4-hy 
droxyphenoxyacetate (5 g), triphenylphosphine (46.4 g) and 
diethylazodicarboxylate (27.8 ml). 
1226 H-NMR (8 ppm,CDC1,) 1.30(tr.J=7.2 Hz,3H), 
1.47(s.9H), 1.73(m.2H), 1.88(m.2H), 3.30(m.2H), 3.70(m, 
2H), 4.27(qJ=7.2 Hz,2H), 4.33(m.1H), 4.56(s.2H), 6.85(s, 
4H) 
1227 Step 4 
1228 4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phe 
noxyacetic acid 

1N NCOt-Bu 
HOC O 

1229. To a solution of ethyl 4-(1-tert-butoxycarbonylpi 
peridin-4-yloxy)-phenoxyacetate (23.71 g) in a mixture of 
tetrahydrofuran (34 ml) and ethanol (34 ml) was dropwise 
added 1N aqueous lithium hydroxide solution (68.7 ml) with 
ice-cooling, and the mixture was Stirred at room temperature 
for 20 min. After completion of the reaction, the solvent was 
evaporated and to the obtained residue was added 10% 
aqueous citric acid Solution. The mixture was extracted with 
ethyl acetate and washed Successively with water and Satu 
rated brine. The organic layer was dried over anhydrous 
magnesium Sulfate, and the Solvent was evaporated. The 
obtained solid was filtrated with hexane and dried under 
reduced pressure to give the title compound (19.09 g). 

1231 Step 5 
1232 N-4-Cyano-2-4-(1-tert-butoxycarbonylpiperidin 
4-yloxy)phenoxyacetamidolphenylglycine tert-butyl ester 

O 

H NC N O Clos so 
O 

COt-Bu 

1233. In the same manner as in Example 17, Step 8, the 
title compound (17.11g) was obtained as a white Solid from 
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N-(2-amino-4-cyanophenyl)glycine tert-butyl ester (9.11 g) 
and 4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxy 
acetic acid (12.94 g). 

1235) Step 6 
1236 5-Cyano-2-4-(1-tert-butoxycarbonylpiperidin-4- 
yloxy)phenoxymethylbenzimidazole-1-acetic acid 

O 

toy- O Clos O 

N 

N 
CO2H 

1237. A solution of N-4-cyano-2-4-(1-tert-butoxycar 
bonylpiperidin-4-yloxy)phenoxyacetamidolphenylglycine 
tert-butyl ester (16.91 g) in acetic acid (500 ml) was stirred 
at 75 C. for 12 hours. The solvent was evaporated and to the 
obtained residue was added trifluoroacetic acid (100 ml), 
and the mixture was stirred at room temperature for 30 min. 
After completion of the reaction, the Solvent was evapo 
rated. To the obtained residue was added ice and then 
aqueous Sodium hydroxide Solution and the resultant Solid 
was collected by filtration and washed successively with 
water and ethyl acetate to give N-4-cyano-2-4-(piperidin 
4-yloxy)phenoxyacetamidolphenylglycine (8.642 g). In the 
Same manner as in Example 1, Step 1, the title compound 
(9.506 g) was obtained from this compound, di-tert-butyl 
dicarbonate (6.96 g) and 1N aqueous sodium hydroxide 
solution (23.4 ml). 

1239 Step 7 
1240 trans-4-Aminomethylcyclohexanecarboxylic acid 
methyl ester hydrochloride 

HN 

COMe HCI 

1241 The title compound (8.8 g) was obtained from 
trans-4-aminomethylcyclohexanecarboxylic acid (7 g) and 
thionyl chloride (11.6 ml) by a conventional method. 
1242) 'H-NMR (8 ppm.DMSO-d) 0.98(m.2H), 1.29(m, 
2H), 1.55(m.1H), 1.82(m.2H), 1.91 (m.2H), 2.25(m,1H), 
2.26(m.2H), 3.59(s.3H), 8.07(brs.3H) 
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1243 Step 8 

1244 2-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenoxymethyl-5-cyano-1-(trans-4-methoxycarbonylcy 
clohexylmethylcarbamoylmethyl)benzimidazole 

O -Ocosis 
NC N O \-1No 

CO2Me 
N w 

H N. 
O 

1245. In the same manner as in Example 17, Step 10, the 
title compound (1.37 g) was obtained from 5-cyano-2-4- 
(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxymethyl 
benzimidazole-1-acetic acid (1.1 g), trans-4-aminomethyl 
cyclohexanecarboxylic acid methyl ester hydrochloride (452 
mg), N-methylmorpholine (0.263 ml), 1-hydroxybenzotria 
zole hydrate (293 mg) and 1-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (437 mg). 

1246) H-NMR (8 ppm,CDC1) 0.79(m.2H), 1.27(m,3H), 
1.46(s.9H), 1.55(m.2H), 1.72(m.2H), 1.85(m.4H), 2.09(m, 
1H), 3.02(tr.2H), 3.30(m.2H), 3.64(s.3H), 3.67(m.2H), 
4.35(m.1H), 4.97(s.2H), 5.37(s.2H), 5.66(brtr,1H), 6.87(d. 
J=9.0 Hz.2H), 6.95(d.J–9.0 Hz.2H), 7.48(1H), 7.61 (1H), 
8.14(1H) 
1247 Step 9 

1248 2-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenoxymethyl-1-(trans-4-methoxycarbonylcyclohexyl 
methylcarbamoylmethyl)benzimidazole-5-carboxamidine 

NH O -Ocos Bu 
HN N O O yCOMe 

N s 

H 
N 

O 

1249) Hydrogen sulfide was blown into a solution of 
2-4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxym 
ethyl-5-cyano-1-(trans-4-methoxycarbonylcyclohexylm 
ethylcarbamoylmethyl)benzimidazole (1.1 g) in a mixture 
(30 ml) of pyridine-triethylamine (5:1) with ice-cooling, and 
the mixture was stirred at room temperature for 12 hours. 
After completion of the reaction, the Solvent was evaporated 
and the obtained residue was collected by filtration with 
toluene. To the obtained solid were added acetone (30 ml) 
and methyl iodide (1.3 ml), and the mire was stirred under 
reflux for 1 hour. After completion of the reaction, the 
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Solvent was evaporated, and the residue was dried under 
reduced pressure to give 2-4-(1-tert-butoxycarbonylpiperi 
din-4-yloxy)phenoxymethyl-1-(trans-4-methoxycarbonyl 
cyclohexylmethylcarbamoylmethyl)benzimidazole-5-car 
bothioimidic acid methyl ester (1.819 g). A part (606 mg) 
thereof was dissolved in ethanol (10 ml) and thereto was 
added ammonium acetate (80 mg) at room temperature. The 
mixture was stirred at 75 C. for 3 hours. After completion 
of the reaction, the Solvent was evaporated and the obtained 
residue was purified by Silica gel column chromatography 
(chloroform:methanol=95:5-93:7) and dried under reduced 
pressure to give the title compound (341 mg). 

1250) 'H-NMR (8 ppm.DMSO-d) 0.91(m.2H), 1.20 
1.55(m,14H), 1.70(m.2H), 1.86(m.4H), 2.18(m.1H), 
2.94(brtr2H), 3.15(m.2H), 3.58(s.3H), 3.62(m.2H), 4.40(m, 
1H), 5.10(s.2H), 5.30(s.2H), 6.91 (d.J=9.0 Hz,2H), 6.99(d, 
J=9.0 Hz.2H), 7.70(1H), 7.78(1H), 8.21 (1H), 8.35(brtr, 1H), 
8.79(brtr,1H), 9.26(brtr, 1H) 
1251) Step 10 

1252 trans-4-2-4-(1-Acetimidoylpiperidin-4-ylox 
y)phenoxymethyl-5-amidinobenzimidazol-1-ylacetylami 
nomethylcyclohexanecarboxylic acid dihydrochloride 

NH 

Me 

HN v 
O 

CO2H 
N 2HCI 

H N 
1253. In the same manner as in Example 19, Step 11, 
2-4-(piperidin-4-yloxy)phenoxymethyl-1-(trans-4-meth 
oxycarbonylcyclohexylmethyl 
carbamoylmethyl)benzimidazole-5-carboxamidine (299 
mg) was obtained from 2-4-(1-tert-butoxycarbonylpiperi 
din-4-yloxy)phenoxymethyl-1-(trans-4-methoxycarbonyl 
cyclohexylmethylcarbamoylmethyl)benzimidazole-5-car 
boxamidine (341 mg) and trifluoroacetic acid (5 ml). To a 
solution of this compound (205 mg) in methanol (1 ml) was 
added 1N aqueous sodium hydroxide solution (1.57 ml) at 
room temperature, and the mixture was Stirred for 15 hours. 
After completion of the reaction, 1 N-hydrochloric acid 
(0.944 ml) was added and the solvent was evaporated and 
the residue was dried under reduced pressure. To the 
obtained residue were added methanol (5 ml), triethylamine 
(0.439 ml) and ethyl acetimidate hydrochloride (195 mg), 
and the mixture was Stirred at room temperature for 15 
hours. After completion of the reaction, the Solvent was 
evaporated and the obtained residue was separated by HPLC 
(40% methanol-water, 0.05% trifluoroacetic acid). Thereto 
was added dil. hydrochloric acid and the Solvent was evapo 
rated. The residue was dried under reduced pressure to give 
the title compound (78 mg). 
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Example 54 

Synthesis of trans-4-2-4-(1-acetimidoylpiperidin 
4-yloxy)phenoxymethyl-5-(N-methylamidino)benz 
imidazol-1-ylacetylaminomethylcyclohexanecar 

boxylic acid dihydrochloride 

1254 Step 1 
1255 N-Methyl-2-4-(1-tert-butoxycarbonylpiperidin-4- 
yloxy)phenoxymethyl-1-(trans-4-methoxycarbonylcyclo 
hexylmethylcarbamoylmethyl)benzimidazole-5-carboxami 
dine 

NMe O -Ocob 
HN N O O 

COMe 
N w 

H 
N 

O 

1256 In the same manner as in Example 53, Step 9, the 
title compound (447 mg) was obtained from 2-4-(1-tert 
butoxycarbonylpiperidin-4-yloxy)phenoxymethyl-1-(trans 
4-methoxycarbonylcyclohexylm 
ethylcarbamoylmethyl)benzimidazole-5-carbothioimidic 
acid methyl ester (606 mg), methylamine hydrochloride (70 
mg) and Sodium acetate (85 mg). 
1257 "H-NMR (8 ppm.DMSO-d) 0.91(m.2H), 1.16 
1.55(m,14H), 1.70(m.2H), 1.85(m.4H), 2.18(m.1H), 
2.94(brtr,2H), 3.03(s.3H), 3.16(m.2H), 3.58(s.3H), 3.61(m, 
2H), 4.42(m.1H), 5.10(s.2H), 5.30(s.2H), 6.91 (d.J=9.0 
Hz,2H), 6.99(d.J=9.0 Hz,2H), 7.64(dd.J=1.5, 8.5 Hz,1H), 
7.77(d.J-7.77 Hz,1H), 8.11(d.J=1.5 Hz,1H), 8.34(brtr, 1H) 
1258 Step 2 
1259 trans-4-2-4-(1-Acetimidoylpiperidin-4-ylox 
y)phenoxymethyl-5-(N-methylamidino)benzimidazol-1- 
ylacetylaminomethylcyclohexanecarboxylic acid dihydro 
chloride 

NH 

NMe o-O-( 
Me 

HN v 
O 

CO2H 
N 2HCI 

H N' 
O 

1260. In the same manner as in Example 53, Step 10, the 
title compound (149 mg) was obtained from N-methyl-2- 
4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxym 
ethyl-1-(trans4-methoxycarbonylcyclohexylm 
ethylcarbamoylmethyl)benzimidazole-5-carboxamidine 
(447 mg), trifluoroacetic acid (5 ml), 1N aqueous Sodium 
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1276 To a solution of 3,4-diaminobenzonitrile (474 mg), 
4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxyacetic 
acid (1.25 g) in tetrahydrofuran (50 ml) was added 1-ethoxy 
carbonyl-2-ethoxy-1,2-dihydroxyquinoline (1.06 g) with 
ice-cooling, and the mixture was Stirred at room temperature 
for 16 hours. After completion of the reaction, the solvent 
was evaporated and to the obtained residue were added 
chloroform and hexane. The resultant solid was collected by 
filtration and dried under reduced pressure to give the title 
compound (1.55g). 

1278 Step 3 
1279 2-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenoxymethyl-5-cyanobenzimidazole 

O 

toy- O Clos O 

1280. In the same manner as in Example 19, Step 8, the 
title compound (1.04 g) was obtained from 4-4-(2-amino 
5-cyanophenylcarbamoylmethoxy)phenyloxypiperidine-1- 
carboxylic acid tert-butyl ester (1.52 g). 
1281 H-NMR (8 ppm.CDC1,) 1.47(s.9H), 1.73(m.2H), 
1.88(m.2H), 3.30(m.2H), 3.69(m.2H), 4.35(m.1H), 5.36(s, 
2H), 6.86-6.96(m.4H), 7.54(s.1H) 
1282 Step 4 
1283 2-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenoxymethyl-5-cyano-1-phenacylbenzimidazole 

O 

o y-n O Ol. Bu O 

N 

O 

1284) To a solution of 2-4-(1-tert-butoxycarbonylpiperi 
din-4-yloxy)phenoxymethyl-5-cyanobenzimidazole (915 
mg) in dimethylformamide (15 ml) was added 60% sodium 
hydride (90 mg) with ice-cooling, and the mixture was 
stirred at the same temperature for 20 min. Phenacyl bro 
mide (426 mg) was added and the mixture was stirred at 
room temperature for 15 hours. After completion of the 
reaction, the reaction mixture was extracted with ethyl 
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acetate and washed Successively with water and Saturated 
brine. The organic layer was dried over anhydrous Sodium 
Sulfate, and the Solvent was evaporated. The obtained resi 
due was purified by HPLC (hexane:ethyl acetate=2:3) to 
give the title compound (385 mg). 
1285 H-NMR (8 ppm,CDC1,) 1.46(s.9H), 1.68(m.2H), 
1.83(m.2H), 3.27(m.2H), 3.66(m.2H), 4.29(m.1H), 5.34(s, 
2H), 5.79(s.2H), 6.75-6.82(m.4H), 7.27(1H), 7.54(1H), 
7.59(2H), 7.72(tr. 1H), 8.02(2H), 8.15(1H) 
1286) Step 5 
1287 2-4-(Piperidin-4-yloxy)phenoxymethyl-1-phena 
cylbenzimidazole-5-carboxamidine dihydrochloride 

NH O 

HN y-n O Ol. O 

N O2HCI 

O 

1288. In the same manner as in Example 53, Step 9, 
2-4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxym 
ethyl-1-phenacylbenzimidazole-5-carbothioimidic acid 
methyl ester (127 mg) was obtained from 2-4-(1-tert 
butoxycarbonylpiperidin-4-yloxy)phenoxymethyl-5-cy 
ano-1-phenacylbenzimidazole (182 mg), hydrogen Sulfide, 
methyl iodide (0.204 ml) and ammonium acetate (38 mg). 
To a solution of this compound in chloroform (1 ml) was 
added trifluoroacetic acid (1 ml), and the mixture was stirred 
for 5 min. The solvent was evaporated and the obtained 
residue was dissolved in methanol. Thereto was added 10% 
hydrogen chloride-methanol (0.5 ml) and the solvent was 
evaporated. The residue was dried under reduced pressure to 
give the title compound (109 mg). 
1289) H-NMR (8 ppm. DMSO-d) 1.77(m.2H), 2.00(m, 
2H), 3.01(m.2H), 3.15(m.2H), 4.45(m.1H), 5.37(s.2H), 
6.18(s.2H), 6.78-6.86(m.4H), 7.59-7.84(m.5H), 8.09(d.2H), 
8.26(s.1H), 8.80-9.10(m.4H), 9.33(brs.2H) 

Example 57 
Synthesis of 2-4-(1-acetimidoylpiperidin-4-ylox 
y)phenoxymethyl-1-phenacylbenzimidazole-5-car 

boxamidine dihydrochloride 
1290) 

NH O 

HN v OO O Me 



US 2004/OOO6099 A1 

1291. In the same manner as in Example 29, Step 1, 
2-4-(1-acetimidoylpiperidin-4-yloxy)phenoxymethyl)-1- 
phenacylbenzidazole-5-carboxamidine was obtained from 
2-4-(piperidin-4-yloxy)phenoxymethyl-1-phenacylbenz 
imidazole-5-carboxamidine dihydrochloride (85 mg), tri 
ethylamine (0.128 ml) and ethyl acetimidate hydrochloride 
(57 mg). Isopropanol was added to this compound and the 
resultant solid was collected by filtration and dried under 
reduced pressure to give the title compound (17 mg). 
1292 'H-NMR (8 ppm.DMSO-d) 1.69(m.2H), 1.95(m, 
2H), 2.27(s.3H), 3.50(m.2H), 3.71(m.2H), 4.52(m,1H), 
5.37(s.2H), 6.19(s.2H), 6.80(d.J=9.0 Hz.2H), 6.86(d.J=9.0 
Hz.2H), 7.63(tr.2H), 7.71-7.79(m.2H), 7.83(1H), 8.10(2H), 
8.26(s.1H), 8.60, 8.95, 9.20, 9.31(6H) 

Example 58 

Synthesis of 2-2-4-ethoxycarbonyl-1-(pyridin-4- 
yl)piperidin-4-yl)ethyl-1-(cyclohexylcarbamoylm 
ethyl)benzimidazole-5-carboxamidine dihydrochlo 

ride 

1293 Step 1 
1294 4-Ethoxycarbonyl-4-2-(1,3-dioxolan-2-yl)ethyl 
piperidine-1-carboxylic acid tert-butyl ester 

NCOt-Bu 

O 

C 
1295. In the same manner as in Example 10, Step 5, the 

title compound (520 mg) was obtained from 1-tert-butoxy 
carbonylisonipecotinic acid ethyl ester (500 mg), a 1.5M 
lithium diisopropylamide-tetrahydrofuran solution (1.6 ml) 
and 2-(2-bromoethyl)-1,3-dioxolane (0.27 ml). 
1296) H-NMR(8 ppm,CDC1,) 1.26(tr.J=7.2 Hz,2H), 
1.35(m.2H), 1.44(s.9H), 1.62(m.4H), 2.07-2.11(m.2H), 
2.88(m.2H), 3.81-3.97(m,6H), 4.17(qJ=7.2 Hz,2H), 4.81 (tr. 
1H) 
1297 Step 2 
1298) 4-Ethoxycarbonyl-4-2-(1,3-dioxolan-2-yl)ethyl 
piperidine-1-carboxylic acid benzyl ester 

COEt 

NCOBn 

O 

C 
1299 To a solution of 4-ethoxycarbonyl-4-2-(1,3-diox 
olan-2-yl)ethylpiperidine-1-carboxylic acid tert-butyl ester 
(450mg) in chloroform (2 ml) was added trifluoroacetic acid 
(2 ml), and the mixture was stirred for several minutes. After 
completion of the reaction, the Solvent was evaporated and 
to the obtained residue was added acqueous Sodium hydro 

COEt 
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gencarbonate Solution. The mixture was extracted with ethyl 
acetate and washed with Saturated brine. The organic layer 
was dried over anhydrous Sodium Sulfate and the Solvent 
was evaporated to give 4-2-(1,3-dioxolan-2-yl)ethylpiperi 
dine-4-carboxylic acid ethyl ester. Then, in the same manner 
as in Example 10, Step 1, the title compound (460 mg) was 
obtained from Sodium hydrogencarbonate (127 mg) and 
benzyloxycarbonyl chloride (0.22 ml). 
1300 Step 3 
1301 4-Ethoxycarbonyl-4-(2-formylethyl)piperidine-1- 
carboxylic acid benzyl ester 

NCOBn 

OHC 
COEt 

1302) 4-Ethoxycarbonyl-4-2-(1,3-dioxolan-2-yl)ethyl 
piperidine-1-carboxylic acid benzyl ester (460 mg) was 
dissolved in tetrahydrofuran (5 ml) and thereto was drop 
wise added conc. hydrochloric acid (5 ml) with ice-cooling, 
and the mixture was stirred at room temperature for 1 hour. 
After completion of the reaction, the reaction mixture was 
poured into acqueous Sodium hydrogencarbonate Solution 
and the mixture was extracted with ethyl acetate. The 
organic layer was washed Successively with water and 
Saturated brine and dried over anhydrous Sodium Sulfate. 
The Solvent was evaporated and the obtained residue was 
purified by Silica gel column chromatography (hexane:ac 
etone=5:1) to give the title compound (300 mg). 

1304) Step 4 
1305 Cyclohexylcarbamoylmethylcarbamic acid benzyl 
eSter 

poor 
O 

H 
N 

1306 To a solution of N-(benzyloxycarbonyl)glycine 
(13.21 g), 1-hydroxybenzotriazole hydrate (9.39 g) in dim 
ethylformamide (92 ml) were added cyclohexylamine (7.95 
ml) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (13.32 g), and the mixture was stirred at room 
temperature for 7 hours. After completion of the reaction, 
the reaction mixture was extracted with ethyl acetate and 
washed Successively with water, acqueous Sodium hydrogen 
carbonate solution, 10% hydrochloric acid and saturated 
brine. The organic layer was dried over anhydrous magne 
sium Sulfate and the Solvent was evaporated. The obtained 
residue was recrystallized from ethyl acetate and hexane to 
give the title compound (16.799 g). 
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1307) H-NMR (8 ppm,CDC1,) 1.13(m,3H), 1.35(m.2H), 
1.67(m,3H), 1.86(m.2H), 3.76(m.1H), 3.82(d.J=5.7 Hz,2H), 
5.13(s.2H), 5.41(brs,1H), 5.81 (brs,1H), 7.32-7.37(m.5H) 
1308) Step 5 
1309) 4-(Cyclohexylcarbamoylmethylamino)-3-ni 
trobenzonitrile 

NC NO2 

1. 
O 

H 
N 

1310 Cyclohexylcarbamoylmethylcarbamic acid benzyl 
ester (16.359 g) was hydrogenated using 7.5% palladium 
carbon (3.24 g) in ethanol (164 ml) Solution at atmospheric 
preSSure over 8 hours. After completion of the reaction, the 
reaction mixture was filtered through celite, and the Solvent 
was evaporated. The obtained residue was dissolved in a 
mixture of ethanol (50 ml) and isopropanol (50 ml). Thereto 
were added 4-chloro-3-nitrobenzonitrile (8.23 g) and tri 
ethylamine (7.1 ml), and the mixture was stirred under reflux 
for 6 hours. After completion of the reaction, water was 
added under reflux and the mixture was ice-cooled. The 
resultant Solid was collected by filtration and washed Suc 
cessively with water and diisopropyl ether to give the title 
compound (10.211 g). 

1312) Step 6 

1313 3-Amino-4-(cyclohexylcarbamoylmethylami 
no)benzonitrile 

NC NH2 

1. 
O 

H 
N 

1314 4-(Cyclohexylcarbamoylmethylamino)-3-ni 
trobenzonitrile (3.64 g) was hydrogenated using 7.5% pal 
ladium carbon (1.1 g) in tetrahydrofuran (100 ml) at atmo 
Spheric pressure over 40 min. After completion of the 
reaction, the reaction mixture was filtered through celite, and 
the Solvent was evaporated and the residue was dried under 
reduced pressure to give the title compound (3.274 g). 
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1316) Step 7 
1317 4-2-5-Cyano-2-(cyclohexylcarbamoylmethy 
lamino)phenylcarbamoylethyl-4-ethoxycarbonylpiperi 
dine-1-carboxylic acid benzyl ester 

NCOBn. 

NC 

COEt 

NH 

HN 

1318. To a solution of 4-ethoxycarbonyl-4-(2-formyleth 
yl)piperidine-1-carboxylic acid benzyl ester (50 mg) in 
tert-butanol (1 ml) were added aqueous Sodium dihydrogen 
phosphate solution (25 mg/0.5 ml), amylene (0.06 ml) and 
aqueous Sodium chlorite Solution (40 mg/0.5 ml), and the 
mixture was stirred at room temperature for 1 hour. After 
completion of the reaction, hydrochloric acid and 5% aque 
ous Sodium thiosulfate Solution were added and the reaction 
mixture was extracted with ethyl acetate. The organic layer 
was washed with Saturated brine and dried over anhydrous 
Sodium Sulfate. The Solvent was evaporated and the obtained 
residue was dissolved in dimethylformamide (1 ml). Thereto 
were added 3-amino-4-(cyclohexylcarbamoylmethylami 
no)benzonitrile (39 mg), 1-hydroxybenzotriazole hydrate 
(21 mg) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiim 
ide hydrochloride (30 mg), and the mixture was stirred at 
room temperature for 12 hours. After completion of the 
reaction, aqueous Sodium hydrogencarbonate Solution was 
added and the reaction mixture was extracted with ethyl 
acetate and washed Successively with water and Saturated 
brine. The organic layer was dried over anhydrous Sodium 
Sulfate and the Solvent was evaporated. The obtained residue 
was recrystallized from ethyl acetate and dried under 
reduced pressure to give the title compound (51 mg). 
1319) H-NMR (8 ppm.CDC1,) 1.29(tr.J-72 Hz,3H), 
0.95-1.76(m, 12H), 1.99(m.2H), 2.18(m.2H), 2.44(tr.2H), 
2.96(m.2H), 3.74(m.1H), 3.90(d.J=6.3 Hz.2H), 4.00(m.2H), 
4.17(qJ=7.2 Hz.2H), 5.12(s.2H), 5.22(tr.J=6.3 Hz,1H), 
6.59(1H), 6.82(1H), 7.31-744(m.8H) 
1320) Step 8 
1321 2-2-(1-Benzyloxycarbonyl-4-ethoxycarbonylpip 
eridin-4-yl)ethyl-5-cyano-1-(cyclohexylcarbamoylmethyl 
)benzimidazole 

NCOBn 
NC N 

COEt 
N 2 

H 
N 

O 
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1337. In the same manner as in Example 7, the title 
compound (20 mg) was obtained from 2-2-4-ethoxycar 
bonyl-1-(pyridin-4-yl)piperidin-4-yl)ethyl-1-(cyclohexyl 
carbamoylmethyl)benzimidazole-5-carboxamidine dihydro 
chloride (50mg) and conc. hydrochloric acid (1.5 ml). The 
compound was purified by preparative HPLC (30-50% 
methanol-water). 
1338 H-NMR (8 ppm.DMSO-d) 1.19(m.5H), 1.65(m, 
7H), 2.17(m.4H), 2.87(m.2H), 3.29(m.2H), 4.08(m.2H), 
5.01(s.2H), 7.19(2H), 7.72(d.J=8.7 Hz,1H), 7.77(d.J-8.7 
HZ,1H), 8.14(s.1H), 8.21(2H), 8.56(d.1H), 9.07(brs.2H), 
9.34(brs.2H), 13.56(brs,1H) 

Example 60 

Synthesis of 1-(cyclohexylcarbamoylmethyl)-2-N- 
1-(pyridin-4-yl)piperidin-4-yl)-N-ethoxalylaminom 
ethylbenzimidazole-5-carboxamidine dihydrochlo 

ride 

1339 Step 1 
1340 1-(Pyridin-4-yl)piperidine-4-carbamic acid benzyl 
eSter 

post-O \ / 

1341) To a suspension of 1-(pyridin-4-yl)piperidine-4- 
carboxylic acid (11.18 g) and triethylamine (11.3 ml) in 
dimethylformamide (110 ml) was added diphenylphospho 
ryl azide (12.9 ml) at room temperature, and the mixture was 
stirred at 80° C. for 30 min. Benzyl alcohol (6.17 ml) was 
added at the same temperature, and the mixture was stirred 
for 12 hours. After completion of the reaction, the solvent 
was evaporated and the obtained residue was purified by 
Silica gel column chromatography (chloroform:methanol= 
99: 1-95:5) and dried under reduced pressure to give the title 
compound (9.46 g). 

1342) 'H-NMR (8 ppm,CDC1,) 1.45(m.2H), 2.05(m.2H), 
2.98(m.2H), 3.79(m,3H), 4.82(brd,1H), 5.10(s.2H), 6.64(dd, 
J=1.2, 5.1 Hz,2H), 7.29-7.41(m.5H), 8.25(dd.J=1.2, 5.1 
Hz.2H) 
1343 Step 2 
1344) 4-Amino-1-(pyridin-4-yl)piperidine 

1345) 1-(Pyridin-4-yl)piperidine-4-carbamic acid benzyl 
ester (9.46 g) was hydrogenated using 7.5% palladium 
carbon (3.57 g) in ethanol (95 ml) solution at 3 atm over 3 
hours. After completion of the reaction, the reaction mixture 
was filtered through celite, and the Solvent was evaporated 
and the residue was dried under reduced pressure to give the 
title compound (5.38 g). 
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1346) H-NMR (8 ppm.DMSO-d) 1.22(m.2H), 1.73(m, 
2H), 2.87(m,3H), 3.82(m.2H), 6.78(d.J=6.5 Hz,2H), 8.11(d. 
J=6.5 Hz,2H) 
1347 Step 3 
1348 2-Chloromethyl-1-(cyclohexylcarbamoylmethyl)- 
5-cyanobenzimidazole 

NC N 

y-na 
N 

rC 
1349 To a solution of chloroacetonitrile (3.9 ml) in 
methanol (166 ml) was added sodium methoxide (3.29 g), 
and the mixture was stirred at room temperature for 40 min 
under a nitrogen atmosphere. MethaneSulfonic acid (7.91 
ml) and 3-amino-4-(cyclohexylcarbamoylmethylami 
no)benzonitrile (8.3 g) were added, and the mixture was 
stirred for 3 hours. After completion of the reaction, water 
(166 ml) was added and the precipitated Solid was collected 
by filtration, and washed with a small amount of water. The 
obtained Solid was stirred in a mixture of hexane and 
tetrahydrofuran, collected by filtration and dried under 
reduced pressure to give the title compound (9.30 g). 
1350) 'H-NMR (8 ppm. DMSO-d) 1.22(m.5H), 1.57(m, 
1H), 1.74(m.4H), 3.55(m.1H), 5.02-5.03(m.4H), 7.69(s.2H), 
8.21(s.1H), 8.34(brd,1H) 
1351 Step 4 
1352) 1-(Cyclohexylcarbamoylmethyl)-5-cyano-2-1- 
(pyridin-4-yl)piperidin-4-ylaminomethylbenzimidazole 

NN 

2 
NC y-r 

N 

rC 
1353 A solution of 4-amino-1-(pyridin-4-yl)piperidine 
(1.91 g), 2-chloromethyl-1-(cyclohexylcarbamoylmethyl)- 
5-cyanobenzimidazole (3.25 g) and triethylamine (2.74 ml) 
in dimethylformamide (15 ml) was stirred at room tempera 
ture for 1 day. After completion of the reaction, the Solvent 
was evaporated. The obtained residue was extracted with 
chloroform and washed with water. The organic layer was 
dried over anhydrous Sodium Sulfate and the Solvent was 
evaporated. The obtained residue was purified by Silica gel 
column chromatography (chloroform:methanol=9:1, 1% 
aqueous ammonia) and dried under reduced pressure to give 
the title compound (1.464 g). 
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1368 A Solution of 4-(4-aminophenoxy)piperidine-1- 
carboxylic acid tert-butyl ester (8.21 g), 2-chloromethyl-1- 
(cyclohexylcarbamoylmethyl)-5-cyanobenzimidazole (9.29 
g) and diisopropylethylamine (9.8 ml) in dimethylforma 
mide (93 ml) was stirred at 60° C. for 14 hours. After 
completion of the reaction, the Solvent was evaporated and 
the obtained residue was extracted with ethyl acetate and 
washed with water. The organic layer was dried over anhy 
drous magnesium Sulfate and the Solvent was evaporated. To 
the obtained residue were added ethyl acetate and hexane 
and the precipitated Solid was collected by filtration, washed 
with diisopropyl ether and dried under reduced pressure to 
give the title compound (15.726 g). 

1370 Step 2 

1371) 2-N-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl)-N-ethoxycarbonylmethylaminomethyl-1-(cyclo 
hexylcarbamoylmethyl)-5-cyanobenzimidazole 

O roy-O'Clos 
S- so 

cr" 
1372) To a solution of 2-4-(1-tert-butoxycarbonylpiperi 
din-4-yloxy)phenylaminomethyl-1-(cyclohexylcarbamoyl 
methyl)-5-cyanobenzimidazole (247 mg) in dimethylforma 
mide (2.5 ml) were added potassium carbonate (175 mg) and 
ethyl bromoacetate (0.07 ml), and the mixture was stirred at 
room temperature for 24 hours. Thereto were added potas 
sium carbonate (175 mg) and ethyl bromoacetate (0.07 ml), 
and the mixture was Stirred at room temperature for 24 
hours. Further, ethyl bromoacetate (0.07ml) was added, and 
the mixture was stirred at room, temperature for 24 hours. 
After completion of the reaction, water was added and the 
mixture was extracted with ethyl acetate and washed with 
water. The organic layer was dried over anhydrous magne 
sium Sulfate and the Solvent was evaporated. The obtained 
residue was purified by Silica gel column chromatography 
(hexane:ethyl acetate=1:1) to give the title compound (124 
mg). 

1373) H-NMR(8 ppm.CDC1,) 0.88-1.35(m. 10H), 
1.46(s.9H), 1.67(m.5H), 1.86(m.2H), 3.29(m.2H), 3.67(m, 
3H), 4.01-4.07(m.4H), 4.32(m.1H), 4.69(s.2H), 4.93(s.2H), 
6.50(d.1H), 6.81 (d.J=9.1 Hz.2H), 6.88(d.J=9.1 Hz,2H), 
7.44(1H), 7.54(1H), 8.03(1H) 
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1374 Step 3 
1375 2-N-4-(1-Acetimidoylpiperidin-4-yloxy)phenyl 
N-ethoxycarbonylmethylaminomethyl-1-(cyclohexylcar 
bamoylmethyl)benzimidazole-5-carboxamidine dihydro 
chloride 

NH O 

r 
COEt s 2 O2HCI 

NH 

1376. In the same manner as in Example 38, Step 8, 
2-N-4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenyl 
N-ethoxycarbonylmethylaminomethyl-1-(cyclohexylcar 
bamoylmethyl)benzimidazole-5-carboxamidine (47 mg) 
was obtained from 2-N-4-(1-tert-butoxycarbonylpiperidin 
4-yloxy)phenyl-N-ethoxycarbonylmethylaminomethyl)-1- 
(cyclohexylcarbamoylmethyl)-5-cyanobenzimidazole (247 
mg), hydrogen Sulfide, methyl iodide (1 ml) and ammonium 
acetate (21 mg). Then, in the same manner as in Example 53, 
Step 10, the title compound (28 mg) was obtained. 
1377 'H-NMR(8 ppm, DMSO-d) 1.17(tr.J=7.2 Hz,3H), 
1.10-135(m.5H), 1.50-1.80(m,7H), 1.99(m.2H), 2.28(s, 
3H), 3.40-3.60(m,3H), 4.10(qJ=7.2 Hz,2H), 4.18(m.2H), 
4.46(m.1H), 4.86(s.2H), 5.07(s.2H), 6.74(d.J=9.0 Hz,2H), 
6.85(d.J–9.0 Hz.2H), 7.73(1H), 7.80(1H), 8.15(1H), 
8.47(1H), 8.70(1H), 9.04(2H), 9.25(1H), 9.31(2H) 

Example 63 
Synthesis of N-5-amidino-1-(cyclohexylcarbamoyl 
methyl)benzimidazol-2-ylmethyl-N-4-(1-acetimi 
doylpiperidin-4-yloxy)phenylcarbamoylbenzoic 

acid 

1378 Step 1 
1379 2-N-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl-N-(4-methoxycarbonylbenzoyl)aminomethyl)-1- 
(cyclohexylcarbamoylmethyl)-5-cyanobenzimidazole 

O roy-CCo y-n 
N 

s O 
NH 

1380. To a solution of 2-4-(1-tert-butoxycarbonylpiperi 
din-4-yloxy)phenylaminomethyl-1-(cyclohexylcarbamoyl 
methyl)-5-cyanobenzimidazole (331 mg) and triethylamine 
(0.118 ml) in chloroform (10 ml) were added methyl 4-chlo 
roformyl benzoate (112 mg) and 4-dimethylaminopyridine 

COMe 
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(15 mg), and the mixture was stirred at room temperature for 
13 hours. After completion of the reaction, the solvent was 
evaporated and the obtained residue was extracted with ethyl 
acetate and washed Successively with 10% aqueous citric 
acid Solution and Saturated brine. The organic layer was 
dried over anhydrous magnesium Sulfate and the Solvent was 
evaporated. The obtained residue was washed with chloro 
form-diisopropyl ether, collected by filtration and dried 
under reduced pressure to give the title compound (333 mg). 

1382 Step 2 
1383 2-N-4-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl-N-(4-methoxycarbonylbenzoyl)aminomethyl)-1- 
(cyclohexylcarbamoylmethyl)benzimidazole-5-carboxami 
dine 

NH O 

N HN W O Clos y-n 
N 

s O 
NH 

1384. In the same manner as in Example 17, Step 12, the 
title compound (201 mg) was obtained from 2-N-4-(1-tert 
butoxycarbonylpiperidin-4-yloxy)phenyl-N-(4-methoxy 
carbonylbenzoyl)aminomethyl-1-(cyclohexylcarbamoylm 
ethyl)-5-cyanobenzimidazole (333 mg), hydrogen Sulfide, 
methyl iodide (0.277 ml) and ammonium acetate (51 mg). 
1385 H-NMR(8 ppm,CDC1,) 1.08(m,3H), 1.23(m.2H), 
1.46(s.9H), 1.52-18O(m,7H), 1.86(m.2H), 3.29(m.2H), 
3.67(m,3H), 3.87(s.3H), 4.36(m,1H), 5.07(s.2H), 5.25(s, 
2H), 6.41(d.1H), 6.72(d.J=8.9 Hz.2H), 7.08(d.J=8.9 Hz,2H), 
7.34(d.J-8.3 Hz,2H), 7.47(1H), 7.56(1H), 7.84(d.J-8.3 
Hz.2H), 8.05(1H) 
1386 Step 3 
1387 2-N-4-(Piperidin-4-yloxy)phenyl-N-(4-meth 
oxycarbonylbenzoyl)aminomethyl-1-(cyclohexylcarbam 
oylmethyl)benzimidazole-5-carboxamidine dihydrochloride 

NH O 

y-n N 
N 

O2HCI 

NH COMe 

COMe 
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1388 To a solution of 2-N-4-(1-tert-butoxycarbonylpi 
peridin-4-yloxy)phenyl-N-(4-methoxycarbonylbenzoy 
l)aminomethyl-1-(cyclohexylcarbamoylmethyl)ben 
Zimidazole-5-carboxamidine (201 mg) in chloroform (1 ml) 
was added trifluoroacetic acid (1 ml), and the mixture was 
stirred for 5 min. After completion of the reaction, the 
Solvent was evaporated and to the obtained residue was 
added a 1N hydrogen chloride-diethyl ether solution. The 
obtained solid was collected by filtration and dried under 
reduced pressure to give the title compound (175 mg). 

1389) H-NMR(8 ppm. DMSO-d) 1.21(m.5H), 1.50 
1.84(m,7H), 2.00(m.2H), 2.99(m.2H), 3.14(m.2H), 3.53(m, 
1H), 3.81 (s.3H), 4.52(m.1H), 5.18(s.2H), 5.35(s.2H), 
6.82(d.J=9.0 Hz.2H), 7.21(d.J=9.0 Hz,2H), 7.40(d.J=8.4 
Hz,2H), 7.75(s.2H), 7.79(d.J=8.4 Hz,2H), 8.19(s, 1H), 
8.57(d.1H), 9.05(brs.2H), 9.10(brs.2H), 9.33(brs.2H) 
1390 Step 4 

1391 N-5-Amidino-1-(cyclohexylcarbamoylmethyl 
)benzimidazol-2-ylmethyl-N-4-(1-acetimidoylpiperidin-4- 
yloxy)phenylcarbamoylbenzoic acid 

NH O 

HN y- O C Me 
N 

O 2IC NH 
O 

NH CO2H 

1392 To a solution of 2-N-4-(piperidin-4-yloxy)phe 
nyl-N-(4-methoxycarbonylbenzoyl)aminomethyl-1-(cy 
clohexylcarbamoylmethyl)benzimidazole-5-carboxamidine 
dihydrochloride (93 mg) in methanol (1 ml) was added a 1N 
aqueous sodium hydroxide solution (0.629 ml), and the 
mixture was Stirred at room temperature for 15 hours. After 
completion of the reaction, 1N hydrochloric acid (0.377ml) 
was added and the Solvent was evaporated and dried under 
reduced pressure. The obtained residue was dissolved in 
methanol (2 ml) and treated in the same manner as in 
Example 29, Step 1 using triethylamine (0.175 ml) and ethyl 
acetimidate hydrochloride (78 mg) to give the title com 
pound (28 mg) as a white Solid. 

1393) 'H-NMR(8 ppm. DMSO-d) 1.20(m.5H), 1.46 
1.60(m,7H), 1.96(m.2H), 2.27(s.3H), 3.35-3.60(m,3H), 
4.57(m.1H), 5.17(s.2H), 5.34(s.2H), 6.82(d.J=5.6 Hz,2H), 
7.20(d.J-5.6 Hz,2H), 7.37(2H), 7.70-7.80(m.4H), 8.19(s, 
1H), 8.56(1H), 8.75(brs,1H), 9.11(brs.2H), 9.33(brs.3H) 
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Example 64 

Synthesis of 2-N-4-(1-amidinopiperidin-4-ylox 
y)phenyl-N-(4-methoxycarbonylbenzoyl)ami 
nomethyl-1-(cyclohexylcarbamoylmethyl)ben 
Zimidazole-5-carboxamidine dihydrochloride 

1394) 

O 

y-n O O NH2 N 

's- O 

cr" 
1395 2-N-4-(Piperidin-4-yloxy)phenyl-N-(4-meth 
oxycarbonylbenzoyl)aminomethyl-1-(cyclohexylcarbam 
oylmethyl)benzimidazole-5-carboxamidine dihydrochloride 
(220 mg) was dissolved in 10% methanol (2 ml) and 
neutralized with ion-exchange resin (IRA-410). The mixture 
was filtrated, and the filtrate was concentrated. To a Solution 
of the obtained residue in dimethylformamide (2 ml) were 
added diisopropylethylamine (0.053 ml) and 1H-pyrazole 
1-carboxamidine hydrochloride (44 mg) at room tempera 
ture, and the mixture was stirred for 20 hours. After comple 
tion of the reaction, the Solvent was evaporated and the 
obtained residue was separated with HPLC (50% methanol 
water, 0.05% trifluoroacetic acid) and thereto was added dil. 
hydrochloric acid. The solvent was evaporated and dried 
under reduced pressure to give the title compound (155 mg). 

NH 

HN 

O2HCI 

COMe 

Example 65 

Synthesis of N-5-amidino-1-(cyclohexylcarbamoyl 
methyl)benzimidazol-2-ylmethyl-N-4-(1-amidi 

nopiperidin-4-yloxy)phenylcarbamoylbenzoic acid 
dihydrochloride 

N 

s O 
NH CO2H 

1397) 

NH 

HN 
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1398 To a solution of 2-N-4-(1-amidinopiperidin-4- 
yloxy)phenyl-N-(4-methoxycarbonylbenzoyl)ami 
nomethyl-1-(cyclohexylcarbamoylmethyl)benzimidazole 
5-carboxamidine dihydrochloride (130 mg) in methanol (2 
ml) was added 1N aqueous sodium hydroxide solution (0.7 
ml), and the mixture was stirred at room temperature for 6 
hours. After completion of the reaction, the Solvent was 
evaporated and the obtained residue was separated by HPLC 
(50% methanol-water, 0.05% trifluoroacetic acid) and 
thereto was added dil. hydrochloric acid. The solvent was 
evaporated and dried under reduced pressure to give the title 
compound (100 mg). 

1399) 'H-NMR(8 ppm. DMSO-d) 1.19(m.5H), 1.45 
1.75(m,7H), 1.90(m.2H), 3.27(m.2H), 4.51(m.1H), 5.17(s, 
2H), 5.33(s.2H), 6.80(d.J=5.7 Hz,2H), 7.18(d.J=5.7 Hz,2H), 
7.36(2H), 7.52(s.4H), 7.74-7.77(m.4H), 8.18(s.1H), 
8.55(1H), 9.10(brs.2H), 9.32(brs.2H) 

Example 66 

Synthesis of N-5-amidino-1-(cyclohexylcarbamoyl 
methyl)benzimidazol-2-ylmethyl-N-4-(1-acetimi 
doylpiperidin-4-yloxy)phenylsulfamoylacetic acid 

dihydrochloride 

1400 Step 1 

1401] 2-4-N-(1-tert-Butoxycarbonylpiperidin-4-ylox 
y)phenyl-N-ethoxycarbonylmethylsulfonylaminomethyl 
1-(cyclohexylcarbamoylmethyl)-5-cyanobenzimidazole 

O 

NC y-n O Clos N 

N 

C 
COEt 

1402) To a solution of chlorosulfonylacetylchloride (2 g) 
in chloroform (40 ml) was added ethanol (0.696 ml) at -78 
C. and the mixture was stirred at room temperature for 30 
min. After completion of the reaction, the Solvent was 
evaporated. A solution of obtained residue in chloroform (10 
ml) was dropwise added to a solution of 2-4-(1-tert-butoxy 
carbonylpiperidin-4-yloxy)phenylaminomethyl-1-(cyclo 
hexylcarbamoylethyl)-5-cyanobenzimidazole (5.1 g) and 
pyridine (2.1 ml) in chloroform (88 ml) with ice-cooling. 
The mixture was Stirred at the same temperature for 1 hour. 
After completion of the reaction, water was added and the 
mixture was extracted with chloroform and washed Succes 
Sively with water and Saturated brine. The organic layer was 
dried over anhydrous magnesium Sulfate and the Solvent was 
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evaporated. The obtained residue was purified by Silica gel 
column chromatography (hexane:ethyl acetate=3:7->2:8) 
and dried under reduced pressure to give the title compound 
(4.25 g). 

1403) H-NMR(8 ppm,CDC1,) 1.14-1.44(m.5H), 1.37(tr. 
J=7.2 Hz,3H), 1.46(s.9H), 1.55-1.78(m.5H), 1.80-2.00(m, 
4H), 3.32(m.2H), 3.65(m.2H), 3.77(m.1H), 4.10(s.2H), 
4.34(qJ=7.2 Hz,2H), 4.39(m.1H), 4.99(s.2H), 5.21(s.2H), 
6.04(d.1H), 6.84(d.J=8.9 Hz.2H), 7.32(d.J=8.9 Hz,2H), 
7.53(s.2H), 7.94(s.1H) 
1404) Step 2 

1405 N-5-Amidino-1-(cyclohexylcarbamoylmethyl 
)benzimidazol-2-ylmethyl-N-4-(1-acetimidoylpiperidin-4- 
yloxy)phenylsulfamoylacetic acid dihydrochloride 

NH O 

y-r r 
SO NH 

O l O2HCI 
CO2H 

NH 

1406 Hydrogen chloride was blown into a solution of 
2-4-N-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenyl 
N-ethoxycarbonylmethylsulfonylaminomethyl-1-(cyclo 
hexylcarbamoylmethyl)-5-cyanobenzimidazole (3.34 g) in 
ethanol (33 ml) with ice-cooling, and the mixture was stirred 
at room temperature for 15 hours. The Solvent was evapo 
rated and the obtained residue was dissolved in methanol (30 
ml) and ethanol (33 ml). Ammonium acetate (3.49 g) was 
added, and the mixture was stirred at room temperature for 
15 hours. After completion of the reaction, 4N hydrogen 
chloride-dioxane solution (7.9 ml) was added and the result 
ant insoluble material was removed. The Solvent was evapo 
rated, and the residue was dried under reduced pressure. The 
obtained residue was dissolved in methanol (33 ml) and 
reacted in the same manner as in Example 29, Step 1 with 
triethylamine (8.1 ml) and ethyl acetimidate hydrochlonrde 
(4.48 g). After completion of the reaction, insoluble material 
was removed and the Solvent was evaporated. To the 
obtained residue was added 2N hydrochloric acid (50 ml), 
and the mixture was stirred under reflux for 2 hours. After 
completion of the reaction, the Solvent was evaporated and 
the obtained residue was separated by HPLC (37-45% 
methanol-water, 0.05% trifluoroacetic acid) and dil. hydro 
chloric acid was added. The Solvent was evaporated and 
dried under reduced pressure to give the title compound 
(1.76 g). 

1407 H-NMR(8 ppm. DMSO-d) 1.23(m.5H), 1.50 
1.85(m,7H), 2.00(m.2H), 2.29(s.3H), 3.52(m,3H), 3.75(m, 
2H), 4.37(s.2H), 4.66(m,1H), 5.10(s.2H), 5.22(s.2H), 
6.97(d.J=8.9 Hz.2H), 7.42(d.J=8.9 Hz.2H), 7.72(s.2H), 
8.13(s.1H), 8.57(d.1H), 8.82(brs,1H), 9.15-9.50(5H) 

87 
Jan. 8, 2004 

Example 67 
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroiso 

quinolin-7-yloxymethyl)-1-(pyridin-4-yl)piperidine 
4-carboxylic acid methaneSulfonate 

1408) 

n N 

NH N 21 

ls O MeSOH 

HN O CO2H 

1409) 4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7- 
yloxymethyl)-1-(pyridin-4-yl)piperidine-4-carboxylic acid 
(10g) was Suspended in water (50 ml) and methaneSulfonic 
acid (1.6 ml) was added. The mixture was heated to 50° C. 
for dissolution. Then, acetone (150 ml) was added dropwise, 
and the mixture was stirred at the same temperature for 1 
hour. The mixture was allowed to cool to room temperature. 
The precipitated crystals were collected by filtration to give 
the title compound (11.56 g). 

1411. In the same manner as in Example 1 to Example 67, 
the compounds of Example 68 to Example 115 were 
obtained. The obtained compounds are shown, in Table 1 to 
Table 8. 

Example 68 
7-1-(Pyridin-4-ylacetyl)piperidin-4-ylmethoxy)-1,2, 
3,4-tetrahydroisoquinoline-2-carboxamidine dihy 

drochloride 

Example 69 
7-1-(3-Aminobenzyl)piperidin-4-ylmethoxy]-1,2,3, 
4-tetrahydroisoquinoline-2-carboxamidine dihydro 

chloride 

1413) H-NMR(8 ppm, DMSO-d) 1.67(m.2H), 1.95(m, 
3H), 2.81 (m.2H), 2.96(m.2H), 3.34(m.2H), 3.56(m.2H), 
3.86(m.2H), 6.70(1H), 6.81(1H), 707-7.37(m.5H), 
7.56(brs.4H), 10.52(brs,1H) 

Example 70 
7-1-(2-Hydroxybenzyl)piperidin-4-ylmethoxy)-1,2, 
3,4-tetrahydroisoquinoline-2-carboxamidine dihy 

drochloride 

1414) H-NMR(8 ppm, DMSO-d) 1.64(m.2H), 1.94(m, 
3H), 2.81(m.2H), 3.00(m.2H), 3.38(m.2H), 3.79(m.2H), 
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TABLE 1. 

Ex. R. R2 R3 R 

68 H H H n 

69 H H H 

7O H. H. H. OH 

71 H H H 

72 H H H COMe 

73 H H H N1 NcoBn 
O 

74 H. H. H. O 
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1464) 

TABLE 6 

Ex. R. R. R. R 

103 H H H CN 
O NN 

O2HCI 
NH 

104 H H H COEt 
O NN 

O2HCI 
N 

r 
2N 

105 H. H. H. 

oct Me 

106 H H H 
n N 

Me 

107 H H H O 

N Cy 
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TABLE 7-continued 

Ex. R. R2 R3 R 

cy-CC 
NEt 

O 
O s O2HCI 

CO2H 

1466 

TABLE 8 

Ex. R. R2 R3 R 

113 H H H 

r 
N 2 

N 

y-n 
N H COMe 

s O2HCI 
NH 

114 H. H. H. 

r 
N 2 

N 

y-n 
N H CO.Me 
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TABLE 8-continued 

Ex. R. R. R. R 

115 H. H. H. O 

Experimental Examples 
1467 The biological activity of the compound of the 
present invention was tested. The compound of the present 
invention was compared with a control compound, (2S)-2- 
4-(3S)-1-acetimidoylpyrrolidin-3-yloxyphenyl-3-7- 
amidinonaphthalen-2-ylpropionic acid hydrochloride pen 
tahydrate of the following formula: 

O. 
NH '' NH 

N-( 
HN Me 

HC SHO 
CO2H 

1468 as Comparative Example 1. 
Test of Enzyme Inhibition Using Synthetic 
Substrate (Experimental Examples 1-2) 

Experimental Example 1 
Determination of Anti-Factor Xa (FXa) Activity 

1469 Human FXa. Enzyme research Laboratories 
(USA) enzyme (40 ul, 0.16 U/ml) and test compounds (40 
All) adjusted to various concentrations were incubated in 
0.1M Tris (Tris-hydroxymethyl-aminomethane) buffer (pH 
8.4) containing 0.2M sodium chloride (herein to be referred 
to as 0.1M tris-0.2M NaCl buffer) (40 ul) at 37° C. for 10 
min. A synthetic substrate S-2222 (Daiichi Pure Chemical 
(Tokyo, Japan), 40 ul) adjusted to 0.8 mM was added and the 
mixture was incubated at 37 C. for 10 min. The reaction 
was stopped by addition of 60% acetic acid (40 ul) and 
absorbance at 405 nm was measured by Model 3550 (BIO 
RAD). For the control, the solvent was used instead of test 
compound. The value of control was taken as 100% and the 
drug concentration showing 50% absorbance of control was 
taken as ICs. The results are shown in Table 9. 

Experimental Example 2 

Determination of Anti-Factor IIa (FIIa) Activity 
1470 Human FIIa (Sigma) enzyme (40 ul, 3.2 U/ml) and 

test compounds (40 ul) adjusted to various concentrations 
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were incubated in 0.1M tris-0.2M NaCl buffer (pH 8.4) (40 
ul) at 37° C. for 10 min. A synthetic substrate S-2238 
(Daiichi Pure Chemical (Tokyo, Japan), 40 ul) adjusted to 
0.8 mM was added and the mixture was incubated at 37 C. 
for 20 min. The reaction was stopped by addition of 60% 
acetic acid (40 ul) and absorbance at 405 nm was measured 
by Model 3550 (BIO-RAD). For the control, the solvent was 
used instead of the test compound. The value of control was 
taken as 100% and the drug concentration showing 50% 
absorbance of control was taken as ICso (uM). The results 
are shown in Table 9. 

TABLE 9 

Experimental Experimental 
test Example 1 Example 2 
compound (uM) (uM) 

Example O.O6 >10 
Example 2 0.4 >10 
Example 4 O.6 >10 
Example 6 O.08 >10 
Example 7 O.O3 >10 
Example 10 O.7 >10 
Example 11 O.3 >10 
Example 12 O.6 >10 
Example 13 O.2 >10 
Example 14 O.1 >10 
Example 15 O.2 >10 
Example 16 O.2 >10 
Example 17 O.OO3 >10 
Example 18 O.O1 >10 
Example 21 O.7 >10 
Example 22 O.8 >10 
Example 29 0.5 >10 
Example 30 0.4 >10 
Example 32 0.4 >10 
Example 33 O.3 >10 
Example 34 O.2 >10 
Example 37 O.04 >10 
Example 39 0.5 >10 
Example 40 0.5 >10 
Example 43 0.4 >10 
Example 44 O.7 >10 
Example 53 0.5 >10 
Example 57 O.OS >10 
Example 60 O.9 >10 
Example 61 O.3 >10 
Example 62 O.1 >10 
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TABLE 9-continued 

Example 63 O.O1 >10 
Example 64 O1 >10 
Example 65 O.O2 >10 
Example 67 >10 
Example 83 O.7 >10 
Example 88 O.2 >10 
Example 89 O.2 >10 
Example 98 0.4 >10 
Example 99 O.7 >10 
Example 100 O6 >10 
Example 109 O.2 >10 
Example 110 O.08 >10 
Example 112 O.O2 >10 

Experimental Example 3 

Determination of Prothrombin Time (PT) 
1471 Blood was taken from mouse, rat, crab-eating 
monkey and healthy human Volunteers, and citric acid was 
added. The blood was centrifuged at 4 C. and 2000 G for 
15 min to obtain normal plasma of various animals. 
1472) Purified water (5ul) containing various concentra 
tions of test compound was added to plasma (45 ul) and the 
resultant mixtures were used as Samples. Thrombin reagent 
(Baxter) was prepared and heated at 37° C. for 5 min, and 
a sample (50 ul) was admixed with the thrombin reagent 
(100 ul). The time (PT) until precipitation of fibrin was 
measured. The drug concentration that doubled the PT hours 
of the drug untreated group was calculated and taken as CT. 
The results are shown in Table 10. 

TABLE 10 

CT (M 

OSC rat test compound crab-eating monkey human 

Example 7 1O 3O 0.5 
Example 17 2 2 0.5 
Example 67 5 
Comparative Example 1 1O 1O 4 2 

Intravenous Administration Tests (Experimental 
Examples 4-5) 

Experimental Example 4 

Intravenous Administration Tests in Mouse 

1473 A test compound dissolved in physiological saline 
was intravenously administered to ICR mice (body weight 
20-30 g, 4-6 weeks old) and the activity of the test com 
pound was evaluated based on the human FXa inhibitory 
activity in Serum as an indicator. 
1474. At 10, 30, 60, 120 min from the intravenous 
administration, blood was taken from the eye ground using 
a hematocrit tube. The blood was centrifuged at 9000 G for 
5 min and the obtained Serum was used for the determina 
tion. 

1475 Human FXa inhibitory activity was measured as 
follows. Human FXa. Enzyme research Laboratories 
(USA) enzyme (40 ul, 0.5 U/ml) and a 4-fold diluted 
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plasma sample (40 ul) were incubated in 0.1M Tris-0.2M 
NaCl buffer (pH 8.4) (40 ul) at 37°C. for 10 min. A synthetic 
substrate S-2222 (Daiichi Pure Chemical (Tokyo, Japan), 40 
ul) adjusted to 0.8 mM was added and the mixture was 
incubated at 37 C. for 5 min. The reaction was stopped by 
addition of 60% acetic acid (40 ul) and absorbance at 405 
nm was measured by Model 3550 (BIO-RAD). For the 
control, Serum or plasma obtained prior to blood Sampling 
was used for measurement. Human FXa inhibitory activity 
was calculated as inhibition percentage (%) against control. 
The results are shown in Table 11. 

TABLE 11 

Inhibition (%) (mean + S.D.: n = 3 

dose 1O 3O 60 12O 
test compound (mg/kg) minutes minutes minutes minutes 

Example 7 1. 64 2 54 - 1 46 - 4 3O 5 
3 82 1 78 1 72 2 59 - 5 

Example 17 O.1 31 3 10 O 4 O 7 
O.3 65 - 1 385 16 3 8 - 4 
1. 70 1 69 - 2 41 - 10 13 

Example 18 1. 73 1 60 - 4 40 3 23 - 5 
Example 63 O.3 32 2 16 4 3 13 

1. 55 3 46 - 5 16 - 7 3 6 
Example 64 1. 55 - 2 43 - 5 28 6 
Example 65 1. 55 - 1 34 - 2 17 - 2 
Example 112 1. 49 1 41 - 8 23 11 
Comparative 1. 43 3 14 - 2 O 1 1 + 2 
Example 1 

Experimental Example 5 

Intravenous Administration Tests. In Monkey 
1476 A test compound dissolved in physiological saline 
was intravenously administered to monkey (crab-eating 
monkey, body weight 3.5-4.5 kg) and the activity of the test 
compound was evaluated based on the human FXa inhibi 
tory activity in plasma as an indicator. 
1477. At 10, 30, 60, 120, 180 min from the intravenous 
administration, blood was taken from the Saphenous vein 
with the passage of time and the blood was centrifuged at 
2000 G for 10 min. The obtained citric acid plasma was used 
for the determination. Human FXa inhibitory activity was 
determined in the same manner as in the test using mouse. 
The results are shown in Table 12. 

TABLE 12 

Inhibition (%) (mean + S.D.: n = 3 

test dose 1O 3O 60 12O 18O 
compound (mg/kg) minutes minutes minutes minutes minutes 

Example 9 1. 82 + 1 72 + 2 58 - 4 413 29 - 2 
Example 17 1. 90 - 6 90 - 1 86 - 2 77 6 65 - 12 

Oral Administration Tests (Experimental Examples 
6-7) 

Experimental Example 6 

Oral Administration Tests. In Mouse 

1478 A test compound dissolved in distilled water was 
orally administered to ICR mice (body weight 20-30 g, 4-6 


















