1 SPECI FI CATI ON AM DI NE COVPOUND FI LD OF THE MVENTI ON The present invention
relates to a novel am di ne conpound having a bl ood coagul ati on factor Xa
inhibitory activity. The presenttinvention also relates to a pharnaceuti cal
conposition, a factor Xa inhibi t}o'r and a therapeutic agent for the di seases
caused by bl ood coagul ati on or thrombus, which conpfises this conmpound.
BACKGROUND OF THE MVEONTI ON One of the etiologies of thronbosis, such as
unst abl e angi na, deep vein thronbosi stand di ssem nated intravascul ar

coagul ation (DIC), is pronotion of blood coagul ati on. For the prophylaxis
and treatnment of thronbus, heparin and warfarin have been conventionally
used. Heparin acts on antithronSPECIFICATION|) to indirectly inhibit the
coagul ati on system and, therefqr q&zﬂ how a weak action on arteri al
thrombus. Heparin is associ atm é@ n of an anti body agai nst

pl atel et factor (PF4), which WW@&&W In sonme patients, and a
propensity toward henorrhage as a side eftect. Warfarin requires |onger
time for the exicFSsIH IBVENLoR relalrs te pmevel agpidinecompound hewinga hlgodn easy
and safea{?gg i S Pl?sé S, | ' ired to
overcone t slg&g?g’gftg%sﬂ.ﬁ @h‘g& ctcc?)lr ifl?sh%;}g#;@%‘}re%tﬁ gg%h%gr\?llalrt%s tg%lsrml ecul ar
wei ght of pld@ntentical doimpositionna faater Xa jmhibiteryandt shthefapeutic agensfonthd vat ed on
a phosphol.i pid nenbrane . in.the presence of.a factor | Xa/fagctor

VI T 1o Cal Fe8 SRRSO, Haod coamieior g Grombils, iR comprses TS on syst em

cal | ed ex¢drhpsired.pat hway, factor X is activated by factor Vila in the

presence of a tissue factor and becones factor Xa. The factor Xa generated
in the both pathways acti PATCRPENROFHEHINVENKION t hr onbi n. The gener at ed

t hronbi n f urt hehy,Q6f ihbdkBRelcdor HES ' %?@gfao e a large
anount of thro%rllns t?‘gonseqﬁfgn?fy, Hb%%gln%gcg\ g%%‘?rg% corr rdlgéalsr)\ﬂéﬁgoagul ation
of- bl ood Ywommbesis and disseminated intravascular coagulation (DIC), is promotion of

blood coggulaﬁon. For the prophylaxis and treatment of thrombus, heparin and
warfarin have been conventionally used. Heparin 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 hemorrhage as a side effect. Warfarin requires longer time for
the gxpression 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.

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 VIlla/Ca® complex and becomes factor Xa. In the
coagulation system called extrinsic pathway, factor X is activated by factor Vila 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. Consequently, fibrinogen becomes fibrin and coagulation of blood
occurs.. '

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
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I nasnuch as the bl ood coagul ation systemis an anplification reaction,

i nhi bition of generation of thronmbin in the early stage is considered to be
nore efficient than direct inhibition of the activity of the generated
thrombin. In 2 addition, since factor Xa is the confluence of intrinsic
and extrinsic coagul ati on pathways, inhibition of factor Xa is considered
to be extrenely effective. Sone reports have docunented that | ow nol ecul ar
wei ght heparin showed a | ower tendency of bleeding than heparin in clinical

appl i cat i QistioraRthdeTadot Kalis Hid dde1Q8RQOT i tHi s hes bariaged gé@s, 74, 464
(1995)), it was found that inhibition of factor Xa rather than thronbln

showed | epashways dnlaipition ¢ factar X is qumsiderest © beeytEerdy ciectivani Mer has a
pot ent | al rBhri BAYE ACBEALRRRINNS HLIEAAE: WelRPHEPAR LS Atviche bl eedi ng

ti me obser in t e use of conventiona | coa nts actor Xa

i nhi bi tortenm&:'b’f/dfmsﬁﬁlrrg thahdwpsria mohmoamppiatamms fodimkdesthessimg n R err],

y ar ol RGHO0 g RA Pty Neimpon 7 MR ddSo P A se rgsiTheCinbiiyom.cy

al kynyl Oxéffaétaf mﬁmeﬁhkeﬁ%mmyﬂloweﬂ 1&§§wnqzeug,aéméedmg Therefore, a

al kynyl oxycar bonyl, carboxyal kyl , alkoxycarbonylalky

al renyl f)f( tor Feriphibitey hasa p&FW%s&w taprypus eflectavithadjl ene t
(6] I Ona en ato
P s a botgEeiihe bE Bedite MK k3 é%%@?@%ﬁ%%%ﬁ%gﬁ at om or

CO Zis a sat uﬂrsaam(ttcanamﬂwlmwraWWp)Bilﬁﬁdidc;osss:bsbmpntmd ofieheer o ri ng or
car bon riln%,l_1 %pt lonally substituted am no, hydroxy, carboxy, al koxycarbonyl

or al kyl an integer of 1 or 2, and mis an integer of 0 to 4. In
addi tion, Japanese Paﬁpnt Unexami ned Publication No. 5-208946 (US Patent
No. 5620991, EP 0051) | oses a conmpound of the fornmula wherein
Rerr] is hydrb/ge Ern.o.rAJ_ovwaRal koxv, R2 is hydrogen atom |ower alkyl,
| ower al k 5 > al kow I"]-P/| car boxyal kvl or al koxycar bonyl al kyl ,

re] i
Rlerr] is  \n,

wherein R!, R? and R® are each hydrogen atom, hydroxy, halogen atom,
hydroxyalkyl, alkyl, alkenyl, alkynyl, alkoxy, aralkyloxy, alkenyloxy, alkynyloxy,
carboxy, alkoxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl, carboxyalkyl,
alkoxycarbonylalkyl, alkenyloxycarbonylalkyl 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 (US Patent No. 5620991, EP No. 540051)

discloses a compound of the formula

R! R’ R3

HN, X ==
}@@-A—{ }—x-(CHz)n—Y

HoN 1

wherein R'is hydrogen atom or lower alkoxy, R? is hydrogen atom, lower alkyl,
lower alkoxy, carboxy, alkoxycarbonyl, carboxyalkyl or alkoxycarbonylalkyl, R? is
hydrogen atom, carboxy, alkoxycarbonyl, carboxyalkyl, alkoxycarbonylalkyl,

carboxvalkoxy or alkoxycarbonylalkoxy, R* is hydrogen atom, hydroxy, lower alkyl



hydrogen atom carboxq, al ko.xycarbonyl, carboxyal kyl, al koxycarbonyl al kyl,
car boxval koxy or al koxvcarbonyl al koxy, R4 is hydrogen atom hydroxv, | ower
al kyl 3 or lower alkoxy, nis an integer of 0 or 1, Ais (err]-Cerr]
al kyl ene optionally substituted by 1 or 2 substituents from hydroxyal kyl,
car boxyl, al koxycarbonyl, carboxyal kyl and al koxycar bonyl al kyl, X is a
singl e bond, oxygen atom sulfur atomor carbonyl, Y is optionally
substituted saturated or unsaturated 3 or 6-nmenbered heterocyclic group or
cyclic hydrocarbon group, optionally substituted am no or optionally

substituted, am noal kyl,, and a of the f la is sel ctedfrom
i ndol yl , ISEMET } Dig a0 e ﬁ‘%éﬁ;é %é{f%ﬂ@@ﬁ%{l €o a&‘artwte
b t hi

enzo 'aﬁ']&’br28ﬁ9§ﬁt’0¥htssﬁ&ﬁ gyd*?amze forwramokf&amﬁ

W96/ 16940 di scl oses a conpoun a wherein Rl |s h ogen atom
or a groupgngralkerycaponylatiyl, X inargiegle ponfhapaeen atorm sulfigr @@}31 erfcarbenyior nul a

or -SJ erx o ngl e
bond or |¥]]d§ mﬁéﬁrjﬂﬁ hﬁy‘g%‘%&e t(?areq?rn?’5 f@goﬁlona y su%ﬁ(}c?(f&ted

| over al kygrouppt c;mhehwrcx:aﬁxni gmhpdommbnﬁbkvéummdtammldrwp&uhany t ut ed
aryl, or I Qna substituted heter r ththe provi so that when Wis
a group ofs% %Wé%ﬂ"&’ﬁlﬂﬁ[@‘f ‘éto'ﬁ Be hydrogen atom but is not
hydr oxy or JesyeL, al koxy, wherei n R5 i's hydrogen atom carbanoyl, | ower

al koxycar b pno- or di (| ower) al kyl am nocar bonyl, | ower al kyl sul fonyl,
nono- or dr¥ r)aI kyl ammi not hi ocar bonyl, optionally substitut ed | ower

al kyl or t yl;
Rl err] isq#)lg%lr ogen wa%fy?l ogenk% %éét?‘ge ybe%éhlﬁa%eg%m h<

hydr oxy, Ihﬂmmadzklykmphﬂm,rtgahhydmnaphtbwbanmhmnyh alFoothertnofz, i S I ower
Ay ene  Ro68) PS80 disdbsess ompound bl fordmug O 1 D SCHEBURE OF THE

HN

)—- 1.{1 R? HNYRZ

HoN N
; \O\o_/“j

wherein R! is hydrogen atom or a group of the formula -A-W-R* wherein A is a

group of the formula

¥ 99

-C~ » —-C—~C-

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 optionally 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(lowerjalkylaminocarbonyl, 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 O or 1.

DISCLOSURE OF THE INVENTION



4 The present invention ains at providing a novel conpound useful as a
factor Xa inhibitor. The present invention also ains at providing a novel
factor Xa inhibitor. In view of the above situation, the present inventors
conducted intensive studies in an attenpt to find a conpound useful as a
factor Xa inhibitor and found the aniqgne conpound of the follow ng formula
[1]. They have further found that the conpound can be a superior factor Xa
i nhi bitor and conpl eted the present invention. The conpound of the present
i nvention speci fljheqirbsenit riiehtibs aﬁhga?pnmmgh ahoodl cbﬁxp‘gﬂthBeﬁﬂdls ghows
strong antjcoagul ation action. Therefqre, the conmpound is useful as an
agent for fRfer g?SHHP}t%(i gr&’ﬁli’&‘?%iﬂt FVERHORASO W%ﬁﬁr(?ﬁ% 3B Ecﬁoﬁaiaed by

bl ood coa fopn or thronbus, nanely, cerebrovascul ar diseases such as
cerebral infarction, cerebral thronbosis, cerebral enbolism transient

i schexni a at t acin ¢iEwX)f the abavecsinsitionhdhemresendg envendorsicendudted intsnsieg ni ¢

heart di seases_such_gs_acut ' | Iafractiaon nst abl e
angi na, co S?V wila "ﬁ%‘ggFost%}a&rzéC?ﬁégﬁiggﬁﬁﬁr@%ﬁ? X\%alg'gl 1oF "‘811!%‘%{%“23 such
as pul nonahy aimiéineCotrpounduwf tia allywiigfotnhsia (AN didyendve fierthemduld skas es
caused by various vascul ar disorders such as peripheral arterial enbolism
deep vei n e compOLnd cag s SHACRIOE AR FapheRutar andcompletsd ity preseRtomosi s
after Surgﬁ{}?hdbfn. artificial blood vessels or replacenment of artificial

val ve, reocclusion or restenosis after coronary bypass, reocclusion or
rest enosi s af t eTheavammiundaf ithnprasent invergioncspesificalysinhititsddloed nal coronary

(P ancopREiEfp st S5 RARSRG%S ShBRE s PR BR A, [ FEARR B8 100 (e
A t(g’ri g!sgl erotic O.EHSfﬁgfaf iaﬁ?geg“gf er F?@:@Z%Fﬁ?ﬁ;ﬁg&@gﬁdﬁ hr onbus
3; atrial DPIHSES FALTEEHRY loed girguaten or b, el PR Easev EFent al

Exampl e 2 digedags 8¢t hoB&Eb A tiffhirctidh "&@ebral thrombosis, cerebral embolism,
transient ischemia attack (TIA), subarchnoid hemorrhage and the like; ischemic

heart diseases such as acute or chronic myocardial infraction, unstable angina,
coronary thrombosis and the like; pulmonary vascular diseases such as
pulmonary infraction, pulmonary embolism and the like; and diseases caused by
various vascular disorders such as peripheral arterial embolism, deep vein
thrombosis, disseminated intravascular 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 coronary angioplasty (PTCA), percutaneous
transluminal coronary 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.

As is evident from Experimental Example 2 to be mentioned later, since
the compound of the present invention does not have inhibitory activity against
thrombin, namely, factor Ila (Flla), 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.

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



t he compound of the present invention does not have inhibitory activity
agai nst thronbin, nanely, factor Ila (Flla), henorrhage as a side effect is
considered to be noticeably |ess. Experinental Exanples 6 and 7 to be
mentioned |l ater reveal striking factor Xa inhibitory effect by oral

adm nistration. There is also a finding that factor Xa is involved in the
growm h of influenza virus (Japanese Patent Unexam ned Publication No.
6-227971). Thus, the 5 conpound of Hhe present invention is expected to
be useful for the prophylaxis and/or treatnment of influenza. The present

i nvention f he f ol lL.owing fornoul 1, ich is
useful as a&J'Pg(B@?)dr E%QPE%%??S%nB Wﬁegg\,émeﬂ]@e&l&é‘ﬁ? E’f‘%ﬁ}? n rel ates
t o a fact oandéoritrdatimehoofinfige@nta. cont ai ni ng a conmpound of the foll ow ng
formula [I] or salt t her eof , or %rodrugthereof as an _active ingredient.

More parti cul ar | JH¢ PIRSCHBEEON, fipdeR ocgsppaHnseef the doliopingirmyla L] (23) .
(1) An am ghp i§ Qx@ﬁ'ﬂﬁg a(féctéxhﬁa frﬁﬁﬂ?g&a i Jid(ﬁﬁoﬁlq}l;l Peehl ifRention r(ilé a group

of the fornula wherein Rlerr] Is hydrogen atom roxy, | ower | ower

al koxy or e Bgtar Xa inhjbiRsy ﬂgemntﬁgmngaimpm the&rllbwmg formblﬂ/{el

2l Koxyoar E@ﬂ%%altar T A S R AR A F B et bt SO o
?P.t :c Fﬂglr |O mmmmmmn ;imh@wmeablmwln@(mqm) al kyl, al koxy or

(1) An amidine compound of the formula [I ]

3
N’ R
1
RIG A g (1)
R2
wherein
R is a group of the formula

R4
N \
Q;L’:—'(CHQk—Xz—X3—@N-X4—X5—R5
i RS
R4
N
\(:L:'—(CHz)k—xz—x3—CN-x4—x5—R6
RS

or
N
s Dy roees
N
I

(CHz)n—Y4 _YS_R8

wherein
R* is hydrogen atom, hydroxy, lower alkyl, lower alkoxy or halogen atom,
R’ is hydrogen atom, cyano, carboxy or lower alkoxycarbonyl,
R® is hydrogen atom, cycloalkyl, hydroxy, carboxy, lower alkoxycarbonyl,
aralkyloxycarbonyl
wherein said aralkyloxycarbonyl is optionally substituted by halogen
atom, nitro, alkyl, alkoxy or trifluoromethyl,



6 nitro, amno, |ower alkylamno, di(lower)al kylam no, aryl, heteroaryl
wherein said aryl or heteroaryl is optionally substituted by 1 to 3
substituents selected fromlower al kyl, hydroxy, |ower al koxy, carboxv,

| ower al koxycar bonyl, aral kyl oxycarbonyl, nitro, am no, acylam no, am dino
and hydroxyam di no, 5- to 7-nenbered éaturated het erocycl e having at | east
one nitrogen atom wherein said saturated heterocycle is optionally
substituted by |ower alkyl, acyl di(Iomer)aIkylaniino(lomer)alkanoyl or

i ni doyl, or Hﬂo%%hellaw% Og&)déaﬂamﬁgnﬁied arl, RakREeN atom X2 is

oxygen atom sul'fur atom - NH or a si ngle bond, X3 is
(CHerr])m \Ahewémrm}smslegylmrfmﬁemwéwpt@naﬂy%b@tumebydt~p$ is 0 or an

integer of 1 to %]]?ﬁ Q.aa\ﬁF :115%8 car bon
atons, al kenyl en‘g tg{\}??ltg If {eﬁéfmg?%\%% n@(ﬁor ’a single &gb on ,x3g7 is
hydrogen atom lmmraﬂdxbzgdrbonyl%aﬂbémwmﬁﬁhgr nftro, anoxg gEoyisahion) sul fur
atom NH, NR[ erralTg ere| err] .i,s lower al kyl, aral kyl wherein said
aral kyl is opti ‘Wﬁ? '9' ’f}'ﬁgﬂ 1 to 3 substituents sel ected from

hal ogen at omg- 't&?‘@ﬁerﬁb&)éh safyelte@Woteroey@é hatik sy leabbbrRahitisben Si6aR0, Nitro,
anm no and acyl oxy, hydroxy, and R10 is |ower_ alkyl, |ower al koxy, am no,

| ower al kyl ami nwhcreml semcm@,up@ﬁdl&wqm@e is optionally substituted by lower alkyl,
acyl, di(lower)alkylamino(lowerjalkanoyl or imidoyl, or

/"’N*

T Hal -

wherein Ak is lower alky! and Hal is halogen atom,
X? is oxygen atom, sulfur atom, -SO,-, -SO,NH- or a single bond,
X? is {CH,),,- wherein m is O or an integer of 1 to 3,
X* is =CO-, -C(=NH)-, -SO,-, -CONH-, -CSNH-, -SO,NH-, -(CH,},CONH-,

-(CH,),CH(CH])-,
N T . T ey
LS WP LS N

wherein ris O or an integer of 1 to 3, or a single bond,
X? is alkylene having 1 to 6 carbon atoms, alkenylene having 2 to 6 carbon
atoms, or a single bond,

R’ is hydrogen atom, lower alkyl or

RIO

wherein R is oxygen atom, sulfur atom, NH, NR*
wherein R" is lower alkyl, aralkyl
wherein said aralkyl is optionally substituted by 1 to 3
substituents selected from halogen atom, lower alkyl, hydroxy,
lower alkoxy, haloalkyl, cyano, nitro, amino and acyloxy,
or hydroxy, and R is lower alkyl, lower alkoxy, amino, lower
alkylamino or di(lower)alkylamino,



7 Rerr] is hydrogen atom |ower al kyl, cycloal kyl wherein cycloal kyl is
optionally substituted by | ower al kyl or carboxy, carboxy, |ower

al koxycarbonyl, aryl, heteroaryl wherein said aryl or heteroaryl is
optionally substituted by 1 to 3 substituents selected from hal ogen atom
| ower al kyl wherein said |lower alkyl js optionally substituted by hal ogen
atom hydroxy, |ower al koxy, carboxy ‘and | ower al koxycarbonyl, aral kyl
wherein aral kyl is optionally substituted by 1 to 3 substituents sel ected

from hal 096”12%%6%& Yeitordl Weraﬁ&ﬁrc??.‘l}ﬁaﬂc&pwer al koxy, hal oal kyl, cvano,
nitro, amno and~ac menber ed sat urated heterocycl e having

at | east one nlwh@“gmilo@ﬂwlhﬁ[@m}lanlés‘o&%‘éwddwdﬁwerml or-aarhety, -NR[err] -
wherein R er %I 8I=S'ir] wherein R err] is hydrogen
atom | ower %‘Eb "or arau?d erei Xé’?c}{ﬁk al kyl or aryl is optionally
substituted by-whmhmxyndbgMerhahhﬁxwuabbumyﬂbunﬂnnakmybp&woarbonyl, [err]
wherein r is 0 or an integer a,single bond y[err] is oxygen

atom sul fur atSHAsHuERtS ESQBH'HE‘QI%@F%P“* owE&lsln s and t are the same

or different and ezaﬁéieinssa?dndw& sYptib §ub§ﬁ t"édsdy"!ﬁall eRdibm, YL €rr] is
oxygen atom -CO, -CJerr]- a@l p nhﬂy s or 8gs|ngle bond,

[err] wherein Axydrogy, lawes seﬁlfbowamweﬁtommbe@ﬁh is lower alkyl, p
Is 0 or ani %rhg{eu%a%a(rﬁqgis Stichfly BinHefitettsy SR FsWstitlidri§ 588N each

is 0 or an intedger ©
from halogen atom, lower alkyl, hydroxy, lower alkoxy, haloalkyl, cyano, nitro,

amino and acyloxy,
or 5 to 7-membered saturated heterocycle having at least one nitrogen atom,
Y! is oxygen atom, -NH-, -CONH-, -NR*?-
wherein R* is lower alkyl or -Y®-R"
wherein R is hydrogen atom, lower alkyl or aryl
wherein said lower alkyl or aryl is optionally substituted by
carboxy, lower alkoxycarbonyl or aralkyloxycarbonyl,
Y® is -CO-, -CO,-, -COCO,-, -SO,-, -SO,(CH,),- or -(CH,),-
wherein r is 0 or an integer of 1 to 3,
or a single bond,
Y? is oxygen atom, sulfur atom or a single bond,
Yiis

N Y (CHa)s \
———— — N-
N LS (CHa), 7

wherein s and t are the same or different and each is an integer of 1 to 3,
or a single bond,
Y* is oxygen atom, -CO-, -CO,-, -SO,-, -CONH-, -CH=CH- or a single bond,
Y? is ~(CHy),-, -(CHy)y~CHAK-(CH,),~, -(CH,},~CAk Ak~(CH,)},~,
_Go_
wherein Ak, AK’ are the same or different and each is lower alkyl, pis O 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,



or a single bond, ring Ais wherein R err] is carboxy, |ower al koxycarbonyl
or aral kyl oxycarbonyl wherein said aral kyl oxycarbonyl is optionally
substituted by hal ogen atom nitro, alkyl, alkoxy or trifluoronethyl, j is
1 or 2, kis Oor 1, and mand n are the same or different and each is 0 or
an integer of 1 to 3; and Rerr], Rerr] and R err] are the sane or
different and each is hydrogen atom hydroxy, |ower alkyl or aryl, or a
salt thereof or a prodrug thereof. (28 The am di ne conpound of the formula
[11 described in (1) above, wherein Ris a group of the formula wherein
Rerr], R[er er. Xerr], Xerr], Xerr], X | and k are as defined
above, ?ﬂﬂ' RbﬁéPbe or a prodrug thereof. (3) The am di ne conpound
described |rhﬁgA1§bove, having the forrmula [I], wherein Ris a group of the

formul a wher ei n [err] j and k are as defined above, or a salt thereof
or a prodrug ther (4) e am di ne ound described in (3) above,
havi ng the for ] ans grM¥op of the fornmula N wherein [err]

j and k are as dWed ab or o sa hereof or a prodrug thereof. (5)
The ani di ne conmpound déscribed in (4)R above having the fornmula [1],
wherei n wherein R is carboxy, lower alkoxycarbonyl or aralkyloxycarbonyl
wherein said aralkyloxycarbonyl is optionally substituted by halogen
atom, nitro, alkyl, alkoxy or trifluoromethyl,
jislor2,
kisOor 1, and
m and n are the same or different and each is O or an integer of 1 to 3; and
R}, R? and R? are the same or different and each is hydrogen atom, hydroxy, lower
alkyl or aryl,
or a salt thereof or a prodrug thereof.
(2) The amidine compound of the formula [1] described in (1) above, wherein Ris a

group of the formula

R4

A
“L;;L\/}—(cuz)k—xz —x2 N—X*—x5—R®
J

R5

or

R4

R5

wherein R*, R®, R®, X2, X3, X*, X5, j and k are as defined above,
or a salt thereof or a prodrug thereof.
(3) The amidine compound described in (2} above, having the formula [I], wherein

R is a group of the formula



X3 is -(CH2)m wherein mis as defined above and X4 is a group of the
formula and j is 1, or a salt thereof or a prodrug thereof. (6) The am di ne
conmpound described in (5) above, having the fornula [I1], wherein Rerr] is
hydrogen atom X err] is oxygen atom and X[ err] is a single bond, or a
salt thereof or a prodrug thereof. (7)p The am di ne conpound of the formula
[I] described in (1) above, wherein Ris a group of the formula wherein
[err] ring A, mand rR*are as defined above, or a salt thereof or a prodrug
t her eof . 10 (Q) hévggig%ne conmpound de, ibed in (7) above, having the

n

T

formula [1], wher i h?ka_gzou;p t he NFenrhH-R°-orr% salt thereof or
a prodrug thereof rffi di ne conpo f (1) above, which is

selected fromthe jup~consi sting of

7-11- (pyridin-4-yl)pi peridin-4-yl nmet hoxy)RrS

1, 2, 3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne, 7-]

1- (qui noli nd4-yl) pi peridi n-4-yl met hoxy]- 1,2, 3, 4-tetrahydroi soqui noli ne- 2-
car boxam wiheesin *nit, IR} X7 %P, X, Kpyirandi kart a4 definpd abayen- 4- y| net hoxy] - 1, 2, 3, 4-
t et rahydr qj i ppe-2- LGH ne,

711 (pyr CLR S Reb e SHRRAMGHARGE 10 ) .

, 2, 3, 4- t et4) dihedmaid regpontywundedederibad inn@pabale, having theNorhaky(l]; wherein

- (pyni di n4-yl) pi per%&j@n-4- met hoxy3- 1, 2, 3, 4-

t et r ahydr & EGEPHB O K- TomRB3hoxani di ne, et hyl 4- (2- ani di no-

1, 2, 3, 4-tetrahydroi sogui nol i n-7-yl oxynmet hyl)- 1-(pyridin-4-

R
CH,) — X — X3 N— X*— X5— RS
ij‘ "
i R®

wherein R*, R5, R, X2, X3, X%, X5, j and k are as defined above,
or a salt thereof or a prodrug thereof.

(5) The amidine compound described in (4) above, having the formula [I], wherein
X3 is -(CH,),,- wherein m is as defined above and X*is a group of the formula

N
W

andjis 1,
or a salt thereof or a prodrug thereof.
(6) The amidine compound described in (5) above, having the formula {I}, wherein
R® is hydrogen atom, X? is oxygen atom, and X® is a single bond,
or a salt thereof or a prodrug thereof.
(7) The amidine compound of the formula [I] described in (1) above, wherein Ris a
group of the formula

@E:\}" eHgm —v‘@ P—Y—R

(CHz)n— Y*—Y5—R®

wherein R, R%, Y!, Y2, Y3, Y*, Y°, ring A, m and n are as defined above,

or a salt thereof or a prodrug thereof.



yl ) pi peri di ne-4-carboxylate, 4-(2-amdino- 1,2,3

, 4-t et rahydr oi soqui nol i n-7-yl oxynet hyl)- 1-(pyridin-4-

yl ) pi peri di ne-4-carboxylic acid, ethyl 4-(2-am dino-

1, 2, 3, 4-t et rahydroi soqui nol i n-7-yl oxynet hyl )- 1-(2, 6-

di met hyl pyri di n-4-yl) pi peri di ne-4-car boxyl ate, 4-(2-amdino- 1

, 2,3, 4-tetrahydroi soqui nolin-7-yl oxynethyl)- 1-(2, 6-

di met hyl pyri di n-4-yl) pi peri di ne-4-cart®xylic acid, nethyl 4-(2-am dino-

1, 2, 3, 4-t et rahydr oi soqui nol i n 7 yl oxynmet hyl ) - 1-(2-
rrethylpyrl pi peri di carpo te, 4-(2- j di np- 1 )
T3 3 4"} el T B BRSPS TR, R At Havias FRe B A v heosin
yI )IOI peri %@@\é‘acébﬁﬁéym&oﬁﬁh& 4- (2-am di no- L
1, 2, 3, 4-tetrahydroi soqui nol i n-7-yl oxynethyl)- 1 -(pyrimdin-4-
yI)plperldlne4carboxyI|c id, 11 ethyl 4-[2-(2-amdino- 1
, 2,3, 4-tetrahydroi soqui nm yl oxy)ethyl]- 1 -(pyridin-4-
yI )p| peri di ne- 4- car boxyl al'\Q,/h- [ 2- (2-am di no-
1, 2, 3, 4-t et rahydroi soqui nol 1 n-7-yl oxy) ethyl]- 1-(pyridin-4-
yl ) pi peri di ne4-carboxylic acid, 4-[N[5-am dino- 1- (1
- phenyl et by salt lhizeregf arest prpd)ine ttmrmﬁ dazol - 2-yl et hyl j -
[4-(1-ace do eridin- he Ilca anoyl | 20|c aci d,
4 TN o ald) SRR Foptelint oy kB S R P8R 2 dazol -
yl met hyI | chhsiétig df- acet i mi doyl pi peri di n- 4 yl oxy) phenyl | car banoyl | benzoi c
aci d, [4- (pyrrolidin-3-yl oxy)phenoxynet hyl -
172" ot haxypTRAR ey pedin Ay Eresbosnl A drcahidroisoquinoline-2-
2-[4-(1- aggﬁt yrroI i di n-3-yl oxy)phenoxyrret hyl]- 1-(2-
met hoxyet h H)o enzi m dazol e-5-carboxam dine, 7-[1
- (2- hydr on{ét(th))m-ﬁeyllpipmddn%yiateﬂmw] 1,213, 4£¢Bahydmtquhmhnc-§eqw noI i ne- 2-

carboxamidine,

N-methyl-7-[1-(pyridin-4-yl}piperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,

7-[1-(pyridin-4-yl) piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamide oxime,
N-phenyl-7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,

ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(pyridin-4-
yl)piperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(pyridin-4-
yllpiperidine-4-carboxylic acid,

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

methyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-{2-
methylpyridin-4-yl)piperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2-methylpyridin-4-
yl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-{pyrimidin-4-
yl)piperidine-4-carboxylic acid,



carboxam di ne, 7-[ 1-(pyridin-4-ylnethyl)piperidin-4-ylnethoxyj-

1, 2,3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne, 7-1

1- ( 2- hydr oxy- 2- phenyl et hyl ) pi peri di n- 4-yl met hoxyl - 1, 2, 3, 4-
t et r ahydr oi soqui nol i ne- 2- car boxam di ne, 4-(2-am di no-

1, 2, 3, 4-tetrahydroi soqui nol i n-7-yl oxyyget hyl ) pi peri din- 1- ylacetyl glycine
ethyl ester, 4-(2-amdino- 1

2,3, 4-tetrahydroi soqui nol i n-7-yl oxymet hyl ) pi peri di ne- 1-acetic acid
N- et hy| aethgied-[24{3-amhidinetly2,Bdpetiatiydroisoghinetinesyloxy)ethyl}- 1-(pyridin-4-
1,2,3,4-t fraq¥gﬂ0|s éﬁ%ﬁﬁl ne-2- car boxani di ne,

7-(1-ben2§ f- 4- yl met hoxy)- 1

2,3, 4-t em[@«l(wdfrﬂmeqwz B@i- tdm%h&drdiﬁdﬂmxdﬂi-’ﬂ-ly[lﬁy)eﬁn{l] 1-(pyridin-4-

(2 naphthrlsulfonyl)plperldln 4-yi nmet hoxyl -

, 2, 3, 4- t eYlmiPgrifine-Sonberlic aeid, o- carboxan1d|ne 7-(1

a

a

e X B D MBI e b ARG SR O 2

, 2, 3, 4-t epdr( ammgnu@dplpmdlflﬂ%ybxy)phcmmwmyé]bem%@a@d, (2- ami di no-
, 2,3, 4- 12
oy ot SR iepof 4 Bendtpiter ?érr‘ﬁwéy%ﬁetﬁ% enzimidazol-2-

p

3, 4- t @bl N4 q 0giektivaldoptpipetdin bis? @éﬂbdh{aT Benzoic acid,

pyri di n yIFbgngam de gl?tpy?dﬂ ngq 2- am di no- !

3, 4-t €2 %I(Rbﬁ?@ﬁd% tleripher Wﬂé&%@r%ﬁlﬁ&%@ﬁhm)bmmdamk -5-

pyridi Qs #rh] ropenoate, nethyl 4-14-(2-arnidino-

3, 4- t.%irr%g y rd(%)[llé)oqui nol i n- 7-yl oxynet hyl ) pi peridin- 1-
2-[4-(1-acetimidoylpyrrolidin-3-yloxy)phenoxymethyl}- 1-(2-

1,2
yl |
1,2,
yl |

i
2,
yl |
1, 2,
methoxyethyl)benzimidazole-5-carboxamidine,
7-[1-(2-hydroxyethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine, '
7-{1-(pyridin-4-ylmethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-{1-(2-hydroxy-2-phenylethyl)piperidin-4-ylmethoxy]- 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7 -yloxymethyl)piperidin- 1-
ylacetylglycine ethyl ester,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-acetic
acid N-methylamide,

7-(1-acetylpiperidin-4-ylmethoxy)- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine, _
7-(1-benzylsulfonylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-[1-(2-naphthylsulfonyl)piperidin-4-ylmethoxyl- 1,2,3,4-tetrahydroisoquinoline-
2-carboxamidine,
7-{1-acetimidoylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-(1-phenylacetimidoylpiperidin-4-ylmethoxy)- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
N-{2-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-



yl I pyridine-3- carboxylate, 4-14-(2-amdino- 1

2 3, 4-t etrahydroi soqui nol i n-7-yl oxynet hyl ) pi peri din- 1-
]pyrldlne 3-carboxylic acid, 6-[ 1-(pyridin-4-yl)piperidin-4-ylmethoxyl -
2,3, 4- tetrahydr0|squ|noI|ne 2- carboxam di ne, 7-[2-[4-cyano- 1
pyr|d|n 4-yl ) pi peridin-4- yIJethoxy]1 1, 2,3, 4-
t rahydr oi soqui nol i ne- 2- car boxam di ney et hyl

-(2-am di no-2, 3,4, 5-tetrahydro- | H benzol cl azepi n-8-yl oxynet hyl )- 1-
yridin- 44 %ﬁﬂhgﬁ fj4beftifnidtecar boxyl ate, 4-(2-am dino-2, 3, 4, 5-tetrahydro-

H benzol cl'azepi n- | oxynet hyl)- 1-(pyridin-4- yl)piperi d| ne- 4- car boxylic
cid, 4-(H- bﬂﬂ%@rﬁ;m 0-2,233 4-temahydrpeanieln: mplerkymethyl) pipeadia: kry| ) -

pyr|d| 4-carboxylic acid, 4-[2-(2-am dino-
Ié%“d‘h 1iIsoI"I’ququu e, - ylthio)ethylj- 1-(pyridin-4-
pépir I ctra ﬁ‘““d‘*‘ Saduinol o7yl sultony methyl) - T (pyri B na
et rahydr ui nol i yl sul f onyl net hy pyri di n-4-
i peri EIH@%“’C@V@%X PEH%?ICIF’d 4- 2- (2 ani di no-
3, 4- tQhétﬁ?NﬂJ{@(ZEQﬂﬁdlﬂ@Jl ZIBZHHU%% ﬂ{dh‘{lL’I'—yloicgﬂéﬂ{yl]giﬁén&m-l-

p
plperldlne - car boxylic aci d, 4- ( -a nridi no-

t et r ahydipwidiogd- sarboayiatg| sul fonyl anl no) 1- (pyri di n- 4-
p

p

I
A-
I

P L s

I |perlqmpgﬁhnaﬁbuprxﬂmamxﬂ ethyl 4 (2-am di no-

o YR SRS i e T S e 2

3, 4- t hrxuei@ingoqui nol i n-7-yl sul fonyl am nomet hyl ) - 1-(pyridin-
) pi peri di ne4-car boxylic acid,

7-|2-[4-cyano-1- (pyndln—4—y1)p1pend1n—4-yl]ethoxy] 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
ethyl 4-(2-amidino-2,3,4,5-tetrahydro- 1 H-benzo|c]azepin-8-yloxymethyl)- 1-
(pyridin-4-yl)piperidine-4-carboxylate,
4-(2-amidino-2,3,4,5-tetrahydro- 1H-benzo|clazepin-8-yloxymethyl)- 1-(pyridin-4-
yljpiperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylthiomethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-[2-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-ylthiojethyl]- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonyljethyl]- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid methyl ester,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)- 1-{pyridin-4-
yl)piperidine-4-carboxylic acid,
ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylaminomethyl)-1-
(pyridin-4-yljpiperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylaminomethyl)- 1-(pyridin-
4-yl)piperidine-4-carboxylic acid,

I
(
)
, 2
)
2,
)
)
2,
)
, 2
Py
2,
-yl

-I>I—"“H‘< P<- < PkP< Pt}



13 1-12-(benzot hi azol - 2-yl)-2-oxyet hyl | - 2- phenoxynet hyl benzi m dazol e- 5-
carboxarm di ne, trans-4-[2-[4-(

1-aceti m doyl pi peri di n-4-yl oxy) phenoxynet hyl | - 5-

am di nobenzi m dazol - 1-yl acet yl am nonet hyl j cycl ohexanecar boxyl i c aci d,
trans-4-[2-[4-( 1-acetidnidoy|piperidH§-4-yIoxy)phenoxynnethyl]-5-(N—
met hyl ari di no) benzi ni dazol - 1-yl acet yl arni nonet hyl | cycl ohexanecar boxyl i c
acid, trans-4-12-[4-( 1 -aceti m doyl pi peridi n-4-yl oxy) phenoxynet hyl ] - 5-

am no( hy driapyehathiERbiby ipengtyettiaz2bhedoxymethylbenzimidazole-5-
yl acetyl am nonet hy| ] cycl dhexanecarboxyl i ¢ "aci d,
2- [ 4- (pi pearkpsamidifieoxy) phenoxymet hyl j - 1- phenacyl benzi ni dazol e- 5-

b e S et : THEYRY thyll -

T bhenacy HBaRs 2 HAL re B e R R ot bony ! -

1- (pyri di ramidirigbenpienidatioi-147iadetydaimyridmethyljcyclohexanecarboxylic acid, o

E:%/glyglhgﬁgl car %’E@ﬁ)‘ﬁit h%{ﬁ’g‘(ﬁ? Ig}n];f}qlﬁzm ‘S’Eﬂ%%?{?}bloxamgﬁ%’ﬂ‘%’lmé}- [2-(5-am dino- 1
pyri di n- 4nyh)RinfigirdberRAnidaroyibdyRsiifométhyljcyclohexanecarboxylic acid

( di n- 4p : A asoncyhi : 3

- cycl ohexyl car banmoyl net hyl - 2-[ N-1 1- pgi di n4-yl) pi peridin-4-yl]-N
et hoxal y| dmnsotd2-{A- 1-sestinidpyinins vigmherrAethy}SF 5- ami di no-

1-cycl ohe ]B%”D\’Iix o1 '! %' dazoh-+2-ylmethyl ]-N-[ 1-

(pyridi n-ﬁi yi ;{)l perﬁyd 1-0%%%9% noo%f’pdllc1 acid, 2-[N-[4-(

1- acet i m ddgdepilasinonethilgyclokyxqrieeastokylié agd,hoxycar bonyl nmet hyl am nonet hyl | -

1 -cycl ohexyl carb yl net hyl benzi m.dazol e- 5-carboxgm di pe, N-(5-am dino- 1

-cycl ohexyf' @a&%@ﬁ#@fﬁ%@&%ﬂ%ﬁ?ﬁrl-ﬁﬁwwﬁwﬂﬂ&- - 1-

acet f m doydaphh@midine; 4- yI oxy) phenyl | car banoyl benzoi c acid, 2-[N-[4-(

1- am di nopi E‘ﬁri di n-4-yl oxy) phenyl - N- ( 4- o

met hoxy c ardifnii-aretirygdoyinipeAdined-fripxy)phgnoxymethyl]- 1-phenacylbenzimidazole-5-

cycl ohexyl&%MWt hyl benzi m dazol e- 5- car boxam di ne,
2-[2-[4-ethoxycarbonyl- 1-(pyridin-4-yl)piperidin-4-yljethyl]- 1-
cyclohexylcarbamoylmethylbenzimidazole-5-carboxamidine,
4-[2-(5-amidino- 1-(cyclohexylcarbamoylmethyl)benzimidazol-2-yljethyl]- 1-
(pyridin-4-yl)piperidine-4-carboxylic acid,
1-cyclohexylcarbamoylmethyl-2-[N-{1-(pyridin-4-yl)piperidin-4-yl]-N-
ethoxalylaminomethyi]benzimidazole-5-carboxamidine,

=

N-[S-amidino- 1-cyclohexylcarbamoylmethylbenzimidazol-2-yimethyl}-N-[ 1-
(pyridin-4-yl)piperidin-4-ylJaminooxalic acid,
2-[N-[4-(1-acetimidoylpiperidin-4-yloxy)phenyl]-N-
ethoxycarbonylmethylaminomethyl]- 1-cyclohexylcarbamoyimethylbenzimidazole-
S-carboxamidine,

N-(5-amidino- 1-cyclohexylcarbamoylmethylbenzimidazol-2-ylmethyl)-N-[4-(1-
acetimidoylpiperidin-4-yloxy)phenyljcarbamoylbenzoic acid,
2-[N-[4-(1-amidinopiperidin-4-yloxyjphenyl]-N-(4-
methoxycarbonylbenzoyl)aminomethyl}- 1-
cyclohexylcarbamoylmethylbenzimidazole-5-carboxamidine,

N-(S-amidino- 1-cyclohexylcarbamoylmethylbenzimidazol-2-ylmethyl)-N-{4-(1-
amidinopiperidin-4-yloxy)phenyljcarbamoylbenzoic acid,

N-(5-amidino- 1-cyclohexylcarbamoylmethylbenzimidazol-2-ylmethyl)-N-[4-(1-
acetimidoylpiperidin-4-yloxy)phenyl]sulfamoylacetic acid,



N- (5-am di no- 1-cycl ohexyl car banoyl net hyl benzi m dazol - 2-yl net hyl ) - N-[ 4- ( 1-
am di nopi peri di n4-yl oxy) phenyl ] car banoyl benzoi ¢ acid, N -(5-arm di no-

1- cycl ohexyl car banmoyl net hyl benzi m dazol - 2-yl net hyl ) - N-14-( 1-

acet ni ndoyl pi peri di n- 4- vl oxy) phenyl ] sul f anoyl acetic acid, 14

7-[1- (pyridin-4-ylacetyl)piperidin-4-ylnethoxy]-

1, 2,3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne,

7-[1- (3-am nobenzyl) pi peri di n- 4 yl met hoxyl -

1, 2, 3, 4- t et-[ Bipyeidai-aogadenipipeeidin-4cine |- 82083 4-tetrahydroisoquinoline-2-

7-[1 (2 hydr oxybenzyl') pi peri di n4-yl met hoxy! -

1,2,3,4-te8r qui nol i ne-2- car boxani dine, 7-[

1- (pyri d| gﬁtﬂaﬂe},?‘r} driliifn= eﬁg&,&

1,2,3,4- tetf F?y r ol soq |ﬁﬁ?| ne- 24yﬁ’ﬂr oxg)rfuﬁd:l3 ﬁelteUahW1sgqximo am dino- 1
, 2, 3, 4- t etcaabgchnoidgwsy ui noI i n-7-yl oxymet hyl ) pi peridin- 1- ylnethyllindole- 1
-car boxyl I 4- am di

102, 3, 4t PR AR PR s hemih3 Aplet e pisopuingliop e,

I\Fbenzyl %Bomdm:o

1, 2, 3,4-tetrahydroi soqui noI I n-7-yl ox thyll)g per| di ne-. 1- car boxar ni de,

7-1 | - (i nabi- Lpzmgim Retmethy P}P@Pﬂmﬂ- thegylhbyd, -Iqtr%_hssirolsoqumohneQ-

, 4-tet rahydy. I|ne-2 carboxarnldlne 4(2 am dino- 1

, 2,3, 4- tetra ydrol soqui nol i n-7-yl oxynet hyl ) pi peri di ne- 1-acetic acid,

N-benzyl - 4n¢thydd¥{4d{2ramidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-

ben
4 (2 o PSCy e TR aPBaRE o soqui ol 1 7- 31 oxymet hyl ) pi per  di n- " 1-
yl acet yl anbedpgiced-amidihe-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
acetate,

N-benzyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine-1-
carboxamide,

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

4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-acetic
acid,
N-benzyl-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
acetamide,

4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
ylacetylaminoacetic acid,
7-[1-(S-nitropyridin-2-yl)piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-[1-(2-nitrobenzyl)piperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-[1-(2-aminobenzyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-(1-hexaneimidoylpiperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
N-benzyl-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
sulfonamide,

N-butyl-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-



1

7-[1-(5-nitropyridin-2-yl)piperidin-4-yl met hoxy] -

1, 2,3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne,
7-[1-(2-nitrobenzyl) pi peri di n4-yl net hoxy] -

1, 2, 3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne, 7-]

1- (2 ani i nobenzyl ) pi peridi n-4-yl net hoxyl - 1, 2, 3, 4-tetrahydroi soqui nol i ne-
car boxam di ne, 7-(1-hexanei m doyl pi peri di n-4-ylrnethoxy)-

1, 2, 3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne, N-benzyl 4-(2-am di no-
1, 2,3, 4-tet1[fadie¢ldrdai soqui nol i n- 7-yl oxymmet hyl ) pi peri di ne- 1- sul f onar ni de,
N but yl - - din

1,2, 3, 4-t 9&%‘&‘2&%@%@% - AR ARSI i ne-  1- 15

sul f onam Mﬂ@ff—s{lgomeno 1, 2, 3, 4-tetrahydroi soqui nolin-7-
yl oxymet hj?ﬁ)‘? gﬂr@f}ﬂgl ne- 1-sul fonam de, N (2-ni trophen%/il )-4-(2-am di no-
1,2,3,4-téF Qanmpbﬁsﬂhﬁr(a@mdml%mmwmmwm

- car bot hi yl ) pi peri di n- 4- ylnethoxy) 1,2

, 3, 4-tetrany ro?“syo’gi}{m%ﬂ‘.géﬁgr&é* car x%erzh di ne, ethy 3-14-[4-(2-aam di no-
, 2,3, 4-t em[ak(ysdmml-nqﬂ)pipeﬁdmmlbxﬂ) B2 Bet-tettahydioisoquinoline-2-

yl I pyridin- | onate, 3-14-[4-(2-am dino-

1,2, 3, 4-t &8 oqui nol i n- 7-yl oxymet hyl ) pi peri di n- 1-

yljpyridig 3’J4- - iu?ﬁtﬁﬁ@-vl 23 @RreBrBhfiRfso umohn-? 1 th idin-1-
1,2,3,4- te?%ahyd ol soqui nol'i n-7- yl oxgrret h)c/ll) ‘Zlogr)rﬁnﬁog Fi Fn-S-

yl ca rbonyb’)]pylpibntiiﬂylﬂmnmoﬁatﬁboxyl ic acid, 4-(2- am di no-
1,2,3,4-tetnahydrol. u ﬂﬁgg&} _

a noprop| 3ﬂ)(g| perl %2%442%1;%%xy i aC|]%a7};h)’gy%.‘ethyl)plpendlnl

yljpyridin- 3-y1]prop10nate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(2-aminopyridin-5-
ylcarbonyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(3-
aminopropionyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(imidazol-4-
ylacetyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(piperidin-4-
ylsulfamoyljpiperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-
dimethylaminoacetylpiperidine-4-carboxylic acid,

ethyl 4-(2-amidine- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(pyridin-3-
ylcarbamoyl)piperidine-4-carboxylate,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(1-
dimethylaminoacetylpiperidin-2-ylcarbonyl)piperidine-4-carboxylate,
4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-4-carboxypiperidin-
1-yl]-1-methylpyridinium chloride,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(4-
amidinophenyl)piperidine-4-carboxylate,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2,6-
dimethylpyridin-4-yl)piperidine-4-carboxylate,

ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(2-
methylpyridin-4-yl)piperidine-4-carboxylate,



4-(2-arnidino- 1,2 ,3,4-tetrahydroi soquinolin-7-yloxynmethyl)-

1- (i mdazol -4- ylacetyl)piperidi ne-4-carboxylic acid, 4-(2-am dino-
1,2, 3,4-tetrahydroi soqui nolin-7-yl oxynmethyl)- 1-(piperidin-4-

yl sul f anmoyl ) pi peri di ne-4-carboxylic acid, 4-(2-am dino- 1

2, 3, 4-tetrahydr oi soqui nolin-7- onxynﬁ;hyI) 1-

di met hyl am noacet yl pi peri di ne- 4-carboxylic acid, ethyl 4-(2-am dino-
1,2, 3,4-tetrahydroi soqui nolin-7- onxynethyI) 1- (pyridin- 3-

yl car bannyﬂh)yp#n@-landdme- U234 lmmﬂym socgtitwiin-Z-y{GkyaretiayIp o-{1-
1,2,3,4t [‘QI ui. nol thyI) 1-(1-

di nmet hyl a 38 ‘1‘1“92491%599’% %1 ) pi peri di ne- 4- car boxyl at e,
4-[4- (2- agl §Ja'i'ﬁd1no 1,2,3,4- tetrahydrmsoqumohn 7-yloxymethylL1 (1 ethylplpendm-4-

1, 2,3, 4- tet r ahydr oi soqui nol i n- 7-yl oxynet hyl ) - 4-carboxypi peridin- 1-yl]-

1- met hy| pyipigendinertetarbexydie acigs hyl 4- ( 2- ar ni di no-

aim 61 hopherig 1 S BUBT R 3-SRty £ ER eltphyachispdiingling 2;.

, 2,3, 4- teanbahmﬁi(ﬁmaoqw nolin-7- yI oxynet hyl)- 1- (2 6-
I met hyl pyri -4- y peridi ne- hoxyl at e, (2-amdino- 1,2,3
, 4- t et ahy8HY 4 ﬁ%ﬁoﬂ éng amlﬁoquinqhzﬁ WFWH WPIID i)

QPO

p| peri di ngndnEddileAnVéRbExylate, 16 et hyl 4-(2-am di no-

,2,3,4-te raﬁydr0|squ|noI|n 7-yl oxymet hyl )- 1-(1-

et hyl pi peﬁ+{21amndnw-f)-mqﬁbomlﬁé3,ﬂ4m¢saqw0m{7 2ylenqyiroithyl)- 13(pyridin-
,2,3,4-te met hyl) - 1-(1-ethyl pi peridin-4-

yl) pi peri é'ﬂ 49—%{5%5&% Eil%g 37{81/ - (4-cyanopi peridin4-yl)ethoxy]- 1,2,3
,4-tetr ahy@mﬁﬂmﬁﬂﬁmmﬁl B2, Mtélm&@ﬂmll e l]maﬁh(ylylcﬁqhﬂeﬂﬁd Ar-apetidin- 1
,2,3,4-tetr | soqui |n 7 oxy) et hy 1- (pyridi n4-
yI)plperlﬂﬂBﬁ’eElgP’S‘gP%o X

or a salt thereof or a prodrug thereof.

(10) The amidine compound of (3) above, which is selected from the group
consisting of

7-{1-(pyridin-4-yl)piperidin-4-ylmethoxy)- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-|1-(quinolin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
N-methyl-7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamide oxime,
N-phenyl-7-[1-{pyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1 -(pyridin-4-
yl)piperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1 -(pyridin-4-
yl}piperidine-4-carboxylic acid,

ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyi)- 1-(2,6-
dimethylpyridin-4-yl)piperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(2,6-
dimethylpyridin-4-yl)piperidine-4-carboxylic acid,



4- (2-am di no- 6-net hoxy- 1 , 2, 3, 4-tetrahydroi soqui nolin-7-yloxymethyl)- 1
-(pyridin- 4-yl)piperidine-4-carboxylic acid, and 4-(2-am di no-6-nethyl -
1, 2,3, 4-tetrahydroi soqui nolin-7-yl oxynet hyl )- 1-(pyridin-

4-yl ) pi peridi ne-4-carboxylic acid, or a salt thereof or a prodrug thereof.
(10) The am di ne conpound of (3) abowe; which is selected fromthe group
consisting of 7-[1-(pyridin-4-yl)piperidin-4-ylnmethoxy)-

1, 2, 3, 4-tetrahydroi soqui nol i ne-2- car boxam di ne,

7-11-(quino|in4 yI)piperidin4 yl met hoxy] - 1,2,3

,4-tetrah ro o nolin b m di ne N- t
1- (pyri di i Balefﬂd&:’%?z?z ?xf’f {Iﬂﬁ&‘ﬁfx ' oln-7-ylo bi¥ethi-1-
tetrahydrmeﬂ@ﬁ mﬁ)ﬁpmwme 7 j1l

-(pyridin-4 pi peridin-4-yl met hoxy- 2,3, 4- tetrahydr0|squ|noI|ne 2-
car boxam fd2 @Xmﬁ@ W@aﬁmﬂplﬁumom”-ﬂomﬂhyl) 15(2-methylpyridin-4-

-(pyridi n%,?b %éﬁ(ﬂhg_gfr&ﬁl thoxy] -1, 2, 3, 4-

t et rahydr gui nol i ne- car oxarridine, ethyl 4-(2-anidino-

1, 2, 3, 4- t é+{2-ainyidino- sawﬂmmmm-mwlmmmﬁym(mmn-4-

yl) pi peri car box (2-anridino- 1
02,3, 4- te%%ﬂ?ﬂﬁ"ﬂ?é‘o thl‘:r‘?“:*fliyl oxymet hyl ) - 1-(pyridin-4-

yl ) pi peri G2 ahednbl 52 3¢ -thtraiyaydisdtnizo 131371(% 1-1-(pyridin-4-
, 2,3, 4- tetrahyggm soqui nol i n- 7-yl oxynet hyl ) dkg)etﬂy] ey

di net hy| pydpip¢rdine-¥oasberailatei ne- 4- car boxyl ate, 4- ( 2-arni di no-

él rzrefhsl :)yﬁl g@%@@%%’gﬁ M% ]ﬂf‘]%&oxk egﬁylfal W et hyl

4- ( 2- am dylmiperidife-3-catboxtlicaliddr oi soqui noI in-7-yloxynethyl)- 1-(2-
7-]1-(2-hydroxyethyljpiperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-[1-(pyridin-4-ylmethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-]1-(2-hydroxy-2-phenylethyljpiperidin-4-ylmethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1 -
ylacetylglycine ethyl ester,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl) piperidine- 1-acetic
acid N-methylamide,
7-(1-acetylpiperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-(1-benzylsulfonylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-[1-(2-naphthylsulfonyl)piperidin-4-ylmethoxy]- 1,2,3,4-tetrahydroisoquinoline-



met hyl pyri di n4-yl ) pi peri di ne-4-car boxyl ate, 4-(2-am di no-

1, 2,3, 4-tetrahydroi soqui nolin-7-yl oxynet hyl)- 1-(2-nethyl pyridin-4-
yl ) pi peri di ne4-carboxylic acid, 4-(2-am dino-

1, 2, 3, 4-tetrahydroi soqui nol i n-7-yl oxynmet hyl )- 1-(pyri m di n-4-

yl') pi peridi ne-4-carboxylic acid, ethylg 4-[2-(2-am dino-
1,2,3,4-tetrahydroi soqui nolin-7-yloxy)ethyll- 1-(pyridin-4-

yl) pi peri di ne- 4-carboxyl ate, 4-[2-(2-am dino- 1,2,3

I
, 4- tetrahyd&mhsmmmdmmlin 7-yl oxy)ethyl]- 1-(pyridin-4-
yl ) pi peri car box Cld
7-11- (2- h?? Wquﬁmﬁv rATHERR ) ey f - tetrahydroisoquinoline-2-
, 2, 3, 4- t ebgdavEtig@aui nol i ne- 2- carboxam di ne, 7-1
1- (pyr|d|n 4- ylnethyl)plperldln 4- ylﬂEthOﬁX
1, 2, 3, 4- t &L aiheaylecedmdontpipeasisin4-dmeswriiil @ hé-tetrahydroisoquinoline-2-
7-11-(2-h %Y, %IF enyl et hyl ) pi peri di n-4-yl net hoxy]- 1,2, 3, 4-
tetrahydré%%%qU|no ane-Z-carboxanidine, 4-(2-am dino- 1
, 2, 3, 4- t eNrj@H¢dRaimiding- hal3,#-tetraiyairyisequinolpl/ ploiytnethylpipgridindt y| gl yci ne
eth y esteﬁ ég ding, 1
2 3,4 teY'EﬂyHé Eb@?ﬁap9n 7-yl oxyret hyl ) pi peridine- 1 -acetic acid

met hyl agL@e4-(3- a(rm?iirﬁ)cﬁb}d Pir@anylrbisdqiih B h%&ﬁmemynplpendm 1-

1, 2,3,4-tetr ah dr0| soqui nol'i ne-2-" car boxam di e, "7-
- benzyl suylf ipiSpdienizamigley | et hoxy) -1, 2,3 , 4- tet rmydr0| soqui nol i ne- 2-

DO DRk S AREN 2 SRR A1

7- (1- acet yhpyidih{3-yipRimopehoakeret hoxy) - 1, 2, 3, 4-t et r ahydr oi soqui nol i ne- 2-
methyl 4-[4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yljpyridine-3- carboxylate,
4-[4-{2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyljpiperidin- 1-
yl|pyridine-3-carboxylic acid,
6-[1-(pyridin-4-yl}piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-[2-[4-cyano- 1-(pyridin-4-yl)piperidin-4-yllethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
ethyl 4-(2-amidino-2,3,4,5-tetrahydro- 1H-benzo|c]azepin-8-yloxymethyl)- 1-
(pyridin-4-yl)piperidine-4-carboxylate,
4-(2-amidino-2,3,4,5-tetrahydro-1H-benzo|c]azepin-8-yloxymethyl)- 1 -(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylthiomethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylthiojethyl|- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-{2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-[2-{2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonyl)ethyl]- 1 -(pyridin-4-
vl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)- 1-(pyridin-4-

y])piperidine-4-carboxylic acid methyl ester,



car boxar ni di ne, 7-(1-phenyl aceti m doyl pi peri di n-4-yl net hoxy) -
1, 2,3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne, N [2-14-(2-am di no-
1, 2, 3, 4-tetrahydroi soqui nol i n-7-yl oxynet hyl ) pi peridin- 1-
yl I pyridin-5-yljacetam de, N-[2-[4-(2-am dino- 1,2,3

, 4-t et rahydr oi soqui nol i n-7- onxynethyb)plperldln- 1-
yIIpyrldln 5-yl | benzam de, ethyl 3-[4-14-(2-amdino-1

, 2,3, 4-tetrahydroi soqui nolin-7-yl oxynmet hyl ) pi peridin- 1-

I Ing ri dim(ﬁaﬁhﬁdana-lm,ﬁﬂeﬁ&&lahydmﬁ&ql hyiohﬂ-?L ﬁllsgxﬂex@lh' Idinwd 1- (pyn‘djfxi4- | 5

4-t et rahydroi soqui nol i n-7-yl oxynmet hyl ) pi peridin- 1- yl]pyridine-3-

ar boxy| atigpegdme: ‘ti@ﬂ?%k%c d,
2, 3, 4- t&hoapdaidERsylng) htteu%hya:@w@ﬁbbﬁlﬂﬁgemy%ﬁmo&xemyn 1-
IIpyr|d|ne 3- carboxyllc acid

(pyr|d|nwmﬁyF9EmpB@m@nﬁ4ﬂE¥bﬁE@ﬁ©xy] 1,2, 3, 4-tetrahydroi soqui nol i ne- 2-
rb

2

(
y

a

—

; gxim{jg%@}%ﬁ L;s'équ%@g’?lyneléelcar g}éxaﬁsé#ﬂ% mj O%J{ﬁ}‘}lr A bﬁ%}gxy]

2- ami d4-91]p1§ex$d1ﬂe@=¢£bﬁ@h}t@tm- 1H- benzo[ cj azepl n- 8- yI oxynet hyl)- 1-

y
1,
c
1,
y
1-
c
1
4
(pyridin4- é}gbperldlne4garbo 4-(2- amdmoé}_%45tetrahydro-

1H benzo[% lxtnypam-8-Wacs ) 'Yﬁ'“ ll A s RauEReiRe2car boxyl i ¢
acid, 4-(Zrphpidthie; 1.2, 3, 4- tetrahydr0| soqui nolin-7-yl thionmet hyl) -

1-( yr|d|n 4- yI)p er|d| ne- 4-car boxylic acid, 4-[2-(2-am dino-

1

y

1

y

1

y

1

, 4- tB{k- é’&agmumbsoqsd)mdm%# -yhnethiosylel Byd, # “tetralfysiypisatjuinaline-2-

i peri dine 4-&@ boxylic acid, 4-(2-am dino-

3, 4- t&F E%fm |Squ| nol i n-7-yl sul fonyl nmethyl)- |-(pyridin-4-
'Bper | TH P EdhedroRyberizy piperidin-4yliittidaypl (9,8 #retrahydroisoquinoline-2-

[
, 4-tetrahydr.oi soqui nol i n-7-yl sul fonyl)ethyl]- 1-(pyridin-4-
i per | RrRxAMIdREyoxv] i ¢ aci d, 4- (2-ami di no-

3, 4- VYT SRiRD SR biperidints SHhéRBx 21D BOI-tetdsty Bididddiuihdtne-2-
carboxamidine, '
methy 2-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethylpiperidin- 1-
yimethyljindole-1-carboxylate,
benzyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyljpiperidine- 1-
acetate,
N-benzyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-

p
Yol
) pif
)P

2
)
2,
)
2
)
2

carboxamide,

7-[1-(indol-2-ylmethyl)piperidin-4-yimethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-acetic
acid, )
N-benzyl-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
acetarnide,

4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl) piperidin- 1-
ylacetylaminoacetic acid,
7-[1-(5-nitropyridin-2-yl)piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-{1-(2-nitrobenzyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-{1-(2-aminobenzyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-



yl ) pi peri di ne-4-carboxvlic acid nethyl ester, 19 4-(2-arnidino-

1, 2,3, 4-tetrahydroi soqui nol i n-7-yl sul fonyl ami no)- 1-(pyridin-4-

yl ) pi peri di ne-4-carboxylic acid, ethyl 4-(2-am dino-

1, 2, 3, 4-t et rahydr oi soqui nol i n-7-yl sul f onyl am nonet hyl )- 1-
(pyridin-4-yl)piperidine-4-carboxyl atg 4-(2-am dino-

1, 2,3, 4-tetrahydroi soqui nolin-7-yl sul fonyl am nonet hyl )- 1-(pyridin-

4-yl ) pi peri di ne-4-carboxylic acid,

7- [ 1- (pyr caliboxdmidinget yl ) pi peri di n- 4-yl met hoxyl -

1, 2, 3, 4-t et rahydr oi soqui nol i ne-2- car boxam di ne,

- ( 3- ami nodhNFrensimideyipipendiprrrimpe hony)- 142, ,%temmamh@s@n nol i ne- 2-
car boxam gé.%ﬁa‘é“ (2- hydroxybenzyl ) pi peri di n-4-yl net hoxy] -
1,2,3,4-tetrahy r%u}?soqw nol i ne-2- car boxam di ne, 7-

1- (pyri di N-enzykéd2raiginpel,2.8i4+tetratydesisaspamolin- 7-yloxymethyljpiperidine-1-

1, 2,3, 4-tetrahydr.oi soqui nol i ne-2- carboxam di ne, nethy 2-[4-(2-am di no-
1,2, 3, 4- t SYYYH 6 soqui nol i n-7-yl oxynet hyl ) pi peridin- 1- ylnethyllindole-
1 - car box W-gdt§l-4e-amiting-1,2;: Bthéhﬁ}grdro uinolin-7-ylo xymethyl):E)1pex'idine—1-
1,2,3,4-tetra ydr0|squ|noI|n -yl oxynet hyl ) pi peri di ne- acet at e,
N-benzyl Sulfonagpidgi no-

,2,3,4-te _a)g}(ﬁllr 1150 -éﬂlﬁilh - ne- 1- carboxam de, 7-[
1 -(indol g\Ir2-y n'eetgﬂa)%l peri gl n-’ 4%&%%% LBfdincY-

1,2,3, 4-tglomhnyﬂxy¢)pipeqdmel-suﬁarmmlda,r boxam di ne, 4-(2-am dino- 1
,2,3,4-te yd ogqui I eridine-_1 -acetic acid,

N benzyl - jg”{ﬂ Empﬁ %}i?ﬁ Lhidind! £ 3Rt B RS Sh 87 |

, 2, g 4- t elokpmy eHyDpipesidineod tzﬁrb?yﬂﬁbgmja@t hyl ) pi peri di ne- 1-
7-{1-{(benzimidazol-2-yl)piperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

ethy 3-[4-[4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yl]pyridin-3-yljpropionate,

3-{4-[4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yljpyridin-3-yljpropionate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1 -(2-aminopyridin-5-
ylcarbonyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(3-
aminopropionyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(imidazol-4-
ylacetyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(piperidin-4-
ylsulfamoyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-
dimethylaminoacetylpiperidine-4-carboxylic acid,

ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(pyridin-3-
ylcarbamoyl)piperidine-4-carboxylate,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(1-
dimethylaminoacetylpiperidin-2-ylcarbonyl)piperidine-4-carboxylate,

'_\

4-[4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-4-carboxypiperidin-
1-yl}-1-methylpyridinium chloride,



acet am de, 4-(2-am dino-

1, 2,3, 4-tetrahydroi soqui nol i n-7-yl oxynet hyl ) pi peri di n- 1-

yl acetyl am noacetic acid, 7-1 1-(5-nitropyndin-2-yl)piperidin-4-yl methoxyl -
1,2,3,4- tetrahydr0|squ|noI|ne 2- carboxam di ne, 7-]j

1- (2 ni trobenzyl ) pi peridi n-4-yl methoyyl - 1,2, 3, 4-tetrahydroi soqui nol i ne-2-
car boxam di ne, 7-1l -(2-anninobenzyl)piperidin-4-y|nethoxy|- 1,2,3

, 4-t en- ahydr oi soqui nol i ne- 2- 20 carboxam dine, 7-(1

- hexanei rétHa-@-p@idifd-142,3 JaretraBydnbisbqdindlindz-yRkyabikg ai-@oqui nol i ne- 2-

car boxam di'ne, N-benzyl 4- (2 am di no-

1, 2, 3, 4- tWﬁY%ﬁ@%Fﬁn@bW@@?mt hyl ) pi peri di ne- 1- sul f onani de,

N- but yl - 4-t -yl 2,
1,2,3,4- tet aﬁ dr ol soqul|2n:31 [ r?u?hwm)la?ﬁeuhhfi) p?'é’é‘?'mﬁm%’é & 6suI f onam de,
N- cycl ohedagieﬂmlpﬁachm%yljmpeddlﬂc—e—qanbwmma,hydr0| soqui nol i n-7-

,V'zf’é,VZEE 2&%— e—%ﬁn%e PRSP GYSeP PR cal bot hi oar de.

7-11 - gg—gg[g tate)l met hoxy) - 1,2
3, 4- tetrahy roi soqw nollne - “car boxani di ne, et hy 3- [4 [4 (2-amdino- 1
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yl] pyri d| M Bagiidipodp?,8fatetrahgd fatsoguirtiline? - yloxymethyl)- 1-(1-ethylpiperidin-4-
1,2,3,4- tq)t rarﬁydrm soglw nﬁl | n 7 yl oxymet hyl ) - 1-(2-am nopyri di n-5-

7-[2-(4-cyanop1pendm-4—yl)ethoxy]-1,2,3,4-te‘aahydroisoquinoliﬁe—2—
carboxamidine,
ethyl 4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxy)ethyl}- 1-(pyridin-4-
yl)piperidine-4-carboxylate,
4-(2-amidino-6-methoxy-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(pyridin-
4-yl)piperidine-4-carboxylic acid, and
4-(2-amidino-6-methyl-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(pyridin-
4-yl)piperidine-4-carboxylic acid,
or a salt thereof or a prodrug thereof.
{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 pharmaceutically
acceptable additive.
(12) A blood 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.
(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.
(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.
DETAILED DESCRIPTION OF THE INVENTION

The terms used in the present specification to explain the inventive
compound are defined as follows.

Lower alkyl is linear or branched alkyl having 1 to 6 carbon atoms, which
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Alkylene having 1 to 6 carbon atoms is linear or branched alkylene having
1 to 6 carbon atoms, such as methylene, ethylene, propylene, butylene, pentylene,
hexylene and the like, which is preferably methylene, ethylene, propylene,
butylene and the like having 1 to 4 carbon atoms.

Alkenylene having 2 to 6 carbon atoms is linear or branched alkenylene
having 2 to 6 carbon atoms, such as ethenylene, 1-propenylene, 1-butenylene, 2-
butenylene, 3-butenylene, 1-pentenylene, 2-pentenylene, 3-pentenylene, 1-
hexenylene, 2-hexenylene, 3-hexenylene, 4-hexenylene, S-hexenylene and the like.
Preferred are ethenylene, 1-propenylene, 1-butenylene, 2-butenylene, 3-
butenylene and the like having 2 to 4 carbon atoms.

Aryl is phenyl, naphthyl or biphenyl having 6 to 12 carbon atoms, with
preference given to phenyl. Aryl at R® is optionally substituted by 1 to 3
substituents selected from lower alkyl, hydroxy, lower alkoxy, carboxy, lower
alkoxycarbonyl, aralkyloxycarbonyl, nitro, amino, acylamino, amidino and
hydroxyamidinoe. Aryl at R® is optionally substituted by 1 to 3 substituents
selected from halogen atom, lower alkyl (said lower alkyl is optionally substituted
by halogen atom), hydroxy, lower alkoxy, carboxy and lower alkoxycarbonyl. Aryl
at RY is optionally substituted by carboxy, lower alkoxycarbonyi or
aralkyloxycarbonyl.

Heteroaryl is 5 or 6-membered aromatic ring having 1 to 3 hetero atoms



car boxam di ne, ethyl 4-[2-(2-arnidino-
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4-yl ) pi peridi ne-4-carboxylic acid, or a salt thereof or a prodrug thereof.
(11) A phaeeeee fiont altrogeiR@GH| b:8Rels aftie bal RQIfBP atti,dHndemgprapavad of any of
the above (1) to (10) or a salt thereof or a _prodrug thereof, and a
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for the p?’SWgﬁo&l’g’g?%Mla&p%F%‘%ﬁ'sggm W@ﬁo@ﬂ’éﬂ%{ ol ation or
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(10) or a salt thereof or_ a prodrug thereof as_an active ingredient.
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substituted by carboxy, |ower al koxycarhonyl i o
alkoxycarbonyl. ~ The binding site of these hetéroaryl groups is not limited as long

as the site is chemically acceptable.

Aralkyl is arylalkyl wherein aryl moiety is as exemplified for the above-
mentioned aryl and alkyl moiety is as exemplified for the above-mentioned lower
alkyl, and is exemplified by benzyl, phenetyl, phenylpropyl, phenylbutyl,
phenylhexyl and the like. Aralkyl may have, on the aryl group, 1to 3
substituents selected from halogen atom, lower alkyl, hydroxy, lower alkoxy,
haloalkyl, cyano, nitro, amino, acyloxy and the like. It may be substituted
simultaneously with two or more substituents, but preferably mono-substituted.
The position of substitution is not particularly limited as long as it is chemically
acceptable,

Lower alkoxy is linear or branched alkoxy having 1 to 6 carbon atoms and
is exemplified by methoxy, ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy,
pentyloxy, tert-pentyloxy, hexyloxy and the like. Preferred are methoxy, ethoxy,
pPropoxy, isopropoxy, butoxy, tert-butoxy and the like having 1 to 4 carbon atoms.

Lower alkoxycarbonyl is that wherein the lower alkoxy moiety is those
exemplified for the above-mentioned lower alkoxy. Examples thereof include
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
butoxycarbonyl, isobutoxycarbonyl, tert-butoxycarbonyl and the like, with
preference given to methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl and the
like.



ar al kyl oxycar bonyl . Cycl oal kyl is al kyl having cyclic al kyl noiety having 3
to 10 carbon atons. Exanpl es thereof include cyclopropyl,

2, 3-di met hyl cycl opropyl, cyclobutyl, 3- nethylcyclobutyl, cyclopentyl,

3, 4-di net hyl cycl opentyl, cycl ohexyl, 4- nethylcycl ohexyl, cycloheptyl,

cycl ooctyl, norbornyl, adamantyl, bicygl of3.3.0]octan-1-yl or bicyclo[3.3.

| l nonan-9-yl and the like. Preferred are cycloal kyl having 3 to 7 carbon
atons, such as cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and the
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aromatic ring having 1°"to 3 hetero atons
above-mentioned lower alkyl. Examples thereof include methylamino,
ethylamino, propylamino or butylamino and the like, with preference given to

methylamino, ethylamino, propylamino and the like.

Di(lowerjalkylamino is amino disubstituted by those exemplified for the
above-mentioned lower alkyl, and is exemplified by dimethylamino, diethylamino,
dipropylamino, methylethylamino, methylpropylamino and the like. Preferred
are dimethylamino, diethylamino and the like.

Di(lower}alkylamino(lower}alkanoyl is alkanoyl substituted by those
exemplified for the above-mentioned di{lower)alkylamino. Examples thereof
include dimethylaminoacetyl, diethylaminoacetyl, dipropylaminoacetyl,
methylethylaminoacetyl, methylpropylaminoacetyl, dimethylaminopropanoyl,
diethylaminopropanoyl, dipropylaminopropanoyl and the like. Preferred are
dimethylaminoacetyl, diethylaminoacetyl and the like.

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

formylamino, acetylamino, pivaloylamino, benzoylamino and the like.



23 selected fromnitrogen atom oxygen atom and sul fur atom and may form a
condensed ring with other ring that may be partially saturated. Exanples
t hereof include imdazolyl, pyridyl, pyridine- 1-oxide, pyrimdyl, thienyl,

t hi azol yl, isoxazolyl, oxadiazolyl, triazolyl, indolyl, quinolyl, furyl,
benzofuiyl, 1H benzim dazolyi, 2-bengothiazolyl and the like. Preferred
are pyridyl, pyridine- 1- oxide, thienyl, thiazolyl, isoxazolyl, indolyl

and the like. Heteroaryl at R6 is optionally substituted by 1 to 3
substituents seaifesetatbiroigichiie, Bidfiine, ydHr@ot iodifwekitia biefegnce ar boxy,

| ower al koxycar bonyl, aral kyl oxycarbonyl, nitro, am no, acylam no, am dino
and hydr ogiyéR 0 ellp@ne pRE SFTBIE at R8 is optionally substituted by 1 to 3
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exenpl i fi grdhgtrdorazcpny, tetfatilidrothetebieehexhkiitodi2epine and*x86mke f i ed by
benzyl, phenetyl, phenyl propyl, phenyl butyl, phenyl hexyl and the |iKke.
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substitution is not particularly limted as long as it is chemcally
accept abl e. Lovighe ssltkafitize compoursd inahuddsy buthatdinaitddotoy invagamgadidt o 6 car bon

atons and i s _exenplifjed by nmethoxy t hoxy,. prQpoxy, isopropoxy, butoxy,
t ert - but oRYditigR sal) ULy ,asmémcbﬁmdw BydrobHutile it AhoRRPATE BN of or r o
are net ho Y orgBhieRRIY i {%ﬁ)é, i - d the like
having 1 %%dg?%g!r?%’o% at ons. i%%\lgglpgélg%%ggg{:)ny ’Pltso%g(#g{eéf\%%é%ﬁrellg%’the | ower
al koxy noglgtolatesldctids emalate, 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,
triethylamine, triethanolamine, tris(hydroxymethyljaminomethane,
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.

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 pharmaceutical activity upon hydrolysis, solvolysis, or decomposition
under physiolocial conditions.

Various diseases caused by blood coagulation or thrombus include
cerebrovascular deseases such as cerebral infarction, cerebral thrombosis,
cerebral embolism, transient ischemia attack (TIA), subarachnoid hemorrhage
and the like; ischemic heart diseases such as acute or chronic myocardial
infraction, unstable angina, coronary thrombosis and the like; pulmonary
vascular diseases such as pulmonary infraction, pulmonary embolism and the



exenplified for the above-nentioned | ower al koxy. Exanpl es thereof include

nmet hoxycar bonyl , et hoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,

but oxycar bonyl, isobutoxycarbonyl, tert-butoxycarbonyl and the like, with
preference given to nethoxycarbonyl, ethoxycarbonyl, propoxycarbonyl and

the Iike. 24 Aral kyl oxycarbonyl isghat wherein the aralkyl noiety is

those exenplified for the above-nentioned aral kyl. Exanples thereof include
benzyl oxycar bonyl, 2-phenyl et hoxycarbonyl, 3-phenyl propoxycarbonyl and the

l'ike, whi gike; m&&a%g)éiéobﬁmvﬁﬂémﬁla?@ﬁsoﬂdéé%ucﬁbk%n BérOXY,
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the above-nentioned | ower alkyl. Exanples thereof include nethylam no,
et hyl ammi fisculgiiasp andrthadker butyl anino and the i ke, vm th pref erence given

to nmet hyl am no,p m] r)aI kyl am no
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and preferably a group of the formula
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and particularly preferably a group of the formula



exenplified for the above-nentioned di (| ower)al kyl am no. Exanpl es t her eof

i ncl ude di net hyl am noacetyl, diethylam noacetyl, dipropylam noacetyl,

met hyl et hyl am noacetyl, nethyl propyl am noacetyl, dinmethyl ani nopropanoyl,

di et hyl am nopr opanoyl, di propyl am nopropanoyl and the |ike. Preferred are
di met hyl am noacetyl, diethylaninoaceg*} and the like. Acylamno is am no
substituted by those exenplified for the above- nentioned acyl. Exanples

t hereof include fornylam no; al kanoyl ami no having 2 to 6 carbon atons such
as acetyl am no, propigenyl am no, butyrylam no, pivaloylamno and the Iike;

and ar oyl am no 2 enzoyl am no a he I'i ke, wherein aryl may be
substituted by 1 ¢ S Ehjuexi-s3 B ef qyLge pagef or nyl am no, acetyl am no,
pi val oyl am no, be a#fl no and the || 25 Hal ogen atomis chlorine,

brom ne, fluorine or’iodine, with pregfserence given to chlorine and brom ne.
Saturated 5- to 7-nenbered heterocycle having at | east one nitrogen atomis

exenplified by pyryolidine, pLperidine, hexahydroazepi ne, and oxazolidi ne,
t hi azol i di ne, #ﬁi%a %d?ﬁ@?%hﬁﬁﬂﬁgygﬁﬁPn@HFBﬂDrphoIine, pi per azi ne,

t et r ahydr ooxazgRpeNRndd &ldoahydicntdti azepi ne, hexahydrodi azepi ne and the |ike
havi ng, as hetero atom oxygen, sulfur and/or nitrogen atom Saturated 5-
to 7-nmenbered heterocycle at R6 having at | east one nitrogen atom may be
substituted by |lower al kyl, acyl, dialower)al kylam no(l ower) al kanoyl or

irnidoyl. The salt of the conmpound includes, but not |limted to, inorganic
acid addition salt such as hydrochl g4 de, hydrobrom de, sulfate, phosphate,

nitrate and the |ife ; organic.acid Jddition salt such as acetate,
pr opi onat e, sOcef gl ycol at & 2t 22, mal ate, oxalate, tartrate,
citrate, mal eafe, ]uma ate, nethg Ll f g ate, benzenesul fonate,

p-tol uenesul fo - or bat e and e ke; addition salt with am no acid

such as aspartate]l glutamate and the like ; salt with
or and
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is preferably as shown by the formula

R4
—y2 — Y Y b
\, |\\CH2)kx xa—p X*—x5—R
D R®
R4
WCHz)k— X2 —x® N—X*—X°—R®
I
Y 1s

Preferable R* is hydrogen atom, lower alkoxy or halogen atom, which is
particularly preferably hydrogen atom. Preferable R’ is hydrogen atom, carboxy
or lower alkoxycarbonyl, particularly preferably carboxy. Preferable R® is



i norgani ¢ base such as sodi um potassium calcium nagnesium and the |iKke;
salt with organi c base such as nethyl am ne, di nmethylam ne, ethylam ne,

di et hyl am ne, triethylammine, triethanol ainine,

tris(hydroxynet hyl)ariinomet hane, dicycl ohexyl am ne, ethyl enedi nane,

qui ni ne, guanidine and the like; and dgse salt with am no acid such as
asparagi ne, glutamne, arginine, histidine, lysine and the |like. The salt
may be water containing conpound or hydrate. The prodrug of a conpound is a
deri vat i vaydfogeh atan)gzoboxy, idwdrlatkaxyesbohyli, amd ot heeroaniivelertinsargl arhemi cal |y
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the |ike; pul noPrferable?is axygeh acases salfchatam, pehico pparticutbrigct i on,

ul nonary enbolism and t he 26 |ike: di sease ssociated with various
\F/) ascul ar g &ng?ﬁag’gvr QXYEER AL p?gr 13 @@F’é’l%lya‘?egﬂina P%’iﬁ‘%sﬂﬁe% % -((dizh-
thronbosi g jdhsagabpat ed intravascul ar coagul ation, thrombosis after
surgery of artificial blood vessels or replacenent of artificial valve,
reoccl usi on or restenmwr coronary bypass, reocclusion or restenosis
af ter percutaneous trdns i nal coronary angioplasty (PTCA) or percutaneous
transl um nal coronary “&ﬁe’bnal i zation (PTCR), thronbosis due to
extracorporeal circulation, and the |like. The conpound of the present

invention is explained in detail .in the fql|l]owing,.. O the jnyentive

o ounde O S e BAEEU preidrhly B sRale BIne.n ek’ g PrAfably Alkenylene
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 O.

R’ is preferably

RIO

wherein R’ is preferably oxygen atom or NH, and particularly preferably NH. R
is preferably lower alkyl, lower alkoxy or amino, and particularly preferably lower
alkyl or amino. R®is preferably hydrogen atom, aryl, heteroaryl wherein aryl or
heteroaryl is optionally substituted by 1 to 3 substituents selected from halogen
atom, lower alkyl (said lower alkyl is optionally substituted by halogen atom),
hydroxy, lower alkoxy, carboxy and lower alkoxycarbonyl, particularly preferably
phenyl.

Y! is preferably oxygen atom or -NR'?- wherein R* is preferably
-Y5-R"? wherein R" is preferably phenyl optionally substituted by carboxy or lower
alkoxycarbonyl, Y® is preferably -CO-, particularly preferably -N-Y5-R®2, Y?is
preferably oxygen atom. Y? is preferably

(CHalg,
{5
(CHa), 7

wherein s and t are each preferably 2. Y*is preferably -CONH-. Y® is preferably



R4 particularly preferably hydrogen atom Preferable R err] is hydrogen
atom carboxy or | ower al koxycarbonyl, particularly preferably carboxy.
Preferable R6 is 28 hydrogen atom carboxy, |ower al koxycarbonyl, aryl

or heteroaryl wherein aryl or heteroaryl is optionally substituted by 1 to
3 substituents selected fromlower aljgyl, hydroxy, |ower alkoxy, carboxy,

| oner al koxycar bonyl, aral kyl oxycarbonyl, nitro, am no, acylam no, am di no
and hydroxyam di no, which is particularly preferably pyridyl. Preferable X2

i f oxyg([en(@mgﬁ mHg,?LUHKkl-mwzg”p&_l AéﬂngOAk Aiar(CIt{gyl vlgvhbxlyeixppeé p:readaiaf MI yaxygen
atom err] is pr ra - err]- articul ar refer y
(O e 1 5P BTSEAEY  AD( d PRERDY; O, 1S 3 R DoAY B BT ar |y
preferabl-cﬂgpﬁcmc@g{gd, ’PﬁeeﬁﬁéA!ﬁﬁfo&faBWé%u |t e/ fofRgINavi ng 2 to 6
carbon atons™or a single bond, which is particularly preferably a single
bond. Preferredj is 1, d k is preferably 0. Rerr] is preferably wherein
Rlerr][ is preferabl yﬁsn atomor NH, and particularly preferably NH
Rlerr]0 is preferably ",\q,wér al kyl, 1 ower al koxy or am no, and particularly
preferably | ower alkyl or amino. Rerr] is preferably hydrogen atom aryl,

het eroaryl wherein aryl qr heteroaryl.is optionally substituted by 1 to 3
substituents sgﬁEGP@@oPPaﬁfﬂéﬂfBgé‘Hfadf bﬂﬁsthFé’R%?enéF}é’?Pu?%g}cﬂlqeéwer al kyl is

opt i onal |y gl blerddRsbriet, DS RBnRk ARM geHETRAY isohfePe I THR §R¥sht car boxy and
| ower al koxycar bonyl, parficularly preferably phenyl.
invention encompasses all of them.

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.

Production Method 1

N R*
~ 7 -
Rl‘m/IL + m(cm)k—xz- + -X3- + _CN + —X*—X°—R®
R2 j R®
moiety [i] moiety [ii] moiety [iii] moiety [ivj moiety [v]

The production method shown here is suitable for producing, of the

compounds of the formula I ], compound of the formula [ 1’]

N’ R’
RI\N JkN /ﬁR‘

R? m—(CHdk—XZ—X3-CN—X‘—X’—R5
j RS
(1)

In this case, connection between moieties [i], [ii], (iii], [iv] and [v] 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 protecting group may be introduced or removed as
appropriate.

[1] Connection of moiety {1} and moiety [ii]

A compound at the moiety [ii]of the formula (2)



Y[err] is preferably oxygen atomor -NR 2- wherein Rerr] is preferably
-Y[err]-Rerr] wherein R err]3 is preferably phenyl optionally substituted
by carboxy or | ower al koxycarbonyl, Y[err]is preferably -CO, particularly
preferably -[err] is preferably oxygen atom Y[err] is preferably wherein s
and t are each preferably 2. Y4 is prgferably -CONH. Y[err] is preferably
29 [err].- wherein pis preferably 1 or 2, p' is preferably 1 and p" is
preferably 0, which is particularly preferably [err]-. The ring Ais
preferably a groumgs4of - the fornul a The conpound of the fornula [1] of the

present i BNENTYO ﬂinclude§ aut omer, stereoisqQmer, optical isoner and
geonetri call i shne Jcﬁdf‘ﬁré§ent i nvention enc hpasses all of them The
producti on ; h of the compound of the present invention is explained in
the follow ng, to which the production nmethod of the inventive conmpound is
not |imtgferddyoduction Method 1 noiety [i] noiety [ii] noiety [iii]
noiety [iv] noiety [v] The production nethod shown here is suitable for
produci ng t he conpounds of the formula [I ], conpound of the fornula

[1'] R3 In this case, connection between noieties [i], [ii], [1ii], [iV]
and [v] can be started fromany position. Construction or conversion of

each noi efieall8 ¥omectivh iitfloidier mdidtP BE BERIMG of LEorVRMBIE giRipesihl R

connecting sonme noieties. Wien reactive functional group s present, a

pr ot ect i nhydpogerpatony, gretectibg grbupeat leavinggroupcnastha fike Gperemiafier {hk]
Connection of  noi et]\j [1] .and noi etg ij,].A conpound at the moiety [lil of
t he for nufeme i 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)

U ®

wherein RY, R” and R are the same or different and each is hydrogen atom,
hydroxy, lower alkyl, aryl 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}

R4

Rl'\ /t .
i

wherein R”, R?, R¥, R%, X2, 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
conventional method.

Alternatively, ammonium thiocyanate and benzoyl chloride are reacted in
advance under heating and a compound of the formula (2) is reacted to give a

thioamide compound. Then, after treating with an acid such as hydrogen



means connection with other noiety or binding of a convertible group such
as hydrogen atom protecting group or |eaving group and the |ike
(hereinafter the sanme in the following fornulas), and Rerr], X2, j and k
are each as defined above, is reacted with the conpound of the noiety [i]
of the formula (3) wherein Rerr]', By and Rerr]' are the sane or
different and each is hydrogen atom hydroxy, |ower alkyl, aryl or a
protecting group of nitrogen atom or a salt thereof, in the presence of a

base such 'Hé;dgé( é\ﬁryi lﬁﬁp rggct #}le rphol i ne
and the Illﬁﬁn%lé |veé gr%rgﬁlf)%un ﬂ#é hﬁrdﬁ ¥‘P’§§ erein iérr j and k
are each pdidtaindeeheating preféfitbly anyo°af - R)°€l r The Benpounad Riagre reasted

protecti ng roup, this protecti n% group can be renoved by a conventi onal

met hod. rammcxhewgng alesireshsu nate and benzoyl chl ori de are

reacted in adv . heatin he formul.a (.2

reacted to gi vgﬂ m%c%wg%?ﬁﬁ‘%ﬁgﬂ %&PF}P@W&Q% aci d

such as hygdroge @; 31 chl oride, hydrogen brom de and the like, the
ed

conpound IS rea V\h_ g\jgg hyl iodi de under heating, preferably at
50[err]C - 70[err]C 'Fht ound may be reéted with am ne having the

desired S uHRQEEas ﬁg%&é’ reécft%m%ﬂ?heh%%&?@wm%vé 2) and the

conpound o e fornu R err erein RXis
as defi nettuamotmd cempoy ol@w@nby wiwith aremepiur adétete arcarginge

t hi onet hyha&ng‘%?éjggsmosubg%%ngy reaction with ammoni um acetate or am ne

When a compound of moiety [ii] wherein j is 2 is desired, a compound of

the formula (6)
o

R4
/..l )
@:;—(CHZ) —X2—Rh ©6)

wherein Rh is a protecting group such as methyl 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)

HN R

wherein R*, X?, Rh and k are as defined above.

[2] Connection or construction of moiety |ti] and moiety [iii]

A compound at the moiety [ii] of the formula (8}

S
@f-(CHz)k—XZ—H ®
;

wherein R, X?, j and k are as defined above, and a compound at the moiety |[iii] of

the formula (9)

_XLSS ©)

wherein L! is leaving group such as halogen atom and the like or hydroxy and X? is



havi ng the desired substituent. When a conmpound of noiety [ii] wherein | is
2 is desired, a conmpound of the forrmula (6) wherein Rh is a protecting
group such as nethyl and the like, and Rlerr], X err] and k are as defined
above, is reacted with sodium azi de and subjected to rearrangenent reaction
to give an azepi none conpound. This cggprpound is reduced with |ithium

al um num hydride to give a conpound of the formula (7) wherein Rlerr],
Xerr], Rh and k are as defined above. [2] Connection or construction of

noi ety [i i} desed@bdveyarei rehdted\te g abehpalint og thlogrnyild (10] of the formul a

(8) wherein R[err] X[err], j and k are as defined above, and a conmpound at
the noiety Rt‘he forrrula (9) wherein L' is leaving group such as

hal ogen aft oxy and X3 32 as defined above, are
reacted to g n(%hé’ﬁd of&tyd&forrrula (1¢O) wherein [err] j and k are as

defi ned above: ‘Mhen L[err] is a leaving group, it is subj ected to

al kyl ati on u5| n e such _as s dri ) dI’OXI de ot assi um
hydr oxi de¥ %’ﬁa)é 3% aﬁo@a@%’\?ﬁl%ﬁ?‘%oﬁ@?? tllsl E
N, N-di i SOBﬁEﬁMﬂeﬁttth@mﬁUh@iﬂghm blt¢h assetivhetydride] §od11\(ﬂf mtié i's

subjected to M tsunobu_ reaction using tri phenyl phosphi ne and dii sopropyl
azodi car b@?%sélﬂlén hygiropide, éQﬁ#BE\ﬁ?d EpGtasqieiy qarpanatgdpiethydargiasi red, a

conmpound gf givike X6 1 zed
using a per’aC| ér%@ﬂi@ 1m chlor opehﬂgenzofvléegz‘l %uﬁj g rétgg]tslh egfézlh band t he
i ke to giMitsumobunpaation wsing triptenyiphioaplfiibe bpdwhmomopyﬁ[zedrc]arbo‘@hm] ] and
k are as defin above. ynd er err rr NH- i's
desired, a conp8ufl %@W%ﬂrf]}o‘?’m@ %1’?)'88n 1s%esme>g aco]mpoundsqtﬁ

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)

K, |
CC:—(CHZ)“—SOZ—XLSS 1)
i

wherein R4, X3, j and k are as defined above.
When a compound wherein X? is -SO,NH- is desired, a compound of the

formula (12)

s o
%(CHZ) —S0,Cl (12)
{

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

HN=-X—) (13)

wherein X3 is as defined above, are subjected to typical amidation under basic
conditions to give a compound of the formula (14)

K,
;;C;-(CHZ)R—SOZNH—X"‘—SS (14)
]

wherein R*, X, j and k are as defined above.

When a compound wherein k is 1 and X? is oxygen atom is desired, a



wherein R erer], | and k are as defined above, and a conmpound of the
formula (13) wherein X3 is as defined above, are subjected to typical

am dation under basic conditions to give a conpound of the formula (14)
wherein R err], Xerr], j and k are as defined above. Wen a conpound
wherein k is 1 and X[ err] is oxygen agpmis desired, a 33 conpound of
the formula (15) wherein R err], Ak and j are as defined above is reduced
using a reducing reagent such as sodi um borohydride, |ithium borohydride,

l'i t hi um aleofippufd by thel fofmuBqdSym cyanobor ohydri de and the |ike to give a
conpound of the formula (16) wherein Rlerr] and j are as defined above. The
resul t ant condensed with a conpound of the formula (9) by the
met hod sho tion method of a conpound of the formula (10) to
gi ve a conpo he Tormula (17) wherein ﬂggrr], X3 and j are as defined
above. [3] Co éction or construction of nmoiety [iii] and noiety liv] Wen
a conpound mher ; is h at om.] e r t he fornula
(18) vvheré‘f %‘F?%?‘églgﬁ% cf lé"éf]‘l’js%% récg_%n 54%%5 above,
reduced U%u@ﬂaasb&dm:bdi@ hiy @ Nithiawe Bordytifidd) ilighfuad Biinfid nhMphidee, sodi um
bor ohydride, lithium boro ydrlde sodi um cyanobor ohydri de and the like to

give a conpdiumcyanobarhygride pad tholiksings A cappprpd oftheforrRuiadde) of 1 to 3.
Al ternati ij\y, a corE)ound of the fornula (20)

\\:(\C—cHon (16)
J

wherein R* and j are as defined above. The resultant compound is condensed

with a compound of the formula (9) by the method shown in the production

method of a compound of the formula (10} to give a compound of the formula (17)

S
f\m cHO—X' ) an

wherein R*, X? and j are as defined above.

[3] Connection or construction of moiety [iii] and moiety [iv]
When a compound wherein R is hydrogen atom and X is -CH,-, -(CH,),-

r -(CH,);-, the formula (18}

AKO,C— (CHg) —CN—SS (18)

wherein m’ is O 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)

Ho—(CHz),,,,,—CN—SS (19)

wherein m” is an integer of 1 to 3.

Alternatively, a compound of the formula (20)

Hozc—(cuz)m-—CN-SS 20)



34 wherein m is as defined above, is reduced using a reducing reagent such
as borane and the like to give a conpound of the fornmula (19). This
conmpound corresponds to a conpound of the fornula (9) wherein X3 is
-(CHerr])[err]- and L[err] is hydroxy. Wien a conpound wherein R err] is
cyano, |ower al koxycarbonyl or carboxgy and[err] is desired, a conpound of
the formula (21) wherein R err]"' is cyano, |ower al koxycarbonyl or carboxy,
is reacted with a conpound of the formula (22) [err] wherein L[err] is a

| eavi ng gwhereirstme{s Rsddfinkd aBovenisradavel tisiegla eduéaing redgens sach gdef i ned above,
in the presence a_pbase such as | iégi H’Qfdi i sopr rnide and the |ike at

-80[err] @q@ngﬁg&fﬂ]lq;hlﬁ)to&%agomg fOFﬂBlaf(égfrﬁl g-‘s(‘mpq}dﬁ@r ein Rlerr]"
and m ar&r&zggﬁé Mﬁagga&d Jme%m&m% WRERRURT s H $achRd LM< h an

oxi di zing rea suc osmumtetroxide and the |1ke to give a diol
conpound bkydsoxy.n t he doubl e bond was oxi di zed. This diol conpound is

subj ected to periodate oxidation.tqsall ow adjiacent diol tq be gxidatively
clenved Lo gi v arfeRpuBd Rt et futf ettt of Solemici ng
reagent sadXass -9, UCHRF ehydH,deis debitdt, waoagiounadifitde foratda Fm

cyanobor ohydride and the like to give a conmpound of the formula (24)
wherein RLerr n' are as defined above. 2fhi s conmpound corresponds to a
conpound the fyOor#tula (9) wherein Xerr] is -(CHerr])m- and L' is
hydroxy. Alternatively, a conmpound of the forrmula (23) is subjected to

per i odat ewbarettaRY rcyanogower alkoxydaoboriyl or carbaxy, idieabted svitteal voragound h a

reducing r nt _su as borane and the like to give a conpound of the
formul a (ﬁﬁg?om@%f%})ternati vely, a conpound of the formula (21) and a

conpound K&(CHIR,-CH=CH, 22)
wherein L? is a leaving group such as halogen atom 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)

CHp=CH~— (CHZ),,,--@N—SS 23)

RS
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)

HO—-(CHz),;w—CN—%s (24)

RS
wherein R and m” are as defined above. This compound corresponds to a
compound of the formula (9) wherein X3 is -(CH,),,-- and L! is hydroxy.
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).



formula (25) wherein L and mare as defined above, may be reacted in the
presence of a base such as lithiumdiisopropylamde and the |ike at
-80[err]Cto O[err]C. Wien a conmpound wherein [err] is cyano is desired, a
conpound of the formula (26) is am dated and reacted using a dehydrating
reagent such as triphenyl phosphine angthe like to give a conpound of the
formula (27) Then, this conpound may be condensed with a conpound of noiety
[ii1 by a method simlar to the production nmethod of a conpound of the

o compoun B ERED SFhBGurd B TRt AR QIR s SkbhyfERIRR o1 {hc

formul a (g&humhesein mis as defined above is reacted with a hal ogenation
reagent such as sul furyl chloride and the |jke to give a conpound of the
formul a (&FICHTQQ{9OWDOUHd of the formula ( may be converted to a
conpound t% leeaving group having higher reactivity by the use of alkai
net al hali de. en a conpound wherein [err] is desired, a conpound of the

fornul a (whgreipnerandmpre as)definer abareemay bearrtied mBwmresencesfipihaseed t o
Curtius r%rm%%(gﬁg@%ﬁdeg%{cpm £085eURfpecvhi ch is subjected to

typi cal renoving reac amno group to give a conpound of the
formul a (30) Wi @ céhpouhd sibdrein & és gmndd$ desickda beempothdof tlearpound
correspo%s tf) 2 conmpound of the formula (13) wherein [err] Alternatively,
a compoun@ B H8) for mul a (31) is subjected to Strecker reaction by

reacting hydro cyanide in the presence of ammonia to give a conpound of
t he forrrthE)@:(é@N—S@l (26)

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

v~ n @

Then, this compound may be condensed with a compound of moiety [iii] by a
method similar to the production method of a compound of the formula (23) or a

known method.
The leaving group L? can be introduced into a compound of the formula

(25) by, for example, a compound of the formula (28)
SS— (CHp)z—SMe (28)

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.
When a compound wherein X? is -SO,NH- and X? is -(CH,) - is desired, a
compound of the formula (29)

HOzc—-(CHz)m——@N—SS 29

RS
wherein R’ and m are as defined above, is subjected to Curtius rearrangement to

give a carbamate compound, which is subjected to typical removing reaction of



Thi s conmpound corresponds to a conpound of the fornmula (30) wherein R5 is
cyano and mis 0. Subsequent al coholysis gives a conpound of the fornula
(33) wherein R err] of the formula (30) is |ower al koxycarbonyl wherein Ak
is as defined above, and hydrolysis of the resultant conmpound gives a
conmpound of the fornula (34) wherein gerr] of the fornmula (30) is carboxy
[4] Connection or construction of noiety [iv] and noiety [v] A conpound at
the noiety [iv] of the fornmula (35) wherein Rerr] is as defined above, is
react ed wahlinaguppogid satorhpeurmbofahy fdrmala{3gihe formul a (36) 37 [err]
(36) wherein [err]and L[err] are as defined above, in the presence of a
base such as sodi um _gg, pot assi um hydri de, sodi um hydroxi de, potassium
hydrOX|de,2N‘TﬁW@ The, sodium carbonat eggpot assi um carbonate, sodi um
hydr ogencar bonat e, ssi um hydr ogencar bonate, triethylam ne, N N
diisopropylethylani , pyridine and the |ike or reacted using a base such

as trieth 5 ' 20 -
160[ err] C¥1t %mglﬁ \%eagd(’?%%%%%géﬂ%ﬁt%w%{o %g%@%%gﬁép%ﬁﬁgtt? e as defined
above. Whesmpoundpbthedomheladi ) wheein X1 is -@H),-or heteroaryl and the aryl or
heteroaryl is substituted by am no or acylamno is desired, a conpound
havi ng nitro asAlternatiadly, ausnipaindoofithe frmhea (319aryl is reduced to give a
corrpound havi anm no as a substituent. Further, an acyl ation reagent such
as acyl @1 d anhydride and the Ilke 312 react ed to give a conpound
haV| ng of ac as a substituent. Wien a conpound wherein X err] is

is desired, a conpound of the formula (38)

is subjected to Strecker reaction by reacting hydrogen cyanide in the presence of

ammonia to give a compound of the formula (32)
HgN—CNJ)S (32
CN

This compound corresponds to a compound of the formula (30) wherein R® is
cyano and mis 0. Subsequent alcoholysis gives a compound of the formula (33)
wherein R’ of the formula (30) is lower alkoxycarbonyl

M e3)
CO,Ak

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

v o4

COH

[4] Connection or construction of moiety [iv] and moiety [v]

A compound at the moiety [iv] of the formula (35)
RS
wherein R® is as defined above, is reacted with a compound at the moiety [v] of the

formula (36)



wherein X err] is as defined above, is reacted with a conpound of the
formula (39) wherein Rlerr] and Ak are as defined above, in the presence of
a base such as sodi um hydri de, potassium hydride and the like, to give a
conpound of the fornmula (40) wherein Rlerr] and X[ err] are as defined
above. Production Method 2 moi ety g] nmoi ety [vi] moiety [iii]

noi ety [iV] noi ety [v] The production nmethod shown here is suitable for
produci ng, of the conpounds of the fornmula [I ], a conpound of the formula
[ I Inthis case, clohnecKedqRe® between moietiegse)li], [iii], [iv], [v] and
[vi] can be started fromapy position. Construction or conversion of each

moi ety mayhsEeiR B Xed and L mdept Agfnrd 3baye, Wwdie presgareokbd Pase skt i ng
Some Nnoi ety 1\(%81 ks el i » hyRirBk ecting
group mayg%(gﬁpntro J'I(;: d o?lﬁ?éﬁrfgvecf’géagggég(g@fdgt%éﬁé 5] ﬂltrOlol'rlmect ?%’n and
const r uct lithumf hydroads, Jodium earhenats, pofassiumcathepatendodiunt he noiety [vi] of

the f 41 ' rl, d . defi.ped above, i
Foact od wETHEEAGA PO rRdeR E hyEeRtetelt it EBrtit i nean 1 oni ¢
anhydri dedagspropiethilaenihe, eidies And il 10e\oriregcted lising sBbdseavicAGsgr oup and

reacted wth cyanation reagent such as zinc ciani de and the like in the

presence &€ o N-diisepropylethstiaminesnd theriss\at R8s pléi0re tp givE &di um and
the like E&F.Pb%ﬁdgf q—glgnﬁﬁr’(gﬂund. The resultant compound is reacted with
ul'tTrde unde

hydr ogen s r basic conditions to give a thioam de conpound, which
is further, S |lated with nethyl iodide and the |ike and reacted with
anmmoni um é%e@eﬂ(‘&rﬂsﬁaﬁhavi ng a desired @@pstituent to give a conpound
of the forrm{{5 42)

wherein R®, R®, X* and X° are as defined above.

When a compound wherein R® is aryl or heteroaryl and the aryl or
heteroaryl is substituted by amino or acylamino is desired, a compound having
nitro as a substituent at aryl or heteroaryl 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 as a
substituent.

When a compound wherein X° is -CH=CH- is desired, a compound of the

formula (38)

§xt—cHo (38)

wherein X* is as defined above, is reacted with a compound of the formula (39)
?

(AKO)oP—CH; —RS (39

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)

—x*—cH=cn-RS (40)

wherein R® and X* are as defined above.

Production Method 2



39 wherein [err] and k are as defined above. When a conpound of the fornula
(43) having hal ogen atomat the 8- position at Rlerr] Hal wherein Hal is
hal ogen atom and X[ err]2 and k are as defined above, is desired, a
conmpound of the fornmula (44) wherein Xerr] and k are as defined above is
hal ogeni zed with a hal ogeni zi ng reagegg such as tert-butyl hypochlorite and
the like. Connection of noiety [vi] and noiety [iii], and noiety [iii] -
noiety [v] can be carried out in the sanme nanner as in the connection of
moiety [ii] - nmoR¥ty [V] shqvvn in Production MeghQd 1. Production Method 3
The producti onNmet hogs Wi here is swtabl e r pmyeducin of the
conpounds R)‘f\'}/&e *o (c@ke-oﬁpo'tlrrd(of *h r mutra— ‘? &rR® In this
case, connecii,on betweeh#ieties [i], [vii], RViii], [i x] [x] and [xi]
can be start from any position. Constructl on or conversion of each noiety
may be car maetyolit i ndepeiedpgiti] y omomeyy b5] doneiedy fidr commeetyi vy sone

moi eties. Wien reactive functional group is present, a protecting group nay

be introduced o’Phqgn@due'@brameélmmrah@elfsquta’,rdnmcnm@magmf@mgruct| on of
t d t | 45 d
oLy 4o, Lt BRSO b e (45), e

Production MethogB 2 is carrled out to give a conpound of the formula (46]

wherein [err] Mre each ag defined above. [7] Connection and construction of
noi ety [V|R1L VI ii], noiet i] A conpound of the fornula (47)
L (CHY—X2—X° N—X*—X5—RS®

'R’

In this case, connection between muoieties [i, [iii], [iv], [v] and [vi] 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 protecting group may be introduced or removed as
appropriate.

[S] Connection and construction of moiety [i] and moiety [vi]

A compound at the moiety |vi] of the formula (41)

HO R*
m(CHz)k—XZ-SS (41)

wherein R% X? and k are as defined above, is reacted with a sulfonylation reagent
such as trifluoromethanesulfonic anhydride and the like to convert hydroxy
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)



wherein L[err] is as defined above, is reacted with a conpound at the
noi ety [xilof the fornula (48) 41 wherein [err] and n are each as
defined above, or a salt thereof, in the presence of a base such as
triethylam ne, N, Ndiisoropylethylamne, sodi um hydrogencarbonate,
pot assi um hydr ogencar bonat e, sodi um cggbonate, potassium carbonate and the
like to give a conpound of the formula (49) wherein [err] and n are as
defi ned above. The conpound of the fornmula (48) itself may be used as a
base. The nitro qf a conmpound of the fornula (49) is reduced by a known
met hod to giveNd‘conpound of the fornmula (50) wherein [err] and n are each
as defined;aboye, and rgacted with a conmpound of noiety [viii] of the
formul a (51)rNTeE ¥y s as defiged above, t@dive a conpound of the

[

formula (52) ‘whe e GHIgr A are as defined above. Alternatively, a
conpound of the 8 a (53) and a conpound of the formula (51) are reacted
to give a conpound ,0 e Jorpula (5 2 wherein mis as defined above.
Thi s reac’t"’?‘ﬁﬁ‘“&gnq%zekatl{ly |%%&£Wé§é%%dr Fion. For exanple, a

condensi ng r eaggRén &¢empRtndiof itd ohexyd @8] hadhg RBlogen bfdabht the 8-

di i sopropyl carbodi i m de, 1-ethyl-3-(3-dinethylam nopropyl)carbodiirnide

hydr ochl opesidort R’ HC ), di phenyl phosphoryl azi de or 2-ethoxy- 1-
et hoxycar bonyl - 1ggrdi hydroqui noline (EEDQ and the like is used, or m xed

acid
. I CHa—X2S) “3)

wherein Hal is halogen atom, and X?* and k are as defined above, is desired, a

compound of the formula (44)

J

- (CHa— X2 @

wherein X? and k are as defined above is halogenized with a halogenizing reagent
such as tert-butyl hypochlorite and the like.

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.

Production Method 3
R3
N~ N
RI\N )L + ﬂp?‘ + —(CHpp~ + _Yl—®» + —y2—y3_R7
k2 !
moiety [i] moiety [vi] moiety [viii] moiety [ix] moiety [x]

+
(é:Hz)n——Y‘ ~Y3~R®
moiety [xi]
The production method shown here is suitable for producing, of the
compounds of the formula [I |, a compound of the formula [ 7]



anhydri de net hod using al kyl hal ocarbonate and the |like, or after conversion
of carboxylic acid to acid halide using thionyl chloride, oxalyl chloride
and the |ike, reaction under basic conditions, or other nethod nay be used.
A conpound of the fornmula (55) wherein Rh' is a protecting group such as
met hyl, ethyl and the like and mis ag defined above, is deprotected by a
conventional nethod to give a conpound of the formula (51). Alternatively,
a conmpound of the fornula (56) wherein mis as defined above, is oxidized
by a typical ne&pod to give a conpound of the fornmula (51). A conpound of
the formula (3€) and a conpound of the formula (54) are subjected to

ri ng-cl osg on under acidi ¢ ondrtrons usi ng acetic acid,
rrethanesulfo’ﬁic 2_(§9e fza pdpand the like to give a
conpound of Rhe QLA ( ? [err nrand n are as defined above,

or a conmpound of the ornula (58) 43 mherern mis as defined above.
Alternatively, a conpgugd —YheprBornula (59) is converted to imdate using
an al koxi de, such as sodi um et hoxi de, sodi um et hoxi de, potassi um
tert-butoxide and the [[iIK&))and reacted with a conmpound of the formula (50)
or a conmpound of the fornmula (53) under acidic conditions to give a
conpound [efthid&sk ddoitleatidrb Between andiexigs ifl,r[du]ffvnf] rle%gsg]rénd ] cas be
respectively. Wien a conmpound wher ei n err is desired, a
conpound m@é‘oﬁnammpm\i@@) Ganstricope conveasidn vf eact] maiety sy def i ned
above, are reacted in e sane n r as. shown in the productiqn nethod of

a corrpoun%FrEF PHEINdS %‘Eﬁﬁﬁﬁfﬁ&nﬁﬁ maiegegsher o give a
conpound I%Ecﬁ\téefukgﬁéﬂﬂl %rc(tﬁ%)s prescnt, a protecting group may be introduced or

removed as appropriate.

[6] Connection and construction of moiety {i} and moiety [vii]
Using a compound of the formula (45)

NC N
\CIN‘}‘—S)S @5)
<R

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)

N° R?
l\ N
Bees
2

wherein R!, R?, R? are each as defined above.

[7] Connection and construction of moiety [vii] and moiety [viii], moiety [xi]

A compound of the formula (47)

S NO, J
- @

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

H,N-(CHp,Y-Y*-R® (48)



When a conpound wherein V[err] is oxygen atom Y[err] is a single bond and
Rlerr] is lower alkyl is desired, a conpound of the forrmula (63) wherein n
is as defined above, and a conpound of the formula (64) wherein Rerr] is

| ower al kyl and L[err] is as defined above, are reacted in the sane manner
as shown in the production nethod of a conpound of the formula (37) to give
a conpound of the fornmula (65) 44 4lherein R err]' and n are as defined
above. Wien a conpound wherein Y[err] is -CO, Ybis a single bond and

Rlerr] is hetergaryl ds desired, a upnd of the for a (60) is reacted
with N, O VaFTRR ilI\%y\égr P&k ??&hi%‘fﬁé‘nggéﬁgv%ﬁﬁﬁéimé@“g#o% n the
productiogregsﬁ&qﬂ_aoﬁasesﬁemm&hmiﬁ@,mtdn%@ Rdlyl&hir, seimeund of the

formula (54) to give a conmpound of the formula (66) wherein n is as defined

above. Sepuirggencarbenaie petassim hydrpgencarhonate,(ssdiumpabenateRpetasgium s
het j ti L Wit b it hi d the lik d
eteroary : ?%g A{%ﬂ%@‘ﬂk@‘té vgag@%ﬁ%ﬁg%%@g&%{% (hg) ium an e like an

reacted w ove- nentrone give a conpound of the

formula (6&) wher 'bn Rlerr] and n are as defined above. [8] Connection and
constructi réty [viii] and moiety [ix] A compound at the noiety

[viii] of th mul a (69) 4\/\,h§rein L2 and m are &9)defined above, is
reacted with a cohpouGtpfY ¥ rnmula (70) wherein Y[err] and ring A are
as defined above, in the presence of a base such as sodi um hydride,

pot assi unVRgERR Beﬁ}‘s‘ém#ﬁl irpteined abgves Sihgrompersdiofithe formuia(As)

hydr oxi deitﬁélgﬂab'%h%é 9Qatse POt assi um car bonat e, sodi um hydrogencar bonat e,
pot assi um hydr ogencarbonate, triethylam ne, N, N diisopropylethylanm ne,

pyridine and thg il of 2 cohpsufi QAP RIHRHIL {49 el @¢eitiy® known method |

to give a compound of the formula (50)

| NH,
(50)
NH—(CHg) —Y*—~Y5—R3

wherein R®, Y*, Y° and n are each as defined above, and reacted with a compound

of moiety [viii] of the formula (S1)
HOC—(CHa),—S) 1)
wherein m is as defined above, to give a compound of the formula {52)
J NHCO— (CHz) —)
(2)
NH~(CHp),—Y*-Y5—R3?
wherein R%, Y*, Y, m and n are as defined above.

Alternatively, a compound of the formula (53)
§ NH;
(53)
NH,
and a compound of the formula (51) are reacted to give a compound of the formula

(54)

fj\C[NHco—(CHz)m—SS -
NH,



(71) wherein Y[err], ring A and mare each as defined above. Wen a
conpound wherein Y[err] is NHis desired, the conpound is protected with a
protecting group such as benzyl oxycarbonyl, tert-butoxycarbonyl and the

| i ke and subjected to the reaction and deprotected to give a compound of
the formula (72) wherein ring A and mare as defined above. In addition,
when a conpound wherein Y[err] is -NRZ%rr]- is desired, a conpound of the
formula (72) is reacted with a conpound of the fornmula (73) (73) wherein
Rlerr] and L[err] are as defined above, in the same manner as in the
product i owh&e&iﬂmdisaisch:ﬁnaﬁrpbmmd Bhistrbartioarcan|be  #Pical amigiatien aeatiopound  of
the formula (74) wherein R err] and m are as defined above, Wen a conpound

wher ei n [ EPF P‘m@m@rﬂm@s reageps sygh as dicyeleheisarbodiigige (ReClof t he

formla ( A whereln [err]
I s as def ﬁﬁgeodi% |rh[wﬁ ealré% 4@?&%& %Pﬁ@%aé’mn met hod of a
conmpound ﬁifdﬁd&ﬁloiﬂémlﬂlb@ Héﬂ)dlpheﬁ dsphomlaidebat)2-tthogy-Me a conpound of the

formula (76) wherein R[err] y[e , ring A and mare as defined above.
Wien a conﬁm@m dx?[y@imqum@m {EEE@)@nddhdhhm@uwé, o miged ackl a gr oup

of the for ein I S .as def| bove, and a corrpound of the
formul a (egEY@H‘E— ?‘Emg{?fjéﬂm?%\ l"‘?ﬁ‘?ﬁp %ﬁﬁ U 7ften CORYRERPRAL et hod of
a conmpound, @ biReadiPidMi@ heB® using tl'nonyl chloride, oxalyl chloride and the like,

reaction under basic conditions, or other method may be used.

-

A compound of the formula (S5)

Rh’ OZC—-(CHz)m—SS )

wherein Rh’ is a protecting group such as methyl, ethyl 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—(CH —S) 56

wherein m is as defined above, is oxidized by a typical method to give a compound
of the formula (51).

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)

JKO: >—(CHan—§ en

(CHZ) —Y*-Yy5—R®

wherein R®, Y4, Y°, m and n are as defined above, or a compound of the formula

$
Qe o



to give a conmpound of the formula (78) wherein R err] and mare as defined
above. Wien a conpound wherein Y[err] is oxygen atomis desired, a conpound
of the formula (79) wherein ring Ais as defined above, is oxidized with
peraci d such as m chl oroperbenzoic acid, peracetic acid and the like to

gi ve a compound of the fornmula (80) wherein ring Ais as defined above.

Thi s conmpound corresponds to a conpowsd of the fornula (70) wherein Y is
oxygen atom [9] Connection and construction of nmoiety [ix] and noiety [X]
A conpound at the noiety [ix] of the fornmula (81) wherein Y[err], L[err]
and ri ng #herein asiscsidefinel albavee, is reacted with a conpound of the formnul a
(82) [err] ) (82) wherein [err] and Y3 are each as
defi ned above, AlisrRafivelyapsormpanad obtheiformpia (59 47 production method of a
conmpound of the forgula (10) to give a conpound of the fornula (83) wherein
[err] andNErTTYCHIaT®) as defined above. \Wien gogonpound wherein ring A has
the following fornula and Y[err] is a single bond, is desired, a conpound

of the formula (84) wherein Y[err] i.s as defined above, .or a_conpound of

Che. T or miSEopgeyed eare naing 4 Skopide, ich Be Pl oL sHEibove. | s

reacted w Cﬁg@%% _ . i : fl ve, in the
sane nan\r,:%‘?lla}gge’l n the prtglgu%?gﬁgﬁﬁe(?ﬂgbdﬂ% %dg‘é%}g%ﬁ‘ﬁgﬁgf&ﬁﬁgr(ﬁul a (37)
to give atieobRAURISOf orta@nfsyulid of théfrmula (S3) under acidic conditions to give

a compound of the formula (57) or a compound of the formula (58), respectively.
When a compound wherein Y* is -CONH- is desired, a compound of the

formula (60)
[~
(CHg),—COgH (60)

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

H,N—Y5—-RS® (61)
wherein R? and 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)
=~
(CHy),—CONH—Y5—R?® (62)

wherein R%Y® and n are as defined above.

When a compound wherein Y* is oxygen atom, Y® is a single bond and R® is

lower alkyl is desired, a compound of the formula (63)

A~
(63)

(CHp),—OH

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

Li-RY (64)

wherein R¥ is lower alkyl 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)
[~

(CHo)y—O-R¥ (5)



wherein [err] and Y3 are as defined above, or a conpound of the formnula
(88) wherein [err] and [err] are as defined above. Wien a conpound wherein
Y[err] is a group of the formula wherein Y[err], s and t are as defi ned
above, is reacted with a conpound of the formula (90) wherein L[err] is a
| eavi ng group such as ethoxy, 1-pyrazolyl, hal ogen atomand the Iike and
Rlerr] is lower alkyl or a group of t4fe fornula RO wherein RO and Rlerr]
are as defined above, in the presence of a base such as triethylam ne,

N, N- di i sopr,opy.l efshyl am ne i hydr ogencar bonat e, potassi um
hydr ogencg\dﬁgﬁﬁﬁg m@&g&ﬁgbg‘?&pot assi um carbonate, sodi um hydr oxi de,
pot assi um hydr owthen al dobipoumdrwitkrena Yies -GO4 ivei® siflgle bond patda®ss um hydri de

and the like to %gve a conpound of the forpula (91) wherein [err] s and t
are as deficteeargbisdesirath @ HIYEHPL the PrautpRlis4e4qted WihhE- pr esent

| nventi on g iyl kAbARERRS thd SEiCmaliic MR R prbdilt e
i nventi ved(E:IglUrr%1 u IS used as a factor Xa 1 nhibitor or ant |°Wgﬁé(}gga
coagul at i ofiagzgepound of the fgameladb2)\or adrempaingraf dhofommiula (54) megied eral |y and
syst em cal | | | | i t he dose varies depending on the age, body
wei ght, sﬁﬂ%{pgh{’dt%ﬁg}ea%gaméé@ffect, adm nistration route, treatnent tine
and the Ii&f, it hg generally fromO0.01 ng to 1 g for an adult, which is

9

orally or rente¥al |y adm ni stered once 49 to several doses per day.
When t he c&“rﬂ?lmwd”&éMg he present invention igedjornul ated into solid

0

wherein n is as defined above. Separately, a compound of the formula (67)
H—R® (67)

wherein R®” is heteroaryl 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)
[~

(CHz);—CO~R" (68)
wherein R*” and n are as defined above.
[8] Connection and construction of moiety [viii] and moiety [ix]

A compound at the moiety [viii] of the formula {69)

(G (CHa L2 ©)
wherein L? and m are as defined above, is reacted with a compound of the formula
(70)

H—Y'-@J)S (70)

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, triethylamine, N,N-
diisopropylethylamine, pyridine and the like to give a compound of the formula
(71)



conpositions for oral admnistration, it can be prepared into a dosage form
such as tablet, pill, powder, granule and the like. In such solid
conpositions, one or nore active substances are adm xed with at | east one
inert diluent, dispersing agent or absorbent, such as |actose, mannitol,

gl ucose, hydrooxypropyl cellul ose, mcrociystralline cellul ose, starch,

pol yvi nyl pyrrol i done, magnesi um al uni4fonet asilicate and anhydrous silicate
powder. Mboreover, the conposition may conprise additives other than the

di l uent according to g—cpnventional nethod. Wen the conpound is formul at ed
into tabl Hzg)il{vxc coating or enteri@)coating of, for exanple,
sucrose, gdlatinr hyd p#opyl cel | ul ose or hydroxynet hyl cel | ul ose

pht hal ate may be applied, or two nore | ayers may be forned. Mreover, a

capsul e nadergin §i Engh et an ake eachipsHelined abeve- and et hyl cel | ul ose may be
used. Wien a | igi ibgl ORs1 : i n}S i = | t he
conpound can beﬁ?ﬁgﬁ%@g@gthﬁrﬁéﬂ ogalgﬂg léjlgégr#lsihce aisrwgﬁgraﬁ’%@gﬁcﬁ%al |y
accept abl avithna psitertinggrbup sath asberpalesyenbonryy tert-busbkyoarbamytiand ghd i ke.

Exanpl es di Luent be, used.i ndu £ ter t ha. veget abl e
oi 1 and. edtiF &nf SGPlectel 6 T eBbuot R ettt S omB Rme Ve

di luent, #omsidla#rd) agents such as wetting agent, suspending agent,

sweet ener, flavor, ar tic and preservative. \Wien the conpound is prepared

into an i b On. andghteral adm nistratjign, a sterile aqueous or
nonaqueougy?gﬁg’h nI‘o’trll, ?ﬁ ﬁ lizer, suspendi ng(l7§gent or emulsifier is used.
Exanpl es of the aqueous solution, solubilizer and suspending agent include
di sti | | ed wherein ringrA angl gt atess, defngd Rbdvsgi bnaddition,vehencgedropesnd in and its
derivativ Al ' u Iy ' .di_et hanol.am ne,
nmonoet hano aegﬂ&%%’?"f%-ﬁ\lﬂ?gf[%ﬂg%reﬁé,gr&gﬁl@ofxﬁ%ﬁ%ﬁ%ﬁ@%ﬁﬁ?)ﬁg saocFeglt‘?’%ﬁ? When t he
conpound icempoapdéthd fotmu(73)queous sol uti on, propyl ene glycol,

pol yet hyl ei_nze_gluycol , vegetable oils such as olive oil, alcohols such as

et hanol (73)

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)

S‘)“C’wm—?‘@"}s )
Rlz

wherein R* and m are as defined above.

When a compound wherein R* is -Y8-R"3, Y¢ is -CO-, -CO,-,
-COCO,- or -SO,- is desired, a compound of the formula (72) is reacted with a
compound of the formula (75)
HO—Y®—-R®

(75)

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}

SS"‘CHZ)m'T'@'SS (76)
Y®

'___Rl3
wherein R¥, Y®, ring A and m are as defined above.
When a compound wherein Y' is a single bond and the ring A is a group of

the formula



50 and the |ike may be used. As the solubilizer, for exanple,

pol yoxyet hyl ene hydrogenated castor oil, surfactants such as sucrose fatty
acid ester (formng mxed mcelle), lecithin and hydrogenated lecithin
(formng |iposonme) may be used. In addition, an enulsion preparation
conpri sing a nonaqueous solvent such as vegetable oil, and lecithin,

pol yoxyet hyl ene hydrogenated castor &8, or polyoxyethylene

pol yoxypropyl ene gl ycol may be produced. As other conposition for

parenteral admnistration, an external liquid, |ininment such as ointnent,
supposi tory/or\ pessaxy conprising one or nore active ingredients, which can
be fornul atfed PY a nethod known in this field of the art, nay be enpl oyed.

Exanpl s The;gonmpound of the fornula [I] of the present invention and
production™het hod thereof are explained in detail by way of the Exanples
below. It is needless to say that the present invetnion is not to be
limted tésdenysed, Exemppend o '§5nt hesi's of

7-[1 (pyrldl n- AW ) pi peridin-4-yl met hoxy] -1, 2, 3, 4-
tetrahydr@év@l—gye 2- car boxani di ne di hyﬂ?)ochl oride Step 1 7-Hydroxy-
1,2,3 ,4-tetra roi soqui nol i ne- 2-carboxylic aC|d tert-butyl ester

7- Hydr oxy 1 &;Bégé d(]:ﬁﬁ] ;@%ted‘%s

di ssol ved‘ﬁhr]fraﬁﬁaqlﬁ%g&ig SO |%§ﬁﬁg¥r£‘o% rta?/utl on E ngﬁb%lg' I oxane (8
m) and dithe sgme mlerasuam@ct(omeeﬂagsi ofia soagduad Oﬁ\ﬂledhmala {23l | owed by
stirring % 88'@ ;rﬁ)%%% ?fagl* After conpletion of the reaction,

&'Pac

the reacti Of th ethyl acetate and the organic Iayer
was washed vvlth sat ted br| ne. The organic |ayer was dried over anhydrous
sodi um suI%a-t(@H t hens§l vent was evapor at ?%under reduced pressure to
give the title COR“ d (385 ng). Step 2 )

wherein R!* and m are as defined above.
When a compound wherein Y is oxygen atom is desired, a compound of
the formula (79)

OHC -@-SS (79)

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)

HO*@-SS (80)

wherein ring A is as defined above. This compound corresponds to a compound

of the formula (70) wherein Y! is oxygen atom.

[9] Connection and construction of moiety [ix] and moiety [x]

A compound at the moiety [ix] of the formula (81)

e

wherein Y!, L' and ring A are as defined above, is reacted with a compound of the
formula (82)
—_\v2__ —-—D7

wherein R7 Y? and Y*are each as defined above, in the same manner as in the



4- Hydr oxymet hyl - | -(pyridin4-yl)piperidine 51 Under an argon

at nosphere, to a solution of 1-(pyridin4-yl)piperidine-4- carboxylic acid
(Tetrahedron, vol. 44, No. 23, page 7095 (1988)) (500 ng) in
tetrahydrofuran (5 m) was added 1M borane-tetrahydrofuran solution (14.5
m) with ice-cooling, and the m xture was stirred at roomtenperature for
12 hours. After conpletion of the reaktion, the reaction m xture was poured
into ice water and extracted with ethyl acetate. The organic |ayer was
washed successively with water and saturated brine, and dried qver

anhydr ous PEstctipn suathed af a sorapaiyid elfbe frenws 41 ta gike 2 crAwPUPd @hERsd pressure
and the oh}rﬁ.j@%%:gljesi due was dissolved in 12% hydrogen chloride and stirred
at 50'C for 1 ur. After conpletion of the reaction, the reaction m xture
was neutr%_i_g,@dgaq%gﬁ sodi um hydr ogencar bonat e and 4N aqueous sodi um
hydr oxi de Bol‘ut nd ‘extfracted with ethyl@acetate. The organic |ayer was
washed with saturated brine and dried over anhydrous sodiumsulfate. The
sol vent waherei® ROEf BY Yoané ring adare ed defiradab@veand dri ed under reduced
pressure to give the title conpound (400 ng). "H- NVR( [err] ppm CDCl [err])
1. 24- 1. 38( m 2HWhén Z@oingdathvatdrein2irR6X hag te foBowigdordtlla 3. 92(m 2H) ,

6. 66(dJ=5. 1Hz, 2H), 8.22 =5. 1Hz,2H) Step 3

7-[1-(Pyri qyn\ -yl) pi peyi ditg4-yl met hoxyl - 1, 2, 3, 4-t etrahydroi soqui nol i ne- 2-
car boxyl i c—@ﬁ tert-bu ester N To a m xture of 7-hydroxy-

1,2,3,4-tet ydr oi spgugrol i ne- 2- carboxylic acid tert-butyl ester (389 np)
and 4- hydroxynet hyl - 1-(pyridin-4-yl)piperidine (300 ng) in tetrahydrofuran
(15 m) apddYeidwkiegr WMdpls disiréd adompsirel sidde bririlpgany| phosphi ne (450
ng) and dii sop;%\ll' azodi car boxyl ate (0.34 rnl) and the m xture was stirred

at roomte)g[pg_‘\ur)quor 24 hours. After co )Ietion of the

wherein Y* is as defined above, or a compound of the formula (85)

) Yl_@”” (85)

R14
wherein R and Y* are as defined above, is reacted with a compound of the
formula (86) (86)
L. 2__ Y3_ R 7
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)

S%'Y'—O R ®7

wherein R’, Y! and Y? are as defined above, or a compound of the formula (88)
1 _v3_p?
S Y ACN Y3-R )
Rl4

wherein R7, R, Y! and Y? are as defined above.

When a compound wherein Y is a group of the formula

(CHZ)s \
{2
(CHa), /



reaction, the reaction m xture was concentrated under reduced pressure and

t he obtained residue was purified by silica gel colum chronmat ography 52
(hexane: acetone=3:2 - 1: 1, 1%triethylanine) and dried under reduced
pressure to give the title conmpound (500 ng). 'I-NVR( 6ppm CDO 3)

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), 3.90-3.96(®8H), 4.53(s,2H), 6.62- 6.74(m4H),
7.04(1H),8.25(2H) Step 4 7-[ 1 -(Pyridin-4-yl)piperidin-4-yl net hoxy] -

1,2, 3,4-tetrahydroi soqui noline To a sol ution of

7-11- (pyri 8RAKRYS Jowiepalkybioh- 4- yI et hoxy) - 1, 2, 3, 4-

t et rahydr oi sogw nol i ne-2-carboxylic acid tert-butyl ester (500 ng) in

chl oroform (R®°m ) was added trifluoroacetic acid (2.5 m) and the m xture
was stirred4at roomtenperature for 1 hour. After conpletion of the
reaction, th®&%eaction mxture was concentrated under reduced pressure.
Agueous sodi um hydr ogencar bonate sol ut| on was added and the m xture was

extracted c | ayer was washed successively
w th water aél ugél’%%‘:% @@ﬁfntg an r| ec] over anhydrous sodium sul fate. The

sol vent was evapo @Hg and dried under reduce?gl?gr essure to give the title
conpound (%% H ( 6ppm CDCl 3) 1.30-1 (m2H), 1.91-2.15(m 3H),
2.72(trJ=6 490(m2H) 3.11(tr,J=6.QHz, 2H), 3.79(d, 2H),

3.90-3.98(m 4H) ., 65 6.66- 6.72(m 3H), 699(1H) 8.25(2H) Step 5 7-11

-(Pyridin-4-vl).piperid 4-yl pet hoxyl - 1,2, 3 4-tetr droi oqui nol i ne- 2-
car boxar ni dif f%:yﬁfoﬁrbdcﬂ?lgr%édgg?ﬁgagév& fRerrae % 4 o pound’of the
7-11- (pyri irfimda y90) pi peri di n4-yl met hoxyl -1, 2, 3, 4-

L3_R7! - (q))

wherein L’ is a leaving group such as ethoxy, 1-pyrazolyl, halogen atom and the

like and R”’ is lower alkyl or a group of the formula

R10

wherein R® and R' are as defined above, in the presence of a base such as
triethylamine, N,N-diisopropylethylamine, sodium hydrogencarbonate, potassium
hydrogencarbonate, 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)

(C H2)s \ ,
§r '< NR 1)

wherein R, Y?, s and t are as defined above.

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.

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



53 tetrahydroi soquinoline (50 ng) in dinethylformam de (0.5 m) were added
dii sopropylethylarine (0.027 m) and 1H pyrazol e-1-carboxam di ne

hydrochl oride (23 ng), and the m xture was stirred at roomtenperature for
12 hours. After conpletion of the reaction, diethyl ether was added and

I nsol uble material was collected by filtration. The obtained solid was
washed with diethyl ether. A part (4%%mg) of the obtained solid was treated
wi th hydrogen chloride - nmethanol and dried under reduced pressure to give
the title conmpound (44 ng). 'H NVR(( ppm DMSO d6) 1.20-1.45(m 2H),

1. 88- 1. 93pree@iyl ddded pémgladt) , 2. 81(tr, J=6. OHz, 2H), 3.20(m 2H),
3.57(trJ=6.0Hz, 2H), 3.85(m2H), 4.23- 4.28(m 2k 4.54(s, 2H), .

6. 70(d, J=2. 7Hz WheR the cgpipgynd sf the presqn) iy ,ﬁov?%@muf@%fm soljd)

Lot Foutiidsioth for ordtAdihudtidhion? it L e krdoditl bl dpbdedBicn ™)

t et r ahy dr 4 ©BRYigio) jowtte?,ogar e xaditH ike.diHh wdel eblidedrifosticR, dnEbhy |
1- (qui nol i n-4-yl') pi peridi ne4-carboxyl ate A sol ution of 4-chloroquinoline (2
g), et hylmpendtyesubstances gre agmixed witly at lepstong) nent dduedt, dispensingn et hanol

(7.5 M) was stirred in a.sealed tube at . 150C far days. .Atter conpletion
Of Che. | ARG GhAbSREReSt SR SlAc TRl B RSB bB S (1 et by
acet at e. rggyf.ogg lifge & V‘@érdﬂagbﬁgin ﬁ&c.j)ﬁ’eelnﬁag(‘kéi m\at er and saturated
brine, and dri % over anﬁysg’rous sodi un‘? ul'tate. 'The solvent was evapor at ed
and t he oditmimetetasiicate andasmhypdrausisilitate/psrderc aMgedovero thentonedusitiont ogr aphy
(hexane: acetone=3: 1) and dried under _reduced pressure to give the title

conpound T8y gogprissspdtivesntherfhan fhe dlyent according 9 ¢onvanonadi per i di ne
method.

When the compound is formulated into tablet or pill, gastric coating or
enteric coating of, for example, sucrose, gelatin, hydroxypropylcellulose or
hydroxymethylcellulose 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.

When a liquid composition for oral administration is desired, the
compound can be formulated into a dosage form such as pharmaceutically
acceptable emulsion, solution, 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, auxliary agents such as
wetting agent, suspending agent, sweetener, flavor, aromatic and preservative.

When the compound is prepared into an injection for parenteral
administration, a sterile aqueous or nonaqueous solution, solubilizer, suspending
agent or emulsifier is used. Examples of the aqueous solution, solubilizer and
suspending agent include distilled water for injection, physiological saline,
cyclodextrin and its derivatives, organic amines such as triethanolamine,
diethanolamine, monoethanolamine, triethylamine, and inqrganic alkaline
solution.

When the compound is prepared into an aqueous solution, propylene

glycol, polyethylene glycol, vegetable oils such as olive oil, alcohols such as ethanol



To a solution of |ithium alum num hydride (267 ng) in tetrahydrofuran (10
m ) was added dropwi se ethyl 1-(quinolin4-yl)piperidine-4-carboxylate (1 g)
in tetrahydrofuran (10 m ) under nitrogen atnosphere and with ice-cooling,
and the m xture was stirred at the sane tenperature for 2 hours. After
conpl etion of the reaction, aqueous sodiumsul fate was added with

i ce-cooling and the mixture was filté&0ed through celite. The sol vent was
evapor ated and the obtained solid was washed with diisopropyl ether and

dri ed under reduced pressure to give the title conpound (750 ny)

" H NVR( [ ead thedikeanay perssd. Asshe solgbiligera fer examote, polgexyefipigne 2. 85(m 2H) ,

tim2n) | Bravgeadeatios o sagdBos itn of spéiplh ot acid es%‘ ffﬂmn? >0
|- (qui nol kupdrithibereQedidtin nil kifBsoReitkd Iedickiniicfmize RS i ne-

2-carboxylate In the same nanher as in Exanple 1, ep et|

conmpound In2a{ditiay), ansesnulsioni preparhtiomcomprising aﬁﬂmadumq&solvent such as
1,2,3,4- tetrahi/drm SO(%UI nol i ne-2- carboxylate (206 ng),
e

4° hydr oxyYREERRP polyprysihylens aydre qnzaégi@orqﬂ, Phhenyl phosphi ne

((Zgﬁi gl) | ﬁtﬂg )&Hh Moﬁgﬁ%%eﬁég&é‘?ﬂﬁwwﬁfe rah%?gl go;ur InoI I ne In

the same nannems&ﬁheﬁtoﬁa@ﬁnio@ fér pa¥efferdl adififtistratib, aPeReMRMI¢EAQ0 NU) was
obtained fromt-butyl 7-1 1-(qui noI i n4-yl) pi peridin-4-yl met hoxyj - 1,2, 3, 4-

t et r ahy dr inisiegt isudi ameingment, ISURpoSItony Gra¥Ssany)congrisingone or more active
ingredients, which can be formulated by a method known in this field of the art,

may be employed.
Examples

The compound of the formula []] 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-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride
Step 1
7-Hydroxy-1,2,3,4-tetrahydroisoquinoline-2-carboxylic acid tert-butyl ester

H
r-suozcm/ ©

7-Hydroxy-1,2,3,4-tetrahydroisoquinoline hydrobromide (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. After completion of the reaction, 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).
Step 2
4-Hydroxymethyl- 1 -(pyridin-4-y})piperidine



7-[1- (Qui nolin-4-yl)piperidi n4-yl met hoxy] -

1,2, 3, 4-tet-ahydroi soqui nol i ne-2- carboxam di ne di hydrochloride In the sane
manner as in Exanple 1, Step 5, the title conpound (75 ng) was obtained
from 7-[1-(quinolin-4-yl)piperidin-4-yl met hoxyl - 1,2, 3, 4-

t et rahydr oi soqui noline (70 ng), diisopropylethylamne (0.033 nl) and 1H
pyrazol e- 1 -carboxani di ne hydrochl ofilde (28 ng). 'H-NVR ([err] ppm DVSO- d6)
1.55-1.66(m2H), 1.96-2.02(m2H), 2.22(m1H), 2.82(tr,J=6.0Hz, 2H),

3.49(m 2H), 3.58(trJ=6-0Hz, 2H), 3.92(m2H), 4.17- 4.23(m2H), 4.56(s, 2H),
6.73(dJ=2.4 1H) 'n~& 850dd, J=2. 4, 8.1Hz, 1H), 7.15(d, J=8.4Hz, 1H),

G e R e ol ra i poridl med I rot b 13 o as
ynt hesi s o net hyl - 7- -(pyridind-y ] peri di n-4-yl methoxy]-1, 2, 3, 4-
t et r ahydr oi soquiRET arearEoR AHBESRLF GitR 8 S&i\fw&r%dpm@ae‘*-@&@ae& e-4-

7-[1- (Pyr ibdhpedh : B Aoy | 0 )
1,2,3,4-tet raﬁy ?Qgi)ds)cggﬁi&nol i néb_ogf}'zfggl?gzo%irﬁaggmig%él%sn_l(%O%rrgg(])Put I on of

ammoni um tesrahydrefyrzandd enli w28 addgd iM beranetetrahydmfuran seligtialy @G 38 added
benzoyl chloride ¢0. 32 t rat , ] rewas stirred
at 750C £ BA D hie i e s SRS S e e B 15 ofird

yl) pi per i diter cbnyplesdrhobaiie rdactior, thetreddtinhytelixoireoens porired et eOvarg)y | N

acetone (4.5 m) and. pethyl ene chloride .5 m) was added dropw.se, and
he. i xt uad REcEd B abriates A b PRAB ArG MASASDed HEcresSHEY Bih

conpl et i 0Qapk shARahfafed tihe, AfEdS& KRPEnHHGroAY 30ALA fif30d TiR!Bver@S added.
The m xture was extracted with chloroform The organic | ayer was washed

successi veRy evanorated uadenedused pressurg apditheobtainedregidue was dissplyedt sus sodi um
(S:g'n‘; f’"t ﬁg/ d?g‘goeﬁr?}ag?ﬁ%gl:,élf‘g@d(c\i%ﬁi ﬁ?&gﬁﬁg éfbrT Prblf WHePLOEHietER P UG Was added

reaction, the reaction mixture was neutralized with aqueous sodium

hydrogencarbonate and 4N aqueous sodium hydroxide solution, 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 mgj.

'"H-NMR(6 ppm,CDCl;) 1.24-1.38(m,2H), 1.70-1.90{m,3H), 2.86(m,2H),

3.53(d,2H]}, 3.92(m,2H}, 6.66(d,J=5.1Hz,2H], 8.22(d,J=5.1Hz,2H)

Step 3

7-[1-(Pyridin-4-yl)piperidin-4-ylmethoxyj-1,2,3,4-tetrahydroisoquinoline-2-

carboxylic acid tert-butyl ester
I®

O
0

To a mixture of 7-hydroxy-1,2,3,4-tetrahydroisoquinoline-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 azodicarboxylate (0.34 mlj and the
mixture was stirred at room temperature for 24 hours. After completion of the
reaction, the reaction mixture was concentrated under reduced pressure and the

obtained residue was purified by silica gel column chromatography



m xture was stirred under reflux for 1 hour. After conpletion of the
reaction, water was added and the m xture was washed successively with

et hyl acetate and chl oroform The aqueous | ayer was concentrated and the
resultant residue was dissolved in water and ethanol, and neutralized with
i on-exchange resin (IRA-4 10). This was filtrated and the filtrate was
concentrated. The obtained residue w®2 purified by silica gel colum

chr omat ogr aphy (chl orof or m net hanol = 100: 1 - 20: 1) and dried under

reduced essure e, litl onmpaun 450 'H- NVR (6

ppm OVEO. [m@’i %“’3}5’@2} gi 1‘;/ rigthy %"%g’ ,C%Q%‘g%%?{?‘ﬁfd pEES%HMOZH) ,

2. 84( m 2Hyive Srdtdde rﬁj—();oolinQS(s 2H), 6.70-6.82(m4H), 7.08(1H),
7.44(brs, HK—InN8 11(2

7-11-(pyrid mq»%?@blphﬁﬁ lyf|'>(P{€t hiitly 1.9212-25m3H).ed- FeRTBREY:s oqui nol i ne-

2- car bot hi 7 -goga/ Iper t hoxy) -
1,2,3,4- te?%ﬂ?rfgl :siggwrﬁtom?né %ggggoﬁ?ggﬁgzﬁ(%g%@my%\gg treated with
hydrogen 6Ma¢miads, 7.0e{1hB.BRS(2) uti on. To a suspensi on of the obtained

resi due iNggrre hanol (6 m ) was added nethyl iodide (0.1 m), and the

m xture irred at 600C for 2 hours. After conpletion of the reaction,

t he sol vent|1\eyridiv-apd)piberidipadyiinethoxblt RR[BHtetediydnsisoinglingsol ved in wat er

and et hanol and neutralized with ion-exchange resin (I RA-410). This was
filtrated and the filtrate wa centrated and dried under reduced
pressure to give the title ;g@ﬂd (200 ng). "H-NWR ([err] ppm DVSO d4)
1.20-1.40(m 2H), 1.80-1. 7 2.03(m 1H), 2.47(s, 3H),
279(trJ6C]—IzZH)QN2\ﬁ£z% 2H), 3.72(tr,J=6.0Hz, 2H), 3.82(d, 2H),
3.96-4. 02(AN2R)Y" - , , 6.77-6.86(m4H), 7.08(IH), 8.12(2H) Step 3
i di n-4-yl)piperidin-4-yl methoxy]- 1, 2,3, 4-tetrahydro-

To a solution of 7-|1-(pyridin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxylic acid tert-butyl ester (S00 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 reaction, the reaction mixture
was concentrated under reduced pressure. Aqueous sodium hydrogencarbonate
solution 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 dried under
reduced pressure to give the title compound (350 mg).

'H-NMR(6 ppm,CDCl;) 1.30-1.49(m,2H), 1.91-2.15{m,3H), 2.72(tr,J=6.0Hz,2H]},
2.90{m,2H), 3.11(tr,J=6.0Hz,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)

Step S
7-[1-(Pyridin-4-yl)piperidin-4-ylmethoxy]- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine dihydrochloride

O

o)
N

To a solution of 7-{1-{pyridin-4-yl)piperidin-4-yimethoxyj-1,2,3,4-



i soqui nol i ne- 2- car boxam di ne di hydrochl oride To an ethanol solution (2
m)of nethyl 7-[21-(pyridin-4-yl)piperidin-4- ylnmethoxy]- 1

, 2,3, 4-tetrahydroi soqui nol i ne-2-car bot hi oi m date (100 ng) were added

met hyl am ne hydrochl oride (20 ng) and sodi um acetate (25 ng), and the

m xture was stirred at 80[err]C for 3 hours. After conpletion of the
reaction, water was added and the mi ®Bure was washed with chl orof orm
Theret o was added aqueous sodi um hydrogencar bonate sol ution and the m xture

was washe it h chl . ; aqueous
sodi um hy%?%@?%‘«?‘sgﬁ{ﬁ%l Oé\ @gn%8¥%%%%%§9tsm@$%g?@chl orof orm
The ext r adiisopfspyletisylemtirs (0025 hly ahg 1HHyrazed-¢ rcanbukandtiine diydocbchioride. The
organic | ri ed over anhydrous sodi um sulff%it’_](iﬂ nd the sol vent was

evapor at e@gg{%@\’/\g‘;@ Edva% oAl Toemy teEpeEfury H5Yye ™Rl ori de -

et hanol sg@iiiblefith 8Ntle Feackidn Udideiy] E@RHEAY aBEQSSHA SrsbRIHE M¥Rtdride whkt | €
conpound (80 ). " H NWR L;rr] “ppm DVSO-d6) 1.19-1.38(m 2H),

1.87-1.94¢ by Altreion. obtaingi splidrgas washodwithHliethy] sther Apart
oIy s g g GRaiedisbia dpSBlcauAibien g B AL bl by
tS)e/'m gﬁsijf?)?éd ﬁn@&-rl(eﬂtrd_dqﬁmzsuwko ?”?meﬂm i rémn]lgl)' rl" 2’e?,’ o a solution
 ray o oL AN B ASEA S 5B 0a 8 A, Tl BGEon. 31505 116

t et r ahydr 9igs pflU+610Hz28H 23,200 QH|) 308 THrdRbOHZRT), BBS5(nREgf $as0l (3 ) were

added hydrog&gm ne hydrochl oride (4 rr}gﬁa and sodi um acetate (56 ng), and
the m xt uf@8B<Lttt-pHed 6. 10ddRotHz1 Rl 082(ddhd Ty, 86811 on of the

reaction, =\, = Jpt Wi tdirChnor of or m
Thereto \/\/Zf\g@ﬁ%ed 4N§ggﬁg%%§’952%%}ﬁy§'?§%2 Z’o%'g?(la’c‘)]\rl:?' and t)he m xture was

ext r act ed1368re:hAHpr of orm The organic | ayer was washed successively with
wat er andEsat L3t ed brine and dried

Synthesis of 7-[1-{quinolin-4-yl)piperidin-4-yimethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride

Step 1

Ethyl 1-(quinolin-4-yljpiperidine-4-carboxylate

EtOZC—CN—z N

A solution of 4-chloroquinoline (2 g), ethyl isonipecotinate (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:acetone=3:1) and dried under reduced pressure to give
the title compound (3.2 gJ.

Step 2
4-Hydroxymethyl- 1-(quinolin-4-yl)piperidine



over anhydrous sodium sul fate. The sol vent was evaporated and the obtai ned
solid was treated with hydrogen chloride - ethanol solution and dried under
reduced pressure to give the title conpound (82 ng). 'H NWR

([err] ppm DMSO-d6) 1.25-1.38(m2H), 1.88-1.95(m2H), 2.17(m 1H),
2.81(tr,J=5.7Hz, 2H), 3.05-3.25(m 2H), 3.56(tr,J=5.7Hz, 2H), 3.84(m 2H),
4.22- 4.29(m2H), 4.52(s,2H), 6.70(d,2#=2.4Hz, 1H), 6.82(dd, J=2.4, 8.0Hz, 1H),
7.12(d, J=8.0OHz, I H), 7.19(d,J=7.5Hz,2H), 8.08(brs,2H), 8.19(d, J=7.5Hz, 2H),
10. 06(s, 1H), 10.86(brs,1H), 13.71(brs,1H) Exanple 5 Synthesis of

N- phenyl - 7-[ 1- i di -yl ) pi peridin-4-yl met hoxy]- 1, 2,3, 4-

t et rahydr oi i ngNT{e- 2Ncar boxani di ne di hydrochl oride Step 1 N Phenyl-7-]
1- (pyridi M-yl Yypt per n4-yl rnet hoxyl - 1, 2, 3, 4-

t et - ahydr oi soqui nol i car bot hi oam de To a solution of 7-[

1- (pyridin-4-yl)pi per n-4-yl met hoxy] - 1, 2, 3, 4- tetrahydroisoquinoline (30
ng) in nethylene chloride (0.5 m) was added ghenyl i sot hi ocganat e (0.012

m), and the mBaasdutiemrsofdi alusginpgbRy Gmgla tegahydry (& ter
conpletio ion, ; tg ) .obt ai ned
regipdue mgg%%gr?ﬁ%ﬁ{}%ggl f}ygqg@ﬁin\éo -l? chroma g_gr ap "3&% flhﬁu?

(chl or of otdtrahydtdfaram (1066 utiderlfirpgereatmydspheresgndawith dee-exbling derd theduced

D 3o 1, aobihedy e 3ta oy iRy tipelsl B2 hojiy. Atep cBlylagon o the

3. 84- 4. 00¢enchbh, acheBds Sodihn siftiabbwhas addat with icefroéhd id the B8ture wa{ M 6H)
8.24(2H) Step 2 N-Phenyl-7-[1 -(pyridin-4-yl)piperidin4-ylnmethoxy] -
1,2,3,4- flberedRhroughsslisi nbhs sRlvett wasisyarprrirdanddhsabiained splidgeas

washed with diisopropyl ether and dried under reduced pressure to givé the title

compound (750 mg).

'H-NMR(S ppm,CDCly) 1.57-1.90(m,3H), 1.93-2.05(m,2H), 2.85(m,2H), 3.64-
3.68(m,4H), 6.84(d,J=4.8Hz,1H}, 7.47(m,1H), 7.65(m, 1H}, 8.01{m,2H),
8.67(d,J=4.8Hz,1H)

Step 3
t-Butyl 7-{1-(quinolin-4-yljpiperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-

2-carboxylate
N
L
t-auozcmo
In the same manner as in Example 1, Step 3, the title compound (280 mg)
was obtained from t-butyl 7-hydroxy-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (206 mg), 4-hydroxymethyl- 1-{quinolin-4-yl)piperidine (200 mg),
triphenylphosphine (238 mg) and diisopropyl azodicarboxylate (0.18 ml).

Step 4
7-[1-(Quinolin-4-yl)piperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline



N- Phenyl - 7-[ 1-(pyridin-4-yl)piperidin4-yl nethoxy]- 1,2, 3, 4-

t et rahydr oi soqui nol i ne- 2- car bot hi oam de (35 ng) was treated wi th hydrogen
chloride - ethanol solution. To a suspension of the obtained residue in
met hanol (1 m) was added nethyl iodide (0.0 14 m), and the m xture was
stirred at 600C for 1.5 hours. After conpletion of the reaction, the

sol vent was evaporated and the obtai fé&d resi due was di ssolved in water and
et hanol and neutralized with ion- exchange resin (I RA4 10). This was
filtrated and the filtrate was concentrated. To the obtained residue were
added ethanol (1 nl) and arnnpffeym acetate (24 ng), and the m xture was
stirred under reflux for 12 hpurg. After conpletion of the reaction, water
was added and the m xtur S Wéshgd with chloroform Thereto 60 was
added aqueou hat e sol ution and the nixture was
extracted W i [ [

wat er and ss8 Qtgd brine and dried over anhydrous sodi um sul fate. The
sol vent was evaporated and the obtained residue was purified by reverse

phase prepar atl §91@§| @5{% EE 0 c acid).
The obt ai ned res gclggvx\l/%s t%ggrg lpL ée Iﬁ?)lrél éxtﬂlpo{ﬂ‘iﬁIiuanox%1 ol ution
and dri edwasdbtained fromd-putgkB-{il- e;mmnhyn-#gl)plbmdmm-glrmthmqqmdz, 42 ng). ' H NWR
([err] ppm dlerr, 1- §ﬂé .88-1.93(m2H), 2.17(m 1H),
2.89(m 2HS¢ %S%?M‘zW% %0 ﬂ%? .28(m 2H), 4.64(s,2H), 6.74(1H),
6. 84(1H), s¥e -7. 28(m6H) 7.43(2H), 7. 96(2H) 8.20(2H), 9.66(brs, 1H),

13. 38(brs, npl e Synt hesis of eth 4- ( 2- arni di no-

1,2, 3, 4- térhla{?&)ylmq&m ylpipendin=-47yim ﬁi//?)“ ydroisoquinoline-2-

(pyri di ”'%a?ﬂdéc&%ﬁﬁﬁ gi;[ﬂ’?r& oxyI ate di hydr ochl oride Step 1 t-Butyl

7- met hyl t hi onmet hoxy- 3, 4- tet r ahydr oi soqui nol i ne- 2- car boxyl at e

y. x;%

* 2HCI

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 mgj}, diisopropylethylamine (0.033 ml) and 1H-
pyrazole-1-carboxamidine hydrochloride (28 mg).

'H-NMR (6 ppm,DMSO-d,) 1.55-1.66(m,2H), 1.96-2.02(m,2H), 2.22(m,1H),
2.82(tr,J=6.0Hz,2H), 3.49(m,2H), 3.58(tr,J=6.0Hz,2H), 3.92(m,2H), 4.17-
4.23(m,2H), 4.56(s,2H), 6.73(d,J=2.4Hz,1H}, 6.85(dd,J=2.4, 8.1Hz,1H),
7.15(d,J=8.4Hz,1H), 7.20(1H), 7.64(brs,4H), 7.69(1H), 7.96(1H), 8.12(m,2H),
8.63(1H)

Example 3

Svnthesis of N-methyl-7-{1-(pyridin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride

Step 1
7-[1-(Pyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carbothioamide



To a solution of t-butyl 7-hydroxy- 1, 2,3, 4-tetrahydroisoquinoline-2-
carboxylate (13 g) in dinethylformam de (100 m) was added 60% sodi um
hydride (2.5 g) under an argon atnosphere, and the m xture was stirred at
roomtenperature for 30 mnutes. Then, chloromethyl methyl sulfide (5.2 m)
was dropw se added with ice-cooling, and the m xture was stirred at room
tenperature overnight. After conpletibf@ of the reaction, the reaction

m xture was poured into water, extracted with ethyl acetate and washed
successively with water and saturated brine. The organic |ayer was dried
over anhydrous sodi um sul fate and sol vent was evaporated and the
obt ai ned resi due was purified by 4i a gel columm chromat ogr aphy
(hexane: acet org@=20: 1 - 10: I ed under reduced pressure to give the
title compoundl (9,6 gL. H+ 6 ppm CDA 3) 1.49(s,9H), 2.25(s, 3H),
2.77(tr, J=H N H) 2 5. 7THz, 2H), 4.54(s,2H), 5.13(s,2H), 6.70(1H)
6. 78(1H), 7.06(21 2 61 t-Butyl 7-chl oronethoxy-

1, 2, 3, 4-tetrahydroi soqui nol i ne-2-carboxylate To a solution of t-butyl

7- met hyl t hi onet - . 1.2, 3, 4- tetrahydr.oi ipoline:2-carb 9.6
et byl ene. chitA AR sfmoRET BITUAARE G20 B B AR RIAA Bt or i de”
(2.75 M) i aRpAIdeaiRlcE Mefizdylichioafe (0.32 tdaToam taimpertatelBa@liey € and with

ice-cooling, and the mxture was_stirred at the sanme tenperature for 1

hour. The BEtYEWasSETE A0t Gtiet QAN ol hfdma miEturs @ e §- L dPIEn Gt ai ned
id j ffinl j : d d
resi due tgyrlwérﬁh- fimke ]uﬁbs,ﬁﬁéﬂnryﬁgm?ﬁa\mﬂewgm ﬁg@%@d&g(@@ an

dried und rreduced “pressure to give e conpou "H NWVR

([ er r ] ppm ©hH@ng)mdthgiens chidride $4.3 il was addgiHiropw)se, and tia mixiug Bay , 2H) ,

P e g o) i e e b

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. hydrogen chloride (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).

'H-NMR (6 ppm,DMSO-dg) 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)

Step 2
Methyl 7-{1-(pyridin-4-yl)piperidin-4-ylmethoxyl-1,2,3,4-tetrahydroisoquinoline-
2-carbothioimidate



t et r ahydr oi soqui nol i ne-2-carboxylate To a sol ution of ethyl

1- (pyridin-4-yl)piperidine-4-carboxylate (Tetrahedrorn, vol. 44, No. 23, p.
7095 (1988)) (13.4 g) in tetrahydrofuran (300 m) was dropw se added a

2M | i thi um dii sopropyl am de-tetrahydrofuran solution (31 m) at -70[err]C
under an argon atnosphere, and the m xture was stirred at the sanme
tenperatyre for 45 min. To this solut?bn was dropw se added a sol ution of
t-butyl 7- chloronethoxy- 1,2, 3, 4-tetrahydroi soqui nol i ne-2-carboxylate (7.4

g) in tetrahydrgfurgn.(80 m). at.the. .sapge t tur and the m xture was
allowed to war m9t[g( ‘%d"'t‘1 &%%?%‘X’Wegf%wﬁg%ﬁigﬁﬁxdmlmmwér

conpl et i orp-géirbotidodrariet(20M mghoue eated FRTENhyTogd erlode Sethahbldnithdh.m ) and
wat er (50 rﬂ%awere add(g?_ﬁl%and the m xture was extracted with ethyl acetate.

The or gani{© % SYfHENFQR ebtained resityeinomsthangl GFl wes addedmetirle sol vent
was evaporiaaige (@161}, BAdARE MiRkede WaS sBHed ¥B60E 7 OInKEL. | a\fﬁgg&ggﬁeg?ﬁwo m).

¢
Thereto was dropw se 62 added i N aqueous sodi um hydr oxi on (50
m) with idféhereacien theselverntavasiexaporategdandsthe obtainet residuamias dissolvedir e for 1

hour. The d I.n resi.due, was .extracted
wth et hyllﬁgé:%%g%%dl\gﬁgﬁ Wﬁ%ﬁ%hﬁﬁﬁ%%gﬁaﬂggﬁ%h%i@ﬁT@%ol vent was
evapor at edvasfiitrates aotel thierfilittate e schoacerittated ahd ideidd yider fedtiged)Bress@leumm
chr omat ogr.aph \}échl orof orm anol =20: 1 - 10: 1) and dried under reduced
pressure tthB%é CFHEC?WPPBngﬁpEHHﬁ)d (10.87 g). 'H-NWR ( [err]
ppm CDC [e”ﬂ%lMR?@gEgBMSD- 201148 ,Qﬁp%%%gﬁfo(&léﬁ%(mg%gg;nﬂ-3o'

: rer . 68-

9

2.40(m 2 2. 75 3.10-3.20(m 2H), 3. OH)’, 3.°76(m 2H),
3. 97%2232-4’4?@% J2-pt ,zﬂmééng,( H), 6:7@1t(,11|=§>-,0w|,%13r@82@(,2ﬁ1)3k|§, K

7.02(1H), Ber5( e )
- (pyri di n-ﬁ?‘i%é.al‘?‘(%"z?gﬁf’ 2y rbgﬁy%rrsgﬁr%’ggﬁn7ﬁ%§(ilﬁ[1’73: A3 et hyl ) pi per i di ne-
4- car boxy|Step3
N-Methyl-7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-tetrahydro-
isoquinoline-2-carboxamidine dihydrochloride

To an ethanol solution (2 mljof methyl 7-[1-(pyridin-4-yl)piperidin-4-
ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carbothiocimidate (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
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 treated with hydrogen chlon'dé - ethanol solution and dried under
reduced pressure to give the title compound (80 mg).

'H-NMR (6 ppm,DMSO-dg) 1.19-1.38(m,2H]}, 1.87-1.94(m,2H), 2.17(m, 1H),
2.80(m,5H), 3.20(m,2H]), 3.59(m,2H), 3.84(m,2H), 4.20-4.29(m,2H), 4.56(s,2H),



To a solution of t-butyl 7-[4-ethoxycarbonyl- 1 -(pyridin4-yl)pipefidin4-
yl met hoxy] - 1, 2, 3, 4-t et r ahydr oi soqui nol i ne- 2-car boxylate (10.87 g) in

chl oroform (50 m) was dropw se added trifluoroacetic acid (30 mM) wth
ice-cooling, and the mxture was stirred at roomtenperature for 30 nmn.
The solvent was evaporated and to the_obtained residue was added aqueous
sodi um hydr ogencar bonat e sol uti on, an®8the mixture was extracted with ethyl
acetate. The organic |ayer was dried over anhydr ous sodium sul fate and the

o ve the (RTOAPEarBUTHY 7 HSEP g, E P RS LR s hikiens ?éﬁ??‘” "

1.25(tr, I mpld4 1. 65- 1 95(n12FD 2.30-2.36(m2H), 2.72(brtr,

3.05-3.18(m 4 3.69-3. 7 ?é ﬁ%? 4. 21 , J=7Hz, 2H) , 6 52(1H)

6. 65- 6. 67(W§515€f79§('(1’%‘ *ZBP@FWS Rl % _ani di no-

1,2,3, 4-1 ﬁﬁﬁ?’cﬁb&b&@jﬂdmpbl&rﬂoﬁhﬁd&’%}d&m pdrbeiiBée di n-4-

yI)plperl I ne4- car boxyl ate di hydrochl ori de To a solution of ethyl
1-(pyridin-4-yl)-4-(1 ,2,3,4-tetrabydroi soquinolin-7-
onxynethyI)plperldlne 4- car boxyl 8.29 g) in dinethylformam de (50 m)
wer e added di i opyl et hyl ar, 4 m ) and 1H pyrazol e- 1- car boxam di ne
hydr ochl ori de i 3. 69 g), and fheym xture was stirred at roomtenperature for
12 hours. E g2 ated and to the obtained residue was added
di ethyl ether (350 : and the sud@#ﬁatant was renoved. The obtai ned oi
was di ssolved in™n gnol (20 m) and thereto was dropw se added di et hyl
ether (700 m) with stirring. The supernatant was renpved and dried under

reduced pressur &0 aFSONT%DD((B’@)CtHﬂ HHotryridia-biyl aipredinet-tiimethoxd-1ad di-no-

1,2,3,4-t I
yI oxyrret h%& ?g%%yrl n- ?;%%ortlm ﬂ\uéiaﬁe (clgrsl%%ﬁat e &6‘ IBJ) “fre addél ssol ved
i n et hanolhyiroxysihine hydtroogbndc [ﬂ?angk:taud/mmmaate'r(ﬁé mg) xdnd thewaigture
concentrated redu ive the titl e &L ound
(28 " o FEn oA o KRS BibiSnor e Halfort dfhicrgsaditdP
2. 15- 2. 22(andtie, 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).

'H-NMR (& ppm,DMSO-d,) 1.25-1.38(m,2H), 1.88-1.95(m,2H), 2.17(m, 1H),
2.81(tr,J=5.7Hz,2H), 3.05-3.25(m,2H), 3.56(tr,J=5.7Hz,2H}, 3.84(m,2H), 4.22-
4.29(m,2H), 4.52(s,2H), 6.70(d,J=2.4Hz,1H}, 6.82(dd,J=2.4, 8.0Hz,1H),
7.12(d,J=8.0Hz,1H), 7.19(d,J=7.SHz,2H), 8.08(brs,2H), 8.19(d,J=7.5Hz,2H),
10.06(s,1H), 10.86(brs, 1H), 13.7 1(brs, 1H)

Example S5

Synthesis of N-phenyl-7-[1-(pyridin-4-yljpiperidin-4-ylmethoxyj- 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride

Step 1

N-Phenyl-7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4~
tetrahydroisoquinoline-2-carbothioamide



2.81(tr,J=6.0Hz, 2H), 3.30-3.50(m 2H), 3.56(trJ=6. QHz, 2H), 3.95-4.18(m 6H)
4.53(s,2H), 6.68(d,J=2. 1Hz, 1H), 6.8 1(ddJ=2.1, 8.4Hz, 1H), 7.14(dJ=8.4Hz,
1H), 7.19(d, J=7.5Hz, 2H), 7.58(brs,4H), 8.22(d,J=7.5Hz, 2H) Exanple 7
Synt hesis of 4-(2-amdino- 1,2, 3,4-tetrahydroi soqui nolin-7-yloxynethyl)- 1-
(pyridin-4-yl)piperidine-4-carboxylic acid dihydrochl oride Ethyl
4- (2-ammi dino- 1,2, 3, 4-tetrahydroi soge® nol i n-7-yl oxynet hyl)- 1-
(pyridi n-4-yl)pi peridi ne-4-carboxyl ate di hydrochloride (9 g) was dissol ved
in conc. hydrogen chloride (50 m), and the m xture was stirred under
reflux for 3 hours. After conpletion nhe reaction, insoluble materi al
was filtered off and the sol vent s evaporated. The residue was

t

dri ed unde duced pressure to Qi title conpound (9.0 g). [err] H NWR
([err] pp dllerys 6501. 45(m 2H), 2.14-2.20(m 2H),

2.81(tr, J=5"7HN2H)N" 3. rJ>5. 7Fz, 2H), 4.004.15(m 4H), 4.54(s, 2H),

6. 70( 1H), 6.81(fl—|), 3H), 7.63(brs,4H), 8.22(2H), 13.71(brs, 1H

Exanpl e a Synthesis of 4-(2-am di no-

(vl din- a5yl ) pi poraP A7 B b b < imemonyl-1,23.4-

1I )2 3, 4- tgtnahyd:l'omo%mquhmlwrmg] mlr?]nmymm??mpﬁgd(q Pyl \dhmadt}e(cji phenlyl g

yl ) pi peridi 4- car C .Aci i ycroc orj.de was di ssplved in
e o " LogsHoCsRee 119 1 Frlf S ot ST Ay BB eibestii RoN (20 )

was added KHBPVWARE @impi&ion @mﬁe i'éﬂ%uﬁih tha rsemaméé évapBfht@d and ghesanme
tenperature for 30 mn. After corrpl etion of the reaction, the resultant

solid was USRINEE residuswas purifigd s %E@ugifb@@@%@?@w th water and
et ha,nﬂ 3 Ng ( Ferf?r??g%@%{oléﬂﬁ#gffm%&ﬁ Hﬁﬁmeg%n dzfﬁ)dtd}ﬁie} gédiﬁggmpgﬁbnd (7.7
84( m 2H)pressure to give the title compound (40 mg).
'H-NMR (& ppm,CDCly) 1.36-1.49(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)
Step 2
N-Phenyl-7-{1-(pyridin-4-yljpiperidin-4-ylmethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride

'$
L O
H L::I::j/ - 2HCI

N-Phenyl-7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carbothioamide (35 mg) was treated with hydrogen
chloride - ethanol solution. 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 residue 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 mi) 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



3.39(m2H), 3.56(m2H), 3.92-3.97(m 2H), 4.50(s,2H), 6.78(s, 11H),

6.83(d, J=8.3Hz, 1H), 7.09(d,J=7.2Hz,2H), 7.17(dJ=8.3Hz, 1H),

8.13(d, J=7.2Hz, 2H) Exanple 9 Synthesis of 4-(2-am dino-

1, 2, 3, 4-tetrahydroi soqui nol i n-7-yl oxynmethyl) - 1 -
(pyridin-4-yl)piperidine-4-carboxylic acid hydrochl oride 4-(2-Am di no-

1, 2, 3, 4-t et rahydroi soqui noli n-7-yl oxy@@t hyl )- | -(pyridin-4-

yl) pi peri di ne- 4- carboxyl iC aci d (7.55 g) was suspended in water (135 m)
and 1IN 65 hydr n m ) was, added. The m xture was heated to
50 C and e BSrdAelE sabu Bl oo R WL P St m

hydroxi de eatdttedwith ahﬁrd}bﬁm anthe d\»l%z 8138 Was WaShédISudcdssiely with Gafdrxt ur e

was stood at roomtenperature for hours and the resultant crystals were

col | ect ed #%d paturatsd bpe apd srisd oxer anhysiress sackigsulfate: o The selventevas t | e

d 16(m 2
om0, i ANy SR Bt L
4.03(m 2H) TL@ (592/(: acepiitrile-wederl 119% tmm@eseemﬂa H)Iheiﬁbtb&@éd-i)esldﬁcfﬁﬂdsbr s, 4H)

8. 14( 221)  Exarmh & 4 o?‘%%éﬁée S~ %@%ﬁ AR SR under reduced

(2 6- di mtmbmltd@e%whm@tmpmmmamg)ar boxyl ate di hydrochl or| de Step 1
B | 7-h 2,3, 4-tet d | 2- b

P Tyt oxy- 1 BV ORI dod ol e Hhy 80k SATHEH, 3. LD di ssof ved
in IN aque@%@{rﬁ@@h %Qmﬁﬂr's%iﬁpimt 4%4%%(6 i Jrﬁie?@#%l'j ygagiuran (10 m)

and benzyl or ocar bonat ﬂ& égl)é was a ) ture was'’stirred at
room t enpe®StAH, T.4P-73288(m,0H), TS (2R)ad966H)nB:20(RH, A86(eslHhct ed Wi th

chl or of or n1§gg(b§,§§H?r ganic |l ayer was washed with saturated brine. The
organi c

Example 6

Synthesis of ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-
(pyridin-4-yl)piperidine-4-carboxylate dihydrochloride

Step 1

t-Butyl 7-methylthiomethoxy-1,2,3,4-tetrahydroisoquinoline-2-carboxylate

t-Bqucm/ov SMe

To a solution of t-butyl 7-hydroxy-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (13 g) in dimethylformamide (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, chloromethyl methyl sulfide (5.2 mi) 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:acetone=20:1 - 10:1) and dried under reduced
pressure to give the title compound (9.6 g).

'H-NMR (& ppm,CDCly) 1.49(s,9H), 2.25(s,3H), 2.77(tr,J=5.7Hz,2H),
3.62(tr,J=5.7Hz,2H), 4.54(s,2H), 5.13(s,2H), 6.70(1H]), 6.78(1H), 7.06(1H)
Step 2



| ayer was dried over anhydrous sodium sulfate, and the sol vent was
evaporated. The residue was dried under reduced pressure to give the title
conmpound (3.3 g). Step 2 Benzyl
7-nethy|thionethoxy-l,2,3,4-tetrahydroisgguinoline-2-carboxylate To a
solution of benzyl 7-hydroxy-1, 2,3, 4-tetYahydroi soqui noline-2- carboxyl ate
(2.5 g) in dinethylformam de (25 m) was added 60% a sodi um hydri de (390

my) wi th i ce1qRali NehRRGMEHIRY 1@3Wﬁ%ﬁ?&f6ﬁ_‘?ﬁgﬁfoﬁm@&r bBgy Xt ure was

stirred at the same tenperature for 30 chl oronmet’hyl net hyl
sulfide (0.96 mM) wa addedo angd the mxture was stirred at room

t enper at ure f BBuCLEN WOurs, After conpletion of the reaction, water was
added and the mi xt nasgextracted with ethyl acetate and washed with

wat er. The organic layer was dried over anhydrous sodium sulfate and the

sol vent was evaporated. The ogbtained oil was purified by silica gel colum
chr omat ogr aphy (he%ﬁé?olé’tq??lo sdwitd/smgthylthiomethgxy-de.3fder reduced pressure

to give the @\@g,(

2. 79(brs, 2H)tt %*‘?f%@‘g&?“*‘gh‘,‘ﬂ 82( xyla% 3 1‘ﬁfB @%@0%54%%1§Wa%9(1m
6. 79(1 H), 7. @ededn solutivs-of sBERmHy shponSc @73 nﬂ)emzxyxlethylene chloride (30 ml) under
7-chl or onmet hoxy et r ahydr.oi.soqui.nol i n carboxyl ate T sol ution
of benzyl 7- ﬁ&%ﬁ’?ﬁg’%’e‘{t’}?&%ﬂg % g g, BT e SRERREYal e af e

t et rahydr oi scsamerteiﬁpemtarccarhmwratm(&ﬂ&énmasldva fd anetohidrerwae (4 m)
was dropw se added sul furyl chloride_(0.Q052 m%lewlth I ce-cool i ng and under

an argon at meggadfet eeﬁmamﬁ@rﬁﬁ“i‘ﬂ‘hmm}%é’ﬁéﬁqhﬁ materig  THESOlVehiEasat ur e

for 1 hour. | d the
Fosi dupwas o SRSRloiGRia A ENARIERLGM AREAKE M0 RREY Lk LinbBLiE e 807, e
ng). ' H NVR( 6bbmmc$ﬁpmzce%b1 A9(sAY), 291,086 3Hz2%]), 364(5056.3Hg,2H),
5:18(5. 20 5 87510 ssR A dBbf; Qo7 1 [k (1H - 7 26-7.39(m 51

Step 3
t-Butyl 7-[4-ethoxycarbonyl- 1-(pyridin-4-yl)piperidin-4-ylmethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxylate

I®)
N
t-BuG,CN ©

CO,EL

To a solution of ethyl 1-(pyridin-4-yl)piperidine-4-carboxylate (Tetrahedron,
vol. 44, No. 23, p. 7095 (1988)) (13.4 g} in tetrahydrofuran (300 ml) was dropwise
added a 2M-lithium diisopropylamide-tetrahydrofuran solution (31 ml) at -70°C
under an argon atmosphere, and the mixture was stirred at the same temperatyre

for 45 min. To this solution was dropwise added a solution of t-butyl 7-
chloromethoxy-1,2,3,4-tetrahydroisoquinoline-2-carboxylate (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 (SO mi) 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



Step 4 Ethyl 1-tert-butoxycarbonyl pi peridi ne-4-carboxylate In the sane
manner as in Exanple 1, Step 1, the title conpound (41.4 g) was obtai ned
fromethyl isonipecotinate (25.5 g) and di-tert-butyl dicarbonate (36.5 Q).
Step 5 Benzyl 7-(

| -tert-butoxycarbonyl - 4- et hoxycar bonyl pi pﬁ?{i di n-4-yl net hoxy)- 1,2, 3, 4-

t et rahydr oi soqui nol i ne-2-carboxylate To a sol ution of ethyl

1-tert-butoxy LR | St : 167 Ny

t et r ahydr of ur gﬁé %%Bh%sé %ir opvm&g@?%}g&d%%&gﬁ% g%{) ﬁ)tvﬁ}}glrzﬁe @bhﬁé} and the

di i sopr opyl ammixture wasstiched fat reom sexhperature (@ Diiout.) Tak soF@HCrvasavhponated

m xture was stirred at.the sane tenperatyre.fo 0O mn. Then, a solution of
benzyl 7 chi BRONE popicTeSaYE yag FRFaRe 6t Sl srofiih nd ERHABSS Lot e (219
ng) in tetrahydhRirg38odidmblif8S THedWeh Ewas deshoritell AAd IREBbIaBEIRESHUEE,

and the mxture was_allowed to warmto roomtenperature in 2 hours with

stirring. Aft%espyrifedby siicargel spumachromatogrplydoslomiamnmethanelso20:de

Luti q ; bl : ; ted
W th ehy b acafis and R HUES rotdeb pEASER0 it ie Bob i RdiFd a0 7
safjI u [ ﬁt ed Ibr i ntéH-NM& (m?manD(Dlgyle%(:znaL-—?(ﬂ-Iz;m, mm(s,mmcﬁeemo&n;m?m.got) fate
an e sol ve v a obt ained re e urjfie
si Idi cadgel coE@%@*ﬁoﬁ&g@gbzﬁgwﬁeﬁﬁg%iiﬁa%ﬁiﬁﬁ%’g%ﬁmﬁﬁ)undery .
reduced pressyrn - NV

DT g I DCTiB I, 5B o SH1en Tibg o1l 7 w0

1. 23(trJ=7.2Hz,3I—iz)H S, 9H),
2.77(m 2H), 38E@H(GHI2H), 3.69(m 2H), 3.80-4.00(m 4H), 4.19(q, J=7.2Hz, 2H),

4.60(s, 2H), 55&}(43 2H), 6.60(1H), 6.69(IH), 7.02(1H), 7.32- 7.38(m5H)
Ethyl 1-(pyridin-4-yl}-4-(1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine-

4-carboxylate
N
C
N
HN °
CO,Et

To a solution of t-butyl 7-[4-ethoxycarbonyl- 1-(pyridin-4-yl)piperidin-4-
ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxylate (10.87 g) in chloroform
(S0 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

solution, 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).
'‘H-NMR (& ppm,CDCl,) 1.25(tr,J=7Hz,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(q,J=7Hz,2H),

6.52(1H}, 6.65-6.67(m,3H), 6.98(1H), 8.25(2H)

Step 5

Ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(pyridin-4-

yl)piperidine-4-carboxylate dihydrochloride



Step 6 Benzyl 7-(4-ethoxycarbonyl pi peridin-4-yl methoxy)- 1, 2,3, 4-

t et rahydr oi soqui nol i ne-2-carboxylate To a sol ution of benzyl
7-(1-tert-butoxycarbonyl -4- et hoxycarbonyl pi peri di n-4-yl net hoxy) -

1, 2, 3, 4-t et rahydr oi soqui nol i ne-2- car boxgl ate (165 ng) in chloroform (1.5
m ) was added dropwi se trifluoroacetic a ?d (0.5 M), and the m xture was
stirred at roomtenperature for 1 hour. The solvent was evaporated and
aqueous sodi um hydr ogencar bonate sol uti on was added to the obtained
residue. The m xture was extracted w Rt hyl acetate and the organic |ayer
was dried over anhydrous sodium syl fa&e. JThe sol vent was evaporated and the
resi due was dri edNHinder reducedfpré¥sur®e to give the title conmpound (135
ng) . 68 'H N , 23(L by d=7. 5Hz, 3H), 1.50-1.65(m 2H),
2.15-2.25(m 2HN 2 295505(m2H) 3.69(m 2H), 3.93(s, 2H),
4.19(qJ=7.5Hz, 2H), OFf (s, 2H), 6.60(1H), 6.69(1H), 7.02(1H),
7.26-7. 38(m5H) Step 7 Benzyl

7-11- (2, 6-di net hyl pyr,i ) t1h i Pgr, g!lugih PQ,EMI_

1,2, 3,4-tetrahydr o?égq%? nor%’é}fgﬂﬁgﬁl%ﬁ@ﬁ{-@?gﬁl\g 34 ﬁtlon 0 enéyl

Z (2 43e£1 h?x%/caﬂhdnqmdtbyl)mp&nﬂmeﬂ-qalrhwﬁaﬁ .29 g) mlciln(;lemylfonna:T%e [Solnﬂ() ;,Nefﬁ )
etra 0 r et hano

wer e added traf%it% 55#" g" S%nﬂe(ig r{ﬂﬁﬁnaﬁ?{) legt- 'P,( y?ipyrl di ne

(Jounal of Hexﬁﬁﬁmﬁﬂfd@(s@ge@ sid Yhe w@tture’Was mé@éﬂrdom&@ﬂﬁeréﬂﬁe Rag)12ar nd

the m xture was stirred at 1500C for 25 hours in a sealed tube. After
conpl eti on ofPQWE rEeIalGRL Wk EvaRrgiEA Angde WQQWW?%@%%:%H

resi due was pyf (Egﬁ nlﬁ)’aﬁ%] ﬂ;;&% %ﬂ{ %g_'g r étegﬁé 8BfAfned oil was dissolved

(chlorof orm rret a
in methanol (20 ml) and thereto was dropmse added diethyl ether (700 ml) with

stirring. The supernatant was removed and dried under reduced pressure. Fifty
(50) mg from the obtained ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)- 1-(pyridin-4-yl)piperidine-4-carboxylate {10.0 g) was dissolved in
ethanol and dil. hydrogen chloride was added. The mixture was concentrated

and dried under reduced pressure to give the title compound (S5 mg).

'H-NMR (& ppm,DMSO-dg) 1.15(tr,3H]}, 1.65-1.80(m,2H), 2.15-2.22(m,2H),
2.81(tr,J=6.0Hz,2H), 3.30-3.50(m,2H), 3.56(tr,J=6.0Hz,2H), 3.95-4.18(m,6H),
4.53(s,2H), 6.68(d,J=2.1Hz,1H), 6.81(dd,J=2.1, 8.4Hz,1H), 7.14(d,J=8.4Hz,1H),
7.19(d,J=7.5Hz,2H}, 7.58(brs,4H), 8.22(d,J=7.5Hz,2H)

Example 7
Synthesis of 4-{2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-
(pyridin-4-yl)piperidine-4-carboxylic acid dihydrochloride

| §

NH N

HoN J\N 0 + 2HCI
COH

Ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-
(pyridin-4-yl)piperidine-4-carboxylate dihydrochloride (9 g) was dissolved in conc.
hydrogen chloride (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



pressure to give the title conmpound (160 ng). 'H- NMR (5 ppm CDC13)
1.26(trJ=6.6Hz, 3H), 1.70-1.85(m2H), 2.35-2.45(m 2H), 2.66(s, 6H),
2.78(m2H), 3.28-3.37(m2H), 3.70(m 2H), 3.80-3.90(m 2H), 3.97(s, 2H),

4.24(q,J=6.6Hz, 2H), 4.60(s,2H), 5. 17(s,2H), 6.41 (s,2H), 6.60(IH,
6.69(1H), 7.04(1H), 7.34-7.38(m5H) Step Et hyl 4-(2-am di no-

1,2, 3,4-tetrahydroi soqui nolin-7-yloxynethyl)- 1-(2,6- 69 To benzyl

71 -(2 6- di J:w@bb HeANRRIY

yl met hoxyj Ta‘g 3, 4- tetrahﬁg}éoﬁkgigagwr?gl I ne-2-car oxypﬁb%el%%to%rgsmﬁa%ﬂeadded
25% hydr ogen cmnnmtu‘xgl(adbg)l c acid solution (3 m), and the m xture was

i d f i f | h
Sdded and t he BORIRPRE DM L85 B P Rarak I R0 P e obtal ned
solid were a@gm(@imvmamrmvom&% ?Hiz Q’H),,4 Mmmﬁﬂm)' ai3ayd, 2H], Be7q(PHLS ™ )

and 1H pyrazole-1- ca | oride r’rg1 and the m xture was
stirred at ro@ﬁﬂ@%ﬂﬁ%?g)ﬂo@@?%hﬁgQ(ﬁﬁﬁ)@ 1§ Hlas evaporated and

t he obtained ggsidig was washed with tetrahydrofuran and separated by HPLC
(0. 05% aqueous trifluoroacetic acid:nethanol=4: 1 - 2:3). The obtai ned

resi due was tS$pdhesisof 44(2—dhﬁdmby]d2,6g’eteuahlydrdistmm4yknkym¢dgd)-teduced
pressure to give.th itle.co 120 ). Enxnple 11 Synthesis of
4-(2-am di no- ,‘%‘P?‘,?'Xb?gfz?%%p §8 ({rg 7-yl oxynet hyl )- 1-(2, 6-
dinethylpyridin-4-y|)p|per|d|ne 4- carbgxylic acid dihydrochl oride Me To

et hyI 4-(2-amdino- 1,2,3,4-tetrahydrgi S¥quinolin-7-yloxynmethyl)- 1-

(2, 6-di net hyl pyri di n- 4 yI)plperl ne- rboxyl ate di hydrochl oride (85 ny)
was added 6N hydr en chl orlde and¥t h& mixture was stirred under reflux

for 3 hours. HZN
CO.H

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
mi) 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).

'H-NMR (6 ppm,DMSO-dg) 1.66-1.73(m,2H), 2.18-2.23(m,2H), 2.84(m,2H),
3.39(m,2H), 3.56(m,2H), 3.92-3.97(m,2H]}, 4.50(s,2H), 6.78(s,1H),
6.83(d,J=8.3Hz,1H), 7.09(d,J=7.2Hz,2H), 7.17(d,J=8.3Hz, 1H], 8.13(d,J=7.2Hz,2H)
Example 9
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-1-
(pyridin-4-yl)piperidine-4-carboxylic acid hydrochloride

O

NH N

HoN J\ N o * HCI
COoH

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



After conpletion of the reaction, insoluble material was renoved and the
sol vent was evaporated. The obtai ned residue was washed with di et hyl ether
and dried under reduced pressure to give the title conmpound (76 ng). 'H NWR
(65ppm DMSO-d6) 1.60-1.75(m 2H), 2.05-2. 20(m 2H), 2.46(s,6H), 2.83(m2H),
3.59(m 2H), 3.804.15(m4H), 4.57(s, 2H), 85 72(1H), 6.82(1H),

6.99(s, 2[err] H), 7 15( iH) 7.72(brs,4H), 13.69(brs, 1H) Exanple 12

Synthesis of Fb‘ilx'ﬂf;ﬁas added. The nnxture was heated to 60°C and
1,2,3,4-tetrahly r0|squ|no yl oxymet hyl) -

(2- et hyl pyr |tt:1¢1r¢ta1wg$ Fatqeesively added dmpb@scyll‘éaeu@nuw:iwhlkwdm;@de solorst ep 1

Joural of - rengpsayant N Bk Elofit (5l A5 BithupdybBslolf AETRART.

compound ( 743e@@):ram fobl2hoas émd) theZregalmt! @yéthliivme Sollexxdddiey filbratiosl) -
"H- NVR(d ppm CDCIl 3) 2.99(s, 3H), % Hé 77 6 3Hz 1H),
8.01(d, J=6. 3Pﬁashf1i|)m§{\%tezaa€#a¢ﬂt9 % the HES GorRPe

1- (2- met hy! pyrigginpiéy aggﬂ BRScl) -14s¢|hat Lrﬂ@f-w 2.05. 216 (m,2H),

, 3, 4-tetrahydr ol soqui nol I ne-2-ca box the sane nanher as in Exanple
10 Step 7, t21&2(m,d#5e7ld©2ﬁb@nb5((rﬂ2$5) ﬁg’é'?(mgsﬁlﬁwhi)ea 65-3.800m213))

Lo SRS e, SIS o gy, 7t o,

4-chl or o- 2- neg. yRAYr i di ne hydrochl oride (40 ng) and triethylam ne (0.07
m). Step 3 Ethyl 4-(2-am di no-
1,2, 3, 4-t et r IRGHRAE ¥qui nol i n- 7-yl oxynmet hyl ) - 1-(2-

Synthesis of ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7 -yloxymemyl)--l-
* (2,6-dimethylpyridin-4-yl)piperidine-4-carboxylate dihydrochloride

Step 1

Benzyl 7-hydroxy-1,2,3,4-tetrahydroisoquinoline-2-carboxylate

OH

7-Hydroxy-1,2,3,4-tetrahydroisoquinoline hydrobromide (3 g} was
dissolved in 1N aqueous sodium hydroxide 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).
Step 2
Benzyl 7-methylthiomethoxy-1,2,3,4-tetrahydroisoquinoline-2-carboxylate

o)
BnO,CN ~-SMe

To a solution of benzyl 7-hydroxy-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (2.5 g) in dimethylformamide (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 methyl sulfide
(0.96 ml) was added, and the mixture was stirred at room temperature for 12



met hyl pyri di n4-yl ) pi peri di ne4- car boxyl ate di hydrochloride [err] In the sane
manner as in Exanple 10, Step 8, the title conpound (83 ng) was obtai ned
from benzyl 7-14-ethoxycarbonyl-1-(2-methyl pyridin-4-yl)piperidin- 71
4-yl met hoxy] - 1, 2, 3, 4-tetrahydroi soqui no ¢dne 2-carboxyl ate (100 ng), 25%
hydr ogen brom de-acetic acid solution ( , diisopropylethylarriine (0.16
- m) and | H pyrazol e-1- car boxami di ne hydrochl oride (55 ng). Exanple 13
Synt hesi s of deliddh ,%jx@,if
1-(2- nethyl ga/jr I(‘%I @ﬁ;?@%leég?i%fﬁ%ﬁmﬁ%ﬁwfﬁ%%d di hy§ ochl ori
In the same eatAected agth ethpkenetate and washed with| waten e rodg4rE3 laygy waa siried

(ibt2 ag nzdt 1;[ (r)?hg%@%\éﬁz "%%Rlﬁ%l s?:?fg'f %e }v)ent yas evaporated. The obtained oil

el o sty e ox oo ke e 61 o
ppm m m : S
2.83(m 2H), 3$ned undepred Pr%ssgstf& titlg)co nzpogg;:(igg. . 6.7 1(1H),
6.83(1H), 7.07yL Exanpl e
AT IR y}\ﬁi(@%cﬁcﬁﬁib&ésﬁﬁ)z 79(ord 241},1.71(bir, 08 M B2(s D1,
,2,3,4-tet rah'yblk aﬁﬁm@iﬁslmr@ﬁ%l&ﬁﬁé@(ﬂﬂ],ﬁ 06(1H), 7.26-7.38(m,5H)
(pyr| m di n- 4- 3 | peridi ne-4-carboxylic acid dihydrochloride Step 1 Benzyl
7-( -(2- chl%? gyl m di n-4-yl)-4- et hoxycar bonyl pi peri di n-4-ynmet hoxy] -
1, 2 3 4-tet rmdym-@mqwmahbgei&sarté@m@bﬁogdiﬁbhzﬁ@mdarmtéol ution of
benzyl 7- (4- et hoxycar bonyl BI pq{ll di n- 4-yl net hoxy) -

BnO,CN _

[err]

To a solution of benzyl 7-methylthiomethoxy-1,2,3,4-
tetrahydroisoquinoline-2-carboxylate (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 azeotropically with toluene and the residue was dried
under reduced pressure to give the title compound (213 mg).

'H-NMR(6 ppm,CDCly) 2.82(brtr,2H), 3.72(brtr,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)
Step 4
Ethyl 1-tert-butoxycarbonylpiperidine-4-carboxylate

E10,C -Cncoz +-Bu

In the same manner as in Example 1, Step 1, the title compound (41.4 g)
was obtained from ethyl isonipecotinate (25.5 g) and di-tert-butyl dicarbonate
(36.5 g).

Step 5

Benzyl 7-(1-tert-butoxycarbonyl-4-ethoxycarbonylpiperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxylate

NCO, t-Bu

BnOCN O\/D
CO,Et

To a solution of ethyl 1-tert-butoxycarbonylpiperidine-4-carboxylate (300



1, 2, 3, 4-t et rahydr oi soqui nol i ne-2-carboxylate (295 ng) in ethanol (5 m)
were added triethylamne (0.15 m) and 2, 4-dichl oropyrimdine (150 ng), and
the m xture was stirred under reflux for 1 hour. After conpletion of the
reaction, water was added and the m xture_was extracted with ethyl acetate.
The extract 72 was dried over anhydroﬁz sodi um sul fate. The sol vent was
evaporated and the obtained residue was purified by silica gel colum

hr omat : - =1- 2 . i duced

) r, J=6. .

3.18-3.30(m 2 3.1@& 2H) 3.9%&%,‘2 4.09:.4. 26(m ,%eg%(l 2H) ,
5.17(s, 2H), §%Wﬁ__?#@;{ﬂ}lpe@ (3%9%?69'5}?%?5?.@’1%, s
7.38(m 5SH), &Histothedix --Eﬂ%ﬁ—léﬁal%@&s&tﬁﬁéﬂﬂeﬂ-carbox%late (213 mg) in

1-(pyrimdin-4-yl)-4-(1, 2,3, 4-tetrahydroi soqui nolin-
yl oxymet hy| ) grisahydmfisan Chriloxgs dropwiss addediat she same teperRiuEnand the

7-[1-(2-chlor i ' =l -%-Emelror}gg%qauholnt | ;ney i, 4 - XY k=
1,2,3,4-tetrahy rfg{%%gqét}{oﬁvgﬁit%g- -~ car boxyl ate JgéG@%rr}ﬁ?lﬁli%rﬁg? %ﬁ%’%&xﬁfs
wer e added 7.cdihpletidracki thereatbnnaqueds ryy)memitima omoride solidomand wOweng)
with ice-cooling, apd.the m xtyre was stirred under..reflux for 3 1 N.
After conpl et3dRdaT WE'CP%]HE&ig‘ FW@&%&M@%B@E@‘%‘&@H&&%H was
added to the Gpiaet W8S waSBéd SGeceddifelyivithUidterBsd SXfurael @pingl t Th€biganef or m

and the organic |ayer was washed with_aqueous sodi um hydr ogencar bonat e
sol uti on and laysrevrsolriad evisk gaRyirous sediym syifateaad thr solkentve evaparated

evapor at ed angd ¢ SO Fealfie Wad BEHRFY siiELYARINAR hitifabiraghye e

title conpou
(hexane:acetone=7:1) and dried under reduced pressure to give the title compound

(170 mg).

'H-NMR (6 ppm,CDCl;} 1.23(tr,J=7.2Hz,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(q,J=7.2Hz,2H), 4.60(s,2H), 5.17(s,2H), 6.60(1H), 6.69(1H]}, 7.02(1H), 7.32-
7.38(m,SH)

Step 6
Benzyl 7-(4-ethoxycarbonylpiperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxylate

NH

BnO-CN O\/D
CO,Et

To a solution of benzyl 7-(1-tert-butoxycarbonyl-4-
ethoxycarbonylpiperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (165 mg) in chloroform (1.5 ml) was added dropwise trifluoroacetic
acid (0.5 mi}, 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 residue. 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}.



Step 3 4-(2-Arnidino- 1,2, 3, 4-tetrahydroi soqui nolin-7-yl oxynethyl) -

1-(pyri mdin-4- yl)piperidine-4-carboxylic acid di hydrochl oride 73 0 NH
N Nferr] To a solution of ethyl

1-(pyrimdin-4-yl)-4-(1, 2, 3, 4-tetrahydr oi soqui nol i n-

7-yl oxynet hyl ) pi peri di ne-4-carboxyl ate (880 ng) in dinethylformanide (1 n)
wer e added diisopropylethylamne (0.24 m) and 1H pyrazol e-I|-car boxam di ne
hydr ochl ori de §( ) Le s t§ RRHE ) tyne for
2 hours. AFter SonaRappR S O Ll S L TR e

t he obt ai ned 2.65+49R{mydH), 2e9fa8 H56d,2b), 3HEROL,2H),0598 (a0t 4 Oiqrd=71.5He, 2H et i ¢

chi or fde for S5AGEEL, S A7 I, BRI T 6 KT T R Od R Py SERESHLY Vent s
evapor at ed ansteplre obtained residue was washed with diethyl ether and dried

under reduced pressure to give the title conmpound (51 ng). "H-NWVR (6
ppm DVBO- d6) Bergml 1-[B4R, thyjpyrislin-4ady-frethexycarbgnylpipendin-4-ylmethoxy-

3. 40- 3. 60(M 41,2 A+ Q50S Rk b OBl 4.54(s, 2H), 6.69(dJ=2.4Hz, 1H),
6.8 1(dd, J=2. ,’3845,%4,"}'ﬁ1— ’q"f}“@g’(ﬁ?%@%ﬁﬁm | H), 7.23(d, J=7. 8Hz, 1H).
7.66(brs, 4H), 8.32(d,J=7.8Hz, 1H), 8.8%5,1H) Eanpl e 15 Synt hesis of ethyl

4-12-(2-am dino- 1,2, 3, 4-tetrahydroi sqqui nolin-7-yloxy)ethyll- 1-
(pyridi n-4-yl)pi peridi ne-4-car boxyl fi hydrochl oride Step 1 Benzyl
7- (2-iodoet hoxy)-1, 2, 3, 4-tetrahydroifsoqii nol i ne-2-carboxyl ate [err]

N

BnO,CN °\/p
CO.Et

To a solution of benzyl 7-(4-ethoxycarbonylpiperidin-4-ylmethoxy)-
1,2,3,4-tetrahydroisoquinoline-2-carboxylate (140 mg) in ethanol (3 ml) were
added triethylamine (0.05 ml) and 4-chloro-2, 6-dimethylpyridine (Journal of
Heterocyclic Chemustry, 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

Me

column chromatography (chloroform:methanol=4:1} and dried under reduced
pressure to give the title compound (160 mg).

'H-NMR (8 ppm,CDCl;) 1.26(tr,J=6.6Hz,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(q,J=6.6Hz,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)

Step 8
Ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(2,6-
dimethylpyridin-4-yl)piperidine-4-carboxylate dihydrochloride



To a solution of benzyl 7-hydroxy- 1,2, 3, 4-tetrahydroi soquinoli ne-2-
carboxylate (1.21 g), 2-bronoethanol (5.46 m) and triphenyl phosphi ne
(20.11 g) in tetrahydrofuran (30 m) was added 40% a di et hyl

azodi car boxyl at e-t ol uene solution (33.6 é and the m xture was stirred at
roomtenperature for 1 hour. After conpl efPon of the reaction, the sol vent
was evaporated and to the obtained reS|due wer e added dlnethylfornanide (30

m ) and sodi um i odi &%F -4-fift AR o:S/chF @4t or 15
hours. After conpl E?I ongzd’? Q{MQr eac : e s}(Y) ventowas evgg;éeat ed and the

obt ai ned resi d,ﬂmetkmmy}puma‘ 4-ech*zﬁwdsmlsmqmn@arie 2-chxherylate (b mg) waslagded 25%

h t hyl t at d d d d h
1 Eh e componnd yaioeEs tgpimiddadiiR il FivieHE ) SHERR AugHR s dréd 16 1b0°
3.40(tr, J=6. 9Hain? HafteB corpRtidibf the réddtion, dn@;ﬁbﬁyl%ﬂﬁervéhs&l{d&d%ﬂ)i the

5.18(s, 2 6. 63( 1H) 741 05(1 7. 26- 38(m.5 St 2. B |
/- [2((1 {_?art tmséi}an{caob@ ( l_?lggt%gx, ap ﬁyl?ﬁﬁ@rqwran "?l ep genzy

Ecanpi o 10, ot iBtRf] 5k EROADRYIC a0 Sl %?‘ﬁeﬁ“???nméi%zif "
7- (2- i odoet hoxearbdxarniding- h}ﬂrmdﬂgmu&aiB@mng);aradthaanﬁctum@mMaietr(omm 9),
2011 i um o (CORPERITGRT A ROBET-a HR BIEPLARS STARFRd Apaqat fpiiincrRdie
ppm CDA 3) 1. %%ashe@@iﬂit@d‘ﬁh di:ofﬁemlaﬁéepa&t)edb&me (D@Es'maaﬁ)zous

2.13-2.19(m 2 2.77(m 2H) 70 3.80-4.00(m 4
4.18(q, J= gmg mkgﬂuproa@égw@d mq)ﬂlarsp % T’Bé B'B'@émfi regidge (“Bﬁ)ﬂ(ew‘f(@m

7.31- 7.38(m 5&39. h§&f‘o%e§ chloride and dried under reduced pressure to give the title
compound (120 mg}.
Example 11
Synthesis of 4-{2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}-1-(2,6-
dimethylpyridin-4-yl)piperidine-4-carboxylic acid dihydrochloride

it
/'tl \/QI "
o
HN" N . -+ 2HCI

To ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyi)-1-
(2,6-dimethylpyridin-4-yl)piperidine-4-carboxylate dihydrochloride (85 mg) was
added 6N hydrogen chloride, 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 obtained residue was washed with diethyl ether and dried
under reduced pressure to give the title compound (76 mg).

'H-NMR (& 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 methyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}-1-
(2-methylpyridin-4-yljpiperidine-4-carboxylate dihydrochloride



Benzyl 7-[2-[4-ethoxycarbonyl- 1-(pyridin4-yl)piperidin-4-yllethoxyl-
1,2,3,4- tetrahydroi soqui noline-2-carboxylate [err] In the same manner as
in Exanple 10, Step 6, benzyl 7-[2-(4-

et hoxycar bonyl pi peri di n-4-yl)ethoxy]- 1, 2,3, 4-tetrahydroi soqui noli ne- 2-
car boxsl ate was obtai ned from benzyl 7-159(1 -tert-butoxycarbonyl -

et hoxycar bonyl pi peri di n-4-yl)ethoxyl - 1,2, 3,4-tetrahydroi soqui nol i ne-2-
carboxyl ate (§3p3m) and trifluoroacetic aci d (5 rnl). In the sane manner
as in 75 Exa Ie 10, Step 7, the title conpound (680 ng) was obtai ned

fromthis conpChiarp- ti'lylp}ammcr bydrechigprdechl ori de (248 ng) and

triethylamne (1.38 nl). The reaction was carried out for 2 days. Step 4

Et hyl 4-[2-(2-am dino- 1, 2,3, 4-tetrahydroi soqui nolin-7-yloxy)ethyll -

1- (pyridi n-4- yl) Meperidi ne-4-carboxyl ate di hydrochloride [err] In the sane
manmer as in Examgde 10, Step 8, the title conmpound (208 ng) was obtai ned
from benzyl 7 [ 2 [4Net r@ﬁycar bonyl - 1- (pyri di n-4-yl) pi peridin-4-

yl | et hoxyl - %l et rahydr oi soqui nol i ne-2-carboxyl ate (397 ng), 25%

hydr ogen br om de acetic acid solution (3 m), diisopropylethylarnine (0.64

m) and 1H pyr azolAeeor‘ﬂimgjnrthomﬂmti nﬁfdwml@fmetam@elu(amm vobadypl. e 16
Synt hesi s of

,2,3,4-tetrah : 1@%@2%‘?‘#% °f“9?‘8}8/ 7§§W$]Waﬁ°bt?wp]ﬁ%2trﬂgm¥%dw§rmer as

|n Exanpl e 1loxidd Byl g4-[2- (2-am dino- 1,2,3,4

t et r ahyd |
1yt L di e oy T DRRI s BYle At 27015 BIRIGYTaAHEABD 1) v

reacted. The §@&@|J1%d3ﬁ£§1_lpue was separat ed by
Step 2
Benzyl 7-[4-ethoxycarbonyl- 1-(2-methylpyridin-4-yl)piperidin-4-ylmethoxy]-
1,2,3,4-tetrahydroisoquinoline-2-carboxylate

Q
N Me
@
BnO,CN
COEt

In the same manner as in Example 10, Step 7, the title compound (105
mg) was obtained from benzyl 7-(4-ethoxycarbonylpiperidin-4-ylmethoxy)-
1,2,3,4-tetrahydroisoquinoline-2-carboxylate (100 mg), 4-chioro-2-methylpyridine
hydrochloride (40 mg} and triethylamine (0.07 ml).

Step 3
Ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2-
methylpyridin-4-yl}piperidine-4-carboxylate dihydrochloride

In the same manner as in Example 10, Step 8, the title compound (83 mg)
was obtained from benzyl 7-|4-ethoxycarbonyl-1-(2-methylpyridin-4-yl)piperidin-

3



HPLC (0. 05% aqueous trifluoroacetic acid:nmethanol= 1: 1) and the obtained
residue was treated with dil. hydrogen chloride to give the title conpound
(29 ng). 'H NWR (c5 ppm DMSO-d6) 1.54-1.68(m 2H), 1.95-2.22(m 4H),
2.82(m2H), 3.58(m2H), 3.92-4.12(m 4H), ,4.55(s, 2H), 6.67(1H), 6.78(1H),
7.14(1H), 7.19(d,J=7.4Hz,2H), 7.61(brs, 4|7-|) , 8.21(dJ=7.4Hz, 2H) Exanple 17
Synt hesi s of

(S)-4-[N-[5- M?hﬂém@xﬂﬂﬁlsmﬁﬁmah?ﬂiﬁm&ﬂbﬁﬂWL@Wé@?m gl 25 - 76

2-yl methyl]-N-[4-(1-acetnm doyl pi i di n4-yl | phenyl | jb '
acl d g nyci ochdspeRbISFUg-sofadiskyrortig el pseBRR e TS ) and.
1- car boxyl at e1$%@§%§§;,@ﬁme R{drdochieke (35 Mygfr oxypi peri di ne-

.2 an '

1- car boxyl at e g 4-fluoronitrobenzene (26.84 g) in dinethyl
sul f oxi de (3ZBxawkple d@s added 60% sodi um hydride (7.99 g) under nitrogen

at nosphere a (th ice- l.i.ng, ) re. tirr r|om
tenperature P%F‘%eﬂ%ﬁff‘(%gﬁ‘é‘%‘ggblw%?g‘t’%gﬁh Wﬁ%&sw\ggﬁﬁgﬁ%‘g‘?@ 1\7\@5 added
and the m xt unethyggricid-Aadfpistridined-ebibokylicatid dihydrathivrileed with water. The
organi c | ayer was dried over anhydrous sodium sul fate and the sol vent was
evaporated. The obtai ned resi due was 'Nfied by silica gel colum
chromat ogr aphy (hexane: ethyl acetatef 1071) to give the title conpound
(52.384 g). 'H- NN (6 ppm CDClSﬁ; : e 1.80(m2H), 1.96(m 2H),
3.39(m2H), 3.70 2H), 4. GJO(m ).} 6.96(dJ=9. 3Hz, 2H), 8.20(d, J=9. 3Hz, 2H)
Step 2 t-ButylHM* am e perigige- 1 -carboxylate [err]

_ CO.H _ _

In the same manner as in Example 11, the title compound (53 mg} was
obtained from ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-
(2-methylpyridin-4-yl)piperidine-4-carboxylate dihydrochloride (63 mg).

'H-NMR (& 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])

Example 14

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}-1-
(pyrimidin-4-yl}piperidine-4-carboxylic acid dihydrochloride

Step 1

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

L

N °N° TCl

BnO,CN 0\/Q
CO,Et

To a solution of benzyl 7-(4-ethoxycarbonylpiperidin-4-ylmethoxy)-
1,2,3,4-tetrahydroisoquinoline-2-carboxylate (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



t-Butyl 4-(4-nitrophenoxy)piperidine- |-carboxylate (53.687 g) was

hydr ogenat ed-usi ng 7. 5% pal | adi um carbon (8.05 g) in a m xture of
tetrahydrofuran (215 nm) and ethanol (215 m) at 3 atmover 3 hours. After
conpl etion of the reaction, the reaction gixture was filtered through
celite and the solvent was evapor at ed. Het4ne was added to the obtai ned
residue, and the obtained solid was collected by filtration and dried under

duced ' j
bpm CoCL3) 1. atgs tfef b bty akfh %%’{%gﬁ?e Piodiras BB Bnd e
?42%( m 1|H), 6.a§(ame?1xe§imwamppriﬁe¢byaghg§:gcl ,mph&wog?phyﬁmne:ethyé o
- Benzyl oxycar nophenox | i.dirne- - - bu
Cstor To & ol SEVONOP) REARHT AR Gkl RSt o BE e Corffdibd B P Y
(6.63 g) and sg@},tighh%dr ogetncar b(i(r)lgtrengz. 19) ina m'xfjgre of I
t et r ahydr of n -wat er S o] se
cﬁl (r)?o%:/ai gog;?e 1{"@.‘@3( PP,m’QP&:é H@Wdt’ﬁﬁ%lﬁgg’ ggp‘r]r’é@nhfg}’ 2%%@%95‘9’ur e
for 1 hour. Af ﬁ%gﬁ,gﬂ,l £189E M, 2L 3RRGIIH3. O5[R2HT % l0aLe28@s4axt r act ed

with ethyl acetat washed with saturated brine. The orglanl c layer was

dried over anh$@0aRHNads2dlostA(d.dte 1HAd H 683 RLMOOUED NHPBL LtGt. The
obt ai ned resi dz%grﬁgmggg’ﬂé_wghﬁopropyI et her, collected by

filtration, an reducé ressure to give the title conpound
(7.189 g). 'H 8¥dgZ (5ppm CDC13) 1.47(s,9H), 1.74(m2H), 1.88(m2H), 3.3

%( anGZI;) 212?. 6%(#} 2r|)éap4.,39(gg%4wglmui.slg_(tesﬁ%%i%ﬁ(l%% 1H), 6.86(2H),
. - . m ﬂll%n_ gy ly
4- [ 4- (N- benzyl gpypaetgbettBeoxateatasy | net hyl arni no) -

phenoxyl pi peridi ne- 1-car boxyl ate

HN O\/D

To a solution of benzyl 7-[1-(2-chloropyrimidin-4-yl}-4-
ethoxycarbonylpiperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (263 mg) in ethanol(S 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 completion of the reaction, the solvent was
evaporated and water was added to the obtained residue. The mixture was
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).

Step 3
4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(pyrimidin-4-
yl)piperidine-4-carboxylic acid dihydrochloride



[err] To a solution of t-butyl 4-(4-am nophenoxy)pi peridine- 1 -carboxylate
(42.28 g) in dinmethyl formam de (254 m) was added 60% sodi um hydride (3.97
g), and the m xture was stirred at roomtenperature for 20 mn. Then, ethyl
bronpacetate (12.1 m) was added with icg-?’cool ing, and the m xture was
stirred at roomtenperature for 15 hours.”“Thereto were added 60% sodi um
hydride (3.97 g) and ethyl bronpacetate (12.1 m), and the m xture was
stirred at roomtenperature for 4 hours, Further, 60% sodi um hydride (1.19
g) and ethyl bronpacetate (3.3 nl) wefe ddded, and the mixture was stirred
at roomtenperature for 2 hours. Aft gi)rrpl etion of the reaction, water
was added and theNHixture was effrafted® with ethyl acetate and washed with
wat er. The o\r,\giﬂi,g\ 3 ay@r _#qs Adri ed over anhydrous sodi um sul fate and
t he sol vent evapor @ oo ai negligyesi due was purified by silica gel
col utm chr omat ogr ap sg¢ane: et Nyl acetate=7:3) to give the title conpound
(49.916 g). "H-NWR (6 ppm CDC 3) 1.28(3H), 1.47(s,9H), 1.75(m 2H),

510, 5, 1702H) 1 6. B0 2 o aa T, ShO T G e RO Ar e by isddmoli

.19, 5. : M. 13-7. m Lep 9. - .

“tert- But oxycZrmﬁweahﬂmeam%fﬁg@w%@mm&%éﬁ&%hmwsﬁﬂ ml)

am noacetic agj l g | - ~pyrazole- or

4-14- (N benzylwggeyégégodr?}??ﬁpgé xycare(tgd?)'r%3@”%4[1 kh}lil am né? 6%%&%?%gri di ne-
1- car boxyl at e hyd®chipgidg (200hmeg}, laad dhe fixtRArerivas warred atithom tepegatewe orLodi um

hydr oxi de sol ytj on I ofur I Xture

was stirred a?’%{’l%Om g’rzr%%*’%]teﬁélgoﬁ t%’r r?%éﬁ%hh&%n%ﬂlgﬁg% g’ %%’Fﬁgg ﬁ‘ég‘rﬁl@Af ter

conpl eti on of obtanede@sidue wastseparatdd/isnHPIME $0.05%rauabesl triflliveoacetic
acid:methanol). The obtained residue was refluxed with conc. hydrogen chloride

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 mgj.

'H-NMR (& ppm,DMSO-d,) 1.60-1.80(m,2H), 2.10-2.25{m,2H), 2.81(m,2H),
3.40-3.60(m,4H]}, 4.05(s,2H), 4.05-4.80(2H), 4.54(s,2H]), 6.69(d,J=2.4Hz,1H),
6.81(dd,J=2.4, 8.4Hz,1H), 7.13(d,J=8.4Hz,1H), 7.23(d,J=7.8Hz,1H), 7.66(brs,4H),
8.32(d,J=7.8Hz,1H), 8.81(s,1H)

Example 15

Synthesis of ethyl 4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxy)ethyl]-1-
(pyridin-4-yl)piperidine-4-carboxylate dihydrochloride

Step 1

Benzyl 7-(2-iodoethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxylate

Bnozcm/o\/\|

To a solution of benzyl 7-hydroxy-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (1.21 g), 2-bromoethanol (5.46 ml) and triphenylphosphine (20.11 g} in
tetrahydrofuran (30 ml) was added 40% diethyl azodicarboxylate-toluene solution
(33.6 ml), and the mixture was stirred at room temperature for 1 hour. After
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



obt ai ned resi due was extracted with ethyl acetate and washed with 10%
aqueous citric acid solution and saturated brine. The organic |ayer was
dri ed over anhydrous sodium sul fate. The sol vent was evaporated and dried
under reduced pressure to give the title _conpound (47.18 g). "H NWR (6
ppm CDA 3) 1.47(s,9H), 1.76(m2H), 1.89(mM%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) Step 6

N- (14- Cyano- 2- piak k8RB AYH0°Q! €18 Rohes ! muf Ydmpleti6n of tBE réaction Aths @bivéntOra T
4-chl oro-3-nitrobenzonitrile (33.87 and g cine tert- butyI ester

hydr ochl or i deeyaorated gndithe @‘PWITC 99 §d§Mt§B’§atgF§‘?§’ﬂ‘HWam ne (77.6

21)50.‘32:(1]( E):]e:s%gs. gIAq fﬁ conp | on %?M Ee reac%tll gﬂagf{rﬁééc%%&@mg%t hen
_el_\rllgpg;ﬂ ggt mgﬁé%ﬂﬂe tempditrad (lelP glesi due was extracted with et gxg acet at e.
saturated bri nzmﬁﬁﬁae@ 1Iéﬁcﬁgfa7ﬁ&bu@%d$14§klﬁ'Cgvé}g?%@d?g%“%nesi um

sul fate and th@n@memm 2)6a [(213), 6 8(s]21), 618301 HIed. 74eRH)IPO5IIRE, mashed

W th dIISOpI‘OE ether and collected by filtration to give the title
conmpound (38. 488EHSH) H NVR (65 ppm CDCI 3) 1.53(s, 9H), 4.03(d, J=5. OHz, 2H),
6.75(d, J=8. 9Hggeplp H), 7.64(dd, J=2.0, 8.9Hz, 1H), 8.55(dJ=2.0Hz, | H),
8.81(brs,1H), Step 7 N (2-Ami no-4-cyanophenyl)glycine tert-butyl ester
[err] H N-(4- Bennd 722l itemdbndergicariopyl-hrethaxycarbanylpipesidin-4-yilethegy- g) was

hydr ogenat ed Hﬂ,@,ﬂ-t@ﬁ%ﬁ&%lsb%ﬂﬂ@ﬁf&%xwatJB g) in tetrahydrofuran (173

m) at
CO,Et

BﬂOzCN ©
NCO, t-Bu

In the same manner as in Example 10, Step 5, the title compound (935
mg) was obtained from benzyl 7-(2-iodoethoxy)-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (1.4 g), 1-tert-butoxycarbonylpiperidine-4-carboxylate ethyl ester (1.81
g} and 2M-lithium diisopropylamide-tetrahydrofuran solution (0.82 ml).

'H-NMR (S ppm,CDCl,) 1.25(tr,J=6.9Hz,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(q,J=6.9Hz,2H]}, 4.60(s,2H), 5.18(s,2H), 6.56(1H}, 6.67(1H), 7.01(1H), 7.31-
7.38(m,5H)

Step 3
Benzyl 7-[2-[4-ethoxycarbonyl- 1 -(pyridin-4-yljpiperidin-4-yllethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxylate

COEt

enochO/ \/\O U

In the same manner as in Example 10, Step 6, benzyl 7-[2-(4-
ethoxycarbonylpiperidin-4-yllethoxyl]-1,2,3,4- tetrahydroisoquinoline-2-
carboxylate was obtained from benzyl 7-{2-(1-tert-butoxycarbonyl-4-
ethoxycarbonylpiperidin-4-yljethoxy}-1,2,3,4-tetrahydroisoquinoline-2-

carboxylate (935 mg) and trifluoroacetic acid (5 mi). In the same manner as in



at nospheric pressure for 2 hours and by adding 7.5% pal | adi um carbon (3. 84
g) for one nore hour. After conpletion of the reaction, the reaction

m xture was filtered through celite and the sol vent was evaporated. The
obt ai ned resi due was washed with diisoprqopyl ether, collected by filtration
and dried under reduced pressure to gi ve7Bhe title conpound (8.324 Q).

- "H NWR (6(ppm CDC13) 1.51(s,9H), 3.84(s,2H), 6.45(1H), 6.95(1H), 7.15(1H)

Step 8 t-Butykxample 10, Step 7, the title comgound (680 mg) was obtained from this
4-[4-[ N-benzyl oxycar bonyl - N- (2-tert - but oxycar bonyl net hyl am no- 5-

Y, 2 )
cyanopheny! ) cE6MBEPHAD, fetHToRIFTIdBE Hrydmsiigrisie 1418 Highand rethyaring (la3&mler r |
To a sol ution - 2= ANk D@ - z&?}ojp | )gl ycine tert-butyl ester (21.53
g) and N-[4- (’Wé l’t‘ééa;cgl- %)ﬁ@ﬁb@%y plg r1din-4-yl oxy) phenyl | - N-
benzyl oxycar b8epl4am noacetic acid (42.18 g) in chloroform (300 mM) was
added 1- et hoyxycar | - 2-2t - - di hydr oqui nol.in 23, ..and the
m Xt ure was sF‘ﬁy?égag%%gﬁofhg%e%}ﬁ%%ﬁmguho Fé‘. %N(’ )F@ﬁglo'ﬁ’éﬁ‘é{f}' n of
the reacti On,y?ﬂipeﬁdiné»@-@@bw@tﬁtemgdmww ed and the obtai ned resi due was
purified by si ic'@ngI col um chr omat ogr aphy (hexane: ethyl acetate=2:3) to
give the title cofrpound (44.479 g¥P2Et H- NMR (6 ppm CDC13) 1.47(s, 9H),
1.76(m2H), 1.0Q $3.67(m 2H), 3.78(brd, 2H), 4.36(s, 2H),
4.45(m 1H), 5.10-5. 25 H, 5. 2 6.53(1H), 6.89(2H),
7.20-7.31(m7H), 7. 2™, 7.96( brs ep 9
2-[ N-Benzyl oxycar bonyl - N-[4-( | -t.gfkr bl oxyycar bonyl pi peri di n-4-
yl oxy) phenyl | am nonet hyl | - 5- cyanobenzi ridazole- 1 -acetic acid [err] A
sol uti on of t-butylin4h¢ darhélnizemey he ity Eaampley10, Std28 tthe titlb ecbmppaad 208/ | -

ey T N0 B E a0 OB oA A bR B e G PR A R B i 4
yllethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxylate (397 mg}, 25% hydrogen
bromide-acetic acid solution (3 ml), diisopropylethylamine {0.64 ml} and 1H-
pyrazole- 1-carboxamidine hydrochloride (214 mg}.

Example 16
Synthesis of 4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxy)ethyl]- 1-
{pyridin-4-yl)piperidine-4-carboxylic acid dihydrochloride

NH COzH

HgNJ\N °

In the same manner as in Example 11, ethyl 4-[2-(2-amidino-1,2,3,4-
tetrahydroisoquinolin-7-yloxy)ethyl]- 1-(pyridin-4-yl)piperidine-4-carboxylate
dihydrochloride (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. hydrogen chloride to give the title compound (29 mg).

'H-NMR (S ppm,DMSO-dg) 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=7.4Hz,2H), 7.61(brs,4H), 8.21(d,J=7.4Hz,2H)

Example 17
Synthesis of (S)-4-[N-[5-amidino-1-(1-phenylethylcarbamoylmethyl)benzimidazol-



carboxyl ate (44.479 g) in acetic acid (600 mM) was stirred at 90TC for 4
days. After conpletion of the reaction, the solvent was evaporated and the
obt ai ned residue (51 g) was reacted with sodi um carbonate (19.8 g) and
di-tert-butyl dicarbonate (13.6 g) by a conventional method. The obtai ned
resi due was purified by silica gel col umi8chronat ography

(chl or of or m met hanol =9: 1) and dried under reduced pressure to give the
title conpounglyidethbi-N-@)(1-acetifiddyifipaidh AOHbR)) pRerdficartiaioyl] belb-Aidacid) |
1.81(m2H), 3 27 l&)& 3. 63(m2H)y(;ﬁ 35(Ina1351al—l)§®p xﬁf52;](b rs, 6I¥|) 6. 75(2H),
7.02-7.27(m i rdeJ=8. 4Hz, | 1H), 7.50(dd,J= 1. 1, 84le |1 H),

7.99(d, J=1. | ]ﬁﬁ Iy H) Step 10

(S)-2-[N-benz gxycar bonyl - N-14- (1-tert-butoxycarbonyl pi peri di n-4-

yl oxy) phenyl ]aﬁumﬁdéhy@pﬁer@@)pmedﬂh(e-l-cpﬁmnyhm hyl car banmoyl - et hyl)
benzi m dazol e [err] To a sol ution of

2- [ N-benzyl oxycar hegyl.Ol (1-tert-
but oxycar bonyl pi P di n-i-ylloxy) henyl | am nonet hyl | - 5- cyanobenzi m dazol e-
1- acetic aci AT NCGy-8Y oxybenzot ri azol e hydrate (135 ng) in

di rrethylforrram e (5 m) were added (S) - phenet hyl am ne (0 118 m) and 1-(3-
di met hyl anui nopr op Sphgﬁ;?i)ég I t he
m xture was stirre Q}%&mwg ature é gufr)s %g%%% gn of

t he reacti on, 4-tﬂheromtmtmmem(§26€84 g)an dirdethiyt $uléixidel (326em1)mas added/\ée%ed

successively w th ter epus .sodjum h dro nca e sol |on 0%
aqueous cit r i odium \(,il’a Et(’fgﬁ gﬁHad%fafPEP&%% gre ﬂfgwﬁﬁld%?@ grb}fs
dried over anhugifivadBEMEs bt ofttehdieParite foreh&ad!, van&rmgplemﬁ)efﬁfeed To
t he obtai ned resi due was added di i sopropyl ether and the resultant solid

was col | ect edrepgtion, (watert wahaddedangstheaixyre wasawastasowits sthgretaterandvr ( d
ppm CDA 3) 1. $8srled At watdr™ The org2hiB 14fdrwas &R doverhnhyardds Sdith 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).

'H-NMR (6 ppm,CDCl;) 1.48(s,9H), 1.80(m,2H), 1.96(m,2H]}, 3.39(m,2Hj,
3.70(m,2H), 4.61(m, 1H]}, 6.96(d,J=9.3Hz,2H}, 8.20(d,J=9.3Hz,2H)
Step 2
t-Butyl 4-(4-aminophenoxy)piperidine- 1-carboxylate

O\O
/E D NCO, ¢
N 2 1-Bu

t-Butyl 4-(4-nitrophenoxy)piperidine- 1-carboxylate (53.687 g) was

hydrogenated_using 7.5% palladium carbon (8.05 g} in a mixture of
tetrahydrofuran (215 ml) and ethanol (215 mi) at 3 atim 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.

‘H-NMR (6 ppm,CDCl;} 1.46(s,9H}, 1.71{m,2H]), 1.86(m,2H]}, 3.27(m,2H]),
3.71(m,2H], 4.26(m, 1H), 6.63(d,J=8.7Hz,2H), 6.76(d,J=8.7Hz,2H)
Step 3



3.65(m2H), 4.38(m 1 H, 4.95-5.05(m3H), 5.14(s,2H), 5.2 1(s,2H),
6.81(2H), 7.10- 7.30(m 12H), 7.48(d,J=8.CHz, 1H), 7.63(dJ=8.0Hz, 1H),
8.06(s, 1H) Step 11 (S)-2-[N-[4-(1
-tert-Butoxycarbonyl pi peri di n4-yl oxy) phen%I ]- N—(4-
met hoxycar bonyl benzoyl ) am nomet hyl | - 5- cyé -( | -phenyl et hyl car banoyl -
nmet hyl ) benzi m dazol e [err] (S)-2-[ N benzyl oxycar bonyl -N-[4-(1

lt(erltpﬁgtnggtc%ﬁ) X%HW%%P&I%‘D %enz %MM%;{&LQE t%{ o enat ed

I n tetrahydrodsteran (6 m) using 7.5% pall adi um carbon (310 ng) at 3 atmfor
7 hours. After conpletion of the reaction, the reaction m xture was
filtered through celijaa _the sol vent was evaporated. The obtained

resi due was di ssol ve chl oroorméﬁ m ) and thereto were added
triethylarning ONG# 8 EO4tBin| or of ornyl benzoate (167 ng) and 4-
di met hyl am nopyr d| ne (10 ng) , and the m xture was stirred at room

t t f 18

evabor at ed_and t e 190 gl bEEpEOTP £ ot erohiph #ffi L cat o By 88 S
;:hr omat O?Lap{lg)tafdﬂesoan&neiyaydg;g?fﬁ?em@:i\%}&md mikterd %ﬁmﬁq 3E|)essur e
o give the title conpoun

1. 46(s, 9H) 1“%‘(#"2 se gadg %’?&i 1é§n§|tble
4.36(m 11H), 1511:93 Q@éﬁﬂr@d"ﬁtm@rﬂ 75&r§§ﬁ'§ f# ) o zAh(efrbngblemn of the
6.73(dJ= 9Hz 2H), 7.1 1(dJ=9Hz, 2H) S s« AdteL e Hz, 2H)

7.40(1H), 5rp@cu9n, the grxtuge ¥as extracted veﬁoettlxlrgceate gndzva(sia)ed mﬂx\sqmre(ted
Lo ter Bt Oy eaROn PR it BRI BB b rommesim s e
benzi m dazol esdiveenzsxeapatated. The obtained residue was washed with diisopropyl ether,
collected by filtration, and dried under reduced pressure to give the title compound
(7.189 g).
'H-NMR (6 ppm,CDCl;) 1.47(s,9H), 1.74(m,2H), 1.88(m,2H), 3.31(m,2H),
3.69(m,2H), 4.39(m, 1H}, 5.19(s,2H]}, 6.54(brs, 1H}, 6.86(2H]), 7.26-7.42(m,7H)
Step 4
t-Butyl 4-[4-(N-benzyloxycarbonyl-N-ethoxycarbonylmethylamino)-
phenoxy]piperidine- 1-carboxylate

Etozc/\ D/ Ocoz t-Bu

COQBD

To a solution of t-butyl 4-(4-aminophenoxy)piperidine- 1-carboxylate
(42.28 g in dimethylformamide (254 ml) was added 60% sodium hydride (3.97 gJ,
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 (3.97
g) 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 mixture was extracted with ethyl acetate and washed with water. The organic



83 NH [err] Hydrogen sulfide was blown into a sol ution of
(S)-2-[N[4-(2-tert-

but oxycar bonyl pi peri di n4-yl oxy) phenyl | - N- (4- met hoxycar bonyl benzoyl ) -

am nonet hyl | - 5- cyano- 1 - (| - phenyl et hyl carbanoyl net hyl ) benzi r ni dazol e (284
ng) in a mxture of pyridin-triethylam r768(5: 1) (10 M) with ice-cooling,
and the m xture was stirred at roomtenperature for 12 hours. After

conpl etion of the reaction, the sol vent v rated and the resi due was
Rt ot o't M iayeAa chedione: PO Y SR SR eh ey Sl ag. (6
m), met hano?rhé‘ébfﬂﬁe@féildﬂ%wdé phrRHdds, élﬁca2§é? cBlulnn SRmidtegBpKy ur e was

stirred under reflux for hours. After conpletion of the reaction, the
sol vent was élmcaﬂy&amtefﬁ@) Ebgiue H&ﬂﬁ@@@n@n&h@9&]§sﬁl ved in et hanol

(12 ) . AONLGACES G5 i Daap REARGIANISoN Khsieots SUITTed at

750C for 2 hours conpré |on e sol'vent’

evapor at ed achét(hﬂZI@)szﬁ&(mgﬂH)eSJ19%))/\@30(1115,21—1),e@4b(yn,$H),|EcBQ,§dJ7(2H)]L um1

chr omat ograpgﬂyﬁﬁ{_ﬂng of?rz{én %anol =95:5 - 90: 10) and dried under reduced
pressure to W¥Re@difiound (113 ng). ' H NMVR (6 ppm DVSOAd4)
1.30-1.45(m s@é}-& 1. 76(m2H) 3. 07(m2H) 3.57(m 2H), 3.80(s, 3H),

4.40(m 1H), 4 H, 5.21-5.38(m4H, 75(d, J=9. OHz, 2H),

7. 14(dJ=9. OHN- Eﬂ—bl—tevt-aqtoxycmbmﬂpfpendme%ym PlHN-benzylsgpadrborg/l14( s, 1H)
8.96(brs, 1H) [N-[5-Arnidino- |-(

| - phenyl et hyl 1@%%@ %%lflhyl ) benzi m dazol e- 2-yl net hyl ] -

N-[4-(1-aceti m doyl pi peri d| n- 4-yl oxy) phenyl ] car bam)yl ] benzoic acid

di hydr ochl ori de

NCO, t-
HO,C” Oz t-Bu

!
COan

To a solution of t-butyl 4-[4-(N-benzyloxycarbonyl-N-ethoxycarbonyl-
methylamino)phenoxy|piperidine- 1-carboxylate (49.916 g) in ethanol (102 ml)
were added 1N aqueous 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
obtained residue was extracted with ethyl acetate and washed with 10% agueous
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).

'H-NMR (6 ppm,CDCl;) 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)
Step 6

N-{4-Cyano-2-nitrophenyl)glycine tert-butyl ester

U ’\coz t-Bu

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



[err] To a solution of (S)-2-[N-[4-(l-tert-butoxycarbonyl piperidin-4-

yl oxy) phenyl j - N- (4- met hoxycar bonyl benzoyl ) am nonet hyl j- 1-(1-

phenyl et hyl car banoyl net hyl ) benzi ni dazol e- 5- car boxam di ne (113 ng) in
chloroform (2 m) was added trifluoroacetic acid (1 m), and the m xture
was stirred for 5 mn. The sol vent was quporated and to the obtained
.residue was added 4N aqueous sodi um hydroxi de solution (1.1 m), and the

m xture was sti edfqr hours. After c n of th reaction, dil.
hydrogen chl 6t E}g ?%?‘%F?fg%ﬁgy?@%@ra B8 SXHFRL WA due was
dried under rﬁﬁﬂféé%ﬂ{ 0% HRIeb s EitriCadd rs,emhdﬂ%ndﬂaw&l@é@bm@l M@l cifpighias
di ssolved in nethanol (2 m), and triethylamne (0.2 m) and
et hyl acet oi mila¥gravasydfiedcves amédrpagm@pewnbswéﬁiéandm@wlvwm@ was stirred
at roomtenp fod O

eerv rrhé%b%géémaétt"% %ﬁ%&?dﬂ& at ggg.?[a#wle obt ai ned

I nsol ubl e mat e was r énov vent was evap
resi due was amﬁeated bylﬁhyaﬂdﬁuﬁgi\&aﬁkmﬂmbhmouhd\(m a19gD. 05% trifl uoroacetic

o1 vent was ovaBOMR L rhrCHERL S SR e B e TRl e e Bl (T
compound (76 7g3(ag, 528 dit, PRTSSIRIISYe 1 daltpsdty, 30 . 163(m 21

1.94(m 2H), 225(s 3H), é(mz 3.72(m
4.91( qui nt J=78tep, 1H), 523 5.39(m 4H), 6.80(2H), 716737(m9|—|)

7.72-7.74 9(brs, 2H),
9. 20(dJ= 7(r2nHz %&%3%1%5?’5?&?/@% S‘e“']tgpt@ynF AN HZl-[N—[S- ani di no-

1- (4- benzyl oxupe JoaHbanoyl net hyl ) - benzi m dazol - 2-yl nmet hyl ] - N- [ 4-(
| -acet i m doyl pi péri di n- 4- yl oxy) phenyl | car banoyl | benzoi ¢ acid
di hydrochl ori de P~k co,t-Bu

H
N-(4-Cyano-2-nitrophenyljglycine 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).
'H-NMR (S ppm,CDCly) 1.51(s,9H), 3.84(s,2H), 6.45(1H), 6.95(1H), 7.15{1H)
Step 8
t-Butyl 4-[4-|N-benzyloxycarbonyl-N-(2-tert-butoxycarbonylmethylamino-5-
cyanophenyljcarbamoylmethylamino}phenoxy]piperidine- 1-carboxylate

O O

CO,Bn

L

CO, t-Bu

To a solution of N-(2-amino-4-cyanophenyljglycine tert-butyl ester (21.53
g) and N-[{4-(1-tert-butoxycarbonylpiperidin-4-yloxyjphenyl}-N-
benzyloxycarbonylaminoacetic 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



85 2-fN-[4-( 1-tert-Butoxycarbonyl pi peridin-4-yl oxy)phenyl | am nonet hyl ] - 5-
cyanobenzi m dazole- 1 -acetic acid [err]

2- [ N-Benzyl oxycar bonyl - N-[ 4- (1-tert-but oxycar bonyl pi peri di n- 4-

yl oxy) phenyl | am nonet hyl ] - 5- cyanobenzni dazol e- 1l-acetic acid (7.037 g) was
hydr ogenat ed using 7.5% pal | adi um carbon8P3.52 g) in ethanol (70 ml) at 3
atmover 3 hours. After conpletion of the reaction, the reaction m xture
was filtered throu&h celite s evapor.ated. . The obtai ned

d.t | t
resi due was WeYEBH \%FFY?R?F?@&%PS ‘Fe°€ﬁgﬁ\é%,nre§‘¥¥ﬁf'?‘f§tsé’élm§ﬁﬁ by silich ggheRlnmn

reduced pr esw&nhsbfaap&gr (hBarletdthfl LR 16 &ivedhe aﬂec'.ﬁawg@.magmw)
1.44(s,9H), 1.58(m2Z2H), "1.84(m 2H), 3.25 ng, 3.66(m2H), 4.29(m 1H),
4.60(s, 2H), 5. B308RI pps,GRCH) 1.46(ssd), zﬁﬁim H)7 1. 8008 H i 34(1),2H),
7.59(dJ=6.6 : 56, 8,02( sl S [ -
L tert- Bt oxyl BRAY 5 RPreA: $seh, sl fon SyipS 881k 1801 20,
met hoxycar borg/s3(@ Hy, ®/89@KN I 7203 1yin| 71H; Tya(@Heno6(bredHpl e- 1 -acetic acid
[err] To a solution of 2-[N-[4-( |-tert-butoxycarbonyl pi peridi n4-
yl oxy) pheny! I$#® Romet hyl ] - 5- cyanobenzi ni dazol e- 1-acetic acid (3.36 g) and
sodi um hydr o RARGLRA IINGA-( | kosdyeinbofliphRi@in434 nl) and
t et rahydr of u?%gﬁ?%4 m ) vvabs%ngldlgg%j{%—g?ﬁ‘W4-chl o?gllporrryl genzoate (1.32 9g),
and the m xt ylexyjphenyilaminegneihyll-ooyanebameimidazaeflacegoaaidn. After
conpletion of the reaction, the m xture was extracted with ethyl acetate
and washed successively with ywgte \\é%;jaqueous citric acid solution and

s

saturated brigg. The gani c ried over anhydrous magnesi um
sul fate and the M :
N

NCO, t-Bu
]
CO.Bn

HO,C

A solution of t-butyl 4-[4-[N-benzyloxycarbonyl-N-(2-tert-butoxycarbonyl-
methylamino-5-cyanophenyljcarbamoylmethylamino]phenoxy]piperidine- 1-
carboxylate {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 chromatography (chloroform:methanol=9:1) and dried under reduced
pressure to give the title compound (23.545 g).

'H-NMR (6 ppm,CDCl,) 1.46(s,9H), 1.67(m,2H), 1.81(m,2H), 3.27(m,2H),
3.63(m,2H), 4.35(m,1H), 5.05(brs,6H), 6.75(2H), 7.02-7.27(m,7H),
7.30(d,J=8.4Hz,1H), 7.50(dd,J=1.1, 8.4Hz,1H}, 7.99(d,J=1.1Hz,1H)

Step 10
(S)-2-|N-benzyloxycarbonyl-N-[4-{ 1-tert-butoxycarbonylpiperidin-4-
yloxy)phenyllaminomethyl}-5-cyano-1-(1-phenylethylcarbamoyl-

methyl)benzimidazole



evaporated. The obtai ned residue was purified by silica gel colum

chromat ography (ethyl acetate) to give the title conpound (2.907 g). 'H NWR
(65ppm CDCI 3) 1.45(s,9H), 1.63(m2H), 1.80(m2H), 3.25(m 2H), 3.63(m 2H),
3.83(s,3H), 4.3 1(m 1H), 5.28(s,2H), 5.32(s,2H), 6.65(d,J=9. CHz, 2H),
6.90(d, J=9. OHz, 2H), 7.23(d,J=8.4Hz, 2Hg1 7.37(1H), 7.55(1H),

7.64(d, J=8.4Hz, 2H), 7.99(1H) Step 3 2-[N14-(

1-tert-Butoxycarbonyl pi peridi n-4-yl oxy) phenyl ] - N- (4- met hoxycar bonyl -

benzoyl ) am nonet hyl | - 5- cyano- ]O-(4- benzyl oxyphenyl car banoyl et hyl ) -

benzi m dazol e [err]
2- [ N[ 4- (1 Ruthxycar onyl pi peri NkB:-&ey! oxy) phenyl | - N- (4-

met hoxycar bon @ z&(%')gatm ngnet hy | ™ Sbg tf’;lbnu)(;benzi m dazol e- 1l-acetic acid
(632 nmg), 1-hy0 nzo:taz'sﬁzol e hydrate (128 ng), 4-benzyl oxyaniline

hydrochl ori de (823.419), 1-(3-dinethylam nopropyl)-3-ethylcarbodiimde
hydr ochl oride (182 ng) and N-nethyl norpholine (0.104 m) were treated in
the same nmanMen, a8Hin Exanple 17, Step 10. The sol vent was evaporated and
t he obtained regi due was purified by silica gel colum chromatography
(hexane: et hyl ate=3:7 - 2:8) to give the title conmpound (605 ng).
1H- NWVR (6 ppm 3) 1.46(s,9H), 1.85(m2H), 3.29(m2H), 3.66(m 2H),
3.84(s,3H), 4. m 1H), 4.98(s,2H), 5.23(s,2H), 5.31(s, 2H),
6.72(dJ=9. OHz, 2H), 6.80(d,2H), 7.07(d,J=9. OHz, 2H), 7.27(d, J=8.4Hz, 2H),
7.30-7. 41 (m 7HTo asadetien of §-[N-benzflokysaponyNAfH(1-t&t06(s, 1 H), 8. 72(brs, 1H
Step 4 2-[ 4- e 4 . = . )
1" bt - But BB RPSER A PSRRI FerRRshs T s el -
benzoyl ) anheviericlly(5B3 nhg) (@hdbiehydrorylynzetriazole hydraty | 165 img] inbenzi m dazol e- 5-
carboxam dipe.  iformamide (5 mi) were added (S)-phenethylamine (0.118 mi) and 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (193 mg), and the

mixture was stirred at room temperature for 15 hours. After compietion of the

reaction, the mixture was extracted with ethyl acetate and washed successively

with water, aqueous sodium hydrogencarbonate solution, 10% aqueous citric acid

solution and saturated brine. The organic layer was dried over anhydrous

magnesium 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 mgj).

'H-NMR (6 ppm,CDCl;) 1.46-1.48(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=8.0Hz,1H), 7.63(d,J=8.0Hz,1H), 8.06(s,1H)

Step 11

(S)-2-[N-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenyl]-N-(4-

methoxycarbonylbenzoyllaminomethyl}-5-cyano-1-(1-phenylethylcarbamoyi-

methyl)benzimidazole



[errr] Hydrogen sulfide was blown into a solution of 2-[N-[4-(1-tert-
but oxycar bonyl pi peri di n4-yl oxy) phenyl 1- N- (4- et hoxycar bonyl benzoyl ) -
am nonet hyl ] - 5-cyano- 1-(4-benzyl oxyphenyl car banoyl net hyl ) benzi m dazol e
(605 mg) in a mxed solution (15 m) of pyridin-triethylamne (5:1) with
ice-cooling, and the m xture was stirreg at roomtenperature for 15 hours.
After conpletion of the reaction, the solvent was evaporated and the
obt ai ned residue was collected by filtration and washed with toluene. To
the obtained solid were added acgtone (15 m) and nmethyl iodide (0.443 nl),
and the mx e was stirre erYyerfux for 1 hour. After conpletion of
the reaction, e Ngolyert j@;a@gg ggd dried under reduced pressure
to give a crudgg 047ng). F 5m t he obtai ned crude product, 434 ng
was di ssol ved i n¥et B'Enoé’ O~gl ) and thereto was added ammoni um acetate (44
ng) at roomtenp re’ T xture was stirred at 750C for 3.5 hours.

4 OR{&e sol vent was evaporated and the
Al &'1i ca gel columm chromat ogr aphy
(chl or of or m nmet hanol =95: 5 - 90: 10) and dri ed under reduced pressure to give
the title conpgditth (141 ng). 'H NVR (6ppm DMSO-d6) 1.38(s,9H), 1.75(m 2H),
3.05(m2H), 3.d40(rg2H), 3.79(s,3H), 4.40(m 1H), 5.06(s,2H), 5.35(brs, 4H,
6.77(2H), 6.97(2¥), 7.25- 7.50(1CH), 7.65-7.76(4H), 8.13(1H) Step 5
4-[ N-[ 5- Arni di no- 1-(4-benzyl oxyphenyl car banoyl net hyl ) benzi m dazol - 2-
yl met hyl J- N-[ 4- (I(S)a2-&¥-benadgryparhenydN4-{ Iterspypryngibonyipipenidin-#benzoi ¢ aci d

di hydr ochl qgj g I Rnner i.n a e 17. Step 13, the

title conp%%%%%jyi Ag%é%%ﬂ% ed flrgin&? enylethy lcar%xa;nrggrirnet%ly D-

2- [ N-[ 4- ( 1- benzimigaralx 625 ing)whp hpdriogehaaed!iry teeahy gfvfitah] (6 M) 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-chloroformyl benzoate (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).

'H-NMR (6 ppm,CDCl;) 1.36(d,3H), 1.46(s,9H], 1.70(m,2H), 1.86(m,2H),
3.30(m,2H], 3.69(m,2H), 3.87(s,3H), 4.36(m, 1H), 5.02-5.09(m,3H), 5.15-
5.28(s,2H), 5.21(m,2H), 6.73(d,J=9Hz,2H), 7.11(d,J=9Hz,2H), 7.15-7 .23(m,6H),
7.30(d,J=8.4Hz,2H), 7.40(1H), 7.51(1H), 7.82(d,J=8.4Hz,2H), 8.04(1H)

Step 12

(S}-2-[N-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy}phenyl]-N-(4-
methoxycarbonylbenzoyljaminomethyl}- 1-(1-phenylethylcarbamoylmethyl)-
benzimidazole-5-carboxamidine



(4- met hoxycar bonyl benzoyl ) am nonet hyl ] - 1-(4-benzyl oxyphenyl car banoyl -

nmet hyl ) benzi ni dazol e- 5- car boxam di ne (141 ng), trifluoroacetic acid (1 m),
AN aqueous sodi um hydroxi de solution (0.973 m ), triethylamne (0.226 m)
and et hyl acetoinidate hydrochloride (100 ng). 'H NVR (c5ppm DVSO- d6)
1.63(m2H), 1.95(m2H), 2.27(s,3H), 3.4%m2H), 4.57(m 1H), 5.06(s, 2H),
5.39(brs, 2H), 5.45(brs,2H), 6.82(d,2H), 6.97(d,2H), 7.18(d, 2H),

7.27-7.45(m 8H), 7.53(d,2H), 7.65(d,2H), 7.75(d,J=8.4Hz, 1H),

7.88(d,J=8.4Hz, 1H), 8.19(s,1H), 8.74(brs,1H), 9.09(brs, 2H), 9.30-9.33(m 3H)

Exanpl e 19 SyntlHsis of 2-[4- (orepONATR: 3- vl oxy) phenoxymet hyl ] - 1- ( 2-
W= & 1 di q_iBHydrochI oride Step 1 4-(1
g~ yl ox enZal dehyde To a sol ution of

nmet hoxyet hyl | e-5-

-tert- But oxycar bo

t-butyl 3-hydroxyp OIN di ng carboxylate (3.07 g), 4-

hydr oxybenzal dehydeo(2Jg) @nd phenyl phosphine (4.51 g) in

t et rahydr of uran (50 ) was adqeendi.ethyl azodi carboxylate (2.7 m), and

of the reaction, e sol vent was evaporated and the obtai ned residue was
purified by silicg-ggl columm chromatography (hexane: acetone=5: 1) and
dried under reducq ressure to give the title conmpound (3.2 g). 'H NWR
(S5ppm CDA 3) 1.4 9H), 2.19(m 2H), 3.59(m4H), 4.99(m 1H), 89
6.98(d, J=9. OHz, 2H), 7.85(d,J=9.0Hz,2H), 9.89(s,1H) Step 2 4-(

1-t ert - But oxycar bHydroggm suliddiwasdlowmintd plsehdionTad (3)-2-{VN-{#-{ loternf

4- (I -tert-buytoxycarbonyl pyrrolidin: 3-vl benzal dehyde . 500 ) in

met hyl ene Ch@?’%&@%ﬂ%ﬁ%%‘éﬁiﬁg’gg‘%@%@gmg B %ﬁ?ﬁogﬁtgci d
aminomethyl]-5-cyano- 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), methanol (6 ml) and
methyl iodide (0.229 ml), and the mixture was stirred under reflux for 2 hours.
After compiletion of the reaction, the solvent was evaporated and the obtained
residue 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).

'H-NMR (0 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=9.0Hz,2H), 7.14(d,J=9.0Hz,2H), 7.21-7.33(m,7H]}, 7.63-7.70(m,2H),
7.75(2H), 8.14(s,1H), 8.96(brs,1H)

Step 13

(S)-4-[N-[5-Amidino- 1-(1-phenylethylcarbamoylmethyljbenzimidazole-2-ylmethyl]-
N-[4-(1-acetimidoylpiperidin-4-yloxy)phenyljcarbamoyl|benzoic acid
dihydrochloride



(712 mg) with ice-cooling, and the m xture was stirred at roomtenperature
for 4.5 hours. After conpletion of the reaction, aqueous sodi um

hydr ogencar bonat e sol uti on and aqueous sodi umthiosul fate sol ution were
added, and the m xture was extracted with methyl ene chloride and washed
successively wth water and saturated $4ine. The organic | ayer was dried
over anhydrous sodiumsul fate and the sol vent was evaporated. The obtai ned
resi due was dissolved in nethanol (3.4 m) and thereto was added I N aqueous
sodi um hydroxi de solution (1.7 m ), and the m xture was stirred at room

tenperature foy ) ( of the reaction, 10% aqueous
citric aci q_‘ﬁ ] i d and {t hey m xfure was extracted with
chl or of or m @nd whshd el y W ter and saturated brine. The

organi ¢ | ayer wasw :
evaporated. The obpai ged &ol §
under reduced pressufe to gi ¥
ppm CDA 3) 1. 47Ky,
Step 3 Ethyl 4-(1-
solution of 4-(1. 4

Nas washed with diethyl ether and dried

PRE thtleaun:lrpound (350 ng). "H- NWR (6

OHyH 2. 09(m2H) gt 54(m 4H), 4.75(m 1H), 6.71- 6.79(m 4H)
ert-but oxycar bonyl pyrrolidin-3-yl oxy) phenoxyacetate To a
&l - but oxycar bonyl pyrrolidin-3-yl oxy) phenol (2.14 g) in

t et rahydr of uran ( ) were added et hyl bronpacetate (1.1 m) and 60%

sodi um hydride (3%¥ ng) with ice-cooling, and the m xture was stirred at
roomtenperature for 1 hour. After conpletion of the reaction, ice water
was added and tHEnarisalmimaof\@ -2e[N-Ha(dttert-itokycarimrdylpipertidinet-and washed wit h

10% aqueous Clt i d sol uti.on. e _.orga er was dried over
anh_ydrous BY‘H gd?frﬁ %’W L gvglpi)?]gt ed. The obtai ned
resi due wag 1eﬁt1yﬁﬁrtbwneyﬁne&@1)gehmﬁﬁdazare Fhaoragtiage M1 3(Hgpane: et hyl

a

acet at e=7 nd dried under reduced pressure to give the title conpound
(2.605 Q). oroform (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. hydrogen chloride 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 ethylacetoimidate 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%
triffuoroacetic acid). To the obtained residue was added dil. hydrogen chioride,
and the solvent was evaporated and dried under reduced pressure to give the title
compound (78 mg).

'"H-NMR (6 ppm,DMSO0-dg) 1.37(d,J=7.2Hz,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=7.2Hz,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, 1 H},
9.09(brs,2H}, 9.20(d,J=7.2Hz,1H]}, 9.31(brs,3H)

Example 18

Synthesis of 4-[N-[5-amidino- 1-{4-benzyloxyphenylcarbamoylmethyl)-
benzimidazol-2-ylmethyl]-N-{4-(1-acetimidoylpiperidin-4-
yloxy)phenyljcarbamoyl]benzoic acid dihydrochloride

Step 1



"H-NVR (5 ppm CDC13) 1.30(trJ=7.2Hz,3H), 1.46(s,9H), 2.13(m2H),

3.54(m 4H), 4.27(9qJ=7.2Hz,2H), 4.57(s,2H), 4.79(brs, 1H), 6.78-6.87(m 4H)
Step 4 4-(1-tert-Butoxycarbonyl pyrrolidin-3-yl oxy)phenoxyacetic acid To a
solution of ethyl 4-(1-tert-butoxycarbonyl pyrrolidin-3-

yl oxy) phenoxyacetate (2.5 g) in a m xtgge of tetrahydrofuran (5 m) and
ethanol (5 m) was added 1N aqueous |ithium hydroxide solution (7.5 m)
with ice-cooling, and the m xture was stirred at roomtenperature for 30

mm After Qq_mp[la;e(tlit@ﬁ.mm mﬁimmmmﬂoﬁggham]amﬁo@g@@qrat ed and to the

obt ai ned residue were added ice water and 10% aqueous citric acid solution,
and the ni fYapebeRgiEnidazole;dasgtiGAdd et hyl acetate. The organic | ayer was
washed successively with water and saturated brine and dried over anhydrous

magnesi um sul f at e. The sol yex] aporated and the residue was dried
under reducdal _pressnre to pive the tiit|l e conpound(2.30 g). 'H NWR

(5ppm CDCl 3) T7A7[S, $HNZ M m 2 NEO By 4H), 4.6 1(brs,2H), 4.79(mlH),
6. 80- 6. 89(m 4HSteR’ 5 4H(2- Hydr oxyet hyl ami no)-3-nitrobenzonitrile [err] A
solution of 4-chlorg¢-3-nitrobenzonitrile (10.13 g) and et hanol am ne (3.52
m) in a mxture of ecdanol (150 m) and tetrahydrofuran (50 m) was
stirred at roomtenperature for 2 hours. Ethanolamne (3.35 m) was added
and the m xture M« '%E%% %{%a?ﬁo [ 710" "N N X!’Céh%}fe‘f ﬁ%}ﬁﬂ{?-' amine (3.35

m ) was added, a%@ﬁt e b ure%g E‘?(ilrtérett}ggé the s }é errpgrature for 1

hour . Aft eyloxg)phlenyljaoninomefiyljs$-cydmobenaintid asvle- 1 faeeSohaie (X.03B g) wasmpor at ed
and the obtai,ned sol,i d. S W th _isopr nol .and | 1 ected, by
T11trati ondoHBepR e S o P AR ey e 15 etrihol (70 mif &t § o

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 diisopropyl ether, filtrated and dried under reduced pressure to give the title
compound (4.189 g}.

'H-NMR (6 ppm,CD;0D) 1.44(s,9H), 1.58(m,2H), 1.84(m,2H), 3.25(m,2H},
3.66(m,2H}, 4.29(m, 1H), 4.60(s,2H), 5.23(s,2H), 6.67(d,J=6.6Hz,2H),
6.77(d,J=6.6Hz,2H), 7.59(d,J=6.6Hz,1H), 7.63(d,J=6.6Hz,1H], 8.02(s,1H)

Step 2
2-[N-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy}jphenyl]-N-{4-

methoxycarbonylbenzoyl)aminornethyl}-5-cyanobenzimidazole- 1-acetic acid

o
Ne N /O/ \Ouco t-Bu
N 2"
T
Hozc/I
COsMe

To a solution of 2-[N-[4-(1-tert-butoxycarbonylpiperidin-4-
yloxy)phenyllaminomethyl}-5-cyanobenzimidazole- 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-chloroformyl benzoate (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 solvent was



the title conmpound (7.25 g). "H-NWR ([err] ppm DVSO- d6) 3.48(m 2H),
3.63(m2H), 5.00(brs,1H), 7.22(d,J=9.0Hz, IH), 7.81(dd,J= 1.8, 9.0Hz, IH,
8.50(dJ= 1.8Hz, IH), 8.62(brtr,1H), Step 6

3- Ani no- 4- ( 2- hydr oxyet hyl am no) benzonitrile [err] A solution of

4- (2- hydr oxyet hyl ani no) - 3- ni trobenzoniggile (3.11 g) and tin chloride

di hydrate (16.94 g) in ethanol (50 mM) was stirred at 70'C for 1 hour.
After conpletion of the reaction, the solvent was evaporated and to the

obt ai ned reﬁﬁb@e&erm@@mgﬂeaeégmmmwmed By dilith Yelapuaars sodi um
hydr oxi de sol'ution. The mxture was stirred and insoluble material and the

aqﬁegus Ia%%?@‘apbm@d aciate) 4o gl tegitite sempeundy (2907 8s dried gver |
2017 vas walnIHRE gt G, A0S O PR6YEESH] A BAUERN, 31 B o

gr i‘??ur? t53 63(m@2H) h2.88(s{3H), ¢ Srifrouirky), §.28(3RHj) S5.326m 2H)H6 KA, (Jfﬁﬂﬁlzpa(iﬂ; EIVE% d6)
5 30( 11 )-cook ST org 2R Ape et T et et ity

3-[4-15- cymmmy J(2 hydr oxyet hyl ani i no) phenyl car banoyl met hoxy] -
phenoxyj pyrrol i di ne- | -carboxylate [err] To a sol ution of
3-arm no- 45¥ep-Hydr oxyet hyl ani no) benzonitrile (1.21 g) and

92" onl or of BNy 35 TNl Ry Perk i LA PR A Btcriapye® ©) 11
2- di hydr ox pepogldmirenih#iP Seyanerid(4tiremzyioxyphenylvasbashoyimethydit r oom
terrperaturgefor d15 pours After

\(I )/\N/O/ \Q“C‘Jz +Bu
QNH 2 0.

2-[N-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenyl]-N-(4-

methoxycarbonylbenzoyljaminomethyl]-5-cyanobenzimidazole- 1-acetic acid (632
mg), 1-hydroxybenzotriazole hydrate {128 mg), 4-benzyloxyaniline hydrochloride
(223 mg), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (182 mg)
and N-methylmorpholine (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 chromatography (hexane:ethyl acetate=3.7 - 2:8) to
give the title compound (605 mg).

'H-NMR (S ppm,CDCl;) 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=9.0Hz,2H]},
6.80(d,2H}, 7.07(d,J=9.0Hz,2H), 7.27(d,J=8.4Hz,2H}, 7.30-7.41{m,7H), 7.56(s,2H),
7.73(d,J=8.4Hz,2H]}, 8.06(s,1H), 8.72(brs, 1H)

Step 4
2-{N-[{4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenyi}-N-(4-methoxycarbonyl-
benzoyljaminomethyl}- 1-(4-benzyloxyphenylcarbamoylmethyljbenzimidazole-5-
carboxamidine



conpl etion of the reaction, the solvent was evaporated and the obtained
residue was purified by silica gel columm chromatography (hexane: et hyl
acetate= 1:4) to give the title conpound (2.56 g). 'H NVR (d ppm CDC13)
1.46(s,9H), 2.13(m2H), 3.31(m2H), 3.55(m4H), 3.73(m 2H), 4.64(s, 2H),
4.82(m IH, 6.73(1H), 6.85-6.94(m4H)g77.41-7.50(2H), 7.99(1H), 8.10(1H)
Step 8 2-[4-(

1-tert-Butoxycarbonyl pyrrolidin-3-yl oxy) phenoxynet hyl - 5-cyano- 1-(2-
hydroxyethyl)ben2|n1dazo|e [err] A solution of t-butyl

3-[4-[5-cyano-BH g F

car banoyl

E‘jyl ate (2.56 g) in acetic acid
(15.4 m) < ter conpletion of the
reaction, the solMws Avapgrated and the obtained residue was extracted
with ethyl acetateg The &tryjct was washed with aqueous sodi um

hydr ogencar bonate sof uti on. ) q%ggl c layer was dried over anhydrous
magnesi um sul f at.a _a/NH t he sol vent ®evaporated. The obtained residue was
purified by sil ‘ gel colurn chromatography (hexane:ethyl acetate= 1:4 -
ethyl acetage »»yive the title conmpound (1.356 Q). 'H-NNR (6 ppm CDA 3)
1.44(s,9H), 2.1 1(m2H), 3.44-3.54(m4H), 3.75(brs,1 , 4.06(m 2H),

4.46(m 2H), 4. 77{;04elkn sémﬁé(»ﬁas%wnﬁltgé(&lﬂ)uonof%?ﬁ@[dlu tér?9(2H) 7. 79(1H)

gt (elIol (91 t ebutdstycanbpagipimeridin gyioty) phieny-N¢{dempejimixyoarbpnyibényoy}) 6- cyano- 1-(2-
et hoxy et hy e 20N - 1-(4-BendyTanybhenylcarbamoylmethylbenzimidazole

(605 mg) in a mixed solution (15 ml) of pyridin-triethylamine (5:1) with icé-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 mgj. 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 mixture 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).

'H-NMR (6 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)

Step 5

4-[N-[5-Amidino- 1-(4-benzyloxyphenylcarbamoylmethyl)benzimidazol-2-
yimethyl}-N-[4-(1-acetimidoylpiperidin-4-yloxy)phenyljcarbamoyljbenzoic acid
dihydrochloride



To a solution of 2-[4-(1-tert-butoxycarbonyl pyrrolidin-3-

yl oxy) phenoxynet hyl | - 5- cyano- 1- ( 2- hydr oxyet hyl ) benzi m dazole (270 ng) in
tetrahydrofuran (5 m) was added 60% 6 sodi um hydride (271 ng) at room
tenperature, and the m xture was stirred for 30 mn. Thereto was added

met hyl iodide (0.105 nl), and the m xtgge was stirred for 24 hours. After
conpl etion of the reaction, 10% aqueous citric acid solution was added and
the m xture was extracted with ethyl acetate and washed with saturated
brine. The organic |ayer was dri ed over anhydrous magnesi um sul fate and the
sol vent was evlPorated. The obing Pesi due was purified by silica gel

col um chrq_ﬁwz‘ﬁ y - 1), and dried under reduced
pressure to<give . "H-NWR (c5ppm CDO 3)
1.46(s,9H), 2. 10w | , , 3. 4H), 3.72(tr,2H), 4.52(tr, 2H),
4.79(m 1H), 5.39(sg2 ®7 , 6.90(2H), 7.50(1H), 7.55(1H), 8.10(1H

Step 10 2- [4-(1 -t t But ox %Lr&/il pyrBHEi di n- 3-yl oxy) phenoxynet hyl | - 1
i ni dazol e- 5-4Bboxani di ne [err] In the sane manner as

- (2- met hoxyet hyk) b
i n Exanpl e 18, @ 4, the title conpound (119 ng) was obtained from
2-[4- (1-terggraseRycar bonyl pyrrolidin-3-

yl oxy) phenoxyrret hyl | - 5- cyano- 1- ( 2- net hoxyet hyI )ben2| rm dazole (195 ny),

LA Y o A s g W AR
4.47(brtr ﬁhﬁ) Waé Ofﬁémtdﬁﬂ)m 183441 -Bir)- buxyesrBbylpibesidi2tyloxy)phBIHN: 94
7.66(1H), %4 (L%Qy bo?lyfbenzoyl)armnomemyll 1- (4-benzyloxypheny1carbamoyl—
methyljbenzimidazole-5- _carboxamidine {141 mg), triffucroacetic acid (1 mi), 4N
aqueous sodium hydroxide solution (0.973 ml), triethylamine (0.226 ml) and ethyl
acetoimidate hydrochloride (100 mg}.
'H-NMR (& ppm,DMSO-d¢} 1.63(m,2H), 1.95(m,2H}, 2.27(s,3H), 3.45(m,2H),
4.57(m,1H), 5.06(s,2H), 5.39(brs,2H}, 5.45(brs,2H), 6.82(d,2H), 6.97(d,2H),
7.18(d,2H), 7.27-7.45(m,8H), 7.53(d,2H), 7.65(d,2H]}, 7.75(d,J=8.4Hz,1H),
7.88(d,J=8.4Hz,1H), 8.19(s, 1H), 8.74(brs, 1H), 9.09(brs,2H), 9.30-9.33{(m,3H)
Example 19
Synthesis of 2-{4-{pyrrolidin-3-yloxy)phenoxymethyl]-1-(2-
methoxyethyl)benzimidazole-5-carboxamidine dihydrochloride
Step 1
4-(1-tert-Butoxycarbonylpyrrolidin-3-yloxy}benzaldehyde

o
/U \Cncoz t-Bu
HC

To a solution of t-butyl 3-hydroxypyrrolidine- 1-carboxylate (3.07 g), 4-
hydroxybenzaldehyde (2 g) and triphenylphosphine (4.51 g) in tetrahydrofuran (50
ml) was added diethyl azodicarboxylate (2.7 ml), 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 purified by silica gel column
chromatography (hexane:acetone=5:1) and dried under reduced pressure to give
the title compound (3.2 g).

‘H-NMR (6 ppm,CDCly) 1.47(s,9H), 2.19(m,2H), 3.59(m,4H), 4.99(m, 1H),



[4- (Pyrrolidin-3-yloxy)phenoxynmet hyl]- 1-(2-nethoxyethyl)benzini dazol e-5-
ar boxam di ne di hydrochloride [err] To a solution of
-[4-(1-tert-butoxycarbonyl pyrrolidin-3- yloxy)phenoxynethyll- 1

(2- met hoxyet hyl ) benzi i ndazol e- 5- car boxam di ne (115 ng) in chloroform (3
m) was added trifluoroacetic acid (3 gg), and the m xture was stirred at 5
m n. The sol vent was evaporated and to the obtained resi due was added 1N
hydrogen chl ori de-diethyl ether (2 ml). The solvent was evaporated and the
obt ai ned r &s98{dg=-DaHAEI9NFBS(d, 040 DB LR)ySIBOEUHN and dried under reduced
pressure to give the title conmpound (97 ng). 'H NWVR (c5 ppm DVMSO d6) 2.
10(m 2H), $eBRs, 3H), 3.28-3.42(m4H), 3.69(brtr,2H), 4.59(brtr, 2H),

o D2l S efipci pinAghipand chbgfiend 0/ (¢33, 0 2,

9.34(brs, 2H Exw Ig 20 Synthe5|s of

2-[4-(1-aceti 10y g 3 yl oxy) phenoxynet hyl j - 1-(2-
m d ar boxam di ne di hydrochl onde [err] To a

nmet hoxyet hyI \
sol ution ofHO-[ 4 (pyrrolidin-3-yl oxy) phenoxynet hyl | - 1-(2-

met hoxyet hyl ) benzi m dazol e-5- car boxam di ne di hydrochloride (44 ng) in a
mi xture of t et r ahga@rsehtionpf G(intert-biaxyraronyiRyTerligin-Sviexy) hepaageRysis um

hydr ogencar, I ,
o e o408 B iéiine AGE (11 mif 4 AU 0P, IR REAR Act? D)
conpl eti on (612 tr@wlrh 1@5cmcémgt anxhthe mixblinehwas storesk dtabomaemperatwredonhd t he

sol vent wa evap Il ned..resi due was..se ted by HPLC (50%
nmet hanol - ef Oﬁloqggﬁ ﬁgcgo%aq&foqulﬁg%%?ﬁp que was
added dil . d@hﬂﬁdﬁ@ﬂi ﬁdﬂ.le@hb@@dmm thiosulfate solution were added, and the mixture

was extracted with methylene chloride and washed successively with water and

2-
ca
2

saturated brine. The organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated. The obtained residue was dissolved in methanol (3.4
mli) and thereto was added 1N aqueous 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 evaporated. The obtained solid was washed with diethyl ether and
dried under reduced pressure to give the title compound (350 mgj}.

"H-NMR (6 ppm,CDCl,) 1.47(s,9H]}, 2.09(m,2H), 3.54(m,4H}, 4.75(m,1H), 6.71-
6.79(m,4H)
Step 3
Ethyl 4-(1-tert-butoxycarbonylpyrrolidin-3-yloxy)phenoxyacetate

o
U \CNcoz +-Bu
10,7 0

To a solution of 4-{1-tert-butoxycarbonylpyrrolidin-3-yloxy)phenol (2.14 g)
in tetrahydrofuran {43 mi) were added ethyl bromoacetate (1.1 mi) and 60%
sodium hydride {368 mg)} with ice-cooling, and the mixture was stirred at room
temperature for 1 hour. After completion of the reaction, ice water was added and

the mixture was extracted with ethyl acetate and washed with 10% aqueous citric



and the sol vent was evaporated and dried under reduced pressure to give the
title conpound (40 my). 'H NVR (6 ppm DMSO-d6) 2.12-2.28(m5H), 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,
9.0Hz, 2H), 7.07(dd,J=2.9, 9.0Hz,2H), 7.77(1H), 7.88(1H), 8.24(1H), 8.47,
8.54(1H), 9.13(2H), 9.27, 9.31(1H), 9.4$(2H Exanple 21 Synthesis of
7-[11-(2-hydroxyet hyl) pi peridin-4-yl met hoxyj- 1,2, 3, 4-

t et r ahydr oi soqui nol i ne- 2- car boxam di ne di hydrochloride Step 1

N, N'b- di -t E%ﬁd BummncaTb@oggbnﬂ:lbyeir\msw-iﬁcﬁ, &eB adhydrvus yghesiaansulfine | ne- 2-

car boxami di n err]. To a suspensjon X . . -

72 hydr oxy- and the spives eSS OR PREITRCSIGHS WasPHrisisd tsflicaree!

acetoni tri t@ufnd b thekdnéthyl etar6=71:8) shdlisiedMihfer reQué@p! i g, and
the m xture was stirred at Toomtenperature for 1 hour. The precipitated
solid was prEsbersttegivethe ititle camipound the0% 8t ai ned solid was dissolved in

N “bi ot ert - FRVTRBIGRY dHERs T AP SROBPE I (004)) (72
My), and tBE4(hH)/ 4.20asI = 2kiz,2H), & 57(S0H), ETPPra1 M), 6.7836.82(thak)s. Al t er

conpletion_of the reaction, water was added and the m xture was extracted
wth et hyls*zf(?é't ate and washed with saturated brine. The organic | ayer was

dried over 43y RiSxRAIHR idfre33tkyjpien8ateid aM@s evaporated. The
I

obt ai ned residue was ‘purified by silica”gel colum chromatography
(hexane: ethyl acetatg=3.0l1) and dried under reduced pressure to give the
title conpound (70QZnyy. (t_?uppm CDC13) 1.50(s, 18H), 2.87(m 2H),
3.73(m 2H), 4. : d, J=2.5Hz, 1H), .6.66(dd, J=2.5, 8.2Hz, 1H),
6.97(dJ=8. HEC 119 Step 2

To a solution of ethyl 4-(1-tert-butoxycarbonylpyrrolidin-3-
yloxy)phenoxyacetate (2.5 g) in a mixture of tetrahydrofuran (5 ml) and ethanol (5
ml) was added 1N aqueous lithium hydroxide solution (7.5 mi) 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).

'H-NMR (S ppm,CDCl,} 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)
Step 5
4-(2-Hydroxyethylamino)-3-nitrobenzonitrile

NC NO;
\QN/\/OH
H
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 temperature for 2 hours. Ethanolamine (3.35 ml) was added and the
mixture was stirred at S0°C for 1 hour. Then, ethanolamine (3.35 ml) was added,
and the mixture was stirred at the same temperature for 1 hour. After completion



96 Benzyl 4-hydroxynethyl pi peridine- 1-carboxylate [err] In the same nmanner
as in Exanple 10, Step 1, 1- benzyl oxycarbonyl pi peri di ne-4-carboxylic acid
(10 g) was obtained fromisonipecotic acid (15.5 g). To a solution of this
obt ai ned conmpound in tetrahydrofuran (100 nil) were added dropw se at -

15" C triethylamne (5.56 m) and isobutyl &hl or ocar bonat e (5.2 m) under an
argon at nosphere, and the m xture was stirred at the sanme tenperature for

20 mn. After cponpletion qf the reaction, the reactjon m xtyre was
F11Eraied, - andok BE TFAqeRa e seent 3 ol GattBe bhBsisid yanirasned
bor ohydri de (4wihdyoptopatidl @fd\tblidtted by SRkibAdried I8deH el Liéed pressutt ikd %i@é’ at

the sanme tenperature for 15 mn and then at roomtenperature for 2 hours.
After conpl eti 8he tHe ¢mapouskt/i258)- wat er was added and insol ubl e materi al

was renoved. The i q?lﬁ,s hxture was
extracted with eﬁ@%?e%ﬂgﬁ’?h@?%@%’ggﬁgﬁﬁg{?%@g%ﬁggé gg—g’cessi vely with
i N aqueous sodV@idyh.0Kedé&l), T8l (dd,Jai B, OHag, bl 8.30(d Jel.8Hd, 1) 62(bve/1H),
anhydr ous sodi ggg Sé,l| fate. The sol vent was evaporated and the residue was
dried under reduced pressure to give the title conmpound (7.2 g). 'H NWR
(c5ppm CDC13)  3-Athinb-BME-hydidkyethylamirdo)Bé{zonidile, 2. 70- 2. 85(m 2H),

3.50(d, 2H), 4. 151%-4. 30( ,_FH) , 5.13(s,2H), 7.26-7.40(m5H) Step 3 Benzyl

4- br onomret hyl pi'pextThpe="21 - car boxyl ate To a sol ution of benzyl

4- hydr oxynet hyl pi l@o ne- 1%F|car boxylate (1.11 g), carbon tetrabrom de
(1.77 g) in methyl efe o¥il O e (11 m) was added triphenyl phosphine (1.4 Q)
with ice-cooling, and thhe m xture was stirred at roomtenperature for 5
hours. After conpl et Q.. > '5(2&]]' | of vent g orat.ed and the
obt ai ned resi due vvasA g‘g‘r‘? ?éﬂfﬁéﬁgﬁo Ita 6%@@%%@@%%“&%%@%?@ and i
(hexane: acet onehlofii@e dihydeate ( 16.94d) inretitanal ¢a0.mddvasr stisradra 200C gorvEhdble titl e

conpound (1. 25Aﬂ21‘ 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 insoluble material and the aqueous layer were
removed. The obtained organic layer was dried over anhydrous 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).

'H-NMR (6 ppm,DMSO-dy) 3.17(q,J=5.6Hz,2H), 3.58(q,J=5.6Hz,2H),
4.74(tr,J=5.6Hz, 1H), 4.93(brs,2H), 5.34(tr,J=5.6Hz,2H), 6.49(1H), 6.77(1H),
6.91(1H)

Step 7
t-Butyl 3-[4-[S-cyano-2-(2-hydroxyethylamino)phenylcarbamoylmethoxy]-
phenoxy]pyrrolidine- 1-carboxylate

0
H
NC N /O/ \CNCOz t-Bu
\'/\ o
o]
t

OH

To a solution of 3-amino-4-(2-hydroxyethylamino)benzonitrile (1.21 g} and
4-{1-tert-butoxycarbonylpyrrolidin-3-yloxy)phenoxyacetic acid (2.30 g} in



'"H-NMR (d ppm CDCl 3) 1.05-1.30(m2H), 1.70-1.90(m 3H), 2.78(m 2H),

3.29(d, 2H), 4.10-4.30(m2H), 5.13(s,2H), 7.26-7.38(m5H) 97 Step 4

Benzyl 4-[2-(N,N -di-tert-butoxycarbonyl am di no) -

1, 2, 3, 4-tetrahydroi soqunol i n- 7-yl oxymmet hZKI | pi peridine- 1l-carboxylate To a
solution of N,N -di-tert-butoxycarbonyl - ydroxy- 1, 2,3, 4-

t et rahydr oi soqui nol i ne- 2- car boxam di ne (50 ng) and benzyl 4-

b t hyl pi paridi 1 m
ohe addeq’ 4N SRR EDFRATAN08 Tt edebonk s LRI o S b |
was stirred a(Q mgnm@ﬁp&nmﬁureavﬁmuﬁéd arodm teﬂf}ieﬂtuwfopllémm ofAftehe

ti ad t t t th et hyl t at
hnd viashed o CRERyS by rER o, e L e FARoAE Ape (e ARG aE F ayer
was dried oveyagphiMfédsy sihes gélr(:bﬁﬂinfx @hﬁ)mé’kﬂﬁ’abﬁ? (ﬁ@c!aﬁ@e %ma&t@eéapa §&f ed.

The obtained residue was purified by silica gel” colum chromatography
( hexane: acet ogige-the title comapannddd-Sor&ler reduced pressure to give the title

conmpound (55 ng 5 1 18H),

775 2. 05 m 3y g5 Mt EORET a8, 2 it s o 9 Shch

4.67(brs, 2H) , 35328} 4-H4(s@Hj14.82m, LH), '61’(3(11-9{) 6785}8(94@14}9], BB177. a@((zsm) Step

5 NN -di-tert Yy 7- (pi peridi n4-yl net hoxy)- 1, 2, 3, 4-

t et r ahydr oi soagpmﬁ %gbé?'ﬁar boxam di ne Benzyl

4-12- (N, N - di stegrd - but oxycar bonyl am di no)- 1,2, 3, 4-

t et rahydr oi sogw noI in-7-yl oxi)6 thy|]£l peridine- 1-car bo)ﬂf-/l ate (500 ng) was
nyRyEa

hydr ogenat ed #&3fhlrtert-Bogosras dBr-ylexyphenoxymethyli X cymo- df(2-
tetrahydrofurﬂﬁﬁg éﬁxltﬁﬂﬁnﬁ& | (100 M) at 3 atmover 3 hours. After
conpl eti on of e reac I on, e reaction mxture was filtered through
celite, and the o
NC N /O/ \CNCOZt-Bu
Ly
N
OH

A solution of t-butyl 3-[4-[5-cyano-2-(2-hydroxyethylaminojphenyl-
carbamoyimethoxy]phenoxylpyrrolidine- 1-carboxylate (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 residue was extracted with ethyl acetate. The
extract was 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}.

'H-NMR (6 ppm,CDCl;) 1.44(s,9H), 2.11{m,2H), 3.44-3.54(m,4H), 3.75(brs,1H],
4.06(m,2H}, 4.46(m,2H), 4.77(m, 1H), 5.32(s,2H), 6.77(2H), 6.93(2H), 7.49(2H),
7.79(1H)

Step 9
2-[4-(1-tert-Butoxycarbonylpyrrolidin-3-yloxy)phenoxymethyl]-5-cyano- 1-(2-
methoxyethyl)benzimidazole



sol vent was evaporated. The residue was dried under reduced pressure to
give 98 the title conpound (815 ng). 'H-NMR (6 ppm CDCl 3) 1.20-1

.40(m 2H), 1.56(s, 18H), 1.75-2.00(m 3H), 2.67(brtr,2H), 2.89(brtr, 2H),
3.10-3.20(m 2H), 3.65-3.85(m4H), 4.67(s,2H, 6.62(1H), 6.72(1H), 7.03(1IH)
Step 6 Ethyl 4-12-(N, N -di-tert-butoxycartonyl am di no) -

1,2,3,4-tetrahydroi soqui nolin-7- yloxynethyl ~pi peridine- l-acetate To a
solution of N,N -di-tert-but oxycargonyl - 7- (pi peridi n4-yl met hoxy) -

1,2, 3,4-tetrahydroi soqui nol i am dine (100 ng) in a mxture of

t et r ahydr of ur FniyNand di yl flor G%Bde (1 m) were added 9. 1IN
aqueous sodi um hydr oki sd®utT™n (0.027 nl) and ethyl bronpacetate (0.027
m), and the m xt V\i;:ti”ed at roomtenperature for 1 hour. After

conpl etion of the reacNon, water was added and the m xture was extracted
with ethyl acetate and shed successively with water and saturated brine.
The organic |ayer was drf™8 over anhydrous sodium sul fate and the sol vent

ted. Th i i i fi . i | |
Chr omat ogr aphy” (nexisa AR ol £ fert B AR IoIbalE (90 CoL e
i the titl ¢l enoxshriet fl]- Sgyano- HH{2MRd (dyetbey]) @i dazole fA0r ih. 2Hz, 3H),
151 (s 123%0;?0%??‘- 85( g , Z'é?{g@‘g?’ 2 ,) zasg%ﬁ. 05{&m 41@,:]5 K
3.22(s, 2H), 3tesmhye Yﬂfh&)“,dlgt’.af@(i ed 6 .Wf&@,‘%ﬂ%‘lp’dﬂ.% A0 61( 1H),
6. 71(1H), 7. Ofdrhidratule, Ar{ tHeSmiktlire 2% tifred for 30 min, Thereto was added methyl

N, N -di -tert-Butoxycarbonyl -7-[ 1- (2-hydroxyet hyl ) pi peri di n-4-yl net hoxy] -
1,2, 3, 4- tetrindde i@é@)mw@-mmﬂﬁy@r%mvw @ﬁfpbﬁprapleé@m}/

4-12-(N, N -di 3t & F‘M g car dia le %%"hded d the mixtu
t et rahydr oi so&l{iﬁe{% [ n-’gbyy/ﬁgo yrret\éﬁgﬁ}:%fnp%}){u he. 1. acet aatne t61(1355 rrgr)e N a
m xt ure of 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).

'H-NMR (S ppm,CDCl;) 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)

Step 10
2-[4-(1-tert-Butoxycarbonylpyrrolidin-3-yloxy}phenoxymethyl}- 1-(2-
methoxyethyl)benzimidazole-S-carboxamidine

HzN)NHtj[:Y\O /O o7:)«:02 +Bu
N

OMe
In the same manner as in Example 18, Step 4, the title compound (119
mg) was obtained from 2-[4-(1-tert-butoxycarbonylpyrrolidin-3-
yloxyjphenoxymethyl]-S-cyano- 1-(2-methoxyethyl)benzimidazole (195 mg), methyl
iodide (1 ml) and ammonium acetate (37 mgj.
'H-NMR (& ppm,CDCl} 1.45(s,0H), 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},



99 tetrahydrofuran (2 m) and nethanol (0.008 m ) was added |ithium
borohydride (11 ng), and the m xture was stirred at roomtenperature for 3
hours. After conpletion of the reaction, water was added and the m xture
was extracted with ethyl acetate and washed successively with water and
saturated brine. The organic | ayer was diffed over anhydrous sodium sul fate
and the solvent was evaporated. The obtained residue was purified by silica
gel colum ch (hexane: acetone=3: 1) and dried under reduced
pressure to gf@%ﬁgﬁg§§8@¥% conpound (65 ng). 'H NVR (6 ppm CDCl 3)

1.30- 1. 55(m 28¢dp,111. 70- 1. 90(n13kb 2.11 (brtr,2H, 2. 54(tr J=5. 4Hz, 2H),

2. 85- 3. 00(n14FD 3. 61(tr 4Hz, 2H), 3.65-3. 82& g%d 67(s, 2H) .

6.63(1H), 6. 72 @ﬂw)pmngmm}hgl] 14{p-mg jpenzimidazole-3-

- (2- Hydr oxyet %Egiﬁ%w(ﬁ%ﬂ%n&& gooxyj - 1,2, 3, 4-tetrahydroi soqui nol i ne- 2-
car boxam di ne ydrochl oride To a sol ution of
N, N -di-tert-but d¥#ycarbonyl -7- ﬁc oxyet hyl ) pi peri di n- 4-yl net hoxyl -

1, 2, 3, 4-t et rahydph spQuigol i ne- ar boxawa dine (60 ng) in chloroform (0.6
m ) sol uti on rl?knqg d (0.3 M), and the nixture was
G re for 5 hours. After conpletion of the reaction,
t he sol vent was evapor at %Fand to the 'oﬁ%i ned resi due was added a hydrogen
[

stirred at roomte

chl oride - ethanol sol ut and insoluble material was renoved. The
resultant m xture was concgug rated and dried under reduced pressure to give
the title conpound (40 nmg). 'H-NMR (6 ppm DM5O-d6) 1.58-1.80(m 2H), 1.85-2.
10(m 3H), 2.82(m 2|Ji)oas>1@mpr30f125t4nﬁ15nég‘c bigorBagb@yimirpilin-3- 75- 3. 83(m 6H) ,

4.54(s, 28, 64 dhbroxfrittiylH-2-etitixbbbhy) ferRthitbbole- 52 2BEbHRialne 3 105 © 22
mg) in chloroform (3 ml) was added triflucroacetic acid (3 ml), and the mixture was
stirred at S5 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 {o give the title compound (97 mg).

'H-NMR (6 ppm,DMSO-d,) 2.10(m,2H), 3.18(s,3H), 3.28-3.42(m,4H},
3.69(brtr,2H]j, 4.59(brtr,2H]), 5.02(m, 1H}, 5.43(s,2H}, 6.94(d,J=9.0Hz,2H]},
7.07(d,J=9.0Hz,2H}, 7.60(d,J=9.0Hz,1H), 7.87(d,J=9.0Hz,1H), 8.23(s,1H),
9.08(brs,2H), 9.34(brs,2H)

Example 20
Synthesis of 2-[4-(1-acetimidoylpyrrolidin-3-yloxy)phenoxymethyl]- 1-(2-
methoxyethyljbenzimidazole-5-carboxamidine dihydrochloride

0L

+ 2HCI

OMe
To a solution of 2-{4-(pyrrolidin-3-yloxy)phenoxymethyl]- 1-(2-
methoxyethyl|benzimidazole-5-carboxamidine dihydrochloride (44 mg) in a
mixture of tetrahydrofuran (2 ml) and water (0.6 ml} were added sodium
hydrogencarbonate (38 mg), and ethyl acetoimidate hydrochloride (33 mg), and the

mixture was stirred at room temperature for 16 hours. After completion of the



Synthesis of 7-[1 -(pyridin-4-ylnethyl)piperidin-4-ylrnethoxy]- 1,2,3,4-

t et rahydr oi soqui nol i ne-2- carboxam di ne tri hydrochloride Step 1 100

N, N -di -tert-But oxycarbonyl -7-[1-(pyridin-4-yl nethyl)pi peridin-4-yl met hoxyl
- 1,2,3,4-tetrahydroisoquinoIine-2-carbo§gnidine [err] To a solution of

N, N -di -tert-but oxycar bonyl - 7- (pi peri di n“4-yl net hoxy) -

1, 2,3, 4-tetrahydroi soqui nol i ne-2-carboxam dine (100 ng) in a mxture of

tetrahydrofuran (.1 nd) .and di | for ), d m,) were added. 9. sodi um
hydr oxi de (0. 6%%%)‘“5‘?*8%-’8?@%@ asc?%@?%ﬁﬂ&%? 8‘3%’1‘?’8?‘.’%&" %‘ﬁ% , +§Iﬁd t he
m xture wasdzbgtaﬁxﬂd mﬁidﬁ@Qﬁsfsepaﬁtdw HPL@\(SO(.:I% noehzh (ﬂtw'raflér, of03%e reacti on,
wat er was added_and the m xtyre was extracted with e cetate and was
washed succesSHRArGAGHAE R tfljrro %ﬁ&g?giqﬁlrlgﬁlgb}c&aisﬁgfieé‘ﬂé' W%%ﬁ"céﬂ was
dried over anhygrRiSoveiwis @Eﬂﬂ%&%&@%&ﬁm\ﬁ@@@ﬁﬁé@é & titkhe

obt ai ned residue was purified by preparative thin |ayer chromatography
(chl or of or m meomapewnd-P mg) and dri ed under reduced pressure to give the

titl d i

7L~ Pyri i n SRR B ME0 4 2420280, 5. 1815,3H), 3.35-3.95m )

1, 2, 3, 4- t et r aky3h(leris 2B0)L5.0645. G2 1 H); S430s(28), 619%édd, J+R P09 08281 de NH H2N

05 3HQ I the SAUEIFBNSL8Seh 'y FIAMR Fadi, 5RuE, 407 4 48, EoRAHNY (65

ng) was obt ai

N, N -di-tert-butooypimeoBe@)l 1- (pyri di n-4-yl net hyl ) pi peri di n-
4-yl met hoxy] - 1, 2, 3, 4-t et r ahydr oi soqui nol i ne- 2- car boxam di ne (88 ng) and
trifluoroacet Emmple®l 0.45 m).

Synthesis of 7-| 1-{2-hydroxyethyl)piperidin-4-ylmethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride
Step 1
N,N’-di-tert-Butoxycarbonyl-7-hydroxy-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine

NCO, t-Bu

1-BuO,CNH J\mOH

To a suspension of 7-hydroxy-1,2,3,4-tetrahydroisoquinoline
hydrobromide (S00 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-
butoxycarbonyl)carboxamidine (Synthesis, p. 579 (1994)} (742 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).

'H-NMR (& ppm,CDCly) 1.50(s,18H}, 2.87(m,2H), 3.73{m,2H}, 4.62(brs,2H),
6.53(d,J=2.5Hz,1H), 6.66(dd,J=2.5, 8.2Hz,1H), 6.97(d,J=8.2Hz,1H]
Step 2



"H-NWVR (6( ppm DMSO-d6) 1.70-2.00(m5H), 2.81(m2H), 3.00(m 2H), 3.38(m 2H),
3.57(m2H), 3.81(m2H), 4.48-4.54(m4H), 6.71(1H), 6.82(1H), 7.13(1H),
7.60(4H), 8.19(d,J=6.CHz, 2H), 8.88(d,J=6.0Hz,2H), 11.63(11H Exanple 23
Synt hesi s of 7-[1-(2-hydroxy-2-phenyl et hgl ) pi peridin-4-yl net hoxy]- 1,2, 3, 4-
t et - ahvdr oi soqui nol i ne- 2- car boxamni di ne dP®ydrochl ori de 101 Step 1

N, N -di -tert-But oxycar bonyl - 7- (1- phenacyl pi peri di n- 4- vl net hoxy) - 1, 2, 3, 4-

t et r ahydr oi sQqui nol i ne- 2- car,boxam.di n err].ln the same manner as in
Exanpl e 21, %&@‘%‘Wﬁ@w@?%ﬂﬁ%ﬂﬁﬁ%é@ly@? was obtai ned from

N, N -i-tert-butoxy onyl - 7- (pi peri di n- 4-yl net hoxy) -

1,2,3,4-tetrahy | SO B i ne- 2- car boxam di ne (200 ng), phenacyl brom de
(90 ng) and 9HON sddium hydroxide (0.054 m). Step 2

N, N -di -tert-But ox - L= [ 1o L 2= hyr 14" l.et hyl ) pi peri di n-4-

yl met hoxyl - 1 , 2, 3?&-3{62%?%4&%?%%%%%&%0 ﬁ%-@l gtaéﬁ;%xlari idine [err] To a
SFI ut ihon ;)f WlWM%Wb?wﬁe éciﬂi—(p(hgmas'bgﬁaﬁm”di(fdirﬁ- 4-)

yl met hoxy)- 1,2,3,4-tetr r oi soqui nol.i ne-2-carboxam dine (120 ng) in a
m xture of té??%ﬂ@@%@ﬁ’ﬂgﬁggﬁ?mfo% URER ok ?g‘e@@aﬁ"}nﬂﬁé@ddaded sodi um
bor ohydri de (té&-aﬂ?imﬁ_ A84 (1dPmiwedrt bad¥R aropwise £4184C mde}c]jaﬂbaﬁwnd t{?zédr#@t for 2

hours. After conpl etion of the reaction, water was ad ure
was ext r act eding ispbutyhshlorpcatbanatedf@ mi sinsier sn cegassatmasphere; Anddler and

saturated brine, The o Iggm )é%ﬁ i anhy us Lumsul fate

and the sol vé%dumﬁgs%sv%p r a%tet%g 5%{&5‘2% t&ég due \Agégrpct?ﬁﬁg%%’ %ﬁggi lica

gel colum 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).

'H-NMR (& ppm,CDCl;) 1.05-1.30(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,SH)
Step 3
Benzyl 4-bromomethylpiperidine- 1-carboxylate

/—CNCO";BO
Br

To a solution of benzyl 4-hydroxymethylpiperidine- 1-carboxylate (1.11 g,
carbon tetrabromide (1.77 g} in methylene chloride (11 ml) was added
triphenylphosphine (1.4 g) with ice-cooling, and the mixture was stirred at room
temperature for S hours. After completion of the reaction, the solvent was
evaporated and the obtained residue was purified by silica gel column
chromatography (hexane:acetone=10:1) and dried under reduced pressure to give
the title compound (1.25 g).

'H-NMR (& ppm,CDCl;) 1.05-1.30(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)



chr omat ogr aphy (hexane: acetone=5: 1, 1%triethylarnine) and dried under
reduced pressure to give the title conmpound (90 ng). '"H NVR (c5 ppm CDC13)
1.39-1.55(m 20H), 1.75-1.95(m3H), 2.08(m 1H), 2.36(mIlH),

2.46-2.56(m 2H), 2.85-2.95(m 3H), 3.15-3.25(mI|H), 3.65- 3.85(m4H),
4.60-4.77(m3H), 6.64(1H), 6.73(1H), 7.09(1H), 7.26-7.40(m 5H) 102 Step
3 7-[1 -(2 -Hydroxy-2-phenyl et hyl ) pi peri di n-4-yl net hoxy]- 1,2, 3, 4-

t et r ahydr oi sogui nol i ne- 2- car boxam di ne di hydrochloride [err] In the sane
manner as in %?fpl e 21, Step 8, the title conpound (55 ng) was obt ai ned

fromN N - NC&"—ﬂéﬁﬂbﬁh datbdri/ ARV, 2.3, 4-tetrahydroi lin-
phenyl et hyI )p| perti drﬁ Rﬁ yl met h oxfl)l;y 1, 21%% 4- "thg?rahydroﬁ soaw rll%ﬁqiurlﬁao 2-

car boxani di n&/-ye&ymethylpiperisire-eartbpxylaie, DVSO- d6) 1. 60-2. 10(m 5H),
2.82(m 2,2, 95-3.25(m 3H), 3.58(m 2 3.84(d.2H), 4.55(s 2H), 5 17(m 1),

6.73(1H), 6.84(1H), 7\ ( : m&gm 7.60(brs, 4H), 9.98(brs, 1H
Exanpl e 24 Synt hesi s 2-am di ng-

1,2,3,4-tet rabngiqa thyl ) pi peridin- 1-ylacetyl glycine
et hyl ester dihydrochlofid p 1 Benzyl

4-12- (N, N -di -tert-but oxy*¢ar¥onyl am di no) 1, 2, 3, 4-tetrahydroi soqui nol i n-
7-yl oxynmet hyi ] pi peidine- 1 -acetate [err] In the same manner as in Exanple

21, Step 6, the tiToea sobtjoouofdN,NBdiotertehutamycantnryil-Tenydrogml ,2,3,4-

T y 3d|4- E g”a?@%ﬁ%ﬁ%ﬁ%&%ﬁ%%@@%&lﬁ%@ﬁjﬁﬁgt hgé}g@ﬂé"nzyl chl oroacet ate

(0.34 bromomethylpxpendme—l-carboxylate (120 mg) in dnnethyl sulfoxide (1 ml) was
added 4N aqueous sodium hyd.roxlde 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
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)
and dried under reduced pressure to give the title compound (55 mg).

'H-NMR (S ppm,CDCl3) 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(SH)

Step 5
N,N’-di-tert-Butoxycarbonyl-7-(piperidin-4-ylmethoxy)-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine

NCO, t-8u \/OIH
1-BUO,CNH J\mo

Benzyl 4-[2-(N,N’-di-tert-butoxycarbonylamidino)-1,2,3,4-
tetrahydroisoquinolin-7-yloxymethyl]piperidine- 1-carboxylate (S00 mg} was
hydrogenated using 7.5% palladium carbon {150 mg) in a mixture of
tetrahydrofuran (5 ml) and ethanol (100 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



m) and 9. 1N sodi um hydroxide (0.025 m). Step 2

4-12-(N, N -di -tert-Butoxycarbonyl am di no)- 1, 2, 3, 4-tetrahydroi soqui nolin-7-
yl oxymet hyl | pi peri di ne- 1-acetic acid 103 [err] Benzyl

4-12-(N, N -di -tert-butoxycarbonyl am dino)- 1, 2, 3, 4-

t et rahydr oi soqui nol i n-7-yl oxynet hyl | pi peBBdi ne- 1 -acetate (735 ng) was
hydr ogenat ed using 7.5% pal | adi um carbon (220 ng) in a m xture of

t et r ahydr of ur (14 m) at atnospheric pressure over 3
hours. After @%ﬁ‘gf‘é? g gfémlggact ion, the reaction mixture was filtered
through cel it e gk 6 ppRi,EBEL,) Y‘@@ EYOROLA] eld56(§'h8H? qs?ﬁ-?@%ﬁ 3Wy, 1 ed under

reduced pressure to give the titie conpoun ([efr]

bpm COCL3) | 1 2367 (brS8H Sﬁagﬂnm@mo'& 30 B 2, 3653 A A7 5 50
2.89(brtr, 2H) .90(m 4H), 4.66(s,2H), 6.60(1H), 6.70(1H),
7.03(1H) Ste gﬁlﬁi?’(ﬁm” e t - But oxycar bonyl am di no) -

1,2,3,4-tet I’ES”tyéﬂl’G)l soqui nol i n 7- yl oxynet hyl j pi peridi n-1-yl acetyl gycgi ne

et hyl est er err}%&Y a.solution of

4-[2-(N, N - et bBRPRETAT BPRdgTIding- 52.8,4-tetrahydroisoquinolin-7-

t et rahydr oi SW?P&MH dwqucggélté pi peridine-1-acetic acid (120 ng) and
gl yci ne et hyl” eSter {/ro hloride In rrethylene chloride (1.5 nml) were added
triethylam ne (0.031 , 4-di net hyl yridine (27 ng) and

1- (3-di net hyl am nopr 2)139 et hyI cqrb ||tﬁQi€t hydrochl ori de (42 ng), and
the m xture r ure for 12 hours. After conpletion
of the reactio Her d and

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 aqueous
sodium hydroxide solution (0.027 ml) and ethyl bromoacetate (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 (hexane:acetone=4:1)
and dried under reduced pressure to give the title compound (100 mg).

'H-NMR (6 ppm,CDCl,) 1.28(tr,J=5.2Hz,3H), 1.51(s,18H), 1.60-1.85(m,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(q,J=5.2Hz,2H), 4.86(brs,2H), 6.61(1H]), 6.71(1H), 7.03(1H), 10.22(brs, 1H)
Step 7

N’-di-tert-Butoxycarbonyl-7-|1-(2-hydroxyethyl)piperidin-4-ylmethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine

NCO; t-Bu \/O,/\/OH
t-Bu%CNH*hCO/O

To a solution of ethyl 4-|2-(N,N’-di-tert-butoxycarbonylamidino)- 1,2,3,4-
tetrahydroisoquinolin-7-yloxymethyl|piperidine- 1-acetate (155 mg) in a mixture of



the m xture was extracted with ethyl acetate and washed successively wth
wat er and saturated brine. The organic |ayer was dried over anhydrous

sodi um sul fate and the sol vent was evaporated. The obtai ned residue was
purified by silica gel columm chromatography (hexane: acetone 5:2) and dried
under reduced pressure to give the title®%onmpound (100 ng). ' H NMVR (8

ppm CDC 3) 129(trJ72Hz 3H), 1.45-1.65(m2H), 1.70-1.90(m 3H), 104

53 SR o e e o o T
7.70(brtr, 1Hyy1 A, @1@%% roiRiure vz sﬁr&ﬂ(a@r&hﬂ-l%ﬁh@erature for 3 hours. After
1,2,3,4- tetrahydr0| soqui nol i n-7-yl oxymnet h% g@mée” din- 1- ylacetylglycine

ethyl ester ¢bmpintiontaldhe rRactipn,arater was a theamirdureauas extaciedwih21

zslt [eg ?N }\Ihedlthy 1 clﬁut oxycar%on%m%ﬁoy %&é{fﬁmmted brine.  The
tetrahydrois laya-\iaslﬂnxdbﬁrl‘adhbﬂrqnm sodium sﬂxifatlezmﬁltt}lbgbyemmaet hyl
(e?r;tglr_i)(loo n%%ﬁl Q%&gg@&ﬁpmﬂa@ !e rﬁ”l s§m%trfﬁ7 OHz,3H), 1.58-2.1
3.9.-3.98(m hﬂométo (Hcﬂangﬁ&t,oné—§@ &adzlﬂled ﬁna&({%dﬁcé’d EDIJCEgure]t

6. 83(dd, J=2. I—émyhg) , 7.68(brs, 24 brtr

1H), 10. 07(bﬁb€hmﬂyommé652@gsynt he5| s of 4 (2 am d| no-

L Lt SR RS ERORESM, PPESS, £ BRFbLA
2.54(tr,J=5.4Hz,2H), 2.85-3. OO(m 4H), 3.61(tr,J=5.4Hz,2H), 3.65-3.85(m,4H),
4.67.(s,2H), 6.63(1H]), 6.72(1H), 7.03(1H]}, 10.21(brs;1H)

Step 8
7-|1-(2-Hydroxyethyl)piperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-

carboxamidine dihydrochloride

NH \Q‘/\/OH
y 2NJkN 0
» 2HCI

To a solution of N,N’-di-tert-butoxycarbonyl-7-{1-(2-
hydroxyethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-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).

'H-NMR (6 ppm,DMSO-d¢) 1.58-1.80{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-carboxamidine trihydrochloride

Step 1



4-12- (N , N-di-tert-Butoxycarbonyl am dino)- 1,2, 3, 4-tetrahydroi soqui nolin-7-
onxynEthyllplperldlne- 1 -acetic acid N-nethylamide [err] In the sane
manner as in Exanple 24, Step 3, the title conpound (25 ng) was obt ai ned
from4-[2-(N,N -di-tert- butoxycarbonylanldlno) 1,2,3,4-

t et r ahydr oi soqui nol i n-7- onxynethyI]plpéP di ne- 1- acetlc acid (120 ny),

nmet hyl am ne hydrochloride (148 ng), triethylamne (0.6 m), 4-

di met hyl am nQpys

1+ (3- di et hyFa ‘5‘1‘3533%‘%‘(’3‘!%9%‘?%1 drBEdin-gaethylpipeiding A dmeth oyl (42 ny)
and N-met hyl g, gjacietraByddisd4uitioline-St @Pbéxaini#reAni di no-

1,2, 3, 4-tetrahydroi soqui nol i n-7-yl oxynet hyl ) pi peri dine- 1 -acetic acid

N- net hyl am de di hydro %rl de [err] t manner as in Exanple 21,
Step 8, thetitle cog%‘ u(15 mg) fas pbt Jinef from

4-12- (N, BJC%IILI ; : &l no) N2, 3, 4-

t et rahydr0| soqw i n-7vyl @ thyI ] pi peri di ne- 1l-acetic acid N-nethyl am de
(20 mg). 1H-NVR ([err] ppmMBO-dferr]) 1.60-1.78(m2H), 1.88-2.08(m 2H),
2.67(s,3H) 2.83(tr,J=4.4Hz, 2H), 300315(m2H) 345355(m2H)
3.58(tr,J-4.4Hz, 2Hpe a%oﬁ&oﬁ o?ﬂ(NncﬂJt&rt-tﬂ}t gﬁm&ﬁé

7.15(1H), 7. 63(brs 4 67(brs, 1H), 9. (brs 1I—& 6 S ntheS|s of
7-( 1 -acet yllg.3drte ydmwﬁem%;egr)? inedd e M%amrﬁ@ i ne- 2-

car boxani di ng W@&ﬁ}a{ 1&@2%&%%&%& (1 rhly WKy SAI R N sbafum

1- acetyl pi peri
hydroxide (0 068 mlj 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).

Step 2
7-[1-{Pyridin-4-ylmethyl)piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine trihydrochloride

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-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine (88 mg) and
trifluoroacetic acid (0.45 ml).

'H-NMR (& 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=6.0Hz,2H), 8.88(d,J=6.0Hz,2H]), 11.63(1H)

Example 23
Synthesis of 7-[1-(2-hydroxy-2-phenylethyl)piperidin-4-ylmethoxy}- 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride



t et rahydr oi soqui nol i ne-2-carboxamidine [err] To a solution of

N, N -di -tert-but oxycar bonyl - 7- (pi peri di n-4-yl net hoxy) -

1,2, 3, 4-tetrahydroi soqui nol i ne-2-carboxam i dine (100 ng) in tetrahydrofuran
(1.5 M) were added acetic anhydride (0.021 m) and pyridine (0.025 m),
and the m xture was stirred at roomtenp Yture for 2 hours. After
conpletion of the reaction, the m xture was extracted wth ethyl acetate
and washed sugcessively with water and saturated brine. The organic |ayer
was dried ov tRnfwdrous sodium sul fate and the sol vent was evaporated. The
resi due was W,Mi-msntomcmn9%?ﬁeM@ perRlin @-gineehdyp 11,3 ke conpound
(100 mg). "H- NWR ([err]ppm.CDO 3) 1.20-1.40(m 2H), 1.45-1.65(m 20H),

1. 80- 2. 10( m @rjrahydmizogy 2-Gpeami , 3.08(m2H), 3.85-3.90(m 4H),
4.67(brs,2H), 6.62(1H), 6.72(1H), 7.04(1H) Step 2
7- (1- Acetyl pi peni di n-4-yl net hoxy) - 1, 2, 3, 4-t e¢fahydr oi soqui nol i ne- 2-

car boxam di ne hydrochloride [err] In the sang finer as in Exanple 21, Step

8, the title compoundNCEp-By) was olfarNéd
N, N - di - tert-but oxycallb - (leacd{ yl pi pg§ i di n- 4- yl net hoxy) -
1, 2,3, 4-tetrah§ Hoquinoly 2-Carboxam dine (94 ng). 'H NMR (6

ppm DVSO-dQ) 1.00- 1.30kqgu2A# -1.70-1.85(m 2H), 1.98(m 4H), 2.52(m 1H),
2.8 1(trJ=6.OHz, 2H), 3.02(m 1H), 3.57(tr,J=6.0OHz, 2H), 3.75- 3.90(m 3H),

£ 930531 5, 02 e e Wl PR 838 4, s e compounc 125
7- ( 1- benzyl sulnfgowys phtagreddirom 4, N digtetebutdpxycartny]-Z-(piperidin-4-ylmethoxy)-
© 1,2,3,4-tetrahydroisoquinoline-2-carbaxamidine (200 mg), phenacyl bromide (90
mg) and 9. 1N sodium hydroxide (0.054 ml).
Step 2
N,N’-di-tert-Butoxycarbonyl-7-[1-(2-hydroxy-2-phenylethyl)piperidin-4-
ylmethoxyl]-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine

NCO, t-Bu \/O/\/O
t-BqucNH/LNI:D/ ° OH

To a solution of N,N’-di-tert-butoxycarbonyl-7-(1-phenacylpiperidin-4-

yimethoxy}-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine (120 mg) in a mixture
of tetrahydrofuran (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).

'H-NMR (6 ppm,CDCly) 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), 2.85-2.95(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)



r ahydr oi soqui nol i ne- 2- car boxami di ne hydrochloride Step 1
di -tert-Butoxycarbonyl - 7- (1- benzyl sul f onyl pi peri di n-4-yl met hoxy) -
3, 4- tetrahydroi soqui nol i ne-2-carboxam dine [err] To a sol ution of
di -tert-but oxycarbonyl - 7- (p| peri di n-4-yl nmet hoxy) -

3, 4-tetrahydr oi soqui nori ne- 2-car boxdP¢i di ne (100 nmg) in tetrahydrofuran
5 m) were added pyridi ne (0 02 m), 4-dinethylam nopyridine (12 ng) and
a- tol uenesul chloride (43 ng), and the m xture was stirred at room
t enperature FP hours and then at SOC for 6 hours. After conpletion of
the reactionz-fibe- Hydrg,jygrpﬁglyre )?@ Gl@erhekyibr 23wl acetate and
washed successi vel saturat ed bri ne. The organi c | ayer was
dri ed over ar¢tyait @Wﬁhﬂ?ﬁs%cﬁd}m& diwdseghlaifie was evapor ated. The
obt ai ned residue was purified by silica gel colum chromatography
(hexane: acetone=3: 1) and dried under re d pressure to give the title
conpound (48 ng). 'H NWR ([err] ppm CDA [ ) 1.20-1.40(m 2H),
1.45-1.60(m 20H) NHL. 70-1.90(m 3 . , 2.89(m 2H), 3.65-3.80(m4H),
4.22(s, 2H), 4. 66ﬂlQrs 2 6059 H) 6.88(1H), 7.03(1H), 7.36-7.40(5H Step
2 7-(1-Benzyl HNf oyl pj di " et hoxy) -

1, 2, 3, 4-tetrahydroitgogs p#l i ne- 2 carbsygm di ne hydrochloride [err] In the
same nmanner as in Exanple 21, Step 8, the title conpound (30 ngy) was

Sﬁrg“t Rggy; r 2m2 N3N4 r{d{e‘-’t d@%‘ltugoqw n%@%%ar%ﬁ%ﬁlﬁ ﬂ\%%@n‘g‘f{sg%ﬁ Nﬁ/R
([err] ppm Divgs-alitained fn’bm’m N-d3@érmbRkdxycdrboflyt7-8B(2¥h@dfoxy-2- 68- 2. 83(m 4H) ,
phenylethyl)piperidin-4-ylmethoxy}-1,2,3 4-tetrahydroisoquinoline-2-
carboxamidine (85 mgj}.

'H-NMR (6 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,SH), 7.60(brs,4H), 9.98(brs, 1H)

Example 24

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl) piperidin-
1-ylacetylglycine ethyl ester dihydrochloride

Step 1

Benzyl 4-{2-(N,N’-di-tert-butoxycarbonylamidino)- 1,2,3,4-tetrahydroisoquinolin-

tetr
N, N -
1,2,
N, N -
1,2,
(1

7-yloxymethyl}piperidine-1-acetate

NCO, 1-Bu \/Ou’\cozan

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-tetrahydroisoquinoline-2-carboxamidine (1 g}, benzyl chloroacetate (0.34
ml) and 9.1N sodium hydroxide (0.025 ml).

Step 2
4-[2-(N,N*-di-tert-Butoxycarbonylamidino)-1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyljpiperidine- 1-acetic acid



3.56(m 4H), 3.80(m2H), 4.38(s,2H), 4.52(s,2H), 6.69(d,J=2.7Hz, 1H),
6.82(dd,J=2.7, 8.3Hz,1H), 7.13(d,J=8.3Hz,IH), 7.35-7.40(m5H), 7.53(s, 4H)
Exanpl e 28 Synthesis of 7-i 1-(2-naphthylsulfonyl)piperidin-4-yl nethoxy] -

1, 2, 3, 4- tetrahydroi soqui noline-2-carboxan di ne hydrochloride Step 1

N, N -di -tert-But oxycarbonyl - 7-[| 103

1- (2- napht hyl sul fonyl ) pi peri di n- 4-yl net hoxy] -

1, 2, 3, 4-tetrahydroi soqui nol i ne-2-carboxam dine [err]  In the same nanner as

in Exanple 27, Step hg title co ng) was obtained from
N, N -di-tert-but oxyccoéﬁr!lér- 7-( Mﬁ\ﬁ&y%@t hoxv])-1, 2, 3, 4- 108
t et rahydr oi SQGEMDIENHNENZ DR DY ' (100 ng), 2-naphthal enesul fonyl

chloride (51 ng) and pyidinej(0.02 mM). Step 2

7-[ 1- (2- Napht hyl sul f onyl™pi P€ri di n- 4- yl met hoxyj -

1, 2, 3, 4-tetrahydroi soqui nol i ne- 2-carboxam di ne hydrochloride [err] In the
sane nmanner as i n Beteyb442-AN-8i-=pt-Butoxhearbonylemadingell28,4-55 ng) was
obtained fromN,.N -di-tert.:bytoxycarbonyl -7-[1-(2-

apht yl sul { GATDETSe P TR Plperidiies ] Hoeiats A5 08 @5qui nol i ne- 2-
car boxam di nﬁ[\:bélﬁﬁeﬁ&):d ustiig\WBA ptarh R B2 A0 8hg) In a ik of O(M 2H) ,

1.60- 1. 84(m 3H), ~2.32(m 2H), 2.78(tr,J=5. 7Hz, 2H), 3. 54(tr, I=5. 7THz, 2H) ,
3. 72- 3. 80( m fegahydroforan (7imi) apd eretihanl bl 4w} at awRospheria perssuEEOver 3 Bours:

14, 7980, X, A kb or drcRABiGh, B el Bodherel i Qi 310

8.43(s,1H) Exa
and the solvent was evaporated. The residue was dried under reduced pressure

to give the title compound (600 mg). |

'H-NMR (S ppm,CDCl;) 1.34-1.56(m,20H), 1.80-2.10(m,5H), 2.77(brtr,2H),
2.89(brtr,2H), 3.49(s,2H), 3.55-3.90(m,4H), 4.66(s,2H), 6.60(1H), 6.70(1H),
7.03(1H)
Step 3
4-[2-(N,N’-di-tert-Butoxycarbonylamidino)-1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl]piperidin-1-ylacetylglycine ethyl ester

H
NCO, t-Bu \/Ol/ﬁr N _-CO:Et
t-BquCNH’u\mO o

To a solution of 4-[2-(N,N’-di-tert-butoxycarbonylamidino)-1,2,3,4-
tetrahydroisoquinolin-7-yloxymethyl]piperidine- 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 hydrochloride (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 {(hexane:acetone=5:2) and dried under reduced pressure
to give the title compound (100 mg).

'H-NMR (6 ppm,CDCl,) 1.29(tr,J=7.2Hz,3H), 1.45-1.65(m,2H}, 1.70-1.90{m,3H),



Synt hesis of 7-(1-acetim doyl pi peridi n4-yl met hoxy)- 1,2, 3, 4-

t et rahydr oi soqui nol i ne- 2- car boxam di ne di hydrochloride Step 1

NN -di-tert-Butoxycarbonyl-7-(1 -aceti m doyl pi peridi n-4-yl met hoxy) -

1, 2, 3,4- tetrahydroi soquinol i ne-2-carboxam dine NH To a sol uti on of

N, N -di -tert-but oxycarbonyl - 7- (pi peri di 194-y| net hoxy) -

1, 2,3, 4-t et mhydr oi soqui nol i ne-2-carboxam dine (100 ng) in a m xture of

t et mhydr of ur an .5 ) hanal .5 dd Let hyl anmdne
(0. 086 1) s P ehba 8 el sl bal Sefhgfl. ARARA. Mt tr e was
stirred at rQQZQ(%,QE‘P9'1—&22%'1)?4]‘69%&,&}-1),06{63(-1}-!?;1‘6.?3(1m,npb$(lt1m,n7.¢®(bh§‘ﬁH),eaCt 1on,
ethyl acetate and diethyl ‘ether were added and i1 nsol uble material was
renmoved. The 19520(ers 1jas 109 evaporated and the residue was dried under
reduced pr es%r 40 give the title conpound (120 ng). 1H NWR (6ppm CDO 3)
1.43-1.54(m ﬁ§ 2.00-2.20(m 3H), 2.46(s,3H), 2.90(m 2H), 3.05-3.15(m 2H),
\;:- (7)22 fi a)5( gl @#WEA#ﬁcﬁﬁiégcm%Fﬁegahyﬁﬁi%qﬁg(dﬁnfﬁfnxyﬁﬁﬁﬁ()yﬁkﬁdﬁ- Y0(1H),

: t e - (1- Acet | m doyl pi. perj di n-4-yl met hoxy) -
1,2, 3,4-tet réﬁﬁfﬂfy&é‘aﬁﬁ\e%} ?ﬁﬁté&‘g@g’f;ﬁ'{%‘gﬁi di ne di hydrochl oride [err] In
the sane manner as in Exanple 21, Step 84 the title conpound (80 ng) was
obtained fromN, N -di-tert-but oxycarbQn -\;c(o]zaaceti m doyl pi peri di n-4-
yl met hoxy)- 1,2 hydr oi pogl noffi ne- 2- car boxam di ne (120 ng). ' H NWR
(dppm DVBO- d6 Q) QH)/E:.EG- 1090(m 2H), 2.12(m 1H), 2.29(s, 3H),

3.29(m 2H), %i-icS:lg(t rJ=4. 4Hz, 2H),

2.83(tr, J=4. 4

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-yloxymethyl]piperidin- 1-ylacetylglycine ethyl ester (100
mg).

'H-NMR (S ppm,DMSO-d¢) 1.20(tr,J=7.0Hz,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(q,J=7.0Hz),
4.56(s,2H), 6.72(d,J=2.1Hz,1H), 6.83(dd,J=2.1, 8.3Hz,1H), 7.15(d,J=8.3Hz,1H),
7.68(brs,4H), 9.24(brtr,1H), 10.07(brs, 1H)

Example 25

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidine- 1-acetic acid N-methylamide dihydrochioride

Step 1

4-[2-(N’,N"-di-tert-Butoxycarbonylamidino)- 1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl]piperidine- 1-acetic acid N-methylamide

NCO, t-Bu \/Oq’\n/ NHMe
1-BuO,CNH ’Lmo o

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-yloxymethyl|piperidine-1-acetic acid (120 mg),
methylamine hydrochloride (148 mg), triethylamine (0.6 mi), 4-
dimethylaminopyridine (27 mg), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide



3.85(m 2H), 3.924.20(m 2H), 4.56(s,2H), 6.72(d,J= 1.7Hz, 1H), 6.84(dd,J=
1.7, 6.3Hz, 1H), 7.15(dJ=6.3Hz, 1H), 7.65(brs,4H), 8.77(brs, 1H), 9.33(brs,
1H) Exanpl e 30 Synthesis of 7-(1-phenylacetim doyl pi peri di n-4-yl net hoxy) -
1, 2, 3, 4- tetrahydroi soqui noli ne-2-carboxam di ne di hydrochloride Step 1

Et hyl phenyl acet oi ni date hydrochl ori de H@f ogen chloride was blown into a
sol ution of benzyl cyanide (5.8 ml) in diethyl ether (10 mM) wth

i ce-cooling, and the m xture was_stood at roomtenpperature for 12 hours.
After conpl et]PWO‘EJTIOF%(@@SX%N‘Wﬁg‘yg%‘?‘véﬂlﬂn%@é%wpor ated. The obtai ned
solid was wa s th diethyl ether, collected by filtration and dried
under reduced pressure to give the title corr_?ound (9.43 g). Step

2
N, N' - di - t er t - B{R-dxyidimobb Ry, 4-tettahydpisequizelio: 7 viaxyyriepipkpinedidines 1 4aceia hoxy) -
1,2,3,4-tetrah LS i nol i ne-2- ami di ne [err] In the same manner
as in Exanpl ea%‘gﬁggfgﬁ'@%éﬁm&g‘g%pound (105 ng) was obtained from
N, N -di -tert-but oxycar bonyl - 7- ( pi
1, 2, 3, 4-t et rahydrnt soqui nol i ne-
acet oi i date hydrkchlorigde ($4 .
7- (1- Phenyl acébNni aby | Wi pey | met hoxy) -
1,2,3,4-tetrahydroi ogl )12l 1 ne-2- car boygn di ne di hydrochloride [err] In
the sane manner as in Exanple 21, Step 8, the title conpound (70 ng) was
obtained from N, N -

&y mothoxy) 1. 2. 3 1 0t S0 UL S RRtrRE 2 SRR AR R PRl e ™
was obtained from 4-[2-(N’,N”-di-tert-butoxycarbonylamidino}-1,2,3,4-
tetrahydroisoquinolin-7-yloxymethyl]piperidine- 1-acetic acid N-methylamidé (20
mg).

'H-NMR (& ppm,DMSO-d,) 1.60-1.78(m,2H), 1.88-2.08(m,2H), 2.67(s,3H),
2.83(tr,J=4.4Hz,2H), 3.00-3.15(m,2H), 3.45-3.55(m,2H), 3.58(tr,J=4.4Hz,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 hydrochloride

Step 1

N,N’-di-tert-Butoxycarbonyl-7-(1-acetylpiperidin-4-ylmethoxy)- 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine

NCO; t-Bu \/ONAC
t-BuozCNH/LI\(:O/O

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 (0.021 ml} and pyridine {0.025 ml), and the
mixture was stirred at room temperature for 2 hours. After completion of the

eri di n;,4- vyl met hoxy) -
”ﬁ”?ne (105 ng) and ethyl phenyl
St 3

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 residue was dried under



"H-NWVR (6 ppm DMSO-d6) 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(m2H), 4.07(s,2H), 4.53(s,2H), 6.66(1H), 6.77(1H),
7.12(11H), 7.25-7.42(m5H), 7.62(brs,4H)_, 9.13(brs, 1H), 9.75(brs, 1H)
Eznple 31 Synthesis of N-[2-[4-(2-am di n§6 1, 2, 3, 4-t et rahydr oi soqui nol i n-7-
yI oxynet hyl ) pi peridin- 1- yI]pyri di n-5-yl ] acetam de di hydrochloride Step 1

NN -di-tert- tcgé%g%sgggggr gide - {re Jitle compound (100 mg).

(5 nitr opyrl
1,2,3,4-tet raHyﬁNMB@ppmpﬂ[D(Dl@) QQMrmmm)dllms 1.65(0,28H,01.8042010(nf,6H),

N o G R £ BRI BB 2 210 o

tetrahydrof ugam{th, adﬁ(iH)and di met hylfor mam de (1.2 nl) were added
triethylam ne ((S 068 m') and 2-chloro-5-nitropyridine (58 ng), and the
m xture was StépRed at roomtenperature for 2 hours. After conpletion of

t he reaction Q $ nd washed
successi vel y7v(;lt Ce%ﬁé&@ﬁ]\w ’éﬁ%ﬁ’é&c}e‘ggi ne. @4’5‘%%‘%’} %S-‘Fayer was dried
over anhydr ogsrtoagainidine tiydmicRlopidd t he sol vent was evaporated. The obtai ned
resi due was purified by silica gel colum chronmat ography (hexane: acetone=4:

1) and dried un reduced pres e to give the title conmpound (120 ny).
"HNVR (6 ppm CiB) 1.30-1. SO(Im 2gﬁﬁ 1.90-2.20(m 3H), 2.90(brtr, 2H),

306(m2H) 70(m 4H), 6.57-6.63(2H), 6.72(1H),
7.04(1H), ﬁ(lmw . 10. 19(brs,1H Step 2

N, N -di -tert But oxy yl-7-1 - HC

1- (5-am nopyri di n- 2-yl ) pi peri di n- 4-yl met hoxyj -
1, 2, 3, 4-t et r ahydr dinsthe sanel haeneét-zsdn [Exsaiplel? heSthbiB, 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).

'H-NMR (S ppm,DMSO-d,) 1.00-1.30(m,2H),*1.70-1.85(m,2H), 1.98(m,4H),
2.52(m, 1H), 2.81(tr,J=6.0Hz,2H), 3.02(m, 1H), 3.57(tr,J=6.0Hz,2H), 3.75-
3.90(m,3H), 4.53(s,2H), 6.69(d,J=2.4Hz,1H), 6.82(dd,J=2.4, 8.4Hz,1H),
7.13(d,J=8.4Hz,1H), 7.57(brs,4H)

Example 27

Synthesis of 7-(1-benzylsulfonylpiperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine hydrochloride

Step 1

N,N’-di-tert-Butoxycarbonyl-7-(1-benzylsulfonylpiperidin-4-ylmethoxy)- 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine

Nco2 +Bu \/Q '302\/0
1-BuO,CNH w/

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-dimethylaminopyridine (12 mg) and a-
toluenesulfony! chloride (43 mg), and the mixture was stirred at room temperature

for 12 hours and then at S0°C for 6 hours. After completion of the reaction, the



[err] N, N -di-tert-Butoxycarbonyl-7-11-(5-nitropyridin-2-yl)piperidin-4-
yl met hoxy] - 1, 2, 3, 4-t et r ahydr oi soqui nol i ne- 2- car boxam di ne (100 ng) was
hydr ogenat ed using 7.5% pal | adi um carbon (30 ng) in a m xture of
tetrahydrofuran (1 m) and nmet hanol (2 rr11) at 2.5 atmover 4 hours. After
conpl etion of the reaction, the reaction MAture was filtered through
celite, and the solvent was evaporated. The obt al ned resi due was purified

by preparati Vergﬁ&'u chl Pk r]%n nd
dri ed under uce % 12 pressu(r%g{t%b%ﬁagf i e e corrpoumd“ﬂ'(‘éV ter gnd’
Step 3 N[ 2- 1l4sat@ratdd bDiineli 'Iﬂmrdrgﬁut tayyl:waﬁ)dngd avmnadhmdn)ous sodium sulfate, and
1,2,3,4-tetrahydroj soqui nol i n- y th I.peridin-

1-yl 1 pyri din- 'I;%ﬁ iXE%t?‘X?ﬁ ﬁ’éiﬂog?tfeﬁl 'I:@lcyo%% [rg 8 ¢ was purified by silica gel

N, N -di-tert- m&m%&&ﬁﬂwbﬂpﬂ ](hé:'éaxﬁd&ﬂﬂ@% '1ﬁaﬂd dried under reduced pressure

yl ) pi peridin-4-yl met hoxy] - 1,2,3,4-tetrahydroi soqui nol i ne-2-carboxam di ne

(100 ng) in t OB F(S*FIQICQWHO!BHQ 48 maher e added acetic anhydride (0.0 17

m ) and pyridin a 0

Femperat re for 3 RHS PBRCDER LAOPLADER IES, PRS- 1Al 0™ 2P Boem ot
extracted wi t H.6Q(nyR2Hp82tre2H) 3. &&smanmﬁp@QQ(S\m{}y4m6(tkrs,\ﬂm),eﬁi.59(ndI),
saturated bri | dried over anhydrous sodiumsulfate
and t he sol veﬁw\ggﬁ’eﬁél%@%%eég}ﬁ‘ﬁggﬁﬁt ai ned residue was purified by silica
gel col um chrsgzﬁtz)gr aphy (hexane: acetone=2: 1). The obtained residue was
di ssolved in anol and treated wth active charcoal, and dried under

reduced pr essufEl-Bengyispfonyipinaridin-4odmethens)- 1,253 Aggtrahydraiseuyinsling?y CDC13)

1.30-1.55(m 2 2.17(s, 3H), 2.80- 2.90(m 2
3. 65- 3. 852 m 4&%}1’01&?@35@8%%% 4. 67( s,( ;H) H) 6. 60-6. 76(m éﬂ?) , H)7 04(1H),

7.11(1H), 7.82(1H), 8.09(1H)

Lo
S0

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-
ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine (43 mg).

'H-NMR (& 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=2.7Hz,1H),
6.82(dd,J=2.7, 8.3Hz,1H), 7.13(d,J=8.3Hz,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-carboxamidine hydrochloride
Step 1
N,N’-di-tert-Butoxycarbonyl-7-[1-(2-naphthylsulfonyl)piperidin-4-ylmethoxy]-
1,2,3,4-tetrahydroisoquinoline-2-carboxamidine

N002 t-Bu \/Q
1-BuO,CNH I:I:r m

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-




Step 4 N\[2-14-(2-Am dino- 1

, 2,3, 4-tetrahydroi soqui nol i n-7-yl oxynet hyl ) pi peridin- 1- yllpyridin-5;

-yl l acet am de di hydrochloride [err] In the sane manner as in Exanple 21,
Step 8, the title conpound (50 ng) was obtained from

N-12-[4-12- (N, N - di - t ert - but oxycar bonyl at#®di no) - 1, 2, 3, 4-

t et rahydr oi soqui nol i n-7-yl oxynet hyl | pi peridin- 1-yljpyridin-5-yl]acetam de

70 113 ' H- NMR (6 d6). 1. 25-1. 45(m 2 .88-1. 95(m 2H) ,
(2. 00- 2. 20( m%mg@i%&ﬂ@?‘%ﬁ%?ﬂﬁﬁd}n%@é(ﬂé(z n,agé%%‘{’?ﬁs’éﬁ&?ﬁ( m 2
4. 244. 30(m 2HhlodaSEism@Hnd Sy (9102 BIB3(1H , 7. 13(1H), 7.39(1H),

7.57(brs,4H), 8.00(1H), 8.46(1H), 10.49(1H) Eanple 32 Synthesis of
N-[ 2- [ 4- (2- anB¢aPB- 1, 2, 3, 4-t et r ahydr oi soqui nol i n- 7-

{3 ) RPN A i IR S i
,2,3,4-tet ra,h-pdrtmbmﬁﬂdﬁlndnbfdmcmoryileoxynet hyl j pi peri di n-
-y

1

1-yl I pyridin-5-yll benzamde [err] In the same nanner as in Exanple 31, Step
3, the title conp Hnd (90 my) wa bisg,ned from
N, N -di -tert-but oxycar bonyl -7\-2D£(E’t‘arn' ffopyT e n- 2-
y O3 A0
(

| ) pi peridi n-4.rzu . s ) et r aQ) _gloqui nol i ne- 2- car boxam di ne
100 ng), benzoyl chlo ] (0.021 ) gr pyridine (0.017 m). Step 2

N[ 2- 14- (2- Ami di no-TAS, 4-t et rahydr' soqui nol i n-7-yl oxynet hyl ) pi peri di n-
1- yllpyridin-5-yllbenzam de di hydrochl ori de

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-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine (70 mg).

'H-NMR (6 ppm,DMSO-d,) 1.22-1.40(m,2H), 1.60-1.84(m,3H), 2.32(m,2H),
2.78(tr,J=5.7Hz,2H), 3.54(tr,J=5.7Hz,2H), 3.72-3.80(m,4H), 4.49(s,2H),
6.62(d,J=2.3Hz,1H), 6.74(dd,J=2.3, 8.4Hz,1H), 7.08(d,J=8.4Hz,1H), 7.50(brs,4H],
7.66-7.77(m,3H}, 8.07-8.20(m,3H), 8.43(s,1H)

Example 29
Synthesis of 7-(1-acetimidoylpiperidin-4-ylmethoxy)-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride
Step 1
N,N’-di-tert-Butoxycarbonyl-7-(1-acetimidoylpiperidin-4-ylmethoxy)-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine

NH

NCO, t-Bu \/ON J\ Me
1-BUO,CNH ’Lm ©

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 (1.5 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

diethy! ether were added and insoluble material was removed. The solvent was



[err] In the sanme manner as in Exanple 21, Step 8, the title conmpound (70
ng) was obtained fromN[2-[4-[2-(N,N -di-tert-butoxycarbonyl am di no) -
1,2,3,4-

tetrahydr0| soqui nol i n-7-yl oxynet hyl ] pi perl di n-1-yl ] pyridi n-5-yl jbenzam de
(84 ng). "H-NWR ([err] ppm DVSO-d[err]) 109%0- 1. 48(m 2H), 1.87-1.93(m 2H),
2.12(m 1H) 114 2.82(tr,J=5.8Hz,2H), 3. 19(m2H), 3.57(tr,J=5.8Hz, 2H),

6. 84( S‘d” ol Bt e S ndly R el Kb e,
8.02(2H), 8. 3@fripdunddi8Bmidy), 10.65(1H) Exanple 33 Synthesis of ethyl

Lyl by di o 3 5B IpoELRBEEL 1AL SRR A H) oS Smiol R opls th. ' P 4T

4-(2-tert- but@@@mamwés-slxszm@m B@bt@bsﬁxﬁgm,aﬂameé DAy, 4-80-4.90(m, lH)
yl oxynet hyl ) pi peni di ne- 1-car box [ate [err] To a solution of t-Dbut

7-hydroxy- 1,@68(1)t@e7eEdmMdr-8#d8qui nol i ne-2- carboxylate (1.2 g), benzyl

4- hydroxynet cﬁe? er| dine- 1 -carboxylate (2.39 g) in tetrahydrofuran (30
m ) were adde ri phenyl phosphine (2.52 g) and diisopropyl azodi carboxyl ate
(1.90 nl), art{t-Aeetimidbyipipenaiin-gtylmetmxgl 1 2dhanttteaipeiraisoqeinbiine-20 hours.
After conpl etion of the lon,..the sol vent was evaporated and the

obt ai ned resid rC[’ﬁY%HC‘Bk?“QH ica gel columm chronat ography

(hexane: acet one=6: 1) and dried undemH educed pressure to give the title

conpound (1.82 g). 'H NVR (6 ppmQDCUR) 1.20-1.35(m 2H), 1.48(s,9H),
175205(m3H) 170- N™ "Me

o _
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).

'H-NMR {6 ppm,DMSO-d,) 1.28-1.48(m,2H), 1.86-1.90(m,2H), 2.12(m, 1H),
2.29(s,3H), 2.83(tr,J=4.4Hz,2H), 3.00-3.29(m,2H), 3.59(tr,J=4.4Hz,2H),
3.85(m,2H]}, 3.92-4.20(m,2H]}, 4.56(s,2H}, 6.72(d,J=1.7Hz,1H), 6.84(dd,J=1.7,
6.3Hz,1H), 7.15(d,J=6.3Hz,1H), 7.65(brs,4H), 8.77(brs,1H), 9.33(brs, 1H)
Example 30
Synthesis of 7-(1-phenylacetimidoylpiperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride
Step 1
Ethyl phenylacetoimidate hydrochloride

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 pressure to give the title compound {9.43 g).
Step 2
N,N’-di-tert-Butoxycarbonyl-7-(1-phenylacetimidoylpiperidin-4-yimethoxy)-
1,2,3,4-tetrahydroisoquinoline-2-carboxamidine



2.90(m 4H), 3.62(m2H), 3.77(d,2H), 4.104.35(m 2H), 4.53(s,2H), 5.14(s, 2H),
6.67(d, J=2.5Hz, 1H), 6.71(dd,J=2.5, 8.3Hz,IH), 7.29(d, J=8.3Hz, 1H), 7.26-
7.38(m5H) Step 2 t-Butyl 7-(piperidin-4-ylnethoxy)-

1, 2, 3, 4-t et rahydr oi soqui nol i ne-2-carboxyl ate [err] Benzyl

4- (2-tert-butoxycarbonyl - 1,2, 3, 4-tetrahydPoi soqui nolin-7-

yl oxvnet hyl ) pi peri di ne- 1-carboxylate (1.3 g) was hydrogenated using 7.5%
pal | adi um carbon (300 ng) in a m xture of tetrahydrofuran (10 nl) and

net hanol (20 nl) at 3 atmover 3 hours. Afjer ewgpletion of the reaction,
the reaction mxture was filtered throughjcel and the sol vent was
evaporated. The residwgcoyasudri ed ung€riyebd A ressure to give the title
conpound (815 ng). ' HINWR _(6(ppmsCDCL3) J1.20-1.35(m 2H), 1.49(s, 9H),

1. 75-2. 00( m 4HyBuOzC7- ,~3.10-3.20(m 2H), 3.62(m2H), 3.76(d,2H),
4.53(s,2H), 6.63(1H), 6.1 7.03(1H) Step 3 t-Butyl

7-11-(3-fornyl pyridin-4-yI) piperidin-4-yl net hoxy]- 1,2, 3, 4-

t et r ahydr oi i lj ne- 2- b | at T |.ut,j f t-but
oy part Gl moa oot saif meater A pgrRls 29SE0: behs RuCobasiad 10g: o
(442 ng) in etigRAls dbbaifibd froR ﬁ,hﬁ-@ﬂ?&t%ﬁk@@@éﬂbﬁ_ﬂi’lﬂﬁ(ﬁiﬁ@ﬁ’diﬂilﬁ-ygxgtﬁhm?%- o 81

4-chl oro-3-fornyl pyridine (Journal of Hetercyclic Chemstry,

(1988)) (150 riR,3,datetrahydrotdogiiinolines2scarbpxaraiding(ded mgiandethdphenyhour s.
After conpletign of. [ | ahydrof uran and di ethyl ether were
’dé'gﬁe@?@ﬁ%{)/\rg@e @%@éd. The sol vent was evaporated and

-

added and i ns&ftf
the obtained istepdue was purified by silica gel colum chromat ography

(chlorof or m et a0l S i 4SS S G S B S8 S o vinoline-2-

carboxamidine dihydrochloride

£ o O
A o
* 2HCI

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-ylmethoxy})-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine (100 mg).

'H-NMR (S 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-tetrahydroisoquinolin-7-
yloxymethyl)piperidin- 1-yl]pyridin-S-yljJacetamide dihydrochloride

Step 1
N,N’-di-tert-Butoxycarbonyl-7-[1-(S-nitropyridin-2-yl)piperidin-4-ylmethoxyl-
1,2,3,4-tetrahydroisoquinoline-2-carboxamidine



to give the title conpound (430 ng). 1H NVR (c ppm CDC13) 1.49(s, 9H),
1.60-1.70(m2H), 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=6.0H,lH), 7.05(1H),
8.42(dJ=6.0Hz, | H), 8.74(s,1H), 10.02(s,1 Step 4 Ethyl

3-[4-[4- (2-tert-butoxycarbonyl - 1,2, 3, 4-1&lrahydroi soqui nolin-7-

yl oxynet hyl ) pi peridin- 1-yl]pyridin-3-yl]-2-propenoate To a sol ution of
triethyl phosphonoacetate (0.05 m) in tetrahydrofuran(l m) was added

sodi um hydride (12 ng) with ice-cooling, NOz2ni xture was stirred at the
sane tenperature for 1 hour. A solution OE Ibutyl 7-11-(3-

formyl pyridin-4-yl) pi ne0s eBu- 4- y| netgfoXpt"- N

1,2, 3,4-tetrahydroi so’&u Ql i ne-2g_c bo ylate (95 ng) in tetrahydrofuran (1
m ) was added8¥@eSNHse Nnd Y heym was stirred for 2 hours. After

conpl eti on of the reactionk aglieous ammni um chl ori de solution was added
with ice-cooling, and thé mXture was extracted with ethyl acetate and

washed successi vel | nd. e | The. ganic | ayer was
dried over anhydr 0{{8\,&5%@1‘% §‘Lﬁ‘-ﬁ§a€§e§ﬁ§{‘ﬁ‘¥&§§f’*\}ﬂﬁﬁ‘mﬁ?‘§é p@%‘?}g’ The
obt ai ned resi gags, Wdr&wq{nhm 2icafbogamidiak (120 i) @ bogiuee by

(chl orof orm rret hanol = X and dried under reduced pressure to give

the title conis Md’(oi‘@@nr{ﬁ? ml) ﬁnﬂl‘ﬂm’ﬁﬁl}’gﬁ e3fl.2 mbsyyere pddediz | 3H)

3 40-5. 50( m 2 RSP mh ol 2, s Sitpritydorg 8 Bd e pprars,

6. 45(dJ=15. 9Hza$ mtcsamomm;@rm@q fay 2 oS dkfa:r@omgiqumme?maéﬁdm)me

e e

1-yl ] pyridin- saturated brine. The orgamc 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).

"H-NMR (6 ppm,CDCl,) 1.30-1.50(m,20H), 1.90-2.20{m,3H}, 2.90(brtr,2H),
3.06(m,2H), 3.65-3.82(m,4H), 4.50-4.70(m,4H), 6.57-6.63(2H), 6.72(1H), 7.04(1H},
8.19(1H), 9.03(1H]), 10.19(brs,1H)

Step 2
N,N’-di-tert-Butoxycarbonyl-7-{1-(5-aminopyridin-2-yl)piperidin-4-ylmethoxy]-
1,2,3,4-tetrahydroisoquinoline-2-carboxamidine

NCO 1-Bu \/O« N

N,N'-di-tert-Butoxycarbonyl-7-{1-(5-nitropyridin-2-yl)piperidin-4-
ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxamidine (100 mg) was
hydrogenated using 7.5% palladium carbon (30 mg) in a mixture of
tetrahydrofuran (1 mil) and methanol (2 mil} at 2.5 atim 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



3-yl]-2-propenoate To a solution of ethyl 3-[4-[4-(2-tert-butoxycarbonyl -
1,2,3,4- tetrahydroi soqui nolin-7-yloxynethyl)piperidin-

1-yl I pyridin-3-ylJ-2-propenoate (100 ng) in chloroform (1.5 m) was added
trifluoroacetic acid (0.45 nm), and the 117 m xture was stirred at room
tenperature for 1 hour. After conpletion! ©% the reaction, the solvent was
evaporated. To the obtained residue was added aqueous sodlum

hydr ogencar bonat e sol ut i and the b was extracted with ethyl acetate
and washed sdHE@%g?G%gWegkqT“WMQQ%V“&Hﬁ b 8k ated brine. The organic |ayer
was dried ovesteprrydrous sodi um sul fate and the solvent was evaporated. The
resi due was dried under reduced pressure to give the title conpound %70

ng). ' H NVR (D[ 2oDeN3qi-tertsBriorycarponylapmiding)- 1,2, 35p tetradydrpisqquinaling 6= 2.
10(m 3 2.7 .11 m 2 3.84(d, 2H),

593t 2 ﬁozéﬁ%ﬂp‘*ﬁmﬁﬁ%%m% TRy 6.55(cas2. BHe, 1H).
6.72(dd, J 6. 83(dJ=6. OHz, | 1(dJ =8. 2Hz, 1H),
7.76(dJ= 16 2Hz IH) 8 37(d J=6. OHz, IH) . Ps H Step 6 Ethyl
3-[4-[4-(2-am dino- 1.2.3 4 tetrahydr ui gol i n-7-yl oxynet hyl ) pi peri di n-
1- yljpyridin-3- yII-2N pbb%hoate di hiydr ch Mride [err] To a solution of

ethyl 3-[4-[41§ aoﬁ 3'% Ay L Ol ool i n-7-
yl oxymet hyl )p| peridin-1tyl i di n-3-yl]-2-propenoate (70 ng) in
di et hyl formam de (1 m e

eadded dii sopropyl ethylamne (0.032 nl) and
1H pyrazole- 1 -carboxam di ne hydrochloride (27 ng), and the m xture was
stirred at room t effpex suiwtion (Bf(N ,N1ai-teotsbatoxfderbamnil7eflt (SvaminepeayidineZ-ed and to

e ML N T LI TR .
mg) in tetrahydrofuran (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).

'H-NMR (6 ppm,CDClL,) 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]), 4.20-4.30{m,2H), 4.67(s,2H]}, 6.60-6.76(m,3H),
7.04(1H), 7.11(1H), 7.82(1H), 8.09(1H)

Step 4
N-[2-[4-(2-Amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yllpyridin-5-yljacetamide dihydrochloride

In the same manner as in Example 21, Step 8, the title compound (50 mg)
was obtained from N-|2-[4-[2-(N,N’-di-tert-butoxycarbonylamidino)-1,2,3,4-
tetrahydroisoquinolin-7-yloxymethyljpiperidin- 1-yl|pyridin-5-yljacetamide (70



procedure was repeated tw ce and hydrogen chl ori de-ethanol sol ution was
added to the obtained residue and insoluble material was renoved. The

sol ution was concentrated and dried under reduced pressure to give the
title conpound (50 ng). 'H NWVR (5 ppm d6) 1.25(tr,J=7.3Hz, 3H),
1.40-1.55(m2H), 1.82- 2.05(m 3H), 2.76-12. 6(m4H), 3.42(m2H), 3.57(m 2H),
3.90(m 2H), 4.18(q,J=7.3Hz,2H), 4.53(s,2H), 6.63(d,J= 16.1Hz, | H),

6. 73(1H), G.ﬁéél—l), 118 7.04(1H), 7.14(1H), 7.51(brs, 4H),
7.60(d,J 8.35(1H), 8.64(s,1H Exanple 34 Synthesis of nethyl

4-[ 4- (2- anmi di ntH- NMR dp,sm;mmsmammswem(maﬂ)m 8- 1y05imy2i8), BylI0)} RPN 48 -

1-yl ] pyridin 0oC Y

7711 O3 et hai amBBhgt I 2 SR e B4 e R 710, £33 0 280,

Lot anyar of > el c\Bde K, 233 R o arsempslaoptipS.dot g

1, 2, 3, 4-t et r AN dHoqui nol i ne- 2-carboxyl ate (50 ng) in a m xture of

chl oroform( % d nmethanol (0.2 m) were added sodi um cyani de (8 ng),
manganese di oXl ng) and acetic acid (0.003 m), and the m xture was
stirred at r@mﬂh@imarmm[%{z‘-mdiﬂohcﬂm& -tefihhpdrofsoqpirelinei of the reaction,

the reaction m xture was Itr ed a e sol ve vapor ated. The
obt ai ned resiX I}R‘P‘?" ﬁi"yﬁ %"[‘Jﬁf' M‘E’Hﬁon&t ogr aphy
(chl or of or m rggleganol = 15 1) and dri ed under reduced pressure to give the

title conpound SOm%J '1H- NWR (6ppm CDA 3) 1.49-1.70(m 1 1H), 1.90-2.
10(m 3H), 2. M{2{LRyN.N-drtertBrpxy@rbonyia )MB%tmdm*goqmcgm( %- 3H),

4505, 21 CoRe o gt B8Rkt 7 04(1H.

NCO, 1-Bu \/O N
1-BuO,CNH J\m/o

In the same manner as in Example 31, Step 3, the title compound (90 mg)
was obtained from N,N’-di-tert-butoxycarbonyl-7-[1-(5-aminopyridin-2-
yl)piperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-carboxamidine (100
mg), benzoyl chloride (0.021 ml) and pyridine (0.017 mi).

Step 2
N-[2-]4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yljpyridin-5-yl]benzamide dihydrochloride

UNHBZ
I \/O "
N o
* 2HCI

In the same manner as in Example 21, Step 8, the title compound (70 mg)
was obtained from N-[2-[4-[2-(N,N’-di-tert-butoxycarbonylamidino)-1,2,3,4-
tetrahydroisoquinolin-7-yloxymethyl] piperidin- 1-yl]pyridin-5-yl]benzamide (84
mg).

'H-NMR (6 ppm,DMSO-dy) 1.30-1.48(m,2H]), 1.87-1.93(m,2H], 2.12(m, 1H},




Step 2 Methyl 4-[4-(1, 2,3, 4-tetrahydroi soqui nolin-7-yl oxynet hyl) pi peri di n-
1-yl ] pyridine- 3-carboxylate [err] To a solution of t-butyl

7-[ 1- (3- met hoxycar bonyl pyri di n-4-yl) pi peri di n- 4-

yl met hoxy] - 1, 2, 3, 4-t et rahydr oi soqui nol i ne- 2- carboxylate (37 ng) in

chl orof orm 119 (0.5 M) was added tri¥l4ioroacetic acid (0.15 m), and
the m xture was stirred at roomtenperature for 1 hour. After conpletion of

haueoue. sod AT iR UO R P S A R A et ot e
with ethyl ace8ems2H], Mesqs,gml@?l(aym mmpst&t@d@,ue@%smmlm)wth wat er

and saturated brine _an ried aver _anh ous sodium sul fate. The_ sol vent

was evapor at ed! ﬂ\ﬁdj_&"ﬂé'ﬁUdh(?e‘p(F}éﬁgéldy'&ﬂg@ﬁgq%ﬂﬁ99(1t1'ﬂe8@r3fllf'8 conpound

(30 my) . Steph yl 4-[4-(2-am di no-
1, 2, 3, 4-t et rahydroi soqui nol i n- 7-yl oxynet hyl ) pi peridin- 1 -
yl ] pyri di ne- mpb(l}ﬂlate di hydrochl oride [err] In the sanme manner as in

VI 2 SR AR s Bloutlhadsie o

| o rrethl difyI-yiipyiidins 3ok bprotenbst dfe¢hloridte NVR
{[e)r(?/] ppmy O@?h?arr nﬁpéigiﬁ-)l’l jégj(m 2I—|)%1m87 1. 935&1&% 20?5(m 1H),

282(m2H) (1n2H) 3.57(m 2H), 3.76-3.87(m 7H), 4.54(s, 2H) 6. 71( 1H)

o 55(s, 11 é%éf#,??“%éé*@&ﬂf%xég%?guf??%ﬂ‘%‘@réﬁ%qmﬁo@%d 2-7. 20 14,

1,2, 3, 4-t et r aigxymudtbyiipiperadinerl7carboxylate

o
0

To a solution of t-butyl 7-hydroxy-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate (1.2 g}, benzyl 4-hydroxymethylpiperidine-1-carboxylate (2.39 g} in
tetrahydrofuran (30 ml) were added triphenylphosphine (2.52 g} and diisopropyl
azodicarboxylate (1.90 mli), and the mixture was stirred at room temperature for

CJ

20 hours. After completion of the reaction, the solvent was evaporated and the
obtained residue was purified by silica gel column chromatography
(hexane:acetone=6:1) and dried under reduced pressure to give the title compound
(1.82 gJ.

'H-NMR (S ppm,CDCly) 1.20-1.35(m,2H), 1.48(s,9H), 1.75-2.05(m,3H}, 2.70-
2.90(m,4H), 3.62(m,2H), 3.77(d,2H), 4.10-4.35(m,2H), 4.53(s,2H), 5.14(s,2H),
6.67(d,J=2.5Hz,1H), 6.71(dd,J=2.5, 8.3Hz,1H), 7.29(d,J=8.3Hz,1H]}, 7.26-
7.38(m,SH)

Step 2
t-Butyl 7-(piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-carboxylate

\/@ "
t-BuozchCO/o

Benzyl 4-(2-tert-butoxycarbonyi-1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidine- 1-carboxylate (1.3 g) was hydrogenated using 7.5%



yl oxynet hyl ) pi peri di n-1-yl | pyri di ne-3-carboxylic acid di hydrochl oride [err]
To a solution of nethyl 4-14-(2-arnidino-1,2, 3, 4-tetrahydroi soquinolin-7-
yl oxymet hyl ) pi peri di n- 1-yl]pyridi ne-3-carboxyl ate di hydrochl oride (43 ng)
in nethanol (0.2 m] was added I N aqueous sodi um hydroxi de solution (0.1
nm), and 120 the mixture was stirred uhtRr reflux for 3 hours. After
conpletion of the reaction, the reaction mxture was neutralized with

| N- hydrogen c i > Wa : ted.. The ,qbtai ned resi due
uns pur 95 e oeafin 2Brhdl1300 3naf 1 RS E SRR S B U AR DA ndiRblo
aqueous acet onR0ml) at 3 A¥ntover § hoursmc affter camnpleliombfitHeheacvngtiteacts due was
treated with hydrogen chl ori de-et hangl salution and dried under reduced

pressure to gi wa§ plfered thnoygh gelite sngihe solvenywas eyapprateshsdheaysidugs-

1.58(m 2H), 1. ; - - ,
380 5. o5(m 41 e e ikduged Biebyrt ) g R hibpoch 19128,
7.34(dJ=7. 4Hz, 11§-NMRAQ pprsCOG) 12027.88(m,2H),4-89(s9H), B75QQ(ELIHER®! e 36

Synt hesi s of = r4 dh B-4b v 3R Rl digan 45 0% Y 7 :

t et r ahydr oi so%%ﬁ@’%ﬁé%%%@é&% d?'(ra?g (rgi%)d%ggﬁf%%’ 3@3@%@% ?%?W)dr oxy-
1,2, 3, 4-tetrahydi@iy,0qn03nel)i ne hydrobronide [err]

6- Met hoxy-1, 2, 3, 4;# et rahydr oi soqui noline (2.89 g) was dissolved in 48%
aqueous hydrog‘%‘i‘?P om de solution (70 mM) and the m xture was refluxed for

2 hours. The S@M@p?_[%@_t‘&@%ﬁ_ﬁ i Jaeymh%é&gg’gr,§§_l due were added

et hanol and di etg_%l ether. The mxture was filtrate dried under
reduced pr essuetahydrgispguingline-2t¢asbeyigtound (3. 93 g. 1H NWR
([err] ppm DMSO d6) 2.90(trJ=6.3Hz,2H), 3.35(m 2H), 4. 13(brs, 2H),

N
e
t-Bancmo CHO

To a solution of t-butyl 7-(piperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxylate (442 mg) in ethanol (3 ml) were added
triethylamine (0.3 ml} and 4-chloro-3-formylpyridine (Jowrnal 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
evaporated 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).

'H-NMR (6 ppm,CDCL) 1.49(s,9H), 1.60-1.70(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=6.0Hz,1H), 7.05(1H), 8.42(d,J=6.0Hz, 1H), 8.74(s,1H),
10.02(s,1H)

Step 4
Ethyl 3-[4-{4-(2-tert-butoxycarbonyl-1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidin- 1-yljpyridin-3-yl}-2-propenoate



6.59(dJ=2. 4Hz, 1H), 6.65(dd,J=2.4, 8.4Hz, 1H), 7.00(d, J=8.4Hz, 1H),
8.91(brs,2H), 9.43(brs,1H) Step 2 t-Butyl 6-hydroxy-

1, 2, 3, 4-tetrahydroi soqui nol i ne-2-carboxylate CH In the sane manner as in
Exarrple 1, Step 1, the title conpound (325 ng) was obtained from

6- hydr oxy- 1, 2, 3, 4- t et r ahydr oi soqui nol i nel (6350 ng) and di- tert-butyl

di car bonat e (365 ngy) . 121 [err]HNWR ([err] ppmCDCferr]) 1.49(s, 9H),
2.76(tr,J=6.0Hz, 2H), 3.61 (tr,J=6.0Hz, 2H), 4.49(s,2H), 5.33(s, 1H),
6.63(1H), 6.67(1H), 6.95(1H) Step 3t yl 6-[

1- (pyridin-4-yl)piperidin-4-yl nmet hox , 2, 3, 4-t et r ahydr oi soqui nol i ne-
2-carboxylate [err] To a sol uti
6- hydroxy-1, 2, 3, 4-t efy abydr gj soqQui
4- hydr oxynet h)'rBUOzGN-(p ¥ n- ine (247 ng) in a mixture of
tetrahydrofuran (19 R_a4d rret hyl ene chggyetde (5 nl) were successively
added tri phenyl phosphi ne (370 ngy) and d||sopropyl azodi car boxyl ate (0.28

Compl oton of 't he. PeA R dHERuS! bR RRbERRRE I DS o i e
resi due was pul)iwdsedides sﬁdhhnﬁﬁy@(iﬂe (QQW?"M&NC@R&B&E? , Rk the mixture was
(hexane: acetone=3;:2 - 1. 1, 10/otr|ethg ar ni ne) dried under reduced

pressure to GFiFEd3tdhe Same EBRERING fPuoHoHE) A solutpmRol vyl 73i3-cDOl [err])

T e N,

6. 66- 6. 68( m Jerboxlare (HHng) in teidrofuga fi Dh)waStasided dropwise and the mixture

was stirred for 2 hours. After complet:on 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:methanoi=20:1 - 10:1) and dried under reduced
pressure to give the title compound (100 mg).

'H-NMR (6 ppm,CDCl,) 1.35(tr,J=6.4Hz,3H), 1.49(s,9H), 1.50-1.80(m,2H), 1.95-
2.10(m,3Hj), 2.75-2.95(m,4H), 3.40-3.50{m,2H), 3.63(m,2H), 3.86(d,2H),
4.27(q,J=6.4Hz,2H}, 4.54(s,2H), 6.45(d,J=15.9Hz,1H), 6.65(1H), 6.74(1H),
6.83(d,J=6.0Hz,1H), 7.05(1H), 7.76(d,J=15.9Hz,1H), 8.38(d,J=6.0Hz,1H),
8.55(s,1H])

Step S
Ethyl 3-[4-]4-(1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-yl}pyridin-
3-yl]-2-propenoate

HN
CO,Et

To a solution of ethyl 3-[4-[4-(2-tert-butoxycarbonyl-1,2,3,4-
tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-yl}pyridin-3-yl]-2-propenoate
(100 mg) in chloroform (1.5 ml) was added trifluoroacetic acid (0.45 ml), and the



6-[1 1-(Pyridin-4-yl)piperidin-4-ylnmethoxyj- 1,2, 3, 4-tetrahydroisoquinoline
[err] In the sane nanner as in Exanple 33, Step 5, the title conpound (265
ng) was obtained fromt-butyl

6-[ 1- (pyridin-4-yl)piperidin-4-yl met hoxy] -1, 2, 3, 4-

t et r ahydr oi soqui nol i ne- 2- car boxyl ate1q 00 ng) and trifluoroacetic acid (1.5
m). "HNWR (6 ppm CDCl 3) 1.36-1.50(m 2H), 1.90-2. 15(m 3H),

2.80(trJ=6.0Hz, 2H), 2.93(m2H), 3.15(tr,J=6.0Hz, 2H), 3.80(d, 2H),

3. 92- 3. 99 tritkrir} wal sbied )t rodin édmperatiré o161 hoGrn ter cOmPBtibh)of tite 24( 2H) St ep

5 6-[I- ridi n-4-yl)piperdi n-4-yl net ho - )
1,2, g 4S Fé@%ﬁ?d%é@%ﬂfﬁﬁ? X -teggrﬂbéé]rﬂb&@%d e BRRrde e NH H2NXLNO

|n the sagRueedS HylrdetACRbEatE softtdR dhd ihRnihirSuATRRUNA 0 D) vas
obt ai ned om6-1 1-(pyridin-4-yl)piperidin-4-ylnmethox {;mé 2,3, 4-

t et r ahydr ethybgcdtatsl andewgstgdragiceessivelyopitio pptastamgl mme({ ey 2 Tie) |

1H le- 1- b L d] |_QLd O = 2\

(Lert] pm REEPRET T3 BAEbls AANIABRT BG5S stfe MRlrsne ot was 1y

2. 86(tr, Jetmiitated H Théredfdfus) vt drictl otddrredacedditesstid to giv8 Hantiddd) , 4. 23-

4.28(m 2H), 4.48&7 2H), 6.80(2H), 7.05(1H), 7.19(2H), 7.60(4H), 8.19(2H),
13. 65( 1H) CESaRARRA '@imﬂlnt hesis of 7-[2-[4-cyano- 1

CF 7 ahydr of S P D e S LR D, 1002 1o,
4- car bano2l78-290(rd 48 3.13e.2H)40-8t%0(m,2H), 3.84(d,2H), 3.99(s,2H),
4.28(q,J=7.1Hz,2H), 6.45(d,J=16.2Hz,1H), 6.55(d,J=2.3Hz,1H}, 6.72(dd,J=2.3,
8.2Hz,1H), 6.83(d,J=6.0Hz,1H}, 7.01(d,J=8.2Hz,1H]}, 7.76(d,J=16.2Hz,1H), |
8.37(d,J=6.0Hz,1H), 8.55(s,1H)
Step 6
Ethyl 3-{4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethylpiperidin- 1-
yljpyridin-3-yl]-2-propenocate dihydrochloride

I N

CO,E

To a solution of ethyl 3-{4-[4-(1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidin-1-yl]pyridin-3-yl]-2-propenoate (70 mg) in
dimethylformamide (1 ml) were added diisopropylethylamine (0.032 ml) and 1H-
pyrazole- 1-carboxamidine hydrochloride (27 mg), and the mixture 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-ethanol 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).

'H-NMR (& ppm,DMSO-d,} 1.25(tr,J=7.3Hz,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(q,J=7.3Hz,2H), 4.53(s,2H), 6.63(d,J=16.1Hz,1H), 6.73(1H), 6.85(1H],



[err] To a solution of 1-benzyl oxycarbonyl pi peri di ne-4-carboxylic acid
(10.5 g) in tetrahydrofuran (100 m ) were dropw se added N-nethyl nor phol i ne
(4.6 m) and isobutyl chlorocarbonate (5.4 mM) with ice-cooling and under
an argon atnosphere, and the m xture was stirred at the sane tenperature
for 10 m n. Then, 28% aqueous ammoni §4gl00 m) was added dropw se, and the
m xture was stirred at roomtenperature for 1 hour. After conpletion of the
reaction, the solvent was evaporated and water was added. The m xture was
ext r act ed 7Vd(IHETIM( 114, F1ST6rsAIH), Mo6ltEk FBITHASH), \&B3(11, IBeAguEipus sodi um
hydr ogencar bonat e 123 solution, 10% aqueous citric acid solution and
saturat ed 3fhe organi c Iayer was dried over anhydrous sodium sul fate
and the s r [essure to give the
and, Lhe SSEITaNRA RSt 10,54 solai SR RbigIRsSULe 1O o

1.80- 1. 950mmrmmpmnzm@(m}pmme-mm@@mmmms 4.30(m 2H),

5.13(s, 2 30-5.90(brd, 2H), 7.26- 7.62(m5H) Step 2 t-Butyl

4- car ba F%* 6er|d|ne- 1-carboxyl ate [err] Benzyl 4-carbanoyl pi peridine- 1
- car boxyl m&ﬁr{iﬁmm Wbagﬂpyﬁ@ﬁ-ﬂ?l)pigeﬁd@A-pm&hdxy}mEambon (2 9) in
a mxture of tetra ydrofuran (50 M) and nethanol (50 m) at 3 atmover 2
hours. Af teFahyespisequiBalng: ﬁﬁ@xF§EE§|on the reaction nmixture was filtered
through celite, and to the obtained sol ution was added di-tert-butyl

di carbonate (7.6 g). The mxture Nstired at roomtenperature for 1 hour.
After conpletion of the reaction, sol vent was evaporated and water was
added. The mxture was extr cte vm h ethyl acetate. The organic | ayer was
washed vvlth satu brone dricsbmever anhydrous

To a soution of t-butyl 7-{1-(3-formylpyridin-4-yl)piperidin-4-ylmethoxy]-
1,2,3,4-tetrahydroisoquinocline-2-carboxylate (50 mg) in a mixture of chloroform
(0.5 ml) and methanol (0.2 ml) were added sodium cyanide (8 mg), manganese
dioxide (250 mg) and acetic acid (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).

'H-NMR (6 ppm,CDCl;) 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=6.0Hz,1H), 7.04(1H), 8.35(d,J=6.0Hz,1H), 8.73(s,1H)

Step 2
Methyl 4-[4-(1,2,3,4-tetrahydroisoquinolin-7-yloxymethylpiperidin- 1-ylpyridine-
3-carboxylate

A

To a solution of t-butyl 7-[1-(3-methoxycarbonylpyridin-4-yl)piperidin-4-
ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-carboxylate (37 mg} in chloroform



sodi um sul fate. The sol vent was evaporated and hexane was added. The

m xture was filtrated and dried under reduced pressure to give the title
conmpound (5.6 g). 'H NWR( [err]ppm CDCl 3) 1.46(s,9H), 1.57-1.70(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(m2H) Step 3 t-Butyl 4-cyaq3gi peridine- 1 -carboxylate [err] To a
sol ution of t-butyl 4-carbanoyl pi peridine-1-carboxylate (5.6 g) in a

m xture of tetrahydrofuran (110 m) and carbon tetrachloride (90 m) was

?dded tr Lw@emﬂ) piae&ﬁhémmﬂmﬂﬂnaﬂceg):facﬂﬂd 15hal) and uremrr]mtsﬁésrsteﬁbdmder refl ux
or 1.5 hours. After co ion of the reaction, the reaction m xture was
filtratedTae/@ tgxﬁxgemmwggq%nt%é:om@ae TepRHOR) ﬁﬁﬂlgﬁ“r‘é%ﬁ due was

purified kyasdrhteaa 9@'&1@9&%&d%&ﬁ@%§%ﬁaﬁﬁ/ agieXRABafimY! acetate=3: 1)
and dr| ed under reduced pressure to give the title conmpound (3.5 g). 'H NWR

aabonate)solutiong and gisg mixtHye was ggractebwith etiryl acetasn-

ii?é%ﬁéﬁsgﬁfé%r? afgt e et Rutebott ¥ et SRR AR "

t et rahydr Mmeﬁmhydrods §6HI QM s*dlfate N Thetsbvbywas evapordted and Jirieas dr opw se
added a sol ution, of but yl r|d|ne 1 carboxylate (3.5 g) in
tetrahydrd’f"{gre’éFFd(ufsdﬁ’F‘FSer %YP(L‘X’& LEF‘)? r%&}rmsphere and the

m xture g rred at roomtenperature for 30 min. Then, allyl brom de
(2.15 m) was added at -78[err]C, and the m xture was stirred at the sane

t enper at uMethplr4-§B(2ramiding- 1:2,3 Hetetrahydnoisoguinoking oylogyrhetinyl) piperidin- 1-
yl|pyridine-3-carboxylate dihydrochloride

N

JOVep
HZNJ\N o CO.Me
- 2HCI

In the same manner as in Example 33, Step 6, the title compound (15 mg)
was obtained from methyl 4-{4-(1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidin- 1-yl]pyridine-3-carboxylate (30 mg).

'H-NMR (S ppm,DMSO-d,) 1.34-1.54{m,2H), 1.87-1.93{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),
6.82(1H), 7.14(1H), 7.40(d,J=7.2Hz, 1H), 7.59(brs,4H), 8.30(d,J=7.2Hz, 1H),
8.58(s,1H)

Example 35
Synthesis of 4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidin-1-yljpyridine-3-carboxylic acid dihydrochloride

N

O
HzNJk N o COH
+ ZHC)

To a solution of methyl 4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidin- 1-yl|pyridine-3-carboxylate dihydrochloride (43 mg) in
methanol (0.2 ml) was added 1N aqueous sodium hydroxide solution (0.1 ml), and



After conpletion of the reaction, 10% aqueous citric acid was added and the
m xture was extracted with diethyl ether. The organic | ayer was washed with
saturated brine and dried over anhydrous sodium sul fate. The sol vent was
evaporated and the obtained residue was purified by silica gel colum
chromat ogr aphy (hexane:ethyl acetates3y 1) and dried under reduced pressure
to give the title conpound (3.5 g]. "H-NWR (err] ppm CDCl[err])

1.37-1.55(m 1 1H), 1.85-1.95(m 2H), 2.33(d,2H), 2.98- 3. 10(m 2H),

4. 00- 4. 25(# glituréwad strréd GidéHefluR 6113 Bouda( n]\ﬁéﬂ'@onﬁil@ibrﬁoﬂth@%a)éhon
4- cyano- 4- (2, 3-di hydr oxypropyl ) pi peridine- 1 -carboxyl ate %J@éggvTo a

sol uti on dhe rcagupx)mm w«;asmmmpmbr%hy@g@ ehlpHds pna @;tg) in a

m xture o C ‘ﬂa% gy,%}g;grphol i ne
N- oxi de ( %&% osm um %%t I oxl cfgf( ‘gj‘%d\éﬁ{ an%lgg? ﬁ?ek: and
t he m xt urthxmlayersdhrommtbmphﬂét)?/& m’qmuaamtenitnle 1%rmﬂuoroé.i:¢tmamd)raﬁdet i on of
t he 125 reacti on ueous_sodi un t.hiosul f s.added. and th mxture
was f||tr§¥‘EElta)l as\lgg'sagi, rlﬁ’fj&?g& %&i/va g%’&&w th

obt ai ned r&ﬁﬁdﬁmermc@uwsam &feameea) hduhdeBthgjacet at e and washed

with saturat ed brine. Thé organic Iaé ried over anh drous sodi um

sul f at e and'H-AMR &) ppmm DMSO-8a) dpi-at ,Qfﬂel §5t3a95(§62Hb§4 g,k purified

< S TS AP 0308 o 5y ot by, e reducec
1. 40- 1. 81(7mM4(3H),.7.34(8J=T .44, 1HI]] F)44 (BrsAH) b8.27 (4,{)=7.4H4,3HE, £59(6/1H) 1H) ,

2.50(brs, 2-95-3.-20(m2H), 3.49(brtr, 1H), 3.65-3.72(brd, 1H),
4. 00- 4. 20(%9 ep 6

Synthesis of 6-[1- (pynd1n—4-yl)p1pend1n—4-y1methoxy] 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride
Step 1

6-Hydroxy-1,2,3,4-tetrahydroisoquinoline hydrobromide

T,
OH

6-Methoxy-1,2,3,4-tetrahydroisoquinoline (2.89 g} was dissolved in 48%
aqueous hydrogen bromide solution (70 ml) and the mixture was refluxed for 2

+ HBr

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).

'H-NMR (& ppm,DMSO-d,} 2.90(tr,J=6.3Hz,2H), 3.35(m,2H), 4.13(brs,2H),
6.59(d,J=2.4Hz,1H), 6.65(dd,J=2.4, 8.4Hz,1H), 7.00(d,J=8.4Hz,1H), 8.91(brs,2H),
9.43(brs, 1H})

Step 2
t-Butyl 6-hydroxy-1,2,3,4-tetrahydroisoquinoline-2-carboxylate

OH

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 (350 mg) and di-
tert-butyl dicarbonate (365 mg).



t-Butyl 4-cyano-4-(2-hydroxyethyl)piperidine- 1-carboxylate [err] To a
solution of t-butyl 4-cyano4-(2, 3-di hydroxypropyl)pi peridine- 1-
carboxylate (3.65 g) in tetrahydrofuran (100 m) was added 10% aqueous
sodi um peri odate solution (100 m ), and the m xture was stirred at room
tenperature for 40 min. After conpleti@dmh of the reaction, water was added
and the m xture was extracted with ethyl acetate and washed with saturated

ol vent was BV (4 B CARCD LPUERER 7 R fite pRER S RUR R 0B 2eR

t et r ahydr ofyuse 238@33(&);@@53@% @B AHRBgs(IHE (360 ng) and nethanol (20

m) were adde h ice- coollng and the mxture was stirred at room
t enper at ur St¢ewB 30 nmin. After corrpl et| on of the reaction, 10% aqueous

citric aci 3’@? d t t imlﬁgﬂw?ﬂ etate and
washed w tg u6ra§lt @gngﬂp-4é’ﬂ8 e org gﬁefré\%vé‘ggerl ove a&%lydr ous
sodi um sul Rataebamythte he sol vent was evaporat ed. The obtai ned residue was
purified by silica gel columm chromatography (chl oroform nmet hanol =95:5) and

dried under, sure to give the title conpound (3.13 g). 'H NWR
([err] ppm d(fmiflgl%(m 11 H), 1.86(m2H), 1.96-2.00(m 2H),
3.00- 3.09(m 2H) 5-4.20(m 2H) Step 7 Benzyl

7-(2-(1-tert- butoxycarbonyl ]-cygnopiperidin-4-y|)ethoxy]- 1,2,3,4- 126

t et rahydr oi soqui nol i ne- 2- car boyt'a rr] To a solution of benzyl
7- hydroxy 1,2, 3, 4-tetrahydroi soqu no,\i ne-2- carboxylate (1.1 g), t-butyl
4- cyano- 4- ( 2- hydroxyet hyI ) pi pei i di ne= -carboxylate (1 g) and

oty otesphige (22 0k (ot faabude ot an (30 i) e pdaed 1
room carboxylate (320 mg) and 4-hydroxymethyl-1- (pynd1n—4—yl)p1pendme (247 mg)ina
mixture of tetrahydrofuran (15 ml) and methylene chloride (S 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%triethylamine)
and dried under reduced pressure to give the title compound (400 mg).

'H-NMR (& ppm,CDCL,) 1.35-1.54(m,11H), 1.90-2.15(m,2H],
2.79(tr,J=6.0Hz,2H), 2.90{m,2H}, 3.62(tr,J=6.0Hz,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)

Step 4
6-[1-(Pyridin-4-yl) piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline

In the same manner as in Example 33, Step 5, the title compound (265
mg) was obtained from t-butyl 6-[1-(pyridin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxylate (400 mg) and trifluoroacetic acid (1.5 ml).

'H-NMR (6 ppm,CDCly) 1.36-1.50(m,2H), 1.90-2.15(m,3H]}, 2.80(tr,J=6.0Hz,2H),
2.93(m,2H), 3.15(tr,J=6.0Hz,2H), 3.80(d,2H), 3.92-3.99(m,4H), 6.62(1H}, 6.67-



tenperature for 16 hours. After conpletion of the reaction, the solvent was
evaporat ed. The obtai ned residue was purified by silica gel colum

chromat ogr aphy (hexane: ethyl acetate=3: 1) and dried under reduced pressure
to give the title conmpound (1.6 g). "HNWR ([err] ppmCDC 3) 1.46-1.55(m 1
1H), 1.96-2. 10(m4H), 2.78(m2H), 3.0@2 3.14(m 2H), 3.71(m 2H),
4.05-4.25(m4H), 4.61(s,2H), 5.18(s,2H), 6.60- 6.80(m2H), 7.04(1H),

7.26-7.40(m5H) Step 8 Benz 12- (4- cyanopi peri di n-4-yl ) et hoxy] -
1,2, 3, 4- te@r&@d}%r§8§@mo$§ﬂé?}ﬁ carboxylate CN In the same nanner as in

Exanple 10g¢ess 8P 6, the title conmpound (1 g) was obtained from benzyl
[ 2-(1- tert ut oxycar bonyl - 4- cyanopi peri di n- 4-

) et hoxy] 65[12Pﬁjtﬁn{4ey1)mmuhm4syiqmﬂnm¢yl &, 2,4etetrbbydroisoquinioind@nzy| ester

2 9g) and triflu roagletlc (10 m). "HNWR ([err] ppm CDC13)

53- 1. 64(@%@3‘””{’%@ 85‘(‘91? . 2.07(tr,J=6.3Hz, 2H), 2.78(brs, 2H),
92-3.12(m 4HNH 3.70(brtr, 2H), 4.18(trJ=6.3Hz, 2H), 4.61(s,2H), 5.18(s, 2H),
63- 6. 75(m2 0 Hy, 7.26-7.38(m5H) Step 9 Benzyl 7-[2-[4-cyano-
(pyri di n-BeNy] )m-4m | et hoxy]- 1,2, 3, 4-

et rahydr oi soqui ‘ﬁ Iate [err] In the sane manner as in
Exanple 10, Step 7, the tTtl ound (590 ng) was obtained from benzyl

7-[2-(4- cyanoplper|d|n4 yl) et 3, 4-

t et rahydr oi soqui nol i ne- 2- car%yl :@ 50 ng), 4-chl or opyri di ne

hydrochl ori de (300 ng) and t t hyl ne (0.84 m). "HNWR ([err]

ppm CDCl [err]) IinGBe $arf®miardidr, asZn@&aﬁupl@Bmsthﬁﬁ ﬁxemélfo‘im&hﬂnd (80 Hg)
was obtained from 6-{1- (pyndm—4-y1)p1pendm—4—ylmethoxy] 1,2,3, 4-
tetrahydroisoquinoline {70 mg), diisopropylethylamine (0.042 mi}, 1H-pyrazole-1-
carboxamidine hydrochloride (35 mg).

'H-NMR (6 ppm,DMSO-d,) 1.20-1.45(m,2H]), 1.84-2.00(m,2H]}, 2.17(m,1H),
2.86(tr,J=5.8Hz,2H}, 3.20(m,2H), 3.56(tr,J=5.8Hz,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)piperidin-4-yljethoxy}- 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine dihydrochloride

Step 1

Benzyl 4-carbamoylpiperidine- 1-carboxylate

NCOan
HoN

o
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

7-
yl

(1.
1.
2.
6.
1-
t

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



3.24(m 2H), 3.71(brtr,2H), 3.84-3.91(m2H), 4.21(m2H), 4.62(s, 2H),
5.18(s,2H), 6.63(1H), 6.68(dd,J=1.0, 3.9Hz,2H), 6.74(1H), 7.05(1H), 7.32-
7.40(m 5H), 8.29(dd,J=1.0, 3.9Hz,2H) Step 10 7-12-[4-Cyano-

1- (pyridin-4-yl)piperidin-4-yllethoxy]- 1,2,3,4- tetrahydroisoquinoline CN
To a solution of benzyl 7-[2-[4-cyanot123(pyridin4-yl)piperidin-4-

yl ] et hoxyl -1, 2, 3, 4-t et rahydr oi soqui nol i ne-2-car boxyl ate (585 ng) in ethanol
(5 n) were added 7. 5% pal|adiumcarbon (220 ng) and amupni um formate (220
mg), and t ARAUHPRt LH7e agiaeousGitricaqid splation and saturaied Bring,  The orgaRic 1ayskpl et i on
of the re ' éﬁ@g}é,g\sﬁ'- iHel }ﬂﬁa lLpgnt was
evapor at egﬁ gﬁf?lte)b(grbt al'ned resi%?%ﬁgjg;g %g&gggggg%éi umtEa 2t

hydr ogencadiiechunderaneducebpressungrte giveshe sitle sompdund {$3@hl or of orm  The

organic | aye she it br igne | ef~.anhydr ous
sodi um sul fa{{éméapsl:ﬂ’g:g\@“)Qaiég%%%)éé‘sgﬁhagﬁ%gﬁgzﬂg%%é'{%?’ h’ed under
reduced pregsuz.o5me,28), 05300, 214), SAUBRHY 5(3RBS.90rd, 2HE WWB- ([ err]

ppm CDC13) _1.68-1.84(m2H), 2.02-2.21(m4H), 2.73(m 2H), 3.12(m 2H),

3.17- 3. 24( fP2fP,SH 84-3. 95(m 2H), 3.98(s, 2H), 4.21(m2H), 6.55(1H),

6.67-6. 71(5%, 7.00(1H), 8.29(2H Step 11 128 7-[2-[4- Cyano-

1- (pyridin4- I?pi peridin4-yl]ethoxy]- 1,2, 3,4-

t et r ahydr ot-Butyd Mrcirbamoglpiperidinea bicdrboxyldtdydr ochl ori de [err] To a sol ution
of 7-[2-14-cyano-l:(pyridin-4-yl)piperidin-4-yllethoxyl-

1,2,3,4-tetrahy i §6Qut-Bwol ine (70 ng) in dinethylfornriam de (5

m ) sol uti om,

Benzyl 4-carbamoylpiperidine- 1-carboxylate {8.3 g} was hydrogenated
using 7.5% palladium carbon (2 g) in a mixture of tetrahydrofuran (50 ml) and
methanol (50 mlj at 3 atm over 2 hours. After completion of the reaction, the
reacton 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).

'H-NMR(S ppm,CDCl;) 1.46(s,9H), 1.57-1.70(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)
Step 3
t-Butyl 4-cyanopiperidine- 1-carboxylate

/Ocoz t-Bu
NC

To a solution of t-butyl 4-carbamoylpiperidine-1-carboxylate (5.6 g) in a
mixture of tetrahydrofuran (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



added diisopropylethylamine (0.1 m) and 1H pyrazole- 1 -carboxam dine
hydrochl oride (85 ng), and the m xture was stirred at roomtenperature for
15 hours. After conpletion of the reaction, the solvent was evaporated and
t he obtai ned residue was purified by HPLC (0.05% aquesous trifluoroacetic
aci d: met hanol =1: 1). The obtained resiigye was treated with dil. hydrogen
chloride and dried under reduced pressure to give the title conmpound (67
ng). 'H-NWVR ([err] pmel\/BOd err]) 165180(m éd 205220(m4H)
2.82(tr, J=60lgent was) evaporatidn S resitye wap nuriiied tieslicg-gel gplpmm . 27-

7 To(d, -ecp @5&5@5‘%%&?%&%@ sl %‘1&5@@5‘2?@% il 11,
13. 80( brs, gitklthdbiterpdrap@8ndS(ai® gesi s of et hyl

o SRR o T g ..

7- Met hoxy- gggxlnfjmogggeg izg(]aﬁsggbfonyl oxynapht hal ene [err] To a solution of
2- hydr oxy-7 rret Floxynaphth ene (12.34 g) and triethylamne (9.87 nm) in

chl orof ormSte®4 n) was added trifl uor onet hanesul foni ¢ anhydride (20 g)

with ice-c 1% W ed at the same tenperature for
30 nin. Af ?égrdt@%rrp etléﬁgl 1 {gﬁlr eactio l‘Elgqueous sodi um hydr ogencar bonat e
was added and th ture was extracted with chl orof orm and washed
successively wt DevBhd saturated brine. The or ganic |layer was dried
129 over a gnesium sul fate and the solvent was evaporated. The

obt ai ned residuechnas purified by silica gel colum chromat ography

(hexane: ethyl acetate=9: 1) and dried under reduced -pressure to give the
title conpound (T%aselution of 2M lithium diisopropylamide ~ tetrahydrofuran solution

(9.96 ml) in tetrahydrofuran (20 ml) was dropwise added a solution of t-butyl 4-
cyanopiperidine- 1-carboxylate (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% agueous 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).

'H-NMR (6 ppm,CDCL) 1.37-1.55(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)
Step S5
t-Butyl 4-cyano-4-(2,3-dihydroxypropyl)piperidine- 1-carboxylate

OH NCO; t-Bu
HO

CN
To a solution of t-butyl 4-allyl-4-cyanopiperidine-1-carboxylate (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 temperature for 1 hour. After completion of the



g). 'H-NMR ([err] ppm CDA 3) 3.96(s,3H), 7.14(d,J=2.4Hz, 1H), 7.2
1(dd, J=2. 4, 8.9Hz, 2H), 7.64(d,J=2.4Hzj H), 7.77(d,J=8.9Hz, 1H),
7.83(d, J=8. 9Hz, 1H) S

tep 2 7-Met hoxynapht hal ene-2-carbonitrile To a solution
of 7-methoxy-2-trifluoronethanesul fonyl oxynapht hal ene (2.23 g) in
di nret hyl formam de (8.9 nl) were addedizgnc cyanide (598 ng) and
tetraki s(tri phenyl phosphi ne) pall adium (337 ng) at room tenperature, and
the m xture was stirred at. 80" C for 1 hour, After conpletion_of the
reaction, WRCHeN.Agneaws sodiumeihiosuliate wasaddsd andithemstus wasdliatedal was

removed. Thge %lggﬁéﬁﬁb&)égé %m%&%f&%ﬁ?ﬁd%%@%%q?ﬁaﬂg tfife obtai ned

resi due was puri |ca gel col um omat ogr exane: et hyl
acet at e= 1fnixtuyre was exilmedd withenthyleatatateland smshedwith sgtwratddiering.t [Theconpound

965 3) 3.9 3 d,J

150 ad. 1-omiRicasn PR Rigd ougt asyipls sy soBE apg e Sivdliany g 1 1
1H), Step év h&téaoxmmwmaeé@d&ﬁaébaﬁﬁédby@m& & @Rihi on of

7- met hoxynaght hal ene- 2-carbonitrile g) in chl orobenzene (60 nm) was

added al u pgraphy Ethylscetagy) agd Haderprduaed mEessHEE thgiverthettitle was
heat ed und for 30 min. After conpletion of the reaction, the
reaction m%lph&II (\y/\gsw e-cool ed and ice, ethyl acetate and conc. hydrogen
chl ori de wer't-NM&Hd, ppnLDClg 10 1B 1¢myksH)s1.00f e86(nT hH), &QR(brs;1Hjayer was

ho 1 esul ¢ ano-Lanie i S8pre Bk 49553 RPIre pa: SR0HE MBS R Al ced
pressure tqoo_4i|§_$9ng[.1\ye the title conpound (5.21 g). 1H NWMR (c5 ppm CDO 3)
5.42(1 H), 7.20(1 25-7.28(1H), 7.46(1H), 7.79-

t-Butyl 4-cyano-4-(2-hydroxyethyl)piperidine- 1-carboxylate

/\/Ozcoz 1-Bu
HO

CN
To a solution of t-butyl 4-cyano-4-(2,3-dihydroxypropyl)piperidine-1-

carboxylate (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
borohydride (360 mg) and methanol (20 mi) 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:methanol=95:5)
and dried under reduced pressure to give the title compound (3.13 g}.

'H-NMR (6 ppm,CDCl,) 1.49-1.55(m,11H), 1.86(m,2H], 1.96-2.00(m,2H), 3.00-
3.09(m,2H), 3.93(m,2H), 4.05-4.20(m,2H)
Step 7
Benzyl 7-{2-(1-tert-butoxycarbonyl-4-cyanopiperidin-4-yljethoxyl- 1,2,3,4-



7.85(2H), 8.07(1H) Step 4 8-Chl oro-7-hydroxynapht hal ene-2-carbonitrile
[errr] To a solution of 7-hydroxynaphthal ene-2-carbonitrile (2.23 g) in
chl oroform (120 m) was dropw se added tert-butyl hypochlorite (1.64 m)
with ice-cooling, and the m xture was stirred at roomtenperature for 15
mn. After conpletion of the reactionjy2ghe resultant soid was coll ected by
filtration and dried under reduced pressure to give the title conpound
(1.88 g). '"HNWR ([err] ppm DVSO-d[err]) 7.49(dJ=9. OHz, 1H), 7.68(1H),
7.94(dJ=9. @@PYW@%@G%W%MB{EM—D Step 5

8- Chl or o- 7- et hyl t hi onet hoxyne ht hal ene-2-carbonitrile [err] In the sanme
manner as in_Examul e~l0,0St the title conmpound (1.31 ng) was obtained
from 8- chl GNQ2CN hy napht hal enfe-2-carbonitrile (1.88 g). 'H NWR

([err] ppm CDCL3N _27R2#5, 3H), 4NGO24|y, 7.48(d,J=9. OHz, 1H), 7.57(dd, J=1.5,
8.4Hz, 1H), 7.82(dJ=9. OHz, 1H), 7.90(d, J=8.4Hz, 1H), 8.63(d,J= 1.5Hz, 1H) Step
6 8- Chl or o- 7- chiTy Heshex whvdkyhal = G2, 3PP fettdhytifois®fufidoline-3-he sane

manner as in_Exanple 10, Step 3, the title conpound _é%%Q ng) was obtai ned
from 8- chl 6R&oRIAE(hy &)hﬁ-BWF YRRt thydepeedyl) piperdine: H-raboxylag (§) .

131 ' H NVRg(drff triphlefyfphbbshin€ (044 §) i@ rarlyfbtutal Uity wels &ffedidietndt 94(1H) .

8. 65(LH)
azodicarboxylate (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 dn'ed under reduced pressure to
give the title compound (1.6 g.

'"H-NMR (6 ppm,CDCly) 1.46-1.55(m,11H), 1.96-2.10{m,4H), 2.78{m,2H), 3.00-
3.14(m,2H]}, 3.7 1(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,SH)

Step 8
Benzyl 7-[2-(4-cyanopiperidin-4-yljethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxylate

CN
BnO,CN ©
NH

In the same manner as in Example 10, Step 6, the title compound (1 g)
was obtained from benzyl 7-[2-(1-tert-butoxycarbonyl-4-cyanopiperidin-4-
ylethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxylic acid benzyl ester (1.2 g) and
trifluoroacetic acid (10 ml).

'H-NMR (S ppm,CDCl;) 1.53-1.64(m,2H), 1.99-2.05(m,2H), 2.07(tr,J=6.3Hz,2H),
2.78(brs,2H), 2.92-3.12(m,4H), 3.70(brtr,2H), 4.18(tr,J=6.3Hz,2H), 4.61(s,2H),
5.18(s,2H), 6.63-6.75(m,2H), 7.04(1H]), 7.26-7.38(m,S5H)

Step 9
Benzyl 7-[2-[4-cyano-1-(pyridin-4-yl)piperidin-4-yljethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxylate



Step 7 Ethyl 4-(8-chloro-2-cyanonapht hal en-7-yl oxyrnet hyl) -

1- (pyridin-4-yl)piperidine-4- carboxylate [err] In the sane manner as in
Exanple 10, Step 5, the title conmpound (128 ngy) was obtained from

8- chl oro- 7- chl or onret hoxynapht hal ene- 2-carbonitrile (295 ng) and et hyl

1- (pyridi nd-yl)pi peridi ne-4-carboxyl at27 (603 ng). '"H NVR ([err] ppm CDO 3)
1.28(tr,J=7. 1Hz,3H), 1.78-1.88(m2H), 2.41-2.48(m 2H), 3.16-3.25(m 2H),

3.75-3.85(m 2H), 4.22(s,2H), 4.26(q,J=7. |Hz,2H), 6.69(dd,J= 1.4,

5.1Hz, 2H), 7.38(d J=Q O, 1 CN7 55(11H), 7.81(d,J=9.0Hz, 1H), 7.88(IH),

8.27(dd, J=Bn2Ch5. T H) H, Step 8 Ethyl

4- (2-am di no- 8-'¢hl pht haI Laxymet hyl ) - 1-(pyridin-4-yl)piperidine-
4- car boxyl at e di hydrochl ori de [err\@grogen sul fide was blown into a
solution of ethyl 4-(8-chloro-2- ¢ apht hal en- 7-yl oxynmet hyl )- 1

-(pyridin-4-yl)piperidine-4-carboxylate (124 ng) in a mxture of pyridine
(2.5 m) and triiatthy katie hear(riér as it Examiple 10; Stev) theditleanehpgoadbao ur e was

stirred at roomtenpe ure for ours. After co etion of the reaction,

t he sol ven{ngb\HgS@V m’gf%%raebsﬁaylt%@ Qé@’?ﬂﬁ%‘%@“ﬁ théﬂxxh L3y dr ogen

chloride-e fe5ARS RERbRFr }iroc?& ol (2 m)
under

and net hyl 1 od de( 172n1 an the m xture was stlrre reflux for
2 hours. N@@mg)@ﬂmmeﬂmhmﬁlet(ﬂ§4rra&ctlon, the sol vent was evaporated and

oy o S H R P A b el 20812 e, 2B, 337,20 0
After conpg en(mmmf 3.7hprindH)} 3.84-3.9 I(en,3H|, vie2t(myREd), 6\62002HY, S0 &i1@H], he
obtained resiiig Lag {68 oBY om, 6.74(11), 7.05(11), 7.32-7.40(m,5H),

8.29(dd,J=1.0, 3.9Hz,2H)

Step 10

7-[2-[4-Cyano- 1-(pyridin-4-yljpiperidin-4-yljethoxyl-1,2,3,4-

tetrahydroisoquinoline

To a solution of benzyl 7-[2-[4-cyano- 1-(pyridin-4-yl)piperidin-4-
yllethoxy]-1,2,3,4-tetrahydroisoquinoline-2-carboxylate (585 mg) in ethanol (S 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 aqueous sodium hydrogencarbonate 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).

'H-NMR (6 ppm,CDCl,) 1.68-1.84{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)

Step 11



silica gel colum chromat ography (chl orof orm net hanol : ammoni a). The
obt ai ned residue was treated with hydrogen chloride-ethanol and dried under
reduced pressure to give the title conpound (92 ng). Exanple 39 Synthesis
of 4-(2-am di no-8-chl oronapht hal en-7-yl oxynmet hyl )- 1-(pyridin-4-

yl ) pi peri di ne-4-carboxylic acid di hydrigghl oride [err] A solution of ethyl
4- (2-am di no- 8- chl or onapht hal en-7-yl oynethyl )- 1 -

(pyri di n-4- er|d|ne 4- carboxylate di_hydrochl oride (78 ng) in conc.
hydr ogen ckf/[??'[ia 1-gyridind-dipipsmda-4-vlledioxyl 12381 3 hours. After

conpl etion %ﬁ;pﬁog&gﬁh %g?mg%é_y dﬂ@%r@&ﬁ&? Aated and the obtained
resi due was se aralt y%ﬁ o aqueous trifluoroacetic acid: nmethanol
1: 1). The obt &thed residue wassreated with hydrogen chloride-ethanol and
dri ed under ,r ek PR ve the title conpound (49 ng). 'H NWR
([err] ppm BNVBO & er} 107\% 219231(m2H) 3.49(m 2H),
4.07(m2H), 4.4 XNYF 7.22(2 8.12(1H), 8.18-8.25(m 3H),

8.56(s, 1H), 9. 34(brs 2H), 9. 62 brs, 12 98(brs, 1H), 13.65(brs, 1H)
Exanpl e 40 Synthesis of ethyl 42(Sla 'ﬁonapht hal en- 7-yl oxyrret hyI ) -

% K/E%/Hy?![ EI gme%/L%ﬁ?&g{%}&h‘w{gﬁ%@gﬂ%o%ﬁ&hwgé%&{ﬁ n'anner as
i n Exanpl e 13,3, Stmmhydrdlmqmmdline (2@ m@) imdinfe@bylforgjamide (S)hﬂ)smluadn fwrepen
/- hydroxy g B oISy RRRRE 1.1 5 dnd T yrazote 13 bbinidine
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. hydrogen chloride
and dried under reduced pressure to give the title compound (67 mg).

'H-NMR (6 ppm,DMSO-dy) 1.65-1.80(m,2H), 2.05-2.20(m,4H),
2.82(tr,J=6.0Hz,2H), 3.29(m,2H), 3.58(m,2H), 4.17(tr,J=6.0Hz,2H), 4.27-
4.34(m,2H), 4.56(s,2H), 6.74(d,J=2.4Hz,1H}, 6.85(dd,J=2.4, 8.4Hz,1H),
7.16(d,J=8.4Hz,1H), 7.25(d,J=7.5Hz,1H), 7.61(brs,4H), 8.26(d,J=7.5Hz,1H),
13.80(brs,1H)

Example 38

Synthesis of ethyl 4-(2-amidino-8-chloronaphthalen-7-yloxymethyl}- 1-(pyridin-4-
yl)piperidine-4-carboxylate dihydrochloride

Step 1

7-Methoxy-2-trifluoromethanesulfonyloxynaphthalene

To a solution of 2-hydroxy-7-methoxynaphthalene (12.34 g) and
triethylamine {9.87 ml) in chloroform (185 ml)} was added trifluoromethanesulfonic
anhydride (20 g} with ice-cooling, and the mixture was stirred at the same
temperature for 30 min. After completion of the reaction, aqueous sodium
hydrogencarbonate was added and the mixture was extracted with chloroform and

washed successively with water and saturated brine. The organic layer was dried



7- Chl or oret hoxynapht hal ene- 2-carbonitrile [err] In the same manner as in
Exanple 10, Step 3, the title conmpound (567 ng) was obtained from

7- met hyl t hi onet hoxynapht hal ene-2-carbonitrile (647 ng). Step 3 Ethyl

4- (2- cyanonapht hal en- 7-yl oxynet hyl )- 1 - (pyridi n-4-yl)pi peridi ne-4-
carboxylate [err] In the sane manner aggin Exanple 10, Step 5, the title
conpound (430 ng) was obtained from

7- chl or onet hox thal ene- 2- car n|tr
(pyri di e 4.9 SRR Fegesy o e Salieny Wb evaroraeds TS and a

2M 1t hi umggidinap f&ﬁde&ﬁ&ﬁﬁu &E@l@n&?hﬂ%dn%oéépﬁ?(}{é&n 5&%@ 4
Et hyl 4-(2-ainidi nonaphth yI oxynet hyl )- 1-(pyridin-4-yl)piperidi ne-4-

car boxy! at @cetatsrd: Hemdgiriegeundar rgdugedipvessiiaeto giue e titlescampaBrghi3be83638, St ep
8, the title conmpound (36 ng) was obtained from et hyl
4- (2- cyanorvdpht hal en- 7-yl oxynet hyl ) - 1-(pyri di n-4-
I[)pi ioeri di nE-NOAR ?@ppirﬂtbclaﬁlgﬁg)smn’ﬂ.14&1,&159.4'}1@,(1}@67(.2 Ndg,Jek), ' H NWR

errf ppm O-d6 a(tr, J=7 . A 8 , 2. 19-

31 o S%aﬁwzéﬁ(% ot to( i 28 9FsAF, BRSO TS IAALT e 21y
34(d, J=8.&4 ,2 lH) 48(5 1H), 7.66(dJ=8.9Hz, 1H), 7.98(dJ=8.9Hz, 1H),
34 8.07(d, J= , 8.24(d,J=7Hz,2H), 8.32(s, 1 H), 9.19(brs, 2H),
45(brs, 2H}Meﬂmmemr§am-mmml Synt hesi s of et hyl

(2-am dino-2, 3,4, 5-tetrahydro- 1H benzl cj azepi n- 8-

NC. : : ,OMe

To a solution of 7-methoxy-2-trifluoromethanesulfonyloxynaphthalene
(2.23 g) in dimethylformamide (8.9 ml) were added zinc cyanide (598 mg) and
tetrakis(triphenylphosphine) palladium (337 mg) at room temperature, and the

y
(
2.
7.
1
9.
4

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 pressure to give the title compound (965 mg).

'H-NMR (S ppm,CDCl,) 3.95(s,3H), 7.15(d,J=2.5Hz,H), 7.29(dd,J=2.5, 9.0Hz,1H),
7.47(1H), 7.78(d,J=9.0Hz,H), 7.83(1H), 8.11(1H),
Step 3
7-Hydroxynaphthalene-2-carbonitrile

NC. : : ,OH

To a solution of 7-methoxynaphthalene-2-carbonitrile (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.
hydrogen chloride 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



yl oxynmet hyl ) - 1- (pyri di n- 4-yl ) pi pei di ne-4- carboxyl ate di hydrochl ori de step
1 8- Met hoxy-2, 3,4, 5-tetrahydrobenz[c]azepin- 1-one [err] To a solution of
7- met hoxy- 1, 2, 3, 4-tetrahydronapht hal en- 1-one (5.21 g) in conc. hydrogen
chloride (26 m) was added sodium azide (1.98 g) by portions with
ice-cooling, and the m xture was stirngg at the sane tenperature for 2
hours, and then at roomtenperature for 2 hours. After conpletion of the
reaction, the reaction mxture was poured into ice water and aqueous

pot assi um EXe bahbte comBowRfE2] ghe i xture was extracted with chl orof orm

and washed syc i ! _ nne. ani c | ayer
was dried ovgﬁgﬁ@ﬁg&dﬁgﬁgi%@m’m?ﬁé?ﬁ 2%82{)}}{]\’/2#'(6 E-{}g’s(?Fe?\%aporat ed.
The obt ai n@B5(24), 805(1#)s purified by silica gel colum chromatography
(ethyl acetate) and dried under reduced pressure to give the title conpound
(470 nm). ( [err]ppm CDC13) 1.98(quint,J=6.9Hz, 2H),

2. 80( t r J=63%tKioRHY-hydrdkghapHERleNeZ-24Phon@iR3( S, 3H) , 6. 96(1H), 7.09(1H),
7.26(1H) Step 2 8- l\/gt hoxy-g, 3,4,5-tetrahydro- 1H benz[clazepine [err]q To a
sol ution of lithiunf'al um num hydride (3.07 g) in tetrahydrofuran (60 nl)
was dr opwi Neqgeed a s@HIti on of 8-nethoxy-2, 3, 4, 5-tetrahydrobenz[c]azepin-
1-one (4.42 Q) di oxane (30 m) with ice-cooling and the m xture was
refluxed for 2 After conpletion of the reaction, 20% 6 aqueous

Tt ure was st | rTes SR oh? el Seth BBl 2 Srari S G2 & Bhpt ot on o the
reaction, tﬁmﬁfeﬁﬁqimwxep“dse&ae@@étibhba hbachlonidqd1 baemp Rigkent was

evaporated and the r ue was dried- under ]
ice-cooling, and the mixture was stirred at room temperature for 15 min. After

completion of the reaction, the resultant soid was collected by filtration and dried

/]

under reduced pressure to give the title compound (1.88 g).
H-NMR (& ppm,DMSO0-dy) 7.49(d,J=9.0Hz, 1H), 7.68(1H), 7.94(d,J=9.0Hz,1H),
8.19(1Hj), 8.46(1H)
Step 5
8-Chloro-7-methylthiomethoxynaphthalene-2-carbonitrile
Cl

NC. z i O SMe

In the same manner as in Example 10, Step 2, the title compound {1.31
mg) was obtained from 8-chloro-7-hydroxynaphthalene-2-carbonitrile (1.88 g.
'H-NMR (& ppm,CDCL,) 2.32(s,3H), 5.40(s,2H], 7.48(d,J=9.0Hz, 1H]),
7.57(dd,J=1.5, 8.4Hz,1H), 7.82(d,J=9.0Hz,1H}, 7.90{d,J=8.4Hz,1H),
8.63(d,J=1.5Hz,1H])
Step 6
8-Chloro-7-chloromethoxynaphthalene-2-carbonitrile
Cl

NC. : i .0_Cl

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).



reduced pressure to give the title conpound (4.05 g). '"H NWR
([err]ppm CDC [err]) 1.68(m2H), 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) Step 3

8- Hydr oxy- 2, 3, 4, 5-tetrahydro- 1H benztcl p| ne hydrobrom de [err]

8- Met hoxy- 2, 3, 4, 5-tetrahydr o- 1H benz[ cl a |ne (3.65 g) was dissolved in
48% aqueous hydrogen brom de solution (36 m) and the m xture was refl uxed
for 2 hours. The-199 56%%@(3&)’6@*(@2H}j786ﬂ7@7@@9788 Jﬁ?@am{),sm@mmre
added to the obta| ned residue. The m xture was filtrated and dried under
reduced press Step To give the title conpound (4.56 Q). 1H— NVR

11192 XS 4t e b B o«

7.05(d, J=8. 1H=zrifylat8. 80( brs, 2H), 9.42(brs, 1H) Step 4 t- But ylI

8- hydroxy-2, 3,4,5-tetrahydro- | H benzjc]azepi ne-2-carboxylate [err] In the
sanme manner as in Exanple 1, Step Ae t|tIe conpound (2.64 g) was

obt ai ned from 8- hydroxy-2, 3, 4, 5-tet§yrahydro- "H benz[cl azepi ne hydrobrom de
(3 g), 2N agueous sodlmm hydr | ution (30 mM) and di-tert-butyl

di car bonate ( errf] ppm CDCl 3) 1.40(s,9H), 1.68-1.80(m 2H),
2.84-2.88(m 2H), (e §437(m2|—|), 5.19,5.91(1H), 6.63(1H),
6. 70, 6.85(1H), 6.g8lH st ep P ButyI

8- met hyl t hi onet hoxy- 2,73, 4, 5-tetrahydro- | H benz[c] azepi ne- 2 car boxyl ate

136 In the sanme marfxq%[xe gésmiarr}la%xn%r | ?n Stpfeplol’Stephg tthleu ecom ’210[153; 07 9)
mg) was obtained from 8-c1'1loro-7-chloromethoxynaphtha1ene-2-carbomtrﬂe (295
mg) and ethyl 1-{pyridin-4-yl)piperidine-4-carboxylate (603 mg).

'H-NMR (6 ppm,CDCl,) 1.28(tr,J=7.1Hz,3H), 1.78-1.88(m,2H), 2.41-2.48(m,2H),
3.16-3.25(m,2H), 3.75-3.85(m,2H), 4.22(s,2H), 4.26(q,J=7.1Hz,2H), 6.69(dd,J=1.4,
5.1Hz,2H), 7.38(d,J=9.0Hz,1H), 7.55(1H), 7.81(d,J=9.0Hz,1H), 7.88(1H),
8.27(dd,J=1.4, 5.1Hz,2H]), 8.61(1H],

Step 8
Ethyl 4-(2-amidino-8-chloronaphthalen-7-yloxymethyl)- 1-(pyridin-4-yl}piperidine-
4-carboxylate dihydrochloride

@
NH Cl N

HoN .
2 COLE 2HCI

Hydrogen sulfide was blown into a solution of ethyl 4-{8-chloro-2-
cyanonaphthalen-7-yloxymethyl)- 1-(pyridin-4-yl)piperidine-4-carboxylate (124
mg) in a mixture of pyridine (2.5 mi) and triethylamine (0.5 mi} 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 completion of the reaction, the solvent was evaporated and the

obtained residue was dissolved in ethanol (4 ml. Ammonium acetate (106 mg)



was obtained fromtert-butyl 8-hydroxy-2,3,4,5-tetrahydro-

1H benzfc] azepi ne-2- carboxylate (1.06 g), 60% sodium hydride (195 ng) and
chl oromet hyl nmethyl sulfide (0.41 m). 1HNWVR ([err] ppm CDC13) 1.40(s, 9H)
1.75(m2H), 2.24(s,3H), 2.87(m2H), 3.68 n12kb 4.30-4.45(m 2H),

5.13(s, 2H), 6.74(1H), 6.81,6.92(1H), 7.08@lH Step 6 t-Butyl

8-[ 4- et hoxycar bonyl - 1-(pyridin-4-yl)piperidin-4-yl net hoxyl -2, 3, 4, 5-
tetrahydro- %%Bcéﬁ&@rﬁﬁaﬁ @Mm@rf@hmu}@emf@o REBH AS N
Exanple 6, Step 2, t-butyl 8-chloronethoxy- 2,3,4,5-tetrahydro-

H- benz[ c] azepheseaztions the)splvantwassmneptedasd she gbnmedrr.c@duc Wagtpyrified by

(530 mb) and SiPe ot R E e ML oo tRiRr CRd SRRl IR0 Y i,

in the sane robiifed asidue wxaapated &nﬂﬂhﬁnogan ¢Hieridd-ethanobambdmiet (#d& ny) was

obtained froma 2M-lithiumdiiso am de-tetrahydrofuran solution (2.05
m). HNW@@WW%@&%@ mgly 39(s, 9H),

1.64-1. 78( M 4dam ébegy 2.36(m 2H), 285288(m2|—|), 3.01-3.18(m 2H),
3.62-3.75(m 4H) 98(s, 2H), 4.21(q,J=6.9Hz, 2H), 4.30-4.38(m 2H)

E ?2 6. 37( m4€&5mﬂ1@1s7qf46 28@:@1?91(: Smmmaphthaleza xtev?m&prlm ; igtin-4-

pyri di n- etr enz[ c] azepi n- 8-
yl oxymet hyl )B%Biﬂﬁpg%ﬁjﬁar@g (gﬁg" Mﬁcfhe same nmanner as in Exanple
6, Step 4, the title corrpound (600 ny) 137 was obtained fromt-butyl

8- 14- et hoxycar bonyl - 1- (pyri di n-4-yl ) gi p&¥i di n- 4-
yl met hoxyl - 2, 3, 4,N?i-tet racr;ydro- I t& | g} azepi ne- 2-carboxylate (750 ng) and

o]
H .
N COH 2HCI

A solution of ethyl 4-(2-amidino-8-chloronaphthalen-7-yloxymethyl)-1-
(pyridin-4-yl}piperidine-4-carboxylate dihydrochloride (78 mg) in conc. hydrogen
chloride 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% aqueous 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).

'H-NMR (6 ppm,DMSO-d,) 1.75-1.94(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, 1  H},
9.34(brs,2H), 9.62(brs,2H), 12.98(brs,1H), 13.65(brs,1H)

Example 40

Synthesis of ethyl 4-(2-amidinonaphthalen-7-yloxymethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylate dihydrochloride

Step 1

7-Methylthiomethoxynaphthalene-2-carbonitrile

Ncm,ovsm

In the same manner as in Example 10, Step 2, the title compound (907
mg) was obtained from 7-hydroxynaphthalene-2-carbonitrile(1.12 g).



trifluoroacetic acid (2.5 m). Step 8 Ethyl

4-(2-am di no-2, 3,4, 5-tetrahydro- 1H benz[c]azepin-8yl oxynethyl)- 1-
(pyridin-4-yl)pi peridi ne-4-carboxyl ate di hydrochl oride In the sanme nanner
as in Exanmple 6, Step 5, the title conpﬁ gd (200 ngy) was obtained from
ethyl 1-(pyridin-4-yl)-4-(2,3,4,5-tetra § ro- 1l H benzfcl azepi n-

8-yl oxynet hyl ) pi peri di ne-4-carboxylate (200 ng), diisopropylethylam ne
(0.105 nml) g?g u?-pyrazole- 1 -carboxam di ne hydrochloride (90 ng). 'H NWR
(5ppm DVBO- d6)- Y. 46(tr, J=7. 2Hz, 3H), 1.75(m 4H), 2.20(m 2H), 2.89(m 2H),
3.41(m 2H), 4&- O‘A(ommlelyhoxynammalbnéﬁzwmmﬁﬂﬂ. 58(s, 2H), 4.58(s, 2H),
6.76(1H), 7.11-7.22(m4H), 7. 47(brs,4FD, 8.24(1H), 13.60(brs, 1H) Exanple
42 Synthesis 8t 4/.2- 0y .OQﬁ' 3,4, 5-tetrahydro-

1H benz[ cl azepi n{&c yI) 1- [err] Ethyl

4- (2- ai ni di no- 2, 84S Lt rahydro- 1H- benz|[cl azepi n- 8-yl oxynet hyl ) -

1- (pyridin-4- yI)plperldlne 4- car boxyl at e dlhydrochlorlde (150 ng) was

di ssol ved in 6N-hygly hﬁﬁ# E%;Qm Isla{'p under
reflux for 3 hour s. er co t?%)ﬁjo Re Tea |%nn%{e|lﬁ?1t§oi UBIOZ&%%@& al
was renoved ang) wmmdmm@mmmaumhMcm@mm@mandgr
reduced press re 0 give the title conpound (140 ng). "H NVWR ([err]

ppm DVBO- d6) 1.8 1(m4H), 2.12-2.25(m 2H), 2 88 3.00(m 2H), 138
3.42(m 2H), Ot 4 zl%&én&id?hﬂfal 1gdPmetRyly.G( -
7.19-7. 23(rn?%E|-t|5@1 t7 54( brs , %9-(27?2 2H) , et?%y?o( rs, 1 @%ﬁrrgﬁrr%lgg“% Synt hesi s

of 4-(2-am digsboxrylate3 4- tetrahydr0| soqui nol i n-7- yIth| onethyl)- 1 -
(pyridin-4-yl)piperidine-4-carboxylic acid dihydrochl ori de

N
NC O

In the same manner as in Example 10, Step 5, the title compound (430
mg) was obtained from 7-chloromethoxynaphthalene-2-carbonitrile (314 mg), 1-
(pyridin-4-y))piperidine-4-carboxylic acid ethyl ester (743 mg) and a 2M-lithium
diisopropylamide-tetrahydrofuran solution (1.73 mi).
Step 4
Ethyl 4-(2-amidinonaphthalen-7-yloxymethyl}- 1-(pyridin-4-yl)piperidine-4-
carboxylate dihydrochloride

I
0
HoN )
. J\m’ Il

In the same manner as in Example 38, Step 8, the title compound (36 mg)
was obtained from ethyl 4-(2-cyanonaphthalen-7-yloxymethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylate (51 mg) and methyl iodide (0.6 ml).

'H-NMR {6 ppm,DMSO-d,) 1.14(tr,J=7.1Hz,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=7.0Hz,2H),
7.34(d,J=8.9Hz,1H), 7.48(s,1H], 7.66(d,J=8.9Hz, 1H], 7.98(d,J=8.9Hz,1H],



Step 1 t-Butyl 4-ethoxycarbonyl-4-iodonethyl piperidine- 1 -carboxylate
[err] To a solution of ethyl 1-tert-butoxycarbonylisoni pecotinate (7.14 Q)
in tetrahydrofuran (140 nml) were dropwi se added a 2M -lithium

di i sopropyl am de- tet-ahydrofuran solution (16.6 nl) and diiodonethane (2.7
m) at -78[err]C, and the nmixture was st1$4ed for 15 hours. After

conpl etion of the reaction, 10% aqueous citric acid solution was added, and

bri ne. " The. or BUAR TEGHF b A B e earats D iEIRea T aifreBhand tne
sol vent was eyapg(usqd) The obtained residue was purified by silica gel

col um chromat ogr aphy (hexane: ethyl acetate=9: 1) and dried under reduced
pressure to g itle conpound (8.68 g). "H-NWR ([err]ppm CDCl [err])

4
1.27-1.33(m 3 : T _%gﬁ%]? - _ 2(# 2H) ,
2. 90- 3. 10(m§%m%§l§§g%@§gi@|)r& : 5’%?’3%‘(%{2% ,3 4. 1?%%3%% gJSt ep 2
t - Butyl 4- (2- gloggmethyl)- 12(p8ridin-4iyi) pipgddimesbopar baxdylate dihyidrdubdoristehy| ) - 4-
et hoxycar bonyh i gri di ne- I-carboxylate [err] Crude ciystals of 2-acetyl-
1,2,3,4-tetra g‘ﬂf i soqui noline-7-thiol were obtained from
2- acet yl - 7- chRu@sgkf-0I8y4,5ltetaBydrobenA@aaepirpil sgeui nol i ne (US Patent No.
3725388)(7.68 g) an t% chloride dihydrate (25.3 g) according to the
met hod described gn Journal of Medicinal Chemistiy, vol. 23, No. 8, p. 837
(1980) and t heinobtNaingd @Me/st al s were di ssol ved in dinethyl forman de (120
m). Thereto 0: added pot assi um carbonate (4.27 g) and t-butyl
4- et hoxycar bon Adonet hyl pi peridi ne- 1-carboxylate (3.71 g), and the

m xture was stirred.at 10Q[errIC for 1 . After co etion of .
reaction, the r eac?]i‘oo‘?‘n ?‘%’b?ﬁ'%g‘?’fy Ff&%&é%dmnap%afm‘ ore (Stﬁl fg)in
conc. hydrogen chloride (26 ml) was added sodium azide (1.98 g} by portions with

ice-cooling, and the mixture was stirred at the same temperature 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 purified by
silica gel column chromatography (ethyl acetate) and dried under reduced
pressure to give the title compound (470 mgj).

'H-NMR (6 ppm,CDCL;) 1.98(quint,J=6.9Hz,2H), 2.80(tr,J=6.9Hz,2H),
3.13(q,J=6.9Hz,2H), 3.83(s,3H), 6.96(1H), 7.09(1H), 7.26(1H)
Step 2
8-Methoxy-2,3,4,5-tetrahydro- 1H-benz|cjazepine

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-tetrahydrobenz|cjazepin-
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



t he sol vent was evaporated. The obtained residue was purified by silica gel
col um chromat ogr aphy (hexane: ethyl acetate=2:8 - ethyl acetate) and dried
under reduced pressure to give the title conmpound (3.92 g). '"H-NWR ([err]
ppm CDCI 3) 1.18-1.24(3H), 1.44-1.51(1 1 2.12-2.18(5H), 2.80- 3.05(4H)),
3.12(2H), 3.66(1H), 3.72-3.95(3H), 4.01- .5_Ll( 2H), 4.57,4.69(2H), 7.03-
7.22(3H) Step 3 Ethyl 4-(2-acetyl- 1,2,3,4-tetrahydr

To'a sol ut 1 or"e Mol Bhi e sovehtinsdbelsdiand inieabt Nl Sroianey * ©
ylhlt hi o][ret hyl %reéu&dmsmg@gyhmh@fﬁllié dompeind +.09gy| ate (221 ng) ihn _

. , t
s 1 1Ted ai HOMRIGABE GBkkb L A8l 82 200 T bt oS pe
reaction, thesspkuen!s ¥8s RY2080HH 20287 .051Hye obtained residue were added

ethanol (3 m), triethylamne (0.39 nm) and 4-chl oropyndi ne hydrochl ori de
(70 ng). The Steptdire was stirred in a sealed tube at 150C for 2 days. After

conpl eti on of i ol p t he obt ai ned
Fes) duc vas. HFVRIES 5y et e AR R bR oY o,

met hanol -chl orof grn) ang dried under reduced pressure to give the title
conpound (63 RY) . AR ‘«‘ [err] ppm CDO 3) 1.21-1.26(3H), 1.58-1.70(2H),
2.17(3H), 2.23:2.4D(24), 2 F82. 90(2H), 3.05-3.22(4H), 3.64-3.85(4H),
4.07,4.15(2H), A7 4. 69(2H), 6.69(2H), 7.04-7.20(3H), 8.25(2H Step 4
4-(2-Am dino- 1,2,3 ,4-tetrahydroi soquinolin-7-ylthionethyl)- 1-(pyridin-4-
yl ) pi peri di ne- 4- caBidgthiory-2:5:+.8-¢rahdree bl dienglslazepine (8.6% g Was dissolved in

48% aqueous hydrogen bromide solution (36 mlj and the mixture was refluxed for

2 hours. The solvent was evaporated and ethanol and diethyl ether were added to
the obtained residue. The mixture was filtrated and dried under reduced
pressure to give the title compound (4.56 g).

"H-NMR (6 ppm,DMSO-d,) 1.80-1.83(m,2H), 2.85-2.88(m,2H), 3.22(m,2H),
4.,20-4.22(m,2H), 6.69(dd,J=2.5, 8.1Hz,1H), 6.82(d,J=2.5Hz,1H),
7.05(d,J=8.1Hz,1H), 8.80(brs,2H]), 9.42(brs, 1H)

Step 4
t-Butyl 8-hydroxy-2,3,4,5-tetrahydro- 1H-benz{clazepine-2-carboxylate

:-Buozcm,on

In the same manner as in Example 1, Step 1, the title compound (2.64 g)
was obtained from 8-hydroxy-2,3,4,5-tetrahydro- 1H-benz|c]azepine hydrobromide
(3 g}, 2N aqueous sodium hydroxide solution (30 ml) and di-tert-butyl dicarbonate
3.2g).

'H-NMR (& ppm,CDClL;} 1.40(s,9H), 1.68-1.80(m,2H), 2.84-2.88(m,2H),
3.66(m,2H), 4.28-4.37(m,2H), 5.19,5.91(1H), 6.63(1H), 6.70,6.85(1H), 6.98(1H)
Step S
t-Butyl 8-methylthiomethoxy-2,3,4,5-tetrahydro- 1H-benz|c]azepine-2-carboxylate

t—Bqucm/OvSMe



To ethyl 4-(2-acetyl- 1,2,3,4-tetrahydroisoquinolin-7-ylthiomethyl)- 1 -
(pyridi nd-yl)pi peridine-4-carboxylate (63 ng) was added conc. hydrogen
chloride (2 m), and the m xture was stirred at 90' C for 21 hours. After
conpl etion of the reaction, the solvent V\ﬁ:i evaporated and to the obtained
resi due were added i N aqueous sodi um hydr ® de sol ution (0.7 mM), acetone
(2 M) andl H pyrazol e-1 - car boxam di ne hydrochl oride (61 ng), and the

m xture was stirred,f Afte t t ,

hydr ogen chl ori de \Aﬁ;’%%é?i Q%&rﬁﬁ?ﬁ Exé“gﬂytb?osng&aéié}c&gen"r g‘fngi(r)'(llvdgiI was
evapor at ed. Towh$§6btakicd it téreHudyles- mmytdmﬁeﬁehahpdimam-behqc}mmmee was
filtrated. The sol vent vvas ev or at ed ﬁﬁﬁﬂ&gﬁ& bt ai n esr dﬂ}y

separ at ed by I—PEQO’M@? /b SPREHAY) 2 mﬂﬁaﬁ qu‘f“F 1 ety

acid) and trea} hydrogen chl oride, which was dried under
reduced pressure ? gr ve the title conpound (47 ng). 'H NWR [err;

ppm DVBO: [ err]) 'H:-NMRYSHRmCRGL) 124AUG9H), 20(Stmebl), 2244 3H), 2%

2005 o s B Ao Mo >

1,2,3,4-tet rahsgklp'ssoqui nolin-7-ylthio)ethyl]- 1-
(pyridind-yl)piperidined4-carboxylic acid di hydroch or| de st eg - But ylI
4-al | yl - 4- et hokpudyl Solfysthppearianytl-(@yndarhiRperen ey e 53231"1?f| on of

ethyl 1-tert-b g) in tetrahydrofuran (120
eg rﬁ%ﬁé &ééﬁ& 1418

m) were dropw se opropyl am de- tetrahydrofuran
solution (14 nil) and allyl bromde (2 z m) at -780C, and the m xture was

stirred for 3 hours. After conpletion pf he reaction, water was added and

the m xture was extracted with et N te and washed with 141

1-BuO,CN o
CO,Et

In the same manner as in Example 6, Step 2, t-butyl 8-chloromethoxy-
2,3,4,5-tetrahydro- 1 H-benz|c]azepine-2-carboxylate (850 mg) was obtained from
t-butyl 8-methylthiomethoxy-2,3,4,5-tetrahydro- 1H-benz{c]azepine-2-carboxylate
(530 mg) and sulfuryl chloride (0.145 ml) under an argon atmosphere. Then, in
the same manner as in Example 6, Step 3, the title compound (755 mg) was
obtained from a 2M -lithium diisopropylamide-tetrahydrofuran solution (2.05 ml).

'H-NMR (6 ppm,CDCl;} 1.27(tr,J=6.9Hz,3H]}, 1.39(s,9H), 1.64-1.78(m,4H), 2.30-
2.36(m,2H}, 2.85-2.88{m,2H]), 3.01-3.18(m,2H), 3.62-3.75(m,4H), 3.98(s,2H),
4.21(q,J=6.9Hz,2H), 4.30-4.38(m,2H), 6.62-6.67(m,3H), 6.72,6.84(1H), 7.02(1H),
8.25(2H)

Step 7
Ethyl 1-(pyridin-4-yl}-4-(2,3,4,5-tetrahydro-1H-benz|c]azepin-8-
yloxymethyl)piperidine-4-carboxylate

O
N
HN o]

CO,Et

In the same manner as in Example 6, Step 4, the title compound (600 mg)



saturated brine. The organic |ayer was dried over anhydrous nmagnesi um

sul fate and the sol vent was evaporated. The obtai ned residue was purified
by silica gel columm chromatography (hexane:ethyl acetate-4: 1) and dried
under reduced pressure to give the tith nmpound (5.07 g). Step 2
l-tert-ButoxycarbonyI-4-ethoxycarbony|piﬁé&idin-4-y|acetic acid [err] To a
sol ution of sodiumperiodate (14.69 g) in a mxture of water (90 m),

car bon et 25hihhek F8uT) by AREAIE . { Rnbli 15hiR L Pon U
4-al | yl - 4- et yimgthaxyied 846 petraidae-1 Hibereziojdrepines2-eartbxyldted Y 50 mg andxt ur e of
carbon tetrach]oride 10&@ ?xﬂd acetonitrile (10 mM) was added dropw se,
and the m xt (PEUQRECEaGLR-3M Y oom tenperature for 1.5 hours. After

conpl etion ofgeeh® reaction, the reaction mxture was filtrated and the
resi due was washed with ethyl acetate. The aqueous |ayer of the obtained

filtrate was Ethyish-&damidine2:3,6:5temabydrey bil-bens(clazepin-Syierymetnylrlous

magnesi um sul The. . ) 0 .t he obtai ned residue was
purified by éﬁﬁ@%4gﬂﬁlé§+(§§n€hc#§or§¥%gr Wﬁﬁéacet ate) and dried

under reduced pressure to give the title conpound (4.23 g). 'H NWR (d
ppm CDC13) 1.26(tr,J=7.0OHz, 3H), 1'48|1' (m 1 1H), 2.05- 2.18(m 2H),

2.65(s,2H), 3.2 jH#m 2H), 3.65-3. . 4.19(q,J=7.0Hz,2H) Step 3 t-Butyl
4- et hoxycar bonyl)@-(Z- hydr oxyet hyl Ypi peri di ne- 1-carboxylate [err] To a
sol ution of 1HNETr TNDTNE 2P ~4- et oxycar bonyl - pi peri din-4- ylacetic
acid (2.34 g) in tetra} of ur aCo£60 mﬁ was added a i M borane

t et rahydr of uran sok ¥7.42 M) at -780C, and the nmixture was allowed to
warmto roomtenperature in 15 hours in stirring. After conpletion of the
reaction, water anrmh fheisasss manner doindtamyle 6, 8tbhe3] thatite torapoud (200 mas

sUirred Bt oMM GSIREN LMY Sl L (Bl /4155 A8 ke AR AU v
8-yloxymethyl)piperidine-4-carboxylate (200 mg), diisopropylethylamine {0.105
ml) and 1H-pyrazole-1-carboxamidine hydrochloride (90 mg).
'H-NMR (6 ppm,DMSO-d,) 1.16(tr,J=7.2Hz,3H), 1.75(m,4H), 2.20{m,2H),
2.89(m,2H), 3.41(m,2H), 4.04{m,4H), 4.16(q,J=7.2Hz,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-benz|c]azepin-8-yloxymethyl)- 1-
(pyridin-4-yl)piperidine-4-carboxylic acid dihydrochloride

Ethyl 4-(2-amidino-2,3,4,5-tetrahydro- 1H-benz|c]azepin-8-yloxymethyl)-
1-(pyridin-4-yl)piperidine-4-carboxylate dihydrochloride (150 mg) was dissolved in
6N-hydrogen chloride (2 ml), and the mixture was stirred under reflux for 3 hours.
After completion of the reaction, insoluble material was removed and the soivent
was evaporated. The residue was dried under reduced pressure to give the title
compound {140 mg).

'H-NMR (S ppm,DMSO-d,) 1.56-1.81(m,4H]}, 2.12-2.25(m,2H), 2.88-3.00(m,2H],



142 hexane. The aqueous | ayer was extracted with ethyl acetate and washed
wWith saturated brine. The organic |ayer was dried over anhydrous nagnesi um
sul fate and the sol vent was evaporated. The residue was dried under reduced
pressure to give the title conmpound (1.92 é;). "H-NWR ([err] ppm CDd 3)
1.28(trJ=7. I Hz,3H), 1.35-1.75(m 1 1H) 138 82(tr,J=6.7Hz, 2H),

2.10-2.20(m 2H), 2.91(m 2H), 3.68(tr,J=6.7Hz, 2H), 3.75- 4.00(m 2H),

4.18(qgJ=7. | Hz, e 3

4- et hoxycar bg‘ﬁﬁ%mfi%’- %Qﬁ#a%@gjlx#‘b#ﬁ%i’?@’h@m%ﬁ e?'}%‘ilh%’-?'p'gazr r@)’(%/lfnat e
[err] To a sofis4i(es,40{), 8.28@H),) 13.70(brs, 1H)

4- et hoxycar bonyl - 4- ( 2- hydr oxyet hyl ) pi peri dine- 1- carboxylate (1.92 g) in a
m xture of tr ABne (1.15 m) and nethylene chloride (40 m) was added
met hanesul f ongly@Rkldr 492 (nifl- 1h)3 ftetrifldebisdduinBitl 7tifudthtyl) & - Was
stirred for 1 hour. After conpletion off. t he reaction, daqueous sodi um

hydr ogencar bof(pridinvdl)pipdeidinertcathoxpliqaed dilydyenhlevide separ at ed and dri ed
over anhydrougtma nesium sul fate. The sol vent was evaporated and the

obt ai ned resi JU& Was purified by silica gel colum chronatography

(hexane: et hyl t-Bueflat-ethotycathorgid-iddomethyipiperidieell cegdb@ydgsure to give the
title conpound (2.38 g). "HNWR ([err] ppmCDd 3) 1.29(tr,3H), 1.36-1.52(m
1 1H), 2.00(m 2H) t-8u 20(m2H), 2.9 1(m 2141, 2.99(s, 3H),

3. 80-4.00(m 2k .173-4.34(m 4H) Step 5 t-Butyl

4- et hoxycar bony¥= 42-i odoet hyl ) pi peri dine- 1 -carboxylate To a sol ution of
t-butyl 4-et hoxycﬁ? nyl - 4- ( 2- met hanesul f onyl oxy- et hyl) pi peri di ne-

oarboytate (2 38o) ol BPUAV] | SERRTh SR ehRinhdanie Aty sadi wm | odi de
of the reacti esftrahydiefuramd 40daip depdrophdseridded a2 Makthéwinr disbprbpyiatiidet hy|

acetate and washed with water. The organj | ayer. was _dri ed over. anhydrous
fetrhhydrofurtn Solution (166 il and diodomethane (2.7 ml) at -7&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).

'H-NMR (6 ppm,CDCL,) 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)
Step 2
t-Butyl 4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylthiomethyl)-4-
ethoxycarbonylpiperidine- 1-carboxylate

NCO; 1-Bu

AcN S\/D

Crude crystals of 2-acetyl-1,2,3,4-tetrahydroisoquinoline-7-thiol were
obtained from 2-acetyl-7-chlorosulfonyl-1,2,3,4-tetrahydroisoquinoline (US Patent
No. 3725388)(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 mi). Thereto were



magnesi um sul fate and the sol vent was evaporated. The obtai ned residue was
143 purified by silica gel colum chromatography (hexane:ethyl acetate=
1:1) and dried under reduced pressure to give the title conpound (1.03 g).
"HNWR ([err] ppm CDCl 3) 1.28(trJ=7. IHzl,BgH), 1.26-1.45(m 11 H), 2.05-
2.20(m4H), 2.87(m2H), 3.01-3.07(m 2H), 3. 75-4.00(m 2H), 4.20(qJ=7. 1
Hz,2H) Step 6 t-Butyl 4-[2-(2-acetyl-

1,2,3,4-tetr ' 0= 72 Vit Q) Vil 1= dba ony!l pi peri di ne-
I oar boxy! at SEED Eo S lnkie i Qertibanfs BlgRIEhAN

2- acetyl - 1, 2,i8ddmettytpiparitiine-d exprboxryldte 63.71 ghiant the mextlirs sak wddedrat 100°C

di met hyl f or ' 15 and. thereto were added 60% sodi um hydri de (243
ng) and t- but Ygglpé‘f'hd%%éfpﬁ’@mg ?fkfrie %%%FB@WHECW%&EE?% ate
(1 9), and t h@ebivbbi Ra¥evaporited €drtad obtlined rédidhOwas pheEed bisliieh geonpl eti on
of the reaction, water was added and the m xture was extracted wth ethyl

acetate and veelwan cirematngraphn (Bexascratbyl arptatesiZBin eyl asesatelanrd dricéd over
anhydrous ma ' f | tﬁelqu wﬁ] ated. The obt ai ned
resi due was g%?‘féfr:‘lga %}?@%@g%gbgco ut\‘rr'reﬁéggﬂ orra‘fggr a%hy (hexane: et hyl

acet at e=3:7) afd-NMR<¢d ppr€DAL$ AL 2p{3¢8 sLA4-1.51@1HE 2 B2t 1/($H), @8tpound

(532 1) < VB B BB O, o S il o5

4.57, 4. 69(2H)7 2Z(3%p- 7. 15(3H) Step 7 Ethy 4-12-(2-acetyl -
1, 2, 3, 4-tetrahydroi soquinolin-7-ylthio)ethyl]- 1-(pyridin-4-
yl) pi peri di neStPcr boxyl at e COREt

Ethyl 4-(2-acetyl-1,2,3 ,4-tctmhydroisoduinolin—7—ylthiomethy1)- 1-(pyridin-4-
yl)piperidine-4-carboxylate

&
\/O
S
N

To a solution of t-butyl 4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-

ylthiomethyl)-4-ethoxycarbonylpiperidine-1-carboxylate (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 completion 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 evaporated, 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).

'H-NMR (6 ppm,CDCL;) 1.21-1.26(3H), 1.58-1.70{2H), 2.17(3H), 2.25-2.40(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)

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



[err] In the sane manner as in Exanple 43, Step 3, the title conpound (98
ng) was obtained fromt-butyl 4-[2-(2-acetyl-

1,2, 3,4-tetrahydroi soqui nolin-7-

yl t hi o) et hyl | - 4- et hoxycar bonyl pi peri di ne- 1-carboxyl ate (233 ng),

tri luoroacetic acid (1 m), 4-chloropygpi di ne hydrochl oride (72 ng) and
triethylamne (0.4 m). 144 Step 8 4-[2-(2-Am di no-

1,2, 3,4-tetrahydroi soquinolin-7-ylthio)ethyl]- 1-(pyridin-4-

yl ) pi peri di ne-4-carboxylic acid di hydrochloride NH [err] In the sane manner
as in Exanple 43, Step 4, the titlg C ound (53 ng) was obtained from ethy
4-[ 2-(2-acetyl - 1 2,3, 4- tetra r oRS#ui nol i n- 7-

yl thio)ethyl]- (pyrldln 4-ylf) pi Peri di ne- 4-carboxylate (94 ngy), conc.

hydr ogen CHL% “QP:] us, i um hydroxi de solution (1 n) and

1H pyrazol e di ne dogdr ochToride (88 ng). "H NVR ([err]

ppm DMSO-d6) 1. 4 $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), 3600n2m 4.04(m 2H), 4.57(s,2H), 7.07-
7.18(m5SH), 7. 631(d0émy14411{12 aCet?il(,2]9) 4-tétratfBrbisoqulihblin-F3ibddhethy} ). Exanpl e 45
Synthesis of 4-(2-amdin

1,2, 3, 4- t elnyERimttofl @wmmﬁw@m @éﬁp@ﬁﬁ%@d@ﬂi @nc hydrogen chloride
(P i S PoAsthgiatufe Gas Ut bEoBe! rch HAEECTARL e, o che B4tV
et hoxycar bmapﬁph,pthcisdlvnat was emmmtyﬂ ahd tp ¢he @btimcal residut were adddd it yl
4-(2-acetyl - ladidodils LAQESH 0% Lllj, Acetone (2 mi) and 1H-pyrazole-1-
carboxamidine hydrochlonde (61 mg), and the Imixture was stirred for 12 hours.
After completion of the reaction, dil. hydrogen chloride 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. hydrogen chloride, which was dried under
reduced pressure to give the title compound {47 mg).

'H-NMR (& ppm,DMSO-d,) 1.57-1.70(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-tetrahydroisoquinolin-7-ylthio)ethyl]- 1-
{(pyridin-4-yl)piperidine-4-carboxylic acid dihydrochloride
Step 1
t-Butyl 4-allyl-4-ethoxycarbonylpiperidine- 1-carboxylate
CO,Et

NCO; 1-Bu

To a solution of ethyl 1-tert-butoxycarbonylisonipecotinate (6 g} in
tetrahydrofuran (120 ml) were dropwise added a 2M -lithium diisopropylamide-
tetrahydrofuran 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



yl t hi onet hyl ) - 4- et hoxycar bonyl pi peri di ne- 1- car boxyl ate (252 ng) in

nmet hyl ene chloride (5 mM) was added 70% 3-chl oroperbenzoic acid (260 ng) at
roomtenperature, and the m xture was stirred for 12 hours. After

conpl etion of the reaction, aqueous sodi um hydrogencarbonate sol uti on and
aqueous sodiumthiosul fate solution wepgaqadded, and the m xture was stirred
for 30 m, followed by extraction wth chloroform The organic |ayer was
washed with saturated brine and dried over anhydrous magnesi um sul fate. The
sol vent wassatusagted bried. Thd diganivdaydrevasdriidmdr anbydioas neagnesiunt seldatby
silica gel colum chromatograph e | . acetate). and drie nder. reduced

ot essur ot 0S8 JBF RIEET S ORI o TS 0 B TeskRves it BCRlisd 6155 51y
1.45(9H), 1leififrdtdhrotatbraph (Hekhne:eth§Bacetat®44:2Hind Aried (A reduded 2H) .
3.65-3.78(3H), 3.85(1H), 4.16-4.25(2H), 4.69,4.81(2H), 7.32-7.75(3H) Step 2
Et hy 4- (2- apeesgyire to giwezhe titlecoappHRndi(23.8¢@-nol i n- 7-yl sul fonyl met hyl )- 1

- (pyridin- 4g. vl ypi peri di ne-4-carboxylate [err] In the same manner as in
Exanpl e 43, ep 3, the title conpound (120 ng) was obtained fromt-butyl

4- ( 2- acet yl 1-tértzB\Bprydachomiividethoxymqobonylpiperidin-4-ylacetic acid

yl sul f onyl net hyl ) - 4- et hoxycar bonyl pi peri di ne- 1- car boxyl ate (203 npg),
trifluoroacetic ac®@&E{1 m ), 4-chloropyridine hydrochloride (72 ng) and
triethyl am Mo, (0. ). Step 3 4-(2-Amdino-

1, 2,3, 4-tetrahydr o soqiopekd N- 7-yl sul fonyl methyl)- 1 -(pyridin-4-

yl ) pi peri di ne-4-carbbxylic acid di hydrochloride [err] In the same manner as

In Exanple 43, SUgp,4onidfi df'sbaiant BERAHRE 14169 in a mixture of water (90 ml),
carbon tetrachloride (S0 ml} and acetonitrile (50 ml) was added ruthenium chloride
(111 mg) and a solution of t-butyl 4-allyl-4-ethoxycarbonylpiperidine-1-
carboxylate (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 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 chromatography (ethyl acetate) and dried under reduced pressure to give
the title compound (4.23 g).

'H-NMR (& ppm,CDCl,) 1.26(tr,J=7.0Hz,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(q,J=7.0Hz,2H])
Step 3
t-Butyl 4-ethoxycarbonyl-4-(2-hydroxyethyl)piperidine- 1-carboxylate

COzEt
HO %

NCO, 1-Bu

To a solution of 1-tert-butoxycarbonyl-4-ethoxycarbonyl-piperidin-4-
ylacetic acid (2.34 g) in tetrahydrofuran (60 ml) was added a 1M borane
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



ng) was obtained fromethy 4-(2-acetyl-1, 2,3, 4-tetrahydroi soqui nolin-7-

yl sul fonyl met hyl ) - 1- (pyri di n-4-yl) pi peri di ne4-carboxyl ate (200 ng), conc.
hydrogen chloride (10 m) , 1N aqueous sodi um hydroxi de solution (2.06 m)
and 1H pyrazol e-1 -carboxam di ne hydrochloride (181 ng). "H NWR ([err]
ppm DMSO-d[err]) 1.78-1.90(m 2H), 2.0842 20(m 2H), 3.03(m 2H), 3.51(m 2H),
3.67(m2H), 3.77(s,2H), 3.92(m2H), 4.72(s,2H), 7.19(d, J=7.5Hz, 2H),
7.54(1H), 7.65(1H), 7.72-7.76(m5H), 8.23(d,J=7.5Hz, 2H) Exanple 46 146
Synt hesi s ®iex4nd. 2Tb2*aﬂﬁi:0ihzﬂlaycrwas extracted with ethyl acetate and washed with

1,2,3,4-tetrah d soqu oI|n sul fon et hyl
(pyndi n- 4- p& rﬂ}ene 8%36’6‘3( f,rw%%g%e% eraég’ﬁséﬁ“fu{fa@utyl

4-[2-(2-ac %hulme §o1v&lt3n£g é@b&t’ﬁw&r qrh%qasiaﬁewa@. dﬁeﬁ'Lﬁi&ef- Setitlcke phydshiré-

et hoxycar bonyl pi peri di ne- -carboxylate [err] In the same manner as in
Exanpl e 45t0&Vepl'leli;ﬂ¢bmnP0mmté(lc%§bund (173 ny) was obtained fromt-butyl

3| L f))z ot ﬁslt ryriﬁwé"rﬁ @@@%g@p‘??@?ﬁ%ﬁﬂi £ ﬁgb&?ﬁna{}sm(z% mg) and 70% 3-

chl or oper bar&zqu—g—amﬂz 21292 1052.20609H) 22.81 (i, 281,126 8@ ST HE,2H], 3.75-
,2,3,4-tetrah dr0|so ui nal i n 7-yisul fonyl)ethyll- 1-(pyridin-4-

yI )p| peri di (25 6 réT’é rﬁ']) In the sane manner as in Exanple 43, Step

3, the titlggesgmpound (97 ng) was obtained fromt-butyl

4-12-(2-acetyl -1, 2, 3, 4-tetrahydroi soqui nolin-7-

yl sul f ony| tdButyl 4-ethosy¢arbonyrb @retianesifonyoxiethyl) bipeyiiteel -caft®xyig)e

trifluoroacetic acid (1 m), 4-chloropyridine hydrochloride (60 ng) and

CO.Et
MeO,SO 2
NCO, t-Bu

To a solution of t-butyl 4-ethoxycarbonyl-4-(2-hydroxyethyl)piperidine- 1-
carboxylate (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
hydrogencarbonate 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).

'H-NMR (S ppm,CDCL} 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)
Step 5
t-Butyl 4-ethoxycarbonyl-4-(2-iodoethyl)piperidine- 1-carboxylate

| COLEt

NCO; t-Bu

To a solution of t-butyl 4-ethoxycarbonyl-4-(2-methanesulfonyloxy-
ethyl)piperidine- 1-carboxylate (2.38 g} in dimethylformamide (24 ml) was added
sodium iodide (4.77 g), 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 anhydrous
magnesium sulfate and the solvent was evaporated. The obtained residue was



triethylamne (0.28 nm). Step 3 4-12-(2-Armdino- 1,2
, 3, 4-tetrahydroi soqui nolin-7-ylsul fonyl)ethyll- 21-(pyridin-4-
yl ) pi peri di ne-4-carboxylic acid dihydrochloride [err] In the sane manner as

in Exanple 43, Step 4, the title conpound (57 ny) 147 was obtained from
ethy 4-[2-(2-acetyl-1,2,3,4-tet rahydro,illgpqui nolin-7-
yl sul fonyl)ethyll-1-(pyridin4-yl)piperidi ne4-carboxylate (97 ng), conc.

hydrogen chloride (2 mml g 1IN aqueous sodi um hydroxi de solution (0.97 nl)
and 1H pymparified by-siiga rhiehromatogmnhyrhemnesthylgicetates INNVRngd3iried

ppm DVBO-d 1,42~ 78- 0 A6:2.12(m 2H), 3.03(m 2H),
3. 17- 3. 30( g{“ﬁﬁ?@%@?’%ﬁ&’pmﬁé‘ijﬁtﬁﬁﬁéﬁ%‘d (i'.o?’lg-)'( s, 2M), 7.17(2H),

Z. ?g( 1H) N 7. Wil\mlzmgcﬁ pr&t@DCﬁ). 298(2#;!)=’EXH23|3_[—H:, %zssym(hesm), afosset hy

-(2-am dino-_ 1, -tetr r.o ui.nol i p-7-

y1 sul  onyl 2a0By3HL 2 AR aS 15 DR Rrb T 500 mA 420G R dHE2 or i de
Step 1 1-(R¢eb@ N-4-yl)piperiding-one [err] A solution of 4-chloropyridine
hydr ochl ori de” (10 , 1, 4-di oxo- 8- azaspir-o04, 5|l decane (10 and

t?/i et hyl amt@qgﬂzg[zgr%%amml,msﬁ-mtmm'dr@gowimﬁq-mltmqetaaw%g% er (30 m) was
stirred at 150[ er for 22 hours | seal ed tube. After conpletion of the
reaction, °’§’84F’ir5’bﬁ¥1p%ﬁ§? éﬁ'@é‘@ag%d 5N aqueous sodi um hydr oxi de
solution (25 m) was added. g m xture was extracted with a m xed sol vent

of chlorofo S The organic | ayerwas dried over anhydrous

sodi um sul fa e sol vent S evaporated. To the obtained
NCOg t-Bu

a

Crude crystals (1.26 g} of 2-acetyl-1,2,3,4-tetrahydroisoquinoline-7-thiol
were dissolved in dimethylformamide (15 ml) and thereto were added 60% sodium
hydride (243 mg) and t-butyl 4-ethoxycarbonyl-4-(2-iodoethyl)piperidine-1-
carboxylate (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).

'H-NMR (6 ppm,CDCl,) 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])
Step 7
Ethy 4-[{2-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylthiojethyl}- 1-(pyridin-4-
yl)piperidine-4-carboxylate

AcN: I j/s\/\%
N
1

In the same manner as in Example 43, Step 3, the title compound (98 mg)
was obtained from t-butyl 4-[2-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-
yithio)ethyl]-4-ethoxycarbonylpiperidine- 1-carboxylate (233 mg), trifluocroacetic
acid (1 ml), 4-chloropyridine hydrochloride (72 mg) and triethylamine (0.4 ml).



resi due was dropw se added conc. hydrogen chloride (30 M) wth

i ce-cooling, and the m xture was stirred at the sane tenperature for 10
mn. After conpletion of the reaction, sodium hydroxide (15 g) was added.
The m xture was extracted with chloroformand dried over anhydrous sodi um
sul fate: The sol vent was evapor at ed and the obt ai ned residue was purified
by silica gel colum chronmat ography (crﬁ or of orm net hanol =9: 1, 1% aqueous
anmoni a) and dried under reduced pressure to give the title compound (6.1
Q). 1H—NI\/Rs{t[,grg] pmeDCIB) 2. 57(tr J=6.2Hz, 4H), 3.74(trJ=6.2Hz, 4H), 6 71
(dd,J= 1.5, 4. 8.33(ddJ=1.5, 4, 5Hz, 2 Step 2 Meth 4amno-
-(pyridin- ’Q‘@p‘i"ﬁ%ﬂ*ﬁl il a3 4 feaﬁbmmumohﬂﬂsylﬁfm)&ﬂy&rh{n

1- (pyridi n4p%iseR géﬂ))o d}}atehanol sol uti on were added
anmoni um a?ensé% HJ?‘% aqueous sodi um cyani de solution (560 ng/5 m),
ageuous anmoni 5 mM) and acetic acid (2 m), and the m xture was stirred
at room t enper re for 12 hourgoHAf ter conpl etion of the reaction, the

sol vent wasy % amonia (3 n) was added and the nixture
was extracte Wi h C of orm [The organl c layer was dried over anhydrous

sodi um sul fate, and”Th&# sol vent orated to give a residue. Hydrogen
chloride was blown into a sol ut |2|9‘§ residue in 100[err] hydrogen
chl oride- nethanol (25 m) wth L-c I ng and the solution was stood at

roomtenperature for 12 hours. After conpletion of the reaction, the
sol vent was evaphrﬁieesénmﬁahncﬁd&mncﬁxampie&&sgpdhehmlaﬂeantdpnmm\\tas;mg)ogen

chloride (25 xture. eutrallzed wth
sodi um hydr ‘?%%‘In &f?fré %Wé{ @&F b’eé %]W[;t“hgemhg organl c layer
was washed §l]-\1€{bynd\ht41y1)\pjb@ﬁd1ﬁ8d!- &abokyaeqod dgpa:oaadhﬁﬁb g over

anhydr ous SOdI um sul fate. The solvent was evaporated and the residue was

dri ed underchigsifledd gih ¥ agyeaus spdinmdhydsexide splation (1 ml) and 1H-pyrazole-1-
carboxamidine hydrochloride (88 mg).

'H-NMR (& ppm,DMSO0-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,lH)

Example 45

Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)- 1-
(pyridin-4-yl}piperidine-4-carboxylic acid dihydrochloride

Step 1

t-Butyl 4-(2-acetyl- 1,2,3 ,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)-4-
ethoxycarbonylpiperidine- 1-carboxylate

NCO- t-Bu

AcN soz\/Q
CO.Et

To a solution of t-butyl 4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-
ylthiomethyl)-4-ethoxycarbonylpiperidine- 1-carboxylate (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 evaporated



compound (760 mg). "H- NVR ([err]ppm CDCl [err]) 1.55-1.65(m 2H),
2.08-2.17(m 2H), 3.46-3.50(m4H), 3.74(s,3H), 6.66(dd,J=1.5, 4.5Hz, 2H),
8.25(ddJ=1.5, 4.5Hz,2H) Step 3 Methy

1-(pyridin-4-yl)-4-(2-trifluoroacetyl -1, 2, 3, 4-tetrahydroi soqui nolin-7-

yl sul f onyl am no) pi peri di ne- 4- car boxyl atg [ewrr] To a solution of nethy
4-am no- 1-(pyridin-4-yl)piperidine-4 18 rboxylate (330 ng) in chloroform (5
m ) were added 7-chl orosul fonyl-2-trifluoroacetyl -

L7 e ey gl a2
p ridine , ana tne mxture was
stinred at 3¢ai B ”?%9” f‘g e togivethedilefompaymddeO3 gy eact i on,

vater was adgefMre[Sippm, A\ he2 @k LESOLRS]. gg@mq @gl_zvg(;(gHF 3l gg_of or m and

washed successively th water and satur ated I ne. The organic | ayer was
dri ed over 343y 6L%3(ZHI;I|3Lﬂﬁ(%H], B&i%e3.78H) 3@5{sldi)v@d6-4/x@§(2éi},aporat ed. The

o) e R BRI B8 o5 516 51y 7 8155 5 562k 5 043 08(2H)

339346 Skpp 23. 42-3.58(2H), 3.62-3.76(2H), 380396(2H) 4.77-4.82(2H),
6. 80(2H), 16 7.32(1 7.68-7.82(1H), 2H) Step 4 Methy 4- (2 am di no-
1,2, 3, 4- te@ﬂash PSS Qﬁr%ﬁrtﬁMMWﬂw Tﬁ( -Hswonylmethwi)oh -fyridin
4- yI ) pi per&ﬁb 4. & dihydrochloride [err] To a solution of nethy
1- (pyridin=: 9?514(2tr| uoroacetyl 1, 2,3, 4-
t et rahydr oi soqui nol i n-7-yl sul fon no) pi peri di ne- 4- car boxyl ate (627 ny)
in a mxture of chloroform m a d nethanol (1 m) was added a 2N
aqueous sodi um SO N
AcN 2
CO.El

In the same manner as in Example 43, Step 3, the title compound (120
mg) was obtained from t-butyl 4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-
yisulfonylmethyl)-4-ethoxycarbonylpiperidine- 1-carboxylate (203 mgj),
trifluoroacetic acid (1 ml), 4-chloropyridine hydrochloride (72 mg) and
triethylamine (0.33 ml).

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

¢

COH

In the same manner as in Example 43, Step 4, the title compound {120
mg) was obtained from ethy 4-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-
yisulfonylmethyl)- 1-(pyridin-4-yljpiperidine-4-carboxylate (200 mg), conc.
hydrogen chloride (10 mi} ,1N aqueous sodium hydroxide solution (2.06 ml) and
1H-pyrazole- 1-carboxamidine hydrochloride (181 mg).

'H-NMR (6 ppm,DMSO-d,) 1.78-1.90(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=7.5Hz,2H),
7.54(1H}, 7.65(1H), 7.72-7.76(m,5H), 8.23(d,J=7.5Hz,2H)

Example 46



hydroxi de solution (1.1 m), and the m xture was stirred at room
tenperature for 2 hours. After conpletion of the reaction, 2N hydrogen
chloride (1.1 m) was added and the m xture was concentrated. To the

obt ai ned resi due were successively added di nethylformam de (3 m),

di i sopropyl ethylamne (0.91 m) and 1H pyrazole- 1 -carboxam dine

hydr ochl oride (305 ng), and the mi xt uré@as stirred at roomtenperature for
12 hours. After conpletion of the reaction, the reaction m xture was

filtrated, Qpghddieofld-[2X24BidRS 13, 9B WeEEh %&g%qﬁ&oﬂhei-iﬂ%blféﬁﬂﬁﬂz ihe

resultant solid was s arated b HF’LC 0.05% aqueous trifluoroacetic

aci d: net har{pjfﬂ!hn-"rﬂ’uplﬁe@maﬁm @Clﬁhdelhy alofder ogen chl oride and dried
under redu§ [y essure to give the title corrpound (480 ng). 'H NWR

([err] ppm d6) 1.86-2.16(m4H), 3.00(m 2H), 3.35-3.42(m5H),

3.67(m 2H) ,t-Bu@M@%cem-M(m&ﬁahywwlﬂem 7Hisidnyl)eth#l[@1H) , 7. 56( 1H),

7.62(1H), 7.82(brs, 4H) . 8,22( I Hz 2H), 8.56(s, 1H), 13.89(brs, 1H)
Exanpl e 48 @Wﬁ%&%%f’@%‘iﬁ

1,2, 3, 4-tetrahydroi soqui nol i n_7-yl squonyI am no)- 1-

(pyr| di n- 4- XN PHNRe™y ylic acid nethyl ester dihydrochloride
150 [err] To
1,2,3,4-tetrahy Aoqui nol i NC@4uutEuonyl am no) -

1- (pyr|d|n4 yl ) pi peri di ne- 4- car boxyl ate di hydrochl oride (415 ng) was added

6N hydrogen chi oInd&@nahﬂannaﬂdskhE:mplewsesml Sthetitle¢omipdanhd(F3 ux for 4

hours. After conpletjon of the reaction, insoluble material_ was renoved and

t he sol ventmgﬁga%‘?}%fﬁ’&egtfgﬂn t-Basl Ay IR-(rase e 3 At BRDEARPISORUINOERTA t ant sol i d

was col | ect t iqﬂﬂr give the
title conp und (3 154 iib %Iﬁ%@?%g%bl\% E?Z}bgi) %%Hg MPO(m 4H) ,

2.99(m 2H) c@rog@(onnmgacxe(MmgtH) 3.80-3. 95(m2H) 4.71(s, 2H),

7.16(d, J=7. 7.44(1H), 7.56( H), 7.67(1H), 7.80(brs, 4H),
8. 2oEdJ =7, %{iﬁm 8.35(2,;% " (19 (brs. 4n)

Ethy 4-[2-(2-acetyl-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonyl)ethyi}- 1-(pyridin-4-
yl)piperidine-4-carboxylate

\/U
<

In the same manner as in Example 43, Step 3, the title compound (97 mg)
was obtained from t-butyl 4-|2-(2-acetyl- 1,2,3,4-tetrahydroisoquinolin-7-
ylsulfonyl)ethyl]-4-ethoxycarbonylpiperidine- 1-carboxylate (173 mgj,
trifluoroacetic acid (1 ml), 4-chloropyridine hydrochloride (60 mg) and
triethylamine (0.28 ml).

Step 3
4-[2-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonyljethyl}- 1-(pyridin-4-
yl)piperidine—4-carboxy1ic acid dihydrochloride

CO.H - 2HCI

oo™ B

In the same manner as in Example 43, Step 4, the title compound (57 mgj)



Exanpl e 49 Synthesis of ethyl 4-(2-am dino-

1, 2,3, 4-tetrahydroi soqui nolin-7-

yl sul f onyl am nonet hyl ) -1 - (pyri di n4-yl) pi peri di ne-4-carboxyl at e

di hydrochl oride Step 1 t-Butyl

4- benzyl oxycar bonyl am nonet hyl - 4- et hox ggrbonylpiperidine- 1- carboxyl ate
[err] To a solution of 1-tert-butoxycarBbdnyl-4-ethoxycarbonyl -pi peri di n-4-
ylacetic acid (1.6 g) and triethylamne (0.71 m) in dinmethylfonnmam de (20

mh) was addeds db@hﬁ%&rﬁ@@%@@@g&?ﬁ L8, 4-te&~<)h3@drol o blﬁtrggr at u]rg fand10
the m xture wa tirre 7 err Qr mn an t hen at err or
m n. Benzyl Ylﬁ‘i‘@W@Fﬂ’é’B ]5833'?"91-‘{ IP&HQE{?‘AHF@W@@% TR EIne: Bydrogemd t he

i Xt ur e wascigbhidd 1N 2RuBSIY Socidh G AIPAALLEH (267 bliPard tion, water

was added and the m xture was extractéd with ethyl aceta vvashed W th

i N aqueous pwazelenlksarboxdmidinsohydroddoridh@6angani ¢ | ayer was dr| ed over

sy due vas paARTR HRoh DM QR A RE SR 1R S0RERR) Lo X Bt Dncer
reduced pr essarrﬁzm &uvez 3(buaa 4H;, Beaa;@fm)ueebsm 18fm@H), 47&%@1&} ’r+1m),
([err]pme,PCIE H , 1.36-1.50(m 11

10(m 2H), 37-p3 1rﬁ)’ 7738%%9{“112%20(% )70(m2H) 4.14(q, J=7. OHz, 2H)

5.01(brtr, ﬂ)mlg?é)gfs 2H), 7. 26- 7 40(m 5H) Step 2 Ethy
4- benzyl oxycar bonyl am nonet hyl - -(pyridin-4-yl)piperidine-4-car boxyI ate

CO2El [ er r ] Symthesis of methynd-¢2- anndhubyll 2 3% ttrahlydroisoguimolip-Zmi nonet hyl -
ylsulfonylaminoj-1-(pyridin-4-yljpiperidine-4-carboxylate dihydrochloride
Step 1 |
1-(Pyridin-4-yl)piperidin-4-one

A solution of 4-chloropyridine hydrochloride (10 g), 1,4-dioxo-8-
azaspiro[4,5]decane (10 g) and triethylamine (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 chloroform-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. hydrogen chloride (30 mi} 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 sulfaté.': 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).

'H-NMR (& ppm,CDCLy) 2.57(tr,J=6.2Hz,4H), 3.74(tr,J=6.2Hz,4H), 6.71(dd,J=1.5,
4.5Hz,2H), 8.33(dd,J=1.5, 4.5Hz,2H)
Step 2
Methy 4-amino- 1-(pyridin-4-yl)piperidine-4-carboxylate



et hoxycar bonyl pi peridine- 1 -carboxylate (851 ng) in chloroform (5 m) was
added trifluoroacetic acid (5 m), and the m xture was stirred at room
tenperature for 30 min. After conpletion of the reaction, the solvent was
evaporated and to the obtained residue were added ethanol (5 m),

4-chl oropyri di ne hydrochloride (304 ng) and triethylamne (1.69 m). The
m xture was stirred at 150'C for 2 day48in a seal ed tube. After conpletion
of the reaction, the solvent was evaporated. To the obtained residue was
added 2N aqgeuous sodi um hydroxi de solution, and the m xture was extracted
chl oroform ThN ni yer was dried over anhydrous sodi um sul fate and
t he sol vent was vapo+§€§§& The obtai ned residue was purified by silica gel
col um chronmbgggzz:y or of orm net hanol =93: 7) and dri ed under reduced
pressure to give the title conpound (738 ng). "H NMR ([err] pm CDC13)
1.27(trJ=7. Oz, 3h o sshmnﬂofiqggi&mﬁmm%m Eo@’ in FhelPmdl SALALR) |
3.35-3.45(m 2H), 3.52-3.68(m , 4.19(qJ=7.0Hz, 2H), 5.05(brtr, 1H),

5. 09( s, 2H) ,wese @8detd ammpnivumiacetate (ES0mggagepns sogiums cyhridessolution(360St ep 3

Et hy 4-am -1 ridin-4- | I di ne- b te. r.obrom de
[err] To arHs{ uﬁﬂbﬁ %@éﬁﬁ@ﬂﬂ%ﬁ%ﬁ%@%ﬁfﬁyggﬁy@ﬁﬁ?@% fw pyri di n-4-
yl ) pi peri distieredca rbamtermberat®ie foniQ hoursc hAfienéamplietiéh of thie yreamisnadaded 25%
152 hydrogen brom de-acetic¢ acid (2 m and _t he m xtur sti.rred at
oom 1 emper BIEREVES FratsreT and AP AAER o Ol v Sl bl Sne ke

di i sopr opy|w& defactiadvith ehidydfoh.herhe/ s shid tief wab dried SveruRfiyashant was
renoved. Then, dinethylformamde (1 m) was added and the resultant solid
was col | ectwdiuy sulfaterand gie solyeat was Eeaporrted to/ge Byesidue e Hygregedr i ed under

reduced pregadiide & BbwA ot ddhtih GARB G HPHovRydrogen chioride-

methanol (25 mli) with ice-cooling and the solution was stood at room temperature

for 12 hours. After completion of the reaction, the solvent was evaporated and to
the obtained residue was added 2N-hydrogen chloride (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}.

'H-NMR (6 ppm,CDCly} 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, 4.5Hz,2H), 8.25(dd,J=1.5, 4.5Hz,2H)
Step 3
Methy 1-(pyridin-4-yl)-4-(2-trifluoroacetyl-1,2,3,4-tetrahydroisoquinolin-7-
ylsulfonylamino)piperidine-4-carboxylate

/O
i SO |

FaC” N {N

H 002Me

To a solution of methy 4-amino- 1-(pyridin-4-yl)piperidine-4-carboxylate
(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



Step 4 Ethy 1-(pyridind-yl)-4-(2-trifluoroacetyl -

1, 2,3, 4-tetrahydroi soqui nolin-7-

yl sul f onyl am nonet hyl ) pi peri di ne-4-carboxylate [err] To ethy

4- am nonet hyl -1 - (pyri di n-4-yl) pi peri di ne4-carboxyl ate di hydrobrom de (423
ng) were added pyridine (2 m) and 7-chlorosul fonyl-2- trifluoroacetyl -
1,2,3,4-tetrahydroi soqui noline (273 ng)49and the rnixture was stirred at
roomtenperature for 2 hours. After conpletion of the reaction, the solvent

was evapor a ed rd water Vas sextrated

ot o o e SRR B bt e AR SRS S R SRS AN ¢ oy o
o ool umn: aﬁﬂsamm: e e el s M&’ e tead
el col um chr.o chl or of opm met hano and dried under reduce
gr essure toaﬁg\fgﬂﬁﬁgﬂ’cﬁ seé’BB‘PFﬁttﬁﬁlnd&g]???l was ‘PQ&)FP GSERTESYEer 1 ] )
1. 20- 1. 35( 3k} givd ﬂ;e&sm;e&%édﬂnd(gg—;en 130(2H), 2.88- 3. 15(4H) 3. 30- 3. 45(2H) ,
3.75-3. 95(4H) 85(2H). 6.80- 6 88(2H) 7.12-7.36(1H) .

7.65-7. 80( 2H)'H- ﬁMi%LdIJpza 13]§%256(§I’Hy2 22-2.35(2H),d.9-3.08(2H),

1,2,3,4-tet
(pyrr di n- éel ?r’i{%?%gﬁgr ne %c%ért%ﬁ& é%’k%g%gj’g %(?gg 4771_%??@@”] In the
same manner 680(2H), EXHPBE(14], 7. 68@}:82{1HI,I8€20(21H)I e conpound (75 ng) was

obtained fr ethyI 1-(pyridin4-yl)-4-(2-trifluoroacetyl- 1,2,3,4-
tetrahydroi %&?Rn nol i n-7-yl sul f onyl am nonet hyl ) pi peri di ne-4-car boxyl ate (222

my) , di i sopnpy & ;méhﬁﬂinﬁel £ 3,28 tfiihydAsibqulidint ?Bhﬁor'x wﬁmquﬁme

hydr ochl orlde (11 err] ppm DIVISOd err]) 1.21°(tr,J

|-z,311), 140p Wbozyle (

NH
HdN’l‘N ,J:::J * 2HCI

H COzMe

To a solution of methy 1-(pyridin-4-yl)-4-(2-trifluoroacetyl-1,2,3,4-
tetrahydroisoquinolin-7-ylsulfonylamino)piperidine-4-carboxylate (627 mg) in a
mixture of chloroform (5 ml} and methanol (1 mi) 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-hydrogen chloride (1.1 ml) was added
and the mixture was concentrated. To the obtained residue were successively
added dimethylformamide (3 ml), diisopropylethylamine (0.91 ml) and 1H-
pyrazole- 1-carboxamidine hydrochloride (305 mg), and the mixture was stirred at
room temperature for 12 hours. After completion of the reaction, the reaction
mixture was filtrated, 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. hydrogen chloride and dried under
reduced pressure to give the title compound (480 mg).

'H-NMR (& 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=7.1Hz,2H}, 7.47(1H), 7.56(1H),
7.62(1H), 7.82(brs,4H), 8.22(d,J=7.1Hz,2H), 8.56(s,1H), 13.89(brs,1H)

Example 48
Synthesis of 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)-1-
(pyridin-4-yl)piperidine-4-carboxylic acid methyl ester dihydrochloride



2.15(m 2H), 2.89-3.15(m4H), 3.28(m 2H), 3.64(m2H), 3.95-4.18(m 4H),
4.67(s,2H), 7.18(2H), 7.46(1H), 7.57(1H), 7.60-7.70(m5H), 7.94(brtr, 1H),
8.22(2H) Exanple 50 Synthesis of 4-(2-am dino-

1, 2, 3, 4-t et rahydr oi soqui nol i n-7-

yl sul fonyl am nonet hyl ) -1-(pyri di n4-yl) pi peri di ne-4-carboxylic acid

di hydrochloride NH [err] In the sane m&0Oner as in Exanple 48, the title
conmpound (52 ngg was obtai ned from ethyl 4-(2-am di no-

1, 2, 3, 4-t et rahydr oi soqui nol i n-7-

yl sul f onyl am nonet hyl ) - 1- (pyri di n-4-f¢1 ) Pi peri di ne- 4- car boxyl at e

di hydrochl ori denH{59 ng). 'H N Od[err]) 1.50-1.65(m 2H),
1.96-2. 10(m2ﬂ}\, 8643. m 4H) , 3.28(]m2H), 3.64(m 2H), 4.04(m 2H),
4.67(s, 2H), HiN19(N\d, J : N 45(HY, 7.58(1H), 7.60-7.70(m5H),
7.90(brtr,1H, 8.R1 7.3Hy SPH 12.88(brs, 1H), 13.57(brs, 1H1) Exanple 52

Synt hesi s of ) o
1- [ 2( benzot hi azoffo msthy 4512-exmidiney],2.324-teteahydyoisaguinaianzyisutferdamino)-

ilz ?Zr ggﬁg%ﬂ&aﬂ@ﬁgﬁgﬁﬁbﬁ@&%ﬁ%ﬁ éiﬁtgm?l}l %’Ii(;i/ec '4%3 r?%r“fa-sbah dy 61e\lst er Hin
the same nemuieogenschiorided@nnl),eantithe Shirturs wasstirred tindler e dort h6uGs g) was
LR AR RER A FRRTIET SRR TR ESC
di hydr oxXy quiaévaperdt&l. 1 Dithyl ether was added and the resultant solid was collected by

filtration and dried under reduced pressure to give the title compound (363 mg).

'H-NMR (S ppm,DMS0-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), 4.7 1(s,2H}, 7.16(d,J=7.3Hz,2H), 7.44(1H), 7.56(1H),

7.67(1H), 7.80(brs,4H), 8.20(d,J=7.3Hz,2H), 8.35(s,1H)

Example 49

Synthesis of ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-

ylsulfonylaminomethyl}- 1-(pyridin-4-yljpiperidine-4-carboxylate dihydrochloride

Step 1

t-Butyl 4-benzyloxycarbonylaminomethyl-4-ethoxycarbonylpiperidine- 1-

carboxylate

CO,E!
BnO,CNH
NCO; t-Bu
To a solution of 1-tert-butoxycarbonyl-4-ethoxycarbonyl-piperidin-4-
ylacetic acid (1.6 g) and triethylamine (0.71 ml) in dimethylformamide (20 ml) was
added diphenylphosphoryl 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).



"H- NVR (65ppm CDCl 3) 1.49(s,9H), 3.81(d,J=4.8Hz,2H), 4.72(s, 2H),
4.95(brtr,1H), 6.58(d,J=8.7Hz, 1H), 7.02(d,J=7.5Hz,2H), 7.08(trJ=7.5Hz, 1H),
7.36(d,J=7.5Hz, 1H), 7.39(d,J=7.5Hz, 1H), 7.44(dd,J= 1.5, 8.7Hz, 1H),
7.57(dJ= 1.5Hz, 1H), 8.06(brs,1H) Step 2

5- Cyano- 2- phenoxynet hyl benzi m dazole- 1 -acetic acid [err] A solution of
N- (4- cyano- 2- phenoxynet hyl car bonyl am h@phenyl ) gl yci ne tert-butyl ester
(6.61 g) in acetic acid (250 nl) was stirred at 80[err]C for 12 hours.

After conpl g t he e t and to the
obt ai ned res%—%ﬁ&uﬁg 'gggﬁc’ %IH()J[ 2@%’%% zm d %@‘ﬁ?ﬁfq%’g the m xture
was stirreg, ims#H}, BQQ(rﬁQH)rBB?(nNZHﬁB ORIy, 4 Aa{I=7.0z,2HBCt i on, the

sol vent was evapor at ed t he obt ai ng(llj_‘)rem due were added chl orof orm and

acet one anéqmghﬁt%ngm% W49l ected by filtration and dried under

reduced prCD%er to give the title conpound (5.0 g) "H NMR

([err] ppm 3) 5.25(s,2H), 5.43(s, 2|—|) 6.97(1 7.05(2H), 27-
7.33(2H), Etms¢denadoxycarbogylarpinomethyl-1-(ayridin<eylpi nqu‘*-ce:@ymd— 1. 3Hz,
1H) Step 3 N Met hoxy N net hyl - 5- cyano- 2- phenoxynet hyl benzi m dazol e-

1- acet am de 15575 l] In the same manner as in Exanple 17, Step 10, the
title conpdifReCNH . 8% g)} was obtained as a white solid from

5- cyano- 2- phenoxynet & M dazol e- 1- acetic acid (2.14 g),
N, O di met hyl hydr oxyl ami nefl hydrochl oride (815 ng), N methyl norpholine
(0.919 nl), I-hydroxybenzf:ﬂazol e hydrate (1.13 g) and 1-(3-

di met hyl am nopro yl )-3-ethyl carbodiinide hydrochloride (1.6 g). 'H NWR
(6ppm CDCl 3) 3. 7 3 seinfion of trhyutyl dihenzdoxyeaspoppjpminomethykdoH) - 6. 98-

ethoxycarbonylplpenmne-l-carboxylate (851 mg) in chloroform (5 ml) was added
trifluoroacetic 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 (S ml), 4-chloropyridine hydrochloride (304
mg) and triethylamine (1.69 ml). The mixture was stirred at 150°C for 2 daysina
sealed tube. After completion of the reaction, the solvent was evaporated. To the
obtained residue was added 2N aqeuous 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).

'H-NMR (& ppm,CDCl,) 1.27(tr,J=7.0Hz,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(q,J=7.0Hz,2H],
5.05(brtr, 1H), 5.09(s,2H), 6.63(d,J=6.4Hz,2H), 7.26-7.38(m,5H},
8.25(d,J=6.4Hz,2H)

Step 3
Ethy 4-aminomethyl-1-(pyridin-4-yl)piperidine-4-carboxylate dihydrobromide
CO,Et

N - 2HBr
N

To a solution of ethy 4-benzyloxycarbonylaminomethyl- 1-(pyridin-4-
yl)piperidine-4-carboxylate (331 mg} in chloroform (0.5 ml} was added 25%

HoN



7.03(3H), 7.26-7.36(3H), 7.54(1H), 8.1 1(1H) Step 4

N- Met hoxy- N-net hyl -5- (N , N'-di -t ert - but oxycar bonyl axni di no) - 2-

phenoxynet hyl benzi m dazol e- |-acetamde [err] In the same nanner as in
Exanple 17, Step 12, N nethoxy-N nethyl -

am di no- 2- phenoxynet hyl benzi m dazol e-1 -acet am de was obtained from N

met hoxy- N- net hyl - 5- cyano- 2- phenoxynet hRbenzi m dazol e- 1- acet am do (893 ny),
met hyl iodide (1.6 m) and amoni um acetate (295 ng). In the same nanner as

compound afcrts Broighibelitbolf (ERIERUA Ry Gt Bled B ARl hs

t et r ahydr otemperatukd forl 10 mml smancmltuaquémﬂeambmmmmx diisapeepyibonat e

Isal_ llilf\/i?o?[(e%% 5%391\%%‘)?}? | nstggg?_é) %Hﬁqueous SOdI um h droxig%en sol ution.

5. 25('s, 2H) dirheth9fisrmirhide 61 ﬂﬂrwa%ddad%ﬂ)d,mz r@éx]&n@%ﬁﬂ@kﬁ eonéct%&t% 19(m 2H)

step 5 NN -di-tert-Butoxycarbonyl - 1-[2-(benzothiazol -2-yl)-2-0xoethyll-2-
phenoxymet ﬁ%ﬂ'aé@ﬁz?m wasbes with Bessthenamdrfiried undeg redicel PRRSSHIS 9 giKe on of
benzot hi az ’H@“ddng?‘ hydrofuran (5 m) was dropw se added a 1. 66M
n-butyl Iit |um ane on (0.204 m) at -780C, and the m xture was

stirred at Stémdsane tenperature for 10 mn. Then, a solution of

phanoxymet RyRLHERAeR8 2 B2 R R r of uran (1 m)

was added glrsqm}aamambmﬂﬁw&nﬁmg aaBlsoxgtdté red at the sane tenperature for
3 hours. After conpletion of the reaction, aqueous anmoni um chl ori de

sol uti on and wat er

CO.Et

Fac Jk m 302\ N 2
g
1§

To ethy 4-aminomethyl- 1-(pyridin-4-yl)piperidine-4-carboxylate
dihydrobromide (423 mg) were added pyridine (2 ml) and 7-chlorosulfonyl-2-
trifluoroacetyl-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
chloroform 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 (chloroform:methanol=4:1) and dried under reduced pressure to
give the title compound (222 mg]).

'H-NMR (6 ppm,CDCl,) 1.20-1.35(3H), 1.75-1.85(2H), 2.15-2.30(2H), 2.88-
3.15(4Hj, 3.30-3.45(2H), 3.75-3.95(4H), 4.15-4.25(2H), 4.65-4.85(2H), 6.80-
6.88(2H), 7.12-7.36(1H), 7.65-7.80(2H), 8.15-8.25(2H)

Step S
Ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylaminomethyl)- 1-
(pyridin-4-yl)piperidine-4-carboxylate dihydrochloride



wer e added, and the m xture was extracted with ethyl acetate and washed
successively with water and saturated brine. The organic |ayer was dried
over anhydrous sodium sul fate, and the solvent was evaporated. The obtai ned
residue was purified by silica gel colum chromatography (hexane: et hyl
acetate=2:3) and dried under reduced pressure to give the title conpound
(25 mg). '"I-NMR ([err] ppmCDCl 3) 1.57¢539H), 5.45(s,2H), 6.07(s, 2H),
6.898-6.95(3H), 7.17-7.22(2H), 7.34(1H), 7.63(2H), 7.97(IH, 8.03(1H),
8.22-8.25(2H) Step 6 1

-12- (Benzot hi az§H- 2-yl') - 2- oxoet hyl j - 2- phenoxymnet hyl benzi m dazol e- 5-

car boxam di ne rochlagi gsoNH [ @:ft | n t he sane manner as in Exanple 19,
Step 11, thetdNt M o@ nd (& s obtained from

N, N -di -tert-but oxycearys

yl - 1H[ 2-|( benzot |azol 2-yl)-2-
trlfuoroacetlc acid (1 m). 'H NVRHe m DVMSO-d[err]) 5.52(s, 2H),
6. 32(s,2H), 6.84- 6 88(m3H), 7.13- 7.18(m2H), 7.69-7.76(m 3H), 7.93(d, 1H),

Canss Do (1ol AR Pl Byl S P R pblodt B ©

am di nobenz musdﬁazmhed frow ethylt \{pymidiveast) [ 2-tifluordaesgih ¢ 298 oxyl i ¢ aci d

di hydrochl Occei:u('jﬁ'lyﬁ}& 1111%].1:”7 -ylsulffgnﬁ&n%(c}/rggt%?rﬁplgg C(ﬁne aL eca[rgox}Jlate (222 mg),
diisopropylethylamine (0.28 ml) and 1H-pyrazole-1-carboxamidine hydrochloride
(117 mg).

'H-NMR (8 ppm,DMSO-dy) 1.21(tr,J=7.1Hz,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 S50
Synthesis of 4-{2-amidino-1,2,3,4-tetrahydroisoquinolin-7-
ylsulfonylaminomethyl)- 1-(pyridin-4-yl}piperidine-4-carboxylic acid
dihydrochloride

NH

CO.H
HoN J\m SO:~ y 2
H N
* 2HC! 0

In the same manner as in Example 48, the title compound (52 mg) was
obtained from ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-
ylsulfonylaminomethyl)- 1-(pyridin-4-yl)piperidine-4-carboxylate dihydrochloride
(59 mg).

'H-NMR (6 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=7.3Hz,2H), 7.45(1H),
7.58(1H), 7.60-7.70(m,5H), 7.90(brtr, 1H), 8.21(d,J=7.3Hz,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



To a solution of 4-benzyl oxyphenol (18.34 g) in tetrahydrofuran (150 m)
was added 60% sodi um hydride (4.76 g) with ice-cooling, and the m xture was
stirred at the sanme tenperature for 15 mn. Ethyl bronpacetate (14.2 nm)
was added dropw se, and the m xture was stirred at roomtenperature for 16
hours. After conpletion of the reaction, 5% hydrogen chlori de was added and
the m xture was extracted with hexane.isdhe extract was dried over anhydrous
magnesi um sul fate. The sol vent was evaporated and the obtained solid was
filtrated %’th hexane and dried under reduced pressure to give the title

conpound (217 819) asav\hlte SO|Id 'H-NNR([err]pprnCDCIS)
1.29(trJ=7.; c%ﬁ-z hef6 %ﬁ(r%l Perf b5yl 268
6.84-6.92(m 4H), ; -7.4 ( St ep 2 Et )%g%lﬁgxyphenoxyal(':et ate [err]

Et hy 4-benzyl oxyphenoxyacet R (21 78 g) was hydrogenated using 7.5%
pal | adi um c%bon (3 Ho g I rahydrofuran (220 m) at 3 atmover 7 hours.
After conple 1 fon, the reaction mxture was filtered through
celite, and t@ve@t was evaporated. The obtained solid was filtrated
with diisopropyetNdr and dried under reduced pressure to give the title
conpound (13.88 Q) a white solid. 1HNWR ([err] ppm DVBSO-d[err]) 1.

| 9(trJ=7.2Hz, 3H), 4.19Q«B¥=7. 2Hz, 2H), 4.6 I (s, 21H), 158 6.63-6. 76(m 4H),
8.95(s,1H) Step 3 Ethy

4- (1- t er t - but oxyERtSSRNENABRSTAS R -EX25IRIS bheMeR $atite titlecompourd (€ 86e) nanner

df
s VS S b g

phenyloxyaceuc acid (3.44 g} and 1-ethoxycarbonyl-2- ethoxy—l 2-
dlhydroxyqulnohne (6.15 g).

'H-NMR (6 ppm,CDCL,) 1.49(s,9H}, 3.81(d,J=4.8Hz,2H}, 4.72(s,2H),
4.95(brtr, 1H), 6.58(d,J=8.7Hz,1H}, 7.02(d,J=7.5Hz,2H}, 7.08(tr,J=7.5Hz,1H),
7.36(d,J=7.5Hz,1H), 7.39(d,J=7.5Hz,1H), 7.44(dd,J=1.5, 8.7Hz,1H),
7.57(d,J=1.5Hz,1H], 8.06(brs, 1H)

Step 2

5-Cyano-2-phenoxymethylbenzimidazole- 1-acetic acid

RS

COzH

A solution of N-{4-cyano-2-phenoxymethylcarbonylaminophenyl)glycine
tert-butyl ester (6.61 g} in acetic acid (250 mi)} 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 residue were added chloroform and acetone and the resultant solid was
collected by filtration and dried under reduced pressure to give the title compound
(5.0g.

'H-NMR (6 ppm,CDCl,) 5.25(s,2H), 5.43(s,2H]}, 6.97(1H), 7.05(2H), 7.27-
7.33(2H), 7.68(dd,J=1.3, 8.4Hz,1H), 7.82(d,J=8.4Hz,1H), 8.23(d,J=1.3Hz,1H)
Step 3
N-Methoxy-N-methyl-5-cyano-2-phenoxymethylbenzimidazole-1-acetamide



hydr oxyphenoxyacetate (5 g), triphenyl phosphine (46.4 g) and di et hyl

azodi carboxylate (27.8 m). 'H NMR (c5ppm CDC13) 1.30(trJ=7.2Hz, 3H),
1.47(s,9H), 1.73(m2H), 1.88(m2H), 3.30(m 2H), 3.70(m 2H),

4.27(q,J=7.2Hz, 2H), 4.33(m 1H), 4.56(s,2H), 6.85(s,4H) Step 4

4- (1-tert-Butoxycarbonyl pi peri di n4-yl oxy) phenoxyacetic acid To a solution
of ethyl 4-(1-tert-butoxycarbonyl pi penis8i n-4- yl oxy)phenoxyacetate (23.71
g) in a mxture of tetrahydrofuran (34 m) and ethanol (34 m) was dropw se
added 1N aqueous |ithium hydroxide solution (68.7 mM) with ice-cooling, and
the m xture was stirred at tenperature for 20 mn. After conpletion of
the reacti o~ SOl veqt vaporated and to the obtained residue was
added 10% aquedq i tXi cQci¥d solution. The mixture was extracted wth

et hyl acetate am he eSUCCESSI vely with water and saturated brine. The
organi c |l ayer was dr ﬁ@ anhydr ous magnesi um sul fate, and the sol vent
was evaporated. The olft ai n@% solid was filtrated with hexane and dried
under reduced pressur@to gl ve the title conpound (19.09 g]. 'H NWR

521 350 59 P S 4 94 AR D 0

N-[ 4- Cyano- g?u{aéobtziméceaé abﬂﬁte)sym@ﬁbﬁnsdcpémem;ﬂieno:@rnemylbenmdazole-1-

yl oxy) phenoxyacet ani dol phenyl | gl yci ne rt-buty] ester 159 Jerr] In the
sane nT:lnneraCSng"ﬁ;}3 f"fﬁs) M@nﬂqm% ’11% g) was

obt ai ned a%n&h%héﬁha@xé@éfm'\h B&izﬂatx%lé li@hxgs:éﬁmi grt-butyl
ester (9.11 g) and 4- ert - but oxycar (?mf:)e” I n-4-yl oxy)phenoxyacetlc
acid dunemylannnopropyl) 3-ethy1carbodnxmde hloride (1.6 gJ.

'H-NMR (6 ppm,CDCly) 3.22(s, 31—1), 3.77(s,3H}, 5. 27(5,2H), 5.41(s,2H], 6.98-
7.03(3H), 7.26-7.36(3H), 7.54(1H), 8.11{1H)
Step 4
N-Methoxy-N-methyl-5-(N’,N”-di-tert-butoxycarbonylamidino)-2-
phenoxymethylbenzimidazole-1-acetamide

NCO; t-Bu
1-BUO,CNH ’KO:"W /O
o)
N M

|
N‘OMe
o)

In the same manner as in Example 17, Step 12, N-methoxy-N-methyl-5-
amidino-2-phenoxymethylbenzimidazole- 1-acetamide was obtained from N-
methoxy-N-methyl-5-cyano-2-phenoxymethylbenzimidazole- 1-acetamido (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 solvent used was
tetrahydrofuran (10 mi) and saturated aqueous sodium hydrogencarbonate
solution (10 ml) was used instead of IN aqueous sodium hydroxide solution.

'H-NMR (6 ppm,CDCl,) 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), 7.94-8.19(m,2H)
Step S
N,N’-di-tert-Butoxycarbonyl- 1-[2-(benzothiazol-2-yl}-2-oxoethyl]-2-
phenoxymethylbenzimidazole-5-carboxamidine



(12.94 g). "HNWR ([err] ppmCDA 3) 1.47(s,9H), 1.50(s,9H), 1.71 (m 2H),

1.88(m2H), 3.31(m2H), 3.71(m2H), 3.82(brd,2H), 4.37(m 1H), 4.66(s, 2H),

4.99(brtr,1H), 6.58(d,J=8.7Hz, | H), 6.89-6.97(m4H), 7.45(dJ=8.7Hz, 1H),

7.57(s,1H), 8.07(brs, 1H) Step 6 5-Cyano-2-14-(

1-tert-butoxycarbonyl pi peridi n-4-yl oxy) phenoxynet hyl | - benzi m dazole- 1

-acetic acid A solution of 156

N-[ 4-cyano-2-[4-(1-tert-butoxycarbonyl pi peridi n-4-

yl oxy) phenoxyacet am $$I@§enyl | gl ycine tert-butyl ester (16.91 g) in acetic

acid (500 mM) was sj ¢ R for 12 hours. The sol vent was

evaporated @ e, 1 lJe was added trifluoroacetic acid (100

m), and the m¥Xxture Toomtenperature for 30 mn. After

conpl etion of the reac™onN theNi‘nt was evaporated. To the obtained
q

resi due was added ice and t s sodi um hydroxi de solution and the
resul tant solid was coll ect rati on and washed successively with
wat er and ethyl acetate to gPve N-[4-cyano-2-[4-

manher as i1 ExanPeopie ARk ARa0k PR S bR pb Tl Rl uag.d oot ar ne

fromthis chropeissddded atles6M hibutyl lithitmi blmahe sélﬁueﬁ (@anﬁd) athWQﬁ@S

sodi um hydrOX| de soI ut i on (

1. 46(s, 9H) ,the @(tﬁli“zwzlc ?@E—’(’?Mﬂfor mTQFF)l a aolgg?mrpﬁH)
5.12(s, 2 7ielNa ﬁ%ﬂi,ﬂ 1Hz, 2

7 43E3J ?4%% mwgh%%t?ﬁ“g fey aﬁtefmbﬁ 3&10((1 o2 oz, |H)H) Step 7

Methy tr an@rmr@mmtmymﬁyéwkek@ﬁ@t@an% ¢t ang mmaswﬁmfu rege(1 ml) was
added dropwise, and the mixture was stirred at the same temperature 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
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:ethyl
acetate=2:3) and dried under reduced pressure to give the title compound (25 mg).
'H-NMR (& ppm,CDCl;) 1.57(s,9H), 5.45(s,2H), 6.07(s,2H), 6.898-6.95(3H),
7.17-7.22(2H}, 7.34(1H}, 7.63(2H), 7.97(1H), 8.03(1H), 8.22-8.25(2H])
Step 6
1-[2-(Benzothiazol-2-yl)-2-oxoethyl]-2-phenoxymethylbenzimidazole-5-
carboxamidine hydrochloride

NH
HN N ,O
O 0T ke
IO
o]

In the same manner as in Example 19, Step 11, the title compound (18
mg) was obtained from N,N ’-di—ter‘c-bufoxycarbonyl—1-[2-(benzothiazol—2-y1}-2—
oxoethyl]-2-phenoxymethylbenzimidazole-5-carboxamidine (25 mg) and
trifluoroacetic acid {1 mi).

'H-NMR (6 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),



H2N O The title conpound (8.8 g) was obtained fromtrans-4-

ami nonet hyl cycl ohexanecar boxylic acid (7 g) and thionyl chloride (11.6 m)
by a conventional nmethod. 'H NVR (6 ppm DMSO-d[err]) 0.98(m 2H),

1.29(m2H), 1.55(m 1H), 1.82(m 2H), 1. 91(r92H), 2.25(m 1H), 2.26(m 2H),
3.59(s, 3H), 8.07(brs,3H) Step 8 15

2-f4-(1-tert-Butoxycarbonyl pi peridi n-4-yl oxy) phenoxynet hyl | -5-cyano- 1
-(trans-4- rretd*_@z({g@@)onyl cycl ohexyl net hyl car banoyl net hyl ) benzi m dazol e
[err] In the same manner as in Exanple 17, Step 10, the title conpound
(1.37 g) was @ExampleddI rom 5-cyano-2-[4-(1-tert-butoxycarbonyl pi peri di n-4-

yl oxy) phenoxynget hyl j. b |.m -1- | e S-4-

ar ni nomet hyl C%P@K@Fam_%—%-ﬂé é&%ﬁgﬁPﬁbg‘@%ﬁ%@gweﬁ 5>

met hyl mor phol izgid{ridbeadmididzol-1-yiaeed zloh {283d ny) and

1- (3- di met hyl am nopropyl)-3-et hyl carbodi i m de hydrochl oride (437 ny).

"H NMVR ([err] W{%‘Fr]) 0.79(m2H), 1.27(m 3H), 1.46(s, 9H),

1.55(m 2H), 1.&@*@ 2H), 1.85(m4H), 2.09(m 1H), 3.02(tr,2H), 3.30(m 2H),
3.64(s,3H), 3.6/{m2H), 4.35(m 1H), 4.97(s,2H), 5.37(s,2H), 5.66(brtr,

1H), 6. 87(dJ=Ftbyirs-Dehzylaxypbenoxyacetddz, 2H), 7.48(1H), 7.61(1H), 8.14(1H
161 Step 9 2-[4-(1-tert-Butoxycarbonyl pi peridin-4-yl oxy) phenoxynet hyl j -
1-(trans-4- met hoxycar boryd 981 ohexyl net hyl car banoyl et hyl ) benzi m dazol e- 5-
carboxam dine [err] Hyo ¢n sul fide was blown into a solution of

2- 14-(1-tert- ElOgCAO '

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% hydrogen chloride 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.

'H-NMR (6 ppm,CDCL,) 1.29(tr,J=7.2Hz,3H), 4.26(q,J=7.2Hz,2H), 4.56(s,2H),
5.01(s,2H), 6.84-6.92(m,4H]}, 7.26-7.43(m,5H)
Step 2
Ethy 4-hydroxyphenoxyacetate

jos
E10,C7 0

Ethy 4-benzyloxyphenoxyacetate (21.78 g) was hydrogenated using 7.5%
palladium carbon (3.2 g) in tetrahydrofuran (220 mi) at 3 atm over 7 hours. After
completion 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.

'H-NMR (& ppm,DMSO0-d,) 1.19(tr,J=7.2Hz,3H), 4.14(q,J=7.2Hz,2H), 4.6 1(s,2H),



but oxycar bonyl pi peri di n- 4-yl oxy) phenoxynet hyl | - 5- cyano- 1-(trans-4-

nmet hoxycar bonyl cycl ohexyl nmet hyl car banoyl net hyl ) benzi m dazole (1.1 g) in a
m xture (30 m) of pyridin-triethylamine (5: 1) with ice-cooling, and the
m xture was stirred at roomtenperature for 12 hours. After conpletion of
the reaction, the solvent was evaporated &P8 the obtained residue was
collected by filtration with toluene. To the obtained solid were added

acetone (30 mgégrgj-;g@gbyﬂ g.o5tkdey (1.3 nl), and the mxture was stirred
under reflux for After conpletion of the reaction, the solvent was

evapor at ed, anSteph® resi due was dried under reduced pressure to give nethyl

[ (trans. 4. mot RERELE EROR I PERay Pt FmditHRAR R A )

car banoyl net hyl )ben2| m dazol % S5-gcarbot hi oi m date (1.819 g). A part (606 nm)
t hereof was di ssol ved i 10 m) and thereto was added ammoni um
acetate (80 ng)_ at }~QO uNcotBe m xture was stirred at 750C for 3
hours. After ccﬁ't%ﬂcetl n o the reaction, the solvent was evaporated and the
obt ai ned residue was purified by silica gel colum chromatography

(chl or of or m et hanolin3Be¢ Same @@aritier asdn xampledit Sitep édiheditlemonyxund (23.73i ve

120 1. 55(m RS «Sb*%%f% Rl s e S
3.15(m 2H), 3. Bfd® ?ﬁwa@ , tribh4Q¢ PhibsPhind (4624 §) &d diebry30( S, 2H) ,
6.91(dJ=9. OHz, 2H) 6 99 7.70(1H), 7.78(C1H), 8.21(1H),

8.35(brtr, 1H), a@dm %yiate (3 89ﬂ)26(brtr 1H) Step 10 trans-4-[2-[4-(
1- Aceti m doyl pi F’ﬁrwﬂﬁ“[d)‘h 6, hmthwmﬁi 47(s§ﬁ?173(m%| 2 acid

am di nobenzi ni dazol CycT ohexanecar box

di hydrochl ori dé.88en2H)) 31391113,2%@7%11%1}, 4@2;7 (.d=E2551, &93(@1&) 4.86(s,2H),
2-14- (pi peridi 8.-8%(3,41-1)

Step 4

4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenoxyacetic acid

O
HOZCA o NCO; t-Bu

To a solution of ethyl 4-(1-tert-butoxycarbonylpiperidin-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 saturated 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).

'H-NMR (& ppm,DMSO-d,) 1.40(s,9H), 1.49(m,2H}, 1.83(m,2H), 3.15(m,2H),
3.63(m,2H), 4.40(m, 1H), 4.58(s,2H), 6.83(d,J=9.2Hz,2H), 6.91(d,J=9.2Hz,2H]
Step 5
N-[4-Cyano-2-{4-{1-tert-butoxycarbonylpiperidin-4-
yloxy)phenoxyacetamido]phenyljglycine tert-butyl ester



yl oxy) phenoxynet hyl - | - (trans-4-net hoxycarbonyl cycl ohexyl net hyl -

car banoyl net hyl ) benzi m dazol e- 5- car boxam di ne (299 ng) was obtained from 2-
[4-( 1-tert-butoxycarbonyl pi peridin-4-yl oxy)phenoxynmethyl]- 1-(trans4-

met hoxycar bonyl cycl ohexyl net hyl car banoyl net hyl ) beni m dazol e- 5-

car boxami di ne (341 ng) and trifluoroaceti'®%cid (5 mM). To a solution of
this compound (205 ng) in nethanol (1 m) was added i N aqueous sodi um
hydroxi de solution (1.57 m) at_roog tenperature, and the mxture was
stirred for 15 hours. Ater c | t he reaction, i N hydrogen
chloride (0.944cn L Way_added the[ solmgglg_glyvas evaporated and the

resi due was dri ed der WedRed™pressur€. To the obtained residue were
added met hanol (58 tPiethylarnine (0.439 nm) and ethyl acetim date

hydr ochl ori de (195 ng) NHind the mixture was stirred at room tenperature for
15 hours. After conpl etlkeB pg, the reaction, the solvent was evaporated and
t he obtai ned resi due was Séparated by HPLC (40% net hanol - water, 0.05%
trifluoroacetic aci g thel@hehRnyesasfBeartble 170 58PS e HAk QbiMBuARY1E NS

sol vent was evaporated. The residue was dried undér reduced pressure to

give the titl ) waspbtaided agamdlite selid fore Ng2-agyinptfesyanophenyljglycine tert-butyl
tms- 4-[ 2- [ 4- (1 i, m, doy L.pj: ner.i di,n4- . S5 (N L
ot hyl am di noy BT A0 o et B e RS T b bRt 1 o
aci d di hydrochli2o4gg step 1
N Met hyl - 2-[4-(1-t - Qut | pi | di n-4-vyl thyl | -
1-(tra%s- 4! me'g ﬁéﬁ&éﬂ%ﬁ%é@ﬁﬁ%ﬁ?ﬁfﬁﬁ@?ﬁh%@ﬁ%ﬁ%@ 'ydazol e- 5-
carboxari di ne 3 31®63u), .71, 2Hf, BRABRE2HRABAMAEH), 8.66\0M), 8. FpbreSigp 9. the
title conpound (447

6.58(d,J=8.7Hz, 1H), 6.80-6.97(m,4H), 7.45(d,J=8.7Hz,1H), 7.57(s, 1H),

8.07(brs, 1H)

Step 6

5-Cyano-2-{4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxymethyl}-

benzimidazole-1-acetic acid

NC\Q:NY\ OO O\Oucoz t-Bu
N

COH

A solution of N-[4-cyano-2-[4-(1-tert-butoxycarbonylpiperidin-4-
yloxy)phenoxyacetamidojphenyl]glycine 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 evaporated. 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}phenoxyacetamidojphenyljglycine (8.642 g}. In the same
manner as in Example 1, Stepl, the title compound (9.50 6 g} was obtained from
this compound, di-tert-butyl dicarbonate (6.96 g} and 1N aqueous sodium
hydroxide solution (23.4 ml).



ng) was obtained fromnethyl 2-[4-(1l-tert-butoxycarbonyl pi peridin-4-

yl oxy) phenoxynet hyl | - 1-(trans-4-net hoxycarbonyl cycl ohexyl net hyl -

car banoyl met hyl ) benzi m dazol e- 5- carbot hi oi m date (606 ng), nethylanm ne
hydrochl ori de (70 ng) and sodium acetate (85 ngj. 'H NWR

([err] ppm DMSO-d[ err] 0 91(m 2H), 1.16-16&®5(m 14H), 1.70(m2H), 1.85(m 4H),
2.18(m 1H), 2.94(brtr, 3.03(s,3H), 3.16(m2H), 3.58(s,3H), 3.61 (m2H),

6 96(d. 370, G ﬁﬂ&?‘ﬁ“%“‘%ﬁ%ﬁﬁ%@& AR, LR, st 2

8. 11(d, J=1. 5363 (btiPH),8t.28(0h L HY, S113(s,3H5.23(s,2H), 6.77(d,J=9.1Hz,2H),

Er:a?ﬂfll jmltzjl L ?g@'@ ‘éﬁn?gfw %@ﬁg %4% 2%&:‘%?? %ﬁ%ﬁ%hgégmoxyl iC

aci d di hydr aghb@rj=e2figig] I n the sane nanner as in Exanple 53, Step 10,

the title corrpound (149 ny) was obtained from

N- et hyl - 2- 19%ep1Zt er t - but oxycar bonyl pi peri di n-4- yl oxy) phenoxynet hyl1- 1
-(trans-4- met hoxycar bonyI cycl ohexyl net hyI car bam)yl net hyl ) benzi n-i dazol e- 5-

car boxani di ndegws @éﬁ@! dr@ Qigflfeous sodi um

hydr oxi de sol utiQn (2. 15 n1) triethyl am ne (0 599 n1) and et hyl

acetim date Hy )i de 265 ng) . 164 "H-NVR ([err] ppm DVBO-d[ err])

0.8-1.0(m 2H), 1. .42&% 1.71(m4H), 1.86(m2H), 1.92-2.18(m 3H),

2.30(s,3H), 2.95(m 5(d 3H), 3.42HCB.88(m4H), 4.58(m 1H),

5.19(s, 2H), 5.37(s, 2H) 6.96(d, J=9. 3Hz, 2H), 7.04(d, J=9. 3Hz, 2H),

7.74(dJ=8. THz, 1|—|)I‘he'ﬁt|853(3d1,11¢ﬂ8d7(&3,g) Wes obgined fpmitns-8- 63(brtr, 1H),

8.87(brs, 1mm§10%étg§l§yc}mexageé§{)g)€y§it ]a'{:?d (79g) gﬁc(l %%n}]d%ﬂor?degd(l%r r%l) Jb'SIDa
conventional method.
'H-NMR (6 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)
Step 8

2-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy) phenoxymethyl]-5-cyano- 1 -(trans-4-
methoxycarbonylcyclohexylmethylcarbamoyimethyljbenzimidazole

O—CNCOz t-Bu
s~
ﬁ

In the same manner as in Example 17, Step 10, the title compound (1.37
g) was obtained from S-cyano-2-[4-(1-tert-butoxycarbonylpiperidin-4-
yloxy]phenoxymethyl|benzimidazole- 1-acetic acid (1.1 g), methy trans-4-
aminomethylcyclohexanecarboxylate hydrochloride (452 mgj, N-
methylmorpholine (0.263 ml), 1-hydroxybenzotriazole hydrate (293 mg) and 1-{3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (437 mg).

'H-NMR (& ppm,CDCl;) 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=9.0Hz,2H],
6.95(d,J=9.0Hz,2H}, 7.48(1H), 7.61(1H]}, 8.14(1H)



Exanpl e 55 Synthesis of trans-4-[2-[4-(1

-aceti m doyl pi peri di n-4-yl oxy) phenoxynet hyl | - 5-

am no( hydr oxyi r ni no) met hyl benzi m i dazol - 1-

yl acet yl am nonet hyl | cycl ohexanecar boxylic acid di hydrochloride Step 1

2- 14- (1-tert-But oxycar bonyl pi peri di n- 4- ¥$bxy) phenoxynet hyl ] - 1-(trans-4-
nmet hoxycar bonyl cycl ohexyl nmet hyl car banoyl nmet hyl ) benzi m dazol e-5- car boxam de
oxinme [err] éﬂﬂ;ae same nmanner as in Exanple 53, Step 9, the title conmpound
(181 ngy) was obtained fromnethyl 2-[4-(1l-tert- butoxycarbonylplperldln 4-

yl ogy)phan?%ME&éd-Buioxywmwmwb wman)lﬁwwkmmtgvﬂi :

car pano ne enzL m | O roxyam ne
ot acn] or | GEEoS e oA be Rt e b B uyvso 46)
0 90(m 2H), darbhbarkiB@m 14H), 1.70(m2H), 1.86(m 4H), 2.19(m 1H),
2.94(tr,2H), 3.16(m 2H), 3.58(s,3H), 3.65(m 2H), 4.40(m 1H), 5.00(s, 2H),

5.26(s, 2H), 5.92(brs, 1H), 6.91(d, J=9. Ofz—~2H), 7.00(d, J=9.OHz, 2H), 7.49(1H),
7.63(1H), 7.95(1My, 8.27(brtr, I O(INC,tBU) Step 2 trans-4-[2-[4-(1
| I -5-am no

- Acet i mi doyl pi ﬁe
R

(hydr oxyi m nd} éﬂfcetylan1nonethyl]
cycl ohexanecar boxy R - 165 [err] In the sane manner

as in Exanple 53, Step 10, Hhe’ ‘ e conmpound (22 ng) was obtained from
2-14-( 1-tert-butoxycar bogyl e di n-4- yl oxy) phenoxynethyl]- 1 -(tr

Hydrogen sulfide was blown into a solution of 2-J4-(1-tert-
butoxycarbonylpiperidin-4-yloxy)phenoxymethyl]-5-cyano- 1-(trans—4-
methoxycarbonylcyclohexylmethylcarbamoylmethyl)benzimidazole (1.1 gl in a
mixture (30 ml} of pyridin-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 mixture was stirred under reflux for 1 hour. After completion of the
reaction, the solvent was evaporated, and the residue was dried under reduced
pressure to give methyl 2-[4-(1-tert-butoxycarbonylpiperidin-4-
yloxy}phenoxymethyl]- 1-(trans-4-methoxycarbonylcyclohexylmethyl-
carbamoylmethyl)benzimidazole-5-carbothioimidate (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 mgj).

'H-NMR (& 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(brtr,2H), 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=9.0Hz,2H), 6.99(d,J=9.0Hz,2H],
7.70(1H), 7.78(1H}, 8.21(1H), 8.35(brtr,1H), 8.79(brtr, 1H), 9.26(brtr,1H)
Step 10
trans-4-{2-[4-(1-Acetimidoylpiperidin-4-yloxy)phenoxymethyl]-5-



met hyl ) benzi m dazol e- 5- car boxam de oxinme (181 ny), trifluoroacetic acid (5
m ), 1N aqueous hydroxide solution (0.669 m), triethylamne (0.187 m) and
et hyl acetim date hydrochloride (83 ng). '"H-NVR ([err] ppm DMSO-d[err])
0.8- 1.0(m2H), 1.12-1.42(m3H), 1.7 1(m4H, 1.86(m2H), 2.04(m 3H),
2.29(s,3H), 2.94(m2H), 3.45-3.60(m 2H)162.58(m 1H1), 5.14(s, 2H),
5.34(s,2H), 6. 95(dJ 9. OHz, 2H), 7 02(d J=9. OHz, 2H), 7.64(d,J=8.7Hz, 1H), 7.8

1(dJ=8. 7H, 2 AR,
0. 20( by o, i Ripchriidrol Dyiadafatd 1%0’1@'“%%"}@“@ (brs, 19,

2-[ 4- (Pi per |chtuydmclglbnd@) phenoxynet hyl ] - 1- phenacyl benzi mi dazol e- 5-
car boxam di ne di hydrochl oride Step 1 3, 4- Di ar m nobenzonitrile

2-Nitro-4-cyanoaniline (2.21 Q) vvas hy, ed using 7.5% pal | adi um
carbon (320 ny) NP"n et hanol (4 at n¥s@heric pressure over 2 hours.

After corrpletl react| cti¥a nisture was filtered through
celite, and at ed To the obtained residue was added
chloroformandth n s AR col | ect ed by filtration and dried
under reduced pressure o Q ve title cop@und (474 ng). "H NWR ([err]
ppm DVBO-d[err]) 4824 ~41-5.43(2H), 6.54(dJ=8. 1Hz, 1H),

6. 75(d, J=2. 1Hz, (de 21 8. 1Hz, 1H) 166 Step 2 t-Butyl

4-[ 4- (2- am no- 5- cyanophenyl car banoyl et hoxy) phenyl oxy] pi peri di ne- 1-

car boxyl ate [err] inlthetsatid Hian@8r 84 in3EdardpRig, BeRpeZe{4 fpipegidirt 44
"), 4-(1-te rytk;xy}phenoxymetl‘lyl] 1-(trans-4-methoxycarbonylcyclohexylmethyl-

carbamoylmethyl)benzimidazole-5-carboxamidine (299 mg) was obtained from 2-
[4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxymethyl]- 1-(trans-4-
methoxycarbonyicyclohexylmethylcarbamoylmethyl)benzimidazole-5-
carboxamidine (341 mg} and trifluoroacetic acid (5 mi). 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, 1N-hydrogen chloride (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. hydrogen chioride and
the solvent was evaporated. The residue was dried under reduced pressure to
give the title compound (78 mg).
Example 54
Synthesis of trans-4-[2-[4-(1-acetimidoylpiperidin-4-yloxy)phenoxymethyl]-5-(N-
methylamidino)benzimidazol- 1-ylacetylaminomethyljcyclohexanecarboxylic acid
dihydrochloride
Step 1
N-Methyl-2-[4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenoxymethyl]- 1-(trans-
4-methoxycarbonylcyclohexylmethylcarbamoylmethyl)benzimidazole-S-

carboxamidine



but oxycar bonyl pi peri di n-4-yl oxy) phenoxyacetic acid (1.25 g) in
tetrahydrofuran (50 nml) was added

1- et hoxycar bonyl - 2- et hoxy- 1, 2-di hydroxyquinoline (1.0 6 g) with

i ce-cooling, and the m xture was stirred at roomtenperature for 16 hours.
After conpletion of the reaction, the s@3ent was evaporated and to the
obt ai ned resi due were added chl orof orm and hexane. The resultant solid was
col | ected by f||trat|on and dried under reduced pressure to give the title
conmpound (1.55 g "H-NWR ([err] PP 1 47(s 9H), 1.74(m 2H),

1.90(m 2H), 3. 32 3 70( , 4.38(m 1H), 4.64(s,2H)),
- 37( J 1 8 8. 4Hz, 1H)
1 St ey Be2-[4-( 1

6.80(d, J=8. 4,_—"_1@ L)
7.56(d, J=1. 8Hz, 1H)
-t ert - But oxycar bonys1 plr i c“ n- 9623 pﬁenoxyrret hyl j - 5- cyanobenzi m dazol e

[err] In the same mannek_ax.i le 19, Step 8, thetitle conpound (1.04
ng) was obtained fromt-Butyl® 4-T4-(2-amii no-5-cyanophenyl car banoyl -

met hoxy) phenyl oxyl pi peri dne-1-carboxylate (1.52 g). 'H NVR (d ppm CDd 3)
1.47(s,9H), 1.73(m2H), 1.88(m2H), 3.30(m2H), 3.69(m 2H), 4.35(m 1H),
5.36(s, 2H), 6. 86- m&&(mxﬁéﬂnanﬁeﬁﬁmmmﬁcéiﬁ,stepg the title compound (447

phenacy! bon P8 is dramed Bk oy fo e BRER i apiprgine - "

-tert-but OXM@&WB Lp(-tpmswi Bshéxydmedtapobenzi ni dazol e
(915 ng) indinethyl forrrar%qde m ) was added 60% sodi um hydride (90 ny)

wi th i ce- coctarbgmoyimetiylibenrimi lmé@mqw@date (©Re melnmetiuperaing ure for
20 mn. Phengeyh B60M @8 thi)2hd Ddi¥Bhcetate (85 mg).

'H-NMR (S ppm, DMSO-dg) 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=9.0Hz,2H),
6.99(d,J=9.0Hz,2H), 7.64(dd,J=1.5, 8.5Hz,1H}, 7.77(d,J=7.77Hz,1H]),
8.11{d,J=1.5Hz,1H]}, 8.34(brtr,1H)

Step 2

trans-4-|2-[4-{1-Acetimidoylpiperidin-4-yloxy) phenoxymethyl]-5-(N-
methylamidino)benzimidazol- 1-ylacetylaminomethyllcyclohexanecarboxylic acid
dihydrochloride

NH
o~
Me
HoN N)/\
o 4COH

N H
I\(leO 2

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)phenoxymethyl}-1-(trans-4-
methoxycarbonylcyclohexylmethylcarbamoylmethyl)benzimidazole-5-
carboxamidine (447 mg), trifluoroacetic acid (5 ml), 1N aqueous sodium hydroxide
solution {2.15 mi), triethylamine (0.599 ml) and ethyl acetimidate hydrochloride
(265 mg).



added and the m xture was stirred at roomtenperature for 15 hours. After
conpletion of the reaction, the reaction m xture was extracted wth ethyl
acetate and washed successively with water and saturated brine. The organic
| ayer was dried over anhydrous sodium sulfate, and the sol vent was

evaporat ed. The obtai ned residue was pur184 ed by HPLC (hexane: et hyl
acetate=2:3) to give the title conmpound (385 ng). '"H-NMR ([err] ppm CDC 3)

1.46(s,9H), 1.€8 : _ 8- 2o 1H),
5 345, 2n) | 5 ot Nu [ ppis S04 ﬁ-ﬁ'ﬁ@’z%ﬁ@‘?’?ﬁ% A iy
7.72(tr, 1H), 186 2H) 1.92-238rp3H 2806,3H), 2.95(m,2H), 3.05(d,3H), 3.42-

2-[4- (Pi peri dids4- Yl:0%¥aph X = nlr NZiNi ol e-5-

car boxam di ng'%(ﬂygdlﬁ)oéhﬁsgﬁe@’ ty’rei‘rékﬁylll_dﬁ st égggﬂé%%aﬁéﬁ%%’ Exanpl e 53,
Step 9, nethyloddJ493H42H) 7.74(d,J=8.7Hz,1H), 7.85ﬁd,J=8.7Hz,lH], 8.18(s,1H]},

but oxycar bonyl igeri di n- 4- vyl ox L) henoxynet hyl | - 1-phenacyl benzi m dazol e- 5-
Qar bot hi of m GubTE 37, 887 (e Vb BT e, ¥ A3 lbra 1HL. 3 aslors, TH), 0.94(brs. 1H)

but oxycar bon%&igﬁ n- 4-yl oxy) phenoxynet hyl | - 5- cyano- 1- 168

phenacyl benzi m ole (182 ng), hydrogen sulfide, nethyl iodide (0.204 m)
and amoni umSynthesiseof (t8rsadr]2-[4F0 -acesivlideyl pipendinthiyboxgipimonaermundthylEBt or of or m

(1 M) was added tri.fl uoroacetic.aci.d.(1 ), and the m xture was stirred
for 5 mn. TMB@WMO& XWSP@Huéqfﬁﬂbhe obt ai ned resi due was
di ssol ved i nygee Ry SlohemneaatenxlAdy irgasrniHde! | de- met hanol

(0.5 mM) and the solvent was evaporated. The residue was dried under
reduced pres$§B o give the title conpound (109 ny). 'H NWR

Ly, 5 37s, 20 tgettlerrbomip g i oAbl FL BRI AD) oo 2ty
methoxycarbonylcyclohexylmethylcarbamoylmethyl}benzimidazole-5-

carboxamide oxime

LOH
N
HaN /O/
)KINY\T/O.«&C%MG
H

In the same manner as in Example 53, Step 9, the title compound {181
mg) was obtained from methyl 2-{4-(1-tert-butoxycarbonylpiperidin-4-
yloxy)phenoxymethyl]- 1-(trans-4-methoxycarbonylcyclohexylmethyl-
carbamoylmethyljbenzimidazole-5-carbothioimidate (606 mg), hydroxyamine
hydrochloride (72 mg) and sodium acetate (85 mg).

‘H-NMR {6 ppm,DMSO0-d,) 0.90{m,2H), 1.15-1.55(m, 14H), 1.70(m,2H),
1.86(m,4H), 2.19(m, 1H)}, 2.94(tr,2H), 3.16(m,2H), 3.58(s,3H]), 3.65(m,2H),
4.40(m, 1H), 5.00(s,2H), 5.26(s,2H}, 5.92(brs,1H]}, 6.91(d,J=9.0Hz,2H),
7.00(d,J=9.0Hz,2H), 7.49(1H), 7.63(1H), 7.95(1H), 8.27(brtr,1H), 9.59(brs, 1H)
Step 2
trans-4-[2-[4-(1-Acetimidoylpiperidin-4-yloxy)phenoxymethyl]-5-amino
(hydroxyimino)methylbenzimidazol- 1-ylacetylaminomethyl]-
cyclohexanecarboxylic acid dihydrochloride



' 8.26(s, 1H), 8.80-9. 10(m4H), 9.33(brs,2H) Exanple 57 Synthesis of
2-[4-(1-aceti m doyl pi peridin-4-yl oxy) phenoxynet hyl ] - 1-

phenacyl benzi m | i dazol e- 5- car boxam di ne di hydrochloride [err] In the sane
manner as in Exanple 29, Step 1, 2-14-(1-

acet i i doy! pi peri di n4-yl oxy) phenoxyrret hyB5 1- phenacyl benzi ni dazol e- 5-

car boxarm di ne was obtai ned from 2-14-(pi peri di n-4-yl oxy) phenoxynet hyl j- 1-
phenacyl benzi m dazol e- 5- car boxaxni di ne di hydrochl ori de (85 ng),
triethylarnine (0 18 m) and et hyI aceyTm daj®! hydr ochl ori de (57 ng)

| sopropanol was a deutPTand N resultant solid was
collected by i} Inder Teducd¥ pressure to give the title
conmpound (17 r’rﬁ) dlerr]) 1.69(m2H), 1.95(m 2H),
2.27(s, 3H) 3.50(m > (m1H), 5.37(s,2H), 6.19(s, 2H),
6.80(d, J=9. OHz, 2H), 686dJ,¢9 0 H), 763(2!*512H) 7.71-7.79(m 2H),
7.83(1H), 8. 10(2H), 8.26(s ~60, 8 95, 9.20, 9.31(6H) Exanple 58

Synt hesi s of 2-[2-[4-ethoxgcar bonyI -(pyiidind-yl)piperidin-4-yl]ethyll-
1- cycl ohexyl car banoyl r net hyl benzi m dazol e- 5- car boxam di ne di hydrochl ori de
169 Step 1 t-Butyl Inthe same rnannerasinExample 53, Step 10, the title compound (22

Lerr] h the Serenanredom B Arebub et bRabReninrt: | & Compound (520

ng) was obtaipg gyf)ﬁéﬁﬂx?iﬂ&‘ﬂh i1 @éﬁsh%e%m %hﬁ@%wneﬁﬂﬁm afn%Q  ng),
a 1.5MIlithium ||soprop¥I am de tetraha/dro ran sol ution (1. and 2-(2-

br onpet hyl ) - 11r@thil e oxime (181 mg), tnﬂuoroaceﬁc ac1d (5 ml),
1N aqueous hydroxnde solutlon {(0.669 mil), tnethylamme (0.187 ml) and ethyl
acetimidate hydrochloride (83 mg).

'H-NMR (& ppm,DMSO-d,) 0.8-1.0{m,2H}, 1.12-1.42(m,3H), 1.71(m,4H),
1.86(m,2H]), 2.04(m,3H), 2.29(s,3H), 2.94(m,2H), 3.45-3.60(m,2H), 4.58(m, 1H),
5.14(s,2H), 5.34(s,2H), 6.95(d,J=9.0Hz,2H), 7.02(d,J=9.0Hz,2H),
7.64(d,J=8.7Hz,1H]}, 7.81(d,J=8.7Hz,1H]}, 8.10(s,1H), 8.49(brtr, 1H), 8.74(brs, 1H]},
8.98(brs, 1H), 9.29(brs,2H), 11.20(brs, 1H), 12.86(brs, 1H)

Example 56

2-{4-{Piperidin-4-yloxy)phenoxymethyl}- 1-phenacylbenzimidazole-5-
carboxamidine dihydrochloride

Step 1

3,4-Diaminobenzonitrile
NH,

2-Nitro-4-cyanoaniline (2.21 g} was hydrogenated using 7.5% palladium
carbon (320 mg) in ethanol {44 ml) at atmospheric pressure over 2 hours. After
completion of the reaction, the reaction misture was filtered through celite, and the
solvent was evaporated. To the obtained residue was added chloroform and the
resultant solid was collected by filtration and dried under reduced pressure to give
the title compound (474 mg).

'H-NMR (S ppm,DMSO-d) 4.82-4.85(2H], 5.41-5.43(2H), 6.54(d,J=8.1Hz, 1H),
6.75(d,J=2.1Hz,1H), 6.79(dd,J=2.1, 8.1Hz,1H)



"HNWR (d ppm CDA 3) 1.26(tr,J=7.2Hz,2H), 1.35(m 2H), 1.44(s,9H),
1.62(m4H), 2.07-2.1 1(m2H), 2.88(m2H), 3.81-3.97(m6H),
4.17(q,J=7.2Hz,2H), 4.81(tr,1H) Step 2 Benzyl 4-ethoxycarbonyl-4-{2-( 1

, 3-di oxol an- 2-yl ) et hyl | pi peni di ne- 1-carboxylate To a solution of t-butyl
4- et hoxycar bonyl 4-[2-( 1, 3-di oxol an-2- yBfet hyl ] pi peri dine- 1 -carboxyl ate
(450 nmg) in chloroform (2 ml) was added trifluoroacetic acid (2 m), and
the m xture %8s tirred for several mnutes. After conpletion of the
reaction, the sol'vent was evaporated and to the obtained residue was added
aqueous sodi tHBulyldi-Pg@raainvedrayanophienyicarhanidyémetioky)phemdexypiperadined-wi t h
ethyl acetate and washed with saturated brine. The organic | ayer was dried
over anhydr of& B4R¥m sul fate and the sol vent was evaporated to give ethyl
4-12- (1, 3-di oxol an- 2-yl ) et hyl | pi peyidi ne-4-carboxyl ate. Then, in the sane
manner as in Exanple J0, Ste t | e conpound (460 ng) was obtai ned
from sodi um hnyedr agencigr bapat 27 ) Wggnzyl oxycar bonyl chloride (0.22
m). Step 3 Ben - etfhoxPcarbonyl 4-X2-f or nyl et hyl ) pi peridine- 1
-carboxyl ate [er n&l 4-ethoxycarbonyl -4-12-( 1 , 3-di oxol an-2 -yl

et hyl | pi peridine- 1- NHz 170 car boxyl ate (460 ng) was di ssolved in

t et r ahydr of ur an m) and thereto was dr opw.s dde nc. hydrogen
chl ori )(;e (5 m) Sm%%a)?@BDBBSPS#Qé’%%%‘E‘F}lFE‘}% W&gfgf’lt‘?rf'edyat grgopm
tenperature Bﬁfoxircé}f%ﬁylpﬁe}ﬂ{n-@%ﬂ@!gﬂiﬂeﬁg);ﬁceﬁ@Sciﬁ‘i‘ﬁQS'g?ih teh‘éﬁ%zﬁﬁﬁﬁtahon

m xture was poured into aqueous “sodi um hydrogencarbonate sol ution and the

m xture was &6 miovasiddedhl -ethagycasbendlecthyre 1 &-dibidoxyayiaplingd QB ghed
successi vel y_wit. J i i sodi um
sul fate. The SO 1eee'n %%@%@%ﬂ%{t@?\gﬁggﬁ% %g al ngeﬁeg'éﬁféﬁ%ﬁ%i fied

by 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 (1.55 g}.
'"H-NMR (6 ppm,CDCl,) 1.47(s,9H), 1.74(m,2H), 1.90(m,2H), 3.32(m,2H),

3.70(m,2H), 4.28(brs,2H}, 4.38(m, 1H)}, 4.64(s,2H), 6.80(d,J=8.4Hz,1H), 6.92(s,4H),

7.37(dd,J=1.8, 8.4Hz,1H), 7.56(d,J=1.8Hz,1H), 8.10(brs, 1H)

Step 3

2-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenoxymethyl]-5-

cyanobenzimidazole

o
Ne N D/ \OJCO Bu
1St
N
H

In the same manner as in Example 19, Step 8, the title compound (1.04
mg) was obtained from t-butyl 4-[4-(2-amino-5-cyanophenylcarbamoyl-
methoxy)phenyloxy]piperidine- 1-carboxylate (1.52 gJ.

'H-NMR (S ppm,CDCL)} 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)
Step 4
2-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenoxymethyl}-5-cyano- 1-

phenacyibenzimidazole



silica gel colum chromat ography (hexane:acetone=5: 1) to give the title
conpound (300 ng). "HNWR ([err] ppm CDO 3) 1.27(trJ=7.2Hz,3H), 1.36(m 2H),
1.85(trJ=8.0Hz, 2H), 2. 10(m2H), 2.43(trJ=8.0Hz, 2H), 2.94(m 2H),

3.98(m 2H), 4.18(qJ=7.2Hz,2H), 5.12(s,2H), 7.28-7.38(m5H), 9.74(s,1H) Step
4 Benzyl cycl ohexyl car banoyl net hyl carbant®& H [err] To a solution of

N- (benzyl oxycar bonyl ) gl ycine (13.21 g), 1- hydroxybenzoti azol e hydrate

(9.39 g) in dinethylforman 92 ] re added cycl ohexylamne (7.95 m)
and 1-(3-di mejng qpr opyl‘t caflbodi i m de hydrochloride (13.32 @),
and the mxture omﬁﬁﬁﬂﬁt&:e for 7 hours. After
conpl eti on of t?@%ﬁ\pon the reaction mxture was extacted with ethyl
acetate and washed sucgessively with water, aqueous sodium

hydr ogencar bonate sol u giY, 10% hydr ogen chI oride and saturated brine. The
organi c | ayer was dried jover anhydrous magnesi um sul fate and the sol vent
was evaporated. The obgalRged residue was recrystallized fromethyl acetate
and hexane to give theltifle conpound (16.799 g). 'HNWR (6 ppm CDd 3) 1.
13(m3H), 1.35(m2H), 17(m3H), 1.86(m2H), 3.76(m 1H),

3.82(d, J=5. 7THz, 2H) To% sdd§sorPef)3-(4b(l4tfbbstokidarbenyipipbridini4)) , 7. 32-

EYMERIS I REERTTE S o A T A

ml} was added 60% sodium hydride (90 mg) with ice- coohng, and the mixture was

stirred at the same temperature for 20 min. Phenacyl bromide {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 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 HPLC (hexane:ethyl acetate=2:3) to give the title
compound (385 mg).

'H-NMR (& ppm,CDCL,) 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})

Step 5
2-[4-(Pipenidin-4-yloxy)phenoxymethyl}- 1-phenacylbenzimidazole-5-
carboxamidine dihydrochloride

)\O: Y\O’Ej T

* 2HCI

In the same manner as in Example 53, Step 9, methyl 2-{4-(1-tert-
butoxycarbonylpiperidin-4-yloxy)phenoxymethyl}- 1-phenacylbenzimidazole-5-
carbothioimidate (127 mg) was obtained from 2-[4-(1-tert-
butoxycarbonylpiperidin-4-yloxy)phenoxymethyl]-5-cyano- 1-



hydr ogenat ed using 7.5% pal | adi um carbon (3.24 g) in ethanol (164 m)
solution at atnospheric pressure over 8 hours. After conpletion of the
reaction, the reaction mxture was filtered through celite, and the sol vent
was evaporated. The obtai ned resi due was di ssolved in a m xture of ethanol
(50 m) and isopropanol (50 m). Theretd@fre added

4-chl oro-3-nitrobenzonitrile (8.23 g) and triethylamne (7.1 m), and the

m xture was %eh\%ggb%@éia%ﬁ%lé% {é%f’ 5@ hSulftle! Slett MG CO%“O‘fﬂgfagﬁ The

reacti on, water X an the m xture was | ce-co
resul tant soldmimwoaiin atttets (88 nhg). f To &sakition oA this nersipednd dre clelowiforah {1 millt h

(Bt 5 PSR ol e 5 RV 0
4.01 (dJ=5. AHaivert wab evapiopadd ahtl)the 6bBildereSidlEavasl difsolvedh mesthdma. 1,

8. 7Hz, LH), 8.54(d,J=2.1Hz,1H), 8.81(brtr,1H) Step .6
3- Arri no- 4- cyldesgieiasasidse ity huimgrmriinogemsshanal Q.8 mipapg the solvent was

s ogenat ed oaporant CTREX Qe LaenRANELd biekadst BRI | 100
tha ?Eaa?% Irrgzpiompou:xﬂr(é@%u;g}; over 4? m;)n. Afteirtcorrgl etiﬁn 01(‘) tgetreagtion,
tevapor at ed an:jn #Wﬁé\égaﬁ’ebb@ﬁagileﬁ({i%r Eﬁdé’&a@ﬂ’ %5&@9%?@ %'X‘“S‘?@gﬂt he
title conpoungdqsigy, 2idf 587(s,2Hy, WVIR (6,0 Hp BT SMLHG ﬂ@H)J?.B@—’X.BMSﬁh%I{_Ig, 8.09(d,2H),

1.52-1.72(m 5 3.5 1H), 3.70(d, J=5.7Hz, 2H), 4.97(br
5. 74(d,J:(5. 7@26@%1,é%&@(ﬁh@%ﬁgﬁ(\mﬂma.82(H21,J: 1.(8Hz, 1H), 6.92(dd, J=

1.8, 8.4Hz, ]E:?n lg.giﬁ(brd, 1H) Step 7 Benzyl

4-[ 2- (5- cyano- 2- gcl ohexyl car banoyl net hyl ai m nophenyl - 172

car banoyl ) et Sirithesis di¢{fe Hr axetiptigoyipipeddined-ylbxy)ahboosyinaatbyl]- 1-
phenacylbenzimidazole-5-carboxamidine dihydrochloride

NH 0
0
O

+ 2HCI

In the same manner as in Example 29, Step 1, 2-[4-(1-
acetimidoylpiperidin-4-yloxy)phenoxymethyl]- 1-phenacylbenzimidazole-5-
carboxamidine was obtained from 2-[4-{piperidin-4-yloxy)phenoxymethyl]-1-
phenacylbenzimidazole-S-carboxamidine dihydrochloride (85 mg]}, triethylamine
(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).

'H-NMR (6 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=9.0Hz,2H),
6.86(d,J=9.0Hz,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-yljpiperidin-4-yljethyl}-1-
cyclohexylcarbamoylmethylbenzimidazole-5-carboxamidine dihydrochloride



. [err] To a solution of benzyl 4-ethoxycarbonyl-4-(2

-fornyl et hyl ) pi peridine- 1- carboxylate (50 ng) in tert-butanol (1 m) were
added aqueous sodi um di hydr ogenphosphate solution (25 ng/0.5 m ), anyl ene
(0.06 m) and aqueous sodiumchlorite sglution (40 ng/0.5 M), and the
mxture was stirred at roomtenperature8r 1 hour. After conpletion of the
reacti on, hydrogen chloride and 5% aqueous sodiumthiosulfate solution were
added and t hegegacti on m xture was extracted with ethyl acetate. The

organi c | ayer was washed with saturated brine and dried over anhydrous

sodi um sul f attdButyheetwivearbonis?-8rpdtisrelinatrol ethillpiperadined -casbpirtewas

di ssol ved in dinethylfqg mde (1 M). Thereto were added

3- anmi no- 4- cycl ohexyl cdr bal¥ey? st hyl ani nobenzonitrile (39 ng), 1-

hydr oxybenzot r 0 drate (21 ng) and 1-(3-di nethyl am nopropyl) - 3-

et hyl carbodi i §i dé hydregeil oride (30 ng), and the m xture was stirred at
roomtenperatu for 12 hours. After conpletion of the reaction, agueous

sodi um hydr ogencar RofRi@nndhherad\@SERGASE 18NSt the&BE cOApBING WIp Was
extracted with ethyl acetate and washed successively with vvaPer and

saturat ed brimg wasabtaingd fiom eyt L -terdudexyedrhonylisampaoedtinats (SQUimgnasul f at e

dth I . T I i I'11zed
from et hyl  acerdiRinfy AReRbS e Bah RuRR b R (BrbEREE, || 2°
gogrs)oingesgfnllz mwi)NImridizdxeIam]E (onmm ) 1214219(t r%ﬂ' ZgzbgH) \2H), 3. 74(m
Ty 3 00(d, I-B-RER PO SRR phedH ok S5a by Co4S B e, iy
5.22(tr, J=6. 3gomld 162%75@(111@1 219; 886HilbH),73.81-3.97(f6M), &bﬂ’i(ﬁ&ré‘ﬂzﬁz,zﬂ ,
2-[ 2- (1- Benzyl oxycar bonyl - 4- et hoxycar onylpi peridin-4-yl)ethyl)-5-cyano- 1-
cycl ohexyl car®Hiylilet hyl benzi mi dazol e 173

Step 2
Benzyl 4-ethoxycarbonyl-4-{2-(1,3-dioxolan-2-yllethyl|piperidine- 1-carboxylate

NCO,8n
o)
™

To a solution of t-butyl 4-ethoxycarbonyl-4-{2-(1,3-dioxolan-2-
yllethyl|piperidine- 1-carboxylate (450 mg) 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 aqueous sodium hydrogencarbonate 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
ethyl 4-]2-(1,3-dioxolan-2-yljethyl]piperidine-4-carboxylate. 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 mi).
Step 3

Benzyl 4-ethoxycarbonyl-4-(2-formylethyl)piperidine- 1 -carboxylate

NCOan

OHC
CO,Et

Benzyl 4-ethoxycarbonyl-4-[2-(1,3-dioxolan-2-yl)ethyl)piperidine- 1-



[err] A solution of benzyl 4-[2-(5-cyano-2-cycl ohexyl carbanoyl net hyl -

am nophenyl car banoyl ) et hyl | - 4- et hoxycar bonyl pi peri di ne- 1- car boxyl ate (300
ng) in acetic acid (10 m) was stirred at 100C for 24 hours. After

conpl etion of the reaction, the reaction m xture was extracted wth ethyl
acetate and washed with aqueous sodi um h{@irogencarbonate sol uti on. The
organic |l ayer was dried over anhydrous sodiumsulfate and the sol vent was

evapor at ed.  dhgoahbiaes! ﬁ%@ﬂ%s&ﬁ@dﬂﬂfé%?&r&ﬁ{rﬁd(s ifaf€ th&etd Wals

chr omat ography (hexane et hyl acetate=2:3) and dried under reduced pressure

to give the diopwisecasided eanic (Ipuigogeg) chlondaNrny pethy ipe-gppingpand thomgxture 5( m

385 4. 05( m T 1Y é?*%@m%&aé%‘f%% Sf‘?# &%5%90 of fifpcagyyne

7.54(1H), 8. fehcfidh niiktepe Was poured into aqueous sodium hydrogencarbonate solution

2-[2-(4-& hoxycarbonyl pi peridin et hyl | -5-cyapo- 1- .
cycl ohexyl cafiBhHsIReEr Wﬁ%ﬁ’ﬂ?ﬁt?flaé’ﬁi” raFT'taF% &H@ OBZARIC Iy was washegd

Exanpl e 14, §i&Bssivel %@%h%éth%&?%ﬁ%@d%@ a?iﬂ)d%sov@p&ﬂx uf 58dfhim
2-[ 2- (1- benzyl oxycarbonyl - 4- et hoxycar bonyl pi peri di n-4- vyl hyI] 5-cyano-

1- cycl ohexyl stalfaaand;hcrmﬂw was rvapatated|and(tho Obtajred eskidepedd putified hyar bon

0 01 85(m o B pelsaf %éé%@w”@%%?%%%iﬁm &@?ﬁ%ﬁﬁ%ﬁ@m
g giggrlﬁbH) (300%4g) 3 00(m2H), 3.79(m 1H), 3.98(q,J=7.2Hz, 2H), 4.73(s,2H),

7 7. 53 10 2-
G horyear bgnémﬁm ua RIS B e iH)z,l@@gﬁa-SQHz 2H)y 74
cycl ohexyl Ca@ﬁ@[ﬂ%ﬂ}ﬂ?ﬁ.%l&%@@.bﬂ&,@@ﬂ%@4 (m,2H), 3.98(m,2H), 4.18(q,J=7.2Hz,2H),

5.12(s,2H]}, 7.28-7.38(m,SH]), 9.74(s, 1H}
Step 4
Benzyl cyclohexylcarbamoylmethylcarbamate

H
BnO,CNH ’Y N\O
o)

To a solution of N-(benzyloxycarbonyl)glycine (13.21 gJ,1-
hydroxybenzotriazole hydrate (9.39 g) in dimethylformamide (92 mi) 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, aqueous sodium
hydrogencarbonate solution, 10% hydrogen chloride and saturated brine. The
organic layer was dried over anhydrous magnesium sulfate and the solvent was
evaporated. The obtained residue was recrystallized from ethyl acetate and
hexane to give the title compound (16.799 gJ.

'H-NMR (6 ppm,CDCl;) 1.13(m,3H), 1.35(m,2H}, 1.67(m,3H), 1.86(m,2H),
3.76{m,1H), 3.82(d,J=5.7Hz,2H), 5.13(s,2H), 5.41(brs,1H]), 5.81(brs,1H), 7.32-
7.37(m,5H)

Step 5
4-Cyclohexylcarbamoylmethylamino-3-nitrobenzonitrile



[err] In the sane manner as in Exanple 10, Step 7,
ng) was obtai ned from 2-[ 2-(4-ethoxycar bonyl pi peri di n4-yl)ethyll-5-cyano-

- cycl ohexyl car banmoyl net hyl benzi m dazol e (150 ng), 4-chloropyridine

hydr ochl ori

de (48 ng) and triethylamne (0.14 m). 'HNVR (6 ppm CDd 3)

0.95-1.40(m 6H), 1.28(tr,J=7.2Hz, 3H), 1 2(m2H) 2.25(tr, J=7. 6Hz, 2H)

2.32(m2H), 2.87(tr,J=7.6Hz,2H), 3.02(m , 3.69(m2H), 3.80(m 1H),
4.03(qJ=7. 2Hz, 2H) 4. 73(s, 2H) 5.97(d, 1H) 6. 65(d, J=6. 6Hz, 2H), 7.35(1H),
7.54(1H), 8. ’Q& 26(d =6. 6Hz, 2H) Step 11 2-[2-[ 4- Et hoxycar bonyl -

1- (pyridin-4-y aln- -yIIethyII- 1-

cycl ohexyl car ba I t}@nm m dazol e- 5- car boxam di ne di hydrochl ori de
[err] In the sa mahlner as anple 38, Step 8, the title conpound (60

rrg) was obt ai ned froMh
2-[2-[ 4- et hoxycar bonyl - 1 (pyr|d|n 4- yI)plpeX|d|n 4-yl |l ethyl]-5- cyano-

-cycl ohexyl

e £ O B Aoy B Ol 2 (1)

ppm DVBO- d[ &i ehaﬂ&rdsﬁévw@p&na&u@wb&ﬂ@m@gm ethanbD(16% 2l) soldtiaRam 2H) ,

2.77(m 2H),
7.66(s, 2H),
9. 20(s, 2H),
4-12- (5-am

6 2 3.51 1 4.92(s, 2 7.20(d, J=7. 0Hz, 2H)
mé%néqqgressnz?@g]r %m%goreg?ghm off{he ( re%ct@me Qlezmcnon

G eGP AR LS Snd ol SR sRotiod, Thesbined)

- (pyri di n- 4-rgsifdpe pasudissmé&daalabnmwnemfacﬂmmﬂ (SPomd) @niddséprepaiiél [(SQ m]l)

Thereto were added 4-chloro-3-nitrobenzonitrile (8.23 g) and triethylarmine (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 successively with water and
diisopropyl ether to give the title compound (10.211 g).

'H-NMR (6 ppm,CDCl,) 1.13(m,3H), 1.38(m,2H), 1.70{m,3H), 1.91(m,2H),
3.84{m,1H), 4.01(d,J=5.4Hz,2H), 5.76(brd, 1H), 6.81(d,J=8.7Hz,1H), 7.65(dd,J=2.1,
8.7Hz,1H), 8.54(d,J=2.1Hz,1Hj, 8.8 1(brtr,1H)

Step 6
3-Amino-4-cyclohexylcarbamoylmethylaminobenzonitrile

NC NH,
E l H
N’\“’ N\O
H o
4-Cyclohexylcarbamoylmethylamino-3-nitrobenzonitrile (3.64 g) was
hydrogenated using 7.5% palladium carbon (1.1 g) in tetrahydrofuran (100 ml) at
atmospheric 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).
'H-NMR (6 ppm,DMSO-d,) 1.21(m,5H), 1.52-1.72(m,5H), 3.57(m,1H),
3.70(d,J=5.7Hz,2H], 4.97(brs,2H), 5.74(d,J=5.7Hz, 1H), 6.30(d,J=8.4Hz,1H),
6.82(d,J=1.8Hz,1H), 6.92(dd,J=1.8, 8.4Hz,1H), 7.80(brd, 1H)
Step 7
Benzyl 4-{2-(5-cyano-2-cyclohexylcarbamoylmethylaminophenyl-

the title conpound (110

1

1



In the same manner as in Exanple 7, the title conpound (20 ng) was obtai ned
from 2-12-14- et hoxycarbonyl - 1 -(pyridin-4-yl)piperidin-4-yllethyll- 1-

cycl ohexyl car banoyl nmet hyl benzi m dazol e- 5- car boxam di ne di hydrochl ori de (50
ng) and conc. hydrogen chloride (1.5 rm ). The conpound was purified by
preparative HPLC (30 - 50% net hanol -ma{%). "HNVR ([err] ppm DVBO-d[ err])

1. 19(m5H), 1.65(m 7H), 2.17(m4H), 2.87(m2H), 3.29(m2H), 4.08(m 2H),
5.01(s,2H), 7.19(2H), 7.72(dJ=8.7Hz,|lH), 7.77(d,J=8.7Hz, | H), 8.14(s,11),
8.21(2H), tafi{rdoyljehhyl|ot-@t{daysarRohylpipefidiner sc@fdpxylat. 56( brs, 1H) Exanple 60
Synt hesi s of 1-cycl ohexyl car banoyl net hyl - 2-[ N-

11- (pyridi nd-yl) pi pgridin- Nedsen

et hoxal yl anjjgonet hyly benzi ni dagol e- 5- car boxam di ne di hydrochl oride Step 1
Benzyl 1-(pyri -y p! | ne4- carbamate To a suspensi on of
1-(pyridin-4-y er Pdi ne- rboxylic acid (11.18 g) and triethyl arni ne
(11.3 m) in dirnet %;ormam’ de (110 m) was added di phenyl phosphoryl azide

(12.9 m) at roomt Pature, and the m xture was stirred at 800C for 30
m n. Benzyl al cohol .17 ml) was added at the sane tenperature, and the

m xture was stirred HY xhours. After conpletion of the reaction, the
sol vent was evapor at ed t he obtained residue was purified by silica gel
col um chr omat ogr aphy ( Cl0r of or m net hanol =99: 1 - 95:5) and dried under

reduced pressure to give the title conmpound (9.46 g). 'H-NWR ([err]
ppm CDC13) 1. 45(Tﬁ?m}utzzncé(qw@rhﬁ;etﬁpw@hb%é-ﬁ-@ffmm@umn 76l-

482001 . 10y L PPy 1R T wd ookl 51

dihydrogenphosphate 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, hydrogen chloride and
5% aqueous 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-cyclohexylcarbamoylmethylaminobenzonitrile (39 mg), 1-
hydroxybenzotriazole hydrate (21 mg) and 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide 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 (S1 mg}.

'H-NMR (& ppm,CDCly) 1.29(tr,J=7.2Hz,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=6.3Hz,2H), 4.00(m,2H),
4.17(q,J=7.2Hz,2H), 5.12(s,2H), 5.22(tr,J=6.3Hz, 1H}, 6.59(1H), 6.82(1H), 7.31-
7.44(m,8H)

Step 8
2-[2-(1-Benzyloxycarbonyl-4-ethoxycarbonylpiperidin-4-yljethylj-5-cyano- 1-
cyclohexylcarbamoylmethylbenzimidazole



4- Am no-i -(pyridin-4-yl)piperidine [err] Benzyl

1- (pyridin-4-yl)piperidine-4-carbamate (9.46 g) was hydrogenated using 7.5%
pal | adi um carbon (3.57 g) in ethanol (95 M) solution at 3 atmover 3
hours. After conpletion of the reaction, the reaction mxture was filtered
through celite, and the solvent was evaporated and the residue was dried
under reduced pressure to give the title conpound (5.38 g). 'H NWR
([err]ppm DMBO-d[err]) 1.22(m2H), 1.73(m2H), 2.87(m 3H), 3.82(m 2H),

6. 78(dJ=6. 5Hz, 2H), 8.11(dJ=g&" Héogé',l) Step 3 2-Chloronethyl- 1

- cycl ohexyl d¥QgaayLret hyl - - cyanobenzi m dazol e [err] To a sol ution of

chl oroacetonitr nmet hanol (166 m ) was added sodi um net hoxi de
(3.29 g), and the-rutune ieEStirred at roomtenperature for 40 m n under
a nitrogen atnospher&, Methanesulfonic acid (7.91 m) and 3-

am no- 4- cycl ohexyl car bfino  hyl am nobenzonitrile (8.3 g) were added, and
the m xture was stirred fd hours. Alter conpletion of the reaction,
water (166 m) was added and the precipitated solid was coll ected by

filtration, and wasblatomiof benzyisﬂﬂﬂ(s-&mmmﬂ—cgﬂohat)marbéiheyhtﬂmylned solid was
AR A R LR T DTN b@eé' ' 5”“ o
' H-NWVR (([ehfiéa%la@ﬁ@@[xﬁl)%}ss&n%a(dmﬁbbc fok- 25}7l€dﬂr!;|‘|)Aﬁér 4;51% Ao

3.55(m 1H), 5.02-5. 03(m4H) 7.69(s,2H), 8.21 (s, 1H), Step4
| -Cycl ohexyeastiona ytmonmwﬁﬁgn}ctqiw erhil ﬁnetgte)@qo‘eaﬁm 177

yl amni nomet Qﬁﬁé&%%dfﬁrﬂ%ﬁ.’r@gencarbonate solution. 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 {200 mg).

'H-NMR (& ppm,CDCl,) 0.8-1.75(m, 13H]), 1.80(m,2H), 2.22{m,4H), 2.84(tr,2H),
3.01{m,2H), 3.77(m, 1H), 3.85-4.05(m,4H), 4.72(s,2H), 5.13(s,2H}, 5.91(d,1H],
7.26-7.45(m,6H), 7.54(1H), 8.01(1H}

Step 9
2-]2-(4-Ethoxycarbonylpiperidin-4-yljethyl]-5-cyano-1-
cyclohexylcarbamoylmethylbenzimidazole

Ne NWO'H
UN ., Co:t
‘\rN

IO

In the same manner as in Example 14, Step 2, the title compound (150
mg) was obtained from 2-[2-(1-benzyloxycarbonyl-4-ethoxycarbonylpiperidin-4-
yllethyl]-5-cyano- 1-cyclohexylcarbamoyimethylbenzimidazole (200 mg), 7.5%
palladium carbon (100 mg) and ammonium formate {105 mg).

'H-NMR (& ppm,CDCly) 0.9-1.85(m,12H]), 1.26(tr,J=7.2Hz,3H), 2.15-2.25(m,4H),
2.68{m,2H), 2.85(tr,2H]}, 2.90-3.00(m,2H), 3.79(m, 1H), 3.98(q,J=7.2Hz,2H]},
4.73(s,2H), 6.04(d,1H), 7.37(1H), 7.53(1H), 8.01(1H)

Step 10
2-[2-{1-(4-Ethoxycarbonylpyridin-4-yl)piperidin-4-yllethyl}-5-cyano- 1-



[err] A solution of 4-am no-1-(pyridin-4-yl)piperidine (1.91 g),

2-chl oronet hyl - 1-cycl ohexyl car banoyl net hyl - 5- cyanobenzi m dazole (3.25 @)

and triethylamne (2.74 m) in dimethylfornrnamde (15 m) was stirred at

roomtenperature for 1 day. After conpletion of the reaction, the sol vent

was evaporated. The obtained residue wag extracted with chloroform and

washed with water. The organic |ayer was dried over anhydrous sodi um

sul fate and the solvent was evaporated. The obtained residue was purified

by silica ggtlohetylcarbamoyimethyjbeqruyidazbleor of or m nmet hanol =9: 1, 1% aqueous

ammoni a) and dried under reduced essure to give the title conpound (1.464

g). "HNWR ([err]ppm CDC 3) 0.8@8(m3|—0, 1.26(m2H), 1.43(m2H),

1.50(m 3H), 2.06(m 2H), ~3. 3H), 3.68(m1H), 3.89(m 2H),

4.17(s, 2H) , NG 82 .$2-6y67(m3H), 7.49(1H), 7.56(1H), 8.04(1H),

8.24(2H) Step

1- (pyridin-4-yNprFpafi di,n- &Os8t] - N- et hoxal yl am nonet hyl | benzi nr ni dazol e

[err] To a solution jof L-cycl ohexyl carbanoyl net hyl - 5-cyano-2-[ 1-(pyri di n-4-
E)

yl) pi peridin-4-ylamn benzi m dazol e (203 ng) and triethylamne (0.18
M) in chloroform (5 added et hyl chlorooxalate (0.119 m ), and the
m xture was stirred at roomMtenperature for 2 hours. After conpletion of

the reaction, walithe sarde/Sianasr adiEekaraple 10)8teP K itHE GtMRSmPsLha¢i RF Wi th

chl orof orm and washed wi th aciueous sodi um hydr ogencar bonat & sol ution. The

organi ¢ | ayeg) wessolirined fope £-[drifrgthavsarbenylpmesidin-atdetivis-emneeht was
Chanor o o SRR AR AR B Bl 0c! colum
under r edudsgdrgahdarider (48 trog) ginddrietiylarmined0.ddmihund
'H-NMR (& ppm,CDCl;) 0.95-1.40(m,6H), 1.28(tr,J=7.2Hz,3H}, 1.82(m,2H),
2.25(tr,J=7.6Hz,2H), 2.32(m,2H}, 2.87(tr,J=7.6Hz,2H), 3.02(m,2H), 3.69(m,2H),
3.80(m, 1H), 4.03(q,J=7.2Hz,2H), 4.73(s,2H), 5.97(d,1H), 6.65{d,J=6.6Hz,2H),
7.35(1H), 7.54(1H), 8.01(1H), 8.26(d,J=6.6Hz,2H)
Step 11
2-[2-[4-Ethoxycarbonyl- 1-(pyridin-4-yl)piperidin-4-yllethyl]- 1-
cyclohexylcarbamoylmethylbenzimidazole-3-carboxamidine dihydrochloride

O
NH
N
HzNJ\@N)/\/Q
COLEt
N o CO2
'\(N + 2HCH
O

In the same manner as in Example 38, Step 8, the title compound (60 mg)
was obtained from 2-[2-[4-ethoxycarbonyl- 1-(pyridin-4-yl)piperidin-4-yljethyl]-5-
cyano- 1-cyclohexylcarbamoylmethylbenzimidazole (100 mg), methyl iodide (1 ml),

ammonium acetate (22 mg) and sodium acetate (23 mgj.

'H-NMR (& ppm,DMSO-d,) 1.10-1.38(m,8H), 1.50-1.70(m,7H), 2.10{m,2H],
2.22(m,2H), 2.77(m,2H), 3.26(m,2H), 3.51(m, 1H), 4.92(s,2H), 7.20(d,J=7.0Hz,2H),
7.66(s,2H), 8.08(s, 1H), 8.22(d,J=7.0Hz,2H}, 8.37(d,1H), 8.94(s,2H]), 9.20(s,2H],
13.34(brs,1H)

Example 59



(205 ng). "H-NMR ([err]ppm CDCl 3) 1.04-1.36(m6H), 1 .39(trJ=7.2Hz, 3H),
1.83(m3H), 1.94-2.15(m4H), 2.86(m 2H), 3.65-3.90(m 2H), 4.01(m 2H),
4.40(q,J=7.2Hz, 2H), 4.73(s,2H), 4.90(s,2H), 6.27(1H), 6.65(d, J=6.3Hz, 2H),
7.43(1H), 7.54(1H), 8.00(1H), 8.27(d,J=6.3Hz,2H) Step 6

1- Cycl ohexyl car bamoyl met hyl - 2- [ N-[  1- (4 ci di n-4- yl) pi peridin-4-yl -

et hoxal yl am nonet hyl j benzi m dazol e- 5- car boxam di ne di hydrochl ori de [err] I n
the same manner as in Exanple 38, Step 8, the title conpound (87 ng) was

obt ai ned er;mﬂlesxs:qfcor %@gmm@dmmwmmﬂzﬂ)pﬁn@m@m. n- 4-
| di 5 hyd
2l Fi G, ol L R PP RO 8O0 WAL oA 1O 1 Bcetat e

(59 ny). 'H-Nl\/R(d ppm DVBO- d6) i@ZS(mSW 1.32(tr,J=7.2Hz, 3H), 1.45-
1

2.03(m9H), 3.15:3.30(m 2H), 3.56( , 4.25-4.42(m 2H),

4.38(q, J=7. 2Hz 4. 76(5 " 9¢£5. 10(m 3H), 7.15-7.19(m 2H),
7.76-7.75(my3 8.40-8.52(m 1H), 8.90-9.00(brs, 2H),

9. 20-9. 30(m , Exarrple 61 Synthesis of N-[5-am dino- 1
-cyclohexvlcarba

. hylpenzi Hi dazol -
yl met hyl ] - N- 1- (pyr| di ”Qﬁ“ eri d|2H°14 yI | ami nooxal i ¢ aci d di hydrochl ori de
179 NH [err] To a sol ut m
| - cycl ohexyl car banoyl met Byl [ 1- (pyri di n-4-

yl ) pi peridin-4-yl]-N ethoxal yl am nonet hgll | benzi m dazol e- 5- car boxam di ne

di hydr ochl ori de” ¢ @%ﬁmwmaﬁm )7, m%ﬁﬁa&@@pzﬂpamwkwgﬁd. um
obtained from 2-|2-[4-ethoxycarbonyl- 1-{pyridin-4-yl)piperidin-4-yljethyl]-1-

cyclohexylcarbamoylmethylbenzimidazole-5-carboxamidine dihydrochloride (50

mg) and conc. hydrogen chioride {1.5 mi). The compound was purified by
preparative HPLC (30 - 50% methanol-water).

'H-NMR (& 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=8.7Hz,1H),
7.77(d,J=8.7Hz,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-
ethoxalylaminomethyl]benzimidazole-S-carboxamidine dihydrochloride

Step 1

Benzyl 1-(pyridin-4-yl}piperidine-4-carbarnate

snoion—_ N~ N

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
diphenylphosphoryl! 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).

'H-NMR (6 ppm,CDCL,) 1.45(m,2H), 2.05(m,2H), 2.98(m,2H), 3.79(m,3H),



hydr oxi de solution (0.107 m), and the m xture was stirred for 10 m n.
After conpletion of the reaction, dil. hydrogen chloride was added. The

sol vent was evaporated and the obtained residue was separated by HPLC (50%
met hanol - water, 0.05%trifluoroacetic acid). The obtained residue is
treated with hydrogen chl ori de- et hanol d dried under reduced pressure to
give the title conpound (20 ng). "H- NVR(" [err] ppm DVSO d6)
1.10-1.28(m5H), 1.45-2.03(m9H), 3.10-3.30(m 2H), 4.01(m 1H),

4. 20- 4. 40( m.22{prd, 3HY, 4 H)(4,BH), 6064984 J=1, 15, B, 2H} 712-7.4180/5H)H) ,

7.70-7.80( . 8. é3-8 %(3 3H), 8.47-8.65(m 1H), 8.95-9. 10(brs, 2H),
9.23- 9.30 J=12: 57 H%2Hh 1) " Exanpl e 62 Synt hesi s of

2- 1 N-14- ( 1-stegtad m doyl pi peri di n- 4-yl oxy) phenyl | - N-

et hoxycar bonyl et hyl am nonet hyl | - | - cycl ohexyl car banoyl net hyl benzi m dazol e-
5- car boxam‘Uaninlr(pmxa@@rﬂ-aﬂma@l@ép 1 2-[4-(1

-tert-Butoxycar | pi I di n-4-yl oxy) phenyl am nonet hyl | - 1-
cycl ohexyl ¢ ylm@NS- cyanobenzirii dazol e 180 [err] A solution of
tert-butyl 4-(4-\an¥no oxy) pi peridine- 1 -carboxylate (8.21 g),
2-chlor-onethyl - _1 -c¢ycl ohexy] carbanoyl net hyl - 5- cyanobenzi m dazol e (9. 29 Q)
and dii sopropyl epﬁwgry}f(ﬁp‘g@f%yﬁWPC%MM? eéa‘%ogé”ﬁw genpted stirred
at 60TC f oryshfls NSYS Pallahiti A cabBIP(3047 §n@khdrt (IR doRition 41 @ B3 wWas
evaporated and the obtained residue was extracted with eth%Im acetate and
washed wi t hongs.erAftericompiesioni of theeactior,dhe reastion vaikture Wasfiderednthgeigli um
sul fate and_{he v T . ' resi r.e added
et hyl acet %tefégaﬁlgg %%‘é@ﬁ%ﬁﬁ?@%‘%ﬁ%‘?‘% g'fete%glg gpﬁﬁs&g{é dc“gﬁegc de gy
filtration,presssirech give thatiflecpnpmnd EL.38g).
'H-NMR (S ppm,DMSO-d,) 1.22(m,2H), 1.73(m,2H), 2.87(m,3H), 3.82(m,2H),

6.78(d,J=6.5Hz,2H}, 8.11(d,J=6.5Hz,2H)

Step 3

2-Chloromethyl- 1-cyclohexylcarbamoylmethyl-5-cyanobenzimidazole

NC N
e
N H
H,N
O
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-cyclohexylcarbamoylmethylaminobenzonitrile (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).
'H-NMR (6 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)
Step 4
1-Cyclohexylcarbamoylmethyi-S-cyano-2-{1-(pyridin-4-yljpiperidin-4-



and dried under reduced pressure to give the title conpound (15.726 Q).
"H-NVR( 6ppm CDC 3) 0.75(m 2H), 0.97(m1H), 1.23(m2H), 1.46-1.73(m 16H), 1
.85(m2H), 3.27(m2H), 3.65(m3H), 4.28(m iH), 4.61 (s,2H), 4.90(s, 2H),
5.63(d, 1H), 6.74(d,J=8.7Hz,2H), 6.82(d,J=8.7Hz, 2H), 7.44(dJ=8.4Hz, 1H),
7.57(dd, J=1.2, 8.4Hz, IH), 8. 10(d, J=1,2Hz, 1H) Step 2
2-[N-[4-(1-tert-Butoxycarbonyl pi peridi n-4-yl oxy) phenyl | - N-

et hoxycar bonyl net hyl am nonet hyl ] - 1 -cycl ohexyl car banoyl net hyl -

cyanobenzi nylempoimethglbdnzifoidazae! ut i on of

2-[4- (1 -tert-butoxycarbonyl pi peri g{ n4- yl oxy) phenyl am nomet hyl ]- 1

- cycl ohexyl car banoyl net hyl - 5- cyafijobé&nzi m dazole (247 ng) in

di et hyl f or mam de (2. 5m) d potassium carbonate (175 ng) and
et hyl br onmogget W9 07 ml) End the m xture was stirred at room 181
tenperature fo h to were added potassium carbonate (175 ny)

and ethyl bro e
tenperature for 24 hpur
and the m xture was Sty

Q,O? m), and the m xture was stirred at room
Further, ethyl bronpacetate (0.07 m) was added,
roomterrperature for 24 hours. After
conpletion of the rea@io ter was added and the m xture was extracted
wth ethyl acetate and wasied with water. The organic | ayer was dried over

anhydr ous magnesiaugpistitr et antiso uqﬁyﬁ&hmgmpmasmﬁwpgng edechidRendh}iai ned

resi due was pur| fied by sili ca)g‘ col um” chr omat o%rsap y (hexane: et hyl

acet at e= 1: l-gyclehexylopebarneylmeth ghapsixiethylamippm CDA 3)

RN MR e e
g ggg cliH)lH) , Affer&brpldtich ofHhe 2¢dctions, B@(shivéndwhsieyRidrated. 47K¢ bDtained54( 1H)

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).

'H-NMR (& ppm,CDCl,) 0.84-1.08(m,3H), 1.26(m,2H), 1.43(m,2H), 1.50(m,3H),
2.06(m,2H), 2.84-3.00(m,3H), 3.68(m, 1H), 3.89(m,2H), 4.17(s,2H), 4.87(s,2H),
6.62-6.67(m,3H]}, 7.49(1H), 7.56(1H]}, 8.04(1H), 8.24(2H)

Step 5
1-Cyclohexylcarbamoylmethyl-5-cyano-2-[N-[ 1-(pyridin-4-yl)piperidin-4-y1]-N-
ethoxalylaminomethyl]benzimidazole

mwﬁo

coza
J x

To a solution of 1-cyclohexylcarbamoylmethyl-S-cyano-2-[1-(pyridin-4-
yl)piperidin-4-ylaminomethyljbenzimidazole (203 mg) and triethylamine (0.18 ml)
in chloroform (5 ml) was added ethyl chlorooxalate {(0.119 mi), and the mixture was

stirred at room temperature for 2 hours. After completion of the reaction, water



Step 3 2-[N-[4-(1-Acetim doyl pi peridi n-4-yl oxy) phenyl | - N- et hoxycar bonyl -
nmet hyl am nonet hyl]- 1 -cycl ohexyl car banoyl net hyl benzi m dazol e- 5-

car boxai i di ne di hydrochloride [err] In the sane manner as in Exanple 38,
Step 8, 2-[N-[4-(Il-tert-

but oxycar bonyl pi peri di n-4-yl oxy) phenyl ]-\- et hoxycar bonyl met hyl am nonet hyl ] -
1- cycl ohexyl car banoyl net hyl benzi m i dazol e- 5- car boxam di ne (47 ng) was
obtained from2-[N-(4-(l-tert-butoxycarbonyl pi peridi n-4-yl oxy) phenyl | - N-
ethoxycarbowa$aﬂdmybmdnhemﬁxhytMEmIRUydtdhﬁﬂyﬂdanﬁannymMBmmyedﬁmh

b d I 247 | fid did 1.1 d
ront um noEpgs oo et sShinh Tt 1 a0 drfed e 20 o
10, the tit stmi Ve solvead wasl et
it e g st o)
2.28(s, 3H), was 149 by miligpgel calumeammtgﬂﬁpwchlomfmm 1%
4.46(m 1 2H) ,
1450 AF) oy B ariihniaP R g8 thricErchtdd praChe e e B8k é@%&%ﬂ? K
9. 31(2H) Ex@0plmg)63 Synt hesi s of N-(5-am di no-

1- | oh I -
gt %5235?&@?@%& i"i&?ﬂ%‘gﬁl GIﬁyF 8§%ﬁﬁ%ﬁ§?13é§rbgﬁ¥%r’fﬁgéoi c acid
e
met onycar bon Ibé%(zog amn (ﬁ%ygﬁ II-Slgqranghgglﬁg?fg?/m%neth I-5-)4
cyanobenzi ,ﬁxaﬁ 1, 6. 27(1 663(dJ—6 3Hz,2H), 7.43(1H), 7.54(1H), 800(1H)
8.27(d,J=6.3Hz,2H]
Step 6
1-Cyclohexylcarbamoylmethyl-2-[N-{1-(pyridin-4-yl)piperidin-4-yl}-N-
ethoxalylaminomethyl]benzimidazole-5-carboxamidine dihydrochloride

Q
*@[ w

COzEt
@1 X

In the same manner as in Example 38, Step 8, the title compound (87 mg)

was obtained from 1-cyclohexylcarbamoylmethyl-S-cyano-2-[N-{1-(pyridin-4-
yl)piperidin-4-yl}-N-ethoxalylaminomethyljbenzimidazole (205 mg), hydrogen
sulfide, methyl iodide (5 ml), ammonium acetate (138 mg) and sodium acetate (59
mg).

'H-NMR (& ppm,DMSO-d,) 1.10-1.28(m,5H), 1.32(tr,J=7.2Hz,3H), 1.45-
2.03(m,9H}, 3.15-3.30(m,2H], 3.56(m, 1H), 4.25-4.42(m,2H], 4.38(q,J=7.2Hz,2H],
4.76(s,1H), 4.90-5.10(m,3H}, 7.15-7.19(m,2H), 7.76-7.75(m,2H), 8.15-8.25(m,3H),
8.40-8.52(m, 1H), 8.90-9.00(brs,2H]), 9.20-9.30(m,2H), 13.42(brs,1H)

Example 61
Synthesis of N-|5-amidino-1-cyclohexylcarbamoylmethylbenzimidazol-2-
yimethyl]-N-{1-(pyridin-4-yl)piperidin-4-yljaminooxalic acid dihydrochloride



NOl:: XI:Nt NCO2 t-BU Crl"NH CO2Me To a sol ution of
2-[4-(1-tert-butoxycarbonyl pi peridi n-4- yloxy)phenyl am nonethyl]- 1

- cycl ohexyl car banoyl net hyl - 5- cyanobenzi mi dazol e (331 ng) and triethyl am ne
(0.128 M) in chloroform (10 m ) were added nethyl 4-chlorofornyl benzoate
(112 nmg) and 4-di net hyl am nopyridine ({fgng), and the mxture was stirred
at roomtenperature for 13 hours. After conpletion of the reaction, the
sol vent was evaporated and t he obtai ned resi due was extracted with ethyl
acetate and washed successively with 10% 6 aqueous citric acid solution and
saturated brine. The organic Iayer sNdrl ed over anhydrous nmagnesi um

sul fate and t heNBol vent was ev The obt ai ned resi due was washed
with chloroformidii oprhppyl e her co | ected by filtration and dried under
reduced prestdre Yo conmpound (333 ng). 'H NVR( 6ppm CDA 3)
1.09-1.23(m 7H), & 150 1;_94;(|m7H) 3.29(m 2H), 3.69(m 3H),
3.87(s,3H), 4.36(m 1H) 5347‘ 5.25(s, 1H), 6.38(d, 1H),

6.72(d, J=8. 9Hz, 2H) 8(dJ=8. Qﬁz 2H) 7.34(d, J=8. 4Hz, 2H), 7.48(d, J=8. 6Hz,
1H), 7.57(dd,J= 1_2, 6Hz, 1H), 7.84(d,J=8.4Hz,2H), 8.06(d,J= 1.2Hz, 1H)
Step 2 183 2- 4-(1

-tert-Butoxycar pi peri di n-4-yl oxy) phenvl ] - N-( 4-
met hoxycar bonyl benzoyl ) am nonmet hyl ] - 1- cycl ohexyl car bam)yl
met hyl benzi m dazaol e- 5- car boxam di ne NH H CON2j NCO2 t-Bu Q~NH

In the same mannef® &80 ﬁomawgomwkarhgnmmw 2 [N’[le(%ﬂvﬁbﬁnd (201
yl)piperidin-4-yl}-N-ethoxalylaminomethyl]benzimidazole-5-carboxamidine
dihydrochloride (50 mg) in methanol {1 ml) was added 2N aqueous sodium
hydroxide solution {0.107 ml}, and the mixture was stirred for 10 min. After
completion of the reaction, dil. hydrogen chloride was added. The solvent was
evaporated and the obtained residue was separated by HPLC (50% methanol-
water, 0.05% trifluoroacetic acid). The obtained residue is treated with hydrogen
chloride-ethanol and dried under reduced pressure to give the title compound (20
mg).

*H-NMR(6 ppm,DMSO-d,) 1.10-1.28{m,5H), 1.45-2.03(m,9H), 3.10-3.30(m,2H),
4.01(m,1H), 4.20-4.40(m,2H), 4.74(s,1H), 4.95-5.10{m,3H), 7.16-7.19(m,2H),
7.70-7.80(m,2H), 8.13-8.30(m,3H]), 8.47-8.65(m, 1H}, 8.95-9.10(brs,2H]), 9.23-
9.30(m,2H), 13.57(brs, 1H)

Example 62

Synthesis of 2-[N-[4-{1-acetimidoylpiperidin-4-yloxy)phenyl}-N-
ethoxycarbonylmethylaminomethyl}- 1-cyclohexylcarbamoylmethylbenzimidazole-
5-carboxamidine dihydrochloride

Step 1

2-[4~(1-tert-Butoxycarbonylpiperidin-4-yloxy) phenylaminomethyl}-1-
cyclohexylcarbamoyimethyl-S-cyanobenzimidazole



ng) was obtained from

2-[N-[4-(1-tert-butoxycarbonyl pi peridi n-4-yl oxy) phenyl | - N-

(4- met hoxvcar bonyl benzoyl ) ani nonet hyl J- 1-cycl ohexyl car banoyl et hyl - 5-
cyanobenzi m dazol e (333 ng), hydrogen sulfide, nethyl iodide (0.277 m) and
ammoni um acetate (51 ng). 'H NVR( 5ppmgHCLl3) 1.08(m 3H), 1.23(m2H),
1.46(s,9H), 1.52-1.80(m 7H), 1.86(m2H), 3.29(m 2H), 3.67(m 3H),

3.87(s,3H), 4.36(m1H), 5.07(s,2H), 5.25(s,2H), 6.41 (d, 1-H),

6.72(d, J=8.9Hz, 2H), 7.08(d, , 7.34(d,J=8.3Hz,2H), 7.47(1H),
7.56(1H), 7.MA( ds N3Hz, 2@%05 1H)I Step 3

2-[N-f4-(Pi peri : XYM Il - Af‘-cr?et"ﬁbxycar bonyl benzoyl ) am nonet hyl j -
1- cvcl ohexyl caMsaffonl net Ryl benzi m dazol e- 5- car boxarri di ne di hydrochl oride
NH H2N N N NH Q4~NH O ' 0 *2WCl Co NH

C02MB To a solution o
2-[N-[4-(1-tert-but oxyoar pi peri di n-4-yl oxy) phenyl ] -
N- (4- met hoxycar bonyl benzoyl )am nonet hyl ] - 1-cycl ohexyl car banoyl net hyl -

{oe_nfz: m dazol te_— 5- cmsdgumimﬂtmm%@ﬁ@nmuplmdﬂmy)@i@m(&}j—m:?;)bomglateﬁ(@dkﬁft

rifl uoroac C .aci n m Xt ur s stirred for n. er
conpl eti on g2 OWWCSWP@H'%%EM%%@BW@ -Sianehensipideziie @2%9 8o the
obt ai ned reghdggs,?gmgggd@@cm @ﬁ?&éﬂy gg@llﬁléibﬁgﬂr@] idé @;j%h) wWidWimeaput i on.

The obt ai ned sol i by filtration and dried under reduced

pressure t o6gi brtldehqurs| cAlespemmetionasheggaction) themplvepbrasmsponited
2. 53(m 11y, 240 3 gl e SRR gy SRR il Bl Bl vt
6. 82(d, J=9. Thi pfidnic Iay&iwas dri€d Gidr apbydronis4fidghesicin 4tlfateldnd 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 compouﬁd (15.726 g.
'H-NMR(6 ppm,CDCL,) 0.75(m,2H), 0.97(m,1H}, 1.23(m,2H), 1.46-1.73(m, 16H),
1.85(m,2H}, 3.27(m,2H), 3.65(m,3H}, 4.28(m, 1H), 4.61(s,2H), 4.90(s,2H),
5.63(d,1H), 6.74(d,J=8.7Hz,2H), 6.82(d,J=8.7Hz,2H), 7.44(d,J=8.4Hz, 1H),
7.57(dd,J=1.2, 8.4Hz,1H), 8.10(d,J=1.2Hz, 1H)
Step 2
2-|N-[4-(1-tert-Butoxycarbonylpiperidin-4-yloxy)phenyl]-N-

ethoxycarbonylmethylaminomethyl}- 1-cyclohexylcarbamoylmethyl-5-
cyanobenzimidazole

o
\(3:);’)/\(0 \Oacoz +8u
O,NH

COLEt
To a solution of 2-{4-(1-tert-butoxycarbonylpiperidin-4-
yloxy)phenylaminomethyl]- 1-cyclohexylcarbamoylmethyl-5-cyanobenzimidazole

(247 mg) in dimethylformamide (2.5 ml) were added potassium carbonate {175 mg)
and ethyl bromoacetate (0.07 ml}, and the mixture was stirred at room



7.75(s,2H), 7.79(d,J=8.4Hz,2H), 8.19(s, 1H), 8.57(d, 1H), 9.05(brs, 2H), 9.
10(brs, 2H), 9.33(brs,2H) Step 4 N-(5-Am di no-

1- cycl ohexyl car banmoyl met hyl benzi m dazol - 2-yl net hyl ) - N-[ 4- ( 1-

acet i ndoyl pi peri di n-4-yl oxy) phenyl | car banoyl benzoi ¢ acid NH H2N NVe
NO N HN Y, 181 2HCI To a solution of

2-[ N-[4- (pi peridin-4-yl oxy) phenyl | - N-( 4-

met hoxvcar bonyl benzoyl ) am nonmet hyl ] - 1 -cycl ohexyl car banoyl net hyl -

benzi r ni daz trepdrataefondhourse Ghéretty wetel anidied o(B8iury carbonast (1@8ahg) (1 n )

dded | 0.62 dth
et ur e s 208 R BRaRoRG T T Shi nring ot s abermormt ot on of
the reacti ofempd¥aliefGIBNhEEISOr Fdethe) B bidrhoNésata (Bl0% ndWat Bed&DLMANt was

evaporated and dried under reduced pressure. The obtai ned residue was
di ssol ved i thewiurovas stired atapem teepesafuraior ¢ houne  Adieneempletion ofthgnpl e

29, St 1 t

hydrocﬁloori gédc?% &5§}%g%%g&é8 L&Z e comoﬁ%%%%éﬂg%%%ﬁ% solid.
"H- NVR( 5 mﬁhﬁ@ztﬁ@zéteﬂO(ﬂhe&t&amdla&érWaﬁﬁﬁed o, arthydtqus 2ibgmn o esﬂgﬂ?( Z H;%H)
3.35-3.60(m_3 4.5 2 8

7.20(d, J= (mé\lfg“ﬁ d ‘;g Iﬁ% Sie“)'%’% (rﬁ&%ﬁts e@@?%‘?“eﬂﬂ%s Psng g‘f—o

8. 75( br s, 1khtica eljcoﬂrﬁﬁ%h%ﬂha oBrabHytY hé{ﬁi@emma%gét@qaﬂﬁb %1v@4.h§ﬁﬂ& hesi s of
2-[ N 14- (1 -am di noplferl di n4-yl oxy) phenyl ] 4- met hoxycar bonyl -

benzoyl ) an eempeund [124mgkycl ohexyl car banoyl rret hyl benzi nmi dazol e-5-
'H-NMR(6 ppm,CDCL) 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=9.1Hz,2H]}, 6.88(d,J=9.1Hz,2H), 7.44(1H), 7.54(1H), 8.03(1H)
Step 3

2-[N-[4-(1-Acetimidoylpiperidin-4-yloxy}phenyl]-N-ethoxycarbonyl-
methylaminomethyl}- 1-cyclohexylcarbamoylmethylbenzimidazole-5-
carboxamidine dihydrochloride

J\O: y\NO/ \O
O,NH

In the same manner as in Example 38, Step 8, 2-|N-[4-(1-tert-

- 2HCI

butoxycarbonylpiperidin-4-yloxy)phenyl}-N-ethoxycarbonylmethylaminomethyl]-
1-cyclohexylcarbamoylmethylbenzimidazole-5-carboxamidine (47 mg) was
obtained from 2-[N-[4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenyl}-N-
ethoxycarbonylmethylaminomethyl]- 1-cyclohexylcarbamoylmethyl-5-
cyanobenzimidazole (247 mgj, hydrogen sulfide, methy! 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.

'H-NMR(S ppm,DMSO-d,) 1.17(tr,J=7.2Hz,3H), 1.10-1.35(m,5H), 1.50-
1.80(m,7H]}, 1.99(m,2H), 2.28(s,3H), 3.40-3.60(m,3H), 4.10(q,J=7.2Hz,2H),



car boxam di ne di hydrochloride NH [err]

2-[N-[4- (Pi peridi n4-yl oxy) phenyl | - N- (4- met hoxycar bonyl benzoyl ) -

am nonet hyl | - 1-cycl ohexyl car banoyl met hyl benzi ni dazol e- 5- car boxanri di ne

di hydrochl oride (220 ng) was dissolved in 10% nethanol (2 m) and
neutralized with ion-exchange resin (1RA;.4 10). The mxture was filtrated,
and the filtrate was concentrated. To a | ution of the obtained residue in
di ret hyl formam de (2 m) were added diisopropyl ethylarnine (0.053 m) and

1H pyrazol e4.18(m@xH) pmq@(xﬁlm}ne sbwmqs:moo(s 249), 64V4(dm9=9 @Hz20)M t enper at ur e,

and the m xture was stirred rs. After c f the reaction,

fhe sol vent Sy duapBRAeT A0 HE00H: g kb SRIaR SR bdBHh th HrLC

(50% net han? chgjl)e ) 82@5% trifluoroacetic acid) and thereto was added dil.
ori Th

hydr ogen chl¢ sol vent was evapor at ed and dri ed under reduced
pressure to kg title conmpound (155 ng). "H NVR([err]ppm DVSO-d[err]

1.20(m 5 1.8 27 3

3. sogrsnstl)') SEDT{’G(‘@O%%@@%Q’(‘% 1@“@%@5@%@%{% t(ng 5042 oH)
7.39(dJ=8. N RhtbhzSoyhhed 18

1H) | S 56(d&ﬁqﬂg{jﬂ Hlﬁfégegﬁg@plgznﬂ(@y@%hgn’gnpl e 6g18yntlﬁ)§§}(§ of(s

N-(5-am di pStqg éycl ohexyl car bamoyl met hyl benzi ni dazol - 2- yl met hyl ) - N- 14- (
T Mo B R e RO SRR BRAERLRIPRI. o Py ochl o de
2-[N-{4-(1- ﬁmnha&yaaﬂjommedwﬁ)énﬁhmyﬂwnelnwdlouuxﬁéarbamoyhnethyl-s-

nmet hoxycar bonyl benzoyl )am nomet hyl | - 1-cycl ohexyl car banoyl net hyl -
cyanobenziniidazo

\@ Y\N’O/ \O\lcoztBu
NH : ~CO:Me
J

To a solution of 2-[4-(1-tert-butoxycarbonylpiperidin-4-
yloxy)phenylaminomethyl}- 1-cyclohexylcarbamoylmethyl-5-cyanobenzimidazole
{331 mg) and triethylamine (0.118 ml) in chioroform {10 mi) were added methyl
4-chloroformyl benzoate (112 mg) and 4-dimethylaminopyridine (15 mg), and the
mixture was stirred at rcom 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% agueous 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
chloroform-diisopropyl ether, collected by filtration and dried under reduced
pressure to give the title compound (333 mg).

'H-NMR(& ppm,CDCl,) 1.09-1.23(m,7H), 1.46(s,9H), 1.50-1.94(m,7H]},
3.29{m,2H), 3.69(m,3H), 3.87(s,3H), 4.36(m, 1H), 5.07(s,2H), 5.25(s,1H),
6.38(d,1H), 6.72(d,J=8.9Hz,2H), 7.08(d,J=8.9Hz,2H]), 7.34(d,J=8.4Hz,2H),
7.48(d,J=8.6Hz,1H), 7.57(dd,J=1.2, 8.6Hz,1H), 7.84(d,J=8.4Hz,2H),
8.06(d,J=1.2Hz,1H)

Step 2



benzi m dazol e- 5- car boxam di ne di hydrochloride (130 ng) in nethanol (2 rnl)
was added i N aqueous sodi um hydroxide solution (0.7 m), and the m xture
was stirred at roomtenperature for 6 hours. After conpletion of the
reaction, the solvent was evaporated and the obtained resi due was separat ed
by HPLC (50% net hanol - wat er, 596tr|fb§oroacetic acid) and thereto was
added dil. hydrogen chlori de. The sol ve was evaporated and dried under
reduced pressure to give the title conpound (100 ng). 'H NVR( 6ppm DVSO d6)

1.19(m 5H),2 m%{ntﬁem&bhcarbbn%ﬁpaﬁlﬂﬂ -BoJTiwenFN-(44. 5 | (m  1H),

5.17(s, 2 . 33(s, 2 7.36(2
7. 52E: 4[?) mpthoRyedrbopip a’H)OY %ﬁfl'%’ck?bt”i}flﬁaf%@mi’g%brs 2H), (21,
9.32(brs, 2Hpe WM@W&I&M(S am di no- 1

r banoy

-cycl ohexyl ca met hyl benzi nmmi dazol - 2-
yl methyl)-N-[4-( é acetlnldoylploerkpln 4-yl oxy) phenyl | sul f anoyl acetic acid
t e

di hydrochl ori de 1 2-T4-[Hf
-tert- But OXyGR /Ebmm Jl ox Y p ey, tlBuN-
et hoxycar bonyl net onyNamiormret hyTl - 1 - cycl ohexyl car banoyl net hyl -
cyanobenzi m dazol e ALl xJ0 a solution of chlorosul fonyl acetyl
chloride (2 g) in of orm n1) was added et hanol (0.696 m) at
-78[err] C and the m Xt ure was “S§# t roomtenperature for 30 mn. After
conpl etion of t ion, the sol vén?l was evaporated. A solution of
obt ai ned residu chloroform (10 m) was dropw se added to a sol ution of
2-[4-(1-tert-but car bonyl pi peridi n-4- yl oxy) phenyl am nonet hyl | -
| - cycl ohexyl car banoyl et hyl - 5- cyanobenzi ndazol e

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-methoxycarbonylbenzoyljJaminomethyl]- 1 -cyclohexylcarbamoylmethyl-5-
cyanobenzimidazole (333 mg), hydrogen sulfide, methyl iodide {0.277 ml) and
ammonium acetate (51 mgj.

'H-NMR(J ppm,CDCl,) 1.08(m,3H), 1.23(m,2H), 1.46(s,9H), 1.52-1.80(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=8.9Hz,2H), 7.08(d,J=8.9Hz,2H),
7.34(d,J=8.3Hz,2H), 7.47(1H), 7.56(1H]}, 7.84(d,J=8.3Hz,2H), 8.05(1H)

Step 3
2-[N-{4-(Piperidin-4-yloxy)phenyl]-N-(4-methoxycarbonylbenzoyl)aminomethyl}- 1-
cyclohexylcarbamoylmethyibenzimidazole-5-carboxamidine dihydrochloride

e
J

To a solution of 2-[N-[4-(1-tert-butoxycarbonylpiperidin-4-yloxy)phenyl]-
N-{4-methoxycarbonylbenzoyl)aminomethyl]- 1 -cyclohexylcarbamoyimethyl-
benzimidazole-5-carboxamidine (201 mg) in chloroform (1 mi) was added

trifluoroacetic acid (1 ml), and the mixture was stirred for S min. After completion



(5.1 g) and pyridine (2.1 m) in chloroform (88 m) wth ice-cooling. The

m xture was strred at the sane tenperature for 1 hour. After conpletion of
the reaction, water was added and the m xture was extracted with chl oroform
and washed successively with water and saturated brine. The organic |ayer
was dried over anhydrous magnesi um sul fajie and the sol vent was evapor at ed.
The obtai ned residue was purified by silica gel colum chronmat ography
(hexane: et hyl acetate=3:7--2:8) and dried under reduced pressure to give

ELh§7E it 597(32{\%@14'8@0&04&, 2% shivent Wrabliviiporare (a2nto CREbBairled Irésid ué Maaided
. trJd=7.

Hz, 3H), 1.46(s,9H), 1.55- 1.78(m5H), 1,80-2. 00(m 4H),
3. 32(m 2H) , a3 Neydrpeen chigridedigthy] ﬁ}f}erépfui@§13, Eﬁ% obtaingd sglig wasgoflecseq
4.39(m 1H), , i ™
7 3200, -8, BERSPr Al dpdiger Ay i Ire daetnR HIE Bl (79 ma.
1-cvcl O_hgxyl CI_HFNW@P!DBLE%MWZHlrﬂll(da:'zldl,-lﬁwﬂ{%(mﬂﬂ)rwpm,gﬂl- ot o d

0 er I Q-.4+5 n | roc oril de

165 [orr] LouoBBA AT A ABSERE A R SRR A HP G IR N (1 et
but oxycar bog\dsp, 2y, 6k 21d 4=9/00i 22 (d,J49.eHb oKy castiapyBraidps ul fonyl -
am nonet hyl 17 1 cl ohexyl car banoyl net hyl - 5- cyanobenzi m dazole (3.34 g) in

A Eadlsevd, 8371,

ot hano! ( 33775(S2HY §- 1S e84zt P, Q05 re2H <1 6fbrs, 36

terrperatureg?grbrg@ ours. The sol vent was evaporated and the obtai ned
resi due was '|éso1v d in nmethanol (30 m) and ethanol (33 ml). Ammoni um
acetate (3.8tem# was added, and the m xture was stirred at roomtenperature

for 15 hour ter c | etion of the r ion, .4N hydrogen

chl ori de- di 3&@9&’%‘%‘1‘?}3F%ﬁ@‘?ﬂ%?ﬁ?’%&%@%&ﬂ%@%‘yﬁf@%{)2%‘{4'%1ﬁso| ubl e
mat eri al WagcétRiiyfgipeiat-a0/insithenglicevamoyidersbic and the residue was dried
under reduced pressure. The obtained residue was dissol ved

NH 0

AT O

HaN N
Oy ™

N NH
o O
ﬁ/' - 2HCI!
NH COH

To a solution of 2-[N-[4-(piperidin-4-yloxy)phenyl|-N-(4-

methoxycarbonylbenzoyljaminomethyl]- 1-cyclohexylcarbamoylmethyl-
benzimidazole-S-carboxamidine dihydrochloride (93 mg) in methanol {1 ml) was
added a 1N agueous sodium hydroxide solution {0.629 ml), and the mixture was
stirred at room temperature for 15 hours. After completion of the reaction, 1N
hydrogen chloride (0.377 ml) 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 ethy! acetimidate hydrochloride (78 mg) to give the title compound
(28 mg) as a white solid.

'H-NMR(S 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=5.6Hz,2H),
7.20(d,J=5.6Hz,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]



in methanol (33 m) and reacted in the same manner as in Exanple 29, Step 1
with triethylamne (8.1 ml) and ethyl acetim date hydrochloride (4.48 g).
After conpletion of the reaction, insoluble material was renoved and the
sol vent was evaporated. To the obtained residue was added 2N hydr ogen
chloride (50 m), and the m xture was qﬁgwexlunder reflux for 2 hours.
After conpletion of the reaction, the solvent was evaporated and the
obt ai ned resi due mas separated by HPLC (37 - 45% net hanol -water, 0.05%
trifluoroac ) and dil. hydrogen chloride was added. The sol vent was
evapor at ed an r|e under reduced pressure to give the title conmpound

(1.76 g). 1Bymibreispi2rNdfr erEdinepierfin4-yhpoRphanyl]-N-gome thexyearbenyl-

2.00(m 2H), 4.66(m 1H), 5.
10(s, 2H) , %ﬁ%ﬁgm’%‘*@?ﬁ %E@E%’ﬁz&fﬁé&wﬁ?%%é% 7.72(s, 2H) |

8. 13(s, 1H)cadokathitiind dhydfhcBRifdes, 1H), 9. 15-9. 50(5H) Exanpl e 67 Synt hesi s
of 4-(2-amdino- 1,2, 3,4-tetrahydroi soqui nolin-7-yloxynethyl)- 1-
(pyridin-4-yl )pNgerl d| ne- 4- car boxyld c_aci d met hanesul f onat e 189

4-(2- Ami di no- 1} reoqyi noy i n-7-yl oxymethyl )- 1 -(pyridin-4-
yl) pi peri di r A 2 pended in water (50 nl) and
met hanesul foni c ag e mxture was heated to 50' C for
di ssol ution. Then, - ' &4 q ) was ad¥ed dropwi se, and the m xture was
stirred at the sarreog?ﬂlperatu or 1 houryygfhe mxture was all owed to cool
to roomtenperature he precipsf merystals were collected by filtration

to give the titl und (11. 56 g). "HNVR( [err]ppmDlerr]0) 1.60(m 2H),
2.19(m2H, 2.7 H), 2.77(tr,J=5.8Hz, 2H), 3.34(m 2H),
3.45(tr,J=5. 8Hz, 3.84-3.92(m 4H), 4.38(s,2H), 6.72(s, 1H),

6.79(d, J=8.4Hz, 1 92 d,J=7.8Hz, 2H), 7.09(d, J=8.4Hz, 1H),
7.89(d, J=7. 8Hz, 2 [N [4- P1pendm—4—yloxy)pheny1] -N-{4-methoxycarbonylbenzoyl)-

aminomethyl}- 1-cyclohexylcarbamoylmethylbenzimidazole-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 temperature, and the mixture was stirred for 20
hours. After completion 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. hydrogen chloride. The solvent
was evaporated and dried under reduced pressure to give the title compound (155
mg).

'H-NMR(S ppm,DMSO-d,) 1.20{m,5H), 1.45-1.75(m,7H]}, 1.87(m,2H),
3.27(m,2H), 3.45-3.65(m,3H), 3.80(s,3H), 5.16(s,2H}, 5.33(s,2H),
6.80(d,J=9.0Hz,2H), 7.19(d,J=9.0Hz,2H), 7.39(d,J=8.1Hz,2H), 7.52(brs,4H),
7.74(s,2H), 7.78(d,J=8.1Hz,2H), 8.18(s,1H]), 8.56(d,1H), 9.11(brs,2H), 9.32(brs,2H)
Example 65
Synthesis of N-{5-amidino- 1-cyclohexylcarbamoylmethylbenzimidazol-2-
ylmethyl)-N-[4-(1-amidinopiperidin-4-yloxy)phenyljcarbamoylibenzoic acid
dihydrochloride



In the same manner as in Exanple 1 to Exanple 67, the conpounds of Exanple
68 to Exanple 115 were obtai ned. The obtai ned conpounds are shown in Table
1 to Table 8. Exanple 68 7-[ 1 -(Pyridin-4-ylacetyl)piperidin-4-yl nethoxy] -
1, 2, 3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne di hydrochl ori de ' H NVR(
5ppm DVSO-d6) 1.20(m 2H), 1.80(m 2H), Zhé)é(m 1H), 2.65(m 11H), 2.8 1(m2H),
3.1 1(m 1H), 3.82(d,2H), 3.95(m 1H), #93(s,2H), 4.40(m 1H), 4.54(s, 2H),
6.71(s, 1H), 6.82(dJ=8.4Hz, 1H), 7.14(dJ=8.4Hz, 1H), 7.61(brs, 4H),

7.90(d, J=6. 6Hz, 2H), 883(dJ 66Hz 2H) Exarrple 69 7-1

1-(3-Am nobenzy 5“p| peri di n- 4- Yy , 2, 3, 4-t et rahydr oi soqui nol i ne- 2-

{

car boxam di r]_(;N | GH [e r] m DVSO-d[err]) 1.67(m 2H),
1. 95(m 3H), N OGN a4 . 3.56(m 2H), 3.86(m 2H),
6. 70(1H), 6.81(1 7.56(k s, 4H), 10.52(brs, 1H) Exanple 70

-[1 -(2- Hydrovaeé- i @ -yl net hoxyj -

1, 2, 3, 4-tetrahydroi sOdui nol i né 190 ‘@€boxam di ne di hydrochl ori de

"H- NVR([err] ppm VBM 4(rﬁ0,;H) 1.94(m 3H), 2.81(m2H),

3.0((m 2H), 3. 38 3.79(m2H), 4.17(m 2H), 4.53(m 2H), 6.69(1H),

6. 79-6.88(m 2H), O7(1H), 7.13(1H), 7.26(t,1H), 7.46(1H), 7.56(brs, 4H),
9.94(brs, 1H), 10.25(brs,1H Exanple 71 7 [

1- ridin-2-yl I r I

1, (ZP% 4- tetra%ycﬁ&é%@uﬁﬁ&géﬂﬂﬂ'(){ oxa Pﬁhen'?ryl% ol dH4e

1H-NVR([err W@M&Boﬁ@)behzﬂﬁ)mﬂmewm@@aamm&baﬁ%memyﬁ), 2. 88(m 2H),

benzimidazole-5-carboxamidine dihydrochloride (130 mg) in methanol (2 ml) was
added 1IN 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. hydrogen
chloride. The solvent was evaporated and dried under reduced pressure to give
the title compound (100 mg).

"H-NMR(6S ppm,DMSO0-dg) 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=5.7Hz,2H),
7.18(d,J=5.7Hz,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]j
Example 66
Synthesis of N-(S-amidino- 1-cyclohexylcarbamoylmethylbenzimidazol-2-
ylmethyl}-N-{4-(1-acetimidoylpiperidin-4-yloxy)phenyl]sulfamoylacetic acid
dihydrochloride
Step 1
2-[4-[N-{1-tert-Butoxycarbonylpiperidin-4-yloxy)phenyl|-N-
ethoxycarbonylmethylsulfonylaminomethyl]- 1 -cyclohexylcarbamoylmethyl-5-

cyanobenzimidazole



3.16(m2H), 3.49(m2H), 3.63(m2H), 3.91(m2H), 4.51(s,2H), 4.60(s, 2H),
6.77(d,J=2.3Hz, | H), 6.89(dd,J=2.3, 8.4Hz,IH), 7.21(dJ=8.4Hz, 1H), 7.55(1H),
7.63(brs,4H), 7.69(1H), 7.99(1H), 8.74(1H), 10.35(brs,1H Exanple 72 Methy
2-[4-(2-am dino- 1, 2,3, 4-tetrahydroi soqui nolin-7-yloxymnethyl)piperidin- 1-
yl met hyl Ji ndol e- 1 -carboxyl ate di hydro oride "H NVR( [err]

ppm DVSO-d[err]) 1 .54(m2H), 1 .86(m 3H}), 2.68(m2H), 3 .03(m 2H),
3.43(m 2H), 3.94(s,3H), 4.40(s,2H), 4.54(m2H), 6.57(1H), 6.68(1H), 6.99-

7.02(m2H), 7.18(tr,J=7.8Hz A OZ (tr,J=7.8Hz, 1H), 7.44(brs, 4H),
7.56(dJ=7. 8Hac 1H { , YH),1 9. 20(brs lH) Exanpl e 73 Benzyl
ol s '\‘%?2 Ry 7- yl oxynet hyl ) pi peridine- 1 -

4- (2-am di no- : 421@1\ .
acet at e di hydr o Nde E%NI\/R( [err] ppm DMSO-[err]) 1.67(m 2H),
9(m 2H), 3.58(m4H), 3.83(m2H), 4.36(s, 2H),

1.97(m 3H), 2.83
4.55%5,2;)'), 5. 27%‘551rl H) | %—x 6.84(1H), 7.16(1H), 7.36-7.44(m5H),
7.58(brs,4H), 1Q.3 rs, anple 74 N-Benzyl 4-(2-am di no-
1,2,3,4-tet -ai soqui noI i n-7-yl oxymet hyl ) pi peri di ne- 1- carboxam de
r11yscgllzlochllloride2 70NI\/R(2 [err] ppm DMSO-d[err]) 1.17(m 2H), 21 7021m0421H) ,

4. nggn 2H)H)’4 54( ¥ F?uﬂean’aloaosHafomcetiWﬂ !@es@(gbal(&ﬂ wan %r%%n T)H),
7(%:’38'3 2o rretahdg Slﬂ'ger e?'m)l)(a{{l fﬁg‘b a%d&é%@&ﬁre%s@ﬁ?@a)g?m%%7 [
1,2,3,4-tet rterhpekraﬂnxsdqnﬁ@mhnn%ﬁer compi&tioncafithe xeactidn the dblvgnt wah| or i de

evaporated. A solution of obtained residue in chloroform (10 ml} was dropwise

added to a solution of 2—[4-(1-text—butoxycarbonylpiperidiri—4—
yloxy)phenylaminomethyl}- 1-cyclohexylcarbamoylmethyl-5S-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
successively 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=3:7—>2:8) and dried under reduced pressure to give the title compound
(4.25 g).

'H-NMR(S ppm,CDCLy) 1.14-1.44(m,5H}, 1.37(tr,J=7.2Hz,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(q,J=7.2Hz,2H]), 4.39(m, 1H), 4.99(s,2H), 5.21(s,2H), 6.04(d,1H),
6.84(d,J=8.9Hz,2H), 7.32(d,J=8.9Hz,2H]}, 7.53(s,2H), 7.94(s,1H)

Step 2
N-{5-Amidino- 1-cyclohexylcarbamoylmethylbenzimidazol-2-ylmethyl}- N-{4-(1-
acetimidoylpiperidin-4-yloxyjphenyl]sulfamoylacetic acid dihydrochloride



"H-NVR([err] ppm DMSO-d[err]) 1.67(m2H), 1.97(m3H), 2.8 1(m 2H),
2.98(m2H), 3.58(m2H), 3.81(d,2H), 4.44(d,2H), 4.56(2H), 6.69(2H),
6.82(1H), 7.03(1H), 7.13(2H), 7.41(1 H), 7.56-7.65(m5H), 11.05(brs, 1H),
11.50(s, 1H) Exanple 76 4-(2-Am dino-

1, 2, 3, 4-tetrahydroi soqui nolinr-7-yl oxy % yl)piperidine- 1 -acetic acid

di hydrochl oride 'H NVR([ err] pmeIVBng rj) 1.70(m2H), 1.97(m 3H),
2.83(m2H), 3.12(m2H), 3.84(m2H), 4.1 1(brs,2H), 4.57(s,2H), 6.72(s, 1H),
6.83(d,J=8.3Hz, IH, 7.15(d, J=8. 3Hz | H), 7.69(brs,4H), 10. 18(brs, 1H)
Exampl e 77 I\I-BeEl -4-(2-am di

1,2,3,4-tet I’I%g nol i n ox nmet hyl )’fl peridine- 1- acetam de
di hydr ochl orii ' ( der 1.68(m2H), 1.97(m 3H),
2.82(m2H), 3.12( N 3. 4%03 60(m4H) $3(m 2H), 3.99(m 2H),

4.36(dJ=5.8Hz, 2H), 4.56(s, 2 6.72(1H), 6. 83(1H) 7.15(1H),
7.24-7.34(m5H), 7. 6 brs, 4?%)‘003—!26(“ J=2H8Hz, I H), 9.97(brs, 1H Exanple
78 4-(2-Am di no- 2,NH 4- tetrahydroi soqui nol i n-7-yl oxynet hyl ) pi peridin- 1-
yl acet yl am noac acid di hydrochlonide 1H NVR( [err] ppm DVSO [err])
1.67(m2H), 1.96{m3H), 2.83(tr,J=4.3Hz,2H), 3.1 1(m2H), 3.51 (m2H),
3.59(tr,J:4.3Hz,2H) 3.83(m2H), 3.87(2H), 3.96(s, 1H), 4.56(s, 1H),

6.72(11H), 6.83(1 &%&H&eu&s%@&ﬁﬁxt&@@ og%f@-ﬁé[tﬁ)-(’l-t . QO(brs, 1H)

Exanple 79 7-[1 - ropyr| di n- pl peri hoxyl -
1,2,3,4-tet tbﬂh;xycmlbsnglmpmidnmé-mxquehgbkm cnhdxymrljm thytdudfodpl-

£ YL L RO BAGR L Sy b Ay 5Pl B o >

4.59(m 4H), eﬁla?ﬁt(@&kﬁgvﬁﬂlzméldbohrfg 834 dble didufe was SiiFred b room temperature
6. 95(d, J=9. 7.12(d, J=8.4Hz, I H), 7.60(brs,4H), 8. 18(ddJ=3.0, 9.6Hz,
| H), 8.94(d fq}' @ WS 1’ﬂ}e E;@‘éﬁ% wasgpaporated and the obtamed 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
resultant insoluble material was removed. The solvent was evaporated, 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 hydrochloride (4.48 g}. After
completion of the reaction, insoluble material was removed and the solvent was
evaporated. To the obtained residue was added 2N hydrogen chloride (SO 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% triflucroacetic acid) and dil. hydrogen
chloride was added. The solvent was evaporated and dried under reduced
pressure to give the title compound (1.76 g).

'H-NMR(S ppm,DMSO-d,) 1.23(m,SH), 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=8.9Hz,2H), 7.42(d,J=8.9Hz,2H), 7.72(s,2H), 8.13(s,1H), 8.57(d, 1H],
8.82(brs, 1H}, 9.15-9.50(5H)

Example 67
Svnthesis of 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-1-
(pyridin-4-yl)piperidine-4-carboxylic acid methanesulfonate



7-]1 -(2-Nitrobenzyl) pi peri di n-4-yl net hoxy] -

1, 2,3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne di hydrochl ori de 192
"H- NVR([err] ppm DVMSO- d6) 1.60-2.15(m5H), 2.81(m2H), 3.61(m 2H),
3.57(m 2H), 4.54-4.60(m4H), 6.71(1H), 6.82(1H), 7.13(1H), 7.62(brs, 4H),
7.76(tr,J=7.9Hz, 1H), 7.87(tr,J=7.9Hz, Hl8806(d,J=7.9Hz, | H),
8.22(d,J=7.9Hz, 1H), 10.27(brs, 1H) Exarrpl 31 7-1 1

-(2-Am nobenzyl ) pi peridin-4-yl nmet hoxy]- 1, 2, 3, 4-tetrahydroi soqui nol i ne-2-
car boxanm dine trihydrochloride 'H NVR([err] ppm DMSO-[err]) 1.71(m 2H),
1.97(m 3H), 2.81(m2H), 3.12(m2H), ¥ m 2H), 3.83(m2H), 4.38(s,2H),
4.54(s,2H), 6.71(1H, 6.83(1H), 02 7.13(2H), 7.34(1H), 7.51(1H,
7.61(4H) Exanpl e b 7- (1- Hexani m ddyl prperi di n-4-yl net hoxy) -
1234tetra%ﬁ4h BQUIRQLIOE gar b §631|_ﬂlne di hydrochl ori de
"H-NVR([err] C87T(LE . 3H) , (m6H), 1.52(m2H), 1.90(m 2H),
2.12(m 1H), 2.56(m . , 3.12(m1H), 3.26(m1H), 3.57(m 2H),
3.84(m2H) 397(m1H) 4.16(m 1H), 4.55(s,2H), 6.70(d,J=2.4Hz,|I H),
6.82(dd, J=2, 4, 8. 4kig0 Mrhitlindl 1,54 AeFshyHrGisddRinolih- G484 sn it

9. 25(1H) Exagﬁpl e 8§IZ(N- Benzyl - 4- (2 am di no Séd_& W - 1§p s

1, 2, 3, 4- t et r FHpiPevABsfcadioxylicragd bboyg}ma@xiu)spcmdumwaéer(@ miiehdnani de

hyd hlorid

W oy, o & g hdigiS e e YREELEL ) rhe bt b el B0l & 519
6. 69(d, J=2. 7dissbitions. armem,obcémx15@n4)Hzas1aﬂded7dr&ﬁwﬁcJaﬁd tdzmidtlive was
7.22-7.34(m SEJ}x‘ed at by SArmie té_rQ'xperarure rl lglou e T%xe mixture was allowed to cool to

room temperature. The precipitated crystals were collected by filtration to give the
title compound (11.56 g).

‘H-NMR(& ppm,D,0) 1.60(m,2H), 2.19(m,2H), 2.72(s,3H), 2.77(tr,J=5.8Hz,2H),
3.34(m,2H), 3.45(tr,J=5.8Hz,2H), 3.84-3.92(m,4H), 4.38(s,2H), 6.72(s,1H),
6.79(d,J=8.4Hz,1H), 6.92(d,J=7.8Hz,2H), 7.09(d,J=8.4Hz,1H), 7.89(d,J=7.8Hz,2H)

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 dihydrochloride

'H-NMR(6 ppm,DMSO-d,) 1.20(m,2H), 1.80(m,2H]}, 2.02(m, 1H), 2.65(m, 1H],
2.81(m,2H), 3.11(m,1H), 3.82(d,2H), 3.95(m, 1H}, 4.13(s,2H), 4.40(m, 1H),
4.54(s,2H), 6.7 1(s,1H}, 6.82(d,J=8.4Hz,1H), 7.14(d,J=8.4Hz, 1H), 7.6 1(brs,4H),
7.90(d,J=6.6Hz,2H), 8.83(d,J=6.6Hz,2H)

Example 69
7-{1-(3-Aminobenzyl)piperidin-4-yimethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine dihydrochloride

'H-NMR(6 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), 7.07-7.37(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-



Exanpl e 84 N Butyl -4-(2-am di no-
1, 2,3, 4-tetrahydroi soqui noli n-7-yl oxynmet hyl ) pi peri di ne- 1- sul fonam de
hydrochl ori de 1HNVR([err] ppm DMSO-d[err]) 0.85(tr,3H), 1.06-1.46(m 6H),

1.84(m2H), 2.64(m2H), 2.84(m4H), 3.56(m4H), 3.81(m2H), 4.53(s, 2H),
6.69(1H), 6.81(m2H), 7.10-7.14(m2H), 7.55(brs,4H) Exanple 85

N- Cycl ohexyl -4-(2-am dino- 1,2, 3, 4- tetra1 dr oi soqui nol i n-7-

yl oxymet hyl ) pi peri di ne- 1 sul f onani de hydr ochl ori de 193 "H NMR( [err]

SSs(m A . o 610 1h). & 8111, 7. 15 21
m v A m )

7.54(brs, 4H) M@m@@ Mol a&ﬁhé@}i),)laf’f(mﬁ 8?&%214),360@,5?{)

L 25 Lt oy s obruRebin T ) TR, 880 P67l sl oo e
1(m 1H), 2.@97hHRH).13E@HL(26(8hH), 734(5(7Hm725®(br84415)4994m 1H), HBEﬁb?ﬂ'llH)

6. 73(1H), 6.84 14(1H), 7.34-7.42(m2H), 7.55(brs, 4H), 7.66(1
794%1;)0 %E‘l(%%zaagmr% 877[ 1( i ( i (0,

-(Benzim daz'er. ]-1,2,3,4-tetrahydroisoq uxnohne 2-

1,2,3,4-tetra lx;drm soqw noI [ ne ; carg xam |ne di hydr ochl ori de H- NIVR(

[err] ppm dine thhydmchopidg, 1 .93(m 2H), 2. 12(m 1H), 2.82(m2H),
2, AR o R s B S0 8 e e 1 g
7. 59( br's, 4H)3.16({n,28,<3.4%4n,EHR Brd FHrEZHEBIBA (8;2H); G%I(QWCGG(K)QH),
1,2,3, 4-tetrahydr ol 'Qs’fﬁz“iﬁf"d fdad %yg%tfﬂyiﬁ)?%elr(ég §4Hz 1H), 7.55(1H),
7.63(brs,4H), 7.69(1H), 7.99(1H), 8. 74( 1H), 10.35(brs,1H)
Example 72
Methy 2-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}piperidin- 1-
ylmethyljindole- 1-carboxylate dihydrochloride
'H-NMR(S ppm,DMSO-d,) 1.54(m,2H), 1.86(m,3H), 2.68(m,2H]}, 3.03(m,2H),
3.43(m,2H), 3.94(s,3H), 4.40(s,2H), 4.54(m,2H), 6.57(1H), 6.68(1H), 6.99-
7.02(m,2H), 7.18(tr,J=7.8Hz,1H), 7.30(tr,J=7.8Hz, 1H), 7.44{brs,4H),
7.56(d,J=7.8Hz,1H), 8.00(d,J=7.8Hz,1H), 9.20(brs, 1H] '
Example 73
Benzyl 4-{(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
acetate dihydrochloride
'H-NMR(6 ppm,DMSO-d,) 1.67(m,2H), 1.97(m,3H), 2.83(m,2H), 3.09(m,2H),
3.58(m,4H), 3.83(m,2H), 4.36(s,2H), 4.55(s,2H), 5.27(s,2H]}, 6.72(1H]), 6.84(1H]),
7.16(1H), 7.36-7.44(m,5H), 7.58(brs,4H), 10.36(brs, 1H]
Example 74
N-Benzyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethylpiperidine- 1-
carboxamide hydrochloride
'H-NMR(& ppm,DMSO-dy) 1.17(m,2H), 1.70{m,2H), 1.94(m,1H), 2.70(m,2H},
2.82(m,2H}, 3.60{m,2H)}, 3.81(m,2H), 4.04(m,2H), 4.23(s,2H), 4.54(s,2H),
6.70(d,J=1.4Hz,1H}, 6.82(dd,J=1.4, 6.4Hz,1H), 7.13(d,J=6.4Hz,1H), 7.00-
7.31(m,6H), 7.61(brs,4H)
Example 75
7-(1-(Indol-2-yimethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-




yl I pyridin-3-yl]propionate di hydrochloride 'H NVR([err] ppm DMSO-d[err])
1.24(tr,J=7.2Hz,3H), 1.44(m2H), 1.91(m2H), 2.09(m 1H), 2.72-2.84(m4H),
2.95(m2H), 3.15(m2H), 3.57(m2H), 3.76(m 2H), 3.88(m 2H),
4.04(q,J=7.2Hz, 2H), 4.54(s,2H), 6.72(1H), 6.83(1H), 7.14(1H), 7.26(1H),
7.60(brs,4H), 8.33(m 2H) Exanple 89 3- 144} 4- (2- Am di no-

1,2,3, 4-tetrahydroi soqui nolin-7- onxynEt%yI)piperidin- 1 -

yI]pyrldln 3-yl]propionic acid di hydrochloride 'H NVR([err]

ppm DNSOd[%éfﬂokaﬁmﬁﬁém@Id}odﬂor&&(mBH) 2. 59 2.87(m8H), 3.57(m 2H),
LT o sEaba e S s e il e
1,2,3,4-tet | 3y 5-
Ji oar bonyl) by ek BB L) PR & 03 % BRURGY DD

[ err] ppm DVBAHRH}, 7}41{1HEF(36- Zléﬁmﬂwlhﬂéch)s 1H), 82(56(8,&% 3. 20(m 2H)

3. 59(m2H) 4. 01%7%1;0 4.51(s, 2H), 6.69(s, 1H), 6.82(d, J=8.6Hz, | H), 194
6.91(d, J= 13(d, J=8. 6Hz, 1H), 7.48(brs, 4H), 7.84(dd, J=2.1,

9.2Hz, lH) &—%Mﬂuﬂn&l ,3 Nzrtéh&hﬁwﬁmhﬁuﬁhn#&ﬁxﬁm@lwpmendme 1-acetic
1,2,3,4-tetr dr0|squ|noI|n 7-yl oxynet hyl ) - -(3-

am nopr opi oﬁ‘ﬂ ]b@PF}a]PﬁéC4 carboxylic acid di hydrochl oride "H NVR( [err]

B O or ot MROKE Do b Sh Ot 2y, Cofiy SHEaaih e 1?@8026#1 3.
4.54(s, 2H) , 3B8481,2H]] H)1 1({rs@H) 04 576, 2H)z 6 s, 1 1), 673, J=8.384/1H)
7.66(brs, 4H, | 7 aBL%i, A 7 BopmR\En 0. 18(brs, 11)

Example 77
N-Benzyl-4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
acetamide dihydrochloride

'H-NMR(S ppm,DMSO-d,) 1.68(m,2H), 1.97(m,3H), 2.82(m,2H), 3.12(m,2H),
3.45-3.60(m,4H]}, 3.83(m,2H), 3.99(m,2H), 4.36(d,J=5.8Hz,2H), 4.56(s,2H),
6.72(1H), 6.83(1H), 7.15(1H), 7.24-7.34(m,5H), 7.67(brs,4H), 9.26(tr,J=5.8Hz, 1H],
9.97(brs, 1H)
Example 78
4-(2-Amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
ylacetylaminoacetic acid dihydrochloride

'H-NMR(J ppm,DMSO-d¢) 1.67(m,2H), 1.96(m,3H], 2.83(tr,J=4.3Hz,2H]),
3.11{(m,2H}, 3.51(m,2H]), 3.59(tr,J=4.3Hz,2H), 3.83(m,2H}, 3.87(2H), 3.96(s,1H),
4.56(s,1H), 6.72(1H}, 6.83(1H), 7.15(1H), 7.66(brs,4H), 9.06(m, 1H], 10.00(brs, 1H}
Example 79
7-[1-(5-Nitropyridin-2-yljpiperidin-4-ylmethoxy]- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine dihydrochloride

"H-NMR(0 ppm,DMSO-d,) 1.26(m,2H), 1.88(m,2H), 2.12(m, 1H),
2.81{tr,J=6.0Hz,2H), 3.08(m,2H), 3.57(tr,J=6.0Hz,2H]}, 3.83(d,2H), 4.53-
4.59(m,4H), 6.70(d,J=2.4Hz,1H), 6.82(dd,J=2.4, 8.1Hz,1H), 6.95{d,J=9.6Hz, 1H),
7.12(d,J=8.4Hz,1H), 7.60(brs,4H), 8.18(dd,J=3.0, 9.6Hz,1H), 8.94(d,J=3.0Hz,1H}
Example 80
7-1-(2-Nitrobenzyl)piperidin-4-ylmethoxyl}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine dihydrochloride



4- (2- Ami dino- 1,2, 3,4-tetrahydroi soquinolin-7 -yloxymethyl)- 1

-(imdazol -4- ylacetyl)pi peridine-4-carboxylic acid di hydrochl oride
"H-NVR([err] ppm DMBO-d[err]) 1.51(m 1H), 1.64(m 1H), 2.06(m 2H),
2.81(m2H), 3.01(m1H), 3.20(m 1H), 3. 57(m2H) 3.78(m 2H), 3.91(s, 2H),
4.02(s,2H), 4.54(s,2H), 6.70(s, 1H), 6.81 ﬁd =8.6Hz, 1 H), 7.14(d, J=8.6Hz,
| H), 7.43(s,4H), 7.55(s,1H), 7.62(brs, 4 9.01(s, 1H) 14. 36( brs, 1H)
Exanmpl e 93 4-(2-Amidi no- 1,2, 3, 4- tetrahydr0| soqui nol i n-7-yl oxynet hyl)- 1

d 4-1py hl d
DR e rog et g e, S
3. 00(m6|—|) 3. TR B, 5434®@(rm43ﬂ+)673 155} 6rB204H), 31904, 2ER(bra4HE( s, 2H) |

G 59110 1 &, Bl IR it st Aty ol oghd Doy 204, 1H0 . 7. 00(brs, 4R,

1,2,3,4- teterﬂFgm{nH@L 11027 (brg) 168 y et hyI) 1-
i rret hyl arri oacetylétidperl di ne-4-carboxylic acid di hydrochl oride

"H NMR([ err] [err]) 1.53-1.64(m2H), 2.06(m2H), 2.80(m 8H),

d

3.06(m 1H), 731122%din i ?q,@b yd i :

6. 70E1H) st 87l11(2(%H) 01) %) br E;] ﬂQz%g?%tk??) rIé-li) aﬁr)rlgll_%QQS Et hyl
4- (2- am di no-<catt Ozagudﬂnﬁéﬂhmwéh]@ﬂgéqw nol i n-7-yl oxynethyl) -1 -(pyridin-3-

yl car banmoyl ) pi (g‘b? E% IpET
Y| carbaror ) Pl BESA BRSSO 2 lphorthen) Sl A kit
i- ?ig tr ’JJZ gwmm 3.880ng 124, 38s, 2H], HrSgsiI:éfﬁ;’gZ(ﬂ'H) , GBI OHY 7UB(HAH) |
: g, J=6.
6. 80(dd, J=2. ?Zéﬁggik 4@%{?7 @(&nggg’gﬁq—@] 7.58(brs, 4H), 7.91(dd, J=5. 3,
9.1Hz, I H), 8 EibispleBBHz, 1H),
7-{1-Hexanimidoylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine dihydrochloride
'"H-NMR{S ppm,DMSO-d,) 0.87(tr,3H), 1.31{m,6H), 1.52(m,2H), 1.90(m,2H),
2.12{m,1H]}, 2.56{m,2H), 2.81{m,2H), 3.12(m, 1H), 3.26(m, 1H), 3.57(m,2H]},
3.84(m,2H]), 3.97(m, 1H), 4.16{m, 1H), 4.55(s,2H), 6.70(d,J=2.4Hz, 1H),
6.82(dd,J=2,4, 8.4Hz,1H,), 7.14(d,J=8.4Hz,1H), 7.64(brs,4H), 8.79(1H), 9.25(1H)
Example 83
N-Benzyl-4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1 -
sulfonamide hydrochloride
'H-NMR(S ppm,DMSO-d,) 1.19(m,2H), 1.76(m,3H), 2.61(m,2H), 2.81(m,2H),
3.55(m,4H), 3.77(d,2H), 4.08(d,J=6Hz,2H), 4.53(s,2H), 6.69(d,J=2.7Hz,1H),
6.81(dd,J=2.7, 8.4Hz,1H), 7.13(d,J=8.4Hz,1H), 7.22-7.34(m,5H), 7.53(brs,4H),
7.72(tr,J=6Hz,1H)
Example 84
N-Butyl-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl) piperidine- 1-
sulfonamide hydrochloride
'H-NMR(S ppm,DMSO-d,) 0.85(tr,3H), 1.06-1.46(m,6H), 1.84(m,2H),
2.64(m,2H), 2.84(m,4H}, 3.56(m,4H), 3.81(m,2H), 4.53(s,2H), 6.69(1H),
6.81(m,2H), 7.10-7.14(m,2H), 7.55(brs,4H)
Example 85
N-Cyclohexyl-4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidine-1-sulfonamide hydrochloride



8.64(d, J=9.1Hz, 1H), 9.15(s, 1H), 9.93(s,1H) Exanple 96 Ethyl 4-(2-ammi di no-
1,2,3,4-tetrahydroi soqui nolin-7-yloxynethyl)- 1 -(1-

di met hyl am noacet yl pi peri di n-2-yl car bonyl ) pi peri di ne- 4-car boxyl at e

di hydrochloride "H NVR( [err] ppm DVSO-d[err]) 1.39(tr,3H), 1.40-2.09(m

10H), 2.79(m 10H), 3.49(m2H), 3. 56(m2H)9 3.65-4.45(m 8H), 4.53(s, 2H),
5.28(m 1H), 6.68(1H), 6.79(1H), 7.14(1H) ] l;*58(brs,4|—|), 9. 65(brs, 1H)
Exanpl e 97 4-14-(2- Arnidi no-

1,2, 3, 4-t et rahygiNNIRHBAIIMBOLAY | @sYIBS MY bHE 2. SREDoMY Bl PEH, 1-yl]
1- rrethylpyrldl ni um chl ori de hf/d?%chlorld@y ﬁl L rr%/ o DI\/E)nOd[err]) 1.

15(tr, J=7. 2HZ.9%{m, 1H), B236inmeH 32311W2fﬂ]2ﬁ)53(52218h@rﬁ(£(a)ﬂ 6 Mb‘(l)m721|30( ,2H),

3.57(m2H), 3 %ﬁ gw 4.00-4.07(m4H), 4.14(q,J=7.2Hz,2H), 4.53(s, 1H),
6. 68(1H) 6. 80? 13(1H), 7.24(d,J=7.8Hz, 2H), 7.64(brs,4H),
8. 25(d, J=7. SHExathpleEBGNpl e 98 Et hyI 4- (2-am di no-

arm o1 hopheny i DoreRl Ao Eaetilor B bl igtin -
"H-NVR([err] gMﬂXQm%éﬂ! Béridihe-1-cat¥dthioadife Byrodhloridé. 69(m 2H), 2. 14(m 2H),

2.81(m 2 1 3.56(m 0552,

4. 13§q JH) 9Hz WR mpspl\ﬂép dﬁbl@rmﬂ)l% 585%111,2#9 2. l(m%),ﬁ:&mzw,,
EX;% llg') 5 Eﬁi?{ﬁi@?{g‘) 5?7(81'7,%1(3[?49528{'514?,'20.73(&,5%%%(?ﬁ?,6.831(?171)(,%54(?@,

1, 2, 3, 4-t et r dh§4H7c4 X pRE)) Gl 35{bra;4H) pX poEtH)y T P4(1H)( 2.68¢s, L H)

di met hyl pyri 4- 1yI%_gl peri di ne- 4-car boxyl ate di hydrochloride 'H NVR( [err]
pmel\/lSOd[e&fﬁm (tr,J=7.0Hz,3H), 1.71 (m2H), 2.17(m2H), 2.44(m 6H),

2.82(m?2 37-p6BenZiridazol 221jpipgdhdin 4 - 1,243, 46e6ad #oline-2-
4. 54Es 2;)') 6. 70(1H) 6. 82(dJ= é 3t | lf%g‘%dg)sl 23H) ég 12{1—3@5!@ g)lHIzlefH)
7.59(brs, 4H) caiag SF@dm} rechippfie 100

'H-NMR(S ppm,DMSO-d,} 1.45(m,2H), 1.93(m,2H), 2.12(m, 1H), 2.82(m,2H),
3.57(m,2H), 3.87(m,2H), 4.23(m,2H), 4.54(s,2H), 6.72(s,1H), 6.83(d,J=8.4Hz,1H),
7.14{d,J=8.4Hz,1H), 7.22-7.25(m,2H), 7.39-7.42(m,2H]), 7.59(brs,4H), 13.46(s,2H)
Example 88
Ethy 3-[4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin-1-
yljpyridin-3-yl|propionate dihydrochloride

'H-NMR(S ppm,DMSO-d,) 1.14(tr,J=7.2Hz,3H), 1.44(m,2H), 1.91(m,2H),
2.09(m, 1H), 2.72-2.84(m,4H), 2.95(m,2H), 3.15(m,2H), 3.57(m,2H), 3.76(m,2H),
3.88(m,2H), 4.04{q,J=7.2Hz,2H), 4.54(s,2H), 6.72(1H), 6.83(1H), 7.14(1H),
7.26(1H), 7.60(brs,4H), 8.33(m,2H)

Example 89
3-[4-[4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl) piperidin- 1-
yl]pyridin-3-yl|propionic acid dihydrocnloride

'H-NMR(6 ppm,DMSO-d,) 1.46(m,2H), 1.90(m,3H), 2.59-2.87(m,8H),
3.57(m,2H]), 3.88(m,2H), 4.53(s,2H]}, 6.72(1H]), 6.84(1H), 6.97(1H]), 7.14(1H),
7.51(brs,4H), 8.25(m,2H])

Example 90
4-(2-Amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2-aminopyridin-5-
ylcarbonyl)piperidine-4-carboxylic acid dihydrochloride

'H-NMR(S ppm,DMSO0-d¢) 1.59(m,2H), 2.07(m,2H), 2.82(m,2H), 3.20(m,2H),
3.59(m,2H), 4.01(s,2H), 4.51(s,2H), 6.69(s, 1H), 6.82(d,J=8.6Hz,1H),



196 Ethyl 4-(2-am dino- 1,2, 3,4-tetrahydroi soquinolin-7-yloxynethyl)- 1-(2-
met hyl pyri di n-4-yl ) pi peri di ne-4-carboxyl ate di hydrochl oride 'H NVR([err]
ppm DMSO-d[err]) 1. 17(tr,J=7.0Hz,3H), 1 .73(m2H), 2. 18(m 2H),
2.47(s,3H), 2.83(m2H), 3.37-3.57(m4H), 4.00-4.08(m 4H),

4.16(qJ=7. OHz, 2H), 4.54(s, 2H), 6. 70( 1H) .82(1H), 7.07-7.16(m 3H),
7.58(brs,4H), 8.13(1H), 13.64(brs, Eﬂ npl e 101 Et hyl 4-(2-am di no-

1,2, 3, 4-tetrahydroi soqui nol i n-7- onxynethyI) 1-( 1-

et hyl pi per i @ a4, J)ébm{zpm]l ¢|1f3¢& 4=-8 aHBH)) Au8(brs, i Hy,dr. ®ait g=de 9" dANNR( [ er r ]

ppm DMSO-d[ er r ) 126 1.42 (m6H), 2.07-2.40(m8H), 2.82-3.07(m 7H),
3.50- 3. 70(m 5298¥zs1H) | 4.16(q, 2H), 4.53(s, 2H), 6.71(1H), 6.82(1H),
7.14(1H), 7. #lggﬁl—l) Exanpl e 102 4-(2- Am di no-

1, 2, 3, 4-t et rahydr oi soqui nol i n-7-yl oxynmet hyl )- 1-(1-ethyl pi peridin-4-

yl ) pi peri di Me4Amitibony2,8 - mtialydroisogdirmiint bylogemethyliVR(3-a ppm DVBO- d6)

o 7a(1rs . o BApeRppordBpstiie Satgrlicad bt 15 " S S 1)

Exanpl e 103 7'- &Mﬂ(d@pmwserdﬁm ng(fhmmet Bg(mlm) 205(m 2H),271(m 2H),
1,2,3,4-tetrah dr0| SO&Z]((% ne-2- carboxam d ydrochl oride ' H NVR(

[err] ppm 2 2.% (g Sym, Qf)'l@@ﬁﬁf@ﬂﬁl Lo@mAHTbH)
6. 850, 926 5‘%5;?@’%@@?‘fé{ﬁ%%%%?‘ﬁé}%_ 575 S 7 SO A ecanpl
104 Et hyl 4-7198(b&s, 3 di no- 1, 2,3, 4-tet rahydroi soqw nol i n- 7-y| oxy) et hylj -
1- (pyridin- kaa.mple 92
4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7 -yloxymethyl}- 1 -(imidazol-4-
ylacetyl}piperidine-4-carboxylic acid dihydrochloride
'H-NMR(S ppm,DMSO-d;) 1.51(m, 1H), 1.64(m,1H}, 2.06(m,2H), 2.81(m,2H),
3.01{m, 1H), 3.20(m, 1H), 3.57(m,2H), 3.78(m,2H}, 3.91(s,2H), 4.02(s,2H),
4.54(s,2H), 6.70(s,1H), 6.81(d,J=8.6Hz,1H), 7.14(d,J=8.6Hz, 1H), 7.43(s,4H),
7.55(s,1H), 7.62(brs,4H), 9.01(s,1H), 14.36(brs,1H)
Example 93
4-(2-Amidino- 1,2,3,4-tetrahydroisoquinolin-7 -yloxymethyl)- I -(piperidin-4-
ylsulfamoyl)piperidine-4-carboxylic acid hydrochloride
'"H-NMR(J ppm,DMSO-d,) 1.62(m,4H), 1.93(m,2H), 2.11(m,2H]}, 2.78-
3.00(m,6H), 3.17(m,2H), 3.36(m,3H), 3.57(m,2H), 3.99(s,2H), 4.53(s,2H), 6.69(1H],
6.80(d,J=8.4Hz,1H), 7.14(d,J=8.4Hz,1H), 7.52(d,1H), 7.60(brs,4H), 8.85(brs, 1H),
9.02(brs,1H)
Example 94
4-{2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1 -
dimethylaminoacetylpiperidine-4-carboxylic acid dihydrochloride
'H-NMR(S ppm,DMSO-d,) 1.53-1.64(m,2H), 2.06(m,2H), 2.80(m,8H),
3.06(m,1H), 3.21{m, 1H), 3.50-3.59(m,3H), 4.29(m,2H), 4.55(s,2H), 6.70(1H),
6.81(1H), 7.14(1H), 7.65(brs,4H), 9.68(brs, 1H)
Example 95
Ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(pyridin-3-
ylcarbamoyl)piperidine-4-carboxylate dihydrochloride
'H-NMR(S ppm,DMSO-d,) 1.16(tr,J=6.9Hz,3H), 1.63(m,2H), 2.10(m,8H),



yl ) pi peri di ne-4-carboxyl ate di hydrochloride "H NVR( [err] ppm DVBO-d[err])
1. 19(tr,J=7. 1 Hz,3H), 1.62(m2H), 2.05(m2H), 2.20(m 2H), 2.82(m 2H),
3.27(m2H), 3.58(m2H), 3.97(m 2H), 4.06(m 2H), 4.15(q,J=7. 1lHz, 2H),
4.55(s,2H), 6.65(1H), 6.76(1H), 7.14(1H, 7.19(d,J=7.6Hz,2H), 7.60(brs, 4H),
8.22(dJ=7. 6Hz, 2H) Exanple 105 4-(2- Anllql 0- 6- et hoxy-

1,2,3,4- tetrahydr0|squ|noI|n 7- onxynEthyI) 1- (pyrldln- 197

4- yI)p| peri di ne-4-carboxylic acid di hydrochloride 'H NVR([err] ppm DVSO d6)

}1 gjgm gt{)l) 28 1B a5THiz,28),8R (M 8hi), 3B AG{IR52H)2,28), 3919;42)5}::714341)75)@ 2;)0
rs
032, e o S Al Qa SR D s B2 38

1,2,3,4-tet rﬁbyérﬂs&ﬁ%'m{)'ﬂ58{8rs¥4}ngfmtcm’.b=)5319mEMH'{]CB.%(d,J—S.st,1H],
4- I)p| peri di'ne- 4- car boxyl'i ¢ aci d di hydrochl oride IVR(

[err] ppm Dw&ﬁﬂpew}yHalﬁB@niSQﬁ)lH)ﬁ@ﬁ(SéP@m 2.22(m2H), 2.78(m 2H),

3. 42(m 2H), 58{,@%1)), 4.05(m2H), 4.53(s,2H), 6.69(s,1H), 6.99(s, 1H),
7.21(2H), 7. 8.23(2H) Exanple 107 2-[4-(1

- Aceti mi doylmhpm(z’tannémwm,)a)qatmmwmsdmmmﬂ lyngyettenz] mi-dazol e- 5-

car boxam di ng di drochl or N PIVB 1.70(m 2

2. 00()r§1 2H)I, : I °a° %’R%%#'Yl }Hrﬁﬁq}n 1129'?6@%‘?01‘?1&465 42Es 2E)|)
5.69(s,2H), &n éhléhl}ie 7.17(d, 2H), 7. 28 7.33(m3H), 7. 71(s 2H) ,

8.23(s, 1H), 8. 7(brs,1H), 9.12(brs, 2H), 9.31-9.32(m 3H) Exanple 108 2-[4-(1

- Acet i mi doyl pi R PRIy PSPy dah & 394w p bt h§012-09my, H)Idixa ~/8{m,10H),
pi-per i di nopropyk) 9?15‘23 56 (hfi2ap '396554%%9%3”& SR BYR84%) % b8a ),

6.79(1H), 7.14(1H), 7.58(brs,4H), 9. 65(brs,1H)
Example 97
4-[4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-4-
carboxypiperidin-1-yl}- 1-methylpyridinium chloride hydrochloride

'"H-NMR(0 ppm,DMSO-d,) 1.15(tr,J=7.2Hz,3H), 1.72(m,2H), 2.17(m,2H),
2.81(m,2H), 3.40(m,2H), 3.57(m,2H]}, 3.89(s,3H]}, 4.00-4.07(m,4H),
4.14(q,J=7.2Hz,2H], 4.53(s,1H), 6.68(1H}, 6.80(1H), 7.13(1H), 7.24(d,J=7.8Hz,2H]),
7.64(brs,4H), 8.25(d,J=7.8Hz,2H)
Example 98
Ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(4-
amidinophenyl)piperidine-4-carboxylate dihydrochloride

'H-NMR(S ppm,DMSO-d,) 1.14(tr,J=6.9Hz,3H), 1.69(m,2H), 2.14(m,2H),
2.81(m,2H), 3.14{m,2H), 3.56(m,2H}, 3.82(m,2H), 4.05(s,2H), 4.13(q,J=6.9Hz,2H),
4.52(s,2H), 6.69(1H), 6.81{1H), 7.07(d,J=9Hz,2H), 7.13(1H), 7.56(brs,4H),
7.75{d,J=9Hz,2H), 8.7 1(brs,2H), 8.97(brs,2H)
Example 99
Ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2,6-
dimethylpyridin-4-yl)piperidine-4-carboxylate dihydrochloride

'H-NMR(S ppm,DMSO-d,) 1.16(tr,J=7.0Hz,3H), 1.71(m,2H), 2.17(m,2H),
2.44{m,6H}, 2.82(m,2H), 3.56(m,2H]}, 3.99(m,2H), 4.09(s,2H), 4.16(q,J=7.0Hz,2H),
4.54(s,2H}, 6.70(1H), 6.82(d,J=8.3Hz,1H), 6.98(s,2H), 7.15(d,J=8.3Hz, 1 H},
7.59(brs,4H), 13.41(brs,1H)
Example 100



"H-NVR( [err]ppm DVMSO-d[err]) 1.30(m4H), 1.49(m2H), 1.70(m 2H),
1.99(m2H), 2.27(s,3H), 2.90(brtr,2H), 3.21 (brtr,2H), 3.34(m 2H),
3.53(m2H), 4.60(m 3H), 5.47(s,2H), 6.96(d,J=9.OHz, 2H), 7.04(dJ=9. CHz, 2H),
7.75(d,J=8.4Hz, 1 H), 7.91(d,J=8.4Hz,IH), 8.23(s,1H), 9.01(brs, 2H),
9.25(brs, 1H), 9.30(brs, 2H) Exanple 109 I}l— 5- Ami di no-

1- (3- phenyl - 2- propenyl ) benzi m dazol - 2-ylI'et hyl | - N-14- (1-

acet i m doyl pi peri di n-4-yl oxy) phenyl | car banoyl benzoi ¢ aci d di hydrochl ori de

' H NVR Nexdi, 1 %) tholig (my1d thyBa(R- 3
3.35-3.(5E)(e;nr12€rﬂ||)%?m§ 60- 3. 8 %??}%4 eﬁ%ﬁﬂr Hbgu 0 5(71{1(??% Vga(4o EDGO(m 2H) ,
6.82(2H), 7. Eesﬂhyzl wwr‘bwplp?n%c?‘ qee’pﬁ?péﬂy dlfwda?‘{qw €8.24(s, 1H),

? Zé%ghé% car amymﬁwﬁ%ggﬂr? azol‘,g_{zﬁlg})(?nee1 ﬁﬂ(ﬁﬁhl\fﬁwﬁp

[ ami no( benzyl214ﬂ(ﬂ= 8d), 2683 (x,213), 863 7- a:smmﬂw)o&g)pma@&m fdh b E Y FBORZRH, aci d

T3 1 75(m S sridthes 4@@%??5%?@ S Sefrt AR B,
5.16(s, 2H), 53@(@2@ 6.80(d, J=5. 7Hz, 2H), 7.18(d, J=5. 7Hz, 2H)
7.25-7.38(m 7H), 770778(m6H) 818(5 1H), 8.4 1(m 1H), 856(d, 1H),

9.1 1(brs, 2HExample 1015 o) Exarrple 111 N-j 5- Ami di no-

;c(etc?lfrln?ggymr W&g% ’phe &cjrgfsg Lrlr%ly?}it gﬁ:ﬂ%c y(ﬁ § hydr ochl ori de
"H NVR( [ er r EipyipiDiiBinaf- Eldplpgndme-ﬂ c(arb ate mhfdrmd&ood:; 5H), 5.18(s, 2H),
2 30520 S BB Bhepl BRGLA Y, el TR o R Te S o
3 50-3.70(m,SH]), 3.96(s,2H]), 4.16(q,2H), 4.53(s,2H), 6.71(1H]}, 6.82(1H), 7.14(1H],
7.57{brs,4H])
Example 102
4-(2-Amidino-1,2,3,4-tetrahydroisoquinolin-7 -yloxymethyl)- 1-( 1-ethylpiperidin-4-
yl)piperidine-4-carboxylic acid trihydrochloride
'H-NMR(S ppm,DMSO-d,) 1.25(tr,3H}, 2.00-2.45(m, 10H), 2.80-3.30(m, 10H),
3.97(s,2H]}, 4.56(s,2H]}, 6.74(1H), 6.84(1H]}, 7.16(1H]}, 7.64(brs,4H), 10.76(brs, 1H],
11.34(brs, 1H)
Example 103
7-(2-{4-Cyanopiperidin-4-yljethoxy]- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine dihydrochloride
'H-NMR(S ppm,DMSO-d,) 1.92(m,2H), 2.11(m,2H), 2.19(m,2H), 2.82(m,2H),
2.93(m,2H), 3.58(m,2H), 4.54{m,2H), 5.11(s,2H), 6.78(s,1H), 6.85(d,J=6.3Hz,1H),
7.16(d,J=6.3Hz,1H), 7.59(brs,4H), 9.26(brs,2H)
Example 104
Ethyl 4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxy)ethyl}- 1 -(pyridin-4-
yl)piperidine-4-carboxylate dihydrochloride
'H-NMR(S ppm,DMSO-dg} 1.19(tr,J=7.1Hz,3H), 1.62(m,2H]}, 2.05(m,2H),
2.20(m,2H), 2.82(m,2H), 3.27(m,2H), 3.58(m,2H]}, 3.97(m,2H), 4.06(m,2H),
4.15(q,J=7.1Hz,2H], 4.55(s,2H}, 6.65(1H), 6.76(1H), 7.14(1H), 7.19(d,J=7.6Hz,2H),
7.60(brs,4H), 8.22(d,J=7.6Hz,2H)
Example 105
4-(2-Amidino-6-methoxy-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1 -(pyridin-



N- 15- Am di no- | - (cycl ohexyl car banoyl net hyl ) benzi m dazol - 2-yl et hyl | - N- 14- |
1- (N- et hyl am di no) pi peri di n-4-yl oxy] phenyl ] car banoyl benzoi ¢ aci d

di hydrochloride 'H- NMR( [err] ppm DVMSO-d[err]) 1.07-1.20(m 8H),
1.42-1.75(m 7H), 1.87(m2H), 3.15-3. 35(m4H), 4.50(m 1H), 5.20(s, 2H),
5.36(s,2H), 6.80(2H), 7.18(2H), 7. 39(2H) 62-7.85(m 7H), 8.18, 8.20(1H),
8.55, 8.65(1H), 9.09, 9.19, 9.32, 9.38( ﬁ? Exanpl e 113

1- (Cycl ohexyl car bam)yl nmet hyl ) - 2- [4 nmet hoxycar bonyl - 1

- (pyridin-4-yly) gah@mtérboxym@@ag{ﬁyd,dm@md m dazol e-5-car boxam d| ne
di hydr ochl ori H- NVR([errr

ch Od6?1131 2(m %153(
1.64-1. 72(m4Hyl NMREO prieAMSQ-dg 11 o1 H), 2. dmeH)-2.82¢m )33%(%2@1#)

S 13050, St A g o e S o SR A
1?@/32I(2£12xyl %é‘;%o?}esthg? 2- 14- et hoxycar bonyl - 1

-(pyridin-4- i n-4- yl carbanoyl ] benzi m dazol e- 5- car boxar ni di ne

di hydr ochl or kqg-ArddMd=6-rhethy]- prB, PvERR IR bisbqlingn-¥-36ymdi)- 1 pPhddim 1H) |
1.70(m 4H), 2.1 1(m2H), 2.25- , 3.41-3.62(m 6H), 395(m2H)

5.32(s, 2H) ?}é)ﬂ(pzﬂjim%@e{ hcamég‘éﬁoc BeE 8. 26( m 4H) | 9 18(brs, 2H),
9. 34(bro. 240 B RBEADDRHDMSGIS( P 49, Jaunlee Aol S, M del o o

14- (- acet i m AcAApi2ier 8 SBIMAH)) 4R5ImBENyA. 53| smﬁn@@m@cm); A 99(5 tH), 7. 3 1(2H),

di hydr ochl ori,de ' H DVSO- d6) 1.41(d, 3H), 1.70(m 2H),
2!0%( :nO(z:H) ,‘”Z-.d’%é‘zreﬁ?%%-zé%éﬁ m"é’%, 3. 72(?712H),(4. 3|7_D(s,2H),(T. eE°<m 1H),

4.90(m 1 H)ExEmlﬂéllDS’ 4H), 6.95(2H), 7.18-7.42(m 7H), 7.71(s, 2H),
8.12(s, 1H), g [Z? -Acetlrml_goylpxpe 9&1:?—4§y1%)|1_y|))phenol be?l?ylﬁ@benzylbenzum a&ole 5-

carboxamidine dihydrochloride

'H-NMR(S ppm,DMSO-d,) 1.70(m,2H), 2.00(m,2H), 2.29(s,3H), 3.52(m,2H],
3.73(m,2H), 4.56(m,1H), 5.42(s,2H), 5.69(s,2H), 6.93(s,4H), 7.17(d,2H), 7.28-
7.33(m,3H), 7.7 1{s,2H), 8.23(s,1H), 8.77(brs, 1H), 9.12(brs,2H), 9.31-9.32{m,3H)
Example 108
2-[4-(1-Acetimidoylpiperidin-4-yloxy)phenoxymethyl]- 1-(3-oxo-3-
piperidinopropyl}benzimidazole-5-carboxamidine dihydrochloride

'H-NMR(S ppm,DMSO-d,) 1.30(m,4H), 1.49{m,2H), 1.70{m,2H), 1.99(m,2H),
2.27(s,3H), 2.90(brtr,2H), 3.21(brtr,2H), 3.34(m,2H), 3.53(m,2H), 4.60(m,3H),
5.47(s,2H]), 6.96(d,J=9.0Hz,2H]}, 7.04(d,J=9.0Hz,2H), 7.75(d,J=8.4Hz,1H),
7.91(d,J=8.4Hz,1H), 8.23(s,1H), 9.01(brs,2H), 9.25(brs, 1H), 9.30(brs,2H)
Example 109
N-[S-Amidino-1-(3-phenyl-2-propenyljbenzimidazol-2-ylmethyl}-N-[4-(1-
acetimidoylpiperidin-4-yloxy)phenyljcarbamoylbenzoic acid dihydrochloride

'H-NMR(S ppm,DMSO-d,) 1.6 1(m,2H), 1.92(m,2H), 2.25(s,3H), 3.35-3.50(m,2H),
3.60-3.83(m,2H), 5.24(s,2H), 5.41(s,2H), 6.40-6.60(m,2H), 6.82(2H), 7.20-
7.38(m,9H), 7.73-7.76(m,3H), 7.87(1H), 8.24(s,1H), 8.74(brs,1H), 9.10(brs,2H),
9.29(brs,3H]
Example 110
N-[5-Amidino- 1-(cyclohexylcarbamoylmethyl)benzimidazol-2-ylmethyi]-N-[4-[1-
[amino(benzylimino)methyl|piperidin-4-yloxy|phenyl]jcarbamoylbenzoic acid



200 Table 1

204 Table 5 205 Table 6 206 Table 7

198

dihydrochloride
'H-NMR(J ppm,DMSO-d¢) 1.19(m,5H), 1.43-1.75(m,7H]}, 1.89(m,2H),
3.32(m,2H), 4.45(d,2H), 4.52(m, 1H), 5.16(s,2H}, 5.32(s,2H), 6.80(d,J=5.7Hz,2H),
7.18(d,J=5.7Hz,2H), 7.25-7.38(m,7H), 7.70-7.78(m,6H), 8.18(s,1H), 8.41(m,1H),
8.56(d,1H), 9.11(brs,2H]}, 9.32(brs,2H)
Example 111
N-[5-Amidino- 1-(cyclohexylcarbamoylmethyl)benzimidazol-2-ylmethyl]-N-[4-{1-
acetimidoylpiperidin-4-yloxy)phenyljcarbamoylbenzoic acid dihydrochloride
'H-NMR(S ppm,DMSO-d,) 1.21{m,5H), 1.45-1.80{m,5H), 5.18(s,2H), 5.40(s,2H),
6.98(m,4H), 7.35-7.42(m,4H), 7.75(s,2H), 7.82(m,4H), 8.20(s,1H), 8.61(brd, 1H),
9.13{m,4H), 9.32(brs,4H)
Example 112
N-[5-Amidino- 1-{cyclohexylcarbamoylmethyl)benzimidazol-2-ylmethyl}-N-[4-] 1-(N-
ethylamidino)piperidin-4-yloxy]phenyl]carbamoylbenzoic acid dihydrochloride
'H-NMR(J ppm,DMSO-d,) 1.07-1.20(m,8H), 1.42-1.75(m,7H), 1.87(m,2H),
3.15-3.35(m,4H), 4.50(m, 1H), 5.20(s,2H), 5.36(s,2H), 6.80(2H), 7.18(2H), 7.39(2H),
7.62-7.85(m,7H), 8.18, 8.20(1H], 8.55, 8.65(1H), 9.09, 9.19, 9.32, 9.38(4H)
Example 113
1-(Cyclohexylcarbamoylmethyl)-2-[4-methoxycarbonyl- 1 -{pyridin-4-yl)piperidin-4-
ylaminomethyl}benzimidazole-5-carboxamidine dihydrochloride
'H-NMR(J ppm,DMSO-d,) 1.13-1.25(m,5H), 1.53(m, 1H), 1.64-1.72(m,4H),
1.82(m,2H), 2.01{m,2H), 3.49(m, 1H)}, 3.59-3.65(m,5H]}, 3.75(m,2H], 3.99(s,2H],
5.06(s,2H), 7.18(d,J=5.5Hz,2H), 7.66-7.72(m,2H), 8.15(s,1H), 8.21(d,J=5.5Hz,2H),
8.30(1H]), 9.02(brs,2H), 9.23(brs,2H), 13.38(brs, 1H)
Example 114
1-{Cyclohexylcarbamoylmethyl)-2-[4-methoxycarbonyl- 1-(pyridin-4-yl)piperidin-4-
ylcarbamoyl]benzimidazole-S-carboxamidine dihydrochloride
'H-NMR(& ppm,DMSO0-d,) 1.06-1.30(m,5H), 1.54(m, 1H), 1.70(m,4H),
2.11(m,2H}, 2.25-2.33(m,2H]}, 3.41-3.62(m,6H), 3.95(m,2H), 5.32(s,2H), 7.23(2H),
7.80(1H), 7.89(1H), 8.20-8.26(m,4H), 9.18(brs,2H]}, 9.34(brs,2H), 9.55(brs, 1H),
13.46(brs, 1H)

Example 115
(S)-N-[S-Amidino- 1-[(1-phenylethyljcarbamoylmethyljbenzimidazol-2-ylmethyl]-N-



207 Table 8 208 [ Experinmental Exanples] The biol ogical activity of the
conpound of the present invention was tested. The conpound of the present

i nvention was conpared with a control conpound, (2S)-2-[4-[(3S)-

1- aceti m doyl pyrrolidin-3-yl oxyj phenyl]-3-[ 7-am di nonapht hal en-

2-yl | propionic acid hydrochl oride pent ahﬁ rate of the follow ng fornula: as
Conparative Exanple 1. Test of enzyne in P8 tion usi ng synthetic substrate
(Experi nmental Exanples 1-2) Experinmental Exanple 1 Determ nation of

anti -factor Xp-(IFetinddbylpipeyidiniagioxbiphentiahdyREehEE 40d HABASAHGAHES
(USA)) enzyne (,i_llo m 0. 1?4%@) and test_ conmpounds 640 Ller r;g acgl usted to
various concent PEYMEWE PREFEMSR Gbak-2Hdi3kT) o1. 79fwn,2H) s2.00(m,2H), 2.28(s,3H),
(Tris-hydr oxyssomil2183 remiiane, ek 4 tyah 1o sodi um
chl oride (herei nt}?oﬁge re erzlrr‘gglw1):3gé\’?:?';‘ﬁ)bd.i 6%?#11??)%%'8.6%1@@1{%8%’%%’ (40
[err]) at 37[@P0[aH) 6118104 m7HA By hisi2el)i 8 12(sbisd)r a78(18s,22,0.0%bis,2H), Pur e
Chem cal (Tok ) C ) adjusted to 0.8 mM was added and t he
m xture was I%gg@é@@gﬂﬁ%&fég% for 10 min. The reaction was stopped by
addi tion of 60% acetic acid (40 [err]) and absorbance at 405 nm was
measured by Mbdel 3550 (BIO RAD). For the control, the solvent was used
instead of the test conpound. The value of control was taken as 100% and
the drug concentrati on showi ng 50% absor bance of control was taken as
IC[err],. The results are shown in Table 9. Experinmental Exanple 2



Determ nati on of anti-factor

lla (FIla) activity Human Flla (Sigm) enzynme

(40 [er], 3.2 Un) and test conpounds (40 [err]) adjusted to various
concentrations were incubated in 0. 1IMtris-0.2M NaCl buffer (pH 8.4) (40

[err]) at 37C for

10 m n.

Chem cal (Tokyo, Japan),
m xture was incubated at 37[err]C for
addition of 60% acetic acid (40 [err]) and absorbance at 405 nm was
3550 (BIO RAD).

measur ed by Mode

A synthetic substrate S-2238 (Daiich
40 [err]) adjusEﬁg to

For the control
instead of the test conpound. The val ygppf| contro

Pur e 209

0.8 MM was added and t he

The reaction was stopped by

t he sol vent was used
was taken as 100% and

the drug concentration show ng 50% absorbance of control was taken as
ICerr] (AM. The rﬁsul cre2<hqwh in Table 9. Tgble 9 test
Expennent al Expe1nent | R tegt Exper ment al Experi ment al| conpound
Exanmple 1 Exanmpl e 2 gonmpound Example 1 Exanple Z [@err][err]
[err] [erf] Exanple 1 0. 06 jL,J:iT >1(
Exanpl e 40 0.5 >10; Exanpl e 2 >10
Exanpl e 43 0548 H | >Ho| Exanpl o 310
Exanpl e 44 0.7 >10] Example * 2HCI 310
Exanpl e 53 0.5 >10| Exanp 0 03 310
Exanpl e 57 0~ 05 >0 Exanpte LU 310
Exanmpl e 60 0.9 >10f Exanple 1 NH, 310
Exanpl e 61 0.3 >10| Exanpl e 12 \/EZO%O/ 310
Exanpl e62 0619 H | >40 Exany >10
Exanpl e 63 D. 01 >10 Exanpl e . 2HCI >10
Exanpl e64 D. 1 >10] Exanpl™e 0 2 *>10
Exanpl e 65 —02 =10 Ex 16 0.2 >10
Exanpl e 67 >10 OH
N
70w ] Jeae
" 2HCl
JSAS
* 3HCI
(':OZMG
IO
72 H| H - O\/E:;
ﬁAcozan
] e Nes ae




17
18
21
22
29
30
32
109

Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Example 11 0O
Exanple 112

Experi nment al
taken from nous
citric acid was
15 mn to obtai
cont ai ni ng vari
[err]l) and the
reagent (Baxter
sanple (50 [err
time (RT) until
concentration t
cal cul ated and

CT2(A test conp

0. 003 >10 Exanpl e 80.7 >10
0.01 >10 Exanpl e 88 0.2 >10
0.7 >10 Exanpl e 89 0.2 >10
0.8 >10 Exanpl e 98 0.4 >10
0.5 >10 Exanpl e 99 0.7 >10
0.4 >10 Exanpl e 100 0.6 >10
0.4 >10 Exanp0® 33 0.3 >10
0.2 >10 Exanple 34 0.2 >10
0.08 >10 Exanple 37 0.04 >10
0.02 >10 ﬁxggp%e 39 0.5 >10
Exanple 3 Determ natio rothronblntlrre(PT) Bl ood was
, 1 adl}, ﬂ]d[)- -‘dLI ng HUHKEY dﬂ(.] TIEdI Llly HUH&H VTTF nt eers, and
aaﬂed.gﬂ'eah gdd was centrifugerl at 4[err]C and|2000 G for
frof-at—prasta—of—var+ous—antfra-s—Pur+Hea—water (5 [err])
bus cdncentrations of test conpound wasHadded tojplasma (45
resul|ltany m kturles were used as s el 210 | Thr onbi n
yes |pepapefd gnd heated at 37[§rr¢C mn, fand a
) wag admi xed wijth they gent 100 [err]). The
precifpi tatiop of{ fibri measured. Ydrug
at _dqubled the HT hours of the drug untreated gyjoup was
[ aken |las €T2. | The results are shomn in Table 10. |Table 10
bund nouse | rat aﬁbaginnnke) human
76 | H | H} H L::[::r
« 2HCI
e
N
77 (| H|H VO“/Y
H
N._-COzH
N ~7
78 | H| H|H o LY
O 240l
o
79 | H H}| H \/[::T N
ﬁ::[::r » 2HCI
NO,
80 | H| HI|H \/E:;/\[fj
NH,
nnne Jeas
k.::[:j/ - 3HCI
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5 Conparative Exanpl el

I ntravenous admi nistration tests (Experinental

10

30 0.
0.5 Exanpl

10 4

5 Exanpl e
e 67
2

Exanpl es 4: 5) Experi nment al

Exanmpl e 4 Intravenous adm nistration tests in nouse A test conpound

di ssol ved i n physi ol ogi cal
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as an indicator.
adm ni strati on,
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test conpound dose

10 m nutes

30 m nutes 60 m nutes

120

m nutes (ng/kg) 1 642 541 464 305 Exanpl e
7 3 821 781 722 595 0.1 313
103 04 07 Exanple 17 0.3 651 385
163 84 1 701 692 4110 13 Exanpl e
18 1 731 604 403 235 0.3 322
163 43 13 Exanpl e 6303 553 465
167 36 Exanple 64 1 552 435 286
Exanpl e 65 1 551 Tablezy 2 172 Exanple 112 1
491 418 23% Cﬁrﬁalativc t 433 142
01 12| BExanpl g! 1 fxpagdi rent al  Exanpl e R | ntravenous adiinistration
tests in rmnkey ,I_\‘ t-esit C\]‘I'JU |nrl rh ocn!u_::ud L!’\ r\huanl nnu DDL SaIL'L e was
i ntravenously aHninisteréd t o mopkey (crab- eatlng body \eight 3.5 -
4.5 kg) and thefactivityjof {he test conpound wa ated bas¢d on the
human FXa inhibltgry lagfilviity fnf pl asma as an [ ator A0, {30, 60,
120, 180 min frpmthe intravenous adnm was taken fromthe
saphenous vein W th the passage jof ti the blood s centrifuged at
2000 G for 10 mn__The ohtaiped citric acid plasm was used for 212
o]
N
90 | H | H | H Jk{::k
[eoa ey
CO.H
+ 2HCI
_O
NJKV/\NHZ
91 | H | H |} H
(::]:::r coH - 2HC
S
N
92 | H| HIH H
t::I::j, COH . 2nc
NS0z OH
93 | H | H|H \/4::) ﬁ
L::I::]/ COzH * HCI
)\/NMez
94 ({H| H]| H
w CO.H + 2HCH
20
N
95 | H| H | H YN
L::I::j/ COEt - 2HC




the determ nation. Human FXa inhibitory activity was determned in the sane
manner as in the test using nouse. The results are shown in Table 12. Table

12 Inhibition (%9 (mean S. D.; n=3 test compound dose 10 minutes 30
mnutes 60 mnutes 120 m nutes 180 m nutes (ng/kg) Exanple9 1
821 722 584 413 292 Exanple 17 1 906
901 862 776 6512 Oral adm nistration tests (Experinental

Exanpl es 6-7) Experinmental Exanple 6 Ozgk admi nistration tests in nouse A
test conpound dissolved in distilled water was orally admnistered to ICR
m ce (body weight 20 - 30 9, 4-6 weekJabled) and the activity of the test
conpound was evgttuateg—basedon—the—homanr—FXa—+nhtbttory—act+vity in serum
as an indicator.| Al S(D,R160R212ﬁ} 180 min fromtige oral adm nistriation,

bl ood was taken H+em- ye—tg+ exnd—u-s-l—ng—a—-heﬁa-t-ee-pi—t-—-t—a-be—lhe bl ood was
centrifuged at |E_LOOO G for 5 min and the obtained se@MﬁMgped for the
determ nati on. Human &Xa nhilbit¢ry activity wasdeflerNi ned 1 n the sane
manner as in theg t%ét |by | A rjaxenous adm ni st[;@gkg;ﬁ resul ts| are shown
in Table 13. Tall e 13|Inhj bitlion|(% JN o test conmpound
dose 30 mirutes 6r0 mijnut ¢s wut eS0:Et 180 ni MRt%s (jno/ kg)

Exanpl e7 7 487 409 26+ 189
Exanpl e 17 10 463 347 215
Exar npl e 63 10 226 149 /@ 124
Conpar at ve 90 | H | H |11 64

°N
NH
98 | H| H| H \/Q}

CO,Et - 2HCI

Me

NQ

99 | H] H| H

1008
1805 JQQ
1008
o0

100] H H H

N

CO.Et ° 3HCI

101l H{ H]| H

N

CO,H + 3HCI

102 H| H| H




213 Experinmental Exanple 7 Oral adm nistration tests in nonkey A test
conpound dissolved in distilled water was orally adm ni stered to nonkey
(carb-eating nonkey, body weight 3.5 - 4.5 kg) and the activity of the test
conpound was eval uated based on the human FXa inhibitory activity in plasna
as an indicator. At 30, 60, 120, 240, 480 mn fromthe oral adm nistration,
bl ood was taken fromthe saphenous vein with the passage of tinme and the

bl ood was centrifuged at 2000 G for 102é&5n. The obtained citric acid plasna
was used for the determ nation. Human_FXa inhibitory activity was
determned in the same manner as in thdle@st by intravenous adm nistration
The resul ts arepshowmrarFablre—4—Fable—4—tnrhibiten—{4-6)—rwgan S. D.
n=3) test conpolin rﬂmbtes 60 minuteg 120 m nutes 240 minutes
480 mi nutes (ny 10 2833 3727 4620 499
2311 Exanple 17 253 6251 8313 6816 2710
Experi nmental Ex coabulation nodel i ncnat | ntravenoys

adm ni stration 0ff gy tin{ (Sig G tes ﬁﬁagulation
system which i es platerzzsfgza I NCRgaNAS Fi rin degradation
product (FDP). cofrpound was intravenously adm ni stered 10
m n before throl 1Nl i inhi bi icts of the
test conmpound o rmati on of |FDP by
t hronbopl astin ni st gpgd had such
concentration aj romthe additijon of one
'H'fr:qred in|l ml/kg
N

platelets and th
t hr opbQpl Asthn
s..w t hi n ™0 EeYonds
sPin dosedane” was a

pl asnma dose to |
dose.

SN
! Z
N
105 H H H ~ Ox/E\/l + ZHCI
OMe
~N
I y

e
Me

\ON\)/\OQ O\OIWMe
N NH

106 H H H

1071 H H H
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Platel ets were counted (PLT value) 10 mn |later on a blood cell counter
sysnmex F- 214 800 (Dade International Inc. (USA)), and FDP was neasured
30 min later using FDP | atex reagent for serum (Tei koku Hornmone Mg. Co.,
Ltd. (Tokyo, Japan)). The results are shown in Table 15. In every Exanple,
the PLT value of the thronboplastin untreated group was (106 13) x 10[err]
and the FDP value of this group was 00 .[err]Jg/m . Table 15

(n=3) test conpound dose (ngl kg) 206 PLT val ue FDP val ue
(x 104 blood platelet /[err] [err]T{)lrxlal 9618

00 0.3 7210 avie /' 41 Exanple 7 0.1

6621 3vehiretle 4911 83 1

1086 D {OpD3B R3 9211 11 Exanpl e
17 0.01 Ex. 1ﬁ1"0R R 53 \Vehicle 4911 w
83 0.3 1004 11 Corrpar ative Exanplie 0.1

6716 321 0J03

Vehi cl e 4218 \OEN&\&@VS E)\l Me
108 | H|H|H
"O + 2HC!

mo o

+ 2HCI

92

109 H H H
O.H

T::[:y/\wj::r T::L fjl:j

H H H O’) o)  onc

. conH
(INWNQ O‘ Me

111
H| H[H o)
o’/' g 2HC
O )
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N ’O, \O“ NHz
YN Y
NEt

N
112 { H | H | H o’)o

.
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CO,H * 2HCI




| NDUSTRLAL APPLI CABI LI TY The conpound of the fornula [I] of the p
i nvention has superior blood coagul ation factor Xa inhibitory act
is evident fromthe foregoi ng Experinental Exanples. Therefore, t
conmpound i s useful as an agent for the prophylaxis and/or treatne
vari ous di seases caused by bl ood coagul ati on or thronbus, nanely,
cerebrovascul ar di seases such as cerebral infarction, cerebral th
cerebral enbolism transient ischem a atbdack (TIA), subarachnoid
and the like; ischernic heart dlseaseﬁ.ﬁ g
infraction, unstable angi na, coronary #%f Snbosi s and the Iike;

pul monary vascul &r di spasds sych RS pulnbnary Tniractiion, pul nong
enbol i sm and the|l Exe;| Bhd Bf §eRsps associ ated wRth various vascd
di sorders such ag periphernal qrterat—enpofsnrdeep—vermthrombg
di ssem nat ed i ntfavascpul ar] coagul pti on, thronbosis afte urgery
artificial blood|vessels qr replafenent of artificial j%;?%, r eod
restenosi s after jcoronary |bypass, StNnoS1 s after
ary angi opl

reoccl usjon, or r
recanal i zation S“CEE?S perjcut aneoys tranq;t1£E?W\§
(PTCA), percutan¢ous’ tyangl wringl| coronar angy cosd on ( PTCR)
i ke, thronbosis|{due tjo edtrag¢orppreal ciro tion and the I|ike,
gl onerul onephritis, nephrqtic|syndrone, dialletic ref@H®pathy,
arteriosclerotic|oblitlerat|fion] Buerger ase, tunor thronbosis,
by atrial fibrillation|

and the |} ke. | expected, therefore,
conpound of the present igvenfion will nmake an extrenely useful t
agent of these diseases.

Thisfapp}ication is based on application
116233/ 1998 and P37869 in Japan, the contejﬁfiff whi ch

1998 fil ed
i ncor porated hereinto jby neferencge. 4::;
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216 WHAT IS CLALMED 1S 1. An am di ne conpound of the forrmula [I] wherein R
Is a group of the fornula R err] is hydrogen atom hydroxy, |ower alkyl,

| ower al koxy or halogen atom R err] is hydrogen atom cyano, carboxy or

| ower al koxycarbonyl, R err] is hydrogen atom cycl oal kyl, hydroxy,

carboxy, |ower al koxycarbonyl, aralkyl oxy farbonyl wherein said

ar al kyl oxycar bonyl is optlonally substituted by hal ogen atom nitro, alkyl,
al koxy or trifluoronethyl, nitro, am no, |ower alkylam no,

di (I ower) al I{ﬁi:paﬁmntdrmmhhs]er oaryl wherein said aryl or heteroaryl is
optionally substituted by 1 to 3 substituents selected fromlower alkyl,

hydr oxy, | ower al ’lbepi,olagafnabmm;ityloﬁmcwmpmxyhﬂmﬂmmmntanmd@hmstbdnyI ,
nitro, am no Iarnln am di no, and_ hy drox%/am di_.no - to 7-nmenbered

sat urated habe ﬁareéﬁnq igxeRtigshwas FornpgEA ‘@ﬂbﬁconmlffww@%

a1 over) 8l KT T ﬁ?%% e g e L Zfi'yl

and Hal is maylgg@ploﬁtﬁad K&&ro&ﬂuohaewuwpdaét@muﬁul fur atom -SJerr]-
-Sgerr]NH or a single bond, [err] wherein mis O or an integer of 1 to 3,

[err] [err] follmvieg formula: 0 or an integer of 1 to 3, or a single bond,

N 0.,
=

GO R
0,H “HC1 » 5H,0

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

Human Fxa (Enzyme research Laboratories (USA)) enzyme (40 ul,
0.16U/ml) and test compounds (40 ul) 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 pl) 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 the test compound. The
value of control was taken as 100% and the drug concentration showing 50%

absorbance of control was taken as ICy,. The results are shown in Table 9.

Experimental Example 2
Determination of anti-factor Ila (FIla) activity

Human Flla (Sigma) enzyme (40 ul, 3.2 U/ml) and test compounds (40 ul)
adjusted to various concentrations 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



X err]
car bon at ons,
wherein R err]

is al kyl ene having 1 to 6 carbon atons,
or a single bond, Rlerr] is hydrogen atom
i s oxygen atom sulfur atom NH, NR' wherein Rlerr]

al kenyl ene having 2 to 6
| oner al kyl or
is | ower

al I kyl, aral kyl wherein said aralkyl is optionally substituted by 1 to 3
substituents sel ected from hal ogen atomgd ower al kyl, hydroxy, |ower

al koxy, hal oal kyl, cyano, nitro, am no and acyl oxy, or hydroxy, and RO is
| ower al kyl, |ower al koxy, am no, |ower alkylammino or

di (| ower) al IGHemdioalr{bokyR, Japar)y4 pljedjustasihto 0.9 weYl wdsaddedand thalnkigturaher ei n

cycl oal kyl is apti,onall tisfut ed | ower al kyl. or r o XY,

| oner al koxyvcazfr 8%%%‘5 ’a‘?lﬁfébf?égg’r%gi»y%ﬁﬁ%%@H ‘Né%slyséoégeﬁt%’o%&%é?%?@é@% | is
optional |y sibsd hdid{4ruhind abSorbagtdat 403161 wasaleasted HyModd1 B560¢BIG om
| ower al kyl wherein said | ower alkyl is optionall y(l\é}uelq[st i tuted by hal ogen

at om 21 RM)dr Brytheicaiepl, dhk seyent wasised insigad 8 §PUCERRON oy e
ar al kyl V‘hervﬁilﬁacffrcaﬁmﬂ' wé§te&€ﬁia‘§nl@ior’/ﬁ§1|§&’9ﬁ§&Mgtc%ﬂc&i/tréti&f)s}%“ﬁi%é)%&/ot uent's

sel ected from ogen atom |ower a ydroxy, |ower al koxy, hal oal kyl,
cyano, ni tr @abserbance aheniro) was takesr aslGolulfl) methrereadlts arastomadinkikstbéa @cycl e
having at |east one nitrogen atom Y[err] is oxygen atom -NH, -CONH,
-NR[err]- wherein Rler] is lower alkyl or -Y[err]-Rerr]3 wherein Rerr]is
hydrogen atom |ower alkyl or aryl whergign said | ower al kyl or aryl is

opt g”f"ol(ycﬁtéﬁf et e Bperimons [t o S P B merial | Expermental
y y Mo Example 1 Example 2 compound Example 1 Example 2
(UM) (UM) (UM (UM

Example 1 0.06 >10 Exampie 40 0.5 >10
Example 2 0.4 >10 Example 43 04 >10
Example 4 0.6 >10 Example 44 0.7 >10
Example 6 0.08 >10 Example 53 0.5 >10
Example 7 0.03 >10 Example 57 0.05 >10
Example 10 0.7 >10 Example 60 0.9 >10
Example 11 0.3 >10 Example 61 0.3 >10
Exampie 12 0.6 >10 Example 62 0.1 >10
Example 13 0.2 >10 Example 63 0.01 >10
Example 14 0.1 >10 Example 64 0.1 >10
Example 15 0.2 >10 Example 65 0.02 >10
Example 16 0.2 >10 Example 67 >10
Example 17 0.003 >10 Example 83 0.7 >10
Example 18 0.01 >10 Example 88 0.2 >10
Example 21 0.7 >10 Example 89 0.2 >10
Example 22 0.8 >10 Example 98 04 >10
Example 29 0.5 >10 Example 99 0.7 >10
Example 30 04 >10 Example 100 0.6 >10
Example 32 0.4 >10

Example 33 0.3 >10 Example 109 0.2 >10
Example 34 0.2 >10 Example 110 0.08 >10
Example 37 0.04 >10 Example 112 0.02 >10
Example 39 0.5 >10

Experimental Example 3

Determination of prothrombin time (PT)

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.

Purified water (5 ul) containing various concentrations of test compound

was added to plasma (45 ul) and the resultant mixtures were used as samples.




[err] whereinrr is O or an integer of 1 to 3, or a single bond, y[err] is
oxygen atom sulfur atomor a single bond, [err]3is __} and [ (CH2)3
bN v a (CH2X wherein s and t are the sane or different and each is an
integer of 1 to 3, or a single bond, Y4 is oxygen atom -CO, -CO2-, -SO2-,
-CONH-, -CH=CH or a single bond, Y |§m(CHZ)p-, - (CH2) p- CHAk- ( CH2) p-,

-(CH2) p. - CAK AK' - (CH2) p-, -0- V\/nereln , AK' are the sane or different
and each |s Iomer al kyl , is 0 or an |nteger of 1to 3, p' and p' are the
same or ?%g%ﬁ? dxfer{was s&gh Qed bt 87°F for® méh, Sirfdd € bond,
ring A |s K" bﬁ~ R (Eweré?w REP&) car ogy, | ower aolrkoxycar bonyl or

ar al kyl oxy cagdeaply (50|l waslakinikéd with the tHrbinbin rédk@nif1€08ilN Fhé dime (PT)

aral kyl oxycarbonyl is optionally substituted by hal ogen atom nitro, alkyl,
al koxy or trummhmf:@mmqn of fjbrin was meaRused. oTlm dmlg coneenirakion thaideubled same
or -different %r}q‘ k?(?\frrs] of aleodrc\)lrg unrlréart]écf gro{lp was culatfed an% taken as CT,. The

results are shown in Table 10.

Table 10
CT.(uM)
test compound mouse rat crab-eating monkey human
Example 7 10 30 0.5
Example 17 2 2 05
Example 67 5
Comparative Exampie 1 10 10 4 z 2

Intravenous administration tests (Experimental Examples 4-5)
Experimental Example 4
Intravenous administration tests in mouse

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 compound was evaluated based on the human FXa inhibitory activity in
serum as an indicator.

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 determination.
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 plasma sample {40 ul) were incubated in 0.1M Tris-0.2M NaCl buffer {pH
8.4) (40 ) 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-



Rlerr], Rerr] and R err] are the sane or different and each is hydrogen
atom hydroxy, lower alkyl or aryl, or a salt thereof or a prodrug thereof.
2. The am di ne conmpound of the formula [1] of claim1, wherein Ris a group
of the forrmula wherein [err]and k are as defined above, or a salt thereof
or a prodrug thereof. 3. The arnidineoggnpound of claim2, having the
formula [I], wherein Ris a group of the fornula 220 [err] wherein [err]
j and k are as defined above, or a salt thereof or a prodrug thereof. 4.
The am di neR&Bhpdonthedondia,i serd@m draplasiga phimirasy pridrao [bldod seneplEigwdd i s a
group of the f.arnula [err rein rrl ... and k.are as.defined above, or a
sal t thereolfseg%ra ?%‘%F' ‘J@Eh 1) Pé.& anl‘?éﬂlEfﬁ}( grHawe ‘?’Fp% atSE 4l ai m 4,

havi ng t he ihatbitidrapércentagh Gopagaingdteohirol. S Thée cEdigtsiare Bhowh &t @able1l S as
defined above and X/ err] is a group of the formula and j is 1, or a salt
thereof or a prodrug thereof. 6. The ani P®d1conpound of claim5, having

|

the formulja [I], wherein Ro [s hydrogen |mbqigh(ygf%né§,i@gy__g7ﬁ;3 atom and As is
a single nd, or a salt thefeof or a prodrug thereof. 7. '}'he anm di ne
conmpound dfftedt bengoanidrfidasd | | piominatesn 1,| Sokrdnusn R é0smisutgy oup 120 mibdes f dr mul a
(mgkg) |
1 64+2 5441 4644 3045
Example 7
3 8211 7841 7212 5945
0.1 31143 1043 0+4 - 0+7
Example 17 0.3 6541 3845 - 1643 8+4
1 70+1 6912 41410 143
Example 18 1 73+1 6014 4043 2345
03 3242 1643 443 143
Example 63
1 5543 4645 1617 316
Example 64 1 55+2 4315 2846
Example 65 1 55+1 3442 1742
Example 112 1 4941 4148 23+11
Comparative
1 4313 1442 0+1 142
Example 1
Experimental Example 5

Intravenous administration tests in monkey

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 inhibitory
activity in plasma as an indicator.

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



221 [err] wherein [err] ring Ab, mand n are as defined above, or a salt
thereof or a prodrug thereof. 8. The am di ne conpound of claim 7, having
the formula [I], wherein ring Ais a group of the forrmula or a salt thereof
or a prodrug thereof. 9. The am dine conmpound of claim1, which is selected
fromthe group consisting of 7-[1 -(pygigin-4-yl)piperidin4-ylnmethoxy)- 1

, 2, 3, 4-t et rahydroi soqui nol i ne- 2- carboxan1d|ne 7-1 1

-(quinolin-4- yI)piperidin 4-yl net hoxy] - 1, 2, 3, 4-tetrahydroi soqui nol i ne- 2-

car boxani di e nrgﬁh% 7- I[quljgloxam dﬁ% fo;{%eﬂi&@rm&téﬁaﬁhe&hh%égmé,&BA-

tetrahydr0|squ| -car
- (pyri di n- 4mdnhpt pein tHetedt wiing ivasy | ~THe reulls drd sovahindFabils d2ui nol i ne- 2-

car boxam de oxi me, N phenyl-7-[1-(pyridin4-yl)piperidin-4-ylnethoxyl -

1,2, 3, 4- tetrahydroi soqui noline-2- carboxan1d|ne ethyl 4-(2-amdino- 1
,2,3,4-tetrahydrai saquinolin:7-yl nyvn’JﬁH@ sl (pyridin: 4.
1) pi peri d{ ne- 4- car boxyl at e} 4-(2-ani di nc
?/2? g, 2- t et QhLLdr oY Yo ||iynn! N s \(ll oy %'bmon (%)lmm.i.s n'?@.)
yl ) pi perid heét@o@m@ K§9BC agi 1@mmutes2 QO minutes | 60 minutes 120 minutes | 180 minutes
(mg/kg)

Example 9 1 82+1 7242 58+4 4143 29+2
Example 17 1 9046 9011 8612 7716 65412

Oral administration tests (Experimental Examples 6-7)
Experimental Example 6
Oral administration tests in mouse

A test compound dissolved in distilled water was orally administered to
ICR mice (body weight 20 - 30 g, 4-6 weeks old) and the activity of the test
compound was evaluated based on the human FXa inhibitory activity in serum as
an indicator.

At 30, 60, 120, 180 min from the oral 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 determination. Human FXa
inhibitory activity was determined in the same manner as in the test by

intravenous administration. The results are shown in Table 13.

Table 13
Inhibition (%6) (mean + S.D. ; n=3)
test compound dose 30 minutes 60 minutes 120 minutes 180 minutes
(mg/kg)
Example 7 10 4817 4049 2617 1849
Example 17 10 4643 3447 2040 2145
Example 63 10 2216 1449 12410 1244
Comparative
Example 1 10 1114 614 6+4 6+4




ethyl 4-(2-amdino- 1 ,2,3,4-tetrahydroisoquinolin-7-yloxynethyl)- 1-(2,6-
di met hyl pyri di n-4-yl ) pi peri di ne-4-car boxyl ate, 4-(2-am di no-

1, 2,3, 4-tetrahydroi soqui nolin-7-yl oxynmethyl)- 1-(2,6-

di et hyl pyri di n-4-yl) pi peri di ne-4-carboxylic acid, nethyl 4-(2-am dino-
1,2,3 ,4-tetrahydroi soqui nolin-7-yl oxy qFthyI)- 1-(2-

nethylpyrldln 4-yl) pi peni di ne- 4-car boxyl ate, 4-(2-am di no-

1,2,3,4- tetrahydr0|squ|noI|n 7-yl oxynet hyl ) - 1-(2-net hyl pyridin-4-

yI)pipexidl 4+ 6ok G d, 4-(2-am dino-

1, 2,3, 4- tet%y r0| soqw n0?| n-7-yl oxynethyl)- 1-(pyrinidin4-
yl) pi per i di DRfaaniRNMinS €8s B mBhRey 4 2- (2-ari i di no-

1,2, 3, 4- tetrahydr0|squ|noI|n 7- onxy)eth lj- 1-(pyridin-4-

yl )p| peri di ne- 4- deleblosophpaund dllS![B(ﬂVG(dznaiﬁ ed ovater was orally administered to

>1/i )Zplgpgr It Sltrtt‘?gh s %ﬁﬂ%ﬁgké %283( ?@ %%‘hén% ot Jﬁd&? %ﬂ??he activity of the test
[ gh(egyggte[] o W per I%@(A&Q%ﬂ yﬁgﬂlyﬁa}c{ﬁamyﬁ@&ﬁ%‘? i%@facf,ma

[ N- [ 5- ani dgdamrdidatérd - benzyl oxyphenyl car banoyl net hyl ) benzi m dazol -
| met hyl | - N-[ 4-(1-aceti m doyl pi peridi n-4-yl oxy) phenyl | car banoyl | ben20| C
cid, 2-14-(pyrrditi38i 803120, 340) B min Jiem Hyd gral administration, blood was

e et RN 0% 2ol st o
met hoxyet hy&eh'&%gédrhfi%@é érfer 6 'h}ﬂﬂx a'ml@bﬂ%med citric acid plasma was used for

[

4-
y
a

7-[ 1- (2- hydroxyethyl) pi peri di n- 4-yl nmet hoxy] -
1,2, 3, 4- t etthakletsroiisatipr. ndiumen E‘Xaaahxbnn@maﬂwnywaid_eﬂedrpyed in the same
d| n- 4-yl met hyl ) pi peri di n4- rybé(ms\t hoxy] -tet rahydr0| soqui_nol i ne- 2-
car boxani d,rﬁgnnqr %Slm(@i3 S W@V%Wéﬁmﬁﬁp)aﬁpbeﬁ eSUlty prRshosyin
1,2,3,4- tef %] groi soqui nol i ne- 2- car boxani di ne, 4-(2-anidino- 1
,2,3,4-tetra ydr0|squ|noI|n 7-yl oxymet hyl ) pi peridin- 1- ylacetyl glycine
et hyI ester, Table 14
Inhibition (%) (mean + S.D. ; n=3)
test compound | dose 30 minutes | 60 minutes | 120 minutes | 240 minutes | 480 minutes
(mg/kg)
Example 9 10 28433 37127 46120 4949 23111
Example 17 10 62453 62451 83+13 68+16 27410
Experimental Example 8

Blood coagulation model in rat

Intravenous administration of thromboplastin (Sigma) to rat promotes
coagulation system, which in turn decreases platelets and increases fibrin
degradation product (FDP). Thus, the test compound was intravenously
administered 10 min before thromboplastin administration and the inhibitory
effects of the test compound on the decrease of platelets and the formation of FDP
by thromboplastin were studied. The thromboplastin administered had such
concentration as to form clots within 20 seconds from the addition of one plasma
dose to two thromboplastin doses and was administered in 1 ml/kg dose.

Platelets were counted (PLT value) 10 min later on a blood cell counter sysmex F-



4-(2-am di no- 1,2, 3, 4-tetrahydroi soqui nolin-7-yl oxynethyl) pi peridi ne-
l-acetic acid N-nethylam de, 7-(1 -acetyl piperidin-4-yl net hoxy) -

1, 2, 3, 4-tetrahydroi soqui nol i ne- 2- 223 carboxam dine, 7-(1

- benzyl sul f onyl pi peri di n-4-yl nmet hoxy)- 1, 2,3 , 4-tetrahydroi soqui nol i ne- 2-
car boxam di ne, 7-[1-(2- naphthylsulfon&thlper|d|n 4-yl net hoxy] -
1,2,3,4-tetrahydroi soqui nol i ne- 2-arboxam dine, 7-(1
-acet|n1doylp|per|d|n 4- ylnethoxy) 1, 2, 3, 4-tetrahydroi soqui nol i ne- 2-

car oK o 0 TSR Bl SR, et SR teqtFBL S g

1,2,3, 4- tetmbye%@kéa@ﬁﬁt 130 ksérin twu@mnﬁéﬁﬁér)dowgercodlmd (Fokyo, Japan)).

yIprr|d|n5yIIacetamde N-[ 2-[ 4- (2-ami di no-
, 2, 3, 4- t et r'Bliyrchisuits aggishoin m’J?at;lé dSyrrbltdv;ti'}beqmphedﬂrt PLI-value of the
yI I pyridin-5-yl | benzam de, eth 3- 14- di no-
1,203 4 tet%ﬁvﬁpslﬁé%mﬁm 2Foyb G IR DAt fre FRP value of this
yl ] pyri di n- &oﬁb E&zgﬁ met hyl 4-[ 4-(2-am di no-
1,2,3,4-tet a drol soq I n-7-yl oxymet hyl ) pi peridin- 1- yl]pyridine-3-
car boxyl ate, 4-[4-(2-ami d| no- 1, Zable 15 (n=3)
, 3, 4-tetr yOr QO S o T AL ARASY BE‘.IFI cm- I FOP valu
yl I pyri di $ 3- c?rn M:i.: alczl %Qé @ﬂfﬂ (&)494 ﬂgodeaDeP rii (hjlrﬂlng?l_g/ﬁﬂet hoxkll -1
] 21 3, 4 tet ull_yul UT \JU\.1UI IIU 1 ITT ~— UI\MIII urrre, \J_yull
| - (pyridi n|4 yl ) pi peri di n- - yI]e1thoxyI- 1, 2, 39é18 00
t et rahydr of soqui nol i ne- 2- parboxam di e,
0.3 72410 441
Example 7
0.1 66121 . 743
Vehicle 49+11 843
1 10846 010
0.03 92411 141
Exampie 17
0.01 41413 6+3
Vehicle 49+11 8+3
0.3 10045 141
Comparative Example
0.1 67416 312
1
0.03 4149 942
Vehicle 42+18 8+3
(meantS.D)
INDUSTRIAL APPLICABILITY

The compound of the formula {I] of the present invention has superior
blood coagulation factor Xa inhibitory activity, as is evident from the foregoing
Experimental Examples. 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, cerebral
thrombosis, cerebral embolism, transient ischemia attack (TIA), subarachnoid
hemorrhage and the like; ischemic heart diseases such as acute or chronic

myocardial infraction, unstable angina, coronary thrombosis and the like;



ethyl 4-(2-am dino-2, 3,4,5-tetrahydro- | H benzo[c]azepin-8-yl oxynethyl)- 1-
(pyridin-4-yl)pi peridi ne-4-carboxyl ate, 4-(2-ani-dino-2,3,4,5-tetrahydro-

| H benzo[ cj azepi n- 8-yl oxynmet hyl )- 1-(pyridin-4- yl)piperidine-4-carboxylic
acid, 4-(2-amdino- 1,2,3 ,4-tetrahydroisoquinolin-7-ylthionmethyl)- 1
-(pyridin-4- yl)piperidine-4-carboxyliggacid, 4-[2-(2-amdino- 1,2

, 3, 4-t etrahydroi soqui noi n-7-ylthio)ethyl]- 1-(pyridin-4-

| ) pi peri di ne-4-carboxylic acid, 4-(2-anlidino-

2,3, 4- tepuknqmwgmarrfbsmesrsyd@ as Pulmonasy infraction, pylmongiry embolism

Pialto(ragalhsl gl soqw Kol i n%ﬁ%onﬁ&h%ﬁéé%%i#n-%%u& as

pi per i diperpHerabaterial Ie'mbdismd deep ¥én alm:iodibmrs, disseminated intravascular

3,4-tetrah dr0|so umol sulf 0) - ri
pi peri dF t?C§1 g@g %F%q plgcement of

)1
, 4-
1)
, 2,
)
)2 3, 4- teTaI-tﬁE:Yéi 'bﬁlvé%ﬁéél@éxbﬂb? r%téwsf%%ﬂw?ﬂér bﬁpéseyfeoeaﬁsﬂn or
2,
y

pi peri di ne- 4- carboxy ic acid, ethyl 4-(2 no-

3, 4- t eresienasisafiasqecanalization woimsmmtanﬁmmwupm@comnaxy

(Y101 0 4N Rg) BACRE o RLRIN Al b Al AL Reodatiion Ry

-yl) pi per afdnke Hllm;ahhﬁnbdslsdm tcdextracorporeal cuculattﬁn Iand the like, I
é ;ﬂl ﬁéigreﬁnéo Ie%}%gﬁghéu% En{ d.lron21e p(:‘}ag&éyrmcﬁnto aﬂpx}?,nazrlterrnmd tzzx(')otlec >
-aceti m doyhieR&{dnd Bidroer &l@éﬁ@@ﬁﬁ%&‘ E%bmﬂokfémrﬁfﬂﬂﬁ 30aRA1 ﬁﬁr‘ﬁ%?: ;1

-yl acet yl am nonet hyl 'l cycl ohexanecar boxylic acid, trans-4-[2-]4-

1- acet i m desdghebke.dilhis 4xpeated; thersfonsthi { thelcompognd of the present invention
et hyl am diplbenzlHarely ule LRl A NRRR ShiGuglafie anecar boxyl i c

aci d,

y
1
y
y
1
y
1,
y
1
(
4

This application is based on application Nos. 116233/1998 and
237869/1998 filed in Japan, the contents of which are incorporated hereinto by

reference.



tr ans-4-[2-[4-( 1-acetim doyl pi peril din-4-yl oxy)phenoxynet hyl J- 5-
am no( hydr oxyi m no) net hyl benzi m dazol - 1-
yl acet yl am nonet hyl | cycl ohexanecar boxyli c aci d,
2- [ 4- (pi peridin-4-yl oxy) phenoxymnet hyl | - 1-phenacyl benzi m dazol e- 5-
car boxam di ne, 2-[4-( 1-acetim doyl pi gqgl di n- 4-yl oxy) phenoxynet hyl | -
1- phenacyl benzi m dazol e-5- car boxami di ne, 2-[2-[4-ethoxycarbonyl -
1- (pyridind-yl)piperidin-4-yl]ethyll- 1-
cycl ohexy| WHaDZSebAIMBRR ISy | benzi mi dazol e- 5- car boxami di ne, 4-12-(5-am di no-
1- (cycl ohexyl car banoyl met hyl ) benzi m dazol - 2-yl )ethyl | - 1-
( pyndi n- 4- ¥l )4 pmidine pempognd bbshe fogmalei [H]
1- cycl ohe- xyl car banoyl net hyl -2-[ N-[ 1l - (pyri di n4-yl ) pi peridin-4-yl]-N
et hoxal yl am no R1’y| ] benzi ni i dazol e- 5- car boxam di ne, N-[5-am di no-
1- cycl ohexyl,car panmoyl et hyl benzi m dazol - 2-yl net hyl ] -N-[ 1-
(pyridin-4%yNy ridi hylam’nooxalic acid, 2-[N[4-(
1-aceti m doyl gpperi di n-4-yl oxy) phenyl | -N- et hoxycar bonyl met hyl am nonet hyl ] -
1- cycl ohexyl cdar banmoyl net hyl benzi m dazol e- 225 5-car boxam di ne,
N- (5-am di no- 1 -cycl ohexyl car banoyl met hyl benzi ri dazol - 2-yl met hyl ) - N- 14- (
1- aceti mwhgtepi peri di n-4-yl oxy) phenyl ] car banoyl benzoi ¢ acid, 2-1N14-(
1- am di nopi peri di n- 4-yl oxy) phenyl ] - N-( 4-
net hoxycarBony! beiszgiopamt MMA@ 1-
cycl ohexyl car banpyl net hyl benzi m dazol e- 5- car boxam di ne, N (5-am di no-
1- cycl ohexyl car%am)yl nmet hyl ben2| m dazol -2-yl methyl )-N-[4-( 1-
am di nopi.p€e phen l,benzoic acid, N-(5-am dino-
1- cycl ohexyl car a yKQka % 2 '?(thet hyl ) - N-[ 4- (1-
RS

\CL;(CHz)k—XZ—X:’-CN—X‘—XS—Rs
Q-eser (v

(CHZ) —Y4—Y5—RS

wherein

R* is hydrogen atom, hydroxy, lower alkyl, lower alkoxy or halogen atom,

R® is hydrogen atom, cyano, carboxy or lower alkoxycarbonyl,

R® is hydrogen atom, cycloalkyl, hydroxy, carboxy, lower alkoxycarbonyl,

aralkyloxycarbonyl
wherein said aralkyloxycarbonyl is optionally substituted by halogen
atom, nitro, alkyl, alkoxy or trifluoromethyl,

nitro, amino, lower alkylamino, di(lower)alkylamino, aryl, heteroaryl
wherein said aryl or heteroaryl is optionally substituted by 1 to 3
substituents selected from lower alkyl, hydroxy, lower alkoxy, carboxy,
lower alkoxycarbonyl, aralkyloxycarbonyl, nitro, amino, acylamino,
amidino and hydroxyamidino,

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

JLgny



acet i m doyl pi peri di n-4-yl oxy) phenyl | sul fanoyl acetic acid,
7-[1-(pyridin-4-ylacetyl)pi peridin4-yl net hoxy] -
1, 2, 3, 4-tetrahydroi soqui nol i ne-2- car boxam di ne,
7-11- ( 3- am nobenzyl ) pi peri di n- 4-yl met hoxy] -
1,2, 3,4-tetrahydroi soqui noline-2- carb m di ne, 7-j
1-(2- hydroxybenzyl)piperidin-4-y|netho§§?
1,2, 3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne,
-(pyridin-2- ybm&ﬂmwajd)sataratdd he'eérgdycrleu:hopd;dnaﬂy substituted by lower alkyl,

7-[1

1, 2, 3, 4-t et -ahydroi I nol ar boxam di th 2 14- (2- am di no-
1,2, 3, 4-tet rahydre}?b’gggﬁ)l‘"f? Ph?{&fmFP@?(‘YﬁfgnF@ﬂo)VL T 1- yl methylj i ndol e-
1 -carboxylate, benzyl 4- (a&m di no-

, 2,3, 4-tetrahydroi soq W /-yl oxyrret hyl ) pi peridine- 1- acetate, N-benzyl
4-(2-am dino- 1,2, 3, 4=xet |- ghydroi soqui nol i n-7-yl oxynet hyl) pi peridi ne- 1-
car boxam de, 7- I 1 (i n - 2-yl met hyl ) pi peri di n-4-yl net hoxyl - 1,2, 3

, 4-t etrahydr oi soqui nol i ne-2- carboxam di ne, 4-(2-am di no-

1, 2,3, 4- tetrahydrwhaemﬂlmdlbww?awba«;drﬁbhyslmmgpmakmhne- | -acetic acid,
N-benzyl 4- (2- gxni di no-
, 4-t et r ahydr OI%O‘&[?IXY@HI ﬁomdﬁpw&%@frhyﬁ?pp pef?iNf 2 singls bondy ni de,

4- (2- ani di no- §~§c14 t%ﬁé@%%%é‘?ﬂ‘éhﬂﬁ{é Bn?fb’td)s(ymt hyl) pi pei idin- 1-
yl acetyl am noace acrd -(5-ni trOG%SHHI n- 2-'yl ) pi peri di n4-yl met hoxy] -

1,2 ,3,4-tetr r—@(bo@(FNH] ; ﬁiozzr-CONfzz bmSéhNHrnéQHz) CONH-,
7- [1 (2-nitrob I ridin-4-yl nmet hoxyl -
1,2,3,4-tetr ahi@éé %@Qfgﬁnol i ne- 2-
V- T 4 T WS .}
NN AN N>
wherein r is 0 or an integer of 1 to 3, or a single bond,
X is alkylene having 1 to 6 carbon atoms, alkenylene having 2 to 6 carbon
atoms, or a single bond,

R’ is hydrogen atom, lower alkyl or

RIO

wherein R’ is oxygen atom, sulfur atom, NH, NR*
wherein R" is lower alkyl, aralkyl
wherein said aralkyl is optionally substituted by 1 to 3
substituents selected from halogen atom, lower alkyl, hydroxy,
lower alkoxy, haloalkyl, cyano, nitro, amino and acyloxy,
or hydroxy, and R* is lower alkyl, lower alkoxy, amino, lower
alkylamino or di{lowerjalkylamino,
R? is hydrogen atom, lower alkyl, cycloalkyl
wherein cycloalkyl is optionally substituted by lower alkyl or carboxy,
carboxy, lower alkoxycarbonyl, aryl, heteroaryl
wherein said aryl or heteroaryl is optionally substituted by 1 to 3
substituents selected from halogen atom, lower alkyl
wherein said lower alkyl is optionally substituted by halogen atom,

AT



car boxarni di ne, 7-1 1-(2-am nobenzyl) pi peri din-4-yl nmethoxyl- 1,2,3

, 4-t et rahydr oi soqui nol i ne-2- car boxam di ne,

7- (1- hexanei m doyl pi peri di n-4-yl met hoxy)- 1, 2, 3, 4-tetrahydroi soqui nol i ne- 2-
car boxam di ne, N-benzyl 4-(2-ariidino- 1,2,3

, 4-tetrahydroi soqui nol i n-7-yl oxymet hylﬁﬂsi peridi ne- 1- sul fonarnide,

N- but yl - 4- (2- am di no-

1,2, 3, 4-tetrahydroi soqui nolin-7-yl oxynet hyl ) pi peri di ne- 1- sul fonani de,

N- cycl ohexyl - 4- ( Bydwoiky,i lower dlkéx8 cdrhoay rali jolwern alkaopgicarionyl, 7-

T ¢ ot ) A GRin iR s SPEMAL bRkl e PR Ribdieleiinstl ?ebzﬁ;de
z- % 1- (benzi mydaz Bhlogerytbii, Pewdrdilky1 Ahydro®y, W)aikoxyhhaloakyl cyano, ni

3, 4-tetrahydroi soqui_nol i ne-2- car boxam di ne y 3-[4-[4-(2- am 'di no- 1

.2, 3, 4-t et r ahHHBY 3BAEFASTLn- 7- yI oxymet hyl ) pi per i d| n- 1-

yl | pyhdi n-3-y QB {éra[t .
1,2,3,4-tet raht grgﬁs@gﬁlﬁrﬁdﬁ? ﬁé%?ﬁg}'ﬂé Fﬁ%\&n er| St oni{utrogen atom,
yl ] pyri di n- 3- ¥ isooxygematons, N’H—(-E@Ncﬂdl -NB*-

1, 2,3, 4-tetrahydr gllesoq%lunollll n-7- oxy ethyl)- 1-(2-am nopyridin-5-
yl car bonyl ) pi per WGFH2 £ darHHx Ohet & 4- (2- ami di no-

1,2, 3, 4-tetrahydroi &ﬁMRPthg@dgeﬂmw{vhr (& ary

ani nopr opi onyl ) pi peri di ne4-carboxylic acid, 4-( arnldlno-

1,2, 3, 4-tetrahydroi soqwhersin said lw@@lﬁépﬁmls qpt(qnﬁllmgbsumted by

yl acet yl ) pi peri di ne4- c%g%y 13(}%&?

, 2,3, 4-tetrahydroi soquino (gl d?“;eyl ox(g%e hy 3’186{]

yl sul f amoyl ) pi peri dYﬁxs4CGa,r-l§I§3<2yl-O©®(c¢,d-SOQ— ((8O04aH),ar: --(CHZ),

1,2, 3,4-tetrahydroi so nol i n:

di met hyl ani noacet y! pi g\é!bF’EFh%‘SzP %ra ﬁ'&%ﬁr(?kié?g} et hyl 4-(2-ani di no-
1,2, 3, 4-t et r ay drs@igh@Bend)ol i n- 7-yl oxymet hyl ) - 1-{pyri di n- 3-

Y? is oxygen atom, sulfur atom or a single bond,
Yiis

“ S ‘C”Z’s\
\) \N) R (CHz) /

wherein s and t are the same or different and each is an integer of 1 to 3,
or a single bond,
Y* is oxygen atom, -CO-, -CO,-, -SO,-, -CONH-, -CH=CH- or a single bond,
Y® is -(CH,),~, -(CH,),~CHAK~(CH,),~, -(CH,},~-CAk Ak-(CH,),~,
— —-o—
.

wherein Ak, Ak’ are the same or different and each is lower alkyl, pis O or
an integer of 1 to 3, p’ and p” are the same or different and each is O or an
integer of 1 or 2,

or a single bond,

ring A is

’ RH

wherein R* is carboxy, lower alkoxycarbonyl or aralkyloxycarbonyl

* [» L M S *



yl car banoyl ) pi peri di ne4- car boxyl at e, 227 ethyl 4-(2-am dino- 1

, 2,3, 4-tetrahydroi soqui nolin-7-yloxynethyl)- 1 -(1-

di met hyl am noacet yl pi peri di n-2-yl car bonyl ) pi peri di ne- 4- car boxyl at e,
4-14- ( 2- ammi di no-

1, 2, 3, 4-t et rahydr oi soqui nol i n-7- onxygFprl) 4-car boxypi peridin- 1 -yl] - 1
-nethylpyrldlnlun1chlor|de et hyl am di no-
1,2,3,4-tetrahydroisoquinoIin-7-y|oxynethy|) 1-(4-

anidinophenyl)piperMmknﬁnsmdauawxykmunboqﬂhqbpmmkmyanbdﬁmmmimyhak@pn
,2,3,4-tetrahydroi so nalin-

di met hyl pyri di n-4- y gﬁ? hPﬁﬂ%@yﬁ&P Qé#%p@n hyl 4-(2-am di no-
1,2,3,4- tetrahyﬂ:afgqu|noI|n 7- onxynethyI) 1-(2-

nethylpyr|d|n4 yl gerldlne 4- car boxyl ate, ethyl 4-(2-am di no-

1, 2,3, 4- tetra noI|n 7-yl oxymethyl)- 1 -(1-

et hyl pi peri di I A¥%ﬁd

,4-tetrahydro?§§3éﬁ%@%ﬁﬁé -y gﬁynet yl % %fs-et ng} éf@ﬁ}#ﬁgéﬁd

yl) pi peri diRteR#ana RS arythecsanw at, differpAt 4dd egcnispiydecgedi atdmy hydtolspdgwer

1, 2, 3, 4-tet rahydroi.soqui nol i ne-2- carboxam di ne, ethyl 4-12-(2-am di no-
1,2,3,4-te YUfBi'soqui nol i n- 7-yl oxy) et hyl j - 1- (pyri di n- 4-

yl ) pi peri digheyr SICREROKYF Abfodrfig tRerasf, di no- 6- met hoxy-

1, 2, 3, 4-t et rahydr oi soqui nol i n- % yl oxynmet hyl ) - 1-(pyridin-

4- yI)plperldlne4 carboxylic acid, and 4-(2-an dino-6-nethyl -
1,2,3,4-tety a HﬁJdu 7 gl

4- yI)plperldlne j@@aﬁggky |c%gé¥ ,gor a sgﬂbfgéuéeo?hor aRﬁ?g d%p?%ereof.

10. The amtdefeemudapound of claim 3, which is selected fromthe group
consi sting of

-
i Le
or
R4
t:ﬂ\\/j——(cuz)k—xz—ﬂ N—X*—x°—R®
R® |

wherein R, R5, R¢, X2, X3, X%, X®, j and k are as defined above,
or a salt thereof or a prodrug thereof.

3. The amidine compound of claim 2, having the formula [I], wherein R is a group
of the formula

AN A



7-[ 1-(pyridin-4-yl)piperidi nd-yl met hoxy) -

1, 2,3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne,

7-11- (qui nol i n4-yl) pi peri di n4-yl met hoxy] -1, 2, 3, 4-t et rahydr oi soqui nol i ne- 2-
car boxam dine, N-nethyl-7- 1 -(pyridin-4- yI)piperidin 4-yl met hoxy] -

1, 2, 3, 4- tetrahydroi soqui noline-2- carb9%§n1d|ne -

1- (pyridin4-yl)piperidin-4-yl met hoxy] 2,3,4 tetrahydr0|squ|noI|ne 2-
228 car boxam de oxi e 4N—phenyl 7-[

1- 4-yl met hoxy] - 1, 2, 3, 4-

rboxam di ne, et YT \4- ( 2- am di nQ-

1 _

1,

di

{eH Pkt Xiymaettry ) - Nt M§r-iXPnRl-

(pyridin4-yl)piperi
et r ahydr oi soqui n
> |
)

t
3, 4-tetrahydr

yl piperidine4 car , 4-(2-am di no-
, 2, 3, 4-t et rahydr oi soqui nol i n-7-yl oxynet hylf).- 1-(pyridi n-4-
yl ) pi peri di ne-4-carboxylic acid, ethyl 4-65 am di no-
2,3, 4-tetrahydroi soqui nolin-7- onxynEthyI) 1- (2, 6-
i met hy| pyrwheneindRY [Rf pRY &) Xfl, %8, X%, ¢andevart as defided @bavej di no- 1
, 2,3, 4- tetrah dr.ol.soqui nol i n- 7 thyl)- 1-(2, 6-
d| net hyl pyr‘? Pﬁh )“‘31&1 L A BPIra sz‘E‘E:(’ggxyl ic acid, methyl 4-(2-am dino-
, 2, 3, 4-tetq, ahmraeniaﬁmudngbduhdkwmhbmgkheﬂorﬁﬁnam , wherein R is a group
thylpyrldln 4-yl ) pi peri di ne4- car boxyl at e, (2-am dino- 1
, 2, 3, 4- t et reffhefEmER{ Ui nol i n- 7-yl oxynmet hyl ) - 1- (2- et hyl pyri di n4-
yl ) pi peri di ne-4-carboxylic acid, 4-(2-amdino- 1
,2,3,4-tetrahydroi sogg#nol i n-7- onxynEthyI = (pyrlnldln 4-
yI)plperldlne 4- sar oxx% C — xR by X3 2- ( N-ant’et uo— RE
. 2,3, 4-t et rahydr o fh-7-yl oxy) et hy -(pyridin-4-
yl ) pi peri di ne-4-cgrbo e,
] R®

wherein R*, R5, R%, X2, X3, X4, X*, j and k are as definéd above,
or a salt thereof or a prodrug thereof.

5. The amidine compound of claim 4, having the formula [I], wherein X is
-(CH,),,- wherein m is as defined above and X* is a group of the formula

andjis 1,
or a salt thereof or a prodrug thereof.

6. The amidine compound of claim 5, having the formula [I], wherein R® is
hydrogen atom, X? is oxygen atom, and X® is a single bond,

or a salt thereof or a prodrug thereof.

7. The amidine compound of the formula [I] of claim 1, wherein R is a group of the

formula

A 0 o



4-[2-(2-am di no- 1, 2,3, 4-tetrahydroi soqui nolin-7-yloxy)ethyll-

1- (pyridin-4- yl)piperidine-4-carboxylic acid, 7-]
- (2- hydr oxyet hyl ) pi peri di n-4-yl met hoxy]- 1 , 2,3, 4-tetrahydroi soqui nol i ne-2-
car boxam di ne, 7-1

1- (pyridin-4-yl net hyl) pi peridi n-4-yl netpoxyl -1, 2, 3, 4-t et rahydr oi soqui nol i ne
-2- carboxam di ne, 7-[1-(2-hydroxy-2-phenylethyl)piperidin-4-yl nmethoxyl -
1,2, 3, 4- tetrahydroi soqui noline-2-carboxam di ne, 4-(2-am di no-

, 2, 3, 4-t et rahydr oi soqui nol i n-7-yl oxynet hyl ) pi peridin- 1- ylacetyl glycine
thyl ester, 4-(2-axnidino-

2,3, 4- tetrahydr0|~ nol g n-7-yl oxynmet hyl }p{peri dine- 1 -acetic acid

met hyl anmi de, 7-( 1Ya ié'ql)ﬁ‘r A % _Yz—'ilgg'l;-_l“

2,3,4-tetrahydroi sag LI
benzylsulfonylplperlo 4- nethoxy) 1,2,3 " 4-t et rahydr oi soqui nol i ne- 2-
carboxam di ne, 7-[1 -(2-nappthyl sul fonyl)pi peridin-4-yl nethoxyl- 1
,2,3,4-tetrahydroisoquinolicnzﬁé-cﬂhb et ne, 7-(1

-aceti m doyl pi peridi n-4-yl net hoxy)- 1, 2, 3, 4-tetrahydroi soqui nol i ne- 2-
car boxami di ne, 7-[1- phenylacetirnidoylpipeiidin 4-y| met hoxy) -

1,2,3,4-tet (stqwu n?ﬁb%} t(’)ﬁg%lghrﬁ.e %ll-n_ %cflaﬁgv am di no- 1

1
e
1,
1,

,2,3,4-tetrahy 0|soqd|nofn pi peri
yl ] pyridin- Brgllslakt(themnfmteapmd[rﬂg Heer¢d: ar ni di no- 1
, 2, 3, 4-tetrahydroi soqui nol i n-7-yl oxymet hyl ) pi peridi n- 1-
yl | pyridi n-5-yl | benzam de,
8. The amidine compound of claim 7, having the formula [I}, wherein ring A is a
group of the formula
O
gz

or a salt thereof or a prodrug thereof.

9. The amidine compound of claim 1, which is selected from the group consisting

of
7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-{1-{quinolin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

N-methyl-7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
7-]1-(pyridin-4-yl)piperidin4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamide oxime,
N-phenyl-7-{1-(pyridin-4-yl)piperidin-4-ylmethoxy}-1,2,3,4-
teﬁahydroisoquinoline-2-carboz§amidine,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(pyridin-4-
ylpiperidine-4-carboxylic acid,

AR L



ethyl 3-[4-[4-(2-am dino-1

, 2, 3, 4-tetrahydroi soqui nol i n-7-yl oxynet hyl ) pi peri di n- 1-
yljpyridin-3-yl]-2-propenoate, nethyl 4-[4-(2-am dino-

1, 2, 3, 4-t et rahydroi soqui nol i n-7-yl oxynet hyl ) pi peridin- 1- yllpyridine-3-
car boxyl ate, 4-[4-(2-am dino- 5
1,2,3,4-tetrahydroisoquinoIin-7-y|oxynﬁ%%yl)piperidin- 1-
yljpyridine-3-carboxylic acid, 6-[1 -(pyridin-4-yl)piperidin-4-ylnethoxy]-
1,2, 3, 4-t eethyih¢cd2ainiding- hel 3, frdetzahysapisoquinpineylognethyl-le{@dno-

1- (pyridin-4:yvl})piperidj,n-4-vll.eth - 3, 4-

t et rahydr oi éﬁﬁ%ﬁ@&ﬁ@&%%ﬁ%@@ﬁ‘gﬁﬁ?ﬁ%

?- (2- Sm' di n@l-{zfa'imﬁub' 1 l,et:i,&ktyﬁlﬁl@yb drlbisb@mm mbﬂ]-ﬁagp‘géﬁn&})W-mﬁmet hyl ) - hla

pyridi n-4-yl)piperidi ne4-carboxyl ate, 4-(2-ammidi no-2, 3, 4, 5-tetrahydro-

| H benzo[ c] Qi‘éﬁqhgfl@'f‘alrb'ﬁwyﬁf -e'if{’ﬁ%ﬂxylg‘i ?F‘HP yl ) pi peri di ne-4-car boxylic

acid, 4-(2- We ol g 1, e m'oa i11R0F J i Lppet hyl ) - 1

- (pyri di n4- yi E%l%gr?%ﬁﬁleléﬂ}’%g?bfg@wc aci g%&:ﬂ%&{bz arm}@i ﬁ?ﬂ

1,2, 3, 4-tet vipyiidipertyhipiperidineyi-carboxdatey| | - 1- (pyri di n- 4-

yl) pi peri di nes4-cat boxyl Cl 4- (2- am.di-ng- o

1 OPPEl L o1 PR AR K B PR o B By o L Rymeipidin-

yl') pi peri di pBpipeddihbonydrbexylidi dtid,4- [ 2- (2- am di no-

1, 2, 3, 4-tetrahvdroi soqui nol i n-7-yl sul fonyl ) et hyl ] (p&)ri_di.n_- 4-

yl ) pi peri di Ad2Amigings k3 ¢-taaly lseﬂul&ﬁ{\{WnﬂMnethyl)-l- yrimidin-4-

,2,3,4-tetr : 3+ ' b~ layd sul fonyl am no) - 1-(pyridin-4-

yl ) pi peri di 2@1%§gl?lgg§y i C aé:iel drfet hyl ester, 4-(2-am dino-.

1, 2, 3, 4- t et etihy drl3iBequitinet 1,8,374-y¢tsalyidsoippquinoliny -ylaxy|eshayli-di(pyrdin-4-

y1) piper i di g de GRRDOX U Sxftled
4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxyjethyl}- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-[N-[S-amidino-1-{1-phenylethylcarbamoylmethyl)benzimidazol-2-yimethyl]-N-
[4-(1-acetimidoylpiperidin-4-yloxyjphenyljcarbamoyl]benzoic acid,
4-|N-[S-amidino- 1-(4-benzyloxyphenylcarbamoylmethyl)benzimidazol-2-
ylmethyl}-N-[4-(1-acetimidoylpiperidin-4-yloxy)phenyl]carbamoyl|benzoic acid,

- 1- 230

2-[4-(pyrrolidin-3-yloxy)phenoxymethyl}- 1-(2-methoxyethyl)benzimidazole-5-
carboxamidine,

2-[4-(1-acetimidoylpyrrolidin-3-yloxy)phenoxymethyl]- 1-(2-
methoxyethyl)benzimidazole-5-carboxamidine,
7-[1-(2-hydroxyethyl)piperidin-4-ylmethoxy]- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-[1-(pyridin-4-ylmethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-[1-{2-hydroxy-2-phenylethyl)piperidin-4-ylmethoxy]- 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
ylacetylglycine ethyl ester,

4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7 -yloxymethyl)piperidine- 1-acetic
acid N-methylamide,
7-(1-acetylpiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-

) O O



ethyl 4-(2-arndino- 1, 2,3, 4-tetrahydroi soqui nolin-7-ylsul fonyl am nonet hyl) -
1- (pyridin4d-yl)piperidine-4-carboxylate, 4-(2-amdino- 1

,2,3 4-t et rahydr oi soqui nol i n-7-yl sul fonyl am nonet hyl )- 1-(pyridin-
4-yl) pi peri di ne-4-carboxylic acid, 7-11

p

-(pyridin-4-ylacetyl)piperidin-4- yI met hoygyl - 1
, 2,3, 4-tetrahydroi soqui nol i ne-2- carboxam di ne,
7- [ 1- (3-am nobenzyl ) pi peri di n-4-yl met hoxy] - 1, 2
, 3, 4- t et r ahycarboxaroudimes| | ne- 2- car boxani di ne,
7[1{2 hydr r.i di
1,2, 3, 4-tet r%ﬁ?%ﬁ%‘g@’(&% W’éﬁl}i %ﬁﬁ% Tn’fu% Hé-tetrahydroisoquinoline-2-
7-[1 (pyr| di carBoydmietinyy| ) pi peri di n-4-yl met hoxyl - 1
, 2,3, 4-tet rahﬁdr oi sogqui nol i ne- 2- carboxani di ne, nethy 2-[4-(2-arnidino-
1,2, 3 4-t et r GH&4 BﬁEB Wnﬁnmpwmﬁwmqw]ﬂe’% Bdrwnamdmmumhncﬂdm e-
1 -carboxyl 4-(2-amdino- 1
,2,3,4-tet ra%%glr-m soqul noI i n-7-yl oxymet hyl ) pi peri di ne- 1- acetate, N benzyl
4-( 2-am di no?- (11_ aQ(;@pﬂOY@DM-Grﬁmthoxy} 1 2;%,4\tewalyydrbisplinolies-2di ne-  1-
c arb

oxam de, 8%’ 1. #I ndol -2 -yl met hyl ) pi peri di n-4-yl met hoxyj - 1,2

3, 4- tetrahyc(ﬂ'r fol i ne- 2 carboxam di ne, 4-(2-amdino- 1

12,3, 4-tet- awﬂpneﬁﬂawmabﬂpipeﬁhmqrmemok})m P&, 4 Yéthydhoisafihbnasl d.
N-benzyl 4-(2-am dino- 1,2,

,4-tetr ahydr@?@’éﬁiﬂ’ﬁ‘&q, n-7- yI oxynet hyl ) pi peridine- | - acetam de,
£ (Zoam o non 342 landghreud %?%W%ﬂ Bl PR et oy -
1,2, 3, 4-t etylpyvidiobyllgcitamlidene- 2- car boxani di ne,

N-[2-{4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yl]pyridin-5-yi]benzamide,
ethyl 3-[4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1 -
yllpyridin-3-yl]-2-propenoate,
methyl 4-[4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yllpyridine-3- carboxylate, |
4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin-1-
yllpyridine-3-carboxylic acid,
6-[1-{pyridin-4-yl) piperidin-4-ylmethoxy]- 1,2,3,4-tetrahydroisoquinocline-2-
carboxamidine,
7-[2-[4-cyano-1-(pyridin-4-yl)piperidin-4-yllethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
ethyl 4-(2-amidino-2,3,4,5-tetrahydro- 1H-benzo [c]azepin-8-yloxymethyl)-1-
(pyridin-4-yl)piperidine-4-carboxylate,
4-(2-amidino-2,3,4,5-tetrahydro- 1H-benzo|c|azepin-8-yloxymethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-(2-amnidino-1,2,3,4-tetrahydroisoquinolin-7-yithiomethyl)- 1-(pyridin-4-
ylpiperidine-4-carboxylic acid,
4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylthio)ethyl- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,

[



231 7-[1-(2-nitrobenzyl) pi peridi n4-yl net hoxy] -

1, 2,3, 4-tetrahydroi soqui nol i ne-2- carboxamdine, 7-[ 1

- (2-arni nobenzyl ) pi peri di n-4-yl met hoxyl - 1 , 2,3, 4-tetrahydroi soqui nol i ne-2-

car boxam di ne, 7-(1-hexanei m doyl pi peridi n-4-yl nmethoxy)- 1

, 2, 3, 4-t et rahydr oi soqui nol i ne-2- carbo ) di ne, N-benzyl -4-(2-am di no-

1,2,3 ,4-tetrahydroi soqui nolin-7-yloxynethyl)piperidine- 1- sulfonam de,

N- but yl 4- ( 2- am di no-

1,2,3,4-tet Ha[ﬂy{lifamidmpﬂilﬂo?. frietfalyydrrignguinglin{F-ysulfahylethyll-1-@ytridonrdmi de,

N—cycl ohexyl 2-2 - 4-t et rahydroi soqui nolin-7-

yl oxynet hyl ¥] BP‘B%? & -car%oxiltﬁq%cﬁarm de, N-(2-nitrophenyl)-4-(2-amn di no-

1, 2,3,4-tet y&ﬁ@hﬁ@m ,Daltefrafydoslseyiitlinyi-yisuBeiyiahie)-1-@andetdi oami de,
- [I (ben2| m dazo] - 2- yI ). pi peridin4-yl met hoxy)- 1

2, 3, 4- t et r ANpPEELBSHTFABORYiC grid £8¥.di ne, ethy 3-[4-[4-(2-am di no-
2,3 ,4-t hdln- o % s a

| pyr i di netgrek%fg{ propi o%y? a%ﬁﬁ%ﬁ% ﬁ!-%l@hﬁﬁ{ylé}h&o)&-(pyndm-m

2, 3, 4- t et yipipdridineehoanbokylic-atid,| oxynet hyI ) pi peridin- 1-
pyri

i din- 3- t
Atetr gﬂ%%?g@ﬂﬁ?f?fbﬁ% ?%@mmwoh& TSyt -
r bony! ) phyafiih- Al yIfpidericn bexyigé,d, 4- (2-ani di no-
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trans-4-{2-[4-( 1-acetimidoylpiperidin-4-yloxy)phenoxymethyl]-S-
amidinobenzimidazol- 1-ylacetylaminomethyljcyclohexanecarboxylic acid,
trans-4-{2-[4-(1-acetimidoylpiperidin-4-yloxy) phenoxymethyl}-5-(N-
methylamidino)benzimidazol- 1-ylacetylaminomethyl]cyclohexanecarboxylic acid,
trans-4-[2-{4-(1-acetimidoylpiperidin-4-yloxy)phenoxymethyl]-5-
amino(hydroxyimino)methylbenzimidazol- 1-
ylacetylaminomethyl|cyclohexanecarboxylic acid,
2-[4-(piperidin-4-yloxy)phenoxymethyl]- 1 -phenacylbenzimidazole-5-
carboxamidine,

2-[4-(1-acetimidoylpiperidin-4-yloxy)phenoxymethyl]- 1-phenacylbenzimidazole-5-
carboxamidine,

2-|2-[4-ethoxycarbonyl- 1-(pyridin-4-yl)piperidin-4-yljethyl]- 1-
cyclohexylcarbamoylmethylbenzimidazole-5-carboxamidine,

4-[2-{5-amidino- 1-(cyclohexylcarbamoylmethyl)benzimidazol-2-yl)ethyl}- 1-
(pyridin-4-yl)piperidine-4-carboxylic acid,
1-cyclohexylcarbamoylmethyl-2-[N-{1-(pyridin-4-yljpiperidin-4-yl]-N-
ethoxalylaminomethyljbenzimidazole-5-carboxamidine,

N-[S-amidino- 1-cyclohexylcarbamoylmethylbenzimidazol-2-ylmethyl]-N-{1-
{pyridin4-yl}piperidin-4-yljaminooxalic acid,
2-[N-[4-(1-acetimidoylpiperidin-4-yloxy)phenyl|-N-
ethoxycarbonylmethylaminomethyl}- 1-cyclohexylcarbamoylmethylbenzimidazole-
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4-(2-amdino- 1,2 ,3,4-tetrahydroi soquinolin-7-yloxynethyl)- 1-

di met hyl am noacet yl pi peri di ne4-carboxylic acid, ethyl 4-(2-amdino- 1
, 2,3, 4-tetrahydroi soqui nolin-7-yl oxynmethyl)- 1-(pyridin-3-
yl car banmoyl ) pi peri di ne- 4-car boxyl ate, ethyl 4-(2-am dino-
1,2,3,4-tetrahydroisoquinoIin-7-y|oxyne£ l)- 1-(1- 232
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[
, 3, 4-tet n‘nydr oi soqui nol’i ne- 2- car boxam di ne, ethyl 4-12-(2-am di no-
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4-tet ik mﬁg@qhﬂﬁfdphwmyb@mwmlwn@n{quwmﬁhﬂ) -N-{4-(1-

%Pi”tg't @ﬁé@?%ﬁl nol |%16§§)é?&>@§{é‘}%§}? ]HB% -( pyr’i di n-.

pi peri di- he&;ﬂndm—%qiqde@)pqmndm—émﬂné&(o&y]am;ﬂ,m{uetﬁahmirhiysbquiﬂmlinea-
4- te”?ﬁa\ﬁ/ roi Sg'?’ﬁl nol i n-7-yl oxymet hyl)- | -(pyridin-
pi peri oxylic acid,

7-{1-(3-aminobenzyl)piperidin-4-ylmethoxyl- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-{1-(2-hydroxybenzyl)piperidin-4-ylmethoxy]- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

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

methy 2-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyljpiperidin- 1-
yimethyljindole-1-carboxylate,

benzyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine-1-
acetate,

N-benzyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
carboxamide,

7-{1-(indol-2-ylmethyl)piperidin-4-ylmethoxyj-1,2,3 4—teu'ahydr01soqumohne -2-
carboxamidine,
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4-yl)

4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1 -acetic
acid,
N-benzyl-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyljpiperidine- 1-
acetamide,

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

7-{1-(5-nitropyridin-2-yl)piperidin-4-ylmethoxy]- 1,2,3,4-tetrahydroisoquinoline-2-
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or a salt thereof or a prodrug thereof. 11. A pharmaceutical conposition
conprising an am di ne conpound of any of claiml1l to claim1l0 or a salt
thereof or a prodrug thereof, and a pharmaceutically acceptabl e additive.
12. A bl ood coagul ation inhibitor conprising an am di ne conpound of any of
claiml to claim10 or a salt thereof o% prodrug thereof as an active
ingredient. 13. A factor Xa inhibitor c %%rising an am di ne conpound of any
of claiml1l to claim10 or a salt thereof or a prodrug thereof as an active
i ngr edi ent . carb@@nidihe, An agent for the prophylaxis or treatnent of

am di ne. o HIToRRgIP Ty ) PERT o oA BP S 2oy
prodrug t her@eboxsnidihefCt i ve i ngredi ent.
7-|1-(2-aminobenzyl)piperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-(1-hexaneimidoylpiperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
N-benzyl-4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
sulfonamide,
N-butyl4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl) piperidine- 1-
sulfonamide,
N-cyclohexyl-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidine- 1-sulfonamide,
N-(2-nitrophenyl}-4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidine-1-carbothioamide,
7-]1-{benzimidazol-2-yl)piperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
ethy 3-[4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yllpyridin-3-yljpropionate,
3-[4-[4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yl]pyridin-3-yljpropionate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(2-aminopyridin-5-
ylcarbonyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(3-
aminopropionyl)piperidine-4-carboxylic acid,
4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(imidazol-4-
ylacetyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(piperidin4-
ylsulfamoyljpiperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-
dimethylaminoacetylpiperidine-4-carboxylic acid,
ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-{pyridin-3-
ylcarbamoyl)piperidine-4-carboxylate,
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ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(1-
dimethylaminoacetylpiperidin-2-ylcarbonyl)piperidine-4-carboxylate,
4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}-4-carboxypiperidin-
1-y1]-1-methylpyridinium chioride,

ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(4-
amidinophenyl)piperidine-4-carboxylate,

ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2,6-
dimethylpyridin-4-yl}piperidine-4-carboxylate,

ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2-
methylpyridin-4-yl)piperidine-4-carboxylate,

ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(1-
ethylpiperidin-4-yl)piperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(1-ethylpiperidin-4-
yl)piperidine-4-carboxylic acid,
7-[2-(4-cyanopiperidin-4-yljethoxyl]-1,2,3,4-tetrahydroisoquinoline-2-
carboxarmidine,

ethyl 4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxy)ethyl]- 1 -{(pyridin-4-
yljpiperidine-4-carboxylate,
4-{2-amidino-6-methoxy-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1 -(pyridin-
4-yl)piperidine-4-carboxylic acid, and

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

or a salt thereof or a prodrug thereof.

10. The amidine compound of claim 3, which is selected from the group
consisting of

7-[1-(pyridin-4-yl)piperidin-4-ylmethoxy)- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-{1-{quinolin-4-yljpiperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

N-methyl-7-{1-(pyridin-4-yl)piperidin-4-ylmethoxy|- 1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
7-{1-{pyridin-4-yl}piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
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carboxamide oxime,
N-phenyl-7-[1-(pyridin-4-yl}piperidin-4-ylmethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1-(pyridin-4-
yl)piperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1 -(pyridin-4-
yl)piperidine-4-carboxylic acid,

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

methyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2-
methylpyridin-4-yl) piperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2-methylpyridin-4-
yl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(pyrimidin-4-
yl)piperidine-4-carboxylic acid,

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

4-[2-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxylethyl}- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,

7-[1-(2-hydroxyethyl)piperidin-4-ylmethoxy]- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-{1-(pyridin-4-ylmethyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-[1-(2-hydroxy-2-phenylethyl}piperidin-4-yimethoxy]-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
ylacetylglycine ethyl ester,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyljpiperidine- 1 -acetic
acid N-methylamide,

7-(1-acetylpiperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-

carboxamidine,
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7-{1-benzylsulfonylpiperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-[1-(2-naphthylsulfonyl)piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-
2-carboxamidine,
7-(1-acetimidoylipiperidin-4-ylmethoxy)-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-(1-phenylacetimidoylpiperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

N-[2-[4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yl)pyridin-5-yljacetamide,
N-[2-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyljpiperidin- 1-
ylpyridin-5-yljbenzamide,

ethyl 3-[4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yllpyridin-3-yl]-2-propenoate,

methyl 4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yljpyridine-3- carboxylate,

4-[4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yljpyridine-3-carboxylic acid,

6-[1-(pyridin-4-yl)piperidin-4-ylmethoxy]- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-{2-[4-cyano- 1-(pyridin-4-yl)piperidin-4-yljethoxy}-1,2,3,4-
tetrahydroisoquinoline-2-carboxamidine,

ethyl 4-(2-amidino-2,3,4,5-tetrahydro- 1H-benzo|c]azepin-8-yloxymethyl)- 1-
{(pyridin-4-yl)piperidine-4-carboxylate,

4-(2-amidino-2,3,4,5-tetrahydro- 1 H-benzojc]azepin-8-yloxymethyl)- 1-{pyridin-4-
yljpiperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylthiomethyl)- 1-(pyridin-4-
yljpiperidine-4-carboxylic acid,
4-[2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylthio)ethyl)- 1-(pyridin-4-
yljpiperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylmethyl)- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid,

4-[2-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-ylsulfonyl)ethyl}- 1 -(pyridin-4-
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yl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)- 1-(pyridin-4-
yl)piperidine-4-carboxylic acid methyl ester,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylamino)- 1-(pyridin-4-
yljpiperidine-4-carboxylic acid,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylaminomethyl)- 1-
(pyridin-4-yl)piperidine-4-carboxylate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-ylsulfonylaminomethyl)- 1-(pyridin-
4-yl)piperidine-4-carboxylic acid,
7-[1-(pyridin-4-ylacetyl)piperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine, | |
7-[1-(3-aminobenzyl)piperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-{1-{2-hydroxybenzyl)piperidin-4-ylmethoxyj- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

7-{1-(pyridin-2-ylmethyl)piperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

methy 2-{4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
ylmethyljindole- 1-carboxylate,

benzyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
acetate,

N-benzyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1~
carboxamide,
7-[1-{indol-2-ylmethyl)piperidin-4-yimethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

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

N-benzyl-4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
acetamide,

4-{2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
ylacetylaminoacetic acid,
7-[1-(5-nitropyridin-2-yl}piperidin-4-ylmethoxy]-1,2,3,4-tetrahydroisoquinoline-2-

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

7-[1-(2-aminobenzyl)piperidin-4-ylmethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,
7-{1-hexaneimidoyipiperidin-4-ylmethoxy}-1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

N-benzyl-4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1 -
sulfonamide,
N-butyl-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidine- 1-
sulfonamide,

N-cyclohexyl-4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidine-1-sulfonamide,

N-(2-nitrophenyl}-4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-
yloxymethyl)piperidine-1-carbothioamide,
7-{1-(benzimidazol-2-yl)piperidin-4-ylmethoxy)- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

ethy 3-[4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yl]pyridin-3-yl]propionate,

3-{4-[4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)piperidin- 1-
yljpyridin-3-yljpropionate,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-{2-aminopyridin-5-
ylcarbonyl)piperidine-4-carboxylic acid,
4-(2-amnidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(3-
aminopropionyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(imidazol-4-
ylacetyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(piperidin-4-
ylsulfamoyl)piperidine-4-carboxylic acid,
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-
dimethylaminoacetylipiperidine-4-carboxylic acid,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(pyridin-3-
ylcarbamoyl)piperidine-4-carboxylate,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(1-
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dimethylaminoacetylpiperidin-2-ylcarbonyl)piperidine-4-carboxylate,
4-[4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)-4-carboxypiperidin-
1-yl}-1-methylpyridinium chloride,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(4-
amidinophenyl)piperidine-4-carboxylate,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2,6-
dimethylpyridin-4-yl)piperidine-4-carboxylate,

ethyl 4-(2-amidino- 1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(2-
methylpyridin-4-yl}piperidine-4-carboxylate,

ethyl 4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(1-
ethylpiperidin-4-yl) pipeﬁdine—4-carb6xylate, |
4-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(1-ethyipiperidin-4-
yl)piperidine-4-carboxylic acid,

7-[2-(4-cyanopiperidin-4-yljethoxy}- 1,2,3,4-tetrahydroisoquinoline-2-
carboxamidine,

ethyl 4-]2-(2-amidino-1,2,3,4-tetrahydroisoquinolin-7-yloxy)ethyl]- 1-(pyridin-4-
yl)piperidine-4-carboxylate,
4-(2-amidino-6-methoxy-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl}- 1 -(pyridin-
4-yl)piperidine-4-carboxylic acid, and
4-(2-amidino-6-methyl-1,2,3,4-tetrahydroisoquinolin-7-yloxymethyl)- 1-(pyridin-
4-yl)piperidine-4-carboxylic acid,

or a salt thereof or a prodrug thereof.

11. A pharmaceutical composition comprising an amidine compound of any of

claim 1 to claim 10 or a salt thereof or a prodrug thereof, and a pharmaceutically
acceptable additive.

12. A blood coagulation inhibitor comprising an amidine compound of any of
claim 1 to claim 10 or a salt thereof or a prodrug thereof as an active ingredient.

13. A factor Xa inhibitor comprising an amidine compound of any of claim 1 to
claim 10 or a salt thereof or a prodrug thereof as an active ingredient.
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14. An agent for the prophylaxis or treatment of diseases caused by blood
coagulation or thrombus, which comprises an amidine compound of any of claim
1 to claim 10 or a salt thereof or a prodrug thereof as an active ingredient.
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