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1 DESCRI PTI ON CONDENSED FURAN COVPOUNDS

TECHNI CAL FIELD 5 The present invention relates to a

condensed furan conpound useful as a nedicanent, .o

Coagul at on factor X or phdr maceut i cal Ly accept a

gglatgg t her eof . BACKéRClJNB ART In late ygars, gs ﬁm““"l”“ “|||||||||||||

westerni zation of living habit and the agi ng of 10 «icoicon

popul ati ons, t hr omboenmMpPESCRIPTEO8ES such as

nmyocardi al infarction, cerebral infarction and

peri pheral art@ONDENSERFISRANGOMPOEINRSed - year mwm"m"““m ""I"I“I"

year, and social inportance of treatnment thereof has

risen more and nore. Anong therapies of *G00002*
TR RCA L HIELR ¢ et her apy and antiplatel ot Cherapy.

t akegheRekehninfRdi§eh reaespy of @ndérsédantardB@mpound

prevention of thronbosis (Sogorinsho 41: 2141-2145,
usefif)as amepdiceinen grpantinalady etsyan ishibiteibbeactivated blood

chropic admnistration as well as the rel.iable and

CAPERIRSIATRIAC OB o sRRBFMAECR HER LY A5G RIADIS it herept

B??élﬁ,gxtﬁ@bgfﬂ]&lﬁe prevention of *20 thronbosis. A
ounmarin derivati

ve, especially warfarin potassium

has 19iARyLEEN adIe’ WkstedrBlatidteoMivirt Rabftndd the aging of
anti coagulant available orally. However, owing to the

popalatiors,; tiriomsbesinbetictdiseasdresnel rennyecesdi énfagation,
AL R0 s S S35 creas
yg%xll] :3597:3?%:% gﬁdcg&ﬁgf‘ fﬁ?ﬁk@y&c%eéﬁﬁeﬁ? tﬁ?él%oq é'ﬁ%s\?\gsgfl more

Cy 1s relatrv nariow, and a
and more.

Among therapies of thromboembolic diseases, anticoagulant
therapy, as well as fibrinolytic therapy and antiplatelet therapy, takes
part in medical therapy for treatment and prevention of thrombosis
(Sogorinsho 41: 2141-2145, 1989). In particular, the safety sustainable
to chronic administration as well as the reliable and appropriate
expression of anticoagulant activity are essential in the prevention of
thrombosis. A coumarin derivative, especially warfarin potassium, has
often been used all over the world as only anticoagulant available orally.
However, owing to the characteristics arisen from the mechanism of
action, it requires a long time until the drug efficacy manifests and has
very long half-life in blood, although the concentration range for
expression of drug efficacy is relatively narrow, and also shows
significant differences in the effective dose among individuals. For
these reasons, the anticoagulant ability can hardly be controlled
(Journal of Clinical Pharmacology, 1992, vol. 32, pp. 196-209; NEW
ENGLAND JOURNAL OF MEDICINE, 1991, vol. 324, no. 26, pp.

1865-1875). In addition, there may be adverse drug reactions such as
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significant differences in the effective dose anong

i ndi viduals. For these reasons, the anticoagul ant
ability can hardly be controlled (Journal of dinica
Phar macol ogy, 1992, vol. pp. 196-209; NEW ENG.AND
JOURNAL OF MEDI CI NE, 1991 \?o| 324, no. 26, pp. 30
1865-1875). In addition, there may be adverse drug
reactions such as 2 risk of bl eedi ng, nausea,

risRnoft bleedirth, aidissn, videRiting,| diarrieis; depikdior,haesfai@
the clinical appli Cation thereof is very difficult and

thénrefortethd olimioad atpxplmaraom&g&maﬁt&vmyadlfﬁmltwm theand
easy to handl e .has been d rranded e? esi_des,
dERFIRRERTRIP BRHEPRGAIAT S A GraBt vﬁ d G torhandle has

causati ve factors of unstabl e angina,
bggge% ?ﬁl nfarction, cerebral enbolism nyocardi al

i nf apekidys, epHarRRdn{ Bf Blovd elottingldpingf is ofdtdlgigificant
Buerger's di sease, deep vein thronbosis, dissem nated

cansativafactioas of oagsxabie angmahrmbgdneiamtm ererebral

artificial heart valve ., 10 di.spl aceng reoccl Si on
eRpRQlisTH, H}y@C@m@hla{%r&ﬁlqne&aﬂgqu Batstipn, pultRoRary

e OBRRTS € OR HekAR FE 4  n
ngﬁﬁdamgrr@‘a@gméﬁoﬁnﬂﬁdiﬂ@bgeﬁéﬁk e@ferr@rfmdlapﬁeaw Vdlve
few si de-effects, and can exert sufficient effects

macmtaMWlusm aftnr Ibé@oda emubaatsmm edcchrhﬁrumo@u and

es e r ch, vol %GH'? Thr
thETPOERAETS QIRAB ARACPTPREER i i et | et g 2
dtlé’uré%l[lg?w[i  atffie G %%hl%ngqgiaft's@l%ssgé&ﬁf d%% Ijaﬁgonse and lower

I Oon casc al’so

rfgkt bivBeiniriaage adth ¢ewdige-cdfecks, Q&ﬁi @Iaﬁt etert suffibieay @ffects
't-PA and Pro-UK", Gakusali Ki kaku, 1986,

L&idowralaadtnmstlr&tum has bam dnelredf(Tha@mIb@rsgs g’génamfe
th ti | t t t
G0 Gk OB ST Tl Uge, However -t hrombin- o

Iagrr]r; mhtgg tpﬁ é{‘ﬁlédﬁﬂ?ég ﬁﬂi’ gh y’ﬂPA V\],'g)é %gé@?ﬂsﬁh‘%f fibrinogen to

fiaigt whidlc s eise binee dtage be fide coxgamtivie caﬁcédd,ebut also
effects (Bi omedi ca Bi ochimca Acta, 1985, Vol. 44,

deephoin 112qa)ct1vaﬁ@n2@1ti IRggsegation 196 dioerd platedets (Matsuo, O.,
VH)\ | ght aPro-U% ‘Ei dussa(ikgl?arku,wilégg, 88” 594?0), and an inhibitor
thereof has long been the center of the research in anticoagulants as a

target of development of new drugs. However, a thrombin inhibitor
shows low bioavailability upon oral administration and also has
drawbacks in regard to safety such as bleeding tendency as one of side
effects (Biomedica Biochimica Acta, 1985, Vol. 44, p.1201-1210), and
there have been no thrombin inhibitors marketed so far, which can be
orally administered.

The activated blood coagulation factor X is a key enzyme located
in the position of the common pathway of both extrinsic and intrinsic
coagulation cascade reactions. The factor Xa is located upstream from

thrombin in the coagulation cascade. Therefore, the inhibition of the
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orally adm nistered. The activated bl ood coagul ati on
factor X is a key enzyne located in the position of

t he conmon pat hway of both extrinsic and intrinsic
coagul ation cascade reactions. The factor Xa is

| ocated upstream from 30 thrd®mbin in the coagul ation
cascade. Therefore, the inhibition of the 3 factor Xa
is possibly nore effective and specific in the

f r |' : qu!!! q . 41 )R
?ﬁtlyl EF% ilggogfglbtl ronbi ﬁff%%%ﬁ%ggﬁﬁs geggggtﬁﬁhﬁlgﬁn of
cdaguldiion syste3t CoddPared boithe dnkidisibarsfethrofilsih (Thrombosis
i nhi bits_bl ood coagul ati on factor Xa 5 and shows

Ressarelyul 9880 Vehzi9%erpeBdOt349ky and hi gh o

bi | abi Lj i d d f,

o AR E dhguPianc, oTRR i Hihg LaeiietoBtatiarexa
oM SR AR sBFiS ﬁi%%hg&nfeh 185Nt %n%g L iR Rlity, is

adm ni stration conpared to the existin

expeCtrahtu adiesgo Aoaoraliofdty anticbegdiiel Agtiveey f&f adong
no&){e&0 }nhi bitor of activated bl ood coagul ation 0 10
PEgIaGoPt imaand; Gadl BRPEPSS Swaerien therapenticneHeet wpon oral

AR S TRp=r S ths SRR GittinoaiiBn s, Becerosmy,
the aﬂewlem;ir%n; B h?x?]o%liiﬂﬁ'iyﬂsr b h@ﬁ@&ﬁzﬂ”ﬁﬂ)%dg?é@@ﬂﬁgﬁn

that are usefu preventi on or treatnent

fathood (EXa iGWlSi96 Y 2439 )can] be Haenimistcpwnd ngallgzas bean
conpounds have al so been known (I ndian Journal of
cpERestav gemandetbri stry, 1994, Vol. 3, pp. 3247-3252),

i Eoegpylesr O En CRrO Bt S EJA PP PR BB HPBod
sl grlen (ot etk aRRAN A ompouncs
thatrpoe nsefwf int peevienition ar treatment of thrombosis (W099/42439).

The following benzofuran compounds have also been known
(Indian Journal of Heterocyclic Chemistry, 1994, Vol. 3, pp. 3247-3252),
but said literature does not mention about the inhibitory effect of the

compounds on activated blood coagulation factor X.

I

)
N H—u—CHz—Ph cl

lj
o]
0 —NHPh o
- ¢ @f_l—u
H—u_CHz_Ph N
2

Condensed bicyclic amide compounds of the formula:
R R
QO
A N x
0 Y
xl

which have an activity of suppressing the growth of activated
lymphocytes and are useful as a drug for preventing or treating

autoimmune diseases are also known (WO02/12189). However, the
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0O XI 20 which have an activity of suppressing the
grow h of activated |ynphocytes and are useful as a
drug for preventing or treating autoinmune di seases
are al so knowmn (W002/ 12189). However, the 4

W02/ 12189 does not menti on4about the inhibitory
effect on activated blood coagulation factor X
either. In the panphlet, conpounds having a condensed

woog éqg &@ﬁo@ﬁ%ﬁﬁaﬂ%&nvmecﬁmbnarﬁ@ﬁ@et 88 Advated

anDy groups are di-substituted are discl osed
bﬂmdameagutdtmfeﬁ:tonrmeuhds mlthhmn@hbeh;mmpoungsdravmg
t he nitixgen atom of the _carbanoyl_ group, which
riggiof muidine amddusgn togwpich ring an amide and a

B %%ﬁ'e .aag?rﬁﬁ#%%&@k?éﬁ%?“ﬂmwfa%% Pthose
cHRIMALR ag %n:tm Ui Bhd HitroBEARbNPBS the
act I vat ed oo

coag at o factor X “or
cphpanmytgrovp| iwhick depizebearisglis subiseitatdd by aprd¥ent

i nventors have intensively studied and have found
simadtanesstfensed furan conpound of the fornula bel ow

RS b JRAAERGY o1 Lot onactvated bl ood
A A R e e
coatpotad§ Havifg 28céllenVirthiGyisriReifedt an\dnnelﬁmmd lrlioond:
clozigulation factor X, or pharmaceutically acceptable salts thereof.

The present inventors have intensively studied and have found
that a condensed furan compound of the formula below has excellent
inhibitory effect on activated blood coagulation factor X and have
accomplished the present invention.

That is, the present invention is as follows:

1. A condensed furan compound of the formula (I):

TR
Al
Y
wherein, Ring:
)
Qv

is
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5 Rng Xis: 050 RILA/=\--R1A R B RIARBRIB1C
or RRB N RIB Y is an optionally substituted am no; an
optionally substituted cycloal kyl; an optiona
substituted aryl; an optionally substituted saturated
heterocyclic group; or an optionally substituted
unsaturated heterocyclic group; 10 Ais a single
bond; an al kyl ene optionally substituted by oxo; an
nyl ene; an al kemyl i dene; or ag2/0Xygen atom RI1A,

RI e Uwe same 0 i fferent and h o hydr ogen; a
d’z , an  alR a pa al kyl 2gmy cyano;

ni t RY; an optioN ubstitlite Mo; 15 RIC is
hydr ogen, an al kyl or a hal ogen; R2A, R2B are the sane

or different and each is hydrogen; a hal ogen; an R1A
N=\ ~R1A 6 opti olgadly substltuted al kyl ; an

[ 9 subsbtrl t ut ed optionally
8u W@y amno; nitro, Egi\ﬁydroxy, car boxy; an
optio aI |y substituted B\%Ekoxb‘lcar onyl; an optionally
substituted carbanoyl; a carbonyl substituted by an
optionally substituted 5 saturated heterocyclic group;

R’ﬁqggpgé:onal ly substituted saturated

R™ = R" ﬁRm — R"  N= R™
N
_@Rmﬁwe \ N R1B_<\E\/R1B _<\N_>j\{|:g1B
s, R —

XL O K-

R N /) \ 7

R1C ——
4
i & i

Y is an optionally substituted amino; an optionally substituted
cycloalkyl; an optional substituted aryl; an optionally substituted
saturated heterocyclic group; or an optionally substituted unsaturated
heterocyclic group;

A is a single bond; an alkylene optionally substituted by oxo; an
alkenylene; an alkenylidene; or an oxygen atom,;

R1A] RIB are the same or different and each is hydrogen; a halogen; an
alkyl; a haloalkyl; an alkoxy; cyano; nitro; or an optionally substituted
amino;

RIC is hydrogen, an alkyl or a halogen,;

R?A, R?B are the same or different and each is hydrogen; a halogen; an
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heterocyclic group; aryl; or an optionally substituted
unsaturated heterocyclic group; R3 is hydrogen or an
al kyl; and R4 is hydrogen or an alkyl, 0 10 or a
pharmaceutically acceptable salt thereof. 2. The
condensed furan conpound ac&or di ng to 1, wherein R ng:
is RRe' Reg or R2B N 15 wherein the synbols are the
same as defined in 1 above, or a pharnaceutically

ARG b stRlted REEAPn Sptidhally MdtRated aliddicy; an
Oggﬁp%%d Lg%cord(ieng to fnorpzl, vvhgrei n Ring: is 20 R 2A
oRtien RUB-sVI bt ted eneino; triitras yaylaslos hyrdeoxyecarhoxyasn
defined in 1 above, 7 or phar maceutical | accedot %bl e
optipnallesubstitiied AlORHRIDOITE #00BH otkpstitute

agcordin 0 ' i S..
SHERBRN Ty et Rl ot g P BN, S b B ey!
ﬂﬁ% b Hefrédiclicaired ph eirLopeinahlly Sisttutéd @htdrated
S% ar Eaceut [ 1<*:al 'y %ceggabl eﬁsal t ?hereof. 5. The
heterdenskd gi-oupnacypo ardoptionatlyrsy istitangd enssagfiratad
4 above, wherein the substituent in the definition of
hetgrocyele I8FOUBUbst i t ut ed cycl oal kyl ™ for Y is a group

selected from an i ly substituted al kyl; an

Rod??’é’ﬁgff)%ns({fb ia?lg’%le%?l ar banmoyl ; a carbonyl 0 10
REUSHydrdefl dvammlRpt i onal |y substituted saturated
het erocycl i ¢ group;

or a pharmaceutically acceptable salt thereof.

2. The condensed furan compound according to 1, wherein Ring:

v,

is

R?A 0 R 0 RS 0
R N ’ ] y
2A

wherein the symbols are the same as defined in 1 above,
or a pharmaceutically acceptable salt thereof.

3. The condensed furan compound according to 1 or 2, wherein Ring:

Jv,

is

2A R?A 2A
RZB \N / ' R N\I Y/ or R \I Y/, ,

wherein the symbols are the same as defined in 1 above,
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an optionally substituted am no; and an optionally
substituted saturated heterocyclic group, or a
pharmaceutically acceptable salt thereof. 6. The
condensed furan conpound according to any one of 1 to
5 15 above, wherein the substituent in the definition
of "optionally substituted cycloalkyl" for Yis a
group selected from (1) an amno optionally

oi%éhbh‘ﬂa%@u‘@ﬁéaﬁ yHREPtHslecsdIethéfcdm an optional |y

trtuted acyl; an al koxycarbonyl and an optionally
4s ubsTiheut erid ext sed fura(rﬁt)omlpoamdmatm;dmgrtmmabhy of 1 to 3,
substituted by a group selected froman O

wmresm Yl 1syas @mqrtal}yewla%wut&ﬁldcséﬂ%lm sﬁéan 9ptlona11y

sEpsEirhtet ShoBEn nalo@e BB Weaalol . (4 a

09%{ ﬁazthmgfé?%{dawt&%e a@lé@éﬁ“’cﬁ&f&fhet erocyclic

group onal | y substituted saturated
Shet emreycd)mdexgse:djmran carrmmm:haecm*magltp acopeai] bto 4

salt thereof. . The condens f.uran co oun

abhoyer whegein t]5€ §Pb§t1£ﬂé§v‘ém tbvﬁékg HtpROIS PP H‘)é\ai]d’

het lic P

TEEH ST VEBIRHE s el e 3 Bty
TSI s epphauny anakgag ol gae e,
sudst{tuaed é)ysahtoptfmraébrf suBsitu tBdesatmre tets bdtdnocsnlic group;
conpound _accor di to any one_of 5 to 7 wherei n the

@aog Honedyreilsti @d.aéngz%tﬁallql an0BeRALY SHAStER Y om
ST ERES! hefeRbeya BB 01 1Y P P! Prperidino,

drhé ngmarﬁk@éédtyéau &&m&at@hm%e&mmpl per azi nyl ,
pi peridyl, honopiperidino and pyrrolidinyl, or a

Ephar MHoe condahbgd ﬁumptahipmmaditaa:bedm to Qnyﬁm@ of 1to5
condensed furan cqonpound acc g.ty one of 1 to

apovgp SuleTajiph dhei kst usnb 4Rt d’é?tiq;ﬁ‘ql 36n of
TR RE AP é%%ataﬁgf%%%ﬁp F) Eafino
Jﬂt%?lé‘l?}y lsubkiQ¥E BY OB up deledted FraMaal bptionallpy! -
substituted acyl, an alkoxycarbonyl and an optionally substituted alkyl,
(2) an aminoalkyl optionally substituted by a group selected from an
optionally substituted acyl and an optionally substituted alkyl; (3) a
carbamoyl optionally substituted by an optionally substituted alkyl; (4)
a carbonyl substituted by a saturated heterocyclic group; and (5) an
optionally substituted saturated heterocyclic group,

or a pharmaceutically acceptable salt thereof.

7. The condensed furan compound according to 5 or 6 above,
wherein the saturated heterocyclic group is a 4- to 7-membered
saturated heterocyclic group containing 1 to 4 hetero atoms selected
from the group consisting of nitrogen atom, oxygen atom and sulfur
atom,

or a pharmaceutically acceptable salt thereof.
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substituted am noal kyl, al koxycar bonyl am noal kyl and
acyl am noal kyl; (2) an al kyl substituted by am no
optionally substituted by al kyl; (3) a carbanoyl
optionally nono- or di-substituted by al kyl or

am noal kyl  whi ch may be sulstit ut ed by al kyl; (4) a
group selected from 15 pyrrolidinyl carbonyl,
plperldylcarbonyl pi per azi nyl car bonyl ,

nor p yﬂ'
8h0rmp| per azi nyi ca%gﬂwg?ﬁﬂ(ﬁa@i@?ﬁggﬁme of S5to 7,

whiaireiroelye Isacu gitedrhetetrentodit grfdupns)gzrgroupdsaiwted from
optional ly substituted by oxo, piperidyl ti onal

1mmmqltdm§g mgra@sabj:hqsilpmm%;lb DipRTIGHE), IWBg{ﬁﬁ?Y}vut ed
RS SRR SRy BERkY ) HRERobHbER8Y 00>

e

o@@ﬁhﬁﬁ@ﬁc&utmﬂgc&mpmibhcsait dhexcafo any one of 1 to

6 above, wherein the substituent in the definiti ofn
9: opt |Tdn¢a¢¢13dfz5S€§iJB@taﬂ‘t corpazind ageeidingstgrany pge o 1% 6

B BrBHTEL JoF SHICLy S U b kil 8y of "eBtionally
Symtysargmh oo ooty
s e o sl
i tesh @mfopm  sTlaiss BonHUPB AT Sha-AGHBeRl:
t cl i
SR SCuBBLEIRCE R ShBor S eR Py, ) o
c%?ﬁﬁmcﬁg c§)tﬁﬁﬁéll ¥ Begreifor &?suﬁ@ﬁtﬁﬁétﬁb??éﬂgl‘ oF afinoalkyl
conpou ccording to any one of 1to above,

whighehmay be substitnged byaalityhr(4jnet grpugnseleotedafrom

phar maceuti cal | y accept abl e salt thereof e
pysrakdiudcarhonylc pinssidcackenyl RiperRzipyic BEQO%Q 1 to

BRI T B PR RSB a0, e
kar&%??ﬁé‘r"dz&ﬁyl%?%ylo otQ5patssanahted Betesbeyelicgrdyp selected
from pyrrolidiny! optionally substituted by oxo, piperidyl optionally
substituted by oxo, piperazinyl optionally substituted by oxo,
morpholino optionally substituted by oxo, homopiperidinyl optionally
substituted by oxo, and homopiperazinyl optionally substituted by oxo,
or a pharmaceutically acceptable salt thereof.

10. The condensed furan compound according to any one of 1 to 6
above, wherein the substituent in the definition of “optionally
substituted cycloalkyl” for Y is pyrrolidinyl optionally substituted by
oxo; morpholino optionally substituted by oxo; dialkylcarbamoyl;
pyrrolidinylcarbonyl; amino that is di-substituted by alkyl and
acylaminoalkyl; or dialkylamino,

or a pharmaceutically acceptable salt thereof.

11. The condensed furan compound according to any one of 1 to 3
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or a pharmaceutically acceptable salt thereof. 14. The
condensed furan conpound according to any one of 1 to
3 above, wherein Ais tetramethylene, and Y is an
optionally substituted saturated heterocyclic group,
or a pharmaceutically accepﬁbble salt 15 thereof. 15.
The condensed furan conpound according to any one of 1
to 14 above, wherein R1A, R1B are the same or

ag'})ﬁéfﬁ%ﬁ@eiﬁnﬁ i§ %?d“aijl dM te@ HeRERRGBlic Froap

, or a pharmacéutically acceptable Salt thereof.
sdBsfibu tethby condptisadlly wndrstitantpd wadbanmyldi ng to any
one of 1 to 15 above, wherein R2A, R2B are the sane
ove phfmacerticaly assentablersadt tlaeieof. a hal ogen; an

ptiqnal | ubstituted al kyl: an optj.onall
13ubs t e e AR sompPLRC AP GOdiBE TP Aveang Al doto 11
aBYPROWHERERLA s P 8ingdt KORYCE Rthlylerd) Optional |y
substituted carbanoyl; a carbonyl “25 substituted by
of al phatedchatieailyaiceptappleuglt themeafat ur at ed

heterocyclic group, or a pharmaceutjcally acceptabl e
18al t Thisecansienser fumsa compongstaccemslingdapsunene of 1 to 4

di to,16 ab wher ei h t Yo
SR SpRehen BT A St e SRR AN a0 a0
AP DDA Br s R TRy Rlie Brou
optivnalxygbstituted tydllsyd| fur atom or a

phar maceutically acceptable salt thereof. 18. The
oz gnpbasewmceytiogllygsspteblgcsadt dheteafo any one of 1 to

g 330 Condfited Gl caRnaydic bffrfRE opinigne 1ol 3
dﬁ%%@gkvhlﬁ]%ﬁ{ Rf(ﬂé“iﬁ%gt EREX¥ndaMi§an optionally substituted

nmet hyl's onyl am no, acetyl am no,

satbrdtedyketerooydlangroup, o agharimataticaljaacceptabbosplt
met hoxycar bonyl , et hoxycarbonyl, nmethoxy, ethoxy,
thesgfopoxy, met hoxyet hoxy, dinethyl carbamoyl, N

Tt LI LY ST LA o 1 0 16
AN UHdRin R1A, RIB are the same or different and each is hydrogen,
a halogen, or an alkyl,

or a pharmaceutically acceptable salt thereof.

16. The condensed furan compound according to any one of 1 to 15
above, wherein R?A: R?B gre the same or different and each is hydrogen;
a halogen; an optionally substituted alkyl; an optionally substituted
alkoxy; an optionally substituted amino; cyano; carboxy; an
alkoxycarbonyl; an optionally substituted carbamoyl; a carbonyl
substituted by saturated heterocyclic group; or a saturated heterocyclic
group,

or a pharmaceutically acceptable salt thereof.

17. The condensed furan compound according to 16 above, wherein
the saturated heterocyclic group is a 4- to 7-membered saturated

heterocyclic group containing 1 to 4 hetero atoms selected from the
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or a pharmaceutically acceptable salt thereof. 19. The
condensed furan conpound according to any one of 1 to
18 above, wherein R3 is hydrogen, or a
pharmaceutically acceptable salt thereof. 15 20. The
condensed furan conpound acd ding to any one of 1 to
19 above, wherein R4 is hydrogen, or a
pharmaceutically acceptable salt thereof. 21. The

foslennsikting anne@open RdoBs eAcatoen amyd SuEuefatdmnt,0
g20 above, rﬂ‘/%erei nﬁgi ng Xis -XR1A /-~R1A RIA 1=~;

oeRIpharmRteufically aceeptabls seistheresf{.1C |vr RIB ~\
R1IB N-P° R1B or erein the synbols are as definedq .in
13. absbs,comferhs TARCEURPR RN AGRATEHRE P SryaPRe of 11017

<R 8herd BT AR Sl 4 AR B PER 4 e,
f1Rlofo WEEIoRL N bEGR0S YABR S, BYEr@syHefiylethéthokyabiMeo,
methylsulfonylamino, acetylamino, t-butoxycarbonylamino,
dimethylamino, cyano, carboxy, methoxycarbonyl, ethoxycarbonyl,
methoxy, ethoxy, isopropoxy, methoxyethoxy, dimethylcarbamoyl, N-
methyl-N-(2-methoxyethyl)carbamoyl, pyrrolidinyl, pyrrolidinylcarbonyl,
morpholinocarbonyl or morpholino,

or a pharmaceutically acceptable salt thereof.

19. The condensed furan compound according to any one of 1 to 18
above, wherein R3 is hydrogen, or a pharmaceutically acceptable salt
thereof.

20. The condensed furan compound according to any one of 1 to 19
above, wherein R* is hydrogen,

or a pharmaceutically acceptable salt thereof.

21. The condensed furan compound according to any one of 1 to 20

above, wherein Ring X is

R1A — _R'A __ _R™% ____R™ N= R
R N R'B N "R R1B N R
1A

s._-R R1C y

\ or
R'E | N ,

ﬁ H

wherein the symbols are as defined in 1 above,
or a pharmaceutically acceptable salt thereof.
22. The condensed furan compound according to 21 above, wherein

Ring X is
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or a pharmaceutically acceptable salt thereof. 23. The
condensed furan conpound according to any one of 1-22
5 above, which is selected fromthe foll ow ng
conpounds: (1)
5-an1no-N—(5-chIoropyridin-ijyl)-3-{[(trans-4-pyrro|id
in-1- ylcycl ohexyl) carbonyl] am no}furo[ 3, 2-Db]
pyri di ne- 2- car boxani de, (2)

6- ami nopM ( 5- ehl oyppyri di n- 2-yl ({[tr@ans- 4- ( 3- oxo-
; | n-A_MI ohewg]ca?g@ai o) furo[ 3, 2-b]
$ am de

N (4- chﬁorophenyl )é)@<

{[(trans-4-pyrNolidin-1-
yl cycl ohexyl) carbonyl] ami no}furo K3, 2 -b]

“ﬁﬁ/ §H1: %ﬁgﬁélgo%%gsdﬁ?ﬁgéé%?negﬁyI sul f onyl ) am no] -3

Lafghéf‘ﬁla%eﬁﬂcbﬂ&' eddceplambcs&t glhexeof) car bonyl ] ami no} fu
| pyridine- 15 2-carboxam de, (5) 2

23{ [ (S‘m:hlcondp;asedl furﬁn ghinponmd] according to any one of 1-22
car bon {
aWVﬁoW)gdiﬂh i3 s¢ f‘&ﬁ@qi é?fé%th)ecfé’ﬂlem}g]%WHB}lflGFo[ 3, 2-b] py

N (50 o PERRREIN. G- Ot apitiin-2- v 3-{(trans-4-pyryolidlin-1-

ﬂ@r ohe ?carbonyl]ammo}furoP ,2- b]é)yrldme -2- carboxa_tmde
) car bonyl am no}furo g ri di ne- 2- car box
am d¢2) (7)6 -amino-N-(5- chloropyndm -2-yl)-3-({|trans-4-(3-oxo0-

sl By 2
gﬁ(%_m%g?] pyri di ne- 2- car boxani de,

bpyri di n-2-yl)-5-net hoxy- 3 ({[trans 4-(3- 25
Oxomt(BpholN1144cmb}§fmé@ﬁqa>sy{[lte@nbmpl(yh)mﬁmn}1-

furo[3, 2-b i di ne-2- carboxam de

Yy @ohbkyl) cantramilfargingfurs(3 2 blpymidinepd reagiboapmidey | -

cycl ohexy

car bdfty! ] ﬁ(ﬁother OPHidins eyl 13 ety suiionyiaginolr 3-
(Wb travapyrivipisheslsersg iempelreR, g praine

3 HaPboxamide,
1-yI cycl ohexyl ) car bonyl am no%furo[S 2-b] pyri di ne-2-ca
r boxa®i de, 2{{[15)chloropyr1 in-2-yl)Jamino]carbonyl}-3-{|[(trans-4-

YA e piicek b iaminbiu S B BBY g s )
éé&rb%[&hg gy i di ne- 2- car boxani de,
(6)  N-(5-chloropyridin-2-yl)-3-{{(trans-4-pyrrolidin-1-yl-

cyclohexyl)carbonyljamino}furo[3,2-c]pyridine-2-carboxamide,

(7)  N-(5-chloropyridin-2-yl)-5-(hydroxymethyl)-3-({[trans-4-(3-
oxomorpholin-4-yl)cyclohexyljcarbonyl}amino)furo[3,2-b]pyridine-2-
carboxamide,

(8)  N-(5-chloropyridin-2-yl)-5-methoxy-3-({[trans-4-(3-
oxomorpholin-4-yl)cyclohexyl]carbonyl}amino)furo[3,2-b]pyridine-2-
carboxamide,

(9)  N-(5-chloropyridin-2-yl)-3-{/(trans-4-pyrrolidin-1-yl-
cyclohexyl)carbonyllamino}furo(3,2 -b]pyridine-2-carboxamide,
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5 (12)

5-am no- N- (5-chl oropyridin-2-yl)-3-({[trans-4-(3-0x0-
nor phol i n-4-yl ) cycl ohexyl] carbonyl }amn no)

furo[ 3, 2-b] pyridi ne-2 - carg xam de, pyrrol (13)

5- (acetyl am no)-N-(5-chloro grldln 2-yl)-3-{[(trans-4-
i di n-1-yl cycl ohexyl)carbonyl] amno}furo [3 , 2 -Db]
pyridine-2 - xam de, carbo (14)

N- (5¢19))! oNOo@EYEhIHrdp rMhI) Ziyt)stanetr&a:@{ Bt—{l{(armslr%pyrrohdm-

10oxom or phol i n- 4- cycl ohe car bonyl } am no f
lfﬂcydohb}{ybwhnméf;mmo}ﬁmq{@ pEidingesy-carbox

3, ﬁhho][)o 1%%4 ch olr(())rp e¥1r dé rz{[grag‘;s) 43(3{ é)gct)rrn%%flé'hﬁyéf-r oI |
ﬁ&ééﬁ%@?&ﬁ&%&ﬁ%)ﬂ\%{@ ot hiyriding-2ldbbihffidé; ca
N- ( 5(pj)I O50iih 8N 8=0H 1brépyradiny2- ) {J-({{trans-4-{Poxoel |

din-"I- ylcycl ohexyl arbonyl ] am no{f uro][ 3,
rﬁaf@]mﬂm él-yﬂ(}acﬁ-lo]acmggambggyl}@mpo)furo 3,2-bjpyridine-2-

N2- ( 5- chloropyr|d|n2yl) N5, N5-di et hyl - 3-{[ (trans- 4-
CBWQ’EﬁIFl - 1-yl cycl ohexyl)car bonyl ] am no}furof 3, 2- b]

B WELT Bxiatsp R ] oo iy id i v S ftransd-
%rolmiﬁﬂprﬁbyélbﬁeﬂymmw]mkid}nmd@wb}wmatm)e -2-

ro[ 3, 2-B] pyri di ne-2- carboxam de, (19) t-butyl

ca?bdxdmiddy or opyri di n-2-yl ) am no]
carbonyl }

4- pyr”‘ )i clﬂsﬁé'f&‘)]r S f&ﬁ&?rbjlbér EHRW] amtﬁ%??uﬁ &?3 2- b]
xi(; (%l_prfgﬁu}’ ﬁ%%@ﬂ{lp Eﬁlzcaﬁs%%l}%‘?mwp??g]r»]fgyrghﬁezz-

Cagﬁgg@_ﬁﬁﬂ@l i n-4-yl) cycl ohexyl] carbonyl}am no) furo
b] pyri di ne- 2- car boxam de,

N (4 (N_S] orsephbmpHN-(8- €h¥quEM§d4n(22YBxéﬂﬂgr@éﬁ -grprolidin- 1-
1%!(? éﬁ%g? %&m&:@ggﬁr@%ur%%) pyru%n[e 2-éarbBkamide,
N (5+(3B) ORI diflbRofypttiin-2-1) G- nhettlylian (firdh Bl Ay fSiRtin- 1-
ylcyclohexyl)carbonyljamino}furo[3 ,2-b]pyridine-2-carboxamide,

(17) N2-(5-chloropyridin-2-yl)-N5,N5-dimethyl-3-{[(trans-4-
pyrrolidin-1-ylcyclohexyl)carbonyljamino}furo[3,2 -b]pyridine-2,5-
dicarboxamide,

(18) 5-(acetylamino)-N-(5-chloropyridin-2-yl)-3-({{trans-4-(3-
oxomorpholin—4-y1)cyclohexyl]carbonyl}amino)furo[3,2-b]pyridine—2-
carboxamide,

(19) t-butyl (2-{[(5-chloropyridin-2-yl)aminojcarbonyl}-3-{[(trans-
4-pyrrolidin- 1-ylcyclohexyl)carbonyljaminojfuro[3 ,2-b]pyridin-6-yl)-
carbamate,

(20) N-(5-chloropyridin-2-yl)-5-[(methylsulfonyl)amino}-3-
({[trans-4—(3—oxomorpholin—4-y1)cyclohexyl]carbonyl}amino)furo[3,2—
b]pyridine-2-carboxamide,

(21) N-(4-chlorophenyl)-3-({|trans-4-(2-oxopyrrolidin-1-yl)-
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arbonyl] am no}furo[ 3, 2-b] pyri di ne-2- car boxam de,

l)c

23)

(5-chloropyridin-2-yl)-3-({[trans-4-(3-oxonorpholin-
5

)

4-
yl ) cycl ohexyl ] car bonyl } am n&ef urof 3, 2-b] pyri di ne- 2-car
boxam de, (24) t-butyl

[2-{[ (5-chl oropyridin-2-yl)am no] carbonyl}-3-(([trans
- - | v h e 1 f

cfl%{(;g_eg?gyr Itgjl}%h%d}nﬁimk g rrz;tb la%%f)‘eagb@abﬂohamlae) uro

6- am2@- NJ\I(—BS-«:thmramyrdm-ﬁ—yZ)—gil-{l(13pY1{1{1ima1nglptip¢ﬂdirx<§l-—

0 10 l'i din-I | ohexyl bonyl
e

TS PSR IOT R B A Y et 4P PRo it fin-

yglfﬁ:lg ﬁg?fg%{/ 2 }o%ﬁhg&{}f) 3)2- bJ pyridine-2-carboxamide,

car b@q}l } oyl {2H][1S- efhl()ﬁepylﬁdm 2—yl)am1no]carbonyl} -3-({[trans-
oxonor phol i n- 4- yI)cycIohexyI]carbonyI

4-(F-oxgnIIphe)iti-tir Elolwfsdmbpeﬁ@mnotfﬂgyw 2-b]pyridin-6-

S-chloropyridin-2-yl)-N5, N5-di methyl -3-({[trans-4-
Héa{' m?’phol i n-4-yl)cycl ohexyl ] car bonyl } am no)

f -
P A S G i L

piirtolidins 1 471 pyrol alh exilfeat bphgljatmheduird (S 2 Bulpyridine 120} f u
roLB, 2- b%pyri di ne- 2-carboxam de, (30) t- butyl
PXQmU@R| or opyri di n-2-yl)am no] carbonyl }-

{yl[f: 48 S o e Py S—
ARy bngua 2 plprity i eatborerits,

mor phavY) n-24{|{s- )chwaﬁmdah}@@rlmnmc}]ambm)yl} -3- ({[trans -4-(3-
furo[ 3, yri di ne-2- carboxarm de

(210{1[1‘9@ML%MQ?Y@PHCMW%TMTW&P%mOé&f)ﬂﬁ 23 qu(eralﬁsS-

Cfr89¥¥16‘1: ia&fq'f 1-yl cycl ohexyl ) car bonyl ] am no}furo[ 3, 2- b]
Pyri qge- N5 calbvpiradia-2 2(1 BRE, N5 d1methy1 3-({{trans-4-(3-

5- brono- N- (5-chl or opyri di n- §trans4pyrrolld
oxomorpholin- 4~y1)cyclohexyl]carbonyl}ammo) uro[3,2-b]pyridine-2,5-
dicarboxamide,

(29) N-(5-chloropyridin-2-yl)-5-(morpholin-4-ylcarbonyl)-3-
{{(trans-4-pyrrolidin- 1-ylcyclohexyl)carbonyljamino}furo[3,2-bjpyridine-
2-carboxamide,

(30) t-butyl (2-{[(5-chloropyridin-2-yl)amino]carbonyl}-3-{|(trans-
4-pyrrolidin- 1-ylcyclohexyl)carbonyl]aminojfuro(3,2-b]pyridin-5-yl}-
carbamate,

(31) N-(5-chloropyridin-2-yl)-5-methyl-3-({{trans-4-(3-0x0-
morpholin-4-yl)cyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(32) methyl 2-{[(5-chloropyridin-2-yljamino]carbonyl}-3-{[(trans-
4-pyrrolidin- 1-ylcyclohexyljcarbonyljamino}furo[3,2-b]pyridine-5-
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yl cycl ohexyl ) carbonyl ]

am no}furo[ 3, 2-b] pyri di ne-2-carboxam de, (34) N (5

-chloropyridin-2 -yl) - 5- [(nethylsulfonyl) am no] -3

5

({[trans-4-(2-oxopyrrolidi n-1ft yl ) cycl ohexyl ] carbonyl } a

m no) furo[ 3, 2- b] pyri di ne-2 -carboxam de, (35)

N- (4-chl orophenyl ) -3-({[trans-4-(di net hyl am no) cycl ohe
ci¥bdxylate,

car bonyl }am no) furo[ 3, 2-b] pyri di ne- 2- car boxam de,
(36) (33) 5- bromo N-(5- chloropyrldln 2-yl)-3-{[(trans-4- -pyrrolidin-1-

y,lqyciohggg {)Ingf gmzm%gf)urg[f%%]pynd{l{lét ansbox&% 0| Hd
yl cyghane -Jg%?{1&%}}9&&?9-@%}1{-3[Rﬁémﬁy@ﬁmﬁya@ﬁu&]@.r b
({g{itrﬁ?‘i@hj(Qf&mﬁ}ir@'blﬂdﬁ'r—)lLylj@'diéh@ﬂ}c&rbbﬁyl}aﬁﬁné)fwomm

bibysidind@xganhmmasoitd, ] am no} f ur o[ 3, 2- b] pyri di ne- 2-carb
oxam de

- (435hi é\i—i%-gﬂhlamp@rgbrlyi’»n&t@%&-%mmirr@%wxyﬂ-
c(a{rﬁ?ng%%amin?gu rtHRXHdﬁn% ny: cyc’f ex;il ] car bonyl } am

i no) f( fg()r[ N25- cl'ﬁoﬂhggﬁdﬂi Bey1§556yh1¢@el39 Kaahdet-py3Mlidin-1-
N- (5-chl oropyridin t rans- 4- (di net hyl am_no) -
ydgydlohexyl) ¢anbamtydlayn uroIS ub]cpy[rgimz 2{garporadiide, 2

b

N C5ISRT ot ohomrmin 8-yl B o A-(4rapsriaymeplidin- -
eyclobrsrisapry s k- BRvgiting 2 garbexamidey o,

yl ) fyBe| 3, N2 (5201 6lanyridinne-yl)-Nar tzomuhdgyet(rgrl)ms -methyl-3-

-butyl [ 2-{](5- chloropyr|d|n2yl o]
(qmajmgl-@-—exqmwphphn -4 yl)cyclohexyl]carbonyl}ammo)furo[3 2-

ST LS

5 br ?12? 35 g;.gg%ﬁrlaﬂ% ﬁ) 3 Ony%m r(n& s:fhjﬁrrﬁﬁ@}-

éyél@lﬁéqﬂhﬁrbbh hA€ing) fu@@?}gxta]lpﬂydﬂhné@)carboxamlde,
N (5-chl oropyri di n- 2- nor phol i n- 4-yl car bonyl
({1 € r@03- AN((5- dxl@mpbﬁdmﬁ ssi- x&vmm¥quomorpholln 4-

fl%c%‘lxe)iyq[garg }a.n{mo% 5- fgﬁ*}[ollc?fnn?—}?lcarabgr?})ﬁ?t{ﬂrg& 2
chﬁ N X )%@%t?bgéﬁugeyl) 3- ({[trans-4- (di net hyl ani no)

ohe
car bo(nyll)} atrboeyt 2-(fE-ehigropyo{din 2yl jaynimi] castbnyl}-3-({[trans-

C%bg)?o%g]oggholm 4-yl)cyclohexyljcarbonyljamino)furo[3,2-b]pyridin-5-
yllcarbamate,

(42) 5-bromo-N-(5-chloropyridin-2-yl)-3-({trans-4-(3-o0xo-
morpholin-4-yljcyclohexyl|carbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(43) N-(5-chloropyridin-2-yl)-5-(morpholin-4-ylcarbonyl)-3-
({{trans-4-(3-oxomorpholin-4-yl)cyclohexyljcarbonyllamino)furo(3,2-
b]pyridine-2-carboxamide,

(44) N-(5-chloropyridin-2-yl)-3-({{trans-4-(dimethylamino)-
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(45)
5-chl oro- N- (5-chl oropyridin-2-yl)-3-({[trans-4-(3-o0xo0-
nmor phol i n-4-yl) cycl ohexyl] carbonyl }am no) furo [3, 2
-b] pyridine-2 - 5 carboxam di (46)
2-{[(5-ch|oropyr|d|n2y|)a 0]
car bonyl }-3-({[trans-4-(2- oxopyrrolidin-
-yl') cycl ohexyl ] car bonyl }ami no) furo[ 3, 2-b] pyri di ne- 5-
o@ﬂ:&# frf methoxyfuro[3,2-b]pyridine-2-
cﬁ_@f Igfﬁg%f/ﬂrll d?’r% Za)y? 5 coyiayno [({ t]Pgns 4- (2- oxo0-
claﬁ)bpxmmdie din- |-yl)cycl ohexyl ] car bonyl } am no)

furo[3,2-b i ne-2- car boxam (4
N- ( 54%5] r'goﬁ%]rqrérlﬂ =(®- 9111§0I9pwéﬁb23yk){§-§dt5ﬁ§1544((§ z0X0-
rflgrp %an%l] ygwﬁ:la?ﬁﬁ%yggﬂbogﬁﬁ}é{é ojﬁﬁ%r% o ﬁ&ﬁ%m e4h 9

d}h%gx&ml@éopyrl di n-2-yl) - 5- (hydroxymet hyl) 3-({[trans-
4- oxopyrrolidin- | -yl) cyclohexyl]carbonyl }am no)

f ur o[(86R- 1¥-fj{5-chilorop3dridiar o pmitm]cdimnyl}-3-({[trans-4- (2—
N ( SChIoroEyrldln met hoxy- 3- ({ 4- (2

oxowrmhdlar -yllcyqumlfsﬁékeynyl&%m%ﬂ)}w&ﬁ;ﬁgﬁpyrldme 5-
an“ yridine-2 20 carboxam de, (51)
E’g yridin-2-yl)-3-({[trans-4-(2-oxopyrrolidin

4‘7? c é@@ﬁ&f&ﬁgﬁﬁ@ﬁﬂ?'— i3] Eyéno 3 -({[trans-4-(2-oxo0-
5 (pyr ol i di n-1-ylcarbonyl’) furo

m]nvgxhdnh ﬂeylﬁkcwrdmhcm}d]nai'bpn(yﬁa)mno)furo[B 2-b]pyridine-2-
5-chl gropyridin-2-yl)-5-nmethyl-3-({[trans-4-(2 25
GOPFAREALdI n- 1- yI ) cycl ohexyl ] car bonyl } ami no)

T\IEJE g[@ﬁfo&})g?}r#lﬂoﬁgg’?ﬂ’g%?b —aﬁl’?gﬁno%f@tranfs hyl(am no) -

SHFrhesHin- &?I)E?é]bhbﬁ?l]@é?ﬁborﬁd}'ﬁﬁiﬁd)fu&fo% [Bb)Fidine-2-
pyri di'ne-2- car boxam de;
Carbbkanddbt (5- chl oropyrldln 2 yl)-3-({[trans-4 30

di met hyl hexy! bonyl } ani
Fur O[14h. DY oro P RRDYE i ey e PRV spY)-3-((rans-4-(2-

oxoéyﬁ'r&héh%r ?p}yl é}%l&gx}yﬂ ear%ohgr[}ghﬂﬂﬁifﬁi“&ﬁi ,5%]%%@92-

carboxamide,

(50) N-(5-chloropyridin-2-yl)-5-methoxy-3-({[trans-4-(2-0xo-
pyrrolidin- 1-yljcyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(51) N-(5-chloropyridin-2-yl)-3-({{trans-4-(2-oxopyrrolidin-1-
yl)cyclohexyljcarbonyl}amino)-5-(pyrrolidin-1-ylcarbonyl)furo[3,2-
b]pyridine-2-carboxamide,

(52) N-(5-chloropyridin-2-yl)-5-methyl-3-({[trans-4-(2-
oxopyrrolidin- 1-yljcyclohexyljcarbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(53) N-(5-chloropyridin-2-yl)-3-({{trans-4-(dimethylamino)-
cyclohexyl]carbonyljamino)-5-methylfuro[3,2-b]pyridine-2-carboxamide,

(54) 5-chloro-N-(5-chloropyridin-2-yl)-3-({[trans-4-
(dimethylamino)cyclohexyljcarbonyljamino)furo[3,2-b}pyridine-2-
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cycl ohexyl ] car bonyl } am no) - N5, N5-di met hyl furo[ 3,2 -D]

pyridine-2, 5- dicarboxam de, 5 (56) nethyl

2-{[ (5-chl oropyridin-2-yl)anm no] carbonyl}-3-({[trans-

4- ( 3- oxonor phol i n-4-yl ) cycl ghexyl ] car bonyl } am no)

furo[ 3, 2-b] pyridine-5- carb | at e, (57)

N-(5 chl oropyridin-2-yl)-3-({[trans-4-(2-oxopyrrolidin
| - yl) cyclohexyl] carbonyl}anmno) furo [3, 2 -b]

CMd,gaIﬂﬁteZ car boxam de, 10 (58)
5-am no- N-(5 chl oropyridi n-2-y 3-({[trans- (12 QXO0-
pyr r (B3)di N%(Sycthloyopwndw YBa%b{dirﬂﬁnFaﬂn dipethylamino)-

BE SR ry:?%l%rﬁe lei 4\ ?1@%%2@%@9? O A
3,
it oo, e ony o o) o |

2'{[g§(§)0hhﬁ>é YQ'-g(chBid/Ho):@rmcﬁﬂ}Q -yl)amino]carbonyl}-3-({trans-
carb 1}-3 0XO0-

4nt3- phofnarphommesdtcanmhf}mimponﬂ}@mlno}f}lmﬁ& Aihipysidine-5-
arboxyllc acid, (61) N (5-chloropyridin-2-yl)
cagboxylaftns- 4- (d| net hyl ami no) cycl ohexyl ]

C?g?@%iL ﬂg %%%%HP%’T $in-2 ylP—b @Pfféﬁ*é—ae&z oxopyrrolidin-1-
@Fﬁ?ioﬁ{&y%&wl}wﬁm@mfdﬁa W]py3did-Rr earbokapyideo! |
ylcydb8h eﬂhhﬂaobﬁrtﬁl-q:la}arnpyndm{zgyn Bi({isransrhd220%aur b

oxan de,

Py 6%111@%1 NZIQ(B’W%WPBPNI}QWP?KS”?& 2rRlRyridine-%;, .
é}rgag 1-yl') cycl ohexyl ] car bonyl } ani no)
1 pyridi ne-2- carboxam de, (64)

N2 (35951I N 953 H16tGpyAidin-2Mpl) 85¢ (trans (2 Dxoprralitindl -
%ﬁ@”ﬂ?ﬂ]@gﬂ?ﬂy‘”ﬁ?ﬁgmwﬂ ,2-dppodine-2nrat)axarsids, 2-

o- {60} ks cINpToFE Br spyatilsaghyd G 157 3rene:

dj

BfbE0n St Sper apulsmianian pr Qs T e b scid
car bogan de.(53¢hlo86pytidHaydl)-3-({|trans-4-(dimethylamino)-

[2-[[(5-chl orop ridin-2-yl)am no carbonyl% 3- ({&érans
dycldhézylivaabpny armm)fluy[ eyRIPyEiNLIZ-586 ’N0)

fur o[(%ﬁ bé %rlclngc; ﬁ-%—cﬂl&ro%@%lcﬁﬁ% -¥1)-3-{[(trans-4-pyrrolidin-1-
ylcyclohexyl)carbonyl]amino}furo[3,2-b]pyr1d1ne-2-carboxam1de,

(63) 5-chloro-N-(5-chloropyridin-2-yl)-3-({[trans-4-(2-0xo-
pyrrolidin—1-yl)cyclohexyl]carbonyl}amino)furo[3,2—b]pyridine-2—
carboxamide,

(64) N2-(5-chloropyridin-2-yl)-N%,N3-dimethyl-3-({{trans-4-(2-
oxopyrrolidin-1-yljcyclohexyl]carbonyljaminojfuro(3,2 -b]pyridine-2,5-
dicarboxamide,

(65) 6-(acetylamino)-N-(5-chloropyridin-2-yl)-3-({{trans-4-
(pyrrolidin-1-ylcyclohexyljcarbonyllaminojfuro(3 ,2-b]pyridine-2-
carboxamide,

(66) t-butyl [2-{[(5-chloropyridin-2-yl)amino]carbonyl-3-({[trans-
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(67)

6-chl oro-N- (5-chl oropyridin-2-yl)-3-({[trans-4-(3-
oxonor phol i n-4-yl) cycl ohexyl ] car bonyl } am no)

furo[ 3, 2-b] pyridine-2- 5 car?oxan1de (68)

N- (4- met hyl phenyl ) - 3- ({[traﬂ 4- ( 3- oxonor pholin-4-yl)-
cycl ohexyl] carbonyl}amno) furo [3, 2 -b] pyridine-2
- car boxam de, (69) 2-{[(5-chloropyridin-2-yl)am no]

aL B rroBdid-(Lyiiercldhexyl]carbonyllamino)furo(3,2- b]pyr1d1n -6-
4gyrrol [ drl n-1-yl c%rlcl ohexyl c]:ar bonyl}] am no}furo[ 3, 2-b] py
ylcalibaméte, 1010 car boxylic acid, (70)

R R e
osdplosebyhnt AR RlcarBapIARing sy g 2 pyridine 2

c ¥de, ol i di n-1-yl)cycl ohexyl ] car bonyl }am no)
ur ol 3, 2- B] pyri di ne-2- 15 car boxani de, (72

N- ( 4{68 oNemwmmmymh@pylﬁfsaﬂ{stranwﬁr@:omqrghqlw%ﬁax

- carbonyl ]

c& ollmwllﬁ%{@rzd}ﬂrgmq)g,lmsg -Blpyriding carbpgpmide,
(ai by gﬁ%?hfgo;rgﬁﬁgexyq-@% By 4 cran-

lolR¥iht dineydohe ndgturof3iR-b]pyridine-6-
pKFOS chl orbggg/rldl}rﬁy -yl) - ({[trans 4 (di met hyl am no) -
ce.ybbxylwatﬂd;ar bonyl }am no) furo[ 2, 3-b] pyridine-2

- car boxam_d

A [ (0P R T8 ORI Ar Pl S P=ORRERYP Y3 o)
yiipERASEYd Baha0Yorb, STUBYHAIE GRe At AR, ol - 2- V1)
E rang7y }gsﬂ%ddg@xﬁﬁid}rmsr¢tﬁbro12yrydii)xamy\1¢33 ({[trans-4-(2-

d@dqpyrr(nildln?,lWII)cledh&kyihlamenyk}aimhl@Q)éﬁéo[@ 2-hlpreidiasm
ide, (77)

QQIPQX@-mléﬁopyrldln 2-yl)-3-({[trans-4-(pyrrolidin-

Ifuylo[(gag qﬁﬁ %éﬂﬂ) §§9§%§}@%61@h011n -4-ylcyclohexyl)-
crboni] ‘éi’rhﬁ"o 6[33|an idmmm]arboxamme,

car bonyl }-3 ({trans 18 [ (di net hyI am no) carbonyl ]
cycl disky|3tapbum- ISmlmpmdla 2971)-3-(fitrans-4-
(d¥£{eg£§1%1n%?é3pcqé% ]carbonyl}am1no)furo[3,2—b]pyr1d1ne-2—
carboxamide,

(74) N-(5-chloropyridin-2-yl}-3-({{trans-4-(dimethylamino)-
cyclohexyl]carbonyl}a_mino)furo[Z,3-b]pyridine-2-carboxamide,

(75) 3-[({trans-4-[[3-(acetylamino)propyl](methyl)amino}-
cyclohexyl}carbonyl)amino]-N-(S—chloropyridin—Q—yl)furo[3,2-b]pyridine-
2-carboxamide,

(76) trans-N'-(2-{[(5-chloropyridin-2-yljamino]carbonyljfuro(3,2-
b]pyridin-3-yl)-N,N-dimethylcyclohexane-1 ,4-dicarboxamide,

(77) N-(5-chloropyridin-2-yl)-3-({[trans-4-(pyrrolidin-1-yl-
carbonyl)cyclohexyl]carbonyl}amino)furo[3,2-b]pyridine-2-carboxamide,

(78) 2-{[(5-chloropyridin-2-yljamino]carbonyl}-3-[({trans-4-
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(79) nmethyl 2-{[(5-chloropyridin-2-yl)am no]
carbonyl }-3-({[trans- 4-(pyrrolidin- |
-yl carbonyl ) cycl ohexyl ] car bonyl }am no) furo[ 3, 2-b] 5
pyri di ne- 5- car boxyl at e, (80) methyl 2 -{[(5
-chloropyridin-2 -yl) amnino]l&arbonyl }-3-[({trans- 4-
[ (dinethylam no) carbonyl] cycl ohexyl}carbonyl)
amno] furo [3, 2 b] pyridine-5-carboxylate, (81)

[(anﬁH lﬁ%hﬁbzﬂékfb' Brgtﬁcwl'x)e%ﬂ}e&}bonyl)amino]furo[3 2-b]-

carb
leim@JS darbdmliccamk:lonyl ) cycl ohexyl ] car bonyl } am no)

furo% ridine- 5c:arbo lic acid,
W me& yt 2ol (- Qh&qrppsr 0t ngnunprcﬁr#@m@}r%rﬂ[ﬁ@ns-
A ERMiR T BRI sAr RO PYART RO R g iy
p%’i‘i'&?ﬂ%@wyﬁéﬁlé?te[ 3,2-b] pyridine-2, 5-dicarboxam de,
N2- (‘B@)hl ?:fghgl gd{[(ﬁ-ﬂ;l%dorlbpbdﬁtdﬁﬁ 2vgt) amiye] ¢carbonlyl-def({mans-
4cL&@uaﬁt{e‘»@ﬂmaa}oaéh9nyﬂmﬂ@heml}¢@l{0@yn@mmo]3uro{3 2-
d b d 84
bﬁf’é‘&%’rﬁ’g"?&)})m?l cgrylo;<ar5n psr r (()I [ 2ji n-1-yl-3-{[(trans-
| hd i ' -2

1B 10, Pell(enioreys Lty SRuRRIUArboR RS (e -4
( ;.I_)yr(rBhdhidr pkmyalrbdnyll-) eyolbhekyljcarbontylianding) Alo{3 - bipysidine-
Spgarhasydicracidy| cycl ohexyl ) car bonyl ] ami no} f ur o[ 3, 2- b] py
i di
- (5B o PR PBRRLBS SRy e s imming):

4rbeéryl]cyclohexylicarbonyl)amino]-N5-(2-methoxyethyl)-NS-
CyI cl?/}é]%%ce?(y )]{}::zar bonyP’)am no} 5- (pyrro |éI{|yn Iygll furof 3,

rﬂetﬂliy@ﬁuroﬁ% er]@ymhnbeﬁ,@#ddmrbbﬁé’jmde
N- (5-chl oropyridin-2-y (di net hyl am no) - iﬁ']k
1 (368K on (Breniorony iy OnRLyP R arot bt K phethyl-3-

urol 3 [0)¢
ireBsEaryeting Y S ghicar Bl Pcathi ampino weog >
bf]%ﬁnaﬁqél&%l@ﬁ%d:&}ﬂtdé ) cycl ohexyl] car bonyl }am no)
-b] pyridine-2 - carboxam de,

(84) N-(5-chloropyridin-2-yl}-5-pyrrolidin- 1-y1 -3-{[(trans-4-
pyrrolidin- 1-ylcyclohexyl)carbonyllamino}furo[3,2-b]pyridine-2-
carboxamide,

(85) N-(5-chloropyridin-2-yl)-5-morpholin-4-yl-3-{|(trans-4-
pyrrolidin- 1-ylcyclohexyl)carbonyljaminojfuro[3,2-b]pyridine-2-
carboxamide,

(86) N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-oxomorpholin-4-
yljcyclohexyljcarbonyllamino)-5-pyrrolidin- 1-ylfuro[3,2-b]pyridine-2-
carboxamide,

(87) N-(5-chloropyridin-2-yl)-5-(dimethylamino)-3-({[trans-4-(3-
oxomorpholin-4-yljcyclohexyljcarbonyllamino)furo[3,2-bjpyridine-2-
carboxamide,

(88) N-(5-chloropyridin-2-yl)-S-morpholin-4-yl-3-({[trans-4-(3-
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(89)

N- (5-chl oropyridi n-2-yl)-4-(2-net hoxyet hoxy)-3-{[(tran

S-4-

pyrrolidin-1-ylcycl ohexyl)ca &onyl ] am no}furo[ 3, 2-c] py

ridine-2- 5 carboxam de, (9

N- (5-chl oropyridi n-2-yl)-5-(2-net hoxyet hoxy)-3-({[tran

s-4- (3 -oxonorpholin-4-yl) cycl ohexyl]
o&@hﬂﬁ'ﬁﬂc}lﬁf{m%c%;c%m@dlﬁ:arbanyl}hnﬁnb!fderBr,Z—b]pyridineQ—

car boxam de,
chirpéxatmide,opyri di n-2-yl ) -5-(pyrrolidin-1-ylcarbonyl)-3

car oo | ATSsplalbatbong gl b5 S5 i rans -
oy sy o ReR e R R A SBFTHPE an
carBoxdmid@xomor phol i n-4-yl) cycl ohexyl ]

carbonyl }am no) furo [3 , 2 -c] pyridine-2 -
car b¢Ram de(5-41hl¢ggyyridin-2-yl)-5-(2-methoxyethoxy)-3-({[trans-4-

S hSh ARt o173 S e 2
o ) {de. (94

%Pégéﬁﬁgr&op;ﬂ diO)r(l?rZH- yle) - '(3 (% [trans-4- (di net hyl am no) -
cycl qbqryINqgrdmaydﬂﬁﬁﬂiﬁpﬁg%%gpg?kbﬁﬁm-bwcwboﬁﬂ)23-b

] pyridi ne-2- carboxam de, _ o
{afs-é Hpymrohigin-di-ylcgelahexybicarbory luxyeeliyro[3ng-hipyrigine-
| -3- {[ (trans-4 -pyrrolidin-1-ylcycl ohexyl) carbonyl]
rPRBOXYAE,3 2 -b] pyridine- 2, 5-di carboxani de,

(96) ~(5- -3- 4-
N (5-@R1 o Sr P ReRY 2y T ARRS R pyehRer BHl s
(4=oxdrhorpholin-4-yl)cyclohexyl]carbonyljlamino)furo[3,2-c]pyridine-2-
cycl ohexyl ] car bonyl } am no)furo[ 3, 2-c] pyri di ne- 2- car box
carbdzange( 97)

a oy OBl ienlpromatatna v Emebiean S Al e olidin-
RAF B BORspARAMARI 02 o pYEkline 3-carboxamide,
cycl qoayy! N-(S%Iﬁ@r@yj'ﬁidi‘ﬁ@yl)f&ég{ﬁahar4-2(d'nh]:thylamino)-
pyridine-2 -carboxamde, 30 (9 L
ayalehexylicarppnyamino)Srpyrradidinxlyiurp[d.Rablpyridinesd:

oxoQnor pholin-4 -yl) cycl ohexyl] carbonyl}am no) fu ro
(Eag%oxg?gldg] pyridin e- 2 - carboxani de,

(95) N2-(5-chloropyridin-2-yl)-N5-(2-methoxyethyl)-N3-methyl-3-
{{(trans-4-pyrrolidin-1-ylcyclohexyl)carbonyllamino}furo(3,2-b]pyridine-
2,5-dicarboxamide,

(96) N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-oxomorpholin-4-
yl)cyclohexyljcarbonyllamino)furo[3,2-c]pyridine-2-carboxamide,

(97) N-(5-chloropyridin-2-yl)-5-(dimethylamino)-3-{[(trans-4-
pyrrolidin- 1-ylcyclohexyl)carbonyllamino}furo[3,2-b]pyridine-2-
carboxamide,

(98) N-1H-indol-6-yl-3-({[trans-4-(3-oxomorpholin-4-
yl)cyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-carboxamide,

(99) N-(5-chloropyridin-2-yl)-4-methoxy-3-({{trans-4-(3-
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(100)
N-(5-chloropyridin-2-yl)-3-({[trans-4-(2-oxopyrrolidin
- 1- yl) cycl ohexyl] carbonyl}an1no) -5
-pyrrolidin-1-ylfu ro [3 , b] pyridine-2 - 5

car boxam de, (101) 20

N- (5-chl oropyridin-2-yl)-5-isopropoxy-3-{[(trans-4-
pyrrolidin-1-ylcycl ohexyl)carbonyl] am no}furof 3,2

5’%1%5(- helipes 4 l &EES@’]}) bohlzZhino)furo[3,2-c]pyridine-2-
R S-QEI olropyrl 5- |sopropox) ! ({Tt ]%}r,]s 4-( 3-
cdfidkaoxadmr phol | n 4-yl)cycl ohexyl ] car bonyl }am no)

- ( StloRofy e hieprrisin o3y prilbensid - Bhorerriprldinoy
yiFpRe R BT Dl TS P Biidine-2-

c&%&{mk&éopyﬂdln 2 yl)-5-norpholin-4-yl-3-({[trans-4
-(2-"oxopyrrolidin- |-yl)cycl ohexyl]carbonyl }am no)

fur o[ B0 P DI- (SLR:h@bnm@yE}dlnaQM)eSFmsdpropd}QGB {[(trans 4—

N-(5-chl d 5- (di et hyl -
PuT{Bidi B b)Y PRI AT oy eIy, 2 BBy e o)

f r%)L 25 b] pyri di ne-2- 20 carboxam de, (106)
’opyrldln 2-yl)-3-({[trans-4-(di net hyl am no) -

cycl sz)y IN-(SREYBHRThO2)y1)-§- %?P%éxmé‘t{b&éﬂm (&

pyri di ne-2 Car boxam de,

oNo(rﬁm;iﬁocbnnﬂyyll) (cyoile}iemﬂ)c—aﬂ*b()ﬁyﬂranhnm}fau‘h@@)b]@y(r{c{mce@r
s-4- 25 (2-oxopyrrolidin-

cark)q?%% &hexyl ] carbonyl } am no) furo[ 3, 2-b] pyri di ne-2-
car

I\I-(S?i;ﬁ?}o&g&/ #gg%o-pé'riﬂlfl % 3f1h3nfé tﬁalﬂ am no) - 3- ({[trans-
@1 gn&{ﬂ] chahsesﬁyi}ﬁﬁﬁﬁepm(bamermbxyethoxy)
urof ]pyrldlne (109)

car boxam de
fir¢[3; 2+0] pyridyme-&-cathorgmBie,{ [ t r ans- 4- (di net hyl am no)
21

cycl 6hes)y IN-€arabdaranyaifine? - Ss B ohekinr trd; 3- (Htnsnsy tr(2-
O%L)B?’i‘!zdli(ﬁ%r— Ppy)iﬁgficpo%exyl]carbonyl}amino)furo[3 ,2-b]pyridine-2-
carboxamide,

(105) N-(5-chloropyridin-2-yl)-5-(dimethylamino)-3-({[trans-4-(2-
oxopyrrolidin-1-yl)cyclohexyl|carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(106) N-(5-chloropyridin-2-yl)-3-({[trans-4-(dimethylamino)-
cyclohexyl]carbonyllamino)-5-morpholin-4-ylfuro[3,2-b]pyridine-2-
carboxamide,

(107) N-(5-chloropyridin-2-yl)-5-(2-methoxyethoxy)-3-({{trans-4-
(2-oxopyrrolidin- 1-yljcyclohexyl]carbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(108) N-(5-chloropyridin-2-yl)-5-(dimethylamino}-3-({{trans-4-
(dimethylamino)cyclohexyl]carbonyljamino)furo([3,2-b]pyridine-2-
carboxamide,

(109) N-(5-chloropyridin-2-yl)-3-({{trans-4-(dimethylamino}-
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(110) N1 Hindol-6-yl-3-{[(trans-4-pyrrolidin- | -

yl cycl ohexyl) carbonyl] am no}furo [3, 2 -Db]

pyridi ne-2 -carboxam de, 5 (111)

N- (5-chl oropyridi n-2-yl)-4-¢cyano-3-{[(trans-4-pyrrolid
in-1- ylcycl ohexyl) carbony am no}furo [3 , 2 -c]
pyridi ne-2 -carboxam de, (112)

N ( 5- chloropyr|d|n2yl) 4- et hyl - 3- ({[trans-4-( 3-

fdyr . Iﬁﬂ it wdg@ﬁ:‘(hﬁ;@m%m;mldimops, 2-¢

ar boxam de
cﬁi-tﬁcﬁe:agthict&opyrldln 2-yl)-4-cyano-3-({[trans-4-(3-

U S T

yf@y&%}? 51'119 B P B SR e,
4u(r:g {f%) ﬁ kt dPgllgf&ﬁnZ yljLa- é‘yﬂ:ﬁQBB{i['('tlﬁmls -41pPyrolidin-1-

yridin-2-yl)-3-({[trans-4-(3-
@t}d]oairbényl]aumnb}fhea[ﬁ P ecjppridiné-Sreanioxamide,

&“E Sl&bm& TR i A Re Y S 4-Gyr  of i
ogfb%&rpmmx%sbc&%?’fyglﬁaﬁg%%}%nwf“fO? PfiRuriging:

Q¥ iQ€, a phar maceutical ly acceptabl e salt thereof
%B&A corrpound of the formula (I1): HN,R4 wherein the

synbol $3pme-(aehlefapyeitlina2ylxecyanad-Htsans-4-fkr eof .

25 25. A conpound of the forW|}ﬁ§é|1V|o# Zéoé C N 702
oxesrerphalie-4syhewsehexy|carbeswy ugo ygidige-2-
salt theaeof 26. A conpound of the formula (I\/) 0O
CaROPRAILL

(114) N-(5-chloropyridin-2-yl)-4-methyl-3-({trans-4-(2-
oxopyrrolidin- 1-ylcyclohyexyljcarbonyljamino)furo{3,2 -c]pyridine-2-
carboxamide,

(115) 4-chloro-N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-
oxomorpholin-4-yljcyclohexyl|carbonyljamino)furo[3,2-c]pyridine-2-
carboxamide, and

(116) N-(5-chloropyridin-2-yl)-4-methyl-3-{[(trans-4-pyrrolidin-1-
ylcyclohexyl)carbonyljaminojfuro[3,2-c] pyridine-2-carboxamide
or a pharmaceutically ac;ceptable salt thereof.

24. A compound of the formula (1I).

R3
D
wo (11)

wherein the symbols are as defined in 1 above, or a salt thereof.

25. A compound of the formula (VI):
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~(IV) OYNRA A'Y 5 wherein Ris hydrogen, Cl-4 alkyl
or a carboxy-protecting group, and the other synbols
are as defined in 1 above, or a salt thereof. 27. A
conmpound of the formula (I1X); 0 OR HN R4 wherein R
i s hydrogen, Cl.4 alkyl or 2carboxy-protecting group,
and the 10 other synbols are as defined in 1 above, or
a salt thereof. The present invention also enconpasses
t he fol @mnng i nventions. 28. A nedicanent conprising
a conpo nd e fornula (1) or a pharmaceutically
eifd abl N . 29. An inhibitor of activated
\Enﬁgul on f ct r X, which 15 conprises as an
=fi veNi ngr edi ent a conmpound of the formula (1) or a
har.mageuti c accep e f
whareis for sereald rPEASHAMELTE Joabrie i e pdlt pbhor.
800OAQkﬂﬁRBQnd%%W§R9N@nnﬂ? @p is a medi canent for
o

preventlo or treatnent dlsorder caused by
@us @nl¥ or enbol us. 20 31. The inhibitor of

A Ted\ bl ood ¢ | ation factor X according to 30

V\,h@r ein thé?\%%sor der caused by thronbus and/or

@%,l }S selected fromstable angina pectoris,

abl'@ angi na pectoris, cerebral thronbosis,

cer® xa infarction, cer ebr al enbolism transient

i schem ¢ 23 attack (TI A), ischem c cerebrovascul ar
whicsesis R sulsydagene by alkys oulsacartspgspratecting group, and the

subar achnoi d henorrhage, i schem c heartetglle vzfse caused
othierceyBhaly ase ﬁér@ﬁftqﬁdo%ég%b@‘@ o1 & sadeered. chroni c

eart failure, rdia arction, acute
24y oc Br RRPO H%? e0 mb‘tﬂanggilry 5 i nf arction,
pnar y Qetbol i sm pul nonary vascul ar di sorders,

g ass syndrone, kidney disease (diabetic renal

dege€age, (chroni ((@(erer ul onephritis, |gA nephropathy,
et c. HN_ thr ombogenesi s
“R*

wherein R is hydrogen, Ci.4 alkyl or a carboxy-protecting group, and the
other symbols are as defined in 1 above, or a salt thereof.

The present invention also encompasses the following inventions.
28. A medicament comprising a compound of the formula (I) or a
pharmaceutically acceptable salt thereof.
29. An inhibitor of activated blood coagulation factor X, which
comprises as an active ingredient a compound of the formula (I) or a
pharmaceutically acceptable salt thereof.
30. The inhibitor of activated blood coagulation factor X according to
29 above, which is a medicament for prevention or treatment of disorder
caused by thrombus and/or embolus.
31. The inhibitor of activated blood coagulation factor X according to
30 above, wherein the disorder caused by thrombus and/or embolus is
selected from stable angina pectoris, unstable angina pectoris, cerebral

thrombosis, cerebral infarction, cerebral embolism, transient ischemic
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wi th at heroscl erosis, peripheral arterial occlusion,
peri pheral venous occlusion, Buerger's disease, deep
vein thronbosis, dissem nated 10 intravascul ar

coagul ation (DI C), thronbogenesis after inplantation
of a synthetic vascul ar pr§§thesis or replacenent of
artificial heart valve or joint, intermttent

cl audi cati on, thronbogenesis and reoccl usion after

althERYTHEA SHIRhRNCEREPHPISARL Aiseaieisdeh RO/ HEBRGANSCUlar
translum nal coronary angi opl asty (PTCA) or

spesrmuifaare subatacinsoidrierabrrivage dsghamic beanadiscase aaused
(PTCR), system c inflammtory respaonse_  syndrone

b¥ fpﬂwary aolery gheomhoaenayiss cRagesHve phappicehearidajlure,
YAt BIPrCHor as Tt Y o e g Foty o filendh? o

irfth PG AL }gm&néh%}y' P18 mY Pﬁﬁho&ﬁﬁ&l_ﬂds@uga@ﬂ%mers,

protection and 1nprovenent of funCtion in case of
etdreoy-clasatsymiron) KaneA dibeasemhabetalrenahgiseaseon,

whi .
ch o RS aSSap i pescapp b 85, Sahptgeresis
armaceut i cal | t abl '
et SRR B R bOR JilanetRE ggmoys
oL sid}: CBAREeSRE Qiddasal H@é‘% eth ¢habioutd, |diB§eminated
erel nafter %escrl bed. 25 (1) Exanpl es of substituent

intrathsculefiovagudation (DOE},ithiraiiyogenesss aftet éohpdamntation of a

for Y include an optionally substituted alkyl, an
smtrlﬂmw?mﬁl@mms@h@wﬁtr emeBt @f@é‘;}bﬁlaé hsegt yalve or
.acyl, .and. | ike,. o) ' .
i iyt sl Faicali®h) Tl fPoedpéiis p M BESL At ion after
bR5G Blrctdatidh reBohSirsicEOR §X¢h dsBercRitAhedh ¥ transteanial

or exanple, a straight 24 chain or branched chain
cﬁfdﬂrﬁé_tlygangﬁ)qmsﬂyn@’mﬁt)ooeremlttameau(srmranshpahiaﬂi aabingry
met hyl, ethy ropyl, isqpropyl, butyl, isobuty],
reeqnalization (P'B@%t):yﬂ,’s'cﬁgkﬂ}ll?ﬂﬁﬁ&nﬁﬁw aSPOnRROH 411%?;? (SIRS),

Cl-4 .al kyl i ferre I ' .
b o B oy AR G005 B OF B
eﬁﬁx‘d&?ﬁbﬁfal%ﬂa@il'a&f&%mad RoAbLAE6H i6haise dIblboatirasdng,

charn “al kyl group having 1 to 6 carbon atons,
dabéte abtoulatoryadisturhvarme, graftsrejectie, éigas pyotection and
pi peridi n-4-fyl , 1- met hyl gi p(fari di n-4-¥l ;
impropomsrg | fyinetipn in case o transplantation.

32. A pharmaceutical composition, which comprises a compound of
the formula (I) or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier therefor.

The substituents represented by respective symbols used in the
present specification and claims will be hereinafter described.
(1) Examples of substituent in the definition of “optionally
substituted amino” for Y include an optionally substituted alkyl, an
optionally substituted saturated heterocyclic group, acyl, and the like.
Among them, alkyl, piperidy! optionally substituted by alkyl, or acyl is
preferred.

In this context, the term "alkyl" means, for example, a straight



15

‘20

25

30

1-isopropyl pi peridin-4-yl, and the |ike. Exanples of
"acyl" include al kanoyl, al kylthiocarbonyl and 10

al kyl sul fonyl. The term "al kanoyl " means, for exanpl e,
a straight chain or branchg% chai n al kanoyl group
having 1 to 6 carbon atons, “’specifically, fornyl,

acetyl , propionyl, butyryl, and the |like. The term
"al kyl t hi ocarbonyl ™ means, for exanple, a straight

ﬁQfH Br ¥ aﬂ(:ﬁ@ﬁ%ncélgypgﬁdlh(}y Itavig ar 'd@oﬁ)darbonunoms,

avil ng to 6 carbon speci ficall Y )
p6$13@|aﬁyl>/lfrnem:yn ogtitypi prqpfyl wogpronyl, huy 1$ﬁbuf3é1v tert-butyl,
a sul fon means or ex "
pontggl{ oo b oA 4RR 1019, AGTE TS r@aﬁogllﬁé(il i pRberffy
r t n
g? hy oﬁ%iﬁlaﬁbﬁ%{nﬁ&n%%%d@g%@% ;Dyoalkyl 1nc1ude

pﬁ%&@f‘@#}h& Psédﬁdﬂt@(ﬂe&w Qatiaipht thairYor rhndbed chain

group that may have a subshtuent% é
aswlhgﬁmp h@)vnagl 1 npﬁlambbh)atgmmltqm@iﬂ.‘é:l kytp,4 caybgR atoms,

e -
Q%Q%%%Cg'gj g’ﬁﬁ?‘?é{&gﬁd% eGfld onal I'y substituted

substi tut ed saturated

het S 1€s Bf iy ficlhbe dlk&ﬁoyaeanplthmmbaﬁyl and

"cycl "1 nclude a C3-7 cycl oal kyl group

@kyfmﬁfom{ll yrhc?zcﬁmp‘auggmc;yl” m?my?dpwexa@yglpo ﬁeﬁf%ghtl chain
cycl ohex c t i
o pansid saa¥1§ khotirotgoheng LR BRfper SEoARTY

gﬁq@ﬁ%ﬁ gm,y t H;él{ﬂrg, dﬂg@lgﬁy ﬁ%{/ﬂ ﬁg%gkegrm term

30 one

k%ﬂﬁuft%?%bh%&"eﬂieﬁn%e ({3 éﬁﬁnfpﬂ@ . sclxdlgh'n dhairkpr bramehed

means, for exanple, a straight chain,
@ﬁal'@f ﬁnmﬂﬂochﬁbmnsdl deplupghaving amfngallbqrb By SeRCifically,

gﬁ*‘ggetﬁg%ggolﬁé’ { ga&;{/ﬁ ity hﬂ}‘F tp kygzlgﬁirﬁﬂy Ineans,
tﬂ §fﬁ§3§%9ﬁ¥in r Bt cﬁH@%‘l'LaﬁH ed]k¥lshmf“ddﬂ group

rocar B ony and al kyl sul

hﬁ(r 1%)36‘ Q4rboRABE s, fsPeciftocdln Imctltylsul‘fangh tetbprbsuifonyl
or r nched chain alkanoyl group having 1 to 6 carbon
ahdnthe hkecl fi caI ly, fornyl, acetyl, propionyl,
k()2u)t o %xamples of “optionally substituted cycloalkyl” for Y include a
cycloalkyl group that may have a substituent(s) such as: (a) an
optionally substituted alkyl, (b) an optionally substituted carbamoyl, (c)
a carbonyl substituted by an optionally substituted saturated
heterocyclic group, (d) an optionally substituted amino, (e) an optionally
substituted saturated heterocyclic group, or the like. Examples of
"cycloalky!l" include a Ca.7 cycloalkyl group, specifically, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and the like, and
cyclohexy! is preferred.

(a) In this context, the term “optionally substituted alkyl”
means an alkyl group optionally substituted by amino that may have

one or two substituents selected from acyl and alkyl. The term "alkyl"
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l'i ke. The term "al kyl t hi ocarbonyl " neans, for exanple,
a straight chain or branched chai n al kyl t hi ocar bonyl

group having 2 to 6 carbon atons, 10 specifically,
t hi oacetyl, thiopropionyl, and the like. The term
"al kyl sul fonyl " nmeans, for npl e, a straight chain

or branched chain al kyl sul fonyl group having 1 to 6
carbon atons, specifically, nethylsulfonyl,

%’gé %}feﬁ%pleaﬁdsti'ﬁi%hk'dfﬁm Ryratit rish ef chéirk&ﬂkyl

t'i'tuent, 1nclude & straight chain or 15 branc d
h!alvmg lalld@lcag‘bonpaﬂms,r@emﬁoa_l&y canetbyl, &thyk, propyl, isopropyl,
specifically, meth

, ethyl] I

e ip@ﬁwf b theRBE “"and ¢ he

i ke n al t, I
an APt asdl ¢ L nisbet bl R ghlinani e, o

Ak ona??'é*’*éﬁﬂé?.*‘tya&%%“éf‘i‘*ﬁef’ifﬁ“ﬁ}’%ﬂ’ﬁfﬁé‘éﬁaéﬁmms for
eamrmiel kydtraighs tahaih ext bmndidqltham atkanqyl grenpdaaving 1 to
thw%@m ol :ac%aazsawo%ﬁ%uty and e

et ’h{% gﬁ{nrhgpﬁgﬁq@{ dc&r@{)ﬂé éx%ple a straight chain
BN ORRI Nikey1Hi Qwﬁ@rﬂﬁghﬁv’ﬂng DaEExtbdh atoms,

thy am nonet hyl ;7 and the I'i ke The term
spwtﬂcmw,lthumctﬂy] tthicgatopairdmayld’ theefiks. dThea taranoy |

SRRl oo L Ry SRS cri
SR S B P g

1&{1%&1%: ethwéltwdnylebhnl thePliRey! , isopropyl,
I SO tert- butyl pentyl, hexyl, and the

| |h ke blhimdlpﬂlm bf/lalkyﬂ' asrwsuhsatwesneanalm@e arsif@hghéd:ham or
T e a group.may be sybstjtuted no that
el s ehairatkyl group hpdngsh £ & %}1 5&%&8483?%%8113’»

wé?hp& Ginfl, gPhLAsBb: oG, SAOENE, 1oL pentyl, hesyl

Qg@lﬂﬁe ligget hoxy, et hoxy, or the |like. Speci f iC
exanpl es of substituted al kyl

Among the "optionally substituted alkyl", an aminoalkyl optionally
substituted by a group selected from an optionally substituted acyl and
an optionally substituted alkyl is preferred, and aminoalkyl substituted
by alkyl is more preferred.

Specific examples of "optionally substituted alkyl" include
aminomethyl, methylaminomethyl, dimethylaminomethyl,
ethylaminomethyl, diethylaminomethyl, diethylaminoethyl,
acetylaminomethyl, propionylaminomethyl, N-acetyl-N-
methylaminomethyl, and the like.

(b)  The term “optionally substituted carbamoyl” means a
carbamoyl group that may have, as a substituent, an optionally
substituted alkyl.

Examples of "alkyl", as a substituent, include a straight chain or
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i ncl ude am noet hyl, nethyl am noet hyl,

di met hyl am noet hyl , hydroxyet hyl, hydroxypropyl,

nmet hoxyet hyl , et hoxyet hyl, nethoxypropyl, 1010 and
the |ike. Specific exanples %f "optionally substituted
car banmoyl " i ncl ude carbano? , di met hyl car banoyl ,

di et hyl car banoyl, N-et hyl -N net hyl car banoyl ,

N- net hyl - N—(2 hydroxyethyl)carbannyl N- net hyl -

d'ex RARMling 1 to 6 carbon atoms, spec1f1ca11y,
bﬁ%ﬁ%ﬁ N-(2 rret hyI am noet hyl) 15 carbano

ni%thyh}dthbﬂ (ﬁrﬂbﬁpiﬂmﬂrapyh doatthr; | ipobRbEABOTt: bla%d paatyl, hexyl,
(c) The term "car bonyl substit

d b
angmhmm yABdBEBE ke CtRlATE RPIRLY BrglerTed.oTBeAlky!

gboie epe Deouh Rhitsg e RRRS haldB huidrily hppo- or ai-

?lb@ﬁ'm%‘ﬁ?% réa%ﬁér&?“%? e one ¥ Z‘F”Z?E‘SZ‘“‘?IF%m
el Scyiondlsd o i
pSHhOXYy) Cﬂhm,-okmqggkw Smc&g ie Bcg{ﬁurystlctu ted anYl
ﬁ%‘%ﬁfﬁogéﬁ} oﬁ}ﬁ'thﬂﬁﬁ d K a?lg&‘l]ylammoethyl

}ﬁm 2 L GRF I, me‘tHb perhph ot iHmgetyln yhethoxypropyl,
onnp a2| yl carbonyl’, honnplperldyl 25 car bonyl
dieieipe hkel di nocar bonyl, pyrrolidinylcarbonyl, and t he

like. Preferred exan‘pl es |

n¢l ud ) y s
pyrr@pmmpgaﬁu@}@m Bpggpaﬁ se:qugb%;pd carbamoy!” include

SsPen dl 1 aERERRA bR ARG A BAmAN, Nrethyl-N-

lﬂ 5}1/' KahR eyl N- (gnﬁ%amcyldthyl)cmm@ﬁ (N-ahethyl-N-
ocyc Ic group may be substituted by an optionally

(aomwbswetme)daﬂiamogn,kmmemwsm(ménnsthﬂamm@ethyl#

@rbaady N-oUm AN PR TG T icar DRV e fighe like.

t hat

C1a4 (giakog@é"e%% ‘%%géréilum%éfﬁ%@ﬂl l%ﬁgﬁltz}gt)léﬁrﬁ.ﬁéﬁf tsg}%r?]ututed

RGOS pteg S0 msraom skt
Opttiie rmibatltwtaﬂshy antqmcmglly S‘(lbsi,iltlat:ﬂh k & ycHIasBReTed
q;aqugrlaltcla h%[c]er%ctylc Q%rloﬁpsc%%stgirtu%tgeg toaﬂ kﬁ/re‘fe b(ily tlhgr 2 hetero
atoms selected from the group consisting of nitrogen atom, oxygen atom
and sulfur atom, specifically, imidazolidinylcarbonyl, pyrazolidinyl-
carbonyl, piperidylcarbonyl, piperidinocarbonyl, piperazinylcarbonyl,
morpholinylcarbonyl, morpholinocarbonyl, thiomorpholinylcarbonyl,
thiomorpholinocarbonyl, homopiperazinylcarbonyl, homopiperidyl-
carbonyl, homopiperidinocarbonyl, pyrrolidinylcarbonyl, and the like.
Preferred examples include pyrrolidinylcarbonyl, piperidylcarbonyl,
piperidinocarbonyl, piperazinylcarbonyl, morpholinocarbonyl,
homopiperidinocarbonyl, homopiperazinylcarbonyl, and the like. The

saturated heterocyclic group may be substituted by an optionally
substituted Ci.4 alkyl (substituents for the Ci.4 alkyl: amino optionally
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In this context, (i) exanples of "optionally
substituted acyl", as a substituent, include
alkanoyl, aIkyIthiocarbonyI and al kyl sul fonyl. The

10 term "al kanoyl " neans, §% exanpl e, a straight
chain or branched chain alk oyl group having 1 to 6
carbon atons, specifically, fornyl, acetyl,

propl onyl , butyryl and the like. The term
43t 8- Eﬁ%ﬁ?ﬁt’éd bYRENS alkyllOC, ARk, hedsdygiegey, an

aln or branched chain al kylthi ocar bonyl

aﬁﬁﬂbr’@la% rhay becardn @it divsubstituied bplCiys aﬁmloa@walkoxy,
t hi opropionyl, and 15 the |ike. The term
hydrexy,sad, siythe ksans, for exanpl e, a straight chain

o bl g ne hi‘f}gc a3l t#% ﬁﬁﬂghpgfq%ﬂfr?ﬁw‘ Fﬁeéné 8nBamino
ggcbgé ttlﬁ t il 'hav%”é' stibRtith&®t(s)TOEcR@Y (ij04R WiptioTRillybe

by a saturated heterocyclic group

stpytitatddiaoyl, (iipanpealkdkpearbomyphat (iiip anpopidenally subgtituted
etc.), an amno optionally O 20 substituted by Cl-6
aélcyll,amdtbn_e-bkal kyl, or the Ii ke (ii) Exanpl es of

| k b ,
o R oA RS Bl e ey e
s%tt;Ls‘Bltueﬁ?f détafmanogp %ﬁkfrlltﬁﬁicla)‘boﬁyl aﬁayaz&ymnwnyl The

xycarbonyl, propoxycar bonyl

teBaPT0RyhoyY anehnsy for arsmple; a Stajght elnaiin o brarehed sham
(i1i) Exanples of "optionally substitute 83& ﬁj ? vl
allsanoyk graitn havieg Ude@ @ carPai G ANeCHICHI {eHEY acetyl,

h | 1 »
P e Sty BB e [y e fort RAR T AbOAbonyl” means,
fbf Qg rleuheédraiglﬁtydhmﬁ%ﬁ wandrﬁewbhaﬁﬂdlmmlbcmoﬂﬁegroup

have a substituent(s) selected from

Hﬂé{\dh X to mmoroammys, spbsifically ethisacetilnthiogropionyl, and
alkoxycarbonyl

iano and a sat U{ at ed heiéroc%cllhct h
@eduﬂpe Zmegmmg “alied el SomEY Me@RelOT CHATBIfA §iaight chain
EE%‘&%&% R AR B Y td'%yca'é‘%ﬁ ofhs,

% e fy, 2 lé yfs‘%ﬂﬁﬂﬁb{' ettHISuEORY, fdrﬁl ﬁX@mikbeSI‘Iﬁélatybgroup
u

'am no, net hyl am no, di net hyl am no,
Bzt ey Isafnisnmmtécbbyya aatunated l'mietqay@ﬂﬂprgroup (pyrrolidino,

N-acetyl - N-met hyl am no, N-fo I - N-et hyl am ng
almryimﬂ, s RRheHHD, PRSTHER) Lalbeisy) AT ¥rHﬂn° Sptidtially

PR RO A ks, e e

(ii) Examples of “alkoxycarbonyl” as a substituent, include a
straight or branched chain alkoxycarbonyl group having 2 to 7 carbon
atoms, specifically, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
isopropyloxycarbonyl, butoxycarbonyl, and the like.

(iiij ~Examples of "optionally substituted alkyl", as a substituent,
include a straight chain or branched chain alkyl group having 1 to 6
carbon atoms, specifically, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert-butyl, pentyl, hexyl, and the like. The alkyl group may
have a substituent(s) selected from hydroxy, an optionally substituted

amino, an alkoxycarbonyl, a cyano and a saturated heterocyclic group.
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group having 2 to 7 carbon atons, and specific
exanpl es thereof include nethoxycarbonyl,

et hoxycarbonyl, and the like. The term 10 "saturated
het erocyclic group” nmeans an optionally substituted 5-
or 6- menbered saturated het? ocyclic group contai ning
1 or 2 hetero atons selected fromthe group

consi sting of nitrogen atom oxygen atom and sul fur

PGl PR sesaten ey o pratstssinsliafagey means

af®iheldtivlay pavee L axi 2 substitdenteselekted fromn AmonglkyheCi-o
substituents for the oioti onal |y substi tgsg am go, aa
aopt andaCi-y adkorsidarbonnl,and SPaifis P %HVFO Hirlyqe
optional | substi,t uted al kyl ar f e I,
Bl TRl HREL P B, P8 B SEG For)

| by |-a6,.ne: C KL AFhRAN kiR IR N-
G%Féﬁéﬁigg.’ Wﬁgﬂyéggg%‘@é’@gﬁgi )éq's of ™optionally '
ReBAL Nt thgth@ih G omdthokydermmytaminop téntHaniaxrycarbonylamino,
di met hyl am no, N-acetyl - N-net hyl am no, N-f

| -
at ye Sisencl e -oBAR A BP RV e RO P FaT DRRY!
b, Shingny S0 SRS M A n b aPaRhe xR bRt
Rk PRI APt aome . The e
‘Gupneirel édtenpyeliomtcupymeansamppaionadly swstitvéed S- or 6-

like. (e) The term"optionally substituted sat ulglat ed
metheredcsaturatgbheterpedekc Sromp @Q@ﬁg}r@pg@ of & hetero atoms

7-menher ed sat ur ated heterocvelic 0 i ni

SIS o frame P By B S AE Bh it preh Pak A BiyReR A¥orh and
LSbdi ' gbagliand

LT EaR0R, SORERSLCING Rarih lcsMiRAco BIluAY dapopROATINT

asbstitisignyrroiftinylapiperidyik yhorphmlinylapiparaginylkend the like.

and can form a condensed ring. Specifjc exanples .
i ncl umong thy subﬁyrcgegtsogg;ﬁgxprqpm@p Yy substituted amino, an

aptgRay siatieH o850 aeb alknvehr PSS AT bBiSfany
i R¥Ani Rl @wg A jﬁ‘Efl‘:'r?&P,l ¥hd RyDeAlkBxycarticign] diko,
pIperazinyl, “2- oxopi perazinyl,

4niiBbhAliy] 2alkoxyicaebory layhinotd kylead sz ytaminealikyk prg more
m)rtphol i nyl, morpholino, 3-oxonorpholino,
phefertadohol i nyl ,

Specific examples of “optionally substituted amino” include amino,
methylamino, dimethylamino, N-acetyl-N-methylamino, N-formyl-N-
methylamino, N-tert-butoxycarbonyl-N-methylamino, N-(3-(tert-
butoxycarbonylamino)propyl)-N-methylamino, N-(3-aminopropyl)-N-
methylamino, N-(3-(acetylamino)propyl)-N-methylamino, N-acetylamino,
methoxycarbonylmethylamino, cyanomethylamino, methoxy-
carbonylamino, and the like.

(€)  The term “optionally substituted saturated heterocyclic
group” means, for example, 4- to 7-membered saturated heterocyclic

group containing 1 to 4, preferably 1 or 2 hetero atoms selected from

the group consisting of nitrogen atom, oxygen atom and sulfur atom,
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t hi onor phol i no, honopi perazi nyl, honopi peridyl,
honopi peridino, and the |ike, preferably,
pyrrolidinyl, 2-oxopyrrolidinyl, piperidyl,

pi peridino, 10 piperazinyl, norpholino,

3- oxonor phol i no, honnpiperi@QMx honopi per azi nyl
2- oxo- oxazol i di nyl, 4-oxo-oxazolidinyl, 4-oxo-

t et rahydrooxazinyl, 1, 1

w}ﬂi:ﬁxrﬂaﬁergd@w U stRhBhAEPSYER 2 AnaRlyearsanylylacyl, alkyl,
- et hyt - 2- oxopi perazi nyl " and o
oﬁogﬁ?ﬁ%’ﬂkieﬂaleegm?@ e:lfamzfd\l;m a ci{dﬁddﬁmrialg. ﬁpe@ﬁm@ﬁmpgﬁzs
substituted aryl" for I ncl ude, an, ar , roup that
inelpdeaperraligdi yt RroxepyFolidingg, gg?%p%ﬂmghg? rﬁgohgmyl, 2-
substituyt.ed | kyl, .an i gnal ' ; -
oSy, B RelBloR, Al Jeat b thainy, 1.1
i ; h i i inyl, 2-
GRp G- am AR BRI iy pipersioy), 2
o?dd)?‘i}ﬁéﬂa@hﬁ}d, gainethyka-dredmiperaaihyl; 4-gcoti;2-@x@piprrazinyl,
i ke. I_Exarrpl es of "aryl" incluyde an aromati 920
thgtplelinye m@wmlm\»{wgwqr@hﬁl&o&rt eﬁg,myl,
eci fical.ly, . phenyl napht.h .t he i . .
BRproRalineBRrEPeraARRD S hrpRitidyl: Honi6piptffino, and
it A h . . id 1’ . idi ,
SO R S, enopfmon P piperios, piperine
sipet@shiy | miofpholino ABexsrabt pholimo opoirmpdpesidino,

bstituted carbanoyl i ferred. 25 (4) Thet

PO pipTEP HuBsoRe Preao LA o e E PO GRSl

for Y : | j - .
ity Saangeba L CARR feaBfud R SE0RR T, S ThioptbEfhsing,

LA iBy1ered abhyet}]-2-oRopRieehoinydt ONB
igﬁéﬁﬁdf%?{éﬁ%%zg%%@:onsi% i ng ofﬁﬁiie?r o_gey% at om
@}y geBxai@les afboptibhally atdrstitubéd aryiyfof 3 incdude an aryl
condensed ring. Specific exanples 30 inclu

. de :
grautathat mayhave grspbstient(s) sichers &n oPpPpally fuRstituted
. perazinyl, no Liny ol i :
BlFndn sibtanalP: SERPORMERSartRBhevE & Gebonyl subsituted by an
pﬁgBHhﬁg géu‘ﬁ‘ét‘}tutﬂé’d'%ﬁ'tﬁﬁiﬂeﬁ' HersoyfdlR) grbuy, an apdionizély
e, a preferably, pyrrolldlnylﬁnflperldyl, i
piibstituliedoamphpeanmptionallyrsupstitutes saBiratedheterasyclic
and honopi perazi nyl . Exanpl es of .a ubstituent.(s)
gEouphand & erﬁfeedﬁmlﬁéﬁl ?E}’bﬂasg“f%@ﬁé’”(’%sléan
tionally substit kyl . i #idally, phenyl,
BYHEC ol St haVTE 6l U say Bpn P, el pheny
PRHHRA, | ah ¢ HRs tikkelI bWl PR¥hy] isdreferredt i onal |y
In this context, the substituent(s) on aryl is the same as the
substituent(s) on the “optionally substituted cycloalkyl” for Y. Above all,
an optionally substituted carbamoyl is preferred.
(4)  The term “optionally substituted saturated heterocyclic group” for
Y means, for example, an optionally substituted 5- to 7-membered
saturated heterocyclic group containing 1 to 4, preferably 1 or 2 hetero
atoms selected from the group consisting of nitrogen atom, oxygen atom
and sulfur atom, which may form a condensed ring. Specific examples

include imidazolidinyl, pyrazolidinyl, piperidyl, piperidino, piperazinyl,
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substituted unsaturated heterocyclic group, (e) oxo,
and the like. In this context, (a) exanpl es of

"al kyl", as a substituent, include a 10 straight
chain or branched chain aIkyI group having 1 to 6
carbon atoms, specifically3Gethyl, ethyl, propyl,

i sopropyl, butyl i sobutyl, tert- butyl, pentyl,
hexyl, and the like. The aIkyI group may have a

ﬁ*"ﬁﬁ*dl%é’q? oI, AhiGoHRAHHTE L RbBLBRARG | C

m no group opti onal

Mﬂ@pﬂﬁeuéﬁﬂyD,Yh@ho@lpéﬁmyl Iymbpipdridiao, p@rfdi)dmyl and the
Exanpl es of "optionally substituted saturated

likkes @m@cmﬂfcmbl@r ﬁMpr'olué@yla nippeidyl RiReridiganBiperazinyl,

d d h
o G RoRiP A0 AR g At R TtTeat s SRR Af
d
SIRHRICHESE RIS SRthuahefict SRGCAL Ribup™ ?2‘?“?&%’?‘32
ogytmneﬂ@emlbsﬁalﬂexd alk§?q bpiapespdyhallpwubstitdted lsaturated

oxopyrrolidinyl, and the |like. The saturated

heseraayeliclgrougs dopmeptionadly substititsdtaayl: &lian gptionally

stigirdted ynsatiFaf heirrSEoiy Gy gy, T8 !
al ky%fﬂ,}%%ﬁ@é}&[ %r&ﬁhbl/éssé‘f THARYI"; aghﬁsﬁﬁéﬁ’cuent include a

"al kano neans, for 25 exanple,  a straight chain or

Siraighb eﬁaﬂ?ﬂn air branchiedythginoalkyh gvoup hlamng bte érdanbon
atons, specificall formyl, acetyl, I on

%Om’ﬁpecefmﬂlbhéne{hy«leetmﬂep@”@pyﬂx, 1%99@1 »b@éflbmhutyl tert-
Raepet §H ?w;ﬁp b abidfhe kB cie S8 drolp RS i a

|
ST g R SR o,

fxanhe, grouy optighallghsibstituted axyc@ed atkyi, rmrahe like.
al kyl sul fonyl group having 1 to carbon ato

spem(bi calE&ampﬂa@t ﬁ§/f%ﬁﬂ1¢%1§/}’ Su@ﬁﬁWEﬁﬂ ﬁ@ﬂwate@ﬂyptpm:cychc

i ke, Th b
%}"BH%onQP B, SEpuia afednprior SRl S i v bezed
%{h ol ch@g}wﬁ%&ﬁaﬁﬂagtl bHQeHeté%éaétBh?é geleBted
eterocyclic group®, as a substituent, include, for
ﬁnmﬂiegrmﬁcomlﬁmmfr’mﬁmgen rz&anurmmmmtoen@mbsmfur

group containing 1 or 2 heterg . atons sel ected
o B Bok POvE i SUPSHIUS BB SUS RS GAG eI,

piperidyl, pyrrolidinyl, 2-oxopyrrolidinyl, and the like. The saturated
heterocyclic group may have, as a substitutents(s), Ci.¢ alkyl, Ci.6 acyl,
and the like.

(c) Examples of “acyl”, as a substituent, include alkanoyl,
alkylthiocarbonyl and alkylsulfonyl. The term “alkanoyl” means, for
example, a straight chain or branched chain alkanoyl group having 1 to
6 carbon atoms, specifically, formyl, acetyl, propionyl, butyryl, and the
like. The term “alkylthiocarbonyl” means, for example, a straight chain
or branched chain alkylthiocarbonyl group having 2 to 6 carbon atoms,
specifically, thioacetyl, thiopropionyl, and the like. The term

“alkylsulfonyl” means, for example, a straight chain or branched chain
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and sul fur atom specifically, pyridyl, pyrimdyl,

t hi azol yl, oxazolinyl, and the Iike. 9 10 Exanpl es of
"substituted saturated heterocyclic group"” include 3-
oxonor phol i no, 2-oxopyrrolidinyl,

1-i sopropyl pi peridyl, 1- di@éthylcarbanoylpiperidyl,
and the like. (5) Exanples of "optionally substituted
unsat urated heterocyclic group"” for Y means, for

aﬁ{}ggﬁif&l%'l:%rﬂ haofld ¥ UbTarbsh edohrs, Ispedifidalligber ed

u ura erocytlic group containing 1 to 4,
midtaiandidnyl, ethylsulohgl,eamd ahorikes eTle aey! growp tthay be

group consisting of nitrogen atom . oxygen atom al?ld .
subistitutest Bynanwaptianaly suhstitated fainge Pyridyg, and the like.

Speci f.i c anpl.es incl ud I . i.nd di
pyr aﬁcﬁ)nyl %xx@{rrﬁp ?qfhpgﬁkﬂ%ae%péﬁ%ftﬁ%&idrﬁ%% )t/?d
' ZoAy b su eafst! etample, a 5- or 6-
BRI BHREA b pl Y inclli e tample 2 - o
méwibeded prsadytatedyhetsrocysiic groumzonyaining Hi en@l hetero
oxazolyl and thiazolyl. The unsaturated heterocyclic
agomspsategtedhizom the gheuPtapaMigting of Bitragen ALoFh oxygen atom

optiopally substitut am.n . an 1 ORt:] I :
hbs el etathamrsiig b, ety SRl b2 8L draclipst
aﬁﬁ%ﬂ%@iiﬁg het erocyclic group, (d) an optionally
substituted carbanoyl, 25 and the like. (a) Exanples
of a Bimpldsusfittsulfstitaped sasutatedieteroctdit grauw"include 3-
as a substituent, include a C 1-6 al Egil ?,roi,p
axopsorphaling, B-oxapysralitinyl nkySeRr opyHaPENWhd by C1-6

| kyl .. (b) Exanples.of, "am noal.kyl ", as a substituent,
‘ﬁﬂ@“h&f @%ha%qgmqbﬁlkﬁ@gﬁ%eugﬁgb ntaining a Cl-6

Kyl 4t Ashtirasl (Botesodftli
B A L o roulic
droxp? dbi ¥ mehnseter ¢xample e dpitiomallycyu EstatpiedsSoto 7-

optionally substituted saturated heterocycljc
memberedasnsatapied heberocychie |giauPLOLAIRIRE} 18 4, pyeferably,

heF g Beleia ol SERENA Pl b fRE] Arbidng dinftrggen atom,

I'ng o

SRR e Stont S oy st ek e
$péeific examples include pyridyl, pyrimidinyl, pyrazinyl, furyl, thienyl,
pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
and the like. Preferred examples include pyridyl, pyrimidinyl, pyrazinyl,
thienyl, oxazolyl and thiazolyl. The unsaturated heterocyclic group may
have a substituent(s) such as (a) an optionally substituted amino, (b) an
optionally substituted aminoalkyl, (c) an optionally substituted
saturated heterocyclic group, (d) an optionally substituted carbamoyl,
and the like.

(a) Examples of a substituent of “optionally substituted amino”,
as a substituent, include a Ci.6 alkyl group substituted by amino that
may be substituted by Ci-e alkyl.

(b)  Examples of “aminoalkyl”, as a substituent, include an

aminoalkyl group containing a Ci.s alkyl group, which may have a
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(d) Exanples of "optionally substitut "

a substituent, are the saﬁe as thoseegegﬁgggn?ﬁltheas

substltuent of 0 10 "cycloal kyl"™ for Y. Exanples of
"al kyl ene” for A include a stralght- or branched-

chain al kyl ene group having32 to 6 carbon atons,

specifically, nethylene, ethylene, trlnethylene

t et ramet hyl ene, pentanethylene hexanet hyl ene, and

the |ike, p@@d'
su&swea&(aﬁgoé‘?@s@g}ﬁ &rr yl’ and et h;]Ig %tnlgébg}rr]%hdgroup
tet [ zhrzﬁh{;lyle%gg Sh& theditd.cul arly preferred. The
e substituted by oxq pe é
s S o R oot
0
goup’ ghs a wbwt—mﬁewc T en%&?&%ﬁ?{lene@z\% Egﬂgel?g

car bon t ons I
Y, [
SR ie B OuR PERARRTR 1or XHB(RT Btomsalected O he

g@@%&fe@&@t 3bfahikrspereathaviknger? atomsandrafi Rk, and

erre Exanples of "al kenyljd
(ﬁhb%&ﬁkﬁ@lesenbmdmgomompe@z&%yg erlig{:tb?r@i( A include

e
specifically, yl
pert e g%gam\gigﬁolf HapripRBlY SRS RTRE carphRRYI B8N
i.ncl f
s?ssmwt ‘eai s i &é‘%‘?é%ﬁ?“‘%{%‘%sﬁﬁ‘?‘ﬁa“é e
s rcgbgﬁ(&,?g)?g l;rl :J(r)azchedbchal n al kyI group having 1
car bon
{ret hyIExae}ﬁmels ofp‘laﬁmﬂbne’l’ MDAGE?W fbat'%;r L)]éttct?fa}l%hed_
ert 30 butyl, pent x{g |k§ & I,
mmmlkgleggpﬂ@”@m 1{!%“% ﬁ?éfﬁew%bﬂo Eanfﬂ S Mya
end e imEtEyleAe) wteame%hywr@mwﬁmtbvlene
dertotin Ky

p having 1 to 6, preferabl
Ogeé'{}géigne a&x@d“ih&hﬂle i Ansons theon, @dlkyilpngs having f/to 5

Specifically, chl oromst hyl

Ciiaﬁ‘&'o‘ﬁf arphd e pfréiwr@h;ealhghmeam e asidkt gmethylene are

trifluoronethyl, 222 ri.fl uQroet
cpantitiaarirprasiesly Mo p g RS RSy oRe ane

chai
spcleCQﬁc examples include propionyl, butyryl, pentanoyl, and the like.

Examples of «“alkenylene” for A include a straight- or branched-
chain alkenylene having 2 to 6 carbon atoms, specifically, vinylene,
propenylene, butenylene, pentenylene, and the like. Among them, an
alkenylene having 2 to 5 carbon atoms is preferred.

Examples of «alkenylidene” for A include an alkenylidene having 2
to 6 carbon atoms, specifically, vinylidene, propenylidene, butenylidene,

pentenylidene, and the like.
Examples of “halogen” for R1A, R1B include fluoro, chloro, bromo,

iodo, and the like.

Examples of “alkyl” for R4, R!B include a straight chain or
branched chain alkyl group having 1 to 6, preferably 1 to 4 carbon
atoms, specifically, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-
butyl, pentyl, hexyl, and the like. Above all, methyl is especially
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branched chain al koxy group having 1 to 6, preferably
1 to 4 carbon atons, specifically, nethoxy, ethoxy,
propoxy, isopropoxy, butoxy, tert 0 10 but oxy,

pentyl oxy, hexyl oxy, and the |ike. Above all, nethoxy
is especially preferred. ExX@mles of substituent of
"optionally substituted am no" for RLA, RIB include a
strai ght chain or branched chain al kyl group having 1

tﬁ&e&dpreferably 1 to 4 carbon atons, specifically,
PREER ethyl, propyl, 15 isopropyl, butyl i sobut yl ,
tert ﬂ%é&ﬂﬂ)lesnﬁwhléﬂoalkyxyfor RHJ RiBantiude aAoaight aihla,ln or

methyl is especially preferred. Preferrq‘tﬁ substltu
prancRed chaii alkyhg:rthamg 3l tey®, PEaiaratiy ol 60 R on

W;]tallgy%atégé% q‘tHPtﬁééyp ? Z’lﬁéég% }TES n‘?tj()tﬁaggpfchl%&%ethyl
d%eglpégﬁieéﬁghgisﬁrjom&?ﬂrflo I I St‘h% dt?iigté%x%lﬁethyl 2.2,2-

Exanp es
tﬂhu&aéﬁgqnanﬁqrheﬁfﬂee R2B i ncl ude fluoro, chloro,
br onp, |odo and the |li ke, and fluoro, chloro and

br omEseraplesctiiallsaxy” Braﬂb‘l &Bgnciuge poyiapight chain or
subst ituted a

he&c@a@%&ym#@ B brblh kAR g §bon
| -
&ﬁgﬁjer C¥f}] qli'y i opy 3 Sg}g?%gg’ﬁopo%aﬁ% ﬂ)l‘?f}isdgwatbﬁtoxy, tert
th?troscyb Ekﬁltyloﬁt?nhkkylohwmhd thedlikbe Abdve, alhnhethoky lis
are especially preferred. The al kyl may
dfm)nelaﬂ}spb@crltﬁdent (s) such as an amno that may be

igf’ﬁfﬁ(t o e?@%i}sg‘pﬂ} %%{ Bg%ﬁ)dtr ox%l‘l%gl.lg]osﬁﬁ}lféd( 9&‘1¥1n0390r R1A,
UL o GHA T ppitas e ifmgigr
6“8 feflaﬁdb ?oneds brYéarbdiriTatdmbaﬁpemflehﬂyJ methyl ethyl, propyl,

ydr oxymet hyl , 2-hydroxyeth met hoxynet hy
rsapbop!yhétu‘tyl,,1sohut3ﬂomab%éﬂypqmy{yhexyl and the like. Above

A GREATHE PP BE EHEFEY pr of erred. Bxampl es of
T B e g o
hAdtmetyf feaddpecially preferred.

Examples of “alkyl” and "halogen” for RIC are the same as those
defined in “alkyl” and “halogen” for R4, R18, Preferred substituent for
R!€is hydrogen.

Examples of “halogen” for R?A, R2E include fluoro, chloro, bromo,
iodo, and the like, and fluoro, chloro and bromo are preferred.

Examples of “optionally substituted alkyl” for R?A, R?B include a
straight chain or branched chain alkyl group having 1 to 6, preferably,
1 to 4 carbon atoms, specifically, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert-butyl, pentyl, hexyl, and the like, and methyl and ethyl are
especially preferred. The alkyl may have a substituent(s) such as an
amino that may be substituted by Ci.6 alkyl, hydroxy, a Ci-6 alkoxy,
carboxy, a Cz7 alkoxycarbonyl, an optionally substituted carbamoyl,
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1 to 4 carbon atoms, specifically, nethoxy, ethoxy,
pr opoxy, isopropoxy, butoxy, tert-butoxy, pentyl oxy,
hexyl oxy, and the |ike. Above all, 1010 net hoxy,

et hoxy, isopropoxy are especially preferred. The

al koxy may have a substitueHt(s) such as an amino
that may be substituted by C1_6 al kyl, hydroxy, a
Cl-6 alkoxy, and the like. SpeC|f|c exanples of

agxﬁbﬁ'% i éff?&‘)éxbﬁ%lggeof aéﬂ R ¥ikyl include

oet oxy, roxyet hoxy, nethoxyethoxy, and
a&ﬁi%drhéﬁlyl aﬁ!étﬁyldlﬁkymhbﬂxyl, idémeShyleedieroneethyExanpl es
of substituent of "optionally substituted am no" for
h?mcxymhyha h&érmtﬁhaﬂ,kmethwmewb cpeberymethyl,

ST o BRGSO AL by i,
e

N- WEtE?%drﬁPld‘s)@M@ﬁdlmﬂ}P\lsﬁbsﬁmhtd& alkoxy” for R24, R include a
met hyl sul f onyl am no, met hoxycarbonyl am no, tert-
wmghy@mwlmedmmﬁmmwama@dhaml to 6 preferably

di net I f la

19 6- G0, S ngheniing iy metBeRt oy BrBPRRy e fobsgoony,
I

e REr o, SRRk Wy oy’ %ﬁ“&f‘%ﬁ%‘éﬁkéfﬁﬁ“ﬁdﬂ

rﬁhmcsmalétn& %?wpogy Qutp dsp\zcmly preferrédc afbbemlkoxy may

at ons, spec met hoxycar bonyl , et hoxycar bonyl_,

km‘@awﬂmtttunwt(s) sucb@s: anyomno thatimasebe substityged by Ci.e

b SHFFoRCh Gra Pl ik B3R e FHECBE SideR ot
AN EAI ey LGB RBPIAS, AL SRR,

optionally substitut for

hy@toxgetladxyhethetyatheup s hhtiuhediled kyd gmmm:dymhmgy is
to 6 carbon atons, and the |ike. The al kyl may be

mﬂﬁsnrﬁdut ed by an am no that may be nono- or

O UBSLLL M 20, B Ch el Y Volio S st Pl Aot for o
%@f{ Qﬁ!ﬁ]g%ﬂ 09(1_\]'\% ?.E«?fl?@ %%éiﬁ'{@)é., altbabtodl, R WHSSELaBN,
alkylsulfonyl), C2.7 alkoxycarbonyl, and the like, specifically, amino,
methylamino, dimethylamino, ethylamino, formylamino, acetylamino,
N-acetyl-N-methylamino, N-methylsulfonylamino, N-methyl-N-
methylsulfonylamino, methoxycarbonylamino, tert-
butoxycarbonylamino, and the like, and amino, dimethylamino,
acetylamino, methylsulfonylamino and tert-butoxycarbonylamino are
especially preferred.

Examples of “optionally substituted alkoxycarbonyl” for R?4, R28
include a straight chain or branched chain alkoxycarbonyl group having
2 to 7 carbon atoms, specifically, methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, butoxycarbonyl, and the like. The alkoxycarbonyl
may have a substituent(s) such as hydroxy, a Ci¢ alkoxy, an optionally

substituted amino, and the like.
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car banmoyl , N-net hyl - N-net hoxyet hyl carbanoyl, N- (N, N
di met hyl am noet hyl ) carbanoyl, N (N,

N- di net hyl am noethyl) -N- 1010 net hyl car banoyl, and
the like. Above all, N, N-dinethylcarbanoyl, N

met hyl - N- met hoxyet hyl car ban®yd and

N- (N, N-di net hyl am noet hyl ) -N- net hyl car banoyl are
preferred. The term "carbonyl substituted by an

opt i @nal Wsdiddtitednt SAt“ebaiotdiked eb aenitkd cagbaupdyl” for
for %ﬂl‘é}fé rrte*adnﬁsé,Jc t?%rn exan‘gl e, alyiéS car bonyl d

A
RENDRES §ngledehyn aptioptallynstbstitutedtaliyt growp haying 1 to 6
7-menbered saturated heterocyclic groug cont igi ng 1 .
caobdn gipsisrad yha like. Theedsd maydsssyestbiiEed by Gh amino

thAtrda Deroapamor Spennrs R Ga s Ay bt €5 &Tbr a Cre

[ ')g?zol i di nyl carbonyl, pyrazolidinyl carbonyl,
%% ‘i dyl carbonyl, piperidinocarbonyl, 20
pi pergiyddifié Exakapies, ofthiepdraibanybylainiobnge carbamoyl, N-
mor phol i nocar bonyl, ~ thi onor pholinyl car bonyl ,
rhathyritoapbamoph dhbditpethyleas aﬁw&er{QrmeééPmy})-
hopopi per i dyl car | ... honopi per i.dj I R
PRBIGR; Ny e BRI nOSRR A BT B,
)ﬁét?x&‘l B é/g@FYﬂ)amBgP,em(WN‘—di‘iﬁét‘l’ﬁl‘Mxhinoethyl)—N—
I'perrainocar yI', pi perazinyl carbonyl,
etflehtbasihomyd the JikeompopeallliN dedirhethytlcarbamoyl, N-
honopi per azi nyl carbonyl, and the |ike. The g%urat gd
thetleyloNymietboxyetiylearpapeoy ard IN-(N N dispeihylymingsghyl)-N-
the like, The term "oFt' onal |y substituted saturated
metylsaybamoy] Ao prefedfedoa R2B neans, for exanple, a

5- torys REgRes JSon AP ¥R bstituted
cont g{‘%le ng tcg%ﬁlﬁﬁ%ﬁa?%?ﬁgd%et%r o}Qat or?vs1 e
Sfheat@l Het@vcydlic igheup? fupRegrREstriean sofomexamgpde, a

at om ogﬂfn_ atom and sul fur atom 36 ngﬁh By have a4
carthomiyil serstis)i teth dycam opsionadlycshastidegd s mip, V-membere
Specific,exanpl es include imdazolidin

Faporg BeRGTocy B arpup conamie e refrably 1 gr 2 hetero

S R e opt ger )y e 240
haduailper atdmo, Spegific rexaindpies! incinde imﬁazdgf/ipuhmrbonyl,
B eyl o shan RO HaDBreL Faer BRI
horooi penazliily, ARy lambtfs HdRbbkat BongE! d
thiomorpholinylcarbonyl, thiomorpholinocarbonyl, homopiperazinyl-
carbonyl, homopiperidylcarbonyl, homopiperidinocarbonyl, pyrrolidinyl-
carbonyl, and the like, preferably, pyrrolidinylcarbonyl, piperidyl-
carbonyl, piperidinocarbonyl, piperazinylcarbonyl, morpholinocarbonyl,
homopiperidinocarbonyl, homopiperazinylcarbonyl, and the like. The
saturated heterocyclic group may be substituted by an oxo and the like.
The term “optionally substituted saturated heterocyclic group” for
R2A R2B means, for example, a 5- to 7-membered saturated heterocyclic’

group containing 1 to 4, preferably 1 or 2 hetero atoms selected from

the group consisting of nitrogen atom, oxygen atom and sulfur atom,
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heterocyclic group include an optionally substituted
al kyl, an optionally substituted saturated

het erocyclic group, an optionally substituted acyl, O
10 an optionally substituted unsaturated heterocyclic
group, oxo, and the |ike, @@ these substituents are
the sane as those defined in "optionally substituted
saturated heterocyclic group” for Y. Exanples of

| ooh 0sad b

el o & s RT LB S AnEI R F5h £ cougmaen Pk

Sﬁ?:%m/é ex8aip) é@it’ﬂlclu@l&cimﬁ&zbhmﬂylk pyrgz‘tﬂldmthplpendyl
optionally substituted unsaturated heteraqcycli gl
piperidino, f pipereAny RaBonphaknyk, GHOH%W% thjomorpholinyl,

tmaanggtﬁsﬂgh’égg g’:’:’ijf’ip%%g%’mét TEPs { Ie? b‘ﬁ{s‘oﬂggf‘gﬂi’ggﬁf‘r om
d
p&é‘?gl%ﬁ]?ﬁi& &ﬁg%h\%ﬂiﬁkﬁ £d BEHC?QSB’ HyRRlidyYepipRiplan

ave a-substitutent(s),
E@ﬁtﬁﬂ& apipérasivi l[yr dmbrphbnnbrrhdrmw;)emﬁnm iamd , furyl,
ienyl, pyrroly i m dazoly yrazol yl, zol
hmpmﬁmlzm}tlhl awzamyorqs og@twwﬁwm(%@r %’éf( %yatﬁme
unsat urat ed hete clic ou
helBS Y RSP SRS maABEGHEFS 9P §t8d iyl ap optionally

Sul?(s}% E&es%t ?%tré‘a hetdh Eﬂréli’([egfourglaﬁ' o%tkﬁiallycéu‘ésﬁﬁlted acyl,

an op I'ona bstituted al ky
%ﬂ?ﬂdﬂﬂl kélllbgmutedtrlhxzsatumtm etermcydlic groupi mmeand the
1-4 al'ky Cl-4 al kano etc.), or the_|
lﬁke,fmd éhes« amblséttucmt%amr}é@@ SARHAS ftBPSPﬂRmean “optionally

| ud £ | bstituted
s hgttu e surar Retaerid Braib’ MRty San UC
opti Ogﬁ% ?t"b%’i ¢k ROA N8 HYAAe HREPRMLIc hydrocarbon

al kox an opt'ionally substituted

%ri‘b’ 15 RYin@6 ® tadaebyh ohsd,i spdotficdlly,grheyl, naphthyl, and
ptionally subst ituted saturated heterocyclic group.

fAbolikeal | hydrogen fluoro, chloro, brono, methyl,

hydr ox neth

di met ﬂ% “ r}@aﬁy ﬁppgﬁgﬁéﬁ(ﬁ) ag.gl[g[tgﬁahrﬁtﬁrocychc group”
als ﬁ@rﬁ&ﬁ’@éred unsaturated

iroé‘rl%oXycar %%‘rnl T‘%‘J l%g%/gom?l di met hyl car banoyl ,

f@ﬁd&ybhélgmaubmwmhg Tao blarp:ry:fcrarbby ph orrzthéamoargams
and pyrrolidinyl carbonyl are preferred )rg; % d
selacted framdheazroupeCoRSISHRERf BHERRSD atomn, oRYEER afom an

sulfur atom which may have a substitutent(s), specifically, pyridyl,
pyrimidinyl, pyrazinyl, furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, and the like. The
unsaturated heterocyclic group may have a substituent(s) such as an
optionally di- or mono substituted amino (substituent: Ci-4 alkyl, Ci-4
alkanoyl, etc.), an optionally substituted alkyl (substituent: amino that
is mono- or di-substituted by Ci-4 alkyl, Ci.4 alkanoyl, etc.), or the like.
Preferred examples of a substituent for R?A, R?8 include hydrogen,
halogen, an optionally substituted alkyl, an optionally substituted
alkoxy, an optionally substituted amino, cyano, carboxy, alkoxycarbonyl,

an optionally substituted carbamoyl or a carbonyl substituted by an
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I* (f) RA,=\,R1A -, RIA/-~RIA R1A (k) RIB (g) IC
(d) and 1B N' R1B (e) (m wherein (a) to (f), (k)
and (1) are preferred and (a), (b) and (k) are 10
especially preferred. The fg|low ng groups are
particularly preferred. (a“ﬁ7RIA Nc) ( (1) TAN(b) H
(k' ) The term™alkyl" for R3 means, for exanple, a
straight chain or branched chain alkyl group having 1

ohgograluezf lﬁérf’t@%d Jsattﬁréteeahéwroéﬁcm gﬁm p.SPewveiagl |y,

propyl, isopropyl; , 1sobutyl,

h!ydrbgeﬂi) uﬂubro pettibyd,, biveng) mahgrl,tlhwinmmetwarmg@hoxg,

especial ly preferred for RIB (h

isopropoxy, amino, dimethylamino, mezhylsulfonylammo, acetylamino,

tert-butoxycarbonylamino, cyano, carboxy, methoxycarbonyl,

ethoxycarbonyl, dimethylcarbamoyl, N-methyl-N-methoxyethyl-
carbamoyl, morpholinocarbonyl and pyrrolidinylcarbonyl are preferred.

Examples of "Ring X" include the following groupS'

(a) (b) (d) (e)
(x)
(k) (1) (m)

wherein (a) to (f), (k) and (1) are preferred and (a), (b) and (k) are

especially preferred. The following groups are particularly preferred.

—@—R‘A —<N=,/>'R1A _%

N
(a') (b") H
(k')

The term "alkyl" for R® means, for example, a straight chain or
branched chain alkyl group having 1 to 6, preferably 1 to 4 carbon
atoms, specifically, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-
butyl, pentyl, hexyl, and the like. Hydrogen is especially preferred for
RS,
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R3. 38 The term "al kyl" for R4 nmeans, for exanple, a
strai ght chain or branched chain al kyl group having 1
to 6, preferably 1 to 4 carbon atons, specifically,
met hyl, ethyl, propyl, isopraopyl, butyl, isobutyl,
tert- butyl, pentyl, hexyl, 38d the Iike. Hydrogen is
especially preferred for 5 R4. In the present

speci fication, "saturated heterocyclic group" is

DI ef 1Ak AN Q0 BPRA theaHiStdd ekfipte, 4 StréigferbRatidor

satu ocyclic group containing at |east one
bPaH EREE Rhalie Mlkeispetipphbying 1 ebeb r preferably Hetas 4iaarbon

arompapcincaly, gy gl o pebr o R SH isdoh, et
bRl R RRARN (R FPERD 49 Bspb bR ierred for

har maceutically acceptable salt of the conmpound (I)
hcludes a salt with an inorganic acid such as
hydr g hherpresaait @pebifidacioty fsatumted hdigrbayictidigroag”ds
sulfuric acid, nitric acid, phosphoric acid, etc.; a
p2éfevably antdptionally aubstla@tﬁﬂf Suée Tamergpared safurate
acetic acid, propionic acj oxal i | d | QRINE i
RedPERCYSHESTAME SRR G IER! F‘i?séc%? hifpdksrh aigtiy eSpEcially
p%%r%re&“?ir}e Grnacddd sIagﬁI"é‘tre'dhChé‘@rgc¥&id Eréu$ héving a bond on
anesul’foni c acid, ethanesulTonic acid,
el pestdgrhoni ¢ acid, etc.; salt with an acidic amno
acid such as aspartic acid, glutamc acid, etc.; salt
wi t h Ringet al 25 such as sodi um potassium |ithium
magnesi um ~calcium almnum etc.; salt with an am ne
such ni a, methylam ne, ethylam ne,
et han , etc.; or asalt wth a basic amno acid
such as | ysine, 39 ornithine, etc.

is preferably:
RPA_~ -0 -0 N<_0
Rzej:Nj/\/) , Ny 2IA / or RZAJ;C\“B/\/
R R

Among the compounds of the present invention, the above-
mentioned compounds (1) to (110) are preferred.

The pharmaceutically acceptable salt of the compound (I) includes
a salt with an inorganic acid such as hydrochloric acid, hydrobromic
acid, hydroiodic acid, sulfuric acid, nitric acid, phosphoric acid, etc.; a
salt with an organic acid such as formic acid, acetic acid, propionic acid,
oxalic acid, malonic acid, succinic acid, fumaric acid, maleic acid, lactic
acid, malic acid, tartaric acid, citric acid, methanesulfonic acid,
ethanesulfonic acid, benzenesulfonic acid, etc.; salt with an acidic
amino acid such as aspartic acid, glutamic acid, etc.; salt with a metal
such as sodium, potassium, lithium, magnesium, calcium, alminum,
etc.; salt with an amine such as ammonia, methylamine, ethylamine,

ethanolamine, etc.; or a salt with a basic amino acid such as lysine,
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The conpound (1) of the present invention can be in
the formof quaternary salt and such a quaternary
salt falls within the scope of the present conpound
(I). 5 Further, the conpound (1) of the present

i nvention includes a intrad® ecul ar salt. hydr at e,
solvate, and the |ike. Besides, when the conpound (1)
has an asymetric carbon atom(s), it can exist as an

' ;,somer, and the present invention enconmpasses
Og‘ﬁlghgr?é,’ éotr%'a m xture of the isoners. Moreover, when

the gpeRiAdold (psf thelpridentdnyentiond¢as) berinathe form of

cycl oal kyl ene group having two or re substifuents on
quiatermanyosalt m«hyu@hiasquawrﬂﬁ@ﬁ@ﬂg&éks Wi ,mttF‘Sn?OQrc of the

meso, and, V\hrgg i]he conmpound (I) has an unsat urated
DE6SRN 5 CRIMPING (] onyl, it may exist in the fromof a

taut g«‘r{ﬁfgh%ﬂ‘ tth-gq@orﬁ#)%tﬁﬁl@;g)cm Preddnt Reatpasiriudesa

of , xture o I soners. 15 Additionally,
ihhars o audsdlt) holirdtee spivasenandrtherliken Besidespekendhe

a prodrug of a conpound as menti oned ove. Exanpl es
inpopnddi)ugas Aol aslenmessie GHrHeRr 3PS pHAARLEXIRG 28 At
functional gro such as.an ]

ptiapsomer | PRdheEseBd G iR drtoripatis okt BE Rk
%gﬁg'rzéToé Wgﬁﬁr@%xfé@e%h}%ﬁtﬂ%&ﬁ{ﬂm& kT has a double

oun e present iInvention may be prepared
BesHoR @ éftlbhnqﬂmé gréup having twesor PROCESD stitupmds on the
(e}

conmpound (I f the present invention can b re ed
iing Hemy ¢xial iy theferen of Dis.4ans) 1) meﬁ@oénﬁ’ Vﬂtqrf%e
o PP A R PR B O R
3 AR S tdutohPersSndengaiireseri€akipdund (I) encompasses
one of, or a mixture of these isomers.

Additionally, the compound () of the present invention
encompasses a prodrug of a compound as mentioned above. Examples
of a prodrug include those prepared by protecting a functional group
such as an amino or carboxy group of a compound (I) with a
conventional protecting group.

BEST MODE FOR CARRYING OUT THE INVENTION

The compound of the present invention may be prepared
according to the following processes.

PROCESS 1: The compound (]) of the present invention can be

prepared in the following manner.
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40 5 The condensation of the conpound (Il1) with the
conpound (Il11) can be carried out by subjecting these
conmpounds to a conventional condensation reaction
usi ng a condensi ng agent, or converting the conpound
(I'l'l) into a reactive deriva#dve (an acid halide, a

m xed anhydride, a reactive ester, etc.), and
reacting with the conpound (11). 10 (1) In cases where

the co Qund (1) and theéﬁ?gggggd (Ié:t) are

subj ectled t o—a\ conventi on nsat'rQn yeastion, the
eaciy on N ' Qﬂ_qut i ah pprMp e
Th nﬁ@gg—ag-mt : W the reaction

es O, N-di cycl ohexyl car bodi1 mide

)
1-eHN] - 3- (3- di et hyl am nopr op§ di i m de (EDC)
or a hyfochl oride thereof, 1015 ftarBdnyl diin dazol e
(col), gi phenyl phosphoryl - azi de ¢ A), diethyl
cyan&ﬂﬁ sphonate (DEPC), and the |ike. Above all, DCC,
EDC or a hydrochloride thereof isneferred. The
present reaction is generally carried out at a
viteemeit shersynobolsGetas d6ficed ledweer, a hi gher or a

| oner tenperature can he selected 20 appropriately,
i f ndbeseampounse(l} ear theoRrenarsds by spmé’%pe@ aompdund (11

ion | | . d 24 h :
Al ceriraind Y & pndElyich yealio] °0 2T 28 Nohe’
sel eqiRA-GRPERRItiGHh OF Xhe !cﬁm@ﬁ@@ﬁﬁqmy wiftz)thg @5’?‘??3"@“2 (L11)
|

where a reactive derivative of the conpoun

casebe cattied anrtploy st bjddting tsespoompothdste acanygotionsal
derjivative in a 25 conventio .hmanner such as,

. I f
SaOPREACHIOTH HFHE8 I COMICRNIRG A8oR, P FORESHITE the
t ianyl. ch i.de, j i de Lyl
Bl oo T rEH b Y, () AR R e
ﬁ}'ﬁ&&éf@?@é&@v@ééﬁr, _E:f@.L,fBﬂd réfit1eh gt anatc®mpound (I1).
et Nyl chl'or ocar bonat e, " i sobutyl chl orocarbonate, etc.)

(¢ annamisgscihere tize CAmhdind (Ehanddivencayppounidofilijere
SHLed e FABEPERSR O SATIOPGRRSHON, (Deqeachphan be
I . et t .
AT Ry SRR Y o8E] The, Sfiin ik Heenf pdble in

thendaesiahl Ritlubes N, Nodicycldhdxytcatyaanimitie( mcﬁcn N1 &thyl-3-(3-

appropriate solvent or without solvent in the,
dinesthytamdhopropsd)carbodiinride{EDGBleor advuligchloride thereof,

carbonyldiimidazole (CDI), diphenylphosphoryl-azide (DPPA), diethyl
cyanophosphonate (DEPC), and the like. Above all, DCC, EDC or a
hydrochloride thereof is preferred.

The present reaction is generally carried out at a temperature of
0°C to 100°C; however, a higher or a lower temperature can be selected
appropriately, if necessary. The reaction time for the present reaction is
generally between 30 minutes and 24 hours; however, a longer or a
shorter reaction time can be selected appropriately, if necessary.

(2) In cases where a reactive derivative of the compound (III) is used,
the compound (III) is converted into a reactive derivative in a

conventional manner such as, for example, into an acid halide using a
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0 10 The process wherein the conmpound (I111) is
converted into an acid halide is preferred for the
present condensation reaction. Wen the reaction

i nvol ves the conversion into acid halide, the

reaction can be accel erated4dy adding, as a catal yst,
di methyl formam de or the like. 15 Furthernore, in the
above- nenti oned condensation reaction, the reaction

PBRGBAHEMRC bl PSP M pidiegofay chionce

etdpta hiixed etidbeihyiede dsinie hutderodarbonexaepter, (methyl

I norgani c or organic bases. Exanples of inorganic
chiwesarithates lethiglchlémicarhenate, dae botdtaidoressabanrate, etc.)

carbonat e,. potassium c onate, cesi.um carbonate .
oo g kB RR S S SES BEh Bpactive
hydr } 3 i um _
cgled YAGR £ HyRRaR SnoRiide, THIORFBENCAR0N B i,
nﬁgg%;éggmoéwg{(gz% ;IGWEr lalddtial relsh%ﬂ (ngtma, estitl_c; . eztgyll ester, etc.).
c bases include linear tri ower
Talekgisabiingseactive deyivativeds thenssithiestecthéo condensation
reac iRl e Ao o abEFeb el ESbh ARV RS
| ' I Q] - 5
SO B 0% Bl Seqmenger. e e,
tert Wd}ﬁﬁﬂd&@%ﬁ&&h&h@&!dﬁb@ﬁhﬁi (1B) is converted into an acid

N, N-di ethylaniline, etc.), pyridine, |utidine,
h=dide isi prefermed. fordbeorgisent condenpatianigacyon.

Che  TBeR eePaciRs fomivad s e i Taff, AP Heli@htne
y % i0f RIFBE '?afcc@ﬁ?‘%éfﬁ By Sfdile@8isth cSERYSH WnetBYlformamide
SAFURH L8N DE SCTERt SRy eseht Teactron I's genetal |y

drahlel [gide Out at a tenperature of - 20C to the reflux
tenperature of the solvent; however, a |ower 5 )
t enpdutthesmone, e the kbovednappioost candensgtion reaction, the

necessary. The reactjon ti | S, generally between 30
rﬁﬁﬁU?Esca&hgeg‘&-CHHﬁF‘%‘i Oﬁ@\ﬁﬁgg’?‘?{% BX@é%ﬁngo " shorter

. ' ] ed appropriately, if
chgrgegcé g%}ﬁﬁ@@g&é;ﬁﬁfgégﬁ{tg.sol vent is used in the
conderis@hitN sé 2eaidernthaalie usedawhenneeedesbinenteshiorh

does not disturb the reaction can be ) .

example, inorganic or organic bases. Examples of inorganic bases
include alkali metal carbonates (sodium carbonate, potassium
carbonate, cesium carbonate, etc.), alkali metal hydrogen carbonates
(sodium hydrogen carbonate, potassium hydrogen carbonate, etc.) and
alkali metal hydroxides (sodium hydroxide, potassium hydroxide,
lithium hydroxide, etc.). Examples of organic bases include linear tri-
lower alkylamines (triethylamine, tributylamine, diisopropylethylamine,
etc.), cyclic tertiary-amines (1,4-diazabicyclo[2.2.2]octane, 1,5-
diazabicyclo[4.3.0]non-5-ene, 1,8-diazabicyclo[5.4.0Jundec-7-ene, etc.),
aromatic tertiary amines (N,N-dimethylaniline, N,N-diethylaniline, etc.),
pyridine, lutidine, collidine, etc. Above all, triethylamine,

diisopropylethylamine and pyridine are preferred for the present
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10 used, for exanple, hal ogenated sol vents

(chl orof orm dichl oronet hane, dichl oroethane, etc.),
aromati ¢ hydrocarbons (benzene, tol uene, xylene,
etc.), ethers (diethyl ether, diisopropyl ether,
tetrahydrof uran, dioxane, 422-dinethoxyethane, etc.),
esters (ethyl acetate, etc.), amdes (N N

di met hyl f ormam de, N, N-di net hyl acet am de,

réactiol. "BidY bickd Seabéhgagly ﬁ“ﬁ{‘ €he ?résént PéddtidrESsaid acid

(acetonitrile, etc.), dinet sul T oxi de, pyridine,

s@averiget irdapeservatsra salventhe i ke. A nixed sol vent
conprising two or nore of these solvents is also
avai ThpInsesgnbreacten ipporerally caniried oxdpdtan tgraperature of -

oAbl SeF s e SE Rl e
BT B LR gt hosTs Rec iy O e Ao
tibhNiglgemély betvweartd80 mynuitésnend @dhaursxkdwsoen entonger
thereof are especially preferred. PROCESS 2: Anong the
or shpsiendeactipn dopernds stlectedrappropriately,dhnegessary.
ENRCET Nt R T o
SLESBEEY 130 oq eI U kol con be
uled 1fo¥\ éxdrhpdd, Ralogbh&edsdlveAtd (Chldrofrid,-dichloromethane,
dichloroethane, etc.), aromatic hydrocarbons (benzene, toluene, xylene,
etc.), ethers (diethyl ether, diisopropyl ether, tetrahydrofuran, dioxane,
1,2-dimethoxyethane, etc.), esters (ethyl acetate, etc.), amides (N,N-
dimethylformamide, N,N-dimethylacetamide, 1,3-dimethyl-2-
imidazolidinone, etc.), nitriles (acetonitrile, etc.), dimethyl sulfoxide,
pyridine, 2,6-lutidine, water, and the like. A mixed solvent comprising
two or more of these solvents is also available. Among the solvents,
dichloromethane, chloroform, toluene, xylene, tetrahydrofuran, dioxane,
N,N-dimethylformamide, N,N-dimethylacetamide, 1,3-dimethyl-2-
imidazolidinone and pyridine are preferred, and dichloromethane,
chloroform, N,N-dimethylformamide, pyridine, and a mixed solvent
thereof are especially preferred.
PROCESS 2: Among the compounds (I}, compounds wherein Y is
cycloalkyl substituted by -N(GJR?, -NHRS and -N(R5)CH2RS, i.e., the
compounds (I-a), (I-b) and (I-c), respectively, can be prepared in the

following manner.
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H RGCHO OyNNR4 5 A YL NR 'CH2Rs (l-c) wherein Y' is
cycl oal kyl ene, R5 is hydrogen, alkyl, acyl,

al koxycarbonyl or an unsaturated heterocyclic group,
R6 is an optionally substituted alkyl or an
unsaturated heterocyclic gr8dp, Gis an

am no-protecting 5 group such as tert-butoxycarbonyl,
benzyl oxycar bonyl, etc., and the other synbols are
the sane as defined above. The conpound (1-b) can be
prepared by condensing a conﬁ&ﬂﬁﬁ) (1) with a

compound (Ill-a) to give a corrpo nd (I-a) Ran
renovi ngr¥ he M no- protect,n semr@/

C%TDO\N'L@ )H@QCb%‘ﬁO‘ pa e

tb) to reductlve al k atlon ing an

m the formula. The At i on
bet\/\ﬁw ‘Fe compound (I1) and t he conppun (|-\JSI-a)
can R r| ed out under simlar condiTrghs\to those
descri ﬁg? PROCESS 1. 15 The deprotecti on™"g§
corrpou( (I-a) can be carried out by a nethod

generally used in the field of synthetidleagpanic
chem stry. For inst ance when G of the conmpound (1-a)

is tert-but oxyﬁar bonyl, the said 44 co und ian be

treated wt an\hi e g hydrochlo iC‘

triflu suI
ol vent rof ur an,

an an
et hy ac&t ag\? I chl or onet hane, c@lo oform nmet hanol
et hanol , R 10 ve the corrpounoﬁ'(l‘pz)" Sg The

reduct i ve AL Ial;,lan of conpound (1 Ak) anJBe carried

out by reac T1 H‘e compound (I-b) V\n\fh Q Egg?hyde
(R6CHO) in an apptopriate solvent in the pg ce of

a reduci ng a(gﬁg In the reductive al kyl.ati on, any
reduci ng agent ssthat do not affect bYc"J)

wherein Y! is cycloalkylene, RS is hydrogen, alkyl, acyl, alkoxycarbonyl
or an unsaturated heterocyclic group, Ré is an optionally substituted
alkyl or an unsaturated heterocyclic group, G is an amino-protecting
group such as tert-butoxycarbonyl, benzyloxycarbonyl, etc., and the
other symbols are the same as defined above.

The compound (I-b) can be prepared by condensing a compound
(I) with a compound (III-a) to give a compound (I-a), and removing the
amino-protecting group. Subsequently, the compound (I-c) can be
prepared by subjecting the compound (I-b) to reductive alkylation using
an aldehyde of the formula: RéCHO.

The condensation between the compound (II) and the compound
(Ill-a) can be carried out under similar conditions to those described in
PROCESS 1.

The deprotection of compound (I-a) can be carried out by a
method generally used in the field of synthetic organic chemistry. For

instance, when G of the compound (1-a) is tert-butoxycarbonyl, the said
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the am de bond etc. can be used, and exanpl es thereof
include netal 0 10 reduci ng agents such as sodi um

bor ohydri de, sodiumtriacetoxy borohydride, sodi um
cyano borohydride, etc. In the reductive al kyl ati on,
any inert solvent which doe$4not disturb the reaction
can be used, for exanple, hal ogenated sol vents
(chloroforn1 di chl or onet hane, dichl oroet hane, etc.),

c&tg{] emggﬁtﬂy{r &RJI&& andél %lgqérgjfhbrd%@l@lronc acid,

uran I Oxane, hoxyet hane et c. ),
tﬁﬂhé?@a&éﬁ&h&dﬁ?ﬁéﬁﬂeﬁﬁ%xﬁe achd,Netdi)rint auy lappeopRiade,

1, 3- dlrrethyl-ﬁ|mdazolld|none etc. riles
sobeat ¢dioxanies tetaraby)iromramtetbyl mﬁct%%éilsbi%m(%%ﬁ%’ﬁe

s B4 45 o NIy B W 0
o2 nEA R né‘éfﬁkmﬁ SR pars et st o

aI I di chl or onet hane,

rgé&{;%%tﬁétdmﬁouhdt (1) yethfa aldehd2 (REQHEOhixpst hane,
net et hanol , propanol, and the like are
ajppebpriate solfes trindinet preseacryal 4 refi¢ingRaf al | v

d out at at t |
{ empdRdhgriedrct ALY A iy SPAREig Agehts TR dEhotaifect
al
thR BRI BB Vtey B nd BSedPan( koo leaa I BObRI 3¢ e
rRAURAE SgeREYSHER aisddingr borohydrislespdiumetriacainxy

time can be sel ected appropriately, if necessary. The
horehgdrides sotliwm cmmal ohpdEgedate ed by catal ytic 30

(pal Vacktseb ey A Aot e SiTEF atigh Mok not

atl num oxi

SRl e tEucnch eph ¢ b “%?2;?%‘3{*"?%‘2’2‘% ?’Eﬁm‘*ﬁz&f% Srpents

%Pi'ld‘r%?&f»rmfﬂ tlfdhldf@@elﬁl@%nd; dtddhﬂ@roﬁ.t?anceatct) @thess (diethyl

itmg duggpg{;gpmtg‘ﬂ@fe Eﬁtgﬁ;ﬁy fcgieé-tﬁ?l@’ d1ec§xha?t{e, ) Iéi?’lqet?{)(%(yethane,
2-dingth t

o maaniesi Rotacradtorpap i ofy dimethylagetamide, 13-

égg{:%ﬁ?iq%ﬂﬂ%zoﬁﬂh%%o Ie't ), r‘x‘i’ﬁﬁlese(a‘éelonﬁﬁl@fétc()?Hh)‘ﬂnatlc

aromati ¢ hydrocarbons (benzene,
holreaEbone (Beazert ctoluenkcryiene, ete}, Halsoholsfmethsnol,

pt opanol
ethanol, propanol etc.), water, and the like. A mixed solvent
comprising two or more of these solvents is also available, when needed.
Above all, dichloromethane, dichloroethane, tetrahydrofuran, 1,2-
dimethoxyethane, methanol, ethanol, propanol, and the like are
preferred.

The reductive alkylation is generally carried out at a temperature
of -10°C to the reflux temperature of the solvent, preferably at a
temperature of under ice-cooling to room temperature. The reaction
time is generally between 30 minutes and 24 hours; however, a longer
or a shorter reaction time can be selected appropriately, if necessary.

The present reaction can also be conducted by catalytic

hydrogenation using hydrogen under a metal catalyst (palladium-
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etc.), water, and the like. A m xed solvent conprising
two or nore of O 10 these solvents is also avail abl e,

i f appropriate. Above all, tetrahydrofuran,

N, N- di et hyl f or mami de, net hanol and et hanol are
preferred. The present reactd®n is generally carried
out at a tenperature of - 10C to the refl ux
tenperature of the solvent, preferably at a 15

c%_ﬁrgff’r?,g fatﬂfrﬁ.uﬁf cAYHIR g&lﬁﬁn‘iﬁﬁ'q#@%tﬁaﬁ@ 'NlEf&gp%rté‘i‘iﬁeplace of

ron tine I's general et mee 30 m’'nutés and
tBd aib@ue&nehamwdrredmdmg@gentszr a shorter reaction
time can be sel ected appropri at el i f necessary.
Furt heithe a:regc@tama,ctm,oa@w irerisoivent whieh doegmef disturb
acid . such a drochlor

tBRAEACHP GBDE LPade FRAFDIE e erﬁ@fﬁéﬁﬁ@?ﬁﬁ‘? fSopropy1
efh &Y/ t@{ﬂa%}drgmgﬁ%gaxaﬁg e1 @gﬂﬂ%ﬂ‘ﬂ%}yéth%et BEc.pr&®fdds

nvéntiron-can al sé be prepale [ ow ng

(lefmmetﬁ?lfbﬁﬁiaﬁﬁld‘é O, R-dixnetHylacédantide, CDY&Mlﬁaﬂet@yNz-
A YA, ,Y (IV (I) wherein R is hydrogen, Cl.4

m%z?hdmoaec atqa;b;@stprs)teébyl agelgiouglc.asgommtinhydrorgrbons
0 d ab b
(Btage dObfei et el AlHaR A URR oL e e rBetanoL
AR %%E-piﬁ REERUOIN R, ARG & ormore of
thase BOlveRIts | |1se dlsy abanabley it dppropnisanendAboi¢ hﬁut

solvent, or by converting the conmpound (V) in
tetnahydsefitiang I‘XNTdmmt hylferanamide, methanol and ethanol are

preferred.
The present reaction is generally carried out at a temperature of -
10°C to the reflux temperature of the solvent, preferably at a
temperature of under ice-cooling to room temperature. The reaction:
time is generally between 30 minutes and 24 hours; however, a longer
or a shorter reaction time can be selected appropriately, if necessary.
Further, an organic acid such as acetic acid, or a mineral acid
such as hydrochloric acid can also be added in order to facilitate the
reductive alkylation.
PROCESS 3: The compound (I) of the present invention can also be

prepared in the following manner.

R? (V)

R3
o_ 0o HN@ o W)
@[/f—‘ @(/ o
AR
Oy Nt 07\/ R*
Ay “y
(IV) (1)

wherein R is hydrogen, Ci.4 alkyl, or a carboxy-protecting group, and
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compound in the presence of tri-lower alkyl alm num
(trimethylal mnum, sodium diethyldihydroalum nate, or
the like in an appropriate solvent, and reacting with
a compound (IV). 6 10 In the reaction, any inert

sol vent which does not dist@b the reaction can be
used, for exanple, hal ogenated solvents (chloroform

di chl or onet hane, dichl oroethane, etc.), aromatic

t{W BE BRI REOASNRfindPhBEVE, XYl ene, etc.), ethers
%I et%;%ﬁgther, di 1 sopropyl ether, tetrahydrofuran,

di ox@ne, cotnBedidyi)eaty beharepared by) subjectiog ¢ Kompeund (IV)
di met hyl formam de, N, N-di net hyl acgt am de,
andza ¢ompaiynd V) trandensatipBF8ackpr: ), hydrocar bons

> 6. R camerisaian reantipr HE U oo (0 i the

vent

cg drsd ﬁ} ﬁﬁ‘ﬁ By céﬁﬁ‘i@d hoas8g TRk O BouAdeeithblit solvent,
[ or o ane, chloroform toluene, xylene and
oh yesn vereingsHRC tainpouT () ingd . c@OeShending elminum amide
reaction can be carried out in i de range of
commmfml u?éhﬁrmﬁﬁgﬂéépféﬁo]qw Mﬁ-ﬁ‘@?‘mﬁ ting, for
exa ,.Jfrom- 10C to t.h Iiql. | ' See i
PR AT, A S AP e o
- n gl r ' ' [

R S e g I oA e ! e
genenalthy feakctiean ahyaintrg SoR4ntiovhich goes aosisisturb the

LTI TG M R R T
iRl SRS TR e AR (bemsenc,
tHchne, xylene, etc.), ethers (diethyl ether, diisopropyl ether,
tetrahydrofuran, dioxane, 1,2-dimethoxyethane, etc.), amides (N,N-
dimethylformamide, N,N-dimethylacetamide, 1,3-dimethyl-2-
imidazolidinone, etc.), hydrocarbons (hexane, etc.), dimethyl sulfoxide,
pyridine, 2,6-lutidine, water, and the like, and a mixed solvent
comprising two or more of these solvents. Above all, dichloromethane,
chloroform, toluene, xylene and hexane are especially preferred.

The present reaction can be carried out in a wide range of
temperature from under cooling to under heating, for example, from -
10°C to the boiling point of the solvent, and especially preferably from a
temperature under ice-cooling to 60°C. The reaction time varies
depending on the solvent used; however, it is generally between 1 and
24 hours, preferably between 2 and 8 hours.

PROCESS 4:
Among the compounds (II}, a compound wherein R* is hydrogen

and Ring:
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(11-a) wherein Ring: 0 10 is N or and the other
synbol s are as defined above, can be prepared in the
foll owing manner. 48 (Vil-a ) 0 Halms OH Rs CN
(M -a) Cyclization (Mll-a) O NH2 (lIl-a) wherein Ha
i s a hal ogen such as chloro4’rono, or the like, and
the other synbols are as defined above. (1) The
O al kyl ation reaction of a conpound (VI-a) can be
carried out 5 in the presence of a base in an
appropriate solvent, if necessary. The base usable in
he Opal kyl ation includes, for exanple, inorganic and
ni 5 bases. Exanples of inorganic base include
xka?/ netal carbonat es (sodi um car bonat e, potassi um
_carbonate, cesium carbonate, etc.), alkali neta
1$ydrogen carbonates (sodi um hydrogen 10 carbonat e,
potgssiun1hydrogen carbopate, etc.), alkali netal

h xi des (sodi um hyBr [ dg) pot assi um hydr oxi de,
%’Bt ' droxi de, etg N, the like. In the
yl on%"a hal iRe S0 i odi de, lithiumi odide,
N

wherein the symbols are as defined above, that is, a compound of the

formula(Il-a):

R3
GrRS
NH, °

(II-a)

wherein Ring:
0]
is
2A
R* R
28 |O or 2B N l 0
R NP R I/ .

and the other symbols are as defined above, can be prepared in the

following manner.
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potassium i odide, lithiumbromde, etc.), preferably,
an iodide ((sodium iodide, |lithiumiodide, potassium
iodide, etc.) is used together with a 15 base.
Exanpl es of organic bases include linear tri-I|ower

al kyl ami nes (triethyl anine4&ributyl am ne,

di i sopropyl ethylamne, etc.), cyclic tertiary-amnes
(1, 4-di azabi cycl o[ 2. 2. 2] oct ane,

1, 5-di azabi cycl o[ 4. 3. 0] - non-5-ene,

1, 8- di azabi cycl o[ 5. 4. (MIk@ec- 7-ene, etc.), aromatic
tertlary 49 am Qes (N_N-di net hyl ani | i ne,

N,N—diethyF@mLLﬂn , olnethylanrnop |d|ne etc.),
pyridine, |utiding, i dine, etc. a base
S ch al kal i gal al koxi des |de
ifum_butoxide _etc }uis Vaﬁ able.
g netal carbonate is especrall@ referred for
t he J%sent reacti on. These bases can aIso serve as a

zs}v in the present reaction. In (t{}ﬁ% )al kyl ati on,
)1 ert solvent which does not distur reaction

can be used, for exanple, ketones (acetone,
nmet hyl et hyI ketone etc.), omati ¢ hydrocarbons

(benzen%e gne, xyl ene { hers 0 10 (di et hyl
et her Ylsopropw e ‘ of uran, di oxane,

1, 2- di net hoxyet hane| i des
(N, N-di net hyl f or mam de, met hyl acet am de,
1, 3-di net hyl - 2-i m dazol i d e, etc.), nitriles
(acetonitrile, etc.), dinethyl sulfoxide, pyridine,
2,6-lutidine, and the |ikeg.Il-8)m xed sol vent
conprising two or nore of these solvents is also 15

ai l.a : t Bhels ordft like, and the
W%QF%‘PH@‘BJ lsﬁﬁg‘%f’géﬂéﬁt&?‘eggt% ?lodrr\llb:jstﬁb genefoal Iy 1clar ried

raéyrﬁbbfé%aydfeﬁn%ﬁ abeger ice-cooling to the
req tenperature of the solvent. The reaction

i1y geThe®aikpletiorerenion nﬂas@rapquad (Nétﬁr)scthPG/éR?éFled out
a longer or a shorter reaction tlme ee{sta?g
upphopreserss of af %?@dé’s%%ﬁppro?éla(tﬁ)s | zatl o
f th
reac“gglg Ol st g%&%rﬁg.a{g{eléjp%é{llﬁhaﬁanﬁEhRfesC%f bﬁﬂmple;

by tr appropriate solvent, if

ﬁ?&g%?ﬁé xand dhufiy Wasea! | Drasdiedef ironghadic base dschidealkali
similar

base to that described in regard 31'3}
etk yhrbonatesosodiumpy edriiansitg, PatassiemoFariqnate, cesium

carbonate, etc.), alkali metal hydrogen carbonates (sodium hydrogen

carbonate, potassium hydrogen carbonate, etc.), alkali metal hydroxides
(sodium hydroxide, potassium hydroxide, lithium hydroxide, etc.), and
the like. In the O-alkylation, a halide (sodium iodide, lithium iodide,
potassium iodide, lithium bromide, etc.), preferably, an iodide ((sodium
jiodide, lithium iodide, potassium iodide, etc.) is used together with a
base.

Examples of organic bases include linear tri-lower alkylamines
(triethylamine, tributylamine, diisopropylethylamine, etc.), cyclic
tertiary-amines (1,4-diazabicyclo[2.2.2]octane, 1,5-diazabicyclo[4.3.0]-

non-5-ene, 1,8-diazabicyclo[5.4.0Jundec-7-€ene, etc.), aromatic tertiary
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metal carbonates, potassiumt-butoxide or cyclic
tertiary-amnes. 25 In cases where a solvent is used

in the cyclization, any inert sol [
_ n, vent whi ch does
di sturb the reaction can be used, for exanple not

ket ones (acetone, nethyl et h#9 ket one [

, , etc.), aromat
hydrocarbons (benzene, toluene, xylene, e%c.), ethg?s
(di ethyl ether, diisopropyl ether, tetrahydrofuran,

di oxane, 1, 2-di met hoxye o1: AN
agﬂg@@rf%?«gmrﬂyian% aTABRie Ry Rufingfiaces (NN 90
-l -2, (ﬁ i m i el . 1 s . .
idine; Btdpza) i dinonetidaie;. dollidirte, idtes Besides,
dﬁ%éﬂ%ﬁ{lr '4%% 690- ) glz@t)hol s (nethanol, ethanol, .
aPbh %@@.ﬁbh 2 Aliahaletal atiubddes (sastiun) methesids, potassium
sulfoxide, pyridine, 2, 6-lutidine d the |i '
Hiteitisdtedris alsopratdable. t 48 :blfcaﬂn%xp oqar?aﬁgggg %s eSpecially
sol vents is also available Abave aldes J58t :
prefersed | feb kb PrEFENHFEH P ud giG pases SReSserdIT4iea
N, N- di ne i . : _ .
et Sl @AM tioh, 3- di met hyl - 2- i mi dazol i di none
%%CQTB}JH;%?? are especially preferred. The present
Lﬁggﬁlhiog}éé @-ﬁfl@%ﬁbhyaﬁyrinbetds«»lumhwkéchéiqﬁ@r nef, distygb the
-cooling to the reflux t
relotiont T:aﬁl’n:e needs fosrexample, fEFORAR (45 b ARGyl ketone,
general |y betwgen 30 m_nut d ULSLan o0
e G R i v
RSN pBEPAOROAI! Kinds, BatesAROMra OO 51 2-
comrpoun I'T), 'a conmpound wherein R4_i
A%AEOUSH e thBReReRY), athidb2(N,Nodime Hpdfammeamide NN-
synbol s "are as defined above, .that is,. a _conpo
thaecthylacatamida,- bﬁrdimethyl-Q—1mi3azol1dinone, gpc.ﬂrlﬁtﬂies
(acetonitrile, etc.), dimethyl sulfoxide, pyridine, 2,6-lutidine, and the
like. A mixed solvent comprising two or more of these solvents is also
available. Above all, ketones and amides are preferred.

The present reaction is generally carried out at a temperature of
under ice-cooling to the reflux temperature of the solvent. The reaction
time is generally between 30 minutes and 24 hours; however, a longer
or a shorter reaction time can be selected appropriately, if necessary.
(2)  The cyclization reaction of the compound (VIII-a) can be carried
out by treating with a base in an appropriate solvent, if necessary.

The cyclization can be carried out using a similar base to that
described in regard to O-alkylation above, preferably, a base of alkali
metal carbonates, potassium t-butoxide or cyclic tertiary-amines.

In cases where a solvent is used in the cyclization, any inert
solvent which does not disturb the reaction can be used, for example,
ketones (acetone, methylethyl ketone, etc.), aromatic hydrocarbons
(benzene, toluene, xylene, etc.), ethers (diethyl ether, diisopropyl ether,
tetrahydrofuran, dioxane, 1,2-dimethoxyethane, etc.), amides (N,N-

dimethylformamide, N,N-dimethylacetamide, 1,3-dimethyl-2-



®

15

20

O NNH2 (11-b) wherein Rng: 0 51 is R2B and the

ot her synbols are as defined above, can be prepared in
the followng manner. 0 HO,~, O Hal CN (VI-b)
Cyclization CNO ( MIl-b ) 5 (lIl-b ) wherein the
synbol s are as defined abov®0 (1) The reaction between
a compound (VI-b) and a conmpound (VII-Db) can be
carried out in the presence of a base in an

; 'y e fhean
Lk s Y S S R R i

efRirid], propanal, @b(ﬁ@ﬂbl,lmbatamlﬂatﬁ:) phiteethiylisulfoxide,
carbonate, cesium carbonate, etc. ), al kali metal

pt'flmgmd,e% - hmidm, laydk thieliket A )mlémd salveq) compriging two or
nagzrgoqij tcf'x \%ﬁxj 5 1@%'&8 )é::(%ﬁ?@f 8%%?% Tﬂt %e&g*%g%,l éfnqaes and
r I t -
a{’{ﬁ?{@éiﬁg bSOl AR N PR et aaice, 1.0 dinethyl )
irﬁﬁd@dﬁdm@nbfﬁrﬁﬁ%@utdnﬁbme eepecﬂaallyobmfmw (di et hyl
et her, diisopropyl ether, tetrahydrofuran, di oxane
1, 2- Gheepresepéraaeidon ds generalipgarzied out at'a temperature of

under ice-cooling to the reflux temperature of the solvent. The reaction

time for the cyclization is generally between 30 minutes and 24 hours;
however, a longer or a shorter reaction time can be selected
appropriately, if necessary.
PROCESS 5:

Among the compounds (1I), a compound wherein R* is hydrogen

and Ring:

o)
QI
is
R2A

2A R
R >~

wherein the symbols are as defined above, that is, a compound of the

formula (II-b):

R
e
NH,
(1-b)

wherein Ring:
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N, N- di met hyl f or mami de, N, N-di nmet hyl acet am de,

1, 3-dinethyl -2 i mdazolidinone, and the |like are
preferred. (VII-b ) 52 (2) The cyclization reaction of
the conpound (VI1I-b) can be carried out under
simlar conditions to thoseSdsed in the cyclization
reaction described in PROCESS 3. PROCESS 6: 5 The
compound (IV) can be prepared in the foll ow ng nanner.

.( Il ) QORHOOGAY r>00-R0O H\N,R4A O/N. R4 (IX)
AY(IV) 000 OHHall,~,UOR R OCN CN wherein the
S ols are as defbped above The und (1V) can be

p edoby subj etk orrpound ’o a compound
RS ondenﬁag ea tion. The ond at| on 10
redbd an be ‘car t under _gimMNar condi'tions
to those described in PROCESS 1.R SS 7: Anong the

i R oo R ARERS WRRLETARS il By BACBAGRT in tRE
following manner.
(VII-b)

0
HO\)LN_@
Hal X ( N‘@
c: i CN 0

(VI-b) (VII-b)

R3
Cyclization o N@
Gwal

(II-b)

wherein the symbols are as defined above.

Y

(1)  The reaction between a compound (VI-b) and a compound (VII-b)
can be carried out in the presence of a base in an appropriate solvent, if
necessary. Examples of the base usable in the present reaction include
alkali metal carbonates (sodium carbonate, potassium carbonate,
cesium carbonate, etc.), alkali metal hydrides (sodium hydride, etc.) and
alkali metal alkoxides (sodium methoxide, potassium tert-butoxide, etc.).
Above all, sodium hydride is particularly preferred. The solvents
include amides (N,N-dimethylformamide, N,N-dimethylacetamide, 1,3-
dimethyl-2-imidazolidinone, etc.)and ethers (diethyl ether, diisopropyl
ether, tetrahydrofuran, dioxane, 1,2-dimethoxyethane, etc.). Above all,
N,N-dimethylformamide, N,N-dimethylacetamide, 1,3-dimethyl-2-

imidazolidinone, and the like are preferred.
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15 (M11- ¢) Cyclization-O- OR NH2 (IX-a) wherein
the synbols are as defined above. 53 The conpound
(I X-a) can be prepared by subjecting a conmpound
(MI-a) and a compound (VII-%) to Galkylation in the
presence of a base, and cy® zing the resulting
conpound VII1-c. The respective reactions for

O al kyl ati on and cyclization can be carried out under

i m o0dbhi ﬂ}‘?l%e ' DhPE&RBeScdrried
(%R(Iigg C%C%%ﬁ{elblgo{r%%gghgcz - (?ﬁ aﬁr}gfggg!r[ eggred in the
oﬁ@ Hrﬁ’ér@nﬁmn@(bndltioﬂs) to-Hh 2 used [in Rheladyclisatiellreaction

R (VII- a) wherein the synbols are as
ddsémbedl inROCESS Bne conpound (VI1-a) can be prepared
E%éﬁ%ﬁét' ng a conpound (X) and a conpound (XI) to a

nal condensation reaction using a condensing

agenty 0 mﬁéoﬁ% VWL&?@ @r%%ﬁﬁuﬂldtﬂé%lld%ﬁg&nanner

reactive riva alide, a m xed
anhydride, a reactive estyqp)etc.), and

O OR  HOOC-A-Y @f}_@ﬂ

ON.
HN\R4 1/ R4
(IX) Y
(IV)

wherein the symbols are as defined above.

The compound (IV) can be prepared by subjecting a compound
(IX) and a compound (III) to condensation reaction. The condensation
reaction can be carried out under similar conditions to those described
in PROCESS 1.

PROCESS 7:
Among the compounds (IX), a compound wherein R* is hydrogen

can be prepared in the following manner.

(VII-¢)
2 O
CN CN
(VI-a) (VII-c¢)
Cyclization O OR
—_ /
o)
NH,
(IX-a)

wherein the symbols are as defined above.



reacting with the conpound (XI). 15 The present
reaction can be carried out under the simlar
conditions to those described in PROCESS 1. The
process wherein a reactive derivative (acid halide)

of conpound (x) is used is |§§rticul arly preferred.
PROCESS 9: 20 The conpound (VII-b) can be prepared in
the following manner. 54 0 _ 0 Hal"AN (VII1- a) AcONa O

HQ) N, R3 ] 1 ifigha on d
acet ypeacrﬁ)gﬁ Bﬁﬁgrd @%n%o‘%? g‘r\: é‘ rgg bg@é(% ibge%l?gggleg Thempoun
(Wﬁjgﬁﬂada c¥hipdund @iy tpr@pskyihtign iedbeiprgsence of a base,

co

ound (VI'l-a) with sodiumacetate in an . .
andpeygiizing éhe gesuhing pomnasth YAH-G4 e ipspective reactions
conventional method.for converting. [ '
fowy B oA BB A SHalLHECan e FREripd Ot gt Sttar
X)), 1 ISpes b(st In the present
5 QQ&%?%g,tggh)\ég%}#?rs t8 rl@%fl\r}églgﬁv\hl c%sd%es not disturb
PBRCREECREon can be used, and ami des
! I met hyl formami de, N, N- di meté]gl_ acet a}rri( de,
1, 3- Allreecomipazrid{ =) loaai hemsepared jn 4he Iplleying manner.
10 The present reactiqQn is generally carried out at a
temperature of 0C_td&%bDC however, a higher or a
| ower terrpera]téN Q be selected appropriately, if
h I &
R3

necessary. T on tine isogeneral ly between 30

Ha Ky —— ¥
R

(X) (VIl-a)

wherein the symbols are as defined above.

10 The compound (VII-a) can be prepared by subjecting a compound
(X) and a compound (XI) to a conventional condensation reaction using
a condensing agent, or by converting the compound (X) into a reactive
derivative (an acid halide, a mixed anhydride, a reactive ester, etc.), and
reacting with the compound (XI).

’ 15 The present reaction can be carried out under the similar

conditions to those described in PROCESS 1. The process wherein a
reactive derivative (acid halide) of compound () is used is particularly

preferred.

PROCESS 9:
20 The compound (VII-b) can be prepared in the following manner.
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m nutes and 24 hours; however, a longer or a shorter
reaction tinme can be selected appropriately, if
necessary. 15 The conpound (VII-b) can be prepared by
treating the conpound (Xl I) with an inorganic base or
the like in a solvent such & al cohol (et hanol ,

et hanol, etc.), water or the like, or with an aIkaI
netal al koxide or an inorganic base in an inert

sol veRt . The inorganic base ugable in the present

@gﬁgﬁ;&!ud@%@N@l i é\g?al car u tes (sodi um 20
t-as-s-l—u-m—ear aI kali et al
hydr oxi Id% odi um hydr oxi de, um hydr oxi de,
l'ithiulR ydroxide, etc.), and aI aI| nmet al car bonat es
are especially preferred. 55 The al kali netal al koxide

usabl egigg .tye present reaction {I[ydes sodium

nmet hox pot assiumtert-butoxide, and the like. In
the present reag{ion, any inert solvent which does not
disturb th re ctlo san be used, for exanple,

al CQJ:LQ.I_S..( @ noI 5 propanol 2- but anol ,

etc.), water, amdl N-dlrrethylforrramde N, N-
dlnethylacetanldeR 1, 3- dlnethyl 2-i ni dazol i di none,
etc.), ethers (dlethyl et her, diisopropyl ether,
tetrahydrofuran ﬁ§2 1, 2- di net hoxyet hane, etc.)
and the liKke. Xe ol vent conprising two or mor e

@Beﬁ A% i%)h&@@il%n@oﬁimmaolsaaheasmmdaabovc
anol and water 40 10 are preferred. PROCESS

Anondrhé eonppond d¥ 1) campe prensrsdun regding A qg;npgund
&/{dr Pty %38@;8& g 121? r ?M%&%l kcg)l?gpm "Jekordance with
aR%%entlonaNmeéﬂo'm é%n\(/er{\irng a Halide into a hydroxyl group,
and subjecting the resulting compound (XII) to solvolysis or hydrolysis.

In the present reaction, any inert solvent which does not disturb
the reaction can be used, and amides (N,N-dimethylformamide, N,N-
dimethylacetamide, 1,3-dimethyl-2-imidazolidinone, etc.) are preferred.

The present reaction is generally carried out at a temperature of
0°C to 100°C; however, a higher or a lower temperature can be selected
appropriately, if necessary. The reaction time is generally between 30
minutes and 24 hours; however, a longer or a shorter reaction time can
be selected appropriately, if necessary.

The compound (VII-b) can be prepared by treating the compound
(XII) with an inorganic base or the like in a solvent such as alcohol
(methanol, ethanol, etc.), water or the like, or with an alkali metal
alkoxide or an inorganic base in an inert solvent. The inorganic base
usable in the present reaction includes alkali metal carbonates (sodium
carbonate, potassium carbonate, etc.), alkali metal hydroxides (sodium
hydroxide, potassium hydroxide, lithium hydroxide, etc.), and alkali

metal carbonates are especially preferred.
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GG (Xill-b) (Xil1-a) 15 wherein Ra is al kyl such as
nmet hyl , and the other synbols are as defined above.
The conpound (XI11-b) can be prepared by converting
the conmpound (XII) into a conmpound (Xl I1) through
Curtius Rearrangenent reactd®n, wherein the conpound
(XI'l) is treated with an azide conpound 20 in an
appropriate solvent in the presence of a base and, if

o condyt ikl metal SR RABIE in SHE reseit AehcHdiriludes
s @l #etRexidie sorEBskag teM-blitdride Fuadpitesliké. t he

base usable in the Curtius Rearrangenent 56 reaction
i ncl dneherpretsent asaokondanyoperpsolvenhywhich ioesanet diggurb

tki@:érephaﬁégf}m?‘: iéi%écﬂ%ﬁ? e”f fzeakaiols kDegaeaoluiihgnol
tihpBPRECH HRIAREL PO /el AFR0EE I im A RORRMmide, N.N-

&H&&h?%e‘@&ﬁﬁ&@ ; 1adifeehi-Bamiflagoldirtthe; ®rpuethers
usable in the Curtius Rearrangenent reaction includes

(dimthyhettwneliistppapyl e titess pHoahydrofusanadipxars, 1, Re.

e POTHtRARC raladt ABA (ol Rere At BBEN SONShumprising two or
b i

LG RS LS P o 4 gt g v

slechiedégelinane, ethyl acetate, acetonitrile,

tert-butyl alcohol, and the |Iike. Wen tert-butyl
PROGESS il¥:used as a sol vent, the al cohol treatnent

bel ow i s not necessari equi red and the.conpound
(X | |AWPD&W%6°%LHP4%GE%%I’;@ EPPRYIG fherein s

}%‘Z(g%%g%%%%eﬁ%%ﬁgn%@eg%ﬁgﬁﬁgﬁ %%H#?'ed out at a

tenperature of -20C to 150C, however, a higher gqr a

| ower tenmperature can be selected, if negessary. The
rRa@Q6m AT e C90Hhe ~cortve RePO&STAMNTNELdt i on
is generally between 30 m nutes and 10 hours;
however()ml)onger or ( XIII)

H H
— RaOOC—A—YLN\G - . HOOC—A—Y1—N\G

( XIIL-b ) ( XIIl-a )

wherein Ra is alkyl such as methyl, and the other symbols are as
defined above.

The compound (XIII-b) can be prepared by converting the
compound (XII) into a compound (XIII) through Curtius Rearrangement
reaction, wherein the compound (XII) is treated with an azide compound
in an appropriate solvent in the presence of a base and, if necessary, an
activating agent, and treating with an alcohol. The compound (XIII-a)
can be prepared by hydrolyzing the compound (XIII-b}.

Examples of the base usable in the Curtius Rearrangement
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1020 shorter reaction time can be selected, if
necessary. Exanples of alcohol usable in the
preparation of the conmpound (XIII-b) include straight
chain or branched chain Cl-4 alcohols that may have
phenyl, specifically, metha®§, ethanol, tert-butyl

al cohol, benzyl alcohol, and the Iike. 25 The

reacti Ion for obtaining the compound (XII1-b) is

. f 0 t : ’

G e B e e gher
or  aTHRWRHiTAIRE bttt @ sable he tielCarttbrs Rearrangasseat y.
The reaction time for obtaining the conpound (Xl11-Db)
reacjengwilenyneadedeinsbede s mathil cBLlorggarbanaisy eghyl

however, a | onger or hor t 57.react.l I
cBapESPEORBH ORPPEBYS POz beBlL RS iiSFelabotfate,
ckg’arﬁ’y%gﬁo{)&ga&b' Bhtg,%@%Reqmeerted into the conpound

R - Y% SUBJ ect’ing the conmpound (XXX-b) to a known

r eactinafide durapelye asgblecnaileyCustitis Reatrangesiantof

synthetic organic 5 chem stry. PROCESS 11.
&tantionrimbhchil\tlz_ld:T Eo?mmidendmﬁqrwﬁph%plaﬁnéﬁ%&? gpguﬁ}e like.
it can be a ated or N l. at ed

I n ¢ Hexmples B I pANGEE Lhai dh B e rEr R e pEent
co n ' nki

SRR oL oy siloft Mool panmspien ok,
OBk kiR dimethyl éiterd diheslyyifdrenamidegehlaroform,

c.hem stry. Wen a conmpound of the present. inv n{i on
dtmhétaromhanﬁyetl’gﬂ@qﬂtat% acatonikeilc SEEF PRXRIGPROL alid the
am dated b th ' i i
e Bea e oiEyt ShnBAt I b i S o g SR eatment

DBl B8t BRSSP o conor

. ding carboxylic acid, alcohol
éﬁﬁbiﬁ@ﬁrtﬁﬂgfth@yﬁ hhihdr sbowsd-menrtiomeetli ttdadment. a et hod
nown in the field of synthetic organic chem str

Wen ‘Ehe (Bpdimel RefarraogpreBsREar VB e BSRCRALY SaFHPd gt at a
g%ﬁ%rg%/zlyég%rqﬁ _&%a&utroai £ QL &5 figHU a1bwERN De
temperature can be selected, if necessary.

The reaction time for the Curtius Rearrangement reaction is
generally between 30 minutes and 10 hours; however, a longer or
shorter reaction time can be selected, if necessary.

Examples of alcohol usable in the preparation of the compound
(XI1I-b) include straight chain or branched chain Ci.4 alcohols that may
have phenyl, specifically, methanol, ethanol, tert-butyl alcohol, benzyl
alcohol, and the like.

The reaction for obtaining the compound (XIII-b) is generally
carried out at a temperature of -20°C to the reflux temperature of the
solvent; however, a higher or a lower temperature can be selected, if
necessary.

The reaction time for obtaining the compound (XIII-b) is generally

between 30 minutes and 24 hours; however, a longer or a shorter
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20 correspondi ng aryl, unsaturated heterocyclic group,
optionally substituted am no and al koxy by a net hod
known in the field of organic synthetic chenistry
such as coupling reaction using palladiumor nicke
catal yst. When the af or emenPoned coupling reaction is
carried out under carbon nonoxi de atnosphere, it can
be converted into 25 correspondi ng al koxycarbonyl or
¥ | Haraly) if nedessaspul ting
r%%?%%%@?%@t%%%&%%?gﬁ%m Iifeg)% t hus pr gﬁﬁced can
be | yakakediting compbund (Kyild)manchdwoavestad intehe n
the field of synthetic organic chem ch a
coarpostdi(Xilka) bynsukiscting t%mqmpa&dg?%’,é@n@ %ﬁ‘é‘own
like. 30 Th resent conpoun lex ; ;
repcoRdeL Py aEP oIS et 884} 4ug ield of synthetic organic
C@% ikk t inhibitory effect on activated bl ood
guldtion factor X, and hence is useful in the

AREY®YES on: and treatment of various disorders caused
by thronbi and enboli in a nmama

monk éfhenabbompaitd of she papgqnmﬁ}vggit%&hgjéqﬁg giino group,
S Sfafl o B ooy Db Fh B Robcki % st of

ngl na

i i 541570 it giphiad ofrthermtasent
%Zﬁ‘bg#lgforgéﬁggpflg}rﬁlgwénsi elr?fa icgc h%?n’ic attac klm(dTI A
ih%ﬂ%i@h%&@ hftiﬁ:@a@ﬁ@yll gx;oupdbs agmscll;ﬁz Brewp, it camh be N-
cerebrovascul ar spasm after_syparachnoid henorrha .
alioytatonn 6 ame thiod Kagti #0488 H5J0 Sb BASRSHE AT By C ehemistry.

WhsanRacamoopRd A b S eioR Hhe ek bba fickip, it can

I :dd bRt te8 byPH BNy kaehal irsthe field wbsgnyhetic
6%555@3%%8?%%%’9&?8@%0@_ cl ass syndrone, kidney
gigaas hentiseliet Wherenatordperaseof dter present invention has an
S steoririazm ASRIdE, if 4 HeneNBET ) RCOTSESPphiing carboxylic
o b A eBie PRl RURIR SRR SR B method
LAY A5 5H dold 87QYheALAD ok Ak cliétnagtbggenesi s af ter
}(E‘SI antation of a gynt hetic vascul ar prosthesis or 1
repl avehenta edmpautnd of thet phesant inxensiosy hasienhalogen on ary
intermttent claudication, throrrbOﬂeneS| S Eer%ﬂ%lto

I"on

oeauTsaturatedahetaropy el SEP YR ultdiathRC LTS

%%%pes%%nding aryl, unsaturated heterocyclic group, optionally

substituted amino and alkoxy by a method known in the field of organic
synthetic chemistry such as coupling reaction using palladium or nickel
catalyst. When the aforementioned coupling reaction is carried out
under carbon monoxide atmosphere, it can be converted into
corresponding alkoxycarbony! or an optionally substituted carbamoyl.

The resulting compounds of the present invention thus produced
can be isolated and purified by a procedure well known in the field of
synthetic organic chemistry such as recrystallization, column
chromatography, and the like.

The present compound (I) or a pharmaceutically acceptable salt
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20 percutaneous translum nal coronary angi opl asty
(PTCA) or percutaneous translum nal coronary
recanal i zati on (PTCR), systemc inflammatory response
syndrone (SIRS), multiple o%%?n dysfunction syndrone
(MODS), thronbogenesis in e acor poreal circulation,
bl ood coagulation in case of blood draw ng, diabetic
circulatory disturbance, 25 graft rejection, organ
tI?éI%B? ?Jltaﬂs% RREelERY RUENRRry effett Bat activdteddsised doagulation
ransplantation, etc. The present conmpound is )
fadtor oG teaid hedcers tiseful in thopseesntéon emd trealiment efyvarious
ef fect on activated bl ood coa u{_ati on factor, X h
d&uﬂeaseausc@bytthmmbhanéaqmgg iiBf Hyoreek (E4- human,

bl eedi nqg, .etc.) that.are en. . hn exi.stings
Rk Gb g o8 etrRid Hfor3En Bulls pidifng Ty el Big, etc),
v@“@h@%ﬁfﬂdér%aﬁﬂdu&é,cﬁ?té@kﬁ?ﬁé|s¥ab1Uhﬁ’igiﬁh_ pédtobie, unstable
ormutated into a pharmaceutical conposition
G4 ipecheris, ¢drebenkthiiorabbsisetérmtmal énfarotian, serahral
conpound (1) and a_ pharnmaceutically_ acceptable
emabolism, transient ischesnighaitagk éﬁiﬁ)c&{quﬁr@@%%fébfam%c‘ﬂaf
arriers .include,dil uent I.pde )
§%%§ep’suclé asaqqrﬁgro%aﬁ%}l?{ SB? glglaégcﬁf %}l%araéﬂﬁlﬂﬂl héi{Brrhage,
iBOL YR ORE AN lebdeR@lrse@Xisy RBbfdtidry(£rtgry thit@abogenesis,
sucrose, corn starch, potassi um phosphate, sorbit,
@ngeistied chronbr heant failureg myonegdialiinfaration, ad@itet al c,
pol'yet hyl ene gl ycol, silica) disinteqrants (e.

myoeaxsdisl infergtiondPHENONAGY ?’i@@ﬁ?&i"{le Py

mtaay rinblisen
| auryl sulfat nd_the Lj h Ve
i bhe Wb S, bbbl RSP el el scase
ﬁﬂﬁetﬁ@ Férﬁif disedseciebib ?ﬁéﬁ%@dl&{d}iﬂﬁti_@! IgA nephropathy,
(paren erall'y, and " be used as an appropriate _ )
#eq| FBERHbbgehesisepithadthenosdrroms epexiphgnal arterial occlusion,
appropriate preparation for oral adm ni at ration bosi
pexiphaeal seniodl s| 6CEINSHBHEFECT(S AI5EaBE, AgFR, YT thrombosis,
apsul.es, powders. etc. ' , i i

T N e e SR s S
HﬁPdetﬁfi@h SORisHhsheat vaRchRE prbtEesisas teplicement of
I'nfections or reparation for continuous infusion ,
arteficinbticast valvei it jolin g dneermertdngr clauﬁ]p@%tﬁcpx@n'ghrombogenesm
ggé_sll,eglgg uIS(i:gll’l asf‘gj}elrI Ql%o%rci?ggl% fon %c%%%%?ugt%rlf S as
percutaneous transluminal coronary angioplasty (PTCA) or
percutaneous transluminal coronary recanalization (PTCR), systemic
inflammatory response syndrome (SIRS), multiple organ dysfunction
syndrome (MODS), thrombogenesis in extracorporeal circulation, blood
coagulation in case of blood drawing, diabetic circulatory disturbance,
graft rejection, organ protection and improvement of function in case of
transplantation, etc.

The present compound is characterized in that it shows excellent
inhibitory effect on activated blood coagulation factor X, decreased
toxicity, and causes few side effects (bleeding, etc.) that are seen in the

existing anticoagulants.
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pharmaceutical |y acceptable salt thereof of the
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the disease, it is usually in the range of about 25
0.1 to 50 ng/kg/day, preferably about 0.1 to 30

."F’f 00 FKAERE, 1890 RS SRarh YR dderhable sal

PéB?'c%i b& ‘férrﬁﬁpé:ﬂea id@b dbphapmsiceutidat cotmpdsitivned
ereto. 30 Exanpl e

cU?{@gglﬂiﬁ)? mgy{:allp;b#;c;@lw yﬁfe%t@qq VN 40f @%sz@rrwmﬂ {jand a
pharmagperiltpcal g'a ﬁer ggfr/lq: he}rgi]c}q_ o’}‘p W%c%ueglly
ag:?p-é-{a?rg% c%?\rél%ré) Xrg&(lrcfe ﬂgéﬂﬁé‘t}ihh@i&ctééé?)@@ﬁﬁagh%ﬂrhblc,

al ne ference
%%ﬂéﬁﬁé vV&SHbif) ti'élg&fﬁﬂttp iy vigke 1 z0liGone), ,exmpienhse (e g.,
xture is Stirred roomtenperature for 6 hour

1dbtosey sacrosrr;d cmghmtamh; potamsiwmt paesphate Sorpiy ghicine),
ressur

Beaianc o neneabihavirese MRS i e,
RireRinE B8 Poliie s IRl gBY it l e sbdium

1??1‘59 nggtel)?xgﬁalthezlﬂkéo under ice-cooling. Pyridine

i s added dropwi se thereto, and the reaction

s 8' uthTm com_lpmm;ia {) tof thepresenbirvantion g @ pharmagepisically
(0]
@@qqntag{sgs&&a ggtg{pfpfgcgg}cbh]%r&rﬁ%g{erea orallg)rocy:r ﬁgrenterally, and

be used as an appropriate pharmaceutical preparation. Examples of an
appropriate preparation for oral administration include solid
preparations (tablets, granules, capsules, powders, etc.), solutions,
suspensions and emulsions. Examples of an appropriate preparation
for parenteral administration include suppository, injections or
preparation for continuous infusion prepared using distilled water for
injection, physiological saline or aqueous glucose solution, etc., or
inhalant.

The dose of the compound (I) or a pharmaceutically acceptable
salt thereof of the present invention may vary depending on the
administration routes, and the age, weight and condition of the patient,
or the kind or severity of the disease, it is usually in the range of about
0.1 to 50 mg/kg/day, preferably about 0.1 to 30 mg/kg/day.
EXAMPLES

The present invention will be illustrated in detail by Examples
and Reference Examples, but should not be construed to be limited
thereto.

Example 1: N—(S-Chloropyridin-2—yl)—3—({[trans-4-(2—oxo-pyrrolidin- 1-
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hydr ogen carbonate sol uti on under ice-cooling, and the
mxture is extracted with chloroform The organic

| ayer is washed successively 15 with water and
saturated brine, dried over sodiumsulfate, and the
sol vent is evaporated under 8@duced pressure. The
resulting residue is purified by NHsilica gel colum
chr omat ogr aphy (el uent: ethyl acet at e/ net hanol =10/ 1,

RS RIS AL IS A e oecktimactue

precipitates are 20 col |l ect edey I tratl on and dried

to give the title co (3 29) 4 @Gpc-Ms M Z:
482/ 484 MtH] The tit{le S further treated
wi t h met hanesul foni c &bl b@nzenesulfonl c acid,

sul furic acid and hydr Nh|| c acid in a conventional
manner to give the cor pondlng salts of the title 5
O NNO O--Z~/ 10 NH

Tr ans- 4- ( 3- oxonor phol i n- ) cycl ohexanecar boxyl i c
acid (118 ng) obtai ned im{Reference Exanple 4 is

di ssolved in thionyl chlorin P.SIS m ), and the
m xture stirred at roomte@ature for 12 hours. The
reaction solution is concen ted under reduced

0 S SHEs 03 HRGreuE 4fc aeshly@bofic acid 204

@lgﬂdiﬁe&h{qﬁ?éiéfﬁiéwmkaﬁme& i ffssobledl @ bhioyiyl dhieride ¢ 250

oxam de (10 ng) obtained in Reference Exanple 24
tijemd tlee mndturfgm Stiriedi abre@soempenatuzeder ot  oThe
and the reaction solution

FeRESTR ORI i SORFFREate UPABRGERLCed PIeRSUrE. 2R Fhe
SO0 4 3pRAqRRYS Sy RPOEE PSOREOUS BRI cnsion i
sdaéa(iheéinmtﬂbrﬁdn@@fagﬁmo-mﬁQh%@pgrricnne@ -yiluraS;2«
successively with water and saturated brine, dried
byeyridiot-2roarbbkamide (20.0 g) obtained in Reference Example 24
under ice-cooling. Pyridine (56 ml) is added dropwise thereto, and the
reaction solution is warmed to room temperature and stirred for 15
hours. To the reaction solution is poured saturated aqueous sodium
hydrogen carbonate solution under ice-cooling, and the mixture is
extracted with chloroform. The organic layer is washed successively
with water and saturated brine, dried over sodium sulfate, and the
solvent is evaporated under reduced pressure. The resulting residue is
purified by NH-silica gel column chromatography (eluent: ethyl
acetate/methanol=10/1, followed by chloroform). The resulting residue
is suspended in ethyl acetate under warming. The precipitates are
collected by filtration and dried to give the title compound (32.2gj.
APCI-MS M/Z: 482/484[M+H]*.

The title compound is further treated with methanesulfonic acid,
benzenesulfonic acid, sulfuric acid and hydrochloric acid in a

conventional manner to give the corresponding salts of the title



and the solvent is evaporated under reduced pressure.
The resulting 61 conpound. APClI-NM5S M Z: 482/ 484[ MtH] +
Met hanesul f onat e: Di - net hanesul f onat e: APCl - M5 M Z:
482/ 484 M+H] + Benzenesul fonate: APCI-Ms M/ Z: 482 |/
484 [ MtH] + Di - benzenesul fondtk: APCI - M5 M Z:
482/ 484 MtH] + Sul fate: APCl - M5 M Z: 482/ 484] Mi+H] +
Hydrochl ori de: APCI - M5 M Z: 482/ 484 MrH] + Exanpl e 2:
CI\I-n_SS-ChI oropyridin-2-yl)-3-({[trans-4-(3-oxonorpholin-
SIRAYIY | ohexyl ] car bonyl } ani no)
f ur Olvfe drahleRilfodiatte: 2- CANFORMSIN Z:NE2/ 4 ER[N2H):
residue is purified by NHsilica gel colum
c{wrh olrmm@{th?hysmfﬁnatelt:: ARG MDA Zit 482 L B IMaHDY
et hyl_acet at e/ pet hanol =10/ J e ' pd i
sus p@ﬁi&?ﬂeﬁuéfpﬁﬂte:ac et at@@'y{%s}f/%‘tig#}h%wﬁﬂ]l >
precipitate cql.l ect it /Eatql f vg1+t he
5 Do Oehih e iR ARSI S
Exanpdggatd: 78 The correspopdi-MS anj D04 892p8d{Ms Hhd
carboxylic acid conpounds are treated in a sim|lar
gagnggyt_ﬂmc%ﬁ)l@rﬁrbllbe 2 to giARCHMS M HL1 88RnG8doMpsllnds.
i S a . . ' ]
Prapole Ped(5-Chioropyridin-2-v) 3 (1A 13 e Sb1in-4-

yljcyclohexyl|carbonyljamino)furo[3 ,2-b|pyridine-2-carboxamide

0 H—@m
2 5
LI, v

N 0

o N

o
o

Trans-4-(3-oxomorpholin-4-yljcyclohexanecarboxylic acid (118

10

mg) obtained in Reference Example 4 is dissolved in thionyl chloride (3
. ml), and the mixture stirred at room temperature for 12 hours. The

reaction solution is concentrated under reduced pressure, and the

15 residue is dissolved in chloroform (5 ml). To the solution is added 3-
amino—N-(5-chloropyridin—2-yl)furo[3,2—b]pyridine-2—carboxamide (100
mg) obtained in Reference Example 24 under ice-cooling. Pyridine (280
nl) is added thereto, and the reaction solution is warmed to room
temperature and stirred for 12 hours. To the reaction solution is

20 poured saturated aqueous sodium hydrogen carbonate solution, and
the mixture is extracted with chloroform. The organic layer is washed
successively with water and saturated brine, dried over sodium sulfate,

and the solvent is evaporated under reduced pressure. The resulting



H O ON (N 30 NHAPCI-MB M Z: 470 / 472 [M:H + O H
C N NOONHAPCI -MS M Z: 4484 | 486 [MrH + ~0 0 H

OC N NO 50NHAPCI-MS M Z: 442 | 444 MkH + Q N--
H-}- Cl
62

residue is purified by NH-silica gel column chromatography (eluent:
ethyl acetate followed by ethyl acetate /methanol=10/1). The resulting
solid is suspended in ethyl acetate-diethyl ether. The precipitates are
collected by filtration to give the title compound (120 mg).
APCI-MS M/Z: 498 /500[M+H]*
Examples 3-78

The corresponding amino compounds and carboxylic acid
compounds are treated in a similar manner to Example 2 to give the

following compounds.
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0=/ APCI-MS M/Z:
70 /:i 555/557[M+H]*
\(O
Co




ON/ iNNI O 7100---/ NHAPC -MB M Z:
513/515[MtH+ H ON( -G N iNN/ O 720
NHAPCI -MS M Z: 539 / 541 [MrH + H C O N CO O O-NH
APCl - VB M Z: 73 555/557[I\/H—|]846NOO H NONC

Table 18
Physicochemical
Ex. No. Structure Properties
=
X0 N\ / cl
| | / N
/N N/ (o)
o= APCI-MS M/Z:
71 i 513/515[M+H]*
/ —~
H rm—
-0 N—\ / Cl
l | / N
/N N/ 0
NH
©  ow APCI-MS M/Z:

72 Q 539/54 1[M+H]*

~ APCI-MS M/Z:

(]
73 Q 555/557[M+H]*

o]
O H _
\T |\ O N \N / Cl
PV
NH .
o=/ APCL-MS M/Z:
74 "' 553/555[M+H]*




NNO APCI-M5 M/ Z: 740-NH 553/555[ MtH + Q N O 81 i
Tabl e 19 Ex. No. StructurePhysi cochem cal Properties _
NONC / NN OAPCI-M5 MZ: 75NH 541 / 543 [ M+H|
o OH_ NOCQd / ON
81
Table 19
Physicochemical
Ex. No. Structure Properties
0O —
P, N
N o
NH APCI-MS M/Z:
O
75 541/543[M+H]*
O
/a%
o
H =
NS AP Wy
oLy N
N o]
NH APCI-MS M/Z:
76 o=/ 513/515[M+H]*
N—
o —
~N X0 N— ,Cl
oLy N
N O
NH .
O=¢ APCI-MS M/Z:
7 Q 539/541[M+H}*
0
N
o )
Ly N
N 0]
NH
O=/ APCI-MS M/Z:
78 Q 555/557[M+H]*
)
L

0
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76N APCI -M5 M/ Z: O-NH513/515[ Mt+H] + N O
a ON
N 77N O APClI - M5 M Z: ONH539/ 541[I\/H-|—|]Q+OH N~Og
/O 78N APCI-M5 M Z: ONH555/557[MtH+ C N O 82
Exanmple 79: 2 -{[(5- Chloropyridin-2 -yl) am no]
g;l{:lbgﬂgl }lj’_% ({I[ Lr anls- 4- (3- 82onor pholin-4-yl)
Xy car bon am no) f - i di
carboxylic acid & ) furo 1S, 2 -bl pyridine-o-
Example 79: 2_{[(5_Chloropyridin-Q-yl)amino]carbonyl}—3-({[tranS—4 -(3-

oxomorpholin—4-yl)cyclohexyl]carbonyl}amino)furo[B,2-b]pyridine-5-

m e
Q,
o

Methyl 2—{[(5—Chloropyridin-2-yl)amino]carbonyl}-3—({[trans-4-(3-

carboxylic acid

oxomorpholin-4—y1)cyclohexyl]carbonyl}amino)furo[3,2-b]pyridine-5-
carboxylate (9.40 g) obtained in Example 39 is suspended in
tetrahydrofuran (135 ml), and thereto is added 1 N aqueous sodium
hydroxide solution (34 ml) under ice-cooling. The mixture is warmed to
room temperature, and stirred for 3 hours. To the reaction solution is
poured 2N hydrochloric acid (17 ml) under ice-cooling, and the reaction
solution is concentrated under reduced pressure. The residue is
suspended in water and the precipitates are collected by filtration. The
resulting solid is washed with water and diethyl ether to give the title
compound (7.83 g.
ESI-MS M/Z: 540/542[M-H]J-
Examples: 80-84

The corresponding starting compounds are treated in a similar

manner to Example 79 to give the following compounds.



O N

-(~ d
2-{[(

~/ NHONO OO _
5- Chl or opyri di n-2-yl ) am noj
carbonyl }-3-({[trans-4-(3-
cycl ohexyl] carbo nyl}amno) furo [3 ,

~-NHQNO O5 Methyl

oxonor pholin -4 -yl)

2 -b] pyridine

- 5 - carboxylate (9.40 g) 8Btained in Exanple 39 is

suspended in

tetrahydrofuran (135 m),

and thereto i s

added 1 N aqueous sodi um hydroxide solution (34 ni)
under i ce-cooling. The mxture is warnmed to 10 room

T%@Wﬁ@?ature, and stirred for 3 hours. To the reaction
solution is poured 2N hydrochl of iPhyat¢athehdical ) under
Bx®aool i ng, an@tfwduUréacti on sol ut Peopérties
concentrated under reduced pressire—Fhe—residug is
suspended in the rgpipitates are col lject ed
by filtratio ubtiZhg sollid is washed wijth
wat er |angb di o give the title 15 cdnpound
(7.8310). 540/ 542[ M Hl - Exanpl es: |80- 84
The carrespbndiogsStarting conpoumds-RreEM Rated in a
sigg | ar manner tg_Exanple 79 to |ghve gduM-ad)! owi ng
conmpoynds. 83 0O r bl e 20 Ex. 247 dﬁ{ ]

No. St rjuct ur ePhysi taghem cal Properties H /~C | HO N
ol
=
-0 NS, Cl
o My N
N o
0 NH
O=y/ ESI-MS M/Z:
81 Q 510/512[M-HJ
0 o=
|/ N
N 0]
NH
O=/ ESI-MS M/Z:
82 Q 540/542[M-H}
of
o
0 T
HO 20 N—\ / Cl
| N
N 0]
Ot{NH ESI-MS M/Z:
83 524 /526[M-H]-
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N CO 800 0o NH ESI-Ms M Z: 0524/526[MH - Hi C HO
: N
CO 810 Ozzz~/ NHESI-MS M Z: 510/512[MH- O H HO 0 Cl
N 82NHESI-MS M/ Z: 540 / 542 [MH- N OO H HOO N
C NNO ESI-MB MZ 830 NH 524/ 526[ M H]
84

Table 21
Ex. No Structure Physicochemical
- Properties
J\EIN e
N
84 / ESI-MS M/Z:
Q 510/512[M-HJ

Example 85: N—(5—Ch10ropyridin-2—y1)-5-(morpholin-4—y1carbonyl)-3-
({[trans—4-(3—oxomorpholin—4—y1) cyclohexyl]carbonyl}amino)furo[3 ,2-

b]pyridine-2-carboxamide

H —
e L et
(N 7 o

2-{[(5-Chloropyridin—Q-yl)amino]carbonyl}-3—({[trans-4—(3—
oxomorpholin-4-yl) cyclohexyl]carbonyl}arnino)furo[3 ,2-b]pyridine-5-
carboxylic acid (100 mg) obtained in Example 79 is dissolved in N,N-
dimethylformamide (3 ml), and thereto are added successively
morpholine (32 ul), 1-hydroxybenzotriazole (50 mg) and 1-ethyl-3-(3-
dimethylaminopropyljcarbodiimide hydrochloride (71 mg), and the

mixture is stirred at room temperature for 15 hours. The reaction



.10

0 84 i Ex. No. StructurePhysicochem cal P [
ropertie

HOONC NNOONHESI-MS MZ: 8410 / 512p[MH]? ©

510/ 512 M H - Table 21 Table Exanpl e 85:

gl—(s Chl oropyri di n-2-yl)-5-(norpholin-4-yl carbonyl) - 3-
85

({[trans-4-(3-oxonorpholin-4-

( r pt yl ) cycl ohexyl ] car bonyl

I//n92f~rﬁl[3N2- b] pyri di ne-2 -carboxam de é\l]o H4 tham

NH N
sﬁl—l,l{t%)c(rﬁxslaiﬂut@bwiply ieﬁclnjgl_ %%tagq.ﬁt%?hydrofuran, and the solution
is \%ras eg gucceggvt Eyagﬁt'hfl shtlirated aqueous sodium hydrogen

carbonate solution, water and saturated brine, dried over sodium
sulfate. The solvent is evaporated under reduced pressure and the
resulting residue is suspended in ethyl acetate-diethyl ether. The solid
precipitates are collected by filtration to give the title compound (109
mg).
APCI-MS M/Z: 611/613[M+H]J*

Examples 86-93

| The corresponding starting compounds are treated in a similar

manner to Example 85 to give the following compounds.



oxonor pholin -4 -yl) cyclo h exyl] Garb onyl}am no) fu

ro[ 3,

2 -b ]Jpyridine - 5 - 10 car

boxylic acid (100

ng) obtained in Exanple 79 is dissolved in N N

di met hyl f or mam de

(3 M), and theret

successi vel y norpholine (3286l),
1- hydroxybenzotri azole (50 ng) and 1-ethyl-3-(3-
di met hyl am nopr opyl ) car bodi i m de hydrochloride (71

and t he

ngfe 32 hours.

m xture is stirred at
The reaction 85 sol uti

o are added

roomtenperature
on—j-s—di-H-ut-ed—wt h

et hyl
e e
hydr og

acet ate-tetrahydrofuran, and t
| successi veByrugtiiesat ur at ed a
en __carbonate sal ution,—water

heleyelcadhemidad
queopsop@xtiasm

~ 3 L
anrd attr-atea

o

bri ne,
evapor

give t
starti

Exanp
Tabl e

resi dd
The sd

6186 61

dried over sodi u P T
ated under regsure an
e k%fsuﬁp etdyl acet at
lid~ precilpitateware collecte
he title conpdiid (109 ng). Al

3[ MtH] + Exanpl es—86-93 0 10 T

ng conpounds ar@eat ed in a j§

e 85 to give the | low ng conj

22 Ex. No. 86 87 i@fg Struct uf
o}

he solvent is
d the 5 resulting
- di et hyl et her.
d by filtration f
PAPQUEMS W/ Z:

N6 189 6r1&§ide it ng
simlar  nmanner f
pounds. 40 86 0 O
e H ci

o

o

87

APCI-MS M/Z:
595 /597 [M+H]*

88

APCI-MS M/Z:
595/597[M+H]*

89

APCI-MS M/Z:
597 /599[M+H]*




, ,~O N(\ C1 1 ONI
Physi cochem cal Proper
15[ MtHl + APCI - M5 M Z:

N~\O NH 0 01/ ci ci
ties APCI-M5 MZ: 613/6
595/ 597 [MH + APCI - M5 M Z:

595/ 597[ MrH| + APCl - VB M Z:

597/ 599 [MtH| + 87 0 O

Table 23 Ex. No. 90 91 92 987CI C N4 ~CI N, p/ N
Table 23
Physicochemical
Ex. No. Structure Properties
X0 N/ cl
Ay N
N @]
lo) NH .
O=/ APCI-MS M/Z:
20 Q 579 /58 1[M+H]*
.
=
o] N cl
oYy P \—7
K/N N/ o
o) NH .
O=/ APCI-MS M/Z:
o1 Q 581/583|M+H]*
O ———
O\) N/ o
o=/"" APCI-MS M/Z:
92 : 505 /597[M+H]*
0
o=
-0 N—\ y Cl
(\N \ Y N
O\) N/ 0
o=/ APCI-MS M/Z:
93 Q 581/583[M+H]*
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NH Structure ON<\ i)-CI " r No N~ NH

Physi cochem cal Properties APCI-I\/IS)MZ: 579/58 1
[ MtH + APCI-M5S MZ: 58 1/ 583 [M+H + APCI - M5 M Z:
595/ 597 MtH| + APCI-M5 M Z: 58 1 / 583 [ M+tH] + 88 .

Exanpl e 94: t-Butyl [2 - ohi [ M

({[trans- 4- (3 oxormrphol in-4-yl)c
rpt ycl ohexyl ] car bonyl } am
ino)furo[ 3,2 ridin-5 -
EgarEl 94N teBuftfy Nﬁiizlcpqquopgflgj]diﬁ-aﬁ-?rﬁ%ﬁlo%aﬁo(ﬁ}}ﬂ-éa
({[trans—4-(3-oxomorpholin-4-y1) cyclohexyl]carbonyl}amino)furo[3 ,2-
blpyridin-5-yljcarbamate

S Pevsate

O~ NH
2
o
2-{[(5—Chloropyridin—Z-yl)amino]carbonyl}-3-({[trans—4—(3-
oxomorpholin-4-yl) cyclohexyl]carbonyl}amino) furo|3,2-b]pyridine-5-
carboxylic acid (6.80 g) obtained in Example 79 is suspended in t-
butanol (300 ml). To the suspension are added triethylamine (3.48 ml)
and diphenylphosphoryl azide (5.39 ml) at room temperature, and the
mixture is stirred at 100°C for 15 hours. The reaction solution is
concentrated under reduced pressure. The residue is diluted with
chloroform, and washed with water and saturated brine. The organic
layer is dried over sodium sulfate, and the solvent is evaporated under
reduced pressure. The resulting residue is purified by silica gel column
chromatography (eluent: chloroform /methanol=100/1 followed by 20/ 1)
to give the title compound (5.64 g).
APCI-MS M/Z: 613/615[M+H]*
Examples 95-99

The corresponding starting compounds are treated in a similar

manner to Example 94 to give the following compounds.



5 2-{[(5-Chl oropyridin-2-yl)am no] carbonyl}-3-({[tran
s-4- (3 oxonorpholin-4-yl) cycl ohexyl] carbonyl}am no)
furo [3, 2 -b] pyridine- 5 - carboxylic acid (6.80 Q)
obtained in Exanple 79 is suspended in t- butanol (300
m). To the suspension are 8®ded triethylam ne (3.48

m ) and di phenyl phosphoryl azide (5.39 nl) at room
tenperature, and- the 10 m xture is stirred at 100C
for 15 hours. The reaction solution is concentrated
TehtfeR4r educed pressure. The residue js dil “L%d_w—{—h_rl

chtorgform and washed with water andp:f@swmmmm e.
shenerjgani ¢ | ayeBtiucttirtEed over sod| um Prigaties and
the sqlvent is evaporated under reducedpressure—ihe

resultiing residue is purlh_@@'%I ca gel colum
chr omat ogr aphy ( oY of ret hanol = 100
15to div he ti d"(5.64 ./ 1 foll owed |by
20 / 1) Mbi 6% / 15[ MrH] + E>an‘pl es 95-99 The

correspondl ng artq)ﬂ:g onpounds ar e | zpegt s My 2

siggl ar 20manner to Exanple 94 to gi Vggtye o M..q.\;\]Hng
compounds. 89 0 0 Tah 4 EX. No. Strulg?urg{

Physi cpchem cal Prope es 0 \lI ~ N

—
o M ° \—7 cl
P
Shotye=(
0=/ APCI-MS M/Z:
Q96 Q 583/585[M+H]+
H ] ?
O.__N o} X,
Yooy y
N =ZNH APCI-MS M / Z:
97 o=,

. 613/615[M+H]*
SN
N

O=/ APCI-MS M/Z:

98 ,\:2 597 /599[M+H]*
O
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j OHNH o~ HAPCI-MS MZ: 95 597 / 599 [MrH + ~.J H
-\ cd 0JC 0 N O~NNOHONHAPCI-I\/ISMI_9 Z: 96

583 / 585 [MtH{+ c| H ~OyNON | | HO N NH
APCI -M5 M Z: 97 613/ 615[MrH + N O
90
Table 25
Ex. No. Structure Phy;;g;(;?gglcal
H —
}/O\[]/N l\ (0] kll \ Cl
N
NH
%9 o:{ APCI-MS M/Z:
Q 583 /585[M+H]*

Example 100: 5-Amino-N—(5-chloropyridin-2-y1)-3-({[trans—4-(3-
oxomorpholin-4-yl)cyclohexyl] carbonyllamino)furo[3,2-b]pyridine-2-

carboxamide hydrochloride

o fH{ra
z \!
LI
H,N" N 0o

NH

O~

@
N
&;ﬁ (HCh)

t-Butyl [2—{[(5-Chloropyridin-2-yl)amino]carbonyl}-S-({[trans—4—(3-
oxomorpholin-4-yl) cyclohexyl]jcarbonyljamino)furo(3,2 -b]pyridin-5-
yl]carbamate (5.55 g) obtained in Example 94 is suspended in methanol
(20 ml), and thereto is added 4N hydrogen chloride-dioxane solution (50
ml) under ice-cooling. The mixture is stirred at room temperature for 8
hours. The reaction solution is concentrated under reduced pressure
and the resulting residue is suspended in diethyl ether. The
precipitates are collected by filtration to give the title compound (4.67 g).
APCI-MS M/Z: 513/515[M+H}*
Example 101: 5-Amino—N—(5—chloropyridin-2—y1)-3—{[(trans-4-pyrrolidin-
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Q~ HHCO ~ull NON 01 ONAPC-M :
597 / 599 [MH + 0 N--~\ ~> O 90 0 Ex. Mz 95

_II\_Io. St Bucot ur ePhysi cochemi cal Properties OYNO NN C /
91

1-ylcyclohexyl)carbonyl] amino}furo[3 ,2-b]pyridine-2-carboxamide

o) ll:l| Cl
72 N\
Qv
HN" N o

t-Butyl (2—{[(5—chloropyridin-2—yl)amino]carbonyl}-s-{[(trans-4-
pyrrolidin-1-ylcyclohexyl) carbonyllamino}furo[3,2-b] pyridin-5-
yljcarbamate (280 mg) obtained in Example 96 is suspended in dioxane
(3 ml). To the suspension is added 4 N hydrogen chloride-dioxane
solution (3 ml). The reaction solution is warmed to room temperature,
and thereto is added methanol (2 ml), followed by stirring for 8 hours.
The reaction solution is concentrated under reduced pressure, and the
resulting residue is suspended in diethyl ether. The precipitates are
collected by filtration to give the title compound (266 mg) as
hydrochloride. The resulting hydrochloride is suspended in chloroform
and thereto is added saturated aqueous sodium hydrogen carbonate
solution. The precipitated solid is collected by filtration to give the title
compound (88 mg).
APCI-MS M/Z: 483 /485[M+H]|*
Examples 102-105

The corresponding starting compounds are treated in a similar

manner to Example 100 or 101 to give the following compounds.



N ONHAPCI - M5 M Z: 99583/ 585[ MtH| + Tabl e 25 Exanpl e
100: 5-Am no-N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-
oxonor phol i n-4-yl ) cycl ohexyl] carbonyl }am no)furo[ 3,
2-b] pyridine-2- 5 carboxam de hydrochloride HO N $
/)-Cl N H2N O~-NH 0 Qo (HCI)92Ot But y|
[ 2-{[ (5-Chl oropyridin-2-yl)am no]
carbonyl }-3-({[trans-4-(3- oxonnrpholin-4-y|)
f' exyl ] car bonyl } am no) furo[ 3, 2-b] pyri di n-5-
banat e ("_) K5 (ﬂ obht.ai d_in I:v:\rmln 94 s
suspended in t hanol 10 (20 Phyamﬂchhﬂneﬂo I s added
ExN drogen cﬂgg?ﬁag I%Qi oxane spl utiropettiés i) under
ee—epotng—Thenxtures styrred ar room
tenperature fg 8§ Be reaction solutipn is
concentr at 4 ( edwced pressure and the fesulting
..=/deg in diethy|l ether. The

resi duei
preC|3|Fé es arengol lected by filtration to g|ve the
title|conpoun@=<{4.67 g). 15 APAPOUMBSIM/Z:

542 515] MrH] + Exanpl e 101: 497/499[M+H]+

5- Ami mo-N-(5-c ppyridin-2-yl)-3-{[(trans-41pyrrolid
in 91
1-yl cycl ohexyl ) camNagay! ] am no}furo[ 3, 2- b] pyri di ne-2-ca
rboxam de Cl H2

o cl
HAN O 2NN
| LI H
NT APCI-MS M/Z:
103 o=. 513/515[M+H]*
O p
4
N
=
| Ay N
N O
NH
O=/ APCI-MS M/Z:
104 497 /499|M+H]*
H,N SG¥e) H \_/ Cl
N o)
NH
O=/ ESI-MS M/Z:
105 ;

Q 483 /485[M+H]*

Example 106: N-(S-Chloropyridin-Q-yl)-5—[(methylsulfonyl)amino]-3-
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O NH v t-Butyl

22-{[(5-chl oropyri di n-2-yl)am no] carbonyl }-3-{[ (trans-
pyrrolidin-1-yl cycl ohexyl )car bonyl ] am no} f uro[ 3, 2- b] py
ridin-5- 5 yl)carbamate (2883ny) obtained in Exanpl e
96 is suspended in dioxane (3 m). To the suspension
is added 4 N hydrogen chl ori de-di oxane solution (3

o bR ALY B Rt o) ol o-
b]fspg':r ANED Y rBbkamid@ for 8 hours. The reaction

utiron is concentrated under reduced pressure, and

the 10 resulting residue |s susige i.n diethyl
et her. The prempU@je Oc t Cbyfiltration
to give the title & as hydrochl ori de.

The resulting hydroc orﬁJ de \i guspended in chloroform
and thereto i s added sat ul:bat % aqueous sodi um hydrogen
carbonate solution. The prgcipitated solid is

col l ected byfiltratlonto e the title 15 conpound
(88 ng). APCI-M5 M Z: 483/ 485 |\/H—|]+ Exanpl es 102- 105
The corresponding starting c nds are treated in a
simlar manner to Exanple 100 101to glvethe

foll ow ng conpounds. 92 Tabl

Physi cochem cal Properties APCI I\/IS MZ

497/ égﬁhNﬁbﬂN-(%P&llbk'@j)ﬂiain-}yl)—3-{[(trans-4—pyrrolidin- 1-
ylcyclohexyl)carbonyl]amino}furo[3,2-b]pyridine-2—carboxamide (110 mg)

[* 102 103

obtained in Example 101 is dissolved in pyridine (3 ml), and thereto is
added methanesulfonyl chloride (46 1l) under ice-cooling. The mixture
is stirred at room temperature for 3 hours. To the reaction solution is
added saturated aqueous sodium hydrogen carbonate solution, and the
mixture is extracted with chloroform. The organic layer is dried over
sodium sulfate and the solvent is evaporated under reduced pressure.
The resulting residue is purified by silica gel column chromatography
(eluent: chloroform foliowed by chloroform /methanol = 20/1). The
resulting solid is suspended in diethyl ether, and collected by filtration
to give the title compound (76 mg).
APCI-MS M/Z: 591/593[M+H]*
Examples 107-114

The corresponding starting compounds are treated in a similar

manner to Example 106 to give the following compounds.



513/ 515[M+H + CI 0 104 CI 105 Structure APClI-NM5 M Z:
497/ 499 MWH] + ESI - M5 M Z: 483/ 485[ M+H| + Exanpl e 106:
N (5- Chloropyridin- 2 -yl) -5-

[ (et hyl sul fonyl )am no] -3 93

({[trans-4-(3-oxonor phol i n- 84yl ) cycl ohexyl ] car bonyl } am
ino)furo[3,2- b] pyridine- 2 -carboxamde Cl to

5- Ami no- N- (5-chl oropyridin-2-yl)-3-{[(trans-4-pyrrolid

in- 1 5
Tgbley2¥ ohexyl ) car bonyl ] ami no} f ur o[ 3. 2- bl pyri di ne-2-carb

oxam ¢le (110 ng) obtained in Exarrphgsmhemldalsml ved
Ban No.i di ne (3 rbtyucBiRe thereto is apifsbrties

met hanesul f onyl chlori de{46—pi)—Hnder—+ce—cooting.
The mxture is st{)rre@ of tenperature for 3
hours. he r eac u lon i § added saturafted

aqueouys car bonat e| sol uti on, and the 10
m xt urje is %xtr ct W|th chl orof orm The organi ¢

llayer lis dried axef sodiumsulfatg qwgqq/ | vent is
e orlat ed under ré&duced pressure, P?% E?Lng
rgg?due is purifi€d By silica gel ég sﬁaﬁﬁg ]
chromdt ography (ekugént: chl orof ot m fol |l owed by
chloraf orm? nmet hanol = ,20/ 1). The¢ resulting sollid is
suspended i n di ethyk et\her, and col |l ected by
filtration 15 to gKM@ the title conmpound (76 ng).
/

ARCl - NS M-/ 275914593 ['“' H+—t&xanptes—107-1t14 The
correspondi ng starty ng gdp are treated in a
R RN
simlar Pl N

N Y/,

IS\ i~ O

o N N

H NH
O~/ APCI-MS M/Z:

108 /:g 575/577[M+H]*
o

0=/ APCI-MS M/Z:

109 /:i 539/54 1[M+H]*
o

O~/ APCI-MS M/Z:

110 Q 525/527[M+H]*




manner to Exanple 106 to give the foll ow ng conpounds.
94 0 Is Table 27 Ex. No. StructurePhysi cochem cal
Properties H 0O ONC N NO ANAPC-MsS MZ: HNH
107555/557[M+HIl+ N ~j OO NC N is,

95
Table 28
Physicochemical
Ex. No. Structure Properties
n =
o J{ )
\P | P N
d/ \N N o]
H NH
0=/ APCI-MS M/Z:
111 ' 561/563[M+H]*
H H —
O\\S,N 0 —<i/>—c|
/‘b | y) N
N o
NH
0=/ ESI-MS M/Z:
112 " 573 /575[M-HJ
H —
O“S/N 20 H \ / Cl
e\ l / N
NH
O=/ APCI-MS M/Z:
113 Q 561/563[M+HJ*
H H -
\ﬂ/N I\ o] N—\ / Cl
N
NH
0=/ APCI-MS M/Z:
114 Q 525/527[M+H]*
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d 108H NH APClI - M5 M Z: 0575/577[MtH + 0 O N Cl
N 109H NH APCI -MS M Z: 539/541[ M+rH + H 110 O/ O
NH CI APCI-MS M Z: 525/ 527[ M#H + 95 0 Tabl e 28
. StructurePhysi cochem cal Properties H~ ~}-C

96

gIZZ

Example 115: N-(S-Chloropyridin—2—yl)-S—(hydroxymethyl)—3-({[trans-4-
(3-oxomorpholin-4-yl) cyclohexyl]carbonyljamino)furo(3,2 -b]pyridine-2-

H —_—
= O N‘<t/>'C|
HOW N
N 0o
oM
; 0]

G

Methyl 2-{[(5—Chloropyridin-2-y1)amino]carbonyl}-S-({[trans—4—(3—

carboxamide

oxomorpholin-4-yl) cyclohexyljcarbonyljamino) furo[3,2-b]pyridine-5-
carboxylate (300 mg) obtained in Example 39 is suspended in
tetrahydrofuran (15 ml), and thereto is added lithium borohydride (24
mg) under ice-cooling, and the mixture is stirred at room temperature
for 20 hours. To the reaction solution is poured 10% hydrochloric acid
under ice-cooling, and the mixture is stirred at room temperature for 15
minutes. The reaction solution is alkalified with saturated aqueous
sodium hydrogen carbonate solution, and then extracted with ethyl
acetate. The organic layer is washed with saturated brine and dried
over sodium sulfate, and the solvent is evaporated under reduced
pressure. The resulting residue is purified by NH-silica gel column
chromatography (eluent: ethyl acetate followed by ethyl
acetate/methanol=10/1). The resulting solid is suspended in diethyl
ether-n-hexane and collected by filtration to give the title compound (80
mg).

APCI-MS M/Z: 528 /530[M+H]*

Examples 116 and 117

The corresponding starting compounds are treated in a similar



OHNH 1110APCI-MB M Z: 561 / 563 [MtHH+ H N~ o/ N
T)- OC N O 1120NH ESI-Ms M Z: 0573/ 575[ M H] - OSH

SNNCIH N OT O N 113NHAPCI-M5 M Z: 561 / 563 [ MtH| +
97

manner to Example 115 to give the following compounds.

Table 29

Physicochemical
Ex. No. Structure Properties
=
0 N—Q / Cl
HOW N
N 0
NH
O=/ APCI-MS M/Z:

116 /j{ 512/514[M+H]*
o

O=/ APCI-MS M/Z:

117 " 512 /514[M+H]*
@]

Example 118: t-Butyl (trans—4-{[(2-{[(5-chloropyridin—2-yl)amino]-

carbonylifuro[3 ,2-b]pyridin—3—yl)amino]carbonyl}cyclohexyl)-

methylcarbamate

Trans-4-[(t-butoxycarbonyl)(methyl) amino]cyclohexanecarboxylic

acid (1.30 g) obtained in Reference Example 12 is dissolved in



15

20

ON\V C N ONO 1140NHAPCI - M5 M Z: 525/ 527 M+H] + 96
Exanpl e 115:

N- (5- Chl oropyri di n-2-yl)-5-(hydroxynet hyl)-3-({[trans-
4- (3 -oxonorpholin-4-yl) cycl ohexyl] carbonyl }am no)
furo [3, 2 -b] pyridine-2 98arboxamde 0 N4, Cl

HO'" N~ / N / 0O O NHOS5 Methyl 2

{[(5 Chloropyrldl n- 2 -yl) am no]j

KPR 130 b B Hetrih SRR tharing (340 %QAJ At
agaifR HRE ShioldOR0 38 nib bAOBHN BRI CodlingSthe

mam: i étivred @tomﬂmotembm(azme fay) 5 hdgss, I’D@tl@@@bmﬂlﬁmg

and the mxture is stirred at roomtenperature 10 for
reactigpuselution wire adstesk swecassivaly Snamingolir(8dchloyppyridin-2-

yltsls B[Pyare Hiserr iR poeratard R B0t E}tqgsﬂ‘eéf’ﬁ%ﬁge
S8R50 SALY AR oAk (| Bfeidcaghig et Al

car nat e SO uti1on en extract ed

s@lutlmewWarn@ezist@treomTt&mpemture dray stirted] furshéduwst Mo the
saturated brine and dried 15 over sodium sul fate, and

rearsicySoBHION 4s Poaed Aeduraicdeaquenius sadipnasydragenThe
R eGP o, A TIsEGH e BE Y B foRBIprBPIi. The
T | i i gl
of; ﬁs%llgnlgz&elisﬁ{&gset Eyl ?E@es@ﬂlel)”mth BeateP ol sratdd Brirte,
and dried over sodium sulfate. The solvent is evaporated under reduced

pressure, and the residue is purified by silica gel column
chromatography (eluent: ethyl acetate) to give the title compound (1.71
g).

APCI-MS M/Z: 528 /530[M+H]*

Example 119: N-(5-Chloropyridin-2-yl}-3-({[trans-4-(methylamino)-
cyclohexyl|carbonyl}amino)furo[3,2-b]pyridine-2-carboxamide

trihydrochloride

NH

t-Butyl (trans-4-{[(2-{[(5-chloropyridin-2-yljamino]carbonyl}-
furo[3,2-b]pyridin-3-yl)Jaminojcarbonylicyclohexyl)methylcarbamate
(1.55 g) obtained in Example 118 is dissolved in dioxane (10 ml), and
thereto is added 4N hydrogen chloride-dioxane solution (20 ml), and the

mixture is stirred at room temperature for 12 hours. The reaction
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et her-n-hexane and collected by filtration to give the

title conpound (80 20 ng). APCI-M5 M Z: 528/ 530[ MtH] +
Exanpl es 116 and 117 The correspondi ng starting
conmpounds are treated in a simlar 97 0 manner to

Exanpl e 115 to give the fol lbgm ng conpounds. Table 29
Ex. No. StructurePhysi cochem cal Properties ON HO N
N ONH APCI-M5 M Z: O-! 1160612/514[MH+ H \' ~/C

HO O N N O 0=! NHAPCI - M
selutign és camcentrpigd under re/ducedlplré(s}ssl}uzé S Yl Esidue is

ﬁlgpsgaga fad)g % @lfﬁg‘%pyr |k%0ﬁf%&eﬁ?gem§/ %}%&?Hﬂ)ﬂ@&ted byfiltration

207 BARY tbRi¢é BheXitle compound (1.49 g).

APCI-MS M/Z: 428 /430[M+H}*

Example 120: t-Butyl {3—[(trans-4—{[(2—{[(5-chloropyridin-2—yl)amino]-
carbonyl}furo[3,2-b]pyridin-3—yl)amino]carbonyl}cyclohexyl)(methyl)-

amino]propyljcarbamate

| N
N 0]
OQ{NH
¢ ) H
N~\<O
/N\/\/ O

N-(S-Chloropyridin-Q-yl)-3—({[trans—4-(methylamino)-
cyclohexyl]carbonyl}amino)furo[3,2—b]pyridine-2-carboxamide
trihydrochloride (300 mg) obtained in Example 119 is suspended in
chloroform (7 ml). To the suspension are added 3-t-butoxycarbonyl-
aminopropanal (208 mg), which can be prepared from 3-
aminopropionaldehyde diethyl acetal in two steps according to the
method described in a literature (Synthesis, 1994, 37) and triethylamine
(334 1l) under ice-cooling, and the mixture is stirred for a few minutes.
After addition of sodium triacetoxy borohydride (190 mg), the reaction
solution is warmed to room temperature and stirred for 2 hours. To the
reaction solution is poured saturated aqueous sodium hydrogen
carbonate solution under ice-cooling, and the mixture is extracted with
chloroform. The organic layer is washed successively with water and
saturated brine, dried over sodium sulfate, and the solvent is
evaporated under reduced pressure. The resulting residue is purified

by NH-silica gel column chromatography (eluent: ethyl acetate followed
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met hyl carbamate H rQ>1 fl Tran s-4 -

[ (t-Dbut oxycarbonyl) (nethyl) am noj

cycl ohexanecarboxylic acid (1.30 g) obtained in

Ref erence Exanple 12 is dissolved in 98 chl orof orm (30
m ), and thereto is added pyo0dine (2.80 m ). After
addi ng thionyl chloride (0.38 m) dropw se under

ice cooling, the wmxture is stirred at room

b Y] 69 i Rasaenaroultparye TRE tild Empofd 1251 me)

@@%S%%Wy%ﬂ%ﬂ Igarzngam de (1.00 g) obtained

Aniisieer 2Nnce- H(ﬁ)raﬁ@L‘ﬁ—[%aimdl yopyi) (nee iy Renirg]cyaidhexyl}-
|ce coolln reaction utlonls war med, to_room
casbmeylwmnm]ahidSSchﬁOﬂ”ep}’ﬂdnn 2-ibfure[3,Bobimeridingadt i on
solution is poured saturated aqueous sodi um hydrogen
CRERWRATRICAE sol ution, and the mixture is extracted with
chl oroform The 10 organic |l a er i s washed
successively with water ra egqlbrl ne, and

dri ed over sodiums i s evaporat ed
under reduced pressyr h reS|due is purified
by silica gel colum Nchr graphy (eluent: ethyl
acetate) to give the tpktl onpound (1.71 g) 15
APCI - M5 M Z: 528/ 530[ |\/H—|I+ Exanpl e 119:

N (5- Chloropyr|d|n2yl) {[trans4(mathy|amno)

cycl ohexyl] carbonyl }am furo 'E{ﬁ -b] pyridine-2
- car boxam de trlhydroch0| 2 ON (3HCl)

t-Butyl {3-[(trans—4—{[(2-{[(5—ch10ropyridin-2-yl)amino]carbonyl}-
furo[3,2—b]pyridin-3—yl)amino]carbonyl}cyclohexyl)(methyl)amino]—
propyljcarbamate (265 mg) obtained in Example 120 is dissolved in
dioxane (3 ml), and thereto is added 4N hydrogen chloride-dioxane
solution (6 ml), and the mixture is stirred at room temperature for 20
hours. The reaction solution is concentrated under reduced pressure,
and the residue is suspended in diethyl ether. The precipitates are
collected by filtration. The resulting solid is suspended in chloroform,
and thereto is added saturated aqueous sodium hydrogen carbonate
solution, and the organic layer is separated. The organic layer is
washed with saturated brine, dried over sodium sulfate, and the solvent
is evaporated under reduced pressure to give the title compound (206
mg).
APCI-MS M/Z: 485/487[M+H]}*
Example 122: 3-[({Trans-4-[[3-(acetylamino)propyl](methyljamino]-
cyclohexyl}carbonyl)amino]-N-(S—Chloropyridin-2-y1)furo[3,2-b]pyridine—

2-carboxamide
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NH 20 t-Butyl
(trans-4-{[(2-{[ (5-chl oropyri di n-2-yl)am noj

carbonyl}- furo [3,2 -b] pyridin -3 -yl) am no]

car bonyl } cycl ohexyl ) net hyl carbamate (1.55 g) obtai ned
in Exanple 118 is dissol vedl0d di oxane (10 m), and
thereto is added 4N hydrogen chl ori de-di oxane sol ution
(20 M), and the mnmixture is stirred at room
tenperature for 12 hours. The reaction 99 solution is
concentrated under reduced presgur nd the residue
is suspended in dieth t het . \T 6ﬁecipitates are
collected by filtratdo N%ngEd to give the title
conpound (1.49 g). AP - : 428/ 430 MtH] + 5
Exanpl e 120: t-Butyl
{3-[(trans-4-{[(2-{[(5-chl oropyridin-2-yl)an no] -
carbonyl }furo[ 3, 2-b] pyridi\n-3-yl)

am no] car bonyl } cycl ohex nethﬂﬂ) am no]

propyl } carbomate H 0 - (\ M O NO NH N (5
-Chl oropyridin-2-yl) -3- ({,[‘l ans- 4- Onet hyl amino) 10
cycl ohexyl ] car bonyl } am no) f uro[ 3, 2- b] pyri di ne- 2- car box

i d i hydr ochi or.i d bt ai ned |
110" Bl (B5aptrrdd-PRiDORr SPB Ry ORI REOT -

AR A R o b YR -biAiaRR opanc!
cabbhoepnade PNES sedlyslistadhed v Exaoaphd 120 dwd tsieetipglamine (65

according to the 15 nethod described in a literature
H)Ssret Hissodvedi Boghl@pformdStmi)eang therato iy 3dded Beetyl
chi 58 257t e T o5t St bl o

 d . e .

BB SR 4 eh 7 By B sl SO e
shapdfedn@@ddiid 88diEmnopd RiEenatatbanede agliedos, anditie

hydr ogen ' _
mixture is extracted with chloroform. The organic layer is washed

successively with water and saturated brine, dried over sodium sulfate,
and the solvent is evaporated under reduced pressure. The resulting
residue is purified by NH-silica gel column chromatography (eluent:
ethyl acetate followed by ethyl acetate/methanol=10/1). The resulting
solid is suspended in n-hexane-diisopropyl ether, and collected by
filtration to give the title compound (90 mg).

APCI-MS M/Z: 527 /529[M+H]*

Example 123: 6-(Acetyljamino-N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-
oxomorpholin-4-yljcyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-

carboxamide
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15

20 carbonate sol ution under ice-cooling, and the

m xture is extracted wwth chloroform The organic

| ayer is washed successively with water and saturated
brine, dried over sodiumsulfate, and the solvent is
evapor at ed under reduced prd®ure. The resulting
residue is purified by NHsilica gel colum

chromat ography (eluent: ethyl acetate followed 100 by
et hyl acetate/ nethanol =20/ 1) to give the title
conpound (291 ng). HPCQ-MS M zZH 5857587 MtH] + Exanpl e
121; 3- [({Trans-ﬁm{w ZAni+dpr oy m( Gbl)anino]

cycl ohexyl) - ~ Y
carbonyl)anino]-hL?S-chbbrorxriQin-2-y|)furo[3,2-b]pyr
i di ne-2- 5 carboxani de Og\ND 0 NH Q NH2 N-f~

t - Butyl &

{3-[(trans-4-{[(2-{[ (5-chl gropyri di n-2-yl)ani no]
carbonyl}- furo [3,2 -Db] pin-3 -yl) am no]
car bonyl } cycl ohexyl) (nethy angynoj] -

propyl )carbamate (265 ngy) obtMied in Exanple 120 is
di ssol ved in 10 di oxane (3 n{\) and thereto i s added
4N hydrogen chl ori de-di oxane —~@ol ution (6 m), and the
m xture is stirred at roomtenperature for 20 hours.

The react.] | Lt ' t edy .
or os SR B8 dloPBal 3P RES T M Hn Y TS oG holin-4-
ygwabhe}?ﬂ_cmyn}'a&ﬁﬁﬁﬁf@o?s,zcalc}iﬁfdm@-mcérbbkaﬁﬁaer(56 mg)
he resulting solid is suspended in chloroform 15 and
obhainedoin Exavgdd 193 is treatiediiu eosignidarimanmgrtoeample 122
te _solution, the organic layer is

car bona d
ta & gﬂ%al__tle-rtpfgngpb\&qi @Q‘% MBr is washed with satur at ed
Agjélr-'ﬁl’s ?,[e/dfjgsn eﬁ?i%tg sul fate, and the solvent is

vapora pressure to give the title

QRN 24 2G6B U BED 4-(trd# ARG (2 MR5M Hiord8Hridén {12 hhmino) -
carbonylifuro[3,2-b]pyridin-3-yljamino]carbonyljcyclohexyl)-3-

oxopiperazine-1-carboxylate

S
Yok

Trans-4-[4-(t-butoxycarbonyl)-2-oxopiperazin-1-yljcyclohexane-
carboxylic acid (370 mg) obtained in Reference Example 71 and 3-
amino-N-(5-chloropyridin-2-yl)furo[3,2-b]pyridine-2-carboxamide (327
mg) obtained in Reference Example 24 are treated in a similar manner

to Example 118 to give the title compound (151 mg].
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Exanpl e 122: 3-

[({Trans-4-[[ 3- (acet yl am no) propyl ] (net hyl ) am no] -
cycl ohexyl } car bonyl ) am no]

-N-(5-chl oropyridin-2-yl)furo[ 3, 2-b] pyridine-
2-carboxamide 101 H ON-"-AO31 N NONH 3 -
[({Trans-4- [(3 -am nopropyl) (nmethyl) am no]

cycl ohexyl }- carbonyl)

am nol - N- (5- [ din-2-yl)furo[ 3, 2-b] pyridine-2-
@&IDME%M@ %%%%[;M"é%rai ned in Exanple 121 and

ri i @ (&€ e gliHsol isn4 DL et ediperatin-1-
bR 28], aF Lo S Bk 2 O (R (2551
yihRegeloHex§ijeasbomgdiantireo) fird[812 b] synidineed-car uae
tenperature and stirred for 1 hour. To the reaction
solution is poured saturated Hg di um hydr ogen
car bonat e sol ution, e MNixtuy ég extracted with
chl orof orm The orgagi cll ayen i s"washed 10
successively with watBr and sQturated bri ne, dried
over sodium sul fate, @Nl'ﬁe sol vent is evaporated
under reduced pressure. Fhe resulting residue is

purified by NHsilica ge ®l utm chr omat ogr aphy
(eluent: ethyl acetate owed by et hyl

acet at e/ met hanol =10/ 1). TRe rgsulting solid is

suspended i n n-hexane-diis rgpyl et her, and coll ected
by 15 filtration to give the)title compound (90 ny).

e
APCI -MB M Z: 527/ 529[ MrH] + “ENanpl e 123:
6- (Acet yl ) am no- H

ooty f-rans. e a-liseplgramrsings pllamiolearenyl-
Ef’rp{d%jz%];%Vrﬁéicﬂ-ﬂ-eﬁfarhir‘fo LKA S FR k13- 0Rbpiperfzine-1-
carboxylate (220 mg) obtained in Example 124 is treated in a similar
mannér to Example 121 to give the title compound (165 mg).
APCI-MS M/Z: 497 /499[M+H]}"*

Example 126: N—(5—Ch10ropyridin—2—yl)—3-({[trans—4-(4-methy1-2—
oxopiperazin-1—yl)cyclohexyl]carbonyl}amino)furo[S,2-b]pyridine—2-

N 0]
NH
Q.
N
-

CH,

carboxamide

N-(5-Chloropyridin-2-yl) -3-({[trans-4-(2-oxopiperazin-1-
yl)cyclohexyl]carbonyl}amino)furo[3,2—b]pyridine-2-carboxamide (60 mg)



O "NO O 0& NH

6- Am no- N- (5-chl oropyridin-2-yl)-3-({[trans-4-(3-o0xonD
r phol i n- 4-

yl ) cycl ohexyl ] car bonyl } am no) f ur o[ 3, 2- b] pyri di ne- 2-car
boxani de (56 ng) obtained il®4Exanpl e 103 is treated
inasimlar manner to Exanple 122 5 to give the
title conpound (39 ng). APCI-MS M Z: 555/557[ MtH] +

anpl.e 124: t-B o .
ohiiRara Bramle {tend 454500 eRYS ST dshiydp sotution (19
0 idniPdr ATl hplaniaio give the titl
“@%o%’%% g‘?%ﬁ%)%}‘/l - 3- Iggxrgggggfﬁazri) ne-1- c%ﬁ)vgxyleatle eH
cOndpourd (46 rig).N 10 _ _
Tr ans- 4i\/{ 4- (t - but oxycar bonyl ) - 2- oxopi perazi n-1-yl ] cycl
ARQIMeM /Zarpbk{® L3[MEHY (370 ny) obtained in

ERBobT | i ooy F D Boplbersring puigyclohesyll
- 8- 43R hDRa1jfardtst |
D e P Tener 15 10 Beanpl e 116

chebekamitiee title compound (151 ny). 103 APCI-MS M Z:
597/ 599 MtH] + Exanpl e 125:

N-(5-Chl oropyridin-2-yl)-3-({Htr - 4- (2- oxopi per azi n-

1- yl) cyclohexyl] c | } aNiTto) €b [3, 2 -D]
pyridi ne-2 -carboxa '\de| 0/ L NT'ND 40 is QNO
N
O:,/NH

Q.
"
).

o7 CH,

N-(5-Chloropyridin-2-yl)-3-({[trans-4-(2 -oxopiperazin-1-
yl)cyclohexyl]carbonyl}amino)furo[3,2—b]pyridine-2-carboxamide (50 mg)
obtained in Example 125 and acetyl chloride (9 pl) are treated in a
similar manner to Example 122 to give the title compound (41 mg).
APCI-MS M/Z: 539/541[M+H]*

Examples 128-138

The corresponding amino compounds and carboxylic acid

compounds are treated in a similar manner to Example 2 to give the

following compounds.




N H 5 t-Butyl

4-(trans-4-{[(2-{[ (5- chloropyrldln 2-yl ) am no] car bonyl

} furo[3, 2-Db]pyridin-3-yl) am no]

car bonyl }cycl ohexyl) - 3-oxopi perazi ne-1- carboxyl ate

(220 ng) obtained in Exanpl d0f24 is treated in a

simlar manner to Exanple 121 to give the title

compound (165 ng). APCI-Ms M Z: 497/ 499 MtH + 10
T§§?£B e 126:

ans-4- (A nnthv

-2

loropyridin-2-yl)-3-({[t
oXopi cl ohexyl ] ca

Ex.JYoy 0 NC

N (5=

erazi n-1-

[)c

ri di ne- 2-SHE

¥anm de
%Intnpyrndnn 2. yl\

I Phwicbanbﬁﬁb:ép
Propettis/ N

-3- ({1
yl ) cyd
boxam
aqueod
a sim
copBOU
127:
3-({[T
carh
pyri di
N (5-(Q

trans-4-(2-0x

erazi

Ifu
ainedl

oyl X

| ar manoes to Exanple 120
nd (46 ng)i_APCl -MS M Z:

rans-4-(4
onyl }am no) -

ne- 2- car bg\
[

thl or opyri d

Xopi p

g or opy
a O N C
2yl)-3-({[t

tyl-2-0
- chl
de
) -

15

ro[ 3, 2- b] pyri di
n Exanple 125 a
19 pl) are tres

G

ON NOOGr N
ans- 4- ( 2- oxopi

o[ 3,
CH3

ne- 2-car
nd 35%
ated i n
l e
Exanpl e

ohexyl ]

i din-2-y1) fungh[s, 2-b]

ber azi n-

=

129

APCI-MS M/Z:
560/562[M+H]*

130

Br

APCI-MS M/Z:
520/522[M+H]*

131

APCI-MS M/Z:
546 /548[M+H]*
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yl ) cycl ohexyl ] car bonyl } am no) f ur o[ 3, 2- b] pyri di ne- 2- car

boxam de (50 ng) obtained in Exanple 125 and acetyl

chloride (9 111) are treated in a simlar manner to

Exanpl e 122 to give the titll®6conpound (41 ng).

APClI - M5 M Z: 539/541] M+H] + Exanpl es 128-138 15 The

correspondi ng am no conpounds and carboxylic acid

C nds are treated in a simlar manner to Exanple 2
Tﬁgﬂggie the follow ng conpounds. 105 0 Tabhle 30 Ex.

No. St rjuct ur ePhysi cochemi cal PropeHysicodBephical N N O
BEx. 9@ APCl - M5 $FrUctWNes 76/ 578[ M-H| +p§bﬁe@e@ a1 N/

O N 129r
H =
o f( )
W, N
Br N o
NH

O=/ APCI-MS M/Z:

132 Q 562/564[M+H]*

N
L
SGe) H—@—CI
APCI-MS M/Z:

133 ' 497 /499[M+H]*
o]

O=/ APCI-MS M/Z:

‘- 481/483[M+H]*
Q O '

134

=/ APCI-MS M/Z:

%- 441/443[M+H]*
~CH

135




APCl - M5 M Z: ONH 0560/ 562[MrH+ H C N N B 130r
APCl -MB M Z: ONH 520 / 522 [MrH + CH3 H3C H O N C
/' N B O 131r APCI-MB M Z: ONH

107
Table 32
Physicochemical
Ex. No. Structure Properties
H
| 20 N—@CI
N / 5
NH
136 O=/ APCI-MS M/ Z:
Q 467 /469[M+H]*
H
| X0 OCI
v o
NH
137 Ot/ APCI-MS M/Z:
Q 483 /485[M+H]*
-
o] - Cl
A \
o |y N—7
7~ N O
o) o NH
138 APCI-MS M/Z:
530/532[M+H]*
N\ﬁo
L

Example 139: 2-{[(5-Chloropyridin-2-yljamino]carbonyl}-3-{[5-(3-
oxomorpholin-4-yl)pentanoyl]amino}furo[3,2-b}pyridine-5-carboxylic
5 acid
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546/ 548 MtH] + 106 O Table 31 Ex. No. 132 133 134 135
Br of, O\ ON Structure NHQ CNNHC C clI \ O~~
/2 -Cl H3 Physicochem cal Properties APCI-Ms M Z:

562 / 564 MtH + APCI - M5 M Z: 497/ 499 M+H] + APCI - M5

M Z: 481/ 483[ M+H| + 108
H —
N Ty
HO - | / N
N 0]
0 0 NH

N\go
o

Methyl 2-{[(5-chloropyridin-2-yl)amino]carbonyl}-S-{[S-(S-
oxomorpholin-4-y1)pentanoyl]amino}furo[3,2-b]pyridine-S—carboxylate
(115 mg) obtained in Example 138 is treated in a similar manner to
Example 79 to give the title compound (94 mg).
ESI-MS M/Z: 514/516[M-H}-
Example 140: N2-(5-Chloropyridin-2—yl)—N5-(rhethoxyethyl)-N5-methy1-3-
{[5-(3—oxomorpholin—4-y1)pentanoyl]amino}furo[3,2-b]pyridine—2,5-

H —
(.:Hs 7~ | O/ N‘@'Cl
HaC NSy 0

o) ONH

dicarboxamide

NKO

o
2-{[(5-Chloropyridin—2-y1)amino]carbony1}—3-{[5-(3-oxomorpholin—

4-yl)pentanoy1]amino}furo[3,2-b]pyridine-5—carboxylic acid (82 mg)

obtained in Example 139 and N-(2-methoxyethyl)methylamine (28 mg)

are treated in a similar manner to Example 85 to give the title

compound (70 mg).

APCI-MS M/Z: 587 /589[M+H]*

Example 141: N-(S-methylpyridine—Q-yl)—3-({[trans-4—(3-oxomorpholin-4-

yl)cyclohexyljcarbonyllamino)furo[3 ,2-b]pyridine-2-carboxamide
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APCI-M5 M Z: 44 1 /443 [ M+H + 107 Table 32 Ex.

No. Struct ur ePhysi cochem cal Properties H ONC )- [/
O C N 1360-NHAPCI-MS M Z: 467/ 469[MtH + H 0 C
1370-NHAPCI - M5 M Z: 483/ 485[ MtH + O H-~ ~}-Cl 00 N
i0 NO 1380 0 NHAPCI - M5 M 20930 / 532 [ MH| +

H_
/ON—QCH
CIo—~ v
N 0]

oM

o
L

2-Amino-5-methylpyridine (81 mg) is dissolved in chloroform (5
ml). After adding 0.98 M trimethyl alminum-hexane solution (763 11l
under ice-cooling, the reaction solution is stirred under ice-cooling for
10 minutes, and then at room temperature for 0.5 hours. To the
resulting reaction solution is added methyl 3-({[trans-4-(3-
oxomorpholin-4-y1)cyclohexyl]carbonyl}amino)furo[3,2-b]pyridine-2-
carboxylate (150 mg) obtained in Reference Example 79, and the
mixture is stirred at room temperature for 2 hours and at 50°C under
heating for 5 hours. To the reaction solution is added 10% hydrochloric
acid (3 ml) under ice-cooling, and the mixture is stirred at room
temperature for 0.5 hours. The reaction solution is then neutralized by
adding saturated aqueous sodium hydrogen carbonate solution, and
extracted with chloroform. The organic layer is washed with saturated
brine, dried over sodium sulfate, and the solvent is evaporated under
reduced pressure. The residue is purified by NH-silica gel column
chromatography (eluent: ethyl acetate followed by ethyl
acetate/methanol=10/1). The resulting solid is suspended in diethyl
ether, and collected by filtration to give the title compound (110 meg).
APCI-MS M/Z: 478[M+H]*
Examples 142-145

The corresponding esters and amino compounds are treated in a

similar manner to Example 141 to give the following compounds.




N O Exanpl e 139: 2-{[(5-Chl oropyri di n-2-yl)am no]

carbonyl } - 3-{[ 5- ( 3-

a o

NN HO- (ON 0O, NHO

0 Methyl 2

oxonor phol i n-4-yl) pentanoyl ]

am no}furo [3, 2 -b] pyridine-5-carboxylic 5 acid 108

-{[(5-chloropyridin-2 -yl) &do] carbonyl}-3-{[5-(3-
oxonor phol i n-4-yl ) pentanoyl ] am no}furo

[ 3, 2-b] pyri di ne-5-carboxylate (115 ng) obtained in
T%gezgée 138 is treated in a simlar manner to 5
pfe 79 tao gi\/p t he fiflg_ggp_rpiund (9/! rrg) =S| - VB
M Z: 514/516] M Exanpl e 140: Physicochemical
Be-Ne- chl or opyri frCsy ) - N5- (et hoxyPptdpydriieds- met hyl -
3.
{[5- (3- oxomqr phol i rﬁﬁ@ggﬁhanoyl ] ami no} f ur o[ 3, 2- b] py
riding-2, rcar bpxa NN, CH3 H3CO---N
0 0 O{1 N N 234 [ (5- Cnl or opyr i di n- 2-yl ) am no]
car bonyl }-3-{[5N{_|_3- oxonor phol i n- o _
g- _ylg) fggt an;)sblt]{tam no} furo[ 3, 2- b] py W%Ipﬁ—s'smc/%boxyl iC
" " 493[M+HJ*
\go
-
H
o
N / 5
NH
o=/ APCI-MS M/Z:
143 477[M+H]*
\go
-
o] e F
\Y
L N /
N
o N APCI-MS M/Z:
144 482[M+H]
%Ngo
L
H
N© NQj
(L
N 0 N
o N APCI-MS M/Z:
145 502[M+H]




obt ai ned in Exanple 139 and

N- (2- met hoxyet hyl ) nethyl am ne (28 ng) are treated in

a simlar manner to Exanple 85 to give the title 15
compound (70 nmg). APCI - M5 Nﬁ%& 587/ 589[ M+rH] + Exanpl e

141:

N- (5- et hyl pyridine-2-yl)-3-({[trans-4-(3-oxonorpholin

-4- yI)cycIohexyl]carbonyl}an1no)

dlne 2-carboxami de 109 CH3 2 -Amino- 5

E;#gﬁﬁéﬁpyrl ine (81 ng) is dissolved in chloroform (5

m ) . Thkt esrredgbidife Warbbkylioeidigs ahdi annnbegampounds are
solution (763 I) wunder ice-cooling, the reaction
treaited i ion ai sirsilar revinneteto iBxarepls i n@rf Brampleg2 to give the

m nutes, and then at roomtenperature for 0.5 hours.
fotipwing ?%@PH'HSS reaction solution is added net hyl

b{éhhr ans- 4- (3-

xonbrphol i n-4-yl)cycl oghexyl]carbonyl}amnor-furof3+2-b

I B¥ri di ne-2- car boxy Iate (150 ngy) obtRhysidochemical
Rgherlence Exanpl oy C‘Hﬁd the m xtLre lps;-opelrttdsed at

roomtenperatur-e—for .curi; ang—at—50C—tunder—106
heatijng for 5 hour$3 T &' reaction solution is added
10% hydrochl qri © m ) under |i ce-cooling, and
the m xtur |§ stlrr d room tenperature for 0.5

hours| The ﬂ cti HsoI ution is thenARUL-MS MAEL by
ab® ng sat urated aqueous sodi um hy dr|egryy £a3[REE}e
sol ut}j on, and e>cn WiCHQ chlorgform The organjc
| ayer|is washed with ed 15 Prine, dried ove
sodi um sul fate, and the s| Vet s gvapor at ed under
reduced pressure. The Ies(Pdue is purlified by Ndsilyca
gel cplum chromatogr Qlel uent: et hyl acetate
foll ojved by et h)é cefat g/ met hanol 51 0/ 1). The
resul ting S S spehded in dietlhyl ether, and
col | ected at fon to give the [t nd
(140 o). 2§ APCINBs Mz 478] N”H]J’%%ﬁﬁg%f* 145
The correspondi ngy an m no co

treated in a simlaﬁ Enn% Exa le 141 to give
the foll ow ng conmpoun ﬁ/

=

148 X 528 /530[M+H]*

o)

|
B °| NN
0 P H .
L4 | HC N NH APCI-MS M/Z:
o} O)\O 554 /556[M+H]*

g

0




O Table 33 Ex. No. 142 143 144 Structure H 145 110 CH3
0 H3 Physicochem cal Properties APCI-Ms M Z:

493[ MtH] + APCI - M5 M Z: 477 MtH + APClI -MS M Z: 482

[ MPkH + APClI -MS M Z: 502 [MH—%+ 111 Exanpl es 146-149
The correspondi ng carboxyl i ¢12ci ds and amino conpounds
are treated in a simlar manner to Exanple 1 or
Exanple 2 to give the follow ng conpounds. 5 Table 34

Examples 150, 151
The corresponding esters are treated in a similar manner to

Example 79 to give the following compounds.

Table 35
Physicochemical
Ex. No. Structure Properties
o # cl
%y N \Nl
oo M LIl H
150 N NH ESI-MS M/Z:
o} 511/513[M+H]*
o) CH,
,,,,, N«
I CH,
0
Z Cl
~r© N \NI
oo M LI H
151 N NH ESI-MS M/Z:
o o 537/539[M+H]*
i
o}

Examples 152, 153

The corresponding carboxylic acids and amino compounds are

treated in a similar manner to Example 85 to give the following

compounds.



Ex. StructurePhysicochem cal No.Properties ocl 0 N
146N APCI - M5 M Z: N NH470/472[MtHl OCH3 0 C O NI
N APCI - M5 M Z: 147N NH 496/ 498 M H+ OO C O On- N

113
Table 36
Ex. No Structure Physicochemical
- Properties
5 O
|
0] >
A TNt
152 0 N NH APCI-MS M/Z:
o OJ\O 585/587[M+H]*
|
v N
o
Cl

0]
LY
QO ™
Voo oWt
153 | o™ g NH APCI-MS M/ Z:
o O)\O 611/613[M+H]*
,,,,, O

r

o)

Example 154: N-(5-Chloropyridin-2-yl)-4-methoxy-3-{[(trans-4-
pyrrolidin- 1-ylcyclohexyl)carbonyl]amino}furo[3,2-c|pyridine-2-

carboxamide
H —=
X ) NQCI
(=
0]
.0 NH
HC ™ o

0
3-Amino-N-(5-chloropyridin-2-yl)-4-methoxyfuro[3,2-c]pyridine-2-
carboxamide (82 mg) obtained in Reference Example 88 and trans-4-
pyrrolidin- 1-ylcyclohexanecarboxylic acid hydrochloride (106 mg)

obtained in Reference Example 10 are treated in a similar manner to

Example 2 to give the title compound (39 mg).



10

,OAPCI -M5 M Z: 148H 528/ 530[MtH + H3c O N N HH O
~3,,,rN, CH3 0 G aN 1490 H H3C N NHAPCI - M5 M Z:
0554/ 556 MtHl+ N 0 112 0 5 Exanples 150, 151 The
corresponding esters are treated in a simlar manner
to Exanple 79 to give the fldi4 owi ng conpounds. Tabl e
35 Ex. No. StructurePhysi cochem cal

APCI-MS M/Z: 498 /500[M+H]*

Examples 155,156
2-{[(5-Chloropyridin-2-yljamino]carbonyl}-3-{[(trans-4-pyrrolidin-

1-ylcyclohexyl)carbonyllamino}furo(3,2-b]pyridine-5-carboxylic acid

obtained in Example 81 and the corresponding amino compounds are

treated in a similar manner to Example 85 to give the following

compounds.
Table 37
Ex. No Structure Physicochemical
- Properties
o, N )i
= N\
G LT~ ™
N 0
fe) NH
155 0=/ APCI-MS M/Z:
Q 565/567[M+H]*
.
H —
X0 \ /) —Cl
| | / N
~o~N Nig 0
(o) NH
156 O~/ APCI-MS M/Z:
Q 538 /540[M+H]*
a

Examples 157-185
The corresponding amino compounds and carboxylic acids
obtained in Reference Examples are treated in a similar manner to

Example 2 to give the following compounds.



Properties ocl o

N H 50HO cc |
0511 / 513 [M+tH + O YH3 ~~N\CH3 0 n"
ESI-M5 MZ: HO N NH 0637/ 539 MtH] + N O Exanpl es 152,

ESI-M5 MZ: N NH

n C1 N 151H

153 The correspondi ng carboxylic acids and am no

conpounds are treated in aldivilar manner to Exanpl e
85 to give the following conpounds. 113 Table 36
Table 38
Physicochemical
Ex. No. Structure Properties
H —
0 ‘Q’CI
H.C | P N
3 \N N NH °
CH
Is7 PO~ APCI-MS M/Z:
Q 541/543[M+H]*
o
s
-
X0 N \_/ Cl
H.C | P N
3 \N N NH °
158 CHs O=/ APCI-MS M/Z:
Q 525/527[M+H]*
ot
N \
H.C l ~ / N /
3 \N N @]
s CHy oy APCI-MS M/Z:
Q 485/487[M+H]*
N-
HeC CH,
o} H‘(=_>'CI
S \
| / N—7
H3C\N N/ (o]
NH
60 s oy APCI-MS M/Z:
"Q 511/513[M+H]*
3




0 Ex. No. StructurePhysicochem cal Properties Ocl
I HN 1521 APCI-M5 MZ: N NH 0585 / 587 [MtH + O
OCIl n NI153HAPCI-M5s MZ: \o~~-NNNH o O
611/ 613[ MtH| + ~ N, O Exanpl e 154:
N- (5- Chl oropyri din-2-yl)-4- oxy-3-{[(trans-4-
Table 39
Ex. No. Structure PhyPs 1coch§m1cal
roperties
H —
o <)o
H.C | ~ / N
3 \N N (@)
CH NH
61 P 0¥ APCI-MS M/Z:
Q 527 /529[M+H]*
)
L
o N Cl
S \
| P N /
NN o
o/ oM
162 APCI-MS M/Z:
583 /585[M+H]*
\go
-
0 V. cl
N \
| P N /
0 NH
163 O/ APCI-MS M/Z:
Q 567 /569[M+H]*
o
X \
| P/ N /
NN . ¢
164 o Oy APCI-MS M/Z:
Q 527 /529[M+H]*
N-
HC CH,

0

N
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|
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q%% obtai ned i n Reference
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Tgﬁfégﬁb.
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Physicochemical
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HI6B N C N ON 1@NHAPCI-MS M Z

I aqfi?iﬁﬂro[
red‘m /Exanpl
\

qounds are t

O

N@=St r uct ur ePhysi cog

3, 2- b] pyri di ne-
e 81 and the

reated in a simlar
|l ow ng conpounds.

EPCEMS RIppert | es
‘sPESS M +| H

b-ca

O A - Cl
X \
P, N7
(@]
0=/ APCI-MS M/Z:
166 Q 569/57 1[M+H]*
)
Lo
(@) R - Cl
X N\
P N /
CIN o
o=/ APCI-MS M/Z:
167 Q 567 /569[M+H]*
O
S
-
@) R a Cl
X N/
P N
NH
O=/ APCI-MS M/Z:
168 ‘ 551/553[M+H]*




ONC ~INN/ 0 O1560 O -~ NHAPCI -M5 M Z:

538/ 540 M+H] + v 10 Exanpl es 157-185 The correspondi ng
am no conpounds and carboxylic acids obtained in

Ref erence Exanples are treated in a simlar manner to
Exanple 2 to give the foll O\Ali1|$g conpounds. 115 Table
38 Ex. No. StructurePhysicochem cal Properties H O C
H3C, N O N N 157CH3 ONHAPCI - M5 M Z: 541 /| 543 [ M+H] +

ThbR a1 - O

Physicochemical
Ex. No. Structure Properties
0 ‘@“CI
| P/ N
sast
o/ APCI-MS M/Z:
169 Q 511/513[M+H]*
N~CH,
H,C
N N/
| P N
sast
NH
O=/ APCI-MS M/Z:
170 ;

‘Q 537 /539[M+H]*

APCI-MS M/Z:

171 Q 553 /555[M+HJ*

o
H ——
|\ ) \ ) Cl
/ N
He O~""0 N o
NH

APCI-MS M/Z:

172 Q 572 /574[M+H]*
(o]




H ONC -/ ON H3C. -CN N 158CH3
0 _./NHAPCI-MS M Z: 625/527[MrH/+ NOC / ON |
H3C. N N 159CH3 0 NHAPCI - M5 M Z: 485/ 487[ MtH] + H3C
NCHH C
119
Table 42
: Physicochemical
Ex. No. Structure Properties
=
e \ Cl
o WP, N
H3C/ \/\o N \H O
O=y APCI-MS M/ Z:
173 Q 566/568[M+H]*
o
TR
IVl
P N
Hsc/o\/\o N i (0]
O=/ APCI-MS M/Z:
174 : 516/518[M+H]*
N~cH,
H,C
TR
l\ ) N—\ ,—Cl
Ay N
Hacfo\/\o N \H o}
O/ APCI-MS M/Z:
175 /:( 542 /544[M+H]*
<
TR
HC >~ 07N \H ©
0=/ APCI-MS M/Z:
176 Q 558 /560[M+H]*
)
-




O N H3C O N N 160CH3 O NHAPCI-M5s M Z: 511 / 513
[MtH + 0 116 i Table 39 Ex.

No. St ruct ur ePhysi cochem cal Properties H O N C
H3C.N )N / O 161CH3 O-NHAPCI - M5 M Z: 527/529[ M+rH + 0O
H ONC r NN/ O0162) ARGQ NS M Z:

Table 43
Structure Physicochemical
B o TuetHr Properties
Hy e
Y N
H,C” O 'N 0
SNH
°= APCI-MS M/Z:

7 Q 556/558[M+H]*
0

0
CH, I\ C; —(\N}CI
He” 07N " 0
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b Q 540/542[M+H]*
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H prem—
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HC” 07 N o
? NH
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H,C™ © N/ \H 0
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180 4
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3




O/ NH583/585[MiH[+ OO H O -d
APCI-MS MZ: 0,) 567/569[MrtH+ NOH O - N NNO
1640 NHAPCI - M8 M Z: 527/529] MrH + H3C. N-CH 3 117 0

Tabl e 40 Ex. No. Struct urePhysi cochem cal

~~N NN O 163NH

Properties o

N C 121
Table 44
Struct Physicochemical
Ex. o tructure Properties
Ci
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Z 7 N N
Nx HH
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-
Cl
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¥ o] N \N|
ne | HH
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-~ O %
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|
A~ NN
n LI H
H »
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o
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2O NN
N L H
H
H,C- o OJ APCI-MS M/Z:
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‘%O
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N rN N O 1650 NHAPCI -M5S M Z: 553/555[M+rH + H O Cl
N f/ N O NI1660 NH APCI-Ms M Z: B69 / 571 [ MtH] +
0O OH O/ A N GNNO
122
Table 45
Ex. No. Structure Phy;;g;‘él:tig;mal
yZ | Cl
4agh
syl
185 S : 542/544[M+H]"

Examples 186-192

The corresponding esters and amino compounds are treated in a

similar manner to Example 141 to give the following compounds.



167NHAPCI -MS M Z: 567 / 569 [MFtH+ NO ~OH J):~
0 Cl GNNOZ168NHAPCI-MS M Z: 551 /553[MrH[+ N O T

118 0O Table 41 Ex. No. 169 170 171 172 Structure
H3C.N-CH3 Q o> C

123
Table 46
Physicochemical
Ex. No. Structure Properties
=
0 \ 4 Cl
| P N
N o)
NH
O~ APCI-MS M/Z:
186 Q 498 /500[M+H]*
o
s
-
]
H S
o AT
(I~
N o]
NH
O=/ APCI-MS M/Z:
187 ;

Q 503 /505[M+H]*
@)

APCI-MS M/Z:
188 '

Q 463[M+H]*
o)

APCI-MS M/Z:
189 '

Q 497 /499|M+H]*
O




Cl G Physicochemical Properties APCI-M M Z:

- Z. 511/
513 [ MtH + APCI - M5 M Z: 537/ 539[ MtH + APClI - M5 M Z:
553 / 555 [MtH + APCI-MS M Z: 572/ 574 MrH] + 119 i
Table 42 Ex. No. 173 174 NH .NCH3 H3C 0 175 176

Structure 0, ,--~0 ~~0 HIC@4NH O- QH3C O-"ONO
Table 47
Ex. No. Structure Phy;;gc;c;?&zn;cal
o 4
BN \Y
W N 2
N o]
NH
0={__ APCI-MS M/Z:

190 509[M+H]*
(o}

o
H
e —< }\\/
W \
N ° N
101 Oa/ APCI-MS M/Z:
"Q 486[M+H]*
Y
H
oo avs
L 4
N o N
o NH
102 APCI-MS M/Z:

-Q 472[M+H]*

Examples 193-202

The corresponding amino compounds obtained in Reference
Examples 24, 87, 90 and 91 and corresponding carboxylic acids are
treated in a similar manner to Example 2 to give the following

compounds.




NHC ON\/ N i H3C-0~~ON O NH O! O N-/\\
/7-C1 HI ~ N HCO-\ONOO--z/ NHHcl 0 N-(\
/)--Cl Physicochenical Properties APCI-M M Z:

566/ 568 MtH + APCI - M5 M/ Z: 516/518[ MtH] + APCI - M5

M Z: 542/ 544 MrH + APCl - M5 M%: 558/ 560[ M+H] + 120 40
Tabl e 43 Ex. No.

Table 48

Physicochemical
Ex. No. Structure Properties
H ——
0 N—<} Cl
Svas
NH APCI-MS M/Z:
193 CH?‘OJM,, o 512/514[M+H]*
ij‘N)\
(O
H —
~~0 N/ Cl
N’ N
NH ° APCI-MS M/Z:
194 CH, . 496/ 498[M+H]*
o bo
H —
~~0 N/ Cl
N\l / N
NH © APCI-MS M/Z:
195 CHs A 482 /484M+H]*
A ON
APCI-MS M/Z:
196 523 /525[M+H]+




177 178 179 Structure CHO HBSC ONO NHOC! Ad d O

NN-(N/r'Cl CH3 I
G Physi cochemi cal
556/ 558[ M+rH] + APCl - M5 M Z:

/ 0 H3CO NNH O H3C N CH3 180
Properties APCI-M5 M Z:
540/ 542 MrH + APCI - M5 M Z:

500/ 502[ M+H] + APCl - VS M Z: 1286/ 528] MtH] +

Table 49 '
Physicochemical
Ex. No. Structure Properties
H ——
Yz o) N—\ / Cl
N N
197 I 507 /509[M+H]+
N O 'I‘O\N\g
H —
~0 N/ Cl
Ned N
198 i 4 493 /495[M+H]+
Laot
~ ci
SN
=)\IH APCI-MS M/Z:
199 cl o=, 532 /534[M+H]*
o,
L
NG
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SN
H APCI-MS M/Z:
200 Cl O=j\l 516/518[M+H]+
o
! B




121 Table 44 Ex. No. Structure r/ | 0 181 182 183 184
C Physicochem cal Properties APCI-Ms M Z: 498/

500 MtH] + APCI -M5 M Z: 528 / 530[ MtH] + APCI - M5 M Z:
512/ 5 14 M+H + APCI-M5s M Z: 572 | 574 MtH + 122 Tabl e
45 |* Ex. No. StructurePhysi déhenical Properties o ~I
Cl .

Table 50 ‘
- Physicochemical
Ex. No. Structure Properties

H —
r ~-0 N— )Cl
SVl
NH APCI-MS M/Z:
201 Br 4 576/ 578[M+H]+
0 Q 0
N’u\‘
O
H —
~-0 N Cl
Qual
N NH APCI-MS M/Z:
202 P 527 /529[M+H]+
o M (%Hs
0 C|3H3 _J

Examples 203, 204 |
The ester obtained in Reference Example 79 and amino

compounds are treated in a similar manner to Example 141 to give the

following compounds.
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10

3'3 I :Ex;' OI 22 ?PCI -M5 M Z: 185H C, H 542 / 544 M+H] +
30 & npl es 186-192 The correspondi ng esters and
YN eorlrzgutngs are tLeat ed ina 5 simlar manner to
give the foll owi ng conpoun [
ngab!e 46 Ex. No. 186 187 198 189 O N Nﬂsblla N
[ ] NHO:Zz/ Structure >

Table 51
Physicochemical
Ex. No. Structure Properties
@3“‘“@10'
/
N 0] N
NO:/NH H 3
203 APCI-MS M/Z:
Q 536/538[M+H]*
e
Q*o
H
N o No,
o NH
204 ESI-MS M/ZZ
Q 540 /542[M-H]-
N
.

Example 205: N-(3- -Amino-4-chlorophenyl)-3- ({[trans-4-(3-

oxomorphohn-4-yl)cyclohexyl]carbonyl}ammo)furo[3 ,2-b]pyridine-2-

O;H QC'
&
o)
N-(4-Chloro-3- nitrophenyl)-3- ({[trans-4- (3-oxomorphoin-4-

carbonyllamino)furo[3,2- bjpyridine-2- carboxamide (50 mg)
(3 ml), and thereto is

carboxamide

yl)cyclohexyl]
obtained in Example 204 is suspended in ethanol
104 mg). The mixture is stirred at room

C for 5 hours, and then at

added tin(ll)chloride dihydrate (
temperature for 15 hours, followed by at 50°




® .

NH NH Physi cochem cal Pro [
perties APClI-M5 M :

;19;/ 502%%/&@+ APCI -M5 M Z: 503 / 505[ Mi+H] + fAPé -M8 M
Tabie P [Ex I—I]N;r APCI -M5 M Z: 497/ 499[ MtH] + 124 0 O
janle . . Structure Physicochem cal Properties
4o0[ NeH }-giPéIPCII\/-BNI\S/! 2/! Z: 50429%H + APCI - M5 M Z:

APCI- M5 M Z: 472 MeH + Exanpl es 193-:
correspondi ng am no conpounds obt ai negpi n ReferéggeThe

70°C for 7 hours. After allowing to cool, saturated aqueous sodium
hydrogen carbonate solution and chloroform are poured to the reaction
solution. The mixture is then stirred at room temperature vigorously.
The organic layer is separated, dried over sodium sulfate, and
evaporated under reduced pressure to remove the solvent. The residue
is purified by silica gel column chromatography (eluent: chloroform
followed by chloroform /methanol=10/1). The resulting solid is
suspended in diethyl ether. The precipitates are collected by filtration
to give the title compound (32 mg).
APCI-MS M/Z:512/514[M+H]*
Examples 206-208

The amine compound obtained in Reference Example 125 and
corresponding carboxylic acids are treated in a similar manner to

Example 2 to give the following compound.



5 Exanpl es 24, 87, 90 and 91 and correspondi ng
carboxylic acids are treated in a simlar nmanner to
Exanple 2 to give the followi ng conpounds. N---J\\
/rNO2 H 125 9 Table 48 Ex. No. 193 Structure NO N Cl
NCH3 NH | 0" O0-C Np M3LH NH 194 ~~ -,, O 6
195 196 N O NCH3 NHO NO -C

Table 52 .
Physicochemical
Ex. No. Structure Properties
H —
-0 N Cl
N
S 0
NH APCI-MS M/Z:
206 | C~"070 J, 584 /586[M+H]*
G
B
O
H P
B ~-0 N \N / Cl
Ne~ o |
| NH APCI-MS M/Z:
207 | HC~~00 568/570[M+H]*
O
~-0 N/ Cl
N\| Y N
NH © APCI-MS M/Z:
208 | HC~070 554/556[M+H]*
L
iy

Examples 209-211

The compounds obtaine
e 79 to give the following compounds.

d in Examples 206-208 are treated in a

similar manner to Exampl
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Il i '1T NNHIIl NNOOLO Physicochem cal
Properties APCI-Ms M/ Z: 512 / 514 MtH + APCI - M5

M Z: 496/ 498 MtH| + APCI -M5 M Z: 482 |/ 484 MrHI+
APCI -Ms M/ Z: 523 / 525[ MtHJ+ 126 Structure 0 127 O
Tabl e 50 Ex. No. 201 202 Strlddture Physi cocheni cal
Properties APCI-M5S M Z: 576/578[ MtH] +

Table 53 . '
- Physicochemical
Ex. No. Structure Properties
H p—
-0 NO’ Cl
NS N
NH ESI-MS M/Z:
209 HO™ "0 _J, 540 /542[M-HJ
O
N
O
H —
-0 N Cl
Ns | / N
NH © ESI-MS M/Z:
210 HO O _J, 524 /526[M-H]-
0L
N
r ~-0 N/ Cl
Ne I/ N
NH © ESI-MS M/Z: |
211 HO O J, 510/512(M-HJ-
L
D

Examples 212-214 |
The compounds obtained in Examples 209-211 are treated in a

similar manner to Example 85 to give the following compounds.
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APCI -M5s M/ Z:

527/ 529] M+H] + Exanpl es 203, 204 The

ester obtained in Reference Exanple 79 and amno 5
conmpounds are treated in a simlar manner to Exanple

141 to give the follow ng cgﬁpounds. 0 128 i
Physi cochem cal Properties anpl e 205:
N- ( 3- Ami no- 4- chl or ophenyl ) -3-({[trans-4-(3-

oxonor phol i n-4-yl ) cycl ohexyl ] car bonyl }
T]%rldl ne-2- 5 carboxam de O NH NH2 N

am no)furo[3,2-b
O Otrans-4-

bexNoi|lde (50 nm) i n Exanpl e

ﬂ‘orph0|n4 N (4- Chl ore—3—Aitt €T
yI')cydl ohexyl ) car boauéé am no) f ur o[ SUE” b)ﬁéﬁq ‘ﬁaéfﬁ‘c

204 P§03%5éqded

| .. Saturated aque
hgﬁi{ig n carifen Nt i on and chioro
elreactiony s

%1%' Theym xture
room t enper aChfe Vi g S| The o
feparat ed, dried Sver sou unN fate,
¥

nder

in ethanaol (3 m) —and *herctu s 10 @added
tin(l1)chloride dihydrat 0 The m xture is
stirred at roo r el f houts, followed by
at 50Q for 5 hoyrs ehl at 129 70C for 7 hours.

DU PEIONVISM / Z:

forgg qaep
is then stirred
ngani c | ayer is
and 5 evapor at ed

educed pressure to re the sqgl vent. The
F esi dug
~0 N/ Cl
Ny N
O APCI-MS M/Z:
213 HC o ] 553 /555[M+H]*
\ e,
N
~-0 N Cl
NIt N
O APCI-MS M/Z:
214 HC 0 P 539/541[M+H]*
on, O
3 O

Examples 215-355
In a similar manner to those described

the following compounds can be obtained.

in the Examples above,




I

is purified by silica gel
(el uent:

col um chr omat ogr aphy

chl oroform followed by chlorofornm nethanol =

10 / 1). The resulting solid is
et her.

to give the title conpound @
Z:512 / 514 [ M+H + Exanples 20

suspended i n di et hyl

The precipitates are cgllected by filtration

ng). 0 10 APClI-MS M/
6- 208 The am ne

compound obt ai ned in Reference Exanple 125 and

corr%§$onding carboxylic acids are treated in a
Tahie manner to Exa 2—+6 “jvc tre—fof oW ng
conpound. 130 0 O Table 52 Ex.Exo] 206 207gA&ture
[;;iNuﬂture Phy¥iraeBHEi cal Frafemrii es APCI-M5 M Z:
584/ |586[ MiH] + APCI-—MS—M-Z—568—S7O0[ VFFA[+ APCI
M Z: ek 2091211 The W
obt ai -208| are tlrrdated | N
simil anpl e 79to gilve ghé¥fdllo
conpo CH; 0=y
215 219
‘io
L
H /~ H_/—
l O _<I;>—c| N c; —<N_:>—Cl
H3C N/ / O N 2 O
H,C CH, OQ{NH HN O=-,:NH
216 ; 220
< &
- _
) o N e
o \ cl | N
HN" N ° NH
|CH3 o ANH HBC"}I O=
3
217 221 <:%
pf o
= Cl
xr© N WG | = 3 }\I /
Cj\N |N/ 2% "oy N NH
H, CH, o N CH, O=y
218 ) 222 <:%
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0 Table 53 Ex. No. 209 210 211 Structure

Physi cochem cal Properties ESI-M5S M/ Z:

540/ 5421 M H ESI-MsS M Z: 524/526[MH ESI-M5 M Z:
510/ 512 M H Exanpl es 212-214 The conpounds obt ai ned

i n Exanpl es 209-211 are tre % ina 5 sinmlar manner
to Exanple 85 to give the foll ow ng conpounds. 132
Tabl e 54 Ex. No. 212 213 214 Structure physi cochemni cal
T;rb?gerti es APCI-M5 M Z: 569/57 1 [MH + APCI - M5 M/

56
Ex. No. Structure
Hy 0 ‘(:/>'C'
H,C
o) o NH
223
(o]
!
o
~-0 —(}Cl
SUSvI
N O
0 oM
224
o}
"
o
o \—— Cl
H3C\N/\/N N/ 0
) NH
CH, ©O o
225
O

Ny -O HO'G
P 5 N
NH
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553 / 555[M+Hl + APCI-M5 M Z: 539/54 1 [ M+tH] + Exanpl es
215-355 In a simlar nanner to those described in the
Exanpl es above, 5 the follow ng conpounds can be
obtained. 133 0 O Table 55 0 134 135 Structure o N
/ o NH o~ 232 Structure 136 35137 0 138 0 0

Table 57
EX. ture
E{. No. Structure No. Struc
H —
7 o) H,C \
0= 231 =
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<i:§i /_\/N‘CH3
/\\o o NCH3

(o)
H —
o o o o
| 2 / o) N H3Co N/ 0
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NH o
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139 is 0 140 0 141 0 O 142 0 143 0 Table 65 Ex. No.
288 289 290 291 Structure , -
H3C ON~14C 0 NHQ 3

,~,OH3C ONNH O HN

136
Table 58
Ex. ucture
E{. No. Structure No. Str
H /— —
Cl o ¢
| D C; ‘@_ EHa | \/ P %
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o Oa/NH O ox
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) ~CH N/\/ “CH,
3 \
N/\/ O cH,
O cH,
)¢l o N
\Y
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HO N/ / o Hsc‘o/\/ y \NH 5
o) NH o o
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NH CH3 CH3 CH Ex. No. 292 293 294 295 Structure
--- ) CH3 N/ FNO 0=."

p H
H3G. J O N NH O=r NH H

N

ONNHCOI NO NHCHI CH3 d OCH3
137
Table 59
EX. cture
Ex. No. Structure No. Stru
O N—Q—cl
S
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H,G o
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144 0 O 145 0 0 146 0 0 147 0 O
148 0 0 149
Tabl e 72 Ex. No. 344 N, G Structure NH O N CEBO RI °

138
Table 60
EX.
Ex. No. Structure No Structure \
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CH3 G 150 Ex No. 348 S
. . tructure 0 CH3
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Table 61
r Ex.
Ex. No. Structure No Structure
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Ref erence Exanple 1: Methyl trans-4-](

t - but oxycar bonyl ) am no] - cycl ohexanecar boxyl ate H

N1~ Ol~ "0 '"f"'00* 0 0 5 (1) Thionyl chloride (254
m) is added dropw se to nethanol (1500 m) under
cooling to -30C over a peﬂ(iﬂQﬁ about an hour. After
the addition, the reaction mxture is stirred at room
tenperature for 0.5 hours, and thereto is added
trans- cycl ohexane-1, 4- dlcarboxyllc acid 10 (500.0 g)

Teide % mixture is stirred at roomtemperature—fOr
nougs. The reaction sol utipregx.s concentrg&ﬁgﬂﬂﬁger

Ex!/ Réuced presStimeturthe resifugoi s dil uted

chl dr of or m and washed witht-sat-utrated quEOUS Nﬁ@jc'
hydriogen car bonat e Bofuty,on|{ and S ) /
yos BLe LA & ey

organic | aye r 7over sod

evappr d " @ the solvent

pressure The regul ting resijdue

N . L-N P N NO=' N- CH3 152 re??g . The produci_js
d

M/ ¥:201 [ MtH] O net hyl
trans- cycl ohexan 4- di car joxyl ate (150.0 g) QS i ned
in (1) above is 3&_ ol ved in tetrahydrofuran (150

2@?I=cted by fi ation and|d to give di yl
transg- cyclohexdﬂ!}l,4-dicartoxylate (545.0 g)~—APC, - M5

m). |land ta 5 the-sbelutten—isaddgd dropw se a nlxad

sol ut{i on of 2 et hoxilde / ¢mﬂ O (129\ /N
g) an . er | ce-cqolingy ct}on

sol utfi d t® room t gnper at ulﬂﬁ Ned NEor

3.5 hours,gand tINteto is poured r-hexané’(lﬁ@g m )
and the m xtur® —1s filtered 1c?¢pllect t he
Re&ipitates. T esulting solid|is added to
m xture of é:%i 0
° ~
* "o

3,




conc. hydrochloric acid (50
chl orof orm (1000 ml ) under
m xture is stirred at
aqueous for 20 m nutes.

m),

water (450 m) and
i ce-cool i ng,
roomtenperature ted and the

The chloroforn1layer i s separa

and t he

15l ayer is extracted with cH4rof orm The organic
| ayers are conbi ned, dried over sodiumsulfate and
evaporated to renove the sol vent under reduced

pressure.

Table®adne, collected by filtr

tion

The resulting residue is crystallized from

apg—dr+ed—to gi ve

EStrivstwrez: 185[ M

ans- 4-
i
@n

(met hoxycar bonyl ) c

-4- (nEthOXVCHrhnnvl\nup

y Exh
1 No.

xanecar bgpplckgreéci d
(3)

0 9).
10040 to hd ere tH

di ss

nixturel
Rt onal
reactj
is ex
washe
carbo

17 h
on sol uti
fracted wt
d with satur
hate solutio

S.
s added i
et hyl acet

Ived | r
diphenH ﬁf @Zlde (15E
(78. 8 d ur Mer heat ed

heQFéd at about 60
After al

d aqueous r
nd sat ur at ed b

O|m),

¢))

C for
gnge
| ow n
e- wat
te. T
sodi

C

ehexgrecar boXyr1C agyd

anc
nd 6rNetHyI
an héts eny25The
r reflux fob
g to cool,
er, and t he“rs
ne organic |
m hydr ogen
i ne

{ he
xture

P~ H
Osoth

under
di ssollv
wat er |(
153 ¢ oV?n@H

cal7i3xqt ed by ﬂ
3:1, j1000 m)

rm—sutrfate and

S

| % ati on, wa
n- hexane

O

ed to

VaBar at
y Pl esul ti
O mj), an

the mixture is stir
0.5 hours,(

he
sy

g

Cccess

enove the sqi
ng r
th

reci pNHAt
h wat er
i vely

—

274

278

275
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and dried to give the title conpound (117.0 Q).

APClI -Ms M Z: 275[ M+Hl +. 5 Reference Exanple 2:

Trans-4- (2-oxopyrrolidin-1-yl)cycl ohexane- carboxylic

acid HOl 0 (1) Methyl

trans-4-[(t-butoxycarbonyl)éﬁ#ho] obtained in

Ref erence Exanple 1 is cycl ohexanecarboxylate (234.0

g) 10 dissolved in dioxane (500 mM), and thereto is

added 4 N hydrogen chloride/ di oxane (500 m), and the
TabJe Bfe is stirred at roem—tenpetrature tor 19 hours.
( %eactl on solution is concdikrated undegtrucedteed
S

ure, and®>THEIY syl t | ng [ eNodye is suspended in

et her Thepreetrpttates agre coll ecteddb
fllt ation to give nethyl trans 4115 ’X::>—
am ndcycl ohexanec _{?2%_ ydro hIor[;;[Q?Zf 9 0).

exanecarb xylate hydro@hworlde

above is sugpe i n di chl orjogghane (100 (45.31 g)
28 jned LN ( U.m), and thereto i 5 added
4- chl or oBh€3r Pyl [chloride (31.5 m) under iTg¢- 20

cooliphg, followe pwi se addition of a tlon
of tr{iethylamne (81.5/m) ijn dic Ioronetha e

m ). The reaction solution is|war to room®

t enpet at ur e —sti++ed—for—3—hopurs a d concentr ale
under |and red ceq)pr Séi;?Lm oth E?fiﬁ?gﬁi—giégé
are pour edQet at ey-dn5 ohydroch oL d, and
the o gﬁh& S eeparated, wa hed W t h\g5

sat ur gt edggqueo bddi um hydr ¢gen arbon@Fé solutlon
%’E tura‘tﬁled blbrST/ﬁle The or gar285S|jayer |s i ed over
sul fate an eated wi tth ac |vated bon, and
he filltrate is cg;;Lntrated nder yeduced TR4
bressure. The resul ty residde is suspended N

di i sopropyl ether. Th precipitates are col ted by
flfiltrafion and dried tn i tHhH-rtrans=4- H
HC )\g_ﬁo N ©
3N NH
CH, 0=

282 3 286 <:}

Q\i" Q@




[ (4-chl orobut anoyl ) am no] cycl ohexanecar boxyl at e
(38.81 g). APCI-M5 M Z: 262/ 264 MtH +. 5 (3) Sixty %
sodium hydride in oil (9.60 g) is suspended in N, N
di met hyl acet am de (500 m), and to the mxture is
added nethyl trans- 4-[(4-c ‘5iobutanoyl)
am no) ] cycl ohexanecar boxyl ate (52.32 g) obtained in
(2) above in small portions under ice-cooling. The
reactlon solution is warnmed to roomtenperature,

le O2d for 24 hours _and -theretoerTare—0—10pour ed

fﬁtbu at ed aqueous amoni um chiBxi de sol ut i gfFuedre
|
?

-yater. THEULBHEES i on mi xt WNe. ils extracted with
'onnof orm _The organte—tayet—rs washed W th § /~
saturlated brine, Wrj Oé/%r gnesi um e Wé}CHa
evapqrat e ol vent under \re N
pressure t The /resul'ting resildue ils fFuriNie Hb9 silica
gel clol frmNehr ography 15 |(eluent: ety acet ate)
and the resPeye i s suspended |i Bgh-| hexane/ didsopr opyl
28B8r|\ The resuhting crystal g are collecte
filtration an%iedto gi ve |net hy 0
transt 4- (2-oxopyrrolidin-1- yl)cyc ohexanecarﬂ)é?yl ate
h

(39.20 g). APC M Z: 226[ MHH +. | 20 (4) I\/biBé
transt 4-(2- oxop ol i d| n-1- y|)cyclohexanecarbeéxyl ate

(39 1% g)obtatred—n—(3)aboye is|dissolved in H@—CH
met hafol (400 @h 0 i's|added ZN@qu 3
ut ?137

sodi umn hydr 4 m ). dbe reds
Stirrewat, erature for 3 Hour < Npaction

sol ut ijon |s ag us]t-led to pH 1-2 with 10 %hﬁ#/ochl oric

aCiQ%% ynder ic :25 cooling, and @3 urated wt odi um

&t ilde, fol | ow by extractijon with chlorm The
brganilc | ayer i i ed over saodiumisul fate, and tm&n
¢vaporlated to re e the sol vent under reduced&

pressure. The re ting residue is|suspended i J
smal | @anmount of et\hyl acetate,| and dllsoornn\/J__&_h.e.L

its—pedtyed—thereto. The sultl ng crystals are QCH
ol lected 30 hy §jlt rished i th difT'3 /
ther severaf tJ anqu r|e to 15 Hyt: |t
onmpounth:Q-35-R ) OESI - M5 MF 210 MH] o

o=

290 294 Q

-0 n'@‘CHa 0 H_(}CI
F7ON o N M
o N Oy
295 5

291
O o
o) ~




Ref erence Exanple 3:

Trans-4-[ acetyl (net hyl ) am no] cycl ohexane- carboxylic
acid 51 N<HQ,." 0 0 (1) Methyl
trans-4-[(t-butoxycarbonyl)ani no] cycl ohexane

car boxyl ate (30.00 g) obt ai A8# in Reference Exanmple 1
is dissolved in N, Ndinethylformamde (150 nml) and
thereto is added 60 % sodium hydride in oil (5.60 g)
under ice-cooling. After stirring for 0.5 hours 10

TahleePbt he sanme coali ng—coenrdt+oensTettylt 1 odi de (14.5

i on sol SitreetWEccessi ve] Wo. fteaction solution is

\ %ﬁjind The methanol (0. 15 |rBX.are added gteuthere
C

d to roomtenperature—ahd—stirred for 4 ho

Undet ice-coolin @ e reaction sol o arl
saturnate agooni um chloride s Iu;i
i ce-Wat e t mxture i$ 15 |extrasted wi®h et hyl

acetdte. The qrpani c | ayer i$ washed vvitagw'i er and

te and &vaporated to renove the sol unaer
reducied pres . Thegy_resul tling residue is—purified
by silica gel cplum chf®mat ggraph (el uent

n- hexjane/ et hyl yacktate = 10/ |1, followed byO7/ to
[ thyl 20 tr&fs- 4- [ (t-Dbut oxyca 1 i

IO CyCl ohexangc xyl atel (26
M Z: 272[ . t Ay t r aps- 4-
(et hyl ) am oheéxane- caf boxyljate

obt ai hed i (1 Hak?oveis di sspl ved i n di gxa (100 25
10 i s added 4 N| @ qgen chlotide /
i29ane sol utien (16¥sm ). The readtion solMtion is
tirred at ro oM,ure for 4 hours, to the
olutijon is p i isopropyl| ethegr (500 m) m?@
recigitates ar ected by |{filtrjati on, waShe ith
i i sopropyl et Her v

0
/
NH
NH O=
O= 2 :
298 5 30

3
o H \—/ cl S —@—m
P, N N 0

| 0 \N Vs | 1/ N
P N 0
N o NH
NH O=
299 0= 303 /
O-cH, Q
™\




and dried to give nethyl
trans-4- (nmet hyl am no) cyc
hydrochl oride (19.01 g).
Met hyl
obtained in (2) above is

(18.93 g) dichl oronethane (400 m),

solution is added acetyl
i ce-cooling, followed by

TedleO%n  of triethylan

trans- 4- (et hyl am no)_c

| ohexanecar boxyl at e
APCI -M5 M Z: 172[ MtH +. 5 (3)
| ohexanecar boxyl at e
ded in hydrochloride
and to the
chloride (8.42 nm) under

dropwi se addition of a
(B8——ft—im

Su

cﬂ%oronethane (40 m).
N &
Per

d to rooPirVERPET ature a

ochl

DO L 111 )
The| rE€act|i on 1010ggQicttir®n is

dNetilrred for 2 hours.

o

addi ng 5 % hydr
extrgcted with df
washed wi S

sul fate 3

Q)

&

NH-sifica
age#ate) to ot
am no] cyclo
M Z: 214] M+H] +.
am no} cycl ohe
(3) above is d

nmet hyl

oCTI

T oL Q4
¢ at bri ne,

/équated to rernove the s
reducled pressuwre. The resulti
g€t 15 col urm chron

g trans
anecar boxyl at €

4) th
S ar
I'ssol'ved ¢, met

otc—acT[d, the nlxtungi
t hane. The or Lo |
dried ovef slo
Menty urder

5i due i?wified by
aphy (el uégnt: ethyl
acet yl (

D5 g). Al

[acetyl (e
(19.(%
hanol

0 g) obtabne
sodi T Nydr oxi de s

ng re
P88
(19.
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1)
M5
ik

tra
H&te

NS

(200 m), an 0

(60 mi). The sti
Under |i ce-
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nydr oghl'ori c ac
hen
H3Q@

|

1

icet at

t hereto | s added 2 N AGHEOHS
0_dt em tenperlat ure

Sted to pH 1-

i MH saturat ed {
xtracte@=wi t h chl or of or{n80dhle or gani c3
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he sof vent und educed pressure.
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anto th

e mM¥ture is
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n cooling,| the lregcifo

by pourFngN103% ©
@@ﬁ de,
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r ve
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Ref erence Exanpl e 4:
Tr ans- 4- ( 3- oxonor phol i n-4-yl)cycl ohexane- carboxylic
acid (10 N~ HOf'~0 11' 0O (1) Sixty %sodium
hydride in oil (6.80 g) is suspended in NN 5

di met hyl acetami de (80 m) ad46a solution of 2

- (benzyl oxy) ethanol (12.9 g) in .

N, N-di met hyl acetami de (50 m) is added dropwi se to the
m xture over 10 m nutes under ice-cooling. After

Tahbile 68ng at room t enperat | forr+5—rnutes, The
r ac%’: on solution is cool ed @'Em iijce, and S{}Q{&hﬁgl S

chl or ocdtenictuEci d (8. 18 §o. iln smal |l porti ons.
xture is then 10 sti++¢d TOOTIT L ENPEr agur, or

I hdurs. The react gzr"'_s'?_ tlon |s co \ungef!

reduged pre o/ t he resultlnq\}rp i

added paile hydroge car bonate%olyti 8n and

the nixtuPe Ns s ed with diethy] ethep</Me aqueous
I's aci dPF¥ed w th conc.| 3hgdyochl ori G-aci and

xtracted wih ethyl acdtate.|The org G
i s washed h saturated bri he, '

sul fate an porated to
d pressure Nm [2- | (benzyl oxy) et Boxyi acetic
18.24 q) | M Z: 209][

—Bgmzytoxy) et hox

[ _ e
rans-|4-am bc ﬁaﬁ‘{ecar boxyl at ¢ hydrlioc IQ N
5.27 gs‘3 obtHi neg,in Referenge Exdgnpl e ) ancp

- hydr oxybenzobeyazol e (5 06 )311_,?re dj ssol v in

3 heH xt H
yl ) car bod| [ ﬁéH
amne (4.50 m) 3
25 the m xture
vs. The reaction

ydr ochl ori de (70 )g_)_/'é{mﬁat rli et hy
ively under ge-cool i ng, and
at roomt npeﬁl-aturef r 3 d
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158 foll owed by extraction wth ethyl acetate. The
organic layer is washed wth saturated brine, dried
over sodium sul fate and evaporated to renove the

sol vent under reduced pressure. The resulting residue
is purified by silica gel Turm chr omat ogr aphy
(eluent: hexane /ethyl 2- 2- 5 acetate = 1:1 foll owed
by ethyl acetate) to give nmethyl trans-4-({]

benzyl oxy) et hoxy] acet yl } am no) cycl ohexanecar boxyl at e

Tedle69) . APCl - MS M Z: 350f MeHL+ {3yttt
ranf-4-({[2-(2-benzy|oxy)et gy acet yl } angfiQ)cture 4j
| ohexanec@tyugief e (5. 09| afooht ai ned in (2) above
i1$0-.dijssol ved in 0O 1 cette—qpeta— (50—, anduqt to
IS added 5 96Ball gg;ﬁ}gémbo (1.01 @) Hy
m xtyre i [ oom t emper dt urellfg - & hours
under E ¢ nmospher e under nlor &l Nor essure. The
reactli oh sol utpgen is filtered to yenoveg=he catal yst,
and tlhe fil®PrFate is concentrdtgd4under reduced
pd28sjure. The /resul ting residue is|di ssolvn H,G
chlorpform 1 shed with saturated aqueo sogi\gherH3

hydr ogen car bongt e,Gsgl uti on,
sul fate and evy oNated to re

nmet hy

CH,

drie
ve the sol ventOtocgj ve

boxyl
Vet hy
{ rans

te
I

5

(

2$ﬁy

d

HafasT4={{ (2= Nydr oxpet y)acetyl ] am no} cygl ghex @59 CH,
rT . ). Cl Z: 26Q[ M+H] N
N HiC o N o

ate (11.37 g)

oy af orm (15
triethyl am ne
t hanesul f ony

-
\

“carboxy m), reto is
pl ) under ijce-copling.
t hen added

( ¢
I

x?ethoxy)ac tyl]dam no}cycl ofNkane-
gined in (3) qg9$ i's dis§% ved in
n hie

ﬂ‘ﬁsd

HG
N
—

Rl orgrde (450 |pl) i
opwi lse at the same

t enper atjur e.

he reacti op

pe

;
jt;iluti nis stirfd éay 3 hourls under ice 25 coal Ry

Il uted with-water—and—extractied W {h chl orof orm H‘_I'_D_
ar gani l ayen i g cl:l-l‘h3 sat ur at ed bt e Cdr e G,
dver spdi um Gulf apegand—evapoy at ed tHct heg
slol vent Hingernféduce@ pressurelto gilve e iy NH
trans-4-[({2-nBLDNVIsulfonyl)o<¥;et oxy) acet@/) ami noj

% 26 '
322 H,C
L ANCH,
CH, N
N O cH
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NH NH
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c ycl ohexanecar boxylate (1.83 g). 30 APCI-M5 M/
Z: 338 MtH] +. 159 (5) Met hyl
trans-4-[ ((2-[ (nmet hyl sul fonyl ) oxy] et hoxy}acetyl ) am no]
- cycl ohexanecar boxyl ate (1.08 g) obtained in (4)
above is dissolved in N,N-dfﬁ%thylacetanide (15 ),
and thereto is added 60 % sodium hydride in oil (135
ng) under ice-cooling and the mxture is stirred at 5
roomtenperature for 16 hours. The reaction solution
Tabledfentrat ed under reduced prToDUIC, nMd—To T he \

sﬁg’&uu‘tl ng resi due are added and an ggRSfre

m chl or i SEUCE8re owed by |eNbr4gction with
MPorlof orm _ The organie—tayer—sfdried over fpogk

sulfdte and evapdlr ko refmove fth oen d CHa
r eduged / resel tijng reS| ue | ptiri Nred 0
10 by] si Ni col utm chrorat ogr rﬂ: hexane

/et hyl acet at = 1 1 follo a ate) to
o828 pet hyl tgans<4-(3- oxonnrp%g?l 3y¢ Z
yl)cy | ohexaPecar by e (715 my) | APC - I\/IS N\/\N~CH3
M Z: 242 MtH] +. (8 : CH
transt 4-(3- oxonorphu i n-4- yl) yclomexanecarboxvlatp 3
15 (500 ng) Cbtﬁln T (5) apove I|s treated
sim | ar nner Ref-emqence s
itlecnbura’e ( )?ESI-
Ref er enld wp
agzqs), 4- (2- oNd- 1, 3- oxazol i din %%)q—gmoohe},an
ylic . 20Q1)h Hs CH
rans-|4- aninoc€;?b7:§§p£pacmo yIate hydrochl N\,/\N, 3
5.00 |g) obtai ned Nn Ref & encd Exanpl e 2(1) o) CH,

i ssollved in chlor&orm CHs

H
o J-Cren ~po, JHoo
Y/ N = Y [o)
NH
NH 4 0
330 oy oH 3341 RS J CH,
O\(N\S/\N CH, N-cp,
0 CH, °
H ——
_ l -0 —<N__/>_C|
l =0, ‘Q"CHS N/ % (0]
N. .~ ¢/ o) (0] NH
NH 335
331 | ne® .
\CHS }\N/ 3
o © cn,




(60 M), and thereto is added
under ice-cooling, followed
sol ution of 2-chloroethyl 25
chloroform (10 m).
tenperature for 2.5 hours,
added 5 % hydrochloric aC|d
extracted with chloroform Th
washed with saturated brine,

Tablé¢ Jtle, and then evapaorated

After stirring at

triethylamne (11 m)

by dropwi se addition of a
chl oroformate (3.3 m) in
room

tl4% he reaction solution is

and the m xture is
e 160 organic |layer is
dried over sodium
t o+eppve—the—sotvent

rgﬁge reduced pressure. The

res.ul t| ng res Gj}hsithﬁe
gﬂ@py et her. 5

pended i n Stirletwitor nf dii s

Me@cilpitates are collected by
g

0 oxYy) caf

APCI - M5 |

give

tranj

r box

Met hyl tr H[ (2-chl oroetH

cycl oghexan boxyl ate (3.70
1010 N, N-din

i $3Gli lssol ved j
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enper at u Nor 16.5 hou
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HON O O (1) 5-Amnovaleric acid (7.35 @)
di ssol ved i n net hano
dr opwi se t hi onyl

(50 n),

is

and thereto i s added

chloride (4.9 m) under ice 161

cooling. The reaction solution is then warnmed to room

tenperature and

solution is concentrated under

stirred forl3Q hours.
reduced pressure.
resulting residue is suspended in diethyl

The reaction
The

et her and

t he preC|p|tates are collected by filtration to give

TaeblbyT 5 5 ami noval erate hydrochlg

L

de—(9-93—5)-

l?Fl?iro

sfpe

VB M Z: 132 MtH] +. (2)
chl ori deSfriicd8rg)) obt ai r
nded in chloroform (20
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10

15

chl orof orni et hyl

M Z: 200[ MtH] +. (4)

Met hyl 5- (2- oxopyrrolidin-I-
obtained in 30 (3) above i
m),

acetate =
5-(2-oxopyrrolidin-1- yl)pentanoate (2.15 g).

20/ 1) to give nethyl
APCI - N5

pentanoate (1.00 g)

yy!
33 ssol ved in net hanol (20

and thereto is added 4 N 162 aqueous sodi um
hydr oxi de solution (2.5 nl).

The reaction solution is

%ém? to roomtenperature and stirred for 18 hours.
T action solutionr—+s—wasted—wttrdiet hyl et her,

|thereto |s added 2 N hydEsch| oric acigriuztQrerd ),
ﬁ)’l llowed by W@ﬁ?ratl on unNer Ireduced 5 pressure.

'erpqulfln restdue—+s—extTactgd W L h chlq_‘ro
drigd over dj The Bsol ve

under [r € p suré to|give |

(0. 90N Sl'eM5S M Z: 184 M{H] - .

5-%3- Oxonmonghol i n- 4-yl ) pent aggic

352nj nov hygdy ochl orilde (335 'g) &bt dh .,
Ref ef ence™ Ex ehﬁ\(/L) C[.@ (benzyl oxy) et hox}raget+c N
acid| (4.63 g) = obtal nell i n |Ref er énce Exanpl e 4(01) aneh,

1- hydr oxybenzot r Pazol eC'('as. 78 q) lare di ssolved—in

rm and

U

fate

achdD 1 )

NINtrmet iyt T meed de (80 mi ). Tag the mxturs :

added l~¢ am nopr opy @J

hydr oghl gr iz (5 trietlhyl avd
(hder i ce-cool

successively n:gs and the

s§g7 rled at "bomten'perature 52 davs. 5

sol utli [ renfiiat ed ungder relduced pres
| ut edl wi [

diChtet hyI
7 g) and

t he riesul ting iy
Qﬁgat( The 20 organic |ayer is

extradcted wth etgyl a

washeld with agquegus-sedi-amfydarogerr—Tar bonat e

sol uti on, wat er and saturated brine successi vel vy,
dried over sodium sulfate and, eya fol-
{ Referehve Bxamplr 11 Matbaliisris 4] DU ARG b8 ay HRAR)
residue is by silica gel colum

pur| fi za?
chydnhﬁﬁgﬂa §ent: hexane /et hyl acetate = 1:1
fol |l oned by et hyI acetate) to gll\_/le

L O

(1) Thionyl chloride (254 ml) is added dropwise to methano! (1500

ml) under cooling to -30°C over a period of about an hour. After the

addition, the reaction mixture is stirred at room temperature for 0.5

hours, and thereto is added trans- -cyclohexane-1,4- dicarboxylic acid

(500.0 g), and the mixture is stirred at room temperature for 17 hours.

The reaction solution is concentrated under reduced pressure. The

residue is diluted with chloroform, and washed with saturated aqueous

sodium hydrogen carbonate solution and saturated brine. The organic

layer is dried over sodium sulfate and evaporated to remove the solvent

under reduced pressure. The resulting residue is crystallized from n-



25 net hyl
5-(([ 2- (benzyl oxy) et hox '
y] acetyl }am n
g).(([épé:lb- VB I|\/rz: 324[ MH +. (>2/)}I\/bt hSl) pentanoate (5. 56
- - (benzyl oxy) et hoxy] acet y| } am no
tg)et obLal ned in (1) above is ]cﬁl%;;ol ved) !O(nent anoate (5. 54
! :radydrofuran (60 m), and 163 thereto is added 20 %
p adi um hydr oxi de on carbon (0.5 g). The mxture iso

then stjsyred for,4 t . . P !
i

react i an, d-9M.idscdibdxgla (665.0 &@wo
tﬁ% td%’(%n liﬁéeéﬁl itrate is conce(nt rat ed \lj(re}dte:]er ggbglegsg,
@??FMSMVE:ZDMM*HWY'

2- hyd :
9) . ,(G(BQZI %l)lilrsoex ;1? &gﬁ%@%ﬁﬁ%g@%-@g@?éﬁ&%ﬂﬁte (1500 g)

5-{[,(2-hydr th o
s SoUbSRDHEP AT SR T oaimenonm 500 s oo

it st gyt et R
. . u .
Fdiokiddpncsina (14500 ool osiengL 4 b iRy i coBuAg. The
freapiontsoletionds i\{raelggéclg EB r%%hﬂ&é&?)g?}%ﬂ}’i?g @S\igf%(? fé10818 hours,
1 - | S

poured thereto foll : o 2 o
- ) tri filtered t
G Papisin < pputEp BHRaRE (5007 an ey

@ 0 i e getatis! Trshesulting sl imadded 58 Ry of

0 t d .
B 'hy’ih{o(:hl,’mﬁg i 56 orl ot AItLE Eh . CtflofofsFm (1000

tyl
Z@%ﬁa@%ﬂggﬁﬁgf é’,ﬁ&ﬁ;ﬁ L 2t isAffrredBt room temperature
fo %ng@%&ﬁ%@% havdopyseanatyed amdniije agugous

b , talned 1n (3) above is di |
;@gggl\%&%o X og&( hgRtcHIbesforR2 Thy organiq }%',ei:{; @Irfse S§(2)rr\1/1§1q1ed,

. _ um hydride i il
15 | @predostdrgodiline suilfateraand §\Ir£p§@tgc§ I(%p fi’ggﬁ%&e“ﬂgﬁﬁlvent under

teﬂperaturefor 18 hours,,.l ce- i ,
r eadticed prossiTt nThSEGSPHén%%Q uﬁ'lgrllsls xt?éF1 z[algté%gmm hexane,

chl orofo e.or ' : jive Hmnsa i
s Mﬁﬁfeé{ig% rf}-liﬂr@tf)o(gg ?@gc%légg %{s) og éli*h m sul ?gf g@é%ht he
e

sql v ' ey !

1 1

Sy dhemarmar o BRI e
ESI-MS M/Z:185[M-H]".

‘ 20 (3) Trans—4-(methoxycarbonyl)cyclohexanecarboxylic acid (100.0

g) obtained in (2) above is dissolved in t-butanol (1000 ml), and thereto
are added diphenylphosphoryl azide (155 g) and triethylamine (78.6 ml).
The mixture is heated at about 60°C for an hour and further heated

eflux for additional 17 hours. After allowing to cool, to the

under r
and the mixture is extracted with

25 reaction solution is added ice-water,

ethyl acetate. The organic layer is washed with s
aturated brine, dried over

atufated aqueous

sodium hydrogen carbonate solution and s

sodium sulfate and evaporated to remove the solvent under reduced

pressure. The resulting residue is dissolved in methanol (250 ml), and

30 thereto is added water (750 ml) and the mixture is stirred under ice-
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thereto, s _ad 158§ are kptieotadd
cooling; o#tf’éang ?‘%ﬁﬁét@gg’?te?@rllmgsol ut :mxobn i s then varmedively
LOshOR Wit £8} eghand] (3:11 16007 ) and mslezans Sif

wa %?on solution is concentra(hﬁﬁ %er reduced

M ETIEto giveutireatitiepmpeund y@ chl oric acid, and
APSI-MS Mg Ze (70

g). The mxture is then stirr

T b it A
T hechosscs 325 A st suample
grd&;gi‘ge%pm ég@%ag}eﬁ @ﬁﬁi&h&%‘& Qﬁé'f’dt@ 18.59.(1!1:&!} &N 2ydsgoger
54 e io0astpana e ik o

over sodium sul fate . ROt j d under
R hpReheure fond.Ghapssaliie teActiim ottt 1 fohuehtrated unde
reduced pressure.

(eluent: residue is purified by silica gel columm

chr omat ogr aphy hexane /ethyl acetate = 1/ 1, foll owed

by ethyl acetate) to give nethyl 5-

( 3- oxonor phol i n-4-yl ) pentancate (0.93 g). 30 APClI-M5 M

| Z:216 [M+H] +. 164 (5) thrfh't?’

5- (3- oxonor phol i n-4-yl ) pentanoate (500 ng) obtained

in (4) above is dissolved in nethanol (10 n1€, and
y

futresios),

concentr at ed underé_hgduced pressure. The resulting
wth chloroform dried over

sodi um sy| f at e, apd 0 rirelitire 1syl) xeiohexaae-
Refarenge @Ea}egﬂt (;ﬁé?l\%ej'ta(%g&t{?%e conpound (0.35 g).

0 10 - M Z: 200[ MH -. Reference Exanple 8:
??%tﬁ?-gil-c(%l@r(rlet hyl am no) cycl ohexanecarboxylic acid
hydrochl oride HO O (HCI) (1) Meth

trans- 4- am nocycl ohexanecar boxyl £ ydrochl oride 15
(93.0 g) obtained in Refere le 2(1) is

di ssol ved i n net hanol H@EO ), ard thereto are

added 35 % aqueous formal dehyde solution (95.4 m),
sodi um acetate (39.4 g) a

10 % pal | adi um carbon (10
c}]pn'perat ure

t luti 500
nate solution (5C [Tegt and

’Eﬂ'odgni c

reduced pressure, ar-lrci] fhe resulting residue is suspended in diethyl
ether. The precipitates are collected by filtration to give methyl trans-4-
aminocyclohexanecarboxylate hydrochloride (121 9 g).
APCI-MS M/Z:158[M+H]". |

(2) Methyl trans-4-aminocyclohexanecarboxylate hydrochloride
(45.31 g) obtained in (i) above is suspended in dichloromethane (1000

ml), and thereto is added 4-chlorobutyryl chloride (31.5 ml) under ice-

cooling, followed by dropwise addition of a solution of triethylamine

(81.5 ml) in dichloromethane (80 ml). The reaction solution is warmed
to room temperature, stirred for 3 hours and concentrated under

reduced pressure. To the resulting residue are poured ethyl acetate and

5 % hydrochloric acid, and the organic layer is separated, washed with

saturated aqueous sodium hydrogen carbonate solution and saturated

brine. The organic layer is dried over sodium sulfate and treated with

activated carbon, and the filtrate is concentrated under reduced
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25 resulting residue is i fi il
purified by NHsilica gel
col umm chromat ogr aphy (el uent: n-hexane/ et hyl gacet ate

= 2/ 1) to give nmethyl trans-4-

di met hyl am nocycl ohexanecarb
oxyl at
APCl - N5 M Z: 186[ MrH| + (2) wa%l e (87.3 g). 165

trans-4- (di net hyl am no) cycl ohexa
. . ( necar boxy | ate
g) obtained in (1) above is dissolved inydioxanéZZégo

m) and water (1Q0 _m.) y

e bl ety s gy e T

}algﬁg;%?iit%f% éj% &ﬂiencé«a(? %ﬁ%ﬁ%@m |”e_ﬁ'adﬂ(i§i§drmm givegupthyldgans-4-
i : : acCl

@ﬁgﬁﬂgg@ﬁ@%@mﬁwgﬁ?ﬁw@wmﬁ)(Bgféqﬂ&Lth her

APDIME M/Es262 A264MBilbj ect ol te ;gggtepggﬂed under

ghzéglfebgtgﬁf& %24 %&@Hﬁﬁ wfaﬁlg%%e}'rﬂ%imgg@% tg'%w sheperdediin N,N-
BimefRVRataiflidy oo ity s tovbehadcuiretis iddngrmsshy ! trans-
a4 %sﬁo%@gﬁ%m&mﬁrﬁ&&;%ﬁ%gg (52 52°g 3btained
;ﬁigg)s _a£§?2$n|m' POKLIONS @qéd§¥§§&?§§.a%b RacBoRYSolition is
opared S9PORIRH RO RaTeL (O N1 anc {herelo 15 .
?g&f&gﬁ%&ﬁgﬁ% éaﬁrhgg)zcitki Rheehitan (dhlotide Lsuil'et?iggt and ice-water.
et matuns siemeroditahiobiih e
traged-wahi sasmatef prigg O A uielsiEi thifate and
ydrochl ori de (8.69 - . y N
l\/evmracwelrte-rég‘t%"rﬁ q%?]ﬁ?ﬁ%yc c#f?é%c Egl Mt?d]smézﬁhe
2 dr geh) oﬁ%ﬁi&ué §s PurilePbyadinies geb céMmagéivm?))%ggg?aphy
(eluent: ethyl acetate) and the residue is suspended in n-
hexane/ diisopropyl ether. The resulting crystals are collected by
filtration and dried to give methyl trans-4-(2-oxopyrrolidin-1-
yl)cyclohexanecarboxylate (39.20 g). '
APCI-MS M/Z:226[M+H]J*.
(4) Methyl trans-4-(2-oxopyrrolidin-1 -yl) cyclohexanecarboxylate
(39.15 g) obtained in (3) above is dissolved in methanol (400 ml), and
thereto is added 2 N aqueous sodium hydroxide solution (174 ml). The
mixture is stirred at room temperature for 3 hours. The reaction
solution is adjusted to pH 1-2 with 10 % hydrochloric acid under ice-
cooling, and saturated with sodium chloride, followed by extraction with
chloroform. The organic layer is dried over sodium sulfate, and then
evaporated to remove the solvent under reduced pressure. The
resulting residue is suspended in a small amount of ethyl acetate, and
diisopropy! ether is poured thereto. The resulting crystals are collected

by filtration, washed with diisopropyl ether several times and dried to
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25 dichl oronet hane (400 m), and thereto is added
triethylamne (11.2 m). The mxture is then stirred
at roomtenperature for several mnutes, and thereto
are added 35 % aqueous formal dehyde solution (15.9 nl)
and sodi um tri acet oxybor ohyd¥®®e” (25.43 g) under

i ce-cooling. The 166 reaction solution is warned to
roomtenperature and stirred for 2 hours. Saturated

aqueous, sodi um hyd car bonate solution is poured
give the tiflg 99?1"6?9‘}/’5{18%?‘%3 ixture is extracted with

o AP O Ces el vel v 5 gk ed over sod

ried.over L LLIT
Biet-ehée EHENPIY yentans-delaostyliinsth n?lsxg‘é’é%%hw
pressure to give nethyl
¢dmsvxyldic 4dddnet hyl anmi no) met hyl ) -
cycl ohexanecar boxylate (7.42 g). APCl-NMS
M Z: 200[ M+H] +. (3) Met hyl

I
trans-4-[ (di met hyl am no) net hyT}e hexane 0 10
carboxylate (7.41 g) o i ng ( above is
di ssol ved i n di oxane ( MY, and thereto is added 2

N hydrochloric acid (70 mMg. The mixture is then
heated under reflux for 3 hours. After allowing to

cool, the reaction i ' Sh¢Rainindle clohexane-
reducdd) pMes g.an‘?hcg’(ﬂt%e%wc%ﬁr esi due i]sgsubj ected ..
to w%gg?@ cf% g pbtahlednnReferencedizam pledl 1 diggoived 1
r&d oduct™is dried to |vethe.t|éée§raﬁoo%um
( 51\11-51i%'lethyﬁﬁﬂndrﬁl od df! (2[:5|I)83{1]\| @ﬂ%{ih hezetd 1 @( ?p _esjh :
rans-4-pyfrolidin-1- ylcycl ohexan 3 oi urs
hygdeidel inrdaidiéS@Ql—E)hl,mder W@?ﬁngo%@%b%ﬁ% f:;} df
trans- 4- am nocycl ahex X dideqi Ao molg an@ 0
gymdior AhAGHIN (RO BB ERasstacg0] jodiaed —
L efiandl 3@ UG b addell tortlst sexttion selusinmsuceassively:
g ended’ 1n a m xture of tetrathdro%i#(iﬂ.peé:fgloér
L), &36n Nobh elbfes warmed ttarogsn (GMARTRUE R ! .
e I oy o g 9t reA0bA YohutidHare s ieansaturate
aqueous ammonium chloride solution and i .
extracted with ethyl acetate. The organic layer is washed with water
over sodium sulfate and

ce-water, and the mixture is

and saturated brine successively, dried
evaporated to remove the solvent under reduced pressure. The
resulting residue is purified by silica gel column chromatogra%phy
(eluent: n-hexane /ethyl acetate = 10/1, followed by 7 /1) to give methyl

trans-4—[(t—butoxycarbony1) (methyl)amino) cyclohexanecarboxylate

(26.33 g).
APCI-MS M/Z:272[M+H]*.

(2) Methyl trans-4-[(t-butoxycarbony1)(methyl)amino]cyclohexane-
carboxylate (26.32 g) obtained in (1) above is dissolved in dioxeTne (100
ml), and thereto is added 4 N hydrogen chloride /dioxane solution (100

ml). The reaction solution is stirred at room temperature for 4 hours,

and to the solution is poured diisopropy! ether (500 ml). The
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gﬁsggrszgt{ﬁt:?hyrde; rsd?c?d pressure. The residue is

\ cetate/water and the or '

;g¥:: ;ﬁdseparated. The organic layer is magﬁghcmﬁth

vater and saturated brine, drjed over sodiumsulfate

A ssure v$ﬁgraﬁzgufg_rennvéfi e sol vent under reduced
sure. ing residue is purified

NH-silica gel colum chromat ography p(eluent:bgthyl

t — .
g?"ggipg‘éaiclﬁ%%gﬁﬁgﬁheﬂ ﬁgr_fhg%a‘i!idfﬁ Wwhéhed with diisopropyl ether

I'cycl ohe
A Apied d e %ﬁyﬁgﬁg}tﬁ-txlndcnlyla;g{]r;%%Eq%ﬁ%%%ﬁ%a%%&ate
oy n- 1 - | i
yybate (190 Bgh) obt ai ned %/ncs(/clz) oggé\a/\gei n di oxane

150 m), 2 N hydrochloric aci [
m), 2 cid (80 nl
Apel-MSMyZ: 18R2MtHPed at 110C ff)r 3 hZ)u:rz %?ﬁg and

Concodd: MaTTHARISs gty apshEpcmmamecer O
(534t epaS M oBtained it amnne BT
ﬁf%%lg?ﬁr_n%l%%%g l&lﬂggzm)l, aﬂgf tfglr é{é golgi% fsggﬁ&& ateyl chloride
{(?ghr?gmj) grrnxidﬁg Cipq—pog}j%g?, ?o‘ﬂo%gd( BYeERsy ddaitidh ofc dolution
of ristylaghis 48l S RcaenRab oty ooml. ofhaccaction
@&éoé?s%%ﬁ?ggltb%ﬁﬁ tefnperatume) an@@ai,mjﬁa for B hauts. After

_ ium i odi de (88 .
gurys ovasnmcnaton Bl EYT
e e oot STpatid laykl s Jhad ith bRmraheditsrine,

(23 m) and sodi i odi
(2 o o YLRgEo s dipanhtodite rerbied o salient uner

i ti : , , d far ..
gggélté('htfcf g%%%sl%}%g g'?hez ;féftélécigé@e gﬁsidusos (nusfied E)y NH-silica gel
Fgégfgih}hg&;matdgxgpwwmmwﬁwe aeefat @ GyE IeH tréine-4-

eparated, The o [ i -
ety athy Dedaoly AR Dy R Bike (RO RRS 1 0
and evapor ¢ : ver 'sodi um sul fate
LSRR 2% 1M
(4) Methyl trans-4-[acetyl(methy1)amino]cyclohcxanecarboxylate
(19.00 g) obtained in (3) above is dissolved in methanol (200 ml), and
thereto is added 2 N aqueous sodium hydroxide solution (60 ml). The

ure is then stirred at room temperature for 3 hours. Under ice-
pouring 10 %

mixt
cooling, the reaction solution is adjusted to pH 1-2 by

hydrochloric acid, saturated with sodium chloride, and then extracted

with chloroform. The organic layer is dried over sodium sulfate, and

evaporated to remove the solvent under reduced pressure. The

resulting residue is suspended in a small amount of ethyl acetate, and

to the mixture is poured diisopropy! ether. The crystals are collected by

filtration, washed with diisopropyl ether several times and dried to give

the title compound (16.31 g).
ESI-MS M/Z:198[M-H]".
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remove the sol vent under reduced pressure. The
Lﬁfg:f!ng residue is (eluent: ethyl purified by
s |cg gel colum chromat ogr aphy acet at e/ hexane =

, Subsequently by ethyl acetate/ hexane = 1/5
followed by 1/3) to give netldy

trans-4-norpholin-4-ylc
| | ycl ohexane- 5 carboxylate (5
g). APCI-MB M Z:228[ M+H + (2) To a sol uti on’ of ne§h3i9

trans-4-norphol i,n-4- Cc il earsge
R%z)feﬁm(‘&ld ?é@l%lﬂxe f‘l)ﬁ%ﬂ%ﬁ"{sﬁggfsox aﬁgﬁ? ?Sg)gm()gtﬂh added-
Py g&: oric acid (400 m), and the mxture is

10C for 4 1010 hours whil e evaporating

met hanol . The reacti on [ '

_ sol uti on

The resulting residue is suspenqgg\gpd Cohot et hor
1

: . d i/n di et hyl

collected by filtration to - yl et her,

54. i _ title conpound

grr ang_?ﬁ' APCl - M5 M Z: gdA[ | . Reference Exanple 12
[ (t-butoxycarbony)) (et hyl ) ami no]- 15 '

cycl ohexanecar boxylic aci@ HO I Methyl

trans-4-[ (t-butoxycarbonyl) (methyl) ani

= O oty Seodiambemaicel i (o808 InFARERTHEEE N

_ [ anol ..(30

Ei?rggdlﬂiﬂdcéyraﬁn% (;3tﬂJ glll MSH?}&?&Q : og gﬂ%%qm) i@tg’%@iﬂ (12.9

g im Y, dixge;elgﬁlaé%t%ﬂes(sﬂ%ﬁ'ﬂ) & haaed dbpweserto the mixture

concent r at St e reaction solution is

HVET gg)dgan:ﬁg%é' Qgt%(rgrr ri&EeUtéﬁalﬁng[ ezi%ﬁer stirrifig atioona depperature
. B ) ace

Ty Eneciflikés, thel kactioar gomeiomg g(?fglgg x h:{%%, qﬁx%thlgle*eto is

i's"extracted with ethyl acetate. . ' I
shadichiaroanationcib 32 8 i s PREIGHEC TG FRTTre)8 then

dried over sodi um sulfat
i or ; P
Csaricrt BRI RO e oo

hgq);iglgﬁgafjegfjgggreg géﬁﬁhéd ;ﬁf&_ﬁsl\ﬁlfe,oinckthyhe gesuHing regiguc is

. to thé m xture. The 116t9 , ,
added aqueous sodium hydrogen carbonate solution and the mixture 18

washed with diethyl ether. The aqueous layer is acidified with conc.

hydrochloric acid, and then extracted with ethyl acetate. The organic

layer is washed with saturated brine, dried over sodium sulfate and

evaporated to remove solvent under reduced pressure to give [2-

(benzyloxy)ethoxy]acetic acid (18.24 g).
ESI-MS M/Z:209[M-H]".
(2) [(2-Benzyloxy)ethoxy]acetic acid (6.51 g) obtained in (1) above,

methyl trans-4-aminocyclohexanecarboxylate hydrochloride (5.27 g)

obtained in Reference Example 2(1) and 1-hydroxybenzotriazole (5.06 g)

are dissolved in N,N-dimethylformamide (100 ml). To the mixture are
added 1-ethy1-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(7.10 g) and triethylamine (4.50 ml) successively under ice-cooling, and

red at room temperature for 3 days. The reaction
and to the resulting

the mixture is stir
solution is concentrated under reduced pressure,

residue is added an aqueous sodium hydrogen carbonate solution,
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resulting crystals are coll [
_ | s ected by filtration, wa
Wi th n- hexane/diisopropyl ether several ti mes’ andShed

dried to give the title
: conpound ( 39. -
M Z:256[ M H) 5 Reference Ex;;lrp | e 1%: 20 9). ESI-WB

[ Trans- 4- (di nmet hyl am no) cycl [ [ [
Eygrochl oride HO , ("~ 0 N (HC )X%/l) agg: ;igsiaalmd
t%e:gi(lodies(lgdsdg)' is dissolved in water (30 m) and
e SRRt T sbSfolt T prgamic bee) 4 POl
_ ( nitroso- N
a9l erembieqmatem G o 13
. . n e .
R cechasndprayaie; TG pay Afing sesjdue is
ried over potassium hydtoxid ' '
Susifivichy ica BoCRAFY coirhEiatoghaR (Autnechtisty by

e b L iRy B9/ 80y hhedigplo afve methyl trans™4-({2-(

obt ai ned |

ef er i '
¢ @tifatninojeyeiraanecarnsila )
5?82}9%?‘?’?%% ereto is added triethylam neg’q %ggf m )
PCIE M /B30 +H]* dr opwi se addi tion of i sobut yl

chl .
< ailrear-bi B S prne
tayEloRaRANCGRT 8?“%]'{3\%% Eé’.ggeé)ggt%diﬁrﬁgdflggé ?bovle opdissolyed in
| Scetld'50d" QST hlf, aric ereoos malidedeS %mé}%@ﬁﬁ{j 3%@5’6‘%1 01 g)
Spapmeinsinesshsoon w4 S4Bt BT e
shydragerdatgesphsTe g@,ﬁ%ﬁ]‘i{@gﬁ‘@&%@é@?gg ﬁrant{tgﬁi&fﬂim solution is
2@{@{5@ ?tgﬁéggfj%g regég%lf%ﬂ, afd e’éd fiﬁrmeers txmﬁamgttle?lnﬁnder
bges ey, ibeconng esiessataboiel e
ggg%sg{cg ﬁgtzﬁﬁatu_ralé@ ,aque@nsosggiei{lgé, ?@ﬁgtgen Libnate solution,
dried over sodium sllilga{teta(.)n@ LV Spbrateifto teméves tie salvend to give
methyl trans-4—{[(2-hydroxyethoxy)acetyl]amino}cyclohexanecarboxylate
(3.32 g).
APCI-MS M/Z:260[M+H]".

(4) Methyl trans-4-{[(2-hydroxyethoxy)acetyl]amino}cyclohexane-
carboxylate (1.37 g) obtained in (3) above is dissolved in chlorofofm (15
ml), and thereto is added triethylamine (890 nl) under ice-cooling.
Methanesulfonyl chloride (450 nl) is then added dropwise at the same
temperature. The reaction solutibn is stirred for 3 hours under ice-
cooling, diluted with water and extracted with chloroform. The organic
layer is washed with saturated brine, dried over sodium sulfate and
evaporated to remove the solvent under reduced pressure to give methyl
trans-4-[({2-methylsulfonyl)oxy]ethoxy}acetyl)amino]-
cyclohexanecarboxylate (1.83 g).

APCI-MS M/Z:338[M+H]".
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di azoacetyl ) cycl ohexyl ] carbamate(1.86 g). APCl-M

M Z: 285 MENH4] +. (2) t-Butyl

[trans-4-(2-di azoacetyl)cycl ohexyl]carbamate (1.62 Q)
obtained in (1) above is dissolved in nethanol (30 nl)
inalight resistant 5 reackd%dn vessel under argon
at nosphere, and the mxture is cooled to 25C To the
reaction solution is added a solution of silver

b t 1 i Dot {74 ' vlethioky)aoatyl) amino]-
m'thZ ggla&c;hxggﬁﬁ'ﬁ gﬂﬁzégign&&?ziryﬁsﬁgdg?yr%ygend )s?’}l rr ﬁ?ﬁ \{é‘? rin
GsifefengFagooRgmts an omRyabmined ndéhabare 8 G
qig mﬁyg@eeﬁﬁrﬁde 4temal) eaadd%%'%‘i?e’& %\ﬁl‘#?ﬁd §§3€°r %(%%151 m

t [ hyd \ b '
PodridnneofitoH B mEnBAFRICE-COTE ARTOIE hiRtuels staired ac

bri ne successi vel I X hsti6h i sotutivaris condentrated
mm#@%ﬁf@%&%ﬁ#%%‘?‘ r’gﬁgsgé?tﬁgﬁsol vent to géf\:/g water

& ! it idye) are a
T ol e s dutét induo dhyaastiing raseiis

PCl-NE .. .
%{’héi 28 Ui b diuhiyhivoide, Sollawed PYFXTRCHYR with chloroform.
t

rans-[4- (N-t-but oxycar bonyl ] ted to remove
i ahgemogt Jawar i dipd oyt gptfRuilate and evaporated t

1, 4- di oxane (,8 ml. )..i abimg residue is purified
dhpcﬁqlmtd%&ﬁﬁéeé‘d{:%‘i‘ ngggf.grefn ’)N,lagﬁg the mixture is. . _q.1
tir %grgél JoPQHA1 eRPSmateg o (eSuenurkexaney athgbasgate =
3&15@’1 i's E_u concentrated to ir ness der %%_4_

NoRSHeteny etlayvacetatd)yto give anethy. -téﬁﬁl ‘éét/%%ﬂg&éﬁﬁ
acet ate hydrochl ori de &,Zig ? APCl -M5s M/ Z:172
[m@c}ohctxanmbpxyl?éﬂ |Iﬁg triethylanmine (1.2 m)

[ dd t [ f t hyl
kﬁ?&hﬁgl‘ém‘&éwgﬁﬁ;?? gcetrrgt ey.hydrochl oride 25 late
fﬂ 8;95 m ?,ﬁgéﬁk]p%@4@@)ommphnlm%ml)c@y@lﬁit%’éfcéé‘@“y

xture is stirred. Thirty, fi.ve 9 S
S0P kiirusteined ini(Shabave i trpaped i & SRR PR
borohydri de (2.74 are, then j )
A bderdnce Toeumnig 24K EaadEEAIHE SORmATHA 2N, |
room_te I d stirred for 6 hours. Saturated
aéﬁ@o@ &E@éhﬁﬁ‘ dr ogen car bonate sol uti.on ii lohexane-
PQUEL ARk fifle @OTEARS A (D-Dise- 1, Broxazolidin-3-yjcyclohex

carboxylic acid

o

o O
O

(1) Methyl trans-4—aminocyclohexanecarboxylate hydrochloride

(5.00 g) obtained in Reference Example 2(1) is dissolved in chloroform

(60 ml), and thereto is added triethylamine (11 ml) under ice-cooling,

followed by dropwise addition of a solution of 2-chloroethyl

chloroformate (3.3 ml) in chloroform (10 ml). After stirring at room

temperature for 2.5 hours, to the reaction solution is added 5 %

hydrochloric acid and the mixture is extracted with chloroform. The
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m xture is extracted with chloroform The organic

| ayer is washed with saturated brine and dried over
sodi um sul fate. The solvent is renmoved by evaporation
under reduced pressure to give nethyl [trans-4

(di met hyl anmi no) cycl ohexyl Jacd@te (771 ng). 5 APCl-MB
M Z: 200 MtH +. (5) To a solution of nethyl

[trans-4- (di met hyl am no) cycl ohexyl]- acetate (760 ng)

btained in (4) .ab ' ' G i N sodi sulfate,
cnganisfaoris hied ach R U bIEAS, SRR NERGEL O ¢
heated UDIBrald diferiBte ShbwolvontTinderacduel pressure.
%‘6‘? SFBFFVI concentrated under reduced O &.O (ﬁire VePher
1 onygpsis smmoces essesiym R
7RE piébi;ﬂtawsgims:qlhéth byefﬁtr@g}% éﬁ@ "(‘%g tPrg%ﬂ.’@ ?mly .11
APCI'- M5 M Z: 186] MrH| +. - Raddcarbolylate (5.
umﬂd{(a:qhgqrae{;m?licw5?‘&%ﬁ2‘?‘? (g’@m%o 15 6 L!XKI:

& ) Ethyl (pyridin-4-yl) acetate (50.00 g) is
‘ssol ved in acetic acid (500 m), and thereto is

ide it SR e p A R A
at mos e rmgfmﬂdranérﬁ-ﬂ@@&%@@Fﬁ%@cg%%éﬁ%ﬁ%\%ga}by ’ .
elaharagesagpay e 70,8 izt %‘iéﬁﬁﬁéa“b?iﬁﬁﬁi“s i
Ryl Siide, (50t heng theretoaisiadter KRR

ety paomne e uioe B RS TS
gf@irh)tbnqtdmmm faso b@_ﬁppugf-h ] t%@#ﬁgﬁgr@gﬁ}t&ﬁ is ggldf:d
s 4 sl A Bt e o
Rl R SRR it r%&%}andf@ﬁ;f%cygﬁgﬂa;w e ared ovr
agElifmasidate. The solvent is removed by evaporation under reduce
pressure and the resulting residue is purified by silica gel column
chromatography (eluent: hexane /ethyl acetate = 1/1, followed by ethyl

acetate) to give methyl trans-4-(2-oxo—1,3—oxazolidin-3-yl)cyclohexane-
carboxylate (1.83 g).
APCI-MS M/Z:228[M+H]*.

(3) Methyl trans-4-(2-oxo- 1,3—oxazolidin—S-yl)cyclohexane-

carboxylate (1.84 g) obtained in (2) above is treated in a similar manner
to Reference Example 2(4) to give the title compound (1.75 g).

ESI-MS M/Z:212[M-H]. |
Reference Example 6: 5-(2-Oxopyrrolidin- 1-yljpentanoic acid

HOT)/\NQ

(1) 5-Aminovaleric acid (7.35 g) is dissolved in methanol (50 ml),

and thereto is added dropwise thiony! chloride (4.9 ml) under ice-
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hydrochl oride 172 HO roN-( ( [
( hl HCl ) obtai ned
(Rglf grel(relnglen-E;l;a?/rlpl) acl:zt ate hydrochloride (11 (1%) g)Et .hﬁl

e i s dissolved in ethan
and thereto are added 2-i odeé)ropane (6 Znﬁ})(iﬁg ).
ﬁotassn um car bonate (22.2 g)l. 15 The m';<ture is th
eated under reflux overnight. The insol uble mat eriegl S

are renoved by filtration : .
concentrated unde and the filtrate is

aviolimge dT’ [ B8HGEdhehassHined tBhroomdemperasure and
S;tlﬁl‘rged WFE?‘%“?’BrS&l%r m vvasﬁed. wi th wat er anlofms3 $ur
S5 ThF 7 Boles  usesscriysolucionicoeRoettplaf 1
or
R GresBge  Miesedulting seai s sUSREPHRh et Ether
e
mermeoipi s LA S 8 e
-i sopropyl: pi i di - e

adnonierrle BYBrRRRPBE @I BT o) Or Py
%@ﬁ%\gﬁ%@?ggﬂm]ﬂ- 4-yl) acetate (9.77 g) 1% (1)
o ' er m ) and conc. hydroch] or,i i
)" o, Mt ol ucrHEREL e B
;ﬂtﬁﬂe is sms@e@qmegggﬁgrlgﬁﬁm gfgé) o %ﬁgsﬁogﬂfééﬁlgfﬁﬁ}ﬁgn is

0 azeot ' ot - , ecte
A S 1o S P kabungrilis e
BqBREORY A (HIOf Ry DRIbrick (185 8o Tee greetion golution is
?6?7 sogpg% @mﬁbagﬁﬂatufe and s:t'i\{*?eg’ fgr &8161[)1'\.{}1&;“ {ce-water is

i i e _ _
HebREecELh %hg pggéf:rim'a Pﬁ%ééﬁgggﬁk}g%ib# %ﬁ&h&’e i9ydiReiditie
simlar manner t , ‘ ae.lstreatedlna. _

chloroform. Yhe oPga?’mg layer is washed with 10 % hydrochloric acid, a

saturated aqueous sodium hydrogen carbonate solution and saturated

brine, and then dried over sodium sulfate. The solvent is evaporated

under reduced pressure to give methyl 5-[(4-chlorobutanoy1)amino]-
pentanoate (2.34 g).
APCI-MS M/Z:236/238[M+H]*.

(3) Methyl 5-[(4—chlorobutanoy1)amino]pentanoate (2.33 g)
obtained in (2) above is dissolved in N,N-dimethylacetamidc (20 ml), and
thereto is added 60 % sodium hydride in oil (0.47 g) in small portions
under ice-cooling. The reaction solution is warmed to room
temperature, stirred for 20 hours and evaporated to remove the solvent
under reduced pressure. The resulting residue is purified by silica gel
column chromatography (eluent: chloroform followed by
chloroform/ethyl acetate = 20/1) to give methyl 5-(2—oxopyrrolidin-1-
yl)pentanoate (2.15 g).

APCI-MS M/Z:200[M+H]*.
(4) Methyl 5-(2—oxopyrrolidin—1-y1)pentanoate (1.00 g) obtained in
(3) above is dissolved in methanol (20 ml), and thereto is added 4 N
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Ref erence Exanple 15 to give the title co
APCI- VB M Z: 172{MH Reference Exarpl e Sppound
Pyri di n-4-yl pi peridin-4-carboxylic acid ~j N~ HOO
trIetdalloropyrldlne hydrochl ori de (9.55 g) and
o ané amne (26.0 mM) are W23solved in ethanol (10
m) water (30 m), and thereto is added ethyl
icotinate (10.00 g). The reaction solution is then

h :
| Jf&dmggé@% SB{JrOéq eaﬁgﬁ.ﬂ oh (2! ggmg)e atRe redbdonAoletion is

to the reaction

‘?’%ﬁelﬁt 0 01%,‘2,?;} ﬁ};}#ﬁ%f@bﬁd@iﬁréd 4o5 18 koursinTbg reacHpn

trate I1s ¢ t
QUESH & waSHed tiehidistityl mge?zéﬁa hararoiarded Adyced

or of or Th
hyitacitlorio axid (54 ribt ORGP FORCORP B REoREPveed

forrramdeto glvethetl w
R
pRESSUVE. M I,W}q gesu}{s\eg% QERued wik c'i'ﬂotlﬁform and dried

er ence Exanple

ggﬁ?a‘gqu' q(re sggf’adte ﬂbé’éﬁﬁ)%')dtclis %\Ert Mi‘éﬁgxd?llmglen seduced pressure

d aflen@ihppYnd (ROOY i ni do h

ydrochlorlde (742
1- hydroxybenzotr| azoI
ESILMSDM/ZZJIBﬂ[Me e (523 ng) are added to a

trans-4-am noc x n it @ei
@fcrmeaﬁfﬁ@al 7%es @eﬁg{gh@gﬂ | g (- @Igri etlﬁ @Ieéldm'500
(540 pl1) and glycolic acid (295 in d "

N, N- di et hyl f or mami de (10 mi [
: _ und -
mxture is then stirred ) rgta?gllfg?.lghe

hours. The reaction s [ [
) ol uti on is coggentrated
sat urat ed aqueous sodi um Hydrogen 174 car bonai eand

sol uti on _
ROl e I hEr Sk Padeth RSN AEBI3E ) obtained in
Reference Example 6(1), [2- (benzyloxy)ethoxy]acet1c acid (4.63 g)

obtained in Reference Example 4(1)and 1 -hydroxybenzotriazole (3.78 g)
are dissolved in N, N-dimethylformamide (80 ml). To the mixture are
added 1-ethyl-3-(3- dlmethylammopropyl)carbodiimide hydrochloride
(5.37 g) and triethylamine (3.35 ml) successively under ice-cooling, and
the mixture is stirred at room temperature for 2 days. The reaction
solution is concentrated under reduced pressure, and the resulting
residue is diluted with ice-water and extracted with ethyl acetate . The
organic layer is washed with aqueous sodium hydrogen carbonate
solution, water and saturated brine successively, dried over sodium
sulfate and evaporated to remove the solvent under reduced pressure.
The resulting residue is purified by silica gel column chromatography
(eluent: hexane /ethyl acetate = 1:1 followed by ethyl acetate) to give
methyl 5—({[2-(benzyloxy)ethoxy]acetyl}amino)pentanoate (5.56 g).
APCI-MS M/Z:324[M+H]".

(2) Methyl 5-({[2- (benzyloxy)ethoxy]acctyl}ammo)pentanoate (5.54

g) obtained in (1) above is dissolved in tetrahydrofuran (60 ml), and
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chloroform The organic layer is dried over sodium

sul fate and evaporated to renove the sol vent under
reduced pressure. The resulting residue is purified
by silica gel colum chromatography 5 (eluent :

chl orof ormto nethanol/ chloléhornwz 1/ 20) to give
nmet hyl trans-4-(gl ycol oyl am no) cycl ohexanecar boxyl at e
(602 ng). APCI-Ms M Z: 216 [ MtH +. (2) Met hyl

t -4- (gl | oyl anj, nQ. 5@8Th
trhrg:;gébtsa&(l‘%‘é‘%g &90%%5%‘51\%@@% ar af or rrg?g%%)g Ela(?)gS(OgX Ny °

and, para 111% LR I4 BBLEs At irdomtmhpdranEe(wmdmngmgen
%F%tLﬁ'Gdéé 1t')lé)(olfi-uene (5 nf) and the njxt ur.e is . red to
gzqrhégﬁgeﬁ LAREE dopina pressire Afher reassiomgoludion, is,filtg

sodi um hydrogen carbgnate .sol ution.j d
+émbhie theamtalyst, and Ghesrhenfiltate lﬁigﬂntffgﬁféségwggf g%duce

with ethyl acetate. T ' cet§l|nasiheppentahoate
pacssurgi@ S¥e JPS&@'& %m’g{y%grg?{g%tﬂovég S ogi] um 15

lgfate and evaporated to renove sol vent under reduced
ﬁ O8re. The resulti ng residue is purified by silica

%%CIQMSJM‘/?QB@MF.&DW (eluent : ethyl acetate/
exane

=171 to ethyl tate) to gjhve.
Lt ans (3] (Methd SR Srrorreo) ) BiEtitanonte (117 8
T ot R R . 20 Tand thereto is
Hil e ettt Sl
addaf 138 (R iBEcooting an

; meﬁéﬁﬁ%ﬁgw??d %Hlfu 1 Nlaquggu?gsgd,i rhrln Qsj}h ame
" pife 49l g Aaeq drapwingets the, gUixkyss gf ghe §

r

then stirred at roomtenperatucre for 3 ture,
r gaapertursolTite readtipn salEnRn 18 g&rnéecq g‘?? {)(2%1 Eﬁ?ﬁﬁega N

hydrochl ori¢ acid, .and 2 r ' a5 fslpwedrby extraction
chtimﬁdd@rfbhpb‘\ieahgfcgi(‘y?%%p sﬁ %etﬁ ﬁtrﬁléor of orm ¥he

organi £, | ayer i bfghii¢anyePtl washelfwith satyrated brine,

evaﬁbpg}gﬁ(%n'rzrntg%/g t he sgl vent under redutc}éed went under
P& {)ﬁ‘er JoEune sulfstaqricevaperated t9sRMNFetRS ROVE
y

dire ether and col lected by filtrat] i )
t irkaced prpssure (@ giyel@)e_thg]ogég&:[k@e@#%%%%bﬁ]ﬁtﬁ@xy}
175 Reference Exangl e é]g- | g)
TM@M{@@P&M@%-%@& "ﬁarg- 3-yl)cycl ohexane-
APCI-MS M/Z:312[M+H]*. |
(4) Methyl 5—[({2-[(methylsulfonyl)oxy]ethoxy}acetyl)ammo]-
g) obtained in (3) above is dissolved in N,N-

pentanoate (1.48 . |
and thereto is added 60 % sodium hydride

dimethylacetamide (22 ml),
(0.20 g) under jce-cooling. The mixture is then stirred at room
-water is poured to the reaction solution

in oil
temperature for 18 hours. Ice

and the mixture is extracted with chloroform. The organic layer is

washed with saturated brine, dried over sodium sulfate and the solvent

is removed by evaporation under reduced pressure. The resulting

residue is purified by silica gel column chromatography (eluent:

hexane/ethyl acetate = 1 /1, followed by ethyl acetate) to give methyl 5-

(3-oxomorpholin—4-yl)pentanoate (0.93 g).
APCI-MS M/Z:216[M+H]*.
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carboxylic acid HOO (1) To a solution of nethyl

t rans-4-am nocycl ohexanecar boxyl ate obtained in

Ref erence Exanple 2(1), triethylam ne 5 hydrochloride
(1.0 g (1.1 M), 30 % aqueous 3-hydroxypropionic acid
solution (1.86 m) in N, N-di6fethyl formami de (15 nl)
are added 1-ethyl-3-(3- dinethylam nopropyl)

carbodii m de hydrochloride (1.19 g) and 1-

hydr oxybenzotri azole (8 _qu G frate 500 hbtained
m xt L‘S% Mgthﬁeéf?é@xgﬂg?&m a g@ﬁﬁértlﬂ:gﬁar 1;? u ggg?gg 429 an
Jhours, The r i On ' 11(30 m thareto i$
1§1a(145,|135’938 3 g%g&%@ﬁh%}% oigen. ?gr bo ati sq %é},,b?ln

L K S HRiroxdel(@A0 gl 8 uslonpig Bk r JBEITERHP
Fhiorotorm  The oerﬁgani C Iaéer is. dri %gl Y& redCrU7 hours.
Soluftiirei stirerewaporest £@ire@y gratpife &O vent. The
resulting residue .is purif,] il gedsume, 15

The avacton S0 10R| 1§ ‘?eniﬁtgfiq%%‘g?ﬂaﬁﬁ%f}% et Yl e duced
trans-4-[ (3 ic acid, and concentrated un

Rl RORRG P B SO A o ey

0) cycl ohexanecar boxyl.at e {534 ied over
{ﬂ)?éssux?? ﬁ%&ﬁe%ﬁﬁinéﬁé&i&hﬁ] 1|s extyaqied wqtﬁ chioroform, dried o
ns- 4- - hydr oxypr opano am no) s duced
%bﬁh@ﬂﬁmlﬁmmwaapéa@a%’ %&}3‘108%15@"&&& ynder Jeayeve.
para 20 formal dehyde (53 r at ol uenesul foni c
qmedsm‘m}ﬁWﬁa&@ %gg °%$°§EQ (gggseg?to t ol uene (10
m € M lkR-is stirred at 100C for 4 hours.
@%kﬁwingﬁd&t%uﬁét ed aqueous sodi,um}cg?/ hogen .. boxylic
c%éilgg @Exgﬁ{plbi&nmadseﬂtwmammnﬁ Cgﬂtﬁ%@dlﬁ 8r
thé m xture, and the insoluble nmaterials are
sg@drisydchjoridet rati on. The organic |ayer of the

filtrate is 25 separated and the agueous |ayer is
extracted with ethyl acetate. The lorganic |ayers are

l
conbi ned, washed with water apd Mo ated bri ne,
dried over sodium sul fat nd|orat ed under reduced
pressure to 176 renove t Ol vent . The resulting
residue is purified by siliga gel(HGpI um

chromat ography (eluent : ethyl acetate) to give nethyl
trans- 4{1 ) Methyl trans_.g{_aminocyclc,hexaneca.l”bozs:ylate hydrochloride

(93.0 g) obtained in Reference Example 2(1) is dissolved in methano'l
(1000 ml), and thereto are added 35 % aqueous formaldehyde solution
(95.4 ml), sodium acetate (39.4 g) and 10 % palladium/carbon (10 g).
The mixture is then stirred at room temperature for 3.5 hours under
atmospheric hydrogen pressure. The insoluble materials are removed
by filtration, and the filtrate is concentrated under reduced pressure.
To the resulting residue is poured 20 % agqueous potassium carbonate
solution (500 ml), and the mixture is extracted with chloroform. The
organic layer is dried over sodium sulfate and potassium carbonate,
and evaporated to remove the solvent under reduced pressure. The
resulting residue is purified by NH-silica gel column chromatography
(eluent: n-hexane /ethyl acetate = 2/1) to give methyl trans-4-

dimethylaminocyclohexanecarboxylate (87.3 g).
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(4- oxo- 1, 3-oxazi nan-3-yl)cycl ohexanecar boxyl ate (306
ng). APCI-MS M Z:242[M+H +. 5 (3) To a sol ution of
nmet hyl trans-4-(4-oxo-1,3- oxazi nan- 3-

yl ) cycl ohexanecar boxyl ate (300_ng) obtained in (2)
above in methanol (5 m), 116\5aqueous sodi um

hydr oxi de solution (2.5 m) is added. The mxture is
then stirred at roomtenperature for 4 hours. The

reaction [ Ut ] ,S concentrated and acidified with
&P@-M%Méiﬁéﬁl@ﬂgﬂ d, and 0 10 thereto is added . . 27.6
sodi uB) off06} fanbol | @nad iiplaminojayclahiexgrigparoxylate (27

chl o | o dri .
pfgean (aoreiedismirtiin ot BB AR O

' ' re is
i) cird Hpereso e adaigd & oY Padradiighic %“ﬁpﬁgt;mﬂ SPRBdal 'tlilonal 6
the title co e .
hga@cbﬁggegggﬁ:ﬁ%gﬂﬁ 6}( Raar§Dro the fktuve i Poldgdvadpii

ng- 4- -0 axE 0 ahsobhidatted rehatian mixture is heated under
Q 68@5?%&@’&‘%%&2?%8%@? gt 0 NS Hog O D cehtbded
Yehiixfof boshdr oneihiontty cThraeasteRIRUPPR S
y

rochloride 20 (4.08.9) .abtained, ] r #lation with
edey! reda(ced pmS§U§§eﬁaéog‘1‘We’&ﬁngf"o?%%br%%%%o&%g) ,a and

thereto i s added.tri ' édedn diisdpropyl ether. The
itolIeRR| ﬂ%@.resg&&%agéﬁqifg Sesuéhdedia df

3- chl or opr. Hv Ghtatonewashed with dijsppropyl ether
me&}gﬁ%&%%%&% Added dro W se over 20 minutes
unde'aridtto gwfemeetiﬂercmmp@unﬂf PO&rri ng for 2

hours at roomtenper iture, 5 % 25 hydrochloric acid is
aNpei-MB MM&:I@%[SET]E; solution and the mixture is

extracted with _chko m. A thyl]eyclabesane-
WREFETSREE r%aéﬂpfeb&h Egéﬂ% ﬂ é@ﬁ;ﬁ\? g?ﬂgm(;dl?l? ?rlmag:u I ¥ ;t e and

evapo d,t fldesol vent 177 under reduced
ARSI pRmsetec

e resulting residue is suspended in
di i sopropylam ne, and filter NI ect precipitates
to give nethyl HO o |
3

o] (HCI)

(1) ’I‘rans-4-(aminomethyl)cyclohéxanecarboxylic acid (6.29 g) is
(32 ml) and thereto is added dropwise thionyl

suspended in methanol
d to

chloride (6 ml) under ice-cooling. The reaction solution is warme

room temperature, stirred overnight and concentrated under reduced

pressure to dryness to give methyl trans-4-(aminomethyl)-
cyclohexanecarboxylate hydrochloride (8.69 g).

APCI-MS M/Z:172[M+H]*.
(2) Methyl trans-4—(aminomethyl)cyclohexanecarboxylate

hydrochloride (8.69 g) obtained in (1) above is suspended in

dichloromethane (400 ml), and thereto is added triethylamine (11.2 ml).

ed at room temperature for several minutes,

% aqueous formaldehyde solution (15.9 ml)

The mixture is then stirr

and thereto are added 35

and sodium triacetoxyborohydride (25.43 g) under ice-cooling. The



trans-4-{[ (3-chl oropropyl)sul fonyl ] am no}cycl ohexaneca
rboxylate (6.14 g). APCI-Ms M/ Z:315 / 317 [M+H +. 5
(2) Methyl trans-4-{[(3-chloropropyl) sulfonyl]

anmi no}- cycl ohexanecarboxylate (3.08 g) obtained in
(1) above is dissolved in tE¥®ahydrofuran (40 ),

and a solution of potassiumtert-butoxide (1.35 g) in
tetrahydrofuran (20 m) is added dropw se over 10

m nut es ynder . ice- | e&-b_tmfe agdfst[rredffor 2
e gHOTSO 50 150 r?%? uﬂr 21% Iﬁé e

ti onal ota | um
teri-b %{e Xiged (ééﬂgd@ soéuﬁﬂde}otlmgdnrcarb@ﬂ@g%
1?% ure 1s Irred overnight at ro mte Iﬁi‘ﬁf%rm-

}g&‘ﬁré&@&&h@ RoRetiot; and the mﬁvé‘é lﬁr%r tolot

crd (100 mM), and the, agyeou ﬁ{eegiuccesswely,
’Y\hteh)rganusiaymdﬁ AWl aFS‘ST ?%@e%dtgl§ag§% cht i on

wi th chl orof.orm VSostaited vmder reduced
5 doigdupves sqditm SH a%ﬁSﬁgl\%g%%yg?ggg?o@ enove the

sol vent ﬁ’ gﬁ’é ﬂ?&qqéaﬁgmwimetﬁyhmmmeﬁhﬁﬁ resi due
e

PLERRH i ca gel columm chromat ogr aphy(el uent

ovB djmyla’a’sét 4Reg)= 1/2, followed by et hyl
agetate) to r%&le nmet hyl

AROEMS M/ Z2:2000M+dd sot hi azol i di n-2-yl)
. SO AR ety ey ecohsane

itle conpound (0,56 é
] § in dioxatle’ (140
® ESI ggtﬁ(? %tmn@@flﬁr(@)moﬁnamms ve

di n-2-yl) t
g'i_'x ) B %le Bhéi-ei‘dg li® ﬁ?&gg&h\l Ih;dmc)p/ ?I%S@:%a" (ﬁ_ﬁ)mﬂs GhE'mixture is
e
i mag ﬁe:tetlk gp&egéeﬁhgﬁﬁggpgﬁ l‘geqaar%][é%zng‘ﬂﬁcbble theo
Cresatom saliish %8519%@)%5@ dﬂd&tﬂéuh@afdr;&e@saeem’l)hq n

under ice-cooling

;ﬁ%&il'ttﬁg ?egjngﬁb ‘?g s'u% dEreted azeatoapic mstlllgﬁg@r\g;ctgr toluene, and

hour's. The reaction sol i
15 C¢RE er%ﬁﬁh@gi puodect rsedncéctOpglgg dhedit %ﬁam( gilgf (rg‘B 45 g).
pour ed i ce-wat er
APCI-MS M/Z: 186[M+H]+

Reference Example 10: Trans-4-pyrrolidin-1

-
. o T

o) (HC)

-ylcyclohexanecarboxylic

acid hydrochloride

20 (1) Methyl trans-4- aminocyclohexanecarboxylate hydrochloride

(10 g) obtained in Reference Example 2(1), 1,4- diiodobutane (19.2 g)

and sodium carbonate (16.4 g) are suspended in a mixture of
tetrahydrofuran (300 ml) and N,N- dimethyl acetamide (60 ml), and the

mixture is stirred at 70°C for 20 hours. The reaction solution is

25 concentrated under reduced pressure. The residue is dissolved in ethyl

acetate/water and the organic layer is separated. The organic layer is

washed with water and saturated brine, dried over sodium sulfate and
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foll owed by extraction with ethyl acetate. The organic
| ayer is washed wth saturated brine, dried over
sodiumsul fate and treated with 5 activated charcoal
After filtration to renove insoluble materials, the
filtrate i s concentrated undé? reduced pressure and
the resulting residue is suspended in diisopropyl
ether. The precipitates are collected by filtration,

washed with diiso ¢t@tipressiiree The
evApPER B BHERIIAYC ?ﬁ%%‘h"egit“f"i%éﬂﬁed‘“ YRS -

M Z:.20 /égiwilg] uriﬁeaqgem-asﬁi(mgtleccﬂgmn chromatography
rﬂ-st%t-l F&PopyT i dgn-Z- 1 Y-2-h droxyacet@&' gﬁgrgs-ﬂ%rglidin'l'
1S er?%gﬁhﬂ acé¥atS/ mdranreopyl /[ i tQ-&Yy M 11_ e (30.68

g obtained in Refere 08 anple 21 is dissolved in
ﬁcwmmcawqmﬂmlg)e @00 nl), and thereto is

added sodi un (24.55 g). The mi xture is then
APCITM$ MM%@Q%? ‘hours. The reaction solution is

di |t pg 4 BLgbgh drogktet trang-dwpytreelidin: h-yigY €10
e

citepeiopgoiiine: i (ol Al G
ilkﬁ@g_oeﬁtqg(ﬁasi‘d;?ot TFHbi?r %égF‘?‘iq{tfPﬂim d‘a(e | gl suspii?i%%dis

fior Brh@%ﬁuw?‘*i & aﬁ%?%?éﬁaﬁgﬁ hggb{ﬁ? ta ﬁéﬂf‘%x ne .and
o tr
21dinded G5 dfarhy ofyer and callgeienbi jitratio

et hyl acetate (30.36 g) obtained in (1) above is
seppoded (Iil.A)hanol (1200 m) and thereto is added

pot assi um cay 22.0 g) under ice-cooling. The

r ARSI MP M?’%r-gé’g@f‘ﬁ{"ﬁon i s war ned {10 %&?Q%egg?e{égtﬁur oxylic
stirred f r Spa-4omocpholint e %%rgd
ph@i%rﬁpé:?%%&?ﬁé@?géﬁti ng resi due are

acid hydrochloride
)
N
H O W Q
b

o) (HCI)

(1) Methyl trans-4-aminocyclohexanecarboxylate hydrochloride

(47.5 g) obtained in Reference Example 2(1), bis(2—chloroethy1)ether

(34.5 ml), sodium carbonate (77.9 g) and sodium iodide {88 g) are

suspended in a mixture of tetrahydrofuran (1400 ml) and N,N-

dimethylacetamide (280 ml). The mixture is then heated under reflux

for 18 hours. Bis(2-ch10roethy1)ether (23 ml) and sodium iodide (22 g)
are added to the reaction solution and the mixture is refluxed for

additional 6 hours. The reaction solution is concentrated under

reduced pressure. The residue is dissolved in ethyl acetate/water and

the organic layer is separated. The organic layer is washed with water

and saturated brine, dried over sodium sulfate and evaporated to
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pour ed et hyl :
m), foll o%edagﬂate (1500 nl) and ice-water (1000
organi c | ayer i>s/ vvgéth[egcf/v: ?E \E'/)Mth ethyl acetate. The

: sat ur at ' i
g\éle\r/es?dl um sul fate and evaporat ed {g ?gng\rllen?,hed“ °d
>0 Sug eugdgr_reduced press > The resulting residue
theretg insepolupedadisin?L):C)rgmlum gf ethyl acetate, and

pyl ether. The i pi
cryst 2 ) pr eci t
rgrﬁl%S\@S{t%ps{)l%gﬁg glln‘%fgﬁg‘égﬁtggll ?ﬁds@_wren ,Thmnﬂsaﬂting?rks?&&g is
) . o give the titl
&éﬁgaetg)zgl_l-l-%ﬁm‘épgél-dﬁuimichxematggg%mrh)p!iqlpeﬁgf nggd
e oo a0 sy BRSO "
fol bg- WA eEFS mgﬂlﬁryé t?%%§-49 rgNoli_n-él— lcyclohexane-
to the 1%@¥i0d descri bed |g g | '?t ai hed according
. _ i
cayhARdates l* 316) is dissol ved i acet one (800
ot fmasapeny e
obt ai o o Rohetion 68 MR 5 %liace AL 4 dh
obt gt Tora sehutoncl iy esok* TR FOBnTE
(50.9 g 3253 KSL&%%?% 38 f(gfagﬁﬁgé?sdibﬁ?l?é mnP anl)ds added 2
t . er alloqw
5B R, 0 e s st A o
. i nsol ubl e materials,
Lliﬁ%‘r’%?“ﬁ% dydgdratingnmeThanok.gAhedepajer saufippis®
ed.  The aqueous |ayer is extracted wiid
Aogieirnrand, | Shoargulias reySe & S utictg) ther, and
. rine and i ; ,
Tt orenten e L AR I L2
T Ll TSI Ay v
i : t pitates are 180 coll )
iimtagpy el ot B
e ; 1[ MrH +. Reference Ex :

> eBacboxyligpgeiddi n-2-y1 ) furo[ 3, gn‘plb]epifl di ne- 2

-car boxam de H
|
N_ O
o Y
R

o

Methyl trans—4-[(t—butoxycarbony1) (methyl) amino]cyclohexane-
carboxylate (44.78 g) obtained in Reference Example 3(1) is dissolved in
methanol (300 ml), and thereto is added 2 N aqueous sodium hydroxide
solution (100 mi). The mixture is then stirred at room temperature for
6 hours. The reaction solution is concentrated under reduced pressure.
To the residue are added ice-water, ethyl acetate and 10 % hydrochloric
acid under ice-cooling, and the mixture is extracted with ethyl acetate.

The organic layer is washed with water and saturated brine successively,

dried over sodium sulfate and evaporated to remove the solvent under
reduced pressure. The resulting residue is suspended in a small

amount of ethyl acetate, and n-hexane is poured to the mixture. The
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ON-(ird i | N 05N i

0N 0 N-(5-Chl oropyridin-2 -

)2 bE (2 -cyanopyridin-3 -yl) oxy] aceltogm' de (80y|0)
RI N? dialngfgy: n R;efe_rgnce Exanpl e 23 is dissol ved in

, N acetam de (700 m), and the [

sodi um carbonate (35.2 g). Y02 nixture irgt?hle?] added
gtl:rred at 100C for 10 hours. After 10 allowing to
ool, the reaction solution is concentrated to reduce

the_ vol une 1/ 3 under s Y. QPSsH
T e A Y
hexang 1&%’&’%@?} ected by filtrat ?gn. The“?ggfl Efn?tt@

%%ngﬁn\gagtgdggit‘g\)gr?;gr?) ?lnd di et hyl ether successively
itle 15 conmpound (48.5
PROMSBMYZZ238M 48l [ MiH] +. Ref erence ExaErpI e 2%)

4- Chl or oni cot i noRi,t ridl ~ Gk Notitvlantthb ic aci
Rgfafcn@ﬁ Eé?Faf&PEf‘sgbi d&yﬁ%m“a@‘(@%ﬂha*‘ g) i n)(c'y):ldﬁ[mﬂ]alcetlc acid
a@{r uran 20 (200 m) i : i

- s added dro
hﬁ'gﬁ?ﬁ x%u?%eq Iursﬂ ?hhex?’:g sol ution under i cg\-Mcggl |1ng v

_ en red, for. 30 m :
sanme cool i ng conditi onsﬁr?l'hcti Onnum_t itsutjgdie; t he
cooled with dry ice- ac& one~A4 W thereto is added

dropwi se a solution of 4-chl e
-chl or opyiri diffd) (20. i
tetrahydrofuran (100 m). The m xture is §hen4s?i)rln

for 20 2o mules MgtieeRI3 AT dtssatyedonqvaLen0 mi) and
thereto is added diethyl ether (45 ml). To the resulting mixture is added
N-nitroso-N-methylurea (5.07 g) under jce-cooling. The reaction

solution is stirred for 10 minutes under the same cooling conditions,

and the organic layer is separated and dried over potassium hydroxide

to give a solution of diazomethane in diethyl ether.

Under argon atmosphere, trans-4—[(t-butoxycarbonyl)amino]-
cyclohexanecarboxylic acid (3.0 g) obtained in Reference Example 12 is
suspended in diethyl ether (40 ml), and thereto is added triethylamine
(1.89 ml) at -10°C, followed by dropwise addition of isobutyl
chloroformate (1.75 ml). The reaction solution is stirred at -10°C for 30
minutes, and the solution of diazomethane in diethyl ether is added
dropwise to the reaction solution at -10°C. The reaction solution is
then warmed to room temperature and stirred for 15 hours. Under ice-
cooling, 10 % aqueous citric acid solution is poured to the solution, and
the organic layer is separated. The organic layer is washed with
saturated aqueous sodium hydrogen carbonate solution, water and
saturated brine, dried over sodium sulfate and evaporated to remove the

solvent under reduced pressure. The resulting residue is purified by
silica gel column chromatography (eluent: ethyl acetate/hexane = 1/3,

followed by ethyl acetate/hexane = 1/2) to give t-butyl [trans-4-(2-
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solution is poured in cru [ [
shed dry ice in a porti
ggfztrarnpd to roonytenperature. The reactPon on and
¢ sod?n Iﬁ cooled with ice and basified by addition
reducedum ydroxi de, followed by concentration under
e materp;ﬁzsgrahslhg rgsaltfﬂ@ resi due is dissol ved
. ed with dichloronethane. T
aqueous layer is cooled with ice and acidifigg w th

conc. hydrochl ori¢c acid. Th i pi
dansazspieysionery lesormetst i 8 BE " o "give

4- chl i, 505 d i id hydrochl ori
e i/ B T hyar o on de (500 m9) obtai e
( tl(? Rl 1[ﬁ»aﬁsmsqzédedzdacemyﬁ)qmlohmrﬁ)@@ng%te -32 g

and dded ) {
S @ihed ThE( 1) abovE o5 dés'\éq'f{’frcg in g@&%ﬁéé&é‘mﬁ% Z‘.gh% resistant

reflu_x for 12 hours. After i
remeioncvst o s bibof L J8d M aminrbis cooted o

reduc ress . ' ' jon i i
HEECSt BLESSAL fon TR, b daed aslolivioniof slep beacaate

gﬁ%?ﬁ@?ﬁ %e?ﬂﬁgé Qﬁgmﬁ%ﬁr“‘???‘tm gemm room
eReraturdandtstirred fer 3dap iy E\SE&PF%ﬁS_ 1{1101 fiis

reacCtion solution, saturate u i , i
corioonsraseSONREPbHE LS DL i Lot e e e and

the mxture.i -
Toeota o o i gl e nen sty i
ARG FiDride

Z&?ywr%gen“{%oﬂe&@ ohdtion gsaturated 200G St
e o nbomat 0 280, {51 e esbletig{aien over

gi ves 4- chl oronjcotinani
Ssotusonietr 43 SHERRRIE o IEbinBine ient oM methy!

obt ai n ' ' .
R A AR R KR P T T
i g‘ﬁ(ﬁ;M@‘ E/Z:280pvigI4a cool , the reaction sol ution

concentrated under reduced press
resul t : i (32(N-1F inol-
Ut (BTo essaludion of ey LTaBE 2 byBeb&rbonyl aminol

hydr ogen car bonat | utj ,
iyciuinigeowie 29 bny (1 agget aane ©m)
i @E@éﬁ%ﬁ}l wgggﬁ'dﬂlﬁﬂdé pdiokalheusoluTion (& gihiand gHemixture

is stirred at room temperature for 5 hours. The reaction solution is

concentrated to dryness under reduced pressure to give methyl (trans-

4-aminocyclohexyljacetate hydrochloride (898 mg).
APCI-MS M/Z:172[M+H]*.
(4) Under ice-cooling,

suspension of methyl (trans-4—aminocyclohexy1)acetat
30 ml), and the

triethylamine (1.2 ml) is added to a
e hydrochloride

(895 mg) obtained in (3) above in dichloromethane (
% aqueous formaldehyde solution (1.71

2.74 g) are then successively

mixture is stirred. Thirty five

mil) and sodium triacetoxy borohydride (

added under ice-cooling. The reaction solution is warmed to room

temperature and stirred for 6 hours. Saturated aqueous sodium

hydrogen carbonate solution is poured under ice-cooling and the



‘10

15

20

25

gur?zP:d mgth sat ur at ed brine, dried over sodium
sulfate 3n the solvent s renoved by evaporation
educed pressure. The resulting residue is

purified by silica gel colum
chr omat ogr a X
fhlorofornwfo!lomed by chl orldflor m nEt%angPy_(gByent.
1o give the title 5 conpound (115 ng) B g
H NVR( CDC13, 300MHz) : 5:8.86(1H,d,J:0:4FE),

r%éqzcégé :1_,'% gxézg%ﬁ%'cr@l% :cﬁlcﬁ%@érrﬂz drheé abganic. layey is washed with
- Chl OrL: T, . : .
35 SR o oy A e 2 e

1 té@a@&attmundﬁrrreguypgl ‘DressHFe 9 S methY (HaRs Ty
(mmimed !n)Re&gr-e%gﬁ Bxa tﬁg%aé)s di ssol ved inrrg)
%Sodiyﬁammq_gy REEIRS RIS L8 er oo 1 s added 60
SRR | (5T e e cooli
g

: of a [ ’
4o6iae1P000k obmainei|io (1 @@%%ﬁh&ﬁ@%ﬁg 5 ml AN
mdggtﬁmrgb;anidl\l@r% }qug)nFt h%(' f(&%ﬁf}ﬁ@ niktite is Hé&ted undir
9 $efIPAAN ¥o0m tenperat ure f or

1h i
irgggnggr %gowg{ ﬁ'gn\%e%égﬁ%ﬂr sslutiireis comctrated under reduced

\ y extraction with et
3%%%3?% ritﬁg%gtrlgixg@résiylac sssuanensed in E%/‘?l%BYEF%%rd The
, i ed over [
r@gg&@%@@ ql_rﬁ: a:dtamled l’ﬂ}’eﬁlsf,mts‘g‘gta-‘l uiﬁwéﬁﬁléld]; g@‘ég gﬁé title
. e resulting residue is sus d [
redrapan@/dd('ﬁ%ﬁ?épyl ether, collected g;nf ieldtlrgti on

and dri t,0,.qi +title co d
aec SRS | S SRR R e o
Referafch Bl nﬂpvmtr@ﬂrpiﬁeviﬂmWlmatea@dmé“"“de

\,Om
0 NH (HCI)

Ethyl (pyridin-4-yljacetate (50.00 g) is dissolved in acetic acid
(500 ml), and thereto is added platinum oxide (3.44 g). The mixture is
shaken at room temperature for 20 hours under 55 psi hydrogen
atmosphere. The insoluble materials are removed by filtration and the
filtrate is concentrated under reduced pressure. The resulting residue
is dissolved in dioxane (200 ml), and thereto is added 4 N hydrogen
chloride/dioxane (400 ml). The mixture is then evaporated to remove
the solvent under reduced pressure. The resulting residue is
suspended in diethyl ether/ diisopropy! ether, and the precipitates are
collected by filtration. The resultant is washed with diisopropy! ether,
and dried to give the title compound (61.80 g).
APCI-MS M/Z:172[M+H]*.
Reference Example 15: (1-Isopropylpiperidin-4-y1)acetic acid
hydrochloride
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c] pyridine-2 -carboxam de 183 NH2

N- (5-Chl oropyridin-2-yl)-2-[(3-cyanopyridi n-4-yl)oxy]a
cetamde (195 ng) obtained in Reference Exanple 26 is
di ssolved in N,N- dinethylacetamde (5 m), and
thereto is added sodi um carddtéate (86 5 ng). The

m xture is then stirred at 100C for 3 hours. After
allowing to cool, the reaction solution is
concentrat ed under rﬁ uced pressure and ice-water is
poured to the result . The precipitates are
collected by filtrationg th water followed
and then with diethyl ether to\ﬁv éﬂ e title
compound (171 ng) 10 APCI -MS M ég 91[ M+H

Ref Ex .
NS( Er %th}qﬂ;@pemdm-ﬂrynchtﬁp pygﬁ%%o%ie 131 12 g) obtained

l t d ! dtthereto
r@rzarg;zéeegmgdsrrzﬁga iy o ander

G S ) s e 0226
S s i
o naraoeesons DS Rl S
airdarendioe pensstres RGOSR TBETE SOl U o o7

adJ ust ed . ﬁ'(}) 883&&? @51‘?100 Qa Ritadcld birirn snEcessivelyt drie cﬁ)@é‘rﬁpdmm

nate solution, followed hy
Oeﬁlf%%téﬁ@ eVhpBrated! o move SOlVEns \RAsTTe p%essure. The

over sodiumsul fate and .eva h
{suaahyaesidumés preiedces i iSRRI Bftigh B iReraphy

residue is purr c Y8lethyl (1- 1sopropyl—
cleloemt: qyheFan E‘P e%ajcén ﬁle(%ei el gélhyl aze(t ate = 5/

1), t&@nﬂﬂe elh%[tmdwgel@xyr soni cotinate (2.64 g).

APCI-MS M/Z:214[M+H]*. | |
(2) To ethyl (1- -isopropylpiperidin- -4-yl)acetate (9.77 g) obtained in

(1) above, water (33 ml) and conc. hydrochloric acid (66 ml) are added

and the mixture is heated under reflux for 24 hours. The reaction

is
solution is concentrated under reduced pressure and the residue

subjected to azeotropic distillation with toluene. The resulting residue
is collected by filtration,
to give the title compound (9.76 g).

APCI-MS M/Z:186[M+H]J*.

Reference Example 16: 1-Isopropylpiperidine-4-carbo

N

7(0
"o (HCI)
0

4-carboxylate is treated in a similar manner to

washed with diisopropyl ether and then, dried

xylic acid

hydrochloride

Ethyl piperidine-
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5 (2) Ethyl 3-hydroxyisonicotinate (1.60 g) obtained
in (1) above is dissolved in ethanol (30 m), and
amoni a gas i s bubbled therein under ice-cooling. To
the reaction solution is added tetrahydrofuran (50
nm), and additional amonia7hs is bubbled in the

m xture. The reaction solution is warned to room
tenperature and stirred for 3 hours. The 40 10

bubbl i ng_of an ' ' nddt he m xture is
Ralprana BRARTm 1 Cpase i BpRertog

ure for 2.5 days. The

4@@&&%%221 lﬁbg{ﬂ+m+_concentrat ed to dryness under

essur

1 _ h d . . . . . .
I&ﬁe@&@é Einihp]!&Bl’;; z%égimsm —y{lgéé})?igg-lﬁgg%lg@%%?ﬁc%

I's added dropwi se to a solutiq
trifluoroacetic anhydride (3.10 N1 di chl or onet hane
(30 M) and a suspension of Xyi soni conam de
(683 ng) obtained in (2) ab veN n ~di chl or omet hane (10
m) is added thereto i H ortions under ice-
cooling. The reaction sollition is warned to room
tenperature, stirred 20 r 13 hours and then, and

thereto are added water a t ing126.0
hydr oge@mwm@%@wc{mcﬁfer?%2‘5%5‘3@0%@3?*2%2‘?3’?%3“‘: ,

ted and 1) r enid ¢bdreto is
e A e S AT P
Then, éﬁ_tey r'§§ﬂ60itﬁﬁ1t€ ugOMERdTht teactionsydntes isrfhen hea
éﬁfg{cgh éd , and thereto are ac%ded@li-chléf o'cgbl( 2thanol is
éiffe%m wEgscm?u@Z';ln pescelethiwle ( DIEY OBV ‘hg r& |

erence Exanple .cesi um.car. ;

cadiodrto 66 aeggtipn@%‘)ltloar&}“in it ﬁﬁ%@lﬁtge (“.?‘%&Eé‘";t goremore

under refl ux,for..19 I ravérneeduredoptessure, and
way éiltratiogy. r%lﬁ?d?éfﬁﬁg g% Eéﬂ%%%%&?@gc etate are pou

red
tg the i @06 i badetiuhl chloroforim| Thgrrecipitates are
B e Dby TeRiae 6 sesp

ration. The organic |ayer is 3 . .
S Epmecteathy diliretionvand mecrystaliied e Fatg{aoN-dimethyl
evapor at ec?lto.rermve_ he 185 0O ﬂdgqt )under reduced

pfessamide Thegive $he it C?%O&M@ ©purPfied by silica

gel_ col I8 aphy (eluent : n-hexane/ et hyl
a@&%wﬁ"ﬁfiﬂﬂﬁﬁfvﬁ%ﬂ oved by 1/ 2) to give the fitle, oo
CQIROUfL BEafle 18: Trans-4-(4-oxo-1,3-0xazolidin-3-yljcyCiOReRan

carboxylic acid

~0
o'y
.
0

HO

(1) 1-Ethy1—3-(3-dimethy1aminopropy1)carbodiimide hydrochloride

(742 mg) and 1-hydroxybenzotriazole (523 mg) are added to a solution

of methyl trans-4—aminocyclohexanecarboxylate hydrochloride (500 mg)

obtained in Reference Example 2(1), triethylamine (540 nl) and glycolic

acid (295 mg) in N,N-dimethylformamide (10 ml) under ice-cooling. The

mixture is then stirred at room temperature for 15 hours. The reaction

solution is concentrated, and saturated aqueous sodium hydrogen
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éPglmrh{S 'l\\ﬂl-z: 289/ 291 MrH +. 5 Reference Exanple 29:
3! -co-b (5-chloropyridin-2-yl)furo[2,3- c] pyridin
"l arboxam de NH2 N- (5 - Chloropyridin-2 -yl) -2 -
. -cyanopyridin-3 -yl) oxy]_acetan de (82 np)

(iot 3: Pni?hlyln Re{er_egce Exanpl 8 is dissolved in N, N

( acetamde (5 nm), and thereto is addd’
Z?dllggncc?gbogaag 539 rAg%;). The mi xture is then gti rred
Sasnonece O (ol 34 urgl erlo @ioaed by exractiameit

&E@g{l’ﬂf{‘?t gﬁez% ari€laystisdinied biver sadiwm syiateedndi t h

and

! sdishs

i R T
- ro S5yl ) - 2 D :

yeSulkiylgresi %12 I@]g Ip?gr%f i %%)qu\}[l(%’ &Y 85RMih! Hrdrdatography

N- (5- Chl ot opyr i di n- 2=yl )= .
ki SBHAD G erase st om
%agl}%ﬁ%Ilggfdﬁmd?@ydlahekénw&rmm;pdmg BEed 60 %

' in oil” (80 ng). The reaction soluti
'é\fl’@f-MSBJﬂ/ZOQL’ﬂS[MHﬁ]ﬁ.eS, D) he fraction Sorution

chl oro- nicoti itri .
Cof T o Meteh o4 ey Sty TR cydiehehaRechtioxylate (280

hour. and Lher ghoare ddsiraniucnyed (280anghand para-

_ ! ron and water successivel
S int 8167 408 mofbares S myavarad i ey )
el n
?%‘%%QF‘E'm%m““‘““‘%atﬂ@%mrﬁweoifr%? R fodlinlp saturated
. APCl - :
Exqupbdes gg_dium hydrol\é%nlvéaszzo%ge{tg 9s]o[1ﬁ/JEiUh+1$ Iﬁﬁi&"defwme reaction
3- Anmi no- - ;i
pyglil@ﬂfp gngggrgegw it Retek)virithof thy3 dektate. The organic

layer is washed with water and saturated brine, dried over sodium

sulfate and evaporated to remove solvent under reduced pressure. The
resulting residue is purified by silica gel column chromatography
(eluent : ethyl acetate /hexane = 1/1 to ethyl acetate) to give methyl
trans-4-(4-oxo-1,3-oxazolidin-3-y1)cyclohexanecarboxylate (190 mg).
APCI-MS M/Z:228[M+H]*.

(3) To a solution of methyl trans-4-(4-oxo—1,3—oxazolidin—3-
yl)cyclohexanecarboxylate (330 mg) obtained in (2) above in methanol (5
ml), 1 N aqueous sodium hydroxide solution (2.9 ml) is added. The
mixture is then stirred at room temperature for 3 hours. The reaction
solution is concentrated, acidified with 2 N hydrochloric acid, and
thereto is added sodium chloride followed by extraction with chloroform.
The organic layer is dried over sodium sulfate and evaporated to remove
the solvent under reduced pressure. The resulting residue is
suspended in diethyl ether and collected by filtration to give the title
compound (288 mg).

ESI-MS M/Z : 212[M-H]J~.
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&0;¢Q ~Cl N 0 NH2 10
Cet(amcgleorogyrldln-2-y|)-2-[(3-cyanopyridin-2-y|)oxy]a
c | (209 ng) obtained in Reference Exanple 30 is

issolved in N,N dinethylacetamde (3 m), and
Lre[eto i s added sodi um carbbfate (92 ng). The
soéiﬂhﬁ Lgrégﬁgtztkgged ?tllooggovernlght Addi ti ona

ng) is added to the m xt

the mxture i Aippclones
e Xt S ag E?rns' cér L5 £6- 128 -dRnaned-yligltlohexane-
re e E%WHW%& 'C water is poured to the

? ? 6%§aut!on The precipitates are collected by
drled di ssol ved in chloroforni met hanol and

over sodium sulfate. The ent i
under reduced g teat dog 1o
pressure and the r sul ing residue i
suspended in n- hexane/ethyl ace The precipit tS
are collected 20 by f| toOglve t he t|?| e
%o?pound (111 ny). APCI 289/ 291 MrH] +. ©
CEDeEFnce Exanpl e 32: 3- Cﬁ)oropyra2|ne 2-carbonitrile
N Pyrazine-2-carbonitrile (26.36

ﬂl i i}sgkm@ﬁ 8 sobhtienef(rhethylasansyd- ,ammocgr)cldlfexanecarboxylate

thyl f .

ICHyQi?t‘dbhlh)riéﬂ dﬂm”?ﬁ«a\?fmeﬁ& éml%egeand tg% n{r@e'm?%&@hylamme
ce-coolln Af t

r(datmbn3Q df°tﬁq‘%i$9q%§%(ﬁlo(5ﬁp ogélgglsng? gﬁ%g%ﬁﬁ (1.86 mi) in

gggggggghgﬁg sripihidecd soity gre%aﬂg??meetmlu%ﬂa ayer is

BfIRODIO] dii th

TR T S b

Eadamtymaomazgl@dis a7 i) wolerd gq‘i?g’gir&‘g hESnBeLeE is then

séprm?egf 2@193&%3 rﬁégg@? lﬂ{i b 8t'20 -'iﬁ?ur§r @‘ﬁeleéabaxbﬁrsolutlon is

yer i's extracted with diet
e entrk %cg e b&td@f@d fqieduscstlinen hydaoged C@:'reﬂlqglte

wspPBFent,
solution is poured to the residue, followed by extraction with chloroform.

The organic layer is dried over sodium sulfate and evaporated to remove

the solvent. The resulting residue is purified by silica gel column
chromatography (eluent : ethyl acetate)to give methyl trans-4-[(3-
hydroxypropanoyl)amino]cyclohexanecarboxylate (534 mg).
APCI-MS M/Z : 230[M+H]*.

(2) Methyl trans-4-[(S-hydroxypropanoyl)amino]—
cyclohexanecarboxylate (530 mg) obtained in (1) above, para-
formaldehyde (530 mg) and paratoluencsulfomc acid monohydrate (85
mg) are added to toluene (10 ml), and the mixture is stirred at 100°C for
4 hours. After cooling, saturated aqueous sodium hydrogen carbonate

solution and ethyl acetate are poured to the mixture, and the insoluble

materials are separated by filtration. The organic layer of the filtrate is

separated and the aqueous layer is extracted with ethyl acetate. The

organic layers are combined, washed with water and saturated brine,

dried over sodium sulfate and evaporated under reduced pressure to
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sodium sul fate and eva
porated to renove the s

gz?s;iégdgcedlollo pressure. The resulting reg:;ﬁgtis
pur y silica gel columm chromat ography (el uent:
- hexane/ ethyl acetate = 4/ 1) to give the title .
gpgpgg?gH(éejsg g). 1H NWR( 3, 300MHz)

. 8. ,d, J=2. 4Hz J=

ol e g, ), 8.61(1H,d,J=2.4Hz). Reference

r?ﬁ&z?}m&?&%&% glrgecge\éuwﬁ[rkg@éaﬁoﬁ){hﬁédrbﬂ silica gel

N-(5
i AR L af; s e G B

| ved
g btio sty B B
ApCuMeM | E:2A2[Med]*at room t en”pg??at ur eef L?aitSI on 20

m nutes, cool ed . a al n
3- chi @) 6‘9yﬁ1§911h"é Ingttivitraf§4 e, Mﬁ"ﬁ?‘.?

Ref er nce ﬁ%
300, bmmn dfi 1(5
yieydd ct |eo(n soIIHEzjl on i ? slim{ (;Q?efa%xwe@g meyhano

Hﬁgpf'i\laé €ou§rso%1uhﬁuhydrmndetsﬁéu@96 (RsD %‘uﬂ% d@%?g]r’rhe

-cooling, foll owed
ik rexretipdre stifted ot ggmvr\lcetq bgg;a)% ra&ég 3%1‘%""&‘1\}2 reaction

and saturated brin
mwmm@on@enmé il SR wiER e M d%‘?““{%%ﬁréiﬁ““d and

pr essur H_}{ | dalkomw ed 1 ;
DRESEQHE ad:}&%o%‘?%py dgtﬂﬁ{él?% o1k pfde gyz?etmaeuon awith chloroform.

tes a
g@#p gfﬁ]%ﬂ? klii%él* ig fiﬂ”zgamemlgm sulfate r?]tqq to remove
Refecgsivent Enalnplredgzped pressure. %%e r%%%ﬁ%E“r*ésuﬁle is

7-Am no-N-(5-chl o r . . . .
b§wspendasking dé(’ék’)é’if% ghﬁl %ﬂ%'cléd; b%[fﬂatl;?\latmn to give the title
compound (252 mg).
ESI-MS M/Z:226[M-H}-.
Reference Example 20: Trans-4-(1,1-dioxidoisothiazolidin-Q-

yl)cyclohexanecarboxylic acid

HO

(1) Methyl trans- -4- ammocyclohexanecarboxylate hydrochloride

(4.08 g) obtained in Reference Example 2(1) is suspended in chloroform

(50 mi), and thereto is added triethylamine (8.8 ml) under ice- -cooling.

Subsequently, a solution of 3- chloropropanesulfonyl chloride (3.35 ml)

in chloroform (20 ml) is added dropwise over 20 minutes under the

same temperature. After stirring for 2 hours at room temperature, 5 %

hydrochloric acid is added to the reaction solution and the mixture is

extracted with chloroform. The organic layer is washed with saturated

brine, dried over sodium sulfate and evaporated to remove the solvent
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gléétSagwldoropyrl din-2-yl)-2-[(3- cyanopyra2| n-2-yl) oxy]
acet ssoleve((jli gONg%\I %t g! ned in Reference Exanple 33
_ , i met acetam de (20 ni
thereto is added sodi um car )i an
_ ate (834
m xt ureI is stirred at 100C for 3 déys A;T?)eragldl :J\I/qvlen
coo the reaction solution is concentrated r]degrg

Jpﬁgeu c eilgfégﬁfé#*i’s%u%d TH@f@gultmgpws:chaie insuspendet die.

es are collected by

[ tr at
e s e
gpi-¢(3EhlotmprppyhsHi@RINIBYRP ﬁghke car boxy! aylate g.

1- oxi de
ﬁﬂ%‘rf}ﬁswﬁ%ﬁﬁg Qvi %!)x;./l a;l’g ?S.SESDSBSI on, of rret ny!
0504 () ST EratmE4 T (B-cHloR b ftf:pem)wublmgfacnm}d >
B bt Scdtion s ovarottsisar i (1 lfo & g

: .
pesnyzonuran (A0spibendaseliEHh el adeifh tEpitenas 052
gbup@gﬁ;ghgra}@glrg% fﬂdo{*ﬂﬁré z? %éucg rdgggﬁﬁié"@véﬂ 1Deminutes under

con

u nde CBB{U{Ig‘ gﬂg‘é Péﬁﬁﬁﬂg%ﬁ ’05 o rs et ulooinm gen‘;:;rxl'tg{;}gtt'qe d@ddltlonal

I col
Sfﬁultagémm teRt- bu@émdm (ga%emf ;’m;@”ﬁ,ﬁ’&;ﬁ’&? rg,cf’cﬂﬁig gpd the

e resulting solid is sus
apettare/islistirhgd Oéfﬁrmgh&r?a end r%ﬁﬁ%‘:l  The trle%cr:]ticgré solution

gi ve the titl
Nasza I VP@W@?‘@W %za@iﬁ (911)0 1511)(“\%91(1 Mﬁe aqueous layer is
e l'e 36: Met hyl
ano: PHINHEQUYEY sbdhuif- éhl@ﬁdbpfqllmzv@i by extraction with

chloroform. The organic layer is dried over sodium sulfate and
evaporated to remove the solvent under reduced pressure. The
resulting residue is purified by silica gel column
chromatography(eluent : n-hexane/ethyl acetate = 1/2, followed by
ethyl acetate) to give methyl trans-4-(1,1- dioxidoisothiazolidin-2-yl)-

cyclohexanecarboxylate (1.42 g, APCI-MS M /Z:279[M+NHa]*) and the

title compound (0.56 g).
ESI-MS M/Z:246[M-HJ-.
Reference Example 21: 2-Ch10ro-N-(5-chloropyridin-2-yl)acetamide

cl
O X
01\)LN£Nj
H

Chloroacetyl chloride (95.5 ml) is dissolved in dichloromethane
(500 ml), and thereto is added dropwise a suspension of 2-amino-5-
chloropyridine (128.6 g) and triethylamine (169 ml) in dichloromethane

(1000 ml) under ice-cooling. The reaction solution is warmed to room
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SOH ~"O0 0 N Methyl 5-hydroxypyridi ne-2-carboxyl ate
1-oxide (5.18 g) obtained in Reference Exanple 35,
sodi um cyanide (4.50 g) and triethylamne 10 (29.9 m)
are added to N, N-di net hyl formam de (55 m ), and
thereto is added chlorotri d@8nhylsilane (19.4 m) over
20 mnutes. The mxture is then stirred at 80C for 28
hours. The reaction solution is cooled to room
tenperature, filtered to renove the insol uble
teraperatalre anistineed fon @ Saheurs, dhscaRCtipnesOluting is

chSSHE B SSSt S MBI (150K bt 35S el

PR i R e

witH ishbeheB i Cdrig@love?|sediu S QIEIOBAARRY ettt
oro rmto rret anol/ chloroform= 1/5).

abﬁ%ltéd tBaf@dld Aftér fltspdonad nemaizeeirmdlubtdmrateneﬂs the
collected by filtration to give the title 20 conpound
filhab6igronESitraedMURdET Teiukpd pregefzs endetheeanling
37-43 The corres ond| ng st art i ng conpounds are treat eltfl
residaesisrsuspendeghirediiseprendethee Ehenpreciniales e eollected

sk S8 RS a5 Uit Rl e
c%o&ﬁ&ﬂ%w g).o CH

APCI-MS M/Z:205/207 [M+H]*.
Reference Example 22: N-(5-Chloropyridin-2-yl)-2-hydroxyacetamide

Ho\)LN N
H

(1) 2-Chloro-N-(5-chloropyridin-2-yljacetamide (30.68 g

obtained in Reference Example 21 is dissolved in N,N-
dimethylformamide (500 ml), and thereto is added sodium acetate
(24.55 g). The mixture is then stirred at 60°C for 5 hours. The reaction
solution is diluted with ethyl acetate, and washed with water and
saturated brine successively. The solution is dried over magnesium
sulfate, treated with activated charcoal, and the filtrate is concentrated
under reduced pressure. The resulting residue is suspended in n-
hexane and the crystals are collected by filtration. The crystals are
washed with n-hexane and dried to give 2-[(5-chloropyridin-2-yljJamino}-
2-oxoethyl acetate (30.58 g).
APCI-MS M/Z:229/23 1{M+H]*.

(2) 2-[(5-Chloropyridin-2-yl)amino}-2-oxoethylacetate (30.36 g)
obtained in (1) above is suspended in methanol (1200 ml) and thereto is

added potassium carbonate (22.0 g) under ice-cooling. The reaction



10

15

20

25

38ESI-M5 M Z: CI N144/ 146[MH - 0 OH 39J2TAPCI - M5
MZ: F N130[ MtH + O OH 40APCI-M5S M Z: 0142 MtH + 0 OH
41°ESI-M5 MZ: N NI35[MH - 0 cl OH 42+ESI-NMs M Z:
N144/ 146[MH - OO0 43~0 | OHESI-M5 M Z: N+ 168[ M H] -
0 | - Reference Exanples 445D The corresponding
starting conpounds are treated in a simlar 5 manner
to Reference Exanple 36 to give the follow ng

C ounds. 191 Table 7 .
soﬁ?gon QS warmed to room ?emperature, stirred for 0.5 hours and

concentrated under reduced pressure. To the resulting residue are
poured ethyl acetate (1500 ml) and ice-water (1000 ml), followed by
extraction with ethyl acetate. The organic layer is washed with
saturated brine, dried over sodium sulfate and evaporated to remove the
solvent under reduced pressure. The resulting residue is suspended in
a small amount of ethyl acetate, and thereto is poured diisopropyl ether.
The precipitated crystals are collected by filtration, washed with
diisopropyl ether and dried to give the title compound (22.85 g.

APCI-MS M/Z:187/189[M+H]*.
Reference Example 23: N-(5-chloropyridin-2-yl)-2-[(2-cyanopyridin-3-

yljoxy]acetamide

A~ cl
HN N

2 0 Aq

\N \\N

2-Cyano-3-hydroxypyridine (35.0 g) obtained according to the
method described in a literature (Synthesis 1983, 316) is dissolved in
acetone (800 ml), and thereto are added 2-chloro-N-(5-chloropyridin-2-
yl)acetamide (62.6 g) obtained in Reference Example 21, potassium
carbonate (60.0 g) and sodium iodide (45.8 g). The mixture is then
heated under reflux for 2 hours. After allowing to cool, water and ethyl
acetate are poured to the reaction mixture, and the insoluble materials
are removed by filtration. The organic layer is then separated. The
aqueous layer is extracted with ethyl acetate and the organic layers are
combined, washed with saturated brine and dried over sodium sulfate.
The solvent is removed by evaporation under reduced pressure and the

resulting residue is suspended in diethyl ether. The precipitates are
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Ref. Ex. No. StructurePhysi cochem cal Properties
CHESI -MS M Z: 44N N133[MH - OHESI-Ms M Z: 45C1 N
\ N153/ 155[ M H - 460CH ESI-M5 MZ: | F N N137[ M H -
CrAPCI-MS MZ: , 470 N 151 [MtH + N OH ESI-M5 M Z:
48] 1 NH- N44[M N C HESEOMSE Mz | O 49N
~~N153/ 155 M H - 0 50CHAPCI - M5 M Z:

collected by filtration to give the title compound (80.3 g).
APCI-MS M/Z:289/291[M+H]*.
Reference Example 24: 3-Amino-N-(5-chloropyridin-2-yl)furo[3,2-

bjpyridine-2-carboxamide

0 H—(z‘>»01
— \
% N7

N 0

NH,

N-(5-Chloropyridin-2-yl}-2-[(2-cyanopyridin-3-yljoxy]acetamide
(80.0 g) obtained in Reference Example 23 is dissolved in N,N-
dimethylacetamide (700 ml), and thereto is added sodium carbonate
(35.2 g). The mixture is then stirred at 100°C for 10 hours. After
allowing to cool, the reaction solution is concentrated to reduce the
volume by 1/3 under reduced pressure. After pouring ice-water, the
precipitates are collected by filtration. The resulting solid is suspended
in ethyl acetate and collected by filtration. The resultant is washed with
chloroform and diethyl ether successively and dried to give the title
compound (48.5 g).
APCI-MS M/Z:289/291[M+H]*.

Reference Example 25: 4-Chloronicotinonitrile

" (1) To a solution of diisopropylamine (20.0 g) in tetrahydrofuran
(200 ml) is added dropwise 1.6 M n-butyllithium/n-hexane solution
under ice-cooling. The mixture is then stirred for 30 minutes under the
same cooling conditions. The reaction mixture is cooled with dry ice-
acetone, and thereto is added dropwise a solution of 4-chloropyridine
(20.4 g) in tetrahydrofuran (100 ml). The mixture is then stirred for 20

minutes under the same cooling conditions. The resulting reaction
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, 179 MtH] + N Ref erence Exanpl es 51-58 The
correspondi ng starting conpounds are treated in a
simlar 5 manner to Reference Exanple 23 to give the
foll ow ng conmpounds. 192 0 O Table 76 Ref. EXx.

No. St ruct ur ePhysi cocheni cal PBdperties ¢l HN N 510
APCl-MS M Z: J,,803 / 305 [MtHH+ N N d HN N 520
APCI -MS M Z: O823/325[M+HJ+ CI N N SC  Jf~" ~I

solution is poured in crushed dry ice in a portion and then warmed to
room temperature. The reaction solution is cooled with ice and basified
by addition of sodium hydroxide, followed by concentration under
reduced pressure. The resulting residue is dissolved in water and
washed with dichloromethane. The aqueous layer is cooled with ice and
acidified with conc. hydrochloric acid. The ﬁrecipitates are collected by
filtration and dried to give 4-chloronicotinic acid hydrochloride (21.4 g).

(2) 4-Chloronicotinic acid hydrochloride (500 mg) obtained in (1)
above is dissolved in thionyl chloride (6 ml), and thereto is added N,N-
dimethylformamide (1 drop). The reaction solution is then heated under
reflux for 12 hours. After allowing to cool, the reaction solution is
concentrated to dryness under reduced pressure. The resulting residue
is suspended in dichloromethane (10 ml), and thereto are added
ammonium chloride (152 mg) and triethylamine (1.8 ml) under ice-
cooling. The mixture is then stirred for 2 hours under the same cooling
conditions. To the reaction solution, saturated aqueous sodium
hydrogen carbonate solution and sodium chloride are added, and the
mixture is extracted with chloroform. The organic layer is dried over
sodium sulfate and evaporated the solvent under reduced pressure.
Purification by silica gel column chromatography (eluent: chloroform,
followed by chloroform/methanol = 20/1 to 10/1) gives 4-
chloronicotinamide (211 mg).

APCI-MS M/Z:157 / 159[M+H]*.

(3) 4-Chloronicotinamide (210 mg) obtained in (2) above is
suspended in phosphoryl chloride (7 ml) and the mixture heated at
100°C for 2 hours. After allowing to cool, the reaction solution is
concentrated under reduced pressure. To the resulting residue are
poured saturated aqueous sodium hydrogen carbonate solution and
chloroform under ice-cooling. The mixture is then warmed to room

temperature and stirred for 1 hour. The organic layer is separated,
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HN N 530 ',,0APCI-M5 M Z: 307/309[MtH+ F N ~\N C HN
N 541 OOAPCI-Ms M Z: 319/ 321 [MtH+ o C N 550

OAPCl -MS M Z: 347/ 349 MtH + 0 193 Table 77 is Ref.

Ex. No. StructurePhysi cocheni cal Properties SCl

JJJr**' ~~ HN N APCI-Ms M z182 560 , 431

washed with saturated brine, dried over sodium sulfate and the solvent
is removed by evaporation under reduced pressure. The resulting
residue is purified by silica gel column chromatography (eluent:
chloroform followed by chloroform/methanol = 20/1) to give the title
compound (115 mg).

IH-NMR(CDCl3,300MHz): 6:8.86(1H,d,J=0.4Hz), 8.71(1H,d,J=5.4Hz),
7.51(1H,dd,J=5.4,0.4Hz).

Reference Example 26: N-(5-Chloropyridin-2-yl}-2-[(3-cyanopyridin-4-

HN™ N

yl)oxyjacetamide

N-(5-Chloropyridin-2-yl)-2-hydroxyacetamide (142 mg) obtained
in Reference Example 22 is dissolved in N,N-dimethylformamide (3 ml),
and thereto is added 60 % sodium hydride in oil (61 mg) under ice-
cooling. The reaction solution is warmed to room temperature, stirred
for 15 minute and cooled again with ice, followed by addition of a
solution of 4-chloronicotinonitrile (105 mg) obtained in Reference
Example 25 in N,N-dimethylformamide (1 ml). The reaction solution is
stirred at room temperature for 1 hour, and thereto is poured water
under ice-cooling, followed by extraction with ethyl acetate. The organic
layer is washed with water and saturated brine, dried over sodium
sulfate, and evaporated to remove the solvent under reduced pressure.
The resulting residue is suspended in n-hexane/diisopropyl ether,
collected by filtration and dried to give the title compound (200 mg).
APCI-MS M/Z:289/291[M+H]J*.
Reference Example 27: 3-Amino-N-(5-chloropyridin-2-yl)furo[3,2-

c]pyridine-2-carboxamide
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Exanpl es 59-66 The correspondi ng starti ng conpounds
are treated in a simlar 5 d88ner to Reference
Exanple 24 to give the follow ng conpounds. 0 194 0

H —
-0 N—<t/>‘CI
el

NH,

N-(5-Chloropyridin-2-yl)-2-[(3-cyanopyridin-4-yl)oxylacetamide
(195 mg) obtained in Reference Example 26 is dissolved in N,N-
dimethylacetamide (5 ml), and thereto is added sodium carbonate (86
mg). The mixture is then stirred at 100°C for 3 hours. After allowing to
cool, the reaction solution is concentrated under reduced pressure, and
ice-water is poured to the resulting residue. The precipitates are
collected by filtration, washed with water followed and then with diethyl
ether to give the title compound (171 mg).
APCI-MS M/Z:289/291[M+H]".
Reference Example 28: N-(5-Chloropyridin-2-yl)-2-[(4-cyanopyridin-3-
yl)oxylacetamide

(1) Ethyl 3-aminoisonicotinate (5.55 g) is suspended in water (70
ml), and thereto added conc. sulfuric acid (4.0 ml). The reaction
solution is cooled with ice, and a solution of sodium nitrite (2.79 g) in
water (30 ml) is added dropwise thereto. The reaction solution is stirred
under the same cooling conditions for 20 minutes and then at 90°C for
80 minutes. The reaction solution is diluted with water (100 ml) and
the solution is adjusted to pH 8 to 9 by addition of saturated aqueous
sodium hydrogen carbonate solution, followed by extraction with
chloroform. The organic layer is dried over sodium sulfate and

evaporated to remove the solvent under reduced pressure. The
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Table 78 Ref. Ex. No. StructurePhysicochem cal
Properties o HN/ CIAPCI-M5 M Z: 59/ 0303/ 305[ MtH| +
NHZ H APCI-M5 MZ: o NC 60 C N 0323/325[ MtH + NH2 o
H Cl APCI - M5 M Z: 61FN0307%%/%H]+ NH2 o H a, -N
ClAPCI-M5 M Z: 62/ ~o N 319/ [MFH+ O NH2 \ N
ClLAPCI -M5 M Z: 631 347/ 349[MtH + N ~/O p NH2 o N
ClAPCI-M5 M Z: 64/ NN

resulting residue is purified by silica gel column chromatography
(eluent : n-hexane/ethyl acetate = 5/1) to give ethyl 3-
hydroxyisonicotinate (2.64 g).

APCI-MS M/Z:168[M+H]".

(2) Ethyl 3-hydroxyisonicotinate (1.60 g) obtained in (1) above is
dissolved in ethanol (30 ml), and ammonia gas is bubbled therein under
ice-cooling. To the reaction solution is added tetrahydrofuran (50 ml),
and additional ammonia gas is bubbled in the mixture. The reaction
solution is warmed to room temperature and stirred for 3 hours. The
bubbling of ammonia gas is stopped and the mixture is stirred at room
temperature for 2.5 days. The reaction solution is concentrated to
dryness under reduced pressure to give 3-hydroxyisonicotinamide (1.35
g).

ESI-MS M/Z:137[M-H]-.

(3) Pyridine (1.20 ml) is added dropwise to a solution of
trifluoroacetic anhydride (3.10 g) in dichloromethane (30 ml) and a
suspension of 3-hydroxyisoniconamide (683 mg) obtained in (2) above in
dichloromethane (10 ml) is added thereto in small portions under ice-
cooling. The reaction solution is warmed to room temperature, stirred
for 13 hours and then, and thereto are added water and saturated
aqueous sodium hydrogen carbonate solution. The aqueous layer is
separated and concentrated to dryness under reduced pressure to give
crude 3-hydroxyisonicotinonitrile. Then, the resulting crude product is
suspended in acetone (50 ml), and thereto are added 2-chloro-N-(5-
chloropyridin-2-yljacetamide (1.08 g) obtained in Reference Example 21,
cesium carbonate (3.03 g) and sodium iodide (0.78 g), and the mixture
is heated under reflux for 19 hours. After allowing to cool, water,
tetrahydrofuran and ethyl acetate are poured to the mixture and the
insoluble materials are removed by filtration. The organic layer is

separated, dried over magnesium sulfate, and evaporated to remove the
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3- Ami no- 2-{[ (5-chl oropyri di n-2-yl )am no] -

car bonyl }furo[ 3, 2- b] pyri di neld83car boxylic acid 195 H 0
N</)-C i

solvent under reduced pressure. The resulting residue is purified by
silica gel column chromatography (eluent : n-hexane/ethyl acetate =
1/1, followed by 1/2) to give the title compound (87 mg).

APCI-MS M/Z:289/291[M+H]*.

Reference Example 29: 3-Amino-N-(5-chloropyridin-2-yl)furo[2,3-

c]pyridine-2-carboxamide

o) H—@—m

2 \

GV
o)

NH,

N-(5-Chloropyridin-2-yl}-2-|(4-cyanopyridin-3-yl)oxylacetamide
(82 mg) obtained in Reference Example 28 is dissolved in N,N-
dimethylacetamide (5 ml), and thereto is added sodium carbonate (39
mg). The mixture is then stirred at 100°C for 3 hours. After allowing to
cool, the reaction solution is diluted with water. The precipitates are
collected by filtration, washed with water and dried to give the title
compound (47 mg).
APCI-MS M/Z:289/291[M+H]".
Reference Example 30: N-(5-Chloropyridin-2-yl)-2-[(3-cyanopyridin-2-

oy

yl)oxy]acetamide

HN N
N o\/&o

|
&L\\N

N-(5-Chloropyridin-2-yl}-2-hydroxyacetamide (187 mg) obtained
in Reference Example 22 is dissolved in N,N-dimethylformamide (3 ml)
and thereto is added 60 % sodium hydride in oil (80 mg). The reaction
solution is stirred for 15 minutes, and thereto is added 2-chloro-

nicotinonitrile (139 mg). The reaction solution is stirred at room
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EREBIMS/EMWZZQS‘B,BSBQD[MBH]V 333 [MH - NHz Reference
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NH,

N-(5-Chloropyridin-2-yl)-2-[(3-cyanopyridin-2-yl)oxy]acetamide
(209 mg) obtained in Reference Example 30 is dissolved in N,N-
dimethylacetamide (3 ml), and thereto is added sodium carbonate (92
mg). The mixture is then stirred at 100°C overnight. Additional sodium
carbonate (90 mg) is added to the mixture and the mixture is again
stirred at 100°C overnight. After allowing to cool, ice-water is poured to
the reaction solution. The precipitates are collected by filtration,
dissolved in chloroform/methanol and dried over sodium sulfate. The
solvent is evaporated under reduced pressure and the resulting residue
is suspended in n-hexane/ethyl acetate. The precipitates are collected
by filtration to give the title compound (111 mg].
APCI-MS M/Z:289/291|M+H]*.

Reference Example 32: 3-Chloropyrazine-2-carbonitrile

[N Cl

Pyrazine-2-carbonitrile (26.36 g) is dissolved in toluene (187

ml)/N,N-dimethylformamide (19 ml), and thereto is added dropwise
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pyri di ne-5-carboxylic acid (605 ng) obtained in
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compound (16.58 gj.
IH-NMR(CDCl3,300MHz) 6:8.66(1H,d,J=2.4Hz), 8.61(1H,d,J=2.4Hz).
Reference Example 33: N-(5-Chloropyridin-2-yl)-2-[(3-cyanopyrazin-2-

e

yl)oxylacetamide

HN™ N
N._O0_A
YO
N>y

N-(5-Chloropyridin-2-yl)-2-hydroxyacetamide (1.34 g) obtained in
Reference Example 22 is dissolved in N,N-dimethylformamide (15 ml),
and thereto is added 60 % sodium hydride in oil (574 mg). The reaction
solution is stirred at room temperature for 15 minutes, cooled again
with ice, and a solution of 3-chloropyrazine-2-carbonitrile (1.0 g)
obtained in Reference Example 32 in N,N-dimethylformamide (5 ml) is
added. The reaction solution is stirred at room temperature for 1 hour,
and thereto is poured water under ice-cooling, followed by extraction
with ethyl acetate. The organic layer is washed with water and

saturated brine, dried over sodium sulfate and evaporated to remove the
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Reference Example 35: Methyl 5-hydroxypyridine-2-carboxylate 1-oxide

/|OH

O AN
O o

To a suspension of methyl 5-hydroxypyridin-2-carboxylate (5.30
g) in dichloromethane (75 ml), m-chloroperbenzoic acid ( > 65 %, 11.0 g)
is added under ice-cooling , and the mixture is stirred at room
temperature for 5 hours. The reaction solution is concentrated under
reduced pressure. The residue is suspended in ethyl acetate and
collected by filtration to give the title compound (4.62 g). Mother liquor

is concentrated under reduced pressure and the resulting residue is
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added to the residue, and the mixture is stirred at room temperature for

30 minutes and evaporated to remove the solvent under reduced
pressure. The residue is purified by silica gel column chromatography
(eluent: chloroform to methanol/chloroform = 1/5). The resulting solid
is suspended in diethyl ether and collected by filtration to give the title
compound (4.66 g).
ESI-MS M/Z:177[M-H]-.
Reference Examples 37-43

The corresponding starting compounds are treated in a similar

manner to Reference Example 35 to give the following compounds.
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Reference Examples 44-50

The corresponding starting compounds are treated in a similar

manner to Reference Example 36 to give the following compounds.




5

5 Reference Exanple 75:
N- (4- Chl or ophenyl ) - 2-[ (2- cyanopyri di n- 3-
yl )oxy]acetam de HN Cl 2-Cyano- 3- hydroxypyri di ne
(2.00 g) and 2-chl oro- N (4- chlorophenyl)acetanlde
(3.75 g) obtained in Ref er end@l Exanple 74 are 10
treated in a simlar manner to Reference Exanple 23 to
give the title conpound (4.58 g). APCI-M
ﬁﬁgk2ﬁ§/290[h%kﬂ+ Ref erence Exanpl e 76:

ln

I\m a¥at N-(4 o rr\nhcn\ll \'Fnrr\r') 9 'Lnurigtli ot ’)
AN B U Hy

™ \* w1
car 15 N-(\ /~
R Mnertyl ) - 2- ?&5‘1% Fopyr 1 alPslisspioal Brgperties
C \4 JU g) ULt IIICU L I'KCI I'ClILT _)\d.llpl |5 IC) IS
treated in a sijmla o  Ref ¢r € .e 24
to givd4dthe titlle corrp (2.98 9). % ’
M Z:288/ 290[ Mrhi +. 20 Re'#ere e Exanrpl thyI
[\L Layclll'UlJ_yllulll O _yl)U)\_y_] cu..ctcuc t .L l = =
N 2- Cyano- 3- hydr oxypyri {"5. 00 g /\ZEd in
acetond3(50 m){, and epeto are addg
bronpacetate (7.0 g) Cdndeot sium 8113 g)
Fhe—r—xttutre—+stheated—tunder—refttx—for—t—-5—hotrs:
After allow ng|to cool ,/Ff\?\/at er i $ RRULRHS M)/i he
reacti ¢ sol utilon andF N Sy 137[M-HJ
. J\/\( on APCI-MS M/Z:
) N&N 151[M+H]*
~-©OH
48 | ESI-MS M/Z:
N NSy 144[M-H]J-
cl OH
49 P ESI-MS M/Z:
NSy 153/155[M-H]-
O
50 Nor N Sy O APCI-MS M/Z:
" 179[M+H]*
N \\N

Reference Examples 51-58
The corresponding starting compounds are treated in a similar

manner to Reference Example 23 to give the following compounds.



extracted wth ethyl acetate. The organic |layer is
washed with is saturated brine, dried over sodi um
sul fate and evaporated to renove the solvent under
reduced pressure. The resulting residue is suspended
in diethyl ether/n-hexane ah82the solid is collected
by filtration to give the 10 title conpound (7.91 Q).
APCl - M5 M Z: 193] MtH] +. Reference Exanple 78: Met hyl
iﬁﬂgghﬂifuro[s,z-b]pyridine-2-carboxy|ate 0>-CH3O0
Methyl [(2-cyanopyridin-3-yl)oxylacetate (4 00 g)
obtained in 1% Reference Exanple 7Y.is .dissolyeq. in )
t etRh¥efr Mur ap (100 %ttljl%c'%lﬁa 60 odRIBHICARHBIGA) FroRerties
o1 53-g}-t+g—added—tA——srat—parti-ers—under
ice-cooling. The reaction s 'gn is warnmed to room
tenperature and stirred f hour; The reaction
solutigy is poyred to u@Bus

amoni dRTMS My

citric acid solluti icce- cool i n§03 /BAF[MiAdt* by
20 extraction Wt |_acetate. The organic layer is
washed wth saturated l ne, driedjover sodium

SulTate and evaporaied to renpyecing solvent under
reduced pressurie. The result[ng[residue is suspended

in n-hexane and the soli gn"SNeol | egt Vadd M At i on
to give2the titlle conpowndi(2. 96 g). MR -
M Z: 193] M+H] +. (202 @- enceoExarrpI e : ]

3-({[trans-4-(3- pyomafphal i n-4- yl) [cycl ohexyl ]

carbonyl Yanino)l furo [3 ™ -blpyridine-2 -carhaxylate
3r-o0O0OCHQ O A~C
Trans- 4- ( 3- oxonor phol i n-4-yll)cyicl ohexanecar boxyl i c
acid (3.55 g) |5 obtainedHNn Ref erencaARaMS 8 4Z:i s

di ssol w&d in tHi onm@z&@ (20 nl) 307/309[M+H]*
FONTNYy

HN™ "N APCI-MS M/Z:

>4 m\/l*o 319/321[M+H]*
N0 N SN

s Oj't N APCI-MS M/Z:

S o 347 /349[M+H]*




The m xture is then stirred at roomtenperature for 15
hours. The reaction solution is concentrated under
reduced pressure, and the residue is subjected to
azeotropic distillation with toluene and dissolved in
chloroform (25 ). Under icé&93o0ling, nethyl
3-am nofuro[ 3, 2-b] 10 pyridi ne-2-carboxylate (2.00 g)
obtained in Reference Exanple 78 and pyridine (1.68
added in this order, and the reaction solution
IéﬁEfEz;EML44L44MKni&##%#%ﬂ+#&#€mmL¢L+ﬁLeﬂ for 5
hours. Saturated aqueous sodi um hydfogen car honate .

SOIR#fi R, INp. Polr ed t ogtAgct@action | sol nysico , ical
ice-cooling and the mxture is extracted vviRﬂQ_PertleS

chloroform 15 The_or_ga,m_c_l_a.ye,r_u
and saturated brine successi Cldri ed over sodium
sul fate and evaporated to re the sol vent under
reduces pressuie. itdue Ns pur i ARCI-MBS MAZ%i | i ca
gel 8m  chiomat el uent : | eBhv/ SAGEMAHHY!

foll owed by ethyl te/ methanol [= 5/ 1). The
resulting solid N/ sd%pe\ﬂed in diethyl 20
ther/m=texane Tand——Tctuottected Gt iTatTom to girve the
title conpound| (3.54 g). AP d| M Z: 402[ M+H] +.

Ref erence Exanpl e 80: N

Tr ans- 47[ (di met hyd,am nox g‘r orr;lyl ] cyel NS M/ Z:
carboxyli ¢ acid 20 A %00 (1) | 323/325[M+HJ*
Trans- 4- (et hoxycar oA cycl ohexangcar boxylic acid
(20.0 g) obtailned in ReTMr ence Exaﬂml e 1(2) is

di ssol ved in chl orof orm (200 Cland thereto are
added di met hyl gmi ne hydrochl ofi dg (10.5 g), 1-ethyl-3-
5 (3-di et hyl ani nofgr opyl ) caNsoN"i mi deij@ILMS‘IMJ z.de

(24.7 §B and tilie .0 g) .i ng.
red a roorntem!eratureif

The m xture is |thén
.(led to the react| on

17 hours. lce-vater i3Np

colit i an Aand + hn vt H vt vy Aant A th bl ~nr of ~v
SUT ULl 1T UTI Auartru T III ALvT C | \) C/\L AV LU u V\" Il Lllll Ul Ul U"[ll

The organic layer is washed with 10 % hydrochloric

acid, saturated agueous sodi um
Reference Examples 59-

The corresponding starting compounds are treated in a similar

manner to Reference Example 24 to give the following compounds.



10 hydrogen carbonate solution and saturated brine

successively and dried

sol vent

’g%@ 21 Af l\/l-l-l—ﬂ +.

/’)\

over sodi um sul

chIoﬂQﬁorn1 fo

15

fate. The

is concentrated under reduced pressure and
the resulting residue is purified by silica ge
chr omat ogr aphy (el uent:
chl orof ormi net hano
trans-4-[ (di met hyl am no) car bonyl ] -
JeOpgxanecar boxyl ate (20.1 g).

col umm
| owed by

20/ 1) to give nethyl
APCI - M5

car xé?gﬁg’(zc

oN/( 1 Pl |

by S)m Sb%ér

Mot} h\/l
I]cyclol
n Ref er ¢

nex dtgysicochemical
ence ’ies

U\ J./ I O UI DO Ul
i's added a sol (
in wateg (40 m
tenperature f or
concentrated ur

VCU

der

redu@&@ pressure, g

adl)
VR

o+ .
alfu t1icrco v
D

20 (7.50 /%
st ABQEMS M/om
s S03/i365[MsrH]*

and the residue

I's diluted wthn
et her. The resu
10 % I®eodrochl g
chl orof orm The
sat urated bring

Ice-water ang hed
[tin +§§§}—¢b &
ric [ xtYact ed ttwi

\

Igyer IS was
er_sodjium¢g

M th diethyl

aci B £k Y J2)
a3/ dzsiM+H)

ulfate The

sol vent is cong
resulting resi
col | ecttdd by fi
(15.7 g). ESI-|

- H
Heh

1 \
-_

ressure. The
‘X’cHFCFiMS M/Z:

el ound
nce anpl e 81

alaosviaona

car boxylic acid
Tr ans- met hox
(20.0 ¢ obt ai
di ssol ved in ch

| oro

necar

O NLj 0)
ycar bWoh bAEE
nedgn refce Exanpl g

form (29 nm), and

FMAMAL:
[19/321[M+H}*

thereto are

added pyrrolidi

63

ne (9.2°9),

1ﬁ

-0, /CI
Y(IH

=373

- di met hyl

APCI-MS M/Z:
347/349[M+H]*

64

APCI-MS M/Z:
314/316[M+H]*

65

APCI-MS M/Z:
323/325[M+H]*

66

APCI-MS M/Z:
347 /349|M+H]*

Reference Example 67: 3-Amino-2-{[(5-chloropyridin-2-yljamino]-

carbonyl}furo[3,2-b]pyridine-5-carboxylic acid




10

15

am nopropyl ) carbodi i m de hydrochloride (24.7 g) and
triethylamne 10 (13.6 g) under ice-cooling. The

m xture is then stirred at room tenperature for 17
hours. Ice-water is poured tgo the reaction solution
and the mixture is extracted!®th chloroform The
organic layer is washed with 10 % hydrochl oric acid,
sat urat ed aqueous sodi um hydrogen carbonate sol ution
and saturated brine successively, and 15 dried over
sodi um sul fate. The solvent s n en rgﬁed under
reduced pressure. The e is purified

by silica gel col yqm r (eI uent :
chloroform fol | owed by Mhio F{z m met hanol = 20/ 1)
to give methyl transO4-(pyrr di n- 1-yl carbonyl) -

cycl ohexanecar boxylate (11.8 g). 20 APCl - M5

MZ:2 % hi idin-2-yl)ami bonyl}furo[3,2-
transl-efd’?f!t yr raélFidu nwﬁ El;llrﬁcac;ro Ayt 1cycly Jaminocarbonylifuro]
bkpw[thnmb@aybexﬁatd 1800 gl)lg)obb‘aamed 1nrReEfef‘mcemExample 63 is

le 81( is dissolved in nethanol

ﬁmp@m@ed sn é@H@hYdr%@raﬂ/éﬂeMdﬁdn 40%10 o@ené ethesef%ls

b 2o Ehditls odrumd Rtk Sol Bid TELS i “#r® mixture

£0tHdd Shrted & P&(ﬁﬁtfeﬁﬁ]gé’ﬁdtﬁ?l@ for DESHYAESOITRE Q‘Eﬁé‘flSn sUlﬁtlon is

residue 1Is d| uted wt ce-wat er and washed

featiatizedtwith. 1 Mkydeschlbtricgacid@dus nikhperd dﬂuted w1th water.

acidified with 10 % 205 hydrochl ori.c acid and

The rm'@cuutat@dwlquﬂqqtﬁd byhEltsaaniand dyied tasgive the title

vvashed Et? gzi_\%@r ated brine and dried over sodium

oY ]e fvent is concentrated under reduced

BSIMS /218817 838|MLMp, residue is suspended in

n- hexane and col |l ected by filtration to glve the title

Reﬁ&mpcarﬁka(rﬁple%@) ESI -M5 M Z: 224 M H -. Reference
Exanpl e 82:

Tr ans The(GRTERRPRAING PLREHNDSANBIURERcaEmdreated in a similar

%‘i"a‘ﬁ?r?exy {o ﬁef‘e‘i‘ ﬂce |_Elgdmple 67% give the following compounds.
Table 79

Ref. Ex. No. Structure Physicochemical Properties
RS \Y - .
68 HO™ ™Y I N—7 ESI-MS M/Z: _
N o) 331/333[M-H]
NH,

Reference Example 69: 3-Amino-N2-(5-chloropyridin-2-yl)-N3,N3-
dimethylfuro[3,2-b]pyridine-2,5-dicarboxamide

Wevaats

3-Amino-2-{[(5-chloropyridin-2-yljamino]carbonyljfuro[3,2-b]-
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15

20

0 LO 10 (1)

Trans- 4- (et hoxycar bonyl ) cycl ohexanecar boxylic acid
(800 ng) obtained in Reference Exanple 1(2) is

di ssol ved in chl orof orm (30 gl , and thereto are
added morphol i ne (560 ng), 118Phyl-3-(3

di met hyl am nopropyl ) car bodi i m de hydrochloride (1.24
g) and triethylamne (650 ng) under ice-cooling. The

pYiditee 51 Garbdsilis tcid ¢608tmgflbbtaiaattinrRefesénce EkampR 67
hours. Ice-water is poured to the reaction solution

mrsjmpwdnd(nuNeN tdimethylforaamidea (hnd},dnd rﬁherret@ are added

b S A R i
38 T B B o o0

mgﬁuﬁ@dtrz&h@rumw @634’131?; dtﬁﬁ:‘ebkivﬁgr r PRk dtktuge iY rthéne@hrred
by silica gél colum chromatography (eluent :

athiaomoftemperatitefed2dhasor Bhoreactien sehation=is30/ 1)
to give neth

S et L RS Ao aped PROTSHES- Ii1 Ak repulting residue,

rtéxé_% gﬁoﬂleiEHs?s% li)n P@ %% eeaogug_on and water are
% i&wy Takeepreefsitdafer szmcﬂw @dlleaeaaﬁya figira tobx avadteed with

i's d| ssolved in nethanol (40 m ), and thereto

Wateidalnd diethy atbouanslodriadh teogive theditds campmind (621 mg).
T s then stirred at room
ééﬁi—ﬁ%gﬁ/@&g@?}@ﬂwf@ The reaction solution is
reduced ressure. The residue is
g@&?ﬁﬂgéﬁ%gnﬁce wat e neut Pal ized with 10 %
hydr oThé ofdree §i1id idipd sm@ttregt@ﬂnpbmhdsm efeted fther Similar

organic layer 1s dried over sodiumsulfate and the
manmnta Refaronce ixaanplt 69 dorgive the dollpwing qompcumd
Ve éhtl e conmpound (638 ny). ESI-M5S M Z: 240 M H] -
Table 80ce Exanpl e 83: Trans-4-1[[2 - (di methyl anino)
ethyl] (methyl) - am noj
caRbbrigxk.| Ngcl phexaneddirbetyrd ¢ aci d [Physicochemical Properties

H —
‘Q‘C' APCI-MS M/Z:

O
v~ o 360/362[M+H]*

70 |

Reference Example 71: Trans-4-[4-(t-butoxycarbonyl)-2-oxopiperazin-1-

yl]cyclohexanecarboxylic acid

(1) Methyl trans-4-aminocyclohexanecarboxylate hydrochloride

(1.22 g) obtained in Reference Example 2(1) is suspended in



®

15

25

30

ON~N HO,,,.. I 10 0 (1)

Trans- 4- (et hoxycar bonyl ) cycl ohexanecar boxylic acid
(8.84 g) obtained in Reference Exanple 1(2) is

di ssolved in chloroform (100 m), and thereto are
added 1- hydroxybenzotriazol elf7. 14 g), 1-ethyl-3-(3-
di met hyl am nopr opyl ) car bodi i m de hydrochl ori de (10.00
g) and N,N,N 15 trinethyl et hyl enedi am ne (5.33 @)

ARUSSrdrhBrEAM | 1ft9¥n1}fh§nﬁ10ﬁteyét% sSaddélFtc}l aﬂéﬁﬂn@t(l 76 ml)

roomtenper atu urs at urate eous

sndithe hycuegds stixréd fielt eevarialiinhidiutes. mwm sbtutibe of t-
reaction solution and the m xture is extracted with

kutydr(@fexonthyleathaaaie (1.80:g) insdickderasuettiane (S ml) and
ted b di | f at
SR AL 4P eESH BB Bt et Sher

1"c:§Ir 2 n(%% rth%sﬂe%{%ﬁ]o s“tzlﬁk!fdrf Lﬁaﬁ’%ﬁgﬁl nfid ﬁfehano crature

anttireeddoe 1 5-h A0, S@tuﬂéteﬂoad%netﬁlmbdiﬁim hydrogen
trans4{[[12(d|methylamno yl] (methyl) am no]

cartisarate }soletion ds ddaunedatchtixg reaatiqn iomug), arg the mixture is

Sizneten i OFleria &fh%es@n%l1?¥¢.re{%9¢19<3rﬂ"ﬁs]sod_lum
R M RO AP R Slfer y e REGUPRA prPosure.

A%ﬁbﬂﬁio)n (lamd g)hdrtbleadsaladgadsidud(na8e9ys piadfiednby silica gel

hydr oxi de solution (25 m). The m xture is stirred at
eQumnaiporzategeapby (cluenit shlorofera/ meshanoh=sub (it)i tmgive

gty oot o RS reEntiudupsolb it oo
T tﬁﬁeﬁﬁnea—é}%é&%gé ? | Sn{gOphl lized to g| ve the crude

e conpoun I ch contai ns equi nol ar sodi um
APOIHMSGM(/@ JO1MNI+H]APCl - M5 M Z: 257[ MtH] +. Ref erence

Exanpl e 84: 6-Mrpholin-4-yl-6-oxohexanoic acid O

(2) Methyl trans 4-({2-[(t-butoxycarbonyljamino]ethyl}amino)-
cyclohexanecarboxylate (785 mg) obtained in Reference Example 71 (1)
is dissolved in chloroform (8 ml), and thereto are added triethylamine
(1.82 ml) and chloroacetyl chloride (249 pnl) under ice-cooling. The
mixture is then stirred at room temperature for 2 hours. The reaction
solution is cooled with ice again, and chloroacetyl chloride (62 i) is
supplied thereto. The mixture is stirred at room temperature for 1 hour.
To the reaction solution, saturated aqueous sodium hydrogen carbonate
solution is poured and the mixture is extracted with chloroform. The
organic layer is washed with water and saturated brine successively,
dried over sodium sulfate and evaporated to remove the solvent under
reduced pressure. The resulting residue is purified by silica gel column
chromatography (eluent : n-hexane/ethyl acetate = 2/ 1, followed by
1/1) to give methyl trans-4-[{2-[{t-butoxycarbonyljamino]ethyl}-
(chloroacetyljamino]cyclohexanecarboxylate (568 mg).
APCI-MS M/Z:377 /379[M+H]*.



® .,

15

.20

25

HON O~ O 10 (1) Mnonethyl adipate (3.20 g) is

di ssolved in chloroform (70 m), and thereto are
added norpholine (2.61 g), 1l-ethyl-3-(3-

di met hyl am nopr opyl ) car bodi i 'ge hydrochl ori de (5.75
g) and triethylamne (3.04 under ice-cooling. The
m xture is then stirred at roomtenperature for 19
hours. Ice-water is added to the reaction 15 solution
and tBe Meh fﬁ*ah%-@fﬁf— £iRtonyEdr sotyayaphiiojeth
orgaéig Iafgf IS was eg mﬁthxqo Qbhgg{ochfg$i§n§cid
(shiaroacetylpomim]eyclotexanedanbhoxytatedabPamg) ebtsained; ish

and saturated brine successivel d.dried )
Relarente Bremple 7iHe) Sy irsoved i @ﬁ@véﬂ%&jﬂ%@%@?@ﬁeoﬁ ml),

B0 AR RIS oD 0 19 Bddeg shgyoto ppiepee-

AotimB3 0T N HesictioR) sdvtibil is then stirred for 0.5 hours under the
6- norphol i n-4-yl - 6- oxohexanoate (4.60 g) obtained in

s2ahe roootingoantition®4 (Satummted sspicoss amnmenivan ahloride
and thereto is added a solutjon o{ sodi um

m),. .
sofation aad (WatsT agy RaunRg: & thgreagtionrgalutipnsuceessively

Tt R EhQlEr R TRE Bl T 8 exbiRrtBl rish Efiy  REGEHET The
di3@ni € shykieis wasRed with wedr Wrld satu¥divd e Slibessively,

acid. The residue is concentrated wunder reduced
dried svee saddunx sulatedndiaviaporatebh o removhdhorapdvent under

208 |l ayer is dried over, sodium sul fate,and. the sol vent
negl RFRSSHTEd ThfiEesultipg rasidne é%gy#rﬁchbéji%%ss column

AP A
&-[Brandu ((nhEthdkyRarbonyl)cyclohexyl]-3-oxopiperazine- 1-carboxylate
(302 mg).

APCL-MS M/Z:34 1[M+H]*.

(Dr=

(4) t-Butyl 4-[trans-4-(methoxycarbonyl)cyclohexyl]-3-
oxopiperazine-1-carboxylate (385 mg) obtained in Reference Example 71
(3) is dissolved in methanol (8 ml), and thereto is added 1 N aqueous
sodium hydroxide solution (3.4 ml) under ice-cooling. The reaction
solution is stirred at room temperature for 20 hours and concentrated
under reduced pressure. Water and chloroform are poured to the
residue, and aqueous layer is acidified by addition of 2 N hydrochloric
acid. The organic layer is separated, washed with saturated brine and
dried over sodium sulfate. The solvent is removed by evaporation under
reduced pressure to give the title compound (375 mg).

ESI-MS M/Z:325[M-H]J-.
Reference Example 72: 2-[(6-Bromo-2-cyanopyridin-3-yljoxy]-N-(5-
chloropyridin-2-yl)acetamide
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Gutaric anhydride (1.14 g) is dissolved in
tetrahydrofuran (20 m), and thereto added norpholine
(0.87 g). The m xture is then stirred at room
tenperature for 19 hours. The reaction solution is
concentrated under reduced pB8ssure, and the residue
is diluted wwth chloroformand 10 washed with 10 %
hydrochl oric acid. The organic |layer is dried over
sodi um sul fate and evaporated to renn(f t he sol vent
under reduced pressure to give 't l e compound
(1.05 g). ESI-M5 M Z: 200 MH -. Hefetence Exanpl e 86:
N- (5- Chl oropyri di n-2-yl)-2-[ (HMr oMd-3- 15
cyanopyridi n-4-yl)oxy]a GLQQK.O 0 O--~ HN COCN Br
(1) 2-Brono-3-cyano- 4( ¢ rldonéJ(Ilterature as
reference: M Mttel al , Arch. Pharm, 1985,
318 481-486) (837 nmg) i suNpended in acetone (30
and thereto are added pot assi um 20 car bonate (853

e@rd\ls(l’éy&ﬂdxsrpyiahdﬁnél(sm §] idRisaiedein 1. 22

tal ned in Reference Exanp and. spdi um i odi de
aeﬂmdrg)le /mer (6:1t @0emil)s ahnhNeerm@euccnﬂc imide(S34 g) is

aded shefetor o el Bontipns unc ?hgei-%'@i“péiéﬁﬁﬁat g t@lms then
il 250 S Rl R0 1 F2action
SbMitioreis dilnged Sdthediey] ﬁet&@@ washed with waker tdrehsaturated
45 mnutes. The reaction solution is allowed to cool
boinecsinceansialytamdedeind qvsursedium wuifate. The solvent is

r e gqiﬁpi ggqlﬁ%a:tgonhﬁgg%? l];lggﬁtpgg p%sglinl*é {s' tgiv%ncruc{]e 6-bromo-
3-hydroxypyr1d1ne-2-carbon1tr11e (6.26 g).
ESI-MS M/Z:197/199[M-H]-.

(2) 6-Bromo-3-hydroxypyridine-2-carbonitrile (6.20 g) obtained in
Reference Example 72(1) is treated in a similar manner to Reference
Example 23 to give the title compound (4.36 g).

APCI-MS M/Z:367 /369[M+H]*.
Reference Example 73: 3-Amino-5-bromo-N-(5-chloropyridin-2-yl)-

furo[3,2-b]pyridine-2-carboxamide

o H—(z_}m
Z A
LI~ v

Br” N o

NH,

2-[(6-Bromo-2-cyanopyridin-3-yl)oxy]-N-(5-chloropyridin-2-
yl)acetamide (4.00 g) obtained in Reference Example 72 is treated in a
similar manner to Reference Example 24 to give the title compound
(2.96 g).
APCI-MS M/Z:367 /369[M+H]*.
Reference Example 74: 2-Chloro-N-(4-chlorophenyljacetamide
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tetrahydrofuran, dried over sodiumsulfate and
evaporated to renove 5 the sol vent under reduced
pressure. The resulting residue is purified by silica
gel colum chromat ography (eluent : chloroform

net hanol = 50/1 followed by286/1 and then 9/ 1) and
suspended in chlorofornfdiisopropyl ether. The
precipitates are collected by filtration to give the
title conpound (669 ng). 1010 APCI-H?

M Z: 367/ 369 M+H] +. Referenfe Exanpte 87:
3-Anino-4-brono-N-(5-COLQLder' a-2- yl) furo [3, 2
-c] pyridine-2 -carboxam de
N—(5-Ch|oropyridin-2-y|)-2-[52-bronD-B-cyanopyridin-4-
15 vyl obt.ai ned.in Referenc

Er b Rl IREh AR Fr 3% 1§ et S il T BRERE Fa .o

RRRREhEe Rt 18 it A OB 169 )

APONMMS-M/Ze204XZOBINSHEN! or opyri di n-2- 20

yl)furo[ 3, 2-c] pyridi ne-2-carboxamde HN N O .

Befarenoe Empfﬁ R6{ N-dHt Chlorppheniyl)s2+{(3-ryanppyrdin @

iﬁii -2- carpoxam de (125 ng) obtained in Reference
L

)

geteMide syspended in N, N-di met hyl f or mani de (2
, and thereto are added net hanol 00 210 pl) and
60 % sodi um hydride in oil (69 mfH™¢ ‘er ice-cool | ng.
The mxture is stirred at room perature for 3.5
hours. To the reaction sol utHNn, ~aqueous citric acid
solution is added and @r\e,elkatat ed solid 1is
collected by filtration o give*the title conpound (82

ng). 5 APCI-MS M Z: 319% g2 MtH| +. Reference Exanple
89: 3- Ami no- N-(5-chl oropyri dNn-2-yl)-4-(2-

2-Cyano-3-hydroxypyridine (2.00 g) and 2-chloro-N-(4-
chlorophenyl)jacetamide (3.75 g) obtained in Reference Example 74 are
treated in a similar manner to Reference Example 23 to give the title
compound (4.58 g).
APCI-MS M/Z:288 /290[M+H]*.
Reference Example 76: 3-Amino-N-(4-chlorophenyljfuro[3,2-b]pyridin-2-

H
D N—@-Cl
C,\I\LNO

NH,

carboxamide

N-(4-Chlorophenyl)-2-[(2-cyanopyridin-3-yljoxylacetamide (4.50 g)
obtained in Reference Example 75 is treated in a similar manner to
Reference Example 24 to give the title compound (2.98 gj.

APCI-MS M/Z:288/290[M+H]*.
Reference Example 77: Methyl [(2-cyanopyridin-3-yljoxy] acetate
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nmet hoxyet hoxy) furo [3 , 2 -c] pyridin-2 -carboxam de
~'L_ii NN_. . N, HC O ONH

3- Ami no- 4- br ono- N- (5-chl oropyri di n-2-yl ) furo[ 3, 2-c] pyr
i di ne-2- 10 car boxam de (508%6%2 obtai ned i n Reference
Exanpl e 87 is suspended in fRN-dinethylformanm de (10
m) and thereto are added 2 net hoxyethanol (2 m) and
60 % sodi um hydride in oil (280 ng) under

ice-cooling. The mxture is stirred at room
tenperature for 20 hours and e reaction solution is
added to an aqueous ci iFig-Q¢ &t i on. 15 The
precipitated solid is \ollected @y filtration, washed
with water and ethanol"Na dried under reduced
pressure to give the title cd\'rpound (377 o).

APCl - M5 M Z: 363/ 365[ M+H] +. Ref erence Exanpl e 90:

3- A”Q“nghb%-‘}_fy‘dibﬁ?g tidine &5.90) g)4sraikboived 28 acetone (50 ml),
furo[ 3,2-c] pyridine-2-carboxamde Hi I ON-N-CI N, ~
dndthereto are added methyl bromoacetate (7.0 g) and potassium

Gaitmasse o2k 85 Re B Rres Bk Nkl et Cobsits
FEIRBvife 18, b R Bltdrls Al A B Fodcrfnf S8R and
é8radted Wit etHARESAtEN THE RBAHR [alieb Is WasHed W

tenperature. The reaction solution i's degassed and
satsyhbed bring, dried gver sadiimbsulfate and svdpdrated to remove the

RS s L BT LB
g{ggﬁﬂtgetalaeﬁ'zgl-ﬁ{a%éeﬁf g.g@{ F%%Q&l& 5 cHliebRUY By fiifrhfibn to give the
title compound (7.91 g).

APCI-MS M/Z:193[M-+HJ".

Reference Example 78: Methyl 3-aminofuro[3,2-b]pyridine-2-carboxylate
7 | O, O-CH,
NH,
Methyl [(2-cyanopyridin-3-yljoxylacetate (4.00 g) obtained in
Reference Example 77 is dissolved in tetrahydrofuran (100 ml), and
60 % sodium hydride in oil {1.53 g) is added in small portions under
ice-cooling. The reaction solution is warmed to room temperature and
stirred for 1 hour. The reaction solution is poured to aqueous
ammonium chloride/citric acid solution under ice-cooling , followed by
extraction with ethyl acetate. The organic layer is washed with
saturated brine, dried over sodium sulfate and evaporated to remove the
solvent under reduced pressure. The resulting residue is suspended in
n-hexane and the solid is collected by filtration to give the title

compound (2.96 g).
APCI-MS M/Z:193[M+H]*.
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solution is extracted with chlorof ormcontaining a
slight anount of nethanol. The organic layer is dried
over sodiumsulfate, and evaporated to renove the

sol vent under reduced pressure, The residue is
purified by NHsilica gel coP88n chronatography
(eluent : n 010 hexane/ethyl acetate = 3/ 1, foll owed
by 1/ 1) to give the title conpound (775 ng). APCl-M

WeFehel ok, Singeaagussnle Blomorphoin-s-

yiyeyobblueni foatbohyliahmthoffuze (332 Hepsnidire +2 -capboxylakeCl
N-, A suspension of

3- am no- 4- br ono- N- (5-¢ ri @CH;
yl)furo[ 3, 2-c] pyri di ne{2- dar m de (103 ng) obtained
in Reference Exanple 8MNand zi & cyanide (24 ng) in

N, N- di net hyl f or mam de (60(91%NHi s degassed and
di spl aced with argon, and thereto is added 20

tetrakis(tri phenyl phosphi neypal | adium (0) (23 ng). The
m xture is again degassed @ di spl aced with argon
again, and stirred at 80C fory4 ¢gqys. To the reaction
solution are added water and Mkioroform and the
insoluble materials are renoyed by filtration. The
organic layer is separated ¢ dri ed over sodium
sul fate. The solvent is renoved by 25 evaporation
under Tragisteie (B-proatirpholifih¢-ylRsiclbicexan guarbbicglic lagid (3.55 g)
silica_gel colum_chromatography (eluent : .
abtaingd dnekefgrence Examplebisdissolved mdhianylailetsiet (@0 ml).
jve the ti.tle conpound, (21 . 212 APC -
£hs Toinist dp fief SUIREY G- GRDES EXARGaNYs Tor 15 hours. The
; ¥ 19s BbA ket RrderGRdRRRd! prdsRuré, Akt Bh
ﬁf%&g}gn%ﬁgﬁ%@g? ggy% neEaZ- cgr bomérillse (1513. 3 0) ¢
sédiduedd subjebtelefcassuteopixatiptitiatidhlyvithstaluenelarst dissolved
acetone (550 nl), and thereto _, )
in chloroform (25 ml). Under ice-cooling, methyl 3-aminofuro[3,2-b]-
pyridine-2-carboxylate (2.00 g) obtained in Reference Example 78 and
pyridine (1.68 ml) are added in this order, and the reaction solution is
warmed to room temperature and stirred for 5 hours. Saturated
aqueous sodium hydrogen carbonate solution is poured to the reaction
solution under ice-cooling and the mixture is extracted with chloroform.
The organic layer is washed with water and saturated brine successively,
dried over sodium sulfate and evaporated to remove the solvent under
reduced pressure. The residue is purified by NH-silica gel column
chromatography (eluent: ethyl acetate, followed by ethyl
acetate/methanol = 5/1). The resulting solid is suspended in diethyl
ether/n-hexane and collected by filtration to give the title compound
(3.54 g).
APCI-MS M/Z:402[M+H]*.
Reference Example 80: Trans-4-[(dimethylamino)carbonyl]jcyclohexane-

carboxylic acid
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are added benzyl bromde (35.6 ml) and potassium
carbonate (43.1 g). The mxture is then heated under
reflux for 4 hours. After allowing to cool, water
(600 M) is added to the reaéh on solution, and the
mxture is extracted with e ; acet ate. The aqueous
| ayer is extracted with ethyl 10 acetate once, and
conbined with the previous organic |ayer. The
solution is washed wth saturat brine and dried over

sodi um sul fate. The solvent IS 4enoved by evaporation
under reduced pressure and ra¢f due is purified by
silica gel colum ohrongtog by (kluent : n-

hexane/ ethyl acetate = 5/)1, followed by 3/ 1). The

resulting residue is 15 s@spended in diethyl
et her/ n-hexane and the solid is collected by

filtr
e L TS R et s ic acid 2008

Gb'(&od yh Befpréndeal Emamglb arRhis gdiasolvedeirp chloroform (200 ml),

carbonltrlle ~

30 BBAESO) ade ﬂwmﬁmmyzémﬁﬁmq (3063 ghol spthyl-3-
ot ihindRLSbTICSDRIRIE Hoalcelgiiee (08.7 9 waee

£ SeR M ane (26 [0egy ahuer @éei&amélsigl THOMikBu@bisihen 8fifred at

tripotassi um phosphate (2
room(tdnt;mmyurejﬁne&'z dtauns) oﬂicpawam 1snp01(1r)s)d ta tise meaction

ausloroand e R ReRtERrten Witborioloint. Thegpganic
oa%'r%t% % v‘%Eagljn{“%ieWtz?{eiflr ah%??%@%orcg%oxgglag Cllo%at(‘gag%d %queous sodium
e s b sy and i
over sodium sulfate. The solvent is concentrated under reduced
pressure and the resulting residue is purified by silica gel column
chromatography (eluent: chloroform, followed by chloroform/methanol
= 20/1) to give methyl trans-4-[(dimethylamino)carbonyl]-
cyclohexanecarboxylate (20.1 g).

APCI-MS M/Z:214[M+H]*.

(2) Methyl trans-4-[(dimethylamino)carbonyljcyclohexane-
carboxylate (20.0 g) obtained in Reference Example 80(1) is dissolved in
methanol (100 ml), and thereto is added a solution of sodium hydroxide
(7.50 g) in water (40 ml). The mixture is then stirred at room
temperature for 18 hours. The reaction solution is concentrated under
reduced pressure, and the residue is diluted with ice-water and washed
with diethyl ether. The resulting aqueous layer is acidified with 10 %
hydrochloric acid and extracted twice with chloroform. The organic
layer is washed with saturated brine and dried over sodium sulfate.

The solvent is concentrated under reduced pressure. The resulting

residue is suspended in n-hexane and collected by filtration to give the
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and 2- (di cycl ohexyl phosphi no) bi phenyl (122 ng) are

added thereto, followed by heating in a seal ed tube

at 80C for additional 24 hours. After allowing to

cool, water is poured to the reaction solution and the

m xture is extracted with etﬂ@4 acetate. The organic

| ayer is washed 0 10 with saturated brine and dried

over sodium sulfate. The solvent is evaporated under

I nd the residue is purified by

ﬁﬁ?lca geﬁaggﬁﬁy chronatography (el uent:

EE%&WSﬂHVZbl@%pﬂdﬂhJ: 1/2) to give the title conpound

%é . APClI - M5 M Z: 254 MtH] +. 15 Reference Exampl e
fersn(:edin@npiq/&le Trans¢t (@yrradidipr L oilearbonyljcyclohexane-

car,bonitril.e O HC 3 NN N

a{@%ﬂ@§l a) 6- br onopyri di ne-2-carbonitrile (2.00 Q)

obtained in Reference Exanple X and 2 nol /|

met hyl am ne/ t et r ahydr of uran 20 -plutlon (26.0 m) are

treated in a simlar manner~toRe nce Exanple 93

to give the title co nd . /APCl - N5

M Z: 240[ M+H| +. Ref erencéExarml e 95: t-Butyl

[ 5- (benzyloxy) 6- cyanopym@ di n-2- yl]nethyl carbamate

214 HCCH3O CIO ~ ~ ON~N N H3C CH3

A OIS G e 200

dbtainkddd Refecbhoe Bxample’](?) is dissbived in chloroform (200 ml),
and thereto are added pyrrolidine (9.2 g), 1-ethyl-3-(3-dimethyl-

aminopropyljcarbodiimide hydrochloride (24.7 g) and triethylamine
(13.6 g) under ice-cooling. The mixture is then stirred at room
temperature for 17 hours., Ice-water is poured to the reaction solution
and the mixture is extracted with chloroform. The organic layer is
washed with 10 % hydrochloric acid, saturated aqueous sodium
hydrogen carbonate solution and saturated brine successively, and
dried over sodium sulfate. The solvent is concentrated under reduced
pressure. The resulting residue is purified by silica gel column
chromatography (eluent : chloroform, followed by chloroform/methanol
= 20/ 1) to give methyl trans-4-(pyrrolidin- 1-ylcarbonyl)-
cyclohexanecarboxylate (11.8 g).

APCI-MS M/Z:240[M+H]*.

(2) Methyl trans-4-(pyrrolidin- 1-ylcarbonyl)cyclo-
hexanecarboxylate (11.7 g) obtained in Reference Example 81(1) is
dissolved in methanol (50 ml), and thereto is added a solution of sodium
hydroxide (3.95 g) in water (20 ml). The mixture is then stirred at room
temperature for 18 hours. The reaction solution is concentrated under
reduced pressure. The residue is diluted with ice-water and washed

with diethyl ether. The resulting aqueous layer is acidified with 10 %
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thereto are added di-t-butyl dicarbonate (321 ng) and
4 5 di net hyl am nopyri di ne (34 ng) under ice-cooling.
The m xture is stirred at roomterrperature for 2
hours, followed by at 50C for 2 hours. Di-t-butyl

di car bonat e (321 ng) and 4- dRRABt hyl ani nopyridine (17
ng) are added to the reaction solution, and the
mxture is heated under reflux for 5 hours. Furt her,

S ) . _

Bractipi SAARERRL R Il JARRel Thegpganic layer i

washed anithi sdtuirateh Brirfehendridtidd everssadium ehilfiite SOe

for 15 hours. After adding di-t-butyl dicarbonate

solzentriy cranqemtraitmund@xmed@pydumesgutwil‘hmr)eswlhng residue
s, heat d under hqurs.

m xt ur

Rbsrdes pra-Breiige nd Golierted T ftraHah tomve the title
ol | owed by extraction with 15

gﬁ?@r gp\gfrak%‘hé organi c layer is washed wth saturated

BRI/NSa zdzgch Hpyer sodi um sul fate. The solvent is

renoved eva oratl on under reduced pressure. The

Refdrdnee |Egcqmp & 834 Trans-f+(ozonpdiolispkuylearbonyl)cyclohexane-
chromaﬁograghy (eluent : n-hexane/ethyl acetate = 5/
GarRospilia@ddny 2/ 1) to give the title compound (156

ng). 20 APClI-Ms M Z: 340 MtH] +. _Ref erence Exanpl e 96:
3-(Benzy| oxy) - 6- nor phol i n-4-yl pyri di ne-2-. carbonitrile

ri Of'"NN J 0 215
3- (Benzyl oxy) - 6- br omo i di
obtained in Referenc anpte 92 s added to tol uene
(10 M), and thereto areqQ added norpholine (362 pl),
tri potassi um phosphate (1.03 g),

RSO By aantoo

hfg?QithIhﬁDinJRe@@rdrﬁ:e Bkampiel 1¢2) 1&%s§@rvea41nh@hr1lb$oform (30
under argon atnosphere, and thereto are added

mi},and therqtesrepadded mmluﬂmmﬁﬁq&wmhatﬁmd BB),
dimethylaminopropyl)jcarbodiimide hydrochloride (1.24 g) and

triethylamine (650 mg) under ice-cooling. The mixture is then stirred at
room temperature for 19 hours. Ice-water is poured to the reaction
solution and the mixture is extracted with chloroform. The organic
layer is washed with 10 % hydrochloric acid, saturated aqueous sodium
hydrogen carbonate solution and saturated brine successively and dried
over sodium sulfate. The solvent is concentrated under reduced
pressure. The resulting residue is purified by silica gel column
chromatography (eluent : chloroform, followed by chloroform/methanol
= 30/ 1) to give methyl trans-4-(morpholin-4-ylcarbonyl)-
cyclohexanecarboxylate (897 mg).
APCI-MS M/Z:256[M+H]*.

(2) Methyl trans-4-(morpholin-4-ylcarbonyljcyclohexane-
carboxylate (860 mg) obtained in Reference Example 82(1) is dissolved

in methanol (40 ml), and thereto is added 4 N aqueous sodium
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tris(di benzyli deneacetone)di pal |l adium (0) (63 ng) and
2- (di cycl ohexyl - phosphino)biphenyl (97 ng). The
m xture is stirred at 80C for 24 10 hours. After
allowing to cool, water is pgéred to the reaction
solution and the mxture is?8®tracted with et hyl
acetate. The organic layer is washed with saturated
brine and dried over sodiumsulfate. The solvent is

de RBIENGR P BS aifl) UTHer miteiiedd thedsstifred dihtom
reS|due is purified by silica gel colum
temperstuge fuhy 8(ledurst The rreaétmn)@huhenmsl cancemdrated under

2/, 1) to give the title caonmpq APCI - M5
Fadu maa}me CFeHEReHs gvltgscg(\gawy PExyyalized

SRS B RO e g
gaana Qﬂxéﬁhs 41968 0vRE SoBNAPSEIRR and tRK Selvest e
m’) are treated in a simlar rmanner to
Gtm(emftmatedEuadpr eedaced mressurdto givel itiec @omopodnd (638 mg).
80[ MtH] +. Reference Exarrpl e 98:

gé '@@ﬁﬁV%ﬂﬁd\fy f: --met hoxyet hoxy) pyri di ne-2- 25
SISO e A0, S o Yberiviaminaistp iy

&Hﬁﬁb;&@ﬁiboh 1 gherafefa®tRlylicheids added to tol uene
andyt}ﬁg{leto are added cesium carbonate (169

ng), palladiumacetate (11) (D6 ny), 2-(di 5

t - but yl phosphi no) -1, 1' - bi naph (rrNtemat e) (3.4 ng)
and 2- net hoxyet hanol (5 g f[lh Xxture is stirred
at 70C for 24 hoursHOAft Il owing to cool, water is

poured to the reactionlsolution and the mxture is
extracted wth ethyl a&tate. The organic layer is
washed w th saturated brine and dried over sodium
sul f atlg. Tirmséka(memomarbonghoy@dhbyanea@rbcamli@racid (8.84 g

der red ressure. Th esidue_ is ified b

ePialagdga REGrénee Bregmico ffeh i gigsotyreh it chloroform(100 mi),
Hna%%%{oew hdded 1-hydroxybenzotriazole (7. 14 g), 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (10.00 g) and N,N,N'-

/'\
A').

trimethylethylenediamine (5.33 g) under ice-cooling. The mixture is
then stirred at room temperature for 4 hours. Saturated aqueous
sodium hydrogen carbonate solution is poured to the reaction solution
and the mixture is extracted with chloroform. The organic layer is
washed with saturated brine and dried over sodium sulfate. The
solvent is concentrated under reduced pressure. The resulting residue
is purified by silica gel column chromatography (eluent :
chloroform/methanol /28 % ammonia water = 200/10/1) to give methyl
trans-4-{[[2-(dimethylamino) ethyl](methyl)amino]jcarbonyl}-
cyclohexanecarboxylate (11.98 g).
APCI-MS M/Z:271[M+H]*.

(2) Methyl trans-4-{[[2-(dimethylamino)ethyl](methyl)amino]-

carbonyljcyclohexanecarboxylate (6.32 g) obtained in Reference
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acetate = 3/ 1 followed by 2/ 1) to give the title
conpound (84 ng). APCI-MS M Z: 285 M+H] +. Ref erence
Exanpl e 99: 3-(Benzyl oxy)-6-i sopropoxypyridi ne-2- 15
carbonitrile O CH3 0 11IT élago ~N N

3- (Benzyl oxy) - 6- br onopyri di n€=2-carbonitrile (2.00 Q)
obtained in Reference Exanple 92 and 2-propanol (3.96
m) are treated in a simlar manner to Reference

Example 8331} i disselviedeirt iridthanol(20ingl) (dnd3hereto idtadded 1
APCl - M5 M Z: .2695‘,|\/H—|] +. Reference Exanpl e 100: L
B-gaqueastshsodivion diydromidn seasion @halp- Tder murture isestirred at

217 H3C, N 6H3 . L
EOQBIRIRS R oL RS 2T Hos poastion sobationgs added & N
o bric A4 (28 1) IS RAE RBAGE S GolIs) dncenratsd
Ungdat rediioed Pydssuded eThe aebidud 3 lgraghnize?heo give tHeuerude
is stirred at roomtenperature for hour s under

titld rqlwgenouadmbmeﬁ@rgtadnerefqn?mﬁar paéﬁsﬁr@?olrid@ (6.71 g).
) 10 fi on. T ) :

ggﬁi‘&éil\gl{z&%mfﬁreéuced :ortegzblr gnand FeJIri Iedt r?geg: \S/e

REfrthtt SEOBRY R AGraRMERN Y. 10

erence anpl es 10 e correspon starting
conpounds are treated in a siml@r manner to

Ref erence Exanpl e 10@.|6Wf | owi ng conpounds.
Tabl e 81 N
o) L_O

(1) Monomethyl adipate (3.20 g) is dissolved in chloroform (70 ml),
and thereto are added morpholine (2.61 g}, 1-ethyl-3-(3-
dimethylaminopropyljcarbodiimide hydrochloride (5.75 g) and
triethylamine (3.04 g) under ice-cooling. The mixture is then stirred at
room temperature for 19 hours. Ice-water is added to the reaction
solution and the mixture is extracted with chloroform. The organic
layer is washed with 10 % hydrochloric acid, saturated aqueous sodium
hydrogen carbonate solution and saturated brine successively and dried
over sodium sulfate. The solvent is removed by evaporation under
reduced pressure to give methyl 6-morpholin-4-yl-6-oxohexanoate (4.63
g).
APCI-MS M/Z:230[M+H]*.

(2) Methyl 6-morpholin-4-yl-6-oxohexanoate (4.60 g) obtained in
Reference Example 84(1) is dissolved in methanol (20 ml), and thereto is
added a solution of sodium hydroxide (1.61 g) in water (8 ml). The
mixture is stirred at room temperature for 19 hours. The reaction
solution is concentrated under reduced pressure and the residue is
neutralized with 2 N hydrochloric acid. The residue is concentrated

under reduced pressure and extracted with chloroform. The organic
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0 Ref. Ex. No. StructurePhysicochem cal Properties CH
:, APCI-MS MZ: : H101:,r + NN:206 Mo + N [ J
OHAPCI -M5 M Z: 102CN N ~N. 190[ MtH + OH R i |
APCI-M5S M Z: CH3 H 1033

208

layer is dried over sodium sulfate and the solvent is concentrated under
reduced pressure to give the title compound (4.11 g).
ESI-MS M/Z:214|M-H]-.

Reference Example 85: 5-Morpholin-4-yl-5-oxopentanoate

Ho\n/\/\n/N\)
0] 0

Glutaric anhydride (1.14 g) is dissolved in tetrahydrofuran (20 ml),
and thereto added morpholine (0.87 g). The mixture is then stirred at
room temperature for 19 hours. The reaction solution is concentrated
under reduced pressure, and the residue is diluted with chloroform and
washed with 10 % hydrochloric acid. The organic layer is dried over
sodium sulfate and evaporated to remove the solvent under reduced
pressure to give the title compound (1.05 g).

ESI-MS M/Z:200[M-H]-.
Reference Example 86: N-(5-Chloropyridin-2-yl)-2-[(2-bromo-3-
cyanopyridin-4-yl)oxylacetamide
AP0 NN
Br

(1) 2-Bromo-3-cyano-4(1H)pyridone (literature as reference: M.
Mittelback et al., Arch. Pharm., 1985, 318, 481-486) (837 mg) is
suspended in acetone (30 ml), and thereto are added potassium
carbonate (853 mg), 2-chloro-N-(5-chloropyridin-2-yl)acetamide (1.22 g)
obtained in Reference Example 21 and sodium iodide (900 mg). The
mixture is heated under reflux for 2 hours and 20 minutes. After
potassium carbonate (150 mg), 2-chloro-N-(5-chloropyridin-2-

yljacetamide (221 mg) obtained in Reference Example 21 and sodium

iodide (162 mg) are further added, the reaction mixture is heated under
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J~ H3C 0 N N ~N250[ MtH] + CH3 OHAPCI - M5 M Z: 104H3C. O-O
N \195[ MtH] + N rOHAPCI - M5 M Z: 105H3C O N ' N179[ M+H] +
218 Ref erence Exanpl es 106-111 The correspondi ng
starting conpounds are treated in a simlar mnmanner to
Ref erence Exanple 23 to gi ve 40% fol | owi ng conpounds.
5 Table 82 Ref. Ex. No. StructurePhysi cochem cal
Properties cIl n 106"N APCI-M5s MZ: ON H3C.N N

FBPdk 364 hiliifion 4Hps Fniduted. @RE reaction solution is allowed to

cool to room temperature and poured to water. The precipitated solid is
collected by filtration. The resulting solid is dissolved in
tetrahydrofuran, dried over sodium sulfate and evaporated to remove
the solvent under reduced pressure. The resulting residue is purified
by silica gel column chromatography (eluent : chloroform/methanol =
50/1 followed by 30/1 and then 9/1) and suspended in
chloroform/diisopropyl ether. The precipitates are collected by filtration
to give the title compound (669 mg).

APCI-MS M/Z:367 /369[M+H]*.

Reference Example 87: 3-Amino-4-bromo-N-(5-chloropyridin-2-

yl)furo|3,2-c]pyridine-2-carboxamide

H —
-0 NO‘CI
| N
{0,

Br NHz

N-(5-Chloropyridin-2-yl)-2-[(2-bromo-3-cyanopyridin-4-
yljoxyjacetamide (429 mg) obtained in Reference Example 86 is treated
in a similar manner to Reference Example 24 to give the title compound
(260 mg).

APCI-MS M/Z:367/369|M+H]+.
Reference Example 88: 3-Amino-4-methoxy-N-(5-chloropyridin-2-

yl)furo[3,2-c]pyridine-2-carboxamide

H —
X0 NO—CI.
' N
N~ J
0]
OMe NH,

3-Amino-4-bromo-N-(5-chloropyridin-2-yl)furo[3,2-c]pyridine-2-
carboxamide (125 mg) obtained in Reference Example 87 is suspended

in N,N-dimethylformamide (2 ml), and thereto are added methanol (200
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107N N APCI -M8 M Z: | H 374/376[ MH + ~N N N 0") SCI
1080 J N N APCI-MS M Z: | H 358/ 360[ MFH + N ~~ N
ntJC O3 NAPCI-MB MZ: 1093H Qr( + HC H H3C ON
N418/ 420 MiH] CH3 N CI 1100~

pl) and 60 % sodium hydride in oil (69 mg) under ice-cooling. The
mixture is stirred at room temperature for 3.5 hours. To the reaction
solution, aqueous citric acid solution is added and the precipitated solid
is collected by filtration to give the title compound (82 mg).

APCI-MS M/Z:319/321[M+H]*.

Reference Example 89: 3-Amino-N-(5-chloropyridin-2-yl)-4-(2-
methoxyethoxy)furo[3,2-c]pyridin-2-carboxamide

e

N\

HyC.5~0 NHz

3-Amino-4-bromo-N-(5-chloropyridin-2-yljfuro[3,2-c]pyridine-2-
carboxamide (508 mg) obtained in Reference Example 87 is suspended
in N,N-dimethylformamide (10 ml) and thereto are added 2-
methoxyethanol (2 ml} and 60 % sodium hydride in oil (280 mg) under
ice-cooling. The mixture is stirred at room temperature for 20 hours
and the reaction solution is added to an aqueous citric acid solution.
The precipitated solid is collected by filtration, washed with water and
ethanol, and dried under reduced pressure to give the title compound
(377 mg).
APCI-MS M/Z:363 /365[M+H]*.
Reference Example 90: 3-Amino-N-(5- chloropyr1d1n 2-yl}-4-methyl-
furo[3,2-c]pyridine-2-carboxamide

0 HO‘CI
Ny o
CH, NH,

3-Amino-4-bromo-N-(5-chloropyridin-2-yljfuro[3,2-c]pyridine-2-
carboxamide (1.09 g) obtained in Reference Example 87 is suspended in

10 % aqueous 1,4-dioxane (30 ml), and thereto are added



15

20

25

APCI-M5s MZ: NNH CO ~ON 363/365[MtH+ H3 "'"N
C O APC-MS MZ: nlJ 111N H3 ~ H 3 47/ 349 MtH] +
<K H3C O z~r. Reference Exanple 112: 3 -Am no- N
(5-chloropyridin-2 -yl) -5- édi met hyl ami no)furo [3, 2
-b] pyridine-2 -carboxanide 213 0 ~ /}-Cl

trimethylboroxine (0.57 ml) and potassium carbonate (1.67 g) at room
temperature. The reaction solution is degassed and displaced with
argon, and thereto is added tetrakis(triphenylphosphine)palladium (0)
(416 mg). The mixture is further degassed and displaced with argon,
and stirred at 110°C for 21 hours. After adding water, the reaction
solution is extracted with chloroform containing a slight amount of
methanol. The organic layer is dried over sodium sulfate, and
evaporated to remove the solvent under reduced pressure. The residue
is purified by NH-silica gel column chromatography (eluent : n-
hexane/ethyl acetate = 3/ 1, followed by 1/1) to give the title compound
(775 mg).

APCI-MS M/Z:303/305[M+H]*.

Reference Example 91: 3-Amino-N-(5-chloropyridin-2-yl)-4-

cyanofuro[3,2-c]pyridine-2-carboxamide

A suspension of 3-amino-4-bromo-N-(5-chloropyridin-2-
yl)furo[3,2-c]pyridine-2-carboxamide (103 mg) obtained in Reference
Example 87 and zinc cyanide (24 mg) in N,N-dimethylformamide (6 ml)
is degassed and displaced with argon, and thereto is added
tetrakis(triphenylphosphine)palladium (0) (23 mg). The mixture is again
degassed and displaced with argon again, and stirred at 80°C for 4 days.
To the reaction solution are added water and chloroform, and the
insoluble materials are removed by filtration. The organic layer is
separated and dried over sodium sulfate. The solvent is removed by
evaporation under reduced pressure. The residue is purified by silica
gel column chromatography (eluent : n-hexane/ethyl acetate = 70/30,

followed by 40/60) to give the title compound (21 mg).



/>4 N Hf%1 3 NN CH3 NH2 N (5-Chloropyridin-2-yl)
-2-{[ 2- cyano- 6- (di net hyl am no) pyri di n- 3-

yl Joxy}acetam de (1.59 g) obtained in Reference
Exanple 106 is suspended in g-but anol (50 m), and
thereto is added pot assi um t 282put oxi de (54 nmg). The
m xture is heated under reflux for 2 hours. After
allowing to cool, water is poured to the reaction

APCUMSMAZB 14£3 16MPHPCI pi tated solid is collected
by filtration. The resulting solid is washed with

Reference Exaenplend? 03 +(Benzylapy)-6-bremopyridinerdreanonitrile
(1.16 g). APCI-Ms M Z: 332/ 334[ MtH] +. 10 Reference

Exanpl es 113-117 The correspondi ng arting conmpounds
are treated in a simlar man eference Exanpl e
112 to givethefollovvi a8~ 0 220 0 Table 83
Ref. EX. No, StructurePhysi cachem cal Properties ' 0 C
APCl --'MS MZ C- NBr N \\N

6-Bromo-3-hydroxypyridine-2-carbonitrile (53.8 g) obtained in
5 Reference Example 72(1) is dissolved in acetone (550 ml), and thereto
are added benzyl bromide (35.6 ml) and potassium carbonate (43.1 g).
The mixture is then heated under reflux for 4 hours. After allowing to
cool, water (600 ml) is added to the reaction solution, and the mixture is
extracted with ethyl acetate. The aqueous layer is extracted with ethyl
10 acetate once, and combined with the previous organic layer. The
solution is washed with saturated brine and dried over sodium sulfate.
The solvent is removed by evaporation under reduced pressure and the
residue is purified by silica gel column chromatography (eluent : n-
hexane/ethyl acetate = 5/1, followed by 3/1). The resulting residue is
15 suspended in diethyl ether/n-hexane and the solid is collected by
filtration to give the title compound (24.1 g).
APCI-MS M/Z:289/291|M+H]*.
Reference Example 93: 3-(Benzyloxy)-6-(dimethylamino)pyridine-2-

carbonitrile

20

3-(Benzyloxy)-6-bromopyridine-2-carbonitrile (2.50 g) obtained in
Reference Example 92 is added to toluene (25 ml), and thereto are

added 2 mol/]1 dimethylamine/tetrahydrofuran solution (8.65 ml),



113/ N: N N 374/ 376 MtH + 0+ NH2 0 o N Cl APCl - M5

M Z: 114 0358/ 360[MrH + N2 H ~ H ON O H3C (
1153Q APCI-MS MZ: / a H3C 0" ~N N,
213

tripotassium phosphate (2.75 g), tris(dibenzylideneacetone)dipalladium
(0) (158 mg) and 2-(dicyclohexylphosphino)bipheny! (243 mg). The
reaction solution is heated in a sealed tube at 80°C for 24 hours, and 2
mol/1 dimethylamine-tetrahydrofuran solution (8.65 ml), tripotassium
5 phosphate (1.38 gJ, tris(dibenzylideneacetone)dipalladium (0) (79 mg)

and 2-(dicyclohexylphosphino)biphenyl (122 mg) are added thereto,
followed by heating in a sealed tube at 80°C for additional 24 hours.
After allowing to cool, water is poured to the reaction solution and the
mixture is extracted with ethyl acetate. The organic layer is washed

. 10 with saturated brine and dried over sodium sulfate. The solvent is
evaporated under reduced pressure, and the residue is purified by silica
gel column chromatography (eluent: n-hexane/chloroform = 1/2) to give
the title compound (1.29 g).
APCI-MS M/Z:254[M+H]*.

15 Reference Example 94: 3-(Benzyloxy)-6-(methylamino)pyridine-2-

carbonitrile

3-(Benzyloxy)-6-bromopyridine-2-carbonitrile (2.00 g) obtained in
Reference Example 92 and 2 mol/l methylamine/tetrahydrofuran
20 solution (26.0 ml) are treated in a similar manner to Reference Example
93 to give the title compound (0.34 g).
APCI-MS M/Z:240[M+H]*.
Reference Example 95: t-Butyl [5-(benzyloxy)-6-cyanopyridin-2-

yljmethyl carbamate
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418/ 420[ MtH + O CH3 NH2 H a-N APCI-Ms M/ Z: i O C
116H3C, O-O N | / 0363/365[MH + NH2 H N CI APCI - M5
Mz 03 117/ a H3C 0O O 347/ 349[ M+tH + N NH2

Ref erence Exanples 118 and 119 The correspondi ng
carboxylic acid and nethyl 32difi nof uro[3,2- 5

b] pyri di ne- 2- car boxyl ate obtai ned in Reference Exanple
78 are treated in a simlar manner to Reference
Exanple 79 to give the followi ng conmpounds. 221 Table

” Q
cH.0 A °

3
ﬂjg*o*,, . Sy
CH,

3-(Benzyloxy)-6-(methylamino)pyridine-2-carbonitrile (335 mg)
obtained in Reference Example 94 is dissolved in chloroform (7 ml), and
thereto are added di-t-butyl dicarbonate (321 mg) and 4-
dimethylaminopyridine (34 mg) under ice-cooling. The mixture is
stirred at room temperature for 2 hours, followed by at 50°C for 2 hours.
Di-t-butyl dicarbonate (321 mg) and 4-dimethylaminopyridine (17 mg)
are added to the reaction solution, and the mixture is heated under
reflux for 5 hours. Further, di-t-butyl dicarbonate (642 mg) and 4-
dimethylaminopyridine (137 mg) are added to the reaction mixture and
the mixture is stirred at 60°C for 15 hours. After adding di-t-butyl
dicarbonate (920 mg) and 4-dimethylaminopyridine (171 mg), the
mixture is heated under reflux for 10 hours. The reaction solution is
allowed to cool, and thereto poured water, followed by extraction with
chloroform. The organic layer is washed with saturated brine and dried
over sodium sulfate. The solvent is removed by evaporation under
reduced pressure. The residue is purified by silica gel column
chromatography (eluent : n-hexane/ethyl acetate = 5/ 1, followed by
2/1) to give the title compound (156 mg).
APCI-MS M/Z:340[M+H]}".
Reference Example 96: 3-(Benzyloxy)-6-morpholin-4-ylpyridine-2-

o L)
K\N’CN]/\iN

N

carbonitrile
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O Ref. Ex. No. StructurePhysi cochem cal Properties | o
0o-CH3 \ f O N NH 118N~~0APCI-NM5 M Z: 386[ MtH] + / |
0 OCH3 N/ o O NH119APCI-Ms M Z: + 372[ MtH|

Ref erence Exanpl e 120:

3- Ami no- 4- chl or o- N- (5- chl or o@}& di n- 2- yI)

furo[ 3, 2-c] pyridine-2-carboxamde CI 0 5 (1)

2- Chl or 0- 4- met hoxy- 3-carbonitrile known in a

b ) 5 it opiid 258 tattuel og¥Shigped n
Refbreges Bxaaﬁpufgaqetaddo%btditdluege\(e 02m¢)h |a@1rd0thereto are
gdgeg rl]'gogpﬁg{)me (:?65I (})Jq)e, t%si)ogcagé;lﬂr? pslr?(lslp%ate (1.03 g),
tris(dibenzylideneacetone)dipalladium (0) (63 mg) and 2-
(dicyclohexylphosphino)biphenyl (97 mg). The reaction solution is
stirred at 80°C for 24 hours under argon atmosphere, and thereto are
added morpholine (362 pul), tripotassium phosphate (1.03 g),
tris(dibenzylideneacetone)dipalladium (0} (63 mg) and 2-(dicyclohexyl-
phosphino)biphenyl (97 mg). The mixture is stirred at 80°C for 24
hours. After allowing to cool, water is poured to the reaction solution
and the mixture is extracted with ethyl acetate. The organic layer is
washed with saturated brine and dried over sodium sulfate. The
solvent is removed by evaporation under reduced pressure. The residue
is purified by silica gel column chromatography (eluent : n-
hexane/ethyl acetate = 2/1) to give the title compound (0.62 g).
APCI-MS M/Z:296|M+H]*.

Reference Example 97: 3-(Benzyloxy)-6-pyrrolidin-1-yl pyridine-2-

carbonitrile

3-(Benzyloxy)-6-bromopyridine-2-carbonitrile (2.00 g) obtained in
Reference Example 92 and pyrrolidine (3.46 ml) are treated in a similar
manner to Reference Example 96 to give the title compound (1.30 gJ.
APCI-MS M/Z:280[M+H]*.
Reference Example 98: 3-(Benzyloxy)-6-(2- methoxyethoxy)pyndme 2-

carbonitrile
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10 ESI-M5 M Z: 153/ 155[MH (2)

2- Chl or o- 3-cyano- 4(1H) - pyri done obtained in (1) above
is treated in a simlar manner to Reference Exanpl e
23 to give N (5-

chl oropyridin-2-yl)-2-[(2- chBéPo- 3- cyanopyridin-4-yl)o
xy]acetam de as a crude solid. 222 APCl - M5

M Z: 323/ 325[ MtH] + ( 3)

N- (5- Chl oropyridin-2-yl)-2-[(2-chl oro-3-cyanopyri din-4

- yl)oxy]acetam de obtained in (2) abg is treated in
a simlar manner to Referanceg emple. 112 to give the
title conpound asacrude so [ 5 APCI - M5

M Z: 323/ 325[ MtH| + ple 121:

~4-(Benzyl oxy)-2-bl'@ pyr| d ne- -caTrIlslonl trile O

2- Brono- 3-cyano-4(1H)-pyridone is treated in a S|m'lar

Conpou (BRnzZR) 16 forkb ng%%zgtf?rsbﬁgrﬂ@peq ) b obtained

inxRefdrent@ Example 92 is added to toluene (2 ml), and thereto are
2- (propox car bon

%@(&Benzyl oXYy) - | )dp ,
e sesiumeCaybrnatg (169 mg)p palladium acetate (I1) (1.6 mg), ~(di-

chedaHtdbor PR e el
B o o%gﬁ@}%lgssﬁm dehelQixtirk 18NirtrBe R0 T foregfdtburs.

and triethylamne (410 pl) at room
Aftepeilawing, toagubl} vaten ist powreds talithe Ireaeﬂomﬂomaogcand the
To the reaction solution

migtufiesisraciadoNihethyd peetatsneThe prgapic layer is washed

Pl SRR TS ol P ofF BT BBR o RV

fErﬁbUé& BySe mﬁdﬂa@ﬂ)r@ﬁnﬁ@ﬁé&ucé@ presSet. STHE qREidRA RPN

nmonoxi de " at here, and the reaction solution is

dukﬂieddbwsilicat\,gtbcolamm«. chiroaritedraphi (eluleat pheexanidethyl
organic la over sodium sulfate and the

aettade 3A¥JQHBWFét1§62MHEQ givedthectitle compound (84 mg).
APCI-MS M/Z:285{M+H]".

Reference Example 99: 3-(Benzyloxy}-6-isopropoxypyridine-2-

CH, @ O\/C
)\U:\/'K
H,C 07 N %

3-(Benzyloxy)-6-bromopyridine-2-carbonitrile (2.00 g) obtained in

carbonitrile

N

Reference Example 92 and 2-propanol (3.96 ml) are treated in a similar
manner to Reference Example 98 to give the title compound (1.53 g).
APCI-MS M/Z:269[M+H]*.

Reference Example 100: 6-(Dimethylamino)-3-hydroxypyridine-2-

carbonitrile
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pressure. The obtained residue is purified by silica
gel colum 223 chronmat ography (eluent: n-hexane /
ethyl acetate = 4/1 followed by 1/ 1) to give the
title conpound (200 ng). APCL-NMS M Z: 297[ MtH] +

Ref erence Exanple 123: 217

4- Hydr oxy- 2- ( propoxycar bonyl ) pyri di ne-3- 5
carbonitrile H3C ~Oi O

4- (Benzyl oxy) - 2- (propoxycar bonyl ) pyri di ne-3-carbonitri

le (199 ny) obtained in Ref Hexampl e 122 is
treated in a simlar mpper 1o |Ref er ence Exanpl e 100
to give the title conpodndN1 10 APCI - M5

M Z: 207[ M+H] + Ref erence Ex l e 124.N
N- (5- Chl oropyri di n- 2-yl ) - 2-T (32- pr opoxy- car bonyl -3
-cyanopyridin-4-yl) oxy] acetamde 0 0O CI ow NHN

N " O 9. (Beagyl thyl idine-2-carbonitrile (1.28
b ) (BERzyloxy)-6-(dimethylamino)pyridine.2-carbonitrile (1,28 g)

¢Bethined)in Refeberndd Bxaearplerd3Res dtsmﬂeecEmrcphmd]Z(SO ml), and
treated in a simlar manner  to Reference Exanp

thergte és added20 & @@deum hpd r@ﬂdg)( carbquc(Q. ﬂé g) The
BNt e ohody S AT R R 2 Hiiirsasader Busipagen
S4hBspBere ﬁnd%} _I‘R}f"hiléjl PYessdre C quﬂ?éé‘fﬂlﬁ@t {3 rénoved by
filtration. The filtrate is concentrated under reduced pressure and dried
to give the title compound (0.88 g).
APCI-MS M/Z:164[M+H]*.
Reference Examples 101-105

The corresponding starting compounds are treated in a similar
manner to Reference Example 100 to give the following compounds.
Table 81

Ref. Ex. No. Structure Phy;;g;c;l;gg;lcal
ad APCI-MS M/Z
- - :
101 O(\N NNy 206|M+H]*

—~_OH
109 /Ej’\ APCI-MS M/Z:
CIFN sy 190[M+H]*
OH
TAGS m APCI-MS M/Z:
103 H,C” 0" N N 250[{M+H]*

_~_OH
L04 . J:L APCI-MS M/Z:
H,C™~""0" N \\N 195[M+H]*

Hy APCI-MS M/Z:

SN




O NNO H3CO0 0 NH2 224

N-(5-Chl oropyridin-2-yl)-2-[(2-propoxycarbonyl - 3-cyano

pyridin-4- yl)oxy]acetam de (65 ng) obtained in

Ref erence Exanple 124 is tre 8 in a simlar manner

to Reference Exanple 112 to é e the title conpound

(68 ng). 5 APCI-Ms M Z: 375/ 377 MtH|] + Experi nent al

Exanple 1: Inhibitory effect on activated bl ood

coagul ation-factor X A substrate solution was prepared

by dissolving chronbgenic substrate S-2222 at the

Refecente Exiamnplefs D0&25 InM (fi nal concentration 0 10

0. 5rr1\%h|n 100 MM Tris buffer (pH 8.4) containing 200
GrBAREPS %&t@rtm@/ocemp%néﬁr@fﬁ &I%ﬁ& nin &n§imilar

el SRR e Blhplr2d 38 ot Rk IoUiY SaRint s

sableoxd de. The test corrpound solution (25 pl) was

addaod to he eulnei-rai-r\ enl +Lnr\ /')nn al ) ln +h
T T 200 P t

o
e

ont r.ol ar bup, 25 15 | buffer cont 3i Physgicoeh#mical
3%3\9 N%s J| f oxi de vvassgg%(gﬁl%ﬁst ead of the teRfoperties
conpotmd—sptutton—AfFter—pre=—warm ngat—37¢€ for—3

m nutes, 2b pl of human FXa Q ( Resear ch

Labo]&iaﬁtjori s, Inc.) m Pll 5 U i jpolond 88/Z
was ed to th eadgti Hn m X ure(flnal go +
of FXa: 0.95 0 %thl Ty initiate the reactl Jﬁﬁ[i\/?—pf{]
During a S5tmnute r@ction at 37 C, the 3gbsorbance at
405 T Was [ Mol tor ed contT nuoust Yok & 96 (Wel |

m cropl at e|reader (Spectra MAX2B0,] Mol ecullar Devi ces)

and the increase of gs used gs AFCI-NBM/Z:

of P& activity. (dér to BvalUate FXa ||§a;r4)/grfg[M+H]+
activity of ate{’hﬁtorhbou , the 50% 25 i rhi bit'ory
concentration ofOtke test conpound for FX3 act|V| ty

conpared (o the control Group [LCo8ival Ue) was

cal cul at ed|usi ng anal yti c iﬁ\t | (gaphPad Prism

Grapffad Software, | O~ REINGl € i n theAE@hMS;M/Z
o W H 358,/360[M+H]*

CI

H APCI-MS M/Z:
109 e /(NL 418/420[M+H]*

H,C” O N
110 \j\ O/ APCI-MS M/Z:
363/365[M+H]*
H,C’ O\/\O/(NL /3651 ]

Cl
1 " oj\ /(j/ APCI-MS M/Z:
T J\/j/\ 347 /349[M+H]*

HCONN

Reference Example 112; 3-Amino-N-(5-chloropyridin-2-yl)-5-

(dimethylamino)furo[3,2-b]pyridine-2-carboxamide
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is shown in Table 85 bel ow. 225 Table 85 40 Exanple IC
50 nM 36 10.8 .8 conpounds of the present invention
showed the 50 % inhibitory concentration (ICso val ue)
of less than 1 tIM and the 5 preferred conmpounds
anong t hem showed the |1 C50 v&%e of less than 20 nM
Thus, the present conpounds were reveal ed to have
excellent inhibitory effect on activated bl ood

coagul ation factor X |NDUSTRI AL APPLI CABILITY 10 The
conpound of the formula akbh TRceytical |y
acceptable salt thereofi 0 'c/agﬂ safe, and
has an excel | ent HQGLR' n activated bl ood
coagul ation factor X 'NAc rdiﬁﬂl the said conpound
(1) is useful as a nme@Hganent™far prevention and
treatnment of diseases caused by thronbus or enbol us.

> 22ONAMR o ISP 5 YA TR Plarh i) pyricin.-3-

ylloxylacetamide (1.59 g) obtained in Reference Example 106 is

suspended in t-butanol (50 ml), and thereto is added potassium t-
butoxide (54 mg). The mixture is heated under reflux for 2 hours.
After allowing to cool, water is poured to the reaction solution and the
precipitated solid is collected by filtration. The resulting solid is washed
with diethyl ether and dried to give the title compound (1.16 g).
APCI-MS M/Z:332/334[M+H]*. |
Reference Examples 113-117

The corresponding starting compounds are treated in a similar

manner to Reference Example 112 to give the following compounds.



Ring Xis: 10 or RRAO RZBNI / 1A 0l1AR1 ARLA
RIB 1C 5 wherein, Ring: R3 0 NO or 1A 1B N' R1B 227
Y is an optionally substituted am no; an optionally
substituted cycloal kyl; an optional substituted aryl;
an optionally substituted s 2& at ed het er ocyclic
group; or an optionally substituted unsaturated

het erocyclic group; 5 Ais a single bond; an al kyl ene
qabkpgglly substituted by oxo; an al kenyl ene; an :
nn\ll i rlc\nc or—ah nvygnn a_t_g_m_m__A’__m_B__a_r_e__t_h_e__S%__

;F?ngé"fj\ier]t and each i rogen a hal oderPhyasicochemical
G%al oal kyI an W cyano; nitrjo; 0Prcﬂ5brt1es

P R 1.0

ot ¢ nR1c I
|Jl l UIIClI I _y DUUDLI l ul CU ATt T __U \L I o Il_yul U\dcll, ull
al kyl or alhal ogen; &2B pr Dhegysane jor different
and h i s hydrogen; ajhgegenn-&n opti qnaAPYI-MS M/Z:
substituted al kyp™ Y ond |y substitutie3?d G M+H]*

an  optionally sm\b;i i tutedHani no; nitro; gyano;

yaroxy —cearboxy—an o
14 | ‘j _<N:/>’°' APCI-MS M/Z:

@1 N o) 358/360|M+H]*

115 el M—(}_C' APCI-MS M/Z:
N

H,C” 0" N 418/420[M+H]*
_Q_C' APCI-MS M/Z:

116 o . /Z:
H,C” \/\o N 363/365[M+H]*

117 Q‘C' APCI-MS M/Z:
HC o\ 347/349[M+H]*

Reference Examples 118 and 119

The corresponding carboxylic acid and methyl 3-aminofuro[3,2-
b]pyridine-2-carboxylate obtained in Reference Example 78 are treated
in a similar manner to Reference Example 79 to give the following

compounds.
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optionally substituted al koxycarbonyl; an optionally
substituted 15 carbanoyl; a carbonyl substituted by an
optionally substituted saturated heterocyclic group;
an optionally substituted saturated heterocyclic
group; aryl; or an optional | $2dubstituted unsaturated
heterocyclic group; R3 is hydrogen or an al kyl; and

20 R4 is hydrogen or an al kyl, or a pharnaceutically
PEpRPE4DI e salt thereof. 2. The condensed furan

[a) R :’)'—'\lc

ccordi-ng-to-—clalm-1,—wherel
ﬁ%ﬁﬁ. E ' l\fu or R2 wherej n t synbol s are thPhyanmchEmlcal
i f&d Y| cl ai m 1 o l51"|‘§Frraceut| cal |y aCCBiQi;ﬁbhes

ool + thaor ,-\-.-F 2 ,-.n.-.l,-w-u-

o AT LU CITCT ©U . J. IIIC CUII IOBSC%I Clll. \JUII!JL unu
erein Ring: is or 10

according to claim 1
Wherein the synbol s &g e pane as defined in claim
1, or a pharnaceuticallyngcceptabl e salt thereof i's

4. The congensed furanot?énpound accordi ng |t AP MER/Z:
of clBms 1 to 3, whereymY is an optional I@§6[ H
substituted cycl oal kyl Qn optionally su Mut e]d

sat urat ed heterocyclic graup, 15 or a pharjmaceutically
accept abl e|salt thereof. % ﬁe condensed |furan
conmpound agcordi ng to any of claims 1| to 4,

e€rein the substituenl_id tBec@elnition |of
"optional |y substitu V-6 oalakyl " for Y is a group
sel ected froman opti® {y Substituted allkyl; an

optional | y|substituted @Nﬂarmyl a carbonyl
subsﬂéut efd by an APCI-MS M/Z:

Q 372[M+H]*
3

Reference Example 120: 3-Amino-4-chloro-N-(5-chloropyridin-2-

yl)furo[3,2-c|pyridine-2-carboxamide

N~ o

ci NH,

(1) 2-Chloro-4-methoxy-3-carbonitrile known in a literature
(reference: M. Mittelback et al., Arch. Pharm., 1985, 318, 481-486) is
demethylated with 25% hydrogen bromide/acetic acid to give 2-chloro-
3-cyano-4(1H)-pyridone as a crude solid.

ESI-MS M/Z:153/155[M-H]-

(2) 2-Chloro-3-cyano-4(1H)-pyridone obtained in (1) above is
treated in a similar manner to Reference Example 23 to give N-(5-
chloropyridin-2-yl)-2-[(2-chloro-3-cyanopyridin-4-yljoxy]acetamide as a

crude solid.
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20

20 optionally substituted saturated heterocyclic
group; an optionally substituted am no; and an
optionally substituted saturated heterocyclic group,
229 or a pharmaceutically ac&ggtable salt thereof. 6.
The condensed furan conpound cording to any one of
claims 1 to 5, wherein the substituent in the
definition of "optionally substituted cycloal kyl" for
AXPCs-MSQVPZB33) 325pM+H]jom (1) an anino optionally 5
substituted by a group selected from an optional

subst (3) uNe(®- ropgridial-R gnlj-2al Behlorexddcranepyridinaki y

bst.ituted, al kyl ; ), am noal kyl ptional |
Ipthegnd, teined ind2) BBouats iibated Yo Paputs ganner to
e . Ut .
%gfééhggr Earmé?lel 12%3 Pﬁgﬁlﬁﬁ)}bg %% %“{ m eg %?Qaaﬁgrﬁﬁé%bhd.
mptjlqnslMyzsm;Msp\quqﬂ kyl; (4) a carbonyl 0 10
substituted by a saturated heterocyclic group; and (5)
Rafespnce Fxamples Lt #+([Benzydetir2rbeamopyeridiogelicarbonitrile
group, or a pharnmaceutically acceptable salt thereof.
7. The condensed furan conpound @€tprding to .claim5
or 6, wherein the saturatedghetlg yclic group is a
4- to 7-nmenbered 15 sat (if affed het & ocyclic group
containing 1 to 4 heterNsatqqe selected fromthe

group consi sting of nitraqggen om oxygen atom and
sul fur atom or a phar eutically acceptable salt

thereqQf. 8. The cond d fur,an gonpound ,accordi,ng to
e o B ereng- S g gopyHohe R SRt A Suriing rhgnner to

: rom

REIGEOEY Fatamlerd® thxife ShEMIC SOBEIMAA T peri di no,
APOHMS MylZ: 289y91M+]+, nor phol i no,
t hi onor phol i nyl, thi onorpholi no, honnpiperazinyl,. .
Refarghpe Baamplen b2 p#pi@ardiyhoxy) it (pyopaxtycarbgnyl) pyridine-3-
Eharnaggﬁgically acceptable salt thereof. 25 9. The

furan conpound according to any one of
claims 1 to 6, wherein the substitug

Rt in the
definition of "optionally substitut cycl oal kyl" for
) xuted by a group

Y is: (1) an am no optional kx S

HC™0" 0

4-(Benzyloxy)-2-bromopyridine-3-carbonitrile (500 mg) obtained
in Reference Example 121 is dissolved in N,N-dimethylformamide (10
ml) and thereto are added 1-propanol (20 ml) and triethylamine (410 yl)
at room temperature, and the mixture is displaced with argon. To the
reaction solution, 1,3-bis(diphenylphosphino)propane (114 mg) and
palladium acetate (62 mg) are added, and the mixture is degassed and
displaced with carbon monoxide. The mixture is stirred at 90°C for 19.5
hours under carbon monoxide atmosphere, and the reaction solution is
diluted with water and extracted with chloroform. The organic layer is
dried over sodium sulfate and the solvent is evaporated under reduced

pressure. The obtained residue is purified by silica gel column
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sel ected from acyl, al koxycarbonyl, alkyl, am noal kyl,

al kyl -substituted am noal kyl,

al koxycar bonyl am noal kyl and acyl am noal kyl; (2) an

al kyl 30 substituted by anlng gptionally substituted

by al kyl; (3) a carbanoyl ptionally nono- or

di-substituted by al kyl or am noal kyl which may be

substituted by al kyl or am noal kyl which may be

&a&bﬁhatddgxﬁ higy(eBldet: n-hegane d/géﬂm aeetertied fr foowed by
y

pyrrolidi nyl carbonyl, piperidylcarbonyl,

E/ b)etcaglwyﬂhmhtiomnpmlmdﬂgoonﬂghr bonyl | oy
5 . : ;

0&3 gg&lg%ﬁﬁ%ﬁﬁﬂﬁﬁg?erggycl i Cogtr)gbgegglzggi/egarf ?gxr/n

ﬁé erglﬁf&? ﬁ%t anh %y @”%x H%lgg gm nyil y@ﬁg {)dhlg I

é&ﬁﬁﬁhhgkgd by oxo, nnrphollno optionally substltuted
by oxo, honopi peridinyl optionally substituted by
oxo, and honopi perazi nyl optionallé substituted by
oxo, 10 or a pharnmaceuticall ¢a Etable sal t

t hereof. 10. The condensed fugan’gonmpound according to
any one of clains 1 to 6, wherlei nX)je substituent in
the definition of optthaL*y tituted cycloal kyl"
for Y is pyrrolidinyl optlongPIy substituted by oxo;
mor phol i no optionally substituted by oxo;

di al k&#(Bmizylmg;l) d2 usrqnmwoarbmwltmammw&caiﬂmmtnlna(ﬂ% mg)
oAl R Refe nce ERamRECkat 18 Hodrcd dhdnipliet s3pner to
E?Jrgﬁeeaﬁﬁfﬁﬁfhe15?”(*@%‘&11&‘%2?%9%9@@2“@& S3hgLno 1o

APEILMSAMVED: DOY pb]el ic group substituted 0 20 by an
optionally substituted carbanoyl, or a phrmaceutically

Rcﬁﬂpnablbcample ﬁBér db{o- Cﬂtﬂord’pmdbn&eyh&i[(ﬂupmpoxy-

co d.according.to any o ¢claims 1 to 11,

-3 GyanQpyFiin oy d¢ene, or a
phar maceutically acceptabl e salt thereof 25 13. The
condensed furan conpound accor di Eﬁ bne of
claims 1 to 4, wherein Ais bndor
nmet hyl ene, and Y is an u erocyclic group
or a saturated heterocyqyic roup blptl onal |y

\N
Hac\/\o 0

4-Hydroxy—2-(propoxycarbonyl)pyn‘dine-S-carbonitrile (145 mg)
obtained in Reference Example 123 is treated in a similar manner to
Reference Example 23 to give the title compound (67.3 mg).
APCI-MS M/Z:375/377[{M+H]*
Reference Example 125: 3-Amino-N-(5-chloropyridin-2-ylj-4-

" (propoxycarbonyl)furo[3,2-c]pyridine-2-carboxamide

-0 N= )l

N L/ N

N O
H3C\/\O o NH,
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substituted by al kyl, or a pharmaceutically acceptable
salt thereof. 30 14. The condensed furan conpound
according to any one of clainms 1 231 to 3, wherein A

is tetramethylene, and Y is an optionally substituted
saturated heterocyclic group228r a pharnmaceutically
acceptable salt thereof. 15. The condensed furan
compound according to any one of claims 1 5 to 14,

wher ejn ; 2 bHhey sang. ' a1 L8330 4
nyar ootz RR- 21V 23 hopy Lty 81y BRb Dy Fitin-4
ﬂj@%}‘]a@@t&hﬁiﬂ las afeivtaiiel sReféteeiceExarhple T2a is treated
condensed furan conpound according to any one of

i aisimilar manter tahikeferenc Exarzpleal B2 to givetipe ditle
differen(i g@ach Is hydrogen; a 10 hal ogen; an
PR {gg tituted al kyl; an optionally

ty UM?% ; tionally substituted am no;
%?Qoﬂ_;dgca bé;?’zgof?r?ﬂgpﬁﬁycar bonyl ; an optionall'y
Ekt?éi‘ihﬁé&ﬁﬁd BaiapiY! Inkibitsrpiidct oibhstivatedenldad
saturated heterocyclic group; or a saturated
beagulatiori factogXoup, 15 or a pharmaceutical ly

acceptable salt thereof. 17. The ﬁon ensvfd furan

conpothntHBREBIPAY LN Was PReRared iy €is$ol{ing duommagenic
Eﬁt)gﬁ‘&cté‘ 2528 {ihd éoﬁcéitrhﬁo{f {Mﬁs‘eﬂﬂ\ﬁgfiﬂbﬂzﬁﬂcentraﬁon
eterocycliic group contal nt ng o) eter at ons

oshaMEh 100 Erishaffer @W%ﬂ%gbﬁt&hiﬂgmm%Mm
m or a

oxygen atom and sul fur ato
phgmﬂt::amdi @4l Yoybavinepserime albiming @nsba tesgcompound
SPEIHAR o BrPRIeaRY BIPODRE RITFLAGnPRUTE L S guffer

; . | _
ALt 1 ERnbub? difpaden Tnd L compB B Sotution (25 )

fRishadaed tonlik aib¥ratecsslvtion (200 pl). In the control group, 25
t - but oxycar bonyl am no, 25 di net hyl am no, cyano,

vhof she bufferneonyteiningh}0 Yeadinmathyhsuifoxide wast weed instead of
et hoxy, 1soproppx nmet hoxyet hoxy, di et hyl car banoyl
Rbeg%%/%wmﬂ-oyﬁ%r?%%%%t hyl ) car banoyl, pyrrolidinyl,

Py T T ollrfl YeCRERAMAKL at 37°C for 3 minutes, 25 pl of human FXa

(Enzyme Research Laboratories, Inc.) dissolved at 0.5 U/ml in a buffer

was added to the reaction mixture (final concentration of FXa: 0.05
U/ml) to initiate the reaction. During a 5-minute reaction at 37 °C, the
absorbance at 405 nm was monitored continuously on a 96 well
microplate reader (Spectra MAX250, Molecular Devices) and the
increase of absorbance was used as an index of FXa activity. In order
to evaluate FXa inhibitory activity of a test compound, the 50%
inhibitory concentration of the test compound for FXa activity compared
to the control group (ICso value) was calculated using analytic soft
(GraphPad Prism, GraphPad Software, Inc.). An example in the results

is shown in Table 85 below.
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nmor phol i nocar bonyl or norpholino, or a

phar maceutically acceptable salt thereof. 30 19. The
condensed furan conpound according to any one of
claims 1 232 to 18, wherein 5%%8 hydr ogen, or a
pharmaceutically acceptable thereof. 20. The
condensed furan conpound according to any one of
claims 1 to 19, wherein R4 is hydrogen, 5 or a
pable@seutical |y acceptable salt thereof. 21. The
condensgg—ftran—tonpoung—aeceprding to any one of

ol ai oy BXAmPle s | Yteln Nj:.) Rag Xis RIA /==\-.,R 1A RIA
/=R1A D86R | A RI10BRIR R 1IB N HIC or wherein the
synbols are as defined in claiml, 10 or a
pharmaceutically acceptable salt thereof. 22. The
condeffhed:dmpaunndsmichredpreseat dnnention ahawed®the 50 %
wherein Ring Xis O R1 ARBN 1C wherein the
gww%vmw@twmw@aoﬂ%ug} akless thag bjiM, and the

B RS LA RIS w8 3o B BPress than 20

&R Ahls, the present compounds were revealed to have excellent

inhibitory effect on activated blood coagulation factor X.

INDUSTRIAL APPLICABILITY

The compound of the formula (I) or a pharmaceutically acceptable
salt thereof is less toxic and safe, and has an excellent inhibitory effect
on activated Dblood coagulation factor X.  Accordingly, the said
compound (I) is useful as a medicament for prevention and treatment of

diseases caused by thrombus or embolus.



to 22, which is selected fromthe foll ow ng conpounds:
(1)

5-am no-N-(5-chl oropyridin-2-yl)-3-{[(trans-4-pyrrolid
i n-1- ylcycl ohexyl) carbonyl] am no}furo [3, 2 -Db]
pyri di ne-2 -carboxani de, 20 2%

6-am no- N- (5-chl oropyridin-2-yl)-3-({[trans-4-(3-0xo0-
nmor phol i n-4-yl) cycl ohexyl ] carbonyl}anino) furo [3,

2 -b] pyridine- 2 - carboxgw Qf

N- (4-chl orophenyl ) -3-{[ (tr é‘ pyrrolldln 1 233

yl cycl ohexyl) carbonyl] am no}furo [3 , 2 -D]

pyridi ne-2 -carboxam de, (4) N (5-chloropyridin-2
lyl) Arondemselyfusahfamnmppandnef] thelformula (I):
{[(trans-4- pyrrolldln 1-yl cycl ohexyl ) car bonyl ] am no}fu

ro[ 3, 2- bR yr| 2-carboxam de, 5 (5)
chIN d|n 2-yl)am no] carbonyl }-3-{[(trans-4
/dlnol yl cycl ohEXyl ) car bonyl ] ami no} f ur o[ 3, 2- b] py
carboxylic acid, (6)
chTm opyridin-2-yl)-3-{[(trans-4-pyrrolidin- |

-yI Acycl ohexyl) carbonyl] am no}furo [3, 2 -c]
pyri di Me-2 -carboxani de, 10 (7)

hi yridin-2-yl)-5-(Chydroxynethyl)-3-({[trans-
Q’h%ggﬁloﬁﬁ%?phol in-4 -yl) cycl ohexyl] carbonyl }am no)

furQ I3, 2 - b] pyridine -2 - carboxam de, (8)
@ chy oropyridin-2-yl)-5-nmethoxy-3-({[trans-4-(3-
oxetorphol i n-4-yl) cycl ohexyl] carbonyl}am no) fu ro

[3, 2 -b] pyridine -2 - 15 carboxan de, (9)
N (5-chl oropyri din-2-yl)-3- {[(trans-4-pyrrolidin-
I -yl; cycl ohexyl) carbonyl] anmi no}féAro [3, 2 -Db]
pyR‘di ne- 2- car boxamde, (10)
Nog 5 pyri ch - et ho>§¥ P ans- 4- pyrr ol
RAi T ycl ohex
car borN/I ] arri o} f ur o[ 37 2- b] pyri di ne- 2 car boxa’m de, 0 20
(11)

%hl orophenyl) - 3- ({[ tgsans- 4- ( 3- oxonor phol i n-4- yl)
cyc

D, car bonyl } amoN£N [3, 2 -b] pyridine-
R¥agbofjanpde, °7(12) )]f I/
5-am 5 chloropyrldfk?'?zu -({[trans-4-(3-oxo

nor phol i n-4-yl ) cycl ohexyl ] car bonyl }am no) f uro[ 3, 2-b] py
Riog dei® -

RA  — R1A—C——{R1A —R"  N= R™
—@Rm_@we \_\ R —@Rm ——<\N-_§iR1B
s, R —
oo Ry e
R'B \ O \
1C —
" <0 nvs
N\ N > N N\
H H H
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car boxam de, 25 (13)

5-(acetyl am no) - N-(5-chl oropyridin-2-yl)-3-{[(trans-4-
pyrrolidin-1-ylcycl ohexyl)carbonyl]am no}furof 3, 2-b] py
ri di ne-2- carboxam de, (14)

N- (5-chl oropyri di n-2-yl)-5-fR2Gr o-3- ({[trans-4-(3-
oxonor phol i n-4-yl ) cycl ohexyl ] carbonyl }am no)furo[ 3, 2-b
] pyridi ne-2- 30 carboxam de, 234 (15)

di nwﬁﬁfﬁwn%iycﬂlexyﬁ) XES borﬁ]_'yéﬁ bﬁhﬁ" 1&%8@%%{10' i

ﬁz’élbﬂl 184; én- maéﬁmitdtéﬁ) an optionally substituted
50h|oropyr|d|n2yl) 5- {p (trans-4-pyrroli

saturated heteraryeligigroug; Iomrap ppannaﬂyfsu‘mst[t&ted ur§aturated
1%'er di ne 2 -carboxamde, 5 (17)
Lqrocyelie BEYP di n- 2-yl ) - N5, N5- di met hyl - 3- {[ (t r ans- 4-

RS LLIh8 vt S EOBARKL LRIBTK) LORLARLEH' ) Bx; BhPY

&Kéﬁﬁéﬁé%@keﬁ&lﬁ@eﬁ@'&f R \oxygen-atow;) - 3- ({[ trans- 4-

(3- oxormrpho in-4-yl) cycl ohexyl] car bonyl }am no)
Rt R |Bare thesama ordifferent arid eaeh ishydirdgeny 4 Halogen; an

b tyl . , .
aborl gﬁl%lﬁﬁg?yép% HkaA¥y: Ingy BTG H1H3A ;ﬂHtloél%l{Y( shhpttuted
r[ol i di n-1-yl cycl ohexyl ) carbonyl ] am no}furo[ 3, 2-b]

pyr|8i’n 6-yl)- carbamate, (20) N (5-chloropyridin-2

RIC)s h@drbgmt@ﬁlamjrlf&nwﬁalagem] -3- 15
({[trans-4- (3 oxonor phol i n- 4- yl’)cycl ohexyl ] car bonyl } am
Rab) Rtk atcstlze sainepgr differen? archeach asrhydrog@i;) a halogen; an

Bobera A dioh o vt Mirbsch e an
ﬁﬁ@ﬂaﬂ&oﬁﬁsﬁﬁg "Qiﬂﬁm @%h (cf pyr’ |h<¥ dro&yyf%ll'bpoexly &h-

6Pt1ﬁn%@ly substituted alkoxycarbonyl; an optionally substituted
) car bonyl ] am no}furo[ 3, 2-b] pyri di ne-2-car boxam de,

caﬁ)amoyl a carbonyl substituted by an optionally substituted
5-chl,qropyri di n-2-yl) - 3- trans-4-(3;0x hol |
setyrated RABHRKA Sralinh A PRHPAGI S SHed Spugated

%@( ﬂ[o?:ggﬁﬁ Ig%r p yﬁp_\@x %Wfq{ep?élr%nﬁ)h%]]sr M stituted unsaturated
bet@oryclic grohpt r ans-

R3 is hydrogen or an alkyl; and

R* is hydrogen or an alkyl,
or a pharmaceutically acceptable salt thereof.
2. The condensed furan compound according to claim 1, wherein

Ring:

v,

is
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4- ( 3- oxonor phol i n-4-yl ) cycl ohexyl ] car bonyl } am no)

furo[ 3, 2-b] pyridin-6- 25 yl]carbamate, (25)

6- am no- N- (5-chl oropyridin-2-yl)-3-({[trans-4-(2-o0xo0-
pyrrolidin- I-yl)cycl ohexyl]carbonyl } am no)

furo[ 3, 2-b] pyri di ne- 2- car boX@® de, (26)

6-am no-N- (5-chl oropyridin-2-yl)-3-{[(trans-4-pyrrolid
in-1- 30

yl cycl ohexyl ) car boRyA] am no}furof 3qu b] pyri di ne-2-carb

5 (27
gﬁ:{%ﬁroéyr;&mm noj {Q@S ({[trans-4
phol i n- 4Nwl cl oheﬁ/ am no)

ﬁJro , 2-b]’ pyridine-5- carboxylic acid, (28)
N2- (5 chl oropyridin-2-yl)-N5, N5-di net hyl -3-({[trans-4-

( 3- R%* qxonor phol i n- 4-yl )Isyg:l oFlexyI ] car bonyl } am no)
furo[ yr|d|ne25 m de, (29)
I\R% hl rlocfnZyI) S- (laorphofi n- 4-yl car bonyl ) - 3-

([(tra -4 pyrrolidin-1- R?EtycNohexyI ) car bonyl ] ani no} f u
rof 3, 2- yridi ne- 2-carboxam de, 10(30{ t-butyl (2
W{l{e(rgln t;lhq: §VB11391$ @ra .tl_ze -SAME /% q]q@”}ned in claim 1,

{
§?Ey$]?%ﬁ"'%‘8°ﬁug{:§'{ ;?SFSRE%R}F)S@A‘%HBWPf ani no} f ur o[ 3, 2- b]
rid r t
R (5 Thr Soidenss® ROE0 Gompbothd pocpriipg fo claim 1.0r.2,
witrepbivl Rimg:4- yl ) cycl ohexyl] carbonyl }anino) fu ro [3
, 2 -b] pyridine-2 - 15 carboxam de, (32) nethyl
2-{[(5-chl oropyridin-2-yl)am no] carbonyl}-3-{[(trans-
4- 1 rr@l i di n-1-yl cycl ohexyl ) carbonyl ] am no}furo[ 3, 2- b]
i he- 5- car boxyl ate, (33)
: Y- N- (5-chl oropyridin-2-yl)-3-{[(trans-4-pyrrolid
in- I - 0 20
8 cycl ohexyl ) car bonyl ] am no} furo[ 3, 2-b] pyri di ne-2-carb
oxam de, (34) N-(5-chloropyridin-2 -yI) -5-

uret h I sul fonyl ) ang#fo] - 3-
£ (2- oxopyr ign- 1-yl ) cycl oh N obonyl}a
2Boiu o[ 7, 2- b]%y e 2 -oar boxarR
R

wherein the symbols are the same as defined in claim 1,

or a pharmaceutically acceptable salt thereof.

4, The condensed furan compound according to any one of claims 1

to 3, wherein Y is an optionally substituted cycloalkyl or an optionally

substituted saturated heterocyclic group,

or a pharmaceutically acceptable salt thereof.

5. The condensed furan compound according to any one of claims 1
to 4, wherein the substituent in the definition of “optionally substituted

cycloalkyl” for Y is a group selected from an optionally substituted alkyl;

an optionally substituted carbamoyl; a carbonyl substituted by an

optionally substituted saturated heterocyclic group; an optionally

substituted amino; and an optionally substituted saturated heterocyclic

group,
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(35)

N- (4- chl orophenyl ) -3-({[trans-4-(di net hyl am no) cycl ohe
xyl]- 25 _

car bonyl } am no) f uro[ 3, 2- b] pyri di ne- 2- car boxani de, (36)
N- (5-chl oropyridin-2-yl)-5-cy2®-3-{[(trans-4-pyrrolid
in-1- ylcycloh exyl) carbonyl] am no}furo [3, 2 -Db]
pyridi ne- 2 -carboxam de, (37)

. d~di10-2 9. f 3. [ (trans-4-pyrroli
Q.*%%ﬁ%rﬁ%%?ﬁélhélxl&%gé %%tﬁ% ﬁgﬁ%?%%f ‘uro [3, 2-b]
gyr i diThe-chrisriyedafirde, c&ﬂﬁgﬁ%)d according to any one of claims 1
N2- (5- chl oropyri di n-2-yl ) - N5-(2- met hoxyet hyl J - N5- et hy
to 3, sdeerein ttﬁa retbstitaent d aherdefinitiondof 4dptionally substituted

Yol dbn 350 E%él;%s' o fffé%; 1) an amino optionally
SRR P ol B %, o
alliy@naBbbaigl ahd (AP bptionally substituted alkyl; (2) an aminoalkyl

N-(5-chl oropyridin-2-yl)-3-({[trans-4-(3-0oxonorpholin-
gptionally substituted by a group selected from an optionally

SRRSO AL AR o0 b Blsed ol ) 5 Sion
éﬁ;i‘g%%l?ﬁug@%tﬁ#?g [pgf}'éﬂ optioftdi?ShB8tituted alkyl; (4) a carbonyl
$ubstiopbphosaturated heyetoeheky! g]re(agg )amil (SRR dptidiPally

[3,2-b]pyridin-5- 10 yl]carbamate,
substittad saturated heyetatynlie-groyp3- ({[ t r ans- 4- ( 3- oxo-

SPGB Sl 1)1 2 T
. (5 phbUcied itk dompb Ui Ao drinity tb LR BYeL 63
Hereanshd sadu arteaHabrddytlie-glougy i 8exyl 7-5aéR®eyedam

[ no)furo&_ﬁi,iz- b] pyri di ne-2 -carboxam de, (44)
seisaged drespyogydilic-groyip) containingh o4 heteret atpnasisetdcted

i - - f 3, .2
Fib 356 R he- Consistnbiy, miogsn aiofD, pR¥gen atom and sulfur
aidfy! or o- N-(5-chl oropyridin-2-yl)-3-({[trans-4-(3-o0xo-
mor phol i n-4-yl ) cycl ohexyl ] car bonyl }ami no) fur o 3, 2- b] py

ot di pleafinaceuticstyiateepialfie salt thereof.

2-{[ (5-chl oropyridi n-2-yl)an no] carbonyl }-3-({[trans-4
8(2- The condensed furan compound according to any one of claims 5
to 7, wherein the saturated heterocyclic group is a group selected from
imidazolidinyl, pyrazolidinyl, piperidyl, piperidino, piperazinyl,
morpholinyl, morpholino, thiomorpholinyl, thiomorpholino,
homopiperazinyl, homopiperidyl, homopiperidino and pyrrolidinyl,

or a pharmaceutically acceptable salt thereof,

0. The condensed furan compound according to any one of claims 1
to 6, wherein the substituent in the definition of “optionally substituted
cycloalkyl” for Y is: (1) an amino optionally substituted by a group
selected from acyl, alkoxycarbonyl, alkyl, aminoalkyl, alkyl-substituted
aminoalkyl, alkoxycarbonylaminoalkyl and acylaminoalkyl; (2) an alkyl
substituted by amino optionally substituted by alkyl; (3) a carbamoyl
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oxopyrrolidin- |

-yl ) cycl ohexyl ] car bonyl } am no) furo[ 3, 2- b] pyri di ne- 5-
25 carboxylic acid, (47)

N- (5-chl oropyri di n-2-yl)-5-cyano-3-({[trans-4-(2-0x0-
pyrrolidin-1-yl)cycl ohexyl ] c&3bnyl }am no) furo[ 3, 2-b]
pyridine-2 - carboxam de, (48)

N—(5 chloropyrldln 2-yl)-5-cyano-3-({[trans-4-(3 30

BP%B g‘l]g.]b PV i :%lgyl’gﬂ)g%@f%h]tggim&]@r}g%ﬁ@%lkyl which may be

bhbﬁtlethtfﬁ bpdlkgl &r dmihpalicyl RialicexitiEst By IsibdtitGtéd BYsalkyl;

4- (2 oxopyrrolidin-1-yl) cyclohexyl] car bonyI]}Bam no

{Yragraip zselctqteg;fmmu Wre'ohdmﬁﬁaﬂwwh péperidy a;bonyl

i n-2- X X
pingraegnigriony ?myrl%yﬁm@@; ORYY Basbhpinainingjcarhosy! and
hﬁpﬁom 5%% lccfl'r @@aﬁt{éﬁgtéé 11) {cirocyghc Igrrg},lp fclected

from pyirrolidiziyd fw&tdﬂalwwl@mﬂdtéﬁl tﬁbﬁ’bxo, plpcrldyl optionally

S- (pyrrolidin-1-yl carbonyl) furo
shpstitatade by -axay, (piRrerazimyl Q}ﬂic)nally substltuted by oxo,

o G e S 8R4 s
kﬁ?ﬁtﬁ?ﬁéﬁ b ;/dr}?)d%rlr' frﬁb@iﬁﬁ %t‘fn féﬁ%o?gllxes%bﬁututed by oxo,

&b a pharmaceutically acceptable salt thereof.
cycl ohexyl ] carbonyl } am no) - 5- et hyl f ur o[ 3, 2- b] pyri di ne
10.c mndmlsec{ fiypn compound according to any one of claims 1

? ro el ES;:S%& yr| X ﬂpeaﬁqfﬁaﬁm% éﬁq&;oqqﬁy supstituted
cl?bllg%lr 'gr opyr| g {1:11}3[ ns- ﬁtl uted l?¥1 i no)

mdéipholino o tlonally substltuted by oxo; dial lcarbamo 1;
cycl ohexyl ]Igar bonyl }am no) - I\I5y - di netlfwyl furof 3, 2 b] py

pysrlislinyBarbosalrnine that {5ei- snbtstngzuted by alkyl and

2- 5: chl b l}-3- trans-
%S'B i E%ﬂd%‘#f%?‘)‘% b?gnhggl/lc?zza?ggni/l }aﬁri{ E]O) furof

%r% Bhayhiadelitically acceptable salt thereof.

11. The condensed furan compound according to any one of claims 1

to 3, wherein Y is an aryl or unsaturated heterocyclic group substituted
by an optionally substituted carbamoyl,

or a phrmaceutically acceptable salt thereof.

12. The condensed furan compound according to any one of claims 1
to 11, wherein A is a single bond or methylene,

or a pharmaceutically acceptable salt thereof.

13. The condensed furan compound according to any one of claims 1
to 4, wherein A is a single bond or methylene, and Y is an unsaturated
heterocyclic group or a saturated heterocyclic group optionally
substituted by alkyl,

or a pharmaceutically acceptable salt thereof.

14. The condensed furan compound according to any one of claims 1
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car boxyl ate, 25 (57)
N-(5-chloropyridin-2-yl)-3-({[trans-4-(2-oxopyrrolidin
-1 - yl) cycl ohexyl] carbonyl}am no) furo [3, 2 -Db]
pyri di ne-2 - carboxam de, (58)

5- am no- N- (5-chl oropyri di n-22@1) - 3- ({[trans- 4- (2- ox0
pyrrolidin- |-yl)cycl ohexyl]carbonyl } am no)

furo[ 3, 2-b] pyri di ne-2- carboxani de, 30 (59)

SR e el s AR i
Bt réité® het&sdyeliaErép, or @pharmaceutically acceg:cable salt

2-{[ (5-chl oropyridin-2-yl)am no] carbonyl }-3-{[ 5- (3-0xo0
thenenbl i n- 4-yl ) pent anoyl ] ami no} f ur o[ 3, 2- b] pyri di ne-5-¢

boxy]ic acjd, 1 . . .
1502 the Godalerised sy orappung agpording toren, aasof glaims 1
B Ao ST B P56 SPERS P UTBR 9 S 3 Pdrosen,

amdleget ©2)an alkyl, o _
6-chl oro- N- (5-chl oropyri di n-2-yl ) - 3-}[ (trans-4-pyrroli
df a-phagthegentinally lacceptahlesaltatherept.ur o [ 3, 2- b]

@éikfisﬂﬁiq%;n‘éﬁﬁ%ﬁmgﬁmoéﬁﬁéw geeprding ta Rwaone of glaims 1
?%{150 Wt?égﬁ]ﬁé }%k)_ REY G1ONEE Yhind B B?@%e}xﬁ'ﬂﬂ%aéﬂ '8 Hydirdgen; a

pyri 10 carboxani de,

Naidders robptivhiallysudbstititb® ,dlﬁyr#iamsbgmbnaﬂgz{s{dﬁsm&téd
(2- oxopyrrolidin-1-yl zicycl ohexyl ] car bonyl } am no)
allkaxlys an optionatly saulstButed eaning: Ayate; casbyxy; an

S Erbam % ShSnSll YRR Bt Ak B3R5

é?lﬁgﬁﬁy_egll B}é ;sr ¥ﬁﬁ¥t‘éh3|2&’é¥é%s§:ﬁ{cbgﬂ%ﬂ}%,a@ AUk HFNed: BetdkBeyclic

oxam
Zodp,( 5- chl oropyri di n-2-yl)am no] carbonyl }-3- ({[trans-
-(2-oxopyrrolidin- | -yl)cycl ohexyl] carbonyl } anm no)

pueoplzarmpreyticdlly-agceptghlarssdhthereof 20 (67)

7o A btk SBUIA S o2 AL it 0, wherein
e A S i
heterocyclic group containing 1 to 4 hetero atoms selected from the
group consisting of nitrogen atom, oxygen atom and sulfur atom,

or a pharmaceutically acceptable salt thereof.

18. The condensed furan compound according to any one of claims 1
to 17, wherein R2A, R2B are the same or different and each is hydrogen,
fluoro, chloro, bromo, methyl, hydroxymethyl, methoxy, amino,
methylsulfonylamino, acetylamino, t-butoxycarbonylamino,
dimethylamino, cyano, carboxy, methoxycarbonyl, ethoxycarbonyl,
methoxy, ethoxy, isopropoxy, methoxyethoxy, dimethylcarbamoyl, N-
methyl-N-(2-methoxyethyl)carbamoyl, pyrrolidinyl, pyrrolidinylcarbonyl,
morpholinocarbonyl or morpholino,

or a pharmaceutically acceptable salt thereof.

19. The condensed furan compound according to any one of claims 1
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20

cycl ohexyl] carbonyl}am no) furo [3, 2 -b] pyridine-2
- car boxam de, 25 (69)
2-{[ (5-chl oropyridin-2-yl)anm no] carbonyl }-3-{[ (trans-4

pyrrolidin-1-ylcycl ohexyl)cad@yl ] ani no}furo[ 3, 2- b] py
ridi ne-6- carboxylic acid, (70)
N- (5-chl oropyridi n-2-yl)-3-{[ 5-(3-oxonor pholin-4-

@0)1 e%l’?é}gﬁ{ k%ms'}ﬁ}({rﬁﬁ%s 2-b] pyri di ne- 2- car boxam de,

aawﬁéany@écé iesmersw fhéreafyl) 3-({[trans-4-
2 39 oxopyrrolidin- -yl ccycl ohexyl ] car bonyl } ani no)

20r o[ ’Bhlemhpipnsdldrfeuan coampon adi am:;orﬂ?rlig to anyI one Iof <h:1a1ms 1
N-(4- 4- 4

ﬁé‘ i&m"sﬁijﬁer‘y BEB{ 32 bl pyr | G ne- 2. car boxam de.
5 ety %ﬁgé%ﬁ‘i%e%td%%gﬁn hoyTur ol 3. 2- bl py

pidi n?h@to?ﬁe%éﬁmu‘iﬁn doffibound according to any one of claims 1
N-(5-chloropyridin-2-yl)-3-({[trans-4-(di met hyl am no) -

tq@[)olwqurbjn&ngdﬁw}am no) furo [2, 3 -Db]
yri di ne- gAcarboxam de O 10 ( {z\) 3 [({trgns 4-

o3 amym R1A
xy I )a yri d
fur ple 1B2- c bbx R1B R1B

trans- I\I' (2-{[(5- chI oropyridin- 2- yl)am no]carbonyl}fur
o[ 3, 2- D]

pyri @ R—WI )-N, i mehhgzl cycl ohexanez 1, A4; di car boxam d
e, X5 77) /

N-(E—ii Bpyr | 2-W1)-3%{[trans- olidin-1-vyl
- carbonyl) cycl oheNylj carbonyl}am ko) furo [3, 2 -D]

pyridi ne-2 -car boxakh de, (78)

whiclréfor € SyRIDOLS Gire a8 défleed Melclaim 1,
carbonyl }-3-[({trans-4 [ (di net hyl am no) car bonyl ]

oyel phasmayeativaly lacceptatde salt thgrgop -b] -

351 1 ( BB cosdBmpeR s SHmRRFRG) 2CSATHURg 9 Claiey Pl faorein

l'i di n-1-yl carbonyl)cycl ohexyl] carbonyl } am no) f
ﬁ}%?é(’éso - pyridine-5-carboxyl ate, (80) nethyl

_@ WRMZ yl ) am no] jr bon|¥k} 3-[({trans-

wherein the symbols are as defined in claims 1,

O

or a pharmaceutically acceptable salt thereof.
23. The condensed furan compound according to any one of claims 1
to 22, which is selected from the following compounds:

(1)  5-amino-N-(5-chloropyridin-2-yl)-3-{[(trans-4-pyrrolidin-1-
ylcyclohexyl)carbonyllamino}furo|3,2-b]pyridine-2-carboxamide,

(2)  6-amino-N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-0xo-
morpholin-4-yl)cyclohexyl]jcarbonyl}amino)furo[3,2-b]pyridine-2-
carboxamide,

(3)  N-(4-chlorophenyl)-3-{|(trans-4-pyrrolidin-1-
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4 - [ (dinethylam no) carbonyl] cyclo hexyl}carbonyl)

amno] furo [3, 2 25 b]pyridine-5-carboxylate, (81)

2-{[ (5-chl oropyridin-2-yl)anm no] carbonyl }-3-({[trans-4

- (pyrrolidin-1-ylcarbonyl)cycl ohexyl]carbonyl }am no)

furo[ 3, 2-b] pyridi ne- 5-carboXadd c acid, (82)

N2 (5-chloropyridin-2-yl)-3-[({trans-4-[(di methyl am no
- 30 carbonyl] cycl ohexyl }carbonyl) am no] -N5-(2

gﬁ?%% drhonilagilofEbes, 3 Bl et P2tk Mnte,
N2 otan OI\DEB%h%rfbp&rtdlh N5 8- (e oy B fovy)jaNBm BRIy

([(tranaﬁmﬂ(qi;dmoﬂrsdcmlmhvkﬂmmmy}]amirm)ﬁlm[& 2abjpyridine-
]g%r_rrl nggfuro[B 2- b] pyridine-2, 5-dicarboxamde, 5

N (5- )l or aey5-Bhibropyhitin 22yl aRihE) darboryys i drakdns:
pynrcﬂidmt nylcydlchekﬂ')@&%h?ﬂéhﬁﬁb fLad]312} bipyelding-3 py

ridi ne-2- carboxam d
&E{@’Gﬂicoa@dyrldln 2-yl)-5-nmorpholin-4-yl-3-{[(trans-4

pyrro (®)di n N1(3rchieuopyziding2-3llndl(tnens-fopyireligind-yi-py

W@ﬂ%ﬁ?&r b AR P Blovriding-2-carboxamide, | .

5-chloropyridin-2-yl)-5-(hydroxymethyl)-3- trans 4-(3-
yI )cycl ohexy‘ ] car bor%yl }am ng)) 5- (pg/rrroxllfdl n- }1) 4{[ o[ 3 -

oxemeyphaline gzl)mmhﬁwﬂcagbonwammo)furop 2- b]pyr1d1ne 2-
N- 5-ch| oc{Bc:pyrl di n- 2-yl)-5-(di met hyl am no) -3- ({[trans-
onor phol i n-4-yl ) cycl ohexyl ] car bonyl } am no)

];\I?Eg[ Ioropk/gr g 415, -.cﬁﬁ?—%?%]h%?théﬁ%gl ({grﬂ? s 4
ok@mo@phmlhph%Pl)dyckﬂéﬁylmbéﬁ?}mﬁnéﬁﬁb@[%b}lﬂggﬂﬁiné-@-

ro [3, -b] pyridine -2 - carboxam de
saxoxsnigteopyri di n- 2- yl ) - 4- ( 2- met hoxyet hoxy) - 3 {[(tran

Syfr ol Ddi nN1(SrebieuopyEiding 2-alp3rilitans-fopyplidind-gl-py
RO ER MRS D prdtasetreseppranitt

(10) N-(5-chloropyridin-2-yl)-5-methoxy-3-{[(trans-4-pyrrolidin-
1-ylcyclohexyl)carbonyljamino}furo[3,2-b]pyridine-2-carboxamide,

(11) N-(4-chlorophenyl)-3-({{trans-4-(3-oxomorpholin-4-
yl)cyclohexyl|carbonyllamino)furo[3,2-b]pyridine-2-carboxamide,

(12) 5-amino-N-(5-chloropyridin-2-yl)-3-({{trans-4-(3-oxo-
morpholin-4-yljcyclohexyl]carbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(13) 5-(acetylamino)-N-(5-chloropyridin-2-yl)-3-{|(trans-4-
pyrrolidin-1-ylcyclohexyl)carbonyl]lamino}furo[3,2-b]pyridine-2-
carboxamide,

(14) N-(5-chloropyridin-2-yl)-5-fluoro-3-({trans-4-(3-
oxomorpholin-4-yljcyclohexyl]carbonyljJamino)furo[3,2-b]pyridine-2-

carboxamide,
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(3- oxonor phol i n- 4-yl ) cycl ohexyl ] car bonyl } am no)

furo[ 3, 2-b] pyridine-2- 25 carboxam de, (91)

N- (5-chl oropyridin-2-yl)-5-(pyrrolidin-1-ylcarbonyl)-3
{[ (trans-4-pyrrolidin-1-ylcyclohexyl) carbonyl]

am no}furo [3, 2 -b] pyridi n€34-carboxani de, (92)
N-(5 chI oropyridin-2-yl)-4-(2:-nmethoxyet hoxy)-3-({[tran

S_ -

3- | I 2 o
fur 8?2"%’ PBALh N b SR AE L PO AT pyrrotidin- 1-
bﬂ@&i@mmmboﬁyna&nnb}fuéolsenktqpynauﬁé(z-bamoﬁa:%é ol

idin

1 yI c Y E6)o h &c{B-chdorapyyidinn? nd)-5umet3y3 ef (tramn sitrpyotidin- 1-
@?W@&;BPKWHWWP fuzol3 21hlnysidine B -sarhoxamide) -
cycl orgex)yl ]I\Icasb(é}r%l r?g%r o %y Byl?ISr (1;I|5|%1n;11eth);|§ lﬁ[t(t(;f"gséd"b

]pgyroltﬂmel%flcﬁﬂbhe aiifbod inojfuro[3,2- b]pyr1d1ne 2, 5-
N2- (5-.chl or opyri di n- (2- nethoxyet hyl”) hy
|d.1garboxam1de

L 305, ool SIS P Lt
%65}@31} @EM Xyblﬁ 1&1-6&%91 %:Bi){mgg}éﬂﬁnéff{ﬁofﬁ(ﬁ Ry YihL-

carbdBaridd,pyri di ne- 2- car boxani de, (97)
N-(5-chl oropyridin-2-yl)-5-(di methyl am no)-3-{[(trans-
4- pyt¥ i butyl Wx{&amiﬂem}an@@r B-yjamjnejcanbdnyl-3-{[(trans-

kf’ ayfrolidtn YDk eniiERbo R famiRaitrlor toiparicjny6-y1)-

%lﬂ é{l] carbonyl }am no) furo [3, 2 -D]
pyrl | ne-2- car boxani de, (99)

N- ( 5- ¢20)or pr-cﬂwro@yyidm@Jy@)tsq(me&ﬂéhqfo@m)aﬂnﬁ] 3-

oxonor phol in-4 -yl) cycloh exyl] carbonyl}amno) fu ro
({traps- IS-pyqogmngholgn 4-ylch$thmei§;;arbD®1y(l}mm)no)furo[3 2-
lﬁ]ﬁgyrl& I oﬁoé)ﬁ/rlbl din-2-yl)-3-({[trans-4-(2-oxopyrrolidin

oxamide,
.\él )b%gir ggﬁzénettdz-%ﬁgar ok _)ag:C{Z[E%%MI(9'-b§6ﬁyx]rb¥ih‘iﬂﬂf1‘2£zﬁz
hy¢Bhelyicarhonydjam o) ) rd}3 j2s bisyatidine- 3-ddrboxansidé;

(22) N-(5-chloropyridin-2-yl)-3-{[( 1-pyridin-4-ylpiperidin-4-
yl)carbonyllamino}furo[3,2-b]pyridine-2-carboxamide,

(23) N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-oxomorpholin-4-
yljcyclohexyl]carbonyllamino)furo[3,2-b]pyridine-2-carboxamide,

(24) t-bufcyl [2-{[(5-chloropyridin-2-yl)amino]carbonyl}-3-({[trans-
4-(3-oxomorpholin-4-yl)cyclohexyljcarbonyljamino)furo[3,2-b]pyridin-6-
yljcarbamate,

(25) 6-amino-N-(5-chloropyridin-2-yl)-3-({[trans-4-(2-o0xo-
pyrrolidin-1-yljcyclohexyljcarbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(26) 6—a_mino-N-(5-chloropyridin-2-y1)-3-{[(trans-4-pyrrolidin-1-
ylcyclohexyl)carbonyljamino}furo[3,2-b]pyridine-2-carboxamide,
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pyrrolidin-1-yl cycl ohexyl)carbonyl ] am no}furo[ 3, 2-b] py
ridi ne-2- 25 carboxam de, (102)

N- (5-chl oropyridin-2-yl)-5-isopropoxy-3-({[trans-4-(3-
oxonor phol i n-4-yl ) cycl ohexyl] carbonyl } am no)

furo[ 3, 2-b] pyri di ne-2- carboxXdb de, (103)

N-(5 chl oropyridin-2-yl)-3-({[trans-4-(di nmet hyl am no)

?%?L;K@@?’Lg‘?@(@g@wrb L0 BB B RN s 13-
Uxbﬁuﬁ*ph@ﬂmpérIylﬂ'ly&ié’hé&k})l}c'_brﬁﬁh?i}ﬁimﬁo]gonyqﬂ:f?(ﬁ]kggﬁ'i‘ﬁe-‘s-

-(2 oxoggrrolldln 1-yl )cycl ohexyl ] car
carb@®yl: &¢idyr i di ne- 2- car boxami de, 5 (105)

ZI: Eg aéwé)or &Qy(ysl ghlrz)ropyndn? 2(-% N§ N¥|cﬁrrrl11gt%)yl 3 ?{it[rglggnf _(3-
RO - ol e AR bR RERAR Gt 2 Picnéa,5-

Widdrborbedigeyri di n-2-yl)-3- ({[trans-4-(di met hyl am no) -
cycl ohexyl ] car bonyl }am no) -5-norpholin-4-ylfuro [3,

2- b] py29)di Ne{chtoropyritibe-alj-8dmarplilin-4-ylcarbonyl)-3-

%&5 Ch;{ %ry?ﬁ}ﬂdld' i E:yll)ohexylzcar torr]grl a%lr}l%)iyuro[Sg L]pyrldme-

3551[1:]1 I i di n-1-yl)cycl ohexyl ] carbonyl } am no) f uro[ 3
I'né-2- carboxani de, (108)

N ( 5- c)or et pl(21{&5sdﬂloﬂa;(ﬁﬁdﬁmwlﬁamﬂea]canséxﬁﬁ}%ﬂﬁ(trans-

4- 15 g i met am no) cycl ohéxyl ] carbonyl

ﬂupw[r@ idin] lpy%;y@thteewl)qaatbbnxﬂanﬂno}f@t@[@)ﬂ b]pyndm 5-yl)-
>-chl oropyridin-2-yl)-3-({[trans-4-(dinethyl am no) -

8 IP%W@{ I ] car bonyl } ani no) - 5- i sopropoxyf uro[ 3, 2- b] pyri

ﬂﬂﬁ, nlc)g Nbf??(ﬁﬁkﬂ?ﬂ)(y? rcéﬁsé i& )pyr P8 A ({frans-4-(3-oxo-
%‘lll d!ﬁﬁxlyjr])@fdl@l@éﬂ% QM}ﬁhﬁnohfuroB 2-b]pyridine-2-

- b] pyri di ne- 2- cdr boxam de
Narbomuimpyrldln 2-yl)-4- cyano 3- {[(trans 4- pyrrolld

:o;rl ldﬁél C}{fﬁ%gygéygeﬁ gg obr%g iy dn"i1 rB-nﬂ}f uxg'l%]carbonyl} é -{[(trans-
4-pyrrolidin-1-ylcyclohexyl)carbonyl]aminojfuro[3,2-b]pyridine-5-
carboxylate,

(33) 5-bromo-N-(5-chloropyridin-2-yl)-3-{[(trans-4-pyrrolidin-1-
ylcyclohexyljcarbonyllamino}furo[3,2-b]pyridine-2-carboxamide,

(34) N-(5-chloropyridin-2-yl)-5-[(methylsulfonyl)amino]-3-
({[trans-4-(2-oxopyrrolidin- 1-yljcyclohexyl]carbonyljamino)furo[3,2-
b}pyridine-2-carboxamide,

(35) N-(4-chlorophenyl)-3-({[trans-4-(dimethylamino)cyclohexyl]-
carbonyljamino)furo[3,2-b]pyridine-2-carboxamide,

(36) N-(S-chloropyridin-2-yl)-5-cyano-3-{[(trans-4-pyrrolidin-1-
ylcyclohexyljcarbonyljaminojfuro[3,2-b]pyridine-2-carboxamide,

(37) N-(5-chloropyridin-2-yl)-5-fluoro-3-{[(trans-4-pyrrolidin-1-
ylcyclohexyljcarbonyllamino}furo[3,2-b]pyridine-2-carboxamide,

(38) N2-(5-chloropyridin-2-yl)-N5-(2-methoxyethyl)-N5-methyl-3-
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(112)
N-(5-chloropyridin-2-yl)-4-methyl-3-({[trans-4-(3 25
oxonor phol i n-4-yl ) cycoohexyl ] car bonyl } am no)

furo[ 3, 2-c] pyri di ne-2- carboxani de, (113)

N- (5-chl oropyri di n-2-yl) - 4- cy2dfo- 3- ({[trans- 4-( 3-
oxonor phol i n-4-yl) cycl ohexyl] carbonyl}am no) furo
[3, 2 -c] pyridine-2 - carboxam de, 30 (114)

R . . _ . -l -- _ _ _ _ _ .
sengnk e gmummeten ety s OBy
bipyridihe-2;5-Higyrbosiangide, - car boxam de, (115)
4-chl oro-N- (5-chl oropyridin-2-yl)-3-({[trans-4-(3-
oxomot3Hol Nn(StchigropyridineXyl)}-3 €t aorsy#} (dimethy famino)-
kioteheriteaiamaitamg ol 2 Bisyridine 5 tarboxamide,

-4- | - = 4 idime. - h .

o el Rl iy 1L oA
yheydlokaxyljearbonydaphia rir6 B in: 1af1@aeb@ﬁ&§ﬂﬁg£3,2-
thereof. 24. A conpound of the fornmula (I11)% W 10
Plpsmeiding2 wasbpramidabol s are as defined in claim1,

(- B ) B e o e ior v aveinalcatiamals3r trans-
PP B o) Rorko AR Mokl
yBcdmbérmagts), Cl.4 al kyl or a carboxy-protecting group,
219 1) 5-bromo-N-(5-chloropyridin-2-yl)-3-({trans-4-(3-oxo-
morpholin-4-yl)cyclohexyljcarbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(43) N-(5-chloropyridin-2-yl)-5-(morpholin-4-ylcarbonyl)-3-
({[trans-4-(3-oxomorpholin-4-yl)cyclohexyl]carbonyl}amino)furo[3,2-
b]pyridine-2-carboxamide,

(44) N-(5-chloropyridin-2-yl)-3-({|trans-4-(dimethylamino)-
cyclohexyl]carbonyl}amino)-5-methoxyfuro([3,2-b]pyridine-2-
carboxamide,

(45) 5-chloro-N-(5-chloropyridin-2-yl)-3-({|trans-4-(3-oxo-
morpholin-4-yl)cyclohexyljcarbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(46) 2-{[(S-chloropyridin-2-yl)aminojcarbonyl}-3-({[trans-4-(2-
oxopyrrolidin-1-yljcyclohexyl]carbonyljamino)furo[3,2-b]pyridine-5-
carboxylic acid,

(47) N-(5-chloropyridin-2-yl)-5-cyano-3-({trans-4-(2-oxo-
pyrrolidin-1-yl)cyclohexyl]carbonyl}amino)furo[3,2-b] pyridine-2 -
carboxamide,

(48) N-(5-chloropyridin-2-yl)-5-cyano-3-({[trans-4-(3-
oxomorpholin-4-yljcyclohexyl|carbonyliamino)furo[3,2-b]pyridine-2-
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ot her synbols are as defined in claiml1, or a salt
thereof. 27. A conpound of the formula (I1X): OOR 20
HN R4 244 wherein Ris hydrogen, Cl.4 alkyl or a

car boxy-protecting group, and the other synbols are
as defined in claimi1, or a 3% thereof. 0 0

carboxamide,

(49) N-(5-chloropyridin-2-yl)-5-(hydroxymethyl)-3-({{trans-4-(2-
oxopyrrolidin-1-yljcyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(50) N-(5-chloropyridin-2-yl)-5-methoxy-3-({[trans-4-(2-oxo-
pyrrolidin-1-yljcyclohexyl|carbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(51) N-(5-chloropyridin-2-yl)-3-({[trans-4-(2-oxopyrrolidin-1-
yl)cyclohexyl|carbonyllamino)-5-(pyrrolidin- 1-ylcarbonyl) furo[3,2-
b]pyridine-2-carboxamide,

(52) N-(5-chloropyridin-2-yl)-5-methyl-3-({[trans-4-(2-
oxopyrrolidin-1-yljcyclohexyljcarbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(53) N-(S-chloropyridin-2-yl)-3-({[trans-4-(dimethylamino)-
cyclohexyl]carbonyljamino)-5-methylfuro[3 ,2-b]pyridine-2-carboxamide,

(54) 5-chloro-N-(5-chloropyridin-2-yl)-3-({[trans-4-
(dimethylamino)cyclohexyl]carbonyl}amino)furo[3,2-b]pyridine-2-
carboxamide,

(55) N2-(5-chloropyridin-2-yl)-3-({[trans-4-(dimethylamino)-
cyclohexyl|carbonyllamino)-N5,N5-dimethylfuro[3,2-bjpyridine-2,5-
dicarboxamide,

(66) methyl 2-{[(5-chloropyridin-2-yl)amino]carbonyl}-3-({[trans-
4-(3-oxor_norpholin-4-yl)cyclohexyl]carbonyl}amino)furo[3 ,2-b]pyridine-5-
carboxylate,

(57) N-(5-chloropyridin-2-yl)-3-({[trans-4-(2-oxopyrrolidin- 1-
yljcyclohexyl]carbonyllamino)furo|3,2-b]pyridine-2-carboxamide,

(58) 5-amino-N-(5-chloropyridin-2-yl)-3-({[trans-4-(2-oxo-
pyrrolidin-1-yljcyclohexyl|carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(59} N-(5-chloropyridin-2-yl}-3-({[trans-4-(2-oxopyrrolidin-1-
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yljcyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-carboxamide,

(60) 2-{{(S-chloropyridin-2-yl)amino]carbonyl}-3-{[5-(3-oxo-
morpholin-4-yl)pentanoyl]lamino}furo[3,2-b]pyridine-5-carboxylic acid,

(61) N-(5-chloropyridin-2-yl)-3-({trans-4-(dimethylamino)-
cyclohexyl]carbonyllamino)furo[3,2-b]pyridine-2-carboxamide,

(62) 6-chloro-N-(5-chloropyridin-2-yl)-3-{[(trans-4-pyrrolidin-1-
ylcyclohexyl)carbonyllamino}furo[3,2-b]pyridine-2-carboxamide,

(63) 5-chloro-N-(5.-chloropyridin-2-yl)-3-({[trans-4-(2-oxo-
pyrrolidin-1-yljcyclohexyl|carbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(64) N2-(5-chloropyridin-2-yl)-N5,N5-dimethyl-3-({{trans-4-(2-
oxopyrrolidin-1-yl)cyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2,5-
dicarboxamide,

(65) 6-(acetylamino)-N-(5-chloropyridin-2-yl)-3-({[trans-4-
(pyrrolidin-1-ylcyclohexyl)carbonyljamino}furo[3,2-b]pyridine-2-
carboxamide,

(66) t-butyl [2-{[(5-chloropyridin-2-yl)amino]carbonyl}-3-({[trans-
4-(2-oxopyrrolidin-1-yljcyclohexyljcarbonyljamino)furo[3,2-b]pyridin-6-
yljcarbamate,

(67) 6-chloro-N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-
oxomorpholin-4-yljcyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(68) N-(4-methylphenyl)-3-({[trans-4-(3-oxomorpholin-4-yl)-
cyclohexyljcarbonyllamino)furo[3,2-bjpyridine-2-carboxamide,

(69) 2-{[(S-chloropyridin-2-yl)aminojcarbonyl}-3-{[(trans-4-
pyrrolidin- 1-ylcyclohexyljcarbonyllamino}furo[3,2-b]pyridine-6-
carboxylic acid,

(70)  N-(5-chloropyridin-2-yl)-3-{[5-(3-oxomorpholin-4-
yl)pentanoyljamino}furo[3,2-b]pyridine-2-carboxamide,

(71) 5-(acetylamino)-N-(5-chloropyridin-2-yl)-3-({[trans-4-(2-
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oxopyrrolidin-1-yl)jcyclohexyl|carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(72) N-(4-chlorophenyl)-3-{[(trans-4-morpholin-4-ylcyclohexyl)-
carbonyljamino}furo(3,2-b]pyridine-2-carboxamide,

(73) 5-bromo-N-(5-chloropyridin-2-yl)-3-({trans-4-
(dimethylamino)cyclohexyl]carbonyl}amino)furo[3,2-b]pyridine-2-
carboxamide,

(74) N-(5-chloropyridin-2-yl)-3-({[trans-4-(dimethylamino)-
cyclohexyl|carbonyllamino)furo[2,3-b]pyridine-2-carboxamide,

(75) 3-[({trans-4-[[3-(acetylamino)propyl}(methyljamino]-
cyclohexyljcarbonyl)amino]-N-(5-chloropyridin-2-yl) furo[3,2-b]pyridine-
2-carboxamide,

(76) trans-N’-(2-{[(5-chloropyridin—2-yl)amino]carbonyl}furo[3,2-
b]pyridin-3-yl)-N,N-dimethylcyclohexane-1,4-dicarboxamide,

(77) N-(5-chloropyridin-2-yl)-3-({{trans-4-(pyrrolidin- 1-yl-
carbonyl)cyclohexyl]carbonyl}amino)furo[B,2-b]pyridine-2-carboxamide,
(78) 2-{[(5-chloropyridin-2-yl)amino]carbonyl}-3-[({trans-4-
[(dimethylamino)carbonyl]cyclohexyl}carbonyl)amino]furo[S,2-b]-

pyridine-5-carboxylic acid,

(79) methyl 2-{[(5-chloropyridin-2-yl)amino]carbonyl}-3-({[trans-
4-(pyrrolidin- 1-ylcarbonyl) cyclohexyl|carbonyllamino)furo[3,2-b]-
pyridine-5-carboxylate,

(80) methyl 2-{[(S-chloropyridin-2-yl)amino]carbonyl}-3-[({trans-
4-[(dimethylamino)carbonyl]cyclohexyl}carbonyl)amino]furo[3,2-
b]pyridine-5-carboxylate,

(81) 2-{[(5-chloropyridin-2-yl)amino]carbonyl}-3-({[trans-4-
(pyrrolidin-1-ylcarbonyl)cyclohexyl]carbonyljamino)furo [3,2-b]pyridine-
5-carboxylic acid,

(82) NQ-(S-chloropyridin-2-yl)-3-[({trans-4—[(dimethylamino)-
carbonyl]cyclohexyl}carbonyl)amino]-N5-(2-methoxyethyl)-N5—
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methylfuro[3,2-b]pyridine-2,5-dicarboxamide,

(83) N2-(5-chloropyridin-2-yl)-N5-(2-methoxyethyl)-N5-methyl-3-
({{trans-4-(pyrrolidin-1 -ylcarbonyljcyclohexyljcarbonyllamino)furo[3,2-
b]pyridine-2,5-dicarboxamide,

(84) N-(5-chloropyridin-2-yl)-5-pyrrolidin- 1-yl-3-{[(trans-4-
pyrrolidin-1-ylcyclohexyl)carbonyllamino}furo[3,2-b]pyridine-2-
carboxamide,

(85) N-(5-chloropyridin-2-yl)-5-morpholin-4-yl-3-{[(trans-4-
pyrrolidin-1-ylcyclohexyl)carbonyljamino}furo[3,2-b]pyridine-2-
carboxamide,

(86) N-(5-chloropyridin-2-yl)-3-({{trans-4-(3-oxomorpholin-4-
ylcyclohexyljcarbonyljamino)-5-pyrrolidin- 1-ylfuro[3,2 -b]pyridine-2-
carboxamide,

(87) N-(5-chloropyridin-2-y1)-5-(dimethylamino)-3-({[trans-4-(3-
oxomorpholin-4-yljcyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(88) N-(5-chloropyridin-2-yl)-5-morpholin-4-yl-3-({[trans-4-(3-
oxomorpholin-4-yljcyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(89) N-(5-chloropyridin-2-yl)-4-(2-methoxyethoxy)-3-{[(trans-4-
pyrrolidin-1-ylcyclohexyljcarbonyljamino}furo[3,2-c|pyridine-2-
carboxamide,

(90) N-(5-chloropyridin-2-yl)-5-(2-methoxyethoxy)-3-({[trans-4-
(3-oxomorpholin-4-yljcyclohexyl)carbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(91) N-(5-chloropyridin-2-yl)-5-(pyrrolidin-1-ylcarbonyl)-3-
{[(trans-4-pyrrolidin-1-ylcyclohexyl)carbonyljamino}furo[3 ,2-b]pyridine-
2-carboxamide,

(92) N-(5-chloropyridin-2-yl)-4-(2-methoxyethoxy)-3-({[trans-4-
(3-oxomorpholin-4-yl)cyclohexyl]carbonyljamino)furo[3 ,2-C]pyridine-2-
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carboxamide,

(93) N-(5-chloropyridin-2-yl)-4-methoxy-3-{[(trans-4-pyrrolidin-
1-ylcyclohexyl)carbonyllamino}furo[3,2-c]pyridine-2-carboxamide,

(94) N-(5-chloropyridin-2-yl)-3-({{trans-4-(dimethylamino)-
cyclohexyl]carbonyl}amino)-5-pyrrolidin- 1-ylfuro[3,2-b]pyridine-2-
carboxamide,

(95) N2-(5-chloropyridin-2-yl)-N5-(2-methoxyethyl)-N5-methyl-3-
{[(trans-4-pyrrolidin- 1-ylcyclohexyl)carbonyl]amino}furo[3,2-b]pyridine-
2,5-dicarboxamide,

(96) N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-oxomorpholin-4-
ylcyclohexyl]carbonyl}amino)furo[3,2-c]pyridine-2-carboxamide,

(97) N-(S-chloropyridin-2-yl)-5-(dimethylamino)-3-{(trans-4-
pyrrolidin-1-ylcyclohexyljcarbonyl]amino}furo[3,2-b]pyridine-2-
carboxamide,

(98) N-1H-indol-6-yl-3-({|trans-4-(3-oxomorpholin-4-
yl)cyclohexyl]carbonyl}amino)furo[3,2-b]pyridine-2-carboxamide,

(99) N-(5-chloropyridin-2-yl)-4-methoxy-3-({[trans-4-(3-
oxomorpholin-4-yl)cyclohexyl]carbonyljamino)furo[3,2-c|pyridine-2-
carboxamide,

(100) N-(5-chloropyridin-2-yl)-3-({[trans-4-(2-oxopyrrolidin-1-
yl)cyclohexyl]carbonyllamino)-5-pyrrolidin- 1-ylfuro[3,2-b]pyridine-2-
carboxamide,

(101) N-(5-chloropyridin-2-yl)-5-isopropoxy-3-{[(trans-4-
pyrrolidin- 1-ylcyclohexyljcarbonyllamino}furo[3,2-b]pyridine-2-
carboxamide,

(102) N-(S-chloropyridin-2-yl)-5-isopropoxy-3-({[trans-4-(3-
oxomorpholin-4-yl)cyclohexyl]carbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(103) N-(5-chloropyridin-2-yl)-3-({[trans-4-(dimethylamino)-
cyclohexyljcarbonyllamino)-5-(2-methoxyethoxy)furo[3,2-b]pyridine-2-
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carboxamide,
(104) N-(5-chloropyridin-2-yl)-5-morpholin-4-yl-3-({{trans-4-(2-
oxopyrrolidin-1-yljcyclohexyl]carbonyllamino)furo[3,2-b|pyridine-2-

carboxamide,

(105) N-(5-chloropyridin-2-yl)-5-(dimethylamino)-3-({[trans-4-(2-

oxopyrrolidin-1-yl)cyclohexyljcarbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(106) N-(5-chloropyridin-2-yl)-3-({[trans-4-(dimethylamino)-
cyclohexyljcarbonyl}amino)-5-morpholin-4-ylfuro[3,2-b]pyridine-2-
carboxamide,

(107) N-(5-chloropyridin-2-yl)-5-(2-methoxyethoxy)-3-({[trans-4-
(2-oxopyrrolidin-1-yl)cyclohexyl]carbonyllamino)furo[3,2-b]pyridine-2-
carboxamide,

(108) N-(5-chloropyridin-2-yl)-5-(dimethylamino)-3-({{trans-4-
(dimethylamino)cyclohexyl]carbonyljamino)furo[3,2-b]pyridine-2-
carboxamide,

(109) N-(5-chloropyridin-2-yl)-3-({{trans-4-(dimethylamino)-
cyclohexyljcarbonyllamino)-5-isopropoxyfuro[3,2-b]pyridine-2-
carboxamide,

(110) N-1H-indol-6-yl-3-{[(trans-4-pyrrolidin-1-
ylcyclohexyl)carbonyl]amino}furo[3,2-b]pyridine-2-carboxamide,

(111) N-(5-chloropyridin-2-yl)-4-cyano-3-{[(trans-4-pyrrolidin-1-

ylcyclohexyl)carbonyl]amino}furo[3,2-c]pyridine-2-carboxamide,
(112) N-(5-chloropyridin-2-yl)-4-methyl-3-({[trans-4-(3-
oxomorpholin-4-yljcyclohexyl]carbonyljamino)furo[3,2-c]pyridine-2-
carboxamide,
(113) N-(5-chloropyridin-2-yl)-4-cyano-3-({[trans-4-(3-
oxomorpholin-4-yl)cyclohexyljcarbonyljamino)furo[3,2-c]pyridine-2-
carboxamide,

(114) N-(S-chloropyridin-2-yl)-4-methyl-3-({trans-4-(2-
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oxopyrrolidin-1-yl)cyclohyexyljcarbonyljamino)furo[3,2-c]pyridine-2-
carboxamide,

(115) 4-chloro-N-(5-chloropyridin-2-yl)-3-({[trans-4-(3-
oxomorpholin-4-yl)cyclohexyljcarbonyl}amino)furo[3,2-c|pyridine-2-
carboxamide, and

(116) N-(5-chloropyridin-2-yl)-4-methyl-3-{|(trans-4-pyrrolidin-1-
ylcyclohexyl)carbonyljamino}furo[3,2-c]pyridine-2-carboxamide,
or a pharmaceutically acceptable salt thereof,

24. A compound of the formula (II):

o ®

HN. 4

wherein the symbols are as defined in claim 1, or a salt thereof.

25. A compound of the formula (VI):

RS
G o

wherein the symbols are as defined in claim 1, or a salt thereof.

26. A compound of the formula (IV):

9 O-R
Q=

O« N,
Y R
Al
Y
wherein R is hydrogen, Ci.4 alkyl or a carboxy-protecting group, and the
other symbols are as defined in claim 1, or a salt thereof.

27. A compound of the formula (IX):

9 O-R
QL
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wherein R is hydrogen, C;.4 alkyl or a carboxy-protecting group, and the

other symbols are as defined in claim 1, or a salt thereof.



