WO 01/ 64685 PCT/JP01/01483 1 DESCRI PTION THI ENOPYRI DI NE DERI VATI VES,
THEI R PRODUCTI ON AND USE 5 THECHNI CAL FI ELD OF THE | NVENTI ON The present
i nvent i onwoahia4ess t o novel thienopyridine derivatives or ralipei/ofaes eof ,
whi ch have anti-inflammtory activity, bone resorption suppressive 10
activity, immune cytokine production suppressive activity, etc., and are
useful as nedi canents such as anti-arthritis drugs, etc., and to their
production and use. PRIOR ART 15 Arthritis is an inflammatory di sease of
joints, which includes, as major diseases, rheumatoid arthritis and

rel ated diseases with inflammati on observed in joints. Anong them
rheumatoid arthritis, also called chronic rheumatoid arthritis, is a

chronic polyarthritis 20 that is qggéﬁiﬁiiéﬁd by inflammatory changes in
the synovia in the internal capsul es0 0 as the mgjor |esion.

Arthritis such as rheumatoid arthritis is a progressive disease, which
brings about joint dysfunctions such as joint deformty, arthrokleisis,

W0 01/ 64685 PCIBORPORIBaE; BiRehad iy ngrrBa dbunbrac gul v3ECe P o
5
THECHNICAL FIELD OF THE INVENTION
The present invention relates to novel
thienopyridine derivatives or salts thereof, which have
anti-inflammatory activity, Dbone resorption suppressive
10 activity, immune cytokine production suppressive activity,
etc., and are useful as medicaments such as anti-arthritis

drugs, etc., and to their production and use.

PRIOR ART
15 Arthritis is an inflammatory disease of joints,
which includes, as major diseases, rheumatoid arthritis and
related diseases with inflammation observed in joints.
Among them, rheumatoid arthritis, also called
chronic rheumatoid arthritis, is a chronic polyarthritis
20 that 1s characterized by inflammatory changes in the
synovia in the internal capsules of Jjoints as the major
lesion. Arthritis such as rheumatoid arthritis is a
progressive disease, which brings about joint dysfunctions
such as joint deformity, arthrokleisis, and the like, and

25 often leads to serious disability if it 1s exacerbated



Heretof ore, drugs available for treating these arthritides have been
steroids such as corticosteroids (e.g., cortisone, etc.), non-steroidal

anti-infla@@icassg 5 drugs (e.g., aspirin, piroxicam i ndomeihm@ei/mesetC. ),
gold conpounds (e.g., aurothiomalate, etc.), antirheumatic drugs (e.g.,
chl oroqui ne preparation, D-penicillamne, etc.), gout suppressants (e.g.,
col chicines, etc.), imunosuppressants (e.g., cycl ophospham de,
azat hi oprine, 10 nethotrexate, |l evam sole, etc.) and the |ike. However,
sone of these drugs have been problematic such as serious adverse
reactions, adverse reactions precluding a |ong-term admnistration,

i nsuf ficienft qqﬁxﬁ%&n$aE%?%#gif?tﬁgcﬁhye tablished arthritis or the

| i ke. 15 Thi enopyridine derivatives or thienodjpyridine derivatives have
been reported as antiﬂ??ﬁt%ﬁﬁﬁﬁor§“ﬂ¥ﬁbs?vaé%5€5?aF@¥fa§rﬁ§ﬁéﬂﬁést¥%ﬁe
arthritis, in JP 8-225577 A (PCT Internatjonal Application Publication No.
W96/ 14319)3r Jritides3heve (ReeN nsdeFeiidsnasusBpl fEat FOREPEDFFeEPL0A No.
20 W97/ 40050), and PCT International Application Publication No.

W97/ 65916 & the 991, SCOBIECES Col » THEORNYERT P OlE e dr e Bhehb 1 sBatetiber i or
prophylactic and 25 therapeutic efficacy against arthritis and the |ike
have D 01/524885 PETY IP02FD1483, PiFeed com | |ingesiatdddisy, telec ol i ngedd

treatment of arthritis and the |ike.
compounds (e.g., aurothiomalate, etc.), antirheumatic drugs

(e.g., chloroquine preparation, D-penicillamine, etc.),
gout suppressants {e.g., colchicines, etc.),
immunosuppressants (e.g., cyclophosphamide, azathioprine,

10 methotrexate, levamisole, etc.) and the 1like. However,
some of these drugs have been problematic such as serious
adverse reactions, adverse reactions precluding a long-term
administration, insufficient efficacy, lack of effect on
established arthritis or the like.

15 Thienopyridine derivatives or thienodipyridine
derivatives have been reported as anti-inflammatory drugs,
especially as remedies for arthritis, in JP 8-225577 A (PCT
International Application Publication No. W096/14319); JP
10-36374 A (PCT International Application Publication No.

20 W097/40050), and PCT International Application Publication

No. W097/65916 and the like.

OBJECTS OF THE INVENTION
Medicaments with  superior prophylactic  and

25 therapeutic efficacy against arthritis and the like have



SUMVARY OF THE | NVENTI ON 5 Under these circunstances, the present inventors
have studied intensively and, as a result, the present inventors have
found t hatvoauaésst hi enopyri di ne derivatives, which are ra@espentae by the
following fornmula (1) and are <characteristic in ring B and group Gin the
3-position, are 10 useful as suppressants of joint destruction by
possessing potent anti-inflammatory activity, in particular antiarthritic
activity, are useful as bone resorption suppressants by possessing the
excel | ent bone resorption suppressing activity with direct effect on the

bone, and 15 further_are useful. as_ immunosuppressants. The present . .

i nventors #ﬁﬁ?f%ﬁ%#%rd§§bﬁ?@df8£s§EQMék %i?ﬁﬁQEﬁﬁntT%gsa¥5%eré§ent

i nvention has_been conpleted. That is, the present invention relates to: 20
(1) A conpdthfl &éﬁ)r r?t ed by the formula (1): WD 01/ 64685 PCT/ JP01/ 01483
4 SNalk-XR Y$ G A(l) wherein Grepresents a hal ogen atom

hydr oxyl group, an optionally substituted am no group, an optionally

substituted | ower alkyl group or an optionally substituted 5. al koxy group;
al k represents an opt Y %%5%¥$t¥ﬁ%§NTION

5 Under these circumstances, the present inventors
have studied intensively and, as a result, the present
inventors have found that novel thienopyridine derivatives,
which are represented by the following formula (I) and are
characteristic in ring B and group G in the 3-position, are

10 useful as suppressants of joint destruction by possessing
potent anti-inflammatory activity, in particular
antiarthritic activity, are wuseful as bone resorption
suppressants by possessing the excellent bone resorption
suppressing activity with direct effect on the bone, and

15 further are useful as I1immunosuppressants. The present
inventors have further studied based on these findings.
Thus the present invention has been completed.

That is, the present invention relates to:

20 (1) A compound represented by the formula (I):



| ower al kyl ene group; X represents oxygen atom an optionally oxidized

sul fur atom or -(CH2)g- (q represents an integer of O to 5); R represents
an optiongld a/es683bsti tuted am no group or an optionally suylgtjrbubae 10

het erocyclic group; ring B represents an optionally substituted
Y-containing 5- to 8-nenbered ring mhose4ring constituent atonms contain no
nitrogen atom Y represents oxygen atom™ an optionally oxidized sul fur
atom Ra Ra S=C 0=C ~C\C Rc-N=C Rc-C~ Rb , Rb or 15 (wherein Ra and Rb
are the sane or different and, respectively, represent hydrogen atom a
hal ogen atom an optionally substituted hydrocarbon group, an optionally
substituted acyl group.—aq opfionally s i ed carbanoyl WO 01/ 64685
PCT/ JP01/ 01483 5 grof{ip, ah } substituted thiocarbanoyl group, an
optionally substituted dul 1 an optionally substituted sulfinyl
group, an optionally i 7 oxyl group, an optionally substituted
thiol group, an 5 optionally ester|fied carboxyl group, or an optionally

substituted heterocyclic group, g/ Ra and Rb may be conbi ned each other to
R

forma 5- to 7-nenbered ring; a represents hydrogen atom a hal ogen
atom an optionally substituted ocarbon group, an optionally
substituted 10 acyl group, an optwehally substituted carbanmoyl group, an

(N

wherein G represents a halogen atom, hydroxyl group, an
optionally substituted amino group, an optionally
substituted lower alkyl group or an optionally substituted
5. alkoxy group; alk represents an optionally substituted
lower alkylene droup; X represents oxygen atom, an
optionally oxidized sulfur atom, or -(CH,),~ (g represents
an integer of O to 5); R represents an optionally
substituted amino group or an optionally substituted
10 heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-membered ring whose ring
constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

e e Ra 4 Ra\ 4 4 //
N N Rb N , Rb/ \ \
, ' or
15 (wherein Ra and Rb are the same or different and,

respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon group, an optionaily

substituted acyl group, an optionally substituted carbamoyl



optionally substituted thiocarbanoyl group, an optionally substituted
sul fonyl group, an optionally substituted sulfinyl group, an optionally

substi t ut @@ Awdésaxyl group, an optionally substituted thipgdr/@oneass an
optionally 15 esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally substituted
benzene ring, or a salt thereof; (2) The~ conpound according to the above
(1), wherein alk is nmethylene; 20 (3) The conpound according to the above
(1), wherein Gis a halogen atom (4) The conpound according to the above
(1), wherein Gis chlorjpe atom The compound according to the above
(1)) 95wty xaro SpEroyat Y g Siaasied oht AFSERrnay LY Gou: o

01/ 64685 PCT/JP01/01483 6 (6) The conmpound according to the above (1),
wher ei n Xi?PQ%?Rﬁkﬂy(7?“@ﬁg1$8ﬁ63un§3 ¥ ng9E8UPhe éﬁbveOPE}?na&ﬁ¥rein
the optionally substituted_am no group represented, 5 pf Ris -N,%Rl) (R2)
(wher ei n REURREFULGHI cAUkAyREe t HECsRme Gt didReteprlly espBbefvenyed
represent hydrogen atom an optionally substituted hydrocarbon group, or
an opti onal1¥Ar&ipst PEatRd &&y|oPsiRndhyyY | sebptikredortHetler&e3iéPi c2gr oup,
or R1 and R2 may be conbi ned each other to forman 10 optionally

subst i ut e ¥Ry cotttee i e - qagrbriEhbeitegr, or an optionally

substituted heterocyclic group, or Ra and Rb may be
combined each other to form a 5- to 7-membered ring; and Rc
represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optionally substituted
10 acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally
15 esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
substituted benzene ring; or a salt thereof;
(2) The compound according to the above (1),
wherein alk is methylene;
20 (3) The compound according to the above (1),
wherein G is a halogen atom;
(4) The compound according to the above (1),
wherein G is chlorine atom;
(5) The compound according to the above (1),

25 wherein X is —(CH,),~ (g represents an integer of 0 to 5);



het erocyclic group); (8) The conpound according to the above (7), wherein
R1 and R2 are conbi ned each other to forma nitrogen-containing optionally

substitutaed Gresésd 7- menbered 15 heterocyclic group; (9) Hea/@onvaend
according to the above (7), wherein RL and R2 are acyl groups; (10) The
conpound according to the above (1), wherein Ris an optionally
substituted nitrogen-containing 20 heterocyclic group; (11) The conpound
according to the above (1), wherein the substituent on the optionally
substituted heterocyclic group represented by Ris oxo group; (12) The

conpound according to,the above (1), 5 wherei,n R|s 01/ 64685
PCT/ JP01/01483 7 0 ié’N g %(‘ﬁ%%oé’r’}?zrﬁﬁﬁoégﬁélﬁr cEent$a 85°%8 74 bnber ed
het er ocycl i ﬁgoup optionally containing one or nore hetero atons

sel ected fr 1% ofet® JuPPRT and oxygen atoms, in 5 addition to the

nitrogen atom (13) The conpound according to the above (1),  wherein ring
Bis an optional |y subbtittited SHhaet e8CFPRGINEont Qi ity wPove (1),

wherein the optionally substituted amino group represented

5 by R is -N(R') (R?) (wherein R' and R?, which may be the same
or different, respectively, represent hydrogen atom, an
optionally substituted hydrocarbon group, or an optionally
substituted acyl, sulfonyl, sulfinyl, or heterocyclic group,
or R' and R? may be combined each other to form an

10 optionally substituted nitrogen-containing 5- to 7-membered
heterocyclic group);

{(8) The compound according to the above (7},
wherein R' and R? are combined each other to form a
nitrogen-containing optionally substituted 5- to 7-membered

15 heterocyclic group;

(9) The compound according to the above (7),
wherein R' and R? are acyl groups;

(10) The compound according to the above (1),
wherein R is an optionally substituted nitrogen-containing

20 heterocyclic group:;

(11) The compound according to the above (1),
wherein the substituent on the optionally substituted
heterocyclic group represented by R is oxXo group;

(12) The compound according to the above (1),

25 wherein R is



(14) The conpound according to the above (1), 10 wherein the substituents
on ring B are one to four substituents selected froma Cl1_6 al kyl group
and a hal a@an/esgdsom (15) The conpound accordi ng to the aleverpoidiegs Wher ei n

ring Bis aring represented by the fornula: "'"Y* Y Y 15 CH2)n wherein
Y' and Y" represent carbon atom sulfur atomor oxygen atom respectively;
n represents an integer of 0 to 4; and is as defined in the above 1,

whi ch nmay be WO 01/ 64685 PCT/JP01/01483 8 substituted with one to four
substituents selected froma Cl1_6 alkyl group and a hal ogen atom (16) The
conpound according to the above (1), wherein Y is an optionally oxidized
sul fur atomor / O= C § (17) The conpound according to the above (1),
wherein ring A is benzen®&ysi whi ch nmay be substituted wth one to four
substituents selected fr a hal ogen atom nitro group, an optionally
substituted al kyl group,™an”10/optionally substituted hydroxyl, an
optionally substituted ,

0

wherein ring C represents a 5- to 7-membered heterocyclic
group optionally containing one or more hetero atoms
selected from nitrogen, sulfur and oxygen atoms, in
5 addition to the nitrogen atom; |
(13) The compound according to the above (1),
wherein ring B is an optionally substituted 6-membered ring
containing Y;
(14) The compound according to the above (1),
10 wherein the substituents on ring B are one to four
substituents selected from a C;, alkyl group and a halogen
atom;
(15) The compound according to the above (1),

wherein ring B is a ring represented by the formula:

’
Y -
™~
(CH,) .
15
wherein Y' and Y" represent carbon atom, sulfur atom or

oxyden atom, respectively; n represents an integer of 0 to

4; and Y 1is as defined in the above 1, which may be



thiol group, an optionally substituted am no group, an optionally
substituted acyl group, an optionally esterified carboxyl group, and an

opti onal Wwosubsbs tuted aromatic ring group; 15 (18) The penpaudsgaccor di ng
to the above (1), wherein the substituent onring Ais a Cl_6 al koxy group

or hydroxyl group; (19) The compound according to the above (1), wherein
t he conpound represented by formula (1) 1s: 20
1-{[ 3-chl or o- 4- (4- net hoxyphenyl ) - 7- oxo-5, 6, 7, 8-
t et rahydro[ 1] benzot hi eno[ 2, 3-b] pyridi n-2-yl ] nmethly}-2,5- pyrrolidinedione
et hyl ene ketal ;. 3-{[3-chloro-4-(4-nethoxyphenyl)-7-oxi do-5, 8- di_hydr o- 6H
thiopyranofﬁb?§1?HF%FtM%&?ﬂ%ﬂ%-%?pggpai$ﬂ§%ﬁﬁ§&ﬁqﬁﬂ}§ f%CVEﬁofF8@6§5
PCT/ JP01/ 01483 _ 9 thiazolidine-2,4-dione or an optically active substance
thereof orCas kY ¥f@gp;and a halogen atom;
3-{[3-chl oro-4-(4-met hoxyphenyl ) - 7- oxi do- 5, 8- di hydr o- 6H
thiopyrano[4',3':4,SFQﬁ?eEBFZ,@9%@?&@@1ﬂ%ﬁqpﬁﬁﬂqﬁnIF@I}t@?3-aﬁpve (1),
oxazol i di ne- 2, 4-di one or an optically active substance thereof or a salt
t hereof ; 1WREBEER| ¥r 6542R40RELRBRY pHeAFL L ZEgX SHd-L5.r8 2FCRY @ 0- 6H-
t hi opyrano[4',3':4,5]thieno[ 2, 3-b] pyridin-2-yl]nethyl}-2,5-
pyrrolidinedione or an optically active substance thereof 10 or a salt
t hereof ; 1-{[ 3-chl or & 4- net hoxyphenyl ) - 7- oxo-5, 6, 7, 8-t et r ahydr o

5

{(17) The compound according to the above (1),
wherein ring A is benzene ring which may be substituted
with one to four substituents selected from a halogen atom,
nitro group, an optionally substituted alkyl group, an

10 optionally substituted hydroxyl, an optionally substituted
thiol group, an optionally substituted amino group, an
optionally substituted acyl group, an optionally esterified
carboxyl group, and an optionally substituted aromatic ring
group;

15 (18) The compound according to the above (1),
wherein the substituent on ring A is a C,, alkoxy group or
hydroxyl group:;

(19) The compound according to the above (1),
wherein the compound represented by formula (I) is:

20 1-{[3-chloro-4- (4-methoxyphenyl)~-7-oxo0-5,6,7,8-
tetrahydro[l]lbenzothieno[2,3~b]lpyridin-2-yl]lmethly}-2, 5-
pyrrolidinedione ethylene ketal;
3-{[3-chloro-4- (4-methoxyphenyl) -7-oxido-5, 8-dihydro-6H-

thiopyrano[4’,3’:4,5]thieno[2,3-blpyridin-2~-yllmethyl}-1,3-



[ 1] benzot hi eno[ 2, 3-b] pyridi n-2-yl ] nmethyl }-2,5- pyrrolidinedione or a salt
thereof; 1-{[3-chloro-4-(4-nmethoxyphenyl)-7-o0xo0-5,6,7,8 15

t et r ahydrafoldiagessot hi eno[ 2, 3-b] pyri di n-2-yl ] et hyl }-2, 5- pom@bi/isgedi one
or a salt thereof; 3-{[3-chloro-4-(4-nethoxyphenyl)-8, 8-dinethyl -7-oxo-
5,6,7, 8-tetrahydro[1]benzothieno[2,3-b]8yridin-2-

yl ] methyl }-1, 3-thiazolidine-2,4-dione or~a salt thereof; 20

1-{[ 3-chl or o- 4- (4- net hoxyphenyl ) - 6, 6-di net hyl - 7-oxo- 5, 6, 7, 8-tetrahydro
[ 1 ]benzothieno [ 2, 3-b] pyridin-2- yl]methyl}-2,5-pyrrolidinedione or a
salt thereqf;, or . 2-am nonethyl-3-chloro-4-(4-nmethoxyphenyl)-7-o0xjdo-5, 8-
G hydr o G THITR HOTer S B GE S hicBnoPD. SOBT b PRAVnecOE HR PSR eas
active substance thereof or a salt thereof; WO 01/64685 PCT/JP01/01483 10
(20) The cOMSFRF &t Fdg tids4RPSbove (1),. wherein the conpound
represented by fornula (I

3-{[3-chl or%-%%&h%&%‘g&%%%%*;h%%w%l BLHRR 2 eiFdihydro-6H-

t hi opyrano[4',3' :4,5]thieno[2,3-b]pyridin-2-yl]nmethyl}-1,3 5

t hi azol i di FELPPAENSHE 'or3 airf opt HEgn S/ 2t éjié%%%‘n%‘eyi brRrienk ok rsal t

t hereof; 3-{[3-chl oro-4-(4-nethoxyphenyl)-7-oxido-5, 8-di hydro-6H

t hi opyr ano[o&azp Ligdisgla+i eholioms: b|Pyridh n-Fyifaktiylachive substance

oxazol i dine-2,4-dione or an optically active substance 10 thereof or a

salt theredftersofl o 3 ¢ lor o-bexerfet hoxyphenyl ) - 7- oxi do- 5, 8- di hydr o- 6H
1-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-5, 8-dihydro—-6H-
thiopyrano[4’,3’:4,5]thieno[2,3-blpyridin-2-yl]lmethyl}-2, 5-
pyrrolidinedione or an optically active substance thereof

10 or a salt thereof;
1-{[3-chloro-4- (4-methoxyphenyl)-7-oxo-5,6,7,8-tetrahydro
[llbenzothieno[2,3-blpyridin-2-yl]lmethyl}-2,5-
pyrrolidinedione or a salt thereof;
1-{[3-chloro-4- (4-methoxyphenyl)-7-oxo-5,6,7,8-

15 tetrahydro[l]lbenzothieno[2,3-blpyridin-2-yllmethyl}-2, 5-
pyrrolidinedione or a salt thereof;
3-{[3-chloro-4- (4-methoxyphenyl) -8, 8-dimethyl-7-oxo-
5,6,7,8-tetrahydro[l]lbenzothieno[2,3-b]pyridin-2~
yllmethyl}~1,3-thiazolidine-2,4~dione or a salt thereof;

20 1-{[3-chloro-4- (4-methoxyphenyl) -6, 6-dimethyl-7-oxo-
5,6,7,8—tetrahydro[l]benzothieno[2,3—b]pyridin—2—
yllmethyl}-2,5-pyrrolidinedione or a salt thereof; or
2-aminomethyl-3~chloro-4- (4-methoxyphenyl)-7-oxido-5, 8-

- dihydro-6H-thiopyrano[4°,3:4,5]thieno[2,3-b]lpyridine or an

25 optically active substance thereof or a salt thereof;



t hi opyrano[4',3':4,5]thieno[ 2, 3-b] pyridin-2-yl]nethyl}-2,5-
pyrrolidinedione or an optically active substance thereof or a salt

t her eof ; W o{/&kss The conpound according to the above (1), pchiEn®iisst he
conmpound represented by formula (1) is:
1-{[3-chloro-4-(4-nethoxypheny|)-7-oxo-513,7,8-
tetrahydro[ | ] benzot hi eno[ 2, 3-b] pyri di n- 2=yl ] net hyl }-2, 5- pyrrolidi nedi one
or a salt thereof; 20 1-{[3-chloro-4-(4-nmethoxyphenyl)-8, 8-di nmethyl -7-oxo-
5,6,7,8-tetrahydro[l]benzot hi eno[ 2, 3-b] pyri di n- 2-

yl ] met hyl } -2, 5-pyrrol jdinedi one or a salt thereof;
3-{[3-ch|oro-4-(4-netk%i&dﬂ&%yF¥¥@RQ¥qﬂ nefRPFIFRgxote the above (1),

,6,7,8-tetrah dro[é%$enzothieno[2,3-b]pyridin-2 25 . ‘

| 1 et hyl } "R824 | SR - 1RIrRs S Ced SaY t Tewerkdf {Thriswn 01/ 64685

CT/JPOl/O%f83 11 1-{[3-chloro-4-(4-nethoxy$henyl)-6,6-djnethyl-?-oxo-

6, 7, 8- t etT Ay T GHqUsEIY ot SiTeeidt X @i § f Tretdo-5, 8-dihydro-6H-

Inethyl}-2,5-pyrrolidinedione or a salt thereof; (22) The conpound

cordi ng tiH MY EERRIE (13, 1 45 MiHekeral 2 ne- R bppoiein T 2py eestt el byl £ 3r nul a

) is; 1-{[3-chloro-4-(4-hydroxyphenyl)-7,7-di oxi do-5, 8-di hydro-

Ht hivopyr apolgidine) M e 3] p@hi dPRt2cpillyet agtive substance

, 5-pyrrolidinedione or a salt thereof;

-{3-chl or &rep 5 afi oxidLpyitresteali nyl ) met hyl ] - 7, 7- oxi do 10

, 8-di hydro-6H-t hi opyrano[4', 3" :4,5]thieno[ 2, 3-b] pyridin-4- yl}phenyl}

i i sobutyl Jphdspiedtle 4 chatne thwstadienk) -7-oxido-5, 8~dihydro-6H-
thiopyrano[4’,3’:4,5]thieno([2,3-b]lpyridin-2~yl]lmethyl}-1, 3-
oxazolidine-2,4-dione or an optically active substance

10 thereof or a salt thereof; or
1-{[3-chloro-4- (4-methoxyphenyl) -7-oxido-5, 8-dihydro-6H-
thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-2-yl]methyl}-2, 5-
pyrrolidinedione or an optically active substance thereof
or a salt thereof;

15 (21) The compound according to the above (1),
wherein the compound represented by formula (I) is:
1-{[3-chloro-4- (4-methoxyphenyl)-7-oxo-5,6,7, 8~
tetrahydro[l]lbenzothieno[2,3~b]lpyridin-2-yl]lmethyl}-2, 5~
pyrrolidinedione or a salt thereof;

20 1-{[3-chloro-4- (4-methoxyphenyl) -8, 8-dimethyl-7-oxo-
5,6,7,8-tetrahydro[l]benzothieno[2,3-blpyridin-2-
yllmethyl}-2, 5-pyrrolidinedione or a salt thereof;
3-{[3-chloro-4~ (4-methoxyphenyl) -8, 8—dimethyl-7-oxo-
5,6,7,8-tetrahydro[llbenzothieno[2,3-blpyridin-2-

25 yllmethyl}-1,3-thiazolidine-2,4-dione or a salt thereof; or



butyl 4-{3-chloro-2-[(2,5-dioxo-|-pyrrolidinyl)methyl]-7,7-
di oxi do- 5, 8- di hydr o- 6H-t hi opyrano[4', 3' : 4, 5]t hieno[ 2, 3-

b] pyri di nggyslehizenyl carbonate or a salt thereof; 15 (ZShKﬁéﬂﬁggﬂgg of the
conpound according to the above (1); (24) A process for producing a

conpound represented by the general forpula (1): S" al k-XXR YBG A
(I') 20 wherein Grepresents a hal ogen a%énl hydr oxyl group, an WO 01/ 64685
PCT/ JP01/ 01483 12 optionally substituted am no group, an optionally
substituted | ower al kyl group or an optionally substituted al koxy group;
al k represents an optionally substituted _ | ower al kylene group; X
represents %ﬁ@&ﬁﬂFQﬁQﬁﬁ‘%ﬂﬂ%;WﬁﬁhQﬁﬁﬂhﬁnx&ﬁﬁ@z@ﬁﬁ%ﬂﬁ?ﬁﬂlé.6®¥°br - (CH2) g-
(g represents. an integer of 0 to 5); R represents an optionally

subst i t ut e dir S Jruplerdzml b e ierbst 3third idste?ocycl i ¢ group
ring B represents an optionally substituted Y-containing 5- to 8-nmenbered
ri ng whose ¥lagethy t3tREHIC Bt e ai o o PRl ogesre®dm Y represents

oxygen atom an optionally oxidized sulfur atom Ra Ra
(22) The compound according to the above (1),

5 wherein the compound represented by formula (I) is:
1-{[3-chloro-4- (4-hydroxyphenyl) -7, 7-dioxido-5, 8-dihydro-
6H-thiopyrano[4’,3":4,5]thieno[2,3-b]pyridin-2-ylimethyl}-

.2,5—pyrrolidinedione or a salt thereof;
4-{3-chloro-2-[2, 5-dioxo-1-pyrrolidinyl)methyl]-7, 7-oxido-
10 5,8-dihydro-6H-thiopyrano[4°,3":4,5]thieno[2,3-blpyridin-4-
yl}phenyl} diisobutyl phosphate or a salt thereof; or
butyl 4-{3-chloro-2-[(2,5-dioxo-1-pyrrolidinyl)methyl]-7, 7~
dioxido-5,8-dihydro-6H-thiopyrano[4’,3":4,5]thieno[2, 3~
blpyridin-4-yl}phenyl carbonate or a salt thereof;
15 (23) A prodrug of the compound according to the
above (1)
(24) A process for producing a compound

represented by the general formula (I):

alk—X—R

20 wherein G represents a halogen atom, hydroxyl group, an



\' SSC0=C~C_CRe NECRc-C~ Rb " Rb or (wherein Ra and Ro are the sane
or different and, respectively, represent hydrogen atom a hal ogen atom
an 15 opiiganalbsg substituted hydrocarbon group, an opti ondippofodass it ut ed
acyl group, an optionally substituted carbanoyl group, an optionally
substituted thiocarbanoyl group, an opti%nally substituted sul fonyl group,
an optionally substituted sulfinyl group,” an optionally substituted 20
hydr oxyl group, an optionally substituted thiol group, an optionally
esterified carboxyl group, or an optionally substituted heterocyclic

group, or Ra and may b conbj ned each other to forma 5- to,7-nenbered
ring; and F&PR&?Q%@ﬁ@ﬁGSSSﬁ%ﬁV%ggﬁ? 1483143 1 eBfEEBnt s ﬁ?dro@@glapa Ya

hal ogen atom, an, optionally substituted hydrocarbon group, an optionally
subst i t ut eosu%%gﬂrtlg%ﬁp, O‘éﬁroﬁtlﬁj‘é’ﬁlalglry?uguﬁs‘% i%t%@’%%ﬁ?%%gyﬁua%aﬁytsﬁ
optionally substituted thiocarbanoyl group, an optionally 5 substituted
sul fonyl grdufPX%n Gitionalahk sisShaswed @ f PRYLOGRSLY, sHPSBELBREA y
substituted hydroxyl group, an optionally substituted thiol group, an
optional |y 1%%%ri #{ B¥L8BPboIOroupS oF CRACERRESNAlIRY Kibstd EQMed an
het erocyclic group); and ring A represents an optionally 10 substituted
benzene ri mptinalkal exidéreds swifelr comiti ses —rl€Heting(@ EeRpeERBLS

represented by the formula (11-1):
an integer of 0 to 5); R represents an optionally

substituted amino group or an optionally substituted
heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-membered ring whose ring
10 constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

/ r Ra, [ R [ 4 a
— —] ) C Re—N=(C Rec—
S C\ 0 c\ | Rb): c\ . K . c—C

y ’ or

(wherein Ra and Rb are the same or different and,
respectively, represent hydrogen atom, a halogen atom, an
15 optionally substituted hydrocarbon group, an optionally
substituted acyl group, an optionally substituted carbamoyl
group, an optionally substituted thiocarbamoyl group, an
optionally substituted sulfonyl group, an optionally
substituted sulfinyl group, an optionally substituted
20 hydroxyl group, an optionally substituted thiol group, an
optionally esterified carboxyl group, or an optionally
substituted heterocyclic group, or Ra and Rb may be

combined each other to form a 5- to 7-membered ring; and Rc



SNalk-Q YBI I G Al (lIl-1) wherein Qrepresents a |eaving group;
the other synbols are as defined above, or a salt thereof, with a conpound

15 represem@gsbg the formula (111):

above; and X1 represents oxygen atom or an optionally oxidized sulfur

atom or
(1- 20 1)

a salt thereof to obtain a CO”?%P”d represented by the fornul
SNIIEL2ZIEITi: A (I-1)
wherein each synbol is as defined above, or a salt thereof; or reacting a

WO 01/ 64685 PCT/JP01/ 01483

conpound represented by the formula 5 (11-2): S " alk- (CH2) g-Q Y B

10

15

20

represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optionally substituted
acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally
esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
substituted benzene ring, or a salt thereof which comprises

reacting a compound represented by the formula (II-1):

alk—4Q

(r-1)

wherein Q represents a leaving group; and the other symbols
are as defined above, or a salt thereof, with a compound
represented by the formula (III):

R-X'H (II1)
wherein R is as defined above; and X' represents oxygen
atom, or an optionally oxidized sulfur atom, or a salt
thereof to obtain a compound represented by the formula. (I-

1):

and

R-X1H (I'11) wherei n g1/ pops148£f i ned

a

G

A



(1'1-2) wherein each synbol is as defined above, or a salt thereof, wth a

conpound represented by the formula (IV): RL R2 '"NH (IV) 10 wherein Rl
and R2, whigch/eaeeg be the sane or different, respectively, pEapregenss an
optionally substituted hydrocarbon group, an optionally substituted acyl
group, an optionally substituted sulfon%I group, or an optionally WO

01/ 64685 PCT/JP01/01483 15 substituted éterocyclic group, or R and R2
may be conbined each other to forman optionally substituted nitrogen-
containing 5- to 7-nenbered ring, or a salt thereof to obtain a conpound
represented by the formula (1-2): S Nalk- (CH) g-N(R1l) (R2) YBI I G
A5 (1-2) wherein each syapol ds as; defi qq %pqye, or a salt thereof; or
subj ecting a conpound - d ) ,'gnfornula (1-3) S\ alk-XR Y1
Bl |

(1-1)

wherein each symbol is as defined above, or a salt thereof;
or
reacting a compound represented by the formula

5 (II-2):

(11-2)

wherein each symbol is as defined above, or a salt thereof,

with a compound represented by the formula (IV):

R\
NH
2/
R
(1v)
10 wherein R' and R?’, which may be the same or different,
respectively, represent an optionally substituted

hydrocarbon group, an optionally substituted acyl group, an

optionally substituted sulfonyl group, or an optionally



G A 10 (1-3) whereinring B represents an optionally substituted Yl -
containing 5- to 8-nenbered ring whose ring constituent atons contain no
ni trogen @iogtle408s represents sul fur atom or WO 01/ 64685 RCHpeDd(41831483 16
H C HO~ and the other synbols are as defined above, or a salt thereof to
oxi dation to obtain a conpound representgg by the formula (1-4): S Nal
k-X-R Y2 B2 G A5 (1-4) wherein ring B2 represents an optionally
substituted Y2- containing 5- to 8-nmenbered ring whose ring constituent
atons contain no nitrogen atom Y2 represents an oxidized sulfur atomor /

0=C 10 ansdubts eitouttheecg ﬁggggolgyg{fc aérgueg,l ngg gpoayr?d RQrmgysgletcombined

each other to form an optionally substituted nitrogen-
containing 5- to 7-membered ring, or a salt thereof to

obtain a compound represented by the formula (I-2):

alk-(CH,) ~N(R") ()

5 (1-2)
wherein each symbol is as defined above, or a salt thereof;
or
subjecting a compound represented by the formula

(I-3):

10 (1-3)
wherein ring B' represents an optionally substituted Y'-
containing 5- to 8-membered ring whose ring constituent
atoms contain no nitrogen atom; Y' represents sulfur atom

or



thereof; or reacting a conpound represented by the fornula 15 (11-3) : WO
01/ 64685 PCT/JP01/01483 17 S\ CH2 -G Y BIl I G A( 1 1 -3) wherein G
representwooifkaégdgen atom and the other synbols are as defrjjpetoakove, or
a salt thereof, with (C6H5) 3P 5 in a solvent to obtain a conpound
represented by fornmula (VI) : S N CH2-P1 CéH5) 3G - YBI I G A (M)
wherei n each synbol is as defined above, "then reacting the conpound
represented by the fornula (VI) with a conmpound 10 represented by the
formula (M1): Z1- (CH2) q,CHO (VIl) wherein Z1 represents an optionally
substituted heterocyclic group; and q' represents an integer of 0 to 4,

or a salt thereof to oHKgip’a conpound represented by

-/C
HO \,

4

!

and the other symbols are as defined above, or a salt
thereof to oxidation to obtain a compound represented by

the formula (I-4):

5 (1-4)
wherein ring B’ represents an optionally substituted Y*-
containing 5- to 8-membered ring whose ring constituent
atoms contain no nitrogen atom; Y° represents an oxidized
sulfur atom or

o 0=C
10 .

and the other symbols are as defined above, or a salt
thereof; or
reacting a compound represented by the formula

15 (II-3):



15 formula (M11): WD 01/64685 PCT/JP01/01483 18 S N CH=CH (CHZ) q, Z1 Y
BG Al (VIIl) wherein each synbol is as defined above, or a salt thereof,
and furthaip gwhégscti ng t he conpound represented by fornul ct(idhl/buspr a
salt thereof to reduction to obtain a conpound 5 represented by the fornula
(1-5): z s(CH g+2YBI I G A (1-5)1 wherei n each synbol is as defined
above, or a salt thereof; or reacting a gonpound represented by the
formula 10 (11-1) : WD 01/64685 PCT/JP01/01483 19 S\ alk-Q Y B G

(11-3)

wherein G’ represents a halogen atom; and the other symbols
are as defined above, or a salt thereof, with
(CeHs) 4P
5 in a solvent to obtain a compound represented by formula

(VI) :

+ y =
NS NCH, P (CoH) o6

vn
wherein each symbol is as defined above, then reacting the

compound represented by the formula (VI) with a compound

10 represented by the formula (VII):
Z'- (CH,) ,,CHO (VII)
wherein z* represents an optionally substituted

heterocyclic group; and g’ represents an integer of 0 to 4,
or a salt thereof to obtain a compound represented by

15 formula (VIII):



A (I'l-1) wherein each synbol is as defined above, or a salt thereof, wth
a conpound represented by formula (XI1): RH (XIl) 5 wherein Ris as
defined alW@vA/e4695 a salt thereof to obtain a conpound repicaspol/edsdy t he
formula (1-9): S\ BIl I c:1kR G Al (1-9) wherein each synbols is as
defined above, or a salt thereof; 10 (2 )8 A pharmaceutical conposition
conprising a conpound represented by the“general formula (l1): WO 01/ 64685
PCT/JP01/01483 20 S " alk-X-R Y B G A (I) wherein Grepresents a

hal ogen atom hydroxyl group, an optionally substituted am no group, an
optionally substituted |ower alkyl group or an optionally substituted 5

al koxy group; alk represenqts an of iOﬂ-qH#CﬁQ@ﬁ%j}ﬁmﬁﬁ

(VIID)

wherein each symbol is as defined above, or a salt thereof,

and further subjecting the compound represented by formula

(VIII) or a salt thereof to reduction to obtain a compound
5 represented by the formula (I-5):

(cH,) . 7572

(1-5)

wherein each symbol is as defined above, or a salt thereof;
or
reacting a compound represented by the formula

10 (IT-1):



| ower al kyl ene group; X represents oxygen atom an optionally oxidized

sul fur atom or -(CH2)g- (q represents an integer of O to 5); R represents
an optiongld a/es683bsti tuted am no group or an optionally suylgtjrbubae 10
heterocyclic group; ring B represents an optionally substituted
Y-containing 5- to 8-nenbered ring whose_ring constituent atons contain no
nitrogen atom Y represents oxygen aton%gan optionally oxidized sul fur
atom Ra Ra\ S=C0=C CCRc-N=C Rc-C~ Rb Rb or 15 (wherein Ra and Rb are
the sane or different and, respectively, represent hydrogen atom a

hal ogen atom an optionally substituted hydrocarbon group, an optionally
substituted acyl group,—aQ op |onqjly syl i%uted car banoyl WO 01/ 64685
PCT/ JP01/ 01483 21 group, ¥ 2l 1y substituted thiocarbanoyl group, an
optionally substituted §h|' an optionally substituted sulfinyl
group, an optionally Subsi4 yaroxyl group, an optionally substituted
thiol group, an 5 optionally esterjified carboxyl group, or an optionally

Ra and Rb may be conbi ned each other to

substituted heterocyclic group, 0
forma 5- to 7-nenbered ring; a represents hydrogen atom a hal ogen

atom an optionally substituteo\@y ocar bon group, an optionally
substituted

(-1

wherein each symbol is as defined above, or a salt thereof,
with a compound represented by formula (XII):
R-H (XII)
5 wherein R is as defined above, or a salt thereof to obtain

a compound represented by the formula (I-9):

/f"\\ S N;\ alk—R

wherein each symbols is as defined above, or a salt
thereof;
10 (25) A pharmaceutical composition comprising a

compound represented by the general formula (I):



10 acyl

group, an optionally substituted carbanoyl group, an optionally

substituted thiocarbanoyl group, an optionally substituted sul fonyl group,
an opti orRpdbyesebstituted sulfinyl group, an optionally sgbsbiitoyisad

hydr oxyl

group, an optionally substituted thiol group, an optionally 15

esterified carboxyl group, or an optiona%by substituted heterocyclic

group);

and ring A represents an optiona

y substituted benzene ring, a

prodrug thereof, or a pharnaceutically acceptable salt thereof; (26) The
phar maceuti cal conposition according to 20 the above (25) for prevention
or treatnent of inflammatory diseases; (27) The pharmaceutical conposition

according to the aboye
(28) The pharmaceuti
prevention or treat

Rrevenptiiganyorp treatment of arthritis;
i omNgccording to 25 the above (25) for
[ WO 01/ 64685 PCT/JP01/01483 22 (29)

The pharnmaceuti cal coMaos Nng to the above (25) for prevention

or treatment of chronic

hritis; (30) The pharnaceuti cal

conposition according to 5 the abqQve (25), which is a bone resorption

suppressant; (31) The pharnmaceu 7C
(25) for prevention or treatnen

10

15

conposition according to the above
ost eoporosis; (32) The pharnaceuti cal
25), which is a suppressant of cytokine

(n

wherein G represents a halogen atom, hydroxyl group, an
optionally substituted amino group, an optionally
substituted lower alkyl group or an optionally substituted
alkoxy group; alk represents an optionally substituted
lower alkylene group; X represents oxygen atom, an
optionally oxidized sulfur atom, or -(CH,), (g represents
an integer of O to 5); R represents an optionally
substituted amino group or an optionally substituted
heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-membered ring whose ring
constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

[ / . NI [ 7
— — C . €  Re—N=(C Re—cC
S c\ 0 C\ . Rb>= o N | 4 ; c

(wherein Ra and Rb are the same or different and,
respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon group, an optionally

substituted acyl group, an optionally substituted carbamoyl



10 production; (33) The pharmaceutical conposition according to the above
(25) for prevention or treatnent of autoi mmune diseases; (34) The

phar maceuiogc@alssggamposi tion according to 15 the above (25)pdmpopsAagEnti on
or treatnent of rejection reaction after organ transplantation; (35) The
pharmaceutical conposition according to 2%he above (25), which is a T-cell
differentiation- controlling nedicanent. 20 (36) A nethod for preventing or
treating inflammatory di seases which conprises adm nistering an effective
anount of a conpound represented by the formula (1) WO 01/ 64685

PCT/JP01/01483 23 S Na 1l k-X-R Y B,I f G | erein Grepresents a
hal ogen at Sth°"Wydr 8RyI° a‘?o‘fﬂ? sypsitdiEiteg %&%??%@r&o% i 96§ Psup?tan
optionally ubstituted | ower alkyl graqup or. an optionally substituted 5
al koxy gr o@@%leﬂr}?%@br e§8ﬁ\é\§l§HlC8éti cf‘r‘rgﬁo%}l@ubsgif WPed owe?Pht RYREh¥

; [ | i di | f
T ouDS X represents exvoen pLom 2go0pt ! onal A Sl Ao,

hydroxyl group, an optionally substituted thiol group, an
5 optionally esterified carboxyl group, or an optionally
substituted heterocyclic group, or Ra and Rb may be
combined each other to form a 5- to 7-membered ring; and Rc
represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optionally substituted
10 acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally
15 esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
substituted ©benzene ring, a prodrug thereof, or a
pharmaceutically acceptable salt thereof;
(26) The pharmaceutical composition according to
20 the above (25) for prevention or treatment of inflammatory
diseases;
(27) The pharmaceutical composition according to
the above (25) for prevention or treatment of arthritis;
(28) The pharmaceutical composition according to

25 the above (25) for prevention or treatment of rheumatism;



an integer of 0 to 5); R represents an optionally substituted am no group
or an optionally substituted 10 heterocyclic group; ring B represents an
optional | wo @whe&dsi t uted Y-containing 5- to 8-nenbered ri ngpci@sLotsNg
constituent atons contain no nitrogen atony Y represents oxygen atom an
optionally oxidized sulfur atom Ra Ra SsC 0=C )- C _\ CRc N=C Re-C~ Rb
Ro / or 15 (wherein Ra and Rb are the sa or different and, respectively,
represent hydrogen atom a hal ogen atom an optionally substituted

hydr ocar bon group, an optionally substituted acyl group, an optionally
substituted carbanoyl 01/ 64685 PCT/JEOI/ 1483 24 group, an(fptionally
substituted thiocarba %?%uB,aﬁﬂaCSB L5Ral ISPTRRsI AR EGr oup,
an optional|l substituted sul finyl group, an optionally substituted,

hydr oxyl gﬁ&éb,agﬁvﬁbtﬁgﬁélI§°§ubé¥?%%ﬁ?ib@*ﬂQﬁ JreGFmeRt 506pt FBRANES
esterified carboxyl, group, or an optionally substituted heterocyclic
group, or qﬂfﬁ%ﬁ??ﬁFl i ned each other to forma 5- to 7-nenbered
ring; and Rc represents hydrogen atom a hal ogen atom an optional

substit uted hydrocarbGHJbK%%b,PﬁﬁrBﬁF?BEéPP} §@H§Hﬁﬁﬂ%&@:ﬁ?%ﬁﬁdlﬁgoﬁﬁ, an
optional | y substituted carbanpyl group, an optionally substituted

t hi ocat bandifle e B0 optWioh@l | {5 3UpRRS t IR BRFR Y] P NFILRF OBPan Bh

optionally substituted
(31) The pharmaceutical composition according to

the above (25) for prevention or treatment of osteoporosis;

(32) The pharmaceutical composition according to

the above (25), which 1is a suppressant of cytokine
10 production;

(33) The pharmaceutical composition according to
the above (25) for prevention or treatment of autoimmune
diseases;

(34) The pharmaceutical composition according to

15 the above (25) for prevention or treatment of rejection
reaction after organ transplantation;

(35) The pharmaceutical composition according to
the above (25), which is a T-cell differentiation-
controlling medicament.

20 (36) A method for preventing or treating
inflammatory diseases which comprises administering an
effective amount of a compound represented by the formula

(I):



sul finyl group, an optionally substituted hydroxyl group, an optionally
substituted thiol group, an optionally 15 esterified carboxyl group, or an
opti onal Wwosubsbs tuted heterocyclic group); and ring A rpgrgsanissan
optionally substituted benzene ring, a prodrug thereof, or a
pharmaceutically acceptable salt thereof2 to a mmual in need of the
prevention or treatnent; and 20 (37) Use o a conpound represented by the
formula (I) : WD 01/64685 PCT/JP01/01483 25 S, alk-XXR YBIl I ~G A
(I') wherein Grepresents a hal ogen atom hydroxyl group, an optionally
substituted am no group, an optionally substituted |ower alkyl group or an
optionally substituteg I ,adkk fepresents an optionally

: X'Tepresents oxygen atom an optionally
oxi di zed sul fur atom' oP (gl represents an integer of 0 to 5); R
represents an optiona m no group or an optionally
substituted 10 heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-sAenbered ring whose ring constituent
atons contain no nitrogen atom presents

)

wherein G represents a halogen atom, hydroxyl group, an
optionally substituted amino group, an optionally
substituted lower alkyl group or an optionally substituted
5 alkoxy group; alk represents an optionally substituted
lower alkylene group; X represents oxygen atom, an
optionally oxidized sulfur atom, or -(CH,) .~ (g represents
an integer of 0 to ©5); R represents an optionally
substituted amino group or an optionally substituted
10 heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-membered ring whose ring
constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

1 N ( @
S=¢C 0=cC C . /C Re—N=C Re—cC
C P AR RN C
, R ' or
15 (wherein Ra and Rb are the same or different and,

respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon group, an optionally

substituted acyl group, an optionally substituted carbamoyl



oxygen atom an optionally oxidized sulfur atom |I" r Ra\ Ra C Rc N=C Rc-C
SSC0=C!-C. \ ~ Rob Rob or 15 (wherein Ra and Rb are the sane or different
and, respeciiiougsy, represent hydrogen atom a hal ogen at goar/@910QRsi onal ly
substituted hydrocarbon group, an optionally substituted acyl group, an
optionally substituted carbanmyl WO 01/ 6?385 PCT/ JP0O1/ 01483 26 group, an
optionally substituted thiocarbanoyl gro optionally substituted

sul fonyl group, an optionally substituted sulflnyl group, an optionally
substituted hydroxyl group, an optionally substituted thiol group, an 5
optionally esterifi ed car pox rou optj onal | substituted
het er ocycl i € Ylyup 21 O%l%%i% rﬁil% ugtc?rijo H’:‘HOEQE agPKer "% r nf8 5-
to 7-menbered ri and Rc represent drogen atom a hal ogen ato an
optional 'y °R ‘%tluY ed SHPad TN g%h%o %ﬁ ofErYRal | ya%ubgPFf-BP@&I

acyl group, an optionally substituted carbanoyl group,. an optionally

subst i t ut eF P okt batoyFUgE oyl adtopPi ondh y O%E%%‘??%%Yedsgﬁﬁf:éﬁyﬁieér oup,

an optionally substituted sulfinyl group, an optionally substituted
hydroxyl gri(fEox%h 8pPPBnalary @%ﬂs@m%hédsrtlhﬁ&ptgitédp, lopIF s | $1215
esteri f| ed carboxyl_ group, or an_optionally substituted heterocyclic

group)? and’H’?#@laﬁlhépr%%@ﬁJsfla@fioﬁquly group, or an optionally

substituted heterocyclic group, or Ra and Rb may be
combined each other to form a 5- to 7-membered ring; and Rc
represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optionally substituted

10 acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally

15 esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
substituted Dbenzene ring, a prodrug thereof, or a
pharmaceutically acceptable salt thereof, to a mammal in
need of the prevention or treatment; and

20 (37) Use of a compound represented by the formula



substituted benzene ring, a prodrug thereof, or a pharmaceutically
acceptable salt thereof in the manufacture of a pharnmaceutical conposition
for prevendpoiguess treating 20 inflammtory di seases. DETACEERI1XREANATI ON
OF THE | NVENTI ON The expl anation of all definitions included in the
above- nenti oned general fornulas and in %%e scope of 25 the present
invention as well as preferred exanpl es ereof WO 01/64685 PCT/JP01/ 01483
27 w1l be described below. In the above formula (1), Grepresents a

hal ogen atom (e.g., chlorine, bromne, iodine or fluorine); hydroxyl
group, an optionally substituted am no group [e.g., 5 amno group, a
N-(Cl-6 al kyl)am no gretup sugh asymet hyhampop ethyl am no, propylamn no,
butyl am no, etc.; a N N.di¥Cl-8& aPRyl)am no group such as di et hyl am no,
di et hyl am no, dipro-ylg ' am no, etc.]; an optionally
substituted | ower alk ¢ Cl_6 al kyl group 10 (e.g., nethyl,
ethyl, propyl, butyl, etc.) which|may be substituted with one to three

hal ogen atons]; or an optionall ubstituted | ower al koxy group [e.g., a
.»i

Cl 6 al koxy group (e.g., nethof t hoxy, propoxy, butoxy, etc.) which
may be substituted with 1 to 3 en atons]. A 15 preferred exanple of G
is a halogen atomwi th chlorine “p€ing nore preferred. In the above
formula, G represents a halogen(n

wherein G represents a halogen atom, hydroxyl group, an
optionally substituted amino group, an optionally
substituted lower alkyl group or an optionally substituted
5 alkoxy group; alk represents an optionally substituted
lower alkylene group; X represents oxygen atom, an
optionally oxidized sulfur atom, or —(CH,) - (9 represents
an integer of 0 to 5); R represents an optionally
substituted amino group or an optionally substituted
10 heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-membered ring whose ring
constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

/ R N N 4 @
S=( 0=c =c ” /c Re—N=(C Re—cC
\ U U, g N \
. , or
15 (wherein Ra and Rb are the same or different and,

respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon group, an optionally

substituted acyl group, an optionally substituted carbamoyl



atom (e.g., chlorine, bromne, iodine or fluorine). A preferred exanple of
G is chlorine. 20 Exanples of the |ower alkylene group of the optionally

substit ut e diaweys al kyl ene group represented by al k i ncl yda/gofidi1483
al kyl ene group such as nethyl ene, ethylene, propylene, and the |ike.

Exanpl es of the substituents of the Ioweg 25 al kyl ene group represented by
alk include 1 to 4 WD 01/64685 PCT/JP01/ f483 28 substituents sel ected
froma hal ogen atom (e.g., chlorine, bromne, iodine or fluorine),

hydr oxyl group, an optionally substituted am no group [e.qg., arri no group,

a N(Cl-6 al ) am no_grou ch as nethyl am no, ethyl am
propyl am n&* qghy1ﬁﬂl é?f %.ﬁu§§5F%é¥ %h%@?%##%ﬁpy r&EﬁU§Ucha%s
di met hyl am nq,. | ani , pyl dlbut | am no, etc,
opt T ona I Bhistiaiiba Pober ERESE hptd. o SPaler 6 B kytobi ool g, 0.
met hyl, eth r butyl, etc whi ch may be substjtuted with 1 to
hal ogen 10 %’(Q)‘Srfr{) téﬁ}:/e(i ii%[h‘ﬁy%pt H%Fiﬁpry %stQHﬁﬁ‘H%FJa]llko@u%?BhEutF‘é g
a ClL 6 al koxy_group g., methoxy, ethoxy, propoxg but oxy, etc.) whi ch’
may be substydupied 19%11@' h&Po G i LY et eLstitHCeRe tRBOYe FTHWRI 21 ), X
represents oxygen _ 15 atom an egtlonally oxi di zed sul fur atom or CH2) g

§

(q represémtSiapliif egetdiad Sarpoaidr afpPen i Aegal #Phiopal y and-

nmore preferably 0) As the optional]y oxidized
substltuted heterocyclic group, or Ra and Rb may be

combined each other to form a 5- to 7-membered ring; and Rc
represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optiocnally substituted
10 acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally
15 esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
substituted ©benzene ring, a prodrug thereof, or a
pharmaceutically acceptable salt thereof in the manufacture
of a pharmaceutical composition for preventing or treating

20 inflammatory diseases.

DETAILED EXPLANATION OF THE INVENTION
The explanation of all definitions included in
the above-mentioned general formulas and in the scope of

25 the present invention as well as preferred examples thereof



sul fur atomrepresented by X, there is thio group, sulfinyl group, and
sul fonyl group, with thio group being preferred. 20 Preferably, X is -

(CH2) g- o epégssents an integer of 0 to 5, preferably gt yphegass of 0 to
3, and nore preferably 0). In the above formula (1), exanples of the
optionally substituted am no group repreﬁgnted by Rinclude 25 a group
represented by the formula: -N (Rl) (R2) “(wherein RL WO 01/ 64685

PCT/ JP01/ 01483 29 and R2, which nay be the sane or different,
respectively, represent hydrogen atom or a hydrocarbon group, an acyl
group, sulfonyl .group, sulfinyl group or a heterocyclic group (preferably
an acyl gr % %%ﬂég%9¥ﬁ$§§iﬂ%§5%§‘nay be 5 substituted, or RL and R2 are
conbi ned each other to form optionally substituted nitrogen-containing
heterocyclic ring), Hhdtifed PY%.fE%§Hﬁ9e§I§ﬁ theF R Ve Hoh GROAPED in
the optionally substituted _hydrocarbon group represented by R1 10 or R2
i ncl ude anEﬂ?ﬁ%ha??cghydr6%§¥Hﬁﬁ“hrou%¥o%hn%lic&@ﬁ?@ehydﬁbcaF%BﬂerSbb, an
alicyclic-aliphatic hydrocarbon group an aromatic aliphatic hydrocarbon
group, an ARGEHRAFEL FRHRCADIPGFRPL LAl skl Frked ERERP| 8506P Said-

al i phati c hydrocarbon grou 15 include a Cl-8 saturated aliphatic .

hydr ocar borPlsu @Ry, ,2 Nt (Ci-aladllyld iH s SRy ISuGh 1BA medaphgmino,

i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
Propy eth%&amino, pggpylamino,)/butylamino), eé%.; ya N,NEdi(%:l__6

alkyl)amino group such as dimethylamino, diethylamino,
dipropylamino, dibutylamino, etc.]; an optionally
substituted lower alkyl group [e.g., a C, alkyl group

10 (e.g., methyl, ethyl, propyl, butyl, etc.) which may be
substituted with one to three halogen atoms]; or an
optionally substituted lower alkoxy group [e.g., a C;
alkoxy group (e.g., methoxy, ethoxy, propoxy, butoxy, etc.)
which may be substituted with 1 to 3 halogen atoms]. A

15 preferred example of G is a halogen atom with chlorine
being more preferred.

In the above formula, G° represents a halogen
atom (e.g., chlorine, bromine, iodine or fluorine). A
preferred example of G’ is chlorine.

20 Examples of the lower alkylene group of the
optionally substituted lower alkylene group represented by
alk include a C, alkylene group such as methylene,
ethylene, propylene, and the like.

Examples of the substituents of the lower

25 alkylene group represented by alk include 1 to 4



neopentyl, tert-pentyl, hexyl, isohexyl, heptyl, octyl, etc.), a C2_8
unsaturated aliphatic hydrocarbon group (e.g., 20 C2_, alkenyl, C2_,

al kynyl , wdore@bikadi enyl, and C4_, al kadiynyl, such as vpaylbporbiaszopenyl,
2- propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-nethyl-I|-propenyl,

1- pentenyl, 2-pentenyl, 3- pentenyl, 4-p§§tenyl, 3- et hyl - 2- but enyl ,

1- hexenyl, 3- hexenyl, 2,4-hexadienyl, 5 hexenyl, 1-heptenyl, 1-octenyl, 25
et hynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3 WO 01/64685

PCT/ JP01/ 01483 30 butynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl,

1- hexynyl,_3-hexynyl, 2,4-hexadi ynyl, 5-hexynyl, 1-heptynyl, _ 1l-octynyl,
etc.), and Stl%grﬁﬁﬁiy?ee?{lt'@(aéfﬂ%%%%éj gﬁ%ﬁ al Pé@&gie}é Wbc%"lﬁ)ﬁ oFiotRr 1Be,
include C3,, saturat.ed,alicyclic hydrocarbo roup (e.g., C3- 7 cycloal kyl
such as cyd"SHHSyI *aito y‘ﬁllu @peﬁi%ﬁ?r,ogxﬂycg%%‘é&ylén SREbPept 4y,
etc.) and C5.7 unsaturated alicyclic hydrocarbon group (e.g., C5_ 7
cycloalkenﬁu95§¥£§%%5 6VEFHhIﬁﬁ%%myl[%u%h'asaﬁ4%9cl%ﬁ%ﬂPenyP, N=(Cy¢

2-cyc|opentﬁﬂ%éﬂ 10_3-cyclopentenylbl1-cyc|ohexen 2-cycl ohexenyl, 3-

|, .
cycl ohexeny? Aihept@&ie, 258§ oh@ﬁteh@??hg{a%yﬁ@oheﬁﬂéﬁ@l@mlno/
2, 4-cycl oheptadienyl, etc.) and the |ike. Exanples of said .
al i cyd i c- RNOPYARIE Yy dr &6 tgougticnel ude, Nalofld (Ehe ralskdeamiee ned
by conbination of 15 the above-nentioned alicyclic hydrocarbon groups and
t he above- &P PonBHCRI BFhatiee Hydlyebroon ddeshyd amingy AR TRPYLantno,
carbon atons_such as cycloalkylalkyl, cycl oal kyl al keny,
dibutylamino, etc.], a ‘optionally substituted lower alkyl
group [e.g., a Cy alkyl group (e.g., methyl, ethyl, propyl,
butyl, etc.) which may be substituted with 1 to 3 halogen
10 atom, etc.], and an optionally substituted alkoxy group
[e.g., a C, alkoxy group (e.g., methoxy, ethoxy, propoxy,
butoxy, etc.) which may be substituted 1 to 3 halogen atom,
etc.].
In the above formula (I), X represents oxygen
15 atom, an optionally oxidized sulfur atom, or -(CH,) .~ (q
represents an integer of 0 to 5, preferably an integer of 0
to 3, and more preferably 0). As the optionally oxidized
sulfur atom represented by X, there is thio group, sulfinyl
group, and sulfonyl group, with thio group being preferred.
20 Preferably, X is —(CH,),~ (@ represents an
integer of 0 to 5, préferably an integer of 0 to 3, and
more preferably O0).
In the above formula (1), examples of the

optionally substituted amino group represented by R include

25 a group represented by the formula: -N(R') (R?®) (wherein R'



and the |ike, each of which having 4 to 9 carbon atons (e.g.,
cycl opropyl net hyl, cycl opropyl ethyl, 20 cycl obutyl net hyl,

cyclopentYkﬂ@lQ&g, 2-cycl opent enyl net hyl , 3-cyc|opententhﬁ?ﬁMb0M83
cycl ohexyl nmet hyl, 2- cycl ohexenyl met hyl, 3-cycl ohexenyl net hyl,

cycl ohexyl ethyl, cycl ohexyl propyl, cycl gheptyl nethyl, cycl obutyl ethyl,
etc.). Exanples of said aromatic aIiCycI?g hydr ocarbon 25 group include
C7_9 phenyl al kyl (e.g., benzyl, phenethyl, 1 WO 01/64685 PCT/JP01/01483 31
phenyl et hyl , 3-phenyl propyl, 2-phenyl propyl, 1-phenylpropyl, etc.) and
Cl1_13 napth¥I@Ikyl (e.g., a-naphthylnethyl, a- naphthylethyl,
0- napht hyl féthyl » FikcbhiAY| &ehyihe etels gid differaile. Beiempieslvf said
aromat i ¢ hydrocarbon group i ncl ude phenyl, naphthyl (a-naphthyl and
( 3- napht hy[DePZaRENE hBYPIrRECNASR B Ple hyHVEERCBSROGr WPy t BE opEYbnal |y
substituted hydrocarbon group represented by Rl or R2, d_6, 10 straight
chai n or briftied eHALANALKkyIroar t isGlTdNR. CIraupstani ghthetarecatkiy¢ or
C3_4, branched chain alkyl is preferred. Specifically, groups such as
met hyl , et IgouUP plwisferdslaprapyacybudydup andvhieh | Fepeelel Yokl anaedoe
Exanpl es of the acyl group Hn the optionally 15 substituted acyl group
repr esent ed s REWred dnA'uded( R aforapibingd (¢d49h @rithers wheferm han
carbonyl group is conmbined to a Cl-10 al kyl group, a C2_10 al kenyl group,
a C2_10 al loptylonally substituted nitrogen-containing heterocyclic
ring), and the like.
Examples of the hydrocarbon dgroup . in the
optionally substituted hydrocarbon group represented by R'

10 or R®> include an aliphatic hydrocarbon group, an alicyclic
hydrocarbon group, an alicyclic-aliphatic hydrocarbon group,
an aromatic aliphatic hydrocarbon dgroup, an aromatic
hydrocarbon group, and the like.

Examples of said aliphatic hydrocarbon group
15 include a C,, saturated aliphatic hydrocarbon group (e.g.,
C,.g alkyl such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl, hexyl, isohexyl, heptyl, octyl,
etc.), a C,,; unsaturated aliphatic hydrocarbon group (e.g.,

20 C,s alkenyl, C,, alkynyl, C,, alkadienyl, and C,, alkadiynyl,
such as vinyl, l-propenyl, 2-propenyl, l-butenyl, 2-butenyl,
3-butenyl, 2-methyl-l-propenyl, l-pentenyl, Z2-pentenyl, 3-
pentenyl, 4-pentenyl, 3-methyl-2-butenyl, 1l-hexenyl, 3-
hexenyl, 2,4<hekadienyl, 5-hexenyl, 1l-heptenyl, l-octenyl,

25 ethynyl, 1-propynyl, 2-propynyl, 1l-butynyl, 2-butynyl, 3-



group, C3_7 cycloalkyl, C5_7 cycl oal kenyl, or an aromatic group (e.g.,
phenyl group, pyridyl group, etc.), (e.g., 20 acetyl, propionyl, butyryl,

i sobut yr e ovéedegs yl , isoval eryl, pival oyl, hexanoyl, heppengyliormstanoyl,
cycl obut anecar bonyl, cycl opent anecarbonyl, cycl ohexanecarbonyl,

cycl ohept anecar bonyl, crotonyl, 2- cyclqgfxenecarbonyl, benzoyl ,

ni cotinoyl, etc.). 25 Exanples of the suffonyl group in the optionally WO
01/ 64685 PCT/JP01/ 01483 32 substituted sulfonyl group represented by Rl or
R2 include groups where the sulfonyl group is conbined to a Cl1-10 al kyl

0o, & Al gt 2 CEud A o Gl s odl K O
Bxarmpl o oRekHE el 1 A GPup 7L TREXOPtVORLI | 5~ LSTBBY e LS EIFI
donbi ned 1 - QTG aPkL) 10 SGFOLBE 10 al Kenyl group. a 3. 10 al kyny
group, C3 7 «cycloalkyl, C5 , cycloalkenyl, or _an aromatic group (e.g.,
phenyl group, pyridyEX§fBdss ef€. ) sade galimstidres iivigupgarbon  group
et hanesul finyl, benzenesulfinyl, etc.). Exanples of the heterocyclic group
in the 151BptPERafy saberptadealheverbeybyiEogrshphr 65PERerited by CRL  or
R2 include (1) 5- to 7-nenbered heterocyclic groups containing one sulfur
atom one ni €Yehenlhkybmsush @ife cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, etc.) and -Gy unsaturated
alicyclic hydrocarbon group (e.g., Cs., cycloalkenyl and C.,
cycloalkadienyl such as 1l-cyclopentenyl, 2-cyclopentenyl,

10 3-cyclopentenyl, l-cyclohexenyl, 2-cyclohexenyl, 3-
cyclohexenyl, l-cycloheptenyl, 2-cycloheptenyl, 3=
cycloheptenyl, 2,4-cycloheptadienyl, etc.) and the like.

Examples of said alicyclic-aliphatic hydrocarbon
group include, among the residues formed by combination of

15 the above-mentioned alicyclic hydrocarbon groups and the
above-mentioned aliphatic hydrocarbon groups, that having 4
to 9 carbon atoms such as cycloalkylalkyl, cycloalkylalkeny,
and the 1like, each of which having 4 to 9 carbon atoms
(e.g., cyclopropylmethyl, cyclopropylethyl,

20 cyclobutylmethyl, cyclopentylmethyl, 2-cyclopentenylmethyl,
3-cyclopentenylmethyl, cyclohexylmethyl, 2-
cyclohexenylmethyl, 3-cyclohexenylmethyl, cyclohexylethyl,
cyclohexylpropyl, cycloheptylmethyl, cyclobutylethyl, etc.).

Examples of said aromatic alicyclic hydrocarbon

25 group include C,, phenylalkyl (e.g., benzyl, phenethyl, 1-



oxygen atom (ii) 5- to 6-nenbered heterocyclic groups containing 2-4
nitrogen atons, (iii) 5- to 6-nenbered 20 heterocyclic groups containing

1-2 nitrogeviaieess and one sul fur or oxygen atom or the gdkmorenss (i V)
these heterocyclic groups may be condensed with a 5- to 6- nenbered ring

containing 2 or less nitrogen atons, bengﬁne ring, or a 5-nmenbered ring
contai ning one sulfur atom In 25 addition, each of the heterocyclic groups
exenplified in WO 01/ 64685 PCT/JP01/01483 33 (i) to (iv) may be a
saturated or unsaturated heterocyclic group and the unsaturated

het er ocycl i ro be either aromatjic or non-aropmatic.. Exanples of the
het er ocycl (P GHOHET TRt hd PRSRIPERRYLy SUBSEPYLPEAPKL el GRYERT LOEPBUL "
represented by R and R2 include an _aromatic-nonocyclic heterocyclic
group, an romat &L drdens B@PRENFIEAFIM ¢ (grup, cmithrd oA medoat i -
het erocyclic group. Specific exanples of the heterocyclic E&ou in 10 the
optionally thyle ey het Broepethvlyeboplr eBreachtbdleb)yRi ahd- R2anfcl ude
(i) an aromati c-nonocyclic heterocyclic group (e.g., furyl, thienyl,
pyrrol yl, zbtX¥#: isooxazolyl, thiazolyl, isothiazolyl, inidazolyl,
pyrazol yl, 1,2,3-oxadiazq%fl, 1, 2, 4-oxadi azol yl, 1,3,4 15 oxadi azol yl,
furazahyl, 1,2,3-thi deFaEples, of2 s2ichi AHWBIYG, hydracerpadi agsPyp,
1,2,3-triazolyl, 1,2,4- triazolyl, tetrazolyl, pyridyl, pyrimdinyl,
pyri dazi nylinclude phenyl, naphthyl (a-naphthyl and B-naphthyl), and

the like.

As for the hydrocarbon group in the optionally

substituted hydrocarbon group represented by R!' or R?, C,,

10 straight chain or branched chain alkyl, particularly C,,,
straight chain alkyl or C,,, branched chain alkyl 1is
preferred. Specifically, groups such as methyl, ethyl,
propyl, isopropyl, butyl, and the like are preferred.

Examples of the acyl group in the optionally

15 substituted acyl group represented by R' or R? include (i)
formyl, or (ii) groups where the carbonyl group is combined
to a C,;, alkyl group, a C,,, alkenyl group, a C,,, alkynyl
group, C;, cycloalkyl, Cs,; cycloalkenyl, or an aromatic
group (e.g., phenyl group, pyridyl group, etc.), (e.g.,

20 acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl,
pivaloyl, hexanoyl, heptanoyl, octanoyl,
cyclobutanecarbonyl, cyclopentanecarbonyl,
cyclohexanecarbonyl, cycloheptanecarbonyl, crotonyl, 2=

cyclohexenecarbonyl, benzoyl, nicotinoyl, etc.).

25 Examples of the sulfonyl group in the optionally



pyrazinyl, triazinyl, etc.), (ii) an aromatic condensed heterocyclic group
(e.g., benzofuranyl, isobenzofuranyl, 20 benzo[b]thienyl, indolyl,

i soi ndol Yy difduégddazol yl,  benzoi m dazol yl, benzooxazol yl ,pcr/ypo1/01483

1, 2- benzoi sot hi azolyl, 1H benzotriazolyl, quinolyl, isoquinolyl,

ci nnol i nyl

purinyl, pteridinyl, carbazolyl, a-carbo

, quinazolinyl, quinoxalinyl, Ehthalazinyl, napht hyri di nyl ,
?'nyl, O-carbolinyl, 25

y-carbolinyl, acridinyl, phenoxazinyl, phenothiazinyl, W 01/ 64685
PCT/ JP01/ 01483 34 phenazi nyl, phenoxatinyl, thianthrenyl, phenanthredinyl,

phenant hrol i nyl, indolizinyl, pyrrolo[1l,2-b]pyridazinyl
pyrazo[l,Sﬁﬂﬁﬁﬁﬁﬁﬁﬂﬁdiﬁﬂhéﬁbyg, 1

i mdazo[ 1,
i mdazo[1

Irappy rieRISs nhegh Aoy 1R5-0B] By riagiude

2-b] pyridazinyl, imdazo[l,2-a]pyridyl, 5 inidazo[l,S-a]EKridyl,
Y

AU URE ivileieythe swilderbl 19208Ppyi mPabaped to a C, a

1,2,4-triazolo[4,3-a]pyridyl, 1,2,4-triazolo[4,3-b]pyridazinyl, etc.),
(iii) a norgraromat cC.het eldepaili cogevnp (2. derooxd¥anAl  areicdi Nk,

oxet anyl ,

thietanyl, pyrrolidinyl, tetrahydrofuryl, 10 thiol anyl,

and

pi peridyl, awtkahyitlybpyCanytychorpkehiyayl or té&moawephdiicnydLzoyn péeadi nyl ,
the case where R1 and R2 are conbined each other to forma ring,
parti cul ar Iphenyl tgogen- qoret Bdnl ngr&up t ce e nenbée ed. r i mgthaxaspl ésnpl, such

etc.). In

-N(R1) (R2)
1- pyrazoli

include 1 15 pyrrolyl, 1-pyrrolidinyl, 1-im dazolidinyl,

dithdnesultfompel i dyedniqneenl tomp), dt@iperazinyl, 4-norpholinyl

(nmor phol i no), 4-thionorpholinyl, honopiperazin-1-yl,

10

15

20

25

Examples of the sulfinyl group in the optionally
substituted sulfinyl group represented by R' or R? include
groups where the sulfinyl group is combined to a C,,, alkyl
group, a C,,, alkenyl group, a C,,, alkynyl group, C,,
cycloalkyl, C., cycloalkenyl, or an aromatic group (e.g.,
phenyl group, ﬁyridyl group, etc.), (e.g., methanesulfinyl,
ethanesulfinyl, benzenesulfinyl, etc.).

Examples of the heterocyclic group in the
opticnally subsfituted heterocyclic group represented by R!
or R?* include (i) 5- to 7-membered heterocyclic groups
containing one sulfur atom, one nitrogen atom, or one
oxygen atom, (ii) 5- to 6-membered heterocyclic groups
containing 2-4 nitrogen atoms, (iii) 5- to 6-membered
heterocyclic groups containing 1-2 nitrogen atoms and one
sulfur or oxygen atom, or the 1like, and (iv) these
heterocyclic groups may be condensed with a 5- to 6~
membered ring containing 2 or less nitrogen atoms, benzene
ring, or a 5-membered ring containing one sulfur atom. In

addition, each of the heterocyclic groups exemplified in



pyrazol -1-yl, imdazol-1-yl, 1,3-thiadiazol-3-yl, 1,3- oxadiazol-3-yl,
1,2,4-triazol-1-yl, 1,2,4-triazol-2-yl, 20 1,2,4-triazol-4-yl,

1,2, 3-trive@ol/sdbsy! , 1,2,4-triazol-2-yl, tetrazol-1-yl, OKEE9PI1DH1383,
thiazol-3-yl, and a partly or whole saturated nitrogen-containing

het erocyclic group thereof. These heterggyclic groups may have the 1 to 3
sane substituents as those of the hydrocarbon group, the 25 acyl group, the
sul fonyl group, the sulfinyl group and the WO 01/ 64685 PCT/JP01/01483 35
het er ocyclic group as descri bed hereinafter and may be condensed with the

above- nentlo e tlc nmonocycl i terocycll p or an aromatic
ring such ds gﬁﬁ r|WEV Be FhéaFPEQte p8€|ﬂ9§%§@%ﬁ% H RFREYGESE wher e
the 5 heteroc¥Fllc(f condensed with the aromatic ring |ncIude

benzi m daz&iF° py|an nﬁb@P g tURRL eRgBSBPTRCYFLigndrrHe Makde widihgabl vy,

1,2,4-triazol-1-yl, 1,2, 4-triazol-2-yl, imdazol-I-yl, norpholino

(4 nnrpholPﬁ?Pftlﬁlﬁérﬂﬁnh@Imetﬁﬁberldyl) oxazol i di n-3-yl ,

t hi azolidin-3-yl, hydantoin-1 10 yl, pyrrolidino (1- pyrrolldln 1-yl) and
the |ike, each of WAFCHPHREF bePSubshrt uthat enneyryi e ¢bpdRNsad witthe
benzene ring; nore preferably, a nitrogen-containing 5- to 7- menbered
ring tthat ipgad 1y t%lbffd%dlf@dol}f%tq@@clﬂzc BrPRD oINS e d-BY yR

2, 4- di oxot hi azol i di n- 3- 2,5 15 di oxohydant oi n-1-yl,

2, 5- di oxopﬁnﬁomdul@qh@e ah ¢ aromg e - RalicdkspyhebRrdERC1igl drmiuny

partlcularly preferred. The hydrocarbon group, the acyl group, the
an aromatic condensed heterocyclic group, and a non-

aromatic, heterocyclic group.
Specific examples of the heterocyclic group in
10 the optionally substituted heterocyclic group represented
by R' and R® include (i) an aromatic-monocyclic
heterocyclic group (e.g., furyl, thienyl, pyrrolyl,
oxazolyl, isooxazolyl, thiazolyl, isothiazolyl, imidazolyl,
pyrazolyl, 1,2,3-oxadlazolyl, 1,2,4~oxadiazolyl, 1,3,4-
15 oxadiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-
thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-
triazolyl, tetrazelyl, pyridyl, pyrimidinyl, pyridazinyl,
pyrazinyl, triazinyl, etc.), (ii) an aromatic condensed
heterocyclic group (e.g., Dbenzofuranyl, isobenzofuranyl,
20 benzo[b]thienyl, indolyl, isoindolyl, 1H-indazolyl,
benzoimidazolyl, benzooxazolyl, 1,2-benzoisothiazolyl, 1H-
benzotriazolyl, quinolyl, isoquinolyl, cinnolinyl,
quinazolinyl, quinoxalinyl, phthalazinyl, naphthyridinyl,
purinyl, pteridinyl, carbazolyl, a-carbolinyl, B-carbolinyl,

25 y-carbolinyl, acridinyl, phenoxazinyl, phenothiazinyl,



sul fonyl group, the sulfinyl group and the heterocyclic group represented
by R- or RR may have 1 to 3 substituents 20 at any possi bl e positions on

t he chai nw@yoiiehgssr i ng thereof. Exanples of such a substi tpggmipoghiabhe
hydrocarbon group, the acyl group, the sulfonyl group, the sulfinyl group
and the heterocyclic group represented b¥ R or R2 include an

al i phati c-chai n hydrocarbon group, an al'éyclic 25 hydrocarbon group, an
aryl group, an aromatic, heterocyclic WO 01/64685 PCT/JP01/01483 36 group,
a non-aromatic, heterocyclic group, a halogen atom an optionally

substi tuted am no group, am di no, group, | 'y subst

an _option [futed acyl
group, an SPIFGHETYL s RsTRRXAR B dr okt oyt E%?an oBF?Bﬁﬁ#P§e§ﬁB¥ ?tuted

thiol 5 groyp, an optionally esterified_or am dated carboxyl group, _an
aral kyl gr RUFREGIEOLIS 11 APFOLEEIEVAY Kyl PHFBOH0 Lot ¢-b) DYA da bhirbyl

group, an optionally substituted thocarbanppyl géoup, an N-npno-substituted
car bamoyl GORFQEL P2l Best Y tar bERb9320 bt hyTe BPBandyl; phBhgRrEalbaroyl
etc.), 10 an N, N-disubstjtuted carbanmoy| group (N, N-dinethylcarbanoyl
N,N—diethy1%k9¥%&ﬁ%4c %W%ﬁ#??ﬁ¥K%%ﬁlﬁﬁﬁ&@?21%ﬁ¥phﬁm¥ﬁ%éﬁf%a%ﬁ?]Pyé%@y ;a
sul famoyl group, an N-nmono- substituted sul fanoyl groug (e.g., .
met hylzul f azo ek hytalip¥ardyl, phenyl sul f 8BYR2Z0plt drhérEsifrandyl
etc.), 15 an N, N-disubstituted sul fanoyl group (e.g., N N .
di met hyl sul ¥&iaBA0 [ IN-4rea hgyr Nophemy! sul f ahoyt 4-TpipeeidifAoduri ArbyeyLl,
nmor phol i nosul f anoyl etc.%, mer capt o
1,2,4-triazolo[4,3~b]lpyridazinyl, etc.), and (iii) a non-
aromatic, heterocyclic group (e.g., oxiranyl, azetidinyl,
oxetanyl, thietanyl, pyrrolidinyl, tetrahydrofuryl,
10 thiolanyl, piperidyl, tetrahydropyranyl, morpholinyl,
thiomorpholinyl, piperazinyl, etc.).
In the case where R' and R® are combined each
other to form a ring, particularly a nitrogen-containing 5-
to 7-membered ring, examples of such -N(RY) (R?) include 1-
15 pyrrolyl, l-pyrrolidinyl, l-imidazolidinyl, l-pyrazolidinyl,
l-piperidyl (piperidino), 1l-piperazinyl, 4-morpholinyl
(morpholino), 4-thiomorpholinyl, homopiperazin-1-y1,
pyrazol-1-yl, imidazol-1-vyl1, 1,3~thiadiazol-3-yl1, 1,3~
oxadiazol-3-yl, 1,2,4~-triazol-1-yl1, 1,2,4-triazol-2-yl,
20 1,2,4-triazol~4~-yl, 1,2,3-triazol-1-yl, 1,2,4-triazol~2-yl,
tetrazol-1-yl, oxazol-3—yl, thiazol-3-yl, and a partly or
whole saturated nitrogen-containing heterocyclic group
thereof. These heterocyclic groups may have the 1 to 3

same substituents as those of the hydrocarbon group, the

25 acyl group, the sulfonyl group, the sulfinyl group and the



group, sulfo group, cyano group, azido group, nitro group, nitroso group,
oxo group, and the like. 20 Exanples of the aliphatic-chain hydrocarbon
group asydbeesebstituent of the hydrocarbon group, the apygtyenowss the
sul fonyl group, the sulfinyl group and the heterocyclic group represented
by RL or R2 include a straight or brancggd chain aliphatic hydrocarbon
group such as an al kyl 25 group (preferabty, a Cl-10 al kyl group), an
al kenyl group WO 01/64685 PCT/JP01/01483 37 (preferably, a C2-10 al kenyl
group), an al kynyl group (preferably, a C2_10 al kynyl group), and the
like. Preterred exanples of said al kyl ,group, i nclude nmethyl, ethyl,
propyl , i s%‘&tﬁﬁﬂc,ycaxh%n IrPUBLAT I %e§é96-lg’@®| hergipastey yiandehayl be
i sopentyl, neopenty|, tert-pentyl, 1- ethylpropyl, hexyl, isohexyl,_
1, 1- di met hy S,eyo!z, 2’-1%&1 rrglﬂﬁyl ghePye MeNBIANREL hyFOme i C/ 2 RANgFHR 1 |
hexyl, pentyl, octyl, nonyl, decyl, and the |jke. Preferred exanples of
sai d alken9@¥§F8G§'%ﬁﬂlﬁﬁ?qﬂrﬂH,aQNQRﬂ@a?HFi%&ﬁﬁcﬁﬁ%@l%sJb?ﬂ%ﬁﬁﬁnﬁ%ng
2-net hyl -1 - propenyl,, 1-butenyl, 2- butenyl, 3-butenyl, 2-ethyl-1-butenyl,
3- et hyl - 296But EW L11ke pent BAGEILDC penttasiydes Blﬁen’ti%‘hylc,asf- pehesay| the
4-net hyl -3- pentenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-
hexenyl , aR@LEFEVNE.C Prerg edshans! bl 8 Ew uinghie 1Bgriowpludel ude
ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl,
1- pent yny| Pepzgadtamal -13-ent yimgdol-14dent yidyt indazmkylyy ], 2-drekyristhe
3- hexynyl , 4-hexynyl, 5-

like; "preferably, 1,2,4-triazol-1-yl, 1,2,4-triazol-2-yl,

imidazol-1-yl, morpholino (4-morpholinyl), piperidino (1-
piperidyl), oxazolidin-3-yl, thiazolidin-3-yl, hydantoin-1-
10 yl, pyrrolidino (l-pyrrolidin-1-yl) and the like, each of
which may be substituted and may be condensed with benzene
ring; more preferably, a nitrogen-containing 5- to 7-
membered ring that may have 1 to 2 oxo groups (e.g., 2,4-
dioxooxazolidin-3-yl, 2,4-dioxothiazolidin-3-yl, 2,5~
15 dioxohydantoin-1-yl, 2,5-dioxopyrrolidin-1-yl, etc.), with
2,5-dioxopyrrolidin-1-yl being particularly preferred.

The hydrocarbon group, the acyl group, the
sulfonyl group, the sulfinyl group and the heterocyclic
group represented by R' or R?® may have 1 to 3 substituents

20 at any possible positions on the chain or the ring thereof.

Examples of such a substituent of the hydrocarbon
group, the acyl group, the sulfonyl group, the sulfinyl
group and the heterocyclic group represented by R' or R?
include an aliphatic-chain hydrocarbon group, an alicyclic

25 hydrocarbon group, an aryl group, an aromatic, heterocyclic



hexynyl, and the |like. Exanples of the alicyclic hydrocarbon group as 20
the substituent of the hydrocarbon group, the acyl group, the sulfonyl

group, thaoulsisgayl group and the heterocyclic group repreagipheohsby R1 or
R2 include a saturated or unsaturated C3_8 alicyclic hydrocarbon group

such as a C3-8 cycloal kyl group, a C3-83§ycloalkenyl group, a C4-8 25
cycl oal kadi enyl group and the like. Preférred exanples of WO 01/64685

PCT/ JP01/ 01483 38 said C3_8 cycloal kyl group include cycl opropyl,

cycl obutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
bicyclo[2.2. 1] heptyl, bicyclo[2. 2. ctyl hi cycl o 3.2.ﬁ%0 tyl, and the

li ke. Prefé??é&”e%%ﬁ%?@sa%?m%Léﬁrd%%§f§%gygﬂégl@g 'gr% af@%&%d@ o,
2-cycl openten-1-yl, 3-_cycl nten-1-yl, . 2-cycl ohexen-|-yl,

3- cycl ohexefft | PFLOBAYLYY T K- B4srhi eiiBa GEati esoBtIbaPdS@pup, an
cycl oal kadi enyl roup include 2 4-cycl opentadien-1-yl, ,

2, 4-cycl oh 'Qﬂé@%yyl,Sﬁ?ﬁtE§E?%ﬂexaéF§ |- PEOWHd t P | i kP EeRFhEY ar v
group as the substituent of the hydrocarbon groug the acyl group,  the

sul fonyl grths CiHeEed B YETRAHY br&tiRn PR HeP FEPR? bty cF RS bt Bhiped epr i ént ed
by R _or R2, and the aryl group in the aral kyl group nean a nonocyclic,

or con%enséii—’%%ﬂfy@}fblqlbt%ﬁrb%gga]ty CHRIF PR B oA 151 HFdbpd FREPRFY LAIERERDI es

t her eof include phenyl, naphthyl, anthryl, phenanthryl, acenaphthenyl, and
the like, % HREBKLD @F9EPsiehdas phémyl ,anvhapht BAKYD-gapthy¢tcahd t he

a carbamoyl group, an optionally substituted thocarbamoyl
group, an N-mono-substituted carbamoyl group (e.qg.,
methylcarbamoyl, ethylcarbamoyl, phenylcarbamoyl, etc.),

10 an N,N-disubstituted carbamoyl group (N,N-dimethylcarbamoyl,
N, N-diethylcarbamoyl, piperidinocarbamoul,
morpholinocarbamoyl, etc.), a sulfamoyl group, an N-mono-
substituted sulfamoyl group (e.g., methylsulfamoyl,
ethylsulfamoyl, phenylsulfamoyl, p-toluenesulfamoyl, etc.),

15 an N,N-disubstituted sulfamoyl group (e.g., N, N-
dimethylsul famoyl, N-methyl~N-phenylsulfamoyl,
piperidinosulfamoyl, morpholinosulfamoyl, etc.), mercapto
group, sulfo group, cyano group, azido group, nitro group,
nitroso group, oxo group, and the like.

20 Examples of the aliphatic-chain hydrocarbon group
as the substituent of the hydrocarbon group, the acyl group,
the sulfonyl group, the sulfinyl group and the heterocyclic
group represented by R' or R? include a straight or
branched chain aliphatic hydrocarbon group such as an alkyl

25 group (preferably, a C,,, alkyl group), an alkenyl group



| i ke being nore preferred. Exanples of an optionally substituted 20
t hi ocarbanoyl group as the substituent of the hydrocarbon group, the acyl

group, thaoulsienayl group, the sulfinyl group and the hetperampyibisgs gr oup
represented by RL or R2 include methylthiocarbanoyl, ethylthiocarbanoyl,

phenyl t hi ocar banoyl and the |ike. 25 Preggrred exanpl es of the aromatic

het erocyclic WD 01/ 64685 PCT/ JP01/ 01483 9 group as the substituent of the
hydr ocar bon group, the acyl group, the sulfonyl group, the sulfinyl group
and the heterocyclic group represented by R1 or R2 include an aronmatic

nonocyclic heterocyclic group (e.g.., a 5- to 6 menberd aro iC

nonocycl i c &e’fee#ed% Yo gtou -@on%&ikﬁiwa PHY™ hetHt oa?@ﬁéglnﬁel e8FRHPf r om
nitrogen, sulfur, d oxygen_ atons,. such as furyl, thienyl, pyrrolyl,
oxazol yl , H?ﬁ%&ﬁ%%?&Yﬁ t R aZotyl, FE00N zoﬁ?PPﬁﬂwidd¥6$ylFhﬁyra§b¥§r,

1, 2, 3-oxadi azolyl, 1,3,4-oxadiazalyl, furazanyl, 1,2,3 10_thi adi azolyl,
1,2,4-thia&ﬁﬁ?%%?ﬁ?ilﬁﬁqﬂﬂﬁﬁﬁadp zoF9Fd  alky -ﬁF?%%bl9P?1T§9,4m?Fb§¥olyl,
tetrazolyl, éﬁgidyl, pyridazinyl, pyrimdinyl, pirazinyl, triazinyl, etc.)
as el | aidh ar GHRRE cohRRiNeeRl het ¥t bl Heolrbups (ecg oubyle- tept-
12-nmenberd aromatic, nonocyclic heterocyclic group 15 containing 1 to 4

het er oat omP&el lect eBEREBRY ni thssRetylsul fRROPEREY bxygderdtdieiit Wuch &3

benzofuranyl, isobenzofuranyl, benzo[b]thienyl, indolyl, isoindolyl, 1H
1, l~-dimethylbutyl, , 2-

ethylpropyl, hexvyl, isohexyl,
dimethylbutyl, 3,3-dimethylbutyl, 2—~ethylbutyl, hexyl,
pentyl, octyl, nonyl, decyl, and the 1like. Preferred
examples of said alkenyl group include vinyl, allyl,
10 isopropenyl, l-propenyl, 2-methyl-l-propenyl, 1l-butenyl, 2-
butenyl, 3-butenyl, 2-ethyl-l-butenyl, 3-methyl-2-butenyl,
l-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 4-methyl-3-
pentenyl, 1l-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5~
hexenyl, and the like. Preferred examples of said alkynyl
15 group include ethynyl, 1l-propynyl, 2-propynyl, 1l-butynyl,
2-butynyl, 3-butynyl, 1l-pentynyl, 2-pentynyl, 3-pentynyl,
4-pentynyl, l-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, 5-
hexynyl, and the like.
Examples of the alicyclic hydrocarbon group as
20 the substituent of the hydrocarbon group, the acyl group,
the sulfonyl group, the sulfinyl group and the heterocyclic
group represented by R' or R® include a saturated or
unsaturated C,, alicyclic hydrocarbon group such as a C,g
cycloalkyl group, a Cy, cycloalkenyl group, a Cug

25 cycloalkadienyl group and the like. Preferred examples of



i ndazol yl, benzoi m dazol yl, benzooxazolyl, 1,2- benzoi sooxazolyl,
benzot hi azol yl, 1, 2-benzoi sot hi azolyl, 20 1H benzotriazolyl, quinolyl,

i soqui nolwd p1/edeBrol i nyl, qui nazol i nyl, quinoxalinyl, phtpetagiiyiss
napht hyri dinyl, purinyl, pteridinyl, carbazolyl, a-carbolinyl,
O-carbolinyl, y-carbolinyl, acridinyl, Qgenoxazinyl, phenoxazi nyl ,
phenot hi azi nyl , phenazi nyl, phenoxatinyl’ thianthrenyl, 25 phenanthredi nyl,
phenant hrol i nyl, indolizinyl, pyrrolo[l,2 WD 01/64685 PCT/JP01/01483 40

b] pyri dazi nyl, pyrazo[1, 5-a] pyridyl, imdazo[l, 2-a]pyridyl,

i mdazo[ 1, 5-a]pyridyl, imdazo[l, 2-b]pyridazin

| dasol 1, SAaPbirtm i A o, G Sp n B S Res A ARRAYL cyclobutyl,
1,2,4-triazol q[4, 3-b]pyridazinyl, etc.), and the like. 5 Preferred exanpl es
of the non<df %EFP&WLHetero%¥%¥¢%6@¥£Up as R OE@B Hruent fCIREtYL,

hydr ocar bon , grqup,. the acyl group, the sulfonyl group, the sulfinyl_ group
and t he he?@%ggg8ﬁ@c%gﬁdiﬁg' resented by R or 1e¥elube @ sloglyl,

8- menber ed_non-araomatic,. nongcycli¢c 10 heterocyclic group containing 1 to 4
het er oat orr?lé:éflcg@t[éd 2l omtWler ey, TBaI fidrke -andPER{§ERSEt SRemRdfeh @F
oxiranyl, azetidinyl, oxetanyl, thietanyl, pyrrolidinyl, tetrahydrofuryl,
t hi ol &nyl , SFiiferGeei mpclaekkariiidr SH9HRNFRCLURST phevichdPesnodorBhol 3ny! |

pi perazinyl, and the like. 15 Exanpl es of the hal ogen atom as the

subst i t uenCYCdPreRE shydrodar Forw Y§rlohexamel aeyl 3@l oheremsul fvhy| angr oup,

the sulfinyl group and the heterocyclic group
the like. Preferred examples of said C,; cycloalkadienyl

group include 2,4-cyclopentadien-1-yl, 2,4—cycldhexadien—1—
yl, 2,5-cyclohexadien-1~yl, and the like.

10 The aryl dJroup as the substituent of the
hydrocarbon group, the acyl group, the sulfonyl group, the
sulfinyl group and the heterocyclic group represented by R*
or R?), and the aryl group 1in the aralkyl group mean a
monocyclic, or condensed polycyclic aromatic hydrocarbon

15 group. Preferred examples thereof include phenyl, naphthyl,
anthryl, phenanthryl, acenaphthenyl, and the like, with C,-
10 aryl such as phenyl, 1-naphthyl, 2-naphthyl, and the
like being more preferred.

Examples of an optionally substituted

20 thiocarbamoyl group as the substituent of the hydrocarbon
group, the acyl group, the sulfonyl group, the sulfinyl
group and the heterocyclic group represented by R' or R?
include methylthiocarbamoyl, . ethylthiocarbamoyl,
phenylthiocarbamoyl and the like.

25 Preferred examples of the aromatic heterocyclic



represented by RL or R2 include fluorine, chlorine, bromne, and iodine,
with fluorine and chlorine being particularly 20 preferred. Exanples of

the opti oRdy disssedbstituted amno group as the substituentpqhphD614s3
hydr ocar bon group, the acyl group, the sulfonyl group, the sulfinyl group

and the heterocyclic group represented b§ R or R2 include am no 25 group,

an N-nono-substituted am no group, and N>R WO 01/ 64685 PCT/ JP01/ 01483 41

di substituted am no group. Exanples of said substituted am no groups

i ncl ude an am no group having one or two Cl1_10 al kyl groups, C3_7

cycl oal kyl groups, C2_10 al kenyl groups, C2_10 al kynyl groups C3_7

cycl oal keny\ T Yoiss, ths gub g {ituenyrotipshe naVdhegaraoe @redP4 BirRyR<Hioup,

a heterocyclic group (e.g., the same heterocyclic group as that as the

subst i t uent9FUR/he thedr 68aLEHY lgr 6GPUPY hetleyiswkloipyl t KEowul pady| throup,

and the heterocyclic group represented by Rl or R2) , or d-,,) acyl

groups (e. hpta@@yalikan@tourt epresergache bsub& i teent’ t haedbfle(eay.

met hyl ami no, di nethyl am no, ethylam no, diethylam no, dibutylamrio,

di al | yl am reg;omafijet ohergtamilhe, hetendcmiim, gRPuet N - ON»phenykaticnob-

acetyl am no, propionylanno, benzoylam no, nicotinoylamno, etc.). In

addi tion, tienewd groupatia, sabdosybdtlict dtederis variino group ceytaentbabi ned

to forma nitrogen-containing, 5- to 7-nmenbered ring (e.g., the sane ring

as that forlmedo by dmtlEmalpmRl @edcR2Zecdachronheritpraedrer alsiuy fupmi, peandi ne,
oxygen atoms, such as furyl, thienyl, pyrrolyl, oxazolyl,
isooxazolyl, thiazolyl, isothiazolyl, imidazolyl, pyrazolyl,
1,2,3-oxadiazolyl, 1,3,4-oxadiazolyl, furazanyl, 1,2,3-

10 thiadiazolyl, 1,2,4-thiadiazolyil, 1,3,4-thiadiazolyl,
1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl, pyridyl,
pyridazinyl, pyrimidinyl, pirazinyl, triazinyl, etc.) as
well as an aromatic condensed heterocyclic group (e.g., a
8- to 12-memberd aromatic, monocyclic heterocyclic group

15 containing 1 to 4 heteroatoms selected from nitrogen,
sulfur, and oxygen atoms, such as benzofuranyl,
isobenzofuranyl, benzo[b]lthienyl, indolyl, isoindolyl, 1H-
indazolyl, benzoimidazolyl, benzooxazolyl, 1,2-
benzoisooxazolyl, benzothiazolyl, 1,2-benzoisothiazolyl,

20 1H-benzotriazolyl, quinolyl, isoquinolyl, cinnolinyl,
quinazolinyl, quinoxalinyl, phthalazinyl, naphthyridinyl,
purinyl, pteridinyl, carbazolyl, a-carbolinyl, B-carbolinyl,
y-carbolinyl, acridinyl, phenoxazinyl, phenoxazinyl,

phenothiazinyl, phenazinyl, phenoxatinyl, thianthrenyl,

25 phenanthredinyl, phenanthrolinyl, indolizinyl, pyrrolol[l,2-



nor phol i no, thionorpholino, etc.). Further, the carbanoyl group and the
sul fanoyl 20 group as the substituent of the hydrocarbon group, the acyl

group, thgﬁﬁﬁk&@gyl group, the sulfinyl group and the hetRHOBYEHIs63 97 OUP
represented by Rl or R2 may have the sane one or two substituents as those

of the above- nentioned substituted am ng_group. 25 Exanples of the
optionally substituted acyl group WO 01/ 64685 PCT/ JPO1/ 01483 42 as the
substituent of the hydrocarbon group, the acyl group, the sulfonyl group,
the sulfinyl group and the heterocyclic group represented by RL or R2
include (i) fornmyl or (ii) a group where the carbonyl group is conbined
with a Cl_deyridaaingrloupyiee €l 1o 22 kanyd dygkoupni da 2l 102 za kgykd gk oup, a
C3_7 cycl oal kyl group, a C5_, cycloal kenyl group, or an aronatic group

r
(e.g., pheryiidpzoup., pylingdidroup, etc.) (Enidazabbtytl] pyoiianiayl,
butyryl, isobytyryl, valeryl, isovaleryl, pivaloyl, hexanoyl, heptanoyl,
oct anoyl , IMideAdbutZareldarbienydinycl opeht i borglo [4, 3-alpyridyl,
cycl ohexanecar bonyl , cycl ohept anecar bonyl, crotonyl, 2- .
cycl ohexendoa&foriia4seliriod 3-leltryyidawinhe l4tke.) Exarpl eshofl ike.
optionally substituted hydroxyl group as the substituent of the _
hydr odar bon group, tRrafgreds5 greaamplidse subffonyl theoup, notreasend §hyl
group and the heterocyclic group represented by RL or R2 include hydroxyl
group and adabhedramyydligr ogpobrviasy bheappiospritatemt of the hydrocarbon
group, the acyl group, the sulfonyl group, the sulfinyl
group and the heterocyclic group represented by R' or R?
include a 5- to 8-membered non-aromatic, monocyclic

10 heterocyclic group containing 1 to 4 hetercatoms selected
from nitrogen, sulfur, and oxygen atoms, such as oxiranyl,
azetidinyl, oxetanyl, thietanyl, pyrrolidinyl,
tetrahydrofuryl, thiolanyl, piperidinyl, tetrahydropyranyl,
morpholinyl, thiomorpholinyl, piperazinyl, and the like.

15 Examples of the halogen atom as the substituent
of the hydrocarbon group, the acyl dgroup, the sulfonyl
group, the sulfinyl group and the heterocyclic group
represented by R' or R? include fluorine, chlorine, bromine,
and iodine, with fluorine and chlorine being particularly

20 preferred.

Examples of the optionally substituted amino
group as the substituent of the hydrocarbon group, the acyl
group, the sulfonyl group, the sulfinyl group and the

heterocyclic group represented by R' or R? include amino

25 group, an N-mono-substituted amino group, and N,N-



substituent, particularly, that to be used as a protective group (e.g.,
al koxy, al kenyl oxy, al kynyl oxy, aral kyl oxy, 20 acyloxy, aryloxy, etc.).
t he pref ewigad/sabdsoxy, there is CL_10 al koxy (e.qg., nethopcr/@olenys
propoxy, i sopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy,

pentyl oxy, isopentyloxy, neopentyl oxy, gxyloxy, hept yl oxy, nonyl oxy,
etc.), C3_1 25 cycloal kyloxy (e.g., cyclobutoxy, cyclopentyloxy, WO

01/ 64685 PCT/JP01/ 01483 43 cyclohexyloxy, etc.). As the preferred

al kenyl oxy, there is C2_10 alkenyloxy (e. g , allyloxy, crotyl oxy,

2- pent enyl oxy enyl ox or cl oal kyl oxy. (

cycl opent e Q%%ﬁ%%ycﬁgﬁgﬂ Bet h meﬁ%?) % ﬁ?g?g+€%56d
al kynyl oxy, there is C2 | kynyl ox ., _eth nyl oxy,
ctc.) As LR TR apawﬁo% e o Piadnbne” oBhean e
al kyl oxy T(e. benz ony, phen |l oxy, 10 e . As the preferred
acyl oxy, H@%@”:sgﬁﬁ Es'aﬁkandﬁY?&gé Y. 9188@?y|d%w0 FridiEtery | 8kUPs
butyryloxy, i sobut yryl oxy, etc. C3_4 al kenoyl oxy, or C3_4 alkynoyloxy
As the prefGerpedRFyPBky, IFPaPE .‘%s phénishpalkensl o HEHIRE optdsanal #5YL

substituted with a hal ogen atom such as 4-chl orophenoxy, or the |ike.
Exampl®s of9IGH® Dpthahal Mgy sitsts t 8t €d-¢ hpbkyl group, a heterocyclic

group {e.g., Tthe same heterocyclic group as that as the

substituent of the hydrocarbon group, the acyl group, the

sulfonyl group, and the heterocyclic group represented by

R' or R®), or C,,, acyl groups (e.g. C,, alkanoyl, etc.) as

10 the substituents thereof (e.g., methylamino, dimethylamino,

ethylamino, diethylamino, dibutylamirno, diallylamino,

cyclohexylamino, phenylamino, N-methyl-N-phenylamino,

acetylamino, propionylamino, benzoylamino, nicotinoylamino,

etc.). In addition, the two groups in said substituted

15 amino group may be combined to form a nitrogen-containing,

5- to 7-membered ring (e.g., the same ring as that formed

by combining R' and R? each other, preferably, piperidine,
morpholino, thiomorpholinc, etc.).

Further, the carbamoyl group and the sulfamoyl

20 group as the substituent of the hydrocarbon group, the acyl

group, the sulfonyl group, the sulfinyl group and the

heterocyclic group represented by R' or R?® may have the

same one or two substituents as those of the above-
mentioned substituted amino group.

25 Examples of the optionally substituted acyl group

As



group as the substituent of the hydrocarbon group, the acyl group, the
sul fonyl group, the sulfinyl group and the 20 heterocyclic group

representa@ 4635 or R2 include thiol group and a thiol grcaupohemenNg an
appropriate substituent, particularly, that to be used as a protective

group (e.g., alklythio, alkenylthio, algénylthio, aral kylthi o, acylthio,
arylthio, etc.), and exanples of said subStituent include 25 the sane
substituent as that of the optionally substituted WO 01/ 64685

PCT/ JP01/ 01483 44 hydroxyl group. Exanples of the optionally esterified

car boxyl ro as the substituent of the hydrocarbon group, the acyl
group, t he%ﬁJI ﬁuabsr%b“dfd{erﬁe0€$}f€? &W%%%‘ﬂo%og%‘é% m‘ge‘?‘%@yc‘y’f%‘l@r oup
representeq by Rl or include, in a di%%on to carboxyl grou , an
al kyl oxycartényit - PR KMy | N OUR PR kKPS 1 BRYREY BBRYEC an
aral kyl oxycar bonyl group, an acyoxycarbponyl group, —an _ aryl oxycarbonyl
group, and HEH &P TACBRHPPEsRofC¥hB atkyTugeolp) i Foggivd or (ii) "a
al kyl oxycar bonyl group include a C1_6 al kyl group (e.g.,. nmethyl, ethyl,
propyl , i s&FeEy| WhBGey| the sciAnY segrobit y1 s t&mRBiRg | Widhe. 3. Gaxanpl es
of the alkenyl group in said 15 al kenyl oxycarbonyl group include a C2_6
al kenyl gr euFYle. §EOUP Wi Ay Co1al RYkenysoprepenyla G-pr &yl Wrtony#
2-butenyl, 3-nethylallyl, etc.).
Cs.; cycloalkyl group, a Cs,; cycloalkenyl group, or an
aromatic group (e.g., phenyl group, pyridyl group, etc.)
(e.g., acetyl, propionyl, butyryl, isobytyryl, wvaleryl,
isovaleryl, pivaloyl, hexanoyl, heptanoyl, octanoyl,

10 cyclobutanecarbonyl, cyclopentanecarbonyl,
cyclohexanecarbonyl, cycloheptanecarbonyl, crotonyl, 2=
cyclohexenecarbonyl, benzoyl, etc.) and the like.

Examples of the optionally substituted hydroxyl
group as the substituent of the hydrocarbon group, the acyl

15 group, the sulfonyl group, the sulfinyl group and the
heterocyclic group represented by R' or R® include hydroxyl
group and a hydroxyl = group having an appropriate
substituent, particularly, that to be used as a protective
group (e.g., alkoxy, alkenyloxy, alkynyloxy, aralkyloxy,

20 acyloxy, aryloxy, etc.).

As the preferred alkoxy, there is C(C,;, alkoxy
{e.g., methoxy, ethoxy, Propoxy, 150propoxy, butoxy,
isobutoxy, sec~-butoxy, tert-butoxy, pentyloxy, isopentyloxy,

neopentyloxy, hexyloxy, heptyloxy, nonyloxy, etc.), C,,

25 cycloalkyloxy (e.qg., cyclobutoxy, cyclopentyloxy,



Exanpl es of the al kynyl group in said al kynyl oxycarbonyl group include a
C2 6 al kynyl group (e.g., 20 ethynyl, 2-propynyl, etc.). The aral kyl group
in said awa dwuepsycar bonyl group nmeans an aryl -al kyl groyet(®ofersss6_10
aryl-Cl-6 alkyl, etc.). The aryl group in said aryl-al kyl group neans a
nonocyclic or condensed pol ycyclic aromat,i,c hydrocarbon 25 group, and
preferred exanpl es include phenyl, naphtﬁ?l, WO 01/ 64685 PCT/JP01/01483 45
anthryl, phenanthryl, acenaphthenyl, and the |ike. They may have a
substituent such as a d _10 al kyl group, a C2_10 al kenyl group, a C2_10

al kynyl grou C3 e cycloal kyl group, a C3-, cycloal kenyl group, a C4-,
cycloalkadi%i%&gkﬁ%iﬁﬁx fn %t%rir group (e.g., C6-14 aryl, etc.), an

aromatic heterocyclic group (e.g., the sane aromatic heterocyclic _group
as that of the substi%%engﬁﬁf ﬁﬁ%fﬁﬁﬁ' ar%ﬁ%e%Yg%%¥' t h8eZ8yi igr oot he
sul fonyl group, the sulfinyl group_and the heterocyclic group represented
by RL or RZ“%F&:Y%?X% 1 -¥on- aﬁéﬁ'gﬂ-i’ﬁyhet‘élf%w*%r grofST(Ey L 0%he dane
non- aromatic heterocyclic group as that of the substituent of the

hydr ocar boFFEUPL ¥ e acStC gr oupt t hé€ssul f BNFILOGAEUPOXYt he (8uPf i nyl 2gr oup
and the heterocyclic group represented by Rl or R2, etc.%. an aral kyl
group Y e. g.CYal@Enieryimethosy 152 aF kgl oypvepy lBeERPXYanthe- §r oup, an
N-mono-substituted amno group (e.g., the same N-nono-substituted am no
group as that of théA%ub§gEtuéﬁ¥ﬂ%ﬂﬂﬁﬁb he/ e vk oYy gr sbpret hds  Coyg

alkynyloxy (e.g., ethynyloxy, 2-propinyloxy, etc.).

As the preferred aralkyloxy, there 1is, for

example, phenyl-C,, alkyloxy (e.g., benzyloxy, phenethyloxy,
10 etc.).

As the preferred acyloxy, there is Cys
alkanoyloxy (e.g., acetyloxy, propionyloxy, butyryloxy,
isobutyryloxy, etc.), C,, alkenoyloxy, or C,, alkynoyloxy.

As the preferred aryloxy, there is phenoxy, a

15 phenoxy optionally substituted with a halogen atom such as
4-chlorophenoxy, or the like.

Examples of the optionally substituted thiol
group as the substituent of the hydrocarbon group, the acyl
group, the sulfonyl group, the sulfinyl group and the

20 heterocyclic group represented by R' or R? include thiol
group and a thiol group having an appropriate substituent,
particularly, that to be used as a protective group (e.g.,
alklythio, alkenylthio, alkynylthio, aralkylthio, acylthio,
arylthio, etc.), and examples of said substituent include

25 the same substituent as that of the optionally substituted



acyl group, the sulfonyl group, the sulfinyl group and the heterocyclic
group represented by RL or R2, preferably a N 20 nono-Cl-4 al kyl am no

group, etwooreeds, N-di substituted amno group (e.g., the man®o1/01483
N, N-di substituted am no group as that of the substituent in the

hydr ocar bon group, the acyl group, the % | fonyl group, the sulfinyl group
and the heterocyclic group represented 3 Rl or R2, preferably a

N, N-di - C1-4 25 al kyl ami no group, etc.), am dino group, an acyl group (e.g.,
WO 01/ 64685 PCT/JP01/ 01483 46 the sane acyl group as that of the

substi t uent qi hydr ocar bon group, the acyl group, the sulfonyl group,
t he sulfl Eﬁ%gh) ®he heterocyclic group represented by Rl or R2,
etc.), carbanoyl gro N—nono substlt ted 5 carbanoyl gro

N-nono- C1- 4 al kyl carb‘g’h’i‘)‘W §8&h %%L!C%%’tfrﬂ;ﬂtﬁéa%&ﬁﬁwf% h?%%%ﬁgﬁéﬁoyl
etc. phenyl car banoyl ; etc N-di substituted carbanmoyl group (a N
N-di - CL 4 aﬂw&aﬁf%aﬂ?}%s%%%t%%% s e N YErerRyPR a¥batpy| the acyl

N, N- di et hyl car bamoyl , etc.: 10 piperi di nocar banoyl ; norphollnocarbanoyl
etc.), sul fERIR, GroupSUd IRMFBnoYEABEY i t Heed Sth Fighbly| oo padg. t

nDno Cl-4 aIkyIsquanDyI group such as nethyl sul fanoyl, ethylsulfanDyI
etc.: phenyrekaremylic parsiurenasereasofed byc.§. arN N disgbygey ut &8
sulfanDyI group (e.g., a N,N 15 disubstituted Cl_4 al kyl sul fanoyl group
such as N, M—d@mrhyt@ulcraérmlyl eRouP A Ancyi$Yélowwcam¥>@Mdyl%nnwmm9n

group such as N nethyl - N phenyl sul fanoyl, etc.
alkenyloxycarbonyl, an alkynyloxycarbonyl, an

aralkyloxycarbonyl group, an acyoxycarbonyl group, an
aryloxycarbonyl group, and the like.

10 Examples of the alkyl group in said
alkyloxycarbonyl group include a C;, alkyl group (e.g.,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, etc.).

Examples of the alkenyl group in said

15 alkenyloxycarbonyl group include a C, alkenyl group (e.dg.,
vinyl, allyl, isopropenyl, l-propenyl, l-butenyl, 2-butenyl,
3-methylallyl, etc.).

Examples of the alkynyl group in said
alkynyloxycarbonyl group include a C, alkynyl group (e.d.,

20 ethynyl, 2-propynyl, etc.).

The aralkyl group in said aralkyloxycarbonyl
group means an aryl-alkyl group (e.g., C4,, aryl-C,. alkyl,
etc.). The aryl group in said aryl-alkyl group means a
monocyclic or condensed polycyclic aromatic hydrocarbon

25 group, and preferred examples include phenyl, naphthyl,



pi peri di nosul fanmoyl ; norphol i nosul fanoyl; etc.), carboxyl group, a Cl1-10
al koxycar bonyl group (e.g., nethoxycarbonyl, 20 ethoxycarbonyl,

| sopr opoxyeAfiRQERl . sec-butoxycarbonyl, isobutoxycarbonylpcyspo1/014s83
tert-butoxycarbonyl, etc.), hydroxyl group, a Cl1_10 al koxy group, a C2_10
al kenyl oxy group, a C3-7 cycloal kyl oxy group, an aral kyl oxy group (e.g.,
C6- 14 aryl- Cl-6 al kyl oxy, etc.), an ary %xy group (e.g., C6-14 aryloxy, 25
etc.), mercapto group, a Cl1-10 al kylthio group, an WD 01/ 64685

PCT/ JP01/ 01483 47 aral kylthio group (e.g., C6-14 aryl-Cl-6 al kyl thio,
etc.), an arylthio group (e.g., C6-14 arythioq, etc.), sulfo group cyano
group, azi @8t§rydp, wreranghreyp, ﬁlctepé‘é?@té@@l}’&r 2BNPaltBgent HEom ofRete
like. As for an alkyl group in said 5 aryl-alkyl group, a Cl-6 al kyl group
(e.qg., methgy, katgla spospituspit yuckt es) & Lprefdiyed. I & er fedz-10
exanpl es of said aral kyl group, i.e., an aryl-alkyl group include benzyl,
phenet hyl , ad3ksherdy|gnonipyl 2 Ch-naphEiyy) ngeeyip, & 2C;-naprtisadek ggoumnd t he

| i ke. Anobng them benzyl, 10 phenethyl, and the like are preferred. As the
acyl groupai rC.sai oyabyd bxgmrat bonghpgr Gups.-: f o¥Céxahjpdienkiér graue,f oyl , a
C2-4 al kanoyl group, a C3-4 al kenoyl group, a C3-4 al kynoyl group, and the
| i ke. 5As theydryl ggoopwp i fesgi.d ar§loxycarbonyl gtoup, 18nf oramxeple,
there are phenyl, naphthyl, and the Iike. Exanples of the am dated
car boxyl ghetjeras tdid csubstipuele. of, t hbehyahnorarbonagicupetdieoceyligr oup,
the group as that of the substituent of the hydrocarbon group,
the acyl group, the sulfonyl group, the sulfinyl group and
the heterocyclic group represented by R' or R?, etc.), a
10 non-aromatic heterocyclic group (e.g., the same non-
aromatic heterocyclic group as that of the substituent of
the hydrocarbon group, the acyl group, the sulfonyl group,
the sulfinyl group and the heterocyclic group represented
by R' or R?, etc.), an aralkyl group (e.g., a Ce, aryl-C,
15 alkyl group, etc.), amino group, an N-mono-substituted
amino group (e.dg., the same N-mono-substituted amino group
as that of the substituent of the hydrocarbon group, the
acyl group, the sulfonyl group, the sulfinyl group and the
heterocyclic group represented by R' or R?, preferably a N-
20 mono-C,, alkylamino group, etc.), a N,N-disubstituted amino
group (e.g., the same N,N-disubstituted amino group as that
of the substituent in the hydrocarbon group, the acyl group,
the sulfonyl group, the sulfinyl group and the heterocyclic
group represented by R' or R? preferably a N,N-di-C,,

25 alkylamino group, etc.), amidino group, an acyl group (e.g.,



sul fonyl group, the sulfinyl group and the heterocyclic group represented
by RL or R2 include the carboxyl group 20 am dated with an optionally
substi t utvegd oBgicB® group as the substituent of the hydrocpebgpvigisgp, the
acyl group, the sulfonyl group, and the heterocyclic group represented by
t he above nentioned RL or R2, each of mhﬁg@)nay be substituted. 25 In the
above-nentioned fornmula (1), exanples of 01/ 64685 PCT/JP01/ 01483 48 the
het erocyclic group of the optionally substituted heterocyclic group
represented by R include the sane heterocyclic group as that defined with

respect to _the above-nentioned R or R%b Tge optionally substituted 5
het er ocycl iF€Sgr 3UPe r e e AEQHPLy R P the Odt t HiPed %ﬁélengdj aéentR&
t hr ough an% ossible atom (e.g., nitrogen, carbon) in the heterocyclic
group. It PEREPPED TGP tHE oPEY bndF PYPsubEei SHtld®T et YRy i &2 Yr oup
represented _bhy R.is attached to X through njtrogen atom 10 Exangleslof
the het er ofPfFEYdr GERUE e thspthRIogy Sl FE et dr teFereredi BYgRoup
represented by R (preferably, a nitrogen-containing heterocyclic group)
i nclude (iP¥a R /to FFrehber arREFEYcy ITRURyr oup  AbHAN G HEP et skad ur
atom one nitrogen_atom or one 15 oxygen atom (ii) a 5- to 7-nenbered
het er Scycl FETERBAYL cHROEP ni (fy D t 024 Wiy -at ahyleprrppnpyla Houw 7-
menber ed heterocyclic groug containing 1 to 2 nitrogen

such as methylcarbamoyl, ethylcarbamoyl, etc.;

phenylcarbamoyl; etc.), a N,N-disubstituted carbamoyl group

(a N,N-di-C,_, alkylcarbamoyl group such as N, N-

dimethylcarbamoyl, N,N-diethylcarbamoyl, etc.;

10 piperidinocarbamoyl; morpholinocarbamoyl; etc.), sulfamoyl
group, a N-mono-substituted sulfamoyl group (e.g., a N-
mono—-C,, alkylsulfamoyl group such as methylsulfamoyl,
ethylsulfamoyl, etc.; phenylsulfamoyl; p-toluenesulfamoyl;
etc.), a N,N-disubstituted sulfamoyl group (e.g., a N,N-

15 disubstituted C,,, alkylsulfamoyl group such as N,N-
dimethylsulfamoyl, etc.; a N-C,, alkyl-N-phenylsulfamoyl
group such as N-methyl-N-phenylsulfamoyl, etc.;
piperidinosulfamoyl; morpholinosulfamoyl; etc.), carboxyl
group, a C,,, alkoxycarbonyl group (e.g., methoxycarbonyl,

20 ethoxycarbonyl, isopropoxycarbonyl, sec-butoxycarbonyl,
isobutoxycarbonyl, tert-butoxycarbonyl, etc.), hydroxyl
group, a C,,;, alkoxy group, a C,,, alkenyloxy group, a C,.,
cycloalkyloxy group, an aralkyloxy group (e.g., Ceq, aryl-
Ci¢ alkyloxy, etc.), an aryloxy group (e.g., Cq,, aryloxy,

25 etc.), mercapto group, a Cy,, alkylthio group, an



atons and one sul fur atomor one oxygen atom or (iv) these heterocyclic
groups nmay be condensed with a 5- to 6 20 nenbered ring containing 2 or

| ess nit nogeDe®RBONE, benzene ring, or a 5-nmenbered ring ponlyR1i¥g one

sul fur atom Each of the heterocyclic groups exemplified in (i) to (iv)
may be a saturated or unsaturated hetero&yclic group, and the unsaturated
het erocyclic group may be either aronati 25 or non-aromatic. WD 01/ 64685
PCT/ JP01/ 01483 49 These heterocyclic groups may have 1 to 3 substituents
at any possi ble positions. Exanples of such a substituent include the sanme

substituent as.t .defined ith respect tq the substityent of the

hydr ocar boﬁrﬁi&yg,% QY HEF AR Y\%T%U’p, Ce¢he a§l§ﬁ‘f'§myl aél?%(gﬁ,ﬁ"ltohe e&q -flirny@™ gr oup
and the heter% yclic group, represented Qy Rl or R2 (preferably, oxo
group), or AN YR IBRERI f (R Exanpices SFEXHE Gpt B&Fal vy SHHER (IRBEP

het erocyclic group represented by R, in the case where the 10 constituent
car bon at oﬁlyia%ot PR er GAAA cI9FPBRp i T agkedPt o R o] agBAEPX, a

i nclude 2-im.dazolyl, 1,2,4- triazol-3-yl, 2-thiazolﬁl 2-oxazol yl ,
2-pyridyl , h3legerdyaton.4- gy tagl likepenAsi rieiazalyplkuhd 9ERED ke SEANDI es
of the optionally substituted 15 heterocyclic group represented by R in
the c&se wWRENE - ﬁ@yhxﬁﬁﬁqﬁueﬁtcbmiﬁﬂégénQﬁQﬂﬁihetﬁerh@@ébﬁédeﬁhxﬁ@up is

attached to the adjacent X, include 1-pyrrolyl, 1-
propyl, butyl, etc.) is preferred. Preferred examples of

salid aralkyl group, i.e., an aryl-alkyl group include
benzyl, phenethyl, 3-phenylpropyl, (l-naphthyl)methyl, (2-
naphthyl)methyl, and the like. Among them, Dbenzyl,
10 phenethyl, and the like are preferred.
As the acyl group in said acyloxycarbonyl group,
for example, there are formyl, a C,, alkanoyl group, a C,,
alkenoyl group, a C,, alkynoyl group, and the like.
As the aryl group in saild aryloxycarbonyl group,
15 for example, there are phenyl, naphthyl, and the like.
Examples of the amidated carboxyl group as the
substituent of the hydrocarbon group, the acyl group, the
sulfonyl group, the sulfinyl group and the heterocyclic
group represented by R' or R?* include the carboxyl group
20 amidated with an optionally substituted amino group as the
substituent of the hydrocarbon group, the acyl group, the
sulfonyl group, and the heterocyclic group represented by
the above mentioned R' or R?, each of which may be
substituted.

25 In the above-mentioned formula (I), examples of



pyrrolidinyl, 1-imdazolidinyl, 1-pyrazolidinyl, 1- piperidyl (piperidino),
1- pi perazi nyl, 4-norpholinyl 20 (norpholino), 4-thionorpholinyl,

honopi per@o ciredesl ., pyrazol -1-yl, imdazol-1-yl, 1,3-thi g¢ita@poledsy!. 1, 3-
oxadi azol -3-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol-2-yl,

1,2,4-triazol-4-yl, 1,2,3-triazol-1-yl, % 2,3-triazol-2-yl, tetrazol-1-yl,
oxazol -3-yl, thiazol-3-yl, and partly or ?5 whol e sat urat ed,

ni t rogen-contai ning, heterocyclic groups WO 01/ 64685 PCT/JP01/01483 50

t hereof . These heterocyclic groups may have the 1 to 3 same substituent as

the optional, substjtuent of the hydrocarbaqon group, the acyl group, the
sul fonyl grotp, PRESTRGYFLAGI QFBHé arf tﬂgnhet%ﬁ @%?}%YgrEE%SFé HEgEnt e

by R1 5 anﬂbag, anqefay be condensed with the above-menti oned non- :
aromatic, MMOTHRITC Het e?oeyR| i EeRFBTPR P arB¥at Re #1rRgud8uchhas BBHgene

ring or the like. Specific exanples, in the case where the heterocyclic
group i s cOMIEHI th SFOU ofdt i €3t nglefiipacudeibenzisirrell to- yEhe
i ndol -1-yl, 1H 10 indazol-l-gﬁ, and the |ike; preferabIY, _
1,2, 4-tri aRQveyrentioned. tkj agdl - Kyl , i MeazePtionsllyor pwosthbutad
nmor phol i nyl)), piperidino (1-piperidyl), oxazolidin-3-yl, thiazolidin-3-yl,
hydantdi n- IN§erenic bl dyheur 1repyepontafinby- W mavame tdetdched eachhef
which may be 15 substituted and nay be condensed wi th benzene ring; nore
pr ef er abl y,ad #fetlogeh- ddritaigii ngnys- pogsibdenbeted riagy.t harimaggeave 1
to 2 oxo groups (e.g., 2,4-dioxooxazolidin-
carbon) 1n the heterocyclic group. It is preferred that
the optionally substituted heterocyclic group represented
by R is attached to X through nitrogen atom.

10 Examples of the heterocyclic group of the
optionally substituted heterocyclic group represented by R
(preferably, a nitrogen-containing heterocyclic group)
include (1) a b- to 7T-membered heterocyclic group
containing one sulfur atom, one nitrogen atom, or one

15 oxygen atom, (ii) a 5- to 7-membered heterocyclic group
containing 2 to 4 nitrogen atoms, or (iii) a 5- to 7-
membered heterocyclic group containing 1 to 2 nitrogen
atoms and one sulfur atom or one oxygen atom, or (iv) these
heterocyclic groups may be condensed with a 5- to 6-

20 membered ring containing 2 or less nitrogen atoms, benzene
ring, or a b5-membered ring containing one sulfur atom.
Each of the heterocyclic groups exemplified in (i) to (iv)
may be a saturated or unsaturated heterocyclic group, and

the unsaturated heterocyclic group may be either aromatic

25 Oor non-aromatic.



3-yl, 2,4-dioxothiazolidin-3-yl, 2,5-dioxohydantoin-21-yl,

2, 5-di oxopyrrolidin-1-yl, etc.), with 2,5-di oxopyrrolidin- 20 1-yl being
parti cul apogyoipugdserred. R is preferably N Cl1 WO 01/ 64685 RCHpbDd{4831483 51
wherein ring Cl represents a 5- to 7- nenbered heterocyclic group which
may contain 1 to 3 hetero atons selected from nitrogen, sulfur and oxygen
in addition to the nitrogen atom and miy be substituted with the 1 to 3
same 5 substituents of the hydrocarbon group, the acyl group, the sulfonyl
group, the sulfinyl group and the heterocyclic group represented by Rl and
R2 . More preferably, Ris O\~ C 0 10 wherein ring C represents a 5- to
7- menber ed heterocyclT%ss%roﬁﬁtﬁﬁ?ﬁﬁcihﬁ cGRPHPR offeYor Bt (4 the3, 3
preferably %% het ero atons sel ected fromnjtrogen, sulfur and oxygen, in
addi tion t CHHEHIHFOgR Aty PosThelamve! FoPhat a £XPyessobxsgeh at om

an 15 optionally oxidized_sul fur atom or Ra (. Raem(" ( rK S=C 0=C C C Re
NE C Re- ¢ sq@pﬁ&;gent include the same substituent as that defined

with respect to the substituent of the hydrocarbon group,
5 the acyl group, the sulfonyl group, the sulfinyl group and
the heterocyclic group represented by R' or R?® (preferably,
O0X0 group), or the like.
Specific examples of the optionally substituted
heterocyclic group represented by R, in the case where the
10 constituent carbon atom in the heterocyclic group is
attached to the adjacent X, include 2-imidazolyl, 1,2,4-
triazol-3-yl, 2-thiazolyl, 2-oxazolyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-benzoimidazolyl, and the like.
Examples of the optionally substituted
15 heterocyclic group represented by R, in the case where the
constituent 'nitrogen atom in the heterocyclic group is

attached to the adjacent X, include 1-pyrrolyl, 1-

pyrrolidinyl, l-imidazolidinyl, l-pyrazolidinyl, 1-
piperidyl (piperidino), l-piperazinyl, 4-morpholinyl
20 (morpholino), 4-thiomorpholinyl, homopiperazin-1-vyi,

pyrazol-1-vyl, imidazol-1-y1, 1,3-thiadiazol-3-yl, 1,3-
oxadiazol-3-yl, 1,2,4-triazol-1-y1, 1,2,4-triazol~2-yl,
1,2,4-triazol-4-yl, 1,2,3-triazol-1-yl, 1,2,3-triazol-2-yl,
tetrazol-1-yl, oxazol-3—yl, thiazol-3-yl, and partly or

25 whole saturated, nitrogen-containing, heterocyclic groups



or (wherein Ra and Rb, which may be the sane or different, respectively,
represent hydrogen atom a hal ogen atom an optionally substituted
hydr ocar kop ogégerp, an optionally 20 substituted acyl groupcrasvi@pigsonal |y
substituted carbanmyl WO 01/64685 PCT/JP01/01483 52 group, an optionally
substituted thiocarbanoyl group, an opt'8nally substituted sul fonyl group,
an optionally substituted sulfinyl grou%, an optionally substituted
hydr oxyl group, an optionally substituted thiol group, an 5 optionally
esterified carboxyl group, or an optionally substituted heterocyclic
roup, or and be conbi ned each other to forma 5- to_7-nenbered
?i ng; and E@‘erreé’ ‘esent€ SRy dFOGRTC SY Ot © a HRUEFe &Y offVEN Bift i bndld y3
substituted h droqﬁ{bo roup, an ogtionaILy substituted 10 acyl grqu, an

opti onal | y 5&5st iTHRYEd W bano§® gFBEp, ORE 1088t oS iduss ( \Rfed the
t hi ocar bampyl group, an optionally substituted sul fonyl group, an
opt i onal | y "iE&GaT JEQHR 4 nire gRBYH, JERUBpt ithFalqut iAWY hie oxy

group, an optionally substituted thiol group, an optionally 15 estergfied
carboxyl gf&dFinL SFBt iadHhl The shekseredyellc hererbeyePresgrbag) byERanpl es
of the optional Ly substituted hydrocarbon group represented by Ra, Rb, or
Rc i nel ude @Re R sapBdgmsip ke W@d@p@e@nymtg diles taQtesdnaiytdrastast boPngr oup

20 represented by the above-nentioned RlL or R2. Anong them
aromatic, monocyclic heterocyclic group or aromatic ring

such as benzene ring or the like. Specific examples, in
the case where the heterocyclic group is condensed with an
aromatic ring, include benzimidazol-1-yl, indol-1-yl, 1H-
10 indazol-1-yl, and the like; preferably, 1,2,4-triazol-1-vyl1,
1,2,4-triazol-2-yl, imidazol-1-vy1, morpholino (4-
morpholinyl), piperidino (l-piperidyl), oxazolidin-3-yl,
thiazolidin-3-y1, hydantoin-1-y1, pyrrolidino (1-
pyrrolidin-1-yl), and the 1like, each of which may be
15 substituted and may be condensed with benzene ring; more
preferably, a nitrogen-containing, 5- to 7-membered ring
that may have 1 to 2 oxo groups (e.g., 2,4-dioxooxazolidin-
3-yl, 2,4-dioxothiazolidin-3-yl, 2,5-dioxohydantoin-1-y1l,
2,5-dioxopyrrolidin-1-yl, etc.), with 2,5~dioxopyrrolidin-
20 1-yl being particularly preferred.

R i1s preferably

—N ¢



met hyl, ethyl, isopropyl, propyl, butyl, benzyl, phenethyl, 2-, 3-, or
4-pyridylmethyl, or the like is preferred as the optionally substituted
hydrocarqunﬁgggg represented by Ra, Rb, or Rc. 25 Exanplgspbihss
optionally substituted acyl group WO 01/64685 PCT/JP01/01483 53
represented by Ra, Rb, or Rc include the sane group as the optionally
substituted acyl group represented by t heélabove- mentioned RL or R2. In

particul ar, benzoyl, acetyl or the like is preferred. 5 Exanples of the
optionally substituted carbanmyl group represented by Ra, Rb, or Rc
include the sanme group as the optionally substituted carbanmoyl group

defi ned wi tHefeidpeeing oCt Heepuaral tuentoof te hé- hdrbeheBoRelprbapycasyl
group, sulfonyl group, or heterocyclic group represented by 10 the
above- nent | Gt RThbeh RRavExamilads of the3opeitersl 1atammbsteiented from
t hi ocar banmoyl group represented by Ra, Rb, or Rc include the sanme group as
t he optiondtiraudyst i sytlddn hodackavey igr egsiddfdmetowitiie respeegeno t he
substituent of the 15 optionally substituted hydrocarbon group, acyl group,
sul fonyl graup, oraiet enagychec grlosipl tepedsewitd byhehel above3neasmened
Rl or R2. Exanples of the optionally substituted sul fonyl group
r epr esent edsilys tRa; udRbt; s oo £ REhienblyddecalmbosame agoup-h2 0@l t dreowpt | dhal |y
substituted sul fonyl group represented by

sulfonyl group, the sulfinyl group and the heterocyclic

group represented by R' and R%.

More preferably, R is

0
>
—N ¢
/
0
10 wherein ring C represents a 5- to 7-membered heterocyclic

group which may contain one or more (1 to 3, preferably 1)
hetero atoms selected from nitrogen, sulfur and oxygen, in
addition to the nitrogen atom.

In the above formula (I), Y 1is oxygen atom, an

15 optionally oxidized sulfur atom, or
Ra
Ra 4 / / /
S=C/ 0=C/ >=C ) N C Rc—N=¢C RG_C/ ‘
\ N Rb \ , Rb/ \ ' \ \

or

(wherein Ra and Rb, which may be the same or different,
respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon group, an optionally

20 substituted acyl group, an optionally substituted carbamoyl



t he above-nentioned RL or R2. Exanples of the optionally substituted

sul finyl group represented by Ra, Rb, or Rc include the sane group as the
opti onal Wwosubsks tuted sul finyl group represented by 25 p&EIP01/01483
above-nmentioned Rl or R2. WO 01/64685 PCT/JP01/01483 54 Exanples of the
optionally substituted hydroxyl group rsgresented by Ra, Rb, or Rc include
the sanme group as the optionally substiftted hydroxyl group defined with
respect to the substituent of the hydrocarbon group, acyl 5 group, sulfonyl
group, the sulfinyl group or heterocyclic group represented by the

aroup T opr é@%ﬁﬁéﬁ%ﬁr fﬁg?fw'ixa y E%uﬁ%fsﬁﬁﬁgg L%t?&%ﬁ@%%@{i %&trfvﬁe? "an
optionally suhbstituted thiol.grou efi.ne respec 0 e

el ene Bl s R, B My g TaRy bl
or RQ.yExgﬁﬁﬁgg%ﬁdﬁ (ﬁﬁﬂ%ﬁ%ﬁ}y_gﬁgg?ituﬁgd,OH&%Q%%#%%Hj%%F%ﬁﬁ&&t%ﬂoup
Cubst 1 £ ut oY ESRarh r et Tenr BBxPtIoR e Hetl o ¢TEq cSpoct CEorRe An
substi_t uent % t he _hydrocarbon group, the_acyl group, the sulfonyl group,

f, ) A
the s finyPP T EFé ket Gy ERTBOX Yl ouB T PEBY es@ht el byoRHeonally

above-nentioned R1L or. R2. 20 Examples of the optionally substituted
substituted heterocyé?ic group, J} Ra g%d Rb may be

combined each other to form a 5- to 7-membered ring; and Rc
represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optionally substituted

10 acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an. optionally substituted thiol group, an optionally

15 esterified carboxyl group, or an optionally substituted
heterocyclic group).

Examples of the optionally substituted
hydrocarbon group represented by Ra, Rb, or Rc include the
same group as the optionally substituted hydrocarbon group

20 represented by the above-mentioned R!' or R?’. Among them,
methyl, ethyl, isopropyl, propyl, butyl, benzyl, phenethyl,
2=, 3=, or 4-pyridylmethyl, or the like is preferred as the
optionally substituted hydrocarbon group represented by Ra,
Rb, or Rc.

25 Examples of the optionally substituted acyl group



het erocyclic group represented by Ra, Rb, or Rc include the same group as
the optionally substituted heterocyclic group defined with respect to the

above- menyvigonadeddl or R2. Al so, exanples of the 5- to 7- npdagrpedorsgg, in
25 the case where Ra and Rb are conbi ned each other to form WD 01/ 64685
PCT/ JP01/ 01483 55 the , 5- to 7-nenbereg ring, include a C3_7 saturated
hydr ocarbon ring (e.g., cycl opentane, cycFohexane, and cycl oheptane) or a
5- to 7-nmenbered, saturated heterocyclic group containing one to four

het eroat ons selected from5 nitrogen, sulfur, and oxygen [e.g.,

ni trogen-cantai nin 7_saturated dr.ocarbon .ring (e.dg.
tetra%ydroﬁﬁ?ﬁﬁseégﬁqg§§d$%py#éh,OﬁyE%oP’ EHQF_ﬁqﬁy§%W%e§%oﬂ%y%%the
Fingy, et o 9P C o e TS et P o FERISRRIDER PY npf edgover
cycl opent ane, cycl ohexane, ycl ohept ane r an_oxygen-containing, C5 7
Ut od RSO g (e o B DRl o GRRrET L eate T nb8E o

the like. Preferred exanpl es of Rc include hydrogen atom 15 hydroxyl
group, netﬂd%?gﬁ%nﬁfeégﬁ%%%°group, and the like. Preferred exanples of Y

i nclude an optionally substituted sulfur atom. or 0= ClIn the
above-trent i oned for mi%ARYes whenthengPBiopa lgpradenititrq oparhamoyl

Y-contai ning optionally substituted 5- .
group repreSented by Ra, Rb, or Rc include the same group

as the optionally substituted carbamoyl group defined with

respect to the substituent of the hydrocarbon group, acyl

group, sulfonyl group, or heterocyclic group represented by
10 the above-mentioned R' or R’.

Examples of the optionally substituted
thiocarbamoyl group represented by Ra, Rb, or Rc include
the same group as the optionally substituted thiocarbamoyl
group defined with respect to the substituent of the

15 optionally substituted hydrocarbon group, acyl group,
sulfonyl group, or heterocyclic group represented by the
above-mentioned R' or R®.

Examples of the optionally substituted sulfonyl
group represented by Ra, Rb, or Rc include the same group

20 as the optionally substituted sulfonyl group represented by
the above-mentioned R' or RZ.

Examples of the optionally substituted sulfinyl
group represented by Ra, Rb, or Rc include the same group
as the optionally substituted sulfinyl group represented by

25 the above-mentioned R® or R®.



to 8-nmenbered (preferably 6-nenbered) ring whose ring constituent atons
contain no nitrogen atomtogether wiwth the carbon-double bond portion in
t he adj agephitdesgophene ring. Also, ring B nay forma Yﬁcg@t@ﬁnhmgnlactone
ring in WO 01/64685 PCT/JPOL/ 01483 56 the case where Y is 0= C As the 5-
to 8-nmenbered ring in the Y-containing gﬂtionally substituted 5- to
8-nmenbered ring whose ring 5 constituent "atons contain no nitrogen atom
for exanple, thereis: O$SS(0$ (CH)n' (CH)n ' (CH)n O$ rk-S
4~~ (42 SS1 (CH)n (CHR)n (CH2)n Ra S\ OSRb S OO ~1 (CH2)n

(G2)n (CG2)n . N53E£§E§Ee§90§b€he optionally substituted hydroxyl

group represented by Ra, Rb, or Rc include the same group
as the optionally substituted hydroxyl group defined with
respect to the substituent of the hydrocarbon group, acyl

5 group, sulfonyl group, the sulfinyl group or heterocyclic
group represented by the above-mentioned R! or RZ,

Examples of the optionally substituted thiol
group represented by Ra, Rb, or Rc include the same group
as the optionally substituted thiol group defined with

10 respect to the substituent of the hydrocarbon group, acyl
group, sulfonyl group, the sulfinyl group or heterocyclic
group represented by the above-mentioned R' or RZ.

Examples of the optionally substituted,
esterified carboxyl group represented by Ra, Rb, or Rc

15 include the same group as the optionally substituted,
esterified carboxyl group defined with respect to the
substituent of the hydrocarbon group, the acyl group, the
sulfonyl group, the sulfinyl group or the heterocyclic
group represented by the above-mentioned R! or RZ.

20 Examples of the optionally substituted
heterocyclic group represented by Ra, Rb, or Rc include the
same group as the optionally substituted heterocyclic group
defined with respect to the above-mentioned R' or R®.

Also, examples of the 5- to 7-membered ring, in

25 the case where Ra and Rb are combined each other to form



Ro\' I (CH2)n (CH2)n (CH2)n Rc / S or (CH2)n wherein Ra, Rb, and Rc are
as defined above; nis an integer of 0 to 4; and k is an integer of 0 to 4
(where t Reootibusssim of n and k is 1 to 4); preferably, n apdriprigpisggsent 1,
WO 01/ 64685 PCT/JP01/01483 57 or the like as well as a ring a part or the
whol e of which is converted to an unsatggated bond, or the like, i.e., a
ring represented by Y /Y S Y (CH2) n each of Y' and Y" represents
carbon, sulfur or oxygen (preferably, carbon) atom and Y and n are as
defined above. More preferred exanples include: 0 S~ S S~ (0) S Ra (0)2S

S0 Sl--I %%es Eﬁa 3&) 1%:éé£%egéd ring, include a C,, saturated
hydrocarbon ring (e.g., cyclopentane, c¢yclohexane, and
cycloheptane) or a 5- to 7-membered, saturated heterocyclic
group containing one to four heterocatoms selected from

5 nitrogen, sulfur, and oxygen [e.g., nitrogen-containing,
C;.; saturated hydrocarbon ring (e.g., tetrahydrofuran,
tetrahydropyran, pyrrolidine, piperidine), oxygen-—
containing, Cs, saturated hydrocarbon (e.g., dioxolan,
dioxane, dioxepane ring), etc.], preferably a C,, saturated

10 hydrocarbon ring (e.qg., cyclopentane, cyclohexane,
cycloheptane) or an oxygen-containing, Cs.; saturated
hydrocarbon ring (e.g., dioxolan, dioxane, dioxepane ring),
or the like.
Preferred examples of Rc include hydrogen atom,
15 hydroxyl group, methoxy group, ethoxy group, and the like.
Preferred examples of Y include an optionally

substituted sulfur atom, or

0==é/
.
In the above-mentioned formula (I), when ring B
20 represents to form a Y-containing optionally substituted 5-
to 8-membered (preférably 6-membered) ring whose ring
constituent atoms contain no nitrogen atom together with

the carbon-double bond portion in the adjacent thiophene

ring. Also, ring B may form a Y-containing lactone ring in



etc. 10 Further, in the above formula, the conpound wherein at |east one
of Y or Y" represents nitrogen atom for exanple, WO 01/64685

PCT/ JPOL/ QAR B468388 H N S~ Ok S\ (CH2)n (CH2)n wherein gaanpsysfagd 1 s as
defined above, or a salt thereof can be produced by the process as

descri bed hereinafter and has the activé%i es as described hereinafter. 5
The Y-containing optionally substituted 5- to 8- nenbered ring whose ring
constituent atoms contain no nitrogen atommay further have 1 to 4
substituents other than the substituent shown with respect to the Y
portion, faqr exanpl the 1. to 4 sane substituents as those defined 10
with respec et&ﬁ%“@{tﬁ}s‘?ﬁde%t of the heterocyclic group of RL or RZ;
pref erabl vy, tho/se selected froman aliphatic- chain hydrocarbon group
[e.g., an ab_k_y group (preferably, a Cl_10 alkyl group), an al kenyl group
(preferably, a3 C2-1. al kenyl group), an al kynyl group (preferably, a C2_10
15 al kynyl grou\p) . an optionally substituted acyl group, a halogen atom
etc.; nore preferably, a 01.10 al kyl grou (particularly, a ClL 6, alkyl
group) and a hal ogen %t ofh¢ e2g. tO éﬁmﬁF‘Pﬁ edhLdmdne:n i it nE; CRTHHRY ne) .

In the above-nentioned formula (1), ring A may i i
optionally substituted 5- t0 8-mémbered ring whose ring

5 constituent atoms contain no nitrogen atom, for example,
there is:
S S S
A SR 4 SR ) o
(CH), ’ (CHa), ’ |\(CH2)n ’
S S S o S
S 4 SR 4
(CHy), ’ (CHa), ’ (CHo), ’
o) 0~| :S\
(CHZ)n 9
Ra
S
R6| |
- (CHy), ’
Rc % , S\
or (CHy),

wherein Ra, Rb, and Rc are as defined above; n is an
integer of 0 to 4; and k is an integer of 0 to 4 (where the

10 sum of n and k is 1 to 4); preferably, n and k represent 1,



20 have, at any possible position onits ring, 1 to 4, preferably one or
two, nore preferably one, substituents that may be the sane or different.
As for sajg) sWhadsituent on ring A there is enployed, forpc¥piBhAss @

hal ogen atom WO 01/ 64685 PCT/JP01/01483 59 nitro group, an optionally
substituted al kyl group, an optionally g bstituted hydroxyl group, an
optionally substituted thiol group, an gtionally substituted am no

group, an optionally substituted acyl group, an optionally 5 esterified

car boxyl group, or an optionally substituted aromatic ring group. Exanples
of the hal ogen atontas t he substituent ring A include fluorine,
chlorine, Bforilife, LRI Fodvabl aExérrﬁllég @f P@PF% A%y rgplofof hehich
optionally 10 substituted al kyl group as the substituent on ring A include
any of a CLSICtveilydd ERapn ameatugiedigs kewd 10T bhandded chiais: al Ryl
and a C3_10 cyclic alkyl, for exanple, nethyl, ethyl, propyl, isopropyl,
butyl, isoBudnd r%ﬂﬁ§SQﬂR%d bfert-butyl, pentyl, isopentyl, neopentyl

hexyl, 15 heptyl, octyl, nonyl decyl , cyclopropyl, cycl obutyl,

cycl opentyl, cyclohexyl ﬁ(phﬁptyl or the like. Exanples of the
substituent in the optionallly sub \qtgd al kyl group as the substituent
on ring A include the'ghne sub tuen s that defined with respect 20 to

t he hydrocarbon group, acyl gropp, sulfonyl group, the sulfiniyl group or
het er ocycli c group req;,sented t he

“(CH,)

O

5 each of Y’ and Y’'’ represents carbon, sulfur or oxygen
(preferably, carbon) atom; and Y and n are as defined above.

More preferred examples include:

0)S

%5%

o O

etc.
10 Further, in the above formula, the compound
wherein at least one of Y° or Y” represents nitrogen atom,

for example,



above-nentioned R1 or R2 . Exanples of the optionally substituted hydroxyl
group as the substituent on ring A include an optionally 25 substituted
hydr ocar ba @r6as83, an optionally substituted WO 01/ 64685 R peDd141831483 60
acyl group, an optionally substituted carbanoyl group, an optionally
substituted sul fonyl group, an optionall§ substituted sul finyl group, an
optionally substituted heterocyclic gro 8 or an optionally esterified
carboxy 5 group. Exanples of the substituents of the optionally
substituted hydrocarbon group, the optionally substituted acyl group, the
optionally substituted sulfgnyl group, the optionally substituted sul finyl
group and the optionaly 10ysubstituteggd hetegfocyglic group include the sane
substituents as those o e iBﬂaIIy ftuted hydrocarbon group, the
optionally substituted aqgyl gfloup, the optiopally substituted sul fonyl
group, the optionally s tiruted sul fiHAy or the optionally
substituted 15 heterocyclic“@?bup represent@ 2)‘by t he above-nentioned R or
R2. Further, exanples of the optionally substituted carbanoyl group and
the opti ondMSELdt e3¢ eBYERPhORY &ﬁo@%fﬁnﬁﬁidﬁ%ﬂﬁhe‘§%d% @@gbpgh8§69ﬁose
defined with respect to the substituents of the optionally substituted
hydr ocar borF& Rft RiIpPILFRA opY | Bl PYosepst 76 udlescaehedghetpinahber and

optionally substituted sulfonyl group, the optionally
has the activities as described hereinafter.

5 The Y-containing optionally substituted 5- to 8-
membered ring whose ring constituent atoms contain no
nitrogen atom may further have 1 to 4 substituents other
than the substituent shown with respect to the Y portion,
for example, the 1 to 4 same substituents as those defined

10 with respect to the substituent of the heterocyclic group
of R' or R?; preferably, those selected from an aliphatic-
chain hydrocarbon group [e.g., an alkyl group (preferably,
a Cy,0 alkyl group), an alkenyl group (preferably, a C,,
alkenyl group), an alkynyl group (preferably, a C,.,

15 alkynyl group), an optionally substituted acyl group, a
halogen atom, etc.; more preferably, a C,,, alkyl group
(particularly, a C,; alkyl group) and a halogen atom (e.g.,
chlorine, bromine, iodine, or fluorine).

In the above-mentioned formula (I), ring A may

20 have, at any possible position on its ring, 1 to 4,
preferably one or two, more preferably one, substituents
that may be the same or different. As for said substituent

on ring A, there is employed, for example, a halogen atom,



substituted sulfinyl group or the optionally substituted heterocyclic
group represented by the above-nentioned R or R2. 25 As the optionally
substi t utved oy @goOXyl group as WO 01/64685 PCT/JP01/ 01483 p&iibdi®1483

substituent of ring A preferably, there is a Cl-, alkoxy group or
hydr oxyl group, nore preferably a Cl1_6 ? koxy group, nost preferably a
d -, al koxy group, and particularly, methoxy group. 5 Exanples of the

optionally substituted thiol group as the substituent of ring A include
the sane optionally substituted thiol group as that defined with respect

to the substituent of the_hydrocarb roup, .t.he acyl group, the sulfonyl
group, the i n§FOYPoup™Br qgﬁf‘fﬁgﬂ@?eﬁ 5P¢@t§%buﬁl%¥gregﬁﬂ?%d Rt he
above-nentioned R. or R . Exanples of the gptionally substituted am no
group as tﬁé’té't%’?tli]‘[yuen?u%?tﬁﬁge& i %é’ﬁﬁ&é‘yﬁhe EEHP 7 opBPondR Y- bty t ut ed
am no group as  that def{ned with 15 respect to the substituent of the
hydrocarboﬁu§P5&§Pq9%a B9t groipr t AR SRHOMAL G o8BPSERELERLT iaRARYr oup
or the heterocyclic group represented by the above-nentioned Rl or. R2.
Exanpl es ofITCHE ot drRiF1gR t??%?%ﬂt%%9¢ §FBlp 9T20Pas theilkitd kignt of

ring A include the sane ogtionally substituted acyl group as that
repreéente@sﬁﬁrﬂﬁéeébOQQI oxyl gfoup, or an optionally substituted

aromatic ring group.
Examples of the halogen atom as the substituent
on ring A include fluorine, chlorine, bromine, and iodine.
Examplgs of the alkyl group of the optionally
10 substituted alkyl group as the substituent on ring A
include any of a C,;, straight chain alkyl group, a C,,
branched chain alkyl, and a C,,, cyclic alkyl, for example,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl,
15 heptyl, octyl, nonyl, decyl, <cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, or the like.
Examples of the substituent in the optionally
substituted alkyl group as the substituent on ring A
include the same substituent as that defined with respect
20 to the hydrocarbon group, acyl group, sulfonyl group, the
sulfiniyl group or heterocyclic group represented by the
above-mentioned R' or R®.
Examples of the optionally substituted hydroxyl
group as the substituent on ring A include an optionally

25 substituted hydrocarbon group, an optionally substituted



mentioned R or R2. Exanples of the optionally esterified carboxyl group
as the substituent of ring Ainclude the sane 25 optionally esterified
car boxyl gigoumsess that defined with WO 01/ 64685 PCT/ JP01/ QlARP01/6idss espect
to the 'substituent of the hydrocarbon group, the acyl group, the sulfonyl
group, the sulfinyl group or the hetero%¥clic group represented by the
above-nentioned RL or R2. 5 Exanples of 'the optionally substituted
aromatic ring as the substituent on ring A include a C6-14 aromatic

hydr ocar bon group such as phenyl, naphthyl, anthryl, or the |Ilike as well

as a 5- to 7-nmenbered hetero-aromatic residu havi ng. het er.oat ons( s)

Sol ected { A h FFOGEN. SSuITHAL UG 0¥ SRy GE Rt S FALDAB RO y P
thienyl, imdazolyl, thiazolyl r th i ke. The substi tuent on_ring A
are Iocate&ﬁﬁﬁ%ﬁ%;%%lySHgsgﬁéu§?§oaﬁﬁiﬁ?Q§iﬂogrQPBOSiﬁQN1Qégl?ﬂﬁl Y In
the case where these substjituents on ring A are adjacent 15 each other, the
adj acent sﬁ&%?%ﬁ%‘inH?u%El%ﬁ?ﬁbi HEQUPo A& mPFiRP T hr e¥8RsRYT B
(CH2) m or -0- (CH2) 1-0- [wherein, mrepresents an integer of 3 to 5 and
1 represenf@??ﬁFOQXﬁ r BIOWP t £13] R SGEFlan?ﬂﬁg i AEFagés18d5- capbery
menbered ring that is formed with the carbon atons in the 20 benzene ring.
It is prefrBF that ring Ais substituted with

Examples of the substituents of the optionally
substituted hydrocarbon group, the optionally substituted
acyl group, the optionally substituted sulfonyl group, the
optionally substituted sulfinyl group and the optionally

10 substituted heterocyclic group include the same
substituents as those of the optionally substituted
hydrocarbon group, the optionally substituted acyl group,
the optionally substituted sulfonyl group, the optionally
substituted sulfinyl group or the optionally substituted

15 heterocyclic group represented by the above-mentioned R' or
R%. Further, examples of the optionally substituted
carbamoyl group and the optionally esterified carboxy group
include the same groups as those defined with respect to
the substituents of the optionally substituted hydrocarbon

20 group, the optionally substituted acyl group, the
optionally substituted sulfonyl group, the optionally
substituted sulfinyl group or the optionally substituted
heterocyclic group represented by the above-mentioned R' or
R%.

25 . As the optionally substituted hydroxyl group as



at | east one optionally substituted hydroxyl group, preferably a Cl_,
al koxy group or hydroxyl group, nore preferably a d _6 al koxy group, npst

pr ef er abl wopo1eesd al koxy 25 group, in particul ar, methoxy pgramwp/oies e
preferably, ring WO 01/ 64685 PCT/JP01/01483 63 A is substituted with one

optionally substituted hydroxyl. Speci fi6(_‘[al ly, for exanple, it is
preferred that the 4- positioninring ATs substituted with an optionally
substituted hydroxyl group (particularly, methoxy group). 5 Preferred
exanpl es of the conpound represented by the above-nentioned formula (1)

i ncl ude a ound, erein Ik |s t hyl en G.i.s a hal ogen, atom such as
chlorine at %QE§Q¥E%§Q§-O?CHE}n%?%Pq e §§§ﬁ9§”antﬁﬁfgge+soﬁiOcﬁﬁ 5),
R is an optjonally substituted am no group; ring Bis an 10 optionally
Substi t Ut ecF BN SEaMBberdd RAGORERt aPRPRE: v TONS | PEFL AR Ghald y i
substituted sulfur atomor / 0= Cand ring Ais substituted with a CL 6
al koxy gr oY nydhBR GG, PASHEEEIY t Rer Gob  6rk@%Yal OTPHEY eofNdnpr e
15 preferably a conpound, wherein alk is nmethylene, Gis a hal ogen atom
such as chIRFT e BtBM Y etBethoxy s9LTOWRHR) - (g represents 0, i.e., a

bond), Ris 0O --NJ C O _ i i
5 Examples of the optionally substituted thiol

group as the substituent of ring A include the same
optionally substituted thiol group as that defined with
respect to the substituent of the hydrocarbon group, the
acyl group, the sulfonyl group, the sulfinyl group or the

10 heterocyclic group represented by the above-mentioned R or
R®.

Examples of the optionally substituted amino
group as the substituent of ring A include the same
optionally substituted amino group as that defined with

15 respect to the substituent of the hydrocarbon group, the
acyl group, the sulfonyl group, the sulfinyl group or the
heterocyclic group represented by the above-mentioned R' or
R%.

Examples of the optionally substituted acyl group

20 as the substituent of ring A include the same optionally
substituted acyl group as that represented by the above-
mentioned R' or R’.

Examples of the optionally esterified carboxyl
group as the substituent of ring A include the same

25 optionally esterified carboxyl group as that defined with



(wherein Cis as defined above), ring Bis aring 20 represented by WO
01/ 64685 PCT/JP01/01483 64 Y Y CH2) n [wherein Y' and Y" represent
carbon, swiduresegaxygen atom (preferably carbon), respectipaahppopmndsy and n
are as defined above (preferably an optionally oxidized sulfur 5 atom or
/I 0=Cnis as defined above (prefera%ly 1)] which may be substituted
wth 1 to 4 substituents selected froma 81_6 al kyl group and a hal ogen
atom and ring Ais substituted 10 with a C1 6 al koxy group or hydroxyl
group (preferably substituted with a Cl-6 al koxy group at the 4-position
in ring A r,as Pref erably exanpl es of

d h f It th :
such a conﬁgﬁ%ﬁgﬁgc%agéﬁ“§g§§?§gﬁﬁfﬁpg-5U%4§re?ﬁ89§8ﬁéﬁ PP A™34Ry0- 5R8- 15
1T et iyl 3 A% CHF 8381 1 Pfe 521U b dTE P opEhbaFIY LBV & sl @hokhe
thereof or a salt thereof; 3- %S-Chloro-4-(4-nethoxypheny|)-7-oxiQO-5,8-

di hydr o- 6HAST VR ENbF A" 93°UR SPPREEABE2I3DY] fPFi dPRVe—pgntioned R* or
yI]nethyI}}%,S-oxazolidine-2,4-dione, an optically active

5 Examples of the optionally substituted aromatic
ring as the substituent on ring A include a C4,, aromatic
hydrocarbon group such as phenyl, naphthyl, anthryl, or the
like as well as a 5- to 7-membered hetero-aromatic residue
having heteroatoms (s) selected from nitrogen, sulfur, and

10 oxygen, such as pyridyl, furyl, thienyl, imidazolyl,
thiazolyl, or the like.

The substituent (s) on ring A are located
preferably at the 3-position and/or 4-position on ring A.
In the case where these substituents on ring A are adjacent

15 each other, the adjacent substituents may be combined to
form a ring represented by -(CH,),~ or —0-(CH,),-O- [wherein,
m represents an integer of 3 to 5 and 1 represents an
integer of 1 to 3]. Such a ring includes a 5- to 7-
membered ring that is formed with the carbon atoms in the
20 benzene ring.

It is preferred that ring A is substituted with
at least one optionally substituted hydroxyl group,
preferably a C,, alkoxy group or hydroxyl group, more
preferably a C, alkoxy group, most preferably a C,; alkoxy

25 group, in particular, methoxy group. More preferably, ring



WO 01/ 64685 PCT/JP01/01483 65 substance thereof or a salt thereof;

1-{[ 3-chl oro-4- (4- net hoxyphenyl ) - 7- oxi do- 5, 8- di hydro-6H-t hi opyrano [4" ,
3" : 4, SWwddieaess [ 2, 3-b] pyridin-2- yl]nmethyl}-2,5-pyrradigdirogdisene, an
optically active 5 substance thereof or a salt thereof;
1-{[3-chloro-4-(4-nethoxypheny|)-7-oxo-563,7,8-
tetrahydro[ | ] benzot hi eno[ 2, 3-b] pyri din-2-yl ] net hyl }-(2,5- pyrrolidinedi one
or a salt thereof; 1-{[3-chloro-4-(4-nmethoxyphenyl)-8, 8-dinethyl-7- 10
0x0-5, 6, 7, 8-t et rahydr o[ 1] benzot hi eno[ 2, 3-b] pyri di n- 2-

ylJmethyl }-2, 5-pyrrolidipedi one or a salt, thereof; .

3-{[ 3-chl or%-ﬂzls.(%%hg&%ﬁewﬁ?- 8N8. S IRALIYL YRptLlgited hydroxyl.
8-tetrahydro[l]benzothi enqg| 2, 3-b i di n-2-

yl ] met hyI}—%%’J-Jt '%‘%&X'di FEX ,@é%‘%i%r orta 48 tPYREPERED fHpat the 4-
1-{[ 3-chl oro- 4- (4- met hoxyphenyl) - 6, 6- di net hyl - 7- . ,
oxo-5,6,7,éy%%ﬁ?ﬁﬂydﬂé{lFBéﬁ&oﬁhiéﬁo[??@ﬁEP%VFPGinwéth an optionally
ylJmethyl }-2, 5-pyrrolidinedione or a salt thereof;

2-am nomet FHRSE TR tRD -Divduenet Qi EhefRagticularly, methoxy group) .
oxi do-5, 8-di hydro- 6Ht hi opyrano[4',3' :4,5]thieno[2,3- 20 b] pyridine, an
optically active subStEhtariertresies &f| fhe trapeeind represented by
1-{[ 3-chl or 0- 4- (4- hydr oxyphenyl ) -7, 7- di oxi do- 5, 8-

di hydr o- 6H1H @%ﬁwwtmnﬁﬁqwm[@; B-H)pliedeli a-@ompound, wherein
ylJmethyl } -2, 5-pyrrolidinedione or a salt thereof; 25

4-{ 3- chl or a1 (B Suatitoidene py riot iadiliBAdogrit iqm such as chlorine atom,

etc., X is -(CH,;) — (g represents an integer of 0 to 5), R
is an optionally substituted amino group; ring B is an
10 optionally substituted 5- to 8-membered ring containing Y,

Y is an optionally substituted sulfur atom or

[
0=C

\

and ring A 1s substituted with a C, alkoxy group or

14

hydroxyl group, a prodrug thereof or a salt thereof; more
15 preferably a compound, wherein alk is methylene, G is a
halogen atom such as chlorine atom, etc., X 1is - (CH,) .~ (g

represents 0, i1.e., a bond), R is

(wherein C 1is as defined above), ring B 1is a ring

20 represented by



WO 01/ 64685 PCT/JP01/01483 66
7, 7- di oxi do- 5, 8-di hydr o- 6Ht hi opyrano[ 4',3':4,5]thieno[ 2, 3-

b] pyri di nwé& slshegzenyl dii sobutyl phosphate or a salt therpgafjpoporabit yl

4-{3-chloro-2-[(2,5-dioxo-1- 5
pyrrolidinyI)nethuI]-?,?-dioxido-5,8-dihﬁgro-GH-
t hi opyrano[4', 3" :4,5]thieno[ 2, 3-b] pyridi n-

4-yl } phenyl carbonate or

a salt

thereof. I'n addition, preferred exanples of the conpound represented by

t he above-nentioned fornmula (1) include a 10 conpound, wherein Gis

chloridne atom X is -(CH2)g- (q represents an integer of 0 to 5.),
optionally
n, Ra and Rb,
whi ch may be the same of different, respectively, represent hydrogen atom
an optionally

optionally substituted am gorgroup, ring Bis a Y containing

substituted 5- to 8-nmenpered ring, Yis RamC Rb/ 15 (wherei

a hal ogen atom an optqonally substituted hydrocarbon group,
substituted acyl group,, an optionally substituted carbanoyl

gr oup,

R is an

an

optionally substitute tthcarbanDyl group, an 20 optionally substituted
na

sul fonyl group, an optio

quuiubtituted sul finyl group, an optionally
substituted hydroxyl group, ippnal |y substituted thiol group, an

optionally esterified carboxyl group, or an optionally

[wherein Y and Y” represent carbon, sulfur, oxygen atom

(preferably carbon), respectively and Y and n are

as

defined above (preferably an optionally oxidized sulfur

5 atom or

4

0—=C

\

4

n 1s as defined above (preferably 1)] which may be

substituted with 1 to 4 substituents selected from a C,

alkyl group and a halogen atom, and ring A is substituted

10 with a C, alkoxy group or hydroxyl group (preferably

substituted with a C, alkoxy group at the 4-position in

ring A), a prodrug thereof or a salt thereof.

Preferably examples of such a compound include;

3-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-5, 8-

15 dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-2%+

ylimethyl}-1,3-thiazolidine-2,4-dione, an optically active

substance thereof or a salt thereof;

3-{[3-chloro-4~ (4-methoxyphenyl)-7-oxido~5, 8-

dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-2-

20 yl]methyl}-1,3-oxazolidine-2,4-dione, an optically active



WO 01/ 64685 PCT/JP01/ 01483 67 substituted heterocyclic group, or Ra and Rb
may be conbined each other to forma 5- to 7-nenbered ring), and ring A

i s substiiobpeiceéth a C _6 al koxy group. Exanple of suchpergeiipeigad
include: 5 3-chloro-2-[(2,5-dioxopyrrolidin-I-yl)methyl]-

5,6, 7, 8-tetrahydro-7-oxo- 4- (4- nmet hoxyphe %l )[ 1] - benzot hi eno[ 2, 3- b] pyri di ne
et hyl ene ketal or a salt thereof, or the-like. As for a salt of the
conpound represented by the 10 forrmula (I) in the present invention

[ hereinafter referred to as conpound (1)] and a salt of the starting
conmpound fo ound (1),_a pharmaceutically

r. the r%g%cti on of co

accept abl esé%stt%né:pepr Y. Ot Es tHereof/ include a salt with an

i norgani c base, a salt with an organic base, a 15 salt with an inorganic

acid, a salt with an origahibar4al4 g thor yphenyhst ¢ @17 24 & ani no

acid, and the like. Preferred exanples of the salt with an inorganic base

i ncl ude al IBHAY SR -d P i 15 t13He: bodl i are 12/ 3] PybidibsT2m sal t,

and the like; alkaline earth metal salts 20 such as the calciumsalt, the

magnesi um dallfetayd e e rolddigadione an apani nemtsdallyan aawbhvem
salt, and the like. Preferred exanples of the salt with an organi c base
include sa&UPstanas thekadyeninesall itdtengaihi ne, pyridine, picoline,

et hanol am ne, di ethanol am ne, triethanol am ne, 25 dicycl ohexyl am ne,

N, N - di benzyl et hyl enddildi i lasd4hed-methoxyphenyl) -7-oxo-~5, 6,7, 8-
tetrahydro[l]benzothieno[2,3—b]pyridin—Z—yl]methyl}—(2,5—
pyrrolidinedione or a salt thereof;

1-{[3-chloro-4- (4-methoxyphenyl) -8, 8—-dimethyl-7-

10 0xX0-5,6,7,8-tetrahydro[l]benzothieno(2, 3-b]lpyridin-2-

yllmethyl}-2,5-pyrrolidinedione or a salt thereof;
3-{[3-chloro-4- (4-methoxyphenyl) -8, 8—~dimethyl-7-

oxo-5,6,7,8-tetrahydro[l]benzothieno[2,3-b]pyridin-2-

yllmethyl}-1,3-thiazolidine-2,4~dione or a salt thereof;

15 1-{[3-chloro—-4~ (4-methoxyphenyl) -6, 6-dimethyl-7-
oxo-5,6,7,8-tetrahydro[l]benzothieno[2,3-blpyridin-2-
yllmethyl}-2,5-pyrrolidinedione or a salt thereof;

2—aminomethyl-3-chloro-4- (4-methoxyphenyl) -7~
oxido-5,8-dihydro-6H-thiopyrano[4°,3":4,5]thieno[2, 3~

20 b]lpyridine, an optically active substance thereof or a salt
thereof;

1-{[3-chloro-4~ (4-hydroxyphenyl) -7, 7-dioxido-5, 8-
dihydro-6H-thiopyrano[4°,3":4,5]thieno[2,3~blpyridin-2-
yl]lmethyl}-2, 5-pyrrolidinedione or a salt thereof;

25 4-{3-chloro-2-(2,5-dioxo-1-pyrrolidinyl)methyl}-



WO 01/ 64685 PCT/JP01/01483 68 like. Preferred exanples of the salt with an
inorganic acid include salts with hydrochloric acid, hydrobromc acid,
nitric acv@op1/é4kf uri c acid, phosphoric acid, and the |ikepcr/hp@aigisabl e
exanples of the salt with an organic acid 5 include salts with formc acid,
acetic acid, trifluoroacetic acid, funaééc acid, oxalic acid, tartaric
acid, maleic acid, citric acid, succinic acid, malic acid, nethanesulfonic
aci d, benzenesul fonic acid, p- toluenesulfonic acid, and the |iKke.
Preferabl e exanples of 10 the salt with a basic amno acid include salts

with arginine,..lysine, qrnj.thipne he |ike. eferapl e exanples of the
salt with gngé(ﬁl@?g%c%rﬁ%g’_éiﬁﬂﬁ“ﬁ?daﬁ%é%%ﬁr?% 154:1 ras part 3 I HEERE Ll dit ani ¢
acid, and the like. und (1) or, jts salt may be_ in the formof a 15
pr odr ug théﬁ@gF?ﬁﬁﬁéggagﬁﬂféﬁlcoﬂbbﬁﬂﬁuFY} oPIPEPhede  PBf efs L
conpound that is converted into conpound (I) or its salt by a reaction
with an enf@ﬁgﬁogasFFic acid, or the |ike under a physiol ogical condition
in the living body, nanely, [1] a conpound that is converted into conpound
(1) 20 or its salt bP%wlenzymatic oxi dat i%n,318dwta o [ (dnatrdbigrasl- or
the Iike and [2] a conmpound that is converted into conpound (l) or its
salt By hy&Valredildigiviin medaanlili-c/ s deidd-odl dard 1§ hyBramfites of the prodrug
of conpound (I) or its salt include a conpound or its salt, 25 wherein the
hydroxyl gitBepPvEa@ehdourd @ P ldnieny [@al3-hlpyridin-4-yliphenyl
carbonate or a salt thereof. .
In addition, preferred examples of the compound
represented by the above-mentioned formula (I) include a
10 compound, wherein G is chloridne atom, X is -(CH,) o~ (g
represents an integer of 0 to 5.), R is an optionally

substituted amino group, =ring B is a Y containing

optionally substituted 5- to 8-membered ring, Y is

Ra /’
.\\C

/
Rb N

15 (wherein, Ra and Rb, which may be the same or different,
respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon group, an optionally
substituted acyl group, an optionally substituted carbamoyl
group, an optionally substituted thiocarbamoyl group, an

20 optionally substituted sulfonyl group, an optionally
substituted sulfinyl group, an optionally substituted
hydroxyl group, an optionally substituted thiol group, an

optionally esterified carboxyl group, or an optionally



WO 01/ 64685 PCT/JP01/ 01483 69 acyl ated, al kyl ated, phosphoryl ated, or
converted into the borate (e.g., a conpound or its salt, wherein the

hydroxyl weyAuRedsn conpound (1) or its salt is converted iggh®popgALY! OXY,
pal m t oyl oxy, propanoyl oxy, pival oyl oxy, 5 succinyloxy, fumaryl oxy,
al anyl oxy, or dinethylaninonethylcarbon%loxy, etc.), a conpound or its
salt, wherein the carboxyl group in conp {nd (I') or its salt is esterified
or amdated (e.g., a conpound or its salt or the like, wherein the
carboxyl group in compound 10 (1) or its salt is subjected to ethyl
esterification, . pQ&ggl esterification, carboxyoxynethyl esterification,

t

di met hyl aniSyé&retin TGN IR C pi AWy o8fmethidyl 2kt &3 f i3 i dre
et hoxycar bonyl oxyet hyl esterification, phthalidyl esterification,
(5- net hyl - ZFedHeB- Rk oPBhed 8 yoymetthy?~ ekPer i PEBReErSA, ring), and
cycl ohexyl oxycar bonyl esterification, or conversion into the nethyl
am de), andintheét |ikesulrhbsbuperddii§s Garribeapkedlicedosbeor didrgrls 0f per
se known nethod or its nodified nethod. Mreover, the prodrug of conpound
(1) or its ssuit a zomAgEsk nddaisound that is converted into conmpound (1)
or its salt under a physiological condition as described in "Iyakuhin no
Kai hattu ( Devel opnent Jofchiyangs)2-, [ Mol5-dzZ,ox agurtirshi i Sekideiy 1) tdaul lar
Design), Hirokawa Shoten, 1990, pages 163-198. 25 Conpound (1) or its salt
may be | abél,éd Midttedrahydro-7-oxo-4- (4-methoxyphenyl) [1]-
benzothieno[2,3-b]lpyridine ethylene ketal or a salt thereof,
or the like.
As for a salt of the compound represented by the
10 formula (I) in the present invention [hereinafter referred
to as compound (I)] and a salt of the starting compound for
the production of compound (1), a pharmaceutically
acceptable salt 1s preferred. Examples thereof include a
salt with an inorganic base, a salt with an organic base, a
15 salt with an inorganic acid, a salt with an organic acid, a
salt with a basic or acidic amino acid, and the like.
Preferred examples of the salt with an inorganic base
include alkali metal salts such as the sodium salt, the
potassium salt, and the like; alkaline earth metal salts
20 such as the calcium salt, the magnesium salt, and the like;
as well as an aluminum salt, an ammonium salt, and the like.
Preferred examples of the salt with an organic base include
salts with trimethylamine, triethylamine, pyridine,

picoline, ethanolamine, diethanolamine, triethanolamine,

25 dicyclohexylamine, N,N’-dibenzylethylenediamine, and the



WO 01/ 64685 PCT/JP01/01483 70 isotope (e.g., 3H, 14C, 355, 1251, etc.) or
the Ii ke. When conpound (1) of the present invention is a racemate, it can

be separ apvethiicaégds t he corresponding (S)- formand (R)-formp@Eepor/eiseg to a
conventional optical 5 resolution nethod. The present invention includes
each optically active substance (conpougg) and a racemate. The

above- nenti oned conpound (I) can be prod |n the foll owi ng nmanner. That
is, Process AS\ alk -QS Nalk -X1 R Y B I YBGRXIH (I'I'l') A(lIl-21)
(I-1) 10 wherein alk represents an optlonally substituted | ower al kyl ene

roup; repr.esent a Xl epresent.s en atomor an
gpt :JgnaIQI y : i zej? %ﬁ? Vléojlt 8%? 285 g%’ﬁer ‘35137?1‘0811ggaraél a%naﬁgfiﬁéﬂ

b .15 1In er al r mul [l - es pof the. leavin
F epr esent eoafrf;fP GRSl gehct b ‘%%‘?%be?/rnf‘&hﬁl?frﬁinehyﬁpaﬁ?%lg E8di ne,
and a hydro activated by esterlfl tian such as a_residue_ of

grou
organi c #&ﬁﬁ% %£§%' @uﬁfurbctépﬁéne?épﬁ Q%%/%ﬁ ang the like.

nethansulfon 0X roup, etc. a resi due of organic
Ry feggéﬁ examplgs of the salt %1th an organic acid

5 include salts with formic acid, acetic acid,
trifluorocacetic acid, fumaric acid, oxalic acid, tartaric
acid, maleic acid, citric acid, succinic acid, malic acid,
methanesulfonic acid, benzenesulfonic acid, p-
toluenesulfonic acid, and the like. Preferable examples of

10 the salt with a basic amino acid include salts with
arginine, 1lysine, ornithine and the like. Preferable
examples of the salt with an acidic amino acid include
salts with aspartic acid, glutamic acid, and the like.

Compound (I) or its salt may be in the forﬁ of a

15 prodrug thereof. The prodrug of compound (I) or its salt
refers to a compound that is converted into compound (I) or
its salt by a reaction with an enzyme, gastric acid, or the
like under a physiological condition in the 1living body,
namely, [1] a compound that is converted into compound (I)

20 or its salt by an enzymatic oxidation, reduction,
hydrolysis, or the 1like and [2] a compound that 1is
converted into compound (I) or its salt by hydrolysis with
gastric acid or the like. Examples of the prodrug of
compound (I) or its salt include a compound or its salt,

25 wherein the hydroxyl group in compound (I) or its salt is



phosphoric acid such as di phenyl phosphoryl oxy group, WO 01/ 64685
PCT/ JP01/ 01483 71 di benzyl phosphoryl oxy group, dinethyl phosphoryl oxy

group, awé ¢1lwaedsi ke. In this process, (Il1-1) is reacted wdihyprol/blsgzin the
presence of a base to produce (1-1). The reaction of 5 (I1-1) with (I11)

is carried out in an appropriate solvent . ,Exanpl es of said solvent include
aromati ¢ hydrocarbon such as benzene, tolfuene, xylene, etc.; ether such as
di oxane, tetrahydrofuran (THF), dinethoxyethane, or the like; alcohol
such as net hanol, ethanol, propanol etc. ethyl 10 acetate; acetonitrile;

pyri di ne; N N-di et hy t sul foxi d

chl or of or m* %ﬂ%ﬁﬁ%ﬁoﬁigﬁgagé 1, ?ESFEﬁPEVggE neO?LQPQY%F MBS the
tetrachl orqeth acetone - but anone; .and a i her eof

enctton o IAEa) (S Tt (F1 FpuBEuBr Pred tutsia A s %%céygr%xl
appropriate base such as an aIkaI| netal, salt, for exanp Eodlum
hydr oxi de, PERsitiin PRI He, ]ﬁota§§|&ﬁﬁcaFB&ﬁatéS sSBPﬂﬁF §Fbohate,
sodi um hydrogen carbonate, etc.; silver carbonate (Ag2C3B) ; sodi um
hydri de; pdtss %ﬂﬁ%wdrlﬁﬁ'm%¥9¥%Qﬁ¥ f or PERRAPPY, Oﬁyhldlnglv?éoyloxyf
triethylamne, N, N—dlnethylanlllne 1, 5- diazabicycl o[ 4. 3. 0] non- 5ene,

1, 4- diazabi BRIGLLY] oct ane, ﬁm%rﬂi%éﬁblcyclo[SahaG¥&ﬂH¥c 7-ene (9BU),

etc.; or the like.. The anount of the base to be used is preferably about
1-5 nol ar B @Rsnerethohppteny1exy) . etifi9 r edctomPo¥nd or “its

salt, wherein the carboxyl group in compound (I) or its
salt 1is esterified or amidated (e.g., a compound or its
salt or the like, wherein the carboxyl group in compound
10 (I) or i1ts salt is subjeceed to ethyl esterification,
phenyl esterification, carboxyoxymethyl esterification,
dimethylaminomethyl esterification, pivaloyloxymethyl
esterification, ethoxycarbonyloxyethyl esterification,
phthalidyl esterification, (5-methyl-2-oxo-1,3-dioxolan-4-
15 yl)methyl esterification, cyclohexyloxycarbonyl
esterification, or conversion into the methyl amide), and
the like. These prodrugs can be produced according to a
per se known method or its modified method.
Moreover, the prodrug of compound (I) or its salt
20 may be a compound that is converted into compound (I) or
its salt under a physiological condition as described in
“Iyakuhin no Kaihatu (Development of Drugs)”, Vol. 7,
Bunishi Sekkei (Molecular Design), Hirokawa Shoten, 1990,
pades 163-198.

25 Compound (I) or its salt may be labeled with an



25 carried out usually at -20C to 150C, preferably -10C to WD 01/ 64685

PCT/ JP01/ 01483 72 100C. The thus-obtained thienopyridine derivative (1-1)
can be i sqlgafigdegand purified by a known separation and pwdrfjropbisen neans,
for exanple, concentration, 5 concentration under reduced pressure, solvent
extraction, crystallization, recrystalli 6at| on, trans-sol ubilization,
chromat ography, and the like. Process B \ aI k- (CH2) g _Q\ alk- (CH
2) gNMZ YBR YBG2 NHG 0V A (11-2) (1-2) 10 wherein each
synbol is as defined above. In this process (11-2) is reacted with (1V) in

t he presence_ aof a b 1se t o prodyce i{ act| n 11-2) wth (1V)
is carried Jtﬁﬁqc 'a%'mogl{'iaté S ’ventI f% 3%1 ‘d sol vent

Such a8 di oxane. h?S[Vﬁa%iS%mﬁa‘»‘ﬁﬁ ety %‘ehta%'s‘s‘gﬂ X’&I%r%gﬁ’&et%cﬂegger
met hanol , Eﬂggg%gteprogaggh etceep§¥Q edagg%gt%he corresponding (S)-
form and (R)-form according to a conventional optical
5 resolution method. The present invention includes each
optically active substance (compound) and a racemate.

The above-mentioned compound (I) can be produced

in the following manner. That is,

alk —Q

R-XTH (111)

10 (11-1) (1-1)

wherein alk represents an optionally substituted lower
alkylene group; Q represents a leaving group; X' represents
oxygen atom or an optionally oxidized sulfur atom; and the
other symbols are as defined above.

15 | In the general formula (II-1), examples of the
leaving group represented by Q include halogen, preferably
chlorine, Dbromine, or iodine, and a hydroxyl group
activated by esterification such as a residue of organic
sulfonic acid (e.g., p-toluenesulfonyloxy group,

20 methansulfonyloxy group, etc.), a residue of organic

phosphoric acid such as diphenylphosphoryloxy group,



acetonitrile; pyridine; N, Ndinethylformam de (DVF); 20 di nethyl acet am de
(DVA); dinethyl sul foxide (DVMBO; 1 WO 01/64685 PCT/JP01/01483 73

met hyl - 2-ywyy qighéggone; 1, 3-di nmet hyl - 2-i mi dazol i di none;  chlprafroi/d483

di chl oronet hane; 1, 2-dichloroethane; 1,1,2,2,- tetrachl oroethane; acetone;
2- butanone; and a m xture thereof. The z action of (11-2) with (1V) is
carried out 5 in the presence of an appr griate base such as an al kal

netal salt, for exanple, sodium hydroxide, potassium hydroxide, potassium
car bonate, sodium carbonate, sodium hydrogen carbonate, etc.; a netal

al koxi de su as i um. nmet hoxi de, sodi um.et hoxide, sodiumtert-butoxide,
ot as um TR L ARR RV LRy | Sretin n R Da B ROsy Lt neatouD,
triethylam ne w?N—djnethylaniline, etc., sodium hydride; potassium
hydride; or*the 4% KelXSrhe amount of the base to be used is preferably
about 1-5 nolar equivalents for conpound (l1-2). This reaction_is carried
out usually at 15 ZﬂﬁtEPﬁ%OE$OS?EFeréﬁﬁyg)léénﬁ?éﬁﬁﬁ§ el pfeSkht 11
reaction, also, is carried out by using an excess anount of (IV) as the
base. The tHiR-BbEaFRed Phi én&@ﬁé dihePBefrvat ilvel) 1- 2)The aredret 1wl afed
and purified by a known separation and_ 20 purification neans such as
concem r at i bht~HorttleHt r éﬂﬁn bhder T FeRRIcRWt ptesalur @PrEepyeate exPEueRFon,

crystallization, recrystallization, trans-solubilization, chromatography,
and the |iKefamples of " said solvent include aromatic hydrocarbon such

as benzene, toluene, xylene, etc.; ether such as dioxane,
tetrahydrofuran (THF), dimethoxyethane, or the 1like;

alcohol such as methanol, ethanol, propanol, etc.; ethyl

10 acetate; acetonitrile; pyridine; N,N-dimethylformamide
(DMFE') ; dimethyl sulfoxide (DMSO) ; chloroform;
dichloromethane; 1,2-dichloroethane; 1,1,2,2,-

tetrachloroethane; acetone; 2-butanone; and a mixture
thereof. The reaction of (II-1) with (III) is carried out
15 in the presence of an appropriate base such as an alkali
metal salt, for example, sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium carbonate, sodium
hydrogen carbonate, etc.; silver carbonate (Ag,C0;); sodium
hydride; potassium hydride; an amine, for example, pyridine,
20 triethylamine, N, N-dimethylaniline, 1,5~
diazabicyclo[4.3.0lnon-5ene, 1,4-diazabicyclo[2.2.2]octane,
1,8-diazabicyclo([5.4.0]undec-7-ene (DBU), etc.; or the like.
The amount of the base to be used is preferably about 1-5

molar equivalents for compound (II-1). This reaction is

25 carried out usually at -20°C to 150°C, preferably -10°C to



Process C WO 01/64685 PCT/JP01/01483 74 S alk -X-R S\ alk -X-R Y1 Bl Y2
B2 GG (1-3) (1-4) [whereinring B represents the formation of a YI-
cont ai ni nggganteuenzal | y substituted 5- to 8-nmenbered ring 5 peaee1/61489
constituent atons contain no nitrogen atony Y represents sulfur atom or
H o r C HO and the other synbols are as gefined above. In this process,
(1-3) is subjected to oxidation 10 to p? duce (1-4). This reaction is
carried out in an appropriate solvent in the presence of an oxidizing
agent or, if necessary, a catalyst. Exanples of said solvent include a
hi gh pol ar (PrOtIC sol vent such as 1-nethyl-2- pyrrolidone,
1,3-dinethﬂi |n1dazoI|d|none 15 dlnethylfornanide di nmet hyl acet am de,
di et hyl squOX|de etc.; aromatic ﬁxdrocarbon sgc ag benzene, tol uene,
xyl ene, etc.; ether %ﬁﬁﬂFQﬁ§cﬁ?ﬁéﬁﬂé t e T SRRV B A AR, eH?W@Fh%?yéFﬁéhe
etc.; ethyl acetate chl or of or WO 01/ 64685 PCT/JP01/01483 75

dlchloroneﬁﬁﬁhe €1, oot 2hedr aRErifiedo by _a known separation and
purification means, for example, concentration,
5 concentration under reduced pressure, solvent extraction,

crystallization, recrystallization, trans-solubilization,

chromatography, and the like.

alk-(CH,) . —N<

10
wherein each symbol is as defined above.

In this process, (II-2) is reacted with (IV) in
the presence of a base to produce (I-2). The reaction of
(IT-2) with (IV) is carried out in an appropriate solvent.

15 Examples of said solvent include aromatic hydrocarbon such

as benzene, toluene, xylene, etc.; ether such as dioxane,
tetrahydrofuran, dimethoxyethane, etc.; alcohol such as
methanol, ethanol, propanol, etc.; ethyl acetate;
acetonitrile; pyridine; N, N-dimethylformamide (DMF) ;

20 dimethylacetamide (DMA); dimethyl sulfoxide (DMSO); 1-



tetrachl oroet hane; and a m xture thereof. As the oxidizing agent, for
exanpl e, there is hydrogen peroxide solution, peracetic acid,

met achl orweereészoi ¢ aci d, cunene 5 hydroperoxide, tert-buyioiro1/01483
hydr oper oxi de, activated DVSO, rmanganese dioxide, nitric acid, or the
|ike. As the catalyst, preferably, a cogglex containing a netal is used.
Exanpl es of the netal include vanadium titanium ruthenium rhenium
tungsten, nmanganese, cobalt, etc. Anbng them 10 vanadiumis preferred.
Exanpl es of the vanadi um conpl ex include vanadi um oxi des such as vanadi um

oxi de acet opat e, nadi um oxi de be Iacet nat e, . vanadi um oxi de

picolinatelﬁygﬁgt ?égékPGVanadlunf(?V@X%iFBX cé@é@@zogéﬂéﬁPHﬁT(IV)

oxi de sulfate h a etc.: 15 v%nadlun1n|tr|des such as vanadiumnitri de;
Qé%?%uc

vanadi um cHHS ﬁ15§19§ﬁ§8 GRPERy thi I RO umt 7 di énfori de,

vanadium tetrachl oride, etc.; vanadi um oxide trinethoxide; vanadi um oxide
triethoxi de-€ REﬁﬁﬁﬁQﬁﬁ%ﬁ@%%ﬁ'trPcﬁtBPSpox@d@utﬁ%%%%nnn%ﬁﬁ de2 mixture
triisopropoxide, vanadium 20 tri-n-butoxide; vanadi um oxi de

tri-sec- but@@eRe L vandfeumeastidd huf bk ab: Wihhadilith ob dearried out
R—hydroxqu|noI vanadi um oxi de 3-hydroxypyridyl; and the |ike. The
anount® of et %ﬁl PrESegcegent £8 W@M&%}:%rb@ﬁu faren@soramanallsgééss
amount (for exanple, about 1-50 nolar equivalents) 25 for conpound (I-3).
Further, tHeetambunsab, t hEosat &%psPlico WG T/ BY 685y BCTY I®01/ 0RAB3SS ¥Bmbe

used is 0.0000001 to 10 equivalents, preferably
hydroxide, potassium carbonate, sodium carbonate, sodium

hydrogen carbonate, etc.; a metal alkoxide such as sodium
methoxide, sodium ethoxide, sodium tert-butoxide, potassium
10 tert-butoxide, etc.; an amine for example, pyridine,
triethylamine, N,N-dimethylaniline, etc., sodium hydride;
potassium hydride; or the like. The amount of the base to
be used is preferably about 1-5 molar equivalents for
compound (II-2). This reaction is carried out usually at -
15 20°C to 150°C, preferably -10°C to 100°C. The present
reaction, also, is carried out by using an excess amount of
(IV) as the base.
The thus-obtained thienopyridine derivative (I-2)
can be isolated and purified by a known separation and
20 purification means such as concentration, concentration
under reduced pressure, solvent extraction, crystallization,
recrystallization, trans-solubilization, chromatography,
and the like.

Process C



0. 0000005 to 1 equivalent for conpound (1-3). This reaction is carried out
usual ly at -70C to 150C, preferably -60C to 120C and the reaction tine is
usual |y ¥Wwolpik@ésshours. The t hus-obtai ned thienopyridi ne derr/yai/pimes (1-4)
can be isolated and purified by a known separation and purification neans
such as concentration, concentration undp reduced pressure, solvent
extraction, crystallization, 10 recrystal’lization, trans-sol ubilization,
chromat ography, and the |ike. Process D WD 01/64685 PCT/JPOLl/ 01483 77
CH2P' (C,H5)3G S N CH 2G - TReYB+YB G(CAHS)gP(V) (1'1-3) NON
CH=CH(CH2)q, Z1 Y B Z1-(CH2), CHO (Vi) (VII[) S N (CH 2)q +2 Z1 Y B
reduction ([- I | ald —X—R

het er ocycl i represents a
hal ogen ato

esents an mtegeg(gofB2
ntﬁg; synbol s are as

(1-3) (1-4)

[wherein ring B' represents the formation of a Y'-
containing optionally substituted 5- to 8-membered ring
5 whose ring constituent atoms contain no nitrogen atom; Y*
represents sulfur atom or
H\/
. C

o

’
and the other symbols are as defined above.

In this process, (I-3) is subjected to oxidation

10 to produce (I-4). This reaction 1s carried out in an

appropriate solvent in the presence of an oxidizing agent

or, 1f necessary, a catalyst. Examples of said solvent

include a high polar aprotic solvent such as l-methyl-2-

pyrrolidone, 1,3~dimethyl-2-imidazolidinone,

15 dimethylformamide, dimethylacetamide, dimethyl sulfoxide,

etc.; aromatic hydrocarbon such as benzene, toluene, xylene,

etc.; ether such as dioxane, tetrahydrofuran,

dimethoxyethane, etc.; ethyl acetate; chloroform;"



5 defined above. In this process, the conmpound represented by the general
formula (11-3) is first reacted with a 10 WO 01/64685 PCT/JP01/01483 78
corresponydigng/saggaunt of triphenyl phosphine to produce a pPasipopmisesn salt
derivative represented by the general formula (VI). This reaction is
carried out in a solvent and exanples og said solvent include aromatic
hydr ocarbon 5 such as benzene, tol uene, x?lene, etc.; ether such as

t et rahydrof uran, di oxane, dinethoxyethane, etc.; acetonitrile; and a

m xture thereof. This reaction is carried out at 10C to 200C, preferably

30C to 150C faqr. 0.5-50 hours. 10 Then, .t phosphoni um salt deriyafive
(V) and af®HRRRRERBAGVvati ve ( V&Tdénggﬁﬁégaﬁ&?&()condeﬂsét?o%'“
reaction to produce (VIII) The condensati on reaction of EVI) and, (VIl) is
carried outteiﬁraaqlfﬂacpm%f&}ffra%;e T A FHT ] heh@F @3knceP8f tReha¥edt EkBfpI es
of said solvent include 15 al cohol such as_ nethanol, ethanol, propanol,
etc.; etherr9%toh 49TetdRA R:er thargxaife, PYRYPERY AT IXfle solution,

di met hoxyet hane, etc.; aronmatic hydrocarbon such as benzene, toluene,

xyl ene, et ®eraficthi%r ongthane; mMOtarRipHrRR PaREe1C N, NAGLtht hyl FBRABAI de:
di met hyl sul foxide; and a mxture 20 thereof. Exanples of the base include
an i Kal | FIHOPERRIFAR s UG oot URFFORRaEX 196y assPUATAYER GBISE c. ;

an
manganese dioxide, nitric acid, or the 1like. As the

catalyst, preferably, a complex containing a metal is used.

Examples of the metal include vanadium, titanium, ruthenium,

rhenium, tungsten, manganese, cobalt, etc. Among them,
10 vanadium is preferred. Examples of the wvanadium complex
include vanadium oxides such as vanadium oxide

acetylacetonate, wvanadium oxide benzoylacetonate, vanadium
oxide picolinate, vandium (V) oxide, vanadium (IV) oxide
acetate, vanadium (IV) oxide sulfate hydrate, etc.;
15 vanadium nitrides such as +wvanadium nitride; vanadium
chlorides such as vanadium oxytrichloride, vanadium
dichloride, vanadium tetrachloride, etc.; vanadium oxide
trimethoxide; wvanadium oxide triethoxide; vanadium oxide
tri-n-propoxide; vanadium oxide triisopropoxide, vanadium
20 tri-n-butoxide; vanadium oxide tri-sec-butoxide; wvanadium
oxide-t-butoxide; vanadium oxide B-hydroxyquinolyl;
vanadium oxide B-hydroxypyridyl; and the like. The amount
of the oxidizing agent i1s preferably an equivalent or an
excess amount (for example, about 1-50 molar equivalents)

25 for compound (I-3). Further, the amount of the catalyst to



al koxi de such as sodi um et hoxi de, sodi um net hoxi de, potassi um et hoxi de,
potassiumtert.-butoxide, etc.; an organic |ithium conpound such as

met hyl | i tWigwlyesdd butyl lithium phenyllithium etc.; sodi yompoderssand t he
WO 01/ 64685 PCT/JP01/01483 79 like. The annunt of the base to be used is
preferably about 1-1.5 nolar equivalent for conpound (VI). This reaction
is carried out usually at -50C to 100C, ﬁref erably -20C to 50C. The
reaction tine is 0.5-20 5 hours. Although (VIIl) is obtained as an
isoneric mxture of the (E) formand the (Z) formwth respect to the
new y forned doubla band, these é%i and (2) forms, after segaration into
each i somer®®or HS® ml>?t ur@- YRR 1§Ovv| tlﬁ)oute%léjp‘é"iﬂa%lil%' aPgeigbpbeved to
reduction to (SJroduce L This reduction is carried out b3/ a _
convent i onaf - O H& hey |%° ol 98wt vaheleF afoht neepReredof (Rydt egen Thifhe
presence of a catalyst such as a pal |l adi um cat al yst (palladlun}carbon

pal | adi um breaktietc. }s acpratiedumars: catshybly (pkati ni°@i oxicde 15é1°6,) :

Raney nickel, or the |ike. Exanples of said solvent include al cohol such
as met handize&eirinby —-pPUpabhol 126t€. andt hbe suelrtdoretthithe &% hespadilyxane,
t et rahydrof uran, di net hoxyet hane, etc.; aromati ¢ hydrocarbon such as

benzere, tdiTkNe, hey¥ene, 20 etc.; dichloronethane; 1,2-dichl oroet hane;

et hyl acetate; acetonitrile; acet one; 2-butanone; N, N-dinethylfornman de;
The thus-obtained thlenopyrldlne derivative (I-4)

can be 1isolated and purified by a known separation and
purification means such as concentration, concentration
under reduced pressure, solvent extraction, crystallization,

10 recrystallization, trans-solubilization, chromatography,
and the like.

Process D



di met hyl sul foxide; and a m xture thereof. The pressure of hydrogen

at nosphere is 1-150 atnospheric pressure, preferably 1-20 atnospheric
pressur e. wohA/duénss- obt ai ned 25 thi enopyridi ne derivative (petapogansde

i sol ated and WO 01/ 64685 PCT/JP01/01483 80 purified according to a known
separation and purification means such7as concentration, concentration
under reduced pressure, solvent extraction, crystallization,
recrystallization, trans-solubilization, chromatography, 5 and the |ike.
Process ENalk -QS Nalk -N(CHO 2 YBI1 I/ YBI GGAA (II-21)
(1-6) Nalk-NH2 YBG A (lI-7) wherein each symbol is,as defined above.

In this proceds 6Hy@icted wit S K%Faceﬂa)g,ﬁ of
di fornylingdg such @ he sodi um sal t vofg Irryl iijm de to be converted
into a forhyl apm Ed (1-6), whik cGted with an acid to

produce (1-7
(CeHIP (V)

-3) (vD

Ny_CH=CH(CH,)—Z'

Z1—=(CH,),CHO (vIl) _ G

reduction

(I-5)

wherein 7l represents an optionally substituted
heterocyclic group: g’ represents an integer of 0 to 4; G*
represents a halogen atom; and the other symbols are as

5 defined above.
In this process, the compound represented by the

general formula (II~3) is first reacted with a

10



The reaction of compound (I1-1) with an alkali netal salt of difornylimde
such as the sodiumsalt of 15 difornylimde is carried out in the sane
manner aswig@les693 Process A. WO 01/ 64685 PCT/ JP01/ 01483 i/ ponpasnd (1-7)
i s produced by subjecting the fornylam no conpound (1-6) to hydrolysis in
the presence of an acid. The hydrolysis gf conmpound (1-6) is carried out
in a water-containing solvent. Exanples 8 said solvent 5 include ether
such as di oxane, tetrahydrofuran, dinmethoxyethane, etc.; alcohol such as
met hanol , et hanol, propanol, butanol, 2-methoxyethanol, etc.;

acetonitrile; N N-dinethylformm ] et sul f oxi de;, aceto 2

but anone; &CHITRG f“én&mguﬁ¢x?hgg e %ﬁgiﬁﬁﬁ§%g+%ﬁi§¥’1BrPgﬁC§xaﬁple,

hydrochl ori ¢ acid, sulfuric acid, nitric acid, S¥Qrob£oni acid, or the
:P?Hﬁﬁﬂ &

c
like. The DGt the siclitd 6T e TEd FSPEREFATad! yPy | hPge SxRe53l
anount, e.g., about 5- 50 mol ar equival ents for conpound (1-6). This
reaction i SSOTHYE eVoUt usiiEtd yrERCBONt 4 S15RET qgf%FEbPQ ghotR 1Bt 15 to
120C and the reaction tine is usually 1-100 hours. Furthernore, the

sul f onyl anidiyt defimRt $9eOdf ToifbotPtvert 7 ncil¥dgr soriad it cloy & pgp leon
Process F described in JP 10-36374 A, and the acylam no derivative thereof
i s protducefudtcaisdi REREENEYs PPoEers, | . XPeMe tdifs-/obtedilged such as

t hi enopyri di ne derivative can be isolated and purified by a known
separ at i on t@fgrahydrofuran, dioxane, dimethoxyethane, etc.;

acetonitrile; and a mixture thereof. This reaction 1is
carried out at 10°C to 200°C, preferably 30°C to 150°C for
0.5-50 hours.

10 Then, the phosphonium salt derivative (VI) and an
aldehyde derivative (VII) are subjected to condensation
reaction to produce (VIII). The condensation reaction of
(VI) and (VII) is carried out in an appropriate solvent in
the presence of a base. Examples of said solvent include

15 alcohol such as methanol, ethanol, propanol, etc.; ether
such as ethyil ether, dioxane, tetrahydrofuran,
dimethoxyethane, etc.; aromatic hydrocarbon such as benzene,
toluene, xylene, etc.; dichloromethane; 1,2-dichloroethane;
N,N-dimethylformamide; dimethyl sulfoxide; and a mixture

20 thereof. Examples of the base include an alkali metal
hydride such as sodium hydride, potassium hydride, etc.; an
alkoxide such as sodium ethoxide, sodium methoxide,
potassium ethoxide, potassium tert.-butoxide, etc.; an
organic lithium compound such as methyllithium,

25 butyllithium, phenyllithium, etc.; sodium amide; and the



purification means such as concentration, concentration under reduced
pressure, solvent extraction, crystallization, recrystallization,

t rans- sol wipy diled@dsi on, chromat ography, 25 and the |ike. , pi®/pdi/6A6885

PCT/ JP01/ 01483 82 Conpound (1-7) obtained by Process E is also produced
by the Gabriel nmethod, wherein conpound obt ai ned by the reaction of
conpound (Il1-1) with an alkali netal sal? of phthalimde such as the
potassiumsalt of 5 phthalimde, is deconposed by the reaction thereof with
an acid or hydrazine (Process F). Process FO alk -QS Nalk -N B I I\ Y
BI I / A Al

each synbollllkse as &F\e\"fq n@’gogﬁg é}f T%%e é)zftﬁq 5 l ofblelztzjﬁﬁ‘c:)ﬂn&s(l?r%fe m,herel "

al kal i

about 1-1.5 molar equivalents for compound (VI). This
reaction is carried out wusually at -=50°C to 100°C,
preferably -20°C to 50°C. The reaction time is 0.5-20

5 hours.
Although (VIII) is obtained as an isomeric

mixture of the (E) form and the (Z) form with respect to
the newly formed double bond, these (E) and (2) fofms,
after separation into each isomer or as a mixture thereof
10 without separation, are subjected to reduction to produce
(I-5). This reduction is carried out by a conventional
method in a solvent under an atmosphere of hydrogen in the
presence of a catalyst such as a palladium catalyst
(palladium-carbon, palladium black, etc.), a platinum
15 catalyst (platinum dioxide, etc.), Raney nickel, or the
like. Examples of said solvent include alcohol such as
methanol, ethanol, propancl, etc.; ether such as ethyl
ether, dioxane, tetrahydrofuran, dimethoxyethane, etc.;
aromatic hydrocarbon such as benzene, toluene, =xylene,
20 etc.; dichloromethane; 1,2-dichloroethane; ethyl acetate;
acetonitrile; acetone; 2-butanone; N,N-dimethylformamide;
dimethyl sulfoxide; and a mixture thereof. The pressure of
hydrogen atmosphere is 1-150 atmospheric pressure,
preferably 1-20 atmospheric pressure. The thus-obtained

25 thienopyridine derivative (I-5) can be 1solated and



nmetal salt of phthalimde such as the potassiumsalt of phthalimde is
carried out in the sanme manner as that of 15 Process A Conpound (1-7) is
produced W @whégscti ng to WO 01/ 64685 PCT/ JP01/ 01483 83 deq@impOeisks On
reaction in the presence of an acid or hydrazine. The deconposition
reaction of conpound (1-8) is carried ﬁé% in the presence of water. As for
said solvent, there can be used the sa solvent as that used in the 5
hydrol ysis of conmpound (1-6) in Process E. As for said acid, there can be
used hydrochloric acid, sulfuric acid, nitric acid, hydrobrom c acid, or
the like. The thus:obtained thienopyridine derivative (1-7) apd (1-8) can
e i S0l at e St Pt | RFEAERYTE Ko, HOMBeFEPathnt S e PRF EBE FORL fHbans
such as concentration, concentration under reduced pressure, solvent
extracti on, ey sSHFR 2% i GRPGEREPLION i ZGPPORPCFFRASR s SIMASY | ES&PSﬁ?
chromat ography, and the like. Process GNalk -QNalk-R YB 1 I/ YBGG
RH (X 1) %ss‘%ﬂ?'(ll- 1) SPLVEPLt wher S¥F N Fymbol i ST¥StaLiiRabidBove.

In this nmethod, (Il1-1) is reacted with (XII) in
recrystallization, trans-solubilization, chromatography,

5 and the like.
Process F

alk —N(cHo),

(-7

wherein each symbol is as defined above.
In this process, (II-1) is reacted with an alkali
10 metal salt of diformylimide such as the sodium salt of
diformylimide to be converted into a formylamino compound
(I-6), which is then reacted with an acid to produce (I-7).
The reaction of compound (II-1) with an alkali
metal salt of diformylimide such as the sodium salt of
15 diformylimide is carried out in the same manner as that in

Process A.



the presence of a base to produce (1-9) The reaction of 20 (I1-1) with
(XI'l) is carried out in an appropriate solvent. Exanples of said sol vent

i ncl ude aw@@AIugeshydr ocarbon such WO 01/ 64685 PCT/ JP01/ 014%3/3p8¢0a83
benzene, toluene, xylene, and the |ike; ether such as di oxane,

t etrahydrof uran, di nethoxyethane, and theg.like; alcohol such as nethanol,
et hanol, propanol, and the like; ethyl acCetate; acetonitrile; pyridine;
N, N 5 di met hyl f ormam de (DWF); dinethyl sul foxide (DMSO); chloroform

di chl oronet hane; 1, 2-dichloroethane; 1,1,2,2,- tetrachl oroethane; acetone;

2-butanone; and a mxture thereof_ . The reaction of (Il1-1). . with (Xl IS
carried out in the pro¥%ies ofE@ﬁ”apﬁfbppﬁgpgcﬁgsebgucﬁ&%%eﬁﬁl%%ka%%e10
nmetal salt,_ for exanple, sodiu droxi de, potassjium hydroxide, potassium
Car bonat e, SR Ca G Utbal k| i bR Lo bk ot Dt R et an
am ne such as ridine riethylamne, N, N-dinethylaniline, or, the |]ke;
Sodi um Pyt deE1Got albeuRUSRANEES R uPYRPPERRUMEP) byl 434 HiSHn 045
l'ithiumdiisopropylam de (LDA); or the |Iike. The amount of the base to be
used is prefferabl teFGireTEAS g Gr SO LYeR v al et T oRpoddd I 1 $RAYenFhi s
reaction is carried out usually at -70C to 150C, preferably -70C to 100C.

This reactilgiriwienl socEhPFi ed BIFR by 8he usdOFREn exck’&rabydEapahan of
(XI'l) as the base. The thus-obtained thienopyridine derivative (1-9) can

be isol at e i@atrhuiysieandy atknowdlsoperlat 3emr ap§ methanol, ethanol,

propanol, Dbutanol, 2-methoxyethanol, etc.; acetonitrile;
N,N-dimethylformamide; dimethyl sulfoxide; acetone; 2-
butanone; acetic acid; and a mixture thereof. The acid is,

10 for example, hydrochloric acid, sulfuric acid, nitric acid,
hydrobromic acid, or the like. The amount of the acid to
be used is preferably a large excess amount, e.g., about 5-
50 molar equivalents for compound (I-6). This reaction is
carried out usually at 30°C to 150°C, preferably about 50°C

15 to 120°C and the reaction time is wusually 1-100 hours.
Furthermore, the sulfonylamino derivative of compound (1-7)
is produced according to Process F described in JP 10-36374
A, and the acylamino derivative thereof is produced
according to its Process I.

20 The thus-obtained thienopyridine derivative can
be isolated and purified by a known separation and
purification means such as concentration, concentration
under reduced pressure, solvent extraction, crystallization,
recrystallization, trans-solubilization, chromatography,

25 and the like. .



purification means such as concentration, concentration under reduced
pressure, solvent extraction, crystallization, 25 recrystallization,

t rans- sol wipy diied@dsi on, chromat ography,’ WO 01/ 64685 PCT/ JP@U1QpdBdi4885 and
the like. Further, the conmpound represented by the general fornula (11-1),
which is the starting material in the ag ve-nentioned Process A, Process
E, Process F, and 5 Process G can be produced, for exanple, in the
following manner. COCH2ZCN Y B S NH2 Y B =0+ S+ 1 Al I 0 (I X) (X A S
\'alk-Q(XI) YBIl I Qal k-H2COCH2 G(Xi I) G / A (ll-1) wherein

each synbol is as defined above. cor qcess descri bed

Journal of 10 Medi ci Qﬂﬁ§; Fr? gk%gﬁeglggﬁ) Corfpound (XP) ?gso

pr oduced b [ ction of co ou d Xﬁb suI , conmpound ( n the

presence of 4iﬁﬁ§)rp%.55 b%% | &€ fsmﬁ}%ﬁﬂ%ﬂnnC?WRﬂ afomati c

hydrocarbon %%ﬁﬂugflg?n%ﬁgereactlon of compound (II-1) with an alkali
metal salt of phthalimide such as the potassium salt of

5 phthalimide, is decomposed by the reaction thereof with an

acid or hydrazine (Process F).

Process F

10
wherein each symbol is as defined above.
The reaction of compound (II-1) with an alkali
metal salt of phthalimide such as the potassium salt of
phthalimide is carried out in the same manner as that of

15 Process A. Compound (I-7) is produced by subjecting to



t ol uene, xylene, and the |like; ether such as di oxane, 15 tetrahydrofuran,
di met hoxyet hane, and the |ike; alcohol such as nethanol, ethanol,
propanol , wand/euéss | i ke; chlorof ormy dichl oronet hane; 1, 2-miTciPhooaes hane;
1,1,2,2, WD 01/64685 PCT/JP01/01483 86 tetrachl oroet hane;

N, N-di met hyl f or mam de (DMF); di methyl acggam de (DMA); dinethyl sulfoxide
(DVMSO); 1- nethyl-2-pyrrolidone; 1,3-dinmethyl-2-imdazolidinone; and a

m xture thereof. The reaction is carried out in the 5 presence of an
appropriate base such as an alkali metal salt such as sodi um hydroxi de,

pota55|umlgggo 5§3t1&§tﬁf 1 G@r hopate, 5%&‘ car banat ¢ Sggﬁglu

bi car bonat €, oxi de suc as so un1nethOX|

et hoxi de, gg;ﬁ {81 L~ byt o dfo%p%éfam%e&lguto Q! friefin g ne

such as tri am ne, o plp r| B e

N, N- di met hy| ani | h Th f b f er abl
About 15 WA Ui vl et f%esc%%%u?? 075 i & fé%%f?%%ﬁ fotufrfed’

(-0 Ts. BBtR coBy AheUreder i arms a@gﬁ& (%) Iﬁe_“gu“’”pﬁﬁ
of - an> apprBEH e b 9&‘&41'%1@231”3%3 Foressanpl o 2oal %ﬁse”ce
chloride, zinc ,chloride, or the |i drochl oric 20 a sujfurlc aci d;
trifluoroaddti® athetep CapoﬁﬁbﬂégﬁﬁfBﬁgﬁoﬁgiarlSr %é& IEmpResdof
sai d nitric acid, hydrobromic acid, or the like.
The thus-obtained thienopyridine derivative (I-7)
and (I-8) can be isolated and purified by a known
10 separation and purification means such as concentration,
concentration under reduced pressure, solvent extraction,

crystallization, recrystallization, trans-solubilization,

chromatography, and the like.

Process G

-H (XII)‘

15
wherein each symbol is as defined above.
In this method, (II-1) is reacted with (XII) in
the presence of a base to produce (I-9). The reaction of
20 (IT-1) with (XII) is carried out in an appropriate solvent.

Examples of said solvent include aromatic hydrocarbon such



sol vent include aromati c hydrocarbon such as benzene, toluene, xylene, and
the like; ether such as dioxane, tetrahydrofuran, dinethoxyethane, and the

| i ke; al celgadieddsssuch as nmet hanol, ethanol, propanol, and gdierpbi/kass et hyl
WO 01/ 64685 PCT/JP01/ 01483 87 acetate; N, N-dinethylformam de (DW);

di met hyl sulfoxide (DVBO); chloroform dj.chloronethane;

1, 2-di chl oroethane; 1,1,2,2,-tetrachlor éthane; and a m xture thereof. The
anount of conpound (VII1) to be used is preferably about 5 1.0-2.0 nol ar
equi val ents for compound (VII) The anbunt of the acid is preferably about
0.05-2.0 nol ar,_equivalents for conpound (VI]). This reaction is carried
out usual | y*S aPeHESRE 206 Uher eF¥bFYCab et dlkspcethnd Fiedkt Rsn
time is 0.5-20 hours, preferably 1-10 Qur%. 10 The thus-obtai ned_conmpound
r epr esent edbyX R AYFRIRASE (| PLPRTERKYSENRES) at 8Adard urifeed by
a known sggﬁég%ion and purificatiqn nmeans such as concentration

concentrat i r SEeRuBEd ISESIG e, eidARRIN REQRARI+ onan@r FRealikeat i on

recrystallization, 15 trans-solubilization, chromatography, and the like.
In the caseeWhete t he2€RF@h®pyri di AESHERiVALLGes prBUGEEANBY Proc¥s¥-A to
Process G have isopropoxy group as_ a substituent on ring A the isopropoxy
group an b%”ﬂ%%%WEf@E@amh ® hydPEXVF gr8ipebhyir eabHehpxiideh ti(PMACUM 20
tetrachloride. This reaction is carried out in a solvent such as

chl or of or m Clfi @FP &p FRet Hardlogamedhanetr ae viieeloroethane; 1,1,2,2,-

tetrachloroethane; acetone; 2-butanone; and a mixture
thereof. The reaction of (II-1) with (XII) is carried out
in the presence of an appropriate base such as an alkali
10 metal salt, for example, sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium carbonate, sodium
hydrogen carbonate, or the like; an amine such as pyridine,
triethylamine, N,N-dimethylaniline, or the 1like; sodium
hydride; potassium hydride; n-butyllithium; t-butyllithium;
15 lithium diisopropylamide (LDA); or the like. The amount of
the base to Dbe used is preferably about 1-5 molar
equivalents for compound (II-1). This reaction is carried
out usually at -70°C to 150°C, preferably -70°C to 100°C.
This reaction is also carried out by the use of an excess
20 amount of (XII) as the base.

The thus-obtained thienopyridine derivative (I-9)
can be isolated and purified by a known separation aﬁd
purification means such as concentration, concentration
under reduced pressure, solvent extraction, crystallization,

25 recrystallization, trans—-solubilization, chromatography,



or the like at -50C to 30C, preferably about -10C to 20C. Si nce conpound
(I') or a salt thereof of the present invention has anti-inflammatory
activity awbiedbssfurther anti-arthritic activity, it can bhetypedoisss t he WO
01/ 64685 PCT/JP01/ 01483 88 prevention or treatnent of all arthritic
di seases with inflammtory conditions i%gjoints. The arthritic diseases
i nclude, for exanple, chronic rheumatoid-arthritis and the Ilike. 5 Al so,
conmpound (I) of the present invention or a salt thereof can be used in the
prevention and treatnment of rheumatismand the |ike. Further, conpound (1)
of the presen énvgft%on or a salt thereof has excellent suppressing
effect on bONE ™9 t£%rption and is useful in the prevention and treat ment
of bone destruction, gsteoporosjs, and the |i ke, which _acconpany
arthritis. Furthermor&*Fth cog%SUHSmBPupgerﬁ@@ﬁﬁ%ﬂtqqnhﬁnT%ﬁ fggeral
suppressi ng_effect on _inmune cytokine groduction.and is also useful in the
prevent i on SNFUE t et 8P ighseaSestRlsotiakiedn v fniakhdde AdacEhens,
and/or in the prevention and treatnent of rejection reaction after organ
transpl ant ARV IRREHR9Dr P LREPPIUNY (15T oFeshe PresBhPcespvehti oAndr a
salt thereof has suppressing effect on the 20 production of inmune
cytokﬂ%es|R¥%E$S$ngerpé@mh¢4p¥@@uqs@riﬁ@érﬁéﬁ@@lvr(mn¢§@$ gotlpwand is
useful in the prevention

manner.
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wherein each symbol is as defined above.
According to a process described in Journal of
10 Medicinal Chemistry, 17, 624 (1974), compound (XI) is
produced by reaction of compound (IX), sulfur, and compound
(X) in the presence of a base in a solvent. Examples of
said solvent include aromatic hydrocarbon such as benzene,
toluene, =xylene, and the 1like; ether such as dioxane,
15 tetrahydrofuran, dimethoxyethane, and the 1like; alcohol
such as methanol, ethanol, propanol, and the 1like;

chloroform; dichloromethane; 1,2-dichloroethane; 1,1,2,2,-



and treatnment of diseases associated with i mune including autoi nmune

di seases. Exanpl es of these diseases include systemc |lupus 25

er yt hemat @®ug/64693f | ammat ory bowel di sease (ul cerative WO G1aroB61483

PCT/ JP01/ 01483 89 colitis, Crohn's disease), nultiple sclerosis,

psoriasis, chronic hepatitis, urinary bladder carcinom, breast

carci noma, uterine cervix carcinom, chrg ic lynphocytic |eukem a, chronic
nyel ocytic | eukem a, col orectal cancer, 5 colon cancer, rectal cancer,
infection with Helicobacter pylori, Hodgkin's disease, insulin-dependent

di abetes nellitus, maljgnant nel ang | t] pl el oma, non Hodgkin's

| ynphorma, nones %O€%$?g?%ﬁb carcih@ﬁg:g¥W%#$§ fg%%ﬂ@é e peptic(aﬁgéf,
rostatic carcinomp, septic¢ shock, 10 tuberculosis, sterilit

grterioscle o8t ,§$éﬁﬁﬁﬁh%§ﬂis )i aé%%%EPY%tOﬁPEfHEFﬁﬁtiﬂﬁ@?ohéphﬁrtis,

system ¢ mycosi acute bacterial neningitis, acute nyocardial infarction

S ', A .

acute pancr%ﬁﬁ?¥1%@'@%ﬁﬁ%@%@?%?;e%c%b%%????%?‘%ﬁhm%da?ééﬁﬁiﬁ?ﬁﬁ9 @net fess
syndronme, bacterial pneunonia, chronic 15 pancreatitis, herpes sinplex
virus inf ed® BTG ariedqet . zostée vieastiakects orfamiissl mwkan ipapthroma
virus _infection, influenza, invasive staphylococcal infection,, perigheral
vascul &r diREREICe sepsid) PRPEPPRELELE Wasgrat PEchdiatases,aliagilonapta
ileitis, and the |like. Conpound (I) of 20 the present invention or a salt
thereof is &Ed, &RBRg a6t heFQd1{R phedEREieR, or Rt siEm ohvilupusde,

eryt hemat osus, , _ .
potassium carbonate, sodium carbonate, sodium bicarbonate,

etc.; a metal alkoxide such as sodium methoxide, sodium
ethoxide, sodium tert-butoxide, potassium ﬁert—butoxide,
10 ete.; an amine such as triethylamine, diethylamine,
morpholino, piperidine, N,N-dimethylaniline, or the 1like.
The amount of this base is preferably about 1-5 molar
equivalents for compound (IX). This reaction is carried
out wusually at -20°C to 150°C, preferably -10°C to 100°C.
15 Then, compound (II-1) 1is produced by the reaction of
compound (XI) and compound (XII). The reaction of (XI) and
(XII) is carried out in a solvent in the presence of an
appropriate acid such as a Lewlis acid, for example,
aluminum chloride, zinc chloride, or the like; hydrochloric
20 acid; sulfuric acid; trifluoroacetic acid; P-
toluenesulfonic acid; or the 1like. Examples of said
solvent include aromatic hydrocarbon such as benzene,
toluene, xylene, and the like; ether such as dioxane,
tétrahydrofuran, dimethoxyethane, and the 1like; alcohol

25 such as methanol, ethanol, propanol, and the like; ethyl



chronic hepatitis, interstitial hepatic di seases, asthma, psoriasis,

ul cerative colitis, Crohn's disease, regional ileitis, multiple sclerosis,
or the |iW&e® 0142688 so, conmpound (I) of the present inventi @e1arrodoME

01/ 64685 PCT/JP01/01483 90 salt thereof is useful in the prevention and
treatment of rejection reaction after organ transplantation. Moreover,
conpound (1) of the present invention or '‘a salt thereof is useful as a
T-cell differentiation 5 nodifying drug. A T-cell differentiation

nodi fying drug is a generic nane o f a conpound whi ch nodifies
differentiation of T ocyte into Type-1 T |ynphocyt (T1 ceII%,or
Type-11 T I%ﬁ%]aotc‘?/’t ehjf%gp%é?%ShyﬁtF%@far%l%e (DMEIy)yrrpﬁidé‘?t%é’é’lnaFHWO t88uci ng
| FN-y, 1L-2 TNFJ s 10 cytokipes, and include CD4+ T | ynphocytes and
cos+ T |y ?/)t'es.&*rgm&%%w{ér edchloheBelhare fmi Hr?*ﬂﬂ&&ierﬁ@t%w%,
IL-5 and IL-10 as cytoki nes and jnclude CD4+ T |ynphocytes and CD8+ T

| ynphocyt est” Tireret or b T2CHL QePthaRe t e@&15t i 8t | BRXABEET ViR Ry cahbBe
used for preventing 15 or treating arthritis and the above-nenti oned ot her
di seases. THRWYxi eft FIPRE cohpblhdter Reupedsdm Predamblon pBoRbw.

Therefore, conmpound (1) of the present invention 20 or a salt thereof may
be used as pribphwi aBeierasquivideapsutiar deemsowndi fildmmmt oflye deBersEs,

arthritis,
of the acid is preferably about 0.05-2.0 molar equivalents

for compound (VII). This reaction 1is carried out usually
at 0°C to 200°C, preferably about 20°C to 120°C. The
reaction time is 0.5-20 hours, preferably 1-10 hours.

10 The thus-obtained compound represented by the
general formula (II-1) can be isolated and purified by a
known separation and purification means such as
concentration, concentration under reduced pressure,
solvent extraction, crystallization, recrystallization,

15 trans-solubilization, chromatography, and the like.

In the case where the thienopyridine derivatives
produced by Process A to Process G have isopropoxy group as
a substituent on ring A, the isopropoxy group can be
converted into hydroxyl group by treatment with titanium

20 tetrachloride. This reaction is carried out in a solvent
such as chloroform, dichloromethane, carbon tetrachloride,
or the like at -50°C to 30°C, preferably about -10°C to 20°C:

Since compound (I) or a salt thereof of the
present invention has anti-inflammatory activity and

25 further anti-arthritic activity, it can beée used in the



rheumati sm rheumatoid arthritis, or autoi nmune di seases; as prophylactic
and therapeutic drugs of rejection reaction after organ transplantation;

and as prawuleagdsi c and 25 t herapeutic drugs of bone dest rp¢atjrone1483

ost eoporosis, and’ WO 01/64685 PCT/JP01/01483 91 the |ike, which accompany
arthritis, in manmalian ani mal s includig% human being (e.g., human being,
horse, cow, pig, dog, cat, rat, nouse, etc.). The dosage of conpound (1)
and a salt thereof can 5 be selected in various ways dependi ng on the

adm ni stration route and the synptomof the patient to be treated.

Usual Iy, as conmpound (1) per an adult, .the daily dosage can be sel ected
froma rang%r%gg%Ejo%? 13%%(?%% 5686 nﬁlf par]é?ké?atb}‘iy éidtﬁﬁaS@sngwt%%about
100 ng in the_case of oral 10 adm nistration, and froma range of about 0.1
ng to aboutl® ikWW&EOFErFH@glEFEFEréBIQQ%Hiﬁ-0.§h%gaFBh5%Bh? Y0SRESPR the
case of parenteral adm nistration. The dosage can be admnistered b

di vi di ng 1-PE¢IAERr péPTdS&FATPHE  c SAFOIIE (IHeWraErhl arEmetbbs anrdy ﬁée
present 15 invention can be conpounded with a pharnaceutically
pernissiblelk%?rier and can be orally or parenterally admnistered as
solid fornulations such as tablets, capsules, granules, powders, or the
like; ®r liquid fornrdla®iofsmegeRdad Idyadpshe peetewhsinvenhen| prea

Al so, 20 there can be prepared fornul ations for transdernal adm nistration
such as pat%%i%g%@e€%@5p¢één%? BiRE kRt she prevention and treatment of

rheumatism and the like.
Further, compound (I) of the present invention or
a salt thereof has excellent suppressing effect on bone
10 resorption and is useful in the prevention and treatment of
bone destruction, osteoporosis, and the 1like, which
accompany arthritis. Furthermore, the compound of the
present invention has suppressing effect on immune cytokine
production and 1is also wuseful in the prevention and
15 treatment of diseases associated with immune reactions,
and/or 1in the prevention and treatment of rejection
reaction after organ transplantation.
Furthermore, compound (I) of the present
invention or a salt thereof has suppressing effect on the
20 production of immune cytokines [e.g., interleukin-2 (IL-2),
interferon-y (IFN-y), etc.] and is useful in the prevention
and treatment of diseases associated with immune including
autoimmune diseases.
Examples of these diseases include systemic lupus

25 erythematosus, inflammatory bowel disease (ulcerative



(including creans), plasters, tapes, lotions, solutions, suspensions,
emul si ons, sprays, and the like. As for the pharmaceutically acceptable

carrier, wodmsssari ety of organic or inorganic carrier sulgtrapegssvhi ch WO
01/ 64685 PCT/JP01/ 01483 92 have been conventionally enpl oyed as

formul-ation materials, are used, and ar e conpounded as an excipient, a

| ubricant, a binding agent, and a disintébrator in solid formulations; a
solvent, a solubilizing agent, a suspending agent, an 5 isotonic agent, a
buffering agent, and an analgesic in liquid formulations. Al so, as needed,

fornmul ati on dditives such as, a preservative, an antioxjdant, a, |
stabiIizer,c%f%5+%fiﬁéozﬁgﬁgéif enfHy taBaht S HeS: | PReTEERALBe
used. 10 Preferred exanpl es of the excipient include |actose, sucrose,
D-manni t ol ,C&EHth, EFPetdltitne HIiRADse, PLlaffght HidmnRe si | PERaSEci d,
and the like. Preferred exanples of the |ubricant include magnesium
stearate, (OEGERTAn stEEEE F8F¥IXcdtaef Hapna) | idgondsd L HBPRpRELLIES
Preferabl e exanpl es of the binding agent include crystalline cellulose,
a-starch, stREERBIaD FRARNLS MYISEYiie AgakeRpr opitla@dtialosgancer,
hydr oxypropyl net hyl cellul ose, polyvinyl pyrrolidone, and the Iike.

Pr ef erabl e CekAmplces st t heeeisl nicegicattor LhEeobeost aridh Haibogpaethyl 20
cel lul ose, cal ci um carboxynmet hyl cellul ose, croscarnellose sodium sodium
car boxynet i9¥1ethr chHodgkisdlsst | disease, insulin-dependent diabetes

mellitus, malignant melanoma, multiple myeloma, non
Hodgkin’s lymphoma, non-small cell lung carcinoma, ovarian
cancer, peptic ulcer, prostatic carcinoma, septic shock,

10 tuberculosis, sterility, arteriosclerosis, Behcet’s disease,
asthma, atopic dermatitis, nephritis, systemic mycosis,
acute bacterial meningitis, acute myocardial infarction,
acute pancreatitis, acute viral encephalitis, adult
respiratory distress syndrome, bacterial pneumonia, chronic

15 pancreatitis, herpes simplex wvirus infection, varicella-
Zzoster virus infection, AIDS, human papilloma virus
infection, influenza, invasive staphylococcal infection,
peripheral vascular diseases, sepsis, interstitial hepatic
diseases, regional ileitis, and the like. Compound (I) of

20 the present invention or a salt thereof is used, among
others, in prevention or treatment of lupus erythematosus,
chronic hepatitis, interstitial hepatic diseases, asthma,
psoriasis, ulcerative colitis, Crohn’s disease, regional
ileitis, multiple sclerosis, or the like.

25 Also, compound (I) of the present invention or a



hydr oxypropyl cellul ose, and the |ike. Preferable exanples of the solvent

i nclude water for injection, alcohol, propylene glycol, macrogol, sesane
oil, cornw@diye4e9dd the 25 |ike. WO 01/64685 PCT/ JP01/ 014831/ d1/6asnheeded,
for the purpose of taste masking, enteric coating, or prolonged action,
oral formulations can be coated by a pePOse known met hod. Exanples of this
coating agent include hydroxypropyl nethyF-cel lul ose, ethyl 5 cellul ose,
hydr oxynet hyl cel |l ul ose, hydroxypropyl cellul ose, polyoxyethylene glycol,
Tween 80, Pluronic F68 [polyoxyethylene (160) pol yoxypropyl ene (30)
glycol], cellulase acetate phthal ate, hydroxypropyl methyl cellul ose

Bht hal at e, SR ORYTEER | LEeHPGIONe b ot at cPBAVRAFAPE, 206! Eihaigiant of

(manuf act ured, by Rohm Conpany, nethacrylic acid-_acrylic acid copolyner),
T

and the |i K& Prichdt risp 1Bt AHEPBOF AR TR B Bt i ncl ude
pol yet hyl ene gl ycol, propyl ene glycol, benzyl benzoate, ethanol,
tri sani onet hane, cholM8SSEIL, 15°1PPERAardl ard hethodtinmeddr bbratet18Bdi um
citrate, and the |I|ike. Preferred exanples of the suspending agent include

sur f act ant £ ueh 573 st BRPYPPEi dtthandtld nés sddilumelldurgiffgrgshiation
| auryl am nopropi oni ¢ acid, |ecithin, benzal konium chloride, benzethonium
chl oride, @AY INITHIN earfat®;cobl et fe gl bphi 03 e iRy Fvd e@titdr 18ei ght

subst ances such as pol yvinyl alcohol, polyvinyl pyrrolidone, sodium
a generic name o) f a compound which  modifies

differentiation of T lymphocyte into Type-1 T lymphocyte
(Tl cell) or Type-II T lymphocyte (T2 cell). Tl cells are
T lymphocytes mainly producing IFN-y, IL-2 and TNFB as
10 cytokines, and include CD4" T lymphocytes and CD8* T
lymphocytes. T2 cells are T lymphocytes mainly producing
IL-4, IL-5 and IL-10 as cytokines and include CD4* T
lymphocytes and CD8" T lymphocytes. Therefore, a T-cell
differentiation modifying drug can be used for preventing
15 or treating arthritis and the above—meﬁtioned other
diseases.

The toxicity of the compound of the present

invention is low.
Therefore, compound (I) of the present invention
20 or a salt thereof may be used as prophylactic and
therapeutic drugs of inflammatory diseases, arthritis,
rheumatism, rheumatoid arthritis, or autoimmune diseases;
as prophylactic and therapeutic drugs of rejection reaction
-after organ transplantation; and as prophylactic and

25 therapeutic drugs of bone destruction, osteoporosis, and’



car boxymet hyl cellul ose, nethyl cellulose, hydroxynethyl cellulose,
hydr oxyet hyl cel | ul ose hydroxypropyl cellulose, etc.; and the |ike.

Pr ef err edwexamésds of the isotonic 25 agent include sodi umpcahnipoi/hdes
glycerin, D-mannitol, and WO 01/ 64685 PCT/JP01/01483 94 the I|ike.

Preferred exanples of the buffering agen% i ncl ude buffer solutions of a
phosphate, an acetate, a carbonate, a c'%rate, or the like. Preferred
exanpl es of the anal gesic include benzyl alcohol and the like. 5 Preferred
exanpl es of the preservative include paraoxybenzoic acid ester,

chl or obut anql , ge zyl al,cohol, henet h g al cohol ,, dehydroacetic acid,
sorbic acigguén l?ﬁe W%ﬂ . PretiE ey @i RpLELSof 1Phdaifd bixGdHaRP I AcFude
sulfite, ascorbic, acid, and the |ike. 10 Mreover, compound (lI) or a salt
t her eof cantBet NP SRR eBeA8Ya (8- Agl e HGRRUILRITSH, #RTSFmuFe%neBhgry or
at tenporal  intervals together with [1] a cycl ooxygenase inhibitor (a
Cox- |, Cox-4994i fit'hi tGtY, 12¢se ofs@ake- nodifying anti-rheumatic drug and
an i mmunodepressant, [3] 15 a bi ol ogical preparation, [4L an anal gesi ¢ and
an anti- inflanmmator y'RRje#Rsags]oh compapedt (£) g ®ofabbnkharselsean [ 6]
p38MAP ki nase inhibitor and/or TNF-a production inhibitor, [7] c-JUN
N-t er M nal 18 msEeqtak)in ifmbiews  Ways deendiey o0 [he sabplasration
cycl ooxygenase inhibitors (Cox-1, Cox-I1 inhibitors) include cel ecoxib,
rof ecoxi b, Baltgyland the symptom of the patient to be treated.

Usually, as compound (I) per an adult, the daily dosage

can be selected from a range of about 1 mg to about 500 mg,

preferably about 5 mg to about 100 mg in the case of oral

10 administration, and from a range of about 0.1 mg to about
100 mg, further preferably about 0.3 mg to about 10 mg in
the case of parenteral administration. The dosage can be
administered by dividing 1-3 times per day.

The compound (I) or a salt thereof of the present

15 invention can be compounded with a pharmaceutically
permissible carrier and can be orally or parenterally
administered as solid formulations such as tablets,
capsules, granules, powders, or the like; or 1liquid
formulations such as syrups, injections, or the like. Also,

20 there can Dbe ©prepared formulations for transdermal
administration such as patchings, cataplasms, ointments
(including creams), plasters, tapes, lotions, solutions,
suspensions, emulsions, sprays, and the like.

As for the pharmaceutically acceptable carrier, a

25 variety of organic or inorganic carrier substances, which



acid derivatives such as aspirin, diclofenac, indonethacin, |oxoprofen,
and the |like. The oral doses of these drugs are, for exanple, about

100- 200 ny@iodaw4égar cel ecoxi b, about 25 10-30 ng/day for rafcaampsi/brass

1000- 4500 ng/day for salicylic WO 01/64685 PCT/JP01/01483 95 acid
derivatives such as aspirin, about 25-75 gg/ day for dicl ofenac, about

50- 150 ng/day for indonethacin, and about9 60- 180 ny/ day for | oxoprofen.

[ 2] Exanpl es of disease-nodifying anti-rheumatic 5 drugs and

i mmunodepr essants include nmethotrexate, |eflunom de, prograf,

sul f asal azi.ne enicillam pe al | d conpounds, . and the |ike.. The
oral doses 11 A crmpibreathi emihpved Aboteinubibten ia beEkator

nmet hot r exat e, abou 20-%00 ny/ d% for |l eflunom de,, apout 1 1? 5 g/ day for
Prograf, abfthft 10088 nGF Bay OFBPUNEGCr 4Sal3Y i HECIRARRE 1901 6BBL ngTlay f or
D-penicillam ne, . and about 3-6 ng/day for oral gold conpounds, [ 3]

Exanpl es of2 IO EAIP epatnt i dndlsHet edie? tabnbe | %ﬂ%}daﬁ?F%‘éﬁ?géo%%? g.,
anti-TNF-(x antibody, anti-IlL- 15 12 antibody, anti-IL-6 anti body,

anti- | CAM 12 afiPiB6BY; aht POEBRIdACIHIdy2IRRE, ) 2 sorEpPediREeFIGHT /(2. ,
soluble TNF-(x receptor, etc.), and protein ligands (IL-1 receptor

ant agoni st ,18%enic TRISHtal Bodes HRriMesadginigs ard, dor anglgesie dbout
0. 1-50 ny/ kg/ day, preferably 0.5-20 20 nyg/kg/day. [ﬂ Exanpl es of

anal gesi cs i t i TPHMVA e Casy Also, as =~ needed ormulation

additives such as a preservative, an antioxidant, a
stabilizer, a coloring agent, a sweetening agent, and the
like can be used.

10 Preferred examples of the excipient include
lactose, sucrose, D-mannitol, starch, crystalline cellulose, .
light anhydrous silicic acid, and the like. Preferred
examples of the Ilubricant include magnesium stearate,
potassium stearate, talc, colloidal silica, and the like.

15 Preferable examples of the binding agent include
crystalline cellulose, o-starch, sucrose, D-mannitol,
dextrin, hydroxypropyl cellulose, hydroxypropylmethyl
cellulose, polyvinyl pyrrolidone, and the like. Preferable
examples of the disintegrator include starch, carboxymethyl

20 cellulose, calcium carboxymethyl cellulose, croscarmellose
sodium, sodium carboxymethyl starch, low-substituted
hydroxypropyl cellulose, and the like. Preferable examples
of the solvent include water for injection, alcohol,
propylene glycol, macrogol, sesame o0il, corn oil, and the

25 like.



agents include centrally acting anal gesics (e.g., norphine, codeine,

pent azocine, etc.), steroids (e.g., prednisolone, dexanethasone,

bet amet hag@@A/e4sC. ), and anti-inflammatory 25 enzyne agemnia/ipo1/g483

bronel ain, |ysozynme, proctase, etc.). WD 01/64685 PCT/JP01/01483 96 The
oral doses of these drugs are, for exanpgg, about 1- 1000 ny/ day,
preferably about 5-300 ng/day, for centrafly acting anal gesics, about

0. 1-400 ny/day, preferably about 5-100 ng/day, for steroids, and about
1-100 ng/day, 5 preferably about 5-40 ng/day, for anti-inflammatory enzyne
agents. [5] Exanples of therapeutic drugs for bone diseases (e.g,, bone
fracture, refract ure,A%st“&?&%‘josi for ogﬁ%ori%%b‘?sde, I9§geﬂ€£§%8i s%%g%lﬁ‘?' bone,
ankyl osing 10 spondylitjs, chronic rheumatojid arthritis, denerative

gonart hri it o r%#wfof% df?l%ﬂlqr?%%ﬁ%?%orem%%% LorBRbeEsongt gay

i ncl ude cal cium preparations (e.g., calcium carbonate, etc.), calcitonin
preparati oRE ¢PE&REN BY §r eBaF ationknPERg metBedal ci kb ke, P skRis
hormones (e.g.,. 15 estrogen, estradiol, etc.), prostaglandin Al,

bi sphosphorztdsing p ¥ ¢ hvohas L ufpudydreXyERstuRde (e ly. cel Skpsan f eyl de,
etc.), vitam.n KZ, bone norphogenic protein (BMP), fibroblast growh

fact or® (FGOeligHasd ethy et ety vl Fake e, (IPDagxyerapst ofed hglesemt h
factor 20 (TGF)-(3, insulin-like growth factor-1 and -2 (1G--1, -2),

par at hyr oi PHHFOREPRYe andlysrpoundsTdeseri betin Pluronic res

[polyoxyethylene (160) polyoxypropylene (30) glycol],
cellulose acetate phthalate, hydroxypropylmethyl cellulose
phthalate, hydroxymethyl cellulose acetate phthalate,

10 Eudragit (manufactured by Rohm Company, methacrylic acid-
acrylic acid copolymer), and the like.

Preferred examples of the solubilizing agent
include polyethylene glycol, propylene glycol, Dbenzyl
benzoate, ethanol, trisamiomethane, cholesterol,

15 triethanolamine, sodium carbonate, sodium citrate, and the
like. Preferred examples of the suspending agent include
surfactants such as stearyltriethanolamine, sodium lauryl
sulfate, laurylaminopropionic acid, lecithin, benzalkonium
chloride, benzethonium chloride, glycerin monostearate,

20 etc.; hydrophilic high molecular weight substances such as
polyvinyl alcohol, polyvinyl pyrrolidone, sodium
carboxymethyl cellulose, methyl cellulose, hydroxymethyl
cellulose, hydroxyethyl cellulose hydroxypropyl cellﬁlose,
etc.; and the 1like. Preferred examples of the isotonic

25 agent include sodium chloride, glycerin, D-mannitol, and



Eur opean Patent Publications No. EP 376197 A, EP 460488 Al, and EP 719782
Al (e.g., (2R 4S)-(-)-N[4-
(di et hoxywphogpses vyl met hyl ) phenyl ] -1, 2, 4, 5-t et rahydr o-4 25pCT/3P01/01483
met hyl - 7, 8- net hyl enedi oxy- 5- oxo- 3- benzot hi epi n-2 WO 01/ 64685 PCT/JP01/ 01483
97 carboxam de, etc.). [6] Exanples of &%BNAP ki nase i nhi bitor and/or
TNF-a inhibitor include: i) a conpound represented by the formula: R2' S
C\W 5 R3 N wherein R' is hydrogen atom an optionally substituted
hydr ocar bon group, an optionally substituted heterocyclic group, or anI
optionall ubsti.tuted apin royp or an acyl _group; R2'_is an optionally
sgbsti t ut gaiﬁyrﬁagﬁ’gr ou%?egﬁgrﬁg exafRles” opfi o%% WS R Ut étﬂed“ribgahi c
roup, a salt._. thereof _or a prodrug thereof; ii) a conmpound represente y
?he For mul ARCINARAPFERT | SR UTIgRE, OR3a2 NRARTRIAE R adPs ?19%€%E;%n & om

an optionally. substituted 15 hydrocarbon group, an optionally substituted
hetePocyCIF§¥bonate' a citratey or the lfie.p Prefegred exa%ples of

the analgesic include benzyl alcohol and the like.

5 Preferred examples of the preservative include
paraoxybenzoic acid ester, chlorobutanol, benzyl alcohol,
phenethyl alcohol, dehydroacetic acid, sorbic acid, and the
like. Preferred examples of the antioxidant include
sulfite, ascorbic acid, and the like.

10 Moreover, compound (I) or a salt thereof can be
administered as a single formulation, or simultaneously or
at temporal intervals together with [1] a cyclooxygenase
inhibitor (a Cox-I, Cox-II inhibitor), [2] a disease-
modifying anti-rheumatic drug and an immunodepressant, [3]

15 a biological preparation, [4] an analgesic and an anti-
inflammatory agent, [5] a therapeutic drug for bone disease,
[6] p38MAP kinase inhibitor and/or TINF-a production
inhibitor, [7] ¢~JUN N-terminal kinase (JNK) inhibitor, or
the like.

20 [1] Examples of cyclooxygenase inhibitors (Cox-I,
Cox~II inhibitors) include celecoxib, rofecoxib, salicylic
acid derivatives such as aspirin, diclofenac, indomethacin,
loxoprofen, and the like. The oral doses of these drugs
are, for example, about 100-200 mg/day for celecoxib, about

25 10-30 mg/day for rofecoxib, 1000-4500 mg/day for salicylic



group, an optionally substituted am no group or an acyl group; R 2a is an
optionally substituted aromatic group; R3a is hydrogen atom an optionally

substi t ut @@ @wussdy! group or an optionally substituted arp@Taipofo1483

hydr ocarbon group; Xa 20 is oxygen atom or an optionally oxidized sul fur
atom ya is WO 01/64685 PCT/JP01/ 01483 gg a bond, oxygen atom an
optionally oxidized sulfur or NRAa (wherein Rd4a is hydrogen atom an
optionally substituted hydrocarbon group or an acyl); and Za is a bond or
an optionally substituted dival ent straight chain hydrocarbon 5 group, a

salt thereof 0 rod there for exa I
N-[ 5- ( 2- ber?fdf[aﬁ‘?ﬁbvﬁ ?Fd;ﬂ%ﬁh 3, gspirin, 'about 25-75 mg/day for

i N— 5-
?Izngtegél;”pgrd”lyl )o 1%%,%3;?2&.'1’;4 Q’é?@erﬁé‘/"égf for 11[1domethac1n, and about

dlnethylphe ) 1 hi azol - 2-yl ] acet am de; 10

N-[ 4-[ 4- (4 WEH} -Zqﬂ%Qﬁﬂpqoﬁﬁﬁhlazol 5- yl]-2-pyridyl]benzani de;
N [4- [2- (4 quorophenyﬁ (3- netd%!phenyl) -1, 3-

t hi azol -5-yl]-2 pyrld §ﬁ?pé§§tg% seasé-modifying anti-rheumatic

N-[4-[2-ethyl-4-(3 nethylpheny) 1,3-thiazol -5 15 .
yl]-2-% yrldﬁﬂﬁﬁhenyﬁﬁ etaﬁp@@unodepressants include methotrexate,

N-[ 4- [ 4- ( 3-net hyl pheny) - 2- propyl -1, 3-t hi azol - '
yl ]-2- pyri dyfiphamideet arpdeat, sulfasalazine, D-penicillamine, oral

N-[4-[ 2- butyl - 4- (3- net hyl pheny) -1, 3-t hi azol - 5-
yl ]-2-pyri dglpheappravedani dard 2¢he like. The oral doses of these
N-[ 4-[ 4- ( 3- net hyl pheny) - 2- (4- net hyl t hi ophenyl ) -
drugs are, for example, about 2.5-7.5 mg/week for
methotrexate, about 20-100 mg/day for leflunomide, about 1-
10 5 mg/day for Prograf, about 500-2000 mg/day for
sulfasalazine, about 100-600 mg/day for D-penicillamine,
and about 3-6 mg/day for oral gold compounds.
[3] Examples of biological preparations include
monoclonal antibodies (e.g., anti-TNF-a antibody, anti-IL-
15 12 antibody, anti-IL-6 antibody, anti-ICAM-I antibody,
anti-CD4 antibody, etc.), soluble receptors (e.g., soluble
INF-o receptor, etc.), and protein ligands (IL-1 receptor
antagonist, etc.). The oral doses of these drugs are, for
example, about 0.1-50 mg/kg/day, preferably 0.5-20
20 mg/kg/day.
[4] Examples of analgesics and anti-inflammatory
agents include centrally acting analgesics (e.g., morphine,
codeine, pentazocine, etc.), steroids (e.g., prednisolone,

dexamethasone, betamethazone, etc.), and anti-inflammatory

25 enzyme agents (e.g., bromelain, lysozyme, proctase, etc.).



1, 3-thiazol -5-yl]-2-pyridyl]phenyl acet am de;
N-[ 4-[ 2- et hyl - 4- ( 3- et hyl phenyl ) -1, 3-thi azol -5- yl]-2-pyridyl]benzam de;
N-[ 4- [ 2- elayd1rededs3- met hyl phenyl ) -1, 3-t hi azol -5- 25 PCT/JP01/01483
yl]-2-pyridyl]-3-phenyl propi onan de; WO 01/ 64685 PCT/JP01/01483 99
N-[4-[ 2-et hyl - 4- (3-net hyl phenyl ) -1, 3-thi gzol - 5-
yl']-2-pyridyl]-3-(4-net hoxyphenyl) propi onam de;
N-[4-[ 2-et hyl -4-(3-met hyl phenyl ) -1, 3-t hi azol -5
yl']-2-pyridyl]-3-phenyl butyl am de; 5
N-[ 4-[4- (3-pet hyl phenyl ) - 2-propyl -1, 3-t hi azol -5- _yl ]-2-pyridyl | benzam nde;
N[44 (370 ryFohenyepss B olfped Srifisaziers. £t exahple)” datt ol
yl1-2-pyridyl]-3-phenyl propi onam nde;
N[ 4- [ 2- butlﬁ&04-T(gé%¥hypﬁﬁéﬁ§la}3-l¥, FRazer380 §g/day, for centrally
yl]-2-pyridyl]benzam nde; N-[4- 2-butg|-4-63-nethylphenyl -1, 3-thiazo| - 5-
yI]-2-pyri@ﬁqugpﬁ%ﬂ%gﬁ§bﬁﬁon 'H&e;°1"4 0 mg/day, preferably about
N-[4-[2-(4-fl uorophenyl)-4-(3-methyl phenyl )-1,3
t hi azol - 5- VAL py#9/ AT benE@ki ndEeroigsn  pad [ APQU- f | kiokYphehgd Jav 4-
(3-net hyl phenyl) -1, 3- thiazol-5-yl]-2-pyridyl]-3-phenyl propi onam nde;
N [ 4- [%- ( 3TwaifHHehydyoRt ( 2= ARt By EAVepHEedyignti-inflammatory enzyme
1

[

Z

4-[ 4- ( 3-a8&HA phenyl ) - 2- (4- net hyl t hi ophenyl ) 20
, -thiazol-5-y|]-2-p¥ridyl]-3- henyl pr opi onam nde;
51 "Examples ~of therapeutic drugs for bone

, 3-thiazol -5-yl]-2-pyridyl]benzam nde;
3

H

diseases (e.g., bone fracture, refracture, osteoporosis,
osteomalacia, Paget’s disease of bone, ankylosing
10 spondylitis, chronic rheumatoid arthritis, denerative
gonarthritis, destruction of Joint tissues in related
diseases, etc.) include calcium preparations (e.g., calcium
carbonate, etc.), calcitonin preparations, vitamin D
preparations (e.g., o-calcidol, etc.), sex hormones (e.g.,
15 estrogen, estradiol, etc.), prostaglandin A,
bisphosphonates, ipriflavons, fluorine compounds (e.g.,
sodium fluoride, etc.), vitamin K,, Dbone morphogenic
protein (BMP), fibroblast growth factor (FGF), platelet-
derived growth factor (PDGF), transforming growth factor
20 (TGF)-B, insulin-like growth factor-1 and -2 (IGF-1, -2),
parathyroid hormone (PTH), and compounds described in
European Patent Publications No. EP 376197 Al, EP 460488 Al,
and EP 719782 Al (e.g., (2R, 48)-(-)-N-[4-
(diethoxyphosphorylmethyl)phenyl]l-1,2,4,5-tetrahydro—4-

25 methyl-7, 8-methylenedioxy-5~oxo-3-benzothiepin-2-



N-benzyl - N-[ 4-[ 2- et hyl - 4- (3- net hyl phenyl ) -1, 3- thiazol-5-yl]-2-pyridyl]

am ne; N-[4-[2-ethyl-4-(3-nethyl phenyl)-1, 3-thiazol -5-

yl]-2-pymwayi/f4688 ( 2- phenyl et hyl ) am ne; 25 PCT/JP01/01483

N-[4-[2-et hyl -4-(3-net hyl phenyl )-1, 3-thiazol -5 WO 01/ 64685 PCT/ JP01/ 01483

100 yl]-2-pyridyl]-N(3-phenyl propyl)am ne;

N-benzyl - N-[ 4-[ 4- ( 3- net hyl phenyl ) - 2- prop%ﬂ -1,3- thiazol-5-yl]-2-pyridyl]

am ne; N-[4-[4-(3-methyl phenyl)-2-propyl -1, 3-thiazol-5- 5

yl]-2-pyridyl]-N(2-phenylethyl)am ne; ] I

N-[ 4-[ 4- (3-net hyl phenyl ) -2-propyl -1, 3-t hi azol -5

yl ][ 2[ pyri 89FF9§I§5$d5heﬁ§2Fpﬁopyl ) ami ne; .

N- benzyl - N-[ 4-[ 2- but yI -4;& 3- et hyl phenyl ) -1, 3- thiazol-5-yl]-2-pyridyl]

anmine; 10 N[ 4-[2-but ¢l - AtagupdashyPphenydNAE | Xingisgzolnsibitor and/or
|]1-2-pyridyl]-N-(2-phenyl ethyl)am ne,

KI— ][ 4-[ g}lbu?éﬂ‘@- (LthgfLﬁthéﬁill}jﬁl, 3-thiazol -5

yl]-2-pyridyl]-N(3-phenyl propyl)am ne; N-benzyl-N- [ 4- [ 4-

( 3- met hyl phenyl ) -2-ij4alsompound represented by the formula:

met hyl t hi ophenyl )-1, 3-thi azol -5-yl]-2-pyridyl]amne; N [ 4- [ 4-

(3- et hyl phenyl) -2- (4-methyl t hi ophenyl) -

1, 3-t hi azol - 5-yl ] -2- By -N-(2-phenyl ethyl)amne, N [ 4- [ 4-
(3-met hyl phenyl ) -2- (4-|petyR'hi ophenyl)

1, 3-thi azol -5-yl ] -2- py¢ ] - N-(3-phenyl propyl )am ne; 20

N-[ 4- P4- (3- et hyl pheﬁyl )-2-(4- et hyl sul fonyl -

wherein R' is hydrogen atom, an optionally substituted
hydrocarbon group, an optionally substituted heterocyclic
group, or an optionally substituted amino group or an acyl
group; R?* 1is an optionally substituted pyridyl group; and

10 R is an optionally substituted aromatic group, a salt
thereof or a prodrug thereof;

ii) a compound represented by the formula:

N
a |
Rza/Z\Ya = Xa 1a
| )R
R3a N

wherein R"™ is hydrogen atom, an optionally substituted
15 hydrocarbon group, an optionally substituted heterocyclic
group, an optionally substituted amino group or an acyl
group; R*® is an optionally substituted aromatic group; R*
is hydrogen atom, an optionally substituted pyridyl group
or an optionally substituted aromatic hydrocarbon group; X?*

20 is oxygen atom or an optionally oxidized sulfur atom; Y® is



phenyl)-1, 3-thiazol -5-yl]-2-pyridyl ] benzam de;

N-[ 4-[ 4- (3-net hyl phenyl ) - 2- (4- et hyl sul f onyl -

phenyl ) - 1u3y dil¥s&@%0! - 5-yl | - 2- pyri dyl | phenyl acet am de; PCT/JP01/01483
N-[ 4-[ 4- (3- et hyl phenyl ) - 2- (4- et hyl sul fonyl 25

phenyl)-1, 3-thiazol -5-yl]-2-pyridyl]-3-phenyl propi onam de; WO 01/ 64685
PCT/ JP01/ 01483 101 N-benzyl-N-[4-[4-(3-ﬁ§thy|phenyl)-2-(4-

nmet hyl sul f onyl phenyl ) -1, 3-t hi azol -5-yl]-2-pyridyl]am ne;

N-[ 4- [ 4- ( 3- et hyl phenyl ) - 2- (4- net hyl sul f onyl

phenyl)-1, 3-t hi azol -5-yl]-2-pyridyl]-N(3-phenyl propyl)- 5 am ne; .
N-[ 4- [ 4- ( 3-aree PR phery 32 2temretdty| QRF IRyl ly oxidized sulfur or NR'
phenyl)-1, 3-thiazol -5-yl]-2-pyridyl]-N-(2-phenylethyl)- amne,

N- (4-f 1 uor ob&¥esADN NR{4- 1 4- (3idnadefl prEAYY ) -an ( #ptignally substituted
met hyl sul f onyl phenyl ) -1, 3-t hi azol -5-yl ] -2-pyridyl]am ne;

(S) - N-[ 4- (I vndnagEny byoBp( 20¥ 1-apheaglél hyland Z* is a bond or an
am no)-4-pyridyl)-1,3-thiazol-2-yl]nicotinam de;

(R - N-[ 4- ( pieitdngdlghenst)sbitet¢d- ghwaykethytraight chain hydrocarbon
am no) -4-pyridyl)-1, 3-thiazol-2-yl]nicotinamde; 15

(S) - N-g 4- ( Ineithy lepeaiyt el (s { lopremytedhyd -thereof; for example,

am no)-4-pyridyl)-1,3-thiazol-2-yl]-2-nmethylnicotinamde; (R -N [4-
(3- et hyl phenyl ) -5- N2t5« (24bmmdetdmydno-4-pyridyl) —4-(3, 5~

am no) -4-pyridyl)-1, 3-thiazol -2-yl]-2-nethyl ni coti nam de;

(S)-N-[4-( Jdmetthpt b)) -5 (2-{(Hipdehy2 ey hydece2dnide;

am no)-4-pyridyl)-1,3-thiazol-2-yl]-2-chloronicotinam de;
N-[5-(2-benzylamino-4-pyridyl)-4- (3, 5-
dimethylphenyl)-1,3-thiazol-2-yl]acetamide;
10 N—[4—[4f(4—methoxypheny)—2—methyl—1,3—thiazol—5—
yl]-2-pyridyllbenzamide;
N-[4-[2- (4-fluoropheny) -4~ (3-methylphenyl) -1, 3~
thiazol-5-yl]-2-pyridyl]lphenylacetamide;
N-[4-[2-ethyl-4- (3-methylpheny)-1,3~thiazol-5-
15 yl]l-2-pyridyl]lphenylacetamide;
N~[4-[4- (3—-methylpheny)-2-propyl-1,3~-thiazol-5-
yl]-2-pyridyl]phenylacetamide;
N-[4~[2-butyl-4- (3-methylpheny)-1,3-thiazol~5-
yl]-2-pyridyl]lphenylacetamide;
20 N-{4-[4- (3-methylpheny)-2- (4-methylthiophenyl) -
1,3-thiazol-5-yl]-2-pyridyl]lphenylacetamide;
N~[4-[2-ethyl-4~- (3-methylphenyl) -1, 3-thiazol-5-
yl]-2-pyridyl]benzamide;
N-[4-[2~ethyl-4- (3-methylphenyl)-1,3~-thiazol-5-

25 yl]-2-pyridyl]-3-phenylpropionamide;



(R -N-[4-(3-net hyl phenyl ) -5-(2-(1-phenyl et hyl -
am no)-4-pyridyl)-1, 3-thiazol -2-yl]-2-chl oroni coti nam de;
(S) - N-[ 4- (@ qrubs! phenyl ) - 5- (2- (1- phenyl et hyl _  PCT/JP01/01483
am no)-4-pyridyl)-1,3-thiazol-2-yl]-2-nmethoxynicotinamde; 25 (R -N [4-
(3- net hyl phenyl ) -5- (2- (1-phenylethyl WO 01/64685 PCT/JP01/01483 102
am no)-4-pyridyl)-1, 3-thiazol -2-yl]-2- mtgﬁoxyni cot i nam de;
N-[ 5- (2- benzyl am no- 4- pyridyl)-4-(3-net hyl -
phenyl ) -1, 3-t hi azol - 2-yl ] ni coti nam de;
N[ 5- (2- benzyl am no- 4- pE/ri dﬁ/l )-4-(3-nmethyl- 5 ,
phenyl ) -1, 3-t hi azol - Nyl4= b<nethokyhr edthakhy Hehenyl) -1, 3-thiazol-5-
N-[ 5- (2- benzyl am no- 4- pyri dyl )-4-(3-met hyl phenyl)-1,
3-thiazol - % ]I‘]Z‘leﬁélTﬂ@YﬁhT%‘oHTi&ﬁ}él@%YPheny )propionamide;
N[ 5- (2- benzyl am no-4-pyridyl)-4-(3-met hyl -
phenyl) -1, 3-t hi azol - Ayl 4= Pznethyl nfcodrherigephagyl) -1, 3-thiazol-5-
N-[ 5- (2- benzoyl am no- 4- pyri dyl) - 4- (3- net hyl -
phenyl) - 1, 3 i Zzcidyl | nd ek ¢mahbdey lanide;
N-[ 5- (2- benzoyl am no- 4- pyri dyl ) - 4- ( 3- met hyl
phenyl3 -1, 3-t hi azol - My[4= 4 nmedtiye P cbpherayd de2-propyl-1,3-thiazol-5-
N-[ 5- (2- benzoyl am no- 4- pyridyl)-4-(3-nethyl- 15
phenyl) - 1, ¥} hiazofrdyl B cdhbndai cot i nani de;
N[ 5- (2- benzoyl am no- 4- pyri dyl) - 4-(3-net hyl -
phenyl ) -1, 3-t hi azol - 29y[ 4~ P4 nE3 froxyimy Lo émahi d2+propyl-1, 3-thiazol-5-
(S)-N(1-phenyl ethyl)-4-[2-ethyl-4-(3 nethyl phenyl)-1,
3-t hi azol - 5¢yl{2-pyird dy] addwleeny P2Ord ) ondMainde phenyl et hyl ) -4- [ 2-et hyl - 4-
(3-
N-[4-[2-butyl-4~ (3-methylphenyl)-1,3-thiazol-5-

10 yl]-2-pyridyllbenzaminde;
N-[4-[2-butyl-4- (3-methylphenyl)-1,3-thiazol-5-
yl]l-2-pyridyl]-3-phenylpropionaminde;
N-[4-[2-(4-fluorophenyl)-4- (3-methylphenyl)-1, 3-
thiazol-5-yl]-2-pyridyllbenzaminde;
15 N-[4-[2- (4-fluorophenyl)-4- (3-methylphenyl)-1, 3~
thiazol-5-yl]}-2-pyridyl]-3-phenylpropionaminde;
N-[4-[4-(3-methylphenyl)-2-(4-methylthiophenyl) -
1,3-thiazol-5-yl]-2-pyridyllbenzaminde;
N-[4-[4-(3-methylphenyl)-2- (4-methylthiophenyl) -
20 1,3-thiazol-5-yl]-2-pyridyl]-3-phenylpropionaminde;
N-benzyl-N-[4-[2~ethyl~4- (3~-methylphenyl)-1, 3-
thiazol-5-yl]-2-pyridyl]amine;
N-[4-[2-ethyl-4- (3-methylphenyl)-1,3-thiazol-5-
yll-2-pyridyl]-N- (2-phenylethyl)amine;

25 N-[4-[2-ethyl-4~- (3-methylphenyl)-1,3-thiazol-5-



met hyl phenyl )-1, 3-thiazol-5-yl]-2-pyridylam ne;

(S)-N-(1-phenyl ethyl)-4-[4-(3-nethyl phenyl) - 2-

propyl - 1, 8« hieaassl - 5-yl ] - 2- pyri dyl am ne; PCT/JP01/01483

(R -N-(1-phenyl et hyl)-4-[4-(3-nethyl phenyl)-2 25

propyl -1, 3-thi azol - 5-yl ] -2-pyridyl am ne; ;4§ 01/ 64685 PCT/ JPO1/ 01483 103
(S)-N-(l-phenylethyl)-4-[2-buty|-4-(3- net hyl phenyl ) -1,

3-thi azol

-5-yi]-2-

pyridylam ne; (R)-N-(1-phenylethyl)-4-[2-butyl-4-(3

nethylphenyl) 1,3-thiazol -5-yl]-2-pyridylamne; 5 (S) -N (1-phenylethyl)

(W}%’Sﬁeff%lﬂ 2 PR L ) e 1 s

-4- 4-
3- thlazol
( 3- net hyl

phenyl )

met hyl t hi ophenyl ) - 1, T ey L4704 e enyl ) g pqppyi-1, 3-

(1- phenyl

met hyl sul fo

met hyl sul fophenyl- )4 1 1\33 Hﬂ g%nﬁ gxﬁ/ﬁ]ﬁiykb%}wjﬁy érﬁlﬁ%pylz]gﬁ THpiazol-5-

(1- phenyl et hyl)
(l-ph yI et I)2
3-th|

(4-f|uoropheny|)
or a salt thereof

10

15

20

25

et SR, L 2

T L
_4 z 5 ) ;
it B e%%mmtedé%%é’%@%m%é 18805

yll-2-pyridyl]-N- (3-phenylpropyl)amine;

N-benzyl-N-[4-[2-butyl-4- (3—methylphenyl)~1, 3-

thiazol-5-yl]-2-pyridyl]amine;

-[4-[2-butyl-4-(3-methylphenyl)-1,3-thiazol-5-

y1l]-2-pyridyl]-N- (2-phenylethyl)amine;

N-[4-[2-butyl~-4- (3-methylphenyl) -1, 3-thiazol-5~

yl1]1-2-pyridyl]-N~ (3-phenylpropyl)amine;

N-benzyl-N-[4-[4- (3—~methylphenyl)-2-(4-

methylthiophenyl)~1,3-thiazol-5-yl]~-2-pyridyl]amine;

N-[4-[4~ (3-methylphenyl)-2- (4-methylthiophenyl) -

1,3-thiazol~-5-yl]-2~pyridyl]-N-(2-phenylethyl)amine;

N-[4-[4- (3-methylphenyl)-2- (4-methylthiophenyl) -

1,3-thiazol-5-yl]-2-pyridyl]-N- (3-phenylpropyl)amine;

phenyl)

rhenyl)

phenyl)

N-[4-[4- (3-methylphenyl)-2-(4-methylsulfonyl-
-1,3-thiazol-5-yl]-2-pyridyllbenzamide;

N-[4-[4- (3-methylphenyl)~2-{4~-methylsulfonyl-
-1,3-thiazol-5-yl]-2~-pyridyl]phenylacetamide;

N~-[4-[4~ (3-methylphenyl)-2-{4-methylsulfonyl-

—-1,3~thiazol-5-yl]-2-pyridyl]-3-phenylpropionamide;



NZ Il /~ Rb R2b 20 wherein ais Nor C bis CHwhen ais N, or 0 when a
is C =1is a bond or a double bond dependi ng upon whet her the WO 01/ 64685

PCT/ JPO1/ QR 46s504 azol e ring being imdazole ring or oxgzqlgefiflgs Zb is
Nor CH W iIs -NR6b-Yb- (R6b is H Cl_4 alkyl, C3-8 cycloa(kyl, C3-,

cycl oal kyl -C1-3 al kyl, C6-18 aryl, C3-18 heteroalkyl, C7_19 aralkyl or

C4- 19 heteroaral kyl; -Yb- is Cl-4 alkyl en8lor a 5 bond), -0- or -S-; R2b is
phenyl (optionally substituted wth 1 or nore substitutes selected from
the group consisting of a halogen atom trifluoronethyl, cyano, am de,

t hi oam de, carboxyl ate, thiocarboxylate, Cl-4 al koxy, am no, and nono- or

di - Cl-4 al kyl am no) N0 yls Ny [ 4 et oyetetdrohphamy B1=3o(4t kyl, O -4
al kenyl, C3-10 cycloal kyl, C3-18 heterocycloal kly, C6-18 arfll , C3_18
het er oar yl ,mﬁhywmlmmwﬂf(m%omm%w% anined with 1
to 4 substituents selected fromthe group consisting of Cl-4 al kyl
optional |y substitut &t it Hhidmeshylehanybgedr 6 omthel g1l Doy ky|
substituted with hal ogen, hydroxyl, Cl-4 al koxy, Cl-4 alklthio, carboxy,
car bonyl opthiesal)InL siigtiaanled Wi 2-@ivet & kytN-of 3-Gh eyl koxgy L ami no,
mono- or di- Cl_4 alkylamino, and 5- to 7-nenbered N-containing
het er dcycl iagnigveoup (whi ch  nmay contain additional one or nore hetero
atons)); and R5b
N-[4-[4-(3-methylphenyl) -2~ (4-methylsulfonyl-
phenyl)-1,3-thiazol-5-yl]-2-pyridyl]-N-(2-phenylethyl) -
amine;
N- (4-fluorobenzyl)-N-[4-[4- (3-methylphenyl)-2- (4-
10 methylsulfonylphenyl)-1,3-thiazol-5-yl]-2-pyridyl]amine;
(S)-N-[4- (3-methylphenyl)-5-(2- (1-phenylethyl-
amino) -4-pyridyl)-1,3-thiazol-2-yl]lnicotinamide;
(R)-N-[4- (3-methylphenyl)-5- (2~ (l-phenylethyl-
amino)-4-pyridyl)-1,3-thiazol-2-yl]lnicotinamide;
15 (S)-N-[4-(3-methylphenyl)~5-(2- (l-phenylethyl-
amino)-4-pyridyl)-1,3-thiazol-2-yl]-2-methylnicotinamide;
(R)-N-[4-(3-methylphenyl)-5- (2- (1-phenylethyl-
amino)-4-pyridyl)~1,3~thiazol-2-yl]-2-methylnicotinamide;
(S)-N-[4-(3-methylphenyl)-5-(2- (1l-phenylethyl-
20 amino)-4-pyridyl)-1,3-thiazol-2-yl]-2-chloronicotinamide;
(R)-N-[4-(3-methylphenyl)-5-(2- (1-phenylethyl-
amino)-4-pyridyl)-1,3-thiazol-2-yl]-2-chloronicotinamide;
(S)-N-[4- (3-methylphenyl) -5~ (2- (1-phenylethyl-
amino) -4-pyridyl)-1,3-thiazol-2-yl]-2-methoxynicotinamide;

25 (R) -N-[4- (3-methylphenyl)-5-(2- (1-phenylethyl-



20 is C6-18 aryl, C3-18 heteroaryl or C3-12 cycl oal kyl (each of which may
be substituted 1 to 4 substituents selected from the group consisting of

Cl_4 al ky{yo fthaéssal kyl substituted wi th hal ogen, hydroxylpciGboflokKy! .
Cl 4 alkylthio, amno, nono- or di- Cl-4 alkylamno and a 5- to 7-nenbered

N 25 contai ning heterocyclic group (which may contain additional WO
01/ 64685 PCT/ JP01/ 01483 105 one or norelfétero atons)), a salt thereof or
a prodrug thereof; and the like. [7] As the JNK inhibitor, there are, for
exanple, the conpounds described in W 00/ 35906, WO 00/35909, WO 5
00/ 35921, WO 00/64872 and WD 00/ 75118, and the |ike. The present invention
i s further 3Rk TAIRAC1GY L hok e3deRbaFoby2 Thel rarmehhagyrRecek tReBigRaNDI es,
Exanpl es, and Test Exangle, but they are not to be construed to restrict
the present inventioV~ L9 (A Beezy bbb ng BEsEdy pt r én(3MecEBplesent s
met hyl, Et represents ethyl, Ph regresents phenyl, and Cbz represents
benzyl oxycatbdmd) ~ ¥ edpeetatel y2-vebrl Gxbiprwide Ef f ect on adj uvant
arthritis in rats 15 The test conpound was suspended in 0.5% net hyl
cel lul ose and adni ni Heled(drkétryybapincadtyyfodyis-days-nethyate Lew s
rats (7-week old, Japan dea), which had been sensitized by the
i nt r ader nalplianelltilomn ofh Da 05l - ¥ budrdhsthesypl evbinghidant (0. 5%
suspensi on of killed Mycobacterium
N-[5-(2-benzylamino-4-pyridyl)-4- (3-methyl-
phenyl)-1,3-thiazol-2-yl]-2-chloronicotinamide;
N-[5-(2-benzylamino-4-pyridyl)-4- (3-methyl-
phenyl)-1,3-thiazol-2-yl]-2-methylnicotinamide;
10 N-[5-(2~benzoylamino-4-pyridyl)-4- (3-methyl-
phenyl)-1,3-thiazol-2-yl]lnicotinamide;
N-[5-(2-benzoylamino—-4-pyridyl)-4- (3-methyl-
phenyl)-1,3-thiazol-2-yl]-2-methylnicotinamide;
N-[5-(2-benzoylamino-4-pyridyl)-4- (3-methyl-
15 phenyl)-1,3-thiazol-2-yl]-2-chloronicotinamide;
N-[5-(2-benzoylamino-4-pyridyl)-4- (3-methyl-
phenyl) -1, 3-thiazol-2-yl]-2-methoxynicotinamide;
(S)-N- (l-phenylethyl)~-4-[2~-ethyl-4-(3-
methylphenyl)-1,3-thiazol~5-yl]-2-pyridylamine;
20 (R) =N- (1-phenylethyl)-4-[2-ethyl-4-(3-
methylphenyl) -1, 3-thiazol-5-yl]-2-pyridylamine;
(S)-N-(l-phenylethyl)-4-[4~ (3-methylphenyl)-2-
propyl-1,3-thiazol-5-yl]-2-pyridylamine;
(R) -N- (1-phenylethyl) -4~ [4- (3-methylphenyl) -2~

25 propyl-1,3-thiazol-5-yl]-2-pyridylamine;



20 tuberculosis in liquid paraffin)

adm ni st reftg @mpeédaay 14), the vol une of

into the right hind
| medi ately before the sensitization (Day 0) and

f oot pad.
on 14 days after the

t he edema on the |gfigphpoispnd was

measured by using a plethysnonmeter (nmanufactured by Ugo Basil e Conpany,

Italy) 25 and the suppression rate (%

01/ 64685 PCT/JP01/01483 106 to the unse

according to the

(9

fol |l ow ng equati on.

{1-[(vol une of footpad edena in the treatnent group) -

h %ootpad swelling relative' WO
Qltlzed rats was cal cul ated
Suppression rate of footpad swel i ng

S (vol unme of

f oot pad edema in the nsens u tpad edema in the
non- t r eat ment group) (J%ﬁ ?%%%%%L ¥ n§¥ﬂ gen5|t|zed
group)]} x 10 e results were expr ssed by the in each group
(n = 6) and™§ Y Buntret %%ﬁ%g SHBh! v Tﬁyﬁ?dgga%?%ﬁfflcance | evel of

50. As shown in Table 1,
efficacy in

t he

conpounds o

suppressf&k)NT&QTR%@?%&F%Q%% Thyl2 TRkl 14 chip

i nventi on exhi bited
ound Dose

t he present

Suppression rate of (Exanple /day) footpad swelling 13 3.13
S eSS & et tagheny L oy Bt heA Lebneror] -S2pyr Loy Do Ses
5 (S)-N~- (1-phenylethyl)-4-[4-(3-methylphenyl)-2- (4~
methylthiophenyl)-1,3-thiazol-5-yl]-2-pyridylamine;
(R) -N- (1-phenylethyl)-4-[4- (3-methylphenyl)-2-(4-
methylthiophenyl)-1,3-thiazol-5-yl]-2-pyridylamine;
(S) -N- (1-phenylethyl)-4~[4- (3-methylphenyl) -2~ (4~
10 methylsulfophenyl)-1,3-thiazol-5-yl]-2-pyridylamine;
| (R) -N~ (1-phenylethyl)-4~[4~ (3-methylphenyl)-2- (4~
methylsulfophenyl)-1,3-thiazol-5-yl]-2-pyridylamine;
{S)-N-(1l-phenylethyl)~4-[2-(4-fluorophenyl) -4~ (3-
methylphenyl)-1,3-thiazol-5-yl]~-2-pyridylamine;
15 (R)-N- (1-phenylethyl)-4-[2- (4-fluorophenyl)-4-(3-
methylphenyl)-1,3-thiazol-5-yl]-2-pyridylamine;
or a salt thereof;
iii) a compound represented by the formula:
wb/Rsb
Nl/gzb
S
)Q— "
R?_b
20 wherein a is N or C; b is CH when a is N, or O when a is C;

is a bond or a double bond depending upon whether the



15 Reference Exanple 1 A nmixture of 4-oxothiane (2.0 g), 4-
nmet hoxybenzoyl actonitrile (described in PCT International Application

Publ i cat i Wi d¥a4684099/ 65916) (3.0 g), sulfur (577 ng), norANAPVNEI463L. 6 Q)
and ethanol (120 m) was 20 heated under reflux with stirring for 3 hours

and then the solvent was evaporated und%\é reduced pressure. To the WO
01/ 64685 PCT/ JPO1/ 01483 107 resi due was> 3dded et hyl acetate and the
resulting solution was washed with 1 N hydrochloric acid and water, dried
(MgS™), and then evaporated under reduced pressure to renove the sol vent.
The residue s subjected to, colum_ 5 chromatography on, silica gel, and
2- ami no- 4, Sy dr LB AP HeRXTEEHS 051 )9 79E t RKGABLS, SLEPY hfepy dh ©8. 6 o,
69% was obtained fromthe eluates with ethyl acetate-hexane (3.: 1). It
was recryst@ll i%ed St rofReaE hekane: S G oft-es3LpYtsnkie FEFLPRAGKYOI nfs-of
178-179C. 10 According to the sanme manner, conpounds_in Reference Exanpl es

2 to 9 desYP&RPiY Tdble 2hkie SpnthedT¥ed. Fabl e PEOUFP2IR, 185915

Reference Y R Melting Recrystallization .
aralkyl or C,;, heterocaralkyl; -Y,- is C,,, alkylene or a

5 bond), -0- or -S-; R, is phenyl (optionally substituted
with 1 or more substitutes selected from the group
consisting of a halogen atom, trifluoromethyl, cyano, amide,
thioamide, carboxylate, thiocarboxylate, C,;, alkoxy, amino,
and mono- or di- C,, alkylamino); R;, is H, a halogen atom,

10 Cio10 alkyl, Cios alkenyl, Ci10 cycloalkyl, Ci1s
heterocycloalkly, Cg¢,s aryl, C,,; heteroaryl, or -CH=N-NH-
C(NH)NH, (each of which may be substituted with 1 to 4
substituents selected from the group consisting of C,,
alkyl optionally substituted with hydroxyl, a halogen atom,

15 C,.y, alkyl substituted with halogen, hydroxyl, C,., alkoxy,
C,.4 alklthio, carboxy, carbonyl optionally substituted with
C,s alkyl or C, ¢ alkoxy, amino, mono- or di- C,, alkylamino,
and 5- to 7-membered N-containing heterocyclic group (which
may contain additional one or more hetero atoms)); and Ry,

20 is C4..y aryl, C,.,3 heterocaryl or C,,, cycloalkyl (each of
which may be substituted 1 to 4 substituents selected from
the group consisting of C,,, alkyl, C,., alkyl substituted
with halogen, hydroxyl, ¢,., alkyl, C,., alkylthio, amino,
mono- or di- C,, alkylamino and a 5- to 7-membered N-

25 containing heterocyclic group (which may contain additional



Exanmpl e point solvent No. (C) 1 S 4-MeO 178-179 THF-hexane 2 0 4-PhCH20
133-134 THF- hexane 3 H2C=C 4- MO 153- 154 Ethyl acetate hexane 4a) Me2C=C
4- MeO O | WO 0154685 4- MeO 161- 162 THF- hexane 6 Me2C 4- MeO PsA7IPBHOTHBH-- hexane
WO 01/ 64685 PCT/JP01/01483 108 7b) PhCH2O-CH 4-MeO G| 8 Et02C CH 4- MO
102-103 Ethyl acetate- hexane 9C) PhCH2QRE-CH 4-MeO G1 a) 1H NMR (CDC13)
S: 1.68 (3H, s), 1.69 (3H, s), 1.97 (2H "t, J=6.0 Hz), 3.20 (2H, t, J=
6.0 Hz), 3.30 (2H, s), 3.86 (3H, s), 6.40 (2H, br s), 6.90 (2H, d, J= 8.8
Hz), 7.51 (2H, d, J= 8.8 Hz); b) 1H NMR (CDC13) 6: 1.60-2.30 (4H, nm), 2.56

(2 o) ool eofy ek Rgt et oPpndaTosis “apnt lless 8o hySheng T
NIVR (CDC13)}Q§ %¥§5-%5E%é§}ii%2 , 1.88-2.12 (3H, m, 2.70-2.29 (3H, m,
3.85 (3H, s = ? S )5, 6:30 (2H, br s ), 6.89 (2H, d, J=8 . 8 Hz),
7.34 (5H10°s), 7. 4?7 ]( % tche JJ:NP\B'Pnll{ilzgitggf eit,l?gl(f:g aE]):(glrrp%gr 1gxample,
the compounds described in WO 00/35906, WO 00/35909, WO
5 00/35921, WO 00/64872 and WO 00/75118, and the like.

The present invention is further illustrated in
more detail by the following Reference Examples, Examples,
and Test Example, but they are not to be construed to
restrict the present invention.

10 In the following description, Me represents
methyl, Et represents ethyl, Ph represents phenyl, and Cbz
represents benzyloxycarbonyl, respectively.

Test Example 1

Effect on adjuvant arthritis in rats

15 The test compound was suspended in 0.5% methyl
cellulose and administered orally once daily for 14 days to
male Lewis rats (7-week old, Japan Clea), which had been
sensitized by the intradermal injection of 0.05 ml Freund’s
complete adjuvant (0.5% suspension of killed Mycobacterium

20 tuberculosis 1in 1liquid paraffin) into the right hind
footpad. Immediately before the sensitization (Day 0) and
on 14 days after the administration (Day 14), the volume of
the edema on the left footpad was measured by using a
plethysmometer (manufactured by Ugo Basile Company, Italy)

25 and the suppression rate (%) of footpad swelling relative’



According to the process described in Tetrahedron, 47, 1991, 3259, a
solution of sodiumamde (18.5 g) in THE (100 mM) was added to a sol ution
of 1, 4-cyglgahaydeszedi one 15 nonoet hyl ene ketal (18.5 g) i n pUOtgroi®Qss )
under a nitrogen atnosphere while keeping the tenperature of the solution
at 10-20C. After stirring at 20C for 30 g%;utes, met hyl iodide (41.3 g)
was added and the stirring was continue t roomtenperature for 1 hour.
The reaction 20 solution was m xed with a saturated aqueous sol ution of
ammoni um chloride (100 m) and extracted with diethyl ether. The diethyl

et her layer_was washed with water, dried S), and then evaporated
under redudey gpﬁsﬁmﬁ?Q§fﬁkﬁﬁéjBﬂ%ﬁSW@?ﬁé$%QVb%Q%§ af§9TPeRgyv e~ hehe
solvent. The residue was subjected to colum chromatography on silica gel
and an oi | "I IQWART (VR EFR - ratio of 1 : 1, 15.1 g) of 4, 4-ethyl

enedi oxy-2-net hyl -1 - cyc| ohexanone_and 4,4-ethy|enediogy-2,2-dinethyl-l 5
cycl ohexanone WasRIDESF Feel fFRRE t ik EPQEPRS SWEhlERdy(®) aTet at e- hexane (4 :
1). To a solution of this mxture (2.0 g) in ethanol (20 m) was added
sodi um bor ohydk | Wl @0 ofy) foghnad ie@Emdoligthaf tlereatnenrt ngraumoom
tenperature for 2 hours, acetic acid (0.2 m) was added, and the m xture
10 was® evaporatEee unEefoe eord eedemraskyr he oupsppyetinedseroent |/ To the
resi due was added ethyl acetate and the resulting solution was washed with
wat er, dri edl (WyS@ay , odndfatiarnd evdpbRatied tirlenoneducedmends SIr@IR)0 renove

t he sol vent.
(volume of footpad edema in the unsensitized group)]} x 100

The results were expressed by the mean * S.E. in

each group (n = 6) and tested by Dunnet’s comparison with a

10 significance level of 5%. As shown in Table 1, the
compounds of the present invention exhibited efficacy in

suppressing the footpad swelling.

Table 1
Compound Dose Suppression rate of
(Example No.) (mg/kg/day) footpad swelling
(%)
13 3.13 T7**
22 3.13 88 **

**3p<0.01 vs. control
15 Reference Example 1
A mixture of 4-oxothiane (2.0 g), 4-
methoxybenzoylactonitrile (described in PCT International
Application Publication No. W099/65916) (3.0 g), sulfur
(577 mg), morpholine (1.6 g) and ethanol (120 ml) was
20 heated under reflux with stirring for 3 hours and then the

solvent was evaporated under reduced pressure. To the



The residue was subjected to colum chromatography on 15 silica gel to

obt ai n 4- hydoxy- 3-net hyl -| -cycl ohexanone ethylene ketal (140 ng, 'H NMR
(CDC13) Swolo1deds3H, d, J= 6.6 Hz), 1.20-2.00 (8H m, 3.ptay@PodbisgslH m,
3.94 (4H, Dbr s)) and 4-hydoxy- 3, 3-di net hyl - 1- cycl ohexanone et hyl ene ket al
(470 ng, 1H NMR (CDC13) S 1.00 (3H, s), ;4501 (3H, s) , 20 1.35-1.90 (7H,
m, 3.38-3.46 (1H, m, 3.90-4.00 (4H, rr)} fromthe eluates with ethyl
acetate-hexane (6 : 1) as oily substances, respectively. Reference Exanple
11 To a solution of the conpound obtained in 25 Reference Exanple 10,

4- hydoxy- 3, 3-di net hyl - I - gycl.ohexanone 01/ 64 PCT/JP01/01483. 110
ot hyl one. keI s e TR AR AL, o e S e St <ot i Py i de
(60%in oil, 160 under. i ce cooling. . After stirring at the sane,
t enper at ur édafsorwilgﬁéfind’fjejg} beﬁz%yoﬁ%(ﬂﬂ]t?éﬂ(%lgcﬂrﬁ) aarg%l f’qé’tttl%but?ﬁhﬁ‘?mni um
i odi de (369 wer e added and the stirring was caontinued at room
terrperature“?qgra%i hdue . %h%nrﬁcaﬁ%‘??ﬁfrﬁc;(t ﬁlrngie\ﬁasrﬁglﬂﬁ‘:@ PREBSWaEer t@nd
extracted with ethyl acetate. The ethyl  acetate |ayer, vv%s washed with
wat er, dri dERMESHEYe §Rd Velten eVBporESdd Ui d&s r 8HR 86 tFFedSur Pt ¥R enpve
the 10 solvent. The residue was subjected to colum chronmatography on
silica gel TG VBAH RIBErrRy DAL He by r%%y%fﬂ%%%h%&%%ﬂgf%ﬁy%ﬁe
ketal (360 ., 65% as an o0ily substance fromthe eluates with
hexane- di et hosyhgnzoyl) -7H-thieno[2,3-c]thiopyran (3.6 g, 69%) was
obtained from the eluates with ethyl acetate-hexane (3 : 1).
It was recrystallized from THF-hexane. Colorless prisms.

Melting point of 178-179°C.
10 According to the same manner, compounds in
Reference Examples 2 to 9 described in Table 2 were

synthesized.

Table 2

15
Reference Y R Melting | Recrystallization
Example point solvent
No. (°C)
1 3 4-MeO 178-179 THF-hexane
2 0 4-PhCH,0 | 133-134 THF-hexane
3 H,C=C 4-MeO 153-154 Ethyl acetate-
hexane
4% Me,C=C 4-MeO oil
§)
5 \b 4-MeO 161-162 THF-hexane
/
(6]
6 Me,C 4-MeQ 154-155 THF-hexane




(4 : 1). 1H NWR (CDC13) b: 1.01 (3H, s), 1.03 (3H, s), 15 1.20-1.90 (6H,

m, 3.07-3.12 (1H, n), 3.90-3.93 (4H, m, 4.42 (1H d, J= 12.2 Hz), 4.64
(1H, d, Jwoldd/ededsz), 7.25- 7.40 (5H, m). Reference Exanpl echiZipdpoassol ution
of the compound obtained in 20 Reference Exanple 11 (360 ng) in THE (5 m)
was added 1 N aqueous hydrochloric acid % .5 mM) at roomtenperature and
the resulting solution was stirred at 50& or 2 hours. The reaction

m xture was poured into water and extracted wth ethyl acetate. The et hyl
acetate | ayer was washed 25 with water, dried (MgSO4), and then evaporated
under WO |01/ 64685 PLCT/ 9RO&[@1AB3 | 111-meduced pyigssufe to renove the
sol vent. [The r&si dug mqu)gughecred L OvEQT UM CITgIH O%@Hyplégé Eéca gel

to obtain 4-benzy|3xy ﬁ dlnethyl-l-cyclokexanone 250 Péﬁl dn

oi |y subgtanc clIUII L@hcﬁlq‘zﬁ_ﬁjﬁ th4'~ﬁ)\6uc-di "4_ y Q EI:-I M A /“; ) |ON|\/R

(CDC13) 669513 3H; 2 4H,;

(2H, m, 353)2 131 &MR( J(U,Dc 54.52%4 1H%H,d s)], 1116@ t‘EH, 4 711(517" ( Sk, Jt 11.6
Hz), 7.26- 7.40 (5H, eference Exanple 13 10 A m xture of the conpound
obt ai ned inJ=Reef.e(r&nz:)e, E@mptm,lzt,(a‘w 610 . HAy et hoxybemzoy| pcel 9pi {Bl) €
(195 ng), sulfur (40 ng), norpholine (106 ng), and ethanol (5 m) was

heated undey) reflax yemh BtiEfing.bor (Buhowr,s,J=t hers poared7 .51 (25, d,

@

o~

J= 8.8 Hz); b) 'H NMR (CDCl,) &: 1.60-2.30 (4H, m), 2.56-
5 2.70 (1H, m), 2.82-3.00 (1H, m), 3.80-3.90 (4H, m), 4.58
(2, s), 6.29 (2H, s), 6.78-6.92 (2H, m), 7.30-7.36 (5H, m),
7.48-7.53 (2H, m); c) 'H NMR (CDCl,) &: 1.55-1.74 (1H, m),
1.88-2.12 (3H, m), 2.70-2.89 (3H, m), 3.85 (3H, s), 5.14
(2, s), 6.30 (2H, br s), 6.89 (2H, d, J= 8.8 Hz), 7.34 (5H,
10 s), 7.48 (2H, d, J= 8.8 Hz).
Reference Example 10
According to the process described in Tetrahedron,
47, 1991, 3259, a solution of sodium amide (18.5 g) in THF
(100 ml) was added to a solution of 1,4-cyclohexanedione
15 monoethylene ketal (18.5 g) din THF (100 ml) under a
nitrogen atmosphere while keeping the temperature of the
solution at 10-20°C. After stirring at 20°C for 30 minutes,
methyl iodide (41.3 g) was added and the stirring was
continued at room temperature for 1 hour. The reaction
20 solution was mixed with a saturated aqueous solution of
ammonium chloride (100 ml) and extracted with diethyl ether.
The diethyl ether layer was washed with water, dried

(MgS0,), and then evaporated under reduced pressure to



into water, and extracted with ethyl acetate. The ethyl 15 acetate |ayer
was washed with a saturated aqueous solution of ammoni um chl ori de and
wat er, dnwediédSA4), and then evaporated under reduced peEgEMHfogss30 renove
the solvent. The residue was subjected to colum chronmat ography on silica
gel to obtain 6-benzyl oxy-2-am no- 3-(4- fg
nmet hoxybenzoyl ) -5, 5-di nethyl -4,5,6, 7-t et %ydro benzo[ b] t hi ophene (170 ny,
3699 as an oily substance from the eluates with ethyl acetate-hexane (4 .
1). "HNWR (CDC13) 6: 0.83-0.84 (6H, m, 1.74 (1H, d, J= 16.4 Hz), 1.96
1H, d, J=_16.4 Hz 2.5 1H, dd, . J= 16..4, 6.6 Hz), 25 2.83 (1H, dd, J=
(16.4, 5.2 KOV 3%“% 199%%,“’53: 618 %5 1GBey 1% 68ELPEFF §P0 101985 12
Hz) , 3.87 (3H, %% 4. 49 (1H,_9, J=12. 0 Hz) , 4.67 (1H, d, J= 12.0 Hz),
6.16 (2H, EPIOPatQIFRARRDPR ol Lhya Feds anuean (BLLYmRisL s 7(mExEore ny |
Ref er ence Ex%gple 14 5 Al um num_chl ori de (85 q%% was added to a m xture of

d
the conpoukd@tdht dtned i'n Ref dredced ExQipl e e {seErgfioxy-2-methyl-1-

1, 3-di chl oroacetone (80 ng), and THE (10 nml) at room tenperature and then
the resul t NG IPBEHGCRas hed¥H undeh 4 Tt beRgddrsy14 r4 Timefrhyb-1-

m nutes. The reaction mxture 10 was poured into water and extracted with
et hyl Sacet &¥ELloheanomey| Waset @bkaingdr Heam wadised ewiefofat i thdreidayl
(MgS™), and then evaporated under reduced pressure to renove the sol vent.
The residuéGﬁ§§t§ﬁ&G§@ﬁ§ﬁ t4o cdl)um To a solution of this mixture (2.0

g) in ethanol (20 ml) was added sodium borohydride (440 mg)
under ice cooling. After stirring at room temperature for
2 hours, acetic acid (0.2 ml) was added, and the mixture
10 was evaporated under reduced pressure to remove the solvent.
To the residue was added ethyl acetate and the resulting
solution was washed with water, dried (MgSO,), and then
evaporated under reduced pressure to remove the solvent.
The residue was subjected to column chromatography on
15 silica gel to obtain 4-hydoxy-3-methyl-l-cyclohexanone
ethylene ketal (140 mg, 'H NMR (CDCl,) &: 1.02 (3H, d, J=
6.6 Hz), 1.20-2.00 (8H, m), 3.15-3.30 (l1H, m), 3.94 (4H,
br s)) and 4-hydoxy-3,3-dimethyl-l-cyclohexanone ethylene
ketal (470 mg, 'H NMR (CDCl,) &: 1.00 (3H, s), 1.01 (3H,s),
20 1.35-1.90 (7H, m), 3.38-3.46 (1H, m), 3.90-4.00 (4H, m))
from the eluates with ethyl acetate-hexane (6 : 1) as oily
substances, respectively.
Reference Example 11
To a solution of the compound obtained in

25 Reference Example 10, 4-hydoxy-3,3-dimethyl-1-cyclohexanone



chromat ography on silica gel to obtain 7-benzyl oxy-3 15
chl oro-2-chl oronet hyl -4, 5, 6, 7-t et rahydr o- 6, 6-di net hyl - (4- net hoxyphenyl)

[ 1] benzot Wioan@lesd, 3-b] pyridine (25 ng, 696 as an oily mubhpbanqes from
the eluates with diethyl ether- hexane (1 : . 1H NWR (CDC13) S : 0.78
(3H, s), 0.81 (3H, s), 1.59 (1H, d, J= 1 0 Ft) 1.83 (1H, d, J= 17.0 Hz),
20 2.92 (1H, dd, J= 17.6, 6.0 Hz), 3.09 % H dd, J= 17.6, 4.8 Hz), 3.37
(1H, dd, J=6 . 0, 4 . 8 Hz), 3.90 (3H, s), 4.48 (1H, d, J= 12.0 Hz), 4.66
(1H, d, J= 12.0 Hz), 4.94 (2H, s), 6.98-7.05 (2H, rr) 710722(2H m,

7.26-7.34 ( erenc anp| e, 15

added to a%%@%afﬁ %]4'68§3%F?n§b0]11} %@ﬁﬁlégsol t| gf ‘g"'ﬁ% 2 %rf)gund
obtained in fere ce anpl 2. 1, 3-di hIor acet.one and
THE (120 mS° BgﬁFﬂ g?ﬂré&hnal ehlq%e“@§SUT? g Hf&%ué%oiéggheated
under reflux with stirring for 3 hours. The reaction 5 m xture was poured
into a m xttref StofrddRg (250 Y shge mE?%Pe(?Buﬁ?) §95I11§tHF%?HBg§nd t he
stirring was continued, for 2 hours. The organic | ayer was se arated dried
(MyS™M) , @f%%ﬁ%\%@%ﬁ%@%téé BnBer ﬁ&ﬁﬂﬁﬁ?ﬁﬂh&ﬁﬁﬁ%@@Q?lW% ie (3BPvent
to obtain 3-chloro-2-chloronethyl-(4- 10

net hoxy phed)) - §egedi Ajere- gpd hltéﬁyréﬁéﬁf@'lng Was] qHiteliyigd, ag- proom

pyridine (2. 1 g, 81% . It was recrystallized fromethyl acetate-hexane.
Col or | ess prammcatvere i Agr péi Moust- 158has4eaction mixtiure was poured

into water and extracted with ethyl acetate. The ethyl
acetate layer was washed with water, dried (MgSO,), and
then evaporated under reduced pressure to remove the
10 solvent. The residue was subjected to column
chromatography on silica gel to obtain 4-benzyloxy-3,3-
dimethyl-1-cyclohexanone ethylene ketal (360 mg, 65%) as an
olily substance from the eluates with hexane-diethyl ether
(4 + 1). M NMR (CDCl,) &: 1.01 (3H, s), 1.03 (3H, s),
15 1.20-1.90 (6H, m), 3.07-3.12 (1H, m}, 3.90-3.93 (4H, m),
4.42 (1, 4, J= 12.2 Hz), 4.64 (1H, d, J= 12.2 Hz), 7.25-
7.40 (5H, m).
Reference Example 12
To a solution of the compound obtained in
20 Reference Example 11 (360 mg) in THF (5 ml) was added 1 N
aqueous hydrochloric acid (2.5 ml) at room temperature and
the resulting solution was stirred at 50°C for 2 hours.
The reaction mixture was poured into water and extracted
with ethyl acetate. The ethyl acetate layer was washed

25 with water, dried (MgSO,), and then evaporated under



According to the sane manner, conpounds of 15 Reference Exanples 16 to 24
described in Table 3 were synthesized. WO 01/64685 PCT/JP01/01483 114

Table 3 Gloo{sXksi -Cl Reference Y R Melting Recrystallizatgcqyp,E¥agp! e
poi nt solvent No. (C) 15 S 4-MeO 153-154 Ethyl acetate hexane 16 S

4- PhCH20 136- 137 Ethyl acetate 17 0 4-MO 186-187 Ethyl acetate- hexane 18
H2C=C 4- MeO 148-149 | sopropyl ether 19 fB2C=C 4- MeO 187- 188 THF-hexane C
0 20 \ 4-MeO 219-229 THF- hexane 0 21 Me2C 4-MeO 212-213 Ethyl acetate-

hexane 22 PhCH2O CH 4- MeO 121-122 Ethyl acetate hexane 23 Et02C-CH 4-MeO

113-114 Ethyl_ acetate- .
reduced pressure to remove the solvent. The residue was

subjected to column chromatography on silica gel to obtain
4-benzyloxy-3, 3—-dimethyl-1-cyclohexanone (250 mg, 82%) as
an oily substance from the eluates with hexane-diethyl
5 ether (4 : 1). 'H NMR (CDCl3). d: 0.95 (3H, s), 1.06 (3H, s),
2.00-2.30 (4H, m), 2.45-2.60 (2H, m), 3.32-3.37 (1H, m),
4.52 (1H, 4, J= 11.6 Hz), 4.71 (1H, d, J= 11.6 Hz), 7.26-
7.40 (5H, m).
Reference Example 13
10 A mixture of the compound obtained in Reference
Example 12 (258 mg), 4-methoxybenzoylacetonitrile (195 mg),
sulfur (40 mg), morpholine (106 mg), and ethanol (5 ml) was
heated under reflux with stirring for 6 hours, then poured
into water, and extracted with ethyl acetate. The ethyl
15 acetate layer was washed with a saturated aqueous solution
of ammonium chloride and water, dried (MgSO,), and then
evaporated under reduced pressure to remove the solvent.
The residue was subjected to column chromatography on
silica gel to obtain 6-benzyloxy-2-amino-3- (4-
20 methoxybenzoyl) -5, 5-dimethyl-4,5, 6, 7T-tetrahydro-
benzo[b]thiophene (170 mg, 36%) as an oily substance from
the eluates with ethyl acetate-hexane (4 : 1). 'H NMR
(CDC1;) &: 0.83-0.84 (6H, m), 1.74 (1H, d, J= 16.4 Hz),
1.96 (1H, d, J= 16.4 Hz), 2.58 (1H, dd, J= 16.4, 6.6 Hz),

25 2.83 (lH, dd, J= 16.4, 5.2 Hz), 3.38 (1H, dd, J= 6.6, 5.2



hexane 24 PhCH2Q2C- CH 4- MeO 108- 109 Et hyl acetate- hexane 5 Reference
Exanpl e 25 4- Met hoxybenzoyl acetonitrile To a solution of nethyl

4- met hoxyWeywaatses (7.2 kg) in dinethyl sulfoxide (21.6 L) pwargopodes sodi um
10 met hoxi de (3.046 kg) and acetonitrile (2.135 kg) and the WO 01/ 64685
PCT/ JP01/ 01483 115 m xture was stirred ?g 110C for 2 hours. Then, water
(10.83 L) was added dropw se thereto at € or lower and further
acetonitrile (14.4L) was added to the m xture. Then, 6 N HCl was added
thereto to adjust to pH 7.9 and the 5 m xture was extracted with ethyl

acetate (7%#%?. T?e aqueous | ayer was further ex rac%}gﬁ W fh ethyl acetate
(36.32 L). € 0 g%%i ggﬁayéﬁs wer'e c@rﬂﬁ nfi'd 5ﬁd15c8n trr at ety uh{I’H the
content becane 17,39 gg. thznol g17.84 L) was added thereto and_water
(17.84 L) whs Hdded?db dfopfi d65: TREN S vhé A5t n® wedistThr ed- 48~ 5c4Por 1
hours and cr stajls de5posited were filtered off and washed with
met hanol - wat¥t’ @™ r. 71') o oMt al4Ht iR titled conpound '6.40 kg, 82.7 g).
"H NMR (CDC13) b: 3.90 (3H, s) 4.03 (2H, s) , 6.98 (2H, d, J=11.25 Hz),
7.50 (2H, d, J=11.25 ReherenrRd@unte Fanpl e 26
2- Am no- 4, 5- di hydr o- 3- (4- net hol ybenzoyl ) - 7H
5 Aluminum chloride (85 mg) was added to a mixture
of the compound obtained in Reference Example 13 (130 mg),
1,3-dichloroacetone (80 mg), and THF (10 ml) at room
temperature and then the resulting mixture was heated under
reflux with stirring for 15 minutes. The reaction mixture
10 was poured into water and extracted with ethyl acetate.
The ethyl acetate layer was washed with water, dried
(MgsS0O,), and then evaporated under reduced pressure to
remove the solvent. The residue was subjected to column
chromatography on silica gel to obtain 7-benzyloxy-3-
15 chloro-2-chloromethyl-4,5,6, 7-tetrahydro-6, 6-dimethyl- (4-
methoxyphenyl) [1]benzothieno[2,3-b]lpyridine (25 mg, 16%) as
an oily substance from the eluates with diethyl ether-
hexane (1 : 8). 'H NMR (CDC1l,) &6: 0.78 (3H, s), 0.81 (3H,
s), 1.59 (1H, d4, J= 17.0 Hz), 1.83 (1H, d, J= 17.0 Hz),
20 2.92 (1H, dd, J= 17.6, 6.0 Hz), 3.09 (1H, dd, J= 17.6, 4.8
Hz), 3.37 (1H, dd, J= 6.0, 4.8 Hz), 3.90 (3H, s), 4.48 (1H,
d, J= 12.0 Hz), 4.66 (1H, d, J= 12.0 Hz), 4.94 (2H, s),
6.98-7.05 (2H, m), 7.10~-7.22 (2H, m), 7.26-7.34 (5H, m).

Reference Example 15

25 Aluminum chloride (1.7 g) was added to a mixed



t hi eno[ 2, 3-c]t hiopyrane To a m xture of 4-nmethoxybenzoyl acetonitrile

(6.283 kg), 4-oxothiane (5.00 kg), sulfur (1.157 kg) and 20 ethanol (62.83
L) was addechiguedsw se nor pholine 3.433 kg) with stirring. pefivor/etags ri ng at
60C for 5.5 hours, the mxture was cooled to 5C and stirred for one hour,
Crystal s deposited were filtered off, mazggd with cold ethanol (19.18 L)
to obtain the titled conpound as yell ow crystals (9.557 kg, 88.90).

"H- NWVR (CDC13)6: 2.31 (2H, t, WD 01/64685 PCT/JP01/01483 116 J=5.4 Hz),
2.61 (2H, t, J=5.4 Hz), 3.65 (2H, s), 3.86 (3H, s) , 6.91 (2H, br s) ,

3. Cnl or o 2 SEHIGGRoL M| E00- G qopgained T ReRefeRlST RS 17 °
nethoxyphenyl)-GFFthiogyrano 4' 3" :4,5]thienof 2, 3- Q%p ridine To m xture
of 2-ami no-@ -8 dhydto339¢ghlAEPABRYBBRZ AV )P- 71 hiR offél,Fe,-(c,l]?mOhi rahe
(9.557 kg), 1,3- 10 dichol oroacetone (4.172 kg) in tetrahydrofuran (48,79
L) was adde&@o#t drAmRan &H%R | ged (bhang tRE) rﬁaw%&é@q AR EYE tYdhsheahed, the
m xture was stirred under reflux for 4.5 hours and toluene (38.74 L) was
added at 100dST | sRELLX fOLFbwett by drdpdicde dddiewen- of Waerrgagtyon|) .
After 15 addition of toluene (56.83 L), the mxture was stirred and the

or ganik | aydxtwgs separpeoededwashed auntixgterof toluene (150 ml) and

water (75 ml) with stirring and the stirring was continued
for 2 hours. The organic layer was separated, dried
(Mgs0,), and then evaporated under reduced pressure to
remove the solvent to obtain 3-chloro-2-chloromethyl- (4-

10 methoxyphenyl) -5, 8~dihydro-8H~thiopyrano[4’,3" :4,5]-

thieno[2, 3-b]lpyridine (2.1 g, 81%). It was recrystallized
from ethyl acetate-hexane. Colorless prisms. Melting

point of 153-154°C.

According to the same manner, compounds of
15 Reference Examples 16 to 24 described in Table 3 were

synthesized.



sat urat ed aqueous sodi um bi carbonate solution and then water. The sol vent
was distilled off until the content becane 34.61 kg. Methanol (57.34 L)
was addedwdy@mubsse 20 thereto at about 25C. The m xture waggipo{/Aag at 5C
for 1 hour and crystals deposited were filtered off to obtain the titled
conmpound (11.055 kg, 88.3%. 'H (CDC13) 2:42.18 (2H, t, J=5.7 Hz), 2.68
(2H, t, J=5.7 Hz), 3.90 (5H, s), 4.94 ( ﬁ, s), 7.01 (2H, d, J=8.7 Hz),
7.16 (2H, d, J=8.7 25 Hz). WD 01/64685 PCT/JP01/01483 117 Exanple 1
Sodi um hydride (60%in oil, 360 ng) was added to a solution of
benzi m dazole (1.1 g) in DM (40 m) under ice cooling. After stirring at
roomtenperature for 15 5 mnutes, the conpound obtained in Reference
Exanple 15 (3.0 g) was added and then the resulting m xture was stirred at
80C for 3 hours. The T&t®idn mixture was poured into water and extracted
with ethyl acetate. The ethyl acetate |ayer was washed with water, dried
(MgS™M), and then 10 t reduced pressure to renove the
solvent. The residuel wag sul)j ected to col um chromatography on silica gel
to obtain 2-[(1H benzrridazo o methyl ] -3-

chl or o- 4- (4- nmet hoxyphenyl ) -5, 8;di hydro-6Hthi opyrano [ 4 , 3 : 4, 5]
thieno [ 2, 3-b] pyridine (1. , 3899 fromthe 15 eluates wth ethyl
acetate. It was recrystallized firfom ethyl acetate-hexane. Col orless
crystals. Melting point

Reference Y R Melting | Recrystallization
Example point solvent

No. (°c)

15 S 4-MeO 153-154 Ethyl acetate-
hexane

16 S 4-PhCH,0 |136-137 Ethyl acetate

17 0 4-MeO 186-187 Ethyl acetate-
hexane

18 H,C=C 4-MeO 148-149 | Isopropyl ether

19 Me,C=C 4-MeO 187-188 THF-hexane

0
20 \b 4-MeO 219-229 THF-hexane
e

21 Me,C 4-MeO 212-213 Ethyl acetate-
hexane

22 PhCH,0-CH 4-MeO 121-122 Ethyl acetate-
hexane

23 Et0,C-CH 4-MeO 113-114 Ethyl acetate-
hexane

24 PhCH,0,C-CH 4-MeO 108-109 Ethyl acetate-
hexane

Reference Example 25

4-Methoxybenzoylacetonitrile

To a solution of methyl 4-methoxybenzoate (7.2
kg) in dimethyl sulfoxide (21.6 L) were added sodium

10 methoxide (3.046 kg) and acetonitrile (2.135 kg) and the



201- 203C. Exanple 2 A m xture of the conpound obtained in Reference 20
Exanple 15 (3.0 g), 2,4-thiazolidinedione (1.8 g), potassium carbonate

(2.1 g), wabilvdss(60 mM) was stirred at 80C for 2 hours. ptherphgeQss on
m xture was poured into water and extracted with ethyl acetate. The et hyl

acetate |ayer was washed with water, dr%ig (MgS™), and then 25 evaporated
under reduced pressure to renove the sol t. WD 01/ 64685 PCT/JP01/01483
118 The residue was subjected to colum chronmat ography on silica gel to
obtain 3-{[3-chl oro-4-(4-net hoxyphenyl)-5, 8-

di hydr o- 6H-t hi opyrano[ 4',3' :4,5]thienol[2, 3-b] pyridin-2-

yl ] met hyl - ik 'eazUP%diSrFe‘-r?,etﬂngne“(é.% 6,OL802’/() M&f-t he TBeBr uadfa&e%i t h
et hyl acetate-hexane (1 1). It was recrystallized fromethyl

acet at e- hexidife.8 ot or Vg s 2gAREMErOnVEISS PPt 2681 508COrACSIEH iR do t he
sanme manner, conpounds of Exanples 3 to 6, 8 to 17, 35, 36, and 39
described ifrtdli%e ateteand§rids e (F4ndbe syat hexidadl. teapbbes BRI e v R2

Example Y R R2 NbltiQ%_Recrystallization No. point sol vent
Then, 6 N H was ‘added thereto to adjust to pH 7.9 and the

5 mixture was extracted with ethyl acetate (72L). The
agueous layer was further extracted with ethyl acetate
(36.32 L). The organic layers were combined and
concentrated until the content became 17.39 kg. Methanol
(17.84 1) was added thereto and water (17.84 L) was added

10 dropwise. Then, the mixture was stirred at 5°C for 1 hours
and crystals deposited were filteréd off and washed with
methanol-water (1 : 1) to obtain the titled compound '6.40
kg, 82.7 g). 'H-NMR (CDCl,)&: 3.90 (3H, s), 4.03 (2H, s),
6.98 (2H, d, J=11.25 Hz), 7.50 (2H, d, J=11.25 Hz).

15 Reference Example 26

2-Amino-4, 5-dihydro-3- (4-metholybenzoyl) -7H-
thieno[2, 3-c]thiopyrane

To a mixture of 4-methoxybenzoylacetonitrile
(6.283 kg), 4-oxothiane (5.00 kg), sulfur (1.157 kg) and

20 ethanol (62.83 L) was added dropwise morpholine 3.433 kg)
with stirring. After stirring at 60°C for 5.5 hours, the
mixture was cooled to 5°C and stirred for one hour,
Crystals deposited were filtered off, washed with cold
ethanol (19.18 L) to obtain the titled compound as yellow

25 crystals (9.557 kg, 88.9%). 'H-NMR (CDCl,)&: 2.31 (2H, t,



(C© _N Ethyl acetate- 1 S 4-MeO 201-203 hexane Et hyl acetate 2 S S 4- MO
208-209 hexane N O Ethyl acetate- 3 S 4-MO 212-213 hexane N 0 WO

01/ 64685 ROIJ1,kRs/ 01483 119 O Et hyl acetate- 4 s 4MeO 26GdcAGRoIeMNENE
> 1' O5 S 4-MeO 239-240 THF-hexane O Ethyl acetate- 6 S 4- MO 234-236
hexane O - Ethyl acetate- 7 S 4-MeO 1981%80 hexane N Ethyl acetate- 8 S
-N 4-PhCH20 246- 248 hexane

J=5.4 Hz), 2.61 (2H, t, J=5.4 Hz), 3.65 (2H, s), 3.86 (3H,
s), 6.91 (2H, br s), 7.01 (2H, d, J=9.6 Hz), 7.55 (2H, d,
J=9.6 Hz).
Reference Example 27
5 3-Chloro-2-chloromethyl-5, 8~dihydro-4- (4-
methoxyphenyl)-6H-thiopyrano[4°,3":4,5]thieno[2, 3~
blpyridine
To a mixture of 2-amino-4, 5-dihydro-3- (4~
methoxybenzoyl)-7H-thieno[2, 3-c]thiopyrane (9.557 kg), 1,3-
10 dicholoroacetone (4.172 kg) in tetrahydrofuran (48,79 L)
was added aluminum chloride (5.424 kg) divided in 4
portions. Then, the mixture was stirred under reflux for
4.5 hours and toluene (38.74 L) was added at 10°C or lower,
followed by dropwise addition of water (47.79 L). After
15 addition of toluene (56.83 L), the mixture was stirred and
the organic layer was separated, washed with water,
saturated aqueous sodium bicarbonate solution and then
water. The solvent was distilled off until the content
became 34.61 kg. Methanol (57.34 L) was added dropwise
20 thereto at about 25°C. The mixture was stirred at 5°C for
1 hour and crystals deposited were filtered off to obtain
the titled compound (11.055 kg, 88.3%). 'H (CDCl;) &: 2.18
(24, t, J=5.7 Hz), 2.68 (2H, t, J=5.7 Hz), 3.90 (5H, s),
4.94 (2H, s), 7.01 (2H, d, J=8.7 Hz), 7.16 (2H, d, J=8.7

25 Hz) .



O Ethyl acetate- 9 S S 4-PhCH20 225-226 hexane N O Ethyl acetate- 10 O
4- MeO 268-269 hexane O Table 5 S NRL Yl 2 Exanple Y RL R2 Melting

Recryst al WiozalsiessNo. L I ~ point (C) on sol vent WO 01/ 6468 17pé{/dfe3/ 01483
120 0 Ethyl acetate- 11 H2C=C 4- MeO 187- 188 hexane 0 O Anorphous 12a)
Me2C=C 4-MeO solid =N O O Anorphous 1%13)] C~c -N4-MeOsolid OO0

Example 1
Sodium hydride (60% in oil, 360 mg) was added to
a solution of benzimidazole (1.1 g) in DMF (40 ml) under
ice cooling. After stirring at room temperature for 15
5 minutes, the compound obtained in Reference Example 15 (3.0
g) was added and then the resulting mixture was stirred at
80°C for 3 hours. The reaction mixture was poured into
water and extracted with ethyl acetate. The ethyl acetate
layer was washed with water, dried (MgSO,), and then
10 evaporated under reduced pressure to remove the solvent.
The residue was subjected to column chromatography on
silica gel to obtain 2-[(lH-benzimidazol-1-yl)methyl]-3-
chloro-4- (4—-methoxyphenyl) -5, 8-dihydro-6H-thiopyrano-

[4”,37:4,5]thieno[2,3-b]lpyridine (1.4 g, 38%) from the

15 eluates with ethyl acetate. It was recrystallized from
ethyl acetate-hexane. Colorless crystals. Melting point
201-203°C.

Example 2

A mixture of the compound obtained in Reference

20 Example 15 (3.0 qg), 2,4-thiazolidinedione (L.8 qg),
potassium carbonate (2.1 g), and DMF (60 ml) was stirred at

80°C for 2 hours. The reaction mixture was poured into
water and extracted with ethyl acetate. The ethyl acetate
layer was washed with water, dried (MgSO,), and then

25 evaporated under reduced pressure to remove the solvent.



/c 0 Ethyl acetate- 14 s 4-MeO 191-192 hexane ON O O Ethyl acetate- 15
Me2C 4- MeO 212-213 hexane O 0 Ethyl acetate- 16 Me2C S 4- MeO 182-184
hexane A/ektdyy! acetate- 17 Me2C 0 4- MeO 162- 164 hexangmphdBsi O S -N
4- MeO 233-235 THF-hexane 0 Ethyl acetate- 19 (0)S s 4- MeO 252-254 hexane
N O O Ethyl acetate- 20 (0)S 0 4- MO 199-201 hexane -N O a) 1H NMR (200
Mz, CDC13) S 1.88 (2H, m , 2.22 (2H, #18J= 6.2 Hz), 2.91 (4H, s), 3.55
(2H, s), 3.90 (3H, s), 4.82 (1H, WO 01/64685 PCT/JP01/01483 121

The residue was subjected to column chromatography on
silica gel to obtain 3-{[3-chloro-4-(4-methoxyphenyl)-5, 8-
dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-b]pyridin-2-
yllmethyl-1,3-thiazolidine-2,4-dione (2.9 g, 80%) from the
5 eluates with ethyl acetate-hexane (1 : 1). It was
recrystallized from ethyl acetate-hexane. Colorless prisms.
Melting point 208-209°C.
According to the same manner, compounds of
Examples 3 to 6, 8 to 17, 35, 36, and 39 described in Table
10 4 to Table 7 were synthesized.

Table 4

Example Y R R? Melting | Recrystallization
No. point solvent
(°C)
/= Ethyl acetate-
1 S _NE 4-MeO 201-203 hexane
R Ethyl acetate-~
2 S > 5 4-MeO 208-209 hexane

R Ethyl acetate-
> ° 4-MeO 212-213 hexane




s), 4.87 (1H, s), 5.02 (2H, s),
8. 8 Hz) .

(2H, t, Jwo01%4683), 2.91 (4H, s),
(4H, m, 5.01 (2H, s),

Table 6 S NRL Y cl
poi nt sol vent
(0)S 4- MO 268- 269 THF- hexane

(O

3.01 (2H,

7.00 (2H, d, J=8.8 Hz) ,
ting Recrystallization

2 Example Y R1 R2 b

Et hyl

acetate

- 21 (0

6.99 (2H, d, J= 8.8 Hz),
b) 1H NMR (200 MHz, CDC13) S: 1.70 (2H,

t,
s),

4- MeO 251- 253 hexane :> |
O Ethyl acetate- 23 (0)S 4- MO 275-277

2.02

No.

hexane 24 (0)S 4-MeO 184-185 THF- hexane Ethyl acetate- 25 (O S -N
4- PhCH20 [269- 27T hekane 764685 PCI7JPO]/ 01483 [I2%thyl acetate-
4 S N 4-MeO 260-262 hexane
—N
o]
0,
5 S _Ni 4-MeO 239-240 THF-hexane
0]
K Ethyl acetate-
6 S );@ 4-MeO 234-236 hexane
—N
;= Ethyl acetate-
7 S _N\:N 4-MeO 198-200 | hexane
R Ethyl acetate-
8 S _Ni 4-PhCH,0 |246-248 hexane
Q
% Ethyl acetate-
9 S S | 4-PhCH,0 |225-226 hexane
§ /
R Ethyl acetate-
10 0 *‘Ni 4-MeO 268-269 hexane
[e)
Example R? R* Melting |Recrystallizati
No. point (°C) on solvent

7.14 (2H, d, J=
J= 6.2 Hz),
3.90 (3H, pca/@h10@dsPl-4.03
7 .16 (2H, d, J= 8. 8 Hz)

O 22




o Ethyl acetate-
>300 THF- hexane

acet ate- ol f7eflgH20 296- 298 hexane
4- HO 274- 276 acet at e- hexane
Reference Y RL R2 Melting Recrystallization
Ethyl acetate- 31 (O S 4-HO 206-209 hexaf@

O Ethyl

0 WO 01/64685 PCT/JP01/01483 123 Table 7

Exanpl e poi nt solvent No.
: 11111  Et hyl

acet at e-

26 (0)S s 4-PhCH20 268-270 hexane O O 27 (O 2S -N 4- MO
0028 (O2S S 4- MO 234-235 THF-hexane N |

29 (0)2S 0  Met hanolpcqtpl 1489 (O S

(O

R Ethyl acetate-
11 H,C=C L 4-MeO 187-188 hexane
(0]
R Amorphous
12% Me,C=C _N> 4-MeO solid
0]
0\ R Amorphous
13" /c __N>_ 4-MeO solid
o >
9]
Q\ R Ethyl acetate-
14 c > S | 4-MeO 191-192 hexane
/ — '
o
o
R Ethyl acetate-
15 Me,C _ﬂi 4-MeO 212-213 hexane
0]
{ Ethyl acetate-
16 Me,C S | 4-MeO 182-184 hexane
—N
o]
? Ethyl acetate-
17 Me,C > ° | 4-MeO 162-164 hexane
-———I>—J
4
/:‘
18 (0)s _NE 4-MeO | 233-235 THF-hexane
R Ethyl acetate-
19 (0)S > S | 4-MeO 252-254 hexane
—_j>_J
[0}
] Ethyl acetate-
20 (0)S ° | 4-MeO 199-201 hexane
—N ’ .
[¢)
a) 'H NMR (200 MHz, CDCl,) &: 1.88 (2H, m), 2.22 (2H, t, J=
6.2 Hz), 2.91 (4H, s), 3.55 (2H, s), 3.90 (3H, s), 4.82 (1H,



32 (O 2S 4-HO >300 hexane
Et hyl acetate-

O Et hyl
34 OC S 4- MO 203-204 hexane
Et OOC- CH woME®4d$80- 181 hexane O Et hyl
149- 150 hexane O O 37 HOOC- CH 4- MeO 258-259 THF- hexane

acet at e-

acet at e-

33 OC 4- MO 257- 259 hexane O
N O Ethyl
36 PhCH2OXC1OH0t/0 443 MeO

O Chloroform 38

acetate- 35

O\ NOC- CH 4- MeO 170-171 hexane -N O Ethyl,jacetate- 39 PhCH2O CH 4- MeO
169-171 hexane O 0 Ethyl acetate- 40 HO 4- MeO 218- 220 hexane
s), 4.87 (l1H, s), 5.02 (2H, s), 6.99 (2H, d, J= 8.8 Hz),
7.14 (2H, d, J= 8.8 Hz).
b) 'H NMR (200 MHz, CDCl,) &: 1.70 (2H, t, J= 6.2 Hz), 2.02
(2H, t, J= 6.2 Hz), 2.91 (4H, s), 3.01 (2H, s), 3.90 (3H,
5 s), 3.91-4.03 (4H, m), 5.01 (2H, s), 7.00 (2H, 4, J= 8.8
Hz), 7.16 (2H, 4, J= 8.8 Hz).
Table 6
Example Y R* R? Melting | Recrystallization
No. point solvent
(°Cc)
R Ethyl acetate-
21 (0)S “_}%—r{ 4-MeO 251-253 hexane
o)
O,
22 (0)S _Ni 4-MeO 268-269 THF-hexane
9]
K Ethyl acetate-
23 (0)S i:I::] 4-MeO 275-277 hexane
—N
/]
24 (0)s | =X 4-MeO 184-185 THF-hexane
EN
R Ethyl acetate-
25 (0)s __m> 4-PhCH,0 | 269-271 hexane
[e)




0 WD 01/64685 PCT/JP01/01483 124 Exanple 7 Sodi um hydride (60%in oil

480 ng) was added to
m) at
tenperature for

hours. The
et hyl acetate.

(MSH4) ,

The et hyl

15 m nutes.
(4.0 g) was added and then the
reacti on m xture was poured
acetate | ayer was washed with 10 water,
and then evaporated under reduced pressure to renove the solvent.

r

a solution of 1H1, 2, 4-triazole (840 ny)
Voo krePerature and the resulting m xture was stpetgehialiags room
The conpound obtained in
xture was stirred at 80C for

esultin

Pads

wat er a

in DVF (50

Ref erence Exanple 15

nd extracted with
dried

2

The resi dque was sybj ecte tQ coljunmm chr omafography [Ong$hkiCacgehteq obtain
3-chl oroq 4- 04 metihqxyphenyl )—2s (|1 oot | bggak-b-|yl met g e8-
di hydr o- 6H-t hi opyrjano [ 4] ——g' 4, 5] thiemo [2, 3-b] pyridine (3.0 15 g,
69% fromthe elugtes wih et acetate. It was recrystallized from et hyl
acet at e- hexane. Yeallow cryst@als. | Melting point 198-200C. Exanple 18 Tp a
solution|of the cgnpound|obt@i ned in Exanpl¢ 20 1 (|800 ng) in nethylene
chloride|(202m) vasopdded my—chllor opashenzoi caghd |( 70%rp#0fcmgheunder ice
cooling and then |the Tesutt ng| mi xture was|stirred |at the sane
tenperatuyre for 1 |hour. [The ctlion m xture was poured into water angd
ext r act e¢—w-th—rrethytene—ehiserid The
28 (0),S >‘S 4-MeO 234-235 THF-hexane
_N z
e
R Ethyl acetate-
29 (0),S __%>*— 4-PhCH,0 | 296-298 hexane
-
R Methanol~ethyl
30 (0)s _ﬂ>__ 4-HO 274-276 acetate~hexane
-




25 met hyl ene chloride |ayer was washed with a saturated WO 01/ 64685

PCT/ JP01/ 01483 125 aqueous sol ution of sodi um hydrogen carbonate and

wat er, avdededsdSO4), and then evaporated under reduced peEIeifogs83t O
remove the solvent. The residue was subjected to columm chromat ography on
silica gel to obtain 2-[(1H benzi m dazol -25

1-yl) et hyl]-3-chl oro-4-(4-net hoxyphenyl%- -oxi do-5,8

di hydro- 6Ht hi opyrano[4',3" :4,5]thieno[2,3-b]pyridine (530 ngy, 64% from
the eluates with ethyl acetate-nethanol (20 : 1). It was recrystallized
from THF- hexane. Col éll? Ss._ prisnms. Melting point 233-235C. 10 According to
t he sanme manner, corr% &s Tof Exanples 19 to 26 described in Table 5 and

Tabl e 6 \weeeresiyBiihesi zed. Exanpl e g7 10 agsol U Ot g [ N PINDURLation
obt ai ned|i pxdmparplle 15 5 (500 |mg) in nethyl ene (Hgi ide (20 sdvenas added
m chl or ppertienzoiic acid (70% |609 ng) under ige Qg Ing and then the
resul ti ng—m-xturewas—stirred—at—rgom-tenperatyr 1 hour The reactijon
sol uti on|was _poured into water an:}exgraot ed With nethyl ERBYEhReRt@ES THe
met hyl ene 203éhl orfi de | &)& was| washed’ wi thHR §aAf=2®d| aquebesansol utign
of sodi um hydrogen carbonate and er|, |dried |[(MySO™4), |and then evapor atled
under reguced pregsure to renove thyie sol vent. |The resi due was subjected|to
colum ¢hrermatography—oen—siHca—géltotobtatnri-{{3-chloro-4-(4
S Al 9 Lt Ethyl acetate-
32 (0),S ___N> 4-HO >300 hexane
Q
R Ethyl acetate-
33 ocC _N> 4-MeQ | 257-259 hexane
0]
R Ethyl acetate-
34 ocC > S | 4-MeO | 203~-204 hexane
_I\>__l
8]
R Ethyl acetate-
35 EtOOC-CH ___N> 4-MeO | 180-181 hexane
0]
R Ethyl acetate-
36 PhCH,0,C-CH _N> 4-MeO | 149-150 hexane
9]
Q,
37 HOOC-CH __Ni ‘ 4-MeO | 258-259 THF-hexane
[0)
R Chloroform-
38 > 4-MeO | 170-171 hexane
Q NOC——CH —N
Q
R Ethyl acetate-
39 PhCH,0-CH —1\> 4-MeO | 169-171 hexane
Q
R : Ethyl acetate-
40 HO-CH __Ni l 4-MeQ | 218-220 hexane
0]




25 net hoxyphenyl ) -7, 7- di oxi do-5, 8-di hydro-6H WO 01/ 64685 PCT/JP01/ 01483

126 thiopyrano[4',3 :4,5]thieno[?2, 3-b] pyridin-2-yl]nethyl}-2, 5-

pyrrolidi wediiamaes(295 ng, 55% fromthe eluates w th ethylpctampei/etsgs hexane
(1: 1) . It was recrystallized from THF hexane. Colorless prisns. Melting

poi nt 300C or higher. 5 According to the ? me manner, conpounds of

Exanpl es 28 to 29 described in Table 6 We synt hesi zed. Exanple 30 To a
sol ution of the conpound obtained in Exanple 25 (300 ng) in nethylene
chloride (20 mM) was added a 10 solution of titaniumtetrachloride (620
ng) in nethylene chlaoride (10 mM) under ice cooling and then the resulting
m xture was stirred dt*3MR!'%ahe tenperature for 8 hours. The reaction

m xture was poured into water and extracted w.th nethylene chloride, The
met hyl ene chloride | SR WASPIGT 4R hé80W th f1idat fitd & )agirRdurdest utPon of
sodi um hydrogen carbonate and water, dried % SH), and then evagorated
under reducedEPYESR e°f ollehovetthE1asPyent(34Ph@ % edidJdIE wa0 dirb) eBed to
col um chromat ography on silica gel to obtain .

1- {[ 3- chl orRAR (2emRer dkyphed) -thooxFapu bt Bag opixture was stirred at

di hydr o- 6H-t hi opyrano[4',3':4,5]thieno[2, 3-b] pyridin-2 . '

yl ] mettyl } -ZDO5 hRTRA ¥ 3l Weeli 5aE L 2301Rgtes20) ﬁ/hﬁarﬁqmmuréi ulbeaingdhiet hyl
acetate-nethanol (9 . 1). It was recrystallized from nethanol - et hyl

acet at e- hex&giferengs oflxagw st i ds. (Wl i 99 poiest 27gep7eend then the

resulting mixture was stirred at 80°C for 2 hours. The

reaction mixture was poured into water and extracted with
ethyl acetate. The ethyl acetate layer was washed with
10 water, dried (MgSO,), and then evaporated under reduced
pressure to remove the solvenf. The residue was subjected
to column chromatography on silica gel to obtain 3-chloro-
4- (4-methoxyphenyl)-2-(1H-1,2,4-triazol-1-ylmethyl) -5, 8-
dihydro-6H-thiopyrano([4’,3’ :4,5]thieno[2,3-b]pyridine (3.0
15 g, 69%) from the eluates with ethyl acetate. It was
recrystallized from ethyl acetate-hexane. Yellow crystals.
Melting point 198-200°C.
Example 18
To a solution of the compound obtained in Example
20 1 (800 mg) in methylene chloride (20 ml) was added m-
chloroperbenzoic acid (70%, 400 mg) under ice cooling and
then the resulting mixture was stirred at the same
temperature for 1 hour. The reaction mixture was poured
into water and extracted with methylene chloride. The

25 methylene chloride layer was washed with a . saturated



25 According to the sanme manner, conpounds of WD 01/64685 PCT/JP01/ 01483
127 Exanples 31 and 32 described in Table 7 were synthesized. Exanple 33 A

m xture ofydnssgganpound obtained in Exanple 13 (2.4 g9), R%omdueqss
hydrochloric acid (10 m), and dioxane 5 (25 m) was stirred at 60C for 2

hours and then evaporated under reduced &? ssure to renove the solvent. The
residue was diluted with nethyl ene chlori"de and the nethylene chloride
sol ution was washed with water, dried (MgSO), and then evaporated under
reduced pressure to renove the 10 solvent. The residue was subjected to

colum chromat ography on silica . to. obtain 1-{[3-chloro-4-(4-

ot hoxy phorfEor oSO8 g Lt 4 6r PRy U R HER nFeRBpBage. and water,

b] pyri di n-2-yl thyl}-2,5-pyrrolidinedione (1.8 g, 869 fromthe el uates
with chlor d%%lr%‘ygf%%édc'et apg (Ghen 1‘§V§‘P‘P¥aﬁ%&mé§%re€cr524%ﬁq ZBHEFFBRFet hyl
acet at e- hexane. Col or| ess risms. Melting, point 257-258C. Exanple_ 34
Accor di ng t%® t4Rset Vet t hathYete? 1 Ped V&S Banpreedsto column
3-{[chl oro- 4- (4- met hoxyphenyl ) -7-o0xo0-5, 6, 7, 8- 20 o

t et r ahydr o[ H EsEkA I atey 203- B bied ol 2£9| Plee gl 2= 1 (BH-benzimidazol-

t hi azol i di ne- 2, 4-di one was obtai ned except that the conpound obtained in

Exanpl® 14 jwlidethyt] whschlereyst of thoeoryphery hyt 7 aedi @@edhdxane.

Colorless prisns. Melting point 203-204C.
dihydro-6H~-thiopyrano[4’,3’:4,5]thieno[2,3-blpyridine (530

mg, 64%) from the eluates with ethyl acetate-methanol (20
1). It was recrystallized from THF-hexane. Colorless
prisms. Melting point 233-235°C.

10 According to the same manner, compounds of
Examples 19 to 26 described in Table 5 and Table 6 were
synthesized.

Example 27
To a solution of the compound obtained in Example

15 5 (500 mg) in methylene chloride (20 ml) was added m-
chloroperbenzoic acid (70%, 609 mg) under ice cooling and
then the resulting mixture was stirred at room temperature
for 1 hour. The reaction solution was poured into water
and extracted with methylene chloride. The methylene

20 chloride layer was washed with a saturated, aqueous
solution of sodium hydrogen carbonate and water, dried
(MgsSO,), and then evaporated under reduced pressure to
remove the solvent. The residue was subjected to column
chromatography on silica gel to obtain 1-{[3-chloro-4-(4-

25 methoxyphenyl) -7, 7-dioxido-5, 8~dihydro-6H-



25 Exanple 37 WO 01/ 64685 PCT/JP01/01483 128 To a m xture of the conpound
obtained in Exanple 36 (3.4 g), 10% pal | adi um carbon (contai ni ng 50%
water, 3.Wo @)et68FHE (30 nm), and acetic acid (60 m) was agddegpof/eqg3 c acid
(6 M) with stirring at roomtenperature and then the 5 stirring was
continued at the sane tenperature for S\A,gguérs. After the catal yst was
separated by filtration, the filtrate evapor at ed under reduced
pressure. To the residue was added diethyl ether-nethanol. (10 : 1, 50 m)
and the resulting m xture was stirred at roomtenperature 10 for 30

mnutes. The precipitated crystals were collected by fi]tration and washed
with diet h%ﬂ%ﬁf’l}%ﬁ]a@ -%/rl%]q?hl%o o3 %‘b‘?laﬁ’ﬁﬁrldln‘z‘Y“mgthyf}'zf 5-

3-chl oro- 2-4 2, 5-djoxopyrrolidin-l1-yl)methyl]- )

S 617 Bt et GHAGRLORE hbphay| POY] bSRPR: fitniakes with ethyl

b] pyri di ne-7-carboxylic acid (2.6 g, 920). It was 15 recrystallized from
THF- hexane 2% B8X3ne srfig. Meld i-ngt € pyiest o8t psorl L Exadpreoss Wik xt ure
of the compound obtained in Exanple 37 (500 ng), norpholine (99 ny),

N, N- di met hylexdnopydd b nee g3 r pPngy) Melting point 300°C or higher.

1- (3-di met hyl am nopropyl ) - 3- et hyl carbodi i m de hydrochl oride (197 ng), and
DMF (10 m) was stirfEraEdiedm te enpbrat SR8 ofmargiedour sCompaIdEact $Bn

m xture was poured into water and extracted with ethyl acetate. The et hyl

acet at e | ayeranplse vashed W HergetbedrindlingSda)ver@osynthesized.

Example 30
To a solution of the compound obtained in Example
25 (300 mg) in methylene chloride (20 ml) was added a
10 solution of titanium tetrachloride (620 mg) in methylene
chloride (10 ml) under ice cooling and then the resulting
mixture was stirred at the same temperature for 8 hours.
The reaction mixture was poured into water and extracted
with methylene chloride. The methylene chloride layer was
15 washed with a saturated aqueous solution of sodium hydrogen
carbonate and water, dried (MgSO,), and then evaporated
under reduced pressure to remove the solvent. The residue
was subjected to column chromatography on silica gel to
obtain 1-{[3-chloro-4-(4-hydroxyphenyl)-7-oxido-5, 8-
20 dihydro-6H-thiopyrano([4’,3’ :4,5]thieno[2,3-b]pyridin—-2~
yllmethyl}-2,5-pyrrolidinedione (130 mg, 52%) from the
eluates with ethyl acetate-methanol (9 : 1). It was
recrystallized from methanol-ethyl acetate-hexane.

Colorless prisms. Melting point 274-276°C.

25 According to the same manner, compounds of



25 then evaporated under reduced pressure to renove the WO 01/ 64685
PCT/ JP01/ 01483 129 solvent. The residue was subjected to col um

chr omat ogwaphyseys Silica gel to obtain 1-{[3-chloro-4-(4- pCcT/IP01/01483

met hoxyphenyl ) - 7-[ (4- nor phol i nyl ) carbonyl ]-5, 6,7, 8-

t et rahydr o[ 1] benzot hi eno[ 2, 3-b] pyri di n- 21¥ J]methyl}-2,5 5 pyrrolidinedi one
(2.6 g, 92%9 fromthe eluates wth ethyl cetate. It was recrystallized
from chl orof orm hexane. Colorless prisns. Melting point 170-171C. Exanple
40 To a m xture of the compound obtained in Exanple 10 39 (1.2 g), 10%

pal | adi um carbon (cantai nj 50% wat.er l'ﬁﬁi , and acetic acidgd 0m)
was added %gﬁ'arﬁpgeasc?% (aftﬁj|l :hq% & THRS] i *gie rﬁo"f’ﬁf%nﬁr‘érﬁ%]ﬁﬁjezé%d t hen
the stirring was continued at_the sane tenperature for 2 hours. After the

catal yst was separat ed3P¥5 113 ation, the filtrate was 15 evaporated under

reduced pressure. To the residue was added ethyl acetate and the resulting
sol uti on was washed Awith<Ei5%, afuEBtis CaRRBHIE SOLRINGH diY Baerle difed

(MyS™4), and then evaporated under reduced pressure to renove the
sol vent. The red)duée Qiast Bifs ket theifiartldtiifh 20 Ehlbiratblyr sty dho%rNeca

gel to obtain 1-{[3-chloro-7- hydroxy-4- (4-methoxyphenyl) -5, 6, 7,
g_tetﬁhhydmgq mﬂq was stirred at 60°C for 2 hours and then evaporated

benzothieno[2,3-b]e{ridin-2-y|]nethy|}-2,5-p rrolidinedione (1.8 g, 86%
fromthe eliifisds YFIUCA HyTeagerat BOhsERBATES ({@ez splvent .wasThecrgstdiei zed

fromethyl acetate-hexane.
was diluted with methylene chloride and the methylene

chloride solution was washed with water, dried (MgSO,), and
then evaporated under reduced pressure to remove the
10 solvent. The residue was subjected to column
chromatography on silica gel to obtain 1-{[3-chloro-4-(4-
methoxyphenyl)—7—oxo—5,6,7,8—tetrahydro[1]benzothieno[2,3—
blpyridin-2-yllmethyl}-2,5-pyrrolidinedione (1.8 g, 86%)
from the eluates with chloroform-ethyl acetate (4 : 1). It
15 was recrystallized from ethyl acetate-hexane. Coloriess
prisms. Melting point 257-258°C.
Example 34
According to the same manner as that described in
Example 33, 3-{[chloro-4-{4-methoxyphenyl)-7-o0oxo0-5,6,7,8-
20 tetrahydro[l]lbenzothieno[2,3-b]lpyridin-2-ylimethyl}-1, 3~
thiazolidine-2,4-dione was obtained except that the
compound obtained in Example 14 is used. It was
recrystallized from ethyl acetate-hexane. Colorless prisms.
Melting point 203-204°C.

25 Example 37



25 Colorless prisnms. Melting point 218-220C. WO 01/ 64685 PCT/ JP01/ 01483
130 Exanple 41 To a solution of the conpound obtained in Exanple 33 (500

ng) and m@igduleségadi de (470 ng) in DVF (15 m) was added Y/ (pd26148®) under
ice cooling and then the resulting 5 m xture was stirred at the same

tenperature for 2 hours. The reaction ngg%ure was poured into a saturated
aqueous sol ution of ammoni um chl ori de ( m) and extracted with ethyl
acetate. The ethyl acetate |ayer was washed with water, dried (MgSO), and
t hen evaporated under reduced 10 pressure to renove the solvent. The

resi due was subjecte to colum chronato hy o ilica gel] tg obtain
1-{[3- chl oro-4- (4-ne %o@yﬁﬁ%ﬁ?F? §f8nglngFW§Fy cgfg) tgtn Bxample

t et rahydro[_1] benzot hi ridin- | ] et h yrro i di nedi.one:
o M ts oR TS s Ly, Cagogn f#%%%inma HRERT et fiyP
acet at e- hexaned%éS : 1 It mas recrystallized fron1e%6¥ %gtate hexane.
Col or | ess pHirs I\/é?’f)l Ad ) poidhtd %ez%@cﬁaﬁﬁpenﬁé ARG n§CEBLEhe

sane manner as_that described
acid (6 ml) with stirring at room temperature and then the

5 stirring was continued at the same temperature for 3 hours.
After the catalyst was separated by filtration, the
filtrate was evaporated under reduced pressure. To the
residue was added diethyl ether-methanol (10 : 1, 50 ml)
and the resulting mixture was stirred at room temperature

10 for 30 minutes. The precipitated crystals were collected
by filtration and washed with diethyl ether-methanol (10
1) to obtain 3-chloro-2-[(2,5-dioxopyrrolidin-1-yl)methyl]-

5,6,7,8-tetrahydro-4- (4-methoxyphenyl) [1]benzothieno[2, 3~

blpyridine-7-carboxylic acid (2.6 g, 92%) . It was
15 recrystallized from THF-hexane. Colorless prisms. Melting

point 258-259°C
Example 38
A mixture of the compound obtained in Example 37
(500 mg), morpholine (99 mg), N,N-dimethylaminopyridine (13
20 mg) , 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (197 mg), and DMF (10 ml) was stirred at room
temperature for 10 hours. The reaction mixture was poured
into water and extracted with ethyl acetate. The ethyl
acetate layer was washed with water, dried (MgSO,), and

25 then evaporated under reduced pressure to remove the



in Exanple 41, 3-{[3-chl oro-4-(4-methoxyphenyl)-8,8 WO 01/ 64685

PCT/JP01/ 01483 131 di nethyl -7-oxo0-5, 6, 7, 8-tetrahydro [ 1 ]benzothieno
[2, 3- b]lyywiigiéss2-yl ] nethyl}-1,3-thiazolidine-2,4-di one: pc@/pa1/MasN N--S

Cl O Ow was obtained except that the conpound obtained in Exanple 5 34
was used. It was recrystallized fron1eth¥2 acet at e- hexane. Col orl ess
prisms. Melting point 211-212C. Exanple § A m xture of the conpound
obtained in Reference Exanple 14 (512 ng), succinimde (198 ny), potassium
10 carbonate (276 ng) , and DVF (5 ml) was stirred at 80C for 1 hour, then

yer was ERHER I (h vald,  GTSTISOS A e ReRCEdaporat ccouhtEr ¢
A S et S S S AT s L .t
(benzyl oxy) - 3- chl or.o- 4- (4- met hoxypheny] ) -6, 6-di net hyl - _5 , T,
8-t ot 1 ahydimE EORVIIRMEbL T Shbi 90 TRIB} Ly H G FRoavl 15,6, 7,8
Yty e B s [ ] DS a O ene 1 25 2 oy L im0 Pmotiy1 13, -
5 pyrrolidinedione (2.6 g, 92%) from the eluates with ethyl
acetate. It was recrystallized from chloroform-hexane.
Colorless prisms. Melting point 170-171°C.
Example 40
To a mixture of the compound obtained in Example
10 39 (1.2 g), 10% palladium carbon (containing 50% water, 1.2
g), and acetic acid (70 ml) was added formic acid (10 ml)
with stirring at room temperature and then the stirring was
continued at the same temperature for 2 hours. After the
catalyst was separated by filtration, the filtrate was
15 evaporated under reduced pressure. To the residue was
added ethyl acetate and the resulting solution was washed
with a 5% aqueous ammonia solution and water, dried (MgSO,),
and then evaporated under reduced pressure to remove the
solvent. The residue was‘ subjected to column
20 chromatography on silica gel to obtain 1-{[3-chloro-7-
hydrox§—4—(4—methoxypheny1)—5,6,7,8—tetrahydro[1]—
benzothieno[2,3-b]pyridin-2-ylimethyl}-2, 5-pyrrolidinedione
(1.8 g, 86%) from the eluates with ethyl acetate-hexane

(2 : 1). It was recrystallized from ethyl acetate-hexane.

25 Colorless prisms. Melting point 218-220°C.



OSNNIIT MdA O M OW (554 ng, 9699 fromthe eluates wth ethyl
acetate-hexane (1 : 2). It was recrystallized fromethyl acetate-hexane. 5
Col or | esswyd1sasss Mel ting point 221-223C. Exanple 44 To adiibuysaspf the
conpound obtained in Exanple 43 (480 ngy), 10% pal |l adi um carbon (contai ni ng
50% water, 480 ng), and THE (20 m) was {;1 ded formc acid (10 mM) wth 10
stirring at roomtenperature. After the S rring was continued at room
tenperature for 5 hours, the catalyst was separated by filtration and the
filtrate was evaporated under reduced pressure. The residue was dissol ved
in ethyl acetate-THE (5 : 1) and the resulting m xture was washed 15 with
a saturated aqueous B R]t?n4ci'f sodi um hydrogen carbonate and water, dried
(MgS™), and then evaporated under reduced pressure to repove the soI vent .
The residue was subj taech]dltc]d%Ihrﬁwf W%@%%WW@@@&&%am

obtain 1- { 3- chI or o- 7- hydr oxy- .E\4 met hoxy henyl

di net hyl - 536, 7084 éf‘g)ah%ﬁjo{“f]tbéf Z&Pﬁléﬁo[ LA b‘]“:ib)yriLHl PMf Wb >0 1rle4 6855
PCT/ JP0O1/ 01483 133 yl4] nmet hyI } 2 5-pyrroli di nedi one:

ded DBU 20 mg) der ice cooling and then the resulting

5 mixture was stirred at the same temperature for 2 hours.

The reaction mixture was poured into a saturated aqueous
solution of ammonium chloride (30 ml) and extracted with
ethyl acetate. The ethyl acetate layer was washed with
water, dried (MgSO,), and then evaporated under reduced
10 pressure to remove the solvent. The residue was subjected
to column chromatography on silica gel to obtain 1-~{[3-
chloro-4- (4-methoxyphenyl) -8, 8-dimethyl-7-oxo0-5,6,7, 8-

tetrahydro[l]benzothieno[2, 3-blpyridin-2-yl]lmethyl}-2, 5-

pyrrolidinedione:
o,
6We Mgs Ne N
| |/0|0
15 OMe

(291 mg, 55%) from the eluates with ethyl acetate-hexane
(3 : 1). It was recrystallized from ethyl acetate-hexane.
Colorless prisms. Melting point 245-246°C.
Example 42
20 According to the same manner as that described

in ‘ Example 41, 3-{[3-chloro-4~ (4-methoxyphenyl) -8, 8-



O HOSNN MO O M OW- (221 ng, 55% as a colorless powder fromthe
eluates with ethyl acetate-hexane (1 : 1). Melting point 227-229C 5
Exanpl e 4woM1seégst i on of dimet hyl sul foxide (30 ng) in nmaidiyipeneash! ori de
(1 mM) was added to a solution of oxalyl <chloride (37 nmg) in nethyl ene
chloride (4 m) at -73C wunder a nitrogeg ?tnnsphere. After stirring at the
sane 10 tenperature for 1 hour, a soluti Altof the conpound obtained in
Exanple 13 (70 ng) in nethylene chloride (4 mM) was added thereto and then
the stirring was continued at -78C for 1 hour. The reaction tenperature
was raised to at - 30C and, after stirring at. 30 mnutes, triethylamne
(150 15 1) Si&eded 195 et ahd tidr a it:hﬁ?%?‘lchghjp%l?%t%'r%_ was sl owy
raised to at. OC., The reaction mxture was poured into water and extracted
with ethyl PdEtmiE e Dby bicehat e Haas L i St 49 2% wat er, dri ed
(MgS™), and then evaporated under rgpuced pressure to renove the 20
sol vent. The residue was ﬁﬁbjected t%égglunn chromat ography on silica gel
to obtain 1-{[3-chlor € / 64 CT/JP01/ 01483 134

{I Qo Meyo pu
O

OMe

was obtained except that the compound obtained in Example
5 34 was used. It was recrystallized from ethyl acetate-
hexane. Colorless prisms. Melting point 211-212°C.
Example 43
A mixture of the compound obtained in Reference
Example 14 (512 mg), succinimide (198 mg), potassium
10 carbonate (276 mg), and DMF (5 ml) was stirred at 80°C for
1 hour, then was poured into water, and extracted with
ethyl acetate. The ethyl acetate layer was washed with
water, dried (MgSO,), and then evaporated under reduced
pressure to remove the solvent. The residue was subjected
15 to column chromatography on silica gel to obtain 1-{[7-
(benzyloxy)-3-chloro-4~- (4-methoxyphenyl) -6, 6~dimethyl-
5,6,7,8—tetrahydro—[1]benzothieno[2,3—b]pyridin—2—

yllmethyl}-2, 5-pyrrolidinedione:



met hoxyphenyl ) - 6, 6- di net hyl - 7- oxo-5, 6, 7, 8-t et rahydro

[ 1] benzot hi eno[ 2, 3-b] pyridin-2-yl ] methyl}-2,5- pyrrolidinedione: O OS NN
Me | | Mewo @@eaéss OV 5 (30 ng, 62% fromthe el uates w tpe12ipoyh1483
acetate-hexane (1 2). It was recrystallized from ethanol - hexane. Col orl ess
prisnms. Melting point 222-224C. Exanple ggZA solution of 400 ng of the
conpound obtained in 10 Exanple 22 in 3 m of 2-propanol and 100 m of
hexane was fractionated by high performance |iquid chromatography (HPLC)

[ colum: CH RALCEL OD 50 mmt x 500 mm (manufactured by Daicel Kagaku Kogyo
Kabushi ki Kai sha), tenperature: 20C, nobile phase: hexane/2-propanol =
6/4, flowrate: 100 1 /mnute, detection wavel ength: 254 nm and 1 shot:
about 40 ny]. The fr ns were concentr& ed and then dissolved in 50 m
of ethanol. The resulting $olution was filt d through a 0.45-mfilter
and then concentrated to dPypess. .S IdgheNes|due was added hexane and the
resulting mxture 20 was p\aé joncnt fat edfTo dryness to obtain a white
powder. There were obtai ned 6preic& purity of WO 01/ 64685

PCT/ JP01/ 01483 135 Me

(554 mg, 96%) from the eluates with ethyl acetate-hexane
(1 : 2). It was recrystallized from ethyl acetate-hexane.
5 Colorless prisms. Melting point 221-223°C.
Example 44
To a mixture of the compound obtained in Example
43 (480 mg), 10% palladium carbon (containing 50% water,
480 mg), and THF (20 ml) was added formic acid (10 ml) with
10 stirring at room temperature. After the stirring was
continued at room temperature for 5 hoﬁrs, the catalyst was
separated by filtration and the filtrate was evaporated
under reduced pressure. The residue was dissolved in ethyl
acetate-THF (5 : 1) and the resulting mixture was washed
15 with a saturated aqueous solution of sodium hydrogen
carbonate and water, dried (MgSQ,), and. then evaporated
under reduced pressure to remove the solvent. The residue
was subjected to column chromatography on silica gel to
obtain 1-{[3-chloro~7-hydroxy-4- (4-methoxyphenyl) -6, 6-

20 dimethyl-5,6,7,8-tetrahydro[l]benzothieno[2,3-b]pyridin-2-



99.4% ee) of an enantioner having a shorter retention tinme whose optical
rotation was toward (+)-direction of the optical rotation,

(R) - 1- {[ Swo1muess4- (4- met hoxyphenyl ) - 7- PCT/JP01/01483

oxi do- 5, 8-di hydro- 6H-t hi opyrano[4',3':4,5]thieno[2,3 5

b] pyridin-2-yl]nmethyl }-2,5-pyrrolidinedi SS, and 152 ng (optical purity of
99. 8% ee) of an enantioner having a Iong retention tine whose opti cal
rotation was toward (- )-direction,

(S)-1-{[3-chl oro-4-(4- nethoxyphenyl) 7- oxi do-

5, 8-di hydro F#thl pyr ano[ 4' 5]thieno[ 2, 3-b]pyridin-2 10
yI]nEthyI}yﬂ ﬁiﬁl%ﬂﬁﬁﬁﬂ?ﬁﬂ;l 4kﬂ %1nat|on of the optical purity
was carried out by HPLC using a chiral ncolum (colum: CH RALPAK AD 4.6
mm~ X 250 mm (manufactured by Dai cel é)gaku Kogyo Kabushi ki Kai sha),
tenperature: about 208 nnbiée @r .\nexane/ ethanol = 4/6, flow rate: 15
0.5 mM/mnute, and dete ~ (el h 54 nm. Exanple 47 A solution of
1.1 g of the conpoundw%-» nJExapl e 22 in 500 m of ethanol and 500
m of 2-propanol was g d t%! make the | i quid vol une about 1/2. The
20 resul ting concentrate was frgetN onated by high performance liquid
chromat ography (HPLC) [colum: [CH RALPAK AD 50 nm~ x 500 mm (manuf actured
by Dai cel Kagaku Kogyo Kabushi ki ai sha), tenperature: 20C, nobil e phase:
hexane/ et hanol = 4/6, flowrategp® m/mnute, detection wavel ength: 254
nm 25 and 1 shot: about 0.8 g]. The fractions were concentrated WO

01/ 64685 PCR2IPO1F01488) &86a colorless powder from the eluates with

ethyl acetate-hexane (1 : 1). Melting point 227-229°C
5 Example 45
A solution of dimethyl sulfoxide (30 mg) in
methylene chloride (1 ml) was added to a solution of oxalyl
chloride (37 mg) in methylene chloride (4 ml) at -78°C
under a nitrogen atmosphere. After stirring at the same
10 temperature for 1 hour, a solution of the compound obtained
in Example 13 (70 mg) 1in methylene chloride {4 ml) was
added thereto and then the stirring was continued at -78°C
for 1 hour. The reaction temperature was raised to at -
30°C and, after stirring at 30 minutes, triethylamine (150
15 nl) was added thereto and then the solution temperature was
slowly raised to at 0°C. The reaction mixture was poured

into water and extracted with ethyl acetate. The ethyl
acetate layer was washed with water, dried (MgSO,), and
then evaporated under reduced pressure to remove the
20 solvent. The residue was subjected to column

chromatography on silica gel to obtain 1-{[3-chloro-4-(4-



and then dissolved in ethanol. The resulting solution was filtered through
a 0.45-mfilter and then concentrated to dryness. To the residue was added
hexane angddh®ségdsul ting m xture was agai n concentrated tpgrdipyDeasst o
obtain a white 5 powder. According to the sane operation, there were
obtained from3.1 g of the racemate 1.39 g (optical purity of >99.90 ee)
of an enantionmer having a shorter retent?‘ ﬂ ti me whose optical rotation
was toward (+)-direction, (R 10

1-{[ 3-chl oro- (4 met hoxyphenyl) 7- oxi do- 5 8- di hydr o- 6H

t hi opyrano[ 4' 4, 5]t eno[ r| h

pyrrolidi n&rk‘ﬁ i’r?!il 95(%&4% urcixt‘i/ ‘beé“% %O)geetelﬁashﬁr%n enant i oner
having a |l o r ret tlontlne whose otlcal t tlon vvastovvard

( ) dlgr ECtI gﬂ% )Ot r}ﬁl’g)[ 1,§ b]pyrldln p yl]met%al

chl or o- 4- (4- met hoxyphenyl ) - 7- oxi do- 5, 8- di hydr o- 6H

t hi opyranoP[YA-”r%lleUBf] diRTero[ 2, 3- b] pyri di n- 2-yl ] et hyl } -

2,5-pyrrolidinedi one. Exanple 48 A solwion of 980 ng of the conpound
obtained in 20 Exanple 19 in 700 m of\2-propanol and 300 m of ethanol
was fractionated by hi@h per f rmce INqu' d chromat ography (HPLC) [col um:
CHI RALCEL OD 50 mm~ X a ? FnoNract by Dai cel Kagaku Kogyo

Kabushi ki Kai sha), te bi | e phase: hexane/ 2-propanol =
about WO 01/ 64685 PCT/ JP01/ 0148

6/4, flowrate: 100 25 de@'ec i on wavel ength: 254 nm and 1 shot:
37

OMe
5 (30 mg, 62%) from the eluates with ethyl acetate-hexane
(1 2). It was recrystallized from ethanol-hexane.

Colorless prisms. Melting point 222—224°C.
Example 46
A solution of 400 mg of the compound obtained in
10 Example 22 in 350 ml of 2-propanol and 100 ml of hexane was
fractionated by high performance 1liquid chromatography
(HPLC) [column: CHIRALCEL OD 50 mm¢ x 500 mm (manufactured
by Daicel Kagaku Kogyo Kabushiki Kaisha), temperature: 20°C,
mobile phase: hexane/2-propanol = 6/4, flow rate: 100
15 ml/minute, detection wavelength: 254 nm, and 1 shot: about
40 mg]. The fractions were concentrated and then dissolved
in 50 ml of ethanol. The resulting solution was filtered
through a 0.45-pum filter and then concentrated to dryness.
To the residue was added hexane and the resulting mixture
20 was again concentrated to dryness to obtain a white powder.

There were obtained 153 mg (optical purity of



40 mg]. The fractions were concentrated and then dissolved in ethanol. The
resulting solution was filtered through a 0.45-mfilter and then
concent r alveh1le@egdr yness. To the residue was added hexane pgndipbhersgesul ting
m xture was 5 again concentrated to dryness to obtain a white powder.
There were obtained 188 ng (optical puri % 99. 4% ee) of an enantioner
havi ng a shorter retention tinme whose ob ical rotation was toward
(+)-direction, (R) 3-{[3- chl oro-4-(4-nethoxyphenyl)-7-oxido-5, 8-di hydr o-6H

10 t hiopyrano[4',3' :4,5]thieno[2, 3-b] pyridin-2-yl]nmethyl}-1, 3-
t hi azol di ne 4- dlone and 153 ptical, purity of 99.0% ee
enantioner5%§V%ﬁ ee) | Bhgah F &ﬁrtl oY iR :Q&ﬁ?%%lr?B?%F%B% &é?e

toward (-)- |rect|on (9 -3- %gt- chloro

-4-(4-neth m Cifadi d6T5 40! hyaFo-bprasd (+) -direction of the
t hi opyrano[4' ,3' :4,5]thienof 2, 3- b}p¥r|d|n 2-yl] neth% }-1,3- thiazol dine-2,
4- di one. B&iﬂsp}%hg P063F 19T on OF) 110 §3ofhipEochmpbuRatberaPReRYILh—7-

Exanple 19 in 900 M of ethanol and 100 m of acetonitrile 20 was

concent r at P @ dHev AT qub Vol eirgramolt’ 132: 4Théthésap{Znd—concentrate
was fractionated by HPLC [col uim: CH RALPAK AD 50 nm¥# x 500 nm
(nanuf%ctLNQ&PYﬁAQkﬁT%ﬂY*i ?@Ylkb%y%‘mﬁb%%h%@ln%ﬁi@ha), eagper?ir emg20C,

nobi | e phase hexane/ et hanol 4/ 6, flowrate: 100 m/mnute, detection 25
wavel engt h: (57 ¢ad PHaityshof: Ybdik eed AL Fhe ¥R0Lieness having a

PCT/ JP0O1/ 01483 138
longer retention time whose optical rotation was toward (-

) -direction, (S)-1-{[3~-chloro-4- (4-methoxyphenyl)-7-oxido-
5,8-dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-b]pyridin-2-
10 yllmethyl}-2,5-pyrrolidinedione. The determination of the
optical purity was carried out by HPLC using a chiral
column (column: CHIRALPAK AD 4.6 mmd x 250 mm {(manufactured
by Daicel Kagaku Kogyo Kabushiki Kaisha), temperature:
about 20°C, mobile phase: hexane/ethanol = 4/6, flow rate:
15 0.5 ml/minute, and detection wavelength: 254 nm).
Example 47
A solution of 1.1 g of the compound obtained in
Example 22 in 500 ml of ethanol and 500 ml of 2-propanol
was concentrated to make the liquid volume about 1/2. The
20 resulting concentrate was fractionated by high performance
liquid chromatography (HPLC) [column: CHIRALPAK AD 50 mm¢ x
500 mm (manufactured by Daicel Kagaku Kogyo Kabushiki
Kaisha), temperature: 20°C, mobile phase: hexane/ethanol =
4/6, flow rate: 70 ml/minute, detection wavelength: 254 nm,

25 and 1 shot: about 0.8 g]. The fractions were concentrated



fractions were concentrated and then dissolved in ethanol. The resulting
solution was filtered through a 0.45-m filter and then concentrated to
dryness. we d1isaegsesi due was added hexane and the resul ti ngrsioes was
again 5 concentrated to dryness to obtain a white powder. According to the
sanme operation, there were obtained fr0ﬁ1% 5 g of the racemate 1.21 g
(optical purity of >99.9%ee) of an ena tiormer having a shorter retention
ti me whose optical rotation was toward (+)-direction, (R} 10

3-{[ 3-chl oro- 4- (4 met hoxyphenyl ) - 7- oxi do- 5, 8- dihydro 6H

t hi opyrano[4',3':4,5]thieno ridin- 2 1,

thi azol di néns 2B 15593‘7%51% éﬁt“l&al pﬁ}%tfﬁ% %ab“ $opoteiior Was
enanti onmer having a |longer retention tinme whose optical rotation was
toward (-) Qﬁ#@gﬁq%nth{gygg g 8- dpsum. filter and then concentrated to

chl or o- 4- (4- net hoxyphenyl ) - 7- oxi do- 5, 8- di hydr o- 6
thlopyranoF¥FY%?S%-5]¥%|%%%[§e%l%T%yW?ﬁlﬁd e?lTﬁ%@ﬁ?l?n@ ghe resulting

t hi azol di ne- 2, 4- di one. anple 50 A m xture of 10 ng of the conmpound

obt ai ned i ALSEIES AT ea%arln(mnqerﬁeawio?% qrmeﬁét hexyBhehy| §- Thékedo-
5, 8-di hydr o- 6H-t hi opyrano[4', 3': 4, 5]t hi eno[ 2, 3-b] pyri di n- 2-
yI]nEt%yI}JEPWﬂ%Bwrolldlnedlone 90 ng of |actose, and 70 ny of

m crocrystalline cellul ose was granulated with a solution of 1.4 ny of
hydr oxypropyl cel | ul SeCPFdimg gl tof Paewasere Theegrhhohes Wepse were

encapsul ated into a gelatin WD 01/ 64685 PCT/JP01/01483 139
obtained from 3.1 g of the racemate 1.39 g (optical purity

of >99.9% ee) of an enantiomer having a shorter retention
time whose optical rotation was toward (+)-direction, (R)-
10 1-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-5, 8-dihydro-6H—-
thiopyrano[4’,3’:4,5]thieno[2,3-blpyridin-2-yl]lmethyl}-2, 5-
pyrrolidinedione, and 1.47 g (optical purity of 99.4% ee)
of an enantiomer having a longer retention time whose
optical rotation was toward (-=)-direction, (S)-1-{[3-
15 chloro-4- (4-methoxyphenyl)-7-oxido-5, 8~dihydro-6H-
thiopyrano-[4’,3’:4,5]thieno[2, 3~b]lpyridin-2-yl]lmethyl}-
2,5-pyrrolidinedione.
Example 48
A solution of 980 mg of the compound obtained in
20 Example 19 in 700 ml of 2-propanol and 300 ml of ethanol
was fractionated by high performance liquid chromatography
(HPLC) [column: CHIRALCEL OD 50 mmd x 500 mm (manufactured
by Daicel Kagaku Kogyo Kabushiki Kaisha), temperature: 20°C,
mobile phase: hexane/2-propanol = 6/4, flow rate: 100

25 ml/minute, detection wavelength: 254 nm, and 1 shot: about



capsule. Exanple 51 A m xture of 10 ng of the conpound obtained in Exanple
47, (S)-1-{[3-chl oro-4-(4-nmethoxyphenyl)-7-oxido- 5

5, 8- di hydvoofitiskhi opyrano[ 4', 3' : 4, 5]t hi eno[ 2, 3- b] pyri di n- Bc1/3P01/01483

yl ] met hyl }-2, 5- pyrrolidi nedione, 90 ng of |actose, and 70 ny of

m crocrystal line cellul ose was granulatef3yﬁth a solution of 1.4 ny of
hydr oxypropyl cellulose in 70 | of water” The granules were encapsul ated
into a gelatin 10 capsule. Exanple 52 A nixture of 10 ng of the conpound
obtained in Exanple 49, (R)-3-{[3-chloro-4-(4-nmethoxyphenyl)-7-oxido-

o e Tt L TR E DR e e
W e R N S o W S RN
into a gelatin capsule. 20 Exanple 53 A m xture of 10 ng of the conpound
obt ai ned i ¥ - 4Bl Bl Yoer (gpd3-tien ceprreniarzedethoxdmpieana ) - 7Texi de
5, 8-di hydro-6H-t hi opyrano[ 4' , 3" :4,5]thieno[ 2, 3-b] pyridi n-2-
yi ] met hyl } FES3SUR; a¥Bpdidféded 4barome, apdng R F&Sddd RdanBiztuye mpsof
1m48r O%r yst %lglali?le c%%lclelillltq:séet evd\kfis“l:og rd?rr;/lf'lleastseqcowotbq: aazl'LnV\g le]f{i6t4e68p5ow|?ice11-:/ .J PO1/ 01483
There were obtained 188 mg (optical purity of
99.4% ee) of an enantiomer having a shorter retention time
whose optical rotation was toward (+)-direction, (R)-3-{[3-
chloro-4- (4-methoxyphenyl) -7-oxido-5, 8—~dihydro-6H-
10 thiopyrano[4’,3’:4,5]thieno[2,3—b]pyridin—Z—yl]methyl}—l,3—
thiazoldine-2,4-dione, and 153 mg (optical purity of 99.0%
ee) of an enantiomer having a longer retention time whose
optical rotation was toward (-=)=direction, (S)y-3-{[3-
chloro-4- (4-methoxyphenyl) -7-oxido-5, 8-dihydro-6H-
15 thiopyrano([4’,3’:4,5]thieno[2,3-b]lpyridin-2-yllmethyl}-1, 3-
thiazoldine-2, 4-dione.
Example 49
A solution of 1.0 g of the compound obtained in
Example 19 in 900 ml of ethanol and 100 ml of acetonitrile
20 was concentrated to make the liquid volume about 1/2. The
resulting concentrate was fractionated by HPLC [column:
CHIRALPAK AD 50 mm$¢ x 500 mm (manufactured by Daicel Kagaku
Kogyo Kabushiki Kaisha), temperature: 20°C, mobile phase:

hexane/ethanol = 4/6, flow rate: 100 ml/minute, detection

25 wavelength: 254 nm, and 1 shot: about 1.2 gJ. The



solution of 1.4 ng of hydroxypropyl cellulose in 70 | of water. The
granul es were encapsul ated into a gelatin capsule. Exanple 54 5 A m xture

of 10 ng W ¢1ilsaegzonpound obtai ned in Exanple 47, PCT/JP01/01483

(R -1-{[3-chl oro-4-(4-nmet hoxyphenyl) - 7- oxi do-

5, 8-di hydro-6H-t hi opyrano[4', 3" :4,5]thi ei%z, 3- b] pyri di n-2-

yl ] met hyl }-2, 5-pyrrolidi nedione, 35 ng o actose, 150 ng of corn starch,
and 20 ng of mcrocrystalline cellulose was 10 granulated with a sol ution
of 1.4 ng of hydroxypropyl cellulose in 70 | of water. To the granul es

were added 10 mg of mcrocrystallipe cell uI and 2 of nesj um
stearate, f%ﬁ HYHF i ﬁ@xc?ﬂ rabsdl fPfg § L?{}essﬂf%ﬂsver%ujd} et i)
conpr essi on m)l ding to prepare a tablet. 15 Exanpl e 55 A mxture of 10 ny

of the conpdifhd MStRitHew i Folmtdpl ewap, filtered through a 0.45-um

(S)-1-{[3-chl.oro-4-(4-nethoxyphenyl)-7-oxid

5, 8- di hydr o-6HESThi ¥p§r m4'c@c%@ﬁ@ﬁ%n5?2 dQ-”-YB’]epsfrl di ﬁ02 the residue
yl ] met hyl } -2, 5- pyrrolidi nedi one, ng of | actose, 150 20 of corn
starch, and’@® mgiase mh&P@é?%/staé’ldl i ﬁéecer?auégéna/asmléitaﬁm ated Weanln
solution of 1.4 ng of hydroxypropyl <cellulose in 70 | of water. To the
granul®s wFRGRTHeR Ut Yy HIYRRTT de? yattain e el telReedend 2.5 ny of
magnesi um stearate, followed by m xing. The resulting mxture was 25
subj ected to conpr es AeFP I g ngtQ o Preparaneg tepteatiow 01FBAEB5 were

PCT/ JP01/ 01483 141
obtained from 2.5 g of the racemate 1.21 g (optical purity

of >99.9% ee) of an enantiomer having a shorter retention
time whose optical rotation was toward (+4)-direction, (R)-
10 3-{[3-chloro-4~ (4~methoxyphenyl)-7-oxido-5, 8-dihydro-6H-
thiopyrano[4’,3":4,5]thieno[2,3-b]lpyridin-2-yl]lmethyl}-1, 3~
thiazoldine-2,4-dione, and 1.14 g (optical purity of 99.8%
ee) of an enantiomer having a longer retention time whose
optical rotation was toward (-)-direction, (S)-3-{[3~
15 chloro-4- (4-methoxyphenyl)-7-oxido~5, 8—dihydro-6H-
thiopyrano([4’,3":4,5]thieno[2,3-blpyridin-2-yllmethyl}-1,3-
thiazoldine-2, 4-dione.
Example 50
A mixture of 10 mg of the compound obtained in
20 Example 47, (R)=1-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-
5,8-dihydro~-6H-thiopyrano[4’,3’ :4,5]thieno[2,3-b]pyridin-2-
yllmethyl}-2, 5-pyrrolidinedione, 90 mg of lactose, and 70
mg Aof microcrystalline cellulose was dgranulated with a
solution of 1.4 mg of hydroxypropyl cellulose in 70 ul of

25 water. The dJranules were encapsulated into a gelatin



Exanple 56 A mi xture of 10 ng of the conmpound obtained in Exanple 49,
(R)-3-{[3-chl oro-4-(4-net hoxyphenyl ) -7-oxi do-

5, 8- di hydwer @ldatdai opyrano[ 4', 3' : 4, 5]t hi eno[ 2, 3- b] pyri di n- 2cx/3P01/01483

yl ] et hyl }-1, 3-t hi azol di ne-2, 4-di one, 35 ng of lactose, 150 ng of corn
starch, and 20 ng of mcrocrystalline ce#épl ose was granulated with a
solution of 1.4 ng of hydroxypropyl cel ose in 70 | of water. To the
granul es were added 10 ng of mcrocrystalline cellulose and 2.5 ng of
magnesi um 10 stearate, followed by m xing. The resulting m xture was
subj ect ed to COTSeOESSi on nolding to prepare a tablet. Exanple 57 A m xture
of 10 my of° npound obtained in Exanple 49,

(S)-3-{[3-chloro-4-(4- nethoxxgpenyl) 7-oxi do- 15

5, 8-di hydr o- GFLthlop 4 5]th|eno[2 3-b] pyridin-2

yl ] met hyl } -1, 3-t hi azol di ne- 2, 4- dlone of lactose, 150 ng of_ corn
starch, and 20 ng of MhiR+BERFRL &I i b ]B%I & o %@PaPéﬁul%t@&r\ﬂq hiB
sol ution of 1.4 ng of hydroxypro cellulose in 70 of water. To the
o7 anul G5 WEREHEIGEA 4 01THg BT WG YRTAT 4TS G PlogeY L 225K of
magnesi um stearate, followed by m xi ng. The resul ti n? m xture 'was

subj ect ed to ScEtipvv @é%fl‘cﬁﬂ‘rﬁhld?m@fatrtp A opHr et 2D L tdbl @to [2 Sl e B8imola

m xture of the conmpound obtained in Exanple 25 23 (4.5 g) et hanol (100
m), and THE I@EGG-YH - s e M8 redisyess PETmIPoaf 0laggosgszand 70

mg of microcrystalline cellulose was granulated with a
solution of 1.4 mg of hydroxypropyl cellulose in 70 pl of
water. The ¢granules were encapsulated into a gelatin
10 capsule.
Example 52
A mixture of 10 mg of the compound obtained in
Example 49, (RY=-3-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-
5, 8-dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-2-
15 yl]lmethyl}-1,3-thiazoldine-2,4-dione, 90 mg of lactose, and
70 mg of microcrystalline cellulose was granulated with a
solution of 1.4 mg of hydroxypropyl cellulose in 70 ul of
water. The granules were encapsulated into a gelatin
capsule.
20 Example 53
A mixture of 10 mg of the compound obtained in
Example 49, (S)=-3-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-
5,8-dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-2-
yllmethyl}-1,3-thiazoldine-2,4-dione, 90 mg of lactose, and

25 70 mg of microcrystalline cellulose was granulated with a



hydrazi ne hydrate (20 m) at roomtenperature. This mxture was stirred at
70C for 2 hours and then evaporated under reduced pressure. The residue
was di | uted omeiéss chl orof orm and the resulting sol ution wagtvwsiiedsiv t h
water, 5 dried (MgJSO™), and then evaporated under reduced pressure to
renove the solvent to obtain 2-am nonet h¥403 chl oro- 4-

(4- nethoxyphenyl) 7- oxi do- 5, 8-di hydr o- 6H

t hi opyrano[4',3' :4,5]thieno[2,3-b]pyridine: (OS1 SI NNHZ C W 10
(3.0 g, 890). It was recrystallized fromethyl acetate- hexane. Colorl ess
prisnms. Melting point 300C or her npl e. 59 To a m xture of the
conpound oHtA 4 e Exarpl &9 339(hY@?%ﬁYPPPPYhO?S%ﬂ§1PEéniéhé@hIH%n?fn1de

(2.6 g), and k6 15 DWF &45 m ) was added DBU (2.0 g) under .ice cooli and
then the ré&H%%ng nt ?ur%rﬂﬁ’él%l r"l’%]aef(?rn%a%{ﬁ%tedfhéntroeaétl%ﬁ ﬂgi’flure
was poured into a saturated aqueous solution of ammoni um chloride (150 m)
and extract@®PSHir ethyl acetate. The ethyl acetate |ayer was washed with
20 water, dried (MgSX4), and then evaporated under reduced pressure to
remove the sol vent. TheaMRks dife was subjected to colum chromat ography on
silica gel and to obtain 1-{[3 WD 01/64685 PCT/JP01/01483 143

chl or & 8- f | uor o- 7- hydk oR§xaufa- @t hokypBemf )the compound obtained in

Example 47, (R)-1-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-
5,8-dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-b]pyridin-2-
yllmethyl}-2,5-pyrrolidinedione, 35 mg of lactose, 150 mg
of corn starch, and 20 mg of microcrystalline cellulose was
10 granulated with a solution of 1.4 mg of hydroxypropyl
cellulose in 70 pl of water. To the granules were added 10
mg of‘microcrystalline cellulose and 2.5 mg of magnesium
stearate, followed by mixing. The resulting mixture was
subjected to compression molding to prepare a tablet.
15 Example 55
A mixture of 10 mg of the compound obtained in
Example 47, (S)-1-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-
5,8-dihydro—-6H-thiopyrano[4’,3':4,5]thieno[2,3-b]pyridin-2-
yllmethyl}-2, 5-pyrrolidinedione, 35 mg of lactose, 150 mg
20 of corn starch, and 20 mg of microcrystalline cellulose was
granulated with a solution of 1.4 mg of hydroxypropyl
cellulose in 70 u; of water. To the granules were added 10
mg of microcrystalline cellulose and 2.5 mg of magnesium
stearate, followed by mixing. The resulting mixture was

25 subjected to compression molding to prepare a tablet.



[ 1] benzot hi eno[ 2, 3-b] pyridin-2-yl]nmethyl }-2,5- pyrrolidinedione: 0 F HO S
NN CI O He 5 (750 ng, 48% fromthe eluates with chl orof ormhexane-ethy
acetate (Woo01446851). It was recrystallized from THF- hexanect/fPol/erukess
prisnms. Melting point 294-295C. Exanple 60 To a solution of the conpound
obtained in Exanple 10 59 (250 ng) in DKF (5 M) was added sodi um hydri de
(60%in oil, 25 ng) under ice cooling. ﬁ%er stirring at room tenperature
for 10 m nutes, iodonethane (150 ng) was added thereto and then the
stirring was continued for 30 mnutes. The reaction m xture was poured
into water and extracted 15 wth ethyl acetate. The ethyl acetate |ayer was
washed wth water, &P ), and then evaporated under reduced
pressure to renove the splvent tgo obtain 1-{[3- , ,
chloro-8-fluoro-?-ne#%d%%gﬁufﬂ-ﬁgfHH%yBﬁeﬁV%)Tﬁﬁ compound obtained in
benzothieagég,S-b]pyridin-2-y|]nethy| -2,5-pyrroljdinedione 20 (190 ny,
740). It RS st i z80 T3 oh IR ne. (4 oih egease ) JPoir bdas3

144 Col orless prisnms. Melting point 215-216C. 0 | o
5,8-dihydro~6H~thiopyrano([4’,3’ :4,5]thieno[2,3-blpyridin-2-

5 yllmethyl}-1,3-thiazoldine-2,4~dione, 35 mg of lactose, 150
mg of corn starch, and 20 mg of microcrystalline cellulose
was Jgranulated with a solution of 1.4 mg of hydroxypropyl
cellulose in 70 ul of water. To the granules were added 10
mg of microcrystalline cellulose and 2.5 mg of magnesium

10 stearate, followed by mixing. The resulting mixture was
subjected to compression molding to prepare a tablet.
Example 57
A mixture of 10 mg of the compound obtained in
Example 49, (S)-3-{[3~chloro-4- (4-methoxyphenyl) -7-oxido-
15 5,8-dihydro-6H-thiopyrano[4’,3’ :4,5]thieno[2,3-b]pyridin-2-
yllmethyl}-1,3-thiazoldine-2,4-dione, 35 mg of lactose, 150
mg of corn starch, and 20 mg of microcrystalline cellulose
was granulated with a solution of 1.4 mg of hydroxypropyl
cellulose in 70 pl of water. To the granules were added 10
20 mg of microcrystalline cellulose and 2.5 mg of magnesium
stearate, followed by mixing. The resulting mixture ‘was
subjected to compression molding to prepare a tablet.
Example 58
To a mixture of the compound obtained in Example

25 23 (4.5 g), ethanol (100 ml), and THF (100 ml) was added



FMOSNN C O Ow Exanple 61 5 To a m xture of the conpound obtai ned
in Exanple 45 (200 ng), iodonethane (176 ng), and DMF (6 nl) was added
DBU (158 wayoisackdr i ce cooling. The reaction sol ution was patjpoi/edsat 0C
for 20 m nutes, then poured into a saturated aqueous sol ution of anmoni um
chloride, and extracted wth 10 et hyl ﬁ %te-THF (5. 1) The extract was
washed with water, dried (MgS04), and t é evapor at ed under reduced
pressure to renove the solvent. The residue was subjected to columm
chronatography on silica gel to obtain 1-{[ 3-

chl oro-4-( 0X th oxo 15 5,6, 7 ,

8- tetrahydArbe %Jn% tﬁ?%%tze3 %](gyrnﬁa %% ¥room temperature’. This
yl ] met hyl } -2, 5-pyrroI|d|ned|one 0 dVie MeS N ML~MCO WW
01/ 64685 PETIBMAS las3stinsed 18D ?ra C 6595 %Wmea@qiuatl@@ aveRoERkEFH

hexan A col or] ess powder. N@Itln oj nt 214-216C. Exanple 62
acetate- uné%r reduced pre%sure he g%égldue was dllutedhpw1th

chloroform and the resulting solution was washed with water,
5 dried (MgS0O,), and then evaporated under reduced pressure

to remove the solvent to obtain 2-aminomethyl-3-chloro-4-

(4-methoxyphenyl)-7-oxido-5, 8-dihydro—-6H-

thiopyrano[4’,3”:4,5]thieno(2,3-b]lpyridine:

S._N NH
O Y 2
7 >cl
OMe
10 (3.0 g, 89%). It was recrystallized from ethyl acetate-

hexane. Colorless prisms. Melting point 300°C or higher.

Example 59
To a mixture of the compound obtained in Example
33 (1.5 g), N-fluorobis(benzenesulfon)imide (2.6 g), and
15 DMF (45 ml) was added DBU (2.0 g) under ice cooling and
then the resulting mixture was stirred for 3 hours. The
reaction mixture was poured into a saturated aqueous
solution of ammonium chloride (150 ml) and extracted with
ethyl acetate. The ethyl acetate layer was washed with
20 water, dried (MgSO,), and then evapofated under reduced
pressure to remove the solvent. The residue was subjected

to column chromatography on silica gel and to obtain 1-{[3-



To a m xture of the conpound obtained in Exanple 5 45 (220 ng),

N-f | uor obi s(benzenesul fon)imde (391 ng), and DWMF (6 nml) was added DBU
(158 ny) wedArs4égde cooling. The reaction m xture was Stlﬁkﬁﬂm@ﬂqﬂ@;for 30
m nutes and then poured into a saturated agueous sol ution of amoni um
chloride and extracted with ethyl acetat E'EHF (5 : 1). The 10 extract was
washed with water, dried (MgSO4), and th f evapor at ed under reduced
pressure to renove the solvent. The residue was subjected to col umm

chr omat ogr aphy on silica gel to obtain 1-{[3-chloro-8, 8-difluoro-4-(4-

rrethoxyphenl) met h 7-0X0-5,6,7 tetrahydro 1
[1]benzoth| Tﬁ ?%}?|9¥@47%¥t% ? ~Begho g? giﬁedione O OF FS N

N Me | fromthe eluates with ethyl

acet at e- hexgﬁ@%%ﬁno k4 “@]Pyﬁl%n FTY e TREH st aPTi zed from

et hanol -i sopropyl, 20 et ,her Colorless prisns. Melting point of 200-202C.
Exanpl e 63 RMS 00 isHeEr M1 9P01/ 01483 146 A nixture of the conpound
obtained in Exanple 33 (2.0 g), hydroxylam ne hydrochl oride (673 ng),
water (5 m), methanol (5 m), and THE (M0 nl) was heat under reflux for

HO

OMe
5 (750 mg, 48%) from the eluates with chloroform—hexane-ethyl
acetate (2 : 2 : 1). It was recrystallized from THF-hexane.

Colorless prisms. Melting point 294-295°C.
Example 60
To a solution of the compound obtained in Example
10 59 (250 mg) in DMF (5 ml) was added sodium hydride (60% in
0il, 25 mg) under ice cooling. After stirring at room
temperature for 10 minutes, iodomethane (150 mg) was added
thereto and then the stirring was continued for 30 minutes.
The reaction mixture was poured into water and extracted
15 with ethyl acetate. The ethyl acetate layer was washed
with water, dried (MgSO,), and then evaporated under
reduced pressure to remove the solvent to obtain 1-{[3-
chloro-8-fluoro-7-methoxy-4- (4-methoxyphenyl) [1]-
benzothieno[2,3-b]lpyridin-2-ylimethyl}-2, 5-pyrrolidinedione

20 (190 mg, 74%). It was recrystallized from THF-hexane.



2 hours and then evaporated under reduced pressure to 5 renove the sol vent.
The residue was dissolved in nethylene chloride and the resulting solution
was washewgnilgiesd sSat urated, aqueous sol ution of sodi um hpedrpggmagar bonat e
and water, dried (MgSO), and then evaporated under reduced pressure to
renove the solvent. The residue was subj qt ed 10 to col um chromat ogr aphy
on silica gel to obtain (2)-1-{[3- chlor 24 (hydr oxyi m no) -4-

(4- nmet hoxyphenyl) -5, 6, 7, 8-

t et rahydro[ 1] benzot hi eno[ 2, 3-b] pyri di n-2-yl ] nmethyl }-2,5- pyrrolidinedi one:
0O HONS NN d O w, 15 (810 , 399 fromthe eluates with ethyl

acet ate- cHIOIVIRTH @Ar1Inas MeEEEHPAtnboft? oAl 14 was' recrystal l i zed
from THF- hexane. Col orl ess prisms. Ml tiag poi nt 248-249C. 20 In addition,

(E)-1-{[3-chloro-7-(hydr oxyr’_—m’ no) - 4-
(4- met hoxyphenyl ) - 5, %ﬁt pt r ghydr o[ 1 nzpt hi eno[ 2, 3 WO 01/ 64685
PCT/ JP01/ 01483 147 b ' \ , 5-pyrrolidinedone: O HONS

N N

Example 61
5 To a mixture of the compound obtained in Example
45 (200 mg), ilodomethane (176 mg), and DMF (6 ml) was added
DBU (158 mg) under ice cooling. The reaction solution was
stirred at 0°C for 20 minutes, then poured into a saturated
aqueous solution of ammonium chloride, and extracted with
10 ethyl acetate-THEF (5 : 1). The extract was washed with
water, dried (MgsSO,), and then evaporated under reduced
pressure to remove the solvent. The residue was subjected
to column chromatography on silica gel to obtain 1-{[3-
chloro-4- (4-methoxyprhenyl)-6,6, 8, 8-tetramethyl-7-oxo-
15 5,6,7,8-tetrahydro[l]lbenzothieno([2,3-b]pyridin-2-

yllmethyl}-2,5~pyrrolidinedione:

0

Mes Mes N
Me A»

Z~c| O

Me

OMe



ao Ow (226 ng, 119 was obtained froma nore polar portion. It was
recrystallized from THF- hexane. Colorless prisnms. 5 Melting point

250- 251C. wickarmpégs 64 To a m xture of the conpound obtai neddrypbyesigl € 32
(150 ny), triethylamne (41 ng), nethylene chloride (4 m) and DW (0.4

m ) was added acetyl chloride (27 np) 101? der ice-cooling. The reaction

m xture was stirred at roomtenperature r 30 mnutes, poured into water
and then extracted with ethyl acetate. The ethyl acetate |ayer was washed
with water, and dried (MJSO4). The solvent was distilled off under reduce
pressure to _obtain 4-{3-chloro- 15 ,

2-1(2, 5-di %64 Brr 6%%& MO Ety | §L92 e i Biithoafhyl acetate-hexane.

di hydro-6H-t hi opyrano[4', 3':4,5]thieno[2, 3-b] pyridin-4- yl}phenyl acetate
(75 ng, 463 Colondpss qawaamn | i%d:m%rﬁo%tfet%wet%ﬂe@?&ne. Col orl ess pri sns.
Mel ting point 272-273C. According to the same manner, conpounds of 20
Exanmpl es 65 to 72 sh&Wrl-eTdtd e 8 were synt hesi zed. Table 8 WD 01/ 64685

PCT/JP01/01483 148 O S NN | @S d
To a mixture of the compound obtained in Example

5 45 (220 mg), N-fluorobis(benzenesulfon)imide (391 mg), and
DMF (6 ml) was added DBU (158 mg) under ice cooling. The
reaction mixture was stirred at 0°C for 30 minutes and then
poured into a saturated aqueous solution of ammonium
chloride and extracted with ethyl acetate-THF (5 : 1). The

10 extract was washed with water, dried (MgsSO,), and then
evaporated under reduced pressure to remove the solvent.
The residue was subjected to column chromatography on
silica gel to obtain 1-{[3-chloro-8,8-diflucro-4- (4-

methoxyphenyl) -6, 6~dimethyl~7-oxo0-5,6,7,8-tetrahydro-

15 [l]benzothieno[2,3-b]lpyridin-2-yllmethyl}-2, 5-
pyrrolidinedione:
0,
O P<F SNy Ni:]
IVIeIVIe L g 6
OMe

(85 mg) from the eluates with ethyl acetate-hexane-methanol
(1 : 2 : 0.1). It was recrystallized from ethanol-isopropyl

20 ether. Colorless prisms. Melting point of 200-202°C.

Example 63



OR Exanmple Melting point R C) Recrystallization solvent No. (C) 64 COw
272-273 acetone-hexane 65 COEt 268-269 acetone-hexane 66 CO Bu 305-306

et hyl acewvgt@hesane 67 CO(CH2) 14Me 160- 161 acet one- hexarneT/81/6483H20Ve
207-208 ethyl acetate hexane 69 COCH2CI 167-168 acetone 70 CO & CF3
281-282 T HF -hexane CF3 71 CO0 178- 172 r%/Lhyl acetate- hexane CF3 F F 72
CO F 156- 157 acetone-hexane F F 73 COCH2RRE2™ HCO 199- 200 et hanol - hexane
74 P(O Me2 253-254 T H F -hexane 75 P(O) (cyc.Hex)2 167-168 ethyl acetate
hexane WO 01/ 64685 PCT/JP01/01483 149 76 P(O (OEt)2 204-205 ethyl acetate-

A mixture of the compound obtained in Example 33

(2.0 g), hydroxylamine hydrochloride (673 mg), water (5 ml),

methanol (5 ml), and THF (40 ml) was heat under reflux for

2 hours and then evaporated under reduced pressure to

5 remove the solvent. The residue was dissolved in methylene

chloride and the resulting solution was washed with a

saturated, aqueous solution of sodium hydrogen carbonate

and water, dried (MgSQ,), and then evaporated under reduced

pressure to remove the solvent. The residue was subjected

10 to column chromatography on silica gel to obtain {(Z)-1-{[3-
chloro-7- {(hydroxyimino)-4- (4-methoxyphenyl)-5,6,7, 8-

tetrahydro[l]lbenzothieno[2,3~-b]pyridin-2-yl]lmethyl}-2, 5-

pyrrolidinedione:
0
HO
Ny S Ny N
|l
“~c1 O
OMe
15
(810 mg, 39%) from the eluates with ethyl acetate-
chloroform (1 : 1) as a less polar portion. It was
recrystallized from THF-hexane. Colorless prisms. Melting
point 248-249°C.
20 In addition, (E)-1-{[3-chloro-7-(hydroxyimino)-4-

(4-methoxyphenyl)-5,6,7,8-tetrahydro[l]lbenzothieno[2, 3~



hexane 77 P(O (OPh)2 200-201 T H F -hexane IR (KBr): 1775, 78

P(O (OCH2CH2CH2Me) 2 anor phous solids 1713, 1329, 1279 Cr , IR (KBr): 1775,
79 P(O ( Gyid2ferdyes3) 2 anor phous solids 1713, 1331, 1275 Cr ,pdi3poKb¥sss 1775,
80 P(O (OCH2CH2CH2CH2Me) 2 anor phous solids 1711, 1324, 1277 cm| 81
CONHCH2CH2Me 164- 165 THF- hexane 82 CCNHg@%CHZCHZNb 150- 152 et hyl acet ate-
hexane 83 CONH(cyc. Hex) 260-261 T H F -héxane 84 CONHCH2COCEt 202-203

et hyl acetate- hexane 85 SO2CHWe2 288-289 T H F -hexane 86 SOQ2CH2CHWE2
215- 216 acetone-hexane 87 CO-N O 327-328 DM5S O-water 88 CONMe2 290- 291

chl or of or m hexane ., Exanpl e 7 i xture of the,conpound obtained in Exanple
32 (962 m) Dkt oTyreen{sbof neyBratal 151 S9pSe T

di met hyl am nopr opyl ) car bodi i m de hydrochugride (WBC, 556 ng) and pyridine
(8 M) was stirred at roomtenperature foi:]lo hours and then the sol vent

was renmoved under reduce
o~ S NN

OMe
(226 mg, 11%) was obtained from a more polar portion. It
was recrystallized from THF-hexane. Colorless prisms.

5 Melting point 250-251°C.
Example 64
To a mixture of the compound obtained in Example
32 (150 mg), triethylamine (41 mg), methylene chloride (4
ml) and DMF (0.4 ml) was added acetyl chloride (27 mg)
10 under ice-cooling. The reaction mixture was stirred at
room temperature for 30 minutes, poured into water and then
extracted with ethyl acetate. The ethyl acetate layer was
washed with water, and dried (MgSO,). The solvent was
distilled off under reduce pressure to obtain 4-{3-chloro-
15 2-[(2,5-dioxo-1-pyrrolidinyl)methyl]-7, 7-dioxido-5, 8-
dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-blpyridin-4-
yl}lphenylacetate (75 mg, 46%). It was recrystallized from
acetone-hexane. Colorless prisms. Melting point 272-273°C.
According to the same manner, compounds of
20 Examples 65 to 72 shown in Table 8 were synthesized.

Table 8



WO 01/ 64685 PCT/JP01/ 01483 150 pressure. The residue was diluted with

ethyl acetate (10 m) and the m xture was washed with water and dried

(MS™M) . woa/ssgdsvent was renoved under reduced pressure grd/ipifor4g£si due

(210 nmg) was dissolved in chloroform (2 m) . To 5 the solution was added 4

N hydrochl oric acid-ethyl acetate sofutigg (0.09 m) with stirring under

i ce-cooling and the mxture was further irred for 10 m nutes. The

reaction mxture was concentrated under reduced pressure to obtain

crystals of 4-{3-chloro-2-[(2,5-dioxo-|-pyrrolidinyl) 10

met hyl ] -7, 7-di oxi do- 5, 8-di hydro-6Ht hi opyrano[4', 3" :4,5]-

t hi eno[ 2, 3-b] pyri di n-4-yl } phenyl (atinmet hyl am no)acetate hydrochloride. It

was recrystallized fron1ethan§k-he . Colorless crystals. Melting point
f the conpound obtained in Exanple

nd nmet hyl ene chloride (3 nm) was added

17 nmg) under ice-cooling. The reaction

erature for 2 hours, poured into water,

and 20 extracted with ethyl ate. The ethyl acetate |ayer was washed

with water and dried (MySO4) dnd the solvent was distilled off under

reduced pressure. The residue@as subjected to silica gel colum

chromat ography to obtain 4-

{3-chl oro-2-{(2, 5-di oxo-1-pyrrolidinyl)nmethyl]-7,7-di oxido 25

32 (100 ng) triethyla
di met hyl phosphi ni c cHP
m Xture was stirred at roo

5, 8-dhydro- 6Ht hi opyrano[4',3"':4,5]thieno[2, 3-b] pyridin-4
1 Melting point
Bxample R og P Recrystallization solvent
No. (C)
64 COMe 272—273 acetone-hexane
65 COEt 268—269 acetone-hexane
ethyl acetate-
66 CO'Bu 305—306
hexane
67 CO(CHpq4Me 160—161 acetone-hexane
ethyl acetate-
638 COCH,OMe 207—208
hexane
69 COCH,CI 167—168 acetone
70 COOC% 281—282 T H F -hexane
CF5
thyl tate-
71 co 178—179 SRRy~ acemate
hexane
CF5
E F
72 CcO F 156—157 acetone-hexane
F F
73 COCH_NMe, « HCI 199—200 ethanol-hexane
74 P(O)Me, 253—254 THF-hexane
75 P(O)(cyc.H 167—168 sthyl acetate-
(©)eye.Hex), - hexane




WO 01/ 64685 PCT/JP01/01483 151 yl}phenyl di met hyl phosphinate (67 ng, 58%
fromthe fraction eluted with ethyl acetate-nethanol (10 : 1). It was
recryst al Wozagségsom THF- hexane. Col orl ess prisns. Ml ting pcaaipdi/nidgs- 254C.
5 According to the sane manner, the conpound of Exanple 75 shown in Table
8 was synt hesized. Exanple 76 To a rﬁXEIt\JArﬁ of the compound obtained in
Exanple 32 (300 ng) , THF (6 n) and ?0.5 m) was added sodium 10
hydride (60%in oil, 37 ng) under ice-cooling and then the m xture was
stirred for 15 mnutes. Diethyl phosphoryl <chloride (217 ng) was added

thereto and [the stirring was continued flor_addi {1 ohalcthyhoidesatnder
i ce-cooling.| Thd® redction MOUQFE was pourd¥—i48o hater gpd. extracted with
15 et hy| ace et h\ll acetate | ayeri was washed with water and!dried
(MySH4) and |t he 50l vent was Fb)&s prh, ed of f sypdesyqr educefypr gssyre. The
resi due was |subj ect ed i'ca gel col um chromat pgraphy to obtain
4-{3-chl oro-Z= 172, b-dl oxo I=pyrrolidinyl)met nyl |- 7| 7<di 0xE90-5,78; di fiydr o-
20 6H-t hi opyrangg4', J' fg( SlbHLLROEEAR), b] ply rAMerRhous v }pﬂ@nyigjgetmgphosphat e
(200 ng, 529 fromtq action -eluté&d wthsaidhyl hcet at e- plexane (4(1). It
was recrystiallized firomethyl acetate-hexane.  Col o] ting
poi nt 204-205C. 25 Adcording to the sane [Maefhous he ¢8 hilst 'dp”
79 P(O)(OCH,CHMe,), . 1713, 1331, 1275
solids 1
cm
amorohous IR (KBr): 1775,
80 P(0)(OCH,CH,CH,CH,Me), phou 1711, 1324, 1277
solids i
cm
81 CONHCH,CH,Me - 164—165 THF-hexane
thyl tate-
82 CONHCH,CH,CH,Me 150—152 SERy” acerare
hexane
83 CONH(cyc.Hex) 260—261 THF-hexane
ethyl acetate-
84 CONHCH,COOE# 202—203
hexane
85 S0O,CHMe, 288—289 THF-hexane
86 SO,CH,CHMe, 215—216 acetone-hexane
87 CO-N O 327—328 DMS O-water
./
88 CONMe, 290—291 chloroform-hexane
Example 73

A mixture of the compound obtained in Example 32

(462 mg), dimethylglycine (300 mg), l-ethyl-3-(3-

5 dimethylaminopropyl)carbodiimide hydrochloride (WSC, 556
mg) and pyridine (8 ml) was stirred at room temperature for

10 hours and then the solvent was removed under reduced



WO 01/ 64685 PCT/JP01/ 01483 152 Exanples 77 to 80 shown in Table 8 were
synt hesi zed. Exanple 81 To a m xture of the conpound obtai ned in Exanpl e

32 (300 ny@o otteusgat hyl am ne (127 ng) and net hyl ene chl ori deectaroforikd was
added propylisocyanate (80 ng) under ice-cooling. The reaction m xture was
stirred at roomtenperature for 10 houri poured into water, and then
extracted with ethyl acetate. The ethyl ggetate | ayer was washed with
water, dried (MgSO4) and the solvent was distilled off under 10 reduced
pressure. The residue was subjected to silica gel columm chronmatography to
obtain 4-{3-chloro-2-[(2,5-di axo- . .

1- pyrrolidi%ﬁ%%ﬁ%w]&5?71&5%%-@%-‘&%%%?6- gith ethyl acetate (10

t hi opyrano[4', 3" :4,5]thieno[ 2, 3-b] pyridin-4-yl }phenyl - propyl carbamte (220
ng. 629 f 130 R R oRC & it R WA FRaS ‘%%%L}IW%E%%/&?%- h%%%% (B950g)- |t
was recrystallized from THF-hexane, Colorless prisnms. Mlting pojnt

164- 165C. R oFaitN§o VRS RO RhnERASTher 88HPBEANRT VTS BRINEREs §Peto 84
shown in Table 8 were synthesized. Exanple 85 20 To a m xture _of the
conpound oBt&HIEH | 2 ERamdle WP €2580HGFI X HhYIELENEN (186 ™Y)- and®

met hyl ene chloride (5 m) was added isopropylsul fonyl chloride (112 np)
under 9 ce-tdvvl Nt PR veaceldadnidxduhydrecskarredaidrobay! t eaperhture
for 3 hours, poured into water and extracted 25 with ethyl acetate. The
ethyl acet@®lutEyar (RsOfashedwith stirring under ice-cooling and the

mixture was further stirred for 10 minutes. The reaction
mixture was concentrated under reduced pressure to obtain
crystals of 4-{3-chloro-2-[(2,5-dioxo-1-pyrrolidinyl) -

10 methyl]-7, 7-dioxido~5, 8-dihydro-6H-thiopyrano(4’,3’ :4,5]-
thieno(2,3-blpyridin-4-yli}phenyl (dimethylamino) acetate
hydrochloride. It was recrystallized from ethanol-hexane.
Colorless crystals. Melting point 199-200°C.

Example 74

15 To a mixture of the compound obtained in Example
32 (100 mg), triethylamine (70 mg) and methylene chloride
(3 ml) was added dimethylphosphinic chloride (97%, 73 mg)
under ice-cooling. The reaction mixture was stirred at
room temperature for 2 hours, poured into water, and

20 extracted with ethyl acetate. The ethyl acetate layer was
washed with water and dried (MgSO,) and the solvent was
distilled off under reduced pressure. The residue was
subjected to silica gel column chromatography to obtain 4-
{3-chloro-2-{ (2, 5-dioxo-1-pyrrolidinyl)methyl] -7, 7-dioxido-

25 5,8—dhydro—6H—thiopyrano[4',3’:4,5]thieno[2,3—b]pyridin—4—



WO 01/ 64685 PCT/JP01/01483 153 with water and dried (MgSO4) and the
solvent was distilled off under reduced pressure. The residue was

subj ect edwigm1/63édsi ca gel col umm chronat ogr aphy to 4-{3- chlpgrardt/hs83 5-

di oxo-1-pyrrolidinyl)nethyl]-7,7-dioxido-5, 8-di hydro-6H 5
thiopyrano[4',3':4,5]thieno[2,3-b]pyridiaﬁﬁ-yl}phenyl 2- propane sul fonate
(200 ng, 66% fromthe fraction eluted h ethyl acetate-hexane (2 : 1)
It was recrystallized from THF- hexane. Colorless prisns. Melting point
288- 289C. 10 According to the same manner, the conpound of Exanple 86

shown in Tah| e 8 s synt hesi zed. Exanpl 7 To ol ution of the conpound
obtaf ned | i ERIAI G L (ORI E R agF AP iP5 aF 5 WatoRdHRR APegEIon
nmor phonyl car.bon chloride_ (188 at roomtenperature. The reaction

mi xt ure wm?%ﬂ?%%ed”ﬂ%l1Gtﬁ&&rsagg%aFﬁéWetéﬁygéal§18f 2oL 1t was

4-{3-chloro-2-[(2, 5-dj oxo-1- _ .
pyrrol i di nyI9Gethalized df o dBE 5 Be g R dr ocBiprless prisms. Melting

t hi opyrano[4',3':4,5]thieno[ 2, 3-b] pyridin-4-yl}phenyl 20 norpholine

car boxyl at @UeHoAITLWRCriltered off and washed with water. It was
recrystallized from DNSO-water (152 ng, 41% Pale yellow prisnms. Mlting
poi nt B27- 328C. ExamfterBding Te atbel wath BRNRRE coRpOUFPTHPLAIChedTi n

Exanpl e
Example 75 shown in Table 8 was synthesized.

Example 76
To a mixture of the compound obtained in Example
32 (300 mg), THF (6 ml) and DMF (0.5 ml) was added sodium
10 hydride (60% in oil, 37 mg) under ice-cooling and then the
mixture was stirred for 15 minutes. Diethylphosphoryl
chloride (217 mg) was added thereto and the stirring was
continued for additional 3 hours under ice-cooling. The
reaction mixture was poured into water and extracted with
15 ethyl acetate. The ethyl acetate layer was washed with
water and dried (MgSO,) and the solvent was distilled off
under reduced pressure. The residue was subjected to
silica gel column chromatography to obtain 4-{3-chloro-2-
[(2,5-dioxo~1-pyrrolidinyl)methyll-7,7-dioxido-5,8-dihydro~
20 6H-thiopyrano([4’,3":4,5]thieno[2,3-b]lpyridin-4-
yliphenyldiethylphosphate (200 mg, 52%) from the fraction
eluted with ethyl acetate-hexane (4 : 1). It was
recrystallized from ethyl acetate-hexane. Colorless prisms.
Melting point 204-205°C.

25 According to the same manner, the compounds of



WO 01/ 64685 PCT/JP01/ 01483 154 32 (200 ng) in pyridine (4 mM) was added
di net hyl carbanoyl chloride (113 ng) at roomtenperature. The reaction
m xture wa® @Elsségsed for 10 hours, poured into water and edm@ei/edsivith
ethyl acetate. The ethyl acetate |ayer was 5 washed with water and dried
(MgS™) and the solvent was distilled o{n;ﬁ%under reduced pressure. The
resi due was subjected to silica gel col chromat ography to obtain 4-
{3-chl oro-2-[2,5-di oxo-I-pyrrolidinyl)methyl]-7,7-di oxi do-
5, 8-di hydro-6H-thi opyrano[4',3" :4, 5]thieno[2,3-b]pyridin-4 10 yl}phenyl
di et hyl carbamate (180 ngy, 79% fromthe fraction eluyted with ethyl
y%|QQ%%%S

acet at e- he R&AEPIES1) y<t diafifed MOh G Brifi%rexane.

Colorless prisns. Melting paint 290-291C. Exanple 89 15 To a m xture of

t he conmpound obt ai ne@%@f&%@& e 32 (500 ng), triethylamne (138 ng) and
met hyl ene chl ori de 10 m ) was added nethyl chl orocarbonate (109 under
i ce-cooling. The readd éh TXEwre dhstEei FPRRORRD, O&ha 106 efatitirad 1
hour, poured into water and then 20 extracted with ethyl acetate. The ethyl
acetate | ayér wd¥ HR@shebt i thyh@iene and2dr ed emgsant RneERAAGR was
distilled off under reduced pressure to obtain 4-{3-chloro- .

2-[ 2, - di oX6- Mpyes isgidad IRl sor vArditexi (fdl miP under ice-cooling.

di hydro-6H-t hi opyrano[4',3':4,5]thieno[ 2, 3-b] pyridin-4- 25 yl}phenyl

met hyl car b8h&t & c@480-org MigBeYte Wasygfirred at room temperature for 10

hours, poured into water, and then extracted with ethyl
acetate. The ethyl acetate layer was washed with water,
dried (MgSO,) and the solvent was distilled off under
10 reduced pressure. The residue was subjected to silica gel
column chromatography to obtain 4-{3-chloro-2-[(2,5-dioxo-
l-pyrrolidinyl)methyl]-7,7-dioxido-5,8-dihydro-6H-
thiopyrano([4’,3’:4,5]thieno[2,3-blpyridin-4-yl}phenyl-
propylcarbamate (220 mg. 62%) from the fraction eluted with
15 ethyl acetate-hexane (2 : 1). It was recrystallized from
THF-hexane. Colorless prisms. Melting point 164-165°C.
According to the .same manner, the compounds of
Examples 82 to 84 shown in Table 8 were synthesized.
Example 85
20 To a mixture of the compound obtained in Example
32 (250 mg), triethylamine (106 mg) and methylene chloride
(5 ml) was added isopropylsulfonyl chloride (112 mg) under
ice-cooling. The reaction mixture was stirred at room
temperature for 3 hours, poured into water and extracted

25 with ethyl acetate. The ethyl acetate layer was washed



WO 01/ 64685 PCT/JP01/01483 155 recrystallized fromethyl acetate-hexane.
Colorless prisms. Mlting point 275-276C. According to the sanme manner,

conmpoundswef o1/elsganpl es 90 to 101, 103, 104, 107 and 108 sh@wmyponoikedle 9 5
were synthesized. Table 9 SNR2Z RS C ORlL Exanple R R2 a) Melting

poi nt Recrystallization No. (C) solvent §9 COOWVe sue 275-276 et hyl
acetate hexane 90 COCEt sue 231-232 et h§7P acet ate- hexane 91 COOCH2CH2Me
sue 156-157 ethyl acetate- hexane 92 COQ(CH2)3Me sue 173-174

acet one- hexane 93 COOCHWe2 sue 239-240 ethyl acetate hexane 94

g e o &30l T o LA B S LA e Mg T
off under reduced pressure. The residue was subjected to
silica gel column chromatography to 4-{3-chloro-2-[(2,5-
dioxo-l-pyrrolidinyl)methyl]-7, 7-dioxido-5, 8-dihydro-6H-

5 thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-4-yl}phenyl 2-
propane sulfonate (200 mg, 66%) from the fraction eluted
with ethyl acetate-hexane (2 : 1). It was recrystallized
from THF-hexane. Colorless prisms. Melting point 288-
289°C.

10 According to the same manner, the compound of
Example 86 shown in Table 8 was synthesized.
Example 87
To a solution of the compound obtained in Example
32 {300 mg) in pyridine (5 ml) was added 4-
15 morphonylcarbonyl chloride (188 mg) at room temperature.
The reaction mixture was stirred to 10 hours and then
crystals of 4-{3~-chloro-2-[ (2, 5~dioxo-1-
pyrrolidinyl)methyll-7, 7-dioxido-5, 8~dihydro-6H-
thiopyrano[4’,3’ :4,5]thieno[2,3-b]lpyridin-4-yl}phenyl
20 morpholine carboxylate deposited was filtered off and
washed with water. It was recrystallized from DNSO-water
(152 mg, 41%). Pale yellow prisms. Melting point 327-
328°C.
Example 88

25 To a solution of the compound obtained in Example



59, 97 COQ(CH2) 7Me sue anorphous IR (KBr) : 1759, solids 1709 cm 98
COOCH2Ph sue 160-161 ethyl acetate- hexane 99 COQ(CH2)20Me sue 137-138 T H
F - hexanew¥d1@46654685 PCT/ JP01/ 01483 156 100 COOCH2CH=CHZgumog®Qsx10 T H
F -hexane 101 COOCH2CMe3 sue 284-285 T H F - hexane 102 H this 219-220
acetonitrhexaneile - 103 COQ( CH2) 3Me thiﬁ é63-164 et hyl achexaneetate 104
COOCH2CHMe2 thia 155-156 et hyl acetate- 8%ane 105 Me pht 298-299 T HF
-hexane 106 H pht 342-343 nethyl ethyl ketone-hexane 107 COQ(CH2) 3Me pht
172- 173 ethyl acetate- hexane 108 COOCHZCHNBZ pht 175-176 ethyl acetate-

hexane a)32 (%bgaﬁg 18 ﬁy}Tdﬁﬁéa i_nﬂﬁ as addeé dgmethy9carbamoyl
chloride (113 mg) at room temperature. The reaction
mixture was stirred for 10 hours, poured into water and
extracted with ethyl acetate. The ethyl acetate layer was
5 washed with water and dried (MgSO,) and the solvent was
distilled off under reduced pressure. The residue was
subjected to silica gel column chromatography to obtain 4-
{3-chloro-2-[2,5-dioxo-1-pyrrolidinyl)methyl]l-7, 7-dioxido-
5,8-dihydro-6H~thiopyrano[4’,3’:4,5]thieno[2,3~blpyridin-4-
10 yl}phenyl dimethylcarbamate (180 mg, 79%) from the fraction
eluted with ethyl acetate-hexane (2 : 1). It was
recrystallized from chloroform-hexane. Colorless prisms.
Melting point 290-291°C.
Example 89
15 To a mixture of the compound obtained in Example
32 (500 mg), triethylamine (138 mg) and methylene chloride
(10 ml) was added methyl chlorocarbonate (109 mg) under
ice-cooling. The reaction mixture was stirred at room
temperature for 1 hour, poured into water and then
20 extracted with ethyl acetate. The ethyl acetate layer was
washed with water and dried (MgSO,) and the solvent was
distilled off under reduced pressure to obtain 4-{3-chloro-
2-[2,5-dioxo-1-pyrrolidinyl)methyl]-7, 7-dioxido-5, 8-

dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-4-

oe

25 yllphenyl methylcarbonate (480 mg, 86%) . It was



Table 10 0 S
Recrystal |l i zat

ahexanecetvaf A/6idd3 CH2 COOEt
PCT/ JP01/ 01483 157 111 H 0 302- 303 et hyl

N N |
i on

(O NS Cl

ahexanecet ate -

No. Rm (C solvent -
2 215-216 et hyl

0 OR 5 Exanple Melting point
109 CH20CH2Ph 2 122-123 et hyl

hexaneWWardilha4585

ac

acet at e-

191- 192 et hyl

114 CH200Ox Bu 2 204- 205 et hyl

met hanol - di et hyl

et her

113 CH2 Gﬁggn

acet at e-
116 CH2COOH 2 260-261 acet one-hexane

CH2CONHCH2Ph 1 220-221 T H F-hexane

recrystallized from ethyl acetate-hexane.

Melting point 275-276°C.

et at e- hexane
1 175-176 et hyl
e 115 CH2COOH

112 CH2000tBu O
acet hexaneat e

1 205- 206
117

Colorless prisms.

According to the same manner, compounds of
Examples 90 to 101, 103, 104, 107 and 108 shown in Table 9
5 were synthesized.
Table 9
SNy R?
8
0,8 Z el
OR!
Example R R29 Melting point Recrystallization
No (‘C) solvent
thyl tate-
89 COOMe suc 275—276 SRy acerate
hexane
thyl tate-
90 COOEt suc 231—232 Shhy- acerare
hexane
thyl tate-
91 COOCH,CH,Me suc 156—157 SERYS mcetate
hexane
92 COO(CH,):Me suc 173—174 acetone-hexane
thyl tate-
93 COOCHMe, suc 239240 Sthyl acetate
hexane
thyl tate-
94 COOCH,CHMe, suc 237238 sHhyL acerate
hexane
95 COO(CHy)Me suc 143—144 THPF -hexane
amorphous IR (KBr): 1765,
% COO(CHy)sMe sue solids 1707 cm™
amorphous IR (KBr): 1759,
o7 COO(CH,)Me sue solids 1709 cm™
thyl tate~
98 COOCH,Ph suc 160—161 SEhyL acstate
hexane
99 COO(CH,),OMe suc 137—138 THF -hexane




Exanpl e 102 A mi xture of the conpound obtained in Exanple 28

(2.2 9),

DL-nethionine (1.9 g) and nethanesulfonic acid (20 5 m) was stirred at
100C for wowwusss The reaction m xture was ice-cool ed and pta¥raguagdls

ammoni a solution (100 m)

After sti

hydr oxyphenyl ) -7, 7-di oxi do-5, 8-di hydro-

rring fo

r additional 30

m nut e

was sl owly added thereto under ice-cooling.
z 63-{[3-chl oro-4-(4-
Pl-t hi opyrano 10

na s

[4',3 :4,5]thieno[ 2, 3-b] pyridin-2-yl]methyl }thiazolidine- 2,4-dione
deposited was filtered off and washed with water. After drying, it was
recrystaflTized frgmacetonitrire-| dret hyl etpher_ (920 ng,]| 449 Colorl €ss
prisms. Melt'PRg [:0|9909'1§H2§UC 15 A8¢ordi ng t¥°tfd0sane mARhBrhetdme
Coeround of Exarpte—306—and—Ex ||p=€ H4—shpwr—na—Fable9—and—Fable 316
wer e synt hesliozed. |WO GOO@G468%, PCT)/ JPO$d1483f 188 —ABRanp| e TA5F Fhesune
sol utionof the canpound ohtained in Exanplel 6 (2.8 g) In nmethylene
chloride| (600p1) Was addgf m chllor opgibenzoj ¢ s@ichop70% FOTY  tahtrRer
ice-cooljing and 5|the m xture vvas stirred at roomtenperaturehrewnel hour
The reactio i Xt yr 2\2 ith an aqueous rate eslgdl bmRtate-
bi car bonat en@g} utijo c\é&%@\lﬁ@ watler, drip 6% and t hexs vent
di stil | ed—of f—undgrTeduced—pregsure to U'mou g LIYSLdIS' Ofthvt tate—
2-{[3-chj or J04- (4. COOCH,CHMe, thia 155—156 y- acerare
hexane
105 Me pht 298—299 THPF -hexane
methyl ethyl
106 H pht 342—343 ketone-hexane
ethyl acetate-—
107 COO(CH,)Me pht 172—173 Fexanc
thyl tate-
108 COOCH,CHMe, pht 175—176 - SHhyh acetate
hexane
a) O O O
2. g
R™: suc=-N thia =—N/]) pht=—N
O O O
Table 10
O
SNy N;:]
W
O)S “ ¢l O
OR
5
Example R m Melting point Recrystallization
No. () solvent
thyl tate-
109 CH,OCH,Ph 2 122123 SEhys acerate
hexane
110 CH,COOE! 2 215—216 sthyl acetate-
hexane




10 net hoxyphenyl ) -7, 7- di oxi do- 5, 8-di hydr o- 6H-t hi opyr ano
[4'",3 :4,5]thieno[ 2, 3-b] pyridin-2-yl]nmethyl}-1Hisoi ndole- 1, 3 (2H)-dione
(2.0 g, 6@8orcuésswas recrystallized from THF-hexane. Col gd1ess1/Pl4BSNs.

Mel ting point 298-299C. Exanple 109 15 To a solution of the conpound
obtained in Exanple 32 (100 ng) in DW %§7n1) was added sodi um hydri de
(60%in oil, 11 ng) under ice-cooling a the m xture was stirred for 10
m nutes. After addition of benzyl chloronethyl ether (65 ng) thereto, the
m xture was stirred at 70C for 20 1 hour. The reaction m xture was poured
into watler and exXtracted w tn etfnyl acet atl e etnyT pcetdheslaeE—Wab

washed with Wter |and drittd (MySQ4) ami the jsol #em30Ras di stiylel e, of f

roectoad t A o ||u:rh
IR AR +0—S

under r egducet—presgsure—The—+estgue—was- Lea-0e ceta‘E Y
chr omat ogr aphg t o |obt g8HcdoB6 0 191—192 y-s ©
[ (4-{4-[henzyl oxy ,nethoxvlohenvI;-B-chI010-7 7- di oxi do- 5, 8 WO"GiE4685
PCT/ JPO1y 01483 139 g,%/ gH t hi opyrano[ 4'|, 3' ;4. 5LEhi epoP3- bEgtedi ny 2-
yl)methy|l ]-2,5- pyrroll nedlonefromt e fraction el uted Wi t fpegtrsy|

acet at e- |hex It was rgcrystallized from et hy| atgtlate=-ta@xane
(35 ny, 280%QECOI dr | eég'z(b?‘i)?i‘rs 5 Mel?i ng poi m04T282123C. Exagphg 110 Tp a
sol ut i onfof—the—conpoundobtarned—nExanpte—32— (166 I > i e S
added sodi uhthydrijde (@0Q%OOM o0il|, 11 tg) under205ee08o00l rl?g and th e mi’x ture
was stirjed

116 CH,COOH 2 260—261 acetone-hexane

117 CH,CONHCH,Ph 1 220221 T H F—hexane

Example 102
A mixture of the compound obtained in Example 28
(2.2 g), DL-methionine (1.2 g) and methanesulfonic acid (20
5 ml) was stirred at 100°C for 2 hours. The reaction mixture
was ice-cooled and 15% aqueous ammonia solution (100 mi)
was slowly added thereto under ice-cooling. After stirring
for additional 30 minutes, 3-{[3-chloro-4-(4-
hydroxyphenyl)~7, 7-dioxido-5, 8-dihydro-6H-thiopyrano-

10 [47,37:4,5]thieno[2,3-b]pyridin-2-yllmethyl}thiazolidine-
2,4-dione debosited was filtered off and washed with water.
After drying, it was recrystallized from acetonitrile-
diethyl ether (920 mg, 44%). Colorless prisms. Melting
point 219-220°C.

15 According to the same manner, the compounds of
Example 106 and Example 111 shown in Table 2 and Table 10

were synthesized.



10 for 15 mnutes. After addition of ethyl bronpacetate (70 ng) thereto,
the m xture was further stirred at room tenperature for 30 mnnutes. The
reaction wioxdiagsswas poured into water and extracted w t hpcgtipyioaset at e.
The ethyl acetate |layer was washed with water and dried (MgSO4) 15 and the
solvent was distilled off under reduced pressure. The residue was
subjected to silica gel colum chronatogP phy to obtain ethyl
(4-{3-chloro-2-[(2, 5-di oxo-
1-pyrrolidinyl)methyl]-7,7-dioxidO-5, 8-di hydro-6H

t hi opyrano[4', 3': 4, 5]t hienp[2 g-b]pyridin-4- 20 yl } phenoxy) acetate from
the fraction el uted iifH®Rthyt95 acet at e- hexane (3 : 2). It was
recrystallized from et hyl cet at e- hexane (30 , .250). Col orless prisns.
Mel ting point 215-216¢.2 *FJeOfil%gzgh% %mlggﬁﬁ@i 6#6%11@%11&0%6{99&6
obtained in Exanmpl e WO 01/ 64685 PCT/JP01/01483 160 111 (5.0 g). in DV (50
m) was added €odi ufh hydri deieosis Gilerissy dgP uhber Wak- e86eCng™and
the m xture was stirred for 15 mnutes. After addition of tert-butyl

br onpacet at@ 1 AP PR et et 8Cithel %t uPeOne® f UPEREr idg19esd imyr ang 5
hours. The reaction mxture was poured into water and extracted with ethyl
acet at®. TH @t ByKtHESt dfas | aféFrads athasned WiamPskaEirandodr iledieNgso)
and the solvent was  distilled off under reduced pressure. The residue was
subj ect ed tihsireeatgen adrEmechiaoavaghraphylth @bt sgueous saturated

sodium bicarbonate solution and then water, and dried
(Mgs04) and the sélvent was distilled off under reduced
pressure to obtain crystals of 2-{[3~chloro-4- (4-

10 methoxyphenyl) -7, 7-dioxido-5, 8-dihydro-6H-thiopyrano-
(47,37 :4,5]thieno[2,3~blpyridin-2~yl]lmethyl}-1H-isoindole-
1,3 (2H)-dione (2.0 g, 69%). It was recrystallized from
THF-hexane. Colorless prisms. Melting point 298-299°C.

Example 109

15 To a solution of the compound obtained in Example
32 (100 mg) in DMF (3 ml) was added sodium hydride (60% in
0il, 11 mg) under ice-cooling and the mixture was stirred
for 10 minutes. After addition of benzyl chloromethyl
ether (65 mg) thereto, the mixture was stirred at 70°C for

20 1 hour. The reaction mixture was poured into water and
extracted with ethyl acetate. The ethyl acetate layer was
washed with water and dried (MgsoO,) and the solvent was
distilled off under reduced pressure. The residue was.
subjected to silica gel column chromatography to obtain 1-

25 [ (4-{4~-[benzyloxy)methoxy]phenyl}-3-chloro-7, 7-dioxido-~5, 8-



10 tert-butyl (4-{3-chloro-2-[(2,5-dioxo-1-
pyrrolidinyl)nethyl]-5, 8-di hydro-6Hthi opyrano[4',3':4,5]-

t hi eno[ 2, ¥gjipMegsdi n- 4-yl } phenoxy) acetate fromthe fracti e/ @oubag W th

et hyl acet ate- hexane-chloroform (1 : 5 : 5). It was recrystallized from
et hyl acetate-hexane (3.3 g, 15 530). CEI grl ess prisnms. Melting point
191-192C. Exanple 113 To a solution of t 2 conpound obt ai ned i n Exanpl e
112 (2.7 g) in nmethylene chloride (50 mM) was added m chl or operbenzoic
acid (70% 1.2 g) under ice-cooling and 20 the m xture was stirred at room
tenperature for_ 1 hour. _The reactjon mxture was washed w th an_aqueous
sat ur at ed QﬂﬂﬂQﬁﬁTﬁﬁkﬁqﬁﬁﬁﬁﬁﬁ%% %{1%np%h%fY%%%n%é%e?'gﬂﬂyﬂ+@%ﬂ_2(N@SCﬂ)
and the solvent was distilled off under reduced pressure. The residue was
subj ect ed t%-'S19 504! lget - 2PV DL SHRRDgriay (& obfaPREEP - BhEEd
(4-{3-chloro-2-[(2,5 WO 01/ 64685 PCT/JP01/01483 161 ,

di oxo- | - pyrtigth cfFyYd meERyRFe7hEXP86- 53B- di AYdr o-16Hwas recrystallized

t hi opyrano[4',3':4,5 thienog2,3-b]pyridin-4-yg%$peno§¥)- acetate fromthe
fracti on elfH SFiAL epfgtatesharene| (35nway r &8st al ¢ L@EL$FDPEL BPF -
acetat e-hexane (2.2 g, 790): 5 Colorless prisnms. Melting point 175-176C.
Exanpl® 1123efd-ingdtaiionl 4-1%H& Conpound obtained in Exanple 112 (300 nm)
in nmethylene chloride (6 M) was added m chl oroperbenzoic acid (70% 278
mg) under ice-coolind®awple 110

To a solution of the compound obtained in Example
32 (100 mg) in DMF (3 ml) was added sodium hydride (60% in
0il, 11 mg) under ice-cooling and the mixture was stirred
10 for 15 minutes. After addition of ethyl bromocacetate (70
mg) thereto, the mixture was further stirred at room
temperature for 30 minutes. The reaction mixture was
poured into water and extracted with ethyl acetate. The
ethyl acetate layer was washed with water and dried (MgSO,)
15 and the solvent was distilled off under reduced pressure.
The residue was subjected to silica gel column
chromatography to obtain ethyl (4-{3-chloro-2-[(2,5-dioxo-
l-pyrrolidinyl)methyl]-7, 7-dioxid0-5, 8-dihydro-6H~-
thiopyrano(4’,3’:4,5]thieno[2,3-b]lpyridin-4-

20 yl}phenoxy)acetate from the fraction eluted with ethyl

acetate-hexane (3 : 2). It was recrystallized from ethyl
acetate-hexane (30 mg, 25%). Colorless prisms. Melting

point 215-216°C.
Example 112

25 To a solution of the compound obtained in Example



10 the m xture was stirred at roomtenperature for 1 hour. The reaction

m xture was washed wi th an aqueous saturated sodium bicarbonate sol ution
and then watw@re4essd dried (MgSO4) and the sol vent was di stadi/rrdi/efsg3 under
reduced pressure. The residue was subjected to silica gel colum 15
chromat ography to obtain tert-butyl (4-{3zghloro-2-[(2,5-
dioxo-l-pyrrolidinyI)nethyI]-?,?-dioxido-g,S-dihydro-GFL t hi opyrano [4'
3" : 4, 5]thieno [2, 3-b]pyridin-4 yl}phenoxy) acetate fromthe fraction
eluted with ethyl acetate-hexane (3 : 2). It was recrystallized from ethyl

Bxanpl o 118 7 oot dt i OF Pho Ehbundooratied Too thanbE 4850 eb0 gy i n
form o 20t 7 Mo Va3, Sihabe, 2l room, 2o Lempaiuis or o houLe apg then
oL due vas sl e b et ene hlon do | and nashed Wi fseter. and
S (3 chl or o5 [19] S2HFGRECr - (i R TAFAGF) Heehyt 1= ik abbegd’ for -8 " (1
aci o 15 om TR act | B cFGECH AP HICERTDS of B BPHYFiackl cWpFo) #id t hen
Chloroform%£¥¥ggygg éf%%:e%%y£4ggeggﬁe?8%%hgté@%@lr%%g€§€g|£;§gk was
washed with water and dried (MgsSO,) and the solvent was
distilled off under reduced pressure. The residue was
subjected to silica gel column chromatography to obtain
10 tert-butyl (4-{3-chloro-2-[(2,5-dioxo-1~
pyrrolidinyl)methyl]-5,8~-dihydro-6H~thiopyrano[4’,3’:4,5]~
thieno[2,3-b]lpyridin-4-yl}phenoxy)acetate from the fraction
eluted with ethyl acetate-hexane-chloroform (1 : 5 : 5).
It was recrystallized from ethyl acetate-hexane (3.3 g,
15 53%). Colorless prisms. Melting point 191-192°C.
Example 113
To a solution of the compound obtained in Example
112 (2.7 g) in methylene chloride (50 ml) was added m~
chloroperbenzolic acid (70%, 1.2 g) under ice-cooling and
20 the mixture was stirred at room temperature for 1 hour.
The reaction mixture was washed with an aqueous saturated
sodium bicarbonate solution and then water and dried
(MgS0O,) and the solvent was distilled off under reduced

pressure. The residue was subjected to silica gel column

25 chromatography to obtain tert-butyl (4-{3~chloro-2-[(2,5-



10 from net hanol - hexane. Colorless prisnms. Melting point 205-206C. Exanple
116 A m xture of the conpound obtained in Exanple 114 (200 ng), 10%

aqueous hyw@dyqawhéssri c acid (3 m) and dioxane 15 (5 m) wagtgirot/oae at 80C
for 30 mnutes. The reaction m xture was cooled to roomtenperature and
poured into water. The m xture was extrfg ed with ethyl acetate. The

ethyl acetate |ayer was washed with wate nd dried (MgSO4) and the
solvent was distilled off under reduced pressure to 20 obtain
(4-{3-chloro-2-[(2,5-di oxo-I-pyrrolidinyl)nethyl]-

7, 7-di oxi do-,5, 8- di hydr o-6H-t hi qpyrana-[4',3':4,5]- ,
thieno[2,3§&ﬂ§ﬂﬁ¥ﬁ9¥nﬁ%ﬁ%¥H§H3%%¥§@gﬁ{§7&%%?%%%KﬁTﬂﬁhXQﬁSTGHTt was
recrystallized from acet one- hexane. Col orl ess f'snsxggFlting oi nt

260- 261C. FH1ERyHsre (17 WO D Plé46es: BB Arss. FRARHE of t he
conmpound obtained in Exangle 115 (104 ng%, benzyl am ne (24 rrg%hcS

1- et hyl - 3- eZet@teet FPBntASpriGRAD L bdHTE ?ﬁidé’lﬁ%rm%rﬁ%t? €, 45tny),
1- hydr oxy- | H benzi m dazol e nonohydrat e iFKEn, 34 ng) and 5 DME (3 nl) was
stirred at Wesorha@isdrat ireed of ra® ABDYS. aCPhatrshErPR nidcttur® wad® pour ed
into water. The m xture was extracted with ethyl acetate. The ethyl

acet at®e | ayerlonkes swasHaansy t Reddtiers andndy ietP(WS®) and the sol vent was

distilled off under reduced pressure. The residue was
Example 114

To a solution of the compound obtained in Example
112 (300 mg) in methylene chloride (6 ml) was added m~-
chloroperbenzoic acid (70%, 278 mg) under ice-cooling and
10 the mixture was stirred at room temperature for 1 hour.
The reaction mixture was washed with an aqueous saturated
sodium bicarbonate solution and then water and dried
(Mgso,) and the solvent was distilled off under reduced
pressure. The residue was subjected to silica gel column
15 chromatography to obfainA tert-butyl (4-{3-chloro-2-[(2,5-
dioxo-l-pyrrolidinyl)methyl]-7, 7-dioxido-5, 8-dihydro-6H-
thiopyrano[4’,3’:4,5]thieno[2,3-blpyridin-4-

yllphenoxy)acetate from the fraction eluted with ethyl

‘acetate—hexane (3 : 2). It was recrystallized from ethyl
20 acetate-hexane (235 mg, 74%). Colorless prisms. Melting

point 204-205°C.

Example 115

A solution of the compound obtained in Example
113 (600 mg) in formic acid (7 ml) was stirred at room

25 temperature for 6 hours and then concentrated under reduced



10 subjected to silica gel columm chromatography to obtain N

benzyl - 2-(4-{3-chloro-2-[(2, 5-di oxo-I|-pyrrolidinyl)nmethyl]-

7- oxi do- 5w dichygdr o- 6H-t hi opyrano[ 4', 3' : 4, 5] t hi eno[ 2, 3- PCT/JP01/01483

b] pyri di n-4-yl } phenoxy) acetam de fromthe fraction eluted wth ethyl
acetate-nethanol (6 : 1) (70 mg, 57% Itl}ggs 15 recrystallized from

THF- hexane. Col orless prisns. Melting poift 220-221C. Exanple 118

2-{[ 3- Chl or 0- 4- (4- net hoxyphenyl ) -5, 8-di hydr o- 6H

t hi opyrano-[4', 3" :4,5]thieno[2, 3-b] pyridin-2-yl]nmethyl}-1H 20

i soi ndol e-1, 3(2H)-diong To a m.xture of. .phthalimde potassium (6.2 k and
di met hyl f orteT e('llofl?i EFStaECadasd dsﬁé’rﬁec# &!Jzt% ROLEGRENE {8 KEL

chl oronet hyl - 5, 8-di hydr o- 4- (4- met hoxyphenyl ) - 6Kt hi opyrano- [4' , 3" : 4,

5] thi eno [az‘l,d5 FHEF i G He ‘%ﬂ*i%%naggrbﬁ alMggoyh %r%%%\ée@a‘ﬁﬁ?e 27
and the mxjure was stirred at 60 to WO 01/ 64685 PCT/JP01/01483 164 65C
for 1 hour 9i&% an%opiflfrg F%dQBC,r?é%%?'d(%.e@qu)e' vast Hd&FSHsw ¥as
thereto and the m xture was stirred atf the sanme tenperature for 1 hour.
The cryst alSSRISSISYE eP SHalst $3 | 9@} P bIFR aFlr B hRe- PR bt @tedn. (42 1)
to obtain 5 the titled conmpound (14. 057 kg, 99.4 0) . 'HNWR (CDC13) 5:
2.14 (2H, t{380rqd- [ e dagotl-pyusry ar}y%).la©t1e>23rﬂ-7—s9>,<l@@8@r%3H,
s), 5.20 (2H, sg, 6.98-7.13 (2H, s), 6.98- 7.13 (3H _m, 7.75-7.78 (2H m,
7_79_7_794J%gh¥ 491635&hﬁpqugnp[4 ;3" :4,5]thieno[2,3-blpyridin-4-

yl}lphenoxy)acetic acid from the fraction eluted with

chloroform-ethyl acetate (7 : 1) and then chloroform-
methanol (10 : 1) (476 mg, 88%). It was recrystallized

10 from methanol-hexane. Colorless prisms. Melting point
205-206°C.

Example 116
A mixture of the compound obtained in Example 114
(200 mg), 10% aqueous hydrochloric acid (3 ml) and dioxane
15 (5 ml) was stirred at 80°C for 30 minutes. The reaction
mixture was cooled to room temperature and poured into
water. The mixture was extracted with ethyl acetate. The
ethyl acetate layer was washed with water and dried (MgSO,)
and the solvent was distilled off under reduced pressure to
20 obtain (4-{3~chloro-2~[ (2, 5—dioxo-1l-pyrrolidinyl)methyl] -
7,7-dioxido~5, 8-dihydro-6H-thiopyrano-{4’,3":4,5]-
thieno{2,3-bipyridin-4-yl}phenoxy)acetic acid (130 mg, 72%).
It was recrystallized from acetone-hexane. Colorless
prisms. Melting point 260-261°C.

25 Example 117



10 2-{[ 3-Chl or 0-4-(4- met hoxyphenyl ) - 7- oxi do- 5, 8- di hydro-6H-thi opyrano [4',
3" :4, 5] thieno [2, 3-b]pyridin-2- yl]nmethyl}-1H1isoindol e-1, 3(2H)-di one
To N- et hywlgoreagdsi done (140.56 L) was added 2- PCT/JP01/01483
{[ 3-chl or o- 4- (4- met hoxyphenyl ) - 5, 8- di hydr o- 6Ht hi opyrano- 15
[4',3 :4,5]thieno[ 2, 3-b] pyridi n-2-y|]rrett&gh}-1l—i—isoi ndole 1, 3 (2H) -dione
(14.056 kg) and the m xture was dissol ve heating at about 40C. Then,
vanadi um (1V) oxyacetyl acetone (49.09 g) was added thereto and the 30%
hydr ogen peroxi de was added dropw se, while maintaining at 20 20 to 23C
The m xture was stirred at the s erature for 1 hour_and fhe ool ed
to 3C, followed by dudirtFHrod sn%“% %ﬁ#t&?%%%%ljf%t%x?@% anrpﬂ t hen
water (281.14 L). The mxture was stirred for 1 hour unde ice cooléng
The crystal@%posﬂ@d was 3§13 FERF £, 2 {il‘l ed®@hd di sgo?%iﬁ LT
N- net hyl pyrrolidone (135.65 L WO 01/ 64685 PCT/ JP0O1/ 01483 165 Active
car bon (67@@6%%6&?% Hearhodpimel dashdrestrride r giSh 4 ehperdt ur e
for 30 minutes. The active carbon was filtered off and washed wth
N- et hy| py rrSH ey (5 5w il daznke f mopekvedrane wABAPRgs Yer 89 ondided
and to the mxture 5 was added dropvm se isopropyl ether (298.43 L). The
crystal s dépBsi t2dMker '3 | et BECSf AL \m@d’twmra‘s%?o%wr 1 Heeur®7. 83 L
X 2) to obtain the titled conpound (9.56 k 64.3% . 1H NWR (CDC13) 6:
2.01-2.19 (Che pgpachbiey- mixgureH, wa&r)pogrgg 3ngp (mutelﬁr) Fheo mByiusg
3.95 (1H, d, J=16.9

( was extracted with ethyl acetate. The ethyl acetate layer

was washed with water and dried (MgSO,) and the solvent was
distilled off under reduced pressure. The residue was
10 subjected to silica gel column chromatography to obtain N-
benzyl-2~ (4-{3-chloro-2-[ (2, 5-dioxo~1l-pyrrolidinyl)methyl]-
7-oxido-5, 8-dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2, 3-
blpyridin-4-yl}phenoxy)acetamide from the fraction eluted

with ethyl acetate-methanol (6 : 1) (70 mg, 57

oe

). It was
15 recrystallized from THF-hexane. Colorless prisms. Melting
point 220-221°C.
Example 118
2-{[3-Chloro-4- (4-methoxyphenyl) -5, 8~dihydro-6H-
thiopyrano-[4’,3’:4,5]lthieno[2,3-b]pyridin-2-yl]lmethyl}-1H-
20 isoindole-1, 3 (2H)-dione
To a mixture of phthalimide potassium (6.2 kg)
and dimethylformamide (110.74 L) waé added 3-chloro-2-
chloromethyl-5, 8—-dihydro-4- (4-methoxyphenyl)-6H-thiopyrano-
(47,37 :4,5]thieno[2,3-b]lpyridine (11.055 kg) obtained in

25 Reference Example 27 and the mixture was stirred at 60 to



10 Hz), 4.05 (1H, d, J=16.9 Hz), 5.20 (2H, s), 6.99-7.03 (2H m |,
7.16-7.20 (2H, m , 7.76-7.80 (2H, m , 7.91-7.95 (2H m Exanple 120

2- ( Amononwigwleiess- chl or o- 4- (4- met hoxyphenyl ) - 7- PCT/JP01/01483

oxi do- 5, 8-di hydro- 6Ht hi opyrano[4',3':4,5]thieno[2,3- 15 b]pyridine To a

m xt ure of 2-{[3-chloro-4-(4-nethoxypheni%)-

7- oxi do- 5, 8-di hydro-6H-t hi opyrano[4', 3" : ,é]thieno[2,3-

b] pyri di n-2-yl]methyl }-1Hi soi ndol e-1, 3(2H) -di one (8.94 kg) and diethyl ene
gl ycol dinmethyl ether (44.7 L) was added 20 dropw se hydrazi ne hydrate
(100% 8.56 nd stirred at 0C for 5.5 hours, . \\ater (44.7 1) was, added
dropwi se an hgoﬁiitJFﬂuﬁas @Sgﬁﬁdqﬁ?%%ﬁﬁn?%n%érg?uﬂggéﬁuﬁﬁéﬁﬁﬁ Lt her
(32.4 kg) was added.and the m xture was stirred for 1 hours. The deposited
crystal s wef® f?‘s‘&%‘?e TP L&Rd tb%ﬁé&? ﬁ%\ﬂ {}Hemﬁ%éﬂt%fﬂ@? Lﬁtja%ecgs%r opy!

ether (8.94 kg) to 01/ 64685 PCT/JP01/ 01483 166 obtain the titled
cormpound ( 9158 ﬁ@?egggﬁ%?raq¥W%ﬁio¥CEGQ%uQi 2The ErgtEhi§ d§positads 73
(2H, m, 3.00-3.09 (1H, , 3.89 (3H, s), 4.05 (1H, d, J=16.9 Hz 4.09
(1H d, J3is ofibhered 2ot and sjaskedgiitipavaoer #§9- 7146l7. 49 ?%1‘—91115 M .
Exanpl e 121 (. S)-2-(Am nomet hyl) - 3-chl or o- 4- (4- et hoxyphenyl ) -
7- oxi dd- 5, - hgélFéeél—l-thmF@p&ﬂdanb{ 4: 037 : ko] th Ao 2, 3-Hb1]ﬂ%§r i(@Des) 0
2.14 (2H, t, J=5.7 Hz), 2.64 (2H, t, J=5.7 Hz), 3.80 (2H,
s), 3.89 (3H, s), 5.20 (2H, s), 6.98-7.13 (2H, s), 6.98-
7.13 (3H, m), 7.75-7.78 (2H. m), 7.79-7.794 (2H, m).
Example 119
10 2-{[3-Chloro-4- (4-methoxyphenyl)-7-oxido-5, 8-
dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-blpyridin-2-
yllmethyl}-1H-isoindole-1, 3 (2H) -dione
To N-methylpyrrolidone (146.56 L) was added 2-
{[3-chloro—~4- (4-methoxyphenyl) -5, 8-dihydro-6H-thiopyrano-
15 [47,3":4,5]thieno[2,3-blpyridin-2~-yl]lmethyl}-1H-isoindole-
1,3(2H)-dione (14.056 kg) and the mixture was dissolved by
heating at about 40°C. Then, vanadium (IV)
oxyacetylacetone (49.09 g) was added thereto and the 30%
hydrogen peroxide was added dropwise, while maintaining at
20 20 to 23°C. The mixture was stirred at the same
temperature for 1 hour and then cooled to 3°C, followed by
adding dropwise 0.5 N sodium thiosulfate (5'L) and then
water (281.14 L). The mixture was stirred for 1 hour under

ice-cooling. The crystals deposited was filtered off,

25 dried and dissolved in N-methylpyrrolidone (135.65 ©L).



10 To met hanol heated to 60C (63 L) was added 2-
(am nonet hyl ) - 3- chl or o- 4- ( 4- net hoxyphenyl ) - 7- oxi do- 5, 8-

di hydr o- 6Wd dilcassgr ano[ 4' , 3' : 4, 5] t hi eno[ 2, 3- b] pyri di ne (6. pckeh/enes t he

m xture was stirred for 5 mnutes, followed by addition of

(R)-(-)-hydrogenphosphate-l,1'-bihaphthyiég,Z' 15 diyl (3.455 kg) . The

m xture was stirred at 60C for 10 m nut

slowy cooled to 25C. After

stirring for 1 hours, crystals were filtered off and washed wi th net hanol
(13L). Methanol-ethanol (1 : 3, 63 L) was heated to 75C and the resultant

added there The m xtu

0, slowy, cooled to, 25C

gi?fﬁghsf‘éﬁfﬁﬂﬁ%r@@%@% gde%%%.%%ﬁe%”ﬁ?%gfﬁl%e% t3PR Gha Shoreadw th

met hanol - et hanol (1

als were dissolved in

: L) .
t et r ahydr oftr d?P%tE?ml?%rat‘irel§9r 3 L}“l%eéct i VR A Bohve (920} WAS

added thereto. The m xture was stirred at room 25 tenperat ur

e for

15
m nut es and tHELRG (et ERDIFETRRI WH-BR /6 A68ER pERY D PD 1 8aR8 3 1%65’6?|Hered

of f. The tetragﬁfrofuran | ayer was distilled off under reduced pressure

and the resift

Hepileduarnfayarhhags Yerer QMRS ansl depokhe BEYEVAES.

The cd¥;tals were filtered off to obtain a diastereoner sali of (S% 2- 5

(am notret hytas 3-addest o- d&qwm hokSQIPenigy ) - 7eBixeHo- 5288 - 4
di hydro-6H-t hi opyrano[4',3':4, 5]thienof?2, 3- b%gyrldlne W th

(R-(-)- hyd?lag%??pl%sciﬁm%l’qeci wei @ abht bsred, @
"H- NVR (DMBO-d6) 6 : 1.98-2.04 (1H, m), 2.35- 2.43 (1H m,

di yeshader8thkgsoropvy .

2.71-2.81 (1H,

m, 3_0141qﬂhqqi{6}g§3ggsg 2) to obtain the titled compound (9.56 kg,

64.3%). 'H-NMR (CDCl;)&: 2.01-2.19 (1H, m), 2.54-

m), 3.00-3.07 (1H, m), 3.89 (3H, s), 3.95 (lH,

10 Hz), 4.05 (1H, d, J=16.9 Hz), 5.20 (2H, s), 6.99-

2.73 (2H,
d, J=16.9

7.03 (2H,

m), 7.16-7.20 (2H, m), 7.76-7.80 (2H, m), 7.91~-7.95 (2H, m).

Example 120

2- (Amonomethyl)-~3~chloro-4- (4-methoxyphenyl) -7-

oxido-5,8-dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2, 3-

15 blpyridine

To a mixture of 2-{[3-chloro-4- (4-methoxyphenyl) -

7-oxido-5, 8-dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2, 3~

blpyridin-2-yllmethyl}-1H~isoindole-1, 3 (2H)-dione

and diethylene glycol dimethyl ether (44.7 L)

(8.94 kg)

was added

20 dropwise hydrazine hydrate (100%, 8.56 kg) and stirred at

60°C for 5.5 hours. Water (44.7 L) was added dropwise and

the mixture was cooled to room temperature.

Isopropyl

ether (32.4 kg) was added and the mixture was stirred for 1

hours. The deposited crystals were filtered off and washed

25 with water (17.88 L) and isopropyl ether (8.94 kg) to



10 (3H, s), 3.18 (1H, d, J=17.1 Hz), 4.26 (1H, d, J=17.1 Hz), 4.35 (2H,
s), 0.07-7.43 (12H, m, 7.96-8.10 (4H, nm), 8.64 (3H, bs). This

di astereowgyoimabds (1. 538 kg) was added to a m xture of dipm@Eipyloaed f oxi de
(8.1 L), water (7.8 L), 15 dichloronethane (16.2 L) and a 25% aqueous
ammoni um solution (324 m) and the m xt\tlj\g§6wa5 stirred. After dissolution
of crystals, the dichloronethane |ayer .Separ ated. The aqueous | ayer
was further extracted with dichloronmethane. The extracts were comnbi ned and
washed 20 with 1% saline (16. 2 L x 2) and concentrated so that the weight

of the content becane 2.98 kg, To the residue added dr opw se_i sopropyl
et her (3. 26&7_ a4 ¢t ?Fqgeii rqjitrﬂgeg%nd:o“m%”}ffxt&?'é%:g}%{l I o@erdgd%c)cr st anH_NMB
overnight. The resultant_ crystals were filtered_off to obtain the_titled
conpound. PG oS- B 21Ha- 222 2apf o 132,88 2. %7 (2007 O%0
01/ 64685 PCT/JP01/01483 168 3.07-3.13 (1H, m, _3.91 -(3H, s), 4.06 (1H, d,
J=15 Hz), WHa Ry 3 #9188 1), 4.93 ééfllr d) . J71p197Hp6, (SHOMIH, d,
7.17-7.21 (2H, rgl Exanpl e 122 5

12 {[ 3 Oni or6- L {3 ek noikyPherdil) - ) 6- 8 #Ja7 cOBH(ZH, m), 7.16-7.19 (2H,

t hi opyrano[4',3':4,5]thieno[ 2, 3-b] pyridin-2-yl]nethyl}-2,5-

pyrrold di nédi-one To di methyl sul foxide (2450 m) was added 28% sodi um

met hoxi de (97.4 g), followed by addition of
Example 121

{S)~2- (Aminomethyl) -3-chloro-4- (4-methoxyphenyl) -
7-oxido-5, 8-dihydro-6H-thiopyrano{4’,3’ :4,5]thieno[2, 3-
blpyridine
10 To methanol heated to 60°C (63 1) was added 2-
(aminomethyl)-3-chloro-4- (4-methoxyphenyl)-7-oxido-5, 8-
dihydro-6H~thiopyrano[4’,3’:4,5]thieno[2,3-blpyridine (6.5
kg) and the mixture was stirred for 5 minutes, followed by
addition of (R)-(-)-hydrogenphosphate-1,1'-bihaphthyl-2,2"-
15 diyl (3.455 kqg). The mixture was stirred at 60°C for 10
minutes, slowly cooled to 25°C. After stirring for 1 hours,
crystals were filtered off and washed with methanol (13L).
Methanol-ethanol (1 : 3, 63 L) was heated to 75°C and the
resultant crystals were added thereto. The nixture was
20 slowly cooled to 25°C and stirred for 1 hours. Crystals
deposited were filtered off and washed with methanol-
ethanol (1 : 1, 13 L). The crystals were dissolved in
tetrahydrofuran-water (3 { 1, 121. 4 L) and active carbon
(242 g) was added thereto. The mixture was stirred at room

25 temperature for 15 minutes and the active carbon was



10 succinimde (178.9 g). The m xture was stirred at about 20C for 30

m nutes and t hen 3-chl oro-2-chl oronet hyl -5, 8-

di hydr o- 4dwidorreeédaoxyphenyl ) - 6H-t hi opyrano[ 4', 3' : 4, 5] t hi enecti@oBefagpyri di ne
(490 g) was added thereto. The m xture was stirred at roomtenperature for
2.5 hours and then a 15 m xture of nethaqgg (1225 m) and water (490 g) was
added dropwi se thereto. The m xture was stirred at 10C or |ower and
crystals deposited were filtered off to the titled conpound (546 g, 96.
30). Exanple 123 20 1-{[ 3-Chl oro-4-(4-nethoxyphenyl)-7-oxido-5, 8-

di hydr o- 6H- 1 hj 4 3 : 4, 5] thi 2. °3-b.1" pyridin-2-
y: ] Yot ﬁyl }-%E%%{f?p‘g#di nér%}?oﬁ@tﬁaﬁiylgtrﬁ&léﬁ%% iye¥ Rids PULSELTNES ors

1-{[ 3-chl oro- 4- (4- net hoxyphenyl ) -

5, 8- di hydr dl.%%é Hf %%%%%{gﬁe?éu% 2, BPEhitERo 22 SR | RAYRYLS kpyer was

yl 1 met hyl }-2, 5-pyrrolidi nedione (239.6 g) and WO 01/ 64685 PCT/ JP01/ 01483
169 di met hylf gt 86 (42 & LYOwsSLRGGIledCE85t2ESand VARaditmtadsy)were
oxyacetyl acetone (691 ) was added thereto. 30% Hydrogen peroxide &59.2
g) was added drda s@feﬂrm;d Ghe obfiaditur @ wadastiereeaest S&lSr PAwefStof—8
hours._ 0.5N 5 Sodi um thiosulfate (100 m) and water_ (3 L) were added
dropwize at(@ninpmethnk) tHechd sgerd (bnsihexvehervls-Tooxdde %08~ 1 hour.
Crystals deposited were filtered off to obtain the titled conpound (242 g,
97.50). 1H dyeergisyhsepprame P4 203 (144, S hjhiongh2 2373l ppH dige 3wbpbh3, 09

(R) - (=) -hydrogenphosphate~1,1'-binaphthyl-2,2"'-diyl (4.618
kg, 37.7%). 'H-NMR (DMSO-d¢)&: 1.98-2.04 (1H, m), 2.35-

2.43 (1H, m), 2.71-2.81 (1H, m), 3.01-3.06 (1H, m), 3.83
10 (34, s), 3.18 (1H, 4, J=17.1 Hz), 4.26 (1H, d, J=17.1 Hz),
4.35 (2H, s), 0.07-7.43 (12H, m), 7.96-8.10 (4H, m), 8.64

(3H, bs).
This diastereomer salt (1.538 kg) was added to a
mixture of dimethyl sulfoxide (8.1 L), water (7.8 1),
15 dichloromethane (16.2 L) and a 25% aqueous ammonium
solution (324 ml) and the mixture was stirred. After
dissolution of crystals, the dichloromethane layer was
separated. The aqueous layer was further extracted with
dichloromethane. The extracts were combined and washed
20 with 1% saline (16. 2 L x 2) and concentrated so that the
weight of the content became 2.98 kg. To the residue was
added dropwise isopropyl ether (3.26 L) with stirring and
thé mixture was allowed to stand overnight. The resultant
crystals were filtered off to obtain the titled compound.

25 '‘H-NMR (CDC1,) &: 2.14-2.22 (1H, m), 2.60-2.77 (2H, m),



10 (1H, m, 3.90 (3H, s), 4.00 (1H, d, J=16.9 Hz), 4.10 (1H, d, J=16.9
Hz), 5.00 (1H, d, J=17.2 Hz) , 5.06 (1H, d, J=17.2 Hz), 7.01 (2H, d, J=8.1
Hz), 7.16whleagks J=8.1 Hz). Exanple 124 PCT/JP01/01483
(S)-1-{[-3-Chl oro-4-(4-net hoxyphenyl)-7-oxi do- 15
5,8-dihydro-6k+thiopyrano[4',3':4,5]thie?§g2,3-b]pyridin-2- yl] methyl}-2,
5-pyrrolidinedione To a solution of succinrc anhydride (303.25 g) in DW
(3'".5.L) was added (S)-2-(am nonethyl)-3-chl oro-4-(4-

met hoxyphenyl ) - 7- oxi do- 5, 8- di hydr o- 6Ht hi opyrano 20 [4',3" :4, 5] thieno

[2, 3-Db]pyr]d] (1213 ) and the_m re was stirred for 1 _hqur. To the
m xture vvas‘J’ -gqﬂ‘% yl%;dggeg' r’boﬂy?ﬁ]i :<( Hdazdl e (49§§ 5(163', dnd 95t r28) at
room tenperature_for 22 hours_and further at 36 to_38C for 5 hours, The
reaction m&ﬁuage?a\ﬁs éﬁde‘a: opfil se 1ot hat'éfr 25207 L1 -Af PEr (i rPhg for
2.5 hours, crystals deposited WO 01/ 64685 PCT/JP01/01483 170 were filtered
of f and washed w14t oy %HQ?? g, 86.49% This product was dissolved in a
m xture of acetonitrile (8.5%%2 and water (2.9 L) and treated with active
carbon. Water (45 L)EXAE®P LR and crystals were filtered off. The 5
crystals were suspended in acetone (2.9 L), stirred at 48 to 52C for 1

hour ahd cool ed to rodon t¥rgekatands; (4 msidtargohenel 13 1&rdheirotreiobt ai n
the titled conpound (997 g). Melting point 217-218.5C (deconp.
[ a] D20- 123. %8 OQE=En VY93 " :GHAIRyhieno I!OZ, 3—b]pyridin-Z—yl]methyf}—Z, 5-
pyrrolidinedione
To dimethyl sulfoxide (2450 ml) was added 28%
sodium methoxide (97.4 q), followed by addition of
10 succinimide (178.9 g). The mixture was stirred at about
20°C for 30 minutes and then 3-chloro-2-chloromethyl-5, 8-
dihydro-4- (4-methoxyphenyl)-6H~thiopyrano[4’,3’ :4,5])thieno-
[2,3-blpyridine (490 g) was added thereto. The mixture was
stirred at room temperature for 2.5 hours and then a
15 mixture of methanol (1225 ml) and water (490 g) was added
dropwise thereto. The mixture was stirred at 10°C or lower
and crystals deposited were filtered off t6 the titled
compound (546 g, 96. 3%).
Example 123
20 l—{[3—Chloro;4—(4—methoxyphenyl)—7—oxido—5,8—
dihydro-6H-thiopyrano([4’,3’:4,5]thieno(2,3-b]pyridin-2-~
yllmethyl}-2, 5-pyrrolidinedione
A mixture of 1-{[3-chloro-4-(4-methoxyphenyl)-
5,8-dihydro-6H-thiopyrano[4’,3’:4,5]thieno[2,3-b]pyridin-2-

25 ylimethyl}-2, 5-pyrrolidinedione (239.6 g) and



10 El enental analysis for C22H19CIN204S2 Calcd: C, 55.63; H 4.03; N, 5.90
Found: C, 55.58; H 4.18; N, 5.94 'H NWR (CDC13) b: 2.13-2.20 (1H, m,
2.54- 2. 73w02Hh6468s, 2.91 (4H, s), 3.02-3.09 (1H, m, 3.90 g @tdrosdrasst. 00
(1H, d, 15 J=16.9 Hz), 4.10 (1H, d, J=16.9 Hz), 5.00 (1H, d, J=17.2 Hz),
5.06 (1H, d, J=17.2 Hz), 7.01 (2H, d, J= .6(19 Hz), 7.16 (2H, d, J=8. 1 Hz)
As descri bed herei nabove, since conpound ) or salts thereof of the
present invention have excellent anti- 20 inflammatory activity, they are
useful as anti-inflammtory drugs, particularly as renedies for arthritis.
Further, the r seful.in the_prevention and . treatnent of bone
destruction,l%éfhiaibﬁﬁ?%%d%néltﬁelﬁiQ&FSwE?Q eﬁcéSnﬁgﬁ apd hypppdium
because the ave excellent suppressing effects 25 qn bone resorptign,
Fur t her nor e?/I\?)heﬁxéﬁaé?eﬁé’ eqiq nd OWD (a9 b46BS pefrgBolfipaugse . 171303
prevention and treatnent of diseases associated with |imune reactions

i ncl udi ng HGTIRMe RATSEESE bdeduge Fhey Rty 9t eldraRWisifhpressi ke
effects on i nmune cytokine production, They are al so useful as

prophyl act i%LEHE] hEREpettier e ugs = & P&j QWIn £edctd oRobrter oPgal
transpl antation. Mreover, conpounds (I) or salts thereof of the present
i nvent? on a1 ithieskildietp ahd08t aWl)e apdi i&tehe (Snekhbaiaxm pAdere

living body so that they exert the nmedical efficacy for a |ong period of
time and caHPuvise at to 7°C and the mixture was stirred at 15 to

20°C for 1 hour. Crystals deposited were filtered off to
obtain the titled compound (242 g, 97.5%). 'H-NMR
(CDC1,;)d: 2.13-2.20 (1H, m), 2.54-2.73 (2H, m), 3.02-3.09
10 (1H, m), 3.90 (3H, s), 4.00 (1H, d, J=16.9 Hz), 4.10 (1H, d,
J=16.9 Hz), 5.00 (1H, d, J=17.2 Hz), 5.06 (1H, d, J=17.2
Hz), 7.01 (2H, d, J=8.1 Hz), 7.16 (2H, d, J=8.1 Hz).
Example 124
(S)-1-{[-3-Chloro-4~- (4-methoxyphenyl)-7-oxido-
15 5,8~dihydro-6H-thiopyrano[4’,3’:4,51thieno[2,3-blpyridin-2-
yllmethyl}-2, 5-pyrrolidinedione
To a solution of succinic anhydride (303.25 g) in
DMF (3.5.L) was added (S)-2-(aminomethyl)-3-chloro-4-(4-

methoxyphenyl)-7-oxido~5, 8—dihydro-6H-thiopyrano-

20 [47,3":4,5]thieno[2,3-blpyridine (1134 g) and the mixture
was stirred for ‘1 hour. To the mixture was slowly added
carbonyldiimidazole (935.5 qg), and stirred at room

temperature for 22 hours and further at 36 to 38°C for 5
hours. The reaction mixture was added dropwise to water

25 (20 L). After stirring for 2.5 hours, crystals deposited



10 advant ageously used as nedi canents.
CLAIMS 1. A conmpound represented by the forrmula (1):
5 whrngisessG represents a hal ogen atom hydr oxy

A (1)
optionally substituted am no group,
group or an optionally substituted

WD 01/ 64685

an optionally

PCT/ JP01/ 01483 172

S" alk-XXRYBG
gr (¢aypraNo1483
substituted | ower alkyl
al k represents an

optionally substituted

| oner al kyl ene g

alkorﬁggroup;

p; X represents oxygen atom an

10 optionally oxidized sul fur atom

or -(CH2)g- (g represents

an i nteger

of 0 to 5);

R represents an optionally

substituted am no group or an

optionally substituted _heterocyclic
sgbst i tut g&'a?-eco#ﬁlg?%‘f‘ﬁ% Q-f%t d"‘%frffé

atons contain no nitrogen atom Y ﬁ

oxi di zed sdif§r BFYHRC
or (mhereH% 3a

(VaRa) Gfspe

L) and water

Water (45 L)
5 crystals were suspended
to 52°C for 1 hour

and

epresents

0X
FEASIE 03c A EE Ro ONE. EORER

and Rb are the sane or different and,
(2.9 L)

and treated

was added and crystals were filtered off.

in acetone

cooled to

(2.9 L),

ABRrBavthy MetRe NARg 19 carchtlent

en atgm an qﬁgionally

CRhlRo,

with active carbon.
The
stirred at 48

room temperature.

10

15

20

Crystals were filtered off to obtain the titled compound

(997 g). Melting point 217-218.5°C (decomp.) [a]fo—123.63

(c=0.00490, CHCIL,).

Elemental analysis for C,,H,,C1N,0O,S,

Calcd: C, 55.63; H, 4.03; N, 5.90

Found: C, 55.58; H, 4.18; N, 5.94

'H-NMR (CDCl1,) &: 2.13-2.20 (1H, m), 2.54-2.73 (2H, m),

2.91 (4H, s), 3.02-3.09 (1H, m), 3.90 (3H, s), 4.00 (1H, d,

J=l¢.9 Hz), 4.10 (1iH, 4, J=16.9 Hz), 5.00 (1H, d, J=17.2

Hz), 5.06¢ (1H, 4, J=17.2 Hz), 7.01 (2H, d, J=8.1 Hz), 7.16

(24, d, J=8.1 Hz).
As described hereinabove, since compounds (I) or
salts thereof of the present invention have excellent anti-

inflammatory activity, they are useful as anti-inflammatory

drugs,

particularly as remedies for arthritis.

Further,

they are useful in the prevention and treatment of bone

destruction,
arthritis,

25 on bone resorption.

osteoporosis,

Furthermore,

and the like,

which accompany

because they have excellent suppressing effects

they are useful in the



WO 01/ 64685 PCT/JP01/ 01483 173 respectively, represent hydrogen atom a
hal ogen atom an optionally substituted hydrocarbon group, an optionally
substi t ut @@ @wyéssgr oup, an optional ly substituted carbamoyer/ @opeass an
optionally substituted thiocarbanoyl group, an 5 optionally substituted

sul fonyl group, an optionally substitut?qlsulfinyl group, an optionally
substituted hydroxyl group, an optional 'y substituted thiol group, an
optionally esterified carboxyl group, or an optionally substituted

het erocyclic group, or Ra and Rb nay be 10 conbi ned each other to forma 5-

to 7-menbered ring;, and Rc__represent ydrogen atom, a hal ogen ato an
opti onal | y PEUISE5 Ut & yﬁ:ﬁ’%%%?%% %fo%%s,eaa e%p?‘?%‘ﬂ%ﬂ%e@u g@?t%ﬁ”@ Cacyl
group, an optiagnally substituted carbanmoyl group, an option

Jubeb it ed ST OE A DT gt Bip. S PR alt Cr5oe RREREHE o4 ne ramyF
group, an optiaonally substituted | finyl group, an optjonally substituted
Pydr oxyl  qrRSEL LI GRATIART YRS UBRIF e (P LHEBI Gr Ol K e GRS GRAT 3P
esterified carboxyl group, or. an optionally suybstituted heterocyclic
group): andiSh@PHe repFesiitsuan aspProRAMipctis Akt iheR e behz eHE 95 ng,

or a salt thereof. 2. The conpound according to claiml, wherein alk is

net hyl®ne. & TREIEGHIQIND &€e6itdirRy t BTEREI m ArIRRer eFhrPiana kP gen

atom 25 4. The conpound according to claim1, wherein G
Moreover, compounds (I} or salts thereof of the present

invention are low in toxicity and stable against the
metabolism in the 1living body so that they exert the
medical efficacy for a long period of time and can be

10 advantageously used as medicaments.



WO 01/ 64685 PCT/JP01/01483 174 is chlorine atom 5. The conpound
according to claiml, wherein X is - (CH2) qg- (g represents an integer of
0 to 5. ®oolegzonpound according to claim 1, wherein X fgerimopoend. 7.
The conpound according to claim 1, wherein the optionally substituted
am no group represented by Ris -N (Rl)lf ) (wherein R and R2, which may
be the sanme or different, respectively, present hydrogen atom an 10
optionally substituted hydrocarbon group, or an optionally substituted
acyl, sulfonyl, sulfinyl, or heterocyclic group, or R and R2 may be
conbi ned each other to form an optiong#%¥ gubstituted ni t r ogen- cont ai ni ng
5- to 7-nenbered heterocyclic group). %S The conpound according to
claim7, wherein R and R2 are conbi ned each other to forma nitrogen-
containing optionally substituted 5- to 7-nmenbered heterocyclic group. 9.
The conpound according to claim7, wherein 20 Rl and R2 are acyl_groups.
10 The conpound accorti ng &t FTRGHRY CSHSHH G 5% e ot i8R 1 {1
substituted nitrogen-containing heterocyclic group. 11. The conpound
according to claiml, whe ei% 25\t he §q@;LkLgpnt on the optionally

AN

substituted heterocycfic
Y B |

G
(n
5 wherein G represents a halogen atom, hydroxyl group, an
optionally substituted amino group, an optionally

. substituted lower alkyl group or an optionally substituted
alkoxy group; alk represents an optionally substituted
lower alkylene group; X represents oxygen atom, an

10 optionally oxidized sulfur atom, or —-(CH,),~ (g represents
an integer of O to 5); R represents an optionally
substituted amino group or an optionally substituted
heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-membered ring whose ring

15 constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

( R N ( @
— — . C Re—N=¢ Rc—
S q\ 0 ﬁ\ ' Rz>:=Q\ | Rb/,\ | \ ¢c—¢C

’ or

(wherein Ra and Rb are the same or different and,



WO 01/ 64685 PCT/JP01/01483 175 group represented by Ris oxo group. 12.
The conpound according to claiml, wherein R is O ---NC 0 5 wherein

ring C repwiraauéss a 5- to 7-nenbered heterocyclic group aRineoabisys
containing one or nore hetero atons selected fromnitrogen, sulfur and

oxygen atons, in addition to the nitrogfg atom 13. The conpound accordi ng
to claiml1l, wherein 10 ring B is an opti %ally substituted 6-nenbered ring
containing Y. 14. The conpound according to claim1l, wherein the
substituents on ring B are one to four substituents selected froma Cl1_6

| kyl d a hal tom 15 15 Th d ding to claim1,
Shor ci i 1 AF S S [ g PBRT ESRht YOy SR 4 il 8. BALOISR Ao CoB)

E@;;?Lgligf n%>Y' E?pﬁﬁiﬁs%jﬁl23?”h§%%@%5¥ﬂ5%9rg%%%gﬂora¥¢)gé£§§§§fly

substituted acyl group, an optionally substituted carbamoyl
group, an optionally substituted thiocarbamoyl group, an
5 optionally substituted sulfonyl group, an optionally
substituted sulfinyl group, an optionally substituted
hydroxyl group, an optionally substituted thiol group, an
optionally esterified carboxyl group, or an optionally
substituted heterocyclic group, or Ra and Rb may be
10 combined each other to form a 5- to 7-membered ring; and Rc
represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optionally substituted
acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
15 substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally
esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
20 substituted benzene ring, or a salt thereof.
2. The compound according to claim 1, wherein
alk is methylene.
3. The compound according to claim 1, wherein G
is a halogen atom.

25 4, The compound according to claim 1, wherein G



oxygen atom respectively; n represents an integer of 0 to 4; and Y is as
defined in claiml. 16. The conpound according to claiml, wherein Y 1is an

opti onal | wooniedészed sul fur atomor 0= C 5 17. The conpoungtaménsidsg to
claiml1, wherein ring Ais benzene ring which nay be substituted with one
to four substituents selected froma hagggen atom nitro group, an
optionally substituted al kyl group, an optionally 10 substituted hydroxyl,
an optionally substituted thiol group, an optionally substituted am no
group, an optionally substituted acyl group, an optionally esterified

car boxyl I ou and an optionally substituted aromatic ring group. 18 The
conpound agébﬁgpﬁ§%QF(ﬁE§%nlq wherein 15 the substituent on ring Ais a

Cl_6 al koxy group or hydroxyl roup. .19 The conpound. accor di to,claim1l,
wherein the conpoun&?repﬁéﬁédf T§%QIﬁ9ﬁﬁE9¥W§ ?%:Cﬁé%m[{e-gﬁ?ﬁ?ﬁg4g

(4-nethoxyphenyh%ﬁ-?-oxo-S, 6, 7,8 20 .

t et r ahydr o[ betZ& b1 ehS[ DSREBF YT F dr - 22y egaEt AEyP- 5O52) pyrrol i di nedi one
et hyl ene ketal; 3-{[3-chl oro-4-(4-nmethoxyphenyl)-7-oxi do-5, 8-di hydro-6H
t hi opyrano[ 4', 3' : 4, 5] hi enb}2, RHWRE RFC2EYI FoetPyFiaimal, wheréin X

t hi azol i di ne-2, 4-di one or an optically active conpound WO 01/ 64685

PCT/ JF01/ 0E483 Lrrd.

7. The compound according to claim 1, wherein
the optionally substituted amino group represented by R is
-N(R') (R?) ‘(wherein R' and R?, which may be the same or
different, respectively, represent hydrogen atom, an

10 optionally substituted hydrocarbon group, or an optionally
substituted acyl, sulfonyl, sulfinyl, or heterocyclic group,
or R' and R?® may be combined each other to form an
optionally substituted nitrogen-containing 5- to 7-membered
heterocyclic group).

15 8. The compound according to claim 7, wherein
R' and R* are combined each other to form a nitrogen-
containing optionally substituted 5~ to 7-membered
heterocyclic group.

9. The compound according to claim 7, wherein

20  R' and R®are acyl groups.

10 The compound according to claim 1, wherein R
is an optionally substituted nitrogen-containing
heterocyclic group.

11. The compound according to claim 1, wherein

25 the substituent on the optionally substituted heterocyclic



t hereof or a salt thereof;

3-{[3-chl oro- 4- (4- net hoxyphenyl ) - 7- oxi do- 5, 8- di hydr o- 6H

t hi opyr anaiodii/edess4, 5] t hi eno[ 2, 3- b] pyri di n-2-yl ] met hyl }- 1, 3c1/5P01/01483
oxazol i di ne-2, 4-dione or an optically active conpound 5 thereof or a salt
t her eof ; 1-{[3-ch|oro-4-(4-nethoxypheny|%-%-oxido-5,8-dihydro-6H—

t hi opyrano[4', 3" :4,5]thieno[ 2, 3-b] pyridi -yl ] met hyl }-2, 5-
pyrrolidinedione or an optically active conpound thereof or a salt

t hereof; 10 1-{[3-chloro-4- (4 nethoxyphenyl) 7-0x0-5,6,7,8-tetrahydro

[1]benzoth|enq{2 3- r|d| yI]net 5- pyrrolldlnedlone or a salt
t hereof ; 1- ?ﬂ#%g, %V%ﬁé%@? P+ 7- oxo- 5 6 7 8-
tetrahydro[l]benzothl r|d| I t hyl
pyrrol i di nedi one or a aJtT %éi oun acggggﬁ g clalm 1, wherein R
3-{[ 3-chl oro-4- (4- met hoxyphenyl ) - 8 8- di net hyl - 7- oxo-

, 6,7, 8- teﬁﬁhhydro[l]benzothleno[2 3-b] pyridin-2-

5
yI]nethyI} 1, 3-thiazolidine-2,4-dione or a salt thereof;

1-{[ 3-chl oro-4- (4- nethoxyphenyl) 6, 6-di net hyl - 7-oxo 20 5, 6, 7,
8-t

y

etrahydro [ 1 ] benzo [2, 3-Db] pyridin-2-
| Jet hyl } -2, 5-pyrrolidi
2-aninonethy| 3-chl or o-

diong® or a salt thereof; or

45me hoxyphenyl ) - 7- oxi do- 5, 8-

di hydr o- 6Ht hi opyrano[ 4',2 4/ 5]thieno[2,3-b]pyridine or an optically
active conmpound thereof Qr a salt thereof. 25 20. The conpound according to
claim1l, wherein WO 01/64685 PCT/JP01/01483 178

5 wherein ring C represents a 5- to 7-membered heterocyclic
group optionally containing one or more hetero atoms
selected from nitrogen, sulfur and oxygen atoms, in
addition to the nitrogen atom.

13. The compound according to claim 1; wherein

10 ring B 1is an optionally substituted 6-membered ring
containing Y.

14. The compound according to claim 1, wherein
the substituents on ring B are one to four substituents
selected from a C, alkyl group and a halogen atom.

15 15. The compound according to c¢laim 1, wherein

ring B is a ring represented by the formula:

T (CHy),

wherein - Y' and Y" represent carbon atom, sulfur atom or



t he conpound represented by forrmula (I) is:

3-{[3-chl oro- 4- (4- net hoxyphenyl ) - 7- oxi do- 5, 8- di hydr o- 6H

t hi opyr aneiodii/edess4, 5] t hi eno[ 2, 3- b] pyri di n-2-yl ] met hyl } - 1, 3c1/5P01/01483

t hi azol i di ne-2, 4-di one or an optically active conpound 5 thereof or a salt
t her eof ; 3-{[3-chloro-4-(4-nethoxypheny|ﬁﬁé-oxido-5,8-dihydro-6H—

t hi opyrano[4',3' :4,5]thieno[ 2, 3-b] pyridin-2-yl]nmethyl}-1, 3-
oxazol i dine-2,4-dione or an optically active conpound thereof or a salt
thereof; or 10 1-{[3-chl oro-4-(4-nethoxyphenyl)-7-oxi do-5, 8-di hydro-6H

t hi opyr ano 4' , 3 : 4, 5 ]thien 2, 3-b ]pyridin-2-yl Jnmethyl } -2, 5-
by o1 1 di naliGH Gy opeTRRFTY VLY T VB EoREGERT tEherear oo Gh § t0
thereof. 21. The, conpound according to cJaiml1l, wherein 15 the conpound
repr esent e&;bfq%rwsa 35 )dgiined In claim 1.

1-{[ 3-chl or o- 4- (4- net hoxyphenyl ) - 7- ox0-5, 6, 7, 8- , )
tetrahydro[l]benzothi%ﬁuﬂ:ﬂhﬁtﬁ?ﬂﬁ??ﬁ¢r%§9@ﬁﬁ%@%y¢?-9%%lmp§rr%h?ﬁ?h@d?one
or a salt thereof; 1-{[3-chloro-4-(4-nethoxyphenyl)-8, 8-dinethyl-7-oxo 20
5, 6, 7, 8-t et I Ben bt HeHET 223B- B by ¢ ep-or

yl ] methyl }-2, 5-pyrrolidinedione or a salt thereof;
3-{[3-chl oro-4- (4- net hoxyphenyl ) - 8, 8-di net hyl - 7- oxo-

5,6, 7, 8-t et rahydr o[ 1] 8en¥ot hi eno[ 2, 3- b] pyri di n- 2-

yl ] metdhyl }- 1, 3-t hi azol i dive-2, 4-dione or a salt thereof; or 25

1-{[ 3-chl or o- 4- (4- net hoxyphenyl ) - 6, 6-di met hyl - 7- oxo WD 01/ 64685

PCT/ JP01/ 01483 179 17. The compound according to claim 1, wherein

ring A is benzene ring which may be substituted with one to
four substituents selected from a halogen atom, nitro group,
an optionally substituted alkyl group, an optionally
10 substituted hydroxyl, an optionally substituted thiol group,
an optionally substituted amino .group, an optionally
substituted acyl group, an optionally esterified carboxyl
group, and an optionally substituted aromatic ring group.

18 The compound according to claim 1, wherein

15 the substituent on ring A is a C; alkoxy group or hydroxyl
group.

19 The compound according to claim 1, wherein
the compound represented by formula (I) is:
1-{[3-chloro-4-(4-methoxyphenyl)-7-oxo0~5,6,7, 8~

20 tetrahydro[l]lbenzothieno([2,3-blpyridin~-2-yl]methly}-2, 5~
pyrrolidinedione ethylene ketal;
3-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-5, 8~dihydro-6H~
thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-2-yl]lmethyl}-1,3-

thiazolidine-2,4~dione or an optically active compound



5,6, 7, 8-tetrahydro[ 1] benzot hi eno[ 2, 3-b] pyri di n- 2-

yl ] met hyl }-2, 5-pyrrolidinedione or a salt thereof. 22. The conpound
accor di ngwiogn1wsegsm 1, wherein the conpound represented bydmroybasi!) is:
5 1-{[ 3-chl or 0- 4- (4- hydr oxyphenyl ) -7, 7- di oxi do- 5, 8- di hydr o-

6Ht hi opyrano[ 4',3':4,5]thieno[ 2, 3-b] pyr |1c}17n 2-yl ] met hyl } -
2,5-pyrrolidinedione or a salt thereof;

4-{3-chl oro-2-[2,5-di oxo-I-pyrrolidinyl)nmethyl]-7, 7-oxido-

5, 8-di hydro-6H-t hi opyrano[4', 3" :4,5]thieno[2,3-b]pyridin-4 10 yl]phenyl}
di i sobutyl ,phosphate or a salt theregof; or butyl

4-{3-chl or 0= -ﬁ%ﬁ?@%i%x‘?ﬁ C VRS BRPH nyl ) met hyl 1 -7, 7-

di oxi do- 5, 8-di hydr.o- 6H-t hi oppyrano[4' ,3"':4,5]thieno[2, 3- .

b] pyri di n- 43-‘y*1 WFéﬁﬁr%éi]bg‘ﬁéfF%ﬁb&-‘ép%%qu)(TIZ,\T%%C.IO?_%{ 8 2d P BAFRGORT t he
conpound according to claim 15 1. 24. A rocess_f_orFé)r oducing a con‘gound
r epr esent e HYPRAERRNE a1 br MlFl¢R9 [2 S-bhpyridiore -yl Buefhnl fri, 3~
wherein G represents a hal ogen atom hydroxyl group, an 20 optionally
subst i t ut ed®*HENor Grfipe - EAFLEPRE ondF | y 20 FHE4BE5-PCTEIPDI¢ 0148BPOYB0

substituted | ower_al kyl group or an optionally substituted
5 hereof or"a salt thereof;

1-{[3~-chloro-4~ (4-methoxyphenyl) ~-7-oxido-5, 8~dihydro-6H-
thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-2-ylimethyl}-2,5-
pyrrolidinedione or an optically active compound thereof or
a salt thereof;

10 1-{[3~chloro-4~- (4-methoxyphenyl)-7-oxo~5,6,7,8-tetrahydro
[1]lbenzothieno[2, 3-b]pyridin-2-yl]methyl}-2, 5-
pyrrolidinedione or a salt thereof;
1-{[3-chloro-4- (4-methoxyphenyl)-7-oxo-5,6,7, 8-
tetrahydro[l]benzothieno[2, 3-blpyridin-2~yljmethyl}~-2,5-

15 pyrrolidinedione or a salt thereof;
3-{[3-chloro-4- (4-methoxyphenyl) -8, 8-dimethyl-7-oxo~-
5,6,7,8-tetrahydro[l]benzothieno[2, 3-b]pyridin-2-
yllmethyl}-1,3-thiazolidine-2, 4-dione or a salt thereof;
1-{[3-chloro-4- (4-methoxyphenyl) -6, 6-dimethyl~7-oxo-

20 5,6,7,8-tetrahydro[l]benzothieno[2,3-bjpyridin-2-
ylimethyl}-2, 5-pyrrolidinedione or a salt thereof; or
2—aminomethyl-3-chloro-4- (4-methoxyphenyl)-7-oxido-5, 8-
dihydro-6H-thiopyrano[4°,3 :4,5]thieno[2,3-blpyridine or an
optically active compound thereof or a salt thereof.

25 20. The compound according to claim 1, wherein



al koxy group; alk represents an optionally substituted |ower alkylene
group; X represents oxygen atom an optionally oxidized sulfur atom or
-(CH2) g- v @pesasents 5 an integer of 0 to 5); R represermca/@enl/onss onal |y
substituted am no group or an optionally substituted heterocyclic group;
ring B represents an optionally substitytgd Y-containing 5- to 8-nenbered
ring whose ring constituent atons contain no nitrogen atom Y represents
10 oxygen atom an optionally oxidized sulfur atom Ra Ra S=C0=C C . \C
Rc-N=C Rc-C Rb . Rb " or (wherein Ra and Rb are the sane or different and,

respectivel r e hydr oge hal oge tom an optional
subgtitutedﬁﬁidﬁgéﬁigg% Eﬁéﬁlgbgﬁg%gg}dﬁ%?ﬁ§ﬁg5p%ﬁb%§Ituted gcyl groﬁp, an
optional |l y supstit.uted carpanoyl rou n .optionally,substituted

t hi ocar barm%s/l {bléér ocu%o%% oglfli%%téq?}%@b%@ﬁ u?le)?ixjs%?f%h§/l ‘9]8%%? §[g
optionall substituted syl fjn rou optional |y substit.ut hydr oxyl
glrooup, anyotﬁjiotﬁyﬁalrbo gjb(sﬂ t %Lt}?ﬁrb&?g’?%fbfp%]ﬁl%bn%ﬁ}(gﬁ&ﬁ@yigﬂef PTi edy
car boxyl gr.qup, ar. an optionall substituted heterocyclj¢ group, or Ra and
R oy be. COA e BT GUHEIOR% (07 m 3 5-OF bt 62 heRbef €HL ¥ ng SR RE
represents drogen at om hal ogen_atom an optionally WO 01/ 64685

PCT/ JPD1/ 0148 €A P5 st tébelﬁ%fr

substituted
3-{[3~chloro-4~ (4~methoxyphenyl)~7-oxido-5, 8-dihydro—-6H-

‘ocar bon group, an optionally

thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-2-ylimethyl}-1, 3-
oxazolidine-2,4-dione or an optically active compound
thereof or a salt thereof; or

10 1-{[3-chloro-4- (4-methoxyphenyl)-7-oxido-5, 8-dihydro-6H-
thiopyrano[4’,3’:4,5]thieno[2,3-b]lpyridin-2-ylimethyl}-2, 5~
pyrrolidinedione or an optically active compound thereof or
a salt thereof.

21. The compound according to claim 1, wherein

15 the compound represented by formula (I) is:
1-{[3-chloro-4- (4-methoxyphenyl)-7-oxo-5,6,7, 8-
tetrahydro{l]lbenzothieno{2,3-blpyridin-2~-yl]lmethyl}-2, 5-
pyrrolidinedione or a salt thereof;
1-{[3-chloro-4- (4-methoxyphenyl) -8, 8-dimethyl-7-oxo-

20 5,6,7,8—tetrahydr6[1]benzothieno[2,3—b]pyridin—2—
yllmethyl}-2, 5-pyrrolidinedione or a salt thereof;
3-{[3-chloro-4- (4-methoxyphenyl) -8, 8-dimethyl-7-oxo-
5,6,7,8-tetrahydro[l]benzothieno[2,3-blpyridin-2-
yllmethyl}-1,3-thiazolidine-2,4-dione or a salt thereof; or

25 1-{[3-chloro-4- (4-methoxyphenyl) -6, 6-dimethyl-7-oxo~



acyl group, an optionally substituted carbanoyl group, an optionally
substituted thiocarbanoyl group, an optionally substituted sul fonyl group,

an opti onad

dot/egedsstituted 5 sul finyl group, an optional |y Pabebi/euszd

hydr oxyl group, an optionally substituted thiol group, an optionally

esterified

group); and ring A represents an optiona

car boxyl group, or an optiona#?g substituted heterocyclic
y substituted benzene ring,

salt thereof which conprises 10 reacting a compound represented by the
formula (11-1): S1 Nalk-Q YBG Al (Il-1) wherein Qrepresents a

I h d a I
ther cof, WL f&’*ﬁ%@eﬁ’cﬁrnﬁlt failedl %ZOJ@%@’forﬁ% J(GF’W?Z 15 R XIH (111)

wher ei n Rl
optionally-o

ef b X1
>g| c?t é’c}l}n%d urpoy\e/ﬁe eadj’ggf)e[ es]ie%fe%yt f'trwn aocr:orrpoun

o Stom L by the 1o 3,113, 90 QLLOAEER, P PO Q1B 185

10

15

the compound represented by formula (I) is:

1-{[3-chloro-4- (4-hydroxyphenyl) -7, 7-dioxido~5, 8~dihydro-
6H-thiopyrano[4’,3 :4,5]thieno[2,3-blpyridin-2-yl]lmethyl}-
2,5-pyrrolidinedione or a salt thereof;

4-{3-chloro-2~[2, 5-dioxo-1-pyrrolidinyl)methyl}-7, 7-oxido-
5,8-dihydro-6H-thiopyrano[4’,3":4,5]thieno[2,3-b]lpyridin-4-
vllphenyl} diisobutyl phosphate or a salt thereof; or

butyl 4-{3-chloro-2-[(2,5-dioxo-1-pyrrolidinyl)methyl]-7,7-
dioxido-5, 8~dihydro-6H-thiopyrano[4’,3":4,5]thieno[2, 3~
blpyridin-4-yl}phenyl carbonate or a salt thereof.

23. A prodrug of the compound according to claim

24. A process for producing a compound

represented by the general formula (I):

alk—X—R

(-

wherein G represents a halogen atom, hydroxyl group, an

20

optionally substituted amino group, an optionally

or

d

a



A (1-1) wherein each synbol is as defined above, or a salt thereof;
reacting a conpound represented by the formula (11-2) S\ alk- (CH2) g-Q
Y B G A (ldndsssswherei n each synbol is as defined above, pgrr/gofeiqbs

t her eof ,
(1'V) where
repr esent
substitute
substitute
group, or
substitute

.wWith a conmpound represented by the fornula (1V): R R2~NH 10

or

5

in Rl and R2, which may be the}ggne or different, respectively,

an optionally substituted arbon group, an optionally

d acyl group, an WO 01/64685 PCT/JP01/ 01483 183 optionally

d sul fonyl group, or an optionally substituted heterocyclic
each other to forman optional

PBLAL U LR L St et A L R TR e

to 5 obtaln a conmpound represented by the formula, (1- ZEY S " al k- %CHZ)

g- N(R1) (F&5 koxy group, alk represents an optlonal

10

15

20

substitu

lower alkylene group; X represents oxygen atom, an
optionally oxidized sulfur atom, or —-(CH,),~ (g represents
an integer of 0 to 5); R represents an optionally
substituted amino group or an optionally substituted
heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-membered ring whose ring
constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

4 4 R, R/ 4 4
— — . C Rc—N=—=C Rc—
i v’ T Rb>=c\ AN \ "

or

(wherein Ra and Rb are the same or different and,
respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon group, an optionally
substituted acyl group, an optionally substituted carbamoyl
group, an optionally substituted thiocarbamoyl group, an
optionally substituted sulfonyl group, an optionally
substituted sulfinyl group, an optionally substituted
hydroxyl group, an optionally substituted thiol group, an
optionally esterified carboxyl group, or an optionally
substituted heterocyclic group, or Ra and Rb may be
combined each other to form a 5- to 7-membered ring; and Rc

represents hydrogen atom, a halogen atom, an optionally



YB~G A(1-2) wherein each synbol is as defined above, or a salt
thereof; or subjecting a conpound represented by the formula 10 (1-3): S
"alk-XwRowieBi G Al (1-3) wherein ring B representlKTaRODEMBDNAl |y
substituted Y' - containing 5- to 8-nmenbered ring whose ring constituent
atonms contain no nitrogen atom Y' repregsgpts sulfur atom 15 or WO

01/ 64685 PCT/JP01/01483 184 H C HO~ and the other synbols are as defined
above, or a salt thereof to oxidation to obtain a compound represented by
the formula (1-4): Salk-XR Y2 B2

substituted hydrocarbon group, an optionally substituted
acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonfl group, an optionally substituted
5 sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally
esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
substituted benzene ring, or a salt thereof which comprises

10 reacting a compound represented by the formula (II-1):

alk—qQ

(H-1)

wherein Q represents a leaving group; and the other symbols
are as defined above, or a salt thereof, with a compound
represented by the formula (III):

15 R-X'H (III)
wherein R is as defined above; and X' represents oxygen
atom, or an optionally oxidized sulfur atom, or a salt
thereof to obtain a compound represented by the formula (I-

1):



G A5 (1-4) wherein ring B2 represents an optionally substituted Y2-
containing 5- to 8-nenbered ring whose constituent ring atons contain no
nitrogen wioOMe64688 represents an oxidized sulfur atom or /PCxAPRI/OES and t he
ot her synbols are as defined above, or a salt thereof; or reacting a
conpound represented by the fornula 15 (kb-3) @ WO 01/64685 PCT/ JP01/01483
185 S" CH2 -G YBI G A( I I -3) wherein G represents a hal ogen atom
and the other synbols are as defined above, or a salt thereof, with (C6H5)
3P 5in a solvent to obtain a conpound represented by formula (VI) : S\
CH2-P+ (C6H5) 3G - Y B I |

alk—XLR

(1-1)

wherein each symbol is as defined above, or a salt thereof;
or
5 reacting a compound represented by the formula

(II-2):

(11-2)

wherein each symbol is as defined above, or a salt thereof,

«with a compound represented by the formula (IV):
1

R\

NH

2/

R
10 (V)

wherein R' and R?, which may be the same or different,
respectively, represent an optionally substituted

hydrocarbon group, an optionally substituted acyl group, an



G A (VI) wherein each synbol is as defined above, then reacting the
conpound represented by the formula (VI) with a conpound 10 represented by
t he fornmuve qixdkéss: Z' - (CH2) g, CHO (VI1) wherein Z1 reprrESerP)E0E83
optionally substituted heterocyclic group; and q' represents an integer of
Oto 4, or a salt thereof to obtain a cggﬁfund represented by 15 formula
(VFI1): WO 01/64685 PCT/JP01/01483 186 CH=CH (CH2) q,--ZT Y BG A
(VII'1) wherein each synbol is as defined above, or a salt thereof, and
further subjecting the conmpound represented by fornula (VIIIl) or a salt

thereof to re%&%}i t i.n co n r epresent ed the for a
(1-5): Z é)p( aql.cl&z %u%l%}teiltu/t%g %Bf:"i'orqy? gelpm? p oF B}/l optlongyiy
substituted heterocyclic group, or R' and R’ may be combined
each other to form an optionally substituted nitrogen-

containing 5- to 7-membered ring, or a salt thereof to

5 obtain a compound represented by the formula (I-2):

alk-(CH,) ~N(®R") (")

(1-2)
wherein each symbol is as defined above, or a salt thereof;
or
subjecting a compound represented by the formula

10 (I-3):

(1-3)

wherein ring B' represents an optionally substituted Y!-
containing 5- to 8-membered ring whose ring constituent
atoms contain no nitrogen atom; Y' represents sulfur atom

15 or



(1-5) wherein each synbol is as defined above, or a salt thereof;

or

reacting a conpound represented by the fornula 10 (11-1): WO 01/64685
PCT/ JPO1/ 9D4BB4685887 S N alk-Q Y B G A (l11-1) wherein eadr/®nbaB3is as
defined above, or a salt thereof, wth a conmpound represented by fornula
(XI1): RH (Xl | ) 5 wherein Ris as defipgd above, or a salt thereof to
obtain a conpound represented by the fornmula (1-9): S Nalk-R Y B G Al

(1-9) wherein each synbols is as defined above, or a salt thereof.

25. A

pharmaceutical conposition conprising a 10 conpound represented by the

general forrmula (I): Vﬁ) 01/ 64685 PCT/JP01/ 01483 188
NS

/
HO\

.
r

and the other symbols are as defined above, or a salt

thereof to oxidation to obtain a compound represented by

the formula (I-4):

5 (1-4)

wherein ring B? represents an optionally substituted Y*-

containing 5- to 8-membered ring whose constituent ring

atoms contain no nitrogen atom; Y? represents an oxidized

sulfur atom or

(

0==C

10 \~'

4

and the other symbols are as defined above, or a salt

thereof; or

reacting a compound represented by the formula

15 (II-3):



SNalk-XR YBG A (l) wherein Grepresents a hal ogen atom hydroxyl
group, an optionally substituted am no group, an optionally substituted
| ower al kwlo @yre@e8s or an optionally substituted 5 al koxy grreapPoab1a83
represents an optionally substituted |ower alkylene group; X represents
oxygen atom an optionally oxidized sul{gg atom or -(CH2) g- (q
represents an integer of O to 5); R represents an optionally substituted
am no group or an optionally substituted 10 heterocyclic group; ring B
represents an optionally substituted Y-containing 5- to 8-nenbered ring
whose ring constituent atoms contain no nitrogen atom Y represents
oxygen atom an optio i dd _sulCtlyr—'om Ra Ra S=C 0=C C \ C Re- N=C
Rc-C Rb Rb " or 15y(w@eri|n : Rb are the sane or different and,
respectively, represe a hal ogen atom an optionally
substituted hydrocarbo foup, anmyoptignally substituted acyl group, an
optionally substituted carbanmoyl WO 01/64685 PCT/JP01/01483 189

(11-3)
wherein‘G’ represents a halogen atom; and the other symbols
are as defined above, or a salt thereof, with
(CeHs) 5P
5 in a solvent to obtain a compound represented by formula

(VI) :

v

wherein each symbol is as defined above, then reacting the
compound represented by the formula (VI) with a compound
10 represented by the formula (VII):
- (CH,) ,,CHO (VII)
wherein 7t represents an optionally substituted
heterocyclic group; and g’ represents an integer of 0 to 4,
or a salt thereof to obtain a compound represented by

15 formula (VIII):



group, an optionally substituted thiocarbanmoyl group, an optionally
substituted sul fonyl group, an optionally substituted sulfinyl group, an
opti onal | wosuksgésst ut ed hydroxyl group, an optionally substdwirpeadi4shi ol
group, an 5 optionally esterified carboxyl group, or an optionally
substituted heterocyclic group, or Ra ang Ro may be conbined each other to
forma 5- to 7-nenbered ring; and Rc represents hydrogen atom a hal ogen
atom an optionally substituted hydrocarbon group, an optionally
substituted 10 acyl group, an optionally substituted carbanoyl group, an
optional Iy substituted thlocarbanDyI group, an optlonally substituted
sul fonyl group, an op s 0:eCHiﬂH n +—q oup, an optionally
substituted hydroxyl ﬁup pnal |y substl uted thiol group, an
optionally 15 esterifjed ca group, or an optionally substituted

het erocyclic group); and esents an optionally substituted
benzene ring, a prodrug thereof, or a pharnaceutically acceptable salt

thereof. 26. The pharnaceutical comgosition according to 20 claim25 for
prevention or treatnent of infla bry di seases. 27. The pharnmaceuti cal
2 Or prevention or treatnent of

conposition according to claim
arthritis. 28. The pharnmaceuti cal ~onposition according to 25 claim?25 for

prevention or treatnent of rheunah”?yl WO 01/ 64685 PCT/JP01/01483 190

¥ e

wherein each symbol is as defined above, or a salt thereof,

and further subjecting the compound represented by formula

(VIII) or a salt thereof to reduction to obtain a compound
5 represented by the formula (I~5):

1
(CH )q +2

(1-5)

wherein each symbol is as defined above, or a salt thereof;

or
reacting a compound represented by the formula

10 (IT-1):



29. The pharmaceutical conposition according to claim25 for prevention or
treatnment of chronic rheumatoid arthritis. 30. The pharnaceuti cal
conpositiwo@amaensding to 5 claim25, which is a bone res@qItirono1483
suppressant. 31. The pharnaceuti cal conposition according to claim?25 for
prevention or treatnment of osteoporosis. g2. The pharmaceutical conposition
according to claim?25, which is a suppressant of cytokine production. 10
33. The pharnaceutical conposition according to claim25 for prevention or
treatment of autoi mune di seases. 34. The pharmaceutical conposition
according to claim25 for preventlon or treatnment of rejection reaction
after organ transpl antati~¢ y Indafgraceut i cal conposition
according to claim ; cell differentiation-controlling

medi canment . 36. A net o§ f -rrventlng or treating inflamuatory diseases
whi ch conprises adm ni C fective anmount of a conpound
represented by the fornmula (1) 4685 PCT/JP01/01483 191 S Nal
k-X-R YBG A

(-1

wherein each symbol is as defined above, or a salt thereof,
with a compound represented by formula (XII):
R-H (XII)
5 wherein R is as defined above, or a salt thereof to obtain

a compound represented by the formula (I-9):

//”\\\ S N;\ alk—mR

(1-9)
wherein each symbols is as defined above, or a salt thereof.

25. A pharmaceutical composition comprising a

10 compound represented by the general formula (I):



(I') wherein Grepresents a hal ogen atom hydroxyl group, an optionally
substituted am no group, an optionally substituted |ower alkyl group or an
opti onal | wosuulsgésst ut ed 5 al koxy group; alk represents an cuienadisgs
substituted |ower al kylene group; X represents oxygen atom an optionally
oxi di zed sul fur atom or -(CH2)g- (q repfggents an integer of 0 to 5); R
represents an optionally substituted am no group or an optionally
substituted. 10 heterocyclic group; ring B represents- an optionally
substituted Y-containing 5- to 8-nenbered ring whose ring constituent
atons contain no nitrogen atom Y represents oxygen atom an optionally
oxi di zed sul fur atom aQkcRe-N=C Rc-C~ Ro . Rb " or 15
(wherein Ra and Rb are di’f f erent and, respectively, represent
hydrogen atom a hal oge : goptionally substituted hydrocarbon
group, an optionally I yh~group, an optionally substituted

car banoyl WO 01/ 64685 PCT/JP01/01‘83 f92 group, an optionally substituted

t hi ocar banoyl group, an optlonqL/ substituted sul fonyl group, an
‘%L
[

optionally substituted sulfinyl p, an optionally substituted hydroxyl
group, an optionally substituteg group, an

(n

wherein G represents a halogen atom, hydroxyl group, an
optionally substituted amino group, an optionally
substituted lower alkyl group or an optionally substituted
5 alkoxy group; alk represents an optionally substituted
lower alkylene group; X represents oxygen atom, an
optionally oxidized sulfur atom, or -(CH,),~ (g represents
an 1integer of 0 to 5); R represents an optionally
substituted amino group or an optionally substituted
10 heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-membered ring whose ring
constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

: Ra
Ra 4 / / /f
S=C/ 0=C/ >=C . \C Rc—N=C Rc—¢C
N T L AN N \
' Rb , or
15 (wherein Ra and Rb are the same or different and,

respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon group, an optionally

substituted acyl group, an optionally substituted carbamoyl



5 optionally esterified carboxyl group, or an optionally substituted
het erocyclic group, or Ra and Ro nay be conbined each other to forma 5-

to 7- menbated/eégdg; and Rc  represents hydrogen atom a halqq@geoyeseim an
optionally substituted hydrocarbon group, an optionally substituted 10
acyl group, an optionally substituted cagggnnyl group, an optionally
substituted thiocarbanoyl group, an opti 1y substituted sul fonyl group,
an optionally substituted sulfinyl group, an optionally substituted

hydr oxyl group, an optionally substituted thiol group, an optionally 15

esterified carboxyl rou n o | I substltuted het er ocyclic
group); andT9Hy AaPe gﬁ 6%@1§HEPI d SHBERFRER IO BEN LSO i ngR a
prodrug thereof, or a harnaceutlcally acceptabl e salt thereof, to_a
manmal i n QQR&PQﬁ ke EP@§§HFPE€@N‘§W%§RW&%H I9PQuUB7. @k o@pﬁlﬁ%ﬁb%ﬁnd
represented b the formula. (1)_: WD 01/64685 PCT/JP01/01483 193 S a
k-X-R Y Bqulqsi‘c; ) S\Maé%léy% GIFEPPesert’s LIMal hehl st ofy ﬁpam@qi

group, an optlonally substituted am no group, an optionally substituted
lower al kylR¥feRiY br SBAUBpt Bon AL ALY t glegtituted thiol group, an

5 optionally esterified carboxyl group, or an optionally
substituted heterocyclic group, or Ra and Rb may be
combined each other to form a 5- to 7-membered ring; and Rc
represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optionally substituted

10 acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally

15 esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
substituted benzene ring, a prodrug thereof, or a
pharmaceutically acceptable salt thereof.

26. The pharmaceutical composition according to

20 claim 25 for prevention or treatment of inflammatory
diseases.

27. The pharmaceutical composition according to
claim 25 for prevention or treatment of arthritis.
28. The pharmaceutical composition according to

25 claim 25 for prevention or treatment of rheumatism.



5 al koxy group; alk represents an optionally substituted |ower alkylene
group; X represents oxygen atom an optionally oxidized sulfur atom or
-(CH2) g- v n@pesasents an integer of 0 to 5); R representkTarroDp48dNal |y
substituted am no group or an optionally substituted 10 heterocyclic group;
ring B represents an optionally substityggd Y-containing 5- to 8-nenbered
ring whose ring constituent atons contain no nitrogen atom Y represents
oxygen atom an optionally oxidized sulfur atom Ra Ra SS=C 0=C C .\ CRc
N=C Re-C Rb Ro / or 15 (wherein Ra and Rb are the sane or different and,

respectively, repres hx@ﬁg n_ato . hal ogen_atom, an _ opti onal
substituted hydrocar%%% gr 98%%r%%$%%ﬁ%F?% %SHBSF%F&PQdE&%%F“ﬁf%hpgoan
optionally substituted carbamyl WO 01/64685 PCT/ JP01/01483 194 oup, an
opt i onal |y SR 141 56 (RFOLAPLAABY Lol 6h LOSRT o (G- STRSEPEhte

sul fonyl groyp, .an optionally substituted sulfinyl group, an optionally
substi t ut e®® | group, an optionally substituted thiol group, an 5

optionally esterified carbaoxyl group, or,an optionall substituted
ot erocycl i 6 oroup, - ot R iR RESPHYCHEL Skt PR Cedth OBt AT G na 5-
to 7-nmenbered ring; and Rc , represents hydrogen atom a hal ogen atom an
opti omal | y Sl t43rut et Hy drd iR &%PW%&@%@%@&%%W t ut ed

31. The pharmaceutical composition according to
claim 25 for prevention or treatment of osteoporosis.

32. The pharmaceutical composition according to
claim 25, which is a suppressant of cytokine production.

10 33. The pharmaceutical composition according to
claim 25 for prevention or treatment of autoimmune diseases.

34, The pharmaceutical composition ‘according to
claim 25 for prevention or treatment of rejection reaction
after organ transplantation.

15 35. The pharmaceutical composition according to
claim 25, which 1is a T-cell differentiation-controlling
medicament.

36. A method for preventing or treating
inflammatory diseases which comprises administering an

20 effective amount of a compound represented by the formula

(I):



10 acyl group, an optionally substituted carbanoyl group, an optionally
substituted thiocarbanoyl group, an optionally substituted sul fonyl group,
an optionadot/egedsstituted sulfinyl group, an optionally sdrstrot/et4esl

hydr oxyl group, an optionally substituted thiol group, an optionally 15
esterified carboxyl group, or an optionaFFx substituted heterocyclic
group); and ring A represents an optionally substituted benzene ring, a
prodrug thereof, or a pharnaceutically acceptable salt thereof in the
manuf acture of a pharnaceutical conposition for preventing or treating 20
I nfl ammat ory di seases.

alk—Y—R

wherein G represents a halogen atom, hydroxyl group, an
optionally substituted amino group, an optionally
substituted lower alkyl group or an optionally substituted
5 alkoxy group; alk represents an optionally substituted
lower alkylene group; X —represents oxygen atom, an
optionally oxidized sulfur atom, or -(CH,),~ (g represents
an integer of 0 to 5); R represents an optionally
substituted amino group or an optionally substituted.
10 heterocyclic group; ring B represents: an optionally
substituted Y-containing 5- to 8-membered ring whose ring
constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

/ / Ra / Ra\ / / //
S=c 0= e=c . € ReN=(C Re—c¢C
N N Rb \ . Rb \ \
, J or
15 {(wherein Ra and Rb are the same or different and,

respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon group, an optionally

substituted acyl group, an optionally substituted carbamoyl



WO 01/64685 PCT/JP01/01483
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group, an optionally substituted thiocarbamoyl group, an
optionally substituted sulfonyl group, an optionally
substituted sulfinyl group, an optionally substituted
hydroxyl group, an optionally substituted thiol group, an
optionally esterified carboxyl group, or an optionally
substituted heterocyclic group, or Ra and Rb may be
combined each other to form a 5- to 7-membered ring; and Rc
represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optionally substituted
acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally
esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
substituted Dbenzene ring, a prodrug thereof, or a
pharmaceutically acceptable salt thereof, to a mammal in
need of the prevention or treatment.

37. Use of a compound represented by the formula



10

15

WO 01/64685 PCT/JP01/01483

193

(H

wherein G represents a halogen atom, hydroxyl group, an
optionally substituted amino group, an optionally
substituted lower alkyl group or an optionally substituted
alkoxy group; alk represents an optionally substituted
lower alkylene group; X <represents oxygen atom, an
optionally oxidized sulfur atom, or —-{CH,),~ (g represents
an integer of 0 to 5); R represents an optionally
substituted amino group or an optionally substituted
heterocyclic group; ring B represents an optionally
substituted Y-containing 5- to 8-membered ring whose ring
constituent atoms contain no nitrogen atom; Y represents

oxygen atom, an optionally oxidized sulfur atom,

e 4 Ra 4 Ra\/ 4 //
A Rb>=\,Rb/\’ RN

(wherein Ra and Rb are the same or different and,
respectively, represent hydrogen atom, a halogen atom, an
optionally substituted hydrocarbon dgroup, an optionally

substituted acyl group, an optionally substituted carbamoyl



10

15

20

WO 01/64685 PCT/JP01/01483
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group, an optionally substituted thiocarbamoyl group, an
optionally substituted sulfonyl group, an optionally
substituted sulfinyl group, an optionally substituted
hydroxyl group, an optionally substituted thiol group, an
optionally esterified carboxyl group, or an optionally
substituted heterocyclic group, or Ra and Rb may be
combined each other to form a 5- to 7-membered ring; and Rc
represents hydrogen atom, a halogen atom, an optionally
substituted hydrocarbon group, an optionally substituted
acyl group, an optionally substituted carbamoyl group, an
optionally substituted thiocarbamoyl group, an optionally
substituted sulfonyl group, an optionally substituted
sulfinyl group, an optionally substituted hydroxyl group,
an optionally substituted thiol group, an optionally
esterified carboxyl group, or an optionally substituted
heterocyclic group); and ring A represents an optionally
substituted benzene ring, a prodrug thereof, or a
pharmaceutically acceptable salt thereof in the manufacture
of a pharmaceutical composition for preventing or treating

inflammatory diseases.



