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(57) Abstract

There is disclosed a compound of formula (A) wherein
W is C-G or C-G’ (G is optionally esterified carboxyl; and (L) n-' B
G' is halogen); X is oxygen, optionally oxidized sulfur

or «(CHz)¢- (g is O to 5); R is optionally substituted

amino or helerocyclic group; the ring B is optionally

substituted nitrogen-containing 5- to 7-membered ring; L

is hydrogen, optionally substituted hydrocarbon residue,

optionally substituted acyl, optionally substituted carbamoyl,

optionally substituted thiocarbamoy! or optionally substituted sulfonyl, provided that, when W is C-G, L is hydrogen, optionally substituted
acyl, optionaily substituted carbamoyl, optionally substituted alkoxycarbonyl, optionally substituted thiocarbamoyl or optionally substituted
sulfonyl; n is 0 or 1; the ring A may have a substituent. A process for producing the compound (A) and a pharmaceutical composition
containing the compound (A) are also disclosed. The pharmacentical composition is useful for an anti-inflammatory drug, particularly, a
drug for preventing or treating arthritis, a drug for inhibiting bone resorption, immunosuppressant or the like.
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administering an effective amount of the pharmacefQitical

composition of claim 37 to said mammal in need ereof.
50.. A method for preventing ,Or treating
arthritis in a mammal which comprises administering an
'effective amount of the pharmaceutical cgfposition of claim
| 15 37 to said mammal in need thereof.
| 51. A method for preventing or treating
rheumatism in a mammal which Comprises administering an
effective amount of the pharmlaceutical composition of claim
\./ 37 to said mammal in need thereof.
;2(_)_ _ 52. A methgd for preventing or treating chronic
: rheumatoid arthr¥tis in a mammal which comprises
administering agh effective amount of the pharmaceutical
composition 6f claim 37 to said mammal in need thereof.
53. | A method for inhibiting bone resorption in
25 . a mampdl which comprises admioistering an effective amount
o of /the pharmaceutical composition of claim 37 to said

gammal _in need thereof _ /
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represents an®oxygen atom a

effective amount of the pharmaceutic#l composition of claim
37 to said mammal in need theregef.
56. A method ~for preventing or treating
10 *  autoimmune diseases 4n a mammal which comprises
administéring an effective amount of the pharmaceutical
composition of aim 37 to said mamtnal in need thereof .
57 A method for preventing rejectioﬁ after
organ ansplantation in a mammal which comprises

15 ‘ admipistering an effective amount of the pharmaceutical
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58. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of
a pharmaceutical composition for preventing or treating
20 ~_ . inflammatory disease in a mammal.
59. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of
a pharmaéeutical composition for preventing or treating
arthritis in a mammal.
25 60. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of

a pharmaceutical composition for preventing or treating
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an optionally guhstiHed 48 is c- G. acyl group, an optionally substituted
car banoyl grogp—am optional |y substituted al koxycarbonyl group,

an optionally substituted th| ocar bamoyl group or an

optionall subst i ed.sulf rou resents or 1. and
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The present ila\temtl on aI so provides a process for produci ng a
conpound of théTormula (A or a salt thereof ' and a pharnmaceuti cal
conposition conprising as an effective conponent a conpound of
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treating is natnfa doydedogem adopharhesc 8utiisc @-Geconposition for pr event| ng
or treating arthritis, a pharnmaceutical conposition for preventing-
or treating rheumatism a pharmaceutical 20 conposition for

Prévent i my .or Thee PhdmLdw @t €al heompdbei€ion of claim 38, wherein M -

is not a hydrogen atom.
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havi ng cyt oki ne-producti on 25 I nhi Qiggory activity, a pharmaceuti cal
conposition for preventing or treating :autoinmmune - diseases,
and a phar maceuti cal conposition for preve | ter
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DESCRI PTI ON OF THE | NVENIRptNis claimed is: - The conpound of the fornula
(A) includes a conmpound represented by the: formla (I) or (1"):
[err] or [err]
(r) 5 wherein Y_represents GG Mr esen hydro en aton1 an
optionally substitutedl-acy COFPoYRd r%BFeé%ﬁ éWlfhe for U1§mﬂﬁﬂ|tuted
carbanoyl group, an optionally substituted al koxycar bonyl group, -
an oannnﬂ'Eﬁéiaﬁubstituted t hi ocar banoyl group or an optionally
| 10 group, M represents a hydrogen atom an .

substituted K rho\r%%b r‘k ESI due, an optlonally

O OMN

q

sbub t'tgtﬁﬁ‘\q?%

(4)

wherein W represents C-G or C-G' (G represénts a carboxfl

group that may be esterified; and G' represents é halogen
5 atom); X represents an oxygen atom, a sulfur atom that may
be oxidized or -(CH,;),~ (q represents an integer from 0 to

5): R represents an optionally substituted amino group or

an optionally_substituted heterocyclic group; the ring B
represents an optionally substltuted 5- to 7-membered ring — —

10 containing a nitrogen atom; when W is C-G_ l_sa hydrogen atom,
an optionally substituted hydrocarbon residue, an
opfionally substituted acyl group, an optionally
substituted carbamoyl group, an optionally substitutec_l
thiocarbamoyl group or an optionally substituted sulfonyl

15 group, and - ’ when W is C- G, L is a hydrogen atom,
an optidnally substituted acyl group, an optionally
.substituted carbamoyl group, an optionally substituted
alkoxycarbonYl group, an optiodally substituted
thiocarbamoyl group or an optionally sﬁbstituted sulfonyl

20 group; n represents O or 1; the ring A may have a

gD S



acyl groUp, an optionally substituted carbanoyl - group, an
optional |y substituted thiocarbanmoyl group or an optionally

substituted sul fonyl group; and the other synmbdls are as 15 defi ned
above. That is, according to;one aspect Jﬁgﬁ esent

I nventi on, e provi ded a corrpound represent ed by the r%fr/ 185 ormul a
(1), or a salt thereof. Ln t he conpound of the fornula
(1), preferably, 20 the optionally substituted am no group
represented by Ris WO 97/ 40050
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-N(R[err])(Rerr]) (wherein Rerr] and Ribr3pfl the same or different and
represent a hydrogen atom an optionally substituted hydr ocar bon
resi due, an optionally substituted acyl group, an optionally
substituted sul fonyl group or an optionally 5 substituted

het erocycl i c group, or R[THIENORVRIBINEr DERIVADIVRS AND THEIR USEBach other to
forma nitrogen-containing 5 to 7 nenbered - ring); and the
optionally substituted heterocyclic group represented by Ris an

aromati ¢ nonocyclic heterocycllc omati ¢ condensed
het erocyclic group or a non- FIELD PS&&@?gBﬁgﬁﬂ?%%yC|lc group.
Mre preferably, the Oﬂaéon§&g§rn§ubslwe9&9@n_ arteéwdwca@onm

resi due represented by Rl err] err] 1s an optlonﬁ

substituted ( er rgnidinopyrdagens aegivacieptusanll Ya§Lﬁt$taﬁtE%flammatory
het erocyclic group represented by Rlerr] or Rerr] is an aromatic 15

5- menber ed het er ot i cegpenipldgntas @ dyrug tfox3 dreladiog arthritis) oos; aand
the optionally substituted heterocyclic group
salt thereof. The thienopyridine derivative or a salt
thereof also has bone resorption inhibitory activity and is
useful as a drug for preventing and treating osteoporosis.
10 In addition, the thienopyridine dé;ivative or a salt
thereof is useful, for example, as a drug for preventing

and treating immune-related diseases, such as an

immunosuppressant.

BACKGROUND OF THE INVENTION

15 _ Arthritis, an inflammatory Qisease'Of the joint,
occurs in various forms such as rhepﬁhtoid arthritis and

related diseases with joint 1nf1amm£ﬁtibn.
Rheumatoid arthritis, élép called chronic
rheumatism, in particular, is a chroniﬁ_multiple arthritis
20 characterized by inflammatory changéé in the synovial
membrane of the articular capsule inhei layer. Arthritic
diseases like rheumatoid arthritis';;e progressive and
cause joint disorders such as deforp;}ion and acampsia,

often resulting in severe physical disorder due to a lack



represented by Ris (i) a 5- to 7-nenbered heterocyclic gr oup

contai ning one sulfur atom nitrogen atom or oxygen atom (ii) a
5- or 6-nenbered heterocyclic group containing 20 2 to 4 nitrogen
atons, (iii) a 5- or 6-nenbered het er ocycl i ¢ group cont ai ni ng
1 or 2 nitrWesRH¥S®ns and one sul fur atom or oxyRGTHEYMH#L3or (i v)
one of the above 3 : heterocyclic grpups as condensed with a

6- menbered ring containing 2 or fewer nitrogen atons, a benzene
ring or a 25 5-nmenbered ring containing one sulfur atom

Preferably, the optionally substituted 5- to 7- menbered ring B S
an optionally substituted 6-nenbered WO 97/ 40050

PCT/ JP97/ 01413 of effective th‘e@@m@oycw% suha}mntaﬂﬁtﬁgimtmm ogen
atom ring,A UbStIt t ed

hal ogen atom a nitro groffr dgﬁg %Hﬁna nesg frmg §f¢‘ thritis ga&?

group, an opti or@} ﬂ&%ﬂe%gglm dEPXY. %{%th ¥dridus dru Qtirgé]ﬂl

substituted group, an trona substl
group, an Opt'on&éﬂoﬁlﬂ)Sthhate%t%%ﬂ adrenocor@iBHP, hyFmeRlkkONad ésg,.,
esterified carboxyl group or an optionally substituted aromatic

ring group. Mrecortisone),predrersetigirpidale aptibtsinflmmatany tdwmugs neAd,s an

Cerr] alkoxy 10 group or a hydroxy group

Preferably, X ®?SpivimgH Ri¥gsigam, (q‘-nm"g%ﬁ?% gpld-containing o495 r om
O0to 3),-nore preferably Pr ef ey abl s a
Clerr] al koxycar bBrgt- gr 84 89—Eh£5ma1ate), antirhgumatd eC|:T%§¥IyEé19r1he

‘above formula (1n1bhSquine preparations, D-penicillamine), anti-gout drugs
. (e.g., colchicine) ‘and immunosuppressors (e.g.. R
10 cyclophosphamide, azéthiopi':l.ne,' methotrexate, levamisolé)-.

However, these drugs have drawbacks such as
severe adverse reactions, adverse reactions hampering the
drug's long-term use, a lack of efficacy and a failure to
be effective against already-occurring arthritis.

15 Accordingly, there is a need for the development
of a drug which exhibits excellent prophylactic/therapeutic
action on arthritis with 1low toxicity in clinical
situations.

Heretofore, various compounds have been

20 synthesized as thienof2,3-b]pyridine derivatives including
those described in the Bulletin of the Chemical Society of
Japan, Vol. 61, p. 4431 (1988), Chemical and Pharmaceutical
Bulletin, Vol. 36, p. 4389 (19:885, Phosphorus, Sulfur and
Silicon, Vol. 73, p. 127 (1992), Chemical and

25 Pharmaceutical Bulletin, Vol. 40, p. 1376 (1992) and Khim
Geterotsikl Soedin, Vol. 1, p. 124 (1987). However, these

compounds are limited to the structure in which the



15 optionally substituted am no group represented by Ris
represented by -N(Rlerr])(Rerr]), wherein R err] and R err] are the sane
or different and each represents a hydrogen atom an

optionally substituted hydrocarbon residue, an optionally

substituted g’ % ﬂF@up, an optionally substituted sulfonyquagmnmnusgroup

or an optlonally substituted heterocyclic goup, preferably, a
hydrogen atom an optionally substituted hydr ocar bon resi due or
an optionally substituted "~ heterocyclic group, or they may bind
together to forn1a ni trogen-containing ring. 25

Exanpl es J{%sb £ an;n?lt {(h%{[ss- tiltigfe%x the thienom %—

resi due repr esent I NC

hydrocarbon resi mee&d Q%Chi St QEHPON Also, no aes&\QLSZMxQQﬂ) anti-

14
S

3 yibz%'&ine

PCT/ JP97/ 01413 resi dues,

al i cycli c-al i phatimflansmatoryakietion, r bene ussgorption inhtbimmﬁy(actﬂdnphﬁnlc

hydrocarbon residues and aronatic hydr ocar bon resi dues.

Exanpl es of trmae#@ﬂ#ﬂﬂﬁ“?ﬁ?ﬁ&ﬁ@é&rb@#tﬁé§|déé given ifgx| yddesker fnown

saturated _al i phatj.c droc bon _resi dues met hyl, ethyl,
propyl, i opropyléh %é' ivggfveé butyl, tert-butyl,

pentyl, isopentyl, neopentyl tert- pentyl, hexyl, isohexyl,

heptyl and octyl) and C[err] unsaturated aliphatic hydrocarbon

residues (e.g., vinyl, 1- 10 oBJHRC O THE- DeVEENON | - butenyl,

2- butenyl, 3-butenyl, 2- met hyl -1 - propenyl, 1-pentenyl,

2-pentenyl, 3-pentenyl, 4- One object pﬂﬁtham:es&mteiménﬁdmtienyb ,provide
1- hexenyl, 3-hexenyl, 2,4-
novel thienopyridine derivatives which have anti-~
inflammatory activity and useful, for example, as anti-

10 inflammatory drugs, especially as drugs for treating
arthritis, as well as which héve bone resorption inhibitory
activiy and immunosuppressant acti?ity and useful as drugs
for inhibiting bone resorption and immunosuppressants, or
salts thereof.

15 Another obj ect of the present invention is to
provide a pharmaceut;l.cal composition useful for treating
inflammation, in particular, arthritis, for preventing or
treating arthritis, for inhibiting bone resorption and
immunosuppressant which comprising the novel thienopyridine

20- derivative or a salt thereof as an effective component.

These objects as well as other objects and

advantages of the present invention will become apparent to

those skilled in the art from the following description.

SUMMARY OF THE INVENTION

25 The present inventors found that a novel



hexadi enyl , 5-hexenyl., 1-heptenyl, 1-octenyl, ethynyl, 1-

propynyl, 2-propynyl, |-butynyl, 2-butynyl, 3-butynyl, 1- 15

pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1-hexynyl, 3-

hexynyl , 2, 4- hexadlynyl 5- hexynyl 1- heptynyl and 1- . octynyl).
Exanpl es of WO&MMICy ¢l i ¢ hydrocar bon resi due i nCPOTEPIDOLHT |
saturated alicyclic hydrocarbon residues (e.g. 20 cycl opropyl,
cycl obutyl, cyclopentyl, cyclohexyl and 4 cycl oheptyl) and
derr] unsaturated alicyclic hydr ocar bon residues (e.g.

1-cycl opentenyl, 2-cyclopentenyl, 3- cycl opent enyl

1- cycl ohexenyl 2-cycl ohexenyl , 3- cycl ohexenyl ,

1-cycl ohept enyl , thi®nopyirdlitpéenidrivative Hpresenteyclmhephenyiolddtring
2, 4- cycloheptadlenyl) Exanpl es of the

alicyclic-ali phatﬁQ?“h‘}ér 683dr hea antiarthritis egsivityuskd gsemyss meddl esng

from bi ndi ng of one(q 4 g WO 97/ 40050
PCT/ JP97/ 01413 n estruction suppressor and a_:Lbso found that the

above-descri bed o] | t he
above- described a k?§i§¥§%o§§%g§%t$§§|g%esbg@%dg sorptl°nlﬁﬂﬂﬁﬂ3§9r¥o 9
carbon atgns (e. Gscti%Q:WﬁQ&Y | fRidtilons on a bonecaﬂé&)él %h8t %@J:v s well
cycl obutyl net hyl , cycl opentyl nmet hyl, 2- 5 cycl openteny

3-cycl opent enyl rma'sh)d bone resor;mt;ckﬂrﬂhﬂﬁ;&]hmbliryl drug. 2- qy;clsdaa)taaw W&:hbw
3- cycl ohexenyl net hyl é%/clohex yl et hyl cyclohexylpropyl
cycl ohept yl net hyIP%"GyéPBﬁEB?W dwrid that the thienopyridin@mqﬂmm t he

aromatic allphatlc Q% ro arb é {e5|qye include (err],
phenyl al kyl s (e @ﬁ?& gﬁeﬁ ?hﬁ?:,:mu a (A) is useful, for example, as
a drug for preventing or treating immune-related diseases.
10 The present inventors further made investigations based on
these findings and completed the present invention.
That is, according to the present invention,

there is provided a compound represented by the formula

(A):

| B2~ X—R
W,~NBY 1 N);C

(A)

15 wherein W represents C-G or C-G' (G represents a carboxyl
group which may be esterified; and G' represents a halogen
atom); X represents an oxygen atom, a sulfur atom which may
be oxidized or -(CH,)g- (g represents an integer from 0 to
5); R represents an optionally substituted amino group or

20 an optionally substituted heteroc_yélic group; the ring B
represents an optionally substituted nitrogen-containing 5-

to 7-membered ring; L represents a hydrogen atom, an



| - phenyl et hyl , 3-phenyl propyl, 2-phenyl propyl and |- phenyl propyl )
and Cerr] naphthylalkyls (e.qg., a- napht hyl net hyl ,
[err]-naphthyl ethyl, [err]-naphthylnethyl and [err]-

napht hyl et hy Exanpl es of the aromatig, P%’”‘ﬁ bon
resi due “)097’4%& ude phenyl s and napht hyl s (a-napht hyl a“ﬂ‘y LE

[err]-naphthyl). Exanpl ess of the acyl group represented
by Rlerr] and Rlerr] include (i) fornyl and (ii) a group formed by
bi ndi ng a Cerr] alkyl group, a Cerr] alkenyl group, a (Jerr] -
al kynyl group 20 or an aromatic group to a carbonyl group (e.g.,
acetyl, progi onill butyryl, i sobutyryl val eryl, isoval erfll .

pi val oyl , hexaﬁgy ona lm@{%ﬁﬂxte hy f%qﬁﬁpon residue, an optionally

et Sﬁzzﬁgﬁéizf’ﬁ?,%w stipion EVLARNE SR Vpetonaiiy avpetityi SETRAO o
' ' ) d
ni coni noyl ) grogp, 3p, optionas 9@&@&1@“&@?%&%%%%%&&9@% e

by R err] I'nc group forne derr] alkyl
group, optEbfidl P ibstituted sulfonyl group, provided that, when -
PCT/ JP97/ 01413 11 a Cerr]
al kenyl gr®up, a @ ésr £-al Kiyris agﬂms’p'ogﬁnantmorm iqptionally sgbe'g:btuted)
sul f onyl group (e.g., nmethanesul fony et hanesul fonyl or

benzensul fonyl ). 2c¥yl group, an optlog@&ﬁ.m ggbst:biputed( I‘F@rbaﬁ‘ﬁﬂ-oﬂﬁ‘l’?g an

bstituted 5 t
Shorude (1) 5 optiohSlfPsumetidlanl LARLERCEhYY ot e bp Rt fbs i
sul fur AP tRehEQFCN Bi08a2baRsyden Gy (bt) fan or oftiBAREL L

het erocyclic groups containing 2 to 4 nitrogen atons, and )
substituted sulfonyl group; n represents 0 or 1; and the -

10 ring A may have a substituent; or a salt thereof.
The present invention also provides a process for
producing a compound of the formula (A) or. a salt thereof
and a pharmaceutical composition comprising as an effective °
component a compound of the formula {A) or a
15 pharmaceutically acceptable salt thereof, in particular, a
-pharmaceutical composition for preventing or treating -
inflammation, a pharmaceutical composition for preventing
or treating arthritis, a pharmaceutical composition for
preventing or treating rheumatism, a pharmaceutical
20 composition for preventing or treaf__;.ﬁg chronic rheumatoid
arthritis, a pharmaceutical com:_lpcizsition having bone
resorption inhibitory activity, a pharmaceutical
composition for preventing or tréaping osteoporosis, a |
pharmaceutical composition having . cytokine-production
25 inhibitory activity, a pharmaceutical composition for
. preventing or treating autoimmune diseases, and a

pharmaceutical composition for preventing rejection after



(tii) 5- or 6-nenbered heterocyclic groups containing 1 or 10 2

nitrogen atons and one sul fur atom or oxygen atom and (iv) these
het er ocycli c groups nmay be condensed with a 6- menbered ring
containing 2 or fewer nitrogen atons, a benzene r| or a

5- menber ed WhYM48¥At ai ni ng one sul fur at om- AP9ITN01413
Exanples of the heterocyclic group of the optlonally
substituted heterocyclic group represented %y Rl err] or R2 include
aromati ¢ nono-cyclic heterocyclic groups, aromati ¢ condensed -
het er ocyclic groups and non-aronmatic het erocyclic groups. 20
Speci fic exanples of the heterocyclic group of the optionally
substitut ed het epogym| trangpigntatdonesent ed by Rlerr] or Rerr]

i nclude (i) aromatic nonocyclic heterocyclic groups (e.g.

furyl, thienyl, pyrrolyl, oxazolyl, | soxazol yl, thiazolyl,

I sot hi azol yl, i
1, 2, 4- oxadi azol

;‘,] f’az‘i' g' 1 'g‘é%‘gf"%zﬁ/ol"ﬁ‘:ﬁpnm dr 2,. ragﬁ%}«fi‘&%y'

1,2,3-thiadiazolyl, 1,2, 4-gd adicazelnl 0153,:{}3 formula tbz/\o n248ags a

1,2,3-triazolyl,

PCT/JP97/ 01413 compound represented by the formula (IZI)Zor (I'): pyridyl,
pyri m di nyl, pyri dazi nyl, pyrazi nyl and triazinyl), (ii)
aromati c condensed heterocycllc gr oups _ (e.g., benzofuranyl,
i indazol y . beranprRagp e xR behi‘gi"&bw Bl I -1
1, 2-benzi sot hi azolyl,™ A he gtrlazolyl or G
i soqui nol yl, ci nnol i nyl, ga]qumazollnyl

o | ()

5 wherein Y represents C-G; M represents a hydrogen atom, an
optionally substituted acyl groﬁp, an optionally
substituted carbamoyl group, an optionally substituted
alkoxycarbonyl group, an optiphally substituted
thiocarbamoyl group or an optionally substituted sulfonyl

10 group; M' represents a hydrogen atom, an optionally
substituted hydrocarbon residue, an optionally substituted
acyl group, an optionally substitutqd carbamoyl group, an
optionally'substituted'thiocarbamoyl;éroup or an optionally
substituted sulfonyl group; and the*éther symbols are as

15 defined above. :

That is, according to one-eSpect of the present
invention, there is provided a componid represented by the
formula (I), or a salt thereof. .-

In the compound of the fofﬁhla (1), preferably,

20 the optionally substituted amino groﬁp represented by R is

1, 2, 4- trlazolyl tetrazoly , 97/ 40050




qui noxal i nyl, pht hal azi nyl , napht hyli zi nyl, purinyl,

pteridinyl, carbazolyl, a-carbolinyl, [err]-carbolinyl, [err]-
car bol i nyl, acridinyl, phenoxazinyl, phenot hi azinyl, 10
phenazi nyl , e hiinyl, thianthrenyl, phenanthridinyl,
phenanthroliﬁG?gﬁéﬁ%dolizinyI, pyrrol o[ 1, 2-b] pyri dazi nyl , PCTIIFST/01413
pyrazol o[ 1, 5-a] pyridyl, imdazo[1, 2-a]pyridy?, imdazo[l,5-

al pyridyl, i m dazo[ 1, 2- b] pyri dazi nyl, i m dazo[ 1, 2-

al pyridyl, i m dazo[ 1, 5-a] pyridyl, - i mdazo[1,2- 15

b] pyri dazi nyl inidazo[l 2-a] pyri mdinyl, 1, 2, 4-

trlazolo[4 3- a]pyr i 14244 187 [

b] pyri dazi nyl), gf‘%{ |P) ) &%ﬁeoirﬁa% callgletlgr %%%c % sarmoe g% different (an% :
oxyl anyl , azeti Q‘éﬁ*ésent 0)83'[ #Qdkogen! m&&@nygn op*l::i.onr:xl].l}yr 5Qbs€i AYtea
tetrahydrofuryl t hi ol anyl, pipérizinyl, tetrahydiopyranyl,

mor phol i nyl andhydtbcmmfwsmb an optionalpypanlﬂit:n;dﬁed acyl group,
Rlerr] and Rlerr] may bind to each other to forma ring,
particularly a ni erogpticoatly rﬁuh;vs—tuttedwwamlemmu@gor an optml&bl:ml es

of such -N R[err])( err I ncl ude pyrrolidinyl, 1- 2

i mi dazol i zPnyl , bet3b %?n??teﬁPﬁﬁci%q @VP“PplBéerlﬂB§ °x may bind to
1- plpera2|nyl i oyl ( A%)O

t hi onor phol i ny! eécﬁg %ﬂ&%e% fo QD&P@P er;'x-)cbntaftni\'\g S to 7 membwd
97/ 40050 ring); and the opt:.onally subsﬂ%éagf'bQ&ﬂ'ééyclzc grou
13 I m dazol - 1-yl, 1,2,4-triazol-1-yl, 1,2,4-triazol -4-y
1,2,3-triazol -1- ylrgpreéeﬁtédtbyakolisZ -arl aronta&iibamhoil:y#llic heterocyclic ‘
ben2|n1dazol 1-yl, indol-1-yl and 1H i ndazol -1-yl. The

hydr ocar bon resi dGECBP, t AR epmmqﬁﬁglqpndsnsed h%ﬁ%@*ﬁﬁﬂ#@dgﬁyupoearQohon-
resi due rgBresented b E£e£ L E
arom ti 1=} erocy c roup.

More preferably, the optionally substituted
hydrocarbon residue represented by R' or R? is an optiohally
substituted C, ; alkyl group and the optionally substituted
heterocyclic group represented by R' or R’ is an aromatic

15 . 5-membered heterocyclic group c_ontéx_ining 2 : to 3 hetero
atoms; and the optionally substitut_é_d heterocyclic group
represented by R is (i) a 5- to 7-membered heterocyclic
group containing one sulfur atom, niif_rogen atom or oxygen
atom, (ii) a 5- or 6-membered heterocx?lic group containing

20 2 to 4 nitrogen atoms, (iii) a 5- or 6-membered
heterocyclic group containing 1 or Z'ﬁitrogen atoms and one
sulfur atom or oxygen atom, or (iv ) one of the above 3
heterocyclic groups as condensed with a b-membered ring

containing 2 or fewer nitrogen atoms,.a benzene ring or a

25 S-membered ring containing one sulfur: .atom.

Preferably, the optionally:isubstituted 5- to 7~

membered ring B is an optionally substituted 6-membered



preferably a linear or branched Cferr] alkyl, nore preferably a
Cerr] linear or branched al kyl. Specifically, nethyl, et hyl,
propyl, isopropyl, butyl and the like are preferred.

When R err] and err] bind to each other to forma. 10

ni t r ogen- coﬁ’f’%?ﬁ‘?% ring, the -N(Rlerr])(Rerr]) is prefer REFAFI701413

1,2,4-triazol-1-yl, I m dazol - 1-yl, mog phol i no (4-

nor pholinyl), piperidino (1-piperidyl), pyrrolidino or the like.
The hydrocarbon residue, acyl group,- sulfonyl 15 group and -
het erocyclic group represented by Rlerr] or R err] may have at any
possi bl e positions on the chain or ring thereof : 1to3
substituents. heterocyclic ring cepiapniéngopne mityggen atem: on t he

hydr ocar bon resi due, acyl group, sulfon and heterocyclic

| gro
group 20 r epr esent ed By ] eRF&PF]Ai%EYEBEUEPPﬁﬁﬁf?Ee% n2
hydr ocar bon haloged’ Q¢BR, ¥ | E¥Gld Coby ,OC'Qﬁb?:PthﬁR#Pf Qh?égtﬂ{:ﬂk@é’
aromatic BeEerocycri & groups, Thontar onat e Reterpcyel e §roups,
hal ogen atons, opikgnagryupUbsh i bptLohally) GubstiRttedhgiPlxy group, an

groups, optionally substituted acyl groups, optionally 25 substituted
hydr oxy gsoups, optionally sshbstitheedt hithiol group, QgranipsoeptachaXyy
groups that nay be esterified or am dated, . aral kyl groups (e.g.

aryl C[err] al kppbgtbtnted sminangypup, an optiongllp7substituted acyl
-PCT/ JP97/ 01413 . _ 14 roups,
N- mono- subst i t ut PERYP c AhaRBYECRPbY s eregified ca._-:‘-&’"%t hTUR bé’ﬁgy?‘?p

et hyl car banoyl aagtfgﬁ?Yifaﬁ&ﬁﬁ%ﬁg%igdwaybmatic ring§8f6ﬂ$QSthE¥Eed
Hcarbannyl group e.g., s _
preferably, the substituent for the ring A is an C,., alkoxy
10 group or'a hydroxy group.
Preferably, X is -(CH;)gq~ (q represents an
integer f£rom 0 to 3), more preferably, q is O.
Preferably, G is a C,  alkoxycarbonyl group.
More specifically, in the above formula (I), the
" 15 optionally substituted amino groﬁp'represented by R is
represented by -N(R')(R?), wherein R! and R? are the same or
different and each represents a'_hydrogen atom, an
optionally substituted hydrocarbon residue, an optionally
substituted acyl group, an optionallj;substituted sulfonyl
20 group Or an optionally substituted heterocyclic group,
preferably, a hydrogen atom, an oéitionally substituted
hydrocarbon residue or an opﬁ%onally substituted
heterocyclic group, or they may biﬁa together to form a
nitrogen-contaiﬁing ring. |
25 Examples of the optibnally substituted
hydrocarbon residue represented Q%“ R®* or R’ include

aliphatic hydrocarbon residues, alicyclic hydrocarbon



di et hyl car banoyl NN- di - et hyl - car bamoyl, 5 pi peri di nocar banoyl

and nor phol i nocar banoyl ), sul fanoyl groups, N-nono-substitutiona
sul f anoyl groups (e.g., met hyl sul f anoyl , et hyl sul fanoyl ,

phenyl sul fa p- t ol uenesul famoyl ), N, N-di - l,ona

sul f anoyl ”g%ﬁgﬁﬁﬂn (e.g., N, N—dlnethylsulfannyl %HQ%&&%HL
N-nethyl-N-phenylsulfannyl, 10 plperldgnosulfannyl and

nmor phol i nosul fanoyl ), rmercapto . group, sulfo group, cyano group,
azi de group, nitro group and nitroso group. -
Exanpl es of the aliphatic chain hydrocarbon gr oup as a substituent

f t he hyd b d 5 f

or the Y ocar ol gchdue, AUy pfReic  SHLEDH CUBeRlihe
b hed al i ph kvl

o Dy anehed ol o T OGELB AL irocarpen, FUS PN dkgHREic

Cerr] al kenyl gr ap I . groups (preferably Cerr]
al kynyl groups). §g%%Fesg% #%%Bﬁues preferred al kyl groups include

nmet hyl, ethyl, propyl, ExamplésS Opf Oglib, sliphbtitsbiparpbarbes - basydue
tert- butyI pentyl, | sopentyl, neopentyl, tert-pentyl,

1- et hyl pr oﬁyl : heﬁ.y*:lude Ci.a. Satur%mwliphatiq-hﬁmbput:gesidues (e.g..
2, 2-di met hyl butyl, 3, di net hyl but 2- et hyl butyl, hexyl,
pentyl, octyl, noHVFhYQS ethYlan@rH@Q}k 1E?BEB¥¥§' oPutkt, pF@%EPF%h aPREny |
group include

2- met hyl -| -propénxﬂ wtyl, "“‘?‘Yg e%é'F‘%rzOpgg%‘%]y’T‘g"’gr chFSbgieys, rere-

E’C?’; 5‘?:’)'9‘7 } E)?zagnyl ,pe%‘tyl hexyl, M3ray/A005@eptyl ?%d octyl) and C,,
met hyl - 2- but enyl , uhsasatratgd,  aligatienyydratgrhonengsidues (e.g., vinyl, 1-
10 propenyl, 2-propenyl, l-butenyl, 2-butenyl, 3-butenyl, 2-
methyl-l-propenyl, l-pentenyl, 2-pentenyl, 3-pentenyl, 4--
pentenyl, 3-methyl-2-butenyl, l-hexenyl, 3-hexenyl, 2,4-
. hexadienyl, 5-hexenyl, l-heptenyl, 1l-octenyl, ethynyl, 1-
propynyl, 2-propynyl, l-butynyl, -2-butynyl, 3-butynyl, 1-
15 - pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, l-hexynyl, 3~
hexynyl, 2,4-hexadiynyl, 5-~hexynyl, 1l-heptynyl and 1-
octynyl).
Examples of the alicyclic hydrocarbon residue
include C,, saturated alicyclic hydréé_arbon residues (e.g.,
20 cyclopropyl, cyclobutyl, cyclop_e‘r;iffl, cyclchexyl and
cycloheptyl) and C,; unsaturated _'_a'_licyclic hydrocarbon
residues (e.g., 1l-cyclopentenyl, 2-cyclopentenyl, 3-
cyclopentenyl, 1l-cyclohexenyl, 'ii—cyclohexenyl 3-
cyclohexenyl, l-cycloheptenyl, 2-cycloheptenyl 3-

25 cycloheptenyl and 2, 4-cycloheptad:.eny1 ).

Examples of the allcyclic-.-.__a-liphatic hydrocarbon

residue include groups resulting frdm_ binding of one of the



pentenyl, 4-nethyl-3-pentenyl, 1-hexenyl, 2-hexenyl, 3- hexenyl ,

4- hexenyl and 5-hexenyl. Exanples of the preferred al kynyl
group include ethynyl, 1-propynyl, 2- 5 propynyl, 1-butynyl,
2-butynyl, 3-butynyl, |-pentynyl, 2- pentynyl, 3-pentynyl,
4-pentynyl , WOH |, 2-hexynyl, 3- ' hexynyl , 4- hBSTIRITOMEY

5- hexynyl . Exanpl es of flge alicyclic hydrocarbon group
as a substituent for the hydrocarbon residue, acyl group, 10

sul fonyl group and heterocyclic group represented by Rl or Rl err]

I nclude saturated or wunsaturated ({err] alicyclic hydr ocar bon

Jrovps “end "G P Bl Sty ifictcnon -evihim s Sikine
preferred C[err]tﬁ CQ%% 5¥degc9yg%+ % d?atﬂb hydroc ég %% ues, and

cycl obutyl, cyc opent

cycl ooctyl, bh8¥§h 242t$] hfl@%:b t bCYC! 0%\%‘@: )
bi cycl o[ 3. 2, 1] octyl . %xanp | es of on @ otmse gre efre ? %{'}g?ﬂg}kenyl
group include 2- cyclopfopp&ethyl cyclobu¥llmethytl),ClaRAvpaMmtyivbthyl, 2-
2-cycl ohexen-1-yl and 3- 20 cycl ohexen-1-yl . Exanples of the
preferred® (errpyclopentepytbukeidybnyl gﬁmgwcmﬂmdetenylmethyl,

2, 4-cycl opent adi en- -¥k, 2,4- cxclohexadlen 1- { and
2, 5-cycl ohexadi ef¥Eyphexylmethyl, Apee Ry iMmRtAyl . grovb-as a

substltuent for Jocar cyl | f on
group and 25 cyc%8?3¥%% I C grou %%%?% Q%%h i ﬁ%@gpﬁéﬁyg 8P¥#
include a cycmaﬂaﬁffimétﬂyl %Péféh yl aromatic hydrocarbon
group. Exanpl es of the preferred aryl group i ncl ude WO
97/ 40050 . . Examples of the aromat@d/ H29ph@it4¢3nydrocarbon
16

10 residue include C,, phenylalkyls (e.g., benzyl, phenethyl,

- l-phenylethyl, 3-phenylpropyl, 2-phenylpropyl and 1-
phenylpropyl) and Cii-13 naphthylalkyls (e.g., a-
naphthylmethyl, a-naphthylethyl, B-naphthylmethyl and B-
naphthylethyl).

15 : Examples of the aromatic hydrocarbon residue
include pﬁenyls and naphthyls (a-naphthyl and B-naphthyl).
Examples of the acyl group represented by R! and
R? include (i) formyl and (ii) a group formed by binding.a
Ci.10 alkyl group, a C,,, alkenyl group, a C,,, alkynyl group
20 or an aromatic group to a carbonyl group (e.g., acetyl,
propionyl, butyryl, isobutyryl, valeryl, isovaleryl,
pivaloyl, hexanoyl, heptépoyl, octanoyl,
cyclobutanecarbonyl, cyclppentanecarbonyl,
cyclohexanecarbonyl, cycloheptanecéibonyl, crotonyl, 2-

25 cyclohexenecarbonyl, benzoyl of nicbéinoyl).
Examples of the sulfonyl géoup represented by R!

and R? include a group formed by binding a C,_,, alkyl group,



phenyl, naphthyl, anthryl, phenanthryl and acenaphthyl enyl, nor e

preferably phenyl, 1-naphthyl and 2-naphthyl. Exanpl es
of. the preferred aromatic heterocyclic group as a substituent for
t he hydrocarbon resi due, acyl 5 group, sulfonyl group_and

het er ocycl i ¢ WP 80 pr esent ed by Rierr] or R err] PFHE7AWI3
aromati ¢ nonocyclic heterocyclic groups 11 (e.g., furyl, thienyl,
.pyrrolyl, oxazolyl, isoxazolyl, t hi azol yl , . isothiazolyl,

i m dazolyl, pyrazolyl, 1,2, 3- . oxadi azol yl , 1, 2, 4- oxadi azol ylI-,
1, 3, 4- oxadi azol yl , 10 furazanyl, 1,2, 3- thiadiazolyl

1, 2, 4-thi adi azol -yl hladlazol%' trlazolyl

1, 2; 4-triazol yl, t%t%azo?%‘e"yl group, R (aepg| 8LKYRRD ﬁ}'&‘i"nﬁr an ‘aromatic

pyr|n1d|nyl pyrazkmy andgulfon%l tggaé%gykg and i%qgggkﬁdiggggised

heterocycllc grcnuﬁfo enz T 9oben
benzo[ b] t hi enyl , elé‘anesunfaﬁghybr benéé%dl%n}{r'l 1H i ndazol yl

benzi m dazol yl , benzoxazol yl, 1, -ben2|soxazolyl benzothiazolyl,

1,2- . 3 ben2|soth|azobyhmplébbenéﬁtrlenelylopfubﬂuﬂl# | SAdgtiralel,

ci nnolinyl, quinazolinyl, quinoxalinyl, phthala2|nyl

napht hyl i ziBnyl, peterpcycligt grpubnyepresenteshhy | or oR® izglude (i) 5--

carbol i nyl, [err carbollqyl téﬁﬁ[err carbollnyl acridinyl, .
- phenoxazi nyl, phe CNT 1iGh SFSUREH SPRyRining ohe’ sulfur

thi ant hrenyl, oy ST &-ﬂf’ %FQ,}U atom. nhe&?yfl_-}é}{ ARy Hig 5- or 6-membered .

I ndol i zi nyl, pyr | pyrazofo

al pyridyl, im dazydderdaididt g¥bupsi B’bxﬁ'@&ﬂ{ﬁxé?al:aya' Hi/{:rog& atoms, and

i m dazo[ |, 2- b] pyri dazi nyl, I'm dazo[ 1, 2- a] pyri m di nyl, '
|,2,4-tri azol 0[4 3(—ﬂl]lp)ﬂ5|—d§bi‘ -6-membereld heterocpehi®(gtolps containing 1 or -
b]pyrlda2|n WO 97/ 40050

" PCT/ JP97/ G-iﬁ 2 nitrogen atoms and one sulfur atom or oxygen atom, and

(iv) these heterocyclic groups may be condensed with a 6~
membered ring containing 2 or fevéier nitrogen atoms, a
benzene ring or a 5-membered ring-containing one sulfur
atom.

15 : Examples of the heterocyclic group of the
optionally substituted heterocyclic.. group represented by R
or R? include aromatic mono-cyclic heterocyclic groups,
aromatic condensed hetérocyclic groups and non-aromatic
heterocyclic groups.

20 Specific examples of the heterocyclic group of
the optionally substituted heterocyé;;c groups represented
by R' or R? include (i) aromatic nShocyclic heterocyclic
groups (e.qg., furyl, thienyl, ‘pyrrolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl imidazolyl pyrazolyl,

25 1,2,3-oxadiazolyl, 1,2, 4-oxadiazolyl 1,3,4-oxadiazolyl,
furazanyl, 1,2,3-thiadiazolyl, 1,2_,:5__1.___-_thiadiazoly1, 1,3,4-

thiadiazolyl, 1,2,3-triazolyl, 1,2,4'-1:riazolyl, tetrazolyl,



17 Exanpl es of t he preferred non-aromati c

het erocyclic group as a substituent for the hydrocarbon resi due,
acyl group, sulfonyl group and heterocyclic group represented by
Rlerr] or R2 include oxylanyl, azetidinyl, 5 oxet anyl , t hi et anyl
pyrrol i di ny"OY %% ahydr of uryl , thi ol anyl, pi pePFEPI7/01413

t et rahydr opyranyl, norpholinyl, t3 onor phol i nyl and pi perazi nyl .
Exanpl es of the hal ogen atom as a substituent for t he hydrocarbon
resi due, acyl group, sulfonyl group-and 10 het er ocyclic group .
represented by R err] or R2 include fluorine, chl orine, brom ne
and i odi ne, preferabl fluoripe, and chl ori ne.

Exanpl es of the Bﬁfggiﬁfly g¥ﬁi&4q{ﬂxﬁizmﬁq¥fidazinyli gr BYpa2ainyl  and

substituent for tReaByAtrar pRf) QLM cathhaokden nerfiolfey 24! fONYLs

group and heterocyc roup represen

include unsubstieuged berZd¥urard1QUPisobbhzot 1 Y am no -
groups and N,N—di-sgbstituted anﬁ%g w=e z%r%iﬁﬁ? ! Egﬁﬁgﬁgglgﬁg%ﬁgl'

substituted am ndndodw), i ncisdéndolyl, B itfadolyls haventihi@bzd14 1]
al kyl groups, Cerr] alkenyl 20 groups, ([err] al kynyl groups,
afomati ¢ Yroups, PABEERBZYEYIc  1,2-benzigothiazodyl] er riH-bepzogréapeles, t he
substituents (.e.g.i N jret hyl ami no, di pet hyl am no, et hyl am no,

di et hyl ani no, uinolydy ¢ ASRAHECLY LA | yI G Linglo| ohe @YiRARAGINYL,

e oot oo no, eI ORISR, oM,  pucsnm,

Exanpl e of the apyergaonpl AscarbabsiyivedicdMolinyl, pLES-HYLIQRAT bpn
residue, acyl group, sulfonyl group and

" carbolinyl, acridinyl, = phenoxazinyl, phenothiazinyl,

10 - - phenazinyl, phenoxathiinyl, thianthrenyl, ﬁhenanthridinyl,

phenanthrolinyl, indolizinyl, pyrrolo[l,2-b}pyridazinyl,

pyrazolo[1l,5-a)pyridyl, imidazo[l,2-a]lpyridyl, imidazo[l,5-

alpyridyl, imidazo{l,2-b]lpyridazinyl, imidazof{1l, 2-

alpyridyl, imidazo[1l,5-alpyridyl, imidazofl,2-

15 blpyridazinyl, imidazo[l,2-a)lpyrimidinyl, 1,2,4-:

triazolo[4,3-a]lpyridyl and 1,2,4-triazolo[4,3~-

b]pyridazinyl), and (iii) non-aromatic heterocyclic groups

(e.g., oxylanyl, azetidinyl, oxetanyl, thietanyl,

pyrrolidinyl, tetrahydrofuryl, thiolanyl, piperizinyl,

20 tetrahydropyranyl, morpholinyl and thiomorpholinyl,.

piperazinyl).

R' and R’ may bind to each other to form a ring,

particularly a nitrogen-containing 5- to 7-membered ring.

Examples of such -N(R')(R?) include 1l-pyrrolidinyl, 1-

25 imidazolizinyl, l-pyrazolizinyl, l-piperidyl (piperidino),

l-piperazinyl, 4-morpholinyl {morpholino), 4-

thiomorpholinyl, homopiperazin-1l-yl, pyrazol-1-yl,
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18 het erocyclic group represented by Rl err] or R2 include (i)
formyl and (ii) groups resulting frombinding of a (Jerr] al kyl
group, Jerr | group, C[err] al kynyl group or i C
group to a%mgééﬁg%yl group (e.g., acetyl, 5 proﬁFgﬁgﬁaﬂﬁgutyryl,
| sobutyryl, wvaleryl, isovaleryl, 13 val oyl , hexanoyl ,

hept anoyl , oct anoyl , cycl obut anecar bonyl ,

cycl opent anecar bonyl , cycl ohexanecar bonyl, cycl ohept anecar bonyl ,-
crotonyl, 2- cycl ohexenecar bonyl, benzoyl and nicotinoyl). 10

Exanpl es of the ogégﬁgg#iyi%%psti%g%e -{QgggEﬁil-yl, ZQQQQBi$§°f;4EX&Y

substituent for t ydrocariodn r uean ﬁétérocyc Ic gr

represented by R grs] 30erfdfdy1yiG! UL, 2, 3-triazoliD2UPS] i t terPabyillPXy:,
group and a hydroxy group having an appropriate substituent,

particul arly a subehkzime®izéD-161,13ndol-1ugkdandaH-dndagdlelyypr ot ecti ng
group, (e.g., alkoxy, al kenyl oxy, al kynyl oxy, aral kyl oxy,
acyl gxy or aryl oxy). The hydrocarbphe zeigdlyei sofr etheabpptiomphbly |-

| k 9., h h i b .
LS8 eunggBEAE N SR BAZRR oSO o B B
20 tyl , t I

20 apent oo BEYepRBEH) St Kk oten R 0! GUURCEforpi

preferably a ([erg] (ﬁ',.keﬂbﬂé@i'y or branched Cafkyl 2l | $p8XY£iEaP1Y] Op¥thyl,
2- pent enyl oxy, 3-hexenyl oxy, 2- cycl opent enyl nmet hoxy or

2- cycl ohexenyl net le¢hy), pRipyl, isopropyl, bullyd amd\ubel dikei@reppeéfezbed. a -
cerrl atiynyloxy when It oY W' ke’ AP b ko gorm @
10 nitrogen-containing ring, the -~N(R!)(R?) is preferably
1,2,4-triazol-1-yl, imidazol-1-y1, morpholino (4-_
morpholinyl), piperidino (l-piperidyl), pyrrolidino or the
like.
The hydrocarbon residue, acyl group, sulfonyl
15 group and 'heterocyclic group represented by R' or R? may
have at any possible positions on the chain or ring thereof
1 to 3 substituents.
Examples of the substituent on the hydrocarbon
residue, acyl group, sulfonyl group and heterocyclic group
20 represented by R' or R’ include aliphatic chain hydrocarbon
groups, alicyclic hydrocarbon groups, aryl groups, aromatic
heterocyclic groups, non-aromatic heterocyclic groups,
_ halogen atoms, optionally substituted amino groups, amidino
groups, optionally substituted acyl groups, optionally
25 substituted hydroxy groups, optionally substituted thiol

groups, carboxyl groups that may be esterified or amidated,

aralkyl groups (e.g., aryl C,, alkyl groups), carbamoyl
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19 The aral kyl oxy is preferably, for exanple, a
phenyl -Cl err] al kyl oxy (e.g., benzyl oxy or phenet hyl oxy).

The acyloxy is preferably a (Jerr] al kanoyl oxy (e.qg.,

acet yl oxy, woﬁﬁ??ﬂ?"onyl oXY, but yryl oxy or 5 i sB%M'VF’Mﬂ%y) , a
Clerr] alkenoyloxy or a (Jerr] al kynoyl oxy.j4 The aryl oxy
is preferably, for exanple, phenoxy or 4-chl or ophenoxy.

Exanpl es of the optionally substitut-ed thiol ' group as a
substituent for the hydrocarbon residue, acyl 10 group, sulfonyl
group and heterocyclic group represented by Rlerr] or R2 include

unsubst i t ut ed t hB&PUgSeupNaREPetFWISHtkdonal carbapryl,g gXANPSaphPefri at e
substi tuent, articyl ar ubstjtuent.to be used a
Shiol - proteet i n AerhglcREbinofy, ethyicazBRuSt] e Bty datiarot o NyNe i o

aral kyl t hi o, acylg:hi or 1 Q)y They N
alkylthio is preféra ri/, 1E)urte'e?(arrpIq'{ea?&l':;aé}'t&;)elrr] groups afﬁi?t’ﬁi 0 ?é’.qg ,

met hylthio, ethyifexhyiw£pylakogl, N,N-i@ﬂp-mbtlm@armwbtﬁip;

I sobutyl thio, sec-butylthio, tert-butylthio, pentylthio,
i sopentyl 5hi 0, nedpemidinhcarbafdyl andherogzphnldnocarhepoylihi sulfamoyl
nonyl t hi o, cycl obutyl thi o, cycl opentylthio or cycl ohexylthio).

The al kenyl t hi o BFOMRS:er HpPgnorBrbeSHfiionag sulfamoyly graues kéRyBt hio
9roup (o101 2 MR ERAIAL Rypyfppitpmosy, BRBAFIMiUSRG: ana -
Y e sty 4w HUE A AR s,
or 2-propynylthi Qe.g., N,N-dimethylsulfamoyl, N-methyl-N-phenylsulfamoyl,
10 piperidinosulfamoyl and morpholinosﬂulfamoyl), mercapto
group, sulfo group, cyano group, azide group, nitro group
and nitroso group.
Examples of the aliphatic chain hydrocarbon group
as a substituent for the hydrocarbon residue, acyl group,
15 sulfonyl group and heterocyclic grouﬁ- represented by R! or
'R? include linear or branched aliphatic hydrocarbon groups
such as alkyl groups (preferably C,,, alkyl groups),
alkenyl groups (preferably C,,, alkenyl groups) and alkynyl
groups (preferably C,,, alkynyl grod@s). Examples of the
20 preferred alkyl groups include me?hyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butg.l; tert~-butyl, pentyl,
isopentyl, neopentyl, tert-pentyl, Eé.j-et:hylpropyl, hexyl,
isohexyl, 1,l-dimethylbutyl, 2,2}§imethy1buty1, 3,3-

dimethylbutyl, 2-ethylbutyl, hexyl,'--':-i'?_';pentyl, octyl, nonyl

25 and decyl. Examples of the preferred alkenyl group include

vinyl, allyl, isopropenyl, l-propenyl, 2-methyl-l-propenyl,

l-butenyl, 2-butenyl, 3-butenyl, 2-ethyl-l-butenyl, 3-
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20 The aral kylthio is preferably, for exanple,
phenyl -Clerr] alkylthios (e.g., benzylthio or phenethylthio).

The acylthio_is preferably, for exanple, a Cerr] | t.hio
(e.qg., acetyVFHV@?%ﬂropionylthio, butyrylthio 5 or ﬂg%gﬁgﬁﬁ§#thio).
The arylthio is preferably, for exanphs, phenyl t hi o or

4- chl or ophenyl t hi o. Exanpl es of the optionally
esterified carboxyl group as a substituent for the hydrocarbon
resi due, acyl 10 group, sulfonyl group and heterocyclic group

represented by _Rl.err r R2_include carhbox oup_ -
al Kyl oxycar bonyl 6?83%%,£§butén§i' 5?@53% 8¥§ta?b§%?¥én%¥%aﬁg : enyl, 4

al kynyl oxycar bonyLen gL QS 4-methyl-3-HeHtehb XY CARARNY 19" Wlikxenyl, 3-
acyl oxycar bonyl groups and aryl oxycar bonyl groups. 15

Exanples  of  tHexenglKYyl4-heGicdy) afii S5Silexenyl.  Eahlphexyces boend
group include Cerr] al kyl groups (e.g., nmet hyl , ethyl, propyl,
i sopropyl, butyl, prebented , atkynyl group ihcliyde agthymyX, butgigpynyl, 2-
Exanpl es of the al kenyl group of the al kenyl- 20 oxycar bonyl group
include C[@rr] aIREﬁ?Y“@fcnﬁﬁPWﬁiqy?g ¢rRyEynyl, 3-butypwly| 1-pepf y|2-
Banpl s of the aPRONTTYEs T SREPRE: ofgmmmys. 1 REMR ebemyYLy Sins
include (err] akg¥9M§l,gg;gg;ynyﬁeagd,s_géxynyl.ethynyl and 2-propynyl).
Examples of the alicyclic hydrocarbon group as a

substituent for +the hydrocarbon residue, acyl group,

10 sulfonyl group and heterocyclic group represented by R or

R’ include saturated or unsaturated C,, alicyclic

hydrocarbon groups such as C;, cycloalkyl groups, C,,

cycloalkenyl groups and C,, cycloalkadienyl groups.

Examples of the preferred C,; cycloalkyl group include

15 cyclopropyl, cyclobutyl, cyclopentyl, cyclochexyl,
cycloheptyl, cyclooctyl, bicyclo[2.2.1]heptyl,
bicyclo[2.2.2]octyl and bicyclo[3.2.l1]octyl. Examples of

the preferred C; , cycloalkenyl group include 2-cyclopenten-

1-yl1, 3~cyclopenten-1-yl, 2-cyclohexen-1-yl and 3-

20 cyclohexen-1-yl. Examples of the preferred Cis
cycloalkadienyl group include 2, 4-cyclopentadien-1-yl, 2,4-

cyclohexadien~1l-yl and 2,5-cyclohexadien-l-yl.

Examples of the aryl group as a substituent for

the hydrocarbon residue, acyl group, sulfonyl group and

25 heterocyclic group represented by R' or R? include a

monocyclic or condensed polycyclic aromatic hydrocarbon

group. Examples of the preferred aryl group include



The aral kyl group of the aral kyl oxycar bonyl groups is aryl-al kyl

groups and exanples of the aryl group WO 97/ 40050

PCT/ JP97/ 01413 21 of the
aryl -al kyl group include phenyl and naphthyl which may be
substi t ut ed™MR474085he same substituents as those of PCT[’%""H\“VI group
as exenplified above with respect to the ;g hydr ocar bon resi due
represented by Rerr] or Rerr]. The alkyl 5 group of the aryl al kyl
group is preferably Cerr] al kyl greups (e.g., nethyl, ethyl,
propyl and butyl). Preferred exanples of the aralkyl gr oups,

I.e., aryl-al kyl groups, I ncl ude benz i phenet hy
3-phenyl propyl , phe'm naphthyl, apnghreiy|ghangiihcy cP"(dzﬂﬁaBﬁPh?‘PiH‘@T%/I
nor e preferably, and._ph neth

Exanpl es of the W §$ Eﬁ?ﬁﬁf%ﬁléyﬁgeﬁg§ro VRIS 80 2-naphbyi., i nel ude

fornyl, err] al kanoyl gr r I r rr -
alkgzoylcgrouLs. g EJé%gﬁbleQ[%% EQQ £ Q£@% e%|%§°2?§ Qgggg%régykégéf ]

aryl oxycarbonyl glgup as 8' gibstichaihe memﬂe mraeahwmresmue, acyl
The am dat ed car% y? groups as a substituent for t he hydrocarbon

resi due, smcyl gronpupssEfldonylggoone @nti heterocycliet grogy clepregentipd by
represented by R err] of R[erzg?lnclude for exanpl e, those
represented by - RONPR[ B} r:}r)cm{ rar)onm[i@r r"]OWCRQCaF‘Et%OGMiC gTNHS ned

above) . _ qve descrj he f tuents t he
hydr ocar bon resi &ﬁe?'acﬁ“rgrl(bup?hjs'?ﬂ dnyPY’Q’F%JLP’Bl an8m° ¥l, 8?3’?%&;&01 i C
group represent edpPY BRI F1 ] 1¥otRIaTBYyL Ul IHRaR8YF1, pyrazolyl, 1,2,3-
oxadiazolyl, 1l,2,4~-oxadiazolyl, 1,3, 4-oxadiazolyl,
10 furazanyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazol-yl, 1,3,4-
thiadiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, tetrazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl and
triazinyl), and aromatic condensed heterocyclic groups
(e.g., Dbenzofuranyl, isocbenzofuranyl, benzo[b}thienyl,
15 indolyl, ‘isoindolyl, 1H-indazolyl, benzimidazolyl,
benzoxazolyl, 1,2-benzisoxazolyl, benzothiazolyl, 1,2-
benzisothiazolyl, 1H-benzotriazolyl, quinolyl, isoquinolyl,
cinnolinyl, quinazolinyl, guinoxalinyl, phthalazinyl,
naphthylizinyl, purinyl, pteridinyl, carbazolyl, a-
20 carbolinyl, B-carbolinyl, y-carbolinyl, acridinyl,
phenoxazinyl, phenothiazinyl, phenazinyl, phenoxathiinyl,
thianthrenyl, phenanthridinyl, phenanthrolinyl,
indolizinyl, pyrrolell, 2-b]lpyridazinyl, pyrazololl, 5-
alpyridyl, imidazo[l,2-a])pyridyl, imidazo[l,5-alpyridyl,
25 imidazol[l,2-b)pyridazinyl, imidazo({1l,2-alpyrimidinyl,
1,2,4-triazolo[4,3-a]lpyridyl and 1,2,4-triazolof4,3-

blpyridazinyl).



at any possible positions one or nore, preferably 1 to 3 25

appropriate substituents. Exanpl es of the substituents I ncl ude
t hose as exenplified above with respect to the substituents on

t he hydrocar hgg of/fkdue. acyl group, WO 97/ 4005@c1/3p97/01413

PCT/ JP97/ 0141 22 sul fonyl
group and heterocyclic group represented by 3 err] or Rerr],
specifically (Jerr] alkyl groups, C[err] alkenyl groups, Cerr]

al kynyl groups, C3 8 cycloal kyl groups, (err] cycloal kenyl

groups, Clerr] cycloal kadi enyl groups, aryl groups, aromatic 5
heterocyclic groups, non-agpimiids hej£rooyd i C pyR¥Red non-arofh@iky!
groups (e.g., aryl Cerr] alkyl groups), am no group,

N- nono- substi t ut etheBirbaygl D8 pPgrodp Nadi as Wubkiti itedt afbAOthe hydrocgkbdps,
am di no groups, acyl groups, carbanoyl group, N nono- substituted
car banoyl groups, resigue, ne@hylmwmnsylfonnb group éﬂﬁﬂ%‘éﬁwmaﬁaoup
phenyl car bamoyl ), NN- d| sub titute car r

N, N- di et hyl car bafSPreseRERe by & oryi Bt nipch ‘%arrﬁé lasyl), aze(tei\dg“yl

prper! di nogarbamylyetandd? thietan P 3%5:@@9@& n%tg] suﬁ*‘?&%@%?“p

et hyl sul fanoyl, ]blixiolanyﬂhen?|1§ékiéﬁpy| RBErangH 9If amwpholwn

N-di - substituted anoyl groups (e.g., N- di net hyl sul farmyl
N- net hyl - N- thiopephblihghnand ,pipeyapdnyi nosul f amoyl and
nor phol i nosul fanoyl ), carboxyl group C%err] al koxycar bonyl ) %roups
(e.g., met hoxycar bonyl , Exagp Hox pfathehAlogengaton asi 3opepeiiHeth6RY |
ﬁ;grg;ﬁ;oxg?gfjg?nyl n rf}] é)ut o%g;ar bo@ildue, acyl grogg’ igobu ox g&r bongl ),
10 heterocyclic group represented by R' or R? include fluorine,
chlorine, bromine and iodine, preferably, £fluorine and
chlorine.
Examples of <the optionally substituted amino
group as a substituent for the hydrocarbon residue, acyl
15 group, sulfonyl group and heterocyclic group represented by
R* or R? include unsubstituted amino group, N-
monosubstituted amino groups and N,N-di-substituted amino
groups. Examples of the substituted amino group include
amino groups having 1 or 2 C,,, alkyl groups, C,,, alkenyl
20 groups, C,,, alkynyl groups, aromatic groups, heterocyclic
groups or GC,,, acyl groups as the substituents (e.g.,
methylamino, dimethylamino, ethylamino, diethylamino,
dibutylamino, diallylamino, cyclohexylamino, phenylamino,
N-methyl-N-phenylamino, acetylamino, propionylamino,
25 benzoylamino and nicotinoylamino).

Example of the acyl group as a substituent for

the hydrocarbon residue, acyl group, sulfonyl group and



groups, ([err] al kenyl oxy groups, C[err] cycl oal kyl oxy groups,
ar al kyl oxy groups, aryloxy groups, nercapto group, (err]

al kylthi o groups, aral kylthio groups, arylthio groups, 25 sul fo
roup, cyang grou azide group, nitro group, nitroso roup and

%a| Ogensy Y 7/400%0 VO 9%/ 40850 g P PCT/JP97IOQ413 P

PCT/ JP97/ 01413 18 23

Exanpl es of t he optionally substituted het er ocycli c group

represented by Rin the above fornula (I') include the sane

het erocyclic groups as those exenplified above with respect to

Rlerr] or Rerr]., . 5 Exanpl es of .the _.optiqQnally .
substi t ut ed heterqeycdis \SFoYP gFSHﬁgg%*b?eé%em’e& bPTR ¥ ndiaE ) (B to

’- ”e”bfcé 1eLRa O?Xiki gfggggg?e%?%%iirg’éonqmﬁiﬁ&lrtélr%?t 8Me

nitrogen atom or oxygen atom (i heterocyétic

groups contai ni Ng1igyi 0 géollptl r Q&N atlga_ayla?douw C,..0 GLkihyP- Moup or

6- menber ed heterocyclic groups containing or 2 nitrogen atons
and one sul fur aaoomatioxygeoupt iy and carbonyl @ronpt he¢eeghet eaceyyl, C
groups may be condensed wth a 6- menbered ring containing 2 or
fewer nit¥ogen apoeRionyl, butyryonzckfobutygyds avelacwber edsevaleryl,
cont ai ni ng one sul fur 1§ ese heterocyclic

at om Th
groups may have Bt VAy°OY NERATH & positEBAS WY Ethe ri RE TRBPEIT- 1 to
3 substituents. cyq{kobu%@x@%:lg?itg%n be’ S”bfséktcﬁeé‘ %APQE‘éd:EaEI%e%ﬁgrie

groups as ose exenp ove wt respect to the substituent
on 20 the BydioREkAHNMLAMTNNG adfc e tamechirbofyDUP drRitionyant ezl
cyclohexenecarbonyl, benzoyl and nicotinoyl).

10 Examples of the optionally substituted hydroxy
group as a substituent for the hydrocarbon residue and
heterocyclic group represented by R' or R? include
unsubstituted hydroxy group and a hydroxy group having an
appropriate substituent, particularly a substituent to be

15 used as a hydroxy-protecting group, (e.g., alkoxy,
alkenyloxy, alkynyloxy, aralkyloxy, acyloxy or aryloxy).

The alkoxy is preferably a C,,, alkoxy (e.g.,
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
sec-butoxy, tert-butoxny, pentyloxy, isopentyloxy,

20 neopentyloxy, hexyloxy, heptyloxy, nonyloxy, cyclobutoxy,
cyclopentyloxy or cyclochexyloxy).

The alkenyloxy is preferably a C,,, alkenyloxy
(e.g., allyloxy, crotyloxy, 2-pentenyloxy, 3-hexenyloxy, 2-
cyclopentenylmethoxy or 2-cyclohexenylmethoxy).

25 The alkynyloxy is preferably a C,,, alkynyloxy

(e.g., ethynyloxy or 2-propynyloxy).



by Rlerr] or Rerr], specifically (ferr] alkyl groups, (err] alkenyl
groups, (Jerr] alkynyl groups, Cerr] cycloal kyl groups, (err]

cycl oal kenyl groups, Clerr] cycloal kadi enyl groups, aryl groups,
aromatic ‘F Pl 1 € groups, non-aromatic 25 helEesuald ©
groups, aral Kyl “groups (e.g., aryl (err] alkyl groups), am no
group, N-nono-substituted am no groups, N, N-19 di -substituted am -no
groups, am dino groups, acyl groups, WO 97/ 40050

PCT/ JP97/ 01413 ) 24

car banoyl group, N nono-substituted carbanoyl groups,

met hyl car banoyl , et hyl Ca'f)Fa”thkglgN is pr(eferggfgyl Cf%rrbaﬂ)éﬂgle. a

N, N-di - substituted car ba group

N, N-di met hyl car ba cH 1%4}yl(gabban9&kzylo‘§;y or pReRBthfisespr banoyl
and nor phol i nocar yI ), ul fanoyl group, N- nono- subst it ut ed
sul f anoyl gr oups (e.o0. ,The acyloxgetiy| peeferaply et h@l ; sellkanoyloxy
phenyl sul f anoyl and p- t ol uenesul fanoyl ), N, N-di - subst ituted

sul famoyl groups (e.g-, (@cgtylcncw di rr@trlwﬁ-ogmlﬁmyl butyryloxy or
N- et hyl - N_phenyl sul farm eri di posul farm and

mor phol i noSul f anoyf “t?féﬂ)‘a’%/?' a Gy aRk@PB%{P’“C[%tr u ai*kB%’%’é‘?W

groups (e.g., nethoxycarbon ny. [ ox yl,
sec- but oxycar bonyl , w’?s% t.t’x(%(ylca %%)rflé?%%g t%ec?rt E “’x%éa %{@?
hydr oxy group, or 4-chibebphiendtKOXy groups, Cerr] al kenyl oxy

gr oups, Cerr] 15 cycl oal Kyl oxy groups, aral kyl oxy groups, aryl oxy
groups, mer capt o gEﬂarpplq epbf]| tkybphionarlgtpsubst atiktdd hthiol
groups, arylthio grou sul fo group, cyano group, azide group,
nitro group, nit r@'@ugr @§pa Sﬁé[tgg@'hs or the hydrocarbon residue, acyl

10 group, sulfonyl group and heterocyclic group represented by
R' or R? include unsubstituted thiol group and thiol group
having an appropriate substituent, particularly a
substituent to be used as a thiol-protecting group (e.g.,
alkylthio, alkenylthio, alkynylthio, aralkylthio, acylthio
15 or arylthio).

The alkylthio is preferably, for example, a C,_,,
alkylthio (e.g., methylthio, ethylthio, propylthio,
isopropylthioc, butylthioc, isobutylthio, sec-butylthio,
tert-butylthio, pentylthio, isopentylthio, neopentylthio,

20 hexylthio, heptylthio, nonylthio, cyclobutylthio,
cyclopentylthio or cyclohexylthio).

The alkenylthio is preferably, for example, a
C,;.;0 alkenylthio group (e.g., allylthio, crotylthio, 2-
pentenylthio, 3-hexenylthio, 2-cyclopentenylmethylthio or

25 2-cyclohexenylmethylthio).
The alkynylthio is preferably, for example, a

C;.10 2lkynylthio (e.g., ethynylthio or 2-propynylthio).



These substituents on the heterocyclic groups may 20 further have

at any possible positions 1 or nore, preferably 1 to 3
appropriate substituents. Exanples of t he substituents include
t he sane gr t hose exenplified above, specifically Cerr]
al kyl groupgggéfgﬁ%ﬁ al kenyl groups, Jerr] al kyRGFIRTOLAIS
Cerr] cycloal kyl groups, 25 Cerr] cyel oal kenyl groups, Cerr]

cycl oal kadi enyl groups, aryl groups, aromatic heterocyclic

gr oups, non-aromati c het-erocyclic groups, aral kyl groups (e.g.
aryl Cerr] alkyl WD 97/ 40050

PCT/ JP97/ 01413 . . 25 groups),
arfi no group, N-nono-substi CHBePEMRYI WiQupis rpugferably, for . ansawledt ed

am no groups, am.gi group Ps., . carbamoyl gr .

N- nono- substi t ut ég‘lég&rlbgohﬁﬁlkg@%%sﬁg KIQR@ benzylth&lo-gﬁ r?%?%ﬁg’gt{g’é%amyl

groups, sul famoyl group, NrRBNEcylBhio isSpbetdtdfigf Stdxf APyl @ O%IO%‘?,,, )
ower

N, N-di - substituted sul fanoyl groups, carboxyl group, Jérr]

al koxycar bony| grajigemoylthio (e.dw,daceyylthbop propienylthie)autyxhyiario
groups, (ferr] |lower al kenyl oxy groups, Cerr] cycl oal kyl oxy
groups, aral kyl 0)@F isobutyrydkhi®k. aryloxy groups, nercapto group,
Cerr] Ilower 10 alkébthiogﬁ ougs, aral kylthi o groups, arylthio

gr oups, sul fo grodf® cf BtBupisazinFIgrabpyY. ni £05 gr¥agple.
nitroso | A0S . Preferred exanpl es
of the optionall&ggﬁggfﬁggtgg 2 °r°pﬂﬁﬁﬂéﬁgé§é|ic group represented by R
include 2-imdazolyl, 15 Example2, dftth8z8btBotally-deaadba 6330l V! .
2-pyridyl, 3- pyridyl, 4-pyridyl and 2-benzi m dazolyl.

I n the above for Aoy |13s axX suhstdternt &oroxhgehydrocarbon residue, acyl

10 group, sulfonyl group and heterocyclic group represented by
R' or R’ include carboxyl group and alkyloxycarbonyl groups,
alkenyloxycarbonyl groups, alkynyloxycarbonyl groups,
aralkyloxycarbonyl groups, acyloxycarbonyl groups and
aryloxycarbonyl groups.

15 Examples of the alkyl group of the
alkyloxycarbonyl group include C,.s alkyl groups (e.g.,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl and tert-butyl).

Examples of the alkenyl group of the alkenyl-

20 oxycarbonyl group include C,, alkenyl groups (e.g., vinyl,
allyl, l-propenyl, isopropenyl, l-butenyl, 2-butenyl and 2-
methylallyl).

Examples of the alkynyl group of the alkynyl-
oxycarbonyl groups include C,, alkynyl groups (e.g.,

25 ethynyl and 2-propynyl).

The aralkyl group of the aralkyloxycarbonyl

groups is aryl-alkyl groups and examples of the aryl group



atom a sul fur atom which may be oxidized or -(CH2)g- (q

represents an integer from0O to 5, preferably an integer 20 fromO to
3). Exanples of the optionally oxidized sulfur atom represent ed
by X incl udev{1 odkpOup, sulfinyl group and sul f opy g,
preferably, thio group Regar di ng t he - (CH2) g- represente by X
qis preferably O. In th&l above formula (1), Y
represents GG (G 25 represents a carboxyl group which may be
esterified). The optionall'y esterified carboxyl group
represented by Gis that represented by the formula - COOR[ err]

I(DE'[I'?S rp]97; ggaigent D~ the au:yl-alkyi./\%rgcﬁﬁ1 qgg’ﬁude pheny]2 6and naphthyl which

hydrogen atom an pahykWe @uBERitaBed vy |thy @dReOEuBSt#tYdnts as thos@ e¥p) .

Exanpl es of the al kyl group represented by R err] I nclude Cerr]
al kyl groups (e.g.theredpld gmidp/lgs prxgmplifiBd aboveswptbpylespbatytke the
i sobutyl, sec-butyl and tert-butyl). The aral kyl group represent ed

by R[err] is an aIWer}a&@B"hé\ﬁsﬁéusn represente%r’w Broo® HS- a ZhBsw@ilkydnt

’ | f th
e aryi al Byl o1 ol oFgtoe seyatkyd seayn Erkrafornly & Srfedl Bieype"

group represented V.33 hBthyi, éé.ylpreb%ﬁfhyiandfosut%arml e, pr¥eizil:

phenet hyl, 3- phenyT propyl,” (1 - nap
(2- napht hyI)rret hylexamples of the aralkylYgkSupsefEreb) yarxy1CAIRAr ighrouBser I ]
iIs a (Jerr] al kyl group), nore preferably GCOOCJerr]Herr].

In the above formidnclude M Pepzebent sphehgthphen 85Sphenylprepyl.an (1-
optionally substit uatpehdth%ﬁy)lme%;xggp’angn (%pLQSQQhYQ’ Jmethyl, more preferably,
10 benzyl and phenethyl.

Examples of the acyl group of the acyloxycarbonyl
group include formyl, C,, alkanoyl groups, C;, alkenoyl
groups and C;, alkynoyl groups.

Examples of the aryl group of the aryloxycarbonyl

15 group include phenyl and naphthyl.

The amidated carboxyl groups as a substituent for
the hydrocarbon residue, acyl group, sulfonyl group and
heterocyclic group represented by R!' or R? include, for
example, those represented by -CON(R!)(R?) (R® and R? are as

20 defined above).

The above-described substituents on the
hydrocarbon residue, acyl group, sulfonyl group and
heterocyclic group represented by R! or R?® may further have
at any possible positions one or more, preferably 1 to 3

25 appropriate substituents. Examples of the substituents
include those as exemplified above with respect to the

substituents on the hydrocarbon residue, acyl group,



substituted carbanoyl group, an optionally substituted

al koxycar bonyl group, an optionally substituted

t hi ocar banoyl group or an optionally substituted sul fonyl group.
20 Exanpl es of the optionally substituted acyl group

repr esent ed WRPPPRcl ude the same acyl groups as those PCTiapyTioidt3
exenplified above with respect to the substgtuents for the

hydr ocar bon resi due, acyl group, sulfonyl group and het er ocycli c
group represented by Rerr] or Rerr], for exanple, 25 acetyl,
benzoyl or 4-chl orobenzoyl . Exanpl es of the optionally

substi tuted car by, groun and SUlisBASEnLed. R JIOALULS LIORF or

PCT/ JP97/ 01413 R%efpe?ifically C,.,0 alkyl groups[C?4%§Zkenyl groups,efigrr]

Is as defined abo or exanpl &, phenyl Tar banoy

met hyl car banoyl . a1kynyl groups, C,, E¥8I®4aBeyl @foupd,hec, , ogytDHalkenyl
substituted al koxycarbonyl represented by Mincl ude those
represented 5 groupgs, C,GOCREEpalkadiRemy) |graups,asrydefroeds, agoaedtic f or
exanpl e, et hoxycar bonyl or benzyl oxycar bonyl .

Exanpl es 5 of  ReeLTOR{RLishaProuprs sy ii-gaeRgtic heterocyrddgr KBFRNRS gr oup
represented include .those represented b R[_er r ] NHCS err S
as defined abo?/’és)‘el,kyrhf SFouRZaffrd: - At Cie 5%%@?%?85& ba%wgr%“‘l'

net hyl t hi ocar bangydeno-substituted amino E%@@%QPﬁ%@ﬁd&bguﬂgiieﬂeééYémino

substituted sul fonyl group represented by Minclude those

represented by RyesiigsS( @iiidino groups,( Bcgir hroapss detbamsyBbegy@)p, fHor
exanpl e, benzenesul fonyl .
mono-substituted carbamoyl groups, (e.g., methylcarbamoyl,

10 ethylcarbamoyl and phenylcarbamoyl), N,N-di-substituted
carbamoyl groups (e.g., N,N-dimethylcarbamoyl, N, N-
diethylcarbamoyl, piperidinccarbamoyl and

morpholinocarbamoyl), sulfamoyl group, N-mono-substituted
sulfamoyl groups (e.g., methylsulfamoyl, ethylsulfamoyl,
15 phenylsulfamoyl and p-toluenesulfamoyl), N,N~di-substituted
sulfamoyl groups (e.g., N,N-dimethylsulfamoyl, N-methyl-N-
phenylsulfamoyl, piperidinosulfamoyl and
morpholinosulfamoyl), carboxyl group, C,.,, alkoxycarbonyl
groups (e.g., methoxycarbonyl, ethoxycarbonyl,
20 isopropoxycarbonyl, sec-butoxycarbonyl, iso-butoxycarbonyl
and tert-butoxycarbonyl), ‘hydroxy group, C,.,, alkoxy
groups, C,,, alkenyloxy groups, C,, cycloalkyloxy groups,
aralkyloxy groups, aryloxy groups, mercapto group, C,
alkylthio groups, aralkylthio groups, arylthio groups,
25 sulfo group, cyano group, azide group, nitro group, nitroso

group and halogens.



In the above formula (1), the ring B together 15 wi th the carbon

doubl e bond of the adjacent thiophene ring forms an optionally
substituted 5- to 7-nmenbered ring containing a nitrogen atom
preferably an optionally substituted 6-nenbered ri I ning a
ni trogen atoﬁ?’ogmogso When the 6-nmenbered ring containi ngpgwﬁﬁ?}?ﬁ‘légn atom
20 represented by the ring Bis a fully23%aturated 6-nenbered

ring, n of the above fornula (1) is 0 and, when it is a partially
saturated 6-nenbered ring, n of the above formula (1) is 0 or 1.-
Specifically, preferred exanples of the ring B and (Mn include

Lgﬁlggggyglzg3the f0||0m‘ngExggples f8£”“'€§é oe&fcq%ﬁ%ﬁ\NDé%g§¥y¥% ed
In the above for my& dddoydi@ g&ag ArB¥ed@¥fedlby R in thBhRRSFhtila
positions thereon 1 to 4, prefera Fy 1 or 2
(I) include the same heterocyclic groups as those
exemplified above with respect to R' or R?.

5 Examples of the optionally substituted
heterocyclic group represented by R include (i) 5~ to 7~
membered heterocyclic groups containing one sulfur atom,
nitrogen atom or oxygen atom, (ii) 5~ or 6-membered
heterocyclic groups containing 2 to 4 nitrogen atoms, and

10 (iii) 5- or 6-membered heterocyclic groups containing 1 or
2 nitrogen atoms and one sulfur atom or oxygen atom, and
(iv) these heterocyclic groups may be condensed with a 6-
membered ring containing 2 or fewer nitrogen atoms, a
benzene ring or a 5-membered ring containing one sulfur
15 atom.

These heterocyclic groups may have at any
possible positions on the ring therecf 1 to 3 substituents.
Examples of the substituents include the same groups as
those exemplified above with respect to the substituent on

20 the hydrocarbon residue and heterocyclic group represented
by R' or R?, specifically C,,, alkyl groups, C,,, alkenyl
groups, C,,, alkynyl groups, C,, cycloalkyl groups, C,,
cycloalkenyl groups, C,, cycloalkadienyl groups, aryl
groups, aromatic hetexrocyclic groups, non~aromatic
25 heterocyclic groups, aralkyl groups (e.g., aryl C,, alkyl
groups), amino group, N-mono-substituted amino groups, N,N-

di-substituted ami-no groups, amidino groups, acyl groups,



substituents, which may be the sane or different. Exanples of the

substituents on the ring A include hal ogen atons, 5 nitro group,
optionally substituted alkyl groups, optionally substituted
hydr oxy groups, optionally substituted thiol groups, optionally
substi t ut ed ¥APHEPOS0 groups, acyl groups, optionallyPesuesriofdizad

car boxyl groups and optionally subgjituted aromatic ring groups.
10 Exanpl es of the hal ogens as the substituents on

the ring A include fluorine, chlorine, brom ne and i odine,

preferably, fluorine and chlorine. Exanpl es of the
optionally substituted al kyl groups as the substituents on the

rirng A include Claandjamoyd group; neirmepdasubgtdgpsed C earhanmyinclgspupisky| s
or CJerr] cyclic al kyl's, including nethyl, ethyl, propyl,

i sopropyl, butyl (€-9-. W§§&ﬁ%ﬁ?rb§&? tyl,et?%}F§ER%W9YX pengPh,

| sopentyl, 0 A4 .

PCT/ JP97/ 01413 phenyf@gr%gké99§, N,N-di substltutfg carbamoyl ﬁ%@ﬁ@ﬁtyl,
hexyl, heptyl, ocle/lg. nonyly, nOgexbeneyed BumeRd!,, N, N-aie WSl oyl
cycl opentyl, cycl ohexyl and cycl oheptyl. Exanpl es “of the -
optional | $ hydr opiprmidincgsrbasoyl and meriisdlinseardamoyl)he sulfambyl

i ncl ude unsubstituted hydroxy 5 group and hydroxy groups having an
appropri ate substgzawmt, N-mono-subgkitutddar| pudfambglit uprmuns bdeuged as

a hydroxy- rotecting. grou e.g., alkoxy, alkenyl oxy, al kynyl oxy,
ar al kyl oxy, acy1(ﬂﬁfﬁ%l FE?%}! etgﬁé‘ﬁ.%fﬁ&?%ﬁwnﬂ?qq§ls“¥fam°YlpPéFePﬁbly

a Cerr] al koxy oXYy &t ) [ [ QROXY,
but oxy, i sobut ox%&%ﬁﬁgﬁygﬁgt-n'ﬁ d¥ gmsﬁé‘?&?‘? p%?ljf)%ﬁ%gx%/l YR

i sopentyl oxy, neoperydy, Rxy-diedHy®Sul famoyl, N-methyl-N-phenylsul famoyl,

10 piperidinosulfamoyl and morpholinosulfamoyl), carboxyl
group, C,;, alkoxycarbonyl groups (e.g., methoxycarbonyl,
ethoxycarbonyl, isopropoxycarbonyl, sec-butoxycarbonyl,
iso-butoxycarbonyl and tert-butoxycarbonyl), hydroxy group,
Ci i0 alkoxy groups, C.i0 alkenyloxy groups, Ciy

15 cycloalkyloxy groups, aralkyloxy groups, aryloxy groups,
mercapto group, C, ;, alkylthio groups, aralkylthio groups,
arylthio groups, sulfo group, cyano group, azide group,
nitro group, nitroso group, and halogens.

These substituents on the heterocyclic groups may

20 further have at any possible positions 1 or more,
preferably 1 to 3 appropriate substituents. Examples of
the substituents include the same groups as those
exemplified above, specifically C,,, alkyl groups, C,.,
alkenyl groups, C,,, alkynyl groups, C;, cycloalkyl groups,

25 C;.; ctycloalkenyl groups, C,, cycloalkadienyl groups, aryl
groups, aromatic heterocyclic groups, non-aromatic

heterocyclic groups, aralkyl groups (e.g., aryl C,, alkyl



heptyl oxy, nonyl oxy, cycl obutoxy, cycl opentyl oxy or
cycl ohexyl oxy). The al kenyl oxy group is preferably a (Jerr]
al kenyl oxy group (e.g., allyloxy, crotyloxy, 2-pentenyloxy, 15

3- hexenyl oxy, 2- cycl opent enyl met hoxy or 2-

cycl ohexenyi WEOHHSD . The al kynyl oxy group is preferably FCTAPSTOIUS o op g
al kynyl oxy group (e.g., ethynyloxy or 2s propynyl oxy). The
aral kyl oxy group is, for exanple, a phenyl - err] al kyl oxy

group (e.qg., benzyl oxy or 20 - phenet hyl oxy) . The acyl oxy group
Is preferably a (Jerr] al kanoyl oxy group (e.qg., acet yl oxy,

pr opi onyl oxy, butyryl oxy or isobutyrylaoxy). .The aryloxy gr IS,
f ot exaniiﬂ:%'fpspﬁ"reﬁékgo °4‘Pch7"'(‘)'f‘?)‘b?feﬂéﬁ7:.1&ted amino groups; N,N-
Exanpl es of the opfi I St e | Ol 4 ps :hﬁ
substituents for&Et%ﬁygégﬁiyggAghﬁﬁélgﬁ%ﬁgé{ aﬂ%ﬁlnﬁngﬁggggtu?% t%#() sgjroup

and thiol groups bamidithyANgroup, N-meHyNeRibctatateasdrdamyl, gpahips CW,N-y a
substituent to be &D 97/ 40050

PCT/ JP97/ 01413 di-substituted carbamoyl groups, sud@amoyl group, Ni9wxhaas a
thiol-protecting group, (e.g., alkylthio, al kenyl t hi o,

al kynyl t hi%, ar SRS FitHEed sudEgney] groups, N,N-di-subsiiigytey sulfppoyl

al kylthio group is preferably a_([err al kylthi o group, (e.g.
ety o, et hylgﬁiﬁsp[ _ wlggr%‘htocx-g ﬁ&%ﬁ%}‘?ﬁm?gbﬁy%ﬁqﬁs'
i sobuty 0, Sef; - ¥bLpi Q y i 0,

i sopentylthio, neg ent%%t[#é%ug' Ca-z0 ]hg%yltﬁ?o, Y Hept Vi t'hi 027 dowex

nonyl t hi o, Cychoretyldlyt Ogroups, C,., CEGLOBENEYIdAY Ogdursy/,Cl Shery 1diyo) .
The al kenyl thi o group I's pre?erably a Clerr] alkenylthio group
(e.g., allylthio, groups, aryloxy groups, mercapto group, C,,, Ilower
10 alkylithio groups, aralkylthio groups, arylthio groups,
sulfo group, cyano group, azide group, nitro group, nitroso
group and halogens.
Preferred examples of the optionally substituted
heterocyclic group represented by R include 2-imidazolyl,
15 1,2,4~triazol-3-yl, 2-thiazolyl, 2-oxazolyl, 2-pyridyl, 3-
pyridyl, 4-pyridyl and 2-benzimidazolyl.
In the above formula (1), X represents an oxygen
atom, a sulfur atom which may be oxidized or -(CH2)g- (q
represents an integer from 0O to 5, preferably an integer
20 from 0 to 3). Examples of the optionally oxidized sulfur
atom represented by X include thio group, sulfinyl group
and sulfonyl group, preferably, thio group. Regarding the
-{CH2)q- represented by X, q is preferably O.
In the above formula (I), Y represents C-G (G
25 represents a carboxyl group which may be esterified). The
optionally esterified carboxyl group represented by G is

that represented by the formula -COOR’ (R® represents a



10 crotylthio, 2- pentenyl thio, 3- hexenyl t hi o, 2-

cycl opent enyl met hoxy or 2-cycl ohexenyl nmet hoxy). The

al kynylthio group is preferably a CJerr] al kynylthio group (e.qg.,
ethynylthio or 2-propynyllthio). The aralkylthio group is, for
exanpl e, pheMQP7€0 r] al kylthio group (e.g., 15 benPEIIP79143

phenet hyl t hi 0) . The acylthio group is 26 preferably an al kanoylthio
group having 2 to 4 carbon atons (e.qg., acetylthio,

pr opi onyl t hi o, butyrylthio or : i sobutyrylthio). The arylthio-is
preferably, for exanple, phenyl thio or 4-chlorophenylthio. 20
Exanpl es of the optionally substituted am no roups as the
substituents for R¥AXqgefyaicmacepdelkyl group, as #alikyilt §aCHR 85 P ARYland
substituted anlno roups e.g., amno groups having 1 or 2 (err]
al kyl groups, C[ al kenyl groups, (err] al kynyl groups,
aromatic groups, 25 *ﬁaﬁmggcufc HeP YDA gg&falr s P PR
substituents (e met hyl am no,

et hyl ami no, includh etpyl amkyD, geolipsyl(@rgng, n@tﬁlth q’H’ﬁHiq propyl,
cycl ohexyl am no, WO 97/ 40050

PCT/ JP97/ ®1413 isopropyl, butyl, isobutyl, sec-butyl3d4nd tert-butyl). The
phenyl am no, N- net hyl - N- phenyl am no, acetyl am no,

pr opi onyl ani no, b%‘FﬁJdW]arﬂrﬁb‘PoFeWF%ﬁﬁfﬁﬂﬂ/PXnFné)s an alkyl group having an

Ex I f th th ti1t t
el ide for myl - angPyh SR gBhp, PRRATESIer S ¥a S, amed Gy-eoP v Byt bl sy
Clerr] alkenyl, Ci:@étﬁﬂlé’é l¥N¥he Uryl groups A B ALy IHIGHA t_,%ﬁagbﬂwiu&r oup

(e.g., acetyl, propionyl, butyryl, isobutyryl,” valeryl,
i soval eryl, pivapieythyl and naphthyl. The aralkyl group represented by R®
10 is preferably, for example, benzyl, phenethyl, 3~

phenylpropyl, (l-naphthyl)methyl or (2-naphthyl)methyl.

Y is preferably C-COOR® (R® is a C,., alkyl group),
more preferably C-COOC,H..

In the above formula (I), M represents a hydrogen

15 atom, an optionally substituted acyl group, an optionally
substituted carbamoyl group, an optionally substituted
alkoxycarbonyl group, an optionally substituted
thiocarbamoyl group or an optionally substituted sulfonyl
group.

20 Examples of the optionally substituted acyl group
represented by M include the same acyl groups as those
exemplified above with respect to the substituents for the
hydrocarbon residue, acyl group, sulfonyl group and
heterocyclic group represented by R' or R?, for example,

25 acetyl, benzoyl or 4-chlorobenzoyl.

Examples of the optionally substituted carbamoyl

group represented by M include those represented by R!NHCO



hexanoyl , hept anoyl , octanoyl, cycl obut anecar bonyl ,
cycl opent anecar bonyl , cycl ohexanecar bonyl, 10
cycl ohept anecar bonyl, crotonyl, 2-cycl ohexenecarbonyl, benzoyl

or nicotinoyl). Exanpl es of the optiona fied
car boxyl hk""““ﬁ?oups as the substituents for the ring A%xﬁi?%ﬁéh

addition to carboxyl group, alkyloxycarbonylz7groups, 15
al kenyl oxycar bonyl groups, al kynyl oxycarbonyl groups,
ar al kyl oxycar bonyl groups, acyl oxycarbonyl groups and

aryl oxycar bonyl groups. These are represented by the formul a
-COOR[err] (Rerr]_is ah en at err :%§¥l rou

aryl Cerr] alkyl ](Br #%ﬁl agPtSﬁg)CL 4’5‘} g% S’lcﬁﬁbamoyl of* t he
al kyl oxycar bonyl C err] al kyl groups (e.g

met hyl , et hyl, prgggﬁpfléﬁéé ", butyl, isobutyl, sec-butyl and
tert-butyl). The aral kyl g dNn tdre the optdoaklYyOXygabbenylitea
groups are aryl -al kyl groups. anpl es of the aryl groups of the
aryl = al kyl groups alkokydarpbrenly refesentedahy Mapitliude thiosehrenyebaveed he

same substituents as those, exenplified above with respect to the
substituenPs of th¥ —COOR 1 igr ofss Sefipedhyaberal bonfgF oupxample,

represented b e WD.97/ 40050
PC?/JP97/0141§ Rl tLnycarbonyl or benzyloxycarbonyl. 32 Rlerr].

The al kyl roups in th | k I S
Cerr] al>/kyl ggrogps (e.g ,%xgégﬂ[egaet# gp?%gy o?;t‘ionally gBBE{:?{:@@é&’

Preferred exanpl e&h@BchhSaﬁéﬁi ‘%ﬁoxﬁi’ Q@Q)&esbneed include thds¢! rabk¥kentea
gr oups, i ncl ude benzyl enet hyl , 3- 5 phenyl propyl ,
(1-napht hyl ) met hybyan® ﬂﬂcﬁapm‘hyli)metdwl defined above), for example.
10 phenylthiocarbamoyl or methylthiocarbamoyl.
Examples of the optionally substituted sulfonyl
group represented by M include those represented by RSO,
(R} is as defined above), for example, benzenesulfonyl.
In the above formula (I), the ring B together
15 with the carbon double bond of the adjacent thiophene ring
forms an optionally substituted 5- to 7-membered ring
containing a nitrogen atom, preferably an optionally
substituted 6-membered ring containing a nitrogen atom.
When the 6-membered ring containing a nitrogen atom
20 represented by the ring B is a fully saturated 6-membered
ring, n of the above formula (1) is 0 and, when it is a
partially saturated 6-membered ring, n of the above formula
(I) is 0 or 1. Specifically, preferred examples of the
ring B and (M)n include the groups of the following

25 formulas:



nore preferably,

t hi azol

preferably

When
ot her,

to 5, and 1 represents an integer from1l to 3), inclusive 5-

to 7-menbered rings fornmed together with the carbon atons of the
benzene ring. 20 H\N TheyA Ais pref substituted with
at | east on ] al koxy gr preferab err] al koxy
group, and nore preferably a nmethoxy, group, “or hydroxy group.
More preferably, the rigpg i s substigpieglyby 2 al k — groups,

whi ch may be the sane(or cﬁ?ferent, é;g?gyébly t wo Qég 0) Clerr] al koxy

gr oups,

preferred that the ring Ais sub#tituted

yl.

benzyl, phenethyl and the Iike.
Exanpl es of the optionally substituted aromatic
substituents for the ring A include
resi dues such as
resi dues suchP ¥

Cerr] aromatic hydrocarbon

“ﬁgfnyl, napht hyl 10 and anthryl, and heteroaronatic

i dyl, furyl, thienyl, inm dazoP§TIEHI@1413
The substituygnt(s) on the ring A are
present at the 3- and/or 4-positions of the ring A

t hese substituents on-the ring A are adjacent to each 15 .
they may bind together to forma ring represented by
-(CHerr])[err]-,

or -0-(CHerr])[err]-O (mrepresents an integer from3

nore preferably 2 nethoxy groups. In particular, it is

PCT/ JP97/ 01413

at the 3- and 4-positiops. N WO 97/ 40 N
- =
Anong t he conpounds"rggiggz;hed[g;ﬂjz;,an e I , Ti%ﬂgi;ula$(' ~1 hose
oyl , 4

wherein nis 1; Mis a hydrogen atom
phenyl car bafoyF 1) (n=1) (n=1) (n=0) (n=0)

acetyl,

10

15

with two nmet hoxy groups

benz -chl'or obenzoyl ,

In the above formula (I), the ring A may have at

ring groups as the

any possible positions thereon 1 to 4, preferably 1 or 2
substituents, which may be the same or different. Examples
of the substituents on the ring A include halogen atoms,
nitro group, optionally substituted alkyl groups,
optionally substituted hydroxy groups, optionally
substituted thiol groups, optionally substituted amino
groups, acyl groups, optionally esterified carboxyl groups
and optionally substituted aromatic ring groups.

Examples of the halogens as the substituents on
the ring A include fluorine, chlorine, bromine and iodine,
preferably, fluorine and chlorine.

Examples of the optionally substituted alkyl
groups as the substituents on the ring A include C,
linear alkyl groups, C,,, branched alkyls or C,,, cyclic
alkyls, including methyl, ethyl, propyl, isopropyl, butyl,

isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,



et hoxycar banmoyl, phenyl sul fonyl or benzyl oxycarbonyl; the 5 ring Bis

a 6-nenbered nitrogen-containing ring; Yis GG (Gis

et hoxycar bonyl ) ; -X— R- is NN-diethylamno, 1,2, 4- triazol -1-yl,
3-(1,2,4-triazol - | ) propyl, 2- oxopyrrolldln

1- met hyl i i d‘é(?é’l’"“!’s I th| o; and the ring Ais subst"cirﬁr’gﬁ"%’t h two
nmet hoxy groups at the 3- and 10 4- pospbvi ons are particularly
preferred. Speci fi ic exanpl es of the conmpound of the
formul a (1) are et hyl 7-benzoyl-2- (N,

N- di et hyl am nonet hyI -4-

(3, 4-di met hoxyphen 5 6, 7, 8-tetrah drothle o[ 2
] di pyridi ne-3-car® % Nyl hexyl, he pty) £yl RWP de?y(l cy°1°pr°pyl

4- chl or obenzoyl) I mg

4-di nmet hoxyphenylgﬁ'ﬁ\&m‘ﬁYl cyé:loglaﬁwy a‘E%etra ygr otﬁlélr’\%%%‘e%tybl'S 4-c'
] di pyridi ne-3-carboxyl ate, gxamples of the optioflkl¥¥ hydroxy groups as the
2- (NN- di et hyl am nonet hyl )-4-(3,4- 20

di met hoxyphenyl ) - bubs¥i tudrets &Foyditbhehreéng[ £, Shdivudedunsubstituted hydroxy
] di pyri di ne-3-carboxyl at e, et hyl

2- (NN- di ethyl ami ngn@‘ﬂh)ﬁf)d nyggoxnz groups having an appropriate substituent,

di met hoxyphenyl )t hi e Jé‘ﬁ di pyri %I ne- 3- car boxy| at e 25
et hyl 2- (NN di BFW? arfb‘ﬁbt 'ﬁy|5‘j‘1§1t tugnf 'to be used as RYAFE-
di met hoxyphenyl ) - T Q @‘é’%& rg Zl §x alkenylox alk lox
t et rahydr ot hi eno[ g% sfl‘ i gEdi Byf?ai ne-’é- Cht boxy?a¥e, o Y 29%310
97/ 40050 aralkyloxy, acyloxy or aryloEﬂ{.JPg‘fb‘é)l_éiﬁoxy group is
34 et hyl 7-acetyl-2-(N, N-di et hyl am nonet hyl ) -4- (3, 4-
di met hoxyphenyl ) - préf&r@slet ralfids orhkenp| 3xBup: 3 e4g., methoxy, ethoxy,
10 pPropoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-
butoxy, pentyloxy, isopentyloxy, neopentyloxy, hexyloxy,
heptyloxy, nonyloxy, cyclobutoxy, cyclopentyloxy or
cyclohexyloxy). The alkenyloxy group is preferably a C,_,,
alkenyloxy group (e.g., allyloxy, crotyloxy, Z-pentenyloxy,
15 3-hexenyloxy, 2~cyclopentenylmethoxy or 2~

cyclohexenylmethoxy). The alkynyloxy group is preferably

a C,, alkynyloxy group (e.g., ethynyloxy or 2-

propynyloxy). The aralkyloxy group is, for example, a
phenyl-C,_, alkyloxy group (e.g., benzyloxy or
20 phenethyloxy). The acyloxy group is preferably a C,,
alkanoyloxy group {e.g., acetyloxy, propionyloxy,

butyryloxy or isobutyryloxy). The aryloxy group is, for
example, phenoxy or 4-chlorophenoxy.

Examples of the optionally substituted thiol

25 groups as the substituents for the ring A include

unsubstituted thiol group and thiol groups having an

appropriate substituent, particularly a substituent to be



c' ] di pyri di ne- 3-car boxyl at e, et hyl

7- (4-chl orobenzoyl )-4-( 3,4- 5

di met hoxyphenyl)-5, 6, 7, 8-tetrahydro-2-[3-(1,2,4-triazol -1 -

yl) propyl]thieno[2, 3-b:5,4-c']dipyridine-3-carboxyl at e,

et hyl 7-Y027/4WP0r obenzoyl )-4-( 3, 4- PCT/IP97/01413

di met hoxyphenyl)-5,6, 7, 8-tetrahydro-2-[4-(4p2, 4-triazol -1 -
yl)butyl]thieno[2,3-b:5,4-c']dipyridine-3-carboxyl ateand 10

et hyl 4- (4- et hyl phenyl)-5, 6, 7, 8-tetrahydro- 2-

(N, N-di et hyl am nonet hyl )t hi eno[ 2, 3-b: 5, 4-c¢' ] di pyri di ne- 3-

car boxyl ate. The salts of the conmpound of the above
formul a used) aspof a théol-preteaiting | FEHPIon(e-Gre 2alnditdign| y

15 phar maceyti cal.ly ,acceptabl e I.ts, for_ex l.e, salts,wih
i nor gani ¢ bases,atié‘ﬁ'\yg'%ilf’h pr@%ﬁ@%g?&, saf? X;a"\h%o' af:yl‘\:,\diun%rggﬁi c
acids, salts w tg}ﬁr y)C aci ankf#ﬂﬁo WgE.—Bup_ is pre?@ﬁéﬁlfr aacgdic

amno acids. Thepreferred salts w i norgani ¢ bases inc litfe
al kal'i metal saldiky4Hioagreagi U8l g20 methyl¥ib,aBEhPOtASS) (Lj;m&@,lltﬁnio,

al kaline earth netal salts such as calciumsalt and magnesi um
salt; ané al um nisn-zaidpydrsiio, butyltiheoni isoatntlthiolhesegr-agherylgthisal ts

wi th organi c bases include salts with trinethylam ne,

triethylam ne, pgiATknEyithio, penpylihite isaneatglahite, nerRAMAIGIES ne,
A o o e G O HRRIRRAT " onin | ererapyriShiRgan
acids include sal{s dpddtylthio or %ﬂ thGodCi tnd4%ekeRY PEh fo Afdhp
nitric acid, sulfuric 97/ 40050

PCT/JP97/ 01413 is preferably a C,,, alkenylthio gr&fp (e.g., allylthio,

10 crotylthio, 2-pentenylthio, 3~-hexenylthio, 2-
cyclopentenylmethoxy or 2-cyclohexenylmethoxy). The
alkynylthio group is preferably a C,,, alkynylthio group
(e.g., ethynylthio or Z2-propynyllthio). The aralkylthio
group is, for example, phenyl-C, , alkylthio group (e.g.,

15 benzylthic or phenethylthio). The acylthio group is
preferably an alkanoylthio group having 2 to 4 carbon atoms
(e.g., acetylthio, propionylthio, butyrylthio or
isobutyrylthic). The arylthio is preferably, for example,
phenylthio or 4-chlorophenylthio.

20 Examples of the optionally substituted amino
groups as the substituents for the ring A include
unsubstituted amino group and subsfituted amino groups,
e.g., amino groups having 1 or 2 C,,, alkyl groups, C,.,,
alkenyl groups, C,,, alkynyl groups, aromatic groups,

25 heterocyclic groups or C,,, acyl groups as substituents
(e.g., methylamino, dimethylamino, ethylamino,

diethylamino, dibutylamino, diallylamino, cyclohexylamino,



acid and phosphoric acid. The preferred salts with organic aci ds

I nclude salts with formc acid, acetic acid, trifluoroacetic acid,
fumaric acid, oxalic acid, tartaric acid, maleic acid, citric
acid, succinjc aC|d mal i ¢ acid, 5 met hanesul fonic a

benzenesul f o7 é@?‘h and p-tol uene- sul foni ¢ aci dc"‘g‘HE"”“# erred
salts with basic am no acids I ncluge salts with arginine, |ysine
and ornithi ne. The preferred salts with acidic am no acids

i nclude salts with as-par-tic acid and glutamc acid. 10

The conpounds of the above fornula (1) can, for exanpl e, be

produced as foll ows: thod A [err] .
whérein, Merr] r%?‘é%’e?ﬁ"s“%n optt d?%‘ftl“g{e's'{}t?gleﬂydta@&n&:yl acetylaming,
an optionally sub k] ; [ 4 ly
substituted al kox é%é‘ﬁ&aq'gr ?)’tjg?gla‘ﬁ d?%nn&rﬁryglconnogpéﬂ%gﬁ tuted

sul fonyl group or an Optlorﬁﬂﬂmbléﬁbﬁfii:lh&%byl groups hBi QRAr bab®Yit Wiy, Q

represents a | eaving group; Y[err] represents CGJderr] (Jerr]
represents an estéorfibd ctanpoRylinclude formybugd feupsd reprlsioy stram
oxygen atomor a sulfur atom the 20 ot her synbols are as defined
above. 5 bipgingy,/ 26050 Ci-;0 3lkyl, C,,, alkenyl, C,,, alkynyl or

PCT/ JP97/ 01413 \
aromatic group to carbonyl group (e.g., acetyl, propionyl,

butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl,

hexanoyl, heptanoyl, octanoyl, cyclobutanecarbonyl,
cyclopentanecarbonyl, cyclohexanecarbonyl,
10 cycloheptanecarbonyl, crotonyl, 2-cyclohexenecarbonyl,

benzoyl or nicotinoyl).

Examples of the optionally esterified carboxyl
groups as the substituents for the ring A include, in
addition to carboxyl group, alkyloxycarbonyl groups,

i5 alkenyloxycarbonyl groups, alkynyloxycarbonyl groups,
aralkyloxycarbonyl groups, acyloxycarbonyl groups and
aryloxycarbonyl groups. These are represented by the
formula -COOR' (R' is a hydrogen atom, a C, ( alkyl group, an
aryl C, alkyl group or an aryl group). The alkyl groups
20 of the alkyloxycarbonyl groups include C,  alkyl groups
(e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl and tert-butyl). The aralkyl groups in the
aralkyloxycarbonyl groups are aryl-alkyl groups. Examples
of the aryl groups of the aryl-alkyl groups include phenyl
25 and naphthyl, which may have the same substituents as those
exemplified above with respect to the substituents of the

aryl groups of the hydrocarbon group represented by R! or



36 In the above forrmula (I1-1), the |eaving group

represented by Q includes, for exanple, hal ogens,

preferably chlorine, brom ne and iodine, and hydroxy groups

activated by esterification, for exanple, residues of 5 organi c

sul foni c aci™¥3%74¥3.  p-tol uenesul f onyl oxy group or PCT/JP97/01413

met hanesul f onyl oxy group) or residues of organic phosphoric aci ds
such as di phenyl phosphoryl oxy group,

di benzyl phosphoryl oxy group and di net hyl phosphoryl oxy group. The
esterified carboxyl group represented by Jerr] is, 10 for exanpl e,

the sanme groups as those exenplified above wWth respect to the

esterified carboRyd gr3bp rePfekemrowps in thepyaryl-alkyhe groppisonatey
substituted acyl ?rougi t he optionally substituted carbanoyl
group, the opti oRAPEGTALLY Ci.e allkplignanpsi(e- gt k FRFEXFhoRPYL, HXGRYL ©Tt he
optionally 15 bst | I 0 r.t I gnal | .
substituted bm:yi?ll’li ogggggﬁf)?# %’?%W l‘%repérjrgstg‘rﬁ ea%%t%%gtr\l/[ r‘”?}‘_"ér el for
exanpl e, the aryl-aSRPP JigidipsaS t DRSPudxempkhbied abg, ol respect

to the optionally substituted acyl, the optionally substituted
car banoyl 5gr oup, phesybptropyib) | ¥1sonbshtliyik e thiyloxandar(@mdphtR@l )methgl pup,
the optionally substituted sul fonyl group or the optionally

substituted thi oBgFBaRbGferRID rhanzadenpbangyhyl and the WYikeespectively.
In this nmethod, the corrpouEd lJ-1) is.reacted wi th conpound
(111) in the presence of a PASR%D #otté\enc’%’ﬁgonilsly SubstEERd eFPRRYIC The
by ate oo vEABCHEERRS s e Wunmcsgpepgs £4F\ind S St
hydr ocar bons suclk,gs aematne, hydrocarbon residues such as phenyl, naphthyl

10 and anthryl, and heteroaromatic residues such as pyridyl,
furyl, thienyl, imidazolyl and thiazolyl.

The substituent(s) on the ring A are preferably
present at the 3- and/or 4-positions of the ring A. When
these substituents on the ring A are adjacent to each

15 other, they may bind together to form a ring represented by
-(CH;),~ or -0~-(CH,),-0O- (m represents an integer from 3 to
5, and 1 represents an integer from 1 to 3), inclusive 5-
to 7-membered rings formed together with the carbon atoms
of the benzene ring.

20 The ring A is preferably substituted with at
least one C, , alkoxy group, preferably a C, , alkoxy group,
and more preferably a methoxy group, or hydroxy group.
More preferably, the ring A is substituted by 2 alkoxy
groups, which may be the same or different, preferably two

25 C;.» alkoxy groups, more preferably 2 methoxy groups. In
particular, it is preferred that the ring A is substituted

with two methoxy groups at the 3- and 4-positions.
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37 tol uene and xyl ene, ethers such as di oxane, tetrahydrofuran
and dinethoxyethane al cohol s such as net hanol, ethanol and
pr opanol , ‘%? acetate acetonitrile, pyridine, N, N
e d

di net hyl for U40050 di methyl sul foxide (DwvSO), 5FPCTHIFITO1413

chl orof orm dlchloronethane, 1, 2-di chl oroet hgge, 1,1, 2, 2-

tetrachl oroet hane, acetone, 2- butanone and m xtures t her eof .
The reaction of the conmpounds (I1-1) -and (II1l) is carried out in-
the presence of an appropriate base sel ected fromthe group
consisting of alkali netal salts such as 10 sodi um hydr oxi de,

pot-assi um hydr oxi de, pot assi‘&lﬂ“@ar%at’%“‘p"‘mds repEeRRRTAT aPBorthle 2RVe
sodi um hydr ogen ca%bon jlvgmﬁe whereincgranfteM(fQ[§r£%§¥éé§J]Qto

sodi um hydri de, S|un1 dri di he

as trlethylanlne bendb 4~ chlofaﬂaﬂi han'|hﬁﬁt 1 henylcarbamoyl,
1, 5-di azabi cycl o[ 4. 3“0]%%n 5-ene, 1, di alz’abl cygl o[% 2. 2] octyane

and 1, 8-di azabi cyckohdxycddbaidsa-, phenylsulfmeﬁb.orTthnaﬂ‘mUﬂirc@fbém Dagee
used is preferably about 1 to 5 nol equival ents per nol equival ent
of the conpdund ring B {$ |a 1§-menheredenttiegenwaondaining c&ngiéﬂ utC-4
-20 to 150&err]C preferably about -10 to 100Lerr

The thienopyri diné aérP$5PF¥%§rb°?ﬂlh) ~XRgs is N, dleGBYa?m%RPﬂak b~

i sol ated and purlf e means, f g and
purification such as concezfrﬁ%ron 3:01.2,4- égﬁfgh % ﬁhé@? educed

pressure, solvent gxbpaetbPilin-1-yl or Cf—%ﬁtﬂy'lhﬁ@éh%l i%pmaf@l ldrgeat 4100,
redi ssolution and 25 chr omat ogr aphy.
ring A is substituted with two methoxy groups at the 3- and
10 4-positions are particularly preferrxed.
Specific examples of the compound of the formula
(1) are:
ethyl 7-benzoyl-2-(N,N-diethylaminomethyl }-4-
(3, 4-dimethoxyphenyl }-5,6,7,8-tetrahydrothieno{2,3-b:5, 4~
15 c'J}dipyridine-~3-carboxylate,

. ethyl 7-(4-chlorobenzoyl)-2-(N,N~-
diethylaminomethyl)-4-(3,4-dimethoxyphenyl)}-5,6,7,8-
tetrahydrothieno{2,3-b:5,4~c'}Jdipyridine-3-carboxylate,

ethyl 2-(N,N-diethylaminomethyl)}-4-(3, 4~
20 dimethoxyphenyl)—s,6,7;B-tetrahydrothieno[2,3—b:5,4—
c'Jdipyridine-3-carboxylate,
ethyl 2-({N,N-diethylaminomethyl)-4-(3, 4~
dimethoxyphenyl)thieno[2,3-b:5,4-c'Jdipyridine-3-
carboxylate,
25 ethyl 2-(N,N-diethylaminomethyl)-4-(3,4-
dimethoxyphenyl )-7-phenylcarbamoyl-5,6,7, 8-

tetrahydrothienol[2,3-b:5,4~c'}dipyridine-3-carboxylate,
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38 Met hod B [err] wherein p
represents an integer from1l to 6; and the other synbol s are as
defi ned above. In this method, the conpound (11-2) is
reacted 5 WO9%4MSeh the conpound (IV) in the presence of RCIWESHIET obt ai n
the conmpound (1-2). The reaction of the coggounds (I1-2) and (IV)
is carried out in an appropriate solvent. Exanpl es of the sol vent
i ncl ude aromati c hydrocarbons such - as benzene, toluene and xyl ene,
et hers such as di oxane, 10 tetrahydrofuran and di nmet hoxyet hane,

al cohols such as nmet hanol , et hanol and propanol, eth

acet at e, acet oni t9%hva, 7-agatylt2n &N, N-qiathyl apingreadwdanfaes. 4-
DIVF) , I, I | f 0X] O, I f di chl t ,
(M) ot or et rAREE PR 8 U008 A R 12, TR
but anone and ”1X&Uﬁ8§py$l§?ﬂé%§<car5£Q91£€éFtiOn of the conmpounds
ed ou

(I1-2) and (IV) Is carri in the presence of an appropriate
base selected fromthe grapneensi styRq #fchlorobedl kaly1nyetal (s@l t4s- such

as sodi um hydr oxi de, potassium hydr oxi de, potassi um car bonat e,
sodi um ca¥ bonat edametlxaxiipheny20-5, 6, 7 18rdetganydeo 10134 1, By di-tirhazo ki nes
such as triethylam ne
vl )propyllthieno{2,3-b:5,4~c'ldipyridine-3-carboxylate,
ethyl 7-(4~chlorobenzoyl)-4-(3, 4-
dimethoxyphenyl )-5,6,7,8-tetrahydro~-2-[4-(1,2,4~-triazol-1-
vl)butyl]lthieno[2,3-b:5,4-c']dipyridine-3-carboxylate, and
10 ethyl 4-(4-ethylphenyl)-5,6,7,8~tetrahydro-2-
(N,N-diethylaminomethyl }thieno[2,3-b:5,4~c"']Jdipyridine-3-
carboxylate.
The salts of the compound of the above formula
(1) of the present invention are preferably
15 pharmaceutically acceptable salts, for example, salts with
inorganic bases, salts with organic bases, salts with
inorganic acids, salts with organic acids and salts with
basic or acidic amino acids. The preferred salts with
inorganic bases include alkali metal salts such as sodium
20 salt and potassium salt; alkaline earth metal salts such as
calcium salt and magnesium salt; and aluminum salt and
ammonium salt. The preferred salts with organic bases
include salts with trimethylamine, triethylamine, pyridine,
picoline, ethanolamine, diethanolamine, triethanolamine,
25 dicyclohexylamine and N,N'-dibenzylethylenediamine. The

preferred salts with inorganic acids include salts with

hydrochloric acid, hydrobromic acid, nitric acid, sulfuric
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39 and N, N-di net hyl ani | i ne, sodi um hydri de and potassi um

hydri de. The anmount of the base used is preferably about 1to 5 nol
equi val ent s equi val ent of the conpound (II- Thi

reaction is ﬁ’?ﬂ%%* carried out at -20 to 5 150[err] “BW@?@Pab|y
about -10 to 100[err]C.  This reaction can 35 al so be carrled out
usi ng the conpound (IV) in excess as a base. The
t hi enopyridine derivatives (1-2) "thus obt ai ned may be i sol at'ed
and purified by known neans for 10 separation and purification

such as concentratjon, cong;ntr tion nder uced gmessure,

solvent extracti gifid and phosphordc pcidy; (The Preferied §|a| ts ¥ifh organic

redi ssolution a ro r £ h

[err] rlz&L:Lds i(xlc_lug)g E@i@g a\ﬂ% ormic ac:ui( | _BES'M% %%19,
wherein Merr] regfemeitroatetept bedd] | fumdiasd lalcdaedoR8Yic 04O, tartaric Of
an optionally substituted al koxycarbonyl group; and the ot her

synbol s are as dadcinkd mmlede. acid, citric acid, sudairtilteaehdyemdbicndcdd,
(I-3), the optionally substituted acyl group or the optionally
substltutéﬁ methanesulfonic acid, benzenesulfonic acid and p-toluene-
sulfonic acid. The preferred salts with basic amino acids
include salts with arginine, 1lysine and ornithine. The
preferred salts with acidic amino acids include salts with

as-par-tic acid and glutamic acid.
10 The compounds of the above formula (I) can, for

example, be produced as follows:

Method A

I\ " Ny CH20 Wiy Yca,-x*—-k

A R-X'E (III) A
(I1-1) (I-1)

wherein, M' represents an optionally substituted acyl
group, an optionally substituted carbamoyl group, an
15 optionally substituted alkoxycarbonyl group, an optionally
substituted sulfonyl group or an optionally substituted
thiocarbamoyl group:; Q represents a leaving group; Y!
represents C-G' (G' represents an esterified carboxyl
group); X' represents an oxygen atom or a sulfur atom: the

20 other symbols are as defined above.



20 al koxycar bonyl group represented by Merr] is, for exanple, the
WD 97/ 40050 PCT/ JP97/ 01413

40 sanme acyl groups or the al koxycarbonyl groups as those
exenplified above with respect to M In this nmethod, the
conpound (| ¥8)9%48058ubj ect ed to hydrolysis in the PFEPEHYAIDf an
acid to obtain the 5 conpound (1-4). ggThe hydrolysis of the conpound
(1-3) is carried out in a hydrate or anhydr ous sol vent. Exanples
of the solvent include ethers ‘such as dioxane,

t et rahydrof uran and di net hoxyet hane, al cohols such as met hanol ,

et hanol , propanol, butanol and 2-nethoxyethanol, 10 acetonitrile,

N, N-di met hyl formani de  ( DNF)the aﬁqnﬁtﬁnrmula (II-13yl th&i deayDMBQroup
acetone, 2-butanone, acetic acid a m_ xtures thereof. The acid

is, for exanpl e, TRPARBRRFRA i cbY 9" 1“°&8935'suf?ﬁr|8xéﬂPﬁe ni PPLRIERFd or
hydrobronlc aC|d The t_of, the g () used | r ferablguln

excess, 15 gsf??%ﬁhmgﬁgut r%“mte an eéqalﬁml1 s oxy%

equivalent of EE@;GQ@H@UQ@' £bedtificaltiion, rﬁﬁFtEQEmplé re51duean5ﬁa||Y.
carried out at 30 to 150[err]C, preferably about 50 to 120[err] C.

The reactson ti merganners@fionit 40id9Q ehgul p-toluenesulfonyloxy grolipSor
reaction can also be carried out in an 20 aqueous or anhydrous

sol vent in the pmesbaoeseifonply group) or rﬁsidt@@anﬁlmaraiqapbbephedic
sol vent includes a n xed sol vent wat er and an ether such as
di oxane, tetrahy@cddf an, such asdlne?hB??EVHBHBSBPQﬂﬁ}?¥¥e org TP,

al cohol such as gg%Q?EgEPP%%Phorylo§§ Eg¥gup[Méygﬂuﬁimé¥ﬂyyg%05phoryloxy

2- met hoxyet hanol
group. The esterified carboxyl group represented by G is,

10 for example, the same groups as those exemplified above
with respect to the esterified carboxyl group represented
by G. The optionally substituted acyl group, the
optionally substituted carbamoyl group, the optionally
substituted alkoxycarbonyl group, the optionally

15 substituted sulfonyl group or the optionally substituted
thiocarbamoyl group represented by M' are, for example, the
same groups as those exemplified above with respect to the
optionally substituted acyl, the optionally substituted
carbamoyl group, the optionally substituted alkoxycarbonyl

20 group, the optionally substituted sulfonyl group or the
optionally substituted thiocarbamoyl group represented by
M, respectively.

In this method, the compound (II-1) is reacted
with compound (II1I) in the presence of a base to obtain the

25 compound (I-l1). The reaction of the compounds (II-1) and
(I11) is carried out in an appropriate solvent. Examples

of the solvent are aromatic hydrocarbons such as benzene,



25 The base used includes, for exanple, sodium hydroxide,

pot assi um hydr oxi de, bari um hydroxi de, |ithium hydroxide and the

| i ke. The anount of the base used is normally in WO 97/ 40050
PCT/ JP97/ 01413 41 excess,
preferably aB¥174805po 50 nol equival ents per nol e RFEPEHAIS of the
conpound (I-3). This reaction 1is 37 hormally carried out at 30 to
150[err] C, preferably about 50 to 120C. The reaction tinme is
normally 1 to 100 hours. 5 - The thienopyridine derivatives
(I-4) thus obtained may be isolated and purified by known neans
for separation and purification such _as concentratjon,

concentration und&luesgueed mrlensyr etheps wigh axdigxngn, tetrahydrofuran
crystallization, andr SSL\ZSt al li Zf;;lt | onia&sak%gl ssolution_ .and. 10

chr omat ogr aphy. thoxyet angg, s such[ gﬁrr?ethanol, ethanol and
(1-4) ol, ethy1 (| '@tate acetonitdileei N Pfdﬁifdéfbmws Nare
as defined above Propan ! e_ v a n this mat?lpd, ?hé cggr'rpoun (1-4) is
subj ect ed  didexrPisdahbARas eaqipmem ,t 0 difdetinylt hesugdpauad ((oMsp), Thi s
15 reaction is carried out in the presence of an oxidizing
S5 chloroform, dichloromethane, 1,2-dichloroethane, 1,1,2,2-
tetrachloroethane, acetone, 2~butanone and mixtures

thereof. The reaction of the compounds (IXI-1) and (III) is
carried out in the presence of an appropriate base selected
from the group consisting of alkali metal salts such as

10 sodium hydroxide, potassium hydroxide, potassium carbonate,
sodium carbonate and sodium hydrogen carbonate, silver
carbonate (Ag,CO,), sodium hydi:ide, potassium hydride,
pyridine, and amines such as triethylamine, N,N-
dimethylaniline, 1,5-diazabicyclof{4.3.0]non-5-ene, 1,4~

15 diazabicyclof2.2.2]octane and 1,8-diazabicyclo[5.4.0)}undec-
7-ene. The amount of the base used is preferably about 1
to 5 mol equivalents per mol equivalent of the compound
({II-1). This reaction is normally carried out at -20 to
150°C, preferably about -10 to 100°C.

20 The thienopyridine derivatives ({1-1) thus
obtained may be isolated and purified by known means for
separation and purification such as concentration,
concentration under reduced pressure, solvent extraction,
crystallization, recrystallization, redissolution and

25 chromatography.



agent in an appropriate solvent. The sol vent includes, for
aromati ¢ hydrocarbons such as benzene, tol uene and
et hers such as di oxane, tetrahydrofuran and

exanpl e,
xyl ene,

di met hoxyet hane,

et hyl acetate, chloroform dichloronethane, 20

1, 2-di chl orowolbzsoese 1, 1, 2, 2-tetrachl oroet hane and m xt ur e®CTAIPI7/01413 WO
97/ 40050 PCT/ JP97/ 01413

42 t her eof . The oxidizing agent includes, for exanple,
manganese di oxide and nitric acid. - The anpunt of the oxi di zi ng
agent used is preferably in excess, specifically about 5 to 50 nol
equi val ents per nol equival ent of the 5 conpound (1-4). This

reaction is normally carri ¥g¢thod Bt
about 50 to 120[err]C. The reaction

hour s.

obtai ned may be isolated and purified by known neans for 10

separ at i on

concentration under r
crystallization,

and

chr omat ogr aphy.

[err]

10

15

20

30 to 150[err]C, preferably
time is normally 1 to 100

The thienopyridine derivatives (1-5) thus

AN,

(Bop—Qas Rx%ncent ab

g 1essure Ht extr DL
recrystalllzatlon redlsso{pmlon and
' t+hot—E—> (- 4)
(II-2) (I-2)

wherein p represents an integer from 1 to 6; and the other
symbols are as defined above.

In this method, the compound (II1-2) is reacted
with the compound (1V) in the presence of a base to obtain
the compound (I-2). The reaction of the compounds (II-2)
and (1V) 1is carried out in an appropriate solvent.
Examples of the solvent include aromatic hydrocarbons such
as benzene, toluene and xylene, ethers such as dioxane,
tetrahydrofuran and dimethoxyethane, alcohols such as
methanol, ethanol and propanol, ethyl acetate,
acetonitrile, pyridine, N,N-dimethylformamide ({DMF ),
dimethyl sulfoxide (DMSO), chloroform, dichloromethane,
1,2-dichloroethane, 1,1,2,2-tetrachloroethane, acetone, 2-
butanone and mixtures thereof. The reaction of the
compounds (II-2) and (IV) is carried out in the presence of
an appropriate base selected from the group consisting of
alkali metal salts such as sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium carbonate and sodium

hydrogen carbonate, pyridine, amines such as triethylamine



15 wherein the synbols are as defined above. In

this nethod, the conmpound (1-4) is subjected to the sane

oxi dation reaction as in the above nmethod D to obtain the
conpound (I-Sp. This reaction is carried out in t he sane manner
as descri bed™OP7#§0 above net hod D. WO 97/ 4005CFCT/IPS7/01413

PCT/ JP97/ 01413 9 43

The thienopyridine derivatives (1-6) tﬁus obt ai ned may be

i sol ated and purified by known neans” for separation and :
purification such as concentration, concentration under reduced
pressure, solvent extraction, 5 crystallization, recrystallization,
redi ssoluti on arpd N,N-dimgghphapblingpHhy scdium hydride and pREaRREYe
(-4 err : .

0.7 by AR APOPEST BECHRS BAP% HRGnARI PERBEERIY kvt

hydr ocar b ' i gpal ab Whed |
I e

group; 10 and 0 _ are as de (
In the above fornuta-4)), Fiis ORldIdd Ms normallySedstidditfick Ly drmraidon

residue or the optionally

5 150°C, preferably about -10 to 100°C. This reaction can
also be carried out using the compound (IV) in excess as a

base.
The thienopyridine derivatives (1-2) thus
obtained may be isolated and purified by known means for
10 separation and purification such as concentration,
concentration under reduced pressure, solvent extraction,
crystallization, recrystallization, redissolution and

chromatography.

Method C

Mz\N m N\W/CHz—'X"R AN l.l N§|/CB »—X—R

/Yl /Y‘
(1-3) (I-4)
15 wherein M’ represents an optionally substituted acyl group

or an optionally substituted alkoxycarbonyl group; and the
other symbols are as defined above.

In the above formula (I-3), the optionally
substituted acyl group or the optionally substituted

20 alkoxycarbonyl group represented by M is, for example, the



substituted heterocyclic group represented by R err] include t he

sane groups as those exenplified above with respect to 15 t he
optionally substituted hydrocarbon residue or the optionally
substituted heterocyclic group represented by Rlerr].

In this net NyY97/40888 conpound (1-4) is reacted Wi t PCT/R78BMound
(V) in the presence of a base to obtain ZQ the compound (I1-7). The
reaction of the conpounds (I-4) QMD 97/ 40050

PCT/ JP97/ 01413 - 44 and (V)
is carried out in an appropriate solvent. Exanples of the sol vent
I ncl udes aronmati c hydrocarbons such as benzene, toluene and

xyl ene, ethers saaheascilogaeeps or the abkemivahbohylagrompsd as those

di met hoxyet hane, ethyl acetate, 5 acetonitrile, pyri di ne,

N, N- di net hyl fornﬁﬁ?'a@i/iﬁ(mizove with regpegt h§? Msul f oxi de  (DVBO),

chl orof orm di chl oronet ha , , 2-di chl or oet e . ,
1,1,2,2-tetrach|oroethane?ﬁﬁégFﬁtht?pé' the com%ﬂW%ﬁgﬁéB)aﬁﬁ firRigrted

thereof.  The f%BCthQO%géiéhﬁn the presgﬂggougd%n(ki%h 3 éﬁQaf G T ed

out in the presence an appropriate base selected fromthe group’
consi sti ng of compound! (Bl4) Nethle S}dro154GR 3¢ ¢hdi BBNPYGROX| £€3) is

pot assi um hydr oxi de, potassi um carbonate, sodi um carbonate and
sodi um bgdrbe rout aith@n dydrated| oer anlgpitmimatselveAg| er Ex&tpbes | ) ,
sodi um hydri de, potassium hydride, pyridine, and am nes such as
15 triethyl 2fi néhe  SRLBNMet hiPgHE]§ neetherg ssuch as  dioxane,

di azabi cycl o[ 4.3 -5-epne._1,4-diazabigycl o[ 2. 2. 2] oct ane and
1,8-diazabicyclofg¥ggﬁ¥§%ﬁék£ -eﬁgs %P%ﬁﬁ%ﬁ%éﬁi?n?he SidHors sucn &

methanol, ethanol, propanol, butanol and 2-methoxyethanol,
10 acetonitrile, N,N-dimethylformamide (DMF), dimethyl
sulfoxide (DMSO), acetone, 2-butanone, acetic acid and
mixtures thereof. The acid is, for example, hydrochloric
acid, sulfuric acid, nitric acid or hydrobromic acid. The
amount of the acid used is preferably in excess,
15 specifically about 5 to 50 mol equivalents per mol
equivalent of the compound (I-3). This reaction is
normally carried out at 30 to 150°C, preferably about 50 to

120°C. The reaction time is normally 1 to 100 hours.
This reaction can also be carried out in an
20 aqueous or anhydrous solvent in the presence of a base.
For examples, a preferred solvent includes a mixed solvent
of water and an ether such as dioxane, tetrahydrofuran,
dimethoxyethane or the like or an alcohol such as methanol,
ethanol, propanol, butanol, 2-methoxyethanol or the like.
25 The base used includes, for example, sodium hydroxide,
potassium hydroxide, barium hydroxide, lithium hydroxide

and the like. The amount of the base used is normally in



base used is preferably about 1 to 5 nol equival ents per nol

equi val ent of conmpound (1-4). This reaction is 20 normal | y
carried out at -20 to 150[err]C, preferably about -10 to
100[err] C. The thienopyridine derivatj -7)
t hus WO Red may be isolated and purified by knomﬁlﬁ’@ﬁ?{%&*%r

separation and purification such as coagentration,
concentration under reduced pressure, solvent extraction,
crystallization, recrystallization, redissolution and

chr omat ogr aphy. WO 97/ 40050

Eg?ﬁg§92501413 excess, preferably abﬁgﬁci.tfvpy %%}_ﬁ?uivalents per mol
[err] 1 th a (1-3). (IR ti i
wherein the synbo?%uéxze%ﬂgzdgfine aﬁ%ﬁg?un ( ) s rﬁﬁctﬁ?g s

nmet hod, the conponpfifally Harzfda(Mht & 80 to 150°C,l &€y @bbaikNse hes
conmpound (I1-8). The reaction of the 5 conmpounds (1-4) and (VI) is

carri.ed out in anlaPpCoprThe eeaction timel iemaormaliy dokwehdOi mmbxmles, for

exanple, aromatic hydrocar bons such as_benzene, toluene and
xyl ene, ethers sudheys BhrisReRyTiddpeahyiardvgtaNesnd (I-4)  thus

di met hoxyet hane, SBDX£ned may be isolated and purified by known means for

separation and purification such as concentration,
concentration under reduced pressure, solvent extraction,

crystallization, recrystallization, redissolution and

10 chromatography.
Method D
NoCH.—X—R H,—X—R
HN ~ 2 N/ ~) 2
Oy OO0
ettt =
(I-4) (I-5)

wherein the symbols are as defined above.
In this method, the compound (I-4) is subjected
to oxidation reaction to obtain the compound (I-5). This
15 reaction is carried out in the presence of an oxidizing
agent in an appropriate solvent. The solvent includes, for
example, aromatic hydrocarbons such as benzene, toluene and
- Xylene, ethers such as dioxane, tetrahydrofuran and
dimethoxyethane, ethylacetate, chloroform, dichloromethane,

20 1,2-dichloroethane, 1,1,2,2-tetrachloroethane and mixtures



acetate, acetonitrile, pyridine, N, N-dinethylformamde 10 ( DIVF) ,

di net hyl sul f oxi de (DVBO) , chl orof orm di chl or onet hane,

1, 2-di chl or oet hane, 1,1,2,2- tetrachl oroet hane, acetone,

2- butanone and m xtures t her eof . The anount of the

conmpound (W997498¥d s preferably about 1 to 5 ROT/JRIQOi4¥E| ent s
per nol equivalent 15 of the conmpound_(l-4). This reaction is
normal Iy carried out at -50 to 15 2err]C, preferably about -20 to
100[err] C. The thienopyridine derivatives (1-8) thus

obtai ned may be isolated and purified by known neans for
separation and purification such as concentration, 20
concentration untieereefiucedThe essuidd zingl vagentextinattdes, for example VWO

97/ 40050 ) o PCT/ JP97/ 01413

46 chgnganese afionide r andy Arics fdigh, Tb@igmohnthmf thm
chr omat ogr aphy. i Met hod H §

[err] oxidizing agent used is preferably in excesgp_sg?c flcally

e (e SITOBhRLELE, #5 96! LS eBTYS1antS per g, cpivaidgt ke
car boxyl group ogompsusd! {1i6).r €api@dreaction is normally carried out at
30 to 150°C, preferably about 50 to 120°C. The reaction

time is normally 1 to 100 hours.
The thienopyridine derivatives (I-5) thus
obtained may be isolated and purified by known means for
10 separation and purification such as concentration,
concentration under reduced pressure, solvent extraction,
crystallization, recrystallization, redissolution and

chromatography.

Method E

(I-4)

\]

15 wherein the symbols are as defined above.
In this method, the compound (I-4) is subjected
to the same oxidation reaction as in the above method D to
obtain the compound (I-6). This reaction is carried out in

the same manner as described in the above method D.



with the conpound (1-4) to obtain the conpound (1-9). The
preferred reactive derivative at the carboxyl group of the
conmpound (VII) includes acid halides, acid anhydrides, 10 activated

am des and activated esters. Exanples of the pr et ctive
derivatives iWePU8%cid chlorides; acid azi des; §£’8&g/8[4

anhydri des such as those with a sulagti tuted phosphorlc aci d such
as di al kyl phosphoric acid, phenyl phosphori c aci d,

di phenyl phosphori c acid, 15 “di benzyl phosphoric acid or hal ogenat ed
phosphoric acid, or W th dialkylphosphorous acid, sulfurous acid,

t hi osul furic acid or sulfuric acid, or sulfo cid_such
as - met hanesul f oni TR dthipnqpyidine,) |dgﬁf "ia%igﬁﬁbo )}[I actis

such as acetic a0|g Pro |on|c ac
Faln

u E‘gfi 80b k ans for
i sobut yropivalic & Pentahors %ﬁﬁ%ﬁ£ISO en?ﬁn0|cea0|ﬁ or oo me VO

97/ 40050 separation _and guriflcatlonFKHM&E©7AQ14&3ncent;atiog,
47 trichloroacetic aci or with an aromatic carboxylic acid
such as benzoi c aebficenyfaticn ik redoyddi pessswus,i saillegnt extractiomdes

W th i m dazol e, 4-substituted i m dazole, dlnethylpyrazole
triazole ob tetrarsystaitizabion, estegryst@llizatioen rgdisselykinfet hjnd
ester, met hoxymet hyl ester, di met hyl i m nonmet hyl ester, vinyl
ester, propargyl é?FBWatBQrath' ni t rophenyl ester, trichlorophenyl
ester, pentachl orophenyl ster, nesyl phenyl ester, phenyl azophenyl
ester, phenylthio e%%%%%l? p- nltrophenyl ester, p-cresylthio
ester, 10 carboxynmethylthio ester, pyranyl ester, pyridyl ester,
pi peridyl ester and 8-quinolylthio ester; and esters with

5

RS0\, Nchz—x-R

R®S0,C1 (V) A

(I-4)

wherein R’ represents an optionally substituted hydrocarbon
residue or an optionally substituted-heterocyclic group;
10 and the other symbols are as defined above.

In the above formula (V), +the optionally
substituted hydrocarbon residue or the optionally
substituted heterocyclic group represented by R* include
the same groups as those exemplified above with respect to

15 the optionally substituted hydrocarbon residue or the
opticnally substituted heterocyclic group represented by
R'.

In this method, the compound (i1I-4) is reacted

with the compound (V) in the presence of a base to obtain

20 the compound (1-7). The reaction of the compounds (I-4)



N- hydr oxy conpounds such as N, N-di net hyl hydr oxyl am ne, 1-
hydr oxy- 2- (I H) - pyri done, N- hydr oxysucci ni m de, N-
hydr oxypht hal i m de and | -hydroxy-1H benzotri azole. These 15 reactive
derivatives can be appropriately chosen according to a particular

ki nd of theWsoi¥#eshd (VI 1) used. The pref err ed MAVXPS7/WHLY he
reactive derivatives of the conpound ag (M) include salts with
bases, for exanple, alkali netal salts such as sodiumsalt and
potassium salt, al kaline 20 earth nmetal salts such as cal ci um salt.
and magnesi um sal t, amoni um sal t, and organic base salts
such as trimethylamne salt, triethylamne salt, pyridine salt,
pi coline salt,anddiWydsotarydedrionwt insan apprapdiate), smvent Examples
dlbenzylethylenedlan1ne salt. This_reaction is _normally carried
out in a commonl 9fudBE sIPINERE siBFladesnpEPratic hydrocar%q"t%hél“cg‘ucq? as

met hanol or et hanol acet Qn di oxan etonltr chl or of orm
met hyl ene chl ori ?Z%R%WIgﬁghene St xylﬁf?Q?fﬁ%ﬁg '8 RIS ane,

PCT/JP97/01413 tetrahydrofuran and dlmethoxyethane48 ethyl acetate,
chl ori de, t et rahydr of ur an, et hyl acet at e, NN-

di et hyl f®r manm decetomitriligle, puridimepe GaNrFdbtethitl idcrmamide (BNE),0t her
organic solvent in so f ar as it does not interfere with the
reacti on. These dbtmethyl §§éd°5b¢%eﬁpy50)5 Chlornﬁ9r®e déetlazome thaaea e
with water. Wen the cqu Is.used in the formof_its
free acid or salt;2rfichl r°etha“eweéc%f%ﬁ?|?FﬁﬁQEPéPﬁﬁ?yh%Qﬁ1w@§&tBBF'|3f1:he

presence of a o] nI ndensin ent. 4 arSus
NN - dlegg?oﬁgéylcarbéathﬁﬁg;th%g of. %Pcyc AT Q the

compounds (I-4) and (V) is carried out in the presence of
10 an appropriate base selected from the group consisting of
alkali metal salts such as sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium carbonate and sodium
hydrogen carbonate, silver carbonate (Ag,C0O,), sodium
hydride, potassium hydride, pyridine, and amines such as
15 triethylamine, N,N~-dimethylaniline, i,5-
diazabicyclo[4.3.0]non~-5-ene, 1,4-diazabicyclo{2.2.2]octane
and 1,8-diazabicyclo[5.4.0]Jundec-7-ene. The amount of the

base used is preferably about 1 to 5 mol eqguivalents per

mol equivalent of compound (1-4). This reaction is
20 normally carried out at -20 to 150°C, preferably about -10
to 100°C.

The thienopyridine derivatives (I-7) thus
obtained may be isolated and purified by known means for
separation and purification such as concentration,

25 concentration under reduced pressure, solvent extraction,
crystallization, recrystallization, redissolution and

chromatography.



10 nor phol i noet hyl car bodi i m de; N-cycl ohexyl -N - (4-

di et hyl am nocycl ohexyl ) car bodi i m de; N, N - di et hyl car bodi i m de;
N, N - diisopropylcarbodiinide; N- et hyl - N - (

3-di nmet hyl am no )carbodiimde; N,N -carbonyl bis( 2- met hyl
i m dazol e); ?éﬂ@%hyleneketene-N—cyclohexylinine; 15 PCT/IPI7/01413

di phenyl ket ene- N- cycl ohexyl i m ne; et hoxyaces yl ene; 1-

al koxy- 1 -chl or oet hyl ene; trial kyl phosphite; et hyl

pol yphosphat e; i sopropyl pol yphosphat e; phosphor us

oxychl ori de; di phenyl phosphoryl azi de; thionyl chloride; oxal yl
chloride; a | ower alkyl haloforqgng such as ethyl 20 chl or of ormat e

or ~ i sopropyl chl or of offHaed © tri phenyl phosphi ne;
2-ethy|-7-hydroxybenzisoxazo||un1salt,

2-et hyl - 5- (m sul f ophenyl )i soxazol i um hydr oxi de i ntranol ecul ar
salt; N- hydr oxybenzotri azol e; | - (p- 5 \ chlorobenzenesulfonyloxy
) -6-chloro-1H benzotriazole; or so- 25 R’@%ﬁhq sl &y sXrBagent as
prepared by reaction of N/ N - RENCX! v% met hyl f or nanjide and t hi onyl
chl ori de, phosgene, (1_.%@) LLLgELo£923LhyI chl or of or e, phosphorus
oxychl ori de or 97/ 40050

PCT/ JP97/ 01413 49 the Iike.
This reaction may al so be carried out in the E£es ce of an

i norgani c or organi c base such as al kal i met a ogen carbonat e,
tri(lower)al kyl am ne, pyridine, N- (| ower) al kyl nor phol i ne or

N, N-di (I ower) al kyl benzyl am ne. 5 Al t hough the reaction tenperature
is not specifically limted, this reaction is normally carried out
under cool wheredrno ther siymbole oaxk tasoglefinedThbovel al koxycar bonyl

In this method, the compounds (I-4) and (VI) are

reacted to obtain the compound (I-8). The reaction of the

5 compounds (I-4) and (VI) is carried out in an appropriate

solvent. The solvent includes, for example, aromatic

hydrocarbons such as benzene, toluene and xylene, ethers

such as dioxane, tetrahydrofuran and dimethoxyethane, ethyl

acetate, acetonitrile, pyridine, N,N-dimethylformamide

10 {DMF), dimethyl sulfoxide {DMS0), chloroform,

dichloromethane, l1,2-dichloroethane, 1,1,2,2-

tetrachloroethane, acetone, 2-butanone and mixtures

thereof. The amount of the compound (VI) used is

preferably about 1 to 5 mol equivalents per mol equivalent

15 of the compound (I-4). This reaction is normally carried
out at ~50 to 150°C, preferably about -20 to 100°C.

The thienopyridine derivatives (1-8) thus

obtained may be isolated and purified by known means for

separation and purification such as concentration,

20 concentration under reduced pressure, solvent extraction,



conpound can be produced according to the same manner as descri bed

in the above nethod H and is carried out by 10 reaction with
ClCOOR[err] (R err] is as defined above). The

t hi enopyri di ne ;I-9 t hus obtai ned may be i sol ated and purified by
known means W8P748¥ar ati on and purification such &ETAaegI®OENr ati on
concentration under reduced pressu € sol vent extraction
crystallization, 15 recrystallization, redissolution and

chr omat ogr aphy. The starting conpound for the production
of the conmpound (1) can, for exanple, be produced as follows:
Method | [err] WO 97/ 40050

PCT/ JP97/ 01413 crystallization, recrystallization,50redissolutionwhandi n
t he synbols are as defined above. The conpound (X) is

produced by reacFPRgmERRITAPhHY. conpounds (M 11) with (1X) and sulfur in

a solvent in the of a base by the nethod described in the-
Journal 5 of Nbdicinaéﬁ%%ggfstry, Vol . 17, p. 624 (1974). The

sol vent includes, for exanple, aromatic hydrocarbons such as
benzene, toluene and xyl ene, ethers such as di oxane,

t et rahydr of uran and di nmet hoxyet hane, al cohol 5§%8h as nmet hanol ,
et hanol and pr opanol , chl or of orm N\ &PUE}@@Qﬁ,

1, 2-di chl or oet hane, {111 1,2, 2-R°—C00H (VII)etrachl or And mixtures
thereof. This reactioft T&) cartred™out in the pre§ence of an

appropriate base sel ected from am nes such
di et hyl ani li ne,

triethylam ne,

wherein the symbols are as defined above.

5 In this method, the compound (VII), its reactive
derivative at the carboxyl group or its salt is reacted
with the compound (I-4) to obtain the compound (I-9). The
preferred reactive derivative at the carboxyl group of the
compound (VII) includes acid halides, acid anhydrides,

10 activated amides and activated esters. Examples of the
preferred reactive derivatives include acid chlorides; acid
azides; mixed acid anhydrides such as those with a
substituted phosphoric acid such as dialkylphosphoric acid,
phenylphosphoric acid, diphenylphosphoric acidg,
15 dibenzylphosphoric acid or halogenated phosphoric acid, or
with dialkylphosphorous acid, sulfurous acid, thiosulfuric
acid or sulfuric acid, or with a sulfonic acid such as
methanesulfonic acid, or with an aliphatic carboxylic acid,
such as acetic acid, propionic acid, butyric acid,

20 isobutyropivalic acid, pentanoic acid, isopentancic acid or



nor phol i ne, piperidine and N, N-di net hyl aniline. The ampbunt 15 of the

base used is preferably about 1 to 5 nol equival ents per nol

equi val ent of the compound (VII1). This reaction is normally
carried out at -20 to 150[err]C, preferably about -

100[err]C. TREC¥EWBunds (X) and (XI) are then reacted l)(]"’10/‘"199"01"(!):i)tain
the compound (I11-3). The reaction of the4720 conmpounds (X) and (XI)
is carried out in a solvent in the presence of an appropriate acid
such as a Lew s acid such as alum numchloride or zinc chloride,-
hydrochl oric acid, sul furic acid, trifluoroacetic acid or

p-tol uenesul f oni c vent | ncl.udes for gxgnﬁ
ers

aromatic 25 tﬁ§ﬁ?ﬁ@£ﬁ?ﬁﬁﬁ%9ﬂﬁﬁ+das°5eHi£ an ARt CaRATROTENE

such as tetrahydrgf, il Rea 204, d él%)éew%‘ea hydrides; StE0AOL&s
such as net hanol , Hﬁ%%% N prgpanol Jﬁﬁrn/ it rﬂmgsg 7/ 40050

PCT/ JP97/ 01413  amides w1th imidazole, 4-subbtituted imidacelaf e,
N, N- di et hyl f or mam de (DWVF), dinethyl sul foxide (DVBO)

chl orof orm di chl dioethhdperaZold ditatiasrdet hantetrazole; activated esters
1,1,2,2-tetrachl oroethane and m xtures thereof. The anount of the
conpound (X1) use&YFR prafer MNIRAMFTEYLL. 0egged. o @?th°meﬁ6PYéqU|9§P%ﬁts

| | ent, . of Th t_of. th
Peed T ot eran FiReshp SR AR Shter, viny) odliG SHRSRA Ll S
equi val ent of thenqegasﬂaﬂyi Ester, tricmombﬁeﬁfﬁe&tee f"én‘%QE:H%prﬁé‘i;Fi ed

out at O to 200[err]C preferably about 20 to [err]
reaction tine is e‘s&er mesiApiehll dster, 0pRenfbadcphepyafl esedt )y phehpldRio
hour s. The thienopyridine derivative (11-3) thus
ester, p~nitrophenyl ester, p-cresylthio ester,
10 carboxymethylthio ester, pyranyl ester, pyridyl ester,

piperidyl ester and 8-quinolylthio ester; and esters with
N-hydroxy compounds such as N,N-dimethylhydroxylamine, 1-
hydroxy-2-(1H)-pyridone, N-hydroxysuccinimide, N-
hydroxyphthalimide and 1-hydroxy-lH-benzotriazole. These
15 reactive derivatives can be appropriately chosen according
to a particular kind of the compound (VII) used. The
preferred salts of the reactive derivatives of the compound
(VII) include salts with bases, for example, alkali metal
salts such as sodium salt and potassium salt, alkaline
20 earth metal salts such as calcium salt and magnesium salt,
ammonium salt, and organic base salts such as

trimethylamine salt, triethylamine salt, pyridine salt,

picoline salt, dicyclohexylamine salt and N, N-
dibenzylethylenediamine salt. This reaction is normally
25 carried out in a commonly used solvent such as water, an

alcohol such as methanol or ethanol, acetone, dioxane,

acetonitrile, chloroform, methylene chloride, ethylene



obtai ned may be isolated and purified by known neans for
separation and purification such as concentration,
concentration under reduced pressure, solvent extraction, 15

crystallization, recrystallization, redi ssolution and _

chr omat ogr ap¥( 97/40050 The above nethods A to IPCpasriodast he
producti on nmet hods of thienof2, 3- b‘ia‘s, 4-c ]dipyridine derivatives
having the ring B containing a nitrogen atom These 20 nmet hods can
generally be applied to the producti-on of the conpounds wherein.
the ring Bis 5-, 6- or 7-nenbered ring. WD 97/ 40050

PCT/ JP7/ 01413 52 Met hod J
[err] chloride, tetrahydrofuran, ethyl acetate, N, N~

dimethylformamide or pyridine, but can be carried out in
any other organic solvent in so far as it does not
interfere with the reaction. These commonly used solvents
5 may be used as a mixture with water. When the compound
(VII1) is used in the form of its free acid or salt, this
reaction is preferably carried out in the presence of a

commonly used condensing agent such as N,N'-

dicyclohexylcarbodiimide; N-cyclohexyl-~N"'-
10 morpholinocethylcarbodiimide; N-cyclohexyl-N'-(4-
diethylaminocyclohexyl )carbodiimide:; N,N'-

diethylcarbodiimide; N,N'-diisopropylcarbodiimide; N-ethyl-
N'-(3-dimethylaminopropyl )carbodiimide; N,N'-carbonylbis(2-
methylimidazole); pentamethyleneketene-N-cyclohexylimine;

15 diphenylketene-N-cyclohexylimine; ethoxyacetylene; 1-
alkoxy-l-chloroethylene; trialkyl phosphite; ethyl
polyphosphate; isopropyl polyphosphate; phosphorus

. oxychloride; diphenylphosphorylazide; thionyl chloride;

oxalyl chloride; a lower alkyl haloformate such as ethyl

20 chloroformate or isopropyl chloroformate;
triphenylphosphine; 2-ethyl-7-hydroxybenzisoxazolium salt;
2-ethyl-5-(m~sulfophenyl)isoxazolium hydroxide
intramolecular salt; N-hydroxybenzotriazole: 1-(p~-
chlorobenzenesulfonyloxy )-6-chloro~1H-benzotriazole: or so-

25 called Wilsmeier's reagent as prepared by reaction of N,N'-
dimethylformamide and thionyl chloride, phosgene,

trichloromethyl chloroformate, phosphorus oxychloride or



wherein k and r are the sane or different and are 1, 2 or 3; and the
ot her synbols are as defined above. This nethod is carried
out according to the sane 5 manner as described in the above nethod I.
In the reactign of the compounds (XI1) and (I1X), a m xture of the
conpounds WOTE®P 1) and (XIV) is forned. After (RCIERIVUM3 and
purification of the respective conpounds (XI4d) and (XIV), WO
97/ 40050 PCT/ JP97/ 01413

53 they are reacted with the conpound (XI) to obtain the :
conpounds (11-4) and (11-5), respectively. The conpounds
(I'1-4) and (11-5) produced by this nmet hod are used for the
reacti on with the thenddded (IThis mactiongPayr alfg Pe ERAEr&Bdveukeinodhe,

for the reaction with the co nd (I according to the a )
ot hot B o for Brebend® of an ingrSERISa05! CFPBOLS BPOAF LBRGBAPBOAIRAGF oup

according metAil ﬂg@?ggﬁtﬁﬁ%}fat& ey ?Béééhaﬂ&/yihﬁdig-&,t Be-RERHUCt

resulted fromthis renov the acyl group or 1 _
al koxycarbonyl gr quR.1ckae )aory S Er M) R-82( Usdé £FhlkylbenzylhindgeB

can be produced according to the above nethod D; the N- sul f onyl
derivativescan be Apirudugtd the areaatioon temperature is not specifically
limited, +this reaction is normally carried out under
cooling to warming conditions. The N-alkoxycarbonyl
compound can be produced according to the same mannexr as
described in the above method H and is carried out by

10 reaction with C1COOR® (R?® is as defined above).

The thienopyridine (I-9) thus obtained may be
isolated and purified by known means for separation and
purification such as concentration, concentration under
reduced pressure, solvent extraction, crystallization,

15 recrystallization, redissolution and chromatography.
The starting compound for the production of the

compound (I) can, for example, be produced as follows:

Method 1

't NB
=K =0 + S + (A)-COCHN ——> \2
0
(VIII) (IX) @
X)

—c! LEN NCH,—

QCH.COCH,—G'  (XI) NNy e

/Gl

g

(I1- 3)



t he conpound (V) according to the above nethod F;, the N car banoyl
or N-thiocarbanoyl conpounds can be produced by 15 a reaction with

t he conpound (VI) according to the above met hod G and the N-acyl
conmpound can be produced by reaction with the conpound (V)

accor di ng t WO9Rd00shove met hod H. PCTIR#0A413 he

t hi enopyri di ne derivatives produced by 2050 the nmethods A to J have

| sopropoxy group as the substituent of the ring A, the isopropoxy
group can be converted into - hydroxy group by treatnent with
titaniumtetrachl ori de. This reaction can be carried out in a

sol vent such as chl orof orm di chl or omet hane, carbon tetrachl oride
or the 25 Vhéxein tE0 syob8dferrpGrs plefigreablapoved to 20[err] C.
According to another aspect of the present i nvention, there is
provi ded a conpound repr esift £PERPYIHE (X) is Pr°d“9\6197°ﬁ4d(ﬁ§5‘t ng the

PCT/ JP97/ 01413 54 f ormul a
(I"); or a salt ?%%?ou?ds (VIII) with (IX) an? S%%ﬁ?‘b&ﬁpounalv?nfhﬁpf%ﬁﬁnﬂ a

(1), exanples Ofresence of % H%s%“@?RtEEdmé{ﬁbJ'dHEEr&b%Bdiﬁ LRE! YOerddHe

sanme synbol s and rings as those exenplified above with respect to
the 5 5 conmpesndiedicihall @hamisthly). vol. 17, p. 624 (13he) hal open
atomrepresented by G includes, for exanple, chl orine, brom ne,
i odi ne or fluoriselventfinaiides, for exappleriagomatic hydrocarbons suchhe

optionally substituted hxdrocarbon residue. 10 represented. by M
includes, for 8RaRpP&ene htolueng and xyleng, (ethersofuch s uicoz@qne hose

exenpl ified abovwe.e%gltﬁ(drofuran and dimethoxyethane, alcohols such as
methanol, ethanol and propanol, chloroform,

10 dichloromethane, l,2-dichloroethane, 1,1,2,2~
tetrachloroethane and mixtures thereof. This reaction is

carried out in the presence of an appropriate base selected

from amines such as triethylamine, diethylaniline,
morpholine, piperidine and N, N-dimethylaniline. The amount

15 of the base used is preferably about 1 to 5 mol equivalents
per mol equivalent of the compound (VIII). This reaction

is normally carried out at -20 to 150°C, preferably about

~10 to 100°C. The compounds (X) and (XI) are then reacted

to obtain the compound (II-3). The reaction of the

20 compounds (X) and (XI) is carried out in a solvent in the
presence of an appropriate acid such as a Lewis acid such

as aluminum chloride or zinc chloride, hydrochloric acid,
sulfuric acid, trifluocrcacetic acid or p-toluenesulfonic

acid. The solvent includes, for example, aromatic

25 hydrocarbons such as benzene, toluene and xylene, ethers
such as tetrahydrofuran, dioxane and dimethoxyethane,

alcohols such as methanol, ethanol and propancl, ethyl



respect to Rerr] or R2 of the conmpound of the fornmula (I),

preferably, nmethyl, ethyl, isopropyl, propyl, butyl, benzyl ,
phenet hyl and 2-, 3- and 4-pyridylnmethyl. 15 The
optionally substituted acyl group represented i ncl udes, for
exanpl e, t heWo2Hd005¢y| groups as those exenpl i f| é’ETé'BWé‘“ﬁn th
respect to the substituents for the 51 hydrocarbon residue, acyl
group, sulfonyl group and het erocyclic group represented by R or
Rlerr] of the conmpound 20 of the formula (1), preferably, acetyl and
benzoyl . The optionally substituted carbanmoyl group

represented by M includes, for exanple, that represented by
R[ érr] NHCO ( R] er r§cetatss d\beM&&M‘}éPrﬂ%m%@@an’mﬂrecpld'!ﬁi'\}'t;’]w?t%fo’ude
respect to the corﬁgund of the formula ().

25
opt: ogal I y]c subst i {1 RFRATHARTH | Wromethane, }eﬁr‘&‘é‘?&%%?eﬁ‘ﬁme
i ncludes, for ex
defi ned above) agiTg(:zn’I);lt q?e 3%%%§3§Q§Mﬁ?%e and mlxw@%/ﬁ‘%’ h bt

PCT/ JP97/ 01413 of the compound (XI) used is preferalfy about 1.0 td &spect

to the conpound of the fornula (1). The optionally
substituted sul fremyl egqgivalents per mo ke pesirtlesntbypfM then ddasgesindf diX) .
exanpl e, that represented y Rl err] SO err] (R[err] is as defined

above) as exenpl i ThemBtteofi 'E’PP @id “seﬁ’ sxefegably Q?@r\'ﬁo@n@so?o tzn@
formula (1).

b f
0 (%D GREVEMIETES PR T eSS s SRR )
ring Bis a 6-nmenpgiged zreaQQiBHn ey nh&ﬁgnacai‘iilry téQQﬂ%@tgﬂi @t 0 to ZOd*‘C a

chlorine atom -X-R is 2-oxo-I|-pyrrolidinylnmethyl,
preferably about 20 to 120°C. The reaction time is

10 normally 0.5 to 20 hours, preferably 1 to 10 hours.

The thienopyridine derivative (II-3) thus
obtained may be isclated and purified by known means for
separation and purification such as concentration,
concentration under reduced pressure, solvent extraction,

15 crystallization, recrystallization, redissolution and
chromatography.

The above methods A to I provide the production
methods of <thieno[2,3-b:5,4-c'}dipyridine derivatives
having the ring B containing a nitrogen atom. These

20 methods can generally be applied to the production of the

compounds wherein the ring B is 5-, 6- or 7-membered ring.



10 oxo- | - pi peridi nyl net hyl , 2- oxohexanet hyl enei m nonet hyl ,
N, N-diethylamno, 1,2,4-triazol-1-yl or |-nethylimdazol-2-

ylthio, and the ring Ais substituted by two nmet hoxy group at the
3- and 4- p05|t|ons thereof are particularly preferred. 15
Speci fic exXPét the conpound of the formul a PCT/IPIZPIAI3

7- benzyl - 3-chl or o- 4- (3, 4- di met hoxyphenyl ) -
0XO0- I-plperldlnylnethyl) 5,6,7, 8- tetrahydrot i enof 2, 3-
b:5,4-c']dipyridine, 20

7- benzyl - 3- chl or 0- 4- ( 3, 4- di net hoxyphenyl ) - 2- ( 2-
oxohexanethylenelnlnonethyl) 5 6 7 8-t etrahydrot hi eno[ 2, 3-

b5, 4-c']dipyridine, Method J

7- benzyl - 3- chl or 0- 4- ( 3, 4- di net hoxyphenyl ) - 2- ( 2-

oxo- | -pyrrolidinylnmethyl)-5, 6,7, 8-tetrahydrothieno[2, 3- 25
b: 5, 4-c']dipyridine, and

7- benzyl - 3- chl or o- 4- Aﬂﬁggﬁb ne%ﬁg¥yphenyl)-

2- ( 2- oxo- I-pyrrolldlnylh@mQyJ WD 97/ 40050

PCT/ JP97/ 01413 56

t et rahydr ot hi eno[ 2, 3-b: 5¢fpc’ ] di pyri di ne. The salt of the
conpound of the formula EI') of the present invention is
preferably a pharmaceutically acceptabl e salt and exanpl es thereof
include those 5 exenmplifie (@99% Bi_LNH,r espect t@CHt Pe conpound of the
formula (1). Sonp d of %heN B ,
for

(XI) .
o SO
(I-4) @
SIS

of

(I -5)

wherein k and r are the same or different and are 1, 2 or
; and the other symbols are as defined above.
This methed is carried out according to the same
5 manner as described in the above method I. In the reaction
of the compounds (XII) and (IX), a mixture of the compounds
(XIII) and (XIV) is formed. After isolation and

purification of the respective compounds (XIII1) and (XIV),



exanpl e, be produced as foll ows: Met hod A" [err]

10 wherein Merr]' represents an optionally substituted

hydr ocar bon residue, an optionally substituted acyl group, an
optionally substituted al kyl group, an optionally substituted
car banoyl ~ gr ¥’7¥M5%n optionally substituted t hi odZMHENEY 3gr oup;
Q represents a leaving group; X 15 reyy esents an oxygen atomor a
sul fur atom and the other synbol s are as defi ned above.

In the above formula (I1'-1), the | eaving group represented by Q
I ncl ude, for exanple, hal ogens, preferably chlorine, brom ne and

I odi ne, and hydroxyl groups activated 20 by egtegification, . fo
exanpl e, organic "O8Ff T TERFPE with the cﬁEPé??ioggé’ €5 ' Sbtain “the

PCT/ JP97/ 01413 - _ actibrel resi dues
(e.qg., p-tolueﬁ%@ﬁﬁ#&ﬁ?l8§§ 4’iHF%J&F >). resPe%etﬁ%ﬁBsulfonyloxy

group) and residues of @r8afirpounds (II-PNAHIQIICSRCHEbAIKED 8F this
di phenyl phosphoryl oxy groups, di benzyl phosphoryl oxy groups and
di met hyl phosphor ynethod are used for the reaction with the compound (III)
5 according to the above method A, for the reaction with the
compound (IV) according to the above method B, or for
removal of the acyl group or alkoxycarbonyl group according
to the above method C. Moreover, by using the product
resulted from this removal reaction of the acyl group or
10 alkoxycarbonyl group, the compounds having the saturated
ring B can be produced according to the above method D; the
N-sulfonyl derivative can be produced by a reaction with
the compound (V) according to the above method F; the N-
carbamoyl or N-thiocarbamoyl compounds can be produced by
15 a reaction with the compound (Vi) according toc the above
method G; and the N-acyl compound can be produced by
reaction with the compound (V) according to the above
method H.
When the thienopyridine derivatives produced by
20 the methods A to J have isopropoxy group as the substituent
of the ring A, the isopropoxy group can be converted into
hydroxy group by treatment with titanium tetrachloride.
This reaction can be carried out in a solvent such as
chloroform, dichloromethane, carbon tetrachloride or the
25 like at -50 to 30°C, preferably -10 to 20°C.
According to another aspect of the present

invention, there is provided a compound represented by the



5 groups; the optionally substituted hydrocarbon residue, the

optionally substituted acyl group the optionally

substituted al kyl group, the optionally substituted car banoyl
group or the optionally substituted thiocarbanoyl group each
repr esent ed waysadoasor | ' i ncl uded the sanme groups as 10 PCT/5F0%/@1413
exenplified above with respect to the opti 1y substituted
hydr ocar bon residue, the optionally substituted acyl group, the
optionally substituted al kyl group, -the optionally substituted .
car banoyl group or the optionally substituted thiocarbanoyl
group represented by M, 15 respectively. I n
t hi s net hod, thefoompdandI{ )i ' of)aissltedtegaof. with the conpound
() in t he presence of a base to yield nmpound (1'-1). The

reaction of the conpounds IP|thg)comppund of the (fPFF‘“)lal €I Che (GXAFEIEE PR an
appropriate sol Vﬁpt and"§ a&d Lhe risx%s;"aﬁn S B Lgélx?%@r@le %{eo%bgﬁ as

hydr ocar bons suc

nzene uene and xyl ene Fér $2suc

di oxane, anheEH§B¥d%Qf%&69eaQQeﬂbﬂ?Eﬂ&%%ﬁkﬂﬁﬁ%ut%'%@QBEétS%Bhtﬁé
met hanol , et hanol and pr opanol , et hyl acet at e,

acetonitrgle, pyYongonad ofhkhbdfa&mdméf«nvwanlde (DMF), 25 di met hyl

sul foxide (DMBO), chloroform dichloronethane,
1, 2-di chl or oet hane, 1,1, 2, Zheebamgﬁmmmhaﬁbrem%é?y @! includes, for

but anone and m xtures thereof, The reaction of he VO

97/ 40050 example, chlorine, bromine, P?fﬁ"?ﬁD@'flé gggine, preferably
58 conpg nd% (I1"-1) and (I'l1l") is carried out in the presence
of an appropriate base Sél ected fromthe group consi sting of al kali

metal salts such as sodi umrhydicpidRal PPt 8865t Ruted hydrocarbon residue

10 represented by M' includes, for example, the same
hydrocarbon residues as those exemplified above with
respect to R' or R’ of the compound of the formula (I),
preferably, methyl, ethyl, isopropyl, propyl, butyl,
benzyl, phenethyl and 2-, 3- and 4-pyridylmethyl.

15 The optionally substituted acyl group represented
by M' includes, for example, the same acyl groups as those
exemplified above with respect to the substituents for the
hydrocarbon residue, acyl group, sulfonyl group and
heterocyclic group represented by R' or R’ of the compound

20 of the formula (1), preferably, acetyl and benzoyl.

The optionally substituted carbamoyl group
represented by M' includes, for example, that represented
by RNHCO (R! is as defined above) as exemplified above with
respect to the compound of the formula (I).

25 The optionally substituted thiocarbamcyl group
represented by M' includes, for example, that represented

by R’NHCS (R® is as defined above) as exemplified above with



hydr oxi de, potassi um carbonate, sodium carbonate and sodium 5
hydrogen carbonate, silver carbonate (Ag[err]CJerr]), sodium
hydri de, potassium hydride, pyridine, and am nes such as

triethyl am ne, NN- di net hyl ani | i ne, 1, 5-

di azabi cycl o¥O¥49PHon- 5- ene, 1, 4- di azabi cycl of 2. 2. 2] oct ane PCTAPITOILI3 5

| , 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene. The anowy of the 10 base used is
preferably about 1 to 5 nol equival ents per nol equi val ent of the
conmpound (I1'-1). This reaction is ~ normal ly carried out at -20 to
150[err] C, preferably about -10 to 100[err]C

The thienopyridine derivative (I'- obtalned may be

i sol ated and pur i feSPEGF ﬁﬁoﬁﬁen%%WEPWQﬂ of 'the f°r§%&3u%ﬁ 'on and
purification such as conggntr%tptgghau¥ tngfggggggéraghggoH?ger %ched

pressure, solvent extraction zati1on recr al |1 7z
[edlfsolutlon E”"%NgresentedCBQOHHtfﬁﬁfﬂﬁ&é &% example, that réﬂyéﬂyitad
err

PCT/ P97/ 01413 by R}SO, (R! is as defined above) as eBBmplified abovenrudrthi n

p represents an integer fron11 to 6; and the other synbol s are as
defi ned abdve. respect to the COWPP?WﬁsPﬂn?@ﬁoéormhbacbhbound (11'-2) is
react ed with the co ound in the resence of a base to y|eId
5 the conpound (I'-2). *PRBIr &k tFB PR¥NLR ffoutitfs 3iqve Aormda (

(IV') is carried ql['ﬁ eﬂﬁ@r@ggrgqé at eMSOkgthhydroUé% atom or besnoiﬁqmthl S

for exanple, aroma carbons such a
ring B is a 6-membered ring containing a nitrogen atom, G'

is a chlorine atom, -X-R- is 2-oxo-l-pyrrolidinylmethyl, 2-

10 oxo-l-piperidinylmethyl, 2-oxohexamethyleneiminomethyl,
N,N~diethylamino, 1,2,4~-triazol~1~-ylor l-methylimidazol-2~
ylthio, and the ring A is substituted by two methoxy group
at the 3- and 4-positions therecf are particularly
preferred.

15 Specific examples of the compound of the formula
(I') are:

7-benzyl-3-chloro-4-~(3,4~-dimethoxyphenyl)-2~(2-
oxo-l1l-piperidinylmethyl)-5,6,7,8~-tetrahydrothieno(2,3-
b:5,4—c']dipyfidine,

20 7-benzyl-3-chloro-4-(3, 4-dimethoxyphenyl)-2-(2-
oxohexamethyleneiminomethyl)-5, 6,7, 8-tetrahydrothieno[2, 3~
b:5,4~-c']dipyridine,

7-benzyl-3-chloro-4-(3, 4-dimethoxyphenyl )-2-(2-
oxo-l-pyrrolidinylmethyl)-5,6,7,8-tetrahydrothieno([2, 3~

25 b:5,4-c'}dipyridine, and

7-benzyl-3-chloro-4-(4-hydroxy-3-methoxyphenyl )-

2-(2-0x0-1-pyrrolidinylmethyl)-5,6,7,8-



benzene, toluene and xyl ene, ethers such as di oxane,

t et rahydr of uran and di net hoxyet hane, al cohols such as 10 nmet hanol ,
et hanol and pr opanol , et hyl acet at e, acetonitrile,

pyri di ne, N, N- di met hyl f or mam de (DVF) , di met hyl sul f oxi de
(DVSO), chl Y@9®40950 di chl or onet hane, 1, 2- di chl or oettyamenias

1,1, 2,2-tetrachl oroet hane, acetone, 2- but anone and m xtures

t her eof . The reaction of the 15 coﬁ%ounds (rr-2) and (1V') is
carried out in the presence - of an appropriate base selected from
t he group consisting of alkali netal salts such as sodi um
hydr oxi de, potassi um hydr oxi de, potassi um carbonate, sodi um
carbonat e and sodie¥mehydrothiehgf2 o3rd: Soav-ledddiipyrpgineali ne, am nes such as
triethylamne 20 and_ N, N-di net hyl aniline, sodium hydride and

pot assi um hydrldeT ?h%ﬁ%ﬁmﬁﬁntﬂﬁ aegpeundeat| §h$wﬁﬁnﬂﬂ¥@ y Idbogf 1

to 5 nDI e U|val g t he ' -
2). This reactior |s orna y c%??fnﬁglog fﬁag Yl§b[éh4%%§°eut cally
preferably abOUtacE@pEleQO[EERLC a B'Seﬁﬁﬂﬁiégn fﬁgﬁéﬂﬁﬂ)fﬂalu%é those

carried out using the compound (1V') in excess as

The thiesopyri digx@mpdefFisat i |a\&>ve (dut}-Z) resPéSt to the Juaad SBY the

i sol ated and purified by known neans for WO 97 40050

PCT/JP97/ 01413 formula (I). 60 separation
and purification such as concentration, concentration under
reduced pressure, solvent GRErGePPR#Nd of the abpyesfarmubeat(Ign, can, for
R/Eﬂ%?it aC‘l lizati Oréxamplgql ggo i‘loéuced aansd follows: chromat ography. 5

Method A'

H,'\ _] N\ Hz-XI-R

B-X'H (IIT') G
(ar-1) r-1)
10 wherein M represents an optionally substituted

hydrocarbon residue, an optionally substituted acyl group,

an optionally substituted alkyl group, an optionally

substituted carbamoyl group or an optionally substituted

thiocarbamoyl group; Q represents a leaving group; X

15 represents an oxygen atom or a sulfur atom; and the other
symbols are as defined above.

In the above formula (II'-1), the leaving group

represented by Q include, for example, halogens, preferably

chlorine, bromine and iodine, and hydroxyl groups activated

20 by esterification, for example, organic sulfonic acid



[err] (1 -3 (r-4)
wherein M2' represents an optionally substituted acyl group; and

the other synbols are as defined above. In the formul a

(1 -3), the g tlonally substituted acyl group rep

Merr]' is, g’ 91'p| e, the sane 10 acyl groups as t%%@g}’%g‘ggpl i fied
wWth respect to the optionally substituted acyl group represented
by M. In this nmethod, the conpound (1'-3) is subjected
to hydrolysis in the presence of an aC|d to yield the conpound
(1'-4). The hydrolysis of the conpound (I'-3) is 15 carried out in a

hydrated solvent. The solvent is, thers such as

f | e
di oxane, tetrahyT®8tBM&F and®-9-- o 3T§&&%5§§§§m%%?yl%f¥ohol%rogach
as methanol, eRﬁMHesulfog?loxﬂrO%%;&%g% btgraano' é§£h3egret Bexy anak

acetonitrile, di et hyl

sul foxi de  (DVSQnospitbric ad€8! Gifsh ZaQUtmylwﬁhbﬁoﬂy‘leﬁn%ﬁngsureS
t hereof. The WO 97/ 40050

PCT/ JP97/ 01413 dibenzylphosphoryloxy groups and 6imethylphosphorydioskyi s,
for exanpl e, hydrochloric acid, sulfuric acid, nitric acid and
hydr obr om® aci d. 9TPHPRimShRt ORFLqNRd Lyceebstituted hydrqraubasn Epsiauey the

excess, SpeCIflcaclnglrglgnaol%y 5 Esgbgt(:)ituted acyl group the optionally

substituted alkyl group, the optionally substituted
carbamoyl group or the optionally substituted thiocarbamoyl
group each represented by M!' included the same groups as
10 those exemplified above with respect to the optionally
substituted hydrocarbon residue, the optionally substituted
acyl group, the optionally substituted alkyl group, the
optionally substituted carbamoyl group or the optionally
substituted thiocarbamoyl group represented by M',
15 respectively.

In this method, the compound (1II'-1l) is reacted
with the compound (III') in the presence of a base to yield
compound (I'-1). The reaction of the compounds (II1'-1) and
(III') is carried out in an appropriate solvent. The

20 solvent is, for example, aromatic hydrocarbons such as
benzene, toluene and xylene, ethers such as dioxane,
tetrahydrofuran and dimethoxyethane, alcohols such as
methanol, ethanol and propanol, ethyl acetate,
acetonitrile, pyridine, N, N~dimethylformamide {DMF),

25 dimethyl sulfoxide (DMSO), chloroform, dichloromethane,
1,2-dichloroethane, 1,1,2,2-tetrachloroethane, acetone, 2-

butanone and mixtures thereof. The reaction of the



nol equival ents per nol equival ent of the conpound (1'-3). 5 Thi s

reaction is nornmally carried out at 30 to 150[err]C, preferably
about 50 to 120[err]C The reaction tine is normally 1 to 100
hour s. The thienopyridine derivative (1'-4) thus

obt ai ned nmayW887408%¥) at ed and purified by known neans for POT/IPI7/01413
separation and purification such as coggentration,

concentration under reduced pressure, solvent extraction,
crystallization, recrystallization,: redi ssolution and

chr omat ogr aphy. Met hod D [err]

[err] (1 4) (I'"-95) 15
wherein the synb(ﬁc!*,“l’a"é‘d&s(aéhhé@“ébéﬁél ) is carried out in the prgsence

thod, th ‘-4 bj e I dat t t
;r?elg t he go(r:rggﬁr?;%n r)°f §g§u hess & selester 5ﬁ°ﬁ“st€%r9$%‘$?ﬁj{"e$%‘{l%g °

presence of an O)Sfj'azl'l&@il metal sai’ggnéuc’:l'p gﬁﬁmpﬁ%&}&f&% ?btt:bss:.-m\e
solvent is, for exanpl e, aromati ¢ hydrocarbons suc enzene
tol uene and hydroxid\éo PItdEhin carbonate, sodium carbonate and sodium
PCT/ JP97/ 01413 62 xyl ene,

et hers subh as dihpdargen eicazbpdatéur agikyar carbonate (Ag,CO,), sodium
hydride, potassium hydride, pyridine, and amines such as
triethylamine, N,N-dimethylaniline, 1,5~
diazabicyclo[4.3.0)Jnon-5~ene, 1,4-diazabicyclo[2.2.2]octane
and 1,8-diazabicyclo[5.4.0]Jundec-7-ene. The amount of the
10 base used is preferably about 1 to 5 mol equivalents per
mol eguivalent of the compound (II'-1). This reaction is
normally carried out at -20 to 150°C, preferably about -10

to 100°C.
The thienopyridine derivative (1'~-1) thus
15 obtained may be isolated and purified by known means for
separation and purification such as concentration,

concentration under reduced pressure, solvent extraction,

crystallization, recrystallization, redissolution and
chromatography.
20 Method B’
'UN N (CH) 0 g N N X
~ 2 N CH —N
N _’) P , p R >NH N _] N ( 2)p \R2
G R? Zad
()

g - U

(Ir - 2) (r'-2)



di met hoxyet hane, ethyl acetate, chloroform dichloronethane,
1, 2-di chl oroet hane, 1,1, 2,2-tetrachl oroet hane and m xtures

t hereof . The oxidi zing agent is, for exanple, manganese 5 | dio?ideb?nd
nitric acid. Th mount of the oxidizing agent used is preferably
I n excess, s&&ﬁ"ﬁ?ﬁl |y about 5 to 50 nmol equi val eﬁﬂnﬁ 114y

equi val ent of the conpound (1'-4). 5Bhi s reaction is normally
carried out at 30 to | 50[err]C, preferably about 50 to 120[err]C.
The reaction tine is 10 normally 1 to 100 hours. :
The thienopyridine derivative (I1'-5) t hus obt ai ned may be

I sol ated and purifjed known neans faor, separatjion
purification sucf"fh §§9Xc%n%eepn’iersa'\ 5n 2" integer fggr‘?pgn#?a i oaﬁ‘dﬁ%g’gr °F8ficed
pressure, solvent soubbREt bR as Iefinea Gbwekal | i zation,

recrystallization, redissolution and chr omat ogr aphy.

Met hod E' In thid Imethbd, the compound (II'-2) ik€kkhcted
(1 -6) wherein the synbols are as defined above.

In this method, twdtbhonpeuermgdundi)X IVS )siyhj e atesepce of & dbasee teapibeld
oxidation reaction_as in nethod D_to yield the WO 97/ 40050

PCT/JP97/0§413 the compound (1'-2). he reactionc%%compounds (I1'-2) and
(IV') 41s carried out in an appropriate solvent. The
solvent is, for example, aromatic hydrocarbons such as
benzene, toluene and =xylene, ethers such as dioxane,
tetrahydrofuran and dimethoxyethane, alcohols such as

10 methanol, ethanol and propanol, ethyl acetate,
acetonitrile, pyridine, N,N-dimethylformamide (DMF),
dimethyl sulfoxide (DMSO), chloroform, dichloromethane,
1,2-dichloroethane, 1,1, 2,2-tetrachloroethane, acetone, 2-
butanone and mixtures thereof. The reaction of the

15 compounds (II'-2) and (IV') is carried out in the presence
of an appropriate base selected from the group consisting
of alkali metal salts such as sodium hydroxide, potassium
hydrokxide, potassium carbonate, sodium carbonate and sodium
hydrogen carbonate, pyridine, amines such as triethylamine

20 and N,N-dimethylaniline, sodium hydride and potassium
hydride. The amount of base used is preferably about 1 to
5 mol equivalents per mol equivalent of the compound (II'-
2). This reaction is normally carried out at -20 to 150°C,
preferably about -10 to 100°C. This reaction can also be

25 carried out using the compound (IV') in excess as a base.

The thienopyridine derivative (1'-2) thus

obtained may be isolated and purified by known means for



conmpound (I'-6). This reaction is carried out in the sane manner
as nethod D . The thienopyridine derivative (I'-6)
t hus obtai ned may be isolated and purified by known neans of 5
separation and purification such as concentration,
concentr at i OMOIH#BF0 r educed pressure, solvent extraction, PCTAP97/01413
crystallization, recrystallization, redissofgtion and

chr omat ogr aphy. thhod F'

[err] (r -4

(r-7) 10 wherein R err] represents an optionally substituted
hydr ocar bon resi due or an optionally substituted heterocyclic
group and seRdfatdtRer aNATHh AWK idfricatd ofef (SWEH alitfye. concentration,

In the f I Vv t t N t t d b

osidue or ¢ he COiRAtTAn SaReY efed BressurencrolwEItI PE RS

represented by RGidudit sh8l ofX MBS rybB811 1 sation, STTUUDTBR | 98e
th V oosubstitu

exenplified above respect fo t t d
hydrocarbon residhiomadogriabay. optlonally substltuted het er ocyclic
group represented by Rlerr]. 20 In this nethod,
the conposnd (1'-4) is reatie¢od C' with the conpound (V') in the
presence of a base to yield WO 97/ 40050
PCT/ JP97/ 01413
KN Ny-CH.~X-R N
N N gt Ll —X—R
e O
(I'-3) (I - 4)

wherein M?' represents an optionally substituted acyl
group; and the other symbols are as defined above.

In the formula (I'-3), the optionally substituted
acyl group represented by M!' is, for example, the same

10 acyl groups as those exemplified with respect to the
optionally substituted acyl group represented by M'.

In this method, the compound (I'-3) is subjected
to hydrolysie in the presence of an acid to yield the
compound (I'-4). The hydrolysis of the compound (I'-3) is

15 carried out in a hydrated solvent. The solvent is, for
example, ethers such as dioxane, tetrahydrofuran and
dimethoxyethane, alcohols such as methanol, ethanol,
propanol, butanol and 2-methoxyethanol, acetonitrile, N, N-
dimethylformamide {DMF), dimethyl sulfoxide ({DMSO),

20 acetone, 2-butanone, acetic acid and mixtures thereof. The



64 the conpound (1'-7). The reaction of conpounds (I'-4) and
(V') is carried out in an appropriate solvent. The sol vent is, for
exanpl e, aromatic hydrocarbons such as benzene, t ol uene and

xyl ene, ethers such as di oxane, tetrahydrofuran 5 and

di met hoxyet ha¥R9749%y| acetate, acetonitrile, pyridine, PCTAIP97/01413

N, N- di met hyl f ormam de (DMF), dinethyl sulfoxdde (DVSO),

chl orof orm dichl oronet hane, 1, 2-dichl oroethane, 1,1, 2, 2-

tetrachl oroet hane, acetone, 2- but danone and m xtures t her eof :
The reaction of the conmpounds (1'-4) and (V') is 10 carried out in
the presence of an appropriate base sel ected fromthe group

consi sting of al k& idneSy LOH texanple qdhydrochlorigogrifth hpuléurie, acid,
ot assi um hydr oxi de, potassi.um car bonate, |, .. - sodium carbonate and

godi um hydrogen c ﬁr&t EFigi "F?‘gﬁ’yé)r°%r°m1°caf’b_ﬂnat"éh? A1y ef &bp) peid

sodi um hydri de, p‘?}s%%ﬁs\l'iﬁnp*}\é%!rgﬁly dlﬁ ?ﬁcf/?ssoyrép%él‘%icali‘i)dabé‘m NES¢oSEEN

as triethyl am ne, I me ani 1’ 1'ne,

1, 5-dj azabi cycl o] 4ncd. @h38%abeRt® pek ol equivalert 8ZabhéYedmlchnd ¢hOCEaNE
and 1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene. The amount of base used
is preferably abohik txedg&ction is novhaklpi vateidds pet Bl Iutyabeorcpf
the conpound (1'-4). 20 This reaction is normally carried out at -20
to 150[err]C, prefergbdyeralqur aBButta 19205100 Bre | €eaction time is

The thienopyridine_derivatjve ' -7 t hus obt ai ned may be
i sol ated and puri ﬂoerc'l“a%}ykgokﬂ ﬁ%éu&mf")cﬁ‘ separation and

purification such as congRatrahiQRopylPaine ~SOPARIELVYE | opr HNger Egduced
pressure, solvent extraction, crystallization,
recrystal lizati on,obtaig@ds saubeOisoBfted and purifiBEOBR RebARNMeans for
10 separation and purification such as concentration,
concentration under reduced pressure, solvent extraction,
crystallization, recrystallization, redissolution and

chromatography.

Methed D'

i I.] NoCH,—X—R NF l.] Ny CH.—X—R

P G’ N 4 G'
(I' - 4) (I' - 5)
15 wherein the symbols are as defined above.

In this method, the compound (I'-4) is subjected
to oxidation reaction to yield the compound (I'-5). This
reaction is carried out in the presence of an oxidizing
agent in an appropriate solvent. The solvent is, for

20 example, aromatic hydrocarbons such as benzene, toluene and
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65 Met hod G (r -4

[err] (1'-8)

wherein the synbols are as defined above. In this

met hod, theweﬁ?fﬂ&i?nds (1'-4) and (VI") are react 8FT70143 d t he
conpound (1'-8). The reaction of 5 tge conpounds (1'-4) and (VI')
is carried out in an appropriate solvent. The solvent is, for
exanpl e, aromatic hydr ocar-bons such as benzene, toluene and

xyl ene, ethers such as di oxane, tetrahydrofuran and

di net hoxyet hane, et hyl acetate, acetonitrile, pyridine,

N, N- di net hyl f or fBHief®. 1@thers pspRi) as  4fio¥epRy| tetxahydrefiran @NPSO),

chl orof orm . _dichloromethane, 1. _2-dichl or pet hane
1172, 2 1 ot rachidinserbeReRE i sodrafe BRI SR AT e oraps s

thereof.  The 1 2-dichid¥eeRhafb, (1€ 0BNQERHaEN] ododtifhd ndal:anasy

about 1 to 5 nol equival ent's per nol equival ent of the conmpound
(1'- 15 4)therduvss. I e icHLdizingr Gabhy €8] E6f &xdmple - Tfhrdanese
150[err] C, preferably about -20 to I00[err]C.

The thi énopyri diirkidfeandapitveic gdi'd.8)The mpgunt of the ombdizimg agentbe
i solated and purified by known neans for separation and

purification sulFPS kS REFFEHANA iion excegs. spPeehhicitl¥ardbenturddie r&uced

pressure, SOlveqﬁof”g4&¥¥glgﬂts per mol equivalent of the compound (I1'-4).
This reaction is normally carried out at 30 to 150°C,
preferably about 50 to 120°C. The reaction time is

10 normally 1 to 100 hours.

The thienopyridine derivative (1'-5) thus
obtained may be isolated and purified by known means for
separation and purification such as concentration,
concentration under reduced pressure, solvent extraction,

15 crystallization, recrystallization, redissolution and
chromatography.

Method E'

Ny CH,—X—R
e

Qg

(I' -6)

(T —4) >

wherein the symbols are as defined above.
In this method, the compound (1'-4) is subjected

20 to the same oxidation reaction as in method D' to yield the
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66 crystallization, recrystallization, redissolution and
chr omat ogr aphy. Met hod H (r'-4)
[err] (1 -9

wherein R HQ9M000; anresents an  optionally  substit fe 1413
hydr ocarbon residue; the other synbols hagge the sane

definitions as those shown above. In fornmulas (I'-9) and
(M1'), the optionally substituted hydrocarbon residue represented
by Rerr] is, for exanpl e, the sanme groups as those exenplified

above wth 10 respect _to the optionally sybstituted hydrocarbon

resi due ceppaupdt b’ 18) -m This reaction 13 carri?é:?#%f?nngﬁﬁoﬁ?m?he
conmpound (I'-4) i t y Wth the conpound (VI1') in the
presence of a basg‘a gggiggdmethOd b the conpound (I'-9). The reaction of
the conpounds (1'-4) 15  ghe aN¢nidhbpyri®iddl ra&FiWHtive) a0 ey OPEhas €

solvent. The solvent is, for ‘exanple, aromatic hydrocarbons such
as benzermtaiakdenayand xdgbaaecedehhér pusiifiedisbyli koune, means of
t et rahydrof uran and di net hoxyet hane, al cohols such as met hanol ,

et hanol and presparetion eshgd| puzddigationp(Qsuch aset @encentgation,

pyri di ne, N, N- di net hyl f or mam de (EMﬁ?, .
concentration under reduced pressure, solvent extraction,

crystallization, recrystallization, redissolution and

chromatography.
Method F'
R4SOZ\N [-] N\ Hz"'x—R
' R*S0,C1 (V') G
(I'-4) - @
Ir-17>
10 wherein R® represents an optionally substituted hydrocarbon

residue or an optionally substituted heterocyclic group and
the other symbols are as defined above.
In the formula (V'), the optionally substituted
hydrocarbon residue or the optionally substituted
15 heterocyclic group represented by R® is, for example, the
same groups as thoée exemplified above with respect to the
optionally substituted hydrocarbon residue or the
optionally substituted heterocyclic group represented by
R.
20 In this method, the compound {(I'-4) is reacted

with the compound (V') in the presence of a base to yield
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di met hyl sul foxi de (DMSO), chl oroform dichl oronet hane,

1, 2-di chl oroet hane, 1,1, 2, 2-tetrachl oroet hane, acetone, 2-

but anone and m xtures thereof. The reaction of the conmpounds
(I"-4) and W09740050s carried out in the presence 5 oPCHIPIIPFADpri at e
base sel ected fromthe group consisting 64 of alkali metal salts such
as sodi um hydr oxi de, potassium hydr oxi de, potassi um car bonat e,

sodi um car bonat e and sodi um - hydrogen carbonate, silver .
carbonate (Ag[err]CJerr]), sodium hydri de, potassium hydride,
pyridine, and am nes such as 10 triethyl am ne, NN- di et hyl ani | i ne,

1,5-

di &hebiceperupd. 81 b hbn- Fheneeagtipon|iaf; gomppehds 2( D' -A bangne
and 1, 8-di azabi cygl o §. 4. 0] updec-7-ene. The anount of

t he
used is preferabl$y¥ abdft CFETHE MF 1BRR RRPERPLipLP solvent. The sqfivieRd ent

base

f th d (. -4}, Thi tion i | - ¢
720 to 1507 err] C 1% b pramEEE, dfhptie TharocariBhiR sutp Ud ihatte, ®

The thienopyridig®iudi bHatiyene,(bthérs dud¥Sas dioxane, OPL&- A TR0
I sol ated and purified by known neans for separation and

puri ficatison

Sucdnd dimethogpethiaric 08thy? @cetate; Eariniairias, hdardimguced
pressure, solvent extraction, crystallization, recrystallization,

redi ssol uti on and¥,N-dimethydfpgspanédead®F), dimethyl sulfoxide (DMSO),

10

15

20

25

chloroform, dichloromethane, 1,2-dichloroethane, 1,1,2,2-
tetrachloroethane, acetone, 2-butanone and mixtures
thereof. The reaction of the compounds (I'-4) and (V') is
carried out in the presence of an appropriate base selected
from the group consisting of alkali metal salts such as
sodium hydroxide, potassium hydroxide, potassium carbonate,
sodium carbonate and sodium hydrogen carbonate, silver
carbonate (Ag;,CO,), sodium hydride, potassium hydride,
pyridine, and amines such as triethylamine, N, N-
dimethylaniline, 1,5-diazabicyclo[4.3.0]lnon-5-ene, 1,4-
diazabicyclo[2.2.2]octane and 1,8-diazabicyclof[5.4.0]undec-
7-ene. The amount of base used is preferably about 1 to 5§
mol equivalents per mol equivalent of the compound (I1'-4).
This reaction is normally carried out at -20 to 150°C,
preferably about -10 to 100°C.

The thienopyridine derivative (1'-7) thus
obtained may be isolated and purified by known means for
separation and purification such as concentration,
concentration under reduced pressure, solvent extraction,
crystallization, recrystallization, redissolution and

chromatography.

-
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68 Met hod | (1'-4) [err]

(I -10) wherein the synbols are as defined above.

In this nethod, the compound (VIII"), its reactiv ve at
the carboxyl Y@9UM® hereof or a salt 5 thereof is reggﬁ%%b %%
conpound (1'-4) to yield the conpowrsd (1'-10). Preferred reactlve
derivatives at the car boxyl group of the conmpound (VIII1") include
acid hal i des, acid anhydri des, activated am des and acti vated
esters. Preferred exanples thereof are acid chlorides; 10 acid

azi des; m xed acid anhydrid Stl As those with a substituted
phosphoric acid such as diaﬁ%¥¥§ﬁ3§phoric aci d, phenyl phosphori c
aci d, di phenyl phosphori c aci d, di benzyl phosphoric acid or

hal ogenat ed phosphoric acid, or wi th di al kyl phosphorous aci d,

sul furous acid, thiosulfuric 15 acid o&.mﬂﬁfurlc ﬂ or with a

sul fonic acid such as met hanesul fonic a0|ﬁ Yi éFthatlc
car boxylic acid, such aR*NE¥ti(FI'aci d, propiQA * butyric

aci d, |sobutyrdﬂlvaﬁlc‘ﬁE“ﬁ"ﬁTVﬁ?Tc acid, penta
isopentanoic acid or trichloroacetic acid, or with an 20
carboxylic acid such as benzoic acid; synnetric

wherein the symbols are as defined above.
In this method, the compounds (I'-4) and (VI1')
are reacted to yield the compound (1'-8). The reaction of
5 the compounds (I'~4) and (VI') is carried out in an
appropriate solvent. The solvent is, for example, aromatic
hydrocarbons such as benzene, toluene and xylene, ethers
such as dioxane, tetrahydrofuran and dimethoxyethane, ethyl
acetate, acetonitrile, pyridine, N,N-dimethylformamide
10 (DMF), dimethyl sulfoxide (DMSO), chlorofornm,
dichloromethane, 1,2-dichloroethane, 1,1,2,2-tetrachloro-
ethane, acetone, 2-butanone and mixtures thereof. The
amount of the compound (VI') used is preferably about 1 to
5 mol egquivalents per mol egquivalent of the compound (I'-
15 4). This reaction is normally carried out at -50 to 150°C,
preferably about -20 to 100°C.
The thienopyridine derivative (I'-8) thus
obtained may be isolated and purified by known means for
separation and purification such as concentration,

20 concentration under reduced pressure, solvent extraction,
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69 aci d anhydri des; activated am des with im dazol e,

substitutional imdazole, dinethylpyrazole, triazole or

4-
tetrazol e;

activated esters such as cyanonet hyl ester, met hoxynmet hyl ester,
di met hyl i m NWBH400 ester, vinyl 5 ester, pr opar gRETIPITRt e |
pent achl or ophenyl

p- ni t rophenyl ester, trichloropghenyl ester,

ester, nesyl phenyl ester, phenyl azophenyl ester,

ester, p- ni trophenyl est-er, p-cresylthio ester,

car boxymet hyl thio ester, pyranyl ester, pyridyl

ester,

phenyl t hio

piperidyf

ester and 8- 10 quinolylthio ester; and esters wi th N hydroxy

conmpounds crygtahlization N dretyftadydeakieani nsedisgsolyiexy-and | H) -

pyri done, N—hydro§¥SUCfininide, N- hydr oxypht hal i m de and 1-

hydr oxy- | H benzoPPf 828
optionally chosen accordi %#190@ ggarti cul ar kind of the

(VIT1") used. Preferred the reactive

netal salts such as sodi um sal t

metal salts such as cal cium salt anﬂsnaone.iu

salt, and organic 20 base salts such as t§ gXsh t
triethylamne salt, . P eRN&EVERDL , pi cO g
di cycl ohexyl am ne sal t Gna 40 N, - df benzyl et hyl enedi amine salt.
This reaction is normally carried out in nmonl y used sol vent
such as wat er, an al cohol such as nethanol o t hanol , acetone,
25 di oxane, acetonitrile, chloroform nethxbeﬂg) chl ori de,
et hyl ene chl oride, tetrahydrofuran, ethyl acetate, N,
wherein R®' represents an optionally substituted
5 hydrocarbon residue; the other symbols have the same

definitions as those shown above.

In formulas (I'-9) and (VII'),

QITARNE reacti ve derivatives can

15

derivatives of the
conmpound (VII1") include salts with bases, for exanple,
and potassium salt,

be
conpound

al kal i

the optionally

substituted hydrocarbon residue represented by R® is, for

example, the same groups as those exemplified above with

10 respect to the optionally substituted hydrocarbon residue

represented by M'.

In this method, the compound (I'-4) is reacted

with the compound (VII') in the presence of a base to yield

the compound (I'-9). The reaction of the compounds (I'-4)

15 and (VI1') is carried out in an appropriate solvent. The

solvent is, for example, aromatic hydrocarbons such as

benzene, toluene and xylene, ethers such as dioxane,

tetrahydrofuran and dimethoxyethane, alcohols

methanol, ethanol and propanol, ethyl

20 acetonitrile, pyridine, N,N~-dimethylformamide

such as

acetate,

(DMF),

al kaline earth -
sal t, amoni um



di met hyl f ormam de or pyridine, but can be carried out in WO

97/ 40050 PCT/ JP97/ 01413

70 any other organic solvent in so far as it does not

interfere w eaction. These commnly used sol vents y be
used in m'xtﬁ?’ t’m wat er . When t he conmpound (\7CITJP37’ul4sHEsed in
the formof free acid or salt thereof, 5 67 this reaction is preferably
carried out in the presence of a conmmonly used condensi ng
agent such as NN - di cycl ohexyl car bodi i m de;

N-cycl ohexyl - N - nDrphoIinoethylcarbodiinide N-cycl ohexyl -

4- di et hyl | h | d d
dl(ethylcarbodl|Imeﬂé'¥1 o §8 ?é% %ﬁg%ﬁgd:Fﬁ*ﬁ%bfﬁfﬂth?ﬁcnloromé@%aW?
3- dlﬁEthyIananprqggL %égﬁu%ﬂ3§¥9 lh&hﬁtyéﬁﬁa bpbééhgne, acetone, 2-

met hyl i m dazol e) et'ené I 'mne;

di phenyl ket ene- N%MQEﬁBﬁéWdr{H naixtﬁmxm&wkene, Thel-reaction of the
al koxy- 1 -chl or oet hyl ene; trial kyl phosphite; ethyl 15

pol yphosphat e; cogippungdy| (1' bl wplosPhat ;is carwiplioruls in the presence
oxychl ori de; di phenyl phosphoryl azi de; thionyl chloride; oxal
chloride; & IowercélEylanarewtﬁaﬁﬂ(?ﬁﬁﬁ:ﬁe&§0§ﬁﬁyfr°m the grO@ﬁIéPEFb? @
or i sopropyl fornate

hl h
2~ ot hyl -7 hy oxy B3 2 EBShoPTER akes sygn o5 B0 Kn BRERRIR, pocassium
2-ethyl-5-(msul f ?Q*hbég%@s&%@(carmg' ggd:lhtrm car bonh £l a@»{@&&& '

salt; N- hydr oxybénzotri a oro enzenesul f onyl oxy
) - 6-chl or o- | H benzglarbgenl ecaboridte, silver Caiwshadid SHRGHES.S,  €36&1Nkm as
prepared by reaction of N/ N - di et hyl f or mam de an t hi onyl
chl ori de, phosgdwydride, potassium hydride, pyridine, and amines such as
10 triethylamine, N,N-dimethylaniline, 1,5~

diazabicyclo[4.3.0lnon-5-ene, 1,4-diazabicyclo[2.2.2]octane
and 1,8-diazabicyclo[5.4.0]undec~-7-ene. The amount of the
base used is preferably about 1 to 5 mol eguivalents per
mol equivalent of the compound (I'-4). This reaction is

15 normally carried out at -20 to 150°C, preferably about -10
to 100°C.

The thienopyridine derivative (1'-9) thus
obtained may be isolated and purified by known means for
separation and purification such as concentration,

20 concentration under reduced pressure, solvent extraction,
crystallization, recrystallization, redissolution and

chromatography.



25 trichl oronmethyl chloroformate, phosphorus oxychloride or

the like. This reaction may al so be carried out in the presence
of an inorganic or organic base such as al kali WO 97/ 40050
PCT/ JP97/ 01413 71 met al
hydrogen caMdH400 i (1 ower)al kyl ani ne, pyri di ne, PCT/JP97/01413
N- (1 ower)al kyl mor pholine or N, N-di (| ower)aldgyl benzyl am ne. Al t hough
the reaction tenperature is not specifically limted, this reaction
is normally carried out under 5 - cooling to warm ng condltlons
The thienopyridine derivative (I'-10) thus obt ai ned may be i sol at ed
and purified by known neans for separation and purification such
as concentration, Metheddi'r ati on under reduced pressure, sol vent
extraction, 10 crystallization, recrystallization, redi ssol ution
and chr omat ogr aphy. The starting conpound for the
production of the compound (1') can, for exanple, be produced as
fol | ows: Method J° [err] BP=C0N\, ) NoCH,—X—R
R4—COOH (V N
T —4) (L) b 6
I'-10)

wherein the symbols are as defined above.
In this method, the compound (VIII'), its
reactive derivative at the carboxyl group thereof or a salt
5 thereof is reacted with the compound (I'-4) to yield the
compound (I'-10). Preferred reactive derivatives at the
carboxyl group of the compound (VIII') include acid
halides, acid anhydrides, activated amides and activated
esters, Preferred examples thereof are acid chlorides:
10 acid azides; mixed acid anhydrides such as those with a
substituted phosphoric acid such as dialkylphosphoric acid,
rhenylphosphoric acid, diphenylphosphoric acid,
dibenzylphosphoric acid or halogenated phosphoric acid, or
with dialkylphosphorous acid, sulfurous acid, thiosulfuric
15 acid or sulfuric acid, or with a sulfonic acid such as
methanesulfonic acid, or with an aliphatic carboxylic acid,
such as acetic acid, propionic acid, butyric acid,
isobutyropivalic acid, pivalic acid, pentanoic acid,
isopentanocic acid or trichloroacetic acid, or with an

20 aromatic carboxylic acid such as benzoic acid; symmetric



15 wherein the synbols are as defined above. WO 97/ 40050

PCT/ JP97/ 01413 72

The conpound (XI') is produced by reacting the conmpounds (I X ) and
(X') and sulfur in.a solvent in the presence of a he

met hod descr Moed ¥°t he Jour nal of Medi ci nal Chenigﬁﬁé?g%ﬁgl. 17
p. 624 (1974). The 5 sol vent is, foregexanple, aromatic hydrocarbons
such as benzene, toluene and xyl ene, ethers such as di oxane,

t et rahydrof uran and di met hoxyet hane, -~ al cohol s such as met hanol ,

et hanol and pr opanol , chl orof orm di chl or onet hane,

1, 2-di chl oroethane, 1,1,2, 2-tefrachlorop- 1 et hape and g xtyres
théreof. This reé&f"%onéﬁ%%’%’%ﬁ $Hd SGngateg amidgs h‘é"fe))? e?é'ﬁrcggz San 4-
appropriate base gghetiedrisM afhP8Szole, dimeéﬁ&?ibg%%ﬂl&t,r | e fwd Al ngr

di et hyl ani l i ne, norphol i ne, pi peri di ne an met hyl ani | i ne.

The anmount of bas@etrazole; WeRdvhted' ¥ste2bl udlhoWs lcyandmdBhy ROBEYaLent s
per nmol 15 equi val ent of the conmpound (IX). This Treaction is

normal ly carried methakym@6hyb Il&fiear,r | @impthfeimbhomegirpdt eber, wvinylto
100[err]C. _ The conpounds (XI') and (XII') are then reacted to
yi el d the onpoun&Stefrl.' - 3) PropPFRgYLeact®iPOf t Reritrophenydonpo@fter.,

Xl d (XII' [ i ed t, i I t.] 0 t he presence of an
(oo L) 3 aBRSE B SRRy ettt Brodlnyt ek, RLSSRRENS

ester, phenylazophenyl ester, phenylthio ester, p-
nitrophenyl ester, p-cresylthio ester, carboxymethylthio
ester, pyranyl ester, pyridyl ester, piperidyl ester and 8-
10 quinolylthio ester; and esters with N-~hydroxy compounds
such as N, N-dimethylhydroxylamine, l-hydroxy-2-(1H)-
pyridone, N-hydroxysuccinimide, N-hydroxyphthalimide and 1-
hydroxy-lH-benzotriazole. These reactive derivatives can
be optionally chosen according to a particular kind of the
15 compound (VIII') used. Preferred salts of the reactive
derivatives of the compound (VIII') include salts with
bases, for example, alkali metal salts such as sodium salt
and potassium salt, alkaline earth metal salts such as
calcium salt and magnesium salt, ammonium salt, and organic
20 base salts such as trimethylamine salt, triethylamine salt,
pyridine salt, picoline salt, dicyclohexylamine salt and
N,N-dibenzylethylenediamine salt. This reaction is
normally carried out in a commonly used solvent such as
water, an alcohol such as methanol or ethanol, acetone,
25 dioxane, acetonitrile, chloroform, methylene chloride,
ethylene chloride, tetrahydrofuran, ethyl acetate, N,N-

dimethylformamide or pyridine, but can be carried out in



such as al um num chl oride or zinc chloride, hydrochloric aci d,

sulfuric acid, trifluoroacetic acid or p- t ol uenesul foni c
aci d. The solvent s, for exanple, aromati ¢ hydrocar bons
such as benzene, toluene and xylene, 25 et hers such as

t et r ahydr of WPAY40050 §j oxane and di met hoxyet han&dCTAFEMHPs such
as net hanol, ethanol and pr opanol ypet hyl acet at e,

N, N- di et hyl f or mam de ( DVF), WO 97/ 40050

PCT/ JP97/ 01413 . 73 di net hyl -
sul f oxi de (DVBSO), chl oroform dichl oronet hane, 1, 2-dichl oroet hane,
1, 1,2, 2-tetrachl oroethane and m xtures thereof. The_anount of

the conpound (&) otherq °Ii9§"i_c solveptt dPapf9 BSutas 13¢ t8°2S 0 RN
equi val ent s perin@elrufei with® e'avza%ﬁec%:t Q\f. :?xge%sg’%%%%%@&&)%féd soﬁmeﬁnatréount

of the acid “used I's preferably abou _ equivalent s
per ol gk ¥al aBbaofint NRLEQIROUNGEY Xrater. Thiwheheadld Ubrpbund
normal ly carried out at 0 to 200[err]C, preferably about 20 to

120[err] C The( VEHECT) dis uised s pbhenfbiwy ¢f Friee A@ilodf SsaltOthereof,

preferably 1 to 10 hours. The thienopyridine derivative
(11" -3) tShus this reggitipnedis npme frrdbdy geedieddypudnf tbd byeserown afeans
for separation and purification such as concentration

concentration urfier SPEUARLY pME&Lur SORARNHRG e@9tlt | ofuch 1588 N N'-
metMIIZmlOWaiE?%X@%ﬂk&%%59&£ﬁ3§ﬁ¥§%%?”cw-&y@lohexyl_no_

chr omat ogr aphy.

morpholinocethylcarbodiimide; N-cyclohexyl-N'-(4-
diethylaminocyclohexyl )carbodiimide: N,N'"-
10 diethylcarbodiimide; N,N'-diisopropylcarbodiimide; N-ethyl-

N'=~(3=dimethylaminopropyl )carbodiimide; N,N'-carbonylbis(2-
methylimidazole); pentamethyleneketene-N-cyclohexylimine:;
diphenylketene-N-cyclohexylimine; ethoxyacetylene; 1-
alkoxy-l-chloroethylene; trialkyl phosphite; ethyl
15 polyphosphate; isopropyl polyphosphate; phosphorus
q&ychloride: diphenylphosphorylazide; thionyl chloride;
oxalyl chloride; a lower alkyl haloformate such as ethyl
chloroformate or isopropyl chiloroformate:
triphenylphosphine; 2-ethyl-7-hydroxybenzisoxaolium salt;
20 2~-ethyl-5-({m-sulfophenyl)isoxazolium hydroxide
intramolecular salt; N~hydroxybenzotriazole:; 1-(p~-
chlorobenzenesulfonyloxy)-b6-chloro-1H-benzotriazole; or so-
called Wilsmeier's reagent as prepared by reaction of N,N'-
dimethylformamide and thionyl chloride, phosgene,
25 trichloromethyl chloroformate, phosphorus oxychloride or
the like. This reaction may also be carried out in the

presence of an inorganic or organic base such as alkali



WD 97/ 40050 PCT/ JP97/ 01413

74 wherein the synbols are as defined above.

In this nethod, the conpound (Il'-1) is reacted wi th sodium salt
of difornylimde formthe formnylam no conpound s nd then
it is reactéﬁqﬁ%éé%n acid to 5 produce the am no co%éﬂﬂ%ﬂ%fﬁ-lz).
The reaction of the conpounds (I1"'+9hk) and sodium salt of
difornylimde is carried out according to the same nanner as the
above met hod A'. The conmpound (I'-11) can be converted into the -
conmpound (I'-12) according to the sane nanner as the above 10 met hod

C. Fromthe resul tant compound |'-12), . the sul fonyl am no
conpound can be pWﬁHE%eBYgiéggﬂﬂqﬁf Batfie trl}l°wer)555VéaﬂéPﬁodp¥?1 t he

acyl am no Conpoung-?i‘gweﬁé%ﬁﬁglgn%? oline ordllxlﬁlg-g r(@cﬂgrt)glfcgrfg%g%%ga@%ebig

. ~thirenopyri erivatirve _
the above nethodsafhb@gK thaS rEAPEQRRPXYelptdtd%e dis not spédbaiddLBnt
of the ring A the isopropoxy group can be converted into hydroxyl
group by treat nenttimitéd} i téhlisunreaction ibetrnaodaldyi dearrildd soueachmder can
be carried out in a sol vent such as chl orof orm dichl oronet hane,
carbon 205 t ePPAENY 0P deamingheoppkEians. 50 to 30[err] C, preferably,
-10 to 20[err] C . . ..._The conpound of the fornul a
(A) of the present T’f‘%ve’fﬁ’_red}ﬁpytrﬁgf‘"ﬁs,S?Eé‘r;%)ﬁfﬁ)un ot %he ¥l a
(1) or 1 (bbkaifigl Rey U ISR Itk s8LeRKREM | NeaddS £80
formulated with a pharmaceutically acceptable carrier, Tn

separation and purification such as concentration,

ol

concentration under reduced pressure, solvent extraction,

10 crystallization, recrystallization, redissolution and
chromatography.

The starting compound for the production of the

compound (I') can, for example, be produced as follows:

Method J'
"
- =0 + 8+ (A)-C0CH;ON —— X \2
0
aIxH ") @

(XI")

QCHC0CK~6 () PN Sy e

/G'

g

(IT" - 3)

15 wherein the symbols are as defined above.



the formof solid preparations such as tablets, capsules, granul es
and powders, or liquid preparations such as syrups WO 97/ 40050
PCT/ JP97/ 01413 75 and

i nj ectabl e preparations. Phar maceuti cal |y acceptabl e
carriers i ng’l%‘g@"%ri ous organi ¢ or inorgani c carPGTAPIXABEt ances
commonl y used as pharmaceutical mgherials including excipients,

| ubricants, 5 bi nders and disintegrants for solid preparations, and
sol vents, dissolution aids, suspending agents, isotonizing agent s,
buffers and soot hi ng agents for liquid preparati ons.

O her pharnmaceutical additives such as preservatives,

anti oxi dants, col oring agéeites amPoaRdet&di' Agisiproduceddgent seastine thed as

necessary. Preferyred. excjpien i ncl ude | act ose,
sucrgge, yD compoyndsi ¢ ) s§ c{?,(g)cr%(fé‘i 2’%‘?#’% Ic"é'f I%ul%%JeV%f‘rﬁ 17 gthe

silicic aobyged P s l,ubrjcants_include -
magnesi um st ear a?e, % G a (?Qs& 15% § gara ré?d tcgﬁe%c%r?%gcéﬁ 3*' a o"éfrr‘?njta.

Preferred bindereei mMuaidanBindimenic@icyul 088, 17, p. EMFT 8674 P manpid ol
dextrin, hydroxypropyl cellul ose, hydr oxypr opyl met hyl cel | ul ose
and pol y\va nyl pyrsolvelmheis, for example, aromaRrief erydcbcdirbonsegiam Sas

i nclude starch, carboxy- 20 nmet hyl cel | ul ose, car boxynet hyl

cel lul ose cal cPgpgene, toluepposand n¥vlene. s &hhersansuciar pexydioxane,
starch sodi um Preferred s%héents include water for

i nj ecti on, tetrahydRRIuTal o ffe i MR NBYethaPR o g ALCU S SBFD AR

corn methanol, ethanol and propanol, chloroform,
dichloromethane, 1,2-dichloroethane, 1,1,2,2-tetrachloro-~

10 ethane and mixtures thereof. This reaction is carried out
in the presence of an appropriate base selected from amines

such as triethylamine, diethylaniline, morpholine,
piperidine and N,N-dimethylaniline. The amount of base

used is preferably about 1 to 5 mol equivalents per mol

15 equivalent of the compound (IX'). This reaction is
normally carried out at -20 to 150°C, preferably about -10

to 100°C. The compounds (XI') and (XI1') are then reacted

to yield the compound (II1'-3). The reaction of the
compounds (XI') and (XII') is carried out in a solvent in

20 the presence of an appropriate acid such as a Lewis acid
such as aluminum chloride or zinc chloride, hydrochloric

acid, sulfuric acid, trifluorocacetic acid or p-
toluenesulfonic acid. The solvent 1is, for example,
aromatic hydrocarbons such as benzene, toluene and xylene,

25 ethers such as tetrahydrofuran, dioxane and
dimethoxyethane, alcohols such as methanol, ethancl and

propancl, ethyl acetate, N,N-dimethylformamide (DMF),



oil. 25 Preferred dissolution aids include polyethyl ene

gl ycol, propylene glycol, D mannitol, benzyl benzoate, et hanol

tri s-am nonet hane, chol esterol, triethanol am ne, WD 97/ 40050
PCT/ JP97/ 0147 76 odi um
car bonat e anaaggmqm%cﬂtrate. Preferred gﬁgﬂgﬁﬁfﬁ
agents include surfactants such asgstearyltriethanol am ne, sodium
| auryl sul fate, | aur yl am nopropi onic acid, |ecithin, benzal koni um
chloride, 5 benzet honium chloride and nonostearic glycerol; and

hydrophilic pol ymers such as pol yvinyl al cohol, ponvinyI
pyrrolidone, carboxynethyl cel | ul ose

cel'l ul ose, hydroxdrathyl capliptide ﬁ%%k'yef’g;?r%%‘?ﬁ“bl odichloromethangy

hydr oxypr opyl cel 0 to i ts
T Y e 112 Bfemighdernane, 31,2, 2-tERELER Sfbe tAHOBRA! Mike AR
Preferred bufferseideddide bufl{éaraﬁehﬂ{:' Q¥ She compoundPhGEPNA €dsed is
acet ates, carbonates and citrates. Preferred soot hing
agents i ncl ude bepzeterdsiaghobbout5 1.0 to 2.0 molPre&fieivaAdnisespéer atrioles
i ncl ude p-oxybenzoic acid esters, chlorobutanol, benzyl alcohol,
phenet hyl %2l cohol equivalent ofelther GamE@ined a(cXId Jand Ther binouati@f the acid
Preferred ant|OX|dants i nclude sulfites ascorbic acid. 20

The conpounds of P#ed fiﬁrﬁﬁ%f?qﬁb%ﬁ‘ﬂﬂ°?F 8r°§aFPsz 0 mol equiyaifjytsyPer
pr ovi ded by the pﬁéfeQ&uiWﬂRé O& e‘élt'é béémfcm;-ld (X1'). This reaction is

normally carried out at 0 to 200°C, preferably about 20 to
l20°C. The reaction time is normally 0.5 to 20 hours,

10 preferably 1 to 10 hours.
The thienopyridine derivative (II'-3) thus
obtained may be isolated and purified by known means for
separation and purification such as concentration,

concentration under reduced pressure, solvent extraction,

15 crystallization, recrystallization, redissolution and
chromatography.
Method K'
Nt Ne Ho,~N(CHO) .

N
N
ar-13y @ -—-—— (] =

g

(1" =11

1

N No CH:NA,

[0
S ————— /

(1" —12)



inflanmatory activity and have been confirned to have excel | ent

anti-arthritic activity in an experinental nodel of adj uvant
arthritis showing arthritic synptons simlar to 25 t hose in human
rheumatoid arthritis. In addition, the conmpounds of the present
i nventi on h3V@9%48%| | ent bone resorption inhibitecyspsaetaiyity
and are useful for WO 97/ 400594

PCT/ JP97/ 01413 77

preventing or treating born destruction acconpanying arthritis,.
osteoporosis and the |Iike. Further, the conmpounds of the
present invention have an activity for I nhi biting producti on

of i mmunocyt okiwhegzein Fbegsymeis are jast defitodd mldVe.l L-2), interferon-y
(IFN-y)] and are useful preventing or_ treatin

i mune-rel ated diseases P this W%ﬁBQEm rgeaGPBPoNRd I sédsgsoFeﬁGﬁﬁﬁs

and other MRMMI gyeh soasum MRJENEqs J‘r%igowagngos Rent 2350 ARinG

conpounds of thepnesaAl i(BYEDNi)O8nd then 1620 PEalE&d Péhpéﬁvsgihang a”d

treating any arthritis showi ng inflamuatory synptons in the join

of mammul 5 produne| tbengminaaasmpeurgy |, ( IIHIZNS, MoeSeeack9¥hNEg, the

SW nes, dogs, caté) bone destruction and osteoporosis. 15
Exanpl es of |m@orleﬂat d1'dildeadnt spdtumdsalt of difystehintideupis
eryt hemat osus, infla bowel disease (idiopathic ulcerative
colitis, Crohn's EFEEWS ﬁnﬁ???ﬁQ§“g to thegspme dpRnegsEs athe, abAveni ¢

22?\3/-;[ i(t i ihr g'r]?dd‘ﬁ{et?x%%m”%ne compoundbffasfl )nggef)e é:éa Ceerrt:edf itnté% %Eg“ ne

compound (I1'-12) according to the same manner as the above

10 method C'. From the resultant compound (I'-12), the

sulfonylamino compound can be produced according to the

above method F' and the acylamino compound can be produced
according to the above method I°'.

When the thienopyridine derivative produced by

15 the above methods A' to K' has isopropoxy group as a

substituent of the ring A, the isopropoxy group can be

converted into hydroxyl group by treatment with titanium

. tetrachloride. This reaction can be carried out in a

solvent such as chloroform, dichloromethane, carbon

20 tetrachloride or the like at -50 to 30°C, preferably, -10

to 20°C.

The compound of the formula (A) of the present

invention, that is, the compound of the formula (1) or

(I'), can be administered orally or parenterally, as

25 formulated with a pharmaceutically acceptable carrier, in

the form of solid preparations such as tablets, capsules,

granules and powders, or liguid preparations such as syrups



20 | ynphocytic | eukem a, chronic nyl ogenous | eukem a,

carci noma of the colon and rectum colonic cancer, rectal cancer,
Hel i cobacter pylori bacterial infectious disease, Hodgkin' s

di sease, insulin dependent diabetes nellitus, H&?ﬁﬂg }janona
mul tiple nyewgﬁgﬁ n- Hodgi kin's 25 | ynphorma, non-s | ung
cancer, ovarian cancer, peptic ul cey, prostatic cancer, septic
shock, tubercul osis, sterility, arteriosclerosis, Behcet's

di sease, asthma, WD 97/ 40050 :
PCT/ JP97/ 01413 78 at opi c
dermatitis, nephritis, stem ¢ fungal .i.nfection, acute bacteria
mehi ngitis, acuteaﬂ?oé&?é?ﬁ?b}?ﬁgﬁ%§%§ﬁ¥1°“s' acute pancreatitis, acute
viral encephalitis, adul f“E% i al
pneunoni a, chronic 5 E’hanga%?lé%%é?eﬁ? gﬁé&%easﬂsﬁs Jr:r% r\s/s?/?ﬂé I n ‘ég?f@%ﬁé :
varicel | a- . or aas::ebrvmakgaﬁi@cawyﬁexdlssmmébDéommam Q3eal kema
vi ral i nfectious di sease, i nfl uenza, i nvasi ve

st aphyl ococcal i niphairmeceuticahsmterdnilphincludiegsekcipients, ldbsdassts,
sepsis, interstitial hepatic disease, regional 10 ileitis and

mul ti pl e Bcl erosibdnderpn a’phr ?FééPE‘PSIE'P‘Ffé for solid;oRpeRAFRL ISR heand
present invention can be use prevent.i

or treatln SemC
e e U hemat oo gelvents) Efsdqlurion aigs, MiiRpendg, ehstts, {REyant 6100

d! sease, asthma, agents, ff@x.sé S, ahql Op§$+\1_ CeE &}ﬁ{g CcdeI ' 511 Hn S

di sease, 15 egl onal eltis or nulti ero The conpounds
the present inventﬂz@@a&a&ibﬂsusedotaérprpex\a&a.tabaatwdulectauaauves sucrafaer

organ transpl antati on.
preservatives, antioxidants, coloring agents and sweetening
10 agents may be used as necessary.

Preferred excipients include lactose, sucrose, D-
mannitol, starch, crystalline cellulose and light silicic
anhydride.

Preferred lubricants include magnesium stearate,

15 calcium stearate, talc and colloidal silica.

Preferred binders include binding cellulose,
sucrose, D-mannitol, dextrin, hydroxypropyl cellulose,
hydroxypropylmethyl cellulose and polyvinylpyrrolidone.

Preferred disintegrants include starch, carboxy-

20 methyl cellulose, carboxymethyl cellulose calcium,
croscarmellose sodium and carboxymethyl starch sodium.

Preferred solvents include water for injection,
alcohol, propylene glycol, macrogol, sesame oil and corn
oil.

25 Preferred dissolution aids include polyethylene
glycol, propylene glycol, D-mannitol, benzyl benzoate,

ethanol, tris-aminomethane, cholesterol, triethanolamine,



Al t hough the dose of the conmpound of the formula () or (1") used
i n the present invention varies according 20 to particular route of
adm ni strati on and synptons of the subj ect patient to be treated,
it can be chosen over the range from5 ng to 1,000 ny for oral

admi ni st r at WEP7EPOSPr om 1 ng to 100 ng for parent ePGA/IPIT/O01413
admnistration as a daily dose fopgan adult person and this can be
adm nistered 1 to 25 3 tinmes per day. The
following test exanples illustrate the phar macol ogi cal activity
of the compound of the forrmula (I) WO 97/ 40050

PCT/ JP97/ 01413 79 or (1)
of the present |isREUN Gerdoneikt and heediofm citrate. Test Exanpl e
1A Activity on rat adjuvant arthritis

Mal e Lewis rats (7 weeks SF&ferred suspendifng @gents include|susfariapts

I nt racut aneous [.0j,ectio f f Freund'.s cogpl ete adj uvant -
(0. 5% dead tuberéc eﬁbécg:i H%@rgﬂg@igthg%%ﬁmsnuespeﬁg{lg i Fraf‘ﬁig]igos 'i n)

at the right hi WPEYE aminopropi t : . ensi on
in 0.5% met hyl "t cell SFogg?é\?abgaéd%dr%&sﬁggr'é%ﬂc?r%{bllé%%iuhy%ﬁoo?ﬂﬁ"days :
startings 10 bepzsthdiduar € ch@Bglitiezabh@n fodysfaridt Jiieedards O afad 14,
the left hind paw vol ume and body wei ght of the animals wer e
measur ed usi ng ahydrephidienpeiyméns mychc serpell yinyjoalcohol, pd3asiilmgyl -
Company, Italy) and an el ectroni ¢ bal ance_ (EB-3200D, manuf act ur ed
by Shi nadzu Corp?ﬁ?f‘?ajdrﬁonfaparﬁﬁrqoé%@(’}f‘ﬂel yellyjose  sggdupaw dwdibyilng

. 0 . .
suppression rateéél@ufﬂgl,b89¥r8§§$g@h§¥abgllulose, hydroxyethyl cellulose

and hydroxypropyl cellulose.

10 Preferred isotonizing agents include sodium
chloride, glycerol and D-mannitol.

Preferred buffers include buffer solutions of
phosphates, acetates, carbonates and citrates.
Preferred soothing agents include benzyl alcohol.

15 Preferred preservatives include p-oxybenzoic acid
esters, chlorobutanol, benzyl alcohol, phenethyl alcohol,
dehydroacetic acid and sorbic acid.

Preferred antioxidants include sulfites and
ascorbic acid.

20 The compounds of the formula (I) or (I') or salts
thereof as provided by the present invention exhibit anti-
inflammatory activity and have been confirmed to have
excellent anti-arthritic activity in an experimental model
of adjuvant arthritis showing arthritic symptoms similar to

25 those in human rheumatoid arthritis. In addition, the
compounds of the present invention have excellent bone

resorption inhibitory activity and are useful for



rate (%, relative to non-sensitized rats, were determ ned.

The results, expressed in nean [err] S.E. for each group (N = 6),
were conpared and statistically anal yzed by Dunnet nethod. Leve
of signific set below 5% As 20 shown in Tabl h
conmpound of a‘?’ﬁgw\é\@g"sent I nvention was effective | n%}re |720\}| ng
system ¢ synptons as assessed by paw 77 edema suppressi on and body
wei ght gai n. WO 97/ 40050
PCT/ JP97/ 01413 ) 80 :
Table 1 Conmpound Ederma i nhibitory Body weight[err]

0, i 0,
gEg. No.) raas%édgnting or 9%22a2?587(§3rn destrucgign . accomﬁgﬂ§iq? 6 *
15A 6 O*X _icq ; : g ug adpipisiereaq,

d 1 .

rats) - (Sensitiz%c-it}c‘:%ln I rogicgygomsm an fRI%rrra# contro{&rat s) - ©
(Sensitized contr@bmpiirids of the predént fhverdkidh have GNtdAivity for
Test Exanple 2A Bone resorption inhibitory activity
The neasurenent oinlimietirgsor pproductivrbi t of  Dmmunocytaddinest y wWas. g.,
carried out according to the nethod of Raisz [J. din. Invest.

44, 103-11% (1965iptexrdetin 2 601Lef )] dntgrferon-y (IFN-Y)] and are useful
for preventing or treating immune-related diseases
including autoimmune disease of humans and other mammals.
Moreover, the compounds of the present invention are of low
toxicity.

10 Therefore, the compounds of the present invention
can be used for preventing and treating any arthritis
showing inflammatory symptoms in the joint of mammals
including humans (e.g., humans, horses, bovines, swines,
dogs, cats), bone destruction and osteoporosis.

15 Examples of immune-related diseases include
systemic lupus erythematosus, inflammatory bowel disease
(idiopathic ulcerative colitis, Crohn's disease), multiple
sclerosis, psoriasis, chronic hepatitis, bladder carcinoma,
breast cancer, cancer of the uterine cervix, chronic

20 lymphocytic leukemia, chronic mylogenous leukemia,
carcinoma of the coclon and rectum, colonic cancer, rectal
cancer, Helicobacter pylori bacterial infectious disease,
Hodgkin's disease, insulin dependent diabetes mellitus,
malignant melanoma, multiple myeloma, non-Hodgikin's

25 lymphoma, non-small cell 1lung cancer, ovarian cancer,
peptic ulcer, prostatic cancer, septic shock, tuberculosis,

sterility, arteriosclerosis, Behcet's disease, asthma,



[err]Ca (radioisotope of calciumin CaC[err] solution) was

subcut aneously injected into a Sprague-Dawl ay rat of 18th day of
pregnancy. On the next day, the abdonen was opened 10 and a fetal
rat was taken out sterilely. The left and right hurmeri (radii
and ul nae) WQ¥4pBPoved fromthe body under a di BSHPOT/HALI

m cr oscope and connective tissues and 8 cartilages were renoved as
much as possi bl e. Thus, bone cu'{ture sanpl es were prepared. The
bone was incubated in WO 97/ 40050 .
PCT/ JP97/ 01413 a nmedium (0.6 m) of BCI[err] nedium
(Fitton-Jackson nodi fi cation: G BCO Laboratories, U S A)
containing 2 atopiorgerimagfitheyi nephBeitis al sxstenin DBIfgal |iOfegtipn,
hours in an at nrosphere of 5% of CJerr].in air. The bones were
cultured 5 ey Pagigripdn IEPIngaTis i n2FHEe JBBRRATRR UM HRTSH M g a

final concentration. of rr of th oy Th e P (%Y of”
[err] Ca rel eased 7031(}:% t #gan%%ﬁgk% J(:;)' t hgc‘(r}rg%}gu‘r'nppma/als &ééﬁﬂaon(%lséul aatdél&é)
according to the faldquigyesiiallddd syndrome, babeeffdl PnehinbRis] ChrigRligased
from 10 the bone into the nmedium (% [err]Ca counts
in the medi um pancreatitis, herpes simplex virus infection, varicella-

x 100 45Ca
counts in the nedéester 48trakodnfectirushedbspese, AIDS, human papilfjpma
bones fromthe saneg litter were cultured for 15 2 s the sane

manner without ad®¥3on offPERETEBHPoundfiisease, éﬁ&lﬁg’gggas t REVESHY ol .
The mean — standar d 45 ald et ineoctioub ICal B, | Beligidanes,dlesach
group was cal cul at ed. The ratio (% o I's varue to the control
val ue was disease, sepsis, interstitial hepatic disease, regional
10 ileitis and multiple sclerosis. In particular, the
compounds o©of the present invention can be used for
preventing or treating systemic lupus erythematosus,
chronic hepatitis, interstitial hepatic disease, asthma,
psoriasis, idiopathic ulcerative colitis, Crohn's disease,
15 regional ileitis or multiple sclerosis. The compounds of
the present invention can be used for preventing rejection
after organ transplantation.
Although the dose of the compound of the formula
(I) or (1I') used in the present invention varies according
20 to particular route of administration and symptoms of the
subject patient to be treated, it can be chosen over the
range from 5 mg to 1,000 mg for oral administration or from
1 mg to 100 mg for parenteral administration as a daily
dose for an adult person and this can be administered 1 to
25 3 times per day.
The following test examples illustrate the

pharmacological activity of the compound of the formula (I)



cal cul at ed. The results are shown in Table 2 (In the 20 t abl es

hereinafter, Ex. No. indicates Exanple No.). WO 97/ 40050

PCT/ JP97/ 01413 : 82

Table 2 Conpund Bone resorpti Lkt hi.tory

(Ex. No.) WO STHR | i ty ([err]Ca rel ease) Pﬂlﬁﬂmah

(% based on the control val ue) 79 2 A

6 2** 5 A _ 7 2*

12A 7 7% 2 7 A

7 4* 2 8 A 6 7r**

33 A <0.02 **=*;
5<0. 01 0%, o KohtPhIthe, REEAEE {nyangion or' BaTed tnereBE 02 o

Exanple | B rest B&hhbhbY1QN rat adjuvant arthritis
Male Lewis rats (7 weeks ol%_o%_‘é‘_n%,s apan) were 5 sensitized by

i ntracutaneous injection aftivdt95ontratddjuvant arthievd s conplete
adj uvant (0.5% dead tubercle bacillus cell suspension in |iquid

paraffin) at the right hindgd@wlewis rats THeweeks oidig ¢Be@5Jamprky were3. 13
nmg/ kg), in a suspension in 0.5% met hyl cellul ose, was adm ni stered

once daII)ﬁ'for sensitized by intracutaneous” injection of 0.05 ml of

Freund's complete adjuvant (0.5% dead tubercle bacillus

cell suspension in liquid paraffin) at the right hind paw.

The test drug (6.25 mg/kg), in a suspension in 0.5% methyl

cellulose, was administered once daily for 14 days starting

10 just before sensitization (day 0). At the days 0 and 14,

the left hind paw volume and body weight of the animals

were measured using a plethysmometer (manufactured by Ugo

Basile Company, 1Italy) and an electronic balance (EB-3200D,

manufactured by Shimadzu Corporation, Japan}, respectively,

15 and paw swelling suppression rate (%) and body weight gain

rate (%), relative to non-sensitized rats, were determined.

The results, expressed in mean t S.E. for each

group (N = 6), were compared and statistically analyzed by

Dunnet method. Level of significance was set below 5%. As

20 shown in Table 1, the compound of the present invention was

effective in relieving systemic symptoms as assessed by paw

edema suppression and body weight gain.



10 14 days starting just before sensitization (day 0). At the

days 0 and 14, the left hind paw vol une and body wei ght of t he
animals were neasured using a plethysnoneter WO 97/ 40050
PCT/ JP97/ 01413 83

(manuf act ur s BY*%o Basil e Conpany, Italy) and an PCT/@928Y4t DN ¢
bal ance (EB-3200D, manufactured by Shinmadzugg Cor poration, Japan),
respectively, and paw swel |l ing suppression rate (% and body

wei ght gain rate (%9, 5 rel ative to non-sensitized rats, were .
det er m ned. The results, expressed in nean [err] S E
for each group (N = 6), were conpared and statistically anal yzed
by Dunnet met hodZ2bkilgyd| of significance was set below 5% As
shown in Table 3, the conpound of the present invention was 10

effective in relieving system c synptons as assessed by paw edema
suppressi on and body wei ght gain. Table 3

Conmpound Dose Ederma T toy Body—wetghtfer+ ( Ex.
No. ) (mg/ kg) rate( mpouné gai n E%}p@(l%ubltory liody weightdsp 6. 25

78%* 19**  (Ex. No.) = rzAe9(P -galnFate (5)6 9 * 7
1 2 1) —(—Brﬁf—adwn-s-k-epewa(—s-)——(-iensued_control rats)
A 49 1% 100

(Normal control rats) - (S;egsitized co%t[igkl*rats) 26 % %

15A 6 0 % % 9

1 (Drug administered rats) - (Sensitized control rats)

x100

(Normal control rats) - (Sensitized control rats)

% ; p<0.01 vs control

Test Example 2A
Bone resorption inhibitory activity
The measurement of bone resorption inhibitory
5 activity was carried out according to the method of Raisz
[(J. Clin. Invest., 44, 103-116 (1965)]. Namely, 50 pCi of
**Ca (radioisotope of calcium in CaCl, solution) was
subcutaneocusly injected into a Sprague-Dawlay rat of 18th
day of pregnancy. On the next day, the abdomen was opened
10 and a fetal rat was taken out sterilely. The left and
right humeri (radii and ulnae) were removed from the body
under a dissection microscope and connective tissues and
cartilages were removed as much as possible. Thus, bone

culture samples were prepared. The bone was incubated in



** - p<0. 01 vs control WO 97/ 40050

PCT/ JP97/ 01413 84

Test Exanple 2B Bone resorption inhibitory activity

The neasur engiyf one resorption inhibitory act iy carried
out according 96’%%@ met hod of Raisz 5 [J. din. Inve #%9%@%3103-116
(1965)]. Nanely, 50 pCG of [err] Cag{radi oi sotope of calciumin
CaCl[err] solution) was subcut aneously injected into a
Sprague-Dawl ay rat of 18th day of pregnancy. On the next day, the
abdonen was opened and a fetal rat was taken out sterilely. The
|l eft and 10 rlght huner i adi | .and _ul ) wer e, I en fro e body
under a di ssection®m E‘F%E‘Bpe(gn hﬁecf’?ve%ﬁ‘ssu‘& UFLER Yo

Lo i i s e, e ol

sanpl es were prepar at ed

n) of BCIb nedhgrml (& B INEATETRM albumin atDg fd Cﬂiﬁcﬂu hddBCQn an
Laboratories, U S. A) containing 2 ng/ M of bovine serum al bum n
at 37[err]C for 24atroosshere aof 5% of CO,ainpspher eThé béhed wEfeerayltureddr.
The bones were cul tured for an additional 2 days in the above

medi um cont%l ning for an additiiongl gofiewntiattihsn abPveompidvh ?%‘t%mmﬁd
The ratio

Ca t b tpo t
was cal cﬁ%‘é{%]edc%‘ie%{ d’aﬁd’%fe‘oogsggf B g%vl EIS eoé}g? I‘g'ﬁi) Fhd™s ratlo1'he
ratio of 45Ca rel epg@dyler 0By relcased NEcdiPNEhd NbGnd h?n@gd't\{@ edaium was

45Ca counts in the nedium
calculated according to the following equation.

The ratio of *“Ca released from
10 the bone into the medium (%) =

5Ca counts in the medium

x 100
*5Ca counts in the medium + **Ca counts in the bone

The bones from the same litter were cultured for

15 2 days the same manner without addition of the compound,
and used as the control. The mean * standard deviation of

the values for five bones of each group was calculated.

The ratio (%) of this value to the control value was
calculated. The results are shown in Table 2 (In the

20 tables hereinafter, Ex. No. indicates Example No.).



25 x 100
[err]Ca counts in the nedium + 45Ca counts in the bone

The bones fromthe sane litter were cultured for 2 days the sane
manner wi thout addition of the conpound, WO 97/ 40050

PCT/ JP97/ 01243397/40050 85 PCT/IP97M1413and used
as the control. The nean standard deviati g, of t he val ues for
five bones of each group was cal cul at ed. The ratio (%9 of this
value to the control val ue was - cal cul at ed. The results are shown
in Table 4 (In the 5 tabl es hereinafter, Ex. No. indicates Exanple
No. ). Tabl e 4 Conpound Bone
resorption inhibitory Table 2 (Ex. No.) inhibitory activity
([err]Ca rel ease) (% based on the control

val ue) 2 4B 4 4**

258 5 2** 2 8B

4 7 . 5 P Coffund 1 VS ContBrOﬁé reShrbt il 1&95%@%2?' llustrate

The foll ow ng referehce e%anp es and exanpl es
the production of the cogpoumsly of the activity fofidl A3eadd)) and (1)

in detail, but are not to be 10 construed to Irmt the scope of
the present invention. (X BaselProndtiet eoniref vhhg)conpounds
of forrmula (I) Ref-erence—barpte—A
A m xture of [err]-cyano-3245dinethoxyacetophenone 6 2% %(10.54 g),
sul fur (1.77 g), I-(4-gﬂgorobenzoyl)-4- 15 pbperidone (13.1 9),
mor phol i ne (4.67 nml) and ePHanol (100 2 %

12A T7T%

2TA T4 %

28A 6 7 * % *

33A 7 2 % %

* ;p<0. 05 *x%;p<0. 02 *x%xx;p<0. 01

vs control(Student’s t-test)

Test Example 1B

Activity on rat adjuvant arthritis
Male Lewis rats (7 weeks old, Clea Japan) were
5 sensitized by intracutaneous injection of 0.05 ml of
Freund's complete adjuvant (0.5% dead tubercle bacillus
cell suspension in liquid paraffin) at the right hind paw.
The test drug (6.25 mg/kg or 3.13 mg/kg), in a suspension
in 0.5% methyl cellulose, was administered once daily for
10 14 days starting just before sensitization (day 0). At the
days 0 and 14, the left hind paw volume and body weight of

the animals were measured using a plethysmometer



m ) was stirred under refluxing conditions for 2 hours. The

reaction m xture was poured over ice-water; the separating crysta
was collected by filtration and recrystallized from ethanol to
yield 2-am o-8-(4- WD 97/ 40050

bCT/ 3Po77 0141 Sirdotso 86 PCTHRRTS*bbenzoy!
) -3- (3, 4-dinethoxybenzoyl ) -4, 5, 6, 7- 83

t et rahydrot hieno[ 2, 3-c] pyridine (21.33 g, 91% as light- yel | ow
needl e crystals having a nelting point of 138 to 140[err]C. 5

Ref er ence Exanples 2A and 3A In the same manner as in

Ref erence Exanpl e the co isted in Table re
obt ai ned. P (manufactur?gb|%y5 U o rhﬂﬁ?ﬂ 8 ompany, Iﬁé%ﬁMaE?pd an

Mel ting poi nt el%g%rry)%tlgl lﬂfleér)%e (55.43%04}53,1 ﬂé%“fac"“re& hg%0|5hi§|1[a‘?15(1] C)

sol vent
3A [err] Cokpbrati®n? JaphBhhyl 2espedeivdaXaN€and paw swelling
Ref erence Exanple 4A
suppression rate (%) and body weight gain rate (%),
5 relative to non-sensitized rats, were determined.
The results, expressed in mean + S.E. for each
group (N = 6), were compared and statistically analyzed by
Dunnet method. Level of significance was set below 5%. As
shown in Table 3, the compound of the present invention was
10 effective in relieving systemic symptoms as assessed by paw

edema suppression and body weight gain.

Table 3

Compound Dose Edema inhibitory  Body weight!’

(Ex. " No.) (mg/kg) rate(%) gain rate(%)
28B 6. 25 T8 %% 19 %%
29B 3. 13 6 9 * x 12

1) (Drug administered rats) — (Sensitized control rats)

X100

(Normal control rats) — (Sensitized control rats)

*% ; p<(0. 01 vs control



10 A m xture of 2-am no-6-(4-chl orobenzoyl)-3-(3, 4-

di met hoxybenzoyl )-4,5, 6, 7-t et rahydr ot hi eno[ 2, 3-c] pyri di ne (20.55
g), et hyl 4-chl oroacet oacetate (8.17 g), hydr ochl ori c

aci d-ethanol (23% 7.34 g) and et hanol (80 m) was stirred under
refluxing cOYRIIY4¥®s for 2.5 hours. The WO 97/ 400B@T/IP97/01413

PCT/ JP97/ 01413 ga 87 separati ng
crystal was collected by filtration and re- crystallized from et hyl

acetate to yield ethyl 7-(4- -
chlorobenzoyl)-z-chloronethyl 4- (3, 4- di met hoxyphenyl) -

5,6,7,8-tetrahydrothieno[2,3-b:5,4-c']dipyridine-3- 5 car boxyl ate (for
structural fornula, see éﬂ§§§_¥5§ﬂ2§§43r 47% as a light-yellow
crystal having a nelting p of Q 133 C. [err]
Ref erence Exanpl es 5A and %99 resorption 1ng1b%ﬁ °th Hi¥anner as in

Reference Exanple 4A 10 Tq%bF§§§SPER€§€r?f'b%hgdﬂé%d¥BQk8n i¥hiBitory

obt ai ned.
activity was carried out according to the method of Raisz

5 [J. Clin. Invest., 44, 103-116 (1965)]. Namely, 50 upCi of
“Ca (radioisotope of calcium in CaCl, solution) was
subcutaneously injected into a Sprague-Dawlay rat of 18th
day of pregnancy. On the next day, the abdomen was opened
and a fetal rat was taken out sterilely. The left and

10 right humeri (radii and ulnae) were removed from the body
under a dissection microscope and connective tissues and
cartilages were removed as much as possible. Thus, bone
culture samples were prepared. The bone was incubated in
a medium (0.6 ml) of BCJ, medium (Fitton-Jackson

15 modification: GIBCO Laboratories, U.S.A.) containing 2
mg/ml of bovine serum albumin at 37°C for 24 hours in an
atmosphere of 5% of CO, in air. The bones were cultured
for an additional 2 days in the above medium containing a
final concentration of 10 uyM of the compound. The ratio

20 (%) of **ca released from the bone into the medium was
calculated according to the following eguation.

The ratio of **Ca released from
the bone into the medium (%) =

>Ca counts in the medium

25 x 100
“Ca counts in the medium + ‘*Ca counts in the bone

The bones from the same litter were cultured for

2 days the same manner without addition of the compound,



Ref . Ex. Mel ting point Recrystal li zing No.
A

([err] O sol vent [err] 5 9
4 - 95 err] Et hanol 6 A 195 197

Et hyl acet at WD 97/ 40050

BCT] 3P9 77 044 éﬁﬁﬁ@ﬂ? 88 PCTAPOT0L)

Anor phous solid. NVR ([err] ppmin CDCl[errjgp: 1.02 (3H, t, J =
6.8 Hz), 2.03-2.18 (2H, broad), 3.38-3.73 (2H, broad), 3.87 (3H
s), 3.95 (3H, s), 4.07 (2H, q, J = 6.8 Hz), 4.65- 5.10 (2H,

broad), 4.87 (2H, s), 6.81-6.94 (3H, m, 7.43 5 (5H, m.

Ref erence Exanple_T7A I th HEDEE rence
Exanpl e | A, [err]and used as thgngoﬁtﬁpﬁlng?hoxyacefop enordaael'ga&(gﬁC%En

1- benzyloxycarbon*he values for @Xbéobbﬂggeoﬁnéaéﬂ|gyéuﬂeﬁﬁsrééﬁé&ihééa
yi el d 2-am no-5- benzyl oxycar bonyl - 3- ( 3, 4- di net hoxybenzoyl ) - 4, 6-

di hydr ot hi eno[ 2, 3Tﬁ]apwEmJoe (¥hi 6 wadst h&n\feecwstaél icoatrol wvalue fwadm

et hanol to yieId a light-yellow prismatic crystal having a nelting
poi nt of 195 to 1eepgn1§c¢d- The results are Reiawrente Eabhel ¢ SAn 1&he

A m xture of the conEound ) obtained in Ref er ence Exanpl e
7A, ethyl 3-chl or $2béESake %&QF ter, Bx. No. indicafes,Exafpig| ¥8nic acid
nonohydrate (0.607 g) and & (300 mM) was heated under
refluxi ng conditions for 5b¥%§§%;— whi | e renovi ng wat er produced,

the reaction m xture was

Compound Bone resorption inhibitory
(Ex. No.) inhibitory activity (*5Ca release)
(% based on the control value)
248B 4 4 % %
25B 52 %%
288 47 %%

*% ; p<0. 01 vs control (Student's t-test)

The following reference examples and examples
further illustrate the production of the compounds of the
formulas (I) and (I') in detail, but are not to be

10 construed to limit the scope of the present invention.

A. Production of the compounds of formula (I)

Reference Example 1A
A mixture of ®w-cyano-3, 4-dimethoxyacetophenone
{(10.54 g), sulfur (1.77 g), 1-(4-chlorobenzoyl)-4-~
15 piperidone (13.1 g), morpholine (4.67 ml) and ethanol (100
ml) was stirred under refluxing conditions for 2 hours.
The reaction mixture was poured over ice-water;:; the
separating crystal was collected by filtration and

recrystallized from ethanol to yield 2-amino-6-{(4-



20 washed successively wth water, an aqueous saturated

sol ution of sodium bi carbonate and water, dried (MgSQerr]), and
concentrat ed under reduced pressure. The residue was subj ected to
silica gel colum chromat ography and el uted W th et?lyl

acet at e- he W¥@87408501, v/v) to yield ethyl 2- 25 PCT/IF7/01413

benzyl oxycar bonyl - 6- chl or onet hyl - 8- (3, 4- di ggt hoxyphenyl ) -
2, 3-di hydro-1 H pyrrolo[3',4':4,5]thieno[2, 3-b] pyridine-7-

carboxyl ate (having the following structure) (5.7 g, 63%, WO
97/ 40050 PCT/ JP97/ 01413
89 whi ch was then recrystallized to yield colorless prlsnatlc

crystal s havi ng @hkerabRpp8iYat) i§7ﬁtﬁi$8ﬁ§91tpe"z°¥%rﬂ 6,7-
Ref erence Exanpl ner i nce
Example | A [er rfetr%"ydr°thc‘f£ﬁc52334cm%l4 ened(lﬂogx;;‘)g?g1 en)onagS getits
1-benzoyl - 4- éﬂo%yémss%w MRS G193 TE bihtY i d138 to
2- am no- 6- yell%enzoy i3 nethyleﬁgdloxybenzgsﬁslh 5,6,

t et rahydr ot hi enojgp8ec] pyri di ne, whi ch was t hen

recrystallized fromchl orof orm hexane to yield light-yellow 10
prismaticscrystal s havi ng Refredeniceg Egemplesf2®2Bna dA212[err] C.

Ref erence Exanpl e 10A
In the same manner as in Reference Example 1A,

the compounds listed in Table 5 were obtained.

Table 5
0
0
Ref. Ex. Nelting point Recrystallizing

No. °C) solvent

CHy
2A ‘d_ﬁ 143-145  Ethanol
CBs

3A _O_Cl 88— 89 Ethyl acetate-Hexane

Reference Example 4A
10 A mixture of 2-amino-6-{4-chlorobenzoyl)-3-(3,4-
dimethoxybenzoyl)-4,5,6,7-tetrahydrothieno[2,3—c]pyridine
(20.55 g). ethyl 4-chloroacetoacetate (8.17 g),
hydrochloric acid-ethanol (23%, 7.34 g) and ethanol (80 ml)

was stirred under refluxing conditions for 2.5 hours. The



In the same manner as in Reference Exanple 4A t he conpound
obtai ned in Reference Exanple 9A and et hyl 4- chl or oacet oacet at e
were reacted to yield ethyl 7-benzoyl-2- 15

chl oronet hyl s nethylenedloxyphenyl) 5,6,7, 8-

t et r ahydr ot hi eno’?‘é}ésg b: 5, 4-c']dipyridne-3-car boxyl ate, PCTIRIN Y, was
then recrystallized fromethyl acetate-hexaneg4o yield col orl ess
prismatic crystals having a nmelting p0| nt of 185 to 186[err]C. 20
Ref erence Exanples || A-13A In the same manner as in -
Ref erence Exanple | A WO 97/ 40050

PCT/ JP97/ 01413 90 t he

conpounds |isted i FePBRE iRy SiBlai sy collected by filtratipsy ang re-
[err]

Ref. - Mel ti
Recrystallizing 5 CrYStaéélggﬁncft?m ethgi acetatg.ﬁFa(Fé%E§c3ethyl 7-(4-
sol vent chl%benzogl )qzeféﬂlﬂzedn@thﬁl 47-0('3724 dlmetl%)tﬁyﬂ;he%gﬁ)_

acet at e- Hexane er r er r

acet at e- Hexane 5,6,7,8-té8Aahydrdtt{ensl 2] 8-b]:@H 4-567 87 rldirEéhf%'L
acet at e- Hexane 10 Ref erence Exanples 14A-1 X
I n the sanmeSmanner qarboxyillats REOErstructDraiplformula, see below) (12.38 g,

47%) as a light-yellow crystal having a melting point of

0
C1 . Z~L00C . Hs

CHs

132 to 133°cC.

OCHs

Reference Examples 5A and 6A
In the same manner as in Reference Example 4A,
10 the compounds listed in Table 6 were obtained.

Table 6

0
N
N »CH,Cl
@H\ [.] Z~C00C, 5

Ref. Ex. ¥elting point Recrystallizing

No. °C) solvent

CHs
5A {‘}O_OCHS 94— 950 Ethanol

6A '@'Cl 195-197 Ethyl acetate-Hexane




4A, the conpounds listed in Table 8 were obtai ned. WO 97/ 40050

PCT/ JP97/ 01413 91 .
Table 8 [err] Ref er ence _ R Mel ti ng
Recrystalli zi ng Exanpl e No. point ([err]C

solvent 5 WO?J7/40050 14A Clerr]Herr] 205 PCT/BOP1413

acet at e- Et hanol 15A d er 4 H err] 196- 197 Et hyl
acet at e- Hexane 16A (CH er r'{ [err]CH 209-210 Et hyl
acet at e- Hexane 10 Ref erence Exanple 17A

In the sanme manner as in Reference Exanple 1A J[err]-

cyano- 4-i sopr opoxy- 3- met hoxyacet ophenone, 1-(4-

chl or obenzoyl ) - 4- pi)pambdpheusnsbisid f unMEer(& ppaciadcbol,): 1.02 (yield, g
2- am no- 6- (4-chl orobenzoyl )-3-(4-i sogro oxy-3- 15 _
net hoxybenzoyl ) - 47568687 Hgdt r arQArdt h ehgﬂlz,@‘%%r i%i38e3.73 (2H, bwhadh, was

or st e crystal 8-l Ty & rohe g B ) ol 07 (2K, 4.17g= (& & Baer £} 65~
Ref erence Exanpl egl84 (3§, broad), .87 égﬂ tQE S%?Elﬁré‘f‘égrh%l? ';E)],Re{;iez&fnce,
Exanpl e 4A, t he conpound” obtain I n"Ref efence ahpte A ah
ethyl 4- s (5H, m).
Reference Example 7A
In the same manner as in Reference Example 1A, G-
cyano-3, 4-dimethoxyacetophenone, l-benzyloxycarbonyl-3-
pyrrolidone and sulfur were reacted to yield 2-amino-5-
10 benzyloxycarbonyl-B-(a,4—dimethoxybenzoyl)—4,6—
dihydrothieno[2, 3-c]pyrrole, which was then recrystallized
from ethanol to yield a 1light-yellow prismatic crystal
having a melting point of 195 to 196°C.
Reference Example 8A
15 A mixture of the compound (1.0 g) obtained in
Reference Example 7A, ethyl 4-chloroacetoacetate (3.4 g),
p-toluenesulfonic acid monohydrate (0.607 g) and benzene
(300 ml) was heated under refluxing conditions for 5 hours
while removing water produced, the reaction mixture was
20 washed successively with water, an aqueous saturated
solution of sodium bicarbonate and water, dried (Mgs0,),
and concentrated under reduced pressure. The residue was
subjected to silica gel column chromatography and eluted
with ethyl acetate-hexane (1:1, v/v) to yield ethyl 2-
25 benzyloxycarbonyl—6—chloromethyl—B—(3,4-dimethoxyphenyl)—
2,3-dihydro-1H-pyrrolo[3',4':4,5)thienoc[2,3-b]}pyridine-7-

carboxylate (having the following structure) (5.7 g, 63%),



chl oroacet oacetate were reacted to yield ethyl 7-(4-

chl or obenzoyl ) - 2- chl or onet hyl - 4- (4-1 sopr opoxy- 3- WO 97/ 40050
PCT/ JP97/ 01413 92

met hoxyphenyl )-4, 5 6, 7-tetrahydrothieno[2, 3-b: 5,4-

c']1dipyri dne“)§-93/é?%xyl ate, which was then recrystallized FCTFTOME, .,
ethyl acetate to yield light-yellow needl e Bdystals havi ng a
melting point of 135 to 136[err]C. 5 Ref erence Exanpl e
19A A sol ution of ethyl 3,4-dinethoxybenzoate (17.8

g) and acetonitrile (7.0 g) in toluene (30 mM) was added dr opw se

t ion of ai dj.um hydride (60% 6.8 . in tol
(170 m) " and N, N ANREPLYRR o W HEE P ERRT {998 Yo ¥iela gpjoffessgudsHiffe,

addi tion, the sus ﬁ%&s“@ﬁv%ﬁ.réeﬁklting poindl ok 0P§ 1] GAg0lc 3 hours, the

reaction m xture was poured ove ice-water and the organic |ayer
was separated. The aqueous | ayer was acidified wth 2N

hydrochl ori ¢ acid and extracted with ethyl acetate. The et hyl
acetate | ayer was washed 15 with wat e INebH{WS err]) and dried

under reduced pressure B0C8- P
[err]-cyano- 3, 4-di net hoxyacet ophenone (1.4 g, 8%,
recrystallized fromethyl acetate to yield
crystals having a nelting point of 141 to odi2lerr]C. 20

Ref erence Exanpl es 20A- 25A Ig@H%he sanme manner as in
Ref erence Exanpl e 19A, the conpounds listed in Table 9 were
obt ai ned.

00CzH; whi ch was t hen
col orl ess needl e

Reference Example SA
In the same manner as in Reference Example 1A, 0-
5 cyano-3,4-methylenedioxyacetophenone, l1-benzoyl-4-
piperidone and sulfur were reacted to yield 2-amino-6-
benzoyl-3-(3,4-methylenedioxybenzoyl)-4,5,6,7-
tetrahydrothienc[2,3-clpyridine, which was then
recrystallized from chloroform-hexane to yield light-yellow
10 prismatic crystals having a melting point of 211 to 212°C.
Reference Example 10A
In the same manner as in Reference Example 4A,
the compound obtained in Reference Example 9A and ethyl 4-
chloroacetoacetate were reacted to yield ethyl 7-benzoyl-2-
15 chloromethyl-4-(3,4-methylenedioxyphenyl)-5,6,7, 8-
tetrahydrothieno[2,3-b:5,4~-c']dipyridne-3-carboxylate,
which was then recrystallized from ethyl acetate-hexane to
yield colorless prismatic crystals having a melting point
of 185 to 186°C.
20 Reference Examples 11A-13A

In the same manner as in Reference Example 1A,



WD 97/ 40050 PCT/ JP97/ 01413

93 Table 9 [err] Ref erence

R Mel ti ng Recrystal lizing Exanpl e No.

point ([er ‘k solvent 5 20A 4-Clerr|Her r4]

[err] QP40 at e- Hexane 21A d er F’Fh[’%’r”r"} 13

[err] Et hyl acet at e- Hexane 38A (CHerr])[err]CH
[err] Et hyl acet at e- Hexane 23A 3-CHerr]O 10
4-(CH err])[err] CHO 114-115 - Ethyl acetat e-Hexane 24A
4-C [err] Et hyl acet at e- Hexane 25A

3,4-CCH err]0 135-136 Et hyl acet at e- Hexane 1) NMWR

([err] ppmin CDEh¢ @?190“’@5291€3Hd in Tabdef pere obtaiped, 15
J-7.0Hz), 4.08 (2H, ), 7,33 (24 d, J=8.0Hz), 7.84 (2H d,

J=8. OHz) 2) NMWR ppmin CDCl[err]): 0.95 (3H, t, J=7.4Hz), |
1.67 (2H, m, 2.67 (2H, q, J=7.4Hz), 4.07 (2H, s), 7.32 (2H, d,
J=8.2Hz), 7.84 (2H, d, J=8.2Hz) 20 3) NV\R (6 ppmin CDCl[err]): 1.28
(6H, d, J=7.0Hz), 2.99 (1H, oM, 4.08 (2H, s), 7.37 (2H, d,

3=8.6Hz), 7.86 (2H, d, =8 6 NB, 4) NVMR ([err] ppmin

CDCl[err]): 4.06 (2H, s), 7.51 (2 , J=8.8Hz), 7.87 (2H, d,
J=8.8Hz) 25 Reflat erice EXanpl gR6A A

k
Reference R Melting Recrystallizing
5 Example No. point (°C) solvent
11ia C,Hq 70-72 Ethyl acetate-Hexane
12a C,H, 85-87 Ethyl acetate-Hexane
13Aa (CH,),CH 55-57 Ethyl acetate-Hexane

10
Reference Examples 14A-16A
In the same manner as that in Reference Example

4A, the compounds listed in Table B were obtained.



(9.1 g), [err]-cyano-3, 4-di net hoxyacet ophenone (8.0 g), sul fur

WD 97/ 40050 PCT/ JP97/ 01413

94 (1.3 g), norpholine (3.6 mM) and ethanol (150 m) was
heated wunder refluxing conditions for 3 hours. The

reaction nmi MAUPEY%M®s concentrated under reduced pressure, PCT/mmm%o t he
resi due was added ethyl acetate, the insoluile was 5 filtered off,
and the filtrate was washed with water, dried (MgS™) and
concentrated under reduced pressure.’ The resi due was subj ected
to silica gel columm chromat ography and eluted wth ethyl

acet at e- hexane (2:3, v/v) ield 2-

am no- 7- benzyl oxycar bonyl - 3¥3%£+4 di et hoxybenzoyl )-4, 5,6, 7- 10
tetrahydrot hieno[ 2, 3-b]pyridine (2.76 g, 16% as |ight- yel | ow
prismatic crystals having a nelting point of 177 to 178[err]C
Ref erence Exanple 27A Fromthe fraction subsequently
eluted in the 15 col utm chr omat ogr aph oﬁ ﬁz(ﬁrence Exanpl e 26A,

2- am no- 5- >

benzyl oxycar bonyl - 3- (3, 4- di met hoy 70 : oot gt r ahy-

drot hieno[ 3, 2-c]pyridine (6.50 g, 37% as a |}j t-ye’] | ow powder .
NVR (6 ppmin CDCl[err]): 2.6-2.7 (2H, m .72 (2H, t, 20

J=5.8Hz), 3.8-4.1 (84 m, 5.07 (2H, s), 6.2-614 (1H m, 6.7-7.5

(9H, m. Ref erence Exanpl ek 28A I n
the sanme manner as in Reference Exanple 26A,
[err]-cyano- 3, 4- i :
Reference R Melting Recrystallizing
Example No. point (°C) solvent

14A C,H; 205 Ethyl acetate-Ethanol
15A C;H, 196-197 Ethyl acetate-Hexane

i6Aa (CH;),CH 209-210 Ethyl acetate-Hexane

10 Reference Example 17A
In the same manner as in Reference Example 1A, ®-
cyano-4-isopropoxy-3-methoxyacetophenone, 1-(4-
chlorobenzoyl )-4-piperidone and sulfur were reacted to
yield 2-amino~6-(4~chlorobenzoyl )-3-(4-isopropoxy-3-
15 methoxybenzoyl)-4,5,6,7~tetrahydrothieno{2,3-clpyridine,
which was recrystallized from ethyl acetate-hexane to yield
light-yellow prismatic crystals having a melting point of
118 to 119°C.
Reference Example 18A
20 In the same manner as in Reference Example 4A,
the compound obtained in Reference Example 17A and ethyl 4-
chloroacetoacetate were reacted to vyield ethyl 7-(4-

chlorobenzoyl)-2-chloromethyl-4-(4-isopropoxy-3-



25 pi peridone and sul fur were reacted to yield 2-am no-5-(4-
chl or obenzoyl ) - 3- (3, 4- di net hoxybenzoyl )-4,5, 6, 7-t et rahydr o-

t hi eno[ 3, 2-c] pyri di ne as powder. WO 97/ 40050

PCT/ JP97/ 01413 95 NVR ([err]
ppmin CDCWePH{30 2 6-2.8 (2H, m, 3.4-4.0 (4H, m, PCTIIPIOM3 (6H, s),
6.2-7.5 (9H, m Ref er encgy Exanpl e 29A

In the same manner as in Reference Exanple 4A, 5 t he conpound
obtained in Reference Exanple 28A and et hyl 4- chl or oacet oacet at e

were reacted to yield ethyl 6-(4-

chl or obenzoyl ) - 2- chl or onet hyl - 4- (3, 4- di net hoxyphenyl ) -
5;6,ZE}tetrahydﬁﬁ?ﬁ%ﬁ@ﬁﬂ%ﬁb@l?éaéi?ﬁ%yFFHFH@!ﬁéOthieno[zoﬁﬂkﬂ§léte as
powder. NWVR (6 ppm,in 3):,0.9 3H,_.t, Q .- J=7.2Hz), 2.9-3.2 (2H,
M, 3.6-4.2 (6H, cnfﬁlggggéf‘%ﬁ’%ﬁfgbéxﬁate' whigh 138, thsn %‘Q%-’J’ftglg’}ﬁﬁgn) _
Ref erence Exanpl 3@l eth i ence
Exanpl e 4A, fﬁéygoﬁgggﬁgeog?ayﬁggai%bgg?gggﬁggpgg%ﬁgﬁec%gg%égé
ethyl 4- 15 hattingr aamell eangtpbnt WH a3sr eacieecio yield ethyl 8-
benzyl oxycar bonyl - 2- chl or onet hyl - 4- ( 3, 4- di met hoxyphenyl ) -

5, 6, 7, 8-t 8t r ahydr ot hi eno[ 2Referende [(Edakinder L@Ane- 3- car boxyl at e,
whi ch was recrystallized fromethyl acetate- . hexane to yield
colorless prismtic crystaﬁssﬂﬁﬁF¥éPePf:RThYl 3. fefimethysihanzerterd 1708

g;gg.nanner as iH)R5¥§¥éﬁ%%£§§§%%F%E§2FQ|E)3%£\t°1uene (30 ml) was ggdgge
dropwise to a suspension of oily sodium hydride (60%, 6.8
g) in toluene (170 ml) and N,N-dimethylformamide (DMF) (17
10 ml) at 100°C. After addition, the suspension was stirred
at 100°C for 3 hours, the reaction mixture was poured over
ice-water and the organic layer was separated. The agueous
layer was acidified with 2N hydrochloric acid and extracted
with ethyl acetate. The ethyl acetate layer was washed
15 with wate;, dried (MgSO,) and dried under reduced pressure
to yield (-cyano-3, 4~dimethoxyacetophenone (1.4 g, B80%),
which was then recrystallized from ethyl acetate to yield
colorless needle crystals having a melting point of 141 to
142°C.
20 Reference Examples 20A-25A
In the same manner as in Reference Example 19A,

the compounds listed in Table 9 were obtained.



t he conpound obtained in Reference Exanple 27A and ethyl 4-
chl oroacet oacetate were reacted to yield ethyl 6- 25
benzyloxycarbonyl 2- chl or onet hyl - 4- (3 4- di met hoxyphenyl ) -

5,6,7,8-tetrahydrothieno[2, 3-b:4,5-c"]dipyridine-3- | at e,
whi ch was thgﬁy% 490t al i zed from ethyl WO 97#28@@8mﬁ¥%

PCT/ JP97/ 01413 93 96

acet at e-hexane to yield colorless prismatic crystals having a
melting point of 125 to 126[err]C. ~ Exanpl e 1A

A m xture of the conpound obtained in Reference 5 Example 5A (0.80
g), diethylamne (0.64 %) aBd di chl oronet hane (25 m ) was
stirred under refl uxing abl onditions for 4 hours. The reaction

m xture was washed with water and dried (MyS04), after which the
sol vent was distilled off. The residue was subjected to silica

gel 10 col unm chr omat ogr aphy and e ed with ethyl acetate-hexane
(2:1, v/iv) to yield ethyl ;@z@@ﬂHaQN(N N-
diethylaninonethyl)-4-(3,4-dinethoxyph nyl§-5,6,7, 8-

t et r ahydr ot hi eno[ 2, 3-b: 5, 4-¢' ] di pyri di ne- 3- car boxyl at e (for

structural fornula, see below) (0.60 g, 70% as annrphous solid

having a nelting p f oT 86 to [err]C err

CDCl[err]): 0.93 ( © = 7. 2%4), gﬁmg Frgﬁjgﬁﬁ{]&%)

1.95-2.16 £2H, broa’cﬁ‘ Edb°'2 18 (o o "D 54 (4FPTEE™Y = 7.0

Hz), 3.36-3.70 (2H 2pro0ad), ?4-95%%3H -1's), Bt 1(a’déta$)e-ﬂ%x3§e(2H,

q, J =7.2 Ft), 4.62-4.73 (1H, broad), 4.73-5.16 (1H, broad),

6.81-6.92 (3H, m), Z1A3 (5H, C,H, -4 Ethyl acetate-Hexane
22A (CH,),CH -3 Ethyl acetate-Hexane
23A 3-CH,0,

10 4~ (CH,),CHO 114-115 Ethyl acetate-Hexane

24Aa 4-Cl -4 Ethyl acetate-Hexane
25A 3,4-0CH,0 135-136 Ethyl acetate-Hexane

1) NMR (& ppm in CDC1;): 1.25 (3H, ¢, J=7.0Hz), 2.70(2H, q.

15 J=7.0Hz), 4.08 (2H, s), 7.33 (2H, 4, J=8.0Hz), 7.84 (2H, 4,
J=8.0Hz)

2) NMR (& ppm in CDCl,): 0.95 (3H, t, J=7.4Hz), 1.67 (2H,
m), 2.67 (2H, q, J=7.4Hz), 4.07 (2H, s), 7.32 (2H, 4,
J=8B.2Hz), 7.84 (2H, 4, J=8.2HzZ)

20 3) NMR (& ppm in CDCl,;): 1.28 (6H, 4, J=7.0Hz), 2.99 (1H,
m), 4.08 (2H, s), 7.37 (2H, d, J=8.6Hz), 7.86 (2H, 4,
J=8.6Hz)

4) NMR (8 ppm in CDCl,): 4.06 (2H, s), 7.51 (2H, 4,
J=8.8Hz), 7.87 (2H, d, J=8.8Hz)
25 Reference Example 26A
A mixture of l-benzyloxycarbonyl-3-piperidone

(9.1 g), m—cyaho—B,4—dimethoxyacetophenone (8.0 g), sulfur



s). [err] WO 97/ 40050

PCT/ JP97/ 01413 97

Exanpl e 2A The conpound obt ai ned in Reference Exanpl e 4A
was subj ected to the sane reaction as that in Exanple 1A to

yiel d et hyl Wp_9(_7/41)q§p,| or obenzoyl ) - 2- (N, N-di et hyl am nonet hyl ) RCT/E$97/01413

4- (3, 4-di met hoxyphenyl ) -5, 6,7, 8-tetrahydroghi eno[ 2, 3-b: 5, 4-

c' ] di pyridine-3-carboxylate (for structural fornula, see bel ow) as
anor phous solid having a nelting poirnt of 96 to 98[err] C

NVR ([err] ppmin CDCl[err]): 0.93 (3H, t, J =7.4 Hz), 0.95 (6H, 10

t, J =7.0 HZ), 2.09 (2H, broad), 2.54 (4H, q, J = 7.0 Hz), 3. 86

(3H, s), 3.94 (2R”-%, 9), =mprphpijine3(§56( I ) sgnd Jewizanol (150 @lh, wais,

4.96 (IH, , 6.81-6.93 H, ,..7.40 (4H, .. .Jerr
Exarrpl(e 3AS) Réatd ® uhdtk S%?ﬁﬁ%‘lﬂg«(a 8‘?“3%%193{%11)8%3% DbRUREd | n The

rerence 15 conSARrdfe Chy oo SO g ECPABEER) bl
M) was stirred @ tHOPLAMRA Fbll 83808 SthPUabetdkbel the insoluble was
5 filtered off, and the filtrate was washed with water, dried

(MgsO,) and concentrated under reduced pressure. The

residue was subjected to silica gel column chromatography

and eluted with ethyl acetate-hexane (2:3, v/v) to yield 2-
amino-7-benzyloxycarbonyl-3-(3, 4-dimethoxybenzoyl)-4,5,6,7-

10 tetrahydrothieno[2,3-b]lpyridine (2.76 g, 16%) as light-

yellow prismatic crystals having a melting point of 177 to

178°C.
Reference Example 27A
From the fraction subsequently eluted in the
15 column chromatography of Reference Example 26A, 2-amino-5-

benzyloxycarbonyl-3-(3,4-dimethoxybenzoyl)-4,5, 6, 7-tetrahy-
drothieno[3,2-c]pyridine (6.50 g, 37%) as a light-yellow
powder.
NMR (&6 ppm in CDCl;): 2.6-2.7 (2H, m), 3.72 (2H, t,
20 J=5.8Hz), 3.8-4.1 (BH, m), 5.07 (2H, s), 6.2-6.4 (1K, m),
6.7-7.5 (9H, m).
Reference Example 28A
In the same manner as in Reference Example 26A,
®b-cyano-3, 4-dimethoxyacetophenone, 1-(4-chlorobenzoyl)-3-
25 piperidone and sulfur were reacted to yield 2-amino-5-(4-
chlorobenzoyl)-3-(3, 4-dimethoxybenzoyl}-4,5, 6, 7-tetrahydro-

thieno(3,2-c]pyridine as powder.



which it was poured over water and extracted wth ethyl
The ethyl acetate |ayer was washed with water and 20
(MySq err]), after which the solvent was distilled off.

resi due was Lected to silica gel colum
PCT/ JP97/ 014%8 STHRE 08

chromat ography and eluted with ethyl acetat®5hexane (1:1,

to yield et hyl 7- (4-chl or obenzoyl ) -4- (3, 4-
di met hoxyphenyl ) - 2- (4- et hoxycar bonyl pi peri di nonet hyl ) -
5,6,7,8-tetrahydrothieno-[2,3-b:5,4-c"]dipyridine-3- 5

acetate.

dri ed

The

peT¥$09415 40050

v/ v)

car boxyl at e

f t t | f , b 0. , 5Q%, _ h
Sori d hoving o meRf 8 pBRCIRCERRA O 7588 (g m), PEYU-G20%R4HTDEANOUS
([err] ppmin CDGE[®frdes, &)956(8Hy .6, (du=mH 2 Hz), 1.23 (3H,

= 7.2 Hz), 1.50-1.90 (4H m, 2.00-2.36 (5H m, 2.75-
m, 3.50 (2H, broad s), 3.Sefeknce)ExSnplE A53H,
4.10 (2H, q, J = 7.2 Hz), 4.73 (1H,

Exampl e 4@5

chloroacetoacetate were reacted to yield ethyl 6-(4-

chlorobenzoyl }-2-chloromethyl-4-(3,4~-dimethoxyphenyl)-

10

s),

t

J

2.88 (2H,

3.95 (3H,

broad), 4.98 (1H, broad),
6.81-6.95 (3H, n), 7.33-7.448 (thg same mannefjas in[Refgrence Example 4A,

the compound obtained in Reference Example 28A and ethyl 4-

5,6,7,B-tetrahydrothienof2,3-b:4,5-c']dipyridine-3-

carboxylate as powder. NMR (6 ppm in CDCl,): 0.98 (3H, t,

10 Jd=7.2KBz), 2.9-3.2 (2H, m), 3.6-4.2 (6H, m),

4.85 (2H, s), 6.5-7.5 (7H, m)

Reference Example 30A

In the same manner as in Reference Example 4A,

3.98 (6H,

s),

the compound obtained in Reference Example 26A and ethyl 4-

15 chloroacetoacetate were reacted to

yield

ethyl 8-

benzyloxycarbonyl-2~chloromethyl-4-(3, 4-dimethoxyphenyl)-

5,6,7,B8~-tetrahydrothieno{2,3-b:5,4-b'Jdipyridine-3-

carboxylate, which was recrystallized from ethyl acetate-

hexane to yield colorless prismatic crystals having a

20 melting point of 178 to 179°C.

Reference Example 31A

In the same manner as in Reference Example 4A,

the compound obtained in Reference Example 27A and ethyl 4-

chloroacetoacetate were reacted to

yield

ethyl 6-

25 benzyloxycarbonyl-2-chloromethyl-4-(3, 4-dimethoxyphenyl)-

5,6,7,8~tetrahydrothieno{2,3-b:4,5~-¢c'}Jdipyridine-3-

carboxylate, which was then recrystallized from ethyl

s),



15 A m xture of the conpound obtained in Reference

Exanple 6A (6.49 g), diethylamne (2.71 g and

tetrahydrofuran (50 m) was stirred under refl uxing conditions for
17 hours, after which the reaction m xture was poured over water
and extract &P WM 0et hyl acetate. 20 The ethyl acet REHPEYYHM3 a5
washed with water and dried (MySGpgrr]), after which the sol vent
was distilled off to yield WO 97/ 40050

PCT/ JP97/ 01413 : 99 et hyl

7- benzoyl - 4- (4-chl or ophenyl ) - 2- ( NN- di et hyl am nonet hyl )-5, 6,7,
8-t etrahydrot hi eno[ 2, 3-b: 5, 4- ) c' J};:Izielpyri di ne- 3- carboxyl ate (for
structural for mAGEtakashexane to ydedd) colppesy pRisatifcayskadsthsnng

recrystallized fé Omnéléf}%a\?f’%g*ttgglﬁe??gt% el-,‘;ke)@ne to yield a colorless

needl e crystal Ing polint "of 177 to 178[err]C. [err]
Exanpl e 5A Examd181 Xpure of the conpound obtained in Exanple ~
1A (4.02 g) and 3N HO (12 m) was stirred at 80[err]C for 13.5

10 hours. After the meagikitQBelbX! thé€ déipotingabbiaifEd WMd RdPbrence
NaOH, it was extracted wth ethyl acetate. The et hyl acetate
| ayer wass washedExanmlevat 82 al@-80i edg \.MySOiethydamine (0.64 g) and
dichloromethane (25 ml}) was stirred under refluxing
conditions for 4 hours. The reaction mixture was washed
with water and dried (MgS0O4), after which the solvent was
distilled off. The residue was subjected to silica gel
10 column chromatography and eluted with ethyl acetate-hexane
(2:1, v/v) to yield ethyl 7-benzoyl-2-(N,N-
diethylaminomethyl)-4-(3,4-dimethoxyphenyl)}-5,6,7, 8-
tetrahydrothieno[2,3-b:5,4-c']dipyridine-3-carboxylate (for
structural formula, see below) (0.60 g, 70%) as amorphous

15 solid having a melting point of 86 to 87°C.
NMR (6 ppm in CDC13): 0.93 (3H, t, J = 7.2 Hz), 0.95 (6H,
t, J = 7.0 Hz), 1.95-2.16 (2H, broad), 2.00-2.18 (2H, m),
2.54 (4H, q, J = 7.0 Hz), 3.36-3.70 (2H, broad), 3.86 (3H,

s), 3.91 (2H, s), 3.93 (2H, q, J = 7.2 Hz), 4.62-4.73 (1H,

20 broad), 4.73-5.16 (1H, broad), 6.81-6.92 (3H, m), 7.43 (5H,
s).
0
E::T)L\N N CH2—N(CoHs) 2
00C,H;



after which the solvent was distilled off. The residue was

subjected to silica gel columm chromatography and eluted 15 wth
chl orof orm met hanol (30:1, v/v) to yield ethyl 2-(N N

di et hyl arrin 2,\4‘%03 -4- (3, 4-dinethoxyphenyl ) -5, 6, 7
tetrahydroth r? % 3-b: 5, 4-¢' ] di pyri di ne- 3-car boxyl ate
structural fornula, see below) (2.30 g, 7097 as an anor phous solid
having a nelting point of 72 to 75C. 20 NVR ([ rr] ppmin CDC13):

0.94 (3H, t, J =7.6 Hz), 0.96 (3H, - t, J =7.2 H), 1.95-2.15 (2H,
m, 2.54 (4H, q, J = 7.2 VO 97/ 40050

PCT/ JP97/ 01413 100 Hz), 2.91
(2H, t, J = 5.8 Hz), 3.86 FXAPPYS 223 95 (2H s), 3.94 (3H, s), 3.95
(2H g, J = 7.6 H), 4.11 &‘gé"qoﬁv)pougngbt ined in Keflendd Efdmp1d QA Vas
Exanple 6A 5 A m xture of e conpound obtained in Exanple 4A
(2.09 g) and congriMjeaited F&ysdrtaehlsamec::aecdn(us #% ) th@t ein Example (16 ©b)
was stirred at 90[err]C for 4 hours. After the reaction m xture
was al kal i ni zed \Mitelidlhlthm-l-(ﬁt-cmgrobenzoyl)e&t(rf‘b,@{-édemhrlﬁ@tﬂwletayéﬁat e.

The et hyl acetate Iayer was 10 wash d wth water. and dried NE
after whi &h the 4-(3,4-dimethoxyphenyl)-5,6,7,8-tetrahydrothieno(2,3~

' P%T/MWOM(I? or

c')dipyridine-3-carboxylate {(for structural formula, see

below) as amorphous so0lid having a melting point of 896 to

98°C.

NMR (8 ppm in CDC13): 0.93 (3H, t, J = 7.4 Hz), 0.95 (6H,
10 t, J =7.0 Hz), 2.09 (2H, broad), 2.54 (4H, q, J = 7.0 Hz),

3.86 (3H, s), 3.94 (2H, q, J = 7.0 Hz), 3.95 (3H, s), 4.73

(1H, s), 4.96 (1H, s), 6.81-6.93 (3H, s), 7.40 (4H, s).

0

@* ‘-l N/\ By —~N(C.Hs) .
C1 00C.Hs
i'[]()Cﬂa

0CH,

Example 3A
A mixture of the compound obtained in Reference
15 Example 4A (1.16 g}, ethyl isonipecotate (0.40 g),
potassium carbonate (0.50 g) and N,N-dimethylformamide (10
ml) was stirred at room temperature for 3 hours, after
which it was poured over water and extracted with ethyl
acetate. The ethyl acetate layer was washed with water and
20 dried (MgSO,), after which the solvent was distilled off.

The residue was subjected to silica gel column



solvent was distilled off. The residual solid was

recrystallized fromethyl acetate-hexane to yield ethyl 4-

(4-chl orophenyl ) -2- (N, N-di et hyl am nonet hyl )-5, 6, 7, 8-

t et r ahydr ot hi e%& 3-b:5,4-c']dipyridine-3-carboxylate (for 15
structural RO see below) (1.34 g, 79% as col orl ess PCTAIPIINMeed| e

crystals having a nelting point of 104 to é@:‘?'[e”]c' [err] WO
97/ 40050 [/ JP97/ 01413

101 Exampl e 7A- A m xture of the
conpound obtai ned i n Exanpl e 5A (10.16 g), activated manganese

di oxi de (30.93 g) and tol uene (200 m) was stirred under ref |uxing

conditions for Shromatographyognd eluted witdeidthylrisgetrtenhsxarie | tlerled;
t he filtrate was _concentrated under reduced_pressure. The
resi due was subj‘é&‘ed t§°si I iyd‘gESel & cMdfachgPEpReNZOYL ) -4- Ghd-
eluted with ethyéi,ﬂgﬁg Mﬂ ;_%@ . 20 . .V V tqQq yield
ethyl 2-(N,N—diet_y éﬁ%ﬁ%net gf)?EE Sggﬁéiggaggogylpiper1d1noﬁ£thf1)_
di met hoxypheny! )8 h6 noB2t3trdnyacot i anel §n8=3: 5, 4-c' 1a £y PouYhate (for
structural fornula, see below (3.1 g, 31%, which was then
recrystald i zed fearhatihateaddioat ethructural foymelal, csderbessy nqall® g,
crystals having a nelting point of 163 to 165[err]C [err]
50%) as an amorphous solid having a melting point of 99 to
101°C.
NMR (& ppm in CDC1l3): 0.95 (3H, t, J = 7.2 Hz), 1.23 (3H,
t, 3 =7.2 Hz), 1.50-1.90 (4H, m), 2.00-2.36 (5H, m), 2.75-
10 2.88 (2H, m), 3.50 (2H, broad s), 3.84 (2H, s), 3.871 (3H,
s), 3.95 (3H, s), 4.10 (2H, q, J = 7.2 Hz), 4.73 (1H,

broad), 4.98 (1H, broad), 6.81-6.95 (3H, m), 7.33-7.44 (4H,

m).
0
@/‘k S cHiz~K_)~C00CH,
C1 7 ~C00C,H,
O OCH,
OCH;
Example 4A
15 A mixture of the compound obtained in Reference

Example 6A (6.49 g), diethylamine (2.71 g) and
tetrahydrofuran (50 ml) was stirred under refluxing
conditions for 17 hours, after which the reaction mixture
was poured over water and extracted with ethyl acetate.
20 The ethyl acetate layer was washed with water and dried

(MgsO,), after which the solvent was distilled off to yield



15 Exanpl e 8A Fromthe fraction

subsequently eluted in the col um chromat ogr aphy of Exanple 7A,
ethyl 2-(N, N di et hyl am nom et hyl ) - 4- ( 3, 4- di net hoxyphenyl ) -5, 6-

di hydr ot hi en b:5,4-c')dipyridine-3-carboxylate (for

structural f‘%‘{’ﬂﬁ see below) (3.1 g, 31% was obtained, P':2’10""’9-”‘"“13\/\,hich
had a nelting poi nt of 118 to 120[err]C 99 WO 97/ 40050

PCT/ JP97/ 01413 102 NVR (6 ppm
in CDC13): 0.95 (3H, t, J = 7.2 Hz),” 0.96 (6H, t, J - 7.2 Hz), 2:08
(2H, t, J = 80Hz)255(4Hq,J: 72Hz)363(2HdtJ:
8.0 & 2.2 Hz), 3.87 (3H, s), s), 3.96 (2H, q,.J = 7.2

Hz), 6.78-6.838 (®Eh@l 57~ be'Bzgs'l(-lﬂ <o4 sh—l%reprwwsiéa?(m”rt“- =
2.2 Hz). [er

m xture of the cgm%'éﬁ%ﬁww'&aérr& '§§)%rgplygr°%hfﬁn%z prp:S.4-
benzenesul f onyl ?2&%%F$%169né3392ar 6#{%&%@ QQerstructural(QOQ%uﬂE) Q%g

t et rahydr of ur an was stirre room tenperature for
hours. The reactydpwy Xisuse @@SBKQUEedhlch was then recrystallized from

A

5 ethyl acetate-hexane to yield a colorless needle crystal

having a melting point of 177 to 178°C.

0

@‘KN Ny CHz —N(Calls)
ANC00C, By

C1

Example 5A
A mixture of the compound obtained in Example 1A
(4.02 g) and 3N HCl (12 ml) was stirred at 80°C for 13.5
10 hours. After the reaction mixture was alkalinized with 1N
NaOH, it was extracted with ethyl acetate. The ethyl
acetate layer was washed with water and dried (MgSoO,),
after which the solvent was distilled off. The residue was
subjected to silica gel column chromatography and eluted
15 with chloroform-methanol (30:1, v/v) to yield ethyl 2-(N,N-
diethylaminomethyl)-4-(3,4-dimethoxyphenyl)-5,6,7, 8~
tetrahydrothieno-[2,3-b:5,4~c']dipyridine-3-carboxylate
(for structural formula, see below) (2.30 g, 70%) as an
amorphous so0lid having a melting point of 72 to 75°C.
20 NMR (6 ppm in CDC13): 0.94 (3H, t, J = 7.6 Hz), 0.96 (3H,

t, J = 7.2 Hz), 1.95-2.15 (2H, m)}, 2.54 (4H, q, J = 7.2



over water and extracted with ethyl acetate. The et hyl acetate

| ayer was washed with water and dried (MgSO err]), after which the
solvent was distilled off. The residue was subj ected to silica gel
col um chromat ogr aphy and eluted 15 wi th ethyl

acet at e- hexa‘ﬁ@—’%@f’%anol (20:20:1, v/v) to yield e PRYATPIT01413

7-benzenesul fonyl - 2- (N, N-di et hyl am nomet hylyp4-
(3, 4-di net hoxyphenyl)-5, 6,7, 8-tetrahydrot hieno[ 2, 3-b: 5, 4-

c' ]di pyridine-3-carboxylate (for structural fornula, see bel ow) -
(0.96 g, 76%, which was then recrystallized from 20 et hyl
acet ate-hexane to yield colorless needle crystals having a nelting

point of 161 to F¥e 2-91 (2H, t, I\ §7B4BBHo 3-86 (3H, s), 3.92 (2H, s),
PCT/ JP97/ 01413 03. err
Exanpl e 10A 3.94 (3H, s}y r?'tgﬁe(ggrreqhﬁnﬁe}'gs"?% éx&&rpf%’llgﬁﬁ)'etf’hﬁlz‘z-
(N, N-di ethyl am n I}y 4:.63, 4- di net hoxyphenyl ) -7-

?,'65,7';3(3}] Y

met hanesul f onyl - -tfetrahydrothieno 2,3-b:5,4- 5

c' ]di pyridi ne-3-carboxylate (for structural fornula, see bel ow) was
obtai ned, which was then recrystallized fpo —X( Hﬁzt hyl acetate-hexane -
to yield colorless needle crystal §IN N Q/ﬁngcé? tting point of 147 to
148[err] C. Z~L00C,B5
0CHs
OCHs

Example 6A
5 A mixture of the compound obtained in Example 4A
(2.09 g) and concentrated hydrochloric acid (8 ml)-water
(16 ml) was stirred at 90°C for 4 hours. After the
reaction mixture was alkalinized with 1N NaOH, it was
extracted with ethyl acetate. The ethyl acetate layer was
10 washed with water and dried (MgsSO,), after which the
solvent was distilled off. The residual so0lid was
recrystallized from ethyl acetate-hexane to yield ethyl 4-
(4-chlorophenyl)-~2-(N,N~diethylaminomethyl)-5,6,7, 8-
tetrahydrothieno[2,3-b:5,4-c"']dipyridine-3-carboxylate (for
15 structural formula, see below) (1.34 g, 79%) as colorless

needle crystals having a melting point of 104 to 106°C.

HN N\ B, —N(C:Hs)
Z~C00C.Hs

C1



[err] Exanpl e 11A 10 A m xture of the

conpound obt ai ned i n Exanpl e 5A (1.0 g), phenyl isothiocyanate
(0.31 g) and tetrahydrofuran (20 M) was stirred at room
tenperature f hours, after which it was concen der
reduced pres\gﬁpg}o%m The resi due was subjected to si F?@%ﬁgé 9col um
chromat ography 15 and eluted with etind acet at e- hexane- net hanol
(20:20: 1, WD 97/ 40050

PCT/ JP97/ 01413 ) 104 viv) to

yield ethyl 2-(N, N-diethylam nonet hyl)-4-(3, 4-
di nmet hoxyphenyl ) - 7- phenyléf(hl O(iarg nmoyl- 5, 6, 7, B -
t et rahydr ot hi enoJ 2, & ¢¢ri di ne- 3- car boxyl ate (for

structural fornula, see bﬁ'nﬂ@tu&‘é ﬁ% the %Qt@:ou%'&btmd §.n Examﬁf'@rbA
recrystallized fromethyl acetate-hexane to yiel col orless

crystal s havi ng(aoctebtigy pahﬁiv@f:ed-oﬁahgaﬁﬁﬁéelﬁl’lbelde (dey93 g) and

toluene (200 ml) was stirred under refluxing conditions for

5 11.5 hours. The reaction mixture was filtered:; the

filtrate was concentrated under reduced pressure. The

residue was subjected to silica gel column chromatography

and eluted with ethyl acetate-hexane-methanol (20:20:1,

v/v) to yield ethyl 2-(N,N-diethylaminomethyl)-4-(3,4-~

10 dimethoxyphenyl)thieno[2,3-b:5,4-c']dipyridine-3-

carboxylate (for structural formula, see below) (3.1 g,

31%), which was then recrystallized from ethyl acetate to

yield colorless needle crystals having a melting point of

163 to 165°C.

N\ H,—N(C.Hs)2

@M

X Z~C00C.Hs
O 0CH;
0CH;
15 Example B8A

From the fraction subsequently eluted in the

column chromatography of Example 7A, ethyl 2-(N,N-
diethylaminom-ethyl)-4-(3,4-dimethoxyphenyl)-5,6-
dihydrothieno[2,3-b:5,4-c']dipyridine-3-carboxylate (for

20 structural formula, see below) (3.1 g, 31%) was obtained,

which had a melting point of 118 to 120°C.



Exanpl e 12A A m xture of the conpound obtained in Exanple

5A (1.0 g), phenyl isocyanate (0.27 g) and tetrahydrofuran (20 10
m) was stirred at roomtenperature for 3 hours, after which it
was concentrated under reduced pressure. The resi due was

subj ect ed t WOSTHREY gel col unm chromat ogr aphy andPEIIRYEIN t h

et hyl acet at e- hexane-net hanol (20:20:1, ;302 v/iv) to yield ethyl

2- (N, N-di et hyl am nonet hyl )-4-(3,4- 15

di met hoxyphenyl ) - 7- phenyl car banoyl -5, 6, 7, 8-

t et rahydrot hi eno[ 2, 3-b: 5, 4-c' ] di pyri di ne- 3-car boxyl at e (for

structural fornula, see belo (1.10 g, 889 whi ch t hen

recrystal | i zed MRokPePRPI 18cEPEt R hdkdte (BF yltel d = 7.2 Hz) ,cA-88 4$¥.
[ [ ls h ' [ 55 C

ST VSRS 00 ) RO B 1 20, 3,55 oY 0

105 [erfh Hz), 3.63 (2H, dt, %X%”%' %.534%z), (B8 4P ) A

m xture of the corrpourid obtained in Ex hyl

i socyanate (0. 579g) (2ng &¢) ralpair@iyran J = 7.2 130 awamasa@tozx{,edx)at room
tenperature for 5 hours, after
5 6.93 (1H, 4, J = 8.0 Hz), 8.36 (1H, t, J = 2.2 Hz).

N\ Hz—N(CZHS) 2
Z~C00C.Hs

0CH3
OCH3

Example 9A
A mixture of the compound obtained in Example 5A
(0.96 g), benzenesulfonyl chloride (0.43 g), triethylamine
(0.42 ml) and tetrahydrofuran (20 ml) was stirred at room
10 temperature for 14 hours. The reaction mixture was poured
over water and extracted with ethyl acetate. The ethyl
acetate layer was washed with water and dried (MgSO,),
after which the solvent was distilled off. The residue was
subjected to silica gel column chromatography and eluted
15 with ethyl acetate-hexane-methanocl (20:20:1, v/v) to yield
ethyl 7-benzenesulfonyl-2-(N,N-diethylaminomethyl)-4-
(3, 4-dimethoxyphenyl )-5,6,7,8-tetrahydrothieno{2, 3-b:5,4-
c'ldipyridine-3-carboxylate (for structural formula, see
below) (0.96 g, 76%), which was then recrystallized from
20 ethyl acetate-~hexane to yvield colorless needle crystals

having a melting point of 161 to 162°C.



5 which it was concentrated under reduced pressure. The

resi due was subjected to silica gel colum chromat ography and
eluted with ethyl acetate-hexane-nethanol (20:20: 1, viv) to yield
et hyl 2-(N, N-di et hyl am nonet hyl ) -4-(3, 4- '
di met hoxypheWﬂ’?’i“’f’-%?Tet hyl car banoyl -5, 6,7, 8- 10 PCTAPITA1413
tetrahydrot hieno[ 2, 3-b:5,4-c'] dipyridineiggcarboxylate (for

structural fornula, see below) (0.30 g, 22%, which was t hen
recrystallized fromethyl acetate-hexane to yield col orl ess
prismatic crystals having a nelting point of 153 to 155[err]C

[err] WO 97/ 40050

PCT/ JP97/ 01413 106

Exanpl e 14A A i xturegqof yt he cCc d obtained in Exanpl e
5A (1.12 g), ethyl 551& ‘ .%%?%%ot assi um

carbonate (0.47 g) and tetr r of UKg 000Gel: stirred 5 at room
tenperature for 3 hours. The reaction m xhure was pour ed over

wat er and extracted with ethyl acetate; et hyl acetate |ayer was
washed with water and dried (MSOX §Ha after which the sol vent
was distilled off. The resi due waeChsubj ected to silica gel colum
chromat ography 10 and eluted with ethyl acetate-hexane (1:1, v/v) to
yield et hyl 2-(N, N-di et hyl am nonet hyl ) - 4- ( 3, 4- di met hoxyphenyl ) - 7-

et hoxycar bonyl -5, 6, 7, 8-t eb;‘g‘}‘]g%o{ﬂ eno[ 2, 3-b: 5, 4-

In the same manner as in Example 9A, ethyl 2-
(N,N-diethylaminomethyl)-4-(3,4-dimethoxyphenyl)-7-
methanesulfonyl-5,6,7,8-tetrahydrothieno(2,3-b:5,4-

5 c')dipyridine~3-carboxylate (for structural formula, see
below) was obtained, which was then recrystallized from
ethyl acetate-hexane to yield colorless needle crystals

having a melting point of 147 to 148°C.

CH3S02\, oS B,-N(C:H5)

Z~L00C,Hs
li"lCH3
0CH3
Example 11A
10 A mixture of the compound obtained in Example SA

(1.0 g), phenyl isothiocyanate (0.31 g) and tetrahydrofuran
(20 ml) was stirred at room temperature for 14 hours, after
which it was concentrated under reduced pressure. The
residue was subjected to silica gel column chromatography

15 and eluted with ethyl acetate-hexane-methanol (20:20:1,



c' ] di pyridine-3-carboxylate (for structural fornula, see bel ow)

(0.89 g, 56%, which was then recrystallized from 15 et hyl

acet at e-hexane to yield colorless prismatic crystals havi ng a
melting point of 119 to 120C. [err] Exanpl e
15A WO 97/40050 A m xture of the conpound obtai ned RCTHRE¥{I#S 5A
(2.00 g), acetyl chloride (0.19 g), trietfﬂédam'ne (0.37 m) 20 and
tetrahydrofuran (10 m) was stirred under™iCe cooling condi tions
for 3 hours. The reaction m xture was poured WO 97/40050 .
PCT/ JP97/ 01413 107 over water
and extracted with ethyl acetate. The et hyl acetate | ayer was
washed with wat eyvandtalr iydel@VosXHel r By (N, N-diethydfamimonleitblylt) hé- 63) 4ent
was distilled off. The residue was subj.ected to silica gel colum

chr omat ogr aphy &idethpaypisenyl) w tahem bl shdasrEbRaRY 1-F00017 MBv) to
yield ethyl 7- . , . )
acet yl - 2- (N, N- ditEERIPEFAFEREPRY P 3R 33 42501 RTIA BReAyFIcPoxylate (for
5,6,7,8-tetrahy ' 230, 4-cod Oy L¢i ne- X te
(for structural @}%%P%Fg?isgérﬁ%f%w)§¢_=(%.di%§i/%‘:ly)d OF:0% g, 6%%)%15‘9%&3%%%h0u5 -
solid haging a rpehl Nedi8istlaldfizéd tf@om ethyl acetate-hexane to yield

colorless crystals having a melting point of 104 to 106°C.

@/NHCS\N [-] N\ Hz"N(Csz)z

Z~C00C.Hs

G,

0CH3

Example 12A
A mixture of the compound obtained in Example 5A
(1.0 g), phenyl isocyanate (0.27 g) and tetrahydrofuran (20
10 ml) was stirred at room temperature for 3 hours, after
which it was concentrated under reduced pressure. The
residue was subjected to silica gel column chromatography
and eluted with ethyl acetate-hexane-methanol (20:20:1,
v/v) to yield ethyl 2-(N,N-diethylaminomethyl)-4-(3,4-
15 dimethoxyphenyl)-7-phenylcarbamoyl-~5,6,7,8-
tetrahydrothieno[2,3-b:5,4~c']dipyridine-~3-carboxylate (for
structural formula, see below) (1.10 g, 88%), which was
then recrystallized from ethyl acetate-hexane to yield
colorless prismatic crystals having a melting point of 154

20 to 155°C.



6
J

10 75[err] C NVR ([err] ppmin CDA3): 0.94 (3H, t, J = 7.
Hz), 0.96 (6H, t, J =7.2 Hz), 1.95-2.15 (2H, m, 2.54 (4H, q,
7.2 Ft) 2.91 (2H, t, J = 5.8 Hz), 3.86 (3H, s), 3.92 (2H, s)
3.94 (3H, s) 9 2H, g, J = 7.6 Hz), 4.11 (2H, s), 6.82-

(3H, ). w[Oe%’”r" s Exanpl e 16A reriRyrmas ©

m xture of the conmpound (3.3 g) obtained i1ps Ref erence Exanpl e
8A, diethylamne (2.2 Q) and tetrahydrofuran (70 m) was
heat ed under refluxing 20 conditions for 6 hours and concentrated-

under reduced

t he

PCT/ JP97/ 01413

was washed wth water, dried MyS™) and
reduced pressure. N

yi el d et hyl

di et hyl am nonet hyl -2, 3-di hydro- 1Hpyrro
t hi eno[ 2, 3-b] pyri di ne-7-carboxylate (2.42 %

10

2-

pressure. To the residue was added ethyl acetate,

WD 97/ 40050

108 m xt ure
concentrated under
n}en@ggsjp silica gel colum
chromat ography and el ut ed witt h /L -t te-hexane (1:1, v/v) to

The resi \N

5 benzyl dxycar bonyl - 8- t hoxyphenyl ) - 6-

[ 3,4 :4, 5] -

864, which

Example 13A

A mixture of the compound obtained in Example 5A
(1.22 g), methyl isocysnate (0.17 g) and tetrahydrofuran
(20 ml) was stirred at room temperature for 5 hours, after
which it was concentrated under reduced pressure. The
residue was subjected to silica gel column chromatography
and eluted with ethyl acetate-hexane-methanol (20:20:1,
v/v) to yield ethyl 2-(N,N-diethylaminomethyl)-4-(3,64-
dimethoxyphenyl)-7-methylcarbamoyl-5,6,7,8-
tetrahydrothieno{2,3-b:5,4-c'}jdipyridine-3-carboxylate (for
structural formula, see below) (0.30 g, 22%), which was
then recrystallized from ethyl acetate-hexane to yield
colorless prismatic crystals having a melting point of 153

to 155°C.




was then recrystallized fromisopropyl ether to yield col orl ess
prismatic crystals having a nelting point of 142 10 to 143[err] C
Exanpl e 17A A m xture of the conpound (1.9 g) obtained
in Ref erence Exanple 8A, 1H1,2,4-triazole (0.347

pot assi um cHPIFAMEL (0.463 g) and acetone (50 m) was 1FPCTIPYZ H3t ed
under refluxing conditions for 6 hoypg and concentrated
under reduced pressure. To the residue was added et hyl acetate,
the m xture was washed with water, - dried (WySCerr]) and
concentrated under reduced pressure. The resi due was subj ected to
silica gel colum chronmatography 20 and eluted with ethyl

acet at e-net hanol (6:1, vE#ampdeyl4hd et hyI

2- benzyl oxycar bonyl - 8- (3, 4-di net hoxyghenyl 2 di hydr o- 6- (
1,2, 4-triazol -1- ylnethylf pigture of pﬁ?mQﬂQﬂé3obtganed in Example 5A

4 5]th| eno[2 i ne 4 h was
t hen recrystall | ze gm efh?? ac%%%%%&l%%hgge %x%l?le %) yl%ea T \Mg'l Yor | ess
prismatic cr ys@z%di‘r%‘&'e”@O%? g) and te@?ﬁﬁ&@ﬂ)ﬁ&'dﬂ (20 ﬂxﬁg W&k Wierea

WD 97/ 40050 PCT/ JP97/ 01413

109 5 at room temp&xatipte fi3A3 hours. The reactiofifmiRktudiee WasdcCtion
subsequently eluted in the col um chr onat ogr aphy of Exanpl e
17A, ethyl poured over water and extracted with ethyl acetate, the
benzyl oxycar bonyl - 8- ( 3, 4- di net_ hoxyphenyl ) - 2, 3- di hydr o- 6-

(1,2, 4-triazol % }erref’ﬁ?F?tFl—l-Wr‘%gl Bfg wpsheg sHH er‘i’é‘[t?r3 and dried

5] Y11 i ne- 7-Cappyh ol G0 231 n 40 YOV W A 1100 oz, COhY ! oSS

residue was subjected to silica gel column chromatography
10 and eluted with ethyl acetate-hexane (1:1, wv/v) to yield
ethyl 2-(N,N-diethylaminomethyl )-4-(3,4-dimethoxyphenyl)-7-
ethoxycarbonyl-5,6,7,8-tetrahydrothieno[2,3-b:5, 4~
c'ldipyridine-3-carboxylate (for structural formula, see
below) (0.89 g, 56%), which was then recrystallized from
15 ethyl acetate-hexane to yield colorless prismatic crystals

having a melting point of 119 to 120°C.

HsCzOOC\N N Ez'N(CZHS)z
Z~C00C.Hs
CH3
0CHs

Example 15A
A mixture of the compound obtained in Example 5A
(2.00 g), acetyl chloride (0.19 g), triethylamine (0.37 ml)
20 and tetrahydrofuran (10 ml) was stirred under ice cooling

conditions for 3 hours. The reaction mixture was poured



Exanpl e 19A O ly sodium hydride (60% O0.504 g) was added

to 10 a sol ution of 2-pyrrolidone (1.0 g) in N, N-

di met hyl formam de (60 m) and the m xture was stirred at room
tenperature f nutes. Then, the compound (4.5 [ned in
Ref erence Exarr‘;%lt’%ﬂ)ﬂ%IA was added thereto, the . rﬁXturgg'%'ﬁg}a}s‘?%rred
at 60 [err]C for 20 mnutes, the reaction jgp m xture was poured over
wat er and the precipitated solid was filtered. This crystal was
subjected to silica gel col umm chr omat ogr aphy and el uted with

et hyl acet at e- hexane (1:1, v/v) to yield ethyl

7- benzoyl - 4- (3, 4- net hyl enedi oxy-
phenyl ) - 2- (2- oxo°Ye’by‘%'/?B?‘F d?’r‘ﬁll FETIRATYeS with @thy)y acetate.  The ethyl

t et r ahydr ot hi eno 5 y I hoed At g,
199 ,. which was %%eéﬁa%ec%%%al ﬁ?geaja%"’%?h 2‘??\ 4 dha a0ets e(&gxaﬁe’ to
yield light-yell gpg@F hiiTedhl Gh@ré/élt\ﬁzlr?t was dlsnlh@al agfa elel -BY1 B0k ruasof

270 to 271 err]C. Exanpl e 20A t he
sane .manner as isubjeeted eto IS ica Rl column mapetmgb:amt;almw emted
Ref erence Exanple 5A and | H-1, 2, 4- triazole were reacted to yield

et hyl 7-benzoyl -¥itl, qbloroform-methanglgxﬂ@@ggg v/v) to yield ethyl 7-
PCT/ JP97/ 01413
di met hoxypheny! ) 282174 (fqef'r%?ﬁ/ﬂ“fy&aﬂ‘m?’ie‘?h%} r‘i}“a{z"’ol‘1 gimethoxyphenyl)-

¥L2ﬁtPZLZ;2{:PFE§e§ ?r?ﬁﬁét Cé%gbggﬁg adg??%ygahec ]d%ﬁ%fﬁdggkgr ess
prismatic cryst abarbowyTgted (rmizt igtGueduthl Formula Of sdO3pd bl PA{®red G,
60%) as an amorphous solid having a melting point of 72 to
10 75°C.
NMR (& ppm in CDC13): 0.94 (3H, t, J = 7.6 Hz), 0.96 (6H,
t, J = 7.2 Hz), 1.95-2.15 (2H, m), 2.54 (4H, q, J = 7.2
Hz), 2.91 (2H, t, J = 5.8 Hz), 3.86 (3H, s}, 3.92 (2H, s),
3.94 (3H, s), 3.95 (2H, q, J = 7.6 Hz), 4.11 (2H, s), 6.B2~

15 6.87 (3H, m).

Example 16A
A mixture of the compound (3.3 g) obtained in
Reference Example BA, diethylamine (2.2 g) and
tetrahydrofuran (70 ml) was heated under refluxing
20 conditions for 6 hours and concentrated under reduced

pressure. To the residue was added ethyl acetate, the



Exanpl e 21A Li t hi um al um num hydri de (0.164 g) was added

to a solution of the conpound (5.0 g) obtained in Exanple 20A

in tetrahydrofuran (50 m ), the m xture was stirred at room 10
tenperature for 2 hours. Water was added to the reaction m xture
and the m xMAE4M8 extracted with ethyl acetate. POTAEI QIR
acetate layer was washed with water, driedgg (MgSd err]) and
concentrat ed under reduced pressure. The resi due was subjected to
silica gel colum chromat ography 15 and eluted with -
chl or of or m net hanol (50:1, v/v) to yield et hyl

4- (3, 4-di net hoxyphenyl ) -5, 6, 7, 8-t etrahydro- 2- .

(1,2, 4-triazol - mixtrtehy| Yahi efRFed- pwith. cvatehHyr i &Fird 3- (MgS0O,)  and
carboxylate (3.08 g, 75%., which was then.recrystallized , from
ethyl acetate-h tFafed quRdRthr FE8UCHY; Furepo The ZPPIAUPS Waving
a nelting point r.r 1.C.

The conpound obt%}%t%%énéjéogﬁiﬁelé c]f‘l,gev%/af Dtlru Cat g&romatogra;ﬁgg%c?élé#ﬁde 7A
to yield ethyl 4g{éhdethyet BexyRbEeMédare (1:1, v/v) to yield ethyl 2-
(1,2,4-triazol -yl methyl)thieno[2,3-b:5,4-c']di pyridine-3- 25

carboxyl & e, whbemazgd digecacboysydl-l8z¢8,4+rdmmee¢ehnoxyphenyl pedt-ate

to yield colorless prismatic crystals having a maltinq poi nt of
172 to 174[ err] (@iethylaminomgilyr) 49p8pdihydro~1H-pyrrolo[3',4%:4,5]-

PCT/ JP97/ 01413

Exanmpl e 23A thieno[2,3-b] pyr‘f‘ﬂém&?rﬁﬁ?lﬁt&m%ltazﬁene@l'i]nﬁ et e B e
2A and §LLY ltnen® #dePidth s Ted2 28 o - Yadprbiy PERREPORLE yie Pl €

colorless prismatic crystals having a melting point of 142
10 to 143°C.
Example 17A
A mixture of the compound (1.9 g) obtained in
Reference Example B8A, 1H-1,2,4-triazole (0.347 4g),
potassium carbonate (0.463 g) and acetone (50 ml) was
15 heated under refluxing conditions for 6 hours and
concentrated under reduced pressure. To the residue was
added ethyl acetate, the mixture was washed with water,
dried (MgSO,) and concentrated under reduced pressure. The
residue was subjected to silica gel column chromatography
20 and eluted with ethyl acetate-methanol (6:1, v/v) to yield
ethyl 2-benzyloxycarbonyl-B8-(3, 4-dimethoxyphenyl )-2,3~
dihydro-6-(1,2,4-triazol-1l-yilmethyl)-1H-
pyrrolol3',4':4,5]1thieno[2,3~-b]lpyridine-7-carboxylate (0.96
g, 48%), which was then recrystallized from ethyl acetate-
25 hexane to yield colorless prismatic crystals having a

melting point of 166 to 167°C.



treated as in Reference Exanple 4A to yield ethyl 7- 5
benzoyl - 4- (3, 4- di net hoxyphenyl ) -5, 6, 7, 8-tetrahydro-2-[2-(1-
met hyl i m dazol -2-yl)ethyl]thieno[ 2, 3-b:5,4-c']dipyridine- 3-

car boxyl ate, which was then recrystallized from et hyl te to
yield col orl g?s”épqsgmat ic crystals having a mel ti nPgCT;I)Jcl)’%@E%f 170
to 17 [err]C. 10 Exanpl e 24¥09 The
conmpound obtai ned in Reference Exanple 2A and et hyl
3-0x0-5-(I-trityl-1,2,3-triazol-4-yl)pentanoate were treated as ‘in

Ref erence Exanple 4A to yield ethyl 7-

benzoyl - 4- (3, 4- di net hoxypheﬁr;]?%/l -5, q,se?, 8-tetrahydro-2-[2- 15
(1,2,3-triazol-4-yl)ethyl]t %%RJ]IGZ, Ay 5,4-c']dipyridine-3-

carboxyl ate, which was thengrger ygbaldl2edoh" QUbsbhiently elutedCalAl€nd 0
yield colorless prismatic crystals having a ITE|¥I ng point of 184
to 185C. column chrdm&dtygraph9pA o) Example 17A, | netthglsane-
manner as in Exanple 17A, the conpound obtai ned i n Reference
Exanmpl e 5A and hydeneylariaarbonyl-8-(3,4ydinethoxypkeenel ¢-2 edcd Blydooydel d
et hyl 7-benzoyl -4-(3, 4- )

di net hoxypfBienyl ) - 21¢ R AyBFRapinAnetng thd )ndHePRHo9lod 36, 4 g, S1thieno(2, 3~

t et rahydrot hi eno[ 2,.3-b: 5.4-c.]dipyridine-3-carhoxyl at 25 whi ch S
then recrystalli zé’dp?rr&%ig?ﬁdc%@e xa?’thea- eﬁgﬁglpogx ) was)i 2P lc%%c(?)r %"28

prismatic crystal $Jia¢1R8sapsEads N poi nt of 129 to 130[err]C
WO 97/ 40050 PCT/ JP97/ 01413
112 Exsamp e 200A

Oily sodjium hydride (60%, 0.504 g) was added to
10 a solution of 2-pyrrolidone (1.0 a) in N,N-
dimethylformamide {60 ml) and the mixture was stirred at
room temperature for 20 minutes. Then, the compound (4.5
g) obtained in Reference Example 10A was added thereto, the
mixture was stirred at 60 - °C for 20 minutes, the reaction
15 mixture was poured over water and the precipitated solid
was filtered. This crystal was subjected to silica gel
column chromatography and eluted with ethyl acetate-hexane
(1:1, v/v) to yield ethyl 7-benzoyl-4-(3,4-methylenedioxy-
phenyl)-~2-(2-0x0~1~pyrrolidinylmethyl)-5,6,7,8-
20 tetrahydrothieno{2,3-b:5,4-¢c']dipyridine-3-carboxylate
(0.93 g, 19%), which was then recrystallized from ethyl
acetate-hexane to yield light-yellow prismatic crystals
having a melting point of 270 to 271°C.
Example 20A
25 In the same manner as in Example 17A, the
compound obtained in Reference Example 5A and 1H-1,2,4-

triazole were reacted to yield ethyl 7-benzoyl-4-(3,4-



The conpound obtained in Reference Exanple 1A and et hyl
3-0x0-5-(1,2,4-triazol-1-yl)pentanoate were treated as in
Ref erence Exanple 4A to yield ethyl 7-(4- 5

chl orobenzoyl ) - 4- ( 3, 4- di et hoxyphenyl ) -5, 6, 7, 8-t et rahydr o-

2-12-(1, 2, MOPTH9M -1-yl )ethyl | thieno[ 2, 3-b: 5, 4- PCT/JP97/01413

c' ]di pyridine-3-carboxyl ate, which was thangecrystallized from
ethyl acetate to yield colorless prismatic crystals havi ng a
melting point of 195 to 197[err]C. - 10 Exanpl e 27A

The conpound obtained in Reference Exanple 1A and et hyl
3-0x0-6-(1,2,4-triazol -1-yl)hexanoate were treated as I n Reference

Exanpl e 4A to yisdimethenyprenyl t+$ o obehz%gtyahydro-2-(1,2,4-triazol-1~
4-(3,4-dineth h | ).-5.6,7,8-tetrahydro-2-13-(1,2,4- _15
trfazol-H?il]g?éﬁfﬁﬁ¥ﬁh@ﬁﬂ%ﬁ%¥&%é%ég%gﬁ 8551$ﬁ?£§*%*“e"3'carboﬁﬁﬂﬁﬁﬁylateh
whi ch th | | t |

ich was then rggrystakli %ﬁ Jééggfﬂgiiized frownﬁtﬁ.ﬁ Qéé%éfé%%é?éﬁf o

colorless prismatic crysta havi ng porn

116[err] C vield colorless A& L8Aryifials having a melthHy poiReuNd
obt ai ned in Reference Exanple 1A and et hyl

3-0x0-7- 81, 2, 4- tafi ABS +d- IPARCpt anoate were treated as in

Ref erence Exanple 4A to yield ethyl 7-(4-

chl or obenzoyl ) - 4- ( 3, 4- di nEXRBRYBhedIR)-5,6, 7, 8-tetrahydro-
2-[4-(1,2,4-triazol-1-yl]bytyl]thieno[2,3-b:5,4- 25
c']dipyridine-3-carboxy|aPéFX&h?cﬁlﬂﬁ. YhyFdery Pat $4 Y was added to, 4,

L) Cebtne L B . O AR (5505 higianefo sl Sh
PCT/ JP97/ 01413 in tetrahydrofuran (50 ml), the mixtu?d3vas stirred at room
10 temperature for 2 hours. Water was added to the reaction
mixture and the mixture was extracted with ethyl acetate.
The ethyl acetate layer was washed with water, dried
(MgsSO,) and concentrated under reduced pressure. The
residue was subjected to silica gel column chromatography
15 and eluted with chloroform-methanol (50:1, v/v) to yield
ethyl 4-(3,4-dimethoxyphenyl)-5,6,7, 8-tetrahydro-2-
(1,2,4~-triazol-l1~ylmethyl)thienc{2,3-b:5,4~-c']dipyridine-3-
carboxylate (3.08 g, 75%), which was then recrystallized
from ethyl acetate-hexane to yield colorless prismatic
20 crystals having a melting point of 164 to 165°C.
Example 22A
The compound obtained in Example 21A was treated
as in Example 7A to yield ethyl 4-(3,4-dimethoxyphenyl)-2-
(1,2,4-triazol-ylmethyl)thieno[2, 3-b:5,4-¢c']dipyridine-3-
25 carboxylate, which was then recrystallized from ethyl
acetate to yield' colorless prismatic crystals having a

melting point of 172 to 174°C.



Exanpl e 29A A m xture of the conpound (5.99 g) obtained
I n Exanpl e 27A, 4N KOH (24 ml) and ethanol (30 m) was stirred
under refluxing conditions for 1 hour. The reaction 5 m xture was
poured over water and the m xture was extracted Wi I
acetate. TRHOBUYP acetate | ayer was washed V\/itr#c\t/%/é"?yr)%“c?ri ed
(MgSA err]) and concentrated under reduced 1311 pressure. The residue
was di ssolved in toluene (80 m), acti vat ed manganese di oxi de
(3.25 g) was added thereto and 10 - the m xture was heated under
refluxing conditions for 14.5 hours. The insoluble was filtered
off, and the filtrate was concentrated under reduced pressure. The
resi due was subj ecFPRIE &34 ca gel col um chr omat ogr aphy and

el ut ed LY e a1 AR L0 e il G 15

yield ethyl 4-(3,4-di net hoxypheny L A=t

yl ) propyl]thienol 248:9: 5, £-G'1l iRy LM desod2aKN9x¥L 8k (1. 9érd,
33%, which was t%g’:w?ecr;ségall Imlg?eq%i%'?%)dn?zglhyl ¥19 fpea?:"é‘—:{r;ﬁaet-ehexane to

yield col orl ess prireaRbiC ¥ Y&i aRefB2¥hEg Example 4A Madt yiglpoigthyafl 127
to 129[err]C. 20 Exanpl e 30A The
conpound obt ai ned biemzByanrdt (3 ,234Ainathexyminenrtl )-5, 6,7, 8-getrahy@aam@-¢220-t o
yield ethyl 4-(3,4-dinethoxyphenyl % 2- . v .

[4- (1,2, 4-triazol Merpv)inidaginPakd)othylythignol2, 3-b:5, 4-c" Jdipyridine-3-

c']dipyridine-3- Caéa%%&'yi*g%? ﬁw,i G ag, ¢ h%ﬂe;,}gng%csrg,%'tgmqegfgfs or Segfag;png

et hyl acetate-hexané 10 yre colorless pris

a nelting point ofyckbA@+te0 thl N £1d Ccolorless prismd@i®’/AARQ1s having a
PCT/ JP97/ 01413 114
melting point of 170 to 17 °C.
10 Example 24A

The compound obtained in Reference Example 2ZA and
ethyl 3-oxo0-5-(1-trityl-1,2,3~-triazol-4-yl)pentanoate were
treated as in Reference Example 4A to yield ethyl 7-
benzoyl-4-(3, 4-dimethoxyphenyl)-5,6,7,8-tetrahydro-2-[2-
i5 (1,2,3-triazol-4-yl)ethyl]lthieno[2,3-b:5,4-c']dipyridine-3-
carboxylate, which was then recrystallized from ethyl
acetate to yield colorless prismatic crystals having a

melting point of 184 to 185°C.

Example 25A

20 In the same manner as in Example 17A, the
compound cbtained in Reference Example 5A and hydroxylamine
hydrochloride were reacted to yield ethyl 7-benzoyl-4-(3,4-
dimethoxyphenyl )-2-{N-hydroxy-N-methylaminomethyl}-5,6,7,8-
tetrahydrothieno[2,3-b:5,4~-c']dipyridine-3-carboxylate,
25 which was then recrystallized from ethyl acetate-hexane to
yield colorless prismatic crystals having a melting point

of 129 to 130°C.



Exanpl e 31A A m xture of the conpound (0.3 g) obtained

I n Exanpl e 16A and HBr-acetic acid (25% 0.804 g) was stirred

at roomtenperature for 50 m nutes and concentrated under 5 reduced
pressure. Ethyl ether was added to the residue and the solid was
filtered. WO¥/4#0580|id was dissolved in di chl or oRet AR he

sol uti on was washed successively with 112 an aqueous saturated

sol ution of sodi um bi carbonate and water, dried (MgSgerr]) and
concentrat ed under reduced 10 - pressure to yield ethyl

8- (3, 4-di met hoxyphenyl ) - 6-di et hyl -

am nonet hyl -2, 3-di hydro-1 H pyrrolo[3',4':4,5]thieno[ 2, 3-

b] pyri di ne-7- car boxyl at e ’%@Meg 2590% as povvder NIVR ([err] ppm
in CDCl[err]): 0.94 (3H, t, 2! 1019%5 Hz), . 2.62
(4H, ¢, J=7.0Hz), 3.51-3. Ti‘BePE’HWH? in Refe(’?ﬁces'f“@%%lﬁ‘ #8¢ (7H,

m, 4.29-4.41 (gthyﬂ) 3-8xdSs 6( 18%#6\ -triazol- iz%% :E’Qntagm%?teEg(alére tr%_al_g §HZ)

Exanpl e 32A npound al ne

treated as aSnl nalé&aaﬁaheewéxhﬁpyéel gaet gyl &amt yétﬁyiB 4= (420

di met hoxyphenyl ) - 6-di et hyl am nonet hyl -2, 3-di hydr o- |

pyrrol o[8', 4' : 4cblohoBerodcy 13-4} p&rhﬂmetﬁexapbmyl Bt%®,6,7,8-tetrahypir6h was
t hen recrystal lized fromethyl acetate-hexane to yield a

col orl ess prisnétil <t %fstzal‘lﬂév#ﬁgcal netvilnge Pov At thienol2, 3fbr 3 40
124[err]C. 25 33A-35A t he
sam[e ma]nner as Fn]g%g%f-gim—,fi-fq?g%my?ate, whishh 88 JEheR ﬁegﬁyﬁﬁa%&biz%dlo

wer e obtai ned. from ethyl acetate to yield colorless prismatic crystals

having a melting point of 195 to 197°C.
10 Example 27A
The compound obtained in Reference Example 1A and
ethyl 3-oxo0~6-~(1,2,4~triazol~-1~yl)hexanoate were treated as
in Reference Example 4A to yield ethyl 7-{4-chlorobenzoyl)-
4-(3,4-dimethoxyphenyl)-5,6,7,8-tetrahydro-2-[{3-(1,2,4-
15 triazol~1-yl)propyllthieno[2,3-b:5,4~c')dipyridine-3~
carboxylate, which was then recrystallized from ethyl
acetate to yield colorless prismatic crystals having a
melting point of 114 to 116°C.
Example 28A
20 The compound obtained in Reference Example 1A and
ethyl 3-oxo0-7-(1,2,4-triazol-1-yl)heptanoate were treated
as in Reference Example 4A to yield ethyl 7-(4-
chlorobenzoyl)-4-(3, 4-dimethoxyphenyl )-5,6,7,8-tetrahydro-
2-14-(1,2,4-triazol~1-yllbutyl)jthieno[2,3-b:5,4-
25 c'l]dipyridine-3-carboxylate, which was then recrystallized
from ethyl acetate to yield colorless prismatic crystals

having a melting point of 165 to 166°C.



WD 97/ 40050 PCT/ JP97/ 01413

115 Tabl e 10 [err] Exanpl e

R Mel ti ng Recrystal lizing No. poi nt
([err] O solvent 5 33A Cerr]Hery - 108
Et hyl acet at &0 97/40050 Y‘]éﬂf}?yé@ 3 et her
34A Cerr]H err] 75-79 Hiwl acetate-

| sopropyl ether 10 35A (CHerr])[err]CH  155-157

Et hyl acet at e- - | sopropyl ether
Exanpl es 36A- 38A In the same manner as in Exanple 12A,
the 15 conpounds listed in Table 11 were obtai ned. WO
97/ 40050 Example 29A PCT/ JP97/ 01413

116

Tapl e durd ¥ ltne compound (5.99 g) obtained in
Example 27A, 4N KOH (24 ml) and ethanol (30 ml) was stirred
under refluxing conditions for 1 hour. The reaction
5 mixture was poured over water and the mixture was extracted
with ethyl acetate. The ethyl acetate layer was washed
with water, dried (MgSO,) and concentrated under reduced
pressure. The residue was dissolved in toluene (80 ml),
activated manganese dioxide (3.25 g) was added thereto and
10 the mixture was heated under refluxing conditions for 14.5
hours. The insoluble was filtered off, and the filtrate
was concentrated under reduced pressure. The residue was
subjected to silica gel column chromatography and eluted
with ethyl acetate-hexane-methanol (10:10:1, wv/v/v) to
15 yield ethyl 4-(3, 4-dimethoxyphenyl)-2-[3-(1,2,4-triazol-1-
yl)propyl]lthieno[2,3-b:5,4~c']dipyridine-3-carboxylate
(1.54 g, 33%), which was then recrystallized from ethyl
acetate-hexane to yield colorless prismatic crystals having

a melting point of 127 to 129°C.

20 Example 30A

The compound obtained in Example 2BA was treated
as in Example 29A to yield ethyl 4-(3,4-dimethoxyphenyl)-2-
{4-(1,2,4-triazol-1-yl)butyl]thieno[2,3-b:5,4, -
c'l]dipyridine-3-carboxylate, which was then recrystallized
25 from ethyl acetate-hexane to yield colorless prismatic

crystals having a melting point of 118 to 119°C.



Exampl e R Mel ting Recrystal li zing No.

point ([err] O sol vent 5 36A Cerr]Herr] 112-114
Et hyl acet at e- | sopropyl ether
37A Cerr]Herr] 116- 118 Et hyl acet at e- Hexane

38A (CH™Q2714958r r ]| CH 167- 168 Et hyl acet at e- HexEGIPP701413

Exanpl es 39A-41A In the,g3me manner as in Exanple 14A

t he conpounds listed in Table 12 were obtai ned. WO
97/ 40050 - PCT/ JP97/ 01413

117 Table 12 [err]

R Exanpl e R Mel ting Recrystal |l i zing
No. poi nExgjrpie | A solvent 5 39A
Cerr]Herr] 97-99 | sopropyl_ et her - Hexane

Clerr]Herr] 99 100 A mlxEyrgpPf dhgecomeRdpd (0.3 g) °bt312$53\ in

fg?%?g;;?[:[Lgr xamp e ign andEggpﬂaéa%gEa gid]{55%, 0.804 g) was stirred

at room temperature for 50 minutes and concentrated under
5 reduced pressure. Ethyl ether was added to the residue and
the solid was filtered. This solid was dissolved in
dichloromethane, the solution was washed successively with
an agqueous saturated solution of sodium bicarbonate and
water, dried (MgSO,) and concentrated under reduced
10 pressure to yield ethyl 8-(3,4-dimethoxyphenyl )-6~diethyl-
aminomethyl-2,3-dihydro-1H-pyrrolo[3',4':4,5]thienc[2,3~
blpyridine-7-carboxylate (0.21 g, 90%) as powder.
NMR (& ppm in CDCl,;): 0.94 (3H, t, J=7.4Hz), 1.01 (6H, t,
J=7.0Hz), 2.62 (4H, q, J=7.0Hz), 3.51-3.75 (2H, m), 3.87
15 (3H, =), 3.89-4.06 (7H, m), 4.29-4.41 (2H, m), 6.78-6.88
(2H, m), 6.92 (1H, d, J=8.8Hz)
Example 32A
The compound obtained in Example 31A was treated
as in Example 15A to yield ethyl 2-acetyl-8-(3,4-
20 dimethoxyphenyl)-6-diethylaminomethyl-2,3-dihydro-1H-
pyrrolof[3',4':4,5)thieno[2,3-b]lpyridine-7-carboxylate,
which was then recrystallized from ethyl acetate-hexane to
yield a colorless prismatic crystal having a melting point
of 123 to 124°C.
25 Examples 33A-35A
In the. same manner as in Example 6A, the

compounds listed in Table 10 were obtained.



Exampl es 42A- 44A In the same manner as in Exanple 9A
WO

t he conpounds listed in Table 13 were obtai ned.

97/ 40050 PCT/ JP97/ 01413

118 Table 13 [err] Ex | e

R IVEI"Y?%‘WSO Recrystalli zing . l’(:T’?‘m‘?m‘ﬂ;boi nt
([err] O sol vent 5 42A i@kerr] H err] 140- 141

Et hyl acet at e- Hexane 43A Cerr]Herr] 133- 135 Et hyl
acet at e- Hexane 44A (CH err])[err]CH 155-156 Et hyl

acet at e- Et hyl ether 10

Exanpl es 45A- 46A In the sane manner as in Exanple 7A the
coripounds |isted in Tabl e 1%2BteelQpt aj ned. Table 14

[err]

Ny CB2N(CoHs) »

HN
7 ~C00C.H;
R
Example R Melting Recrystallizing
No. point (°C) solvent
5
33A C,H; 107-108 Ethyl acetate-
Isopropyl ether
34A C.H, 75-79 Ethyl acetate-
Isopropyl ether
10 35A (CH;),CH  155-157 Ethyl acetate-

Isopropyl ether

Examples 36A-38A
In the same manner as in Example 12A, the

15 compounds listed in Table 11 were obtained.



15 Exanpl e R Mel ting Recrystal li zing

No. point ([err]C sol vent 45A

Cerr]Herr] 175-176 Et hyl acetate- 20

| sopropyl ether 46A (CHerr])[err]CH 153-155 Et hyl
acet ate WO 97/40050 VWO 97/ 40050 PCT/IP97/01413

PCT/ JP97/ 01413 116 119

Exanpl e 47A The conpound obtai ned in Exanple 21A was
treated as in Exanple 7A to yield ethyl 4-(3,4-dinethoxyphenyl)--2-
(1,2,4-triazol-1-ylmethyl )thieno[ 2, 3-b:5,4-c']dipyridine-3- 5

carboxyl ate, which was then recrystallized from ethyl acetate to
yield colorless prismaticlaRdgsddl s having a mel ting point of 172
to 174[err]C Exanpl e 48A In the sane
manner as in Exanple 16A, the 10 conmpound obtai ned in Reference
Exanpl e 18A and di et hyl am ne were reacted to yield ethyl

7- (4-chl or obenzoyl ) - 2-
di et hyl ani nomet hyl - 4- (4- i so@pﬂﬁ@ﬂ-ﬁ Bal(Qefls)e
5,6,7,8-tetrahydrothieno[2,3-b:5,4-c 10065 13- car boxyl at e,
whi ch was then recrystallized from et hyl acet at e- hexane to yield
colorless prismatic crystals. N [err] ppmin CDCl[err]): 0.92
(3H, t, J=7.2Hz), 0.99 (6H, t, .2Hz), 1.40 (3H, d, J=6.2Hz),
1.43 (3H, d, J=6.2Hz), 2.13 (2H, Br s), 2.53 (4H, q, J=7.2Hz),
3.49 (2H, br s), 3.89 (3H, s), 3.94 (2H, q, J=7.2Hz), 4.62 (1H
m, 4.72 20 (IH br s) 496 (1H bhr s) 6 78:-6 82 (2H m) 6 94 (1H,
d, J=8.4Hz), 7.4gxbébies) R Melting Recrystallizing

No. point (°C) solvent

5

36A C.H, 112-114 Ethyl acetate-
Isopropyl ether

37A C,H, 116-118 Ethyl acetate-Hexane

38A (CH;),CH 167-168 Ethyl acetate-Hexane
10

Examples 39A-41A
In the same manner as in Example 14A, the

compounds listed in Table 12 were obtained.



Exanpl e 49A A m xture of the conpound (8.9 g) obtained

in Exanpl e 48A, 4N KCH (18 nml) and ethanol (150 ml) was 25
stirred under refluxing conditions for 5 hours. The reaction
m xture was p&ﬁ¥ﬁgm%¥er wat er and the m xture was extracted with
ethyl acetate: hyl acetate |ayer was WO FEIABYAA3

PCT/ JP97/ 01413 117 120 washed
with water, dried (MgSq err]) and concentrat ed under reduced
pressure. The residue was subjected to silica gel col um -
chromat ography and eluted with ethyl acetate-hexane (4:1, viv) to
yield ethyl 2-diethylam nongthyl-4-(4- 5
isopropoxy-S-nethoxyphenyl;Egg%gﬁ%%-tetrahydrothieno[2,3-
b:5,4-c']dipyridine-3-carboxylate (6.5 g, 88%, which was t hen
recrystallized fromethyl acetate-hexane to yield col orl ess
prismatic crystals. NVR ([err] ppmin CDCl[err]): 0.91 (3H, t,
J=7.0Hz), 0.92 (3H, t, 10 J=7.0Hz), 0.95 (3H, t, J=7.2Hz), 1.39
(3H, d, J=6.2Hz), 1.42 (3H 6 .N2HzR .N ;2.06 (4H, q,
J=7.0Hz), 2.91 (2H, t,szgEQQQ (’3&@’%)@? 3.91 (2H s), 3.93
(2H, q, J=7.2Hz), 4.10 (2H, a0g.8m, 6.78-6.82 (2H, m,

6.91 (1H, d, J=8.6Hz) 15
The conpound obtai ned in Exanpl e 49A was t
to yield ethyl 2-diethylam nonethyl -4-(4- R
i sopr opoxy- 3- net hoxyphenyl )t hi eno[ 2, 3-b: 5, 4-¢c' ] di pyri di ne-
3-carboxyl ate as ar—6it-

| e 50A
ed as in Exanple 7A

Example R Melting Recrystallizing
5 No. point (°C) solvent
39Aa C,Hg 97-99 Isopropyl ether-Hexane
40A C,H, 99-100 Isopropyl ether-Hexane
41A (CH;),CH 139-140 Ethyl acetate-
10 Isopropyl ether

Examples 42A-44A

In the same manner as in Example 9A, the

compounds listed in Table 13 were obtained.



20 NVR ([err] ppmin CDCl[err]): 0.95 (3H, t, J=7.2Hz), 0.98 (6H, t,

J=7.0Hz), 1.44 (3H, d, J=6.0Hz), 1.49 (3H, d, J=6.0Hz), 2.58 (4H,
g, J=7.0Hz), 3. 82 (3H, s), 3.99 (2H, q, J=7.2Hz), 4.00 (2H, s),
4.69 (1H, nlv 81 1H dd, J=5.6 & 0.8Hz), 6.89-6.98 (2H, m,
7.07 (lH dWORIH0ISR, ) 8. 33 (1H, d, 25 J=5. 6Hz), 9. IRCTIPR{/0143

J=0. 8Hz) Exanpl e 51A 4138 Ti tani um
tetrachloride (0.85 m) was added WO 97/ 40050

PCT/ JP97/ 01413 121 dr opw se
to a solution of the conpound (1.0 g) obtained in Exanpl e 50A in
di chl oronet hane (35 ml) under ice-cooling, and the m xture was
stirred at O [err]C for 1X8bkeutd  The reacti on nmi xture was
poured over ice-water, and the m xture 5 was extracted with

di chl oronet hane. The di chl or onet hane | ayer was washed
successively with an aqueous aturat d 1,N(6Y1 i on of sodium

bi carbonate and water, drie 8oy concentrat ed under
reduced pressure. The residue was 80Chiected to silica gel colum

chromat ography and eluted 10 acetate-chloroform (1:1, v/v)~
to yield ethyl 2-

di et hyl am nonet hyl - 4- (4- hydr oxy- 3- net hoxyghenyl ) t hi eno[ 2, 3-

b: 5, 4-c' ] di pyri di ne- 3-car boxyl ate (0.41 g% 44% , which was t hen
recrystallized fromethyl acetate to yield coI or | ess prismatic
crystal s having %Iﬁ%&,h'e]ﬂg poi nt of 1794d R 431 C Sgre ry htznmg Exanpl e
52A No. the sane MaNGES @ .|d} Exa g
conpound spbt ai n I
42A C,H¢ 140-141 Ethyl acetate-Hexane
43A C,H, 133-135 Ethyl acetate-Hexane
44A (CH,),CH 155-156 Ethyl acetate-
Ethyl ether
10
Examples 45A-~46A
In the same manner as in Example 7A, the
compounds listed in Table 14 were obtained.
Table 14
N o Ny CH2N(CoHs) 2
N P
_ 00C.Hs
R
15
Example R Melting Recrystallizing
No. point (°C) solvent
45A C;H, 175-176 Ethyl acetate-
20 Isopropyl ether

46A (CH;),CH 153-155 Ethyl acetate




met hyl hydantoin were reacted to yield ethyl 7-benzoyl -
(3, 4-di net hoxyphenyl ) - 2- (1- et hyl hydant oi n- 3-yl net hyl )- 20

5,6,7,8-tetrahydrothieno[2, 3-b:5,4-c']dipyridine-3- car boxyl at e,
whi ch was then recrystallized from et hyl acetate to

col orl ess pr *&h¥ FW@Xcrystals havi ng a nel ting pmlﬁcﬁ%ﬁ%ﬁglto 187
[err] C. Exanpl e 53A 25319 In the sane
manner as in Exanple 16A, the conmpound obtai ned i n Reference
Exanpl e 29A and di et hyl am ne " were reacted to yield ethyl

6- (4- chl or obenzoyl ) - 2- WO 97/ 40050

PCT/ JP97/ 01413 122

di ét hyl ani nonet hyl - 4- ( 3, 4- B¥R¥08/Fhenyl ) -5, 6, 7, 8-
tetrahydrothi eno[ 2, 3-Db: 4, 5?ﬁy}<94n@%%§' ﬁt§u9é?ci %Xﬁkéﬁﬁle 21A yas tf EE

then recrystallized fron1e t at e- hexane ess

prismatic crystalsg BAVERSmE dTEAl kB0yidilethPl 4- (301 &hé’&\o&gbﬂbhbg) -2-
Exanpl e 54A A mxture of the conpound (1 g) obtai ned

in Exantille 253Atrazudl-Ut-irbne thy lNahdeso [2n 31ed 50 4i-d 2] d Dpsér ighi neA3-
water (10 ml) and ethanol 20 M) was heated under 10
ref | uxi ngScondi t iceFPoRYR atepoihd chpovred theer m@ﬁt&ﬁélze‘i from egfh¥tt ed

with ethyl acetate. The ethyl, K acetate |aye washed with water,
dried (MySQ err] Po&HAT oY L (Rt RE eSS P Prlsma‘?&du%’ébs%s‘h?‘é”t% Bield

?ghzldﬁng{ﬁgQ§Lﬁen9] hék§é§ ?%t¥§%;§}éfﬁreno[2 3-b:4,5- 15
c' ] di pyri di ne- 3-car boxyl at exaspbe 484 .
In the same manner as in Example 16A, the
10 compound obtained in Reference Example 1BA and diethylamine
were reacted to vyield ethyl 7-(4-chlorobenzoyl)-2-
diethylaminomethyl-4~(4-isopropoxy-3-methoxyphenyl)-
5,6,7,8-tetrahydrothienof{2,3-b:5,4-c']dipyridine-3-
carboxylate, which was then recrystallized £from ethyl
15 acetate-hexane to yield colorless prismatic crystals.
NMR (& ppm in CDCl;): 0.92 (3H, t, J=7.2Hz), 0.99 (6H, t,
J=7.2Hz), 1.40 (3H, d, J=6.2Hz), 1.43 (3H, 4, J=6.2Hz),
2.13 (2H, br s), 2.53 (4H, g, J=7.2Hz), 3.49 (2H, br s),
3.89 (3H, s), 3.94 (2H, q, J=7.2Hz), 4.62 (1H, m), 4.72
20 ({1H, br s), 4,96 (1H, br s), 6.78-6.8B2 (2H, m), 6.94 (1H,
d, J=8.4Hz), 7.49 (4H, s)
Example 49A
A mixture of the compound (8.9 g) obtained in
Example 4BA, 4N KOH (18 ml) and ethanol (150 ml) was
25 stirred under refluxing conditions for 5 hours. The
reaction mixture was poured over water and the mixture was

extracted with ethyl acetate. The ethyl acetate layer was



NVR ([err] ppmin CDCl[err]): 0.93 (3H, t, J=7.2Hz), 0.95 (6H, t,
J=7.2Hz), 2.54 (4H, q, J=7.2Hz), 2.7-3.3 (6H m, 3.85 (3H, s),
3.91 (2H, s), 3.92 (2H, q, J=7.2Hz), 3.93 (3H, s), 6.7- 7.0 (3H
20 Exanpl e 55A In the same manner
as i n ExanpWV@ %7405 he conpound obt ai ned i n Exandi@B¥0143d
activated nanganese di oxi de wergg eacted to yield ethyl
2-di et hyl am nonet hyl -4-( 3, 4-
di met hoxyphenyl )t hi eno[ 2, 3- b: 4, 5-c¢' ] di pyri di ne- 3-car boxyl - 25 ate,
whi ch was then recrystallized fromethyl acetate- hexane to yield
colorless prismatic crystals having a melting point of 141 to
142[ err] C. washed wigh gvyymogried (MgS0O,) and concentrated under

PCT/ JP97/ 01413 . Lo l2 s
Exanpl e 56A  reduced pressure., Thq regifue n‘&?n%ésr“ba?f"%ﬁdEﬁﬁn%’rJelﬁai&elt he

conpound obt ai nggh | %ﬁ&%ﬁ?@ggﬁgﬁmrﬁ éQe‘té@;’T:@E gt@yﬂ'acetate—he:@arrieazm e

were reacted to yield ethy ehzyl oxycar bon

(3, 4-di met hoxypheny, ) vov0, 718t 9ieddy dthyd ( R-3iéthiyladOhomethyl-4-(4-

1-yl met hyl )t hieno[ 2, 3-b: 5, 4-b' ] di pyri di ne- 3- car boxyl at e, whi ch was®
t hen redryst al | i seEmcdpmip-S-imgithagephéry L H Oré6Qf70Brtetrahydrotisi exad [ |13 S
prismatic crystals havin% a mel ting point of 184 to 185[err]C. 10
Exanpl e 57A  b:5,4~-c'ldipyridipppdretrdard@teon 6s8bgeqf@hl i ywitigh &S n t he

O oo T Bl oy BSRIPheon, By, Gebtbve-Faxane w0 ysota
colorless prismatic crystals.
NMR (&6 ppm in CDCl,): 0.91 (3H, t, J=7.0Hz), 0.92 (3H, ¢t,
10 J=7.0Hz), 0.95 (3H, t, J=7.2Hz), 1.39 (3H, 4, J=6.2Hz),
1.42 (3H, d, J=6.2Hz), 1.96-2.06 (4H, g, J=7.0Hz), 2.91
(2H, t, J=5.8Hz), 3.83 (3H, s), 3.91 (2H, s), 3.93 (2H, gq,
J=7.2Hz), 4.10 (2H, s), 4.60 (1H, m), 6.78-6.82 (2H, m),
6.91 (1H, d, J=8.6Hz)
15 Example 50A
The compound obtained in Example 49A was treated
as in Example 7A to yield ethyl 2-diethylaminomethyl-4-(4-
isopropoxy-3-methoxyphenyl )thieno[2,3-b:5,4-c']Jdipyridine-
3~-carboxylate as an oil.
20 NMR (& ppm in CDCl,): 0.95 (3H, t, J=7.2Hz), 0.98 (6H, *t,
J=7.0Hz), 1.44 (3H, 4, J=6.0Hz), 1.49 (3H, 4, J=6.0Hz),
2.58 (4H, q, J=7.0Hz), 3.82 (3H, s), 3.99 (2H, q, J=7.2Hz),
4.00 (2H, s), 4.69 (1H, m), 6.81 (1lH, 4&, J=5.6 & 0.8Hz),
6.89-6.98 (2H, m), 7.07 (1H, 4, J=8.6Hz), 8.33 (1lH, 4,
25 J=5.6Hz), 9.13 (1H, 4, J=0.8Hz)
Example S51A

Titanium tetrachloride (0.85 ml) was added



tetrahydro-2-(1,2,4-triazol-1-ylnethyl)thieno[2,3-b:5,4- 15
b']di pyridi ne- 3-car boxyl ate was obt ai ned, which was then

recrystallized fromethyl acetate-chloroformto yield col orl ess
prismatic crystals having a nelting point of 184 ﬁgﬁJ ]C
Exanpl e 58A %9(37’40“50 In the same manner as in Ex;’(rar:g e oi‘ii‘é\, t he
conpound obt ai ned in Reference Exanpl e 30Aiand di et hyl am ne wer e

reacted to yield ethyl 8-benzyloxycarbonyl-2-
di et hyl am nonet hyl - 4- ( 3, 4- di met hoxyphenyl)-5,6, 7, 8- :
tetrahydrot hi eno[ 2, 3-b: 5, 4-b' ] di pyridi ne-3-carboxyl ate, 25 whi ch was

then recrystallized fromethyl acetate-hexane to ield colorl.ess
pri'smatic cryst al KLY 2 %E?? Hotqmb ot the compoung (139 é& QLR iheq &r

WO 97/ 40050 . 2 P 413 .
124 Example SOQXQﬁDFécgb%Fomethane (SSCEﬁq 836%% %é%&%gﬁ%gq%énner

as in Exanpl e 17/A4nd héhe mixture GRIPQUHIGrEL aitn@d °icn foranplse ndlisand The
1H1,2,4-triazole were . reacted to yield ethyl

6- benzyl oxycar bonyeacitich #ixtbre was poured over ice-water, and the mixture
di met hoxyphenyl ) -5, 6,7, 8-t et r ahydr o- 2;5 1,2,4-triazol-1-

yl met hyl ) thi eno[ &5 eRtTRGEed] iEh @ reRebbane at eThe dichlorgpgiengas

then recrystallized fromethyl acetate-hexane to ield colorl ess
orismatic oryst al SEYE PRE aWHERTS rgUTTRTRIVELY With gn aqpdoys gatimated g

Exanpl e 60A solution of sodfll®BiASobhath' Hh FURSLIUSdY (FgebsH dry the

concentrated under reduced pressure. The residue was
subjected to silica gel column chromatography and eluted
10 with ethyl acetate~chloroform (1:1, v/v) to yield ethyl 2-
diethylaminomethyl-4-(4-hydroxy-3-methoxyphenyl Ythieno[2, 3-
b:5,4~-c']dipyridine-3~-carboxylate (0.41 g, 44%), which was
then recrystallized from ethyl acetate to yield colorless
prismatic crystals having a melting point of 179 to 181°C.
15 Example 52A
In the same manner as in Example 17A, the
compound obtained in Reference Example 5A and 1-
methylhydantoin were reacted to yield ethyl 7-benzoyl-4-
(3,4-dimethoxyphenyl }~-2-(1l-methylhydantoin-3-ylmethyl)-
20 5,6,7,8-tetrahydrothieno{2,3-b:5,4-¢c']Jdipyridine-3-
carboxylate, which was then recrystallized from ethyl
acetate to yield colorless prismatic crystals having a
melting point of 185 to 187 °C.
Example S53A
25 In the same manner as in Example 16A, the
compound obtained_in Reference Example 29A and diethylamine

were reacted to yield ethyl 6-(4-chlorobenzoyl)-2-



colum chromat ography of Exanple 59A, et hyl 6-
benzyl oxycar bonyl - 4- (3, 4- di met hoxyphenyl ) -5, 6, 7, 8-
tetrahydro-2-(1,2,4-triazol-4-ylnethyl)thieno[2,3-b:4,5- 15

c' ] di pyridi ne- 3-carboxyl ate, which was then recrystallized from
ethyl acet aP@¥¥%%fe to yield colorless prismtic PCHIFTYUAS havi ng
a nelting point of 181 to 182[err]C. 122 Exanpl e 61A

A m xture of the conpound (0.6 g) obtained in 20 Exanpl e 58, Raney
nickel (1.0 g) and ethanol (30 m) was subj ected to catalytic
hydr ogenati on at room tenperature and 1 atnospheric pressure. The
catalyst was filtered off and the filtrate was concentrated under

reduced pressured*ethylamino%ﬁgﬂnlegniﬁ,4-dimethoxyphenyl)—5,6,7,8-

2-di et hyl ani hyl - 4- 2 di hegnyl Ls
56,7 8 totr anyar SERrRaTD R RAEL 20 SRR K ) 4 s satne-3-carontiatn sy

il. : ' : Y ,
?.363?1%2 (2 n;ll:u.ch% henr }%&g%;%%d @Lbh) et 1938 t8%e(HEkaM to

PCT/ JP97/ 01413 yield colorless prismatic crystals haldbg a melting point

1.86-1.89 (2H, m), 2.53 (4H, q, J=7.2Hz), 3.27-3.30 (2H, m, 3.84
(2H, s), B.87 (36f 2},t8.°q2H ¢, J=7.0Hz), 3.93 (3H s),
6.83-6.86 (3H, m Exanpl e 62A 5 From
the conpound obtained in EEARAYE S8R in the same manner as  in

Exanpl e 31A, et hyl 4. ( - . .
dinethoxyphgnyl)-5,6,7,8-f%t$%mﬁﬁ?%-%f(5?3,39T$?%ﬁﬂﬂ£ﬁ18 9) obtained ln.
yl met hyl ) t hi eno[ Bxampie. 538, |4liduihitdioReod- potdMMnm g didside (0.6 gPbigi ned

as an oil.
water (10 ml) and ethanol (20 ml) was heated under
10 refluxing conditions for 5 hours, poured over water and
extracted with ethyl acetate. The ethyl acetate layer was
washed with water, dried (MgSO,) and concentrated under
reduced pressure to yield ethyl 2-diethylaminomethyl-4-
(3, 4-dimethoxyphenyl)}-5,6,7,8-tetrahydrothieno(2,3-b:4,5-
15 c'J]dipyridine-3-carboxylate as an oil.
NMR (& ppm in CDCl,): 0.93 (3H, t, J=7.2Hz), 0.95 (6H, t,
J=7.2Hz), 2.54 (4H, q, J=7.2Hz), 2.7-3.3 (6H, m), 3.85 (3H,
s), 3.91 (2H, s), 3.92 (2H, q, J=7.28Hz), 3.93 (34, s), 6.7-
7.0 (3H, m)
20 Example 55A
In the same manner as in Example 7A, the compound
obtained in Example 54A and activated manganese dioxide
were reacted to yield ethyl 2-diethylaminomethyl-4-(3,4-
dimethoxyphenyl )thieno[2,3-b:4,5-c'ldipyridine-3-carboxyl-
25 ate, which was then recrystallized from ethyl acetate-
hexane to yield _colorless prismatic crystals having a

melting point of 141 to 142°C.



10 NVR ([err] ppmin CDCl[err]): 0.89 (3H, t, J=7.0Hz), 1.68-1.74 (2H,

m, 1.86-1.92 (2H, n), 3.27-3.30 (2H, m, 3.85 (3H, s), 3.93 (3H
s), 3.94 (2H, q, J=7.0Hz), 5.54 (2H, d, J=1.8Hz), 6. 79-6.89 (3H,
m, 7.91 (1H, 8.21 (1H, s) Exanpl e 63A_ 15

From t he co %%@mgwtalned I n Exanple 59A in the S ﬁgnmwﬂﬁﬁher

as I n Exanpl e 31A, et hyl 4-(3,4- 123
di met hoxyphenyl ) -5, 6, 7, 8-tetrahydro-2-(1, 2, 4-triazol -

yl met hyl )t hi eno[ 2, 3-b: 4, 5-c' ] di pyri di'ne- 3- car boxyl ate was obt ai ned
as colorl ess powder having a nelting point of 180 20 to 181C.

NVR ([err] ppmin CDCl[err]): 0.88 (3H, t, J=7.0Hz), 2.91 (2H, t,

J=5.3Hz), 3.11 (2H, t, J=5. le3 S ﬁ322(2H m, 3.84 (3H, s),

3.93 (3H 's), 3.95 (2H q, I]n tg )San§e6§|ag%§r SQS Ié? E:fampéfg' Z;KG' Qéhé?’H’

m, 7.93 (1H s), 8.26 (1H,

In the same mannegofgohia Eé@é@r?eci&n tﬁ@f&%ﬁ@“@ﬂample 30A aR@lgalEd IfL
Exanpl e 61A and activated nanganese dioxid WO 97/ 40050

PCT/ JP97/ 01413 triazole were reacted to yield ethyl &L—Zﬁnzyloxycarbonmb-rtb-
reacted to yield ethyl 2-diethylaninonethyl -4-(3, 4-

di met hoxyphenyl )t I(]Beﬁtﬂf-'ﬂn@bxﬁphewl]ﬁﬁp)ﬁn Vdfntegrahydro-2-(1c3s Bokyiarel -
whi ch was then recrystallized frome acet at e- hexane to yield

o o o e s Ly i thud Sehienats, Sub: 5, 4-5' MtPYRE Re T oAz e,

157[err] C. }’1 cl? then EB%% ) %a@.?ized from ethyl acet:an.:e—ghig'gofcf?‘rm3
manner as in Exanplé he conpo

as colorless prismatic crystals having a melting point of
184 to 1B5°C.
10 Example 57A
From the fraction subsequently eluted in the
column chromatography of Example 56, ethyl 8-
benzyloxycarbonyl-4-(2,3-dimethoxyphenyl1)-5,6,7,8-
tetrahydro-2-(1,2,4-triazol-1-ylmethyl)thieno[2,3-b:5, 4-
15 b']J]dipyridine-3-carboxylate was obtained, which was then
recrystallized from ethyl acetate-chloroform to vyield
colorless prismatic crystals having a melting point of 184
to 185°C.
Example S58A
20 In the same manner as in Example 16A, the
compound obtained in Reference Example 30A and diethylamine
were reacted to vyield ethyl B8-benzyloxycarbonyl-2-
diethylaminomethyl-4-(3,4-dimethoxyphenyl)-5,6,7,8-
tetrahydrothieno[2,3-b:5,4~b'ldipyridine-3-carboxylate,
25 which was then recrystallized from ethyl acetate-hexane to
yield colorless prismatic crystals having a melting point

of 138 to 139°C.



obtai ned in Exanpl e 62A and activated nmanganese di oxi de wer e
reacted to yield ethyl 4-(3,4-dinmethoxyphenyl)-2- 10
(1,2,4-triazol-1-ylnmethyl)thieno[2,3-b:5,4-b"]dipyridine-3-
carboxylate which was then recrystallized from ethyl

acet at e- hexﬂﬁ@"’t’??s‘i/l el d colorless prismtic cryst al s havi f§TAPIT01413 5

nmelting point of 180 to 182[err]C. 12 Exanpl e 66A 15
In the same manner as in Exanple 7A, the corrpound obtained in
Exanpl e 63A and activated nanganese di oxi de were reacted to yield

et hyl 4-(3, 4-di net hoxyphenyl) - 2-
(1,2,4-triazol -1 -yl methyl)thieno[2,3-b:4,5-¢c'] dipyridine-3-
car boxyl ate, which was thEHa‘F‘Eé‘Py%Q’hI lized fromethyl 20

acet at e-hexane to yield cgQlor]ess prlsrratlc crystal s havin a
nel ting point of 166 to 18 [e?? Bme” Manner 45 “in "Ef“pgﬁr otifet i FReof

the conpound of cl?rpofu?ngny)!)@al Example ?IA and lﬁei?ﬁ?ﬂgggfé?%ﬁg GerB 25

A sol ution of ethy di rret oxy enzoat e
acetonitrile (7.£bapteldn tebUeRAL130 NéthyBS @&ddeflzyloxycarbordfidfa -8, 4rop at_

100[err]C to a suspension of oily sodium WO 97/ 40050

PCT/ JP97501413 dimethoxyphenyl)}-5,6,7,8-tetrahydro-2211,2,4-triazolhydri de

(60% 6.8 g) in toluene (170 m andNN— dlnethylfornamde(Dl\/F)

(17 m). After dfld‘tﬁ/ﬁ@el)éaﬂieﬂ 3-b:4,5-c 1 ipPYF Id1iRe-nSoFRPEKSP TS I r ed

at 100[err] C for hours th e .o ta11i88 t}_on m re ured over
I ce-water to sep zft Pﬁe % Y Osl’aé zeﬁayxém e%g %\g?t$
acidified with %yféld colorless prismatic crystals having a melting point
of 169 to 170°C.
10 Example 60A
From the fraction subsequently eluted in the
column chromatography of Example 59a, ethyl 6-
benzyloxycarbonyl-4-(3,4-dimethoxyphenyl)-~5,6,7,8-
tetrahydro-~-2-(1,2,4-triazol-4-ylmethyl )thieno[2,3-b:4,5-
15 c'ldipyridine-3-~carboxylate, which was then recrystallized
from ethyl acetate-hexane to yield colorless prismatic
crystals having a melting point of 181 to 1B2°C,.
Example 61A
A mixture of the compound (0.6 g) obtained in
20 Example 58, Raney nickel (1.0 g) and ethanol (30 ml) was
subjected to catalytic hydrogenation at room temperature
and 1 atmospheric pressure. The catalyst was filtered off
and the filtrate was concentrated under reduced pressure to
yield ethyl 2-diethylaminomethyl-4-(3,4-dimethoxyphenyl)-
25 5,6,7,8-tetrahydrothieno{2,3-b:5,4-b'}dipyridine-3-
carboxylate as an oil.

NMR (8 ppm in CDCl,): 0.90-0.99 (%H, m), 1.65-1.72 (2H, m),



hydrochl oric acid and extracted with ethyl acetate. The et hyl

acetate | ayer was washed with water and dried (MgSd err]), after
whi ch t he solvent was distilled off under reduced pressure to
yield [err]-cyano- 3 4- di net hoxyacet ophenone 10 (14. 0 Bt Hraa i ch
was then recr ?é‘?“? zed from et hyl acetate to yiel d coI or1 ess
needl e crystals having a nelting pozst of 141 to 142[err]C.

Ref erence Exanple 2B A m xture of

[ err]-cyano- 3, 4-di net hoxyacet ophenoné 15 (10.0 g), sulfur (1.7 9),

1- benzyl - 4- pi peridone (10.1 Qg), nor pholine (4.7 g) and ethanol (50
m) was stirred u refl uxi di f 2 ho e
reaction m xture \%ég% -1.89 (ZH‘pouI'ed%o er #{g’e %mtgf;rs] Z%rz ue?lt ?Zl?ygm g%IH
with 2 N HC1L and er i (J\BS ajt
which the 20 m s’o?vae%t(]av\}*/;lsgﬁs% ggmo %5’ al'?gjr(ggl %e vvas@g%bj e%t%%l to
silica gel coluqay,ckyonset ot iEy (sm)dm)el uted wth

chl orof orm et hyl acetate (20:1, v/v) to yield 2-am no-6- benzyl -

( 3, _4-di net hoxybenzoyl ) -Bxamples, 627&
t et r ahydr ot hi eno[ 2, 3-c¢] pyri di ne ('19 , 42% , which wa 25
recrystal | Pzed from et hanol FFOm & &%PPB% hrrained c’:“ E“ample S(f’r“yéf‘apée

having a nelting p0| nt of 149 to 150[ rr 005 _
PCT/ JP97/ 01413 =37 mannexr $h"] Exampie 12817, egtzx‘-ll Q-(3,4

Ref erence Exa”p|ed¥%ethoxyphenyl) 5,6, 7 8-tEthWy8ro-29(1,2, 4-triazol-1-
2- am no- 6- benzyl - 3-( 3, 4-

di met hoxybenzoyl ) vinfethyl)thieah)zlrHibtissdeb? ) dipypidink+3e carboxylatd Owds
g), 1,3-dichloroacetone (3.4 ¢g), concentrated
obtained as an oil. :
10 NMR (& ppm in CDCl,): 0.89 (3H, t, J=7.0Hz), 1.68-1.74 (2H,
m), 1.86-1.92 (2H, m), 3.27-3.30 (2H, m), 3.85 (3H, s),
3.93 (3H, s), 3.94 (2H, g, J=7.0Hz), 5.54 (2H, 4, J=1.8Hz),
6.79-6.89 (3H, m), 7.91 (1H, s), 8.21 (1H, s)
Example 633
15 From the compound obtained in Example 59A in the
same manner as in Example 314, ethyl 4-(3,4-
dimethoxyphenyl)-5,6,7,8-tetrahydro-2~(1,2,4~-triazol-1-
ylmethyl )thieno(2,3-b:4,5-c'Jdipyridine~-3-carboxylate was
obtained as colorless powder having a8 melting point of 180
20 to 181°C.
NMR (6 ppm in CDC1,): 0.B8 (3H, t, J=7.0Hz), 2.91 (2H, t,
J=5.3Hz), 3.11 (2H, t, J=5.3Hz), 3.21-3.22 (2H, m), 3.84
(3H, s), 3.93 (3H, s), 3.95 (2H, q, J=7.0Hz), 5.66 (2H, s),
6.77-6.91 (3H, m), 7.93 (1H, s), 8.26 (1H, s)
25 Example b64A
In the same manner as in Example 7A, the compound

obtained in Example 61A and activated manganese dioxide



5 sulfuric acid (2.6 g) and acetic acid (200 mM) was stirred

at 90[err]C for 4 hours. After the reaction m xture was

concentrat ed under reduced pressure, the residue was al kal i ni zed
with 2 N NaCH and then extracted with di chl oronet hane. The

di chl or onet &40 er was washed with 10 wat er and &CTEp7/01413

(MSO err]), after which the solvent wasjzg distilled off. The
resi due was subjected to silica gel col um chr omat ogr aphy and
eluted with ethyl acetate-hexane : (1:1, v/v) to yield

7- benzyl - 3- chl or o- 2- chl or onet hyl - 4-
(3, 4, -di met hoxyphenyl ) -5, 6, 7, 8-tetrahydrothieno-[2,3-b:5,4- 15
c"]dipyridine (MTSStYRRFYRCaItF gHiplida eRwd HerdRFhy3anigomethyl-4-(3Hdoy

whi ch h 11 zed f hy! : h i el d
col or eas pri amél 1 RERPPULPRSRY R o (XS B ER arpy Lot reTHE 199785

172C. [err] carboxylate, wrl;ich wa tr@‘ﬁ €t& @(ﬂrMe% 4?:'01%0 ethyl
In the same manner as in Exanple 2B, ferr]-cyano- , 4-

di met hoxyacet ophaigifse-nbxBA8Z€Y ki d18i dIdrd@e ghtemdttfdlerystals having WO

97/ 40050 PCT/ JP97/ 01413
129 5 avared tingegotistl of£t156 ta @l&F °C.2- ani no- 6- benzoyl - 3- (3, 4-
di met hoxybenzoyl)-4,5, 6, 7-t et r ahydr ot hi eno[ 2, 3-c] pyri di ne,

Example” 65A

In the same manner as in Example 7A, the compound
obtained in Example 62A and activated manganese dioxide
were reacted to yield ethyl 4-(3,4-dimethoxyphenyl )-2-

10 (1,2,4-triazol-1l-ylmethyl )thieno([2,3-b:5,4-b']dipyridine-3-
carboxylate, which was then recrystallized from ethyl
acetate-hexane to yield colorless prismatic crystals having
a melting point of 1B0 to 1B2°C.

Example 66A

15 In the same manner as in Example 7A, the compound
obtained in Example 63A and activated manganese dioxide
were reacted to yield ethyl 4-(3,4-dimethoxyphenyl)-2-
(1,2,4~triazol-1-ylmethyl)thieno[2,3-b:4,5-c']dipyridine-3-
carboxylate, which was then recrystallized from ethyl

20 acetate-hexane to yield colorless prismatic crystals having

a melting point of 166 to 167°C.

B, Production of the compound of the formula
{1’y
Reference Example 1B
25 A solution of ethyl 3,4-dimethoxybenzoate (17.8

g) and acetonitrile (7.0 g) in toluene (30 ml) was added

drop by drop at 100°C to a suspension of oily sodium



whi ch was then recrystallized fromethanol to yield |ight- yel | ow
prismatic crystals having a nelting point of 143 to 5 145C.

Ref erence Exanpl e 5B A m xture of the conpound (1.0 g)
obt ai ned in Ref erence Exanple 4B, 1, 3-dichlor oacet%.ﬁm 1 9),

p- PO UEMEL Ul f oni ¢ aci d nonohydrate (0.045 g) and benzene (15 10
m ) was heated under refluxing conditions faee76 hours and

concentrated under reduced pressure. Et hyl acetate was added to
the residue and the m xture was washed successively with water, -an
aqueous saturated sol ution of sodi um bi carbonate and water,
dried (MSg err]) . and 15 concentrated under r ce ressure.

Thé residue was ]hydmde slifPEct fr & 09di | 1Ra RAVERE uﬁﬁ'g(ghr t&@%apﬁywénd
el uted Wi 4.h -(tﬁmn . Vi (o PRYVA - - 3-
chl or.o- 2- chl or onet iﬂei%%-g%%?gﬁ%%%é%hoxyphzrllglagﬂ-?]s', GA\%&gL d%ﬂl{ge aﬁﬁ%%l"
tetrahydr ot hi eno[ ZnisbinBxfuse Wl ¥iirdhae (OLd®d gt YOYAC £0203 hoursihi ghevas

then recrystallized fromethyl acetate-hexane to yield col orl ess
prismatic crystal seaatiion aigehte Wpgp@onred over iceokaléf tm s@rate] €he
Ref er'ence Exanple 6B In the same nmanner as in Reference
Exanpl e 1B5 25 orgamdigy|layex.di nBaeow5Bn - baer HF fetdfiiad |withere N
react ed o yie rrl-cyano-2, 3-di net ha cet enan whi ch, was
then el YAFELoERE! PER QPR | SHEETSRS RS & Ry, PEPEaLr or Fhbe
¥ggg7/40050 ethyl acetate layer was washed RGI59P8249Q445%d dried

(MgS0,), after which the solvent was distilled off under
reduced pressure to yield w~-cyano-3, 4-dimethoxyacetophenone
10 {(14.0 g, 80%), which was then recrystallized from ethyl
acetate to yield colorless needle crystals having a melting
point of 141 to 142°C.
Reference Example 2B
A mixture of w-cyano-3, 4-dimethoxyacetophencne
15 (10.0 g), sulfur (1.7 g), l-benzyl-4-piperidone (10.1 g),
morpholine (4.7 g) and ethanol (50 ml) was stirred under
refluxing conditions for 2 hours. The reaction mixture was
poured over ice-water, sequentially washed with 2 N HC1l and
1l N KOH in that order and dried (MgSoO,}), after which the
20 solvent was distilled off. The residue was subjected to
silica gel <column chromatography and eluted with
chloroform-ethyl acetate (20:1, v/v) to yield 2-amino-6-
benzyl-3-(3,4-dimethoxybenzoyl)-4,5,6,7-
tetrahydrothieno[2,3-c]pyridine (8.4 g, 42%), which was
25 then recrystallized from ethanol to yield yellow prismatic

crystals having a melting point of 149 to 150°C.



needl e crystals having a nelting point of 94 to 95[err]C

Ref erence Exanple 7B In the sane manner as in Reference
Exanple 2B, [err]- cyano- 2, 3-di nmet hoxyacet ophenone,

1- benzyl - 4- pi peri done and 5 sul fur were reacted to yield

2- am no- 6- bM@A7He030 (2 3- di met hoxybenzoyl )-4, PCT/IP97/01413

5,6, 7-tetrahydrot hi eno[ 2, 3-c] pyri di ne, 128 whi ch was then
recrystallized fromethyl acetate-hexane to yield light-yell ow
prismatic crystals having a nelting point of 172 to 173[err]C. . 10
Ref erence Exanpl e 8B In the same manner as in Reference
Exanpl e 5B, t he conpound obtained in Reference Exanple 7B and 1, 3-

di chl or oacet one were reactBefexenge|Exampdens$| - 3- chl or o- 2-

chl oronet hyl -4- (2, 3-di net hoxyph,en%/I’a% -5, 6,7, 8- .15

t et rahydr ot hi eno[ 2, 3- b: 5, 43¢’ | MSYHER ne, hi ch AR@BipRef-benzyl-3-(3,4-

recrystallized fr - A el or | - :
ﬂ%‘%&:ﬁ%%b%ﬁ%&eﬁ F §e§<a6n’e7 tg#f@ﬁf%%’g%‘f‘iﬁ ,]SC-c] pyridine

prismatic crystal's havin ng Poi'nt © _
Reference Exanpl 1980 g), 1,3-dichloroaddeddie SR MyyMer RsdeRcRakggence

Exanpl e 1B, 20 et hyl 4-isopropoxy- 3-net hoxybenzoate and acetonitrile -
wer e 5 r sadifagdic achd (2.6 @)dand dextic @eddo{ 200 0Dy e gtdrred

nmet hoxyacet ophenone, which was then recrystallized from et hyl

acet at e- hexane t @tyi ¥ céPbr [deshoursed| e Adtest dihe reaction hiwtyre awas
melting point of 114 to 115Lenélc. 25 Ref erence Exanpl e
10B concentratgl; undes, TRANAET RIFFURE er EhRe 1S&iMNe YRS
[err]- = 4.1 80D XYy 3- yagetop n -.be | - 4-
Lert) o050 SXRN9nezb8 OPRLBRXYZ SNTENARKY 26RROPPEDPN S rrackea® e Y

dichloromethane. The dichloromethane layer was washed with
10 water and dried (MgSO,), after which the solvent was
distilled off. The residue was subjected to silica gel
column chromatography and eluted with ethyl acetate-hexane
(1:1, v/v) to yield 7-benzyl-3-chloro-2-chloromethyl-4-
(3,4, -dimethoxyphenyl )~-5, 6,7, 8-tetrahydrothieno-[2,3-b:5, 4~
15 c'ldipyridine (for structural formula, see below) (3.5 g,
29%), which was then recrystallized from ethyl acetate-
hexane to yield colorless prismatic crystais having a

melting point of 171 to 172°C.

©/CH2\ |.] Ny -CH:Cl
Z~C1
loat,
0CHj

Reference Example 4B
20 In the same manner as in Example 2B, &-cyano-3, 4-

dimethoxyacetophenone, l-benzoyl-4-piperidone and sulfur



131 pi peri done and sulfur were reacted to yield 2-am no-6-
benzoyl-3-(4-isopropoxy-3-nethoxybenzoyl)-4,5,6,7-

t et rahydr ot hi eno[ 2, 3-c] pyri di ne, whi ch was t hen

recrystallized fron1ethy| acet at e- hexane to yield yeIIOM/ ri.smatic
crystal s hav™MPy74%%® ti ng point of 158 to 160[err]C Scrapyndlids

Ref erence Exanple 11B ot he sane manner as in Reference
Exanpl e 5B, t he conpound obtai ned in Reference Exanple | OB and

1, 3- di chl oroacetone were reacted to yield 7-benzoyl -3-chl oro-2-
10 chl oronmet hyl - 4- (4-i sopr opoxy- 3- net hoxyphenyl) -5, 6, 7, 8-

Itﬁt Eggi/?re(r): hl) en Jéf;( gﬁeﬁfte di p{él di ne ggzaggo%[ﬂﬁ‘o_ﬁ benzoy% ((%er(r)] Spgrln
((jZHJ _ln) 8H§) 89 ( ég"te}l}—i"“g’aé’qﬁ" 4&%%5mtetrahygﬁgth1%ggf7i ﬁé@l@ﬂ:ﬁ ( 1H

7.35-7.55 (5H Nhich was then recrysta'i&fiﬁéﬁnﬁﬂ)xﬁéaﬂﬁéhﬁllgB yield light-
In the same manner as in Reference Exanple 2B, [err]-

cyano- 4-i sopr opoyekldwrpirismyate taxpfetadise having -denedHing- point of 143 to
pi peridone and sul fur were reacted to yield 2-am no-6- 20

benzyl - 35X 4-i sopk¥p®ey- 3- net hoxybenzoyl )-4, 5, 6, 7-

t et r ahydr ot hi eno[ 2, 3- c]pyrl t hen

recrystallized from ethyl & gﬁfﬁ?ﬁgréﬁﬁﬂéé%(§%yleld yel | ow prismatic
crystal s having a nel ting,pqi;at,0f L¥3 ¢hd choﬁ%a%(xkhc(l. ) obtaine

Ref erence Exanple 13B 25 e sane nmanfner as In %e?grence
Exanpl e 5B, Referddte CtMEMplRd 4Dt m,ml%ﬁ@&eaastgxanpbeséﬂ%and pk, 3-

di chl or oacet ophenone were reacted to yield 7-benzyl - 3-
toluenesulfonic acid monohydrate (0.045 g) and benzene (15
10 ml) was heated under refluzxing conditions for 6 hours and
concentrated under reduced pressure. Ethyl acetate was
added to the residue and the mixture was washed
successively with water, an aqueous saturated solution of
sodium bicarbonate and water, dried {Mgs0,) and
15 concentrated under reduced pressure. The residue was
subjected to silica gel column chromatography and eluted
with ethyl acetate-hexane (3:2, v/v) to yield 7-benzoyl-3-
chloro-2-chloromethyl-4-(3,4~-dimethoxyphenyl)-5,6,7,8-
tetrahydrothieno[2,3-b:5,4-c']dipyridine (0.484 g, 40%),
20 which was then recrystallized from ethyl acetate-hexane to
vield colorless prismatic crystals having a melting point
of 208 to 209°cC.
Reference Example 6B
In the same manner as in Reference Example 1B,
25 ethyl 2, 3-dimethoxybenzoate and acetonitrile were reacted
to yield @-cyano-?,3-dimethoxyacetophenone, which was then

recrystallized from ethyl acetate-hexane to yield colorless



WD 97/ 40050

PCT/ JP97/ 01413

132 chl or o- 2- chl or onet hyl - 4- (4-i sopr opoxy- 3- net hoxyphenyl ) -
5,6,7,8-tetrahydrothieno[2, 3-b:5,4-c']dipyridine, which was t hen
recrystallized fromethyl acetate-hexane to yield |'i ght-yel | ow
prismatic cWPI/#MO8 having a nelting point 173 5 t o PETHPENIS,
Exanple 1B A m xture of ;gge conpound obtained in

Ref er ence Exanple 3B (1.5 g), an aqueous solution of ethylam ne
(70% 4.8 g) and N, N-dinethylformam de (50 mM) was stirred at -10
room tenperature for 3 days, after which it was

concentrated under reduced pressure. After water was poured, the

resi due was ext ngegde wiryhtalsyhavdiowt & eeltheg point of &dhto 88&Cate | ayer

was washed with

wat er and drle (MgS err]), after which the

sol vent was distilled of f Refgfgnce Fxample, &8 j e was subjected to silic

gel colum chro
7-benzyl - 3-chl o
(3,4, -di net hoxy
tetrahydrothlen
see belo#) (0.5

a

mat ogr aphyIn the samealggar?éxutagdi?{mi{&eqle% Eﬁgxﬁﬁg Zté), X)i—el d

ro-4-

-2, 3= ﬁlﬁ&{:ﬁéﬁmbn@n@ A-Benzyl-4-piperidone and

o[ 2,3-b:5,4-c']dipyridine (for structural formul a,

sgz,lfih?n% verdi aleawtedt heo yi@ld 2-seiuy-si-dddnzyad3ftKans-

et hanol to yield colorless prismatic crystals having a nelting

point of 135 to
PCT/ JP97/ 01413

10

15

20

25

digetbpxykenzoyl )4y 16, 7-tetrahydroyim e Wb(G@ ] pyridine,

which was then recrystallized from ethyl acetate-hexane to
yield 1light-yellow prismatic crystals having a melting
point of 172 to 173°C.

Reference Example 8B

In the same manner as in Reference Example 5B,
the compound obtained in Reference Example 7B and 1,3-
dichloroacetone were reacted to yield 7-benzyl-3-chloro-2-
chloromethyl-4-(2,3-dimethoxyphenyl)-5,6,7,8-
tetrahydrothiena(2,3-b:5,4-c']dipyridine, which was then
recrystallized from ethyl acetate~hexane to yield colorless
prismatic crystals having a melting point of 137 to 138B°C.

Reference Example 9B

In the same manner as in Reference Example 1B,
ethyl 4-isopropoxy-3-methoxybenzoate and acetonitrile were
reacted to yield ®O-cyano-4-isopropoxy-3-
methoxyacetophenone, which was then recrystallized from
ethyl acetate-hexane to yield colorless needle crystals
having a melting point of 114 to 115°C.

Reference Example 10B

In the same manner as in Reference Example 2B, (-

cyano-4-isopropoxy-3-methoxyacetophenone, l1-benzoyl-4-



133 Exampl e 2B A m xture of the
conpound obt ai ned i n Reference Exanple 3B (1.5 g),
diethylamne (1.1 Q) and tetrahydrofuran (50 m) was stirred
under refl ux| conditions for 10 hours, after whic

concentr at edk’mgy”“%os0 under reduced pressure. After wat er was poured’ t he

residue was extracted with ethyl acetate. 13iThe et hyl acetate | ayer
was washed with water and dried (MgSQ err]), after which the
solvent was distilled off. The residue was 10 subjected to silica gel
col utm chr omat ography and el uted with ethyl acetate to yield

7-benzyl - 3-chl oro- 2- (
di et hyi ani nonet hw;’eﬁi?%ma arde SHOYBhaRFe) agtpdg to yield 2-amino-6-

et rahydr othl enol2. iy 5. 4-6'd. A BYS LIRSy (f e ShaGbUAloy1) s, 5 JE M 2

see below) (0.5 rec yst zed frdm’et hyl

acet at e- hexane teeﬂshglaﬁemiéss@z 3-clpyri®psd € Crymlizghs haybgg a ¥k i ng
poi nt of 150 to 151[err]C [err Exanpl e 3B

A m xture of thereomsuamll:(ﬂed) fyjonohidiyle chdetate-hexandketer ghekd Exahpbwe 3B,
tert-butylamne (2.9 gl pot assi um 20 carbonate (O. 2765% and acetone
(30 nl) was stirPs§smptiggrRystals haviggie meltieds peint i 4 Shgo 160°C.

concentrated under reducedRefem’nce Example 11B

In the same manner as in Reference Example 5B,
the compound obtained in Reference Example 10B and 1,3~
dichloroacetone were reacted to yield 7-benzoyl-3-chloro-2-

10 chloromethyl-4-(4~-isopropoxy-3-methoxyphenyl)-5,6,7,8-
tetrahydrothieno{2,3-~b:5,4-c']Jdipyridine as an oil.
NMR (&6 ppm in CDCl,): 1.41 (6H, 4, J=6.0Hz), 2.09-2.35 (2H,
m), 3.30-3.81 (2H, m), 3.89 (3H, s), 4.30-4.70 (3H, m),
4.96 (24, s), 6.78 (1H, 4, J=1.8BHz), 6.80 (1H, 44, J=8.0 &
15 1.8Hz), 6.97 (1H, 4, J=8.0Hz), 7.35-7.55 (5H, m)

Reference Example 12B

In the same manner as in Reference Example 2B, G-
cyano-4-isopropoxy-3-methoxyacetophenone, l1-benzyl-4-
piperidone and sulfur were reacted to yield 2-amino-6-

20 benzyl-3-(4-isopropoxy-3-methoxybenzoyl)-4,5,6,7-
tetrahydrothieno{2, 3-c]pyridine, which was then
recrystallized from ethyl acetate-hexane to yvield yellow
prismatic crystals having a melting point of 113 to 114°C.

Reference Example 13B

25 In the same manner as in Reference Example 5B,
the compound ob?ained Reference Example 12B and 1, 3-

dichloroacetophencne were reacted to yield 7-benzyl-3-
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134 pressure. Ethyl acetate was added to the residue, the

m xture was washed wth water, dried (MgSOerr]) and

concentrated under reduced pressure. The residue was subj ect ed
to silica g&YO¥UA®¥ chromat ography and eluted 5 wi t RCT/IRS7RIAL3
acetate to yield 7-benzyl -2-(tert- 3132

but yl am nonet hyl ) - 3- chl or o- 4- ( 3, 4- di net hoxyphenyl ) -5, 6, 7, 8-
tetrahydrot hieno[ 2, 3-b:5,4-c']di pyrrdine (0.68 g, 64%, whi ch was
then recrystallized fromisopropyl ether to yield col orl ess
prismatic crystals havigg a nelting point of 134 10 to 135[err]C
Exanpl e 4B chloro-2-=chloremethyl v4md TAEARGODEXY-3 -BedhoxyrdRnyilhe

d t Qi i f le. 3 dtert- | am ne were
Fencted to yididr oo L P TR RRORER AT o pRnAHEYsidins. Which was
chl oro-4- (3, 4- digiphoxy, ATy T£8on eé{:ﬁi;'yd ngeégg-]?l[r\%in?ne to yield

,3-b:5,4-c']dipyridine, ich was then recrystallize

i sopropyl ether Yighti-gledloal prioast it icryethtsChaSid @ melting poflAVi1Hg 2
melting point of 128 to 129[err]C. Exanple 5B 20

In the s&nme nanrksr 1¥4°Cy Exanple 3B, the conpound obt ai ned in
Ref erence Exanpl e 3B and cyclogrogglanine wer e react ed to
yi el d 7-benzyl - 3- chl or §*omple

(cycl opr opyl am nonet hyl ) - 4- 4- di mep hgxyphenyl ) -5, 6, 7, 8-
tetrahydrothieno[2,3-b:5,§-§§f5P%?r?%pﬁg¥ H%ﬂagbf?&ﬁﬁdzﬁ? Reference

recrystallized fexmp1e0BB0PY!5 ghhehntLubcisdsSPLO{d DT ethylamine Qr7j0§sma‘ti ¢
crystals having a nelting point of 131 to 13§?er€%df ’
4.8 g) and N,N-dimethylformamide (50 ml) was stirred at
10 room temperature for 3 days, after which it was
concentrated under reduced pressure. After water was
poured, the residue was extracted with ethyl acetate. The
ethyl acetate layer was washed with water and dried
(MgsO,), after which the solvent was distilled off. The
15 residue was subjected to silica gel column chromatography
and eluted with ethyl acetate to yield 7-benzyl-3-chloro-4-
(3,4,-dimethoxyphenyl) -2-ethylaminomethyl-5,6,7, 8-
tetrahydrothieno[2,3-b:5,4~-c']dipyridine (for structural
formula, see below) (0.5 g, 33%), which was then

20 recrystallized from ethanol to yield colorless prismatic

crystals having a melting point of 135 to 136°C.

: /CHz\N m N\ Hz"‘NHCsz

1

-
O 0CH4

OCHs
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135 Exanpl e 6B O ly sodium hydri de
(60% 0.125 g) was added to a solution of 2-hydroxypyridine (0.297
g) in NN di met hyl f ormam de (20 m) and the mxt o§£3|rred
at 5 r8’d?ﬁ7f48'ﬁﬁerature for 15 mnutes. Then, the corrpounﬁf

g) obtained in Reference Exanple 3B was addex} thereto t he m xture
was stirred at 80[err]C for 30 m nutes, after which the reaction
m xture was poured over water and extracted with et hyl acetate.
The ethyl acetate |ayer was washed with 10 water, dried (MSH)

and concentrated under reduced pressure. The residue was
subjected to silica gel coFfipfprle 2B chromat ography and eluted with

et hyl acet at e-hexane (2:1, £
7-benzyl - 3- chl or o- 4- (3, 4- d.“rr%‘t"ﬁ%%’/ehéé 1)"3‘; -ogBula obtained in Reference

(2-pyridyl oxynmet hgglampaed, 738- te(iaélydrgqt hi eapéaaﬁxé?n&eél (1.51 g) and

c']dipyridine (0.13 g, 109, which was then recrystallized from
et hyl acet at e- hexegwerdlydrofugtahi gh50yehl pw ys spatirted under arefhading
having a nelting point of 165 to 167[err]C. Exanpl e 7B

From t he f¥ acti orcondistiprentfioy diOuthewrisp efiger2ghich iggragneengantaadgdaphy
of Exanple 6B, 7- benzlyl 3-chl oro-4-
(3, 4-di net hoxyphe‘r‘ﬁ’ﬂ 2Fpdused; RFES§Ueox opPfFGF nWpter was poured, the

yLmethyl)-5.6, 7, &:lelsahydrol W.analged Rt Gehgl PUChdbOE, anpe shyd O

75% was obt ai ned" ess po
In the same manneicé@batd RXPéP| fadBwaldheaCipPURhter and aﬂt&cal rRgso )y,

Ref erence Exanple 5B and tert-butylam ne were
after which the solvent was distilled off. The residue was
10 subjected to silica gel column chromatography and eluted
with ethyl acetate to yield 7-benzyl-3-chloro~2-(N,N-
diethylaminomethyl)-4-(3,4~-dimethoxyphenyl)-5,6,7,8~
tetrahydrothieno{2,3-b:5,4-c'Jdipyridine (for structural
formula, see below) (0.5 g, 33%), which was then

15 recrystallized from ethyl acetate-hexane to yield colorless

needle crystals having a melting point of 150 to 151°C.

CHa~ Ny ACB2—N(C.Hs)
< X

0CH 3
0CHs

Example 3B
A mixture of the compound (1.0 g) obtained in
Reference Example 3B, tert-butylamine (2.9 g), potassium
20 carbonate (0.276 g) and acetone (30 ml) was stirred at room

temperature for 2 days and concentrated under reduced



reacted to yield 7-benzoyl-2-(tert-butyl am nonet hyl) - 3- WO

97/ 40050 PCT/ JP97/ 01413

136 chl oro-4- (3, 4-dinmethoxyphenyl )-5,6,7, 8-tetrahydrothieno
[ 2- ,3-b:5,4-c']dipyridine having a nelting point of 204 to

205[ err] C. woO 97/40050 Exanple 9B 5 PCTHPY70d413 ane
manner as in Exanple 2B, the conpound obt ai ned i n Reference
Exanple | 1B and tert-butylam ne were 134 eacted to yield

7-benzoyl - 2-(tert-butyl am nonet hyl ) - 3-

chl oro- 4- (4-i sopropoxy- 3- net hoxyphenyl)-5, 6, 7, 8-
tetrahydrot hieno[ 2, 3-b:5,4-c']dipyridine having a nelting 10 poi nt of
165 to 166[err] gressure. Ethyl acetatsampke aBdBd to the residue, thHée
conmpound (3.0 g) obtained in Exanple 8B, an , aqueous sol ution_of
pot assi um hydr omigtutdN, wes8 whphedd Rith water, npdRar$et KHEEP. | 5027 )
were stirred at 100[err]C for 10 hours, _15 after _which it was
concentrated ungepcertretes pppderr geduced presgure. \\aINEo FeREMNFer "2 he

resi due and extra&hggtgétgo 511%%Ré$$qgﬁ4£§ﬁ% gto??ggﬂgcghgrggg£ggne

| ayer was washef" err concentrat ed

under regduced i¢n egﬁ§§sur%cé{QQeresE@ue Wae18ub| ectRehz0 -2k teatge
col um 0 chromat ography and eluted with ethyl acetate to yield 2-

(tert-butyl am neelybihindmetdtyan o3 defhrb-di- 181 fradimevhoxlphenyl )-5,6,7, 8-
5,6,7,8-tetrahydrothieno[2, 3-b:5,4-c']dipyridine (1.25 ?, 519%,
whi ch was then red¢rpbydrbthiend (H@-d:iFyu-alidbpecidine (0.68hgan4td yi el d

colorless prismatic crystals havin ,
P which sz then recryékéilized from isopropyl ether to yield

colorless prismatic crystals having a melting point of 134
10 to 135°C.
Example 4B
In the same manner as in Example 3B, the compound
obtained in Reference Example 3B and tert-amylamine were
reacted to vyield 2-(tert-amylaminomethyl)}-7-benzyl-3-
15 chloro-4-(3,4-dimethoxyphenyl)-5, 6,7, 8-tetrahydrothieno[2-
,3-b:5,4-c']dipyridine, which was then recrystallized from
isopropyl ether to yield colorless prismatic crystals
having a melting point of 128 to 129°C.
Example 5B |
20 In the same manner as in Example 3B, the compound
obtained in Reference Example 3B and cyclopropylamine were
reacted to yiela 7-benzyl-3-chloro-2-
(cyclopropylaminomethyl }-4-(3, 4-dimethoxyphenyl)-5,6,7, 8-
tetrahydrothieno[2,3~b:5,4~-c']ldipyridine, which was then
25 recrystallized from isopropyl ether to yield colorless

prismatic crystals having a melting point of 131 to 132°C.



25 melting point of 162 to 163[err]C. Exanple |1 B

The conpound obtai ned i n Exanpl e 9B was subj ect ed WO 97/ 40050
PCT/ JP97/ 01413 137 to the
same manner as_in Exanple 10B to yield 2-(tert-

but yl am norret‘ﬁ?l’}"‘mgsochl or 0-4- (4-i sopropoxy- 3- PCTAFS7/01413

nmet hoxyphenyl ) -5, 6, 7, 8-tetrahydrot hi eno[ 2, 31%s 5, 4-
c']dipyridine, which was then recrystallized fromethyl 5

acet ate-hexane to yield light-yellow ' prismatic crystals havi ng a
mel ting point of 157 to 158[err]C. Exanpl e 12B

In the sane manner as in Exanple 3B,_ the conpound obtained in
Ref'erence Exanpl e 8B and plﬁﬁﬁqqi re react ed

t oyi el d7- benzyl - 3- chl or o- 4- ( y

5,6,7,8-tetrahydro- 2- plperldéH§ é%gﬁg gé?$fso 125 g) was added to

c' 1di pyridine, whbchssagtiban afeamqym,typ@tﬁmau C(0.297 _g)hyghoch]wsi de
to yield the hydrochl oride as col orl ess powder having a nelting
point of 173 to lé4pethyTforddmide (20 ml) and Ebanplistdds was stirred at

In the same manner as in Exanple 3B, the conpound obtained in

Ref erence ExanpleIQBmahﬁmneﬁﬁﬂnﬂqrﬁ?ﬂm@ﬁeminutes— Therot ddret epppynd (1.2

7- benzyl - 3- chl or o- 4 2, 3-di tho henyl ) -
2- nnrphollnonethyP 5¢ Bt?lﬁP §ﬁ%gFﬁPﬁ?e§ﬂﬂ@?¥? §Bswas adgpd thereto, the

¢’ ] dipyridine, Wﬂ\lgz %Swa%]g?}rrh ?6 P % Q&R ég after which
hydrochloride to ylel t he roc or| e I ght ye po
having a nelting peagtigh &fﬁt\iﬂa Wad Qib'b]r@d over water and extraEX:éﬂmlﬁtﬂ4B
ethyl acetate. The ethyl acetate layer was washed with
10 water, dried (MgSO,) and concentrated under reduced
pressure. The residue was subjected to silica gel column
chromatography and eluted with ethyl acetate-hexane (2:1,
v/v) to yield 7-benzyl-3-chloro-4-(3, 4-dimethoxyphenyl })-2-~
{2-pyridyloxymethyl)-5,6,7, 8-tetrahydrothienc[2,3-b:5, 4~
15 c'ldipyridine (0.13 g, 10%), which was then recrystallized
from ethyl acetate-hexane to yield light-yellow prismatic
crystal having a melting point of 165 to 167°C.
Example 7B
From the fraction subsequently eluted in the
20 column chromatography of Example 6B, 7-benzyl-3-chloro-4-
(3,4~dimethoxyphenyl)-2-(1, 2-dihydro-2-oxopyridin-1-
ylmethyl)-5,6,7,8-tetrahydrothieno{2,3-b:5,4-c']ldipyridine
(1.0 g, 75%) was obtained as colorless powder.
Example 8B
25 In the same manner as in Example 2B, the compound
obtained in Reference Example 3B and tert-butylamine were

reacted to yield 7-benzoyl-2-(tert-butylaminomethyl)-3-



In the same manner as in Exanple 2B, the conmpound 25 obt ai ned in

Ref erence Exanpl e 3B and N acetyl pi perazine were reacted to yield
2- (4-acetyl pi perazin-1-yl nethyl)-7-

benzyl - 3-chl or o- 4- (3, 4- di net hoxyphenyl )-5, 6,7, 8- WO 97/ 40050
PCT/ JP97/ 0 1W0P7/40050 138  PCTAPIT01413
tetrahydrot hi eno[ 2, 3-b: 5, 4-c¢" ] di pyridi ne,,yi ch was then

recrystallized fromethyl acetate-hexane to yield colorless needl e
crystals having a nelting point of 183 to 184[err]C :
Exanple 15B 5 A m xture of the conpound (1.0 g) obtaine

in Ref erence Exanple 3B, pyrrolidine (0.284 g) and et hanol §30

m) was heat ed chtmro-réef(Buiaimethmwivohensl) of. 8 hdntetgahydrothienc(2-

concentrated under reduced pressure. Ethyl acetate was |, ded to
the residue, mhi%hbh%s4vﬁ‘sl‘1£1d’mitdl’r’\ﬁatr@”}¥‘8r iaed“e%'fd“g point, &f e?rtflf)t%nd
concentrated ungﬁéaéeduced pressure. The resi due was subj ected
to silica gel c " chr omat ogr aphy and eluted with ethyl
acetate-hexane (2:1, V/V)gtdnphieloh 7- benzyl - 3- chl or o- 4-

(3, 4-di et hoxyphenyl ) -2- ( 1- pyrrolidinyl methyl )-5,6,7,

8-t et rahgydrot hi eno[ 2, 3- b: 115, the sahe mannex' hdi jy Hxcimpde( DB 63 hg cémpPpundhi ch
was then recrystallized fromethyl acetate-hexane to yield

col orl ess prismabtained in Refergoce| Exanpled 1B apft temt fyitnlagineswers 158
C. i

compound (3.0 gfeBSFﬁiine%amkgééfs%‘be’ﬁ@VéFaﬁ&Eeﬁ'éﬁfb‘fyeégg“)gg%r&ﬁﬁg)'gbe
00r 92 (Nl (0B opony-- b RNV 1 Ky
tetrahydrothieno[2,3-b:5,4-c']ldipyridine having a melting
10 point of 165 to 166°C.
Example 10B
The compound (3.0 g) obtained in Example 8B, an
aqueous solution of potassium hydroxide (4N, 6.8 ml) and 2-
methoxyethanol (50 ml) were stirred at 100°C for 10 hours,
15 after which it was concentrated under reduced pressure.
Water was poured over the residue and extracted with
dichloromethane. The dichloromethane layer was washed with
water, dried (MgSO,) and concentrated under reduced
pressure. The residue was subjected to silica gel column
20 chromatography and eluted with ethyl acetate to yield 2-
(tert-butylaminomethyl)-4-chloro-4-(3, 4-dimethoxyphenyl)-
5,6,7,8~-tetrahydrothieno([2,3-b:5,4-c']dipyridine (1.25 g,
51%), which was then recrystallized from ethyl acetate-
hexane to yield colorless prismatic crystals having a
25 melting point of 162 to 163°C.
Examplg 11B

The compound obtained in Example 9B was subjected



for 3 hours. The reaction m xture was poured over water and

extracted wwth ethyl acetate. The ethyl acetate |ayer was washed
with water, dried (MgS err]) and concentrated under 25 reduced
pressure. The residue was subjected to silica gel § Wlmn

chr omat ogr api§P W88 uted with ethyl acetate-hexane

to yield 7- benzyl - 3-chl or o- 2- 137 WO 97/ 40050

PCT/ JP97/ 01413 139

(di fornyl am nonet hyl ) - 4- (3, 4-di net hoxyphenyl)-5, 6, 7, 8- :
tetrahydrot hieno[2,3b:5,4-c"]dipyridine (1.0 g, 31% as col orl ess
gfﬁ??iH[err]N[erF%%f r“%gaéAﬁ?l Slfr%%gin Example 10B to yield 2-(tert-

Cal cd: C, 61.70; \ hl 4-(4- E UJEL
61.94; H 5. 30; $5§§9§miu°"7ezl‘yl) -3-chlorord-(4-isopropo ¥

Fromthe fracti 0%%3?5@;@4 el ot @d 7,8 1€t rahydrotiDdAET 26 Ir-aEs pgr aph
of Exanple 16B, 7-benzyl-3-chl oro-4- 10 (3,

4- di met hoxyphenylg'laipgrigioe nehikchywas, tbgﬂ 8‘ecrystallized from ethyl

t et rahydr ot hi eno[ 2, 3-b: 5, 4- ¢ ] di pyridine (0.7 23% as col orles
powder. S nggﬁgﬁrgpxgﬂ%|yg|§1p&p light- yellow prismatic crystals
Cerr]Herr] N er err] SC1* 14H[er 0:

Calcd: C, 63.27; ”]—? % dfldor 157 <o 158°c. Found: C,

63.27; H 5.54; N, 7. 85 Exam le 12B Exanpl e 1BB
m xture of the conmpound (0.9 ‘)J obtained in Exanpl e 16B and
et hanol i ¢ hydrochl ori de (5% thelshmeasanner as inlExaingdeUBHerthee compbugd

conditions for 1 hour and
obtained in Reference Example BB and piperidine were
10 reacted to yield 7-benzyl-3-chloro-4-(2,3-dimethoxyphenyl )~
5,6,7,8-tetrahydro-2-piperidinomethylthieno(2,3-b:5,4-
c'ldipyridine, which was then treated with ethanolic
hydrochloride to yield the hydrochloride as colorless
powder having a melting point of 173 to 174°C.
15 Example 13B
In the same manner as in Example 3B, the compound
obtained in Reference Example 8B and morpholine were
reacted toyield 7-benzyl~3-chloro-4~(2, 3-dimethoxyphenyl )-
2~-morpholinomethyl-5,6,7,8~tetrahydrothieno{2,3-b:5,4-
20 c'ldipyridine, which was then treated with ethanolic
hydrochloride to yield the hydrochloride as light-yellow
powder having a melting point of 176 to 177°C.
Example 14B
In the same manner as in Example 2B, the compound
25 obtained in Reference Example 3B and N-acetylpiperazine
were reacted to gield 2-(4-acetylpiperazin-l-ylmethyl)-7-

benzyl-3-chloro-4-(3,4-dimethoxyphenyl)-5,6,7,8-

y

S

A



20 concentrated under reduced pressure. The residue was nmade
basic with 2N NaOH, after which it was extracted with

di chl oronet hane. The di chl or omet hane | ayer was washed with wat er,
dried (MgS™) and concentrated under reduced pressure. The residue
was subj ect ¥OPBHEI0 i ca gel colum 25 chr omat ogr aphy Pamapsebstied with
et hyl acetate-ethanol (5:1, v/ v) Egayield

2- am nonet hyl - 7- benzyl - 3- chl oro0-4-( 3, 4-

di et hoxyphenyl ) -5, 6, 7, 8-t et rahydr ot-hi eno[ 2, 3-b: 5, 4- WO

97/ 40050 PCT/ JP97/ 01413

140 c']dipyridine (0.59 g, 81% as colorless powder.

Exanpl e 19B tetrahydrothiendighBete Sultf ohydimhtickinde (Whik36 wps welsemdded
to a mxture of_ the caonpound (0.35 géeobtained in Exanple 18B, 5
triethyl ani ne (0FBEEYFYalhired ERPBrerhthasetateThoxaneiep vield colorless

i ce-cooling, the_pi r g@é tirred for 1. hour, th r fion

m xture was vvashre‘géé%gc(g Ve Sy hvﬁvtlﬁ’gwgt 'é'?,lp%ﬁlp pomet of &aaeﬁﬁsfg‘gt%ﬁ at ed
sol ution of sodi um bi car bogedngp1and seat er, dried (MgSJ err]) and
concentrated under reduced pressure. The 10 resi due was subjected to

silica ges colum chromat agrdpkture of the aBEmEduHEd Wd Ny Pté¥tained in
acet at e-hexane (1:1, v/v) to yield 7-

benzyl - 3- chl or o- Beference Faamplppd@nydyrralidine (0.284 g) and ethanol (30
phenyl sul f onyl am ﬂ met hyl -5, 6, 7, 8-t etrahydrot hi enof 2, 3-
b: 5, 4-c' | di pyri dPhE 185 JBegted sinder, gefluring | frApitinns fory chpural #nded

o, o e SRR AR YhELE SEAEL P Bromeuce.  BERATMLELIINELS
added to the residue, which was washed with water, dried
10 (MgsO,) and concentrated under reduced pressure. The
residue was subjected to silica gel column chromatography
and eluted with ethyl acetate-hexane (2:1, v/v) to yield 7-
benzyl-3-chloro-4-(3,4~-dimethoxyphenyl)-2-(1-
pyrrolidinylmethyl)—5,6,7,8—tetrahydrothieno[2,3—b:5,4-
15 c'Jdipyridine (0.65 g, 61%), which was then recrystallized
from ethyl acetate-hexane to yield colorless prismatic
crystals having a melting point of 157 to 158°C.
Example 16B
A mixture of the compound (3.0 g) obtained in
20 Reference Example 3B, sodium diformamide [NaN(CHO),] (0.856
g) and N,N-dimethylformamide (40 ml) was stirred at 80°C
for 3 hours. The reaction mixture was poured over water
and extracted with ethyl acetate. The ethyl acetate layer
was washed with water, dried (MgSO,) and concentrated under
25 reduced pressure. The residue was subjected to silica gel
column chromatography and eluted with ethyl acetate-hexane

(1:1, v/v) to yvield 7-benzyl-3-chloro-2-



N- hydr oxybenotriazole (HOBt) (0.427 g) and 1-
et hyl - 3- ( 3-di net hyl am nopr opyl ) carbodi i mde (WC) (0.535 g) 20 wer e
added to an ice-cooled m xture of the conmpound (1.0 g) obtained in

Exanple 18B, (1,2 4-triazol-1-yl)acetic acid (0. 32

N, N- di met hyl fﬁpﬁam“a% (DVF) (20 m), the m xtur e Wis‘*%'r?"”'?*?ga at
roomtenperature for 8 hours, poured 139 over water and extracted with
ethyl acetate. The ethyl 25 acetate | ayer was washed with water,
dried (MgSJerr]) and concentrated under reduced pressure. The-

resi due was subjected to silica gel colum chromat ography and

el uted WD 97/ 40050 .
PCT/ JP97/ 01413 (diformylaminomethyl)-4-(3,4-dimethayyphenyl)-5,6, .85

et hyl acet at e- net Q; v/ Yigld e ber -
3-chl oro- 4- (3, 4- d?%e?%@gyrﬁé%ﬁ‘f)%;é,g%gftcet]rdal%%léé_ pe (1.0 g, 31%) as
(1,2, 4-triazol - 1-ybpeRidd2Pdeeet hyl ) t hi eno[ 2, 3-b: 5, 4-

c']dipyridine (0.55 g, 50*), which was then recrystallized 5 from
et hyl acet at e- hexphemdmtal elnh1gstel Bok eSSHRNMWESCLs 1/2H,0: having a nelting
point of 101 to 102[err]C. Exanpl e 21B

A nmixture of the conpound (0.3 g) obtafatedi €, 61.70; HEx4nPe NBB-Tcetic
anhydride (0.142°g) and pyridine (2.5 _10 _ ) g,0as  stirred at room
tenperature for 1 hour ~and Foupfiefir Sted4anter 3 r3¥udbd r¥ssure.

Et hyl acetate was é&q‘ﬁ?‘)et Q,hhe residue, which was washed with
wat er, dried (MgSQ er and concentrated under reduced pressure.

The _residue was suljcactenk t @rabtisR 968bsEQhdHEl F NE PHBLOTLAPWhe 15
and eluted with ethyl acetate to yield 2-acetyl am nonet hyl -
column chromatography of Example 16B, 7-benzyl-3-chloro-4-
10 (3,4-dimethoxyphenyl)-2-formylaminomethyl-5,6,7, 8-
tetrahydrothieno{2,3-b:5,4-c']dipyridine (0.7 g, 23%) as
colorless powder.
Elemental Analysis for C,;H,,N,0,SCle1/4H,0:
Calcd: C, 63.27; H, 5.21; N, 8.20
15 ) Found: C, 63.27; H, 5.54; N, 7.85
Example 18B
A mixture of the compound (0.9 g) obtained in
Example 16B and ethanolic hydrochloride (5%, 6 ml) was
heated under refluxing conditions for 1 hour and
20 concentrated under reduced pressure. The residue was made
basic with 2N NaOH, after which it was extracted with
dichloromethane. The dichloromethane layer was washed with
water, dried (MgSO,) and concentrated under reduced
pressure. The residue was subjected to silica gel column
25 chromatography and eluted with ethyl acetate-ethanol (5:1,
v/v) to vyield 'Z-aminomethyl—7-benzyl-3—chloro—4-(3,4-

dimethoxyphenyl)-5,6,7,8-tetrahydrothieno[2,3-b:5, 4-



7- benzyl - 3- chl or 0- 4- ( 3, 4- di net hoxyphenyl ) -5, 6, 7, 8-

tetrahydrot hieno[ 2, 3-b:5,4-c']dipyridine as an oil, which was t hen
treated with ethanolic hydrochloride to yield the hydr ochl ori de
whi ch was recrystallized from 20 di chl or onet hane- et hyl et her
to yield | i WR974¥5¢ ow powder having a nelting poiRETHEP/4 t o
174[err] C Exampl e 22B 49 Ni coti noyl

chl oride hydrochloride (0.18 g) was added to a solution of the
compound (0.29 g) obtained in 25 - Exanple 18B in pyridine (4 m), the
m xture was stirred at roomtenperature for 1 hour, poured over
wat er and extracted wwth ethyl acetate. The ethyl acetate |ayer
was o/dddprxddine (0.59 g, 81%) as colorless powder.

PCT/ JP97/ 01413 142 washed
with water, dried (MySO[ eFFPPPARAI ®ncent rated under reduced

pressure. The residue msg&ﬂ?%ﬁ%%ﬁgf&g%fiéﬂﬁﬂrtig%' (0.156 gglivg%j%ed to

chromat ography and el uted w etate

7-benzyl - 3- chl orpmixtdrd- s i esmpbend| 00.35 g9 obtained in Example 18B,

(ni cotinoyl am nonet hyl)-5,6,7, 8-tetrahydrothieno[?2, 3-b:5, 4-

c' ] di pyrisdi ne (CGr3egrhylbdminew{Och96ag)t bed diéchyotaidthzed (8 ml) unidesm

et hyl acetate-hexane to yield colorless prismatic crystal s having
a nelting point ie-Ewlifgiosthe r pdxture was stirred fogyxghmpheup3Bthep

Gl di hydride (.60%_0.394 dded t LUt i ¢
2> pyrrol i done’  AREIen grixeire Yag Vedil slGhasmngtyorien asteso Ay,

and the mxture cild Ehefrated solution’ @PBue IR Aldiora¥e 20a WdtdLs.
Then, the conmpound (4.0

dried {(MgSO,) and concentrated under reduced pressure. The
10 residue was subjected to silica gel column chromatography
and eluted with ethyl acetate-hexane (1:1, v/v) to yield 7-
benzyl-3-chloro-4-(3,4-dimethoxyphenyl)-2-
phenylsul fonylaminomethyl-~5,6,7,8~tetrahydrothieno[2, 3~
b:5,4-c'}dipyridine (0.25 g, 55%), which was <then
15 recrystallized from ethyl acetate~hexane to yield colorless
prismatic crystals having a melting point of 153 to 154°C.

Example 20B
N-hydroxybenotriazole {(HOBt) (0.427 g) and 1-
ethyl-3-(3-dimethylaminopropyl )carbodiimide (WSC) (0.535qg)
20 were added to an ice-cooled mixture of the compound (1.0 g)
obtained in Example 18B, (1,2,4-triazol-l-yl)acetic acid
(0.325 g) and N,N-dimethylformamide (DMF) (20 ml), the

mixture was stirred at room temperature for 8 hours, poured

over water and extracted with ethyl acetate. The ethyl
25 acetate layer was washed with water, dried (MgS0O,) and
concentrated under reduced pressure. The residue was

subjected to silica gel column chromatography and eluted



g) obtained in Reference Exanple 1l B was added thereto, the 15

m xture was stirred at 60[err]C for 20 m nutes, the reaction

m xture was poured over water and the precipitated solid

filtered. This crystal was subjected to silica gel

chr omat ograpﬁgpg’ﬁ Bl uted with et hyl acet at e- hexane Pcrf'%’g',[m\lﬁ v) to
yield 7-benzyl -3-chl oro-4-(4-i sopropoxy- 3- P

met hoxyphenyl ) - 2- (2- oxo- | -pyrrolidi nyl methyl)-5,6,7, 8-

tetrahydrot hieno[ 2, 3-b:5,4-c']dipyridine (0.72 g, 17%, whi ch was
then recrystallized fromethyl acetate-hexane to yield col orl ess
prismatic crystals having a nelting point of 140 t.o 141[e%%l
Exanpl e 24B with ethyl acetatg-pgthangt (r?é)mjrer"é%) i YP Bigds 7B Jc'he

ggmgggg obt ai ned3| Ch%g gr sn?g EXQITR %h% y%@x%né&% 57/ O%Zeligftrahydro 2..\./@

143 he2, 4L%§§B§Q L91acktS1dminbmRePid!y 3 ArD 3K 35 4 -
di met hoxyphenyl )vg (2- oxo-T1 - pi [l)e:rll gl ralyl m?t ;/n;l.n E? ) A

t et r ahydr ot hi eno[ 2, 3dlbppriding ditu\es dlneo%yWNwﬂichﬁﬂaéfﬁﬂén recrystallized

recrystallized from ethanol -i sopropyl ether to yield light- 5 yel | ow
prismatic Brystal Srpaviethyd netbetm*ga-pmm%ftQ1$iebd a colorlelsts (powder
Exanpl e 25B same_nanner i n Exanpl e 23B, the

conpound obt ai ned hIaHiREfér'E%'é“E(é’fﬂﬁ"é: g iRy F‘ér’rqz ‘Cprol actam 10
wer e react ed to yi el dg ]l; -3 chl oro-4-(3, 4-
di met hoxyphenyl ) - 2- ( 2- oxohexama? i ene| m nonet hyl )-5, 6, 7, 8-

A mixture of the compound (0.3 g) obtained in
Example 18B, acetic anhydride (0.142 g) and pyridine (2.5
10 ml) was stirred at room temperature for 1 hour and
concentrated under reduced pressure. Ethyl acetate was
added to the residue, which was washed with water, dried
(MgS0,) and concentrated under reduced pressure. The
reslidue was subjected to silica gel column chromatography
15 and eluted with ethyl acetate to yield 2-acetylaminomethyl-
7-benzyl-3~-chloro-4-(3,4-dimethoxyphenyl}~-5,6,7,8~
tetrahydrothienc(2, 3-b:5,4-c'])dipyridine as an oil, which
was then treated with ethanolic hydrochloride to yield the
hydrochloride which was recrystallized from
20 dichloromethane-ethyl ether to yield light-yellow powder
having a melting point of 172 to 174°C.
Example 22B
Nicotinoyl chloride hydrochloride (0.18 g) was
added to a solution of the compound (0.29 g) obtained in
25 Example 18B in pyridine (4 ml), the mixture was stirred at
room temperature_ for 1 hour, poured over water and

extracted with ethyl acetate. The ethyl acetate layer was



tetrahydrot hieno[ 2, 3-b: 5, 4-c']di pyridine, which was then

recrystallized fromethyl acetate-hexane to yield |light- yel | ow
prismatic crystals having a nelting point of 113 to 15 114[err] C.
Exanpl e 26B A m xture of the conpound (2.5 g) obtained
in WREEpSAce Exanple 3B, | H 1,2 4-triazole (OPQRIEPITHI3

pot assi um carbonate (0.691 g) and acetone (50 m) was 20 stirred
under refluxing conditions for 10 hours and concentrat ed
under reduced pressure. Et hyl acetate was added to the residue,
whi ch was washed with water, dried (MgSg err]) and concentrated
under reduced pressure. The resi due was subjected to silica gel

col um chronat oyeapkg wi%h wateznd delieded MESOh) eah§| capeentrated yunfegr
7- benzyl - 3- chl or o- 4- . . . -
(3, 4- di met hoxypAERYFRAsPEEssure ot FhRyERLING a5 Fubjeghed to silica gel

1yl et hyl) Ui engh 2ol S hatob by hA® cibndd 9483 Buen acetate ¥

97/ 40050
144 vl W—ﬁ@ﬁﬁgi%ﬁ&%&@r’dl@ﬂ(i,fQﬂa%B)ého%ﬁEr?yﬁ?Xﬁﬂe to

yield colorless prismatic crystals having a nelting point of 165
to 166[ebr] C (nicotinoylaminomethxByqH,®, 27 B-tétrahydrothieno[2, 3=b0oH), the
fraction subsequently eluted in the col um chr omat ogr aphy of
Exanpl e 26B, 7-lseifjpyzidfkher@ £ g, 51%), which was then recrystallized

(3, 4-di net hoxyphenyl )-5,6,7,8-tetrahydro-2-(1,2,4-triazol - .
4-yl met hyl ) t hi ertSP2 2WPE 12¢etafssNs%EFe ¥, 33242 §9§?ﬂess PTisPAtif was

then recrystal lized JamhebhNy AGRNASNBEIAE 48 124 to 125°C.

Example 23B
10 0Oily sodium hydride (60%, 0.394 g) was added to
a solution of 2-pyrrolidone (0.839 g) in N, N-
dimethylformamide (50 ml), and the mixture was stirred at
room temperature for 20 minutes. Then, the compound (4.0
g) obtained in Reference Example 11B was added thereto, the
15 mixture was stirred at 60°C for 20 minutes, the reaction
mixture was poured over water and the precipitated solid
 was filtered. This crystal was subjected to silica gel
column chromatography and eluted with ethyl acetate-hexane
(4:3, v/v) to yield 7-benzyl-3-chloro-4-{4-isopropoxy-3-
20 methoxyphenyl )}-2-(2~-oxo-1-pyrrolidinylmethyl)-5,6,7,8-
tetrahydrothieno[2,3-b:5,4-c']}dipyridine (0.72 g, 17%),
which was then recrystallized from ethyl acetate-hexane to
yield colorless prismatic crystals having a melting point

of 140 to 141°C.

25 Example 24B

In the' same manner as in Example 23B, the

compound obtained in Reference Example 3B and 2-piperidone



10 yield colorless prismatic crystals having a nelting point

of 176 to 177[err]C Exanpl e 28B Qly
sodi um hydri de (60% 0.088 g) was added to a solution of
2-pyrrolidone 0.204 Q) in N, N 15 di et hyl f or mam _de §]15 m )
and the nixt Y@%UM8%¢tirred at room tenper at ure f of CTSPIHR es.
Then, the conmpound (1.0 g) obtai ngdigd n Reference Exanpl e 3B was
added thereto, after which it was stirred at 90[err]C for 20

m nutes and the reaction m xture was poured over water and
extracted with 20 et hyl acetate. The ethyl acetate |ayer was washed
wth water, dried (MgSO4) and concentrated under reduced

pressure. The reieRR wakeGHeRct edot o ¥iPlda gel-PeBF¥Ln3-chloro-4-(3,4-

h t h I d wth hI?ttgt leld 7-

ge:]g;ria_ 892ﬁFo?o?Qg’('@?ﬁ’E“gi‘Xﬁ‘RBﬁBH%ﬁ& g‘-g‘é‘?z t%%@%lﬁfégyngthyl)-s'ﬁﬂ'a-
l'i di nyl neth é. = i tHi gnolyaidyRiaifle, which w

Ey]r (rj?plyrz giyne (0?/ éltzaalﬁ(ldgza ﬁlm%h?ggymgtg'?kgn iecrystglilﬂ‘ia'zed eh wes ﬁ‘hre(;‘m

et hyl acet at e- hexpgeryst£1Ql idfdde S sopdthanblci86ysdmtlS ether to yieldQ i{H 40050
PCT/ JP97/ 01413 145 havi ng

a nmelting Point ofelBw tRrisgetder fCystals having a meltingrpgapltecf9fl3 to

A solution of titaniumtetrachloride (6.3 g) in di chl or onet hane
(10 m) was addedljd"ro(fowi se to a solution of 5 the conmpound (3.8 Q)
obtained in Exanple 23B J di chl oronet hane (75 m ) under

I ce-cooling, and the m xt urEexaq‘ple 258 was stirred at O[err]C for 1.5 hours.

The reaction m xture was In the same manner as in Example 23B, the
compound obtained in Reference Example 3B and ¢-caprolactam
10 were reacted to yield 7-benzyl~-3-chloro-4-(3, 4-
dimethoxyphenyl )-2-(2-oxohexamethyleneiminomethyl)~5,6,7, 8~
tetrahydrothieno[2,3-b:5,4-c']dipyridine, which was then
recrystallized from ethyl acetate-hexane to yield light-
yellow prismatic crystals having a melting point of 113 to
15 114-°cC.

Example 26B
A mixture of the compound (2.5 g) obtained in
Reference Example 3B, 1H-1,2,4-triazole (0.414 g),
potassium carbonate (0.691 g‘) and acetone (50 ml) was
20 stirred under refluxing conditions for 10 hours and
concentrated under reduced pressure. Ethyl acetate was
added to the residue, which was washed with water, dried
(MgS0O,) and concentrated under reduced pressure. The
residue was subjected to silica gel column chromatography
25 and eluted with ethyl acetate to yield 7-benzyl-3-chloro-4-
(3, 4—dimethoxypher_1y1)-—5, 6,7,8~tetrahydro-2-(1,2,4-triazol-

l1-ylmethyl)thieno[2,3-b:5,4-c'Jdipyridine (1.93 g, 73%),



poured over ice-aqueous saturated solution of sodium bi car bonat e

and the insoluble was filtered off, the organic 10 | ayer was washed
with water, dried (MgS err]) and concentrated under reduced
pressure. The resi due was subjected to silica gel colum

chr omat ogr apMQ 94#0850e| ut ed wi t h et hyl acet at e- hexameTgm8141%/ v) to

yield 7-benzyl - 3-chl oro-4-(4-

hydr oxy- 3- met hoxyphenyl ) - 2- ( 2- oxo- 1- pyrrol i d]i4h4yl met hyl)- 15
5,6,7,8-tetrahydrothieno[2,3-b:5,4-¢"]dipyridine (0.89 g, 259% ,
which was then recrystallized as colorless prismatic crystals
having a nelting point of 190 to 191[err]C. Exanpl e 30B
I n the sane nmannerwhisch waBx #hpher&8fysttaldiz2@ from eadiyloacdtabéaharsheé nto
Ref erence Exanple 3 and 4- hydr oxy- 2- oxopyrrolidine were reacted
to yield 7-benzyl -yiel} fdoxrless prismatic crystals having a melting point

(3, 4-di net hoxyphen%/é)%g%(é g‘t%% g:xy 2- oxopyrrolidin-1-
et r

yl methyl)-5,6,7, 8- no[ 2, 3-b: 5, 4-c' ] di pyridi ne as an
anor phous solid. 25 N r pmin CDCl[err]): 1.90-2.15 (2H, m,
2.40-2.68 (3H, m, Mﬁfﬁéga bZlE dd, J=17.6 & 5.4Hz), 3.50 (1H, dd,
J=10.6 & 5 4.0Hz), Fof (BHe $racBidd bdbbeqlentiB/eldtbaSkn %nd
(3H, WD 97/ 40050

PCT/ JP97/ 01413 column chromatography of Example 26B|67-benzyl-3-chBJro-4-
4.45-4.65 (2H, s), 5.15 (1H, d, J=16.6 & 3.6 Hz), 6.68- 6. 85( 2H,

M, 6.95(1H, dd, J(3, %d&mztbwyph@ﬁd ~5, ﬁs”(%ﬁeﬁﬁahydro-z (1,2,4-triazol-
Exanpl e 31B

conpound obt ai ned #H‘?thﬁeldéé’lﬁyshgréségaﬁ g'ed:’ré’t"ﬁﬁig?gxarg) 22 28[3 th)e’ >

which was then recrystallized from ethyl acetate-hexane to
10 yield colorless prismatic crystals having a melting point
of 176 to 177°C.
Example 28B
Oily sodium hydride (60%, 0.088 g) was added to
a solution of 2-pyrrolidone (0.204 a) in N, N-
15 dimethylformamide (15 ml) and the mixture was stirred at
room temperature for 15 minutes. Then, the compound (1.0
g) obtained in Reference Example 3B was added thereto,
after which it was stirred at 90°C for 20 minutes and the
reaction mixture was poured over water and extracted with
20 ethyl acetate. The ethyl acetate layer was washed with
water, dried (MgSO,) and concentrated under reduced
pressure. The residue was subjected to silica gel column
chromatography and eluted with ethyl acetate to yield 7-
benzyl-3-chloro-4~(3,4-dimethoxyphenyl)-2-(2-0x0-1-
25 pyrrolidinylmethyl}-5,6,7,8-tetrahydrothienc[2,3-b:5, 4~
c']ldipyridine (0.21 g, 19%), which was then recrystallized

from ethyl acetate-hexane as colorless prismatic crystals



oxopyrrolidine were reacted to yield 7-benzyl -3-chl oro-4-
(3, 4-di net hoxyphenyl ) - 2- (5- met hyl - 2- oxopyrrolidin-1-
yl methyl)-5,6,7,8-tetrahydrot hieno[ 2, 3-b: 5, 4-c']di pyridine

h | NMR (6 in cDa 1.22 (3 2z
194208 ?gﬁlvg”"“’%sq’ n 2.(20-I[2)|.o£5n3I ?6H, n;[,erélés (2H, g)l?k—g?%&hgﬁ )

3. 78- 4.05 (7H m, 4.42 (1H 145 J=16.8Hz), 5.24 (1H,

J=16.BHz), 6.73 (1H, d, J=1.8Hz), 6.77 (1H, dd, J=8.0 & 1. 8Ft),
6.94 (1H, d, J=8.0Hz), 7.20-7.42 (5H, m 15 Exanpl e 32B
In the same manner as in Exanple 28B, the conmpound obt ai ned in

Ref orence Bxaml e 38,200 3 RFdvg point of PIETMAUGE! e vere reacted to

(3, 4-di net hoxyphenyl ) - 2- (I-p%gg&i- Sy azolin-3- -20
y rot]ien

yl oxymet hyl )-5,6, 7, 8-tetrah o[ 2,3-b:5, 4- c' ]dipyridine,
whi ch was then recrystallized dsxnmiRinhyf titanium tetaim-diddanests yieinl
colorless prismatic crystals having a nelting point of 157 to
158C. dichlorfmetipine 338 m25 was added dropwiser §m a eeliutdoni oh
subsequentlg eluted |n t he colunn chronatograghy of Exanpl e 32B,
7- benzyl hl or o- & compoun€3 (3.8 g) obtained Example  23B in

IA:f’C% ﬁgg?é{g?gnyl ) dlC‘l%O%él%eth e’}y)ao}ﬁi"i‘z er 1ce cog&:lng, and \4:\939%4_;‘;'@9159

yl methyl)-5,6,7, 8- gl Q@Yf‘fé’& r3;4.1'.‘36‘;’E:2f3’r B:.% foGrd. difP¥ £8hBEion mixturedias
anor phous solid. ([err] ppmin CDCl[err]) 1.90-2.10 (2H, m,

2.57 (2H, t, poured over ice-aqueous saturated solution of sodium
bicarbonate and the insoluble was filtered off, the organic
10 layer was washed with water, dried (MgSO,) and concentrated
under reduced pressure. The residue was subjected to
silica gel column chromatography and eluted with ethyl
acetate-hexane (7:3, v/v) to yield 7-benzyl-3-chloro-4-(4-
hydroxy-3-methoxyphenyl )-2-(2-oxo-1-pyrrolidinylmethyl }-
15 5,6,7,8-tetrahydrothieno(2,3-b:5,4~c']dipyridine (0.89 g,
25%), which was then recrystallized as colorless prismatic

crystals having a melting point of 190 to 191°C.

Example 30B
In the same manner as in Example 28B, the
20 compound obtained in Reference Example 3 and 4~hydroxy-2-
oxopyrrolidine were reacted to yield 7-benzyl-3-chloro-4-
(3,4-dimethoxyphenyl )-2-(4-hydroxy-2-oxopyrrolidin-1-
ylmethyl)-5,6,7,8-tetrahydrothieno[2, 3-b:5,4~-c']dipyridine
as an amorphous solid.

25 NMR (6 ppm in CDCl,): 1.90-2.15 (2H, m), 2.40-2.68 (3H, m),
2.82 (1H, d4, Jfl7.6 & 5.4Hz), 3.50 (1lH, dad, J=10.6 &
4.0Hz), 3.66 (2H, s), 3.71 (2H, s), 3.B7 (3H, s), 3.96 (3H,



J=5.8Hz), 2.71 (2H, t, J=7.6Hz), 3.66 (2H, s), 3.71 (2H, 5 s), 3.85

(3H, s), 3.94 (3H, s), 4.17 (2H, t, J=7.6Hz), 4.98 (2H, s), 6.68
(1H, d, J=1.8Hz), 6.75 (1H dd, J=8.3 & 1.8Hz), 6.93 (1H, d,
J=8.2Hz), 6.98-7.15 (3H, m, 7.25-7.50 (5H, m

Exanpl e 34B WQg7/40050 In the sanme manner as i BCEERATHII4A3 28B,

t he conpound obtained in Referenceikganpl e 3B and 3-net hyl -

0Xx0- 2-pyrazoline were reacted to yield 7-benzyl-3-chl oro- 4-
(3, 4-di net hoxyphenyl ) - 2- ( 3- net hyl - 5-oxo- 2- pyrazolin | -
yl methyl)-5,6,7,8-tetrahydrothi eno[ 2, 3-b: 5, 4-c’ dlpyrldlne 15 as

anor phous solid. pp rrl): 2.25
(3H, s), é%?é{;’\%ﬁz(‘g“ &srksggc%l[ﬁﬁ % ]L? %é}% &"2)3 7*¥3H
s), 3.95 (3H, s) 5 H 0-~8 : 4 £1H,
5 127 netey, .8 %§%§(5 (3k gsgln Gad! J‘iv 3 &%"ou@) rr'{) 20-7.48 @s84 &)

A m xture of the conpound ctnéuﬂMEianm Ref er ance Exanple 3B (1.0
g), succinimde (0.238 g), potassium carbonate (0.276 g) and

N, N-di et hyl formam de (10 M7 whe same mamgteirrrasl iat Exk@@pks r 28B,f othe 1
hour, poured into water and 25 extracted wth ethyl acetate. The -
ethyl acetBte extFaRpound obtaingd ipHefergprs hxemple A apd I@gﬂa:él’?‘ﬁ' and

concent 1ated 1N oyopyrrotFHG (K LANANS ¥8%/£0 2T RAAANSI RIS G o1 1]

PCT/ JP97/ 01413 3, 4-dimethoxyphenyl}-2-(5- methy11é80xopyrrolidm 1-
acet at e-hexane (1:1, v/v) to give 7- génzy -3-chloro-2-(2
ylmethyl)-5,6,7,8-tetrahydrothieno(2,3-b: 5 4 -c'l}dipyridine
as amorphous solid.
10 NMR (6 ppm in CDCl,): 1.22 (3H, d, J=6.2Hz), 1.94-2.08 (2H,
m), 2.20-2.63 (6H, m), 3.65 (2H, s), 3.70 (2H, s), 3.78-
4.05 (7H, m), 4.42 (1H, d, J=16.8Hz), 5.24 (1H, 4,
J=16.BHz), 6.73 (1H, 4, J=1.8BHz), 6.77 (1H, dd, J=8.0 &
1.8Hz), 6.94 (1H, d, J=8.0Hz), 7.20-7.42 (5H, m)
15 Example 32B
In the same manner as in Example 28B, the
compound obtained in Reference Example 3B and 3-oxo-1-
phenylpyrazoline were reacted to yield 7-benzyl-3-chloro-4-
(3,4-dimethoxyphenyl)-2-(l-phenyl-2-pyrazolin-3-
20 vloxymethyl)-5,6,7,8~tetrahydrothieno[2,3-b:5,4-~
c'Jdipyridine, which was then recrystallized from ethyl
acetate-hexane to yield colorless prismatic crystals having
a melting point of 157 to 158°C.
Example 33B
25 From the fraction subsequently eluted in the
column chromatography of Example 32B, 7-benzyl-3-chloro-4-

(3,4-dimethoxyphenyl)-2-(3-oxo-1-phenylpyrazolidin-2-



di oxopyrrolidin-1-ylnethyl)-4-(3,4-di met hoxyphenyl) -

5,6,7,8-tetrahydrothieno[2,3-b:5,4-c'"]dipyridien (0.65 g, 58% as
crystals. Recrystal lization from et hanol - hexne 5 gave pal e yel | ow
prisms, mp. 128-130[err]C. Exanpl e 36

A nixture of W& pound obt ai ned i n Exanpl e 28B B’E?’B”é’?’,‘“’

pal I adi um on carbon (5% 5.0 g), nitrobenzene4tl. 3 g) and xyl ene
(100 M) was stirred under reflux for 4 hours 10 and the insol uble
solid was filtered off. The filtrate was concentrated in vacuo -
and the residue was chromat ogr aphed on SiJerr] with ethyl acetate

to give 3-chloro-4-(3, 4- . , ,

di net hoxyphenyl ) - 2Y§"235‘9<16pkrr5r 8y 7 o rEatAYarRERIERR il 2 i3 4-c' 1dipyridine
b:5,4-c']dipyridin§ a&Qré$§u59bolid109@ as crystals. 15

Recrystal lization Fom et yl acet at e- hexane gi ve col orl ess prismns,
mp. 228-230[err]CaMr (6 ppm in CDCl) As.deszridedzier aynakege, (e ¢,
present invention provi des the novel t hi enopyri di ne derivative
havi ng exdgebl. 8A%) an2i 71 nf 2Bmtat oT7 .&elzi)vi By6and2Hhes) hi 2ndpyt2Hli ne
20 ° derivative is wuseful for_ an _anti-inflanmator dru%,

especial ly Bs a dr&g.f3r8% @&k Bd. a3t i(BHs, Spark-i1dul Rt yt, I=7.8Bz)erd A c

rheumatoid arthriti al so

I dj d t
i bt excel |ent GBondr dedipt§ B 8- PERLCbRRY: 16075, i) ey T3
useful as a drug faqr egggve@tganngZSd J-a th)trdaajg.rryglsbpg@ “p;est;,rygl-;ogb

and osteoporosis. tion, the novel thienopyridine
derivative is usequHtom) a drug for preventing or treating
i mmune-rel at ed di seases. 149
What is claimed is: Example 34B

10 In the same manner as in Example 28B, the

compound obtained in Reference Example 3B and 3-methyl-5-
oxo-2-pyrazoline were reacted to yield 7-benzyl-3-chloro-4-
(3,4-dimethoxyphenyl)-2-(3-methyl-5-ox0o-2-pyrazolin-1-
ylmethyl)-5,6,7,8-tetrahydrothienc{2,3-b:5,4-c’'}dipyridine
15 as amorphous solid.
NMR (6 ppm in CDCl,): 1.82-2.08 (2H, m), 2.25 (3H, s),
2.50-2.63 (2H, m), 3.66 (2H, s), 3.71 (2H, s), 3.87 (3H,
s), 3.95 (3H, s), 5.30-5.62 (3H, m), 6.70-6.85 (2H, m),
6.94 (1H, 4, J=7.8BHz), 7.20-7.43 (SH, m)
20 Example 35B
A mixture of the compound obtained in Referance
Example 3B (1.0 g), succinimide (0.238 g), potassium
carbonate (0.276 g) and N,N-dimethylformamide (10 ml) was
stirred at 100°C for 1 hour, poured into water and
25 extracted with ethyl acetate. The ethyl acetate extract
was washed with water, dried (MgS0,) and concentrated in

vacuo. The residue was chromatographed on SiO, with ethyl



1. A conpound represented by the formula (A): J[err]

wherein Wrepresents CGGor GG (Grepresents a carboxyl group
that may be esterified; and G represents a hal ogen 5 atonm; X
represents an oxygen atom a sulfur atomthat may be oxi di zed or
-(CH err]) [ YOPU400H represents an integer fromoO to PCT/B)97/0R13
represents an optionally substituted am no qr,gup or an optionally
substituted heterocyclic group; the ring B represents an
optionally substituted 5- to 7-nmenbered ring 10 containing a nitrogen
atom when Wis GG ,L is a hydrogen atom an optionally
substituted hydrocarbon residue, an optionally substituted
acyl group, an aggtieteaheyane (1:1, vAubsbiginecd-bemiyw3-Hchyiorep2-2a,5-
optionally substituted .thiocarbanoyl group or an optionally
substituted sul f offioxomyrroligipgd -vdmethyl)-4-( ghéndw‘ie@l@dmpmemxl a-

hydr ogen at om an tional lLy, substityted ac royp,. an optionally
substituted car bar?ﬁfl’7gP655?93{r‘P"g_ﬁv§ﬁ”éﬂl}?'éﬁ s%ﬁﬁﬁiﬂq’yndie“ (0.65 g,
al koxycarbonyl  gs@4R. as séﬁyé.onaﬁé&f¥sfﬂﬂ¥i bggkﬁdfr m fﬁhan°1~8?6ﬂﬁ'

t hi ocar banmoyl group or an optionally substitute ony
n represenss 0 or ghvet palei pglYowmpriwse a.p. 128-130°3N0 97/ 40050

PCT/ JP97/ 01413 150

Example 36B

A mixture of the compound obtained in Example 28B
(3.0 g), palladium on carbon (5%, 5.0 g), nitrobenzene (1.3
g) and xylene (100 ml) was stirred under reflux for 4 hours

10 and the insoluble solid was filtered off. The filtrate was
concentrated in vacuo and the residue was chromatographed
on Si0, with ethyl acetate to give 3-chloro-4-(3,4-
dimethoxyphenyl )-2-(2-oxopyrrolidin-1-ylmethyl )thieno[2, 3~
b:5,4-c']dipyridine (0.25 g, 10%) as crystals.

15 Recrystallization from ethyl acetate-hexane give colorless
prisms, m.p. 228-230°C.

As described hereinabove, the present invention
provides the novel thienopyridine derivative having
excellent anti-inflammatory activity and the thienopyridine

20 derivative is wuseful for an anti-inflammatory drug,
especially as a drug for treating arthritis, particularly
chronic rheumatoid arthritis. The novel thienopyridine
derivative also exhibit excellent bone resorption
inhibitory activity and is useful as a drug for preventing

25 or treating bone destruction and osteoporosis. in
addition, the novel thienopyridine derivative is useful for

a drug for preventing or treating immune-related diseases.



substituent; or a salt thereof 2. The conpound of claim

[1e\eri oh 1's represented ]ulm ml"'“ﬂ lntumlr mcjllg ElG) represents a carboxyl
an

group 5 t hat may be ‘esterrf |ed) M represents a hydro%en at o
optional ly ¥OB%#9%%4ted acyl group, an optionally FCTAPITO1413
substituted carbamoyl group, an optionally sypgtituted

al koxycar bonyl group, an optionally substi tuted

t hi ocar banoyl group or an optionally substituted s WEQPSHEEﬂ@ASIBENQ oup;-
and the other synbols are as defined in claiml1, REPLA sal
t her eof . 3. The conpound of cI

optional |y substituted am no group rdpdd@sented by -(Rerr])(R2),
and Rlerr] and R2 are the same or different and are a hydrogen
atom_ an optionally substituted hydrocarbon residue, an optlonally

substituted acyl group, jan, | na! E&Rresented b e tfHEﬁQléRti.?nyl

group or an optionally substitute eterocycli'c group, or err]
and R2 may bind to each other to forma nitrogen-containing 5 to 7
menbered ring. 20 4. The conmpound of claim 3,
wherein the optionally substi tNut ed hydrocarbon residue
represented by wCHz—X—R
w,~NB)J ] ){C ?
¢y

g

wherein W represents C-G or C-G' (G represents a carboxyl
group that may be esterified; and G' represents a halogen
5 atom); X represents an oxygen atom, a sulfur atom that may
be oxidized or -(CH,),~ (q represents an integer from 0 to
5); R represents an optionally substituted amino group or
an optionally substituted heterocyclic group; the ring B
represents an optionally substituted 5- to 7-membered ring
10 containing a nitrogen atom; I represents a hydrogen atom,
an optionally substituted hydrocarbon residue, an
optionally substituted acyl group, an optionally
substituted carbamoyl group, an optionally substituted
thiocarbamoyl group or an optionally substituted sulfonyl
15 group, provided that, when W is C-G, L is a hydrogen atom,
an optionally substituted acyl group, an optionally
substituted carbamoyl group, an optionally substituted
alkoxycarbonyl group, an optionally substituted
thiocarbamoyl group or an optionally substituted sulfonyl

20 group; n represents 0 or 1; the ring A may have a

i
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151 Rlerr] or Rlerr] is an optionally substituted CJerr] alkyl
group. unound of claim 3, wherein the
optional Iy substituted Pu“ml(ml ‘“ﬂﬂl‘tﬁ p represented by R err] or

R2 is an aromati c 5- nmenbered héte?oc Yelic group 5 containing 2 to 3
het er o at om0 97/40050 6. The conpound of clai m PCT/ARPHIN R i s
an aromati c nmonocyclic heterocycliGggroup, an aromatic

condensed heterocyclic group or a non- aron&tlc het erocyclic group.
10 7. The conpound of claim6, wherein Ris (i) a

5- to 7-nmenbered heterocyclic group containing one sulfur at om
nitrogen atom or oxygen atom (ii) a 5- or 6-nenbered het erocyclic
group cont ai ni ng @Wuuﬁhﬁrogﬁnaaﬁm tr(qqq'o)f a 5- or 6-nenbered
het er ocycl i ¢ group cont ai niing 1 or ni frogen atons and one sul fur

atom or oxygen atom or (i¢y 1be °°'“p°6WQ Bf FiRiMPo¥bighnis crerTRgIanted
groups as condenﬁﬁpeﬂéﬂ}dgm la . 6-nmenbered ring containing 2 or fewer
nitrogen atons, Benzé %'ring or a 5-menbered ring containing one

sul fur aton1 20 8. The conpound of claim 2,
wherein the ring B is an optionally substituted 6-nenbered
het erocyclic ring cont ai nig

rogen atom
éfﬁp —&539 is unsubstituted or

2 25 group, an o t5onally
substituted hydroxy group,
group, an optionally substituted

9. The conpound of claim 2,cy
substituted by a hal ogen atonf
substituted al kyl group, an optional
an optionally substituted thiol

am no group, an optionally

wherein Y represents C-G (G represents a carboxyl group
5 that may be esterified); M represents a hydrogen atom, an

optionally substituted acyl group, an optionally
substituted carbamoyl group, an optionally substituted
alkoxycarbonyl group, an optionally substituted
thiocarbamoyl group or an optionally substituted sulfonyl

10 group; and the other symbols are as defined in claim 1, or
a salt thereof.

3. The compound of claim 2, wherein R is an
optionally substituted amino group represented by -(R')(R?),
and R' and R? are the same or different and are a hydrogen

15 atom, an optionally substituted hydrocarbon residue, an
optionally substituted acyl group, an optionally
substituted sulfonyl group or an optionally substituted
heterocyclic group, or R’ and R’ may bind to each other to
form a nitrogen-containing 5 to 7 membered ring.

20 4. The compound of claim 3, wherein the

optionally substituted hydrocarbon residue represented by



WD 97/ 40050 PCT/ JP97/ 01413

152 substitut‘ \llﬁﬂﬂl Hm lmcarboxyl group that may be
esterified or an opti onalll omatic ring group.

10. The conpound of clai'm °9, ‘wherein  the substituent for the
ring Ais a WQ¥POs4| koxy group or a hydroxy gr oupPCTAFI7I01413

11. The conpound of claim 10, wherein the riRgg A is substituted
with two al koxy groups. 12. The conpound of claim 2,
wherein X is 10 -(CHerr])[err]- (g represents an integer fromO to
3). 13. The conmpound of cI ai m 12, wherein q is O.

14. The conpound of claim2, wherein Gis a g al_koxycar bonyl
gr oup. R' or R® ig5an %El‘é%%’fm btﬁtl(?l“ eth 1%« \iH&¥di T8¥Ps 15
et hoxycar bonyl .

|
s 1M 's a hydrofen alB BERDEYES T nEARBer 3oy wHeraay, the"

phenyl car banoyl , Eﬁéiﬁ réﬁggéituteahﬁgyéﬁﬁgﬁémr@ gro@ﬁ represented by R!
benzyl oxycar bonyI I's N, N-di et hyl am no, (f

triazol-1-yl, ?‘oz( 1R, 41§11 870l adond iy Olsyknembeﬁéd hdterocyclic group
met hyl i m dazol - 4-yl t hi o. 17. The conpound of claim 2
which is: 5 containing 2 t¢h¥y|lhetero atoms.

7-benzoyl - 2- (N, N-di et hyl am norret hyl ) - 4-

(3, 4-di et hoxypheny! ) -5, 6, 768- t R iERMRAURde (R ?1@15‘ 52'4 whexein R is an

c' ] di pyridi ne- 3- carbox ate ( 4- chlorob zoyl
) -2- (N, N a%: tﬁvpgﬁ?ﬁgiﬁ%t hpﬁeﬁo'flffléfcdl rﬂaQr%’Xypﬁenyl ZoRdeie
)-5,6,7, 8- condensed heterocyclic group or a non-aromatic heterocyclic
group.
10 7. The compound of claim 6, wherein R is (i) a

5- to 7-membered heterocyclic group containing one sulfur
atom, nitrogen atom or oxygen atom, (ii) a 5- or 6-membered
heterocyclic group containing 2 to 4 nitrogen atoms, (iii)
a 5- or 6-membered heterocyclic group containing 1 or 2

15 nitrogen atoms and one sulfur atom or oxygen atom, or (iv)
one of the above 3 heterocyclic groups as condensed with a
6-membered ring containing 2 or fewer nitrogen atoms, a
benzene ring or a S5-membered ring containing one sulfur
atom.

20 8. The compound of claim 2, wherein the ring B
is an optionally substituted 6-membered heterocyclic ring
containing one nitrogen atom.

9. The compound of claim 2, wherein the ring A
is unsubstituted or substituted by a halogen atom, a nitro

25 group, an optionally substituted alkyl group, an optionally
substituted hydrogy group, an optionally substituted thiol

group, an optionally substituted amino group, an optionally



WD 97/ 40050 PCT/ JP97/ 01413

S e S A e e
di met hoxyphenyl ) -5, 6, 7, 8- t et r ahydr t hitenb[ 2" 3-b: 5, 4-

c' ] dipyri di WL 9314p0%D boxyl ate, 5 et hyl PCT/JP97/01413

2- (NN-di et hyl am nonet hyl ) - 4- (3, 4- 52
dinethoxyphenyl)thieno[2,3-b:5,4-c']dipyri&ine-3- car boxyl at e,
et hyl 2- (N, N-di et hyl am nonet hyl ) - 4- (3, 4- )
di met hoxyphenyl ) - 7- phenyl car banoyl -5, 6, 7, 8- 10 t et r ahydr ot hi enoJ 2,
3-b:5,4-c¢' ]dipyridine-3-carboxyl at e, et hyl

7-acetyl - 2- (NN disetbha}:lie;mtndneam ) g1oyB, 4 carboxyl group that may be
dinethoxyphenyl)-S, 7, 8-tetrahydrothi eno[ 2, 3-b: 5
c']dipyridi ne- 3- é%ﬁqﬁiﬁfP&Fe or an optionally sugﬁqhﬂuted aromatic ring

7- (4-chl orobenzoyl)-4-(3,4- 15
di met hoxyphenyl ) - Q¥p7 8- tetrahydro 2-[3-(1,2,4-triazol -1 - yl

ypropylJthieno[2, 3-b:5, 44¢ ] d'mﬁ%f ' gblﬁ'ﬁ‘mﬁ'\&aE@OWiﬁnﬁ 9, wherein the
et hyl 7- ( 4- chlorobenzoyl ) -

di met hoxyphenyl ) -substa thenhet I’ﬂhydifh?e 2r:u[xg1 A( i%, &2,C4; talwenst -group or a
yI)butyI]thieno[2,3-b:5,4-c']dipyridine-3-carboxy|ate, or 20

et hyl 4- ( 4- et iptqsexyy lgrpup. 7 8-tetrahydro- 2-

(NN-di et hyl am nonet hyl ) t hi eno[ 2 3 .5, 4- C(Jd&pyrlm

car boxyl at e, or itd-saffpe °°mp°“" claim 1018Wher89P B dddg

for producing & GOTRANNY t,?8a with GRS SRRALG gRYbLE Tormila (1):

12. The compound of claim 2, wherein X is
10 -(CH;),- (g represents an integer from O to 3).

13. The compound of claim 12, wherein q is 0.

14. The compound of claim 2, wherein G is a C,_
alkoxycarbonyl group.

15. The compound of claim 14, wherein G is

15 ethoxycarbonyl.

16. The compound of claim 2, wherein n is 1; M
is a hydrogen atom, benzoyl, 4-chlorobenzoyl, acetyl,
phenylcarbamoyl, ethoxycarbonyl, phenylsulfonyl or
benzyloxycarbonyl; and -X-R is N,N-diethylamino, 1,2,4-

20 triazol-1-yl, 3-(1,2,4-triazol-1-yl)propyl or 1-
methylimidazol-4-ylthio.

17. The compound of claim 2 which is:

ethyl 7-benzoyl-2-(N,N-diethylaminomethyl )-4-
(3, 4-dimethoxyphenyl)-5,6,7,8-tetrahydrothienc([2,3-b:5, 4~

25 c'Jdipyridine-3-carboxylate,
ethyl_ 7-(4-chlorobenzoyl)~-2-(N, N~

diethylaminomethyl)-4-(3,4-dimethoxyphenyl}~-5,6,7,8-



WD 97/ 40050 PCT/ JP97/ 01413

ég?i ned in claim2, or a [sglr'[] ”"’"”"Mum "’W"glhncgggrisggg?l CEEE

(a) reacting a conmpound of theforrrula( |-1) * [err]

(11-1) WOIMEP ein Merr] is an optionally substitutedP@FF"Y#bup, an
5 optionally substituted carbanoyl gfegp, an optionally
substituted al koxycarbonyl group, an optionally substituted

sul fonyl group or an optionally substituted thiocarbanoyl group; @
is a leaving group, Y[err] is CG{derr]; Jerr] is an esterified
carboxyl group; Xerr] is_an oxygen atomor a sulfur atom_ the ring

Ais as defined abG?éraW@ﬁOH"&ﬂﬁ%ﬁd%ﬁ éne' Jeipupigdine-3- CaerWH‘ter
R- X H 1] d ab
pre[sg;\rc]e of a bgse;) eHhY frEI EAUAE S hy(rﬁ%mf?%\égf"f’ﬁg )3 co‘rﬁa’o‘ﬁnd

of the fornula (IIﬂ%ﬁethoxyphenyl)—s,6,7,B-tetrahydrothleno[z,3—b.5,4-
c'J]dipyridine-3-carboxylate,

5 ethyl 2-(N,N-diethylaminomethyl )-4-(3,4-
dimethoxyphenyl)thieno[2,3-b:5,4~-c']dipyridine~3-
carboxylate,

ethyl 2-(N,N-diethylaminomethyl)-4-(3, 4-
dimethoxyphenyl)-7-phenylcarbamoyl-5,6,7, 8-
10 tetrahydrothieno[2,3-b:5,4-c'}ldipyridine-3-carboxylate,
ethyl 7-acetyl-2-(N,N-diethylaminomethyl)-4-(3, 4~
dimethoxyphenyl)-5,6,7,8-tetrahydrothienoc[2,3-b:5,4~
c'ldipyridine-3-carboxylate,
ethyl 7-(4-chlorobenzoyl)-4-(3,4-
15 dimethoxyphenyl)-5,6, 7, 8-tetrahydro-2-[3-(1,2,4~triazol-1-
yl)propyl]thieno{2,3-b:5,4~c']dipyridine-3-carboxylate,
ethyl 7-(4-chlorobenzoyl)-4~-(3, 4-
dimethoxyphenyl )}-5,6, 7, 8-tetrahydro-2-[4-(1,2,4-triazol-1-
yYl)butyl]lthieno(2,3-b:5,4-c']dipyridine-3-carboxylate, or
20 ethyl 4-(4-ethylphenyl)-5,6,7,B-tetrahydro-2-
(N,N—diethylaminomethyl)thieno[2,3-b:5,4-c']dipyridine—3-
carboxylate,
or its salt.
18. A process for producing a compound

25 represented by the formula (1):
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155 [ er

(11-2) wherein pis 1 to 6] @h’ﬁ&“}“‘g““!&“\mymol s are as defined

above, with a conpound of the formnul

[err] ( ™0 97/40050 wherein R err] and R2 are as defi nedr/aseosi3 i n t he
presence of a base; or (c) hydrolyzing a conmpound
of the fornmula (1-3): [err] 154 (r- 3)
wherein M2 is an optionally substituted acyl group or an 10 optionally
substituted al koxycarbonyl group; and the other synbol s are as

defi ned above, in the presence of an acid or (d)

oxi di zing a conpound of the formula %

4 -x—%
N3N ] YC i

g

(I

wherein the symbols are as defined in claim 2, or a salt
thereof, which comprises:

(a) reacting a compound of the formula (II-1):

wherein M!' is an optionally substituted acyl group, an
5 optionally substituted carbamoyl group, an optionally

substituted alkoxycarbonyl group, an optionally substituted

sulfonyl group or an optionally substituted thiocarbamoyl

group; Q is a leaving group, Y is C-G!; G! is an esterified

carboxyl group; X! is an oxygen atom or a sulfur atom; the
10 ring A is as defined above, with a compound of the formula

(I1I1):

R-X'H (111)
wherein R is as defined above, in the presence of a base:;
or

15 (b) reacting a compound of the formula (II-2):



WD 97/ 40050 PCT/ JP97/ 01413 _
gﬁg synbol s g(rarer}as defi ned above; (Jll“l““"l"l“l”llll"l“l 4)(e) reaC“\rI]mge;m &

conmpound of the forrrula (1-4) " With a corrpound of the formula (V)
Rlerr] SO err] ¥4 5 wherein R5 is an optional | YCTIRHO 8yt ed

hydr ocar bon resi due or an optional hgssubstituted heterocyclic
group, in t he presence of a base; or ()
reacting a conmpound of the fornmula (I-4) wi th a conpound of the
formula (V): 10 Rl err] NCX err] (V)
wherein the synbols are as defined above; or (9)
reacting a conpound of the formula (I-4) wi th a conpound of the
formula (MV1): R[err] COOH (VIl) 15

wherein Rlerr] is as defined above ¥
conpounds of the fornmulas (VII1) and
[err] and [err]

(rx .

Y(Cﬂz)p—Q (h) reacting
(VI 1)

(IT—2)

wherein p is 1 to 6; and the other symbols are as defined
above, with a compound of the formula (IV):
R\
NH (1IV)
5 R?/
wherein R' and R? are as defined above, in the presence of

a base; or

(c) hydrolyzing a compound of the formula (I-3):

N 2\N l.] NYCH ~X—R

<Y1

g

(I-3)

wherein M’ is an optionally substituted acyl group or an
10 optionally substituted alkoxycarbonyl group; and the other
symbols are as defined above, in the presence of an acid:

or

(d) oxidizing a compound of the formula (I-4):



\1/\15)797/ 40050 wherein the synbols ar ummwmﬂmmw and sul fur to

obtain a compound of the forrmula (X erry " s
(X wherein the synbol s are as defl ned above and then reacting
the conpound¥@P74B¥ fornmula (X) with a conpound of the 5 PCTARGOMIda (Xl ):
LCH err]COCH err]-derr] (XI1) 156 Wherein the synbols are as
defi ned above; or (i) reacting a conmpound of the formula
(XI1) [err] . (XI1) wherein r and
k are the sane or different and each 10 represents 1, 2 or 3, with a
conpound of the fornmula (IX) and reacting the resultant conpound of
the formula (XII1) or (XIV):
NoCHz~X-R
BN e
NN
(I-4)

wherein the symbols are as defined above; or
(e) reacting a compound of the formula (I-4)
with a compound of the formula (V)
R®S0,C1 (v)

5 wherein R° is an optionally substituted hydrocarbon
residue or an optionally substituted heterocyclic group, in
the presence of a base; or

(£f) reacting a compound of the formula (I-4)
with a compound of the formula (VI):
10 R°*NCX? (VI)
wherein the symbols are as defined above; or
(g) reacting a compound of the formula (I-4)
with a compound of the formula (VII):
R°-COOH  (VII)
15 wherein R’ is as defined above; or

{h) reacting compounds of the formulas (VIII) and

(IX):

w =N =0 ond A -cocm, e

(VIIDD (IxX)
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(1)5(I8V) [er\r/v]herel n the synbol Jlm"”mm "'M 'ébove with a cf)?r(rl)l)zmd

of the above (XI) he” conpound of claim 1l
which is repr&@enté’g0 by the formul a (I' : [err] PCTAPIT01413
wherein G represents a hal ogen atom M repIEsents a hydr ogen
atom an optionally substituted hydrocarbon resi due, an
optionally substituted acyl group,” an optionally substituted-
car banoyl group, an opt i onal |y substituted t hi ocar barmyl gr oup

or an optlonallx subsg iut ed sul f8 ¥ % LﬁR and t ot her
synbol s are as ereﬁ'éf theqSymoeisi AFe, 88r 96T inFY @ %‘fee'ofan “sulfur to
20. The conpound ogbggghrglgomlym(plog BnbS£8Pmula (x): OPtionally

y

substituted am no group represented

- | NS NH .

0

g

X

wherein the symbols are as defined above and then reacting
the compound of the formula (X) with a compound of the
5 formula (XI):
QCH,COCH2-G’ (X1)
wherein the symbols are as defined above; or

(i) reacting a compound of the formula (XII)

)
(CH2)s

(X

wherein r and k are the same or different and each
10 represents 1, 2 or 3, with a compound of the formula (IX)

and reacting the resultant compound of the formula (XIII)

or (XIV):



-N(Rlerr])(Rerr]) and Rlerr] and Rlerr] are the sane or different and are

\1/\?997/ 40059 a hydrogen atom H“I“LHIIIH“"“MIH gffi’?ééoﬁsé?ocar bon
residue, an acyl group, an sulfonyk gfoup @r an optionally

subst it ut edwesrgpaseycl i c group, or R err] and R err] nay DRGIAPIH1413

each other to forma nitorgen-containing 5 % 7 menbered 5 ring.

21. The conpound of claim 20, wherein th optionally
substituted hydrocarbon residue represented by Rlerr] or R[err]

an optionally substituted Cferr] al kyl group. The
conpound of claim 20, wherein the 10 optionally substituted

het erocyclic group represented by Rl err] or Rlerr] is an aromatic
5- menber ed heterocyclic group containing 2 to 3 hetero atons.

23. The compound of claim 19, wherein Ris an aromati ¢ nonocyclic
heterocyclic group, an ar t|c 1 condensed hetggo ycll qEoup or a
non-aromati c heterogy 58 ﬁ%’roup. nngﬁﬁ 5. #h
conmpound of claim 2 mhﬁﬂghn,' =0l ) r a 5- \dCHz Y

het erocycl i c group containing one gul fur ° atom nitroge atontor
oxygen atom (ii) a 5- or 6-nenbet@d 20 het erocyclic grouont ai ni ng
2 to 4 nitrogen atons, (iiik a 5- or 6-nenbered gféeroc clic group
containing 1 or 2 ( mﬁrogen atoms and one sul fur m or oxygen
atom or (iv) one of the above 3 heterocyclic groups as condensed
wth a 6- menbered ring containing 2 or fewer nitrogen atons, a

wherein the symbols are as defined above, with a compound
of the above formula (XI).
19. The compound of claim 1 which is represented

by the formula (I1'):

| Ny CH, —X—R
a3 L

&

I

5 wherein G' represents a halogen atom; M' represents a
hydrogen atom, an optionally substituted hydrocarbon
residue, an optionally substituted acyl group, an
optionally substituted carbamoyl group, an optionally
substituted thiocarbamoyl group or an optionally

10 substituted sulfonyl group; and the other symbols are as
defined in claim 1, or a salt thereof.
20. The compound of claim 19, wherein R is an
optionally subst;tuted amino group represented by

-N(R*)(R?) and R! and R? are the same or different and are



25 benzene ring or a 5-nenbered ring containing one sulfur
at om WD 97/ 40050

PCT/ 3P97/ 01413 L e

25. The compound of claim 19, whe an o tlonally
substi tuted é“HEWﬂ@Wed heterocycllc ring contalnlnﬁc&ﬂ? 143 ogen
atom 26. The conmpound ofysgl ai m 19, wherein the ring 5
A is unsubstituted or substituted by a hal ogen atom a nitro
group, an optionally substituted al kyl group, an optionally
substituted hydroxy group, an optionally substituted thiol group,
an optionally substituted am no group, an optionally substituted

acyl group, a carBoxhydragen atomyogp t‘?ﬂaﬁmﬁé}lﬂe i yuted d‘rYd&r‘Pcarbon
optionally substi tut romatic_rin .
The compound of cIsshass: annarel e o' S & gronp or n onsieneliy A

Is a (Jerr] al koxy, a PN 9T SHPR? 2

28. The conpound %) cl af%%g7heﬁﬁg?g¥%1?%g§rlng o =ha E%aga wglﬁgtﬁgxy
gr oups. each other 29 fbif @OmBevRdenicohtdinily 5 € mefibeved
-(CH®err])[err]- (q represents an integer fromO0O to 3).

30. The compound ofirng.aim 29, wherein qis 0. 20 31. The
conmpound of claim 19, wherein G is a chl ori ne atom

32. The conpound of claim 141-whefBen §PUROUPd \pf claim 2Q.5 whayeiygdhe

atom or benzyl; and tlonaf§y sugsglquEd hydrocarbon residue represented by

R' or R? is an optionally substituted C, , alkyl group.
22. The compound of claim 20, wherein the
10 optionally substituted heterocyclic group represented by R!
or R’ is an aromatic 5-membered heterocyclic group
containing 2 to 3 hetero atoms.

23. The compound of claim 19, wherein R is an

aromatic monocyclic heterocyclic group, an aromatic
15 condensed heterocyclic group or a non-aromatic heterocyclic
group.

24. The compound of claim 23, wherein R is (i)

a 5- to 7-membered heterocyclic group containing one sulfur

atom, nitrogen atom or oxygen atom, (ii) a 5- or 6-membered

20 heterocyclic group containing 2 to 4 nitrogen atoms, (iii)
a 5- or 6-membered heterocyclic group containing 1 or 2
nitrogen atoms and one sulfur atom or oxygen atom, or (iv)

one of the above 3 heterocyclic groups as condensed with a
6-membered ring containing 2 or fewer nitrogen atoms, a

25 benzene ring or a 5-membered ring containing one sulfur

atom.



pyrrolidinyl met hyl, 2- 0x0- 1- plpelldlnylneth I 2- 25
oxohexanet hyl enei m nonet hyl , , 2, 4-
triazol-1-yl or |-methylim dazol ﬂlﬁmmllﬂm ITIII "l 97/ 40050

PCT/ JP97/ 01413

33. The conPYOHHM05® cl ai m 19 which is: PCT/IP97/01413
7-benzyl - 3-chl oro-4- (3, 4-di met hoxyphenyl ygg 2- (2-

oxo- 1| -piperidinylmethyl )-5, 6,7, 8-tetrahydrothieno[2, 3-

b:5,4-c' ]dipyridine, 5 : 7-benzyl - 3-chl oro- 4- (3,

4- di met hoxyphenyl )-2-(2- oxohexanet hyl enei m nonethyl ) -5,6,7,
8-tetrahydrothieno [2, 3- b: 5,4-c¢' ]dipyridine,
7:benzyl - 3-chl oro-4- (3, @5dinﬂbﬁo§9mwﬂﬂﬂﬂ 9?1923 ip2i9, wherein the ring

-1 - lid | met hyl
gxg, 4- (F:)y]r (rjloplyr: ggﬁgean opelonaqu éub tfé}f%gxgr oL} gzﬂq(g ﬁgtﬁroc(:ycllc ring

4- hydr oxy- 3-nmet h - 2-o0xo- 1 -pyrrolidinylmethyl
-5,6,7, 8- é)&‘?%z?rngt HFEHS?E“Z%"‘ .5, 4-¢' ]dipyridine, Y )
its salt. 15 _ 26.34rrn£heoﬁ€@mwrﬁt laghai ) 19nabd oh tise 7nb@"nzyl
3-chloro-2- (2, 5-dioxopyrrolidin-1-ylnmethyl )-4- (3,4-

di met hoxyphenyl A 4§, ﬁ;sﬁbSttehta@ydroBhbenbtxﬁﬂad 3ep: aShdlogen atom, a
c']dipyridine or its salt. 35. The conpound of claim 19
whi ch is 3-chl ormitr@Qgroup, 4ap3, @@%ﬂhﬁx?ﬁhéﬁ%‘)‘t%ﬂ( BY b p@EPYPi did 1-

I L) U el 2 B © LR GNE Bl LS, oo, an optionarty
substituted thiol group, an optionally substituted amino
group, an optionally substituted acyl group, a carboxyl

10 group that may be esterified or an optionally substituted
aromatic ring group.

27. The compound of claim 26, wherein the
substituent for the ring A is a C,., alkoxy group or a
hydroxy group.

15 28. The compound of claim 27, wherein the ring
A has two methoxy groups.

28. The compound of claim 19, wherein X is
-{CH,),~ (q represents an integer from 0 to 3).

30. The compound of claim 29, wherein gq is O.

20 31. The compound of claim 19, wherein G' is a
chlorine atom.

32. The compound of claim 19, wherein n is 1; M
is a hydrogen atom or benzyl: and -X-R is 2-oxo-1-
pyrrolidinylmethyl, 2-oxo-1l-pipelidinylmethyl, 2-

25 oxohexamethyleneiminomethyl, N,N-diethylamino, i,2,4-

triazol-1-yl or l-methylimidazol-2-yl.



formula (1'): [err] WO 97/ 40050 _ )
E%gr?é?égg defined in claim 19, ”wlmnmam”"l'”ﬁm t her eof V\hy\gﬁrel " e

conpri ses: (a) reactihg'a donpound of the formula

(1" -1): [ e\yp]w/dooso (11" - C)TIJP97/01413
wherein Merr]' is an optionally substitutegihydrocarbon 5 resi due,
an optionally substituted acyl group, an optionally
substituted carbanmoyl group or an optionally substituted -
t hi ocar banoyl group; Qis a |eavi ng group, X err] I S an oxygen atom
or a sulfur atom G andthe in fdeflned above with a
conpound of the formula (I11 § L%l? compound of claim 19 wh igh Xl_lérr] H
(reey) wherein Ris | e, bgse,
or . (b) rea%tsll) %g;%fgsgrr‘%g’%n ?%ﬁ%%}%%ﬁ%ny;? 32f2-
[err] oxo-l-piperidinylmethyl)- 5,6,7,8—tetrahydrothieno[2,3-

b:5,4-c']dipyridine,

5 7-benzyl-3-chloro-4-(3, 4-dimethoxyphenyl )-2-(2-
oxohexamethyleneimiﬁomethyl)-5,6,7,8-tetrahydrothieno[2,3-
b:5,4-c']dipyridine,

7-benzyl-3-chloro-4-(3, 4~dimethoxyphenyl )-2-(2-
oxo-1l-pyrrolidinylmethyl)-5,6,7,8~-tetrahydrothieno[2, 3-
10 b:5,4-c']dipyridine,
7—benzyl—3-chloro-4-(4-hydroxy—3-methoxyphenyl)-
2-(2-0x0-1-pyrrolidinylmethyl)-5,6,7,8-
tetrahydrothieno[2,3-b:5,4-c']dipyridine,
or its salt.

15 34. The compound of claim 19 which is 7-benzyl-
3-chloro-2—(2,5-dioxopyrrolidin—1-ylmethyl)-4—(3,4—
dimethoxyphenyl)-5,6,7,8-tetrahydrothieno[2,3-b:5, 4~
c'l)dipyridine or its salt.

35. The compound of claim 19 which is 3-chloro-

20 4—(3,4-dimethoxyphenyl)-2—(2—oxopyrrolidin-1—
ylmethyl)thieno[2,3-b:5,4-c']dipyridine or its salt.

36. A process for producing a compound of the

formula (I'):

: B,—X—R
o) ~NBY 1

76 )
‘ g



(1

defined 15
97/ 40050

163

R err]

("

and

-2)

-3)

an acid;

(1'-4):

(H

-4)

or

10

15

wherein p is 1 to 6; and the other synbols are as

i i Comef Y2

[&rr§ M sl wher ei n

and WD KMH5es defi ned above, in the presence of SPCT/IIPYT/4dase;

(c) hydrolyzing a conpound of the fornula F'- 3): [err]
onal ly substituted acyl group;

t he other synbols are as defined above, in the presence of

wherein Merr]' is an op
(d) oxidizing a conpound of the formula
[err]
wherein the symbols are as defined in claim 19, or a salt

thereof which comprises:

(a) reacting a compound of the formula (II'-1):

nl'\ ‘.l < HZ_Q

o *

g

ar-1)

wherein M!' is an optionally substituted hydrocarbon
residue, an optionally substituted acyl group, an
optionally substituted carbamoyl group or an optionally
substituted thiocarbamoyl group; Q is a leaving group; X!
is an oxygen atom or a sulfur atom; G' and the ring A are
as defined above, with a compound of the formula (III'):
R-X'H (I11')

wherein R is as defined above, in the presence of a base;
or

(b) reacting a compound of the formula (IT'-2):

1'
LN I..]'t (CH2)p—Q

- G'

g

ar-2)

wherein p is 1 to 6; and the other symbols are as defined

above, with a compound of the formula (IV'):

WO

or

- 10



wherein the synbols are as defined above or (e) reacting

a conpound of the formula (1'-4) ound of the formul a
(V) 15 ml[m" mu:lﬂ(f“F (V) wherein
Rlerr] is an optionally substltuted hy'dr &caf' boh WD 97/ 40050
PCT/ JP97/ 0141%°? 164 PCTIIPITOEMB due or
an optionally substituted heterocyclic groupg3d n the presence of a
base; (f) reacting a compound of the forrmula (I'-4)

with a conpound of the fornmula (M'"):" 5

Rl err] NCX err] (M") wherein the synbols are as defined above
(g) reacting a conpound of the fornula &I'-4) with a conpound of

the formula (VII'): err]'-Q (vir') 10
wherein Rerr]' is an optionally %ﬂgtltuﬁég hydr ocar bon
residue and O is as defined above; or (h) reacting a

conpound of the fafHagedrd R*-4ddd R? are asVidfirmed nd; Qf
RS <pS Bdduribr ABBOUN (L 4 tﬁ$§>rfe%rénﬂ:l\ﬁnof
Rlerr] is & defi nedadsover or (1) reactlng a conpound
of the formulas (IX) and (X ): J[err]

(c) hydrolyzing a compound of the formula (I'-

3):

LEANY ™ Ny -CH,~X—R
S s
(I'-3)

wherein M?' is an optionally substituted acyl group; and
the other symbols are as defined above, in the presence of

10 an acid; or

(@) oxidizing a compound of the formula (I'-4):

N CH,—X-R
AN iz
L,
(I'-4)

wherein the symbols are as defined above; or

(e) reacting a compound of the formula (I'-4)

with a compound of the formula (V')
15 R®*s0,C1 (v')

wherein R® is an optionally substituted hydrocarbon



wherein the synbols are as defi and s to obtain a

comund of (e ot G i .,

S

(X1") wherein the synbol s are as defined above, and then reacting
t he resul t WO 9#¥bund of the formula (XI') with a corrpouri’@T/JP97/°1413 of the
formula (XII1"): (Iilﬂ‘xerr]COCH[err]-G (Xrr*) 5
wherein the synbols are as defined above. 37. A

phar maceutical conposition conprising a conmpound represented by -the
formula (A): [err]

(A wherein Wrepresents CGGor GG (Grepresents a carboxyl

group that nmay beesssher bfianl opaidndlly squtesditiuted hetexpmyclic group ation) ; X
represents an ox%/geeri)re;ts%rgceaosfugf g;sgf om t hat may
(f) reacting a compound of the formula (I'~4)
with a compound of the formula (VI'):
5 R°NCX! (V1i')
wherein the symbols are as defined above;
(g) reacting a compound of the formula (I'-4)
with a compound of the formula (VII'):
R*'-Q (VII1')
10 wherein R5' 4is an optionally substituted hydrocarbon
residue and Q is as defined above; or
(h) reacting a compound of the formula (I'-4)
with a compound of the formula (VIII'):
R*-COOH  (VIII')
15 wherein R® is as defined above; or
(i) reacting a compound of the formulas (IX')

and (X'):

- =0 and A~ COCHACN

Ix) x)

wherein the symbols are as defined above, and sulfur to

obtain a compound of the formula (XI'):



be oxidized or -(CHerr])[e - (q reiresents an integer fromO to

5); R represents an opti onal I y sub r“J ﬁ '!Hilﬂmrumloup or an
represents

optionally substituted heterocycli

an optionally substituted 5- to 7- menber ed ring 15 contai nin {
nitrogen atorWOB7408%r esents a hydr ogen at om V[)§9TQﬁ6@gu

PCT/ JP97/ 01413 165 166

optionally substituted hydrocarbon residue, an optionally
substituted acyl group, an optionally substituted carbanoyl -
group, an optionally substituted t hi ocar banoyl group or an
optionally substituted sulfonyl 5 group, provided that, when Wis
CG L is a hydrogen atom an optionally substituted acyl group,
an optionally substituted cgnka yl grg@p. an optionally
substituted al koxycar bonyl g an optionally
substituted t hi ocar banoyl group

Etionally substituted
e ring A may have a
t her eof and a

sul fonyl 10 group; n represents 0 or 1,
substituent; or a pharmaceutical acceptable s

phar naceuti cal acceptable carrier or excipient: 38. The
phar maceuti cal conposition of claim 37, ar yhereln the conmpound is
represented by the fornmula (1): [err]

() 15 wherein Y represents CG (G represents a carboxyl group

wherein the symbols are as defined above, and then reacting
the resultant compound of the formula (XI') with a compound
of the formula (XII'):
QCH,COCH,~-G' (XI1')
5 wherein the symbols are as defined above.
37. A pharmaceutical composition comprising a

compound represented by the formula (A):

N CH, —J—
wW,~NB) 1 ),’CB’ -k

g

€y

wherein W represents C-G or C-G' (G represents a carboxyl
group that may be esterified; and G' represents a halogen
10 atom); X represents an oxygen atom, a sulfur atom that may
be oxidized or -(CH,),- (g represents an integer from O to
5); R represents an optionally substituted amino group or
an optionally substituted heterocyclic group; the ring B
represents an optionally substituted 5- to 7-membered ring

15 containing a nitrogen atom; L represents a hydrogen atom,



that may be esterified); Mrepresents a hydrogen atom an

optionally substituted acyl grou optionally substituted
car banoyl group, an opti onal |y su '“IL”"ﬂ"lMIIIM“L aI koxycar bonyl group,
an optionally substituted 20 group or an optionally
substi t ut ed w4000 | group; and“th® ot her synbol sPCHEIHEI4Hf | ned
in claim37. WO 97/ 40050 166

PCT/ JP97/ 01413 167

39. The pharnmaceutical conposition of claim 37, wherein the
conpound is represented by the fornula (1'):

[err] wherein G represents a halogen atomp M represents a
hydr ogen at om amnoptbpm&ﬂﬂqaswbssbbattdhhyﬁrobaﬂbmmarbdh residse duean an
optionally substituted acyl grou . optionally substituted

up,
car banoyl group,Qﬁﬁl@ﬁﬁﬂéﬁall§“b5tit“t35 suB§¥ituﬁE@uPth|d@arbéﬁﬂypnaléwoup

or an opt i onal stityted sul fonyl grqu nd the qt her
synbol s are as u%stitu&gfii rf'eﬁf mav}, 39TOuRq ax o% 10&:;1.133.l stl-ﬂxlxé:ed

phar meceuti cal cQRRLkAogE §LELE' S an oFionachuﬁétimtﬁ 82LhGY or

treating inflammati phar maceut 1 cal
conposi tign of C|g&*dﬁp37provided thdit Clhies WOks pr-as/ent EBJa Ohydfdpin RGom,

arthritis. 42. The phar maceuti cal conposition of clai m
37 an optionally substituted acyl group, an optionally
substituted carbamoyl group, an optionally substituted
alkoxycarbonyl group, an optionally substituted
thiocarbamoyl group or an optionally substituted sulfonyl
10 group; n represents 0 or 1l; the ring A may have a
substituent; or a pharmaceutical acceptable salt thereof,
and a pharmaceutical acceptable carrier or excipient.

38. The pharmaceutical composition of claim 37,

wherein the compound is represented by the formula (I):

N _CH, — X—
aD,~NBY 1 ;‘Y’CHZ -k

15 wherein Y represents C-G (G represents a carboxyl group

(D

that may be esterified); M represents a hydrogen atom, an
optionally substituted acyl group, an optionally
substituted carbamoyl group, an optionally substituted
alkoxycarbonyl group, an optionally substituted
20 thiocarbamoyl group or an optionally substituted sulfonyl

group: and the other symbols are as defined in claim 37.



15 which is for preventing or t
43. The pharmaceutical conposition (r)rLliﬁ‘% ﬂi“ Wn"—ﬂ“m which is for

preventing or treating chronic rheu thritis.

44. The pharnmaceutical conposition of cla|n137 20 whi ch has bone
resorption i nAY®T¥4P) activity. 45. The pReEFRE&BUYA cal
conposition of claim 37 which is forgpreventing or treating

ost eopor osi s. 168 45. The pharnmaceutica
conposition of claim 37 which is for inhibiting the production
of 1 nmmunocyt oki nes. 47. The pharmaceuti cal

conposi tion of claim 37 whi Qrevenlin or treatln
aut oi mune di seases. 539. The pharmacqﬁ%xca%h fcglaim 39

conposi tion of cl a'vme%éin the compound'\hlscr} Fa%gé by R otrlmn a (}'):

rejection after ans

nmet hod for preventlng or treating |nflannatory di sease in a
manmal whi ch conpri ses 10 el emg; an effective anount of

t he pharnaceuti cal RS L TBim 37 to said mammal in
need t hereof. n

25 nmethod for prevEﬁbing or

treating arthritis in a maggal which conprises adi'n¥stering
an effective anmount of th har maceut i cal conposition of
claim 15 37 to said manmal inXeed thereof.

51. A method for preventing or treating rheumati smin
a manmal whi ch conprises adm ni stering an ef fective anount of

the pharmaceuti cal whemedsi (G'orreffrededt® a halogen atom3/ (M’ S2bgr8B&MEd 4N
need t hereof.
hydrogen atom, an optionally substituted hydrocarbon
5 rgsidue, an optionally substituted acyl group, an
optionally substituted carbamoyl group, an optionally
substituted thiocarbamoyl group or an optionally
substituted sulfonyl group; and the other symbols are as
defined claim 37.
10 40. The pharmaceutical composition of claim 37
which is for preventing or treating inflammation.

41. The pharmaceutical composition of claim 37
which is for preventing or treating arthritis.

42. The pharmaceutical composition of claim 37

15 which is for preventing or treating rheumatism.

43. The pharmaceutical composition of claim 37
which is for preventing or treating chronic rheumatoid
arthritis.

44. The pharmaceutical composition of claim 37

20 which has bone resorption inhibitory activity.
45. The pharmaceutical composition of claim 37

which is for preventing or treating osteoporosis.



20 A method for preventing or treating chronic
rheumatoid art hr| t i s “’I}lll mlllumm” l"t/m ch conprises
adm ni stering an effec e pharmaceuti cal

conposition of clai m 37 to" sai d "marfmal in need t her eof.

53. A net he 578056 nhi bi ting bone resorption in 25 PCTAP/aténdmal

whi ch conprises adm nistering an effective 1 &grount of t he

phar maceutical conposition of claim37 to sal d HIS HA ﬁ in need
t her eof . : 54 I\ W%FY §o¢ revent| ng
or treating osteoporosis in a nma | %E‘HJI’I se

adm ni stering an ef fective anount of the pharnaceuti cal
conposition of claim 46. The3phpgmagedtigaimmompesisédnt bérebdim 37 5
55. A nmethod for_ inhibiting th roducti on of cytokines in a

marmal whi ch conphiSRsls 4@ APRERIFRP dhe production of dppupgey bRipimes of
hoed theraof | Co COMPOSIA N o k‘ag“‘“"“;l\tlca“t ORISR RE AT T

treating 10 yhichaid Ofagﬂmve%aagse§ tidatirfy amwahunmma&&ém“ ses

adm ni stering an effective anmount of The pharnaceéuti cal
conposi tismn of claim 37 toisai dhenpiarmatedeish] wmpokition of claim 37

57. A method for preventing rejection after or gan

transpl ant ati on whikcha immefor whipzeventipgi sezejectitd  aftedni nesgax i ng
an effective anount of_ the pharnmaceuti cal conposition of
claim 37 to sai d°FaRFRI2RTR t her eof . 58. Use

of the compound of claim Lgr a Bﬁthod £ ph;{lrg%ce%%_hgal L;_( agceg%abl e

salt thereof for manufacture of armaceu conposrtion foO
preventing or tre@akif@matory disease in a mammal which comprises

10 administering an effective amount of the pharmaceutical
composition of claim 37 to said mammal in need thereof.

50. A method for preventing or treating
arthritis in a mammal which comprises administering an
effective amount of the pharmaceutical composition of claim

15 37 to said mammal in need thereof.

51. A method for preventing or treating
rheumatism in a mammal which comprises administering an
effective amount of the pharmaceutical composition of claim
37 to said mammal in need thereof.

20 52. A method for preventing or treating chronic
rheumatoid arthritis in a mammal which comprises
administering an effective amount o©f the pharmaceutical
composition of claim 37 to said mammal in need thereof.

53. A method for inhibiting bone resorption in

25 a mammal which comprises administering an effective amount
of the pharmaceutical composition of claim 37 to said

mammal in need thereof.
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20 I nflammat ory di sease in a mamal . _ 59. Use
cal t thereof for %ﬁh?‘gﬂl LRI 2" rmceut ol composrci on

for preventing or treating *arthritis in a mammal . 25
60. Use of &%’@%ound of claim1 or a phar RE&EITUA3| y
acceptabl e salt thereof for manufacture of 369 a.pharnaceut i cal
conposition for preventing or treati ng TH |§Q}&EK4MR3(BE&N

PCT/ JP97/ 01413 17 EPLACED
rheumati smin a mammal . 61. id of
claim1l or a phar maceuti cal acceptabl e salt thereof for

|y
manuf act ure of a pR4r maclut F“@&P"éor‘rﬁ%& t PERVEHTLOG e\t i tR§adEng
treating 5 ALY go@ﬁgﬁﬁkoéd %ﬂ AT @o@lpgﬁggg aaminisgening an

62. Use of the conpoun arnmace

acceptabl e salt thef@eicihvar aBmwE @t t'ﬁé ;ﬁfa::‘maceuticall?l W%@Hklgﬁglalm

conposition for inhibiting bone resorption: in a mamal
63. Use of the cdpmumsdidf memaain in aieed thereof. phar maceutical ly
acceptabl e salt thereof for manufacture of a pharmaceuti cal

conpositiof for preventing &B- -tr damefyod for inhihitwigirde oiadustianmalt.

64. Use of the cor]i.]é> nd of claiml oi 15 phar maceuti cal |
acceptabl e salt tHFESF RS IHhndr FRORL #pich C°mpri§eﬁhéFW&8éEFP€hmg an

CorrpOSI tion for i @i@ctﬂi% LH&JP{ %@Uﬁﬂé %armaceuticg{ tp%lgl@ggnigf claim

mammal .
37 to said mammal in need thereof.

56. A method for preventing or treating
10 autoimmune diseases in a mammal which comprises
administering an effective amount of the pharmaceutical
composition of claim 37 to said mammal in need thereof.
57. A method for preventing rejection after
organ <transplantation in a mammal which comprises
15 administering an effective amount of the pharmaceutical
composition of claim 37 to said mammal in need thereof.
58. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of
a pharmaceutical composition for preventing or treating
20 inflammatory disease in a mammal.
59. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of
a pharmaceutical composition for preventing or treating
arthritis in a mammal.
25 60. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of

a pharmaceutical composition for preventing or treating
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65. Use of the conpound o m pharmaceutical ly

accept abl e salt thereof forLM@ﬁH"}Uﬂm I" 20 a pharnaceuti cal
conposition for preventing aut oi nmune di seases in a
manmal . Use of °t h& conmpound of claim 1 or a

phar maceut ' ¥@l7/4003ccept abl e sal t thereof for manufacture ®CTAIPITNI413 3
phar maceuti cal conposition for preventi ng g ection after 25 or gan
transplantation in a mammal . 171 67. The conpound
of claim1, wherein L is-not a hydrogen atomwhen Wis C G 68. The
conpound of claim 2, wherein Mis not a hydroggnys SH@EP'HAS B@ﬁ. The

phar maceuti cal conposition of claim 37, whereirf A;AC ydr ogen
atom when Wis @€h@umatiém Iheaptmmmlc.eut i cal congposi RE clain 38,

wherein M s not a hydrogen atom
61. Use of the compound of claim 1 or a

pharmaceutically acceptable salt thereof for manufacture of
a pharmaceutical composition for preventing or treating
5 chronic rheumétoid arthritis in a mammal.
62. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of
a pharmaceutical composition for inhibiting bone resorption
in a8 mammal.
10 63. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of
a pharmaceutical composition for preventing or treating
osteoporosis in a mammal.
64. Use of the compound of claim 1 or a
15 pharmaceutically acceptable salt thereof for manufacture of
a pharmaceutical composition for inhibiting the production
of cytokines in a mammal.
65. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of
20 a pharmaceutical composition for preventing or treating
autoimmune diseases in a mammal.
66. Use of the compound of claim 1 or a
pharmaceutically acceptable salt thereof for manufacture of
a pharmaceutical composition for preventing rejection after

25 organ transplantation in a mammal.
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