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The presenﬁmmmmmmamw Felates to 5 hydroxybenzo[ b]t hi ophene- 3-car boxylic
acid derivative lch are key starting materials for producing conpounds
10 useful in the¥feld of pharmaceuti cal s. BACKGROUND ART

5- Hydr oxybenzo( b] t hi ophene- 3- car boxyl i clacid derivatives of the general
formula (T): 15 HOO ~ OR1 | S wherein Ris hydrogen or a

hydr oxy-protecting group are inportant starting nmaterials in the synthesis
of pharmacol ogi cally active conmpounds. For exanple, a conmpound of the
formula (1) is essential in the REFFRERTEOD0 of benzot hi ophenecar boxani de
derivatives of the general formula (M): SOI I ~ OR.,~NH - COOX ne~~~~~ u
~' AUG 2002 2 5 10 15 wherein Ris as defined above and X is hydrogen or

al kyl. The b LOp e Lde_ i i i.Ei.6_antagoni sts
of PGDZ and Eﬁ%Q%E%% Egﬁuggpgﬁﬁggbagdﬁggkpg PE@EP?éigﬁgﬁghghEvgrious

di seases rel agefpbryinst aeebl paxsinneiizgn caused by excessive production of
PGDZ, for exanple, system c mastocytosis, disorder of system c nmast cel
activation, tracheal contraction, asthma, allergic rhinitis, allergic
conjunctivitis, urticaria, injury due~to ischem c reperfusion,

i nfl ammat iITRCHNIGRIatDRED dermati s (W97/ 00853, PCT/ JP97/ 04527

(W098/ 25919)). Anobng conpounds of the formula (Vl), a conpound wherein OR
i s 5-hydroxy arfd'X REesfit oprethidei Fakate®s fefred to as Compound A")
has especi nj stic effect on PG2, . an_excel | ent

| hi.gh how
anti - nasalhayéjc’%lq’ﬁlék?gwa(g QPR Ec%%?%%t%%sll‘ﬁ)\é\é%gnéaﬁ‘é?ﬁ si ng drug
f t ti i : &MEN! f
p?(rapa; ?ﬁglﬁe&g%?vee%ﬁ)%;dl&npouné gbsq:ggﬁﬁ%st r at%ﬂ%ﬁ%@?%lsl 0\(/)vir ng

reacgtdg on SGEME in the field of pharmaceuticals.
BACKGROUND ART

5-Hydroxybenzo [b] thiophene-3-carboxylic acid

derivatives of the general formula (I):

HOO OR
| I
S

wherein R is hydrogen or a hydroxy-protecting group are

15

important starting materials in the synthesis of

pharmacologically active compounds. For example, a

compound of the formula (I) is essential in the synthesis
20 of benzothiophenecarboxamide derivatives of the general

formula (VI):

S

o OR

wNH Vi
== COOX
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(Wp98/25919) ~~NHz .,- COOCH3 cioc I ( \ cac SSol I , oAc (,~NH - COOCH3
- gAUG2002 3 S~Sol ~~off ol I ~off ,,~NH,,~NH - COOH 4 R0
order to clinically apply Conpound A widely, it is essential to establish a
process for preparing a starting material, the conpound (1), which process
is safe, 5 efficient and industrially epplicable. , However, it is
difficult to synthesize benzot hi ophene “deri vatives havi ng 5-hydroxyl group
| i ke the conpound (1) and there have been no nethods industrially
applicable so far. The existing nethods involve various conplicated 10
processe inefficiept and_ of exanpl e, ?gre have

begn net ﬁ‘ggegrd%ﬂ%&&]f?%c%‘f Yaas) n?%fg%?%lvpéipglaﬂé Fgaﬁpgﬁ‘f‘n&reatl léri el d )
3- ) - LRI Dpner : '
r_omo ﬁ@%&%@ﬁf@&%&lég%gmgghgggﬁggggggg a2e" SpRERkgel ed at the

5-acetoxy group w enzyl group

benzyl ox D] 4 ¢4 aphesep, WHL krighvrd Ad e dyrBtad | 4 Z@Lh @i Efle

magnesi um i ntroduction of ‘carbon di oxi de and renoval of the benzyl group
(J. Chemtrsctndr(d) .o f964rid899d190a83esorebabedmobenasgkblellhi ophene is
subjected to Friedel-Crafts reaction to yield 3-acetyl-5 20

br onbbenziyf durid e nea u s dhy | ex¢es s bwedpbgdogtdani off RiGDh, sbalf um

hypochl orite to yield 5-bronnbenzo£b]thiophene-3carboxy|ic acid

(Ni ppon- KRR ZastyF temic BBStREYLapis108¥5204r1985pyYsyenégefassoc. (C).
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rhinitis, allergic conjunctivitis, urticaria, injury due-to
ischemic reperfusion, inflammation, and atopic dermatis

10 (WO97/00853, PCT/JP97/04527 (WO098/25919)). Among compounds
of the formula (VI), a compound wherein OR is 5-hydroxy and
X is hydrogen (hereinafter, referred to as “Compound A”)
has especially high antagonistic effect on PGD,, showing an
excellent anti-nasal occlusion activity, and is

15 contemplated to be a promising drug for treating nasal

occlusion.

DISCLOSURE OF THE INVENTION

A process for preparing the above-mentioned compound

20 is illustrated by the following reaction scheme
(W098/25919) :
cloc OAc , S
\NH; w Om—OAc
/Q/Mcoocm wNH

— COOCH;



synt hesi zed starting fromthe reaction products above. However, tQQ AUG 2002
.starting material such as S hydroxybenzo[b] thiophene or

5- br onobenzo[ b] t hi ophene is not conmercially 5 available and had to be

synt hesi zed from an appropriate reagent (e.g., J. Am Chem Soc., 57, 1611
(1935), J. Heterocyclic Chem, 25, 127;{1988)) in all cases, which have
made the synthetic process |onger and conpl ex. The present invention solves
the problens of the 10 existing nethods and provides a nethod for the
preparation of the conpounds of the formula (1), which nethod is
industrially applicable, effigient and safe. Thus, the presegpt_Jnvention
provi des a process for @ a conpound of the fornuldf (I 5 HOO ~ OR
| s wherein Ris hydr@y or~&# TTPHr oxy- pr ot ecti ng gr ouf® Prve

derivative thereof| co ;Fjsing subj ecting 4ner capt ophepol yfo reactions for
i nt roduct Fer—e®- Mgyl 20 group and protectton ﬁydr oxyl group to

yield a conpound ChoH: \ / ORS S wherselr COONa
hydr oxy-protecting group; oxidizing the 1 ~au s 200z 5 conpound (Il) to
yield a conpound of the formula (I1l): \ / OR I S Owherein RLis a

hydr oxy- pr ot ect i biecting th d (J11) .to.ther.mal,

et rangonent Thatribh ES SLehECalEd. BRRASROBPoTRE PobiarA e YL 10 |
OR S wher gj | i b iecti (1)t
Stepui oo SaPeiiad B9 HELaBEraR Rl BrB0Les pbECbradatind TR ikt | on.
The pr eserﬂétéf\i/@mi@ﬁeéb%%pi@ﬁﬁﬁi des, awRieRepgobeisPrigpakisag a compound of

the formula (1):
5 efficient and industrially applicable.

However, it is difficult to synthesize benzothiophene
derivatives having 5-hydroxyl group like the compound (I)
and there have been no methods industrially applicable so
far. The existing methods involve various complicated

10 processes and are inefficient and of low yield. For
example, there have been methods wherein 5-
acetoxybenzo[b]thiophene is brominated to yield 3-bromo-5-
acetoxybenzo[b]thiophene, which in turn is re-protected at
the 5-acetoxy group with a benzyl group to yield 3-bromo-5-

15 benzyloxybenzo [(b]thiophene, which is followed by
metallization with magnesium, introduction of carbon
dioxide and removal of the benzyl group (J. Chem. Soc. (C).
1967, 1899-1905); or 5-bromobenzo[b]l-thiophene is subjected
to Friedel-Crafts reaction to yield 3-acetyl-5-

20 bromobenzo [b] thiophene, which is followed by oxidation with
sodium hypochlorite to yield 5-bromobenzo([b]thiophene-3-
carboxylic acid (Nippon-Kagaku Zasshi vol. 86, No. 10,
1067-1072(1965), J. Chem. Soc. (C). 1967, 2084-2089). 5-

Hydroxybenzo [b] thiophene~3-carboxylic acid or 5-



S wherein R is hydrogen or a hydroxy-protecting group or a 15 regcst iaye 2002

 derivative thereof conprising subjecting 5 hydroxybenzo[ b]thi ophéne to a
protecting reaction to yield a conpound of the formula (VMII): ~ORZ1 | S
wherein RZ is a hydroxy-protecting groups reacting the 1 9 AUG 2002 6
compound (VI1) with acetyl halide undergq the conditions for Friedel-Crafts
reaction to yield a conmpound of the fornmula (VI11): H3COC ~ ORZ S 5 wherein
RZ is a hydroxy-protecting group; and subjecting the conpound (VI1I) to
oxi dation of the acetyl group and optionally deprotection. The present

i nventi 0”aEHEBQ%eHEBYbﬁj@ﬁiépHEhEC’g—EQEbegl@Eeﬂéﬁat LeR @herhe

above- nenti oned” 5- hydroxybenzo[ b] 10 thi ophene-3-carboxylic acid derivative

of the gepgnahekorsul ath¥tinbyfushnghe eeapotiof phothetiommeve.(1). Thus,
the present invention provides a process for preparing a conpound of the
fornmul a (Nbyev8rp the staRtingNmaVerialOSXch5awhérbidrRBxiybeazodefli-ned above
and X is hydrogen or al kyl, and double bond represents either E- or

Z- conf i guEBipphengroy éhérﬁa@tﬂaweébﬂphaeﬁbﬁtlabné Bakt conaessiiadilya hydrate

reacti ve BEPEVABRTCEAchadt CDoBPhEY2bnFat Fat hEoPeat PEREORE 17 ebact | on
with a coppgungeofcte, 19T Muha €M, Sod.9 AYG 2097 (1g30hE Y .- COOX
Heterocyclic Chem., 25, 1271(1988)) in all cases, which
have made the synthetic process longer and complex.

The present invention solves the problems of the
10 existing methods and provides a method for the preparation

of the compounds of the formula (I), which method is

industrially applicable, efficient and safe.

Thus, the present invention provides a process for

preparing a compound of the formula (I):

HOO OR
| I
S

wherein R is hydrogen or a hydroxy-protecting group, or a

15

reactive derivative thereof comprising subjecting 4-
mercaptophenol to reactions for introduction of a propargyl

20 group and protection of hydroxyl group to yield a compound
of the formula (II):

1
O .
S

wherein R! is a hydroxy-protecting group; oxidizing the



wherein X is hydrogen or alkyls or (2) reaction with a conpound o{ tmﬁ$1 002
gdormula (V): ..~NHz V. OH 5 or a salt thereof foll owed by oxidat &n 3
reaction with an glide under the conditions for Wttig reaction; and (3)
optionally deprotection. THE BEST EMBODI MENT FOR PRACTI Cl NG THE | NVENTI ON
10 The terns used herein are defined bq%OML The term "hydroxy-protecting
group” neans al kyl, al koxyal kyl, acyl, Taral kyl, al kyl sul fonyl,
aryl sul fonyl, al kyl-substituted silyl, al koxycarbonyl, aryloxycarbonyl,

ar al kyl oxycar bonyl or tetrahydropyranyl. 15 The term "al kyl" means Cl-CZO

| i near or _branched y articularly, t hyl , .et hyl - prapyl,,. i sopropyl,
n- but yl , FQ%BEP9$,(2Zi-tﬁtgﬁ?ageﬁt98@¥§Pg%h§égﬁpﬁ!Paéﬁékﬁtﬁﬁ?hneopentyl
tert-pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, 20 hexadecyl, heptadecyl, octadecyl,
nonadecyl, icosyl ﬁ;ba? and Cl1-C6 ahkyl is preferred. The term

"al koxy" neans Cl-C6 Iin§§m<or branched al koxy, particularly, nethoxy,

et hoxy, n-propoxy, i-psOpdXy, 1 9 AUG 2002 s n-butoxy, i-butoxy,
s-butoxy, t-butoxy, n-@entyloxy, i pentyloxy, neopentyloxy, s-pentyloxy,

T L S S Rhe Plg EN
ool O ouBesulsts 4ns B SEDROERD, EREb U JEINGR IRl s o

The ser m campbunfeanstid- €dmacy! (doyi:ved from 10 aliphatic carboxylic acid
or aromatic carboxylic acid. Exanples of aliphatic carboxylic acid-derived

acyl include acetyl, chloroacetyl, trichloroacetyl, propionyl, butyryl,

val eryl and the like, and exanples of aromatic carboxylic acid-derived acyl
i ncl ude benzoyl, p-nitrobenzqﬁé1 p 15 net hoxybenzoyl, p-bronmobenzoyl,

t ol uoyl, napht hoylqamh rke. The term"avyl" nmeans phenyl, naphthyl or

pol ycyclic s

wherein R! is as defined above; and subjecting the compound

(IV) to stepwise oxidation of hydroxymethyl group and
10 optionally deprotection.
The present invention also provides a process for

preparing a compound of the formula (I):

HOOC OR
T !
S

wherein R is hydrogen or a hydroxy-protecting group or a
15 reactive derivative thereof comprising subjecting 5-
hydroxybenzo [b]thiophene to a protecting reaction to yield

a compound of the formula (VII):
OR?
0 VH
S

wherein R? is a hydroxy-protecting group; reacting the



aromati ¢ hydrocarbon group and the like. In addition, aryl may be
.Substituted by the foll ow ng substituents. 20 Exanpl es of substi t udd AUG 2002
i ncl ude al kyl such as nethyl, ethyl, n-propyl, isopropyl, isobutyl,
sec-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl or tert-pentyl, |ower
al koxy such as nethoxy or ethoxy, hal ogen such as fluoro, chloro, brono or

i odo, vitro, hydroxy, carboxy, cyano, S8ulfonyl, 25 am no, |ower al kylam no
such as net hyl am no, di nethylam no, ethyl nethylam no or diethylam no, and
the like. The aryl group may have one or nore substituents at any possible
positions. Specific exanples of aryl include 2 1 ~ AUG 2002 9

net hyl ph&gyPouBdh eVl ) peil acetidt Maldsteynder dihey| eordit iomss efew| phenyl ,
4- et hyl phenyl, _4-pe | phenyl,, 4 carhoxyphenyl, 4-acetyl phenyl,

1 O, K P L A o B AACE LRrn T GRSy 1% SRR G ey | formula
4-nethox% %&Xh, 4 5 fluorophenyl, 4-chlorophenyl, 4-iodophenyl and the

| i ke. The ‘aryl 'group in the "aral kyl", "arylsul fonyl", "aryl oxycarbonyl" or
"aral kyl oxycarbonyl " descri bed bel ow may have simlar substituents as
defined above. The term "aral kyl" neans an al kyl group substituted by 10

R? 4-net hyl bepgyl . 4net hoxybenzyl

3, 4- di net hoxybenzyl , nmet hyl , phenethyl, and the like. The term

"al kyl sul fonyl" neans aSsulYonyl group substituted by al kyl group, and

i ncl udes net hanesul fonyl, 15 ethanesulfonyl and the like. The term
"aryl sul fonyl" nmeans a sulfonyl group substituted by aryl group, and

i nclsudes wherzdneRal { ony | hyprooyupnesatt onyl grang;t hadl skbjetheniyerm

"al kyl -substituted silyl" means nono-, di- or 20 tri-alkyl-substituted
silyl, ftheexamplogndrdiiyildi byl oxdidadtilop if yWhe tadetetlhydidgylgnd
t-butyldinethylsilyl, and the |ike. The term "al koxycar bonyl " neans

met hoxyc2PheRYE L Livs S§Psed&ertdPBonyl , t-but oxycarbonyl, and the |ike. 25 The

term arylOxy%%%b%nésen%e%%%e%Q%QQ% %&9%3y5r6¥¥%é§“%'ﬂé%%od for

the preparation of the above-mentioned 5-hydroxybenzo{b]-

aryl group, and i

10 thiophene-3-carboxylic acid derivative of the general
formula (VI) by using a compound of the formula (I). Thus,
the present invention provides a process for preparing a

compound of the formula (VI):

S
o] I OR
.\\N H VI
— COOX
15 wherein R is as defined above and X is hydrogen or alkyl,

and double bond represents either E- or Z-configuration, or
a pharmaceutically acceptable salt thereof or a hydrate
thereof, which comprises subjecting a compound of the
formula (I) or a reactive derivative thereof to the

20 following reactions:

(1) reaction with a compound of the formula (V)



The term "aral kyl oxycarbonyl "™ neans benzyl oxycarbonyl, and the |ike. 109
AU G 2002 10 Al though all the above-nenti oned hydroxy-protecti ng1gr RUB SR ©
preferred as the hydroxy-protecting group shown by Rl, RZ or R

respective fornula above, aryl sulfonyl is nore preferred and

benzenesul fonyl is particularly 5 preferred anong them Exanples of salts
of the conpound of the general f or mul a’ (VI') include alkali netal salts such
as lithiumsalt, sodiumsalt or potassiumsalt and the like, alkali earth
metal salts such as calciumsalt and the like, 10 ammoniumsalt, salts with
organi ¢ base such as tronetham ne, trinethylamne, triethylam ne,

2- am nobut ane, tert YANMJIi ne, diisopropylethyl gm ne, n-butylnethylamne, n
but yl di net hyl am ne; -n-butyl am ne, cycl ohexyl'am ne, dicycl ohexyl am ne,
N-i sopropyl cycl ohe e €QO%l anmi ne, benzyl am ne,

met hyl benzyl am ne, di benzyl am ne, N, N-di net hyl benzyl am ne,
2- chl or obenzyl am ne, 4-nethoxybenzy|anine 1- napht hal enenet hyl am ne,

d|phenylQﬁﬁ;gkgﬁkneaehgégggs ?%;? mynén%%hthylarrine, lam noant hr acene,

2- am noant ir acene 0 N-rmet hyl norphol i ne or pyridine,

or amino acid §fl ta?e%HE'ﬂoﬁswE.)fﬁ' gec8abbyufk erfgltw Ngsaf1a 1RP )Salts of the
am no al cohol the formula (V') include salts mnth organic acid such as

benzoic acid, etc., and mneral acid such as hydrochloric acid, sulfuxic
acid, 25 etc. The f{nal ﬁgnpound of the present invention is represented by
the formula (VI) eribed above, in whicy the doubl e bond of the

al kenyl ene si de cha 1k? AUG 2002

5 or a salt thereof followed by oxidation and reaction with
an ylide under the conditions for Wittig reaction; and

(3) optionally deprotection.

THE BEST EMBODIMENT FOR PRACTICING THE INVENTION

10 The terms used herein are defined below.

The term "hydroxy-protecting group" means alkyl,
alkoxyalkyl, acyl, aralkyl, alkylsulfonyl, arylsulfonyl,
alkyl-substituted silyl, alkoxycarbonyl, aryloxycarbonyl,
aralkyloxycarbonyl or tetrahydropyranyl.

15 The term "alkyl" means C,-C,, linear or branched alkyl,
particularly, methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
neopentyl, tert-pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,

20 hexadecyl, heptadecyl, octadecyl, nonadecyl, icosyl and the
like, and C,-C, alkyl is preferred.

The term "alkoxy" means C,-C; linear or branched

alkoxy, particularly, methoxy, ethoxy, n-propoxy, iI-propoxy,



11 5 10 heptenyl ene chain) may be in the E- or Z-configuration. TQ% netq&ﬁ
.of the present invention is described belowin nore detail. Wen AUG
substituent(s) possibly interfering the reaction is present, it can be
appropriately protected and then deprotected at a desired stage. Such

protection or deprotection can be acconplished by a procedure known in the
art. pry | OH Step 1 ~/ ORS Step 2 Inttoduction of \ HS S propargyl group;
Protection of |j phenol group \ /| ORS Step 3\ ORS--~Ho I SSOIBIV

Step 4 OHC ~ OR HOO\ OR -- ~~--ss IV | Werein Rand Rl are as

I
defi ned abo e Ste Thi s st related to the introduction of a 15
proLargyI ggﬁEﬁ éuﬁﬂfgapﬁog§F8§¥ g@#@ap@oﬁ%@ﬁ %O%yyl&ﬁd

Peconl i 5 ﬁEYTéng"i\?‘%aﬁéﬁB%la%?Ey' 3&%&39%%% yPeREVIRE: gu@hgéi”ﬁr opar gy
brom de, peepabgy! £BLREkYELRPI tbRekiKBxivh fshﬁeawsﬁ Ce tQhed tyli agents.

d g
The reaction canybe acconpl |sg d wthin séveral téns nutes ver al
hours at gra@nthenpeka} uardby, -oC.eapkoxiynds grefelkasidc agent, inorgani c base

such as potassi um carbonate, sodium carbonate or the |ike, or an organic
baseSsuch as tThet hgkmnl'adkopyrildyhe, médnsethyyangmopypr isdbséiautede |i ke in
A o kY erouny” Shetuain e hokymethyl, ethoxymatnye, & "
methoxyethoxymethyl, ethoxyethyl, methoxypropyl and the
like.

The term "acyl" means C,-C,, acyl derived from

10 aliphatic carboxylic acid or aromatic carboxylic acid.

Examples of aliphatic carboxylic acid-derived acyl include
acetyl, chloroacetyl, trichloroacetyl, propionyl, butyryl,
valeryl and the like, and examples of aromatic carboxylic
acid-derived acyl include benzoyl, p-nitrobenzoyl, p-

15 methoxybenzoyl, p-bromobenzoyl, toluoyl, naphthoyl and the
like.

The term "aryl" means phenyl, naphthyl or polycyclic
aromatic hydrocarbon group and the like. In addition, aryl
may be substituted by the following substituents.

20 Examples of substituent include alkyl such as methyl,
ethyl, n-propyl, isopropyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, isopentyl, neopentyl or tert-pentyl, lower alkoxy
such as methoxy or ethoxy, halogen such as fluoro, chloro,
bromo or iodo, nitro, hydroxy, carboxy, cyano, sulfonyl,

25 amino, lower alkylamino such as methylamino, dimethylamino,
ethylmethylamino or diethylamino, and the like. The aryl

group may have one or more substituents at any possible

positions. Specific examples of aryl include 2-



10 the like. Wien a strong base such as potassi um hydroxi de or sodi um
.hydroxide is used, it can be also acconplished in a two-layer sol {&nAUG 2062
system such as tol uene-water or xylene water. 15 The protection of hydroxyl
group may be conducted using an ordi nary hydroxy-protecting group in a
conventional manner. Preferred protectiﬁg groups to be used in the present
nmet hod are those which do not undergo changes during the oxidative
reactions in the 2nd and 4th 20 steps of the present Process and the 2nd
step of Process IV below for the preparation of conpound of the fornula

(M) and al uring the Wttig reaction of the 3rd step of said Process,
and can b@eZ§§aPPe@gﬂﬂo éﬂﬁﬁ?l hely Ly i S WHPRAREL 1 208 Hy Jphrmal mhi ch
are easil y_ I rom_ f.ar npl g, qund for purification

t her eof , \%h%?ﬁ‘%%ﬁe@%dn?s ettglyal%g‘oe ound (ﬁe‘;ﬁ}?}ei&%oerrh@r’a V1) wherein ORis
5- hydr oxy i rQgen nd 4.S;p QN gL atd on. | es of
such a hyché}?'ﬁ«: o%g%'némgé%oug lﬂh%rg&,&u 4'G &%&@%ﬂn@iuﬁirgﬁ@m'

al koxyal kyi-niaewpheanal, kyil-hyal doud vy erony| 4 -adethod iyl al4yl - substituted

silyl, al koxycarbonyl, aryl oxycarbonyl, aral kyl oxycarbonyl or

t et r @hy dr dpycaophen@dnsiddehilog ddhenydquid-dreltphearhdt andritteectikeg. group 5
shoul d survive during the Wttig reaction conducted under strong basic
condi tions, be T&&sianyld@sosrediedhef oraraddifl’e, "arwlimilfidnyl'sp for the
preparatign_of Conpound A, and be rabl e from Conpound A, aryl sul fonyl
's more pr&FPET BRI ol FEGAY NSRRIy 9P AT R Lo%
Benzenesulfonyl Ar Q4T SN AR 0 A%e JdLanhydrous sol vent s

and, upon protection, gives benzenesulfoni¢ acid is water-soluble

and is easily sgparatgd vbhamdhe hidadls ROGUAL, 107G AN fsﬁm@ﬁiacdt\é& pyl e

protection and deprotection can be carried out by a nmethod 15 known~ i n the

art 10For exgipkeoup) tkedcdse lefddzehzensayl fomgthgnaignzihe 4-ntroducti on of
benzenesul fonyl group is carried out in a manner simlar to that for the

i nt r oduct hethokyppeogarlgy 3, groipetynoxyied ztydn z evaedudrhiydmethehl,ori de. 20 [ Step
2] This step is related to oxidation of the compound (I11). There have been
known oxi 8ReRs§hvdrheds kiiech if€e, for instance, aqueous hydrogen peroxi de

per oxi do 25 - (PEARCHR | YRR ECRY Y SRS s SHaa T B 508 - m o
o o ope: BSERR R Cut ¥ g S5 e Akt
is peefereedah@suionydl gt khe like.
The term "arylsulfonyl" means a sulfonyl group
substituted by aryl group, and includes benzenesulfonyl, p-
toluenesulfonyl, and the like.
The term "alkyl-substituted silyl"” means mono-, di- or
20 tri-alkyl-substituted silyl, for example, methylsilyl,
dimethylsilyl, trimethylsilyl, t-butyldimethylsilyl, and
the like.
The term "alkoxycarbonyl" means methoxycarbonyl,
isopropoxycarbonyl, t-butoxycarbonyl, and the like.
25 The term "aryloxycarbonyl" means phenoxycarbonyl, and
the like.

The term "aralkyloxycarbonyl" means benzyloxycarbonyl,

and the like.



1 9 AU G 2002 14 excess amobunt of 30 $ aqueous hydrogen peroxide in an
.alcoholic solvent such as ethanol, nethanol, isopropanol or tert- A AHG) 2002
solution containing formc acid. The reaction is acconplished within
several tens mnutes to several 5 hours under cooling or at room
tenperature. [Step 3] This step is related to the conversion of the
compound (111) into the hydroxynethyl &Bnpound (I1V) by thernal
rearrangenent reaction. The thermal rearrangenent reaction 10 in this step
is carried out according to the nethod described in J. C, S. Chem Conm,
1974, 848-849. Exanples of preferred solvents for this reaction include

di oxane, 1, 2- dilionsty @ldartdie FRAKA - mataned iy penmprehect @ reacti on

is acconplished by refluxing, in sol.vent for 15 several hours followed b
addi ng t GEONPS A4 BHATSTREE fit e BVRERNT I HSH hhesTA PR EheiRd.

h I i i.d,» sul furd i 41 Thi i I d
The oxt oSt ot oB™ e R oith ey i ki sl FBUE $0EFebn [ 7) ' The'
oxi dat i 0 Caf Re fAfd 8¢ P UnE gl el SEICAd Yy Ori d 251 SPVY 5B, MaNNer .

Exanpl es of oxidizing agent for converting an aromatic prinmary al cohol to

t he scor r gjedrediredl @addiXHes.aci d directly include chrom c acids

(Synt hesis. 1986, 285-288), 25 potassium permanganate (J. Og. Chem, 18,
806- 809 ( 1953 Exampd esutdfersialmsoxdfdéshg kongowdid ChiermiheCoyenerdD79, 58-59)).
However, these nethods have disadvantiﬁgﬁ_in not only the yield but also

the fol | SRirAsidatVdrs incdiidenstldidel ™ splfsa g cioops 16l kbt ion tine is
Lhe T eactran HRENEL GRS T OIAaRTS S GG RO | WETV e Dbt | cated
operati ong, 5 QitAie LAY Yibn Wb YR GAS 12 AERMSE Gl dati on

10 ammonium salt, salts with organic base such as tromethamine,
trimethylamine, triethylamine, 2-aminobutane, tert-
butylamine, diisopropylethylamine, n-butylmethylamine, n-
butyldimethylamine, tri-n-butylamine, cyclohexylamine,
dicyclohexylamine, N-isopropylcyclohexylamine,

15 furfurylamine, benzylamine, methylbenzylamine,
dibenzylamine, N,N-dimethylbenzylamine, 2-chlorobenzylamine,
4-methoxybenzylamine, l-naphthalenemethylamine,
diphenylbenzylamine, triphenylamine, l-naphthylamine, 1-
aminoanthracene, 2-aminoanthracene, dehydroabiethylamine,

20 N-methylmorpholine or pyridine, or amino acid salts such as
lysine salt or arginine salt.

The salts of the amino alcohol of the formula (V')
include salts with organic acid such as benzoic acid, etc.,
and mineral acid such as hydrochloric acid, sulfuric acid,

25 etc.

The final compound of the present invention is
represented by the formula (VI) as described above, in

which the double bond of the alkenylene side chain (5-



wherein a primary al cohol is oxidized to an al dehyde and then to a
.carboxylic acid nay be of advantage with regard to yield. In genet@8lAug 2602
oxi dation of alcohol to aldehyde has been carried out by using an oxidizing
agent of chromc 10 acid series, for exanple, Jones reagents (J. Og.

Chem, 40, 1664-1665 (1975)), Cbllins Hﬁﬁgents (J. C S Chem Comm, 1972
1126)), pyridiniumchlorochromate (Tetrahedron Lett., 2647-2650 (1975)). It
has been al so known a net hod whi ch uses manganese di oxi de (Helv. Chim
Acta., 39, 858-862 15 (1956)) or di methyl sulfoxide (Swern oxidation, J.

08 (hThoplny R0 2R TRTD) b WBUEKE p.{BEo5 4G Lo have

di sadvan om c aci s ar e toxi 6bdy and nust
be detoxified @Béeﬁleh'ﬁéd B Lher prbBenSWeRReaxk dat it QN dSicRd bR

sul foxi de 20 oxalyl chloride is hot suited for a | arge scal e production
because itnisoaecaspatnled Wiehha gabetdtuentak)cavbsibiynaxitde fearimfqul to
wor kers and sul furous odor and also it nmust be carried out at |ow

t enper at ukke feactkanplie, pbesebtn i80Caantie- 28CropFiAtedyobroit¥ctean be
converted into al dehyde (IV ) al nost quantitatively by a nethod wherein an
al cobol (#%§ fBenxf@Predeaied ah éx#eﬁzrﬁg gEagent Sueh §§0ﬁélcc§l@>@oaci din
the presence . of 2, 2, .6, 6-tefraneth i, peri,di ne-1- oxyl AUG 2002 16
or the IiRE ??8F8F?88198 Sah  heNRBROFPLLEPHL Ry AoPERESGNSE: KD 1fn
literaturg J. Og. Chem, 52, 25592562 (1987)), whereby the

probl ens OP tﬁe eX|st|ng met hods are sol ved. Exanpl es of TEMPOS usabl e

i ncl ude 2p2o6e8s51t etramet hyl pi peridi ne-1-oxyl, 4-methoxy-2,2,6,6-

t et r amet hyl pi peri di ne-1-oxyl, 4-acetylam no-2,2,6,6

t et ranmet hyl pi peri di ne- 1- oxyl, 4-benzoyl oxy-2,2,6,6

tetranethylplperldlne % xyI and

4-cyano-2,2,6 ﬂylplperl OR' EX sw 2Ies of usable halo 10
oxoaci ds i ncodl am nyPochl or i e @ um hy'p'o'b'f’om te, sodiumbronmte
and hi gher Hagt"e i nigtr #f. A sol ut$on>0f an oxidi zi ng agent may be

adj usted to, for ex Wk 8.5 to 9. 5 pith a mineral “acid such as sodium
hydr ogen car bon ate,p Mﬁ egen chloride or“sulfuric acid. 15 Alternatively, a
sol ution of an OX|d|2|ng agent may be added in the presence of sodium

hydr ogen carbonate The reaction can be acconplished within several m nutes

to severalg tens ékes atg, t eyperature fromice- c-olbﬂg to roomtenperature
in a-solve ,j:fiﬁ ethyl abetate 20 ad#@ ol or di chl or onet hane.
S
IH v
HOO
Step 4 OHC OR! OR
— - | o
S S
v I

10
Wherein R and R! are as defined above.
[Step 1]
This step is related to the introduction of a
propargyl group at the mercapto group of 4-mercaptophenol
15 (1) and protection of hydroxyl group.

The introduction of a propargyl group is accomplished



Wien the reaction solution containing the resultant al dehyde (|¥B)AW§2N9
acidified and sodiumchlorite and aqueous hydrogen peroxi de are added
thereto, the al dehyde is converted into carboxylic acid under ice-cooling
within 25 several tens mnutes to several hours. |If desired, the product
may be further subjected to the deprotection of 5-hydroxy-protecting group
and/ or conversion into reactive derivatiZes at 3-carboxyl group. 19 AUG
2002 17 5 10 15 Such "reactive derivative" includes the corresponding acid
halides (e. g., chloride, bromde, iodide), acid anhydrides (e. g., m xed
acid anhydride with formc acid or acetic acid), activated esters (e.g.,
succi ni m dg wvsipg) prapdrglié hakédeastuchnesupespacyglyat bmgmadgent s general |y
used for the acylation of am nog %roup“ For exanple, to obtain acid halides,
a car boxyPreragdyli shlezdfedandt khenitdkpl 1Rathgerresegce efi enPrséM ori de),
phosphor ous hal i de ﬁe. . hosphorous _trichloride, phosphorous
pent achl ofPBRYS - oxA §|r%3FF38n(§?8.geo%§F9ﬂp ﬁFbFﬁdnggég SRESEARe,
accordi ng K had %  houdkNziki kKen Kag 7@ pyol . 14, p.
1787 (1975%853&%%52%@5%@ gf‘%g%’); shin=} B 58 %ESE‘& 094 vol . 22, p.
115 £1992)dy1B,9685Sak! a~b@Hli St BBehtS AndrbBEDE GREeSshcMl bk wherein R and
Rz are as defined above. [Step 1] | This step is related to the protection
of 5-hydrpayag8igmooprbbneacsposndi(n) carbORZtSt ep 2h8 Vikept ep 3nHOOC OR S
The conpound (7) as the starting material of the 9 9 AUG 2002
organic base such as triethylamine, pyridine, 4-
dimethylaminopyridine or the like in a solvent such as
acetone, ethyl acetate, tetrahydrofuran, acetonitrile, or
10 the like.
When a strong base such as potassium hydroxide or
sodium hydroxide is used, it can be also accomplished in a
two-layer solvent system such as toluene-water or xylene-
water,
15 The protection of hydroxyl group may be conducted
using an ordinary hydroxy-protecting group in a
conventional manner. Preferred protecting groups to be
used in the present method are those which do not undergo
changes during the oxidative reactions in the 2nd and 4th
20 steps of the present Process and the 2nd step of Process IV
below for the preparation of compound of the formula (VI)
and also during the Wittig reaction of the 3rd step of said
Process, and can be easily deprotected in the 4th step to
give leaving groups which are easily separable from, for
25 example, Compound A for purification thereof, which
corresponds to a compound of the formula (VI) wherein OR is

5-hydroxy, X is hydrogen and double bond is in Z-

configuration. Examples of such a hydroxy-protecting group



18 present step is known in a literature (J. Am Chem Soc., 57, 1611-161@
. (1935), Ann. Chem, 527, 83-114 (1938), J. Am Chem Soc., 78, 53919 AY57200
(1956), J. Og. Chem, 41, 11181124 (1976)). The hydroxyl group of this
conpound is 5 protected appropriately in a manner simlar to that descried
in the 1st step of Process | above. For, _exanple, when benzenesul fonyl group
is used, the conpound is added to benzéﬁ%sulfonyl chloride in the presence
of an inorgani c base such as sodi um carbonate or potassium carbonate, or an
10 organi c base such as triethylam ne or tripropyl am ne. Exanple of

referred sal vent jncl]udes acetone, eth acetate_and_tetrahydrofuran. The
PeactionﬁQF ?nﬂi*%#edaﬁf?%Yﬂfgg%erﬁthinﬁféziYB'sé%éyéﬁuﬁgapglat
tenperat ure f 0. t a i]ing int of,the,solvent. The
15 Compoddd (U SoRay e RTL S etk Ret 8 P8y v A B BRaRyoRerb RS hod.
comonl y Lnovsy (Sa oot | e BakyBoRyEERAELMOD or[ ﬁ&@gaﬁgd%@rahgﬁ. IS
related to the I ntroduction of acetyl group to the 3-position of the

conpound (VI )cdysfdéetied 20e Geftsrerestsothafhs %ﬁétedﬁﬁhboar@ﬁf;acety!
group is, for exanple, carried out using acetyl chloride or acetyl brom de

in the preseanick siraicatdiysng the @kbhpyereactiwnscanddcsadhuadeal unm ni um
chloride, ferric chloride, zinc chloride, tin chloride and boron
trifl uoriSheormk dvs EC oFopdi usams e B9l gapt lyndepdetecheBonidr sakpnpde,
ni t robenzene .or hal ogenat ed q¥drocarboEs sucg as nethﬁlene caloride or
i

et hyl ene ChidHs deeh 9 e QY | B i BE PR pRheral © cCORRPHEHA wRRRi Resever a
hours o ASTRSINATE. L CORa0aL 00 A0y B0Toqh o SUREROGdBctemR LU,
?Kergg%%rﬁid%&%ér?@suiﬁﬁﬂ 3s Thi St 8&€Pat By S8t eL-£Q. the conversion of
10 Benzenesulfonyl group is relatively stable to base in
anhydrous solvents and, upon deprotection, gives
benzenesulfonic acid which is water-soluble and is easily
separated from the final product of the formula (VI). The
protection and deprotection can be carried out by a method
15 known in the art. For example, in the case of
benzenesulfonyl group, the introduction of benzenesulfonyl
group is carried out in a manner similar to that for the
introduction of propargyl group by using benzenesulfonyl
chloride.
20 [Step 2]
This step is related to oxidation of the compound (II).
There have been known oxidizing methods which use, for
instance, aqueous hydrogen peroxide - acetic acid (J. Am,
Chem. Soc., 87, 1109-1114 (1965)),aqueous hydrogen peroxide
25 - titanium(III) chloride (Synthesis 1981, 204-206), m-
chloroperbenzoic acid (Org. Synth., 64, 157-163 (1985)), or
sodium metaperiodate (J. Org. Chem., 27, 282-284 (1962)).

In the present step, it is preferred to use a slightly



(MI11) into a carboxylic acid (1) or a reactive derivative thereofy %Q{
.the oxidation of the acetyl group in the presence of a salt of hypohal ous
aci d. Exanpl es of preferred hypohal ogenite include alkali netal or alkaline
earth nmetal salts of hypohal ous acids, and potassium sodium or cal cium
salt of hypochl orous or hypobronous aciqhis especially preferred. In an
aqueous solution of such a salt, the oﬁi ation 15 20 progresses at
relatively | ow tenperature. However, dioxane or 1,2-di nmethoxyethane nay be
used as a solvent so as to increase the solubility of the conpound to be

i di ' ours to several tens

oxi di zed. The reactloE ig §§C§P$|i8h6d Ehln sever al

hours at THORTT eAPRFALL? i ﬁuﬁSHFlﬁ% LBIGReRErPREAE - NRZaBOOX HOOC | |
~ORVS cOopK fined
above andé%ﬁe dou%leogﬁgétrggggs%nts Eén gﬁ%éﬁ ﬁagfa? o§r8$§P ggcess IS
rel ated t@ekBEbéyaﬁsfssé19£1@nceaﬁeamﬁlﬁ Ebemieraaha (V%heb¥e56695hn9 a
conpound of the formula ~ s Au~ 2ao02 (I') or areactive derivative

t her eof ob$aaoedmph1§hedes$th1nrséVeabvaemstmlauCGEpOundeoérhme fornul a
(V). The conmpound (V) used in the present process is obtainable according
to the nelidieds derder bedol hingapanatersomatenpepPablireat i on ( KOKOKU) No.

6- 23170 (23170/1994) The reaction can be carried out under ordinary
condi ti onES¥ep %bylatlon of am no group. For exanple, when a carboxylic

d halid d h [ i ed
Commonty. known 3L 156 ®Bhbt L ekt E%ahﬁﬂﬁ@ﬁéﬁ?v%%}fs?%ﬁ"ég Efla) SofaPhbsy i

actd haliderfs AUASULALORYLPEx R BRYE esaﬂéﬁﬁakﬁwebgokﬂémglO.f am ne with

stirring and un coo re ving t enerating acid with al kal
AlternatIﬂ@éﬂraﬂ?@ﬁeﬁtcﬁéQ@KthC athé tBedfigd ﬁéaﬁr&ﬁ@@maﬁtdr@@&t@oﬁeactIve

15 derivati ve, e reaction can be conducted conventionally in
10 in this step is carried out according to the method
described in J. C, S. Chem. Comm., 1974, 848-849., Examples
of preferred solvents for this reaction include dioxane,
1l,2-dimethoxyethane, propyl acetate and 3-pentanone. The
reaction is accomplished by refluxing in a solvent for
15 several hours followed by adding to the resultant
intermediate an acid (p-toluenesulfonic acid,
methanesulfonic acid, sulfuric acid, etc.)
[Step 4]
This step is related to the oxidation of the compound
20 (IV) to provide carboxylic acid (I). The oxidation can be
carried out either directly or in a stepwise manner.
Examples of oxidizing agent for converting an aromatic
primary alcohol to the corresponding carboxylic acid
directly include chromic acids (Synthesis. 1986, 285-288),
25 potassium permanganate (J. Org. Chem., 18, 806-809 (1953))
and ruthenium oxides (J. C. S. Chem. Comm., 1979, 58-59)).

However, these methods have disadvantages in not only the

yield but also the following matters. For instance, the



t he presence of a coupling agent generally used in the coupling refﬁt%RPZWZ
. between an am ne and a carboxylic acid such as dicycl ohexyl carbodil m de
(DCC), 1-ethyl-3-(3 dinethylam nopropyl)carbodiimde or N,N 20

carbonyl diimdazole. ..~NHz OHV HOOC\ OR Step 1 SI1 SO~1/ OR,,~NH
OHIX 19 AUG 2002 21 Step 2 O~S ~._ OROI SI / OR Step 3 ,,~NH (,~NH
~CHO ~ - COOX X Step 4 VI-1 5 10 whereitR R and X are as defined above and

t he doubl e bond represents E- or Z-configuration. [Step 1] This step is
related to the preparation of a conpound of the fornula (1X) by reacting a

co: (1) or a reactive deriyvative thereof formula (V) or its salt in a
manner deLASTHRN i W18 ok skONg 1 %%%v%?tQ%ég%ﬁ%tb%ﬁpBEﬁﬁEmSFttﬁé formul a

V') is Pharm_Bull. Vol.37, No 524-1533 [Step 2] .t f the formul

W th o cOMRE A9 b 129 50ed FAF T 2RE, £P ohedrt LBRe BPSucscri bed in-
Ch 1 Thi s Stepsi | t] | dehyde 15 of
the T or mi &350 By oo T 5 Seemaund of TRLoTsercr P15 e e vacti on

can be cagdemidds for several hours under cooling or at roomtenperature
usi ng an oxi di zing agent selected fromchromc acid series such as Jones
reagents, Col IOmstheagentsarpyriniswnen chses pcar shaprispyokddatiion
di chromate or di nethyl sul foxi de-oxalyl chloride

wherein a primary alcohol is oxidized to an aldehyde and

then to a carboxylic acid may be of advantage with regard

to yield. 1In general, the oxidation of alcohol to aldehyde’

has been carried out by using an oxidizing agent of chromic

10 acid series, for example, Jones reagents (J. Org. Chem., 40,
1664-1665 (1975)), Collins reagents (J. C. S. Chem. Comm.,
1972 1126)), pyridinium chlorochromate (Tetrahedron Lett.,
2647-2650 (1975)). It has been also known a method which
uses manganese dioxide (Helv. Chim. Acta., 39, 858-862

15 (1956)) or dimethyl sulfoxide (Swern oxidation, J. Org.
Chem., 43, 2480-2482 (1978)). However, these existing
methods have disadvantages. For example, chromic acids are
toxic to human body and must be detoxified after use.
Further, the Swern oxidation using dimethyl sulfoxide-

20 oxalyl chloride is not suited for a large scale production
because it is accompanied by the generation of carbon
nonoxide harmful to workers and sulfurous odor and also it
must be carried out at low temperature, for example,
between -50°C and -78C.

25 Alcohol (IV) can be converted into aldehyde (IV')
almost quantitatively by a method wherein an alcohol (IV)

is oxidized with an oxidizing reagent such as halo oxoacid

in the presence of 2, 2, 6, 6-tetramethylpiperidine-1l-oxyl



1 9 AU G 2002 22 in a solvent such as chlorinated hydrocarbons (cH grQf©namw
. di chl oronet hane, etc.), ethers (ethyl ether, tetrahydrofuran, etc.),
acetone or benzene. [Step 3] 5 This step is related to the fornmation of a
doubl e bond by reacting a conpound of the fornula (X) with an glide
(Ph3P=CH(CHZ) 3COOH). The reaction for prgviding a doubl e bond can be
carried out in a conventional manner for Wttig reaction. The glides used
in the reaction can be 10 synthesized, in the presence of a base, by
treating a phosphoni um salt which has been synthesized from

tri phenyl phosphi ne. and_an al kyl  halid ing a desired alkyl group to be

condensedgrfggee éhﬁlzfe 95F8ﬁ058n?§n§ﬁgﬂégﬁg) BeERRIdedotch Wese i ncl ude

di meyl sodi .diasyl .15 p i sqdi hydride, n:butyl it

pot assi umg{agg%%g#géxaﬁé Pi ??ﬁ?g%agg}rseog%d%;n’arﬁ?dgff%h hleg‘adt 2611 &35%@—

acconpl i shegow{ bt ev UE$ed epReh-RLULE iR 4 I uch as

et her, tetra%yé?gPEQZn,Qﬁékgggnggel?gbg?%g%hggyggﬁaﬁglg?l%ﬁi@?ﬁﬁphss

sul f oxi dear20sp Sreg.4] Ekanphies stepeMaosomBawNE (Ml uaeneixn eRe-s hydr oxy

protecting group is optionally deprotected to give conpound (VI-1). The

reacbi on tehrseethylpégevdtiine-a-csmientir-orghomgrier, Bsichg a catal yst such

as hydrochloric acid, sulfuric 25 acid, sodium hydroxi de, potassium

hydr oxi det8ErpBeEhMLRyBREAdBE-droRNe /| tkaceTHé apéaetri2oR /b3 6acconpl i shed

wi thin se i nut es,t everﬁl Qg rs h he ting in a solvent such
-..lg A

|t i
as nethan%g£gﬁ?ggg§égh8ﬁ598ﬁﬁgé COXYy nﬁgggofy' ¢érBné vat er,
tonitrj - 1 L q_ di Lf oxi de-water. Th
acet onl rtégaﬁg%ﬁﬁylgép%9§dﬁhégl B&?ﬁerﬁﬁhyﬁ Fgg%?é?éﬁue @xl de-wat er e

fol | owi ng : es-a rovided to _uft er illus t hé present invention
in nmore de&etém@eﬂy§gggééiéiﬁet1bexymtern&aﬁgqesno@nﬁswaxeaﬁaue limt the

scope thereof. The abbrevi ations used in the Exanples have the foll ow ng
meabbngs: oxoacids include sodium hypochlorite, sodium hypobromite,
sodium bromite and higher bleaching powder. A solution of
an oxidizing agent may be adjusted to, for example, pH 8.5
to 9.5 with a mineral acid such as sodium hydrogen
carbonate, hydrogen chloride or sulfuric acid.

15 Alternatively, a solution of an oxidizing agent may be
added in the presence of sodium hydrogen carbonate. The
reaction can be accomplished within several minutes to
several tens minutes at temperature from ice-cooling to
room temperature in a solvent such as ethyl acetate,

20 acetonitrile or dichloromethane.

When the reaction solution containing the resultant
aldehyde (IV’) is acidified and sodium chlorite and aqueous
hydrogen peroxide are added thereto, the aldehyde is
converted into carboxylic acid under ice-cooling within

25 several tens minutes to several hours.

If desired, the product may be further subjected to
the deprotection of 5-hydroxy-protecting group and/or

conversion into reactive derivatives at 3-carboxyl group.



Ph: phenyl ' Ac: acetyl 10 TEMPO 2,2,6,6- tetranethyl piperidi neqBd- At 12002
.Exam a 1 (1) Step 1: 4-(2-Propyn-1-ylthio)phenyl benzenesul fonate (2) off
Step 1 ~ ~ 0soZPn HS S 1 2 15 4- Mercaptophenol (1) (37.85 g, 300 mml) and
propar gyl brom de (42.82g, 360 nmol) were dissolved in ethyl acetate (757
m). To the solution was added dropwi sg_triethylam ne (42.5g, 420 nmol)
over 25 mnutes with stirring and under‘ice-cooling. After stirring for
another 1.5 hours at the 20 sane tenperature, triethylamne (42.5g, 420
mmol ) was added in one portion, and benzenesul fonyl chloride (63.58g, 360

I ded d ] A 20 ninutes., Aft K i 1 h t.th
Lenpbr at SFER FRECESAVEn ST a et SIS ¢ o GREASE IS 41d ed Tor
30 m t 51 t ; tistl i nt I ) b ddi
Ce o BR13kelo9R, 57, SRR O UL R st P gt
The aquequs ¢, ay &k xWRaS a@4 o 3G Md WAt Ir et (U et 1the conbi ned

organic |l ayér was washed with water, dried over anhydrous nagnesi um

sul f at e, agnd)t haattihatead eette noas & odi,stsudcdthiafildeurdare rigdusrl HHessure to
provi de 100.04g of the title conpound (2) as oil. Crude yield: 109. IR
(CH813) ~138e6, aB07incioRies 30y 2t30Q0 29E38S, gpagGaligndiseB B cmite ' 1H NWVR
b (CDC13) , .30Q0MHz; 2 . 23 ( 1H, t, J=2 . 7Hz ) , 3 . 56 10 (2H, d,

J=2. 7THz) 8c818%19RJOF. SHMiPLaGROYR - edOF @Xayrd 7be, optiy axiid oH, ), 7.68

éérzenmesaf?#g ﬁtgéBgS%%g?(??ﬂr]rgg @?ftl%p 325/ ré?%%lgﬁr (gﬁ%%s]t&zllé}@l?épa}%g%?npound
2 60. , 183 i i in- i
bt o (308} SCRAh SHIRLAR PSR- OKE 1R ASRD T on por oxl de

(26. 299, pREBpABRLL SRS 1(ReBradded phdishlordus RRWtScHIGY MRer Al ) was
added and the m xture was extracted with 20 ethyl acetate (é x 300 m). The
cotiei nedhaildaei @ el. gy er owad Washdd rndideh ,5oraqheold kegdiadvcaarimenaie saand
water, dried over anhydrous magnesium sulfate and the solvent was then

di stil | edneih wadbedr déuded Phadsiuddked Hegeikie Kz 247yadf. tife mtl e

conpoundlgﬁ% ?ig%%%} g@%%%e%ﬁ%'%%2£%%@(1986); Shin-jikken Kagaku

Koza vol. 22, p. 115 (1992)).

Rrocess JI
15
o Step1 OR? Step 2
g — —
s s
7 VII
HsCOC 0R2 Step 3 HOOC OR
O HR w
S S
VIII I

wherein R and R? are as defined above.
[Step 1]
This step is related to the protection of 5-hydroxy
20 group of compound (7).

The compound (7) as the starting material of the



25 IR (CHC13); 3305, 3066, 3032, 3012, 1586, 1486, 1449, 1 g pP~HAUGOA025
.1382 cm 1 1H NMRb (CDC13) , 300MHz; 2.34 (1H, t, J=3.9Hz) , 3.58 5 10 15 20
and 3.68 (each 1H, each dd, J =3.9 and 23.7Hz), 7.18 and 7.67 (each 2H,
each d, J=9.9Hz), 7.51-7.59 (2H, m, 7. 66 (1H m, 7.82-7.87 (2H, nm) (3)
Step 3: 5-Benzenesul f onyl oxy- 3- hydr oxynet hyl benzo[ b] t hi ophene (4) OSOyPh
Step 3N~' ~~~0S2Ph SSII 03 4 e conpound (3) (65.47g, 183 mmol)
obtained in above (2) was dissolved in 1, 2-di net hoxyethane (1.6L).and the
solution was refluxed for 4 hours. To the solution were added water (64 m)
and p-tol uenesul fonic acid nonohydrate (19.2g, 100 nmol) and refl uxi ng was
cont i nuedP¥asent HhRR ignenowacinod K kenrbunas (éonbrnt FaeRd SABer reduced

5;?:22{ ;e G 1T Sy [T 928) 2 5% s005R) ?%%Z%éé%ﬂ#%‘ LI i
Tmgnes Ut T S And {hert Thes 2ol VoS k6 Br sorPr ciPBie - uder L1 biticed
pressure 110 pr o 60. 18gs Q{%&f@xﬂtqgoﬁgn@PU@Hié%ot%%%Qﬁ&-iQUde yi el d:

103. IR (CHC13); 3609, 3067, 3033, 30 935, 2878, 9, 1566, 1449,
143% 13%ranactelb dgp M taf£DC1B) a ROAME ~sfmiT8r (86, tHatJ=0. 9Hz) ,
6.98 1 9 AU G 2002 26 5 (1H, dd, J=2.4 and 8.7Hz), 7.26 (1H s),

7.43-7. 43l¢xied i1 theOlgt sEep (opHPragess 71, abeve . 1HFon) exampler3 ( 1H,
d, J=8 . 7THz ) , 7.83-7.86 (2H, m (4) S

5- BenzendSAT SR ZSRBBHZ Bt T ERpRR kS 3u%§$bg§<]i1¢i eompeund el s Heldedsazph
Step 4 Oﬁ%fEé%%ggggéifbéyi-éﬁig§fdg {gx%hg'§¥§§gycg gf an inorganic
base such as sodium carbonate or potassium carbonate, or an
10 organic base such as triethylamine or tripropylamine.
Example of preferred solvent includes acetone, ethyl
acetate and tetrahydrofuran. The reaction is accomplished
within several minutes to several hours at temperature from
room temperature to the boiling point of the solvent. The
15 compound (VII) can be also synthesized by a broadly used
method, commonly known as "Schotten-Baumann reaction".
[Step 2]
This step is related to the introduction of acetyl
group to the 3-position of the compound (VII) by Friedel-
20 Crafts reaction. The introduction of acetyl group is, for
example, carried out using acetyl chloride or acetyl
bromide in the presence of a catalyst, for example, a Lewis
acid such as aluminium chloride, ferric chloride, zinc
chloride, tin chloride and boron trifluoride. Example of
25 usable solvent includes carbon disulfide, nitrobenzene or a
halogenated hydrocarbons such as methylene chloride or
ethylene chloride. The reaction is in general accomplished

within several hours at temperature of ice-cooling to room



10 15 20 The conpound (4) (51.26g, 155 mmol) prepared in above (3) was
.dissolved in acetonitrile (1.54L), and TEMPO (2, 2, 6, 9 AUG 2002
6-t etranet hyl pi peridine-1-oxyl, 250 ng, 0.01 eq.) was added thereto. To the
m xture was added dropw se 0.81 N aqueous sodi um hypochlorite, which had
been prepared by diluting 1.63 N aqueous sodi um hypochlorite (150nml) wth
water (75 m), adjusting pH 8.6 with 118 sulfuric acid, and adjusting the
total volune to 300nl, over 15 mnutes, while maintaining the inner
tenperature between -1C and 8C. After stirring for 25 mnutes at this
tenperature, 1 N aqueous sodiumsulfite (32 n11'mas added. Subsequently,
79~ sodi uperpRbRivEe ( 27TU8 (2~ 296t Yhorympaund1sl hghbdMsphgdicgenageproxi de
(23. 269, 212 | ). were added under jcecooling. The_cooling bath was
removed angR 9ﬁ9t%§e@%@&l%t??P%ﬁa?£? BYhBerEYSFR&LLERELPBN was dil uted
W th mate{ 1 AUG 2002 27 (1.5L), adjusted to pH 3 with 1 N hydrochloric
acid and ?ﬁf%e%%sited crystals were filtered, and washed twice with water
(200 m ), acetqnjiri ( PE QVi ryde y he
crude crystaléP@% .%% mggepé%%%gﬁdgg Eﬂgngé%gggﬁi?ﬁipg F§%4§%ﬁ%§uP§fluxed
for 45 m it £8) alwWc 608! €driooxyTee dBedClystalsavweegctilbepediandivashed
wth acetonitrile (65 mM) to provide 26.79g of the title conpound (6).
Yi el d: S51tWérept 202 Q0FC. thdk dhijlat lon3d02th@925et2B54rodp4dn 2B40, 2577,
1672, 10 1599, 1558, 1500, 1460, 1451 cm 1 NVRB (CDC13), 300MHz; 7.16 (1H,
dd, J=2. PEesencered a7saltsef hypahglopsnjcidy Examples, of) ,7 . 81 ( 1H,
7,90-7.94 (2H 8. 60

3 B enenSr St rt el B po R Logehite 1 Brelidt: alkalf HEEAL 85 8akalintor. s

19. 18Foun . 13 24 9 | X~ 1).Step 1:
5-Benzenegﬁ{ﬁ%HV$8§§b%%£%%5%%H?%%ﬁ%%%g%%)agggg}fggggggEg§gt§%tPh SS78
They ¢ oMYA ok Joa FE e« SOF: hyBden161dnd 638 488BLoRgRENacEHeM | 2
83-114 (1938), J. Am Chem Soc., 78, 5351-5357 (195 ;J. Org. Chem, 41,
1118-1124i § 18563¢14 11 B6reBePbedmol ) and triethyl amine (1.89nl, 13.6 mmol)
25 were dissolved in tetrahydrofuran (10 m). To the solution 1 9 AUG
2002 28 5 10 1B 28n waguealdedselwpiwseod sotiutaopabt, beheecorsdat boyl
chloride (1.92g, 10.9 mml) in tetrahydrofuran (3 m ). After being stirred
for 2 hourBOU¥Pese2arti DRl AFkYet® hold BFPREEACW eh WHPWPVARd €xP¥aRed with

I . Th ic | hed with , .dried d
magnest urt St ATRUSR P SREn: 9ie ST che “WEEC RS cf | PRIVERF HRaef Feduced

pregsure. ; i y t ogr apbed §1 L4 CBe98k1 4P dghexane
et hy ace%%?ﬁségidgﬁﬁéﬁggggryst I??zed fr%ﬁ?ﬁ%&antbco%tg%ﬁéné smal | anmount
of ethyl PrRetadL-ELoRr DY slecan@BUséd thiethit] c¢OPRDUREULS) toYi el d: 86. 8k
np 80-81C. IR (Nujol): 1599, 1579, 1564, 1497, 1448, 1440, 1415,

several tens hours at room temperature or with heating.

20 wherein R and X are as defined above and the double bond
represents E- or Z-configuration.
This process is related to the synthesis of a compound

of the formula (VI) by reacting a compound of the formula



1352 cm 1 1H NVRB (CDC13) : 300MHz~ 6.92 (1H, dd, J=2.4 and 8.7Hz) , 7 . 2
.6 ( 1H dd, J=0. 9and 5. 4Hz ) , 7 . 47 ( 1H d, J=2 . 4Hz ) ’t% S%EZ
(1H, d, J=5.4Hz), 7.52-7.55 (2H, m, 7.67 (1H, m, 7.74 (1H d, J= Aﬂﬁz,
7.83-7.87 (2H, m Elenental Analyses for Cl4HLo(3SZ Cal culated (~): C,
57.91 H, 3.47; S, 22.09 Found (~): C, 57.72; H, 3.45; S, 21.98 (2) Step 2:
3-Acety|-5-benzenesu|fony|oxy-benonﬂt@ﬁophene (9) ~ GSOZPh Step 2 H3COC |
~ ~ OSQZPh S ~ S 8 9 Powdered al um num chloride (1.34g, 10 mml) was
suspended in dichloronethane (10 m ). To the suspension 25 was added
dropwi se acetyl chloride (1.02nt, 14.3 ) over 1 9 AUG ~2 29 5 mnutes
with sti r?thgana GRAE l.*’éedeaamaﬁ@ves&%gaeénpwﬁ1&e§o|lat FERCESSt He
conmpound (8).(2,075q, I ared,_aboye _in.di oronet hane (6 nm)
was addedéﬁr%%m?ggvgvg;t%SQggﬁﬁPgésaAP?eFﬁﬁeiﬁﬁmggﬁrﬁgh'for 2 hours 5 at
the same tenpesgabuLgnaldnkhe)f aked SnNPHES nak rature, the

sol ution was poured Pgtonicg-&ates ang extrgctggﬂ%rkkggggﬁlg%onethane. The
organi c | gyeainasluashedrdih wot ehe HeicBddovescanBrdr gus JapaRasium sul fate
and then the solvent was distilled off under reduced 10 pressure. The
resubt i ngPatsntduBubdscaedpyst{EOKOKEY NpoméeRByll0ageBare/(%9dl)). and hexane
(3 m) to provide 2.01g of the title conpound (9). Yield: 84.4 np 129-130C.
| R (Nujol): 308ke rezgtiepiganibgscarzied pug4undgs0ordidary1428, 1369 cmi
15 1H NMR_8 13) ;. 300 . ,2.58 (3H, ,s) , 7.22 (14, ddd, J=0.6, 2.4 and
9. OHz), 7?3@5‘%.5@n%zﬁernf?”ﬁ.aﬁéomff AFLND 950PRM, g FOF-§Xempler7. 87-7. 91

for ciernd6s, o sbeelPeytap a0 et sg5 s wileds KRS Rbe80° 000 (D) 770
< benzeneSil Forg) osybensol B TR ophent=S oar BORyPPEYalTd Pef *racoc - oscemn
$t ep03 Hovscho©6ORPBaBménfl reaction”. 1In general, carboxylic acid
halide is added dropwise to an aqueous alkaline solution of
amine with stirring and under cooling while removing the
generating acid with alkali. Alternatively, when a
carboxylic acid is used as a free acid not a reactive
15 derivative, the reaction can be conducted conventionally in
the presence of a coupling agent generally used in the
coupling reaction between an amine and a carboxylic acid
such as dicyclohexylcarbodiimide (DCC), l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide or N,N’-

20 carbonyldiimidazole.

Process IV

\% 0 OR




6 25 1 9 AUG 2002 30 The conpound (9) (6.65g, 20 nmol) prepared in above
.5 10 15 (2) was dissolved in dioxane (50 m), and 10~ sodi um hypod &bGt2802
(46.2 m) was added over 20 mnutes with stirring while maintaining the
tenperature at 10-12C. After 7 hours, the reaction mxture was diluted with
icewater (80 m) and acidified wth conc. hydrochloric acid (5.2 m). The
deposited crystals were filtered, wash with water, dried to provide 5.84g
of crude crystals. The 5.84g of the crude crystals were recrystallized from
met hanol (66 nm) and water (16 ml) to provide 5.51g of the title conpound
(6). Yield: 82.40. np 203-2Q4C__This conpound is identicg_tQ the conpound
(6) prepared in Exanple 1. ance Examin a 1 |

5- Benzenesul f onyl oxybeggolh Re- 3- car bonyl chiy _RBCC ~
OSCzPh Cl QC ~ OS02Ph S SJ20 25 6 10

5- Benzenestiffony| o 2Wb] t hi ophene-Serchr boxyLi eNH (6) (5.582g, 16.7
nmol ) prepared® n Iegnﬂpove was ref+wmPed fo i t Boox

di met hyl f ormam de (1droY), thionyl chloride (3.57nt, 50 nmol )™ and t ol uene
(22 m), and the sol vent s renoved under reduced pressure to provide
5.899 of the title conpound (10). Reference Exanp (1) St¥p 1: f 9 AUG

200Z 31 5- Hydroxybenzo[ b]t higphane- 3-carboxylic acid (11) HoOC ~ oSQZPh
Step 1 HOOC ~ OHS S5 10 11
5- Benzenesul f onyl oxyben@ Ql- 3- car boxylic

S
tep 4 WNH
— COOH

VI-1

wherein R and X are as defined above and the double bond
represents E- or Z-configuration.
[Step 1]
5 This step is related to the preparation of a compound
of the formula (IX) by reacting a compound of the formula
(I) or a reactive derivative thereof with a compound of the
formula (V') or its salt in a manner similar to that
described in Process III above. The preparation of some of
10 the compounds of the formula (V') is described in Chem.
Pharm. Bull. Vol.37, No. 6 1524-1533 (1989).
[Step 2]
This step is related to the preparation of an aldehyde
of the formula (X) by oxidizing a compound of the formula
15 (IX). The reaction can be carried out for several hours
under cooling or at room temperature using an oxidizing
agent selected from chromic acid series such as Jones
reagents, Collins reagents, pyridinium chlorochromate,

pyridinium dichromate or dimethyl sulfoxide-oxalyl chloride



ac{d (6) (100 ng, 0.3 mmol ) prepared in Exanpl es above was disso{gqﬂﬁggm% N
. sodi um hydroxide (1.2 m) and heated at" 40C for 8 hours with sttfring.”To

the reaction solution was added 1 N hydrochloric acid (1.2 m), and the
deposited crystals were filtered, washed with water and dried to provide 58
ng of the title conmpound (11). Yield: 96.6 np 2 62-2 63C . This conpound
(11) is identical to 5 15 hydroxybenzo?g]thiophene-3-carboxy|ic aci d
described in M Martin-Smth et al. J. Chem Soc (C , 1899-1905 (1967).

(2) Step 2: 5-Acetoxybenzo[ b]thi ophene-3-carboxylic acid (12) HOOC ~ OH
Step 2 HQOC ~ ~ ~ OCOCH3 S S 1 2 b- Hydroxybenzo[ b]thi ophene- 3- car boxylic
acid (11)'™@ (Sﬁll"zﬂ?trrgﬁu%eap%réaf‘?ffﬁ F‘% f&kiﬁs)r%%’!fa‘%%oﬁ%aorﬂf%’étic

anhydri de,, m idine (4 m) r,3 rs,, water was added and t he
m xt ure &EQEE%%#q%éﬁﬁé Y s é??%@ %Eééégi&%tgggl?aﬁe¥br 1.5 hours. The

deposi t ed Ay A S MBF S fiddered avashed Yo theyaigs and dried to provide
1,349 ny 1 9°AUG 2002 32 5 of the title conpound (12). Yield: 97.3 np
239-240C. [sidg\NVR 8 (CDC13) , 300MHz; 2. 37 (H, s) , 7. 20 (1H, dd, J=2.4
and 8.7Hz), 7,87 (1H, d, J=8.7Hz), 8.34 (1H, d, J=2.4Hz), 8.57 (1H, s) (3)
Sted 3: 5- AcetTixiyhertzzyd hid hredipieenk -3 ceidofyytmatl o i o § 18P ubiiO©Gon®COCH3
Step 3 COC~OCOCH3 | ~/ ---al Ss 12 13

5- Acet ox e FAAB]INY cphreaRaindreoxshe cfeemely 10§) its gn, giddey) prepared

above was, refluxed for. 1.5 hoyrs with di methylformamde (1 dr , thionyl
chl ori de ((Pfﬁicﬁﬁfma)w&qo@l?uen&h(ez§er‘?‘la)t.l°ﬁ1§°§oIRFé’rﬁlra/HBg ﬁaerfg%)%gl)%nder d
reduced e t j 4, o) i d , _Xan~e 3
(52)-7-[ ?;fﬁﬁgg&%sfé%‘%%ﬁgx@ enz%?%‘?ﬁ%%%#%ln- %@%ﬁbgééfg%c A0y - 10- nor
pi-nan- % Béléa:_cﬁfoisf%’p%ﬁmie{ﬁ\;&hlé bded iLﬁ:OW_?eS%EQIQ tanw peStep 1 OSOZPh ~OH
,, 10 synthesized, in the preseﬁce of a base, by treating a

phosphonium salt which has been synthesized from
triphenylphosphine and an alkyl halide having a desired
alkyl group to be condensed, for example, 5-bromopentanocic
acid. Examples of a base include dimsyl sodium, dimsyl

15 potassium, sodium hydride, n-butyl lithium, potassium t-
butoxide and lithium diisopropylamide. The reaction is
accomplished within several hours at room temperature in a
solvent such as ether, tetrahydrofuran, n-hexane, 1,2-
dimethoxyethane or dimethyl sulfoxide.

20 [Step 4]

In this step, a compound (VI) wherein R is hydroxy-
protecting group is optionally deprotected to give compound
(VI-1). The reaction can be carried out in a conventional
manner using a catalyst such as hydrochloric acid, sulfuric

25 acid, sodium hydroxide, potassium hydroxide or barium
hydroxide, or the like. The reaction is accomplished
within several tens minutes to several hours with heating

in a solvent such as methanol-water, ethanol-water,



10 14 20 9 9 A13G 2002 So | I~ Step 2 OSOZPh (,~NH CHO 15 33 $goadd 2802

.Step 3 ~OSQzPh ,~ ,,~NH - COOH 16 Sof I i Step 4 OH,,~NH - COOH 17 ( 1)

Step 1 : Preparation of [ 3- [ ( 1R 2R 3R 5S) -3- (2

Hydr oxyet hyl ) - 10- nor pi nan- 2-yl ] car banoyl benzo( b] t hi ophen- 5yl ]

benzenesul fonate (14) 5 Benzoic acid sa%t of (+) -2- [ (1R, 2R 3R 595)

- 2- Am no- 10nor pi nan- 3-yl ] et hanol (desc Yed in Chem Pharm Bull. Vol . 37,

No . 6 1524-1533 ( 1989) (V -1) ) ( 5 .1g, 16. 7 mmol) was suspended in

water (10 m ). To the suspension was added 1 N hydrochloric acid (17 m)

and deposited benz&tc acid gas.%o.&gnnv%d by ex%%ac iing with eth¥J acet at e.

The or gantc BT WHRRET nadhBHOWM FRIWETHACETD RF) theo Like cBRsiEREdPAdueous

| ayer magdﬁgggg%f ghfggkrggb%gngide (9.2 m, 36.8 mmol) under ice-cooling.
enzenesul fon

A solution o yI'6xybenzo[ b] t hi ophene- 3-car bonyl chloride 15
(10) (5.89g, 1'ﬁ3he7_f@STPi&alegtEkéﬁ?wéoé%aﬁr@@?@w E\ﬁa%utrtaﬁ@radded dropwi se
over 15 mnutes with stirring. After stirring for hour at the sane

t enper at ut Eludt hatwdeloehbpesendcifdvédtiibh wasmaddedetnd 1t Radmiskbung was
extracted with ethyl acetate. The organic |ayer was washed 19 AllG 2a@
34 whbt h wiederbe dinterprvetednhpdanyswargaestanmlintitataeandopeenhelreosal vent
was distilled off under reduced pressure to provide 8.00g (95.60 of the
title conptimbPiraeyiakiensorsedsiAnbhphbrampiesHhRNR FheCbeldpwingooMz; O.
96 (1H, d, J=9. 9Hz) , 1 . 12 and 1.26 (each 3H each s), 1.50-2.42(9H m,
3.69-3. 8" YFHNIF* 2.30 (1H, m), 6.21 (1H, d, J=8.1Hz), 7.06 (1H, dd, J=2.4
and 8.7Hz), 7.§]: 7, §§%§ H m, 7.67 (1H m, 7.73 (1H, d; J=8. 7Hz) , 7. 85
7. 88 (2H m G F 1H s) , 8. 06 (1H d,

Ac: acetyl
10 TEMPO: 2,2,6,6—tetramethylpiperidine-1l-oxyl
Example 1
(1) Step 1:

4-(2-Propyn-1l-ylthio)phenyl benzenesulfonate (2)

C _OH Step 1 \L C LOSO,Ph
———
HS s
1 2
15 4-Mercaptophenol (1) (37.85 g, 300 mmol) and propargyl

bromide (42.82g, 360 mmol) were dissolved in ethyl acetate
(757 ml). To the solution was added dropwise triethylamine
(42.5g, 420 mmol) over 25 minutes with stirring and under
ice-cooling. After stirring for another 1.5 hours at the

20 same temperature, triethylamine (42.5g, 420 mmol) was added
in one portion, and benzenesulfonyl chloride (63.58g, 360
mmol) was added dropwise over 20 minutes. After keeping 1
hour at the same temperature, the cooling bath was removed
and the mixture was stirred for 30 minutes at room

25 temperature and partitioned into two layers by adding ice-



10 J=2.4Hz). [ a ] p25 +35.7 (c=1 . 00~, CH30H) ( 2 ) Step 2 : Pregar thﬁ?
.of [ 3- [ ( 1R 2R 3R 5S) -3 19 A

For nyl met hyl - 10- nor pi nan- 2-yl ] car banoyl benzo[ b] t hi ophen- 5yl ]

benzenesul fonate (15) 15 To dinethyl sulfoxide (3.16 m, 44.5 mmol)

di ssol ved in di nmet hoxyet hane (50 m) mgi added oxalyl chloride (1.92 m,
21.9 mml) under cooling at -60C- -65C. sol ution of conpound (14) (7.352g,
14.7 mmol) in 1, 2-di net hoxyethane (58 m ) was added dropw se at the sane
tenperature. After 20 stirring the mxture at -55C-60C for 30 m nutes,

triethylamne (&~h ), was nd,, .30 .m nut.e ter,. the gooling bath
was reno\yg&etro (gloljoowlt)heanr% %ﬁ?‘gmﬁ:@%%ﬁfp §C01$o{)ﬁ1féwﬂe'r atf}?%. The
reaction_m r-e i i r :g%ﬁgﬂ) And, ext Wi t h

t ol uene. a%%gfgé\r%%rggﬁga%rwﬁ;%éﬁgﬁeﬂ{w t vvaat er, 1:aér(i {ezcgi(?%\?lglr) anhydr ous
magnesi umhgulcbatg nard drtem itda Sl ents WassHH S twildiedv i dr Unghefed educed
pressure. The resulting residue was purified by chromatography on silica
gel (hexawer. aahiyyroacse traignes iamb sullfatk Aldid 20{h Ihd: HHltentprvs de 7. 329
(100% of the title conmpound (15) as col orl ess anorphous. IR (CHC13); 3443,
3093, 3068st3died 36 unzieas rezRiced XBES SR 0 PR ides 550 B0, 01558,
1513, 1377 ciri | 5 1H Nwﬁgs (CDC13), ., 300MHz; 0.97 (1H, d, J=10.2H2) , 1
17 and 188 &d&he3qomeaincs)(2)1 afs Qidy, Mrude osqledd 1§98 2. 22 (1H, ).

2. 36- 2. 60(3H, : 9 (14 d,, J=1. .7 17. 4H2) ., 3. 14 (1H, dd,
J=4.5 and 17.5?2)(9%&3.328 I(jfﬁ%Cj 30?716.%3(%H,3a°3, Uz’é’.dﬁﬁz)l,“ﬁ'oé%él . dd,
J=2.4 and 489/H3)37g1QypA . 50-7 . 55 (2H, m , 7. 67 {1H m , 7. 75 (1H d,
J=8 . 7TH2) , 7 . 85-7. 89 (2H, m , 7. 89 (1H, s) , 8.03 (1H d, J=2.4H2)
, 9.80 (1H diyJwmir3Hdpd1.3,] 3eomi3} 2826c3in, @0~g=5-8@H)) ,( 3396 Step 3 :
Preparation of ( 52 ) -7- ( IR 2R 3S, 55) -2- ( 5 15
BedZenesUtong, 0Xy2e VHa])h] tehiSdpleevat J-.\A4 alrdeariy 1240y re@)cH @hordrhaiH®-yl ] - 5- he
pt enoi c acid 916) 4-Carboxybu%¥ltrkphenylpho%ﬁhoniun1bronide (12. 179,
7.51-7.56 (2H, m), 7.68 (1lH, m), 7.82-7.85 (2H, m)
(2) Step 2:

4- (2-Propyn-l-ylthio)phenyl benzenesulfonate (3)

(73]

Qi\ 0S0,Ph Step 2 %i\J::Im%%
———
s~ ::

!

O=

2 3
15 The compound (2) (60.8g, 183 mmol) prepared in step

(1) above was dissolved in formic acid (30.4 ml) and
methanol (122 ml), and 31% aqueous hydrogen peroxide
(26.29g, 240 mmol) was then added. After 3.5 hours, ice-
water (240 ml) was added and the mixture was extracted with
20 ethyl acetate (2 x 300 ml). The combined organic layer was
washed with 5% aqueous sodium carbonate and water, dried
over anhydrous magnesium sulfate and the solvent was then
distilled off under reduced pressure to provide 65.47g of

the title compound (3) as oil. Crude yield: 117%.

25 IR (CHCl,); 3305, 3066, 3032, 3012, 1586, 1486, 1449,



27.5 mol ) and potassiumt-butoxide (7.19g, 64.1 nmol) were suspep@eﬂﬂjﬁﬁﬂ
.tetrahydrofuran {64 m) and stirred for 1 hour 20 under ice-cooling. To the
reaction m xture was added over 15 minutes a solution of the conmpound (15)
(9.11g, 18.3 mmol) prepared in above (2) in tetrahydrofuran (27 m) and the
m xture was continuously stirred for 2 iurs at the sanme tenperature. The
reaction mxture was diluted wth 25 r (80 m) and washed with tol uene
(2 x 105 m). After adjusting the agueous layer to pH 8 1 with 5 N
hydrochloric acid (4.8 m), anhydrous calciumchloride (8.1g, 73 muol)
dissolvedlgg wat ar (16 mM) was added, and the m xture was 1 9 AUG 2002 36
extracted mn?h ethyl acetate (2 x 100 m). Water (100 m) was added to the
organi c | ayer, 1 U oS! j1yst tQ p ith 5 N
hydr ochl ori ¢ ac}?gﬂg%éclpce%ysgét ?S W tHh \ewi'ﬁ‘%yllladdég%t gcge.ﬂﬁ'gdk%\rlydaﬁ '(Z:E’E*Mayer was
washed 5 whéih3waBeneadhi e, Ovachaddydgous mRGRSSBM73L)f ate 1@angdden the
solvent was distilled off under reduced pressure to provide 11.06g of the
conpound 716Y. (ghehc@Hpoerdh( #6) Jwas SHzed i7n Stlka .Bext(2Heaeat)i,or wiashout
further purification. (4) Step 4 : Preparation of (52) -7- [ (1R 2R, 3S,
5S) 52- (%18, Hpdr oXyBeénZefB] t(RHepmEn- 3-yI car bonyl ani no) - 10- nor pi nan- 3
yl]-5-heptepoic acid (17) (Conpound A)) The conmpound (16) (11.06g, 18.3
mol ) preég}edSFﬁpaﬁéve (3) was dissolved in dinmethyl sulfoxide (22 m).
After adding 4_N sodium hydroxid 27.5 he m e 15 was ated at
55C for 2 NOGHESRE o L PRYEP Y TRV SRy Rrap Bldb IaPRerd W h water
(130 mM) and washed with toluene (2 x 65 m ). The aqueous | ayer was
acidified with S N hydrochloric acid and extracted with ethyl acetate. The
organi c | ay was M@ oben Widtep yat er rie @30,40 anhydrous magnesi um

sul fat e, anmvent was digti r’?e | of der reduced pressure to
provi de 8. 26g e crude obj ective € d which was then dissolved in
met hanol (40 n}) and water (16 mi). The sol ution was seeded and gradual |y
cooled with stirying. The deposited crystals 25 were filtered and washed
with water: methanol (2:5) to provide 6.35g of the objective conpound.
Yield: 78.6. The crystals were dissolved in nethanol (40 m). To the

sol ypion was agfed YALELnG123T X 68Y87g! T83URGS 1Y bBtained in above
(2) was dissolved in 1,2-dimethoxyethane (1.6L). and the
solution was refluxed for 4 hours. To the solution were
added water (64 ml) and p-toluenesulfonic acid monohydrate
(19.2g, 100 mmol) and refluxing was continued for 2 hours.
15 The reaction mixture was concentrated under reduced
pressure, After water (200 ml) was added to the resulting
oil, the mixture was extracted with ethyl acetate (300 ml).
The organic layer was washed with aqueous sodium hydrogen
carbonate and water, dried over anhydrous magnesium sulfate
20 and then the solvent was distilled off under reduced
pressure to provide 60.18g of the title compound (4) as oil.
Crude yield: 103%.
IR (CHCl,); 3609, 3067, 3033, 3013, 2935, 2878, 1589,
1566, 1449, 1435, 1376 cm™

25 'H NMR & (CDCl,), 300MHz; 4.78 (2H, d, J=0.9Hz), 6.98



1 9 AUG ?0U2 37 stirring. The m xture was seeded and conti nuously ségg{egpz
.for 1 hour at 25C. After adding water m nutes, the m xture was stit G
1.5 The deposited crystals were filtered and 5 water . nethanol (3:5) (8
m) to provide objective conpound (17) which was al nost 76.0k np 145-146C.
IR (Nujol); 3313, 3096, 3059, 3001, 15§§3 1469, 1440 cm 1 (7 m) over 40
hours at 25C . washed with 6.14g of the colorless. Yield: 1717, 1627, 1603;
10 1H NWR 8 (CDC1,) , 300MHz;1 . 02 (1H, d,J=10.2Hz) ,1 . 12and 1.24 (each
3H, eachs),1.56-2.55(14H, ), 4.29(1H, m,5 . 32-5 . 51 ( 2H m , 6 . 20(

oo Ut &) oleoaCint 3y Sea ST e S M) )

CH30H) El e a al ygesf or CASER1 SCal cuhatad G : <C, 684005, H, 7. 08;

N, 3. 17; s??g%abﬁ@gnéz?i){“pt,caéggsﬁﬁﬂ,cﬁ)/’o ;'%%, (§324;d’s,%8?.'§fz )¢ AUG 2QQ-
38 CLAI M57183A7psecegs, fay producing a conpound of the formula (1) 5 HOO ~
ORI S wherein Ris hydrogen or a hydroxy-protecting group, or~a reactive
derivativé4i heBeep, 4whi ch conpri ses subjecting 4nmercapt ophenol to reactions
for introduction of a propargyl 10 group and protection of hydroxyl group
to ybel d a-Benpenagubfonreorgbanka [Pl EhiophenerS-chriontidriei mcRd i($)a

hydr oxy- protecti ng groups oxidi zing the 15 conpound (Il) to yield a

conmpound of the formula (Il11): \ ~1 ORSIQs Owherein RLis a

hydr oxy- pr ot egs SOeflbj ecHPME t he HBwRRO P3%Bh t 0 t her mal
rearrangenent redgctj o yield a_congpound a ormula (1V): 19 AtIG
2~2 39 HOI | ~ ORF'S Wherein Rl is as definedsabdve and subjecting the

conmpound (IV) to stepw se oxidation of hydroxynmethyl group and optionally
deprotection. 5 2. The process of claim1l, wher&i n the hydroxyprotecting
group represented by Rl is al kyl, al koxyal kyl,. acyl, aralkyl,
al kyl sul fonyl , aryl sul feagy bRy losodsst i tuted silyl, al koxycarbonyl,
aryl oxycar bonyl, aral kyl oxyca yl or tetrahydropyranyl. 10 3. The process
of claim1, wherein the hydmsoxyprotecting group represented by Rl is
aryl sul fonyl .

6

The compound (4) (51.26g, 155 mmol) prepared in above

(3) was dissolved in acetonitrile (1.54L), and TEMPO (2, 2,
6, 6-tetramethylpiperidine-l-oxyl, 250 mg, 0.0l eq.) was

10 added thereto. To the mixture was added dropwise 0.81 N
aqueous sodium hypochlorite, which had been prepared by
diluting 1.63 N aqueous sodium hypochlorite (150ml) with
water (75 ml), adjusting pH 8.6 with 1 N sulfuric acid, and
adjusting the total volume to 300ml, over 15 minutes, while

15 maintaining the inner temperature between —1°C and 8TC.
After stirring for 25 minutes at this temperature, 1 N
aqueous sodium sulfite (32 ml) was added. Subsequently,
79% sodium chlorite (27.48g, 240 mmol) and 31% aqueous
hydrogen peroxide (23.26g, 212 mmol) were added under ice-

20 cooling. The cooling bath was removed and the mixture was

stirred for 2 hours. The reaction was diluted with water



4. (Anended) A process for producing a conpound of the formula (V &) &g
. Wwherein Ris hydrogen or a hydroxy-protecting group and X is hydr AUG 2002
al kyl, and doubl e bond represents either Eor Z-configuration, or a
pharmaceutically acceptable salt or hydrate thereof, which conprises

subj ecting 4 20 mercaptophenol to reactijons for introduction of a propargyl
group and protection of hydroxyl group to yield a conpound of the formul a
(rn): 1 9 AAITG20U2 40 \ / OR S wherein R1 is a hydroxy-protecting
group; oxidizing the conpound (11) to yield a conpound of the fornula

(F1)- V1 Gy S Qibudbesetd Ht BSwathYdr axHyREEEREbAG GkquPandiukhect i ng
t he conpound (III) o heat rearrangenent reaction to yield a conpound of

the formdepdsMedHexystats Grefewbelterel] bRdawmadhbdnediakowethand

subj ecting the conpound 10 (IV) to stepw se oxidation of hydroxynethyl
group andwaper oh200ymiepracetonbhribeyi(6Pdmd) cbappunyide BRe4oodul a (1)
HOOC ~ OR C S wherein Ris as defined above, or a reactive derivative 15
t hereof ; cu¥geceryigtahe. cohpeunrguee erEsEBLAull32¢ AY) oWexer susPepded

of 1 2t'f¥,fre$$§ée%§ut94m<£ﬁ' b e i6kad 805 5, TRRERS A1 ['s Thydr ogen
cnl e thereSrLi8l phuEEt oy T Gr P OLR e L REr R T S m b WAEHD D
condi tiong.fesn V1@ [68Chi PNioapot3heOpbi 908! by €aRr @teqki on.
compound (6). Yield: 51.7%, mp 202-203C.
IR (Nujol): 3102, 2925, 2854, 2744, 2640, 2577, 1672,
10 1599, 1558, 1500, 1460, 1451 cm™
NMR&S (CDCl,), 300MHz; 7.16 (1H, dd, J=2.7 and 9.0Hz),
7.55-7.61 (2H, m), 7.73 (i1H, m), 7.81 (1H, d, J=9.0HzZ),
7.90-7.94 (2H, m), 8.16 (1H, 4, J=2.7Hz), 8.60 (1lH, s)

Elemental Analyses for C;sH,,0sS,

15 Calculated (%) : C, 53.88; H, 3.01; s, 19.18
Found (%) : C, 53.73; H, 3.24; s, 19.08
Example 2
(1) Step 1:

5-Benzenesulfonyloxybenzo[b] thiophene (8)

OH Stepl 0S0,Ph
O™ L g
s s

7 8
The compound (7) [J. Am. Chem. Soc., 57, 1611-1616

20

(1935) ; Ann. Chem., 52, 83-114 (1938), J. Am. Chem. Soc.,

78, 5351-5357 (1956) ;J. Org. Chem., 41, 1118-1124 (1976)]
(1.36g, 9.05 mmol) and triethylamine (1.89ml, 13.6 mmol)

25 were dissolved in tetrahydrofuran (10 ml). To the solution



5. A process for producing a conmpound of the forrmula (I) HOOC ~ Oiz IA‘E 12&12
.wherein Ris hydrogen or a hydroxy-protecting group, or a reactiv S
derivative thereof, which conprises subjecting 5hydroxybenzo[ b]thi ophene to
protecting reaction to yield a conpound of the formula (VMII): ~ORz I I S
15 wherein RZ is a hydroxy-protecting gﬂ?up, reacting the conmpound (VII)
with acetyl halide under the conditions Friedel -Crafts reaction to
yield a conpound of the formula (VIIl1) H3COC ~ OR2 | I~ S 20 wherein RZ is
a hydroxy protecting group; subjecting the compound (VII1) to oxidation of

acetyl group ggaeapakepahgx a bodfREBLECH BUny gaggu@%ﬁ%&%@%&f claims,

wherein t roxyprotecting group represente

alkoxyalkyigsﬁgylaoagahﬁwh ahkxbﬁuhhgaybfu@aﬁlaglﬁqul Aﬁk%xlb%ln
substituted si al koxycar bonyl , aryl oxycar bonyl, aralkyloxycarbonyl or

tetrahydrspyraeglfof 2Theupspcehs néactabﬁ1ﬁ;xwheéewastH&lhf@ﬁowyphotecting
group represented by Rz is arylsulfonyl. 8. (Arended) A process for
produ0|ngwatennpbdnﬂxﬂraigedhwltbrﬁgﬂéeOVI ) TRX whgreiie Raiysrhydsogen or a

hydr oxy- protectlngEgroug and X is hydrogen or al kyl, and doubl e bond
represent $2ehedef 1 E1152ppI 7- éShFPgB §Fi ﬁhyéFOHSpﬁégﬁﬁééﬁﬂlé&ﬂﬁ?tﬁcceptable

ﬁ;gﬁog;be géfﬁﬁ?ﬁrgéﬁg%81Y8ngp8$§ S iggﬁfbgﬁt 88§FeF8dﬁc€8npound of the
formula (%%égsureCRZT Zpe%ﬁﬁﬁg'ﬂagzch? ﬂaPX§EQEX88r8b ¢t LRg gLoHR

reacting e conpound VIT) wth acet e gond |t|gns for
Friedel - yaftshegagti pnetpyyi akdtatepnaaundneh therfatanhazEéq9 rible 2D02

(Vi) hexane containing small amount of ethyl acetate to provide
10 2.28g of the title compound (8). Yield: 86.8%, mp 80-81C.
IR (Nujol): 1599, 1579, 1564, 1497, 1448, 1440, 1415,
1352 cm™
'H NMR 6 (CDCl,); 300MHz; 6.92 (1H, dd, J=2.4 and 8.7Hz),
7.26 (1H, dd, J=0.9 and 5.4Hz), 7.47 (1H, d, J=2.4Hz), 7.51
15 (14, 4, J=5.4Hz), 7.52-7.55 (2H, m), 7.67 (1H, m), 7.74 (1lH,
d, J=8.7Hz), 7.83-7.87 (2H, m)

Elemental Analyses for C,,H,;,0,S,

Calculated (%): c, 57.91; H, 3.47; s, 22.09
Found (%): C, 57.72; H, 3.45; s, 21.98
20 (2) Step 2:

3-Acetyl-5-benzenesulfonyloxy-benzo[b]thiophene (9)

OS0,Ph Step 2 H3COoC 0S50,Ph
Lo I
[ S

8 9
Powdered aluminum chloride (1.34g, 10 mmol) was

suspended in dichloromethane (10 ml). To the suspension

25 was added dropwise acetyl chloride (1.02ml, 14.3 mmol) over



Er 19 AUG ~~ 93 H3COC ~ OR2 | 5 wherein RZ is a hydroxy-protecting group;
. subj ecting the conpound (VII1) to oxidation of acetyl group and opfgaoxe 232
deprotection to yield a conpound of the formula (1): 5 HOO ~ ORI s wherein
R is as defined above or a reactive derivative thereof; subjecting the
conpound (1) or a reactive derivative fgereof to the follomnng reactions:

(1) reaction with a conpound of the fornmula (V) ..vNH2 V -.- COOX 10
wherein X is as defined above; or (2) reaction with a conpound of the
formula (V): ,,~NHZ V OH or a salt thereof followed by oxidation and

reacti on gwif é%u%%sa@ﬁﬂﬂ‘g%fFP¥HQtJHB:ﬁ¥E%§' Jégl#gétlg reaction; and (3)

optlonally eprotection. 9. A conpou e for (1) wherein Ris

aryl sul f giyseRfuchtlgacld W 1datiioraldsy e Hhldfounkd- (&) conperyyl of 4 he
formula (1) wherein Ris 20 benzenesul fonyl "or a reactive der’i vati ve

t her eof . MMAY® ArEph retFabhoAs( 1A .JA3L AImeATh A% . (O )F. WA . Afdedd 9. Asl r. A
ALL. ASNr. A; A" % A9 . A" 3L. A9; L. As_. A A2. As. A@E. A& A . AY. AU. A&r . As. AY. As3. A

AA Admppm@sg1ggm45I@lenutes After being stirred for 2 hours
8|8| | S#. #. 222222275 07~7~27~2~22~77~ 99>@49>909>9>99>99>>~~ ?2~| ~?~~~<~| ~~|

By o7 2 5hoy pahe. LoRPARARUTq e (Hhen |
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P 2222322222
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22x?| 222 W2 Rled? WA DK Watle) ? QUDOER DN AT [surpnge>>> <>~

~~~~~~~ LI 1] pl | ~~~~~~~~~~~| | xX?p<??2?2022x?~7?~ o< P79~~~ 2299972772772| 22?227>

?287>~?7" xaﬁﬁ??ﬁ%ﬁ?%ﬁ%O%%lMeMt%ﬂdﬂ diGtidles off under reduced
10 pressure. The resulting residue was recrystallized from
ethyl acetate (3 ml) and hexane (3 ml) to provide 2.0lg of
the title compound (9). Yield: 84.4% mp 129-130%C.
IR (Nujol): 3094, 1672, 1619, 1596, 1556, 1494, 1450,
1437, 1428, 1369 cm™
15 'H NMR S (CDC1,); 300MHz; 2.58(3H, s), 7.22 (1H, ddd,
J=0.6, 2.4 and 9.0Hz), 7.52-7.58 (2H, m), 7.69 (lH, m),
7.79 (1H, d, J=9.0Hz), 7.87-7.91 (2H, m), 8.27 (1lH, dd,
J=0,6 and 2.4Hz), 8.31 (1H, s)

Elemental Analyses for CH,,0,5,

20 Calculated (%):C, 57.82; H, 3.64; S, 19.29
Found (%): c, 57.62; H, 3.71; 8, 19.23
(3) Step 3:

5-Benzenesulfonyloxybenzo[b] thiophene-3-carboxylic acid (6)

HaCOC 0SO.Ph  Step 3 HOOC 0SO0ZPh
. AN W |
s s

9 6
25
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11
5-Benzenesulfonyloxybenzo[b] thiophene-~3-carboxylic

acid (6) (100 mg, 0.3 mmol) prepared in Examples above was
5 dissolved in 1 N sodium hydroxide (1.2 ml) and heated at"-

40°C for 8 hours with stirring. To the reaction solution

was added 1 N hydrochloric acid (1.2 ml), and the deposited

crystals were filtered, washed with water and dried to

provide 58 mg of the title compound (11). Yield: 96.6% mp
10 262-263C.

This compound (11) is identical to 5-
hydroxybenzo[b]thiophene-3-carboxylic acid described in M.
Martin-Smith et al. J. Chem. Soc (C) , 1899-1905 (1967).
(2) Step 2:

15 5-Acetoxybenzo[b]thiophene-3-carboxylic acid (12)

HoOC OoH sStep2  HOOC OCOCH3
oo
S s

11 12
5-Hydroxybenzo [b] thiophene~3-carboxylic acid (11)
(1,140 mg) prepared in above (1) was dissolved in acetic
anhydride (2 ml), pyridine (4 ml). After 3 hours, water
20 was added and the mixture was continuously stirred under
ice-cooling for 1.5 hours. The deposited crystals were

filtered, washed with water and dried to provide 1,349 mg
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. 109& ()-t109%& ()- S&L0%& ()- 10 10VIMaBIC

108109 ()-sY" 10%' ()-!10% ()-!0Y10%& ()-9 10% ()-1!10% ()-'{\;JIC 10 h
1 109 ()- 1 109& ()-!Hs-"109& ()- Y(10% "1 & ()-)!Y(10%>& ()-9%40% ()- aB
10 h* 10%4& ()-s10%+& ()-' 10%& ()- 4_‘%?(10 109" 109 ()- 1

1090& () - NVd9%EaB 10 h9s109%4& () - 109 )--#10%& ()- GLOY&' ()- 10%4& ()-s
109%4& ()-%*7G-\=aB 10 . @10%%& ()-!3 f&I0%HE ()- f&I0%& ()-) s$

10944& ()-'QS$10(VQ'|Q'|& ()- @ 10%& () bsz 10 %109 ()-3910% ()-M 10H 10H

e e
10%; ()- L6 10%?() Rﬁé@c@é% g! Wc%oo ? gﬁw%fy&g’({ﬁ () 1bC 10 @
109& () - 3¥92&4( xnt10YRHE) - &IQWR ((1H, 1Q, 1@ =8Q9Ez) J0%&'30) (qu, d| | A2bC
J=2.4Hz), 8.57 (1lH, s)
5 (3) Step 3:

5-Acetoxybenzo[b]thiophene-3-carbonyl chloride (13)

HoocC OCOCHs  Step 3 cloc OCOCH;
Ty —
S S

12 13
5-Acetoxybenzo [b]thiophene-3~carboxylic acid (12)

(1,349 mg) prepared above was refluxed for 1.5 hours with
10 dimethylformamide (1 drop), thionyl chloride (1.22 ml) and

toluene (25 ml). The solvent was removed under reduced

pressure to provide 1,454 mg of the title compound (13).

Example 3

(52)-7-[(1R, 2R, 35,58) -2~ (5-Hydroxybenzo[b] thiophen-3-

15 ylcarbonylamino)-10-norpinan-3-yl]-5-heptenoic acid (17)

S
‘\NHZ HOOC_O (o) '
Step 1 0S0zPh
OH —_— oNH
\ cloc 0SOzPh
V-1 m OH
s
14

20



10 10%& ()-1B10% ; & ()-9GLO%& ()-Y
. 1098& ()-! R#109% | & ()-&910%& ()-!112"nt""aBbC 10 18 AUG 2002
S& #109&' ()-!Vs& #109%&' () - Y(9! 10%& () - &G@LO%& () - $10Y& () - #$10%& () - " ##=3u$S$
$$$aVK@ 10 10 10
10: &10%& () - 810%& ()-!ds5s$109%& () - &3 19%&' ()--! 10%& () - $$$$%8@%EBVK@ 10
| FOF" 10% k; k& ()-1 '!110%g& () -
10%g& ()-!10%g& ()-s10%& ()-y&10%& () - Wek&&Y% ' aBVK@ 10 110%g& ()-'Q
109%& ()-9s10%g&' ()- @ 10%g& ()-10%g& () - FOF" 10%g& ()-'"" (9(p( (dEVK@ 10
,110%& ()-&  10%& ()-1 (10%& ()-& ! 10%g& () - $10%& () - #10%& ()-((R)))))
}7A?24@ 10 10g: 310%g&' ()-8
10%g& ()-610%g& ()--$10%g& ()-!s-$L0%& ()-!i-$10%& ()-)))))"****nmN/ , y10% &
()- 10% & ()-s 10% & () - N ()- @O0% & ()-&10% & () -3
10g* +N++++i , dENN , y18%0 s gl ()-9@9%40% & ()- -19% & 06 & () -

109 & () - Lsaes% & -n--.=. a PW10§(%D373,0% & ()X $109E (psoF0s & () - $!
10% & () - &L10%&, ‘8!1”‘10%"'"&'() Y d ANEDYBL096 & () -

610% & () - &@z 0% ()ft@
109% & ()-1& 10% & % & ()-U/1111111bC, yl ' & () -
109%& ()-f&@0%& ()- 10"140" 10"s: 10% & ()-/7/ 1181NLI 1}\: i)p plO%& () -
gl0%& ()-!yl109NN& ()-!10%. & ()-m!!10%z& ()-m ! 10%N& (
1111111} A<bCl 'Y (10% ; & ( NOZ6& ()-Y
(10%& ()-!109%66& ()-! U30%=P -@0%& ()-111(2+2e22dEbCI ! | 7210% & () - 5-
10%& () -1 7%z & () - 3190k & ()¥1 9% &' ()-010%& () -2222222E3}3bCl !

10%& ()- 10%s& () - 1408 ()- F%10%& ()- 10z 10z
— COOH

17
(1) Step 1l: Preparation of [3-[(lR,2R,3R,55)~3-(2-

Hydroxyethyl) -10-norpinan-2-yl]carbamoylbenzo[b]thiophen-5-
vl] benzenesulfonate (14)

5 Benzoic acid salt of (+)-2-[(1R,2R,3R,55)-2-Amino-10-
norpinan-3-ylj]ethanol (described in Chem. Pharm. Bull.
Vol.37, No. 6 1524-1533(1989) (V'-1)) (5.1g, 16.7 mmol) was
suspended in water (10 ml). To the suspension was added 1
N hydrochloric acid (17 ml) and deposited benzoic acid was

10 removed by extracting with ethyl acetate. The organic
layer was washed with water (10 ml). To the combined
aqueous layer was added 4 N sodium hydroxide (9.2 ml, 36.8
mmol) under ice-cooling. A solution of 5-
benzenesulfonyloxybenzo[b]thiophene-3-carbonyl chloride

15 (10) (5.89g,16.7 mmol) in tetrahydrofuran (36 ml) was then
added dropwise over 15 minutes with stirring. After
stirring for 1 hour at the same temperature, 1 N
hydrochloric acid (4 ml) was added and the mixture was

extracted with ethyl acetate. The organic layer was washed



102&910%& () -} 33! 44445aBbC! | 10%& () - S@LO%E ()-5 10%& () - L0% Vg Yot My
. @ 109%66& ()-sS10%& () - 5<5v5}567887<. C 2
10! d@$109%& ()-![ @$10%& ()-![ @$10%& ()-!910% & ()- 10%& ()-

10%& ()-88888S99: aBC 10! d! 109 () - ! #10%& () -! #10% ()-f 10%& () - &10%: () -
10 10: u:::;)<<aBBC 10! d&10%& ()-IQ9"$190/ ()

109 ()-99° 1 109%&' () - &10% ()-g 109& () < ===dEBC

10! d95! 109& () - YIM 10%& ()-/S109%& ()- - 10%&' ()-9, 109%& ()-9*109%& ()- =
>G>~>>>>>>bC 10! d10% ()- &10%' ()- 10 10 10: 10% ()-8

M 10 (VN1 TN TO0E (3 IR REn Mg GT 1 ety Fate and then

100 % Y
10! d- ﬁ/ﬁog{/:ggé())&s Sr%tfg%/é??/% é%:s?l%eg? (%f%:?u%%ﬁf‘g% &@fg%%% PQ(C)to$

109%& () - BXCRBEPRERFIRPD I ) 63 10 RIUOVE £1t140c3RpdOYaZ10%K 43- Y8
10%&' ()-![ F1#10%&' ()-M QF1#109&’ () - MSDVDDDE<EUEdEQ\ =
10! 109&' (Co-lmh(lods g )anndiuyg - 109&' () - 10%& ()-f 10%& () - uEEEf FLGGeHaBg\ =
10! $s! 109%& () - N[#F"lO%&'()- 109%& ()- 'L LU0 ()-Y '10%& ()- T
100/&3 () - eHHI | I'BI NSIBEy\EDT D)) G#MI(Z),- "GJADYRLH ) -D3 TADIRIL) -1 11208488 () - /
8%8 &%Zf%&u /ELUGI(ESJ Ys\g)é]/ (%%) ’9%69110@) 109g6973 - PRKKEELLEABbC
4,30 (1, m), 6.21 (1H, d, J=8.1Hz), 7.06 (1H, dd, J=2.4
and 8.7Hz), 7.51-7.56 (2H, m), 7.67 (l1H, m), 7.73 (1H, d,
J=8.7Hz), 7.85 ~7.88 (2H, m), 7.88 (1H, s), 8.06 (1H, d,
10 J=2.4Hz) .
[a],?® +35.7° (c=1.00%, CH,OH)
(2) Step 2: Preparation of [3-[(1lR,2R,3R,5S5)-3~-
Formylmethyl-10-norpinan-2-yl]carbamoylbenzo[b]thiophen-5-
yl] benzenesulfonate (15)
15 To dimethyl sulfoxide (3.16 ml, 44.5 mmol) dissolved
in dimethoxyethane (50 ml) was added oxalyl chloride (1.91
ml, 21.9 mmol) under cooling at —60C-—65C. A solution
of compound (14) (7.352g, 14.7 mmol) in 1,2-dimethoxyethane
(58 ml) was added dropwise at the same temperature. After
20 stirring the mixture at —55°C-—60°C for 30 minutes,
triethylamine (6.1 ml) was added and, 30 minutes later, the
cooling bath was removed to allow the mixture to warm up to
room temperature. The reaction mixture was diluted with
water (100 ml) and extracted with toluene. The organic
25 layer was washed with water, dried over anhydrous magnesium
sulfate and then the solvent was distilled off under

reduced pressure. The resulting residue was purified by

chromatography on silica gel (hexane : ethyl acetate = 5:5-



10! 109& ()- 109& ()- YHLOY& ()-! Y#L09%& ()- 109 ()- S10%& () - LVWNN8Nn1\INdEb

. 10! s+9109%&' () - & 10%&' () -1 (10%&' ()-$10%&' ()-"!10%&' ()-|310%& ()- No6Ch

C

10! 8109& () - 6109& () - S5109& () - &3109%& () - YISI09%& ()-!- & 109%& () - P<P=P>P?PMP
PPRPUPHC 10! 1096& () - 109%& ()- 1096& ()59 109%& ()- 10 10

101 : 109 () - UPXP+SBSFSHSVS <bC 10! ;

L* 10965& ()-! " $109%& ()-2Z' $109%& ()-ZL ! 10%& ()- M. ! 1096& () - M

109%& () - VS[ SSSSSSAELC 10! ; F7 109%& () - 9y51096& () -. MLOYGE () - 3

10958& & T273 10! 94 0%&. ( 05_105

105991(()%/5 %? /Egé’é?Ybéggi %)J ?%ﬁi /{%/é’?(g@vﬁgﬁb%%w@&%%# P BIUdEg\ =

igil 9;{@' g&:/é&%%&ifs)amoiﬁi}(&ué)-'10%&'()-- 109&' () -y109%&' () - UKVW/ W Wha?g\ =
P> &'

109&' () - llOO/«&IRHM{a:mg(&,(BMB | 3098, ( B06510%830) - WXYE’QQY»@BQ‘eﬂlO”%

10%& ()-1 1t 109%& ()--:! 109%&' ()-L, $10%& ()-'1( 10%& ()-

1098 () pWZ\ZﬁSZ 21 2QnbE656) 1 18969&1658,10516, 1@377 cm™

109 ()-8:! 109%g &&610%& ) - L5$10%&' () -1 Z0ZzZZ[ [ dEnbC

10! | WLOYR' () - s FOORIR § -(CDEQSRs (F0MMBIR' ) 97 103& (3, f TTDOR2HE) , [ ¥ 1Y\ \ u] dENbC

1001 LE109%00) 1528 (each 3H, each s), 1.46 (1H, m), 2.03 (1H, m), 2.22
(1H, m), 2.36-2.60(3H, m), 2.69 (1lH, ddd, J=1.2, 8.7 and
17.4Hz), 3.14 (1H, dd, J=4.5 and 17.4Hz), 4.28 (1H, m), -
6.18 (1H, d, J=8.1Hz), 7.09 (1lH, dd, J=2.4 and 8.7Hz),

10 7.50-7.55 (2H, m), 7.67 (1H, m), 7.75 (1H, d, J=8.7Hz),
7.85-7.89 (2H, m), 7.89 (1H ,s), 8.03 (1H, d, J=2.4Hz),
9.80 (1H, d, J=1.2Hz)
[a],?® +31.8° (c=1.00%, CH,ZOH)
(3) Step 3: Preparation of (5Z2)-7-[(1R,2R,35,58)~-2-(5-
15 Benzenesulfonyloxybenzo [b] thiophen-3-ylcarbonylamino)-10-
norpinan-3-yl]-5-heptenoic acid (16)
4-Carboxybutyltriphenylphosphonium bromide (12.17g,
27.5 mmol) and potassium t-butoxide (7.19g, 64.1 mmol) were
suspended in tetrahydrofuran (64 ml) and stirred for 1 hour
20 under ice-cooling. To the reaction mixture was added over
15 minutes a solution of the compound (15) (9.11g, 18.3
mmol) prepared in above (2) in tetrahydrofuran (27 ml) and
the mixture was continuously stirred for 2 hours at the
same temperature. The reaction mixture was diluted with
25 water (80 ml) and washed with toluene (2 x 105 ml). After
adjusting the aqueous layer to pH 8.1 with 5 N hydrochloric
acid (4.8 ml), anhydrous calcium chloride (8.1g, 73 mmol)

dissolved in water (16 ml) was added, and the mixture was



109 ()-s@ 10%& ()- @O0% ()- @10%& ()-s@O0%& ()-u]]" ~A(M*~{Y:nbCl 9 AUG 2002
.10 1 1L109& ()-! +10%& ()-!Du+10%& ()- >, +10%&' ()-y)! ,

+109&' ()-yL! 209N&' () - *N- M ANAAAANGYNC 10 10 10 101 :

10%&. ()-8510%& ()-6" 109& ()-4109%& ()-1109%& ()-~_Gw__ dEYNC 10 910%g& ()-|
10%& ()-f10%& ()- v 10%¢& ()- 10%& @) @L0%& ()- "G} "~ $adEYNC 10
2#10%& () - L10%&' ()-1510%& () - 10%& CF- 10%& () - 3y

10%g&' () - $abAbxbb(c5ca?YNC

10! S0010%& () - 3! L9*g10%gg& () - &10%g& ()-$ 10%g& () - #$10%& ()-M 10%g& () - Vb

ook f? ] Ce’gtc’i%%‘[éfg‘%&%}ﬁ?%éi? +§L’§g/€§t§)16 /5%2%?’93%19 Z::silgég?ﬁcéﬂf’g liog 99
100,201 8 o1 e 1008 s L, S o ORIITISSECHRELC L
1 10gs/ 10968 (9t LoD MBS 1ow @iz 1D% £H -5 ! ROAFdfdchloric acid and
109K ()-109%& ()-eel gkgLgMgNg\ g _geF 1
extracted with ethyl acetate. The organic layer was washed
5 with water, dried over anhydrous magnesium sulfate and then
the solvent was distilled off under reduced pressure to
provide 11.06g of the compound (16}). The compound (16) was
used in the next reaction without further purification.
(4) Step 4: Preparation of (5Z)-7-((1R,2R,3S5,55)~2-(5-
10 Hydroxybenzo [b] thiophen-3-ylcarbonylamino)-10-norpinan-3-
yl]-5-heptenoic acid (17) (Compound A))
The compound (16) (11.06g, 18.3 mmol) prepared in
above (3) was dissolved in dimethyl sulfoxide (22 ml).
After adding 4 N sodium hydroxide (27.5 ml), the mixture
15 was heated at 55C for 2 hours with stirring. The reaction
mixture was diluted with water (130 ml) and washed with
toluene (2 x 65 ml). The aqueous layer was acidified with
5 N hydrochloric acid and extracted with ethyl acetate.
The organic layer was washed with water, dried over
20 anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure to provide 8.26g of the crude
objective compound which was then dissolved in methanol (40
ml) and water (16 ml). The solution was seeded and
gradually cooled with stirring. The deposited crystals
25 were filtered and washed with water: methanol (2:5) to
provide 6.35g of the objective compound. Yield: 78.6%.

The crystals were dissolved in methanol (40 ml). To the

solution was added water (12 ml) over 7 minutes with



10§s 109 ()-940% ()- 10 10 10L10%&' ()-1s!10%&' () - 19 AUG 2002
. 3109 ()- _ggggbShhhdEeF 1 10gY! 10%&' ()- 109 ()-9%$10%& ()-9
109 ()-109%& ()- 109%&' ()-hi}i'jjjkaBeF 1 10gl (10%& ()-& 10%& ()-! CL##10%
& ()- 10%& ()-9 !'10%&' ()-910%& () - k2k>kr kk$l ]| dEeF 1
10995 ' 109%& ()-&3 ' 109& ()-/s!10%& ()-s;,109& ()-9, 109 ()- & MLOY& ()-]!11mm
nmmmbC 1 10g 10%&' ()-9%310%& ()- 10 10 109 () -8@
109 ()-610%& () - mhmUnbnmnwx6bC 1 10! Cs10%&' ()-s910%& ()-! $10% (& () -
F$I09N{ N{ & () - !'$109%& ()- !3$10%\ & ()- nnnno&p&]; bC 1
100 VL #$109& () - ' VO #310%&. ()-  ~#$10%2q P& (,)-" . #310% .
(&f()-‘Ifﬁ@%?%%gg109%?%)mtﬁ5ééﬁqﬁffrB@f?gd ané contlnuou@%y stirred

for 1 hour at 25°C. After adding water (7 ml) over 40

minutes, the mixture was stirred for 1.5 hours at 25C.

The deposited crystals were filtered and washed with

5 water : methanol (3:5) (8 ml) to provide 6.14g of the
objective compound (17) which was almost colorless. Yield:
76.0%, mp 145-146C.
IR (Nujol),; 3313, 3096, 3059, 3001, 1717, 1627, 1603,

1548, 1469, 1440 cm™
10 'H NMR 6 (CDC1,), 300MHz; 1.02 (1H, d, J=10.2Hz), 1.12
and 1.24 (each 3H, each s), 1.56-2.55(14H, m), 4.29 (1H, m),
5.32-5.51 (2H, m), 6.20 (1H, d, J=9.3Hz), 7.01 (1H, dd,
J=2.4 and 9.0Hz), 7.66 (lH, d, J=9.0Hz), 7.69 (1H ,s), 8.03
(1H, d, J=2.4Hz)
15 [a¢]p??+50.7° (c=1.01, CH,OH)
Elemental Analyses for C,;Hy,NO,S
Calculated (%): C, ©8.00; H, 7.08; N, 3.17; S, 7.26
Found (%): C, 67.84; H, 7.08; N, 3.24; S, 7.31
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10! F109&' ()-t109%& ()-10%& ()-9 $10%& ()-!9 $10%& ()-! 109%& ()-y!'t@}ttt
wuz[<b@1

10! I'sf/ 1 109%& () --109%& ()-s+f109%& ()-! 93B10%HSHSE ()-!9""10%& ()-!qe9" " 1098
@@ ()-\uu vGrxvvvvvavVK@1 10!! 10 10 109l : #109%& ()- 8@ 10%K& ()-6

109&' ()-4- 10%& ()-!C9F1$10% & ()-vvvvww WdEVK@ 1 10!!

10F109%&' () -3s10%&' ()- SF10%& ()- 10%&' ()-10%&' ()-f&L0%& ()-G w wwwx xa@K@
1 10!'! &s10%PP& ()-)!d&s10%U& () - FLAIMONE ()-S3 - 10%& ()-SF1 109%&' ()- F(
109&' () -

1. A process for producing a compound of the formula

(I):
HOO OR
An®) I
S

wherein R is hydrogen or a hydroxy-protecting group, or-a
reactive derivative thereof, which comprises subjecting 4-
mercaptophenol to reactions for introduction of a propargyl

10 group and protection of hydroxyl group to yield a compound
of the formula (II):

|
L ;
S

wherein R! is a hydroxy-protecting group; oxidizing the

15 compound (II) to yield a compound of the formula (III):

O i
S

"
wherein R! is a hydroxy-protecting group; subjecting the
compound (III) to thermal rearrangement reaction to yield a

compound of the formula (IV):
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.10sl:"109%&' ()-!1110%& ()- !!109& ()- FL0%&' ()-'&s10%& ()-c{g{t{v{ 19 AUG 2002
| U u| dESH= 1 10!! 1010%& ()-:!10%z& ()--:!10%& ()-- s10%& ()-

10% & ()-&10%& ()-ul||||]]}~?SH= 1 10!! / 10%& ()-y&l0%& ()-Lt10%& ()-
6109%& ()-!110%j & ()- 010%"; & ()-||uv4 391! ' $10%

;& ()-yylove& ()-y&l0%& ()- 10zz 10zz 10zz!! '10%z& ()-8

10% & ()-dRfsz[<uV4 1

1! D#10% & () - DH10% & ()-10% & ()-! 0@10%z& ()-9! [ @10%& ()-9!>""' $10%0J0&
()-s~eFuv4 1

1! D#10% & () - D#109 B () - #3X! #DH1QYE & () - DE10% & () - eFuV4 1

1! D#10% & () - D#10% & () - @& ()-D#10% & () - #3X #D#10% & () - *+5j F, 4D#10%
& ()-#3X! #D#10% & () - DHR09& () - D#10% & () - D#10% & () - #3X! #5: ASTUbf E, 4D#10%
z& ()-

@10%: () - D#10% & () - #3X! #( DH10% & 0% & ()-D#10%& ()-b|[:, 4D#10%
Y4@410%1W&6G)‘3~1n ® 13@0%s&d(e)f4@ed6 a&zmme&r(@ @R QRIOW &Y -Conpussd ( ) - -

@10%]&'() % ((g & %3 10&10&108&-
YA@10%8& éfe%‘“'(dzfﬁ %ﬁq‘ld)d’o(% ”()°]T'0 %q}(‘gg?ﬁe%%tg@f( ‘2 r‘%10% & ()-
10% & ()-o 1011&%1& (d)eplioklélc[tl\dﬂle S510% & () - _kS510%& (
YOF110% & () - +10%&f§3- 31 10%#& ()-- Z3!10%&' ()-"vU4D s@? 10?&9&3&!()
S1098% s& ()- 2- e process of claim 1, wherein the hydroxy-
protecting group represented by R! is alkyl, alkoxyalkyl,
acyl, aralkyl, alkylsulfonyl, arylsulfonyl, alkyl-
substituted silyl, alkoxycarbonyl, aryloxycarbonyl,
aralkyloxycarbonyl or tetrahydropyranyl.
10 3. The process of claim 1, wherein the hydroxy-
protecting group represented by R' is arylsulfonyl.
4. (Amended) A process for producing a compound of

the formula (VI):

S

0 | OR

NH VI
— COOX

15
wherein R is hydrogen or a hydroxy-protecting group and X
is hydrogen or alkyl, and double bond represents either E-
or Z-configuration, or a pharmaceutically acceptable salt
or hydrate thereof, which comprises subjecting 4-

20 mercaptophenol to reactions for introduction of a propargyl

group and protection of hydroxyl group to yield a compound

of the formula (II):
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03 MLO%#& ()-- 3 MLOGH' 4% () ABAZ] | [:VUAD " 10% && ()-L " F(10%& &8 ()-

| 109& && ()- 3@L0%& && ()- "1 10%& && ()-L- FS 100& && ()-26nq|[: - 410& ° '8 3-

109&: ' && () - @ B10%& & () - &/l\/[LO%&&& () j +10% "/ & ()- +109%&' &&' ()-
109&" && ()Wh9 W&c’f’& ig az XY PLtRivng Loy ousigliaing (e ()

10% 18 (BRI %o%#’% (e b inbieg ] o -

| +10% & ()-- | |+10%& )-- f 1098& ()- f 10% & ()- 3( 10%&() vU410
| 310968 ()- 9310 @R & ()-10'10' 100 9 10% & () - |
| +109% & ()--$|[: Vv 0%& ()-9 SL0%$}& ()- SL0%H H& ()- 10% & ()-

L10% & ()- 3109%C c&'. )- +.80[:vW410 | TM10% & ()-9 8 3@O0%& ()-;
L0%FKEFS () - 10%-$& ()- !S10% & ()- *S10% & ()-[! 789: H obU410
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$10%5§&' ()@h I[rgl]);gﬁg T d&wﬁgﬁ% 1ot5}‘@(q %&Q’@& ovje%l%o s ()- @)
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9" #10% (" & ()- F 10% ( 10% 10% (" &
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wherein R is as defined above, or a reactive derivative
15 thereof; subjecting the compound of the formula (I) or a
reactive derivative thereof to the following reactions:

(1) reaction with a compound of the formula (V)

.\\NHZ
= CoOX
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wherein is hydrogen or alkyl; or

(2) reaction with a compound of the formula (V'):

OH

or a salt thereof followed by oxidation and reaction with
5 an ylide under the conditions for Wittig reaction; and

(3) optionally deprotection.

5. A process for producing a compound of the formula
(I):
HOOC OR
& I
S
10 wherein R is hydrogen or a hydroxy-protecting group, or a

reactive derivative thereof, which comprises subjecting 5-

hydroxybenzo [b]thiophene to protecting reaction to yield a
compound of the formula (VII):

OR?
Bl VI
S

15 wherein R? is a hydroxy-protecting group; reacting the
compound (VII) with acetyl halide under the conditions for
Friedel-Crafts reaction to yield a compound of the formula

(VIII):

2
S

20 wherein R? is a hydroxy-protecting group; subjecting the

compound (VIII) to oxidation of acetyl group and optionally
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’ 0A%§o%%c%&ng 5%5%5’ra5%é§ad?é3 by R? is arylsulfonyl.
8. (Amended) A process for producing a compound of
10 the formula (VI):

S

o) OR

ANH VI
— COOX

wherein R is hydrogen or a hydroxy-protecting group and X
is hydrogen or alkyl, and double bond represents either E-

15 or Z-configuration, or a pharmaceutically acceptable salt
or hydrate thereof, which comprises subjecting 5-
hydroxybenzo [b]thiophene to protecting reaction to yield a
compound of the formula (VII):

OR?
) v
S

20 wherein R? is a hydroxy-protecting group; reacting the
compound (VII) with acetyl halide under the conditions for
Friedel-Crafts reaction to yield a compound of the formula

(VIII):
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wherein R is as defined above or a reactive derivative
thereof; subjecting the compound (I) or a reactive
derivative thereof to the following reactions:

(1) reaction with a compound of the formula (V)

-\\N H2
== COOX

wherein X is as defined above; or

(2) reaction with a compound of the formula (V'):

OH

or a salt thereof followed by oxidation and reaction with
an ylide under the conditions for Wittig reaction; and

(3) optionally deprotection.

9. A compound of the formula (I) wherein R is
arylsulfonyl or a reactive derivative thereof.

10. A compound of the formula (I) wherein R is

benzenesulfonyl or a reactive derivative thereof.



