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for -t he Synt hesi s of Benzo[ b]thi ophenes The present invention is directed
t os néw processes for the synthesis of benzo[b]thi ophenes, in particular
2-dryl - 5 benzo[ b]thi ophenes. Benzo[ b]t hi ophenes have been prepared by a
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is the oxidati weoesgusyzat i on of o-nercaptocinnam c aci ds. Thi $crfisbehols
limted to the preparation of benzo[b]- 10 thiophene-2-carboxyl ates.
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Substituted benzo[b]thlophenes are prepared by acid-catalyzed

15 cyclization of arylthiomethyl ketones; however, this route is
limited to the preparation of 3-alkylbenzo[b]thiophenes. See
Campaigne, "Thiophenes and their Benzo Derivatives: (iii)
Synthesis and Applications," in Comprehensive Heterocyclic
Chemistry (Katritzky and Rees, eds.), Volume IV, Part III,

20 863-934 (1984). 3-Chloro-2-phenylbenzo[b]lthiophene is
prepared by the reaction of diphenylacetylene with sulfur
dichloride. Barton and Zika, J. Org. Chem., 35, 1729-1733
{(1970). Benzol[blthiophenes have also been prepared by
pyrolysis of styryl sulfoxides. However, low yvields and

25 extremely high temperatures make this route unsuitable for
production-scale syntheses. See Ando, J. Chem. Soc., Chem.
Comm., 704-705 (1975).

One process of the present invention for preparing
benzo[b]lthiophenes requires an intermediate sulfenic acid

30 derivative. Sulfenic acids have been postulated as key
intermediates in a variety of chemical reactions; however,

. very few examples exist of the isolation of these compounds.
See Shelton and Davis, J. Am. Chem. Soc., 8%9(3), 718-719
<« (1968) and Davis et al., J. Am. Chem. Soc., 100, 2844 (1978).

35 Sulfenic acids have been generated in situ, and
intramolecularly or intermolecularly cyclyzed with olefins
and acetylenes. See Mazzanti et al., J. Chem. Soc., Perkin



35. Sul fenic acids have been generated in situ, and intranolecularly or

I nternol ecul arly cyclyzed with ol efins and acetyl enes. See Mazzanti et
al,, J. Chem Soc., Perkin WD 96/ 40677

PCt/ US96/ 09477 -2- Trans. |, 3299-3004 (1944) and Davis et al., J. Og.
Chem , 45, 1650-1653 (1980). A series of trinethylsilyl arenesulfenates
have been prepaqgshgisoepn t he corespondi ng N- benzyl i denear enes HdTvwssenwes ;-
however, the yield of the 5 trinethylsilyl ester was generally very | ow
Davis et al., J. Og. Chem, 45, 1650-1653 £{4980). The preparation of .
6- hydr oxy- 2- (4- hydroxyphenyl)benzo- [b]thi ophenes was described in U S.
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of this starting compound in neat polyphosphoric acid at
about 85°C to about 90°C gives an approximate 3:1 mixture of
two regioisomeric products: 6-methoxy-2-(4-methoxyphenyl) -
15 benzo[b]lthiophene and 4-methoxy-2-(4-methoxyphenyl)benzol[b]-
thiophene. These isomeric benzo[b]lthiophenes co-precipitate
from the reaction mixture, producing a mixture containing
both compounds. To obtain a single regioisomer, the
regioisomers must be separated, such as by chromatography or
20 fractional crystallization. Therefore, there currently
. exists a need for an efficient and regiospecific synthesis of
2-arylbenzo[b]lthiophenes from readily available starting
materials. '

25 ~ The present invention is directed to processes for the
synthesis of benzo[blthiophenes. Specifically, the present
invention is directed to a process for preparing a compound
of the formula

30



of .the fornula [err] WO 96/ 40677

PCT/ US96/ 09477 -3- wherein: Rerr] is hydrogen, Cerr]-(ferr] al koxy,
aryl al koxy, halo, or amno; and R err] is hydrogen, ([err]-Cerr] alkoxy,
aryl al koxy, halo, or amno; 5 which conprises cyclizing in the presence of
an acid catal yst a conpound of the fornula [err] 10 wherein: R err]
and R err] arewoegMgrned above; Rerr] is OSi(R[err], NR er PCRUS6/0P477 orf
SR[err]; each Ris independently Cerr]-Cerr] alkyl, aryl, or arylal kyl;
Rlerr] and Rl err] are independently hydrogeds Cerr]-Clerr] alkyl, 15
arylalkyl, or aryl, or Rerr] and R err] together with the nitrogen atom
formarrng selecteglfr pi peridi ne, pyrrolidine, norpholine,

hexanet hyl i m ne; erl}’]

Anot her aspect of t#a ﬁr”e?@ﬁfrW%gL{'l qei{‘é & k%ﬂél%r’dg?fyd &?g'o%llo?l{( ino;

synt hesi s of begg®[ b] t hi ophenes. Specifically, the present invention is

directed to a proces§ tar LoES éhngc cg;oggggr ogrl;f@lﬁwulﬁlberb]: Zkino;

wherein: Rerr] is hdroge err err] arylalk xy, hal o, mno
and Rerr] i% hym@'gmmp@@ﬁﬂ CEF&F-F}HQI %b)&}"e é’r‘iﬁ%&x? R3] 8c2d fErely
whi ch conpri si ng &dtn®d o &BePELREuDA the formula 30

S"' Ry

10 wherein:
R; and Rz are as defined above;

Rg is OSi(R)3, NRsRg, or SRs;
each R is independently C3;-Cs alkyl, aryl, or arvlalkyl;
Rs and Rg are independently hydrogen, Ci-Ce alkyl,

15 arylalkyl, or aryl, or Rs and Rg together with the nitrogen
atom form a ring selected from piperidine, pyrrolidine,
morpholine, or hexamethylimine; and

Rg is C1-Cs alkyl, aryl, or arylalkyl.
Another aspect of the present invention is a second

20 process for the synthesis of benzo[b]thiophenes. Specifically,
the present invention is directed to a process for preparing a
compound of the formula

Ri
I Rz
25 . wherein: ,
R; is hydrogen, C3-C4 alkoxy, arylalkoxy, halo, amino;

and
Ry is hydrogen, C3-C4 alkoxy, arylalkoxy, halo, amino;

which comprising treating a compound of the formula
30



WD-96/ 40677 PCT/ US96/ 09477 - 4-
[err] wherein Rlerr] and Rlerr] are as defined above, with an acid

catal yst. The present invention is also directed to the formula VI 5
cortpounds, as well as, processes for their preparation. Another aspect of
the present invention is a process for the synthesis of a conpound of the
formula [err] 16vowsswos®n: R[err] is hydrogen, hal o, am no, or FowuUsSsRYsT? °
Rlerr] is hydrogen, halo, am no, or hydroxyl; R err] and R err]. are

i ndependently C[err]-Clerr] alkyl, or R errj4-and Rerr] 15 together with
t he adj acent nitrogen atomforma heterocyclic ring selected fromthe group
consi sting of pyrrolidino, piperidino, hexamethyleneigno, _and norpholino;
and HX is HO or HBr; conprising the steps of: 20 ANDNgeR10677

PCT/ US96/ 09477 - 5- (a) cyclizing in the presence off an agid catal yst a

conpound of the formula [err] 5 mhereln L& hydr ogen,
Cerr]-Cerr] al koxy, aryl al koxy, halo, or R[e r] I s hydrogen,
Clerr]-(err] alkoxy, arylalkoxy, halo, or 5/3

Ra

Ry S

Ra
VI

wherein R; and Ry are as defined above, with an acid catalyst.
The present invention is also directed to the formula VI
5 compounds,” as well as, processes for their preparation.
Another aspect of the present invention is a process for
the synthesis of a compound of the formula

R11

Rio
XIII

10
wherein:
Rg is hydrogen, halo, amino, or hydroxyl;
Rio is hydrogen, halo, amino, or hydroxyl;
Ri1 and Rj2 are independently C3-Cg alkyl, or Rii1 and Ria
15 together with the adjacent nitrogen atom form a heterocyclic
ring selected from the group consisting of pyrrolidino,
piperidino, hexamethyleneimino, and morpholino; and
HX is HCl or HBr;
comprising the steps of:
20



and Rlerr] is OSi(R[err], NRerr]Rerr], or SRerr]; 10 each Ris
i ndependently C[err]-Cerr] alkyl, aryl, or arylalkyl; Rerr] and R err]
are i ndependently hydrogen, C[err]-Clerr] alkyl, or aryl, or R err] and
Rl érr] together with the nitrogen atomforma ring selected from

pi peri dine, pyrrolidine, norpholine, and hexanethylimnne; and 15

Rlerr] is Cerwoédssr] alkyl, aryl, or arylalkyl; to prepar eParuse6/09477
benzot hi ophene conpound of the fornmula [err] 20 wherein R err] and
Rlerr] are as defined above; (b) acyl ating-s8aid benzot hi ophene conpound
with an acylating agent of the fornmula [err] 25 WO 96/ 40677

PCT/ US96/ 09477 \Ms%r [ r

previ ously; and(ag[ ﬂz[inﬁl oﬁoiﬂ%rﬂgédce hydr oxa?£&| %é'f%gép?g{ecr?c ufnd
BX [err], wher @f the |f§>r§ﬁlléro or brono; 5 (c) when Rlerr] and/or Rlerr] is -
derr]- C[ err] al koxy or aryl al koxy, deal kyl ati ng one or nore phenolic
groups of the acylation product of step (b) By Recacting with additional

BX 3, wherein X is as defined -,- isolating the formula X I
conmpound; The term "acid catalys ' Wi s acid or a Bronsted
acid. Representative Lewi's acid g, 15 zinc iodide,

al um num chl ori de, and al um nigr R

5 wherein:
R; is hydrogen, C1-C4 alkoxy, arylalkoxy, halo, or amino;
Rz is hydrogen, Ci-C4 alkoxy, arylalkoxy, halo, or amino;
and
Rg is OSi(R)3, NRsRg, or SRg;
| 10 each R is independently C1-C¢ alkyl, aryl, or arylalkyl;
Rs and Rg are independently hydrogen, Ci1~-Cg alkyl, or
aryl, or Rg and Rg¢ together with the nitrogen atom form a ring
selected from piperidine, pyrrolidine, morpholine, and
hexamethylimine; and
15 Rg is C1~Cg alkyl, arvl, or arylalkyl;
to prepare a benzothiophene compound of the formula

Ry S
I R
20 wherein R; and Ry are as defined above;

(b} acylating said benzothiophene compound with an acylating
agent of the formula

25 XI1



Representative Bronsted acids include: inorganic acids, such as sulfuric
and phosphoric acids; carboxylic acids, such as acetic and trifluorocetic
aci ds; sul fonic acids, such as nethanesul fonic, benzenesul fonic,

1- napht hal enesul fonic, 1- 20 butanesul fonic, ethanesulfonlc

4- et hyl benzenesul fonic, 1- hexanesul fonic, 1, 5- naphthalenedlsulfonlc

1- oct anesul.f oni wosapgrnor sul fonic, trifl uor orret hanesul foni c, eguResapene-
sul fonic acids; and polyneric arylsulfonic acids, such as hbfion[err],
Anberlyst, or Anberlite[err]. The preferre#d-acids for 25 wuse in

catal yzing the processes of the present invention are sulfonic or polyneric
sul foni c aci ds. ég@ ably, the acid catalysts are sulfonic acids,

such as nethanesulfo Cld b enesul fQni.c _a sulfonlc aC|d
and p- tol uenesul fon F'a 18- qﬂir}%ﬁareppgf aPFéBeéo?Ee‘E’aﬂq%qy apd . 30

t ol uenesul foni ¢ aci dk1d rist lchleboyebfomonlcy; hylderoxgilm ifi ehe |prEsence aifkoxy"

represents grougg: SUGhe%itEI0%E, cALEAS Yor L0y, | sopropoxy, n-
but oxy, t-butoxy, and 11 ke groups The term "hal 0" refers to fluoro,

chloro, bromd, or iodo gr oups. The term"Cferr]-Clerr] alkyl”
represents a st |(a) hwhem R:ramibrect B lkdd M@kraiynabkekyn oo ramyladiokp, Si X car bon
?ng‘fop;lyp' Ca' "Ine? o8y ok OpREnd 1 Woulk! BE en&t i radidy OPY! .

PCT/ US96/ 09477 P‘?° ‘hc"b SteRs diblt B, TeReCiRg yrith addifionpl gty wherein

|sopentyl, n- hexyl is Zagmidfdnean apoveanandhe like. The term"(err]-Cerr]
al kyl" reprggents a straight or branched al kyl chain having fromone to

four carbon atons, and includes nethyl, ethyl, n-propyl, 5 isopropyl,
n-butyl, sec-buf9l, 3=okating she fokmvia X qaseundiy| " represents groups
such as phenyl and substituted phenyl. The term "substituted phenyl"”
represents The term "acid catalyst® represents a Lewis acid or a
Brgnsted acid. Representative Lewis acids are zinc chloride,
15 =zinc iodide, aluminum chloride, and aluminum bromide.
Representative Brgnsted acids include: inorganic acids, such
as sulfuric and phosphoric acids; carboxylic acids, such as
acetic and trifluorocetic acids; sulfonic acids, such as
methanesulfonic, benzenesulfonic, l-naphthalenesulfonic, 1-
20 Dbutanesulfonic, ethanesulfonic, 4-ethylbenzenesulfonic, 1-
hexanesulfonic, 1,5-naphthalenedisulfonic, l-octanesulfonic,
camphorsulfonic, trifluoromethanesulfonic, and p-toluene-
sulfonic acids; and polymeric arylsulfonic acids, such as
Nafion®, Amberlyst®, or Amberlite®. The preferred acids for
25 use in catalyzing the processes of the present invention are
sulfonic or polymeric sulfonic acids. More preferably, the
acid catalysts are sulfonic acids, such as methanesulfonic
acid, benezenesulfonic acid, camphorsulfonic acid, and p-
toluenesulfonic acid. The most preferred acid catalyst is p-
30 toluenesulfonic acid.
In the above formula, the term "C;-C4 alkoxy® represents
groups such as methoxy, ethoxy, n-propoxy, isopropoxy, n-
butoxy, t-butoxy, and like groups. The term "halo® refers to
fluore, chloro, bromo, or iodo groups.
35 The term "C;~-Cg alkyl" represents a straight or branched
alkyl chain having from one to six carbon atoms. Typical Ci-
Cg alkyl groups include methyl, ethyl, n-propyl, isopropyl.



a phenyl group substituted with one or

consi sting of

al koxy, trichloronmethyl, and trifluoronethyl. Exanples of a substituted

phenyl group i

2, 5-di chl orophenyl, 3,4-dichloro- phenyl, 3-chlorophenyl, 3-bronophenyl,
, - Wobsueerpr onophenyl , 3-chl oro-4-fl uorophenyl, 2-pdmaseseienyd ,

4- br onophenyl

nore noi eti es chosen fromthe group

hal o, hydroxy, nitro, (Jerr]-Cerr] 10 alkyl, (err]-Cerr]

ncl ude 4-chl oro- phenyl, 2,6-dichlorophenyl,

4- 15 hydroxyphenyl, 3-hydroxyphenyl, 2, 4-di hydroxyphenyl, 3-nitro-
phenyl, 4-nitrophenyl, 2,4-dinitrophenyl, 49sethyl phenyl, 4- ethyl phenyl,
4- met hoxyphenyl ; 4-propyl phenyl, 4-n-butyl- phenyl, 4-t-butyl phenyl,

> 6. i ot ﬁy{“zthzié'y?ﬂ@%f  forel g 3?E§?phen & 34 BRREREr Lson R
2-trifluoro- nefnPeihenyd-methymensyd. apd| the Jhen Ferm3 " 61 fra alkyl®
(trif*UOVOHEthYkkﬁbéﬂdﬁts1&lﬁﬁﬁalﬁhﬁhaﬂybraﬁcﬁﬁﬂf&lkwﬂhem&hn having from one

the like The t apapr
bearing one or nore ’ﬂﬁé"télﬁl@u'&'i:leeQéﬁiéBéﬁéé V@oulfs téﬂich agogaehyrlam

2 ﬁyg;gﬁggggﬁgrgeykw AeRaBe AP SHCHge m b, ks mopropyL.

:alnqhu*-'-yrleplsﬁehuwh: c{@wqy 1G] @nd] tabléyylgr oup

nd

benzyl, o- nltrObBBB¥ Wﬂ%ﬁﬂf@? nzy%h 88h31£%§héﬁa;ﬁﬁ§¢ R?FQYﬁylrepresents

p- chl or obenzyl

2- phenyl et hyl ,

8- pheryl [gnawp substpnunydbmtyh one a3t mpire2mohenyepr cpgaen

(2, 6- dichlor oplneaml t),lﬁ@td‘t}dup laoﬁ:@isﬁldgca’fowx&lerwld)rmghyhmt(:A C1-Ca

hydroxyphe
trlphenylne

b, ek T el gL .

bi s( p- net hoxyphsmpm il 2 isubseitntedophenyd )gmmwlncéndet Aechldueo-
phenyl, 2, 6-d:|.chlor gﬁhen 1, 2,5-diRGNdFePend4 773 Theai @®i18ro-

96/ 40677

"aryl al koxy" regﬁeseft a,qers

15

20

25

30

35

rr | Kox

romoﬁﬁéHwTJp4—bromopheny1 3,4-
dibromophenyl, 3-chloro-4-fluorophenyl, 2-fluorophenyl, 4-

)

hydroxyphenyl, 3-hydroxyphenyl, 2,4-dihydroxyphenyl, 3-nitro-
phenyl, 4-nitrophenyl, 2,4-dinitrophenyl, 4-methylphenyl, 4-

ethylphenyl, 4-methoxyphenyl, 4-propylphenyl, 4-n-butyl-
phenyl, 4-t-butylphenyl, 3-fluoro-2-methylphenyl, 2,3-

difluorophenyl, 2,6-difluorophenyl, 2,6-dimethylphenyl, 2-
fluoro-5-methylphenyl, 2,4,6-trifluorophenyl, 2-triflucro-

methylphenyl, 2-chloro-5-trifluoromethylphenyl, 3,5-bis-

(trifluoromethyl)phenyl, 2-methoxyphenyl, 3-methoxyphenyl, -
3,5-dimethoxyphenyl, 4-hydroxy-3-methylphenyl, 3,5-dimethyl,
4-hydroxyphenyl,: 2-methyl-4-nitrophenyl, 4-methoxy-2-nitro-

phenyl, and the like.

The term "arylalkyl" represents a C1-Cq4 alkyl group
bearing one or more aryl groups. Representatives of this
group include benzyl, o-nitrobenzyl, p-nitrobenzyl, p-
halobenzyl {such as p-chlorobenzyl, p—bromobenzyl, ol

iodobenzyl), l-phenylethyl, 2-phenylethyl, 3-phenylpropyl, 4-

phenylbutyl, 2-methyl-2-phenylpropyl, (2,6-
dichlorophenyl)methyl, bis(2,6-dichlorophenyl)methyl, (4~
hydroxyphenyl)methyl, (2,4-dinitrophenyl)methyl,
diphenylmethyl, triphenylmethyl, {p-methoxyphenyl)-
diphenylmethyl, bis(p-methoxyphenyl)methyl, bis(2-
nitrophenyl)methyl, and the like.



bearirng one or nore aryl groups. Representatives of this group include
benzyl oxy, o-nitrobenzyl oxy, p-nitrobenzyl oxy, p-hal obenzyl oxy (such as
p-chl orobenzyl oxy, p-bromobenzyl oxy, 5 p-iodobenzyl oxy), 1-phenyl ethoxy,
2- phenyl et hoxy, 3- phenyl propoxy, 4-phenyl but oxy, 2-nethyl-2-phenyl propoxy,
(2, 6-di chl or ophenyl ) net hoxy, bis(2, 6-dichl orophenyl) net hoxy,

(4- hydr oxypheny wWossidoery, (2,-4-di nitrophenyl) net hoxy, di phenylvorisoenesrr -
tri phenyl met hoxy, (p-nethoxyphenyl)- 10 di phenyl met hoxy,

bi s( p- met hoxyphenyl ) net hoxy, bis(2- nitrophewl)nmethoxy, and the like. The
term"thermally-labile or acid-labile CJerr]-Cerr] alkyl, Cerr]-Clerr]

al kenyl, or aryl (C ekl @L rad) J@iﬁg)@"o%@préggﬁf?%tﬁ—@ﬂ&% @%Oﬁps

readily renmoved _fromthe su fOXI under  heatin
treatnent with HRETABLEIORG: F are amyd CROMREL | yR¢ms|e@t@rtlér@Sdoﬁabm%

Cerr]-Cerr] aldgntupyiaapaderisersiaight &hlbf@ﬁéﬁﬁﬂ].@lgk%’b-ﬁﬁ@h:ﬂbé‘iﬂﬁfl@ﬂy

Repr esent at i ve & ermPﬁﬁ‘é'?f%‘f cloglel k] e BESheRR AR o pr PR R Bk

groups incl ulle @tpdobanpybewy) . iLphepylethoxy, Tnheﬂﬂhﬁbbpﬁyb,3n butyI

sec-butyl, t- butpﬂenylpi:opdjqﬂ)etm-)ﬂmbutaxifﬁt Dyﬂll@&ﬁm-,z—%ﬂ&

Ly i iy bbbl LBy LR B,

nethylpentyl 4-{crbay 9FE§3P€¢HYlimﬁ§bﬂKY:aﬁa 4h@1mi¢@9phemmé)mﬁ§hﬁavty | abil e

o kenyl Lﬁ%gi E‘;@;ﬁ?”?ﬁgﬁﬁi k¥ ow‘t‘eeﬁ‘&;g“@g&gf' S‘“‘é%’%%g?ﬁ%éhi?t e of

phe e

gg;?ég;ﬁtgglve agtrppﬁ;ﬁﬁllmeuhnam.gigﬂ &bedlik®i | e C[err] Clerr] al kenyl

groups include 2-but engl teﬁnblﬂlﬁﬂdallgr' nabhyé-dr bilabile ci;-clo alkyl,

> "hethyl -2 penChrgte AneiRy o8 RERY ley iR ALEPH (onbBe - RRY e sedcbogt e

2- net hyl - 3- pent gxphp th'etisxlreaqgém gepbyved- fixemthes sudFoxpdat éﬂ@) , group

2- et hyl - 4-pent @aer BedBify|ord Rt Rir@l¥hent WBtHWhe acid catalyst. The
thermally-labile or acid-labile C3-Ci190 alkyl groups are

s,su

straight or branched alkyl chains having from two to ten.
carbon atoms and having at least one beta-hydrogen atom.
Representative thermaily-labile or acid-labile C2-C3¢ alkyl

20 groups include ethyl, n-propyl, i-propyl, 1,1-
dimethylpropoyl, n-butyl, sec-butyl, t-butyl, 1,1-
dimethylbutyl, 2-methylbutyl, 3-methylbutyl, 1l-methylbutyl,
1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,4-dimethylbutyl, 3,3-

- dimethylbutyl, n-pentyl, l-methylpentyl, 2-methylpentyl, 3-

25 methylpentyl, 4-methylpentyl, n-hexyl, and the like. The
thermally-labile or acid-labile C4-Ci¢o alkenyl groups are
straight or branched alkenyl chains having from four to ten
carbon atoms, at least one site of unsaturation, and either a
beta-hydrogen or delta-hydrogen atom. Representative

30 thermally-labile or acid-labile Cy4-Cip alkenyl groups include
2-butenyl, 3-butenyl, 2-methyl-2-butenyl, 3—methyl—2—bu£enyl,
2-methyl-3-butenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 2-
methyl-2-pentenyl, 3-methyl-2-pentenyl, 4-methyl-2-pentenyl,
2-methyl-3-pentenyl, 3-methyl-3-pentenyl, 4-methyl-3-

35 pentenyl, 2-methyl-4-pentenyl, 3-methyl-4-pentenyl, 4-methyl-
4-pentenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, S5-hexenyl, and
the like. The term thermally-labile or acid-labile aryl(Cj-



4- pent enyl , 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, and the like. The
termthermally-labile or acid-labile aryl((Jerr]- WO 96/ 40677

PCT/ US96/ 09477 -9- (ferr] alkyl) represents thermally-labile or acid-labile
gerr]-Cerr] alkyl groups additionally containing one or nore aryl groups
and aryl -substituted nethyl groups. Representative aryl((err]- (err]

al kyl') groups iwebsubsrbenzyl , di phenyl nethyl, 5 triphenyl net hPCYAUSI6/09477

p- met hoxybenzyl, 2-phenylethyl, 2-phenyl- propyl, 3-phenylpropyl, and the
like. The fornula Il conpounds exist in twd-regioisonmeric forms: the E

I somer and the Z isoner. The process of the the present invention uses

i ndi vi dual |
ndivi dual |y U, Po39027 LegrEsSucd Ll yUngB1t BooeOet 1 dia d eouble

1l conpounds. | ol sonmers afe, represented ¥
structures: [eradkub ayeung GRGisLorahio FRREAIHNG 08e, 88 IPLE (AHE Jroups
processes of t M@rmmsumuutea meehyll| g siRepresshtative mryl (C1-

Eafiifﬁhé‘[)endee‘%“”@%i b%f ?gpﬂ*%“%ﬁ? R Bbhep TS T e T

formil a |V donperkrheny v, @s@é? O%Yb%féﬁif]enl?c‘l’élﬁnﬁ- b of SRemel
sul fenate S|Iy1pf5§y1;;3u§héﬁylbewp§1¢damalﬁnbrmﬂnﬁuﬂ ature well recognized

o the chem cal art Sm@gciifd 121 Bmd Sy B8 PP rwo IR SPASHE T

forms: the B isomer and the Z isomer. The process of the
the present invention uses individually the E and Z isomers,

10 or mixtures thereof, of the formula III compounds. These E
and Z regioisomers are represented by the following
structures:

S- Ry S= R4

7o, T

IIIE IIIZ

15
One group of compounds that are useful in the processes

of the present invention are sulfenate silyl esters. 1In
particular, the formula III compounds, where Rq is OSi(R)3 and
each R is independently Ci1-Ce¢ alkyl, aryl, or arylalkyl, and

20 the formula IV compounds are silyl esters of sulfenic acids.
The preferred sulfenate silyl esters are abbreviated using
nomenclature well récognized in the chemical arts, as shown
in the following table.



Tabl e 1 abbreviation silyl group TMS

trimethylsilyl TES triethylsilyl 5 . TIPS
triisopropylsilyl DM PS di met hyl i sopropyl silyl DElPS

di et hyl i sopropyl silyl TDS di et hyl hexyl si |yl TBDMS
t-butyldinethylsilyl 10 TBDPS _

t - but yl di phenyl W0 94/4068BS tribenzylsilyl TPSpcrusssmearr -
triphenyl silyl DPMS di phenyl nmet hyl si |l yl TBMPS

t-butyl di .(methoxyphenyl) silyl 15 The terml0silylating reagent"” represents
a conpound, or a conbination of conpounds, used to convert the internediate
sulfenic acid to a sulfenate silyl ester.nggiQ§entative silylating
reagents include bis(tgiial kvl EI | Yureas, such as_2 rOUD.

1, 3-bis(trinethylsilyl P e L o ' ' R TS

bi s(di met hyl i sopropyl silylIM8ea, 1,3-bis(triisdprimmthylstilyl)urea,
1,3-bis(diethy|isopropylsi*q@)lJrea, 1,3- bi;((hﬁg%%g*&?géxgilIyI)urea, and
1,3-bis(t-bu%y|dinethy|- silyl)urea; bis(triaryl’'silyrjyuré&as, such as
1,3-bis- 25 >(triphenyl si I']Hgl%r ea; bis(diaryl alt&aisopyopyiealyl such 1, 3-

bi s(di phenyl net hyl si | yl') urmMrrsnd 1,3-bLsfé-mﬁydﬁhﬂm@uigopgﬁ?ﬂgim@@; ?nd
hexaal kyl di silyl zanes, su hexanet hyl di si | y{. e..0r CcQ nati.on of a
hexaalkzl- dis?lylzane angﬂ%ﬁ%%talytic anount 5%£%%¥%F§PBF?P%. ¥ﬁ| ane, 30
such as chlorotrinmethylsi 8. The starting cofidessylhexyistlyk ocesses of
the present invention can ¥BDM® epared by a nunfisbuli l8etbehyl$IR,1et hod for

preparing thg formula Il Ggppyunds is shown ir]égﬂ@%gﬁdlphenylsilyl

TBS tribenzylsilyl
TPS triphenylsilyl
DPMS diphenylmethylsilyl

" TBMPS t—but;ldi&metho;;ghqulgsilgl

The term "silylating reagent" represents a compound, or
a combination of compounds, used to convert the intermediate
sulfenic acid to a sulfenate silyl ester. Representative
silylating reagents include bis(trialkylsilyl)ureas, such as

20 1,3-bis(trimethylsilyl)urea, 1,3-bis(triethylsilyl)urea, 1,3-
bis (dimethylisopropylsilyl)urea, 1,3-bis{triisopropyl-
silyl)urea, 1,3-bis(diethylisopropylsilyl)urea, 1,3-
bis(dimethylhexylsilyl)urea, and 1,3-bis(t-butyldimethyl-
silyl)urea; bis(triarylsilyl)ureas, such as 1,3-bis-

25 (triphenylsilyl)urea; bis(diarvlalkylsilyl)ureas, such 1,3-
bis(diphenylmethylsilyl)urea and 1,3-bis(t-butyldiphenyl-
silyl)urea; and hexaalkyldisilylzanes, such as
hexamethyldisilylzane; or combination of a hexaalkyl-
disilylzane and a catalytic amount of a chlorotrialkylsilane,

30 such as chlorotrimethylsilane. _

The starting compounds for the processes of the present
invention can be prepared by a number of routes. One method
for preparing the formula II compounds is shown in Scheme 1.

15
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15 Cenerally, a fornmula VII conmpound is converted
de by reaction with a nmercaptan of the formula HSR3 in the

presence of a Lewis acid. The formula VIII conpound is then oxidized to a

styryl sul foxide,

a conmpound of formula Il conpound. 10. Mor e

specifically, sdsesaosd7a VI conpound, wherein R err] and R2 aperesvsiesr ned

above, is treated
reaction is carri
t et r ahydr of ur an,
about 15 15 m
with an am ne bas
t hermal | y-1 abi Iry

or aryl(Cerr]-dY¥

base are added as

base; the reaction is general

about 65C, prefer

ably abo
purified using techniaﬁés 25

with a Lewis acid, such as titanium(lV) chloride. This

ed out in an anhydrous orgari c solvent, such as dry

at a tenperature of about O[err]C to about 35[err]C After
%o about one hour, the reaction mxture is treated

a nercaptan of the formula HSRlerr], where R3 is a

id-labi'le CJerr]-Clerr] alkyl, Clerr]-C[err] alkenyl,
3 group. Preferably, the nercapj8rRand an ne

he 20 _reaction A representative
t he BRI ti o C and am ne

e an
of
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Generally, a formula VII compound is converted to a

styryl sulfide by reaction with a mercaptan of the formula
HSR3 in the presence of a Lewis acid. The formula VIII

compound is then oxidized to a styryl sulfoxide, a compound

of
10

formula II compound.
More specifically, a formula VII compound, wherein R;

and Ry are as defined above, is treated with a Lewis acid,

such as titanium{IV) chloride. This reaction is carried out

in
at

an anhydrous organic solvent, such as dry tetrahydrofuran,
a temperature of about 0°C to about 35°C. After about 15

15 minutes to about one hour, the reaction mixture is treated
with an amine base and a mercaptan of the formula HSR3, where

R3

is a thermally-labile of acid-labile C31-Cip alkyl, C4-Cio

alkenyl, or aryl(C;-Cip alkyl) group. Preferably, the

mercaptan and amine base are added as a solution in the
20 reaction solvent. A representative amine base is _
triethylémine. After the addition of the mercaptan and amine
. base, the reaction is generally heated to a temperature of
about 35°C to about 65°C, preferably at about 50°C. The

products of this reaction can be purified using technigues

25 well known in the chemical arts, such as by crystallization

or

chromatography .



The formula VIII conpound, where Rlerr], Rerr], and R err] are as defined
above, is then oxidized to produce the fornmula Il conpounds. Suitable
oxi di zi ng agents for this reaction are peracids, such as peracetic acid and
m chl or oper oxybenzoic 5 acid, and hydrogen peroxide. This oxidation
reaction is typically run in an organic solvent, such as toluene, nethylene
chl oride, chl orgigyeiper®r carbontetrachl oride. Wien a peraci d ipeTase6losdsr t he
oxidant, the reaction is generally carried out at a tenperature of about
-30[err]C to about 15[err]C, 10 preferably-aZ-about -20[err]C The products
of the reaction are easily purified by recrystallization. Wien Rerr] is

t-butyl, the crystal h lf‘gﬁeﬁ&ct‘,&g& Eghﬁo{lﬁact‘kﬁ)é}:éqqueﬁge ard R afFe as

regi oi somer of fornu has a _tertiary carbon ad acent_to_the

sul fur 15 at om defangd;ebpvesdifethen PRaALEPM IR rmodé’GﬁpBHﬁdé%laﬁl%en

prepared sel ect p¥RbYuliis @ SOCHHb1OBKEAAGiAY CYGents Foterhik| reactifh are
96/ 40677

/
[err] GbneralIy,eﬁaSéﬂﬁyWs%ﬁ%éﬁ%Per?thlc ?Cl?ffq{npg%ﬁ Qgﬁgzgx%eacégg§mnth
a nercaptan ®f ekédf oand| hydesien peporidee alebﬁz%ﬁl ippdgeagtioRms a X
conpound. This leagwmwlfmdem anf 6&§hﬁ§!cV\Bbilvéht$,t it Beseolhenaj ng a

oroduct i o oacPER KRS L RET (e h PHECSRE (b FHEIPEeRbesnT SRPETC] uih,

product is reac
treated with a sependcidrbmgintast sher 9619@@'1%1: sthe we@anpndes gererathy

VI'11Z conpound. czbkieataﬁvla@tafeed@erathbeno@wwbwdwct hegrasodtdizseag

agent 1o Proguog L LRIPULe e ORRnt mil G 0dik sShERAL Hifecnit gd o
easily purified by recrystallization. When Rz is t-butyl,
the crystalline product of thls reaction sequence is the E

regioisomer of formula II.
When R3 has a tertiary carbon adjacent to the sulfur

15 atom, the Z regioisomer of the formula II compounds can be
prepared selectively by a second route as shown in Scheme II.




15 - sul f oxi de conpounds is the conversion of a benzyl alcohol to a benzyl
sul fide, fornmula X conpound. The reaction of the fornula I X conpound, where
Rlerr] is as defined above, with a nmercaptan of the formula R err] SH,
wherein Rerr] is athermally- labile or acid-labile CJerr]-Cferr] alkyl,
Cerr]-Cerr] alkenyl, or 20 aryl((Jerr]-Clerr] alkyl) group having a
tertiary carborwebgmerj acent to the sulfur atom in the presoatrsoioarr
Lewi s acid produces the benzyl sulfide, a forrmula X conpound. Suitable
Lewis acids for this transformation are zi+x3brom de, zinc chloride, zinc

i odide, ferric chloride, titaniun(lV) 25 chloride, alum numtrichloride,
and alunlnunltrggagﬁ%gf preferably zinc iodide. The reaction is generally
carried PCT/ Us96/ 09477
-14- out in an organic solvent, such as 1, 2-dichl oroethane or nethylene

chl oride. Wien the reaction is carried out at roomtenperature, AR
reaction is conplete after about 18 hours. The benzyl sulflde I §

with a strong base tg 8.2 benzgigg anion Raong " Das
this yeaction incl yd al abRoxi h t hoxide, sodi um
et hoxide, |ithium fle, lithiumt- bUtOXIl‘ potassiun1t but oxi de;

sodi um hydri de; e it hiuns, such aRan- Byl lifhium t-butyllithium
sec-butyl i thium and 10 nethylllthlun1 The preferr%d strong base for
this reaction is n-but¥¥lithium onis
dry tetrahydrofuran. Wien n-but} he
reaction is carried out at at
-15[err]C. 15 2zl | CN8 zalaehyde to
prepare an internef [ %3

general fornula p-

VIIIZ IIZ

Generally, a benzyl alcohol, a formula IX compound, is

5 reacted with a mércaptan of the formula R3SH to produce a
benzyl sulfide, a formula X compound. This benzyl sulfide is
reacted with a strong base, forming a benzylic anion, which
is condensed with a benzaldehyde. This condensation product
is reacted with an acid chloride and the resulting

10 intermediate treated with a second strong base to produce a
styryl sulfide, a formula VIIIZ compound. This styrvl
sulfide is then oxidized with an oxidizing agent to produce
the formula IIZ compound.

The first step in the synthesis of the Z styrvl

15 sulfoxide compounds is the conversion of a benzyl alcohol to
a benzyl sulfide, formula X compound. The reaction of the
formula IX compound, where Ry is as defined above, with a
mercaptan of the formula R3SH, wherein Rz is a thermally-
labile or acid-labile C3~-Cig alkyl, Cy4-Ci¢ alkenyl, or

20 aryl(Ci-Cip alkyl) group having a tertiary carbon atom
adjacent to the sulfur atom, in the presence of a Lewis acid
produces the benzyl sulfide, a formula X compound. Suitable
Lewis acids for this transformation are zinc bromide, zinc
chloride, zinc iodide, ferric chloride, titanium(IV)

25 chloride, aluminum trichloride, and aluminum tribromide,
preferably zinc iodide. The reaction is generally carried



I's hydrogen, Cerr]-Cerr] al koxy, arylal koxy, halo, or am no. Preferably,
the benzylic anion is prepared and the 20 condensation product is fornmed in
situ by adding the benzal dehyde to the cold solution of the benzylic anion.
The condensation product is treated with an acid chloride to produce an

I nt ermedi ate conpound. Representative acid chlorides include acyl

chl ori des, such wog@etryl 25 chloride and benzoyl chloride; supéfostenssrr -
chl orides, such as nethanesul fonyl chloride, benzenesul fonyl chl|loride, 1-
but anesul fonyl chl ori de, ethanesul fonyl chl-asde, isopropyl sulfonyl

chl oride, and p- toluenesulfonyl chl ori de; al koxycar bonyl chlorides such as

met hoxycar bonyl | Qi Q%%?Q y ony! I

di al kyl am nocarb dé% ?'h %ﬁo‘? suc ot %ELEQ Qgt%?aﬁér%e%gr ony fl C?ITOI’I de;
preferably a sul ﬂeEﬂI6F1€%1d¢¥eW@F%bﬁye ﬁﬁ?ﬁ%ﬁ@%Lﬁﬁ(ﬁﬂHrkﬁﬁlBPFd%tl%Pom
addgd to g ge remehnaauxéurmérﬂadu&oﬁ tier cBﬁbD@ﬁeCmEtCér Hb%u@omdené@dts.on

pr oduct . i OITRO r

strong base to produlgg Qeﬁ%/}??dé@fﬁé:e 1 E‘Qfdxcféd v?‘%@f f\@rol}; ggvﬁo form
Rlerr], RerpP], aamnwéﬁz]a%@n as faemam@ 8bBoRY laﬁe%mog thlvorge¢m7

PCT/ US96/ 09477 dhzludkr AsgabasBtotided, hls&cheasts@dhumﬁeﬂﬁxmteal saamu des,

such as sodium e, 0

t - but oxi de, and 5-lt %gl ] l:?@%.l xeﬁ-'t €, sodl &%E#%I%Hr%gﬁ&%% i F hé{%%

as n- butyII|th|GHP“FOHH@9II$Q¢ﬂ¥mnhxﬁﬁides BB@y¢lk¥lﬁlﬁh1U§ﬁd ﬁﬂthﬂﬁlahlun1
and net al a”‘de%mt?ﬂ@ﬂtﬁ@wﬁpd%iﬁﬁﬁyMIithlﬁﬁgnﬁébkﬁﬂﬁleiHHﬂQﬁV|&ﬁﬁde and

ot ass um 1ot GEFRETLEEiymy) ThiS Heeteribn 80 ey Lok, TR epilion

15[err]C to abogﬁ pobntytignhxumnggThe preferred solvent for thlS reaction
is dry tetrahydrofuran. When n-butyllithium is used as the
strong base, the reaction is carried out at a temperature of
about -35°C to about -15°C.

15 The benzylic anion is condensed with a benzaldehyde to

prepare an intermediate condensation product. The
benzaldehyde has the general formula p-Rj;(CgH4)CHO, wherein R;
is hydrogen, C3-C4 alkoxy, arylalkoxy, halo, or amino.

Preferably, the benzylic anion is prepared and the

20 condensation product is formed in situ by adding the
benzaldehyde to the cold solution of the benzylic anion.

The condensation product is treated with an acid

chloride to produce an intermediate compound. Representative

- acid chlorides include acyl chlorides, such as acetyl '

25 chloride and benzoyl chloride; sulfonyl chlorides, such as
methanesulfonyl chloride, benzenesulfonyl chloride, 1-
butanesulfonyl chloride, ethanesulfonyl chloride,
isopropylsulfonyl chloride, and p-toluenesulfonyl chloride :
alkoxycarbonyl chlorides, such as methoxycarbonyl chloride

30 and benzyloxycarbonyl chloride; and dialkylaminocarbonyl
chlorides, such as N,N-dimethylaminocarbonyl chloride;
preferably a suifonyl chloride. Preferably, methanesulfonyl
chloride is added to the reaction mixture shortly after
formation of the condensation product.

35 This intermediate compound is reacted with a second
strong base to produce a styryl sulfide, a formula VIIIZ
compound where R;, Rz, and Ri are as defined above. Suitable



10 - preferably at roomtenperature. The styryl sulfide is oxidized to
prepare the correspondi ng styryl sul foxide. Suitable oxidizing agents for
thiss reaction are peracids, such as peracetic acid and m
chl’or oper oxybenzoi ¢ aci d; organi c peroxides, such as t-butyl 15 peroxide;
and hydrogen peroxide. Preferably the oxidizing agent is peracetic acid.

Thi s oxidati on wedsMegz¢al |y carried out in an organi c sol vent ,pcqviddeodurr
t ol uene, benzene, xylene, nethanol, ethanol, nethylacetate, ethylacetate,

nmet hyl ene chl oride, 1, 2-dichloroethane, or-zhloroform preferably 20
met hyl ene chloride. This oxidation can be carried out at a tenperature of

S Lo SebBpBe G <l LEGRSYBHEL Yo 'S0 S0, BaR BEKLSAL, ook
conpound) can b@suSedium methaxidea APdiumcethoxidsd lithiumepshoxrides the
gtK; ?/TJE gul fOX{/\%ﬁtl/‘Liaﬁlg?z%-%dﬁd;ﬁdleL afarpotdssiun t-outioibesi sodsuRUhydrbde] S
oCT) Usoa) 00477 24EVE SHiumsy FEER 28 B-butylirhium. E-PURYEAAtEEPR, A78E as
descri bed atfovebutglbithiivted and pestivddithiumprand metalngmibdasy| suehfaxi de.
Thi's benzyl sul §g8idf dmide2aadfediiih aisk6 PP dedNdnheitRSEht i N
ani on condensed wth a benzal dehyde. The_condensation. product . [eacted
Mt h an ac d_ chibipREaRGLERder, M RPEERERTN R BRESc ERBOkRIF r onct ed
with a second sreangitmsis ipt@ssdume trhutoxide! Hedereildy, Thesbreagtion
sul fide, the fojgubarXie@MAURME apbaEels°Rdd avatdebbi _ g R3 is a
(her el 1Ll |5 gfehte dotle el glelrl ol ol Grerm-Gerr
The styryl sulfide is oxidized to prepare the
corresponding styryl sulfoxide. Suitable oxidizing agents
for this reaction are peracids, such as peracetic acid and m-
chlorcoperoxybenzoic acid; organic peroxides, such as t-butyl
15 peroxide; and hydrogen peroxide. Preferably the oxidizing
agent is peracetic acid. This oxidation is typically carried
out in an organic solvent, such as toluene, benzene, xylene,
methanol, ethanol, methylacetate, ethylacetate, methylene
chloride, 1,2-dichloroethane, or chloroform; preferably
20 methylene chloride. This oxidation can be carried out at a
temperature of about -40°C to about 0°C.
Alternatively, when Rz has a tertiary carbon adjacent to
the sulfur atom, the benzyl sulfide intermediate (formula X
compound) can be used to produce a mixture of E and Z isomers
25 of the styryl sulfoxides, the formula II compounds. This
synthesis is outlined is Scheme 3.



15- group having a tertiary carbon atom adj acent to the sulfur atom is
oxi di zed to produce the correspondi ng benzyl sulfoxide, fornula Xl
cqonmpound. Suitabl e oxidizing agents for this reaction are peracids, such as
peracetic acid and m chl oroperoxybenzoi ¢ acid; organic peroxides, such as
t-butyl 20 peroxide; and hydrogen peroxide. Preferably the oxidizing
agent i s peracewooeagerel. This oxidation is typically carried egtnsssd§r7
organi ¢ sol vent, such as toluene, benzene, xylene, nethanol, ethanol,

met hyl acet at e, ethylacetate, met hyl ene chl exé<e, 1,2-dich|oroethane, or
chloroform preferably at a 25 tenperature of about -30[err]C to about
S[err]C. The beg % Home U3 f Oxide, fornula XI conmpound wherein Rlerr] and
Rlerr] are as defined above, is reacted with a strong base to WO

96/ 40677 . PCT/ US96/ 09477 -17- pr

a benzylic anion. Suitable strong bases for this reaction includg®ms

al koxi des, such as sodi um net hoxi de, sodi um et hoxi de, |ithi_um et

li t hi um t - but oxi-de, s+ Ban t - but oxi de; SN L de; g,

al kyl l'i thiuns, such n-butyllithium_t-but sec.huL¥LLth|um
§t al ami des, such as m |
thrunrdr|sopropylaﬂ%ﬁe:\\ e preferred base for this

and nmethyl lithium Q[ magnesi um
drrsopropylanrdeRzan-

transformation is n-Qutyllithgum This deprotona¥kon reaction is carried
out in a dry organic 10 sol velg-rssuch as tetrahydrofuran or

1, 2- di met hoxyet hane, pperature of about -25[err]C. The benzylic

anion i s condensed [ lon, with a benzal dehyde conpound of the
formula p-Rerr](C [err]) ) erein Rlerr] is as defined above.
Preferably, abog i R ui t offf 15 the benzal dehyde is added to the
col d solution préepared agydesc Be t he precedi ng paragraph. The
resul ting

5 The benzyl sulfide, prepared as described above, is

oxidized to produce the corresponding benzyl sulfoxide. This
benzyl sulfoxide is reacted with a strong base, and the
resulting anion condensed with a benzaldehyde. Tﬁe
condensation product is reacted with an acid chloride and the

10 resulting intermediate compound reacted with a second strong
base tc produce the styryvl sulfoxide.

The benzyl sulfide, the formula X compound, wherein R
is as defined above and R3 is a thermally-labile or acid-
labile C2-C30 alkyl, C4~Ci¢o alkenyl, or aryl(Ci-Cip alkyl)

15 group having a tertiary carbon atom adjacent to the sulfur
atom, is oxidized to produce the corresponding benzyl
sulfoxide, formula XI compound. Suitable oxidizing agents
for this reaction are peracids, such as peracetic acid and m-
chloroperoxybenzoic acid; organic peroxides, such as t-butyl

20 peroxide; and hydrogen peroxide. Preferably the oxidizing
‘agent is peracetic acid. This oxidation is typically carried
out in an organic solvent, such as toluene, benzene, xylene,
methanol, ethanol, methylacetate, ethylacetate, methylene
chloride, 1,2-dichloroethane, or chloroform; preferably at a

25 temperature of about -30°C to about 5°C.

The . benzyl sulfoxide, formula XI compound wherein Rz and
R3 are as defined above, is reacted With a strong base to -



di astereoneric m xture of condensation products nmay be isol ated, or
preferably used in the next step without isolation. 20 The
condensation product is reacted with an acid chloride to produce an

i nt ermedi ate conpound. The condensation product is optionally treated with
a base, such as n-butyllithium and reacted with an acid chloride.
Represent ati ve woiogugsim or.i des i ncl ude acyl chlorides, such as pdyrustg@iy! -
chl ori de and benzoyl chloride; sulfonyl chlorides, such as met hanesul f onyl
chl oride, benzenesul fonyl chloride, 1-butaresulfonyl chloride,

et hanesul fonyl chl ori de, isopropylsulfonyl chloride, and p-toluenesul fonyl

and benzyl oxycarbamt® i peRegALciaidhy) R BRI SRR B ek Y g

and benzyl oxyc am nocar such as
NN-d|nethylan1nﬁ@%ﬁ%ﬁﬂﬁﬂln€ﬂpéﬁlﬂétabr%¥%9%&ﬂﬁflas§ﬁhféﬁyF°€hPBrW%EP°XHﬂ§raC|d
chl ori de is addesdiwm tdthosdlde,r 2achian ethdxitide, LhAehiuhetrbatbkidy End ure

is all owed t t R |
chiori de-1's addbordatl BPLLERRERA] Masin Bydae piky TELRAGES, 40 s
condensat i of prathREy1hifhdyme| Fnbﬁﬁrla%lﬁlh’él%eeﬁ??bu&uélaﬁbwmon%nd base.

WO 96/ 40677 methylllthlum, and metal amides, such BGTébﬁﬂﬁﬁQﬁﬂﬁﬁé,l8 The
to

resulting inter L8ag e ] h C L bas
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The benzylic anion is condensed, without isolation, with
a benzaldehyde compound of the formula p-Rj; (CgHg)CHO, wherein

(D

. R1 is as defined above. Preferably, about one equivalent of

15 the benzaldehyde is added to the cold solution prepared as
described in the preceding paragraph. The resulting
diastereomeric mixture of condensation products may be
isolated, or preferably used in the next step without
isolation. '

20 The cbndensation product is reacted with an acid
chloride to produce an intermediate compound. The
condensation product is optionally treated with a base, such
as n-butyllithium, and reacted with an acid chloride.
Representative acid chlorides include acyl chlorides, such as

25 acetyl chloride and benzoyl chloride; sulfonyl chlorides,
such as methanesulfonyl chloride, benzenesulfonyl chloride,
1-butanesulfonyl chloride, ethanesulfonyl chloride,
isopropylsulfonyl chloride, and p-toluenesulfonyl chloride;
alkoxycarbonyl chlorides, such as methoxycarbonyl chloride

30° and benzyloxycarbonyl chloride; and dialkylaminocarbonyl
chlorides, such as N,N-dimethylaminocarbonyl chloride;

’ preferably a sulfonyl chloride. The acid chloride is added
' to the cold reaction mixture, .then the resulting mixture is
- allowed to warm to room temperature. Preferably,

35 methanesulfonyl chloride is added to the reaction mixture
shortly after formation of the condensation product, which
eliminates the need to add additional base.



butyllithium and nethyllithium and nmetal am des, such as 10 sodi um am de,
magnesi um di i sopropyl am de, and lithiumdiisopropylam de. The preferred
base for this transformation is potassiumt-butoxide. Preferably, a 20%
excess, such as 1.2 equivalents, of the second base are added. Generally,
this reaction is carried out at a tenperature of about 15[ err]C 15 to about
room t enper at urwQ 9g4e8f2r abl y at room tenperature. The conpounBeT/USIcObErT
present invention can be prepared fromthe formula Il conpounds. The novel
sul fenate silyl esters are prepared from t4i8-styryl sul foxi des as shown in
Schene 4. 20 WD 96/ 40677

PCT/ US96/ 09477 - 19- sghe@Buiti L inPermediateeRBiBbhg idorsddtieRNafi®nshl vl -
seter s, where Moy R ol AR A0 e S e,
al kenyl , or ar yfoxmfla I cpmpepnds kwigreyRiupR2arandFaparedapydefinedng a
formula I'l commgaupd w k@pﬁe§gﬁy£?i+ggsé&§%@tro§5i E%Péjﬁ Wilss for this

reaction 10 _ incJude benzene, toluene,. xylene, _and gh-boi | i ng, .
hal ogenat ed %yﬁ%&%’r”s"of%ﬁ?%?n RIS Mebal ALEE RS e 28 FRALHR
equal to 80[ er msthosticle, asodidm 2ethoxidenr Adtthdnm. eGuotide e lsithilat itrg

13051 (11 mot RS A b P Rie] podiup iydride:
N ’

1, 3-bis(trinet yrea, g(& etk |1'y12};urea,, .
1, 3- bi s(di net h TS yBYChy % AR Ehipm yE RN RSy | PEFEa;
bis (triarylsi|ygyllriehdums uaind asetihydtlhithim; pardyhetdl |gmildes, such as
bi s(di al kyhgryleodfiiny 'a)r&ﬁ@asmééiﬁ&&&n ﬁ]il}]'s?&:‘l‘.o f%&@} P llinsupea and
hexaal kyl di si | ysf,z,anes, such_ ‘as® hexamet hy Si zane;" or .
diisopropylamide. The preferred base for this transformation
is potassium t-~butoxide. Preferably, a 20% excess, such as
1.2 equivalents, of the second base are added. Generally,
this reaction is carried out at a temperature of about 15°C
15 to about room temperature, preferably at room temperature.
The compounds of the present invention can be prepared
from the formula II compounds. The novel sulfenate silyl
esters are prepared from the styryl sulfoxides as shown in
Scheme 4.

20



20 - conbi nati on of a hexaal kyl disilylzane and a catal ytic anmount of a
chlorotrial kyl silane, such as chlorotrinethylsilane. For best results, the
final concentration, after conplete addition, of thHe formula Il conpound is
about 0.001 Mto about 0.5 M Preferably, a slight excess, such as ten 25
percent, of the silylating reagent is used. This reaction can be carried
out at about 8OWwey9gemMstro about 140[err] C for about ten m nut espdmusdenss t Wo
hours. Because the Z isoner reacts nuch faster than the corresponding E

i soner, the use of only the Z isoner as theistarting conpound requires |ess
time for 30 conplete transformation. The novel sul fenam des are prepared
fromthe SU|fen§%§‘§§L£| esters as shown in Schene 5. WO 96/ 40677

PCT/ US96/ 09477 - 7 [err] 5 Generally,
the sulfenate silyl ester, whgre Rlerr], Rerr], and R7 are as defined
above; is prepared fromthe st% 3 squOX|de and preferably mnthout
I sol ation or purificagli ”
HNR[err] Rl err], whes ~ o AR pically,
the sulfenate sily [ ' A F

about Oferr]Ctq 2

, | Iyl
ester to the sulfenam de & typically conplete after 15 a?g hou?% to
about eight hours. The resulting sulfenam des can be puriTied using
standard organi c techni ques, such as silica-gel chromatography. The novel

di sul fides & e prepatateraldy, thessulenbtessilyl estayrs, aghelevR; | IRSC laaide

6. R7 are as defined above and R3 is a thermally-labile or acid-
labile C1-Ci0 alkyl, Cq4-Ci0 alkenyl, or aryl(Ci-Cio alkyl)
group, are prepared by reacting a formula II compound with a
silylating reagent. Suitable solvents for this reaction

10 include benzene, toluene, xylene, and high-boiling,
halogenated hydrocarbon solvents, having a boiling point
greater than or equal to 80°C, such as 1,1,2-trichloroethane.
Suitable silylating reagents include bls(trlalky1511y1)ureas,
such as 1,3-bis(trimethylsilyl)urea, 1,3- .

15  Dbis({triethylsilyl)urea, 1,3-bis(dimethylisopropylsilyl)-urea,
1,3-bis(t-butyl-dimethylsilyl)urea; bis(triarylsilyl)-ureas,
such as 1,3~bis(triphenylsilyl)urea; bis(dialkylaryl-
silyl)ureas, such 1,3-bis(diphenylmethylsilyl)urea; and
hexaalkyldisilylzanes, such as hexamethyldisilylzane; or

20 combination of a hexaalkyldisilylzane and a catalytic amount

of a chlorotrialkylsilane, such as chlorotrimethylsilane.
For best results, the final concentration, after complete
addition, of the formula II compound is about 0.001 M to
about 0.5 M. Preferably, a slight excess, such as ten
25 percent, of the silylating reagent is used. This reaction
can be carried out at about 80°C to about 140°C for about ten
¥ minutes to about two hours. Because the Z isomer reacts much
faster than the corresponding E isomer, the use of only the Z
. isomer as the starting compound requires less time for
30 complete transformation.
The novel sulfenamides are prepared from the sulfenate
silyl esters as shown in Scheme 5. .



20 -Sehene 6 [err] 25 General ly, the sulfenate silyl ester, where
Rlerr], Rerr], and Rl err] are as defined above, is prepared fromthe
styryl sulfoxide and, preferably w thout isolation or purification, reacted
with a nercaptan of the fornmula HSR err], where Rlerr] is as defined above,
in the presence of an am ne base. Preferably, WO 96/ 40677

PCT/ US96/ 09477 @b oesgeer sul fenate silyl ester is prepared, thepceresdsioodrr -
solution allowed to cool to roomtenperature, and the reaction m xture
treated with a solution containing the nerce®-an and am ne base. The
solvent for this nmercaptan/amne solution is the 5 sane as the solvent for
the sulfenate silyl ester-containing mxture. Representative am ne bases

i nclude triethylam ne, diisopropyl ethylam ne, pyridine, norpholine,

N- et hyl - nor phdPSBRM® $hd col | i dine. The conversion of the sulfenate silyl
ester is typically conplete aftgLRabout one to about 10 eight hours. The
resulting disulfides can be p D1 ed usi ng standard organic tec
such as silica-gel sy f e
esters, sulfenam d¢g
2-aryl benzo- 15 [
General ly, the sBif ) 2 \
treated with acid catal ystgyto p T abFa
acid catalys%s for this

Generally, the sulfenate silyl ester, where R;, Rz, and
R7 are as defined above, is prepared from the styryl
sulfoxide and, preferably without isolation or purification,
reacted with an amine of the formula HNRsRg, wherein Rs and Rg
10 as defined above. Typically, the sulfenate silyl ester is
prepared, the reaction solution cooled to about 0°C to about
50°C, and treated@ with the amine. Preferably, one to two
equivalents of the amine are used. The conversion from the
silyl ester to the sulfenamide is typically complete after
15 about two hours to about eight hours. The resulting
sulfenamides can be purified using standard organic
technigques, such as silica-gel chromatography.
The novel disulfides are prepared from the sulfenate
silyl esters as shown in Scheme 6.

Scheme 6

S-S-Rg

S= Ry '
=/ -/
—-
Ry Ry R
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25 Generally, the sulfenate silyl ester, where Ri, Rz, and
Ry are as defined above, is prepared from the styryl

sulfoxide and, preferably without isolation or purification,
reacted with a mercaptan of the formula HSRg, where Rg is as
defined above, in the presence of an amine base. Preferably,

1 Ry
XIv



reaction include Lewis acids or Bronsted acids. 25 Representative Lews
acids include zinc chloride, zinc iodide, alum numchloride, and al um num
brom de. Representative Bronsted acids include inorganic acids, such as

sul furic and phosphoric acids; carboxylic acids, such as acetic and
trifluoroacetic acids; sulfonic acids, such as 30 nethanesul fonic,
benzenesul f oni wo deeeryht hal enesul fonic, 1- butanesul fonic, etphefpsdsobsni C,
4- et hyl benzenesul foni ¢, 1- hexanesul fonic, 1,5-naphthal enedi sul fonic,

1- oct anesul foni c, canphorsul fonic, trifluegpaethanesul fonic, and p-tol uene-
WO 96/ 40677 PCT/ US96/ 09477 - 22-
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and treated w Lh.a sol ut f _t.he sulfe ate sil ster

disul fide in tﬁ % e 4égh¥1aﬂkﬁeex8%£§ %ﬁﬁnuﬂpgéh eacpgmfgﬁﬁiyst i s
used, preferabF?rPhﬁ%&pexnﬁnﬂﬂqeﬁﬂsdmnetheTb%|an¢En51bestrgbelsglfeMQtélnaI
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period of abou%tqmﬁﬁﬁﬁuﬂngﬁnmy &Banlqheee $uch &s Edlibesgel eshioma-r esi dual
wat er is renovesgideyf he reaction solution by the use of a Dean-Stark

The intermediate sulfenate silyl esters, sulfenamides,
and disulfides are useful for the synthesis of 2-arylbenzo-
15 [blthiophenes as shown in Scheme 7.

Scheme 7

Generally, the sulfenate silyl esters, sulfenamides, or
disulfides are treated with acid catalysts to produce the
formula T compounds. Suitable acid catalysts for this
reaction include Lewis acids or Bregnsted acids.

20

25 Representative Lewis acids include zinc chloride, zinc
iodide, aluminum chloride, and aluminum bromide.
Representative Brgnsted acids include inorganic acids, such

- as sulfuric and phosphoric acids; carboxylic acids, such as
. acetic and trifluoroacetic acids; sulfonic acids, such as

- 30 methanesulfonic, benzenesulfonic, l-naphthalenesulfonic, 1-
butanesulfonic, ethanesulfonic, 4-ethylbenzenesulfonic, 1-

hexanesulfonic, 1,5-naphthalenedisulfonic, l-octanesulfonic,
camphorsulfonic, trifluoromethanesulfonic, and p-toluene-



20- trap or Soxhlet extractor. The styryl sulfoxides are also useful for
the preparation of a benzot hi ophene styryl sulfide as shown in Schene 8. 25
Schenme 8 [err] WO 96/ 40677

PCT/ US96/ 09477 -23- These benzot hi ophene styryl sulfides, where R err] and
Rlerr] are as defined above, are prepared fromthe styryl sulfoxides.
General |y, a sowotssass7of the styryl sul foxide, where R err] amrdrRisesiomoyrrare
as defined above and R3 is a thermally- 5 labile or acid-labile

Cerr]-Clerr] alkyl, (err]-Cerr] alkenyls22+ aryl(Cerr]-Clerr] alkyl)
group, is added to a solution of an acid catalyst at a tenperature of about
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silyl ester, sulfenamide, or disulfide in the séme solvent.
An excess amount of the acid catalyst is used, preferably
three equivalents of the acid. For best results, the final
concentration of the starting compound is about 0.01 M to

15 about 0.2 M, preferably 0.05 M. Furthermore, best yields are
obtained when the sulfenate silyl ester is slowly added to
the heated acid solution over a period of about 15 minutes to
about three hours. For best results, residual water is
removed from the reaction solution by the use of a Dean-Stark

20 trap or Soxhlet extractor.

The styryl sulfoxides are also useful for the

preparation of a benzothiophene styryl sulfide as shown in

Scheme 8.

25 Scheme 8
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VI -compound is in the range of about 0.01 Mto about 0.5 M 25 Suitable
solvents for both the formation of the formula VI conpounds and their
conversion to forrmula | compounds include toluene, xylene, and

1, 2-di chl oroet hane. The formula |I conpounds are useful as internediates in
the synthesis of a series of 3-aroyl-2-aryl benzo[b]- 30 thiophenes. U.S.
Pat ent Nos. 4, WiPegkibgrrand 4, 418, 068, whi ch are i ncorporated hpCrUSI6RYS77
ref erence, described these 3- aroyl-2-aryl benzo[ b]thi ophenes, as well as
met hods for their preparation fromthe forgsta | conpounds. An inproved
synthesis of a group of these 3-aroyl-2-aryl benzo[b]- 35 thiophenes from

the formula | conpo ﬁ@@ | r : RHY: ,
Cerr]-Cerr] al koxyﬂg%?_ ar y%%@'(f%/h%l’nsé 88??}'%%&#11%:{'ene é%ggg %%dQ%% 40677
PCT/ US96/ 09477 aredas SEebimed dhovg, mre prepgned Foremitthe st3ydund, wherein
i;{;{ egn\c/im ﬁ]e{s'h]é.ffa%fdé‘?’gr C@émel rdd 18,1 ]da' sbeation! &0¢he Cﬁfty&lw.: uleuxidés
m conpQu . r r | $,C
hydroxy, in thgp‘ﬁfgs%hcaé’a%iﬂzo&r&ggﬁlasﬁf%\?‘? gﬂ%eR[t?gﬁ)#st-??bgo@n{%%g%&-on
trichloride5i s lpbéierordacifelatides CanCearnldyloafur€to Akkamyla Q&riety of
iOZ glrgﬁlngf Sflr?ﬁmt‘@ﬁ'%ﬂgg(}ﬁ%?hb%%prﬁ awéwl lkene %Bh.ﬁtii.dﬁ,of an acid
, 2- oet hane , 3-di chl or opr opane, -detra-.chlo ane,
1,2-dichIorobeﬁ?§ﬁ$¥stH?Br%ﬁ@ﬂ?ﬁﬂ@ﬁ“ﬂ%ﬂC&Iﬁé?ﬁ%g%é% e.oTﬁgoﬁkeigﬁ%Qd
sol vent for thwhesgnthesasid scat@lyditcHisodeéinedecabave. r St comcestratierd
ot Oferr]C, Thory Sett SRy RE dckiright ohLROOBInD CUOdR Rt IR 2P Y
: at_a concentratiao e
benzot hi oph&ne tHhér ﬁﬂ%u}ac%p‘iﬁfﬁ??‘ﬁf‘{ ?Bguf:ﬁﬁ. Iz‘a'fsﬁt%ga%%ﬁ'[t’f’bo%l gIi‘f“le
acyl ation reactformula Enesmpdynd.onpthere thet styryl sulfoxide is at a final
concentration of about 0.2 M and is added over six hours, the
acid concentration is about 0.002 M. When the styryl
sulfoxide is at a final concentration of about 0.05 M and is

15 added over 30 minutes, the acid concentration is about
0.025 M. Significant quantities of the formula VI compounds
are present in the reaction after about one to two hours.
lLonger reaction times lead to the production of the formula I
compounds.

20 . These formula VI compounds may be subsequently converted
to the formula I compounds by treatment with additional acid,
such as about 0.5 to about three equivalents, and heating to
about 100°C to about 140°C. The concentration of the formula
VI compound is in the range of about 0.01 M to about 0.5 M.

25 Suitable solvents for both the formation of the formula VI
compounds and their conversion to formula I compounds include
toluene, xylene, and 1,2-dichloroethane.

The formula I compounds are useful as intermediates in
the synthesis of a series of 3-aroyl-2-arylbenzo[b]-

30 thiophenes. U.S. Patent Nos. 4,133,814 and 4,418,068, which
are incorporated herein by reference, described these 3-
aroyl-2-arylbenzo{b]thiophenes, as well as methods for their
preparation from the formula I compounds. An improved

: synthesis of a group of these 3-aroyl-2-arylbenzol[b]-

35 thiophenes from the formula I compounds, wherein R; and Rz are
hydrogen, C1-C4 alkoxy, or arylalkoxy is outlined in Scheme 9.



about two hours to about eight hours. 20 When Rl err] and/or Rerr] is
a (Jerr]-Cerr] alkoxy or arylal koxy group, the acyl ated benzot hi ophene
preferably is converted to a formula XIlI1 conpound,” wherein R err] and/or
Rlerr] are hydroxy, without isolation of the product fromthe acyl ation
reaction. This conversion is perforned by adding additional boron 25
trichloride or lwadogMoer7i br om de and heating the reaction W Saishenoars
PCT/ US96/ 09477 -25- m xture. Preferably, two to five nolar equival ents of
boron trichloride are added to the reacti or2Adrxture, nost preferably three
nmol ar equi val ents. This reaction is carried out at a tenperature of about
25[err]C to abogertileco’ 1 C, preferably 5 at 35[err]C. The reaction is
generally conplete after about 4 hours to about 48 hours. The acyl ation
reaction or acyl ation/deal kyl ation reaction is quenched with an al cohol or
a m xture of al cohol g 3yitable al cohols for use in quenching the 10
reaction include net gnol , and i sopropafol. Preferably, the

acyl ati on/ deal kyl at 0D re i s addeg a05: 5 m xture of
et hanol. and net hatbl gnolf) . The 3A et Rahol o B roow$2
temperature or heated to - refluk, prgferabTy at r When the querch-

Is perfornmed 15 in thistmanner, FORgul a Xl 11 2 C Nent |y
crystallizes fromthe resulting al coholic m xture. Generall 1. to
3.75 nL of al cohol per mllinole n I ophene sté?ﬁ#ng materi a
are used. The foll ow ng exanpl es er i [ | ust 'F@ithe.present 20

I nvention. The exanples are ¥ pded to'%%llhggting to the scope of
the invention in any | d not be so construed. Al
experinments were r ; itive

Rg

XIII & Ry

5 The Formula I compound, wherein R; and Rz are hydrogen,
C1~-Cs alkoxy, or arylalkoxy, is. acylated with the formula XII
compound, wherein Rj3 is chloro or hydroxy, in the presence of
boron trichloride or boron tribromide; boron trichloride is
preferred. The reaction can be carried out in a variety of

10 organic sclvents, such as chloroform, methylene chloride,
1,2-dichlorocethane, 1,2,3-dichloropropane, 1,1,2,2-tetra-
chloroethane, 1,2-dichlorocbenzene, chlorobenzene, and
fluorobenzene. The preferred solvent for this synthesis is
1,2-dichloroethane. The reaction is carried out at a

15 temperature of about -10°C to about 25°C, preferably at 0°C.
The reaction is best carried out at a concentration of the
benzothiophene formulé I compound of about 0.2 M to about
1.0 M. The acylation reaction is generally complete after
about two hours to about eight hours.

20 When R; and/or Rz is a C3-C4 alkoxy or arylélkoxy group,
the acylated benzothiophene preferably is converted to a
formnla XIII compound, wherein Rs and/or Rg are hydroxy,
without isolation of the product from the acylation reaction.
This conversion is performed by adding additional boron

25 trichloride or boron tribromide and heating the reaction



pressure of dry nitrogen. Al solvents and reagents were used as obtai ned.
The percentages are generally calculated 25 on a weight (ww basis;
except for high performance |iquid chromatography (HPLC) sol vents which are
cal cul ated on a volume (v/v) basis. Proton nuclear nmagnetic resonance
([err]H NVR) spectra and 13C nucl ear magnetic resonance ([err] C NWVR)
spectra were obweiogest7pn a Bruker AC-300 FTNVR spectroneter 3@cTaise@®dd77l35
MHz or at 75.469 MHz for proton and carbon, respectively, or a GE Q& 300
spectronmeter at 300.15 MHz. Silica-gel flasdschronat ography was perforned
gs Ioltascri bed by Still et al. using Silica Gel 60 (230-400 nmesh, E. Merck).
ti et al., . Ch 9 78 t %;@
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diluted with acgiguy tdd |2 98N€ fnfRture of ethanol and methanol (3A ethanol).
The 3A ethanol can be at room temperature or heated to
reflux, preferably at reflux. When the quench is performed

15 _in this manner, the Fornmula XIII compound conveniently

crystallizes from the resulting alcocholic mixture.
Generally, 1.25 mL to 3.75 mL of alcohol per millimole of the
benzothiophene starting material are used.
The following examples further illustrate the present
20 invention. The examples are not intended to be limiting to
the scope of the invention in any respect, and should not be
so construed. All experiments were run under positive
pressure of dry nitrogen. All solvents and reagents were
used as obtained. The percentages are generally calculated
25  on a weight (w/w) basis; except for high performance liquid
chromatography (HPLC) solvents which are calculated on a
volume (v/v) basis. Proton nuclear magnetic resonance
(1H NMR) spectra and 13C nuclear magnetic resonance (13C NMR)
spectra were obtained on a Bruker AC-300 FTNMR spectrometer
30 at 300.135 MHz or at 75.469 MHz for proton and carbon,
respectively, or a GE QE-300 spectrometer at 300.15 MHz.
- Silica~-gel flash chromatography was performed as described by
still et al. using Silica Gel -60 (230-400 mesh, E. Merck).
- : still et al., J. Org. Chem., 43, 2923 (1978). Elemental
35 analyses for carbon, hydrogen, and nitrogen were determined
on a Control Equipment Corporation 440 Elemental Analyzer.
Elemental analyses for sulfur were determined on a Brinkman



15-dil uted sanpl e assayed by HPLC using a Zorbax[err] RX-C8 colum (4.6 mm
X 25 cm with UV detection (280 nm. The follow ng |inear-gradi ent sol vent
sy.stem was used for this analysis: Gadient Solvent System 20 Tinme (mn)

A (9N B(% O 50 50 2 50

50 20 20 80 25 35 20
80 37 WO 9840677 50 45 50 PCT/USPE)DOFT7
0. 01 M aqueous sodi um phosphate (pH 2.0) 30 B. acetonitrile The

anount (percentages) of 6-hydroxy-2-(4-hydregy-
phenyl ) -3-[4-(2-pi peridi noet hoxy) benzoyl ] benzo[ b] t hi ophene hydrochlorlde in

the crystalli necgﬁ{,ﬂeﬂa&r{@% e Sﬁé@?@ferrﬂaﬂﬁggﬁg; Yd i N9

nmet hod. A sanpl e e crysta 0 a 100-nL
vol umetric flasRet QWWQSHP\RRP’# 14 &s?OP%’-%Jﬁ%G%% @ eéf'T?IBPnH melfgng
96/ 40677 © point apparatus or a Mettler FP62 ZAAEbnldti@/ QAd4trument, and

P v ggo[spgfi%tga&fécééa* 2 5@%@&%&%@% sk splctih s udte
chr omat ogr aphy, °RsRHRed Ui d Sarf amI@t@an@nﬁﬁ (\@57@m‘5ﬁ 2r VGTRABY 3R
[err] particl e) mass shecitomdticn 5SHigh288sstionl Frdedlaltom BEmgH PEhett
0 yent system yase Usslee T iiils) ¥ LbR A GNP UYL T LA P dd A inens o
12 7¥6 Z/g.B-ZSE massygpectrometer.

The in situ yields of 6-methoxy-2-(4-methoxyphenyl)-

10 Dbenzo[blthiophene were determined by high performance liquid
chromatography (HPLC) in comparison to an authentic sample of
this compound prepared by published synthetic routes. See
U.S. Patent No. 4,133,814. Generally, samples of the
reaction mixture was diluted with acetonitrile and the

15 diluted sample assayed by HPLC using a Zorbax® RX-C8 column
(4.6 mm x 25 cm) with UV detection (280 nm). The following
linear-~gradient solvent system was used for this analysis:

Gradient Solvent System

20 :
Time (min) A (%) B (%)
0 50 50
2 50 50
20 20 80
25 35 20 80
37 50 ] 50
45 50 50
A: 0.01 M agqueous sodium phosphate (pH 2.0)
30 B. acetonitrile

The amount (percentages)} of 6-hydroxy-2-(4-hydroxy-
phenyl) -3-[4- (2-piperidinoethoxy)benzoyl]benzo[b] thiophene
hydrochloride in the crystalline material (potency) was

35 determined by the following method. A sample of the
' crystalline solid (5 mg) was weighed into a 100-mL volumetric
flask, and dissolved in a 70/30 (v/v) mixture of 75 mM



14 - - 25 75 16 70 30 25

70 30 15 A2 75 mMKH err]P(Jerr] buffer (pH 2.0) B
acetonitrile The percentage of 6-hydroxy-2-(4-hydroxyphenyl)-3-[4-(2- 20
pi peri di noet hoxy) benzoyl ] benzo[ b] t hi ophene hydrochl oride in the sanple was
cal cul ated using the peak area, slope (m, and intercept (b) of the

cal ibration curwossmistv t he fol | owm ng equation: % potency = pealerakeioard
sanple volunme (M) ------------- X mmmmmmmmmm e 25

m sanpl e wei ght (ng) The anount 3%+ centage) of solvent, such as
1, 2- dichloroethane, present in the crystalline material was determ ned by

gas chromat ogr g u&fgﬂbﬁ tthguépercg¥§bqblig§ sglggpéSO qﬁ% w®%
hed - tPre Tl Li2sd) FBY PRetoRttTh-
2 butanol | (0. 02NN PEi REAPnEPAYFLTE 1 G dehT Avesnppesterd i S4Bt on s
anal yzed on a gesrivhmameeodigphdushiomscddiaphy,Cabifg &3%ofbax®. R3-¢gn I D, 1

[err] particl e)coMintd (@5cemusnaf 5omhofp, 16 Fbdieh @ a3 gi%g@i&?t Ion
detection. _The, colum tenperature was heated from WO 96/ 40
PCT/ Us96/ 094877 (38 nide { Fhesfpiipyingeradient gpAvent paysbem Wi usedunt of

sol vent was determ ned by conparison to the internal standard (2- butanol).

5 -1 - | 4. 4" -Di net hoxystil benyl
Sul f oxi de A. Preparation of ?%%%%ED%¥%X§/§??% I

Iime (min) A _(%) B (%)
10 0 70 30
12 70 30
14 25 75
16 70 30
25 70 30

15
A: 75 mM KHaPO4 buffer (pH 2.0)

B: acetonitrile

The percentage of 6-hydroxy-2-(4-hydroxyphenyl)-3-[4-(2-
20 piperidinoethoxy)benzoyl]lbenzo[b]thiophene hydrochloride in
the sample was calculated using the peak area, slope (m), and
intercept (b) of the calibration curve with the following
equation:

% potency = peak area - b x sample volume (ml)
25 -m- - sample weight (mg)

The amount (percentage) of solvent, such as 1,2-
dichloroethane, present in the crystalline material was
determined by gas chromatography. A sample of the

30 crystalline solid (50 mg) was weighed into a 10-mL volumetric
. : flask, and dissolved in a solution of 2-butanol (0.025 mg/mL)
in dimethylsulfoxide. A sample of this solution was analyzed
on a gas chromatograph using a DB Wax columm (30 m x 0.53 mm
ID, 1 y particle), with a column flow of 10 mL/min and flame

35 ionization detection. The column temperature was heated from



Sui fi de 10 A sol ution of desoxyanisoin (12.82 g) in tetrahydrofuran
(100 mL) was treated with titanium (1V) chloride (10.43 g). During the
dropwi se addition of titanium (l1V) chloride, the reaction m xture was
cooled to maintain the tenperature below 35/ err]C. Upon conplete addition,
the resulting mxture was 15 stirred at 30[efr]C. After an additional 30
m nut es, this nwetssgnes?zvas treated with a solution of 2-nethyl pérosssnesme- -
thiol (6.76 nm.) and triethylamne (16.70 nL) in tetrahydro- furan (15 nlL).
The resulting m xture was stirred at 50[ er+38s. After two hours, the m xture
was added to ten percent sodium 20 carbonate (500 m.). The resulting

m xture was ext ?%l} e gﬁgulg@

chl ori de ext rac%%@mgrge%?fte ove 4 gg {rf}gé%m su]ﬁ ate, Q?BI tere and&ﬁrent
concentrated i r?’%cﬂﬁ?%lﬁﬁgebiﬁ?“%a@fs% t& £he,kneernal Standardd (@pon
cooling to roorpiteranature. This crystalline material was 25
recrystallized fromhot ethanol to give 12.3 g of the title conpound.

Melting point 71-73[err]C. Analysis calculated for (CJerrJ]Herr]Jerr]S: C,
73.13; H, 7336; S, 9.76. Found: C, 73.3Fxample k1. S 9.87. 30 B.

Preparag i on of E;jt Butylg-é—éutlemlbomﬁddmtld&‘éﬁﬂlsiﬂfﬂiﬁdérySta||(|1 28
conpound prepared a | e
m.), and the 35 resulti n%béggg%{)%ng%%?%?@l\l\%éﬁt ﬁ%%gﬁgﬁé‘:lﬁ% lﬁ?i

sol ution was treated with peracetic aci dSe3f3de/ w in dilute acetic acid,
1.24 g) over ten mnutes. The resulting m xture was V\D 96/ 40677

PCT/ USS6/ 09477 - 20- sextngel sd wt R sabiliated sodbum syl il ¢ 304, Db 08, e

or gani ¢ phase was concen n vac
{100 mL) was treated with t1tan1um (IV) chloride (10.43 qg).

During the dropwise addition of titanium (IV) chloride, the
reaction mixture was cooled to maintain the temperature below
- 35°C. Upon complete addition, the resulting mixture was

15 stirred at 30°C. After an additional 30 minutes, this
mixture was treated with a solution of 2-methyl-2-propane-
thiol (6.76 mL) and triethylamine (16.70 mL) in tetrahydro-
furan (15 mL). The resulting mixture was stirred at 50°C.
After two hours, the mixture was added to ten percent sodium

20 carbonate (500 mL). The resulting mixture was extracted with
methylene chloride. The combined methylene chloride extracts
were dried over magnesium sulfate, filtered, and concentrated

in vacuo to give 17.2 g of an o0il, which crystallized upon
cooling to room temperature. This crystalline material was
25 recrystallized from hot ethanol to give 12.3 g of the title
compound. Melting point 71-73°C.
Analysis calculated for CpoH2402S: C, 73.13; H, 7.36; S,
9.76. Found: C, 73.37; H, 7.51; S, 9.87.

30 B. Preparation of E—t-Bﬁtyl 4,4'-Dimethoxystilbenyl
' Sulfoxide '

The crystalline compound prepared as described in
Example 1A was dissolved in toluene (150 mL)}, and the
35 resulting solution cooled to aboﬁt -20°C. The cold solution
was treated with peracetic acid (32% w/w in dilute acetic
acid, 1.24 g) over ten minutes. The resulting mixture was



recrystallized fromethyl acetate/heptane to give 14.11 g of the title

conpound. Melting point 104[err]C (dec). 5 Anal ysi s cal cul ated for
CerrlHerr]Jerr]S C 69.74;, H 7.02; S, 9.31. Found: C, 69.47; H 7.04;
S, 9.54. Exanple 2 Z-t-Butyl 4,4'-Di nethoxystil benyl Sulfoxide 10 A

Preparation of t-Butyl 4-Met hoxybenzyl Sulfide A mxture of 4-nethoxybenzyl
al cohol (10. 13 wbogaek7zi nc iodide (11.7 g) in 1, 2-di chl or oet harernjsbébosmi )
was treated with 2-nmethyl -2-propanethiol (9.92 nL) in one portion. The 15
resulting mxture was stirred at roomtenpeggture. After about 18 hours,
the reaction was diluted with water (100 nL) and net hyl ene chloride (100

T ohe or gani g PRESEe SR e TG n 08 Eans S IRARSS L %%BEte LI tered,

and concentrated I'n vacu NIVR

(CDO [err]): [ePryamioohape m)s censsnt:aatgﬁ)m Facuq-s, The) re l@Be(‘gas 2H)

gal% I(st gH}Z [ eeet¢s DR {ZdaCifrem prhyl cacétdBé/hebténes o @523733%3 Alﬂadlgs%?
cul ated for

25 B. Preparaﬂ% #itl;% Jéxrﬁ%ung ge ﬁ}lg §:{'§$bledr;1§F gg % sgl EI on of

t he conpoundP pr epar etRaLY %Pf,ssé'lal atRAck 9hpFe0H2403¢ H,

t et rahydr of ur ang (9. Myowas: cegl €9.40;38, 2boaj 82064 ]C  This col d
solution was treated with a sol ution of n-butyllithiumin hexane (1.6 M
7.47 nL) over ten mnutes. The resulting solution was allowed to warmto
about O[err]C over 35 minutes. This col ExAs}e 8n was treated with p-

22: S?! dehyde 51- 4? (rjﬂ-) ﬁﬁ-@tuﬁgﬂl Qd{i}'t-bﬂﬁé\{:héﬁréﬁﬂ!ﬂe@ﬁrl m&faildéeact i on
T eact| on vel? al | oved Ro HERTATA AR fF °”§%&§%¥°¥ﬁ&xﬁ%% ek ShaRihg a0
m nutes, the
A mixture of 4-methoxybenzyl alcohol (10.13 g) and zinc
iodide (11.7 g¢g) in 1,2-dichloroethane (120 mL) was treated
with 2-methyl-2-propanethiocl (9.92 mL) in one portion. The
15 resulting mixture was stirred at room temperature. After
about 18 hours, the reaction was diluted with water (100 mL)
and methylene chloride (100 mL). The organic phase was
removed, dried over magnesium sulfate, filtered, and
concentrated in wvacuo to give 14.4 g of an oil.
20 1y NMR (CDCl3): 87.28 (4, 2H), 6.85 (4, 2H), 3.77
{s, 3H), 3.73 (s, 2H), 1.36 (s, 9H).
13¢ NMR (CDCl3): 6 130, 114, 56, 35, 32.
Analysis calculated for Ci2H180S: C, 68.52; H, 8.63.
Found: C, 68.80; H, 8.67.
25 .
B. Preparation of Z-t-Butyl 4,4'Dimethoxystilbenyl Sulfide

A solution of the compound prepared as described in

Example 2A (2.51 g) in tetrahydrofuran (50 mL) was cooled to

30 about -20°C. This cold solution was treated with a solution
of n-butyllithium in hexane (1.6 M, 7.47 mL) over ten
minutes. The resulting solution was allowed to warm to about
0°C over 35 minutes. This cold solution was treated with p-

. anisaldehiyde (1.46 mL). After an additiomal 15 minutes, the

35 reaction solution was treated with methanesulfonyl chloride
(0.95 mL). The resulting reaction was allowed to warm to
room temperature. After an additional 45 minutes, the



WO 96/ 40677 PCT/ US96/ 09477 - 30-
reaction mxture was treated with a solution of potassiumt- butoxide in
tetrahydrofuran (1.0 M 12.0 nL). After an additional 45 mnutes, the
reacti on was quenched by the addition of 1IN hydrochloric acid (12.0 nL).
The organic 5 phase was separated, dried over magnesiumsulfate, filtered,
and concentrat edyé9sagzoi | (4.4 g). [err]H NVR (CDC [err]): [ epetusosodsrtd,
H, 7.05 (s, H, 6.9 (d, H, 6.8 (dd, 2H), 3.75 (s, 3H), 0.95 (s, 9H.
[err]C NWR (CDCl[err]): [err] 153, 139, 1343014, 56, 32. 10 C. Preparation
of Z-t-Butyl 4,4 -D methoxystil benyl Sul f oxi de The conpound from Exanpl e 2B

was converted to t h |
as described in %?& d &‘E’&?:rr é:?lr Qéfﬁiﬁﬂ %é%@%ﬁ%&&hﬁ £y
56 (d, H, 7.1 (%utqasldealsm tetra roftefesg (s, ML Fgrr] c
NNF (|CDtCI ge][r]) ad&Itr:]onhQZfslﬁ\Rnﬁteiﬁlthé.J:&aacl:iBn Whs GQdencted by thanal ysi s
cal cul ate or err, H ou 8: H,
6.94. Exanple 3 cf‘l% oF Wf‘{'g%hqﬁ ot ﬁ%)%fst(#bgﬁmﬁfsmrﬁ?‘om ?{%

A. Preparati &n d?hQSEBGﬁﬁ SAPPWE'PFI ysBrRA oviert magnasimIpiLade. f:u.ltered,

4-met hoxybenzyl aﬁﬂd:c&miceht&ai-adg&oae&d ginc(4.adige (11.7 g) in
1, 2-di chl or oet hane Nﬁh) (@gélat)r LF ey ) Znreyhyk- Zsprrp)par@tgn(q #9., 92

mL) in one portion. The resulting mxture was stirred room

t enperature. Aft&s8 alsiut 2118 h8u? g, (ﬂhe'*merac?c-ﬁén (Fas 28 t ut ed with water (100
M) and nethyl ene chlidci NMR( mzcmy OTIE3 ,01138ni E3Phatbd S .r &2oved, dried
over nmagnesi ym sulfate, filtered, and concentrated in vacuo to give 14.4 ¢

of an oil.
C. Preparation of Z-t-Butyl 4,4'-Dimethoxystilbenyl

Sulfoxide

The compound from Example 2B was converted to the title
15 compound using the procedure substantially as described in
Example 1B. '
1§ NMR (CDCl3): 87.61 (4, H), 7.56 (d, H), 7.1 (s, H),
6.9 (ad, 2H), 3.83 (s, 3H), 1.05 (s, 9H).
13¢ NMR (CDCl3): & 142, 132.5, 131, 118, 117, 56, 24.
20 Analysis calculated for CppH2403S: C, 69.74; H, 7.02.
Found: C, 69.98; H, 6.94.

Example 3
B and Z~t-Butyl 4,4'-Dimethoxystilbenyl Sulfoxide
25 A. Preparation of t-Butyl 4-Methoxybenzyl Sulfide

A mixture of 4-methoxybenzyl alcohol (10.13 g) and zinc
iodide (11.7 g) in 1,2-dichloroethane {120 mL) was treated
with 2-methyl-2-propanethiol (9.92 mL) in one portion. The

30 resulting mixture was stirred at room temperature. After
about 18 hours, the reaction was diluted with water (100 mL)
and methylene chloride (100 mL). The organic phase was
removed, dried over magnesium sulfate, filtered, and
concentrated in vacuo to give 14.4 g of an oil.

35 1y NMR (CDCli): 87.28 (4, 2H), 6.85 (d, 2H), 3.77

(S, 3H) ’ 3-73 (S' 2H) r 1-36 (SI 9H) .
13¢ NMR (CDCl3): & 130, 114, 56, 35, 32.



35 ° [err]H NVR (CDCl [err]): [err] 7.28 (d, 2H), 6.85 (d, 2H), 3.77 (s,
3H, 3.73 (s, 2H), 1.36 (s, 9H). [err]C NWR (CDCl[err]): [err] 130, 114,
56; 35, 32. WO 96/ 40677 :

PCT/ US96/ 09477 -31- Analysis calculated for CJerr]Herr]OS: C, 68.52; H,
8.63. Found: C, 68.80; H 8.67. B. Preparation of t-Butyl 4-Methoxybenzyl
Sul foxi de 5 A WO M/M4067Y of the conmpound prepared as described poT/sswod® 3A
(14.4 g) in 1,2-dichloroethane (50 nL) was cool ed to about 5[ err]C and the
cold solution treated with peracetic acid-332% w w in dilute acetic acid,
14.2 m.) over 30 10 m nutes. Upon conplete addition of the peracetic acid,

the reaction was tr Lt ' ' iLabonat 8o . The Hrgani
phase was renoved, %g%s%e?a%ﬁ%%%%ﬁl@%m@#i Ic?er%gd,gzén ! c%'n%:ht rated
to a yell ow pr &owceat €, $8i-807 cBi Bb%mvas treated with hexane (100 nL) and

the resulting 15 mixture stirred at roomtenperature. After about 18 hours,
Solia material vas & SASPATOREE 0 GV, doutrhgIBRRaR (fulkdishs 10°
Mel ti'ng poi Bt 124-126[err]C. [err]H NVR (CDCl [err]): [err] 7.26 (d, 2H),
Cerr] C VR {0 Ler i Lp o g e e s e P o for
[CF re;]r] H] err]( aDegr"[F(]‘?’g:&L)c?AegrrL%s? %«,?”é".‘é‘zfz'%gi‘ﬁg:"reﬁgg?ﬁz,w‘il,ﬁ% 358 sgoled
Preparati on of te abguz- 6°Gand theicodidnechuiioni tiratad Sulthopedacatsol ution
of the conpounddigenaredwas dgseilbes ddecixagelia, 384 (4 0nl) Bvdr 30
tet rahydroflldr art]ni(n%%%srjt) U%ISI 881%.?&& 0addit:ion of the peracetic acid, the
reaction was treated with brine and sodium bicarbonate. The
organic phase was removed, dried over magnesium sulfate,
filtered, and concentrated to a yellow precipitate. This
residue was treated with hexane (100 mL) and the resulting
15 mixture stirred at room temperature. After about 18 hours,
the mixture was filtered and the solids washed with hexane
(100 mL). The solid material was dried in vacuo to give
14.07 g of the title compound. Melting point 124-126°C.
1H NMR (CDCl3): 87.26 (d, 2H), 6.89 (d, 2H), 3.79
20 (4, H), 3.78 (s, 3H), 3.58 (d, H), 1.3 (s, 9H).
13¢c NMR (CDCl3): & 132, 114, 56, 53, 23.
Analysis calculated for Ci2H18025: C, 63.68; H. 8.02.
Found: C, 63.72; H, 7.93.

25 C. Preparation of B and Z-t-Butyl 4,4‘-Dimethoxystiibenyl
Sulfoxide

A solution of the compound prepared as described in
Example 3B (10.0 g) in tetrahydrofuran (140 mL) was cooled to
30 about -30° to -25°C (dry ice/acetone bath). This cold
solution was treated with n-butyllithium in cyclohexane
(1.6 M, 27.65 mL) over 25 minutes. After stirring for 35
minutes, the reaction mixture was treated with p-anisaldehyde
{5.4 mL). The dry ice/acetone bath was removed and the
35 reaction allowed to warm to about 20°C. This mixture was
treated with methanesulfonyl chloride (3.5 mL). The
temperature of the reaction rose from about 20° to about 35°C



30 -about -30 to -25[err]C (dry ice/acetone bath). This cold solution was
treated with n-butyllithiumin cycl ohexane (1.6 M 27.65 nlL) over 25

m nutes. After stirring for 35 mnutes, the reaction mxture-was treated

wi th p-ani sal dehyde (5.4 nL). The dry ice/acetone bath was renoved and the
35 reaction allowed to warmto about 20[err]C. This mxture was treated
wi t h net hanesul WoweMoee7hl oride (3.5 nL). The tenperature of tha’cmmm :
rose fromabout 20[err] to about 35 err]C WO 96/ 40677

PCT/ US96/ 09477 -32- upon addition of the me¥&hanesul fonyl chlori de. The

m xture was cooled to about 25[err]C, then treated with potassiumt-

but oxi de in tet hﬁBﬁdéééiHﬁih e Mhéﬁe@hﬁkésuﬂf&rﬁfl %‘h‘lb&hﬁg f Ofp@Mixture
addi ti onal 35 m nutes, Ee re ctlo was treate 1N hydr.ochiori c

acid (51.0 m).¥¢feC r%t et&‘enar?ﬂfe’?ﬁ@éo‘f’b"a‘i'uﬁoq fred over
magnesi um sul f abatokide arrettetanaﬁydmofananatbda,t &0a9 oLl . ( 1Af6er g9tirriings

material vas Usedyi g {igaiexinail B -w’;hngg fid Rl R LG8" £ 0L e HIGiEA bon

and proton NMR spectra were sim conmpound
prepared as Yesdli Bedroshlorif@eddl (§hd0 zntar%eePl‘aEeﬁnUezeﬁﬂ?%ﬁWsl |yl
4, 4" -Di net hoxysanﬂbelnqlo&drﬁmaiayeiﬁdrled owﬁen‘runetgmreemh shefsoapdiiltered,

?532%8;’ " tol Geneo ek S an e (e o ihds RARELH Sy
reaction nixtur&PwER e&m%"&&@??u?of\%‘?}?ﬁ’f agdticardons | The e‘('frbé’ﬁd he
filtrate concenandtprbton NMRI@peettaveere 28imilar toxthae obtéined for the :

|60 STy o chbgolld L GURNUSap BB sy ALY D anf dsomr 25

Bxamle 4
E and Z-Trimethylsilyl 4,4'-Dimethoxystilbenyl Sulfenate

15 A mixture of the compound prepared as described in
Example 1 (350 mg) and 1,3-bis{trimethylsilyl)urea (116 mg)
in toluene (11 mL) was heated to reflux. Aafter 1.5 hours,
the reaction mixture was allowed to cool to room temperature,
filtered, and the filtrate concentrated in vacuo to give a

20 7:1 mixture of E/Z regioisomers of the title compounds.

FDMS: m/z = 361 (M+1).

E Isomer:
25 1H NMR (dg-benzene): 87.39 (4, 2H), 7.10 (4, 2H), 6.68

(d, 2H), 6.68 (s, 1H), -6.57 (d, 2H), 3.18 (s, 3H), 3.17
(S, 3H)’ 0023 (sl QH)o :

Z Isomer:
30 1¥ NMR (dg-benzene): 87.71 (4, 2H), 7.31 (d, 2H), 6.85

(4, 2H), 6.79 (4, 2H), 6.60 (s, 1H), 3.28 (s, 3H), 3.26
(s, 3H), -0.05 (s, 9H).



(d,- 2H), 6.68 (s, 1H, 6.57 (d, 2H), 3.18 (s, 3H), 3.17 (s, 3H), 0.23 (s,
O9H). Z Isoner: 30 [err]H NWR (d[err]-benzene): [err] 7.71 (d, 2H), 7.31 (d,
2H), 6.85 (d, 2H), 6.79 (d, 2H), 6.60 (s, 1H), 3.28 (s, 3H), 3.26 (s, 3H,
-0.05 (s, 9H). WO 96/ 40677

PCT/ US96/ 09477 -33- Exanple 5 E and Z-Trimet hyl silyl

4, 4" -Di met hoxyskobémpey Sul fenate A m xture of the conpound pPCPHSRNTT
described in 5 Exanple 2 and 1, 3-bis(trinethylsilyl)urea in toluene was
heated to reflux. After ten mnutes, the m3&wure was allowed to cool,
filtered, and concentrated in vacuo to give a 7:1 mxture of E/Z

regi oi soners of the title conpounds. 10gkald®ges: 13C NMR (d[err]-benzene,

8[err]C): [err] 160.49, 158,53, 141 .54 131.9/, 1 29. 65,
116.41, 114.68, 1E3and ZsIripetmplsgly]; “5’18‘3E§°XY5 ’tha"ﬁ'ﬂf sulféndte
Z- NN Di net hyl - 4, 4' - Di et hoxysti | benyl Sul fenam de A m xture of the conpound

prepared as descrl b%fjgh&t ngke ﬁe(é?ﬁélo ?.tﬁ@pgrgabag(aég@ﬁﬁyd Sid yI )urea

(578 ng) in tol uene eat ours, t he

reacti on wa$§ alBAmRle ¢ @09 1t% bis A rimeidy ﬁ.#é’“&ﬁﬁat?‘éa'f% IS H"as
di met hyl am ne (Red¥edrito ZeElidkin Aﬁtenmeh amfus:mn) thaf méxtune aehkl tdldmed

two hours, the E&a&&dfm fi%'é&ba u88 §8&9&£@£&%é g dwaﬁéstaogﬂaea & & 1

mxture of E/Z FRgior i Sone e co I S residual mxture
was 25 purifi e@%@#ﬁg of Iﬁ/gar@SW%?%?F%m%ﬂ%&éﬁﬁy?m@%‘t‘? "with a
m xture of ethyl acetate/hexane (9:1), to give 1.06 g of the title

conpounds 3% arEBiéLOI{glg(:ture of E/Z regioisoners.
13¢c NMR (dg-benzene, 8°C): 8 160.49, 158.53, 141.54, 131.97,
129.91, 129.65, 125.59, 116.41, 114.68, 113.98, 54.56, -0.09.

Example 6
i5 E and Z-N,N-Dimethyl~-4,4'-Dimethoxystilbenyl Sulfenamide

A mixture of the compound prepared as described in
Example 1 (1.74 g) and 1,3-bis(trimethylsilyl)urea {578 mg)
in toluene (54 mL) was heated to reflux. After 1.5 hours,

20 the reaction was allowed to cool to room temperature, and
treated with dimethylamine (2.80 mL, 2.0 M in tetrahydro-
furan). After an additional two hours, the reaction solution
was evaporated to dryness to give a 7:1 mixture of E/Z regio-
isomers of the title compounds. This residual mixture was

25 purified using silica-gel flash chromatography, eluting with
a mixture of ethyl acetate/hexane (9:1), to give 1.06 g of
the title compounds as an 8:1 mixture of E/Z regioisomers.

FDMS: m/z = 315 (M*).

30
Analysis calculated for C3gH21NO2S: C, 68.54; H, 6.71;

N N, 4.44. Found: C, 68.40; H, 6.69; N, 4.22.

. £ Isomer:
35 1y NMR (dg-benzene): 87.44 (4, 2H), 7.11 (4, 2H), 6.99

(s, 1H), 6.71 (d, 2H), 6.56 (4, 2H), 3.22 (s, 3H), 3.18
(s, 3H), 2.66 (s, 6H).



FDMS; mz = 315 (Merr]). 30 Analysis calculated for Jerr]Herr]NJerr]S:
C, 68.54; H 6.71; N, 4.44. Found: C, 68.40; H, 6.69; N, 4.22. E |Isoner: 35
[err]H NVR (d[err]-benzene): [err] 7.44 (d, 2H), 7.°11 (d, 2H), 6.99 (s,

1H), 6.71 (d, 2H), 6.56 (d, 2H), 3.22 (s, 3H), 3.18 (s, 3H), 2.66 (s, 6H).
WD 96/ 40677 PCT/ US96/ 09477 - 34-
[err]C NMR (d6- bwodese)r [err] 160.00, 158.83, 139,70, 131. 48, pdibsetear?
130.51, 129.94, 123.77, 114.55, 113.97, 54.63, 54.61, 48.17. 5 Z |soner:
[err]H NVR (d[err]-benzene): [err] 7.61 (d-34H), 6.82 (d, 2H), 6.80 (d,
2H), 6.80 (s, 1H), 3.32 (s, 3H), 3.27 (s, 3H), 2.41 (s, 6H). 10 [err]C NWR
(d[err]-benzene): [err] 159.89, 159.30, 139.76, 136.46, 131.94, 131.82,

130. 22, 130. 20, , (A13. 76, 54.8%,. 5473, Bl

Exanple 7 E and 1% n%éf%f%e-nﬁ%ﬁe?ﬁﬁygpi'l %é%y%l‘sﬁe’ﬂé)rﬁ &81A4§r1 xture of
t he conpound pr el30.98,a130e5t; i b29l. 94, B2BT7e 1141554 )3 AW 54.63, 54.61,
1, 3-bis(trinet hy‘l%i |y | Yurea (578 ng) 20 in toluene (54.n) was heated to
reflux. After 1. ours, the reaction was allowed to cool to room

t enper at ur e, 5and treated with benzyl ami ne (0.575 nL). After an additional
two hours, the redsamer:sol uti on was evaporated to dryness to give a 7:1

mxture E/Z of riggingRsQapLSerbeddle §1ler (4, 4H), 6.82 (d, 2H), 6.80
(&, 2H), 6.80 (s, 1H), 3.32 (s, 3H), 3.27 (s, 3H), 2.41

(s, 6H).

10
13¢c NMR (dg-benzene): 8159.89, 159,30, 139.76, 136.46,
131.94, 131.82, 130.22, 130.20, 113.83, 113.76, 54.81, 54.73,
48.61. ‘

15 Example 7

E and Z-N-Benzyl-4,4° -Diméthoxystilbenyl Sulfenamide

A mixture of the compound prepared as described in

 Example 1 (1.74 g) and 1,3-bis(trimethylsilyl)urea (578 mg)

20 in toluene (54 mL) was heated to reflux. After 1.5 hours,
the reaction was allowed to cool to room temperature, and
treated with benzylamine (0.575 mL). After an additional two
hours, the reaction solution was evaporated to dryness to
give a 7:1 mixture E/Z of regioisomers of the title

25 compounds. This residual mixture was purified using silica-
gel flash chromatography, eluting with a mixture of ethyl
acetate/hexane (7:1), to give 1.06 g of the title compounds
as a 6:1 mixture of B/Z regioisomers.

30 Analysis calculated for C3H23NO2S: C, 73.18; H, 6.14;
N, 3.71. Found: C, 73.16; H, 6.18; N, 3.50

E Isomer: :
1H NMR (dg-benzene): 87.41 (d, 2H), 7.13 (4, 2H), 7.12-7.03

35 {(m, 5H), 6.87 (s, 1H), 6.71 (4, 2H), 6.59 (4, 2H), 3.89
(d, 2H), 3.23 (s, 3H), 3.20 (s, 3H), 2.71 (t, 1H).



25. conpounds. This residual m xture was purified using silica- gel flash
chromat ography, eluting with a mxture of ethyl acetate/hexane (7:1), to
give 1.06 g of the title conpounds as a 6:1 mxture of E/Z regioisoners. 30
Anal ysis calculated for (Jerr]Herr]NJerr]S: C, 73.18; H, 6.14; N, 3.71.
Found: C, 73.16; H 6.18; N, 3.50 E Isoner: [err]H NVR (d[err]-benzene):
[err] 7.41 (d, wWowesmes7i3 (d, 2H), 7.12-7.03 35 (m 5H), 6.87 PCTUSWAI?76."71
(d, 2H), 6.59 (d, 2H), 3.89 (d, 2H), 3.23 (s, 3H), 3.20 (s, 3H), 2.71 (t,
1H) . WO 96/ 40677 -35- PCT/ US96/ 09477
-35- [err]C NVR (d6-benzene): [err]  159.98, 158.91, 140.53, 139.77, 131.45,

130.50, 129.87,_ .128.77, 128.66, 128.59. 127. 3, 4.7 4.02,

56. 14, 54.69, 54Cs5NMRs (dg-banzane) ‘[@rﬁ%mﬁg['éir]fg%ré%hé‘)fg’[ “r] 7.59

Eg, gti)i) ggg EI’31.?4‘§,1 1?}0%!50?-929(87,51987.'ﬂ7,832(85561F%2865§9 127.23), 6.77
, , 3. , a3 S S, . t, 1H). 10 C

NVR (d[err]-benfé%éﬁ- X 4r']J74166?gg?’21§5.1]zé' 15448’%8, gﬁséf*g?, 1::')2.50, 1%?5,]2

é30984’5123336’ 128.87, 128.58, 128.46, 127.49, 114.48, 114.00, 56. 23,

B afgdeRe:S: 15 -
6- Met hoxy- 2- (4- yphe o4 t bg ophe A sokyt i -
p-t ol uenesul fonﬁ%d‘wﬁoﬁéh%/%ﬁg’tzé 5()@5%9 ng?' V\r%ls) 'agdgg !t(gptgllfltbn%?llé.rrgi})
and heated to ré&h) B58) arfd8Ratier M, r 6ndYetBhy2H/| Suwihg (e 2B) cod i@kt in a

Dean- 20 Stark ggapmThis snefikyxbag, solati oo, vian ,t cesRedewi Lh) a sol ution of
t he regi oi soneric conpounds prepared as described in Exanple 4 (523 ng) in

toluene (15 nl)_over 15 mnutes. U conplete additi '
Lol uene (10 om0 Sh (de-bonsane) T H166.05. 5156794, 1190: 48] P HP! Vs

132.50, 131.32, 130.04, 129.86, 128.87, 128.58, 128.46,
127.49, 114.48, 114.00, 56.23, 54.90, 54.78.

Example 8
15 6-Methoxy-2- (4-methoxyphenyl)benzo[b] thiophene

A solution of p-toluenesulfonic acid monohydrate
(552 mg) was added to. toluene (15 mL) and heated to reflux,
and water was removed by allowing it to collect in a Dean-

20 Stark trap. This refluxing solution was treated with a
solution of the regioisomeric compounds prepared as described
in BExample 4 (523 mg) in toluene (15 mL) over 15 minutes.
Upon complete addition, an aliguot was removed for HPLC
analysis. This analysis showed a 46.6% in situ yield of the

25 title compound.

Example 9
6-Methoxy-2- (4-methoxyphenyl)benzo [b] thiophene

30 A solution of p-toluenesulfonic acid monohydrate
(1.26 g) in toluene (20 mL) was heated to reflux, and water
was removed by allowing it to collect in a Dean-Stark trap.
A solution of the regioisomeric compounds prepared as
described in Example 6 (650 mg) in toluene (9 mL) was added
35 to the refluxing acid solution over 1.8 hours. The reaction
solution was treated with ethanol (10 mL), and the resulting



anal ysis. This analysis showed a 46.6%in situ yield of the 25 title
conpound. Exanple 9 6- Met hoxy- 2-(4-net hoxyphenyl ) benzo[ b] t hi ophene 30

‘A solution of p-toluenesul fonic acid nonohydrate (1.26 g) in toluene (20
m.) was heated to reflux, and water was renoved by allowing it to collect
in a Dean-Stark trap. A solution of the regioi soneric conpounds prepared as
descri bed i n Exanpleadsr 650 ng) in toluene (9 nL) was added 35pct/osdshesrr -
refluxing acid solution over 1.8 hours. The reaction solution was treat ed
wi th ethanol (10 nL), and the resulting -86-96/ 40677

PCT/ US96/ 09477 -36- m xture allowed to cool to roomtenperature. The
resul ting slurrynMgs, gt ansae&tta%mt %ahueggp&aﬁr@bowel%eaaymgthe

m xture was cool ed to about err]C, and filter

290
title conpound. %Wn&aﬁo?ﬁ% 1€ -3t 19T ]tG“‘pSrfE‘F’FTH N F@gg
[err]7.67 (d, 1Hjoursd,64hédmiRtire Avadd dovlefiHro db&it (5PC, lﬂ)lﬂ fiDtexed tZH)
6.98 (dd, 1 3 %"ﬁ | WS +Ss Gal Ll at ed ol 9f a0
g err](H[ erri_Dq e%’]% (2%0 @g‘)%ﬁ t%? %&2]2& J)g éna l;%i%bfgalﬁ g Zg'ggEgg?rp
10 E and Z-32(4, 4 -Dinethoxystil benyl sulflde)-6 met hoxy- 2- (4- 15
met hoxyphenyl )béﬁizb!@] ﬁﬁs-@iﬁmg A BAUt(Sn 18 , p7t o4 ubdesAHX.0Mi-6ladisd 1H),
nmonohydrate (552 rgi,) g_%ﬂ '?20# 1(]& rﬂ}?) W%sgge@%t ar:tm reg;c 'dixés‘%ngHY"at?WQ

was renoved by aI’IOW| | ect “i'n‘a Dean A”sofl ution
of the conmpound - |§§9ed as described in Exanple 1 (10 g) in tol uene (34

m.) was added to the refluxing acid
10 Analysis calculated for CigH3402S: C, 71.09; H, 5.22.

Found: C, 71.09; H, 5.27.

Example 10
B and Z-3-(4, 4‘'-Dimethoxystilbenyl sulfide)-6-methoxy-2-(4-
15 methoxyphenyl)benzo [b] thiophene

A solution of p-toluenesulfonic acid monohydrate
{552 mg) in toluene (111l mL) was heated to reflux, and water
was removed by allowing it to collect in a Dean-Stark trap.

20 A solution of the compound prepared as described in Example 1
(10 g) in toluene (34 mL) was added to the refluxing acid
solution over six hours. After an additional two hours, the
mixture was cooled to 0°C. After-an additional 18 hours, the
cold mixture was filtered to remove the precipitated 6-

25 methoxy-2-(4-methoxyphenyl)benzo[b]thiophene. The filtrate
was extracted with an equal volume of saturated sodium
bicarbonate solution. The organic phase was separated, dried
over sodium sulfate, filtered, and concentrated ia vacuo to
give 4.8 g of an orange o0il. This 0il was divided into two

30 parts and each purified using silica-gel flash chromato-
graphy, eluting with hexane/ethyl acetate (3.5:1). The
fractions contained in the desired regioisomers were
concentrated to an oil. This.oil was treated with diethyl
ether to selectively crystallize the early-eluting regio-

35 isomer (155 mg). The mother liquor from these crystal-
lizations were enriched in the late-eluting regioisomer.



sol-ution over six hours. After an additional two hours, the m xture was
cooled to O[err]C. After an additional 18 hours, the cold m xture was
filtered to renove the precipitated 6- 25 :
met hoxy- 2- (4- met hoxyphenyl ) benzo[ b] t hi ophene. The filtrate was extracted
wi th an equal volune of saturated sodi um bi carbonate solution. The organic
phase was sepangd9gosfy | €d over sodiumsul fate, filtered, andpecrnsesinsat ed
in vacuo to give 4.8 g of, an orange oil. This oil was divided into two 30
parts and each purified using silica-gel fd3gsh chromato- graphy, eluting
wi th hexane/ ethyl acetate (3.5:1). The fractions contained in the desired
regi oi soners vw#e con ent.ratf? an oil. This oil was treated with diethyl
ct

t her t | P -elutj io- 35, i 155
o). The not hed R, dF el G AaneBhls o7 46 | B e
278 01 Vﬂgg&ﬂm e 2l

ar I N SO, eé 3 ﬁl’ _
d, 2H). 7.64 58 é/m{xse Y S 992 (d,
(2H) ?90 (&) (1&9 31)853(.80 gﬁ) 38) 5B (&6 g—-l) H3.45 (d, 2H), 3.86 (s gH)
3.85 5 (s, 3H), 3.80 (s, 3H), 3.66 (s, 3H). H gh resolution FABMS

501 1a01° 10" e SR Ph chAMES U Rk, Pipmabddy BVICL .
1H), 7.62 (d, Z43.15074 (Fepnd7. 0341494, 7.02 (dd, 1H), 6. 96 (d, 2H),

6.74-6.71 (d, 2H), 6.70 (d 2H), 6.55 (d, 2H), 6.21 (s, 1H), 3.86 (s, 3H),

3.85 (s, 3Ii|)0, 3Late es.l.utlng Isoggr(s 3H). 15 FDM5: mlz = 540 (nferr])

1§ NMR (CDClz): 87.90 (4, 1H), 7.62 (4, 2H), 7.24 (1H), 7.08
(d, 2H), 7.02 (44, 1H), 6.96 (4, 2H), 6.74-6.71 (d, 2H), 6.70
(d, 2H), 6.55 (d, 2H), 6.21 (s, 1H), 3.86 (s, 3H), 3.85
(s, 3H), 3.76 (s, 3H), 3.67 (s, 3H).

15
FDMS: m/z = 540 (m*)

Example 11 .
6-Methoxy-2- (4-methoxyphenyl) benzo [b] thiophene
20
The compound {(early-eluting isomer) prepared as
described in Example 10 (125 mg) was added to a refluxing
solution of p-toluenesulfonic acid monohydrate (4.2 mg) in
toluene (1.5 mL). After six hours, methanesulfonic acid
25 (7.5 ML) was added to the reaction mixture. After an
additional hour, the reéction mixture was allowed to cool to
room temperature. The resulting mixture was diluted with
acetonitrile and assayed by HPLC, showing a 71.1% in situ
vield of the title compound.
30



Exanpl e 11 6- Met hoxy- 2- (4- met hoxyphenyl ) benzo[ b] t hi ophene 20 The conpound
(early-eluting isonmer) prepared as described in Exanple 10 (125 ng) was
added to a refluxing solution of p-toluenesul fonic acid nonohydrate (4.2
my) in toluene (1.5 nL). After six hours, methanesul fonic acid 25 (7.5
[err]L) was added to the reaction nixture. After an additional hour, the
reacti on m xt ur svo'sesosszl owed to cool to roomtenperature. The '

m xture was diluted with acetonitrile and assayed by HPLC, shomnng a 71. 1%
in situyield of the title compound. 30 -838-96/ 40677

PCT/ US96/ 09477 -38- Exanple 12

6- Hydr oxy- 2- (4- hydr oxyphenyl) - 3-[ 4- ( 2- ph’?&é‘*’% nﬁ?t hoxy) -
benzoyl ] benzo[ b] t hi ophene Hydrochl ori de or oet hane So| vate 5
A. Preparation of ﬁ)ﬂr‘?&('@ Hidyby FSHP?%EPW%T% r{foaﬁzéPApﬁ?’x‘?Jcﬁ%e"ce}?°’§‘f)ﬁyl

4- hydr oxybenzoate (8.31 g)berzdyX]behkol[bsthybpivemne Hydiroehfopbégdr ochl ori de
(10. 13 g), potassium carbonate ( %%hﬂloﬁ%%hgﬁkh%ﬁbl@ééyl ket one (60 nlL)
e “hour

was 10 heat ed to 80[err]C. After~0n are was cool ed to about
55[err] C andStr eat el WPEIPAANIONOAEI EibyD- £h(InRigexjidinoptherypepzoate
nonohydrochl oride (0.92 g). The resulting m xture was heated to 80[err]C

TR LRkl s, o ALY SF eSS (BTeE ) 100
viv). Add.t.onar:haerpebm teipenisisg BPBERHGFOPRIRTIAR 1d0n}dr 8L RRFRRSHIR
added until thecakbbhatg {16)38 @)ybandomkehestethys konen®d0 mL) was
10 heated to 80°C. After one hour, the mixture was cooled to
about 55°C and treated with additional 1-(2-chloroethyl)-
piperidine monohydrochloride (0.92 g). The resulting mixture
was heated to 80°C. The reaction was monitored by thin layer
chromatography (TLC), using silica-gel plates and ethyl
15 acetate/acetonitrile/triethylamine (10:6:1, v/v). Additional
portions of 1-(2-chloroethyl)piperidine hydrochloride are
added until the starting '4—hydro>éybenzoate ester is consumed.
Upon complete reaction, the reaction mixture was treated with
water (60 mL) and allowed to cool to room temperature. The
20 aqueous layer was discarded and the organic layer
concentrated in vacuo at 40°C and 40 mm Hg. The resulting
0il was used in the next step without further purification.

B. Preparation of 4-(2-Piperidinoethoxy)benzoic
25 _ Acid Hydrochloride

A solution of the compound prepared as described in
Example 12A (about 13.87 g) in methanol (30 mL) was treated
with 5 N sodium hydroxide (15 mL), and heated to 40°C. After
30 4 1/2 hours, water (40 mL) was added. The resulting mixture
was cooled to 5-10°C, and concentrated hydrochloric acid
(18 mL) was added slowly. The title compound crystallized
during acidification. This crystalline product was collected
by filtration, and dried in vacuo at 40-50°C to give 83%
35 vyield of the title compound. Melting point 270-271°C..



Upon:conpl ete reaction, the reaction m xture was treated with water (60 nL)
and allowed to cool to roomtenperature. The 20 aqueous | ayer was di scarded
and the organic |ayer concentrated in vacuo at 40[err]C and 40 nm Hg. The
resulting oil was used in the next step without further purification. B.
Preparati on of 4-(2-Piperidinoethoxy)benzoic 25 Acid

Hydr ochl ori de Awddedégren of the conpound prepared as descri bedonvusbaessps e
12A (about 13.87 g) in nethanol (30 nL) was treated with 5 N sodi um

hydroxi de (15 nmL) , and heated to 40[err] G3®ter 30 4 1/2 hours, water (40
m.) was added. The resulting m xture was cooled to 5-10[err]C, and

concentrated hydrochl Oéljc%fa%l étji% mﬁk a?lgf%ﬁ%&vgée ug&(?bg&%_rggpggnd

crystallized during aci t5%n:
by filtration, and dried in vacuo Cézlomdso% @F?@l@rigfﬁ/e 83% 35 yield of
the title corrpound. Mel ting point 270-271[err]C WD 96/ 40677

PCT/ US96/ 09477 -39- C. Przermﬂamim oE ﬂhék&mﬂmimmny)abedem&ibed in

Chl oride Hy oc%%&gé_ ﬁgﬁg}ﬂ% escribed in
5 Exanple 12 # and |rret % orrram e rrLE I N rreth gnggchlorlde
(500 m_) was tr’@ﬁ?‘&ﬂl ¢ iFhbenide (BPOr PHE Wad). ‘H’%‘aedo\?@tha%elg% FhIRKide
period. After s{10!5 na.L) overb@iB30:85haincte igweriwbct iabterastassiygdEdor

| eti b A 10
The reaceton it abgul 8 ks SiHe ABLI G e SN FTRLAMPIBLGE )
the reaction soPEW¢ Apadas ’érap@rdét:‘-&é°f16 dP¥arask qm%mrhberég)%é%s
di ssol ved i10 methy| sesctoibrriiflehie? 8Bapt ing addkBd¥gy Virks Wi @ s Spr e erot.

evaporated to dhxResSumiles o, StHe bRt LYRRAM AN iU RYCQUUEEIRSa epeat ed
dryness in vacuo. The residue was dissolved in methylene
chloride (200 mL), and the resulting solution evaporated to
dryness. This dissolution/evaporation procedure was repeated
15 to give the title compound as a solid. '

D. Preparation of 6-Hydroxy-2-(4-hydroxyphenyl)-~3-[4-(2-
piperidinoethoxy)benzoyllbenzo[b]thiophene Hydrochloride

1,2-Dichloroethane Solvate
20

A mixture of the compound prepared as described in
Example 8 or 9 (2.92 g), the compound prepared as described
in Example 12C (3.45 g), and 1,2-dichloroethane ({52 mL) was
cooled to about 0°C. Boron trichloride gas was condensed

25 into a cold graduated cylinder (2.8 mL), and added to the
cold mixture described above. After eight hours at 0°C, the
reaction mixture was treated with additional boron
trichloride (2.8 mL). The resulting solution was heated to
35°%C. After 16 hours, the reaction was complete.

30 Methanol (30 mL) was treated with the reaction mixture
from above over a 20-minute period, causiﬁg the methanol to
reflux. The resulting slurry was stirred at 25°C. After one
hour, the crystalline product was filtered, washed with cold
methanol (8 mL), and dried at 40°C in vacuo to give 5.14 g of

35 the title compound. Melting point 225°C.

Potency (HPLC): 86.8%

1,2-Dichloroethane (gas chromatography): 6.5%



15-to give the title conpound as a solid. D. Preparation of

6- Hydr oxy- 2- (4- hydr oxyphenyl ) -3-[4-(2-

pi_peri di noet hoxy) benzoyl ] benzo[ b] t hi ophene Hydrochl ori-de 1, 2-Di chl or oet hane
Solvate 20 A -m xture of the conpound prepared as described in Exanple 8 or
9 (2.92 g), the conpound prepared as described in Exanple 12C (3.45 g), and
1, 2-di chl or oet hevaeoetsbéy7nl) was cool ed to about O[err] C. Boron oTvuseb/mirde
gas was condensed 25 into a cold graduated cylinder (2.8 nmL), and added to
the cold m xture described above. After eighf-hours at O[err]C, the
reaction mxture was treated with additional boron trichloride (2.8 nlL).
The resulting solution was heated to 35[err]C. After 16 hours, the reaction
was conplete. 30 Met hanol (30 nL) was treated with the reaction

m xture from above over a 20-minute per BF™PLEut? ng the methanol to refl ux.
The resulting slurry wes-Methoxed2al 420 ehohQheif/lébenze [bbthiiophiene
crystalline product was filtered, washed with cold nethanol (8 nlL), and
dried at 40[err]Cin vacuo to give 5.14 g of _35 the title conpound. Melting
poi nt 225[erP] C. Pot 8nE9igmrcet gstadpenesyl Lopis eidaAenphydrate
chromat ogr aphy) (1605%) idNVRc{eH6420 mL) was heated to reflux, and water

T 02 il i ) AN 5 LS as s,

t hi ophene -5 A uenesul fonic aci d nono
in toluene (20 ALPORASiPR Al Fhe HeFLrEROMERHC EAIROURAS PERBIEEILYS al | owi ng
it to collect |BdescPibed IriirBxanpde 7A (360 UingprimitdlumeneedBombpnmeas cadded
gggggunds PigPacgdefs HEFRLHM dd1aE58TBE Sod Y0 1) nliBut8LYCNEELEr TBne VBS
hour, the reaction solution was treated with ethanol (10 mL),
and the resulting mixture allowed to cool to room
temperature. The resulting slurry was stirred at room
temperatute. After about 18 hours, the mixture was filtered
15 to give 149 mg of the title compound. Melting point 199-
200°.

Analysis calculated: for C3gH1402S: C, 71.09; H, 5.22.
Found: C, 71.05; H, 5.22.
20
Example 14
B and 2Z-4,4'-Dimethoxystilbenyl Ethyl Disulfide

A solution of the regioisomeric compounds prepared as

25 described in Example 4 (1.83 g} in toluene (54 mL) was

treated with ethanethiol (0.433 mL) and triethylamine

(0.715 mL). After about 2.5 hours at room temperature, the

reaction solution was evaporated to dryness in vacuo to give

a mixture of regioisomers. The residue was purified using
30 éilica-gel chromatography, eluting with ethyl acetate/hexane

(9:1), to give 1.14 g of a 5.7:1 mixture of B/Z regioisomers

of the title compounds.

Analysis calculated for CigHpp0zSz: C, 65.03; H, 6.06.
35 Found: C, 65.32; H, 6.28.



10to the ref luxing acid solution over ten mnutes. After one hour, the
reaction solution was treated with ethanol (10 nL), and the resulting

m xture allowed to cool to roomtenperature. The resulting slurry was
stirred at roomtenperature. After about 18 hours, the mxture was filtered
15 to give 149 ng of the title conpound. Melting point 199- 200[err]C

Anal ysi s cal culywbeglads?f Clerr]Herr]Jerr]S: C 71.09; H 5. 2%cthavesberC
71.05; H 5.22. 20 Exanple 14 E and Z-4, 4' - Di net hoxysti |l benyl Ethyl

Disulfide A solution of the'regioi someric coppounds prepared as 25
described in Exarrple 4 (1.83 g) in toluene (54 nL) was treated with i

et hanet hi ol §3ﬁ % and triethylamne (0.715 nL). After about 2.5 hours
at roomtenpera FMGhe reaction sol uti on was evaporated to dryness in
vacuo to give a mxture of regioisonmers. The residue was purified using 30
silica-gel chrolmtnMyr a(mwbealzah'eng 37t 35 etdvy | 2Hicet7atld/ HexahB) (91105 to give

1.14 g of a 5.7 tur gi the title .
Anal ysi s cal cul Q%E(FJE %[fﬁ’f (ﬁ‘{ Cfeﬁ)]r@% erﬁ) ! %0,2&6&803?&%)0%{%% 35
Found: C, 63 32{sH 3. .2& 39 (mQB/MO@?QQ (t, 3H).

PCT/ US96/ 09477 -41- E Isoner: [err]H NVR (d[err]-benzene): [err] 7.35 (d,

2H) 719(s 05 +(d % H)., (s, 3H),
3.14 5 (s, CZ% Etd% Eﬁ%gkl} gg %é@?ﬂf err]]%4 &ﬁ/ﬁ ?50 T 27;tg"enzene)
8160. 09, 159 1613(1@..95,30]3-]6,71.,29156. 6126 188, 16L4.B40. 433. 226 88 64,15646561,
113. 99, 54. 64, @ﬁ-;ﬁ.', 14.33_'

10

Z Isomer:

14 NMR (dg-benzene): 87.67 {(d, 2H), 7.58 (4, 2H), 6.90
(s, 1H), 6.83 (d, 2H), 6.80 (d, 2H), 3.30 (s, 3H), 3.28
15 (s, 3H), 2.26 (g, 2H), 0.94 (t, 3H).

13¢ NMR. (dg-benzene): 8159.98, 159.53, 137.58, 134.03,

132.79, 131.69, 130.45, 113.91, 113.87, 54.79, 54.73, 32.61,
14.25. '
20

Example 15
6-Methoxy-2- (4-methoxyphenyl)benzo[b]thiophene

A solution of p-toluenesulfonic acid monohydrate
25 (1.21 g) in toluene (20 mL) was heated to reflux, and water
was removed by allowing it to collect in a Dean-Stark trap.
A solution of the regioisomeric compounds prepared as
described in Example 14 (685 mg, 5.7:1 regioisomeric mixture)
in toluene (9 mL) was added to the refluxing acid solution
30 over 1.8 hours. An aliquot of the mixture was analyzed by
HPLC, showing a 23.2% in situ yield of the title compound.



32: 29, 14 [err]H NWVR (d[err]-benzene): [err] 7.67 (d, 2H),
7 58 (d mlllmnbﬂ!“m’ﬂw 6. 83 (d, 2H), 6.80 (d, 2H), 3.30 (s, 3H), 3.28
, (t, 3H). [err]C NWMR (d[err]-benzene): [err]
159 98 159 53, 137.58, 134. 03 132.79, 131.69, 130.45, 113.91, 113.87,
54.79, 54.73, 32.61, 14.25. 20 Exanple 15
6- Met hoxy- 2- (4- wed bgaggphenyl ) benzo[ b] t hi ophene A sol ution of pcrmusesoes7? -
p-tol uenesul foni ¢ acid nonohydrate 25 (1.242g) in toluene (20 L) was
heated to reflux, and water was renoved by allowing it to collect in a
Dean- Stark trap. A solution of the regioisoneric conmpounds prepared as
described in Exgpplaaish.(685 ng, 5.7:1 regioisonmeric mxture) in toluene (9
m.) was added to the refl uxi ng-acid solution 30 over 1.8 hours. An aliquot
of the m xture was anal yzed by HPLC, showing a 23.2%in situ yield of the
title conpound. WD 96/ 40677
PCT/ US96/ 09477 -142- W prbeess fior prappringss doppopndpaf ithe Lormwpaund of
the formula § wherein: Rlerr] is hydrogen, Clerr]-Clerr] alkoxy,
aryl al koxy, halo, or 10 am no; and R[er i s hydrogen, C[err]-Clerr]
al koxy, aryl al koxy, hal o, or am no; ses cyclizing in the
presence of an acid catalyst a conpou :

wherein:
R1 is hydrogen, C1~C4 alkoxy, arylalkoxy, halo, or
10 amino; and
R2 is hydrogen, C1-C4 alkoxy, arylalkoxy, halo, or
amino; which comprises cyclizing in the presence of an acid
catalyst -a compound of the formula

S—Ry

Ry R
15 IIz

wherein:
R1 and R2 are as defined above;
R4 is 0OSi(R)3, NR5Rg, or SRg:
20 each R is independently C1-Cg alkyl, aryl, or arvlalkyl;
Rg and Rg¢ are independently hydrogen, C3-Cg alkyl,
arylalkyl, or aryl; or Rg and Rg together with the nitrogen
atom form a ring selected from piperidine, pyrrolidine,
morpholine, and hexamethylimine; and
25 Rg is C1-Cg alkyl, aryl, or arylalkyl.

2. The process of Claim 1 wherein:
R1 is hydrogen, C1-C4 alkoxy, or arylalkoxy; and
R2 is hydrogen, C1-C4 alkoxy, or arylalkoxy.



[err] 15 whereln R[err] are as defined above; Rerr] is
OSl(R)[err] ﬂ\ ‘ or SR err]; 20 each R is independently

Clerr]- C[er +or aryl al kyI Rlerr] and Rlerr] are

i ndependent | y hydr ogen C[err] derr] aI kyl, arylalkyl, or aryl; or Rerr]
and Rlerr] together with the nitrogen atomforma ring selected from

pi peridi ne, pyrwagedosye, norpholine, and hexanet hylim ne; and ptruseso9s77
Rlerr] is Clerr]-Clerr] alkyl, aryl, or aryjslkyl. 2. The process of
Caim1l wherein: Rerr] is hydrogen, Cferr]-Clerr] al koxy, or aryl al koxy;
and Rlerr] is hydrogen, Clerr]-(err] al koxy, or aryl al koxy. WO 96/ 40677
PCT/ US96/ 09477 -43- 3. The process of Claim2 wherein the acid catalyst
is selected fromthe group consisting of nethanesul fonic acid,

benzenesul f oni c3aci dThe -oreseseare R @nwhegein the agidbgataisust fiehi c

aci d, » et hanesul §@I’é@te’ﬂ$lﬁi'om4th€td‘bddiﬁl&6ﬁ9§§tliﬁ@rﬁﬁ me€hénedulorare Sliioni c

acid, 1,5- nap | e ed| Ifonlc [ nesul.foni.c a

canphorsul f oni 25%2 PInEISr%?FE h&h??&?“?gﬂ qlgonbc ?%Jrcg‘ nJESUI fonic

aci d,” Nafi orP, mwwl[f@mp acitdy Avb@nlesuéfoqxp acid, The process of Claim3
wherein the aCl&KﬂE&d&hebﬁlﬁ@{ﬁCta%idf onnhéﬂeaaﬁlﬂlfanier@éfdl ng sof

net hanesul f oni c a b%ﬁé?'ne'ﬁ I fonla% E ca hor§ul foni c, aci d,
p-tol uenesul f ont& PY #%P‘r 9%t %ﬁ"‘]l o rlite. 15 5.
The process of camphnrsuiifonst nracish Mluarmq@tanesulfomc acid, p-
toluenesulfonic acid, Nafion®, Amberlyst®, and Amberlite®.
10
4. The process of Claim 3 wherein the acid catalyst is
selected form the group consisting of methanesulfonic acid,
benzenesulfonic acid, camphorsulfonic acid, p-toluenesulfonic
acid, Nafion®, amberlyst®, and Amberlite®.
15 _
5. The process of Claim 4 wherein the acid catalyst is
selected from the group consisting of methanesulfonic acid,
b-toluenesulfonic acid, Nafion®, Amberlyst®, and Amberlite®.

20 6. The procesg of Claim 5 wherein:
R4 is 0Si(R)3:; and
each R is independently C3-Cg alkyl, aryl, or arylalkyl.

7. The process of Claim 6 wherein R4 is OTMS, OTES, OTIPS,
25 ODMIPS, ODEIPS, OTDS, OTBDMS, OTBDPS, OTBS, OTPS, ODPMS, or
OTBMPS.

8. The process of Claim 7 wherein R4 is OTMS, OTES, ODMIPS.
ODEIPS, OTBDMS, OTBS, or OTPS.

30
9. The process of Claim 8 wherein R4 is OTMS.
10. The process of Claim 9 wherein the acid catalyst is p-
* toluenesulfonic acid.
35

11. The process of Claim 5 wherein:
R4 is NR5Rg: and.



-
sel.ected fromthe ﬂﬁmm consi sting of nethanesul fonic acid,
il

p-tol ue\mu“ rlmu Nafion[err], Anmberlyst, and Anberlite. 20 6. The
process i

; M in: Rerr] is OSi(R[err]; and each Ris
[ ndependéntﬁ y (Jerr]-err] alkyl, aryl, or arylalkyl. 7. The process of
Claim6 wherein Rerr] is OIM5, OTES, OTIPS, 25 ODMPS, CODEIPS, OTDS,
OTBDVS, OTBDPS, w@b8sperfTPS, ODPMS, or OTBMPS. 8. The procespcrbsdsload™ 7
wherein R err] 1s OIM5, OTES, ODM PS, ODEI.R%- OTBDVS, OTBS, or OTPS. 30 9.
The process of Caim8 wherein Rerr] is OIM5. 10. The process of Claim?9
wherein the acid catalyst is p- toluenesulfonic acid. 35 11. The process of

Claim5 wherein: R4 . js N : . _

PCT/ US96/ 09477 - 44- ﬂ%@n%éﬁ%?ﬁ?g\gﬁggéﬁg%éﬁggﬁﬁ I st
Clerr]-Clerr] atkgdalladyl orkgryliooraRg| and ReytOgerhar Wit the PHYRIB with
the nitrogen atqiid Fdpral kPfigSEdieced £raiNgiiReiadhas pyrrol9aisene,

nor phol i ne, and hexanet hyl i nax S Jf: . .dhe process of Claim 11 wherein
Rlerr] and R[er‘F?Ié}qriJinﬁdeBB iunia Eﬂﬂﬂ'% © Cerr]-Cerr] alkyl, or
arylalkyl; & Rerr] and R6 together with the nitrogen atomforma ring

sel ected from piperighdrdedsBYsf Qladmne2 whedsin ReeapdoRgreof Caim 12
wherein Rerr] A0g R Sldk1d" fydBadutl, cRlcflehbh, e Y AINY13"Er Rk dida ' o

benzyl .
Rg together with the nitrogen atom form a ring selected from

piperidine and pyrrolidine.
10
13. The process of Claim 12 wherein R5 and Rg are methyl, or

R5 is hydrogen and Rg is benzyl.

14. The process of Claim 13 wherein the acid catalyst is p-
15 toluenesulfonic acid.

15. The process of Claim :5 wherein:
R4 is SRg; and
Rg is C1-Cg alkyl, aryl, or arylalkyl.

20
16. The process of Claim 15 wherein Rg is C1-C¢ alkyl or
arvlalkyl.

- 17. The process of Claim 16 wherein Rg is C1-C¢ alkyl.

25 .
18. <The process of Claim 17 wherein the acid catalyst is p-
toluenesulfonic acid.
19. A process for preparing a compound of the formula

30

wherein:



147 The pr Claim 13 wherein the acid catalyst is p- 15

t ol uenesul gﬁigﬂ’% The process of Caim5 wherein: Rerr] is

SR err]; r]-Clerr] alkyl, aryl, or arylalkyl. 20 16. The
process of Claim15 vvh reTn Rierr] is C[err]-C[err] al kyl or arylal kyl. 17.
The process of Claim16 wherein Rerr] is CJerr]-Clerr] alkyl. 25 18. The

process of Cl ai wobs/M40812rein the acid catalyst is p- tol uenesuldigsdeassrs- -

19. A process for preparing a conpound of thse-fornmula 30 [err] wherein:

WD 96/ 40677 PCT/ US96/ 09477. - 45-

Rlerr] is hydrogen, Clerr]-(err] alkoxy, arylalkoxy, halo, am no and

hyd I whi ch
(I:QE)?T{)HSIeZ t¥e;??en a%:giné)z)a’gggb%hf he %alg%aﬁ%er% R]f'err] an&1 I Cerr]

are as defined ve, with an acid. 10 20. The process of C aim 19 wherein:
HR[SW] i s gfdrogen, K} eis Irwﬁbreget.ad:i@avl F&beﬂryéﬁmanﬂaﬂ,e][ardédo% -
ydr ogen, err r y al kox rocess o aim
wherein the aci‘ld'ﬁ%}?acfdfg lggé grg Pe8° yﬁ&]g arstl ng of

net hahesul f ohi ¢ aci d, benzenesul fon| c acid, carrphor sul fonic acid,
p-tol uenesul fonic Ry

’

R1 S

Ra
VI

wherein R] and R2 are as defined above, with an acid.
10 20. The process of Claim 19 wherein:
R1 is hydrogen, C1-C4 alkoxy, or arvlalkoxy; and
R2 is hydrogen, C1-C4 alkoxy, or arylalkoxy.
2l. The process of Claim 20 wherein the acid catalyst is
15 selected form the group cocsisting of methanesulfonic acid,
benzenesulfonic acid, camphorsulfonic acid, p-toluenesulfonic

acid, Nafion®, Amberlyst®, and Amberlite®.

22, The process of Claim 21 wherein R] and Rz are C1-C4
20 alkoxy.

23. The process of Claim 22 wherein the acid catalyst is p-
s toluenesulfonic acid.

. 25 24. The process of Claim 23 wherein R1 and R2 are methoxy.

25. A process for preparing a compound of the formula



acidy; Nafion, Anberlyst, and Anberlite[err]. 22. The process of Caim?21

wherein R g “IIM‘M“ e (Jerr]-Cerr] 20 al koxy. 23. The process of
Cl.aim 22 vvhm“m . talyst is p- toluenesulfonic acid. 25 24. The
process of Ckaitn 23 dherein Rlerr] and Rlerr] are nethoxy. 25. A process
for preparing a conmpound of the formula WO 96/ 40677

PCT/ US96/ 09477 wibeeMpemr] wherein: R err] is hydrogen, hal o, ogamesssear?
hydr oxyl ; 5 Rlerr] is hydrogen, hal eggam no, or hydroxyl; R err] and
Rlerr] are independently Clerr]-Clerr] alkyl, or Rerr] and R err] together
wi th the adjacent nitrogen atomforma heterocyclic ring selected fromthe
group consisting of pyrrolidino, piperidino, hexanethyl enei m nqg,yzand

nor pholino; 10 and HX is HC or HBr; conpri sing f: ?(a) ycli zi ng
in the presence of an acid catal yst a conmpouno the fortyla [err]
wherein: Rerr] is hydrogen, (err]-Clerr] @lK ryI al koxy, RHal 0, or 20
amno; R err] is hydrogen, (err]_gfHs ) atyl al koxy, halo, or
amno; and Rerr] is CGSi(R[err], or SRlerr]; each Ris

i ndependently Clerr]-(err] alkyl kyl; 25 Rlerr] and
Rlerr] are independently hydr og§ kyl, or

_ Rio
XIIT
wherein:
R9 is hydrogen, halo, amino, or hydroxyl;
5 R10 is hydrogen, halo, amino, or hydroxyl;

R11 and R12 are independently C1-C4 alkyl, or Rjil and
R12 together with the adjacent nitrogen atom form a
heterocyclic ring selected from the group consisting of
pyrrolidino, piperidino, hexamethyleneimino, and morpholinc;
10 and
HX is HCl or. HBr;
comprising the steps of:

{a) cyclizing in the presence of an acid catalyst a compound
15 of the formula

S— R4

Ry R
III

wherein:
R1 is hydrogen, Ci-C4 alkoxy, arylalkoxy, halo, or
20 amino; _ '
R2 is hydrogen, C1-C4 alkoxy, aryvlalkoxy, halo,_ or
amino; and )
R4 is OSi(R)3, NRSRg, or SRg;
each R is independently C1-Cg¢ alkyl, aryl, or arylalkyl;
25 Rs and Rg are independently hydrogen, é1—C5 alkyl, or
aryl, or R5 and Rg together with the nitrogen atom form a



aryly or err] and err] together with the nitrogen atomforma WO
96/ 40677 llU!l"I HUI | PCT/ US96/ 09477 -47- ring
sel. ect ed pyrrolidine, norpholine,  and hexanet hylim ne; and

Rierr] is C[err] err] aI kyl, aryl, or arylalkyl; to prepare a
benzot hi ophene conmpound of the formula 5 [err] wherein Rlerr] and Rerr]
are as defined wbogges7i0 (b) acyl ating sai d benzot hi ophene copppagesoizh - an
acylating agent of the forrmula [err] whereLgp- 15 Rlerr], Rerr], and
HX are as defined previously; and R err] is chloro, brono, or hydroxyl; in
the presence of BX [err], wherein X is chloro or brono; and (c) when

Rlert] and/or Regty] o4 " ElahSiid BBl Atk Ko 82l bt 10

one or nore pheno Foups O
reacting with aBeRanm 115Xn?er¢1}d wher ein X |s as defi ned above.
s Rg is C1-Cg alkyl, aryl, or arvlalkyl:;

to prepare a benzothiophene compound of the formula

I Ry
wherein Ri and R2 are as defined above;

10 {(b) acylating said benzothiophene compound with an acylating
agent of the formula

Ri3 fin
N
/\/ \Rn
XIT
wherein:
15 R11, Ri2, and HX are as defined previously; and

R13 is chloro, bromo, or hydroxyl; in the presence of
BX'3, wherein X' is chloro or bromo; and

(c}) when R1 and/or R2 is C1-C4 alkoxy or arylalkoxy,

20 dealkylating one or more phenolic groups of the acylation
product of step (b) by reacting with additional BX'3, wherein
X' is as defined above.
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