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for"the Synthesis of Benzo[ b]thi ophenes The present .invention is directed
:to a new process for the synthesis of benzo[b]thi ophenes in particul ar
2-aryl- 5 benzo[b]th| ophenes. Benzo[ b]t hi ophenes have been prepared by a
nunber of different nthetic routes. One of the nost w dely M&ds
IS the oxidative 8‘&9 %28 on of o- mer capt oci nnam ¢ acids. This route I's
limted to the preparation of benzo[b]- 10 thiophene-2-carboxyl ates.

2- Phenyl benzo[ b] t hi ophenes are prepared by aci d-catal yzed cyclization of

2- phenyl t hi oacet al - dehyde di al kyl acetals. Unsubstituted

benzo[ b] t hi ophenes are pPepaess foxr ddealynthesionddhenzohbbthinnhease and
sul fur. 3- Substituted benzo[b]thi ophenes are prepared by acid-catalyzed 15

cyclization of arylthi anes;  however,. t hi s .rout

the preparation of 3- a&gg %ﬁ%%rfetb]wegﬁﬁgrr’le]ss BIELES ggg%eﬂe%” %‘cgﬁgnéés)r
and their Benzo Ddtieyaynthesigiof )be&zm[hééh%omeﬁppﬂpcaﬂfwlaﬁ B~ aryl-—
Conpr ehensi ve Iset eje@d@wtbi En{beersdd .y (Katrltzky and Rees, eds.), VoI une |V,

Part 111, 20 863-934 ( %ggql%whm%ﬁ pggggvgént ﬁ,%%?gah%pp{ &2 of

prepared by the reaction o acety en
Barton and Zika, th@egent:hmth%c mgei7333r{q@f0)the9@ﬂ%[w]qq4mﬁﬁeﬂes
have al so been premmdsbyswﬂi@IQé&ldﬁt&ﬁreséyéwzaiiﬂohowdeSmei-Wﬁnnhﬁﬂ\c

yi el ds and 25 extrei eses % erI%t ?Eﬁ%ﬁé@l&% tt'i‘x'espgﬁgéfa otfa%ﬁ g}g%]_

producti on-scal e synt

(1975). The prI&partameheaﬁ %-wfm;waz-em MrthsaydivengP | BLibipphenes are
[ b] t hi ophenes was gieparetielyi acid-TatBayesd &aslizhtidd, 8142 aptter3fithioacetal-

4,380, 635. One pr%ﬁ%ﬁglOn?f%%IEﬁtéﬁ}lghesﬁ?éﬁﬁéﬂﬁfﬁteﬁ bhg- 8 frfidbak¥é8are

[ nt ranol ecul ar cycl rangterrent
- ( 3- met hoxypheny| RFSFRFEINRY heAGAIYEEE FeREMSat iffe Ofc SEYFERE AR Fudfur. 3-
starting corrpound Subsnéatted| yehasjilahiophenaks atre 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[blthiophene is
prepared by the reaction of diphenylacetylene with sulfur -
dichloride. Barton and Zika, J. Org. Chem., 35, 1729-1733
(1970). Benzo[b]thiophenes have also been prepared by
'pyrolysis of styryl sulfoxides. However, low yields and

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

The preparation of 6-hydroxy-2-(4-hydroxyphenyl)benzo-
[b]thiophenes.was described in U.S. Patent Nos. 4,133,814 and

30 4,380,635. One process described in these patents is the
acid-catalyzed intramolecular cyclization/rearrangement of
o -(3-methoxyphenylthio)-4-methoxyacetophenone. The reaction
of this starting compound in neat polyphosphoric acid ét
about 85°C to about 90°C gives an approximate 3:1 mixture of

‘. 35 two'regioiéomeric products: 6-methoxy-2-{(4-methoxyphenyl) -

benzo [b]lthiophene and 4-methoxy-2-(4-methoxyphenyl)}benzo[b]-
thiophene. These isomeric benzo[b]thiophenes co-precipitate



about 85[err]C to about 90[err]C gives an approximate 3:1 m xture of 35

two regioisoneric products: 6-nethoxy-2-(4-nethoxyphenyl) -

benzo[ b] t hi ophene and 4- nmet hoxy- 2- ( 4- met hoxyphenyl ) benzo [ b] - thi ophene.
These i soneric benzo[ b]thi ophenes co-precipitate WO 96/ 40678

PCT/ US96/ 09357 -2- fromthe reaction m xture, producing a m xture

cont ai ni ng bowowasgreunds. To obtain a single regioi soner, RUTAISSEYBETI soner s
nmust be separated, such as by chromatography or fractional crystallization.
Therefore, there currently 5 exists a need for an efficient and

regi ospecific synthesis of 2-aryl benzo[b]thi ophenes fromreadily avail able

starting materdahs tnlhee RN RYRRl | Ood il ORBAL I TpRAGRSS,for the

10 synthesi s qf .henzol b]t hi ophene Speci fic resen |nvent| on is
it ebted Lo a ST ECOPPHIShy ol CRESIA OIS SETt AR R orr] 15

wher ei n: R er rfedioispueny amistCher spp&fated. sukbxgs by whatdmatporaphy orani no;
and Rlerr] is fpsdeqegn: &ﬁﬁaln%ﬂbnal kfhetrefrak¥! a&ﬂfe%/ cut@edr 1N no;

whi ch corrprlsm reati cor‘rgoug? teforrml ﬁﬁ:]swg rein I%[err]
and R[err] are"g‘? Fef'i ?\%% gfo°5v€ FEERCERR AT 55?5??/%?“ e B gg?ﬁs °©
invention i s @-S&vdbeaze kel thiophenesr from I\ﬁadzcheﬁWﬁhi@ s&erieny as,
processes for nut@rrj_amgepar ation.

The present invention is directed to a process for the
10 synthesis of benzo[b]thiophenes Speéifically, the present
invention is directed to a process for preparlng a compound

of the formula

15 whereln
Ry is hydrogen, C1-Ca alkoxy, arylalkoxy, halo, amino;
and : _ : .
Ry is hydrogen,lc1—C4 alkoxy, arylalkoxy, halo, amino;

which comprising treating a compound of the formula

Ry

R,

wherein R1 and Rz are as defined above, with an acid catalyst.
The present invention is also directed to the formula VI
25 compounds, as well as, processes for their preparation.



WD- 96/ 40678 PCT/ US96/ 09357 -3- The
~term"acid catalyst" represents a Lewis acid or a Bronsted acid.

" Representative Lewis acids are zinc chloride, zinc iodide, alum num
~chforide, and al um num bromi-de. 5 Representative Bronsted acids include:

i rfor gani ¢ aci ds, %Qﬁ,@&sul furic and phosphoric acids; carboxypkfusssiosssy -

such as acetic an orocetic acids; sulfaqnic aC|ds such as

met hanesul f oni ¢, benzenesul foni c, 1-naphthalé'ésulfonic, 1- but anesul f oni c,
et hanesul foni c, 4-ethyl benzenesulfonic, 1- 10 hexanesulfonic,

1, 5- napht hal enedi sul foni ¢, 1-octanesul fonic, canphorsulfonic,
trifluoronethanesul fonic, and p-toluene- sulfonic acids; and polyneric

aryl sul foni c acids, sucheatehaf raci@rddtaliaber temtesartsAabbewis edeird or &he

“preferred acids fog, 5 dd o833 VELRGL O o 0B CRSR AeildaCaRECSAN chloride,

inventtion are 15 SuU pol yr Qni c acg re erabl
the acid catalystsz%HQa¥ﬁﬂlﬁGn|élHE}%HP %ﬂhﬂ? ge. ni2a éﬂ%@HPPﬂngﬁg g
benezenesul fonig aaeplremmlmweubf:mmdaaqidsandcmdenl uanegahiom@d@ol guch

The nost preferred ?Cé&ifﬁyf@ go shd dugegaglfégygbgyih@ aé9ds, such Bs

t he above fornul a, the tern1" err resent§§gro S such

~as met hoxy, ethoxyac?F%ﬁwﬂ&§k§r1F§B aﬁldﬁut% S ECS %% e
groups. The term "hetlanagseflldonito bémzmnasuiﬁbnmo, Iﬁnnnnthaﬂenedolgnd&psl-

The term "err] - gl Lle) 1c,eQ£ﬁ§ﬁ%§Gif%n§Eraéggﬂhjﬁbéﬂééﬁggﬁgféﬁidﬂ gy
chain having fromone to si X carbon_atomns #% err @y
groups |ncIudelﬁeth9¥an§§ﬂﬁﬂ°nlﬁlp}oﬁy?apqgﬂﬁg%gﬁ§+su ?ﬂh%u 1CL %ﬁiﬂl onic,
sec-butyl, t-butyl camplpentyfonisopeni flyorvmeshghesl futivy| pedtyktokuﬁEQThe
like. The term"([g yhﬁcerardld%' kyhd ﬁ@ﬁh@%@térﬁlﬂrﬁrﬁw a@ﬁdbraméw@s

al kyl chai n havi to f b, I
R L MR R G a’ﬁ%ft%%%?%eél for

use in cataly21ng the processes .of the present invention are

15 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-
toluenesulfonic acid.

20 In the above formula, the term "C3-C4 alkoxy" represents
groups such as methoxy, ethoxy, n-propoxy, isopropoxy, n-
butoxy, t-butoxy, and like groups. The term "halo" refers to
fluoro, chloro, bromo, or iocdo groups. _

_The term "C31-Cg alkyl® represents a straight or branched

25 alkyl chain having from one to six carbon atoms. Typical Ci-
Cs.alkyl groups include methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, isopentyl,
n-hexyl, 2-methylpentyl, and the like. The term "C3-C4 alkyl"
represents a straight or branched alkyl chain having from one

30 to four carbon atoms,.and_includes methyl, ethyl, n-propvl,
isopropyl, n-butyl, sec-butyl, i-butyl, and t-butyl.

The term "aryl" represents groups such as phenyl and

: substituted phenyl. The term "substituted phenyl® represents
a phenyl group substituted with one or more moieties chosen
. 35 from the group consisting of halo, hydroxy, nitro, Ci1-Cy

alkyl, C1-C4 alkoxy, trichloromethyl, and trifluoromethyl.
Examples of a substituted phenyl group include 4-chloro-



The term"aryl" represents groups such as phenyl and substituted phenyl. -

The term "substituted phenyl" represents a phenyl group substituted with

one or nore noieties chosen 35 fromthe group consisting of halo, hydroxy, .

nitro, Cl-C4 alkyl, Cerr]-Cferr] al koxy, trichloronethyl, and

trifluoronethyl. Exanples of a substituted phenyl group.include 4-chloro-
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phenyl , 2, 6-dichl orophenyl, 2,5-dichloropkenyl, 3,4-dichloro- phenyl,

3-chl orophenyl, 3-bronophenyl, 4-bronophenyl, 3,4- dibronophenyl,

3-chl oro-4-fluorophenyl, 2-fluorophenyl, 4- hydroxyphenyl, 3-hydroxyphenyl,

i 4- '?ithydL OXYFbEQWIt&'{GLHithérWL, 4, BLai&ﬂf&%iShen§14 ﬁl@dlr&rm@gylt y
met hyl pheny pLo en n- buty

ononyl 4t - bRBF B - cREPYne b %ﬁgﬁpﬁg%yl e

2, 6- d|fluoroph€h9¥°mQB£$nH g rand-£1 EOr?PQRnﬁia52n§ﬂﬁ9¥?ﬁk§ﬂMl 4-

2,4, 6- trlfIuornp@fwﬁﬁpheaynrl3Lhyuﬁbxyb&enymtth4ﬂ&ﬂmvHroxyphenyl 3-nitro-

L sy AT R et S T R 1

4- hydrox¥p3 n%? yg amhpny 1y yEFQE&}Eﬁ@ t, 4-n-butyl-

2- net hyl - 4- nltphﬁmuﬂnﬂ4 t4buaylmhany1 nistEduophredret hgdghémel | ks~ 15

The term "ary! 4l iilordoBhGS e 6 Auielcibofbaye) zagk}ﬁhﬁgﬁ@w%ﬁg@m ng_one or

T T Ehier e ot FoAdes O LU B A IR
p- br omobentgy| mgthylnh@behzyﬂ)¢hnpqdﬁ§ﬁykefhy¢raMbﬂMm&pyéayhyI3 5 bis-
32p2e3i>/1:ﬁlrg%l (tﬂ:tefl%roﬂaé‘ﬁﬁy 5 ol gzglﬁﬁﬁy@@%@@myl mﬁmoxy nenyl,
éhényl ) met hyl , p{] f{%e)&gﬁf‘{’%%% y I TRERGTY - %‘Eﬁf&‘{%h@%@ ¥gY? Y
~hydroxyphenyl, 2-methyl- 4—n1tropheny1 4—methoxy 2-nitro-
phenyl and the like.

15 . The term "arylalkyl" represents a C1—C4 alkyl group
bearing one or more aryl groups. Representatives of this
group include benzyl, o-nitrobenzyl, p—nitrobenéYl,'p—
halobenzyl (such as p-~chlorobenzyl, p—bromobenzyl, D-
iodobenzyl), l-phenylethyl, 2-phenylethyl, 3-phenylpropyl, 4-

20 phenylbutyl, zémethyl—2—phenylbropyl,'(2,6—dichloro— .
phenyl)methyl, bis(2,6-dichlorophényl)methyl, (4-hydroxy-
phenyl)methyl, (2,4-dinitrophenyl)methyl, dipheriylmethyl,
triphenylmethyl, (p-methoxyphenYl)diphenylmethyl, bis{p-
methoxyphenyl)methyl, bis(2-nitrophenyl)methy1, and the like.

25 The term "arylalkoxy® represents a Cy-Cs alkoxy group
bearing one or more aryl groups. Representatives of this
group include benzvloxy, o-nitrobenzyloxy, p-nitrobenzyloxy,
p-halobenzyloxy (such as p-chlorobenzyloxy, p-bromobenzyloxy.
p-iodobenzyloxy), 1l-phenylethoxy, 2-phenylethoxy, 3-

30 phenylpropoxy, 4-phenylbutoxy, 2-methyl-2-phenylpropoxy,

(2, 6-dichlorophenyl)methoxy, bis(2,6-dichlorophenyl)methoxy,
(4-hydroxyphenyl)methoxy, (2,4-dinitrophenyl)methoxy,
diphenylmethoxy, triphenylmethoxy,'(p—methoxyphenyl)—
diphenylmethoxy, bls(p—methoxyphenyl)methoxy, bis(2-

35 nitrophenyl)methoxy, and the like. o

' " The term "thermally-labile or acid-labile C3-Ci¢ alkyl,
C4-Ci10 alkenyl, or aryl(C;-Cip alkyl) group®" represents a



triphenyl met hyl , (p-nmethoxyphenyl)di phenyl met hyl, bis(p-
~mrethoxyphenyl ) met hyl, bis(2-nitrophenyl)nmethyl, and the like. 25 The
~term"aryl al koxy" represents a Clerr]-Cferr] al koxy group bearing one or
mofe aryl groups. Representatives of this group include benzyl oxy,

o-ni tr obenzyl oxy, benizyl oxy, p- halobenzyloxy ‘(such as
p-chlorobenzyloxy?ﬂﬁggﬁgﬁnbenzyloxy p-i odobenzyl oxy), 1- phenyl%?%oxy,

2- phenyl et hoxy, 3- 30 phenyl propoxy, 4-phenYP5utoxy,

2- nethyl 2- phenyl propoxy, (2, 6- dichlorophenyl)nethoxy,

bi s(2, 6-di chl orophenyl ) met hoxy, (4-hydroxyphenyl)nethoxy,

(2, 4-di ni trophenylgrmmhthet & prradilyerengyedt $195hERg ﬁﬁi—ﬁ@)’@de {sO) group
(!ot et onyio;len%/Ih) urﬂiéiha@&{:ﬂﬁé W}by_l_@r%ﬁﬂmgﬁi heptrpheey by det dpalysti.s( 2he 35
ni trophenyl ) e o I

acid-labile C[err] (ri]l ?%jff&(ﬁr thcg (qull'2rrE Ayalk?}i bFolps are
aryl (CJerr]- C[err]SQﬂﬁéﬁmy ngQE#thﬂﬁ' schﬁlns %EW9894569% two' to ten
PCT/ US96/ 09357 5 5-cqpiampatbné and neadingy at eDeass dneobethehgdtdgnt @ onSO)
group under heat i g Olog %Mt&éf@é r@{gm\éﬂltlg[ &Qﬁlﬁ&'di eatialyabildN&-cig alkyl

thermal | y-1abil e or "acid-Iabil err err| yl groups are ‘straight or
branched al kyl chaﬁl?%lprﬁ‘a‘épﬁb“‘ﬁ?oﬁ*ﬁl't% PGPFGHY%S c’eﬂPESRYét ofrstand havi ng at

| east one bet a- hy ddiagahyappspoReprsamitidt, i gectinaryipl ltybliepl | el dr-
gc'ld an gyﬂo f;;ldﬁe%rhg,%b?gﬂ' AU @grlibue{,yd% ﬁ&%%l?utgiow'm?ebhﬁmwi |
2- et hyl but yl ,103- %&W%?Ylb‘iwﬂet Hy|3bet191?th116°utylz di ﬂe@ﬂ?‘b‘{){ u &1, 3,3-
1, 3- dlnethylbutyl dihe%hiﬂﬁﬁtﬁyltmﬂgéntyQHSi ﬂetmyﬂgddmy&ylz-memhymgdntyl 3-
L-methylpent vl ,  2-4igt | 4 hiedIRBKLRGR! Yh-nede/T0t BYAPERL Y] sk kKl
and the 1ike. The ’T% ylabPicl_ eororaczl. g Ea.ll.)élce err]]kegy'ir rg]rcups a e
groups are
straight or branched alkenyl chains having from four to ten

- 15. carbon atoms, at least one site of unsaturation, and either a

beta-hydrogen or delta-hydrogen atom. -Representative '

" thermally-labile or acid-labile C3-Cjp alkenyl groups include
2-butenyl, 3-butenyl, 2-methyl-2-butenyl, 3-methyl-2-butenvl,
2-methyl-3-butenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 2-

20 methyl-2-pentenyl, 3-methyl-2-pentenyl, 4-methyl-2-pentenyl,
2-methyl-3-pentenyl, 3-methyl-3-pentenyl, 4-methyl-3-
pentenyl, 2-methyl-4-pentenyl, 3-methy1—4—pentenyl, 4-methyl-
4-pentenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, and
the like. The term thermally-labile or acid-labile aryl (Ci-

25 Cjy0 alkyl) represents thermally-labile or acid-labile C3-Cjg
alkyl groups additionally containing one or more aryl groups
and aryl-substituted methyl groups. Representative aryl(Ci-
C10 alkyl) groups include benzyl, diphenylmethyl,
triphenylmethyl, p-methoxybenzyl, 2-phenylethyl, 2-phenyl-

30 propyl, 3-phenylpropyl, and the like. '

The starting compounds for the compounds and 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. :

35



straight or branched al kenyl chains having fromfour to ten 15 carbon
atons, at |east one site of unsaturation, and either a beta-hydrogen or
del t a- hydrogen atom Representative thermally-labile or acid-labile
Cerr]-Cerr] al kenyl groups include 2-butenyl, 3-butenyl,

2-met hyl - 2- butenyl , 3-net hyl - 2-butenyl, 2-nethyl-3-butenyl, 2-pentenyl,
3-pentenyl, 4wneosudesryl, 2- 20 net hyl - 2- pentenyl, 3-nethyl - 2orseemss?, -

4- et hyl - 2- pent enyl , 2-net hyl - 3- pent enyl ~63- et hyl - 3- pent enyl , 4-net hyl - 3-
pentenyl, 2-methyl-4-pentenyl, 3-nethyl-4-pentenyl, 4-nethyl- 4-pentenyl,
2- hexenyl , 3-hexenyl, 4-hexenyl, 5-hexenyl, and the like. The term
thermal | y-1 abiddsheme @Ci d-1abile aryl (Cferr]- 25 C(Cerr] alkyl) represents
thermally-labile or acid-labile Clerr]-Cferr] alkyl groups additionally
cont ai ni ng on&k g e aryl groups and aryl -substituted nethyl groups.
Representative a errd- C10 al kyl) groups i ncl ude beg
di phenyl net hyl, iny| jret : p ne%@gxyben "~ -:nf<yl-thyl 2- phenyl -
30 propyl, 3- phen “op : ) p

conpounds and processes of

nunmber of routes. Ongriet hodNe -parlngR1h€\~ opnds is
shown in Schene 1. 35 VO 96/40678 VIII B

PCT/ US96/ 09357 -6- Schene Q\[err] VIIlT 5 . Generally, a fornula VII
conmpound is converted to a Ryl sulfide by reactlon with a nmercaptan of

the formula HSR3 i he Sence of a Lew s aC|d The fornula VI |

& '
Ry N R,
II .
5 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 formula II compound.

10 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 an anhydrous organic solvent, such as dry tetrahydrofuran,
at 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 or acid-labile C31-Cjp alkvl, C4-Cip
alkenyl, or aryl{C;i-Cy1p alkyl) group. Preferably, the
mercaptan and amine base are added as a solution in the

20 reaction solvent. A representative amine base is
triethylamine. 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 ﬁsing techniques

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



cormpound is then oxidized to a styryl sulfoxide, a conmpound of fornula II
compound. 10 More specifically, a fornmula VIl conpound, wherein
Rlerr] and R2 are as defined above, is treated with a Lewis acid, such as
titaniun(1V) chloride. This reaction is carried out in an anhydrous organic
sol vent, such as dry tetrahydrofuran, at a tenperature of aboutﬁﬁ{,‘%&.}’g,tq
about 35[err]C. AMOPE4%TR}ut * 15 15 nminutes to_about one hour, the reaction
m xture is treated with an am ne base and a ﬁ%’rcaptan of the fornula HSR3,
where R3 is a thernmally-labile or acid-labile (err]-Cerr] alkyl,
Cerr]-Cerr] alkenyl, or aryl((err]-Clerr] alkyl) group. Preferably, the
~mercaptan and ami ne bathe asfermudde¥Ias eompound,oWheretRe angl RpedEeidh

s]g)l Vﬁnt . Arepr e%%g&ﬁ&avao&fé %53&§ei£5attiﬂe&h_91lﬁniéﬁ]iel Art aeighealpiith Gaen
of the mercaptan an e has t reaction j ener a a 0
tenperature of aboudf %’1[,0 éﬁgh‘l 5@%&,“1’% e?%r%%’ﬁ%géteb%c?&%yggc.&g%' _1%
products of this rtheaot pxidized b prcdficedthsifrymudahil gerapmdspe| Pukiinke
igg/ Z Bgﬁghem' cab arh3digisd fAferlbs %&SEﬁiéiﬁé’édtQ%noéfégﬁ@f%G giassyfaagnth as VO
formila VIl conp@®FFacehherac¥g &9 méﬁal?!f%?erﬁo. rggl 5§lge§?olndz’d aé’l‘)io%ggﬁ%lerm
is a thermally-| alperexdde aciThimlsidatienr feaqtjions fsatkpicaldyeup. Epedt |
alhke][lyl, f)r' ?Iryl (qz%rah]éccl%weln%: iéYﬂSch E_égt_;l@luérﬁa,t heanpXénk zl dvd der, oduce
the formul a co unds. Suitabl e xLdi zi .agent rt . [ re
peraci ds, such asr%gl‘?ﬁg?m’ 25 FER nﬁ?éﬁ?@%%@?%)&ybgﬁégi% %xlsaé{ 1%2%% 0Sed
hydr ogen per odi0de asTithe oxidrAt .otheezearbioR sist FSPEARLYY rEAFTHRhPUS 8RR ¢
solvent, such as tQmRRgcur@tdy |utCchBord do abbhor 8%, npreferably at about

carbont et rachl ori d—%’0°wenrhae %er%%%lcgsl St Lﬁ'?ed reaction are easily purified by
recrystalization. When Rz is t-butyl, the crystalline

product of this reaction sequence is the E regioisomer of

15 formula II.
When Rz has a tertiary carbon adjacent to :the sulfur

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

20 Scheme 2

VIIIZ -

X | :
: " ' R1/©/—Oj R3
IIZ

Generally, a benzyl alcohol, a formula IX compound, is
25 reacted with a mercaptan of the formula R3SH to produce a

benzyl sulfide, a formula X compound. This benzyl sulfide is



10 as the oxidant, the reaction is generally carried out at a tenperature-
of about -30[err]C to about 15[err]C, preferably at about -20[err]C. The
products of the reaction are easily purified by recrystalization. Wen R3
is t-butyl, the crystalline product of this reaction sequence is the E

regi oi somer of 15 fornula Il. When R3 has a tertiary carbon adjacent to
the sul fur atvm9Mésd8 Z r egi oi soner of the fornmula Il conpourcIarsedne3sye -
prepared selectively by a second route assshown in Schene Il. 20 Schene 2

[err] Generally, a benzyl alcohol, a formula I X conpound, is 25 reacted
with a nercaptan of the fornmula R3SH to produce a benzyl sulfide, a formula

PCT/ U806/ 0935 g cea ittt d srefng base, BRRASN benaylic pnion; which
which is condéﬁsﬁﬂnéﬁ?%e‘gwﬁghzﬁlwegﬁ' Fs cTRtR &%FBﬁab’r qa

reacted with &8 zeretedth|withdenameid mhlcxddet eng the aespdting treat ed with a ,
second strongiheeemédigyOddearad widly ) lsetbhlli derory baEBULE phdduee @pound.

This styryl s digzin e produce t he
formila Il g%@ﬂféﬁﬁ%%r. rs%gﬁéﬁda Wtz Bl JRerpb A Siyry) .
sul f oxi de conf8 ﬁa@eﬂsﬂ%ncehm%ﬁ Wigh anpekdd zigigc eaent t bo Wrodudsenzy|

sul fide, formha Xoammpowid. compsurd®acti-on of the-: forrrul a | X conmpound,

where R2 is as defth@ arggvgte%n%p @bﬂgﬁgﬁggg o%:[ EO%%& R3SH, wherein
R3 is a thermall abiTe of 4 Cerr]-Cerr]
al kenyl , or aFW%‘Q’ﬁsﬁl? |comperpgs gl he gﬁoééfﬁrﬁh%rfbf ét‘ BREY ar gl edrPorkCat om
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 R; is a thermally-
labile or acid-labile C3-Ci1p alkyl, C4-Cip alkenyl, or
aryl{(C1-Cig alkyl) group having a tertiary carbon atom
15 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)
chloride, aluminum trichloride, and aluminum tribromide,
20 preferably zinc iodide. The reaction is generally carried
out in an organic solvent, such as 1,2—dichloroethane'or
"methylene chloride. When the reaction is carried out at room
temperature, the reaction is complete after about 18 hours.
The benzyl sulfide is reacted with a streng base to form
25 a benzylic anion. Suitable strong bases for this reaction
include metal alkoxides, such as sodium methoxide, sodium
ethoxide, lithium ethoxide, lithium t-butoxide, and potassium
t-butoxide; sodium hydride; and alkyllithiums, such as n-
' butyllithium, t-butyllithium, sec-~-butyllithium, and
30 methyllithium. The preferred strong base for this reaction
is n-butyllithium. The preferred solvent for this reaction
is dry tetrahydrofuran. When n-butyllithium is used as the
strong base, the reaction is_darried out at a temperature of
about -35°C to about -15°C.
35 The benzylic anion is condensed w1th a benzaldehyde to -
prepare an 1ntermed1ate condensation product. The
benzaldehyde has the general formula p—Rl(C5H4)CHO, wherein R;



15 adjacent to the sulfur atom in the presence of a Lews acid produces
. the benzyl sulfide, a fornmula X conmpound. Suitable Lewis acids for this
transformation are zinc bromide, zinc chloride, zinc iodide, ferric
chloride, titanium(lV) chloride, alum numtrichloride, and al um num

tribromide, 20 p y zihc iodide. The reactiion is gener aldymuésdlosased
out in an organi c%ﬁ‘g , such as 1, 2-dichl ogoet hane or nethyl ene’U F

chl oride. Wen the reaction is carried out at“roomtenperature, the
reaction is conplete after about 18 hours. The benzyl sulfide is reacted
with a strong base to form25 a benzzl ic anion. Suitable strong bases for
this reaction i nclisd&vaseaen alFokidaikoxyc prydadbemimbaithoPFda8m188di um

et QOXI dﬁ dl l fjhl Um;gaeff%&hﬂﬁyt Lﬂﬁéﬂlﬂéﬂz&iﬁat ini&eblsa@iéleﬁﬁféésaﬁﬂnﬂhéuf ?)xr ﬁe
sodl um yr| e, an l I Uns. uc ut 1.t t
Rifesgat e B 8, B8nea kL MadaP g 1 (R UM

sec-butyl l'ithium XD re erred s ron base for
this reaction is rapga}iphyde Lﬁﬁ thﬁ1§°éﬁe$‘é¥‘r“é‘d"’s@ﬁv5ﬂ? bepzyliics andgBt i on
is dry tetrahygrof ur anThdhesnderdsdtilon ppbavtt sisizedassdtwitlstaroagidase, the

reactlon 15 cari euoyliagc S ARELALH' £:0LrB e d5heS %rdc G ahtlent dEGe

35 The benz c anron_is ense de to prepare an
i nt er nedi at e condé\%&t F8ﬁ°ﬁ¥‘3ﬁﬁrdtnd“ﬁﬁeaﬁiéhz%{'?]dm9r§6§ » hBNCR R® fGRval

formul a p- R err] ( Jraoridkestid )deRoyihehtoni R erayl fony WrBbEe¥iEA] such as
PCT/ US96/ 09357 -9 mét%:alﬁ%g%ggcfrﬂ/l Qi ] eﬁexlzéi%ﬁgﬁon?%yéﬁiéﬁfd’?@é hal o, or

am no. Preferably, ani on |s repare e_condensati on
product is forfed ki%aﬁeﬁﬁlf)‘}mé‘dcﬁ 'béﬁli FMFAEY L oCRHF I d sol uti on
of the benzylic anisaprobylsulforifle cd:ﬂndédeatanm mpodluebessl fomdt ehlwrtifiean

~acid alkoxycarbonyl chlorides, such as methoxycarbonyl chloride
and benzyloxycarbonyl chloride; and dialkylaminocarbonyl
chlorides, such as N,N-dimethylaminocarbonyl chloride;

15 preferably a sulfonyl chloride. Preferably, -methanesulfonyl
chloride is added to the reaction mixture shortly after
formation of the condensation product.

This intermediate compound is reacted with a second
strong base to produce a styryl sulfide, a formula VIIIZ

20 compoqnd where R3, Rz, and R3 are as defined above. Suitable
strong bases for this reaction include metal alkoxides, such
as sodium methoxide, sodium ethoxide, lithium ethoxide,
lithium t-butoxide, and potassium t-butoxide; sodium hydride;

_ alkyllithiums, such as n-butyllithium, t-butyllithium, sec-

25 butyllithium, and methyllithium; and metal amides, such as

' sodium amide, magnesium diisopropylamide, and lithium
diisopropylamide. The preferred strong base for this
reaction is.potassium t-butoxide. Generally, this reaction
is carried out at about 15°C to about room temperature,

30 preferably at room temperature.

The styryl sulfide is ox1dlzed to prepare the
corresponding styryl sulfoxide. Suitable oxidizing agents
v for this reactfon are peracids, such as peracetic acid and m-
" chloroperoxybenzeic acid; organic peroxides, such as t-butyl
. 35 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,



chloride to produce an internedi ate conpound. Representative acid chlorldes
i nclude acyl chlorides, such as acetyl chloride and benzoyl chloride;

sul fonyl chl ori des, such as met hanesul fonyl chl ori de, benzenesul f onyl
chloride, 1- 10 butanesulfonyl chl oride, ethanesul fonyl chloride,

i sopropyl sul fonyl chloride, and p-tol uenesul fonyl chloride; .al koxycarbonyl
chl ori des, ~sucwo&&406t& hoxycar bonyl chl ori de and benzyl oxycaPODR$96/683870r | de;
and di al kyl am nocar bonyl chl orides, such-as-N, N-di met hyl am nocar bonyl
chloride; 15 preferably a sulfonyl chloride. Preferably, nethanesulfonyl
chloride is added to the reaction mxture shortly after formation of the

c?ndensgt i ont %@Q&Hg{ol , TRtRahdt €5 | h@e@&ﬂ?omﬁgua{:/ﬁ@%é ggné/uﬂyhe%esgcmd
strong base to odu su a fo a oun ere
Rlerr], Rerr]S 1?% e?r’i é}%ﬂ:%r ?ﬁ'ﬁsd 350?}'? TOERFPA PR bases for
this reaction m%*%:l’!ﬂ@élerréh prifdeoxiThds, oxiydatien o8 ben eexiied qmt abdeum

‘et hoxide, |ith¢smp éﬁdﬁ@&bdef anduy ummPebmacaﬁdma o&nd potassi umt-but oxi de;
sodi um hydrg de; a' le'rhghi'f%lly SRR, hdW |e'r5:9%ﬁ?c§rﬁ2#1t Mlajhblhbn o sec-

25 butylllthlun1 an hi um and metal an as "so

ani de, magnesi th§ FHLEr BE)?’Farﬁrﬂ% bengyl| Fuhiiff dNtesPediAtant fRemutneX
preferred stroagnmss)f eantik usethcto pRodsceal atiskupetobkt aridle iceneral |y,
this reaction is Galldy 9Qy9u;ulafo,amgt Lh6 S dafn1l0 T208UESGRID ! eRgLAl U e,

30 preferably at _rogmtenperature.. The styr S OX|d|ze

" prepare the cotYHLSHdi A§ %?S&ﬁHEQS&Ffﬁﬁpﬁ%e Sui t abl e OX|d|Z|ng_agents for
this reactli®on are peracids, such as peracetic acid and-m

- chl oroper oxybeganiqe aci d, organi c peroxides, such-as t-butyl 35 peroxide;
and hydrogen peroxide. Preferably the oxidizing agent is peracetic acid.
This oxidation is typically carried out in an organic solvent, sucl as

t ol uene, benzene, xyl ene, - _ "
/R3 S/'R3 Ry .
| —
Ry o
X1
S-R3 )
\ |
RN .
. IT \ Ra
15 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_benzaidehyde}- The
condensation product is :eacted with an acid chloride and the
20 resulting intermediate compound reactéd with a second strong
base to produce the styryl sulfox1de
The benzyl sulfide, the formula X compound wherein Ry

is as defined above and R3 is a thermally-labile or acid-
labile C2-Ci19 alkyl, C4-Cigo alkenyl, or aryl (C1-C1p alkyl)

- 25 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
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~methanol, ethanol, nethylacetate, ethylacetate, nethylene chloride,

1, ?-di chl oroet hane, or chloroform preferably nethylene chloride. This
oxi dation can be carried out at a tenperature of about -40[err]C to about

O[err]C. 5 Al ternativel'y, when R err] has a‘tertiary car t
to the sulfur at oWO%4EBenzyl sulfide internediate (fornula XW'
can be used to produce a mixture of E and Z ildomers of the styryl

sul foxides, the formula Il conpounds. This synthesis is outlined is Schene

3. 10 Schene 3 [err] Il 15 The benzyl sul fide, prepared as descri bed
above, is oxidi zedorothisduesctiion aper peparidisng spehzys peidAastiideacidi and m-

benzyl sulfoxide i&lb@?ﬁéﬁ&?ﬂé&}o&‘c%w&g banshi AparbaadSs Widhn@sae-Bityl

condensed with a benzal dehyde, ' The condensat) on product .i.s reacted . with an

aci d ahloride andPPHQ"?@e"r%’%lr‘éﬁgﬁﬁgteﬁt%?m‘%'e %Eﬁ‘g_g)iﬁﬁfyr é:z"c SF ARG
second strong basegeotpisdpexaddtdcsagigdh sThisxixddat irerkvpioadilyi garrie

LT S o B s gyt MabOUe SUUelD, Tergone lene

al kenyl , or aryl (&E?‘Ff“—’&[ e%rq}'anﬁlkyf“f[:g%%?%i%%af%hﬁl%?et;a;%'gfm %rt%%% 5oR -

atom adj acent to thdogifiturl &-ciichlorogthianed aw chleteternnd aspynat ny

benzyl sul fo_xi de, tfeaparhiuré SOHEPBUR-36R tabla®oGKi SAcZi Ng agent s

' The benzyl sulfoxide, formula XI compound wherein Rz and

10 R3 are as defined above, is reacted with a strong base to ‘
produce a benzylic anion. Suitable strong bases for this
reaction include metal alkoxides, such as sodium methoxide,
sodium ethoxide, lithium ethoxide, lithium t-butoxide, and
potassium t-butoxide; sodium hydride; alkyllithiums, such as

15 . p-butyllithium, t-butyllithium, sec-butyllithium, and
‘methyllithium; and metal amides, such as sodium amide, .
magnesium diisopropylamide, and lithium diisopropylamide.

The preferred base for this transformation is n-butyllithium.
This deprotonation reaction is carried out in a dry organic

20 solvent, such as tetrahydrofuran or 1,2-dimethoxyethane, at a
temperature of about -25°C. .

The benzylic anion is condensed, without isolation, with
a benzaldehyde compound of the formula p-Rj (CgHg)CHO, wherein
Ry is as defined above. Preferably, about one eguivalent of

25 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.

30 The condensation 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

- 35 acetyl chloride and benzoyl chloride; sulfonyl chlorides,

such as methanesulfonyl chloride, benzenesulfonyl chloride,
l-butanesulfonyl chloride, ethanesulfonyl chloride,
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this reaction are peracids, such as peracetic acid and m s
chl or oper oxybenzoi ¢ aci d; organi c peroxides, such as t-butyl peroxide; and
hydrogen peroxide. Preferably the oxidizing agent is peracetic acid. This
oxidation is typically carried 5 out in an organic solvent, such as

t ol uene, benzwwm9s/40§i8ene, net hanol, et hanol, nethyl acet at e, PEI/USIH/AEIST at e,
met hyl ene chloride, 1,2-dichloroethane, ex2<chloroform preferably at a
tenperature of about -30[err]C to about 5[ err]C. The benzyl sulfoxide,
formula XI conpound wherein R err] and 10 R3 are as defined above, is

bages for 1 hi By B e o o S e
oo um o hoxi ARAVERRRRTE (oaaaes: (RIG S, BRLBOTSE Bom Lo GhaEeL oy
t - but oxi de; s@diduipengiiodecarionylll chhdxids: fudhdaslitplaninegaybbiyhi um ‘
t - but ﬁ! l'i t hi urBn1924 gy} Yehdh RisUN, NoadmeEiy 4 ihbghlﬂlﬂbr#]@(i:ﬂmd_ raleqm dfs, . g_uch
as sodi um ami de sium did sopr e, .and_lithium diisopro m de.
The prefersed%ﬁg%e gg?yt%i%éiﬁéEXsfggﬁgﬁg%ﬁ i&%ﬁ-%ﬁ%éwﬁﬁﬁﬂﬁﬁﬁ%.l h?ggég
depr ot onat i on te&&ei 6Ald sreagticadmbyture, L£hen theghesweltimg sdkiure, isuch as
Letrapydrofgran;@m@a,EOGMﬂﬁﬁhﬁ%xebﬁaﬂgmpéﬁaqmrbenpgfaiégabygﬁ about -25C. The
enzylic anioqj . _ elnl : - a
conmpound of tE“ee t?’ 8%%?29%%'5?@%r%fﬁﬁeﬁ)?&& L%%T%ﬁ%a gggiggs as
defi ned above shoréiyr abrgr Eigheokdilis AoBRenspt Yop nURdusEnzwitdehyde s
added to tlbe @dithinakasitie presdatedadd sipcrioned baséhe preceding
paragraph.  The resghbi P?s@iﬁﬁ&e&ﬁegrﬁﬁé&iﬁ?g#g&?ogﬁdCﬁ‘%’&%ﬂ%h?@i ogduct s

may be isolated, or. preferab used tep withqut [solation. 30
The condensat FHFOBROHEERNY D4seatPoRrARiGe Fhend AREHE Va1t 5UbECHRRS an
i nter medi at e doxpudadIITeanpounds where Ry, Rz, and R3 are as defined

above. Representative second strong bases for this

15 elimination reaction include metal alkoxides, such as sodium
methoxide, sodium ethoxide, lithium ethoxide, lithium t-

- butoxide, and potassium t-butoxide; sodium hydride;
alkyllithiums, such as n-butyllithium, t-butyllithium, sec-
butyllithium, and methyllithium; and metal amides, such as

20 ° sodium amide, magnesium diisopropylamide, and lithium-
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

25 to about room temperature, preferably at room temperature.

The styryl sulfoxides are useful for the preparation of
a benzothiophene styryl sulfide as shown in Scheme 4.



condensation product is optionally treated with a base, such as

., n-butyllithium and reacted with an acid chloride. Representative acid
chl orides include acyl chlorides, such as 35 acetyl chloride and benzoyl
chloride; sulfonyl chlorides, such as nethanesul fonyl chloride,
benzenesul f onyl cll oL 1<but anesul fonyl chloride;: et hanesul f gy
chloride, . WO 9@&1‘%@%’ Y 3 ' 596109357
PCT/ US96/ 09357 -12- isopropyl sul fonyl chloria%f'and p-t ol uenesul f onyl

chl ori de; al koxycarbonyl chlorides, such as methoxycarbonyl chloride and
benzyl oxycar bonyl chloride; and dial kyl am nocarbonyl chlorides, such as
N, N- di net hyl ami nodehs®eyB chloride; 5 preferably a sul fonyl chloride. The
acid chloride is added to the cold reaction nmixture, then the resul {2
"mxture is allowed to warmto room tenperature Preferably,

- met hanesul fonyl chloride is added to the reaction m xture shortly ,
formati on of the condensation product, which 10 elimnates the 0 add
addi ti onal base. The resulting i nPernedi ate conmpound i s reacted
second’ strong base to produce thelE and Z styryl su
conpounds where Rerr], Rerr SH‘RR[err] are as
Representati ve secongz® this 15 e At i
i ncl ude metal al koxi ch as .odiu* nEtHOXI%ﬁ, ,
~ethoxide, lithiumt- Y de, ang hssi um t - but oxXi de; Sodi dri de;

al kyl 1'ithiunms, suckt’as ¥obutyllithfi tutyllithium sec- bb i um
and methyl lithium and netalI®nides, such as 20 sodVém ani de, gnesrum

di i sopropyl am de, and lithiumdiisopropylam de. The preferred base for this

transformation is potaggloyn o LHldN fhenk’ SLPHAP o1 38070 HEFE R, SHGNRES
5 are as defined above, are prepared from the styryl
sulfoxides. Generally, a solution of the styryl sulfoxide,
where R; and Rz are as defined above and Rz is a thermally-
.labile or acid-labile C3-Cjip alkyl, Cs-Cjpo alkenyl, or
aryl(C1-Cio alkyl) group, is added to a solution of an acid

10 catalyst at a temperature of about 100°C to about 140°C,
where the acid catalyst is defined above. The concentration
of acid catalyst is dependent on the final concentration of
the formula II compound and the rate of addition of the
formula II compound. When the styryl sulfoxide is at a final
15 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
added over 30 minutes, the acid concentration is about
0.025 M. Significant quantities of the formula VI compounds
20 are present in the reaction after about one to two hours.
Longer reaction times lead to the production of the formula I
compounds.
These formula VI compounds may be subsequently'convertéd
to the formula I compounds by treatment with additional acid,
25 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.
Suitable solvents for both the formation of the formula VI



1.2 equivalents, of the second base are added. Cenerally, this reactionis -

carried out at a tenperature of about 15[err]C 25 to about room
tenperature, preferably at roomtenperature. The styryl sulfoxides are
useful for the preparation of a benzothi ophene styryl sulfide as shown in
Schene 4. WD 96/.40678

PCT/ US96/ 0935W0 88406Bchene 4 [err] These benzot hi ophene stypqiwm)oésseles
where Rl err] and Rlerr] 5 are as defined-above, are prepared fromthe
styryl sulfoxides. Cenerally, a solution of the styryl sulfoxide, where
Rlerr] and Rlerr] are as defined above and R3 is a thermally- labile or

aci d-1 abi | e ( esridodd® bhaatkedx &)@Eikl&%é]fﬁlﬂ%ﬁ.gyk %§pounds lgC_lLBde

aryl err rou ution

ca%/al(yc/:[st a% g:[ errperdté‘?’éeg fﬁgfﬁ?}?’@?%laéﬁ?out 140[ err] C, where the
acid catalyst is délfh%éarabba/er Cmeouodseante atdedfmlobsaintemmiddbyet i
depend](cant OIon tee fsmhee?scsﬂlti %&ESOéftﬁfa]ag%mzl arﬂb rldI ?nd Ejhe
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at a final ®15 O%Ihe%?rgat?{énnyo% 581Gt %q'é ﬁﬂ‘ae%'y‘{}\?er%&'xwhb@i‘s

t he acid concé’rﬁer AMCORPPEa e hengipoby Mrefranaene desyrited whiesei de is at a
final concent reatdyan-2ekraboerz ) hibphRenés, adled19Ves R&HEJRUESS tﬁ?fr aci d

concentration ﬂr%p%ti% t_LOQ Qgg}n |\4nh68r eac{‘igaftcﬁ antgg%hfs%ﬂg_n{pggyf

conpounds 20 “are present ron- a hour s.
Longer reacti CHERRSLS| %506 tQFCt‘-WeoﬁrE‘él%ﬁ? i orRrev1t-Reatwibanze (bl eonpounds.

These for ff a tWiopbepeantsomesheh §osmibe (Uaritppuadsy ewlierkinO Ry hénd G Mara |
conpounds by tiemogen, weidraddikbigPNar %Malkoxy, is outl:.ned in

Scheme 5.

Scheme 5
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The Formula I compound, wherein R; and Ry are hydrogen,
C1-C4 alkoxy, or arylalkoxy, is acylated with the formula XII
20 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
organic solvents, such aschlbroform, methylene chloride,
1,2-dichloroethane, 1,2,3-dichloropropane, 1,1,2,2-tetra-
25 chloroethane, 1,2-dichlorobenzene, chlorobenzene, and



25° such as about 0.5 to about three équiva[ents, and heating to about
. 100[err] C to about 140[err]C. The concentration of the fornula VI conpound
is in the range of about 0.01 Mto about 0.5 M SU|tabIe solvents for both

the formation of the formula VI WD 96/ 40678

PCT/ US96/ 09357 - 14- unds and their conversion . to fornula | %g
I ncl ude tol uene, and 1, 2-di chl oroethane. The fornula | ‘conpounds
“are useful as |nterned|ates imn the synthesis ol a:iseries of

~3-aroyl -2-aryl benzo[ b] - t hi ophenes. U.S. Patent Nos. 4,133,814 and

4,418,068, which are |ncorporated herein by reference, described these 3-
ar oyl - 2- ary| benzo[f3orPbpneers, SFhenerefestedIRiyent ofor s FYaSRPRLFohs
-fromthe formul a l1,cedneHDéSoetNanelpr oHedrSydiitRsiis odraiel @yr at these

3-aroyl - 2- arylben t °
wherein Riert) %@L aftlze e&g}%@%ﬁeesﬁgr@o ABGLO! 3kl BeCPUPAUYISe o%c.
‘aryl al koxy, is outmenEGaFﬁl%H@rrb § SeR éh%d?%af:e?rfmﬁﬁ-? YREHIRa Of the
~conpound, mhers|nhﬁbebthla@mbﬂ§(ﬁu&huaaeIhQGMpqund of] eboyt .2 M tal kbout or

arylalkoxy, s acyl g vkl 4 okobBULgadliods GRROUDY JMIRNTLL Beit)

is chloro or hydroxy, esence o oron trich bor on
tribronide; boronaFPPEhFU?l%RPW%;tﬁréP@PFeﬁlghﬁquggéct|on can be carried out

in a variety of organi Phenl Remnd/osuBh & acifhiofofakexyner hgrehalkomb ardup,

1, 2-di chl or oet hangygl afy$atid B0RhBERENe Tprefornlif! {8 coivdiitled 28! hane.

1, 2-di chl or nz
° Ob?o € %rmug Oﬁ? Q&%E%hngn wherein Rg and/or Rg are hydroxy,

without isolation of the product from the acylation reaction.
This conversion is performed by adding additional boron
trichloride or boron tribromide and heating the reaction
mixture._  Preferably, two to five molar equivalents of boron

15 trichloride are added to. the reaction mixture, most
‘preferably three molar equivalents. . This reaction is carried
out at a temperature of about 25°C to about 40°C, preferably
at 35°C. The reaction is generally complete after about 4

_ hours- to about 48 hours. ) _

20 The acylation reaction or acylation/dealkylatioh
reaction is quenched with an alcohol or a mixture of
alcohols. Suitable alcohols for use in quenching the
reaction include methanol, ethanol, and isopropanol.
Preferably, the acylation/dealkylation reaction mixture is

- 25 added to a 95:5 mixture of ethanol and methanol (3A ethanol).
The 3A ethanol can be at room temperature or heated to
reflux, preferably at reflux. When the gquench is performed
in this manner, the Formula XIII compound conveniently
crystallizes from the resulting'alcoholic mixture.

30 Generally, 1.25 mL to 3.75 mL of alcohol per mllllmole of the
benzothiophene startlng material are used.

The following examples further illustrate the present
* invention. The examples are not intended to be limiting to
the scope of the invention in any respect, and should not be
. 35 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
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fl uorobenzene. The preferred solvent for this synthesis is

1, 2-di chl oroet hane. The reaction is carried out at a tenperature of about
-10[err]C to about 25[err]C, preferably at O[err]C The reaction is best
carried out at a concentration of the 5 benzothi ophene fornmula | conpound
of about 0.2 WoesHem8ut 1.0 M The acylation reaction i s geIVEssNsHnpl et e
after about two hours to about eight hourse-Wien R err] and/or Rerr] is a
Cerr]-Cerr] alkoxy or aryl al koxy group, the acyl ated benzot hi ophene
preferably is converted to a 10 formula Xl Il conpound, wherein Rl err]

and/or Rlerr] & & RedbBXY (wiVef NI si; Sekéélb@rfd%f htJ.Bﬁ pép&sﬁrant:reom&ﬁﬁa

| at Thi dit | b
ST chil or1 de. oreHEaRas CBFRRR IR dohdel g D PEb ErLrEmeRR PR & PO O"
Pref erably, tvm?ltU@ef|(\VéVth%tﬁ’l%qu|P‘¥al'-@m1$u@feal?omﬁn§§1$r’TW@nFQe are added

to the reacti oftHTNMRY' Sped®rsd apicelsd aiﬂdcy.ehbrﬁﬁgrﬁ@dihé REBhYAEENSC RHMR$
reaction is c 0 t tuyr

40[err] C, ?)jr e?ggr acb%% %r%‘S %%q'@ae?ﬁegrgﬁﬁ{?%%gréoa {?@?%4 %)e%t%%%é'{:e after
about 4 hours &% 3&190&t354EH¥1dE# fat Jg.469 MHzl'rf@raWP PROFNG é@@PBn or

af:yl ﬁt : on/ dealﬂédp@cltﬁ.ﬂ'eﬁ?a%rw GESQEHmf‘QﬂeerToh\eaéraéEm 16rMEzM Xt ure of
al cohols. Suit ﬁﬂﬁp N

met hanol , eth ﬁ%l%a h%gl g%ésr%oéh% = Q‘fé Q,e%?grﬁgf‘%ﬁ Sﬁ%/s lég%%??{. on
reaction nixt ditélils eESaédd\é%F-rtQ) S&IQSaSG‘PPr xﬁfhr 9r4@p h%?ﬁﬂ &ndMREfRhnol (3A
et hanol ). IDhe s¥Aldt lenall. can. @rat Chenm t4&Sp92BuU2908) headlegehval ef | ux,
preferably at dghlie %fncéltﬁ:rgu?@ﬁpoéén,peemd)'h%gobéntdﬂix% 'E%@El_%mé&'e

Formula X1 corrpoun conveni ent | ¥ stalljzes froin r.esul g
al coholic m xtW & Control Equipmen oration 440 E emental Ana yz r.

Elemental analyses for sulfur were determlned on a Brinkman

Colorimetric Elemental Analyzer. Melting points were
15 determined in open glass capillaries on a Mel-Temp II melting
point apparatus, and are uncorrected. Field desofption mass
spectra (FDMS) were obtained using a Varian Instruments VG
70-SE or VG ZAB-3F mass spectrometer. High resolution free
atom bombardment mass spectra (FABMS) were obtained using a
20 Varian Instruments VG ZAB-2SE mass spectrometer.

The in situ yields of 6-methoxy-2-(4-
methoxyphenyl)benzo[b]l thiophene were determined by high
performance liquid chromatography (HPLC)'in comparison to an
authentic sample of this compound prepared by published

25 synthetic routes. See U.S. Patent No. 4,133,814. Generally,
samples of the reaction mixture was diluted with acetonitrile
and the 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

30 analysis:



30° Generally, 1.25 nL to 3.75 nL of  alcohol per mllinmole of the

. benzot hi ophene starting material are ‘used. The fol | ow ng exanpl es further
illustrate the present invention. The exanples are not intended to be
limting to the scope of the invention in any respect, and should not be 35

SO construed experiments were run under positive pressur
ni trogen. soIV 628d reagents were used as obt ai ned. TheePpéeP;"‘cégé{ %ges
are general I y calculated ;WO 96/ 40678 -17-

PCT/ US96/ 09357 -16- on a wei ght (ww) basis; except for hi gh performance

l'i quid chromat ography (HPLC) sol vents which are cal cul ated on a vol une
(v/v) basis. Proton nuclear mgneti@'&d}ﬂtaﬁoévePErsmqﬂVR) spectra and 13C
nucl ear magnetic resonance (13C NVR) 5 spectra were obtained on a Bruker

AC-300 FTNMR spectronmeter at 2fde 16G5oWVHz or at (£h 469 MBf 6¥) proton and
carbom respectively, or a GE Q§-300 spectrongfer at 300. 1% MHz. Silica- geI
. flash chromat ography was performed as described by Still et al. using
"Silica Gel -60 $230-400 nesh, E. 2Merck). 10 X911 et al., 2P og. Chem,
43, 2923 (1978). El enental anabyses for car bzfh, hydrogen,SOand ni trogen
were deternmined on a Control Eggi pnent Cor pogy@i on 440 El g¢ygental Anal yzer.
El enental anal yses for sul fur vvere determ ned_on a Brinkman Col orinetric

El emental Anal yzer. Melting poi 3hts were 15 dfermined in I':tf)pen gl ass
capillaries on a Mel-Tenp Il ndbting point app@ratus, and Hre uncorrect ed
Fiel d desorptiitdn mass spectra (FDVS). were obtained using a Varian

I nstrunents VG 70- SE oj.VG gAR 3Fa FRESuS PESdITBhephat @N(gre2qloyt i on free
at om bonbar dnent nmass gpectra EI\/?%é wer e obtained using a 20 Varian

I nstrunents VG ZAB- 2SE>nmass %ep
The amount (percentages) of 6-hydroxy-2-{(4-hydroxy-

phenyl) -3-[4-(2-piperidinoethoxy)benzoyl] -benzo [b] thiophene
15 hydrochloride in the crystalline material (potency) was
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
potassium phosphate buffer (pH 2.0) and acetonitrile. An
20 aliguot of this solution (10 4 L) was assayed by high

performance ligquid chromatography, using a zorbax® Rx-C8
column (25 cm x 4.6 mm ID, 5 pparticle) and UV detection

(280 nm). The following gradient solvent system was used:

25 ' @Gradient Solvent System {Potency)

Time (min)} A (%) B (%)
0 70 30
12 70 30
30 ' 14 25 75
16 - 70 30
25 70 30

A: 75 mM KH,PO4 buffer (pH 2.0)

35 B: acetonitrile



-The in situ yields of 6-nethoxy-2-(4- nethoxyphenyl)benzo[b]thi ophene were”
det erm ned by high performance |iquid chromatography (HPLC) in conparison -
to an authentic sanmple of this conpound prepared by published 25 synthetic
routes. See U.S. Patent No. 4,133,814. Generally, sanples of the reaction,
m xture was diluted with acetonitrile and the diluted sanple assayed by
HPLC usi ng a WOrgsdes7RX- C8 columm (4.6 mm x 25 cm) w th UV Reraissé/eas7 280
nm. The follow ng |inear-gradi ent sol veas-system was used for this 30

anal ysi s: WD 96/ 40678

PCT/ US96/ 09357 -17- G adient Solvent System Tinme (mn) A (9N

50020 5&1% percentage59% 55—1'1%rdroxy~2—(4—hydr203cypheny1) —3-[48- ()(5%7
50 - p%Beﬁjscglnoethoxy)benz@%f]%enzo [b] thi%%}'l% %ydrosl?btirj'\cf'}ea qlﬁle oUS

sodi um phosphibe $mPLe paspcalcytakeshiusingetineoealp anes; paternt djos andf

6- hydr oxy- 2- (4nByeiE€p®y/-(b) of the calibration curve with the following

phenyl ) - 3-&4- gaug :E‘%j di noet hoxy) benzoyl ] - benzo[ b] t hi ophene -15

hydr ochl orTde Fn e crystalline material (potency) was determ ned by the

foll ow ng nethod. A a]g;gT =t!§ ri%.é alline sglid (5 wei ghed into
a 100-nL vol unetric ?I se,%tg’:]d il ot | M’ure of 75 mM
pot assi um phosphate buffer (pH 2.0) ®nd acet onisemple wegght (mg)

The amount (percentage) of solvent, such as 1,2-

10 dichloroethane, present inlthe crystalline material was -
determined by gas chromatography. A'sampie of the
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

15 on a gas chromatograph usiﬁg a bB Wax column (30 m x 0.53 mm
D, 1 M particle), with a column flow of 10 mL/min and flame
ionization detection. The column temperature was heated from
35°C to 230°C over a 12 minute period. The amount of solvent
was determined by comparison to the internal standard (2-

20 butanol). |

. Example 1
E-t-Butyl 4,4'-Dimethoxystilbenyl Sulfoxide
A. Preparation of E-t-Butyl 4,4'-Dimethoxystilbenyl
25 _ Sulfide '

A solution of desoxyanisoin (12.82 g) in tetrahydrofuran
(100 mL) was treated with titanium (IV) chloride (10.43 g).
During the dropwise addition of titanium {(IV) chloride, the
30 reaction mixture was_cooied to maintain the temperature below
35°C. Upon complete addition, the resulting mixture was
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—
35 furan (15 mL). The resulting'mixture'was stirred at 50°C.
After two hours, the mixture was added to ten percent sodium



20 aliquot of this solution (10 [er':r] 'L)"-Wés assayed by hi gh performance
| iquid chromatography, using a Zorbax Rx-C8 colum (25 cmx 4.6 mmID, 5
[err] particle) and UV detection (280 nm. The foll ow ng gradi ent sol vent

?yst )em was us(e% 25 G adi ent Sol vent System (Potency) Tine
m n A (9 B(%®W O 70 30

70 30 WooedosTs 14 25 50 Fermsggonsg
70 30 25 atn 70 =3 A, 75 M KH err] PO err]
buffer (pH 2.0) 35 B: © ‘acetonitrile WO 96/ 40678

PCT/ US96/ 09357 -18- The percentage of
6- hydr oxy- 2- ( 4- hy draxbeplacey (50 8-HH) (.2 The .resulting mixture was extracted with

pi peri di noet hoxy) 9»1'%.@8&%?1;}%] g%@nEOﬁwﬁ&fm&ﬁl&dﬁnEncﬁi&_‘i%”ﬁk@r&@ﬁs

cal cul ated using the pea rea, m; a | nter.cept ((b)_of the
cal i bration curve YW#%h dt"l:'n?gf BYFBVH‘ariﬁ‘%gg‘Euﬁ‘t’fg‘?w‘?e%f;}ﬁgﬁgé' :arbgeﬁ?ngFgﬁrgt%d
sanpl e vol une (nlL)imx vacuo to g.iveslimﬁ g i ghto{hywhilch gnpvstallizedcsppige)
?r; t Zg!élen\tNa Ssggeﬁoﬁgﬁ%ke réuaméi@&ht laa,aeF1 pnefserttry:sr&aufmensrmaﬁeﬁlailln@as
rat ¢ as.chro ar : sanpl e the crystal:lLhpe
solid (50 ng) was W%ﬁ&&xﬁ'ﬁﬁdagﬁ?ﬂ%gvgﬁﬁﬁ%ﬂ ﬁ-‘co fqlg&}aé%dgﬁégé%vg&k?% a
sol ution of 2-but amweipUBAR25MebE g BN Aeth3iGul f oxi de. A sanple of this
solution was anal yzed hnal98i8 @abouldtednEoyrefyMouS3Sy G DB.V&X Kolwde:( 30
mx 0.53 mm 9.76. Found: C, 73.37; H, 7.51; S, 9.87.

10 _ -
B. Preparation of E-t-Butyl 4,4'-Dimethoxystilbenyl

Sulfoxide

' The crystalline compound prepared as described in
15 < Example 1A was dissolved in toluene (150 mL), and the
- resulting solution cooled to about -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 nixture was
_ extracted with saturated sodium sulfite and brine. The
20 organic phase was concentrated in vacuo. The residue was
recrystallized from ethyl acetate/heptane to give 14.11 g of
the title compound. Melting point 104°C (dec).
Analysis calculated for Cz¢H2403S: C, 69.74; H, 7.02; S,
9.31. Found: C, 69.47; H, 7.04; S, 9.54.

25
Example 2
Z-t-Butyl 4,4'-Dimethoxystilbenyl Sulfoxide
A. Preparation of t-Butyl 4-Methoxybenzyl Sulfide
30 . A mixture df_4—méthoxybenzyl 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
resulting mixture was stirred at room temperature. After
about 18 hours, the reaction was diluted with water (100 mL)
N 35 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.



ID, 1 [err] particle), wth a colum flow of 10 mL/mn and flame ionization
detection. The columm tenperature was heated from 35[err]C to 230[err]C
over a 12 mnute period. The amount of solvent was determ ned by
conparison to the internal standard (2- 20 butanol). Exanmple 1 E-t-Butyl

4, 4' - Di met hoxystil benyl Sul foxide A Preparation of E-t-Butyl

4, 4" - Di met howysdrdoéiseny| 25 SPETUS$0935B 01 Ut i on
of desoxyanisoin (12.82 g) in tetrahydepguran (100 nL) was treated with
titanium (1V) chloride (10.43 g). During the dropw se addition of titanium
(I'V) chloride, the 30 reaction m xture was cool ed to maintain the

tenperature bel oy,.3 Up o] resylting mxture
was stirred at 30 eﬁﬁc (]"'%Jt 3¢ gn, 233?%1 oHH %Iots Rat )'tﬁ’ gbm xture was
treated wt his Sa)ut Befi3ols2-21t,hyl.38- s ofe- t hi ol (6. 76 nm.) and
triethylanine (183¢0nm)(doTibet r&hydf or1f35 sef,unsn §45 nL). The resulting ,

m xture was stirred at 50@ h 'éf%or Mlggyrsc GQGST xﬁurse 6\gas added to

ten percent sodi Ry pLy
PCT/ US96/993yundk9- Ccabbodit éi(fﬁl@'?r-rL) The resulting m xture was ' '
extracted with nethyl ene chloride.. The conbi ned nethyl ene chloride extracts

i ve 17,2 of-aReBPRES U ot By ErBRrrS B 1B ReEn SRR ety ] s 1

tenperature. This crystalline material was recrystalli zed from hot et hanol
to give 12.3 g ofa &BEutidh o WHOUBSpoddd tgri@apetnis /desdlidet] & Anal ysi s

(7:gl ggl at fbgﬁ_amgé%r BLHQE'EJ Cg)erlrrJ §etgah37c§rojé'ran (g031§L) %vas czglegou@d G
.. ' ’ ’ about -20°C. fThis 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 D
15 anisaldehyde (1.46 mL). After an-additional 15 minutes, the
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
reaction mixture was treated with a solution of potassium t=
20 butoxide in tetrahydrofuran (1.0 M, 12.0 WL). After an
additional 45 minutes, the reaction was quenched by the
addition of 1N hydrochloric acid (12. 0 mL). The organic
phase was separated ‘dried over magne51um sulfate, filtered, --

and concentrated to an oil {4.4 g). :
25 1H NMR (CDCl3): 8§7.95 (d, H), 7.05 (s, H), 6.9-(d, H),
6.8 (dd, 2H), 3.75 (s, 3H), 0.95 (s, 9H). | T

13c NMR (CDCl3): 8153, 139, 137, 114, 56, 32.

C. Preparation of B-t-Butyl 4,4'-Dimethoxystilbenyl
30 ' Sulfoxide

The compound from Example 2B was converted -to the title
compound using the procedure subst_aritiaily as described in
Example 1B. T ' o

35 1y NMR (CDCl3): §7.61 (d, H), 7.56 (4, H), 7.1 (s, H},

6.9 (dd, 2H), 3.83 (s, 3H), 1.05 (s, 9H).



10°B. Preparation of E-t-Butyl 4,4'-D nethoxystilbenyl Sulfoxide The

. crystal line conpound prepared as described in 15 Exanple 1A was dissol ved
in toluene (150 nlL), and the resulting solution cooled to about -20[err]C.
Thé cold solution was treated with peracetic acid (32%ww in dilute acetic

‘acid, 1.24 g) over Jhutes. The resulting m xture was extr 5)%%51; _
‘ﬂ#’ﬁ) ?‘aﬁggtra ed

saturated sodiums and brine. The 20 oprganic phase was concen

in vacuo. The residue was regrystallized froffrethyl. acetate/heptane to
give 14.11 g of the title conpound. Melting point 104[err]C (dec). Analysis
calculated for CJerr]Herr]Jerr]S C, 69.74; H 7.02; S, 9.31. Found: C,
69.47; H, 7.04; S, 9.543C2BMEX&IMtle)2 B-142Buty2. 5, 431D 1d8hoky3t iFhedl.

i ore ot - ot oxyberduivais b by il R BRIRIL SHIC, 48 Y u, 2.
1, 2- di €hl or oet haneFeudr n€)y ®As98+ fht &k M-t h 2- met hyl - 2- propanet hiol (9. 92

m.) in one portion. The resulting m xture was stirred at roomtenperature.
After about 18 Hours, the reaction was di | Etamplei 8h water (100 nL) 35 and
et hyl ®ne chloride (100 grlahg zLReBQEGRN G PRHASE NGBS SOIMBERGL Bhleekiueer
magnesi um sul f at e, fllteAre(}, and concenfrate §n, vacuo t% LV 4.4. g of an
oi l. WO 96/ 40678 . Preparation of t-Butyl 4-Methoxy. z¥ 9357
-20- [err]H NWR (CDCl [err]): [err¥7.28 d 2H), 6.-85(d, 2H), 3.77 (s, .
3H), 3.73 (s, 2H), 1.36 @§xtypp of 4-methoxybenzyl alcohol (1013 g) and zinc
- 10

iodide (11.7 g) in 1,2-dichloroethane (120 mL) was treated
with 2-methyl-2-propanethiol (9.92 mL) in one portion. The
resulting mixture was stirred at room temperature. After
about 18 hours, the reaction was diluted with water (100 nlL)
and methylene chloride (100 mL). The organic phase was
15 removed, dried over magnesium sulfate, filtered, and
concentrated in vacuo to give 14.4 g of an oil.
1H NMR {(CDC13): &7.28 (d, 2H), 6.85 (d, 2H), 3.77
{s, 3H), 3.73 (s, 2H), 1.36 (s, 9H). )
13¢c NMR (CDCl3): & 130, 114, 56, 35, 32.
20 Analysis calculated for Ci3H3805: C, 68.52; H, 8.63.
Found: C, 68.80; H, 8.67.

B. Preparation of t-Butyl 4-Methoxybenzyl Sulfoxide

25 A solution of the compound prepared as described in
Example 3A (14.4 ¢g) in 1,2-dichloroethane (50 mL) was cooled
to about 5°C and the cold solution treated with peracetic
acid (32% w/w in dilute acetic acid, 14.2 mL)} over 30
minutes. Upon complete addition of the peracetic acid, the

30 reaction was treated with brine and sodium bicarbonate. The
organic phase was removed, dried over magnesium sulfate,
filtered, and concentrated to a vellow precipitate. This
residue was treated with hexane (100 mL) and the resulting
mixture stirred at room temperature. After about 18 hours,

35 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.



13C NWR (CDCl [err]): [err] 130, 114, 56, 35, 32. Analysis calculated for
CerrJ]Herr]CS: C 68.52; H 8.63. 5 Found: C, 68.80; H 8.67. B.
Preparation of Z-t-Butyl 4,4' D nethoxystilbenyl Sulfide A solution of the
conmpound prepared as described in 10 Exanple 2A (2.51 g) in
tetrahydrofuran (50 nL) was cooled to about -20[err]C This cold solution
was treated wwovsaosel uti on of n-butyllithiumin hexane (1.BCEds9609357 i)
over ten mnutes. The resulting solutiomamas allowed to warmto about
O[err]C over 35 mnutes. This cold solution was treated with p- 15

ani sal dehyde (1.46 nL). After an-additional 15 m nutes, the reaction

solution was treategd with hanegul { an Qi orideg (0,95 ). he
resulting reaction a/a@dﬂgl ﬁ('{)%a?t’ og\%a%% %%’ %m Féﬁﬁe?‘g\t u%}gt' Rf't&r an

addi ti onal 45 fd.n#es3.Thel(sead)i,0f.A8x{dr ¢l)wad .Bréat e¥Hwi th a sol ution of
potassiumt- 20 badtoxie (coclief f ahysz pfurgnsel. 3M242.0 nL). After an

Pydr ochl or i ¢ aci o' (I3HEEHT ST 2BaaRTE ABCE Ais Cechar G odt & PRY over

magnesi um sul fRguad: f|Cte63bd72.ariﬂ defdentrated to an 0|I (4 4 g). 25

[err]H NNR(CDCI[err]) [err] 7.95 (d, H), 7.05 (s, , 6.9 (d, H, 6.8
dd, 2H), 3.75 95

(139 1?|_>D7 114, ( ?l’af,at eg)airelﬁq ﬁl ofEZ&'fcéyguty%%kgﬁ%%‘t%%j%gh#benyl
30 Sul f oxiS#d fpredeonpound from Exanpl e 2B was

converted-to the t|tIe conpound using the procedure substantially as
descri bed 1ion ExanpheséButidin of the[ compdlridViRreCBCkfieas |Jesdrdbell ¥n 61 (d,

H, 7.56 (d, Hanpid $5. (1.0 &9 ihddet Alyard£83ahS (188 )m)1+@2 €S0l & eo
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 miﬁutes. After stirring for 35

15 minutes, the reaction_mixture was treated with p-anisaldehyde
{5.4 mL). The dry ice/acetone bath was removed and the
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

20 'upon addition of the methahesulfonyl chloride. The mixture
was cooled to about 25°C, then treated with potassium t-
butoxide in tetrahydrofuran (1 M, 50.9 mL). After stirring
for an additional 35 minutes, the reaction was treated with
1N hydrochloric acid (51.0 mL}. The phases were separatéd,

25 and the organic layer dried over magnesium sulfate, filtered,
and concentrated to an oil (16.67 g). This material was used
in the next step without further purification. The carbon
and proton NMR spectra were similar to that obtained for the
compound prepared as described in Examples 1 and 2.

30
Example 4
E and Z-3-(4, 4'-Dimethoxystilbenyl sulfide)-6-methoxy-2-(4-
methoxyphenyl)benzo[b]thiophene
35 A solution of p-toluenesulfonic acid monohydrate

(552 mg) in toluene (111 mL) was heated to reflux, and water
was removed by allowing it to collect in a Dean-Stark trap.



V0" 96/ 40678 © 0 PCTJUS96/ 09357 - 21-
[erF]C NWMR (CDCl [err]): [err] 142, 132.5, 131 118, 117, 56, 24. Analysis
cal cul ated for C[err]H[err]qerr]S C, 69.74; H, 7.02. Found: C, 69.98; H,

6.94. 5 Example 3 E and Z-t-Butyl
4,°4" - Di net hoxysti ul foxi de A. Preparation of t-Butyl 4- zyl
SuI fide Am xture%g’%m?t hoxybenzyl al cohol _(10.13 g) and zi ncl\ﬁlu I odl de

(11.7 g) in 1,2-dichloroethane (120 nL) was t™eated.with

2-net hyl - 2-propanethiol (9.92°nm) in one portion. The resulting mxture was
stirred at roomtenperature. After about 18 hours, the reaction was diluted
with water (100 nid) Sahutien (8f dhe cRmpeuad qreperad)as THesSeRibed dnphsaePlmd
15 renoved, driedlovgl imonaAsien® I64faLE, wdd ladaeadto atite cRientingt &ctid n

\ééggo(é? gi_&’e %47 o?ugig;%b\wgl _fé&tHho (C%;%? %l’l) ag E:{ na7l ?t%o( é&ugy) 'the

(o [err]), B130mitES oS Fpoled Eoo0iC.  AbRgs 4 additiionnd, 48 ARHTS. the

Clerr]Herr]0Ss GCplA8mbiurd whs6Filkevad: tdCremBv80thél pBedipitBted 6-

P Jat ft- t h
CE)rGYBgL ndI gpegar ed ﬁggﬁéxlgcr | {341 gﬂ&%%%ééheﬁr'i )fﬁg‘sggzbiéh}whené > glh% h Fg?%%théang

(50 nl) was cool e¥2Bo®RpERAC aso vt t"‘ﬁee%%?Jd upei 8 ??%‘é‘fagtf%sf’ﬁlﬁ’@racet iC
acid (32% w w i n tikatkomst isplaticon.14TRe myganier pBseiwad esepadpord, dried

conpl ete addi tion Qb t BEAGK %Qﬁtf'a%eacfgltéff%?’g.ndr Eaﬁ&éﬂf‘r&’&% t.lrne%ggo wid h

bri ne. and sodi um bi,carbonat e The organl c r ed over

€ was_reno _
magnesi um sul £8t e 9ivp| £ B H OL AT OFAR ﬁt?’alt'ed s °§1‘e|‘f’ﬁ/\/‘§‘r"é€i i £8FR ¥ s
resi due was treat @drw'stdmd]eaea:ﬂe put@fiet) using tslidiresael i fipsh xhogomatet rred

at room t enper at Ug’%a%)ﬁyt %1@1@1& wi8nNAskSne AR nyiNEcat Xt 4T €3 W3 )i | §geed and

t he solids washed w
fract:.ons conta:r.ned in the desired regioisomers were

concentrated to an oil. This oil was treated with diethyl

15 ether to selectively crystallize the early-eluting regio-
| iSbmer, {155 mg). The mother liquor from these crystal-
lizations were enriched in the late-eluting regioisomer.

Early-eluting Isomexr _

20 1H NMR (CDCl3): §7.71 (d, 2H), 7.64 (4, 1H), 7.46 (d, 2H),
7.06 (d, 1H), 6.94 (4, 2H), 6.92 (4, 2H), 6.90 (m, 1H), 6.85
(4, 2H), 6.59 (s, 1H), 6.45 (d, 2H), 3.86 (s, 3H), 3.85
(s, 3H), 3.80 (s, 3H), 3.66 (s, 3H).

25 High resclution FABMS calculated for C32H2904S2 (MH*)
541.1507. Found: 541.1491.

Late—eluting Isomer
1y NMR (CDCl3): §7.90 (4, 1H), 7.62 (4, 2H), 7.24 (1H), 7.08

30 (4, 2H), 7.02 (.dd, 1H), .6..96 (d, 2H), 6.74-6.71 (4, 2H), 6.70
(d, 2H), 6.55 (4, 2H), 6.21 (s, 1H)}, 3.86 (s, 3H), 3.85
(s, 3H), 3.76 (s, 3H}), 3.67 (s, 3H).

FDMS: m/z = 540 (m*)



(100 m.). The solid material was dried in vacuo to give 14.07 g of the
title conpound. Melting point 124-126[err]C WO 96/ 40678

PCT/ US96/ 09357 -22- [err]H NVR (CDCl [err]): [err] 7.26 (d, 2H), 6.89 (d,
2H), 3.79 (d, H, 3.78 (s, 3H), 3.58 (d, H), 1.3 (s, 9H). 13C NWR :
(CoC[err]): [err] 132, 114, 56, 53, 23. Analysis calculated for
Cerr]H err] Ovoroshes7s C, 63.68; H 8.02. 5 Found: C, 63.72; PeTUsSE®3s7C. _
Preparation of E and Z-t-Butyl 4,4'-D metdaexystil benyl Sul foxide 10 A
solution of the conpound prepared as described in Exanple 3B (10.0 g) in
tetrahydrofuran (140 nL) was cooled to about -30 to -25[err]C (dry

i ce/acetone bath). This cold sol utiongggsnidanated with n-butyllithiumin

cycl ohexane (1.6 M 27 After LIl for 35 15
m nutes, the reactio g??ﬁ% %%a%i Wéﬁ‘?&%’fﬁ’ﬁ’%ﬁ?égi%@%nﬁA m.) .
The dry ice/acetone bath was renoved and the reaction allowed to warmto .
about. 20[err] C T'hhé dBmgouh8 \(\8&r 1y -eAhrd nyl EQoﬁ@E)h@i%%HEEané& chl ori de

3.5 nL he .t ure_of the on.rose f out _20lerr] to about
gS[ er r])C 2% dﬁgggl BaR o%’%?‘p?ﬁei rrgl%a#gguw?%n égea%Srl d@egi A?n xture ¢
was cool ed t03993‘6‘9%0125{%M“Feluﬁﬁwltﬁ%’é{%écmﬂmOw&?ﬂtsm‘# 2 bxitie in

t et rahydr of ur 881Gdnd (5& Syl ) . AfEéersist hourBy héthaiesaddbhienadiBs
mnutes, the reagt mon vaé@saaasat@& tMd Qe&@tb&ﬂﬁ%&h%' C Retgr (@l -0 ). The

phases were separated, 25 and the organic |ayer dried_over magnesium
sul fate, filtaefedtional Men??ﬁt’é%ﬁqtd%méﬁ“{q_@'a@? adjowedj €0 ngRQk itA was
used in the nesbmstefperdthest fThé hessyltinki adktwre wikedataabed saih pr ot on:

NMR spectra m@&@téﬁfﬁéfﬂf %ﬂdtgéémﬂQ§an%§LE sﬂé“ﬁng a 71.1% in situ

yleld of the title compound.’

Example 6
15 6-Hydroxy-2- (4-hydroxyphenyl) -3~ [4~ (2-piperidinoethoxy) -
benzoyl]lbenzo[blthiophene Hydrochloride
1,2-Dichloroethane Solvate
A. Preparatibn of Ethyl 4-(2-Piperidinoethoxy}benzoate

20 A mixture of ethyl.4-hyafoxybén20ate (8.31 g), 1-(2-
chlorocethyl)piperidine moﬁohjdrochloride (10.13.g), potassium
carbonate (16.59 g), and methyl ethyl ketone (60 mL) was
heated to 80°C. After one hour, the mixture was cooled to -
about 55°C and treated with additional 1-(2-chloroethyl)-

25 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
acetate/acetonitrile/triethylamine'(10:6:1, v/v). Additional
portions 6f 1—(24chloroethyl)piperidine hydrochloride are

30 added until the starting 4-hydroxybeﬁzoate ester is consumed.
Upon complete reaction, the reactionzmixture'waé treated with
water (60 mL) and allowed to cool to room temperature. The
agqueous layer was discarded and the organic layer
concentrated in vacuo at 40°C and 40 mm Hg. The'résulting

35 o0il was used in the next step without further purification. ' v



conpound prepared as described in Exanples 1 and 2. 30 Exanple 4 E and
Z-3:(4, 4'-Di nmethoxystil benyl sulfide)-6-nethoxy-2-(4-

. et hoxyphenyl ) benzo[ b] t hi ophene 35 A sol ution of p-toluenesulfonic
acid nonohydrate (552 ng) in toluene (111 nL) was heated to reflux, and
wat er was renoved b aIIowi ng it to collect in a Dean-Stark tr

06/ 40678 We/seits PCT/ US96/ 09357 - "’SK"X&
sol ution of the conpound prepared as descri &P n Exanple 1 (10 g) in

tol uene (34 nL) was added to6 -‘the refluxing acid solition over six hours.
~After an additional two hours, the mxture was cooled to Oferr]C. After an
- addi tional 18 hours, theBb PrenaraRieruPE dok? THiPesi déneet heRp\RenZREC

. precipitated 6- nethoxy-2-(4-net hoxyphetgl dbpdroclbktiBeophene. The filtrate
was extracted with an equal volunme of saturated sodi um bi carbonate

sol utivon. The organi c phase was separated, dried over sodi um sulfate,
filtered, and concentrat ed & FQlAEAON: BE 1he foppoung prepared GsAgecriped in
This oil was dbvi @semphé 06A Wakpaitt 23287 ghcin methéhell (30 maL)siwaiscargated

fl ash Xhromat o- ¢ h | 48430 oQ?é@”?f?tnEX' 28 AL B ;hgoc Th%fter

fractions contained in t e desire |0|soners wer e concentrat
oil. This oil was% téatBeN%F1 Wa(},egtﬁ 8 qk) vas,&Adeqd. se?lé%ﬁwlflepyﬁ’éwq%e
the early-eluti ngwaegcoeledsoicers—(ln% rapd cbneenvttded [hygrochipontt dwsise

crystal - lizationgy \ge% %rg %naﬁéd glbnfyl atfﬁleeltmagcaﬁ&&i&(agg stallized

Early-el uting | soner err% é

1H), 7. 46 (d, 18H) duripg iﬁldlﬁ-‘bca 6094 (P H‘illyséa b1ipg, P‘%?%“%"’@G Eﬂ}léﬁiﬁed

6. 85 by filtration, and dried in vacuo at 40-50°C to give 83%
vield of the title compound. Melting point 270-271°C.

C. Preparation of 4-(2-Piperidinoethoxy)benzoyl
15 ' Chloride Hydrochloride

A solution of the compound prepared as described in
Example 6B (30.01 g) and dimethylformamide (2 mL) in
methylene chloride (500 mL) was treated with oxalyl chloride
20 (10.5 mL) over a 30-35 minute period. After stirring for
about 18 hours, the reaction was assayed for completion by
HPLC analysis. Additional oxalyl chloride may be added to
the reaction if the starting carboxylic acid is present.
Upon completion, the reaction solution was eVaporated to
25 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
to give the title compound as a solid. '

30 D. Preparation of 6-Hydroxy-2-(4-hydroxyphenyl)-3-[4-(2-
piperidinoethoxy)benzoyl]benzo[b]}thiophene Hydrochloride
1,2-Dichloroethane Solvate

‘A mixture of the compound prepared as described in
35 Example 5 (2.92 g), the compoﬁnd prepared as described in
Example 6C (3.45 g), and 1,2-dichloroethane (52 mL) was
cooled to about 0°C. Boron trichloride gas was condensed



(d, 2H), 6.59 (s, 1H), 6.45 (d, 2H), 3.86 (s, ‘3H), 3.85 (s, 3H), 3.80 (s, °’
3H), 3.66 (s, 3H). 25 High resolution FABMS cal cul ated for * L
Cerr]Herr]gerr]S[err] (Mierr]) 541.1507. Found: 541.1491. Late-eluting :
| sonmer [err]H NVR (CDCl [err]): [err] 7.90 (d, 1H), 7.62 (d, 2H), 7.24 (1H),
7.08 30 (d, 2H), 7.02 (dd, 1H), 6.96 (d, 2H), 6.74-6.71 (d, 2H), 6.70 (d,
2H), 6.55 (d, varbeuobrs2l (s, 1H), 3.86 (s, 3H), 3.85 (s, 3H rcrIUEe$3s7 -3H),
3.67 (s, 3H. FDVs: mlz = 540 (nferr]) 356- WD 96/ 40678

PCT/ US96/ 09357 - 24- Exarrple 5

6- Met hoxy- 2- (4- met hoxyphenyl ) benzo[ b] t hi ophene The conpound (early-eluting

| somer) prepargg £ olaeé{aaﬁ%%d goﬁﬁ&@} & (frmnof] rm;d%e%d@sdtha a

refl uxi ng sol uti on Q enesul foni ¢ aci drat e ; ﬁ): '
tol uene (1.5 rf9ld NFEP”%@PW&P? F’n??ﬁ%nesz‘iﬁt%n?& |}EP’“trf S‘t[ 8 ']L")h%/vas
added to the nesmction mixtuwee wahf teeated adiditt iaddatidmal bddea reaction ¢

i xture vas ald:0uedok9agops. d 440 &ﬁer&éﬁmngt o uti.cH Srd<e ik 05T XU UT €

0,
;V?ZI gl IO]chtte qt%gFacg%ﬁm ri I and %yr%gc \tlLon was comp\{l\f' ng a 71. 1% 1 n si tu

6- Hydroxy- 2- (4- hydMsxgzph@hyﬂm 3!L[)4W€12 preatrediwitht tioxyeaction mixture
benzoyl | benZO[wh@,Bben@véiv%r 20hh9hi€le dertdd, ClhasDey hane meehuabe ¢o

Preparati on of il sl TRk dngeb I belieates S asrc. AR g O

hour, the crystalllne product was f:.ltered washed with cold
10 methanol (8 mL), and dried at 40°C in vacuo to give 5.14 g of
the title cdmpound. Melting point 225°C.
 Potency (HPLC): 86.8% _
1,2-Dichlorocethane {(gas chromatography): 6.5%

{



chioroet hyl ) pi peri di ne nonohydrochl oride (10.13 g), potassium carbonate
(16259 g), and nethyl ethyl ketone (60 nL) was heated to 80[err]C After

~one hour, the mxture was cool ed t mlmmum:“n”““r eated wi th additional
1-(2-chl oroethyl)- 25 piperidine 3“ I (0.92 g). The

reésulting mixture was heated to 80C* The teattidbn ‘was moni tored by thin .

| ayer chronatograﬁﬂ?’?qwﬂﬁ, using silica-gel plates and ethyl 0 '

acetate/acetonitrile/triethyl.amne (10:6:1, yégz. Addi tional portions of

1- (2-chl or oet hyl ) pi peri di ne*hydrochl ori de are“30 ‘added until the starting

4- hydr oxybenzoate ester is consunmed. Upon conplete reaction, the reaction

. m xture was treatede wikdimpnater (60 nl) and allowed to cool to room

. tenperature. The aqueous | ayer was di scarded and the organic |ayer

. concentrated in vaguo at 4 n . The resulting 35 oil was used in

the next step w tﬁ%bt uf?ﬁg?‘%b%ﬂ iggt#%%@u-&a WO 96/ 40678

PCT/ US96/ 09357 -25- B. Preparation of 4-(2-Piperidinoethoxy)benzoic Acid

Hydrochl ori de A solution of the conpound prepared as g# poed in 5 Exanpl e

6A (abBout 13.87 g) in methanol (30 nmL) was treated w sodi um

hydroxi de (15 nL), and heated to 40[err]C. After 4 _{ gurs, water (40

m.) was added. The resulting m xture was cool ed t;¢ 5-™®ferr]C, and

concentrated hydrochloric acid (18 nL) was added owy. The title conmpound

crystallized 10 during acidification This cr e~ oduct was
collected by filtration, and dried g Va , Jj to give 83%
N ... Preparation of
O or 1 e

a

yield of the title conmpound. Ml ti
4- (2- Pi peri di noet hoxy) benzoyl 15
Hydr ochl ori de R

Ry

VI

wherein: :
Ry is hydrogen, C3-C4 alkoxy, arylalkoxy, halo, or amino;

and

Rz is hydrogen, C31-C4 alkoxy, arylalkoxy, halo, or amino.
2. The compound of Claim 1 wherein:

R1 is hydrogen, C31-C4 alkoxy, or arylalkoxy; and

Rz is hydrogen, C3-C4 alkoxy, or arylalkoxy.
3. The compound of Claim 2 wherein:

R; is hydrogen or C31-Cg4 alkoxy; and

Rz is hydrogen or C3-C4 alkoxy.
4. The compound of Claim 3 wherein R; and Ry are C31-Cy
.alkoxy. '
5. The compound of Claim 4 wherein R; and Ry are methoxy.

6. A process for preparing a compound of the formula



A solution of the conpound prepared as descri in Exanple 6B (30.01 g)
and di net hyl formam de (2 nlL) 7in nethylene chloride (500 nL) was treated

wi th oxalyl chloride 20 (10. mgmn‘lumﬁm 5 mnute period. After
stirring for about 18 hours, tﬁ“l 1 Lo S ssayed for conpletion by
HPLC anal ysis. Additional oxalyt chldride fay be added to the reaction if
the starting Wod%mesm™ic acid is present. Upon conpl etion, tReisdesdssON.
solution was evaporated to 25 dryness in vacuo. The residue was dissol ved
in nmethylene chloride (200 nlL), and the «28sulting solution evaporated to
dryness. This dissol ution/evaporation procedure was repeated to give the
title conpound as a solid. 30 D. Preparation o
6- Hydr oxy- 2- ( 4- hydr oxyphenyl ) - 3-[ 4- ( 2-

pi peri di noet hoxy) benzoyl ] benzo[ b] t hi ophene Hydr. o
Solvate A m xture of the conpound prepared as Je$
(2.92 g), the conpound prepared as describeiyl Exanple 6C (3.45 g), and

R;

i

de 1, 2-Di chl or oet hane

1, 2-di chl oroet hane (52 nL) was cool ed to abo 0C. __Boron trichloride gas
was condensed WO 96/ 40678
PCT/ US96/ 09357 -26- into a colf gra 8 nL), and added to
the cold m xture described abgye. i ' aNg err] C, the
reaction mxture was treateg; Jthgt A D¥yontrichloride (2.8 nl).
The resul;ting solution was heated to 5 35 After 16 hours, the
reaction was conplete. Methanol (30 niL) wass abgd with the reaction

m xture from above over a 20-m nute periygd, causing the nethanol to refl ux.
The resul ting slurgy.vwag.stirred at 25[err]C.  After one hour, the

crystal line produc S.filtered, washed with cold
y P él\yg hyérogen, £1-C4 alkoxy, arylalkoxy, halo, or amino;

and
Rz is hydrogen, C3-C4 alkoxy, arvlalkoxy, halo, or amino;
which comprises reacting a compound of the formula

0
i

__/ZS\R3

11

wherein:

R; and Ry are as defined above, and

R3 is a thermally-labile or acid-labile Ca2-Ci10 alkyl,
C4-Ci0 alkenyl, or aryl{Ci-Cip alkyl) group; with an acid
catalyst at a temperature of about 100°C to about 140°cC,
wherein the concentration of the formula IT compound is about
0.05 M to about 0.2 M. |

7.  The process of Claim 6 wherein:
R is hydrogen, C3-C4 alkoxy, or arylalkoxy; and
Rz is hydrogen, C3-C; alkexy, or arylalkoxy.

8. The process of Claim 7 wherein the acid catalyst is
selected from the group consisting of methanesulfonic acid,



10 * net hanol (8 nm.), and dried at 40[err]C in vacuo to give 5.14 g of the

titlhe conpound. Melting point 225[ erT‘]’C*POt—a%c—y——(—HPLC)_ 86. 8%

1,.2- Di chl or oet hane (gas chromat ograph /40678
. PCT/ US96/ 09357 -27- V& claim 1. A m, orrrula [err] wherel n:

Rlerr] is hydroge rr]-Cerr] al koxycarLy hal o, or .
Rerr] is hydrogeﬁv %‘g ] Cerr] al koxy, arylal _koxy hal o, or g‘%’ﬁ%"“@y
The conpound.of Caim1l wherein: Rerr] is hydrogen, Clerr]-Clerr] alkoxy,
or arylal koxy; and Rlerr] is hydrogen, Jerr]<Jert] al koxy, or aryl al koxy.
3. The conpound of Claim 2 wherein: Rerr] is hydrogen or CJerr]-(err]
al koxy; and R err Jpengehesmlbipaicoac ] er-inaghthalengskdfgnial acidThé- conpound
of O aim 3 wherei pukhaeshl f cRheid] arRnekelfdnid aem ad-koxy 5. The

oty ERTRAR I R ot e
| PCT/ US96/ 09357 - 2&aphghplengdisulfonic acid, 1- octanesulfonlc acid,

camphorsulfonic acid, trifluoromethanesulfonic acid, p-
toluenesulfonic acid, Nafion®, Amberlyst®, and Amberlite®.

.
LS

9. The process of Claim 8 wherein the acid catalyst is
selected form the group consisting of methanesulfonic acid,
benzenesulfonic acid, camphorsulfonic acid, p-toluenesulfonic
acid, Nafion®, Amberlyst®, and Amberlite®.

10. The process of Claim.9 wherein the acid catalyst is
selected from the group consisting of methanesulfonic acid,

p-toluenesulfonic acid, Nafion®, Amberlyst®, and Amberlite®.

11. The process of Claim 10 wherein R3 is a thermally-labile
or acid-labile C3-Cjg alkyl or aryl (C1-Cio alkyl) group.

12. The process of Claim 11 'wherein Ry is a thermally-labile
‘'or acid-labile C3-Cig alkyl group.

i3. The process of Claim 12 wherein Rj3 'is t-butyl.

14. The process of Claim 13 wherein R; and Rz are C1-C4
alkoxy.

15. The process of Claim 14 wherein R; and Rz are methoxy.

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

¥ 17. A process for preparing a compound of the formula



wherein: R err] is hydrogen, (err]-Cferr] al koxy, arylal koxy, halo, or
am no; and Rlerr] is hydrogen, (err]-Cerr] al koxy, arylal koxy, halo, or
am no; which conprises reacting a conpound of the formula [err] wherein:

Rlerr] and Rerr] are as defln nlﬂ is athermally-labile or;';
acid-labile Cerr]- C[err] al kyl | m"mﬂll “LI kenyl, or

aryl (( err] - Clwosduosiskyl ) group;* wect htan®act d *tatal yst at ap¢potRpedsyr € of
about 100[err]C to about 140[err]C, wherein the.concentration of the
formula Il conpound is about 0.05 Mto abpot 0.2 M 7. The process of
Claim6 wherein: Rerr] is hydrogen, (Jerr]-(err] al koxy, or arylal koxy;
and Rlerr] is hydrogen, (Jerr]-Cferr] al koxy, or aryl al koxy. 8. "The
process of Claim7 wherein the acid ;s sel ected fromthe group

consi sting of nethanesul fonic acid, 9- brnzenesulfonlc aci d,

1- napht hal enesul fonic acid, 1- b 3 S\ 8¢ ot hanesul f oni ¢ acid, 4-
et hyl benzenesul fonic acid, 1- hexaﬁesu foni c aci

napht hal enedi sul f oni ¢ aC|d 1- oct anesul foni € ac’ ghuphor sul foni c aci d,

trifluoronethanesul foni c_aci d, p- toluenesul foni c¥aci d,? Nafj on,
Anberlyst[err], anchérbintite. 9. The process of Claim8 wherein the acid

catal yst is sel ect;gg igrlqurla,geg[rc&ipcgogﬂéy ng&? alLBangsid f opise aci d,

benzenesul foni ¢ ac canphorsul f.oni ¢ acid, p-tol uenesul foni'c aC|8 Naf i on,
Anber | yst, anc?rﬂrrberl ite. 10. The process of Caim9 wherein the acid
catal yst is Rz is hydrogen, C1-C4 alkoxy, arylalkoxy, halo, amino:

which comprises treating a compound of the formula

R;

wherein R1 and R; are as defined above, with an acid catalyst.

'

!



\4

selected’ fr%m the group consisting of net hanesul fonic acid,

p-tol uenesul foni ¢ acid, Nafi on,

Anber | yst,

and Anberlite.

11. The process

of .Claim10 wherein R3 is athernally labile or acid-labile Cerr]-(err]
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(57) Abstract

The present invention is directed to a new process for the synthesis of 2-aryl benzo[bjthiophenes, and to novel intermediates therefor.




