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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]thiophenes, in particular
2-aryl - 5 benzo[ b]t hi ophenes. Benzo[ b]t hi ophenes have been prepared by a
nunber of different synthetic routes. One of the nost wi dely used methods
I s the oxidativwgdgugsrezati on of o-mercaptoci nnam c acids. Thi sct/0sde@9163
Fimted 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 kyI acet aI S. Unsubstituted

benzo[ b] t hi ophenes ar r epar ti G co nsat | ne and
sul fur. 3- Substitut e% E 5 g?fh?’(%?) €58 8 E hgﬂt aC| %al yzed 15
cyclization of arylthionet hyI ket ones; however, this route IS I | mted to

the preparation of Thgl RFPBEAL oL BT iPhdfcSirestedahPa? R0 PERGSSShERES
and their BenzaHesyvehe¥es: ofi bénzSpltiasphensd, Aipl paaticuinr' 2-aryl-

Conprehen5|§e %g%g%)f %é;%ﬁ stry (Katritzky and Rees, eds.), Volune 1V,

Part oI 11 - Chl or o- 2- phenyl benzo[ b] t hi ophene is
prepared by the rea@FPéﬁ[Bﬂ H%%?M—’aéa‘ﬁﬁ gﬁ@“\/\PFﬁP?ﬁF?Lﬁ’Y ot aHmderget
Barton and Zi kajifFereht. s¢AthetidSroudteid- 1033 6¥9¢Re. mBet aaidgivhivsedenes

have al so been red b y f I
ieldo and 25 THERERGLy KMEICRLBLES (RLtRkEiSH bEbRene W‘?ﬁ*&rﬁ Lor
product i on- scalasisignt h@éé?r rseéemdlmte@h&m tBGcPr%’éﬁl%rﬁﬁ bepzolb
(1975). The gpr afyr bﬁ@-gtcﬁrmﬂym@ea (dz-iménywaheayb)ﬂeimenes are

blth
5 ]?éol gggenes & 353@ bgegg?’l bg%éa]ff%cgrs%cw?g ?Oﬁsgf%e acl cataceg'g

i ntranol ecul ar lemﬁezéﬂ-aéhﬂeaﬁ?éﬁb%neﬁ{n%ﬁw&ltuted benzo[b] thlophenes are
- (13- met hoxy pherpghddairel ﬂayrrehaax ecet SRt ionTbE sepeéndnamd sulifar. 3-

starting ConpOLg'uq) t:.tu% B !8 ft?ltxloéﬂhenae%l Qr@t prepared by acid-catalyzed

15 cyclization of arylthiomethyl ketones; however, this route is
limited to the preparation of 3-alkylbenzo[blthiophenes. See
Campaigne, ®"Thiophenes and their Benzo Derivatives: (iii)
Synthesis and Applications,® in Comprehensive Heterocyclic
Chemigstry (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-
[blthiophenes was described in U.S. Patent Nos. 4,133,814 and

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

35 two regioisomeric products: 6-methoxy-2-(4-—métho:wphenyl)—
benzo{b]thiophene and 4-methoxy-2- {4-methoxyphenyl)benzo([b] -
thiophene. These isomeric benzo[b]thiophenes co-precipitate



about 85[err]C to about 90C gives an approximate 3:1 m xture of 35 two
regi oi someric products: 6-met hoxy-2- (4-methoxyphenyl)- benzo[ b]thi ophene
and 4- et hoxy- 2- (4- net hoxyphenyl ) benzo[ b] - thiophene. These isoneric
:benzo[ b] t hi ophenes co-precipitate WO 96/ 40676

PCT/ US96/ 09167 -2- fromthe reaction m xture, producing.a mxture
.containing bowossMesreunds. To obtain a single regioi soner, tReTUSYIETOMNEr S
‘nmust be separated, such as by chromatography or fractional crystallization.
Therefore, there currently 5 exists a need2for an efficient and

regi ospeci fic synthesis of 2-axyl benzo[ b] t hi ophenes fromreadily avail able.
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conpound of t%’éélrirg‘ilsa [%re] p%S&?E Nnvention provides an efficient and
regiospecific synthesis of 2-arylbenzo [b] thiophenes from
diarylvinyl sulfoxides.

10 '

' The present invention is directed ;o a process for the
synthesis of benzo[blthiophenes. Specifically, the present -
invention is directed to a process for preparing a compound
of the formula

15

wherein:
R1 is hydrogen, C1-Cs4 alkoxy, arylalkoxy, halo, or amino;
20 and
Ry is hydrogen, C3-C4 alkoxy, arylalkoxy, halo, or amino;
which comprises cyclizing in the presence of an acid catalyst
a compound of the formula

25 . II
wherein:
Ry and Ry are as defined above, and
R3 is a thermally-labile or acid-labile C3~-Cig alkyl,



R1 and R2 are as defined above, and R3'is a thermally-labile or acid-labile
Cerr]-Cerr] alkyl, WO 96/ 40676

PCT/ US96/ 09167 -3- Cerr]-Clerr] alkenyl, or aryl(Cerr]-Cerr] alkyl)
group. Anot her aspect of the present invention is a process for the
synthesis of a conpound of the fornula. [err] wherein: R err] is hydrogen,
hal o, am no, dWOlgedéTekyl ; Rl err] is hydrogen, hal o, am no, opdhitbéeeysy, 10
Rlerr] and Rl err] are independently Cerr]-Clerr] alkyl, or Rerr] and
Rlerr] together with the adjacent nitroger3atomforma heterocyclic ring
selected fromthe group consisti ng of pyrrol I di no, pi peridino,

hexanet hyl enei r. . HBr; 15 conprising
the steps of: (?lai)ﬂgyg??% ng P#t eAnynggé’.B cat al yst a conpound
of the fornmula [err] wherein: R[err] |s hydrogen Cerr]-Cerr] alkoxy,

aryl al koxy, hal o, Gmoahlenoasﬁ[aetrt];EIShél}ﬁh‘éwi& iehtiof] 857d RO for

| al k h 5
?’E}I/'/ 6898;% 16?“Eé - ﬁ@b&g erﬁg% 'f’y%)? F %8%‘“%%. le CJerr]-Clerr]
al kyt |

XII

wherein:
Rg is hydrogen, halo, amino, or hydroxyl;
R9 is hydrogen, halo, amino, or hydroxyl;

10 Rs and Re are independently C3-C4 alkyl, or Rs and Rg
together with the adjacent nitrogen atom form a heterocyclic
ring selected from the group consisting of pyrrolidino,
piperidino, hexamethyleneimino, and morphollno, and

HX is HC1l or HBr;

15 comprising the steps of:

(a) cyclizing in the presence of an ac:.d catalyst a compound
of the formula

Ry

wherein: _

R; is hydrogen, C31-C4 alkoxy, arylalkoxy, halo, or aminoc;

Rz is hydrogen, C3-C4 alkoxy, arylalkoxy, halo, or amino;
25 and |



Cerr]-Cerr] alkenyl, or aryl((err]-Clerr] alkyl) group; to prepare a
benzot hi ophene conpound of the fornula [err] wherein RL and R2 are as
defined above; (b) acylating said benzot hi ophene conpound with an acyl ati ng
10 agent of the forrmula wherein: Rerr], Rerr], -and HX are as defi ned
previously; and 15 R7 is chloro, brompo, or hydroxyl; in the presence
of BX [err], \Woreuss76< is chloro or brono;, (c) when Rl and/ GrCcTRIS96/691671-"CA
al koxy or aryl al koxy, deal kyl ati ng one or nore phenolic groups of the
acylation 20 product of step (b) by reacti4rg with additional BX 3, wherein
X is as defined above; and (d) isolating the formula Xl I conpound. 25

g{he termt taCI d cat akysis darctmmnufr Qaiaﬂ‘ésola%dldﬂla%l@solﬂ%cl?ﬁ ke,
epresentative ids.are_zinc nc_i odi al um num
chloride, and gﬁuﬁ%fiﬁ‘%ﬁpgﬁf d8* %é@’e%‘{%t ?y@’ziér SR 3& BESPAEF Wle:

i norgani ¢ aci dbensathiephend fanmpouaddofhbhehfermulaci ds; car boxylic acids,
such as 30 acetic and trifluorocetic acids; sulfonic acids, such as WO
96/ 40676 ' PCT/ US96/ 09167 - 5-

met hanesul f oni ¢, benzenesul foni ¢ al enesul fonic, 1- butanesul fonic,
et hanesul foni ¢, 4-ethyl benzenes nesulfonlc

1, 5- napht hal enedi sul fonic, 1- > ~«horsu|fon|c

trifl uoromet hanesul fonic; and p-tof uene® 5 ani ¢ aC|ds and pol yneric
aryl sul fonic acids, such as Nafion[err] g Anig 'é§£ or Anmberlite[err].
The preferr®ed aC|ds for use in catalyzing the At oc es of the present

i nvention are

wherein R; and Rz are as defined above;

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

Ry ' FG
oINS RS
wherein:
Rs, Rg, and HX are as defined previously; and

15 R7 is chloro, bromo, or hydroxyl; in the presence of
BX'3, wherein X' is chloro or bromo; :

(c) when Ry and/or Rz is C1-C4 alkoxy or arylalkoxy,
dealkylating one or more phenolic groups of the acylation

20 product of step (b) by reacting with additional BX'3, wherein
X' is as defined above; ahd

(d) isolating the formula XII compound.

25 The term "acid catalyst® represents a Lewis acid or a
Brgnsted acid. Representative Lewis acids are 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

30 acetic and trifluorocetic acids; sulfonic acids, .such as



sul fonic or polynmeric sulfonic acids. Mre preferably, the acid catal ysts
are sulfonic acids, such as nethanesul fonic 10 acid, benezenesul fonic acid,
canphorsul fonic acid; and -p- toluenesul fonic acid. The nost preferred acid
‘catalyst is p- toluenesulfonic acid. The term"Clerr]-Clerr] al koxy
represents groups such as net hoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
;t-butoxy, 15 WOP6HDRE groups. The term "hal 0" refers to fl udrCI/USNGIOBNED, -
brono, or iodo groups. The term"Cerr]-Cerr] alkyl" represents a straight
or branched al kyl chain having fromone t®-si x carbon atons. Typical Cl- C6
al kyl groups include nethyl, ethyl, n-propyl, isopropyl, 20 n-butyl,

i sobutyl, secﬂauwhesﬁlbaﬁyé, me:ﬁ%@smfbﬁeeeniyﬁapﬁtﬂeawesuaf&%yI pentyl,
and t he I|ke The ter C% % eréhfalk ents a uéral g :
branched al kyP% 5ﬁﬁﬁﬁu PG f 5ﬁ%ﬁﬁ? ar 03 ?ﬂ%ﬁﬂ?s ﬁcl des

met hyl , et hyl hegapespyfonicopk.dpypaphthbdenedisetionig) 1-odbangsuliadic,

}S y Eg: Iylt 2 25 cmphabsuiféﬂac raﬂlfm%%ﬁéensﬁegﬁw&ﬁé u%aﬂ%&'&@.ﬁﬁheand

The t tute Jesents group
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hal o, hydr oxyNagion®, GmbétlaSk@I, of1Aldexl ie® , tThe:Iﬂnafmﬂyhpldsdfor

trifluoromet hbe 39 EAEEDVEMPIR 5#%%55&&99%%%“6&@&%53@ U48n are

4-chl oro- phen di chloro or o-

di chl oropheny
phenyl , 3-chl 8&5 H8ﬁ9|°r39 lﬂ?éﬁﬁeﬁyl‘l OR1Gr Bfd ﬁenwr%PEef&FsP&B}fmpﬁBﬁyl
3-chl oro- 4- fIacmdpbeuglysﬁbfannmsmﬂﬁenyb aéldsydbwdwphemﬂtha&ehydfonyphenyI

2,4-dih I h ﬂgﬁgﬂﬂ, henyl
- et hyl phony Lo o BeRefeR e SBa, ChbhoRiiEniie: Poa PABBR DI

phenyl, 4-t- bap}vﬁﬂsﬁﬁf niq 2. 2 THE( mﬁbheﬁ?’?er@%a (e Cathiyst 1a 5"
: toluenesulfonic acid.
The term *C3;-Cs alkoxy" represents groups such as
methoxy, éthoxy, n-propoxy, isopropoxy, n-butoxy, t-butoxy,

15 and like groups. The term *halo* refers to fluoro, chloro,
bromo, or iodo groups. ' '

The term “C3-Cs alkyl" represents a straight or branched
alkyl chain having from one to six carbon atoms. Typical Cj;-
Cg alkyl groups include methyl, ethyl, n-propyl, isopropyl.

20 n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, isopentyl,
n-hexyl, 2-methylpentyl, and the like. The term “C;-C4 alkyl®
represents a straight or branched alkyl chain having from one
to four carbon atoms, and includes methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, i-butyl, and t-butyl.

25 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
from the group consisting of halo, hydroxy, nitro, C3-Cg
alkyl, C3-Cg alkoxy, trichloromethyl, and trifluoromethyl.

30 Examples of a substituted phenyl group include 4-chloro-
phenyl, 2,6-dichlorophenyl, 2,5—dichlprophenyl,'3,4—dichloro—

* phenyl, 3-chlorophenyl, 3—bromopheny1:, 4-bromophenyl, 3,4-
dibromophenyl, 3-chloro-4-fluorophenyl, 2-fluorophenyl, 4-
hydroxyphenyl, 3-hydroxyphenyl, 2,4-dihydroxyphenyl, 3-nitro-

35 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-
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di fl uorophenyl, 2,6-difluorophenyl, 2,6-dinmethylphenyl, 2-

fl uoro-5- nethylphenyl 2,4, 6- trlfluorophenyl 2-trifluoro- methyl phenyl,

2- chl or o- 5- trlfluoronethylphenyl 3, 5-bi s- (trifluoronethyl)phenyl,

2- met hoxyphenyl, 3-nmet hoxyphenyl, 5 3, 5-di nmet hoxyphenyl,

4- hydr oxy- 3- rreth)IWmI , 3,5-di methyl, 4-hydroxyphenyl, _ PCT/US96/09167 °
2- et hyl - 4- ni t rophenyl, 4-nethoxy-2-nitro- phenyl, and’'the like. The term
"arylal kyl" represents a Cl-C4 alkyl group-fearing one or nore aryl groups.
Representatives of this 10 gfoup include benzyl, o-nitrobenzyl,

-nitrob |, nz

Poggb;ﬁzsrfy 1-a1fh§6e J.(%ﬁgﬁd§§1 fBﬁﬂéﬁﬁf propf/ngﬂgH 1e% fbutyl
2-nethy| 2- bhen y$ %%%Pii ghén ?f phenyl, trlfluoro-
bis(2,6 dlchlormphamywhenxlwﬂz ch@@rois thyﬂlﬁuyﬁﬁéﬁhﬁ Dpheiniyl,, 3,5-bis-

(2, 4- d|n|trophe@ L4 q thﬁ-me%éé Rﬁftgx tho 1,
ﬁ*”'%?ﬁ%&‘ggé ’%‘f?ﬂ PeLhoxypheny

o ?ﬁéﬂiﬁif’?ﬁ?@?ﬁy —gﬁmﬁw IR e AN A R

Cerr]-Clerr] addoxdrgamhenifl, 2emethglodenDirspidnyd,y 4 -geeHBRy-2~nitro-

Representatlvespﬂ § ﬁg | @Q ude benzyl oxy, o- Bltrobenzyloxy _
p- ni trobenzyl oxy, E | obenzyl ox such as p-chl orobenz ﬂ?f
a&%}? . pt@?m%?m a faphkergdieth gapues-

p- br omobenzyl oxy,
phenylpropoxy, Hea&mngddnﬁ(ﬁ&ynm&enatﬁylgib IU”HEﬂH@Eéhta@@ves of this

2, 6-di chl 6- dj chI y

E4 hydlrgxyp eny neéhoxyq}%ézk%&%&%i'tr Bt eny rPn@{%H @ %Fﬁﬁéﬂﬁ’}mt-ﬂoxy,

tri phenyl met hox3Rlqkenatth depsheagl p-c mm,hmromobenzyl p-

bi s( p- et hoxy phizsddBerethoxy 1-pheaiietin I OApEHenyIRIERGAY . 32 eﬁlhﬁ)fdﬁﬁl H

" err
Q:rﬁfr rCn:[ eE ?fr a@te‘?@l@&%’l L %r %gr r?b%een 3"15‘%;% P‘&I’%up" repr esents a
dich orophenyl methyl, bis(2 dlchlorophenyl)methyl (4-

15 hydroxyphenyl)methyl, (2,4-d1n1trophenyl)methy1,
diphenylmethyl, triphenylmethyl, (p-methoxyphenyl)-
diphenylmethyl, bis(p-methoxyphenyl)methyl, bis(2-
nitrophenyl)methyl, and the like. .

The term "aryvlalkoxy" represents a C1-Cg alkoxy group:

20 Dbearing one or more aryl groups. Representatives of this
group include benzyloxy, o-nitrobenzyloxy, p-nitrobenzyloxy,
p-halobenzyloxy (such as p-chlorobenzyloxy, p-bromobenzyloxy,
p-iodobenzyloxy), l-phenylethoxy, 2-phenylethoxy, 3=
phenylpropoxy, 4-phenylbutoxy, 2-methyl-2 ~phenylpropoxy,

25 (2, 6~dichlorophenyl )niethoxy, bis (2, 6-dichlorophenyl)methoxy,
(4~hydroxyphenyl)methoxy, (2,4-dinitrophenyl)methoxy,
diphenylmethoxy, triphenylmethoxy, (p-methoxyphenyl)-
diphenylmethoxy, bis(p-methoxyphenyl)methoxy, bis(2-
nitrophenyl)methoxy, and the like. '

30 - The term "thermally-labile or acid-labile C3-Cig alkyl, -
C4-C10 alkenyl, or aryl(C3-Cip alkyl) group" represents a
group that is readily removed from the sulfoxide (SO) group
under heating or by treatment with the acid catalyst. The
thermally-labile or acid-labile C3-Cjp alkyl groups are

35 straight or branched alkyl chains having from two to ten
carbon atoms and having at least one beta-hydrogen atom.
Representative thermally-labile or acid-labile C-Cip alkyl



group that is readily removed fromthe sulfoxide (SO group under heating
or by treatment with the acid catalyst. The thermally-labile or acid-labile
Cerr]-Cerr] alkyl groups are 35 straight or branched al kyl chai ns having
fromtwo to ten carbon atons and having at | east one beta-hydrogen atom

Representative thermally-labile or acid-labile (Jerr]-Clerr] alkyl WO
96/ 40676 WO 96/40676 _ PCT/ US96/ 091 bpcrrusvedbi 64 PS
i nclude ethyl, n-propyl, i-propyl, 1,1-dinmethyl- propyl, n-butyl,

sec-butyl, t-butyl, 1,1-dinmethylbutyl, 2- 4wthylbutyl, 3-nethylbutyl,
1- et hyl butyl, 1,2-dinethylbutyl, 1,3-dinethylbutyl, 2,4-dinethylbutyl,

- di - - - ent.yl
3. ety penty! oo oA i R BP0 f g
t her mal | y- | abi PECBYL achtRYtant | Sag-dutyle] srhgtyl k dhwl -dimekly 1bubyd  r 2 ght
or branched al inetkylharns :haneulgﬁfm@wg Oyimiaé%mhﬁsﬂglri)qu) gahg.fﬁé%:hf‘ie%ﬁﬁgén
atom . Repr esont 3 oA 2l a almPhAIE EDY) LlasmaeryIbuBY Frrony)
groups i ncl AdePenbyt enlyimethyinendmll,, 2omathnipentitiut Smylethylpentyl, 4-
3- et hyl - 2- but myhylﬁeﬂ@'ﬂhylnﬁrelmt,eanh, tRe pﬂﬁ@.“g'mhét@@r%gﬁmi rléab:'tal? e°n"§/ |
2 hethyl ) 15 Sepaniarmd ey o1 elPl BcupsPaRLT Y ket R oyl oY
met hyl - 4- pent effkengl fhadns paydimge fiyom fowettry|ten marbony htopshexterigast -
LTI | el SO ek o s ol 11 o
201 -1 ani 150 & S 3o ARidranel dnely  BburSBettidng Shae i APk A one o
nore aryl groupSi@mtelirdg CasGhetalkrmd wxoupe inolnde Rdputermit.aBi-ve :
aryl ([ err] - C Batényl KV -medHQURe -bebHFE, PRGN, 10RRSRELYRL NY Lnethy1 -3-
triphenylnﬁthyﬁutéﬁyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 2-methyl-2-
pentenyl, 3-methy1—2-pentenyl, 4-methyl-2-pentenyl, 2-methyl-
15 3-pentenyl, 3-methyl-3-pentenyl, 4-methyl-3-pentenyl, 2-
methyl-4-pentenyl, 3-methyl-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(C1-C1p alkyl)
represents thermally-labile or acid-labile C3-Cip alkyl groups
20 additionally containing one or more aryl groups and aryl-
substituted methyl groups. Representative aryl(C;-Cip alkyl)
groups include benzyl, diphenylmethyl, triphenylmethyl, p-
methoxybenzyl, 2-phenylethyl, 2-phenyl-propyl, 3-phenyl-
propyl, and the like. The term "thermally-labile or acid-
25 labile C2-Cip alkyl, Cg4-Cio alkenyl, or aryl(Ci1-Cip alkyl)
group having a tertiary carbon atom adjacent to the sulfur
atom" includes, but is not limited to, such groups as t-
butyl, 1,l1-dimethylpropyl, 1,1-dimethylbutyl, l-ethyl-1-
methylpropyl, 1,l1-dimethylpentyl, l-ethyl-l-methylbutyl, 1,1~
30 diethylpropyl, 1,l-dimethylhexyl, triphenylmethyl, and the
like.
The term "acid chloride" includes acyl chlorides, such
as acetyl chloride and benzoyl chloride; sulfonyl chlorides,
- such as methanesulfonyl chloride, benzenesulfonyl chloride,
35 1-butanesulfonyl chloride, ethanesulfonyl chloride,
isopropylsulfonyl chloride, and p-toluenesulfonyl chloride;
alkoxycarbonyl chlorides, such as methoxycarbonyl chloride



met hoxybenzyl, 2-phenylethyl, 2-phenyl-propyl, 3-phenyl- propyl, and the
like. The term"thermally-labile or acid- 25 labile (err]-Cerr] alkyl,
Cerr]-Cerr] alkenyl, or aryl((err]-Clerr] alkyl) group having a tertiary
carbon atom adj acent to the sulfur atom includes, but is not limted to,
such groups as t- butyl, 1,1-dinethylpropyl, 1,1-dinmethylbutyl, 1-ethyl-
nmet hyl propyl , wo deddsreet hyl pentyl , 1-ethyl - 1-net hyl butyl, 1, 1pcBs96/09167

‘di et hyl propyl, 1, 1-dinmethyl hexyl, triphenylnmethyl, and the like. The term
"acid chloride includes acyl chlorides, su8h as acetyl chloride and benzoyl
chloride; sulfonyl chlorides, such as nethanesul fonyl chloride,

benzenesul fonying *ﬂé?{ rb&n?l't ANESH dONen L i ah Qan@ﬁ&@é‘ﬁ?dﬂﬁlonw

chl oride, isopr on chlorlde an -tQIuene chl] oride;
alkoxycarbonylIgﬁﬁafﬁﬁ%ssn§ *ﬂﬁékQ;Qﬂﬁﬁﬂ gdéh 96/ 40676
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sul fide by reaction mnth a nercaptan of the fornula HSR3 in the presence of
a Lewis acid. The fornula |11

10

Scheme 1

Ry

S-R3
HSR4 \ /
—— ) I —e
IX Rz Ry X" R;
III
Q%S -R3
/
Ri \ Ry

15 II

Generally, a formula IX compound is converted to a
styryl sulfide by reaction with a mercaptan of the formula
HSRz in the pfesence of a Lewis acid. The formula III

20 compound is then oxidized to a styryl sulfoxide, a compound
of formula II compound.

More specifically, a formula IX compound, wherein R; and
Rz are as defined above, is treated with a Lewis acid, such
‘as titanium(IV) chloride. This reaction is carried out in an

25 anhydrous organic solvent, such as dry tetrahydrofuran, at a
temperature of about 0°C to about 35°C. After about fifteen
minutes to about one hour, the reaction mixture is treated



20 conpound is then oxidized to a styryl sulfoxide, a conmpound of formula
Il conpound. More specifically, a forrmula | X conpound, wherein R err] and
R2 are as defined above, is treated with a Lewis acid, such as titaniun(lV)
“chloride. This reaction is carried out in an 25 anhydrous ofganic sol vent,
such as dry tetrahydrofuran, at a tenperature of about O[err]C to about
_35[err] C. Af w0906t fifteen m nutes to about one hour, thePCT/USHORET
‘mxture is treated WO 96/ 40676

PCT/ US96/ 09167 with an ami ne base and a nBrcaptan of the fornula HSRS,
where R3 is as defined above. Preferably, the nercaptan and am ne base are

added as a SGhitH @h Iamh@ebagecaherh aﬁéf@ﬁtarﬁo&eemsgahﬁﬁimw ngnage is
triethylamn Af ter tion t he rcagéan and am ne hase, the
reaction is %ﬁaFﬁydﬁgéPsﬁ ROV e%f G‘ggy BT BREAT PES F™UBSBut
65[-err] C, prdizvelsrne addeldoas &0felufion Tire thieodeatsioh sdblventeactd on can
be purified e I | al h as by
liséﬂl%sﬁe%%'&%h% Mﬁ% bgé%% t%l%?ﬁly&?ﬁgorhg (I[ér tHeE

crystallizatio rQnat ogr aphy conpound, where
Rierr], RPerr39diti@ured, Fhe peraeptas anh anisee base, tHBﬂ By i
pr oduce t he fgemared lyl heatpdubtdsa (etpieratairexiodi abogt agstd of abotihii S

reaction are aCbQéfef d{ya%]paq;&%egbec aC|.ﬂ,léagg:ld&%@so%gp?§9§yben20| C

aci d, and hydrogen per oxi oxi datTon reaction is pically run in
an organi c soTeRSHLODsGER ke PeriEied yming tesbniguss; well Moy mheor

car bon tetracdﬂenmcé& avken suphrasily icrpstad ldzathionosi déintomdtueyraphet.i on
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15[err]C preferab about reactlon
are easily pfie §P°V§cr?§t5¥¢$zQﬁ%4i¥edmﬁ9nPR9dP§ett%%t@ﬂerN@eII
crystal li ne proagbouindel. t Buitabaétvaidisdagidcagents for this reaction are .

peracids, such as peracetic acid and m-chloroperoxybenzoic

acid, and hydrogen peroxide. This oxidation reaction is
15 typically run in an organic solvent, such as toluene,
methylene chloride, chloroform, or carbon tetrachloride.
When a peracid is used as the oxidant, the reactiomn is
generally carried out at a temperature of about -30°C to
about 15°C, preferably at about -20°C. The products of the
20 reaction are easily purified by recrystallization. When R3
' is t-butyl, the crystalline product of this reaction segquence
is the B regioisomer of formula II.
When R3 has a tertiary carbon adjacent to the sulfur
- atom, the Z regioisomer of the formula II compounds can be
25 prepared selectively by a second route as shown in Scheme II.

Scheme 2



Is the E regioisonmer of formula Il. When R3 has a tertiary carbon adjacent

to the sulfur atom the Z regioisoner of the formula Il conpounds can be 25
prepared sel ectively by a second route as shown in Schenme Il. Schenme 2
MO 96/ 40676 PCT/ US96/ 09167 - 10-

General ly, a benzyl alcohol, a formula V conpound,.is reacted with a

mer capt an of twe9d4memail a R{err] SH to produce a 5 benzyl sulfirterwsssdunsul a
VI compound. This benzyl sulfide is reacted with a strong base, formng a
benzylic anion, which is condensed with a¥b@nzal dehyde. This condensation
product is reacted with an acid chloride and the resulting internedi ate
ester treated with a second strong base to 10 produce a styryl sulh'de, a
formula I'11Z conpound. -This styryl sulfide is then oxidized
oxi di zing agent to produce the fornula I1Z conpound. The first in t he
synthesis of the Z ryl_<|ul f oxi dg,g@nmpound e~C O Rar sSROTNSF a benzyl
al cohol to 15 a Ife CHe, fornulg Vi nd. SThe reactiop of the
formula V conpounc e R2 is as defined 3Q with a nercaptan of the
formula Rl err] o fin Rlerr] is a th&maMNy 1labile or acid-labile
Cerr]-Cerr] al yI Cerr]-Cerr] aIkenyI or aryI(Yierr]-C[err] al kyl)
group having a tertldVy car bon 3 : adjacent to the sulfurgtom_in the
presence of a Lewis acid prod e %enzyl sul fide, a for ~

conpound. Sui t abl e Lewi s aci ds ‘his transformation are z
zinc chloride, zin er chloride, titaniun(l

al um num trichl orfle, % m num t r+brer—ce, y zinc iodide
The reaction is denerajfly car® ed _
) \ R3 I S\ Ry

I1IZ

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

reacted with a mercaptan of the formula R3SH to produce a

5 benzyl sulfide, a formula VI 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
intermediate ester treated with a second strong base to

10 produce a styryl sulfide, a formula IIIZ compound. This
styryl sulfide is then oxidized with an oxidizing agent to
produce the formula IIZ compound.

The first step in the synthesis of the Z styryl

sulfoxide compounds is the conversion of a benzyl alcohol to

15 a benzyl sulfide, formula VI compound. The reaction of the
formula V compound, where R; is as defined above, with a
mercaptan of the formula R3iSH, wherein R3 is a thermally-
labile or acid-labile C3-Cyp alkyl, C3-Cip alkenyl, or
aryl{Ci1-Ci0 alkyl) group having a tertiary carbon atom

20 adjacent to the sulfur atom, in the presence of a Lewis acid
produces the benzyl sulfide, ;-formula VI compound. Suitable
Lewis acids for this transformation are zinc bromide, zinc
chloride; zinc iodide, ferric chloride, titanium(IV)
chloride, aluminum trichloride, and aluminum tribromide,

25 preferably zinc iodide. The reaction is generally carried
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I n an organi c solvent, such as 1, 2-dichl oroethane or nethyl ene chl ori de.
‘When the reaction is carried out at roomtenperature, the reaction is

conpl ete after about 18 hours. The benzyl sulfide is reacted with a strong
base to form5 a benzylic anion. Suitable strong bases for this reaction

i ncl ude netal wosasbeles, such as sodi um net hoxi de, sodi um et hecaingses/od161 hi um
et hoxide, lithiumt-butoxide, and potassiumt-butoxide; sodium hydride; and
al kyl'l'ithiunms, such as n- butyllithium t-bbtyllithium sec-butyllithium
and 10 nmethyllithium The preferred strong base for this reaction is

n-butyl lithium, I\/\Eeﬁéﬁfﬁféﬁﬁé MR, OQuI:Q' 8s "£251d A 1okt hane (2

t et rahydrof uran. lum i s use fhe strong base

reaction is cametbylene chleridsmehen Ehe rg@%lgpfon 35 é’ﬁ‘]’-’@%"&ﬁoﬁ? room
-15[err]C. 15 temperih@rdaerm;émeammm is complbeusechﬁém aboutn28l Heliysle to

repare an interned 0 qEE%P S
I(\;)engral formula R er (Cﬁ eryri J]Qiécﬁié g\/\g&tﬁeeﬁ; e ti S g,agg £b"form
Cerr]-der?] &IP@??Y 3F A G Sﬁ%ﬂ@PleoPt§ﬂ¥%dba¢#%ﬁ FﬁéCEE%&yllc
ag:}I on i shpr gpaﬁ.ﬁdlﬁdé mémaﬁ&nmsdﬂmt :suahpa@dwdmxs xﬁeﬁﬂh@ddjeo sbdinmy
addi ng the ben e ut i
condegsatlon p‘:egh {['é( %ﬁﬁ{lﬁ% %ﬁagn a!lg f)‘;ﬁlorl ﬁ%ﬁer’ogﬁa Bgta;-g&eum
i nt er nedi at e e§rbﬁt°ﬂé%¢ies%9ﬁlé’em \?’%’dé?é-idércﬁnérﬂbélllﬁd?w:aéyphcﬂﬁoFT des,
such as acetyl babylThtioiume mage.rlmhhuﬁhl.eécd@mmﬁt@ﬁm chari des, such

o, et haneqyl " @ttysl o, e SIRMIAR L bloils o BLanepyiony

p- toIuenesulfoﬂ?lnchmtﬁlikihlum The preferred solvent for this 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 Rj (CgHyg) CHO, wherein Rj
is hydrogen, C1~Cq 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 ester. 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 sulfonyl chloride. Preferably, methanesulfonyl
chloride is added to the reaction mixture'shortly after
- formation of the condensation product.
35 This intermediate ester is reacted with a second strong

base to produce a styryl sulfide, a formula IIIZ compound
where Rj, Ry, and Ris are as defined above. Suitable strong



al koxycar bonyl chlori des, such as nethoxycarbonyl chloride 30 and
benzyl oxycar bonyl chloride; and dial kyl am nocar bonyl chl ori des, such as
NN- di met hyl am nocar bonyl chl oride; preferably a sul fonyl chloride.
-Preferably, nethanesulfonyl chloride is added to the reaction m xture

shortly after formation of the condensation product. 35 Thi s
i nternmedi ate awO96/406% reacted with a second strong base to prrotases/ei&t yryl
‘sulfide, a formula I11'’Z conpound where Rlerr], Rerr], and Rlerr] are as

defi ned above. Suitable strong WO 96/ 40876
PCT/ US96/ 09167 -12- bases for this reaction include netal al koxi des, such

:ﬁdsgglt ;rSnSIrTﬁﬁn @é@.ﬁfgﬁ%@ %IEE%EhSﬁ 1he1m&rﬂ&tanomﬁ%mhééhl ym:ﬁ Lyt oxi de,

n-but yl | it hi un’?o‘? L0, BRY %o‘?‘ﬁ‘%ﬁm SQE@’“‘“? cﬁ/'t I%l&rgﬁ'ug‘nﬁ %‘?19?’{ i HHRH™ and
metal ami des, _Sthmthndsodﬁndnpntdsslumguebutunxﬂe sepddpyl byddideand |ithium
di i sopropyl am Qﬂqr tﬁRﬁfser %ﬁéh%é%%@&%ﬁ ugnhl $- ngghtga&?gf(r) &ssium

t - but oxi de._ Genera IS reaction_is: carrle u Cto
about room> enlb‘é‘F?é]clzﬁftéqu‘b aBF"eF‘@FB’é?&’-%?l%orﬁ“ldeHﬁ%P&t gradesy Suel 13
sul fide is oxisbdbdn tamigles pangnebiumodi Esgmropylgmitie; yandulichiae. Suitable

oxi di 219 a9° s e 13nf 8RO | BB PEEAGY LtroBli°Bads PEEOORIAC acid and

m  chl or oper oxy 0l C acl ani ¢ per ox|
peroxi de; and FRRFGER Jﬁepekﬁaéwmwe%?%% h@eaﬁramngﬂabmeq%twn
peraceti c aci dis Tdarsried dati an abouypls“&j ey ebbut etioanittenperaturggni C

o BRSO A LU L0 e, o
chl orof orm - pref er %,styryl Sulfide is oxidized to prepare the
corresponding styryl sulfoxide. Suitable oxidizing agents
for this reaction are peracids, such as peracetic acid and m-
chloroperoxybenzoic 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, xylené,
methanol, ethanol, methylacetate, ethylacetate, methylene
chloride, 1l,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 R:; has a tertiary carbon adjacent to
the sulfur atom, the benzyl sulfide intermediate (Eormula VI
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.

Scheme 3

v



20 nethylene chloride. This oxidation can be carried out at a tenperature
of about -40C to about OC. Alternatively, when R3 has a tertiary carbon

adj acent to the sulfur atom the benzyl sulfide internmediate (fornula Vi
conpound) can be used to produce a mxture of E and Z isoners 25 of the
styryl sulfoxides, the formula Il conpounds. This synthesis is outlined is
Scheme 3. Schewe 98/40676 WO 96/ 40676 PCT/US96/09167

PCT/ US96/ 09167 -13- [err] The benzyl sulfide, prepared as descri bed above,
is oxidized to produce the correspondi ng badzyl sulfoxide. This 5 benzyl
sulfoxide is reacted with a strong base, and the resulting ani on condensed
with a benzal dehyde. The condensation product is reacted with an aci @
chloride and the resulting internediate ester reacted with a segghd s
base to produce the styryl sulfoxide. 10 The benzyl sul fi
fornula VI conpound, g . RR3i s as defined ¢ B8R3 s
thermal [y-labile o I %lle Jerr]- C[err |, Cferr];éLeLLL,_

al kenyl, or aryl (( Clerr] aTKy QY a telfiary carbon atom
adj agcent to therg atom is OX|d|zed t 2pr O¥dCe t he correspondi ng
benzyl 15 sul f oxi de,y$ormul agX conpound. Suitablg oxidi zing agents for this
reaction are peracids, such Q§ {acetlc acid and m chl oroperoxybenzoic
aci d; organi c peroxi des, such butyl peroxide; and hydrogen peroxide.
Preferably t he oxig
typically carried ani ¢ sol vent, such as toluene, benzene,
xyl ene, nethan%{ let at e, ethylacetate, met hyl ene

The benzyl sulfide, prepared as described above, is
oxidized to prodﬁce the corresponding benzyl sulfoxide. This
5 benzyl sulfoxide is reacted with a strong base, and the
resulting anion condensed with a benzaldehyde. The
condensation product is reacted with an acid chloride and the
resulting intermediate ester reacted with a second strong
base to produce the styryl sulfoxide.

10 The benzyl sulfide, the formula VI compound, wherein R
is as defined above and R3 is a thermally-labile or acid-
labile C3-Ci1p alkyl, Cg-Ci0 alkenyl, or aryl{Ci-Cio alkyl)
group having a tertiary carbon atom adjacent to the sulfur
atom, is oxidized to produce the corresponding benzyl

15 sulfoxide, formula X compound. Suitable oxidizing agents for
this reaction are peracids, such as peracetic acid and m-
chloroperoxybenzoic acid; organic peroxides, such as t-butyl
peroxide; and hydrogen peroxide. Preferably the oxidizing
agent is peracetic acid. This oxidation is typically carried

20 out in an organic solvent, such as toluene, benzene, xylene,
methanol, ethanol, methylacetate, ethylacetate, methylene
chloride, 1,2-dic¢hloroethane, or chloroform; preferably at a
temperature of about -30°C to about 5°C.

The benzyl sulfoxide, formula X compound wherein Rz and

25 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,



chloride, 1,2-dichloroethane, or chloroform preferably at a tenperature of
about -30[err]C to about 5[err]C The benzyl sulfoxide, fornula X conpound
wherein R2 and 25 R3 are as defined above, is reacted with a strong base to
produce a benzylic anion. Suitable strong bases for this reaction include
met al al koxi des, such as sodi um net hoxi de, WD 96/ 40676

PCT/ US96/ 09167waisk/idoemdi um et hoxi de, |ithium ethoxide, |ithiupctrsasesterde,
and potassiumt-butoxi de; sodi um hydride; alkyllithiuns, such as
n-butyllithium t-butyllithium sec-butyl |44y um and nethyllithium and
metal am des, such as sodi um am de, 5 magnestum dii sopropyl am de, and

bt L b oA el o TR, P ﬁ’@f“e‘ﬁ%d.“o%.d?or 15Bhfuh AWIEIR Od®
Lo ent e MaokassitelE ChRRak] S8 'Sl R 62L | aTRePH enluly R 82T

of about -25[ern-]1:ﬁ1ty]10.1th1um, Tbebmﬂz),alquwm @ec-butyhiiitisiban, drdout

i sol ation, d n f e
p-Rlerr] (C[ err] ]?rq]r]) ﬁﬁ}’ %I‘lgl n %gﬁgsetsge Fl%%nggg%?/%lu%rm?ldrea'bl Yy,
about one edui V& gphiseRroRy ARy and ddbBivg EhbSeRITPYEEMHdSN

prepared as desmG lgméflemreaeb@secmir nchipatagmabrmatibon ebsll A+mgylld i thium.
di astereoneric qdu I 80l at :
preferably use(?ﬂl %gr%‘e:g{ﬁg?%gs%ét#iuop{l %o%tg?lrg%a e :(ﬁ:lgn% (ﬁg,a an1c
product is opt SSHAERF -t FEEREES vir eHrAMRAEUEaRCRT al s A= BimsHD Q’Nﬁtﬁ’rﬂnean&t a
reacted wth anempetazlrehbdrabeut Regg°esentative acid chlorides include

acyl chl origes, S“C%[%S E%]‘(Jf Pciﬂcies %d@ﬁgéay'wf&&ié Ao bitn
chl ori des, such anes on
enzaldehyde co ouncl of t e formula p-Rj (CgHyg)CHO, wherein
R1 is as defined above. Preferably, about one equivalent of

the benzaldehyde is added to the cold solution prepared as
described in the preceding paragraph. The resulting

15 diastereomeric mixture of condensation products may be
isolated, or preferably used in the next step without
isolation. |

The condensation product is optiocnally treated with a

base, such as n-butyllithium, and reacted with an acid

20 chloride. Representative acid chlorides include acyl
chlorides, such as acetyl chloride and benzoyl chloride;
sulfonyl chlorides, such as methanesulfonvl chloride,
benzenesulfonyl chloride, l-butanesulfonyl chloride,
ethanesulfonyl chloride, isopropylsulfonyl chloride, and p-

25 toluenesulfonyl chloride; alkoxvcarbonyl chlorides, such as
methoxycarbonyl chloridé 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

30 mixture, then the resulting mixture is allowed to warm to
room temperature. Preferably, methanesulfonyl chloride is
added to the reaction mixture shortly after formation of the
condensation product, which eliminates the need to add
additional base. '

35 The resulting intermediate ester is reacted with a
second strong base to produce the E and Z styryl sulfoxides,
formula II compounds where Ri, Rz, and R3 are as defined



benzenesul fonyl chloride, 1-butanesulfonyl chloride, ethanesulfonyl

chl oride, isopropylsulfonyl chloride, and p- 25 tol uenesul fonyl chloride;

al koxycar bonyl chlorides, such as nethoxycarbonyl chloride and

benzyl oxycar bonyl chloride; and dial kyl am nocarbonyl chlorides, such as
N. N- di net hyl am nocar bonyl chloride; preferably a sulfonyl chloride. The
acid chloride womsdoerd to the cold reaction 30 m xture, then pdwusssssti ng -
mxture is allowed to warmto roomtenperature. Preferably, methanesulfonyl
chloride is added to the reaction m xture-4Bertly after formation of the
condensation product, which elimnates the need to add additional base. 35

The resulting i %%nedk@ﬁ?e§§f§%ﬁﬁf§;§a%%5ﬁd59&5 abé&&?@ﬂﬁ? &ﬂgg base to

produce the E an X é formul a oun ere Rl err]
Rlerr], and R| }“15‘?5 98 yerehRp 11‘%@6}“&68#6313‘0"1‘135' such as sodium
PCT/ US96/ 09167 methoxdley eso®bym estisdidey e 1dehdon sthoxindagdthiiom thi s
elimnation re nc uc thoxide,
sodi um et hOXI d?ﬁttlo Fumgieigﬁ%m d?é "?A lﬁﬂ&qgéld% 8 aﬁ'ﬁqg}#q‘pot 'assi um
't - but oxi de; so&#&ﬁﬂﬁ? Pivms, ssughyAs in-fautd 1 1§Héﬁmas TRy lithdpmy ms ec-
t-butyllithi urmousgahbhi;dnhaﬂammmamhw,l ahhlmetalarainﬂwsal strhdas,
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di i sopropyl am prete ransfornmation 1S pota55|um
t - but oxi de. Pr éﬂéﬁaaryp%a@e%exé@@s prefexrad hase. Pordiiivataens fosmathen
second base ar dsagdedssanetdbhtoxide.s Peeterablys &€a20% akoigls,alsueh as

Lemper at ur gqof 12304l TohELALS, 9 AL AN LEURLAL ke CLBHARRY 19 T 0O

t enperaturg&.” Thé es are use for
this reaction is carrled out at a temperature of about 15°C:

to about room temperature, preferably at room temperature.
The intermediate styryl sulfoxides are useful for the
synthesis of 2-arylbenzo[blthiophenes as shown in Scheme 4.

15
Scheme 4
O‘—/ Py | N |
20 Generally, the intermediate styryl sulfoxide compounds

are heated and treated with acid catalysts to produce the
formula I compounds. Suitable acid catalysts for this
reaction include Lewis acids or Brgnsted acids.
Representative Lewis acids include zinc chloride, zinc

25 iodide, aluminum chloride, and aluminum bromide.
Representative Brgnsted acids include inorganic acids; such
as sulfuric and phosphoric acids; carboxylic acids, such as
acetic and trifluorocacetic acids; sulfonic acids, such as
methanesulfonic, benzenesulfonic, 1-naphthalenesulfonic, 1-

30 Dbutanesulfonic, ethanesulfonic, 4-ethylbenzenesulfonic, 1-
hexanesulfonic, 1,5-naphthalenedisulfonic, l-octanesulfonic,
camphorsulfonic, trifluoromethanesulfonic, and p-toluene-



synt hesi s of 2-aryl benzo[ b]thi ophenes as shown in Schenme 4. 15 Schene 4
[err] 20 Generally, the internediate styryl sulfoxide conpounds are
heated and treated with acid catalysts to produce the formula |I conpounds.
-Sui tabl e acid catalysts for this reaction include Lewis acids or Bronsted
aci ds. Representative Lewis acids include zinc chloride, zinc 25 iodide,
al um num chl orwaigé/406a6d al um num brom de. Representati ve Br onPCTHSHMUE -
‘include inorganic acids, such as sulfuric and phosphoric acids; carboxylic
acids, such as acetic and trifluoroaceti clfcids; sulfonic acids, such as
met hanesul foni ¢, benzenesul fonic, 1-naphthal enesul fonic, 1- 30

but anesul f oni %uﬁdiﬁl&ea@haem &d%@lﬁﬂéﬂ@é&m&uﬂmﬁhe adiddLXaias Wsf oni c,

1, 5- napht hal e Su nesulf i sulfonlc
trifluoronet hﬁ%ﬁ“@dﬂ%?ﬁﬂ %ﬁoﬁfe Eiﬁ\?@%/ ore preferred acid

PCT/ US96/ 0916 Tcatedystsl Avei subfonic mmﬂqoolspwb:r as aeyheuemhfqmauc iagg.d,such
as Naf i On[e”]bezﬂﬂéi@-)éﬁ%%ﬂ: a@iaA%Hotx%hq%hmThsn&%e preferred acid

catal ysts gre S onlc ds, Otrﬁ}nethanesu onlg g
benezene- s |fo‘?ﬁ eahﬁhe% t f o MOghg Prefsrred) aetd TSt 48 g
The nost prefaxﬂmﬁnasudfoaialgeidxs Trpitcsllgmesubbdnt toncofl. thiypicdd |y, a

solution of thedskdeCahibyshnid MOANG WokeRL. c8YRbnas bakans, Denzene,

xyl ene, or a h| ilin a e ocar vents., suc
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and treated wsuicha asoliyli 2rteichherstgtharie, subfheadedluOtahouhuam°sobvent

AN excess 1MW f 1t469c,acétgd treated with a solution of the Styryl
sulfoxide in the same solvent. An excess amount of the acid
catalyst is used, preferably two equivalents of the acid.
For best results, the final concentration of the starting
compound is about 0.01 M to about 0.2 M, preferably 0.05 M.

15 Furthermore, best yields are obtained when the styryl '
sulfoxide is slowly added to the heated acid solution over a
period of about 20 minutes to about three hours. For best
results, residual water is removed from the reaction solution
by the use of a Dean-Stark trap or Soxhlet extractor, and the

20 reaction is purged with purified nitrogen.’

The formula I compounds are useful as intermediates in
the synthesis of a series of 3-aroyl-2-arylbenzo[b]-
thiophenes. U.S. Patent Nos. 4,133,814 and 4,418,068, which
are incorporated herein by reference, described these 3-

25 aroyl-2-arylbenzo[blthiophenes, as well as methods for their
preparation from the formula I compounds. An improved
synthesis of a group of these 3-aroyl-2-arylbenzo[b]-
thiophenes from the formula I compounds, wherein R and Rz are
hydrogen, C1-C4 alkoxy, or arylalkoxy, is outlined in

30 Scheme 5. :

Scheme 5
The benzothiophene Formula I compound, wherein R; and Rz

are hydrogen, C;-Cs alkoxy, or arylalkoxy, is acylated with
35 the formula XI compound, wherein Ry is chloro or hydroxy, in
the presence of boron trichloride or boron tribromide; boron
' trichloride is preferred. The reaction can be carried out in



catal yst is used, preferably two equival ents of the acid. For best results,
the final concentration of the starting conmpound is about 0.01 Mto about
0.2 M preferably 0.05 M 15 Furthernore, best yields are obtai ned when
t-he styryl sulfoxide is slowy added to the heated acid solution over a
period of about 20 m nutes to about three hours. For best results, residual
water is renoved dMesTet he reaction solution by the use of a mmmuap
or Soxhlet extractor, and the 20 reaction is purged with purified
nitrogen. The formula | conpounds are usefdl7-as internedi ates in the
synthesis of a series of 3-aroyl-2-arylbenzo[b]- thi ophenes. U.S. Patent

Nos. 4,133, 814 agg %§€}8096§,%g%§{%&% gco%ggﬁaégdcﬁfgxedf}uﬁ/ Efeftﬁg,g

descri bed these aro enzo b]t henpes as _net

for their prep&hderdfer rbnt THEHANRAERANEE o hpdud T CHPIIRFBFRE st h@s?s
of a.group of tletsa- ahmongrétﬁhm,yIlbmzii[dh]lorbben@ém;escﬁlrmhelmzeher meha |

ds, wh d l;
ool Roxy, |1 EuBrBbERbendr ) HE rertiTel) RODIEN: £O did licheR i OKK: Of
Formul a | c®Bnpdurddighieererhans | TRy IRRStiPRate FRAFIRFEPULCRE A - Jerr]
al koxy, or arylaimpexjiture of)dlsdhad 300 86 abdet f28°qyl preferabiowd,0°C.

wherein Rierr] gps chl Egogrﬁlvs*ﬁo%ﬁa(;ﬁetdhsuer§§e£ d;?ox%]etnﬂra@lo&xr oELALT de

or boron tribromde; oron e 1s preferre actlion can be
carried out inbenzethdgphersformula I compound of about 0.2 M to about.

PCT/ US96/ 09167 1-.b7M.a Théi £iyladicy gaictionl ¥8ngenerakly aﬁmﬁﬂeﬂzﬁaohoit-ér
net hyl ene iBl or bg%tm%wé g&g{% Q{é)eéﬂk%e’e;%hﬁ Rodl ghl or opropane, 1,1, 2, 2-

t et ra-chl or oet hane orobenzene | or obenzene, and
en R} and/or Rz is a C1-C4 alkoxy or arylalkoxy group,

the acylated benzothiophene, is converted to a formula XI.
compound wherein Rg and/or Ry are hydroxy, without isolation
of the product from the acylation reaction. This conversion

15 1is performed by adding additional boron trihalide or boron
tribromide and heating the reaction mixture. Preferably, two
to five molar equivalents of boron trihalide are added to the
reaction mixture, most preferably three molar equivalents.
This reaction is carried out at a temperature of about 25°C

20 to about 40°C, preferably at 35°C. The reaction is generally
complete after about 4 to 48 hours.

The acylation reaction or acylation/dealkylation
reaction is quenched with an alcohol or a mixture of
alcohols. Suitable alcohols for use in quenching the

25 reaction include methanol, ethanol, and isopropanol.
Preferably, the acylation/dealkylation reaction mixture is
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 quench is performed

30 . in this manner, the Formula XII compound conveniently
crystallizes from the resulting alcoholic 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

35 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



fl uor obenzene. The preferred solvent for this synthesis is 5

1, 2-dichl oroethane. 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 benzothi ophene fornmula | conpound of
about 0.2 Mto about 1.0 M The acylation reaction is generally conplete
after 10 abouwaasmodreurs to about ei ght hours. When Rl and/ oPCIES969987
'Cl-C4 al koxy or aryl al koxy group, the acyl ated benzot hi ophene, is converted
to a formula Xl conpound wherein R8 and/orlRrerr] are hydroxy, w thout

I solation of the product fromthe acylation reaction. This conversion 15

i s performed byraddhpd @Eddiy(ﬂﬁﬂrda%hpn mihhabidenes SHHWEéab%hEEOWEQQ and
heati ng the reaction aéture Pr%ﬁﬁga %y two to five nol 2U|va enté of
boron trihal i d¥58§fe38q2RE1E I he GRMRFRYEE TS (fRAey 53&# e
nmol ar equi val eonsa waight etwfwlobaisd sgaexicept ofibr shigh tpemfeoratnce dﬁqalbdut

25[err]C 20 t %oéP&lggu@-f@cﬁbLsﬁ%@%nﬁé[%% ‘ard *l%lrc%?n%tt'eanohs

general Iy conp ete after our s & Acyl Ation reaction or
acyl ati on/ deal RPEUPRoAVIBL RIS i s PXOERRNBHCHRRR MRANAIGhHSSORARCR xt ure of

al cohol s. Sui t abH xR ) 3t a0 ands &3¢ rnmﬂ&fmlmagnblu&czﬁesome cspecm:}ajde

fenction' mxt e’ S0 o34 BBRARhea of & Alier A 30DV EMUR HEC fehald. "
et hanol ). The 3A &0Rahd? ¥§ﬁ1QREQaFEr8@ﬁ§99nﬁ@?§5¥9@?§ﬁr ﬁ§a§88 e M@Flux
preferably at sﬂiua-gellmaslhe:mmacbgrapngr@@s neelr £k meidn ashideseribed, bj/he

Formul a Xl ?ﬁ\d m%iq*dg%-}@&éﬁt E_Fhl ﬁ l(qi:f@%ﬂd@n%sﬁsubt | ﬁgrg{(zohol I C

m xture. Genera
benzothiopheneSE%iitPﬁga%ewe?ﬂéﬁ$br€ﬁ§§bd 43he29%§l(iﬂ 784 -ex EABMEBLR LS t her
il lustrate theapakpees S5r cavibon, Bgdrogbf, candbSrdyeh Wetkel Aeesdmineéd be

limting to thg,sgopsnOfot NendiHRRL CBrbBraPYoh S2HF BrendRtaiNaHb Ty D8E  bE
| Elemental analyses for sulfur were determined on a Brinkman
15 Colorimetric Elemental Analyzer. Melting points were
determined in open glass capillaries on a Mel-Temp II melting
point apparatus or a Mettler FP62 Automatic instrument, and
are uncorrected. Field desorption mass spectra (FDMS) were
obtained using a Varian Instruments VG 70-SE or VG ZAB-3F
20 mass spectrometer. High resolution free atom bombardment
mass spectra (FABMS) were obtained using a Varian Instruments
VG ZAB-2SE mass spectrometer.
The in situ yields of 6-methoxy-2-(4-methoxyphenyl) -~
benzo[b]}thiophene were determined by high performance liquid
25 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
diluted sample assayed by HPLC using a Zorbax RX-C8 column
30 (4.6 mm x 25 com) with UV detection (280 nm). The following
linear-gradient solvent system was used for this analysis:



so construed. Al experinments were run under positive WD 96/ 40676

PCT/ US96/ 09167 -18- pressure of dry nitrogen. Al solvents and reagents
were used as obtained. The percentages are generally cal cul ated on a wei ght
‘(ww) basis; except for high performance |iquid chromatography (HPLC)

sol vents which are calculated on a 5 volume (v/v) basis. Proton nuclear
.magnetic resoap@aw6Td err | H NVR)- spectra and 13C nucl ear nmagRETAISINOIBINANCE
spectra (13C NVR) were obtained on a Bruker AC- 300 FTNVR spectroneter at
300. 135 MHz or a GE QE-300 spectroneter =#%-300.15 MHz. Silica-gel flash
chr omat ogr aphy was perforned as described by 10 Still et al. using Silica
Gel 60 (230-400 nesh, E. Merck). Still et al., J. Og. Chem, 43, 2923
(1978). Elenental anal yses for_caJ,bon, .hydroge and nitrogen were

det erni ned on a Control Equipnéﬁ?ﬁéﬁpgo§8¥V8ﬁ APPSR nental Anal yzer.

El enental anal yses for sulfur- were determned on a Brinkman 15
Colorinetric El enental ArngilScildllinpliiqf08yn were-=dadr m ned i n open
gl ass capig laries on a Mel-genp Il neltirgp point apparepus or a Mettler
FP62 Automatic instrunent, fnd are unccwr§§ted. Field ggsorption mass
spectra (FDMS) were obtained using a Varian Instrunents VG 70-SE or VG
ZAB-3F 20 mass spectroneté®. High resoldftion free at®®m bonbardment nass
spectra (FABVS) were obtaisgd using a Varggn | nstrunengg VG ZAB- 2SE nass
spectrometer. The in situ yjelds of 6-ne%npxy-z-(4-netgﬁxyphenyl)-
benzo[ b] t hi ophene were determ ned by high performance quid 25

chr omat odi®aphy (HPLC) in cé&Pparison to arPhuthentic sadPle of this conmpound
prepared by published synthetic routes. See U. S. Patent No. 4, 133, 814.

General |y, sanplea:of 0hel M agqueous sodium phosphate (pH 2.0)
B. acetonitrile '

15 The amount (percentages) of 6-hydroxy-2-(4-

' hydroxyphenyl) ~3-[4-(2-piperidinoethoxy}benzoyl] -
benzo[blthiophene 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

20 volumetric flask, and dissolved in a 70/30 (v/v) mixture of
75 mM potassium phosphate buffer (pH 2.0) and acetonitrile.
An aliquot of this solution (10 Y L) was assayed by high

performance liquid chromatography, using a Zorbax Rx-C8
column (25 cm x 4.6 mm ID, 5 Mparticle) and UV detection

25 (280_nm). The following gradient solvent system was used:

Gradient Solvent System (Potency)

Time (min) A (%) B (%)
30 0 70 30
12 70 30 -
_ 14 25 .75
; 16 70 30

25 70 30

35
A: 75 mM KH;PO4; buffer (pH 2.0)

B: acetonitrile



reaction mxture was diluted with acetonitrile and the diluted sanple
assayed by HPLC using a Zorbax RX-C8 colum 30 (4.6 nmx 2.5 cm with W
detection (280 nnm. The follow ng |linear-gradient solvent systemwas used

for this analysis: WD 96/ 40676 PCT/ US96/ 09167
-19- Gradient Solvent System Tinme (mn) A (9N B(% 5

0 w6 06/40676 50 2 50 PCTUSBEI09167

20 80 35 20 80 37 50

50 10 45 50 =-20- 50 A 0. 01 M aqueous
sodi um phosphate (pH 2.0) B. acetonitrile 15 The anmount

(percentages) of 6-hydroxy-2-(4-

v ochl or | de. i n 1 HEVS PREEEREARE ik Brik oAy o SBberRE HotT Wy e
f)cl)lli)gvm'mr_\gzget mibeﬂdaa:mlthow}bbazwllbbaﬁo[rhldtmbmigé Zg%:ahw?c@mead} into
a % ﬁdgﬂ%

MM pot assi um 0#105 F h’? er geﬁil%:%? i(.j%aé:rgltef)lr]%’létgtr| ?r s %ug"g) o%t i's
solution (fo [’e‘P‘? ’-'I’Se%s( biseiy ebﬁa?ﬂ- mﬁcé’lFPqE’ﬁﬁ E‘PiH‘ﬁ’Pé’t%r aphy,

usi ng a Zor baxedtatGdnzol um (25 cmx 4.6 rrmID 5 [err] particle) and W
detection 25 (280 nn). The follow ng gradient solvent system was used:

G adi ent Sol vent Systg®mpdtemiogneypedk nerdari-np « sanfpldwolume (mLB (% 30
-0 70 30 m sample weight (mg)

10 The amount (percentage) of solvent, such as 1,2-
dichlorcethane, present in the crystalline material was
determined by gas chromatograplly. A sample of the
crystalline solid (50 myg) was weighed into a 10-mL wvolumetric
flask, and dissolved in a solution of 2-butanol (0.025 mg/mL)

15 in dimethylsulfoxide. ‘A sample of this solution was analyzed
on a gas chromatograph using a DB Wax column (30 m x 0.53 mm
ID, 1 U 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

20 was determined by comparison to the internal standard (2-

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

A solution of desoxyanisoin {(12.82 g) in tetrahydrofuran

(100 mL) was treated with titanium (IV) chloride (10.43 g).

30 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
stirred at 30°C. After an additional 30 minutes, this
mixture was treated with a solution of 2-methyl-2-propane-

35 thiol (6.76 mL) and triethylamine (16.70 mL) in tetrahydro-
furan (15 mL). The resulting mixture was stirred at 50°C.



12 70 30 14 25 75 16

70 30 25 70 30 35 A1 75 mM KH2PO4 buf f er
(pH 2.0) B: acetonitrile WO 96/ 40676

PCT/ US96/ 09167 -20- The percent age of

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

pi peri di noet hoxywblagigsdy | ] benzo[ b] t hi ophene hydrochl ori de i n t heTassphasnas
cal cul ated using the peak area, slope (m, and 5 intercept (b) of the
calibration curve with the follow ng equat+2p+ % potency = peak area - b
sanple volunme (nmL) m sanpl e weight (nmg) 10 The anount

(percentage) of pgobyefy SRl 24k A1 el SROSIRANE PLEABL Ll MEogivn

crystalline nmateérra ‘mned aS CHT.ote raph
crystalline solpérbgwaﬁg)(ﬁﬂﬂsﬂﬁélgh@helﬁ@%ubtlmgrﬁgxﬁﬂr@nﬂﬁﬁléxFFQGRGddmth

di ssolved in a ﬁéi:l'&l&ﬁle C&hl%ﬁkﬂbanoﬁhéocaﬁﬁlﬂgd f’ﬂléthyienbnchlorlde extracts

di met hyl sul f oxi d of this soluti Z

Chr ot ogr aph WEERG ST PR \guct Brdne=Ean hhEERtES SIRAERE] RBcPed8ientrargd
with a col un fiswatuactoigiven1ing o aﬁeanomlzatwmm@mwtaéhlzemeumm um
tenper at ure waschbering €d %&B[t%]ai;ataraw[mi& e 9aldihe fhbEteapekaod.

The anpbunt of sol vent ari son he i gternal
Standard (2. butSresta e Ero hoE ePleiS el 03 2 B BELGRS tacae
Sul f oxi de compound. Meltlng point 71-73° C.

Analysis calculated for CzpH24028: C, 73.13; H, 7.36; S,.

10 9.76. Found: C, 73.37; H, 7.51; S, 9.87.

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

- 15 - The crystalline compound prepared as described in
Example 1A was dissolved in toluene (150 mL), and the
resulting solution cooled to about -20°. 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

20 extracted with saturated sodium sulfite and brine. The
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 CppHz403S8: C, 69.74; H, 7.02; S,

25 9.31. Found: C, 69.47; H, 7.04; 8, 9.54.

Example 2
Z-t-Butyl 4,4'-Dimethoxystilbenyl Sulfox;de
A. Preparation of t-Butyl 4-Methoxybenzyl Sulfide

30
A mixture of 4-methoxybenzyl alcchol (10.13 g) and zinc
- iodide (11.7 g) in 1,2-dichloroethane (120 mlL)} was treated
with 2-methyl-2-propanethiol (9.92 mL) in one portion. The
. resulting mixture was stirred at room temperature. After

35 about 18 hours, the reaction was diluted with water (100 mL)
and methylene chloride (100 mL). The organic phase was



25 A. Preparation of E-t-Butyl 4,4'-Dinmethoxystilbenyl Sulfide A

sol ution of desoxyanisoin (12.82 g) in tetrahydrofuran (100 nL) was treated
with titanium(lV) chloride (10.43 g). 30 During the dropw se addition of
titanium (1V) chloride, the reaction mxture was cooled to maintain the
tenperature bel‘gélfgg err]C. Upon conplete addition, the resulting m xture

was stirred at @C. After an additional 30 minutes, thi sé,%gs%alﬁ,axgas

treated with a solution of 2-methyl-2-propane- 35 thiol (6.7 )
triethylamne (16.70 nL) in tetrahydro=224ran (15 nL). The resulting
m xture was stirred at 50[err]C. WO 96/ 40676

PC;Ij' / US96/ Ogiéﬂovéd; %fitéa dv\gg-_l_h hﬁgﬁéls%@hesﬂf%ﬁg,e f\gg_%e%g?gdmtti@dt \(/amnt ﬁer cent
sodi um car ). e resultin ure was extracte

net hyl ene c%{}gé?e#eéa%ﬁﬁg@&omcﬁé’ %ﬂe‘?mﬁ g’n@%tﬁ (9%‘1 F2 Btracts were dried
over magnesi um st #¥Be (CPCladt @7 -aBd(@ormihv réx8Sd ®&,i RHYacde”T o gil_xe 17.2
g of an oil (gwWimh I 'i ,Upoflg C i to roomtenperature. S
crystal Ié ne‘%a@éﬁ%a?@%?ﬁ Eréﬁgtﬁafoils% fgr}-ﬂ fg%t S?hanol to .give 12.3 g of
the titl¥™e conpound. | 1 §1’no1 3. réyc?. Mal'ysis cal cul ated for
Clerr]Herr] Jexie8ysds raltdlaked7f@6;C15H14059.0,6.68~@2ndH, C8.83.37; H,
7.51; S, 9. &dundd R enw @i an gf g t-Butyl 4,4'-Di methoxystilbenyl

Sul f oxi de 15 The crystal i ne’ compound prepared as described in
Exanpl e 1A was dissolved in toluene (150 ni), and the resulting solution
cool ed to abdut Pr2pheatitn dhezepiBhtsdl 4, idoDimeshbkeet £lbaivilh sparcdaet i C

acid (3w win dilute acetic acid, 1.24 g) over ten mnutes. The

resul ting m xture was
9 A solution of the compound prepared as described in

Example 2A (2.51 g) in tetrahydrofuran (50 mL) was cooled to
about -20°C. This cold solution was treated with a solution
of n-butyllithium in hexane (1.6 M, 7.47 mL} over ten
15 minutes. The resulting solution was allowed to warm to about
0°C over 35 minutes. This cold solution was treated with p- '
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
20 room temperature. After an additional 45 minutes, the
reaction mixture was treated with a solution of potassium t-
butoxide in tetrahydrofuran (1.0 M, 12.0 mL). After an
additional 45 minutes, the reaction was quenched by the
addition of 1N hydrochloric acid (12.0 mL). The organic
25 phase was separated, dried over magnesium sulfate, filtered,
and concentrated to an oil (4.4 g).
1@ NMR (CDCl3): 87.95 (d, H), 7.05 (s, H), 6.9 (d, H),
6.8 (dd, 2H), 3.75 (s, 3H), 0.95 (s, 9H).
13¢c NMR (CDC1l3): 8153, 139, 137, 114, 56, 32.
30
C. Preparation of Z-t-Butyl 4,4'-Dimethoxystilbenyl
| Sulfoxide

The compound from Example 2B was converted to the title
35 compound using the procedure substantiélly as described in
Example 1B.



20 extracted with saturated sodiumsulfite and brine. The organi c phase was
concentrated in vacuo. The residue was recrystallized from et hyl

acetate/ heptane to give 14.11 g of the title conpound. Melting point

- 104[err] C (dec). - Anal ysi s cal cul ated for C20H2403S: C, 69.74; H
7.02; S, 25 9.31. Found: C, 69.47; H 7.04; S, 9.54. Exanple 2 Z-t-Butyl
4,4' - Di met howossedokrenyl Sul foxi de A. Preparation of t-Butyl pérrisésisioansy benzyl
" Sulfide 30 A m xture of 4-nethoxybenzyl alcohol (10.13 g) and zinc iodide
(11.7 g) in 1,2-dichloroethane (120 nlL) -ds treated with

2-met hyl - 2- propanethiol (9.92 nL) in one portion. The resulting m xture was

stirred at roomt erature.. After. 3 bout  18_hour t he reaction_was
diluted with wat ergg?% OClad rﬁ?H dfe Bht o1 30 ?‘?Lod‘rsm)"'.- THE* oF§ani ¢
phase was M0 988408HP, PLIE3)S95/ QM 671-.88- (s enewed, dried over nmagnesi um
sulLfate, filterediz@nggeoiReRiL) at bn ug t i 4. - amgoil. 1H
NVR (CDCl [err]): 87('.‘328 (d, 2 ?'ef‘ggh(d,ﬂg‘ ' %%7\/%381‘ 93‘&79 g?.’?sﬂgs, 2H) ,
1.36 (s, 9H). 5 2nalysis gadawiatEeeDEoreFeqH2¢0p8¢ r§1369 - 744 Hi58.035 32,

Anal ysi s eal qualaed Epreslogys |8 e.daS: C, 68.52; H 8.63. Found: C, 68.8;
H 8.67. B. Preparation of Z-t-Butyl 4,4' D nmethoxystilbenyl Sulfide 10 A

sol ution of the conpound prepared as described in Exanple 2A (2.51 g) in
tetrahydrofuran (50 nL) was cool ed t oExample 3

E and Z-t-Butyl 4,4'-Dimethoxystilbenyl Sulfoxide
A. Preparation of t-Butyl 4-Methoxybenzyl Sulfide
10 ' : _
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
resulting'hixture was stirred at room temperature. After
15 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.
1y NMR (CDCl3): 87.28 (d, 2H), 6.85 (4, 2H), 3.77
20 (s, 3H), 3.73 (s, 2H), 1.36 (s, 9H).
13¢ NMR (CDCl3): 8130, 114, 56, 35, 32.
Analysis calculated for Cj;zH;30S: C, 68.52; H, 8.63.
Found: C, 68.8; H, 8.67.

25 B. Preparation of .t-Butyl 4-Methoxybenzyl Sulfoxide

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

30 acid (32% w/w in dilute acetic acid, 14.2 mL) over 30
minutes. Upon complete addition 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

35 residue was treated with hexane (100 mL) and the resulting
mixture stirred at room temperature. After about 18 hours,




about -20[err]C This cold solution was treated with a sol ution of
n-butyllithiumin hexane (1.6 M 7.47 nL) over ten 15 mnutes. The
resulting solution was allowed to warmto about O[err]C over 35 m nutes.
This cold solution was treated with p- ani sal dehyde (1.46 nlL). After an
additional 15 mnutes, the reaction solution was treated with

nmet hanesul f onyl wolvsmasgréle (0. 95 nl). The resulting reaction \Afamfbmap-
warmto 20 roomtenperature. After an additional 45 minutes, the reaction
m xture was treated with a solution of pota2¢rumt- butoxide in :
tetrahydrofuran (1.0 M 12.0 nL). After an additional 45 mnutes, the
reaction was qUERENRE.lrd Niad dlildeddeCbnd MY L OFINS Wt (s Ch2nsclhd-
The organic 25 ﬁhgse was segarat,e , dried_over nmagnes)umsulfate,
filtered, and c&dh@8rPkht ed™h stiq matgriad) was dried NWRVacHO Ler giye
[err]7.95 (d, HL4.0709 ¢£,thd tifle compbind6. SMéTtin® Idoint 124326, 0. 95

(s, 9F). 13C NVR (COGihee |icnchsyt] 89326138, 387, dldh &6 A, 3076
Preparation of Z-t-Butyl 4,4 -Di nethoxystil en{ Sul foxi de “Thé conpound
fr om Exanpl & 2B GasEtonyetd elf t 3Hhe 3Bl 4d35Etonbcuni® .udBig t he procedure

substantially as destid BRR i(EDEXahp|&138B, 114)/\(559.6/5(306(23;. 5q 4d, H
PCT/ US96/ 09167 - 23- 41N l% h?l’ }.: . K« 6 (%3 . 9. ,
7.1 (s, H, 6.9 (dd%&‘} %% SQ,Q% ,%. Og{%sl,sbﬁii).]c[_er:;rié)é’NKﬁQ
(cbd [err]): g1Boundsy G, 6372:1Hg, 7193, 56, 24. Anal ysis cal cul ated for
Cerr]JHerr]derr]S: C 69.74; H 7.02. 5 Found: C, 69.98; H, 6.94.
10 C. Preparation of B and Z-t-Butyl 4,4'-Dimethoxystilbenyl
Sulfoxide

A solution of the compound preparéd as described in
Example 3B (10.0 g) in tetrahydrofuran (140 mL) was cooled to

15 about -30° to -25°C (dry ice/acetone bath). This coid
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

20 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
upon addition of the methanesulfonyl chloride. The mixture
was cooled to about 25°C, then treated with potassium t-

25 butoxide in tetrahydrofuran (1 M, 50.9 mL). After stirring
for an additiomnal 35 miﬁutes, the reaction was treated with
1N hydrochloric acid (51.0 mL). The phases were separated,
and the organic layer dried over magnesium sulfate, filtered,
and concentrated to an oil (16.67 g). This material was used

30 in the next step without further purification. The carbon
and proton NMR spectra were similar to that obtained for the
compound prepared as desrcibed in Examples 1 and 2.

Example 4
35 Z-t-Butyl 4,4'-Dimethoxystilbenyl Sulfoxide



Exanple 3 E and Z-t-Butyl 4,4'-D nethoxystil benyl Sulfoxide A Preparation
of t-Butyl 4-Methoxybenzyl Sulfide 10 A m xture of 4-nethoxybenzyl al cohol
(10.13 g) and zinc iodide (11.7 g) in 1,2-dichloroethane (120 nL) was
treated with 2-nethyl -2-propanethiol (9.92 nlL) in one portion. The
resulting mxture was stirred at roomtenperature. After 15 about 18
hours, the reavo9esesmas diluted with water (100 nL) and net hycemwssaddier i'de
(100 nL). The organic phase was renpved, dried over magnesium sulfate,
filtered, and concentrated in vacuo to ggge 14.4 g of an ail. [err]H NWR
(cbclerr]): [err]7.28 (d, 2H), 6.85 (d, 2H), 3.77 20 (s, 3H), 3.73 (s,

2H), 1.36 (s, err])s lerr] 139, 5;.32.

Anal ysi s cal cul at%dé?{)‘?‘]"@rép% &[%rcﬁ’ éﬁ %Jztl % %](%iéglgﬁ%dinc 68. 8;
H 8.67. 25 ExamplB 3Pr tpel )i gm cetrabvdyefurant Hfkpldn¥ps sapieditle A
sol ution of uEOﬂi’S"@d ﬁ'h@.&aESQd%oﬂﬁ_Sfdﬂ Red itreaxedpwetB £ 14.4 g) in

1, 2-di chl oro
solution t re Pﬁﬁ’{' 20 n1_ C & eﬁ@l gl(gg’y/a miwfr%ﬂ)dlq%geaggmﬁﬁlégg% d,
14. 2> ) Bvehfsérnsmmemg ﬂqzmrtenonpnuteSadmlelm%lqm@lﬁéﬂei@eW% aci d,
Eﬂzsreea;tsl ggwa@gaare@t@? \é\ﬂ\?tg'ra Ekéaee@%tﬁo(}#-laﬂﬂya?ﬂ{ehgaat e1.6Theurganic -
to a yel | ow %F‘@c?‘ﬁ?t R %%’9’952 g]ugﬂ‘va\/agé%ré]a?lrét it dhggawg%lg%rat o
and the resulbbny mmutanmerammt .at Thdsnmixbpee was é:reafbte@r wibbuacegyl
?ggfs WO R9649846(0.95 mL) . After about one hour, the reacBEdAUS96/ 09167
10 mixture was treated with potassium t-butoxide in
tetrahydrofuran (1 M, 16.0 mL). After stirring for an
additional 1.5 hours, the reaction was treated with 1IN
hydrochloric acid (17.0 mL). The phases were separated, and
the organic layer dried over magnesium sulfate, filtered, and
15 concentrated to an oil (5.26 g). This material was used
without further purification. The carbon and proton NMR
spectra were similar to that obtained for the compbund
prepared as desrcibed in Example 2.

- 20 | Example 5
6-Methoxy-2- (4-methoxyphenyl)benzo[b] thiophene

A solution of p-toluenesulfonic acid monohydrate
(2.25 g) in toluene (60 mL) was heated to reflux, and water
25 was removed by allowing it to collect in a Dean-Stark trap.
Using a nitrogen gas purge vented through the top of the
condenser, a solution of the compound prepared as described
in Example 1 (2.04 g) in toluene (33 mL) was added to the
refluxing acid solution over 1.5 hours. The resulting
30 mixture was cooled to about 5°C under the nitrogen purge,
then treated with water (8 mL). The resulting slurry was
: stirred for three hours. The slurry was filtered, and the
crystalline product washed with water (8 mL) and acetone
- {8 mL). The crystalline product was dried in vacuo at 40°C
35 for about 18 hours to give 1.30 g of the title compound as a
light tan solid. This compound was identical to the compound
prepared by a published route. Melting Point 196-199°C.



the m xture was filtered and the solids washed wi th hexane (100 nmL). The
solid material was dried in vacuo to give 14.07 g of the title conpound.
Melting point 124-126[err]C. [err]H NVR (CDCl[err]): [err]7.26 (d, 2H),

- 6.89 (d, 2H), 3.79 5 (d, H, 3.78 (s, 3H, 3.58 (d, H, 1.3 (s, 9H). 13C
NVR (CDCl[err]): [err] 132, 114, 56, 53, 23. Analysis calculated for
Cerr]Herr] Gyenedo86 C, 63.68; H 8.02. Found: C, 63.72; Hpctnf$®sn9i€y - C.
" Preparation of E and Z-t-Butyl 4,4'-Di nethoxystil benyl sul foxi de A sol ution
of the conmpound prepared as described i ~d&anmple 3B (10.0 g) in
tetrahydrofuran (140 nL) was cooled to 15 about -30 to -25[err]C (dry

I ce/ acetone bath). This cold solution was treated with n-butyllithiumin
cycl ohexane (1.6 M 27.65 nL) over 25 mnutes, After stirring for 35

m nutes, the reaction mxture was treZ<8@olet p- ani sal dehyde (5.4 nL). The
dry icel/ acet one bat hévmMsthanpyvd(finethosyphenghrbenzo i Il thamghienewar m t o
about 20C. This m xture was treated with nethanesul fonyl chloride (3.5 nli).
The tenperature of the reactiogn rose from_aboyt 20,to -about 35[err] C upon
addi tion & the mét FRAEEEPPOAT| PTHPHIERRSULARIG aCiAemaRRhYdsMed t 0 about
25[err] C, thefe t4%ahednncbhupneassdisimi) wiles hehesddeoi nefbhx gl afatean (1

U cated w ih "3 AyaRSeE ‘8??%1250‘:’%‘??‘1@ ‘Wi' RE Fhod Bomn daif Tl . and

the organic I%y%’rl“&llp§d°8v5 engenRynin aFl fesfstbed nin €r at ed
to an 0|I (16¢6.000)) Ihi sohuerei 632 WhTS) uﬁﬁdaaaedl Bot Bnernee(ﬂ:.&tﬁm \ctigout

further gyri id ool t%geovzgesiﬁ B0 410 Gl by NVEL SPESRE £ T CusIdiblear (O

t hat obt aine ound pre are a and 2.
Exanpl e 4 35 ethanol (35 ﬂ wRE yadded thItlhﬁ Pi'@%?*é#-PPb%ﬂJy‘Ft&nff @H%éhe
resulting mixture was allowed to cool to room temperature.

After about 18 hours, a precipitate was isolated by
filtration. This precipitate was washed with toluene/

15 absolute ethanol (4:1, 29 mL), and dried in vacuo at 40°C for
about 18 hours to give 4.86 g of a solid. This compound was
identical to the compound prepared by a published route.
Melting point 199~ ~-200°C.

20 Example 7
6 —Hirdroxy& -~ {4-hydroxyphenyl) -3~-{4- (2-piperidincethoxy) -
benzoyllbenzo[b]thiophene Hydrochloride
1,2-Dichloroethane Solvate
A. Preparation of Ethyl 4-(2-Piperidinoethoxy)benzoate
25
A mixture of ethyl 4-hydroxybenzoate (8.31 g), 1-(2~
chloroethyl)piperidine monohydrochloride (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
30 about 55°C and treated with additional 1-(2-chlorocethyl)-
piperidine monohydrochloride (0.92 g). The resulting mixture
was heated to 80°C. The reaction was monitored by thin layer
ch-romai:ography {TL.C), using silica-gel plates and ethyl
acetate/acetonitrile/triethylamine (10:6:1, v/v). Additional
35 portions of 1-(2-chloroethyl)piperidine hydrochloride are
added until the starting 4-hydroxybenzoate ester is consumed.
Upon complete reaction, the reaction mixture was treated with



WO 96/ 40676 PCT/ US96/ 09167 -25- A
sol ution of the conpound prepared as described in Exanple 3B (3.0 g) in
tetrahydrofuran (40 nL) was cooled to about -15[err]C This cold solution
was treated with n- butyllithiumin cyclohexane (1.6 M 8.3 nL) over 15
mnutes. 5 After stirring for ten mnutes, the reaction m xture was war ned
to O[err]C, anwavemes76d with p-ani sal dehyde (1.61 nl). The i cRCT/U96/0NEL
renmoved and the reaction allowed to warmto about roomtenperature. This
mxture was treated with acetyl chloride 8795 nl). After about one hour,
the reaction 10 mxture was treated with potassiumt-butoxide in

tet rahydrof urag.¢1 M 636xf) f%z)dﬁﬁh ecP ltlf boBY E8" réith Az analrel. SThEUTS,

the reacti on was treated W t

oC orlc cid (17.0 The phases
wer e separ at ed 2XRIUEHAABRH RS dr’a%'@rr 8 ﬂ’é%#f@ﬁ JT?P) i f at eIO

filtered, and bbncennraneaaindvawcarabowo%&ﬂ@ 40 mm Hgi.s Fheerpatlbbrg used
Wi thout further ;quEiti agg% t%ir@ D UL AN PRSLONEMN RSP §RIriE iWakS on .

simlar to that obtaine e compoun prepared as desrcibed in Exanpl e
2. 20 5 Exanpl e

6- Met hoxy- 2- (4- met hox Bpheesgbabatnizai jf m-drﬁmekiézbnqetmwmenzoic .
p-tol uenesul foni c acid nonohydrate é&b %ﬁrdamfoqilaene (60 m.) was heated
to reflux, and water 25 was renove lowng it to collect in a

Dean- Stark trap. Using a nitrogen gas purge vented through the top of the
condenser, a solution of at belevigw wil tecpompduad prepardbds MeScaiped in

(2.04 g) ipgjtol 3 . '
1.5 hours. Ei?he E‘rﬂca?ral(el :r?Angéb %?epv@o ﬁ;hﬁ-\e'i:gg%xgi; out ‘?)[evfe‘r)'4 lﬂflﬁgeeavfpe
ni trogen pur ge withe® Nré&@é@nvﬁﬂ#%@ @& M. epd F‘%‘EFF 41& Grry

4 1/2 hours, water (40 mL) was added. The resultlng m;xture

was cooled to 5-10°C, and concentrated hydrochloric acid (18

mL) was added slowly. The title compound crystallized during
15 acidification. This crystalline product was collected by

- filtration, and dried in vacuo at 40-50°C to give 83% yield

of the title compound. Melting point 270-271°C.

C. Preparation of 4-(2-Piperidinoethoxy)benzoyl
20 Chloride Hydrochloride
A solution of the compound prepared as described in
Example 7B (30.01 g) and dimethylformamide (2 mL) in
methylene chlpride (500 mL) was treated with oxalyl chloride
- {10.5 mL) over a 30-35 minute period. After stirring for
25 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
dryness in vacuo. The residue was dissolved in methylene
30 chloride (200 mL), and the resulting solution evaporated to
dryness. This dissolution/evaporation procedure was repeated
- to give the title compound as a solid. The title compound
may be stored as a solid or as a 0.2 M solution in methylene
chloride (500 mL).
35 _
D. Preparation of 6-Hydroxy-2- (4-hydroxyphenyl) -3-[4~(2~
piperidinoethoxy)benzoyl]lbenzo[b]thiophene Hydrochloride



stirred for three hours. The slurry was filtered, and the crystalline
product washed with water (8 nlL) and acetone (8 nL). The crystalline
product was dried in vacuo at 40[err]C 35 for about 18 hours to give 1.30
g. of the title conpound as a light tan solid. This conmpound was i denti cal
to the conpound prepared by a published route. Melting Point 196-199[err]C.
WD 96/ 40676 WO 96/40676 PCT/ US96/ 09%cFrfusedooie7 -
Exanpl e 6 6- Met hoxy- 2- (4- et hoxyphenyl ) benzo[ b] t hi ophene 5 A sol ution
of p-toluenesul fonic acid nonohydrate (2.4928} in toluene (108 nL) was
heated to reflux, and water was renoved by allowing it to collect in a

Dean-Stark trap. A solution of tfez_ RAr escribed in _
Exanple 1 (9.00 g) in tol uene (f32' mcrglrmv%s%&gggéﬁ ?o t ‘Zactré‘ejfl uxing_acid 10

sol ution over six hobrfeiXtugs, QL bRS EPEDaURd (RXAParsds sufeserhbAd| 1035 ni)
was added to thexampbé i Drors@ (2i.08, gindthéecomsaird pdepaxedr aswdaésolieaed

to cool to roo I f ,er .abo 1 O4Lr LRI e S

i sol ated by fi Hé%@#rﬁs (ér'télgi ?f a?%dmg's.ﬁ]ﬁ&/a&s%é’(?%ﬁ%%%%bgl ?Jg?lewﬂ??as _
absol ute et fanofopked toaheut 03Gd Boxen itrichdoside 98favas condenansut 18
hour s tg gi ve 4ififo ta adoladl Ylaidiat el ByIQﬁ@@ﬂl pmmm)deagacaad[éa tbethe
conpound prepar i L Qut ti [ - rl

Eeanpl o 76 by droky MRS GREESLhAY Bhol | AP elont HotrR g 0%, The
benzoyl ] benzo[ bFe3 BT Mo WREoEFEated Wikl HASiSdonaAebeBPRate A
Preparati on of tighlchkide Ri2per mil) noetrheXyeHETZM @odtion was heated - to

10 35°C. After 16 hours, the reaction was complete.:

Methanol (30 mL) was treated with the reaction mixture
from above over a 20-minute period, causing the methanol to
reflux. The resulting slurry was stirred at 25°C. After one
hour, the crystalline product was filtered, washed with cold

15 methanol (8 mL), and dried at 40°C in vacuo to give 5.14 g of
the title compound. Melting point 225°C.

Potency: 86.8% _ :

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



A m xture of ethyl 4-hydroxybenzoate (8.31 g), 1-(2- chlor oelmmlﬂm”mlr]mll
nonohydrochl ori de (10.13 g), potassium carbonate (16.59 g), '

et hyl ketone (60 nL) was heated to 80[err]C. After one hour, thé& nitxt ires *
was cooled to 30 about 55[err]C and treated with additional

1- (2-chl oroet hyl ) - piperidi ne nonohydrochl oride (0.92 g). The resulting

m xture was hegigstoé7e 80[err] C. The reacti on was nonitored bpcriisos/odisyer

‘chr omat ogr aphy (TLC), using silica-gel plates and ethyl
acetate/acetonitrile/triethylamne (10:6: ¥29+/v). Additional 35 portions. of
1- (2-chl oroet hyl ) pi peri di ne hydrochl oride are added until the starting
4-hydroxybenzoq&pc§§§ﬁg is consunmed. Upon conplete reaction, the reaction

m xture was treated wth WO 96/ 40676

PCT/ US96/ 09167 +-27- AWRFEFe§%0EIH PrERET Y AuPTPEUR0PE ' S8R FfAper at ur e.
The,aqueous | ayer was di scarded and the organic | ayer concentrated in vacuo
at 40[err]C and 40 mm Hg. The resultipg#il was used in the next step

wi t hout further purification. 5 B. Pfepar§ )

4- (2- Pi peri di noet hoxy) benzoic Acid [ 2l uti on of the conmpound
prepared as described in 10 ExanpRf ™ .
was treated with 5 N sodi um hydroxide (15 ni), heajed to 40[err]C.
After 4 1/2 hours, water (40 nL) was added. The resWA Mg, nM xture was
cooled to 5-10[err]C, and concentrated hydrochloric acid (18 nlL) was added
slowy. The5title cYRBEEHA: crystallized during 15 acidification. This"
crystal line product Reasschydssdgerr k@y-Calalladtygn arghdlkioxed hadoyaono at
40-50[err]C to qgi.ve 83%yield of the title conpound. Melting point.
270-271[err] C. Hit8; °and

-

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

0
i
7k

Ry
II

wherein:
15 R1 and Ry are as defined above, and
R3 is a thermally-labile or acid-labile C2-C10 alkyl,
C4-C10 alkenyl, or aryl{Ccj-Cig¢ alkyl) group.

2. The process of Claim 1 wherein:
20 R1 is hydrogen, C31-C4 alkoxy, or arylalkoxy; and
R2 is hydrogen, C3-C4 alkoxy, or arylalkoxy.

3. The process of Claim 2 wherein the acid catalyst is
selected from the group consisting of methanesulfonig acid,
25 benzenesulfonic acid, l-naphthalenesulfonic acid, 1-
' butanesulfonic acid, ethanesulfonic acid, 4-
ethylbenzenesulfonic acid, 1l-hexanesulfonic acid, 1,5-
naphthalenedisulfonic acid, 1l-octanesulfonic acid,



C. Preparation of 4-(2-Piperidinoethoxy)benzoyl 20 '
Chl ori de Hydrochl oride A solution of the corrpound prepar ed IMI"H%M"H!,”I“I,
Exanpl e 7B (30.01 g) and di net hy +C £=2===n et hyl ene cc Wdes  «
(500 nL) was treated with oxalyl cﬂHl&B}ﬁéTm EE&) over a 30-35 mnute
period. After stirring for 25 mbout H_@lh%lﬁ% t hel reacti on was assayed
for conpl eti onwiowekblz6 anal ysi s. ~chl ori de nEyrISspoded to
the reaction if the starting carboxylic aci d is present. Upon conpletion,
the reaction solution was evaporated to dryB@ss in vacuo. The residue was

di ssolved in nethylene 30 chloride (200 nL), and the resulting solution

o aive the 1115 oo it o L B g A o ored as
a solid or as at®* %ﬁ%&&?ﬂl&aﬁ d e %T’rﬁ% c@ﬂ‘llﬁqléfét@ﬁom S‘S 1re®
Preparation of 6-Hydroxy-2-(4- hydroxyphenyl) 3-[4-(2-

i peri di noet hoxy) bengqylJ.bhenzal it r 676
IF;C'FI)'/ US96/ 09167 4’28 ElD| ch grgket ane o v%giﬁcén%é; all??'g S?tét!% co"?rsgound
prepared as %esﬁﬂ%‘e‘iﬁq FOERA e IZPUR conepshing)of methapaswlienis asdded as

described in Exheqﬁme?sﬁil(f&nei& g&;d,amﬂuni:hardurftbmicnetdianepéﬁ&ﬁéﬁeé&ﬁio’ﬁic
cool ed to about rr. %[:]r; densed into a cold
graduated cyl i n%gi& leaglrﬁr@ QJ&%QS e coi‘é@f t(';Eg@ure descri bed above.
After eight hours at Oferr]C, the reactlon m xture was treated with
addi ti onal bor os. triTHd @ricdess208 allgim Bh@heeeih tiH agelutbedlywisideat ed to
10 selected from the group consisting of methanesulfonic acid,
p-toluenesulfonic acid, Nafion®, Amberlyst®, and Amberlite®.

6. The process of Claim 5 wherein R3 is a thermally-labile
or acid-labile C2-~C10 alkyl or aryl(Ci-Cip alkvl) group.

15
7. The process of Claim 6 wherein R3 is a thermally-labile
or acid-labile C2-C10 alkyl group.

8. The process of Claim 7 wherein:
20 R1 is hydrogen or C1-C4 alkoxy; and
' R2 is hydrogen or C1-C4 alkoxy.

9. The process of Claim 8 wherein Rj and R2 are C1-C4

alkoxy.
25
10. The process of Claim 9 wherein R3 is t-butyl.
11. The process of Claim 10 wherein the acid catalyst is p-
toluenesulfonic acid.
30

12. The process of Claim 11 wherein Rj and R2 are methoxy.

13. A process for the synthesis of a compound of the formula

This Sheet Has Been Replaced -




10 35[err]C. After 16 hours, the reaction was conplete

was treated wth the reaction m xture from above over (ﬁﬁ"iﬂm Iﬁﬂﬂmﬁm
causing the nethanol to ref lux. The resulting slurry mas '
25[err] C. After one hour, the crystalline product was filtered, washed with
cold 15 nethanol (8 nlL), and dried at 40[err]C in vacuo to give 5.14 g of
the title compwovduodys! ti ng point 225[err] C. Potency: 86. 8% pCTNS96/09167

T, 2- Di chl oroet hane: 6.5% (gas chromat ogr aphy) WO 96/ 40676

PCT/ US96/ 09167 -29- W claim 1. A proces3lfor preparing a conpound of
the formula [err] 5 ‘wherein: Rlerr] is hydrogen, Cferr]-Clerr]

al koxy, aryl al koxy, halo, or amno; and R2 is hydrogen C[err]Rg[err]

al koxy, aryl al koxy, hal o, or am no; which co I n.g#she
presence of an acid 10 catalyst a compound of ornula [ r] wher ei n:
15 . Rlerr] and Rlerr] are as defined & Rlerr] is®a

thermal ly-labile or acid-1abile (% Cerr]-Cerr] alkenyl,

or aryl(([err]-Cferr] alkyl) gro . THe process of "Claim 1l wherein: 20
Rlere] is hydrogen, Clerr]-Cerr X al koxy; and Rlerr] is

The process of daim?2
p consisting of

hydrogen, C[err]-Cerr] al koxyRe or e
wherein the acid catalyst is selected fromt
nmet hanesul foni ¢ aci d,

XII

wherein:
Rg is hydrogen, halo, amino, or hydroxyl;
Rg is hydrogen, halo, amino, or hydroxyl:;

5 Rs and Rg are independently Ci1-Cs4 alkyl, or Rs and Rg
together with the adjacent nitrogen atom form a heterocyclic
ring selected from the group consisting of pyrrolidino,
piperidino, hexamethyleneimino, and morpholino; and

HX is HCl1l or HBr;
10 comprising the steps of:

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

(o]
il
__//s‘Rs
Ry
15 II

R;

wherein:
R; is hydrogen, C31-C4 alkoxy, arylalkoxy,. halo, or amino;
Ry is hydrogen, C1-Ca alkoxy, arylalkoxy, halo, or amino;
4 20 and
Rz is a thermally-labile .or acid-labile C3-Cip alkyl,
. C4-Ci10 alkenyl, or aryl(C;-Cip.alkyl) group; to prepare a
benzothiophene compound of the formula



25 benzenesul fonic acid, 1-naphthal enesulfonic acid, 1-
aci d, ethanesul fonic acid, 4- ethyl benzenesul fonic aci d mmﬂﬂmﬁ”m
acid, 1,5- naphthalenedlsulfonlc aci d, 1-octanesul fonic!acs
.canphor sul foni c aci d, trifluoromet hanesul f oni ¢ acid, p- toluenesul fonic
acid, Nafion, Anberlyst and Anberlite. 4. The process of Caim3 wherein
the acid cat ame96/406765 sel ected formthe group consisting opcr/usesnois?

‘nmet hanesul foni ¢ aci d, benzenesul fonic acid, canphorsulfonic acid,

p-t ol uenesul foni c aC|d Naf i on, Anberlyst-sand Anberlite. 5. The process
of Caim4 wherein the acid catalystis 10 selected fromthe group

consi sting of nethanesul fonic acid, p-toluenesul fonic acid, Nafion,
Anberlyst, and Anberlite. 6. & Prpcess, of Caim5 wherein Rlerr] is a
thermal ly-labile or acid-labile or aryl(Cerr]-(err]

al kyl') group. 15 7. The progess %e¢in R3is a

thermal l'y-1abile or acid-labif® C | group. 8. The process
of Caim?7 wherein: 20 R err] |s:pydro Cerr]-Cerr] al koxy;
and R[err] is hydrogen or (Jerr]-Clerr] "al koxy"9. R2 The process of Claim8
wherein Rlerr] and Rlerr] are CJerr]-Cerr] alkoxy. 25 10. The process of
Caim9 wherein R3 % La buté% é The pro&e%s q% ai m 10 wherein the acid
catalyst is p- tol ubResTHt o &"4cRa.acf ap detjpe € of Claim 1l wherein
Rlerr] and R err] are nethoxy.

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

Ry Fe
o/“\v/N\~R5
wherein:
10 R5, Rg, and HX are as defined previously; and

R7 is chloro, bromo, or hydroxyl; in the presence of
BX'3, wherein X' is chloro or bromo; and

(c) when R1 and/or Rz is C31-C4 alkoxy or arylalkoxy,

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

Y



13. A process for the synthesis of a conpound of the formul ;Hlllllmﬁ“ lﬂﬂﬂmll
PCT/US96/ 09167 -31- [err] wherein: Rierr] is hydrogen, haliolassiney o IR
hydroxyl; Rlerr] is hydrogen, halo, am no, or hydraxyl; 5 Rl err] -and
Rlerr] are independently Cferr]-Clerr] alkyl, or. Rferr] and Rlerr] together
wi th the adjacent nitrogen atomforma heterocyclic ring selected fromthe
group consisting of pyrrolidino, piperidino, hexanethyleneimno, and

nor pholino; and HX is HO or HBr; 10 copprising the steps of: (a)

cyclizing in the presence of an acid catal yst a conpound of the fornula

[err] wherein: Rlerr] is hydrogen, Clerr]-(err] alkoxy, arylal koxy, halo,

or am no; R[CéF“P]‘OF%UJﬁRWGgéﬁ%dC[‘é’?lrf]ll‘eFEF?‘}hadTW§9na?y"ﬁ“'a‘l%ow, hal 0, or

am no; 20 anwlRdnesukbfdrier melily- Nabide® orarssrdyisal®,| eng] enb¢rJuw® ] al kyl

Cerr]-Cerr] alkenyl, or aryl(Cerr]-Clerr] alkyl) group; to prepare a
benzot hi ophene coppound of th

e formul a VWO 96/ 40676 - .o
PCT/ US96/ 09787 - 392 PERFSSurér ELARBMPPTERE B1er39i%aratalyY $fefi®ned above;
5 selected form the group consisting of methanesulfonic acid,
benzenesulfonic acid, camphorsulfonic acid, p-toluenesulfonic

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

S. The process of Claim 4 wherein the acid catalystis
10 selected from the group consisting of methanesulfonic acid,
p-toluenesulfonic acid, Nafion®, Amberlyst®, and Amberlite®.

6. The process of Claim S wherein R3 is a-thermally-labile
or acid-labile C2-Cjyg alkyl.or aryl{(Ci1-Cig alkyl) group.
15 ' _
7. The process of Claim 6 wherein R3 is a thermally-labile
or acid-labile C3-Cig alkyl group.
8. The process of Claim 7 wherein:
20 R1 is hydrogen or C1-C4 alkoxy; and
R2 is hydrogen or C31-C4 alkoxy.
9. The process of Claim 8 wherein Ri1 and R are C3-C4
alkoxy.
25
10. The process of Claim 9 wherein R3 is t-bﬁtyl.
11. The pfocess of Claim 10 wherein the acid catalyst is p-
toluenesulfonic acid.
30

12. The process of Claim 11 wherein R] and R2 are methoxy.

13. A process for the synthesis of a compound of the formula
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* 5 (b) atylatihg said benzothi ophene conpound with an acyl ati ng q%ng—é
the formula [err] wherein: 10 Rlerr], Rerr], and HX are ag%i%f
previqusly; and R7 is chloro, brono, or hydroxyl; in the presence of BX'3

--:where?g X is chloro or bromp; and (c) when Rlerr] and/or R[er '
wClerr]-Cerr]. al koxy or arylal koxy, 15 dealkylating one or "4?{‘vn‘ﬁ‘;?' enolic
-groups-of the a | ON  Pr OdwoRLD MELSEETDAL ok©@AEhiidig W th RGEW onal -
"BX' 3, wherein X'(?lcgpas defi ned above.‘““""‘iﬁm ' ' :
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