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-1- _ Vi nyl Sul foxi des And A Process For Their Synthesis

The present invention is directed to novel vinyl sul foxides and to a
new process for the synthesis of sane, in 5 particular diarylvinyl

sul f oxi des. These conpounds are useful for the synthesis of

benzo[ b] t hi oph¥R85/4069 Benzo[ b] t hi ophenes have been prEBGHVRSORSS o
nunber of different synthetic routes. One of the nobst w dely used

met hods i s the oxidative cyclization-of o-nercaptocinnamc 10 acids. This
route is limted to the preparation of benzo[b]-

t hi ophene- 2- car boxyl ates.  2- Phenyl benzo[ b}thi ophenes are prepared by
aci d-catal yzed cyclization of 2-phenylthioacetal - dehyde di al kyl

condensation of  styr oniiRagoutiplaRR AER Febeons MLRNEE BndREdE) hones
are prepared by acid-catal yzed cyclization of arylthionethyl ketones;
however, this route i‘Bhe prebbnttfnkdnnlbheaﬁndﬂnacaeﬂouOcﬁovel vinyl
3-al kyl benzo[ b] t QhQE’&?ﬂ?és anfCto 96&5?9 £ 'Ehhﬁahé‘ﬁﬁ:‘ixe%'ig & dmeBeRg0
Derivatives: élll%ﬁ nthe5| Aﬁ k i ons, . | ensi ve
Het er ocycl i ¢ ‘é?ﬁ%’r%(’ka%’? 8 PEdes o gt se\ffﬁ“%p R 3 art 111,
863-934 (1984). Bséﬁubrﬁpnztbheﬁymthﬁﬁyg[9¥thﬁnﬂﬂi@déhigpheneﬁarepared by the
reagi Oncﬁf di phenyl asatzd7[@]ehmbﬂierﬁdd hHi’reB beerﬂip&bbagédiﬂay aBathisey Qi’Ecii) ﬁieiﬁ’
‘p]).repa?ed b§m25 %yrf%% %f% g?'thftlé ]19%18%?0)(?(%%@[&] &fg\%e@geg]%ﬁggvf%sﬁaéf and
extremel y high t ERpEPaS Lﬁfses"-hﬁaf?§l Hiiyer 6VEE A< @nt 86| @-Teycaptocinnamic
producti on- sadl easydshesEsis Featdniko, lihit&iare tHec prefimeamion of Geenmg(b] -
goﬁ g?gx(lg7?£ htg%gﬁheneiaﬁ%agﬁgﬂfiéﬂéson[QLPhenylgsﬁgg[b]thlophenesEﬁfﬁ u <
Pat ent Ngs. 4, 135 BRAVERGY 4eidSRrEsd Crcl 1A ete SRR I BL R HPTRAL
patents is the dehxé#ddleﬁakka’llyzegtﬂﬂra%ﬁ@bﬁ%@cbﬁ%@@i@ﬁhﬁ@@¢@ﬁg@m§nt
of [err] - (3prephosy miemskbiiieic Lonathsxybutiotpheppate ahdestERRtj 013 -
of this star tZLiSng s%%gl?%??ed %e%%gr[bmplgﬁggoa{fé: p%bgr&tl by acid-catalyzed
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
20 Chemistry (Katritzky and Rees, eds.), Volume IV, Part III,
863-934 (1984). 3-Chloro-2-phenylbenzoib]lthiophene is
prepared by the reaction of diphenylacetylene with sulfur
dichloride. Barton and Zika, J. Org. Chem., 35, 1729-1733
(1970). Benzol[blthiophenes have also been prepared by
25 pyrolysis of styryl sulfoxides. However, low yields and
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-
30 [blthiophenes was described in U.S. Patent Nos. 4,133,814 and
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 at
35 about 85° to about 90°C gives an approximate 3:1 mixture of
two regioisomeric products: 6-methoxy-2-(4-methoxyphenyl)-
benzo{blthiophene and 4-methoxy~2-(4-methoxyphenyl)benzol[b]-



35 about 85C to about 90[err] C gives an approximate 3:1 m xture of t wo
regi oi sonmeri c products: 6-nethoxy-2-(4-nethoxyphenyl) - benzo

[ b] t hi ophene and 4- et hoxy- 2- ( 4- met hoxyphenyl ) benzo b] - WO

9%6/ 40691 PCT/ US96/ 09163
-2- t hi ophene. These isoneric benzo[ b]thi ophenes co-precipitate
fromthe reac™®OMW4%t ure, producing a m xture cont ai ni ng m’ﬁﬁ?‘ﬂ’"“
conmpounds. To obtain a single regioisonmer, the regi oi somers nust be
separated, such as by chromatography or 5 fractional crystallization.
Therefore, there currently exists a need for an efficient and

regi ospeci fic synthesis of 2-aryl benzoj2] t hi ophenes fromreadily
avail abl e starting mat erials. The conmpounds of the present invention

are useful fiicpRene! it i@&ﬁ’eﬁ%b@ﬁQ@FMﬂIﬁo?lﬁEhQ@séé-p%ci itate
2-aryl benzo- 10 b %ﬁlo henes fron1readllx aval | abl e Etartlgg materi al s.
o *FsT T B aRoy BFOTPRAY @ MERPFS,GREEL9t 0 a

The present inv ' ! .
new process for hatd compeundssi s Toj ebtain papingle areadioasomes nyhesul f oxi des.

fpeci }‘ ically, thegibeseinérs mistyBatédpadated I S6éieths Byackriiegdaphy t&e
or nul a ereln:

. f ti 1 i i « T "

Rlerr] is hyc?r ogerr?,c é[)g?r]cf%{ftall%%ﬁ?fl%r_yl aP %?(%/Q,reﬂaltg?r%r?ugnﬁeﬁg; 20

R2 i s hydrogen, ®FSts] acaeed oy anpifigienkyand regiogpeghfifn synthesis of
2-arylbenzo(b]thiophenes from readily available starting
materials. The compounds of the present invention are useful
for the efficient and regiospecific synthesis of 2-arylbenzo-

10 [blthiophenes from readily available starting materials.

 The present invention is directed to novel vinyl
sulfoxides and to a new process for their synthesié, in
particular diarylvinyl sulfoxides. Specifically, the present’
15 invention is directed to a compound of the formula

0
H

/S\R3
ITI
wherein:

R; is hydrogen, C3-C4 alkoxy, arylalkoxy, halo, or amino;
20 Rz is hydrogen, C1-C4 alkoxy, arylalkoxy, halo, or amino;
and
R3 is a thermally-labile or acid-labile C3-Ci¢ alkyl,
C4-C10 alkenyl, or aryl(Ci-Cip alkyl) group. Thus, the
present invention includes individually the E and Z isomers,
25 or mixtures thereof, of the formula II compounds. These E
and Z regioisomers are represented by the following
structures:



and R3 is a thermally-labile or acid-labile C2-Clerr] al kyl,
CA-Cerr] alkenyl, or aryl((err]-Cerr] alkyl) group. Thus, the
present invention includes individually the E and Z isomers, 25 or

m xtures thereof, of the fornula Il conpounds. These E and Z
regi oi soners are represented by the foll ow ng structures:
96/ 40691 WO 96/40691 PCT/ US96/ 09163  PCT/US6/09163
- 3- [err] Anot her aspect of the present invention is a
process for preparing a conpound of the fornula 5
wher ei n: [err]
-3~
0 R1
)" 2
~R3 %R,

-/

NG G

R»

Another aspect of the'present invention is a process for
preparing a compound of the formula

5
0
il
_/R
Ry \\Eii::l‘nz
II
wherein: :
R3 is hydrogen, C1-C4 alkoxy, arylalkoxy, halo, or amino;
Rz is hydrogen, C1-Cz alkoxy, arylalkoxy, halo, or amino:;
10 and |
R3 is a thermally-labile or acid-labile C3-Cjo alkyl, Cz-
Cio alkenyl, or aryl(C;~Cip alkyl) group having a tertiary
carbon atom adjacent to the sulfur atom;
comprising the steps of:
15 {1) oxidizing a benzyl sulfide of the formula:
S/R3
Rz
. wherein R2 and R3 are as defined above;

20 with an oxidizing agent to produce a benzyl sulfoxide of the
formula:



Rl err]hydrogen, Cferr]-Cferr]lkoxy, arylal koxy, halo, or am no; R2
I s. hydrogen, (Jerr]-C4 al koxy, arylal koxy, halo, or amno; 10 and

R3is athermally-labile or acid-labile C2-CJerr] al kyl, C4- derr]

al kenyl, or aryl(Cerr]-Cerr] alkyl) group having a tertiary car bon

atom adj acent to the sulfur atom conprising the st ;
(1) oxidizi ng YoM} sulfide of the formula: [err] %mg;m}éherein

R2 and R3 are as defined above; 20 with an oxidi zing agent to produce a
benzyl sul foxi de of the formul a:” WD 96/ 40691

PCT/ US96/ 09163 -4- [err]
wherein R2 and R3 are as defined above; -4- (2) reacting said benzyl
sul foxide with a strong base to forma benzylic-anion; 5 (3)
condensi ng said benzylic anion with.a b z%nghyde of the fornula

S
i
Ry o
wherein Rz and R3 are as defined above;
{2) reacting said benzyl sulfoxide with a strong base to
form a benzylic anion;

5 {(3) condensing said benzylic anion with a benzaldehyde
of the formula

Ry

10 wherein R; is as defined above;
{4) reacting the condensation product from step 3 with
an acid chloride to produce an ester of the formula

Ra

S,
R] oé N\

15
wherein:
R1, Rz, and R3 are as defined above; and

Rg4 is CO{C1-Cg alkyl), COlaryl), CO{arylalkyl), 802{C1-Cg
alkyl), SOz{aryl), SOz{arylalkyl), CO2{Ci1-Cg¢ alkyl),
20 COzlaryl), COz{arylalkyl), or CON{C3-Cg alkyl)z; and
{5) treating said ester with a second strong base.
The B and Z regioisomers the formula II compounds are
represented by the following structures:



10 wherein R err] is as defined above; (4) reacting the

_condensation product fromstep 3 with an acid chloride to produce an
ester of the formula 15 wher ei n: Rlerr], R2, and
R3 are as defined above; and R4 is CO Cerr]-C6 al kyl), CO(aryI)
CQ(arylalkyl), S errJ (derr]- al kyl), SJerr] (aryl) SOZ’ ar¥ %I kyl ),
COZ(C[err]-CG\HP 20 CI)Z(aryI) C2(aryl al kyl), or
al kyl)2; and (5) treating said ester with a second strong base.
The E and Z regioisoners the fornmula Il conpounds are represented by
the foll ow ng structures: WO 96/ 40691 .
PCT/ US96/ 09163 -5~ - 5-

Ry

\E-R3 %_Rs

- OO T

Another aspect of the present invention is a process for

the regioselective synthesis of the Z isomer of the formula

5 1T compounds. In particular, the present invention relates té
@ process for preparing a compound of the formula

Ry
e )I\
=g
R3 R2
I1Z
wherein:
10 R; is hydrogen, Ci3-C4 alkoxy, aryvlalkoxy, halo, or amino;

Rz is hydrogen, C3-Cs4 alkoxy, arylalkoxy, halo, or amino:
and
R3 is a thermally-labile or acid-labile C3-Cip alkyl, Cg-
Cio0 alkenyl, or aryl(Ci1-Ci1¢o alkyl) group having a tertiary
15 carbon atom adjacent to the sulfur atom;
comprising the steps of:
(1) reacting a benzyl sulfide pf the formula:

R3
S/

Ra

20 .
wherein Rz and Rz are as defined above;

with a strong base to form a benzylic anion;



[err] Anot her aspect of the present invention is a process
for the regi osel ective synthesis of the Z isoner of the fornula 5 |
conpounds. I n particular, the present invention relates to a process for
prepari ng a conpound of the fornula [err] wherein: 10
Rlerr] is hydrogen, C[err]-C4 al koxy, aryl al koxy, hal o, or am no; R2
i s hydrogen, CVO9I6N a| koxy, arylal koxy, halo, or am no; PCHH}P6OE 3
is athermally-labile or acid-labile C2-C[err] alkyl, Cerr]- Cerr]

al kenyl, or aryl(Cerr]-Clerr] alkyl)y group having a tertiary 15 carbon
atom adj acent to the sulfur atom conprising the steps of:

(1) reacting a benzyl sulfide of the fornul-&- [err] 20 wherein
R2 and R3 are as defined above; with a strong base to forma benzylic

ani on; (2) condensing said benzylic anion with a benzaldehyde
of the formula

o]
]
~H
Ry
5
wherein R; is as defined above;
{3) reacting the condensation product from step 2 with
an acid chloride to produce.an ester of the formula
Ra
ORy
s
R N\
10 ! R

wherein:
Ri, Rz, and R3 are as defined above; and
R¢ is CO(C1-Cg alkyl), CO{aryl}, CO(arylalkyl), S03(Ci-Cg
alkyl), SOz(aryl), SOz(arylalkyl), CO3({C3-Cg alkyl),
15 COy(aryl}, COz(arylalkyl), or CON(C1~C¢ alkvl)s;
(4) treating said ester with a second strong base to
produce a styryl sulfiae of the formula

Ry

S\r

3

R{ IIIZ

20
wherein R3, Ry, and R3 are as defined above; and

{5) oxidizing said styrvl sulfide with an oxidizing
agent.
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- 6- (2) condensing said benzylic anion with a benzal dehyde of
the formul a [err] 5 wherein R err] is as defined above;

(3) reacting the condensation product fromstep 2 with an acid chlori.de
to produce an ester of the fornula ORr4 [err]
wher ei n: WO R err], and R3 are as defined abovePCHH3P6/09163
Rlerr] is COQderr]-Cerr] alkyl), COaryl), CJarylal kyl),
SHerr](Cerr]-derr] al kyl), SO (aryl), SOerr] (arylalkyl),
CJerr](Cerr]-C6 alkyl), 15 COerr](aryl), Co2(aryl al kyl), or
CON(Cerr]-Cerr] alkyl)Z2; (4) treagting said ester wwth a second

strong base to produce a styryl sulfide of the formula
Yet another aspect of the present invention is a process for
the synthesis of a compound of the formula

O /R6-HX
Rg

Rg S

Rg
XII

5 wherein:
Rg is hydrogen, halo, amino, or hydroxyl;
Ro is hydrogen, halo, amino, or hydroxyl;
Rs and Rg are independently C1-C4 alkyl, or Rs and Rg
together with the adjacent nitrogen atom form a heterocyclic
10 ring selected from the group consisting of pyrrolidino,
piperidino, hexamethyleneimino, and morpholino; and
HX is HCl or HBr;
comprising the steps of:

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

(o]
i
/TR

Ry ﬁz
II
20 wherein: . B )
Ry is hydrogen, C3-Cq alkoxy,:aryialkoky; halo, or amino;
Rz is hydrogen, C3-C4 alkoﬁy, arylalkoxy, halo, or amino;
and v L ;
R3 is a thermally-labile or acid-labile Cz-Cqg alkyl,



[err] 20 wherein Rlerr], R2, and R3 are as defined above;

and (5) oxidizing said styryl sulfide with an oxidi zi ng agent .
WD 96/ 40691 PCT/ US96/ 09163
-7- Yet anot her aspect of the present invention is a process for t he
synt hesi s of a conpound of the fornula 5 wher ei n:
[err] WePeH9691 | s hydrogen, hal o, amino, or hydroxyl PCT/US609163
Rlerr] is hydrogen, halo, am no, or hydroxyl; Rlerr] and R6 are
i ndependently C[err]-C4 alkyl, or Rferr] and R6 together with the
adj acent nitrogen atomform a heterocyclic

-

C4-Cio alkenyl, or aryl(Ci-Cio alkyl) group to prepare a
benzothiophene compound of the formula

Ry s
I — Rs
5
wherein R; and R; are as defined above;
(b} acylating said benzothiophene compound with an acylating
agent of the formula
10
Ry 6
I -

wherein:

Rg, Rg, and HX are as defined previously; and

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

(c) when R; and/or Rz is C31~C4 alkoxy or arylalkoxy,

dealkylating one or more phenolic groups of the acylation

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

(d) isolating the formula XII compound.

The term "C3;-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-Cyq alkyl”

represents a straight or branched alkyl chain having from one



10 ring selected fromthe group consisting of pyrrolidino, pi peri di no,

hexanet hyl enei m no, and nor phol i no; and HX is HO or HBr
conprising the steps of: 15 (a) cyclizing in the presence of an acid
catal yst a conpound of the formula [err] - 20 wher ein

Rl.err] is hydrogen, CJerr]-C4 al koxy, arylal koxy, halo, or anino;
RZ is hydroge®WO4M | _Clerr]| al koxy, arylal koxy, halo, or BFFH8%6/09163 5.4

R3 is athermally-labile or acid-labile C2-CJerr] alkyl, WO
96/ 40691 - PCT/ US96/ 09163

CA-Cerr] alkenyl, or aryl((err]-Cferr] alkyl) group to prepare a
benzot hi ophene conpound of the fornula ~9-

to four carbon atoms, and includes methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, i-butyl, and t-butyl.

The term *C;-C4 alkoxy" represents groups such as
methoxy, ethoxy., n-propoxy, isopropoxy, n-butoxy, t-butoxy,

5 and like groups. The term "halo" refers to fluoro, chloro,
bromo, or iodo groups.

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

10 from the group consisting of halo, hydroxy, nitro, C1-C4
alkyl, C;~-C4 alkoxy, trichloromethyl, and trifluoromethyl.
Examples of a substituted phenyl group include 4-chloro-
phenyl, 2,6-~dichlorophenyl, 2,5-dichlorophenyl, 3,4-dichloro-
phenyl, 3-chlorophenyl, 3-bromophenvl, 4-bromophenyl, 3,4-

15 dibromophenyl, 3-chloro-4-fluorophenyl, 2-fluorophenyl, 4-
hydroxyphenyl, 3-hydroxyphenyl, 2,4-dihydroxyphenyl, 3-nitro-
phenyl, 4-nitrophenyl, 2,4-dinitrophenyl, 4-methylphenvl, 4-
ethylphenyl, 4-methoxyphenyl, 4-propylphenyl, 4-n-butyl-
phenyl, 4~t-butylphenyl, 3-fluoro-2-methylphenyl, 2,3-

20 difluorophenyl, 2,6-difluorophenyl, 2,6-dimethylphenyl, 2-
fluoro-5-methylphenyl, 2,4,6-trifluorophenyl, 2-trifluoro-
methylphenyl, 2-chloro-5-trifluoromethylphenyl, 3,5-bis-
(trifluoromethyl)phenyl, 2-methoxyphenyl, 3-methoxyphenyl,
3,5~dimethoxyphenyl, 4-hydroxy-3-methylphenyl, 3,5-dimethyl,

.25 4-hydroxyphenyl, 2Z-methyl-4-nitrophenyl, 4-methoxy-2-nitro-
phenyl, and the like.

The term *“arvlalkyl” represents a C1-Cy4 alkyl group
bearing one or more aryl groups. Representatives of this
group include benzyl, o-nitrobenzyl, p-nitrcbenzyl, p-

30 halobenzyl (such as p-chlorobenzyl, p-bromobenzyl, p- _
iodobenzyl), l-phenylethyl, 2-phenylethyl, 3-phenylpropyl, 4-

. phenylbutyl, 2-methyl-2-phenylpropyl, (2,6~
dichlorophenyl)methyl, bis(2,6~dichlorophenyl)methyl, (4-
hydroxyphenyl)methyl, {(2,4-dinitrophenyl)methyl,

35 diphenylmethyl, triphenylmethyl, (p-methoxyphenyl}-
diphenylmethyl, bis(p-methoxyphenyl)methyl, bis(2-
nitrophenyl)methyl, and the like.



5- wherein R err] and R2 are as defined above; (b) acylating

sai d benzot hi ophene conpound . with an acyl ating agent of the formula 10
[err] wher ei n: _ Rlerr], Rerr], and HX are as defi ned
previ ously; and R7 is chloro, brompo, or hydroxyl; in the presence
of. 15 BX 3, wherein X is chloro or brono; (c) when err] and/or R2
is CJerr]-C4 aMOPek068t aryl al koxy, deal kyl ati ng one or RSB c
groups of the acylation product of step (b) by reacting with additional
BX3, wherein 20 X is as defined abeve; and (d) isolating the
formula Xl I conpound. The term"C[err]-C6 alkyl" represents a
straight or branched 25 al kyl chain havi ngid+om one to six carbon atons.
Typical Cerr]- C6 al kyl groups include nmethyl, .ethyl, n-propyl,

S hexyl” - et hyl pont T1° e iy 1pRREsY, Yene SRURS clcR iy GRBAENTY!
represents a str RPEFIRHONS GRCINE AFKY| JEPRT hBEPREsTItamiyRe Of this o
96/ 40691 group include benzyloxy, o-nitrobeR€Fidig06/39163cbenzyloxy,
p-halobenzyloxy (such as p-chlorobenzyloxy, p-bromobenzyloxy,
5 p-iodobenzyloxy), l-phenylethoxy, 2-phenylethoxy, 3-
phenylpropoxy, 4-phenylbutoxy, 2-methyl-2-phenylpropoxy,
(2, 5—dichlorophenyl)methoxy, bis (2, 6-dichlorophenyl)methoxy,
(4-hydroxyphenyl)methoxy, (2,4-dinitrophenyl)methoxy,
diphenylmethoxy, triphenylmethoxy, (p-methoxyphenyl)-
‘10 diphenylmethoxy, bis (p-methoxyphenyl)methoxy, bis{2-
nitrophenyl)methoxy, and the like.
The term *‘thermally-labile or acid-labile C3-Cig alkyl,
C4-C10 alkenyl, or aryl{Ci-Ci0 alkyl) group" represents a
group that is readily removed from the sulfoxide (SO) group
15 under heating or by treatment with the acid catalyst. The
thermally-labile or acid-labile C3-Cip alkyl groups are
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 C3-Cjp alkyl
20 groups include ethyl, n-propyl, i-propyl, 1,1l-dimethyl-
propyl, n-butyl, sec-butyl, t-butyl, 1,l-dimethylbutyl, 2-
methylbutyl, 3-methylbutyl, l-methylbutyl, 1,2-—dimethy1butyl,
1,3-dimethylbutyl, 2,4-dimethylbuty1,. 3,3-dimethylbutyl, n-
pentyl, l-methylpentyl, 2-methylpentyl, 3-methylpentyl, 4-
25 methylpentyl, n-hexyl, and the like. The thermally-labile or
acid-labile C4-Ci9 alkenyl groups are straight or branched
alkenyl chains having from four to ten carbon atoms, at least
one site of unsaturation, and either a beta-hydrogen or
delta-hydrogen atom. Representative thermally-labile or
30 acid-labile C4-Cip alkenyl groups include 2-butenyl, 3~
butenyl, 2-methyl-2-butenyl, 3-methyl-2-butenyl, 2-methyl-3-
butenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 2-methyl-2-
pentenyl, 3-methyl-2-pentenyl, 4-methyl-2-pentenyl, 2-methyl-
3-pentenyl, 3-methyl-3-pentenyl, 4-methyl-3-pentenyl, 2-
35 methyl-4-pentenyl, 3-methyl-4-pentenyl, 4-methyl-4-pentenyl,
2-hexenyl, 3-hexenyl, 4-hexenyl, S5-hexenyl, and the like.
The term thermally-labile or acid-labile aryl{(Ci1-Cip alkyl)



- 9- to four carbon atons, and includes nethyl, ethyl, n-propyl,

i sopropyl, n-butyl, sec-butyl, i-butyl, and t-butyl. The term
"Clerr]-C4 al koxy" represents groups such as nmet hoxy, et hoxy,

n- pr opoxy, isopropoxy, n-butoxy, t-butoxy, 5 and |like groups. The term
hal 0" refers to fluoro, chloro, brono, or iodo groups. The
term"aryl" r3QW486M s groups such as phenyl and subst i PCRERIBHERy | .

The term "substituted phenyl" represents a phenyl group substituted
with one or nore noieties chosen 10- fromthe group consisting of halo,
hydroxy, nitro, Cerr]-C4 al kyl, Cerr]-C4 al koxy, trichloronethyl, and
trifluoronethyl. Exanpl es of a substi+ig-ed phenyl group include

4-chl oro- phenyl, 2, 6-dichl orophenyl, 2,5-dichlorophenyl, 3,4-dichloro-
phenyl, 3-chlor 1| 4

“di br ormphenyl %B %%%tsztﬁ uor gi;}ﬁg)r%?ﬁléf{ ?Al%?’gg Xh? ‘?Cz le%lkyl grovps
hydr oxyphenyl , ?— ?E%Weﬁ?ma?wgdpﬁ9d?‘6%ﬁeﬁwl %r"rﬂpcsr gud arylghenyl ,
4-ni trophenyl , . Zubstitetedplechyl , grbupst hyRedrEsentadive arvatilytQihealkyl)

4- methoxyphenyl , he phenyl ,
3-fluoro-2-neth Aﬁgf;ﬂ% %6 di fdlli g%%(ljgb Wyﬁ E%i%’%g?gﬁlen%e ,

2, 6-di net hylr%n ﬁ'ﬂﬂ benzyl“ GoPReny ety éﬁgﬁ“ 129’59@5]“ FPEeRdpheny! |
2-trifluoro- pxopy hy | ik rejie, 12keh| Ghe- Eeltmwtlmmmhlﬁbpﬂenqt ,acd &5- bi s-
(trifluoronet hyljapheayds-3y n@&iiaxy phary! allaetm-t,h@fyab?I‘WFClo alkyl)

4 nydr oxypheny| CSp ey, Were LR CoBOGE Rront oSBCHR B e et ang

the |ike. at°“‘fhé“?4é%4ﬁs-aP‘y¢a’r§<W°t %w%r\:ﬁs auépecmqupma%mm gr oup
beari ng one ur rm:tglaryj1-gim|e|nhy1§hqpyasemtmd:\mmﬁbﬁbys 1-ethyDup- | ncl ude
benzyl . o-ni { rob@Reyhprspl ! HORCAMEmRpedtl N QRERE A 'ﬂﬁﬁ'i[syl 1,1-

p- chlorobenzyl bg enzy g enzy

2- phenyl et hyl , Hgo ‘?}éyl L, dmethb’llla??@f:‘dut iphsn % opyl ,
(2, 6- di chl ohdqghenyl ) met hyI bi s(2, 6-di chl or ophenyl ) et hyI (4-

hydr ﬁxyplhenyl ) met hyl Thé ZEMi"BEE?OWHEHHﬁMude%5ﬁc§i phieth B84 N\uch
bi 5 p- met hoxhhei | CQE{'E"%%%%%% diid benzlyE SRGIEE bt Ve gi e
such as methanesu fonyl chlor:.de, benzenesu fonyl chlor:Lde,
1-butanesulfonyl chloride, ethanesulfonyl chloride,
isopropylsulfonyl chloride, and p-toluenesulfonyl chloride;
alkoxycarbonyl chlorides, such as methoxycarbonyl chloride
20 and benzyloxycarbonyl chloride; and dialkylaminocarbonyl
chlorides, such as N,N-dimethylaminocarbonyl chloride.
Preferably the acid chloride is a sulfonyl chloride. More
preferably, the acid chloride is methanesulfonyl chloride.
The compounds of the present invention can be prepared
25 by a number of routes. One method for preparing the formula
ITI compounds is shown in Scheme 1.

Scheme 1



WO 96/ 40691 PCT/ US96/ 09163

- 10- The term "aryl al koxy" represents a CJerr]-C4 al koxy group
beari ng one or nore aryl groups. Representatives of this group include
benzyl oxy, o-nitrobenzyl oxy, - p-nitrobenzyl oxy, p- hal obenzyl oxy (such as
p-chl or obenzyl oxy, p-bronobenzyl oxy, 5 p-iodobenzyloxy), 1- 8¥egylethoxy,

2- phenyl et hox WO %40691 phenyl propoxy, 4-phenyl but oxy,

2- met hyl - 2- phenyl pr opoxy, (2, 6-di chl or ophenyl ) net hoxy,

bi s(2, 6-di chl or ophenyl ) net hoxy, -(4- hydr oxyphenyl ) nmet hoxy,

(2, 4-di ni trophenyl ) met hoxy, di phenyl net hoxy, triphenyl nmet hoxy,

(p- met hoxyphenyl )- 10 di phenyl net hoxy, b+3gp- met hoxyphenyl ) net hoxy, bi s(2-
ni t rophenyl ) met hoxy, and the |ike. The term"thermal | y-1abile or

acid-labile C2-Gl.err

aryl ((err]-Cerr

renoved fromthe s

al kyl , Cerr]-Cerr] al kenyl, or
) group” represents a group t

8tRiS readily
flde SO group 15 under heat|n-_,

by treat nent

with the acid cat al%g er méiSRy- | abi g e
Cerr]-Cerr] alkyl groups ar str‘%tr‘g‘h‘t’or yl  gharms—havi ng
fromtwo to ten carhon at havi ng at t a- Bydr ogen
atom Represent at i thermal Ty- |§%I|e or RBici & > erF} al kyl 20
groups include ethyl, n-propyy, |-propyl 1, 1- di met hyl - propyl ,

n-butyl, sec-butyl, t-butyl, |nethylbutyl 2- met hyl but yl ,

3- et hyl butyl, 1- nethylbutyI”/l 2 dlnethylbutyl 1, 3-di net hyl butyl ,

2, 4- dlnethylbutyl 3, 26 ' , pentyl 1- met hyl pentyl,

2- met hyl pentyl , 3. m 4- nethylpentyl n- hexyl, and the |ike.
The thernally-labil: ac d- | |Ie CA-Cerr] alkenyl groups are

strai ght or branched al keny aiRzs having fromfour to ten carbon
atons, at | east one sitkt of unsaturation, and either a beta- hydr ogen or

del t a- hydrogen atom Representative thernally | abile or 30 acid-labile
g4 C{ﬁrlr] 2a|bkteny| Or @éRerhDL ) U@g ftarﬂﬁliﬁ'ﬂd coﬁﬁound iPebaB¥tted to a

met hy uten uten en
2- pentenyl, 3-pe '{Y‘er}!{i ig%éﬁtzb n Facgl?ﬁa NF' mercaptﬁn n?gg"ye )éomula
3- et hyl - 2- peht i5A3, 12? FrE?f’BFTesfﬂﬁén?fer?ylLewisn%?’rﬂrl The fomgmpeniihy|
3- net hyl - 3- pent ecaipouhdTes hyher3-cxaai g6y lto & s8pryIredultoxddeend eb;nbpund
3- et hyl - 4- pent ey | t nenyl . 2- hexenyl, 3-hexenyl,
4- hexenyl, 5- hex% f10 a% E‘% f}" %‘% b¢ £ ‘m‘%ltaeip toheror&laldl ywllle%télllnenora a
aci d-1abil e aryI(C[e RPFIELGRyYy 2 T i 1 an

Ry are as eflned above, is treated with a Lewis acid, such

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

15 R3 is as defined above. Preferably, the mercaptan and amine
base are added as a solution in the 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

20 65°C, preferably at about 50°C. The products of this
reaction can be purified using techmiques well known in the
chemical arts, such as by crystallization or chromatography.

The formula III compound, where R;, Rz, and R3 are as
defined above, is then oxidized to produce the formula II

25 compounds. Suitable oxidizing agents for this reaction are

peracids, such as peracetic acid and m-chloroperoxybenzoic
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-11- represents thernally-labile or acid-labile C2-Cferr] al kyl groups
additionally containing one or nore aryl groups and aryl - substituted
met hyl groups. Repr esent ative aryl (derr]-Cerr] alkyl) groups incl ude
benzyl, diphenyl net , triphenylnmethyl, p- 5 nmethoxybenzyl

2- phenyl et hyl , ‘% I - propyl, 3-phenyl - propyl, and t@ﬂ%@”‘l’he
term"thernally Iablle or acid- labile CJerr]-Cferr] alkyl, C4-Cerr]

al kenyl, or aryl(Cerr]-Cerr] alkyl) group having a tertiary carbon
atom adj acent to the sul fur atont includes, but is not limted to, such

groups as t- 10 butyl, 1,1-dinethyl propykl34, 1-di nethyl butyl, 1-ethyl-I-
met hyl propyl, 1,1-dinethylpentyl, 1-ethyl-I|-nethylbutyl, 1,1-

di et hyl propyl, laciadi aﬁ&ms}cﬂ%ﬁgh péfé;&fwyl @ﬁwyémdaeﬂoﬁ hf'eactmh' ks.

The term "aci d chl ari gﬁ I ncl, as acety

2hpdie, e
chlori de and ben2&H% olf‘f'ﬂén Eﬁl? cﬁf’ \ds a%lf(ﬂ‘}
met hanesul f onyl ReHhydede, cfuméges@mqmﬂor@hl @?l@@,bcn tetirduinlgmradel f onyl

chl ori de, et hanemdd enyérsémnri'sd@sed as ithepoRpyAs| taBYleddtidnl dg, and

p-t ol uenesul fsonyéﬁcéya_olg%d ried ‘Lfogty%ar %R@X% ‘-;‘Dﬁl or| dgﬁwsu%ta

met hoxycar bonyl and enzylox I o] @

di al kyl ami nocar RRAAE 15°C.c Rreferpily %Cﬁb‘a‘ét N|‘3L°§ rret'lﬂ";ﬁ QﬁPﬁ'é‘é"a? tﬁf-nﬁle
chl ori de. Predamrtibhyateeeagdily piwtioiiede by srecxudthdbyzatcidor i HeenRy e

preferably, the :?é”l!ib%ﬂii’r e ceyseihangs prbagyt &ﬂ"ltﬁ'iédfeactlon seq e
conpounds of the, rﬁ}?trag i nvention cgn be re]Bare 25 by a nunb ?

routes. One netht THHSRG ST e | | conpounds |s shown in
Scheme 1. 10 Scheﬁf@egg R3 has a tert:.ary carbon adjacent to the sulfur

atom, the Z regioisomer of the formula II compounds can be
prepared selectively by a route as shown in Scheme 2.

Scheme 2

R3SH 57 Ry Ry 3
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Generally, a benzyl alcohol, a formula V compound, is
reacted with a mercaptan of the formula R3SH to produce a

15

20 Dbenzyl 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
25 produce a styryl sulfide, a formula IIIZ compound. This
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-12- [err] . Cenerally, a fornmula I X conpound is
converted to a styryl sulfide by reaction with a nercaptan of the
formula 5 HSR3 in the presence of a Lewis acid. The forrmula |11

conpound is then oxidized to a styryl sulfoxide, a conpound f rmul a
Il conpound. WO 96/40691 \ 1y o specifically, a fornmula I X corrpouﬁgrmﬁﬁén?{e‘lgn

Rl err] and R2 are as defined above, is treated with a Lewis acid, such
10 as titanium(lV) chloride. This reaction is carried out in an
anhydrous organic solvent, such as dry tetrahydrofuran, at a

tenperature of about O[err]C to -about 35[el4{C. After about -fifteen

m nutes to about one hour, the reaction mxture is treated with an

ani ne base and @cypyLanianqal 14 Nochobala: HER.cnBR! Scill ZRAg! Sg@s dgf i ned

above. Preferabl t he r capt am ne base are added as a sol ution
in the reacti onp\é8p‘§%%ttr}%A%°Pm‘?$ae§&gsgﬁ%?ﬁ'%° am ne base is triethylam ne.

After the addi t | Bre dfirshestan dapthe ayerhadiscobade Z tyredction is
general | y heat egull Boxide Hompotnds i6f thbodbnviddsibn] 6£ 10 RAGYL alcohol to

5 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 R3SH, wherein R3 is a thermally-
labile or acid-labile C2-Cjq alkyl, C4-Ci¢ alkenyl, or
aryl (C;-Cyo alkyl) group having a tertiary carbon atom

10 adjacent to the sulfur atom, in the presence of a Lewis acid
produces the benzyl sulfide, a 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,

15 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 strong base to form

20 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

25 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 carried out at a temperature of
about -35°C to about -15°C.

30 The benzylic anion is condensed with a benzaldehyde to
prepare an intermediate condensation product. The

" benzaldehyde has the general formula Rj (CgHq)CHO, wherein Ry
is hydrogen, C;-C4 alkoxy, arylalkoxy, halo, or amino.

Preferably, the benzylic anion is prepared and the
35 condensation product is formed in situ by adding the
benzaldehyde to the cold solution of the benzylic anion.



20 65[err]C, preferably at about 50[err]C The products of this

reaction can be purified using techniques well known in the chem cal
arts, such as by crystallization or chromatography. The formul a
I'l'l compound, where Rerr], R2, and R3 are as defined above, is then
oxi di zed to produce the fornula 1 25 conpounds. Suitable OXIdIZhd% agents
for this reactWQP86% peraci.ds, such as peracetic acid

m chl or oper oxybenzoi ¢ WO 96/ 40691

PCT/ US96/ 09163 - -13- acid, and

hydr ogen peroxi de. This oxidation reaction is typically run in an
organi ¢ solvent, such as toluene, net Ryd-ene chl oride, chloroform or
carbon tetrachl ori de. When a peracid is used as- the oxidant, the

about 15[err]C, preferab y at cts O

reaction are easALPTHER ¥ SFOGYCE AY \InLSRE ﬁStWﬁen lﬁ@”"e’;en'{*ast-"*f"ﬁbut yl,
t he crystalli ne gmidddolomifdeishinclede tacyid shrpﬂntes such sast heetyl eqi 0| somer

of fermula Il. j&londe M@%eﬁ%oﬁfscrﬁdr’iﬁ %Mf%{z@()@hféylﬁggnt stéh

sul fur at.om Z r]}%’;@' sogg ’s‘#ow?? orrrul Qﬁp ds can

prepared sel €t i _r SPEERGSR chlori Sch%ne 2 15

[err] - butanesulfonyl chloride, ethanesulfonyl chlor:.de,
isopropylsulfonyl chloride, and p-toluenesulfonyl chloride;
alkoxycarbonyl chlorides, such as methoxycarbonyl chloride
and benzyloxycarbonyl chloride; and dialkylaminocarbonyl

10 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.

This intermediate ester is reacted with a second strong

15 base to produce a styryl sulfide, a formula IIIZ compound
where Ry, Rz, and Rz 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;

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

25 1is carried out at about 15°C to about room temperature,
preferably at room temperature.

The styryl sulfide is oxidized to prepare the
corresponding styryl sulfoxide. Suitable oxidizing agents
for this reaction are peracids, such as peracetic acid and m-

30 chloroperoxybenzoic acid; organic peroxides, such as t-butyl
peroxide; and hydrogen peroxide. Preferably the oxidizing
agent is peracetic acid. This oxidation is typically carried
out in an organic solvent, such as toluene, benzene, xylene,
methanol, ethanol, methylacetate, ethylacetate, methylene

35 chloride, 1,2-dichloroethane, or chloroform; preferably
methylene chloride. This oxidation can be carried out at a
temperature of about -40°C to about 0°C.

reaction is 5 genergily, o?ﬁe&x'sﬁgl&k‘tm%&l@t i:{ fﬁEH&ew%h %QOH{::L? 30[err]Cto



General ly, a benzyl alcohol, a fornmula V conpound, is reacted with a
nmercaptan of the fornmula R3SH to produce a 20 benzyl sulfide, a fornula VI

conmpound. This benzyl sulfide is reacted with a strong base, formng a
benzylic anion, which is condensed with a benzal dehyde. This

condensati on ﬁroduct Is reacted with an acid chloride arllg,rlhhe rle6§ul ting
intermedi ate EPW4%Hcated With a second strong base to 25 b

styryl sulfide, a formula Il11Z corrpound. Thi s WO 96/ 40691

PCT/ US96/ 09163 -14- styryl
sulfide is then oxidized with an oxi dizi ng agent to produce the formul a
|1 Z conpound. The first step in +b& synthesis of the Z styryl

sul f oxi de conpounds is the conversion of a benzyl alcohol to 5 a benzyl

sul fide, fornula VI gmatcivewe vFrf'e%Chh%§fa Eaeuaryf&rfwhaaaqa%%eouad
where R2 is as def “:g?abo e formu

wherein R3 is a %, atom, Flé%lh?eé‘zéﬁl %H%‘%DaBPFEt’@Q t& Aforpyda VI
c4-Cerr] al kenydompound) caar Pe( Ted rdo Gredude nybcyuge(n#) Ehandng samersi ary
carbon atom 10 ﬁdjcaseéeyxtyq sherski dey, ahentommtah@xpé&msof PhilseW S

d Vi d. S bl
s aci ot BB F N o bt S BDRE om0 o me T ehort e,

zinc iodide, ferric chloride, titaniun(lV) chl oride, al um num
trichloride, andsehem&i um tribrom de,

S/R3 S/ Ra Ry
i e
R O
2
X
S -R3
Ry A R,
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The benzyl sulfide, prepared as described above, is
oxidized to produce the corresponding benzyl sulfoxide. This
benzyl sulfoxide is reacted with a strong base, and the
resulting anion condensed with a benzaldehyde. The

15 condensation product is reacted with an acid chloride and the
resulting intermediate ester reacted with a second strong
base to produce the styryl sulfoxide.

The benzyl sulfide, the formula VI compound, wherein Rs
is as defined above and R3 is a thermally-labile or acid-

20 labile C3-Cj3p alkyl, C4-Cig9 alkenyl, or aryl(C1~Cip alkyl)
group having a tertiary carbon atom adjacent to the sulfur
atom, is oxidized to produce the corresponding benzyl
sulfoxide, formula X compound. Suitable oxidizing agents for
this reaction are peracids, such as peracetic acid and m-

25 chloroperoxybenzoic acid; organic peroxides, such as t-butyl
peroxide; and hydrogen peroxide. Preferably the oxidizing
agent is peracetic acid. This oxidation is typically carried



15 preferably zinc iodide. The reaction is generally carried out in
an organi c solvent, such as 1, 2-dichl oroet hane or nmet hyl ene chl ori de.
Wien the reaction is carried out at room tenperature, the reaction is
conpl ete after about 18 hours. . The benzyl sulfide is reacted with
a strong base to form20 a benzylic anion. Suitable stron for this
reaction iePHHS et al al koxi des, such as sodi um net hoxﬁ’&g‘ﬂ%@%‘lf %

et hoxi de, |ithium ethoxi de, i thiumt- but oxi de, and pot assi um

t - but oxi de; sodi um hydride; and al kyllithiuns, such as n- butyl lithium
t-butyllithium sec-butyllithium and 25 nethyllithium The preferred
strong base for this reaction IS n-but@7-i t hium The preferred sol vent
for this reaction is dry tetrahydrofuran. When n-butyllithiumis used

as the st fO“SutbaﬁﬁantB 4r53C kb PPen s, Csf‘ifdh' gd uedle, abéx@‘i@f‘é aE%&'i@an
about -35Cto about

e lic anion is con
benzal dehyde to ™ g‘path%fholi nf“gfﬂ’é (?Ona@i%]:ftci kj
benzal dehyde haschirrigenetak- dmhﬁgraeqwener,] mmmomwmﬁﬁm ]Bt a is

hydr egen, C[ er r] t o MaEQXY, ofilaboak koxgec kal abody sam no. Preferably, the
benzylic aniof is pregar copiensat & ‘fb“@ oK

situ by adding the bggggfgeﬁaggﬁ?%ei he co?g |°§ﬁa§%hé€ee g?

ani on. Bp a1 A§cdetined above, is reacted Wlth a strong base to

PCT/ US96/ 09163 produce a benzylic anion. Suitable stredhy bases for thike
condensati on progh‘&éuo‘h Lheah&d bl Atk éﬁs. sull| £ 's@ﬁf.\tug n%ﬁﬁi:!ﬁﬁe?”

I nt ermedi ate est er Sen acl €S 1 nc e ac

chlorides, such 58 h‘f%t °x"é‘etﬁ11(’5F‘F'H’§ %YF&P’B@I?ZO@?‘ tBRe °’§‘tﬂ¥oﬁ§‘lﬂ
chlori des, si¢h net&ssivst mah'emmft?@mymdm:mhy@e‘;dberﬂléu@imtlfxmyd chichr mde,

1- but anesul hopyty 108k LEE, c%h_ﬁme&mmy lseehb@fyd@chium, and
| sopr opyl sul fonyhfﬁxts}lgf t‘ilﬁ.\xmanéjndjmteg%\gox C&aér Ol¥th % %rodgum amide,

al koxycar bonyl su€h

benzyl oxycar bony PagRe I 411 aPRECRVARRY AR N %&ﬂgBh‘j}‘f‘ %SEHF‘BPYJGREI@:desuch as
N, N- di net hyl am n@beripcrfdrrell| basel€or this transformation is n-butyllithium.

15 This deprotonation reaction is carried out in a dry organic
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(CgHyg)CHO, wherein

20 R; 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 '
diastereomeric mixture of condensation products may be
isclated, or preferably used in the next step without

25 isolation.

The condensation product is optionally treated with a
base, such as n-butyllithium, and reacted with an acid
chloride. Representative acid chlorides include acyl
chloridesg, such as acetyl chloride and benzoyl chloride;

30 sulfonyl chlorides, such as methanesulfonyl chloride,
benzenesulfonyl chloride, l-butanesulfonyl chloride,

. ethanesulfonyl chloride, isopropylsulfonyl chloride, and p-
toluenesulfonyl chloride; alkoxycarbdnyl chlorides, such as
methoxycarbonyl chloride and benzyloxycarbonyl chloride; and

35 dialkylaminocarbonyl chlorides, such as N,N-
dimethylaminocarbonyl chloride; preferably a sulfonyl
chloride. The acid chloride is added to the cold reaction



preferably a sul fonyl chl oride. Preferably, methanesul fonyl chloride is

added to the reaction m xture shortly after formation of the
condensati on product. This internediate ester is reacted with a
second strong 15 base to produce a styryl sulfide, a fornula I11Z conpound
where Rl, R2, and R3 are as defined above. Suitable strong sﬁﬁﬁf for
this reacti onWh¥4MPE netal al koxi des, such as sodi um $s0di um
et hoxi de, lithiumethoxide, lithium t - but oxi de, and potassi um

t - but oxi de; sodi um hydride; 20 al kyrlithiunms, such as n-butyllithium
t-butyllithium Sec- butyllithium and nethyllithium and netal am des,
such as sodi um am de, magnesi um di i sopa®pyl am de, and |ithium

dii sopropyl anm de. The preferred strong base for this reaction is

pot assi um t - but Qi re CRORLAlKY, rdi R 4 rﬁaﬁﬁkeu“rgﬁé iliéﬁéd 9&’: q;&.ma{:oabout
15C to about room tenperat ure, é at roo? EF

The styryl sul fixRP™ SSERETRAEE t o ’Eé%’r}?ﬁ%&yrh anesy F%’%‘% yESI
sul f oxi de. Sui t saddedokpdibke mpaggeen snixturfeophohtly edseri tormatdopepictis,

such as peracet i gorfenda@iléh Brodlce) | vHiIE MDY €haChébd MYJAAAC

per oxi des, such a?@dlttlgﬁgi'lbase peroxi de; and hydrogen peroxide. Preferably
t he OXIdIZI ng agen eracetic acid. This oxidation is tygl cally
carried out in aﬁT‘SrﬁﬁH]@:‘%I iRtrrmediakeaestey dénsecapkst aHdh Ryl ene,

met hanol , et hancdeconet bytasethake, tetgnddnet ahe, E naidhyl eogrndb sxﬂlflost&ade,

1, 2-di chi or oet hap@emQ ‘if"éﬁn@o@lhﬁ% M@Eé?rl?&b'ﬁ(z, and"R} ha\ﬂ:le.EQg abkprdge. This
OX|dat|on can be carried out at or;perature of -40s[err]Cto

about OC. abo SALS) gggafﬁgfftatlve second strong bases or thi
PCT/ US96/ 0918 elimination reaction include metal alkikgides, such as sodium

Al ternatively, VMthQdEﬁss&dﬂtﬁf bLR6Yide) uqrah@dma@smmae 11 tiHIQuS ¢l-f ur
atom the benzyl éég)g‘lg %ro%gglsa&g éfb%rt@c];g? Soqlu(;h Fygﬁﬁidxcan be used |

to produceamx ure o i des, the
fornula Il corrpo%H%hFhF% FPchhasi 8-hutyddi Fhien |t|TbS§lﬁbhaeﬂBlm“' sec-

butyllithium, and methyllithium; and metal amides, such as

15 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

20 to about room temperature, preferably at room temperature.

The intermediate styryl sulfoxides are useful for the

synthesis of 2-arylbenzo[b]thiophenes as shown in Scheme 4.

Scheme 4

Generally, the intermediate styryl sulfoxide compounds
are heated and treated with acid catalysts to produce the
30 formula I compounds. Suitable acid catalysts for this
reaction include Lewis acids or Brensted acids.

25

Representative Lewis acids include zinc chloride, =zinc



Schene 3 [err] 10 The benzyl sul fide, prepared as
descri bed above, is oxi di zed to produce the correspondi ng benzyl

sul foxi de. This benzyl sulfoxide is reacted with a strong base, and the
resul ting ani on condensed with a benzal dehyde. The 15 condensati on product
Is reacted with an acid chloride and the resulting internedi ate ester
reacted with aVoSHHER st rong . base to produce the styryl E

The benzyl sulfide, the formula VI conpound, wherein R2 i s as defined
above and R3 is a thermally-labile or acid- 20 labile C2-Clerr] alkyl,
C4-Clerr] alkenyl, or aryl (C(Jerr]-Clerr] alkyl) group having a
tertiary carbon atom adj acent to the sulfwi9- atom is oxidized to
produce the correspondi ng benzyl sul f oxi de, fornula X conpound.

Sui t abl e OX'd'z'ngﬁﬂfnéﬁuﬁﬁﬁmgﬁgP%§§§en§%?%aggﬁﬁ&ﬁnﬁﬁkﬁﬁhgs such as

peracgetic acid and organi ¢ peroxi des, such
as t-butyl pRFRGSRBE 2SS BAATSEEH Betbkiiaeciuee PR HRATIERY Ct #REdSKi aRShng
agent is peracet as sadifohri€hasd phiatphiooic iscidspi catbexydarer reilds, such asWO

96/ 46691 acetic and trifluorcacetic acids; sEﬂéﬁ@@c@@é?%ueh as
5 methanesulfonic, benzenesulfonic, l-naphthalenesulfonic, 1-
butanesulfonic, ethanesulfonic, 4-ethylbenzenesulfonic, 1-
hexanesulfonic, 1,5-naphthalenedisulfonic, l-octanesulfonic,
camphorsulfonic, trifluoromethanesulfonic, and p-toluene-
sulfonic acids; and polymeric arylsulfonic acids, such as
10 Nafion®, Amberlyst®, or Amberlite®. The more preferred acid
catalysts are sulfonic acids, such as methanesulfonic acid,
benezene-sulfonic acid, camphorsulfonic, and p-
toluenesulfonic acid. The most preferred acid catalyst is p-
toluenesulfonic acid. Typically, a solution of the acid
15 catalyst in organic solvent, such as toluene, benzene,
xylene, or a high-boiling halogenated hydrocarbon solvents,
such as 1,1,2-trichloro~ethane, is heated to about 80° to
about 140°C, and treated with a solution of the styryl
sulfoxide in the same solvent. An excess amount of the acid
20 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.
Furthermore, best yields are obtained when the styryl
sulfoxide is slowly added to the heated acid solution over a
25 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
reaction is purged with purified nitrogen.
The formula I compounds are useful as intermediates in
30 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-
aroyl-2-arylbenzo[b]thiophenes, as well as methods for their
preparation from the formula I compounds. An improved
35 synthesis of a group of these 3-aroyl-2-arvlbenzo({b]-
thiophenes from the formula I compounds, wherein R; and Ry are
hydrogen, C1-Cq4 alkoxy, or arylalkoxy, is outlined in



-17- out in an organic solvent, such as toluene, benzene, xylene,

net hanol , ethanol, nethylacetate, ethylacetate, nethylene chl ori de,

1, 2-di chl oroet hane, or chloroform preferably at a t enperature of about
-30[err]C to about 5[err]C 5 The benzyl sul foxide, formula X
conpound wherein R2 and R3 are as defined above, is reacted with a
strong base t 09614089t oduce a benzylic anion. Suitable stronBCHUPI} {hjs
reaction include nmetal al koxides, such as sodi um net hoxi de, sodi um

et hoxi de, |ithium ethoxide, l|ithium-t-butoxide, and 10 potassi um

t - but oxi de; sodi um hydride; al kyllithiuns, such as n-butyl i thium
t-butyl lithium sec-butyl lithium and =-20+ethyllithium and netal

am des, such as sodi um am de, magnesi um di i sopropyl am de, and |ithium
di i sopropyl am dgcheme sthe preferred base for this transformation is
n-butyllithium 15 This deprotonation reaction is carried out in a dry

organi c sol vent, such as tetrahydrofuran or 1, 2-di net hoxyet hane, at a
t enperature of &oheme-P5C, The benzylic anion is condensed,
wi t hout isolation, with a benzal dehyde conpound of the fornmula

p-Rlerr] (CoH err]) CHQ
about one equival en
prepared as des
di ast ereoneri c m¥rur A
preferably used in the next ste
condensation product is joptiona erf ed with gﬁe>~sdhq%$s

n-butyllithium and reacted with an acid chl ori de. Represﬁg% ive acid

> d

chl orides include acyl chlori ch_qs acetyl chl3%ide benzoyl
chl oride; 30 sulfonyl chlorides, Zg‘ﬁéﬁﬁa E3R4 fonyl chlori de,
onyl ¢¥lo rde, et hanesul f onyl

benzenesul fonyl chl orj de,
chl ori de, isopropy and p- t ol uenesul fonyl chl ori de;
met hoxycar bonyl chl ori de and

al koxycar bonyl chl ¢
benzyl oxycar bonyl i al kyl am nocar bonyl chlorides, such as

erein 20 Rerr] is as defined above. Preferably,
fe benzal dehyde i g, added to the cold solution
parecedi ng par §{gr . The resul ting

N, N- di met hyd amhocar®on chl pride; preferably a sul fonyl
chloride. The acid chlgggde i s€ad ﬁg t he cold reaction
5 I

The benzothiophene Formula I compound, wherein R; and Rp
are hydrogen, C1-C4 alkoxy, or arylalkoxy, 1s acylated with
the formula XI compound, wherein Ry is chloro or hydroxy, in

10 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 as chloroform, methylene
chloride, 1,2-dichlorocethane, 1,2,3-dichloropropane, 1,1,2,2-~
tetra-chloroethane, 1,2-dichlorobenzene, chlorobenzene, and

15 fluorobenzene. The preferred solvent for this synthesis is
1,2-dichloroethane. The reaction is carried out at a
temperature of about -10°C to about 25°C, preferably at 0°C.
The reaction is best carried out at a concentration of the
benzothiophene formula I compound of about 0.2 M to about

20 1.0 M. The acylation reaction is generally complete after
about two hours to about eight hours.

When R; and/or Rz is a C3-C4 alkoxy or arylalkoxy group,
the acylated benzothiophene, is converted to a formula XI
compound wherein Rg énd/or Ry are hydroxy, without isclation

25 of the product from the acylation reaction. This conversion
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- 18- m xture, then the resulting mxture is allowed to warmto

room tenperature. Preferably, methanesul fonyl chloride is added to the
reaction mxture shortly after formation of the condensation pr oduct,
which elimnates the need to add 5 additional base. he resulting
i nt er medi at e WOPEM0PL reacted with a second strong base"C(Té PS308a¢ce the
E and Z styryl sulfoxides, formula Il conpounds where Rl, R2, and R3
are as defined above. Representative second strong bases for this 10
elimnation reaction include netal al koxides, such as sodi um met hoxi de,
sodi um et hoxi de, |ithium ethoxide, |ithi @i~ but oxi de, and potassi um
t - but oxi de; sodi um hydri de; al kyl I'i thiums, such as n-butyllithium

ts ?’Et )6/1|8| '1'[5h' ggld 1§e§%rrﬁonéte§%3yLédéll?xguahdﬂ%digt Bt t&ﬁ%&haédof'%%nam des,
u u iU |

di i sopr opyl ami d(% %@%ﬁe?@g‘é g#’% %ﬁq%gf’ q'T“Bf t?B#eralgzys two
pot assi um t - but &§%i five modteremiivalenpeetrharey, teihgigie are gdded to the
equi val ents, of reiecEar aldt oS st pedeskaionehadd nolar e&ﬂi@aiéiﬁ:%t ion is

carried out at g.Peraf’%eJc@Egﬁ é’fcﬁ%ﬂ% éli\?é el bCe é&é&&'}% u%f ?ur%&

t enperat ure, ~pr rrg
styryl sul f oxi d&8 %P@‘%é@?%l prgerphly at é"§rﬁ~he§1‘§ E‘Fac"-mn is gengrally

2-aryl benzo[ b] t komphetree afasr sdtmwt 4N tSCh@ movds . Schne 4 25

S-R3 [err]. The acy @'ﬂ@é thBR &DRETRA A ActlinlYhe 2l f OXI e
conpounds are _heated and t %Ej ¥¥| %sc cat al sts 0 produce the 30
formula | conpodfas® %l"tsag?%“% Wity t 9hi% mixture et on incl ude

Lewi s aci ds18r BAfehrelmst Sditalhlis alcohols for use in quenching the
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

15 reflux, preferably at reflux. When the quench is performed
in this manner, the Formula XII compound conveniently
crystallizes from the resulting alcoholic mixture.

Generally, 1.25 mI, to 3.75 mL of alcohol per millimole of the
- benzothiophene starting material are used. '

20 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
so construed. All experiments were run under positive
pressure of dry nitrogen. BAll solvents and reagents were

25 used as obtained. The percentages are generally calculated
on a weight (w/w) basis; except for high performance liquid
chromatography {(HPLC) solvents which are calculated on a
volume (v/v) basis. Proton nuclear magnetic resonance
(14 NMR) spectra and 13C nuclear magnetic resonance spectra

30 (13Cc NMR) were obtained on a Bruker AC-300 FTNMR spectrometer
at 300.135 MHz or a GE QE-3OO spectrometer at 300.15 MHz.

. Silica-gel flash chromatography was performed as described by
Still et al. using Silica Gel 60 (230-400 mesh, E. Merck).
Still et al., J. Org. Chem., 43, 2923 {(1978). Elemental

35 analyses for carbon, hydrogen, and nitrogen were determined
on a Control Equipment Corporation 440 Elemental Analyzer.
Elemental analyses for sulfur were determined on a Brinkman



Representative Lewis acids include zinc chloride, zinc WO 96/ 40691
PCT/ US96/ 09163 -19- i odi de,

at um num chl ori de, and al um num br om de. Representative Br[err]nsted
aci ds include inorganic acids, such as sulfuric and phosphoric acids;
carboxylic acids, such as acetic and trifluoroacetic acids; sulfonic
aci ds, such aWORsM4¢88% hanesul f oni ¢, benzenesul f oni c, 1-naphtﬁEW@§ﬂﬂRﬁqonic,
1- but anesul foni ¢, et hanesul fonic, 4-ethyl benzenesul fonic, 1-
hexanesul foni ¢, 1, 5-napht hal enedi sul'foni c, 1-octanesulfonic,

canmphorsul fonic, trifluoronmethanesul fonic, and p-tol uene- sul fonic
acids; and polyneric arylsulfonic acids, sa&h as 10 Nafion[err],
Anberlyst[err], or Anberlite[err]. The nore preferred acid catal ysts

are SuLToni o ackor siilieosMEASANI L P 2CMi1ing dARELCRESULfon o

aci d, canphorsul ?OI’]I fqQnic aC| nost ef erred
acid catal yst i8® emm %t &PU%%%lﬁllaﬁﬁl Ea%’ill T1R5 PR f Mel 'ge%lﬁ E3R9t he
acid 15 catal ypolmtn aprgaetus sot \eeMettiec FRE2 Pokopatsic Hevszeweent, andy| ene,
T 1azhlt gh- E|OI i agehaid&&@@ted P@c—.{l@aag%}?ﬁggﬁteﬁ%s spect&ﬁcfom&so ) were
ric ro a 0 abou 0 an

treated wt hga 8%{;@ 1'|peodn v n?h% ‘Zﬁf nl gnStrumﬁnftgx e7?asbét) %énéﬁi vent. An
excess anount ofagHSRRALFOMGLeEat d‘llyi@t resolfd@n Sree atan Pmmﬂtval ents
of the acid. maEorsgairar ¢ SNENS) were ébtwinetDRetnd ratvayiaafl Ihdwieaitsi ng

compound i s aboyl £ad] #msgbg#éc@mé‘e% Lpreferably 0.05 M
S

Furt hernore, best yiel are obt al ne en the sté ¥I sul foxide is

slowly added to the TR&itidd SAEP Y LR}% PENC TRENXYZ8-142ri od of about 20
m nut es to difoumetheaelenylsbenfoiblithibphene vesel tistermisiedubly Wigler i s

removed fromt hgew@ﬁm aehuiaocihmmatbyram@ Lﬁ@x.@i fo [RARaP 86K dd @R Or
Soxhl et extract 05 hg& ) gatc}g on | S lpﬁg >d areg I%%“u%%e%nétr()gen
The formula | r‘rﬁoun arag'puse?ul TR HEd atB 2%t hesi s of
a series of 3- arsbfth%Ueﬁﬁ%ﬁﬁo[bfee U. s ??ﬁ%éﬁes‘* @3381I§at efeneysdly,
4,133,814 and 4 s4#8lE&5G%Hf WhieC Beaction mixture was diluted with acetonitrile
15 and the diluted sample assayed by HPLC using a Zorbax RX-CS8
column (4.6 mm x 25 cm) with UV detection (280 nm). The
following linear-gradient solvent system was used for this

analysis:
20 Gradient SOIvent System
Time (min) A (%) B (%)

0 50 50
2 50 50

25 20 . 20 ) 80
35 20 80
37 50 50

45 50 50

30 A: 0.01 M aqueous sodium phosphate (pH 2.0)
B. acetonitrile

The amount (percentages) of 6-hydroxy-2-(4-
hydroxyphenyl) -3-[4- ({2-piperidinoethoxy)benzoyl] -
35 Dbenzolblthiophene 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



are incorporated herein by reference, described these 3-
aroyl - 2-aryl benzo[ b] t hi ophenes, as well as nethods for their
preparation fromthe formula | conpounds. An inproved 35 synthesis of a

group of these 3-aroyl-2-aryl benzo[ b] - t hi ophenes fromthe fornula I
conpounds, wherein Rl and R2 are hydrogen, Clerr]-C4 al kox or
aryl al koxy, isWB86/46ped in WO 96/ 40691 PCTAUSI6N3163
PCT/ US96/ 09163 - 20- Schene 5.
Schene 5 _ [err] -

-23-

75 mM potassium phosphate buffer (pH 2.0) and acetonitrile.
An aliquot of this solution (10 p L) was assayed by high

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

5 (280 nm). The following gradient solvent system was used:

Gradient Solvent System (Potency)

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

15
A: 75 mM RHPO4 buffer (pH 2.0)
B: acetonitrile

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

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

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

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

35 ionization detection. The column temperature was heated from



The benzot hi ophene Fornmula | conpound, wherein R err] and R2 are
hydrogen, ([err]-Cerr] al koxy, or arylalkoxy, is acylated with t he
formul a XI conpound, wherein R7 is chloro or hydroxy, in 10 the presence of
boron trichloride or boron tribrom de; boron trichloride is preferred.
The reaction can be carried out in a variety of organic solvents, such
as chl or of or MWoR&48§tene chloride, 1,2-dichloroethane, PCT/US96/09163

1, 2, 3-di chl oropropane, 1,1, 2, 2- t etra- chl or oet hane,

1, 2-di chl orobenzene, chl orobenzene, and 15 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 -240[err] C to about 25[err]C,
preferably at O[err]C. The reaction is best carried out at a

conoent rati on ofsiheec, 23 BENGGLYT PALCASLOr Wik CORRPUAbAE SPU gne M

to about 20 1.0 I on reac gener

about two hours Y?Fzﬂﬁ&&Fm%$?ﬂn G&WEarls°n to th%VkﬁFqQPa an%ﬁ64€§|
Cerr]-C4 al koxybwramalyl. al koxy group, t he acyl ated benzothlophene, i's
converted to a fornmula Xl conpound wherein Rerr] and/or R err] are
hydr oxy, w thout isolation 25 of the pr duct1f59n1the acyl ation reaction.
Thi s conversidn WO 96/ 40691 e

PCT/ US96/ 09163 E-t-Butyl 4,4'-Dimethoxystilberg/l Sulfoxide perf or ned

by addi ng addi tional howpeapifatipdn & antbmi@u 4,4 IDikic kgt Bkriaat i ng
the reaction m xture. Preferably, two ve nol ar equi val ents of
boron trihalide are added to the reacPlon m xture, nost preferably
three nol ar equivalents. 5 This reaction is carried out at a tenperature of
about 25[errlC t & aboutidd |t de€oxpareisiabl(y2 a82 | &nr t & raly@iroéatdn on
SalTonoracy (PR SRR Stpciutaf LBl s Y 8
or a mixture 01}/ ﬁbr g‘ 5% pw’ﬁﬁ F&BFEE?}P @(ﬁngﬁga‘?lo‘g" @gp ﬁh#f@r?cﬁn €t he
reaction incl udergestigmomixearemas cantied sispmepnrin the tmmeatamwbelm
acyl ati on/ deal kyBstd.onup&R ol el Xadd£rich, the afkdrd thifgamBifrenivaur e of
et hanol and pEt h@@?iréé”étew%‘.o' l\fter an additional 30 minutes, this
mixture was treated with a solution of 2-methyl-2-propane-
thiol (6.76 mL) and triethylamine (16.70 mL) in tetrahydro-
furan (15 mL). The resulting mixture was stirred at 50°C.
After two hours, the mixture was added to ten percent sodium
20 carbonate (500 mL). The resulting mixture was extracted with
methylene chloride. The combined methylene chloride extracts
were dried over magnesium sulfate, filtered, and concentrated
in vacuo to give 17.2 g of an oil, which crystallized upon
cooling to room temperature. This crystalline material was
25 recrystallized from hot ethanol to give 12.3 g of the title
compound. Melting point 71-73°C. :
Analysis calculated for CaoH2402S: C, 73.13; H, 7.36; S,
9.76. Pound: ¢, 73.37; H, 7.51; 8§, 9.87,

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

The crystalline compound prepared as described in
Example 1A was dissolved in toluene (150 mL), and the
35 resulting solution cooled to 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 mixture was



- The 3A ethanol can be at roomtenperature or heated to 15 refl ux,

preferably at reflux. \Wen the quench is perforned in this manner, the
Forrmul a XIl conpound conveniently crystallizes fromthe resulting

al coholic m xture. Generally, 1.25 nL to 3.75 nL of al cohol per

m | 1inmole of ;Be benzot hi ophene starting material are UESQH?%8963

The foll ow ng Ls further illustrate the pr esent I v |0A. The
exanples are not intended to be limting to t he scope of the invention
in any respect, and should not be °~ so construed. Al experinments were
run under positive pressure of dry nitrogen. Al solvents and reagents
were 25 wused as obtained. The percentage?s-are generally cal cul at ed on
a weight (ww) basis; except for high performance |iquid chr omat ogr aphy

(HPLC) sol vent s ewbiadtedl @ieh! Sad A& d0Bodium su\lczhuer&m{dllbt)mleasime Proton
nucl ear magnetua 5 Toly % (gﬂdgwl%?gggcﬁ? Qra%ﬂg 1 %&’?‘%% “Egnetlc

resonance spectra arned on a Bruker
spectronmeter  YegFY 1335‘1!\/15&% rethvdracgtaisy hepEare die@dveats 330919EMHz .

Silica-gel flashkhehtiris egmppinyd waMdleingrpemtadodesddebed by Still et
al . using Sikica Celabhyedd0cdflritels cbr Slos: ¢, E174; @l Aloa, 3, OO
Chem , 2923 (é??S) El enental 35 anal yses c%) ‘hydr ogen, “and
nltrogen were dérdrm deynd:  Gn 68 &t Pol  EHi § r'reﬂt rporation 440

El emental Anal yzer. El ement al anal yses for suI fur were determned on a
Br i nknan WO 96/ 40691 Example 2

PCT/ US96/ 09163 lorimetric
El emrental Anal yzer. Mel t| ng Bm:Ynt s’ vver metho’a'sulbe%f Sulf(? é%o | ass .
capillariesi®n a Mmel -PferﬁfqPPrﬁ’éWfPrﬂf E-Bupl r-Mebparwbenzydr Salﬁzech | er FP62

Automatic instrument, and are uncorrected. Field desorption nass
spectra (FDVE) were é:ﬁ@&ﬁ&@esfum&& BLAAN LABLRYITENIR 145, { e 23hc VG
ZAB- 3F mass .spectr er. g@reso uti on faree é gda
nmass spectra (Fﬁ@%é \Agﬂz o alhetr Ardirglarapang (4 Qr"EHEH’F§ treated
with 2-methyl-2-propanethiol (9.92 mL) in one portion. The
15 resulting mixture was stirred at room temperature. after
about 18 hours, the reaction was diluted with water (100 mL)
and methylene chloride (100 mL). The organic phase was
removed, dried over magnesium sulfate, filtered, and
concentrated in vacuo to give 14.4 g of an oil.
20 1§ NMR (CDCl3): &7.28 (d, 2H), 6.85 (d, 2H), 3.77
(s, 3H), 3.73 (s, 2H), 1.36 (s, SH).
13c NMR (CDCl3): 8130, 114, 56, 35, 32.
Analysis calculated for C33H;80S: C, 68.52; H, 8.63.
Found: C, 68.8; H, 8.67.
25

B. Preparation of Z-t-Butyl 4,4'Dimethoxystilbenyl Sulfide

A solution of the compound prepared as described in

Example 232 (2.51 g) in tetrahydrofuran (50 mL) was cooled to

30 about -20°C. This cold solution was treated with a solution
of n-butyllithium in hexane (1.6 M, 7.47 mL} over ten
minutes. The resulting solution was allowed to warm to about
0°C over 35 minutes. This cold solution was treated with p-
anisaldehyde (1.46 mL). After an additional 15 minutes, the

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



VG ZAB- 2SE mass spectroneter. The in situ yields of
6- met hoxy-2-(4- 10 net hoxyphenyl)benzo[ blthi ophene were determ ned by high

performance |iquid chromatography (HPLC) in conparison to an aut henti c
sanpl e of this conpound prepared by published synthetic routes. See
U.S. Patent No. 4,133,814. Cenerally, sanpl es of the reaction m xture
was diluted WVOPMBS1 onitrile 15 and the diluted sanpl e asBGIESPIN6EP C
usi ng a Zorbax RX-C8 colum (4.6 nmx 25 cn) with UV detection (280
nm . The followi ng |inear-gradi ent solvent systemwas used for this
anal ysi s: 20 G adi ent Sol vent System

Time (mn) A (9N B (% -26- 0 50
50 2 50 50 25 20
20 8 : : ; :

37 Qeaction mixture was t"i%ated with a soggtlon oprotasgg\im I\ﬁ

0 . . 50 45 5 50 0 : .

aqueous sodi um %‘l‘ﬁ?ﬁhﬁ? &y fatsapydrofuran ?159 M, d‘gef)o’ﬁr’r’t'ri péter an The
anount (per cent #§dd}iofalo-4% tioutes- the reaction was quenched by the
Eygr oxmohe_mél ) - 34 tien mﬂtoqlui ﬁymﬂl@ﬂhlbsaz&ydﬂz.o?ﬁx,) bengl 'a]égtghi?@heng .
ydrochl ori in stal | ipe eri.a at.enc s rmin y
the foll ow n§ nﬁhﬁgg.&éyss%rgged’n%%fdt RESE r‘?ﬂ#‘gﬁsﬁﬁﬂeg‘gﬁﬁ'( lﬁb?r%és
wei ghed into a POG gpncentragedyhetan @ifll 44k4 @nd dissolved in a 70/30 (v/v)
m xture of H NMB d6PQDES186 7.95 (4, H), 7.05 (s, H}, 6.9 (4, H),
PCT/ US96/ 09163 ¢ g (aa, 2m), 3.75 (s, 3H), 0.95 (s, 9H).

13c NMR (CDCl13): & 153, 139, 137, 114, S6, 32.
i0 : '

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

Sulfoxide

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

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

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

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

35 1§ NMR (CDCls): 87.28 (d, 2H), 6.85 (d, 2H), 3.77

(s, 3H), 3.73 (s, 2H), 1.36 (s, 9H).
13¢ NMR (CDC1l3): & 130, 114, 56, 35, 32.



-23- 75 nmM pot assi um phosphate buffer (pH 2.0) and acetonitrile.

An aliquot of this solution (10 p.L) was assayed by high per f ormance

| t qui d chronmat ography, using a Zorbax Rx-C8 colum (25 cmx 4.6 mm I D,
5 p.particle) and UV detection 5 (280 nm. The follow ng gradi ent sol vent
system was used: G adi ent Sol vent Systeqk&Potencxg

Ti me (nin) WO AG/4069) . B (9% 10 0 /0S36/0163 7
30 12 70 30

14 25 75 - 16 70

30 25 70 30 15 A 75
nv KH2PO4 buffer (pH 2.0) B: acet-@mi-trile The

per cent age of 6-hydroxy-2-(4-hydroxyphenyl)-3-[4-(2- 20

pi peri di noet hoxy) benmlbgﬁezeémlaheﬁhﬂed%ﬁfs%bler'@i@.szre n, glde sample
was cal cul ated using the peak area, slope (), and I ntercept (b) of the
calibration cur vEO¥#dn f%esﬁoﬁidhdﬁge7' equati on: % pot ency
peak area - b sanpl e volume (m) X

25 . B. PreparBtion of t-BSBPLMBhSRbddE) sulfoxide The
anount (perceptage) of solvent, such as 1,2- di chl or et hane, present in

the crystalline material was determ ned by gas chronmat ography. A sanple
of the 30 crystallined silugiesoinfhenasmpmingh pdepared &as] Geatrikddidpt ri c

L | ask,h ?ndl ]gli s_sghxadpiél ﬁhamhuaigqn iQf122-tt_lﬂdﬂl@|roé9h£}|25 0 i) was coblled
I met hyl sul f oxi .S .00 0as ) gas
chr omat ogr aph us?ﬁgé%§ﬁgggﬁgf8%%ﬁ%ﬁ%c%%éf%%{%gb$§3tégﬁiééz%QF?lpgfiéﬁﬁg?ticIe),
with a colum fl 86*8f(32% W/ wnin dHAte apetis acdfi 244 iDMlderEeX idh. The
col um t enpenat uménuisess hedperd ésomphbete 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 yvellow precipitate. This
residue was treated with hexane (100 mL) and the resulting
15 . mixture stirred at room temperature. After about 18 hours,
the mixture was filtered and the solids washed with hexane
(100 mL). The solid material was dried in vacue to give
14.07 g of the title compound. Melting point 124-126°C.
1y NMR (CDCl3): 87.26 (4, 2H), 6.89 (4, 2H), 3.79
20 (4, ®), 3.78 (s, 3H), 3.58 (4, H), 1.3 (s, 9H).
13¢ NMR (CDC1ly): © 132, 114, 56, 53, 23.
Analysis calculated for C13H1802S: C, 63.68; H, 8.02.
Found: C, 63.72; H, 7.93.

25 C. Preparation of B and Z-t-Butyl 4,4'-Dimethoxystilbenyl
Sulfoxide

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



WD 96/ 40691 PCT/ US96/ 09163

- 24- 35[err]C to 230C over a 12 m nute period. The anpbunt of sol vent
was determ ned by conparison to the internal standard (2- but anol ). 5
Exanple 1 E-t-Butyl 4,4'-D nmethoxystil benyl Sulfoxide

A.. Preparation of E-t Butyl 4,4'- Drrethoxystllbenyl

Sulfldg 10 WO, ytion of desoxyani soin (12.82 ) inpg{"%%of%fgofuran
(100 nL) was treated with titanium (I1V) chloride (10.43 g). During the
dropwi se addition of titanium (1V) chloride, the reaction m xture was
cooled to maintain the tenperature bel ow 35[err] C. Upon conpl ete
addition, the resulting m xture was 15 st38+ed at 30[err]C. After an
additional 30 mnutes, this m xture was treated with a solution of

2- met hyl - 2- pr opapen add:l.ttJ.BhOJ)f(Lﬁng %éihkn@é\ﬁfoh etolomde ($he Mlituke N

t et r ahydr o- 5 s stirred at
50[err]C. Af"lagrc?%]dhfiﬁrébo Zzgrﬁ?xﬁiﬂ &égaé%fgé"d'& f’g‘?\ SHHFLEAt sodi um
20 carbonate (H94onide mThetrM:tqugam £t MeSlaB mikk r adifsgrvetirring

met hyl ene chl or ifde. ad dieabhat B sraiikykess tHY eehdeiex ivaCteeated WERG dri ed

1772 g of an‘ol i ifeantaeed P dil SRR il Phacos dhefORMPRIIAL Ui e

This crystal | i n@faFaf |°o¥lgaﬁé§ %5\’93? é’(?ﬁ?gt Y5 i’@énP?b‘l’ﬁ‘ htlfatRanbilaegegi ve
12.3 g of the tiandeconcentoapednto akidiilngl®Mi)71- TR{ematErial was used

Anal ysi s cal cul akednl ofel20tRA0Sndue Eirbiir Hurled0acin,  mnd. dorndioLnc:
C, 73.37; H 7.51; 30 B. Preparat

I on of t
4, 4' - Di met hoxystqnfibg:ﬁgﬁ spectra were similar £o that ﬁt‘a&f(\fgg ¥or the
10 compound prepared as described in Examples 1 and 2.

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

15 A solution of the compound prepared as described in
Example 3B (3.0 g) in tetrahydrofuran (40 mL) was cooled to
about -15°C. This cold solution was treated with n- _
butyllithium in cyclohéxane (L.6 M, 8.3 mL) over 15 minutes.
After stirring for ten minutes, the reaction mixture was

20 warmed to 0°C, and treated with p-anisaldehyde (1.61 mL).

The ice bath was removed and the reaction allowed to warm to
about room temperature. This mixture was treated with acetyl
chloride (0.95 mL). After about one hour, the reaction
mixture was treated with potassium t-butoxide in

25 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
concentrated to an oil (5.26 g). This material was used

30 without further purification. The carbon and proton NMR
spectra were similar to that obtained for the compound
prepared as described in Example 2.

Example 5
35 6-Methoxy-2-({4-methoxyphenyl)benzo[b]thiophene

A solution of p-toluenesulfonic acid monohydrate



The crystalline conmpound prepared as described in Exanpl e 1A was
di ssolved in toluene (150 n.), and the 35 resulting solution cooled to

about -20[err]C. The cold solution was treated with peracetic acid
(32% wWwin dilute acetic acid, 1.24 g) over ten mnutes. The resulting
m xture was - WO 96/ 40691

PCT/ US96/ 09160 96/40691 ~ -.25. PCTPAR o
with saturated sodiumsulfite and brine. The or gani ¢ 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). 5 Anal ysi s cal cul at28d for C[err] H2403S: C, 69.74; H,
7.02; S, 9.31. Found: C, 69.47; H 7.04; S, 9.54. _

Exanpl e 2 (2.25 g) intrBiliete 466 mD) RREhASHEA lReRkE1 0] T d8cdd

A. Preparation of t-Butyl 4-Mthoxybenzyl Sulfide. A.m_xture of
4- met hoxybenzyl W%T' c%%l"%?l@.’ %lé))méﬁdléi%oc °°He<§lbcﬁrﬁ§ PTT?'?S‘-(ﬁrki rap.

1, 2- di chl or oet hHAEY DI RFPoSmIaS Purge venteqdj thrquahetthyl top mioghret hi ol
(9.92 nl) in oneopddrise®n. a ddButlion’ 65UtHd RGmPOUAAIFrepRTedl 4% IREREDEQOM

tenperature. cAfter bou UtSs, re [ ' d wth water
(100 m.) 5angﬁrrEEt H§Ilgng_ E:%Il‘%r ir&?jeg'élbéf%‘g ?%en&'gr \e%%i g&% éag‘:‘eo %é
renoved, dried SFEIOHERGNESHESUNAIPeOVEY |L-8r BeuTing The reswkdmor ated in

vacuo to give lhidtyreofwaancodoled 20 about F°erujdéd\tRe( fDHRjen parge,/. 28 (d,

2H), 6.85 (d, 2bhen Zrbhted witls watllk (8.xf .( STth)esu'h.tg.ﬁg\( S1u was
[err] C NWMR (CDClggt %‘erfrléwo, 114, 56, ,ﬁ_?é 522. . naérym S cgl cul at ed
for Jerr] H err PEETE 85, EBreq hoyrgs’ BERY: was fagtgreqy apdsghe,g
10 crystalline product washed with water (8 mL) and acetone
{8 mL). The crystalline product was dried in vacuo at 40°C
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.
15 '
Example 6
S—Methoxy-z—(4—methoxyphenyl)benzo[b]thiophene

A solution of p-toluenesulfonic acid monohydrate

20 (2.49 g) in toluene (108 mL} was heated to reflux, and water
was removed by allowing it to collect in a Dean-Stark trap.
A solution of the compound prepared as described in Example 1
{9.00 g) in toluene (32 mL) was added to the refluxing acid
solution over six hours. Upon complete addition, absolute

25 ethanol (35 mL) was added to the reaction solution, and the
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/
absolute ethanol (4:1, 29 mL), and dried in vacuo at 40°C for

30 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.



B: Preparation of Z-t-Butyl 4,4'Di nmethoxystilbenyl Sulfide A

solution of the conpound prepared as described in Exanpl e 2A (2.51 9)
in tetrahydrofuran (50 nL) was cooled to 30 about -20[err]C. This cold
solution was treated with a solution of n-butyllithiumin hexane (1.6
M 7.47 nmL) over ten m nutes. The resulting solution was allowed to
warmto about WO/ r] C over 35 minutes. This cold sol ut TR 65t ed
with p- ani sal dehyde (1.46 nL). After an additional 15 minutes, the 35
reaction solution was treated with net hanesul fonyl chloride (0.95 ).
The resulting reaction was allowed to warmto roomtenperature. After
an additional 45 m nutes, the WO396/ 40691

PCT/ US96/ 09163 ' - 26- reaction

m xture was treated with a solution of gg ﬂ'uymt- butoxide in

tetrahydrofuran (1.0 M 12.Q nL). After _an onal 45, tes, the
reaction was quenc sHYE5ORHE - (4-hydrermienyt) 1 drzoé’ﬁPﬁ’F’r “:?(ﬁt oxy b o
nL). The organic 5 phase berzadjaeatel] thioptens diydroghderide sul f at e,
filtered, and concentrat ed tp Ahilhhotdethshe Solvate 1H NWR (CDC 3

):
(7% sT 0 5 ekbomtisteblor b, 4ot dalflta e s mé@%ngsat%o o

C. Preparation of Z-t- Butyl 4, 4" - Di met hoxysti | benyl

Sul }‘ oxilge g ATbﬁxe@f@mmtéthymrmwbaﬁszﬁe C(tgwwp,g 1-q2the
titie conmpouRf sirddis no&&%lféx%. ; Ehiéf 3¢ s
El)xiir’rpl ?_ l(SB H) | carifi[ate ?;16 59 g?g,%éia Irrléthy'l eth %Ztagle g(60§;6mﬁ. %:E% i"‘(’jm

10 heated to 80°C. After one hour, the mixture was cooled to
about 55°C and treated with additional 1-(2-chloroethyl)-
piperidine monohydrochloride (0.92 g). The resulting mixture
was heated to 80°C. The reaction was monitored by thin layer
chromatography (TLC), using silica-gel plates and ethyl

15 acetate/acetonitrile/triethylamine (10:6:1, v/v). Additional
portions of 1-(2-chlorcethyl)piperidine hydrochloride are
added until the starting 4-hydroxybenzoate ester is consumed.
Upon complete reaction, the reaction mixture was treated with
water (60 mL) and allowed to coocl to room temperature. The

20 aqgueous layer was discarded and the organic layer
concentrated in vacuo at 40°C and 40 mm Hg. The resulting
0il was used in the next step without further purification.

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

A solution of the compound prepared as described in

Example 7A (about 13.87 g) in methanol (30 mL) was treated

with 5 N sodium hydroxide (15 mL), and heated to 40°C. After
30 4 1/2 hours, water (40 mL) was added. The resulting mixture

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

mL) was added slowly. The title compound crystallized during

acidification. This crystalline product was collected by

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



6.9 (dd, 2H), 3.83 (s, 3H), 1.05 (s, 9H). [err]C NMR (CDCl[err]): 6

142, 132.5, 131, 118, 117, 56, 24. 20 Anal ysi s cal cul ated for
Clerr]Herr]3S: C, 69.74; H, 7.02. Found: C, 69.98; H, 6.94.

Exampl e 3 E and Z-t-Butyl 4,4'-D nethoxystilbenyl Sulfoxide 25
A. Preparation of t-Butyl 4-Methoxybenzyl Sulfide A m xture of
4- met hoxybenz\VO 95#4#68ho|  (10. 13 g) and zinc i odi de (11. ZGfyUA09163

1, 2-di chl oroet hane (120 nL) was treated wi th 2-net hyl - 2- pr opanet hi ol
(9.92 nmL) in one portion. The 30 resulting mxture was stirred at room
tenperature. After about 18 hours, the reaction was diluted with water
(100 m.) and net hyl ene chloride (100 +81). The organi ¢ phase was
renoved, dried over rragnesi umsul fate, filtered, and concentrated in

vacuo to give 14.4 gpelgé tl% £ a- (ks . Benadfi 1 7-28 (d,
oH), 6.85 (d, 2H) ; HE 4 RE R .
13C NVR (CDCEL[err],) [err] 130 ' Chiorige Hygiroghloride VO 96/ 40691

PCT/ US96/ 09163 A solution of the compound prepaZéd as describednial ysi s

cal cul ated for r 5 gﬁ??m 68.8; H,

8. 67u g‘%‘;ﬂﬂg Hfttp%l 9’ ggd %Itnﬁéhxg egzuﬂngull %él de_5

A sol ution of tﬂ%%’b]r?ﬁﬁ E’a ?ﬁ’é%a Q0 L o&s, FReR: e?"Jh wit ahpt ehdgride 4 )
in 1,2-dichloroélhanel(5over)a deJSBEOmiwe period abafites] etn}ﬁnmdothe cold

sol ution treat edp¥ht NePRGAEL] ithe read€idh Wwad a¥baydd fdir bmpARSidnCHACi d,
14.2 m) over 3g')?l’..c analysis. Additional oxalyl chloride may be added to
the reaction if the starting carboxylic acid is present.

10 Upon completion, the reaction scolution was evaporated to
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. The title compound

15 may be stored as a solid or as a 0.2 M solution in methylene
chloride (500 mL).

D. Preparation of 6-Hydroxy-2-{4-hydroxyphenyl)-3-[4-(2~
piperidinoethoxy)benzoyl]lbenzo[blthiophene Hydrochloride
1,2-Dichloroethane Solvate

20 A mixture of the compound prepared as described in
Example 5 or 6 (2.92 g), the compound prepared as described
in Example 7C (3.45 g), and 1,2-dichloroethane (52 mL) was
cooled to about 0°C. Boron trichloride gas was condensed
into a cold graduated cylinder (2.8 mL), and added to the

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

Methanol (30 mL) was treated with the reaction mixture
30 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
methanol (8 mL), and dried at 40°C in vacuo to give 5.14 g of
the title compound. Melting point 225°C.
35 Potency: 86.8%
1,2-Dichloroethane: 6.5% (gas chromatography)



10 m nutes

i . Upon conpl ete addition of the peracetic aci de““lmml “ll”““l
reaction was treated with brine and sodi um bi car bonat e.

flltered
resi due was treated W th

phase was renoved, dried over magnesi um sul fate,
concentrated to a yellow precipitate. This

hexane (100 nL) and the resulting 15 mxture stirred at room tenperature.
After about 13VO\9f063 the nmixture was filtered and the FGFU§ANEHed
wi t h hexane (100 nL). The solid materi al S—ei-ed—-pVacuo-t-o-giuve

14.07 g of the title conpound. Melti-ng point 13
NVR (CDC13): [err]7.26 (d, 2H), 6.89 (d, 2H), 3
3H), 3.58 (d, H, 1.3 (s, 9H. [esz] C
114, 56, 53, 23. Anal ysi s cal cul ated f
63.68; H, 8.02. gnd: C, 63.72; H 7.93.
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and Z-t-Butyl Wf cb nethoxystllbenyl

Sul f oxi de A sol ution of the conpoun
Exanpl e 3B (10. @.g) Ancéngiouallyalt afer forfuléd ni)
-30[err] to -25[err]C (dry icel/ acetone bath).
treated with n-butyllithiumin cycl ohexane ¢
mnutes. After stirring for 35 m nut eslt t
treated with p-ani sal dehyde
renoved and the 35 reaction all gg®
m xture was treated with ne
tenperature of the reaction rog
WD 96/ 40691

g~qbout 20[err] C.
Iride (3.5 nl).
20 to about 35[err]C
RET/ US96/ 09163

prepal euas—desTrThed—n
was cooled to 30 about
This cold sol uti on was
(1.6 M 27.65 nL) over 25
he reaction m xture was

(5.4 nL) ZﬁeRdry i ce/ acet one bath was

Thi s
The

chloride. The m xture

-28- . up@n addition of the methanesdif onyl
was cooled to about Zheesid:C, then treated with potassiumt-

R1 is hydrogen, C3-Cg4 alkoxy, arylalkoxy, halo, or amino;
Rz is hydrogen, C1-C4 alkoxy, arylalkoxy, halo, or amino;

and
10 R3 is a thermally-labile or acid-labile C2-Cjp alkyl,
~ C4-C1¢ alkenyl, or aryl(Ci-Cio alkyl) group.
2. A compound as claimed in Claim 1 wherein:
R1 is hydrogen, C3-C4 alkoxy, or arylalkoxy; and
15 R2 is hydrogen, C3;-C4 alkoxy, or arylalkoxy.
3. A compound as claimed in Claim 2 wherein R3 is a

thermally-labile or acid-labile C2-C1p alkyl or aryl(Ci1-Cig
alkyl) group.

20 _
4, A compound as claimed in Claim 3 wherein R3 is a
thermally-labile or acid-labile C2-Cip alkyl group.

5. A compound as claimed in Claim 4 wherein:
25 R1 is hydrogen or C3~C4 alkoxy; and
Rz is hydrogen or Ci1-C4 alkoxy.
6. A compound as claimed in Claim 5 wherein R; and Rz are
C1-C4 alkoxy.
30
7. A compound as claimed in Claim 6 wherein Rz is t-butyl.
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but oxi de in tetrahydrofuran (1 M 50.9 nL). After stirring ullmw'g)mw"m“!ll
additional 35 mnutes, the reaction was treated with 5 1N hy

(51.0 nmL). The phases were separat ed; and the organic |ayer dried over
nmagnesium sul fate, filtered, - and concentrated to an oil (16.67 g). This
material was used in the next step without further puri éqa@?: The
car bon an¥PIMH#EE NVR spectra were sinilar to that obtafh@ﬁ % he 10
conmpound prepared as described in Exanples 1 and 2.

Exanpl e 4 Z-t-Butyl 4,4 -D nmethoxystilbenyl Sulfoxide 15

A sol ution of the conpound prepared as described in Exanple 3B (3.0 g)
in tetrahydrofuran (40 nL) was cooled to -33-about -15[err]C This cold
solution was treated with n- butyllithiumin cycl ohexane (1.6 M 8.3

m.) over 15 minytes. compéﬁﬁ&fasskhéiﬁl&ﬂ ﬂhoéléﬁﬁl STRH S R] Nnd R3CAION
m xture was 20 warned to Olerr]C, and treated with p-aniSal dehyde (1.61

m.) . The i c&eb8P¥ was renoved and the reaction allowed to warmto
about roomtenperature. This m xture was treated with acetyl chl ori de

(0.95 nl). Afterg aboptcipRub®Ws chBemé®ad! CORim 1 ofi otld!EBrMEEa treated with
potassiumt-hutoxide in 25 tetrahydrofuran (1 M 16.0 nL). After stirring

for an additional 1.5 hours, the reaction was treated with 1N
hydrochloric acid (17.0 nli). pes were separated, and t he
organi c | ayer dried over nagnesi fate, filtered, and concentrat ed

to an oil (5.26 g). This materia . sed 30 w thout further
purification. The carbon and proton NW spectra were simlar to that

obt ai ned for the conpound pr epa L_deg@ribed in Exanple 2.
Exanple 5 35 6- Met hoxy- et hoxdphenyl ) benzo[ b] t hi ophene
A sol ution of p-toluenesul fonic pDnoh g;ate

R2 IIE

wherein:
R1 is hydrogen, €1-C4 alkoxy, arylalkoxy, halo, or amino;
Ry is hydrogen, C1-C4 alkoxy, arylalkoxy, halo, or amino;
10 and
Rz is a thermally-labile or acid-labile C3-C3¢9 alkyl,
Cs-C1¢ alkenyl, or aryl(Ci-Cio alkyl) group.

10. A compound as claimed in Claim 10 wherein R; and Rz are
15 methoxy, and R3 is t-butyl.

11. A compound as claimed in Claim 1 of the formula

<3)'\

R3 Ry
II1Z
20
wherein:
R1 is hydrogen, Ci1-C4 alkoxy. arylalkoxy. halc, or amino;
Rz ig hydrogen, C31-Cs4 alkoxy, arylalkoxy, halo, or amino;
and
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Yg9?6/ 406'9(12. 25 g) in toluene (60 nL) was Heat ed toPF(;{ Iuﬁg ummml!uull””“l '

was renoved by allowing it to collect in a Dean-Stark trap. Using a

ni trogen gas purge vented through the top of the condenser, a solution
of the compound prepared as described 5 in Exanple 1 (2.04 L ene
(33 nL) was a?ﬂﬂeﬁ“ﬁ'@ 1t he refluxi ng acid sol ution over gé-”hg?ﬁ"gkgThe
resul ting m xture was cool ed to about 5[err]C under the nitrogen purge,
then treated with water (8 nL). Theresulting slurry was stirred for
three hours. The slurry was filtered, and the 10 crystalline product

washed with water (8 nlL) and acetone ¢84mlL). The crystalline product
was dried in vacuo at 40[err]C for about 18 hours to give 1.30 g of the

title cgrrpound as a By id iaghﬁ%xfnﬁﬂ%§0héﬂlleTBESa&ﬂxﬁaygﬂe \@?3%6 2k %al }g tfig
compoun prepar.e ublis oi n err
Exanpl e 6 & '&10 agy{ﬁ%ﬁgofy Weg(crﬁegh%xy%enﬁr%ﬁgnzo[ b] t hi ophene

A sol ution of p-toluenesul fonic acid nonohydrate 20 (2.49 g) in toluene
(1|0|8 nm.) was heatzd moﬁdsm;fduua ,afiltl admearin Claﬁ!?SIJL efeyeth hﬁdahdlcw! aegit to
collect in a ution of the conpound prepared as
described in dI:E)xearrp“fyi%ﬁ% Hda?@) JI?O é‘?@"tol uene (32 nL) was added to the
refl uxing acid sol ution over six hours. Upon conpl ete addition,
absol ute 25 et hEhol A Bhocdsp fas madgadihg 4 kempeast ofntls®| fsrimaba and t he
resulting mxture was allowed to cool to roomtenperature. After about
18 hours, a precipitate was isolated by biltration. This precipitate
was washed with tol uene/ absol ute ethanolt (4:1, 29 nL), and dried in
vacuo at 40[err]C for 30 about 18 hours tg \Re 4.86 g of a solid. This
- O

conpound was identical tot o,-,- by a published route.
Melting point 199-200[err]C.

Ry

10 wherein:
R} is hydrogen, C3-Cy4 alkoxy, arylalkoxy, halo, or amino;
Ry is hydrogen, €3-Cy4 alkoxy, arylalkoxy. halo, or amino;
and
R3 is a thermally-labile or acid-labile C2-Cip alkyl, Cg-
15 Cj0 alkenyl, or aryl(Ci-Cio alkyl) group having a tertiary
carbon atom adjacent to the sulfur atom;
comprising the steps of:
{1) oxidizing a benzyl sulfide of the formula:

R3
s/
20 R
wherein Ry and R3 are as defined above;
with an oxidizing agent to produce a benzyl sulfoxide of the
formula:
25
Rj
S/
I
0

Ry

wherein Ry and R3 are as defined above;
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Exanple 7
6- Hydr oxy- 2- ( 4- hydr oxyphenyl ) - 3-[ 4- ( 2- pi peri di noet hoxy) -
benzoyl ] benzo[ b] t hi ophene Hydrochl ori de ‘
1, 2-Di chl or oet hane Sol vate 5 A. Preparation of Ethyl
4- (2- Pi peri di WOS6HRY) benzoat e A mixture of et hyfCTUSIEN9163
4- hydr oxybenzoate (8.31 g), 1-(2- chl or oet hyl ) pi peri di ne
nonohydrochl oride (10.13 g), potassrum carbonate (16.59 g), and net hyl
et hyl ketone (60 nt) was 10 heated to 80[err]C. After one hour, the m xture
was cooled to about 55[err]C and treatsyd wth additional
1- (2-chl oroet hyl) - pi peri di ne nonohydrochloride (0.92 g). The resulting

m xt ure was heat 0_80lerr]C, .The reaction.was, honitored thin

| ayer chr omat ogr g‘ﬂh;%e?%’([ﬂg, s%%'ji n%en. ?'r(li %‘gl-éé’écf‘d%létt saa% % 'ﬁ§¥°ﬁ%

acet at e/ acet oni PRFR % £PER iy IPgAEYIELG PB®iERA, v/v). Additi onal portions
of 1-(2-chl oroet hyl) (3)pebhdérngy 84 08 WenziyUic @hton witdddeBendalidenyde
starting 4-hydr QeypehzeaLe £ster is consuned. Upon conpl ete reaction,
the reaction_m xture was treated with water (60 nL) and allowed to coo
to [oon1tenpérature. The 20 aqueous | ayer was di scarded and the organic

| ayer concentrated in vacuo at _40[effr]C and 40 nm Hg. The resulting
oil was used in the next step w }#40 m™#her purification. B
Preparation of 4-(2-Piperidinoet benzoi c 25 Acid
Hydr ochl ori de rRA on of the conpound prepared as
described in Exanpl e 7A (abo 3.87 g) in methanol (30 nmL) was treated
with 5 N sodi um hydroxide (15 nmL), and heated to 40[err]C. After 30 4 1/2

hours, water (40 m)yMa%iadHpts aih@ef@mMl hbdi,M xture was cooled to
5-10C, and concentragrf.hédrochl ric a S addegtsLomAy. The

&id 818 rﬂQ e

title conpound cryst FBECIRA (CRG COndenSAhiet PEPARRE FRPsStER St ¥EFR ne
product was 1€ol laaceetsd [shloridg jtiot predune annestdri efl Yhe farmelaat 40-50C to
give 83%yield 35 of the title conpound. Melting point 270-271C.

Rz
R4
25\
Ry o Rs
wherein:
15 R1, Rz, and R3 are as defined above; and

Rg is CcO{C31-Cs alkyl), CO{aryl), CO(arylalkyl), SO2(C1~Cg
alkyl), sOz2{aryl), SOz{arylalkyl), CO2{C1-Cg alkyl),
€Oz (aryl), COz(arylalkyl), or CON(Ci-Cs alkyl)z; and
(5) treating said ester with a second strong base.
20
14. The process of Claim 13 wherein:
Ri is hydrogen, C3-C4 alkoxy, or arylalkoxy; and
Rz is hydrogen, C31-C4 alkoxy, or aryvlalkoxy.

25 15. The process of Claim 14 wherein R3 is a thermally-labile
or acid-labile C2-Cip alkyl or aryl{Ci-Cjip alkyl) group,
d having a tertiary carbon atom adjacent to the sulfur atom.
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Y\gl?m 10691 C. Preparation of 4-(2-Piperidi noefﬁgiy)sggummlu “I,!l "Ilsl “ |!I‘

Chl ori de Hydrochl ori de A sol ution of the conpound prepared as
déscribed in Exanple 7B (30.01 g) and dinethylformamde (2 nL) in 5

nmet hyl ene chloride (500 nL) was treated with oxalyl chloride 10.5 )
over a 30-35 nVEWs&sMeri od. After stirring for about 18 MOUYS900%63
reacti on was assayed for conpletion by HPLC anal ysis. Additional oxalyl
chloride may be added to the reaction if the starting carboxylic acid
is present. 10 Upon conpletion, the reaction solution was evaporated to
dryness in vacuo. The residue was dissol veglsd n net hyl ene chl oride (200
m.), and the resulting solution evaporated to dryness. This

di ssol uti on/ evapgs at | u r : t R} h it €
conpound as a so%‘d.*%ég{o%?g %%%%dﬁigﬁ%ggl%gh& g’rcg%lé;sntgag%%h égor as a
0.2 M sol ution iBfTAEEIHA &cdd- chloride (500 ni). D. Preparation of
6- Hydr oxy- 2- { 4- hydr oxyphenyl ) - 3-[ 4- ( 2-

pi peri di noet hoxy)henggy| dhenzel 5 (h-9RNEN SnEYELY U0k B8 stong base is

1, 2- Di chl or oet hane i Iv]gittg 20 A m xture of the conpound prepared as

0 .
described in> @Rk BP-6 (2.92 g), the compound prepared as
descri bed in Exanple 7C (3.45 g), and 1, 2-dichl oroethane (52 nL) was

cool ed to about {erphl pBRe88 &f iCARLAT 1 AGhERSiNATL @HONSRGong bdst @s@
col d graduat ed clyll d h2 8 nm), and added to the 25 cold m xture

/| . (2.
descri bed above. ,&ug%ﬁleﬁ d‘ﬁf“'hours at Oferr]C, the reaction m xture was
treated with additional boron trichloride (2.8 nL). The resulting
sol uti on wasltheait®d trhe procd¥sgesf |Qaidf 1Ewhtbehw Wil athe ¢lBacideniaras

conpl ete. sultdRy Dadflori 39, Hna ¥asid "s@é‘(celdcﬁli dfihe EGAGLL PN, Wxture
30 from above ov€ & Oa-r%{ibjte period, causing the nethanol to refl ux.
r? ¥ it ed at 25[err] C. After one

The resulting sl
20. The process of Claim 19 wherein the sulfonyl chloride is
15 methanesulfonyl chloride.

21. The process of Claim 17 wherein the second strong base
is a metal alkoxide.

20 22. The process of Claim 19 wherein the metal alkoxide is
potassium t-butoxide.

23. The process of Claim 22 wherein R3 is a thermally-labile
or acid-labile C2-Cjio alkyl group, having a tertiary carbon
25 atom adjacent to the sulfur atom.

24. The process of Claim 17 wherein R; and Ry are methoxy,
and Rz is t-butyl.

30 25. A process for preparing a compound of the formula
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- hour, e crystal i ne product vas 11| tered, vasned ui ¢ col I RTHARHIN

conmpound. Melting point 225[err]C 35 Pot ency: 86.8%

1, 2- Di chl oroet hane: 6.5% (gas chromat ogr aphy) W claim

1. A conpound of the fornula

[err] wo’ﬂ"@qgf] is hydrogen, (Jerr]-C4 al koxy, aryl aﬁ’?&ﬁ?\%ﬁﬁ

am no; R2 is hydrogen, ([err]-C4 al koxy, aryl al koxy, hal o, or
am no; and 10 R3is athéermally-labile or acid-labile C2-Clerr]
al kyl , CA-Cerr] alkenyl, or aryl((err]-Cferr] alkyl) group, provi ded
Rl err] and Rlerr] are not both hydrogd@r when Rlerr] is (err]-Cerr]
al kyl or aryl ((ferr]-Cferr] alkyl), and Rlerr] is not Clerr]-(err]
al koxy when Rlerr] is hydrogeaand Rierr] is (Jerr]-Cferr] alkyl. 15
2. A compound as cl ai med i n Ty wher ei n: R1-i s hydrogen,
C[err] C4 al koxy, or aryl al koxy; R2 is hydrogen, . (Jerr]-C4

al koxy, or aryl al koxy. 20 3. A corpound as clainmed in Claim2 wherein
R3is a thermally-labile or acid-lappile C2-Cferr] al kyl or
aryl ((err]-Cerr]
Ox
S
]
Ry Ry

I1Z
wherein:
Ry is hydrogen, C3-C4 alkoxy, arylalkoxy, halo, or amino}
Ry is hydrogen, C1-Ca alkoxy, arylalkoxy, halo, or amino;
5 and
R3 is a thermally-labile or acid-labile C2~C1¢ alkyl, C4-
Cio alkenyl, or aryl(C;-Cip alkyl) group having a tertiary
carbon atom adjacent to the sulfur atom;
comprising the steps of:
10 {1} reacting a benzyl sulfide of the formula:

R3
s/
Ry

wherein Rz and R3 are as defined above;
15 with a first strong base to form a benzylic anion:;
(2) condensing said benzylic anion with a benzaldehyde
of the formula

Ry
20 _
wherein Rj is as defined above;

’ (3) reacting the condensation product from step 2 with
an acid chloride to produce an ester of the formula
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conpound as clained in Caim4 wherein: Rlerr] is hy rogen or’
C[err] C4 al koxy; and R2 is hydrogen or (Jerr]-C4 al koxy. 30
. Acorrpound as claimed in CGaimb5 wherein R err] and R2
C[err] [ er r ] W 66951 ngﬁsg—‘?%‘-“
A compound as clained in Claim6 wherein R3 is t-butyl. 8. A
corrpound as claimed in Caim5 wherein Rerr] and R2 are 5 et hoxy.
9. A compound as claimed in Caim1l of the formul a
[err] -38-
Rz
)OR\4|/
S,
R1 \R3
wherein:

Ri1. R2, and R3 are as defined above; and
Rq4 is CO(C3-Cg¢ alkyl), coO(aryl), CO(arylalkyl), S03(C31-Cg
5 alkyl), SOz{aryl), SOz{arylalkyl), CO2(C1-Cg alkyl),
COz(aryl), COz{arylalkyl), or CON{(C3-Cg¢ alkyl)s:;
(4) treating said ester with a second strong base to
produce a styryl sulfide of the formula;

Ra

S<r

3
10 R{ ITIZ

wherein Rj, Rz, and Rz are as defined above; and

{5) oxidizing said styryl sulfide with an oxidizing
agent.
15

26. The process of Claim 25 wherein:
Ry is hydrogen, C31-C4 alkoxy, or arylalkoxy; and
Rz is hydrogen, C3-C4 alkoxy, or arylalkoxy.

20 27. The process of Claim 26 wherein R3 is a thermally-labile
or acid-labile C3-C3p alkyl or aryl{Ci~Cip alkyl) group,
having a tertiary carbon atom adjacent to the sulfur atom.

28. The process of Claim 26 wherein the oxidizing agent is
25 peracetic acid.

I
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E;;Hﬂl koxy, hal O\’Ahg;e;%: no; e :R’Z ihgdwg?géeg ea L;r] JHMEMJ“!““LI |H!I|

aryl al koxy, hal o, or am no; and 15 R3is a thermaITy-cl abile or
acid-labile C2-Cferr] al kyl, CA-Cerr] alkenyl, or aryl(Cerr]-Clerr]
al kyl') group provided R err] and Rl err] are not both hydrogen when
Rlerr] is CeMQH0&i ] al kyl or aryl (derr]-Cerr] mwl‘%nd
Rlerr] is not (Jerr]-Clerr] alkoxy when =~ Rerr] is hydrogen and R err]
is CJerr]-Clerr] alkyl. 20 10. -A conpound as clained.in Caim10
wherein R err] and R err] are met hoxy, and R3 is t-butyl. 11.

A conmpound as clainmed in aim1l of the 25394ornul a :

- 34- [err]

29. The process of Claim 28 wherein the first stong base is
’ an alkyllithium.

. 30. The process of Claim 29 wherein the first strong base is
5 n-butyllithium.

31. The process of Claim 29 wherein the acid chloride is a
sulfonyl chloride, and Ry is S02{(C3-Cg alkyl), SOz{aryl). or
S0z (arylalkyl).

10
32. The process of Claim 31 wherein the sulfonyl chloride is
methanesulfonyl chloride.

33. The process of Claim 29 wherein the second strong base
15 is a metal alkoxide.

34. The process of Claim 33 wherein the metal alkoxide is
potassium t-butoxide.

20 35. The process of Claim 34 wherein R3; is a thermally-labile
or acid-labile C3-C319 alkyl group, having a tertiary carbon

atom adjacent to the sulfur atom.

36. The process of Claim 29 wherein R; and Rz are methoxy,
25 and R3 is t-butyl.

37. A process for preparing a compound of the formula

0\/\( RG- HX
Rg

Rg

%I
30 wherein:
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wher ei n: Rlerr] is hydrogen, CJerr]-C4 al koxy, aryl amumH I“:I“M:ﬂlllﬂ“ll
amno; 5 R2 is hydrogen, (Jerr]-C4 al koxy, aryl al koxy,

and R3 is a thermally-labile or acid-labile C2-C[err]" aIkyI

C4-Cerr] alkenyl, or aryl(C.err]-Clerr] alkyl) group, provided R[err] and
Rlerr] are not both hvdrogen when R is (err]-Cferr] alkyl_or 10 yl
(err]-CerrVOM6(806%  and Rlerr] is not (err]-Cerr] a|§%€(9&%ﬂ%'35

Rlerr] is hydrogen and Rlerr] is (err]-Cerr] alkyl. 12. A conpound
as claimed in Caim1ll wherein Rerr] and R2 are met hoxy, and R3 is

t-butyl. 15 13. A process for preparing a conpound of the
formul a [err] 20 ‘wher ei n: -40- R err] is hydrogen,
Cerr]-C4 al koxy, arylal koxy, halo, or am no; R2 is hydrogen,

Clerr]-C4 al koxy, arpyl akkRdtoghd! %ia18! MEARQ: or hydHddyl;
- 35- Rg is hydrogen, halo, amino, or hydroxyl;
Rs and Rg are independently C1-C4 alkyl, or Rs and Rg
together with the adjacent nitrogen atom form a heterocyclic
5 ring selected from the group consisting of pyrrolidino,
pPiperidino, hexamethyleneimino, and morpholino; and
HX is HCl or HBr;
comprising the steps of:

10 {a} cyclizing in the presence of an acid catalyst a compound
of the formula

/SSR 3

R, Ry

Iz

15 wherein:
R; is hydrogen, C3-Cg alkoxy, arylalkoxy, halo, or amino;
Rz is hydrogen, C1-Cs alkoxy, arylalkoxy. halo, or amino;
and
R3 is a thermally-labile or acid-labile C3-Cjo alkyl,
20 C4-Cip alkenyl, or aryl{Ci-Ci¢ alkyl) group to prepare a
benzothiophene compound of the formula

R4 s
I R
25 wherein R; and Rz are as defined above;

(b) acylating said benzothiophene compound with an acylating
agent of the formula
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B e oty or o ey cer st o LR

al'l having a tertiary carbon aton1adjacent to the sul fur atom
conprising the steps of: 5 (1) oxidizing a benzyl.sulfide of the

f or mul a: wherein R2 and R3 are as defin

with an oxidi?ﬁ%%ﬁgégnt to produce a benzyl sul foxide of thggTEgﬁﬁgﬁ%la
[err] wherein R2 and R3 are as defined above; 15 (2) reacting
said benzyl sulfoxide with a first sStrong base to forma benzylic anion;
(3) condensing said benzylic anion with a benzal dehyde of the fornul a
[err] wherein Rl is as defined aboile, (4) reacting the
condensati on product fromstep 3 with an acid chloride to produce an

ester of the fornmula 25

Ry fls

wherein:
Rs, Rg, and HX are as defined previously; and
5 R7 is chloro, bromo, or hydroxyl; in the presence of

BX'3, wherein X' is chloro or bromo;

{c) when R; and/or Rz is C3-Cy alkoxy or arylalkoxy,

. dealkylating one or more phenolic groups of the acylation
10 product of step (b) by reacting with additional BX'y, wherein

X' is as defined above; and

(d) optionally isclating the formula XII compound.
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;36- [err] wher ei n: Rlerr], R2, and qg3«are ;28

defi ned above; and 5 R4 is CO(Cl-C6 alkyl), COaryl), COlarylal kyl),
SQ2(Cerr]-Co6 al kyl), SQ2(aryl), SQ2(arylal kyl), COZ(C[errLCG al kyl),
C2(aryl), C®(arylalkyl), or CON(C[err]-C6 al kyl)Z2; and

treating said ester with a second strong3®ase. 10 14. The(“"m@ luﬂ)uu””“l
Cl ai m 13 wherein: Rl is hydrogen, (Jerr]-C4 al koxy

and ‘Fg& hydrogen, C(ferr]-C4 al koxy, or arylal koxy.

The process o a|m14 wherein R3 is a 15 thermally-1labile or -acid- Iablle
[C2-Cerr]] Cerr]-Cerr] alkyl or aryl ((err]-Cerr] alkyl) group al |

having a tertiary carbon atom compoatidaofnthd cEdrimalaul fur atom.
The process of Caim 15 wherein the oxidizing agent is 20 peracetic aC| d.

17. The process of Claim 16 wherein the first stong base is an
al kyl l'ithium 25 18. The process of Cdim17 wherein the first strong
base is - n-butyl l'ithium S\R3

fon:

Rz
S
wherein:
R; is hydrogen, Cj3-C4 alkoxy, arylalkoxy, halb, or amino;
Rz is hydrogen, C1-C4 alkoxy, arylalkoxy, halo, or amino;
and '

10 R3 is a thermally-labile or acid-labile C3-Ci1¢ alkyl,
C4-C10 alkenyl, or aryl(Ci1-Cio alkyl) group,provided Rj_and
R2__are not both hvdrogen when R3_ig C2-Cy0__alkyl or
aryl (C3-Ci0_alkyl), and R3j_is not C1-C4 alkoxy when
R2_is hydrogen and R3_ ig C2-Ci10__alkvl.

15
2. A compound as claimed in Claim 1 wherein:

Ry is hydrogen, C1-C4 alkoxy, or arylalkoxy; and
Ry is hydrogen, C3-C4 alkoxy, or arylalkoxy.
20 3. A compound as claimed in Claim 2 wherein R3 is a

thermally-labile or aqid-labile C2-C10 alkyl or aryl(Cji-Cip
alkyl) group. - -

4. A compound as claimed in Claim 3 wherein Rz is a
25 thermally-labile or acid-labile C2-C31g alkyl group.

5. A compound as claimed in Claim 4 wherein:
R; is hydrogen or C31-C4 alkoxy:; and
R2 igs hydrogen or C3-C4 alkoxy.
30 .
6. A compound as claimed in Claim 5 wherein R; and Ry are
C31-C4 alkoxy.
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19. The process of Claim17 wherein the acid chloride is a

cortae” sisets Sl ) Sl AR

chl of
met hanesul f onyl chl ori de. 21. The process of Claim1l7 wherein the
second strong base 5 is a netal al koxide. 22. The process of Caim
19 wherein the netal al koxide is pot assi um t - but oxi de. 10 23. The
process of Claim 22 wherein R3 is a thernmally-labile or acid-labile
[C2-Cerr]] Cerr]-Cerr] alkyl group, aBB-havi ng a tertiary carbon
atom adj acent to the sulfur atom 24. The process of Claim 17 wherein
Rlerr] and R2 are nethoxy, 15 and R3 is t-butyl. ' WO
96/ 40691

7. A compound as claimed in.%@gﬁHsgaéﬂéygii R3 is t-butyl.

8. .A compound as claimed in Claim S wherein R; and Ry are
S methoxy.

9. ) A compound as claimed in Claim 1 of the
‘formula

R

e LF/O
_ R3
10 R2 IIE
: wherein:
Ri1 is hydrogen, C3-C4 alkoxy. arylalkoxy, halo, or amino;
Rz is hydrogen, C3i-C4 alkoxy, arylalkoxy, halo, or amino;
and
15 R3 is a thermally-labile or acid-labile C2-Cip alkyl,

C4-Ci1o0 alkenyl, or aryl(C;-Cip alkyl) group provided Rj_and
R2__are mnot both hydrogen when R3_is C2-Cjg__alkyl or
aryl (Ci-Cjo_alkyl), and Rj_ig not C3j-C4_ alkoxy when
R2__is hydrogen and R3_ig C2-Ci0. alkyl,

20

10. A compound as claimed in Claim 10 wherein Rj; and R> are
methoxy., and R3 is t-butyl.

11. A compound as claimed in Claim 1 of the
25 formula

N

e




;1?2- as defi ned[ :[)(r){/e; and nhere 24 s CO C[ err] A imml "iﬂl“f”l“l 'ﬁ"l

CQOlaryl), COarylal kyl), S02(Cerr]-Cerr] , SCR(A&rylh)
SQ2(aryl al kyl), C(Cerr]-C6 al kyl), CO2(aryI) CO_2(aryIaI kyI)
or CON((err]-Cerr] alkyl)2; (4) treating said ester with.a
second strong base to produce a styryl sulfide of the forml a;
[err] wherein R err], R2, and R3 are as defined above; and
(5) oxidizing said styryl sulfide with afsgxidizing ©agent. . :
15 26. The process of C aim25 wherein: Rlerr] is

hydrogen, ([err]-C4 al koxy,
hydrogen, Cerr]-C4 al koxy,
Claim 26 wherein R3is a ther
C2-Cerr] alkyl or aryl(Cerr]-§
tertiary carbon atom adj acent to

aryl al koxy, and R2 is

Z al koxy. 20 27. The process of
hbi | e or acid-labile

al kyl) group, havi ng a
e sUjyf ur atom

O
=g
i
R; R2
IIZ
wherein:
R; is hydrogen, C3-C4 alkoxy, arylalkoxy, halo, or amino;
5 Ry is hydrogen, C;-C4 alkoxy, arylalkoxy, halo, or amino;

and

R3 is a thermally-labile or acid-labile C2-Ci10 alkyl,
C4-Cy0 alkenyl, or aryl(C;-Cjo alkyl) group, provided Rj_and
Rz __are mnot both hvdrogen when R3_is C2-C10. alkyl or

10 arvl (C1-Ci9_alkvl)., and Rj ig not C31-C4__alkoxy when
R2_is hvdrogen and R3_ig C3-C3jo._alkvl.

12. A compound as claimed in Claim 11 wherein R; and R; are
methoxy, and Rz is t-butyl.

15
13. A process for preparing a compound of the
formula
0
i
/S~ R3
R; R,
II
20 wherein:

R; is hydrogen, C;-C4 alkoxy, arylalkoxy., halo, or amino;
Rz is hydrogen, C1-C4 alkoxy, arylalkoxy., halo, or amino;
and '
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peracatic acra o wosersoser o (LR

PCT/ US96/ 09163 - 39- 29.° The
process of Claim28 wherein the first stong base is an al kyl l'i thium

30. The process of Caim29 wherein the first strong base is 5

n-butyl lithium 31. The process of Claim?29 wherein the acid chloride
is a sul fonyl chloride, and R4 is S err](CLl-C6 al kyl), SQ2(aryl), or
SQ2(aryl al kyl). 10 32. The process of _Claim 31 wherein the sul fonyl
chloride is met hanesul fonyl chl ori deT35- 33. The process of O aim 29
wherein the second strong base 15 is a netal alkoxide. 34. The
process of C ai m 383 whereitherhel Iptkdbidlek 6xi deid-slabilep@Cassiouailkybul oxi de.

200 35. The m 34 n [ a or
acid-labile Cté ?atf‘g#?&ﬁ kreﬂs a?ggﬁ i'ha(s?négrs‘{aa(tcté tEFgBAi%’U ?IJO%D L%
adj acent to ving fareentdary car OfB@tomhédWQﬁ!&sé:C’th@I %‘FH‘EQ a8 ei n
Rlerr] and R2 are gempeding the steps of:

5 (1) oxidizing a benzyl. sulfide of the formula:

R3
.S/

Rz

wherein Rz and R3 are as defined above;
10 with an oxidizing agent to produce a benzyl sulfoxide of the
formula: .

Rz
wherein R; and R3 are as defined above;
15 (2) reacting said benzyl sulfoxide with a first strong
base to form a benzylic anion;
(3) condensing said benzylic anion with a benzaldehvde
of the formula

0 - -
I
™~H
20 R
wherein R; is as defined above;
(4) reacting the condensation product from step 3 with
an acid chloride to produce an ester of the formula
25
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WD 96/ 40691 PCT/ US96/ 09163* ¢ *
- 40- Rlerr] is hydrogen, halo, am-no, or hydroxyl;
Rlerr] is hydrogen, halo, am no, or hydroxyl; Rlerr] and R6 are
I ndependently Cerr]-Cerr] alkyl, or Rerr] and R err] together with
t he adj acent nitrogen atomforma heterocyclic 5 ring selected fromthe
group consi sting of pyrrolidino, pipgﬁggino, hexanet hyl enei mi no, and
nmor phol i no; and HX is HCO or HBrj conprising the steps of:
10 (a) cyclizing in the presence.of an aci‘d catal yst a conpound of
the formul a ) : R,
,,ifir/’
Ry o?N\
wherein:
R1, Rz, and R3 are as defined above; and
5 R4 is CO(C31-Cg alkyl), CO(aryl), CO(arylalkyl), S02(C1-Cg

alkyl), SOx(aryl), SOjz(arylalkyl), CO3(C1-Cg alkyl),
COoz(aryl), COz{arylalkyl), or CON(C1-Cgs alkyll)z; and
(5) treating said ester with a second strong base.

10 14. The process of Claim 13 wherein:
R1 is hydrogen, C;-C4 alkoxy, or arylalkoxy; and
Ry is hydrogen, C1-C4 alkoxy, or arylalkoxy.

15. The process of Claim 14 wherein R3 is a

15 thermally-labile or aqid—labile [Cé-Clo] C4-Cip alkyl or
aryl(C;-Cio alkyl)'group,gll having a tertiary carbon atom
adjacent to the sulfur atom.

16. The process of Claim 15 wherein the oxidizing agent is
20 peracetic acid. -

17. The process of Claim 16 wherein the first stong base is
an alkyllithium.

25 18. The process of Claim 17 wherein the first strong base is
' n-butyllithium.

19. The process of Claim 17 wherein the acid chloride is a
sulfonyl chloride, and Rq4 is S02(C1-Cg alkyl), SOz({aryl), or
30 SOa(arvlalkyl).
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ar yl al koxy, hal o, or am no; and R3is a thermally:l &
acid-labile C2-Cerr] alkyl, 20 C4-(Jerr] alkenyl, or aryl(Cerr]-Cerr]
al kyl) group to prepare a benzot hi ophene conpound of the fornula-
[err] 25 wherein R err] and R2 are as defined above; © (b)

acyl ating sai d benzot hi ophene conpound with an acyl ating agent of the
formul a WO 96/ 40691 _4,_

PCT/ US96/ 09163 -41-

20. The process of Claim 19 wherein the sulfonyl chloride is
methanesulfonyl chloride.

21. The process of Claim 17 wherein the second strong base
5 is a metal alkoxide.

22. The process of Claim 19 wherein the metal alkoxide is
potassium t-butoxide.

10 23. The process of Claim 22 wherein R3 is a thermally-labile
or ‘acid-labile [C2-C10] C4-C10 alkyl group, all having a

tertiary carbon atom adjacent to the sulfur atom. -

24. The process of Claim 17 wherein R; and R, are methoxy,
15 and R3 is t-butyl.
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