2006 J. G LOAIBARDINO AND LG

. H. WisEMaAN Vol 13

Preparation and Antiinflammatory Activity of Some

2-Arylbenzo[b]thiophen-3(2H)-one 1,1-Dioxides

Joserg (i, LoMBARDINO axD Iipwanp H. Wiseyan

Medical Rescarch Luboratorics, Charles Plizer and Co., Ine.

, Graton, Conneclicut 06340

Received October 6, 1064

2-Phenylbenzo[b] thivphen-3(2H j-one 1,1-dioxide (1) was =hown to exhibit both anticoagulant and anti-

inflammatory activity.

were free of anticoagulant effectx.

The successful separation of anticoagulant activity
from antiinflammatory activity in a group of 2-aryl-
1.3-indandiones’* prompted the preparation of a series
of  2-arylbenzo[b]thiophen-3(2H)-one  1,1-dioxides.
These were evaluated for both anticoagulant (inhibition
of prothrombin synthesix) and antiinflammatory (in-
hibition of earrageenin-induced rat foot edema) ac-
tivities.  After determining that 2-phenylbenzo [b]thio-
phen-3(2H)-one 1,1-dioxide (1) exhibited both anti-
inflammatory and anticoagulant activity, a series of
compounds related to 1 was prepared in an effort to

0]

H
Ar

S0,
1. Ar=CH;

obtain & useful antiinflammatory agent free of pro-
thrombin effects.

Syntheses.—Although a fairly large variety of benzo-
[b]thiophenes have been made,’ compounds of this
tvpe inecorporating all three functional groups. /.e., a 2-
arvl group, a 3-oxo function, and a 1,1-dioxide, ure
somewhat rare.  Sinece the report of Cohen and Smiles*
who prepared 2-(p-aminophenyl)- and 2-(o-nitrophen-
vl)benzo [b]thiophen-3(2H)-one 1,1-dioxide and the work
of Price and Smiles® who reported 2-(p-nitrophenyl)-
benzo[b]thiophen-3(2H)-one 1.1-dioxide, such com-
pound~ where these functional groups are combined
have received seant attention.®”

In the present work, several synthetic approaches
were utilized depending on the accessibility of starting
materials.  In most instances. an o-mercaptobenzoic
acid wax combined with a benzyl halide in the presence
of base to produce an o-benzyvlthiobenzoic acid which
wax oxidized by H.O. to an e-benzvlsulfonylbenzoie
acid.  Cyelization to the desired 2-arvlbenzo[b]thio-
phen-3(2H)-one wax accomplished either by esterifving
the benzoie acid and then treating with NaOJAle or by
refluxing in AeyO) eontaining KO Ae.

Dy J0 Gl Lombardine and Ko ML Wiseman, /. Med. Chem., 11, 342 (1068).

i2) Abstracts of papers of the 134th National Meeting of the American
Chemical Society, Clicago, [, Rept 12. 1467, Abstract No. P-14.

i3 DV. Fukushima in “lleterocyetic Compounds,” R. €, Eldertield,
f.d.. Tohn Wiley & Sons. Ine., New York, N, Y., 1431, pp 146-162.

1y AL Cohien and S, Smilex, J. Chem, Soe., 408 (1930).

:5) WL B Price and =X, Smiles. 0/, 2858 (1928,

16y O Dann, German Patent 871.351 (10611 claims 2-phenyibenzols]-
ihiophien-312H)-one 1.1-dioxide as a Huorescent dye.

(70 AL HL Lamberton and J. YL Thorpe., J. Chem. Soe., €0 25371 (1usT,
prepared 2-i2-npaphthybbenzo [DTtbiophen-3i2Hi-one 1,1-dioxide.

The latter activity was retained in adrenalectomized rais.
prepared including some which retained antiinflammatory activity, as mueh as 1.2

Various analogs of 1 were
times pheny lhutd/one but

COOH COOH
X—EE:I: + ACHC — X—{Z:I: .
SH SCH,Ar
O
7 COOH NaOCH, i H
X | — ester ——> X Ar
N-"80,CH, Ar S0.
KOAc /
Ac,0

Where X = H, the procedure of Price and Smiles” was
also applied for combining o-sulfinobenzoic acid with
benzyl halides to produce o-benzylsulfonylbenzoic acids
directly. A closely related procedure involving 3-
sulfino-2-naphthoie acid, produced a naphthol2,3-b]-
thiophen-3(2H)-one 1,1-dioxide. Previously unreported
o-mercaptobenzoie acids and substituted benzyl mer-
captans prepared in this work are recorded in Tables |
and IT, respeetively (see Experimental Section).

Tanue |
0-MERCAPTOBENZOIC ACIDS

COOH

SH
Yield, Analyses ur
AN G AYSTAR Formula fit. mp. <C
5-CH; 41 1549161 CGHLON C, I
H-Cl 67 L2195 193"
') (CHy, 34 273276 275-276
5-(OCH; ), S0 195195 a0 o, 11

“ ()Verall vield for the three-step procedure!* (diazotization
disulfide formation-Zn reduction) without characterization of
intermediates.  *I.. E. Harr, L. W, McClelland, and F. 2.
Fowkes, J. Cheme Soe., 2114 11938). « German Patent 240,118
to Kalle and Co. (zee Chew. Zentralbl, 11, 15367 (19117).

Tsue I
BiNzyn MERCAPTANS

CH.SH
X—E::]/

Yield
N o By, - (m; ZEo8 Formula Analyses
3-Cly (1 69 T0 R 1L 48K1 CsHrFys C, I
3-CH; 67 S0-81 (81,5602 CsHypoS C, H
3-Cl 72 118 (19 1.53830 C:H,CIS C, H

An alternate synthetic approach to the o-benzylthio-
henzoie acids involved displacement of halogen from an
o-halobenzoic acid by @ benzyl mercaptan,

COOH COOH
x-{z:l: + ArCHSH —» x—{EZ]:
Cl SCH.Ar
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This latter route proved convenient for X = (CHj)s-
NSO,—, and essential when X = CF; and Ar = m-
CI;CsHy. Two other 5-trifluoromethyl-2-benzylthio-
benzoic acids were conveniently prepared from 4-
chloro-3-eyanobenzotrifluoride and appropriate benzyl
mercaptans followed by hydrolysis of the resulting
2-benzylthio-5-trifluoromethylbenzonitrile.  When the
latter approach was applied to m-trifluoromethylbenzyl
mercaptan, however, no benzonitrile intermediate could
be detected by ir analysis. Instead, the only isolable
product was 2-(m-trifluoromethylphenyl)-3-trifluoro-
methylbenzo[b]thiophene-3-amine.

CH,S™Na*t
CF, CN y
o, -
cl ~~"CF,
CF, CN

SCH,—C:H,CFym

CF, NH,

Apparently, the conjugate base of the intermediate 2-
benzylthiobenzonitrile adds to the nitrile function to
form the aminobenzo[b]thiophene in a manner analo-
gous to the eyelization of o-cyanophenylthioglyeolic
acid to 3-aminobenzo [b]thiophene-2-carboxylic acid.®
The amine was found to resist hydrolysis on prolonged
refluxing in NaOH, very likely through formation of
the stable conjugate base, preventing further reaction.

Pharmacology.—Antiinflammatory activity was as-
sessed by inhibition of edema formation in the hind
paw of the rat (Charles River Strain, average wt 170 g,
6 rats/group) in response to a subplantar injection of
carrageenin. The experimental procedure followed that
of Winter, ¢t al.® Edema formation was measured 3 hr
after oral administration of test drug (in aqueous solu-
tion), and the response of drug-treated animals was com-
pared with that of animals receiving vehicle alone and
animals receiving aspirin (100 mg/kg).

Inhibition of prothrombin synthesis was measured
in rats by daily oral administration (2 doses) of drug
(100 mg/kg in aqueous solution, 4 rats/group) 8 hr
apart. Sixteen hours after the last dose, blood samples
were drawn into oxalated syringes from the descending
aorta while the animals were maintained under light
pentobarbital anesthesia. Plasma was separated by cen-
trifugation and prothrombin time determined automat-
ically with a Model 202 clot timer (MechrolabIne.) using
thromboplastin extract!® as directed by the manufac-
turer.

Bilateral adrenalectomy was performed through a
retroperitoneal incision, while the rats were maintained
under light Et,O anesthesia. Animals were maintained
on a normal diet with 0.99 saline in place of drinking
water, and were used 5-7 days postoperatively.

Discussion

2-Phenylbenzo [b]thiophen-3(2H)-one 1,-1-dioxide (1)
was found to be both an anticoagulant and an

(8) C. E. Dalgliesh and F. G. Mann, J. Chem. Soc., 893 (1945).

(9) (a) C. A, Winter, E. A. Risley, and G. W. Nuss, Proc. Soc. Ezp.
Biol. Med., 111, 544 (1962); (b) J. Pharmacol. Exp. Therap., 141, 369

(1963).
(10) Simplastin®, Warner—Chileott.
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Taprx 111
PHARMACOLOGICAL ACTIVITY OF
2-ARYLBENZO [b] THIOPHENE-3(2H )-oNE 1,1-D1oXIDES

Anti-
inflammatory? Prothrombin®
No. pKa® activity effects

1 6.2 +-4 ++

2 5.6 + ++

3 5.2 +d ++

4 4.6 + ++

5 - ++

6 5.3 — 14

7 6.6 — —

8 5.5 - -

9 4.9 — -
10 3.5 + + -+
11 4.3 + —
12 3.8 + -
13 4.8 + ++
14 5.7 — -
15 4.9 +4 -
16 5.2 + —
17 4.8 + -
18 3.9 — -
19 1.7 — -
20 3.8 - —
21 7.5 - -
22 6.4 + —
23 6.9 - —
24 4.3 + —
25 5.0 + 4+ 44 —
26 5.2 + 44 —
27 4.1 + —

Phenylbutazone 6.4 + 4+ -
@ Potentiometric titrations in 2:1 dioxane-H.O. ? Anti-

inflammatory activity is reported as a mean inhibition of edema
in the treated animals within the range of 0.5-1.5 times that of
the mean inhibition of concurrently treated animals receiving
aspirin (100 mg/kg p. 0.); +, drug given at 100 mg/'kg; ++,
drug given at 33 mg/’kg; 44+, drug given at 10 mg/kg p. o.
Compounds with antiinflammatory activity (at 100 mg/kg) of
less than 0.5 times aspirin are reported as —. < 4+, prolongation
of prothrombin time 16 hr after administration of 9 oral doses,
8 hr apart (100 mg/kg p. 0.); 44, prolongation of prothrombin
time 16 hr after administration of 2 oral doses, 8 hr apart (100
mg/kg p. 0.); —, no prolongation of prothrombin time after 9
oral doses, 8 hr apart (100 mg/kg p. 0.). 4 A similar antiinflam-
matory response was obtained with these compounds in both
adrenalectomized and nonadrenalectomized rats dosed at 100
mg/kg p.o. ¢Not measured due to insufficient supplies of
compound.

antiinflammatory agent (Table III). Other 2-aryl-
benzo [b]thiophen-3(2H)-one 1,1-dioxides were made
(Table IV) and tested for both types of activities. All
compounds unsubstituted at the 5 position (1-5) were
found to have anticoagulant activity (Table III).
Introduction of a 5-methyl substituent (7-9), however,
removed anticoagulant effects. Combination of 5-
chloro with a 2-(meta-substituted) aryl group (11-12)
produced compounds with antiinflammatory activity
but free of anticoagulant effects. Other compounds
embodying these features include 15, 22, 24-27.
With a few exceptions (e.q., 6, 7, 8, 9, 14, 19, 20), com-
pounds exhibiting antiinflammatory activity fell within
an acidity range of 4.8 to 6.2 (acidities determined in
2:1 dioxane-H:0). The most potent antiinflammatory
activity was seen with compounds having a 5-trifluoro-
methyl substituent (i.e., 25, 26). Comparing dose—
response curves for 25 and phenylbutazone in the rat
foot edema test indicated a relative potency of 1.24.
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TavsLe IV
2-ARYLBENZO [ THIOPHEN E-3(211 -0k 1, 1-Diox1nies
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X
Yield. Method

No. X At it of prepn”

1 H Cyll, 61

2 13 4-C1CH, 60 A

3 I 3-CF3CyH, 306 A

4 H 3-NO.C;H, 32 A

5 H [-Naphthyl 24 A

6 i k. 02 B3

7 5-CHy CeH; ! A

N 5-CH;y 3-CFyCelly 95 ¢

[l 5-CH, 3-NO, el BA A
10 5-C1 (‘»;II:, 84 o
11 5-Cl 3-CFCeHy 93 &
12 5-C1 3-NOLCilly NS C
133 5-C1 4-ClLCH, N4 ¢
14 5,6-1CH 4 Cl 42 D
) 5.6-(CH g 3-CFyCeH, 41 1)
16 5,6-(CH), 4-CI1CsH, 23 D
17 5-1CH;)NSO: CyH. N C
IS -0 CH; NSO, 3-CF,CeH 75 B
19 S-1CH) NSO, 3-CH,CeH: 35 B
20 -1 CHy NSO, 3-ClCH: 36 B
21 5,6-(0CHL 1, CyH. A0 C
22 3,6-(0CH; 3, 3-CEyCed N6 ¢
23 3B-(OCH, 1 $-ClCeH, N1 C
24 3-NO, 3-CHCsH, 45 B
25 3-CF, [QAES 85 (.
26 3-CFy 3-CH3CeI, 74 ¢
27 5-CF, 3-CF3CeH, X3 C

)
H
Ar
S0,
Crystn

Mp., #C solvent” Formula Analyses
176-17N8

147144 I CHClO,= C, H
142144 I CiHyFR0,2 ', H
218220 I CrH o NOR ¢, H, N
162-166 I CrsHpOys ¢, "
132-133 I CisHF0,8 ¢, i
I84-1%6 | Cra0= C, H
146145 I CisHp F3058 ¢, H
213215 1 Ci:HuNO= O, N
181183 | CreHCLOGS ¢, H
161-163 | CHCLF ;058 ¢ H
215216 k. 1 HCINO R ¢, H, N
158-161 15 CHsCLOR o, H
170173 I CrsHpOs LI
INS—-159 I Craly FyO o, 1
235237 I CHClOS ¢, H
[X9--141 D CieHENOsS, ¢, H, N
170173 I CiHLFaNOs=y C, M, N
1538-160 M-W CirHiNOR, C, H, N
IN7T-189 k CrHuCINON, ¢, H, N
22()-222 I CHuClOg= ¢, H
201-202 I CrHpF08 ¢, 1
225-228 I CysH i ClOsR ' H
140--142 I CLHUNOS O, LN
197- 198 CHFO5% o, H
176-17N8 I sl F30,5= (G &
198149 CsHgF 50,8 ¢, H

+A = Prepared by estervification of an o-benzylsulfonylbenzoic acid followed by base-catalyzed cyclization as illustrated in the Iix-

B =

perimental Section for 2.

an o-benzylsulfonylbenzoic acid via the acid chloride and then cyelized as illustrated for 8.
Absence of any symbol indicates the compound was obtained analyvtically pure by

E1OH; I =
thorough trituration with H.O.

-PrOH; M = MeOH: W = H,0.
¢ Reference 4 reports mp 174°.

Experimental Section't

Substituted o-Mercaptobenzoic Acids.—The requred o-
mercaptobenzoic acids (Table I) were prepared from commercially
available anthranilic acids by the method of Allen and Mac-
Kay.? Dimethoxyanthranilic acid was made by the method of
Zincke and Francke!® v/g nitration of veratric acid Me ester
followed by reduction of NO; and hydrolysix of the exter function.

Substituted Benzy! Mercaptans.- -The vequired benzyl mer-
captans (Table IT) were prepared from commercially available
benzyl chlorides via the isothiowronium salt essentially by the
procedure of Urquhar, «f al.¥*  After acidification, the products
were extracied (I26:0), dried, and vacuum dixtilled.

a-Chloro-m-xylene aud a,m-dichlorotoluene were purchased
from the Aldrich Chemical Co, m-Trifluoromethylbenzyl chlo-
ride and pentafluorobenzyvl bromide were purchased from Pierce

111y Meliing points were Jdetermined in a Thomas-Hoover capillary
melting point apparatus using a calibrated thermometer and are uncorrected.
Potentiometric titrations were carried out in 2:1 dioxane—H.0O (v v) solvent
nsing a Beckman Model G pH meter and standard 0.5 N NaOH. The
apparent pR, values correspond to the pll values at the half-neutralization
point in these ritrations. A Varian \-60 spectrometer (MesSi standard)
was used to measure nmr spectra. Ir spectra were determined in KBr
pellets.  Analvses were carried out by the Physical Measurements Labora-
1ory of Chas, Phzer & Co.. Ine. Where analyses are indicated only by svm-
bols of the elements, analytical resnlts obtained for those elements are within
0.4 of the theoretical values.

012y 1 L Allen and D D, MacKay, “Organic Syntheses,” Coll
Vol 11, AL HL Blatr, Ed., Jonn Wiley & =Sons, Ine.. New York, N. Y., 1943,
b 580

i13) T. Zincke and B. Francke, Ane. Chem., 293, 189 (1896).

114y G Go Urqguhare, J. W, Gates, Jr., and R. Connor in “QOrganic =Syn-
Theses,”" Coll. Vol IT1L F. ¢ Horning, Ed. John Wilev & Sons. Ine.. New
York, NUYLTUBS, o363,

evelization of an o-benzylsulfonylbenzoic by Ae;O-KOAc as illustrated for 18. (¢ =

esterified

[} = see Experimental Section. "I =

Chemical Co. and m-nitro- and p-chlorobenzyl chloride were
Eastman Organic Chemicals.

2-({ p-Chlorophenyl)benzo|t|thiophen-3(2H }-one 1,1-Dioxide
(2).—A solution of 10.0 g (0.032 mol) of 55 in 400 ml of absolute
EtOI was satwrated with dry HCl and refluxed for 24 hr.  Evapo-
ration to dryness gave a light vellow oil which was partitioned
between 109, NaHCO,; E0. The EtO laver was washed with
20 and dried (Na:80,). Removal of all solvent vielded a vizeous
oil which wax diszolved in 200 ml of 0.5 M NaOBEt-1wO1L
After refluxing for 2 hr, concentration to dryness gave a vellow
solid which wax dissolved in 300 ml of H:0 and acidified with 6
N HCT o vield 5.6 g (607¢) of 2, mp 145-148° (Table IV
A sample was recrystallized from FtOH for analyvsi=, mp 147
149°,

53-Methyl-2-( in.=trifluoromethylphenyl)benzo|)] thiophen-3( 2H )-
one 1,1-Dioxide (8).~After refluxing a solution of 5.0 g (0.022
mol) of 60 i 50 ml of CgHy and 50 ml of SOCL for 1 hy, evapora-
ton to dryuess (reduced pressurvej gave a white =olid.  The
resulting residue was suspended in 50 ml of MeOIl and refluxed
for 1 hr producing a yvellow solution which was evaporated wo
dryness to vield a pale vellow solid. This residue was suspended
in 200 ml of absolute StOH and 90 ml of 1 M/ NaOLt in EtOH
added. Refluxing for 1.5 hr and removal of all solvent produced
a vellow solid which was dizsolved in 500 ml of H:O and acidified
(6 NHCH tovield 7.2 2 (957 ) of 8, mp 142-145°. Recrvstalliza-
tion from IEtOH gave mp 146-148°,

2-Phenylnaphtho|(2,3-b]thiophen-3(2H )-one 1,1-Dioxide (14 ).- -
Oxidation of 1.7 g (0.0038 mol) of 3-benzylthio-2-naphthoic
acid (40) wax carried out using 1,0, in HCOOH ax illustrated
below for 55. The resulting crude, tan solid (1.5 g) was refluxed
with 30 ml of SOCL and 30 ml of CyHgfor 1 hr.  After evaporating
to dryness, 50 ml of MeOH was added and the solution refluxed
for 0.5 hr. After evaporation to dryness, the residue was com-
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TasLE V
0-BENZYLTHIOBENZOIC ACIDS

COOH
SCH.Ar

Yield, Method Crystn

No. X Ar % of prepn,* Mp, °C solvent® Formula Analyses
28 H CeH; 98 187-18Y¢

29 H 4-CICsH, 86 A 218-219 I Ci:HiiClO:S C, H
50 II 3-CF3C6H4 9() AA 151"153 E Cu,HquOgS C, I‘I

31 H 3-N0,CsH, 97 A 192-194 E Ci HyNOS C, H, N
32 H l-Naphthﬂ 97 A 179-181 L Ci3sH1,0,8 C, H
33 3-CH; CeH,; 89 A 169-171 C:Hi, 0.8 C, H
34 5-CH; 3-CF;CsH, 96 A 153-155 CicHip3F30,8 C, H

35 5-CH; 3-NO:CeH, 95 A 164-167 Cr:HisNOS C, H, N
36 5-Cl CeH; 69 A 184-183 Et-1 CuHi;ClO,8 C, H
37 3-Cl 3-CF;CeH, 71 A 165-167 Et-H Ci:HioCIF,0,8 C, H
38 3-Cl 3-NO:CeH, 76 A 174-176 E CiH;oCINOS C, H, N
39 5-Cl 4-CICH, 67 A 178-180 Et+-H C1HuCLOR C H
40 4,5-(CH), CH, 94 A 247-249 M CisH1:0:8 C, H

41 4,5-(CH), 3-CFyCeH, 70 A 222-225 E-W CreHuF30.8 C, H

42 4,5-(CH )4 4-CICH, 48 A 218-221 L CisHiCl10,S C, H

43 5-(CHjs)e NSO, CeH; 697 B 224-225 A CisHiNOS; C, H N
44 5-(CH; NSO, 3-CF3CsH, 79 B 207-210 E-W CiHiFaNO,S, C, H N
45 5-(CH3).NSO, 3-CH,CsH, 81 B 215-217 E Ci7H1sNOSS; C, H N
46 5-(CHjy). NSO, 3-CIC¢H, 77 B 211-212 L CisH1cCINO,S; C, H, N
47 4,5-(OCH;), CeH; 96 A 176-176.5 CiH1g048 C, H
48 4,5-(0CH;), 3-CF,CeH, 98 A 185-187 CuH i Fi0.8 C, H
49 4,5-(OCHy), 4-CICGH, 97 A 183184 CisH,;C10,8 C,

A0 5-NO, 3-CH,;CsHy 38 Be 238-240) L C;HiuNOS C, H N
51 3-CFy CeH; 84 C 180-181 B Ci;Hi F30.8 C, H

a2 3-CF, 3-CH,3C¢Hy 80) C 192-195 CisH3F30.8 C, H
-):; L-)-CFQ 3‘CF3CGI{4 -'.)5 C ]65—166 Et—II Cu’,{{]oFsO‘;S C, I'I

@A = An o-mercaptobenzoic acid was treated with a PhCH,Cl as illustrated in the Experimental Section for 29. B:
(or chloro-) benzoic acid was treated with a PhCH,SH as illustrated for 44. C:
H;0; M = MeOH; Et = Et:0; H = hexane; B = C¢Hs; A = MeCN; I = ¢-PrOH.
¢ Kindly provided by Dr. Richard Koch of these laboratories.

mp 189°.
as starting material.

bined with 0.76 g (0.014 mol} of NaOCH; and 25 ml of MeOH
and refluxed for 0.5 hr. Addition of 150 ml of H,O followed by
acidification (6 N HCl) produced a tan solid which, after re-
crystallization from EtOH, gave 0.59 g (4297) of 14 (see
Table IV).

By identical procedures 15 and 16 were produced from 41 and
42, respectively, via the crude sulfones followed by base-catalyzed
cyclization.

A superior technique for preparing 2-(mstrifluoromethyl-
phenyl)naphtho(2,3-5]thiophen-3(2H )-one 1,1-dioxide (15) is as
follows. To 11.8 g (0.050 mol) of 3-sulfino-2-naphthoic acid (see
below), 10.2 g (0.10 mol) of EtN, and 100 ml of MeCN was
added 19.5 g (0.10 mol) of m-trifiuoromethylbenzyl chloride.
After refluxing for 16 hr, Et;N-HCIl was filtered, the filtrate was
concentrated to an oil which was crystallized from MeOH to give
12.9 g (47%) of 3-(m~trifluoromethylbenzyl)sulfonyl-2-naphthoic
acid m-trifluoromethylbenzyl ester, mp 111-112.5°. Anal.
(CoHisFsO48) C, H. A solution of 18 g (0.33 mol) of NaOCH;
in 560 ml of MeOH was stirred at 40° as 62 g (0.112 mol) of the
above ester was added over 10 min. After refluxing the solution
for 1 hr, evaporation yielded a semisolid which was diluted with
120 m] of H.O, cooled, and acidified (12 N HC1). The resulting
slurry was extracted (CHCl;) and the extracts were dried (NasSOs)
and evaporated. Recrystallization from EtOH gave 36 g (81¢)
of 15, mp 191-192°; nmr (CDCL): 7 4.66 (s, 1, 2-H), 1.70-2.4
(m, 8, aromatic protons), 1.42 (s, 1, 9-H), 1.30 (5, 1, 4-H).

2-(m-Trifluoromethylphenyl)benzo [b]thiophen-3(2H )-one 1,1-
Dioxide (18).—After refluxing a solution of 6.8 g (0.015 mol) of
67 in 150 ml of Ac,O containing 0.10 g of anhydrous KOAc for
3.5 hr, concentration to dryness under reduced pressure gave a
yellow oil. Brief refluxing of a solution of this oil in 100 ml of
EtOH and 100 ml of 59, NaOH following by concentration to
100 ml gave a yellow suspension. Addition of 300 ml of H,O and
then acidification with 6 N HCI produced a yellow solid which,
after recrystallization from EtOH, yielded 4.9 g, (759%.) of 18
(Table TV).

an o-bromo-
PE = EtOH; W =
¢ H. Apitzsch, Ber., 46, 3102 (1913), reports
¢ Using 2-chloro-3>-nitrobenzoic acid (Aldrich Chemical Co.)

see Experimental Section,

2-(p-Chlorobenzylthio)benzoic Acid (29).—A combination of
13.4 g (0.10 mol) of o-mercaptobenzoic acid, 16.1 g (0.10 mol) of
p-chlorobenzyl chloride, 13.8 g (0.10 mol) of K,CQj, 250 ml of
EtOH, and 125 ml of H:O was refluxed for 2 hr. Acidification
with 6 N HCI precipitated a white solid which, after thorough
trituration with H.O, gave 23.9 g (869 ) of 29 (see Table V).
2-(m-Trifluoromethylbenzylthio)-5-dimethylsulfamoylbenzoic
Acid (44).—A suspension of 9.2 g (0.030 mol) of 2-bromo-5-di-
methylsulfamoylbenzoic acid,® 6.2 g (0.032 mol) of m-trifluoro-
methylbenzyl mercaptan, 4.0 g of KOH, 90 mg of Cu powder, and
150 ml of DMF was heated at 125° for 19 hr. After filtration
and evaporation to dryness under vacuum, the residue was dis-
solved in 400 ml of H-O and acidified (6 N HC1) to produce a
gum which slowly crystallized on stirring in the cold. Reerystal-
lization from EtOH-H.O gave 9.9 g (79¢) of 44 (Table V).
2-Benzylthio-5-trifluoromethylbenzoic Acid (51).—A solution
of 13.4 g (0.11 mol) of benzyl mercaptan, 30 ml of DMF, and 5.9
g (0.11 mol) of NaOJle was cooled to 15° and then added over
0.5 hr to a solution of 23 g (0.11 mol) of 4-chloro-3-cyanobenzo-
trifluoride (Pierce Chemical Co.) in 30 ml of DMF. Afterstirring
1.5 hr at room temperature, the mixture was added to 00 ml of
cold H:O and extracted with CHCl;. After drying, removal of
solvent yielded 34 g of a pale yellow oll, presumably 2-benzylthio-
S-trifluoromethylbenzonitrile. A combination of 17.5 g (0.06
mol) of thiz erude nitrile, 50 ml of EtOH, and 200 ml of 20¢;
NaOH was refluxed for 24 hr. Concentration of the reaction
under reduced pressure followed by Et,0 extraction vielded, on
removal of the ether, a pale orange oil. Suspending the oil in
H.0 and acidifying with 6 N HCI produced a white solid, 15.7 g
(849%) of 51 which was pwrified for analysis by recrystallization
(CsHg) (Table V).
By essentially the same procedure, except for employing m-
methylbenzyl mercaptan in place of benzyl mercaptan, an 80%;
vield of 52 was realized. When an attempt was made to prepare

(15) B. M. Bloom and J. F., Muren, U. 8. Patent 3,310,553 {1967).
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Tapre VI
0-BENZYLSULFONYLEBENZOIC ACTD=
COOH
£X
SO.CH_Av
Yield. Method Cry=tu,
No. N Ar “y ol prepn.t AMp. L ~olvent” Formula Analyvses
e H Cyll, A 13113
35 1 1-CICH 03 A INT 189 I O H ClOgS (QER
A6 1 3-CF,;Cell, N4 A 125130 Fo-H CHp F0- o, H
57 I 3-NO,Celly 54 A 230241 CrsH N OgS ¢, 1, N
N H il IN B 172176 =W CyHeF, 0 oI
54 3-CH CsH; 91 K 19520 D CrHL0- ¢, H
6t 53-CH, 3-CFRCIH, 06 A 136-159 CullpFa00 ¢, 11
61 3-CH, 3-NO,CeH, N3 \ 215216 CraHpNOgS COHON
62 5-Cl CeHs 83 A S0 181 -1 CiH CloR [QRN B
63 5-C1 3-CF,Ce, 91 A [49-152 DN L HCIF08 o, 11
64 5-C1 3N OQeCely 03 \ 1749 18] I CLeHBCIN Qg ¢, H, N
6.5 5-Cl1 4 CICeH, 80 \ 167170 DI ¢ H 1 CLOS [QAR I
66 H=(CHz NS8O, Celi; 617 ( 225226 FoA CrsHpNOgS, ¢ I, N
67 S=-(CHy NSO, 3-CF;CelH, SO & 148200 CrHpFaNOgS. ¢ 1, N
68 3-(CHjy) NSO, 3-CH,CyH, NT & 202-224 O N OgSy . H, N
69 3-(CHy NSO, 3-CLC,H, 70 ( 207-210 -\ CrllCINOgR, .1, N
70 4,5-(OCHjy), g, 86 A 196- 197 CrHppOes . H
71 4,5-(0CH; 1, 3-CFyCellg 095 A 2006207 i HEF08 (GRS
2 4,5-(OCH, 1 A-C1CH NS A 197 19N CreHpClOgs (G|
i 3-NO, S-CHLCeHy NS ¢ 244246 CaHENOgR ¢ N
74 5-CFy [N 73 A 171172 CrpHFyOgs (GRS
D 3-CF, 3 CHLC 0 S0 A 165 166 W CrFaOg= [QRN B
76 5-CF 3-CFCM, N() 16 & 1921053 IDIER | o FiOgs ',
A = Oxidation of the =ulfide i HCO:H ~H.0, as ustrated in the Experimental Section for 35, B = see Experimental Section;

(' = oxidation of the =ulfide in AcOH-H.0,.

4 Kindly provided by Dr. Richard Koch of these laboratories.

53 by the above procedure, excent emploving m-trifluoromethy|-
benzyl mercaptan, the following re<ult= were obtained:
2-(m-Trifluoromethylphenyl)-5-trifluoromethylbenzo 5] thio-
phene-3-amine.——The Na =alt of n-trifluoromethylbenzyl mer-
captan was prepared under Ny from 5.7 g (0.03 mol) of the mer-
captan in 35 ml of MeOH coutaining 30 ml of 1 3/ NaOMNe
MeOH. Removal of all =olvent under reduced pressure vielded
a white =olid.  Addition of 50 mi of DMF and 6.2 ¢ (0.030 mol)
of 4-chloro-3-cvanobenzotrifluoride gave a red =olution which
was heated (steam bath) for 1 hr.  After powring into 300 ml of
cold 1,0, extraction (I20) and removal of all solvent produced
a vellow oil, 10.5 g (977 ), which slowly crvstallized: no nitrile
absorption near 45 g A =olution of thix crude =oft =olid in
1StOH (100 mb and 209, NaOH (100 ml) produced two layers
when refluxed for 2 days. The upper layver was =eparated and
evaporated, and the residue su=pended in H.O aud acidified to
give a white solid, mp 92-95°, identical on silica gel tl¢ plates {ixo-
octane-10%; HOAe, 2 passes) with the crude <oft solid employved
ax xtarting material for this hydrolvsiz. Ly spectra (xee below) of
the two materials were essentially identical. Recrvsrallization
from EtOH-H,() gave a solid, mp 100--102°.  nal. (CsHFeNNI
C,H, NS Nme(CDCL): 7 2.0-2.5 (m, 7, aromatic protons), 5.9
ts, broad, 2, NH., exchanges with 1).0); uv max (FtOH) 271 mgu
(12,000), 345 (78801 1r 2.92 and 2.99 (NH.:) (no other bands
below 6.0), and 7.5 u (CFy).
2-(m-~Trifluoromethylbenzylthio )-5-trifluoromethylbenzoic
Acid (53).2-—A solution of 22.5 g (0.11 mol) of 2-chloro-3-tri-
fluoromethylbenzoic acid, 16 g (0.10 mol) of m-trifluoromethyl-
benzyl mercaptan, and 10.8 g (0.20 mol) of NaOMe in 200 ml of
DMMF was heated at 90° for 6 hr.  After cooling to room tempera-
ture, addition to a solution of 800 ml of HoO and 20 ml of 12 .V
HCI produced a =olid which was extracted (Et.0). After drying,
(16) This experiment was earried out by Dr. G, ¥. Holland of tliese lahora-
torles.,
i17) G. Sauey and L. H. Sternbacli. Helr. Chim. Acta, 46, 2233 (1962).

"1 o= FtOH: Et = Et;0: H = hexane: W = .0: FEAce = E1OAc
<vmbol indicatez the compound wax obtained analytically pure by thorongh trituration with H.O.

Ab=zence of any
Reference 4 gives mp 126 - 128°,

evaporation of all =olvent gave a =oft residue which was <lurried
in hexane to vield 21 ¢ (354 ) of 533 (Table V).

2-( p-Chlorobenzylsulfonyl jbenzoic Acid (55 ).— T 1 suzpension
of 15.0 g (0.054 mol) of 29 in 300 ml of 97¢ HCOOH warmed 1o
53¢ was <lowly added 20 ml of 30¢; HyO.  The resuliing tan
~olution was kept at 55° for 3 hr and then allowed to stand over-
night at room temperature.  After removal of all =<olvent
reduced pressure, a white =olid residue resulted. 16.4 g {987, ) of
55 (Table VI, mp 1N7--189° after recry=tallization from 121011,

2-(Pentafluorobenzylsulfonyl )benzoic Acid (581.—To u =~oln-
tion of 3.5 g (0.019 mol) of e-sulfinobenzoic acid,” 330 ml of
MeOIl and 35 ml of 1Y NaOCH; in MeOI wax added H.0 ¢
10.019 mols of pentafluorobenzyl bromide.  Atter refluxing fo
3 hr, the reaction was concentrated to half-volume under reduced
pressure, an equal volume of H,O added, and the sohution acidified
1o produce 4.0 g (351 of 58 (xee Table V1)

3-Sulfino-2-naphthoic Acid.—A =uspenzion of 4449 ¢ (0.24
mol) of 3-amino-2-naphthoic acid, 360 ml of 1.0, 600 ml of THI,
and 120 ml of TSRO, wax cooled to 2°, Addition of 182 ¢ 10.264
mol) of NaNOsin 300 ml of H,0 was regulated to keep the reaction
below 3° Upon complete addition, 80, was bubbled rapidly
through the =olution while maintaining the temperatire below
7% After 15 min, and while continuing S0, addition, 60 ¢ of
Cu powder wax added.  After 1 hr of 80 addition at 5°, the re-
action was stirred for 1 hr at room temperature.  Filtration of
the Cwand evaporation of THF yielded a dark tar, which ery=ial-
lized upon trituration =uccessively with CHClL and then EwO
prodicing 38.6 g (65¢,) of pale gray solid, mp 144-145° dec.
Anal. (CHHOM €, 1L
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