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In a recent report we described the synthesis of ring
methylthio4-acetamidostilbenes (3), which were required
in a study of the metabolism of the carcinogen, 4-acet-
amidostilbene (4-AAS), in rats.

In one case we had obtained the desired methylthio-
nitrostilbene by facile dehydration of the appropriate
I,2-diphenylethanol in boiling dimethyl sulfoxide (3
hours).  However, the attempt to thus dehydrate 1-(2-
methylthiophenyl)-2-(4-nitrophenyl)ethanol (1) was not
successful al first (4), and we turned to a more drastic
method, the use of boiling hydrobromic acid in acetic
acid.  The product (2), of this reaction, however, when
reduced to the amine (3), and the latter group acety-
lated gave 4, which had a molecular weight (by mass spec-
trometry) of 267, sixteen mass units less than calculated
for the desired stilbene derivative. Microanalyses agreed
with a molecular formula lighter by CH, than that of a
methylthio4-AAS. The product was insoluble in alkaline
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solution, thus showing absence of a thiol function.
Deamination of 3 gave a known compovnd, 2-phenyl-
benzo[b Jthiophene (5) which we confirmed by an alter-
nate synthesis (5).  We therefore had produced 2-(4-
nitrophenyl)benzo[ 4 [ thiophene (2) from 1. It should be
noted that there was also recovered from the filtrate in
the above reaction (1 = 2) a very small amount of the

desired stilbene, 2'-methylthio4-nitrostilbene (3).

Attempted dehydration of 2-(2-methylthio-4-nitro-
phenyl)-1-phenylethanol (8) (3), to a stilbene, in boiling
acetic acid with hydrobromic acid also gave us an
unexpected product (7). Reduction to 8 and acetylation
lo 9 produced a compound with a molecular weight 14
units lower than expected for a methylthio-AAS. Like 4,
9 was insoluble in alkali.
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Deamination of 8 gave an oil. By preparative tle we
obtained a product which solidified in the freezer and did
not remelt at cool room temperature. Analysis, nmr, and
ir agree with the proposed structure (10), of a compound
which does not appear to have been described hitherto.

Desulfurization of 9 with Raney nickel gave predomin-
anlly 4-acetamidobibenzyl (11). Hydrodesul furization of
4 likewise gave a mixture, which tle showed to be largely 11.

We were interested to learn whether the presence of
the nitro group was necessary for the observed closures
to take place, and also to learn whether the dehydration
was an integral part of this reaction. To answer the first
of these questions we reduced 1 (3) to the corresponding
amine and then deaminated the latier to give 1-(2-methyl-
thiophenyl)-2-phenylethanol(12). When 12 was refluxed
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in acetic acid with 48% hydrobromic acid we obtained 5,
in somewhat smaller yield than was obtained in the reaction
leading to 2.

The sccond question was answered by treating 2'-
methylthio4-nitrostilbene (3) with hydrobromic acid in
acetic acid thus obtaining 2.
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It is interesting lo speculate on the reason for closure
to the 2,3-dihydro hetero ring, when the methylthio and
nitro groups are substituted in the ring which is on the
B-carbon of the ethanol, but closure to the unsaturated
hetero ring when these substituents are on different rings
and when the methylthio bearing ring is on the a-carbon.
Perhaps in the former case replacement of the hydroxyl
group by bromine is followed by relatively rapid attack of
the sulfide nucleophile on the a-carbon, with simultancous
In the latter closure a similar
reaction would lead to a four-membered hetero ring.

climination of Me bromide.

In this case, therefore, hydrogen bromide climination
takes place, followed by attack of sulfide on the more
positive aliphatic carbon atom. The latter mechanism
would be a way of rationalizing the closure of 2"-methyl-
thio-4-nitrostilbene to 2, and also the closure of 12 to 5.

This appears to be a new method of preparation for
2-phenylbenzo| b Jthiophenes  and 2-phenyl-2,3-dihydro-
benzo[b Jthiophenes.  Further study s required to show
its uscfulness with a variety of substituents and positions
substituted.

EXPERIMENTAL

Melting points were taken on a Fisher-Johns block and are
correeted to standards. Analyses were performed by A. Bernhardt,
Elbach iiber Engelskirchen, West-Germany.

2. (4-Nitrophenyl)benzo{b |thiophene (2).

To a solution of l(2-melhylthi()phcnyl)—2(4-nilrophvnyl)-
ethanol (1) (3) (2 g., 0.007 mole) in glacial acetic acid (150 ml.),
48% hydrobromic acid (25 ml.) was added. The mixture was
refluxed for 4 hours and cooled to room temperature. The
yellow precipitate was collected and washed with a little acelic
acid and dried, giving 1.2 g., m.p. 195-210°. Recrystallization
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from toluene (Darco) gave 0.9 g. (48%) of the product, m.p.
214.-215°. Another recrystallization from toluene gave an
analytical sample, m.p. 214-21 5°.

Anal. Caled. for C;,HyNO,S: C, 65.87; H, 3.55; S,12.56
Found: C, 65.96; H,3.59; S,12.71.

The filtrate from the reaction mixture was diluted with water
to form a yellow precipitate. The precipitate was filtered off and
dried, giving 0.6 g., m.p. 97-1 04°. Chromatography on neutral
alumina with benzene as solvent and eluent gave 0.47 g. of bright
yellow material, m.p. 102-104°. Mixture with authentic 2" methyl-
thio-4-nitrostilbene (3) melted at 106-1 09°. Thin layer Chromato-
graphy of this compound gave the same R value as that for
2" methylthio4-nitrostilbene.

2_(4-Aminophenylbenzo | b [thiophene (3).

To a solution of 2{4-nitrophenyl)benzo{b Jthiophene (2)
(271 g., 001 mole) in a mixture of 100 ml. of toluene and
100 ml. of ethanol, 3 ml. of hydrazine hydrate (99-100%) and a
small amount of palladium on charcoal (5%) were added and the
mixture was boiled for 25 minutes. The catalyst was filtered off
and the filtrate was boiled down to near dryness and cooled. The
white precipitate was filiered off and washed with water and dried,
giving 2.3 g. (96%) of the product, m.p. 155-156°.  One
recrystallization from ethanol gave an analytical sample with the
same m.p.

Anal. Caled. for CMH“NS: C, 74.64; H,492; N, 6.22;
S, 14.22. Found: C. 74.613 H. 5.04; N, 6.34; S, 14.16.

2(4-Acetamidophenyl)benzo[b Jthiophene (4).

Acetylation of the foregoing amine with acetic anhydride gave
the amide, m.p. 269-271°. Recrystallization from ethanol-acetone
(1:1 mixture) gave an analytical sample, m.p. 270-271° with
sintering at 267°.

Anal. Caled. for C,H,3NOS: C,71.89; H, 4.90; N, 5.24.
Found: C,71.86; H,5.00; N,5.05. The molecular weight was in
agreement with theory, M* =267 (7).

2-Phenylbenzo| b Jthiophene (5).

a) To a solution of 3 (1.2 g., 0.053 mole) in tetrahydro-
furan (6 ml.), concentrated hydrochloric acid (9 ml.) was added.
The resulting amine hydrochloride was cooled inan ice (salt) bath
and crushed ice (5 g.) was added. When the temperature of the
mixture was -10°, an aqueous solution of sodium nitrite (0.6 g.)
was added dropwise with stirring. The mixture was warmed grad-
ually to 10°, and was allowed to stand at that temperature for
30 minutes. The clear brown solution was added to 50% hypo-
phosphorous acid (60 ml.) with stirring. Reaction took place
immediately with evolution of gas. The mixture was allowed to
otand at room temperature overnight and the creamy white
precipitate was filtered off, washed with water and dried, giving
1.0 g. (90%) of the crude product, m.p. 168-173°. Recrystalliza-
lion from ethanol gave 0.8 g., m.p. 170-173°. Sublimation at a
bath temperature of 150° (1 mm.), followed by recrystallization
from ethyl acetate, gave shiny white crystals, m.p. 175-176° (lit.
m.p. 176°) (8); nmr (DMSO-dy): & 7.08-7.92 (10H, m, aryl and
(-3 position protlons) (9). Compare reported value (10) for 2--
nitrophenylbenzo[b |thiophene: 7 (carbon tetrachloride): 2.15-
2.90 (m, aromatic).

b) Compound 5 was also made by the method of Malte and
Castro (5) from cuprous phenylacetylide (Willow Brook l.abor-
atories) and o-bromothiophenol in pyridine. Recrystallization and
sublimation gave a sample identical to 5:; m.p., mixture m.p.,
tle and ir.
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6-Nitro-2-phenyl-2 3-dihydrobenzo[b |thiophene (7).

To a hot solution of 242-methylthio-4nitrophenyl)-1 -phenyl-
ethanol (6) (3) (3.7 g., 0.0128 mole)in glacial acetic acid (200 ml.),
hydrobromic acid (48%) (30 ml.) was added and the mixture was
refluxed for 2 hours, and then boiled down to a volume of 50ml.
Upon cooling this solution to room temperature a yellow precipitate
was deposited which was filtered off and washed with glacial
acetic acid, giving 2.8 g. (85%) of the product, mp 9394° .
By concentrating the filtrate and cooling, a further 0.4 g (12%)
of the product was oblained, mp. 92.594°. An analytical
sample (m.p. 93-94°) was prepared by one recrystallization from
ligroin (b.p. 60-90°).

Anal.  Caled. for C,H NO,S: €, 65.37; H, 431; N,
5455 S, 12.45. Found: €, 65.43; H, 4.42; N,5.57: S,12.52.

6-Amino-2-phenyl-2 3dihydrobenzo[ b | thiophene (8).

The foregoing nitro compound (1.3 g., 0.005 mole) was
dissolved in 30 ml. of ethanol and reduced with 2 ml. of hydrazine
hydrate (99-100%) and 0.1 g. of palladium on charcoal (5%) by
heating on a steam bath for 2 hours. The catalyst was filtered off
and the filtrate was boiled down to near dryness and about 10 ml.
of water was added. Upon stirring with a glass rod a white
precipilate came out, giving 1.0 g. (88%) of the amino compound,
m.p. 89.590°.  One recrystallization from methanol gave an
analytical sample with unchanged m.p.

Anal.  Caled. for Ciall 3NS: N, 6.16.

Found: N, 6.02.

6-Acetamido-2-phenyl -2 3dihydrobenzo[b [thiophene (9):

Acetylation of the foregoing amine with acetic anhydride gave
the amide, m.p. 163-164°. Reerystallization from ethanol gave
an analy tical sample with the same m.p.

Anal.  Caled. for C, 6HISNOS: C,7035: 1, 5.61; N,520
Found: €,71.24; H,5.65; N,5.17. The molecular weight was in
agreement with theory, M1 = 269(7).

2-Phenyl2,3dihydrobenzo[b |thiophene (10).

Compound 8(1.2 g., 0.0525 mole) was diazotized with concen-
trated hydrochloric acid and sodium nitrite in the presence of
tetrahydrofuran, and decomposed in 50% hypophosphorous acid
in the same manner as for 2{4-aminophenyl)benzo[b Jthiophene.
In this case, as the gas evolved, a dark oil separated. ‘The oil was
extracted with ether, dried over magnesium sulfate, and the ether
was evaporaled.  Thin layer chromatography of the product
showed the presence of impurity. The crude product was chro-
matographed through a neutral alumina column and eluted with
benzene. A light brown band descended rapidly and was collected .
Evaporation yielded 1.0 g. (90%) of a light yellow oil. Purifica-
tion by preparative te on silica gel G yielded an oil which crystal-
lized in a freezer and did not melt at cool room temperature,
and which was analytically pure. The ir spectrum (potassium
bromide disk) shows alkyl CH (29352820 ¢cm -1) as well as aryl
CH (3060-3020 ¢cm ~1). In contrast the spectrum of 5 shows all
CH bands as aryl or conjugated (3080-3020 cm~-1); nmr (DMSO-
dg): 6 320375 (2H, m, C-3 protons), 496520 (IH, t,
J 4z, C-2 proton) (9).

Anal.  Caled. for (314“1281 C, 79.20;
Found: €,79.08; 11,5.70; S, 15.04.

H, 5.70; S, 15.10.

4-Acetamidobibenzyl from 6-Acetamido-2-phenylbenzolb |thio-
phene (9).

To a solution of 9 (0.3 g., 0.0011 mole) in 20 ml. of ethanol,
10 g. (wet) of freshly prepared Raney nickel (11) was added and
the mixture was refluxed for 4.5 hours. The catalyst was filtered
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off and the filtrate was boiled down to near dryness and cooled.
A white gellike precipitate came out, giving < 0.1 g. with a wide
melting range up to 130°, Tle on silica gel showed several
components but principally one which corresponded to authentic
4-acetamidobibenzyl.

4-Acetamidobibenzyl from 2(4-Acetamidophenyl)benzo[b |thio-
phene (4).

244-Acetamidophenyl)benzo[ b [thiophene (0.25 g.) was dis-
solved in hot 95% ecthanol (60 ml.). The solution was cooled to
ambient lemperature and freshly prepared Raney nickel (11)
(8 g., wel wt.) was added. The mixture was refluxed for 4.5
hours and the nickel catalyst was removed by filtration, The
ethanol filtrate was concentrated to an oil which, in a vacuum,
solidified to a waxy mass (0.25 g.). Tle showed a principal spot
which agreed (Rf) with 4-acetamidobibenzyl.

1 {2-Methylthiophenyl)-2(4-aminophenyl)ethanol.

To a solution of 1(3) (I g., 0.052 mole) in 50 ml. of ethanol,
2 ml. of hydrazine hydrate (99-100%) and 0.2 g. of palladium on
charcoal (5%) were added and the mixture was boiled on a
steam bath for | hour, filtered to remove the catalyst, and boiled
down to near dryness. A white precipitate was filtered off and
dried, giving | .1 g. (81%), m.p. 87-90°. One recrystallization from
cthanol gave an analytical sample (0.9 g.), m.p. 89.90°.

Anal. Caled. for C ;H, ,NOS: C, 69.47; H, 6.61; N, 5.40.
Found: C,69.30; H, 6.65; N, 5.52.

Synthesis of 5 by Condensation of Deaminated 1{(2-Methyl-
thiophenyl)-2{4-aminophenyl)ethanol.

The foregoing amino compound (0.8 g., 0.003 mole) was
diazolized with dilute hydrochloric acid (10 ml. of concentrated
hydrochioric acid containing 20 g. of cracked ice) and an aqueous
solution of sodium nitrite (0.25 g.). After the mixture had stood
at room temperature for | hour, the diazonium salt solution was
poured into 50 ml. of 50% hypophosphorous acid. Accompanied
by evolution of gas, a thick oil separated. The mixture was allowed
to stand for three days and the product was extracted with ben-
zene, dried over magnesium sulfate, and put through a neutral
alumina column (henzene). The light brown main band was
collected and evaporated to give a thick oil, which slowly solid-
ified in a refrigerator (0.3 g.), m.p. 35-37°, with softening at 30°.

This was dissolved in acetic acid (20 ml.) and 48% aqueous hydro-
bromic acid (4 ml.) was added. The mixture was refluxed for 4
hours and cooled. No crystalline solid was obtained. The solution
was then boiled down to half of its original volume and a mixture
of acetic acid (8 ml.) and 48% aqueous hydrobromic acid (2 ml))
was added and refluxing was continued for 3.5 hours. The solution
was cooled and the crystalline precipitate (0.1 g.) was found
(tle) 1o be a mixture of B, some of the unreacted diphenylethanol,
and one other component.

The filtrate was mixed with more 48% aqueous hydrobromic
acid (3 ml.) and refluxed for 22 hours and cooled. The precipi-
tated product (0.1 g.) was recrystallized twice from methanol
giving 0.05 g., m.p., mixture m.p., and tle identified the product
as B.
2{4-Nitrophenyl)benzo[ b Jthiophene (2) from 2-Methylthio-4'-
nitrostilbene (3).

2-Methylthio4'nitrostilbene (0.3 g., 0.0011 mole) was dis-
solved in warm acetic acid (25 ml.) and 48% aqueous hydrobromic
acid (5 ml) was added. The mixture was refluxed for 4 hours and
cooled. The product was collected by filtration and recrystallized
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from toluene giving 0.05 g., m.p. and mixture m.p. 212214°, It
was also identified by tle.
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