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Products were determined from reaction of biphenyl-2-thiol (8) with methanol in a packed
flow Yeactor at elevated temperatures and ca. atmospheric pressure. At 450-550° thermolysis
ol 5 gives small yields of dibenzothiophene (1) and biphenyl (2). With sulfided alumina, products

vary with reaction temperature from 82% S-methy

1-5 at 250° to only 1 plus 2 at 550°. At 450°

with sulfided cobaltous oxide-molybdic oxide-aluminum oxide (CMA-1), 5 and its isomers give
mainly desulfurization to 2 (81%), plus C-methylation to methylbiphenyls and fluorene. With
CMA-1 at 450° the arrays of products from 1 and 5 are closely similar.

J. Heterocyclic Chem., 15, 281 (1978)

In the previous paper in this series (3) we described a
procedure for reductive desulfurization of dibenzothio -
phene (1) to form biphenyl (2) by means of sulfided co-
balt oxide-molybdena-alumina catalyst (especially CMA-1)
and methanol in a flow system at 250-550° and ca. atmos-
pheric pressure (equation 1). Byproducts also formed are
monomethylbiphenyls (3a-3c) and fluorene (4). It was
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proposed that isomers 3 result from direct free radical
methylation of 1, followed by desulfurization; while 4 is
produced by catalytic dehydrogenation of 3a, as per equa-
tion 2. In separate experiments it was found that neither
methylation nor desulfurization of 1 can be effected by
means of methanol plus glass beads (i.e. by a thermal pro-
cess) or methanol plus sulfided alumina. In the present
paper we explore the possibility that biphenyl-2-thiol (5)
[or its chemisorbed equivalent | can qualify as a plausible
intermediate in the reaction. In particular we compare the
arrays of products which result on treating 5 with meth-
anol plus CMA-1, sulfided alumina, or glass beads with
those found from CMA-1, methanol, and 1. For compar-
ative purposes we also report products formed from the
isomeric biphenylthiols 7 and 8 plus CMA-1 and methanol.

In hydrodesulfurization (HDS) of various organosulfur
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compounds by means of a CMA catalyst at 325-425° and
hydrogen pressures up to 360 atm. Obolentsey et al. (4-6)
reported that 1 reacts differently {rom other substrates

(e.g. thiophene derivatives and dialky! sulfides, which form
identifiable thiol intermediates). Compound 1, which hy-
drogenolyzed more slowly than most other substrates used,
yielded hydrogen sulfide and 2 — without a detectable
intermediate step (such as formation of 5) or hydrogen-
ation of the aromatic ring. Bartsch and Tanielian (7) in
HDS at 300-375° and hydrogen pressures < | atm. and
Doyle (8) in desulfurization by hydrogen transfer from tet-
ralin at 350° in an autoclave also found that 2 was the only
organic product from 1 when a CMA catalyst was used.
Other workers (V) obtained phenylcyclohexane and bicy-
clohexyl from HDS of 1 in the presence of a CMA or
molybdenum disulfide catalyst. None of these workers in-
vestigated B as a substrate compound. Sergienko and
Perchenko (10) effected HDS of sulfides, thiols, and ben-
zothiophene by means of a mixed nickel-tungsten sulfide
catalyst at 200° and 200 atm. pressure. They reported
that 1 is inert under these conditions and proposed that
HDS is a two stage process involving a thiol intermediate.

In our studies, runs (Table 1) were conducted in the
same manner as used for desulfurization of 1 previously
3). At 450° the arrays of products formed from either 1
or 5 with CMA-1 are identical [compare run 3, Paper V;
and run 7, Table 1]. Moreover, total yields of aromatic
hydrocarbon products are 82% and 88%, and observed
molar ratios (4:3b:3c) of minor products formed are
1.1:2.0:1.0 and 1.2:1.6:1.0, respectively.
these quantitative differences to be sufficiently small as

We consider

to make the formation of 5 (probably chemisorbed) as an
intermediate in the transformation 1 > 2 plausible (but
not requisite). The clear result from this comparison is
that methylation of the aromatic ring need not precede
cleavage of a C-8 bond in 1.

Runs 8 and 9 show that the isomeric biphenylthiols 7
and 8 likewise yield the same array of products as from 1
and 5; but, especially for the 4-thiol (8), there are notice-
able quantitative variations in the ratios of the minor com-
ponents. All of the thiols give high yields (81 £ 2%) of 2.

Although dibenzothiophene fails to react with methanol
in the presence of sulfided alumina (3), thiol 6 does react
under these conditions (runs 1-4) with results that vary as
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Table |

Transformations of Biphenylthiols with Methano! Plus a Catalyst (a)

Run Sub- Catalyst Reaction
No. strate or Packing Temp., °C.

1 5 sulfided Al, 03 250

2 5 ditto 350

3 5 ditto 450

4 5 ditto 550

5 5 glass beads 450

6 5 ditto 550

7 5 CMA-1 450

8 7 CMA-1 450

9 8 CMA-1 450

Vol. 15
Yields of Products, mole %
2 3(b) 4(b) 6(c) 1(c)
none 82 none
1 79 none
22 50 1
36 none 27
22 none 18
9 none 26
Molar ratio 4:3b: 3¢
81 5 >2 1.2:1.6:1.0
83 3 2 1.4:1.6:1.0
80 2 2 0.4:0.6:1.0

(a) All runs were made with 1 g. of substrate, 150 ml. of methanol, and 75 g. of alumina (or the equivalent bulk volume of other tube
packing). Yields were determined by gas chromatography and relate directly to the moles of substrate used (rather thqn to the moles of
products formed). (b) A blank space indicates that none of this compound was detected. (c) not detected in runs 7.9,

a function of reaction temperature in the range 250-550°.
Thus, at 250° only S-methylation occurs to form thio-
ether 6; at 450° both S-methylation and desulfurization
to 2 are observed; while at 550° both desulfuration and
cyclization to 1 are significant, but no methylation is
found. Comparison of the yields of products from runs
3 and 4 with those {rom 5 and 6, respectively (latter runs
conducted under thermolytic, rather than catalytic, con-
ditions), indicates that S-methylation is catalyzed by alum-
ina, cyclization to 1 is a thermal process, and desulfuriza-
tion of 5 10 2 may involve both thermal and catalyzed
processes. Total yields of products from thermolyses are
only fair (35-40%). Reduction to 2 is much greater with
CMA-1 than with either alumina or glass beads. 1t is signi-
ficant that only CMA-1 gives C-methylation of 5 (vide
infra). Morcover, it is clear that if the transformation of 1
into 2 in the presence of CMA-1 involves the two-step
process 1 = 5 = 2, neither the first nor the second step
can be ascribed either predominantly to action of heat or
to the presence of an alumina component in the catalyst.

Mechanistic rationalizations for the processes of S-me-
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thylation and thermal cy clization are presented in Schemes
L and 2.

Scheme 1 depicts a surface SN2-type reaction wherein
an adsorbed anion of thiol 5 (from ionic dissociative ad-
sorption of 5) effects nucleophilic attack at the carbon

atom of an adjacent chemisorbed methoxide group. The
weakly adsorbed 6 which is produced is then desorbed
and carried into the effluent. This transformation is ana-
logous to the limited O-methylation which occurs for 1-
and 2-naphthols in the presence of methanol and plain
alumina at temperatures below 450° (11,12). In these
naphthol reactions, however, methylation takes place pre-
dominantly on the aromatic ring (i.e. one obtains C-me-
thylation), as likewise occurs for phenol (13), indanol (14),
and hydroxybiphenyls (including 9) (15). The occurrence
of S-methylation in 5 and the failure of 9 to undergo O-
methylation under identical reaction conditions (see Ex-
perimental) are consistent with the generalization (found
for reactions in solution) that nucleophilicity toward an
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10, R=CH;
sp> carbon by the PhS™ jon is greater than by the PhO’
ion (16). At least for reactions with alumina-methanol
one can now extend this generalization to give the order

for nucleophilicity
Q- Q- O
§:- - % 0 o
12b
where resonance carbanion structures 12 are invoked to

12a
account for the formation of products 10 and 11 (17-19).
It is apparent that the foregoing order of nucleophili-
city does not apply to the reaction of 5 with methanol-
CMA-1. Probably a different reaction mechanism is in-
volved in bringing about C-methylation.
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It is expected that the thermal cyclization shown in
Scheme 2 will be assisted by the presence of a surface
(glass beads or alumina) for retention of the hydrogen
atom and the free radical 13, interaction between these
intermediates, and energy transfers; i.e. the surface serves
merely to foster physical adsorption rather then chemi-
sorption.

EXPERIMENTAL (20)

Synthesis of Biphenyl-2-thiol (5).

According to a modified procedure of Newman and Hetzel (21),
a solution of 0.3 mole of 2-hydroxybiphenyl (Aldrich) in potas-
sium hydroxide, water, and tetrahydrofuran (50 ml.) was treated
with a solution of 0.4 mole of N,N-dimethylthiocarbamyl chloride
(Aldrich) in 80 ml. of tetrahydrofuran. The benzene extract was
washed with water, dried (sodium sulfate), concentrated, and
chromatographed on a column of 600 g. of silica gel (J. T. Baker,
no. 3405). Elution with benzene (500 ml.) gave a glass which
crystallized from methanol; yield 40.6 g. (53%) of O-2-biphenylyl
N,N-dimethylthiocarbamate, m.p. 111-112°, reported (22) m.p.
102-104°,

The crude product from heating 25 g. of the preceding O-ester
at 255-265° for 3 hours in an atmosphere of nitrogen was hydroly-
zed by means of potassium hydroxide, water, and ethylene glycol.
The chloroform solution of the acidified mixture was dried (sodium
sulfate), evaporated, dissolved in a minimum amount of benzene,
and percolated through a short column of alumina (petroleum
ether as eluent) to give a glass. Crystallization from ethanol-di-
chloromethane (19:1 by volume) gave 8 g. (44%) of biphenyl-2-
thiol as prisms, m.p. 38-39°, reported m.p. 38-39° (23), 40-42°
(24).

Fxact mass: Caled. for C;,Hj oS, 186.050. Found: 186.052.

Biphenyl-3-thiol (7) and Biphenyl-4-thiol (8).

Thiols 7 and 8 were synthesized from the corresponding hy-
droxybiphenylsin the general manner used for . The intermediate
0-4-biphenylyl N,N-dimethylthiocarbamate (83%, m.p. 141-142°)
(22) gave thiol 8 (47%), m.p. 106-109° from ethanol, raised to
108-109° by sublimation at 95°/0.6 mm.; pmr & 3.46 (s, 1, SH)
and 7.1-7.6 ppm (m, 9, aromatic H); reported m.p. 108-110°
(25), 111-112° (26).

0-3-Biphenylyl N,N-dimethylthiocarbamate [74%; m.p..77-82°,
from methanol; pmr 6 3.30 and 3.42 (2s, 3 each, 2 methyl groups)
and 7.0-7.8 ppm (m, aromatic H)] apparently contained ca. 10%
of the 4-isomer as an impurity.

Exact mass: Caled. for CysH,sNOS, 257.087.
257.087.

On cooling, an ether solution of the thermolysate from the
preceding O-aryl thioamide deposited a solid mixture of isomeric
S-aryl thicamides. Evaporation of the mother liquor then left
isomerically pure S-3-biphenylyl N,N-dimethylthiocarbamate as a
liquid (36%); pmr & 2.94 (s, 6, methyl groups) and 7.1-7.9 (m, 9,
aromatic H).

Found:
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Hydrolysis of the S-aryl thicamide yielded biphenyl-3-thiol (7).
obtained as a colorless liquid (49%) from evaporative distillation
at 130°/0.5 mm.; pmr é 3.40(s, 1, SH) and 7.0-7.7 (m, 9, aroma-
tic H): ir (neat) 2560 (weak, 8H), 750 and 700 em™! (strong);
reported, pale yellow liquid, b.p. 103-162°/0.5 mm.; ir bands at
2570, 750, and 700 em ™! (27).

Exact mass: Caled. for C1,H; oS, 186.050. Found: 186.051.

Methodology for Reactions.

The apparatus, general procedure, preparation in situ of cat-
alyst CMA-1,and analytical methods were described previously (3).
Sulfided alumina catalyst was prepared in situ by passing a stream
of hydrogen sulfide (160 ml./minute — measured at room temper-
ature) through the reactor tube packed with 75 g. of alumina
(Harshaw A1-0104 T) catalyst while methanol (50 ml.) was added
dropwise over a period of 2 hours and the temperature was raised
(during the first 45 minutes) from 100° to 450° (maintained con-
stant thereafter). A flow of nitrogen gas (60 ml./minute) was
substituted for the hydrogen sulfide. For reaction at 450° addition
of a solution of 1 g. of 5 in 150 ml. of methanol was started
immediately and the previous procedure was followed. For re-
action at lower temperatures the tube was allowed to cool to the
reaction temperature before initiating the reaction proper. For
reaction at 550°, the reaction temperature was attained during the
same sulfidation period. Effluents were extracted into methylene
chloride, instead of ether.

For runs 5 and 6 the reactor tube was packed to the same
height with pyrex glass beads, which were preconditioned in situ
with hydrogen sulfide and methanol in the aforementioned manner.

Methyl 2-Biphenylyl Sulfide (6).

This compound, isolated from run 2, was obtained as plates
from methanol, m.p. 40-41° [reported 39-41° (24)]; pmr & 2.30
(s, 3, methyl group) and 7.0-7.7 ppm (m, 9, aromatic H).

Exact mass: Caled. for Cy3H| 28, 200.066. Found: 200.064.

Reaction of 2-Hydroxybiphenyl (9) with Sulfided Alumina Plus
Methanol.

Run 4 was repealed with 2-hydroxybiphenyl, instead of 5.
Products obtained were the same as with non-sulfided alumina,
ie. 2.3.4.5.6-pentamethylbiphenyl (11) (11%) and 1,2,3,4-tetra-
methylfluorene (7%)(15). No biphenylor thioether 6 wasdetected.
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