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Abstract: The reaction between arenediazonium tetrafluoroborates and arene-
thiolates in Me,S0 represents a mild, efficient, and safe alternative
to the Ziegler synthesis of diaryl sulfides.

The continuing interest in the synthesis of diaryl sulfides has led to a
number of different approaches to the prob]em.l_9 Besides methods involiving the
reduction of sulfur compounds at higher oxidation 1eve1s,] and those exploiting
the electrophilic attack of sulfur reagents on arenes,2 and the homo]ytic3 or
nuc]eophih’c4 attack on the sulfur atom of disulfides, the substitution pathway
by sulfur nucleophiles on unactivated aromatic derivatives has been made practi-
cable mainly through the generation of aryne 1'ntermed1'ates5 and the employment
of meta]6 or e]ectron-transfer7 catalysis.

A further approach, that is the utilisation of diazonium salts as precur-
sors, dates back to the nineteenth century8 and involves the aqueous thermal
decomposition of the diazosulfides (1), generated by treatment of diazotised
amines with the alkaline solution of a thiol:

Ar'S™ A

ACN, ——T—=—>  Ar-N=N-SAr' ——S—> ArSAr’

2 2
(1)

This synthesis, known as the Ziegler reaction, has been widely used,9 with only

minor modifications (such as the use of copper powder at Tlow temperature to
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prevent decomposition of the diazonium salts to pheno]sgf) although yields are
not always satisfactory and the reaction 1is hazardous if cumulation of the
intermediate diazosulfide should occur‘.]O On the other hand, the ready avail-
ability of arylamines and of the intermediate diazonium salts makes this ap-
proach quite appealing, and Jjustifies, in our opinion, efforts to further
substantial improvements.

We report herein that the reaction of arenediazonium tetraf]uoroborates]]
with excess arenethiolates in Me250 at room temperature provides a mild, effi-
cient, and safe access to diaryl sulfides (see Table). As TLC analysis showed,
in agreement with the expected high rate of the cation-anion (:ombination]2
diazosulfides (1) are preliminarily formed, but, due to the mild conditions
employed, in no occasion hazardm’13 occurred during reaction. The intermedi-
acy of (1) is further supported by the reaction of the independently prepared
p-nitrophenyl phenyldiazosulfide with 2 mol. equiv. of benzenethiolate, which
yielded 93% p-nitrophenyl phenyl sulfide (15 min, 25°C; cf expt 2).

As a representative example of the experimental procedure, a solution of
1-naphthalenediazonium tetrafluoroborate (1.0 g, 4.1 mmol) in Me280 (]Ocm3)
was dropped under argon into a stirred solution of PhSNa (1.6 g, 12.3 mmol) in
MeZSO (20 cm3) kept in a water bath at 25°C. Gas evolution immediately began
while the colour of the solution darkened. When the reaction was complete, as
judged by the ceasing of gas evolution and by the disappearance (TLC) of the
intermediate diazosu]fide,]3 the mixture was poored into brine and extracted with
Et20. Evaporation of the dried extracts at room temperature and column chromato-
graphy (silica gel-hexane) afforded the pure l-naphthyl phenyl sulfide (0.8 g, 82%).

As to the synthetic efficiency and versatility of the reaction, from the
examination of the data in the Table the following main points emerge. (a) The
method is applicable to a variety of diazonium salts, and both electron-re-
Teasing and electron-withdrawing substituents seem to be compatible (expts 1, 2,
3, and 4). (b) Steric hindrance in the diazonium salt favours the reaction (cf
expts 4, 5, and 6) thus overcoming the limitations reported for the SRN] process
of aryl iodides with arenethio]ates.7a On the other hand, steric hindrance in
the arenethiolate appears to be a disfavouring factor {(longer reaction times
with somewhat lower yields; cf expts 1 and 9 with 10).

As far as the mechanism of the decomposition of (1) is concerned, both the
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shorter reaction time required for the p-nitroderivative (expt 2) and the
inhibition observed by addition of a good electron acceptor such as m-dinitro-
benzene]4 (cf expts 8a and 8b) suggest an electron transfer from Ar'S as the
main, if not the exclusive, activation step.]5 However, any hypothesis about
the real nature of the follow-up chemical reactions would be at the moment
highly speculative. Further studies are in progress to clarify this aspect as

well as to better define scope and limitations of this synthetic method.

Table. ArSAr' from the reaction between ArN+BF_ and Ar'S—Na+ in Me, S0 at 25°C

24 2
- + . . ; a,b
\ Ar'S /ArN Reaction time Isolated yield—"—
expt Ar Ar X .
molar ratio {min) (%)
C d
1 C6H5 C6H5 3.0 210 97—; 78—
2 4—02NC6H4 C6H5 3.0 15 79
3 4—Me0C6H4 C6H5 3.0 210 72
e
3a 4-Me0C6H4 CGHS 1.5 330 64—
4 4-MeC6H4 C6H5 3.0 450 79
5 Z-MeCBH4 C6H5 3.0 330 82
6 2,6-Me2C6H3 C6H5 3.0 120 76
7 1-naphthyl CGHS 3.0 210 82
8 2-naphthyl C6H5 3.0 330 78
8a 2-naphthy] Cohs 3.0 240 69<
8b 2-naphthy! CeHy 3.0 240 238 f
9 C6H5 4-MeC6H4 3.0 210 82
10 CSHS 2,4,6-Me3C6H2 3.0 330 67

ESoh’d sulfides melted as reported in the Titerature; Tiquid sulfides were
identified as sulfones.

ETraces of reduction products (ArH) were randomly observed (TLC); traces of
(Ar'S)z, Ar'SH, and unidentified by-products were generally observed (TLC).
ECrude product, slightly contaminated by PhSH and PhSSPh.
gAfter distillation.
E0uench1’ng was performed when some gas evolution was still going on.

n

iIn the presence of m-dinitrobenzene (0.3 mol. equiv. with respect to Aer).
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