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A Facile Synthesis of Sulfides Using S-Aryl-isothiuronium Intermediates

Kentaro TAKAGI
College of Liberal Arts and Science, Okayama University, Okayama 700

A variety of sulfides were conveniently prepared by a treatment
of aryl iodides with thiourea in the presence of a nickel(0) catalyst,
then with CaO, and finally with a variety of electrophiles such as
alkyl, acyl, silyl, aryl, or alkenyl halides.

A synthetic procedure of organosulfur compounds (RSB; B=H, alkyl etc.) from the
corresponding halides (RX) has been investigated extensively.l) An application of
S-aryl-isothiuronium salts (2) to such transformation seems attractive, since (i) 2
is now readily available from aryl halides (1)2) and (ii) a transformation of 2 to
ArSB-type compounds (4) is conceivable.

(HyN) ,C=S + _ Base _ B*
ArX —= = ArS—C(NMH,), X ————# ArST ———» ArS—B
1 Ni (0) 2 3 (Ni(0)) 4

It is well-known that a treatment with alkali effects an efficient hydrolysis of 2
to the corresponding arenethiolates (3) readily.3) However, for our intended '"one-
pot" procedure (1— 4), alkaline hydrolysis is unsuitable, since aqueous alkali
might consume electrophiles (B*), cause a heterogeneous system, and deactivate a
nickel(0) species (vide infra) at the subsequent stage.

Then, a series of investigations were undertaken to find a profitable nonaque-
ous reagent for the transformation of 2 to 3. The results of the reaction between
an appropriate base and in-situ generated 2 or the solution of S-aryl-isothiuronium
tetraphenylborateZ) followed by a quenching with HCl are listed in Table 1 (Runs 1-
7). CaO induced the decomposition most effectively under mild conditions.4) More-
over, an excess of Ca0 did not disturb the proceeding of a nucleophilic displace-
ment of alkyl halides with the resulting 3. Thus, a sequential transformation of 1
to 4 (B=alkyl) was achieved in one pot; a treatment of 1 with thiourea in the pres-
ence of a nickel(0) catalyst, then with CaO, and finally with alkyl halides afforded
alkyl sulfides in good yields (Runs 8-10). A similar sequence using acyl halides or
chlorosilanes in place of alkyl halides gave S-aryl thioesters or arylthiosilanes,
respectively (Runs 11 and 12).

It is to be noted that in the presence of a nickel(0) catalyst, generated in
situ from bis(triethylphosphine)nickel(II) chloride and sodium cyanoborohydride as a
reducing agent, otherwise inert aryl halides reacted readily with thiolate anions to
yield the corresponding sulfides in good yields.S) Since Ca0O did not deactivate the
nickel(0) species, the transformation of 1 to 4 (B=aryl) was successfully performed
in one pot, too (Runs 13-15). In the same way, a sequential treatment using alkenyl
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Table 1. Synthesis of sulfides via a base-induced decomposition of S-phenyl-
isothiuronium salts, followed by a reaction with electrophilesa)

Run Base Electrophile B——SCGH5
B—X  Temp Time  yje14P)
em/°C h %
1 Ca0 H—C1 25 - 52 a) bblax/' rati/o of each r¢7—
agent (2/Base/B—X) was 1
2 Nak B—Cl 25 - 43 1.5-2/1.1-1.5. The base-
3 KO~ Bu H—C1 25 - 38 induced decomposition of %
was carried out at 25 °C for
4 K,CO0; -Gl 25 - 23 0.5h (Runs 1-6), 1 h (Run
5 NEt 4 H—C1 25 - 10 7), or 1.5 h (Runs 8-17).
In Runs 1-7, resulting
6c) Cuy0 H—Cl 25 - <1 benzenethio]’.a_tf was quenched
7 Cao H—C1 25 - 62 with 2 mol dm~ HCl.
8 Ca0 CHy—I 25 3 100 b) Yields were determined
9 Ca0l ClOH21—Br 25 7 97 by GLC. Yields in paren-
10 ca0 CH,0CH,—Cl 25 0.5 (90) theses were isolated ones.
11 Ca0 CH3C0—C1 25 0.1 100 c) DMF solution of S-
. phenyl—-isothiuronium tetra-
12 Ca0 (CH4) 381i—Cl1 25 0.3 80 phenylborate was used.
13 Ca0 CeH—I 60 20 97
d) d) Both (PEt.),NiCl, and
14 Cao C6H5—Id) 60 4 (95) m”"gf_’g were 3°2 2 3ded
15 Ca0 CeHg—I 40 40 94 together with electrophiles.
- d) e)
16 Ca0 (E)—C6H5CH—CH——Brd) 60 8 (95)f) e) E/7=100/0.
17 CaO (Z)-C6H5CH=CH——Br 60 20 (90)

£) E[/z=10/90.

halides instead of aryl halides gave 4 (B=alkenyl) in a stereospecific manner (Runs
16 and 17).%

Thus, the present method enables a facile synthesis of a variety of sulfides
from not ill-smelling thiols but easily handling aryl halides, which expands the
utility of readily available S-aryl-isothiuronium salts in organic synthesis.
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