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Abstract—An efficient stereoselective 1,2-dithiocyanation of various alkynes has been accomplished by using a reagent combina-
tion of (dichloroiodo)benzene and lead(I) thiocyanate in dichloromethane at 0-5°C. © 2001 Elsevier Science Ltd. All rights

reserved.

Recently, considerable attention has been directed
towards the use of the reagent combination of
organoiodine(IIl) compounds with metal salts' and silyl
compounds? in organic synthesis. In connection with our
ongoing studies on the synthetic utility of
organoiodine(IIl) reagents,®> we have reported that a
combination of (dichloroiodo)benzene and lead(II) thio-
cyanate (system i ) constitutes a very effective reagent for
a-thiocyanation of carbonyl-'* and B-dicarbonyl-* com-
pounds. Such reactions are thought to proceed via in situ
generation of an I(III) species, namely, PhI(SCN), (1)
(Eq. (1))."* To broaden the synthetic utility of system i
of Eq. (1) and to gain more insight into such combination
reagents, we investigated the reaction of various alkynes
with reagent system i.

PhICL, + PbSCN), —— | PRIGSCN), | (1)
1

As expressed in Scheme 1 and Table 1, the reagent com-
bination of system i efficiently converted various
alkynes 2a—j into the corresponding 1,2-dithiocyanted
alkenes 3a—j in a stercoselective manner. The reaction
occurred at 0-5°C to give the E isomers 3 in moderate
to high yields with less than 5% of the corresponding
Z isomer.

Some noteworthy points on the results accomplished in
the present study (Table 1) are:
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1. The reaction of 1-phenyl-2-trimethylsilylethyne (2b)
with the reagent system i, which a priori, would be
expected to yield phenylethynyl(phenyl)iodonium
thiocyanate (4),>° in fact undergoes the addition
reaction (2b—3b).

PhICL,, Pb(SCN),
\ i
Y¥—— Ph—==—T"Ph SCN

4

2b

2. The conversion 2i—3i indicates that the hydroxyl
group does not interfere in this thiocyanation
process.’

3. The conversion 2j—3j illustrates a case of 1,2-dithio-
cyanation of the C=C bond leaving the conjugated
C=C bond intact.

4. The effect of electron withdrawing groups is exem-
plified by the failure of the addition reaction of
dimethyl acetylenedicarboxylate (2k).

Although the detailed mechanism of this thiocyanation
process is not determined, a plausible pathway involv-
ing PhI(SCN), (1) as reactive species and intermediates
of type 5 and 6 is outlined in Scheme 2. Since there is
no evidence for the existence of 1,'* it does not imply

PhICl,, PB(SCN), R!  SCN

Rl—=——=R
_ CH,Cl,, 0-5 °C NCS "2
2a-j 3a-

Scheme 1.
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Table 1. Thiocyanation of alkynes using PhICl,-Pb(SCN),/CH,Cl,

Alkyne Product” Physical state/mp °C (lit. mp | Yield | Mol. Formula
°C) of the product (%)”
CHs—=—H C¢H; SCN Coll%rllf,ss needles, 65-66 (67- | 58 ‘
a) = (a) 68)™
NCS H
CHs—=—TMS CgHs SCN Pale yellow crystalline solid, | 91 C;5H,4SiN, S,
@b) >__<__ ) 49-50
NCS TMS
Colorless plates, 196-198
CH—==—C,H; CHs  SCN (197-199)'° 73 ¢
¢) >—< Bo)
NCS CeHs
p-MeCH—=—H p-MeCzH, SCN Colorless needles, 94-95 91 C11HeN,S%
Q@d) — @d)
NCS H
* Q¢),n=3 ) (3¢),n=3 | Light yellow liquid'®" 84 c
r}—%ﬂ @n.n=5 —Q SCN G n=5 | Light yellow liquid 92 C1oH, 4N, S,
n (2g),n=7 7=\ (3g),n=7 | Light yellow liquid 93 C1HisN, 8%
NCS H
n-Pr—=—Me n-Pr, SCN Light yellow liquid 86 CH;oNLS,%
@n) = ew
NCS Me
HO HO SCN Brown liquid 68 CgH;oN,08,%
&TZ—*H h\
. — 3i
@ NCS H ©h
— SCN Pale yellow liquid 48 CioH;oN,S,%
( > = W
(2]) NCSI
MeO,C————CO,Me No reaction
k)

“ The crude products did not show any significant amount of the Z-isomer (less than 5% as determined by "H NMR spectra) and were
purified by column chromatography on silica gel and/or recrystallization from alcohol or hexanes.

b Yields of the isolated pure products with respect to the quantity of alkyne and are not optimized.

¢ Spectral properties (IR and 'H NMR) were in total agreement with those previously reported or required.

4 Elemental analyses (C, H, N, S) were satisfactory.

that 1 actually participates as a reactive species in this
reaction. The possibility of involvement of other reac-
tive species such as thiocyanogen!?*!%!! or thio-
cyanogen chloride®® in ionic or free radical mechanism
also exists. In a preliminary experiment, the thiocyana-
tion of phenylacetylene (2a) in the presence of 2,6-di-¢-
butyl-4-cresol as a radical inhibitor in the dark under
the standard conditions of Scheme 1 gave 3a in the
same yield. More detailed work in order to determine

the pathways and reactive species involved in this pro-
cess 1s in progress.

Finally, the use of the combination of PhICl, and
Pb(SCN), in dichloromethane at 0-5°C provides a con-
venient and efficient way for the stereoselective 1,2-
dithiocyanation of various alkynes. Other reactive
functionalities such as double bonds and hydroxyl
groups present in the alkynes are not affected.
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