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Summary: Tetrakis(triphenylphosphine)palladium(0) catalyzes
the highly regioselectiVe addition of phenyl thiocyanate (PhSCN)
to terminal alkynes, which attains the simultaneous introduction
of thio and cyano groups to the internal and terminal positions
of alkynes, respectiVely. This reaction may proceedVia the
oxidatiVe addition of PhSCN to Pd(PPh3)4, which forms Pd-
(SPh)(CN)(PPh3)2 as the key intermediate.

Transition-metal-catalyzed reactions of organic silicon, boron,
and tin compounds provide very useful methods for selective
introductions of heterofunctions as well as carbon-carbon bond
forming reactions based on the characteristic features of these
heteroatoms.1 In contrast, the transition-metal-catalyzed reactions
of group 16 heteroatom compounds have been largely unex-
plored, partly because these compounds are believed to be
catalyst poisons for transition-metal-catalyzed reactions.2 In
1991, we disclosed an efficient transition-metal-catalyzed ad-
dition of organic disulfides to alkynes,3 and after this report,
several synthetically useful transition-metal-catalyzed addition
reactions of organosulfur compounds to unsaturated compounds
were developed by us and other groups.4-6 Herein we report

the first example of transition-metal-catalyzed cyanothiolation
of terminal alkynes with thiocyanates, which attains simulta-
neous introduction of both sulfur and cyano groups into carbon-
carbon triple bonds with an excellent regioselectivity.

Table 1 indicates the results of catalytic cyanothiolation using
several transition metal complexes. Among the complexes
examined (entries 1-9), only zerovalent palladium complexes
such as Pd(PPh3)4 indicated a catalytic activity toward the
desired cyanothiolation of 1-octyne, and interestingly the
corresponding 3-phenylthionon-2-enenitrile was obtained with
an excellent regioselectivity (entry 9). To optimize the reaction
conditions, the Pd(PPh3)4-catalyzed cyanothiolation of 1-octyne
was examined under several reaction conditions (entries 10-
14). The reaction is greatly influenced by the solvent employed.
The reaction in CH3CN resulted in the low yield of the
cyanothiolation product (entry 14), whereas the reactions in THF
(entry 13) or benzene (entry 11) afforded higher yields.
Consequently, upon heating at 120°C in benzene,7 the desired
product is obtained in good yield with an excellent regioselec-
tivity (entry 11).
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Table 2 represents the results of Pd(PPh3)4-catalyzed cyan-
othiolation of terminal alkynes under the optimized reaction
conditions. This procedure can be applied to both aliphatic and
aromatic alkynes. 1-Octyne and 5-methyl-1-hexyne underwent
palladium-catalyzed highly regio- and stereoselective cyanothio-
lation, providing the corresponding (2E)-3-phenylthioalk-2-
enenitrile in good yields (entries 1 and 2). Functionalities such
as cyano and olefinic groups tolerated the reaction conditions

(entries 3 and 5). Although the cyanothiolation of phenyl-
acetylene in solvent proceeds very slowly, the reaction in
the absence of solvent takes place much more smoothly (84%,
entry 6). Similarly, the reaction of 4-ethynyltoluene in
the absence of benzene afforded the cyanothiolation product in
good yield (81%, entry 7). On the other hand, the addition
of aliphatic thiocyanate such asn-butyl thiocyanate resulted
in a fairly low yield of the cyanothiolation product (entry
8).

To get some information about the real catalyst in this
cyanothiolation reaction, an equimolar reaction of Pd(PPh3)4

with PhSCN in benzene was conducted at room temperature,
which provided a yellow solid (complexA) [eq 1].

From the IR spectrum of complexA, the CN bond absorption
was observed clearly and the elemental analysis strongly
suggested the formation of Pd(SPh)(CN)(PPh3)2.8 These results
impelled us to focus on the crystal structure of complexA, and
we obtained the X-ray crystal structure of complexA (Figure
1).9 This tetracoordinated palladium complex bears-SPh and
-CN groups in the trans position in an almost square arrange-
ment. Intramolecularπ-π interaction between two phenyl
groups (S-Phand P(2)-Ph) was observed. This result indicates
the first example where the oxidative addition of PhSCN to Pd-
(PPh3)4 proceeds with the cleavage of a sulfur-cyano bond
(PhS-CN) not a carbon-sufur bond (Ph-SCN).10
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Table 1. Transition-Metal-Catalyzed Cyanothiolation of
1-Octynea

entry catalyst solvent temp,°C time, h yield, %c

1 RhH(CO)(PPh3)3 CH3CN 140 67 0
2b C6H6 120 24 0
3 NiCl2 CH3CN 120 65 0
4b C6H6 120 24 0
5b Pd2(dba)3 C6H6 120 24 0
6 PdCl2 C6H6 140 62 0
7b PdCl2(PPh)3 C6H6 120 24 0
8b Pt(PPh3)4 CH2Cl2 120 20 0
9 Pd(PPh3)4 C6H6 120 24 12
10 Pd(PPh3)4 C6H6 80 24 9
11 Pd(PPh3)4 C6H6 120 66 61
12 Pd(PPh3)4 C6H6 140 66 49
13 Pd(PPh3)4 THF 120 66 42
14 Pd(PPh3)4 CH3CN 120 66 12

a For the detailed procedure of cyanothiolation, see the Supporting
Information.b Catalyst (3 mol%).c Determined by1H NMR.

Table 2. Pd(PPh3)4-Catalyzed Cyanothiolation of Terminal
Alkynesa

a Reaction conditions: Pd(PPh3)4 (10 mol%), alkyne (1.0 mmol),
thiocyanate (1.0 mmol), 120°C, 66 h, benzene (1 mL) (method A: entries
1-3 and 8), without benzene (method B: entries 4-7). b Isolated yield.
c E/Z ratios were determined by differential NOE mesurements.d Determined
by 1H NMR. e 20 h. f Not determined.

Pd(PPh3)4 + PhSCN
1 equiv

98
benzene, rt

Pd(SPh)(CN)(PPh3)2
complexA

(1)
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Furthermore, the reaction of phenyl thiocyanate with 1-octyne
using complexA as a catalyst afforded the corresponding
cyanothiolation product in 58% yield, regioselectively [eq 2].11

These results suggest that complexA reacts with alkynes to
give the cyanothiolation product probably via either a thiopal-
ladation or a cyanopalladation process, followed by reductive
elimination, as shown in Scheme 1.

In summary, we have developed the highly selective pal-
ladium-catalyzed cyanothiolation of terminal alkynes with
thiocyanates. The reaction proceeds via oxidative addition of
thiocyanates to palladium(0), which was clearly indicated by
the first X-ray crystal structure analysis of the intermediate
complex (Pd(SPh)(CN)(PPh3)2). This process provides a useful
method for the catalytic introduction of both thio and cyano
groups into the internal and terminal positions of alkynes,
respectively, with excellent regioselectivities.

Acknowledgment. This research was supported by a Grant-
in-Aid for Scientific Research on Priority Areas (A) (No.
14044063) “Exploitation of Multi-Element Cyclic Molecules”
from the Ministry of Education, Culture, Sports, Science and
Technology, Japan. We gratefully acknowledge emeritus Profes-
sor Noboru Sonoda (Osaka University) for his helpful sugges-
tions. We also thank Mr. Yoshihiro Higuchi for experimental
supports.

Supporting Information Available: Experimental procedures
and spectral and analytical date. This material is available free of
charge via the Internet at http://pubs.acs.org.

OM0600442

(10) (a) Wood, J. L. InOrganic Reaction; Adams, A., Ed.; Wiley: New
York, 1946; Vol. 3, Chapter 6. (b) Wolf, G. C.J. Org. Chem.1974, 39,
3454-3455. (c) Giffard, M.; Cousseau, J.J. Chem. Soc., Chem. Commun.
1979, 1026-1027. (d) Guy, R. G.; Cousins, S.; Farmer, D. M.; Henderson,
A. D.; Wilson, C. L.Tetrahedron1980, 36, 1839-1842. (e) Giffard, M.;
Cousseau, J.J. Organomet. Chem.1980, 201, C1-C4. (f) Giffard, M.;
Cousseau, J.; Gouin, L.; Crahe, M. R.Tetrahedron1985, 41, 801-810.
(g) Giffard, M.; Cousseau, J.; Gouin, L.J. Organomet. Chem.1985, 287,
287-303. (h) Giffard, M.; Cousseau, J.; Gouin, L.; Crahe, M. R.
Tetrahedron1986, 42, 2243-2252.

(11) Atempted stoichiometric reaction of complexA with 1-octyne did
not proceed. This fact suggests that the reductive elimination step may be
the rate-determining step, because the presence of excess amounts of PhSCN
in this reaction of complexA with 1-octyne affords the corresponding
cyanothiolation products.

Figure 1. Morecular structure of Pd(SPh)(CN)(PPh3)2.

Scheme 1. A Possible Reaction Pathway for
Cyanothiolation
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