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Abstract: As a result of much faster phenyl telluride group transfer
relative to the corresponding iodine atom transfer, tin-free radical
cyanation of alkyl phenyl tellurides has been achieved with p-tolu-
enesufonyl cyanide and methyl allyl sulfone in the presence of V-
40 as initiator.
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Due to the toxicity and the purification problems of or-
ganotin reagents, tin-free radical reactions have received
a great deal of recent attentions.1 Among various ap-
proaches including the use of polymer-supported organo-
tin compounds, organosilanes, and organophosphorous
compounds,2 an organosulfone-mediated method seems
to be very attractive and has proved to be highly efficient
for the carbon-carbon bond forming reactions such as
allylation and vinylation.3,4 

However, the reported methods did not work well with
primary alkyl iodides and xanthates.3,5 Recently, we also
reported tin-free acylation approach using methanesulfo-
nyl oxime ether, in which primary alkyl iodides and xan-
thates caused the same problem due to a small energy
difference between a methyl radical and a primary alkyl
radical.5 We have found that a primary alkyl telluride is a
useful precursor for the generation of the primary alkyl
radical under tin-free conditions (Equation 1).5

Equation 1

In connection with our recent interest in tin-free carbon-
carbon bond forming reactions,6 we have studied the fea-
sibility of radical cyanation of alkyl iodides under tin-free
conditions. Previously, decarboxylative cyanation of Bar-
ton’s ester and addition of toluenesulfonyl cyanide onto
the carbon-carbon double bonds have been reported.7,8

However, radical cyanation of alkyl halides has not been
studied previously. We initially studied tin-mediated rad-
ical cyanation of primary alkyl iodides with p-toluene-
sulfonyl cyanide (2). Reaction of 4-phenoxybutyl iodide

(1) with 2 (1.2 equiv) and hexamethylditin (1.2 equiv) in
benzene at 300 nm for 2 hours afforded the desired cya-
nide 3 in 89% yield (Equation 2). A similar result was also
realized with 4 under the same conditions.9

Equation 2

Our approach for tin-free radical cyanation is outlined in
Scheme 1 and methyl allyl sulfone (6) was employed as a
source to generate a methyl radical for iodine atom trans-
fer. We envisaged that the addition of a p-toluenesulfonyl
radical onto 6 would produce a methanesulfonyl radical
along with the formation of the p-tolyl allyl sulfone (7).
Since thermal decomposition of the methanesulfonyl rad-
ical is relatively slow,10 the addition of methanesulfonyl
radical onto 6 and 7 can occur. However, both reactions
can not cause any problems because the former is a degen-
erate process and the latter generates the p-toluenesulfo-
nyl radical. Since the addition of the methyl radical onto 6
and 7 is relatively slow,11 the methyl radical would under-
go the iodine atom transfer from an alkyl iodide and/or
direct addition onto 2 along with regeneration of the
p-toluenesulfonyl radical for propagation of a radical
chain reaction.

Scheme 1

To achieve tin-free cyanation of alkyl iodides, an efficient
iodine atom transfer from the alkyl iodide to the methyl
radical is the most important. Thus, we carried out a
competition experiment to determine an approximate rate
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constant for the addition of the alkyl radical onto 2. When
4-t-butylbenzyl iodide (8) was treated with an equimolar
mixture of 2 and 9 in the presence of hexamethylditin (1.0
equiv) in benzene at 300 nm for 3 h, a roughly 1:2 mixture
of 10 and 11 was isolated, indicating that the approximate
rate constant is in the order of 106 M–1s–1 as compared to
our previous kinetic data with 9 and this addition was one
of the most efficient intermolecular radical reactions
(Equation 3).12

Equation 3

Radical cyanation of 1 with 2 (2.0 equiv) and V-40 [azo-
bis(cyclohexanecarbonitrile)] (0.2 equiv) in t-butylben-
zene at 140 °C for 12 h afforded the corresponding
cyanide 3 in 25% yield along with the recovery of the
starting iodide 1 (75%) (Equation 4), furthermore, it is
noteworthy that 2 was completely consumed. Similarly,
unsuccessful results were obtained with 4-phenoxybutyl
xanthate 12. In the cases of 1 and 12, the direct addition
became a major process because of a slow iodine atom
transfer due to a small energy difference between the me-
thyl and the primary alkyl radical.5 Apparently, acetoni-
trile must be formed as a major product. With a solution
of 2 and 6 in the presence of V-40 in t-butylbenzene at 140
°C for 6 h, acetonitrile was observed in GC along with the
formation of 7 and the complete consumption of 2. Since
this fundamental problem associated with the fast direct
addition of the methyl radical onto 2 could not be easily
solved, we turned our attention to alkyl phenyl tellurides
as radical precursors.

Equation 4

Since a phenyl telluride group transfer from a primary
alkyl phenyl telluride to the methyl radical was much fast-
er than the corresponding iodine atom transfer,5 we exam-
ined the efficiency of the phenyl telluride transfer relative
to the iodine atom transfer in radical cyanation. When a
competition experiment was carried out with an equimo-
lar mixture of 4 and 13, 2 (1.5 equiv), 6 (1.5 equiv), and
V-40 (0.2 equiv) in t-butylbenzene at 140 °C for 12 h, 3
was isolated in 71% yield along with the recovery of 4
(95%) and 13 (27%) without the formation of 5
(Equation 5). This result clearly indicates that the transfer
of the phenyl telluride group from the primary alkyl
phenyl telluride to the methyl radical was much faster
than the direct addition of the methyl radical onto 2. Thus,
treatment of 13 with 2 (2.0 equiv), 6 (2.0 equiv), and V-40

(0.2 equiv) in t-butylbenzene at 140 °C for 12 h afforded
3 in 89% yield (Equation 6). Additional experimental re-
sults were obtained with primary and secondary alkyl
phenyl tellurides under the same conditions (Table 1).13 

Equation 5

Equation 6

Tin-free radical cyanation did not work well with primary,
secondary, and tertiary alkyl iodides because the direct
addition process involving the methyl radical addition to
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Table 1 Tin-free Radical Cyanation of RI and RTePh
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2 was much faster than the iodine atom transfer process.
However, benzylic iodides worked well due to the fast io-
dine atom transfer. For alkyl tellurides, primary and sec-
ondary alkyl phenyl tellurides underwent clean radical
cyanation under tin-free conditions. Also, a tandem radi-
cal reaction involving cyclization and cyanation sequence
could be performed.
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