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ABSTRACT

Te-Phenyl carbamotelluroates 1 add to acetylenes under irradiation of visible light to yield â-telluroacrylamides 2 regioselectively. This reaction
would be initiated by homolytic cleavage of the carbamoyl carbon−tellurium bond, producing carbamoyl and PhTe radicals. The addition
reaction proceeds via a radical chain mechanism comprising two processes: (i) addition of carbamoyl radicals at the terminal carbon of the
triple bond, giving vinylic radicals, and (ii) SH2 reaction on the Te atom caused by the attack of the vinyl radicals to 1.

Carbamoyl radicals have promising synthetic potential as a
useful source for introduction of amide units into organic
molecules, but their synthetic application has been much less
explored than that of acyl radicals.1 It has long been known
that carbamoyl radicals can be generated from formamides
by hydrogen abstraction with atert-butoxy radical2 or by
photochemically induced C-H bond cleavage.3-5 Recently,

several new methods have been developed for their genera-
tion, i.e., abstraction of PhS, PhSe, or cobalt salophen groups
from carbamothioates,6 carbamoselenoates,7 or carbamoyl-
cobalt(III) salophens,8 respectively, by oxidative decarboxy-
lation of monoamides of oxalic acid,9 and by radical-induced
degradation of 1-carbamoyl-1-methylcyclohexa-2,5-dienes.10

The synthetic usefulness of carbamoyl radicals has been well
demonstrated by the successful formation ofâ-, γ-,
δ-lactams7a,8,10and oxazolidine-2,4-diones6 where carbamoyl
radicals add intramolecularly to C-C and C-O double
bonds. As for the intermolecular reaction of carbamoyl
radicals, addition on aromatic rings2c-e,9 and on olefinic
carbons7b has been reported. It is also known thatN-
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monosubstituted carbamoyl radicals (RNHC˙ (O)) are oxidized
to isocyanates in the presence of Ag and Cu salts.9

We have developed a carbotelluration reaction of acety-
lenes with diorganyl tellurides in the presence of a radical
initiator11 or under light11b to form alkenyl tellurides. We
have also disclosed convenient preparative methods of
carbamotelluroates.12 These findings and recent studies of
other groups13,14for efficient generation of acyl radicals from
tellurol esters and their trapping prompted us to examine the
generation of carbamoyl radicals from carbamotelluroates
and their addition to acetylenes aiming at the synthesis of
â-telluroacrylamides.

SinceTe-phenylN,N-dimethylcarbamotelluroate (1a) ex-
hibits its absorption in near UV-vis regions (λmax ) 311
nm (εmax ) 617)) (Figure 1), we irradiated a mixture of1a

(1 mmol) and phenylacetylene (2 mmol) in a Pyrex flask
with a tungsten lamp15 at 60°C for 24 h. Usual workup of
the resulting mixture using preparative HPLC gave the
correspondingâ-telluroacrylamide2a in 72% yield (E/Z)
42/58) in pure form (Scheme 1).16

When the reaction was conducted in the dark at 60°C or
with light at 20°C, 2a was obtained only in<1% and<7%

yields, respectively. These results indicate that irradiation
and heating are both essential to promote the present reaction.
Table 1 shows representative examples of addition to

terminal acetylenes. These results suggest that reactions
proceed efficiently when electron-deficient acetylenes are
used. A reaction of1a with 1-octyne did not give the
expected product under similar conditions. These results
coincide with the nucleophilic nature of carbamoyl radicals.17

Te-Phenyl carbamotelluroate1b (R ) Et) added to
phenylacetylene in 72% yield (run 6); however,Te-butyl
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Figure 1. UV-vis spectra of carbamotelluroate1a.

Scheme 1

Table 1. Photoinduced Addition of Carbamotelluroates to
Terminal Acetylenesa

run R R′ prod. yield, % E/Zb

1 Me p-BrC6H4 2b 84 35/65
2 Me p-CH3OC6H4 2c 18 44/56
3 Me 2,4,6-(CH3)3C6H2 2d 31c 7/93
4 Me CH3OC(O) 2e 57 24/76
5 Me (CH3)3Si 2f 35 61/39
6 Et C6H5 2g 72 37/63

a Conditions: 1 (1 mmol), acetylene (2 mmol), 60°C, irradiation with
a tungsten lamp, 24 h.b E/Z ratio was determined by1H NMR. c 47 h.
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carbamotelluroate (1c) (R )Me) gave the product only in
6% yield, resulting in the recovery of most of1c. This might
be due to the fact that1c has no absorption in the visible
region. Therefore, we used a radical initiator in place of light
to trigger the reaction. Thus, the reaction of1c with
phenylacetylene was conducted in the presence of 0.1 equiv
of AIBN at 80°C for 3 h, affording2h in 43% yield (Scheme
1). Similar reaction of1a with phenylacetylene afforded2a
in 73% yield. One practical drawback of this procedure is
the difficulty in purification of products contaminated with
byproducts6 arising from direct addition of a 1-cyano-1-
methylethyl group to phenylacetylene.

The present reaction may proceed via a radical chain
mechanism initiated by photoinduced homolytic dissociation
of 1 to carbamoyl radical3 and PhTe radical (Scheme 2).

The initiation step of the reaction using AIBN is shown in
Scheme 3. Since carbamoyl radicals added to the triple bond

at the terminal carbon exclusively, this reaction affords only
one regioisomer. The stereochemistry of the products was
determined by NOE experiments, by chemical shifts of
vinylic hydrogens, by frequencies of CO stretching vibra-
tion,18 and/or by X-ray analysis ((Z)-2b19). Except in the case
of run 5,synaddition predominated. The evidence that the
E/Z ratio of products stays constant throughout the reaction
period might imply that the stereochemistry of the addition

is kinetically controlled. Since vinyl radicals4 have either a
π radical structure or aσ radical structure with rapid cis-
trans isomerization,20 the stereoselectivity would be deter-
mined by the relative stabilities of the transition states of
the SH2 reactions on tellurium (5 or its analogous structure).

When dimethyl acetylenedicarboxylate was employed as
a disubstituted acetylene, the addition also proceeded ef-
ficiently, affording the corresponding product2i in 77% yield
(E/Z ) 38/62) (Scheme 4).

In summary, we have disclosed here a facile method for
generation of carbamoyl radicals from carbamotelluroates.
This is the first example of addition of carbamoyl radicals
to the triple bond. The present reaction would be of great
synthetic importance since alkenyl tellurides can successfully
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Scheme 2. A Plausible Reaction Patrhway

Scheme 3. Initiation Step Using AIBN

Scheme 4
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be subjected to further manipulation, leading to useful
organic compounds with retention of configuration,21 e.g.,
the tellurium/metal exchange reactions such as Te/Li,22 Te/
Cu,23 Te/Zn,24 Te/Mg,25 Te/Ca,25 and Te/Na25 and cross-
coupling reactions.26
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