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Abstract—Upon irradiation through Pyrex with a tungsten lamp (hn>300 nm), diphenyl diselenide adds to electron-deficient
alkynes such as ethyl propiolate and isocyanides sequentially to provide the corresponding three-component coupling products in
moderate to high yields selectively. The appropriate strength of carbon-radical trapping by diphenyl diselenide facilitates its
selective three-component coupling with ethyl propiolate and isocyanides. © 2001 Elsevier Science Ltd. All rights reserved.

In view of the growing interest in selective car-
bon�carbon bond forming reactions with simultaneous
introduction of heteroatom functions, we have investi-
gated the sequential addition of heteroatom compounds
to two (or more) unsaturated compounds under radical
conditions. To accomplish such radical addition reac-
tions of heteroatom compounds accompanied by selec-
tive bond-connection between unsaturated compounds,
both the reactivity of heteroatom-centered radicals
toward unsaturated bonds and the capturing ability of
radical precursors toward carbon radicals are of great
importance. For example, the lower radical trapping
ability may cause polymerization of unsaturated com-
pounds, whereas the higher one might inhibit the bond-
connection between unsaturated compounds.

Recently, we have suggested that diphenyl diselenide1 is
a promising candidate for heteroatom compounds to
work its selective three-component coupling with an
electron-poor alkyne and an electron-rich alkene.2

Herein, we wish to report a highly selective sequential
addition of diphenyl diselenide to ethyl propiolate and
isocyanides,3 providing the corresponding three-compo-

nent coupling products bearing both vinyl and imidoyl
selenide functions, regioselectively (Eq. (1)).

Upon irradiation with a tungsten lamp (500 W)
through Pyrex (hn>300 nm), the reaction of ethyl propio-
late (1, 0.16 mmol) with benzylisocyanide (2a, 4.60
mmol)4 and (PhSe)2 (3, 0.16 mmol) in the absence of
solvent was conducted at 15°C for 6 h by the addition
of (PhSe)2 separately eight times, which afforded the
corresponding three-component coupling product (4a)
in 85% yield after purification by a recycling prepara-
tive HPLC (GPC, CHCl3) (entry 1 in Table 1).5,6

Similar conditions can be employed with cyclohexyliso-
cyanide (2b) and 2,6-xylylisocyanide (2c), giving the
corresponding three-component coupling products (4b
and 4c) selectively (entries 2,3). Functionalities such as
P(O)(OEt)2, and ester groups are tolerant toward the
selective sequential addition reaction (entries 4,5). On
the other hand, a complex mixture is formed in the case
of t-butylisocyanide, probably due to the decomposi-
tion of the imydoyl radical intermediate to t-butyl
radical.31

(1)
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Table 1. Three component coupling of ethyl propiolate, isocyanides, and (PhSe)2
a

a Reaction conditions: ethyl propiolate (0.16 mmol), (PhSe)2 (1 equiv.), isocyanide (20–30 equiv.), 15°C, hn : tungsten lamp (500 W, Pyrex).
b Isolated yield.

We next examined the sequential addition of (PhSe)2 to
several acetylenes in the presence of cyclohexyliso-
cyanide under controlled conditions. Terminal alkynes
bearing a carbonyl group such as ethyl propiolate,
methyl propiolate, and 1-butyne-3-one undergo the
desired sequential addition successfully to give the cor-
responding three-component coupling products in 59,
70, and 40% yields, respectively. With inner alkynes
bearing electron-withdrawing groups such as diethyl
acetylenedicarboxylate, the sequential addition pro-
ceeds slowly giving 18% of the desired three-component
coupling product. In contrast, when 1-octyne, phenyl-
acetylene, and trimethylsilylacetylene are used in place
of ethyl propiolate, bisselenation7 of the alkynes takes
place in preference to the desired three-component cou-
pling. These results suggest that electron-deficient alky-
nes are suitable for this three-component coupling
reaction.

A possible mechanistic pathway may include the fol-
lowing (see Eq. (1)): (i) upon irradiation with near-UV
light, diphenyl diselenide (lmax=330 nm) undergoes

homolytic dissociation to generate PhSe�, which adds to
ethyl propiolate selectively, forming b-seleno-substi-
tuted vinylic radical (5); (ii) the vinylic radical (5) reacts
with isocyanides to produce imidoyl radical intermedi-
ate (6), which is trapped with (PhSe)2 yielding the
three-component coupling product (4) with regenera-
tion of PhSe�.

The obtained three-component coupling products,
which have several hetero-functions, are expected to
work as a promising building block for the synthesis of
useful heterocyclic compounds. For example, the reac-
tion of the three-component coupling product (4d) with
a-methoxyacetyl chloride in the presence of triethyl-
amine successfully provides the corresponding b-lac-
tam (7) in good yield, as indicated in Eq. (2). The
following treatment of the b-lactam (7) with tri-
fluoroacetic acid leads to chemoselective removal of the
vinylic selenium function of 7 giving the corresponding
aldehyde (8) as a precursor for the construction of
carbapenem framework.

(2)
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In summary, (PhSe)2 is revealed to add to ethyl propio-
late and isocyanides sequentially giving the three-com-
ponent coupling products with high regioselectivity.
Further study along these lines is now in progress.
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