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ABSTRACT

Reactions of Ph2C3 dianion, prepared from 1,3-diphenylpropyne and n-butyllithium, with dimethyl diselenide and benzylselenocyanate yielded
1,3-bis(methylseleno)-1,3-diphenylpropadiene and 1,3-bis(benzylseleno)-1,3-diphenylpropadiene, respectively, and the reaction with a mixture
of dimethyl diselenide and benzylselenocyanate gave 1-benzylseleno-3-methylseleno-1,3-diphenylpropadiene together with the symmetric products.
Thermal reactions of the 1,3-bis(alkylseleno)allenes afforded (E)- and (Z)-1,3,4,6-tetraphenyl-3-hexene-1,5-diynes along with compounds derived
from cyclic dimer of the allene or diselenide via radical pathway.

Allene chemistry has been widely studied,1,2 and substituted
allenes by heteroatoms have also received attention.2 Re-
cently, we reported the synthesis and reaction of sulfur-
substituted allenes, and the thermal reactions of 1,3-bis-
(alkylthio)allenes have been found to yield thiophene
derivatives.3 Several selenium-substituted allenes are also
known as isolable compounds or reactive intermediates.4 We
also synthesized the 1,3-bis(alkylseleno)allenes, and it was
found that thermal reactions of the selenium-substituted
allenes are different from those of corresponding sulfur-
substituted allenes and afforded enediyne derivatives. In this
paper, we report the synthesis and thermal reaction of 1,3-
bis(alkylseleno)allenes.

When a benzene solution of 2 equiv of dimethyl diselenide
was added dropwise to Ph2C3 dianion (1,3-dilithioallene),
prepared5 from 1,3-diphenylpropyne andn-butyllithium in
hexane solution, in the presence of TMEDA (N,N,N′,N′-
tetramethylethylenediamine), and the solution was stirred for
additional 30 min, 1,3-bis(methylseleno)-1,3-diphenylpro-
padiene (16) was obtained in 70% yield after purification by
column chromatography on silica gel (Scheme 1). TMEDA
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was found to be indispensable to this reaction, and the yield
was lowered (22%) when the reaction was carried out without
TMEDA. Similarly, reaction of the dianion with 2 equiv of
benzylselenocyanate in the presence of TMEDA yielded 1,3-
bis(benzylseleno)-1,3-diphenylpropadiene (26) in 64% yield.
Reaction of the dianion with a mixture of dimethyl diselenide
and benzylselenocyanate afforded unsymmetric allene36 in
17% yield together with symmetric allenes1 (26%) and2
(5%). 3,3-Bis(alkylseleno)-1,3-diphenylpropyne, which has
possibility to form in these reactions, was not detected in
all the cases. Methyl signals of1 was observed at higher
fields (1H: δ 2.14;13C: δ 7.1) than those of corresponding
sulfur analogue (1H: δ 2.24; 13C: δ 15.6)3 on the1H and
13C NMR spectra in CDCl3, and absorption maxima of1
and 2 were observed at 298 and 307 nm in cyclohexane,
respectively, which are shifted to longer wavelengths com-
pared with those of the corresponding sulfur analogues.

1,3-Bis(methylseleno)allene1 reacted in refluxingp-xylene
to give (E)- and (Z)-1,3,4,6-tetraphenyl-3-hexene-1,5-diynes
(47 and58), the framework of which is known as an important
building block of several naturally occurring antitumor
antibiotics9 and as a substrate of the Masamune-Bergman
reaction,10 (Z,Z)-1,2-bis(R-(methylseleno)benzylidene)-3,4-
diphenylcyclobutene (66), and theE,Z-isomer76 in yields
of 34, 7, 21, and 9%, respectively, after 3 d (Scheme 2).

Enediynes4 and5 have recently synthesized, and assignment
of the E- and Z-isomers was made on the basis of their

spectral properties.11 The structure of enediynes4 and5 was
confirmed by X-ray analysis ofE-isomer4 (Figure 1).12 It

was also found thatZ-E isomerization occurred between4
and5 under the conditions, and ca. 2:1 mixture of4 and5
was obtained from5 in a refluxing p-xylene after 1.5 h.
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Scheme 2

Figure 1. Crystal structure of4 showing 50% probability displace-
ment ellipsoids.
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Thermal reaction of 1,3-bis(benzylseleno)allene2 proceeded
smoothly in a refluxingp-xylene, and enediynes4 and5 were
formed in 36 and 8% yields, respectively, together with
dibenzyl diselenide8 (57%) and dibenzyl selenide9 (25%)
after 1.5 h. In the thermal reaction of unsymmetric allene3,
the reaction was intricate, and only enediyne compounds4
(28%) and5 (7%) were isolated. The thermal reactivities of
selenium-substituted allenes1 and 2 were found to be
different from those of the corresponding sulfur-substituted
allenes,3 and the difference of the reactivities may be due to
smaller bond dissociation energy of carbon-selenium bond
than that of carbon-sulfur bond. The thermal reactions of
sulfur-substituted allenes1, 2, and3 were found to proceed
via radical mechanism since an addition of galvinoxyl in the
reaction of1 and2 inhibited both reactions.

One plausible mechanism is shown in Scheme 3. Ho-
molytic cleavage of the carbon-selenium bond of allenes
1, 2, and3 gives radical10 with extrusion of seleno radical.
An attack of the seleno radical to the selenium atom of10
yields carbene11 followed by dimerization of11 to afford

enediyne compounds4 and5. In the case of allene1, addition
betweensp-hybridized carbons also occurs to give biradical
intermediate12 followed by intramolecular cyclization to
form cycloadduct13. Under the conditions, further reaction
occurs to give cyclobutene derivatives6 and7 with extrusion
of dimethyl diselenide. The reason cyclobutene derivative
was not obtained in the case of allene2 is maybe due to fast
cleavage of the carbon-selenium bond and/or repulsion
between two benzyl groups in formation of the carbon-
carbon bond.
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