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Abstract: 3-Alkylseleno-2-cyclobutenones were synthesized by
reaction of alkyneselenolate with diphenylketene via [2+2] cy-
cloaddition. The complete structure of the 2-cyclobutenone was de-
termined by X-ray diffraction.
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Cyclobutenones have emerged as versatile synthons and
interesting electrocyclic ring reactions1 as well as being
useful for the construction of complex organic com-
pounds in recent years.2 They are also interesting for their
reactivity and have been examined by way of computa-
tional calculations.3

We are interested in the synthesis of novel cyclic com-
pounds containing selenium.4 We have reported the syn-
thesis of �-selenolactam from alkyneselenolate.5 The use
of alkyneselenolate is one of the most efficient methods
for the synthesis of cyclic compounds containing seleni-
um.6 A review details ketene cycloaddition.7 The synthe-
sis of 3-ethoxy-2-cyclobutenone using ketene has been
often reported,8 while there is no report of the synthesis of
3-alkylseleno-2-cyclobutenone according to our best
knowledge. Herein, we describe a facile preparation of a
series of 3-alkylseleno-2,4,4-triphenyl-2-cyclobutenone
via [2+2] cycloaddition by the reaction of alkyneselenol-
ate with diphenylketene.9

Diphenylketene 2 has been prepared by dehydrohalogena-
tion of substituted acetyl chloride in the presence of a base
in situ. Lithium alkyneselenolate 3 was added into the re-
action mixture. Finally cyclic compound, 3-alkylseleno-
2,4,4-triphenyl-2-cyclobutenone 5, was obtained by the

trapping with alkyl halides 4 in 38–67% yields (Table).
Alkyl phenylethynyl selenide 6, which was generated by
the reaction of 3 with 4 directly, was obtained as a byprod-
uct (Scheme 1). At first, structure of 5 could not be deter-
mined only by NMR and mass spectra. Therefore, the
single crystals were prepared and were subjected to X-ray
diffraction for the structure determination. Finally, the ab-
solute structure of 5 was confirmed by studies of IR, MS,
1H, 13C and 77Se NMR spectra, elemental analysis and X-
ray diffraction.10

Several attempts to determine the optimal conditions for
improvement of the yield of 5b were carried out. The re-
action for 1 h at room temperature gave 5b in 52% yield.
Longer reaction time and higher temperature failed to im-
prove the yield of 5b.

Several 3-alkylseleno-2,4,4-triphenyl-2-cyclobutenones 5
were prepared by using the corresponding alkyl halides 4.

Table Synthesis of 3-Alkylseleno-2,4,4-triphenyl-2-cyclobuten-
one 5

Reactant RX Product Yield (%)

4a CH3I 5a 51

4b C2H5I 5b 52

4c C3H7I 5c 56

4d C4H9I 5d 67

4e C6H5CH2Br 5e 38

4f C6H5CH2CH2Br 5f 55

Scheme 1

O

Cl
C6H5 C C O

C6H5

C6H5

Et3N

- HCl

C6H5C CSeLi

RX

C6H5C CH Se n-BuLi

O

C6H5

C6H5

C6H5

RSe

C6H5C CSeR

C6H5

H

1 2

3

4

5
+ +

+

6

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f N

or
th

 C
ar

ol
in

a 
- 

C
ha

pe
l H

ill
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



806 M. Koketsu et al. LETTER

Synlett 2002, No. 5, 805–807 ISSN 0936-5214 © Thieme Stuttgart · New York

Longer alkyl group gave higher yield of 5 (Table). In the
case of the Moore cyclization enyne-ketenes, generally,
higher temperature, for example more than 100 °C or re-
fluxing, was used for the preparation of desired prod-
ucts.11 In the present reaction, milder conditions, i.e. room
temperature, gave the best result. Studies by Danheiser
and co-workers demonstrated that dichlorocyclobuten-
ones could be prepared by the addition of dichloroketene
to trialkylsilylacetylenes.12 Among their results, addition
of dichloroketene to methyl (trimethylsilyl)acetylene re-
sulted in the formation of two regioisomeric products in a
ratio of 64:36 (7 and 8 in Figure 1). The reactions of
ethoxy(trimethylsilyl)acetylene and phenyl(trimethylsi-
lyl)acetylene with dichloroketene led exclusively to a sin-
gle cycloadduct like type 7.13

Figure 1

In the present reaction, only a single product was ob-
tained. The X-ray diffraction study of the product clearly
showed that the crystals were not 5� but 5 (Figure 2 and
Scheme 2).14 The bond length of C2-C3 is 1.375 Å and in-
dicates a double bond. The sum of the three angles around
each of the C1, C2 and C3 atoms is almost 360.0°, respec-
tively. Therefore, the arrangement of C1, C2, C3 C4, O1,
Se1 and C19 atoms is almost planar.

Figure 2 ORTEP diagram (50% thermal ellipsoids) of com-
pound 5b.

The reaction of phenylethynyl selenide 6 with diphe-
nylketene 2 provided no products other than recovered

starting materials. The reaction without alkyl halide gave
only mixtures instead of 3-selenoxocyclobutanone, while
it has been reported that a 1,3-cyclobutanedione could be
easily isolated.8a Because 3-selenoxocyclobutanone was
unstable, the stable product 5, which is the enolate form,
was only obtained when 9 was trapped with haloalkane 4.
From these results the formation of 5, could be explained
by the addition of the nucleophilic site of alkyne 3a to the
most electron deficient site, the carbonyl carbon, of the
ketene 2 presented in Scheme 2. That is, in the case of the
present reaction, the electron of resonance structure 3a at-
tacked only the center carbon of ketene 2 via the [2+2] cy-
cloadduct 9 affording the single product 5 but neither 5�

nor a mixture of 5 and 5�. The reaction of lithium alkyne-
selenolate 3 (LiSeCCPh) with acyl chloride (RCOCl)
gave Se-alkynyl selenocarboxylate (RCOSeCCPh) by nu-
cleophilic addition of the selenium of 3 to the carbonyl
carbon of acyl chloride.15 On the other hand, the reaction
of 3 (LiSeCCPh) with alkylidenamine (RCH = NR1) af-
forded �-selenolactam by addition of the most nucleo-
philic site of alkyne 3a.5 Furthermore, the reactions of
lithium alkynethiolate (LiSCCPh) and lithium ynolate
(LiOCCPh) with carbonyl compound proceeded by addi-
tion of the most nucleophilic site of alkyne to the carbonyl
carbon of the carbonyl compound.16 The present reaction
obeys the latter. Acetylenes bearing transition metal, silyl,
germyl, arsenyl and phosphoryl substituents could serve
as substrates for the [2+2] cycloaddition with ketene. The
regiochemistry of cycloaddition involving organometallic
acetylene was generally seen with simpler alkynes, but si-
lylalkylacetylenes gave both possible regioisomers
(Figure 1).13,17 The present reaction using alkyneseleno-
late was the former.

Though many reviews have devoted exclusively to ketene
cycloaddition,7,18 according to our best knowledge, this is
the first example of the reaction of ketene with alkynesel-
enolate.
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