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Reaction of titanium cyclobutylidene complexes, prepared by the desulfurizative titanation of 1,1-
bis(phenylthio)cyclobutanes with Cp,Ti[P(OEt)s3],, with alkynes gave 1-(alk-1-enyl)cyclobutenes.
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Alkenylcyclobutenes are interesting synthetic intermediates for
organic synthesis because of their unique structure and reactivity.
Especially, the Diels-Alder reaction using these compounds as
dienes has been investigated as a convenient tool for the prepara-
tion of benzocyclobutenes.! A variety of methods for the prepara-
tion of alkenylcyclobutenes have been reported.!? They include,
for example, addition of vinylmagnesium bromide to cyclobuta-
none and subsequent dehydration,'*® Pd(0)-catalyzed coupling
between 1-cyclobutenylmetals and alkenyl halides,?® decarboxyla-
tive dehydration of B,y-unsaturated §-hydroxy acids having a
cyclobutane substructure,?® Pt(II) chloride-catalyzed intramolecu-
lar cycloisomerization of allenynes,? and the Grubbs II-catalyzed
1,5-enyne metathesis.* All these reactions, however, suffer serious
limitations: they are only applicable to the preparation of specific
alkenylcyclobutenes, and the starting materials are not readily
accessible.

Recently, we reported the first synthesis of titanacyclobutenes
with a spiro-bonded cyclopropane.® It is of interest that these
strained titanacycles were thermally stable and could be isolated.
In connection with this study, we examined the preparation of
titanacyclobutenes having a cyclobutane substructure 1 by the
reaction of internal alkynes 2 with titanium cyclobutylidene com-
plexes 3, generated by the reductive titanation of cyclobutanone
diphenyl thioacetals 4 with the titanocene(ll) reagent Cp,Ti-
[P(OEt)s], 5.4 Unlike the titanacyclobutenes bearing a cyclopropane
ring, the spirocyclic titanacyclobutenes 1 were thermally unstable
and readily decomposed to produce alkenylcyclobutenes 6 through
the p-hydride elimination® (Scheme 1).
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The treatment of the thioacetal 4a with 5 at room temperature
for 15 min in THF generated the carbene complex 3a, which was
further treated with the alkyne 2a at reflux for 2 h to produce
the alkenylcyclobutene 6a. The cyclobutene 6a was found to be
unstable under air, and gradually decomposed during workup.
The difficulty in isolation was overcome by the use of a trace
amount of hydroquinone as a stabilizing agent, and thus 6a was
isolated in 71% yield (Table 1, entry 1). The reaction was com-
pletely stereoselective: the substituents (R?) originated from the
alkyne 2a were found to be cis to each other. Similarly, the sym-
metrical alkyne 2b also gave the alkenylcyclobutene 6b in good
yield (entry 2).

Although the alkenylcyclobutene 6¢ was obtained by the reac-
tion of the alkyne 2c having ether linkages, the reaction of the
propargyl ether 2d predominantly gave the vinylvinylidenecyclo-
butane 7 along with a small amount of the alkenylcyclobutene 6
(entry 4). The formation of 7 is attributable to the preferential
elimination of an alkoxy group of the titanacyclobutene intermedi-
ate 8 prior to B-hydride elimination as depicted in Scheme 2.
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Table 1
Preparation of alkenylcyclobutenes®
Entry Thioacetal 4 Alkyne 2 Alkenylcyclobutene 6 (Yield/%)
SPh /\/\/
1 SPh = N 6a (71)
4a 2a
Pz Ph Ph
2 4a Ph v\/\A ~ 6b (75)
2b Ph
_ O~_-Ph 0" Ph
3 4a P o A O._Ph 6¢ (69)
2¢
PN —
= (0] Ph _
44 da Ph \/\/O/ AN~ 7(53)
2d (@) Ph
Ph
{><8Ph
5 SPh 2b X 6d (89)
4b
0 Ph
6 4b 2c S O._Ph 6e (69)
Ph
XN
/\/\ X Ph
7
. a o )j)\ﬁ
2e 6f°
P c& . 6f>°
79% (6f : 6f° = 55 : 45)
SPh
8 Ph < ><Sph 2a X 6g (67)
4c
Ph
Ph
9 4c 2b /D/Q/V\A 6h (91)
Ph
Ph
10 4c Ph o Ph /D)Vph 6i (81)

Ph

2 All reactions were performed with a similar procedure as described in the text, unless otherwise noted.
" The stereochemistry was determined by NOE experiment.
¢ Isolated yield based on 2.

4 The reaction was carried out at 25 °C for 2 h.
¢ The stereochemistry of both isomers was estimated by analogy with the other examples.

The titanium carbene complexes were also generated from the
thioacetals of substituted cyclobutanones 4b and 4c, and their
reactions with alkynes 2 gave the alkenylcyclobutenes 6d-i (en-
tries 5-10).° When the unsymmetrical alkyne 2e was employed,
the reaction produced an almost 1:1 mixture of the regioisomers

6f and 6f (entry 7). These cyclobutenes were rather stable as com-
pared with the alkenylcyclobutenes with no alkyl substituent on
the cyclobutene ring. In contrast to the above results, no alkenyl-
cyclobutene was obtained when terminal alkynes, such as phenyl-
acetylene, were employed.
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Scheme 2.

In conclusion, we have established a new route to 1-(alk-1-
enyl)cyclobutenes utilizing diphenyl thioacetals of cyclobutanones
and alkynes. Since the starting materials are readily available, this
method enables us to prepare various alkenylcyclobutenes. Further
study on the unique reactivity of these strained unsaturated com-
pounds is currently underway.
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