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THE REGIOCHEMICAL COURSE OF [2+2] CYCLOADDITIONS OF
DICHLOROKETENE WITH VINYL- AND ALKYNYLSILANES
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Summary: Alkynylsilanes undergo regioselective {2+2] cycloadditions with
dichloroketene in good yield; the regiochemical course of these
reactions is in accord with frontier molecular orbital predictions.

Cycloaddition reactions of vinyl- and alkynylsilanes have been employed
in expeditious routes to a variety of silicon-substituted carbocyclic and
heterocyclic compounds. Recent investigations have explored the synthetic
potential of Diels~Alder reactions involving silicon-substituted dienes?s3
and dienophiles,3c'4 [242] cycloadditions of silylketenes,5 photocyclo-

additions using silyl derivatives,6

and the application of organosilane
dipolarophiles in 1, 3-~dipolar cycloaddition reactions.’ 1In addition to their
synthetic utility, regiochemical features of these cycloadditions have attracted
considerable interest. Silyl substituents have the capacity to function as both
o-donors and n-acceptors, and their effect in controlling the regiochemical
course of cycloadditions is often not easily predicted.

In this communication we describe the successful [2+2] cycloaddition of
dichloroketene with several alkynylsilanes, as well as the unexpectedly high
regioselectivity observed in the reaction of (trimethylsilyl)acetylene itself.
This investigation was carried out in connection with our interest in 2- (tri-
methylsilyl)cyclobutenone derivatives as precursors to (trimethylsilyl)vinyl-
ketenes. The application of the latter compounds as reactive dienes in Diels-
Alder reactions is currently under study in our laboratory.2

Relatively few examples of the addition of dichloroketene to alkynes have
previously been reported. These reactions generally proceed in poor yield when
the ketene is generated via the dehydrohalogenation of dichlorocacetyl chlorige8
or by thermal decomposition of sodium trichloroacetate.82 1In this study we pre-
pared dichloroketene by the zinc-promoted reductive dechlorination of trichloro-
acetyl chloride, as recently recommended by Hassner? and Bradylo for cycloaddi-
tions employing relatively unreactive ketenophiles. Table I presents our results.
In a typical reaction, a solution of 2.0 mmol of trichloroacetyl chloride in
25 mL of diethyl ether was added dropwise over 3 h to a mixture of 1.0 mmol of
alkynylsilane and 6.0-6.6 equiv of activated zincl0 in 15 mL of ether at reflux.

The resulting mixture was heated at reflux for 16-18 h (only 1 h in the case of
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Table I. {2+2] Cycloadditions of Dichloroketene and
Vinyl~ and Alkynylsilanes

Ketenophile Cycloadducts Ratio %Yield
Me,Si 0 0
Me,SiC=CH \EK ﬂ 1:99 67
CIC' Me,si”  =C!
1 2
Me,Si 0 CH, o]
Me,SiC=CCH, ch ﬂ 64:36 74
3 4
" Me,Si 0
Me,SiC=CPh Ph]L—_:[C‘ (mp 77-78°C) 93
cl
5
Me;Si Y
- 19 | J.
Me,SiC=COEt EtO é,c' (mp 56-57°C) 86
5
Me,Si 0 o]
Me,SiCH=CH, [f O e jic, 18:82 £
¢l cl
L 3

ethoxy (trimethylsilyl)acetylene), cooled to room temperature, and filtered with
the aid of ether. The filtrate was washed with NaHCO4 solution, water, and
saturated NaCl solution, dried over anhydrous NaySO,, filtered, and concentrated.
Ratios of regioisomeric cycloadducts were determined by 250 MHz lH NMR analysis
of the crude reaction products; yields refer to material purified by column
chromatography on silica gel.ll

Remarkably, reaction of dichloroketene with (trimethylsilyl)acetylene leads
almost exclusively to a single cycloadduct (2). The two regioisomeric products
were easily distinguished by the lH NMR chemical shifts of their vinyl protons
(5§ 8.45 in 1, 6.68 in 2). The high regioselectivity exhibited in this [2+2]
cycloaddition is notable in view of the modest regiocontrol exerted by silicon
substituents in Diels-Alder reactions.-C’79-isX

Methyl, phenyl, and ethoxy are more powerful directing groups than tri-

methylsilyl in controlling the regiochemical course of these [242] cycloadditions
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(see Table I). In the latter two cases only a single cyclobutenone could be
detected in the crude reaction product. Finally, addition of dichloroketene to
vinyltrimethylsilane resulted in the formation of two cycloadducts in a ratio of
82:18.12 This reaction is reported to fail when the ketene is generated by de-
hydrohalogenation.13 Column chromatography on silica gel furnished the major
product 8 in 37% yield, while the minor isomer (7) underwent decomposition as
would be expected for an a-silylcyclobutanone derivative.l4a The identity of 8
was established unambiguously by its conversion to 3-(trimethylsilyl)cyclobuta-
none14 upon dechlorination with tri-n-butyltin hydride (cat. AIBN, cyclohexane,
80°C, 6 h; 79% yield).

Electrophilic reagents attack alkynylsilanes exclusively at the silicon-
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bearing carbon. The regiospecificity of these electrophilic substitution

reactions is generally attributed to the preferential formation of an intermedi-
ate vinyl cation stabilized by the silicon "B—effect."15b However, the reaction
of (trimethylsilyl)acetylene and dichloroketene occurs via attack of the electro-
philic ketene carbonyl at Cy of the alkynylsilane. The regiochemical course of

this concerted [2+2] cycloaddition is best understood employing frontier molecu-

lar orbital considerations.16

FMO theory predicts that the most important inter-
action in these cycloadditions involves the ketene LUMO and ketenophile HOMO.
The regiochemistry of the reaction is then determined by bonding between the
ketene carbonyl and the ketenophile carbon with the largest coefficient in the
HOMO. STO-3G ab initio calculations indicate that the largest coefficient in
the HOMO of H3SiCECH appears at C2,l7 implying that the cyclobutenone 2 should
be the predominant product in the reaction of dichloroketene with (trimethyl-
silyl)acetylene, as is in fact observed. However, it should be noted that the
influence of the silyl group can be overwhelmed by powerful directing substitu-
ents such as phenyl and alkoxy.
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