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Despite the successful application of the dichloroketene cy-
cloaddition to alkenes® there have been only scattered ex-
amples of the use of alkynes in these reactions™*.

We wish to report that the cycloaddition of dichloroketene
to acetylenes is a general and useful method for the synthe-
sis of cyclobutenones 2. Dichloroketene was generated in
sirt® from trichloroacetyl chloride with activated zinc in the
presence of phosphoryl chloride and of an alkyne 1 at room
temperature (Scheme A).
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Table. Cycloaddition of Dichloroketene to Acetylenes 1
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tion of cleaner products and in higher yields of the cyclo-
butenones 2. For instance, in the absence of phosphoryl
chloride the reaction of 1-hexyne with the ketene led 1o a
mixture of products which was difficult to purity. Further-
more, the yield of 2d by our method is much higher (85%)
than as previously reported (12%)* when the ketene was
generated by the reaction of dichloroacetyl chloride with
triethylamine.

That the regiochemistry of the cycloaddition parallels that
of alkenes was demonstrated by dechlorination of the di-
chlorocyclobutenone 2a to the cyclobutenone 3 ['H-
N.M.R.: §=15.85 (s, vinyl H); 3.13 ppm (s, CH,)): see Sche-
me B.

Dichlorocyclobutenones 2; General Procedure:

Trichloroacetyl chloride (24.4 mmol) and phosphoryl chloride
(24.4 mmol) in anhydrous ether (10 ml) are added over a period of
one hour to the acetylene 1 (12.2 mmol) and activated zinc® (36.6
mmol) in anhydrous ether (50 ml) with stirring and under nitrogen.
The mixture is heated under reflux for 14 h, filtered on a pad of
Celite. and the filtrate washed successively with water. sodium hy-
drogen carbonate solution. and saturated sodium chloride. After
solvent removal, the product is purified at reduced pressure by
bulb to bulb distillation or by chromatography over silica gel.

Prod- R' R? Yield m.p. Molecular formula® '"H-N.M.R.

uct [%] or Lit. m.p. & [ppm])

2a n-C,H, H 77 CeHyWCLO (193.1) 623 (s. 1H);, 2.72 (t, 2H), 2.0-0.7 (m. TH)

2b C,Hs CyH; 62 CiHL0CLO (193.1) 2.7 (q, 2H); 215 (4. 2H); 1.35 (t, 3H); 1.03 (1, 3H)

2 CoH;s CoHs 32 121° 12r°°
C.HCLO (165.0)
C;H,CLO (177.0)

2d CH, CH; 85
2e H,C C(CHy) H 45

8.1, 7.8, 7.63 (3 br m)
2.20 (s, 3H); 1.73 (s, 3H)
6.30 (s, 2H): 5.93 (s, 1H); 2.10 (s, 3H)

* The microanalyses for the new compounds were in satisfactory agreement with the calculated values (C +0.18, H +0.06).

The reaction proceeds readily with mono- as well as with
disubstituted acetylenes and eneynes react preferentially by
cycloaddition to the triple bond (see Table). The yields of
the dichlorocyclobutenones range between 32 and 85%.
The major advantage of this procedure lies in the forma-
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