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Summary: Exposure of 4,4-dichlorocyclobutenones to the action of zinc dust in ethanol
containing 5 equiv each of AcOH and TMEDA results in smooth reductive dechiorination
producing simple cyclobutenones.

The development of efficient synthetic routes to cyclobutenones is a probiem of
considerable current interest, as these compounds can serve as versatile intermediates for
the preparation of u,B-butenolides,] cyc]opentenones,] and a variety of substituted
cyclobutane derivatives. Recently we have shown that cyclobutenones also function as four-
carbon annulation components in new routes to eight-membered carbocyc]es2 and highly
substituted aromatic cmnpounds.:?"4 In connection with these annulation studies we required
convenient access to simple 3-alkyl and 2,3-dialkylcyclobutenone derivatives. In principle,
a variety of cyclobutenones should be available via the direct [2+2] cycloaddition of
ketenes to alkynes, but unfortunately the negligible ketenophilicity of unactivated
acetylenes renders this simple approach impractica1,5 with the exception of reactions
employing highly reactive ketenes such as ch]orocyanoketene43 and dichloroketene.® Till now
non-halogenated cyclobutenones consequently have been prepared by indirect routes, involving
for exampie the addition of H,yC=C=0 to highly ketenophilic heterosubstituted olefins or
acetylenes, followed by subsequent functional group manipulations to convert the resuiting
cycloadducts to the desired cyclobutenone derivatives.

An alternative and much more attractive approach to simple cyclobutenones can be
envisioned which would proceed via readily available 4,4-dichlorocyclobutenone derivatives.
Unfortunately, previous studies by Hassner and Dillonbb imply that this route should not be
feasible. Although it is well established that both zinc metal and tri-n-butyltin hydride
can effect the smooth dechlorination of 4,4-dichlorocyclobutanones, these reagents were
found to be ineffective for the reduction of the corresponding unsaturated compounds.
Hassner and Dillon have attributed this reluctance of dichlorocyciobutenones to undergo
reduction to the difficulty associated with generating oxyanion or radical intermediates
that possess cyclobutadienoid antiaromatic character,

We have now found that under carefully controlled conditions the reductive
dechlorination of 4,4-dichlorocyclobutenones is in fact a feasible and efficient process.

In combination with the [2+42] cycloaddition of alkynes with dich]oroketene,6 this new
procedure provides a general two-step protocol for the preparation of a variety of
cyclobutenones. Table I summarizes our results,

The requisite dichloroketene cyclpadditions generally proceed smoothly employing the
standard procedure of Hassner and Dillon.5 However, we have observed that reactions
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Table 1. Synthesis of Cyclobutenones from Alkynes

Isolated Yield®

Case Alkyne Cyclobutenones
Dichloroketene  Reductive Ovaerall
Addition®  Dechlorination®  Yield
(o] [¢]
1 nBu-C=CH ﬂc, J:r 6577 84 5565
nBy "'CI nBu
1 2
[ o
2 tBu—-C=CH
R w  ®
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3 44
[o] [o]
3 AcO{CH,);-C=CH JT___ﬁCI ﬂ
AcO(CH)s "%, AEO(CHy) & 70 %
5 6
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4 Ph-C=CH ﬂ cl
Ph 2N Ph 7587 88 66-77
7 8
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5 Cyclododecyne' cl 75
“et
9 10
nPr e nPr o
6 nPr-CsC-nPr ]E.,LC' I:r 73
nPr el nPr
118 12

2lsolated yields of products purified (>95%) by distillation or chromatography. Infrared, 'H NMR, *C NMR, and mass
spectra were fully consistent with the assigned structures. PDichloroketene additions® were carried out by slowly adding
2-3 equiv of CCl,COCI and 1-4 equiv of POCI, to a mixture of alkyne and 3-6 equiv of Zn(Cu) in Et,O over 2-11 h and
then stirring the resulting mixtures for 2-15 h further at 10° (cases 5 and 6), 25° (cases 2 and 3), or 50° {cases 1 and 4).
cReductive dechlorinations were accomplished by stirring the dichlorocyclobutenones with 20 equiv of zinc dust (Zn-Ag
in case 4) in EtOH containing 5 equiv each of TMEDA and AcOH at 25° for 1-5h. 9For a previous synthesis, see ref. 1.
eFor a previous synthesis, see ref. 6b. Nozaki, H.; Noyori, R. J. Org. Chem. 1965, 30, 1652. 9For the previous synthe-

sis of this compound by a different route, see Breslow, R.; Altman, L. J.; Krebs, A,; Mohacsi, E.; Murata, I; Peterson, R. A;;
Posner, J. J. Am. Chem. Soc. 1965, 87, 1326.
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involving disubstituted acetylenes lead to the desired 4,4-dichlorocyclobutenones (e.g. 9
and 11) contaminated with varying amounts of isomeric 2,4-dichloro derivatives, apparently
generated via cine rearrangement7 of the initial ketene adducts. Fortunately we found that
the formation of these byproducts can be suppressed (to <10%) simply by carrying out the
cycloaddition at temperatures between 10 and 15°C.

The reduction of dichlorocyclobutenones obtained from monosubstituted acetylenes was
examined first. Under conventional reductive dechlorination conditions (20 equiv of zinc
dust, AcOH, 25 or 50°C) the desired products were obtained contaminated with significant
quantities of 2-chloro-3-alkylcyclobutenones. For example, reductive dechlorination of 1

o
c']zro 13 R=nBu nPr];r
a 14 R =1Bu nPr
15 16

using the standard procedure produced the desired enone 2 (48%) as well as the a-chioro
derivative 13 (29% yield); no reduction of 13 was detected upon further treatment with
excess zinc dust in AcOH at 50°C. In other cases examined the conventional reductive
dechlorination procedure also furnished the desired cyclobutenones in Tow (35-41%) yield
contaminated with significant amounts of partially reduced byproducts.

A systematic investigation of conditions for effecting the reductive dechlorination
reaction revealed that the desired transformation can be accomplished cleanly provided that
the reduction is carried out at room temperature in alcoholic solvents (preferably EtOH) in
the presence of 5 equiv of AcOH and 5 equiv of a tertiary amine (preferably TMEDA). Using
this procedure 1 could be reduced to 2 in 84% yield, and none of the a-chloro enone 13 was
observed to form under these conditions. Reduction of the t-butyl derivative 3 was also
accomplished smoothly (68% yield; only 35% using Zn-AcOH), although in this case the a-
chloro side product 14 was also obtained in 11% yield (vide infra).

The reductive dechlorination of dichloroketene adducts generated from disubstituted
acetylenes was performed without purification of the intermediate 4,4-dichlorocyclobutenones
because of the sensitivity of these compounds to cine rearrangement. Reduction of 9 and 11
using our new procedure generated the desired cyclobutenones cleanly in excellent overall
yield. In contrast to these results, reductive dechlorination under "classic® conditions
led to the formation of 1:1 mixtures of the desired cyclobutenones and the a,8-enone isomers
15 and 16. It is significant to note that stirring 18 in ethanol containing AcOH and TMEDA
resulted in isomerization to the more substituted isomer 10, but no rearrangement was
observed to take place in acetic acid solution alone.

Preliminary studies indicate that 4-alkyl-4-chlorocyclobutenones also undergo
reductive dechlorination smoothly using our procedure. Thus, exposure of 178 to the action
of Zn-AcOH-TMEDA in EtOH at 25°C for 8 h produced the cyclobutenones 18 and 19 (>20:1) in
52% yield after purification by chromatography.
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Although at this time the detailed course of the reductive dechlorination reaction is
a matter for conjecture, the following scheme offers one reasonable mechanistic hypothesis.

o o o
A" oz ™ W PN g® gz R R
c T > gy — > H > +
R2- % R2Z % R2 % 2)H R? R?

20 © 21 ¢ 22 ¢l 24 25
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Oxidative addition of 20 to In could generate the organozinc derivative 21 without
proceeding through a high-energy antiaromatic intermediate. Rapid Sg2 or Sg2 protonolysis
would then provide the monochloro derivatives 22 and 23, of which only 22 can apparently
undergo further direct reduction. In the presence of a tertiary amine, however,
interconversion of 22 and 23 takes place, either via isomerization to the deconjugated B,vy-
isomer, or alternatively, by addition-elimination of the TMEDA. This rearrangement is not
possible when RZ = t-butyl, thus accounting for the isolation of the byproduct 14 in case 2.
Finally, we note that the absence of a-chloro side products (23) in the reduction of
dialkyl-substituted cyclobutenones can be explained if protonolysis in these cases occurs
predominantly via the Sg2 pathway due to steric factors.
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