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Recently it was reported that t—-butylcyanoketene (}) possesses a high

reactivity in thermal [2 + 2] cycloadditions, reacting with alkenes
1,2-cyclononadiene 2.

Our interest in the synthesis of four-membered rings bearing dbulky
groups 3 as potential precursors of sterically hindered cyclobutadienes
prompted us to investigate the reaction of ;lwith various acetylenes. The
resulting cyclobutenones would be a close step to our goal.

The cycloadditions were performed either in boiling benzene when %‘was
generated in situ from 2,5-diazido-3,6-di-t~butyl-l,4~benzoquinone (Ep in the
presence of an acetylene, or at room temperature by adding a solution of ace-
tylene in benzene to a solution of 1 in the same solvent. Phenylacetylene,
t-butylacetylene, t~butylphenylacetylene and diphenylacetylene gave in a
40-80% yield the cyclobutenones 3a (m.pe 88%), ig.(liquid q'), 58 (mepe 119.5%)
and 6 (m.pe 136.8-137.5°). _ -
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Table 1. Spectroscopic data on cyclobutenones ° .

Compd. IR (cm"l) W)\Ewn NMRS( e,

max, nm(lgé) ™S int
3a 1768, 2235 290 (4.09) 1,19 (GH); 6465 (1H); 7417-7.78 (GH)
4a 1782, 2232 228 (3.75) 1.22 (GH)s 1.38 (SH); 6425 (1H)
5a 1767, 2230 278 (4.03) 1.02 (H); 1.25 (GH); 7.49 (5H)
3 1775, 2230 230 (4.26); 1.15 (H); 7.28-7.9% (10H)
315 (4.,08)

Since there are two possible relative orientations of the reacting mole-
cules in the cycloaddition, but only one isomer is always formed, the cyclo-
addition is regiospecific. While the structure of the cyclobutenone § is
straightforward from the spectroscopic data, the structure of cyclobutenones
3___5, 2_ and 2 resulted from unsymmetrical acetylenes had to be proved as dis-
tinguished from the isomeric structures é_y, i_‘l_) and 5b. The structural assign-
ments are based on (i) NMR, (ii, Eu(IJPm)5 shift rea;:nt MR © ana (i11)

UV spectroscopy.
(i) The chemical shifts of protons Ha and Hb in the parent cyclobutenone

7. Therefore

(.Z) are very different 'JH = 6417 ppm, while SH = 8435 ppm
the actual hydrogen chemicai shift can distinguishbunambiguously which isomer
is formed in the cycloaddition reaction when monosubstitued acetylenes were
used, Indeed, since the chemical shift observed was 5: 6.65 ppm and S = 6425
ppm respectively, the structures of compounds obtained from the cycloaddition
of ; with Ph-C=CH and t-Bu~C=CH, are _3_& and 2 respectively.

(ii) The position of t—~butyl groups as in 2 and _5___a_ is confirmed by
El.x(.'l)l"ll)3 shift reagent experiments. Each compound has two t-Bu groups, one
attached to a double bond, b—Bua, the other bonded to a saturated carbon,
t-Buy,. Usually ét_Bua> s vBu, 8, Assuming that Bu(III) is coordinated
mainly at the oxygen atom, and negligibly at the nitrogen, substituents in
positions 2 and 4 will experience a higher pseudocontact shift than a sub-

stituent in position 3.
In the NMR spectrum of 4a and 5a in the presemnce of Bu(DPM)3, it was
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observed that the protoms of 1>-Bua have smaller gradiemt (see fig. 1, A amd
B) than those of t-Bub which are vicinal to the >0=0 group. One concludes
that according to these findings the reaction products of 1 with t-Bu-C=CH
or t-Bu-0Uz=C-Ph are indeed l=+3 and 28.
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Flg. 1. Dependence of chemical shift
versus molar ratio (Mr) 1 Bu(DPM) 5/ substrate

(1ii) In compound éé the phenyl group is conjugated, while in j_g__, the
phenyl group is cross-conjugated with the &, ﬁ-unsaturated system of cyclo-
butenone. This fact 1s evidenced in the UV spectrum ;3 thus for 23 the maximum
is displaced bathochromically by 12 nm relative to 23.-, consistent in
direction and magnitude with literature date for similar structures 9.

Further work concerning other reactionsof 1 with acetylenes and che-

mical properties of cyclobutenones is now in progress.
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