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Recently it was reported that t-butylcyanoketene <,1> possesses a high 

reactivity In thermal [2 + 21 cycloadditions, reacting with alkenes l-s2 amd 

1,2-cyclononadiene 2. 

Our Interest In the synthesis of four-membered rimgs bearing bulky 

groups 3 as potential precursors of sterlcally hindered cyclobutadienes 

prompted us to investigate the reaction of ,& with various acetylenes. The 

resulting cyclobutenones would be a close step to our goal. 

The cycloadditions were performed either in boiling benzene when A was 

generated in situ from 2,~diasido-3,6-di-t-butyl-l,4-bensoqulnome (2) in the 

presence of an acetylene, or at room temperature by adding a solution of ace- 

tylene in benseae to a solution of A in the same solvent. Phenylacetylene, 

t-butylacetylene, t-butylphenylacetglene and diphenylacetylene gave in a 

40-SC% yield the cyclobutenones 2 (m.p. EM'>, z(liquid "1, 2 (m.p. l19.5°) 

and 5 (m.p. 136.S-137.5'). 

2 i 

R R' 

3aH gh 
2: gh t-Bu 

CN 
4b t-Bu B 
5a Ph t-Bu 
gb &Bu ;; 

9 



10 m. 1 

Table 1. Speotrosoopio data on oyolobutenones 5. 

Compd. IB (cm-l) uvx EtCH 
mar, nm(lgG) NM&( CC14 > 

TMS int 

3a 1768, 2235 290 (4.09) 1.19 (9gI)c 6*65 (l-h); 7.17-7.78 (Wur) 

4a = 1782, 2232 228 (3.75) 1.22 (%I>; 1.38 (QI); 6.25 (3H) 

2 1767, 2230 278 (4.03) 1.02 (%I); 1.25 (WI; 7.49 (3) 

6 1775, 2230 29 (4.26); 1.15 (9); 7.28-7.94 (10H) m 
315 (4.08) 

Since there are two possible relative orientations of the reacting mole- 

cules in the oyoloaddition, but only one isomer is always formed, the cyclo- 

addition is regiospeciflc. While the structure of the cyclobutenone & is 

straightforward from the spectroscopic data, the structure of cyclobutenones 

2, I)a and 2 resulted from unsymmetrical acetylenes had to be proved as dis- - 

tinguished from the isomerio structures 2, 4b and 2. The structural assign- = 
menta are based on (i> NMB, tii~ Eu(IIpm13 ehift reagent MMB 6 and (iii) 

W spectroscopy. 

(i) The chemical shifts of protons Ha and Hb in the parent cyolobutenone 

(27) are very different t 5, = 6.17 ppm, while 5, = 8.35 ppm 7. Therefore 
b 

the actual hydrogen chemical: shift can distinguish unambiguously which isomer 

is formed in the cycloaddition reaction when monosubstitued acetylenes were 

used. Indeed, since the chemical shift observed was 6 t 6.65 ppm and b = 6.25 

ppm respectively, the structures of compounds obtained from the cyoloaddition 

of 2 with Ph-CsCH and t-Bu-C=CH, are 2 and 4~ respectively. 

(ii) The position of t-butyl groups as in 2 and 2 is confirmed by 

Eu(IlPM)3 shift reagent experiments. Each compound has two t-Bu groups, one 

attached to a double bond, t-Bu,, the other bonded to a saturated carbon, 

t-Bub. Usualb’ &,-Bu > &3, 8* Assuming that Eu(II1) is coordinated 
a 

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 NMB spectrum of 4& and 2 in the presence of Eu(BPM)3, it was 
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observed that the protons of t_Bua have smaller gradient (see fig. 1, A amd 

B) than those of t-Bub which are violnal to the >C=O group0 Olse conoludee 

that according to these findings the reaction products of A with &Bu-OaCH 

or t-Bu-C&J-Ph are indeed 2 and 5a. 

Mr 

Fig. 1. Dependence of chemical shift 

versus molar ratio (Mr> : Eu(DPH)3/substrate 

(iii) In compound 2 the phenyl group Is conjugated, while in Ja, the - - 
phenyl group is cross-conjugated with the 0(,/3-unsaturated system of cyclo- 

butenone. This fact is evidenced in the W spectrum ; thus for 2 the maximum 

la displaced bathoabromlcally by 12 nm relative to 2, consistent ia 

direction and magnitude with literature data for similar structures 9. 

Further work concerning other reactionsof &with acetylenea and <rhe- 

mica1 properties of cyclobufemones is mow in progress. 
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