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Recent communications by Small' and from these 

Laboratories3 reported the formation of cyclobutene 

derivatives (Ia and Ib) from the title compounds (IIa and IIb) 

hy treatment with silver oxide-thiosulfate in aqueous dioxaneL 

and by irradiation with ultraviolet light. 3 Since the 

photolysis of 5,6-diphenyltricyclo[2.1.1.05'6Jhexanone-2 (III) 

afforded 2,4_diphenylphenol but not Ib3, we tentatively 

inferred that the a-ketocarbene generated photochemically 
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from IIb led to vibrationally excited III which then underwent 

the heterolytic cleavage with solvent to afford Ib. Howeveri 

we felt that additional evidenzevas necessary to substantiate 

this view. We further investigated this 

reaction and report the result herein. 

According to Small's procedure 

prepared her compound (A), m.p. 180°, to 

was assigned previously. 2 We also found 

seemingly unusual 

(silver oxide) we 

which structure Ia 

that the same 

compound A was obtained in comparable yield (approximately 

40%) by irradiating IIa in aqueous tetrahydrofuran. 

FIS. I. The 100 MC n.m.r. spectrum of A in CDC12. 

The n.m.r. spectrum (Fig. I, the aromatic region is excluded) 

of compound A and decoupling experiments showed that protons 

4 and 4' constitutedan AD type system with J44' = -12.7 cps. 

and these protons coupled with proton 1 (J14 = J141= 1.2 - 

cps.), but not with proton 5. The methyl ester of A was 

reduced with lithium aluminum hydride and the resulting 

hydroxy, compound was converted to its acetate (IV). In the 

n.m.r. spectrum of IV, signals due to protons 1, 4 and 4' 
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maintained their multiplicities similar to those of A 

(T 1 = 3.63, ~4 = 7.10, '4 = 7.54) and the coupling constants 

remained practically unchanged (J14 * J14'= 1.3, J441=.-14.5 

cps.), whereas proton 5 (f= 6.00) and two protons 6 and 6' 

(r'5.48) introduced by lithium aluminum hydride now 

constituted an ARB' system (J56 s J561- 7.1 cps.). The 

validity of this assignment to these last three protons 

(5, 6 and 6') was confirmed by the spectrum of the corresponding 

deutero acetate (V) prepared by substituting lithium aluminum 

deuteride for lithium aluminum hydride. Compound V showed 

a singlet atr= 6.00 but no signal around r=5*5. Therefore, 

compound A possesses only one hydrogen attached to carbon a 

and no hydrogen attached to carbon B with respect to the 

carboxy group. The above spectral data render structure 

Ia untenable and suggest formula Via as the correct 
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representation of compound A. 4 

Compound B, m.p. 146-8O, prepared from IIb in 

a fashion similar to that for the corresponding triphenyl 
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derivative A exhibited a 

A except that the proton 
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n.m.r. spectrum similar to that of 

replacing the phenyl group of A added 

some complications. However, decoupling experiments, aided 
5 by simple t:alculations provided the followins data: 'cl = 

3.72, r3 = 6.17, T4 = 7.15, r4'= 7.69, ~5 = 6.29, J13<0.5 

J14 c 514':: 1.3, J34 = 4.3, J34, = 1.5, J44, = -14.5, J35 = 

11.25. Reduction of the methyl ester of B with lithium 

aluminum hydride and deuteride afforded the corresponding 

hydroxy compounds VII, (m.p. 91-2) and VIII, respectively. 

From their n.m.r. spectra, (FIG.II), we obtained J13<0.5, 
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FIG. II. The 100 MC. n.m.r. spectra of VII 

J14 = J14, = 1.55, J34 = 4.3, J34,= 1.6, J44, =-15.0, 

J35 = 6.4, J56 *J56, = 6.6. In view of the coupling 

constants and the chemical shifts reported for 2,4-diphenyl- 

cyclobutena6 (IX) (61 3<1.0, J14 = 1,3, Js4 = 4.9, J14 =1.9, I 
J44, = -12.3j4the spectra of A and B are in complete 

agreement with structure Via and VIb, respectively. We 

have examined several other spectra of cyclobutenes, in 

particular, cis- and trans- 3,4_substituted derivatives 
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and observed the constancy of these coupling constants. 

Recently Borcic and Roberts reported the analysis of the 

spectrum of cyclobutene itself.' Their assignment of signals 

to each proton is arbitary and from our results it appears that 

the assignment to the cis- and trans- aliphatic protons should 

be reversed and that to the 1,3 and 1.5 protons should be 

corrected to 1,s and 1,3. 

Having established the structures of A and B, we 

propose the following mechanism for the rearrangement. 

Compound IIb first undergoes' the normal Wolff type rearrange- 

ment with either ultraviolet light or silver oxide to 

provide ketene (X) which cyclizes intramolecularly. The 

resulting tricyclo[2.2.0.02'6 lhexanone (XI) either reacts 

directly with protonic solvents or is rearranged to ketene 

(XII) which affords the product. In support of this mechanism 

we isolated XI (a major product) and XII when the photolysis 

of IIb was carried out in anhydrqus tetrahydrofuran. 

Although XI and XII were not obtained in an analytically pure 

state due to their sensitivity to moisture, XI and XII were 

characterized by their spectral data. XI: Amax CHC13 5.64~, 

n.m.r., 10 aromatic protons around T 2.7, no olefinic 

protons, 4 aliphatic protons, complex multiplets at T = 6-6.5 

and 7.4-8.0. XII: hmax Ether 254 mu (log E 4.2), A~~~13 4-78t~t 
. 

n.m.r., 10 aromatic protons around T = 2.8, one proton, 

singlet, T = 3.74, one proton, quartet, T = 6.29 and two AB 

protons, broad quartet, T = 7.22, 7.69. Compound XI and XII 

provided B upon treatment with water and when deuterium 

oxide was utilized, one deuterium was introduced into the 
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expected position of B. Thus the photolytic or silver- 

X 

‘iJ 
XII 

catalyzed reaction of IIa and IIb, previously considered to 

be unusual, is a sequence of normal reactions. The isolation 

of XI now provides a new means for the synthesis of the 

tricyclo[2.2.0.0 2r6]hexane system9 with a keto function 

useful for studies of the system. 

An intramolecular cycloaddition analogous to the 

above case was observed for the isocyanate corresponding 

to ketene Kl. The acid azide (XIII), m.p. 80' (decomp.), 

prepared .Crom (A2 -2,3-diphenylcyclopropenyl)acetyl chloride 

and sodium azide, underwent rearrangement slowly but 

quantitatively *at 40° to provide isocyanate (XIV), iiz' . 
316 mu, (Log k, 4.53) (diphenylcyclopropene chromophore). 

Compound XIV was converted on treatment with ammonia at 0' 

to the corresponding urea, m.p. 188-189'. However, when 

freshly prepared XIII was treated with boiling ethanol, the 

corresponding urethane was only a minorSproduct (less than 

15% yield) and there was obtained in 60-70% yield a new 

compound (XV), C17H13N0, m.p. 284-284.5', mol. wt. 251 

(thermoelectric osmometer), h:zF 236 mP (log E 4.261, 320 (3.88), . 
iKBr max 6.15 or. The ultraviolet and infrared spectra suggested . 
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that Xv was a diphenyl-a-pyridone. The n.m.r. spectrum 

showed the presence of two protons at r=3.39 and ~=2.34 

(J=6.2 cps.) in addition to a broad signal due to N-H and a 

broad singlet at T = 2.8 (two phenyl's). Therefore, the 

two protons are located at ortho positions. 
10 Since XV 

was proven not to be 5,6_diphenylpyridone, m.p. 272-273O, 
hMeOH 
max. 219 my, (log E 4.251, 265 (4.18), 329 (3.83)11 nor 

3,6-diphenylpyridone,12 compound XV must be 3,4-diphenyl- 

pyridone. Although it seems reasonable to postulate XVI 

as an intermediate in the formation of XV, the complete bond 

formation between the nitrogen and C-2 of XVI is not 

'sH5 

Y H 

C6H5 + ""'GO _+ E6H5 

H2C-N=C=O 

XIV XVI xv 

necessarily required. 13 
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