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4r5-DiPh~Yltr~~~10[1.1.1~04’5]pent~one-~ (I) exhibits 

a very high 
13 Cl-H coupling constant, 190 c.p.s.,* showing 

that great strain is involved in this system.' In-contrast, 

the size of this l3 cl-Ii coupling constant is substantially 

decreased to 171 c.p.s.* in the next homolog, 5,6-diphenyl- 

* The cor*esponding benzoyloxy canpound, m.p. lOSo, 

obtained fran I with lithium aluminum hydride followed 

by benzoylation showed very similar coupling constants 

for both 13Cl-H and Hl-H3 (189 c.p.8. and 13.5 c.p.s.). 

Therefore, the keto group of I has no influence on the 

magnitude of these coupling constants. 
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tricyclo[2.1.1.05'61hexanone-2. (11).3,* We have observed 

remarkable differences in reactivity of the two systems and 

wish to report bond cleavage reactions which are undoubtedly 

caused by the large strain energy in the former system. 

Treatment of I with 0.07 N KOH in a mixture of water, 

t-butanol and tetrahydrofuran (1:4:10) at room temperature 

for 3 hours provided an acid (III), C17H1402, m-p. 06-87O 

(decomp.). in quantitative yield. The corresponding methyl 
** 

ester (IV), C18H1602, m.p. 67-68O, showed the following 

spectral properties:h ",,"" 270 mu(log e 3.95) n.m.r-., 
. 

a dou,blet at T=6.01(H2), a quartet at 7.12 (H4), and a 

doublet at 7.33 (H4') in addition to phenyl and methoxy 

absorption. This spectral assignment is based on the 

disappearance of the signal at 6.01 upon treatment of IV 

* Physical properties of II are: m-p. 133O. h 22. 

1745 cm-l, h Ez", 
. 

255 mF(log 4.08). n.m.r., a singlet 

at 7 = 7.96 (two H3's), a broad singlet at 2.90 

(10 aromatic H's) and two typical AB type doublets at 

6.62 and 6.78 (Hl and H4). 1 Jl 41 is 5.1 c.p.8. 
, 

** 
This methyl ester (IV) was also obtained directly 

from I with sodium methoxide in methanol. 
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with t-butoxide in t-butanol-d.* The coupling constants are 

lJ241 = 4.4 c.p.s. and IJ44,) = 1.7 c.p.s. 

When the proton source in the reaction medium was 

replaced with deuterium, the sole product was methyl ester 

(IVa) deuterated stereospecifically at C4 of IV. Compound 

IVa showed a doublet at r = 7.12 but no signal at 7.33, 

supporting the above assignment. 

While the cleavage of non-enolizable ketones usually 

requires drastic treatment with strong base, 
4 

the facile 

bond cleavage of I with hydroxide ion must be caused by the 

internal strain. The 100% retention of asyaanetry at carbon 

2 of IVa as evidenced by its n.m.r. spectrum is reasonable 

in view of the high ratio of exchange rate over racemization 

observed for cyanocyclopropanes. 5 

In contrast to the behavior 

underwent only deuterium exchange 

of I, compound II 

at carbon 3 on treatment 

with sodium methoxide in a mixture of methanol-d and 

tetrahydrofuran (1:l). The half life of this exchange was 

2 l/2 hours. 

Although 1,3-diphenyl (or di-ethyl)-4-carbomethoxy- 

bicyclobutane-2-carboxylic acid (V)2 is thermally stable to 

* The half life of this deuterium exchange reaction 

was approximately 20 hours. The rate of the 

deuterium exchange decreases in the order: 

diphenylcyclopropanecarboxylat&diphenylbicyclo- 

butanecarboxylate>diphenylcyclopropenecarboxylate. 

R. Breslow and P. Dowd, J. Amer. Chem. Sot. 85, = 
2729 (1963). 
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2000, compound III was readily decarboxylated at ES0 to 

afford quantitatively a cyclobutene (VI), ~161-114, m-p. 

64-65=', h FLH 254 rnb (log e 4.26). n.m.r., a multiplet . 

Ii H 
CH3UOC CCOH v VI 

at T =i.8 (10 aromatic H'S), a doublet at 3.56 (HZ), a 

multiplet at 6.08 (H3), two quartets at 6.78 (H4) and 7.44 

(H4'). The last two signals constitute an AB type system 

and the signal at 7.44 is assigned to the proton cis to - 

the phenyl group at carbon 3 on the basis of the 

diamaq:letic anisotropy of the latter group. 6 Decoupling 

and deuterium exchange (vide infra) experiments provided 

the following coupling constants: (Jz3( = 1.3 c.p.s., 

1J341 = 4.9, iJ,,'I = 1.9, 1J441( = 12.3. Jz4 <l-O. 

Decarboxylation of compound IIIa gave a monodeuterocyclo-. 

butane:, the n.m.r. spectrum of which exhibited two broad 

singlets at r= 6.08 and 7.44 but no signal at 6.76. 

Therefore, this compound is formulated as shown in Via. 

Considering the unique stereochemistry of the acidic proton 

of carboxylic acid IIIa with respect to the bicyclobutane 

ring, one can easily rationalize this extremely facile 

decarboxylation of IIIa as contrasted with carboxylic acid 

V. Furthermore, introduction of a deuterium atom at 



provide a bicyclo(l,l,,l)pentane (VII) 

hexane (VIII), respectively. 

j$H5 <c&6*5 

'gH5 

VII 

Treatment of II with one mole of 

room temperature or at -35O afforded, 

919 No.14 

carbon 3 of VI, as shown in VIb, was effected by 

decarboxylating III in which the acidic proton was 

replaced with deuterium. The assignment of stereochemistry 

to the deuterium atan of Via and VIb is thus consistent 

both with the above mechanistic interpretation of 

decarboxylation and with the spectral interpretation based 

on the diamagnetic anisotropy of the phenyl group at 

carbon 3. 

Facile bond cleavage reactions were not limited to 

bond Cl-C2 and bond Cl-C5 (hydrogenation)' of I. Bond 

C4-C5 of I and bond C5 6 -C of II were readily cleaved to 

and a bicyclo(2.1.1) - 

VIII 

bromine either at 

in 80% yield, a 

dibromide (VIII), C18Hl40Br2, m.p. 147-148O, h~~~ol 
. 

1780 cm-l, ' n.m.r., two doublets at 5.41and 5.54 (Hl and H4) 

* The enhancement of carbonyl frequency in VIII can be 

explained by two effects, i) the direction of the 

polarized C-Br bond is almost parallel with the C=C 

bond and ii) the opening of bond C5-C6 of II would 

introduce more distortion of bond angles C5-Cl-C2 

and C3-C4-C5. 
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and a singlet at 6.4 (2 H3) and phenyl absorption. 

Reduction of VIII with lithium aluminum hydride afforded 

in 20% y.ield (n.m.r. spectral analysis) a hydroxy compound, 

m-p. 92-330, identical with that obtained directly from II 

with the same reagent. 
7 

In the case of I, the dibrano 

compound VII corresponding to VIII was very unstable and 

characterized only by its n.m.r. spectrum at -35O. a 

singlet at 5.2 (2H, the bridge head hydrogens) and a broad 

singlet at 2.0 (10 aromatic hydrogens). The formation of 

5,6-diphenyltricyclo[l.l.lO 4+ t pen anol-2 (overall yield, 

70%) upon treatment of I with bromine in tetrahydrofuran 
* 

at -35O. followed by lithium aluminum hydride, 7 confirms 

the existence of intermediate VII. The reaction must have 

proceedeed in a fashion similar to that for II. The 

stereochemistry of dibromide VII must favor this unusual 

bond formation with lithium aluminum hydride. 

'Ihe above-mentioned reactions have provided us with 

many ir.teresting strained systems. We will discuss in a 

separate paperthe,magnitude and sign of the long range 

coupling constants in relation to the geometry and bond 

character of the systems. 

* 'le have confinned the disappearance of the 

characteristic n.m.r. absorptions of I and observed 

the decoloration of bromine. 
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