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In the course of aur study on the transformation 

reactions of a-plneue (1) we had occasslon to examine 

the NMR spectra of the substituted cyclobutanes III to 

VI (Table 11, prepared from a-pin&m (I) n& piuoslic 

aald (II). 

Puckered conformations with quasi-axial aud 

equatorial substituents (R-6) for the cyclobutanes 

III-VI follow from the bridged half-chair Y-shaped 

geometry of a-pinene (7). The stereochemistry of 

the hydroxy f'unctlon in III is in accordance With 

the well understood retention of confIguratiOn (8) 

during Raeyer-Villiger cleavage. 
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CYcuIRDTAnR *dim&&l signals* 

(in MS) 
Remarksb 

2tr. conformatml 

' The AM speotre are taken on Varlan A-60 spectrometer CCC14) at 
W-MC by oourtesy of Dr. St&h Dev of the Rational Chemical 
Laborate, Poona (India). The chemical shifts are expressed 
in a/s downfield vith T#3 as internal refermae. 

b Allthe conpounds studied are homogeneous by TLC andVPC and 
analysed correctly. 
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The Bm data for corqmmds III-VI assembled in Table 1 

coniirnthe findings of the Japanese Investigators (6) that 

(i) the chemical shift of the *axial' a-methylprotms is 

mom or less tmaffected by structuralvarlatlms at other 

centrea aud (ii) the axial a-methyl protm rescmmce 

signals (63-64 c/s) unLformly appear at fields lower than 

those of the 'equatorial' 8-m&l+ protons occurriug at 

54-57 c/s, iu the absence of fuuctioual groups that may 

influence otherwise. The downfield shift of the equatorial 

methyl protons has been demonstrated by appropriate changes 

in the fused cjclobutaue systems studied by the Japanese 

workers. The prououuced dcmfield shift of the signal 

of the equatorial $-methyl protons when C-l Is trigoual 

(compound IV in Table 1) with no corresponding change in 

the o-methyl signal confirms the obselepatlons of Nakagawa 

et al.(6) in a remarkable vay. While the chemical shift 

dlffereuce (a- u B-methyl protons) observed in ring fused 

cpclobutane systems is reported to be approximately 0.4 ppm, 

in the case of the less strained cyclobutanes (III-VI) uuder 

study, the difference however, Is found to be not more than 

0.1s PPQ, the difference arising due to the inherent upfield 

SigIUlS of =ial methyl protons in these compomds. 

It will be interesting to examlue the methyl proton 

signals of 2,2,3-trimethylcyclobutanone (VII) and 2,2,3,4,4- 

pentamethylcJrclobutanone (VXXI) reported by Conla sfirrl. (9) 

(Table 2) in the light of the coucluslous drawn from the 
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prerent study. It may be nofed that the mthylprot- 

signals for the axial methyl (63-64 e/s) and the equatorial 

No.38 

methyl adjasoent to the catbony (72 c/s) (Table 1) are in 

agreement pith the raluos, 6l.2-64.2 o/s and 62 o/s 

respectively observed in VII aml VIII by Caaia (Table 2). 

This has enabled us to assign the signals for the rarlcas 

methyl protons as shown in Table 2. The equatorial C-3 

secondary methyl In VII Is further rhifted downfield with 

respect to the normal value (66-67 c/s Table 1) because of 

TABLE 2 

such a tormalaticm arrived at on the basis of ORD by Conia (4). 

The assignment of C-3 secondary methyl in VIII (optically 

inactive) is somwbat ambivalent, presumably on account of 

the hlgb degree of substitution. 

The considerable upfield signal for the glclal methyl 
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protonsnoted already ~rortheumlsedcyolo- 

butanes (a-64 c/s) oarpared to the same in tored cplo- 

butanes (6) (7G-80 c/s) is also cmfirmed by the examples 

oited from Calia's York. 

Another Interesting appllcatlon of these deduotiau 

arising from the present study and that of hkagava gk a& (6) 

vould be in the assignment of the configuration of B-bergamotene. 

Two forms [&&IX) and trans(X)] are poesible for the naturally 

occurring sesquiterpene (10). Recently Gibsm and Emen (11) 

synthesized stereospeolflcally &g-B-bergamotene (IX), in which 

the methyl protons (at saturated oarbad appeared as a 

singlet at 73 

$-bergamotene 

16 ds higher 

caaiiguratlm 

for aolqvnlnds 

struature (X1 

of mm. 

O/s. Hwever, inthenaturallyoccurr* 

themethylprotons slnglet(57c/s) is at 

upfield eoaslsturt with its @quatorial 

(of. the eq Ms proton 8ignals at 54-57 c/s 

III-VI, Table 11, thus mportlag the trens- 

for the natural &Mergawtene m the basis 

A novel obsematiar encountered in this study is the 

doublet signal(splittiag) of the quaternary @nethyl 

protcms (86_57c/s, J7-8Rs) lnthethreecaqauudsVa, 

Vb and VI (Table 1). These co4mmd5 differ from the 

others by the presence of the C-l exlal protcta. The 

possibility of a long range (4d coupling (lZ=l4) to 
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&knwldnonat: Wo are MobtodtoDr.8ukhDov forth. 

tMI rpoetra and for aheeking the VPC purity of the mmpl~r. 

Wa are grateful to Prof. D.K.Btukujoo of thir drpartmt 

for his Intorest sld umurageme&. 
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