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The protons of a methylene grotlp removed by one or more bonds from a center of

morecurar asymmetry. m&y b. .rrognetic:.ilr1,' noneq.uivalent and display AB-type nu-

' lear magnet ic reso'ance in.m.r . )  ip. . , r" . i -*  I t -has been s 'ggestecr that  the chem-

ical shift betrvee' the trvo methl' lc'e proto.s arises from uneclrtal populations

of the possible rotetiorul co.form,tio"t ' l  Ho'*'tt 'er' even assr-tming equal popula-

t ions and rapic l  i t l terconyersiotr  of  the three conformers I '  I I '  a ld I I I '  H'  and H'

are ahvays disti.ct ellcl iclerlt if i trble. sit lce l lo tn'o conformers lre iclentical ex.ept
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f o r i n t e r c h a n g e o f H o a t t c l H , . . ' . 6 T l r i s . . i n t r i n s i c a s v m m e t r l . . ' o f t h e m e t h y l e n r :
group might also be the cattse of t ire obsen'ecl magnetic troncrltt ivaletlce of the

methylene Prototrs'
The n.m.r. spectnrm of the -o-CH:- protons of cyclopropylmethylcarbinyl

ethy.i ether Iv (Fig. i) is of the AB t1.p. (rpiit b-v the methl'r proro's) and result-*

from proximit-v of 
-a 

center of molecttlar asymmetry to the methl' ' lene protons' To

in'estigate the possibil i ty that the difference in ehemicar shift be*r'een these methyl-

CHs

6-o-at,-cHs
I

H I V

CHr
I
c- o- cH2-D

I

H V
VI



Vor,. 48. 1962 CHEMIST,EY: WHITESIDES ET AL. I  I  l : l

ene protons &rises from an intrinsic asymmetry depending onLy on the symmetrr:

characteristics of the molecule, rve have examined the n.m.r. spectrum of cyclo-
propylmethylcarbinyl methyl-dr ether (V).t Substitution of a deuteromethl'l

group for the ethyl group of IV rvould be expected to eliminate any conformationai
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! 'rc. l.-Nuclear magnetic resonance spectra of the methylene pro.tons of cyclopropyl-
rpethylcarbinvl meth-vl-dr ether and c1'clopiopl' lmethl' lcarbin-vleth-r' i ether at 60 Mc/sec.

Frc. 2.-\Iethine and methylene proton resona,nces of 2-chloro-feth-vl-3-phen1'l-
cyciobut-2-enone in carbon tetrachloride-at 60 \Ic/sec with tetramefhylsilane (0 cps) as ex
tirnal standard. The values of coupling constants to the methine proton at the 4position-
a re  l , / e . r l  : 6 .9cpsand  l Jax l  =  4 .3cps .

preference of the methylene protons rvith respect to the as1'mmetric center; hence,

observation of an AB-type methylene spectrum for V would be evidence for an

observable ehemical shift arising from intrinsic asymmetry in the molecule.

After account is taken of coupling bet'lveen the protons and deuterium, which has

a nuclear spin of 1, the methylene reson&nce of V is clearl.'.- Ar (Fig. 1). The mag-

netic equivalence of these methylene protons of V appears to us as strongiy zug-
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gestive that conformational preferenee is the factor responsible for the magretic

nonequivalence of the methylene protons of IV.
Further support for this conclusion is provided by the n.m.r. spectrum of the sub-

stituted cyclobutenone VI (Fig. 2). The resonance centered on 113 cps is of the

methylene protons of the ethyl group of this compound and is the rather complicated

AB part of an ABCBX system. The resonance of the methine proton at the 4-posi-

tion of the cyclobutene ring is centered on 233 cps and is split into two equally
irrtense doublets, rather than a I:2:1 triplet. This splitt ing is most simply ex-
plained as the result of unequai coupling betrveen the methine proton and the two

adjacent methylene protons, arising from a preference for a conformation for the

molecule in rvhich the methine proton is lrazls to one methylene proton and gauche

to the otber.
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