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The interplay of steric anmd electronic factors in the determinmation of
the configuration of & -halo and b(,g('-dihalocyclohennones is well recognized.
(2,3) In the two kinds of equilibria (I2TII, ITSIII) depicted below the exis-
tence of the diaxial conformer I is usually prohibited because of the severe 1,3
diaxial interaction between the halogen atoms. The diaxial dihalogen configura-
tion (I) is only achieved when steric factors are inoperative; for example
Corey (3) has reported that dibromination of 2,6-3imethylcyclohexanone gave the

2,6-dibromo derivative of configuration IV.
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We wish to report the first example of en b(,V\'-dia.xial dibromocyclo-
hexanone in which both steric and electronic factors are equally determinative.
The bromination of bicyclo(3.2.1 )octencne-3 (Va)(l4) with pyridinum perbromide
in tetrahydrofuran proceeded rapidly (5 minutes). Two major products were ob-
tained in nearly quantitative yield, a monobromo (Vb) and & dibromo derivative
(Ve) in 2:3 ratio. (5) Some physical properties of Va, Vb and Vc are assembled

in tables I and II.

TABLE I
Compound{6) m.p. u.v I.R.
Ve 139° 280 my 19(a) 1 et (£)
vb L8 315 105(a) 1715 (£)
313 %(e) 1715 (e)
Ve 88 342 195(4) 1725 (£)
3b1 190(e) 1722 (e)

The solvents used were cyclohexane (d), acetonitrile (e) and chloroform (f).

Overall inspection of the spectral results in Table I indicates that
the bromine atoms in both Vb and Ve must be axial (7,8). Moreover, the spectral
date are sensibly invariant to solvent polarity which thereby rules out conforms
tional equilibrium for the bromo derivatives. In other words, the cyclohexane
moieties of Vb and Ve do not adopt boat forms. However, the value of 1725 c-'l
is somevhat large and it could be indicative of the trans dibromo configuration
{exial-equatorial) for Ve, notwithstanding the contraindication provided by the

ultra-vioclet spectral data.



No.28 Bromination of bicyclo{3.2.1)octanone-3 1983

TABLE IT

Calculated and Measured Dipole Moments

[o] 0 [+]
ﬁ\ Br Br
g g ow
Va Vb ax. eq. Ve eq.eq. AX.aX. 8X.0Q.
Caled. (9) - 3.62, k.23 h.82 k98  3.90
k.37 (20)
Keasured 3.11 3.71 k.20

Benzene vas used as gsolvent. Values are in Debye units.

This ambiguity is also encountered on comparing the measured dipole
moment of Ve with those calculated for the three possible configurations
(Table II). Although, if mutusl induction between the two axial C-Br bonds
of the diaxial configuretion for Ve is taken into account then the calcula-
ted dipole moment is 4.37 D which is reasonably close to the measured value
of 4.20 D (10), Incidentally, both sets of evidence in Tables I and IT
unequivocslly substantiate the axial configurstion for 2-bromobicyclo(3.2.1 )-
octanone-3 (Vb).

Finally, recourse to NMR spectroscopy dispelled the uncertainties
surrounding the probable structure of Vc. The NMR spectra of the bromo
derivatives Vb and Vc are complex. The proton Hy in Vb shows an octet, where-
as Hp in Vc appears as a quartet. This multiplicity can be explained on the
basis of long range nuclear spin-spin coupling (11). The double irradiation
technique or the so called "spin decoupling” method (12) was applied to Vb
and Ve and permitted the deduction and confirmation of their structures un-

ambiguously.
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In particular, for Vo, the long range coupling between Hp and Hp was found to
be 1.8 cps, while the coupling between Hy and Hp amounted to 3 cps. These
values together with the original quartet pattern exhibited by Hy are consis-
tent only with the geometry and symmetry displayed by the diaxiel dibraomo
arrangement Ve (11, 13).

The establishment of the ol \!'-diaxial dibromocyclohexanone structure
(exemplified by Vc) now poses the question of its unexpected existence. An
explanation is fittingly found in terms of the "Reflex Effect” (14). Recently,
it has been shown that repulsion betveen axial substituents on the bottom side
of a cyclohexane chalr causes axial substituents on the top side to come closer
together (VI). Thus in 3,3,5,5 -tetramethylcyclohexanone (VII) axial substi-
tuents at Cp and Cg experience greater steric constraint than those in cyclo-
hexanone itself (15}, Comparison of bieyclo(3.2.]) octancne-3 (Va) with VII
reveals that the .ethane bridge "pinches" the cyclohexanone molety so thet axial
substituents adjacent to the carbonyl function are tilted away from each other
and consequently become less encumbered (16); accordingly the bulky diaxial di-
bromo configuration of Ve finds good accommodation.

A full sccount of this work vill be published elsevhere.
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