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The dipole moments of cis- and Zra»$-2-bromo-4-/-butylcyclohexaiione were found to be 4.27 and 3.20 D., respectively, in 
benzene. These values prove that the stereochemistry assigned to these compounds earlier was correct. The moment of 
2-bromocyclobexanone in benzene was 3.49 D., which indicates that under the experimental conditions 76% of the molecules 
have the bromine in the axial conformation. 

Introduction 
The conformational isomers of 2-bromocyclohexa-

none and the related 2-chlorocyclohexanone have 
been the subject of a substantial number of pa­
pers in the past few years.3 ~10 The early conclusion 
of Corey10 that the halogen of each of these com­
pounds was mainly in the axial position was ques­
tioned by Kumler and Huitric9 on the basis of di­
pole moment measurements. Subsequently it was 
shown that all of the available data for 2-bromocy-
clohexanone could be rationalized in terms of an 
equilibrium mixture of conformational isomers in 
which the axial form predominated by an amount 
which varied with solvent.6 Josien and co-work­
ers7 and, more recently, Kozima and Yamanouchi4 

have drawn rather different conclusions concern­
ing the position of the 2-chlorocyclohexanone con­
formational equilibrium. Although the conclusions 
of Josien rested on spectral assignments,11 which 
Bellamy and Williams12 have subsequently shown 
were incorrect, the question as to whether a paral­
lelism of the spectral properties of steroidal equa­
torial and axial a-haloketones and their monocyclic 
analogs existed seemed to be deserving of an answer 
based on a clear-cut and unambiguous experiment. 
Such an experiment is described in the present 
work. 

Results 
The cis- and /ra«s-2-bromo-4-/-butylcyclohexa-

nones (I) are a pair of conformationally pure epi-
mers which are ideally suited to solution of this 
problem. These compounds exist in the chair 
form3 and, consequently, the cis isomer Ie has the 
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bromine in the equatorial conformation. While 
the trans isomer Ia has the bromine in the axial 
conformation. The spectral properties of these com­
pounds, together with the corresponding properties 
of the parent 4-/-butylcyclohexanone, were reported 
earlier.5 The exact relationship of the spectral 
properties of monocyclic a-bromoketones to the con­
formational environment of the halogen atom can 
thus be established if an unambiguous structural 
assignment can be made to each of these epimers. In 
the present work these compounds were prepared ac­
cording to the literature procedures5 and their dipole 
moments were determined in benzene solvent. The 
experimental values obtained were 4.27 and 3.20 D. 

The geometry of each compound is rather accu­
rately known (within the limits defined by the as­
sumption of no distortion from ideal geometry) and 
the dipole moment of each conformational isomer 
has been calculated.6'9 The equatorial conformer 
Ie has the bond moments in nearly the same plane, 
and the moment calculated for it was much larger 
than for the axial epimer Ia. The observed dipole 
moments are in reasonable agreement with those 
calculated and the data are summarized in Table I. 

TABLE I 

DIPOLE MOMENTS OF Ia AND Ie IN BENZENE AT 25° 

Compound 

Ia 

Ie 

>—'—Dipole moments, D. . 
Exptl. Calcd.« 
3.20 2.82 

4.27 4.34 

The difference between the experimental and calcu­
lated moments in the case of Ia is probably due in 
part to the carbon-bromine bond being bent out­
ward from the repulsion of the axial hydrogens. A 
bending which reduced the angle between the di-
poles by 12° would be sufficient to account for the 
difference. It is also clear that the effect of mutual 
induction, if properly taken into account in Ie, has 
been over-estimated in Ia, and this would tend to 
give too small a calculated moment in the latter 
case by an amount which is not easy to estimate, 
but may be 0.1 D. or so. It can be seen, however, 
that the agreement between the calculated and 
found values for the moments is reasonable. No 
evidence for the existence of the flexible form9 is ap­
parent from these experimental data. 

Most important, the configurations of Ia and Ie 
are now unequivocally established as being those as­
signed earlier5 on the basis of spectral properties. 
Therefore, the suggestion of Josien,7 that the spec­
tral shifts characteristic of the different conforma­
tions of a halogen adjacent to a carbonyl may be re­
versed in steroidal compounds relative to the simple 
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monocyclic analogs, need not be considered further. 
At least in the case where the halogen is bromine,13 

the spectral properties that hold for each conforma­
tion in the a-bromo steroidal ketones carry over ex­
actly to the related a-bromocyclohexanones. 

Turning to the equilibrium between the confor­
mational isomers of 2-bromocyclohexanone, it ap­
peared desirable to measure the moment of this 
compound at the same time with the same equip­
ment so that there would be no question as to the 
comparison of the data of Kumler and Huitric9 

with those of compounds Ie and Ia. The moment 
was measured in benzene solution and the agree­
ment with the previous value is excellent (Table II). 

TABLB II 

CONFORMATIONAL ANALYSIS OF 2-BROMOCYCLOHBXANONE 

FROM DIPOLE MOMENT DATA AT 25° 
a;«aZ-2-Bromocyclo-

, hexanone, % * 
Dipole 

moment Infrared 
r 2-Bromocyclohexanone measure- measure-

Solvent ix obsd., D. ments0 ments6 

tt-Heptane 
Carbon tetrachloride 
Benzene 

3.37" 85 
74 

3.496 

3.50» 76 60 
Dioxane 3.649 62 57 

" Calculated with the equation Mob»d2 = NaMa2 + -ZVeMe2 

where /x. and M« are the experimentally obtained dipole 
moments for Ia (3.20 D.) and Ie (4.27 D.) , respectively. 
Solvent independence of these constants is assumed. b This 
study. 

Consequently, it seems safe to accept the values de­
termined by Kumler and Huitric in dioxane and 
heptane as being directly comparable with those de­
termined in the present work. If this is done it is 
possible to calculate the percentages of axial- and 
equatorial-2-bromocyclohexanone in various sol­
vents more accurately than previously,6 and the re­
sults are summarized in Table II. These values 
differ by about 15% from the earlier values6 which 
were obtained from the calculated moments. A 
few of the corresponding values obtained by infra­
red measurements6 are also listed for comparison, 
and the agreement is good. 
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Experimental 
Materials.—The pure cis-(Ie) and trans-2-bromo-4-t-

butylcyclohexanone5 (Ia) and 2-bromocyclohexanone6 were 
prepared as previously described. Compound Ia was stored 
in Dry Ice from when prepared until the moment was ob­
tained. The others were stored at 0.° The purity of Ia 
and Ie, before and after the dipole moment measurements, 
was clearly established upon examination of the infrared 
spectrum of each in carbon disulfide solution. The cis 
isomer Ie showed a strong band at 692 c m . - 1 (equatorial C-

(13) The other halogens will h% discussed in subsequent papers. 

Br stretch14) and this absorption was totally absent in the 
spectrum of the trans isomer Ia obtained a t twice the con­
centration and in the parent 4-/-butylcyclohexanone. A 
definitive band for pure Ia occurred a t 820 c m . - 1 . 

The benzene solvent employed for the dipole moment 
measurements was C P . thiophene-free reagent which was 
dried by refluxing with (12 hours) and distillation from so­
dium metal. 

Dipole Moment Measurements.—The apparatus used for 
the dielectric constant measurements has been described16 

and the measurements were made at 25° in benzene solution. 
The experimental data were treated according to the method 
of Halverstadt and Kumler16 and the calculations were per­
formed employing an IBM 650 computer as described." 
The molar refractivity, identical for Ia and Ie, was cal­
culated from standard values of atomic refractivities18 

and had the value 44.720 cc. Atomic polarization was ne­
glected. The data are summarized in Table I I I . 

TABLE II I 

DIPOLE MOMENT DATA, BENZENE SOLUTION, 25° 
*f Aa du eu 

2-Bromocyclohexanone 

0.00481544 
.00351020 
.00266465 
.00178446 
.00109944 
.00000000 

a = 16.9305 
dx = 0.8724853 

0.876543 
.875435 
.874703 
.873981 
.873477 
.872453 

/3 = 0.841754 
P 2 » = 284.322 

«1 

M 

2.3488 
2.3268 
2.3126 
2.2972 
2.2852 
2.2678 

= 2.26724 
= 3.489 D. 

cis-2-Bromo-4-i-butylcyclohexanone (Ie) 

0.00321371 
.00248632 
.00172836 
.00101454 
.00042239 
.00000000 

a = 25.3443 

di = 0.8724624 

0.875217 
.874596 
.873930 
.873369 
.872816 
.872453 

/3 = 0.857930 

P2= = 426.985 

Cl 

M 

2.3483 
2.3313 
2.3119 
2.2931 
2.2778 
2.2678 

= 2.26758 

= 4.272 D. 

£rarcs-2-Bromo-4-<-butylcyclohexanone (Ia) 

0.00338668 
.00238950 
.00160562 
.00081193 
.00054254 
.00000000 

a = 14.1259 

dx = 0.8724707 

DETROIT 2, M I C H . 

0.875210 
.874477 
.873761 
.873141 
.872929 
.872453 

/3 = 0.817925 

P2O= = 262.735 
«1 

M 

2.3156 
2.3020 
2.2908 
2.2795 
2.2758 
2.2678 

= 2.26799 

= 3.196 D. 
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