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CONEORMATIONU analysis of 2-bromocycZ&exanone (I) suggests @at either the axial 
or the equatorial conformation would be possible for the 2-bromine substitutent. 
Accordingly, an equilibrium mixture of aaM- and eqrwtorial-2-bromocy&hexa- 
none (Ie) might be expected to exist. A simpler situation could oocur if one confor- 
mation for the bromine (axial or equatorial) were much preferred and I would then 
be essentially conformationally pure. The following data were interpreted by Corey1 
as evidence that 2-bromocyclohexanone (I) had almost exclusively the axial confor- 
mation for the bromine. First, the main i&a-red carbonyl absorption maximum of I 
(carbon tetrachloride solution) was only sightly displaced from that of CycZohexanone 
(II), a fact which indicated the presence of the axial conformer.8 A shoulder on the 
main absorption band which occurred at 14 cm-l higher f&quency relative to II was 
assigneda to the conformer which had the bromine equatorial, but the slight intensity 
of the shoulder was considered to indicate that only a “small amount” of the equatoriaZ 

isomer Ie was present. Second, support for the conclusions drawn from the infrared 
spectra was obtained when a theoretical value for the “minimum” energy difference 
between the two conformations was calculated. The magnitude of this energy differ- 
ence predicted an equilibrium mixture that contained “at least 97 per cent” of axial- 
2-bromocyclohexanone. 

The dipole moment of I in heptane, benzene and dioxane solution was determined 
by Kumler and Huitric. 3 In the light of Corey’s work, and especially the energy 
calculations, the experimentally determined moment of I in all solvents would be 
expected to be virtually identical with the theoretical dipole moment calculated for Ia. 
It was found, however, that the dipole moment of I increased with increasing dielectric 
character of the solvent employed for the measurement and was of such a magnitude 
in each medium as to indicate far less than the estimated1 97 per cent of Ia to be present. 
These data might have been interpreted as consistent with an equilibrium mixture of Ia 
and Ie which was influenced by the solvent but, because of Corey’s work, Kumler and 
Huitric preferred to consider that a third isomer, a “5exible form” whose conformation 
was intermediate between Ia and Ie, was present. 

1 E. J. Corey J. Amer. Chem. Sot. 75 2301 (1953). 
* R. N. Jones. D. A. Rammy, F. Her- and K. Dobriner Zbid. 74,2828 (1952). 
* W. D. Kumlcr and A. C. Huitric Ibid. 78,3369 (1956). 
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The two investigations which have ascribed very difFUnt conformational situations 
for 2-bromocyc &exanone (I) employed different physical quantities to describe the 
system I. To correlate the earlier data and to provide a starting point for the present 
study it was necessary to choose the most reasonable individual bond moments for 
the carbon-bromine and carbon-oxygen dipoles of I and to determine the dipole 
angles of Ia and Ie as precisely as possible. These two sets of constants wem nv 
for the calculations of the theoretical dipole moments of Ia and Ie and of the energy 
difference between the two conformers. Corey deliberately chose physical constants 
which would yield a minimum energy ditIerence,1 and it should be noted that estimates 
,of the individual bond moments and of the dipole angles as well as a simple method by 
which the geometry of I could be calculated were not then available. Kumler and 
Huitri$ assigned the individual bond moments from consideration of related studies, 
but apparently calculated dipole angles for Ia and Ie on the basis of a geometrically 
inadequate model. 

A more accurate representation of the structure of I than was used by the previous 
workers is now available, for Corey and &teen* have determined by vector analysis the 
exact geometry of “cyclohexylidene” (chair form). With a simple correction to replace 
the exocyclic methylene carbon by oxygen, this geometry allowed exact calculation 
of the molecular geometry of cyclohexanone (II) and thus of the system I.* The 
dipole angles (x) of NW51’and 51”54’ and the dihedral angles (4) of 102’1.3’ and 
16”17’ were determined for Ia and Ie, respectively.6 The geometry of the two confor- 
mations is summa&ed in Figure 1. 

The dipole moments determined for cyclohexyl bromide and c@ohexanone (II) 
were 2*1 IY and 2.9 D7, respectively. As evidenced by work with other compounds 
wherein rigid models were employed to describe a molecule,* the vahres determined 

l !ikMths necaaq data are not avaiiablc, the model here assumed doas not take into account the 
probable alight spreading of the Imgiea by dipole-dipole lvpulsiolla. 
4 E. J. Corny and R. A. Snem I. Amw. Chem. Sot. l7,2503 (19%). 
6 R C. Caokson J. Cbm. SW. 282 (1954) estimated dihodml angles of 105” and 15” with no indication as to 

the method6 employed to obtain tbew values. 
@ 0. Hmml and B. Naahagm Z. Phydk. Chem. B 15,373 (1932). 
’ R. J. W. LeFevm Dipole Moments p. 63. John Wiley, New York (1953). 
8 P. Bender, D. L. Flowers and H. L. Gocring I. Amer. Chem. Sot. 77.3463 (1955). 
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handandthepresentstudyem@oystheaebond momentsforeachconformeralso.* 
Tablel~guamvstiearthcp~q~ti~w~h~tabc~in~~tdik 
cussion and compares them with the ValUea of tha two 

Th&orQti&r~ Cner&y Cd&tiOFlS. Th6 total 

ist.henetresultofastericandan&&osta 
Equation (1) was employed by Corey1 to 
and Ie, and this equation was o&&ally derived for two (magnetic) 
in 

E e- - ac-;Pc=o (cosx - 3 cos a1 60s a& 

a field of constant force (vacuum dielectric oonstant u~&ty).~ Wowever, in a nml66ule 

in a liquid pWe the eiktive dieleatric constant D inthe vicinity of the dipoles is 
CertaMy not unity. Thus the ele@ostatic emugies Galculated from equation (1) must 
bedi~~bythadlalsctricoo~tof~~~thnwghwhiEh~ 
Although no way is available,to preaisely calculate this term an 
similar situation was suggested by Kirkwood and Wesths&uerl@ A m&oule which 
contained interacting charges was considered to outline a sphere inside which the 
charges were placed and the effective dielectric constant within this sphere was pro- 
posed to have the vah6 2, this value being considered more r6asona~e than unity. 

The sphere was then considered to be surrounded by a medium having a dielectric 
constant equal to that of the solvent. This approximation enabled the cited authors 
to obtain calculated values for dissociation constants of various substituted organic 
acids which were in good agreement with experiment, and their success would seem to 
justify the use of this concept of a local dielectric constant for the present study. If 
the value 2 is taken to represent the dielectric constant of the medium within the 
molecule, and if this molecule is placed in a bulk medium of dielectric constant 2 
(heptane solution), then the electrostatic energies calculated for Ia and Ie may be more 
reasonably expected to approximate the real situation. 

The steric energy difference of Ia and Ie is difhcult to assess for there are few 
pertinent data which permit calculation of this term. Corey1 estimated @4 kcal/mole 
for this difference, the enerm of Ia being more positive, and this value was retained for 
the present calculations. 

Employing the physical quantities developed in the present study for system I 
(Table 1) and equation (1) divided by the dielectric constant 2, the di&ence in 
electrostatic energy between Ia and Ie in heptane solution was CalMUd to be l-93 

* J. H. Jeans Mo#hematlcal Theory of Ekctricity and hfagnrtiam (5th Ed.) p. 377. Tim Univomity Fetus, 
Cambridge (1933). 

lo J. G. Kirkwood and F. H. Westheimer .L Chem. Phys. 6; 506. 513 (1938). 



Tbeconformmof2-bromocgdohexanone 67 

T-1 

Itlve8tigation 

Ia 
18 
Ia 
IC 
Ia 
IO 

1.91 D 2.83 D Tllial3tudy 

1.91 D 2.83 D Kuder and IiuittW 

1.2D 2.5 D Corey’ 

kcal/mole, the Ia conformer being the more stable. The steric energy of O-4 kcal/mole 
which destabilizes Ia provided a total energy difference of 1.53 kcal/mole; this ‘energy 
difference indicates an equilibrium mixture comprised of 93 per cent Ia and 7 per cent 
Ie for heptane solution at 25”. The dipole moment data* are consistent with an equili- 
brium mixture in heptane solution which contains 68 per cent Ia and 32 per cent Ie 
(Table 2). In view of the approximations required for the energy calculations, the 

TABLE ~.-CARBONYL W DATA OF 1 AND a IN VARIOUS SOLVENTS 

No. 

- 

;Ilmu an-’ 
%IarIa 

dipole 
moments* 

MOh 

rity 
[and11 

- 
0.126 
0.120 
0.137 
0.127 
Q119 
0.133 
0*122 
0.130 

IC Ia II 

1749 1732 1724 
1742 1730 1730 
1736 1721 1711 
1738 1726 1726 
1741 1729 1724 
1740 1728 1719 
1743 1729 1717 
1741 1728 1732 
1743 1728 1737 

%IasIa 
itleamd 

so1vcnt T 

I& II 

- - 
0.330 0.447 
0.348 0500 
0.348 0.509 
O+OO 0.491 
0.259 0.457 
0260 0.494 
0232 0.516 
0297 0.544 

I- 
1 

- 

I 

c. SW 
74 
68 
68 
60 
57 
53 
45L 
55* 

Honlog8IK!ou8 
carboI.l tetmcblolide 
chlorofoml 
Carbon distide 

- 

60 
51 

68 

s Calcalatui with tho theoretical dipole moments ,UI~ = 2.82 D. ,UI~ = 4.34 D, obtained employing the 
COUStant8 of the prewnt 8tlKty (Table I), and the equation” /&,,- = N&i* S N,&, 

* See text for discuaai~ concwning these apparently anomalous vahe~. 

agreement with the dipole moment studies is reasonable. Of more significance is the 
qualitative conclusion to be derived from these calculations that an equilibrium 
mixture of Ia and Ie may be expected to exist in which the minor conformer is present 
to the extent of at least several per cent. 

For interconvertible isomers of different electrostatic energies, the composition of 
their equilibrium mixture is influenced by the solvent in which the measurement is 
made.ri For the system I, conformer Ie has the higher electrostatic energy. Accord- 
ingly the position of the predicted Ia z Ie equilibrium would be expected to be dis- 
placed to the right in solvents of higher dielectric constant than heptane. This shift 

I1 K. Kozima, K. Sakashita and S. Maeda J. Amer. Chem. Sot. 76, 1965 (1954); A. Tulinskic, A. 
DiGiacomo and C. P. Smyth Ibid. 75,3552 (1953). 
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is exaotly what has been found from the dipole moment study of1 in various solventas 
and from the spectral studies of the present investigation. 

S’&ul SW&S. The infrared .and ultraviolet absorption curves of I and II were 
examined in various solvents, and these spe&ral studies suggest an observable eqrdli- 
brium.* The i&a.red data obtained for each solvent allowed an estimation of the 
position of the equilibrium for the particular medium and the ratio of a.&Z to equu- 
torial wnfmw was obviously intlueti by the solvent. 

FIG. 2. Carbonyl absorption bande of %bromoc~c~ in various aolventn. The band 
numbem correspond to those described in Table 2. 

The infrared carbonyl absorptions of 2-bromocyclohexanone (I) and cyolohexa- 
none (II) in the solvents chloroform, carbon disuhhie, carbon tetrachloride, n-hep 
tane, cyclohexane, benxene, dioxane, and dimethyl sulfoxide were compared at 
similar molar concentrations and the curve of I in each of these solvents was composed 
of two maxima which could not be completely resolved, as is shown in Fig. 2. The 
absorption band which was displaced to a higher frequency from the maximum of 
cyclohexanone was assigned to Ie and the absorption band which was at a similar 
frequency to that of II was assigned to Ia.* Table 2 records the carbonyl 
frequencies. 

Analysis of the infrared apeetra to determine the amounts of Ia and Ie present in 
the various solutions was complicated by the fact that the conformers cannot be 
obtained in pure form and the absorption curves of Ia and Ie were not cleanly separabk. 
However, an axial a-bromoketosteroid has an integrated carbonyl absorption inten- 
sity virtually identical with the similar area calculated for the parent lcet6steroid.s 
This relationship suggested that the ratio of extinction coeEcients of the Ia and II 
maxima would serve to estimate the per cent of Ia present in the various solutions, and 
this simplifying approximation was employed for the present study. The amount of 
Ie present was taken to be the difference between 100 per cent and the estimated per 
cent of Ia. An alternative method of curve resolution is to reflect the side of the 
principle band (extinction coefficient plotted against frequency) away from the inter- 
fering band about its axis and to graphically integrate separately the symmetrical band 

* certain aiiphatic u-halocarbonyl,compound~ exist 88 a mixture of rotational is0me.a and the pm 
of these iMnners has been conftrmed from t& infrared spectra. L. J. Bellamy, L. C. Thomu, and R L. 
Williama [A Ckm. Sot. 3704 (19S4)]. studied the infrared spectra of nome @4koaMJphemneaatdi&ent 
temperatures, and each of these compounds bad two carbonyl absorption bands which were not compktely 
resolvable. From the nuumet in which the relative intensities of the maxima were intluenc4 by v 
assignment of each of the carbonyl absorption bands to a particular rotational isomer wa8 po&%le. 
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and the absorption outside the symmetrical band.is This procedure is carried out with 
difbculty with spectra obtained on the Baird instrument because the areas are so 
small. Thisadmittedly i&curate method was also applied in the present’case, and 
the areas of the curves so obtained (assuming the same inherent integrated band inten- 
sities) indicated, for example, 80 per cent and 73 per cent Ia in chloroform and benzene, 
respectively. Since the equatorial band is probably in fact of lower inherent intensity,s 
these would be minimum values, and they certainly are in as good agreement with the 
more accurate values found from the extinction coefficients as can be’expected. 

For the solvents carbon tetrachloride, chloroform, carbon distide, benzene and 
dioxane, the carbonyl absorption curve had a main band (Ia isomer) with a shoulder 
on the higher frequency side (Ie isomer) and the amounts of Ia present in these solutions 
varied in a regular manner from 74-57 per cent (Table 2). Dimethyl sulfoxide (D ti 
45) solutions of I afforded an absorption curve having two non-resolvable bands of 
nearly equal intensity. The amount of Ia present was estimated to be 50 per cent from 
the ratio of the extinction coefficients of Ia and II, and the shift in equilibrium com- 
position of the mixture was in the direction consistent with this more polar solvent 
acting to stabilize the conformer which has the higher electrostatic energy, Ie. 

The carbonyl bands in the infrared spectra of I in cyclohexane and n-heptane 
showed two maxima of equal intensity which as before were not completely resolvable. 
From the non-polar character of these hydrocarbon solvents, one would expect the 
equilibrium mixture to be similar to that obtained for benzene. A reason for the 
apparent anomaly was evident when the molecular weight of I was determined in 
cyclohexane solution at the concentration employed for the infrared study. The 
experimental value was 2.7 times greater than the value for the monomeric I, and a 
slight decrease of this association was observed when the determination was repeated 
with a more dilute solution. The infrared band attributed to Ie likewise decreased in 
intensity relative to the Ia band upon dilution. Cyclohexanone (II) was also associated 
at the concentrations employed for the infrared study, and this compound afforded a 
sign&antly lower value for the experimentally determined molecular weight in a 
more dilute solution. Such association phenomena under similar circumstances are 
well known; for example, acetic anhydride is complexed in cycZohexane.is The low 
melting point of n-heptane prevented molecular weight determinations from being 
conveniently performed with it as solvent, but the similarity of n-heptane and cycle- 
hexane and the virtually identical contour of the infrared carbonyl absorption curves 
of I obtained in the two solvents strongly suggest that I is also associated in n-heptane 
solutions. The amounts of Ia estimated from the infrared spectra would be lower 
than the values expected from the dielectric constants of these hydrocarbon solvents, 
for the association phenomena would be expected to create areas of high dielectric 
constant in the immediate vicinity of the carbonyl groups and, as a result, the equili- 
brium Ia e Ie would be displaced to the right.* No such effect was noticed in the 

l A priori a reasonable alternative would be that one band was due to the associated form and the other 
to the unassociated fonn. This possibility was excluded on the basis that neither cfa- nor tronr2-bromo-k- 
butylc@ohexanone (unpublished results), compounds which are constrained to essentially one confor- 
mation 1’*1s but p resumably still capable of carbonyl association, exhibits an analogous change in their 
reqective carbonyl absorptions with change of solvent from carbon tetrachloride to n-heptane. 
u R. N. Jones, W. F. Forbes and W. A. MusUer Can&. I. Chem. 36,504 (1957). 
u D. C. Jones J. Chem. Sot. 1193 (1928). 
14 S. Winstcin and N. J. Holness J. Amer. Chem. Sot. 77.5562 (1955). 
u E. L. Eliel and R. S. Ro Chem. & 2nd. (i&w.) 251 (1956). 
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concentratron 
at the concentra- 

tion employed for the infrared study was identical with the caMat& value. Since 
the absorption curves of I in carbon tetrachloride, chloroform, carbon disul@e, 
benzene and dioxane formed a progressive series, no asso&ation of I in these media 
was indicated. Freexing point determinations of I and II in dimethyl s&oxide also 
established that no association ounured in this solvent the experimental and the actual 
molecular weights being identical. Consequently the shift in the equil&rium in this 
case ivas attributed to the high dielectric chamcter of the dimethyl sulfoxide medium. 
The infrared absorption of pure I (no solvent) had two bands of nearly equal intensity 
and the contour of the curve was similar to, though more com@etely resolved than, 
that aRorded by I in cyclohexane, F&@MW, and dimethyl sulfoxide. The estimated 
50 per cent Is composition, here again, is probably the result of association. This 
concltion is supported by the fact that a simple ketone, acetone, is significantly 
dimerimd even in the vapor phase.” 

Table 2 records the estimated amounts of Ia present in the part.&@ solvents 
employed for the infrared and the dipole moment studies. It is seen that the infrared 
analyses of the benzene and dioxane solutions of I, although of approximate nature 
in view of the diBcuhies, afforded values in reasonable agreement with those now 
calculated from the dipole moment data. 

The ultraviolet absorption curves of I and II in carbon tetrachloride, a-heptane 
and 95 per cent ethanol were examined and the individual absorption maxima and 
intensities are summarimd in Table 3. For each solvent I had its absorption maximum 
at longer wave length than the parent compound, the displacement of ca. 22 rnp 
indicating the presence of the ux&aZ c~nformer.~~ This does not contradict the infrared 
studies for the ultraviolet extinction coe4icient of an equatorial a-bromoketosteroid 
in all solvents is appreciably lower than that of an axial a-bromoketosteroid, and, 
indeed, approximates that of the parent ketone at all wave lengthal The amounts of 
Ie estimated to be present from the dipole moment and infrared studies are thus too 
small to be detected by a separate maximum in the ultraviolet spectra, but the maxima 
do show a skewing which is not inconsistent with the presence of comparable 
amounts of Ie and Ia in 95 per cent ethanol and somewhat less Ie in the other solvents. 
The difference between the intensity of the absorption maximum of an ax&ala-bromo- 
ketosteroid and the parent compound has been found to be at least 0.5 log E units 
for ethanol solutions8 In the present study the difference in log E of I and II was of 
this magnitude for the non-polar solvents but was appreciably lower for the 95 per 
cent ethanol medium (Table 3). This smaller difference in absorption intensity 
between I and II in the more polar solvent is consistent with a shift of the position of 
the equilibrium toward Ie as a consequence of the relatively high dielectric character 
of 95 per cent ethanol. 

It would seem that the conclusions drawn by each previous investigator d&r 

x8 R. E. Peauington and K. A. Koba J. Amer. Chem. Sot. 79,300 (1957). 
17 S. IUizuahima Structure of Molecuks and Internal Rotation p. 34. Academic Pram, Now York (1954). 
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.primady in degree because if the experimental data only are considered the qualitative 
con&sionsl?omeachstudyareinfactinagreement: (1)TheMaredspectrumofI 
‘estabh&ed the presence of both the eputoriab and the axial-2 brom~cZo~anone 
in carbon tetrachloride solution and (2) the dipole moment study can be most simply 
interpreted as the result of an equilibrium mixture of Ia and Ie the composition of 
which was afRoted by solvent. The spectral studies herein reported are hence 
consistent with all of the experimental data of the earlier work. The proposed 
modifications to describe the geometry of I and to account for the effect of the 

TABLB 3.--uLTMVIOLBT 080-N DATA FOR 1 AND 11 IN VARXOUB SOLVE!Wj 

LasmcL log E (I-II) 

solvqilt 

I II I II 

I I 
hIax logO 

carbon totmchloridc 312 290 2.02 1.41 +22 @61 

n-lifeptans 312 291 1.98 1.18 +21 @80 
95 per ant ctilfulol 307 282 1.37 1.15 -i-25 022 

solvent upon the electrostatic energies of the two conformers have served to effect a 
. more complete correlation of the dipole moment studies and the calculated theo- 
retical energy di&rence between the two conformers. An equilibrium ratio of 
equatorial- to axial-2-bromocyclohexanone which varies with solvent from @3 to 1.0 
appears to be entirely consistent with all the data. 

Consideration of a third conformer, the “flexible form”,1* would seem unnecessary 
for all the data may now be satisfactorily interpreted employing the simpler situation 
of the two conformers which are securely identied from other systems. Although a 
strict proof of the non-existence of the flexible form in the present system has not been 
obtained it would seem improbable that the flexible form would fit the observed facts, 
especially the spectral data. 

Various alkylated 2-bromocyclohexanones have been studied by Corey and co- 
workersiB Their data also appear to be consistent with the conclusions drawn in the 
present work. It is of interest that these investigators concluded that Zbromo-6,6- 
dimethylcyclohexanone existed as an equilibrium mixture of a&Z and equatorial 

conformers on the basis that two distinct carbonyl infrared absorption maxima were 
observedl@’ and the separation of 23 cm-i for these bands apparently allowed easy 
resolution. In the present study the two infrared maxima of the homogeneous sample 
of I were 17 cm-l a@rt while in various solvents the separation of the bands was only 
12-15 cm-i (Table 2). Fig. 2 shows that the resolution of the two maxima, although 
incomplete in the latter cases, was better for the homogeneous sample. 

EXPERIMENTAL 

2-Bromocyclohexa~~~ne (I). The procedure used was a modification of that des- 
cribed for the preparation of 2-chlorocycZohexanone.so C’clohexanone, 10 g, and 30 
I8 C. G. LcFovre and R. S. W. LeFcvm 

Havinga 
J. Chem. Sot. 3549 (1956); W. Kweatroo, F. A. Meijer and E. 

Rec. Troo. Chh Puys. Akw. 73,717 (1954). 
I’ (a) E. J. Corey, T. H. Copie and W. A. Wozniak 

Ibid. 75, 3297 (1953); (c) E. J. Corey 
J. Amer. Cham. Sot. 77,5415 (1955); (b) E. J. Corey 

Ibid. 76, 175 (1954). 
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mlofwaterwere 
funnel: 
1 hour, 

in a three-necked flask withastirreraadadroppiq 

mix@=dgljsI% 

was completed stir&guQ&continued until the reaction mixture L 
wh& addition 

colorless (30-60 
min), the cooling bath being allowed to warm during this period. The crude product 
was isolate@@ and was d&i&l through a 2 ft column of the Podbi&&k type to give 
l2g(65percent)ofI,b.p.83”(6mm),#%O96;reported1$,’ 15093. PureIcouldbe 
stored protected from light at 0” for at least several weeks. cycZ&exane and benxene 
solutions of I showed no evidence of decomposition (pink color) until after several 
days standing exposed to light at room temperature. Dimethyl sulfoxide solutions of 
I evidenced decomposition after S-10 hr at room temperature. 

Infrared stwiies. The spectra were obtained employing a Baird Double Beam 
Infrared spectrophotometer, AB Model. The concentrations of I and II in all solvents 
were as like as possible (ca. 0.12 M). The stability of pure I (no solvent) to inCared 
light was established when 3 identical and superimposable spectra were recorded for 
the sample at 5 mitt intervals, the cell with the sample being retained in the beam’s 
path during the interim periods. For this reason and the fact that deoomposition of 
various solutions of I was slow at room temperature, the spectra of I in solution are 
considered to be uncomplicated with impurities. Samples of I were subjected to simple 
vacuum distillation just before use. Commercial cyclohexanone (II) was put&d by 
distillation, #’ 14475; reportedsl fig 1.4520. 

n-Heptane and spectral-grade cyclohexane were chromatographed on silica gel 
and the eluates were distilled from phosphorous pentoxide. Dioxane was purified in 
the usual way.@ Thiophene-free benzene was dried by axeotropic distillation. The 
solvents carbon disulfide, chloroform, carbon tetrachloride were those designated 
“spectralgrade”. Dimethyl sulfoxide, commercial grade, was puriiied by distillation, 
b.p. 76” (16 mm), m.p. 18Gl8*4”. 

The amount of Ia in each solvent was calculated from the ratio of the optical 
density of Ia to the optical density of II at the same concentration and Beer’s Law 
was assumed to hold for these calculations over the limited range necessary. The 
optical densities are recorded in Table 2. 

Uhauiolet studies. The solvents carbon tetrachloride and n-heptane were those 
cited above and the spectra were recorded employing a Beckman Spectrophotometer 
with Spectracord attachment. The concentrations of I were 255 x lo-8 M in n-hep- 
tane, 235 x lo-* M in carbon tetrachloride, 2.70 x W3 M in 95 per cent ethanol; 
and the corresponding concentrations of II were 3*03 x lO-* M, 2.78 x NV M, 
and 240 x 10-s M. 

Melting point determinations. The cyclohexane used for the spectral studies was 
not of sufllcient purity for ordinary freezing point determinations. The impurities 
present formed solid solutions, a continuous lowering of temperature being observed 
with determination of the freezing point of the solvent itself. Accordingly, a modified 
Rast method was employed. The solution, placed in a simple freezing point apparatus, 
was cooled to afford crystallization. The bath temperature was allowed to rise and the 

*O M. S. Novmmn, M. D. Earbman and H. Hip&r Organic Synthesis Call. Vol. III, p. 188. John Wiley, 
Now York (1955). 

u E. H. Hun- and S. P. Mull&en Zdentifcatian of Pare Organic Corywmds p. 382. John Wiley, 
New York (1946). 

ta L. Fieser Exprriments in Organic Chemistry p. 369. D. C. Heath and Co. Now York (1941). 
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teqxrature of the solution was recorded as a function of time. The plot of the data 
afforded a smooth curve and the point of intersection of the line drawn through the 
first portion of the curve (melting of the solid suspended in the solution) with the line 
drawn through the second portion of the curve (warming of the clearsolution) was 
taken as the melting point. Two or three determinations were performed for each 
solution and excellent reproducibility of the melting points was obtained. That I did 
not decompose during the experiments was concluded from the fact. that pure I 
could be recovered quantitatively from these solutions. The data are recorded in 
Table 4. 

Compound J 
Molezdarweight 
eq./calcd. value 

I 
solvcnt~clo~, K, - 20.3”. 

0.155 1*1790” 
0016 0*1315” 
0.154 0.6563’ 
0017 0.1313” 
0.153 3.034O 

Solven-benzene, K, = 5.12” 
0.154 I 0.798” 

Solvent4imethyl sulfoxide, K, = 2W’” 
0.113 0.232” 
0.111 ozn” 

Solvent+iimethyl sulfoxide, K, = 4.12”0 
0.114 0469” 
0.114 0.464” 

2.7 
2.4 
4.8 
2.6’ 
1.02 

1.0 

1.00 
1.03 

1.00 
1.01 

a Cklculatcd from the heat of fusion, R. A. Ru&wcin and H. hf. Hut&an J. Amw. Ckm. SOC. 65, 
1620 (1943). . 

* Molal conwntratioxu here correspond closely to (molar) concentrations employed for infrared &I&S. 
o Two Merent samplea of solvent wore employed and the malting point depression was determined using 

benzene as the standard compound. 

Mok~~Zur geometry. II was placed in the co-ordinate system as used for “CJXZO- 
hexylidine”, and the co-ordinates of the ring carbons and hydrogens of II were 
assigned the values obtained earlier for the hydrocarbon.$ The w-ordinates of the 
carbon having, the exocyclic substituent were -0.732, 0, +0.258, and thus a line 
drawn from the origin to the carbonyl carbon of II described an angle with the xy- 
plane of 19’25’ and was O-778 A in length. Since the carbonyl carbon-oxygen bond 
(length 122 A) is simply an extension of this line, the oxygen atom was 1998 A from 
the origin and had co-ordinates relative to the attached carbon of - 1.151; 0, +0.406. 

This model of II was used to calculate the dipolar angles involving the carbonyl 
group and the axial and equatorial Zsubstituents. The method is indicated for the 
equatorial substituent. The co-ordinates of the equatorial hydrogen were -0538, 
+0808 and +0*4814 relative to the attached carbon. Thus a triangle may be con- 
structed, the three corners of which are the origin and the co-ordinates given above for 
the oxygen and hydrogen. The oxygen-hydrogen distance in the triangle was thus 
1.017 A and knowing the three sides of the triangle, the desired angle between c=O 



and(e)GHwaScaleukatedt~be51”54’. Tbeazialhydropn,ina 
a dipole ax@e of 109051”. 

Cbkui&m q e8?ct~M&ztk w of Ia aaif Ie. The xlidiid txpatim (2) was 
employed for hepbne solution: 

E 
6 

= “*yr (cm? x -3 c.os al cos ad (2) 

The quantities 

r= [u%l*e,+b,sinse,- 2obsine,aine,cos~+(c,-acose,-bcos8~~, 

cosa,=(aa+rS-cCoP-_+2cobcos83/20r, 

cosa,=(b$+rS-~~~--*+2coacose,)/26r, 

cosX=sine,sine,cos4b--se,cose, 

arethosedescribed.” Inparticular,thedipolean&es~obtainedbythevei3toranal~ 
of Ia and Ie afford the dihedral angles (4) 1637’ for le and 102013’ for Ia. The bond 
lengths u= ~=0=1~22A,b=~--Br=1~91A,c~=~-~=1*~A,andthe 
bond angles 0, = C-C=0 = 120°, 8, = C-C-Br = UN*28 were employed and 
the individual bond moments were assigned as ,uc_& = 1.91 D, pC+O = 2*83D. 
The electrostatic energies of Ia and Ie were found to be -1.71 and +042 k&/mole, 
respectively. 

A~wk&ment are indebted to Prof. R K&u&i for helpful disc&on with 
regard to the theoretical cabuiations and to Dolores J. Phil&s for the Mrared and 
ultraviolet absorption spectra. 

sa C. P. Myth, R. W. Donate and E. B. Wilmm, Jr. J. Amer. Chem. Sot. !53,4242 (1931). 


