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parallel to the plane mentioned, making
probably an angle near the tetrahedral
with the first bond mentioned. For the
molecule to be accommodated in the unit
cell, the last mentioned bond must be the
one occupied by the substituted phenyl
group. A conclusion of these considerations
is thus that the phenyl groups must be in
ci8 position to the hydrogen atoms at the
bridge carbons. The same conclusion is
reached by Beroza 5, taking stability and
intramolecular steric factors into con-
sideration.

R

Fig. 1. A probable model of halogen derivat-
ives of pinoresinoldimethylether. X = Bror L.

Fig. 1 shows a drawing in perspective of
a probable model based on the arguments
given.

A detailed structure determination of
diiodopinoresinoldimethylether is in pro-
gress.

The author wishes to thank Professor H.
Erdtman for placing crystals of the halogen
derivatives of pinoresinoldimethylether at his
disposal.
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‘ornubert, Rio and Senechal ! synthesized
Ba. 1,2,3-tribromocyclohexane (m.p. 51°C)
to which they assigned the eee conformation
on grounds of the compounds reaction used.
A sample of their compound was investi-
gated by gas phase electron diffraction in
Oslo in order to test the validity of the
asigned conformation. The diagrams were
taken using distances of 48 cm and 19 cm
between the diffraction point and the
photographic plate. The data was treated
in our usual manner ?, using & damping
factor of 0.0036. The o(r)/r radial distri-
bution curve obtained is shown in Fig.
1 (a).

The peak at » = 5.72 A can only be due
to & Br (le)—Br (3e) distance. Of the six
conformations of 1,2,3-tribromocyclohex-
ane that can be distinguished with electron
diffraction, only those corresponding to eee
and eae contain this distance. Theoretical
radial distribution curves were therefore
calculated for each of these conformations.
It was found that the theoretical eee curve
gave better agreement with the experimen-
tal curve than did the theoretical eae curve.
However, the agreement was still not parti-
cularly good. The peaks at r = 5.72 A and
4.27 A in the theoretical eee curve were too
high, and that at r = 4.63 A too low. Since
the substance is a well defined isomer, these
anomalies could only be explained by as-
suming that in the gas phase it contains
either a mixture of the eee and aaa forms,
or else a mixture of the eae and aea forms.
Only the aaa conformation would give rise
to a substantial peak in the neighbourhood
of r = 4.63 A (due to the Br (la)—Br (2a)
and Br (2a)—Br (3a) distances), so it was
concluded that the substance must be a
mixture of the eee and aaa forms in the gas
phase.

Further theoretical calculations were
made using structural models based on the
latest parameters for the cyclo-hexane ring
obtained in ourdepartment: C —H=1.103 4,
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Fig. 1. Theoretical and experimental o(r)/r curves for the 1,2,3-tribromocyclohexane.

C—C = 1529 A, <CCC = 11L5°
<CCH = 110.0°, <HCH = 108.7°.

The C—Br bond distance used was 1.974 A
obtained -from the experimental radial
distribution curve. In order to get reason-
able agreement between the experimental
and theoretical curves, some distortion of
the models was necessary. The well-defined
peak at r = 3.48 A suggested that this
distance represented the closest approach
of two non-bonded bromine atoms. This
corresponds to & van der Waals radius of
1.74 A for bromine (cf. Pauling’s value ® of
1.95 &+ 0.1 A). Using this value for the
Br(le)—Br(2e) and Br(la)—Br(3a) distan-
ces, we calculated the parameters of models
with the C—Br bonds distorted from the
usual cyclohexane positions. In the case of
the eee model the distortion was slight; the
C(1)—Br and C(3)—Br bonds were out of
position by 2°, moved away from the Br(2)
atom. As might be expected, the distor-
tion of the ama model was greater; the
C(1)—Br and C(3)—Br bonds deviated 20°
from the axial position, while the C(2)—Br
bond was 9° from the axial position.

Fig. 1(b) shows the theoretical radial
distribution curves for these eee and aaa
conformations. Least squares procedure
showed that the composite theoretical
radial distribution curve giving best agree-
ment with the experimental curve should
be constructed on a basis of 19 % of the
aaa form and 81 9% of the eee form. In
Fig. 1(a) this composite radial distribution
curve i8 compared with the experimental
curve. The dispersion of the standard de-
viation is 4 9.

The accuracy of the ratio between the
two forms that we have derived clearly de-
pends on the models we have used for the
calculation of the theoretical radial distri-
bution curves. It seems quite probable
that small changes in the models would
have given slightly different theoretical
curves, which might have combined in
slightly different proportions to give a com-
posite curve agreeing as well or better with
the experimental curve. For this reason
we assess our possible error in the distribu-
tion ratio as high as +5 9%. The presence
of 19 4 5 % of the aaa form corresponds to
an energy difference of 1.2 + 0.3 keal/mole
between the two conformations.

Preliminary X-ray studies of the 1,2,3-
tribromocyclohexane crystals have estab-
lished & monoclinic structure, with space
group P2,, containing two molecules in a
unit  cell of dimensions: a = 6.44 A,
b=19.22A4A, ¢c=1752 A and g = 106°.

We wish to thank Cand.real. A. Almenningen
for taking the electron diffraction pictures and
Prof. O. Hassel for his advice and encourage-
ment. Thanks are also due to Norges Teknisk-
Naturvitenskapelige Forskningsrdd for financial
support (V.A.A.).
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