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1,2,4.,5-Tetrahalogeno-Cyclohexanes and Structural
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hree members of the series of 1,2,4,5 halogen substituted cyclohexanes

have been known for some time and the configurations of their molecules
determined. These are the tetrachloro-compound melting at 176°C and the
tetrabromo-compound of m.p. 187° C, both having their halogen atoms in the
positions le, 2e, 4%, 5x™%, and the tetrabromo-compound melting at 218° in
which all bromine atoms occupy » positions3.

In the present communication a series of new substances will be described,
some of which exhibit structural properties which seem to justify a more
detailed description of the compounds.

All the substances were prepared from 1,4-cyclohexadiene by adding
solutions of the appropriate halogens in an inert solvent to solutions of the
diene, or in some cases of 1,2-dichlorocyclohexene(4) of m.p. 42° C which is
formed in the first step of the addition reaction when a chlorine solution is
added to the diene. In such cases the dichlorocyclohexene was first isolated
and purified.

In the case of chlorine addition two different tetrachlorocyclohexanes were
obtained, one of which is identical with the substance already mentioned of
m.p. 176° C. The second substance crystallizes from hot solutions in carbon
tetrachloride in fine needles melting at 226° C. When the solvent (ethyl acetate)
was evaporated from solutions of the latter substance at room temperature,
more compact crystals of a different habit were occasionally obtained. This
new modification (the a modification) is stable at lower temperatures, the
other modification (8 modification) above 60—65° C.

An exact determination of the transition point is difficult because of the
low rate of transition at temperatures near this point. X-ray photographs
show that the g modification is isomorphous with the tetrabromocyclohexane
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prepared by Wibaut and Haak 3. However, the crystals so far examined are
all twinned and built up of submicroscopical lamellae. The isomorphism just
mentioned proves that in the molecules of the new 1,2,4,5-tetrachlorocyclo-
hexane all chlorine atoms are in % positions. It has subsequently been possible
to prove that this holds true also for the molecules in the @ modification
(see below). ,

When bromine is added to the 1,2-dichlorocyclohexene(4) two different
1,2-dichloro-4,5-dibromocyclohexanes are also formed, one melting at 171° C,
the other at 240° C. The latter turned out to be dimorphous giving an a modi-
fication stable below 90—95° C, and a # modification stable at higher tempera-
ture. The g modification is isomorphous with the f modification of 1x, 2x,
4x, bx-tetrachlorocyclohexane and with the corresponding tetrabromocyeclo-
hexane prepared by Haak. The e modification, stable at lower temperatures,
on the other hand, is isomorphous with the ¢ modification of the higher melting
tetrachlorocyclohexane. This is obvious from X-ray diagrams and even from
the macroscopical properties of the crystals. Crystals of the g8 modifications
both of the tetrachlorocyclohexane and the dichloro-dibromocyclohexane may
be kept at room temperature for a considerable length of time without showing
any tendency to be transformed into the a modification.

Table 1. COrystallographic data and calculated densities of 1x, 2x, 4x, 5x%-tetrahalogenos

cyclohexanes.
a b c B Density
a CgHgCl, 226° C 6.13 6.74 10.72 97.8°  1.68
a CgHClBr, 240°C 6.29 6.93 10.81 98° 2.21
B CeHCl 226° C 6.40 11.41 6.20 110° 1.73
B CgHClL,Br, 240°C 6.79 11.75 6.20 110° 2.22
CgHgBr, 218°C 3 7.23 12.32 6.36 110.5° 2.49

Table 1 contains the axial lengths and monoclinic angles of both forms
of the higher melting tetrachloro- and dichloro-dibromocyclohexanes. The
values reported by Haak have also been included for comparison. The den-
sities calculated under the assumption that the unit cells all contain two mole-
cules are in good agreement with those observed for other tetrahalogeno-
cyclohexanes. The space group is Cy,® — P2,/c in all cases, from which follows
that the molecules should have a point symmetry corresponding to a center
of symmetry. This is of course in full agreement with the conclusion drawn
above that the molecules have the x,x,%,» configuration as long as the halogen
atoms are all of the same kind. In the two modifications of 1,2-dichloro-4,5-
dibromocyclohexane, however, it would imply that the structures are of a
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disordered type. The molecules, although identical in shape, would have to
be statistically orientated in space; positions occupied in some cases by chlo-
rine atoms, would in other cases be occupied by bromine atoms. An analo-
gous case was discussed in 1933 by Hendricks ¢ who found p-chloro-bromo-
benzene to be. isomorphous with p-dichloro- and p-dibromobenzene, all sub-
stances crystallizing in the space group P2,/c with fwo molecules in the unit:
cell. One of the present authors (E. W. L.) will publish a detailed report on
the crystal structure work he has carried out on the two substances under
discussion. So much may already be stated, however: Fourier projections
of the @ modification of the dichloro-dibromocyclohexane show halogen peaks
which are all of the same height, and the distances from the center of the car-
bon ring to the halogen atoms are intermediate between the distances to be
expected in the case of chlorine and bromine atoms.

The crystals of dichloro-dibromocyclohexane of m.p. 171° C were found
to be isomorphous with the crystals of 1,2,4,5-tetrachlorocyclohexane and tetra-
bromocyclohexane of m.p. 176° and 187° C respectively, in which the halogen
atoms are known to occupy the positions le, 2¢, 4%, 5x. As a matter of fact
our main purpose when starting the work described in the present communica-
tion was to prepare the substance in question and to decide which of the two
"possible configurations of the molecule is the energetically more stable: that
in which the chlorine atoms occupy & positions (Fig. 1a) or that in which they
are in x positions (Fig. 1b). This question has now been definitively settled
on the basis of interferometric measurements using X-ray crystallographic
methods 5 and also using the electron diffraction technique based on a rotating.
sector 8. It was found that the chlorine atoms are in ¢ positions, the bromine
atoms in x positions (Fig. la) both in the crystalline state and in the vapour. .
The explanation of this result seems rather straightforward: As pointed out
already in 1943 7 the distance from a chlorine or bromine atom in e position
to the two nearest (¢ bonded) hydrogen atoms in an undistorted structure is
so small that a considerable repulsion must exist between them. This repulsion
- effect is likely to be greater in the case of a bromine atom than in the case of
a chlorine atom. The repulsion between two » halogen atoms attached to
neighbouring carbon atoms will probably be of minor importance to the
energy of the molecule than the halogen hydrogen interaction.

An observation which seems worth while mentioning regards the trans-
formation of the higher melting isomer of 1,2-dichloro-4,5-dibromocyclohexane
into the lower melting isomer. This transformation takes place to a consider-
able extent when the 240° isomer is heated for some time above its melting
point. As hydrogen halides are evolved during the process it is possible that
the transformation involves a Sy reaction. We have not, however, been able
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Fig. 1. a) and b). The two possible configurations of the 1,2-dichloro-4,5-dibromocyclo-
hexane molecule (m.p. 171° C ). c) Molecular configuration of 1x, 2x, 4x, 5x-tetrahalogeno-
. cyclohexane.

to perform a transformation at lower temperature by adding alkali halides
to an alcoholic solution of the 240° substance.

The melting point of 218° C reported by Wibaut and Haak for the lux,
2%, 4%, Sx-tetrabromocyclohexane appears to be rather low when compared
with the melting point of the corresponding crystals containing chlorine.
It may be due to a decomposition similar to that observed in the case of the
higher melting dichloro-dibromocyclohexane.

" Todo-monochloride reacts both with 1,4-cyclohexadiene and with 1,2-
dichlorocyclohexene(4). In the first case 1,4-dichloro-2,5-diiodocyclohexane
(or 1,5-dichloro-2,4-diiodocyclohexane) of m.p. 121° C is formed, and in the
second case 1,2,4-trichloro-5-iodo-cyclohexane having a melting point of 128° C.
If a solution containing equimolecular amounts of chlorine and bromine, after
being exposed to light, contains appreciable quantities of bromo-monochlo-
ride as has occasionally been claimed *7°, one would expect it to react with the
diene giving 1,4-dichloro-2,5-dibromocyclohexane (or 1,5-dichloro-2,4-di-
bromocyclohexane). However, we have not been able to obtain other products
from the reaction than the dichloro-dibromo-cyclohexanes melting at 171° C
and 240° C respectively. The reaction was carried out at low temperatures
where the quantity of bromomonochloride present in the solution has been
assumed to be considerable.

EXPERIMENTAL

1,2-Dichlorocyclohexene (4 ). Solutions in carbon tetrachloride containing 0.5 moles of
1,4-cyclohexadiene and 0.5 moles of chlorine respectively, were mixed at 0° C. After
evaporation of the solvent ¢n vacuo the product was distilled at a pressure of 0.5 mm.
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Nearly all the substance distilled at 46° C. The crystal mass thus obtained was recrystal-
lized from ethyl alcohol containing some water. M. p. 42° C:
(CgH4Cl,)  Cale. C 4771 H 5.34 Cl 46.95
Found » 47.58 »  5.50 »  46.66 :

1,2,4,5-Tetrachlorocyclohexanes. To a solution of 0.1 moles of 1,2-dichlorocyelo-
hexene(4) (m.p. 42° C) in carbon tetrachloride a solution of 0.1 moles of chlorine in the
same solvent was added at 6° C. Some crystals were deposited and isolated (m.p. 226° C).
The solid substance remaining after evaporation of the carbon tetrachloride from the
solution was sepdrated into its two components by alternating crystallization from carbon
tetrachloride and ethyl acetate. Besides further quantities of the substance melting at
226° C and crystallizing in fine needles appreciable quantities of 1,2,4,5-tetrachlorocyelo-
hexane of m.p. 176° C were obtained. The higher melting compound is also a tetrachloro-
cyclohexane:

(CgHgCl,)  Cale. Cl 63.89
Found » 63.456

1,2-Dichloro-4,5-dibromocyclohexanes. When bromine (0.1 moles) was added to di-
chlorocyclohexene of m.p. 42° C (0.1 moles) under the conditions just described in the
case of chlorine, crystals were also deposited. Further crystals were obtained from the
remaining liquid on evaporation of the carbon tetrachloride. The same technique as
described in the case of the tetrachloro-compounds was used in order to separate the two
substances formed in the addition reaction. In this case also, the higher melting substance
— m.p. 240°-formed thin needle-shaped crystals, whereas the crystals of the lower melting
substance — m.p. 171° C — were rather compact and some times they were obtained in
the form of twins forming regularly shaped crosses (Fig. 2). The melting point 240° C
for the higher melting compound is only obtained by rapid heating, in other cases a lower
value is found, probably as & result of beginning decomposition.

(CgHgClyBry —240° C) Found Cl 23.19 Br 50.76

Calec. » 22.81 » 5141 ‘
(CgHClyBr,—171° C) Found Cl 21.85 Br 51.92 Mol.w. Found 305
Calec. » 22,81 » 5141 » » Cale. 311

Dichloro-diiodocyclohexane. To 0.2 moles of 1,4-cyclohexadiene dissolved in 200 ml of
ethyl ether was added a solution of 65 g of iodo-monochloride dissolved in ethyl ether,
the temperature being kept below room temperature. After some hours considerable
quantities of crystals had been deposited. The crystals were washed with pure solvent
and recrystallized from chloroform. They were well-developed rhombic plates of m.p.
121° C:

(CgHgClyJ,)  Cale. Cl 17.52 I 62.70
Found » 17.15 » 63.20

Trichloro-idodocyclohexane. To 0.01 moles of dichlorocyclohexene (m.p. 42° C) dissol-
ved in ethyl ether an etheric solution of 0.01 moles of iodo-monochloride was added. After
a few days the solvent was evaporated and the crystal mass thus obtained recrystallized
from alecohol containing some water. Needle-formed crystals were obtained melting at
128° C:

(CgHgClJ)  Cale. €l 33.95 I 40.49

Found » 34.056 »  40.34
~ Transition phenomena. In order to decide which of the two modifications of the higher
melting dichloro-dibromocyclohexane is stable at room temperature, a mixture con-
taining both ¢ and f§ crystals was kept in contact with a saturated solution in ethyl acetate
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Fig. 2. Twin crystals of 1,2-dichloro-4,5-
dibromocyclohexane, m. p. 171° C.

for some days. Growth of the ¢ crystals at the expense of 8 crystals was then observed.
At temperatures above 120° C the transition of ¢ crystals into f§ crystals takes place at &
considerable rate. A more exact determination of the transition point could be carried
out by keeping crystals for a considerable time at temperatures varying between 90°
and 110° C. It was found that the transition temperature lies between 90° and 95° C.

Using the same procedure the transition temperature for the higher melting tetra-
chloro-compound was found to lie between the limits 60° and 65° C, the ¢ modification
being the form stable at lower temperatures.

SUMMARY

The following substances have been prepared from 1,4-cyclohexadiene
and chlorine, bromine or iodo-monochloride:

1,2-dichlorocyclohexene(4), m.p. 42°C
1,2,4,5-tetrachlorocyclohexane, m.p. 226°C
1,2,4,5-tetrachlorocyclohexane, m.p. 176° C
1,2-dichloro-4,5-dibromocyclohexane, m.p. 240° C
1,2-dichloro-4,5-dibromocyclohexane, m.p. 171° C
1,2,4-trichloro-5-iodocyclohexane, m.p. 128°C
dichloro-diiodocyclohexane, m.p. 121° C

In the 1,2-dichloro-4,5-dibromocyclohexane of m.p. 171° C the chlorine
atoms occupy e positions, the bromine atoms » positions. Even in the gaseous
state no indications of the inverted form with chlorine in # positions, bromine
in & positions could be detected. An explanation of this observation is given.
The 1x, 2x-dichloro-4x, 5x-dibromocyclohexane (m.p. 240°) is dimorphous,
the higher temperature form () is isomorphous with the tetrabromocyclo-
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hexane prepared by Haak. Both forms, however, crystallize in the space group
P2,/c with two molecules in the unit cell which would require the molecule to
have a center of symmetry. It must be assumed, therefore, that the molecules
are statistically orientated in the crystal. In the case of the low temperature
form (a) the correctness of this conclusion has been substantiated by the
working out of electron density maps of the structure.
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