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Rotational Isomerism in Epihalogenohydrin
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Thirty years ago, Ballaus and Wagner?) studied the
Raman spectra of epihalogenohydrin in the liquid state
and discussed the molecular forms of these substances.
Recently, several new investigations have been reported
on the molecular forms of these substances.
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Fig. 1. Molecular forms of epihalogenohydrin.

For epifluorohydrin, the NMR study® and the micro-
wave spectroscopy® have indicated that the most stable
molecular form is the form I in Fig. 1, in which the
fluorine atom occupies the c¢is position to the epoxide
ring. For epichlorohydrin, however, the clectron dif-
fraction® has indicated that the preferred form is the
form IV, in which the chlorine atom occupies the
trans position to the epoxide ring.

Not only are the results of these investigations quite
different, but the co-existence of the different isomers
has never been proved explicitly. We have, therefore,
investigated the vibrational spectra of epichlorohydrin,
epibromohydrin, and epiiodohydrin in relation to the
rotational isomerism, paying special attention to the
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problem of whether or not the isomers co-exist in the
liquid state.

Experimental

Commercial propylene oxide, epichlorohydrin, and epi-
bromohydrin were used without purification since the gas
chromatograph showed no remarkable impurities. The epi-
iodohydrin was prepared from epichlorohydrin by an ex-
change reaction with KI in acetone.b

The infrared spectra were recorded in the region from
4000 to 200 cm ! with a Perkin-Elmer 621 spectrophotometer
in both the liquid and crystalline states. The solvent effects
of the spectra were also examined using cyclohexane, acetone,
and acetonitrile as solvents.

Results and Discussion

As is shown in Fig. 2, some of the spectra vanish in
the crystalline state for epihalogenohydrin, while no
remarkable change is seen for propylene oxide. The
assignments of the observed spectra can be partially
made if the spectra of epihalogenohydrin are compared
with those of ethylene oxide® and propylene oxide.®?
Several strong infrared spectra found in the region below
750 cm~! for these substances are regarded as originat-
ing from the CH; and CH,X groups.

For propylene oxide, the observed strong bands at
370 and 415 cm~1! are assigned to two CCC deformation
modes since the CHj torsional mode is known to be
below 200 cm—1.7)

For epihalogenohydrin, three skeletal deformation
modes may be expected in the region below 500 cm™!
for unique molecular form. As Ballaus and Wagner?
have already pointed out, these skeletal deformations
are found at the frequencies close to those of isobutyl
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Fig. 2. The infrared spectra of propylene oxide and epiha-
logenohydrin:—in the liquid state, ----in the crystalline state;
(a) in the most stable state, (b) in the metastable state.

halides. From a comparison with the observed spectra
of isobutyl halides, the three skeletal deformation modes
of epihalogenohydrin can be regarded as falling into
two groups, one corresponding to two skeletal defor-
mations of propylene oxide in the region over 300 cm™1,
and the other corresponding to the CCX deformation
in the region below 300 cm—1.

There are four infrared bands for epichlorohydrin
and epibromohydrin and five for epiiodohydrin in this
region in the liquid state, while two of them persist
in the crystalline state. As is shown in Fig. 2, the
frequency us. intensity patterns of the infrared spectra
observed around 400, 750, and 900 cm~! show us that
the isomers of epichlorohydrin and epibromohydrin in
the crystalline state are probably similar to each other,
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but are different from that of epiiodohydrin. During
the repetition of the crystallization procedure, a spectral
pattern similar to those for epichlorohydrin and epi-
bromohydrin was also obtained once in the region below
450 cm~! for epiiodohydrin, as is shown in Fig. 2.
However, the pattern was changed into an usual one
by annealing the sample before recording the spectra
around 750 and 900 cm™1.

Although attempts at the reproduction of this special
crystalline state have been unsuccessful thus far, these
facts suggest that there exist two different crystalline
states for epiiodohydrin and that the molecular form
is similar to those of epichlorohydrin and epibromo-
hydrin in the metastable crystalline state and is different
in the most stable crystalline state.

The solvent effects of the infrared spectra were ex-
amined for the skeletal deformations around 400 cm~!
and for the C-X stretching modes in the region from
750 to 550 cm~1, which can be easily assigned from
the assignments for the similar molecules.?:?

For epichlorohydrin and epibromohydrin, the spectra
vanishing in the crystalline state become stronger in
the cyclohexane solution, while for epiiodohydrin, the
spectra persisting in the most stable crystalline state
become stronger.

From these results, it can be said that the form in
the crystalline state is probably the more polar form
for epichlorohydrin and epibromohydrin and the less
polar form for epiiodohydrin, in relation to the other
forms found only in the liquid state.

As is shown in Fig. 1, there are four other possible
molecular forms besides the forms I and IV. Estima-
tion from the bond moments indicates that the mag-
nitudes of the dipole moments for the six different
forms decrease in the order of V>I=II>IV=VI>III.
However, we cannot conclude from these results alone
which molecular forms in Fig. 1 correspond to the more
polar form and the less polar form described above,
though the co-existence of at least two different isomers
in the liquid state is proved for these molecules.
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