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Abstract

Infrared and NMR spectra of the stereoisomers ®di;hloro- and 2,3-dibromobutane, and of 3,4-
dichloro- and 3,4-dibromohexane have been measureda broad temperature range.
Conformational structure with respect to rotatisouad the 2,3-bond in the butanes, and the 3,4-
bond in the hexanes has been determined in the aadi liquid state, and compared with the results
of semiempirical conformer energy calculations.
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Infrared and NMR spectra of the stereoisomers of 2,3-dichloro- and 2,3-dibromobutane, and
of 3,4-dichloro- and 3,4-dibromohexane have been measured in a broad temperature range.
Conformational structure with respect to rotation around the 2,3-bond in the butanes, and the
3,4-bond in the hexanes has been determined in the solid and liquid state, and compared with the
results of semiempirical conformer energy calculations.

The stereoisomers of 2,3-dichlorobutane and 3,4-dichlorohexane are the simplest
model compounds containing secondary chlorine atoms on neighbouring carbons.
Therefore they are important models of chlorinated polyethylene and chlorinated
PVC. Of these compounds, the conformational structure of the stereoisomers of 2,3-
dichlorobutane (and also 2,3-dibromobutane) has been studied by NMR spectra
measured at room temperature! ~*. Concerning vibrational spectra, only the infrared
spectra of a mixture of stereoisomers of 2,3-dichlorobutane®, the Raman spectra
of isolated stereoisomers of 2,3-dichlorobutane®, and both infrared and Raman
spectra of isolated stereoisomers of 3,4-dichlorohexane (and 3,4-dibromohexane)®’
have been measured; none of these spectra have been used for structure analysis.
The NMR spectra of the stereoisomers of 3,4-dichlorohexane have not been studied
previously. We have measured both infrared and NMR spectra of pure stereoiso-
mers of 2,3-dichlorobutane, 3,4-dichloro- and 3,4-dibromohexane in a broad tem-
perature range in order to determine their conformational structure in the solid
and liquid state. The conformer energies of the chloro-derivatives have also been
determined theoretically by a semiempirical calculation.
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EXPERIMENTAL

The stereoisomers of 2,3-dichlorobutane have been prepared in the chemical laboratories of this
Institute. They were separated by preparative gas chromatography on a column filled with Cellite
containing 15% of a 1:1 mixture of Benton 34 and Apiezon L at 70°C. The resulting steric
purity was better than 98% in both isomers. The stereoisomers of 3,4-dichloro- and 3,4-dibromo-
hexane have been prepared at the Institut fiir Organische Chemie und Biochemie, F. Schiller
Universitit, Jena, and the details of their preparation are described elsewhere®”.

Infrared spectra have been measured on the Zeiss UR 10 spectrometer with KBr, NaCl and
LiF prisms, provided with a special low-temperature cell. NMR spectra have been measured
on the JEOL JNM-3-60 spectrometer operating at 60 Mc, with a resolution of 10~ 8 and equipped
with a variable temperature head.

RESULTS

Calculation of Conformer Energies

In the semiepirical calculation, interatomic nonbonded interactions approximated
by the Buckingham potential, dipolar interactions of polar bonds and the three-
fold barrier of C—C bonds have been considered. Assuming tetrahedral configuration
on carbon atoms, all dihedral angles for each conformer have been adjusted to the
nearest minimum of potential energy. Details of the method and the values of various
intramolecular interactions are described elsewhere®. The results of these calculations
are given in Tables I and II.

TABLE I
Conformer Energies of 2,3-Dichlorobutane

meso-Form di-Form
conformer relative energy conformer relative energy
I T 0 im T 1-19
G* v G* 0
I 1-81
G~ v G~ 0-95

Infrared Spectra of 2,3-Dichlorobutane

Each of these molecules has three rotational isomers; in the meso-form (Fig. 1,
isomers I and II), two of these are equienergetic mirror-image conformers. In the
dl-form (Fig. 1, isomers III —V), all conformers are of C, symmetry, in the meso-form
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conformer I has a centre of symmetry, whereas conformer II has only C, symmetry.
In these molecules, determination of conformational structure from infrared
spectra is based on an analysis of the C—ClI stretching vibrations. Various types
of C—Cl-stretching vibrations are described by means of symbols Syy, where X and Y
designate atoms situated in rrans position with respect to the chlorine atom.

meso-2,3-Dichlorobutane. Of the two possible rotational isomers of this molecule,
conformer I (Fig. 1) should exhibit in the region of C—Cl stretching vibrations one
Sci band in the infrared and another S¢yy band in the Raman spectrum. An Sy
type chlorine atom is expected to absorb around 650 cm ™! in the infrared spectrum®.
Conformer II (Fig. 1) has two types of chlorine atoms, one of Scy and another
of Syy- type. The frequency of the S¢y type stretching vibration is expected to occur
around 690 cm ™', of the Sy, around 650 cm ™! (cf.**1°).

The infrared spectrum of liquid meso-2,3-dichlorobutane (Fig. 2b) exhibits
two bands at 650 and 690 cm™'. In the spectra of solutions in CS,, the intensity
of the band at 650 cm ™' increases (Fig. 2c). Conformers with trans chlorine atoms
have a much smaller dipole moment, and because of this an intensity increase in CS,
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FiG. 1
Conformational Structure of 2,3-Dichlorobutane
meso-Isomer({, II'), di-isomer(1I[—V).
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