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Molecular Polarisability: Conformations of Some Polar Substituted

Ethanes

By Lawrence H. L. Chia, Eng Huang, and Hsing-Hua Huang,” Chemistry Department, University of Singa-

pore, Singapore 10

The dipole moments and molar Kerr constants of 2,3-dichloropropene and 11 halogenated ethanes in carbon
tetrachloride are analysed to yield information on the molecular distribution of the rotational isomers and values
of the dihedral angles between the polar groups.

SuBSTITUTED ethanes with two halogens (or other polar
groups) attached to the 1- and 2-positions are molecules
whose molar Kerr constants can be expected to show
a sensitive dependence on the conformations adopted
during rotation about the central C-C bond. Here, we
report a study of the molecular conformations for
carbon tetrachloride solution of 11 such ethanes and the
related molecule 2,3-dichloropropene, based on con-
siderations of molecular polarity and polarisability.

EXPERIMENTAL

The compounds studied are listed in Table 1.

The meso- and racemic 2,3-dichlorobutanes and racemic
2,3-dibromobutane were prepared by halogenation of the
appropriate but-2-ene.»? The purity of these as well as the
other (commercial) samples were determined by gl.c.,
refractive index measurements, and microanalyses, after
fractional distillation under reduced pressure.

Apparatus.—Standard procedures were adopted for the
measurement of the dielectric constants,3® densities,* re-
fractive indices,® and electric birefringences 3 for carbon
tetrachloride solutions at 25°.

pure liquids & (1-75 and 1-63 D respectively) while the values
for the other compounds may be found in McClellan’s
compilation 7 or in the references indicated: 1,2-dichloro-
propane,® 1,2-dibromopropane,® 2,3-dibromo-2,3-dimethyl-
butane,®10 1,2-dichloro-2-methylpropane,1 and 2,3-dichloro-
propene.12¢

The molar Kerr constants of the compounds reported in
Table 1 have not been recorded before. Although those of
the racemic compounds are not known, no attempt was
made to measure them.

RESULTS

The dielectric and electric birefringence results are
summarised in Table 1. Table 2 gives a summary of
calculations on theoretical molar Kerr constants. Details
of the experimental results together with those of calculated
molar Kerr constants for various conformations, can be
obtained from Supplementary Publication SUP No. 20660
(21 pp., 1 microfiche).t

DISCUSSION
All the meso-compounds can be expected to exist in
solution as mixtures of frams- and gauche-rotamers in

TaBLE 1
Polarisations, refractions, dipole moments, and molar Kerr constants at infinite dilution at 25 °C

gy g Y

meso-2,3-Dichlorobutane 391 —0-437 —0-027
(+)-2,3-Dichlorobutane 4-78 —0-411

meso-2,3-Dibromobutane 1-91 0-107 0-049
(+£)-2,3-Dibromobutane 1-71 0-117

1,2-Dichloropropane 350 —0-377 —0-032
1,2-Dibromopropane 1-23 0-177 0-053
1-Chloro-2-cyanoethane 2248 —0-394 —0-030
1-Bromo-2-cyanoethane 14-50 0-043 0-029
2,3-Dibromo-2,3-dimethylbutane 0-75 0-041 0-058
1,2-Dichloro-2-methylpropane 3-46 —0-461 —0-037
2,3-Dichloropropene 4-51 —0-323

@ u is calculated assuming that pP = 1-05 Rp.
errors.

Previous Measuremenis.—The dipole moments of meso-
2,3-dichlorobutane, racemic 2,3-dichlorobutane, 1-chloro-2-
cyanoethane and l-bromo-2-cyanoethane have not been
reported before. Those of 2,3-dibromobutane (meso and
racemic) have been determined from measurements on the

1 For details of Supplementary Publications see Notice to
Authors No. 7 in J. Chem. Soc. (4), 1970, Issue 20.

1 H. J. Lucas and C. W. Gould, jun., J. Amer. Chem. Soc.,
1941, 63, 2541.

2 S. Winstein and H. J. Lucas, J. Amer. Chem. Soc., 1939,
61, 1576.

3 H. H. Huang and E. P. A. Sullivan, Austral. J. Chem.,
1968, 21, 1721.

4 R. J. W. Le Févre, (a) * Dipole Moments,” Methuen, London,
1953, 3rd edn., ch. 2; (b) Adv. Phys. Org. Chem., 1965, 8, 1.

5 L. H. L. Chia, Ph.D. Thesis, University of Singapore, 1969.

P, Ryp Rp
] (cm?) (cm3)  (calc.) up(D) @ 101200 (n K ,)
21-8 86-0 30-3 30-3 1-63 4 0-04® 24 4 1%
97-2 29-9 30-3 1-79 4 0-05
19-8 78-8 36-6 36-1 1-41 4 0-04 38 +1
74-0 36-8 36-1 1-32 4 0-02
22-4 70-3 25-6 25-7 1-46 + 0-03 22 +1
8-4 56-7 32-0 31-4 1-06 4 0-04 155 4+ 0-6
228-9 235-9 20-6 20-6 3-29 4 0-05 174 + 6
140-7 229-3 23-3 23-5 3-16 4 0-03 160 4+ 7
12-8 62-2 44-8 45-4 0-86 4 0-08 29 +1
24.9 80-6 30-4 30-3 1-54 4 0-04 28 +1
37-4 80-0 25-1 25-2 1-62 4- 0-04 36 +1
b The uncertainties in the values for pp and 1024 (,K,) are estimated probable

dynamic equilibrium. Similar equilibria will apply in
the case of the racemic compounds although a different
variety of rotational isomers will be involved.

8 S. Winstein and R. E. Wood, J. Amer. Chem. Soc., 1940,
62, 548.

7 A. L. McClellan, ‘ Tables of Experimental Dipole Moments,”
Freeman, San Francisco, 1963.

8 R. A. Oriani and C. P. Smyth, J. Chem. Phys., 1949, 17,
1174.

9 C. Altona and H. J. Hageman, (a) Rec. Trav. chim., 1968,
87, 279; (b) 1969, 88, 33.

10 T, Miyagawa and S. Mizushima, Bull. Chem. Soc. Japan,
1955, 28, 165.

11 1. Miyagawa, J. Chem. Soc. Japan, 1954, 75, 1162.

12 (g) W. H. King and H. A. Smith, J. Amer. Chem. Soc., 1950,
72, 3459; (b) L. H. L. Chia, H. H. Huang, and P. K. K. Lim,
J. Chem. Soc. (B), 1969, 608.
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TaBLE 2
Calculated dipole moments and molar Kerr constants with
corresponding gauche percentage population (X)# for
various values of the dihedral angle ()

nieso-2,3-Dichlorobutane
(trans)

6 () 0 60 70 75 80 180
u(D) 3-25 2-82 2-66 2-58 249 0
X (%) 25-0 35-4 37-3 39-7 42-7
1012, KX 229-4 109-4 72-1 58-1 45-0 3-2
X (%) 9-2 19-7 30-3 380 50-0
meso-2,3-Dibromobutane
6 (%) 0 60 70 80 85 180
u(D) 3-48 3-01 2-85 2-67 2-57 0
X (%) 16-4 21-9 245 28-0 30-2
102, K 497-7 2231 157-2 113-8 730 24-7
X (%) 5-7 13-1 19-0 26-9 44-3
1,2-Dichloropropane
6 (°) 0 50 55 60 70 80 180
u(D) 3-25 2:95 289 282 2:66 249 0
X (%) 20-1 24-4 25-5 26-8 299 342
1012, 135-7 104-6 95-7 858  66-1 46-4 1-3
X (%) 15-6 20-3 22-2 248  32:3 464
1,2-Dibromopropane
6 (9 0 50 60 65 70 80 180
u(D) 3-48  3-15 3-01 2-93 2-85  2:67 0
X (%) 9-3 11-3 12:4 13-1 13-9 15-9
1012, /¢ 277-9  184-6 1479 1291 110-4  75-1 31
X (%) 45 6-8 8-5 9-8 11-5 17-1
1-Chloro-2-cyanoethanc
6 () 0 50 60 65 70 80 180
u(D) 510 468 459 449 439 3-29 1-66
X (%) 34-7 422 441 46-2 487 517
1012, 601-9 3748 3009 264-5 2299 1687 92-7
X (%) 16-1 29-0 393 476 596 107-6
1-Bromo-2-cyanoethane
0 (%) 0 60 65 70 75 80 180
w(D) 522 459 448 437 425 16-97 2-37
X (%) 30-7 40-9 432 457 488  52.3
102, K 720-8 327-7 280-5 2347 1932 1546 94-0
X (%) 10-6 284 356 472 669 1094
Using 5.6-CN = 0-380, b1°-OF = pyC-CN = 0-165.
1-Chloro-2-cyanoethane
0 (") 0 50 55 60 65 70 180
u(D) 510 4-68 459 449 439 429 1-66
X (%) 347 422 44-1 46-2  48-7 51-7
102, A 540-1 3285 2943 260-0 2260 1943 842
X (%) 19-8 37-0 43-0  51-4 637 82-0
1-Bromo-2-cyanoethane
0 (% 0 50 60 65 70 80 180
(D) 522 4-78  4-59 448 437 1697 2-37
X (%) 30-7  37-4  40-9 432 457 523
1012, 659-5 377-3 2854 2424 2004 1253 874
X (%) 12.8 252 369 471 64-6
Using b0 = 0-360, b;C-ON = pyC-CN = (-165.
2,3-Dibromo-2,3-dimethylbutane
6 (%) 0 50 60 65 70 75 80 180
u(D) 4-14 3-75 359 349 339 329 317 0O
X (%) 4-3 5-2 57 6-1 6-4 6-8 7-3
102, K 900-8 543-4 430-0 366-6 310-5 255-4 204:6 14-3
X (%) 1-6 2-7 35 4-1 4-9 6-0 7-6
1,2-Dichloro-2-methylpropane
8 (9 0 50 55 60 65 70 180
u(D) 424  3-84 376 3-67 3-58 347 1-96
X (%) 13-2 16-1 16-8 17-6 18-5 19-7
10, K 3731 217-4 197-0 167-5 1432 1185 3-1
X (%) 6-7 11-6 12-8 15-1 17-7 215
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TaBLE 2 (Continued)
2,3-Dichloropropene
(cts) (¢trans)

6 (%) 0 50 55 60 65 70 180
u(D) 3-22 294 288 281 2-74 267 073
X (%) 212 259 270 283 299 316
10 K 2765 127-9 1040 806 582 360 17-4
X (%) 719 16-87 2152 2949 45:69 100-00

Using 1.0-% = 0-320, 700! = by&C = 0-220.

6 (9 0 60 70 75 77 79 80 180
w(D) 3-22 281 267 259 2-56 2-53 2-51 0-73
X (%) 212 283 31-6 337 347 357 362
1012, K 470-6 1654 829 659 531 416 365 330
X (%) 07 23 61 92 151 351 859

Using 5.%¢ = 0:399, b;°~C! = b0l = (-185.

0 (°) 0 50 60 65 70 75 180
n(D) 322 294 281 274 267 259 0-73
X (%) 21-2 259 283 299 316 337
1012, K 359-5 1641 1024 784 452 276 238
X (%) 37 87 156 225 571 3238

Using b1 = 0-399, b0 = pyCCl = 0-185 and 5 ¢
= 0-320, by®C! = byC-Cl = 0-220.

¢ Percentage populations are defined by the equation
X = 100N, where I, and N, are the numbers of molecules

Ny + N, ) .
having the frans- and gauche-conformations respectively.

The general procedure adopted here for the quantita-
tive conformational analysis of the compounds under
consideration consists of the determination of the two
basic variables, the percentage of the gauche-form (X9%)
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Variation of gauche-population (%) with dihedral angle (6)

calculated from experimental dipole moments and molar
Kerr constants for 1,2-dibromopropane

and the dihedral angle (8) for each of the substances
examined. This can be done from our two experi-
mental observations, the electric dipole moment which is
a mean for the mixture of rotamers, and the molar Kerr
constant which is likewise an average value. Given a
value for the mean dipole moment, it is possible on
certain assumptions % to calculate X as a function of
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8; and it is also possible to do.this given a value of the
molar Kerr constant. Thus provided that the curves of
X against 0 from moment and from Kerr constant have
different shapes, it is possible by superimposing them
and finding where they intersect to obtain agreement as
to the values of 6 and X9%,. A typical set of curves for
1,2-dibromopropane is shown in Figure 1. The required
bond and group polarisability values are in Table 3. In

TaBLE 3
Bond polarisability values (in units of 10723 cm?)
Bond by, br by Ref.
C-H 0-064 0-064 0-064 13
c—-C 0-099 0-027 0-027 13
C—Cl 0-356 0-200 0-200 14
0-320 0-220 0-220 13
0-390 0-160 0-160 13
0-399 0-185 0-185 15
C—Br 0-534 0-272 0-272 14
0-460 0-310 0-310 13
C-CN 0-380 0-165 0-165 16
0-360 0-175 0-175 - 16
Cc=C 0-280 0-073 0-077 17

the calculation of the molar Kerr constants of the
various conformations, the cartesian axes to which the
bond or group moments and polarisabilities are resolved
are the x-axis along the central C—C bond, the z-axis
perpendicular to one of the C-C-A planes (where A is the
polar group), and the y-axis perpendicular to both these
axes but lying in the plane containing C-C-A. In the
case of 2,3-dichloropropene, A refers to the chlorine
atom attached to the sp® hybridised carbon atom.

2,3-Dichloro- and  2,3-Dibromo-butanes.—Physical
studies on the 2,3-dihalogenobutanes by electron
diffraction measurements,!8i.r. 1920 Raman,?' and n.m.r.
spectroscopy ##2 have established the existence of three
rotational isomers each for the meso-(I)—(III) as well
as the racemic (IV)—(VI) diastereoisomers, (II) being
the mirror image of (III). The relative stabilities of the
rotational isomers of the compounds in the wvarious
states as determined by other workers are summarised
in Table 4.

The general trends in relative energies for the meso-
isomers of the vapours have been further shown to be
consistent with theoretical values.2* However the
calculated and observed energy differences for the
isomers of the (--)-compounds only agree if the observed
values are reversed in sign, i.e. the calculated order of
stability in the gas phase is Spx > Sum > Scm, for both
(=4)-dichlorobutane and (4)-dibromobutane. This dis-
crepancy has been attributed to a questionable assign-
ment 2 of the vibrational energy transitions, arising
from a lack of distinguishing elements of symmetry

13 C. G. Le Févre and R. J. W. Le Févre, Rev. Pure Appl.
Chem., 1955, 5, 261.

12 C. Y. Chen, R. J. W. Le Févre, and S. C. Paul, J. Chem. Soc.
(B), 1967, 503.

15 R. J. W. Le Févre and K. M. S. Sundaram, J. Chem. Soc.,
1962, 1494.

16 R. J. W. Le Févre, B. J. Orr, and G. L. D. Ritchie, J. Chem.
Soc., 1965, 2503.

17 R. Bramley, C. G. Le Févre, and B. P. Rao, J. Chem. Soc.,
1959, 1183.
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between the isomers. Our dipole moment results may
be considered in the light of this information. Three
points of interest emerge from Table 1. (i) The moment
of meso-2,3-dichlorobutane (1-63 D) is greater than that

X X X
6
Me__ H H 6 X X H
H Me H Me Me H
X Me Me
(1) Rey (IIT)
trans mesn gachhe
X X X
Me X H Me X
H Me H Me H Me
H X Me
(TV) (ShR) (V) (Syx) (YT)(5HCH3)
racemic (¥ = ¢l or Br)

of meso-2,3-dibromobutane (1-41 D); (ii) the moment of
racemic 2,3-dichlorobutane (1-79 D) is greater than that
of racemic 2,3-dibromobutane (1-32 D); and (iii) al-
though the moment of racemic 2,3-dichlorobutane is

TABLE 4

Relative stabilities of rotational isomers of meso- and
(4-)-2,3-dichloro- and -2,3-dibromo-butanes
Relative stability

Molecule State  of rotational isomer Method Ref.
meso-2,3-Di- Vapour trans > gauche Lr. 19, 20
chlorobutane Liquid trans > gauche Lr. 20

Solution trans > gauche Lr. 20
N.m.r. 22,23
meso-2,3-Di- Vapour trans > gauche Lr. 20
bromo- Liquid gauche > trans Lr. 20
butanec trans > gauche Lr. 19
Solution trans > gauche Lr. 19, 20
N.m.r. 22,23
(j:)-2,3-Di— Va.pour S}IC}I, > Sgg & Sax I.r. 20
chlorobutane Liquid Suax & Sun > Sucu, Ir. 20
Solution Sgx & Sam & Swcem, N.m.r. 22
(j:)—2,3—Di- Va.pour Suaca > Sun & Sux Lr. 20
bromobutane Liquid Sun > Suen, > Sax  Lr. 20
Snx > SHI{ =~ SHC}I, I.r. 19
Solution SHX > SHH ~ SHCH; I.r. 19
N.m.r. 22

higher than that of the meso-form the order is reversed in
the case of meso- and racemic 2,3-dibromobutane.
Points (i) and (ii) can be simply explained by postu-
lating relative increases in the concentrations of the
non-polar rotamers (I) and (V) in the equilibria (I) ===
(IT) == (III) and (IV) === (V) === (VI) respectively,

18 D, P. Stevenson and V. Schomaker, J. Amer. Chem. Soc.,
1939, 61, 3173.

1» K. Iimura, Bull. Chewm. Soc. Japan, 1969, 42, 3135.

20 P. J. D. Park and E. Wyn-Jones, J. Chem. Soc. (4), 1969,
422.

21 H, J. Taufer, M. J. Murray, and F. F. Cleveland, J. dmer.
Chem. Soc., 1943, 65, 1130.

22 A. A. Bothner-By and C. Naar-Colin, J. Amer. Chem. Soc.,
1962, 84, 743.

28 F. A. L. Anet, J. Amer. Chem. Soc., 1962, 84, 747.

24 R. J. Abraham and K. Parry, J. Chem. Soc. (B), 1970, 539.
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when chlorine is replaced by the bulkier bromine. The
polarities of the C—Cl and C-Br bonds need not be
considered because they are virtually the same.

In the case of point (iii) the relative order of moments
in the diastereoisomers of 2,3-dichlorobutane may be
attributed to a higher concentration of (I) in the meso-
than of (V) in the racemic rotameric mixture. This is
because in (I), all the polar (Cl1-Cl) and steric (CI-Cl and
Me-Me) interactions are minimised whereas the Me—Me
steric repulsions would result in the destabilisation of
(V). When we consider 2,3-dibromobutane, substitu-
tion of chlorine by bromine would result in stronger
halogen-halogen (repulsive) interactions. Since
halogen-Me interactions are attractive, these would
reduce the moments of (IV) and (VI) by a widening of
the dihedral angle between the polar bonds, more than in
the case of (II} and (IIT) with the result that the moment
of meso-2,3-dibromobutane now exceeds that of racemic
2,3-dibromobutane.

Table 5 shows that the dihedral angle in meso-2,3-
dibromobutane (81°) is wider than that in the chloro-
analogue (76°). Here again, the greater volume of the

TABLE 5

Summary of the percentage of gauche- and trans-con-
formers, AE and 0

gauche  trans AE]

Compound (%) (%) kcal molle 6 (°)
meso-2,3-Dichloro- 41 59 0-627 76
butane
meso-2,3-Dibromo- 27 73 1-001 81
butane
1,2-Dichloropropane 28 72 0-971 65
1,2-Dibromopropane 15 85 1-439 71
1-Chloro-2-cyano- 49 51 0-434 66
ethane
45 55 0-530 56
1-Bromo-2-cyano- 45 55 0-530 69?2
cthane
42 58 0-602 63°
2,3-Dibromo-2,3- 7 93 1-944 79
dimethylbutane
1,2-Dichloro-2- 19 81 1-270 67
methylpropane
2,3-Dichloropropene 28 72 0-971 59 ¢
36 64 0-752 79 ¢
31 69 0-885 68 ¢

¢ The energy difference AE is calculated from the equation
N,/N; = 2e-AERT assuming that the various conformations
are equal in entropy. ? Calculations based on C=N bond
polarisability values for propionitrile and acetonitrile respec-
tively. ¢ Calculations based on C—Cl bond polarisability
values for methyl chloride, vinyl chloride, and a combination
of both methyl chloride and vinyl chloride

bromine atom in determining steric consequences is
very much in evidence.

The percentage populations of the gauche- and trans-
isomers obtained in this work for meso-2,3-dichloro-
butane (gauche, 41; trans, 59%,) and meso-2,3-dibromo-
butane (gawuche, 28; trans, 729,) are in reasonable
agreement with those obtained from n.m.r. studies: 2
meso-2,3-dichlorobutane (gauche, 48; trans, 529%,); meso-

25 N. Sheppard, Adv. Spectroscopy, 1959, 1, 288.

26 K. Iimura, N. Kawakami, and M. Takeda, Bull. Chem. Soc.

Japan, 1969, 42, 2091.
27 Riyoshi-Nakamura, Nippon Kagaku Zasshi, 1957, 78, 1158.
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2,3-dibromobutane (gauche, 30; trans, 70%). Agree-
ment with i.r. estimates 1%26 however, is less satisfactory:
meso-2,3-dichlorobutane (gauche, 28; trams, 729,),
meso-2,3-dibromobutane (gauche, 22; trans, 78%). An
approximate estimate of the population distribution in
the (4)-compounds may be obtained if we assume that
the dipole moments of the rotamers (IV) and (VI) are
the same. For dihedral angle values of 76 and 81°
respectively for (--)-2,3-dichlorobutane and (+)-2,3-
dibromobutane, the estimates are 519, frans for the
chloro- and 759, ¢rans for the bromo-compound. These
results are in qualitative agreement with the relative
order deduced theoretically 2 and with other conclusions
drawn from our dipole moment data.
1,2-Dihalogenopropanes.—The ir. spectra® of 1,2-
dichloropropane and 1,2-dibromopropane have been
interpreted in terms of the three rotational isomers,
trans, gauche, and gauche’. The trans-form alone was
observed in the solid but in the liquid state both #rans
and gawuche-forms are believed to be present. In the
gaseous state, the frans-form is the predominant species
although with rising temperature, the population of the
gauche- and gauche'-rotamers increases at the expense
of the trans. The evidence for the existence of the
three rotational isomers appears to receive further
support from ultrasonic relaxation measurements.?
On the other hand, Finegold # concluded from his n.m.r.
study of the 1,2-dihalogenopropanes that the concen-
tration of the gauche’ form in the equilibrium mixture is
negligible, pointing out that Thomas and Gwinn 30 had
come to the same conclusion in the case of 1,1,2-tri-
chloroethane where the steric situation is analogous.

X X 9 9 X
Me H H X X Me
H H H H H H
X Me H
trans gauche gauche!

(X =ClorBr)

In our calculations of dipole moment and Kerr
constants, the assumption has been made that both
gauche- and gauche'-rotamers have the same dihedral
angle 6 and dipole moment. Table 5 shows that the
values of the dihedral angle and the combined per-
centage populations of the gauche- and gauche’-rotamers
obtained in this work are 65° and 289, for 1,2-dichloro-
propane and 77° and 159, for 1,2-dibromopropane
(Altona and Hageman % obtain 889, for the trans-
rotamer of 1,2-dibromopropane from its dipole moment
of 113 D for carbon tetrachloride solution.) The
fact that the dipole moment of 1,2-dichloropropane
(1-46 D) is higher than that of 1,2-dibromopropane
(1-06 D) may be attributed to the larger steric effects of
bromine. Furthermore, the smaller dihedral angle of

28 R. A. Padmanaban, J. Sci. Ind. Res., 1960, 19B, 457.

20 H. Finegold, J. Chem. Phys., 1964, 41, 1808.

3¢ J. R. Thomas and W. D. Gwinn, J. Amer. Chem. Soc., 1949,
71, 2785.
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65° in 1,2-dichloropropane would enhance its overall
moment, when compared with 1,2-dibromopropane (77°).

1-Cyano-2-halogenoethanes.— 1-Cyano-2-halogeno-
ethanes belong to the class of ethanes which can be
described by the general formula XCH,CH,Y (X = Clor
Br, Y = CN in this context). Two sets of values for the

CN CN
H H H e)( X 8 H
H H H H H H
X H H J
trans gaT:'che
(X =ClorBr)

bond polarisability for the cyano-group 16 were used in
the calculation of molar Kerr constants for the various
conformations of each 1-cyano-2-halogenoethane: those
derived from propionitrile (br0CF = 0-380, b CON =
by¢O¥ = 0-165), and those from acetonitrile (50N =
0-360, bpCON = byC-ON = 0-175). Thus two sets of re-
sults are obtained for the dihedral angle and percentage
gauche-population: 1-chloro-2-cyanoethane, 499, (449,),
0 = 66° (56°); l-bromo-2-cyanoethane, 45%, (42%,),
0 = 69° (63°). The results in parentheses are obtained
with C-CN bond polarisability values drawn from
acetonitrile.

The larger dipole moment of 1-chloro-2-cyanoethane
(3-29 D) compared with that of 1-bromo-2-cyanoethane
(3-16 D) may be a partial reflection of the smaller value
of the dihedral angle in the former compound. Our
results also show that in carbon tetrachloride the rotamer
distribution is almost equimolecular for both compounds,
with the balance somewhat in favour of the #rans-
rotamer, in agreement with the n.m.r. study of 1-bromo-
2-cyanoethane by Deb and Abraham.3' By contrast,
spectroscopic studies® have shown that the gauche-
rotamer is the more stable species in the liquid and
further, both 1-chloro-2-cyanoethane and 1-bromo-2-
cyanoethane exist in the gawuche-conformation in the
solid state.

The values of the dihedral angles in these compounds
need some comment since on the grounds of steric and
dipole-dipole interactions, one might expect them to lie
between those for succinonitrile (90°) and the 1,2-
dichloro- and 1,2-dibromo-ethanes (ca. 70°). In point
of fact, they turn out to be lower than the values of all
these molecules (Table 5). One possible way of explain-
ing these unexpectedly low values, is to postulate that
the large C=N dipole induces a moment in the polarisable
halogen atom which is thus attracted to the C=EN group.

2,3-Dibromo-2,3-dimethylbutane.—From Table 5 it is
seen that the observed dipole moment (0-96 D) and

31 K. K. Deb and R. J. Abraham, J. Mol. Spectroscopy, 1967,
23, 393.

32 E. Wyn-Jones and P. W. J. Orville-Thomas, J. Chem. Soc.
(4), 1966, 101.

33 E. Wyn-Jones and P. J. D. Park, J. Chem. Soc. (A), 1968,
2064.

3¢ M. Hayashi, I. Ichishima, T. Shimanouchi, and S. Mizu-
shima, Spectrochim. Acta, 1957, 10, 1.
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molar Kerr constant (10'? K = 29) for carbon tetra-
chloride solution are compatible with a mixture contain-
ing 79, of the gauche-rotamer with a dihedral angle of
79°. Spectroscopic,3® acoustic absorption,3 and dipole
moment 10 studies have been carried out on 2,3-dibromo-
2,3-dimethylbutane. Our result that only ca. 7%, of the
gauche-rotamer is present in carbon tetrachloride solution
is in good agreement with the 6%, found by Altona and
Hageman % from dipole moment measurements. The
additional parameter we have determined, namely the
value of the dihedral angle (79°), indicates that there are
strong steric repulsive forces between the bromine atoms
resulting in the destabilisation of the gauche-rotamer.
1,2-Dichloro-2-methylpropane.—The  infrared and
Raman spectra 33 of 1,2-dichloro-2-methylpropane
have shown that the molecules exist as equilibrium
mixtures of gauche- and trans-rotamers in the gaseous
and liquid states, but only in the frans-form in the solid

CL Cl Cctl
Me Me Me 8ct ct 8 Me
H H H H H H
Cl N Me Me ,
trans gauche

state. From the relative intensities of the ir. and
Raman bands % associated with the gauche- and trans-
rotamers, Altona and Hageman concluded that the ¢rans
is the more stable species in solution. Our calculations
show that indeed the {rans-rotamer occurs in solution to
the extent of 819,. Moreover the dihedral angle is now
found to be 67° for the gauche-rotamer. The fact that
this value is lower than that characterising 1,2-dichloro-
ethane appears to be related to non-bonded Cl-Me
interactions.

2,3-Dichloropropene.—Lrom the variation of long range
coupling constants with solvents in the n.m.r. spectra of

2,3-dichloropropene, Whipple ¢t al3" inferred the
Ct Ct Cl
H2 cL ct
CH2
H H H & H H H
Cl 2 - v
trans gauche

existence of frans- and gauche-rotamers in rapid equili-
brium. This view is consistent with the Raman % and
ir. spectra 3 of the compound. The relative stabilities
of the rotational isomers will depend on the energies of
the frans- and the gauche-conformers as derived from the
algebraic sum of the steric and polar interactions between
the non-bonded substituents. Dipole moment evi-

35 M. Hayashi, Nippon Kagaku Zasshi, 1951, 78, 536.

38 K. W. F. Kohlrausch and L. Kahovec, Z. phys. Chem.
(Frankfurt), 1940, 48b, 7.

37 E. B. Whipple, J. H. Goldstein, and G. R. McClure, ].
Amer. Chem. Soc., 1960, 82, 3811.

38 A. Kirrman, Bull. Soc. chim. France, 1948, 170.

39 G. A. Crowder, (a) J. Mol. Spectroscopy, 1966, 20, 430:
(b) 1967, 28, 103.
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dence 12 has already indicated that the #rams-rotamer
is more stable than the gauche by 0-914 kcal mol™. OQur
results (6 = 59, 79, and 68°; 9, gawuche 28, 36, and 31)
confirm this order of relative stability.

In our calculations, the dipole moments for different
values of the dihedral angle (0) of 2,3-dichloropropene are
computed from equation (1) where A = p % + p,2 —

p3(6) = 4 + Bcos 8 1)

2i41itp COS by COS by and B = 2u,p, sin ¢, sin ¢y, p, and p,
being the group moments of the two different polar sub-
stituents taken as 1-72 (methyl chloride) and 144 D
{vinyl chloride), and ¢, and ¢, the angles between the
two polar groups and the C-C bond (110° for =C-C—Cl
and 120° for C=C-Cl respectively 4). Three sets of
bond polarisabilities for the C—Cl bond were used for the
Kerr constant calculations, drawn from methyl chloride,
vinyl chloride, and a combination of these for the sp?
and sp? bonded halogen atoms of 2,3-dichloropropene.
The molar Kerr constant of an analogous compound,
3-chloropropene, has been measured 14 and the dihedral

40 H. J. M. Bowen, A. Gilchrist, and L. E. Sutton, Tvans.
Faraday Soc., 1955, 51, 1341.

771
angle between the methylene group (C=CH,) and the

C-Cl bond was found to be 120° (see Figure). This
of §
8 Ha
HaC
H H

finding is reconcilable with the non-planar conformation
specified by Bowen ef al. in an electron diffraction
study.®® A comparison (based on steric considerations)
between 2,3-dichloropropene and 3-chloropropene
suggests that the dihedral angle 6 in the former should be
somewhat larger than that in the latter compound. 1In
3-chloropropene, the angle between C-Cl and CH,(8) is
60°. The dihedral angle between the two C—Cl bonds
in 2,3-dichloropropene is 59, 68, or 79° depending on the
polarisability values used in our calculations. From the
standpoint of balancing steric interactions, the result 68°
appears to be the most reasonable value; moreover it
has the merit that it is based on the most realistic choice
of polarisability parameters. Thus we conclude that the
dihedral angle in 2,3-dichloropropene is likely to be
ca. 68°.

[2/1931 Reccived, 14th August, 1972]




