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In previous work (1,2) the correlation between the dipole moments and the vicinal
proton spin coupling constants of trans-1,2-dihalogenccyclohexanes and -cyclopentanes was
discussed. The present paper deals with a comparable relationship between the dipole
moments and the vicinal proton coupling constants of 1,1,2-trichloroethane (I) and
1,1,2-tribromoethane (II), in benzene and in carbon tetrachloride. In the conformational
equilibrium two conformers differing in polarity (anti (a) and gauche (g) ) are predomi-

nant, In the anti form, which has double probability, the torsional angle QJ (see Fig. l)

is 70° (3).
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®IG. 1. The conformers of 1,1,2-trichlorcethane.
The proton coupling of interest is that between HA and Ht (sz—type). As JHH is a
function of the torsional angle between the protons according to the modified Karplus

equation (2,4):
J¢/ = A0052 \PHH - Beos \.IJHH +C (1)

/:
we write J,, of the gauche form as Jgpr ©f the anti form as 1,2(J7O+ J17C)' The observed
J = JAX is given by the expression:
A /
J = (1=~ x,) Jgo * 1/2 x, (J7O + J17O) (2)
where Xy is the molar fraction of the anti form (5). Similarly, the squares of the dipole

moments are related by the expression:

3067



3068 No.32

2. - 2 2
F-a-x) Fe * % Fa (3)
Combining (2) and (3) 1t itz seen that a linear relation betweer J and P’ ahould hold with

a salopet
R = dp?/ar = (p2 - 23 V/(1/2 300+ Ty90) = Jg0) (4)

H can be expressed in terms of the Karplus constants and the partial electric moment along
the C-halogen bond (Pp) with the aid of eq./1) and the usual vector calculation of dipole
moments. We obtain (cf. ref. 2):

Pg = 1,78 PP H F& = 0,79 rP {
B - -85 /(A +2.758)
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rp is the partial electric moment along the C-X bond in the CHzx-moiety. The partial
moments along the C-X bonds in the CHX,-moiety are taken 15% lower than Fo (6).

Results

Dipole moments at 25°C and IAX for compounds I and II in benzene and in carbon tetra-
chloride are collected in Table I. A plot of Fz against J gives a straight line (Pig.2),

which obeys the relation:

Fz = -1.4 J + 11.0 (7
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FIG., 2, Plot of r’ against J for compounds I and II in benzene and in carben tetrachloride,
Now the dipole moment:s of the two conformers can be calculated in two different ways:
(1) Sheppard et al, (B) derived Jg =3 c/s and J, = 6.8 c¢/s from a direct infrared
messurement of the proportiins of the isomers of compcund I in different solvents.
Substituting these valuea in eg.(7), we get Fe " 2.6 D, Pa = 1.2 D. Abraham et al.(9)
calculated Jg = 2.2 ¢/s and Ja = 6.83 ¢/s from the observed JAX of compound I in a pumber

of solvents. Using e3.(7) this yields g = 2.8 1, Pg = 1.2 D
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(11) From the slope with eqs. (5) and (6), using the theoretical Karplus constants (4)
A =9, B=1/2, which are in good agreement with those experimentally found from
Sheppard's J-values (8). Thenwe find: rP = 1.4 D, Pg = 2,5D, Pa = 1.1 D. These values
agree well with those found by method (1).

The value of Po (1.4 D) is appreciably lower than the moment of ethyl chloride (7):
2.04 D. The decrease of the partial moment of the C-halogen bond is ascribed to mutual
induction, Introduction of adﬂitional chlorine atoms decreases Pp still further, cf. the
electric moment of pentachloroethane ¢ 0.9 D (7).

With the aid of eq.(3) the molar fractions xg and the free energy differences at
25°C, [}HZ_E, car be calculated for the two compounds, The results, taking Pg = 2,5 D and

Fa = 1,1 D, are collected in Table I,

TABLE I
Compound Solvent p (D) ix Xy [Xﬂg_g(kcal/hole)
I CgHe 1,64 6.0 0.71 -0.1
CCl4 1.48 6.2 0.81 -0.4
11 C6H6 1.41 6.5 0.85 -0.6
CC].4 1,27 6.7 0.92 -1.,0

Remarkably, there is a charezcteristic 'benzene' effect, favouring the anti form to the
extent 0f0,3-0.4 kcal/hole. This benzene effect, that had been observed earlier with the
3322571,2—dihalogenocyclohexanes (10,11) and -cyclopentanes (1), thus seems to occur
generally with alicyclic and aliphatic vicinal halogeno compounds. Its origin forms an~C

object of special study in this laboratory.

Experimental
The dipole moments were measured at 25°C as described previously (1). The NMR spectra

were obtained from solutions (10 mole %) on a Varian HA 100 spectrometer.
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