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The solvent dependence of vicinal coupling constants has been investigated for (1,2-dibromoethy1)- 
benzene and three of its 4-substituted derivatives and for threo- and erythro(l,2-dibromopropy1)benzene. 
The temperature dependence of the vicinal coupling constants of three of the compounds has also been 
investigated. The difference between the two vicinal coupling constants of (1,2-dibromoethy1)benzene is 
dependent upon solution dielectric constant (in non-aromatic solkents) while the sum of coupling 
constants remains constant. The relative stabilities of its three rotanlers are deduced from this informa- 
tion. A polar substituent in the 4-position does not affect the rotational equilibrium in any predictable 
manner. The vicinal coupling constant of threo(l,2-dibromopropy1)benzene is strongly solvent depen- 
dent. The relative stabilities of its three rotamers are deduced from the observation that the vicinal 
coupling constant is temperature independent. The most stable rotamer of erythro(l,2-dibromopropy1)- 
benzene is deduced from the observation that the vicinal coupling constant is large and independent of 
solvent. Factors affecting conformational preference are deduced. It is concluded that dipolar interactions 
are as important as steric interactions. 
Canadian Journal of Chemistry. 47, 1295 (1969) 

Introduction 
Rotational isomerism in substituted ethanes 

has been widely investigated by nuclear magnetic 
resonance (n.m.r.) spectroscopy (1). In the most 
commonly applied technique (2) ,  energy differ- 
ences, AE, between rotational isomers (rotamers) 
are estimated from the temperature dependence 
of averaged vicinal coupling constants, ( J i j ) ,  
and chemical shifts. Values of AE and the coup- 
ling constants for the "frozen" rotamers are 
determined by a least squares fitting technique. 
However, it has recently been shown that the 
value of AE and coupling constants for the 
frozen rotamers of 1,1,2,2-tetrabromofluoro- 
ethane measured directly at low temperatures are 
much different than those obtained from (JHF) 
a t  high temperatures (3). This was attributed to 
the insensitivity of the least squares fitting 
technique. It has also been pointed out that the 
values of AE are temperature dependent (4). 
Consequently, the above-discussed technique is 
of doubtful accuracy. 

I t  is well established that for substituted 
ethanes containing two or more polar groups, 
the more polar rotamers increase in fractional 
population upon going from the gas phase to a 
polar medium (5). Solvent dependent changes in 
rotationally averaged coupling constants have 
been noted and interpreted in terms of popu- 
lation changes with change in solvent dielectric 
constant (6). Recently, Abraham and co-workers 
have developed a theory which allows one to 

predict the change in energy difference between 
rotamers upon going from the gas phase to a 
solution of dielectric constant E (4). Then if A E  
is known in the gas phase, A E  can be determined 
in the liquid phase. This approach has been 
successfully applied to a number of simple 
substituted ethanes (7) and has been extended to 
include compounds containing three or more 
polar groups (8). 

It is much more difficult to apply this technique 
quantitatively to the investigation of conforma- 
tional preference in complex substituted ethanes. 
Firstly, one generally has no knowledge of the 
energy differences either in gas phase or in 
solution; in fact, this is the information one 
would like to obtain. Secondly, one must also 
know the molecular volume, polarizability, etc. 
These quantities are often unavailable. However, 
it was decided to investigate whether at least 
semiquantitative information concerning con- 
formational preference could be obtained from 
an investigation of the effect of E and, where 
necessary, temperature upon ( J i j )  for complex 
substituted ethanes. 

A previous investigation of this type had been 
carried out by Snyder (9). He investigated the 
effect of a limited number of solvents upon 
chemical shifts and coupling constants of 12 
trisubstituted ethanes (9a). He also developed 
semiempirical relationships which allowed one 
to estimate AE from ( J i j )  (9c). It was concluded 
that changes in energy differences between 
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rotamers were only weakly related to the solvent 
dielectric constant. However, we felt that this 
conclusion might be incorrect because it was 
based upon results in a limited number of sol- 
vents and because the solutions investigated 
were very concentrated (40 wt./vol. %). 

The initial compounds chosen for this investi- 
gation were (1,2-dibromoethy1)benzene and 
three 4-substituted (I,2-dibromoethy1)benzenes. 
These compounds were chosen for two main 
reasons. Firstly, the most stable rotamer of 
(1,2-dibromoethy1)benzene had been determined 
by specific deuteration experiments (9b). There- 
fore, it was possible to check the conclusions from 
the solvent effect investigation. Secondly, it was 
consrdered important to determine the effect of 
" I h e  remote dipolar groups. 4-Substituted (1,2- 
dibromoethy1)benzenes were chosen since the 
effect of a remote dipole could be determined by 
direct comparison with the results for the parent 
compound. 111 addition, the orientation of the 
remote dipck with respect to the substituted 
ethane gro~ip would be unaffected by rotation 
about the carbon-phenyl bond and no additional 
steric bindrrirce would be added to the system. 

Erythro- and threo(l,2-dibromopropy1)ben- 
zenz nere investigated as examples of substituted 
ethanes in 1. hich there is only one vicinal 
coupling conssant. 

In this pa::cr, results are presented for the six 
compounds raentioned above. 

Experimental 
(Z,2-P3ibromoethyl)benzene was prepared by the 

bromination of styrene in methylene chloride. The 
corresponding 4-.silbstituted derivatives were prepared by 
biomination of 4-substituted styrenes in carbon tetra- 
ch1o;ide. Erythri!(l,2-dibromoethy1)benzene was pre- 
pared by bromina!i?il of 7mn.r-propenylbenzene in n-iethy- 
Iene chloride while the threo isomer was prepared by 
brominarion of cis-vropenylbenzene in carbon tetra- 
chloride. All reactions were carried out in the dark. The 
starting materials \\ere obtained con~mercially and were 
used without purification. Solid products were purified by 
recrystailization from metilanol-water. The only liquid 
product, threojl,2-dibroniopropyl)benzene, contained 
appr~xi~nate ly  20-25% of the erythro isomer as an 
impurity. Attempts to purify this compound by vapor 
phase chromatography and by low temperature recrystal- 
lization were unsuccessful and it was used unpurified. 

Spectra were recorded on a Varian HA-100 spectrom- 
eter operating in frequency sweep mode at a probe 
temperature of 30 "C (except for variable temperature 
experiments). The variable temperature controller was 
calibrated using standard calibration samples before each 
variable temperature experiment. 

Spectra were recorded a t  a sweep rate of 0.05 Hz/s. The 
spectra were recorded twice in each direction for all 
coupling constant measurements. Spectra were calibrated 
by measuring the frequency difference between the lock 
and sweep oscillators, using a Hewlett-Packard 5253B 
frequency counter in period average mode. 

Samples were usually 0.30 M in solute. Samples were 
deoxygenated by bubbling N2 through them. Five percent 
tetramethylsilane was added as a lock and reference signal. 
Any solvents which were not analytical reagent grade were 
distilled prior to use. 

Solution dielectric constants were measured with a 
W.T.W. DK03 dekameter. 

Results 

Spectral analyses of the ABC spectra of the 
1,2-dibromoethyl groups of (I,%-dibromoethy1)- 
benzene and its para substituted derivatives were 
carried out by the exact method (lo), using the 
computer program EXAN. Iterative analyses 
were also attempted, using the computer pro- 
gram LAOCN3 (11). The former method was 
found to be superior for this system. It  provided 
all possible solutions while the iterative method 
provided only one solution in each case. The 
latter solution depended upon the choice of 
approximate input parameters. This is extremely 
important in this system since in several cases 
two solutions were obtained with the correct 
signs for the coupling constant (9b), i.e., with 
both vicinal coupling constants positive and the 
geminal coupling constant negative. This can be 
understood by considering that the spectrum is 
an approximate ABX spectrum. The AB part 
consists of two quartets or subspectra (12) (see 
Fig. 1). The two solutions correspond to the two 
possible signs of the apparent chemical shift (12) 
of the nearly collapsed quartet. In most cases, 
the correct solution was chosen on the basis that 
the vicinal coupling constant in erythro(l,2- 
dibromoethyl-2-d)benzene has a value of 10.5 to 
11.0 Hz (9b). The correct solution for (1,2- 
dibromoethy1)benzene in benzene was chosen on 
a basis which will be discussed later. Results for 
(1,2-dibromoethy1)benzene are given in Table 1 
while results for its para substituted derivatives 
are given in Table II. 

The 1,2-dibromopropyl groups of erythro- 
and  threo(l,2-dibromopropyl)benzene gave 
ABC, spectra. A complete ABC, spectral 
analysis was carried out for the erythro isomer in 
carbon tetrachloride, using the computer pro- 
gram LAOCN3, It  was found that the doublet 
splittings of the A proton and the C,  methyl 
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TABLE I1 C] 
2 

Chemical shifts (in p.p.m. to low field of tetramethylsilane) and coupling constants (in Hz) for 4-substituted (1,2-dibromoethy1)benzene $ u 
F 

Root-mean- 1 
square error 3 

Substituent Solvent E < J A B )  (SAC> <JBc)  <JAc) + < JBC> <JAc) - <JBc) &A S B  6, (Hz) C 
- .-- - 

4-Chloro Carbon tetrachloride 2.25 - 10.28 11 .40 4.80 16.20 6.60 3.906 4.012 5.030 0.05' 
4-Chloro Benzene 2.28 -10.32 10.94 5.14 16.08 5.80 3.388 3.475 4.513 0.01 
4-Chloro t-Butyl chloride 8.50 -10.28 10.87 5.11 15.98 5.76 3.940 4.017 5.101 0.05 a 
4-Chloro Dimethylsulfoxide .I. -10.20 10.59 5.56 16.15 5.03 4.368 4.239 5.570 0.02 
4-Methoxy Carbon tetrachloride 2.41 - 10.26 11.22 4.90 16.12 6.32 3.936 4.010 5.065 0.08 
4-Melhoxy Benzene 2.38 -10.22 10.75 5.28 16.03 5.47 3.616 3.656 4.785 0.01 i3 
4-Methoxy t-Butyl chloride 9.27 -10.17 10.87 5.17 16.04 5.70 3.970 4.017 5.132 0.03 UI 1 
4-Methoxy Acetone t -10.21 10.54 5.57 16.11 4.97 4.223 4.169 5.389 0.02 
4-Nitro Carbon tetrachloride 2.67 - 10.38 11 .52 4.74 16.26 6.78 3.962 4.069 5.134 0.02 > 
4-Nitro Benzene 2.66 -10.35 11.06 5.19 16.25 5.87 3.297 3.397 4.407 0.06 o 
4-Nitro t-Butyl chloride 9.48 -10.36 11.14 4.88 16.02 6.26 3.991 4.065 5.205 0.03 r 

* l < o u t - m e a n - \ q ~ r  Jcvlation b~.lur.cl~ expr.rlnlcnt;tl 311~1 c i ~ l ~ u l ~ ~ t c d  l)e;~k po\ltlons. 
tC.111 rn:tlf\~n;tlon prrvented me;lsurumc.n! or' tllc dlelrctrtc con\t.lnrs ol'ihcre s<,lurior~i. 
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TABLE I11 
Chemical shifts (in p.p.m. to low field of tetramethylsiiane) and coupling constants (in Hz) for threo- and 

erythro(l,2-dibromopropy1)benzene 

Isomer Solvent E ( J A B )  ( J B c )  &A 6~ 6c 

Threo Carbon tetrachloride 2.32 5.28 6.81 5.190 4.539 1.6g6 
Threo Benzene 2.38 5.75 6.74 4.876 4.  200 1 .361 
Threo Chloroform-d 4.33 5.68 6.73 5. 2Z1 4.590 1.69, 
Threo cis-Dichloroethvlene 7.95 5.85 6.78 5.184 4.56, 1.66, 
Threo t-Butyl chloride 8.78 5.66 h 5.20, 4.55, b 

Threo Acetone 18.90 6.15 6.71 5.416 4.72, 1.68, 
Threo Dimethylsulfoxide t 6.13 6.67 5.56., 4.817 1. 635 

Erythro Carbon tetrachloride 2.23 10.25 6.41 
Erythro Benzene 2.28 10.12 6.51 
Erythro Chloroform-d 4.18 10.16 6.42 
Erythro cis-Dichloroethylene 7.88 10.18 6;42 
Erythro t-Butyl chloride 8.25 10.08 
Erythro Acetone 18.60 10.10 6.42 
Erythro Acetonitrile 32.20 10.32 % 

Erythro Dimethylsulfoxide "r 10.19 6.41 

*Interference wlth solvent peak prevented measurement. 
?Cell malfunction prevented measurement of the d~electric constants of these solutions. 

protons (see Fig. 2) correspond within 0.01 Hz constants. The more polar rotamers (2 and 3) 
to  the calculated values of (JAB) and (JBc). should be relatively more stable in solutions of 
Consequently (JAB) and (J,,) were determined high E. If rotamer 1 is the most stable rotamer in 
by measuring these splittings. Results are given solutions of low E, then (JAc) should be large 
in Table III. but should decrease as E increases (since protons 

Values of coupling constants for erythro- and 
threo(l,2-dibromopropy1)benzene are estimated 
t o  be accurate withm 0.05 Hz. It is more difficult 
to  estimate the accuracy of the coupling con- 
stants for the (1,2-dibromoethy1)benzene com- 
pounds since the coupling constants do not 
correspond to first order splittings. "Probable 
errors" determined by LAOCN3 ranged from 
0.01 to 0.1 Hz with the largest errors found when 
the chemical shift difference of the methylene 
protons approached zero. 

Results of variable temperature experiments 
are given in Table IV. Results for concentration 
dependence experiments are given in Table V. 

Discussion 
A. (1,2-Dibromoethy1)benzene 

The three staggered rotamers for (I ,2-dibromo- 
ethy1)benzene are shown in Fig. 3. There is a 
bromine-phenyl steric interaction in rotamer 1, 
a bromine-bromine steric and a dipolar inter- 
action in rotarner 2, and two steric and one 
dipolar interaction in rotamer 3. On this basis 

A and C are trans in rotamer 1 and gauche in the 
other rotamers). Correspondingly (JBc) should 
be small but should increase with E (since 
protons B and C are gauche in rotamer P and 
trans in rotamer 2), i.e., the difference between the 
coupling constants should decrease as E in- 
creases. On the other hand, the reverse effect 
would be noted if rotamer 2 is the most stable 
rotamer. (JBc) should be larger than (JAc) and 
the former should increase and the latter should 
decrease as E increases, i.e., the difference in 
coupling constants should increase as E in- 
creases. In rotamer 3 both coupling constants 
are gauche. Consequently any increase in the 
population of rotamer 3 with E should lead to 
a decrease in ((JAc) + (JBc))l. The fractional 
population of rotamer 3, p3, is expected to 
increase with increasing E. However, this in- 
crease would be negligible if rotamer 3 is 
considerably less stable than the non-polar 
rotamer 1, since p, would then be small in all 
solvents. 

one would expect rotamer 3 to be the least stable. : T ~ ~ ~  and preceding arguments depend upon the 
It is difficult to predict the relative stabilities of ass,mption that trans proton coupling constants are 
rotamers 1 and 2. However. one can make larger than gauche proton coupling constants. Small 

certain predictions the effect of the variations of gauche or trans coupling constants between 
different rotamers will not significantly affect these 

dielectric constant, E, upon the vicinal coupling arguments. 
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TABLE IV 

Temperature dependence o f  vicinal coupling constants (in Hz) for (l,2-dibromoethy1)- 
benzene and threo- and erythro(l,2-dibromopropy1)benzene 

- 
-- 

- - -- -- 

( I  ,2-Dibromoethy1)benzene 

Solvent E* Temp. PC) ( J A c )  ( J B J B C )  <JAc)  + (YBC) ( J A c )  - (LC)  

Acetone 18.1 30 10.55 5.39 
Acetone 21.0 0 10.77 5.37 
Acetone 23.4 - 25 11.05 5.26 
-. - - - - - 

Threo- and erythro(l,2-dibromopropyl)benzene 

Isomer Sohent F* Temp. I"C) ( J A B )  

Threo 
Threo 
Threo 
Threo 
Threo 
Threo 
Threo 
Threo 
Threo 
Threo 
Threo 

Erythro 
Erythro 
Erythro 
Erythro 
Erythro 
Erythro 

Carbon tetrachloride 2.31 t 35 5.34 
Carbon tetrachloride 2.32 + 30 5.28 
Carbon tetrachloride 2.39 - 5 5.19 
Carbon tetrachloride 2.46 - 24 5.14 
Chloroform-d 4.33 f 3 0  5.68 
Chloroform-d 4.92 - 5 5.73 
Chloroform-d 5.52 - 30 5.70 
Chloroform-d 6.09 - 50 5.70 
Acetone 18.9 S 30 6.15 
Acetone 22.3 - 5 6.29 
Acetone 26.6 - 40 6.41 

Chloroform-d 4.18 f 3 0  10.16 
Chloroform-d 4.77 - 5 10.39 
Chloroform-d 5.37 - 30 10.63 
Acetone 18.6 + 30 10.20 
Acetone 22.0 - 5 10.46 
Acetone 26.3 - 40 10.73 

The fractional populations of the three rota- 
mers approach equality if the temperature is in- 
creased sufficiently. Therefore, the difference 
between (J,,) and (J,,) should decrease with 
increasing temperature regardless of the relative 
stabilities of rotamers 1 and 2. Consequently, the 
temperature dependence of the averaged vicinal 
coupling constants will not directly give informa- 
tion concerning the relative stabilities of these 
rotamers. A significant decrease in ((IA,) + 
{J,,)) with temperature would suggest that the 
fractional population of rotamsr 3 Is not 
negligible. 

From the above discussion it can be seen that 
it should be possible to determine the relative 
stabilities of rotaniers of (1,2-dibromoethy1)- 
benzene and similar tri-substituted, dipolar 
ethanes from solvent effect studies, while variable 
temperature experiments should yield limited 
information unless one uses a compiicated and 
probably insensitive curve-fitting procedure. 

As can be seen from Table I and Fig. 4, the 
difference between (J,,) and (J,,) is signifi- 
cantly smaller in solutions of high E than in 

solutions of low E. The results show a slight 
anomaly for hexane (although this is barely 
larger than experimental error) and a major 
deviation for benzene. Otherwise, a very definite 
trend is noted. The results strongly suggest that 
rotamer 1 is the most stable rotamer (since 
((J,,) - (JB,)) decreases as E increases). This 
is in agreement with the conciusion reached by 
Snyder and Buza from their specific deuteration 
experiments (9b). ((JAC) -I- (JB,)) remains con- 
stant. This indicates that the pqula t io :~  of 
rotamer 3 is small, as expected. It  is obvious that 
measurements of the effect of E upon averaged 
vicinal coupling constants can be used to obtain 
correct predictions of the relative stabilities of 
the three rotamers oE(B,%-dibrsmoethy1)ben~ene~ 
Therefore, it is probable that relative stabilities 
of rotarners of other tri-substituted, dipolar 
ethanes can be estirdzated by the same method. 
A number of compounds of this type are being 
investigated. 

Rotamer 1 will be even more stable with re- 
spect to rotamer 2 in the gas phase. The more po- 
lar rotamer 2 is apparently significantly more sta- 
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FIG. 3. Staggered rotamers of (P,2-dibromoethy1)- 
benzene and erythro- and threo(l,2-dibromopropy1)- 
benzene. 

ble in benzene than in carbon tetrachloride. Simi- 
lar "benzene" effects have been noted b\7 other 
investigators, both from vicinal coupling constant 
measurements (7) and from dipole moment mea- 
surements (83). It should be noted that the alter- 
nate solution (see Results) gives results which are 
apparently more consistent with other solvents. 
However, the first solution was chosen because 
in the 4-substituted derivatives, the change i11 
((JAcj - (4, j) on going from carbon tetrachlo- 
ride to benzene was 0.8 to 0.9 Hz. This is more 
consistent with the first than with the alternate 
solution. 

The conclusion of Snyder that energy diEer- 
ences between rotamers of substituted ethanes 
are only weakly related to E was based upon 
results in a Limited number of solvents including 
benzene. For several of the compounds which he 
investigated, the apparent discrepancies can be 
rationalized when it is realized that benzene may 
give anomalous results. We have noted a very 
good correlatioll between E and ((JAc> - (bC >> 
for (1,2-dibromoethyl)benzene in eight non- 
aromatic solvents. However, it is oniy fair to 

t l I I n 
I 

0 2 0.3 0 4 0 5 

E - 1 / 2 € + 1  

FIG. 4. Plot of <Jac) + ( J B c )  and (JAc) <JBc> 

for (1,2-dibromoet11yl)benzene versus the dielectr~c 
function (E - 1 ) / ( 2 ~  + 1). Filled point represents the 
benzene soiutions. 

point out that this correlation is probably better 
than one can normally expect in an investigation 
of this type. For erythro- and threo(l,2-dibromo- 
propyllbenzene and for the compoullds investi- 
gated by Abraham and co-workers (4, 7, 8), the 
variation of vicinal coupling constants with E is 
less regular. However, in all cases definite trends 
can be noticed, provided that enough non- 
aromatic solvents are used. The most reasonable 
conlclusion appears to be that there is a general 
relationship between E and the energy differences 
of rotamers of substituted ethanes in non- 
aromatic solvents, but that for any one solvent 
this relationship may be partially obscured by 
specific interactions. 

The vicinal coupling constants for (I,%- 
dibromoethy1)benzene are constant over the 
concentration range 0.15 to 0.60 M in both 
carbon tetrachloride and dimethylsulfoxide (see 
Table V). Consequently, the coupling constants 
are assumed to be very close to their infinite 
dilution values. However, the coupling con- 
stants in carbola tetrachloride, deuterochloro- 
form, and acetone differ significantly from those 
reported by Snyder for 40 wt./vol. % solutions 
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in the same solvents (9a). The value of E should 
be significantly different in the more polar 
solvents and this could lead to population 
changes. Solute dimerization could also affect 
the coupling constants at high concentrations. 
The latter effect has been shown to be important 
for p-bromopropionitrile at much lower concen- 
trations (7c). 

((JAC) - (JBc)) decreases with increasing 
temperature, as expected. ((J,,) + (JBc)) de- 
creases slightly, suggesting that the population 
of rotamer 3, while small, is not negligible. 

On the basis of the results presented (see 
Table I), there appears to be a very good 
correlation between the chemical shift difference 
for the methylene protons and solvent dielectric 
constant (except for benzene). However, this is 
misleading. Measurements were also made in 
acetonitrile. In this solvent, (6, - 6,) is very 
nearly zero and, therefore, would not fit the 
above mentioned correlation. The coupling 
constants had approximately the expected values. 
However, these results have not been reported in 
detail since the "probable errors" in the vicinal 
coupling constants were sufficiently large (0.4 
Hz) to make the results meaningless. As pre- 
viously mentioned, this appears to be character- 
istic of this system as (6, - 6,) approaches zero. 

The observed changes in (6, - 6,) with 
solvent appear to be much too large to be 
explained solely in terms of conformation 
changes. It appears more probable that they are 
due to specific solvent effects. 

B. 4-Siebstituted (1,2-Dibrornoethyl) benzene 
The results for the 4-substituted derivatives 

are similar to those for the parent compound. 
The differences between vicinal coupling con- 
stants are generally larger in less polar solvents. 
There is a small but possibly significant concen- 
tration dependence for 4-nitro-(1,2-dibromo- 
ethy1)benzene. This might be due to the change 
in solution dielectric constant with solute con- 
centration. Two conclusions can be reached. 

Firstly, a remote dipole does not affect relative 
populations in any predictable fashion. For 
example, in the case of the 4-nitro derivative, 
rotamer 1 might be expected to be destabilized 
with respect to the parent compound, because of 
an additional dipolar interaction. In fact, the 
coupling constant difference is larger, indicating 
an apparent stabilization of rotamer 1. It  is quite 

~ossible. however. that the observed difference 
is due to electronic rather than conformational 
effects. 

Secondly, the remote dipole does not signifi- 
cantly alter the effect of solvent upon rotamer 
populations. According to the theory for com- 
pounds containing three or more polar groups 
(8), the effect of E upon energy differences 
between two rotamers is determined by the 
difference in net dipole moments and, to a lesser 
extent, quadrupole moments of the two rota- 
mers. Assuming tetrahedral angles and dipcle 
moments of 4.0 D for the 4-nitro-phenyl group 
and 2.0 D for C-Br groups, then for the 4-nitro 
derivative the net dipole moments for rotamers 
1 and 2 are, respectively, 4.0 and 2.3 D. Conse- 
quently rotamer 1 should be stabilized with 
increasing E. In actual fact, the reverse trend is 
found, suggesting that the remote dipole has 
little effect2. Since the theory assumes a point 
dipole in the center of a polarizable sphere, a 
breakdown in the theory for a bulky molecule 
such as 4-nitro-(l,2-dibromoethy1)benzene would 
hardly be surprising. The solvent probably tends 
to solvate the 1,2-dibromoethyl group quite 
independently of any solvation of the remote 
dipole, i.e., the effect of E upon the conformation 
about the carbon-carbon bond depends only 
upon the polar groups directly bonded to the 
carbon atoms. 

This conclusion, if correct, considerably 
extends the usefulness of the technique. For 
example, it may be possible to investigate 
conformational preference in low molecular 
weight polymers which contain many polar 
groups. It  is obviously desirable to determine 
how close remote dipoles must be before they 
exert a significant influence. Unfortunately, it is 
difficult to find a suitable system. 2-Substituted 
or 3-substituted (1,2-dibromoethy1)benzenes 
wonld not be very suitable since the location of 
the remote dipole would depend upon the orien- 
tation of the phenyl group and since a substituent 
in the 2 or 3 position may cause additional steric 
hindrance. 

might attempt to explain these results by suggest- 
ing that the quadrupolar term is more important than the 
dipolar term. However, nearly identical solvent effects 
upon vicinal coupling constants are noted for (1,2- 
dibromoethy1)benzene and its 4-substituted derivatives, 
in spite of the large differences in dipole and quadrupole 
moments for these compounds. Therefore, we feel that 
the explanation presented above is more logical. 
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C. Ery fhro- and Threo (192-dib~onzopropyI) - 
benzene 

Hn each of these compounds there are only two 
protons in the substituted ethyl group and 
consequently only one vicinal coupling constant 
which should be solvent dependent owing to 
conformational changes. It is more difficult to 
deduce information concerning conformational 
preference from solvent effect studies on com- 
pounds of this type than on compounds with 
two solvent-dependent vicinal coupling con- 
stants. For example, for the threo compound, 
p, and p, should increase with increasing E since 
rotamers 4 and 6 are polar (see Fig. 3). The 
protons are trans in rotamer 4 and gauche in the 
other two rotamers. Consequently (JAB) should 
increase with increasing E regardless of the 
relative energies of the three rotamers. Also, one 
callnot determine the relative populations of 
sotamers 5 and 6 since the protons are gauclze in 
both rotamers. However, by observing the 
magnitude of the change in (JAB) with E and 
temperature, one can deduce much of the desired 
information. 

(JAB) for the threo compound increases 
irregularly with E (see Table I611 and Fig. 5). 
However, a definite trend is noted. The overall 
change in (JAB) is large (nearly twice as large as 
the changes in the vicinal coupling constants in 
(I,%-dibromoethy1)benzene for the same range 
in E). From this observation one can only deduce 
that rotamers 4 and 5 must be relatively close in 
energy, If rotamer 4 is either very stable or very 
unstable with respect to rotamer 5, then a small 
change in A&-, will have little effect upon p, 
(in the limiting case of infinite eeergy difference 
there would be no measurable effect). However, 
if the energy difference is small, then p, should 
be very sensitive to changes in 

More definite information can be deduced 
from the variable temperature results (see Table 
IV). In CDCl,, JAB is constant over a tempera- 
ture range from -SO to +30 "C. Since the 
protons are trans in rotamer 4 and gauche in the 
other rotamers, one would expect a change in 
(JAB) if there is any changc in p,. Conversely, 
the csnsla~acy of (JAB) suggests that p, remaills 
essentially constant over this te~nperature range. 
This fortuitous constancy can only occur if 
rotamer 4 is intermediate in energy relative to 
the other two rotamers. In rotamer 4, there are 
two steric interactions and one dipolar intcr- 

FIG. 5. Plot of (JAB) for erythro- and threo(1,Z- 
dibromopropy1)benzene versus the dielectric function 
(E - 1 ) / ( 2 ~  + I). Filled points represent benzene solu- 
tions. 

action. There are three steric i~iteractions in both 
rotamers 5 and 6 but only the latter has a 
dipolar interaction. On this basis it is believed 
that the energy order E6 > E, > E5 is much 
more probable than the alternate order E5 > 
E4 3 E,. 

The conclusion that rotamer 4 must be in- 
termediate in energy can be confirmed by sim- 
ple calculations. For example, if & - E5 = 
150, E6 - E4 = 600 cal/mole, J4 = 12.0, and 
9, = J6 = 1.9 Hz, then (JAB) = 5.71 Hz at 
30 O C  and 5.75 Hz at -50 0C3. A similar result 
can be obtained evell if one allmvs for a slight 
temperature dependence of LIE,-, and LIE;-, 
(due to the decrease in E with increasing tempera- 
ture) and for the fact that J5 ", probably larger 
than J6 ((a vicil~al coupling constant is believed 

3The normal assumption is made that the entropy 
difference between rotamers is zero (2). It has been 
shown that there are sniaEl entropy differences between 
the rotamers of 1,1,2,2-tetrabromo-Muoroethane but 
that if one ignored the entropy difference, one obtained 
an apparent energy difference between rotamers which is 
only siight!y different from the true energy difierence (5). 
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to be smaller when one of the protons is trans to example, it has been shown that the averaged 
an  electronegative group than when it is gauche 
t o  that group (4 ,  14)). For example, if AE,-, is 
275 cal/mole at  -30 " 6  and 300 cal/mole at 
i-38 "C, is constant at 500 cal/mole, 
J4 = 12.0, 9, = 3.0, and J, = 1.5 Hz, then 
<JAB) = 5.41 Hz at -30 "C and 5.71 Hz at  
+30 "C. One can obtain the same result for 
other reasonable choices of A E  and J. It  is 
impossible to determine from the available data 
which is the correct choice of parameters. 
However, any choice of parameters in which 
rotamer 4 is not intermediate in energy would 
require that the trans coupling constant be 
smaller than at least one of the gauche coupling 
constants. This would be contrary to a11 evidence 
concerning the effect of conformation upon 
vicinal proton coupling constants. The inter- 
mediate size of ( J A B )  is also consistent with the 
conclusion that rotamer 4 is intermediate in 
energy. 

The relative stability of rotamer 5 should be 
even greater in the gas phase since this rotamer 
is non-polar. Consequently, the order of energy 
levels should be the same in deuterochloroform, 
in solvents of lower E ,  and in the gas phase. 
However, LIE,:,_, should decrease with increasing 
E and could possibly change sign at high E .  In any 
case, relative to rotamer 5, rotamer 4 should be 
less stable in carbon tetrachloride and more 
stable in acetone than in deuterochloroforn~. 
Since p,  is essentially independent of tempera- 
t ~ ~ r e  in deuterochloroform, p, and ( J A B )  should 
decrease with decreasing tenlperature in carbon 
tetrachloride and increase with decreasing tem- 
perature in acetone. This reversal of the sign of 
the temperature is actually observed (see Table 
IV). 

The above observations are significant since 
they strongly suggest that the observed solvent 
dependence of the vicinal coupling constants is 
due to changes in energy differences and rotamer 
populations with E rather than to reaction field 
effects upon the coupling constants of the 
individual rotamers. The latter effect has been 
shown to be important for the 'H-19F coupling 
constant in I-Ruoro-1, I ,2,2-tetrabromoethane 
(15). However, it is probable that the reaction 
field effect is more important for lH-igF 
coupling constants than for 'H-'H vicinal 
coupling constants in substituted alkanes. 
Previous results support this contention. For 

vicinal coupling constants for I-iodo-3,3Idi- 
methylbutane are solvent independent (14). 
Since this molecule has only one polar group, no 
change in rotamer population with E would be 
expected. Since the coupling constants do not 
change, it is improbabie that there is a significant 
reaction field effect. 

An increased stabilization of rotamer 4 in 
benzene was noted. It has been suggested that 
the increased stabilization of the polar forms of 
1,2-dihaloethanes in benzene might be due to 
specific hydrogen bonding of two adjacent 
benzene protons with the two halogen atoms in a 
gauche conformation (16). An alternate possi- 
bility would involve the interaction of the gauclze 
halogens with the IT electron system of benzene. 
In an attempt to choose between the two possi- 
bilities, we ran the threo compound in cis-1,2- 
dichloroethylene. If the specific interaction is of 
the former type, one might expect it to occur 
with cis-l,2-dichloroethylene as well. Unfortu- 
nately, the results are not entirely conclusive. 
However, ( J A B )  does have approximately the 
value which one would expect if no specific 
interaction occurred. Consequently, it appears 
probable that the specific interaction with 
benzene involves the IT electron system. 

( J A B )  is, within experimental error, indepen- 
dent of concentration. It was also found that 
adding pure erythro compound to the impure 
threo compound did not significantly alter ( JAB) .  
Consequently, it is believed that our results are 
not affected by the presence of the erythro com- 
pound as an impurity. 

(JAB) for the erythro compound is indepen- 
dent of E (see Table 111 and Fig. 5). There is a 
considerable scatter of values of ( J A B )  but no 
trend which could be related to E. One ~kould 
expect ( J A B )  to be independent of e ollly if one 
of the rotamers uas  very much more stable than 
the other two, or possibly if both rotamers with 
gauche protons wcrc much more stable than the 
rotamer with trans protoils. Since ( J A B )  is large 
(10.2 Hz), the compound must exist predom- 
inantly in the rotamer with tram protons, i.e., 
rotamer 7 is much more stable than the other 
two rotamers. The same order shouid be found 
in the gas phase since rotamer 7 is non-polar 
while the other two rotamers are polar. I t  is 
impossible to deduce the relative stabilities of 
roiamers 8 and 9 from the availabie information. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
al

 P
ol

y 
Po

m
on

a 
U

ni
v 

on
 1

1/
13

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



1308 CANADIAN JOURNAL OF 

The above conclusion is not at all surprising 
since rotamer 7 has only two steric interactions 
and no dipolar interaction while both other 
rotamers have three steric interactions and one 
dipolar interaction. 

The temperature dependence of ( J A B )  is 
similar to the temperature dependence of the 
vicinal coupling constants in (1,2-dibromoethy1)- 
benzene. This suggests that the compound does 
not exist entirely in the conformation of rotamer 
'7. However, this does not necessarily imply that 
there are appreciable fractional populations for 
rotamers 8 and 9. Whitesides et al. have noted a 
similar temperature dependence of averaged 
vicinal coupling constants for a series of 1- 
substituted 3,3-dimethylbutanes (14). The larger 
vicinal coupling constant at room temperature 
had a value of 10.2 Hz for the cyano derivative 
and 12.9 Hz for the phenyl derivative, while the 
corresponding calculated values for J,,,,, were 
13.9 and 13.7 Hz. Clearly the simple observation 
of temperature dependence of an averaged 
vicinal coupling constant does not provide 
unequivocal information concerning how close 
this coupling constant is to a pure trans coupling 
constant. 

I t  is informative to consider the difference in 
the total number of steric and dipolar inter- 
actions for the two most stable rotamers for each 
of the compounds and to compare this with the 
observed solvent dependence of the vicinal 
coupling constants. In threo(l,2-dibromopropy1)- 
benzene there is a total of three steric and (or) 
dipolar interactions for each of rotamers 4 and 5. 
In (1,2-dibromoethyl)benzene, rotamer B has one 
less (dipolar) interaction than rotamer 2. In 
erythro(l,2-dibromopropyl)benzene, rotamer 7 
has two less interactions than each of the other 
two rotamers. The changes in coupling constants 
(using the larger coupling constant for (1,2- 
dibromoethy1)benzene) upon going from carbon 
tetrachloride to acetone are respectively 0.83, 
0.49, and 0.15 Hz. Provided that the protons 
were trans in one of the two most stable rota- 
mers, one would expect the largest change in the 
vicinal coupling constant when the energy 
difference is smallest and populations are closest 
to equality. It is apparent that this inverse rela- 
tionship does exist for the three compounds 
discussed above. Consequently, it aDpears that 
the relative solvent de~endence of vicinal 
coupling constants for a series of closely related 

CHEMISTRY. VOL. 47, 1969 

compounds can provide meaningful information 
about relative conformational preference in 
these compounds. 

The value of ( J A B )  for the erythro compound 
is significantly smaller than the value of the 
larger vicinal coupling constant in (1 ,Zdibromo- 
ethy1)benzene. This is surprising. On the basis of 
the previous discussion, one would expect that 
erythro(l,2-dibromopropy1)benzene would exist 
predominantly as rotamer 7 while for ( 1 3  
dibromoethy1)benzene there should be appreci- 
able populations of both rotamers 1 and 2. 
Therefore, one would anticipate that (J,,) for 
the former compound would be larger than 
(JAc) for the latter compound. We believe that 
the most probable explanation for this apparent 
discrepancy is that the trans coupling constant in 
the former compound is significantly smaller 
than in the latter compound. If this is true, then 
estimates of conformational preference based 
only upon the size of a single vicinal coupling 
constant (17) must be regarded as suspect. 

D. Factors Aflecting Conformational Preference 
Snyder believed that it was surprising that 

rotamer 1 was significantly more stable than 
rotamer 2 of (1,2-dibromoethy1)benzene (9). He 
first considered only steric interactions. Since the 
phenyl group has a much larger " ' A ~ a c t o r  (18) 
than the bromo group, he believed that there 
should be a much greater steric interaction in 
rotamer 1 than in rotamer 2. He then postulated 
that the additional stability of rotamer ]I might 
be due to a stabilizing interaction between the 
phenyl group and the bromine on the carbon 
atom. However, it has since been shown that 
"A" factors (which were determined from 
substituted cyclohexanes) are not an accurate 
measure of steric interactions in substituted 
ethanes (14). In actual fact, bromine has only a 
slightly smaller steric effect than a phenyl group 
in substituted ethanes (the energy differences 
between gauche and trans rotam,rs of l-bromo- 
and 1-phenyl-3,3-dimethylbutane have been esti- 
mated as, respectively, 1.30 and 1.70 kcal/mole 
(14)). The lower stability of rotamer 2 can then 
be explained as due to the destabilizing effect of 
the dipoiar repulsion of the gauche bromine 
atoms (if this effect was not important, there 
would not be any solvent dependence of rotamer 
population). However, one cannot entirely 
exclude the possibility sf  a stabilizing bromine- 
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phenyl interaction in rotamer 1 although it is no stability of rotamers for the compounds investi- 
longer necessary to postulate an interaction of gated if one assumes that both dipolar and steric 
this kind. Indirect support for a stabilizing inter- interactions determine energy differences. The 
action is provided by the observation of stabili- former appears to be at least as important as the 
zation of polar rotamers by benzene. latter in solution and is probably of greater 

As previously discussed, the relative stabilities importance in the gas phase. 
of rotamers for other compounds can also be 
rationalized if one assumes- that dipolar repul- 
sions are as important as steric interactions in AeknowIedgments 

solutions of low F. Once again, conformational Financial support from the National Research 
preference might also be affected by stabilizing Council of Canada and the Department of 
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