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Conformational and Chemical Consequences of Vicinal Polar Bonds 

By LAWRENCE PHILLIPS* and VICTOR WRAY 
(Organic Chemistry Department, Imperial College of Science and Technology, London SW7 2AY) 

Sumiriary A relationship exists between conformational 
energy differences in 1,Z-disubstituted ethanes and the 
polar nature of the substituents; a parallel may be drawn 
with the observed stereochemistry of addition to olefins. 

IN a recent study,l Wolfe et al. consider the consequences of 
interactions between vicinal electron pairs or polar bonds 
upon the stability of molecular conformations, and upon the 
course of chemical reactions in which polar bonds are 
generated in a vicinal relationship to each other. They 
suggest a rule1 which purports to predict conformational and 
configurational behaviour in such situations. If this rule 
is applied to the majority of 1,2-disubstituted ethanes2 the 
wrong prediction is made about the relative stability of 
gauche and trans conformers. It does seem to apply, 

negativity sum of approximately 7.4 units on the Huggim 
scale, and 1,Z-dioxygenated compounds (CE = 7-0) are 
very near this. Solvents play an  important part in deciding 
the point of change over, although our observations suggest 
that  in any one solvent the correlation line is parallel to the 
gas-phase relationship; i t  appears in practice, that  in any 
solvent 1,2-dioxygenated derivatives prefer to exist as 
gauche conformers.4 

If one of the substituents is CH,, the data do not fall on 
the main line; nevertheless, as the other group is changed 
for a more electronegative substituent a parallel trend is 
observed and the gauche conformer becomes increasingly 
favoured (Ih-j, Table 1). 

These considerations have application to the conforma- 
tional and configurational properties of cyclic systems in 

TABLE 1 

Gas-phase energy diffeerences, AE:+, for 1,2-disubstituted ethanes, XCH,CH,Y, (I) and &substituted 2-isopropyl-1,3-dioxans, (11) 

Substituent AE,", Substituent AE"/2 
(kcal mol-l (kcal mol-l) 

X 
F 0-3 (0.04) 
c1 1.1 (0.89) 
Br 1-25 (1.11) 
OMe 0.63 (0.49) 

X Y  (11) 
F F  - 0.6,' 0 (- 0.48)' (a) 
F C1 0.5, 0.2 (0.44) (b) 
F Br 0.30, 1.00 (0.66) (4 
C1 c1 1-20 (1.28) (4 

(1) a 
(4 
(b) 
(4 
(a) 

(g) 
(h) 
(i) 
(j 1 

C1 Br 1.43 (1.51) 
Br Br 1.77, 1.66 (1.74) 
I 1  2.6 (2.41) 

[;I 
Me F - 0.47 
Me C1 - 0.05 
Me Br -0.28, 0.0 

Values from ref. 2. b Values from ref. 6. c Value from R. 1. Abraham and R. H. Kemp, J .  Chem. SOC. (B) ,  1971, 1240. d Values 
in parentheses calculated using the equation in the text. 

however, for highly electronegative substituents such as OR 
or F. A detailed criticism of the rule regarding vicinal 
electron pairs has been given by Pople et ~ 1 . ~  

Abraham and Parry2 analyse the energy difference 
between various gauche-tmns conformer pairs using the 
methods of classical mechanics ; this approach breaks down 
in situations where the rule of Wolfe et al. holds, and is 
successful where this rule fails. 

Table 1 lists the energy differences between such isomers 
in the gas phase. If the energy difference between gauche 
and tvans forms of 1,Z-disubstituted ethanes is considered 
solely in terms of the polar nature of the substituents, a 
significant trend emerges. For halogen substituents there is 
a linear relationship between the energy measured in the 
gas phase, AE,"_,, and the sum of their Huggins electro- 
negativities (CE)  : 

AEY-, = 8.39 - 1.128CE 

Values calculated for this difference are shown in Table 1 
As the sum of the electronegativities increases, the tram 
conformer becomes relatively less stable and for 1, Z-difluoro- 
ethane the gauche form predominates. The point at whick 
gauche conformers become more stable occurs at an electro- 

certain cases. Elie15 has observed that in 5-substituted 2- 
isopropyl-l,3-dioxans (11) there is a marked decrease in the 
preference for the trans compound, with the 5-substituent 
(X) equatorial, as the electronegativity of X increases : 

X 

cis trans 

Recently Abraham et a1 have estimated the energy 
differences between these isomers in the vapour phase; if 
allowance is made for the fact that  each isomer has two 
vicinal X-0 interactions then the results lie upon the 
correlation line defined by equation (1) (IIa-cl, Table 1). 
In  all cases the trans isomer is more stable than the cis 
(contrary to the rule of Wolfe et d.), but as the group S 
changes from Br to F the energy difference decreases from 
1.25 to 0.3 kcal mol-I. Solvent effects result in a relative 
stabilisation of those isomers with gauche interactions, an(l 
in CHCI, solution compounds with X = F, OH, or KO, 
prefer to exist as the cis isomer while those in which X = C1 
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or Br are more stable in the trans form;6 the trend does, 
however, parallel the vapour phase results. 

It would appear that for 1,Z-disubstituted situations in 
general, the rule of Wolfe et aZ.1 only applies for very electro- 
negative substituents, and for oxygen functions it is only 
reliable when the molecules are in solution. A better way 
of defining the situation would be: “When polar bonds are 
placed or generated on adjacent carbon atoms, the relative 
orientation of the bonds which is the most energetically 
favoured is the same as that observed in the corresponding 
1,2-disubstituted ethane under the same physical con- 
ditions”. 

TABLE 2 

Stereochemistry of tlze electrophilic addition of XY to simple olejinsa 

trans- Addition cis-Addition 
(predominant)b (predominant) 

1, 
13r2 

c12 
HCl 
H Br 
H I  
ArSCl 

FOCF, 
N O ~ N O ;  

a From data in refs. 8 and 9. 
b See text and ref. 8 for a discussion of the stereospecificity of 

the addition of Br2 and C1,. 

There are many important chemical consequences of 
these observations and we will present elsewhere a theoreti- 
cal examination and a full account of the chemical signifi- 
cance. One example concerns the course of the con- 
densation of D-arabinitol (111) with formaldehyde under 
acid conditions ; this reaction could yield either the 2,4 : 3,5- 
diacetal with a trans-fused ring system (IV) or the 1,3: 2,4- 
diacetal with the cis-fused rings (V). Steric considerations 
would clearly suggest that the trans-fused system (IV) 
should be the more stable, but experimentally it is found 
that (under conditions of equilibration) only the cis-fused 
isomer (V) is obtained as the thermodynamically favoured 
product.’ This observation may be rationalised if it is 
realised that the rigid isomer (IV) has three trans oxygen- 
oxygen interactions while (V) can adopt a conformation (i) 
in which only gauche oxygen-oxygen interactions occur; in 
solution, the gauche arrangement is always preferred for 
vicinal oxygen substituents. 

An important reaction in which polar substituents are 
generated in a vicinal relationship to each other is the 
addition of a molecule X Y  to an olefin. The accepted 

mechanism is a two-step process; initial attack by X+ 
produces an intermediate carbonium ion which is captured 
by Y-  to yield the neutral adduct. The reaction is often 
markedly stereospecific, and Table 2 summarises the pre- 
ferred nature of addition (cis or trans) for various addenda 
XY. The observation that the trans product is observed 
for the addition of, e.g. Br,, has led to the suggestion that the 
intermediate carbonium ion formed by the attack of X+ 
has a bridged structure. 

CH2OH 
I 

Addition of C1, to olefins is markedly less stereospecific 
than that of Br, however, and significant amounts of cis 
products are sometimes observed.8 If the molecule XY 
hashighlyelectronegative components, e.g., N,O, (NO$ NO;) 
or CF,OF (F+OCF;), the addition occurs specifically  cis.*^^ 
There is a remarkable parallel between these results and the 
trends observed for the influence of the substituents X and Y 
upon the relative stability of cisoid (gauche) and trans 
conformational isomers ; as the sum of the electronegativities 
of X and Y increases there is an increasing tendency to 
form cis rather than trans adducts. 

It may well be that the bridged carbonium ion inter- 
mediate is an unnecessary hypothesis, and that the elec- 
tronic interactions which lead to  the observed stereospeci- 
ficity are “built in” to the potential energy profile as soon as 
the nucleophile Y- approaches for the second step, even if 
an unsymmetrical carbonium ion (RlXCH-C+HR2) is 
formed. 
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