
Problem IV: 

1. Determine the relative order of population of diaxial-forms of trans-1,2-

dichlorocyclohexane, cis-1,3-dichlorocyclohexane and trans-1,4-dichlorocyclohexane. 

2. Dipole moments of two diastereoisomers of stilbene dichloride are 1.27 D and 2.75 D. 

Which corresponds to which?  

3. Relative populations of the diaxial- and the diequatorial-conformers of trans-1,2-

dibromocyclohexane is as follows:  

 

Explain the above observations.  

Solution IV: 

1. For trans-1,2-dichlorocyclohexane, we have the following situation: 

 

For cis-1,3-dichlorocyclohexane, we have the following situation: 

 

For trans-1,4-dichlorocyclohexane, we have the following situation: 

 

Considering the above three situations we can say that, the percentage of the diaxial, (a,a)-form 

for the three given isomeric dicholocyclohexanes varies in the following order: trans-1,2-

dichlorocyclohexane > trans-1,4-dichlorocyclohexane > cis-1,3-dichlorocyclohexane. 



2. Let us consider the conformational analysis of the two diastereoisomers of stilbene dichloride, 

PhCHCl—CHClPh. The most favoured conformer for each of the two diastereoisomers of 

stilbene dichloride is that one where the bulky phenyl groups are placed anti to each other. Thus 

the favoured conformers for the meso and the active-isomers of stilbene dichloride are 

respectively: 

 

In the most favoured conformer (I) of meso-variety, not only are the bulky phenyl groups anti to 

each other but also the dipolar repulsion between the two carbon-chlorine bonds is minimized. 

Since this particular conformer has zero dipole moment, the overall dipole moment of the meso-

form is expected to be low. The gauche conformer is minor but present in the equilibrium, so the 

overall dipole moment is not zero. 

 

In contrast, for the active-variety, conformation (III), where the carbon-chlorine dipoles are 

placed anti, the bulky phenyl groups remain gauche to each other and this conformer therefore 

contributes relatively little to the equilibrium. The preferred conformer (II) has the phenyl groups 

anti to each other but, of course, has an appreciable dipole moment and therefore the overall 

dipole moment of active variety is expected to be greater in comparison to that of the meso-

isomer.  

 

From the above study it is obvious that the meso- and active-variety of stilbene dichloride can be 

distinguished from their dipole moment values 1.27 D and 2.75 D are for meso-variety and active-

variety respectively.   

3. The two conformers of trans-1,2-diboromocyclohexane are: 

 

Here the diequatorial-form is favoured sterically but suffers from dipolar repulsion. The reverse 

is true for the diaxial-form. On moving from gaseous to liquid or to solution phase, the dipolar 

repulsion is reduced through association or solvation, leading to an increase in the percentage of 

the diequatorial-form. The more polar diequatorial form will also experience better solvation as 



the polarity of the solvent is increased. Benzene is more polar than carbon tetrachloride and thus 

the percentage of the diequatorial-form is highest there.  

Problem V: 

1. Explain why one member in each of the following pair is more acidic than the other: 

 

2. We have the following data for the two diastereoisomers of 4-t-butylcyclohexylamines:  

                                  cis-isomer, pKb = 3.50 

                             trans-isomer, pKb = 3.40 

Explain the above observations.  

Solution V: 

1. A. Due to the presence of the bulky t-butyl group which remains preferentially at the equatorial 

position, the flipping of the cyclohexyl ring is arrested here (anacomeric system). Let us take a 

close look at the puckered form these trans-isomers. For the isomer (I) we have the following 

situation: 

 

Here the carboxylate and carboxylic acid groups are anti to each other and thus there is no 

possibility of any intramolecular H-bonding. However, for the other isomer (II): 

 

the carboxylate and carboxylic acid groups are close to each other and does form an 

intramolecular H-bond. This discourages the departure of proton from the –COOH group. Thus 

(I) is expected to be more acidic than (II).  

B. This is yet another anancomeric system where the cyclohexane rings are fused in trans-manner, 

thereby arresting the flipping. Let us take a close look at the puckered form the given isomers. 

For the isomer (III) we have the following situation:  

 



Close proximity of the –NH3
+ and –OCH3 groups implies presence of an intramolecular H-bond 

that discourages the proton departure. However, for the other isomer: 

 

–NH3
+ and –OCH3 are away from each other and there is no possibility of H-bonding between 

them. Thus (IV) is more acidic than (III).  

2. Presence of the bulky t-butyl group that remains preferentially in the equatorial position arrests 

the flipping of the cyclohexyl ring and makes the system anancomeric. Thus the preferred 

conformations of the two isomers are: 

 

The trans-isomer is expected to be the stronger base because in the corresponding conjugate acid 

- the equatorial –+NH3 is more effectively solvated than that of the cis-isomer where the amino 

group is placed axial and encounters some steric hindrance to solvation. The pKb data supports 

this reasoning.   

 




