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Conformations around carbon-heteroatom bonds

• Rotation around single bond between sp3 hybridised carbon and

other atoms such as N, O, etc., is also not quite free and leads to

conformers. In the case of trivalent and divalent atoms (N, O, etc.),

the lone electron pairs serve as the missing substituent.

• The energy barriers for methanol and methyl amine are 1.07 kcal

mol-1 (4.5 kJ mol-1) and 1.96 kcal mol-1 (8.2 kJ mol-1), respectively.

Therefore, the energy barriers for conformational change in

methanol is only about one-third of that in ethane (2.9 kcal mol-1;

12.1 kJ mol-1) and that in methyl amine is about two-thirds.

• This may be accounted for from the number of H/H eclipsing in the

transition states which is one for methanol, two for methyl amine

and three for ethane.
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Conformations around carbon-heteroatom bonds
• In general, the free electron pair is effectively smaller than

hydrogen or any other substituent. So, there is no bond eclipsing

(Pitzer) strain for the opposition of a bond with a lone pair.

Therefore, torsional energy barriers in methanol, methyl amine and

ethane can be equated to the number of H/H eclipsing strain these

molecules possess as shown in Figure 1.

• The rotational energy barrier in the C-N bond rises more steeply

with increase of substituents than in C-C bond. The same is true for

C-O bond. This is due to decreasing bond lengths.



Conformations and Intramolecular

Hydrogen bonding

• Conformational stability sometimes depends on intramolecular

hydrogen bonding between two vicinal groups. Intramolecular

hydrogen bonding between two vicinal groups confer an

appreciable amount of stability (8-20 kJ mol-1) to a conformer. For

effective intramolecular hydrogen bonding to occur, the donor and

the acceptor groups must be close to each other which is possible

only in the eclipsed or gauche conformation.

• In the eclipsed conformation, however, the atoms come within

contact distance, so van der Waals repulsive forces along with

torsional strain come into play, and act as destabilising factors.

Therefore, both these destabilising forces make the eclipsed

conformation unstable.
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Stable Conformer of Ethane-1,2-diol

• The gauche conformations with a torsion angle of 60-70° between

the two interacting groups are ideally suited for the formation of a

stable intramolecular hydrogen bonding. The anti conformer of

ethane-1,2-diol (A; Figure 2), though sterically favoured, with the

two comparatively large groups oppositely placed does not permit

the formation of such a bond because of large separation between

the interacting groups.

• Consequently, ethylene glycol (ethane-1,2-diol) exists almost

exclusively in the hydrogen bonded gauche forms (B) and (C).

The reason for this preference for the gauche forms, despite the

repulsive dipole-dipole interaction as well as a relatively small

van der Waals repulsion due to the small size of hydroxy group, is

the possibility of the formation of stable intramolecular hydrogen

bonding as shown in Figure 2.



Stable Conformer of Ethane-1,2-diol

• The stabilisation gained through the formation of intramolecular

hydrogen bonding is enough to outweigh the destabilising repulsive

interactions the molecule possesses in the gauche forms.

• As ethane-1,2-diol exists almost exclusively in the gauche forms, it

has a considerable dipole moment.
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Diasteromers with two vicinal hydroxyl groups

• Butane-2,3-diol exists in two diastereomeric forms, the meso and

the active (only one enantiomer is shown in Figure 3). In both, the

gauche conformers predominate because they permit the formation

of stable intramolecular hydrogen bond. The two gauche

conformers (E and F) of the meso isomer are enantiomeric, and so

are equally populated.

• The active isomer (2S, 3S) also consists of two hydrogen bonded

gauche conformers (H and I) which are unequally populated, the

one (I) with the two methyls anti being preferred over the other (H,

contains Me/Me repulsive gauche interaction), and presumably also

over the two gauche conformers (E and F) of the meso form. Both

the gauche conformers E and F contain repulsive butane-gauche

interaction.
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Diasteromers with two vicinal hydroxyl groups

• As expected, the intramolecular hydrogen bonding in the meso form

is weaker than that in the active form. This is due to the closing up

of the two hydroxyl groups in forming the intramolecular hydrogen

bond which is sterically unfavourable in the enantiomeric

conformers (E and F) of the meso isomer, since it draws the two

gauche methyls closer.

• On the other hand, the formation of intramolecular hydrogen

bonding in the diastereomeric conformers (H) and (I) is favourable,

since it increases the torsion angles between the two methyls in the

former (H) and between methyl and hydroxyl groups in the latter

(I). Since the intramolecular hydrogen bond is always stronger in

the active isomers, they are more stable than the meso isomers.
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Diasteromers with two vicinal hydroxyl groups
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Enhancement of Conductivity of Boric Acid    

using Diastereomeric 2,3-Diols

• Both active and meso-butane-2,3-diol enhance the conductivity of

boric acid (pKa= 9.14), but (-)-butane-2,3-diol enhances the

conductiviy of boric acid more than does the meso isomer. The

reason is that in the borate complex (J) of the active isomer

(Figure 4), the large methyl groups are anti, but in the borate

complex (K) of the meso isomer, the methyl groups are gauche.

• The same is true in the starting materials, if they are

intramolecularly hydrogen bonded. The free-energy change for the

conversion of the active diol (I) to the borate complex (J) is more

favourable than for the meso isomer (F). The free-energy changes

for these conversions are shown in Figure 5.

This Lecture is prepared by Dr. K. K. Mandal, SPCMC, Kolkata





Enhancement of Conductivity of Boric Acid    

using Diastereomeric 2,3-Diols

• The borate complex (K) of meso-diol suffers from repulsive

butane-gauche interactions for the presence of two pairs of Me/Me

units in the gauche positions.

• Therefore, the borate

complex (I) of the active

isomer is much more

stable than that (K) of the

meso-diol.

• Increasing conductivity is

thus due to increase in

acidity (104 times) of boric

acid in presence of diols.



Conformational Analysis of 1,2-Halohydrins

• The gauche preferences similar to that in 1,2-diols are also found in

2-substituted ethanols of the type, X-CH2-CH2-OH where

X = F, Cl, Br, OCH3, NH2, NHCH3, N(CH3)2, etc (Figure 6). In

general, all have the preferred gauche conformations with OH and

X forming intramolecular hydrogen bonds. Therefore, in all these

cases hydrogen bonding contributes to stabilization of the gauche

conformer. Usually the dihedral angle is slightly greater than 60°.

• 2-Chloroethanol (ethylene chlorohydrin) exists exclusively in the

hydrogen bonded gauche forms in the solid state. In the liquid and

in the gaseous state, an equilibrium is set up with 15% of the anti

and 85% of the gauche conformers (∆G°= -1.02 kcal mol-1;

-4.26 kJ mol-1 in favour of the gauche conformer) corresponding to

an equilibrium constant (K) of 5.6.
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Conformational Analysis of 1,2-Halohydrins
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Conformational Analysis of Conjugated Systems

• Compounds containing sp2-sp2 bonds belong to conjugated system,

and hence such bonds possess some double bond character. The

molecules are planar and exist in two conformations, transoid

(s-trans) and cisoid (s-cis). Let us consider buta-1,3-diene as a

representative molecule for the unsaturated systems with conjugated

double bonds (Figure 7). Actually, s-cis and s-trans conformations

are the two extreme cases. In fact such conjugated systems can also

assume infinite number of conformations about sp2-sp2 single bond.

• The most stable conformation of this molecule is the antiperiplanar

or so-called s-trans conformer ( ω = 180°; s refers to the fact that

one is dealing with conformation about single bonds rather than an

alkene configuration), which has a maximum of conjugation and a

minimum of steric interaction.
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Conformational Analysis of Conjugated Systems

• There is a second, higher energy conformer that may be either

gauche (ω = 60°) or s-cis (synperiplanar, ω = 0°), the gauche form

suffering from some steric interaction and less than optimal orbital

overlap, whereas the s-cis form has much better overlap but also

greater steric repulsions. Therefore, for steric reasons, s-trans

isomers are preferred over the s-cis or the gauche conformations.

• For buta-1,3-diene, the conformational free energy is in the range of

1.5-2.6 kcal mol-1 (6.3-10.9 kJ mol-1), and this energy corresponds

to either an s-cis or a gauche conformer with a barrier to

conformational inversion of 5.5-7.3 kcal mol-1 (23.0-30.5 kJ mol-1).

The difference of conformational free energy between the s-trans

and s-cis or the gauche conformation indicates that the s-trans

conformer exists to the extent of more than 92% in conformational

equilibrium.
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Conformational Analysis of Conjugated Systems

• The decision as to whether the second conformer is an s-cis or a

gauche conformer being made difficult by the shallow nature of the

potential energy function in the 0-60° region.



Conformational Analysis of Conjugated Systems

• α,β-Unsaturated carbonyl compounds can also have s-cis and

s-trans conformations. All α,β-Unsaturated aldehydes prefer to

assume the s-trans conformation. In general, α,β-unsaturated

ketones exist as a mixture of both s-cis and s-trans conformers at

room temperature. However, in mesityl oxide, s-cis conformer

predominates at conformational equilibrium (Figure 8).

• The decreasing stability of the s-trans conformer in mesityl oxide

is due to sterically congested ground state as a result of CH3/CH3

nonbonded repulsion as shown in Figure 8.



Conformational Analysis of Conjugated Systems

• Conformational preferences for other conjugated unsaturated

molecules like acrolein, acrylic acid, and methyl acrylate are shown

in Figure 9.

• Acrolein (propenal) exists largely in the sterically less crowded

s-trans conformer with an energy difference between it and the less

stable s-cis conformer of 1.7 kcal mol-1 (7.1 kJ mol-1) and an energy

barrier of 5.0-6.4 kcal mol-1 (20.9-26.8 kJ mol-1). Both structures

are planar.

• In the case of acrylic acid (propenoic acid) and methyl acrylate,

there is evidently little steric difference between the s-cis and

s-trans conformations.
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Conformational Analysis of Conjugated Systems

• The energy difference between these conformations is small,

0.17 kcal mol-1 (0.71 kJ mol-1) in acrylic acid (with a barrier of

3.8 kcal mol-1 or 16.0 kJ mol-1) and 0.31 kcal mol-1 (1.3 kJ mol-1) in

methyl acrylate. Here, also, it is not clear whether the less stable

conformer is s-cis or gauche.



Conformational Analysis of Conjugated Systems
• That the s-trans conformer is favoured so little in these compounds

suggests that it has little stereoelectronic advantage and that its

substantial predominance in the acrolein case is due to steric

reasons, that is, an unfavorable =CH2/O= interaction in the s-cis or

gauche conformation.

• The barrier (from the s-trans side) in acrylic acid is lower than that

in acrolein is in accord with the assumption of a sterically more

congested ground state (=CH2/OH eclipsed) in the acid (Figure 10).

• Similar explanation is also

applicable for the congested

ground state (=CH2/OCH3

eclipsed) in s-trans form of

methyl acrylate.


