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P-M Descriptor
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Butane-Gauche Interaction
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Calculation of % of anti and gauche forms of n-Butane at 298°K :
| 'lhe populations of the various conformers are related to thelr energy dlfferences by the

equation .

: Where AG° the conformational free energy, is equal to the excess of standard free energy of
one conformer over that of the minimum energy conformer. R T & As

- For the case of n-butane, the equilibrium anti == == gauche has AH® =,— O 8 kcal/mole (3-36
‘kJmol 1. In this case there is a statistical factor of 2 which favours the gauche form, ( since
shere are two enantiomeric gauche conformers) leadmg to an entropy advantage of Rln2 for the

‘latter.
Thus, AS°=-
Now from the relation,. AG°® = AH° - TAS® "T";"T';"f' Egn. 59
at 298°K,  AG® = - 0-8 keal/mol — (-RT1n2)
= =.0.8 kqal/mol + 0.41 kecal/mol
= —0-39 kcal/mol. (=1.64 kdJmol?)
Putt‘i.ngv.this.'value of AG° in the equation AG°= —-RT In K,

(anti)

: wegetK—-m 1-9

That is, at (25°C) the distribution of conformations in n-butane is 66% anti and 34% gauche.

It must be noted that gauche conformers of n-butane represents chiral molecule but not
resolvable for rapid change in conformations.
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PE Diagram of 2,3 dimethyl butane
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Some H-bonded molecules
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If a compound contains free electron pairs on adjacent atoms, these electron pairs tend to
occupy the skew position to one another. A similar behaviour is exhibited by free electron

pairs that are in the vicinity of polar bonds. This phenomenon has come to be known as

gauche effect. The manifestation of gauche effect may be illustrated by the preferred
conformations of a few compounds presented below(also see page 272).



Preferred conformation

Compound Formula
| b, A /5D
) P - gauche
Hydrazine H,N-NH, " H @ H
H
Hydrogen peroxide HO-OH P - gauche
(@]
o |

| ' R\ C—R
Peracids . R -C-0O-OH ' @ P - gauche

Azines R,C=N-N=CR, @ M- gauche
R,C
RZ

Filg. 5. 54

The preference of the gauche conformations of 2-haloethanols, 1
related compounds is also interpreted from the stand point of the : a
skew interaction of free election pairs with polar bonds. g
effect is further helped by intramolecular H-bonding.

7/

» 2-dimethoxyethane and
uche effect in the form of
In case of 2-ha.loethanols, gauche






\S\./HSCHchZCHQ-Cl have the following staggered conformations about C-1/C-2 bond.

C,H; C;Hs C,H,
H~ H g Cl cl H
H H H H H H
Cl H H
anti — form P — gauche form M — gauche form

In this case anti form is less stable and gauche form is more stable by 1.3 kJmol?. The forces of
attraction rather than those of repulsion are operating between the chlorine and ethyl group. The
torsion angle in gauche form is around 65-70°. It is thought that in this geometry, -C,H, and -Cl are at a
distance where van dar Waals attractive forces predominate over the repulsive ones.

Staggered conformations for rotation about C-2 / C-3 bond are as follows.

CH3 . CH:, CH3
H 2R . H CH,CI CIH,C H
H H H H H H
CH,CI H H
anti p — gauche M — gauche

In this case anti form is more stable by 1.7 kJ mol*. In gauche forms van dar Waals repulsive forces
are predominating because of the bigger size of the groups.












