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ANALYSIS OF TORSIONAL BARRIERS IN AMIDES AND THIOAMIDES BY THE PMO METHOD
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Binghaml has discussed the stabilizations arising in organic molecules
through interaction between a lone pair on a donor atom and the o orbital in a
vicinal polar bond.2 In the PMO treatment with neglect of overlap3 the stabili-
zation AE is given by (1),

2n, 2

AE = —=d (1)
Ae, .
1]

where Hij is the matrix element between the interacting orbitals and Aeij is
their energy separation.

Among Bingham's illustrations are the torsional barriers in N,N~dimethyl-
carbamoyl halides, X-CO-NMe, . The barriers decrease in the sequence X = F, Cl, Br
(Table) , and this is ascribed to a stabilizing interaction between the lone pair
orbital on nitrogen and the o* orbital in the C-X bond in the transition state.
The o* energy is assumed to decrease in the above sequence.

More recently, Kost and Kornberg4 have analyszad the effect of a para nitro
group on the torsional barrier in N,N-dimethyl-o-phenylcarbamate in the same
terms. The nitro group raises the barrier by 0.6 kcal mol™ !, whereas it was
expected, by lowering the o* orbital and thereby diminishing Aeij' to lower the
energy of the transition state and thus the barrier. Kost and Kornberg explain
the barrier-raising effect of the nitro group as a stabilization of the ground
state alone.

It seems as if these observations as well as the general effect of donor
groups X on the torsional barriers in amides, x-CO-NRz, and thioamides, X-CS—NRZ,
can be coherently analysed in terms of the interaction of the lone pair orbital
of the donor group X and the n* orbital of the (thio) carbonyl group in the ground
state and in the transition state.5 This statement is based on the observation
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that the matrix elements |Hijl are larger and the energy gaps Aeij smaller for

the nx-n;=0 interactiog than for the nN—oE_X interaction. .

The strong Ne~Teoo interaction in a planar amide should raise the 7 level
considerably, whereas in the transition state this level should remain approxi-
mately unperturbed. Therefore, AE due to the nx—n2=o interaction should be larger

in the transition state than in the ground state (Figure), and the difference

SAE = AEtr - AEgr is given by (2) and expected to increase with increasing ny
_ 2 I 1
SOE = 2H; 5% (5 - —7) (2)
ij ij

Ground state Transition state

Figure

energy. The ny energies should come in the same order as negative ionization

potentials of HX. The variations in the matrix elements are probably of minor

importance.6
An inspection of the Table shows that the above predictions are very well

borne out by the experimental barriers.

The torsional barriers in thioamides are in general 1-3 kcal mol” higher
than in the corresponding amides.17 In the present model this is explained by the
lower n* level in C=$ than in C=O.18 This gives a larger AE term for the inter-
action nN-n*, which is an agproximation to the barrier. Fu;thermore, a lower 7%
level leads to smaller n,-m energy gaps, the SAE values should be larger in

X
thicamides than in amides. This is seen to be the case (Table), and it is also
borne out by the statistical analysis performed by Piccinni-Leopardi et al.17 on
20 amide-thiocamide pairs, which gave the equation (3) with the correlation

coefficient r = 0.97.

AG* (thiocamide) = 1.13 + 1.11 AG* (amide) (3)

This model also allows an interpretation of the effects on torsional

barriers of substituents, which modify the donor capacity of the nitrogen atom.
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Piccinni-Leopardi et al.17 have used the nN—n* interaction model to explain the
difference in barrier between (thio)piperidides and {(thio)morpholides. The lower
barriers in the morpholides correlate nicely with the ionization potentials in
morpholine and piperidine, 8.91 eV and 8.66 eV, respectively. Larger effects,
such as the low barriers in N—vinylamides19 and N—fluoroamides20 are also encom-

passed by the n -7* interaction model.

N
Table
# 47Y
Torsional barriers (AGC) of X-C and ionization potentials (Ip) of HX
NMe2
X Y ac* kcal mo1™ ! Ref Ip eV Ref
H (o} [0} 20.9 7
F (o} 18.2 8 15.77 9
Cl (o] 16.7 8 12.74
Br o 15.7 8 11.62
CH30 o] 15.1 11 10.94 10
CGHSO 0] 16.5 4
P~0,NC.H,0 0 17.1 4
2~C3H7NH (o} 9.7 12 9.31 10
H S 24.1 13
F S 20.7 14
Cl S 18.7 14
CH30 S 17.7 15
CH3NH ] 10.6 16 9.64 10
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