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Abstract-The origin of Cotton effect shown by o-nitrobenzoyl esters is discussed. The Cotton effect 
observed for I-(-)-menthyl ester of 3-n~~oph~alic acid and of ~ni~ohe~rnelliti~ acid (6 and 12), 
indicated that the favoured twisting direction of the nitrobenzene moiety is determined by the 
asymmetric menthyl group through the intervening carboxyl groups. This provides a new concept in 
conformational analysis of aromatic compounds. Extending the concept of conformational transmis- 
sion to 2,2’-dinitrobiphenyl derivatives with known absolute configuration (16 and 17), chirality of 
twisted nitrobenzene was related to the sign of the Cotton effect at 330 nm in accordance with the 
result of X-ray crystal analysis of l-f-)-menthyl ~brom~2-ni~obenzoate (1). 

In the previous paper,’ we reported that o-nitroben- 
zoate of optically active secondary alcohols show 
Cotton effects near 330nm and found a rule be- 
tween the sign of the Cotton effect and the absolute 
configuration of the secondary alcohols. In order to 
find out the principle for the rule some considera- 
tion and experiments were attempted. 

Confo~a~ion of o-~ifrobe~oyl esters. By X-ray 
crystal analysis’ of 1-(-)-menthyl4-bromo-2-&o- 
benzoate (1) the conformation in crystalline state 
was established as shown in Fig 1. Though we have 
no security that the favoured coronation in solu- 
tion is the same as that in crystalline state, no better 
methods to determine it could be found. Hence in 
the following discussion we assume that the same 
conformation is predominant in solution. 

In considering the conformation of o-nitro- 
benzoyl esters of secondary alcohols, three points 
should be taken into account. First, coplanarity of 
the nitro and alkoxycarbonyl group with the ben- 
zene ring. Three cases are possible: (A) both groups 
are coplanar, (B) one group is coplanar and the 
other is not, (C) both are not coplanar. Fig 1 shows 
that (C) is the case. This means that the steric hin- 
drance between the groups is released by the twist- 
ing of both groups and that the loss of resonance 
stabilization energy in the case (C) is less than that 
in the case (B), where one group must be far more 
twisted than in the case (0. Both groups twist in 
the same direction in Fig 1. This can be expected by 
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inspection of CPK molecular model, because twist- 
ing in opposite direction causes far more steric in- 
teraction. This type of conformational restriction 
can be observed in the crystal structure of mellitic 
acid’ and of l,2~iphenylbenzene.4 The second 
point is whether the nitro group is nearer the car- 
bony1 oxygen or ether oxygen. In the previous 
paper we assumed the latter conformation from 
consideration of dipole interaction. However the 
result of X-ray analysis indicated that the former is 
favoured. Hence, the effect of the supposed dipole 
repulsion would be less than the steric repulsion be- 
tween the nitro group and the substituent on the 
asymmetric carbon. Lastly, the possibility due to 
the rotation about the 0-C(asym) bond (Fig 2). 
Fig 1 corresponds to (c). Brewster’ assumed an 
equilibrium between (a) and (b) in explaining his 
benzoate rule. Jennings et aL6 assumes the confor- 
mation (c) in his acetate sector rule. There seems to 
be no significant energy difference among the con- 
formers a, b and c. Hence, any minor factor seems 
to change the relative stability of these conformers 
(e.g. solvent effect, neighboring group etc). Any- 
way, we will assume the conformer (c) in the fol- 
lowing discussion. 

On the basis of the above consideration, the con- 
formation shown in Fig 1 can be expressed as (d) 
and (e) in Fig 3, which are projections along O-C- 
(asym) axis. Conformers (d) and (e) have opposite 
chirality in the nitrobenzene moiety. They seem to 
have quite similar energy and the only conceivable 
source of energy difference is the interaction of the 
substi~~nt M or L on the asymmetric carbon with 
the H-atom or&o to the carboxyl group. The in- 
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Fig 1. Conformation of 1 u-methyl ~bromo-2-ni~ubenzoate in crystalline state. 
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Fig 2. Probable conformers of a set aIkyl ester with S- 
configuration. 
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Fig 3. Projection of two probable conformers of a set 
alkyl o -nitrobenzoate with S-configuration. Shaded area 

means the benzene ring. 

teraction would be slightly larger in (d) than in (e) 
and make the latter the more abundant conformer. 

Origin of the Cotton effect and confo~atio~a~ 
transmission. The conformer (d) should show 
strong Cotton effect due to twisted nitrobenzene 
which constitutes an in~nsically disymmetric 
chromophore and determines the sign of the Cotton 

effect as first order approximation. The conformer 
(e) also should show a similar Cotton effect of the 
same order of strength but of opposite sign. Hence, 
the Cotton effect due to (d) and (e) cancel each 
other and their populational difference would cause 
the net Cotton effect observed. IIowever, the 
energy difference would be very small, so there re- 
mains some ambi~ity whether there are really 
effective populational differences or not. If there is 
no effective energy ditIerence, the origin of Cotton 
effect should be attributed to minor perturbation by 
neighboring asymmetric environment due to the al- 
coholic asymmetric C atom. The perturbation 
would be controlled by a proper sector rule, which 
would define Cotton effect of (d) and (e). 

In order to discriminate between the two possible 
origin of the Cotton effect, (-)-menthyl m- 
ni~obenzoate (2) and 3-~trophthalates (4 and 6) 
were prepared and their ORD spectra were meas- 
ured (Fig 4). Compound 2 shows no Cotton effect 
near 330 nm, but 6 shows a negative Cotton effect 
similar to those of 1 and 4 in sign and magnitude. 

Fig 4. ORD curves of compounds 2,4,6 and 7. 










