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Abstract ~ INDO calculations of the preotonation energies-and lone pair orbi-
tal energies of twenty pyrazoles and twenty imidazoles have been carried out
in order to ascertain the mechanism of the substituent effect. Methyl, cyano,
fluorgp, amino, and nitro substituents have been examined. The last one shows
a special behaviour. The importance to optimize the geometry and the reasons
for the anomaly shown by the nitro derivatives are discussed.

In 1981 Gribov et 3&.1 restated the problem of the mechanism of transmission of polar substituent
effects.2 Even for small molecular systems, where the substituent and the reaction centre are near
(separated by one or two bonds), they assumed that the transmission is essentially through space.
Their conclusion is mostly based on the fact that calculated total charge densities of ring atoms
for pairs like nitrobenzene-benzene, phencl-benzene, etc. hardly change whereas the calculated
electrostatic potentials of nitrobenzene and phenol are clearly different from that of benzene,
Due to this fact, they rejected a mechanism of transmissien-through-the-bonds, even in aromatic
systems, as the main factor for the 'modification of reactivity produced by polar substituents.
More recently, the same author‘s3 have analyzed the effect of polar substituents on the calculated
(CNDO) protonation energies AEp of pyrazoles I. Stressing on the aforementioned ideas, they
pointed out that the depth of the minamun of the molecular alectrostatic

Ry potential (which 1s located near N,y the basic centre of pyrazele) is li-
QNI | nearly related with aEp, wheregas the total charge of the basic centre,
\-T1 Ry qNE. does not show any correlation with the protonation energy {r?=0,117),
Ry Thus they conclude again that there is no relationship between the reacti-
1 vity and any property located on the basic centre Np.

We do not think’ that the arguments given by Gribov are sound, particularly if we take into account
the fact %hﬁt Oy {total) includes molecular orbitals not directly implicate¢ in the protonation
process., These M) change from one compound to another, especially in tHe pyrazole family where the
basic centre Ny is contiguous to the pyrrolic nitrogen N1. As a matter of fact, other magnitudes
are more adequate for this type of analysis. For instance, the existence of linear relationships

4-12

between the proton affinity and the (1s) inner-shell icnization energies or between the former

8,12-18

and the valence-shell 1onization energies 15 well established. The fact that substituents

produce appreciable modifications on the above energies, even when they are located far from the
basic centre is also well documented. o 2o
Gribov et 31.3 assume that the influence of the reorganization of the molecular geometry produced

by ‘the substituent is negligible. Our opinion radically differs from that of Gribov, especially in
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comparative problems like those of substituent effects on pyrazole proton affinities. It has been
shown by Coulson qe_EfE.m that the substituent produced geometrical modifications of the ring due
to hybridation effects, valence-shell electron-pair repulsions, intramolecular nonbonded interac—
tions and coulombic interactions between formally charged atoms. INDO method on fully optimized

geometries has given satisfactory results on similar problems.25_27 If the same pyrazoles as those

studied by Gribov et a\_l_.3 are calculated using the INDO procedure on optimized geometries, the co-—

rrelation between AE p and Qy, increases from r2 = 0,117 to 2 = 0.563, indicating that, contra-

ry to Gribov's conclusions, there '1s some relationship between the protonation energy and the to-
tal charge of the basic ccantr*e.28
In the preceding paper of these serieszg we have shown that for parent diazoles {(pyrazoles 1 and

3 R4 1mdazoles II} and their methyl derivatives there is a linear correlation between
"; l the protonation energies AEp and the lone pair orbital energies SN (N2 in pyra-
)\ R zoles and N3 in imidazoles). Forty pyrazoles and imidazoles bearing different

R2 Ny S substituents (CHS, CN, NH, NO,, F)BO

R, ximation. All the geometries were optimized; the three atoms of the nitro group

have been calculated within the INDO appro-—

e lie in the diazole plane but the ﬁydr‘cgen atoms of the amino group were free to

adopt the more stable geometry {both below the plane of the diazele forming a
flattened pyramid). The protonration energies ﬂEp (in kcal.mole™ '} and the orbital energies &g
A
{in a,u.) are gathered in the following table.

TABLE, Protonation energies (kcal.mole_1) and lone pair orbital energies (a.u.)

Pyrazoles Imidazoles

N2 R, Ry Ry Ry AEp &N Ne Ry R, Ry Ry /_\Ep €y

1] H H H H 356.7 [0.4788 | 21 | H H H H |368.5 | 0.4577
2 H CHy H H 363.7 [0.4675 | 22 | H H CHy H {373.7 | 0.4475
3| H H H CHy | 362.4 |0.4731 23| H H CHz 1 371.3 [ 0.4570
4 | H H CHy H 356,9 | 0.4769 { 24 | H CHy H H [ 378.0 | 0.4444
5| H CHy H CHy 369.7 | 0.4621 25 | H H CH;  OHy [ 375.8 | 0.4475
6§ H Gy Chy H 364.1 | 0.4857 | 26 | H CHy  CH, H | 382.7 | 0.4357
|1+ H CH,  CHy | 363.4[0.4716 | 27 | H CH, H CH, | 380.2 [ 0.4443
8] H CH,  CHy  CHy [ 369.3|0.,4509 | 28| H CHy  CHy  CHy | 384.3 | 0.4357
9 | cHy H H H 360.110.4735 | 29 | CHy H H H | 370.6 | 0.4606
19 [cHy  cHy H H 367.4 [ 0.4627 { 30 | H N, H H | 384.7 | 0.4420
11| OHy H H CH, 366.0 | 0.4686 | 31 H H H NH, | 374.9 | 0.4482
12 ) cHy H CH;  CHy | 361.1[0.4724 | 32 | H H H F | 358.3 | 0.4600
13 jcHy  oHg H CHy | 372.7 | 0.4571 33| H H H CN | 360.9 | 0.4727
14| H H NH, H 358.7 | 0.4720 ¥l H H NO,, H |345.7 | 0.5111
1B} H H F H 342,9 (0.4925 | 33| H H H NO, | 345.3 | 0.5128
16 H H H F 349.0 |0.4883 | 36 | H NO,, H H | 343.7 | 0.5113
7 H H CN H 348.6 [0.4885 | 37 | H CHy Oy H | 356.3 | 0.4989
18| H H H cn | 350.2 [0.4905 [ 38 [ N CH, H NO, | 355.6 | 0.5008
19| H H N, H 331.9 [0.5285 [ 38 | CH, H NO, H [ 348.0 | 0.5112
26 [ H H H NO, [ 331.9 [0.5204 | 40 | CH, H H NO, | 348.3 | 0.5085
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A representation of fﬂEo vs EN is given in the preceding figure. Clearly two families of deriva-

tives are present: that including all the compounds (Pyrazoles & and imidazoles m ) put the nitro
derivatives (Eg. 1) and the nitropyrazoles (4 ) and nitroimidazoles (™) family (Eq. 2).

AEp 679.6 + 675.9 £ . n = 31, r° = 0.063 [11

AEP = 765.3 + 819.7 £ ., n= g9, rZ=0.082 [2]
The nitro derivatives set includes compounds with the nitro group in the & position to the basic
centre (N2 in pyrazoles and N3 in imidazoles) M3§, 36, 37, 39, and 1n the [5 position, 19, 20, 35,
33, 40.

PrAve

These results deserve some comments:

]

- The fact that the correlation between ﬂEp and Gy lmproves when the geometries are
optimized cats a doubt on Gribeov's conclusions,

- The excellent agreement between AEp andg €N shows that a property located on the
basic centre conveniently describes the modification of the reactivity of that centre produced by
the polar substituent’

. Trying to understand why the nitroc derivatives lie aside we have observed that the
orbital located on the nitrogen lone pair and ¢n the mitro group are very close (the second one

slightly more energetic) and this results in some mixing. Thus, the calculated € values are too

N
large (approximately ~0.02 a.u., from the faigure).
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