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Iptroduction

In the preparation of 1. currendy underwayv at the University of New Orleans + H Bover
and M. L. Trudell). possible problems have been encountered in the nitration ot the precursor 20 It
1s believed that the trinitro denvative 315 obtained. but there s uncertainty concerning 1 In
response to the suggeston of RS Mudler. we have imvestigated the possibiiiy that the clectrome
properties of 2 andior 3 specitically at the unsubstuituted carbons, may be untavorabic tor the finai

mtration

Our approach involved computing the average local ionization energy, I(r), on the surfaces
of the relevant molecules. I(r) is a measure of the average energy required to remove an electron
at the point r. The positions on the molecular surface at which I(r) has its lowest values, IS min,
are the locations of the most reactive and easily removed electrons, and have been shown to be the
sites most susceptible to interactions with electrophiles [1-5], such as NOE in nitration.

I(r) is given by eq. (1) [1],

> .|

ke) = 4+———— 1
p(r) 1




in which p, 18 the electronic de: ‘he 1t molecular orbital, having energy ;. and p(r) is the
total electronic density. We denine the molecular surtace, tollowing Bader et al 6], as the 0.001
au contour ot pery

We camed cut an ab vutio HE/6-31G* optimization of the geometry of 1, using the
Gaussian 92 code |71 and then used the same structure tor 2. 3 and 4. removing the appropriate
NO: groups  The molecular surtace and lir: were computed at the HF/STO-3G level. which we
have used successtully in the past for these purposes [3,5]. For reterence. we also determined the
HF ' STO-2G 1§ qup of the mitrobenzenes 3 - 7. for these calculations we used the expernimentally-
determined geometry of benzene [8] and added the nirr~ - wups obtaned in opumizing 1. We
venfied that this does not intreduce any inconsistenc panng the resulung 1§ mun for § with
that obtained earlier tfor the same molecule using an HF/L (-3G geometry [§]. the magnitude was
the same. indicating that IS un 15 nOt highly sensitive to the exact geometry used for the

calculatuon.

NO. NO; NO.
@ @ j®
NO, O,N \/\NO
5 6 7

Results and Discussion

The relevant I min are shown in Figure 1. Looking first at the three reference molecules,
§ -7, it is seen that in 5 the most reactive position for interaction with an electrophile, as in
nitration, is b (lowest fs'm,-n). while in 6 it is c. These conclusions are in accord with the well-
established mera-directing tendency of the nitro group. As is to be expected, reactivity toward
electrophiles decreases in going from 5, for which the lowest Is mjn is 15.1 eV, to 6, for which it
is 15.8 eV. This reflects the strong electron-withdrawing power of the additional NO; in 6.
However the direct nitration of 6 to 7 can still be made to occur [3]. There is an even greater
increase in is,mi,, in proceeding to 7, in which it is 17.2 eV at the ring positions that can be
substituted. This is consistent with the known resistance of 7 to further nitration; 1,2,3,5-
tetranitrobenzene, 8, is prepared by indirect means [10].
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Molecule 4 is not really relevant to the present discussion because the synthetic pathway
introduces the two NO; groups of 2 at an early stage in the synthesis, prior to generation of the
turoxan rings {11]. It is notable, however, that we find an is.min at position b but not at a; this is
in agreement with the observation that the preferred site for the nitration of benzofuroxan, 9, is at
position 4 (or 7) [12].

In 2, the iS.min at the two unsubstituted carbons (positions a) is 16.3 eV, these are
accordingly less reactive than the sites in 5 and 6 that are known to undergo direct nitration
{positions b and ¢, respectively). Nevertheless, nitration at one of the available sites in 2 does
occur [11], yielding 3.

It is interesting to note that Is m;n at the remaining site in 3, position a, is higher in 3 than
in 2; evidently the ¢ffect of the third NO» group is felt despite the four intervening rings! Thus itis
more difficult to introduce the fourth NO;, and produce 1, than it is to go from 2 to 3. However
the difference between the [s min values in 2 and 3 is small, 0.3 eV (7 kcal/mole). and the Is min
of 3 1s still significantly below that of 7, which is known to resist nitration. Accordingly it seems

reasonable to continue with efforts to nitrate 3.
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Some Computed (STO-5G) Minima of Average Local Ionization

Energies on Molecular Surfaces

NO,
a=154eV a=l164eV
b=15.1¢eV a b=162eV
c=152eV ¢ c=158eV

b NO,

6
O
a
b 4
N\

NO,

a= 172eV
[i] a
NO,

7

0,N

a: no munimum,;

fs(r) = approx. 15.9 eV.

b=152eV
a=163eV
a=166eV




