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FIGURE 1. Atomic charge distribution (net charge). s-bond orders, bond overlap 
population (in parentheses), frontier orbital energies and dipole moeents o? 

substituted 7t2-benzisozazole P-oxides. 
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of the parameters refers to ieolatcd mlectis and may bealtered app&ably in the vicinity of reactive 

species. Since the reactivity of the 1,2-benzisoxaaole 2-oxides was investigated in solution 
a 

intermediates likely to arise from interactions with the surrounding molecules are discussed. 

The substantial charge separation betwtcn,the nitrogen'*d the exocyclic oxygen atoms (Fig-f) 

and.the relative magnitudes of the HO orbital'ntomic coefficisnte of both termini (Table 1) indi- 

cate the dipolar nature of the N2-02 functionality. On the other hand. the z-bond orders suggest 

some partial double bond character in the dipole& 

Senzof'usion is known to confer stability to the isroxazole and to htterocyclee in general 
1e-16 

In fact, the conjugation between the two unite brings about both a charge transfer and a mutual 

polarization, which are modified by the dipole. The latter mainly affects the electron distribu- 

tion in the heterocyclic unit (Fig. 1). Consequently the ring g2-0, bond is weakened with respect 

to the deoxygenated molecule , ae ehown by the lower z-bond orderel6. Furthermore it compares with 

the adjacent C-O bond and the most strained bonds in come furoxans 
10 . The weak z-bond character 

of the ring C-O bond indicates an insignificant contribution of tht lone pair of the ring oxygen 

to the aromaticity of the unit. The contribution of the C3-C3a bond is somewhat larger vhile the 

N2-Cj is a remarkably localized double bond and compares with those of the carbocycle. 

The parameters related to charge distribution demonetrate trende. rather than actual changes 

induced by the substituents in the ring, bearing in mind that not fully optimized geometries were 

considered (Fig.1). The substituent effect8 are more pronounced on the polarities of the hetero- 

nuclear bonds while the polarity of the weak N2-0, bond r-inn unperturbed in all cases. 

The position of maximum conjugation between the dipole and substituent appears to be C-6 

deduced from the extent of z-bond order changes of the exocyclie N2-02 bond. The influence of 

eub~tituents at C-3, on the z-bond character of the dipole ie quite notable (lb, lh)intbe&sence 

of the interfering effects from aubetituentti in the carbocycle. Substitution ztC-5 (or disubstitu- 

ticn at C-5 and C-7) seems to affect almost exclusively the z-bond character of the ring C-O 

bond flc, 1s and lf). This euggeets an alternative mode of conjugation between the subetitufnt(e) 

and the lone pair of the ring oxygen. 

The calculated dipole moments (Fig.11 were obtained as the sum total of o and s contributions. 

In terms of charge distribution, the effect of the nature and position of substitution on the di- 

pole moments is clearly shown in lc and lg. The lowest value for the former and the highest for 

the latter are the result of the stabilizing and destabilizing influence of the substituents 

respectively. 

The energies of the frontier orbital8 alsoappear tobequitesenaitivetosubstituent effects al- 

though the reliability of the CNW/2 method in thie aspect is not unqueetionably accepted 17 . 

'There is a distinct energy separation betveen HO and lDR0 a6 well aa LU and NLU orbital8 (Fig.2). 
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FIGURS 2. Influence of aubstituents onthe frontier orbital energies. 
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TABLE 1. cBw/2 frontier orbital coefficients. 

la lb lb (motonatcd form) 

Ho(x)* LO(r) HO(x) LU(r) HO(r) MT(o) 

N-2 
O-2 
o-1 
c-3 
C-38 
c-4 
C-5 
c-6 
C-7 
C-7a 

0.255 

~8'~~ 
0:484 
-0.234 
-0.225 
0.125 
0.297 
0.297 
0.038 

0.565 
-0.333 
-0.165 
-0.387 
-0.276 
0.334 
0.020 
-0.347 
-0.347 
0.219 

0.294 
-0.651 
0.030 
0.473 

-0.188 
0.100 
0.261 

-0.254 

-0.541 
0.315 
0.160 
0.390 
0.278 

0.353 

-0.229 
-0.185 

-0.194 
0.046 

0.186~o.269~~ 
-o.153~+o.l71P 

-0.002 -O.llOp, Y 

0.423 -0.516s 
-0.532 
0.293 

g.x~~-o.173px+o.158pY 
. 

0.171 0.121s 
-0.479 
0.311 o.238e+0.110px 
0.133 -0.11~8 

4* 

6 
0 

2' 

lh lh (zu&nM.od form) 

HO(X) LU(X) HO(x) Ml(x) 

N-2 
o-2 
o-1 
c-3 
C-3a 
c-4 
C-5 
C-6 
C-7 
C-7s 
C-l' 
c-2' 
c-3' 
c-4' 
c-5' 
c-6' 

-0.292 
0.613 

-0.459 
0.172 
0.203 

-0.21(9 

0.242 
0.134 
0.153 

-0.192 

0.204 

0.556 
-0.335 
-0.157 
-0.363 
-0.196 
0.276 

-0.273 
0.178 
0.152 

-0.197 
0.132 
0.133 

-0.221 

0.2'+3 

-0.213 

0.131 
0.477 
0.363 

O.C72 0.127 
-0.493 0.177 

-0.348 
0.493 -0.235 
0.510 

0.358 
0.177 
0.125 

-0.342 
0.269 

a The basic functions for all the x-type MOs are the P, AOs. 
(nepigible contributions are indicated where value6 are 
not given). 
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The greatest variation is observed between the LU and XLU orbitals euggesting an enhsnced sensiti- 

vity of these orbitale to substituent effects. 

Fundamental to the chemistry of &oxides is their electronic "push-pull" character'. It is 

evident from a study of valence bond. form&m of the parent mIecu.le la that the -hi-Q- group may 

exert electron-acceptor properties from the ring positionsC-3, C-4, C-6 aud C-7s while the same 

poeiticnsma;y also receive electrons. At the ssme tims the ring oxygen may act as electron-donor 

to the ssme as veil as to the complementary positions (C-38, C-5, C-7). 

Since the parent molecule la is not yet knovn, the derivatives lb and lh served as model 

compounds to elucidate the characteristic features of ttre reactivity of the system. !Fhe quest ion 

of whether the molecule reacts either in the free base or more compl.ex farms, likely to arise from 

substrate-reagent interactions, is important in this context,. 

Based on the proposed mode of activation of the free base, mentioned earlier, charge distribu- 

tion in lb and lh predicts susceptibility of positions C-k, C-5 and C-7 towards eIectrophiles. 

Position C-3 could have constituted an additionaI site bad it not been stericslly hindered. On the 

other hand the electron deficiency of position c-6 suggests susceptibility of this pcrsition to- 

varde nucleophiles. A recent13C nmr study has ahovn 
18 

that the extent of deshielding of ther3C 

nuclei of the carbacycle is in the order C-7a>C-6>C-S>Cji>c-3r3C-7. Thusr from the likely 

reactive sites the C-6 nucleus is that of the large& downfield shift. Rowever, the experimental 

results are at variance vith these crude prsdictions. The isolate& fi-nitro-derivative of lb(W) 

and the not yet eharacterised dinitro-derivative of Ih - ve propose that it is the 5,7-dinitro- 

i,socier - suggest either more complex intermediates or, in the case of lh, an alternative mode of 

activation through the ring oxygen. 

Frontier orbital theory provides a satisfactory interpretation of chemical reactivity 19 . 

Furthermore the CEDO/2 MO method has been succcsNlly used in this context 
20 

. To account for the 

observed site selectivity the likelyhood of long-lived intermediates was iIZorpor8ted in the 

calculations. Thus, the intermediacy of protonated tb and lb of type 2 (Fig.3) vas considered in 

viev of the strongly acidic media employed in the electrophilic substitution reactions. Although 

proton&ion barely influences charge densities it has a profound effect on the relative magnitudes 

of the frontier orbital atomic coefficients and the related electrophilicity indices S 
E(RO)' 

R = Me, Ph 

XY= nitrating mixture, HCl, Br2 

2 
FIGURE 3. 

The greater absolute values of these indices (Table 2) in going Prom the free base to the proto- 

nated forms indicate the enhauced susceptibility of the letter towards electrophilic attack.Fur- 

tbermore, the values of indices for each atom and the extent of localization of the HO orbital 

suggest that the meet probalbe site6 for electrophilic substitution of the free base are C-5 in 

tb and C-6 in lh vhile in the protonated form positions C-6 in ib and C-5 and C-7 in lh are 

activated. The substitution pattern of the nitration products appears to be in agreement with 

these theoretical predictions. 

The observed site selectivity via the intermediacy of the protonated species csn be depicted 

in electronic terms if it is assumed that, under the reaction conditions 8 , protonation does not 

appreciably influence the donor character of the exocyclic oxygen in lb whereas it does 80 to B 

significant degree in lh. Furthermore the calculations eliminate the phenyl p;roup at the C-3 

position as e likely target for electrophilic attack. 

OrbitaI control also seems to be the driving force in nucleophilic substitution in lb. Atomic 

orbital coefficiente~related to the LU orbital and the values of S 
Ii 

indices (Table 2) suggest 

C-5 and to a lesser extent C-7 qitiona ES the reaction sites at the initial stages of nucleo- 

philic SttBCk, Experimentally the reaction uith hydrochloric acid yields a product resulting 



from substitution at C-5 while bromination (aa otherwise typical rlectrophilic aubstitutibn reac- 

tion) effects 5,7-disubatitution. 

TABLE 2. Elcctropbifieity, SE and Eueleophilicity, SR, Indices for tfte Frontier 8Ws of II, and 

lb (av-‘)= 

lb R+mtonat& foam) lh Q+lmtoarted form) 

'E&O) SN(LU) SEfHCf 'E&IO) %fLU) SEiHO) 

c-4 .-2.00.10-3 -0.799 -8*31*10-3 0.102 -0.155 

c-5 -13.60.10-3 0.140 -0.2?2 -l.69.10-3 -0.824 

c-6 -2.135 -12.50.10~~ 0.100 

c-7 0.059 -0.900 -0.22-10-3 0.042 -0.824 

%slculsted on the b&s of the re'elative contributions of the p, ADa fsee Table 1). 

The facile rupture of the isoxaaole ring that invariably aocoamanies nucleophilic attack 

supports the concept of complex interwdiatee, augll;@ihted esrlier, It is conceivable that such 

complexes of type 2 (Fia.3) msy be accounted for by interaction of the free base with the reagent. 

In the event of for&nation of these intersediates, though not clearly evident frem the existing 

data, the susceptibility of the ring towards the incoming nucleophiIe will be enhanced. The 

resulting HO orbital of the substrate would have 8. considerahfe.contribution from the originaI LU 

orbital, of antibonding charscter with regard to the weak ring 12-0, bond, thus, inevitably lead- 

ing to the cleavage of the latter. 

It may. thus, be concluded that tbe reactivity of 1,2-benzisoxazole Z-oxide towards either 

electrophilea or nuoleophi3es, as shown from the d&s of fb snd Ih, appesrs to be dictated by the 

intermediacy of complexes of trpe 2. 
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