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Abstract Isolated Mokult, l.mdizatiun and Dclocal~t~tiun approarhcs u’cre applied, in the frame of 
HMO theory, to interpret the krnctics of nuclcophiltc aromatic subsfitutton uf halonitrrrbcnzcncs and 
nayhthafcncs, and of h&ala compounds. Amtncs and itikoxtdc rons in alcohols wcrc? cansdcrat as 
nucltuphiks. Results were corrclafcd with expertmental activation cncrgtcs and free cntrrgics. The best 

correlations were obraincd by the d&cahzatton approach, using Arrhcnius aetivattan energies. 

T~?~d~lu~al~~ati~n approach, successfutlp applied in the GW of nu~)~~ph~~ic aromatic 
substitution of halo&a-benzenes and naphthalen& ’ has now been used in 
MU calculations for the same kind of reactions in aza compounds. In the case of 
altemant hydrocarbons, mathematical relationships between the various reactivity 
indices have been found3 and tested,4 while for hetero-alternant mofecules or sub- 
stituted aftemant hydrocarbons only qualitative interrelations have bcr=n found.3 It 
was suggested that only comparisons with experimental data can decide which of the 
physical quantities related to each reactivity index is the most cR’tive in dcter- 
mining the reaction mechanism and kinetics. 

Therefore the isolated molecule (XM), localization (L) and delocalization (D) 
approachess*6 have &n separately tested, choosing the following reactivity indices, 
respectively: n-electron density at the carbon atom site of attack (&-), Whefand’s 
localization energy (W), and difference of x-electron energy in the transition (de- 
localized model) and initial states (A&J.‘* ’ React ions considered were the piperidino 
d~hal~gcnati~n in ethanol and the alkoxy d~hal~g~nati~n in alcahats. In order to 
obtain directly comparable results, computations were performed botheon halonitro- 
aromatics (halogen = Cl or Br) and on ohloroaza-aromatics, for which experimental 
data are available, These molecules are represented and cfassified in Table f . 

The standard HMO method has been used to evaluate the n-electron energy and 
densities in the initial molecules, and the x-energy in the Wheland model for the 
transitian state. The described method of calculation2 has been followed for the I) 
approach: x-electron energy, charge densities and bond orders of the delocalized 
model for the transition state were obtained, both for piperidino and alkoxy de- 
halogenaticzns. The nccxssary parameters were partly taken from previous work,’ 
and partly chosen in such a way as to reproduce with rasonablc agreement the 
dipole moments (p) af a number of molecules, Theoretical values (6) were obtained 
by vector addition of the calculated n-efectron (M and a-electron (k) contributions. 
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reactivity indioes with experimental data on reactivity. For the latter, both free 
energies of activation (A@) and Arrhcnius activation energies (AI?) were taken into 
consideration. The necessary data were found in the literature cited in a previous 
paper,’ in a paper on 4,7~initro~aphtha~~ne derivatives,” and in reviews?’ AC% 
were evaluated at 40”. For pi~ridino dechlorination of 2~hIoropyrimidin~ {E2) a 
new Arrhenius plot has been drawn using data from two different sources? obtaining 
AI!? = 12.2, and AC’ (60 ‘) = 23+2 kcal,mole. Kinetic data for the reaction of picryl 
halides (A4) with piperidine or alkoxide ions were not found in the literature; we 
used the data for the reaction with aniline in ethanol.‘* assuming this to be a good 
model for reaction with piperidine. + In the case of A3 molecuIes, experimental data 

T,+Btx 3. L)lKBff: MOUEhTS Cw; RWTiR~NI-li MOttiC’t:I.k-Z!i (fXzBYk) 
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* Ref. 12. 
b Benzene, 25 . 
’ Dioxane, 35 

g From publish& values of log A, the following activation entropies wcrt obtained: picryl chloride, 
As’ (60”) = - 34.2 CAL ; picry bromide, AS’ (60”) = - 3Ut c.u, Values given by Parker and R-d” 
sem to be inwm. 
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for reaction with piperidine in methanol were used, since activation energies in 
ethanol were not available; on the other hand, the difference in these two solvents 
is hardly significant in such reaction. 

Experimental data are obviously afTectcd by such effects as built-in solvation,lQ 
a-a2.a cffect,20 and base c;ltalysis.’ ’ Since at the present time quantum-m~hani~l 
models are unable to take care of these and similar effects, we chose reactions in 
alcohols, that is in solvents where these effects are minimized and the general trend 
of reactivity in a series of compounds should mainly depend on the electronic 
structure of initial molecules and transition states, 

The activation energy of a reaction in solution can conveniently be described as 
the sum of a x-cfectron and a solvation contribution, plus a residual term including 
o-electron, nuclear repulsion, zero-point and thermal energy differences. Whenever 
a linear correlation can be establish between the calculated n-electron ~ntribution 
and the experimental AE” for a series of compounds, this means that the sum of alf 
other contributions to AE’ is appr * atcly constant within the series’ (condition 1). 
If AG* instead of AE’ is correlable means that (AHL,, + AHL, - TM*) remains 
constant within the series22 (co n 2). A.&, and AH,, are enthalpy terms 
corresponding to the previously defined energy terms. 

Both procedures were tried, using the standard least-squares linear correlation. 
Dinerent correlations have been sought for benzenic (A), naphthalenic (B) and aza- 
aromatic derivatives. The last compounds have been further classified as monocycfic 
(E) and bicyclic (F). When AE’ was correlated, the poorest results were given by the 
IM method, while the D approach proved the best: all the correlation coeflicients 
(r) in the last approach were greater than O-9, and in all but one case they were higher 
for the D approach than for the other ones. When AGS was correlated, again the D 
approach gave the best fit : the average value of the r-coefficients was @93, while the 
~orr~~nd~ng figure, when AI? values were used, was @95. However, this small 
difference does not necessarily imply that ition 1 is better satisfied than condition 
2, since the choice of parameters is not Because of the qualitative agreement 
between the two treatments, and the slightly better correlation with AE* values, only 
the results of this kind of correlation are presented in Table 5. It can be noted that 
in the IM and L approaches molecules from classes E and F be on the same re- 
gression lines. fn the D approach, molecules from classes E and F lie on different 
lines. The slopes of the lines for mofiecules El and E2 are 53*5 kcal/molt (reaction 
with piperidine) and 63.8 kcallmole (reaction with ethoxide ion). Molecules C1 and 
C2 give points too close for a significant determination of the slope. Correlations 
for the D approach are also shown in Fig. I (oarbocyclic compounds) and Fig. 2 
(N-heterocy&s). 

According to the previous partition of activation energy, it is: 

AI? = AE, + A&,,, + AE, 

Therefore the slope of the fintar correlation between AE* (in kcal/mole) and A& 
(in IS,1 units) gives the value of 1 j& 1 in kcal/mole. (The same meaning can be 
attributed to the slope of the regressi n straight lines in the L approach)+ It appears 
from the Figs and Table 5 that 1 /I= -vaXucs ranging from 45 to 93 kc&mole were 
obtained in the D approach, with large values of 95% confidence limits. These 
reasonable slopes (weighed average 67.5 kcal/mole) wtrc obtained with the acceptable 
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vafucs of the pseudoatom parameters given in Table 2. The h, values correspond to 
an orbital considerably less stable than a carbon 2p, orbital, as can bc expected for 
an antibonding MO ; the choice of&. P as equal to #& amounts to assume that the 
overlap between the carbon 2p, and the pseudoatom antibonding orbitals is sim ilar 
to the rt-overiap in bcnxne. When the condition I&f = 60 kcal/molels is impowl 
to all regression lines in the D approach, fairly good correlations arc still obtained : 
r-values range from O-89 to 095, and their avcragc is O-91. The horizontal distance 
between any two parallel straight lines of the last kind gives the difference of 
fAE,,, + A&) (in lflcc u~its~ for two series of molecules and.or for two different 
reactions. Within the same reaction of either carhocyclic compounds (Fig. 1) or 
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FIG 2 Remions of chloro-aaaromatic compounds with pip&dine in EtOH (a) and with 
Et0 in EtOH (b). Plot of a~i~~t~~n cnergie~ fAE*; kcal/molt) against A&,-volucs 
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Mxtcrocyclcs (Fig. 2). such distance is probably mainly due to a difference in A&,,,,, 
and the relative position of the lines for I-ring and 2-ring compounds, rcspcctivcly. 
has been already justified on this ground.2 Comparisons when the nucleophilc or the 
activating centrc (NO,, - N=) is different are not possible owing to the many 
variable factors contrjbuting to the activation energy. 

We also carried out a simple calculation for the localized quasi- bond between 
pseudoatom and adjacent carbon in the transition state of piperidino dehalogena- 
tions. It has been assumed direct proportionality between Coulomb integral and 
ionization potential for the carbon orbitals; the Coulomb integral for the pseudo- 
atom bonding orbital has been obtained from the h-values of Cl (Table 2) and amine 
N (taken as @9), and taking into account the fact c at h, for tht antibonding orbital 
is -04 (Tabft 21, arriving at a value of (Q&,+,~~~ = a, + 2*3 8n_5 The exchange 
integral has been assumed equal to j&. From this calculation we obtained a rough 
estimate of the o-electron density at the pseudoatom, From this value and the 
q,-values (Table 4) the total electron charge at t e pseudoatom was obtained. 
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Mwcrical values are in the range 3+06 [A2)-2+73 (I?), that is the ~udoatom is 
never far from neutral. If the totaf charge on the pseudoatom and adjacent carbon 
( = qce -+- qp + 2) is considered, the results are in the range 430 (A2)-4I)O (F9). This 
means that the rest of the molecule assumes a negative charge usually ksser than 
unity. This is at variance with the L approach, where this charge is bound to be unity. 

In conclusion it can be said that the defocalization approach is able to interpret 
the kinetic behaviour of N-heterocyclic halog~~~de~vativ~ in nucleophilic aromatic 
substitutions as well as that of the similar nitro-activate carbocyciic compounds, 
Its application has been att~pt~ also in the case ofnuc~~~phi~ic substitution at the 
vinylic carbon of 1,1-diaryl-2-haiogenoethylcn~~22 but, owing to the meagrcness of 
experimental results, it is not yet possible to decide whether the mechanism of that 
reaction is suitable to such model. 
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