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A comparative analysis of the relative reactivities of N-arylimides of endo- and exo-
bicyclo[2,2,1 Jhept-5-ene-2,3-dicarboxylic acids for the addition reactions of hexachloro-
cyclopentadiene and bromine has been carried out. According to different correlations
the transition states of these two processes are shown to be similar.

IlpoBenéH comocTaBuTeNEHBIN aHANHM3 OTHOCHTENBHLIX PEAKIMOHHEIX CHOCOGHOCTEH
N-apiMMMAOB 3HMIO- ¥ 3K30-Ouimkio [2,2,1] renT-5-eH-2,3-1MKapGOHOBBIX KHCIIOT B
PeaKUMAX MPHCOSIHHEHHUA TeKCaXTOpUMKIONeHTageHa H 6poma. Ha ocHoBanum pas-
JIHYHBIX KOPPENAUHOHHBIX COOTHOIIEHMH II0Ka3aHa GIIM30CTH NEPEXOAHBIX COCTOMHMMI
3TUX JIBYX HPOLECCOB. '

For the first time we have made an attempt to elucidate the general and dis-
tinctive properties of the addition of hexachlorocyclopentadiene (HCP) and bromine
to N-arylimides of endo- (Run I) and exo- (Run II)-blcyclo/2 2,1 /hept-5-ene-2,3-
dicarboxylic acids having the structures:
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where

X = p-OH (I), p—CH,0 (II), p—CH, (III), H (IV), m—CH,0 (V), p—Cl (VI),
p—Br (VII), m—COOH (VIII), m—Cl (IX), p—NO, (X).

305



MUSAEVA, SALAKHOV: ADDITION REACTIONS

Results of kinetic investigations for these two reactions (Scheme 1) have ‘been
reported previously /1—-6/.
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The kinetics of addition reactions of HCP and bromine was studied in nitro-
benzene at 393—423 K and acetonitrile at 233 to 283 K, respectively.

By the extrapolation of experimental data /2, 3/, the logarithms of rate con-
stants for the addition reactions of HCP (ig kycp) and bromine (ig kg, ) at 298 K
were obtained.

Data of Table 1 indicate a parallelism in the rates of these reactions, apparently
due to the resemblance of electron demands in both cases: electron-donating sub-
stituents in aromatic nuclei of imides (I-1V) increase the rate of both reactions,
whereas electron-accepting ones M-X) decrease it.

Presumably, the greater reactivity of bromine (by a factor of 10°) compared
with HCP in the experimental runs (Table 1) can be attributed to the greater
electron affinity of molecular bromine (Ep, = 1.48 eV [5/ compared to HCP
Es = 0.62 eV /6f) and to the lower molecular volume of the former, which faci-
litates its approach to the reaction center in the formation of a non-classical bro-
monium compiex.

A comparative analysis of the absolute values of reaction constants (p) for N-ary-
limides (I-X) provides evidence in favor of the proxn'mty of the transition states
of both cycloaddition reactions.
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Table 2

Parameters of the Hammett and correlation equations y = ax + b describing the interrelation
of the rate constants for the addition reactions of HCP and bromine to N-arylimides of endo-
and exo-bicyclo/2,2,1/hept-5-ene-2,3-dicarboxylic acids at 298 K

Runs X v a(p) b(lg ko) 2 sb n®
8 Ig (kx)ycp | (—0.869+0.035) | (~8.170:0.004) | 0.993 | 0.036 | 10

I 8 lg (k,)Br, | (—0.897:0.036) | ( 0.489:0.004) | 0.994 | 0.037 | 10
lg (kx)Br | lg (kx)HCP 0.968:0.018 —8.644+0.007 0999 | 0.017 | 10

5 Iz (ky)ucp | (—0.889:0.026) | (—7.812+0.003) | 0.996 | 0.027 | 10

11 8 Iz (kopr, | (—0.879:0041) | ( 1.085:0.005) | 0.992 | 0.042 | 10
Ig (kyBr, | 1 (kx)HCP 1.005£0.021 -8.576:0.014 | 0998 | 0.019 | 10

aCorrelation coefficient; PStandard deviation; “Number of measurements

As is seen from Table 2, p changes only slightly upon going from the reactions
of cycloadditions with HCP to those of bromination. This fact is in agreement with
the conclusion resulting from the interpretation of p as a characteristic of the
transition state, implying that under identical conditions the reactions proceeding
through similar transition states, should have similar values of p /7/.

Quantitative studies of these two cycloaddition reactions permit to derive an
equation of their interrelation. This equation was found from the kinetic data of
Table 1 by the least-squares method. The parameters of this relationship are given
in Table 2. Excellent correlation coefficients of the dependences lg(ky)p;, —

— lg(k,)gcp for both experimental runs indicate the validity of the interrelation
for these two cycloaddition reactions.
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