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A comparative analysis of  the rehtive reaetivities of N-arylimides of endo- and exo- 
bicyelo[2,2,1 ]hept-5r 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. 

IlpoBe~GH COIIOCTa.laHTeYIt,Hbn~ attaJiH30THOCHTenI~H,IX peaKx~oI-lHHX CnOCO6HOCTeR 
N-apJIHMI~OB aH~O-H aKaO-SH~KaO[2,2,1] reIIT-5~H-2,3-~HKap6OHOBHX KHCYIOT B 
peaKttrmx npHeoe~mierm~ reKcaxnopt~rlK.qorlerrraj~eHa H 6poMa. Ha OCHOaam, m paa- 
~IH~b~X Koppenatmomm~x eooTHomermit noKaaana 6Jiaaoerb nepexolm~IX COCTOmm~t 
aTHX KByx l[pot~eceoB. 

For  the first t ime we have made an a t tempt  to elucidate the general  and dis- 

tinctive propert ies  of  the add i t ion  of  hexachlorocyclopentadiene (HCP) and bromine 

to N-arylimides of  endo- (Run I) and exo- (Run II)-bicyclo/2,2,1/hept-5-ene-2,3- 

dicarboxylic  acids having the structures: 

where 

Run I 

[ / ~  CO'N/N- C 6 tt 4 X 
CO 

Run II 

�9 X = p ' O H  (I), p - C H a O  (II), p - C H a  (III) ,  H (IV), m - C H a O  (V), p -C1 (VI), 

p - B r  (VII),  m - C O O H  (VIII),  m-C1 (IX), p - N 0 2  (X). 
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Results of kinetic investigations for these two reactions (Scheme 1) have 'been 
reported previously /1 -6 / .  

CI 

CI ~ / - C6Hz'X 
CI CO / 

[~ t ~ % N-CsH~.X 
co / 

'gC4/~Br I q- I N-C6 FI~ 

Scheme 1 8r /~,~CO ~ 

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 da ta /2 ,  3/, the logarithms of rate con- 

stants for the addition reactions of HCP (lg kHcv) and bromine (lg kBr2) 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-IV) increase the rate of both reactions, 
whereas electron-accepting ones (V-I-X) decrease it. 

Presumably, the greater reactivity of bromine (by a factor of 10 9) compared 
with HCP in the experimental runs (Table 1) can be attributed to the greater 
electron affinity of molecular bromine (EA = 1.48 eV /5/ compared to HCP 
EA = 0.62 eV /6/) 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 complex. 

A comparative analysis of the absolute values of reaction constants (p) for N-ary- 
limides ( I -X)  provides evidence in favor of  the proximity 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-bicyelo/2,2,1/hept-5-ene-2,3-dicarboxyUc acids at 298 K 

Runs x y a(p) 

II 

6 
lg (kx)Br 

6 
6 

lg (kx)Br 2 

lg (kx)HCP 
lg (kx)Br ~ 
lg (kx)HCP 

Ig (kx)HC P 
lg (kx)Br2 
lg (kx)HCP 

(-0.869-+0.035) 
(-0.897-+0.036) 

0.968-+0.018 

(-0.889-+0.026) 
(-0.879-+0,041) 

1.005-+0.021 

b(lg ko) r a 

(-8.170-+0.004) 0.993 
(0.489-+0.004) 0.994 
-8.644-+0.007 0.999 

(-7.812-+0.003) 0.996 
(1.085-+0.005) 0.992 

-8.576-+0.014 0.998 

aCorrelation coefficient; bStandard deviation; eNumber of measurements 

s b n e 

0.0361 10 
0.0371 10 
0.017 10 

0.027 10 
0.042 10 
0.019 10 

As is seen from Table 2, p changes only slightly upon going from the reactions 

of  cycloaddit ions with HCP to those of brominat ion.  This fact is in agreement with 

the conclusion resulting from the interpretat ion of  p as a characteristic of the 

transition state, implying that  under identical conditions the reactions proceeding 

through similar transit ion states, should have similar values of  p /7/. 
Quantitative studies of  these two cycloaddit ion reactions permit  to derive an 

equation of  their  interrelation. This equation was found from the kinet ic  data  of  

Table 1 b y  the least-squares method.  The parameters of  this relationship are given 

in Table 2. Excellent correlation coefficients of  the dependences lg(kx)Bq - 

- lg(kx)rtcP for bo th  experimental  runs indicate the validity o f  the interrelat ion 

for these two cycloaddit ion reactions. 
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