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Abstract: In the brominatfon of 4-nitro-4’-methylstiIbene, the carbon-14 =C isotope effect 

is larger, k/=k = 1.013. than the ‘C one, k/‘k = 1.0035. These results support an open carbo- 

cation intermediate mechanism with the positive charge on the carbon adjacent to the methyf- 

containing ring. 

The fundamental tenet of the mechanistic use of isotope effects is that isotope effects 

are to be expected when and only when$here are bonding changes at the labeled position in the 

rate-determining step of the reaction. This isotope e3ffect mechanistic tool is especfafly 

valuable when the successive labeling technique is used, and when experimental results are 

compared to isotope effect results calculated for different activated complex models. 
4 

Very little isotope effect research has been carried out on sfmple electrophflic addftlon 

reactions, and there are no prior reports of the finding of carbon isotope effects in simple 

brcmfnation reactions. We now report the first case of such a finding in the brominatfon of 

first, =C- and second, 
6 

C-carbon-14 labeled 4-nitro-4’-methylstilbenes: (The equation 

below surmnarizes the two separate experiments on the same formulas.) 

Br 6r 

ervthro 76 %. three 24 Z 

k/=k = 1.013 f 0.003 (Table 1) 

k/‘k = 1.0035 ?: 0.003 (Table 2) 
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The only report in the literature on carbon isotope effects in the bromination of alkenes 

is that of Ropp, Raaen and Wefnberger. 
6 

who reported that there were no carbon-14 isotope 

effects in the brominatfon of alpha- or beta-labeled styrene or methyl cinnamate. This is 

puzzling, since al 1 of the likely mechanisms for the bromination of these compounds involve 

bonding changes at both the alpha and beta positions, and thus isotope effects would be ex- 

pected. These results’ were puzzling to the authors as well , who said, “There seems to be no 

obvious explanation for the lack of isotope fractionation in addition reactions of (this 

type) ‘I. (These isotope effects might be expected to be smal I, since they involve bond 

formation; such effects are expected to be small, perhaps even inverse.’ There are questions 

about the error limits and other aspects of the early 

experimental data presented that the isotope effects, 

are in progress in this laboratory to elaborate on 

cinnamic acid derivatives.) 

report6 but there is no doubt from the 

if any, must be very small. (Experiments 

this early work. using ring-substituted 

The carbon-14 labeled stilbenes were synthesized by relatively conventional means, start- 

ing with commercially available benzoic-7-T4C acid or sodium cyanide-14C. Full details will 

be published later. The reactions were carried out at 260 C, in dry methylene chloride. The 

fractions of reaction, f, were established by using limited amounts of bromine. The re- 

covered alkene and product dibromide were separated by differential solubility in carbon di- 

sulfide, and exhaustively purified by column chromatography and repeated recrystallizations. 

Although it would have been very desirable, the - 24 % of the three dibromide could not be 

isolated in sufficient purity for quality radioactivity measurements. Radioactivities of the 

starting materials, R , the recovered reactant, R , 

sured by liquid scint?llation counting7 

and the product dibrcmide. R were meas- 

, and the Linetic isotope effects, k/k, End k/k. were 

calculated by the Tong and Yankwich equations*. The results are presented in detai I in Tables 

1 and 2, and are sumnarized under the equation above. 

Table 1. Fractions of Reaction, Kolar Activities and Carbon-14 Kinetic Isotope Effects in the 

Bromination of aC-Labeled 4-Nitro-4’-methylstilbene in flethylene Chloride at 260 C.g 

Fraction 

of 

React ion 

R 
r 

R klak obtained from:’ 
P 

------------______________------------------------- 

f mCi/mole mCi/mole R R R 
0’ r’ p 

R R f 
0’ r’ 

R R f 
0’ p’ 

R r. R , f 
P 

0.30 0.43439 0.42901 1.011 1,010 1.011 1.011 

0.40 0.43560 0.42886 1.013 1.011 1.013 1.012 

0.50 0.43675 0.42915 1.013 1.012 1.013 I .013 

0.60 0.44245 0.43161 I.011 1.024 1.010 1.016 
a 

R = 0.43309; &era11 mean: k/ak = 1.013 f. 0.003 (standard deviation). 
0 
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in going from alkene to activated complex, so very little bonding change will have taken 

place, and little or no isotope effect would be expected, as is observed. Furthermore, the 

Electron donating ability of the R-methyl group would increase bonding between the ring and 

C, leading to a lowering of the 
6 

C isotope effect. No such bond formation isotope 

effect-lowering factors would be present at aC, and a “normal bond formation in bromination” 

isotope effect should be observed. What is “normal” for such a reaction is not established at 

present; the present work provides the only calibration point to date. The 8C effect is sub- 

stantially lower than the corresponding effect in the addition of 2,4-dinitrobenzenesulfenyl 
5 

chloride to substituted styrenes. The reason for this is not firmly established at this 

time, but it seems likely that the activated complex for this reaction is quite reactant-like, 

with minimal bonding changes at both aikene carbons (and therefore small isotope effects). 

Note that reaction through 1 would be expected to give scme three Product. 

This agnalysis is also in line with the very extensive, elegant kinetics work of Ruasse 

and Dubois, and, as a matter of fact. it was their analysis which led us to choose this 

particular substituted stilbene for our isotope effect studies. Their curved Hane’tett-type 

plots. with changing substituents at the two ends of the molecule , were interpreted as arfsing 

from competition among mechanistic paths involving intermediates similar to 1-3. They had 

contended that our 4-nitro-4’-methylstilbene would react through carbocation I and not 

bromonium ion 2 or caroocat ion 3. We take the present isotope effect data to confirm this 

contention. Of course it is the cation-stabilizing ability of the methyl group which causes 

the reaction to go through intermediate 1. 
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