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It has been shown recently' that the heats of formatlon of carbonlum ions in solution 

closely parallel the free energies of reactIons which generate the Same ions Thus, klnetlcs 

are valid methods for obtalnlng thermodynamic data on ions, particularly for those able to 

rearrange to more stable species and whose stabllltles are dlfflcult to measure directly 
2 

For 

cornparIng stabllltles of tertiary and secondary catlons, solvolysrs, the classr~al reactlon for 

generatlng carbonlum ions, 1s unfortunately lnconvenlent since unassisted lonlzatlon frequently 

competes with solvent or anchlmerlcally asslsted processes 
3 We report here results which suggesi 

that bromlnatlon of dlssymmetr~cally substituted oleflns can provide an estlmdtt- of the relative 

ease of formatlon of secondary and tertiary aryl carbonlum lons 

It 1s now well establlshed that bromine addltlon to an aryl olefln can lead, ln a 

dual-pathway mechanism, to two carbonwm ions with nelthtr bromine partlclpatlon 
4 

nor solvent 

assistance in the rate-determlnlng step 
5 

In this way, a sultably substituted olefln can 

generate tertiary and secondary carbonlum ions by reactIon with rate constants ktert and ksec 

respectively, vhere ksec/ktert reflects the relative stabllltLes of the ions II and III ~lnce 

the ground state and the mecnanlsm of formatIon are strictly ldentlcal in the two carbanlum ion 

formlng steps We, therefore, measured the ratt constants of X and Y- substituted Ci-methyl 

(I) - kec 

x*Y 

(II) 

stllbenes, choosing X and Y so that either the tertiary or the secondary pathway predominates 

For the tertiary pathwz, a partial structure-reactivity relatlonshlp for the varlatlon 

of X was establlshed from compounds (X = p-OH to p-CF3, Y = II) for which the secondary pathway 
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TABLE EXPERIMENTAL RATE CONSTANTS FOR BROMINE ADDITION TO a-METHYL STILBENES 

IN METHANOL , COMPARISON OF THE TERTIARY AND SECONDARY PATHWAYS 
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) X 1s the substltuent on the ring c1 to the methyl substituted olefuuc carbon atom and Y the 

other one b, k 1s measured in M -' mn -i at 25" in methanol (0 2M NaBr) with an average error 
exP 

of 2X, by potentlometry8 except for compound 8 (couloamperometry) 
9 

In this medun, k 1s 
6 

exP 
related to the addltlon of free bromine and of trlbromlde Ion Previous measurements7 have show 

that the varlatlons of kexD correspond to those of kg,_ only C) Calculated from eq.3 

d) 
& 

Calculated from ksec = k - ktert e, A(AG ,@= RT (logeksec - logektert) in kcal mol 
-I 

e*p 
f) ldentlcal to k 9) 

exp 
unknovaat present 

1s of negllglble Importance7 

(1) log k = -4 87 (ax + 0 77 AC+ + 3 08 

Data In the Table enable us to measure the effect of Y We observe a linear 00 relatIonshIp 

for varlatlon of Y, only for the least electron-donating substltuents (compounds I to 6), as 

shown In Fig 

(2) log k = -1 77 oy + 2 96 (R=0.988, s=O.O3) 

Several factors - the llnearlty of eq 2, the small value 
10 

of p for Y, and the fact 

that Its effect 1s better expressed 
11 

by CI than by IS+ - lead US to conclude that the tertiary 
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pathway 1s followed when Y varxes from m-CF3 to p-Me Thus, the general free energy relatwnshlp 

for the tertiary pathway 1s - 

(3) log k = 

The devlatlons from eq 2 for compounds 7 and 8 can reasonably be attrlbuted'- to the 

occurrence of the secondary pathway Taking Into account the kxnetic relatIonshIp derived from 

the Scheme, k 
exe 

= ksec + ktert (4), and calculating ktert from eq 2, we obtain ksec for these 

6- 

2- 
x 

s 
-05 0 05 

GY 

Brormnatlon of Y-substituted a-methyl stllbenes. 

The breakdown of the pu relatIonshIp lndlcates the change from tertiary to 

secondary pathway. 

compounds In the same way, for compounds where Y = p-OMe and X 1s variable and less electron- 

donating than H (compounds n0 9, 10 and II), we find that k see calculated by the same method 

1s higher than ktert. Consequently, these compounds must be bromlnated largely via the secondary 

pathway (see Table) 
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Energy dlfferenceabetween transltlon states leading to the secondary and the tertiary 

carbonlum lens are calculated and given in the Table How does this energy difference between 

transItIon states reflect that between the 10"s ? The answer to this question IS supplled by 

two Items of InformatIon Firstly, the results of Larsen et al 
1 
suggest that the structural 

tfitcts on transItIon state stablllty should be closely related to the stablllzatlon of the 

ion Secondly, solvent and substltuent effects on bromlnatlon 
5 

as on llmltlng solvolysls 
14 

lndlcate that transltlon state5 closely resemble the lntermedlates in these reactIons 

Consequently, we can consider that the values in the Table are accurate approxlmatlons to the 

energy differences between the carbonlum ions The method proposed to obtain these energy 

dlfferexes 1s based on the equation 4 and therefore demands the measurement of k 
exp 

for compoun 

which are syspected to react partially or completely by the secondary pathway A reactlvlty- 

structure correlation for this pathway, analogous to eq 3 for the tertiary one, would allow the 

predIctIon of stablllty differences whatever the substltuents X and Y A partial relatIonshIp 

of this type can be deducea for the a-methyl stllbenes (No 7, 9, 10, 11) where Y = p-OMe 

log k = 
set 

-1 74 uX + 3 80 (R=O 947, s=O 06) Further studies are in progress to determine 

other such relatlonshlps of more general valldlty 
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