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Inreamxugmieut, exchange and solwlyeis reactions of neutral organic 

eubstratee proceeding by way of carbouium ions, it is important to die- 

tiuguishbetweeniouiaatiou and dissociation and to consider explicitly 

the role of different ionic intermediates representing various stages of 

ioni~atiou-dieaociatiou2*3. In fact, a coueiderable body of iufonuation 

is now available anthe intimate couree of carboniumion reactions of 

allyllc,hoBMllylic~variouerat~~~~giag~t~ 2~3. we have 

now compare6 the rate6 of racemisation and radio-chloride exchange of p- 

chlorabenshydrglchlorideinacetone rolvent. Three differ by a eubetantial 

factor and therefore give ccneiderable ineight into the behavior of the 

ionic intermediates inwlved. 
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Treatment of optically active p-chlorobenzhydro14, m.p. 53-55O, 

ra1~~ +18.2O (Me2C0,C=13), with thiorlyl chloride in benzene gives rise to 

p-chlorobenzhydryl chloride, ral~’ -3.4O (Me2C0,C=10), with a lou rotation 

which is sufficiently high, however, to permit measurement of first order 

racemization rates with an accuracy of ca. 5 percent. 

As summarized in Table I, pchlorobenzhydryl chloride racemizes with 

first order kinetics at a convenient rate in acetone at 75OC. The first 

order racemization rate constant, ka, is increased slightly by added 

lithium chloride or perchlorate snd enormously by tetrabutylammonium 

chloride or perchlorate. The first order rate constants' for exchange 

with lithium or tetrabutylammcnium radio-chloride, symbolized by ke, are 

considerably smaller than the polarimetric rate constants. The ke and k, 

values show a roughly linea 3a pattern of increase with salt concentration, 

(MI), and thw may be fit quite well by equations (1) and (21, respectively, 

as summarized in Table II. 

ke = be &Cl) (1) 

k a = k; [l+ ba (MI)] (2) 

The relative efficiency of perchlorate sslts campared to the corres- 

ponding chlorides in promoting racemization and the observed (k,/k,) ratios 

of ca. 15 in the presence of chloride salts show that ionization is the 

main cause of racenizaticn. More direct so-called SR.2 displacement by 

added chloride is relatively unimportant, a6 can be shown analytically with 

4 J. Kenyon and G. H. Green, JD Chem. Sot. 751 (150). 
Is m, L. J. 1eRoux and E. R. Smart, 



No.2 

[RCll 

1o*n 

17.2* 

16.0~ 

16.L' 

l2.1* 

16.98 

1.07 

12.1* 

1.04 

1.m 

1.16 

19.1* 

20.8 

1.07 

p-Chlorobenzhydryl chloride in acetone 

Table I 

Sumnary of Racemiaation am? Radio-Chloride 

Exchange Rates in Acetone at %.O'C 

Added 
Salt 

LiCl 

LiCl 

LlClOh 

Bu4NC104 

Bu NC1 
4 

Bu4NC1 

B NC1 
ulr 

B El 
"I 

B NC1 
B 

Bu4NC1 

Bu,,NCl 

3 
NC1 

lo* 
n 

0.5Sb 

l.lOb 

4.00 

4.00 

0.623~ 

0900 

1.71b 

1.79b 

2.60b 

2.70 

4.ssb 

4.81P 

a Optically active chloride 

b Radio-chloride 

T ldk Values (set 'l) 
&kci 
1.29 

1.74 

2.16 

7.37 

54.4 

22.6 

65.4 

lo7 .a 

l$ke (k,,/ke ) 

0.101 

.169 

1.0s 

2.75 

2.83 

4*ll 

7.39 

7-45 

17 

13 

16 

15 

15 

the aid of equations (31, (4) and (5). In these equaticne, kl and k2 are 

ke = klE + k2 (3) 

ka=klR + 2 k2 (4) 
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Table II 

Fit of ke and lc= Values to 

Equations (1) and (2) 

l&P 

-5 
Ave. Fit 

Salt (see b % of k 

Racemization 

I&X 

LiClO4 

Bu NC104 4 
Bu Xl 

4 
Exchange 

UC1 

Bu NC1 4 
i 

1.29 62 

1.29 118' 

1.29 1030a 

1.29 1780 

0.6 

2.2 

0 

0 

1.6 x 10-~ 8.5 

1.6 x lO-3 2.7 
I 

a Based on only one salt concentration 

k* -= 
(E/R) + (k2/klR) 

(5) 
%l 1 + 2 (k2/klR) 

first order rate constants for ionization and SN2 displacement, respectively, 

R is the fraction af all the ionic intermediates from ionization of chloro- 

benzhydryl chloride which lose stereochemical configuration and become 

racsmic, and E is the fraction of all such ionic intermediates which lead 

to chlollde exchange. & setting (E/R) equal to zero an upper limit to the 

ratio [k2/(klR)1 of [(k$k,) / (1 - 2 k$ka,)l may be set. On this basis, 

no more than ea. 13 percent of the racezdzation of p-chlorobenzhydryl 

chloride in the presence of chloride salt can be due to direct chloride 

displacezwnt. 
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The b, values in Table II reflect considerable specificity aa regards 

the nature of the added salt, ati tlmy becane veery large for tetrabutyl- 

anrmonium chloride and perchlorate. Since racemiration proceeds largely 

through ionization, the bo values ahow that salt effects on ionization of 

chlorobenshydrgl chloride can be very large in acetone 6 . 

Setting (k2/klR) equal to sero in equation (5) gives an upper limit 

of (k$ko) or l/l5 for the ratio (R/R). Therefore, leea than one-fifteenth 

as big a fraction of ionic intermediates fn>m ionisation of chlorobenzhydrgl 

chloride lead to exchange a8 becom racemic. Since the maximum value of R 

is unity, the maximum value of E is O&7. Chloride exchange ir inevitable 

if dissociated carbonium ions are foti and returned to covalent chloride3a; 

therefore, the maximuu fraction of ionic intermediates whichbecome dis- 

sociated before return to the covalent condition is also 0.07. 

The above analysis shows that at least 93 percent of carbonium ion 

intermediates from icnieation of chlorobenz@lryl &loride return to the 

covalent conditicm before dissociating. Since at least some of the ionic 

intermediates may be expected to maintain configuration and make R less 

than unity, the fraction of interumdiates which becane covalent before 

dissociating may be even greater. 

In acetic acid solvent2y3 , rate of solvolysis ($1, a8 well as racemi- 

xation arrl radio-chloride exchange, can be measured. In this solvent, ko 

exceeds both ke and kt by factors7 considerably larger than the (koh,) 

ratios observed in acetone. 

6 S. Winstein, S. Smith and D. Darwish, J. Am. Chew Sot. ii, 5511 

(1959); Tetrahedron Letters U, 24 (1959). - 

7 J. S. Call, unpublished work. 


