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Oxygen-18 Scrambling in Solvolyses of Simple 
Unactivated Alkyl Arenesulfonates1,2 

Sir: 

The important role of carbonium ion pair intermedi­
ates in solvolysis and related reactions of RX substrates 
was first recognized with rearranging allylic3a systems 
or substrates which give rise to bridged cations.3b_e,4a 

Later it was recognized in solvolysis of systems which 
neither rearrange nor lead to bridged cations, but which 
lead to relatively stable classical cations, for example, 
/>-chlorobenzhydryl4 or trityl.4a 

Table I. Summary of Solvolysis and lsO-Equilibration Data 

The present communication concerns itself with the 
possible role of ion pairs in solvolysis of the very simplest 
unactivated RX systems. In recent years, Streit-
wieser3a,b and Sneen6c'd have made observations in 
solvolyses of 2-octyl arenesulfonates (IA) which they 
have suggested are best explained by capture of a return-
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able ion-pair intermediate by ~OTs or N 3
- with inver­

sion of configuration, competitive with solvent capture, 
to give inverted solvolysis product. We have sought 
other, possibly more direct, evidence for ion-pair 
return in solvolyses of simple unactivated alkyl arene­
sulfonates, using 18O equilibration in the residual 
ROSO2Ar as a probe for ion-pair return. Some of the 
results of this search are here described. 

2-Octyl bromobenzenesulfonate (IA-OBs), prepared 
from I80-labeled /j-bromobenzenesulfonyl chloride, was 
recovered at various stages of solvolysis and examined 
for 18O scrambling.6 Summarized in Table I are the 

OSO2R LL V 0 1 ^ M VOTs 
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first-order rate constants, /ceq, for the equilibration repre­
sented by eq 1, along with titrimetric rate constants, 

ROSO2Ar —H>- ROSO2Ar (1) 

As is obvious from Table I, appreciable 18O scram­
bling in the residual ROSO2Ar does indeed accompany 

(6) IA-OBs was recovered by extraction and recrystallized from pen-
tane. This ester was cleaved to alcohol with lithium in liquid ammonia, 
and the recovered alcohol was purified by vpc. Rates of 18O equili­
bration were measured by following the 18O enrichment in the CO2 
collected from HgCl2 oxidation of the recovered alcohol. This method 
gave satisfactory 18O analyses when the CO2 was purified by vpc. 
The /c8q values were calculated with the equation fceq = (2.303/r) log 
[(aa — aa)l(a„ — at)], where aa is two-thirds of the 18O atom % excess 
in the BsCl used to prepare the ester and aa and at have the usual mean­
ing. With IB-OTs, recovered ROTs was recrystallized twice and then 
cleaved to alcohol. The alcohol was purified by chromatography, and 
the purity was checked by vpc prior to 18O analysis. 

Solvent 

MeOH 
MeOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
HCOOH 
CF3CO2H 

AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
AcOH 
HCOOH 
HCOOH 
CF3CO2H 

" Feq = [keMe 

Temp, 
0C 

75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
25.0 
25.0 

75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
25.0 
25.0 
25.0 

q + £.)]• 

ROBs, 
1O2M 

2.0 
6.7 
1.1 

10.5 
2.3 

10.7 
1.1 

12.1 
1.1 

10.3 
0.8 
6.6 
1-7 
3.4 

1.1 
11.0 
2.0 

10.3 
2.0 

11.4 
2.0 
1-5 
5.0 

b b = 19.5 ± 0.4 

Other 
solute 1O2M 

2-Octyl-OBs (IA-OBs) 

NaOAc 
NaOAc 
LiClO4 

LiClO4 

LiClO4 

LiClO1 

LiOTs 
LiOTs 

CF3CO2Na 

2.2 
5.4 
5.7 
5.7 

13.6 
13.6 
10.1 
10.1 

2.5 

k values, 
1O6Jt, 

142 

22.9 

22.5 

49.3 

83.1 

27.8 

12.8 
49.2 

± 1 

± 0.2 

± 0.3 

± 0.6» 

± 1.6" 

± 0.7 

± 0.4 
± 2.0 

/ra«i-4-f-Butylcyclohexyl-OTs (IB-OTs) 

NaOAc 
NaOAc 
LiClO4 

LiClO4 

CF3CO2Na 

in the equation kt 

2.2 
10.0 
10.6 
10.6 

5.0 

3.88 

3.86 

13.5 

3.57 

24.2 

= km + 6[LiClO4]). 

: ± 0.06 

i ± 0.04 

± 0.3C 

' ± 0.07 

± 0.9 

'b = 23.1. 

sec - : 

106/Ceq 

1.52 ± 0.08 
1.52 ± 0.03 
1.69 ± 0.09 

2.33 ± 0.03 

3.47 ± 0.02 

6.28 ± 0.04 

2.2 ± 0.3 
1.13 ± 0.03 

12.2 ± 0.06 

0.159 ± 0.008 
0.175 ± 0.015 

0.181 ± 0.009 

0.448 ± 0.030 

0.107 ± 0.017 
2.00 ± 0.07 

102 X 
F o 
* eq 

1.1 
6.2 
6.9 

9.4 

6.6 

7.0 

7.4 
8.1 

19.9 

3.9 
4.3 

4.5 

3.2 

2.9 
7.6 
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solvolysis of IA-OBs in the common solvolyzing solvents. 
Using Feq = [fceq/(

fceq + &<)] a s a measure of the impor­
tance of such 18O scrambling, we see that 100Feq is 1.1, 
6.5, 8.1, and 19.9 in MeOH, AcOH, HCOOH, and CF3-
COOH, respectively. No very large changes in Feq are 
introduced on addition of NaOAc, LiClO4, or LiOTs in 
acetolysis. With fw«-4-?-butylcyclohexyl /?-toluene-
sulfonate7a (IB-OTs) as substrate, 18O scrambling is 
also observed to accompany solvolysis, the results being 
similar to those with IA-OBs. To check on the intra-
molecularity of the 18O scrambling as opposed to a 
process involving exchange with an external arenesulfo-
nate ion, solvolysis of IA-OBs and IB-OTs was followed 
under various conditions in the presence of 14C-labeled 
HOTs, residual ROSO2Ar being counted for 14C con­
tent. On the basis of the exchange rate constants ob­
served, intermolecular exchange contributes only slightly 
to the /ceq values in the absence of arenesulfonate salt. 
For example, in acetolysis of IA-OBs without added 
salt, intermolecular exchange8 accounts for perhaps 3 % 
of keq. However, it may account for ca. 20% in the 
presence of added NaOAc. In solvolysis of IA-OBs in 
F3CCOOH with added NaOCOCF3, intermolecular 
exchange may account for ca. 6 % of /ceq. 

Solvolyses of the simple unactivated IA-OBs and IB-
OTs systems are best discussed, as in eq 2, in terms of 
intermediates II ("intimate ion pair"), III ("solvent-
separated ion pair"), and IV ("dissociated cation").4b'9 

Judging by the tremendous preference for inversion of 
configuration in solvolysis of such systems, e.g., 2-octyl 
(IA),6 ^a«s-4-?-butylcyclohexyl (IB),7a and exo-3-bi-
cyclo[3.2.1]octyl (IC)7b arenesulfonates, formation of 
solvolysis product occurs essentially exclusively from 
the "intimate ion pair" II, this species giving inverted 
product more rapidly than it progresses to III and IV. 
On this basis, the 18O scrambling accompanying solvoly­
sis of these systems is probably best represented as in 
eq 3 with ion-pair return (k-i) and equilibration (/ceq

n) 
of sulfonate oxygen atoms in the intimate ion pair II 
(Ha -*• lib) competitive with solvolysis (ks

11). 

\ I+ + / 
—c—x -^± so—c—x- —>• so—c— 
/ H / \ H \ 

I-X 
I i 9 

It 
R—OS <— S O — R - O H X - — > S O - R (2) 

H H S H 
III 

It 
R—OS <— SO—R-OS — > • S O - R 

H H H H 
IV 

The Feq values in Table I would be an actual measure 
of ion-pair return [(k-i/(k-i + ks

u)], provided /ceq
n » 

k-u However, since k-i may be much larger than keq
u, 
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Feq provides only a lower limit to ion-pair return.10 It 
is clear from Table I that these Feq values are quite sen­
sitive to the nature of the solvent. The much lower 
values for Feq observed in MeOH, compared to AcOH, 
are in line with an expected decrease in the (k-i/ks

n) 
ratio on going from AcOH to the much more nucleo-
philic MeOH. It is interesting that the Feq measure of 
ion-pair return in formolysis of IA-OBs and IB-OTs is 
comparable to Feq in acetolysis.11 While the (/ceq

Ir/ 
ks11) and (keq

ll/k-i) ratios probably both increase on 
going from AcOH to HCOOH, total ion-pair return 
may well decrease, i.e., k-ilks

11 decreases. 

V2* 
O 

Jk i I 

ROSO2Ar - ^ SO—R—6—S—Ar 
Ia A-i H I \fc,n 

V2*0 \ 
I Ha SOR (3) 

O 
* * J<K +Vs* I 

ROSO2Ar -t± SO—R—O—S—Ar 
Ib 1 7 , H " I 

O 
lib Va* 

(10) Even with bridged ion pairs, as in acetolyses of 3-phenyl-2-butyl 
toluenesulfonate, ion-pair return occurs with incomplete 18O equili­
bration, keq being ca. half as large SS #rac (R. Thies and H. L. Goering, 
152nd National Meeting of the American Chemical Society, New York, 
N. Y., Sept 1966, Abstract S38; R. Thies, Ph.D. Thesis, University of 
Wisconsin, 1967). 

(11) Superficially, this appears to contrast with the situation in sol­
volysis of RX systems leading to bridged ions, where the measured 
total ion-pair return in HCOOH is very much less important than in 
AcOH.3c-4b 
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Mechanisms of Ozonolysis. 
Reductive Cleavage of Ozonides 

Sir: 

In order to test our recent mechanistic proposal1 

for the ozonolysis reaction we have utilized oxygen-
labeling techniques in which labeled aldehyde is intro­
duced into the ozonolysis mixture. In the absence of 
adequate mass spectral fragmentation patterns or in­
frared spectral assignments for ozonides, we have de­
termined isotopic distribution through ozonide reduc­
tion followed by mass spectral analysis of the resulting 
products. Unequivocal location of the isotopic label 
in the product ozonide is, of course, critical for a proper 
interpretation of the mechanisms of ozonide formation.2 

We now wish to report the synthesis of a specifically 
labeled ozonide which, in turn, has permitted an assess­
ment of the mechanisms of reductive cleavage of ozon­
ides. Application of the present findings to the mecha-
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