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The ability of (1) acetate and (2) triethylamine to catalyze the hydrolysis of aryl sulfonyl fluorides in aqueous 
dioxane has been explored kinetically. Acetate ion does catalyze the hydrolysis, and the solvent isotope effect as- 
sociated with the acetate-catalyzed reaction indicates that this is due to nucleophilic catalysis (eq 1). The relative 
effectiveness of acetate as a catalyst, as measured by the ratio of the rate constant for the acetate-catalyzed reac- 
tion to that for spontaneous hydrolysis of the sulfonyl fluoride under the same conditions, appears to be closely 
comparable to its relative effectiveness as a catalyst for the hydrolysis of aryl sulfonyl chlorides and a-disulfones. 
Catalysis by triethylamine, while detectable in competition with the normal alkaline hydrolysis of ArSOzF in 1:l 
Et3N-Et3NHf buffers, is relatively much less important compared to the normal alkaline hydrolysis under these 
conditions than in the hydrolysis of aryl a-disulfones, but considerably more important than in the hydrolysis of 
p-nitrophenyl p-toluenesulfonate. The possible mechanistic significance of this result is discussed. 

Although they react readily with hydroxide ion, sulfonyl 
fluorides hydrolyze very slowly in neutral or acidic aqueous 
so l~ t ion .2 ,~  On the other hand, when complexed to a macro- 
molecule such as an enzyme4 or cellulose,6 sulfonyl fluo- 
rides can undergo rapid covalent bond formation with OH 
groups on the macromolecule. Catalysis of the hydrolysis of 
the sulfonyl fluoride by the enzyme can also occur? In view 
of the very slow rate of spontaneous hydrolysis of sulfonyl 
fluorides, it  would appear that there must be very effective 
intramolecular catalysis by functional groups on the mac- 
romolecule in each of the reactions mentioned. 

This suggested to us that a study of the possible catalysis 
of the hydrolysis of sulfonyl fluorides by such simple 
species as carboxylate ions and nitrogen bases might prove 
interesting and informative. Functional groups of these 
types are present in the side chains of protein amino acid 
residues and have often been implicated in the catalytic ac- 
tivity of various enzymes. We also knew that such species 
as acetate ion and triethylamine are able to catalyze the hy- 
drolysis of sulfonyl derivatives with better leaving groups 
than F, namely, sulfonyl chlorides6 (ArSOzCl) and a-disul- 
fones7 (ArS0$302Ar), and so it seemed quite reasonable 
that catalysis by those species might also be important for 
the hydrolysiu of aryl sulfonyl fluorides. 

We have therefore investigated the hydrolysis of several 
aryl sulfonyl fluorides in the presence of a representative 
carboxylate ion, acetate ion, and in tHe presence of a typi- 
cal tertiary amine, triethylamine, in order to see whether 
there was marked catalysis of the hydrolysis by either 
species, and to then determine, if significant catalysis was 
observed, whether this catalysis was nucleophilic or general 
base catalysis, 

Results 
Catalysis of t he  Hydrolysis of Aryl Sulfonyl Fluo- 

rides by Acetate Ion. The disappearance of the aryl sulfo- 
nyl fluoride was followed spectrophotometrically in acetate 
buffers in 20% dioxane (v/v) as solvent using added potassi- 
um chloride to maintain a constant ionic strength of 0.04. 
In runs with m-nitrobenzenesulfonyl fluoride a wavelength 
of 275 nm was used to follow the reaction; with p-tolu- 
enesulfonyl fluoride the wavelength used was 235 nm,, De- 
pending on the sulfonyl fluoride, the data were plotted as 
either log ( A  - A , )  or log ( A ,  - A )  vs. time. Plots of this 
type were linear and the experimental first-order rate con- 
stant, k ~ ,  for the disappearance of the sulfonyl fluoride was 
evaluated in the usual way from the slope of such plots. 

Our initial studies were conducted with p -  toluenesulfon- 
yl fluoride as the substrate. However, the disappearance of 

Table I 
Hydrolysis of rn-Nitrobenzenesulfonyl Fluoride in  

Acetate Buffers in 20% Dioxane at 91" 
~ 

1 o5 
I ArS02F10, tAcO-I, CAcOH], IKC11, 1o4Ri, sec-l 

Y M M M a  

8.0 0.00 0.00 0.04 0.51 i 0.03 
0.01 0.01 0.03 3.4 i 0.3 

2.3 (DzO) 
0.02 0.02 0.02 4.7 i 0.4 

4.6 (D,O) 
0.03 0.03 0.01 6.1 f 0.5 

6.4 (D,O) 
0.04 0.04 0.00 8.7 * 0.6 

8.9 (D,O) 
0.04 0.02 0.00 9.9 

a The same rates were obtained when LiC104 was used in place 
of KCl to maintain ionic strength in the AcO--AcOH buffers. 

this sulfonyl fluoride, even in the presence of 0.04 M ace- 
tate a t  goo, was rather slow (tl/z = 5 hr), and there seemed 
to be difficulty in determining the infinity value of the ab- 
sorbance accurately and getting reproducible rate con- 
stants. For this reason the decision was made to switch to 
m- nitrobenzenesulfonyl fluoride as the substrate. This 
reacts about 30 times faster than the p-tolyl compound, 
just as it undergoes spontaneous hydrolysis much more 
readily than p -  C H ~ C ~ H ~ S O Z F . ~  

The m-nitro compound underwent hydrolysis in 1:l ace- 
tate-acetic acid buffers a t  a convenient rate at 91O. The re- 
sults are shown in Table I, along with the rates of hydroly- 
sis under identical conditions in 20% dioxane-80% DzO. 
Evidence that acetate, and not acetic acid, is the species re- 
sponsible for the catalysis of the hydrolysis of the sulfonyl 
fluoride in these buffers was provided by an experiment 
using a 2:l  AcO--AcOH buffer containing 0.04 M AcO-. 
The rate of hydrolysis was not less than that found for a 1:1 
buffer containing 0.04 M AcO-. 

Salomaa and coworkers8 have pointed out that  in mixed 
dioxane-water solvents apparent catalysis by a buffer com- 
ponent can sometimes result from accidental salt effects 
involved with the control of ionic strength. Their results, 
however, indicate that, if one gets the same rates for a se- 
ries of experiments of the type shown in Table I when the 
ionic strength is maintained with an alkali metal perchlo- 
rate as when it is maintained with an alkali metal chloride, 
one can feel quite confident that an effect of this type is 
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Table I1 
Hydrolysis of Aryl Sulfonyl Fluorides in 

Triethylamine Buffers in 60% Dioxane at 25" 

101  

ArSOZF, I A r S 0 ~ F 1 ~ , 6 E t 3 N l r  LEt3NH' l r  LLIClOql ,  lo4 ki, 
A r  = I I Y !d sec-' 

WZ-O~NC~H,  8.0 0.01 0.01 0.2375 7.2 i 0.1 
0.02 0.02 0.2275 8.3 i 0.3 
0.04 0.04 0.2075 9.8 f 0.2 
0.06 0.06 0.1875 11.0 f 0.1 

fi-BrC6H, 6.0 0.02 0.02 0.2275 0.95 * 0.07 
0.04 0.04 0.2075 1.10 rt 0.01 
0.06 0.06 0.1875 1.21 + 0.01 

not operating and that one is observing true catalysis by 
the buffer component. In the present work we observed no 
change in rate when lithium perchlorate was used instead 
of potassium chloride to maintain ionic strength in the 
AcO--AcOH buffers. Therefore we are confident that the 
catalysis being observed here with acetate ion is in fact ei- 
ther nucleophilic or general base catalysis, and not an acci- 
dental salt effect. 

Plots of k l  vs. [AcO-] for both the runs in 20% dioxane- 
80% HzO and 20% dioxane-80% D20 are satisfactorily lin- 
ear, indicating a first-order dependence of the rate of the 
catalyzed reaction on acetate concentration. From the 
slopes of the plots koAc(H20) is estimated to be 0.020 f 
0.002 M-l sec-l, and koAc(D20) as 0.022 f 0.001 M-l 
sec-l, giving a solvent isotope effect for catalysis by ace- 
tate, koAc(HzO)/koAc(DzO), of 0.9 f 0.2. 

Hydrolysis of Aryl Sulfonyl Fluorides in  Triethyl- 
amine Buffers. Rates of disappearance of the sulfonyl 
fluorides were followed spectrophotometrically in 1:l 
Et3N-EtsNH+ buffers in 60% dioxane (v/v) a t  2 5 O ,  using 
lithium perchlorate to maintain a constant total ionic 
strength of 0.25. The triethylamine concentration was var- 
ied between 0.01 and 0.06 M.  m-Nitrobenzenesulfonyl fluo- 
ride and p -  bromobenzenesulfonyl fluoride were used as 
substrates. The disappearance of the sulfonyl fluorides fol- 
lowed good first-order kinetics, and the experimental first- 
order rate constants, kl, for the different conditions are 
shown in Table 11. 

Figure 1 shows a plot of hl vs. [Et3N] for the data in 
Table 11. One can see that, while there is some increase in 
rate with increasing [EtsN], the intercept on the h l  axis at  
[Et3N] = 0.00, which represents the contribution to k l  
from the reaction of the sulfonyl fluoride with hydroxide 
ion present in the Et3N-Et3NHf buffers, is in both cases 
equal to, or larger than, the increase in rate brought on by 
the addition of 0.06 M Et3N. Because in each case the tri- 
ethylamine-catalyzed reaction constituted only a relatively 
modest portion of the total rate of disappearance of the 
sulfonyl fluoride, even at  high triethylamine concentra- 
tions, we did not attempt to determine the solvent isotope 
effect associated with it. From the slopes of the plots in 
Figure 1 h ~ t ~ ~  is estimated to be about 7 X M-l sec-' 
for the reaction involving m-OzNC6H4SOzF and -6 X 
M-l sec-l for the p -  bromo compound. 

Discussion 
Catalysis of t he  Hydrolysis of Aryl Sulfonyl Fluo- 

rides by Acetate Ion. The results in Table I show that the 
hydrolysis of an aryl sulfonyl fluoride can definitely be cat- 
alyzed by acetate ion. In principle, this could be either gen- 
eral base catalysis or nucleophilic catalysis, but the obser- 
vation that the solvent isotope effect associated with the 
acetate-catalyzed reaction is 0.9 f 0.2 suggests that nucleo- 
philic catalysis (eq 1) is what is involved in the present 

t i 

1 

O . + I  0.2 

001 002 00.5 0 0 4  0 0 5  0 0 6  

[EbN],  M 

Figure 1. Rates of hydrolysis of aryl sulfonyl fluorides in 1:l EtBN; 
Et3NHf buffers in 60% dioxane at 2 5 O  as a function of [E~BN]: 
data for rn-nitrobenzenesulfonyl fluoride, 0; data for p -  bromoben- 
zenesulfonyl fluoride, 0. 

case? This is the same type of catalysis observed with ace- 
tate in the hydrolysis of aryl sulfonyl chlorides6 and a-di- 
~ulfones.~a 

AcO' + ArSOzF --+ F- + ArSOzOAc - kOAc H 2 0  

fast  

ArS0,- + AcO- + 2" (1) 

Presumably the reason that ArSOzOAc hydrolyzes more 
rapidly than either ArSOZF, ArS02C1, or ArSOzSOzAr is 
because attack of water on the carbonyl group of 
CH3C(O)OS02Ar is much faster than attack of water on 
the sulfonyl group of any of the sulfonyl substrates. That 
this should be the case is not surprising, since ArS020 rep- 
resents an excellent leaving group, and nucleophilic attack 
on a carbonyl carbon is generally much more rapid than at- 
tack on an equivalent sulfonyl sulfur.1° 

The relative effectiveness of acetate as a catalyst for the 
hydrolysis of an aryl sulfonyl fluoride seems to be very sim- 
ilar to its effectiveness as a catalyst for the hydrolysis of 
aryl sulfonyl chlorides6 or ~ i -d isu l fones .~~ Thus, using as a 
measure of effectiveness the ratio koAc/kH20, where kH20 is 
the rate constant for the spontaneous hydrolysis of the sul- 
fonyl derivative under the same reaction conditions, the 
values of koAc/kHzO are 400,500, and 2000 for the hydrolys- 
es of the sulfonyl fluoride, sulfonyl chloride? and a-disul- 
fone,7a respectively. Clearly, then, while acetate, and pre- 
sumably other carboxylate ions, can catalyze the hydrolysis 
of a sulfonyl fluoride, their ability to do this parallels their 
ability to catalyze the hydrolyses of other sulfonyl deriva- 
tives having better leaving groups, and there is no special 
synergism associated with the carboxylate ion-sulfonyl flu- 
oride system. The origin of the rapid rate of reaction of sul- 
fonyl fluorides with OH groups in certain macromolecules 
vis-&-vis their slow rate of spontaneous hydrolysis does not 
therefore have its origin in some unusual rate enhancement 
due to neighboring carboxylate groups in the macromole- 
cule, at least insofar as being the result of some particularly 
favorable rate for reaction of a carboxylate ion with a sulfo- 
nyl fluoride, as compared to the ease of reaction of RCOO- 
with hydrolytically more reactive sulfonyl derivatives. 

Hydrolysis of Aryl Sulfonyl Fluorides in Triethyl- 
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amine Buffers. As is evident from Figure 1, most of the 
rate of hydrolysis of an aryl sulfonyl fluoride in a 1:l Et3N- 
EtSNH+ buffer in 60% dioxane is due to the reaction of hy- 
droxide ion with the sulfonyl fluoride (eq 2) and not to a 

HO' + ArSOzF - F- + ArS03H - ArS0; (2)  
OH- '0 H 

faat  

triethylamine-catalyzed reaction. This contrasts with the 
behavior of phenyl a-disulfone under the same condi- 
t i o n ~ , ~ ~  where most of the rate was due to a triethylamine- 
catalyzed reaction. On the other hand, while a kinetic term 
dependent on [Et3N] is still clearly detectable in the hydro- 
lyses of the two sulfonyl fluorides in Table 11, no triethyl- 
amine-dependent term could be observed in the hydrolysis 
of p-nitrophenyl p-toluenesulfonate, ArSOzOCsHdNOz-p, 
in the same buffer and solvent rnedium.ll These several re- 
sults suggest that as the leaving group gets poorer it be- 
comes more difficult for a triethylamine-catalyzed reaction 
to compete kinetically in a 1:l EtsN-Et3NH+ buffer with 
the normal alkaline hydrolysis of the sulfonyl derivative 
(eq 2 for ArS02F). 

This would seem to be more consistent with the idea that 
any catalysiri of the hydrolysis of these sulfonyl derivatives 
by triethylamine involves nucleophilic catalysis, rather 
than general base catalysis, as was originally ~uggested, '~ 
since, with general base catalysis, all else being equal, one 
normally finds that such catalysis is more important the 
poorer the leaving group.12 

We had osiginally hoped that the hydrolysis of aryl sulfo- 
nyl fluorides might prove just as good a system in which to 
explore catalysis of the hydrolysis of sulfonyl derivatives as 
the hydrolysis of sulfonyl chlorides6 or a -d i s~ l fones .~  The 
experiments outlined in the present paper strongly suggest, 
however, that this is not so, and have discouraged us from 
undertaking any further current work in this area. Despite 
their somewhat esoteric nature the aryl a-disulfones ap- 
pear to provide a considerably more versatile system in 
which to study catalysis7 of substitution a t  sulfonyl sulfur, 
as well as nucleophilic reactivity.13 

Experimental Section 
Preparation and' Purification of Reagents. p- Bromoben- 

zenesulfonyl fluoride was prepared by the method of Aberlin and 
B ~ n t o n , ~  mp 64-65O (li t3 mp 65-66O). The other sulfonyl fluorides 
were obtained from commercial sources, m-nitrobenzene- (Alfred 
Bader) and p-toluene (Aldrich), and were recrystallized from etha- 
nol-water prior to use. Triethylamine and dioxane were purified 
by previously described procedures." Sodium acetate, acetic acid, 
lithium perchlorate, and potassium chloride were all analytical re- 
agent grade and were used without further purification. 

Procedure for Kinetic Runs in Acetate Buffers. The runs 
were carried out under nitrogen in a reaction vessel of a type pre- 
viously used14 which permits an aliquot of the reaction solution to 
be withdrawn without exposing the rest of the solution to the at- 
mosphere. Fifty milliliters of a solution containing the proper 
amounts of sodium acetate, acetic acid, and either potassium chlo- 
ride or lithium perchlorate in 20% dioxane (v/v) as solvent was 
placed in the reaction vessel, 0.5 ml of a 0.008 M solution of the 
sulfonyl fluoride in pure dioxane was added and thoroughly mixed 
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with the acetate buffer, and the final reaction solution was then 
deaerated by passing a stream of nitrogen through the cooled soh-  
tion for a number of minutes. The flask containing the reaction so- 
lution was then placed in a constant-temperature bath at 91' and 
aliquots of the reaction solution were removed at appropriate time 
intervals, stoppered, and quickly cooled in ice to stop further reac- 
tion, and then kept at 0' until all the aliquots that were going to be 
taken in that particular run had been removed. Their absorbance, 
and that of the aliquot removed after reaction was complete, was 
then measured at an appropriate wavelength using either a Cary 
Model 14 or Perkin-Elmer Model 402 spectrophotometer. Runs in- 
volving m-nitrobenzenesulfonyl fluoride were followed at 275 nm, 
those with p-toluenesulfonyl fluoride at 235 nm. 

Procedure for Kinetic Runs with Triethylamine Buffers. 
The kinetics of the hydrolyses in the 1:l EtSN-Et3NH+ buffers 
were followed by monitoring continuously the absorbance of a so- 
lution of the sulfonyl fluoride in the appropriate buffer in a ther- 

'mostatted 1-cm cell in the cell compartment of either a Cary 
Model 14 or Perkin-Elmer Model 402 spectrophotometer. For each 
run the proper volume of a stock solution containing 0.12 M EtsN 
and 0.12 M Et3NH+C104- in 60% dioxane was pipetted into the 
reaction cell, followed by the necessary amount of a 0.75 M stock 
solution of lithium perchlorate in the same solvent. After mixing, 
the cell containing the solution was placed in the thermostatted 
cell holder in the spectrophotometer and allowed to come to 25O. A 
small, known amount of a freshly prepared stock solution of the 
sulfonyl fluoride, which had also been brought to 2 5 O ,  was then 
quickly added to the spectrophotometer cell, the cell was shaken 
vigorously to ensure complete mixing and quickly replaced in the 
cell holder, and measurements of absorbance vs. time were then 
started. 

Registry No.-pBromobenzenesulfony1 fluoride, 498-83-9; m- 
nitrobenzenesulfonyl fluoride, 349-78-0; p-toluenesulfonyl fluo- 
ride, 455-16-3; acetate ion, 71-50-1; triethylamine, 121-44-8. 
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