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The hydrolysis of p-nitrophenyl p-toluenesulfonate (3a) has been studied in a series of EtsN-EtzNH+ buffers
in both 20% acetonitrile and 60% aqueous glyme. No evidence of any significant catalysis by triethylamine
could be detected. In contrast, catalysis of the hydrolysis in 60% glyme by the less sterically hindered tertiary
amine, N-ethylpyrrolidine (NEP), is easily detectable. The solvent isotope effect and other considerations
suggest that this catalysis by NEP is nucleophilic catalysis. The catalysis of the hydrolysis of phenyl «-disul-
fone (1b) by NEP in 60% dioxane has also been investigated, and it too appears to be an example of nucleophil-
ic catalysis. In the light of these results the earlier conclusion of Kice and Kasperek that the catalysis of the hy-
drolysis of 1b by triethylamine represents general base catalysis is critically reexamined, and it is concluded
that it could quite possibly represent instead a mixture of part nucleophilic catalysis and part general base ca-

talysis.
In 1970 Kice and Kasperek? reported that the hydrolysis
of aryl a-disulfones (eq 1) could be catalyzed by triethyl-
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amine (TEA). On the basis of the magnitude of the solvent
isotope effect observed for the reaction, they believed that
what was involved was general base catalysis by the terti-
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Et;N + HO + ArS—SAr — Et;NH* + ArﬁOH + ArSO; (2).
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ary amine (eq 2) rather than the alternate possibility, nu-
cleophilic catalysis (eq 3).
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Et;N + ArSOH + H*

Subsequently, Kice and Campbell® investigated the ca-
talysis by tertiary amines of an exactly analogous substi-
tution at sulfinyl sulfur, the hydrolysis of aryl sulfinyl sul-
fones (eq 4). While pyridine appeared to catalyze this
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reaction by acting as a nucleophilic catalyst (eq 5), the
more sterically hindered tertiary amine, N-benzyldiethyl-
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amine, apparently catalyzed the reaction by acting as a
general base catalyst (eq 6). They also noted that N-ben-
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zylpyrrolidine, which has essentially the same base
strength as EtaNCHyPh, but in which the nitrogen is less
sterically hindered owing to two of the substituents on ni-
trogen being tied back in a ring, was a considerably better
catalyst than Et;NCHyPh. Were N-benzylpyrrolidine
functioning as a general base catalyst one would not ex-
pect it to be significantly more reactive than N-benzyldi-
ethylamine. On the other hand, given its less sterically
hindered nitrogen, N-benzylpyrrolidine should almost cer-
tainly be considerably better as a nucleophilic catalyst
than EtzNCHoPh. Kice and Campbell accordingly con-
cluded that the decrease in steric hindrance around nitro-
gen on going from EtsNCHyPh to N-benzylpyrrolidine was
apparently enough to take one from a situation where gen-
eral base catalysis by the tertiary amine was faster than
nucleophilic catalysis to one where k5, was now larger than
Eqp.

Nucleophilic and general base catalysis of the hydrolysis
of carboxylic acid derivatives has been very extensively
investigated and is a subject of great mechanistic inter-
est.?:5 Much less attention has been devoted to study of the
same phenomena in substitutions at sulfur. Since in-
depth investigation of such catalysis would seem a neces-
sary part of any complete picture of nucleophilic substitu-
tion at sulfur, further exploration of the question of catal-
ysis by tertiary amines of the hydrolysis of sulfonyl and
sulfinyl compounds certainly seems warranted.

In the present work we initially investigated whether
the hydrolysis of an aryl p-toluenesulfonate (eq 7) would
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also be subject, like the hydrolysis of 1, to catalysis by
tertiary alkyl amines. Certain of our results were such as to
cause us to wonder whether the triethylamine-catalyzed
hydrolysis of 1 might not actually be an example of nu-
cleophilic catalysis after all, rather than general base ca-
talysis, as Kice and Kasperek? had originally thought.
This led us to carry out some studies on the catalysis of
the hydrolysis of 1 by N-ethylpyrrolidine, which, upon
comparison with the earlier data? on the EtsN-catalyzed
hydrolysis of 1, would hopefully provide further insight on
this matter. These are also described and discussed.

Results

I:Iydrolysis of p-Nitrophenyl p-Toluenesulfonate in

RsN-R;NH+ Buffers. The kinetics of the hydrolysis of
very dilute (10~4 to 5 X 10~5 M) solutions of p-nitrophen-
yl p-toluenesulfonate (3a, Ar = p-0sNCgH4) in various
tertiary amine-tertiary alkylammonium ion buffers were
followed by monitoring the increase in the absorbance of
the solution at 400 nm due to the release of p-nitropheno-
late ion on hydrolysis of 3a. In each instance the infinity
absorbance of the solution corresponded accurately with
that expected from the initial concentration of 3a in the
solution. Plots of log (A%, — A) vs. time were nicely linear
in all cases, showing that the disappearance of the ester
and appearance of p-OsNCeH,O- followed good first-
order kinetics. From the studies of Bunnett and Bassett®
one can be sure that the hydrolysis of 3a under the vari-
ous conditions used is occurring essentially exclusively by
S-0, rather than C-0O, bond cleavage. This would be true
even for nucleophilic catalysis by tertiary amine, since
they® have shown that piperidine reacts with 3a with 90%
S-0 bond cleavage and less than 10% C-0O bond cleavage.

One series of runs was carried out at 70° using 1:1, 2:1,
and 4:1 EtgN-Et3NH+ buffers in 20% acetonitrile~-80%
water as solvent. The ionic strength was kept constant at
0.10 by addition of lithium perchlorate. The results of
these runs are listed in Table I. The values of k1, the ex-
perimental first-order rate constant, show that at a given
buffer ratio there is no dependence of k; on [EtgN]. On
the other hand, ky does increase in a linear fashion with
buffer ratio. This behavior shows that under these condi-
tions there is no detectable catalysis of the hydrolysis by
triethylamine itself and that the only kinetically impor-
tant term contributing to k; is the reaction of OH~ with
3a (eq 8). The concentration of hydroxide ion in these so-
lutions is, of course, directly proportional to the buffer
ratio [EtsN]/[EtsNH+].
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Since the autoprotolysis constant for water should be
several orders of magnitude smaller in a solvent like 60%
dioxane or.60% glyme than it is in 20% acetonitrile, the
concentration of hydroxide ion in a given EtzN-EtsNH+
buffer should be much lower in these solvents than in 20%
acetonitrile. Hopefully, therefore, it should be easier to
detect any catalysis by the amine in these solvents than in
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Table I

‘Hydrolysis of p-Nitrophenyl p-Toluenesulfonate in
Et;N-Et,NH+* Buffers in 20% Acetonitrile at 70° ¢

Et:N:Et:;NH + [Et:N ], k1 X 105,
buffer ratio M sec1 b
1:1 0.100 1.97
0.050 1.97
0.025 2.05
0.0125 2.09
2:1 0.100 4.25
0.050 4.51
0.025 4.28
0.0125 4.38
4:1 0.100 8.18
0.050 8.51
0.025 8.15

¢ All runs with ionic strength of the solution held constant
at 0.10 by addition of lithium perchlorate. ? Rate constants
are in each case the average of several runs.

20% acetonitrile, since the much lower hydroxide ion con-
centration will make eq 8 a less important contributor to
the rate of hydrolysis of 3a in any given buffer. We ac-
cordingly investigated the hydrolysis of 3a in similar
EtgN-EtsNH+ buffers in 60% glyme as solvent. We also
studied the hydrolysis in N-ethylpyrrolidine buffers in the
same solvent. In order to get reasonable rates of reaction
it was necessary to go to a considerably higher tempera-
ture, 115°, and the reactions were therefore carried out in
sealed tubes. The results are listed in Table II.

From these data it is evident that even in 60% glyme
there is still practically no dependence of k; on [EtgN] at
a given buffer ratio. On the other hand, with the sterically
less hindered, but otherwise equivalent, tertiary amine
N-ethylpyrrolidine there is a clearly detectable increase in
k1 with increasing amine concentration. As can be seen
from Figure 1, which shows plots of k1 vs. amine concen-
tration for the different buffer ratios, the dependence is
that which would be expected if k1 is given by eq 9 with

by = kOH[OH—] + kRBN[RSN] =

[RsN]
[R,NHT]

the hydrolysis rate being the sum of the rate due to reac-
tion with hydroxide (eq 8) and the rate due to an N-ethyl-
pyrrolidine-catalyzed reaction. ‘

From the slopes of the plots of k1 vs. [N-ethylpyrroli-
dine] one can estimate the value of kygp, the rate con-
stant for the N-ethylpyrrolidine-catalyzed hydrolysis of 3a
under these conditions. This is found to be 6.0 x 10-35
M-1 sec—1, Because there is so little variation in ky with
[EtsN], a value of krga cannot be estimated in the same
way with any real accuracy. However, from Figure 1 ane can
say that krgs is almost certainly no larger than about
4 X 10-% M-1sec—1, so that the rate constant for catalysis
by N-ethylpyrrolidine is at least 15 times larger than the
rate constant for catalysis by triethylamine. .

The data in Table II on the N-ethylpyrrolidine-cata-
lyzed hydrolysis of 3a in 60% glyme-40% D20 permit one
to determine the solvent isotope effect associated with
kngp. This is found to be kNEp(Hzo)/kNEp(Dzo) =145+
0.10.

Catalysis of the Hydrolysis of Phenyl a-Disulfone by
N-Ethylpyrrolidine. As will be outlined in much greater
detail in the Discussion, the lack of any significant cataly-
sis of the hydrolysis of 3a by triethylamine and the fact
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Table I1
Hydrolysis of p-Nitrophenyl p-Toluenesulfonate in
Tertiary Amine Buffers in 60%
Aqueous Glyme at 115°¢

RsN:R:NH™ [RaN], ki X105,
Amine buffer ratio M gec—1 b
Et;N 4:1 0.08 0.72

0.06 0.70
0.04 0.69
0.02 0.70
2:1 0.08 0.41
0.06 0.40
0.04 0.39
0.02 0.38
1:1 0.05 0.23
0.0375 0.22
0.025 0.21
0.0125 0.20
NEP 4:1 0.08 1.42
0.06 1.29
0.04 1.18
0.02 1.05
2:1 0.08 0.95
0.06 0.82
0.04 0.69
0.02 0.58
1:1 0.05 0.57
0.04 0.51
0.03 0.44
0.0125 0.33
0.010 0.30
4:1 0.08 1.02 (D:0)
0.06 0.96 (D.0O)
0.04 0.87 (D;0)
0.02 0.79 (D:0)

@ All runs with the ionic strength of the solution held
constant at 0.05 by addition of lithium perchlorate. ® Rate
constants are average of several runs. Deviation between
duplicate runs was never greater than +=3%.

Table III

Hydrolysis of Phenyl «-Disulfone in
N-Ethylpyrrolidine Buffers in 60% Dioxane¢

NEP:NEPH* [NEP], ki X 108,
buffer ratio M sec1?
1:1 0.06 9.2
0.05 8.0
0.04 6.2
0.03 4.2
0.02 3.0
0.06 6.5 (D,0)
0.05 5.4 (D:O)
0.04 4.4 (D.O)
0.03 3.2 (D.0)
0.02 2.0 (D:0)

e All runs at 25° with ionic strength of the solution held
constant at 0.10 by addition of lithium perchlorate. * Rate
constants are average of several runs. Deviation between
duplicate runs was never greater than +6%.

that catalysis by N-ethylpyrrolidine was detectable in 60%
glyme led us to wonder whether the catalysis of the hy-
drolysis of aryl a-disulfones, 1, by triethylamine observed
by Kice and Kasperek? might not be nucleophilic cataly-
sis rather than the general base catalysis (eq 2) they had
suggested. To get information that might help to resolve
this point, the catalysis of the hydrolysis of phenyl a-di-

sulfone (1b, Ar = CgHs) by N-ethylpyrrolidine was studied |

in 60% dioxane under the same conditions used earlier? to
study the catalysis of the same hydrolysis by EtsN. The
results are shown in Table III. Plots of ky vs. [N-ethylpyr-
rolidine] (Figure 2) are nicely linear and indicate. that
kngp in 60% dioxane-40% H,O is 0.15 M~1 sec—1 with
kNEp(Hzo)/kNEp(Dzo) equal to 1.38 £ 0.05.

Kice, Walters, and Burton

The value which we find for kngp, the catalytic con-
stant for N-ethylpyrrolidine, is about six times larger than
the catalytic constant for triethylamine measured by Kice
and Kasperek.? As a check on their work we briefly rein-
vestigated the catalysis of the hydrolysis of 1b by triethyl-
amine in 60% dioxane in a 1:1 EtzN-EtsNH* buffer and
from a plot of k1 vs. [EtsN] obtained a value of krga about
15% smaller than the one they reported, but one which was
still in sufficiently close agreement with their value to show
clearly that N-ethylpyrrolidine is definitely a markedly
better catalyst for the hydrolysis of 1b than is triethylamine,
despite the fact that both amines are of essentially equal
base strength.

Discussion

Catalysis of the Hydrolysis of p-Nitrophenyl p-Tol-
uenesulfonate (3a). In EtsN-EtzNH+* buffers no signifi-
cant catalysis of the hydrolysis of 3a by triethylamine it-
self can be detected either in 20% acetonitrile or 60%
aqueous glyme as solvent. In contrast, with the sterically
less hindered tertiary amine, N-ethylpyrrolidine (NEP), a
kinetic term due to catalysis by the amine is easily de-
tected (see Figure 1). While catalysis of the hydrolysis of
3a by NEP could, in principle, represent either nucleo-
philic catalysis or general base catalysis, several factors
suggest rather strongly that nucleophilic catalysis (eq 10)
is what is involved.

0

" kNEP
N—Et + ArS—O—@—NOQ —t—>

“ rate-

0

determining

NEP
0
- B
ArS-—lT(j + -0 NO, (10)
I
0 Et

l H,0, fast

ArSO.H + H* + Et-——N:]

First, there is no appreciable difference in the base
strength of NEP and triethylamine. This is evident from
the fact that the intercepts on the ki axis in Figure 1,
which are proportional to [OH -] present in solutions of a
given buffer ratio, are only 30% larger for each NEP-
NEPH* buffer than for the corresponding EtsN-EtsNH+*
buffer. This corresponds to a difference in the pK, of
NEPH* and EtsNH+ of only 0.10 pK unit. This is also in
accord with data in the literature? that indicate that there
is little difference between the pK, of EtsNH* and N-
ethyl-2-methylpyrrolidinium ion. If NEP were functioning
as a general base catalyst for the hydrolysis of 3a, the cat-
alytic rate constant for NEP should presumably be ap-
proximately the same as for triethylamine. The fact that
knep for the hydrolysis of 3a is at least 15 times larger
than krga is therefore hardly consistent with general base
catalysis.

‘On the other hand, the fact that kEngp is much larger
than krga is easily explained if NEP is acting as a nucleo-
philic catalyst for the hydrolysis of 3a, since the nitrogen
atom in NEP is significantly less sterically hindered than
the ‘one in triethylamine and its reactivity in a nucleophilic-
substitution such as eq 10 might therefore be expected to be
significantly larger.

Nucleophilic catalysis by NEP is also consistent with
the solvent isotope effect for knrp. The measured value of
knep(H20) /knep(D20) of 1.45 £ 0.10 seems too small to
be consistent with general base catalysis, since solvent



Substitution Reactions at Sulfonyl Sulfur

J. Org. Chem., Vol. 39, No. 3, 1974 349

I

T | I - l i

i

]

sec~!

5
’

k, x 10

o2 i l il | i | 1

2o

! | ! ]

s —ob—

oof 008
wer), #

X4 004
[ersh], 1

Figure 1. Rates of hydrolysis of 3a in 60% glyme in N-ethylpyrrolidine (NEP) and triethylamine buffers vs. amine concentration: O, 4:1
RsN-RsNH* buffer; ©, 2:1 buffer; ©, 1:1 buffer; @, 4:1 buffer in 60% glyme-40% D20. All runs at constant ionic strength of 0.05.

isotope effects for general base catalyzed reactions involv-
ing amine catalysts normally range between 1.9 and 4.4.8
It can be reconciled with nucleophilic catalysis by NEP
involving the mechanism shown in eq 10.9

Catalysis of the Hydrolysis of Phenyl a-Disulfone by
N-Ethylpyrrolidine. The results in Figure 2 indicate that
NEP is a substantially better catalyst than triethylamine
for the hydrolysis of phenyl a-disulfone (1b) and also that
the solvent isotope effect, knygp(H20)/Engp(D20), associ-
ated with catalysis by NEP is relatively small, being only
1.4. Just as in the case of catalysis of the hydrolysis of 3a,
these two factors suggest that the catalysis of the hydroly-
sis of 1b by NEP is nucleophilic catalysis (eq 11) and not

0 0
" “ kyge " + . _
N—Et + PhS—SPh PhS—N + PhSO,
L o
O O etermining O Et
l H,0, fast 1

PhSO,H + H* + CN—Et

general base catalysis. In connection with the solvent iso-
tope effect it is worth recalling that E(H20)/k(D20) for
nucleophilic catalysis by pyridine of the hydrolysis of 2 in
the same solvent was 1.44.3

Nature of the Catalysis of the Hydrolysis of Phenyl
a-Disulfone by Triethylamine. A priori there are three
possibilities for catalysis of the hydrolysis of phenyl a-di-
sulfone (1b) by triethylamine (TEA): (1) general base ca-
talysis (eq 2); (2) nucleophilic catalysis (eq 3); or (3) a
mixture of the two, the catalytic rate constants for eq 2
and eq 3 adventitiously being approximately the same.
Based on the size of their measured solvent isotope effect,
krea(H20)/krea(D20) = 1.9, Kice and Kasperek?® con-
cluded that catalysis by triethylamine was general base
catalysis. This conclusion must now be carefully reexam-
ined in the light of the following aspects of the present re-
sults. First, while NEP is at least 15 times more reactive
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Figure 2. Catalysis of the hydrolysis of 1b by NEP. Plot of &y vs.
[NEP] for runs in a 1:1 NEP-NEPH+ buffer at a constant ionic
strength of 0.10: O, 60% dioxane-40% Hz0; @, 60% dioxane-40%
D20.

0.08

than Et3N as a catalyst for the hydrolysis of the aryl p-tol-
uenesulfonate 3a, it is only 6 to 7 times more reactive than
EitsN as a catalyst for the hydrolysis of 1b. Second, while
with 1b catalysis by EtsN is easily detected in 1:1 EtsN-
EtsNH* buffers in competition with direct alkaline hy-
drolysis, catalysis by EtsN is not significant in comparison
with alkaline hydrolysis in the same buffers in the hydrol-
ysis of 3a.
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If the catalysis of the hydrolysis of 1b by EtsN is gener-
al base catalysis it seems rather surprising that EtsN does
not catalyze the hydrolysis of 3a at all effectively. Usual-
ly, all else being equal, the poorer the leaving group in a
hydrolysis the more important general base catalysis, and
certainly p-OsNCgHsO~ is a poorer leaving group than
PhSO;-. On the other hand, if catalysis of the hydrolysis
of 1b by EtsN were nucleophilic catalysis, one could un-
derstand how &wgp/RTea might be considerably larger
for the hydrolysis of 3a than for the hydrolysis of 1b. For
example, the rate constant for nucleophilic catalysis could
well be more sensitive to changes in the steric require-
ments of the nucleophile the greater the extent of nucleo-
phile-sulfony!l group bond formation in the rate-determin-
ing transition state, and with the poorer leaving group in
3a the extent of N-SO; bond formation in that transition
state could well be further advanced than for 1b.

There is, however, one major problem associated with
interpreting the catalysis of the hydrolysis of 1b by trieth-
ylamine as nucleophilic catalysis, and that is the size of
the solvent isotope effect, krga(H20)/krra(D20) = 1.9.
This seems abnormally large to be associated with a
mechanism where catalysis by EtsN involves exclusively
nucleophilic catalysis.

At first sight one therefore seems left with a not very
satisfying pair of alternatives. On the one hand, if one as-
sumes that the catalysis of the hydrolysis of 1b by Et3N is
general base catalysis because of the magnitude of the sol-
vent isotope effect, it is not clear why similar catalysis by
Et3N should be so unimportant in the hydrolysis of 3a.
On the other hand, if one assumes that the catalysis of the
hydrolysis of 1b by EtsN is nucleophilic catalysis, one has
to write off the solvent isotope effect as somehow being
anomalous in this particular case. However, before con-
cluding that these are the only possible explanations for
the data, one should explore whether or not the entire sit-
uation may not be better explained by assuming that ca-
talysis of the hydrolysis of 1b by Et3N in 60% dioxane
represents the sum of the contribution from two separate
reactions, one a nucleophile-catalyzed reaction (eq 3) and
the other a general base catalyzed reaction (eq 2), and
that these two processes have approximately equal rate
constants in 60% dioxane-40% HsO. First, such a situa-
tion could account for the observed solvent isotope effect
for ktga, because krgs as measured would be the sum
of kny (eq 3) and kgp (eq 2), and, while kg, would be
markedly lowered on transfer to 60% dioxane-40% DO,
knu would not be greatly affected, the net result being
that krga(H20)/R1ea(D20) as measured would appear
to be intermediate in value between that expected for
nucleophilic catalysis and that usual for general base
catalysis. Second, because of the considerations outlined
earlier, kn, for TEA could well be much smaller relative
to kny for NEP for catalysis of the hydrolysis of 3a than it
is for catalysis of the hydrolysis of 1b, so that while kxgp/
krga for 1b is given by kyny (for NEP)/[kgy + knu] (for
TEA), with k., and kg, for TEA being roughly equal in
magnitude, kngp/kTea for 3a is effectively given by
R'nu(NEP) /k’¢p(EtsN), k'ny for TEA being of negligible

importance, and the net result is that kyxgp/kTea could.

easily be two to three times larger for 3a than it is for

1b.
An explanation that attributes the catalysis of the hy-

drolysis of 1b by EtsN to a mixture of part nucleophilic
catalysis (eq 3) and part general base catalysis (eq 2) can
thus apparently be accommodated to the various experi-

mental results more easily than alternate explanations:

which assume that the catalysis is either entirely nucleo-
philic or entirely general base.
However, it is also clear from the work to date that the
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question of just what type of catalysis will be observed in
any particular tertiary amine catalyzed hydrolysis of a
sulfonyl derivative is a complex one and that considerable
further study of additional appropriate systems will be
necessary before one can develop a detailed understanding
of this area.

Experimental Section

Preparation and Purification of Materials. The preparation
and purification of phenyl a-disulfone (1b) followed previously
described procedures.? p-Nitrophenyl p-toluenesulfonate was pre-
pared in the following manner. To 13.3 g (0.096 mol) of p-nitro-
phenol in 50 ml of dimethylformamide was added 3.8 g of sodium
hydroxide in 12.5 ml of water. To this solution was then added
18.1 g (0.098 mol) of p-toluenesulfonyl chloride in 50 ml of di-
methylformamide and the resulting mixture was stirred at room
temperature for 30 min. It was then poured over a 100-ml volume
of ice and the white crystals of p-nitrophenyl p-toluenesulfonate
which separated were collected by suction filtration. After recrys-
tallization from 95% ethanol they melted at 93-95° (lit.6 mp 96-
97°). Triethylamine (Matheson Coleman and Bell) was purified
by refluxing it over barium oxide and then fractionally distilling
it under a nitrogen atmosphere immediately prior to use. N-
Ethylpyrrolidine (Adams Chemical Co.) was purified in an exact-
ly similar manner. Acetonitrile was purified by being fractionally
distilled from over phosphorus pentoxide. Glyme (Ansul Chemical
Co.) was distilled from sodium and then distilled from lithium
aluminum hydride just prior to use. Dioxane was purified as pre-
viously described.? Reagent grade lithium perchlorate and per-
chloric acid were used without further purification.

Procedure for Kinetic Runs. Hydrolysis of p-Nitrophenyl p-
Toluenesulfonate in 20% Acetonitrile. Buffer solutions having
the appropriate EtsN-EtgNH+ ratio were prepared by the addi-
tion of the standard aqueous perchloric acid to a standard aque-
ous solution of triethylamine. Lithium perchlorate was used
where needed to adjust the ionic strength to the desired level. A
sample of p-nitrophenyl p-toluenesulfonate (3a) was weighed out
and dissolved in a known volume of acetonitrile. To initiate a ki-
netic run 20 ml of the appropriate EtaN~EtzINH* buffer solution
containing the proper concentration of EtzN was pipetted into a
flask together with 4 ml of acetonitrile and 1 ml of the standard
solution of 3a in acetonitrile. After mixing, aliquots of the solu-
tion were placed in a series of tightly stoppered (polyethylene
stoppers) glass vials and the vials were shut so that there would
be no loss of solvent or amine when the vial was subsequently
heated to the reaction temperature of 70°. The vials were then
placed in a constant-temperature bath at 70°. At appropriate in-
tervals a vial was removed, cooled in ice water, opened, and the
absorbance of the solution in it read at 400 nm. The absorbance
increases with time owing to the formation of p-nitrophenolate.
ion, which absorbs strongly at 400 nm. The initial concentration
of 3a used was normally about 10-¢ M and in each instance the
final absorbance of the solution at 400 nm corresponded within
2-8% of that expected for the formation of 1 mol of p-nitropheno-
late ion for each mole of 3a present initially.

Hydrolysis of p-Nitrophenyl p-Toluenesulfonate in 60%
Aqueous Glyme. Aqueous buffer solutions of either EtgN-
EtsNH+* or NEP-NEPH+* were made up by adding the proper
amount of standard perchloric acid to aqueous solutions contain-
ing known amounts of freshly distilled tertiary amine. (To get re-
producible results it was very important to use freshly distilled
amines.) A standard solution of lithium perchlorate in water was
also prepared. The proper volumes of amine buffer and of lithium
perchlorate solution were then mixed with the proper volumes of
freshly distilled glyme and water to give a final solution contain-
ing 60% glyme (v/v). A very small volume of a relatively concen-
trated glyme solution of 3a sufficient to give a concentration of 3a
in the initial kinetic solution of 5 X 10-3 M was then added, and
aliquots of the final solution were then placed in a series of con-
stricted tubes, which were carefully degassed and sealed under
vacuum. The sealed tubes were placed in a constant-temperature
bath at 115°. At appropriate intervals a tube was removed,
cooled, opened, and the absorbance of the contents measured at
400 nm. As in the runs in 20% acetonitrile the infinity absorbance
of the solution corresponded very closely to that expected for the
formation of 1 mol of p-O;NCgH4O~ for each mole of 3a present
initially.

Hydrolysis of Phenyl «-Disulfone in NEP-NEPH* Buffers
in Aqueous Dioxane. A 1:1 standard buffer of NEP-NEPH™ in
60% dioxane was prepared from purified N-ethylpyrrolidine and
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standard perchloric acid, and 1:1 buffers of varying NEP concen-
tration were prepared from this by appropriate dilution. The
proper volume of a standard solution of lithium perchlorate in
60% dioxane was added to these solutions as required to achieve
the desired ionic strength. The procedure used for following the
kinetics of the disappearance of 1b in 60% dioxane has already
been described.!® The hydrolyses were all slow enough at 25° to
be followed by conventional, rather than stopped-flow, spectro-
photometry.

Besides the various runs in 1:1 NEP-NEPH+ buffers we also
carried out a single series of runs in 60% dioxane in a set of 1:1
EtsN-EtsNH~* buffers of varying triethylamine concentration in
order to verify that we could obtain kinetic results on this system
in adequate agreement with those reported earlier by Kice and
Kasperek.?

Registry No. 1b, 10409-06-0; 3a, 1153-45-3.
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The Addition of 2,4-Dinitrobenzenesulfenyl Chloride to 1-Phenylpropyne and
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Electrophilic additions of 2,4-dinitrobenzenesulfenyl chloride (1) to 1-phenylpropyne (4) and its ring-substi-
tuted derivatives (p-OCHgz, p-Cl, and m-Cl) have been studied kinetically in acetic acid. The effects of the ring
substituents on the reaction rate of 4 conformed to the Hammett po relationship with the reaction constant p =
—1.46 at 40°. Additions of 1 to phenylacetylene (5), 1-hexyne (7), and 2-heptyne (6) were also studied for the
sake of comparison. It was found that the methyl substitution on the acetylenic carbon enhances the reactivity
by a factor of 10 to 20. The secondary kinetic isotope effects were examined for 5 and styrene (10) with use of a-
and @-deuterated substrates. The value ku/kp ~ 0.95 for each deuteration was obtained. These results were
compared with those found in the related electrophilic addition reactions. It is concluded that the sulfeny! sul-
fur attacks the isolated « bond of phenylacetylenes to form an unsaturated episulfonium ion.

Electrophilic addition reactions of acetylenes are closely
related to those of olefins in character. The acid-catalyzed
hydration of both phenylacetylene! and styrene? involves
a carbonium ion intermediate stabilized by the benzyl
conjugation. Yates, et al.,3 have recently compared the
reactivities of some olefin-acetylene pairs in electrophilic
addition reactions, pointing out the similarity and the dif-
ference of the two systems. Intermediacy of an episulfon-
ium ion was concluded in the additions of sulfenyl halides
to both classes of compounds.3-?

We have recently found that 2,4-dinitrobenzenesulfenyl
chloride (1) adds exclusively to the terminal double bond
of phenylallene, whose nodal plane is orthogonal to that of
the phenyl ring.1® This aroused our interest in the prob-
lem as to which of the two acetylenic = bonds of phenyl-
acetylene (parallel or orthogonal to the phenyl pr orbitals)
is the more amenable to the electrophilic attack of sulfur.
The phenyl group could stabilize the unsaturated episul-
fonium ion either by conjugation with the intact double
bond as in 2 or by interaction with the ring as in 3.

Hassner, et al.,11 have recently suggested the inter-
mediacy of iodonium ion of type 2 in the ionic addition of
IN; to 1-phenylpropyne to explain the orientation. Their
claim was later criticized in a review.12 Nevertheless, the
possible ‘intermediacy of the onium ion of type 2 will be
well conceivable in some cases, because the intermediate
2 is considered to be niore stable owing to the conjugation.

In the present paper, we will report the results of the

kinetic studies on the electrophilic -addition of 1 to 1-
phenylpropyne (4) and its related compounds 5-7. The
secondary isotope effects on the reaction rate of 5 were
also measured with use of phenylacetylene-3-d (58), in
comparison with those observed for the styrene system.

. The kinetic information obtained here has provided a use-

ful basis to determine which form of intermediate, 2 or 3,
is the more closely related to the transition state of the
reaction.



