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considered unlikely by other groups of workers?4:20
because it places undue emphasis on the I, effect.
Indeed, Swain and Lupton?* believe the value should
be less than 1, which is certainly true for the correla-
tion of pK, values® and rates of quaternization of sub-
stituted pyridines.®® As alveady noted, Fischer and
Vaughan have shown that electron-withdrawing groups
of potential (—I, —M)-type exert only a —1I effect
in these series, a conclusion amply supported by the
work of Schofield,” and yet all such groups have a
different effect depending on whether they occupy the
3 or 4 position (T'able IV).

TarLe IV
o1 VALUES FOR SUBSTITUENTS IN THE PYRIDINE SERIES

~—() o1 (pKpa values®)——  —(ii) o1 (guaternization®)—

Substituent 3 4 3/4 3 4 3/4
CN 0.64 0.55 1.17 0.62 0.52 1.19
NO, 0.67 0.63 1.07
COOCH; 0.35 0.28 1.25
COC¢H; 0.33 0.31 1.06 0.30 0.23 1.30

e Reference 8. * Reference 30.

Another explanation of the increased slope of the
o, correlation could be a competition between the
pyridinium nucleus and the g-vinyl substituent for the
= electrons of the double bond, which the former always
wins but in varying degrees, so that the assumption of a
constant negative or(vinyl) value in eq 3 and 4 is
incorrect. However, or’ measurements for the @
substituents®! (NO, og® = 0.17; CN, 0.09; COOEt,
0.18; COCHj;, 0.22; CHO, 0.24; COC¢H;, 0.19) show

(29) R. T. C. Brownlee, R. E. J. Hutchinson, A. R. Katritzky, T. T.
Tidwell, and R. D. Topsom, J. Amer. Chem. Soc., 90, 1757 (1968).

(30) A. Fischer, W. J. Galloway, and J. Vaughan, J. Chem. Soc., 3598
(1964).
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that the —M effect is not proportional to the —1I effect
for such substituents. Thus to explain the different
slope by this phenomena would involve postulation of
interaction between the resonance effect of the vinyl
group and the inductive effect of the 8 substituent, a
type of interaction previously suggested®' and also
implicitly assumed,? but not widely considered, the
mutual independence of M and I effects being the
general basis for dual substituent parameter correla-
tions.

Stewart and Walker’” have measured o, for the
B-nitro vinyl group; it is 0.88. Clearly, for this sub-
stituent, and presumably for the others studied here,
the — M effect of the 8 substituent fully reasserts itself
as expected when conjugation with excess of electronie
charge is possible. Thus, these groups fall into the
small category of those that have both ¢t and o~
values significantly different from ¢. The sign of the
or® values of such groups, measured as 0.13 for CH=
CHNO; and 0.10 for CH==CHCOOH,?! therefore
appears to be in some doubt.

Registry No.—2b, 24490-79-7; 2¢, 26505-36-2; 2d,
10416-53-2; 2e, 24489-96-1; 2f, 16208-85-8; 2g, 28430-
32-2; 3a, 3156-52-3; 3b, 6443-86-3; 3c, 28447-15-6;
3d, 28447-16-7; 3e, 28447-17-8; 3f, 4452-13-5; 3g,
28430-33-3; 5a, 1075-49-6; 5b, 28447-20-3; 4 vinyl-
pyridine; 100-43-6.
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The kinetics of the reaction of n-butyl mercaptan with p-toluenesulfinyl p-tolyl sulfone (1a) in 609, dioxane
containing 0.001-0.40 M perchloric acid have been investigated. In the region 0.001-0.01 M HCIO,, reaction of

n-BuS~ with 14 is an important contributor to the rate.
the rate is a reaction between the undissociated mercaptan and la.

At higher acidities the only important contributor. to
Reaction of n-BuSH with 1a is not subject to

significant acid catalysis, in marked contrast to the butyl sulfide catalyzed hydrolysis of 1a where nucleophilic

attack of n-BugS-on la occurs only if there is accompanying acid catalysis.

This difference in the behavior of

n-BuSH and n-BusS provides evidence of the probable correctness of thie explanation advanced earlier® for why
acid catalysis is necessary in the sulfide-catalyzed hydrolysis but not in the ordinary hydrolysis of 1a.

In acidic aqueous dioxane the hydrolysis of aryl sul-
finyl sulfones (eq 1) can be markedly catalyzed by the

O
Ar?——%Ar + Hy0 —> 2Ar80.H 1)

1
(1) (a) This research was supported by the National Science Foundation,
Grant GP-10732X. (b) Preceding paper in this series: J. L. Kice and G.
Guaraldi, J. Org. Chem., 83, 793 (1968).

(2) Department of Chemistry, University of Vermont, Burlington, Vt.
05401.

addition of small concentrations of alkyl sulfides such
as n-butyl sulfide.®! While the ordinary hydrolysis of 1
under these conditions is not subject to acid catalysis,
i.e., rate = ky(1), the sulfide-catalyzed hydrolysis oc-
curs only with acid catalysis, Z.e., rate = k(H*)(R:8)-
(1). To explain this difference in behavior it was sug-
gested? that uncharged nucleophiles like H,O and R.S
are unable to displace sulfinate ion (ArSO,~) as such
from 1. In the sulfide-catalyzed hydrolysis (eq 2), if
RS is to effect a substitution on the sulfinyl group of 1,

(3) J.L.XKice and G. Guaraldi, J. Amer. Chem. Soc., 89, 4113 (1967).
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RaSSAr 4 ArSOH + HO  (2)
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H:0 \L fast
R,S 4 ArSO,H + H+

a, proton must be transferred to the ArSO; group coinci-
dent with the scission of the S(0)-S0; bond, so that the
ArSO, group is displaced as ArSO,H.* In the ordinary
hydrolysis, on the other hand, where water is the at-
tacking nucleophile, the attacking water molecule itself
can supply the proton required by the departing ArSO,
group, either via a mechanism (eq 3) in which this pro-
o
H0 + H:0 + .Arﬁ—-—iAr '<__>_ Ar?——ISAr + H Ot —>
O -

ArS8O.H 4 ArSO:H 4+ H,0 (3)

ton is first transferred to another water molecule and
then transferred in a second step from there to the
ArSQ; group or via a mechanism (eq 4) where this same

|
HO + HO + Arﬁ—ﬁAr

11
B —r
ﬁu‘ Ar 1/0
0-H

H
transition state

— ArSO,H + ArSO,H + H,0 (4)

proton transfer is accomplished in a single encounter.
For either eq 3 or eq 4 as the mechanism one will, of
course, have no dependence of the hydrolysis rate on
(H;0 ).

If the above explanation for the difference in the de-
pendence of the rates of the ordinary hydrolysis and the
sulfide-catalyzed one on (H3;O) is correet, then the re-
action of a mercaptan with 1 in acidic aqueous dioxane
(eq 5) should, like the ordinary hydrolysis, not be sig-

(4) That the proton is transferred in the rate-determining step rather than
in an earlier equilibrium is shown by the solvent~isotope effect of (kgH20/
%sP20) = 1.4, Presumably the reason that the mechanism shown in eq 2

is preferred over one involving attack of R:8 on sulfonyl-protonated 1 formed
in & prior equilibrium, 4.e., eq i, is simply the fact that, due to the extremely

oH
' +
RS + ArS—Sar ————>+$2SSAr + ArSO.H @

2

low basieity of sulfonyl groups, the equilibrium concentration of 2 is too
small for reaction i to be able to compete effectively with eq 2.

(5) 8. K. Hall and E. A, Robinson, Can. J. Chem., 42, 1113 (1964); E, M.
Arnett and C. Douty, J. Amer. Chem, Soc., 86, 409 (1964).
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I
RSH + Ar?—?Ar — RSﬁAr + ArSO,H 5)

nificantly acid catalyzed, even though the mercaptan
represents a neutral sulfur nucleophile of about the
same reactivity as the sulfide, since RSH, like H;0, and
unlike R,8, has a proton attached to the attacking atom
which can be transferred to the departing ArSO, group
in the same manner as shown in eq 3 and 4. For this
reason it seemed worthwhile to investigate the kineties
of the reaction of a typical mercaptan with an aryl sul-
finyl sulfone in acidic aqueous dioxane. The present
paper reports the results of such a study.

Results

The particular mercaptan—sulfinyl sulfone combina-
tion chosen for study was n-butyl mercaptan—p-toluene-
sulfinyl p-tolyl sulfone (la, Ar = p-CH;C¢H,). The
rate of disappearance of la in the presence of added
mercaptan could be followed kinetically by the same
spectrophotometric procedure used earlier® to follow
the kinetics of the hydrolysis of 1a. All runs were car-
ried out with the added mercaptan (0.10-0.15 M) pres-
ent in huge stoichiometric excess over la (~10—* M).
The disappearance of la followed good first-order ki-
netics in every case.

The experimental first-order rate constants, ki, for
the disappearance of 1a under the various reaction con-
ditions investigated are shown in Table I. Each mea-

TasLe I

KineTics OF THE DISAPPEARANCE OF p-TOLUENESULFINYL
p-ToLYL SULFONE IN THE PRESENCE OF n-BUTYL MERCAPTAN
IN 609, DioxaNE AT 21.4°

kv =

[kl - k_},
k1 X 103, RS |’

(LiCl104), (n-BuSH), (HC104),
M M M sec™1 % M~1gec™!

0.00 0.150 0.0010 11.5 0.049
0.0012 10.9 0.045

0.0015 10.6 0.043

0.0016 10.5 0.042

0.0020 9.6 0.037

0.0025 9.0 0.032

0.0040 8.3 0.028

0.0050 7.8 0.025

0.010 7.3 0.021

0.050 7.2 0.020

0.10 7.4 0.022

0.095 0.10 6.2 0.021

0.146 0.20 8.4 0.028

0.40 9.3 0.032

0.30 0.146 0.10 16.7 0.082

@ All rate constants are the average of several runs. Initial

concentration of sulfinyl sulfone, ~1 X 10~* M in all runs.

sured rate constant k; is the sum of the rate constant
for the normal hydrolysis of la (k) and the pseudo-
first-order rate constant [ky(RSH)] for the mercaptan—
la reaction under that particular set of reaction condi-
tions, z.e.

i = kn + kx(RSH)

In a separate set of experiments, values of ky, were deter-
mined for 1a for each set of reaction conditions in Table
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Figure 1.—Plot of ku, the rate constant for the reaction of
la with n-BuSH, vs. 1/(H*) for runs in 609, dioxane containing
0.001-0.01 M HCIO,.

I, were found to be effectively independent of perchlorie
acid concentration, and were found to agree within a
few per cent with those measured for 1a earlier® under
certain of these reaction conditions. Values of &y cal-
culated from the k; values, the %, values, and the rela-
tionship by = [k — ku/(RSH)] are given in the last
column of Table I.

Runs in 0.10 M perchloric acid at two different mer-
captan concentrations indicate that ky; is independent
of mercaptan concentration, showing that, as expected,
the la-mercaptan reaction is first order in mercaptan.

Discussion

Examination of Table I reveals that in the region
0.001-0.01 M perchloric acid ky decreases with in-
creasing acid concentration, suggesting that in this re-
gion reaction of the mercaptide ion n-BuS— with la
(eq 6) is also contributing significantly to the rate of

0

| ks
n-BuS- + Ar|S——|£Ar S #-BuSSAr + A0~ (6)
{

|
0

disappearance of la. In more acid media (0.01-0.10
M HCIO,) %y is independent of acid concentration
showing that in this region the only significant contrib-
utors to ky are processes whose rates are independent
of (H), i.e., either direct reaction of n-BuSH with la
(eq 7), or an acid-catalyzed reaction of n-BuS— with the
same substrate (eq 8). If this assessment of the kinetic

0
n-BuSH + ArS—tiar — 5 BuSSAr + ArSOH )
. %
)
n-BuS- + ArS—gAr + Ht g n-BuSSAr + ArSOH (8)
T
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situation is correct, in the range 0.001-0.10 M/ HCIO,,
kyr should be given by

KaRSH
ky = krs- ~(H—+)] + k'rg-KaRSH + krgm 9)

where K,B5H is the acid dissociation constant of the
mercaptan, and a plot of ky; vs. 1/(H*) should be linear.
Figure 1 shows that this is indeed the case, thereby de-
monstrating that the increase in ky; with decreasing
(H+) below 0.01 M HCIO, is indeed due to the fact that
reaction of n-BuS— with 1a becomes significant at low
acidities.

The next question to consider is whether eq 7 or 8 is
the major contributor to the acid-independent term in
eq 9. For other anionic nucleophiles (Cl—, Br-, ete.)
reacting with 1a one has found?® that the rate constant
(k'ny) for their acid-catalyzed reaction with the sulfinyl
sulfone is never larger than five times the rate constant
(kny) for their uncatalyzed reaction with the same sub-
strate. Assuming the same is' true for n-BuS-—, this
means that (k'rg-/krs-) £ 5. The slope of the plot in
Figure 1 is equal to kgrg-K,, the intercept to k'ps-K,
+ krsg. Since the intercept (0.02) is about 700 times
greater than the slope (83 X 10-9%), this requires, pro-
vided (k'rs-/krs-) < 5, that essentially all of the acid-
independent term be due to eq 7, the reaction of the un-
dissociated mercaptan with la.

Above 0.10 M HCIO, ky; increases slightly with in-
creasing acid concentration (Table I). Does this rep-
resent a contribution to the rate from an acid-catalyzed
reaction of the undissociated mercaptan with 1a (eq 10),

L38:15

I
n-BuSH + Ar’S|—SAr + Ht ——

I
0O 0 +
n-Bu?—lSAr + Ar30.H (10)

H

i fast

n-BuSﬁAr + H+
O

analogous to eq 2 for the reaction of n-Bu,S with 1a?
We think not and that the increase in ky with (HCIO,)
in this region is more likely due to a salt effect on krsm,
since the addition of equivalent amounts of LiClO; in
place of HCIO, leads to an even larger increase in by
(last entry in Table I). However, even if the increase
in ky with (HCIO,) should represent a contribution to
the rate from eq 10, such an acid-catalyzed process is
much less important relative to the rate of the uncata-
lyzed reaction for the mercaptan reacting with la than
for the reaction of the sulfide with la. This can be
seen (Table II) by comparing the variation of ky in the

TasLe 11

DEPENDENCE OF RATES oF REACTION OF BUTYL MERCAPTAN
AND BuTYL SULFIDE WITH 1a ON AcIp CONCENTRATION®

(HClO04), kym for kg for
M n-BuSH reaction BusS reaction
0.01 0.020 <0.04
0.10 0.021 0.24
0.20 0.028 0.70
0.40 0.032 1.7

@ All data for 609, dioxane at 21.4°.
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region 0.01-0.40 M HCIO, with the variation in kg for
the butyl sulfide catalyzed hydrolysis of la over the
same range of acid concentrations,

We conclude from this that the explanation pre-
viously offered? for why the sulfide-catalyzed hydrolysis
of la requires acid catalysis while the ordinary hydroly-
sis does not is apparently the correct one.

Experimental Section

Preparation and Purification of Materials.—p-Toluenesulfinyl
p-tolyl sulfone (1a) and dioxane were prepared and/or purified
in the manner described in an earlier paper.® r-Butyl mercaptan
was freshly fractionally distilled under nitrogen, bp 97-98°.

Procedure for Kinetic Runs.—The general procedure for fol-
lowing the kinetics of the disappearance of la was the same as
that outlined previously.®? To initiate a run the proper amount
of a stock solution of la in anhydrous dioxane was added to an
aqueous dioxane solution containing the appropriate amounts
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of perchloric acid, n-butyl mercaptan, ete., both solutions having
been brought to 21.4° before mixing. The disappearance of 1a
was then followed by monitoring the decrease in the optical den-
sity, 4, of the solution at 300 my in the manner described in an
earlier paper.® Plots of log (4 — 4 .,)vs. time were nicely linear.
One should note that in those runs in which the reaction of mer-
captan with la accounts for most of the rate 4 ., is significantly
larger than when one is following only the hydrolysis of 1a, be-
cause of the fact that the thiolsulfinate produect of the mercap-
tan—1a reaction, n-BuSS(O)Ar, has a significant extinction coeffi-
cient at 300 my, unlike the sulfinic acid, ArSO,H, which is effec-
tively transparent at this same wavelength. The spectra ob-
tained at the end of the experiments in the presence of mercap-
tan corresponded to those expected for the formation of a mix-
ture of thiolsulfinate (from the mercaptan-1la reaction) and sul-
finic acid (from the normal hydrolysis) in the proportions pre-
dicted by comparison of k; in the presence of mercaptan and in
its absence.

Registry No.—1a, 788-86-3;
n-Bu,S, 544-40-1.

n-BuSH, 109-79-5;
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The hydrolysis of p-anisyl p-methoxybenzenesulfinyl sulfone (2a, eq 2) in aqueous dioxane or glyme can be cat-
alyzed by various tertiary amines. The results for N-benzyldiethylamine, (knre/khi) = 2.4, clearly in-
dicate that the amine is acting in that case as a general base catalyst and represent the first reported example of

general base catalysis of a simple substitution at sulfinyl sulfur.

On the other hand, the data for catalysis of the

hydrolysis by pyridine point toward that amine acting as a nucleophilic rather than a general base catalyst.
This, and the behavior of N-benzylpyrrolidine, both suggest that fairly modest changes in amine structure which
merely reduce the steric hindrance around nitrogen can be sufficient to switch one from a situation where the
tertiary amine acts as a general base catalyst to one where nucleophilic eatalysis is observed to predominate in-
stead. This, of course, means that each future example of tertiary amine catalysis of a substitution at sulfinyl
sulfur will have to be examined carefully on an individual basis before decision can be reached as to whether nu-

cleophilic or general base catalysis is involved.

It was shown® recently that catalysis of the hydroly-
sis of aryl a-disulfones (1) by triethylamine in aqueous
glyme or dioxane involves general base catalysis (eq 1),

R
kg
EtN + H,0 + Ar?—ﬁAr 2,
O

EtsNH"’ -+ AI‘SOsH + AI‘SOZ'— (1)

even though n-alkyl primary and secondary amines re-
act with 1 as nucleophiles. This reaction represented
the first reported case of general base catalysis of a sub-
stitution at sulfonyl sulfur, although another example
has subsequently been reported.*

We were interested in determining whether general
base catalysis by a tertiary amine could also be observed
in an analogous substitution at sulfinyl sulfur. We
have accordingly investigated the catalysis of the hy-
drolysis (eq 2) of an aryl sulfinyl sulfone (2) by several
tertiary amines under the same conditions. While the
rapidity of the catalyzed reaction limited the range of

(1) (a) This research was supported by the National Science Foundation,
Grant GP-10732X. (b) Preceding paper in this series: J, L. Kice and J. D.
Campbell, J. Org. Chem., 86, 2288 (1971).

(2) Department of Chemistry, University of Vermont, Burlington, Vt.
05401,

(3) J. L. Kice and G. J. Kasperek, J. Amer. Chem. Soc.; 92, 3393 (1970).

(4) E.T. Kaiser, Accounts Chem. Res., 8, 145 (1970).
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Arﬁ—-?Aﬁ + H;0 —> 2ArSO:H (2)
0

2

tertiary amines that could be examined, we have still
been able to demonstrate that, although certain ter-
tiary amines like pyridine eatalyze the hydrolysis by
acting as nucleophilic catalysts, the more sterically hin-
dered tertiary alkyl amine, N-benzyldiethylamine, cata-
lyzes the hydrolysis by general base catalysis. To our
knowledge this is the first example of general base catal-
ysis of the hydrolysis of a sulfinyl ecompound, and it
shows that this type of catalysis, which has been widely
encountered in substitutions of carboxylic acid deriva-
tives® and recently observed?* in substitutions at sul-
fonyl sulfur, can also be important in appropriate sub-
stitions at sulfinyl sulfur.

Results

Catalysis of the hydrolysis of p-anisyl p-methoxyben-
zenesulfinyl sulfone (2a, Ar = p-CH,;OC¢H,) by various
tertiary amines was investigated in either 609, glyme-
409, water (v/v) or 609, dioxane-409, water (v/v) as

(5) T. C. Bruice and 8, J. Benkovie, ‘‘Bioorganic Mechanisms,” Vol. 1,
W. A, Benjamin, New York, N. Y., 1966, pp 27-118.



