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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

J. Org. Chem., Vol. 36, No. 16, 1971 2291

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.
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Figure 1.—Rate of hydrolysis of 2a in 609, glyme in N-benzyl-
diethylamine buffers at 21.4°: ¢, runs in 2.5:1 Et,NCH,Ph-

EtzﬁHCHzPh buffer; O, runsin 1:1 EtzNCHzPh—Etzﬂ'HCHgPh
buffer.

solvents at 21.4°. Rates were followed spectrophoto-
metrically using previously described procedures.® All
runs were carried out at constant ionic strength in
amine—ammonium ion buffers with both buffer com-
ponents present in large stoichiometric excess over the
sulfinyl sulfone. The disappearance of 2a followed
good first-order kinetics under all conditions investi-
gated.

The kinetic results for N-benzyldiethylamine as cata-
lyst in 609, glyme are shown in Table I. Those for
pyridine as catalyst in 609, dioxane are given in Table
II.

We also investigated catalysis by several other ter-
tiary amines, namely, tribenzylamine, triethylamine,
and N-benzylpyrrolidine. Tribenzylamine was with-
out any catalytic effect at a concentration of 0.01 M in
8 1:1 (PhCH,);N-(PhCH,);NH+ buffer. In either1:1
or 1:5 Et;N-Et;NH* buffers rates of hydrolysis of 2a
were too fast to measure accurately in either 609, glyme
or 609, dioxane, even at the lowest amine concentrations
(1 X 10—3 M) that could be used if one was to maintain
an effectively constant Et;N-Et;NH* ratio throughout
the course of the reaction.’

N-Benzylpyrrolidine was also too reactive to permit
an accurate determination of its catalytic rate constant
and is therefore a significantly better catalyst than N-
benzyldiethylamine, even though they are presumably
of closely comparable bage strength.

(6) J. L. Kice and G. Guaraldi, J. Amer. Chem. Soc., 89, 4113 (1987).

(7) Since an initial 2a concentration of 5 X 105 M is about as low as one
ean conveniently go, and since hydrolysis of 2& yields 2 mol of sulfinic acid
(eq 2), one is restricted to amine concentrations above § X 10~4 M if one
wants to maintain a constant pH during the course of the reaction. The
latter is necessary since with relatively basic tertiary amines, like N-benzyl-
diethylamine and triethylamine, the direct reaction of hydroxide with 2a
is a significant contributor to the total rate in 1:1 amine-ammonium ion
buffers (see discussion of results with PRCHNEts).
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TasLE I
HyproLysis oF p-ANISYL
p-METHOXYBENZENESULFINYL SULFONE IN THE PRESENCE
OF N-BENZYLDIETHYLAMINE IN 609, GLYME®
Et:NCH:Ph~

+ kon(OH™-)
Et;:NHCH;Ph (Et;NCH,Ph) £, X 102, kEt2NCH2Ph, X 102,
buffer ratio X 108, M sec1 M1t ggo-1b sec~1¢
1:1 1.01 2.2
2.04 3.3
3.06 4.4 10.2 0.97
4.08 5.2
5.10 6.3
2.5:1 0.98 3.5
1.96 4.4 10.0 2.4
2.93 5.5
3.91 6.5
1:1 2.0 2.6 (D,0)
3.0 3.0 (D,0) 4.2 (D,0) 1.7 (DO)
4.0 3.5 (DO)
5.0 3.8 (D,0)
=]

¢ All runs at 21.4° with ionic strength held constant at 0.01 by
addition of LiClQ,; initial concentration of 2a, 5 X 10~% M,
b Calculated from slope of plot of kn vs. (Et;NCH,Ph). ¢ Inter-
cept at (Et;2NCH,Ph) of 0.00 M equals 0.19 X 10-? sec™* -
kou(OH-).

TasLe II

HyproLysis oF p-ANISYL p-METHOXYBENZENESULFINYL
SULFONE IN THE PRESENCE OF PYRIDINE 1N 609, DIOXANE®

CsHsN-
CsH:NH +
buffer (CsHsN) X 103, by X 102, kogmpN,
ratio M sec~1 M1 gec1b
1:1 9.7 4.0
4.9 2.1
2.9 1.3 3.9
1.95 0.99
0.97 0.64
1:1 10.0 2.8 (D0)
8.0 2.1 (D,0) 2.7
6.0 1.7 (D:0)
4.0 1.1 (D,0)
1:1 10.0¢ 3.9
10.094 3.5

¢ All runs at 21.4° with ionic strength held constant at 0.01
by addition of LiClOy; initial concentration of 2a, 5 X 1075 M.,
b Caleulated from slope of plot of kn vs. (C:HiN). ¢ p-MeOCe
HS0:Na, 5 X 1074 M, added initially. ¢ p-MeOC¢HSO:Na,
1 X 10~ M, added initially.

Discussion

Catalysis by N-Benzyldiethylamine, —Figure 1 shows
plots of the rate of hydrolysis of 2a, ki, vs. (amine) for
runs with added N-benzyldiethylamine in 60% glyme
at two different Et,NCH,Ph~Et,N+*HCH,Ph buffer
ratios (1:1 and 2.5:1). The slope of the plots is inde-
pendent of the buffer ratio while the intercepts of the
plots, when corrected for the small contribution to &y
from the spontaneous rate of hydrolysis of 2a under
these conditions® (0.19 X 10-2 sec~1), show that the
intercept for the runs at the 2.5: 1 buffer ratio is exactly
2.5 times larger than the intercept for the plot for the
1:1 buffer ratio runs. This behavior shows that under
these conditions k; is given as shown in eq 3 where

kn — kspont = kor(OH ™) + krwencmrn(Et:NCH,Ph) (8)

krincmpn(Et:NCH,Ph) is the contribution from the
amine-catalyzed reaction and ko (OH ) is the contribu-
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tion from a direct reaction of hydroxide ion with 2a
(eq 4).

O
{| kon
OH~ + ArS—SAr ————3> ArS80,H + ArS0,~ (4)
| (“) \L OH -, fast

ArS80,~

Measurements of the rate of the amine-catalyzed re-
action in 609, glyme-409, D,O (Table I) reveal that
keeNompy 18 2.4 times smaller in this solvent than it is
in 609, glyme-409, H.0. Such a solvent isotope effect
of (k"Cgencmpn/ EPOp nompn) = 24 provides
clear evidence that the catalysis of the hydrolysis of 2a
by Et:NCH,Ph must involve general base catalysis (eq
5) and not nucleophilic catalysis. Thus, hydrolyses in

Jrg, Pt2NCH2Ph

|
Et;NCHPh + H:0 + Ar'S——ﬁAr —_—

Et:NHCH,Ph + ArSO.H + ArS0;~  (5)

which amines act as nucleophilic catalysts normally ex-
hibit rather small solvent isotope effects (km,0/kp,0 =
0.9-1.4) while those where general base catalysis is in-
volved show much larger values of kx,0/kp.0, 1.9-4.4.2

As far as we can tell this represents the first example
of general base catalysis of a hydrolysis of a sulfinyl de-
rivative and shows that this phenomenon can also be
observed in substitutions at this oxidation state of sul-
fur.

That not all tertiary amines, however, catalyze the
hydrolysis of 2a by acting as general base catalysts is
indicated by results with several other amines. Let us
first consider the results with pyridine.

Catalysis by Pyridine.—Figure 2 shows a plot of
ky vs. (amine) for the pyridine-catalyzed runs of
Table IT (1:1 C:H;N-C;H;NH+ buffer). Since the
line through the data points for each set of runs inter-
cepts the k;, axis at a value equal to the spontaneous rate
of hydrolysis of 2a, this means that there is no coniribu-
tion to the rate from the kog(OH™) term (eq 4) under
these conditions. This is not surprising because, pyr-
idine being a substantially weaker base than Eto.NCH,-
Ph, the hydroxide concentration in a 1:1 C;H;N-C;H;-
NH* buffer should be much smaller than in a 1:1 buffer
of the other amine.

Figure 2 shows that the slope of the &y vs. (CsH;N)
plot is somewhat lower in 609, dioxane-40% D;O than
it is in 609 dioxane—409, H.0O, corresponding to a sol-
vent isotope effect of (k}HZOCﬁHEN/kDmCEHEN) of 14.
Note that this is significantly smaller than the solvent—
isotope effect of 2.4 found in the Et,NCH,Ph-catalyzed
reaction. Although at the upper end of the range of
values normally observed when nucleophilic catalysis
by an amine is involved, it is significantly lower than
those (1.9-4.4) usually associated with general base ca-
talysis by the same species. We therefore conclude that
the solvent isotope effect associated with the pyridine-
catalyzed reaction is indicative of its involving nuecleo-
philic catalysis by pyridine.

Two other aspects of the results also point toward the
same conclusion. First, one sees that, although pyri-

(8) For a tabulation of most of the pertinent data, see S. J, Johnson,
Advan. Phys. Org. Chem., B, 281 (1967).
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kh X 102. sec™!

(CHN) x 10° M
Figure 2.—Rate of hydrolysis of 2a in pyridine buffers at

21.4°: O, runsin 1:1 C;H;N-C;H;NH * buffer in 60% dioxane-
409 H,0; &, runs in 1:1 C;H;N-C;H;ND * buffer in 609, diox-
ane-40%, D-0.

dine is over four powers of ten weaker base than Ets-
NCH,Ph,? kemx in 609, dioxane is only 2.5 times
smaller than kgi,ncipn in 609 glyme.  Although earlier
work? has shown some increase in the rate constant for
the Et;N-catalyzed hydrolysis of 1 on -going from 609,
glyme to 609, dioxane, the magnitude of the effect is at
most about a factor of ten. Thus, unless the Brgnsted
8 associated with the general base catalyzed hydrolysis
of 2a were quite small, one could not have k¢ as
large as it is and still have pyridine acting as a general
base catalyst. It seems more reasonable to assume that
koo 18 as large as it is because pyridine is functioning
as a nucleophilic catalyst and is, because the nitrogen
atom is much less sterically hindered than the one in an
amine like Et;NCH;Ph, much more reactive as a nu-
cleophile in relation to its basicity than is Et;NCH;Ph.1
Second, there is the fact that the initial addition of
10—3 M sodium p-methoxybenzenesulfinate leads to a
small but definite decrease in ko,g (see last two runsin
Table IT). This effect of added sulfinate is understand-
able if the pyridine-catalyzed reaction involves nucleo-
philic catalysis by CsH;N and the mechanism shown in
eq 6, since in the presence of sufficient added ArSO,~
the k_; step becomes competitive with the k, step, and
Ecymn, which is equal to kik(HoO)/[k(H.0) + k-
(ArSO;—)], decreases. Were the pyridine-catalyzed
reaction to involve general base catalysis by the amine
no such effect of added sulfinate would be observed.
(9) M. Bouregeaud and A. Dondelinger, C. R, Acad. Sci,, 179, 1159 (1924),
(10) A referse has suggested that pyridine may exhibit nucleophilic ca-
talysis and N-benzyldiethylamine general base catalysis not for the reasons
just cited but because the reversal of the first step in the nucleophilic ca-
talysis mechanism for PhCH;NEt; (analogous to step %-1in eq 6) is unusually
fast relative to ks for this amine as compared to the situation with pyridine,
so that any potential nucleophilic catalysis by PhCH:NEt, is effectively
suppressed and the general base catalyzed mechanism becomes dominant.
Although we think it unlikely that a change from pyridine to PhCH:NEt,

would lead to & change in k-1/ks large enough to have an effect of this mag-
nitude, we cannot completely rule out this possibility.



2204 J. Org. Chem., Vol. 36, No. 16, 1971
We thus feel that the weight of the evidence points

toward the pyridine-catalyzed hydrolysis involving nu-
cleophilic catalysis by pyridine according to the mech-

anism shown in eq 6.
+ - —
ArﬁN\ /> + ArSO,

6]
l (6)
H,0 | &,

ArSOH + CHN + HY

[
Arﬁ——ﬁAr + CHN (ik_*

Catalysis by Other Tertiary Amines.—As mentioned
earlier, N-benzylpyrrolidine is significantly more re-
active as a catalyst for the hydrolysis of 2a than is
N-benzyldiethylamine, being in fact too reactive to per-
mit an accurate determination of its catalytic rate con-
stant. Since the two amines are of almost exactly equal
base strength (pKy, of Et,NCH,Ph = 4.4:° pK,, of N-
benzylpyrrolidine = 4.5'1), they should be of essen-
tially equal reactivity as general base catalysts for the
hydrolysis of 2a. The fact that N-benzylpyrrolidine
is a significantly better catalyst than Et,NCH,;Ph sug-
gests that the pyrrolidine is probably catalyzing the
hydrolysis by acting not as a general base but rather as
a nucleophilie catalyst. Due to two of the substituents
on the nitrogen being tied back in a ring, the nitrogen
in the pyrrolidine is presumably much less sterically
hindered than the one in Et.NCH,Ph, and the pyrroli-
dine should be considerably more reactive than Ity
NCH,Ph as a nucleophile toward 2a, even though the
two amines are of equal basicity toward a proton.

The results in the present paper thus suggest that
tertiary amines can catalyze the hydrolysis of sulfinyl
derivatives either by nucleophilic or general base catal-
ysis and that the particular type of catalysis actually
observed with a given substrate may change with only
a fairly modest change in amine structure. Regret-
tably this means that in further studies of such cataly-
sis each individual sulfinyl compound-tertiary amine
system will have to be examined in detail independently
before one can be sure which type of catalysis is in-
volved in that particular system.

Since triethylamine (pKj, = 3.25) is a significantly
stronger base than Et,NCH.Ph, one cannot tell from
the fact that this amine is also too reactive as a catalyst
to permit measurement of kg, whether this is due to
its acting as a nuecleophilic rather than a general base

(11) L.C. Craig and R, M, Hixon, J. Amer, Chem, Soc., 58, 4367 (1931).
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catalyst. It could equally well be due to the fact that
the greater basicity of Et;N makes kg, for this amine
significantly larger than kg, for Et;,NCH,Ph. (With
the Et;NCH,yPh runs we are already close enough to the
upper limit of the rates that we can measure accurately
that kyp, for Et;N would only need to be about four times
larger than k,p, for Et,NCH,Ph in order for kgin to be
too large for us to be able to measure it accurately.)

Experimental Section

Preparation and Purification of Materials. N-Benzylpyrroli-
dine was prepared by the method of Fery and van Hove.!?
Benzyl chloride (41 ml) was added over a 2-hr period to a rapidly
stirred, ice-cooled mixture of 33 g of pyrrolidine, 100 ml of ether,
and 50 g of potassium carbonate. The final mixture was stirred
for 2 hr more and then allowed to stand overnight. It was then
acidified with 200 ml of 6 N HCl and extracted with ether. The
aqueous phase was neutralized with concentrated potassium hy-
droxide solution and extracted with ether. The ether extract
was dried over anhydrous magnesium sulfate. Subsequent re-
moval of the ether and distillation gave 52 g (70%) of N-benzyl-
pyrrolidine, bp 45° (0.7 mm), n¥®p 1.5271. N-Benzyldiethyl-
amine was prepared in essentially the same manner as N-benzyl-
pyrrolidine using 63.3 g of benzyl chloride and 36.5 g of diethyl-
amine. The final distillation gave 30 g (379,) of N-benzyldi-
ethylamine, bp 79-80° (7 mm), »¥p 1.4957 [lit.1* 84-85° (12
mm), #¥p 1.5014]. p-Anisyl p-methoxybenzenesulfinyl sulfone
was. prepared as described by Kice and Guaraldi.’* Pyridine
was purified by refluxing analytical reagent grade material over
barium oxide and then fractionally distilling. Dioxane, glyme,
and triethylamine were purified by previously published proce-
dures.®¢ Tribenzylamine (Eastman) was recrystallized from
ethanol before use, mp 93-95°.

Procedure for Kinetic Runs.—The various amine-ammonium
ion buffers were prepared by adding the calculated amount of
standard perchloric acid to a standard solution of the amine.
The ionic strength was maintained constant by the addition of
lithium perchlorate. To carry out a run 3.0 ml of the appro-
priate amine buffer in either 609, glyme or 609 dioxane was
placed in a l-em spectrophotometer cell and brought to 21.4°
in a thermostated cell compartment of a Cary Model 15 spectro-
photometer. Then 7-8 ul of a freshly prepared 0.02 M solution
of sulfinyl sulfone 2a in either anhydrous glyme or dioxane was
introduced into the buffer solution on the flattened end of a glass
stirring rod and rapidly and thoroughly mixed with the solution
in the cell. The rate of disappearance of 2a wag then followed
spectrophotometrically in the manner described by Kice and
Guaraldi.5 The spectra at the conclusion of the hydrolysis eor-
responded to those that have been obtained in those hydrolyses
of 2a to sulfinic acid studied earlier.?

Registry No, —2a, 13737-19-4; N-benzyldiethylamine,
772-54-3; pyridine, 110-86-1; N-benzylpyrrolidine,
29897-82-3.

(12) L. P. A, Fery and L. van Hove, Bull. Soc. Chim. Belg., 69, 63 (1960).

(13) R. F. Boreh, Tetrahedron Lett., 61 (1968); V. M. Micovic and M. L.

Mihailovie, J. Org. Chem., 18, 1190 (1953).
(14) J. L. Kice and G. Guaraldi, sbid., 81, 3568 (1966).



