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Acyl-Oxygen versus Aryl-Oxygen Bond Scission in Reactions of Benzene-
thiolate with Nitrophenyl Esters of Carboxylic Acids

By Giuseppe Guanti,” Carlo Dell’Erba, Francesca Pero, and Giuseppe Leandri, Istituto di Chimica Organica,
Palazzo delle Scienze, Corso Europa, 16132 Genova, italy

A number of nitropheny! esters of acetic and benzoic acid have been found to undergo both carbonyl carbon—
oxygen and aryl carbon—oxygen scission in reaction with sodium benzenethiolate in ethanol. The ratio of Cgo—O
to C,—O scission has been determined for the reactions of eight ester substrates: o-nitrophenyl acetate (ONPA),
o-nitropheny! benzoate (ONPB), p-nitrophenyl acetate (PNPA), p-nitrophenyl benzoate (PNPB), 2,4-dinitro-
phenyl acetate (2,4-DNPA). 2,4-dinitrophenyl benzoate (2,4-DNPB), 2,6-dinitrophenyl benzoate (2,6-DNPB),
and 2,4,6-trinitrophenyl benzoate (2,4,6-TNPB). The fraction of C¢o—0O scission varies according to the substrate
from 100% for the mononitrophenyl esters to 0% for 2,4,6-TNPB. The overall rate constants k., for the reactions of
these esters with sodium benzenethiolate have also been measured spectrophotometrically (u.v.) in ethanol at 22°%;
kot Was separated into two composite rate constants kqo and k,, corresponding to the cleavage of Cy—0 and
C.—0O bonds respectively. kgo increases in the series ONPB < PNPB < ONPA < 2,6-DNPB < PNPA < 2,4-
DNPB < 2,4-DNPA and k,, in the series 2,6-DNPB < 2,4-DNPA < 2,4-DNPB < 2,4,6-TNPB. Both g and &y,
decrease with increasing ionic strength. The reactions of 2,4-DNPA and of 2,4-DNPB with sodium benzene-
thiolate show a decrease of both k¢o and k,, on changing the solvent from ethanol to methanol, the solvent effect

being slightly more pronounced for Ar than for CO attack.

THE widely recognized importance of thiol esters as
intermediates in biochemical reactions! and, on the
other hand, the paucity of information about the
nucleophilicity of thiols towards an ester carbonyl
carbon atom,? have prompted us to gain further insight
into the details of the reaction of phenolic esters of
carboxylic acids with thiols.

We have already reported ? a kinetic study of the
nucleophilicity of substituted arenethiolates in reactions
with p-nitrophenyl acetate (PNPA). The present
experiments were undertaken in an attempt to in-
vestigate the effect of variation in the leaving group on
the rate of the reactions of nitrophenyl esters of carb-
oxylic acids with benzenethiolate. - However, an interest-
ing complication was encountered when a second
nitro-group was introduced into the phenolic moiety of
PNPA. We found that in the reaction of 2,4-dinitro-
phenyl acetate (2,4-DNPA) other products were formed
beside the expected 2,4-dinitrophenol (2,4-DNP) and
S-phenyl thioacetate. Isolation and identification of
products suggested that a significant fraction of the
reaction of 2,4-DNPA proceeds with attack by benzene-
thiolate on C-1 of the aromatic ring to give 2,4-dinitro-
phenyl phenyl sulphide by nucleophilic aromatic
substitution.

This was a somewhat surprising result since for aryl
esters of carboxylic acids mostly acyl-oxygen fission
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ology,” McGraw-Hill, New York, 1969; M. L. Bender, * Mechan-
ism of Homogeneous Catalysis from Protons to Proteins,” Wiley—
Interscience, New York, 1971; P. C. Jocelyn, ‘ Biochemistry of
the SH group,’ Academic Press, London, 1972.

2 G. Guanti, C. Dell’Erba, F. Pero, and G. Leandri, J.C.S.
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takes place.3 Aryl-oxygen fission is reported only for
the neutral methanolysis of 2,4,6-trinitrophenyl benzoate
(2,4,6-INPB) ¢ and for the reaction of PNPA with
piperidine in dimethyl sulphoxide.® On the other hand,
the nucleophilic substitution reactions of nitrophenyl
sulphonates,® sulphates,” and phosphates,® in which
competition arises between two electrophilic centres in
the same ester substrate, are well documented.

In view of these facts it seemed to us of obvious
interest to gain information about the occurrence of
Coo—O wversus Co—O bond cleavage in the reaction of
phenolic esters of carboxylic acids with thiols and about
the factors affecting the mode of scission. In this paper
we report a kinetic study of the reactions of various
nitrophenyl esters of acetic and benzoic acid with sodium
benzenethiolate in 95%, ethanol at 22°. The effects of
solvent and of ionic strength are also described. Some
of the data have been reported in preliminary form.?

RESULTS

The reaction of 2,4-DNPA with sodium benzenethiolate
can be represented as in the Scheme. The attacking sites
of the ester are both the carbonyl carbon atom (Cpo—O
bond cleavage) and the dinitrophenyl carbon atom (C,,~O
bond cleavage). Cgo—O Scission (route a) leads to sodium
2,4-dinitrophenolate and to S-phenyl thioacetate, while
C4,~O scission (route b) leads to 2,4-dinitrophenyl phenyl
sulphide and sodium acetate. The direction of fission was
established as described in the Experimental part.
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Table 1 summarizes the results for the reaction of
benzenethiolate with 2,4-DNPA in ethanol at 22° at
different concentrations of substrate, thiol, and thiolate.
The rate of the reaction was followed by observing the
increase of optical density near 340 nm due to the formation
of 2,4-DNP and 2,4-dinitrophenyl phenyl sulphide. The
overall rate constant k., was split into Ago (rate of Cpo—O
bond cleavage) and k4, (rate of C,—~O bond cleavage) by
multiplying the second-order coefficient by the experi-
mentally determined fractions of C;n—O and C,4,~O scission,
respectively.
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DISCUSSION

The most significant discovery in this research is that
simultaneous acyl-oxygen and aryl-oxygen scission
occurs when sodium benzenethiolate reacts with 2,4-
DNPA in ethanol. In fact, Jencks and Gilchrist 10
reported that a series of oxyanion nucleophiles ranging
from methoxyacetate ion to hydroxide ion (conjugate
acid pK, values from 3.4 to 15.75) reacted with 2,4-
DNPA in aqueous solution with typical carbonyl dis-
placement reaction. Furthermore, the reaction of

NO,

om@o* + PhSCOCH,

/
s

02N®8Ph + CH;C00”

SCHEME

The variation of &,,, and constancy of &, with changing
[PhS7] indicate that the thiolate anion is the sole reactive
species in the rate-determining step and that the reaction
is first order in benzenethiolate anion. A wvariation in
[PhSH] has no significant effect on the rates, thus showing
that no catalysis by benzenethiol is operating. The slight
decrease in &y, (and g and &,,) with a two-fold increase in
[PhS™) may be due to ionic salt effects, as shown by runs
with solutions adjusted to different ionic strengths by
addition of lithium chloride (see Table 2).

sodium ethoxide with 2,4-DNPA in ethanol proceeds
with total acyl-oxygen fission, as we have shown.

An explanation of this behaviour may be given in
terms of polarizability, whose importance as a com-
ponent of nucleophilic character has received support.1t
Bunnett 2 has noted that reaction rates are usually
fast when a nucleophile of high polarizability reacts
with a substrate carrying a highly polarizable sub-
stituent at or near the reaction site. This was attri-

TABLE 1
Reaction of 2,4-DNPA with benzenethiolate in ethanol at 22°

105(2,4- 104[PhSH]sota/ 104{PhSH]gee/ 104[PhS-]/ 102%ps ¢/ kot 2] %Cco—0 ¢ ko b/ kar®/
DNPA]/m M M M st 1 mol™s™! scission I mol™s™ 1 mol 1571
1.00 32.00 30.03 1.97 1.302 66.09 48.3 31.92 34.17
1.00 41.50 39.56 1.94 1.284 66.19 48.2 31.90 34.29
1.00 62.00 60.05 1.95 1.287 66.00 48.5 32.01 33.99
1.00 34.06 30.10 3.96 2.594 65.51 48.7 31.90 33.61
2.03 64.06 60.05 4.01 2.621 65.36 48.0 31.37 33.99

4 kobs is total pseudo-first-order rate constant for all reactions consuming substrate.
order rate constants for the sum of Cgo—O and C,—O cleavage, and for Cgo—O and C,—O cleavage separately.

® Riot, kco, and ky, are, respectively, second-
¢ The figures listed

are the spectrophotometrically (u.v.) determined percentage of Cgo—O scission; subtraction from 1009, gives the percentage of

Ca,—0O scission.

Table 2 reports the nature of the cleavage and the rate
constants for the reaction of sodium benzenethiolate with a
variety of nitrophenyl esters of acetic and benzoic acid,
i.e., PNPA, p-nitrophenyl benzoate (PNPB), o-nitrophenyl
acetate (ONPA) and benzoate (ONPB), 2,4-DNPA, 24-
dinitrophenyl benzoate, (2,4-DNPB), 2,6-dinitrophenyl
benzoate (2,6-DNPB), and 2,4,6-TNPB.

The behaviour of 2,4-DNPA towards sodium ethoxide in
ethanol at 22° was also studied. Although this reaction was
too fast to be followed by the technique we used, product
isolation experiments and spectrophotometric (u.v.) analysis
showed that total acyl-oxygen fission occurred, yielding
2,4-DNP and ethyl acetate.t

t The matter is under investigation and will be reported later.

10 W. P. Jencks and M. Gilchrist, J. Amer. Chem. Soc., 1968,
90, 2622.

buted to stabilization of the transition state by London
forces.

The vicinity of C-1 of the phenol moiety of 2,4-DNPA
is probably a region of higher effective polarizability
than that of the carbonyl function of the ester. The
short range nature of London forces supports the
differentiation, in spite of their proximity, of the two
electrophilic centres in the same substrate. Such
forces, in fact, depend on the product of the polariz-
abilities of the interacting groups and vary inversely
with the sixth power of the distance between them.!3

11 7. O. Edwards, J. Amer. Chem. Soc., 1954, 76, 1540; 1956,
78, 1819.

12 7. F. Bunnett, J. Amer. Chem. Soc., 1957, 79, 5969.

13 F. London, Z. Phys., 1930, 68, 245.
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It is likely that, as suggested by other authors, the
2-nitro-group is a major contributor to high polarizability
in the region of C-1 of the phenol moiety. In terms of
the ‘hard and soft acids and bases’ principle 14 the
carbonyl carbon of the ester would be a ‘ hard’ acid
centre, while the dinitrophenyl carbon would be a
‘soft’ acid centre. A reagent of high polarizability
such as the benzenethiolate ion, which is ‘ soft,” is there-
fore inclined to attack the dinitrophenyl carbon atom
with occurrence of C,,—O scission, favourable London
forces being operative between the reagent and the

J.C.S Perkin II.

that sensitive changes of the degree of Cyp—O scission
occur with changing the number of nitro-groups in the
phenol moiety of the esters. Thus, whereas the mono-
nitrophenyl esters undergo (I 0.5M; ethanol) total
Cco~O scission by benzenethiolate, 2,4-DNPA and 2,4-
DNPB are cleaved in this manner only to the extent of
48.3 and 15.89,, respectively. The fraction of Cgo—O
scission drops to ca. 109 with 2,6-DNPB and, finally,
2,4,6-TNPB is totally cleaved by benzenethiolate ion
with Ca,~O scission. The different sensitivity of the
two reaction centres to the electronic effect of the

TABLE 2

Reactions of sodium benzenethiolate with esters at 22° ¢

Rot ©f
I mol s
3.78 x 1072
4.15 1073
19.8 1072
23.7 x 1072
25.4 x 1072
2.11 1072
2.35 102
2.60 x 1072
43.75
52.48
57.00
61.05
66.09
9.28
48.63
57.72
64.00
68.69
74.14
8.90
1.66
2.10
2.50
2.61

Ester
ONPA
ONPB
PNPA
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¢ Solvent 959, ethanol, if not otherwise specified.
lithium chloride. ¢ See footnote b, Table 1.

%Cco—0 ¢ keo °f kar
scission 1mol s 1mol1s™1
100 3.78 x 1072
100 4.15 x 1078
100 19.8 x 1072
100 23.7 x 1072
100 25.4 x 1072
100 2.11 x 1072
100 2.35 x 1072
100 2.60 x 107
48.3 21.13 22.62
47.9 25.14 27.34
48.8 217.82 29.18
48.0 29.30 31.75
48.3 31.92 34.17
56.8 5.27 4.01
15.8 7.68 40.95
16.0 9.24 48.48
16.7 10.69 53.31
16.2 11.13 57.56
15.8 11.71 62.43
24.3 2.16 6.74
10.4 0.17 1.49
10.6 0.22 1.88
10.4 0.26 2.24
10.5 0.27 2.34
0

® Where necessary, ionic strength adjusted to the required value by addition of
4 See footnote ¢, Table 1.
in the buffers used for kinetics and 4 x 107%um in the buffers used for determinations of %, C¢o—O scission.

I Ionic strength was 0.000 2m
¢ Methanol used as solvent.

¢ Values taken from ref. 2.

» The reaction was too fast to be followed by the technique we used.

carbon atom. Ethoxide anion, on the contrary, which
is known to be a harder base than benzenethiolate anion,
is inclined to attack the ‘hard’ electrophilic centre
provided by the carbonyl carbon, with occurrence- of
(total) Cgo—O scission.

There exists a strong resemblance between our
observations and those of Bunnett et al.2 They have
shown that 2,4-dinitrophenyl toluene-p-sulphonate
undergoes prevailing C-O scission by some reagents and
prevailing S—O scission by others. They observed that
very basic nucleophiles preferred to attack tetrahedral
sulphur (which can be compared with the carbonyl
carbon of carboxylic esters) whereas more polarizable
ones attacked the aromatic carbon atom.

Another noteworthy result which has emerged is

14 J.0O. Edwards and R. G. Pearson, ‘ Hard and Soft Acids and

Bases,” ed. R. G. Pearson, Dowden, Hutchinson, and Ross,
Stroudsburg, 1973.

substituent in the phenol moiety of the esters may be
responsible for the observed behaviour. In fact, the
rates of both Cpo—~O and C,,~O scission would be pre-
dicted to be decreased by removal of one nitro-group
from the phenol moiety, since both reactions are assisted
by electron withdrawal from the reaction sites. Of the
two reactions, however, C,,—0O scission would be ex-
pected to be the more sensitive to polar substituent
effects in the phenolic ring, on the basis of the fact that
the Hammett p values for aromatic nucleophilic sub-
stitutions in substituted halogenonitrobenzenes (ca.
-+4) 315 are significantly higher than those reported
(ca. +1.7, +1.9) 3«18 for nucleophilic attack on the
ester carbonyl function in phenyl-substituted acetates

15 J. Miller, ‘Aromatic Nucleophilic Substitution,” Elsevier,
Amsterdam, 1968.

16 Z.S. Chaw, A. Fischer, and D. A. R. Happer, J. Chem. Soc.
(B), 1971, 1818,
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and benzoates. Thus, removal of a nitro-group from or
introduction of a nitro-group into the phenol moiety of
the dinitrophenyl esters was expected to cause a de-
crease or an increase, respectively, in the fraction of
C,—O scission, as borne out by the results.

The rate coefficients for the reactions of the various
esters with sodium benzenethiolate were found to depend
on the ionic strength of the solution. Thus, A4 for the
reactions of benzenethiolate with both 2,4-DNPB and
2,4-DNPA decreases ca. 40%, with a 50-fold increase
in ionic strength (from 0.01 to 0.5M), as shown in Table 2.
It is noteworthy that the ratio of Cgo—O to Ca O
scission is little influenced by variation of ionic strength,
and that the changes in the percentage of Co—O bond
cleavage, if any, are quite randomly distributed; this
means that the effect of changing ionic strength is
nearly the same on both acyl-oxygen and aryl-oxygen
fission. The data displayed in Table 2 indicate that the
rate constants for all esters show substantially the same
dependence on ionic strength. We have therefore
considered it justifiable to compare rate constants at one
ionic strength, 0.5M, rather than extrapolate the rate
data to zero ionic strength.

Inspection of the rate coefficients, determined at an
ionic strength of 0.5M, in ethanol at 22° (Table 2) shows
that for carbonyl carbon attack the sequence is ONPB <
PNPB < ONPA < 2,6-DNPB < PNPA < 2,4-DNPB <
2,4-DNPA, while for aryl carbon attack the sequence
is 2,6-DNPB < 2,4-DNPA < 2,4-DNPB < 24,6-TNPB.
Some points are revealed from comparison of the results
in Table 2. (a) The rate of carbonyl attack by benzene-
thiolate is higher for the acetates than for the benzoates.
In the case of the mononitrophenyl esters an approxi-
mately nine-fold increase in reactivity is observed on
passing from ONPB and PNPB to ONPA and PNPA,
respectively; in the case of the dinitrophenyl esters the
increase in Ago is approximately three-fold on going
from 2,4-DNPB to 2,4-DNPA. This is the expected
behaviour since the acetyl group is well known to be
more reactive towards nucleophilic attack than the
benzoyl group.® (b) The fact that kgo for p-nitro-
phenyl esters exceeds (by a factor of ca. 5) koo for the
ortho-isomers in reactions with sodium benzenethiolate
is in line with the expected leaving group ability of the
corresponding phenols, as measured by their pK,
values 118 A similar retarding o-nitro-group effect in
the reactions of aryl acetates with different nucleophiles
has been previously observed.'”®* Movement of a
nitro-group from a para- to an ortho-position has a
higher decelerating effect in the dinitro-series than in the
mononitro-one: in fact the kgo value for 2,6-DNPB is
ca. 45 times smaller than k¢o for 2,4-DNPB in contrast

17 V. Gold, D. G. Oakenfull, and T. Riley, J. Chem. Soc. (B),
1968, 515.

36:)8 G. Schwarzenbach and E. Rudin, Helv. Chim. Acta, 1939, 22,

1 A Kirkien-Konasiewicz, A. M. Gude, M. McGraw, M.
Knight, and A. Maccoll, Chem. and Ind., 1967, 1527; A. Kirkien-
Konasiewicz, R. J. Simkin, and R. Murphy, 7bid., 1968, 1842.

2 E. Grunwald and E. Price, J. Amer. Chem. Soc., 1964, 86,
4517.
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with the expected 2 leaving group ability of the corres-
ponding phenols, as found in the acetate-catalysed
hydrolysis of aryl acetates.!? (c) Also for attack on the
aromatic carbon a great (27-fold) decrease in reactivity
is observed on going from 2,4-DNPB to 2,6-DNPB.
This type of behaviour in nucleophilic displacement
reactions has been already observed for the reactions
of 1-chloro-2,4- and of 2-chloro-1,3-dinitrobenzene with
sodium benzenethiolate in methanol,? a ca. 40-fold
decrease in reactivity being observed on going from the
former to the latter. (d) In contrast to attack on the
carbonyl carbon, for attack on the dinitrophenyl carbon
by benzenethiolate 2,4-DNPB is ca. 1.8 times more re-
active than 2,4-DNPA, indicating a slightly better
leaving group ability of benzoate than of acetate.

A study of the solvent effect on the rates and on the
ratio of Cgo—0 to C,~O scission has also been performed
for the reaction of two ester substrates, 2,4-DNPA and
2,4-DNPB, with sodium benzenethiolate. The results
obtained with changing the solvent from ethanol to
methanol are shown in Table 2. A comparison of the
data at 22° reveals that for both esters &qo and k,, are
greater in ethanol than in methanol, 7.e. the rate in-
creases parallel the decreasing polarity of the medium.
This effect is expected 22 for a reaction in which charge is
more dispersed in the transition state than in the ground
state. For kgo similar behaviour has been observed by
us % for the reaction of PNPA with sodium benzene-
thiolate: the process at 22° was about three-fold faster
in ethanol than it was in methanol. The solvent effect
on R4, is in line with that observed in the reaction of
halogenonitrobenzenes with arenethiolates.2

Table 2 also shows that the percentage of attack at the
carbonyl carbon decreases from ca. 24 to ca. 169%, for
2,4-DNPB and from ca. 57 to ca. 489, for 2,4-DNPA on
passing from methanol to ethanol. In other words, ks,
increases somewhat more than kgo with decreasing
polarity of the medium. That the solvent effect is more
pronounced for Ar than for CO attack is not surprising:
charge would be less completely dispersed in the tran-
sition state for attack on the carbonyl group than in the
transition state for substitution on aromatic carbon.3

EXPERIMENTAL

Solvents.—Ethanol, methanol, and dioxan were purified
as previously 2 reported and stored under nitrogen.

Materials.—The esters were prepared by acetylation and
benzoylation of the corresponding phenols, using standard
methods described in the literature.?* Benzenethiol was
purified by distillation under reduced pressure. p-Nitro-
phenol (PNP), o-nitrophenol (ONP), 2,4-DNP, 2,6-dinitro-
phenol (2,6-DNP), and 2,4,6-trinitrophenol (2,4,6-TNP)

1 A. M. Porto, L. Altieri, A. J. Castro, and J. A. Brieux, J.
Chem. Soc. (B), 1966, 963.

22 E. D. Hughes and C. K. Ingold, Trans. Faraday Soc., 1941,
37, 6; ref. 3¢, pp. 347—349.

# G. Guanti, C. Dell’Erba, S. Thea, and G. Leandri, J.C.S.
Perkin 11, 1975, 389.

# F. D. Chattaway, J. Chem. Soc., 1931, 2495; A. F. Holle-
mann and G. Wilhelmy, Rec. Trav. chim., 1902, 21, 432; J. F.
Kirsch, W. Clewell, and A. Simon, J. Ovg. Chem., 1968, 88, 127;
A. 1. Vogel, ‘ Practical Organic Chemistry,” Longmans, London,
3rd edn., 1961.
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were recrystallized commercial specimens. 2,4-Dinitro-
phenyl phenyl sulphide, 2,6-dinitrophenyl phenyl sulphide,
and phenyl 2,4,6-trinitrophenyl sulphide were prepared by
condensation of the corresponding chloro-compounds with
sodium benzenethiolate in ethanol 262 and recrystallized
several times to constant m.p.

Apparatus.—Rate measurements were carried out with a
Gilford 2400 S spectrophotometer. The Gilford was
equipped with dual thermospacers through which water was
circulated at 22 4 0.1°. Temperatures were determined
with a Gilford 2417-S temperature monitoring thermo-
SEnsor.

Kinetics.—The spectrophotometric procedure previously
described 2 was used. Dilute solutions of the esters were
prepared in pure dioxan and kept frozen in the refrigerator
when not used. All solutions of benzenethiol, prepared
immediately prior to use, were made under nitrogen, the
thiol being exposed to air for the minimum period; thiol
concentration was determined by iodimetric titration.
The buffer solution (thiol-thiolate) was prepared by mixing
two thermostatted solutions of benzenethiol and of sodium
ethoxide in ethanol. The concentration of thiolate anion
was taken as equal to that of sodium ethoxide titrated with
0.01N-hydrochloric acid (Methyl Red--Bromocresol Green).
The reactions were initiated by addition of 20 wl of the
ester solution to a cuvette containing the buffer solution,
which had been thermally equilibrated at the temperature
of the experiments. The measurements were made against
a blank cuvette containing all the constituents of the
reaction mixture except the ester. The initial concen-
trations of ester were generally as follows: ONPA, ONPB,
PNPA, and PNPB, 4 X 10%m; 2,4-DNPA and 2,4-DNPB,
1075M; 2,6-DNPB, 10#M. The range of benzenethiolate
concentrations was 2 x 10%—0.5M; a large excess of free
thiol over base ensured complete conversion of hydroxide
and ethoxide ions into benzenethiolate.

In the case of the nitrophenyl esters o- or p-nitro-
phenolate release was generally followed at 418 or 400 nm,
respectively. In the case of the dinitrophenyl esters the
u.v. absorption due to the formation of both dinitrophenol
and dinitrophenyl phenyl sulphide was followed at 341 for
2,4-DNPA and 2,4-DNPB and at 374 nm for 2,6-DNPB.
In all cases the absorption of the substrate and of the other
products of the reaction was negligible at the chosen
wavelength.

Runs were set up so as to provide pseudo-first-order
kinetics. In selected cases (Table 1) measurements were
made at different concentrations of thiol, of base, and of
both thiol and base. Linear plots of log (0.D., — O.D.y)
against time were found to at least 90—959%, reaction. The
pseudo-first-order rate coefficients obtained were converted
to second-order coefficients by dividing by the thiolate
concentration.

The rate constants thus obtained are the overall rate
constants for all reactions consuming substrate. In the
case of the dinitrophenyl esters these rate constants include
that for Cgo—O scission (kgo) and that for C4,—O cleavage
(ks;). The separation of the two rates was accomplished
next. The second-order rate coefficient for the reaction
forming dinitrophenol, kco, was calculated by multiplying
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the total second-order rate constant, k., by the yield of
dinitrophenol formed in the reaction. The rate constant
kar was then computed by subtracting %gg from the overall
rate constant k. Each % value is the average of at least
three independent values, the mean deviation being 439%;
the reproducibility of both ki, and Ago (and k,,) was
satisfactory.

The effect of ionic strength on the rate constant and on
the method of scission was investigated in runs with all the
esters except ONPB and ONPA. Ionic strength was
controlled by the addition of different amounts of lithium
chloride in the buffers used for the determinations of both
rate and percentage of Coo—O scission: in the former case
ionic strengths ranging from 0.000 2 to 0.5M were used, in
the latter the range of ionic strength was 0.002—0.5M.

Reaction Products.—The fraction of bond scission was
established by determining yields of the phenol formed in
the reaction of the esters with sodium benzenethiolate.
This we have done through both photometric (u.v.) measure-
ments and product isolation experiments.

The photometric determination was accomplished by
recording the change of optical density at suitable wave-
lengths, where phenol is the only absorbing species. From
the ‘ mock ' infinite optical density and from the extinction
coefficient of the phenol determined under the same con-
ditions at the same wavelengths, it was thus possible to
calculate the yield of phenol formed in the reaction.

Product analysis was performed as described below for
the reaction of 2,4-DNPB with benzenethiolate. Similar
procedures were used for all other esters.

Reaction of 2,4-DNPB with Sodium Benzenethiolate in
Ethanol.—The general procedure involved reaction of
4 X 1072 mol of the ester with an equivalent amount of the
nucleophilic reagent in 959, ethanol. Sodium benzene-
thiolate was prepared by adding benzenethiol (in excess, to
prevent solvolysis by free ethoxide and hydroxide ions) to a
solution of sodium ethoxide in ethanol. At the end of the
reaction dilute mineral acid was added and the mixture was
evaporated with caution to dryness on the steam-bath at
reduced pressure. The residue was taken up in ether and
separated by extraction with dilute mineral base (10%
KOH). The aqueous solution was acidified, some ether
was added, and the two layers were separated. The ether
layer was evaporated nearly to dryness and chromato-
graphed on silica gel. The material eluted rapidly by ether
was shown to be benzoic acid (0.38 g, 789,) from its m.p.,
not depressed on admixture with an authentic sample. A
second crop (0.11 g, 15%) was shown to be 2,4-DNP from
its m.p., not depressed on admixture with an authentic
sample. No attempt was made to separate the ether layer
from the first separation into components (2,4-dinitro-
phenyl phenyl sulphide and S-phenyl thiobenzoate). The
two products were identified by t.l.c. analysis on silica gel
(benzene).
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