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Subsequent to ths review article of Pa:rkorl) wherein he had pointed out
the remarkable rate enhanging ability of dipolar ayrotic solvenis such as
dimethyl sulfoxide on Sy? reactions involving anions, a number of papers have
appeared on ths alkaline hydrolysis of monoesters in IMSO - water nixtureaz“).
.!ho general expectation of a considerable rate enhancement in solvents
containing increasing perocentages of DMSO was confirmed and this has been
attributed to the dimirution of OH" ion solvation as a result of the
competition between this anion and DMSO molecules for the water moleaules
and to an inorease in transition state solvation. It appeared to us of
special interest to further investigate the role of DMSO as a solvent in
the alkaline hydrolysis of dibasic esters in es much as the effect of the
solvent is likely to be discriminating in the hydrolysis of the diester and
the half ester anion.

The alkaline hydrolysis of a mmber of diesters has been investigated
in acetone-water and dioxan-water systems and consistantly a ratio of kl/k2
greater than 2 has been obtained> ") This has been sttributed to en
electrostatic repulsion between the half ester anion and the hydroxide ion
in the sevond step, leading to a lower rate and hemce & higher ratio. In
view of the varying behaviour of such solvent mixtures in ester hydrolysis,
we have now been prompted for tha first time to measure the rates of alkaline
hydrolysis of diethyl succinate, diethyl phthalate and diethyl asdipate in
DMS0 - water mixtures as also in ethanol - water mixtures and to compare the
k3/kp ratios in these solvents.
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The rate Qtudiel in these solvents were made by ‘itrimetric methods using
& screened indicator composed of neutral red and methyleme blue. The treatment
that has been followed for the evaluation of thea rate constants of the I snd II
steps is that of Frost and Bohw-ore)by which 1/K (= ky/kp) was obtained by a
graphiocal evaluation from different time ratios. IXnowing the numerical values
of t, B, and T ( T having been evaluated frem the T - 1/X graphs for various
fractions of the total reaction) k; was oalculated using the relation T = Bykj%.
Prom this, kg was subsequently obtained as kg/kl = K. All the saponification
experiments were oconducted at the oonstant ionie strength of 0.02M, This was
done essentially to minimise the probadbility of any medium effects due to
changes in ionic strength that will ocour as the diacid ion is produced.

Tables I to IV present the kinetic data of this work.

Pable Y

Alkaline Hydrolysis of Diethyl Sucoinate
in aqueous IMSO at 35°0

Solvent Composition

DMB80 - HpO x (1.101-1500'1) kg (1mo1 lsec™d) x3/xp
(v/¥)
50 - 50 0.6902 0.07244 9.54
60 - 40 0.7308 0. 08044 9.09
70 - 30 0.9932 0.11752 8.45

80 - 20 1.5986 0.20800 7.76
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Table II
Alkaline Hydrolysis of Diethyl Phthalate
in aqueous IMSO at 35°C

Solvent Composition - - _ -
Ky (Lmol  sec™)) Xp (l.mol~2ses™l) ky/fk,

DMSO - o0 (v/¥)
60 - 40 0,06616 0.006640 9,958
70 - 30 0,13564 0,014928 9.090
80 - 20 0.36720 0.043600 8.426

Table III
Alkaline Hydrolysis of Diethyl Succinate
in agueocus Ethanol at 35°C

Solvent Composition

BtOH - HpO (v/¥v) X1 (l.mol™lseo™l) xp (1.mo1~lsec1) Xy /o

80 - 40 0,11160 0,02114 5.21
80 - 20 0,05979 0.01652 3.62
Table IV

Alkaline Hydrolysis of Diethyl Phthalate
in aqueous Ethanol at 35%

Solvent Composition

k3 (l.mol~1lsec™1) kp (1.mol-lsmec-l) X /x
BtOH ~ Hg0 (v/v)  © 2 e

60 - 40 0.004622 0.0008720 5.29
80 - 20 0.003162 0.0008179 3.4
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The following facts emerge from these results:

(a) The rates for both the first amd the second steps increase in aqueous
dimethyl sulfoxide and decrease in aqueous alcohol with the decrease of
water content of these solvent mixtures.

(v) The k1/kp ratios are very large in DMSO - water mixtures compared to
alcohol - water mixtures, acetone - water mixtures and dioxen - water
nixtures',' but these decrease with inoreasing proportions of DMSO in the
solvent mixtures.

(c) Both ki end kp increase with increasing percentage of dimethyl sulfoxide,
but ko increases more rapidly than does kj.

(d) Diethyl succinate and diethyl phthalate have nearly the same kj/kp ratio,
while diethyl adipate has a much lower kj/kp ratio (Table V).

The very large values of kj/kp obtained in DMSO - water mixtures are to
be attributed to the differential behaviour of the organic solvent on the two
steps of the hydrolytic reaction. While the first step involves an ion and a
dipole, the second step is between the hydroxide ion and the half ester ion.
The repulsion between this desolvated anion and the half ester anion will be
much greater in DMSO - water mixtures leading to a oconsiderable dimunition in
the value of kg. The first step as happens in normal monoester hydrolysis is
very much accelereted because of an easier attack by the desolvated hydroxide
ion and an increased transition state solvation in DMSO - water mixtures,
thereby resulting a large k]/kg ratio. It is also pertinent to point out here
that consistent with the general picture that the rate-determining step in BA02
mechanism is the attack of the OH" ion on the polarised carbonyl carbon of the
ester, the rates of both the steps increase with increase in the percentage of
DMSO in spite of the above rate retarding influence in the second step (owing
to increase in the desolvated OH ion concentration).

Surprising, however, is the effect of inoreasing the DMSO concentration
on the kl/kz ratio. While both the steps increase with increasing proportion
of IMS0 in the solvent mixtures, the second step gains more than the first
* The maximum value has never been above 7.12 in the literature for the
hydrolysis of diethyl succinate.
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step, leading to lower kj/ko ratios in those solvents that
proportion of DMSO., The larger rate benefit of the second
due to the decreassing dielectric constant of these solvent
large decelerating direct influemce of the CO0™ ion on the
in the second etep‘of the reaction is considerably reduced

lower dielectric constant.
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contain a larger
step seeﬁs to be
mixtures. The
reaction centre
in the solvent of

and the OH  ion

The repulsion between this ion
would also be much less in these solvents. The fact that kj/kg falls to 4.75
in the hydrolysis of diethyl adipate in 60% DMSO further confirmsvthe opereation
of such a field effect. It is thus seen thet a combination of electrostatic
and specific solvation forces are associated with the hydrolysis of dibasic
esters.

Table V

Comparison of kj/kp velues of various diesters

at 35%

Compound 604 DMSO 704 DMSO
Diethyl succinate 9.090 8.450
Diethyl phthalate 9,954 9.090
Diethyl adipate 4,746 4,295

The data in the present investigations also reveal thet k; and kg for
diethyl phthalate are smaller than those for diethyl succinate in both aqueous

ethanol and in aqueous DMSO. The reduced reactivity of the aromatic ester is

obviously due to the resonance stabilisation of its ground state. But the

increase in kj (and kg) for this ester on passing to solvent mixtures containing
larger proportions of DMSO is more than for diethyl succinate under similar
conditions. This seems to point out to the fact that even closely releted
substrates have varying sensitivity to the DMSO content in the solvent mixtures
and DMSO seems to have a catalysing influence on the benzene ring enhancement
of the carbonyl cerbon polarizability. Robert52Q has also observed this type
of catalysis with ethyl benzoate.
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Another notable result that emerges from the present investigations is the
near identical values of the kl/kz ratios of diethyl succinate and diethyl
phthalate in:apite of a large difference in the individual rates. This is in
acoordanae: with the work on the configurations of the parent acids where it
has been: shom that both possess a trans configuration. The lack of any
signiftcent hydrogen bonding in phthalic acid has already been pointed out by
Weethemerg). Radhakriahnemurthiv) reports values of r = 5.3 x 108 om. end
5.07 x 108 cm. for suceinic acid and phthalic. acid respectively, where r is
the distance between the carboxyl groups. The slightly higher kj/kg ratio
for the phthalic ester is probably due to the intermal polar transmission
being called into play in this ester.
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