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ABSTRACT

Investigation of the hydrolysis of di-2-phenylethyl

phosphate in 109 dioxan-water at

98° C in the region 1':0 M t0 7-0 M hydrochloric acid shows that it is reactive mainly véa
conjugate acid species, Unlike other substituted alkyl phosphates ic shows bend in higher acid
region. lonic strength data shows positive salt effect. Rate coefficients estimated from ionjc
strength data agree well with the experimental rates. Solvent effect, solvent—isotope effect,

Arrhenius parameters and Hammett acidity function have been found to
of the reaction. Comparative rate data of other esters

reaction paths.

INTRODUCTION

THERE have been very few studies of the

kinetics of hydrolysis of simple dialky] esters,
Under all conditions studied, hydrolysis predomi-
nantly occurs with the fission of C—0O bond. Only
dimethyl® and dibenzyl®> phosphates have been
studied in detail. In the present investigation,
hydrolysis of di-2-phenylethyl phosphate has been
studied with a view to know its behaviour in
acid region and the results are presented in this

paper,
MATERIALS AND METHODS

Di-2-phenylethyl phosphate was prepated by
shaking 2-phenylethanol with PCl; in the ratio of
3 :1. In this method triester was also formed.
The diester was separated from triester by dissolving
it in 10% NaOH solution and then reprecipitated
by adding conc. HCI. It was recrystallised from
petroleum ether (60-80). M.P. 38° C. (Found C,

62-84% ; H, 6:37% ; P, 9-80% for C,,H,,0,P..

Requited C, 62:74% 1 H, 6:20%, P, 10:13%).
Deuterium-oxide was obtained from B.A.R.C,
Bombay. All the chemicals used were of B.D.H.
(A.R.) quality. The kinetic ruos were carried out
at 98° -+ 0-5° C taking 0-0005 M solution of the
ester in 10% djoxan water (v/v) mixture. The
rate of reaction was determined by colorimetric
estimation of inorganic phosphate by Allen’s method3,

RESULT AND DISCUSSION

Pseudo-first order rate coeflicients for the
hydrolysis of di-2-phenvlethyl phosphate in  the
region 1-0 M to 7-0 M hydrochloric acid +how that
the rate rises with rise in acidity upto 5-0 M and
then decreases. (Table 1). The rise in rate with
rise in acidity may either be due to incursion of
conjugate acid species or to positive jonic strength
effect on the hydrolysis via neulral 5PE‘CiCs or may
be due to both of these effects. Simuilar maxima

favour unimolecularity
have been used to discuss the probable

have also bren observed during hydrolysis of
dimethylt and diphenyl¢ phosphates.
TABLE 1

Observed and calculated rates of the hydiolysis of
di-2-phenylethyl phosphate in acid medivm ct. 98¢ C

HCl 105 & (min 1) 1€° & (min."1)
(experimental) (calculited)
10 5-47 571
2-0 11:67 1053
3-0 22-01 25-43
4-Q 52+59 58-10
5-0 70-49 63-50 (n = 1)
T5«T75%
8- 75%x*
10400 »**
60 64+ 64 62-77 (n = 3)
7-0 50+ 67 4270 (1 = 4)

el ——

Rates in * 3097, **42°, and ***50°) dioxon respece
tively,

Kipetic runs were carried out at constant jonjc
strength (Table II). At each jonic strength rate
increases linearly with the increase in acid concentra-
tion. The dependance of rate coefficients on jonic
strength 1s satisfactorily represented by the second
emperital  term of Debye-Hiickel equation®, 4 —
A,e™, where A" and Kk, are respectively the rate
constants at any sontg strength and rate at  zer10
ionic strength, b is a constant and g, jonic strength,
At any ionic strength the tolal rate of hydrolysis,
h, is given by the equation 3

Ao =5 Ahﬂ et + '{Hu+ Gyt Tala
where L. and { .+ Aare respectively the rate cons
stants for ncutral and conjugate acld species at
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increases with increase in dioxan coatent (Table 1).
The elevation in the rate of hydrolysis may be
attibuted to the dioxam, a better proton donar® in
aqueous-dioxan media.

HCY NLC 102 A (min. 1) " :
(M) (A ) {cxperiment]) i ﬂ/
a/

po=1-0 /
0-20 0-80 0-023 yo \
0- 40 Q- 60 0025 . /6 a0
0-60 0-40 0-034 o1 b4
0-80 0-20 0-044 e s

=

p=2-0 E /
0-20 1-80 0-029 20 4
0- 50 1-50 0-033 |
1-50 0-50 0-089 o
}-80 0-20 0-148 L/

B =30 ~ o |

- ——
1:00 2-00 {-084 s 10 3o
1-50 1-50 0-123 Fi6. 1. Hammett plot for the hydrolysis ot
2.00 1-00 0-158 Ui-2-phenylethyle phosphate at 98¢ C,
2-50 0-50 0-189 Solvent isotope effect in 30 M hydrochloric acid
_ - . tkpolk,, = 1-04) favours the formation of
TABLg III

Comparative hinetic rate data for the hydrolysis of diesters Via conjugare vcid species

——

Piosphetes Temp, °C E As? Fissicn Ref.
(K.czal/mole)
Di-allyl- 80 29-30 3-90 C—0O 11
Di-p-iodo benzyl- 80 24-25 — 9-64 C—0O 12
Di-p-nitrobenzyl- 80 18-69 —27-99 C—O 13
Di-2-phenylethyl- 98 3659 17-94 C—0O TLis work
Di-methyl- 1C0O C—0 1

b

zero iopic strength. The experimentally observed
values are : an+ = 0-15 X 10 min.,-3, k, =
1-6 X 105 mint, b = 000 and » = 0-25.
Calculated rates from the above equation agree
well with the experimentally observed rates (Table ).
For the reaction in higher acid media (> 4 M)
agreement  between the calculated and experi-
mental rates can be sought by water activity and
may be represented by the equation :

ky =k, ¥ + k, +-Cy+ ¥4 (a H,0)"

where n i1s mteger whose value increased with

the increase in acidity.
Kinetic data lof a sertes of aqueous-dioxan
mixtures in 5-0 M HCl at 98° C show that the rate

-8

conjugate acid species by a fast pre-equilibrium
proton transfer?.

A plot of log-rate versus Hammett acidity
function$ (Fig. 1) shows specific acid catalysed
unimolecular hydrolysis of the diester?, Arrhenins
parameters!® (E = 36-59 K.al. molel, A =—
7-638 x 1017 sec.’, AST = 17-94 ¢e.u.) in 6-0 M
HCl also support the unimolecular nature of the
reaction.

Comparative kinetic rate data of other diesters
(Table I1I) of known mechanism support unimole.
cular hydrolysis of di-2-phenylethyl phosphate vig
C—0O bond f£isston,
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In light of the above results the mechanism
of the acid hydrolysis of di-2-phenylethyl phosphate
may be formulated as :

O

1)

C,H;—CH,—CH,—0—P—OH + H*
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