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_ ABSTRACT
‘ Hydrolysis of mono-p-todobenzyl phosphate has been investigated in buffer solutions
ranging from pH 1-00 to 804 at 80°C. Both neutral and mononegative species have been

discovered  as
monoaryl phosphates,
~ pH 4

reactlve species whose zones afe

_ lemarkated in pH-log rate profile.  Unlike
ites, mono-p-i0de  benzyl phosphate does not show distinct maximum at
Reactivity of the ester in buffer solutions decrcases considerably than in acidic

medium. LTheoretical rates estimated from presumed pK values have been found to be in close

agreement with the experimental rates.

: ! e i pK values have also been used to isolate rates of
different species by determining their fractions.

Arrhenius paramerters, isokinetic relationship

and comparative kinetic rate data have been used to propose the probable mechanism of the

reaction,

HE mmportance of phosphoric acid derivatives

and the role of phosphate linkages In BRBio-
chemistry are well understood. Consistently the
kinetics of reactions of simple organic phosphates
provides an insight info more complicated reactions
occurring during their metabolism. Monoaryi
phosphates hydrolyse rapidly at about pH 4 invol-
ving P-O fission of monoanions. Dianions of
dinitrophenyl "and o¢-carboxyl phenyl phosphates
have been shown to be more reactive than therr
monoanionsl. Very little is known about the
behaviour of benzyl phosphates2. There is almost
no record about the synthesis and kinetic study of
hydrolysis of mono-p-iodo benzyl phosphate. Due
to structural differences mono-p-iodo benzyl phos-
phate is expected to exhibit entirely different
reaction paths than those envisaged for mono alkyl
and aryt phosphates.

MATERIALS AND METHODS

Mono-p-iodo benzyl phosphate (mono ammonium
salt) was prepared?+ by the step-wise degradation
of Tri-p-iodo benzyl ester (Found: P =9-28%,
N —=4-41%, C =24-829% and H —= 3-28¢7,
C.1,,PO,NI requires: 9-36%, 4-23¢%, 25-407%
and 3-359 respectively). The hydrolysis of mono-
p-iodo benzyl phosphate (mono ammonium  salt)
(0-0005 M) was followed by colorimetric cstima-
tion of inorganic phosphate by the method of
Allensd. Interpolated values of buffers at 80°
determined from the work of Stenc® were used.
All the chemicals used were of B.D.H. (A.R)) quality.

RESULTS AND DISCUSSION
Hydrotysis  via  newtral  species.—The rate  of
hydrolysis of mono-p-iodo benzyl phosphate in thoe
region pll 1'0 to 20 (Fig. 1) 1s represented by
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Dholpur (Ra}).

where &k, k  and k  are total rate, specific neutral
rate and specific mononegative rate respectively :
N/N+M and M/N+ M are the fracticns of neutral
and mononegative spectes respectively. The calcu-
lated £, value is 6-25 X 10™* min.,”1, which is
different from the mononegative rate (k, = 1-33

X 107% nmun."1) and the specific acid catalysed rate
(k. +=139-8 % 10-4+ min."1).
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Fic. 1. pll log rate profile for the hydrolysis

of mono-p-todo benzyl phosphate at 80° C (A rate
at 0-5 M HCl acid).

Table I shows the agreemient betwecn the ¢sti-
mated and observed raies. The slope of the hnear
plot {in this region is almost unity ndwating that
monoprotonated form of the bulk mononcgitive
specics (Neutral) are reactived.

'Tects of factors such as temperature sobeent,
ote.. on the rate of reaction vie neutral species
could not e dJdetermined due to the concomtant
hydrolysis of  monoacgative spedics 1 this rewion
and due 1o nepligible contribution of this reaction
in ncid region, becaune of the mashing of this
reaction by achl catabysivs, ‘the  neutal SPUCHTS
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TABLE 1

Calcudated and observed raies for the hydrolysis of
HIORO- p—mda benzyl phosphate at 80° C (From pKl)

il M [Q'4,, N 10k, 6+ lc:»gk

N+ M (min.*l) N+ M (min.*l) Calcd. Obsd.
1-00 0-500 067 0500 3-12 238 2-59
123 0-629 0-84 0-371 2-32 2-50 2-54
1:30 0-666 0-80 0-334 2:09 2-47 2-42
2-00 0-909 1-21 0091 056 2:25 2-Q0
2-29 0-941 t-26 0-059 0-37 221 2-11
3:30 0-961 1-280 0:039 0-24 2-18 2-15
4-00 ¢-999 1-33 {-001 2-12

2-11

of the ester is more likely to be cleaved at C-0O
linkage rather than P-O bond, as the p-iodo
banzyl cation formed subsequently as the reaction
intermediate would be greatly stabilised by the
-+M (electron releasing) effect of the iodosub-
stituent.  This view is substantiated from the com-
parative Kinetic data of other related monoesters
(Table Il). Mcchanism of the hydrolysis of mono-
cster via newiral species may therefore be represented
as shown in Chart 1.
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CHarT 1. Probable reaction paths for the
hydrolysis of mono-p-i1odo benzyl phosphate vig

necutral species,

TAsLE 11

Comparative rate data for the hydrolysis of
monophosphate esfers via neutral species
Solvent—Water

Kinetics of Hydrolysis of Mono-p-lodo Benzyl Phosphate

Phosphate kvo X 104 Temp. rK, Bond
ester (min.—1) °C value Fission
Methyl® 030 1001 1:6 C-O
Benzyl? 0-60 75:6 .o C-O*
p-lodo bznzyl 6-25 800 1-00 C-O*
Allyp® 620 80-0 1-:00 C-O*

* Fissioa presumed,

[Currenl

Science

Hydrolysis via mononegative species.—The ester
differs from aryl phosphates in not showing a dis-
tinct maximum at ~ pH 4. The dissociation
constant value (pK,= 1-00) of the ester has been
calculated by considering the following equilibrium
and presuming the hydrolysis of monoester to be
exclusively via monoanion at pH 4 :

Neutral species = Mononegative species 4 H+

K M 2)
Ki+H+ M4 N° (
Theoretical rates via neutral and mononegative
species are estimated as follows :
N M
fcﬂ—-kﬂj.N_l_MkM_kmﬂ.N_‘_M. (3)

Table I summarises the estimated and observed
rates. Unhke aryl phosphates, the monoanion of
this ester is considerably 1less reactive than Its
conjugate acid species (k, = 1-33 X 10°* min.™}
while kﬂﬂ‘* = 39-8 % 104 min."1),

In the regiocn pH 4 to 8, the presumption of dis-
sociation ©of monoanion into dianion and a proton
(pKy, = 7-00) permits estimation of the rates of
mono and dinegative species. Results (Table 1II)
shcw that the reaction 18 exclusively governed by
mononegative species.

TasLE III
Caiculated and observed rates for the hydrolysis of

mono-p-iodo benzyl phosphate (From pK,)

pH M D 10%,, 6+ logk,
MF+fD M+D (mm -1) (Calcd)) (Obsd)
412  0-999 ¢-001  1-33 2-12  2-11
5.51  0-969 0:031  1:29 2:11  1-98
6-20 0-863 0-137 1-15 2:06 1-04
804 0-084 0916 0O-11 1-04  1-04

Arrhenius parameters (Fig. 2) for the hydrolysis
at pH 4-12 have been found to be A St = — 17-37
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Fic. 2. Arrhenius plot for the hvdrolysis of
mono-p-iodo benzyl phosphate at 4-12 pH,
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e.u., E=—=22:-89 K.cal/mole and frequency factor
—3-20 % 109 sec.”l, These results are consistent
with bimolecular!? nature of the reaction. The
monoanions of both alkyl and aryl phosphates
have been shown to hydrolyse exclusively via
phosphorus-oxygen bond fission!2:13,  Isokinetic
relationship (Fig. 3) shows a linear plot suggesting
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F16. 3. Isokinetic relationship for the hydro-
lysis of phosphate monoesters vig mononegative
species.

similarity of mechanism for the hydrolysis of this
ester and other related phosphates. Based on the
results gathered, the probable reaction paths may,
therefore, be formulated as shown in Chart 2.
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CHART 2. Mechanism of the hydrolysis of
mono-p-iodo benzyl phosphate vig monoanion.

The reaction paths vig mononegative species may
also be represented by rapid formation of the
hydrogen bonded complexes (I) and (II) with
water, which recadily decompose with Phosphorus-
Oxygen bond fission. (II) is preferred over (I)
since the rate of hydrolysis increases with ¢lectron

Kinetics of Hydrolysis of Mono-p-lodo Benzyl Phosphate
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attracting power of the substituent!3 which will
not favour hydrogen bonding as shown in (I).
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(1) (11)

(R = ﬂ"'I"CﬁI‘IE,“CHa")

As the rate of hydrolysis increases by a change-
over from water to deuterium oxide as a solvent,
(kﬂiﬂ/kﬁ o= 2-36), following mechanism may
also be suggested :
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(Meta phosphate anion)
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