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Thekinetic study of mono-2-chloro aniline phosphateis carried out
in acid medium from 0.1 to 7.0 mol dm™ at 50 °C. The acid log rate
profile has a rate maximum at 4.0 mol dm?. The lowering in rate after
4.0 mol dm™ may be attributed to the lowering in concentration of the
water activity or due to positive effect of ionic strength. lonic strength
dataexhibit different contribution of neutral species. The observed rates
were found in close agreement with the estimated theoretical rates
derived from the second empirical term of Debye-Huckel equation. The
study of ionic strength, temperature, solvent is provided to identify the
reactive species and molecularity. Bimolecular behaviour has been
decided by theArrhenius parameters, Zucker-Hammett hypothesis, Bunnett
& Bunnett-Olsen's parameters. The phosphate monoester involves P-N
bond fission which is strengthened by comparative kinetic rate data.
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INTRODUCTION

Phosphate esters of orthophosphoric acid comprise agroup of mono, di and tri-esters
depending upon the presence of two, one and none hydroxy groups in the phosphate
moiety, respectively. Much work has been done about the esters containing C-O-P
linkages"? but recently scientists have realized the importance of phosphate esters
having C-N-P linkages, known under the name phosphoramides, phosphoramidic
acids, phosphoramidates or aminophosphates. Kinetic studies of the phosphate esters
show that there are some common reaction paths which are followed both chemically
and biochemically processes. Organic phosphates having C-N-P linkages are of
great importance. They are used as, fungicides®, fire retardands’, antiviral activity®,
radio active tracer techniques’, pesticides’, additives for petroleum and corrosion
inhibitors®, smoke generation®, antitumor agents™® as well as in the treatment of
glucoma**?, particularly cyclic amine phosphate in combination with phosphor-
amidic acid media and sulpha drugs are very important for their pharmaceutical
and medicinal value® and as cancer chemotherapeutic agents™.

EXPERIMENTAL

Mono-2-chloro aniline phosphate (Ba-Salt) was prepared by P,Os method by
phosphorylation of 2-chloro aniline in the mixture of benzene®™. The reaction was
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carried out at 50 °C employing 5.0 x 10* mol dm solution of the monoester in
aqueous medium. Theinorganic phosphate obtai ned during hydrolysiswas estimated
spectrophotometrically by Allen's modified method'. The constant ionic strength
were maintained using appropriate mixture of HCl and NaCl. All the chemicals
used were of AR grade.

RESULTSAND DISCUSSION

Therate of hydrolysis of mono-2-chloro aniline phosphate was studied in HCI
from 0.1 to 7.0 mol dm™ HCI at 50 °C. The pseudo-first order rate constants are
summarized in Table-1. The rate of reaction increases up to 4.0 mol dm® HCI and
there after it decreases. The maximum rate at 4.0 mol dm™ HCI is attributed to
complete conversion of the substrate into its conjugate acid species. The decrease
in rate after 4.0 mol dm® HCI is attributed to the lowering of concentration of
attacking nucleophile taking part in the reaction, due to variation in water activity.
The kinetic runs were made by using adequate mixture of NaCl and HCI at different
ionic strength (1, 2, and 3 ). The plots of rate constants of acid hydrolysisand acid
molarity at different ionic strength arelinear curves (Fig. 1). Thethreelinear curves
which make positive slope with the acid axis show positive salt effect and presence
of acid catalyzed hydrolysis. The slope of these curves increase with increase in
strength. The corresponding slope values at constant ionic strength 1.0, 2.0 and 3.0
pare 12.41 x 10, 16.95 x 10° and 19.28 x 10 mol dm™® min*, respectively. From
the study of ionic strength effect, the total rates contributed by conjugate acid and
neutral forms can be calculated by the following second empirical term of Debye-
Huckle equation®’.

Ke=K,.-C,. +Ky Q)
where Ke, Ky".Cy" and Ky are experimental rates, acid catalyzed rates and neutral
rates, respectively. Table-1 summarizes both the observed and calculated rates of
the hydrolysisin the acid region 0.1 to 4.0 mol dm™® HCI. The lowering in ratesin
5.0, 6.0, 7.0 mol dm™® HCI may be attributed to the lowering in concentration and
participation of water molecule.

The rates beyond 4.0 mol dm™® HCI were calculated employing Bronsted-
Bjerrum equation®®;

Ke = Ku-Cy'(*H0)" + Ky (*H0)" 2
where (°H,0)" iswater activity term and nisan integer, which increase with increase
in acidity. The revised estimated rates agree well with the experimentally observed
rates (Table-1). Itisclear from the above result that mono-2-chloro aniline phosphate
in acid solution occurs via both conjugate acid and neutral species and their rates
are subjected to both ionic strength and water activity.

Solvent effect has been studied using different dioxane mixture. Table-2 shows
asignificant risein rates; dioxane being a better proton donor than water increases
the concentration of conjugate acid speciesresulting in theincreasein rates. Effect
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TABLE-1
EXPERIMENTAL AND ESTIMATED RATES FOR THE HYDROLY SIS OF
MONO-2-CHLORO ANILINE PHOSPHATE ESTER AT 50 °C

HCl K "Cyrx  Kyx10° K, x10° Water kox10° K x10°
(mol dm®)  10°(min?%)  (min?) (min®) activity  (min®) Est. (min?) Exp.

0.1 1.05 5.0 6.05 - 6.05 5.10
0.2 2.14 5.0 7.14 - 7.14 7.20
05 5.71 5.0 10.71 - 10.71 10.91
1.0 12.74 5.0 17.74 - 17.74 19.27
15 21.33 5.0 26.33 - 26.33 28.40
2.0 31.69 5.0 36.69 - 36.69 33.59
25 44.26 5.0 49.26 - 49.26 48.75
3.0 59.16 5.0 64.16 - 64.16 65.18
35 77.09 5.0 82.09 - 82.09 82.76
40 98.17 5.0 103.17 - 10317  103.20
5.0 152.76 5.0 15776 (0.155)  79.82 78.15
6.0 228.03 5.0 23303 (0.211)° 58.09 62.08
7.0 33113 5.0 33613  (0.279)* 30.35 29.37

1y Slope(K,) =12.41 x 10° min™ mol™ dm
2u Slope(K,) = 16.95 x 10° min™ mol™ dm™
3u Slope(K,.) = 19.28 x 10° min™ mol™ dm™
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Fig. 1. Acid catalyzed hydrolysis of mono-2-chloro aniline phosphate at constant ionic
strength at 50 °C

TABLE-2
EFFECT OF SOLVENT ON THE RATE OF HYDROLY SIS OF
MONO-2-CHLORO ANILINE PHOSPHATE ESTER AT 50 °C

HCI (mol dm) Percentage of dioxane (v/v) K, x 10% (min™)
0.0 65.18
10.0 75.03
30 20,0 79.46

30.0 85.45
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of solvent on therate of hydrolysis may, therefore, be taken to imply a bimolecular
nucleophilic reaction with the formation of atransition state in which the chargeis
dispersed. Thisisin accordance with Chanley's observation®.

Thermodynamic parameters® for the reaction at 3.0 mol dm® HCI were found
to be E = 14.63 Kcal/moal, A = 3.14 x 10" s* AS’ = -20.76 e.u. These values are
indicative of bimolecular nature of hydrolytic reaction. Bimolecular nature of reaction
is further supported by slopes of the plots of Zucker-Hammett? = 1.38, Hammett*
=0.62, Bunnett® w = 7.91, w* = 2.32. Bunnett and Olsen* ¢ =1.40 suggested that
water isinvolved as aproton transfer agent in the rate determining step. Bimolecular
nature of the hydrolysis of mono ester involving P-N bond fission is further supported
by comparative kinetic data (not shown) for the hydrolysis of other esters and
isokinetic relationship®?. Thus, acid hydrolysis of mono-2-chloro aniline phosphate
involvesbimolecular attack of water on phosphorus of conjugate acid speciesformed
by fast pre-equilibrium proton transfer.

(a) Formation of conjugate acid species
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(b) Bimolecular nucleophilic attack of water on phosphorous via conjugate acid species
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