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Synthesis, Mechanistic and Kinetic Study_of
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Kinetic measurement of the hydrolysis of 2,4,5- mchloroamlme phos-
phate mono-ester has been made in acid (0.1-6.0 mol dm.* HCI) solution
at 97 £ 0.5°C supported the hypothesis that acid catalysis occurs only when
electron attracting substituent is present in the ary! part. Pseudo first order
rate coefficients have been calculated. Conjogate acid, neutral and
mononegative species have been found to be reactive and contribute in the
overall rates. The rate coefficients estimated are fairly in good agreement
with the observed rates. Bond fission, molecularity and order of reaction
! 1ave been supporied by Arrhenius parameters, Zicker-Hammett hypothe-
srcemitation and solvent effect ete. Comparative isokinetic rate data
mifarly substituted other amino phosphate mono-esters, supported
I bond fission.

Key Words:  Synthesis, Mechanism, Kinetic studies, Mano-2,4,5-
trichloreaniline phosphate, Acid medium.

INTRODUCTION

of substituents on the hydrolysis of aryl phosphate  ester
> linkages' ™' have been studied exhaustively by Mhala and co-
sstablished that substituents of graded polarity!*! not only affect
the reaction rate but also alter me comsc of the reaction paths. This hypothesis was
supported by different scientists® . It showed that the order of rates follows the
order of electron attracting power of the substituents in the aryl part. The rate of
hydrolysis of 3.4-dichloroaniline phosphate monoester”’ and 4-chloro-3-nitroanil-

me p imxph ite monoester™ was shown 10 be the least.in the series of other esters
studied™ ™ The presence of acid catalysis was attributed to the +1 effect of chlorine
and by opposite inductive effect and hyperconjugative effect of the substituent in
2.4.5-trichloroaniline phosphate mono-ester are expected to favour acid catalysis
wx{h the greater rate of hydrolysis amono the compounds studied. To test the
hypothesis of abnormal acid catalysis®** | a systematic jonic strength data shows
the presence of acid catalysis and the ordcr of rate values correlated well with the
leaving abilities of the organic substituents with P—N bond fission. Moreover,

hydrolysis in pH range has been found 1o differ from 5- ghloro 2-methylaniline
phosphate mono- e%{u“ : -

The eftec
hmmuf .

workers

EXPERIMENTAL

2.4.5-Trichloroaniline phosphate mono-ester has been prepared by the general

TD.AV. College, Bulandshahar, India.
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method®. To the compound 2.4,5-trichioroaniline (19.65 g) dissolved in dry
benzene (150 mL), phosphorus oxytrichloride (9.0 mL ) was added slowly during 20
min with constant stirring. The reaction mixture was refluxed and distilled at
reduced pressure. The second fraction distilled at bs, 136-156°C was dissolved in
distilled water (100 mL), extracted with ether and recrystallised from absolute
ethanol, m.p. 206°C (found: P, 12.02; C, 25.99; H, 1.85: Cl, 38.45; N, 5.10%:
calculated for P, 11.21; C,26.04; H, 1.81; C1, 38.52; N, 5.06%) finally the structure
was confirmed by IR spectrum. All the chemicals used belonged to BDH (AR) and
Riedel quality. Hydrolysis of 2;4,5—tﬁchloroanihne phosphate monoester (0.0005
M) was studied in distilled water and the inorganic phosphate was formed during
the hydrolysis and estimated colorimetrically by Alien’s modified method™.
RESULTS AND DISCUSSION

Hydrolysis of 2,4,5-trichloroaniline phosphate monoeetarwas kinetically stud-

ied in 0.1-6.0 mol dm™ HCl at 97 + 0.5°C. Pseudo first order rate coefficients have

been summarized in Table-1 (Fig.1). From the results it may be concluded that the
hydrolysis increases with increase in acid molarity.

TABLE-1
pH-log RATE PROFILE OF 2,4,5-TRICHLOROANILINE PHOSPHATE MONOESTER
AT 97 £0.5°C ,
e 10° Ke
<m(?g‘£;,g) pH k {mol ézn'3 min') 5+ log K,
: (Obsd.)

6.0 ~0.778 , 46.93 1.67
50 0,699 91.74 1.96
40 ~0.602 170.64 223
3.5 ~0.544 - 156.86 220
30 0477 149.35 2.17
2.5 -0.397 140.82 2.15
2.0 ~0.300 12736 211
i3 ~0.176 1376 2.06
10 0.000 97.32 1.99
0.5 0.301 84.30 1.93
04 N 0.400 80.99 1.91
03 05200 7608 1.88
0.2 0.700 85.86 1.93
0.1 1.000 97.99 1.99
‘ 124 10549 2.02
‘ 2.20 133.12 2.12

Buffers: ‘ .
Composition of buffers has been 3'33 ‘ 13845 7 214
given in the experimental section 4.17 147.86—~ 2.17
: 5.60 134.26 213
643 115.36 2.06
2.14

7.46 13812
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The rate maxima is at 4.0 mol dm™ HCI and it gradually decreases with further
increase in acid molarity. The rate maxima or bends of pH-log rate profile in acid
region have also been found in some other cases. The decrease in rates from (> 4.0
mol dm™ HCl) may be due to participation of water molecule, ionic strength effect
or both. The decrease in rates with increase in acidity in the region 0.1-0.5 mol dm™
may be attributed to the decrease in concentration of more reactive mononegative
species and the incursion of less reactive neutral species. Further rise in rates in the
region of 0.1-4.0 mo! dm™ HCI may be either due to incursion of conjugate acid
species along with neutral species or the negative effect of ionic strength or both.
Whether or not the bend in pH-log rate profile is due to ionic strength or water
activity, could be determined by carrying out kinetic runs at constant ionic strength.
The rate coefficients have been summarised in Table-2. Fig. 2 describes a plot
between rate coefficients and acid molarity.

TABLE-2
HYDROLYSIS OF 2,4,5-TRICHLORGANILINE PHOSPHATE MONOESTER
AT CONSTANT IONIC STRENGTH AT 97 £0.5°C

Tonic strength (p) ' Composition | ; 10° - K, (mol dm™ min”™)

(moldm™)  HCI(mol dm™)  KCl (mol dm™) (Obsd.)
1.0 0.2 0.8 65.33
1.0 0.4 ' 0.6 7235
10 0.6 0.4 79.55
1.0 0.8 0.2 86.27
1.0 L0 : 0.0 97.32
2.0 0.2 1.8 58.17
2.0 0.5 1.5 66.46
2.0 1.0 10 78.14
2.0 1.5 05 95.40
2.0 1.8 02 103.71
2.0 2.0 0.0 127.36
3.0 0.5 25 - 51
3.0 0 2.0 - 68.99
3.0 1.5 ; 1.5 82.10
3.0 2.0 1.0 ' 95.06
30 2.5 05 113.48
3.0 3.0 ‘ 0.0 149.35

Linear curves represent the reawon at the specific ionic strength by the follow-
ing rate equation:
v K=Ky - Cy ()
where K., Ky;* and Cyy are the observed rate coefficient and specific acid catalysed
rate at that ionic strength and concentration of hydrogen ion respectively.

The slope value Ky of linear curves of 2,4,5-trichloroaniline phosphate mono
ester is subjected to specific acid catalysed rate, similar results were reported in the

hydrolysis of 4-fluoroaniline phosph&k 6 5. chloro-2-methylaniline phosphate*!
mono-esters.
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Fig. 1. pH-lograte profile of Zd,i-trichlaroamline phosphate monoester at 97 + 0.5°C
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Fig. 2. Hydrolysis of 2 4,- zmhloro&mhnc phosphatc monoester at constant ionic strength at
97 £0.5°C

The rate of hydrolysis decreases with increase in ionic strength The ionic
strength effect is subjected to ionic retardation effect or negative salt effect. The
conssp{mdmg slope values at constant mma Strengths 10 2.0 and 3.0 u are
35.00 % 107, 28.95 x 107 and 24.15 x 107 mol dm® min~ respeuwely Table-3
summarizes the log rate coefficients at the corresponding ionic strength.

A linear curve is obtained for specific acid catalysed rate (Fig. 3). The slope of
this curve represents the constant by and another linear_curve is obtained for
specific neutral rates (Fig. 4); the slope value of this curve represents the constant
bl where b’ = b/2.303. The intercepts on the rate axis represent specific acid
catalysed rate (5 + log Ky;) and spc,um, neutral rate (5 + log Ky,) at zero ionic
strength.
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Fig.3. Hydrolysisof 2,4,5-trichloroaniline phosphate monoester at 97 & 0.5°C (log-specific acid
catalyzed rate vs. ionic strength)
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Fig. 4. Hydrolysis of 2.,4,5-trichloroaniline phosphate monoester at 97 + 0.5°C (log-specific
neutral rate vs. ionic strength) :

 TABLE-3

SPECIFIC ACID CATALYSED AND SPECIFIC NEUTRAL RATES FOR THE

HYDROLYSIS OF 2,4,5-TRICHLOROANILINE PHOSPHATE MONOESTER
AT DIFFERENT IONIC STRENGTHS AT 97 + 0.5°C

"5 ; :
lonic strength 107 Kn <t ice Kur 10° - Kn (mol -
m (moldm~ minH) S Flogky dm ™~ min™) 5 +logKy
1.0 35.00 1.54 58.00 1.76
20 28.95 .46 52.00 172

3.0 24.15 1.38 46.00 1.66
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Table-4 summarises the log rate coefficients of specific acid catalysed and
specific neutral rate at zero ionic strength with their corresponding b and by
TABLE-4 o
SPECIFIC ACID CATALYSED [Kuo'] AND SPECIFIC NEUTRAL [Kno}
RATES FOR THE HYDROLYSIS OF 2,4,5-TRICHLOROANILINE
PHOSPHATE MONO ESTER AT ZERO IONIC STRENGTH AT97 #0:5°C.

10° - Kity - S 10 Kx, ,

5+ log Kg? byt - 5+logK bi

(mol dm™ min~ h 108 By i {mol dm™ min H & BN N
41.69 162 0036 66.07 182 -0.025

The linearity of the curves of Figs. 3 and 4 show the following relation of rate
constant with ionic strength. This is an empirical form of Debye-Hiickel equation®’

- Ke=K expb-u . (2)
The specific acid catzﬂysed rate may be shown as:
Ky =Ky expby' - U ) (3)
and the acid rates can be shown as follows:
Ky - Cyr =Ky - Cy* -exp by’ - U 4)
or, its logarithmic form can be shown as:
S+ Jog Ky - Cyr=5+1log Ky +log Gy +bjy - (5)

- - # : e . : N . .

where Ky, Ky, by and p are the specific acid catalyzed rates at that jonic

strength, at zero ionic strength, a constant and 1onic strength respectively.
Similarly, the specific neutral rates may be represented as follows:

K«y = K\ : fﬁXp‘bNy = ((37‘
and its logarithmic form may be shown as: '
S5+ log Ky=5+1log Ky, + by 1 (7

where Ky, by and p are the specific neutral rate, a constant and the ionic strength
respectively. ‘

The equations (5)and (7) may be used to compu’(e the specific acid catalysed and
the specific neutral rates at each experimental rate.

Therefore, the total rate of hydrolysis of 2,4,5-trichloroaniline phosphate mono-
gster can be repz esented by the following equation: :

Ke=Ky - Cy+Ky (8)
S+logK, = ‘S +log Ky + ]og Cir+byy ~pu+5+logKy +bi - (9)
5+log K, = 1.62 + log Cyy* + (-0.036) - u + 1.82 + (-0.025) - u (10)

The rate constants calculated from the equation have been summarised in
Table-5. : :

It is clear from the results that there is fairly good agreement between the
calculated and experimentally observed rates up to 4.0 mol dm™ HCI; there is a
steep fall in the rates, which has been presumed due to participation of water
molecule as the second reaction partner in the nucleophilic substitution reaction.
Moreover, the rates are also retarded due to negative ionic strength effect. There-
fore, the agreement between the theoretical and experimental rates has been sought
by introducing water activity parameter. In this way, both acid catalysed and neutral
rates have been calculated by the modified fmm of eqns. (5) and (7) suggested by
Bronsted and Bjewumm .
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5+log Kyt - Cyr = 5 + log Ky +log Cy by - p+ nloglay o) (1D
and neutral rates at higher concentration can be shown as:
5+logKy=35+log Ky, +by U+nlog(age (12)

where (ag o) represents the water activity.

TABLE-5
CALCULATED AND OBSERVED RATES FOR THE HYDROLYSIS
OF 2,4,5-TRICHLOROANILINE PHOSPHATE MONO ESTER AT 97 £0.5°C

10° Ko 10° - Ke

(igoli pH (i?:l.d}r(gi? 5+ log Kn 10;1'1(?;{-15 " 1(2:n§;1dmgH (rlx?(:l‘d}r(n’i} (mol dm- (mol dm-
dm™) min™h) min ") min™) min™") min-) “min ")
(Caled.y {Obsd.)

1.0 0.000 6237 1.79 38.37 - = 100.74 97.32
1.5 -0.176 60.60 1.78 55.21 - ‘ - 115.81 113.76
2.0 -0.300 58.88 1.77 70.47 - - 129.35 127.36
2.5 0397 5721 1.75 84.53 - - 141.74 140.82
‘3‘0 ~.477 5559 1.74 97.50 - - 153.09 149.35
3.5 -0.544 35401 1.73 109.14 - - 163.15 156.86
4.0 0602 5248 1.72 119.67 - - 172.15 170.64
50 0699 4955 1.69 137.72 67.45% 2427 91.72 91.74
6.0 0778 46.77 1.67 152.05 35.40% 10.89% 46.29 46.93

n=0 for 1.0-4.0 mol dm™ HCl and n* 2 and 3 respectively for 5.0 and 6.0 rol dm™ HCL.

Molecularity :

The various correlation plots like Hammett plot* (0.235), Zucker-Hammett
plot™ (0.714), Bunnett-plot** (@ = 11.43 and 0™ = 5.65) and Burmett-Olsen plot*
(¢ = 1.68) postulate a bimolecutar rate of hydrolysis, that is, the involvement of
water molecule as second reaction partner in the slow reaction step. The slopes
of Figs. 5-9 and Tables 6-8 show the bimolecularity of the reaction.

TABLE-6 —
HAMMETT PLOT DATA FOR THE RATE OF HYDROLYSIS OF
2,4,5-TRICHLOROANILINE PHOSPHATE MONO ESTER AT 97 £ 0.5°C.

5 g
(mcfligjn"3) (mo] dmio miiELI ) {obsd.) 3+log K, , ~Ho o log (au0)
1.0 97.32 ‘ 1.99 0.20 0.017
1.5 113.76 2,06 0.47 0.027
2.0 127.36 211 0.69 0.039
25 140.82 2.15 0.87 0.053
30 149.35 2.17 1.05 — 0.070
35 156.86 2.20 123 - 0087
4.0 170.64 2723 1.40 0.107
5.0 91.74 1.96 1.76 0.155

6.0 4693 1.67 2.12 0.211
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Fig. 5. Hammett plot for the hydrolysis of 2.4.5-trichloroaniline phosphate maonoester al
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Fig. 6. Ziicker-Hammett plot for the hydrolysis of 2 4, 5-trichloroaniline phosphate monoester
at 97+ 0.5°C,

The Arrhenius mmmetexs at 3.0 mol dm™ HCI, AE =21.05 kcal m<>l i,
frequency factor A = 6.74 x 107 sec™, AS* =25 14 e.u. and at 5.0 mol dm™ HCl
AE =21.97 keal mol™ A = 143 x 10 sec™’, AS* = -23.63 e.u,

The above Arrhenius parameters™ at 3.0 and 5.0 mol_dm™ HCI show the
bimolecular mode of hydrolysis with P—N bond fission and by isokinetic
relationship®. Table-9 and Fi ig. 10 represent the conjugate acid species hydrolyses
with P—N bond hs sion. ;

Solvent effect*® and concentration effect also show the reaction to be of
bimolecular nature of hydrolysis.
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ZUCKFER-HAMMETT PLOT DATA FOR THE RATE OF HYDROLYSIS
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TABLE-7

OF 24,5 TRICHLOROANILINE PHOSPHATE MONO ESTER AT 97 + 05°C.
10° - Ke S

HCl

(mol dm™) fog Cy" (mol dm~ min™") (obsd.) ? +log Ke
1.0 0.000 97.32 1997
1.5 0.176 113.76 2.06
2.0 0.300 127.36 2.11
2.5 0.397 140.82 2.15
3.0 0.477 149.35 2.17
3.5 0.544 156.86 2.20
4.0 0.602 170.64 2.23
5.0 0.699 91.74 1.96
6.0 0.778 46.93 R 1.67

TABLE-8

OLD-BUNNETT AND BUNNETT-OLSEN PLOT DATA i:OR THE RATE OF HYDRO-

LYSIS OF 2,4,5-TRICHLOROANILINE PHOSPHATE MONO ESTER AT 97 + 0.5°C.

107 K,

S+log Ke 5 +1log Ke

gm(f?g;ﬁ)m% :}'w (mol dm min™) >t ()S)g Ke ;go —logCy* +Hp —(-~10g(£:) * Ho) ~log (a0}

“ ) (Obsd.) T b—a) -0
1O 00006 732 199 0 020 1.990 1.79 0.200 0.017
1.5 0.17¢ £§3.76 206 047 1.884 1.59 0.294 0.027
2.8 0300 £27.36 2.11 0.69 1.810 1.42 0.390 0.039
2.5 0.397 140.82 215 087 1.753 1.28 0473 0.053
30 0477 14935 217 105 1.693 1.12 0.573 0.070
3.5 0.544 15686 220 123 1.656 0.97 0.686 0.087
4.0 Qo0 FHOO4 2.23 140 1.628 0.83 0.798 0.107
50 0699 L 196 1.76  1.261 0.20 1.061 0158
6.0 0778 4693 1.67 242 0.892 -0.45 1.342 0211

TABLE-9

COMPARATIVE ISOKINETIC RATE DATA FOR THE HYDROLY SIS OF SOME
PHOSPHATE MONO-ESTERS VIA THEIR CONJUGATE ACID SPECIES

. e e ‘ Temp. Med- E —AS* Bond .
5. No. Phosphate Mono-ester (°C)  ium (kealimol) ~(er)-  fission Ref
1. Cyclohexylamine 50 3.0 2665 077 P—-N 47
2. H:N'COO~ 37 - 26.00 12.23 P—N 24
3. 2,5-Dimethoxyaniline 97 3.0 2333 18.03 P—N 48
50 2288 21.08 PN
4. 4-Chloro-3-nitroaniline 97 3.0 21.50 23.93 PN 12
50 2196 23.56 P—
5. m-Nitroaniline 9§ 3.0 2105 25.57 P—N 49
6. 4-Fluoroaniline 97 3.0 19.67 28.00 P—N 36
‘ 50 2059 2734  P—N
7. p-Propoxyaniline 97 3.0  19.68 29.28 P—N H
8. N-2-Carboxyphenyl-N-{2- 97 3.0 1830 32.84—" P—N 50
hydroxy-3-nitrophenyl)amine ‘ ‘ .
9. 3,4-Dichloroaniline 97 3.0 - 1761 34.53 P—N 27
10, 3-Chloroanitine 97 30 1693 36.39 P—N 51
11, p-Naphthylamine 98 3.6 1456 35.46 P-—N 32
12, o-Toludine 50 - 15.05 40.40 Pt 53
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: Temp.  Med- E —AS* Bond
S;. No.  Phosphate Mono-ester CC) ium (kealimol) (ew) fission Ref.
13. 2,4-Dinitroaniline 98 3.0 1210 4510  P—N 54
14. 1-Nitro-2-naphthylamine 98 50 1049 4976  P—N 35
15. 3-Nitro-p-toluidine - 30 828 5287  P—N 56
16. Diethylamine ' 40 3.0 572 60.65 - Pesedi- 57
17. 2.4,5-trichloroaniline 97 3.0 21.05 2514  P—N*  Present

50 2197 2363  P—N* work

*Bond fission assumed

4
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Fig. 7. Bunnett plot for the hydrolysis of 2.4 5 wichloroaniline phosphate monester at 97 + 0.5°C.
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Vol. 18, No. 4 (2006) Study of 2,4,5-Trichloroaniline Phosphate Monoester 2979

20p

&
\

S+log k + H,
&
i

05k ‘ N

0-0 . { ; O\ | ] ;
G0 05 ; 30 15 20
—{~log C .+ H)

Fig. 9. Bunnett amd Olsen plot for the hydrolysis of 2.4,5-trichloroaniline phosphate monoester
at 97 £ 5" '

CYCLOHEXYLAMINE

HN'COO”

2, § - DIMETHOXYANILINE

4 - CHLORQ - 3 ~ MITROANILINE

m ~ HITROARILINE

& ~ FLUOROANILINE

p - PROPOXYANILINE

N -2 - CARBOXYPHENYL - K —

{2 ~ HYDROXY - 3 ~ MITROPHENYL) AINE
8. 3,4 - DICHLORCAMILINE

10. 3 - CHLOROANILINE

1. B - NAPHTHYLAMINE

12, o ~ TOLUIDINE

132, 4 - DINITROAMILINE

14, $=NITRO - 2 ~ NAPHTHYLAMINE

15, 73 - MITRO - p ~ TOLUIDINE

16.  DIETHYLAMINE

17, 24,5-TRICHLOROAMILINE (Prasent work)

e e

FEERENT WM

~10 o 20 40 60 80

Fig. 10 Isokinetic refationship plot for the hydrolysis of some phosphate monoesters via their
conjugate acid species

Mechanism
Taking into account all the observed rate data, the most probable reaction
pathway via conjugate acid species may be formulated as follows:
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(a) Formation of conjugate acid species by fast pre-equilibrium proton
transfer from the undissociated mono-ester:

“mo
Pl i
Cl- Q N—P—OH o= == Cl
|
OH
Cl
(Neutral species) ‘ (Conjugate acid species)

(b) Bimolecular nucleophilic attack of water on phosphorus of the conjugate
acid species of the mono-ester involving P—N bond fission S\ (P):

5+l
S O—H

] , s

I£ O v -_{‘jﬁ}—‘*
ﬂ AT S
Cl \() 1}@ S fL—OH

i
H OH

{Transition state)

O H
| .
NH, + HO—P—O"—H
7 |
OH

{Parent compound)

-H* {Fast

0
Al
HO—P—OH

|
OH
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