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8 o &3 e A2 459 N-(arylsulfonyl)benzamide 5519 622 N-(arylsulfonyl}
benzimidothiophenyl ester =45 +A435k4 e}
m-methyl-N-(arylsulfonyl) benzamide, p~methyl-N-(arylsulfonyl)benzamide, sm-nitro-N-(arylsulfo-
nyl)benzamide, p~methoxy~N-(arylsulfonyl)benzamide, p-methyl-N-(arylsuifonyl) benzimidothiophe-
nyl ester, m-methyl-N-(arylsulfonyl)benzimidothiophenyl ester, p-methoxy-N-(arylsulfonyl)benzim-
idothiophenyl ester, p—nitro—~N-(arylsulfonyl)benzimidothiophenyl ester, m-nitro-N-(arylsulfonyl)be.
nzimidothiopheny! ester, p-chloro—N-(aryisulfonyl)benzimidothiophenyl ester.
W2 pH 9304 N-(arylsulfonyl) benzimidothiophenyl ester 542 AFEHHEE AFE A4
FEFEger FA%d Y pH 9ol AL S ey g TGk ol E554A7 Mg aH
%o 2 5-¥] N-arylsulfonylbenzimidothiophenyl ester ¥l W%} 7188 w87l E ¢ ) gks}
Rt F pHIL1 ©] 3] A= hydroxide ion o] pH9 o] 8lo] 4+ azomethine 7)o R A7} Yrpslma
A Rbgo] AFsH pH9~11 Abe)o) 4 FEAS} hydroxide ion o] A o2 wgdhe ehobe}

ABSTRACT. Four unreported derivatives of N-arylsulfonylbenzamide and six derivatives of
N-arylsulfonylbenzimidothiophenyl ester were prepared. These were;
p-methyl-N-(arylsulfonyl) benzamide, m-methyl-N-(arylsulfonylybenzamide, m-nitro-N- (arylsulfon-
yDbenzamide, p-methoxy-N-(arylsulfonyl)benzamide, p-methyl-N-(arylsulfonyl)benzimidothiophe-
nyl ester, p-chloro-N-(arylsulfonyl)benzimidothiophenyl ester, m-methyl-N-(arylsulfonyl)benzimi-
dothiophenyl ester, p-nitro-N-(arylsulfonyl)benzimidothiophenyl! ester, m-nitro-N-(arylsulfonyl}
benzimidothiophenyl ester and p-methoxy~N~(arylsulfonyl) benzimidothiopheny! ester.

The rate constants of the hydrolysis of N-arylsulfonylbenzimidothiophenyl esters were determined
by ultraviolet spectrophotometry at various pH and rate equations which can be applied over a wide
pH range were obtained,

From the rate equation and substituent effects, one can conclude that above pH 11, the hydrolysis
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of N-arylsulfonylbenzimidothiophenyl esters are initiated by the attack of hydroxide ion, however,
below pH 6, started by the addition of a water molecule on the azomethine group. At pH9~11,

the competitive reaction between a water molecule and hydroxide ion is anticipated to occur,

INTRODUCTION

The carbon—nitrogen double bond is, in many
respects, intermediate between the carbon—carbon
double bond and carbonyl group.! The addition
reactions of azomethines are mainly composed
of reactions in which a variety of reagents add
to the polarized carbon-nitrogen double bond.
Therefore, nucleophilic reagents attack the car-
bon atom of azomethine linkage.

During the past decade a great deal of
information has appeared in the literature™3
concerning the mechanism of nucleophilic addi-
tion and cleavage of the carbon-nitrogen double
bond to explain a plausible mechanism in basic
and neotral media, however, it has been the
subject only a few kinetic studies.

Munoz and others! have suggested a four
center mechanism for the addition reaction of
the Grignard regaent to an azomethine linkags.
The kinetics of the addition of diazomethane
to anils has been reported by Kadaba.®

Jencks and Cordes® have suggested a mecha-
nism of the hydrolysis of the Schiff bases
derived from strongly basic amines such as
aliphatic amines. The semilogarithmic rate—pli
curve shows a bell like form under neutral
and acidic condition. The portion of the curve
over which the rate is independent of the pH
can be explained on the basis of an attack by
the hydroxide ion on the protonated Schiff
base. In the case of Schiff bases derived from
weakly basic aromatic amines, the expected
displacement of the curve towards the lower
regions of pH is observed.

Schmir’” has studied the kinetic behaviour ' of
the thizolines and has led to an elaboration of
the general laws which are similar to those

sadxi in pyridine

governing the hydrolysis of Schiff bases.

Ugi, Beck and Fetzer® also determined the
rate of hydrolysis of a series of imidoyl chloride
in aqueous acetone, Electron withdrawing subs-
tituents at carbon or nitrogen generally course
a pronounced decrease in reactivity, while
electron donors increase the rate of hydrolysis.

As shown in above references, some kinetic
studies for the hydrolysis of the Schiff bases
and the imidoyl chloride have been reported.
However, the kinetic studies for the hydrolysis
of the N-arylsulfonvlbenzimidothiophenyl ester
derivatives have not been reported yet.

The purpose of this investigation is to syn-
thesize the N-arylsulfonylbenzimidothiophenyl
ester derivatives, to determine the rate constants
over a wide pH range and reveal the reaction
mechanism of hydrolysis of N-arylsulfonylbenz-
imidothiophenyl ester derivatives.

The N-arylsulfonylbenzimidothiophenyl ester
was prepared by Ishuchuk and Emelyanova®
from phosphorus pentachloride and N-arylsul-
fonylbenzamide via N-arylsulfonylbenzimidoy!
chloride.

ot
1
i
A

o NP

SPH
The N-arylsulfonylbenzamide was prepared
by Crossely?® ! by the reaction of benzoyl
chloride and benzenesulfonamide as below.

Yot
\

9 NH ;S0 ,—Ar in idi
=l pyridine
{ \-C—Cl 2 2 —_

- y
A=Y “100~110¢C
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EXPERIMENTAL

1. Preparation of Starting Materials.
~-Arylsulfonylbenzamide Derivatives. A
150 ml, 3-neck flask was equipped with a hook
~type agitator and thermometer. Benzenesulfon.
amide (18 8g, 0.12mole) was added with 25
m/ of dry pyridine. The agitator was started
and the mixture heated to 90°C. Benzoyl chlo.
ride (14.1g, 0.1mole} was added over five
minutes. in pottions, via a long stemmed funnel,
The flask was cooled externallly to prevent the
temperature from exceeding 110°C. The temper-
ature was held at 100~110°C for fifteen minu-
tes to complete the reaction. The resulting
pyridine solution was drowned in 130 ml of 2N
hydrochlotic acid. The product, which first
separated as an oil, soon crystallized in to soft
pellets which were filtered and washed well
with water. The product was recrystallized from
methanol. The yield was 15.6g (60 % calcul.
ated from benzenesulfonamide); m.p 146°C
(lit., 1? 146~147°C). Table 1 shows the analy-
tical and spectral data of N-arylsulfonylbenza-
mide derivatives.
N-Arylsulfonylbenzimidothiopheny}
derivatives. A mixture of 10 g N-arylsulfonyl-
benzamide (0. 038 mole) and 9. 36 g phosphorus

ester

pentachloride in 30 m!? ofl benzene was heated un-
der reflux for 5 hrs. Then the mixture was conce-
ntrated under reduced pressure and was dissolved
in 20ml of acetone. A mixture of 4ml of
thiophenol and 4 mi of pyridine was added to
the acetone solution, The reaction mixture was
allowed to stand for 2hrs and was diluted with
water,

The product, which separated as an oil, soon
The product was
recrystallized from methanol. The yield was
11.5g (85 % calculated from N-arylsulfonyl-
benzamide); m. p 91°C(lit., ¥ 91~92°C). Table
2 shows the analytical and spectral data of

crystallized into soft pellets.

N-arylsulfonylbenzimidothiophenyl ester deriva-
tives,

2. Kinetics

All buffer solutions were prepared from rea-
The
pH of buffer solutions were confirmed by Orion

gent grade chemicals and distilled water.

Digital pH meter. The ionic strength was kept
constant at 0.1 by adding sodium chloride
The rate vessels used were 100 m!
volumetric flask in the thermostat (25°C).

At zero time, 2mli of a freshly prepared 1. 00

solution.

x107*M methanol soution of N-arylsulfonyl-
benzimidothiolphenyl ester (ABTE) was pipet-
ted into the 100 m! flask containing 98 mi of

Table 1. The result of elemented analysis and spectral data of N-arylsulfonylbenzamide derivative.
I l N(%) ! ~—NH .
R- Yield (%) ! = m. p(°C) | C=0 (str.)
| caled. | fownd ) ety | end) |
e T T : '
(H s 53 3B ] e~ ] | .
pCHe- 1 38 5.09 516 | 138~139 | 3320 | 1605 | 1662
_ g i R
pCl- e 3.73 457 | }g;ﬂ‘{;jg) |
 m=CHy- 56 509 - 2 | 13 | a0 1600 | 1680
- - i 215(it., 12 1 : -
pNO B 9IS 9.68 ’ 216~217) ! : B
w-NOr- . €0 9.15 9.27 | 191~192 3250 1614 | 1700
 p-CHO- 55 1.81 276 | 139~140 | 3280 159 | 1670
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Table 2. The analytical and spectral data of N-arylsulfonylbenzimidothiopheny! ester derivative.
N(%) :
R- vield (%) m. p(°C) ! —C=N—(str. )
caled. | found |
91 (T, ® T
H- | 85 a5 | s | UL
»-CH;- 80 3.80 | 3.86 | 10 1550
p-Cl- 83 3.62 | 3.74 | e~z 1555
m~CHy | B 3.80 | 3.97 | 1o 1550
p-NO- | & | e | e | 16768 1555
m-NOz | & | 703 | &8 | 1% ; 1555
»-CH,O- | 80 | 365 | 37 139140 1560

| 270 nm i 290 nem _ 305 nm
p-NO, ABTE 2.06X104 (max) | 1.53X 104 | 7. 90 % 10%
»-NO.> ABA 1. 69 X104 1. 35 X 10¢ 7.90x10%
m-NO, ABTE | 2.11X10% (max) 1.20x104 | 6. 20X 10°
m-NOz ABA ‘ 116 X10¢ 4.50x 103 ; 1.90x 103
»-Ct ABTE l 1.40X10¢ (max) 1. 17X 104 i 6.60% 103
»Cl ABA ; 7.90 X108 5. 00 X102 | 4,00 X102
p-CHs ABTE 1.26 X104 (max) 1. 07X 1G* ' 7. 00X 163
$-CH; ABA 6. 70X 10° 4. 00X 102 ? 0
m-CHs ABTE 7.10X10° (max) 5.40X10% _ 3.20x10°
m-CH; ABA i 3.30%103% : 9. 00X 102 : 0
p-CH; OABTE 1. 15 X104 |I 1. 46X10* 3,10 X1(A(max)
#-CH; OABA 2. 09 X 104 { 1. 00 % 108 : 0
ABTE 1. 15X10¢ (max) | 8. 60103 : 4.00X 108
ABA 3. 80X 10 | 2. 00162 : 0

buffer solution.

The optical density of ABTE derivatives was
determined on a Perkin-Elmer UV-Vis Spectro-
The hydrolysis product of ABTE
was identified as N-arylsulfonylbenzamide by

photometer.

Ishuchuk and Emelyanova.® Since the molar
absorptivities of N-arylsulfonylbenzamide (ABA)
derivatives were negligible comparing those of
ABTE derivatives as shown in 7Zable3, the
optical density of H-, m—CHs~, p-CH; and p-
CH 0-ABTE were determined at 305nm. The
optical density of p~Cl- and m~NQ,~ABTE were

determined at 290nm and p~-NO-~ABTE was
determined at 270 nm.

RESULT and DISCUSSION

The initial concentrations of ABTE derivatives
(2. 00X 10-M) were kept constant over wide pH
range. A logarithmic plot of optical density
(OD) vs. time at pH 4.00 and 25°C, as shown
in Fig. 1 gives a straight line. Fig. 2 Is a
logarithmic plot of (a-a) vs. time showing the
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absorbance of hydrolysis of p-NO, ABTE is
not negligible. Where @ is the initial concent-
ration of ABTE derivative and z is the concent-
ration of ABA derivative with time.

The first order rate constants (k) calculated
from the straight line of various pH are given
in Table 4~10 and Fig. 3~9 show pH rate
profile of these reactions. As shown in Fig.
3~6 the change of log %, remains constant and
above pH 11. 00,

directly proportional to the hydroxide ion con-

the slope is 1.0, i.e, & is
centration.

Fig. 3shows the legarithmic plot of %, against
pH for the hydrolysis of ABTE. Analysis of
Fig. 3 shows that the total rate constant % is

given by an expression of the form

kgzklo-l—kloﬁ OH- (1)

o 5 0 5
Time(sec)

20x103

Fig. 1. The plots of log (ABTE) vs. time at pH
4.00 and 25°C '

|.53J5\0\
© 1.50F \\
2 <
T
]
o
145+
. - ,
o} 5 10 15 20

Time(sec)

Fig. 2. The plots of log (#~NO; ABSTE) vs. time
at pH 4.00 and 25°C

Vol. 20, No. 1,1976

The last term in equation 1 is the nucleophilic
addition constant of hydroxide ion on azome-
thine group. 3~ Above pH 11.00, the rate of
this reaction is proportional to hydroxide ion
concentration,

Therefore, the mechanism of hydrolysis in
basic media is,

P— Ot

= .. fast = NS
{(O)o=N-50,-Ar + 0473 ’K (@;-N-sc?‘m
¥ SAr : SAr

cH

P N slow = . ’
()0-H50,-an -22%0, 0N oufios0 A + ATS
T & Ky ¥ ]
X SAY < CH
0 Vmo=N-32.-Ar A T
f.\_, . 2va *‘ﬁamrbbz-;sr
X O

Willi’® suggested that in the case of aliphatic
Schiff base hydrolysis the reaction involves first
protonation and then aitacks of hydroxide ion
on the protonated Schiff base in alkaline media.
Therefore the rate of hydrolysis remains constant
independent of the pH. But the rate of aromatic
Schiff base hydrolysis increases at a rate proport-
tonal ot the concentration of hydroxide ion by the
effect of phenyl group without being protonate-
d. 8 This suggests that the imine-carrying carbon
atom of ABTE is sufficiently paositive to undergo
attack by the hydroxide ion.

In this mechanism, however, it does not
show whether the rate determining stage is the
first step in which the hydroxide ion is added
or it is the second step in which the thiophenyl

group is eliminated. Actually the ¢ value equal

3
2t

0 9

+ 1

503

g

S SN I FOUY T VY UM S Y DU S SR |
O ! 2 34 5 6 7 8 9 101 1213
pH

Fiz. 3. pH-rate profile for the hydrolysis of N-
(arylsulfony) benzimidothiophenyl ester at 25°C.
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Table 4. Rate constants for the hydrolysis of ABTE at various pH & 25 °C.

Fi(secl)

Table 5. Rate constants for the hydrolysis of #~CHz;ABTE at various pH & 25°C.

Buffer solution pH ;
Observed : Calculated
HCI 0.00 3.10X10°8 | 1. 44 X105
0. 50 1. 82X16-5 i 1. 44 X105
1.00 1.77X10°5 |[ 1. 44 %105
1.50 1.08X10-5 a 1441078
2.00 | 1.72X10-5 | 1. 44 X105
2.50 1.72¢10°5 i 1.44 X105
3.00 1.18X108 g 1.44 %1078
HAc-+NaAc 3.50 1. 08X16"5 i' 1.44%10-5
4.00 1.15X1075 ! 1. 44X 105
4.50 1.63X107% 1. 44 X10-5
5.00 1.04x10-5 1. 441075
5.50 1.02X10°3 ' 1.44X10°%
6.00 1.15X105 | 1. 44 X105
KH;PO,+K,HPO, 6.50 : L14x10 1.44X10°
7.0 1.10X 1078 ! 1.44%10°5
7.50 1.11 X105 i 1. 44 X107
8.00 1.15X10-5 | 1. 44 %105
Boric acid -+NaOH 8.50 1. 64X 105 : 1.46X10°5
9. 00 1. 821078 ! 1.51 X103
9. 50 2.02x1078 .' 1. 67 X105
10. 00 3.00%10°8 | 2.12X10°5
10.50 3.12x107% ! 3.74X10°5
11.00 9.87X10"5 : 8.24X107°8
11.50 i 3.20X10°4 2.34X10™
NaOH 12. 00 7.10x 1074 6. 74X 1074

k,(sec1)
Buffer solution pH i -
Observed t Calculated
HC) 0. 00 E 6.87X10-5 3.53%10-5
0.50 4.02%10°5 2.53%10°5
1. 00 3.17X10°5 3.53%10°%
1.50 i 3.07X10°5 3.53%10°5
2. G0 3. 45 X105 3. 53X 105
2.50 3.27X10-5 3.52X1075
3.00 2.02Xx1075 3.53X10°5
BAc--NaAc 3.50 3. 14 %1675 3.53X10°8
4.00 2,93 105 2.53X10°5
4.50 3.78x107 3. 53% 1075
5.00 3.26X10°% 3.53X 105

Journal of the Korean Chemical Society.
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9
5. 50 i 2.57X1078 ! 3.53%10°8
6. 00 ‘ 3.68x10-5 3.53%10-%
KH,PO;+ K HPO, 6.50 ' 3.21 X195 3.53x10-5
7.00 ‘ 4.06X10-3 3531079
7.50 ' 3.42X1075 3.53X1075
8.00 \ 3.30%1075 3.32%10°5
Boric acid-+NaOH 8.50 ' 3.20X10°% : 3.36x10°
9.00 3.59% 10 | 3.72X10°
9.50 4.94X10°5 } 4.13x16°
10. 00 6.96X10"5 : 5.47 %1075
10.50 1. 26X 10~ 9. 70105
11. 60 2. 52X 104 2,29 104
11.50 7.10X10-4 6.55 %10~
12.00 2.00x1073 1.97X1073
NaOH 12.50 : 6.23%10-3

8.82%10°3

Tabie 6. Rate constants hydrolysis of #t-methyl-N-(arylsulfonyl)benzimidothiopheny! ester at various pH &

25°C.
A, (sec™t)
Buffer Solution pH | . e
Observed | Calculated

HCl 0.00 4.82X 107 i 1.70510"5
0.50 2. 301075 ! 1.70% 1073

1.00 1. 70 X105 1.70%16-8

1.50 1. 36 X19-5 176X 10°F

2.60 1. 3010 1. 70105

2.50 1.32X19075 1.70X10°%

3.00 1.43%10-3 1. 70x10-%

HAc+NaAc 3.50 ] 1. 26 %105 1. 70X 1073
4.00 1.18x10°% 1. 70X 105

4.50 : 1.27 X105 1. 70105

5.00 i 1. 37 X105 1. 70X 1075

5.50 ! 1. 2031075 1. 70X 107

6.00 : 1.G5X 1075 1.703410°5

KH:PO, + K,HPO4 6. 50 | 1. 40 X107 ; 1.70%1075
7.00 1.40X10° ; 1. 70 %10

7.50 { 1.20X10° 1. 70X 103

8.00 i 1.25X10°5 ! 1. 70X 10-3

Boric acid-~NaOH 8.50 1. 40107 !- 1.72X1075
9.00 1. 80105 ' 1.80x10-%

9.50 2. 00 X105 i 2,00 1075

10. 00 2.57X10°5 ! 2.80%10-5

10. 50 3.10X10-3 ! 4.18%1075

11. 00 £ 21 X105 E 8.14X10°5

11.50 2.20 %1074 ! 2. 05 %104

Vol. 20, No. 1, 1976




12.00

HER - 2ER

5. 70104

5.89 X104

NaOH

12. 50

2,10X10°3

1. 83%10-3

Table 7. Rate constants for the hydrolysis of p—chloro

ABTE at various pH & 25°C.

k(secD)
Buffer Solution pH
Observed Calculated

HC) 0.00 5.06X10"5 2.00X 10
0.50 2. 50105 2.00%105

1.00 2.00% 105 2°00%x10-5

1.50 1. 00 X10-5 2,00X10°5

2.00 1.50%X 105 2.00X10°5

2.50 1.60X10°5 2.00X10°5

3.00 1.00X10°5 } 2.00X107

HAc+NaAc 3.50 1.30%10-5 2.0010-5
4,00 1.40X10"5 2. 00X 1075

4.50 1.30%10-5 2.00X10"5

5.00 1. 40X 10*5 . 2.00X1075

5.50 1.20X10°5 l 2.00X1075

6.00 1.60 X 10"5 2,00 105

K:HPO; -+ KH,PO; 6. 50 2.00X10"5 i 2.00 X105
7.00 1. 40 X105 f 2.00%10°5

7.50 1.60%x10°5 i 2,00 105

8.00 1.20X10-5 2.03X10-5

Borie acid+NaOH 8.50 2. 00 %1075 2.14X10°5
9.00 2.90X 107 2.34 X105

9.50 2,50 %108 2. 79X10°5

10. 00 3.60%<1075 3. 84 X105

10. 50 4. 30X 10~5 7.94X1075

11.00 1. 30 X104 1.65X104

11.50 3.50 X 10-¢ : 4,49 %104

12.00 1. 40X 1073 i 1.43%10"2

NaOH 12.50 5.01%10-3 4.46%10-3

Table 8. Rate constants for the hydrolysis of p-methoxy ABTE at various pH & 25 °C.

. &, (sec™l)
Buffer Solution pH
Observed Calculated
HCI 0.00 4.16 X105 3.68x10°°
. 50 2. 76X 108 3.68X1075
1.00 2.76%X10°% 3.68x10"°
1.50 2.76X10-5 3.68x107°
2.00 2.30X1075 3.68X10°%
2.50 2.30%10°5 3.68X107%
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3.00 2.30%10° 3.68X10°%
HAc+NaAce 3.50 2.2 %1075 3.68X107%
4.00 3. 84X10°% 3.68X107%
4. 50 3.87X1075 3.68X10-5
5.00 4.08% 1075 3.68%X10°°
5.50 3.45X10"5 3.68X107%
6.00 3.38X10-5 3.68%10°5
KH,PO,+KoHPO, 6. 50 4.61X10°5 3.68X10°5
7.00 5.12x10°% 3. 681075
7.50 4.89%10°5 3.68%105
8.00 4.76X10-° 3.73X10°8
Boric acid+NaOH 8. 50 5.14 X107°® 3. 80X 10~%
9.00 5. 45X10°8 4. 061075
9.50 6.00x10-% 4.68%105
10. 00 6.14X10°% 7.51 X105
10. 50 1. 921074 1.56X10~¢
11. 00 3.45X1074 4. 19X 104
11.50 1.15%10-3 1.21x107%
12.00 3. 84x103 3.86X10°3
 NaOH 12.50 | 6. 62X10°8 1.21X10-2
Table 9. Rate constants for the hydrolysis of p-nitro ABTE at various pH & 25°C.
k,(sec™])
Buffer Solution pH
Observed Caleulated
}-.ICI 0.00 9.87x10"% 9.90X%X10-8
0. 50 1.01 X107 9.90x10-8
1.00 1. 10X10°7 9.90X10°8
1.50 9.96X10-8 9.90X10~8
9.90<10-8
2.50 1. 00107 9.90X10°8
3. 1.06X10°7 9.50x10-8
HAc+NaAc 3.50 1.10% 107 } 9.90X10¢
4.00 9.97X10°8 ! 9.90x10"*
4.50 1. 15X 107 | 9.90x10-8
5.00 1. 11 X107 9.90xX10-8
5, 50 1. 17 x1077 9.90 X108
6.00 1. 02107 9.90 X108
K-HPO - KH PO, 6.90 1.16 X107 9,90X10-8
7.00 1.16 X107 1. 00X10~7
7.50 1.13x10°7 1. 00107
8. 00 1.11X10-7 1. 05%10-7
Boric acid-+4-NaOH 8.50 1.16X10°7 1. 07107
9.00 1.20X10°7 1.26X10°7
9.50 1. 60107 1. 79 X107
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10.00 1.78X10°7 1.90X10-7
10.50 3.45%10°7 3.91X1077
11. 00 1.35% 1076 1. 40108
11. 50 3.57X10°¢ j 3.89x10°%
12. 00 1.11Xx10°% | 1.25X10-3
NaOH 12.50 4.40%10° | 3.89X 105
13.00 1. 21x107 _ 1.23X10°4
13.50 : 5.42X1074 : 3.89%x104

Table 10. Rate constants for the hydrolysis of m-nitro ABTE at various pH & 25°C.

ii
i

| R (sec™)
Buffer Solution pH | 7
| Observed ! Calculated
HC 0.00 2.19%X10"7 2.19%X10~7
0.50 1. 851077 2.19%10°7
1.00 1.61%10°7 2.19%10°7
1.50 2.02X107 2.19X10°7
2.00 2.21X10? 2.19%10" 7
2.50 2.16X1077 2.19%10°7
3.00 1.97%X1077 ! 2.19%1077
HAc+NaAc 3.50 2.10%107 -‘ 2. 19X 107
4.00 2.13%10°7 2,19%10~7
4.50 2.06 X107 2.19%10°7
5.00 2.12%107 2.19%x10"7
5. 50 2.26X1077 f[ 2.19X10°7
6. 00 2.56X1077 ; 2.19X 1077
KH,PO, + K,HPO, 6.50 2. 431077 2.19X10"7
7.00 2. 38X 107 2.19%10°7
7.50 2.17X10°7 ' 2.19%X10°7
8.00 2.51X107 : 2.19X1077
Boric acid+NaOH 8.50 2.67X1077 2.83%10°7
9.00 3. 21 X107 3.20%X10°7
9. 50 4.26X1077 5. 00X 107
10.00 5.18x10°7 7.90%10~7
10. 50 7.67%10°7 : 1.00X10°6
11.00 3.12%10 3.71X10°5
11.50 5. 76 X105 1.00x10-
, 12. 00 3.25X10-5 3. 25X10-$
NaOH 12.50 6. 33X 1075 1.003107*
13.00 3.20104 3.20X10
13. 50 7.83%107* 1. 00X 103
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Fig. 4. pH-rate profile for the hydrolysis of p-methyl
-N-(arylsulfonyl) benzimidothiophenyl ester at 25 °C.
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Fig. 5. pH-rate profile for the hydrolysis of m-me-

thyl-N-(arylsulfonyl) benzimidothiophenyl ester at 25
°C.

: |

3 3 . . ! |
L

2r .

'e] . .

th

T 0

o7 ° J

374 5 6 789611
oH
Fig. 6. pH-rate profile for the hydrolysis of p—chlo-

ro-N-(arylsulfonyl) benzimidothiophenyl ester at 95
°C.

o 12" 27

to —2.25 oibtaned from the Hammett plots??-18
at pH 12.00 as shown in Fig, 11 and it is
demonstrated that the second step is rate deter-
mining stage. Further evidence in favour of
this mechanism can be obtained from the study
of hydrolysis of ABTE which has the various
substituents in thiophenyl group.

At pH 0.00~9. 00, water molecule would be

Vol. 20, No. 1, 1976
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Fig. 7. pH-rate profile for the hydrolysis of p-me-
hoxyt-N-{arylsulfonyl) benzimidothiophenyl ester at
25°C
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Fig. 8 pH-rate profile for the hydrolysis of p-ni-
tro N-(arylsulfonyl}benzimidothiophenyl ester at 25
°C.
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Fig. 9. pH-rate profile for the hydrelysis of m-nitro
-N-(arylsulfonyl) benzimidothiophenyl ester at 25°C.

added to the ABTE by the effect of benzenesul-
fonyl group without being protonated. There.
fore, the rate (%) of this reaction remains
constant independent of pH and the following
mechanism is proposed.

Fig. 10 shows that the hydrolysis of ABTE is
not catalyzed by the general base, This suggests
the fact that the second step is not rate deter-
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Fig. 10. General base catalyzed hydrolysis of N-
(arylsulfonyl)benzimidothiopheny! ester at pH 4.65
and 25°C.
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Fig. 11. Logarithmic plot of the rate of hydrolysis of
N-{arysulfonyl)—benzimidothiophenyl ester derivatives
at pH 12 against Hammett’s ¢ function.
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mining stage. It is assumed that the deproton-
ation of oxonium ion (formular1) in the second
step occurred fast by the negatively charged
nitrogen atom. 34 Fig. 12 shows the Hammett
plots of ABTE at pH 4.00. The p value equal
to ~2. 25 demonstrated that the third step deter-
mining stage. The plots of log % against &
exhibits a large g value, thus indicating the

L

\___1 1 L L L ul
0.6 04 02 O©0 02 04 0O OB

o

Fig. 12. Logarithmic plot of the rate of hydrolysis
of N-(arylsulfonyl)benzimidothiophenyl ester deriva-
tives at pH 4.00 against Hammett’s ¢ function.

sensitivity of the reaction to substituent effects.
The formation of the intermediate carbinolamine
such as formular(11] has already been proposed
by the work of Jencks'®2 in the case of Schiff
base hydrolysis.

At pH 0. 00~9. 00 4y, takes 1. 44X 105 which
is the average value of observed rate constants,
The value of £°" is obtained from the slope
of the straight line in Fig. 3. The nucleophilic
addition constant for hydroxide ion £,0%=¢, 80
%1072 sec™! is determined from the value of
£=9.87X107% sec™ at pH 11. 00 and #,=7. 10X
107¢ at pH 12, 00.

As a result, over-all rate constant becomes

k=1, 44X1075+6. 80X 10~?[OH")
=1.44X1075+6. 80X 107/[H*]  (2)

Fig.3 and Table4 show that that the values
of over-all rate constant, % calculated by equa-
tion (2). The values of calculated & are in
good agreement with the observed.

From the rate equation, the mechanism of
hydrolysis of ABTE over wide pH range is
fully ‘explained; below pH 9. 00, water is added
to ABTE and at pH9. 00~11.00, water and
hydroxide ion competitively added to ARTE and
as the pH is increased, the portion of the more
reactive hydroxide ion addition is increased.

Similarly, the following rate equation for the

Journal of the Korean Chemical Society
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hydrolysis of ABTE derivatives are obtained;

»-CHs-ABTE  #,=3.53X10"5
+1.94x10°/[H*] (3)

m-CHy-ABTE  %,=1.70X10"5
+5. 64 X10°%/[H*] (4)

k=2.00%10"%
+1.41X1075/[H*] (5)

p-CH;O-ABTE £,=3.68x10°%
+3.83X1075/(H*) (6)

#NO,~ABTE  £,=9.90%1078
+1.23X107Y/[H*) (7

m-NQO,-ABTE £,=2.19X10"7
+3.20X107Y/(H*] (8)

»CI-ABTE

Since the rate of hydrolysis of ABTE is
accelerated by the electron donnating group
with p=—2.25, the elimination step of thio-
phenyl group is rate determiming, The similarity
of p=—2.25 at pH4.00 and pH12.00 acco-
unts for the reaction mechanism remains constant
at different pH.

It is of interest that the rate constants increa-
sed slightly depending on the hydrogen ion
concentration at pH 0~1 but further investiga-
tion for the hydrolysis in strong acidic media
is obviously desirable.

CONCLUSIKON

1. Four new derivatives of N-arylsulfonyl-
benzamide and six derivatives of N-arylsulfony-
Ibenzimidothiophenyl ester were prepared.

2. The kinetics of the hydrolysis of the ABTE
derivatives over wide pH range was presented
and analyzed in detail. The rate equations which
can be applied over wide pH range are as
follows;

ABTE £:=1.44X107°46. 80X 107/ (H*)
pCH;ABTE  £,=3.53X1075+1, 94 X107/ [(H*]
m-CH;ABTE k=1.70X1075+5, 64 x1071%/{H*)
p-CH.QABTEE,=3. 68:X1079+3, 83X 107%/[H*)
»-Cl ABTE  £=2.00X1073+1. 41 X107%5/(H*)

Vol. 20, No. 1, 1976

P NOABTE £=9.90X1078+1.23X10"7/{H*]
m-NO,ABTE k=2.17X107743.20X10"Y/(H*}

3. From the rate equations obtained the
mechanism of hydrolysis of the ABTE deriva-
tive over wide pH range is fully explained;
below pH9. 00, water is added to ABTE deri-
vative and at pH 9. 00~11. 00, water and hy-
droxide ion competitively added to ABTE deri-
vative, however, above pH 11, the hydrolysis
is proceeded only by the attack of hydroxide
ton on the azomethine group.

The elimination step of thiophenyl group is
the rate determining stage for the hydrolysis of
ABTE derivative,
with the electron donnating group with p=
—2.95 at pH12.00 and 4. 00.

since the rate is increased
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