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ABSTRACT. The rate constants of the derivatives of N-(2, 4-dinitrophenyl)-benzimidoyl chloride
-were determined at various pH and a rate equation which can be applied over wide pH range
‘was obtained. The reaction mechanism of hydrolysis of N-(2, 4-dinitrophenyl)~benzimidoyl
«hloride which has not been studied carefully earlier in acidic and basic solution can be fullly
explained by the rate equation obtained. The rate equation reveals that, beow pH 7. 00, the hydroly-
sis of benzimidoyl chloride proceeds through Sx2 reaction to form a carbonium ion intermediate.
Above pH 8.5, however, the hydrolysis proceeds through the Sy2 type reaction which depends on
hydroxide ion and imidoyt chloride concentration. At pH 7. 0~8.5, two reactions occur competitively.

many similarities to the acyl chlorides, is subs-

INTRODUCTION titution of halogen by a nucleophile and its

The kinetic studies of the substitution and
hydrolysis reaction of azomethines such as car.
‘bon-nitrogen double bonds has been extensively
studied. The most characteristic reaction of the
imidoyl chlorides, and one in which they show

applications to organic synthesis!™* especially to
heterocyclic compound synthesis has been repor-
ted. Moreover, in the organic reactions the
intermediacy of an imidoyl halide has been

proved. For example, in Stephan aldehyde
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synthesis®, Beckmann rearrangement” and von

Broun degradation® ete. In spite of its many
applications to organic synthesis the mechanism
of substitution of halide of the imidoyl chloride
less well understood and has been the subject of
only a few kinetic studies®2°,

The kinetic of hydrolysis of several derivatives
of imidoyl chlorides has been studied in aqueous
acetone by Ugi, Beck and Fetzer'®. They have
suggested a two-step mechanism involving a
nitrilium ion pair intermediate, Howerver these
gtudies were carried out only in neutral media
and for a limited number of compounds. In this
paper, we wish to reveal the mechanism of
hydrolysis of N-(2, 4-dintrophenyl)-benzimidoyl
chlorides based on the substituent, solvent and
salt effect on the rate constant and its change
with pH.

EXPERIMENTAL

Benzoyl chloride{17.5m{) and 2, 4~dinitroan-
iline(23 g) were boiled in pyridine solvent(25
mi). The product of hydrolysis, amide( 1 mole)
was prepared by refluxing for 5 hours with
phosphorus pentachloride (1 mole) in dry ben-
zene. After removing benzene and phosphoryl
chloride by vacuum distillations bright yellow
powder of N-(2,4-dinitrophenyl)-benzimidoyl
chloride was obtained m. p 122°C(lit: 121~122
°C)!. Other derivatives of benzimidoyl chloride
(p-Cl, p-NO, & m-NO,) were also prepared as
previously described. The melting point and
maximum wave length (A, of benzimidoyl
<hloride derivatives are shown in Table 1.

Reagents used and all buffer solutions were
prepared from reagent grade chemicals(Merk).
‘The pH of buffer solutions were determined by
Zerometric II pH meter {(Beckman) and the ionic
strength was kept constant at 0.1 by adding
sodium chloride solution except for pH 1. The
rate vessels used were 100 ml. volumetric flasks
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and kinetic runs were made in water at 25°C.

At zero time, (.4ml. of a freshly prepared
chloroform solution(5X1073M) of N-(2, 4-dini-
trophenyl)-benzimidoyl chloride (NBI) was pip.
peted into the 100 mi. flask containing 99~-99, 6
mi. of buffer solution. The sample were analyz-
ed on Beckman model DU spectrometer at 252
nm. The product of hydrolysis, amide was

Table 1. The melting point and maximum wave
length of imidoyl chloride derivatives

imidoyl chloride . p{°C) _(2:_;;)
Cd-{jg?(?ll)) =N—Cetls(R00. 121~122 | 252
4—NOQ,-CHs—C(Cl) =N— o
CeH3(NO,)2—(2,4) '_ 165~167 | 283
4—Cl—CeHs—C(C) =N— N
CeHa(NO2)2—(2,4) 188~190 | 276
3—NO,—CsHs—C(Cl) =N— N
CeHa(NOp)e— (2, 4) 155~157 | 245
0
Il
+CeHs—C —NH—CgHs(NOg)a— | 200~201
249
v
*4—NO;—Cell;—C —NH— 195~196
CeHa(NOD)a— (2, 4)
I
I
#4—Cl—CgHy— C —NH— 195
CeH3(NO2)s—(2,4)
O
If
CeHy(NO2)r—(2,4)

*Hydrolysis products of benzimidoyl chlorides
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Fig. 1. IR spectrum of N-(2, 4-dinitrophenyl)-p-
nitrobenzamide.




50 LT - SE - BFHY - TN - SH

identified by the melting point (150~9°C) and
IR spectrum(Fig. 1).

" RESULTS

Determination of Rate Constant of Hydroly-
sis of Benzimidoyl Chloride. The initial con-
centration of NBI(2X10"5M) was kept constant
over wide pH range. Table 2 gives an example
of the change of optical density of NBI with
time at 252nm and pH 4.5 and Fig. 2 shows
a logarithmic plots of optical density (OD) ws.
time at constant pH. Under these conditions,
the reactions followed first-order kinetics. The
first-order rate constants (%) calculated from
the slope at various pH are given in Table 3
and Fig. 3 shows pH-rate profile of this reac.

Table 2. The change of optical density (OD) of N-
{2, 4-dinitrophenyl)-benzimidoyl chloride(NEI) with
time of pH 4.50 & 25°C

NBI=2. 0X10-5M

Time(sec. ) X10~2 (8)3]
1.20 0.418
2.00 0. 405
3.50 6. 387
4,80 0. 372
7.20 0.345
8.50 0.333
9.90 0. 313
62 g
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Fig. 2. The plots of log(N-(2, 4-dinitrophenyl)-

benzimidoyl chloride} vs. time at pH 4.50 and 25°C

tion. Rate constants of the other derivatives of
benzimidoyl chloride were determined by the
same way,

Salt Effect. The salt effect on the rates of
hydrolysis of benzimidoyl chloride was observed.
with changing the concentration of chloride ion
at pH 4.75. As shown in Table 4, the value
of rate constant was decreased as the concentra.
tion of chloride ion increased.

Solvent Effect. To examine the effect of
ionizing power of solvent the rate of hydrolysis.
of benzimidoyl chloride was studied in various.
methanol-water mixture, The results at pH 4. 75.
and 10.5 are summerized in Tabdle 5.

Table 3. The rate constants for the hydrolysis of
N-(2, 4-dinitro phenyl)~benzimidoyl chloride at various.
pH & 25°C and 0.1 ionic strength.

Buffer solution EpH " hobs(secTl) f kegic (sce 1) *
HCl 0.5| 8375%10°6 | 1.949x10°
L0 1.336x10°% | 1.949x10°5

1.5 1.645%10-5 | 1.949X10°F

2.0 1.474X10°5 | 1.94931075

2.5 2.086x10"5 | 1,949x10°%

3.0 | 2.047%10°% | 1.949%1075

HAc+NaAc | 3.5 1.506X10°5 | 1.949x10°5
4.0 1.727x10°5 | 1.949%10°5

4.5 1.675x10°5 | 1.949x107°

5.0 ; 2.20IX10°5 | 1.949%10°°

3.5 | 1.610X107% : 1.949X1975

6.0 1.978x107% | 1.949x10°®

6.5| 1.610%10°% | 1.949x10°3

KH,PO, 7.0 1.949x10°5 | 1.949x105
+K,HPO, 7.51I 1.980X10°5 | 2.129%10-5
H;BO;+NaOH &0] 2.870%10°5 | 2.549%10-
8.5| 5.198x10°5 | 3. 846X 105

9.0 | 1.059x10"4 | 7.953x10°¢

9.5] 3.140x10°¢ | 2.092x107¢

10.0 ] 6.028%10°% | 6.199x107¢

10.5 | 1.920x1073 | 1.829%1073

NaOH 1.0 | 1.560X1073 | 6.023X10™3
11.5 | 2.339%1073 | 1.800x1072

*The value is calculated according to the equation(2)

Journal of the Korean Chemical Society.



Imidoyl Halides] Agal w37l ast 29 44584 QF 52

IR ]

Lo oA

e}

RS

G s s RS T e T e

3.0 0o

. 1) NO» {(/\y ,CL;H @/ NOz

- L Qo O 4]
< 2" -c
' I ' 1 4 .00 L
¢ ' £o40% &6 T 8 9 1ol | i
e
“2r
N
RLEAN
17 .-
Jr SUOUUE UL FPAPS DUV S [P S [ SR P
2 * 3 S 6 7 8 9 &L N 2 3

pH
Fig. 3. pH-rate profile for the hydrolysis of N-
{2, 4~dinitrophenyl)-benzimidoyl chloride at 25°C.
The points are experimental; The solid line is the
theoretical curve

Table 4. The change of rate constants for the
hydrolysis of N-(2, 4-dinitrophenyl)-benzimidoyl chlo-
ride with the concentration of sodium chloride at pH
4. 75.

pH kop: (sec71) NaCl{mole I1)
4.75 7.59% 1074 0.01
4.75 6.85X107% 0.03
4.75 5.37%1074 0.05
4.75 4. 77X 1074 0.07
4.75 3.84107¢ 0.09

Substitution Effect. Fig. 4 and 5 show the
plot of log % for the hydrolysis of substituted
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Taile 5. The rate constants for the hydrolysis of
N-(2, 4-dinitrophenyl-p-chloro-benzimidoyl chloride in
aqueous metanol at pH 4.75 and 10.5 & 25°C.

Rate constants(sec™?)
Water (vol %)
pH 4.75 pH 10.5
T 3.205%106 | 4.803x107*
20 1.380%X107% 3.659X10~*
30 1.790 1078 8. 210%10°%
40 2.990X107°% 8.350X107%
50 4. 0401073 6. 2501073
o5
£oor
®
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Fig. 4. Hammett plot for the hydrolysis of NBR
derivatives in 60% metanal at pH 4. 75
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Fig. 5. Hammett plot for the hydrolysis of NBE
derivatives in 602 metanol at pH 11.

benzimidoyl chloride (p~H, p~Cl, p-NO, and
m-NOz). As shown in Fig. 4 and’ 5, at low
pH, electron~donating substituent speed up (o=
—1.69) and at high pH, slow the rate of hydro..
lysis(0=0. 89) These results suggested that the
hydrolysis proceeds through different mechaniste
in acidic and basic media.
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DISCUSSION

Determination of the Rate Equation for the
Hydrolysis of NBI. Analysis of Fig. 3 shows
that the total rate constant(%,,) is given by
an expression of the form.

Rate = —d—ﬂl@]-:km[NBI]
= {ky+kop (OH"1} (NBI)
co hops=ky+kou(OH™] (1)

where %, is the pH independent part i.e, it is
the rate constant due to catalysis of H;O and
the second term is pH dependent part. & and
kon for the hydrolysis of N-(2, 4~dinitrophenyl)
-benzimidoyl chloride can be calculated as fol-
lowings: koy=2. 87 X 10 sec. ?
the values of the rate constant at pH 11.00¢ and

1s obtained from

pH 12.50 and the rate constant at low pH is
taken as the £,=3. 10107 sec. ~L.
Substituting these values into the equation(1).

kb =3.10X1074+2. 87X 104(OH") (2) )

Fig. 3 and Table 3 show that the values of
over all rate constant, k., calculated by equa-
tion (2} are in good agreement with the ob-
served values. Similarly, the rate equations ob-
tained for the derivatives of the benzimidovl

chloride are as follows:

N-(2, 4-dinitrophenyl)-benzimidoyl chloride:
ke =3.10X107*+2. 87X 107 (OH")
N-(2, 4-dinitrophenyl)~p~chlorobenzimidoyl
chloride:
Bopre=T7. 08X 1074 +5. 08 X 107 1{OH ]
N-(2, 4-dinitrophenyl)~m—nitrobenzimidoy!
chloride:
Bore=1. 949X 10°5+6. 004[OH ]
N-(2, 4-dinitrophenyl)—p-nitrobenzimidoyl
chloride:
b =1.995X 1075+ 3. 041(OH)

Mechanism of Hydrolysis of Benzimidoyl
Chloride. At low pH, as shown in Fig. 3, the
rate constant remains constant. From the effect
of solvent, salt, substituent and the rate law,
the following Sy1 reaction mechanism is propo-
sed in this pH range;

Scheme 1.
NOg

X~ >—c N~©—N02~——

g NO
[x—@-—CiN—< \—NO;ICle
@ NO7

k2 (H,0)

—O-en-(Dvo. 2

NO,
\\
OO
OH

NO;
AN
@O =
OH

/0 \ NP _©_,
X <O, <[:I NH NO,

At the second step, water molecule conbines
with carbonium ion to gives an unstable enol.
This unstable enol form converts to stable keto
form rapidly. In this mechanism, the first will
be the rate determining step. The solvent effect
in Table 5 also supports above Syl mechanism,
In low range of pH, the rate of hydrolysis
facilitate with the increase of water content
stnee at the rate determining step, a separation

Journal of the Korean Chemical Society
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of charge occured. As shown by the Hammett
plots of Fig. 4, at low pH, it is found that
the rate is accelerated by a electron donating
group with p=—1. 69. These results are interpre-
ted in terms of stabilization of carbonium ion
and acceleration of the leaving of chloride ion
by the electron-donating group.

As shown in Table 4,
decreases as the concentration of chloride ion

the rate of reaction

increases, This mass law effect is also explained

by the following general rate equation for the
reversible Syl reaction.
&4, [NBI](H,0O] klkg [NBI]

Rate = Y FhlH0T kil 3

if the chloride ion concentration is constant,
the rate equation becomes

Rate=#,{NBI]

As shown in Fig. 3 at high pH, the rate of
hydrolysis of imidoyl chloride is proportional to
the hydroxide ion concentration. From this rate
law and other facts, a following Sx2 mechanism

proposed.
Scheme 2.
NO,
AN
X~—©—(!3 :N—©~N02 + OH~
Cl
I \
on
OO
——> [ X— —C=N-- —NQO,J®
slow : @/ C O 2)
Cl
NO,
TN \
——> CIe+- X — —C =N~ —NO
fast @ | O z
OH
NO,
AN

- ©-¢-x-0-r0
OH
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x—(O)—¢c—NH- @—N02

This mechanism is also supported by the
solvent effect. i.e, in general, Sy2 in which
neutral molecule and an anion form an ion pair
at transition state is favored in nonpolar solvent,

As would be expected from Sy2 mechanism,
the attacking of hydroxide ion to imidoyl chlo-
ride is accelerated by the electron withdrawing
group as shown in Fig. 5(p=0.89)

Moreover, from the positive value of ¢, it
can be concluded that the bond formation is
more important than the bond breaking at the
If the bond breaking is -the

the value is rather

transition state.
rate determination step,
small than zero since the reaction becomes
faster as the electron density increases. At pH
7.0~8.5, from the rate equation, it can be
concluded that the Syl and Sy2 reaction occurs

competitively.
CONCLUSION

In this paper, the kinetics and mechanism of
hydrolysis of the derivatives of N-(2, 4-dinitro.
phenyl)-benzimidoyl chlorides over a wide pH
range were presented and analyzed in detail.

(1) A general rate equation which can be
applied over wide pH was obtained:

ko= + ko OH™J

where the %, is the pH independent part and
the second term is dependent uwpon only hy-
droxide ion. The rate equations of the derivative
of the benzimidoyl chloride are followings;

N-(2, 4-dinitrophenyl)-benzimidoy! chloride;
ko ==3. 10 X107+ 2. 811071 (OH}
N-(2, 4-dinitrophenyl)—p—chlorobenzimidoyl
chloride;
k=7, 08107 +5. 08 1¢7'(OH"]
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N-(2, 4-dinitrobenzimidoy] chloride;
dobs=1. 949X 107546, 004 (OH"]
N-{2, 4-dinitrophenyl)-p-nitrobenzimidoyl
<hloride;
Fobe=1.995X1073+3. 041 (OH™)

{2) From the effect of salt, solvent, substitu-
the following Syl and Sy2
teaction mechanism for the hydrolysis of imidoyl

tion"and rate law,

chloride are proposed;

Below pH 7.0,

—@ c= N—<@>—No2 =L
NO,
O\
Xm@—CﬂN—@—-N02]CIB

kz (Hzo)

NOz ’
=05
fast
NO,
AN
OO
OH
. NO,
o
X — >~—(!::N~——<©>—N02 S ——
OH
N

0 D)o

Abave pH 8.5,

NO,
AN
£O)--x~{O)-o. o
Cl
N02
— [X-@ C N— @—NOJe
slow

NO,

AN
PG S o
fast [

OH
NO,

N
X~©—c :N—©~N02 =
on

O " o

and at pH 7.0~8,5 the Sy1 and Sy2 reaction
occurs competitively.

We are grateful to the Korean Traders
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support of this work.
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