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The nucleophilic second-order rate consta nt (k011 ) for the
reaction of OH- with N-benzylphthalimide appears to follow a
reaction mechanism similar to that for reactions of OH- with
phthalimide and its N-alkylphthalimides. The rate of hydrolysis
reveals an insignificant contributi on of water-catalysed clea vage
of NBPT compared with its hydroxide ion catalysed reaction. The
observed pseud o first-order rate constant, kobs• for alkaline
hydrolysis of NBPT decreases wi th increase in the content of
organic cosolvents (up to 70%, vlv) in mixed water-CH 3CN and
water-DMF solvents.
7

IPC Code: Int. Cl. C07841/00

Imides are widely spread among biologically and
pharmaceutically important natural products and
consequently extensive research carried out in this
area 1• Studies on the effects of mixed aqueous-organic
solvents on the rates of inter- and intra-molecular
reactions are gaining importance for understanding
the complexity of some biological and non-biological
reactions including micellar-mediated reaction 2 . The
observed pseudo first-order rate constants for alkaline
hydrolysis of phthalimide, maleimide, methyl , ethyl
and phenyl salicylates, dimethyl phthalate and methyl
4-hydroxybenzoate were found to decrease with
increase in the contents of organic co-solvents (up to
?:65%, vlv) in mixed aqueous-organic solvents 3 .
Similar results have been reported for the reaction of
p-nitrophenyl
acetate
with
hydroxide
ion 4 ,
5
m-chlorophenoxide and benzohydroxarnates in mixed
water-CH 3CN mixtures of varying compositions. The
rate of acid catalysed hydrolysis of ethyl formate
decreases with increasing percentage of DMF in
water-DMF mixtures6 . These studies on solvent
effects go against the theory of Parker7 and Roberts 8
who reported the alkaline hydrolysi s of a large

numbers of alkyl benzoate esters in water-DMSO
mixtures. Therefore, more investigations are needed
to obtain more conclusive information on the effect of
dipolar aprotic solvent in binary solvent system.
The effect of mixed solvents (water-CH 3CN and
water-DMF) on alkaline hydrolysis of NBPT is
reported here. The two organic solvents, CH 3CN and
DMF were selected simply because these are the most
common water misible aprotic organic solvents and
some kinetic data on closely related reactions are
available especially in CH 3CN solvent. DMF, which
is exothermically misible with water, is a particularly
useful solvent for our investigations because it could
dissolve N-substituted phthalamic acids. Studies on
the effects of mixed water-DMF solvent on the rates
of such reactions are rare. We, therefore, carry out the
kinetic study on the rate of hydrolysis of NBPT in
mixed water-DMF. The observed results and probable
explanations are described here.

Experimental
Reagent grade phthalic anhydride, NaOH, CH 3CN
and DMF were obtained from Merck. All other
chemicals used were also of reagent grade
commercial products . Distilled water was used
throughout. Stock solutions of NBPT (0.01 M) were
prepared in CH 3CN and stored at low temperature
whenever they were not in use.
Synthesis of N-benzylphthalimide

Benzylamine (2.0 ml, 18.31 mmoles) was added to
a solution of phthalic anhydride ( 1.81 g, 12.22
mmoles) in 10.0 ml glacial acetic acid in a 50 mL
round bottom flask. The reaction mixture was
refluxed with stirring using silicon oil bath with
external temperature maintained at 120- 130°C. The
reaction was stopped after 5 h when TLC indicated
the completion of the reaction. The mixture was
allowed to cool to room temperature and then poured
into distilled water. The resulting precipitate was
filtered through sintered glass and dried to give 2.77 g
(95.5%) white solid. Further purification of the crude
product was carried out by recystallization in 95%
ethanol afforded a very fine, white crystalline solid
(2.07 g, 71.4%), m.pt. 118-ll9°C (lit. 9 m.pt. 1171180C). ()H (400 MHz, CDCI 3 , TMS): 4.85 (2H, s,
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PhCH2 N), 7.25-7.34 (3H, m, ArH), 7.42-7.44 (2H, d,
ArH), 7.70-7.73 (2H, m, ArH), and 7.83-7.87 (2H, m,
ArH); be (100 MHz, CDCI 3, TMS): 41.59 (PhCHzN),
123.34, 127.80, 128.59, 128.66, 133.97 (ArCH),
132.11 , 136.33 (ArC), and 168.04 (C=O); IR (nujol
1
suspension, Ymaxlcm- ): 1713.5 {C=O); UV (CH3CN) :
A.nax = 293 nm, Abs = 0.363.
Synthesis of N-benzylphthalamic acid

Benzylamine (0.81 g, 7.56 mmoles) was added to a
solution of phthalic anhydride ( 1.0 I g, 6.82 mmoles)
in 20.0 mL dichloromethane with thorough mixing
between additions. The mixture was then stilTed
vigorously at room temperature for about 30 min. The
resulting precipitate was filtered, washed with diethyl
ether, and dried under high vacuum. White solid ( 1.31
10
g, 75.2%), m.pt. 153-155°C (lit. m.pt. 152-155°C).
bH (400 MHz, (C03)zCO): 4 .58 (2H, s, PhCHzN),
7.2 1-7.32 (3H, m, ArH), 7.43-7.44 (2H, d, ArH),
7.51-7.61 (3H, m, ArH), and 7.88-7 .89 {IH, d, ArH);
be (100 MHz, (CD 3hC0): 43 .90 (PhCH 2 N), 127.64,
128.42, 128.66, 129.09, 130.16, 130.80, 132.29
(ArCH), 131.33, 139.44, 140.25 (ArC), 168.04 (C=O
amide), and 169.81 (C=O acid); IR (nujol suspension,
1
V111a.fcm- ): 3435.7 (OH), 3331.1 (NH), 1703.3 (C=O
acid), and 1649.9 (C=O amide).
Kinetic measurements

NBPT, absorb strongly at 300 nm while its alkaline
hydrolysis
product,
N-benzylphtha1amate
ion
(NBPA -) has essentially no absorption at thi s
11
wavelength • Therefore, the rate of alkaline
hydrolys is of NBPT was studied spectrophotometrically at 300 nm by monitoring the disappearance
of NBPT as a function of reaction time. The desired
ionic strength of the reaction medium was kept
constant with sodium chloride. All the kineti c runs
were carried out at 35°C. The UV spectra of NBPT in
mixed water-CH 3CN and water-DMF solvents
revealed
suitable
wavelengths
fo r
kineti c
measurements as 300 nm fo r monitoring the
disappearance of NBPT in the organic solvent content
range 2-85% and 2-80% ( vlv), respectively, as a
function of reaction time. Details of kinetic procedure
and data analysis were the same as described
elsewhere 12 .
Pseudo first-order rate constants (kobs) fo r al ' aline
11
hydrolysis of NBfYr were calculated from Eq. (!) :
. ".(i)

where Aobs is the observed absorbance at any time t,
bapp(=bNMPT-bNBPA-, with b representing molar
extinction coefficient) is apparent molar extinction
coefficient, [X] 0 is the initial concentration of NBPT,
A"' = [XJo bNBPA-· The three unknown parameters, bapp•
kobs• and Aoo were calculated from Eq. (1 ) using nonlinear least squares technique. The reactions were
generally carried out for reaction period of more than
6-7 halfl ives and sampling method was used if the
rate of reaction was too slow.
Product characterization

The alkaline hydroly sis product of NBPT is
affirmed as NBPA- ion by comparing the final UV
absorption spectra of hydrolytic products with the
authentic sample of N-benzylphthalamic acid under
the same conditions.

Results and discussion
Alkaline hydrolysis of NBPT

The kinetics of alkaline hydro! ys.is of NBPT
(2xl0-4 M) was studied within [OW] range 0.0030.005 M and at constant temperature of 3SOC. The
ionic strength was kept constant at 1.0 M by the use of
the sodium chloride solution. The value of kobs.
calculated from Eq. (1 ) are reliable because the
standard deviations associated with th ese calculated
values are very small. The observed pseudo first-order
rate constants, kobs. were found to fit to Eq. (2):
.. . (2)

where kw and koH represent rate constants for
hydroxide ion-independent and hydroxide iondependent hydrolysis of NBPT. The fittin g of the
observed data to Eq. 2 (Table I) is evi dent from th e
standard deviations of koH val ues . The least-squares
calculated respective values of kw and koH turned out
to be (0.64 ± 6.9) x J0- 3 s- 1 and 21.6 ± 1.7 M- 1s-•.
Slightly positive value of kw with Significantly hi gh
standard deviations indicates that water-catalyzed
hydroly sis of NB PT is insigni ficant compared to that
of hydroxide ion-catalyzed hydrolysis.
The experimentaliy observed value of koH of 21.6 ±
.7 M-:s- 1 (based on [O H-]) was converted to 30.9 ±
2.11. M- 1s- 1 (based on activity of hydroxide ion, a 0 H) by
dividing 21.6 ± 1.7 M- 1s- 1 with activity coefficient of
hydroxid e ion, 'YOH· The value of 'YoHof 0.70 at 1 M
13
ion ic . trength was calculated from Davies cquation
4
(wh ich becomes Eq. (3) at 35°C); , where 11 is the
ionic strength:

NOTES
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Table 1 -Effect of hydroxide ion concentration on aqueous
cleavage of NBPT"
[OW],M

103 kobsb• s- 1

103 kcalcdc· s- l

0.0030
0.0032
0.0035
0.0038
0.0040
0.0042
0.0045
0.0048
0.0050

62.3±0.7ld
69.3 ± 0.87
79.8 ± 1.2
84.8 ± 1.2
90.9 ± 1.4
87.5 ± 1.8
96.7±2. 1
100.9 ± 2.2
111.4 ± 0.98

65.4
69.8
76.2
82.7
87
91.4
97.8
104.3
108.6

0.2

log YoH = -0.52 Z

fi1. - o.2j1 I)
1 + Ji1.

" .(3)

The values of koH for NBPT, phthalimide (= 26.3
M- 1s- 1 at 30°C 12) and its N-alkylphthalimides yielded
a linear Taft plot of intercept and slope (p*) as 1.4 ±
0.1 M- 1s- 1 and 1.0 ± 0 .3, respectively. The linear Taft
plot (Fig. 1) shows the occurrence of same
mechanism in the alkaline hydrolysis of these imides.
A conceivable mechanism for alkaline hydrolysis of
phthalimide and N-substituted phthalirnides is shown
in Scheme I. Considerably low value of p* (1.0 ± 0.3)
may be attributed to k 1-step as the rate-determining
step. The value of pK. of amide group of P is
15
expected to be similar to pK. of H20 which makes
almost similar leaving ability of the leaving groups
(based upon relative pK. values) in IL1-step and k2step. However, krstep involves relief of fivemembered ring strain and this molecular characteristic
is expected to make k2 » k_1 and consequently k1-step
becomes rate-determining step.
0
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0
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0

0
(I)

Scheme 1
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a*

a[NBPT] 0 = 2 x I 0-4 M , T =3SOC, A.= 300 nm,
Ionic strength 1.0 M; 2% acetonitrile in the aqueous reaction
mixture;
bCalculated from Eq. (I) as described in the text;
cCalculated from Eq. (2) as desc ribed in the tex t;
dError limits are standard deviati ons.

2 [

•

(P)

Fig. I -Taft plot of log koH versus cr* for alkaline hydrolysis of
C6 H4 (CO)zNR at 35°C. cr* = -0.19, -0.12 , 0, 0.22 and 0.49 for R =
i-Pr, n-Pr, CH 3, CH 2Ph and H respectively . The cr* value of 1-Bu
is estimated to be --0.07 making the allowance of fall-off factor of
2.8 per methylene group 21 . The data for substit~ents (CH2hBrand
(CH 2)zBr with their cr* = 0.14 and 0.36 respectively were obtamed
from ref. [II] whereas for substituent H from ref. [12] . The two
data points for substituent CH 3 were obtained from ref. [22] and
[23] .

Effects of mixed water-acetonitrile and water-DMF solvents
on the rate of alkaline hydrolysis of NBPT

Several kinetic runs for the hydrolysis of NBPT
(2xl0-4 M) were carried out at 0.002 M NaOH and
35°C in mixed water-CH 3CN and water-DMF
solvents, with CH 3CN and DMF content range 2-85 %
and 2-80% (vlv), respectively. Pseudo first-order rate
constants, obtained under these mixed water-organic
solvents, are summarized in Table 2. It is evident
from Table 2 that the standard deviations associated
with kobs are very small (::::I%). This shows that these
kobs values are very reliable. It is also evident from
these results that the observed rate constant, kobs.
decrease sharply with increase in low CH3CN and
DMF solvent content up to 30% (v/v), followed by a
slow decrease before it increased again at 80% (vlv)
CH 3CN. The non-linear decreases in kobs are nearly 8and 17-fold with increase in CH3CN and DMF
contents from 2-70% and 2-30% (v/v), respectively.
The non-linear decrease in kobs with the increase in
CH 3CN content is not an unusual observation for such
bimolecular reactions involving a neutral reactant and
a negatively charged reactant (OH). However, the
kobs value decreases dramatically with DMF cosolvent
which may be due to the concurrent hydrolysis of
DMF with hydroxide ion, to give formate ion and
dimethylamine. Buncel and Symons 16' 17 studied the
reaction of Ott with DMF in water-DMF mixtures
and reported that aqueous-DMF systems containing
hydroxide ion are unstable, in which hydroxide ion
being consumed fairly rapidly under mild conditions.
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Table 2 -

Values of kohs for alkaline hydrolysis of NBPT in mix ed water-aceto nitril e and water-DM F"
3

d

c

3

3

d

c

l 04 kog
(s - I)

o' k""'

10 kc.,1c/
(s- 1)

l rmn

(s-1)

2

52.4 ± 0.4h

53.8

300

0.236

2

39.7 ± 0.6

38.5

200

0.291

0.15'

JO

41.4 ± 0.4

38 .6

300

0.295

5

23.1 ± 0 .2

25.3

300

0 .35

0.5

20

25.3 ± 0.1

25.4

300

0.334

10

12.8 ± 0.2

12.6

600

0. 397

1.1

30

15.0 ± 0.05

16.8

500

0.365

20

5.70 ± 0.1

3. 1

1200

0.433

2.5

40

10.6 ± 0.05

I I. I

700

0 .367

30

2.39 ± 0.07

2400

0.43

4.9

so

7.94 ± 0.04

7.3

900

0.367

40

1.5 1 ± 0.07

5400

0.419

5.8

60

6.94 ± O.OS

960

0.36 1

50

0.869 ± 0.06

7000

0.394

3.2

70

6.91 ± 0.09

1300

0.339

60

0.214 ± 0.03

80640

0 .401

6.6

80

10.3 ± 0.06

600

0.317

8S

13.8 ± 0.4

sao

0.29

MS1 b
(% vlv)

1

Aohs

MS/

I 0 kobs
(s- 1)

(% v/v)

(s)

I 0 kcalcdc
(s- I)

I max.

Aohs

(s)

4

"[N l3 PT] = 2 x 10- M . [NaOH] = 0.002 M, T= 3S"C, A. = 300 nm:
"MS 1 = H20-C H3CN:
'" Calculated from Eq.(4) as desc ribed in the text:
dMaximum reaction tim e attained in the kinetic run;
0
11111
A00 , = IAohs "' 1 - Aoh:m'" 11 where Auh,' 111 ' " 1 and Aobs' 1"'"' 1 represent first and last observed value of Aobs• respectively:
1
MSI = H20- DMF:
17
gPseudo first-order rate constants for nlkaline (0. 002 M NaOH) hydrolysis of DMF at 35"C :
hError limits are standard deviation s;
17
'Obtained from the extrapolation of the plot of k 0 versus%, vlv, DMF

Thus, the validity of rate constants in mixed waterDMF solvent is limited by the uncertainty of the
hydrox ide ion concentration of the reaction mixtures.
Th e effect of the possible hydrolytic decomposition
on hydroxide ion concentration in aqueous-DMF is
18
evident on the basis of previous data . We ignored
the rate constants in reaction mixtures containing
~30% (v/v) DMF, since the first-order rate constants
for the alkaline hydrolysis of DMF, k0 , become
markedly important under such conditions.
Although theoretical explanations for solvent
effects on rates of organic reactions are difficult
because of the lack of a perfect theoretical model,
so me qualitative exp lanati o ns could be used, at least,
in predicting the value of dependent variable (such as
kobs) at any value of independent variable (X) . The
values of kob,, obtained within CH 3CN content range
2-50% (vlv) and DMF content range 2-20% (v/v),
showed good fit to empirical Eq. (4)
... (4)

where k" and \V are e mpirical constants and X
represents % (vlv) conten t of organic cosolvent in
mixed aqueous-organ ic solvent. The magnitude of 'V
is
the
measurement
of
the
rate-inhibition
susceptibility of the mixed aqueous-organic solvent.

The non-linear least squares calcula ted respective
values of k0 and 'V turned out to be (58.5 ± 2.0) x
10- 3 s- 1 and (4.16 ± 0.25) x 10- 2 (% v/vr 1 for X=
CH 3CN , and (51.0 ± 4.7) x 10- 3 s- 1 and ( 1.40 ± 0.22) x
I 1 (% v/vr 1 for X = DMF. These results show that
DMF has much higher inhibitory effect on the
reaction rate. The values of ko(0.059 s- 1 and 0.051 s- 1)
give the average value of second-order rate constant
(k' 011 ) for hydroxide ion-catalyzed hydrolysis of
NBPT as 27 .5 M- 1s- 1, wh ich is no t very different from
that of k011 (= 21.6 M - 1s- 1) o btained in alkaline
hydrolysis of NBPT in nearly pure water so lvent.
Aceto nitrile (CH 3CN) and N,N-dimethylformamide
(DMF) are characterized as dipolar aprotic solvents or
recommended by Bordwell et al. 19 as dipolar nonHBD (hydrogen-bond donor) solvents. Dipolar
aprotic solvents possess large dielectric constants and
sizeabl e dipole moments. These solvents do not act as
hydrogen-bond donors since their C-H bonds are not
strongly enough polarized . However. they are usually
good electron pair donors solvents and hence cation
so lvators clue to the presence of lone electron pairs.
T he non-linear decrease of kobs values with the
increase in the content of o rganic co-solve nt (CH 3CN
and DMF) may be explained qualitatively in terms of
the stability of solvated ion-pair (Na+:H0-) 20 . The
high er the contents of organic co-sol vent, the most

o-

NOTES

strongly solvated and the less reactive IS the
nucleophilicity of the reactant hydroxide Ion and
consequently decreases k obs value.
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