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Kinetics of reaction of 2,4-dinit~ophenyl acetate with 3- and 4-substitutedpyridines and 4' -sjubstituted 4-styrylpyridines
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Second order rate constants have been de ermined for the reaction of2,4-dinitrophenyl acetate with 3
and 4-substituted pyridines and 4'-substitut d 4-styrylpyridines in acetonitrile-water (SO%,v/v) mixture
at 2S·, 30°, 3SOand 40°C. Activation para eters have been evaluated. Electron-releasing substituents
increase the rate while electron-withdrawin substituents retard it. In both the reaction series linear free
energy relationship is found to exist betw n the logarithms of rate constants and (J constants with
p= -3.39±0.38 (r=0.989; s=0.163; n= 12 for 3- and 4-substituted pyridines and p= -0.390±0.080
(r =,0.984; s= 0.028; n = 8) for 4'-substitut d 4-styrylpyridines at 30T. The ratio of effectiveness of
transmission of substituent effect in styryl sy tern relative to pyridine system in this reaction is O.IIS. The
Br6nsted plot obtained is linear and PN is fo nd to be 0.692±0.OS6(r = 0.990;s= 0.146;n = 16)indicating
the extensive bond formation between pyri ine and the reaction centre in the transition state.

iI

The kinetics of pyridinolysis of some ph nolic
esters such as phenyl acetate!, p-nitro henyl
acetate2, 2,4-dinitrophenyl acetate3 ~ 5 and 2, -dini
trophenyl p-nitrobenzoate6 have been rep rted.
The:present work has been undertaken to exte d the
range of substituents, obtain a series 0 rate
constants under a single set of experi ental
conditions and gain information abou the
transmission of substituent effects throug the
styryl group to the pyridine ring.

Materials and Methods
While 2,4-dinitrophenyl acetate (DNPA was

prepared4 in the laboratory, pyridine, 3-meth Ipyri
dim:, 4-methylpyridine, 4-ethylpyridine and -acet
ylpyridine were commercial samples and were
purified by distillation. Nicotinic acid and iso icoti
nic acid were recrystallised from wate and
3-cyanopyridine and 4-cyanopyridine were r cryst
allised from light petroleum. Methyl isonico inate,
isonicotinamide and substituted 4-styrylpy 'dines
were also prepared in the laboratory. Aceto itrile
was purified before use.

Doubly distilled water was used for a1l1inetiC:
runs. Stock solutions ofpyridines were prep red in
acetonitrile. Freshly prepared solutions were
always used.

Rate measurement

The solvent used in all the kinetic runs wjs I : 1
(v/v) acetonitrile-water mixture. The kinetic were
followed upto 60%. completion or more s ectro-
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photometrically at 400 nm under pseudo-first order
conditions with excess of [pyridine], [substrat
e] = 5 x 1O~5 mol dm ~3 and fixed ionic strength (0.2
mol dm~3, NaCI04). The second order rate
constants were calculated from the relation

k2 = kd[pyridine]. Solvolysis of the ester was
negligible under the experimental conditions and
the precision of k2 values is given in terms of 95%
confidence limit.

Product analysis
2,4-Dinitrophenolate ion was quantitatively

obtained as one of the products of the reaction and
fully characterised by comparing the UV spectrum
with that of an authentic sample under identical
conditions. The other possible product is N-acetyl
pyridinium ion which has not been isolated from the
reaction mixture.

Results and Discussion
The pseudo-first order plot is linear, showing first

order dependence in [DNPA]. The log-log plot of
pseudo-first order rate constant versus [pyridine] is
linear passing through the origin indicating that
order in [pyridine] is also unity.

Since both the reactants are neutral molecules,
the reaction should not exhibit primary salt effect.
Addition of sodium perchlorate does not change the
rate appreciably (Table I). The rate of reaction
increases with increase in the polarity of the solvent
(Table 1) probably due to the greater solvation of
the transition state as compared to that of the
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Table I-Effect of varying [DNPA], [Pyridine], [NaCI04] and solvent composition on the second order rate constants at 30·C

[DNPA]x )OS
(mol dm-3)

5.0

5.0

5.0

5.0

3.0

7.0

9.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

[Pyridine] x )03
(mol dm-3)

3.0

5.0

7.0

9.0

5~

5~

5.0

5.0

5.0

5~

5~

5~

5~

5~

5~

[NaCI04]

(mol dm-3)

~w
~W
~w
~W
~W
O.W

~w
~IO

0.15

025
~w
~W

~W
~W
~W

Solvent

composition
% Acetonitrile

50

50

50

50

50

50

50

50

50

50

20

30

40

60

70

k2 X )02

(dm3 mol-1 S~I)

27.9±0.3

27.7±0.6

25.6±0.6

27.3±0.6

30.7±0.5

28.4±0.4

27.1 ±0.2

28.0±0.3

31.1 ±0.2

30.8±0.5

106.5± 1.8

53A±OA

36.7±OA

16.2±0.2

15.6±0.3

Table 2-Second order rate constants and activation parameters for the reaction of 2,4-dinitrophenyl acetate with
3- and 4-substituted pyridines and 4'-substituted 4-styrylpyridines at 400 nm in 50% acetonitrile-50%water (v(v) mixture.[DNPA]=5 x 10-5 mol dm-3; [pyridine]=2 x 10-2-7 x 10-4 mol dm-3; [NaCl04] =0.2 mol dm-3Substituent

k2 X)02 dm3 mol-1 S-111m-11S1:
kJ mol-1

JK-l mol-1
25"

30·35·4O·C(at 30·C)(at 30·C)

Pyridines
4-Me

86.9±0.8109±2138±3176± 534.0± 1.8132±6
4-Et

81.2±0.31l7±1152±3188±24O.0± 1.21l2±4
3-Me

38A±0.550.5±0.563.4±0.589.8±2.04O.5± 1.41l7±5
H

17.6±0.227.9±0.334A±0.746.7±0.847.3± 1.599.7±5.2
4-COOH

4.32±0.029.33±0.0712.70±O.lO18A±OA69.9± 1.234.1 ±4.1
3-COOH

2.69±0.013.61 ±0.036. II ±0.278.20±0.0257.5±2.082.9±6.0

3-COMe

0.957 ± 0.0061.44±0.022.00±0.012.67±0.0150.4±0.8114±3

4-CONH2

O.732± 0.0041.69±0.012.46±0.023.55±0.0477.1 ±0.824.7±2.7

4-COOMe

0.613±0.006 0.920±0.0051.34±0.021.93±0.0256.6± 1.197.5±3.9

4-CN

0.1l1 ±O.OOI 0.320±0.002 00491±0.003 0.853±0.00675.1 ±0.744.9±2.5

3-CN

0.097±0.001 0.1l9±O.001 0.2IHO.007 O.342±0.00365.0± 1.685.3±5A

4-Styrylpyridines

OMe

88.3± 1.6123±5161±3197±737.8±2.8119± 10

Me

71.1 ±2.1103±1129±2168±24O.9± 1.911O±7

H

52.8±0.180.9±0.3IlH2139±247.6±0.99O.0±3.0
F

51.3±0.380.0±0.6I08± I1,37± I48.0±0.788.6±2.4

CI

47.2±OA66.9±0.5)O3±61l5±245.6±2.698.0±8.8

Br

53.7±OA72.6±0.79OA± 1.31l0±234.2± 1.4135±5

CN

32A±0.251.5±0.269.1±0.285.9±247.6±0.993.8±2.9

N02

26.9±0.543.6±O.663.3± 1.080.2±2.854.2±2.273.2±7.4
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0.991 0.14416

0.989

0.16312

0.984
0.0288

0.990

0.14616

- 3.385±0.375
- 0.390 ± 0.080

0.692 ±0.056

Pyridine and vscrp/crm

Styrylpyridine Pyridines

vscr

Styrylpyridines
vscr

Pyridines and

vspK"

Styrylpyridines

Table 3--Linear correlations for the reac~ion of substituted pyridines and 4-styrylpyridines with DNP AParameter used in correlation I pm r s n

- 3.425 ± 0.276

ground state. The second order rate c nstants
obtained for the title reaction at 2SO, 30°, SO and
40"C and the activation parameters calcul ted are
listed in Table 2. The reaction rate depends pon the
electron density of nitrogen atom of yridine
nucleus. The data in Table 2 reveal that the eaction
is accelerated by electron-releasing substitu nts and
retarded by electron-withdrawing sub ituents
present in the pyridine ring or in the pheny ring of
the styryl group.

The rate data were correlated with various
substituent constants and Table 3 summa ises the
results of correlation analysis. Correlation flog k2

alt 30°C with <Jm and <Jp substituent const nts for
pyridines and <Jp constant of Katritzky et al.7 for
styrylpyridines is good (r=0.991) as h s been
observed in the earlier studies on styryl yridiri-
e"H-IO.) .

Thc procedure of Katritzky et al.7 for 0 tammg
op values for the substituted styryl groups rom the
pKa values of the substituted styrylpyridini m ions
did not appear adequate as the effect of su stituent
on the pKa values was very small. Therefo e it was
decided to correlate the rate data for 3- and
4-substituted pyridines and 4'-substituted 4 styrylp
yridines separately with the Hammett const
antsll. In both these cases the correlat'ons are
found to be good (Table 3).

The observed p-value - 3.39 ± 0.38 in th present
study shows that the effect of substituen s is less
pronounced as compared to that of the pr tonated
equilibrium of 3- and 4-substituted pyridin Sl2 and
slightly more pronounced as compared to the
reactions of methyl iodidel3, phenacyl b mide10
and perbenzoic acidl3 with 3- and 4-su stituted
pyridines and also to the charge transfer quilibr
ium betwecn pyridines and iodine, iodine onochl
oride and iodine monobromide as accepto S14.The
magnitude of p in comparison with the val e - 5.71
obtaincd for the ionisation of pyridiniu ion in
waterl2, suggests that only 60% of the positive
charge carried by the pyridinium ion is dev loped in
the transition state of the reaction of su stituted
pyridines with DNPA.

The application of the Hammett equation using <J

values of 4' -substituents in styrylpyridines is used to
calculate the reaction constant p for the 4-styrylpyr
idines. The p-value so calculated reflects not only
the sensitivity of the reaction to the substituents but
also the degree of the transmission of the
substituent effect through the styryl group to the
reaction centre. From the basicities of 4-styrylpyri
dines the value of p was found to be - 0.85. The
ratio of effectiveness of transmission of substituent

effect in styryl system relative to phenyl system in
the protonated equilibrium was calculated to be
0.15. In the charge transfer complex formation
between iodine and pyridines the ratio was found to
be 0.18. For the reaction between phenacyl bromide
and pyridines10 the ratio was found to be 0.104. The
ratio 0.115 (0.390/3.385) obtained in the present
study compares satisfactorily with the above
values.

The Brbnsted-type plJt for this reaction obtained
by plotting log k2 at 30°C versus the pKa values of
corresponding conjugate acids of substituted
pyridinesl5 -17 'and styrylpyridines 7 is linear with
~N=0.692±O.056 (r=0.990; s=0.146; n=16)
indicating tha.t the reaction rate depends on the
basicity of the nucleophiles. The present ~Nvalue is
lower than that found in the nucleophilic reaction of
substituted pyridines with p-nitrophenyl acetate
(PN >= 0.93)2, 2,4-dinitrophenyl methyl carbonate
(PN= 0.9)1H, 2,4-dinitrophenyl acetate (PN= 0.85)4,
2,4-dinitrophenyl p-nitrobenzoate (PN= 0.9)6 and
acetic anhydride WN= 1.0)19. The aminolysis
reactiom of phenyl acetate 1, arylphenyl carbonat
es20.21, acylpyridinium ions22 and phthalic and
succinic anhydrides23 also give Bronsted-type plots
with higher slopes. The present value of PN
(0.692 ± 0.056) shows that the extent of bond
formation in the transition state is less as compared
to the above reactions. Relatively high value of p
( - 3.39) observed in the present reaction series also
suggests that the bond breaking takes place more
readily than bond making.

The Bronsted plot appeared curved4 in the case of
nucleophilic attack of a series of 3- and
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4-substituted pyridines on 2,4-dinitrophenyt aceta
te. This non-linearity was accounted in terms of a
tetrahedral intermediate in the reaction path and a
change in the rate determining step from the second
to the first in Scheme 1 as the nucleophile becomes
more basic.

o
k1 II +~ _

-CH3-C-N + OGiH3(NOz)z"-

SCHEME'

The observed linerity in the Hammett and the
Bronsted plots under the present experimental
conditions could be explained by assuming a
one-step reaction with the formation of intermedi
ate (I).

A similar linear Bronsted plot has been observed in
the reactions of pyridinolysis of 2,4-dinitrophenyl
p-nitrobenzoate6 and of 2,4-dinitrophenyl p-chlor
obenzoate24•

The entropies of activations are all negative
(Table 2) as expected for SN2 reactions. Because of
the development of charge in the transition state
(formed from neutral molecules), the entropies of
activation are more negative. There is a fair
correlation between dHt. and dS:t: (r=0.931). The
isokinetic temperature is found to be 397 K. Exner
plot of log k2 at 313 K versus log k2 at 298 K for the
reaction ofDNP A with pyridines and 4-styrylpyrid
ines is linear (r =0.995) and the value of isokinetic
temperature is found to be 216 K. The existence of
good correlation implies that all the pyridines and
styrylpyridines undergo nucleophilic substitution
by an identical mechanism.
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