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Abstract - The pyridinolysis of substituted phenyl acetates in acetonitrile was
investigated with an electric conductivity method. The rates of these reactious
were increased with electron-donating group in pyridine and electron~withdrawing
group in phenyl acetate, Px (X;substituents in phenyl ring) values increase
gradually according to the electron-donating ability in pyridine substituents,
but the |pY| (Y;substituents in pyridine ring) values decrease with that of
substituents, The B values increase with increasing electron-withdrawing ability
of the substituents in the phenyl ring, it can be inferred that N---C bond
formation increases progressively p-methyl to p-nitrophenyl acetates, This is in

agreement with prediction of substituent effects for a simple S 2 displacement

N
reaction, The sensitivity parameters, B and p, are inter-related and are themselves
sensitive to the reactivity of the system, All above results are interpreted in

terms of a dissociative SN2 mechanism involving a metastable tetrahedral intermediate.

Structure-Reactivity relationships in acyl transfer reactions are of interest in themselves
and for the light they shed on the mechanism of the reactions, Structure-reactivity correlations
for the reactions of various amines with substituted phenyl acetatesx show a break from a large
(B8 nuc=0.9) to a small (P nuc=0,2) dependence of the basicity of the attacking amine, The break
has been interpreted as a consequence of a change in rate determining step from rate determining
amine attack with the most basic amines (8 nuc ~0.2) to rate-determining aryloxide expulsion
from an addition intermediate with less basic amine (P nuc ~0.9), The value of 8 nuc are 0.15
and 0,93 for the attack of substituted pyridines on methyl chloroformnte2 under conditions of
rate determining attack and breakdown, respectively, Most of the above reactions are amine-
catalysed hydrolysis of carboxylic esters, i.e,, for the reaction of pyridines with methyl
chloroformate, p-nitrophenyl acetate3, 2,4-dinitrophenyl acetatea, and pyridinolysis of 2,4-
dinitrophenyl p-nitrobenzoatea in aqueous solution. In pure organic solvent, however,
nucleophilic displacement reactions for the reactions of carboxylic esters with t-amines and
simultaneously the cross interactions of the substituents of phenyl and pyridine moiety do not
seem to have been made so far.

In this paper, we report the kinetics and reaction mechanism for the reactfon of substituted
pyridines with substituted phenyl acetates, using activation parameters and linear free energy
relatjonship for the Brgnsted and Hammett plots,

Exgerimental

All materials used were commercially available (Wako, Japan).
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Pyridine was a commercial product purified by several distillation over potassium hydroxside before
use. Other liquid pyridines were used without further purificatiom, but solid pyridines were
recrystallized to constant melting point., All purified pyridines were stored in brown ampoule
or bottle filled with nitrogen gas. Acetonitrile was purified by distillation after standing
with anhydrous potassium carbonate for three days at room temperature,

IR spectra were recovded on a Hitachi EPI-2C infrared Grating Spectrophotometer, 1H NMR spectra
were taken with a Varian 60 MHZ Spectrometer and conductance measurements were carried out with
a Conductivity-Meter LBR (West Germany).

Phenyl acetates were prepared by a modification of a published proceduress. p-Nitrophenol

(14 g, 0.1 mole), acetic anhydride (15 g, 0,125 mole) and a trace of pyridine were dissolved

in 25 ml of dry benzence. The reaction mixture was refluxed for 4 hrs, After neutralization

with saturated sodium bicarbonate solution, the benzene solution was washed with water, 52-NaOH
solution, 0.1 N HCl and water, and dried over anhydrous magnesium sulfate, The benzene solution

was then evaporated to dryness, The solid residue thus obtained was recrystallized from ligroin
to give pale yellow cryvstalls, mp 78-80°C (79-80°C)6, yield 80%.
Other phenyl acetates were prepared similarly and physical properties are listed in Table 1

Table 1. Physical Constants, Yields and Maximum Wavelength of Phenyl Acetates.

Sub,  b.p. C(mmfg)(1it,6)  m.p. C(1it.6) N\ mm Yield (%)
4-No, 78-80 (79-80) 400 80
4-C1 112(18)  113(18) 303 85

H 88(20)  87(20) 270 87
3-CH, 96(18)  97(18) 279 84
4-CHy  112(15)  123(15) 279 89

The product was identified as following method;

When the reaction of p-nitrophenyl acetate with pyridine, the p-nitrophenolate anion was released
and the absorbance of the solution was recorded as a function of time with a Shimazu-210
spectrophotometer, the cell compartment which had been thermostated, at 400 nm wave length for
the p~-nitrophenol formed in the reaction.

A
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Figure 1. The relation of absorbance vs. time on the reaction of p~nitrophenyl acetate
~4 -
(5.0 x 107" mol) with 4-aminopyridine (1.0 x 10 2 mol) at 400 nm. and 60°C



Acyl transfer reactions 2169

Kinctic. The rate of reaction was measured by means of electric conductivity because the reaction

is a kind of formation of salt in which ions are formed from electrically neutral reagents (eq.(l))

0 50-70%% 0
CHB-E-O + > CH,-C*N 0 (1)
acetonitrile
X Y Y X

The final concentration of phenyl acetate prepared was made just 0.0075 mole/l in 15 ml

volumetric flask which was filled with nitrogen gas and solvent, That of pyridine was made
just 0.15 mole/l with above same. A kinetic run was initiated by placing 15 ml of pyridine
solution in the conductivity cell and adding 15 ml of the phenyl acetate solution to give a

reaction mixture.

All measurements were done with pyridines in large excess over phenyl acetates6. Reactions

were generally run to ca 3 to 4 half-lives, Pseudo first-order rate constants were calculated
from the slopes obtained from conventional plots of log (C_ - Cc) against time using the least-
sqaures method.

Second~order rate constants were calculated from the slopes of plots of the observed first-order

rate constants against pyridine concentration.

Results and Discussion

The second-order rate constants and activation parameters for the reaction of substituted
pyridines with substituted phenyl acetates in acetonitrile are summarized in Tables 2 and 3.
The rate

Table 2, Kinetic Data and Activation Parameters for the Reaction of Substituted Phenyl Acetates
with Substituted Pyridines,

(a)

Ye4-NE, 103k2 (1/mol min) ou? -as?

X 50°¢ 60°C 70°C (Kcal/mol) (e.u.)
4-No, 287 51.1 92,0 12.2 27.9
4-Cl 21,7 40.2 72.1 12.6 27.3

H 18.8 36.0 65.1 13.0 26.4
3-CH, 18,5 35,6 64.9 13,2 25.8
4-CH,  18.2 34.8 64.5 13.3 25,5

(b)

X=4-N0, 103k2(1/mol pin) R’ -as?

Y 50°% 60°C 70°C (Kcal/mol) (e.u.)
4-NH, 28.7 S51.1 92.0 12.2 27.9

3,4-(cHy),  18.9 35.2 63.7 12,7 27.3

H 15.6 28,4 53.2 12.8 27.3

3-cocH, 9.3 17.7 32.7 13.2 27.0

3-C1 8.0 16.25 28.9 13.5 26.4
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Table 3. Second-order Rate Constants for the Reaction of Substituted Phenyl Acetates
3,
with Substituted Pyridines at 60°c (10 k2 (1/mol min) )

X 4-NO 4-c1 H 3-CH 4—CH
2 3 3

Y
4-NH, 51.1 40,2 36,0 35.6 3.8
3,4-(CH,) 35.2 28.4  24.7 24,5 24.4
H 28.4 22,7 20.4 20.2 20.0
3-CocH, 17.7 14.5 13.0 12.9 12.8
3cl 16.25 12.9 12.1 12.0 11.9

constants and AH* have shown that electron-donating substituents in the pyridines increase

¢

the rate and decrease AH*, while the substituents decrease the rate and increase AH' in the
phenyl acetates,

This is as expected for nucleophilic attack of amines on the carbon atom.

The values of the activation parameters show a regular variation with substituents in the both
of phenyl and pyridine ring.

A linear relationship between the enthalpies and the entropies of activation has been
realized. From the slopes of the linear plot, the isokinetic temperature are calculated to
be 448 K (r=0,992) and 894 K (r=0,980) for the reaction of the substituted phenyl acetates
with 4-aminopyridine and 4-nitrophenyl acetate with substituted pyridines, respectively,

It was generally accepted that Brgnsted linear relationship was shown between the rate of
reaction and basicities of nucleophiles in which attacking atom is the same in SNZ reaction.
The direction of the influence of the substituents in pyridine ring shows that the rate of
reaction depend on the electron density of the nitrogen atom,

Good lipearity of this relationship has been reported7’8 on quaternization of substituted
pyridines. The B values of these plots, though the value 1s very gimilar, increase with
increasing electron-withdrawing ability of the substituents in the phenyl ring (Table 4),

Table 4, B and Correlation Coefficients (r) of the Brgansted Plots (Fig, 2.) for the
Reaction of Pyridines with Susbtituents,

X 9y B r
é-No2 0.78 0.080 0.992
4-C1 0.23 0.078 0,988

H 0.00 0.077 0,994
3-CH3 -0.07 0.076 0,992

A—CH3 -0.17 0.075 0,991
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Table 5, Slopes (ox) and Correlation Coefficients (r) of the Hapmett Plots(Fig. 4., ) for
the Reaction of Pyridines with Phenyl Acetates,

Y pKa Px b 4
A-NHZ 9.12 0.180 0,997
3,4—(083)2 6.46 0.175 0,990
H 5.21 0.165 0.994
3-COCE, 3.18 0.153 0.992
3-c1 2,84 0.148 0,988

FProm the 8 value, it can be inferred that N--—-C bond formation increses progressively from
p-methyl to p-nitrophenyl acetate. This is in agreement with prediction of substituent
effects for a simple SN2 displacement reaction. The large Brénsted slopes (FB) have been
found in the nucleophilic reaction of substituted pyridines with methyl chloroformate (B 0,93
to 0,15) and p-nftrophenyl acetate (8 0.93), 2,4-dinitrophenyl acetate (8 0.85), and acetic
anhydride (8 1.0). Most of the above Brgnsted plots are composed of two straight lines ;
one in the regfon of low basicities of the nucleophiles and the other at high basicities and
a curvature in between,

In all these reactions the occurrence of a tetrahedral intermediate fn the reaction path has
been proposed, and the magnitude of the higher Brgnsted slope has been connected with the
decomposition to products of the intermediate as being the rate-determining step, Our small
8 value, however,may be suggested that the first step of Scheme 1 is rate-determining one,
The macroscopic rate constants from reactants to products of Scheme I is kN' which

Scheme I
-
i 5 o gl 2+ o come +-
Ypy + MeC-0CgH, X —= N\ Yp¥ C-0CH,X ——= Yp§-COMe +70C4H,X
k
~1 Me

can be related to the microscopic rate Constants of the Scheme through application of the
steady state treatment to the tetrahedral intermediate (eq. (2) )

L L L P ¢

If the first step of Scheme I is rate determining for the present reactions, it follows that
k2 >> k—l s equation (2) then leads to kN - kl

It should be kept in mind that relative reactivities vary with solvent,

For example, in aqueous dioxane the relative reactivity of pyridine as compared with acetate,
towards acetic anhydride drops by many powers of ter as the solvent becomes less aqueousg.

The less rate constants of these reactions are in agreement with above results.
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In the case of very good leaving groups as in the acid, hydration of the carbonyl group is
rate-limiting. In the case of very poor leaving groups, as in the hydrolysis of amides
(pK~35), expulsion of the leaving group is rate-limiting.

The Hammett p, and Py values obtained from linear plots of log(k/ko)x vs dp and log(k/ko)Y vs

Tys reSpectivzly are listed in Table 5 and 6, The Px values increase gradually in order of
3-chloro,H,3,4~dimethyl, and 4-amino pyridine, according to the electron-donating ability.

On the other hand, the IpYI values decresse gradually in order of A—Noz, 4-Cl, H, and A-CH3—
pyridine, according to the electron-donating ability.

The results are in agreement with prediction of substituent effects for a SN2 reaction mechanism,
The Py values, which decrease with decreasing reactivity of the pyridine, are linearly related
to pKa of the pyridine as shown in Fig. 2, in agreement with that found in the reaction of
anilines with benzenesulfonyl chlorideslo. The slope of the plot of ox against pKa is the same
value as that of the plot of 8 against 9% in which the value 1is 0,005(Fig. 3).

This is as expected since the various p and B8 values are inter-related through eq, (3)

2 " P & )

where C 18 a constantll’lz. As p is related to the extent of bond breaking relative to bond

formecionla. The conclusionla that stretching and charging of the C~0 bond increases relative
to the formation of the C-N bond, 1, e.,, the transition state becomes more product-like, with
increasingly electron-donating substituents in the nucleophile, and electron-attracting ones
in leaving group is confirmed.

Thus, the transition state for these reactions may be illustrated by Scheme 2, taking no
position for the moment as to whether a metastable tetrahedral addition intermediate is formed

in the course of the reaction.

g 8
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Fig. 2. Dependence of the Hammett Py Values (Table 5) Fig. 3. B vs. °X of the Substrates.

Upon the Basicity of the Pyridines.
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All above results show that concerted mechanism in which bond breaking is more advanced,

involving a metastable tetrahedral intermediate for these reactioms.

Scheme 2

Table 6, Slopes (pY) and Correlatfon Cofficients(r) of the Hammett Plots (Fig., 6) for

the Reaction of Pyridines with Phenyl Acetates,

X pY r
6-N02 ~-0.469 0,991
4-C1 -0.460 0,988

H -0.447 0.993
3-083 -0.445 0,993
A-CH3 -0,441 0.992
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