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Thermal decarboxylation of -, m- and p-nitro benzoic acids was studied in glycerol in the tem-
perature range 210—250°C m- and p-Nitrobenzoic acids exhibited first order rate constants and
in support of the proposed Sgl mechanism, the isomers were also studied in aniline at 110—140°C.
Pseudo-first order rate constants of the ortho isomer in glycerol suggested a change in mechanism
from Sg1 to Sg2. The rate constants were influenced by boric acid or aniline added to glycerol as

the result of a change in pH and confirmed thus the proposed Sg1 or S;2 mechanisms.

Activation

energies, enthalpies and entropies of activation were obtained for the three isomers.

A survey of literature of several organic acids
reveals that decarboxylation occurs either by uni-
molecular or bimolecular electrophilic substitutions,
Sgl or Sg2.9  The Szl mechanism requires the
loosening of R—C bond, and the substituents which
diminish the electron density on the a-carbon atom
facilitate this mechanism as in the cases of nitro
acetic, nitro-isobutyric,? trihaloacetic® and cyano-
acetic acids.?

The view that decarboxylation by S;2 mechanism
involves the attack of a proton or a protonated sol-
vent on the a-carbon atom of the carboxyl group is
supported by Schenkel and Schenkel-Rudin,? Ham-
mick and coworkers® and Muhammad and Siddi-
qui.” A polyhydric alcohol glycerol was used as
a solvent in the studies of decarboxylation of hydroxy
benzoic and chlorobenzoic acids and 1-hydroxy-
2-naphthoic acid.®

In view of the above studies, the decarboxylation
of 0-, m- and p-nitrobenzoic acids was carried out
in the solvents glycerol and aniline in order to
study their mechanisms.

Results and Discussion

m- and p-Nitrobenzoic Acids. Decarboxylation

of the m- and p-nitrobenzoic acids in the solvents
glycerol and aniline is kinetically first order. The
rates, being faster in the basic solvent aniline than
in glycerol, suggest that these isomers follow the
unimolecular Sg1 mechanism. The rate constants
and the other thermodynamic parameters are shown.
in Table 1.

Substances such as aniline and boric acid added
to glycerol alter the acidity of the medium and the
rate constants, as in Table 2 (a) and (b), also ex-
hibit a marked increase and decrease for the meta
and para isomers respectively in support of the S;1
mechanism. The stability of the two isomers in the
acidic solvent, resorcinol is an additional support
for the proposed mechanism.

The presence of a nitro group either in the meta
or para position in benzoic acid, by withdrawing
electrons, deactivates the ring and facilitates the
C-C bond cleavage. Glycerol being a polyhydric
alcohol ionizes the acids to a less extent than aniline.

A comparison of the rates, enthalpies and entro-
pies of activation reveals that a more basic solvent
aniline favours the Syl mechanism rather than a
neutral solvent glycerol, and is in good agreement
with the observation of Clark.®®) In these solvents
it has been visualised that the electrophilic carbon

TaABLE |. THERMODYNAMIC PARAMETERS FOR DECARBOXYLATION IN GLYCEROL AND ANILINE
Solvent: Glycerol, Temp.: 200—250°C Solvent: Aniline, Temp.: 100—150°C

kx10* AE* AH* a8 kx10% AE* AH* a48*

Acid pKa 230° kcal - kcal - u 130° kcal- kcal- u

sec™t mol—?! mol—! e.u. sec™! mol—? mol—! e.u.

~ .NO,  2.17  6.26 35.10 34.10 — 6.04 — — — —
m-NO, 3.46 11.66 17.31 16.31 —40.95 1.25 26.15 25.22 —9.59
p-NO, 3.43 11.39 17.30 16.30 —41.02 2.33 30.52 29.59 +2.43

6) B.R.Brown, D. U. Hamick and A. J. B. Schole-
field, J. Chem. Soc., 1950, 778.
7) Aziz Mirza, Ph. D., Thesis approved by the

1) B.R.Brown, Quart. Rev. (London), 5, 131 (1951).

2) Pedersen, J. Phys. Chem., Ithaca, 38, 559 (1934).

3) Verhock, J. Amer. Chem. Soc., 61, 186 (1939)

4) J. W. Wilt, J. Org. Chem., 21, 920 (1956). Osmania University (1957), pp. 199—106.

5) H. Schenkel and M. Schenkel-Rudin, Helv. Chim. 8) S.S.Muhammad,]. Lalitha and E. V. Sundaram,
Acta, 31, 514 (1948). Acta Chem. Hangarica, 22, 455 (1960).
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TABLE 2. EFFECT OF ADDED SUBSTANCES ON
DECARBOXYLATION IN GLYCEROL

a) m-Nitrobenzoic acid at b) p-Nitrobenzoic acid at

temp. 214°C temp. 230°C
Amount of Amount of
aniline ks>< 1_94 Boric acid kx 1_94
added ¢ added sec
0%, 7.35 09, 12.01
0.4% 13.96 1% 10.75
0.89, 16.58 % 7.60
1.49, 18.32 8%, 2.63

atom of an undissociated acid apparently co-ordi-
nates with an unshared pair of electrons on a nucleo-
philic atom of the polar solvent favouring the sub-
sequent cleavage of the molecule into the prod-
ucts.®

Since the rate determining step involves the de-
composition of the transition state, the -extent of
formation of this state depends on the polarizability
of the carboxyl carbon atom as well as on the nucelo-
philicity of the solvent. Therefore, it can be sug-
gested that the greater the availability of the elec-
trons on the neucleophilic atom of the solvent, the
greater would be the probability of the formation
of the activated state. Hence, in the activated
state, the nucleophilic aniline interacts more readily
than glycerol with the carbon atom of the carboxyl
group resulting in high enthalpies and entropies of
activation. However, as the accepting ability of the
carbon atom of the carboxyl group does not change
much in the two isomers, it is the basicity of the
solvent that plays an important role in the formation
of the transition stage. The rate constants, activation
energies and other thermodynamic parameters are
nearly the same in the weakly basic solvent glycerol
comparable to their pK, value. But in the highly
basic solvent aniline, the effective electrophilicity
developed on the a-carbon atom of the carboxyl
group in the two isomers also plays a role and shows
an increase in the thermodynamic parameters,
similar to the change from glycerol to aniline.

o-Nitrobenzoic Acid. The kinetics of decar-
boxylation of o-nitrobenzoic acid in glycerol follows
a different pattern from that of the other two iso-
mers. The rate of ortho acid (Table 1) is small
compared to its meta and para isomers and exhibit
pseudo-first order rate constants. The rate con-
stants also show an increase with added boric acid
to glycerol as the result of a change in pH (Table 3).

It was also observed that the ortho isomer de-
.carboxylates more easily in acidic solvent, resorcinol,
and is stable in basic solvent, aniline, unlike the meta
and para isomers. This exhibits a change in mech-

9) a) L. W. Clark, Ithaca, J. Phys. Chem., 62, 79
(1958). b) Gopalan and I. M. Malhai, Proc. Ind.
Acad. Scc., 11, 92 (1969).
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TABLE 3. EFFECT OF ADDED BORIC ACID IN THE
DECARBOXYLATION OF 0-NITROBENZOIC ACID IN

SOLVENT GLYCEROL AT TEMPERATURE 235°C

Amount of

boric acid pH kx 10 sec?
added

0% 7.20 8.90

0.5% 3.07 11.89
1.09%, 3.02 15.26
1.5% 2.97 18.01
2.0% 2.94 21.95

anism from S;1 to Sg2 since the latter are acid-
catalyzed.

It has been suggested that the geometry of the
ortho-transition state of o-nitrobenzoate ion exhibits
a dipolar interaction of the type as in Fig. 1,
the stereochemistry of the transition state being
suitable for the electrophilic substitution. This
type of internal chelation!® is mainly responsible
for a change in mechanism and the decarboxylation
proceeds in the anionic form.

k = [RCOO-][H"]
Fig. 1

Besides the chelation in the case of ortho isomer,
deactivating influence of nitro group in ortho posi-
tion will be less. This is due to the fact that the
nitro group, which is in the same plane as the
benzene in para isomer, deactivates the carbon
atom mostly due to resonance interaction. However,
in ortho position, because of steric effect, the nitro
group is twisted out of the plane of benzene ring.
Hence, the resonance inter-action will become less,
and deactivating influence will be diminished com-
pared to its para or meta isomer.

Experimental

The experimental procedure and the calculation of
the rate constants were similar to the one adopted in
1-hydroxy-2-naphthoic acid.¥ The experiments were
carried out with B.D.H. and analar samples of ortho,
meta and para nitrobenzoic acids and the solvents
glycerol and aniline were of pure quality, which did
not emit any carbon dioxide when heated alone. In
all the experiments, the final volume of carbon dioxide
was calculated theoretically. The kinetics were followed
in all cases, till 25—309, of acid was decarboxylated.
The reactions were studied in the temperature range
200—250°C in glycerol and 110—135°C in anilline.
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10) J. D. Roberts and M. C. Caserio, ‘“‘Basic Principles
of Organic Chemistry,” W. A. Benjamin, Inc., New
York, Amsterdam (1965), p. 961.





