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Summary:0xidation of the three isomeric pyridine carboxylic acid hydrazides
with active mangnese dioxide in chloroform has been studied. The parallel
reactions with ordinary manganese dioxide were also carried out. Pyridine-
2-carboxylic acid hydrazide behaves differently than the other two isomers

in these reactions.
Introduction

Active manganese dioxide has been
effectively used for the oxidation of a
variety of organic compounds including
unsaturated alcohols[1],substituted
analines [2], diamines[3], hydrazines
[4] and hydrazones[5]. Kelly et.al. [6]
reported the formation of carboxylic
acids when hydrazides of peptides were
oxidized with active manganese dioxide.
Recently Haksar et.al.[7] reported that
hydrazides of substituted salicylic acids
on oxidation with active manganese
dioxide in chloroform yield the corres-
ponding aldehydes along with other
products.It was also eatablished that
the solvents play an important role in
determining the oxidation products in
such reactions. The results of Haksar
et.al.|7] revealed two important points;
first the corresponding aldehyde is for-
med only when the oxidation is carried
out in chloroform as solvent and second
the corresponding amide is only formed
when ammonia is added to the reaction
mixture.

In an attempt to prepare the three
isomeric pyridine aldehydes, we have
studied the oxidation reactions of the
three isomeric pyridine carboxylic acid
hydrazides (I) with active manganese
dioxide in chloreform. In addition the
parallel reactions with commercially
available manganese dioxide were also
studied.
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All the three isomeric pyridine carbo-
xylic acid hydrazides when subjected
to oxidation in chloroform at rcom temp-
erature yielded the corresponding alde-
hydes in low vyields. In case of pyri-
dine-2-carboxylic acid hydrazide (II)
a yellowish brown compound was also
isolated which could not be identified.
However, in case of pyridine-3-car-
boxylic acid hydrazide (III} and pyri-
dine-4-carboxylic acid hydrazide (IV)
the respective carboxylic acids and
their amides were also obtained in yields
better than those for the aldehydes.
Under reflux for one hour, both (III)
and (IV) yielded the corresponding car-
boxylic acid and the amide but no alde-
hyde. Under these conditions (II) yiel-
ded the same unidentified compound and
no traces of carboxylic acid, the amide
or the aldehyde.

At room temperature (20-21°) oxida-
tion of three isomeric hydrazides with
commercially available manganese dio-
xide, in chloroform, did not occur even
on standing the reaction mixture for
five hours, However, under reflux for
one hour, (III) and (1V) yielded the
respective amides only. Again (I},
under these conditions, behaved diffe-
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rently and the reaction did net occur.
[t is important to note that Haksar et.
al.|{7] observed the formation of amides
only when ammonia was added to the
reaction mixture. Thus (III}) and (IV)
have behaved differently than the hy-
drazides of substituted salicylic acids.
The formation of corresponding amides
as the oxidation products of (III) and
(IV) may be expalined by a free radical
mechanism as illustrated by Scheme 1
for the oxidation of (III). According
to the scheme a free radical (V) produ-
ced as a result of hydrogen abstraction
from (III) dimerizes to tetrazane (VI).
Again a hydrogen atom is abstracted
from (VI) to vyield free radical (VII)
which undergoes nitrogen-nitrogen bond
cleavage to produce (VIII) and amide
(IX). (VIIl) once again undergoes hy-
drogen abstraction and yields the amide
(IX) through free radical (X). This
scheme of mechanism for the formation
of amide (without addition of ammonia}
fully accomodates the difference in the
products of oxidation of (IIl} and (1V)
when oxidized with active and commer-
cially available manganese dioxide.
Active manganese dioxide is regarded
as a stronger and more reactive reagent
than the ordinary manganese dioxide.
Thus, when active manganese dioxide
is used, radical (V) undergoes further
reaction giving less opportunity to this
radical to dimerize. Thus the formation
of the amide (IX} is hindered and other
products {i.e. the corresponding car-
boxylic acid and the aldehyde) are for-
med along with small amount of the
amide. In case when ordinary manga-
nese dioxide is used,probably, the
chances of dimerization of (V) are in-
crcased due to the low reactivity of
the reagent. This then leads to the
formation of amide solely. As far as
the formation of the aldehydes and the
carboxylic acids is concerned, the me-
chanisms proposed by Haskar et.al,{7]
for the formation of substituted salicylic
acids and aldehydes, from the hydrazi-
des of substituted salicylic acids,
appear to be applicable in our case as
well.

0]
g-—NH—NH2 + Mn/?
-~ \\O
|
N
rrr § Y, . OH
C-NH-NH 4+ yn”
= N
| o]
>~
N
v ldimerisation
g—NH—NH—NH-NH—
N N
N o N
-
VI Mn ¥
X0
g—NH—I:I—NH-—NH—g
= . OH
| || +mnl
>~ S 0
N N
Vil
0 0
6_NH__N=NH &—NHZ
~ =
| +
) M IX
VIII \\0
-NH-N=RK
e . O
l + In_
>~ =0
N
X
O
t':-NH2
/' y
~ + 2
N
IX Scheme-1
Experimental

Active manganese dioxide was pre-
pared by Attenburrows method {8] from
manganese sulphate monohydrate (BDH)
and Potassium permangante (BDH) in
atlkaline medium. Pyridine-2-carboxylic
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acid hydrazide (II) was prepared from
pyridine-2-carbonylic acid (BDH) by
the same method as described [9] for
the synthesis of pyridine-4-carbonylic
acid hydrazide from the corresponding

carboxylic acid. Recrystallised from
methanol, m.p. 99-100° (lit m.p.
100-101°).

Pyridine-3-carboxylic acid hydrazide
(II1) was preapred from pyridine-3-
carboxamide (E.Merck) by the same
method as reported [10] for the prepa-
ration of pyridine-4-carboxylic acid

hydrazide from the corresponding
amide. Recrystallised from methanol,
m.p. 160-161° (lit. 179 m.p. 161-162°].

Pyridine-4-carboxylic acid hydrazide
(IV) was obtained from (BDH) and was
used without further purification.

Oxidation of Pyridine Carboxylic acid
Hydrazides

{(a) With active manganese dioxide at
room temperature: In a 500-ml two
necked round bottom flask was placed
10 g of Pyridine carboxylic acid hydra-
zide and 50.0 g of the active manganese
dioxide. The flask was then equipped
with a reflux condenser and a mechani-
cal stirrer. Through the reflux conden-
ser was added 250 ml > chloroform.
The reaction mixture was then stirred
for ten minu‘es. After this period of
time, it was filtered to seperate out
the inorganic residue. From this inorga-
nic residue, the corresponding pyridine
carboxylic acid was isolated in case of
(111} and (IV). In the case of (II) an
unidentified yellowish brown compound
was isolated. From the filtrate, after
removal of the solvent, two compounds
were isolated in each case. In case of
(III) and (IV) these were the corres-
ponding aldehyde and the amide where-
as in the case of (II) these were the
corresponding aldehyde (isolated as its
phenylhydrazone and 2,4-dinitro-
phenylhydrazone) and the same vniden-
tified yellowish brown compound (as
isolated from the inorganic phase). The

results are given in Table 1.

(b) With active manganese dioxide un-
der reflux: Same amounts of the hydra-
zides, active manganese dioxide and
chloroform as mentioned in (a} above
were refluxed for one hour. After this
period of time the reaction mixture,
while still hot, was filtered to seperate
out the inorganic residue. In case of
(III) and (IV) the corresponding acid
and the corresponding amide were iso-
lated, respectively, from the inorganic
residue and the filtrate. In the case
of (I1), however, the same unidentified
compound was isolated from both the
phases. These results are also included
in Table 1.

{c) With ordinary manganese dioxide
at room temperature: Procedure (a)
using commercialy available manganese
dioxide (E.Merck) in place of active
manganese dioxide with the same
amounts of the reagents was adopted.
In all the three cases no reaction occu-
red at room temperature even in the
extended time period of five hours.

(d) With ordinary manganese dioxide
(E.Merck) in place of active manganese
dioxide with the same amounts of the
reagents was adopted. In case of (11
the reaction did not occur. In case of
(III} and (IV) the corresponding amide
was isolated from the filtrate in good
yields. The results are also included
in Table 1.

Characterization of the Products

(a) Pyridine aldehydes:

The characterization of the pyridine
aldehydes as the react’>n product was
based on the following observations;
+ve silver mirror test, +ve Fehling's
solution test, carbonyl frequency in the

IR spectrum (neat) at 1710 (:m_1 and
the aldehydic C-H frequencies at 2830

and 2700 cm_l. In addition, the phenyl-
hydrazones and 2,4-dinitrophenylhy-



46 R,IOBAL & F.MALIK

Table-1: Oxidation of Pyridine Carboxylic Acid Hydrazides with-
Manganese Dioxide
Hydrazide Manganese Reaction Reaction Products
dioxide temperature time
(min) (% yield)
*
I1 Ordinary Room temperature 300 No reaction
II Ordinary Under reflux 60 No reation
* *

11 Active Room temperature 10 A B(50)
I1 Active Under reflux x 60 B(80)
I11 Ordinary Room temperature 300 No reaction
111 Ordinary Under reflux * 60 C(80)
111 Active Room temperature 10 C(10),D(15),E(70}
111 Active Under reflux « 60 C(10),E(85)
Iv Ordinary Room temperature 300 No reaction
1Y Ordinary Under reflux x 60 F(85)
v Active Room temperature 10 F(10),G(10),H(70)
v Active Under reflux 60 F(10),H(80).

20-21, " Isolated as phenylhydrazone and 2,4-dinitrophenylhydrazone. A.

pyridine-2-aldehyde; B.unidentified

D.pyridine-3-aldehyde

E.pyridine-3-carboxylic

product; C.pyridine-3-carbgxamide;

acid: F.pyridine-4-

carboxamide; G.pyridine-4-aldehyde; H.pyridine-4-carboxylic acid.

drazones of the three aldehydes were
derived and their melting points were
compared with literature values. This
ig illustrated by Table 2.

{b) Pyridine carboxamides:

These were identified on the basis
that they evolved ammonia on heating
with sodium hydroxide. IR spectrum
(nujol} showed the characteristic peak

at 1680 cm_1 in addition to doublet at

3200 and 3320 cm_1 region. Pyridiney3-
carboxymide m.p. (obs) 128-130°,lit.
m.p. 129-130°; pyridine-4-carboxamide

11d

m.p. (obs.) 155°, lit m.p. 156°.

c)Pyridine carboxylic acids:

Both the isclated carboxylic acids
evolved carbon dioxide with aqueous
sodium bicarbonate., IR spectrum (nujol)
showed the characteristic carboxylic
acid pattern i.e. a sharp peak at 1660

cm ! and a broad peak at 3180-3210

cm-l Pyridine-3-carboxylic acid m.p.
1ib

(obs.) 235-236°, Ilit. m.p. 236°,
pyridine-4-carboxylic acid m.p. (obs)
312‘3.1it.ucI m.p. 315°,
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Table-2: Characterization of Pyridine Aldehydes
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Aldehyde

B.P.(obs.) B.P.(lit)

Phenyl
hydrazone
m.p.{obs.}m.p.(lit)

2,4-Dinitrophenyl
hydrazone
m.p.{cbs. ym.p.(lit)

Pyridine-2-aldehyde  * 620/13-14 mm®  181-182°  182°° 235-2360  237°P
Pyridine-3-aldehyde 62/5 mm 839/77 mm® 158° 1590b 258-259° 2590b
Pyridine-4-aldehyde  77/12 mm  82°/16 mm® 176° 178°P 2810 283°P
(a) Ref.lla, {(b) Ref.12, {c) Ref.llb, “Isolated only as phenylhydrazone and 2,4-dinitrophenylhydrazor
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