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ABSTRACT : Para- Aminobenzoic acid is supported on silica gel via reac-
tion of activated silica gel and p- aminobenzoic acid which is then conver-
ted to its manganese and cobalt salts. A mixture of the manganese and
cobalt salts of the acid is used to catalyze allylic and benzylic alcohols to
their corresponding carbonyl compounds in reasonable yields using oxygen
or air. Reactions are clean and the catalysts can be recovered easily and

reused repeatedly.
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INTRODUCTION :

Solid supported reagents for the organic
reactions were first introduced by Merifield [1]
and Letsinger [2]. Easy access to the products via
a simple filteration for removing unreacted
materials has rendered the method veryattrac-
tive. Crganic compounds such as polystyrene and
its analogs have long been of interest as solid
supports [3,4]. Inorganic polymers are also of

interest. For example, freshly prepared silver
carbonate is an efficient oxidizing agent but
difficult reaction work-up has restricted its
applications. Supparting this reagent on celite
has overcome the work-up problems and has
made it a practical oxidizing agent for
conversion of alcohols to their respective
carbonyl compounds [5-7]. Alumina has also
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been used as an inorganic solid support and has
been reported that chioral supported on alumina
can oxidize secondary alcohols to ketones [8,9].
Silica gel another inorganic polymer, has been
used widely in organic reactions [10-13]. A
mixture of silica gel and ozone gas at low
temperatures can oxidize saturated hydrocar-
bones to corresponding tertiary alcohols [14]. A
great number of oxidizing agents can effect the
conversion of alcohols to carbonyl compounds,
particularly chromium (VI) derivatives [15,16].
The oxidation of alcohols by N- halogenoamines
[17]. N- halogenoamide [18] and hexamethylene-
tetraaminebromide [19] have been reported
recently.

We wish to report the oxidation of alcohols
 using silica gel as a solid support for developing
new catalysts. The catalyst is prepared from reac-
tion of activated silica gel and p- aminobenzoic
acid which is then converted to its cobalt and
manganesée salts. Allyl and benzyl alcohols are
oxidized to their corresponding carbonyl com-
pounds in presence of -oxygen or air using a
mixture of these salts as catalysts. The method
leads to clean reactions, recyclability of the
catalysts, selective conversion of alcohols to
carbonyl compounds and adaptability to fairly
large scale operation.

RESULTS AND DISCUSSION :

Silica gel is activated in a pyrolysis apparatus
at 260°C in 20mm Hg to lose its water by 5.7%.
P- Aminobenzoic acid is reacted with the acti-
vated silica gel. The infrared spectrum of the
bound acid on the silica gel shows an absorbtion
band at 1561cm ™! corresponding to N-Si bend-
ing mode and N-Si vibrational modes expected
at 3300-3500cm ~! are masked due to strong
Si-OH absorbtion band in the same region.
Further evidence of the Si-N bond is obtained
when the p- aminobenzoic acid bonded to silica
gel is hydrolyzed with sodium hydroxide solution
and the liberated p- aminobenzoic acid is
recovered. The reaction of p- aminobenzoic acid
bonded to silica gel with sodium bicarbonate
solution afforded sodium salt of the acid, which
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is converted to cobalt and manganese salts using
cobalt chloride and manganese chloride solu-
tions. Combinations of cobalt and manganese
salts of p- aminobenzoic acid bonded to silica
gel are used as catalysts for oxidation of alcohols
in presence of oxygen or air. Low yields are
obtained when acetonitrile is used as a solvent,
dimethylforamide caused the salts to decompose
but chlorobenzene gives high yields of expected
products without decomposition of the catalysts.
Allyl and benzyl alcohols are converted to their
respective carbonyl compounds by these catalysts
in presence of oxygen or air (Table 1). Despite
many attempts, under different conditions, satu-
rated alcohols could not be oxidized to their
carbonyl compounds. The catalysts are reason-
ably reuseable even after four runs, only about
ten percent loss in product yield is observed,
{Table 2). Instead of oxygen, air has been used
as the oxidant. The yields drop and reaction
times become longer.

EXPERIMENTAL :

Reagents were of commercial quality and
purchased from Merk, Riedel and Fiuka Chemical
Companies. All oxidation products were known
compounds and identified by comparison of
their IR spectra and physical data with those of
the authentic samples. IR spectra were taken on
a FTIR Masison 1000 Unicam. Melting points
were determined in open capillaries on a Mertler
FP5 apparatus and are not corrected. Silica gel
was activated in a Gallen Kamp 220/240 volts
amps 21AC pyrolysis apparatus. The air was
bubbled through the reaction mixture by an
ordinary household fish aquarium pump. The
quantities of salts were determined with an XRF
model 8410 ARL, RHh source 60kV. Yields
reported refer to isolated products.

Preparation of Activated Silica Gel

In a pyrolysis apparatus silica gel (5g) was
heated at 260°C under reduced pressure (20mm
Hg) using phosphorous pentoxide (5g) as a
desicant. The silica gel lost 0.28g of its weight
after 10hrs (5.7% wt).
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Yable 1: Oxidation of Bengylic and Allylic Alcohols to carbonyl compounds

ﬁStart'mg Material - Product Yield |Reaction] Yield | Reaction)
{oxygen)| Time/h | (Air) | Time/h
HaOH o
(jc O{{” 80 27 66 42
HaOH ﬂo
CH,_Q_O; o 85 26 68 42
CHg~
HaOH f,’
N % 77 30 62 47
NOz
‘ 0
HyOH ]
(;" “H 75 30 57 47
NO;
i N
O
HaOH Il
(:(c “ 60 30 at 47
NO;
NO;
HzOH ﬁ
CH5 “w 83 28 65 43
CH3
0
P !
Of N
T Hy 88 21 72 38
CHy
0
?H I
O"l"o (:(t O 95 20 78 32
H
"o i f
~—C
O—t,—-c-o Uc 0 100 5 95 90
H 0
0
CHg=CH-CH;-OH CHy=CH-E-1 37 35 19 55
N J |
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Table 1 Continued :
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(" Starting Material Product Yield |Reaction| - Yield | Reaction)
(oxygen)| Time/ | (Air) | Time/h
OH ‘l)
(:rvttu Owc\' 70 23 53 49
OH
(:rwvt:: Hy 74 33 56 48
\ J
Table 2: Reuseability of Catalysts.
(Experimental |  Starting Product | %Yield | Reaction )
© 7 trial material time(.h)
OH o
I |
First Lh—C—CH3 Ph-C—CHj 88 21
I
H
Second " " 82 23
Thired " " 80 23
\Fourth v " 79 23 y

Reaction Between Activated Silica Gel and
P- Aminobenzoic Acid

To a mixture of ethyl acetate (70 mL) and p-
aminobenzoic acid (2.13g, 15mmoles) was added
the activated silica gel (4.79g). The reaction
mixture was then refluxed while being stirred
magnetically at 80°C for 16hrs. The mixture was
cooled to room temperature and filtered. The
solid mass was washed with ethyl acetate by a
soxhlet for 10hrs. in order to remove all
unreacted p- aminobenzoic acid. The solid was
then dried in an oven at 100°C to afford (6.05g)
of pale yellow solid material. (1.33g of acid was
reacted, 9.7mmoles). The IR spectrum showed
an absorbtion band at 1561cm™! for Si-N
bending mode and the expected Si-N vibrational
mode at 300-3500cm ! could not be observed
due to a strong Si - OH band in the same
region.

Preparation of Sodium, Cobalt and Man-
ganese Salts of the P- Aminobenzoic Acid
Supported on Silica Gel

Sodium salt of the p- aminobenzoic acid (5g)
supported on silica gel was prepared via a reac-
tion of the acid and a solution of sodium carbo-
nate to give (5.25g, 11mmoles, 76% wt increase)
of the sodium salt. This result was verified by
XRF method to show 4.47 wt increase.A mixture
of saturated cobalt chloride (50mL) and sodium
salt (5g) of the p- aminobenzoic acid supported
on silica gel was refluxed at 100°C for 2 hrs. The
mixture was then cooled to room temperature
and filtered. The solid was washed with distilled
water for 10 hrs {soxhlet). The solid was then
dried in an oven at 110°C for 5 hrs. to give
cobalt sait (5.33g) of the acid as a pink solid
(60%g wt increase). This result was verified with
XRF method to show 6.10% wt increase.

80



fran. J. Chem. & Chem. Eng.

Similarly, manganese salt of the acid was
prepared using manganese chloride solution to
give 5.39g of a white solid (6.10% wt increase,
XRF showed 5.97% wt increase).

Oxidation of P-Methoxybenzyl Alcohol to P-
Methoxybenzaldehyde. Typical Procedure
To a solution of p- methoxybenzyl alcohot
140mg (1.0mmoles) in chlorobenzene 25ml was
added the cobalt salt (460mg, 0.5mmoles cobalt)
and the manganese salt (450mg, 0.5mmoles of
manganese). The mixture was magnetically

stirred at 110°C for 26 hrs during which oxygen,

was bubbled at the rate of 10mL per minute into
the solution. The reaction mixture was then
cooled to room temperature and diluted with
the solvent (10ml). The mixture was filtered and
solid material (Co and Mn salts) was washed
with chlorobenzene (2x10mL). The chloroben-
zene solutions were combined with the filtrate.
The solvent was evaporated to give a pale yellow
oil. The oil was purified by column chromatogra-
phy on silica gel using carbontetrachloride and
ethyl ether (1:3) as eluent {(R¢= 0.78). Eva-
poration of the solvent afforded p- methoxy
benzaldehyde (120mg, 0.85mmoles, 85%), (Table
1). The above experiment was repeated with air
instead of oxygen at a rate of 35mL per minute
for 50hrs. The yield was 68% (Table 1).

Reuseability of the Catalysts. Typical Proce-
dure

Oxidation of 1- phenylethanol to methyl-
phenyl ketone was carried out as described
above to give 88% yield of the desired product.
The catalysts were recovered via a simple
filteration and dried in an oven at 135°C for 4
hrs. The reaction was repeated using the
recovered catalysts to give 82% of the product.
The catalysts were recovered and reused for the
third and fourth times to give 80 and 79% yields
respectively.The catalysts were recovered
quantitatively in each experiment (Table 2).

CONCLUSION :
Allylicand benzylic alcohols are oxidized to
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their corresponding carbonyl compounds in
presence of oxygen or air catalyzed by a mixture
of cobalt and manganese salts of p-
aminobenzoic acid supported on silica gel. The
catalysts are not suitable for the oxidation of
saturated alcohols. The ease of work-up,
recycling of the catalysts and selectivity of the
reaction are worthy of mention.
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