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ABSTRACT
Oxidations of various hydrocarbons and alcohols with in situ generate
zinc dichromate trihydrate in the presence of metal ion catalysts like sil-
ver and copper were examined. Naphthalene, anthracene, phenanthrene,
cyclohexane and toluene dissolved in minimum amount acetic acid by in
situ generate zinc dichromate trihydrate in the presence of traces of Ag(I)
catalyst: substrate ratio (1: 70 to 1: 300) and Cu(II) catalyst: substrate
ratio (1: 60 to 1: 250) under microwave irradiation. All the synthesized
containing Cu (II) catalytic system gave higher yield as compare to Ag (I)
catalytic system. Phenanthrene was oxidized in 9-Fluorenone instead of
phenanthraquinone to get the benzylic rearrangement.
 2015 Trade Science Inc. - INDIA

INTRODUCTION

The oxidation of aromatic hydrocarbons and
alcohols has been of latest interest because of wide-
ranging potentials in organic chemistry and indus-
trial output, and is recognized a fundamental reac-
tion[1-5]. The oxidation of aromatic hydrocarbons
yields carbonyl compound although over-oxidation
yields carboxylic acids as a final product. A variety
of chromium (VI) oxides derived from CrO

3
 were

long among the most popular reagents for oxidation
of aromatic hydrocarbons and alcohols to carbonyl
compounds.

Number of organic substrates were oxidized in
the presence of chromate salts and other chromium
(VI) oxides have been reported[6-7] including aro-

matic hydrocarbons and alcohols[8]. Generally these
oxidizing agents are used in large excess[9] but also
can be used at catalytic scale in conjunction with
oxidants[10] at present time several chromium (VI)
reagents such as; collins reagent (CrO

3
. Py),[11] jones

reagent (CrO
3
/H

2
SO

4
/acetone), [12] pyridinum

chlorochromate (PCC), [13] trim ethyl
silylchlorochromate[14], zinc chlorochromate
nonhydrate[15], Zinc dichromate trihydrate[16], 3-
carboxypyridinum chlorochromate[17] and 4-
(dimethylamino) pyridinum chlorochromate[18] are
synthesized and play an important role in the oxida-
tion of organic compounds. The main concern with
the utilization of Cr(VI) complexes as oxidant are
the lack of selectivity in oxidations, safety hazards
related to the utilization of enormous quantities of
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poisonous chemicals, and in isolation of product and
waste disposal.

To overcome of these troubles researchers de-
veloped many reagents on solid supports such as
pyridinium chlorochromate on Al

2
O

3
[19], CrO

3

adsorbed on Al
2
O

3
[20] and SiO

2
,[21] chromyl chloride

adsorbed on Al
2
O

3
[22], polyvinyl pyridinium

chlorochromate[23] and polyvinyl pyridinium dichro-
mate[24], Cr(VI) oxide[25] synthesized and utilize in
the oxidation reactions. In this paper, we tend to re-
port the ZDT with silver and copper catalyst as an
expedient and reasonable reagent for the oxidation
of aromatic hydrocarbons to carbonyl compounds
in acetic acid medium.

Usually Chromium (VI) reagents involves ex-
change of three electrons in the system for the oxi-
dation of organic compounds, whereby reduction of
Chromium (III) species to Chromium (VI)[26-28]. The
more reactive complex has been formed with Chro-
mium (V) and Chromium (VI), if oxidation reaction
is performed in the presence of the catalyst. Although
in order to have a view with synthetic point, a large
number of organic compounds could be oxidized
with Cr(VI) oxidants in the presence of homogeneous
catalyst in acidic media.

Firouzabadi et al. reported a novel, convenient
and highly strong oxidant zinc dichromate trihydrate
Number of compounds can be oxidized with ZDT[29]

it has been used for the oxidation of acetylenes, sul-
fides, aromatic hydrocarbons, cyclic ethers, primary
and secondary alcohols, and etc[30].

The selective oxidation of a variety of organic
compounds using silver catalyst become ever more
important subject to the researchers for the prepara-
tion of industrially remarkable products including
hydrocarbons, ketones and aldehydes[31-32]. Copper
as a catalyst has been always a innovative concern
for researchers in a variety of chemical reactions
due to their high activity related to facile electron
transfers between copper in various oxidation states
(Cu1+ and Cu2+). Oxidation of aromatic hydrocarbons,
aldehydes and cyclic alcohol by sodium ferrate in
presence of copper nano particle has been reported[33-

34]. Mesoporous Ce-MCM-41 was use as a catalyst
with aqueous hydrogen peroxide as oxidant for the
liquid phase oxidation of cyclohexane in an acetic

acid media without adding any initiator[35]. Ganin E,
and coworkers reported the synthesis of alcohols,
carbonyl compounds and acids from the liquid phase
oxidation of alkyl aromatics with potassium bro-
mated catalyzed by cerric ammonium nitrate[36]. It
has been shown that oxidation of aromatic hydro-
carbons with cerium (IV) results in their conversion
to quinones. Naphthalene is converted to 1, 4-
Napthoquinone (90%). In case of hydrogen perox-
ide[37] naphthalene is converted to -naphthol.

As we have already reported the oxidation of
some hydrocarbons with Ce (IV)-Ir (III) system[38-

39]. Currently in this study we have reported a novel
ZDT-Cu (II) and ZDT- Ag (I) system for the oxida-
tion of hydrocarbons. This system is a more conve-
nient, one-pot quick reactions, environmental friendly
and reasonable. Requirement of additional oxidant
within the reaction is the limitation of the system,
but the system is still more economical as the cost
of catalyst is nominal and the solvent.

EXPERIMENTAL SECTION

Preparation of oxidant and catalysts

In a typical procedure, in situ generate zinc
dichromate trihydrate was first prepared by adding
zinc carbonate to the cold solution of chromic acid,
dark red solution obtained, then evaporate the sol-
vent under rota vapor, obtained reddish orange slurry
was dried over clay plate. Silver (I) catalyst was
prepared by dissolving the silver (I) nitrate in de-
ionized water, the final strength of catalyst is 1.62
mmol and Copper catalyst was prepared by dissolv-
ing the copper (II) sulphate pent hydrate in de-ion-
ized water; the final strength of catalyst is 1.0 mmol
respectively.

Synthesis of the compounds

A CEM Discover Microwave synthesizer was
used for carrying out the reactions under microwave
irradiation. In order to achieve the maximum yield,
five to seven sets of experiments were performed
with each substrate by varying significantly the con-
centration of oxidant, catalyst, time, temperature and
microwave power of reactions. IR spectra were re-
corded in KBr on a Perkin-Elmer 8201 FTIR spec-
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trophotometer. 1H-NMR spectra were recorded at
ambient temperature using a Bruker spectroscopic
DPX-300 MHz spectrophotometer using DMSO as
solvent and TMS as an internal standard (chemical
shift in ä ppm).

Synthesis of cyclohexanone from cyclohexane

In solution phase, 0.20 mmol of Ag (I) was mixed
with 2.5mmol in situ generate zinc dichromate
trihydrate and added to 3.4 mmol of acetic acid so-
lution containing 1.0 mmol of cyclohexane. The mix-
ture was kept at a 100oC temperature for the 5.0 min
under microwave irradiation. Contents were cooled
and extracted with appropriate solvents. The extract
was dried over anhydrous MgSO

4 
and the solvent

was removed under reduced pressure. Prepared hy-
drazone[26] derivative of the product and noted the
achieved yield to obtain the final product. Similarly
oxidation of ethyl benzene was carried out by chang-
ing the 0.25 mmol concentration of Cu (II) catalyst.
All the compounds were routinely checked by IR,
and 1H-NMR spectrometries.

RESULTS AND DISCUSSION

Results and discussion

Physical and Analytical characterization of the
compounds

Oxidation of cyclohexane; yield with copper
catalytic system (38.25%) and catalytic system
(31.94%).

R (KBr) cm-1; 2938.1 cm-1 (v
C-H

, str.), 1711.4
cm-1 (

C=O
), 1450 cm-1 (v

C-H
, bend). 1H-NMR

(CdCl
3
); ä 1.69 to 2.7 (10H, m), ä 7.89 to 8.01 (1H,

d), ä 9.02 to 9.15 (1H, d), ä 8.19 to 8.29 (1H, dd).

Oxidation of toluene; yield with copper cata-
lytic system (48.11%) and in silver catalytic sys-
tem (42.54) IR (KBr) cm-1; 2737.2 cm-1(v

C-H
, alde-

hydes str.), 3064.7 cm-1 (v
C-H

, str.), 1701.0 cm-1

(
C=O

). 1H-NMR (CdCl
3
); ä 6.9 to 7.8 (5H, m), ä

8.9 (1H, d), ä 10.8 (1H, s), ä 5.30 (1H, s), ä 7.8 to
8.4 (2H, m).

Oxidation of naphthalene; yield with copper
catalytic system (24.68%) and silver catalytic sys-
tem (19.68%).

IR (KBr) cm-1; 1651 cm-1 (
c=o quinone

), 3007 cm-1

(v
C-H

, 
str.aromatic

), 765cm-1 (v
C-H,

 
bend aromatic

), and 1513 cm-

1(V
C=C,

 
Str. atm

)
.
 1H-NMR (CdCl

3
); ä 7.22 to 8.24 (6H,

m).
Oxidation of anthracene; yield with copper cata-

lytic system (93.5%) and in silver catalytic system
(87.02%). IR (KBr) cm-1; 1673 cm-1 (

c=o quinone
), 3072

cm-1 (v
C-H

, 
str.aromatic

), and 1581 cm-1(V
C=C,

 
Str. atm

) 940�
810 cm-1 (

subs. benzene ring
). 1H-NMR (CdCl

3
); ä 6.92 to

8.20 (8H, m).
Oxidation of phenanthrene; yield with copper

catalytic system (83.4%) silver catalytic system
(80.25%). IR (KBr) cm-1; 1671 cm-1 (

c=o
), 3057 cm-

1 (v
C-H

, 
str.aromatic

), 756, and 866.881 cm-1 (v
C-H,

 
bend aro-

matic
), and 1600 cm-1(V

C=C,
 
Str. atm

)
.
 1H-NMR (CdCl

3
); ä

7.24-8.70 (8H, m).
Oxidation of phenanthrene generally results in

the formation of 9, 10- phenanthraquinone which
undergoes benzylic rearrangement in basic medium
and finally gives 9-fluorenone in heating conditions
through the formation of 9-hydroxyfluorene-9-car-
boxylic acid (Figure 1: Mechanism - 9, 10-
Phenanthraquinone converted to 9-fluorenone).

9, 10-Phenanthraquinone (generally obtained by
oxidation of phenanthrene) when warmed with al-

Figure 1 : Mechanism - 9, 10-Phenanthraquinone converted to 9-fluorenone
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kali undergoes benzylic rearrangement gives 9-
hydroxyfluorene-9-carboxylic acid, which gives fi-
nally 9-fluorenone in heating conditions[13].

Discussion

It was notice that catalyst substrate ratio ranging
from 1: 70 - 1: 300 was enough for the conversion
of aromatic hydrocarbons with silver catalyst while
in case of copper catalyst the ratio needed was 1:
60 - 1: 250 to obtain product in good yield. Although
the purpose of study was to determine the selectiv-
ity and efficiency of the new ZDT-silver(I) nitrate
and ZDT-copper(II) sulphate system for the oxida-
tion of various functional groups in compounds. In
order to achieve the product in high amount, varia-
tions (in temperature, pressure, time concentration)
were done taking six sets that could influence the
yield (TABLE 1). As aromatic hydrocarbons are in-
soluble in aqueous medium, therefore, acetic acid
was used as a solvent to create the system homoge-
neous. In TABLE 1, it has been shown that initially
on increasing the various factors in reaction under
microwave irradiation, yield increases and reaches
to utmost and after that shows the decline graph with
further increase in concentration. Increasing dura-
tion of experiment and temperature indicating that
optimum conditions are required to get the most note-
worthy yield. Desired product was not formed, if
reaction was over heated in absence of oxidant un-
der experimental conditions, excludes aerial oxida-
tion. This predicts that control of reaction condi-
tions was an unquestionable requirement for sought
yield of product. The study was performed mainly

to verify the effectiveness of the simple chromium
(VI)-silver (I) and chromium (VI)-copper (II) sys-
tem for the oxidation of aromatic and aliphatic cy-
clic hydrocarbons. In the case of oxidant variation
increase the concentration of ZDT decrease the yield
of the product because at high concentration un-re-
active species is formed so the rate of reaction is
decrease, yield is decrease (TABLE-1, entry 4 and
5). And in case of catalyst variation increase the
concentration of catalyst decrease the yield of the
product because at high concentration un-reactive
species is formed so the yield of product is decrease
(TABLE-1, entry 4 and 5). In the absence of catalyst
the yield of product was found to be zero (TABLE-
1, entry 6) i.e., the reaction was not occurred.

UV-Visible spectral study we get the complex
formed between the organic substrate and oxidant.
In Figure-2 the bar diagram show that in case of
copper(II) catalyst give the higher yield as compare
to silver(I) catalyst because the electronic configu-
ration of Ag(I) is 4d105s1 and Cu(II) is 3d9. The elec-
trode potential of the Ag(I) is +0.80 and Cu(II) is
+0.34. The electrode potential of Ag(I) is higher than
compare to Cu(II) electrode potential, so Cu2+ oxi-
dation state is more stable and more reactive than
Ag+. Although, of these two metals, silver releases
electrons slowly and copper releases rapidly. In a
cell, the copper would have the greater build up of
electrons, and be the negative electrode. If the sil-
ver and copper were connected by a bit of wire,
flow of electrons would electrons would flow from
the copper to the silver. In TABLE 2, Figure 2 show
that comparative study of silver (I) nitrate and cop-

Figure 2 : Effect of variant of copper and silver catalyst on the yield of compounds
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TABLE 1 : Factors effecting on the yield of cyclohexanone resulting from cyclohexane (1.0 mmol) by silver (I)-ZDT
and copper (II)-ZDT catalytic system in acid medium in solution phase under microwave irradiation

S.No. 
Acetic 
acid 

(mmol) 

ZDT 
(mmol) 

Cu(II)x103  
catalysta 
(mmol) 

Ag(III)x103 
catalystb 
(mmol) 

Time 
(min.) 

Temp. 
(oC) 

MW 
power 

(W) 

% yield 
With 

Cu(II) 
catalysta 

% yield 
With Ag(I) 

catalystb 

1. 3.4 
2.0a 
2.0b 0.05 0.05 

3.0a 
3.0b 

60a 
60b 

100a 
100b 20.37 18.30 

2. 3.4 
2.0a 
2.0b 0.08 0.08 

5.0a 
5.0b 

120a 
120b 

100a 
100b 39.26 27.41 

3. 3.4 
2.0a 
2.0b 0.10 0.10 

5.0a 
5.0b 

100a 
100b 

80a 
80b 48.11 35.32 

4. 3.4 2.5a 
2.5b 

0.20 0.20 5.0a 
5.0b 

100a 
100b 

100a 
100b 

38.25 31.94 

5. 3.4 3.0a 
3.0b 0.25 0.25 7.0a 

7.0b 
120a 
120b 

120a 
120b 29.12 26.15 

6. 4.0 3.5a 
3.5b 

0.30 0.30 5.0a 
5.0b 

100a 
100b 

100a 
100b 

30.92 27.67 

 Reaction condition: 1.0 mmol of substrate was used in all cases, Conditions used in copper case b- Conditions used in silver case

TABLE 2 : Comparative study of silver (I) nitrate and copper (II) sulphate as catalyst in solution phase for oxidation
of hydrocarbons by ZDT dissolve in acetic acid under microwave irradiation, Conditions used in copper case b-
Conditions used in silver case

per (II) sulphate as catalyst in solution phase for
oxidation of hydrocarbons by ZDT dissolve in ace-
tic acid under microwave irradiation.

CONCLUSIONS

An efficient system for the copper and silver-
catalyzed oxidation of aromatic and aliphatic hydro-
carbons has been developed using Zinc dichromate
trihydrate as an oxidant. The reported novel cata-
lyst-oxidant system is highly efficient, well handled.
The main advantage of using the catalyst-oxidant
system is too safe the time of reaction with the use
of small quantity of catalyst and oxidant. The fasci-
nation of used novel system is due to the excellent

yield of the carbonyl group. Microwave reaction is
also important from the environmental point of view
because using very less amount of solvent and not
uses the hazarded chemical in reaction.

ACKNOWLEDGEMENT

The authors are grateful thanks to help from De-
partment of chemistry Banasthali University,
Rajasthan, India, and Central Drug Research Insti-
tute (CDRI), Lucknow is acknowledged for spectral
studies and also thanks are due to Dr. Jaya
Dwivedi,(HOD), Department of chemistry
Banasthali University, Rajasthan, India, for useful
discussions.

Organic 
Substrate 

Product 
Acetic 
acid 

(mmol) 

ZDT 
(mmol) 

Au(III)x103 
catalyst 
(mmol) 

Cu(II)x103 
(mmol) 

Time 
(min) 

Temp 
(OC) 

MW 
Power 

(W) 

% Yield 
With 
Cu(II) 

catalysta 

% Yield 
With 
Ag(I) 

catalystb 
Cyclohaxane 

(A) 
Cyclohexanone 

(A�) 
3.4 

2.5a 
2.5b 

0.20 0.20 
5.0a 
5.0b 

100a 
100b 

80a 
80b 

38.25 31.94 

Toluene 
(B) 

Benzaldehyde 
(B�) 

3.4 
2.0a 
2.0b 

0.30 0.30 
5.0a 
5.0b 

100a 
100b 

80a 
80b 

48.11 42.54 

Naphthalene 
(C) 

Naphthoquinone 
(C�) 

3.4 
6.0a 
6.0b 

0.10 0.10 
3.0a 
3.0b 

80a 
80b 

60a 
60b 

24.68 19.68 

Anthracene 
(D) 

Anthraquinone 
(D�) 

3.4 
4.0a 
4.0b 

0.08 0.08 
3.0a 
3.0b 

100a 
100b 

80a 
80b 

93.5 87.02 

Phenanthrene 
(E) 

9-Fluorenone 
(E�) 

3.4 
4.0a 
4.0b 

0.05 0.05 
3.0a 
3.0b 

80a 
80b 

80a 
80b 

83.4 80.25 



Manish Srivastava et al. 413

Full Paper
OCAIJ, 11(11) 2015

Organic CHEMISTRYOrganic CHEMISTRY
An Indian Journal

REFERENCE

[1] R.Katritzky, Meth O. Cohn, C. W.Rees,
G.Pattenden; �Comprehensive organic functional
group transformations�, Elsevier Science, Oxford,
(1995).

[2] M.Hudlicky; �In oxidations in organic chemistry�,
ACS Monograph Series 186, American Chemical
Society, Washington DC, 174 (1990).

[3] R.C.Larock; �In comprehensive organic transfor-
mations: A guide to functional group preparations�,
2nd Edition, Wiley-VCH, New York, (1999).

[4] M.B.Smith, J.March; �Advanced organic chemis-
try: Reactions, Mechanisms, and Structure�, 5th Edi-
tion, Wiley-Interscince, New York, (2001).

[5] R.A.Sheldon, Van H.Bekkum; �Fine chemicals
through heterogeneous catalysis�, Wiley-VCH Verlag
GmbH & Co., Weinheim, (2001).

[6] (a) M.Gholizadeh, Mohammadpoor I.Baltork,
Kharamesh, B.Bull;  Korean Chem.Soc., 25, 566
(2004), (b) R.A.Sheldon, J.K.Kochi; �Metal-cata-
lyzed oxidations of organic compounds�, Academic
Press: New York, (1981); (c) S.V.Ley, J.Norman,
W.P.Griffith, P.Marsden; Synthesis, 639, (1994); (d)
G.Procter; Comprehensive organic synthesis;
S.V.Ley, Ed.; Pergamum: Oxford, 7, 305 (1991);
(e) A.J.Fatiadi; Synthesis, 65, 133 (1976).

[7] G.Cainelli, G.Cardillo; �Chromium oxidation in or-
ganic chemistry�, Springer-Verlag: Berlin, (1984);
(b) K.B.Wiberg; �Oxidation in organic chemistry�,
Academic Press, (1965); (c) J.J.Muzart;
Bull.Soc.Chem.Fr., 65, (1986).

[8] G.Piancatelli, A.Scettri, M.D�Auria; Synthesis, 245
(1982); (b) G.C.Collins, W.W.Hess, F.J.Frank; Tet-
rahedron Lett, 3363 (1968).

[9] K.B.Sharpless, K.J.Akashi; Am.Chem.Soc., 97,
5927 (1975).

[10] E.J.Corey, E.P.Barette, P.A.Magriotis; Tetrahedron
Lett., 26, 5855 (1985); (b) J.Muzart; Tetrahedron
Lett, 27, 3139 (1986), (c) S.Kanemoto, K.Oshima,
S.Matsubara, K.Takai, H.Nozaki; Tetrahedron Lett.,
24, 2185 (1983).

[11] G.I.Poos, G.E.Arth, R.E.Beyler, L.H.Sarett;
J.Am.Chem.Soc., 75, 422 (1953).

[12] K.Bowden, I.M.Heilborn, E.R.H.Jones,
B.C.L.Weedon; J.Chem.Soc., 39, (1946).

[13] G.Piancatelli, A.Scettri, M.Dauria; Synthesis, 245,
(1982).

[14] J.M.Aizpurua, W.L.Carrick; Tetrahedron Lett., 24,
4367 (1983).

[15] (a) H.Firouzabadi, A.Sharifi; Synthesis, 999, (1992);
(b) H.Firouzabadi, A.Sharifi, B.Karimi; Iran
J.Chem.& Chem.Eng., 12, 32 (1993).

[16] H.Firouzabadi, A.R.Sardarian, H.Moosavipour,
G.M.Afshari; Synthesis, 258, (1986).

[17] F.P.Cossio, M.C.Lopez, G.Palomo; Tetrahedron, 43,
3963 (1987).

[18] Jr.F.S.Guziec, F.A.Luzzio; J.Org.Chem., 47, 1787
(1982).

[19] Y.S.Cheng, W.L.Liu, S.H.Chen;  Synthesis, 223,
(1980).

[20] E.Santaniello, F.Ponti, A.Manzocchi; Synthesis, 534,
(1978).

[21] (a) J.D.Lou, Y.Y.Wu; Chem.Ind.(London), 531,
(1987); (b) J.D.Lou, Y.Y.Wu; Synth.Commun., 17,
1717 (1987).

[22] San J.Filippo, J.R.Chern; J.Org.Chem., 42, 2182
(1977).

[23] J.M.Frechet, J.Warnock, M.J.Farall; J.Org.Chem.,
43, 2618 (1978).

[24] J.M.Frechet, P.Darling, M.J.Farall; J.Org.Chem., 46,
1728 (1981).

[25] J.M.Lalancetle, G.Rollin, Dumas, P.Can.; J.Chem.,
50, 3058 (1972).

[26] S.Vyas, P.K.Sharma; Indian J.Chem., 43A, 1219
(2004).

[27] M.Ravishankar, K.G.Sekar; Palaniappan.Affinidad.,
4, 357 (1998).

[28] K.G.Sekar, K.Anbarasu; Croatica Chemica Acta, 82,
819 (2009).

[29] H.Firouzabadi, A.R.Saradarian, H.Moosavipour,
G.M.Afshari; Synthesis, 285, (1986).

[30] (a) H.Firouzabadi, N.Iranpoor, S.Sobhani,
A.R.Sardarine; Tetrahedron Lett., 42, 4369 (2001),
(b) H.Firouzabadi, H.Hassani, M.Gholizadeh;
�Phosphorus, Sulfur, and Silicon and the Related
Elements�, Synth.Commun., 179, 1417 (2004), (c)
H.Firouzabadi, N.Iranpoor, H.Hassani, S.Sobhani;
Synth.Commun., 34, 1967 (2004).

[31] F.W.Zemicaelb, A.Palermo, M.S.Tikhovet; �Aspects
of heterogeneous enantioselective catalysis by met-
als�, Catal.Lett, 80, 93 (2002).

[32] H.Cong, C.F.Becker, S.J.Elliott et al.; �Silver
nanoparticle-catalyzed Diels-Alder cycloadditions of
2'-hydroxychalcones�, Journal of the American
Chemical Society, 132, 7514-8 (2010).

[33] P.K.Tandon, S.B.Singh, M.Srivastava; �Synthesis
of some aromatic aldehyedes and acid by sodium
ferrate in the Presence of copper-nano particles ab-
sorbed on K10 Mont Morillonite using microwave



414

Full Paper

Catalytic oxidation of aromatic and cyclic hydrocarbons OCAIJ, 11(11) 2015

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

irradiation�, Appl.Organometal.Chem., 21, 264-267
(2007).

[34] P.K.Tandon, S.B.Singh, S.Singh, B.Kesarwani;
�Oxidation of hydrocarbons, Cyclic alcohols and al-
dehydes by in situ prepared sodium ferrate�, J.Indian
Chem.Soc., 89, 1363-1367 (2012).

[35] W.Yao, Y.Chen, L.Min, H.Fang, Z.Yan, J.Wang;
�Liquid oxidation of cyclohexane to cyclohexanol
over cerium-doped MCM-41�, J.Mol.Catal.A:
Chemical, 246, 162-166 (2006).

[36] E.Ganin, I.Amer; �Cerium- catalyzed selective oxi-
dation of alkyl benzenes with bromate salts�,
Synth.Commun., 25, 3149�3154 (1995).

[37] P.K.Tandon, R.Baboo, A.K.Singh, M.Purwar;
Appl.Organometal.Chem., 19, 10, 1979 (2005).

[38] P.K.Tandon, M.Srivastava, S.B.Singh, S.Singh;
�Liquid phase and microwave assisted oxidation of
some hydrocarbons, aromatic aldehydes and phenols
by cerium (IV) catalyzed by iridium(III) in acidic
medium�, Synthetic communications, 38, 13, 2125�
2137 (2008).

[39] P.K.Tandon, M.Srivastava, S.B.Singh, N.Srivastava;
�Liquid phase and solvent less oxidation of cyclo-
hexane, Benzene and other hydrocarbons by
cerium(IV) catalyzed by iridium(III) in acidic me-
dium�, Synthetic communication, 38, 18, 3183-3192
(2008).


