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INTRODUCTION

Oxidation 1s an essential operation 1n organic
syhtheses and several reagents have been developed for
a wide variety of transformations(1,2). Hexavalent chromium
compoundé have been widely used as oxidizing agents reacting
with diverse kinds of organic substrates. In the course
of these reactiéns, the Cr(VI) compounds are reduced té

the Cr(III) species.

The earliest known Cr(VI) oxidants are chromium
trioxide and chromyl <chloride.  Chromium frioxide has
been wused in various kinds of reaction media such as
water, sulphuric acid, acetic anhydride, t-butyl alcohol
and pyridine. Chromyl <chloride has been generally used

in carbon tetrachloride and carbon disulphide.

In the recent past, a large number of novel Cr(VI)
oxidizing égents have been introduced, mostly 1in response
o' the needs of mildness and selectivity . The usefulness
of "Jones reagent”(j) for the oxidation of organic compounds

has been well established.

One of the earliest and most widely employed Cr(VI)

oxidants was "Collins reagent" - dipyridinium-Cr(vI)
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oxide in dichloromethane(4). The use of dichloromethane
as the reaction medium constituted a major breakthrough

in oxidation with dipyridinium-Cr(VI) oxide.

For oxidation purposes, the most widely used Cr(vI)
complex with pyridine has been pyridinium chlorochromate(PCC)
‘popularly known as "Corey's reagent"(55.~‘lts principal
advantage 1s that this reagent 1s not air or moisture
sensitive, and oxidation with it does not involve handling
a large wvolume of solvent. Studies on the kinetics of
oxidation of primary alcohols by PCC have provided impor-
tant information on the mechanism of the >process(6).
Involvement of protonated chromium species 1n the rate
determining step was indicated by the catalysis of the
reaction by acid, the acid catalysed reaction being first
order . PCC does not polymerise acrylonitrile, and a hydrogen
transfer hypothesis was thus not tenable. A substantial
kinetic isotope effect, kH/kD=5.71, at 303K suggested
a hydride transfer in the rate determining step. The
transfer could occur directly Dbetween the alcohol and
the protonated species or intramolecularly after the
initial formation of a chromate ester. A few representative
examples of oxidation of primary and secondary alcohols

by PCC are given in Table 1.
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Table 1. Oxidation of Primary and Secondary Alcohols by PCC (ref.5).

Alcohol Product kk96)deld
I-Heptanol Heptanal 78
[-Decanol Decanal 92
1,6~-Hexane diol Hexandial 68
Oct-2-yn-1-ol Oct-2-ynal &4
Citronellol " Citronellal . ‘ 32
 Benzhydrol Benzophenone 100

The diffiéulties in handling Collins reagent and
the problem arising out of the acidic nature of Corey's
reagent were overcome by the use of pyridinium dichromate,
PyCr207(PDC), which was recognised és a mild and selective
oxidizing agent(7)a This reagent 1s soluble in a number
of solvents, though an aprotic medium 1is necessary for
getting satisfactory results. PDC 1s generally used either
in solution in DMF or as a suspension 1in dichloromethane.
Anhydrous conditions were used during. oxidation with
PDC, and when the oxidation was performed in DMF, the
carbonyl compounds were isolated by ether extraction
after pouring the reaction mixture in water. PDC shows
remarkable selectivity as an oxidizing agent . When dissolved
in DMF, it clearly oxidizes allylic alcohols to the corres-

ponding o,f-unsaturated aldehydes in excellent yields.
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PDC in dichloromethane oxidized primary and secondary
alcohols efficiently. The aldehydes obtained as products

from primary alcohols do not wundergo further oxidation.

Cr(vl) oxide-3,5-dimethyl pyrazole(8) 1is a Cr(VI)
complex which has been used as an oxidant with mixed
success . The reagent is presumed to form a cyclic chromate
ester that generates the carbonyl compound through intra-
molecular elimination. Despite the high vyields of some
simple aldehydes and ketones from the corresponding alcohols

and near guantitative oxidation of geraniol, this reagent

proved to be unsatisfactory in a number of éases(9,10).

Pyridine oxodiperoxy chromium, CSHSN:CIOS, a complex
of chromium pentoiide with pyridine, has also been used

for the oxidation of primary and secondary alcohols(11).

In order to protect acid sensitive functiogal
groups during oxidation of alcohols with Cr(Vl)oxide,
variousv polar aprotic solvents have been used. At least
three such solvents, namely DMF(12), hexamethyl phosphoramide
or HMPT(13-15) and dimethyl sulphoxide(16), have been
used with some success. A solution of Cr(vI) oxide 1in

~

DMF containing a trace of concentrated sulfuric acid
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was able to oxidize alcobols containing acid sensitive
protecting groups. The presence of catalytic amounts
of sulfuric acid was essential, accompanied by the éresence
of an ice bath and an inert nitrogen atmosphere. Oxidation
with Cr(VI) oxide in HMPT showed excellent selectivity.
When a solution of Cr(VvI) oxide was added to an equal
voluﬁe of the substrate dissolved in HMPT, simple axial
and equatorial hydroxyl functions were oxidized, the
latter at a much faster rate(13). Under the same experi-
mental conditionq] Cr(vVI)oxide in HMPT was found to oxidize
allylic hydroxyl functions in preference to other alcoholic
groups(13). A series of primary and secondary alcohols
were oxidized in 80-90% vyields by a solution of sodium
dichromate dihydrate in concentrated sulfuric acid 1in
DMSO at 70°C. DMSO acts as a solvent in these oxidations
and not as an oxidant, as shown by the negligible oxida-

tion of the substrate in the absence of dichromate.

The technique of using reagents intercalated in,
or adsorbed on, a solid support(17) has also been exploited
in oxidations with Cr(vI) oxidizing agents. The solid
supports wused have included graphite, silica, alumina,

silica gel, celite and various reagents. As 1in the case

of other Cr(VvI) reagents, attempts were made to achieve
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mild reaction conditions, better selectivity and convenient
isolation of the oxidation products. On heating with
graphite under reduced pressure, Cr(VI)oxide was claimed
to be uniformly intercalated and the resulting substance
was found to oxidize primary alcohols to aldehydes 1in
high vyields(18). Later work showed that the oxidizing

agent was a surface deposit of Cr(VI) oxide on graphite

(19-20) .

Chromyl chloride adsorbed on silica-alumina was
found to be an effective oxidizing agent for primary
and secondary alcohols under neutral non-aqueous conditions
(21). It has Dbeen reported that 1chromic acid adsorbed
on silica gel was able to bring about the instantaneous
oxidation of primary and secondary alcohols(22). Collins
reagent adsorbed on celite has been used to oxidize allylic
alcohols to the corresponding aldehydes(23—24). Chromic
acid supported on an ion-exchange resin has been uged
to oxidize primary and secondary alcohols(25). This polymer
supportéd reagent 1is prepared by adding the chloride
form of the resin to an agueous solution of Cr(VI)oxide
under stirring. PCC, adsorbed on alumina, has been claimed
(26) to be a better oxidizing agent than in dichloromethane

suspension. Better efficiency has also been claimed(27)
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for the oxidation of primary and secondary alcohols using
PCC supported on polymer . The reagent, poly[vinyl(pyridi—
nium chlorochromate)], (PVPCC), 1is prepared by adding
Cr(VI) oxide and concentrated hydrochloric acid to poly-

vinyl pyridine suspended in water.

Several facile oxidations of secondary alcohols
with chromic acid in a two-phase system of ether and
water have been reported (28-30). This method has proved
particularly suitable for the synthesis of ketones, which

are susceptible to epimerization under oxidizing condi-

tions(28) .

Cr(VI)oxide in a mixture of ether and dichloromethane
oxidizes several ~secondary alcohols in the presence of

celite(31).

There have been several reports on the oxidation
of primary and secondary alcohols by Cr(VI) oxidants

under phase transfer catalysis(32-36).

Allylic and benzylic alcohols were efficiently
oxidized to the corresponding aldehydes with bis-tetrabutyl

ammonium dichromate (TBADC) in refluxing dichloromethane(37).
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The 2,2"-bipyridine complex of chlorochromic
acid jsauseful oxidizing agent and the use of this reagent
had resulted in simplified procedures for the purification
of the resulting carbonyl compounds(38). The 2,2'-bipyri-
dinium chloro chromate and the 2,2'-bipyridine-chromium
trioxide complex have both proved to be specially useful
in oxidations of compounds with acid-sensitive protecting
groups, due to the internal buffering of the 2,2'-bipyridyl
system. These results indicated that synthetically
useful changeé in the properties and reactivity of Cr(Vi)
reagents could be brought about by varying the amine
ligand associated with chromium trioxides. Another Cr(vI)
reagent which has proved useful as a mild selective reagent
for the oxidation of complex allylic and benzylic alcohols
to the corresponding carbonyl compounds was 4-(dimethyl-
amino )pyridinium chlorochromate(39). Secondary alcohols
proved to be more reactive towards this reagent than
primary alcohols. The ready preparation of this oxidizing
agent, 1its selectivity, and the ¢€ase of wusing this
reagent indicated that it may prove to be a useful
alternative to other reagents in the oxidation of complex
allylic and benzylic alcohols.

Since the process of oxidation in organic chemistry

is of great value as a fundamental process in a wide,



scope of chemical conversions, there has been considerable

interest in the development of newer Cr(VI) reagents
for the oxidation reactions. Since the appearance of
pyridinium chlorochromate(5,40), other similar oxidizing

agents have been developed varying the amine ligand asso-

ciated with the chlorochromate anion.

A Cr(vIl) reagent which was found to have certain
advantages over similar oxidizing agents in terms of
amounts of oxidant and solvent required, short reaction
times, and high yield was pyridinium fluorochromaté,PFC(41).
In dichloromethane as solvent, PFC was found to oxidize
primary and secondary alcohols to the éorresponding
aldehydes or ketones, and was also found to oxidize benzoin
to benzil, as also anthracene and phenanthrene to their

corresponding quinones(41).

A new class of Cr (V1) reagents derived from chromium
trioxide and halosilanes has been developed(42). These
reagents are highly efficient for the oxidation of alcohols
to carbonyl compounds, for the oxidative coupling of
mercaptans into disulphides and for a mild cleavage of
oximes to carbonyl compounds. Chlorotrimethylsilane-chromium

trioxide has been shown to be an efficient oxidizing
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agent for the conversion of arylnethanes to benzaldehyde,

and for the oxidative cleavage of some benzyl esters(42).

The oxidation of primary and secondary alcohols
f£o the corresponding carbonyl compounds 1is most frequently
accomplished 1in synthetic practice by the use of Cr(VI)
reagents 1in amounts ranging from stoichiometric to large
excess over stoichiometric(43). A new and highly effective
reagent combination for the catalytic oxidation of secondary
alcohols to ketones has been used(44). The reagent consis;
ted of peroxy acetic acid as the stoichiometric oxidant
and the Cr(VI) ester(l) as the catalyst with carbon tetra-
chloride-methylene chloride mixture as solvent. A solution
of Cr(VI) ester(l) was prepared from 2-4 dimethylpentan-

2,4-diol and CroO in dry CC1

3 4-



[ 1]

The efficient oxidation of alcohols to carbonyl
compounds under mild conditions has been a necessary
theme 1in organic syntheses. An improved procedure was
described for the extremely rapid and efficient oxidation
of alcohols, by the addition of a small gquantity of anhydrous
acetic acid to pyridinium dichromate(PDC) and freshly
-activated molecular sieve powder in dichloromethane at

room temperature(45).

Chromium peroxide complexes have been used as
general oxidants in organic syntheses. 2,2'-bipyridyl
chromium peroxide has been used to convert different
clésses of alcohols to the carbogyl compounds, for C-C
bond cleavages in 1,2-diols, for the quantitative decarboxy-
lation of u;hydroxj acids, for fthe conversion of oximes to
their carbonyl compounds, thiols to disulphides, dihydroxy
phenolic compounds to quinones, benzylamine to benzal-
dehyde, aromatic amines to their azo compounds,
and for the «conversion of anthracene and phenanthrene
to their quinones(46). Pyridine chromium peroxide has
been wused to «convert different <classes of alcohols to
the carbonyl compounds, thiols to disulphides, anthracene
to anthfaquinone, and for the decarboxylation of mandelic
and Dbenzylic acids(46). Chromium peroxide etherate has

also Dbeen used as an effective reagent for the oxidation
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of different c¢lasses of alcohols to their carbonyl com-

pounds (46) .

Imidazolinium dichromate(IDC) has Dbeen shown to
be very useful and reliable for the oxidation of allylic
=nd benzylic alcohols to the corresponding' carbonyl com-

éounds in high yields under mild conditions(47).

The phase transfer catalysed oxidation of benzylic
falcohols using benzyltriethylammonium chlorochromate

has been reported(48).

Pyridinium bromochromate has Dbeen reported as
"an efficient oxidant for the oxidation of benzyl alcohols,
- fluorenols and benzoin,~all these reactions being performed

in chloroform(49) .

The Dbiphosphonium dichromate reagent,

. + + 2- : ,
,(C6H5)3 P CHZP (C6H5)3Cr207 , was a particularly mild and
selective reagent for the oxidation of primary and secondary
- alcohols(50). The oxidation of primary alcohols to aldehydes
.6ccurs without further oxidation to acid, and without

double bond isomerisation or migration for such alcohols

as geraniol(50) .
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The oxidation kinetics of alcohols Dby pyridinium
fluorochromate (PFC) indicated that PFC was an efficient
two-electron oxidant which was capable of participating

in oxygen-transfer oxidations(51).

3-Carboxy pyridinium dichromate(NDC), readily
prepared from nicotinic acid and chromium trioxide, 1s
an efficient reagent for the oxidation of alcohols to
carbonyl compounds 1in the presence of pyridine(52). The

optimum molar ratio of substrate:oxidant:pyridine to
ensure complete oxidation of starting material in a short

reaction time was found to be 1:2.5 : 20 respectively.,

The Cr(VI)oxide diperoxide oxidation of organic
sulphides(53) and of tertiary amines(54) have been reported.
The rate law observed suggested a mechanism 1involving
a preliminary coordination of the amine to the metal.
The oxidation rate of the amines and organic sulphides
indicated a mechanism having some single-clectron-transfer

(SET) character.

Quinolinium dichromate(QDC) having the structure

(C9H7NH+)2Cr2072—, has been used for the oxidation of

alcohols and aldehydes(55). QDC is a stable orange solid,
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- which has been prepared by dissolving CrOB in water,
adding quinoline and collecting the product. It has been
shown that quinolinium dichromate(QDC) works as efficiently
as Collins' reagent(4) and éctivated manganese dioxide(56) .
The data 1in Table 2 shows the details of the oxidation
Oif siome alcohols and aldehydes by QDC in dichloromethane

and dimethyl formamide solvents.

Table 2. Oxidation of alcohols and aldehydes by QDC (re-f.55)

Yield (%)

Compound Product In CHZCIZ In DMF
n-Butanol n-Butanal 69 74
Benzyl alcohol Benzaldehyde ' 45 45
Benzhydrol Benzophenone 55 48
Benzaldehyde - Benzoic acid 55
Cinnamaldenhyde Cinnamic acid » 52
Crotonaldehyde Crotonic acid 35
Quinolinium dichromate (QDC) has emerged as a

very useful and versatile oxidant, which 1is clearly deser-
ving of widespread application. QDC in dimethyl formamide-water
mixtures, in +the presence of acid, has been used for
the oxidation of a variety of organic substrates. Some

of the organic substrates which have been oxidized by QDC,
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in acid medium, have included benzyl alcohols(57), aryl-
alkanes(58), toluene and substituted toluenes(59,60),
fluorene(61}), polynuclear aromatic hydrocarbons(59,62),

and diphenylamines(63).
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