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ABSTRACT

Although there are various oxidants known for their versatility & efficiency, still there is a continuous search for new oxidants in the field of
organic synthetic chemistry. Over the past few years, a lot of work has been done on the utility of chromium(VI) based oxidants, leading to the
development of a variety of reagents. The present study compiles different types of chromium complexes and their synthetic utility in organic
chemistry as new oxidizing systems.
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INTRODUCTION

In recent years, oxidation processes have received much attention, especially in the search for selective and environmentally friendly oxidants
[1,2]. Chromium(VI) based reagents have been extensively used as oxidizing agents in synthetic organic chemistry [3-8]. Many among these
have become quite popular and proven to be potent oxidizing agents. These versatile reagents are capable of oxidizing almost every oxidizable
organic functional group. The important ones among these Cr(VI) reagents include-ditertiary butyl chromate [9], tetrakis(pyridine) silver
dichromate [10], tripropyl ammonium fluorochromate [11], quinolinium fluorochromate [12], quinolinium chlorochromate [13], 3,5-dimethyl
pyrazolium fluorochromate [14], Collins reagent [15], chromium trioxide-3,5-dimethyl pyrazole complex [16], Pyridinium Chlorochromate
(PCCQ) [17], Pyridinium Dichromate (PDC) [18], 2,2’-Bipyridinium Chlorochromate (BIPCC) [19], 2,6-dicarboxy pyridinium chlorochromate
[20,21], N-Methyl piperidinium chlorochromate [22], Tetramethyl Ammonium Fluorochromate VI (TMAFC) [23], N-Methyl Benzyl
Ammonium Fluorochromate (MBAFC) [24], Cetylrimethyl Ammonium Bromochromate (CTMABC) [25], pyridine chromium peroxide [26],
Caffinilium chlorochromate [27], Isoquinolinium chlorochromate [28], Chromium trioxide 3,5-Dimethylpyrazole complex (CrOg3.5-DMP) [29],
quinolium chloromate [30], prolinium chlorochromate [31], tributyl ammonium chlorochromate [32], triphenyl methyl phosphonium
chlorochromate [33].

The first attempt to make a mild reagent of substituted chromates was reported by Sarett and coworkers, who used pyridine to form a salt with
CrOg, in order to oxidize steroidal alcohols. A variety of Cr(VI1) oxides derived from CrO5; were long among the most popular reagents for
oxidation of alcohols to aldehydes and ketones. Pyridinium chlorochromate, pyridinium dichromate and chromic oxide-pyridine (Collins
reagent) are the most common used ones. The oxidation of alcohols can usually be stopped at the aldehyde stage although oxidation to
carboxylic acids can also be achieved.

Despite its selectivity, Collin’s reagent suffers from difficulties associated with its preparation, stability and efficiency. The less reactive adducts
PCC and PDC are more easily handled and more selective than Collin’s reagent in oxidation of alcohols. These reagents as well as other more
exotic adducts of nitrogen heterocycles with Cr(VI), facilitate a number of oxidative transformations of organic compounds, including
cyclization to form tetrahydrofuran derivatives and allylic transposition to afford enones from allylic alcohols.

Many authors [34-37] have reviewed and reported the oxidation of organic compounds by Cr(V1) in acidic media. Cr(\VI) oxidations of inorganic
substrates was studied and reviewed by Beattie & Haight [38]. The chromates and dichromates of Cr(V1) are reported [39] to be highly soluble
and very toxic as well. Therefore a continuous search for a selective and efficient oxidizing agent for various organic substrates under milder
conditions was of interest to synthetic organic chemists. This led to the development of many such reagents with some success [40].

Oxidation of alcohols into the corresponding aldehydes and ketones efficiently using trimethyl-silyl chlorochromate was reported [41,42]. An
excellent yield of carboxylic acids is obtained by CrO; catalysed novel oxidation of primary alcohols by using only 1-2 mol % of CrO; and 2.5
equivalents of HslOg in wet MeCN. Here, no significant racemization is observed for alcohols with adjacent chiral centres. However, secondary
alcohols are cleanly oxidized to ketones (Schemes 1-17) [43].
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0°c, 75 min.

Scheme 1

A domino oxidation of primary alcohols gives a, B-unsaturated compounds by using PCC-NaOAc and stabilized by Wittig reagents [44].

1.5eq. PCC O

O
R/\OH + PMP\)J\ 1.5 eq.NaOAc _ R/\)J\R
R' wet MeCN(0.75 vol% H,0)
MeCN,r.t., 1-5 hr.

R' = OEt alkyl

Scheme 2

A CrO; catalysed efficient oxidation of benzyl alcohols and benzyl TBDMS ethers to give high yield of corresponding carbonyl compounds
proceeds with periodic acid at low temperature (-78°C). The oxidation procedure was found to be highly functional group tolerant & very
selective for the TBDMS group over the TBDPS group [45].
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Scheme 3
TBDMS 1-5 mol%CrO3 O
3eq. HSIOG )J\
Ar” R MeCN/CH,Clp1:1) A7 R

-78 or 40°C, 1 hr

Scheme 4

A facile and quantitative preparation of carboxylic acids by PCC catalyzed (2 mol %) oxidation of primary alcohols and aldehydes using 2.2
equivalents and 1.1 equivalents of Hs1Og, respectively, in acetonitrile is described [46].

R/\OH 2.2 eq.Hsl0g, 2 moI%PCC‘ R)OJ\OH
MeCN, R.T. 3 hr
Scheme 5
O 0
RJ\H 1.1 eq.HslOg, 2 Mol%PCC RJ\OH

MeCN, R.T. 1.5 hr

Scheme 6

A potent and expeditious oxidative deamination of various a-aminophosphonates allows the synthesis of a-keto-phosphonates using
ZnCr,07.3H,0 under solvent free conditions at room temperature [47]. This method can also be applied to the rapid and highly selective
oxidation of various amines to aldehydes & ketones in very good yields.

NH, o)

ML 1eq.zncr0,3H,0
R” "R R)J\R'
neat, R.T., 5-15 min.

R: Aryl or alkyl, R": alkyl or H or P(O)(OEt),

Scheme 7
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The oxidation of alcohols by modified oxochromium(VI) amine reagents was reported [48,49].

: OH PLOIAN
|C|)‘> g—\ © . )J\ + [CrO5]

Scheme 8

Domino reaction of solanopyrone in total synthesis was described [50].
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Scheme 9

Majetich and coworkers [51] reported the oxidation of tertiary allylic alcohols to rearranged enones.
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Chromium oxide reagents are used as a better option for the difficult transformation of the functionalization of allylic positions which are usually
done by distinct methods like allylic halogenation, singlet oxygen and selenium dioxide). Numerous other reagents like NBS, SeO,, CrO,Cl,
failed altogether. Cr(\VI) complexes oxidize alkenes to enones in favourable cases. The reaction is carried out efficiently when one of the double

bond termini is fully substituted i.e., cannot be oxidized to a ketone [52,53].

OH
. PDC N .
SiMe; SiMes
(@]

Scheme 11

H
' CrO3 .2Py
- 28%

Scheme 12

Scheme 10

Sarrett [54] identified the adduct of pyridine and Cr(VI) oxide i.e., Collin’s reagent as a selective compound for the oxidation of primary and
secondary alcohols to carbonyl compounds. Trihaloacetic acids can be converted to trichloromethyl and tribromomethyl ketones in good yield

by a catalyzed reaction with aldehydes followed by oxidation [55].
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Scheme 13

A reaction between dialkyl acetylene dicarboxylates and $-amino ketones promoted by triphenyl phosphine allows an efficient one pot synthesis
of polysubstituted 2,5-dihydropyrrole derivatives. The prepared 2,5-dihydropyrroles can be easily oxidized to the corresponding pyrrole
derivatives with chromium trioxide [56].

Ar COOMe Ar COOMe
N COOMe  CHClg, rt, 4hr. N COOMe
Ar' Ar'
Scheme 14

Two new mild oxidizing agents [57]. Tetramethylguanidium Halochromates (TMGFC & TMGCC) were prepared in high yields by reacting tetra
methyl guanidine with CrO; and related acid. These reagents are suitable to oxidize various primary & secondary alcohols and oximes to
corresponding carbonyl compounds under solvent free conditions & microwave irradiation.

A simple and selective method for the oxidation of alcohols to carbonyl compounds using wet alumina supported ammonium chlorochromate in
solventless system is described [58]. An efficient & mild method for the oxidation of alcohols and polyarenes is described using TMAFC under
microwave irradiation [59].

OH . o)
CH3(CH2)15N (CH3)3(CrO3Br') = R4 =a|ky|
\''H > R, =H or alkyl
Ry R

R, 1 R
Scheme 15
CHsy CH;
TMFAC,CH,Cl,
OH 25 min., 95% o
H,C™ "CHj H;C® CHj
Scheme 16

Oxidation of lysine by chromium (V1) in acid perchlorate medium has been studied. Microwave assisted oxidation of organic compounds such
as carbohydrates and polycyclic arenes by cetyltrimethyl ammonium chlorochromate was reported [60].

O-CH, O-CH,
oCH o oCH 4
CTMACC
! [ O mw 21 min, 87% o
OH o\\/ ’ o) Oﬁ/
Scheme 17
CONCLUSION

Cr(VI1) complexes are considered as a very important class of organic compounds because of their oxidizing properties. Cr(\V1) reagents have a
wide spectrum of application in synthetic organic chemistry. Here we have made an effort to compile most of these oxidation processes using
these reagents which are reported in recent years. However, there is still a need to explore several areas of these transition metal complexes and
to synthesize new ones with more properties.
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