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2,6-DICARBOXYPYRIDINIUM FLUOROCHROMATE–
PROMOTED OXIDATION OF ALKYL-ARENES INTO
CARBONYL COMPOUNDS UNDER NONAQUEOUS
AND APROTIC CONDITIONS

Yaghoub Sarrafi, Mahmood Tajbakhsh,
Rahman Hosseinzadeh, Marzieh Sadatshahabi, and
Kamal Alimohammadi
Faculty of Chemistry, Mazandaran University, Babolsar, Iran

GRAPHICAL ABSTRACT

Abstract Benzylic C-H oxidation of a wide variety of alkyl- and cycloalkyl arenes employ-

ing 2,6-dicarboxypyridinium fluorochromate under mild reaction conditions is described.

The corresponding carbonyl compounds are obtained in good to excellent yields.

Keywords Alkyl-arenes; carbonyl compounds; 2,6-dicarboxypyridinium fluorochromate;

oxidation

INTRODUCTION

The introduction of carbonyl functionality at the benzylic position from the
corresponding alkyl-arenes is an important transformation in organic synthesis,[1]

because the carbonyl compounds can serve as valuable building blocks in the manu-
facture of special chemicals in pharmaceutical and agrochemical industries. In
addition, aryl ketones are integral parts of various natural products.[2] In the past
few years, many methods have been devised for introducing a carbonyl moiety at
the benzylic position,[3] for example, pyridinium chlorochromate (PCC),[4] Gif
reagent=picolinic acid,[5] RuCl2 (PPh3)3-t-BuOOH,[6] [Rh2(cap)4],

[7] mesoporous
CrMCM-41 molecular sieves,[8] 3,6-bis(triphenylphosphonium) cyclohexene peroxo-
disulfate,[9] and in situ–generated Bi(0) as catalyst along with tert-butyl hydroperox-
ide and picolinic acid.[10] Although all of these methods are effective, some of them
have drawbacks such as lengthy workup procedures, harsh reaction conditions,[10]
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and requirements for absolutely dry and inert media.[6] Thus, there is still a need to
develop an operationally simple, mild, and useful method.

Herein, we report a convenient method for the oxidation of benzylic hydrocar-
bons to the corresponding carbonyl compounds using 2,6-dicarboxypyridinium
fluorochromate (2,6-DCPFC) at room temperature (Scheme 1).

RESULTS AND DISCUSSION

The use of chromium(VI) reagents having quaternary ammonium ions as
effective oxidizing agents has been reported in organic transformations.[11] Recently
we have noticed that the 2,6-dicarboxypyridinium moiety in chromium(VI) reagents
is very effective in the oxidation of alcohols, silyl and tetrahydropyrane (THP)
ethers,[12a] oxidative deprotection of oximes, phenylhydrazones, and semicarbazones
to carbonyl compounds,[12b,c] deprotection of thioacetals and 1,1-diacetates,[13] oxi-
dation of thiols to disulfides and sulfides to sulfoxides,[14] deprotection of trimethyl-
silyl ethers to their parent aldehydes,[15] and oxidation of alcohols, phenols, and
hydroquinones.[16] As a part of our ongoing program to develop new oxidation
methods, we have used 2,6-DCPFC in the oxidation of benzylic hydrocarbons.

2,6-DCPFC is easily prepared by treatment of aqueous solution of CrO3 and
HF with pyridine 2,6-dicarboxylic acid. It is a stable yellowish solid that can be
stored for months without losing its activity.

In this study, oxidation of different alkyl arenes to the corresponding carbonyl
compounds was investigated. To gain some preliminary information on this syntheti-
cally useful reaction, ethyl benzene was chosen as a model substrate. When a mixture
of 1:1 mol ratio of oxidant to ethyl benzene was stirred in different solvents (Table 1),
after only 7min was an almost quantitative yield of acetophenone obtained in aceto-
nitrile (Table 1, entry 3). As shown in Table 1, this reaction in other solvents gave

Table 1. Oxidation of ethyl benzene to acetophenone with 2,6-DCPFC in different

solvents at room temperature

Entry Solvent Time (min) Yield (%)a

1 CH2Cl2 90 70

2 C6H6 120 40

3 CH3CN 7 99

4 THF 40 60

5 CHCl3 90 50

6 DMF 90 70

7 DMAC 90 30

8 Acetone 90 60

aIsolated yield.

Scheme 1.
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Table 2. Oxidation of alkyl-arenes to carbonyl compounds using 2,6-DCPFC in CH3CN at room

temperature

Mp or Bp (�C)

Entry Substrate Producta Time (min) Yieldb (%) Observed Reported[17]

1 Ph-CH2CH3 7 99, 97c 18–20 20[17a]

2 Ph-CH2Ph 10 92 47–48 49[17a]

3 60 82 104–105 103–105[17a]

4 55 95 94–95 95[17a]

5 60 98 81–83 83[17a]

6 55 97 283–285 285[17a]

7 15 89 41–43 42[17b]

8 65 88 38–40 38–41[17a]

9 15 76 175–177 178[17a]

10 20 70 198–200 200[17a]

11 20 75 198–200 199[17a]

(Continued )
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less yield of the products in longer reaction time (Table 1, entries 1, 2, and 4–8). An
interesting feature of this procedure is that the reaction could be followed visually.
Completion of the reaction was recognized when the color of the reaction mixture
changed from yellowish to dark green.

To show the generality and applicability of this method, a variety of benzylic
substrates were oxidized under the optimal reaction conditions, and the results are
presented in Table 2.

Table 2. Continued

Mp or Bp (�C)

Entry Substrate Producta Time (min) Yieldb (%) Observed Reported[17]

12 15 80 202–203 204[17a]

13 25 80 247–250 248[17a]

14 60 20 228–232 230[17a]

15 60 25 66 67[17a]

16 60 50 76–77 78[17a]

17 120 Trace 106[17a]

aAll of the products were characterized by comparison of their spectral and physical data with authentic

samples.
bYields refer to isolated products.
cThe reaction was carried out with 10mmol of substrates.
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As shown in Table 2, when conducting the oxidation of ethyl benzene on a
10-mmol scale, nearly the same yield of acetophenone as in small-scale reaction
was obtained (Table 2, entry 1). Similarly, diphenyl methane gave 92% yield of ben-
zophenone after 10min (Table 2, entry 2). Oxidation of benzyl methyl ketone and
benzyl phenyl ketone to afford the corresponding dicarbonyl compounds takes a
longer reaction time (Table 2, enteries 3 and 4). Under the same reaction conditions,
fluorene, anthrone, indan, and indene gave fluorenone, anthraquinone, 1-indanone,
and 2-indene-1-one respectively in good yields (Table 2, entries 5–8). Indan, after
only 15min, selectively gave a good yield of its mono-oxidized product (Table 2,
entry 7).

2,6-DCPFC can also act as an efficient reagent for the oxidation of methyl ben-
zenes to the corresponding aldehydes. When toluene was treated with 2,6-DCPFC at
room temperature, after about 15min 76% of benzaldehyde together with a small
amount of benzoic acid formed (Table 2, entry 9). Similarly, xylenes converted selec-
tively to their tolualdehyde derivatives in good yields together with a small amount
of the corresponding toluic acids (Table 2, entries 10–12). p-Methoxytoluene also
gave good yield of p-methoxybenzaldehyde after 25min (Table 2, entry 13). How-
ever, alkyl arenes with electron-withdrawing groups proceeded to the corresponding
aldehydes in poor yields and long reaction time (Table 2, entries 14–17). For
example, o-bromotoluene or p-nitrotoluene even after 60 and 120min gave 20%
o-bromobenzaldehyde and a trace amount of p-nitrobenzaldehyde, respectively.
Increasing the amount of reagent and reaction temperature did not improve the yield
of the corresponding aldehydes but led to the formation of the corresponding acid in
poor yields.

To show the advantages and drawbacks of this method, we compared oxi-
dation of diphenylmethane to benzophenone with some other oxidants reported in
the literature in Table 3. As shown in this table, oxidation with 2,6-DCPFC is

Table 3. Oxidation of diphenylmethane to benzophenone by 2,6-DCPFC in comparison with some other

reagents

Entry Reagent Conditions Time Yield (%) Reference

1 2,6-DCPFC CH3CN, rt 10min 92 —

2 2,6-DCPFC Solid phase 1 h 14 —

3 HBr–H2O2 CH2Cl2, rt 12 h 91 3b

4 CrO3-H5IO6 CH3CN, rt 1 h 99 3c

5 Cr-PILCPa - t-BuOOH CH2Cl2, rt, N2 atm 44 h 90 3d

6 PDCb -t-BuOOH Substrate–t-BuOOH–

PDC¼ 1:4:4, benzene, rt

14 h 76 3e

7 Rh2(cap)4
c - t-BuOOH K2CO3, CH2Cl2, rt 16 h 55 7

8 Mesoporous CrMCM-41,

Molecular Sieves,

H2O2 (50%)

Methanol, 80 �C 12 h 53.8 8

9 t-BuOOH, Catalyst Bi(0),

Picolinic Acid

Pyridine–AcOH (9:1),

100 �C
16 h 95 —

aCr-PILCP: chromium-pillared clay catalyst.
bPDC: pyridinium dichromate.
cRh2(cap)4: dirhodium caprolactamate.
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superior to other methods in terms of yields, easier isolation of the products, milder
reaction conditions, and shorter reaction time.

CONCLUSION

In conclusion, oxidation of benzylic C-H in arenes to their carbonyl com-
pounds can be effectively performed with 2,6-DCPFC under mild reaction con-
ditions. Selective oxidation, simple procedure, easy reaction workup, efficiency,
good yields, and short reaction time are the advantages of this method that make this
reagent a useful addition to the category of oxidants for benzylic substrates.

EXPERIMENTAL

All the chemicals were purchased from Merck. The reactions were monitored
by thin-layer chromatography (TLC) using silica-gel plates, and the products were
purified by flash column chromatography on silica gel (Merck, 230–400mesh) and
were identified by comparison of their spectra (1H NMR and FT-IR) and physical
data with those of the authentic samples. 1H NMR spectra were recorded with
Brucker DRX500 Avance (400-MHz) spectrometers, using CDCl3 as solvent. IR
spectra were recorded on a Pye-Unicam SP 1100 spectrophotometer.

Preparation of 2,6-Dicarboxypyridinium Fluorochromate (2,6-DCPFC)

To a solution of CrO3 (2.00 g, 0.02mol) in 1.0 cm3 water in a polyethylene bea-
ker, 40% HF (1.5 cm3, 0.03mol) was added with stirring. An orange-red solution was
obtained. The reaction mixture was then cooled in an ice bath (�5 �C), and pyridine
2,6-dicarboxylic acid (3.342 g, 0.02mol) was added portionwise. The orange crystal-
line compound formed that was then filtered under vacuum using a polyethylene
funnel, washed with petroleum ether (3� 10 cm3), rapidly dried in a vacuum desica-
tor, and finally stored in a polyethylene bag. The yield of 2,6-DCPFC was found to
be 92% (5.28 g).[12c]

General Procedure for the Oxidation of Benzylic Hydrocarbons

In a round-bottomed flask (50ml) equipped with a magnetic stirrer, a mixture
of the substrate (1mmol) in CH3CN (5 cm3) and 2,6-DCPFC (1mmol) was placed.
The reaction mixture was stirred at room temperature for the specified time (Table 2).
The progress of the reaction was monitored by TLC or visually. After the reaction
was completed, the mixture was filtered, and the solid material was washed with
diethyl ether (2� 10 cm3). The combined filtrate was evaporated under reduced
pressure to afford pure carbonyl compound. If necessary, the product was further
purified on a silica-gel plate or silica-gel column with appropriate eluent.
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