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Abstract-Prolinium chlorochromate was prepared by aneasyprocedure and applied on a silicagel. The
reagent was stable and wassuccessfully used for conversion of benzyl and nonbenzyl alcohols into the
corresponding carbonyl compounds under mild conditions and in high yield (90398%).

A great interest is constantly attracted by organic
reactions performed on the surface of solid carriers
[1, 2], namely, onzeolites [3], clay [3], silica gel
[1, 2, 4], alumina [1, 2, 5], and polymers [6, 7]. In
the last decade aserious effort was made in develop-
ment of new oxidants based on chromium(VI) on
carriers for efficient and selective oxidation of
organic substrates under mild conditions [8311].

In extension of our studies on development of new
reagents based on chromium(VI) on inertcarriers we
present here prolinium chlorochromate on silica gel
(I ) as an mild and efficient oxidant foralcohols.
Reagent I is easily prepared from proline,
cromium(VI) oxide, and 6 N HCltaken in molar ratio
1 : 1 : 1.1 (yield94%), andthen the prolinium chloro-
chromate is applied on silica gel by adding to a
vigorously stirredsilica gel suspension in water with
subsequent evaporation to dryness on arotary
evaporator. The structure of the reagent was
established from1H NMR spectrum (D2O), d, ppm:
2.6 t (1H, J 6 Hz), 1.9 t (2H,J 6 Hz), 1.3 m (4H),
and IR spectrum (KBr), where definite absorption
bands were present at1040, 950 and 760 cm31, cor-
responding to the stretching vibration of theCr=O
bond in the anionClCrO3

3. These data are consistent
with the previously observed bands forClCrO3

3 in
KCrO3Cl and BrCrO3

3 in quinolinium bromochromate
[12]. ReagentI is soluble inwater,sparingly soluble
in acetonitrile, and insoluble in dichloromethane,
chloroform, benzene, and hexane. The pHvalue for
0.001 M water solution of prolinium chlorochromate
is 3.3, andthis value is higher than that of pyridinium

chlorochromate (1.75) andzinc chlorochromate
monohydrate (2.3)[13, 14].

At the beginning of our study we tested the
oxidative ability of prolinium chlorochromate without
the carrier and on the carrier by theexample of
benzyl alcohol oxidation in boiling hexane (oxidant
to substrate ratio was 3 : 1). It turnedout, that the
reagent on silica gel was moreefficient oxidant for
benzyl alcohol: The reaction took less time(1.33 h),
whereas withoutcarrier the processproceeded for
6 to ~90% conversion.

We believe that the reagent adsorbed on silica gel
provides specific spatial arrangements increasing its
reactivity.

Therefore we decided tocarry out oxidation of
benzyl alcohols using 3 equiv of the reagent on silica
gel (at smaller amount of reagent the conversion was
lower and the reaction timelonger). Thereaction was
performed in boilinghexane and furnished the cor-
responding carbonyl compounds in excellent yields
(90398%) (see table). The oxidation of benzhydrol
(run no. 6) and phenyl-substituted nonbenzyl aliphatic
alcohols (runnos. 8, 9) required longer time and
more reagent. Interestingly, thecinnamic alcohol
(run no. 10) is more readily oxidized (20min).

We conclude that prolinium chlorochromate on
silica gel is an efficient reagent for oxidation of
benzyl and nonbenzyl alcohols into the corresponding
carbonyl compounds. We did not find any traces of
products produced by further oxidation (carboxylic
acids).

EXPERIMENTAL

All reagents used in this study were purchased
from Merk, Fluka, or Aldrich Companies. The
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Run ³

Substrate
³

Products
³ Ratio ³ Time, ³ Yield,a,b,c

no. ³ ³ ³ oxidant : substrate³ h ³ %
ÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄ

1 ³ Benzyl alcohol ³ Benzaldehyde ³ 3 : 1 ³ 1.33 ³ 98³ ³ ³ ³ ³
2 ³ 2-Chlorobenzyl alcohol ³ 2-Chlorobenzaldehyde ³ 3 : 1 ³ 0.75 ³ 97³ ³ ³ ³ ³
3 ³ 4-Chlorobenzyl alcohol ³ 4-Chlorobenzaldehyde ³ 3 : 1 ³ 1 ³ 90³ ³ ³ ³ ³
4 ³ 2-Bromobenzyl alcohol ³ 2-Bromobenzaldehyde ³ 3 : 1 ³ 0.5 ³ 98³ ³ ³ ³ ³
5 ³ 4-Methoxybenzyl alcohol ³ 4-Methoxybenzaldehyde ³ 3 : 1 ³ 1.66 ³ 94³ ³ ³ ³ ³
6 ³ Benzhydrol ³ Benzophenone ³ 3 : 1 ³ 4 ³ 91³ ³ ³ ³ ³
7 ³ 1-Phenylethanol ³ 1-Phenylethanal ³ 3 : 1 ³ 1.66 ³ 95³ ³ ³ ³ ³
8 ³ 3-Phenyl-1-propanol ³ 3-Phenylpropanal ³ 5 : 1 ³ 5.5 ³ 90³ ³ ³ ³ ³
9 ³ 1-Phenyl-2-propanol ³ 1-Phenyl-2-propanone ³ 5 : 1 ³ 3 ³ 93³ ³ ³ ³ ³

10 ³ Cinnamic alcohol ³ Cinnamaldehyde ³ 5 : 1 ³ 0.33 ³ 95
ÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄ
a Yield of isolated compound.
b All products were identified by comparison with authenticsamples.
c In all experiments the reaction reached 100% conversion.

products were identified by comparison of their
physical and spectral data with authenticsamples. The
melting points were measured on Electro Thermal
device and were presented withoutcorrection. IR
spectra were recorded on Shimadzu IR-470 instru-
ment. 1H NMR spectra were registered on spectrom-
eter Bruker AC, FT3NMR (80 MHz) in CDCl3,
external referenceTMS. TLC was carried out on
plates MerckKieselgel60H, F254, Art. no. 7730. The
same grade silica gel was used ascarrier for the
reagent.

Preparation of prolinium chlorochromate on
silica gel carrier. To 6 N HCl (9.2 ml, 0.055mol)
was added atstirring with a magnetic stirrer 5g
(0.05mol) of chromium(VI)oxide. In 5 min ahomo-
geneous solution formed that was cooled to 5oC, and
to the solution within 10 min was added5.75 g
(0.05 mol) of proline. Then the mixture was stirred
for 6 h at36oC. The arising dark-brown solution was
evaporated in a vacuum to obtain11.8 g (0.047mol)
of prolinium chlorochromate as dark-brown solid
(yield 94%). IR spectrum (KBr): 3200v.s, 1690s,
1600v.s, 1440 s, 1040 w, 760 m cm31. 1H NMR
spectrum (D2O): 2.6 t (1H,J 6 Hz), 1.9 t (2H,J6Hz),
1.3 m (4H) ppm.

Prolinium chlorochromate (1.25 g, 5mmol) was
added to silica gel (5 g) suspension in water(2.5 ml),
and was stirred till uniform mixture formed. The
solvent was evaporated in a vacuum at 40oC till the
target reagent on the carrier was obtained.

General procedure for benzyl alcohols oxida-
tion. To a solution of an alcohol(0.25 mmol) in
hexane (4 ml) was added the reagent oncarrier (0.753
1.25 mmol, see the table), and themixture was
stirred at reflux. Thereaction progress was monitored
by TLC (eluent CCl43Et2O, 6 : 1), and the reaction
was carried out till complete consumption of the
initial alcohol. The final mixture wasfiltered, the
precipitate was washed with hexane (305 ml), and
the filtrate was evaporated onrotary evaporator to
furnish the desired carbonyl compound. The structure
of oxidation products was confirmed by comparison
of their physical and spectral data with authentic
samples.

We are grateful to the Scientific Council of Guilan
University for the financial support of thisstudy.
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