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Chromium(VI) reagents have been widely used for the oxidation of primary and
secondary alcohols to carbonyl compounds.! Some of the important reagents®® are Collins’
reagent, chromium trioxide-3,5-dimethylpyrazole complex, pyridinium chlorochromate (PCC),
pyridinium fluorochromate (PFC), pyridinium dichromate (PDC), quinolinium chlorochromate
(QCC) and quinolinium fluorochromate (QFC). Some Cr (VI)-based oxidants suffer from disad-
vantages such as hygroscopicity, low selectivity, long reaction time, difficulty of preparation and
need for a large excess of the reagent. Therefore, there is a continued interest in the development
of a milder, more selective, inexpensive and non-toxic reagent. For this reason in this study we
examined a new oxidizing agent, hexamethylenetetrammonium fluorochromate (HMTAFC).
Hexamethylenetetraammine (urotropine) which is used for the synthesis of HMTAFC is a very
cheap and, most importantly, non-toxic compound. Accordingly HMTAFC is potentially supe-
rior to some other frequently used chromium reagents such as PFC and QFC.

Hexamethylenetetrammonium fluorochromate (HMTAFC) is a yellowish orange solid,
easily prepared in 70% yield by reaction of CrO, with aqueous hydrofluoric acid and hexameth-
ylenetetramine. It is highly soluble in dimethyl sulfoxide (DMSO) and N,N-dimethylformamide

U

(DMF), sparingly soluble in methylene chloride and in chloroform and insoluble in toluene,
benzene, ether and ethyl acetate. The structure of the new reagent was confirmed by elemental
analyses and IR (KBr) spectrum which exhibited bands at 988, 936 cm™! (Cr=0 stretching vibra-
tion of FCrO, ion) and 654 cm! (Cr-F). All of our experiments were carried out in DMF. Its
molar conductance in water at 25°C is 132 Q' cm? mol'. The acidity of HMTAFC (4.30, 0.01 M
aqueous solution) is less than that of PCC, PFC and QFC (0.01 M aqueous solution 1.75, 2.45
and 3.35 respectively). This reagent can be stored in sealed polyethylene bags as a dry solid for
long periods without decomposition under anhydrous conditions.

Primary, secondary and benzylic alcohols are converted to their corresponding alde-
hydes and ketones in good to high yields by HMTAFC in dimethylformamide. Fused ring hydro-
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carbons such as anthracene and phenanthrene are oxidized to quinones by this reagent. The
reagent is found to be quite effective for the oxidation of A’-steroid system like cholesterol to the
corresponding o, B-unsaturated ketone, of a thiol to the disulfide and of a 1,4-dihydropyridine to
the corresponding pyridine derivative.

In conclusion, the easily prepared new reagent HMTAFC is very similar to related
reagents such as PFC, QFC in terms of oxidizing properties, solubility in organic solvents, short
reaction times. In addition, like these reagents, it is non-hygroscopic and stable. However, the

Table 1. Oxidation of Alcohols and Other Organic Compounds with HMTAFC

mp. (°C)
Product 2,4-DNP
Substrate? Time (h) Product® Yield (%) Found Lit. " Found Lit."?
PhCH,OH 4h PhCHO 75 e 236237 237
"°'Q°"‘°"”’ 4h M“Q’c"‘c"’)‘ 70 e e 146-147 146
OH 0
(-on 7h (o 7 = 160-161 162
OH 0
Py Ph 8h pn Ny PP 90 95.96 95-96
0 0
O;Sjg\r( a )l:j;gj\);\rk 67  125-126 127
HO 0
PhSH 4h PhSSPh 64 6263 6162 - -
0

§ 7

‘O 90 287-288 286

(o]

O 4h CO‘ 70 207208 208
o0 5
H

4h

H

MeOC COMe H
y H ° Me” "N”“Me

a) All reactions were carried out with equimolar amounts of HMTAFC at room temp. in DMF
b) The products were characterized by comparision with authentic samples by 'H-NMR, FT-IR
and mp. determinations (except for benzaldehyde, menthone and cyclohexanone which were
identified with 2,4-dinitrophenylhydrazones)

¢) '"H-NMR (CDCl,): 8 2.53 (s, 6H, CH,-arom.); 2.67 (s, 6H, CH,C=0), 8.13 (s, 1H, arom.), IR
(KBr): 1680 (C=0), 3000 (arom. C-H), 2922-2985 (aliph. C-H) cm™'.

Anal. Caled. for C, H ,NO,: C, 69.11; H, 6.87; N, 7.40. Found: C, 69.13; H, 6.83; N, 7.38.
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present investigation revealed that HMTAFC has a number of advantages. First of all, it is less
acidic than PFC, QFC and PCC for example. The results also showed that the yields of oxidation
are high despite the use of a molar ratio 1:1 of oxidant to substrate at room temperature. Thus the
ratio of oxidant to substrate required to afford high yields of product is lower for HMTAFC than
that of the other reagents. Furthermore, hexamethylenetetramine (urotropine) used for the
synthesis of HMTAFC is relatively inexpensive and non-toxic in comparison to pyridine.
Finally, since the reduced chromium species is converted into black granules in the course of
oxidation, the product can readily be extracted from the black granules. Hence, working with
HMTAFC is easier than is the case with other reagents.

EXPERIMENTAL SECTION

Mps were determined on Electrothermal 9100® apparatus. IR spectra were recorded on a Win
First Satellite® model spectrophotometer. 'H-NMR spectra were obtained using a 400 MHz
Bruker DPX® instrument. Chromium and fluoride analyses were performed using UV-1601
Shimadzu® and Jenway-3025® and with a specific fluoride electrode, respectively.

Preparation of Hexamethylenetetrammoniun Fluorochromate.- A solution of chromium
trioxide (15 g, 0.15 mol) in water (10 mL) cooled to 0°C was added 40% aqueous hydrofluoric
acid (11.25 mL, 1.225 mol) in a 50 mL polyethylene beaker. The mixture was stirred for 3-5 min
to give a red-orange solution. The solution was then cooled in an ice bath (0-5°C) for 15 min. and
hexamethylenetetramine (21 g, 0.15 mol) was added portionwise with mechanical stirring until a
yellowish-orange solid precipitated. It was collected, washed with petroleum ether (3 x 10 mL)
and dried in a vacuum desiccator over P,0; to give 30 g (70%) of HMTAFC as a yellowish-
orange solid, mp. 210-215°C (dec.).

The amount of chromium(VI) was determined by colorimetric methods using diphenylcarbazide
solution.” The amount of fluoride was determined by electrometric methods using a specific fluo-
ride electrode.'® Pyridinium fluorochromate C;H.NHCrO,F (PFC), was synthesized and recrys-
tallized by the method decribed elsewhere.* In both methods, PFC was used as a reference

compound.
Anal. Caled for CH,,CrF N,O,: Cr, 20.45; F, 7.54 . Found: Cr, 20.00; F, 7.30

CAUTION.- Hydrofluoric acid is toxic and causes severe skin and eye burns. Protective gloves
and goggles should be worn when handling it. The synthesis should be carried out in a well-
ventilated fume hood.

General Procedure for Oxidations.- A solution of the substrate (10 mmol) in 5 mL of DMF
was added in one portion to a solution of HMTAFC (2.6 g, 10 mmol) in DMF (15 mL). The
progress of the reaction was monitored by TLC analysis. After completion of the reaction (4-6
hrs), 50 mL of water was added to the reaction mixture which was then extracted with ether (3 x
20 mL). The combined organic layer was dried over MgSO, and evaporated on a rotary evapo-
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rator under reduced pressure. Then the product was chromatographed over silica gel using ethyl

acetate-hexane (1:4) as the eluent. Evaporation of the solvent gave fairly pure solids which were

crystallized; the liquid carbonyl compounds were derivatized with 2,4-dinitrophenylhydrazine.'!
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