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Abstract: Amild and stable new chromium(VI) reagent from tributylamine is described.

Orange crystalline tributylammonium chlorochromate(VI), (C4H9)3NH�CrO3Cl�,

(TriBACC), is easily prepared in a nearly quantitative yield by the interaction of

tributylamine with CrO3 and hydrochloric acid in a 1:2:2 mole ratio. This reagent is a

versatile reagent for the effective and selective oxidation of organic substrates, in par-

ticular for alcohols, under mild conditions.
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INTRODUCTION

The development of oxidizing agents based upon higher-valent transition

metal oxo derivatives has been a subject of research in many laboratories and a host

of such reagents derived from ruthenium, osmium, iron, manganese, molybdenum,

vanadium and chromium have all proven to be capable of alcohol oxidation. In par-

ticular, there is continued interest in the development of new chromium(VI) re-

agents for the effective and selective oxidation of organic substrates, in particular

alcohols, under mild conditions. In recent years, significant improvements were

achieved by the use of new oxidizing agents,1�3 such as 3-carboxypyridinium

chlorochromate,4 pyridinum fluorochromate,5 quinolinium dichromate,6 caffeini-

lium chlorochromate,7 quinolinium chlorochromate,8 isoquinolinium fluorochro-

mate9 and tetramethylammonium fluorochromate.10 In this study, the synthetic po-

tential of tributylammonium chlorochromate, (C4H9)3NH�CrO3Cl�, (TriBACC) were

investigated. It was found that this reagent has certain advantages over similar oxi-

dizing agents in terms of amounts of oxidant and solvent required, easier working

up and high yields. Furthermore, tributylammonium chlorochromate does not re-
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act with acetonitrile, which is a suitable medium for studying kinetics and mecha-

nism.

EXPERIMENTAL

Material and instruments

CrO3 (Merck, p.a.) was used without further purification. Solvents were purified by standard meth-

ods. Infared spectra were recorded as KBr disks on a Shimadzu model 420 spectrophotometer. The

UV/Visible measurements were made on an Uvicon model 922 spectrometer. 1H and 13C-NMR were re-

corded on a Bruker AVANCE DRX 500 spectrometer at 500 and 125 MHz, respectively. All the chemi-

cal shifts are quoted in ppm using the high-frequency positive convention; 1H and 13C-NMR spectra

were referenced to external SiMe4. Chromium was estimated iodometrically. In the case of the reduced

product of the oxidant, chromium was determined after oxidizing with acidic potassium peroxodisulfate

(K2S2O8) solution. The chloride content was determined gravimetrically as AgCl. The percent compo-

sition of carbon, hydrogen and nitrogen were obtained from the Microanalytical Laboratories, Depart-

ment of Chemistry, OIRC, Tehran.

Tributylammonium chlorochromate (TriBACC), (C4H9)3NH�CrO3Cl�

Chromium(VI) oxide (15.0 g. 0.15 mol) was dissolved in water in a beaker and 6 M hydrochlo-

ric acid (25 cm3, 0.3 mol) was added under stirring at 0 °C. To the resultant clear orange solution,

tributylamine (71.29 cm3, 0.3 mol) was added dropwise under stirring over a period of 0.5 h and the

stirring was continued for 0.5 h at 0 °C. The precipitated orange solid was isolated by filtration,

washed with petroleum ether (3 x 60 cm3) and dried under vacuum for 2 h at room temperature.

Yield: 45.81 g (95 %); mp 165 °C. Calcd. for C12H28ClCrNO3: C, 44.79; H, 8.70; N, 4.35. Found: C,

44.31; H, 8.53; N, 4.19. IR (KBr): 913 cm-1 v1(A1) or v(CrO3), 432 cm-1 v2 (A1) or v(Cr-Cl), 970

cm-1 v4(E) or v(CrO3) cm-1. UV/Visible and 1H-NMR were all consistent with the TriBACC struc-

ture. Electronic absorption at 22026 cm-1, corresponding to 1A2 �1E (� = 145 dm3mol-1 cm-1);

28985 cm-1 to 1E �1E (� = 577 dm3 mol-1 cm-1) and 43103 cm-1 to 1A2 �1A1 (� = 1081 dm3 mol-1

cm-1). 1H-NMR (500 MHz, CD3CN): � = 1.2 (t, 3H, �CH3), � = 1.6 (m, 4H, �CH2 �CH2�), � = 2.7

(t, 2H, �CH2�), � = 7.5 ppm (s, 1H, �NH).

The above procedure can be performed on a 250 g scale without any difficulty.

General procedure for oxidation of organic substrates with tributylammonium chlorochromate

To a stirred suspension of tributylammonium chlorochromate (3.3 g) in dichloromethane (gen-

erally 5 cm3), a solution of the substrate in the minimum amount of dichloromethane was added

dropwise, the mole ratio of substrate to the oxidant being 1:1 in the case of alcohols (1, 3) and 1:2 in

the case of arenes (5) (See Table I). The mixture was refluxed for the time indicated in the table. The

completion of the reaction was followed by UV/Visible spectroscopy and TLC using ether/petro-

leum ether (60/40) as eluant. The mixture is diluted with ether (1:1 v/v) and filtered through a short

column of silica gel to give a clear solution. The solution was evaporated and the residual product

purified by distillation, recrystallization or column chromatography. The progress of the reactions

was monitored and checked by UV/Visible spectrophotometry. The amount of the oxidant consu-

med during the reaction was measured spectrophotometrically at 345 nm. A very small magnetic

stirrer was designed in the spectrophotometer cell compartment (10 mm quartz cell) just at the bot-

tom of sample cell to enable the solution under study in the cell to be stirred. The reaction mixtures

remained homogenous in the solvent system employed.

Reaction of TriBACC with triphenylphosphine

The reaction was performed under a nitrogen atmosphere in a dry 100 ml round bottomed flask

under efficient stirring. To a vigorously stirred solution of 1.5 g (5.7 mmol) of triphenylphosphine in

35 cm3 of acetonitrile, 2.02 g (6.28 mmol) of TriBACC was added in two instalments in about one
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minute, maintaining the substrate: oxidant ratio 1:1.1. An exothermic reaction started instanta-

neously and was completed in 10 min. The solution was cooled and the mother liquor and the

washings, after separation of the reduced TriBACC product by centrifugation, was filtered through a

short silica gel column (7 x 2 cm2). The contents of the column were thoroughly washed with ether

(3 x 35 cm3) and filtered. The combined filtrates were evaporated on a steam bath, and the product

was characterised as triphenylphosphine oxide by elemental analyses and IR spectral studies. Yield

of OPPh3 : 1.48 g (93 %), mp 156 °C (lit. mp 156�157 °C).11

Oxidation of anthracene with TriBACC

In a dry round bottomed flask, 0.178 g (1 mmol) of anthracene was dissolved in 10 cm3 of

CH2Cl2. To the solution, 0.64 g (2 mmol) of TriBACC was added and refluxed for 4 h. The progress

of the reaction was monitored by TLC. The reaction mixture was filtered using a short pad of celite

to trap the reduced product of the reagent and washed thoroughly with diethyl ether. The filtrate was

evaporated in an evaporator to give a crude product, which was purified by column chromatography

over a short pad of silica gel using ethyl acetate-hexane (1:9) as the eluent. 9,10-Anthraquinone was

obtained as a yellow crystalline compound having mp 283 °C (lit. mp 282�285 °C).9 Yield of the

compound 6a was 0.13 g (65 %).

RESULTS AND DISCUSSION

Tributylammonium chlorochromate was easily prepared in 95 % yield from

chromium(VI) oxide, tributylamine and aqueous 6 M hydrochloric acid in a mole

ratio of 1:2:2. The bright orange crystalline reagent can be stored in polyethylene

containers for long periods without decomposition. The IR spectrum is similar to

that of other chlorochromates.12 Tributylammonium chlorochromate is soluble in

water, dimethylformamide, acetonitrile, acetone and dichloromethane. It is only

sparingly soluble in benzene, carbon tetrachloride, chloroform and hexane.

The results obtained with tributylammonium chlorochromate are very satisfac-

tory and show the new reagent to be a valuable addition to existing oxidizing agents.

Tributylammonium chlorochromate in dichloromethane oxidizes primary (1a-h)

and secondary alcohols (3a-i) to the corresponding aldehydes (2a-h), or ketones

(4a-i) in high yields (Scheme 1, Table I).

TABLE I. Oxidation of alcohols and polycyclic arenes with TriBACC

Substrate Time/min Product Yield/ % M.p./ oC B.p./ oC

1a n-C3H7�OH 180 2a C2H5�CHO 90 48�50

1b n-C4 H9�OH 165 2b n-C3H7�CHO 88 74-75

1c n-C5H11�OH 130 2c n-C4H9�CHO 85 102

1d n-C6H13�OH 110 2d n-C5H11�CHO 85 129�131

1e 165 2e 90 63�64

1f n-C8H17�OH 110 2f n-C��15�CHO 93 170�172

1g n-C11H23�OH 85 2g n-C10H21�CHO 85 110�113
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Substrate Time/min Product Yield/ % M.p./ oC B.p./ oC

1h 45 2h 95 177�179

3a 130 4a 90 55�57

3b 120 4b 94 146�148

3c 115 4c 93 172�173

3d 80 4d 88 230�234

3e 200 4e 78 154�156

3f 120 4f 93 179�181

3g 135 4g 92 50�61

3h
14h 4h

80 47�50

3i 165 4i 92 162�163
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Substrate Time/min Product Yield/ % M.p./ oC B.p./ oC

5a 4h 6a 65 284�285

5b
4h 6b 63 208�210

7a
10 8a 93 156�157

The mole ratio of substrate to the oxidant 1:1 in the case of alcohols (1, 3) and 1:2 in the case of

arenes (5)

Tributylammonium chlorochromate in dichloromethane also oxidizes anthra-

cene (5a) and phenanthrene (5b) to anthraquinone (6a) and phenanthraquinone

(6b) in 65 % and 63 % yields, respectively (Scheme 2). This reagent works as effi-

ciently as activated manganese dioxide or Collins reagent.13

The reaction of triphenylphosphine with TriBACC (mole ratio of PPh3:

TriBACC = 1:1.1) in acetonitrile was carried out at room temperature and tri-

phenylphosphine oxide was obtained in a quantitative yield (Scheme 3). This pro-

vides, as expected, a clear-cut example of an oxygen transfer reaction involving

TriBACC, and the result may also be useful in defining other related reactions.
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Tributylammonium chlorochromate has also been used for the oxidation of

carbohydrates, such as 1,2: 5,6-di-O-isopropylidene-�-D-glucofuranose (9a) to its

relative ketosugar (10a), as was the case with pyridinium chlorochromate,14 but in

78 % compared to 63 % yield, and with the use of an equimolar ratio of the reagent

(Scheme 4).

CONCLUSION

It was also found that the studied reagent has certain advantages over similar

oxidizing agents in terms of amounts of oxidant and solvent required, and espe-

cially in the short reaction times required and in higher product yields.5,9

Because of the stability and solubility of TriBACC, the reactions can be per-

formed at room temperature and the separation of the products is facile. During the

reactions, the color of the oxidant changes from orange to brown, providing visual

means for ascertaining the progress of the oxidation. The mechanism for the pres-

ent oxidation is still unclear. However, it is assumed that the oxidation mechanism

is similar to that of other chlorochromates. In addition this oxidant and the oxida-

tion conditions can be used for the synthesis of highly functionalized molecules.

Acknowledgements: The authors thank Dr. A. R. Mahjoub and Mr. M. K. Mohammady for

valuble discussions.

692 GHAMMAMY and MAZAREEY

Scheme 4.

Scheme 3.



I Z V O D

TRIBUTILAMONIJUM-HLOROHROMAT – NOVO BLAGO I STABILNO

OKSIDACIONO SREDSTVO ZA ORGANSKE SUPSTRATE

SHAHRIARE GHAMMAMY i MEHDI MAZAREEY

Department of Chemistry, Faculty of Science, Imam Khomeini International University, Qazvin, Iran

(e-mail: shghamami@ikiu.ac.ir)

Opisan je nov blag i stabilan reagens dobijen od hroma(VI) i tributilamina.

Me|usobnim dejstvom tributilamina, CrO3 i hlorovodoni~ne kiseline u molskom

odnosu 1:2:2 lako se dobija oran` kristalini~an tributilamonijum-hlorohromat(VI),

(C

4

H

9

)

3

NH[CrO

3

Cl], (TriBACC), u skoro kvantitativnom prinosu. Proizvod je mnogo-

strani reagens za efikasnu i selektivnu oksidaciju organskih supstrata, naro~ito

alkohola, u blagim uslovima.

(Primqeno 2. aprila, revidirano 6. septembra 2004)
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