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Abstract. Tetrahexylammonium chlorochromate, THACC, is a new 
compound, more efficient, and has certain advantages over similar 
oxidizing agents, in terms of the amount of oxidant, short reaction 
times, and high yields. This reagent is suitable for oxidizing vari-
ous primary and secondary alcohols to their corresponding carbonyl 
compounds. The facile oxidation of triphenylphosphine to triphe-
nylphosphine oxide by this reagent in acetonitrile provides a clear-cut 
example indicating an oxygen atom transfer mechanism.
Key words: Chromium(VI), Tetrahexylammonium chlorochromates, 
Oxidation, Organic substrate, Alcohols.

Introduction

Chromium(VI) is established as a versatile oxidant for many types 
of substrates varying from metal ions to naturally occurring organ-
ic compounds, and has a wide range of applications spanning the 
synthesis of sulfur nanoparticles [1] and the determination of bio-
logical oxygen demand in organic polluted water. Cr(VI) as chro-
mate or dichromate is highly soluble in water, and is reported to 
be highly toxic [2], there are continued interest in the development 
of new chromium(VI) reagents for the effective and selective oxi-
dation of organic substrates, in particular alcohols, under mild 
conditions Therefore, the search for new oxidizing agents are of 
interests to synthetic organic chemists. Many such reagents have 
been developed in recent years with some success [3], some of the 
important entries in the list of reagents are Pyridinium fluorochro-
mate (PFC) [4] caffeinilium chlorochromate [5], quinolinium flu-
orochromate [6] triphenylmethylposphonium chlorochromate [7], 
pyridinium dichromate (PDC) [8] quinolinium chlorochromate, 
[9] isoquinolinium chlorochromate [10], chromium trioxide-3,5-
Dimethylpyrazole complex (CrO3 3,5-DMP) [11] tributylammo-
nium chlorochromate (TriBACC) [12] prolinium chlorochromate 
[13], tripropylammonium fluorochromate [14]. In aqueous solu-
tions primary alcohols are usually oxidized to carboxylic acids 

[15, 16], while in the absence of water the oxidation will stop 
at the aldehyde. Tetrahexylammonium chlorochromate is more 
efficient and stronger oxidizing agent. Further, this new com-
pound does not react with acetonitrile, which is suitable medium 
for studying kinetics and mechanism. There were some primary 
incentives for selection of (Hex)4N+ as the counter ion in the work 
reported in this manuscript. First, quaternary ions such as ammo-
nium are often used as phase transfer catalysts, perhaps making 
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tetrahexylammonium chlorochromate(VI), (Hex)4N[CrO3Cl], 
THACC, a more efficient and stronger oxidizing agent. This new 
compound is more efficient for quantitative oxidation of several 
organic substrates and has certain advantages over similar oxidiz-
ing agents in terms of the amount of oxidant and solvent required, 
short reaction times and high yields. Second, quaternary ions such 
as ammonium are used as crystal growing agents. Hence, using 
this counter ion improves the quality of the THACC crystals.

Results and Discussion

Oxidations of primary alcohols to aldehydes without further 
oxidation to carboxylic acids is difficult to accomplish with 
oxidizing agents in aqueous solution because small mounts of 
aldehyde hydrates, which are in equilibrium with the aldehyde, 
are readily oxidized to the corresponding carboxylic acids.

Following up on our investigation of chlorochromates 
(VI) [17, 18], in these manuscripts we are reporting the syn-
thesis of tetrahexylammonium chlorochromate (VI), THACC. 
The results obtained with THACC are very satisfactory and 
shows that this new reagent as valuable additions to the exist-
ing oxidizing agents. THACC in dichloromethane oxidize pri-
mary and secondary alcohols to the corresponding aldehydes 
or ketones in high yields (Scheme 1, Table 1).

 

 Scheme 1.
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The reaction of triphenylphosphine with THACC in ace-
tonitrile was carried out at room temperature and triphe-
nylphosphine oxide was obtained in quantitative yields. This 
provide clear-cut example of oxygen transfer reaction involv-
ing THACC and the result may also be useful in defining other 
related reactions (Scheme 2).

 

Scheme 2.

Table 1. Oxidations with THACC.
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The selectivity of THACC is well demonstrated through 
its oxidations of benzyl alcohol (yield of product: 96%), in 
the presence of equimolar amounts of 2-phenylethyl alcohol 
(no product detected). Neither carboxylic acids overoxidation 
products nor other by-products are formed upon oxidation 
of alcohols via THACC (Table 1). Functional groups such as 
methoxy and methyl attached on the phenyl ring are inert to 
this reagent. In addition, we have shown that this reagent does 
not oxidize a variety of other substrates, including diphenyl 
sulfide, thiophenol, 3,5-dimethoxyphenol, 2-benzyl-3,4-dihy-
dro-2Hpyran, benzyloxytrimethylsilane, N-methyl-2-phenyl-
thioacetamide and sodium 2-hydroxyiminomalonate.

Because of the stability and solubility of tetrahexylam-
monium chlorochromate reactions could be performed at room 
temperature and the separation of the products are facile. The 
chromium(VI) content may be easily determined iodometri-
cally. The IR spectrum of THACC is similar to those of other 
chlorochromates [19]. This reagent is easy to handle, could 
be weighed and have no hazardous effect. It is less soluble in 
dichloromethane and only sparingly soluble in benzene, car-
bon tetrachloride, chloroform and hexane.

Experimental

Melting points were obtained on an Electrothermal 9100 
apparatus. IR spectra were recorded using a Shimadzu IR-
420 spectrometer. NMR spectra: 1H and 13C NMR spectra 
were recorded using Bruker AVANCE DRX-500 in CDCl3 
solutions. The UV/Visible measurements were made on an 
Uvicon model 922 spectrometer. All separations and quan-
tization of alcohols and aldehydes were performed using a 
Philips 4410 gas Chromatograph. All reagents and solvents 
are of reagent grades. All the chemical 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 oxidants, chromium was determined after oxi-
dizing with acidic potassium peroxodisulfate (K2S2O8) solu-
tion. The percent composition of elements was obtained from 
the Microanalytical Laboratories, Department of Chemistry, 
OIRC, Tehran.

Preparation of tetrahexylammonium chlorochromate, 
(THACC), C24H52ClCrNO3

To a solution of 1g (0.01 mol) CrO3 in 25 ml water, placed 
in a 100 ml beaker and stirring was continued for 0.5 h at 
0 °C. Tetrahexylammonium chloride (3.9 g, 10 mmol) was 
added portion-wise, with stirring. A reddish orange solid is 
separated and stored in the refrigerator. The solid was washed 
with hexane and dried under vacuum for 1 h, mp 145 °C. 
C24H52ClCrNO3: C, 58.83; H, 10.62; N, 2.86. Found: C, 59.92; 
H, 10.88; N, 2.99. IR. (KBr): 900 cm-1 ν1(A1) or ν(CrO3), 948 
cm-1 ν4(E) or ν(CrO3) and 431 cm-1 ν 2(A1) or ν(Cr-Cl). 1H-
NMR (500 MHz, CDCl3) d: 0.9 (3H, t, -CH2-CH3), 1.34 (4H, 

m, -(CH2)2-CH3), 1.42 (2H, q, -CH2-CH2 ), 1.73 (2H, q, -CH2-
CH2 ), 3.3 (2H, q, -CH2-N);13C-NMR (125 MHz, DMSO-d6) 
d: 13.2, 22.4 (2C), 26.7, 31.2, 59.97.

Electronic at 455 nm, corresponding to 1a2→9e (e = 200 
M-1cm-1); 363 nm to 8e→9e (e = 1317 M-1cm-1); and 283 nm 
to 12a1→9e (e =1804 M-1cm-1).

Oxidation of alcohols with THACC: General Method

To a stirred solution of each alcohol (25 ml) of CH2Cl2, tetra-
hexylammonium chlorochromate (10 mmol) is added in one 
portion, at room temperature. The progresses of the reactions 
are monitored by TLC and UV/Visible spectrophotometry. 
The mixture were stirred and refluxed for the time indicated in 
the Table 1 at room temperature, diluted with CH2Cl2 and fil-
tered. Evaporation of solvent furnished the product. The molar 
ratios of substrate to oxidants were 1:1. The solution became 
homogeneous briefly before the black-brown reduced reagent 
precipitated. Products are characterized by comparison with 
authentic samples (NMR, IR, TLC and mp/bp measurement).

The mixture was diluted with ether (1:1 vol/vol) 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 chroma-
tography. Analysis of the mixture for corresponding carbonyl 
compounds was accomplished by the procedure reported in 
earlier papers [3–6].

Acknowledgements

The authors would like to thank Dr. Gh. Rezaei Behbahani, 
M.R. Gouya, and Mr. K. Mohammady for valuable discus-
sions.

References

 1. Lan, Y.; Deng, B.; Kim, C.; Thornton, E. C.; Xu, H.; Environ. H. 
Sci. Technol. 2005, 39, 2087-2094.

 2. a) Losi, M. E.; Amrhein, C.; Frankenberger, W. T. Rev. Environ. 
Contam. Toxicol. 1994, 136, 91-121. b) Viamajala, S.; Peyton, 
B. M.; Sani, R. K.; Apel, W. A.; Petersen, J. N. Biotechnol. Prog. 
2004, 20, 87-95.

 3. Fieser, L. F.; Fieser, M. Reagents for Organic Synthesis, Wiley, 
New York. 1967-1984, 1-11.

 4. Bhattacharjee, M. N.; Chaudhuri, M. K.; Dasgupta, H. S.; Roy, N. 
Synthesis 1982, 588-590.

 5. Shirini, F.; Mohammadpoor-Baltork, I.; Hejazi, Z.; Heravi, P. 
Bull. Korean Chem. Soc. 2003, 24, 517-518.

 6. Murugesan, V.; Pandurangan, A. Indian J. Chem. 1992, 31B, 377-
379.

 7. Hajipour, A. R.; Khazdooz, L.; Ruoho, A. E. J. Iranian Chem. 
Soc. 2005, 2, 315-318.

 8. Corey, E. J.; Schmidt, G. Tetrahedron Lett. 1979, 20, 399-402.
 9. Javanthi, G.; Vijayakumar, G.; Elango, K. P.; J. Serb. Chem. 

Soc.2002, 67, 803-808.
 10. Srinivasan, R.; Stanley, P.; Balasubramanian, K. Synth. Commun. 

1997, 27, 2057-2064.

00-RevSocQuímMex 52 2.indb   118 13/08/2008   11:16:33 p.m.



Synthesis and Characterization of a New Oxidation Reagent: Tetrahexylammonium Chlorochromate, (C6H13)4N[CrO3Cl] 119

 11. Corey, J.; Fleet, G. W. J. Tetrahedron Lett. 1973, 14, 4499-4501.
 12. Ghammami, S.; SeyedSadjadi, S. A.; J. Serb. Chem. Soc. 2005, 

70, 1243-1248.
 13. Mamaghani, M.; Shirini, F.; Parsa, F. Russ J Org Chem. 2002, 38, 

1113-1115.
 14. Ghammamy, S.; Hashemzadeh, A. Bull. Korean Chem. Soc. 2004, 

25, 1277-1279.
 15. Lee, D. G.; Spitzer, U. A. J. Org. Chem. 1970, 35, 3589-3590.

 16. Robertson, G. R. Organic Synthesis. Coll. Vol. 1; p. 138.
 17. Kassaee, M. K.; Mahjoub, A. R.; Ghammami, S. Tetrahedron 

Lett. 2003, 44, 4555-4557.
 18. Kassaee, M. Z.; Sayyed-Alangi, S. Z.; Sajjadi-Ghotbabadi, H. 

Molecules 2004, 9, 825-829.
 19. Nakamoto, K. Inorganic Compounds, Infrared and Raman 

Spectra of Inorganic and Coordination Compounds, Vol. 1. Part 
II, Third Edition, Wiley, New York, 1978, p. 140.

00-RevSocQuímMex 52 2.indb   119 13/08/2008   11:16:34 p.m.


