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ABSTRACT

Two new, mild and stable chromium (VI) reagents from tripropylamine are described. Orange
solids tripropylammonium  fluorochromate(Vl)  (CsH7)sNH[CrOsF], (TriPAFC), and
tripropylammonium chlorochromate(VI) (CsH7)sNH[CrOsCl], (TriPACC), absorbed on alumina
are easily prepared in nearly quantitative yield by the interaction of tripropylamine with CrO3
and the corresponding acid. These reagents are versatile reagents for the effective and selective
oxidation of organic substrates, in particular for alcohols, under mild conditions.

Keywords. Tripropylammonium Fluorochromate(VI1); Tripropylammam Chlorochromate
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INTRODUCTION

Oxidation of organic compounds in general, and loblels in particular, under mildgprotic
conditions is an important reaction in synthetigamic chemistry [1] . For this purpose different
Cr(VI) based oxidants are reported in the litematudowever, some of the reported chromium
reagents suffer from disadvantages such as inggaltilygroscopicity, low selectivity, long
reaction time, difficulty of preparation and need & large excess of the reagent. Thus a milder,
more selective and inexpensive reagents are muek oseful. Extensive work has led to the
development of a good number of these oxidants aadhe Collins reageriromium trioxide-
3,5-dimethylpyrazole complexpyridinium chlorochromate(PCC), cetyltrimethylammeon
Bromochromate, 2,2'-bipyridinium chlorochromate  RBIC), 4-Benzylpyridinium
Fluorochromate, quinolinium chlorochromate, 3,5-elinylpyrazolium fluorochromate and
tetramethylammonium fluorochromate(Vl) (TMAFC) [B]1 We now here introduce
tripropylammonium fluorochromate(V1), (TriPAFC), étripropylammonium chlorochromate(V1)
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(TriPACC) absorbed on alumina as new promisingertgwith improved work-up efficiency and
durability, for the oxidation of alcohols.

MATERIALSAND METHODS

CrO; (Merck, P.A.) was used as recieved without furihification. Solvents were purified by
standard methods. Infrared spectra were recordeBasdisks on a Shimadzu model 420
spectrophotometer. The UV/Visible measurements weage on an Uvicon model 922
spectrometer. Proto’C, *°F NMR (for TriPAFC) were carried out on a Bruker AMCE DRX
500 spectrometer at 500, 125, 470.66 MHz. All thengical shifts are quoted in ppm using the
high-frequency positive conventiot and**C NMR spectra were referenced to external SiMe
and*°F NMR spectra to external CRCChromium was estimated iodometrically. In the cafse
the reduced product of the reagent, chromium wdsrméned after reoxidation with acidic
peroxodisulfate (KS;Og) solution. The relative concentrations of carbdoygrogen and nitrogen
were obtained from the Microanalytical laboratoriBgpartment of Chemistry, OIRC, Tehran.
Melting points were measured on Electrothermal 9d@ling point apparatus.

Synthesis of Tripropylammonium Fluorochromate, (C3H7)sNH[CrOsF](TriPAFC)

A 1g (10 mmol) sample of chromium (VI) oxide, Gr@nd 0.9 ml (20 mmol) of 40% hydrofluoric
acid were added to 20 raf water in a 100 ml polyethylene beaker with stgr After 5-7 min the
homogeneous solution was cooled to ca. 3% To the resultant clear orange solution,
tripropylamine (1.4 ml, 10 mmol) was added dropwigéh stirring over a period of 0.5 h and
stirring was continued for 0.5 h at -4 °C. Theqgpiated yellowish-orange solid was isolated by
filtration on a polyethylene funnel, washed withrpkeum ether (3 x 60 ml) and dried in vacuum
for 2 h at room temperature Yield: (98%); mp 142 GgH..CrFNQ;: Calc. C, 41.04; H, 8.42; N,
5.31 Found: C, 41.22; H, 8.46; N, 5.02. |.R. (KB4 cm' vi(A1) or v(CrOs), 647 cniv,(A1) or
V(Cr-F), 949 crit v4(E) orv(Cr0Os), Electronic absorption at 22321 ¢ntorresponded thA,—'E

(e = 140 M*cm™); 28725 1 to 'E—'E (¢ = 667 M'cm™) and 35971 cito 'A;—'E(e = 1287 M
lem?). UVIVisible, °C NMR, 'H NMR and**F NMR were all consistent with the TriPAFC
structure. The above procedure can be scaled lapger quantities, if desired. The pH of 0.01 M
solution of TriPAFC in water was 3.3.

Synthesis of Tripropylammonium Chlorochromate, (CsH7)sNH[CrOzCI] (TriPACC)
Chromium (VI) oxide (1.0 g, 10 mmol) was dissolvadvater in a beaker and hydrochloric acid
(0.251 ml, 15 mmol) was added with stirring at 0. K@ the resultant clear orange solution,
tripropylamine (1.4 ml, 10 mmol) was added dropwasth stirring over a period of 0.5 h and
stirring was continued for 0.5 h at -4 °C. The jp#&ated orange solid was isolated by filtration,
washed with anhydrous ether (3 x 60 ml) and drredacuum for 2 h at room temperature.
Yield: (95%); mp 135 °C. §H,,CICrNO;: Calc. C, 38.64; H, 7.871; N, 5.008 Found: C937.
H, 7.75; N, 4.88. I.R. (KBr): 901 cfhvi(A1) or v(CrOs), 432 cnit v »(A1) or v(Cr-Cl), 949 cnit
va(E) orv(CrOs). Electronic absorption at 22123 ¢neorresponded thA,—'E (¢ = 351 Micm

); 28169 nt* to 'E-'E (¢ = 793 M'cm™); 35087 cnit to 'A,—'A; (¢ = 1031 M'em?) and
41493 cnt to *A;—'E (¢ = 219 M'cm?). UV/Visible, **C NMR and'H NMR were all
consistent with the TriPACC structure. The abovecpdure can be scaled up to larger
guantities, if desired. The pH of 0.01 M solutionPACC in water was 2.9.

The general procedurefor supporting of TriPAFC and TriPACC on alumina

For supporting of the TriPAFC and TriPACC on alugjim synthetic procedures alumina (mesh
65-250) was added before the tripropylamine additstep. The supported reagents were
separated and washed by cold water and acetone.oXideing capacity of the supported
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reagents was determined by stirring overnight 0d the supported reagents with 10 ml of 2N
agueous potassium hydroxide, filtering off andatitrg iodometrically the obtained chromate
solution. The determined average capacity of tieddsupported for the above reagents are 1-1.5
mmol of TriPAFC per 1 g of silica gel and 1.3- Tuénol of TriPACC per 1 g of alumina. The
supported reagents so obtained did not noticeaisky their activities neither on storing in air at
room temperature for several weeks nor on reflukimg h in benzene or hexane.

General procedure for oxidation of organic substrates with TriPAFC and TriPACC on
alumina

To a stirred suspension of tripropylammonium hatookate absorbed on alumina in
dichloromethane (generally 5 ml), a solution of thabstrate in the minimum amount of
dichloromethane was added dropwise (Table 1). Cetigpl of the reaction was followed by
TLC with using ether/petroleum ether (60/40) asaetuThe mixture was diluted with ether (1:1
v/v) and filtered through a short column of alumioagive a clear solution. The solution was
evaporated and the residual product purified bytilidison, recrystallization or column
chromatography.

RESULTSAND DISCUSSION

Our supported reagents are remarkably effectivaxidizing primary and secondary alcohols to
aldehydes and ketones in high yields. Differentnarly and secondary alcohols were subjected
to oxidations with tripropylammonium fluorochrom@té), (TriPAFC), and tripropylammonium
chlorochromate(V1), (TriPACC), are absorbed on@lin dichloromethane (Schem1l). These
oxidations take place under mild and completelyetogieneous conditions giving excellent
yields (Table 1).

21 (C3H7);NH[Cr0:X] (X=F, Cl) RI_
CH— OH . ~c=o
rR2 CHyCl,, t, Al,O; R2

The heterogeneous reaction mixtures are thoroughiyed, at room temperature. The
correspondingldehydeand ketone products can then be easily isolatesirhgle filtration and
evaporation of the solvent

Oxidations may also occur using TriPAFC and TriPAGQ@ the absence of ADs;, but
considerable yieldnprovements are observed in the presence of tharlagnt. This implies that
the ALO3; may providean effective heterogeneous surface area for oxidaind at the same
time makesvork-up much more convenient [9].

The nature of the solvent does not appear to becplarly critical. Hydrocarbons, benzene,

ethers and chlorinated hydrocarbons are equallgce¥k; the practical choices were being
oriented by the solubility of the products and tlesired reaction temperature. The chromium
(V1) contents in the products determined iodomattyc[10].

The reaction of triphenylphosphine with TriPAXC (K=CI) (molar ratio of PPh TriPAXC =
1:1.1) in acetonitrile were carried out at room penature and triphenylphosphine oxide was
obtained in a quantitative yield. These provideacleut examples of oxygen transfer reactions
involving TriPAFC and TriPACC, and the result mdgaabe useful in defining other related
reactions (Scheme 2).
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Table 1. Oxidations of Organic Substratesvia TriPAFC and TriPACC on Alumina

TriPAFC TriPACC
Substrate Product

Time Yield Time Yield

(min) (%) (min) (%)
1 n-CgH13-OH n-CsH11-CHO 162 90 335 92
2  n-CgH;7-OH n-C;H;15-CHO 200 90 230 9 7
3 3-C7H15-OH 3-C/H140 220 90 280 92
4  2-CgH;7-OH 2-CgH160 225 90 270 90
5 2-CyHp3OH 2 108 90 168 95

85 90 95 91

6 @—(:HZOH

-C11H220

4

O:O 11h 90 370 93
6h 67 350 90
= 6h 64 350 97
(e}

o OO

10
15 90 20 86

20 90 26 88

~ (CsH,);NH[CrO:X] (X=F, Cl)

b
/

| | CH.CN, rt, Al,O,

The IR spectra of TriPAFC and TriPACC are similathat of other fluoro and chlorochromates
[11]. TriPAFC and TriPACC are soluble in water, @itmylformamide, acetonitrile, acetone and
dichloromethane. They are only sparingly solubld@mzene, carbon tetrachloride, chloroform
and hexane. During the reactions, the color of dRelant changes from orange to brown,
providing visual means for ascertaining the progmsthe oxidation. The results obtained with
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TriPAXC (X=F, CI) on alumina are very satisfactagd shows the new reagents as a valuable
addition to the existing oxidizing agents.

Acknowledgements
The author thanks Dr. A. R. Mahjoub and Mrs. S.rkhadtabar for valuable discussion.

REFERENCES

[1] F.A. Luzzio, F.S. Guzie®rg. Prep. & Procedure Int. 1988, 20, 533.

[2] J.C. Collins, F.J. FrancRgtrahedron Lett. 1968, 3363.

[3] E.J. Corey, G.W.J. Fleelgtrahedron Lett. 1973, 44909.

[4] E.J. Corey, J.W. Sugg$etrahedron Lett. 1975, 2647

[5] Sh. Ghammamy, H. Eimanieh, M.K. Mohamma®ynthetic Communications, 2007, 37,
601.

[6] F.S. Guziec, F.A. Luzzigynthesis, 1980, 691

[7] B. Ozgiin, A. Yaylaoglu, KSendil, Monatsh. Chem. 2007, 138, 161.

[8] R. Srinivasan, C.V. Ramesh, W. Madhulatha and Ha&dramanianndian J. Chem. Sec.
B. 1996, 35B, 480.

[9] U. Bora, M.K. ChaudhuriTetrahedron, 2001, 57, 2445.

[10] A.R. Mahjoub, Sh.Ghammami, M.K.Kassa&etrahedron Letters, 2003, 44, 4555.

[11] K. Nakamoto, Part Il, Inorganic Compoundisirared and Raman Spectra of Inorganic and
Coordination Compounds, Third Edition, John Wiley & Sons: New York978, pp. 140-150, 1.

123
Pelagia Research Library



