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ABSTRACT

Two mild, stable and new chromium (VI) reagents from trimethylamine are described. Orange
trimethylammonium  fluorochromate (V1) (CH3)3sNH[ CrOsF], (TriMAFC), and
trimethylammonium chlorochromate (V1) (CH3)sNH[CrOsCl], (TriMACC), are easily prepared
in a nearly quantitative yield by the interaction of trimethylamine with CrO5; alumina and related
acid. These reagents are versatile reagents for the effective and selective oxidation of organic
substrates, in particular for alcohols, under mild conditions.

Keywords: Trimethylammonium Fluorochromate (VI); Trimethylamanium Chlorochromate
(V1); Heterogeneous Oxidants; Alumina; Oxidatiorigcéhols.

INTRODUCTION

The synthetic organic chemists are interested arcbing new oxidizing agents. Many such
reagents have been developed in recent years itk success by Fieser L.F. and Fieser M.[1],
Corey E.J. and Suggs J.W.[2]. In particular, them@ntinued interest in the development of new
chromium (VI) reagents for the effective and selectoxidation of alcohols, under mild
conditions. Of the large number of “mild” chromiubased oxidizing agents available, many
prove impractical when the reactions are performed large scale (mol), although in recent
years, significant improvements have been achibyetie use of new oxidizing agents by Maier
G., Reisenauer H.P. and Marco M.D.[3]; Bhandari 8harma P.K. and Banerji K.K.[4]
Meenahshisundaram S., and Soctaungam R.[5]. Extengdrks of scientists have led to the
development of these oxidants such as the 4-Beyrgipium Fluorochromate, by Ozgin B.,
Yaylaoglu A. andSendil K.[6]; Quinoxalinium Fluorochromate (QxFC) Bendil K. and Ozgiin
B.[7]; Cetyltrimethylammonium Bromochromate by Ghaamy S., Eimanieh H. and
Mohammady M.K.[8]and 2,2-bipyridinium chlorochromate by Guziec F.S and LaZz A.[9].
TriMAFC and TriMACC were synthesized with the bélibat these reagents could be used for
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the oxidation of organic substrates. This manuscrmproduces TriMAFC and TriMACC
absorbed on alumina as new promising reagents wifbroved work-up efficiency and
durability, for the oxidation of alcohols to thewrresponding aldehydes and ketones, under mild
conditions.

MATERIALSAND METHODS

Experimental Section

CrOs; (Merck, P.A.) was used as recieved without furghenfication. Solvents were purified by
standard methods. Infrared spectra were recordefBasdisks on a Shimadzu model 420
spectrophotometer. The UV/Visible measurements wagge on an Uvicon model 922
spectrometer. Protori>C, *°F NMR (for TriMAFC) were carried out on a Bruker AXCE
DRX 500 spectrometer at 500, 125, 470.66 MHz. lAdl themical shifts are quoted in ppm using
the high-frequency positive conventiolty and**C NMR spectra were referenced to external
SiMe, and*®F NMR spectra to external CRCChromium was estimated iodometrically. In the
case of the reduced product of the oxidant, chromias determined after oxidizing with acidic
peroxodisulfate (KS;Os) solution. The relative concentrations of cardoydrogen and nitrogen
were obtained from the Microanalytical laboratoriBgpartment of Chemistry, OIRC, Tehran.
Melting points were measured on Electrothermal 9h@@ing point apparatus.

Synthesis of Trimethylammonium Fluorochromate (TriM AFC),(CH3)sNH[CrOg]

A 1g (10 mmol) sample of chromium (VI) oxide, GtGand 0.9ml (20 mmol) of 40%
hydrofluoric acid were added to 20 wifl water in a 100 ml polyethylene beaker with sigr
After 7 min the homogeneous solution was cooledate2°C. To the resultant orange solution,
trimethylamine (10 mmol) with hydrofluoric acid (X®mol) was added drop wise with stirring
over a period of 0.5 h and stirring was continuad0Oi5 h at 2 °C. The precipitated clear-orange
liquid was isolated by filtration on a polyethylefumnel, washed with petroleum ether (3 x 60
ml) and dried in vacuum for 2 h at room temperattiedd: (86%); mp 124 °C, §10CrFNG;:
Calc. C, 20.11; H, 5.58; N, 7.82 Found: C, 20.085t64; N, 7.69. I.R. (KBr): 912 cfvi(A,)

or v(CrQs), 636 cnivo(A1) or v(Cr-F), 950 crit v4(E) orv(CrOs), Electronic absorption at 22026
cm?, corresponded tbA,—'E (¢ = 174 M*em?); 28735 nt to 'E—'E (¢ = 664 M'cm™) and
36231 cnit to 'A,—'E(e = 1248 M'cm™). UV/Visible, *C NMR, *H NMR and**F NMR were

all consistent with the TriMAFC structure. The aboprocedure can be scaled up to larger
guantities, if desired. The pH of 0.01 M solutidiToMAFC in water was 2.9.

Synthesis of Trimethylammonium chlorochromate (TriMACC), (CH3)sNH[CrOsCl]
Chromium (VI) oxide (1.0 g. 10 mmol) was dissolvadvater in a beaker and 6M hydrochloric
acid (0.251 crfy 15 mmol) was added under stirring at 0 °C. To thsultant clear orange
solution, trimethylamine (0.059 é&mlL0 mmol) was added drop wise under stirring @period
of 0.5 h and the stirring was continued for 0.5tR44C. The precipice clear-orange solid was
isolated by filtration, washed with petroleum ett@ix 60 cni) and dried under vacuum for 2 h
at room temperature. Yield: (59 %); mp126 °C. @afor GH,,CICrNGOs: C, 18.41; H, 5.115;
N, 7.161. Found: C, 18.52; H, 5.13; N, 7.17. IR (KB®02 cn" v 1(A;) or v(CrOs), 430 cm' v ,
(A1) or v(Cr-Cl), 948 cmtt vu(E) or v(CrOs) cmit. UV/Visible and*H-NMR were all consistent
with the TriMACC structure. Electronic absorption24881 crit, corresponding tdA, —'E (&
=360 dnimol™* cm?); 28169 cnit to 'E—'E (¢ = 906 dni mor* cmi) and 3485 cito *A,—'A;

(e = 1157 dmi mol* cmi®). The pH of 0.01 M solution of TriIMAFC in water w2.7.
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The general procedurefor supporting of TriMAFC and TriMACC on alumina

For supporting of the TrIMAFC and TriMACC on alurainin synthesizing process alumina

(mesh 65-250) were added before the trimethylanaiddition step. The supported reagents
separated and washed by cold water and acetonecafiaeity of the supported reagents were
determined by stirring overnight 0.5 g of the supgd reagents with 10 ml of 2 N aqueous
potassium hydroxide, filtering off and titratingdemetrically the obtained chromate solution.
The determined average capacity of the dried supgpdor the above reagents are 1-1.5 mmol of
TriMAFC per 1 g of silica gel and 1.2- 1.5 mmolTaiMACC per 1 g of alumina. The supported

reagents so obtained did not noticeably lose thefivities neither on storing in air at room

temperature for several weeks nor on refluxingsftrin benzene or hexane.

The general procedure for oxidation of organic substrates with TriMAFC and TriMACC

on alumina

To a stirred suspension of trimethylammonium haloctate absorbed on alumina in
dichloromethane (generally 5 &na solution of the substrate in the minimum antooh
dichloromethane were added dropwise (Table I). ddmapletion of the reaction was followed by
TLC using ether/petroleum ether (60/40) as elu@he mixture is diluted with ether (1:1 v/v)
and filtered through a short column of alumina igega clear solution. The solution was
evaporated and the residual product purified btilldison, recrystallization or column
chromatography.

RESULTSAND DISCUSSION

The results obtained with TriMAFC and TriMACC orualina are very satisfactory and show
the new reagents to be valuable additions to t&ieg oxidizing agents. Table 1 summarizes
the products, yields and reaction times of TriMABGd TriMACC on alumina with various
substrates

Ri~ CH OH (CHa)aNH[CrOsX] (X=F, Cl) Ri
3)3 3 pr—
R2 CH ZCIZ , It A|203 >RZ/C: O

The oxidative effects of TIMACC and TriMAFC on palyclic rings appear more pronounced
than on alcohols (Table 1).

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

TriMAFC and TriMACC on alumina have also been utmdoxidation of carbohydrates such as
1, 2: 5, 6 -Di-O-isopropylidine~D-Glucofuranose to its relative ketosugar as otthlgomium
reagentshy use of the equimolar ratio of the reagents.
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(CH3)sNH[CrOgX] (X=F, Cl) ‘(Me)zc

CH2C|2 It 'A|203

H 0\\

Table 1: Oxidations organic substratesvia TriMAFC and TriMACC on alumina

TriMAFC TriMACC
. . . Time .
Substrate Product Time(min) | Yield (%) (min) Yield (%)
1 n-CgH3-OH n-CsH,;-CHO 170 a0 345 95
2 n-CgH17-OH n-C,H,5CHO 210 90 250 96
3 3-C;H,5-OH 3-C,;H1.0 240 90 295 94
4 2-CgH,-OH 2-CgH160 235 90 275 95
5 2-Cy4H,:-OH 2-C11H5,0 115 90 240 97
6 Q—CHZOH 90 85 95 99
7 QOH 12h 90 7h 91
8 6h 65 8h 95
9 ng 6h 64 8h 96
h 20 90 26 88
U
F

Oxidations may also occur by using only TriMAFC amiMACC, in the absence of ADs, but
considerable improvements are observed in the pcesef the absorbent. This implies that the
Al,O3 may act as a reaction medium, providing an effechieterogeneous surface area for the

oxidation and at the same time making the work-wgimmore convenient.[10]

The nature of the solvent does not appear to becplarly critical. Hydrocarbons, benzene,
ethers and chlorinated hydrocarbons are equalbcedie, the practical choice being oriented by
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the solubility of the products and the desired tieactemperature. The chromium (VI) contents
easily determined iodometrically.[11]

TriMAFC and TriMACC are easily prepared in high Igie from chromium (VI) oxide,
trimethylamine and aqueous related acid (HCl or HFa convenient molar ratio. The bright
orange solid reagents can be stored in polyethylem&ainers for long periods without
decomposition. The IR spectra of the reagents emndas to that of other halo chromates.
TriIMAFC and TriMACC are soluble in water, dimethytinamidé? acetonitrile and acetone;
they are less soluble in dichloromethane and omgrisgly soluble in benzene, carbon
tetrachloride, chloroform and hexane.

CONCLUSION

Two new alumina supported reagents trimethylamnmaniufluorochromate (VI)
(CH3)3sNH[CrOsF], (TriMAFC), and  trimethylammonium chlorochromate (VI)
(CH3)3sNH[CrOsCl], (TriMACC), are easily prepared in a nearly gtiative yield by the
interaction of trimethylamine with CrQalumina and related acid. These reagents are \ersat
reagents for the effective and selective oxidatiborganic substrates, in particular for alcohols,
under mild conditions.
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