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ABSTRACT

Trialkylammonium chlorochromates(V1), R;NH[CrO.Cl], (R=CH,,CH, CH,
and C,H,) aremild and efficient reagentsfor the oxidation of diolsin solution
and in solution under microwave radiation. The easy procedure, s mple work-
up, short reaction times, and excellent yields are advantages of these re-

agents. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

The oxidation of organic substratesin gprotic sol-
vents, under mild and neutral conditionsisimportantin
modern organic synthesis, therefore, thesearchfor new
oxidizing agentsisof interest to synthetic organic chem-
ists. Many such reagents have been developed inre-
cent yearswith some success. In particular; thereis
continued interest in the devel opment of new chromium
(V1) reagentsfor the effective and selective oxidation
of organic subdrates, under mild conditions. Of thelarge
number of “mild’” chromium based oxidizingagentsavail-
able, many proveimpractical whenthereactionsare
performed on alarge (mol) scaleé?, althoughin recent
years, significant improvementshave been achieved by
the use of new oxidizing agents®®. Examples are:
pyridinium chlorochromate®, pyridinium dichromate”,
pyridinium fluorochromate®, 2,2'-bipyridinium

KEYWORDS

Dials;
Oxidation;
Oxidants;
Triakylammonium
chlorochromates (V1);
Microwave,
Room temperature.

chlorochromaté®, tripropylammonium fluorochro-
mate'® and tetramethylammonium fluoro- chromate
(TMAFC)4, On the other hand in recent years or-
ganic reactionsass sted by microwave and room tem-
peratureirradiation have gained specid atention. The
chief featuresof the microwave and room temperature
reactionsaretheenhanced sel ectivity, muchimproved
reaction rates, milder reaction conditionsand forma-
tion of cleaner products. Thesereactionsareespecidly
appealing asthey can be carried out in open vessels
thusavoidingtherisk of development of high pressures
in addition to the associated case of manipulation. In
continuation of our ongoing work on devel opment of
highly efficient oxidation protocols, we observed that
the oxidation of diols with Trialkylammonium
chlorochromates (V1) R,NH[CrO.CI], (R = CH,,
CH,, C,H and C,H,) (TriRACC) under microwave

2’5
and room temperatureirradiation could be carried out
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much more quickly than using conventiona techniques.

EXPERIMENTAL

Material and instruments

CrO, (Merck, PA.) was used without further puri-
fication. Solventswere purified by standard methods.
Infrared spectra were recorded as KBr disks on a
Shimadzu mode 420 spectrophotometer. The UV /Vis-
iblemeasurementswere made on an Uvicon mode 922
spectrometer. Proton, *C NMR werecarried out on a
Bruker AVANCE DRX 500 spectrometer at 500, 125
MHz. All thechemica shiftsare quotedin ppmusing
the high-frequency positive convention; *H and $3C
NMR spectrawerereferenced toexternd SMe, Chro-
mium was estimated iodometricdly. In thecaseof the
reduced product of the oxidant, chromium was deter-
mined after oxidizing with acidic peroxodisulfate

K.S,0,) solution. Therel ative concentrations of car-
bon, hydrogen and nitrogen were obtained from the
Microandyticd |aboratories, Department of Chemis-
try, OIRC, Tehran. M elting poi nts were measured on
Electrothermal 9100 melting point apparatus. A
Microsynth Milstonelaboratory microwave oven has
been used.

General rrocedure for synthesis of trialk-
ylammonium chlorochromate (TriRACC), R,;NH
[CrO.Cl]

Chromium (V1) oxide (1.0g. 10 mmol) wasdis-
solved inwater in abeaker and 6M hydrochloric acid
(0.251cm?, 15 mmol) was added under stirring at 0°C.
After 7 min the homogeneous sol ution was cooled to
ca -2C. Totheresultant orangesolution, trialkylamine
(20 mmol) was added drop wise with stirring over a
period of 0.5 hand stirringwas continued for 0.5 h at
2°C. Theprecipiceclear-orange crystallinesolid was
isolated by filtration, washed with petroleum ether
(3x60cm?®) and dried under vacuum for 2 h at room
temperature.

Thedata of thereagentsare

Trimethylammonium chlorochromate (TriMA-
CC), (CH,),NH [CrOCl]

Yield: (59%); mp126°C. Anal. Calcd. for
C,H,,CICINO, (%): C, 18.41; H, 5.115; N, 7.161.

Found: C, 18.52; H,5.13; N, 7.17. IR (KBr): 902cm™*
v,(A) orv(CrQ,),430cm™* v, (A)) or v(Cr-Cl), 948cm*
v,(E) or v(CrO,)cm™. UV/Visibleand '*H-NMR were
al consistent withthe TriM ACC structure. Electronic
absorption at 21881 cm'?, correspondingto *A,—'E
(e = 360 dm®mol* cm?); 28169cm™ to 'E—>E (¢ =
906 dm® mol* cm™) and 3485cm™*to ‘A, —»'A, (e =
1157 dm?mol* cnr?). The pH of 0.01 M solution of
TriMACCinwater was2.7.

Triethylammonium chlorochromate(TriEACC),
(C,H).,NH[CrO.Cl]

Yield: (54 %); mp 120°C. Anal. Calcd. for
C,H,CICrNO,(%): C, 30.315; H, 6.736; N, 5.894.
Found: C, 30.29; H, 6.81; N, 5.82. IR (KBr): 900cm™*
v,(A) orv(CrQ,), 434cm v, (A)) or v(Cr-Cl), 950cm*
v,(E) or v(CrO,)cm™. UV/Visibleand '*H-NMR were
all consistent with the TriEACC structure. Electronic
absorption at 22075cm?, corresponding to *A,—'E
(e = 316 dm®mol* cm?); 28169cm™ to 'E—>E (¢ =
803 dm* mol* cm) and 41152cm™*to ‘A —'A, (e =
1327 dm® mol* cmt). The pH of 0.01 M solution of
TriEACCinwater was2.4.

Tripropylammonium chlorochromate(TriPACC),
(C,H.),NH[CrO.Cl]

Yield: (95%); mp 135°C. Anal. Calcd. for
C,H,,CICrNO, (%): C, 38.64; H, 7.871; N, 5.008.
Found: C, 37.93; H, 7.75; N, 4.88.1.R. (KBr): 901cm*
v,(A) orv(CrO,), 432cmv,(A)) or v(Cr-Cl), 949cm*
v,(E) or v(CrQ,). Electronic absorption at 22123cm,
corresponded to *A,—'E (¢ = 351 M-'cm™);
28169cm™ to 'E—'E (¢ = 793 Mlcm'?); 35087cm'?
to 'A,—>'A (e = 1031 M*cm™) and 41493cm™ to
A —>1E (e=219Mcm?). UV/Visible, BCNMR and
H NM Rwereall consistent with the TriPACC struc-
ture. The above procedure can be scaled up to larger
quantities, if desired. The pH of 0.01 M solution
TriPACC inwater was2.9.

Tributylammonium chlorochromate (TriBACC),
(C,H).NH[CrO.Cl]

Yield: (71%); mpl125°C. Anal. Calcd. for
C,H,,CICrNO,(%): C, 44.79; H, 8.70; N, 4.35.
Found: C, 44.59; H, 8.81; N, 4.38. IR (KBr): 898cm™*
v,(A)) orv(CrO,), 436cm™ v,(A,) or v(Cr-Cl), 940cm*

v,(E) or v(CrO)cm*. UV /Visibleand '"H-NMR were
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TABLE 1: OxidationviaTriRACC inroomtemperature

R =CHj3; R =C,Hs R =C;3H; R =C4Hg
Substrate Product - - - - - - - - - - - -
Time(min) Yield(%) Time(min) Yield(%) Time(min) Yield(%) Time(min) Yield(%)
HO-CH2-CH,- OH HO-CH,-CHO 480 82 500 80 485 85 512 80
HO-CH, CH»-CH,-OH HO-CH2 CH»-CHO 450 83 467 82 435 87 455 81
HO-(CHy)+OH HO-(CHy)s-CHO 400 79 420 75 395 82 405 80
CH3-CH(OH)-CH(OH)-CH3; CH3-CH(OH)-CO-CH3 420 85 430 83 418 89 435 87

TABLE 2: Oxidation viaTriRACC in microwave

R=CH3 R=C2H5 R=C3H7 R=C4H9
Substrate Product
Time(min) Yield(%) Time(min) Yield(%) Time(min) Yield(%) Time(min) Yield(%)

HO-CH,-CH,- OH HO-CH,-CHO 22 82 23 89 25 90 30 89
HO-CH,-CH,-CH,- OH HO-CH,-CH,-CHO 20 83 21 83 21 95 25 90
HO-(CHy),OH HO-(CHy)s-CHO 19 79 20 89 17 85 20 84
CH3-CH(OH)-CH(OH)-CH; CH3-CH(OH)-CO-CH3 19 85 21 83 20 95 25 82
all consistent withthe TriBACC structure. Electronic  the solvent system used.

absorption at 21881cm*, correspondingto*A, —'E
(e = 336 dm®mol* cm?); 28089cm to 'E—E (¢ =
891 dm?® mol* cm'*) and 34965cm™*to ‘A —'A | (e =
1178 dm® molt cm™). The pH of 0.01 M solution of
TriBACCinwater was2.8.

General procedurefor oxidation of diols

To a stirred suspension of trialkylammonium
chlorochromate (1 mmol) in dichloromethane (gener-
aly 5ml), asolution of thesubgtratediol intheminimum
amount of dichloromethanewas added dropwise, the
molar ratio of substratetotheoxidantbeing1:1in. The
mixturewasrefluxedfor thetimeindicatedinthe TABLE
1. [The completion of thereactionisfollowed by UV/
Visibleand TLC using ether/petroleum ether (60/40)
asduant]. Themixturewasdiluted with ether (1:1vol/
vol) and filtered through ashort column of silicagel to
giveaclear solution. The solution was evaporated and
theresidua product purified by didtillation, recrystalli-
zation or column chromatography. The separated com-
pounds characterized and it isfound the product in that
only oneof the hydroxyl groupsoxidizedismain prod-
uct. Theprogress of thereactionswas a so monitored
and checked by UV /Visible spectrophotometry. The
amount of the oxidant during the reaction was mea-
sured spectrophotometrically at 355 nm. A very small
magnetic stirrer wasdesigned at the cell (10 mm quartz
cell) compartment just in the bottom of samplecdll in
the spectrophotometer to stir up the solution under study
incell. Thereaction mixturesremained homogenousin

In microwavecondition al of theabovedetailed
repeated but the mixture wasirradiated for thetime
indicatedinthe TABLE 2 by microwaveradiation.

RESULTSAND DISCUSSION

The results obtained with trialkylammonium
chlorochromates (V1) R,NH[CrO,Cl], (R = CH,,
CH,, C,H,and C,H,) (TriRACC) at room tempera-
tureand under microwaveradiationsarevery satisfac-
tory and show that these new reagents asval uable ad-
ditionsto the existing oxidation agents. TiIRACCin
dichloromethane under microwaveand roomtempera
tureradiation oxidized diolsin highyields(TABLE 1
and 2).

Oxidations may also occur using only trialkyla-
mmonium chlorochromatesin the absence of micro-
waveirradiation but cons derableimprovementsof both
the yields and the corresponding reaction times are
observedinthepresenceof theirradiation.

Neither carboxylic acidsoveroxidation productsnor
other by-productsareformed upon oxidation of diols
viatrialkylammonium chlorochromates. Functional
groups such asmethyl that attached areinert to these
resgents.

Tridkylammonium chlorochromates(VI1) areeesily
prepared in high yieldsfrom chromium (V1) oxide, re-
lated tridkylamineand agueoushydrochloricacid (HCI)
inaconvenient molar ratio. Thebright orange crystal-
line reagents can be stored in containersfor long peri-
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odswithout decomposition. The IR spectraof there-
agentsare similar to that of other halochromates.*2
Moreover, during the reaction, the col our of the oxi-
dants change from orangeto brown, thusproviding a
visua meansfor ascertaining the progressof theoxida:
tions. If theoxidizing agentsareused in different ratio
respect tothesubstrate (1:1.5, 1:2, 1:3) itispossibleto
achievetheoxidation of thetwo hydroxyl groupsbut it
isimposs bleto achievethe conversonof primary diols
to diacidsunder moredrastic reaction conditionssuch
asmoretime of heating of microwaveirradiationsor
employing of higher boiling point solvent.

Trialkylammonium chlorochromates (V1) are
solubleinwater, dimethyl formamide, acetonitrileand
acetone; theseareless solublein dichloromethaneand
only sparingly solublein benzene, carbontetrachloride,
chloroform and hexane.
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