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OXIDATIVE DEPROTECTION OF
TRIMETHYLSILYL ETHERS TO CARBONYL
COMPOUNDS WITH PdCl,(PhCN),-CrO; AND

CLAY-BIS(TRIMETHYLSILYL) CHROMATE
IN SOLVENTLESS SYSTEM

MAJID M. HERAVI®, DARIUSH AJAMI, KIOUMARS AGHAPOOR
and MITRA GHASSEMZADEH

Chemistry & Chemical Engineering Research Center of Iran P.O. Box 14335186,
Tehran, Iran

(Received July 06, 1999)

A simple and selective oxidative deprotection of trimethylsilyl ethers to carbonyl compounds
is described that occurs on PdCly(PhCN),-CrOj3 and bis(trimethylsilyl) chromate under sol-
vent free conditions and is expedited by microwave irradiation.

INTRODUCTION

The use of one pot reaction offers a great success in organic synthesis
today. The combination of the one pot strategy with the use of eco-friendly
solid acid catalysts is now the best tool for the synthesis of specific target
compounds with minimum production of pollutants as well as reduction of
the cost’.

Direct oxidation of trimethylsilyl ethers to the corresponding carbonyl
compounds has found considerable attention during recent years 23 We
were however keen to find an alternative method which could accelerate
the reaction, has an easy work up and requires eco-friendly condition.

Among the various methods which are avaible to date chromium reagent
based oxidations have been very popular. However there is a serious draw-
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back against oxidants based on chromium *. They are corrosive and irri-
tants for the skin and for sensitive parts of body such as eyes. Potential
danger (ignition or explosion) in handling of its complexes, cumbersome
isolation of products and waste disposal are other disadvantages of the
utility of chromium reagents.

Organic solvents are not only expensive but are often flammable, toxic
and environmentally hazardous. Microwave irradiation in organic synthe-
sis is a useful technique nowadays 3, Dry media using microwave heating
have attracted much attention . Oxidation reactions are less considered
under microwave irradiation due to unsafe and uncontrollable experimen-
tal conditions ’. Impregmentation of reagents on solid supports have circu-
mented this problem and provide an attractive alternative in organic
synthesis in view of selectivity and ease of manipulation 8.

Pd catalyzed reactions enjoy widespread application in organic
synthesisg. Recently, deprotection of trimethylsilyl ethers by the paladium
complex PdCl,(PhCN), under ageous condition 10 4nd in solventless Sys-
tem ! have been reported. We therefore reasoned that if PdCl,(PhCN), is
used along with CrQ5 in solventless system and if one pot oxidative depro-
tection occurred it could offer a milder and more environmentally benign
alternative to the reported methods. Indeed when a combination of CrOx:
PdCiy(PhCN}),, 20:1 was mixed with benzyl trimethylsilyl ether without
solvent benzaldehyde was obtained in excellent yield. To assess the gener-
ality of this oxidative deprotection a variety of trimethylsilyl ethers were
caused to react under these conditions which yields the corresponding car-
bonyl compound in good to excellent yields (Table I). Although the reac-
tion does occur in dichloromethane, for the sake of environmental
demand, we performed all the reactions in a solventless system. We found
out that the rate of the reaction could be increased significantly if the mix-
ture is exposed to microwave irradiation. For example benzyl trimethylsi-
1yl ether was oxidatively deprotected at room temperature in 5 min while
exposure to microwave irradiation converted that to benzaldehyde imme-
diately. Primary silyl ethers (allylic and non allylic as well as benzylic) did
not undergo overoxidation to carboxylic acids. Cinammyl trimethylsilyl
ether was converted to cinammy! aldehyde showing carbon-carbon double
bonds are not prone to cleavage with this method.(Table I).
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TABLE 1 Oxidative deprotection of trimethylsilyl ethers with PdCl,(PhCN),-CrO; in
solventless system under microwave irradiation

Entry Substrate (1:::3 Product )(’1;;[ ;1
1 PhCH,0SiMe; 10 PhCHO 99
2 5-Me-2-NO,C¢H;CH,0SiMe;¢ 10 5-Me-2-NO,C¢H3;CHO 98
3 3-Me-C4H,CH,0SiMe; 10 3-MeCgH4CHO 98
4  PhCH=CHCH,0SiMe; 30 PhCH=CHCHO 92
5  Benzointrimethylsily! ether 30 Benzil 91
6  Benzohydroltrimethylsilyl ether 10 Benzophenone 96
7 Cyclohexyltrimethylsilyl ether 120 Cyclohexanone 86
8  2-Methyicyclohexyl trimethylsilyl ether 120 2-Methylcyclohexanone 84
9 (-) Mentholtrimethylsilyl ether 90 (-) Menthone 88
RESULTS AND DISCUSSION

We have recently reported the oxidative deprotection of trimethylsilyl
ethers by montmorillonite K-10 supported bis (trimethylsilyl) chromate
under classical heating 12 In continuation of manipulation of the above
supported bis (trimethylsilyl) chromate 13 and in connection of our investi-
gations on organic reactions in solventless system under microwave irradi-
ation '* we now report a facile oxidative deprotection of trimethylsilyl
ethers to carbonyl compounds using bis (trimethylsilyl) chromate under
solvent free conditiond that is accelerated by exposure to microwaves
(MW). The reaction is conducted by mixing finely ground bis (trimethyls-
ilyl) chromate supported onto montmorillonite K-10 with neat trimethylsi-
lyl ethers. We discovered that in most cases at room temperature the
reactions are completed upon simple mixing but in few cases the reactions
are slow and a considerable amount of trimethylsilyl ethers and alcohols
are recovered unchanged along with the desired compounds. As an exam-
ple the reaction of 4-methylbenzy! trimethylsilyl ether with bis (trimethyl-
silyl) chromate supported onto montmorillonite K-10 at room temperature
for a long period of time results in the formation of only 30% of 4-methyl-
benzaldehyde whereas the yield increases to 90% under microwave irradi-
ation (Table HI).
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TABLE II Oxidative deprotection of trimethylsilyl ethers with bis (trimethylsilyl) chromate
supported onto montmorrillonite K-10 under microwave irradiation

Entry Substrate (7;:1:) Product Y;gf
1 PhCH,0SiMe; 60 PhCHO 90°
2 4-MeCgH,CH,08iMe;° 120 4-MeCgH,CHO 8sb
3 5-Me-2-NO,C¢H;CH,0SiMe; 120 5-Me-2-NO,C¢H;CHO  80°
4  PhCH=CHCH,0SiMe; 60 PhCH=CHCHO 90
5 (-) Mentholtrimethylsilyl ether 60 (-) Menthone 83
6 C;H;sCH;0SiMe, 60 C;H,;sCHO 90
7  2-Ethylhexanyl trimethylsilyl ether 120 2-Ethylhexanal 88
8  Cyclohexyltrimethylsilyl ether 60 Cyclohexanone 8sP
9  Benzohydrol trimethylsilyl ether 60 Benzophenone 88
10 2-Methylcyclohexyl trimethylsilyl ether 60  2-Methylcyclohexanone 90

a. Unoptimized yields of products that exhibited physical and spectral properties in accord
with the assigned structure.

b. Yields based on the isolation of 2,4-dinoitrophenylhydrazine derivative.

¢. The reaction was completed under microwave irradiation.

In conclusion the present methods provide useful alternatives to the one
pot oxidative deprotection of trimethylsilyl ether. The notable advantages
of these methodologies are mild and eco-friendly conditions, fast reaction
and selective protocol. By development of a continuous microwave 15
reactor this methods could find applications.

H

0
PAC1,(PACN);-CrO
R,—’—OSiMea R o Rl g
1 2

or BTSC-Clay , MW
R2

EXPERIMENTAL

A National microwave (MW) oven operating at 2450 MHz (power 900W)
was used for all the experiments. All products were known compounds
and identified by comparison with authentic samples.
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General Procedure for Oxidative Deprotection of Trimethylsilyl
Ethers

Chromium trioxide (1g, 10 mmol) and PdCl,(PhCN), (0.191g, 0.5 mmol)
were crushed together in a mortar so as to form an intimate mixture. Neat
trimethylsilyl ether (10 mmol) was added to this mixture and placed in a
microwave oven for the time indicated in the Table. After the reaction was
complete (tlc monitoring) the crude product was treated with CH,Cl,
(20 mL) and filtrated through a thin pad of celite and the celite pad was
washed throughly with CH,Cl, (20 mL). Evaporation of the solvent gave a
crude product which was further purified by column chromatography
(Table I).

Oxidative Deprotection of Benzyl Trimethylsilyl Esther. A Typical
Procedure

BTSC supported onto montmorillonite K-10 (0.75 g, equivalent to
1.2 mmol of chromium (VI) oxidant) was gradually added to benzyl tri-
methylsilyl ether (0.18g, | mml) in a beaker and mixed with a spatula. An
exothermic reaction ensues and is completed almost immediately as con-
firmed by TLC (hexane : ethylacetate; 8:2). The product is extracted into
methylene chloride (2x20 mL) and is passed through a small bed of alu-
mina (1 cm) to afford pure benzaldehyde. In some cases (Entries 2, 3 and
7) brief microwave irradiation (in an unmodified household microwave
oven) complete the reactions (Table II).
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