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Abstract: Trinitratocerium(IV) bromate (TNCB) can be used as an efficient reagent for

oxidation of alcohols and deprotection and oxidative deprotection of trimethylsilyl

ethers under solvent-free conditions.
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Cerium(IV)-based reagents are among the most widely used lanthanide

reagents in organic chemistry. These reagents are used for such purposes as
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oxidation,[1 – 4] one-electron transfer reactions,[5 – 7] coupling of substituted

benzenes,[8] and so forth.

Recently we have reported the synthesis and application of

trinitratocerium(IV) bromate in the oxidation of benzyl alcohols and

acyloins in refluxing acetonitrile.[9] Although the yields of the obtained

Scheme 1.

Table 1. Oxidation of alcohols using TNCB under solvent-free conditions

Entry Substrate Product T(h) Yield (%)a

1 PhCH2OH PhCHO 0.33 95

2 2-BrC6H4CH2OH 2-BrC6H4CHO 0.5 95

3 2-ClC6H4CH2OH 2-ClC6H4CHO 0.42 92

4 4-ClC6H4CH2OH 4-ClC6H4CHO 0.42 90

5 2-MeC6H4CH2OH 2-MeC6H4CHO 0.42 95

6 2-NO2C6H4CH2OH 2-NO2C6H4CHO 1 90

7 4-NO2C6H4CH2OH 4-NO2C6H4CHO 3 80

8 4-Me3CC6H4CH2OH 4-Me3CC6H4CHO 0.42 92

9 PhCH(OH)CH3 PhCOCH3 0.42 95

10 PhCH(OH)CH2OH PhCOCHO 0.8 90

11 PhCH2CH(OH)CH3 PhCH2COCH3 0.8 95

12 Cyclohexanol Cyclohexanone 0.3 92

13 (2)-Menthol (2)-Menthone 0.5 95

14 2-Adamantanol 2-Adamantanone 0.5 90

15 Borneol Camphor 0.5 92

16 2-(2-Pyridyl)ethanol 2-(2-Pyridyl)ethanol 0.33 90

17 PhCH55CHCH2OH PhCH55CHCHO 1.5 85

aIsolated yields.

Table 2. Comparison of some of the results obtained by the oxidation of alcohols with

TNCB in solution (1)[9] and under solvent-free conditions (2)

(1) (2)

Entry Substrate T(h)

Yield

(%)

Oxidant/
substrate T(h)

Yield

(%)

Oxidant/
substrate

1 PhCH2OH 2.5 92 4 0.33 95 1

2 PhCH(OH)CH3 2.5 82 6 0.42 95 1

3 Cyclohexanol — — — 0.3 92 1
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carbonyl compounds using this reagent are relatively high, the method suffers

from disadvantages such as inability of the reagent to oxidize aliphatic

alcohols,[10] long reaction times, and relatively high oxidant-to-substrate ratio.

In view of this and in according to our experience in solvent-free

reactions,[11 – 13] we decided to overcome these disadvantages by conducting

the previous reactions in the absence of solvent. Herein, we report that

TNCB is able to oxidize the alcohols efficiently under solvent-free conditions

(Scheme 1).

Different types of alcohols, including primary and secondary benzylic and

aliphatic, were efficiently oxidized to their corresponding aldehydes and

Scheme 2.

Table 3. Solvent-free deprotection of trimethylsilyl ethers with TNCB

Entry Substrate Product T (min) Yield (%)a

1 PhCH2OTMS PhCH2OH 5 95

2 2-BrC6H4CH2OTMS 2-BrC6H4CH2OH 2 90

3 4-ClC6H4CH2OTMS 4-ClC6H4CH2OH 5 92

4 4-Me3CC6H4CH2OTMS 4-Me3CC6H4CH2OH 5 80

5 2-NO2C6H4CH2OTMS 2-NO2C6H4CH2OH 1 80

6 4-NO2C6H4CH2OTMS 4-NO2C6H4CH2OH 5 85

7 4-MeOC6H4CH2OTMS 4-MeOC6H4CH2OH 5 95

8 4-PhCH2OC6H4CH2OTMS 4-PhCH2OC6H4CH2OH 1 90

9 2-MeC6H4CH2OTMS 2-MeC6H4CH2OH 1 80

10 Ph2CHOTMS Ph2CHOH 5 92

11 PhCOCH(OTMS)Ph PhCOCH(OH)Ph 10 75

12 PhCH2 CH2CH2OTMS PhCH2 CH2CH2OH 1 95

13 PhCH2CH(OTMS)CH3 PhCH2CH(OH)CH3 5 92

14 1 95

15
1 92

16 1 95

17 Me3COTMS Me3COH 1 82

aIsolated yield.
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ketones in good to high yields in the absence of solvent at 908C (Table 1).

Overoxidation of the products was not observed using this method.

To show the efficiency of this method we have compared some of the

results with some of those obtained by TNCB in solution (Table 2).[9]

As shown in Table 2, by omitting the solvent, the reaction time and

the oxidant-to-substrate ratio were reduced and the need for solvent is

avoided.

Our investigations also indicated that deprotection and direct oxidative

deprotection of trimethylsilyl ethers to their corresponding alcohols or

carbonyl compounds have been achieved efficiently in the presence of

TNCB under solvent-free conditions (Scheme 2).

The pathway of the reaction is quite dependent upon the temperature,

the reaction times, and the oxidant-to-substrate ratio. Deprotection occurs at

room temperature and in the presence of 0.5 molar equivalents of the

reagent in few minutes (Table 3). The direct oxidative deprotection is

performed using 1 molar equivalent of the reagent at 908C with longer

reaction times (Table 4).

To illustrate the efficiency of the proposed method, Table 5 compares

some of the results obtained by our method with some of those reported in

the literature.[14,15]

Table 4. Oxidative deprotection of trimethylsilyl ethers with TNCB under solvent-

free conditions

Entry Substrate Product T (h) Yield (%)a

1 PhCH2OTMS PhCHO 0.33 97

2 2-BrC6H4CH2OTMS 2-BrC6H4CHO 0.7 95

3 4-ClC6H4CH2OTMS 4-ClC6H4CHO 0.33 92

4 4-Me3CC6H4CH2OTMS 4-Me3CC6H4CHO 0.7 97

5 2-NO2C6H4CH2OTMS 2-NO2C6H4CHO 0.5 80

6 4-NO2C6H4CH2OTMS 4-NO2C6H4CHO 0.83 95

7 4-MeOC6H4CH2OTMS 4-MeOC6H4CHO 0.83 92

8 4-PhCH2OC6H4CH2OTMS 4-PhCH2OC6H4CHO 0.33 95

9 2-MeC6H4CH2OTMS 2-MeC6H4CHO 0.33 96

10 Ph2CHOTMS Ph2CHO 0.25 95

11 PhCH2 CH2CH2OTMS PhCH2 CH2CHO 0.5 95

12 PhCH2CH(OTMS)CH3 PhCH2COCH3 0.7 92

13 0.4 98

14 0.7 95

aIsolated yield.
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Table 5. Comparison of some of the results obtained by the oxidative deprotection of trimethylsilyl ethers with TNCB (1), with some of those

reported by [(NO3)3Ce]2CrO4 (2)[14] and benzyltriphenylphosphonium chlorate (3)[15]

(1) (2) (3)

Entry Substrate Product

Oxidant/
substrate H

Yield

(%)

Oxidant/
substrate H

Yield

(%)

Oxidant/
substrate H

Yield

(%)

1 PhCH2OTMS PhCHO 1 0.33 97 2 0.5 85 1 0.25 100

2 Ph2CHOTMS Ph2CO 1 0.25 95 4.5 3 85 1 0.3 95

3 Ph(CH2)2CH2OTMS Ph(CH2)2CHO 1 0.5 95 6 5 80 1 10 85
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In conclusion, in this study we have developed a mild, efficient, and

excellent yielding method for oxidation of alcohols and deprotection and

direct oxidative deprotection of trimethylsilyl ethers. In addition, solvent-

free reaction conditions, high reaction rates, and easy and clean workup are

worthy advantages of the present method.

EXPERIMENTAL

Chemicals were purchased from Fluka, Merck, and Aldrich Chemical

Companies. Trimethylsilyl ethers were prepared according to the described

procedures.[16 – 18] All products are known compounds; they are identified

by comparison of their physical data and IR and NMR spectra with those of

authentic samples. All yields refer to the isolated products. The purity deter-

mination of the substrates and reaction monitoring were accompanied by TLC

on silica-gel polygram SILG/UV 254 plates.

Oxidation of Alcohols and Trimethylsilyl Ethers to Their

Corresponding Carbonyl Compounds: General Procedure

A mixture of the substrate (1 mmol) and TNCB (1 mmol, 0.454 g) was shaken

in an oil bath (908C) for the specified time (Tables 1 and 4). The progress of

the reaction was monitored by TLC. The reaction mixture was triturated

with CH2Cl2 (5 mL) and filtered, and the solid residue was washed with

CH2Cl2 (3 mL). Evaporation of the solvent followed by column chromato-

graphy on silica gel gave the corresponding carbonyl compounds in good to

high yields.

Deprotection of Trimethylsilyl Ethers to Their Corresponding

Alcohols: General Procedure

A mixture of the substrate (1 mmol) and TNCB (0.5 mmol, 0.227 g) was

shaken at room temperature for the specified time (Table 5). The progress

of the reaction was monitored by TLC. The reaction mixture was triturated

with CH2Cl2 (5 mL) and filtered, and the solid residue was washed with

CH2Cl2 (3 mL). Evaporation of the solvent followed by column chromato-

graphy on silica gel gave the corresponding carbonyl compounds in good to

high yields.
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