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ABSTRACT

Poly(N,N’-dibromo-N-ethyl-benzene-1,3-disulphonamide) (PBBS) and N,N,N’,N’-tetrabromobenzene-1,3-disulphonamide
(TBBDA) can be used for solvent-free oxidation of primary and secondary alcohols to the corresponding carbonyl compounds
without over-oxidation, and efficient catalytic deprotection of various silyl ethers to hydroxyl groups in aprotic organic solvents

under ambient conditions.
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1. Introduction

The oxidation of alcohols to the corresponding aldehydes and
ketones is one of the most important functional group transfor-
mations in organic synthesis. Therefore, selective oxidation of
primary and secondary alcohols to aldehydes and ketones can
be achieved by many reagents,"* some generated in situ.’

Recently our group has exploited the application of N,N’-
dibromo-N,N’-1,2-ethanediyl bis(p-toluenesulphonamide)/
dimethyl sulphide* for the oxidation of alcohols to aldehydes
and ketones. Although the yields of aldehyde and ketone were
high using this method, disadvantages included the need to
use dimethyl sulphide, a volatile organic solvent, and very low
temperatures.

2. Results and Discussion

Our interest in the application of poly(N,N’-dibromo-N-ethyl-
benzene-1,3-disulphonamide) (PBBS) and N,N,N’,N’-tetra-
bromobenzene-1,3-disulphonamide (TBBDA) (Scheme 1) in
organic synthesis has been previously reported.”

Herein we report a mild and convenient method for the oxida-
tion of alcohols using TBBDA or PBBS under solvent-free condi-
tions (Scheme 2).

Primary and secondary alcohols were oxidized to aldehydes
and ketones using PBBS or TBBDA in good to high yields under
solvent-free conditions without over-oxidation to carboxylic
acids (Table 1).

The advantages of PBBS and TBBDA over reported reagents
for the oxidation of p-chlorobenzyl alcohol, p-methylbenzyl
alcohol and benzyl alcohol are shown in Table 2. It is noteworthy
that most of the previously reported reagents require heat and
long times to effect reactions.

Itis known that reagents containing bromine atoms which are
attached to nitrogen atoms release Br* ions in situ, acting as a
Lewis acid.*” Therefore the following mechanism is suggested
for the conversion of alcohols to aldehydes (Scheme 3).*¢

* To whom correspondence should be addressed. E-mail: rgvaghei @ yahoo.com
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It was also found that poly(N,N’-dibromo-N-ethyl-benzene-
1,3-disulphonamide) (PBBS) and N,N,N’,N’-tetrabromo-
benzene-1,3-disulphonamide (TBBDA) are efficient catalysts
for the deprotection of alcoholic and phenolic silyl ethers
(Scheme 4).

As shown in Table 3, treatment of a variety of trimethylsilyl
ethers in the presence of dichloromethane and PBBS or TBBDA
gives the corresponding alcohols and phenols in good to
excellent yields. Several attempts to deprotect the silyl ethers
using PBBS or TBBDA under solvent-free conditions failed.

It was observed that PBBS and TBBDA were reusable catalysts
and after several runs, the catalytic activities of the reagents
were almost the same as those of fresh catalysts.
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Table 1 Solvent-free oxidation of alcohols with PBBS and TBBDA.

Entry Substrate PBBS TBBDA
Reaction Yield® Reaction Yield®
time /% time /%
/min /min
10 80 10 85

—_
o]
I

10 80 10 90
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o
o
I

o
o
o1 o
- I
p—
o
N
[«=]
=
=
N
Q1

7 /O/OH 8 80 8 90
Cl
8 O/OH 12 75 12 80
MeO’
9 O/OH 15 70 15 80
MeO’
10 oH 15 70 15 80

11 10 60 10 70
OCHZCHZOH

12 NN TN 12 50 12 65

@ Products were characterized from their physical properties, comparison with
authentic samples and by spectroscopic methods.

Table 2 Comparison of reaction times and yields using our reagents with
previously published methods.

Substrate Reagent Reaction  Yield  Ref.
time /%
o4  TBBDA 8 min 90 -
PBBS 8 min 80
cl
/@/w LO,, KBr 45h 70 1d
cl
ov  DABCO, CH,CL, 5h 97 1h
water
cl
on  TBBDA 10 min 85 -
PBBS
10 min 80
ov  TEMPO, CuCl, O,, 15h 72 1j
(bmim)(PF), 65°C
©/0H (NO,);CeBrO,, 90°C 20 min 97 6

It is noteworthy that aromatic and aliphatic silyl ethers con-
verted to alcohols with high chemoselectivity without addition
of Br* to aromatic groups.”™ Furthermore, sterically-hindered
silyl ethers (Table 3, entries 8 and 9) afforded good yields of their
corresponding alcohols. The most remarkable advantage of
this methodology is that no trace of aldehyde or acid, due to
oxidation of the newly-liberated alcohol, was observed. There-
fore the following mechanism can be suggested for the conver-
sion of silyl ethers to alcohols (Scheme 5)."%7

In conclusion, we have extended the application of TBBDA
and PBBS for oxidation of alcohols to corresponding carbonyl
compounds without over-oxidation to carboxylic acids under
solvent-free conditions. These reagents are also good catalytic
reagents for the deprotection of trimethylsilyl ethers to alcohols
and phenols without over-oxidation of the alcohols to carbonyl
and carboxylic groups.

3. Experimental

IR and NMR spectra were recorded using a Shimadzu
435-U-04 spectrophotometer (KBr pellets) and a Jeol 90 MHz
FT NMR spectrometer, respectively.

3.1. General Procedure for Oxidation of Alcohols using
TBBDA and PBBS under Solvent-free Conditions

Alcohol (1 mmol), PBBS (0.2 g) or TBBDA (0.2 g, 0.35 mmol) and
silica gel (0.5 g) were added to a mortar and the mixture was
pulverized vigorously with a pestle for the appropriate reaction
time (TLC 5:1, n-hexane/acetone) at room temperature. For
improved pulverization, some silica gel was added to the mortar.
After completion of the reaction, CH,CL, (10 mL) was added, and
the reagent was removed by filtration. Evaporation of the
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Table 3 Catalytic deprotection of silyl ethers with PBBS and TBBDA in
the presence of CH,Cl,.

Entry Substrate PBBS TBBDA
Reaction Yield® Reaction Yield®
time /% time /%
1 ©/ osikes 60min 83 45min 83
2 QOSMES 150 min 83 100 min 85
Cl Cl
3 O/\osmnez 40 min 80 55 min 85
HO'
4 @"S‘MSB 85 min 85 80 min 80
Cl
5 OOSM% 24 h 90° 6h 83°
OSiMes
6 | l 24 h 85° 24 h 80°
7 05““3 24 h 87° 24 h 87°
8 270 min 87 4h 80
OSiMe;
9 24 h 85 24h 85
@\O&Me;
10 145 min 85 45 min 80
QCHZCHZOSM%
11 NN NN 270 min 87 140 min 80
0SiMe;
P N NN :
12 osiMe; 275 min 80 2h 80

@ Products were characterized from their physical properties, comparison with
authentic samples and by spectroscopic methods.

b Reflux conditions.

solvent under reduced pressure gave the product with good to
high yields (50-90%). Further purification was achieved by
column chromatography (silica-gel, n-hexane/ethyl acetate, 9:1).

3.2. General Procedure for Catalytic Deprotection of
Trimethylsilyl Ethers to their Corresponding Alcohols
using TBBDA and PBBS

To a mixture of trimethylsilyl ether (1 mmol), PBBS (0.02 g) or
TBBDA (0.02 g, 0.04 mmol) and CH,Cl, (10 mL) was added a
few drops of H,O (10 mmol). The mixture as stirred vigorously
at room temperature for the specified time (Table 3). After
completion of the reaction (TLC analysis), the reagents were
filtered off under vacuum and washed with dichloromethane.
The organic layers were separated, dried with anhydrous
MgSO, and evaporation of the solvent under reduced pressure
gave the alcohol. Further purification was achieved by column
chromatography (silica-gel, n-hexane/ethyl acetate, 9:1).
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