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Abstract

A simple and efficient deprotection of 1,3-dithianes and 1,3-dithiolanes of aromatic, aliphatic
and o,B-unsaturated aldehydes and ketones in the solvent-free to the corresponding parent
carbonyl compounds in excellent yields using poly(N,N'-dibromo-N-ethyl-benzene-1,3-
disulfonamide) [PBBS], N,N,N’ N'-tetrabromobenzene-1,3-disulfonamide [TBBDA] and NBS at
room temperature.
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Introduction

Cyclic S,S-acetals, such as 1,3-dithianes and 1,3-dithiolanes are useful carbonyl protective
groups against addition of nucleophiles including organometallic reagents.'

Thioacetals are often used as protecting groups for carbonyl compounds, particularly in
multistep natural product synthesis,”® due to their stability towards both acidic and basic
conditions. The regeneration of parent carbonyl compounds is not always a facile and
straightforward process and therefore development of dethioacetalization protocols has engaged
the attention of organic chemists over the years.*” Therefore, many of methods should be
available for the deprotection of thioacetales. Among the various reagents employed for this
purpose are dimethylsulfoxide in the presence of iodine® or t-butyl chloride,” N-
halosuccinimide,® dinitrogen tetroxide complexes of iron(IIl) and copper(Il) nitrates,” DDQ,"
tellurium tetrachloride,’’  dimethylsulfoxide,'”” N-fluoro-2,4,6-trimethylpyridinium triflate-
water,”” photosensitized oxygenation reactions,'® trichloroisocyanuric acid,"” Si0,Cl/DMSO,'
N,N'-diiodo- N,N"-1,2-ethanediyl-bis(p-toluenesulphonamide),'’ zirconium sulfonyl
phosphonate,18 m-ClC6H4CO3H/CF3C02H,19 8602,20 HgC12,21 ammonium persulfate/KlO/MW,22
Hg(NO;),.3H,0,” CeCls.7H,0-Nal,** N-benzyl-DABCO-tribromide,” electrophilic halogen,*
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oxone/KBr,”” HBr/H,0,,” benzyltriphenylphosphonium tribromide,”” NaClO, and NaH,PO; in
aqueous methanol.*

Results and Discussion

Many of the existing methods involve the use of toxic metal ions, long reaction times,
environmentally hazardous reagents and solvents. Therefore, we studied the use of poly(N,N'-
dibromo-N-ethyl-benzene-1,3-disulfonamide) [PBBS], N,N,N' N'-
tetrabromobenzene-1,3-disulfonamide [TBBDAT*'~° and NBS for the deprotection of thioacetals
at room temperature (Scheme 1).
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Scheme 1. Deprotection of thioacetales with TBBDA, PBBS and NBS.

Initially, we decided to explore the role of our reagents in CH3CN as solvent system for the
deprotection of 2-(phenyl)-1,3-dithiane used as a model compound (Scheme 2). In the absence of
reagent, no dethioacetalization of the model compound was observed, even after prolonged
reaction time. Since deprotection of the model compound failed in the absence of reagent, the

effect of reagents was also investigated in various conditions, and the results are presented in
Table 1.
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Scheme 2. Deprotection of 2-(phenyl)-1,3-dithiane used as a model compound.
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Table 1. Optimization of reaction condition in room temperature

Entry Condition Time Yield
%
1 MeCN/ no reagent 12h 0
2 MeCN/ (0.1 g) TBBDA lh 90
3 CH,Cl,/ (0.1 g) TBBDA 2h 85
4 CHCIs/ (0.1 g) TBBDA 2h 80
5 EtOH/ (0.1 g) TBBDA 25h 82
6 MeCN/(2-3 drop H,O)/ (0.1 g) TBBDA 20 min. 90
7 Solvent-free / (2-3 drop H,O)/ (0.1 g) TBBDA/ grinding 5 min. 92
8 Solvent-free / (2-3 drop H,O)/ (0.05 g) TBBDA/ grinding 5 min. 80
9 Solvent-free / (2-3 drop H,O)/ (0.15 g) TBBDA/ grinding 2 min. 98
10 Solvent-free / (2-3 drop H,0)/ (0.2 g) TBBDA/ grinding 2-3 min. 98
11 Solvent-free / (2-3 drop H,0)/ (0.1 g) PBBS/ grinding 5 min. 90
12 Solvent-free / (2-3 drop H,O)/ (0.2 g) PBBS/ grinding 3 min. 96
13 Solvent-free / (2-3 drop H,0O)/ (0.3 g) PBBS/ grinding 3 min. 96
14 Solvent-free / (2-3 drop H,0)/ (0.5 g) NBS/ grinding 5 min. 80
15 Solvent-free / (2-3 drop H,O)/ (0.1 g) NBS/ grinding 5 min. 82
16 Solvent-free / (2-3 drop H,0O)/ (0.15 g) NBS/ grinding 3 min. 90
17 Solvent-free / (2-3 drop H,0)/ (0.2 g) NBS/ grinding 3 min. 90

In the solvent system, the best results were achieved using acetonitrile. In recent years, there
has been an increasing interest in reactions that proceed in the absent of solvents due to the
reduced pollution, low cost, simplicity in process and handling. Therefore, we decided to test this
reaction solvent-free and in various ratio of reagents. We found that the reaction was rapid and
gave excellent yields of the products when catalyzed by N,N,N’ N'-tetrabromobenzene-1,3-
disulfonamide [TBBDA] (2 min., 98%, entry 9), by poly(¥V,N'-dibromo-N-ethyl-benzene-1,3-
disulfonamide) [PBBS] (3 min., 96%, entry 12) and by NBS (3 min., 90%, entry 16).

To test the generality and versatility of this procedure in the deprotection of thioacetales and
thioketales, we examined a number of 1,3-dithianes and 1,3-dithiolanes of aromatic, aliphatic
and o,B-unsaturated aldehydes and ketones using the optimized conditions (Table 2).

As shown in Table 2, various types of 1,3-dithianes and 1,3-dithiolanes (aromatic, aliphatic
and a,B-unsaturated) with electron-donating and electron-withdrawing groups were cleanly and
rapidly converted to the corresponding parent carbonyl compounds in the solvent-free conditions
using poly(N, N'-dibromo-N-ethyl-benzene- 1,3-disulfonamide) [PBBS], N,N,N',N'-
tetrabromobenzene-1,3-disulfonamide [TBBDA] and NBS at room temperature. The cleavages
were completed within 2-6 minutes in good to excellent yields and without any over oxidation
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Table 2. Deprotection of thioacetals to the corresponding parent carbonyl compounds using
TBBDA, PBBS and NBS in solvent-free

Entry Substrate TBBDA PBBS NBS
Time (min) Yield Time (min) Yield Time (min)  Yield
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Since PBBS, TBBDA and NBS contain bromine atoms which are attached to the nitrogen
atoms; it is very probable that they release Br' in situ which can act as electrophilic species and
oxidant in the reaction medium. Therefore, we propose the following mechanism for this
conversion (Scheme 3).
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Scheme 3. Proposed mechanism for this reaction.

In summary, in this study we have introduced a new and useful solvent-free application of
TBBDA, PBBS and NBS as efficient reagents for the dethioacetalization of aldehydes and
ketones under mild reaction conditions at room temperature. The method has the advantages of
very short reaction time (2-5 min.), no side products, good yield and solid state reaction.
Experimental Section
General procedure for deprotection of 1,3-dithianes and 1,3-dithiolanes using TBBDA and

PBBS solvent-free. Substrate (1 mmol), [TBBDA (0.15 g) or PBBS (0.2 g) or NBS (0.15 g)]

ISSN 1551-7012 Page 49 ©ARKAT USA, Inc.



General Papers ARKIVOC 2009 (ii) 44-51

and a few drops of water were added to a mortar and the mixture was pulverized with a pestle. A
spontaneous reaction took place [2-5 min., Table 2, monitored by TLC (9:1, hexane/acetone)].
After completion of the reaction, CH,Cl, (10 ml) was added, and insoluble reagent was removed
by filteration. The filtrate was evaporated under reduced pressure and the resulting crude
material was purified by chromatography on silic-gel column (eluent: CH,Cl,) to give pure
carbonyl compounds.
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