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Summary. A straightforward and effective procedure for the
deprotection of thioacetals to the corresponding carbonyl
compounds using potassium persulfate and the ionic liquid
[bmim]Br under solvent-free conditions is reported. A variety
of aliphatic and aromatic 1,3-dithiolanes or 1,3-dithanes was
deprotected to the corresponding carbonyl derivatives by this
procedure.
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Introduction

The protection of carbonyl groups is essential in
multistep syntheses until the electrophilic nature of
the C=0 group is to be exploited. Among carbonyl
protecting groups, dithioacetals constitute an impor-
tant class of compounds as acyl anion equivalents [1]
or masked methylene functions in carbon—carbon
bond forming reactions. These substrates are versa-
tile [2] due to their straightforward preparation and
also to their stability under basic or mildly acidic
conditions [3]. The final step in the multistep syn-
thesis involves the deprotection of the thioacetal to
the original carbonyl group. Dethioacetalization of
thioacetals under mild reaction conditions into the
corresponding carbonyl compound is an important
transformation, but is not a straightforward process.
Many procedures are available in literature for this
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purpose [4], however, it is not always an easy pro-
cess. Therefore, various hydrolytic [5] or oxidative
deprotection methods [6] have been reported.

Recently, the use of KMnO,4, BaMnQ,4, and MnO,
in aprotic solvents for the selective deprotection of
thioacetals has been reported [7]. However, some of
the mentioned methods suffer from drawbacks like
high temperatures or long reaction times, and often
involve using toxic metal ions and solvents, which
are detrimental to the environment. Therefore, there
is still a need for an efficient, less expensive, and
safer method for the deprotection of thioacetals.
The toxic and volatile nature of many organic sol-
vents, particularly chlorinated hydrocarbons that
are widely used as solvents in organic synthesis,
has introduced a serious threat to the environment.
Therefore design of solvent-free reactions [8] and
use of alternative green solvents like water [9], su-
percritical fluids [10], and ionic liquids [11] have re-
ceived intensive attention in recent years. Although
ionic liquids have been successfully employed as
solvents with catalytic activities for a variety of
important reactions [11], their use as catalyst un-
der solvent-free conditions has not been explored
to any great extent [12]. The high cost of most of
the conventional ionic liquids prompted us to ini-
tiate an investigation to explore the use of a catalyt-
ic amount of less expensive and readily available
ionic liquids for the dethioacetalization to carbonyl
compounds.
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Results and Discussion

In continuation of our ongoing program to develop
environmentally benign methods under solvent-free
conditions [13—15], we wish to report an efficient
method for the deprotection of thioacetals to their
corresponding carbonyl compounds. The process
readily proceeds under solvent-free conditions using
potassium persulfate (K,S,0g) in the presence of
1-butyl-3-methylimidazolium bromide [bmim]Br as
an ionic liquid (Scheme 1). Potassium persulfate is a
mild and inexpensive oxidizing agent, which can not
be easily used in a common organic solvent. How-

A. R. Hajipour et al.

K2S,0g Q
> /\
2

[bmim]Br R’ R

[
S S
R1><R2
(R'=H, Alkyl, R*= Aryl), n =1 or 2
Scheme 1
ever, using this reagent in the presence of a catalytic

amount (10 mol%) of [bmim]Br as an ionic liquid
without using any organic solvent and under almost

Table 1. Deprotection of various dithioacetals in the presence of K,S,0g/[hmim]Br under solvent-free conditions at 70—-80°C™ b

Substrate R R? n Time/min Yield/ %" Mp/°C or Bp/°C/torr (Ref. [13])
2a 4-MeOCgH, H 2 10 80 141-143/50 (141-143/50)
2b 3,4-(MeO),CgHs H 2 10 80 81-83 (82)
2¢ 4-0,NC¢H, H 1 15 78 104-106 (104—106)
2d CeHs CH, 2 10 90 200-2002/760 (200-2002,/760)
2e CeHs CeHs 2 10 87 46-48 (47-49)
2f CH;(CH,)sCH, H 2 22 84 239-240/760 (240/760)
2 _ swe - - 25 90 170-172/760 (169—171/760)

: KO / /
3a CeHs Me 1 10 81 201-202/760 (200-202/760)
3b 4-BrCgH, Me 1 10 86 49-52 (49-52)
3c 2-0,NC¢H, H 2 10 88 43-45 (42-43)
3d 3-0,NCeH, H 2 25 90 54-56 (55-58)
3e 4-0,NCeH, H 2 20 83 81-83 (82)

S

3f <X, - 1 20 80 170-172/760 (169—171/760)
3g - 2 20 85
3h FOL - 1 25 80 57-59 (57-59)

3i Oij 2 25 76 57-59 (57-59)

§

3j 4-CIC¢H, H 2 10 78 45-48 (45-47)
3k 4-CICgH, Me 2 12 75 231-232/760 (232/760)

3l 4-Br-CgH, CH,Br 2 15 85 107-110 (108-110)
3m [t - 1 12 90 127/13 (127/13)
3n ©5 - 2 15 78 127/13 (127/13)
30 Ph H 2 10 80 176-1178760 (176—1178760)
3p 2-MeOCgH, H 2 15 87 37-39 (37-39)
3q MeO,CCH,CH, Me 1 20 88 192-193/760 (193-195/760)
3r MeO,CCH,CH, Me 2 25 85 192-193/760 (193-195/760)
3s - 1 25 75 79-81 (79-82)

3t . w - 2 25 81 79-81 (79-82)

1

3u o3 - 1 32 78 148-150 (148—-150)
3v déj% s - 2 25 84 148-150 (148-150)

4 The yields refer to the isolated products after purification. b

TLC, GC, NMR spectra, and Mp or Bp

All products were characterized by physical data and their IR,
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neutral conditions at 70—80°C in reaction times of 10—
25 min provided products in high yields (75-90%).

To optimize the reaction conditions and evaluate
the synergy between K,S,0g, ionic liquid, and sol-
vent-free conditions several experiments were done.
When we treated 1 mmol of 4-methoxyphenylthio-
lane with 1 mmol K,S,0g in the absence of the
ionic liquid in refluxing acetonitrile the yield of 4-
methoxybenzaldehyde after 1h refluxing was 45%.
Reaction of 4-methoxyphenylthiolane with 1 mmol
of K,S,04 in the presence of a catalytic amount
(10 mmol%) of [bmim]Br in refluxing acetonitrile
resulted in 4-methoxybenzaldehyde and 4-methoxy-
benzoic acid after 1h in 35 and 15%. We also
reacted 1 mmol of 4-methoxyphenylthiolane with
1 mmol of K,S,Og in the absence of ionic liquid
under solvent-free conditions grinding the latter re-
action mixture in a mortar for 30 s and keeping it at
70-80°C for 1h. The yield of the conversion to the
corresponding benzaldehyde was 40%. Only in the
case of grinding a mixture of K,S,0g in the presence
of a catalytic amount (10 mmol%) of [bmim]Br
at 65-70°C the deprotection of thioacetal to the
corresponding carbonyl compounds in low reaction
time was high.

In conclusion, we have developed a simple, mild,
inexpensive, and environmentally safe method for
the deprotection of §,S-acetals. High yields and short
reaction times are noteworthy features of the re-
ported method.

Experimental

Typical Procedure for Dethioacetalization of p-Chlorophenyl-
1,3-dithiolane Using K,S,0g/[bmim]Br

A mixture of 0.21 g p-chlorophenyl-1,3-dithiolane (1 mmol),
0.27K5S,0g (1 mmol), and 0.03 g [bmim]Br (10mol%) was
ground for 1 min in a mortar with a pestle and kept at
65-70°C for the time specified in Table 1. The progress of
the reaction was followed by TLC/GC. After the reaction was
completed (Table 1), filtration through a sintered glass funnel
followed by transfer into a separatory funnel and washing with
NaHCO; (5%) drying (Na,SO,), and removing the solvent
under reduced pressure. The residue was purified through a
short column of silica gel (cyclohexane/EtOAc, 3/1) to obtain
0.11 g (78%) pure p-chlorobenzaldehyde.

Acknowledgements

We gratefully acknowledge the funding support received for
this project from the Isfahan University of Technology (IUT),
IR Iran (A.R.H.), and Grants GM 033138, MH 065503, NS

571

033650 (A.E.R.) from the National Institutes of Health, USA.
Further financial support from the Center of Excellency in
Chemistry Research (IUT) is gratefully acknowledged.

References

[1] Groble BT, Seebach D (1977) Synthesis 357
[2] Greene TW (1981) John Wiley and Sons, New York,
vol. 129, 311 pp
[3] Guanti G, Banfi L, Brusco S, Riva R (1993) Tetrahedron
Lett 34: 8549
[4] a) Firouzabadi H, Iranpoor N, Karimi B (1999) Synth-
esis 58; b) Seebach D, Corey EJ (1975) J Org Chem 40:
231; c) Groblel BT, Seebach D (1977) Synthesis 357; d)
Hatch RP, Shringarpure J, Weinreb SM (1978) J Org
Chem 43: 4172; e) Marshall JA, Belletire JL (1971)
Tetrahedron Lett 871
[5] Lebouc A, Simonet J, Gelas J, Dehbi A (1987) Synthesis
320
[6] a) Firouzabadi H, Iranpoor N, Zolfigol MA (1998) Bull
Chem Soc Jpn 71: 2169; b)Varma RS, Saini RK (1997)
Tetrahedron Lett 38: 2633; ¢c) Meshram HM, Reddy GS,
Yadav JS (1997) Tetrahedron Lett 38: 8891; d) Curini M,
Marcotullio MC, Pisani E, Rosati O (1997) Synlett 769;
e) Curini M, Ceccherelli P, Marcotullio MC, Epifano F,
Rosati O (1996) Synlett 767; f) Komatsu N, Taniguchi
A, Uda M, Suzuki H (1996) Chem Commun 1847
g) Schmittel M, Levis M (1996) Synlett 315; h)
Haroutounian SA (1995) Synthesis 39; i) Hirano M,
Ukawa K, Yakabe S, Clark JH, Morimoto T (1997)
Synthesis 858; j) Lee JG, Hwang JP (1995) Chem Lett
507; k) Meshram HM, Reddy GS, Sumitra G, Yadav JS
(1999) Synth Commun 29: 1113
[7] Firouzabadi H, Hazarkhani H, Karimi B, Niroumand U,
Ghassamipour S (2000) Fourth International Electronic
Conference on Synthetic Organic Chemistry (ECSOC-4),
September 1-30
[8] a) Tanaka K, Toda F (2000) Chem Rev 100: 1025; b)
Cave GW, Raston CL, Scott JL (2001) Chem Commun
2159; ¢) Metzger JO (1998) Angew Chem Int Ed 37:
2975
[9] Li CJ, Chan TH (1997) Organic Reactions in Aqueous
Media. John Wiley and Sons, New York
[10] Oakes RS, Clifford AA, Rayner CM (2001) J Chem Soc
Perkin Trans 1: 917
[11] (a) Welton T (1999) Chem Rev 99: 2071; b)
Wasserscheid P, Keim W (2000) Angew Chem Int Ed
39: 3773
[12] a) Sheldon R (2001) Chem Commun 2399; b) Namboo-
diriand VYV, Varma RS (2002) Chem Commun 342; ¢)
Harjani JR, Nara SJ, Salunkhe MM (2002) Tetrahedron
Lett 43: 1127
[13] a) Hajipour AR, Arbabian M, Ruoho AE (2002) J Org
Chem 67: 8622; b) Hajipour AR, Ruoho AE (2002) Org
Prep Proced Int 34: 647; c) Hajipour AR, Mazloumi G
(2002) Synth Common 32: 23; d) Hajipour AR, Ruoho
AE (2002) J Chem Res (s) 547; e) Hajipour AR, Adibi H,
Ruoho AE (2003) J Org Chem 68: 4553; f) Hajipour AR,



572

[14]

A. R. Hajipour et al.: Deprotection of Thioacetals Using K,S,0g/[bmim]Br

Bageri H, Ruoho AE (2004) Bull Korean Chem Soc 25:
1238; g) Hajipour AR, Malakutikhah M (2004) Org Prep
Proced Int 647; h) Hajipour AR, Ruoho AE (2002) Sul
Lett 25: 151; i) Hajipour AR, Mirjalili BF, Zarei A,
Khazdooz L, Ruoho AE (2004) Tetrahedron Lett 45:
6607

a) Hajipour AR, Mahboubkhah NJ (1998) Chem
Research (S) 122; b) Hajipour AR, Mallakpour E,
Adibi H (2000) Chemistry Lett 460; c¢) Hajipour AR,
Mallakpour E, Khoee S (2000) Chemistry Lett 120; d)

[15]

Hajipour AR, Mallakpour E, Khoee S (2000) Synlett
740; e) Hajipour AR, Ruoho AE (2005) Org Prep Proced
Int 37: 298; f) Hajipour AR, Ruoho AE (2005) Org Prep
Proced Int 37: 279

a) Hajipour AR, Kooshki B, Ruoho AE (2005) Tetra-
hedron Lett 46: 503; b) Hajipour AR, Ruoho AE (2005)
Tetrahedron Lett 46: 8307; c) Hajipour AR, Zarei A,
Khazdooz L, Ruoho A (2005) Synth Common 35: 2237;
d) Hajipour AR, Pourmosavi SA, Ruoho A (2005) Synth
Common 35: 2889



