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Abstract: A variety of acetals and thioacetals 2 are deprotected to the corresponding
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Introduction

Carbonyl compounds are often protected as thioacetals in organic synthesis [1], particularly in
multistep natural product synthesis[2], due to their stability in both acidic and basic conditions. Many
procedures are available in the literature for preparing thioacetals [3], but their deprotection to the
parent carbonyl compounds is not always an easy process. Therefore, various hydrolytic [4] or
oxidative methods [5] have been documented in recent years for dethioacetalization of thioacetals.
Recently, the use of manganese-based oxidants (KMnO,, BaMnO, and MnQOy) in aprotic solvents for
selective deprotection of thioacetals has been reported [6]. Carbonyl derivatives such as acetals and
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ketals are also of importance for the characterization and purification of carbonyl compounds [1], and
extensive studies on the deprotection of these derivatives to their parent carbonyl compounds have
been carried out [7]. However, some of the methods mentioned for deprotection of acetals and
thioacetals invariably require high temperatures, long reaction times and often involve toxic metal ions
and solvents, which are detrimental to the environment. Therefore, there is a need for a simple, less
expensive and safer method for deprotection of acetals and thioacetals.

Oxone® (2KHSOs-KHS0,-K,S0,) is a stable, inexpensive and water-soluble oxidizing reagent that
iscommercialy available, but this reagent is insoluble in organic solvents and buffering is needed due
to its acidity [8]. Recently, we have reported the use of benzyltriphenylphosphonium
peroxymonosulfate (PhCH,PhsPHSOs, 1), prepared from Oxone® and benzyltriphenyl phosphonium
chloride, as a mild, inexpensive and efficient oxidizing reagent for a variety of reactions, including the
oxidation of alcohols to aldehydes and ketones under aprotic [9a] or solvent-free conditions [9Db],
oxidative deprotection of trimethylsilyl and tetrahydropyranyl ethers under non-agueous conditions
[9c], conversion of oximes, phenylhydrazones, 2,4-dinitrophenylhydrazones and semicarbazones to
carbonyl compounds in aprotic solvent [9d], oxidation of urazoles to triazolinediones in a solventless
system [9e] and selective oxidation of sulfides and thiols to the corresponding sulfoxides and
disulfides under solvent-free conditions [9f].

In recent years, there has been an increasing interest in reactions that proceed in the absence of
solvents due to their reduced pollution, low costs and simplicity in process and handling [10]. Because
of our interest in development of solvent-free reactions [11], we now report the use of benzyl-
triphenyl phosphonium peroxymonosulfate (1) as an efficient and selective reagent for the deprotection
of thioacetals 2a-j (1,3-dithiolanes and 1,3-dithianes) and ethylene acetals 2k-p to the corresponding
carbonyl compounds 3a-p under solvent-free conditions.

Benzyltriphenyl phosphonium peroxymonosulfate (1), amild, efficient, stable and cheap reagent, is
a white powder, which is quite soluble in dichloromethane, chloroform, acetone and acetonitrile and
insoluble in non-polar solvents such as carbon tetrachloride, n-hexane and diethyl ether. Thisreagent is
readily prepared in quantitative yield by the dropwise addition at room temperature of an agueous
solution of Oxone® to an aqueous solution of benzyltriphenylphosphonium chloride and could be
stored for months without losing its potency [9]. The amounts of HSOs in this reagent have been
determined by an iodometric titration method [12] and the measurements are consistent with almost
99% by weight of active oxidising agent.

Results and Discussion

Deprotection of acetals and thioacetals with reagent 1 proceeds readily under solid-phase
conditions. Initially, we decided to explore the role of the reagent 1 in the presence of hydrated and
anhydrous metal salts in a solventless system for the deprotection of 2-(3-nitrophenyl)-1,3-dithiane
(2d) used as a model compound. Addition of metal salts under solid-phase condition in the absence of
reagent 1 did not effect any dethioacetalization of the model compound 2d, even after prolonged
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reaction times. Since deprotection of model compound 2d with reagent 1 failed in the absence of metal
sdt, the effect of several metal salts such as ZnCl,, FeCl3-6H,0, AICl; and BiCl; was thoroughly
investigated. Surprisingly, only AICl; was effective. An optimum (1:1:2) molar ratio of thioacetal, to
AICl; to oxidant 1 was established for complete deprotection of thioacetals 2a-j to carbonyl
compounds 3a-j while the reaction was incomplete with lesser amounts of oxidant (i.e. ratios of 1:1:1
and 1:1:1.5).

Benzyltriphenylphosphonium peroxymonosulfate (1) in the presence of aluminum chloride was
also used to convert ethylene acetals 2k-p to the corresponding carbonyl compounds 3k-p in high
yields under solid-phase conditions. A (1:1:1) molar ratio of acetal, to AICl3 to oxidant 1 was found to
be ideal for complete conversion. In this method, deprotection of a thioacetal or acetal is achieved by
grinding together a mixture of athioacetal 2a-j or acetal 2k-p, AICl3 and reagent 1 under solvent-free
condition. The reaction time is usually between 5-20 minutes (Table 1 and Scheme 1). The carbonyl
compounds 3a-p were isolated by washing the reaction mixture with solvent followed by filtration.
Evaporation of the filtrate under vacuum followed by flash chromatography often produces pure
carbonyl compounds 3a-p in high yield (Table 1). This method offers a simple, mild, solvent-free and
efficient route for converting acetals and thioacetals to the corresponding carbonyl compounds. As
evident from the results presented in Table 1, functional groups such as NO, and MeO increase the
reaction times. This could be the effect of complexation between these functional groups and the
AICl3. Notably, aldehydes did not undergo further oxidation to their carboxylic acids under the
reaction conditions. To demonstrate the utility of the procedure, a ten-fold scale reaction was carried
out under solvent-free condition for the deprotection of 2-(3-nitrophenyl)-1,3-dithiane (2d) to afford
3-nitrobenzaldehyde in 90% yield. It should be noted that there are no thermal or safety problems were
noted during mixing of the starting materials and the reactions.

Scheme 1
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A comparison of the results of deprotection of thioacetals by our method with those reported for
MnO,/AICI5 (1) [6], Oxone®/wet Al,Os (111) [5€] and SeO, (1V) [5h] is shown in Table 2. This
reagent is seen to be superior to the reported reagents in terms of high yields, short reaction times and
the amount of oxidant required.
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Table 1. Deprotection of ethylene acetals, 1,3-dithianes and 1,3-dithiolanes with reagent 1
in the presence of AICl; in a solventless system®

Substrate | R; R, n, X | Subs/AICIz/Oxidant | Time (min) | Yield (%)°
2a Ph Me 1,S 112 12 96
2b 4-Cl-CeH, Me 1S 1/1/2 15 90
2c 2-O,N-CgHy4 H 2,S 11/2 20 87
2d 3-O,N-CgHy4 H 2,S 11/2 20 88
2e 4-O,N-CeH, H 2,S 112 20 91
2f 4-Cl-CgH, H 2,S 112 16 93
29 4-Br-CgH,4 CH,Br 2,S 1/1/2 15 86
2h @ - 2,S 1/1/2 10 97
2i Ph H 2,S 11/2 5 99
2 2-MeOCgH, H 2,S 112 12 90
2k Ph Me 1,0 111 5 91
2l 2-MeOC¢H, H 1,0 Vi1 10 88
2m 2-O,N-CgH, H 1,0 i1 12 80
2n 2-Cl-CgH, Me 1,0 V11 13 85
20 @ - 1,0 V11 5 99
2p 4-Ph-CgH,4 Me 1,0 11/1 10 92

2Products confirmed by comparison with authentic samples (TLC, IR, *H-NMR,

melting and boiling points).

®Yields of isolated carbonyl compound after purification.

Table 2. Comparison of deprotection of thioacetal s by our method with those reported in the literature

Yield (%)/Time (min)
R1 Rz | n 12 b 11° Wa
Ph H 2 90/5 96/90 70/50 —
4-Cl-CgHa H 2 93/16 92/120 — —
Ph Me 1 96/12 — 91/120 98/25

2 Substrate/ PhCH,PhsPHSO/AICI; (1:2:1);
® Substrate/MnO,/AlCl3(1:7:1.5);

¢ Substrate/Oxone®/wet Al,O; (1:5);

4 Substrate/SeO, (1:5);
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Conclusions

We report a new and efficient methodology for the regeneration of aldehydes and ketones from
acetals and thioacetals at room temperature and in the absence of solvent. The stability, easy
preparation of the reagent and easy work-up make this method a novel and useful one compared to the
known methodologies for regeneration of carbonyl compounds from acetals and thioacetals. Also, this
method does not require a large excess of reagent nor long reaction times.
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Experimental
General

All the reported yields refer to isolated products after purification. All of the products were
characterized by comparison of their spectral (IR, *H-NMR and TLC) and physical data (melting and
boiling points) with those of authentic samples [13]. All *H-NMR spectra were recorded at 90 MHz in
CDCl; relative to TMS as an internal standard and IR spectra were recorded on Shimadzu 435 IR
spectrometer. The reagent 1 was prepared according to our previous reported procedures [9]. All of the
reactions were carried out in the absence of solvent at room temperature in a fumehood with strong
ventilation. The carbonyl derivatives were prepared from the corresponding carbonyl compounds and
1,2-ethanediol, 1,2-ethanedithiol and 1,3-propanedithiol according to the reported procedures [3,7b].

Typical Procedure for Solid Phase Deprotection of Acetals and Thioacetals with Reagent 1. Reaction
of 2-Methyl-2-(4-chlorophenyl)-1,3-dithiolane (2b).

Benzyltriphenyl phosphonium peroxymonosulfate (1) (0.7 g, 2 mmol) was added to a mixture of 2-
methyl-2-(4-chlorophenyl)-1,3-dithiolane (2b, 0.231 g, 1 mmol) and auminum chloride (0.13 g,
1mmol) placed in a mortar. The reaction mixture was ground by pestle at room temperature under
solvent-free condition for 15 minutes. After the disappearance of starting material as monitored by
TLC, the mixture was washed with cyclohexane and filtered. The filtrate was evaporated under
reduced pressure and the resulting crude material was purified by flash chromatography on SiO,
(eluent: CH,Cl,) to afford 4-chloroacetophenone (3b, 0.14 g, 90%); bp 231-232 °C/760 Torr (lit. [13]
bp 232 °C/760 Torr ); IR (KBr): » = 3050 (m), 2890 (m), 1680 (s), 1590 (s), 1400 (m), 1250 (s), 830
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(m), 760 (m) cm™; *H-NMR (CDCls, 90 MHz): 6 = 2.6 (s, 3H), 7.4-7.7 (d, 2H, J = 6 Hz), 7.9-8.2 (d,
2H, J =6 Hz) ppm.
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