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Abstract—Carbonyl compounds have been successfully converted into their corresponding oxathiolane, dithiolane and dithiane
derivatives in excellent yields with 2-mercaptoethanol, 1,2-ethanedithiol and 1,3-propanedithiol using a catalytic amount of
molybdenyl acetylacetonate.
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One of the major challenging problems during multi-
step syntheses is to protect a carbonyl functionality
from nucleophilic attack until its electrophilic nature
can be exploited. For this reason, the protection of
carbonyl groups remains a crucial challenge to organic
chemists. Among carbonyl protecting groups, 1,3-
oxathiolanes, 1,3-dithiolanes and 1,3-dithianes consti-
tute an important class of compounds as acyl anion
equivalents1 or masked methylene functions in car-
bon�carbon bond forming reactions. In addition to
this, these substrates are versatile2 due to their ease of
preparation and also to their stability under basic or
mildly acidic conditions. Some of the catalysts reported
for the preparation of 1,3-oxathiolanes and 1,3-dithio-
lanes which have greatly enriched the science of
methodology of synthetic organic chemistry are HCl,3

PTSA,4 BF3–OEt2,5 SO2,6 ZnCl2,7 TMSCl–NaI,7

TMSOTf,8 AlCl3,9 TiCl4,10 LaCl3,11 SiCl4,12 Cu(OTf)2–
SiO2,13 ZrCl2–SiO2,14 WCl6,15 5 M LiClO4/
Et2O(LPDE)16 and TaCl5–SiO2

17 etc., but many of
these procedures are associated with certain limitations
such as low yields, harsh reaction conditions, longer
reaction times and costly reagents as well as inconve-
nience in handling the reagents. So milder, simpler and
more efficient alternatives are still desirable.

It has been observed recently that there has been a
tremendous upsurge of interest in the protection of
different reactive functionalities. We wish to report here
a mild and efficient method for the protection of car-
bonyl compounds as 1,3-oxathiolanes, 1,3-dithiolanes
and 1,3-dithianes using a catalytic quantity (10 mol%)
of molybdenyl acetylacetonate in good to excellent
yields (Scheme 1).

Although molybdenum catalyzed epoxidation of double
bonds and oxidation of alcohols to carbonyl
compounds18 is well documented in the literature, to
our knowledge there has been no investigation into the
protection of carbonyl groups molybdenum reagents.
Thus, various cyclic and acyclic carbonyl compounds
were subjected to the protection reaction19 using 2-mer-
captoethanol, 1,2-ethanedithiol or 1,3-propanedithiol in

Scheme 1.
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Table 1. MoO2(acac)2 catalyzed protection of carbonyl compounds as oxathiolanes, dithiolanes or dithianes

Entry ReagentSubstrate Time (h) Yield (%)a

HSCH2CH2OH1 4.0Benzaldehyde 86
HSCH2CH2OH 3.02 82p-Methoxybenzaldehyde
HSCH2CH2OH 4.0p-Chlorobenzaldehyde 943

Cinnamaldehyde4 HSCH2CH2OH 3.5 92
3,4-Dimethoxybenzaldehyde5 HSCH2CH2OH 4.5 86

HSCH2CH2OH 4.53-Methoxy-4-benxyloxybenzaldehyde 866
HSCH2CH2OH 4.07 88Piperonal
HSCH2CH2OH 3.5Cyclopentanone 948

Cyclohexanone9 HSCH2CH2OH 3.5 96
Indanone10 HSCH2CH2OH 4.0 81

HSCH2CH2OH 4.0�-Tetralone 8011
HSCH2CH2OH 3.012 891-Hexanal
HSCH2CH2OH 3.02-Hexanone 8813

Furfural14 HSCH2CH2OH 4.0 87
Benzaldehyde15 HSCH2CH2SH 1.5 95

HSCH2CH2SH 2.0p-Methoxybenzaldehyde 9616
HSCH2CH2SH 2.0 9817 p-Chlorobenzaldehyde
HSCH2CH2SH 4.0p-Nitrobenzaldehyde 9718

Indanone19 HSCH2CH2SH 3.5 90
HSCH2CH2SH 3.020 88Cyclopentanone
HSCH2CH2CH2SH 3.0Benzaldehyde 9421

p-Methoxybenzaldehyde22 HSCH2CH2CH2SH 4.0 97
23 p-Chlorobenzaldehyde HSCH2CH2CH2SH 4.5 81

HSCH2CH2CH2SH 3.0Cyclohexanone 8524
1-Hexanal25 HSCH2CH2CH2SH 3.5 78

a Yields refer to isolated pure products.

the presence of a catalytic amount of molybdenyl acetyl-
acetonate [MoO2(acac)2; 10 mol%] in acetonitrile at
room temperature to yield the corresponding 1,3-
oxathiolanes, 1,3-dithiolanes or 1,3-dithianes in excel-
lent yields, and the results are summarized in Table 1.
All the products were characterized by spectroscopic
analysis and also by comparison of the data obtained
with those of authentic samples.

In conclusion, we have developed a mild and efficient
method for the protection of carbonyl compounds as
the corresponding oxathiolane, dithiolane and dithiane
derivatives in excellent yields with 2-mercaptoethanol,
1,2-ethanedithiol and 1,3-propanedithiol using a cata-
lytic amount of molybdenyl acetylacetonate.
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19. A typical procedure: To a stirred mixture of benzaldehyde
(106 mg; 1.0 mmol) and 1,2-ethanedithiol (113 mg; 1.2
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mmol) in acetonitrile (1 mL) was added dry molybdenyl
acetylacetonate (22 mg; 10 mol%) at room temperature
under argon. The reaction mixture was stirred at room
temperature for 4 h, diluted with diethyl ether (20 mL),
washed thoroughly with water (2×5 mL) and brine (2×
5mL), then dried (Na2SO4). Evaporation of the solvent
under reduced pressure afforded a product which was
purified by column chromatography over silica gel (25%

ethyl acetate in petroleum ether) to afford pure 2-
phenyl-1,3-oxathiolane (142 mg, 86%). IR (�max, KBr)
2869, 1492, 1454, 1265, 1230, 1195, 1062, 1018, 972
cm−1; 1H NMR (300 MHz, CDCl3) � 3.15–3.31 (m, 2H),
3.90–3.98 (m, 1H), 4.49–4.55 (m, 1H), 6.06 (s, 1H),
7.29–7.41 (m, 3H), 7.45–7.49 (m, 2H); 13C NMR (75
MHz, CDCl3) � 33.9, 71.8, 86.9, 126.5, 128.3, 128.5,
139.1.
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