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Abstract: Efficient deprotection of a wide variety of 1,3-dithioace-
tals and 1,3-oxathiolanes to the corresponding carbonyl compounds
at room temperature using a combination of 2,4,6-trichloro-1,3,5-
triazine (TT) and dimethyl sulfoxide (DMSO) was investigated. In
this way, 1,3-oxathioacetals and 1,3-dithioacetals of enolizable ke-
tones were converted to the corresponding 1,4-oxathiepine and 1,4-
dithiepine derivatives, respectively.

Key words: chemoselective, 1,3-dithioacetals, 1,3-oxathiolanes,
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Acetals, thioacetals, and oxathioacetals are the most com-
monly utilized protecting groups for carbonyl compounds
in many syntheses of reasonable complexity.1 Among the
various functional groups, the protection of carbonyl
groups especially as 1,3-oxathioacetals and dithioacetals,
is an important one owing to their application as acyl an-
ion equivalent displaying a reactivity umpolung in car-
bon-carbon bond forming reactions.2 1,3-Oxathioacetals
are also valuable starting materials for the enantioselec-
tive synthesis of �-hydroxyaldehydes and related com-
pounds, first introduced by Eliel and his co-workers3 and
later on studied by others.4 In addition, 1,3-oxathioacetals
are considerably more stable than the corresponding O,O-
acetals under acidic conditions and also easier to remove
than the corresponding S,S-acetals. Typically, deprotec-
tion of thioacetals requires drastic conditions or toxic re-
agents such as mercury salts,5 other heavy metals,6 ceric
ammonium nitrate (CAN),7 SeO2.

8 In addition, some
methods have been reported employing Pb(OAc)4 and
Tl(O2CCF3)3.

9 A few non-metallic reagents such as the
oxide of nitrogen,10a trisethyloxonium tetrafluorobo-
rate,10b and methyl fluorosulfonate10c were also applied
for this purpose. Recently, a number of reagents such as
Bi(NO3)3,

11a clay-Fe(NO3)3,
11b bis(trifluroacetoxy)iodoben-

zene,11c 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ),11d

SiO2-Cl/DMSO,11e [Zr(OPMe3)1.2(O3PC6H4SO3H)0.8],
11f

and natural kaolenite11g have also been developed for the
selective deprotection of dithioacetals. Though a large
number of methods are developed for cleavage of dithio-
acetals, only a few methods are available in the literature
for oxathioacetals. Among the earlier work, there are a

few processes known for the deprotection of oxathioace-
tals employing isoamyl nitrite,12a and chloramines-T.12b

Recently, TMSOTf alone,13 or in the presence of both 4-
nitrobenzaldehyde,14 and polymer supported 4-nitroben-
zaldehyde,15 have also been reported as the reagent of
choice for this transformation. However, these methods
suffered from drawbacks such as the difficulty of removal
of the by-product oxathioacetal derived from p-
nitrobenzaldehyde14 or the use of expensive polymer sup-
ported reagent,15 and sometimes they fail to deprotect
non-benzylic oxathioacetals.13 Some other well-known
protocols are based on halonium ion sources such as
NCS–AgNO3,

3a I2–AgNO2,
16 NBS in aqueous acetone,17

and organic ammonium tribromide18 for deprotection of a
wide variety of oxathioacetals. Unfortunately, these meth-
ods also involve the use of a molar excess of expensive sil-
ver salts,3a,16 require long reaction times,17,18 or involves
expensive organic tribromides.18 Very recently, another
method was also reported by using a catalytic amount of
trichlorooxyvanadium which also requires drastic condi-
tions.19 Therefore, it seems that the development of new
mild protocols for deprotection of both dithioacetals and
oxathioacetals is being still pursued.

The pioneering work of Senier showed that 2,4,6-trichlo-
ro-1,3,5-triazine (TT) could function as a highly oxophilic
reagent for the conversion of carboxylic acids to the cor-
responding acid chlorides.20 The use of TT as a chemical
reagent has been previously reported for converting car-
boxylic acids into chlorides, esters, amides, peptides, and
macrolactones,21,22 for mild and selective reduction of car-
boxylic acids,23 synthesis of �-diazoketones,24 deoxygen-
ation of sulfoxides,25 synthesis of �-lactams,26

formylation of alcohols,27 modified Swern oxidation of al-
cohols,28 conversion of alcohols to halides,29 and oxida-
tive coupling of thiols to disulfides.30 In our previous
work regarding the use of WCl6

31 and SiO2Cl (silica chlo-
ride)11e as powerful oxophilic reagents, we demonstrated
that a combination of these reagents with DMSO could be
utilized for various types of oxidative transformation such
as either ring enlargement of 1,3-dithiolanes and 1,3-
dithianes or deprotection of thioacetals via an in situ for-
mation of electrophilic chlorine species (e.g. chloro dim-
ethylsulfonium ions). Unfortunately, these procedures
have drawbacks such as the use of expensive and highly
unstable WCl6 or involves laborious and time consuming
steps for preparation of SiO2Cl. However, TT is a rather
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cheap reagent and its use does not need special precau-
tions. Moreover, the absence of problems of disposing of
the waste product and the high degree of selectivity
through the reaction of TT with organic molecules are key
promising features for its future application in both indus-
trial and synthetic transformations.32 Owing to the rela-
tively strong oxophilic nature of TT, we hypothesized that
this reagent might be show a similar behavior as WCl6,
and SiO2Cl in promoting similar transformations. Along
this line, herein, we wish to report a very mild and
chemoselective protocol for the efficient conversion of
1,3-dithioacetals and 1,3-oxathioacetals to the corre-
sponding carbonyl compounds (Scheme 1).

Scheme 1

Inspection of the data in Table 1 shows that using this pro-
tocol, various types of both open-chain and cyclic dithio-
acetals as well as 1,3-oxathioacetals of aromatic
aldehydes can effectively be converted to the correspond-
ing carbonyl compounds in good to excellent yields (en-
tries 1–18). The reactions are generally clean and fast and
are completed within 1–3 h. In a similar way, dithioacetals
and oxathioacetals of aliphatic- as well as cinnamalde-
hyde also furnished the parent aldehydes in good to excel-
lent yields (Table 1, entries 19–25). It is worth mentioning
that 1,3-dithioacetals and 1,3-oxathioacals derived from
the corresponding ketones show quiet different behavior
depending on the nature of both R1 and R2 groups. If both
R1 and R2 groups were non-enolizable groups, employing
the above-mentioned procedure would lead to the corre-
sponding ketones almost in quantitative yields (Table 1,
entries 26 and 27). On the other hand, in the case that ei-
ther R1 or R2 are enolizable the corresponding rearranged
products such as dithiepines, dithiins, or oxathiepines
were formed as the sole products (Scheme 2, Table 2).

Scheme 2

When a mixture of 2-methyl-2-phenyl-1,3-dithiolane was
treated with TT (0.5 equiv) and DMSO (4 equiv) in anhyd
CH2Cl2, the corresponding 2-chloro-6,7-dihydro-3-phe-
nyl-5H-[1,4]dithiepine was formed in good yield as sole
product (Table 2, entry 1). Surveying the literature reveals
that though the ring-enlargement of 1,3-dithianes, 1,3-
dithiolanes, and 1,3-oxathiolanes can be successfully ap-
plied as a tool for both the construction of larger sulfur-
containing heterocyclic rings and also 1,2-transposition of
carbonyl compounds, there are few examples of this trans-
formation in the literature.11e,31,33 Furthermore, almost all
of the present protocols involve expensive,31,33f,g highly
acidic11e,33d or very toxic reagents 33f,g and the yields of the
products are not always satisfactory. Therefore, the
present TT-based protocol is the first example of such a
transformation that approaches the problem from points
of view of mildness of the reaction conditions, inexpen-
siveness of the reagents, and also the absence of toxic
waste disposal.

It is also important to note that the nature of the solvent
plays an important role on the product distribution since,
for example in nucleophilic solvents such as CH3CN a
mixture of both chlorinated (2a) and non-chlorinated (3a)
dithiepine was produced (Scheme 3).

In summary, we have introduced a new application for
2,4,6-trichloro-1,3,5-triazine. High yields of the products,
the absence of the toxic waste disposal, short reaction
times, and also mild reaction conditions make this proto-
col as an alternative to the existing methods. Further ap-
plications of TT in organic transformation are currently in
progress in our laboratories.

1H NMR and 13C NMR spectra were recorded on a Bruker 250 or
500 MHz spectrometer in CDCl3 and with TMS as internal stan-
dard. All of the products are known and gave satisfactory IR and
NMR spectra.

N N

N

R2R1

R3S XR3

ClCl

Cl
DMSO, CH2Cl2, rt R2R1

O

Scheme 3 Product distribution was determined by using a careful analysis of the 1H NMR (500 MHz) spectra of the crude products for integra-
tion of vinylic protons with those of aromatic ring.
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Table 1 Deprotection of Thioacetals and Oxathioacetals with TT/DMSO in CH2Cl2

Entry R1 R2 R3 X Time (h) Yield (%)a, b

1 H C6H5 -CH2CH2- S 3 90

2 H 4-F-C6H4 -CH2CH2- S 3.5 93

3 H 4-CH3O-C6H4 -CH2CH2- S 2.5 92

4 H 4-i-Pr-C6H4 -CH2CH2- S 2.45 93

5 H C6H5 -CH2CH2- O 1 91

6 H 4-NO2-C6H4 -CH2CH2- O 3 90

7 H 3,5-diCH3O-C6H3 -CH2CH2- O 1.5 90

8 H C6H5 -CH2CH2CH2- S 1.5 92

9 H 4-CH3O-C6H4 -CH2CH2CH2- S 1.5 95

10 H 4-CH3S-C6H4 -CH2CH2CH2- S 1 93

11 H 4-i-Pr-C6H4 -CH2CH2CH2- S 1 94

12 H 4-Cl-C6H4 -CH2CH2CH2- S 2.5 92

13 H 2,5-(CH3O)2-C6H3 -CH2CH2CH2- S 1 90

14 H 2,6-(Cl)2-C6H3 -CH2CH2CH2- S 2.15 91

15 H 3-Br-C6H4 -CH2CH2CH2- S 2 92

16 H 3-PhO-C6H4 -CH2CH2CH2- S 2 94

17 H 2-Naphthyl -CH2CH2CH2- S 1 94

18 H Cinnamyl -CH2CH2CH2- S 1 89

19 H n-C6H13 -CH2CH2CH2- S 1.5 90

20 2 85

21 1 89

22 H -C6H4 -C6H5 1 90

23 H -C6H4 -CH2-C6H5 1 92

24 H Cinnamyl -C6H5 1.2 88

25 H Cinnamyl -CH2-C6H5 1 85

26 2.5 96

27 2 95

a The ratio substrate/TT/DMSO is: 1.0:0.5:5.0.
b Yields refer to isolated products.

D
ow

nl
oa

de
d 

by
: G

la
sg

ow
 U

ni
ve

rs
ity

 L
ib

ra
ry

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



2550 B. Karimi, H. Hazarkhani PAPER

Synthesis 2003, No. 16, 2547–2551 © Thieme Stuttgart · New York

Deprotection of Thioacetals and Oxathioacetals with DMSO/
TT; General Procedure
To a solution of thioacetal (2 mmol) and anhyd DMSO (0.78–0.94
g, 10–12 mmol) in anhyd CH2Cl2 (10 mL), TT (0.184 g, 1 mmol)
was added. The mixture was stirred at r.t. for the appropriate reac-
tion time (Table 1). After completion of the reaction (TLC), the re-
action was quenched with an aq solution of NaOH (5% w/v, 10 mL).
The organic layer was separated, and the aq layer was extracted with
CH2Cl2 (2 × 25 mL). The combined organic extracts were then
washed with water (2 × 15 mL) and dried over Na2SO4. Evaporation
of the solvent afforded the almost pure product. Further purification
was achieved by column chromatography using EtOAc–n-hexane
(1:10) as eluent.

Ring Expansion of 2,2-Bis(benzyl)-1,3-dithiolane to the Corre-
sponding Dihydro-1,4-dithiin with DMSO/TT in Anhyd 
CH2Cl2; Typical Procedure
To a solution of 2,2-bis(benzyl)-1,3-dithiolane (1g, 1.0 mmol) and
anhyd DMSO (0.39 g, 5.0 mmol) in anhyd CH2Cl2, TT (0.22 g, 1.2
mmol) was added. The reaction mixture was stirred at r.t. for 1.5 h.
Then, the reaction mixture was quenched with an aq solution of
NaOH (5% w/v, 10 mL) and extracted with CH2Cl2. The organic ex-
tracts were combined and washed with water (2 × 15 mL), separated
and dried over Na2SO4. Evaporation of the solvent gave the crude
product. Purification by means of column chromatography with sil-
ica gel using CCl4 as eluent affords the pure product as purple-red
viscous liquid (0.23 g, 81% yield).11e

Table 2 Ring-Expansion Chlorination of 1,3-Dithiolanes and 1,3-Dithianes and 1,3-Oxathiolane by TT/DMSO in CH2Cl2

Entry Substrate Producta Time 
(h)

Yield (%)b,c

1 1.5 80

2 1.1 85

3 2 81

4 2.1 82

5 1.5 86

6 1.6 88

7 1.5 81

8 1.6 87

9 1.5 86

a The ratio substrate/TT/DMSO is: 1.0:1.2:5.0.
b Isolated yields.
c All of the products are known and gave satisfactory 1H and 13C NMR spectra in comparison with those of authentic samples (see ref.11e,31).
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