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Abstract: Trichloroisocyanuric acid (1), a cheap industrial chemi-
cal, catalyzes mild and efficient thioacetalization and transthioace-
talization reactions. In addition, this catalyst is very selective for
this purpose.
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The protection of carbonyl compounds as 1,3-dithiolanes
and 1,3-dithianes is a widely used method and has gener-
ally been prepared by protic or Lewis acids.1 Transthioac-
etalization of acetals has also been used as an alternative
method for the preparation of thioacetals.2

However, there are shortcomings for the use of acids in
thioacetalization of carbonyl compounds namely harsh re-
action conditions, stoichiometric use of expensive re-
agents and poor chemoselectivity. Many methods are
reported such as lithium perchlorate in diethyl ether,3

magnesium or zinc triflate,4a copper triflate,4b lanthanum
chloride,5 Nafion-H.6 But the chemoselectivity between
carbonyl functions has been reported with silica gel–thio-
nyl chloride,7a Amberlyst-15 catalyst,7b indium chloride,7c

tantalum(V) chloride–silica gel,7d bismuth(III) halides or
sulfate,7e Fe3+-montmorilonite.7f Very recently, we have
introduced some efficient catalysts for chemoselective
thioacetalization reactions.8

In continuation of our studies in this regard, we have
found that trichloroisocyanuric acid (1) a cheap commer-
cially available reagent used primarily as a disinfectant
and deodorant, has found little application in organic
chemistry. To the best of our knowledge it has been used
for allylic halogenation,9a �-halogenation of saturated cy-
clic ethers,9b direct conversion of ethers to esters,9c chlori-
nation of aromatic systems9d and deprotection of
thioacetals.9e Very recently, a trichlorocyanuric acid/
triphenylphosphine mixture was used for the conversion
of alcohols into the corresponding alkyl halides.10

We now report that 1 catalyzes thioacetalization and tran-
sthioacetalization reactions at room temperature in CHCl3

(Scheme 1).11

Scheme 1

As shown in the Table, aromatic and aliphatic aldehydes,
O,O-acetals, O,O-ketals and O,S-acetals were cleanly
converted into their 1,3-dithiolanes and 1,3-dithianes in
excellent yields at room temperature. However, ketones
were thioketalized after prolonged reaction times in poor
to good yields. In order to show the high chemoselectivity
of the method we have carried out the successful protec-
tion of an aldehyde in the presence of a ketone and the
transthioacetalization of an acetal in the presence of a ke-
tone (Scheme 2). The ratio of the products was deter-
mined by 1H NMR analysis of the crude reaction mixture.

Scheme 2

In summary, in this study we have introduced a new and
useful catalytic application of trichloroisocyanuric acid as
an efficient catalyst for the thioacetalization of aldehydes,
O,O-acetals and S,O-acetals under mild reaction condi-
tions. The method is highly chemoselective.
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Table  Thioacetalization of Carbonyl Functions, Transthioacetal-
ization of O,O- and S,O-acetals Catalyzed by 1 in CHCl3 at room 
temperature

Entry  R1 R2 X or XX n Time(h) Yielda,b(%)

1 Ph H O 1 1 95

2 Ph H O 2 1 95

3 4-(CH3)C6H4 H O 1 1 96

4 4-(CH3)C6H4 H O 2 1 94

5 4-(CH3)C6H4 H O 1 0.75 95

6 3-(CH3)C6H4 H O 2 0.75 95

7 2-(CH3)C6H4 H O 2 0.75 94

8 2-(OH)C6H4 H O 2 1 94

9 4-(Br)C6H4 H O 2 1.15 95

10 4-(Cl)C6H4 H O 2 2 94

11 PhCH=CH H O 1 1 92

12 PhCH=CH H O 2 1 92

13 H O 2 1.5 93

14 Ph(CH3)CH H O 1 1.5 92

15 Ph H OCH3 2 0.75 94

16 Ph H OCH2CH3 2 1 96

17 CH3 CH3 OCH3 1 1.5 95

18 4-(CH3)C6H4 H O(CH2)3O 2 1 94

19 4-(Cl)C6H4 H O(CH2)3O 2 2.5 96

20 4-(CH3O)C6H4 H S(CH2)2O 2 1.5 92

21 4-(CH3)C6H4 H S(CH2)2O 1 1.5 91

22 PhCH2CH2 CH3 O(CH2)3O 2 1.5 89

23 Ph CH3 O(CH2)3O 2 2 88

24 1 2.5 90c

25 PhCH=CH H C(CH2O)4 2 1.5 94c

26 4-(CH3O)C6H4 H C(CH2O)4 2 1.5 96c

27 4-(Cl)C6H4 H C(CH2O)4 1 2 92c

28 3,4-(CH3O)C6H3 CH3 O 2 12 30d,e

29 PhCH2 Et O 2 12 65d,e

30 O 1 12 40d,e

31 Acetyl ferrocene O 1 12 60d,e

32 Propyl H O 1 3.5 87

33 H O 1 3.5 85

a Isolated yields.
b Structures were confirmed by IR, 1H NMR, 13C NMR, mp/bp.
c 2.2 equiv of dithiol and 0.2 mol of 1 were used.
d 0.15 mol of 1 were used.
e NMR yields.
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(10) Hiegel, G. A.; Ramirez, J.; Barr, R. K. Synth. Commun. 
1999, 29, 1415.

(11) Typical Procedure for Thioacetalization of 4-Tolylaldehyde 
(entry 3): To a stirred solution of 4-tolylaldehyde (0.6 g, 5 
mmol), 1,2-ethanedithiol (0.5 mL, 5.5 mmol) in CHCl3 (25 
mL), trichloroisocyanuric acid (0.12 g, 0.5 mmol) was 
added. After completion of the reaction (1 h, TLC) the 
reaction mixture was quenched with an aq solution of NaOH 
(10%, 25 mL). Then CHCl3 (2 � 15 mL) was added to the 
resulting reaction mixture. The organic layer were separated, 
washed with H2O (2 � 100 mL), dried (MgSO4)and filtered. 
Evaporation of the solvent in vacuo gave the 2-(4-tolyl)-1,3-
dithiolane (0.94 g, 96%), (white needles) which crystallized 
from petroleum ether, mp 56–58 °C(uncorrected). 1H NMR 
(CDCl3, 250 MHz) � = 2.38 (s, 3 H) 3.28–3.45 (m, 4 H), 5.60 
(s, 1 H), 7.11 (d, 2 H), 7.40 (d, 2 H); 13C NMR (CDCl3, 63 
MHz)� = 21.09, 40.16, 56.11, 127.79, 129.12, 137.10, 
137.78; MS (20 eV) m/z (relative intensity) 196 (M+, 68.9), 
168 (M+, CH2=CH2, 25.4), 153 (100), 135 (83.6), 91 (57.5), 
45 (99.3), CHN analysis: %C (Calcd: 61.17; Found: 61.20), 

%H (Calcd.: 6.16; Found: 6.14).
Typical Procedure for Transthioacetalization of 1,4-
cyclohexanedione diethylacetal (entry 24): To a solution of 
1,4-cyclohexanedione diethylacetal (1.0 g, 5 mmol), 1,2-
ethanedithiol (0.5 mL, 5.5 mmol) in CHCl3 (25 mL), 1 (0.12 
g, 0.5 mmol) was added and the resulting mixture was stirred 
at r.t. After completion of the reaction (2.5 h, TLC, CCl4/
EtOAc, 5:1) the reaction was quenched with aq solution of 
NaOH (10%, 25 mL). Then CHCl3 (2 � 15mL) was added to 
the resulting reaction mixture. The organic layer was 
separated, washed with H2O (2 � 100 mL), dried (MgSO4) 
and filtered. Evaporation of the solvent in vacuo gave the 
desired pure product in a high yield (0.12 g, 90%) as yellow-
white needles. Recrystallization from petroleum ether/
EtOAc (3:2); mp 192-194 °C(uncorrected); 1H NMR 
(CDCl3, 250 MHz) � = 2.29 (s, 8 H), 3.29 (s, 8 H), 13C NMR 
(CDCl3, 63 MHz)�� = 38.49, 42.19, 66.98; MS (20 eV) m/z 
(relative intensity) 264 (M+, 73.7), 133 (100), 61 (28.3),
45 (54.1), CHN analysis: %C (Calcd.: 45.41; Found: 45.44), 
%H (Calcd: 6.09; Found: 6.08).
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