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Protections of carbonyl groups as thioacetals are quite 
often a necessary requirement in the synthesis of multi
functional organic molecules? Thioacetals are quite stable 
toward a wide variety of reagents and are useful in organic 
synthesis as acyl carbanion equivalents in C-C bond-form
ing reactions? Further, the use of thioacetals as blocking 
groups has allowed a new 아rategy for the electrophilic 
sub아itution on the carbonyl compound.

In general, thioacetals are prepared by protic or Lewis acid 
catalyzed condensation of carbonyl compounds with thiols 
or dithiols. In the literature there are several methods 
reported for the preparation of thioacetals from carbonyl 
compounds employing acid cataly아s such as HCl,4a 
BF3-OEt2>4b PTSA严 Bu4NBr3>4d TMSOTf严 SO2>4f LiBr产 

LiBF4严 A1C1 灌 TiCiyj ZrCl4>4k 5M LiClO4>41 InCh,4"1 
Sc(OTf>严 Y(OTf)；P RuCl； CoCl2>4r In(OTf)3>4s 
Bi(NO3)3>4t CAN严 Ionic Liquid [bmim]Br4v and p-TsOH/ 
silica gel.4w However, there are still some drawbacks in these 
catalytic systems including low yields of the products；서 long 
reaction times严 harsh reaction conditions；% difficulties in 
work-up,41^ use of 아oichiometric北솨' and/or relatively expen
sive reagents,4 and low yields when applied to ketones. 
Intere아ingly, only a few of these methods have demon아rated 
chemoselective protection of aldehydes in the presence of 
ketonesfg샤，，4i，4m,4n,4o,4q,4%4v 丁川& the development of eflEicient 
and versatile catalytic system for thioacetalization is an 
active ongoing research area and there is still some scope for 
further improvement.

In continuation of our intere아 in developing novel syn
thetic methodologies： particularly carbon-carbon, carbon- 
heteratom bond formations, herein, we report anew protocol 
that employs air stable copper salts as efficient catalyst in the 
thioacetalization of a variety of carbonyl compounds under 
mild conditions as they are readily available and much 
cheaper than the reagents that are listed above. Advantages 
of the protocol include high-yielding reactions that can be 
conducted at ambient temperature. Recently, there has been 
growing considerable intere아 in the use of copper halides, 
particularly copper bromide (CuBr) in organic synthesis.6

In this paper, we report that CuBr catalyzes transformation 
of aromatic and aliphatic aldehydes and ketones, to their 
corresponding thioacetals in excellent yields at room 
temperature (Scheme 1). To the best of our knowledge, there 
are no earlier reports on thioacetalization using CuBr as 
catalyst.

如检 H&))nor EtSHU브르一 R%)nR项曰
x HS-7 CH3CN, rt SEt

R= aryl, alkyl, heterocyclic (24 examples)
XX=O
n = 0,1

Scheme 1

Table 1. Comparision of different reagents as catalysts in thio
acetalization between benzaldehyde and ethanethiol

Entry Catalyst Isolated yield (%)“

1 CuCl 70
2 CuBr 85
3 Cui 62
4 Pd(acac)2 52
5 Co(acac)s 45
6 VO(acac)2 0
7 Ru(acac)s 0

Standard conditions: 1 mmol benzaldehyde, 1.2 mmol ethanethiol, 5 
mol% catalyst, CH3CN, rt, 8 h. "Yields refer to pure is시ated products.

The screening of several reagents chosen, allowed us to 
shortli아 CuBr as the suitable catalyst to affect this transfor
mation. At first, we tested the efficacy of different reagents 
in terms of yields towards the standardized thioacetalization 
of benzaldehyde with ethanethiol in acetonitrile at ambient 
temperature during 8 hours.

Among the reagents, CuBr (entry 2, Table 1), CuCl (entry 
1, Table 1) gave fair yields in 30 min. Cui gave moderate 
yield (entry 3, Table 1) after 2 h. Other reagents Co(acac)3> 
Ru(acac)3> Pd(acac)2, VO(acac)? (See Table 1) gave less or 
no yields even after 8 h. As seen in Table 1, the protected 
thioacetal for benzaldehyde was obtained in 85% yield in 30 
min, at ambient temperature using CuBr as cataly아 and 
acetonitrile as solvent. Competitive experiments were carried 
out with and without CuBr in acetonitrile. The reactions 
could be performed in different organic solvents such as 
CHCL, CH2CI2, acetonitrile, toluene, and dioxane eflEiciently. 
Acetonitrile was the best among the tested solvents in terms 
of yields and time. It should be pointed out that in the 
absence of CuBr the reactions did not proceed in acetonitrile 
even after prolonged reaction times thus confirming the 
effectiveness of the CuBr as cataly아 for thiacetalization. A 
catalytic amount of CuBr (5 mol%) is sufficient to obtain the
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desired compounds in good yields. No significant improve
ment in the yields was observed on increasing the catalyst 
loading further.

With optimized experimental conditions for benzaldehyde 
with ethanethiol in hand (Scheme 1), the generality of this 
process has been proved with a wide range of aromatic, 
aliphatic and heterocyclic aldehydes, and ketones as well, in 
the presence of catalytic amounts of CuBr; the results are 
illustrated in Table 2. As shown in Table 2, various types of 
aromatic aldehydes with electron-donating and electron
withdrawing groups were cleanly and rapidly converted to 
the corresponding dithianes and dithiolanes in the presence 
of 5 mol% of CuBr (entries 1-3, 5-11, Table 2).

Aliphatic and %四unsaturated aldehydes were also 
thioacetalized in good yields (entries 4,15 and 16). Similarly 
%四unsaturated ketones such as cyclohexenone (entry 18) 
reacted with 1,2-ethanedithiol to give the corresponding 
product in good yields. The protection of heteroaromatic (12 
and 13) aldehydes was also carried out under similar reac
tion conditions and the results are summarized in the Table 
2. For example, furfural (entry 12) gave the thioacetalized 
product moderately, whereas entry 13, 2-pyridine carbox- 
aldehyde, resulted the corresponding thioacetal in low yield 
even after prolonged time. It is noteworthy that N,N・ 
dimethyl aniline, entry 6, gave moderate yield of 55% even 
after using 5 mol% of cataly아 to furnish the corresponding 
product.4q N-phthalimido acetaldehyde on reacting with 1,2- 
ethanedithiol to give the corresponding product in moderate 
yield (entry 14). In general, aldehydes react much fh아er than 
ketones with thiols to yield corresponding thioacetals. 
Among ketones studied herein, aliphatic ketones reacted 
much fh아er than aromatic ketones with thiols to yield 
corresponding thioacetals (entries 17-20).

The feasibility of recovery and reuse of the cataly아 in the 
present methodology was also examined through a series of 
sequential thioacetalization of p-methoxy benzaldehyde as 
model substrate (entry 7, Table 2). In a typical reaction, the 
aqueous layer containing the catalyst could be evaporated 
under reduced pressure to give a solid which is identical to 
that of the commercially available salt as confirmed by FTIR 
spectrum (see experimental section) and reused fbr 3 cycles.

Table 3. Results of recycling and reuse of CuBr in 
thioacetalization of p-methoxy benzaldehyde as model 
sub아rate (entry 7, Table 2).

The fact that, for the second and third recyclings, the 
yields are lowered for good conversion of the desired 
product clearly indicates that some loss of the catalyst must 
have occurred during the reaction and workup with slight 
loss of activity too (Table 3).

It is clearly evident from Table 2, that in general the 
reaction with aldehydes takes place rapidly in the presence 
of CuBr in comparison to those with ketones. These results 
prompted us to explore the chemoselective protection of 
aldehydes in the presence of ketones. It is noteworthy that 
ketones did not produce the corresponding thioacetals under 
the same reaction conditions. For example, when an 
equimolar mixture of benzaldehyde and acetophenone was

Table 2. CuBr-catalyzed protection of carbonyl compounds as 
dithiolanes, dithianes or diethyl dithioacetals at room temperature

Entry S 냐bstrate

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Reagent Time Yield (%/
A 30 min 85
B 15 min 92
C 30 min 88

B 45 min 90

B 45 min 85

B 60 min 89

B 5h. 60

B 24 h 55

B 60 min 92/7#

B 2h 80

B 45 min 85

B 5h. 17C 6h

B 30 min 85

B 12 h 58

B 24 h 20

B 12 h 58

A 30 min 85
B 30 min 80

B 45 min 72

B 6h 60

B 8h 78

B 24 h 55

B 18 h 60

Reagent: A: EtSH; B: SH(CH2)2SH; C: SH(CH2)3SH 
isolated yields after column chromatography, isolated yields with 
reused catalyst (yield after third cycle).
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Table 3. Results of recycling and reuse of CuBr in thioacetalization 
ofy?-methoxy benzaldehyde as model substrate (entiy 7, Table 2)

Cycle 1 2 3 4

Yield (%)“ 92 88 80 74

isolated yields with reused catalyst (recovered catalyst 90, 82, 75% 
冀 spe 없 ively).

Scheme 2

allowed to react with 1,2-ethanedithiol (2.5 equivs.) in the 
presence of catalytic amount of CuBr only the 1,3-ditholane 
derivative of the benzaldehyde was obtained (Scheme 2). 
Furthermore, it was also observed that the aliphatic ketone, 
cyclohexanone, could be selectively protected in the pre
sence of the aromatic ketone, acetophenone, by employing 
the present methodology (Scheme 3). This is because aliphatic 
ketones react much faster than aromatic ketones under our 
experimental conditions. The diflferences of reactivities of 
the aldehydes and ketones suggest that this method can be 
used fbr the selective protection of these groups, and 
resulted in the successful protection of an aldehyde in the 
presence of a ketone.

In comparision with the most of the cataly아s reported in 
the thioacetalization of benzaldehyde,4 CuBr employed here 
shows significant catalytic activity than others in terms of 
the catalyst loading, cost, yields and reaction times.

In summary, the present CuBr-catalyzed method of protec
tion of carbonyl compounds as thioacetals is a novel, gener
ally applicable, mild, cost-effective, operational simplicity 
and convenient one, where the cataly아 could be readily 
recovered and reused thus making this procedure environ
mentally benign. Furthermore, the relatively slow reaction 
rate of ketones allows for chemoselective protection of 
aldehydes in the presence of ketones, making this is an 
important tool in synthetic organic chemistry. Efforts to 
expand the scope of the reaction in green solvents and 
deprotection of thioacetals are currently underway in our 
laboratory.

Scheme 3
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Experimental Section

To a stirred solution of carbonyl compound (1 mmol) and 
thiol (1.2 mmol) in acetonitrile (2 mL) was added 5 mol% 
CuBr. After a period specified in Table 2, water (5 mL) was 
added to the reaction mixture, which was then extracted with 
dichloromethane. The crude product was purified by short 
silica gel column chromatography to furnish the correspond
ing thioacetal. The aqueous layer containing the catalyst 
could be evaporated under reduced pressure to give a solid 
which is identical to that of the commercially available salt 
as confirmed by IR spectrum and reused for the next 
thioacetalization reactions, without losing any significant 
activity (Table 2, entry 7). Mo아 of the products are known 
and were determined using comparison of their physical and 
spectral data with those reported in the literature and all new 
compounds gave satisfactory spectral data in accordance to 
their proposed 아mctures.
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