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Aldehydes and acetals were very efficiently converted to acyclic and cyclic dithioacetals in 5 M 
lithium perchlorate/diethyl ether (LPDE) medium at ambient temperature in high yields. 
Spectroscopic and other experimental evidences strongly suggest the formation of oxocarbenium 
ion intermediates from acetals in 5 M LPDE which subsequently reacted with thiols to give the 
dithioacetals. Under the same conditions ketones and their acetals also reacted, albeit very slowly 
compared to aldehydes and acetals, to yield dithioacetals. The difference in their reactivity was 
successfully employed in the chemoselective dithioacetalization of aldehydes and acetals in the 
presence of ketones and their acetals. The chemoselective dithioacetalization of keto aldehydes 
has been realized with the keto group remaining intact. The present method offers a convenient, 
efficient, and neutral medium for the deprotection of acetals to aldehydes and also the chemoselective 
protection of aldehydes to dithioacetals. 

Introduction 

Protection and deprotection of functional groups are 
indispensable ingredients of the synthesis of polyfunc- 
tional compounds.l The protection of carbonyl groups as 
acetals and dithioacetals is an important synthetic 
method.2 Dithioacetals often serve as protecting groups 
as well as masked acyl anions in organic ~ynthesis .~ 
Though a number of methods using protic and Lewis 
acids have been developed for the protection of aldehydes 
and ketones as dithioacetals,'g2 chemoselective thioac- 
etalization methods capable of discerning aldehydes from 
ketones have been rare.4 Moreover, dithioacetalization 
of aldehydes under neutral conditions has not been 
reported. In recent years the use of lithium perchlorate 
in diethyl ether (LPDEF as a medium has attracted 
attention due to the enhanced rate and selectivity 
observed for Diels-Alder and other cycloadditions,6 sig- 
matropic rearrangement,' Michael addition,8 and aldol 
conden~ation.~ We have focused our attention on the use 
of LPDE medium for carbonyl activation. In this paper 
we wish to report a mild, efficient, and very chemoselec- 
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Chart 1 
aldehydes cyclic acetals and dithioacetals 

RCHO 

Acyclic acetals and dithioacetals 
RCH(XR')2 

R R X  R R' X 
C6H5 n-Bu s 4 C  CeHs Ph S 4d 
p-NOzC& n-Bu S Sc 
p-ClCsH4 n-Bu S 6c 
p-MeOC& n-Bu S '7c p-MeOC& Ph S 7d 

3,4-(MeO)zC& Ph S 8d 
C&CH-CH n-Bu S 9c C&&H=CH Ph S 9d 
(CHdzCH n-Bu S 1Oc (CH3)zCH Ph S 10d 
CsHs Me 0 l l a  p-MeOC& Et 0 13a 
3,4-(MeO)zCsH3 Et 0 14a C&CH-CH Et 0 1Sa 
(CHs)zCH Et 0 16a 

tive conversion of aldehydes and acetals to dithioacetals 
in LPDE medium. The present method offers a conve- 
nient procedure for the preparation of dithioacetals under 
essentially neutral reaction and workup conditions com- 
pared to the acidic workup involved in conventional Lewis 
acid catalyzed thioacetalization. 

Results and Discussion 

The reactions were carried out in 5 M LPDE solution. 
1,2-Ethanedithiol (11, 1-butanethiol (21, and thiophenol 
(3) were used as reagents for thioacetalization. The 
structures of the carbonyl compounds and their deriva- 
tives are given in Charts 1-3.. 

(9)Reetz, M. T.; Fox, D. N. A. Tetrahedron Lett. 1993, 34, 1119. 
Ipaktschi, J.; Heyadri, A. Chem. Ber. 1993, 126, 1905. Ipaktschi, J.; 
Heyadri, A. Angew. Chem., Int. Ed. Engl. 1992,31, 313. 
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Chart 2 
ketones cyclic acetals and dithioacetals 

Geetha Saraswathy and Sankararaman 

Table 1. Thioacetalization of Aldehydes in 5 M LPDE at 
28 "C 

R, /X-CHz 
R-CO-R C I  

R' 'X-CHz 
R R R R 
Ph Me 17a Ph Me 

Ph Me 
PhCHz PhCHz 18a PhCHz PhCHz 

PhCHi PhCHi 
R- - -R' = -(CH&- 19a Me Me 

R 

Ph 
Ph 
PhCHz 
PhCHz 

R - - - R = -  
Me 
Me 
Me 

R 

Me 
Me 
PhCHz 
PhCHz 

-(CHz)s- 
Me 
Me 
Me 

Acyclic acetals and dithioacetals 
R, /XR" 

XU" 
C Rt/ \ 

R X 

n-Bu S 
Ph S 
n-Bu S 
Ph S 
n-Bu S 
Me 0 
n-Bu S 
Ph S 

X 
0 20a 
s 17b 
0 21a 
S 18b 
S 22b 

17c 
17d 
18c 
18d 
19c 
22a 
22c 
22d 

Chart 3. Ketoaldehy->s and Their Dith-Jacetal 
Derivatives 

CH =X 

p-MeCOC6&CH=X RCO(CHz)&H=X (5 
x = o  23a R=Me,X=O 24a X = O  26a 

23b I 24b I 26b 
X = -SCHp R = Me, X = S C H 2  X = SCH2 

-SCHp -SCH2 -SCH2 
R=Ph,X=O 25a 

I 25b 
R = Ph, X = -SCHp 

-SCH2 

Thioacetalization of Aldehydes in LPDE. When 
equimolar amounts of benzaldehyde (4a) and dithiol 1 
were mixed in 5 M LPDE at room temperature under 
nitrogen atmosphere, within 15 min the starting materi- 
als disappeared and TLC indicated the formation of a 
single product. After aqueous workup, the crude product 
was isolated (77%) and characterized as the cyclic dithio- 
acetal 4b. The crude product was essentially pure as 
indicated by TLC and the lH-NMR spectrum. Similarly, 
when the reaction was carried out with 2 equiv of 2 or 3 
the corresponding acyclic dithioacetals 4c and 4d were 
obtained in 86 and 90% yield, respectively (eq 1). Table 

RCHO + 2RSH - RCH(SR), + H,O (1) 
5 M LPDE 

rt 

1 summarizes the results obtained in the thioacetaliza- 
tion of various aldehydes. In Table 1 a few points are 
noteworthy. The thioacetalization reaction proceeded 
with the same facility in 2.5 M LPDE as in 5 M solution 
(Table 1, entry 2). While aldehydes 4a, Sa, and 6a 
underwent the thioacetalization reaction smoothly within 
15 min, 7a and 8a did not react under the same 
conditions. While 7a reacted with thiol 3 to yield 
dithioacetal7d in 16% yield after 14 h, aldehyde 8a did 
not react at all even after 2 days of stirring a t  room 
temperature. In order to activate these substrates for 
thioacetalization, we explored the possibility of using the 
corresponding acetals, since the Lewis acid mediated 

aldehyde thiol dithioacetal yielda durationb 
4a 
4a 
4a 
4a 
Sa 
6a 
7a 
8a 
9a 
9a 

10a 

1 
1 
2 
3 
2 
2 
3 
3 
2 
2 
2 

4b 
4b 
4c 
4d 
5c 
6c 
7d 
8d 
9c 
9c 

1oc 

77 15 
75 1 5c 
86 15 
90 15 
95 10 
85 10 
1 6d 14 h 
od 2 days 

20d 25 
80d 2 days 
90 10 

a Isolated yield (%I of the dithioacetal. * In minutes unless 
Remainder unreacted otherwise indicated. e in 2.5 M LPDE. 

aldehyde. 

Table 2. Thioacetalization of Acetals in 5 M LPDE at 
28 "C 

acetal thiol dithioacetal yield" duration (min) 
l l a  1 4b 86 10 
l la 2 4c 83 10 
l l a  3 4d 82 10 
12a 1 4b 75 40 
12a 2 4c 87 15 
12a 3 4d 87 30 
13a 1 7b 81 15 
13a 2 7c 91 10 
13a 3 7d 80 l o b  
14a 1 8b 92 1oC 
15a 1 9b 87 20 
15a 2 9c 70 15 
15a 3 9d 70 15 
16a 1 lob 95 20 
16a 2 1oc 83 10 
16a 3 10d 82 10 

a Isolated yield (%I of the dithioacetal. 20% of 7a was formed. 
5% of 8a was formed. 

activation of acetals is well known.l0 Using lithium ion 
as the Lewis acid and the thiols as nucleophiles, we 
systematically investigated the thioacetalization of ac- 
etals in LPDE medium. 

Thioacetalization of Acetals in LPDE. When 
equimolar amounts of acetal l l a  and 1 were mixed in 5 
M LPDE at room temperature the starting materials 
disappeared within 20 min, and TLC and the lH-NMR 
spectrum of the crude product obtained after aqueous 
workup indicated a single product (86%) identified as the 
cyclic dithioacetal4b. Similarly, the reaction proceeded 
smoothly with 2 equiv of the thiols 2 and 3 to furnish 
the corresponding dithioacetals 4c and 4d in 83 and 82%, 
respectively (eq 2). In all these cases the crude product 

5 M LPDE 

It 
RCH(OR), + B R S H  - RCH(SR), + 2ROH 

was sufficiently pure (TLC and lH-NMR) and further 
purification was not necessary. Table 2 summarizes the 
results obtained in the thioacetalization of various ac- 
etals. It is noteworthy that the p-methoxybenzaldehyde 
diethyl acetal (13a) reacted with thiols 1,2, and 3 to give 
7b, 7c, and 7d, respectively, in good yields, whereas the 
aldehyde (7a) itself did not undergo thioacetalization in 
5 M LPDE. Similarly, acetal 14a reacted with thiol 1 to 

(10) Mori, I.; Ishihara, K.; Flippin, L. A.; Nozaki, K.; Yamamoto, 
H.: Bartlett. P. A.: Heathcock. C. H. J. Or.+?. Chem. 1990.55.6107 and 
references &&therein. Sammakia, T.; Smith, R. S. J. Org. Chem. 
1992,57, 6107. 
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Figure 1. Spectral changes observed upon addition of (a) 13a (0.47, 0.95, 1.43, 1.90, 2.38, 2.85 M) and (b) l l a  (0.65, 1.30, 1.97, 
2.63, 3.29, 3.95 M) to  5 M LPDE under nitrogen atmosphere at ambient temperature. 

Table 3. Thioacetalization of Ketones and Acetals in 5 
M LPDE at 28 "C 

ketonelacetal 
17a 
18a 
19a 
19a 
20a 
20a 
20a 
21a 
21a 
21a 
22a 
22a 
22a 

thiol 
2 
2 
2 
2 
1 
2 
3 
1 
2 
3 
1 
2 
3 

dithioacetal 
17c 
18c 
19c 
19c 
17b 
17c 
17d 
18b 
18c 
18d 
22b 
22c 
22d 

yield (%) 

0 
0 
0 

95 
87 
92 
85 
0 
0 
0 

7 1" 
90" 
90" 

duration (h) 
17 
20 

1 
24 
24 
14 
16 
36 
20 
20 
15 min 
15 min 
15 min 

Yields based on thiol as the limiting reagent, as 22a is volatile. 

give the cyclic dithioacetal8b in 92% yield within 10 min, 
whereas the aldehyde 8a failed to react under identical 
conditions. Furthermore, addition of colorless 13a to 5 
M LPDE resulted in the immediate development of a 
pinkish red color. Similarly, addition of colorless ben- 
zaldehyde dimethyl acetal (lla) resulted in the immedi- 
ate development of bright yellow color. These color 
changes are exemplified in Figure 1 which illustrates the 
changes in the absorbance with increasing concentration 
of the acetals. Addition of thiols to these colored solutions 
led to the bleaching of the color with the concomitant 
formation of the dithioacetals. 

Encouraged by these results on the thioacetalization 
of aldehydes and acetals we proceeded to investigate the 
thioacetalization of ketones and their acetals in LPDE 
medium. 

Thioacetalization of Ketones and Their Acetals 
in LPDE. When a mixture of acetophenone (17a) and 2 
equiv of 2 was stirred at room temperature in 5 M LPDE, 
no reaction was observed up to 17 h, and the starting 
materials were recovered intact after workup. On the 
other hand, the cyclic acetal 20a reacted very slowly with 
the thiols and gave the dithioacetals in excellent yields. 
Cyclohexanone (19a) reacted slowly with 2 and yielded 
19c in 95% yield after 24 h. Table 3 summarizes the 
results of the thioacetalization of ketones and their 
acetals. 2,2-Dimethoxypropane (22a) is an exception 
among the acetals that were studied, because it reacted 
with the thiols within 15 min and furnished the dithio- 
acetals (22b-d) in very good yields. 

Upon comparison of the data in Tables 1-3 it is clear 
that the aldehydes and acetals differ vastly in their 

Table 4. Thioacetalization of Keto Aldehydes with 
1,2-Ethanedithiol in 5 M LPDE at 28 "C 

keto aldehyde product yield (%) duration (min) 
23a 23b 75 20 
24a 24b 90 60 
25a 25b 85 30 
26a 26b 80 30 

reactivity toward thiols compared to the ketones and 
their acetals. This prompted us to investigate the 
possible chemoselective thioacetalization of aldehydes in 
the presence of ketones. 

Competitive Thioacetalization of Aldehydes and 
Acetals. When an equimolar mixture of the acetals 12a 
and 20a (1 mmol each) was allowed to react with 2 (2 
mmol) in 5 M LPDE and the reaction mixture was 
worked up aRer stirring at room temperature for 30 min, 
analysis of the crude product by TLC and lH-NMR 
spectroscopy indicated the complete disappearance of 
acetal 12a and 2. The crude product consisted of a 1:l 
mixture of the dithioacetal4c and the unreacted acetal 
20a. Similar experiments with a 1:l mixture of benzal- 
dehyde (4a) and acetophenone (17a) (2 mmol each) with 
2 (4 mmol) resulted in the complete conversion of 4a to 
4c while 17a remained intact. These experiments clearly 
indicated the possibility of chemoselective protection of 
aldehydes as dithioacetals in keto aldehydes in LPDE. 

Selective Thioacetalization of Aldehydes in Keto 
Aldehydes. In order to check the chemoselectivity of 
thioacetalization, keto aldehydes 23a-26a were allowed 
to react with 1 in 5 M LPDE. For example, when a 
mixture of 23a and 1 (2 mmol each) was stirred at room 
temperature, the starting materials disappeared after 20 
min and the cyclic dithioacetal23b was obtained as the 
sole product in 75% yield. TLC and 'H-NMR spectrum 
of the crude product showed the absence of any other side 
products. Table 4 shows the results obtained with the 
keto aldehydes, and from the data it is apparent that in 
all the cases the aldehyde carbonyl is very selectively 
protected as dithioacetal leaving the keto carbonyl intact 
(eqs 3-51, 

Mechanism of Thioacetalization of Aldehydes in 
LPDE. The activation of the carbonyl group for nucleo- 
philic addition by Bronsted and Lewis acids is well 
kn0wn.l' Nucleophilic substitution of acetals is also 
known to be catalyzed by acids.1°J2 Lithium ion can act 

(11)Lowry, T. H.; Richardson, K. S. Mechanism and Theory in 
Organic Chemistry, 2nd ed.; Harper and Row: New York, 1981; p 595. 
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Scheme 1 

LPDE 
)=o - )=o-L~+cIo~- (6) 

H H 
I 

1 

p-CH3COCsH4C4) + H20 (3) 
S 

23b 
CH2SH 5 M LPDE 

RCO(CH2)4CHO + I 
CH2SH r t  

R = Me, 24a 
R = Ph, 25a 1 

RCO(CH2)rCHs] + H20 (4) 
S 

24b, 25b 

26a 1 26b 

as a Lewis acid (hard acid), and by coordination to the 
carbonyl oxygen (hard base) it can activate the carbonyl 
functionality. In fact, metal hydride reduction of the 
carbonyl group is known to be catalyzed by the addition 
of lithium salts in aprotic solvents due to the increased 
electrophilicity of the carbonyl carbon upon lithium 
c00rdination.l~ In the present study, evidence for the 
Lewis acidity of lithium ion comes from the IR spectro- 
scopic studies in 5 M LPDE. The carbonyl stretching 
frequency for benzaldehyde is 1708 cm-l in ether com- 
pared to 1699 cm-' in 5 M LPDE and that for isobutyral- 
dehyde is 1734 cm-l in ether compared to 1718 cm-l in 
5 M LPDE. Such a decrease in the carbonyl stretching 
frequency is consistent with the lithium coordination to 
the carbonyl oxygen. A similar conclusion has been 
reported based on IR and NMR spectroscopic studies of 
carbonyl compounds in solutions of lithium per~hl0rate.l~ 
The experimental observations are also consistent with 
the results from the theoretical calculations on the Lewis 
acidity of lithium ion.14J5 On the basis of these evidences 
we propose the following mechanism for the dithioacetal 
formation from aldehydes in LPDE (Scheme 1). Though 
lithium perchlorate is solvated and likely to form ionic 
aggregates in 5 M LPDE,16 for the sake of simplicity such 
details are not included in Scheme 1. The addition of 
the second molecule of thiol to I11 is likely to be a fast 
step because the hemithioacetal could not be isolated 
when only 1 equiv of the thiol was used. Thus, the 
reaction of 4a with 1 equiv of 2 gave a 1:l mixture of the 
dithioacetal4c and unreacted 4a. 

The gas-phase Lewis acidity of lithium ion is higher 
compared to that of the conventional Lewis acids such 
as AlC13 and BF3. However, in a coordinating solvent 
such as ether its Lewis acidity is moderated and it is 
lower than that of AlC13 and BF3. Lewis acids such as 

(12) Denmark, S. E.; Almstead, N. G. J.  Am. Chem. SOC. 1991,113, 
8089. Denmark, S. E.; Almstead, N. G. J.  Org. Chem. 1991,56,6458. 
Shigeo, T.; Shingo, I.; Tamotsu, I.; Toyonari, S.; Masaya, K. Bull. Znst. 
Chem. Res. Kyoto Uni. 1979,57,235; Chem. Abstr. 1979,91, 192934f. 
(13) Brown, H. C.; Ichikawa, K. J.  Am. Chem. Sac. 1955, 77,6209. 
(14) Pagni, R. M.; Kabalka, G. W.; Bains, S.; Plesco, M.; Wilson, J.; 

Bartness, J. J. Org. Chem. 1993,58,3130. Perelygin, I. S.; Klimchuk, 
M. A. Russ. J .  Phys. Chem. 1975,49, 76; 1974,48, 1466. 
(15) Laszlo, P.; Teston, M. J. Am. Chem. SOC. 1990, 112, 8750. 

Laszlo, P.; Teston, M. Tetrahedron Lett. 1991, 32, 3837. 
(16) Pocker, Y.; Ellsworth, D. L. J.  Am. Chem. Soc. 1977,99,2276. 

Pocker, Y.; Ciula, J. C. J.  Am. Chem. SOC. 1988, 11 0,2904. 

H R 
+3R'CIO,- (7) 

R O-Li+C104- -LiOH_ 
H SR' x H 

I + R'SH a 
II 111 

ACl3 and BF3 do not show any selectivity between an 
aldehyde and a ketone. The dithioacetals of several 
ketones have been synthesized using AlC4 or BF3*Et20 
as the catalyst at ambient temperat~re. '~ The reaction 
of ketoaldehyde 23a with dithiol 1 in the presence of 
AlC13 yielded the bis-dithioacetal 23c (eq 9). 

YHO 

n 
I ,  

sYs 
(9) 

1 
I 
COCH3 

23a 

23c 

However, in 5 M LPDE the reaction of 23a with excess 
of 1 yielded only 23b. The selectivity observed in the 
present study between aldehyde and ketone could be 
attributed to the moderate Lewis acidity of lithium ion 
combined with the steric effects associated with the 
addition of nucleophiles to the ketonic carbonyl group. 
Evidence for lithium ion coordination to oxygen of the 
ketonic carbonyl comes from the observed shift in the 
carbonyl stretching frequency in the IR spectrum from 
1721 cm-l in ether to 1712 cm-' in 5 M LPDE for 18a. 
The coordination of the solvated lithium ion would tend 
to increase the steric crowding around the carbonyl 
carbon, thus decreasing the reactivity of the ketonic 
carbonyl compared to an aldehydic carbonyl group. The 
reduced reactivity of 7a and 8a compared to 4a is due to 
the electronic effects of the methoxy substituents which 
deactivate the carbonyl group toward nucleophilic addi- 
ti0n.l' 

Mechanism of Thioacetalization of Acetals in 
LPDE. The Lewis acid mediated cleavage of acetals is 
a synthetically useful C-C bond-forming reaction.1°J2 
The dithioacetalization of acetal could proceed either by 
the direct substitution of acetal coordinated to lithium 
ion (sN2 type) by thiol or through the initial formation 
of an oxocarbenium ion intermediate ( S N 1  type). These 
two extreme mechanistic possibilities are depicted in 
Scheme 2. Winstein and co-workersl* have reported that 
the LPDE medium accelerated the ionization of p- 
methoxyneophyl p-toluenesulfonate. Similarly, Pocker 
and co-workerslg have reported a 109-fold increase in the 
ionization of trityl chloride in LPDE medium compared 
to pure ether. In a recent report on the asymmetric 

(17) Ong, B. S. Tetrahedron Lett. 1980, 21, 4225. Fieser, L. F. J. 
Am. Chem. SOC. 1964, 76,1945. 

(18) Winstein, S.; Smith, S.; Darwish, D. J. Am. Chem. SOC. 1959, 
81, 5511. Winstein, S.; Friedrich, E. C.; Smith, S. J.  Am. Chem. SOC. 
19&4,86,305. 
(19) Pocker, Y.; Buchholz, R. F. J. Am. Chem. SOC. 1970,92,2075. 
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Experimental Section 

Materials. LiC104*3Hz0 was prepared by the neu- 
tralization of an aqueous solution of LiOH with 70% 
aqueous HC104 and concentrating the resulting solution 
in the rotary evaporator. Anhydrous LiC104 was ob- 
tained by drying the trihydrate under vacuum in a drying 
pistol over refluxing xylene for 12 h. Anhydrous ether 
was prepared by refluxing and distilling reagent-grade 
ether over sodium wire and storing it under nitrogen over 
sodium wire. Carbonyl compounds 4a-l0a, 17a, and 
Ma, acetal 22a, and thiols 1-3 were commercial samples 
and were purified by distillation (or recrystallization in 
case of solids) prior to use. Ketones 23a,23 24a- 
26a," and 26aZ6 and acetals lla-12a,10926 13a-16a,27 
and 20a-21a26928 were prepared according to literature 
reported methods and were characterized by IR, lH- 
NMR, and mass spectral data. Authentic samples of 4c, 
4d, 9d, lOc, and 18d were available from our previous 
study.29 

Preparation of 6 M LPDE. Anhydrous LiC104 (27 
g) and diethyl ether (50 mL) were cooled in an ice bath 
separately under nitrogen atmosphere, and then the ice- 
cold ether was added very slowly to LiC104 from a 
syringe. The dissolution was highly exothermic. The 
clear, viscous solution was stored in a desiccator. The 
density of the solution thus prepared was 1.0 g/mL. 

General Procedure for the Reaction of Carbonyl 
Compounds with Thiols in 6 M LPDE. To a stirred 
solution of the thiol (2 mmol in case of 2 and 3 and lmmol 
in case of 1) in 2 mL of 5 M LPDE under nitrogen 
atmosphere was added the carbonyl compound (1 mmol) 
from a syringe. The reaction mixture was stirred at 
ambient temperature for the duration indicated in Tables 
1-4, during which time the reaction was followed by TLC 
for the disappearance of starting materials. The reaction 
mixture was diluted with CHzClz (20 mL) and cooled in 
an ice bath, and then water was added slowly. The 
organic layer was separated, and the aqueous layer was 
extracted three times with CHzClz (10 mL each). The 
combined organic extract was washed with 10% aqueous 
NaOH, followed by water. The organic layer was dried 
over anhydrous NazS04, and solvent was removed at the 
rotary evaporator to yield the crude product. In most 
cases the reaction yielded the dithioacetal in pure form 
as indicated by TLC and IR and 'H-NMR spectral data. 
The crude product was further purified by column 
chromatography. The same procedure was followed for 
the reaction of the acetals and keto aldehydes with thiols. 

Competitive Thioacetalization Reactions. To a 
mixture of 12a and 20a (1 mmol each) in 4 mL of 5 M 
LPDE was added thiol 2 (2 mmol), and the mixture was 
stirred at ambient temperature for 30 min and worked 
up a8 described above. TLC of the crude product indi- 

R' 
R O R  LPDE R O-Li+C104- 

H OR' 
x x -  

H OR 

lv 

cleavage of chiral acetals, direct evidence for an oxocar- 
benium ion intermediate has been reported.20 The Lewis 
acidity of lithium ion combined with the high ionic 
strength of LPDE medium would favor the formation of 
ionic intermediates such as 111 (Scheme 1) and IV 
(Scheme 2). Evidence for the formation of an oxocarbe- 
nium ion intermediate comes from the spectrophotomet- 
ric studies on acetals l l a  and 13a. Figure 1 illustrates 
the color changes associated with the addition of colorless 
acetals l l a  and 13a to 5 M LPDE. We attribute these 
color changes to the formation of the corresponding 
oxocarbenium ion from l la  and 13a in LPDE medium. 
Exposure of these colored solutions to moisture led to 
bleaching with the formation of 4a and 7a from l l a  and 
13a, respectively. Similarly, addition of thiols led to 
bleaching of the color with the concomitant formation of 
the corresponding dithioacetal. These observations are 
best explained by invoking the formation of an interme- 
diate oxocarbenium ion from acetals in 5 M LPDE. 

The observed enhanced reactivity of the acetals 13a 
and 14a (Table 2) compared to the corresponding alde- 
hydes 7a and 8a (Table 1) is best interpreted by involving 
the formation of an oxocarbenium ion intermediate in the 
rate-determining step followed by the addition of the thiol 
(Scheme 2). The methoxy substituents on the aromatic 
ring of 13a and 14a would tend to facilitate the formation 
of the oxocarbenium ion intermediate as the incipient 
positive charge can be stabilized by resonance. Com- 
pared to a lithium-coordinated carbonyl group, the oxo- 
carbenium ion is likely to be a more reactive electrophile 
toward thiols.21 Furthermore, the enhanced reactivity 
of acetal 20a compared to ketone 17a (Table 3) can be 
attributed to the formation of the corresponding oxocar- 
benium ion intermediate, which unlike the ketone 17a, 
does not require any activation through lithium ion 
coordination for the addition of thiol. The inability of 
acetal 21a to undergo reaction in 5 M LPDE might be 
purely due to steric hindrance. 

Conclusions 
The lithium perchloratddiethyl ether medium has been 

found to be very effective for the dithioacetalization of 
aldehydes and acetals. Formation of oxocarbenium ion 
intermediates from acetals in 5 M LPDE has been 
suggested based on the spectroscopic and experimental 
evidences. Chemoselective conversion of aldehydes and 
acetals to dithioacetals in the presence of ketones and 
their acetals has been demonstrated. The striking 
chemoselectivity of the present reaction is utilized in the 
selective conversion of keto aldehydes to dithioacetals 
with the keto group remaining intact. 

(20) Sammakia, T.; Smith, R. S. J. Am. Chem. Soc. 1992,114,10998. 
(21)Olah, G. A. Angew. Chem., Int. Ed. Engl. 1 W ,  32, 767. 

McClelland, R. A.; Ahmad, M. J. Am. Chem. SOC. 1978,100, 7027. 

(22) Vogel's Text Book of Practical Organic Chemistry, 5th ed.; 
ELBS-Longman: Essex, 1989; p 1019. 

(23) Lieberman, 5. V.; Connor, R. Organic Syntheses; Wiley: New 
York, 1943; Collect. Vola 11, p 441. 

(24) Roy, S.; Adhikari, S. Indian J. Chem. Sec. B 1992,31(B), 459. 
(25) Anisworth, C. Organic Syntheses; Wiley: New York, 1963; 

Collect. Vol. IV, p 536. 
(26) Daignault, R. A.; Eliel, E. L. Organic Syntheses; Wiley: New 

York, 1973; Collect. Vol. V, p 303. Eatan, P. E.; Giordono, C.; Vogel, 
U. J. O g .  Chem. 1976,41, 2236. 

(27) Caserio, F. F.; Roberts, J. D. J. Am. Chem. SOC. 1968,80,5837. 
Davis, T. S.; Feil, P. P.; Kubler, D. G.; Wells, D. J., Jr. J. Org. Chem. 
1976,40,1978. 

(28) Fife, T. H.; Hagopian, L. J. Org. Chem. 1986, 31, 1772. 
(29) Mathew, L.; Sankararaman, S. J. Org. Chem. 1993, 58, 7576. 
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cated the absence of 12a and 2 and the presence of 20a 
and 4c. From the 'H-NMR spectral integration the ratio 
of 20a to 4c was found to be 1:l. The 'H-NMR spectrum 
of the crude product matched with that of a 1:l mixture 
of authentic 20a and 4c. The same result was obtained 
when the reaction was repeated with thiol 2 taken in 
excess (5 mmol). Similarly, when the reaction was 
repeated with a 1:l mixture of 4a and 17a with thiol 2, 
the crude product consisted of a 1:l mixture of dithioac- 
eta1 4c and ketone 17a. 

Physical and Spectroscopic Characterization of 
Products. 4b:4930 'H-NMR (CCW 6 7.35 (m, 5H), 5.55 
( 8 ,  lH), 3.39 (m, 4H); MS (70 ev) mlz  182 (M+, 131,121 
(56), 119 (100),117 (98). 4 ~ : ~ '  'H-NMR (CCL) 6 7.28 (m, 
5H), 4.77 (s, lH), 2.48 (m, 4H), 1.49 (m, BH), 0.9 (m, 6H); 
MS (70 eV) mlz  268 (M+, 13), 224 (531, 180 (991, 131 
(100). 4d? mp 51-52 "C (lit.29 mp 51-52 "C); 'H-NMR 
(CC14) 6 7.22 (s, 15H), 5.31 (8 ,  1H); MS (70 eV) m l z  199 

6 ~ : ~ '  IR (neat) 1523 and 1347 (Nod cm-'; 'H-NMR (CCU 
68.13(d,2H,J=8.4Hz),7.51(d,2H,J=8.4Hz),4.79 
(8 ,  lH), 2.48 (m, 4H), 1.43 (m, BH), 0.86 (m, 6H); MS (70 
eV) mlz  313 (M+, 23), 224 (M+ - SBu, 1001, 182 (651, 

2.48 (m, 4H), 1.43 (m, BH), 0.86 (m, 6H); MS (70 eV) mlz  
304 (91, 302 (M+, 24), 216 (50), 215 (94), 214 (781, 213 
(loo), 177 (71), 158 (56), 156 (801, 138 (601, 121 (58). 7b: 
4933 mp: 59-60 "C (lit.% mp 60-61 "C); 'H-NMR (CCL) 6 
7.41 (d, 2H, J =  8.4 Hz), 6.69 (d, 2H, J =  8.4 Hz), 5.56 (8, 

lH), 3.79 (s,3H), 3.40 (m, 4H); MS (70 eV) mlz 214 (BO), 
213 (83), 212 (M+, loo), 211 (781,186 (50), 185 (601,184 
(88), 181 (55), 152 (84), 150 (82), 108 (46). 7c3' 
(CC14) 6 7.28 (d, 2H, J = 9 Hz), 6.75 (d, 2H, J = 9 Hz), 
4.74 (8 ,  lH), 3.76 (s,3H), 2.47 (m, 4H), 1.47 (m, BH), 0.88 
(m, 6H); MS (70 eV) mlz  182 (1001, 179 (441, 154 (81), 
153 (91), 120 (75). 7d: mp 79-80 "C; 'H-NMR (CCL) 6 
7.18 (m, 12H), 6.68 (d, 2H, J = 9.6 Hz), 5.29 (8, W, 3.68 
(s, 3H); MS (70 eV) mlz  231 (141, 230 (301, 229 (M+ - 
SPh, 100); HRMS calcd for CZOH~~OSZ 338.0800, found 
338.0766. 8b:30 mp 58-59 "C (lit.30 mp 62-65 "C); 'H- 
NMR (CCL) 6 6.85 (m, 3H), 5.50 (8 ,  lH), 3.81 (8 ,  3H), 
3.76 (s,3H), 3.38 (m, 4H); MS (70 eV) mlz  242 (M+, loo), 
211 (64), 199 (25), 183 (77), 182 (50), 181 (54). 9b:4.33 
mp 58-59 "C (lit.33 mp 59-59.5 "C); 'H-NMR (CCL) 6 
7.26 (m, 5H), 6.52 (d, lH, J = 13.8 Hz), 6.00 (dd, lH, J 
= 13.8, 6.6 Hz), 5.12 (d, lH, J = 6.6 Hz), 3.27 (m, 4H); 
MS (70 eV) mlz  208 (M+, 1001, 147 (86), 116 (87). 9C: 
'H-NMR (CC14) 6 7.26 (m, 5H), 6.48 (d, lH, J = 14.4 Hz), 
6.0 (dd, lH, J = 14.4, 8.4 Hz), 4.35 (d, lH,  J = 8.4 Hz), 
2.58 (m, 4H), 1.55 (m, BH), 0.92 (m, 6H); MS (70 eV) mlz 
178 (66), 122 (48), 119 (501, 117 (loo), 82 (251, 57 (58); 
HRMS calcd for C1,HZ6S2 294.1478, found 294.1464. 9d: 
29 mp 64 "C; 'H-NMR (CC14) 6 7.26 (m, 15H), 6.11 (m, 
2H), 4.88 (m, 1H); MS (70 eV) m l z  225 (M+ - SPh, loo), 
146 (75), 134 (62), 115 (75), 114 (BO), 108 (601, 90 (64). 

4H), 1.80 (m, lH), 1.03 (d, 6H, J = 6.0 Hz); MS (70 eV) 
mlz  148 (M+, 521, 107 (161, 105 (100); HRMS calcd for 
C&1$32 148.0382, found 148.0371. 1 0 ~ : ~ ~  'H-NMR (CC4) 
6 3.48 (d, lH, J = 4.2 Hz), 2.53 (m, 4H), 2.05 (m, lH), 

(M+ - SPh, loo), 166 (15), 165 (181, 121 (le), 77 (14). 

178 (75). 6 ~ : ~ '  'H-NMR (CCL) 6 7.26 (s,4H), 4.74 (8,  lH), 

lob: 'H-NMR (ccl4) 6 4.32 (d, lH, J = 6.6 Hz), 3.13 (8, 
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1.49 (m, BH), 0.96 (m, 12H); MS (70 eV) mlz  234 (M+, 
36), 145 (M+ - SBu, loo), 89 (44). 10d:34 'H-NMR 
(CDC13) 6 7.25 (m, lOH), 4.27 (d, lH, J = 3 Hz), 2.20 (m, 
lH), 1.13 (d, 6H, J = 6.6 Hz). 17b:4 'H-NMR (CC14) 6 
7.69 (m, 2H), 7.20 (m, 3H), 3.32 (m, 4H), 2.09 (8 ,  3H); 
MS (70 eV) mlz  196 (M+, 88), 181 (911,168 (60), 167 (79), 
136 (45), 121 (loo), 119 (70), 117 (681, 103 (501, 77 (40). 
17c: 'H-NMR (CC1.d 6 7.45 (m, 5H), 2.55 (m, 4H), 1.92 
(s, 3H), 1.45 (m, BH), 0.88 (m, 6H); MS (70 eV) mlz  213 
(25), 193 (481, 192 (50), 178 (96), 177 (40), 136 (98), 122 
(M), 121 (961, 119 (981, 117 (loo), 57 (58); HRMS calcd 
for Cl6HzsS2 282.1478, found 282.1481. 17d:35 IH-NMR 
(CC14) 6 7.44-7.22 (m, 15H), 1.76 (s, 3H); MS (70 eV) 
mlz 322 (M+, 4), 314 (161, 299 (301, 215 (67), 214 (911, 
213 (1001,212 (401,205 (301,177 (17), 178 (171,165 (161, 
136 (47), 121 (20), 105 (55). 1 9 ~ :  'H-NMR (cc14) 6 2.48 
(m, 4H), 1.57 (m, 18H), 0.90 (m, 6H); MS (70 eV) m l z  
260 (M*, 42), 178 (27), 171 (loo), 170 (981, 135 (51, 121 
(98), 95 (67),86 (98); HRMS calcd for C I ~ H Z ~ S Z  260.1634, 
found 260.1612. 2 2 b F  'H-NMR (Cc4) 6 3.34 (s, 4H), 
1.78 (s,6H); MS (70 eV) mlz  135 (131, 134 (M+, 831, 121 
(21), 119 (loo), 106 (44), 78 (27), 65 (60). 2 2 ~ : ~ ~  'H-NMR 
(CC4) 6 2.54 (m, 4H), 1.50 (m, 14H), 0.92 (m, 6H); MS 
(70 eV) mlz  220 (M+, 61,132 (lo), 131 (M+ - SBu, 1001, 
75 (48). 22dY 'H-NMR (CCL) 6 7.61 (m, 4H), 7.36 (m, 
6H), 1.47 (8,  6H); MS (70 eV) mlz  260 (M+, 4), 218 (161, 
151 (loo), 135 (421, 110 (35), 109 (28),59 (44). 23b4 mp 
92-93 "C (lit.4 mp 95 "C); IR (neat) 1683 (C=O) cm-'; 

= 9.6 Hz), 5.62 (s, lH), 3.38 (m, 4H), 2.55 ( 8 ,  3H); MS 
(70 eV) m l z  224 (M+, 721, 196 (52), 153 (loo), 149 (951, 
135 (451, 119 (97), 106 (60), 93 (511, 77 (40). 2%: 
colorless solid, mp 92 "C; 'H-NMR (CDC13) 6 7.66 and 
7.37 (AB quartet, 4H, J = 8.7 Hz), 5.58 (8 ,  lH), 3.35 (br 
s, BH), 2.07 (8 ,  3H); MS (70 eV) 300 (M+, 1001, 285 (771, 
239 (201,211 (501,195 (231,179 (53); deprotection of the 
bis-dithioacetal23c using DDQ by the established pro- 
cedureZ9 gave the starting keto aldehyde 23a in nearly 
quantitative yield which was identified by TLC, IR, and 
1H-NMR spectroscopic data by comparison with the 
authentic sample. 24b: IR (neat) 1718 ((2-0) cm-l; 'H- 
NMR (CCW 6 4.3 (m, lH), 3.11 (m, 4H), 2.33 (m, 2H), 
1.98 (s,3H), 0.84-1.45 (m, 6H); MS (70 eV) mlz  206 (30), 
205 (331, 204 (M+, loo), 132 (471, 105 (98); HRMS calcd 
for CgH160S2 204.0644, found 204.0634. 2Sb: IR (neat) 
1686 (C-0) cm-'; 'H-NMFt (CCL) 6 7.68 (m, 2H), 7.34 
(m, 3H), 4.35 (m, lH), 3.11 (8, 4H), 2.86 (m, 2H), 1.70 
(m, 6H); MS (70 eV) 155 (1001, 154 (661, 153 (56), 146 
(30), 140 (46), 122 (401, 120 (861, 118 (901, 107 (451, 106 
(69), 105 (40),92 (74). 26b: IR (neat) 1705 (C=O) cm-'; 

2.39 (m, 3H), 1.76 (m, 6H); MS (70 eV) mlz 202 (M', 291, 
121 (32), 119 (98), 117 (loo), 105 (53); HRMS calcd for 

'H-NMR (cc14) 6 7.88 (d, 2H, J =  9.6 Hz), 7.56 (d, 2H, J 

'H-NMR (Cc4) 6 4.60 (d, lH, J = 7.2 Hz), 3.04 (s, 4H), 

CgH140S2 202.0487, found 202.0468. 
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