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COMMUNICATION

Lanthanum(III) nitrate hexahydrate catalyzed chemoselective
thioacetalization of aldehydes†

M. SRINIVASULU, K. RAJESH, N. SURYAKIRAN, J. JON PAUL SELVAM, and
Y. VENKATESWARLU*

Natural Products Laboratory, Organic Chemistry Division-I, Indian Institute of Chemical Technology,
Hyderabad, India

(Received 14 December 2006; in final form 14 March 2007)

A wide variety of cyclic and acyclic dithioacetals have been prepared chemoselectively from their
corresponding aldehydes with 1,3-dithiol and ethanethiol using catalytic amounts of lanthanum(III)
nitrate hexahydrate as a catalyst at room temperature.

Keywords: La(NO3)3 · 6H2O; Aldehydes; 1,3-dithianes; Thioacetals

1. Introduction

Natural products being the main target in synthetic organic chemistry, selective protection and
deprotection of carbonyl functionality as an 1,3-dithiane plays an important role in the multi-
step organic synthesis of complex natural products due to its inherent stability under both acidic
and basic conditions [1]. 1,3-Dithiane as a protecting group has been used in the synthesis of
azasugars such as 1,4-dideoxy-1,4-imino-D-galactiol,an inhibitor of mycobacterial galactan
biosynthesis [2], in the synthesis of azadirachtin [3], a strong anti-feedant isolated from the
seeds of an Indian Neem tree, and 2-lithio-1,3-dithiane derivatives [4], starting materials for
the synthesis of natural products, such as serriconin [5], compactin [6], pinellic acid [7],
manzamine [8], discodermolide [9] and prostaglandinA2 [10]. 1,3-Dithanes are generally
obtained by Brönsted acid or Lewis acid [11] catalyzed condensation of carbonyl compounds
with thiols or dithiols. Further, the other acids such as HCl [12], BF3·OEt2 [13], p-TSA [14],
InCl3 [15], SO2 [16], TiCl4 [17], CAN [18], ZrCl4 [19], triflates [20], oxidizing agents such
as NBS [21] and DDQ [22] and heterogeneous catalysts such as heteropoly acids [23] were
employed to carry out the reaction.
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However, several of these reported methods are associated with drawbacks such as low
chemoselectivity [24], incompatible with other protecting groups [25], strong acidic conditions
[26], long reaction times [27], tedious procedure for the preparation of catalyst and demand
dry reaction conditions under nitrogen atmosphere. Thus, there is further scope to explore
suitable mild and selective alternative reagent for thioacetalization of carbonyl compounds
(Scheme 1).

SCHEME 1

Organic reactions using mild and water tolerant catalysts received much attention in
recent years. They can be conveniently handled and removed from the reaction mix-
ture, making the experimental procedure simple and eco-friendly. Recently, we explored
La(NO3)3·6H2O as a mild and efficient acid catalyst in various organic transformations,
such as chemoselective deprotection of primary acetonides [28], tetrahydropyranylation
of primary alcohols [29], acetylation of alcohols, phenols and amines [30], in the syn-
thesis of α-amino nitriles [31], benzodiazepines [32] and N -tert-butoxycarbonylation,
N -benzyloxycarbonylation of amines [33, 34]. La(NO3)3·6H2O is mild, inexpensive, non-
toxic, readily available, easy to handle and insensitive to air. In the course of study
in above transformations, it has been observed that the substrates containing other
acid labile functional groups such as acetonides, TBDMS ethers, some isopropyli-
dene protected diols and N -tert-Boc protected amines were intact in the presence of
La(NO3)3·6H2O. Now, we envisaged for chemoselective thioacetalization of aldehydes using
catalytic amounts of lanthanum(III) nitrate hexahydrate with 1,3-dithiol under solvent free
conditions.

2. Results and discussion

This method does not require special care to exclude moisture from the reaction medium. Ini-
tially, we reacted benzaldehyde with ethanethiol in the presence of catalytic amounts of
lanthanum(III) nitrate hexahydrate to yield corresponding thioacetal in 90% yield. Encouraged
by the yields of the reaction, we further explored this thioacetalization reaction on various
aldehydes in excellent yields (table 1). It is evident from the table 1 that a large number of
acid-sensitive groups remain unchanged during thioacetalization (table 1). Further, aldehydes
only underwent protection as thioacetals under this reaction conditions, and ketones are unaf-
fected (scheme 2). The reaction is compatible to the substrates having acid sensitive groups
such as TBDMs and THP. (table 1, entries 7, 13, 19, 20).
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Table 1. Thioacetalization of aldehydes using lanthanum(III) nitrate hexahydrate.

Entry Substrate Thiol Time (min)a Yield (%)b

1 R=H, R′=H, R′′=OH CH3CH2SH 60 90
2 R=H, R′=NO2, R′′=H CH3CH2SH 75 92
3 R=NO2, R′=H, R′′=H CH3CH2SH 60 86
4 R=H, R′=H, R′′=Cl CH3CH2SH 60 84
5 R=H, R′=H, R′′=NO2 CH3CH2SH 90 90
6 R=H, R′=NO2, R′′=OMe CH3CH2SH 60 92
7 R=H, R′=OMe, CH3CH2SH 60 85

R′′=OTBDMS
8 R=H, R′=H, R′′=OMe CH3CH2SH 60 80
9 R=H, R′=H, R′′=NMe2 CH3CH2SH 60 90

10 R=OMe HS(CH2)3SH 90 92
11 R=Bz HS(CH2)3SH 90 82
12 R=Ac HS(CH2)3SH 90 90
13 R=TBDMS HS(CH2)3SH 90 90

14 R=Bn HS(CH2)3SH 90 80
15 R=Bz HS(CH2)3SH 90 80

16 HS(CH2)3SH 60 90

17 HS(CH2)3SH 60 95

18 HS(CH2)3SH 60 95

19 HS(CH2)3SH 60 92

20 CH3CH2SH 60 85

21 CH3CH2SH 60 93

aAll compounds were characterized by 1H NMR and EIMS spectral data.
bIsolated yields after column chromatography.
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SCHEME 2

3. Conclusion

In conclusion, we have developed a mild and efficient reagent lanthanum(III) nitrate
hexahydrate for the protection of aldehydes as thioacetals using 1,3-dithiol and ethanethiol
under solvent-free condition at room temperature. The catalyst is inexpensive, commercially
available and the reaction conditions do not require dry conditions.

4. Experimental section

4.1 Typical experimental procedure

To a mixture of aldehyde (1 mmol) and 1,3-dithiol (1.1 mmol) or ethanethiol (2.2 mmol) was
added finely powdered La(NO3)3·6H2O (5 mol%) and the reaction was stirred under solvent-
free conditions at room temperature for an appropriate time (table 1). After completion of
the reaction as monitored by TLC, water (10 mL) was added to the reaction mixture and
the product was extracted into ethyl acetate (3 × 20 mL). The combined organic layer was
washed with brine solution, dried over anhydrous sodium sulphate and concentrated under
reduced pressure to give crude product, which was purified over silica gel column to afford
corresponding thioacetals.

Entry 10. 1H NMR (300 MHz, CDCl3) δ = 1.35 (s, 3H), 1.45 (s, 3H), 1.80–2.00 (m, 2H),
2.60–2.90 (m, 4H), 3.35 (s, 3H), 3.85 (dd, 1H), 4.00 (d, 1H), 4.48 (d, 1H), 4.75 (dd, 1H), 4.85
(s, 1H); EIMS: m/z 203 (M+. + 1).

Entry 11. 1H NMR (300 MHz, CDCl3) δ = 1.34 (s, 3H), 1.44 (s, 3H), 1.82–2.05 (m, 2H),
2.65–2.90 (m, 4H), 3.85 (dd, 1H), 4.00 (d, 1H), 4.48 (d, 1H), 4.76 (dd, 1H), 4.86 (s, 1H), 7.40
(d, 2H, J = 8.42 Hz), 7.50 (m, 1H), 8.00 (m, 2H, J = 8.42 Hz); EIMS: m/z 293 (M+. + 1).

Entry 12. 1H NMR (300 MHz, CDCl3) δ = 1.35 (s, 3H), 1.45 (s, 3H), 1.80–2.00 (m, 2H),
2.60–2.90 (m, 4H), 2.10 (s, 3H), 3.85 (dd, 1H), 4.00 (d, 1H), 4.48 (d, 1H), 4.75 (dd, 1H), 4.85
(s, 1H); EIMS: m/z 231 (M+. + 1).

Entry 13. 1H NMR (300 MHz, CDCl3) δ = 0.20 (s, 6H), 0.90 (s, 9H), 1.30 (s, 3H), 1.40 (s,
3H), 1.75–2.00 (m, 2H), 2.62–2.92 (m, 4H), 3.85 (dd, 1H), 4.05 (d, 1H), 4.50 (d, 1H), 4.75
(dd, 1H), 4.85 (s, 1H); EIMS: m/z 247 (M+. + 1).

Entry 15. 1H NMR (300 MHz, CDCl3) δ = 1.40 (s, 3H), 1.50 (s, 3H), 1.85–2.00 (m, 2H),
2.65–2.95 (m, 4H), 4.25 (m, 1H), 4.62 (d, 1H), 4.80 (s, 1H), 5.45 (d, 1H), 5.80 (d, 1H), 7.40
(d, 2H, J = 8.52 Hz), 7.50 (m, 1H), 8.00 (m, 2H, J = 8.52 Hz); EIMS: m/z 277 (M+. + 1).
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