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Boron trifluoride monohydrate, a highly efficient
catalyst for thioacetalization [1]
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Boron trifluoride monohydrate, an inexpensive superacid, was found to be an efficient
catalyst for thioacetalization.

Keywords: Acid catalysis; boron trifluoride monohydrate; thioacetals

During our studies on fluorination of organic compounds, we needed to
prepare a series of 1,3-dithiolanes. 1,3-dithiolanes have often been used as
protected carbonyl groups in organic synthesis because of their stability under
usual acidic or basic conditions [2]. 1,3-dithiolanes are also useful synthons as
carbonyl anion equivalents [3]. Dithiolanes are usually prepared by acid cat-
alyzed condensation of 1,2-ethanedithiol with carbonyl compounds. Various
acids have been used, including concentrated HCl, ZnCl,, BF;- Et,0, AlCl,,
TiCl,, and BF; - 2CH,CO,H, for this transformation [4].

Boron trifluoride monohydrate (BF; - H,O) is a nonoxidative strong acid with
the acidity comparable to that of 100% sulfuric acid [5]. The applications of this
acid in organic synthesis, however, are limited [6,7]. Recently we have found this
acid in conjunction with nitric acid or potassium nitrate to be an excellent
aromatic nitrating system [8]. Interested in further exploring the utility of boron
trifluoride monohydrate in organic synthesis, we now report the highly efficient
condensation of 1,2-ethanedithiol with carbonyl compounds catalyzed by boron
trifluoride monohydrate.

To a vigorously stirred mixture of carbonyl compound (10 mmol) and 1,2-
ethane dithiol (15 mmol) in methylene chloride (20 mL) at 0°C was added 1 mL
of BF;:OH, through a syringe. The reaction was usually complete in 15 to 30
minutes. After normal aqueous work-up and evaporation of the solvent, prod-
ucts were obtained in nearly quantitatively yields.

I BF,;-H,0/CH,CI, S\C/S
———, >
R’/ ~ R" 1,2-ethanedithiol R’/ \Ru
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A variety of ketones and aldehydes were investigated (see table 1) and aromatic
as well as aliphatic carbonyl compounds worked equally well. In case of
aromatic carbonyl compounds, neither electron-withdrawing or electron-donat-
ing substituents on the ring did significantly affect the yield. The thioacetaliza-
tion reaction is exothermic and proceeds very fast. Thus accurate measurement
of reaction rates would be difficult under these conditions. It is well established
that thioacetalization is an acid catalyzed reaction [4]. The high acidity of
BF,:H,0 certainly enhances the reaction rate. Moreover, BF;:H,O can func-
tion as a water scavenger further facilitating the dehydration.

In summary, BF;-H,O is a highly efficient acid catalyst for preparation of
1,3-dithiolanes under very mild conditions with nearly quantitative yields. Fur-
thermore, BF; - H,O is inexpensive and can be easily prepared in the laboratory
[7]. The presently developed procedure offers a most efficient route to the
preparation of 1,3-ditholanes from carbonyl compounds.

All the carbonyl compounds and 1,2-ethanedithol were purchased from
Aldrich, and used as such. Boron trifluoride was obtained from Matheson Gas
products. BF; - H,O was prepared according to a reported procedure [7].

NMR spectra were run on a Varian Associates Model VXR-200 NMR
spectrometer. Mass spectra were obtained on a Finnigan Incos-50 GC-MS
instrument. Gas chromatographic analyses were performed on a Varian (model
3700) gas chromatograph using a quartz column coated with DB-5.

TYPICAL METHOD OF PREPARATION OF 1,3-DITHIOLANES

To a vigorously stirred CH,Cl, (20 mL) solution of the carbonyl compound
(10 mmol) and 1,2-ethanedithol (15 mmol), 1 mL BF;-H,O (20 mmol) was
added dropwise through a syringe over a period of 5 min at 0°C. The reaction
mixture was stirred for another 25 min, and quenched with 40 mL of ice water.
The quenched mixture was extracted with CH,Cl, (3 X 30 mL). The combined
organic extracts were washed with aq. 10% NaHCO, solution to remove any
acid, and dried over MgSQO, followed by evaporation in a rotary evaporator
under high vacuum. The product was further purified, if necessary, by either
distillation or recrystalization and subjected to GC-MS and NMR analysis.
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