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A RAPID, EFFICIENT AND SELECTIVE CONVERSION OF ALDEHYDES AND ACETALS TO THEIR 1,3-DITHIANE
DERIVATIVES WITH 2,2-DIMETHYL-2-SILA-1,3-DI
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Abstract: Aldehydes and acetals are cleanly and rapidly converted to the corresponding di-
thianes with 2,2-dimethyl-2-sila-1,3-dithiane and stoichiometric amounts of boron trifluoride
etherate even in the presence of ketones, which do not react competitively with the reagent.

The pioneering studies of Corey and Seebach> on the chemistry of 2-lithiated-1,3-dithianes
as ecyl anion equivalents rapidly established these compounds as important reagents for organic
synt.‘nesis.4 The prerequisite dithianes are prepared from the aldehydes and 1,3-propanedithiol
employing an acid catalyst such as HC1, BF4-OEt, or ZnCl,. The lithiated derivatives are
obtained from the corresponding dithiane by deprotonation with butyllithium.5

RCHO or RCH(OR' )2 LiBu
HECHCHyCHgSH - ——— \CRH — >CRLi
1

Our interest in the chemistry of 1 and 2 stems from their importance in the preparation of
acy151lanes.6 Invariably, as has been pointed out by Seebach and Corey, the preparation of 1
resualts in the formation of a yellowish contaminant in minor amounts. It must be removed from 1
either by recrystallization or fractional distillation prior to carrying out the lithation.
Moreover, the reaction times employed in preparation of 1 from aldehydes and propanedithiol are
quite variable ( 1-15 h ).

Often, silyl-modified reagents offer synthetic advantages to their protic counterparts
and, thiosilane/zinc iodide systems are selective in the case of dithiane formation.’ Seeking a
silyl-modified reagent that could be obtained in high yield and chemical purity from commercial
(97%) 1,3-propanedithiol, 2,2-dimethyl-~2-sila-1,3-dithiane (3)8 was particularly attractive in
that we find that its isolation removes the yellow impurities to result in colorless dithianes.

In contrast to the Corey-Seebach acid-catalyzed procedure, the reaction of 3 proceeds to
completion only with a stoichiometric amount of BF—OEt, {(ie. 1:BF5 = 3:1 for RCHO and ca. 2:1
for RCH(OMe)2 ). However, this is certainly not a drawback to the use of 1 because the reaction
can be precisely controlled by the amount of BF 5 added and occurs instantaneously and essentia-
11y quantitatively by GC analysis (cf. Table 1).

As a representative procedure, the synthesis of 1f was carried out as follows: To a
stirred mixture of 3 (4.56g; 27.8 mmol)} and pivaldehyde (2.35g; 27.3 mmol) in CH,C1, (12.5 mL)
at g°C was added BF4-OEt, (1.2 mL; 9.6 mmol) dropwise. After the addition was completed, NaF
solution (19mL, 1.00 M) was added, and, after separation with ether, the organic layer was
dried {(KyCO3), concentrated at reduced pressure, and the colorless residue was recrystallized
from 90% aqueous MeOH to give 4.8g (82%) of chromatographically and spectroscopically pure 1f

(mp 33-34.5; [1it]> 35.5-36).
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TABLE 1. 1,3-DITHIANES FROM ALDEHYDES OR ACETALS AND 3/BF3—ETHERATE.
RCHO or RCH(OMe), Product Dithiane % vield @
MeCHO la 99
D-PrCHO 1b 98
n-BuCHO 1c 99
i-PrCHO 14 98
PhCHO le 98
+£~BuCHO 1f 99 (82)P
piperonal 1g 94b
EtCH (OMe)z 1h 95
MeCH (OMe) CH,CH (Me) 2 1i 94

A yields were determined by GC analysis of reaction mixtures containing an internal hydrocarbon
standard. Complete spectroscopic data, consistent with the assigned structures, were obtained
for all products. Isolated yield.

The reaction is completely selective for aldehydes showing no tendency to react with
ketones in competitive experiments. Thus, with pentanal vs 2-heptanone and one egq of 3, only
lc (98%) was formed. However, with pentanal vs benzaldehyde, lc (46%) and le (47%) were formed
in essentially equal amounts as was the case with pentanal vs 1,l-dimethoxypropane ( lc (51%)
and 1h (41%)). The Corey-Seebach procedure exhibits a similar selectivity {(ie. 64:24 for lc and
le; only lc (98%) for pentanal vs 2-heptanone).

With acetals, the principal by-products are Me,SiF, and B(OMe); as determined by NMR and
GC/MS.8 With aldehydes, the major by-product by NMR is consistent with the formulation,
B(OSiMeZE‘)3. However, with an excess of BF 4, the methylsilane region, in both the 14 and 13C
NMR of the reaction mixtures, becomes very complex, indicating that additional products are
formed. Moreover, the direct distillation of reaction mixtures gives small amounts of cyclic
siloxanes (ie. [Me,8i0], n= 5,6 and 7) by GC/MSM which might be expected to originate from
the decomposition of a fluorosilylborate species. Thus, the formation of fluorosilane products
explains the stoichiometric requirement for the BE 4 in these reactions.
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