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Synthesis and Stereoselective Functionalization
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Tiziano Nocentini
Dipartimento di Chimica Organica, Università di Firenze,
Sesto Fiorentino, Italy

2-Silylated five-membered heterocycles can be easily accessed through reaction of
bromo(methoxy)methylsilane and dithiols, mercapto amines, and mercapto alco-
hols. Further reaction of the obtained silylated heterocycles with electrophiles under
fluoride ion conditions afford an easy functionalization of such molecules.
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INTRODUCTION

1,3-Dithiane anions have been extensively used in the past decades
as masked acyl carbanions in umpolung reactivity, and have had sub-
stantial effects on synthetic organic chemistry.1 In contrast, treatment
with bases of 1,3-dithiolanes has been reported to lead to either de-
protonation at C-2 with subsequent cycloelimination to dithiocarboxy-
late anions and ethylene derivatives2 or at C-4 to afford products de-
rived from thiocarbonyl derivatives and vinyl thiolate anion.3 Such
behavior prevented the possibility of further functionalization of the
dithiolane moiety and consequently its use in umpolung reactivity. Al-
though in fact two examples of functionalization under basic condi-
tions of dithiolanes bearing an electron-withdrawing group are reported
in the literature, a general protocol for their functionalization is still
lacking.4
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Organica, Università di Firenze, via della Lastruccia 13, 50019 Sesto Fiorentino, Italy.
E-mail: alessandro.deglinnocenti@unifi.it

1297

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
1
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



1298 A. Capperucci et al.

RESULTS AND DISCUSSION

Our interest in the synthesis and the reactivity of organosilanes, in con-
nection with the very mild functionalization conditions of the carbon-
silicon bond under fluoride ion catalysis,5 led us to point our attention to
2-trimethylsilyl-1,3-dithiolane as a possible masked dithiolane anion.

Because direct functionalization of the parent 1,3-dithiolane under
basic conditions was prevented, an alternative access to the molecule
had to be devised, and we found that a very convenient way to ac-
cess the molecule was through the reaction of bromo(methoxy)methyl-
trimethylsilane 2, easily obtainable by bromination of methoxy
methyltrimethylsilane 1 (Scheme 1).6

SCHEME 1

Such methodology proved rather interesting for its generality, and
can lead to the synthesis, besides silylated dithiolanes 3, of a wide va-
riety of silylated heterocycles, such as thiazolidines 4, oxathiolanes 5,
and oxazolidines, thus outlining a general procedure to access silylated
five-membered heterocycles (Scheme 1).

Then, taking advantage of the well-known reactivity of organosilanes
under fluoride ion catalysis, we evaluated the possibility of dithiolane
functionalization in such conditions. Thus, when the silyl dithiolane 3 is
treated with aldehydes in the presence of different fluoride ion sources
(TBAF, TBAT, TASF), a smooth reaction occurs, leading to the corre-
sponding functionalized α-hydroxy dithiolane 6, so disclosing the pos-
sibility of an effective transfer of a “dithiolane anion” onto electrophiles
under mild conditions (Scheme 2).6

This reaction appears quite general and occurs with aromatic, het-
eroaromatic, aliphatic, and α,β-unsaturated aldehydes.

In this context, because fluoride-initiated protodesilylation of
organosilanes has been shown to occur with retention of configuration,7

we became interested in the reactivity of substituted silyldithiolanes.
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SCHEME 2

Thus, reaction of cis and trans 4,5-dimethyl-2-trimethylsilyl-1,3-
dithiolanes 7a,b with benzaldehyde as a typical electrophile, in the
presence of TBAF or CsF, afforded, as expected, the corresponding
adducts in good yields (Scheme 3),8 and with complete retention of the
configuration of C-2.

SCHEME 3

These findings disclose a novel example of functionalization of a C Si
to a new C C bond, with retention of configuration. They appear par-
ticularly interesting, taking into account that, with the exception of
allylsilanes,9 there are only a few cases of stereoselective synthetic
transformations of sp3 carbon-silicon bonds to carbon-carbon bonds.

On the other hand, it is firmly established that metallation of 1,3-
dithianes10 and 1,3-diselenanes11 occurs regioselectively at C-2 at the
equatorial rather than the axial hydrogen, and that their metallo
derivatives lead, upon reaction with electrophiles, to products bearing
the incoming group invariably at the equatorial position, whatever the
other substituent eventually present at C-2.

On the contrary, when applied to substituted dithianes, the present
methodology again led to the stereoselective synthesis of the axially or
equatorially functionalized system (Scheme 4).8 This result outlines for
the first time an axial-oriented substitution on dithiane systems.

SCHEME 4
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These results give further experimental evidence to the notion that
these reactions proceed through hypervalent silicon species and not free
carbanions.

The obtained results can be extended as well to even more interesting
heterocycles such as thiazolidines and oxathiolanes. Despite the utility
of the thiazolidine moiety, very few methodologies for the functionaliza-
tion of position 2 of the heterocyclic ring exist. Only two reports, to the
best of our knowledge, deal with such functionalization, and their effi-
ciency seems related to the presence of specific N-protecting groups.12

Thus we moved to the evaluation of the possible functionalization of
the so-obtained silyl thiazolidines, and when compound 4a was reacted
with benzaldehyde, in the presence of the fluoride ion, a smooth reac-
tion occurred, leading to the corresponding functionalized α-hydroxy
thiazolidine 11a in 52% yield, and so disclosed a clean and mild func-
tionalization of the heterocyclic ring and the generation of a novel class
of acyl anion synthons (Scheme 5).13

SCHEME 5

The reactivity seemed rather general, and occurred smoothly in the
presence of different N-protecting groups such as tosyl, mesyl, acetyl,
and BOC (N-tart-butoxy carbonyl). No reaction was observed when the
protecting groups were benzoyl and cinnamoyl, but only the desilylated
thiazolidine was recovered from the reaction mixture.

While compounds 4a,c afforded the adducts as mixtures of diastere-
omers, compound 4b showed a 20% diastereomeric excess (de), but
much more interestingly, the reaction of 4f both with benzaldehyde
and thienylaldehyde afforded, as estimated from the nuclear magnetic
resonance (NMR) of the crude reaction mixture, only a single diastere-
omer, thus evidencing a possible application of the present reaction in
diastereoselective synthesis.

A different behavior was observed when the protecting group
was Cbz. In fact, in that case, under the same experimental condi-
tions, a clean cyclization to oxazolidinones 12 and 13 was observed
(Scheme 6).13

The versatility of the present methodology is further illustrated
by another example. When the protecting group itself contains an
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SCHEME 6

electrophilic center, a clean cyclization occurs, leading in good yields
to policyclic compounds. Thus, when reacting N-o-formylbenzoyl-2-
trimethylsilylthiazolidine 4h with fluoride ion, the polycyclic com-
pound 14 can be isolated in very good yield and with an interesting
de of 70% (Scheme 7).

SCHEME 7

Finally, differently substituted oxathiolanes 5 can also be efficiently
functionalized by taking advantage of the present methodology (Scheme
8).

SCHEME 8

In conclusion, the fluoride ion-based methodology of the carbon-
silicon bond functionalization offers a simple and mild strategy for the
functionalization of position 2 of a wide series of heterocycles, and opens
interesting new perspectives in their synthetic applications.
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