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The Lewis acid-mediated cleavage of chiral cyclic acetals is
a useful synthetic tool for the asymmetric synthesis of C-C
bonds.™™ Specifically, one of the most widely used methods for
the formation of C-glycosides involves a glycosidic acetal, a
Lewis acid and a carbon nucleophile.’?? The reaction goes through
an cyclic oxocarbenium ion which undergoes the nucleophile
attack in a stereoelectronically controlled mode to provide the
product with a high stereoselectivity.?® Conformational effects
have been invoked to explain the stereoselective reactions of
substituted five-membered-ring oxocarbenium ions (Figure 1a).t!

Because of the biological and chemical importance of the
C-glycofuranosides®® we undertook the study of the Lewis acid-
promoted cleavage of 1,2-O-isopropylidene-protected
glycofuranosides by allyltrimethylsilane as a feasible and
stereoselective route to these structures.”) This procedure was
introduced by us in the formal synthesis of the antibiotic (+)-
preusin to install the C-5 nonyl chain with the required R

configuration (Scheme 1).! We hypothesized that the high



diastereoselectivity obtained in this experiment was due to the
own bicyclic nature of these acetals which confers an intrinsic and
general exo-facial bias to the incoming nucleophile regardless of
the remainder of the substituents on the heterocyclic ring (Figure
1b). If this was the case, then this template effect of the bicyclic
acetal should be general for any 1,2-O-isopropylidene-protected
glycofuranoside providing an invariable 1,2-trans
stereoselectivity in the nucleophilic substitution at the anomeric
center. In this communication we present experimental evidence
to confirm our initial hypothesis and establish the generality of
this remarkable exo-facial template effect exercised by the 1,2-O-
isopropylidene protective group.

To this end, we prepare the structurally related 1,2-O-
isoprolyliden-protected furanosides 1a-h'! and carried out a
systematic study of their allylation reactions (table 1).
Remarkably, an uniform 1,2-trans selectivity was achieved in all
of the experiments ran with boron trifluoroetherate or titanium
tetrachloride as the Lewis acids and allyltrimethylsilane as the
nucleophile (Scheme 2).'% In general, the yields ranged from
modest to good and the reaction conditions were sufficiently mild
to be supported by other acid-sensitive groups present in the
molecule. The diminished reactivity of these acetals with regard
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to other anomeric activating group called for room



temperature in the case of the boron trifluoro etherate and 0°C for
titanium tetrachloride.

Examination of the results depicted in table 1 reveals the
following features: Firstly, the nucleophile always adds to the
exo-face of the bicyclic acetal; secondly, the stereochemical
outcome of the reaction neither depends of the size nor
configuration of the substituents on the ring; thirdly, the yield of
the reaction decreases with the bulkiness of the C-4 alkyl group
(compare 1a and le with 1d) and increases with the enlargement
of the alkyl chain (compare la, 1b and 1c). Finally, the C-3
alkoxy group behaves like a mere spectator in sharp contrast with
the well-established influence of this group in the 1,3-syn
stereoselectivity found in the C-glycosidation of ribose
derivatives.!

The effect of the C-4 alkyl substituents on the yield of the
reaction can be interpreted in terms of the destabilizing 1,3-
diaxial interaction beteween the nucleophile and the alkyl group.
From the model illustrated in figure 1b, it is clear that an increase
in the size of the alkyl group at C-4 produces greater steric
congestion on the exo-face of the biciclyc molecule whilst a
enlargement of the alkyl chain places to the bulky pivaloyloxy
group more far from the anomeric position reducing the steric

congestion around this centre.



The combination of trimethylsilyl triflate and boron
trifluoride ethereate as the Lewis acid deserves a comment. The
strongest Lewis acid character of this mixture benefits the
reaction (the vyield increases ~ 20%), but diminishes the
diastereoselctivity in a 25%. If the starting bicyclic acetal is
cleavaged in the medium before the nucleophilic attack, no
template effect can be exercised and the stereochemical outcome
of the reaction should be directed by the conformation of the 2-
trimethylsilyoxy five-membered-ring oxocarbenium ion. We
believe this is the case being the stereoselection level in good
accordance with the low stereoselectivities reported by some C-2
substituted furanosides™ and y-lactols.!*"!

To the best of our knowledge, this is the first case in
which a 1,2-O-isoprolylidene group is used to activate the
carbohydrate anomeric position and to direct the stereochemical
outcome of the reaction on this centre.*? From a synthetic point
of view, the easy access to these 1,2-O-isopropylidene-protected
glycofuranosides and the intrinsic and complete 1,2-trans
stereoselectivity of the reaction makes this strategy a very
interesting and solid alternative to the established C-glycosidation
methods. Despite of the moderate reactivity of these bicyclic
acetals we believe that they are still enough reactive to allow the

use of other = nucleophiles.

Experimental section



Method A: Under a nitrogen atmosphere, the 1,2-O-
isopropylidene glycofuranoside (0.1 mmol) dissolved in dry
dicloromethane (1 ml) was cooled to 0°C and allyltrimethylsilane
(0.4 mmol) was added. The homogeneous solution was stirred for
10 min and the boron trifluoro etherate was added (0.2 mmol).
The resulting solution was stirred at 0°C for 15 min, warmed to
room temperature and stirred for 3 h. After quenching with
aqueous saturated sodium bicarbonate solution (0.1 ml) the
reaction mixture was poured into more aqueous saturated sodium
bicarbonate solution and extracted with dichloromethane. The
organic phases were combined, washed with aqueous saturated
sodium chloride dried over sodium sulfate, filtered and
concentrated to give and oily residue which was flash
chromatographed.

Method B: Under a nitrogen atmosphere, the 1,2-O-
isopropylidene glycofuranoside (0.1 mmol) dissolved in dry
dicloromethane (1 ml) was cooled to 0°C and allyltrimethylsilane
(0.1 mmol) was added. The homogeneous solution was stirred for
10 min and the boron trifluoro etherate in dry dichloromethane
(0.5 M) (0.1 ml) was added. The resulting solution was stirred at
0°C for 15 min, warmed to room temperature and stirred for 0.5 h.
More allyltrimethylsilane (0.1 mmol) and boron trifluoride
etherate in dichloromethane (0.1 ml) were added every 0.5 h for

three times and the solution was stirred at room temperature for a



2 h further. More allyltrimethylsilane (4 x 0.1 mmol) and boron
trifluoride etherate in dichloromethane (4 x 0.1 ml) were again
sequentially added every 0.5 h and the reaction mixture was
stirred overnight. The reaction was quenched and worked up as in
method A.

Method C: Under a nitrogen atmosphere, the 1,2-O-
isopropylidene glycofuranoside (0.1 mmol) dissolved in dry
dicloromethane (1 ml) was cooled to 0°C and allyltrimethylsilane
(0.4 mmol) was added. The homogeneous solution was stirred for
10 min and titanium tetrachloride (0.2 mmol) in dichloromethane
(1 ml) was added via a cannule. The reaction mixture was stirred
for 10 min at this temperature and quenched and worked up as in
method A.

Method D: Under a nitrogen atmosphere, the 1,2-O-
isopropylidene glycofuranoside (0.1 mmol) dissolved in dry
dicloromethane (1 ml) was cooled to 0°C and allyltrimethylsilane
(0.4 mmol) was added. The homogeneous solution was stirred for
10 min and the boron trifluoro etherate in dry dichloromethane
(0.5 M) (0.1 ml) was added. The resulting solution was stirred at
0°C for 15 min, warmed to room temperature and stirred for 0.5 h.
More boron trifluoride etherate in dichloromethane (0.1 ml) was
added every 0.5 h three times and the solution was stirred at room
temperature for 1 h further. The reaction mixture was quenched

and worked up as in method A.
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Figure 1. [a] Postulated stereoelectronic model. Nucleophilic
attack occurs by a stereoelectronically controlled “inside attack”
on the lower energy conformer of the cation to provide the
product in its lower energy. [b] The exo-facial template effect
exercised by the 1,2-O-isopropylidene protective group. The
nucleophile attack is directed by the acetal onto the exo-face of
the molecule to give the 1,2-trans product.

Scheme 1. Stereoselective formal synthesis of (+)-preusin. The
alkyl chain at C-5 is introduced with the required R configuration
by diastereoselective allylation of the bicyclic 1,2-O-
isopropylidene protected dihydroxy pyrrolidine intermediate.
Scheme 2. Stereoselective Lewis acid catalized C-glycosidation
of the D-xylofuranoside derivative 1d using the 1,2-O-
isopropylidene acetal group as the anomeric activator and
stereochemical controller and allyltrimtehylsilane as the

nucleophile.
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Table 1. Lewis acid promoted allylation of the 1,2-O-isopropylidene protected
glycofuranosides 1a-h with allyltrimethylsilane .

Substrate Lewis acid Method™ Yield [%]™ Product™
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(O (@) :
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[a] See experimental section. [b] Yields of isolated compounds. [c] All the
new compounds gave physical and spectroscopic data coherent with the
proposed structures. [d] Starting material was recovered (38%). [e] Starting
material was recovered (25%). [f] Starting material was recovered
(56%).TBDS = t-Butyldimethylsilyl, Piv = Trimethylacetyl, TMSOTf =

Trimethylsilyl trifluoromethanesulphonate
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An impressively entire 1,2-trans stereoselectivity is achieved in the
Lewis acid promoted allylations of 1,2-O-isopropylidene protected
furanosides regardless of the other substituents on the
tetrahydrofurane ring. The bicyclic acetal acts as a basic stable
anomeric protecting group, which under acid conditions and in the
presence of a carbon nucleophile, activates the carbohydrate
anomeric position and directs the stereochemical outcome of the
substitution reaction at this centre.
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