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Abstract

The reaction of the epoxysugar 1 with an excess of lithium powder and a catalytic amount of DTBB (5 mol%)
in THF at —78°C leads to the formation of the corresponding B-oxido functionalised organolithium intermediates
2, which by treatment with different electrophiles [H,O, D,0, Me;SiCl, PACHO, Me,CO, (CH,)sCO] at —78°C
to room temperature afford, after hydrolysis with water, the expected enantiomerically pure compounds 3. Starting
from the epimeric epoxide 4 and following the same procedure, using water as electrophile, the compound 6 was
isolated, the correponding intermediate 5 having been involved in the process. © 1998 Elsevier Science Ltd. All
rights reserved.

From a biological point of view, carbohydrates play a vital role in molecular recognition, cell sig-
nalling, biomolecular transport, the immune system and, in fact, in virtually every essential biological
process.! From a chemical point of view, carbohydrates have long been utilised as useful starting
materials in the synthesis of chiral natural products, D-glucose being probably the starting material most
extensively used;? this is an example of the so called EPC-synthesis, which allows the preparation of
enantiomerically pure compounds using the pool of easily available chiral natural compounds.? One im-
portant family of sugar derivatives are the corresponding branched-chain functionalised carbohydrates,*
which are glycosidic components of antibiotics. In nature, most of the branched-chain sugars contain
a polar substituent at the branching carbon atom, the alcohol functionality being the most commonly
found.* On the other hand, in the last few years we have applied an arene-catalysed lithiation® to
the preparation of functionalised organolithium compounds® starting from different materials, such as
chlorinated compounds,’ ethers® or thioethers,” sulfones!'® and heterocycles.!!'2 Conceming this last
type of compound, the reductive opening of epoxides using lithium and a stoichiometric'? or catalytic!'4
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amount of an arene is a useful methodology, which allows the generation of B-oxido functionalised
organolithium intermediates. In this paper we apply the aforementioned arene-catalysed lithiation to
the ring opening of epoxides derived from D-glucose in order to prepare branched-chain functionalised
carbohydrate derivatives.*

The reaction of the protected epoxy D-glucose 1! with an excess of lithium powder (1:14 molar ratio)
and a catalytic amount of 4,4’ -di-tert-butylbiphenyl (DTBB; 1:0.1 molar ratio, 5 mol%) in THF at —78°C
for 2 h followed by treatment with different electrophiles [E*=H,O, D,0, Me3SiCl, PhCHO, Me,CO,
(CH;)sCO] at temperatures ranging between —78°C and room temperature led, after hydrolysis with
water, to the expected products 3a—f, the corresponding intermediate 2 being probably involved in the
process (Scheme 1 and Table 1).

Scheme 1. Reagents and conditions: i, Li, DTBB (5%), THF, —78°C, 2 h; ii, E*=H,0, D,0, Me;SiCl, PhCHO, Me,CO,
(CH;)sCO, —78 to 20°C; iii, H,O

In the case of prochiral carbonyl compounds, such as benzaldehyde, a 2:3 diasterecisomeric mixture
was obtained (Table 1, entry 4), which was separated by column chromatography (silica gel, hexane/ethyl
acetate) giving the corresponding pure diastereoisomers, one of them (the most polar one) was recrys-

Table 1
Preparation of compounds 3 from the epoxide 1

Products
Electrophile

Entry E+ No. E Yield (%)b Rf [x]pRT (c)d
1 H,0 3a H 95 0.31 21.1 (0.72)
2 DO 3b D 95¢ 0.31 229 (1.25)

3 Me3SiCl 3¢ Me;Si 50 (70) 0.27 27.8(1.18)

4 PhCHO d PhCHOH 50f (65) 0.29 333 (1.11)
0.24g 19.5(1.12)

5 MeCO 3e Me;COH 20(55) 0.27 27.8 (1.50)

6 (CHp)sCO 3r (CHp)sCOH 60 0.34h 30.1 (1.79)

* All products 3 were pure (>95% from GLC and 300 MHz !'H NMR) and were fully characterised by
spectroscopic means (IR, 1H and 13C NMR and MS). b Isolated yield after column chromatography (neutral silica
gel, hexane/ethyl acetate) based on the starting material 1; in parenthesis GLC yield. < Silica gel, hexane/ethyl
acetate: 4/1.  In CH;Cly; in parenthesis concentration given in g/100 ml. ¢ 75% Deuterium incorporation (from
MS). f2/3 Diastereoisomeric mixture (75 MHz 13C NMR). & Mp 94-5°C (CH;Cly/pentane); the stereochemistry
of this compound was confirmed by X-ray analysis (see text). b Mp 108-9°C (CH;Cly/pentane).
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Figure 1.

tallised and analysed by X-ray difraction, confirming the stereochemistry at both formed stereocentres

(Fig. 1).16
When the epimeric epoxide 4'7 was submitted to the same procedure as shown in Scheme 1, and using
water as electrophile, the expected ‘reduced’ product 6'® was obtained, consistent with the intermediate

§ being involved in the process (Scheme 2).
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Scheme 2. Reagents and conditions: i, ii as in Scheme 1 with E*=H,0

4 § ]

Just to confirm the stereochemistry of the new stereocentre in 6 we performed the addition of
methyllithium to the ketone II'3 in THF at temperatures ranging between —78°C and room temperature,
thus generating the same compound 6.19-20

From the results reported here we conclude that the epoxysugars 1 and 4 are convenient precursors
for the generation of enantio- and regiochemically pure B-functionalised organolithium compounds,
which are versatile intermediates for the preparation of branched-chain functionalised sugars. We are
now studying the synthetic scope of this reaction using different sugar derivatives. Note that the use of
oxosugars, such as compound II'? as an electrophilic component, opens the door for obtaining dimeric
structures having two monosaccharide units (disaccharide type molecules).
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Compound 4 was prepared from ketone II'’ by reaction with chloroiodomethane (1:2 molar ratio) and lithium bromide
in THF at —78°C for 10 min, followed by treatment with n-butyllithium at —78°C to room temperature: ca. 30% overall
yield; Ry 0.15 (silica gel, hexane/ethy] acetate: 4/1); []pRT 85.6 (CH,Cly; ¢ 1.2).

>95%; R; 0.13 (silica gel, hexane/ethyl acetate: 4/1); [t]p®" 23.7 (CH,Cl;; ¢ 1.26).

48%; R; 0.11 (silica gel, hexane/ethy] acetate: 4/1); [x]pRT 25.8 (CH,Cl,; ¢ 1.10).

In the literature has been reported that nucleophilic addition to the C-3 carbonyl group of II'* takes place to the convex
B-position by the preferential control due to the rigid bicyclic structure. See, for instance: (a) Peterson, M. A.; Mitchell, J.
R. J. Org. Chem. 1997, 62, 8237. (b) Yamauchi, N.; Kishida, M.; Sawada, K.; Ohashi, Y.; Eguchi, T.; Kakinura, K. Chem.
Letr. 1998, 475. (c) See also Ref. 4.



