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STEREOSELECTIVE C-C BOND FORMATION IN CARBOHYDRATES BY RADICAL CYCLIZATION
REACTIONS-III. STRATEGY FOR THE PREPARATION OF C(1)-GLYCOSIDES.

Alain De Mesmaceker®, Pascale Hoffmann, Beat Ernst, Paul Hug, Tammo Winkler
Central Research Laboratories, Ciba-Geigy Ltd., CH-4002 Basel, Switzerland

Summary: A new strategy for the stereoselective synthesis of o- and B-C(1)-glycosides based on an intra-
molecular radical cyclization reaction is described. Intramolecular hydrogen atom tansfer was observed
depending on the concentration of the reagents, the conformation and the substitution of the cyclized radical.

Intensive work has been devoted to the synthesis of C-branched sugars'#). Among the methods available for the
preparation of C(1)-glycosides, the intermolecular addition of glycopyranosidic radicals to olefins has been
shown to be very useful®). We propose here a new strategy (scheme 1) for the stereoselective C-C bond
formation at the anomeric position of carbohydrates based on an intramolecular radical cyclization reaction
offering three major advantages in comparison with the intermolecular processes: a) more efficient C-C bond
formation, b) higher stereoselectivity due to the exclusive formation of a cis ring junction, ¢) access to both a-
and B-C(1)-glycosides. Generally, the intermolecular addition of anomeric radicals requires an excess of a
reactive olefin yielding the a;glycosides3). In our approach (scheme 1), the radical acceptor (C=C, C=C) is
connected with the hydroxylic group at C(2) through the function X(1—2) which makes later on the cleavage of
the newly formed five-membered ring possible (5—6).

Scheme 1

6 OH

The main features of these radical cyclizations will be discussed in this communication with X=CH,. The
usefulness of our strategy for the synthesis of C(1)-glycosides will be demonstrated in the accompanying
communication), Preliminary experiments were performed on the model compound %77 (scheme 2). We found

that, indeed, an efficient radical cyclization occurred yielding only the cis ring junction®,
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However, a third unexpected component was found under our standard reaction conditions (0.01M5), namely the
L-idose derivative 99.

Scheme 2
OBn OBn OBn
9 % (0] (0)
"Ja + BnQO w- '---.ja‘Me + BnQ ~--m,/(Me
’ BnO O BiO O
9 10
Concentrations(M) Isomers ratios?(%)
0.001 22 23 55
0.01 29 15 56
0.1 43 2 55
0.2 47 not detected 53

i= 1.3eq. nBusSnH, 0.1eg. AIBN, PhH, reflux, 24 h: combined isolated yields 2 90%.Bn=CH,Ph
The formation of 9 can be rationalized by an intramolecular hydrogen atom transfer from C(5)-H to the cyclized
radical 11 having the o configuration at C(8) followed by the reduction of the C(5) centered radical 12 by
nBu;SnH either from the B face (—9) or from the a face (—819) (scheme 3).

Scheme 3
OBn OBn
o0
S CH, o BHO - s CH, M 849
8 s
BnO 11 BiO |,

The total amount of intramolecular hydrogen atom migration from C(5) to a-C(9) was determined by deuteration
with nBu;SnD. These experiments (scheme 4) underline the ease of this process: already at 0.01M a significant
amount of deuterium was detected at C(5) in the a-C(9) epimer ((14+15):13). Although intramolecular hydrogen
atom transfer was already detected!Vin the presence of nBuySnH, it occurred generally from an activated C-H
bond (allylic, benzylic) to a destabilized radical (vinylic, arylic, cyclopropylic) and / or under high dilution
conditions. In our case, however, a concentration of 0.2M was needed to prevent the formation of 9, fortunately
without reduction of the initial anomeric radical 2 (scheme 2).

Scheme 4
OBn OBn OBn
D
. O =0 0]
7 —»BnOw .-..j»CHzD,LBno - jMi BnO = U/I(CHzD
BnO O B0 O BnO O B0 O
13 14 15 16
Concentrations (M) Isomers ratios® (%)
0.001 10 12 23 55
0.01 20 9 15 56

i= 1.3eq. nBu;SnD, 0.1eq. AIBN, PhH, reflux, 24 h: combined isolated yields 2 90%.
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No deuterium was detected at C(2) and C(3) by 'H-NMR difference spectroscopy. Therefore, the ease of the
intramolecular hydrogen atom transfer from C(5) to «-C(9) (—14,15) results not only from the increase in
radical stabilization ( primary in 11 — delocalized, tertiary in 12: scheme 3 ) but mainly from the favourable
conformation in which the three atoms C(5)-H-C(9) can adopt a colinear arrangement!3) This arrangement is not
accessible without strain for C(3)-H and for C(2)-H in the a- and B-C(9) radicals respectively. As shown in the
following communication®, the hydrogen atom transfer from C(5) to a-C(9) occurred even in the case of a
secondary radical (at C(9)) under our standard reaction conditions (0.01M9). However, no hydrogen atom
migration was observed when a more stabilized radical was obtained after cyclization (tertiary 21,22; benzylic
18,19; table). A very efficient cyclization took place with the acetylenic derivative 23, without intramolecular
hydrogen atom transfer, although a very reactive vinylic radical was formed as intermediate. This process was
disfavoured due to the geometrical requirements mentioned above.

Table
Radical Precursors Cyclized Products®(yield%, isomers ratio)
OBn OBn OBn

17R!=Ph,R%=H 89 (71:29)
20 R!,R%= Me 90 (54:46)
OBn
SiMC3
BnQO w-
BnO
95 (82:18)
OBn OBn OBn
R R
(0] (0] o) \\
BnQO o~ - SePh BnQ o~ R BnQ m~ SR
BnO 0 R BnO o BnO o]
26 R=;\=< 27 28 92 (10:90)
29R=Me X 30 31 90 (38:62)

a) Reaction conditions: 1.3eq. nBu;SnH, 0.1eq.AIBN, PhH (0.01M), reflux.
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For the same reason no epimerization arising from an intramolecular hydrogen atom transfer was either observed
in the case of the D-mannose derivatives 26 and 29 (table), even under high dilution conditions (0.001M). A
colinear arrangement of the three atoms C(4)-H-C(9B) could have been accessible without severe strain but
required a disfavoured boat conformation of the six-membered ring!®. Interestingly the new chiral center C(8)
was formed stereoselectively in 28. In conclusion, the proposed sirategy is very useful to form C-C bonds at the
anomeric position in high yields and stereoselectively. The intramolecular hydrogen atom abstraction can be
prevented by working under more concentrated conditions without formation of uncyclized products.
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