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SYNTHESIS OF TIGOGENYL B-O-CELLOBIOSIDE HEPTAACETATE AND GLYCOSIDE TETRAACETATE VIA
SCHMIDT'S TRICHLOROACETIMIDATE METHOD; SOME NEW OBSERVATONS.
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Summary: In studying the synthesis of tigogenyl B-O-cellobioside 1 via the
trichloroacetimidate method of Schmidt, cesium carbonate was found to be an efficient
reagent for the synthesis of peracetylated disaccharide a-trichloroacetimidates. Zinc bromide

was superior to BF3*Et20 for coupling these disaccharide o-trichloroacetimidates with the
steroid tigogenin.

Rene Malinow et al.! have described the effect of tigogenyl B-O-cellobioside 1 for lowering
serum cholesterol in monkeys and proposed a mechanism of action which involves the
blocking of intestinal absorption of cholesterol by 1. Since the synthesis described by
Malinow used titanium tetrabromide (2a to 3a) and mercuric cyanide (3a to 4a) and was not
suitable for bulk preparation, we examined the trichloroacetimidate method of Schmidt? as an

alternative.
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While our work was in progress, a-O-celiobiosyl trichloroacetimidate heptaacetate 6a was
mentioned in a publication by Ganem where it was prepared using standard Schmidt
conditions (NaH, CCI3CN, CHaCla; then BF3°Et20).2 When NaH or DBU4 was used as the
catalyst in the formation of 6a, the reaction mixtures became quite dark and purification of 6a
required filtration of the crude product through silica gel. This was unsuitable for large scale
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preparations. However, treatment of 1-hydroxy-cellobiose heptaacsetate 5a5 with cesium
carbonate (5-10 mol%) in methylene chioride was very effective for the preparation of O-a-
cellobiosy! trichloroacetimidate heptaacetate 6a which was isolated as a light yellow to white
solid in >90% yield.6 The formation of the thermodynamic a-anomer 6a is both fast and very
clean with none of the color formation which we observed with the stronger basic catalysts.
Indeed, 6a has been generated in situ and reacted with tigogenin after filtering off the cesium
carbonate. Both 1-hydroxy-lactose and 1-hydroxy-maltose heptaacetates formed o-
trichloroacetimides in >90% yield with cesium carbonate and trichloroacetonitrile in
methylene chloride solution,? while 1-hydroxy-pyranoglucose tetraacetate 5b gave a 3.3 ; 1
mixture of a/B-anomers 6b. These results are consistent with the rationale that cesium
carbonate increases the nucleophilicity of the a-anomeric hydroxyl group to give the
thermodynamic o-trichloroacetimidate directly rather than by equilibration of the kinetic B-
imidate which is formed first with NaH or K2CO3 as catalyst.8

Glycosidation of tigogenin with 6a and BF3+Et20 as the catalyst in methylene chloride
solution at room temperature gave yields of 4a in the range 35-40 % along with tigogeny!
acetate as a major side product. In a related example, tigogenin reacted with a/p-O-
pyranogiucosyl trichloroacetimidate tetraacetate 6b and BF3°Et20 catalyst to yield O-p-
tigogeny!| glucoside tetraacetate 4b in 10-15% yield with tigogenyl acetate now the major
product.

Rather than replace the C; acetate with a bulky ester to prevent acyl! transfer to the steroid as
described by both Schmidt® and Ogawa,!® we explored other Lewis acid catalysts which
might allow us to improve the coupling yield.

The most useful result was achieved with zinc bromide as catalyst where the reaction
proceeded in two stages at room temperature. Initially, the steroid and 6a were consumed
and after two hours at room temperature, the intermediate orthoester 7 could be isolated as a
pure crystalline compound and characterized by its NMR spectrum and easy hydrolysis to
regenerate tigogenin and cellobiose hexaacetate.2
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Continued exposure to zinc bromide (30 mol%) at room temperature overnight or at reflux for
several hours, gave 4a in 50 to 60% yield after treatment of the crude reaction mixture with
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acetic anhydride.'3 The acetylation converted some tigogeny! O-B-cellobioside hexaacetate
to 4a.4 Interestingly, little of this hexaacetate was observed in the BF3+Et20O catalyzed
coupling.

The improvement in the glycosidation yield with zinc bromide was most striking for the
glucosidation of tigogenin with O-a/B-pyranogiucosyl trichloroacetimidate tetraacetate 6b
where the desired product 4b was isolated in 40% yield, most of it by direct crystallization
from the crude reaction mixture. This can be compared with a ca. 10% yield with boron
trifluoride etherate as the catalyst. Similar results were found with the lactose and maltose
peracetylated a-trichloroacetimidates.

Among the other Lewis acids tested, magnesium bromide etherate formed orthoester 7 in
80% isolated yield.15 Orthoester 7 was stable in the presence of this catalyst at room
temperature and required refluxing to cause rearrangement; but the rearrangement step was
less efficient than with zinc bromide with more tigogenyl acetate formation.

In conclusion, we have found that zinc bromide is an effective catalyst for the glycosidation of
tigogenin with either O-a-cellobiosyl trichloroacetimidate heptaacetate 6a or
trichloroacetimidoyl O-a-pyranoglucosyl tetraacetate and that an orthoester intermediate 7
can be isolated in high yield in the former case. Also, the reagent of choice for the formation
of the thermodynamic a-trichloroacetimidates of peracetylated glycosides is cesium
carbonate in methylene chioride, which gives very clean products in high yields.
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