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AN EFFICIENT, HIGHLY STEREOSELECTIVE SYNTHESIS OF (+)-CASTANOSPERMINE

Peter B. Anzeveno*, Paul T. Angell, Laura J. Creemer and Michael R. Whalon

Merrell Dow Research Institute, 9550 N. Zionsville Rd
Indianapolis, IN 46268

Summary: An efficient, highly stereoselective synthesis of (+)-
castanospermine (1) has been achieved from 1,2-0-isopropylidene-o-D-
glucofuranurono~6,3-lactone (2).

(+) -Castanospermine (1), a polyhydroxylated, indolizidine alkaloid
isolated from Castanospermum australel and Alexa leiopetala?, is a potent
inhibitor of several glycohydrolases® and shows promising antidiabetict,
anticancer5, antiviral®, and anti~AIDS’ activities. As part of an in-house
program on glycohydrolase inhibition, several derivatives of 1 were chosen
for further biological study. As a result, we required an efficient
synthesis of 1 which would be readily amenable to scale-up.

The reported castanospermine (1) syntheses® are quite lengthy (> 14
steps) and/or non-stereoselective, with yields ranging from less than 0.5%
to 19%. 1In this letter, we describe a synthesis which is both short (10
steps) and highly stereoselective, giving 1 in 13% overall yield.
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Scheme 1

Our retrosynthetic analysis of 1 is shown above (Scheme 1). The
choice of this strategy was influenced by our recent nojirimycin
synthesis?, during which we had developed an efficient conversion of
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starting glucuronolactone 2 to N~BOC-amino-desoxy-glucuronolactone 3, an
intermediate which includes four of the five chiral centers of
castanospermine (1) in the desired configuration. The only stereocenter,
then, that would require our attention was C-1. This was to be established
by reduction of the ketone carbonyl of intermediate keto-ester 4. Given
the many stereoselective carbonyl reducing agents availablel?, we expected
to find a method that would give the desired (S)-alcohol selectively.

In the event, homologation of 39 (Scheme 2) by treatment with EtOAc
and LDA gave a 97% yield of syrupy hemiketal 71! as a single epimer at C-6.
The trans relationship of the carbamate and acetate moieties was determined
by NOE studies (magnetic coupling of H-5 to both H's 7 and 7' was
observed) .

Reduction of 7 by a variety of borohydride, aluminohydride, borane and
alane reagents gave rise to product mixtures containing both diastereomeric
amino-diols 8 (5R,6S (desired))!? and 9 (5R,6R), with 9 predominating by 3
to 4-fold (HPLC). Both products were crystalline and could easily be
separated by flash chromatography over silica gel. This high diastereo-
selectivity may be due to some coordination of the reducing agent with the
oxygen functions of keto-ester 4 (in equilibrium with 7), e.g. as
depicted in Fig. 1. Conversely, catalytic hydrogenation of 7 over PtO, in
EtOAc at 45-50 psi gave reproducible 7:2 mixtures of 8 and 9, from which 8
could be isolated in 79% yield after chromatography. This preference can
be rationalized by assuming that the favored reaction conformer of keto-
ester 4 is that pictured in Fig. 2, and that hydrogen transfer takes place,
for the most part, from the direction opposite to the sterically demanding
tert-butyl carbamate group.

Conventional treatment of BOC-amino-diol 8 with either TFA or HCl gave
poor yields of deprotected amine. Fortunately, 8 could be effectively
deprotected by treatment with formic acid.l3 The resulting amino ester
cyclized during purification over Dowex 1X2 basic ion exchange resin,
affording crystalline lactam 10 in 73% yield. LAH reduction of 10 gave a
75% yield of furanose-pyrrolidine 11, which upon treatment with 90% TFA at
0°C, followed by catalytic hydrogenation over Pt on carbon, gave (+)-
castanospermine (1) in 61% yield from 11. This was identical to an
authentic sample of natural 1 by comparison of its lH (300 MHz) and 13C NMR
spectra; mass spectrum, optical rotation and melting point.

Carrying BOC~amino-diol 9 through the same series of reactions as
described for 8 gave (-)-l-epicastanospermine®2:¢ (35% from 9).

Acknowledgments: The authors thank Dr. John C. Huffman of the Indiana
University Department of Chemistry-Molecular Structure Center, Bloomington,



4323

Scheme 2
_J¥/% 1 _jfzg L}
5 STEPS a, /I~ o, /I~ oH
YT 4/ 1 C0,E1
REF. 9 "

NHBOC

b: 100x (38:
c: 95x (

61x

!

Conditions: (a) EtOAc (3.0 equiv), LDA (3.0 equiv), THF, -78°C, 2.5 h; (b)
H, (45-50 psi), PtO,, EtOAc, 20 h; (c) NaBH, (0.5 equiv), EtOH, 0°C, 1h; (d)
HCO,H (98%), CH,Cl,, 0-5°C (2h) then 25°C (6h); (e) Dowex 1X2 (OH-) resin,
H,0; (f) LAH (5.0 equiv), THF, reflux, 20h; (g) CF;CO,H (90%), 25°C, 20h;
(h) H, (50 psi), 5% Pt on C, H,0, 20h.

Fig. 2
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for X-ray analysis of amino-diol 8 and Dr. Paul S. Liu of MDRI-

Cincinnati for samples of (+)-castanospermine (1) and (-)-l-epicastano-
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All new compounds reported were fully characterized by H and 13c

NMR, IR and mass spectrometry. Each gave satisfactory analytical data
(C,H,N). Physical data: 7, o0il, [a],%5 = +10.7° (c 2.3, CHCl,); 8, mp
102-104°C, [®)p25 = + 21.8° (c 2.3, CHCl;); 8a, mp 149-150°C, [o]y25 =
+34.8° (c 2.0, CHCl;); 9, mp 263-265°C, [&],2% = -39.3° (c 0.67, H,0);
10, mp 223-225°C, [®],25 = -5.0° (c 0.32, H,0)

The structure of amino-diol 8 was confirmed both by X-ray analysis and
by its conversion to 1.
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