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The intramolecular aminomercuration reaction of sugar-
derivedâ-hydroxy-γ-alkenylamines8a-c undergoes 5-endo-
trig cyclization in high yield. The sugar-substituted pyrro-
lidines thus obtained were elaborated to the synthesis of poly-
hydroxylated indolizidine alkaloids, namely, castanospermine
1a, 1-epi-castanospermine1b, and 8a-epi-castanospermine
1c, having promising glycosidase inhibitory activities.

The common occurrence of the pyrrolidine ring in natural
products as well as its use as a chiral auxiliary1 and ligand in
asymmetric synthesis2 led to the development of a number of
inter- and intramolecular pathways for its construction.3 In
particular, intramolecular methodologies mainly involve either
C-N bond formation,4 including rhodium/copper carbenoid
N-H insertion,5 or metal-assisted C-C bond formation of
aminoalkenes.6 Among intramolecular metal-catalyzed hydro-
amination,7 one of the most attractive methods is the stereo-
selective amido- and aminomercuration reactions ofδ-alkenyl-
amines that affords a 2-substituted pyrrolidine ring through
preferable 5-exo-trig cyclization in addition to the 6-endo-trig

cyclized piperidine ring skeleton in minor amounts (eq 1).8

However, only a single report is known on the mercury(II)-
mediated 5-endo-trig cyclization ofγ-alkenylamine leading to
the formation of a pyrrolidine ring.8a,9 Although the intramo-
lecularexo-trig nucleophilic addition reaction to a double bond
for rings smaller than a five-membered ring is favored over the
endo-trig,10 we have recently demonstrated that the aryl- and
sugar-substitutedγ-alkenylamines led to the formation of the
pyrrolidine ring via 5-endo-trig cyclization in the presence of
mercury(II) salt in high yield (eq 2).11 Inspired with this
observation and as a part of our continuing interest in the
synthesis of azasugars,12 we have further investigated the
intramolecular aminomercuration reaction withD-glucose de-
rived â-hydroxy-γ-alkenylamines and noticed that 5-endo-trig
cyclization is indeed a prominent process. The sugar-substituted
pyrrolidine compounds thus obtained in high yield, are found
to be the adequate precursors in the synthesis of azasugars.

Among azasugars, (+)-castanospermine1a (Figure 1) was
isolated from the seeds of the Australian legumeCastanosper-
mum australe,13a as well as from the dried pod ofAlexa
leiopetala,13b known to have a significant glycosidase inhibitory
activity.14 In the search for a structure-activity relationship, a
number of natural and unnatural analogues of1a, with variation
in the number/position and stereochemistry of the hydroxyl
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groups at each carbon atom in the indolizidine ring skeleton,
have been synthesized12c,15 and evaluated for the glycosidase
inhibition in the treatment of various diseases such as diabetes,16

cancer,17 and multiple scelerosis,18 as well as viral infections
including AIDS, hepatitis C, and HSV-1.19 As a result of the
highly oxygenated framework in1a-c, the chiron approach is
the obvious choice for their synthesis.20 In fact, theD-glucose
type of hidden symmetry in1 could be easily recognized in the
trihydroxylated architect of the piperidine ring, wherein the C-6,
7, and 8 of1 match with that of the C-2, 3, and 4 ofD-glucose
as far as the position and stereochemical aspects are concerned.
However, the building of a pyrrolidine ring, with stereochemi-
cally well-defined hydroxylated carbon center C-1 of1, requires
an asymmetric pathway. In general, the required carbinol center
is generated first, followed by an intramolecular cyclization, to
get the pyrrolidine ring skeleton. The use of the intramolecular
aminomercuration strategy withD-glucose derivedâ-hydroxy-
γ-alkenylamines for the formation of pyrrolidine ring and further
elaboration to castanospermine1a, to the best of our knowledge,
is not known. Our efforts toward the successful implementation
of this methodology for the synthesis of castanospermine1a,

1-epi-castanospermine1b, and 8a-epi-castanospermine1c are
reported herein.

A 1,3-addition reaction of vinylmagnesium bromide (3.0 eq.)
to nitrone2 in THF at 0°C afforded a diastereomeric mixture
of D-gluco- and L-ido-N-allylamines3a and 3b, respectively,
in the ratio of 55:45 (Scheme 1). The diastereoselectivity in
favor of D-gluco isomer was achieved using TMSOTf (1 equiv)
at -78 °C in dry THF, which gave3a/3b in the ratio 87/13.21

The spectral and analytical data is found to be identical with
that reported.22 The N-O bond reductive cleavage in3a using
zinc in acetic acid-water affordedN-benzylamino sugar4a,22a

which on treatment with benzylchloroformate affordedN-Cbz
protected allylamine5a.23 Dihydroxylation of 5a (potassium
osmate, NMO), followed by a reaction with NaIO4, afforded
R-amino aldehyde6a. The similar reaction sequence with
hydroxylamine3b afforded corresponding4b, 5b, andR-amino
aldehyde6b in good yields.24 No epimerization at C-5 in6a,b
was noticed under NaIO4-mediated oxidative cleavage of the
diol.

In the next step (Scheme 2), the reaction of vinylmagnesium
bromide withD-gluco-configurated-R-amino aldehyde6aat-50
°C afforded a diastereomeric mixture ofanti/syn products in
the ratio 3:1, as is evident from the1H NMR spectrum of the
crude product.25 Our attempts to alter the diastereoselectivity
as well as to separate the diastereomers by flash chromatography
were unsuccessful,26 therefore, the mixture was directly treated
with 40% KOH in MeOH for 10 min at 90°C, which afforded
easily separable carbamates7a and7b in the ratio of 3:1. The
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FIGURE 1. Castanospermine and analogues.

SCHEME 1. 1,3-Addition of Vinylmagnesium Bromidea

a Reaction conditions: (a) vinylmagnesium bromide, TMSOTf, THF,
-78 °C, 2 h, 90%; (b) Zn, Cu(OAc)2, AcOH, 80 °C, 1 h; (c) NaHCO3,
CbzCl, MeOH-water (4:1), 3 h; (d) (i) NMO, K2OsO4‚2H2O, acetone-
water (8:1), 12 h; (ii) NaIO4, acetone-water (9:1), 6 h.
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1H NMR data of carbamates7a and7b allowed us to establish
the absolute configurations at the newly generated C6 carbinol
stereocenter, wherein the coupling constant between H-5 and
H-6 is decisive. Thus, in7a, the H-5 appeared atδ 4.20 as a
triplet with a high coupling constant.J5,6 ) 7.8 Hz, while in
7b, the H-5 showed a narrow triplet atδ 4.25 with a small
coupling constant,J5,6 ) 4.4 Hz. The large value ofJ5,6 (7.8
Hz) in 7a and the small value ofJ5,6 (4.4 Hz) in7b indicated
thecisandtransrelative orientation of H-5 and H-6. Therefore,
absolute configurations 5S,6R and 5S,6S were assigned for7a
and7b, respectively. Similarly, the reaction of vinylmagnesium
bromide withL-ido-configurated-R-amino aldehyde6b at -50
°C afforded only a singleanti-diastereomer that on treatment
with 40% KOH at 90°C for 10 min afforded carbamate7c.27

In the 1H NMR spectrum of7c, the H-5 appeared as a doublet
of doublets atδ 4.12, with a large coupling constant (J5,6 ) 7.7
Hz), indicating thecis relation of H-5 with H-6. This established
the 5R,6S absolute configurations.

The observed stereoselectivity in the addition of the Grignard
reagent to6aand6b could be explained in terms of the Felkin-
Anh-like transition states (TSs). As shown in Figure 2, TSI /II
andIII /IV were considered for6aand6b, respectively, in which
the more electronegative CsN group is placed at a right angle
to the CdO bond.28 In the case of6a, the re-face attack along
the Burgi-Dunitz trajectory in TSI is favored over thesi-face
attack in TSII , as a result of the presence of the sugar ring,
leading to the formation of theanti isomer7a as the major and
the syn isomer7b as the minor product. In6b, the nucleophilic
re-face attack in TSIII is restricted due to the presence of the
sugar ring and the C-3 benzyloxy substituent, while thesi-face
attack of the Grignard reagent in TSIV , which is free from
any steric hindrance, provided theanti isomer7c as the only
product.

In the subsequent step, carbamates7a-c were individually
treated with 40% KOH at 90°C for 48 h, and the corresponding
â-hydroxy-γ-alkenylamines8a-c were isolated in good yields
(Scheme 2). This one-pot two-step reaction probably involves
the hydrolysis of carbamate to give in situ formation of carbamic
acid, which undergoes decaboxylation to give the product.
Having sugar-substitutedâ-hydroxy-γ-alkenylamine8a-c in
hand, we have examined the intramolecular aminomercuration
using mercury(II) salts. Thus, the reaction of8a and 8c with
mercury(II) acetate in THF-water at room temperature, fol-
lowed by the reductive demercuration with NaBH4, afforded
exclusively 5-endo-trig-cyclized product9a and9c in 74 and
73% yield. Similarly,8b afforded a sugar-substituted pyrrolidine
ring compound that was found to be relatively unstable over
silica gel column, therefore, it was directly subjected to
O-benzylation to afford dibenzylated pyrrolidine9b. Thus, the
reaction was found to be compatible in the presence of
â-hydroxyl functionality in9a-c. In fact, the presence of the
â-hydroxyl group enhances the rate of aminomercuration by
6-fold as compared to that of the unsubstituted sugarγ-alkenyl-
amine and aromaticγ-alkenylamine.11

The pyrrolidine derivatives9a-c were found to be the true
intermediates for the synthesis of the target molecules. Thus,
hydrogenolysis ofN- andO-benzyl groups in9a, followed by
selective amine protection, afforded aN-Cbz-protected com-
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5496.
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the selectivity but lowers the combined yield (62%). Changing of the solvent
to diethyl ether or toluene did not change the selectivity. Use of vinyllithium
(3.0 equiv) in THF or in Et2O at -50 °C afforded a 1:1 mixture of the
anti/syn products in low yield. Performing the reaction at 0°C also led to
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(27) The reaction at 0°C also afforded a single diastereomer.

(28) Houck, K. N.; Paddon-Row, N. M.; Rondon, N. G.; Wu, Y. D.;
Brown, F. K.; Spellmeyer, C. D.; Metz, J. T.; Li, Y. L.; Loncharich, R. J.
Science1986, 231, 1108-1117.

SCHEME 2. 5-endo-Trig Cyclization of 8a-ca

a Reaction conditions: (a) (i) vinylmagnesium bromide, THF,-50 °C,
1 h; (ii) 40% KOH, MeOH, 90°C, 10 min; (b) 40% KOH, MeOH, 90°C,
48 h; (c) Hg(OAc)2, THF-H2O (1:1), NaBH4, 3 h; (d) NaH, BnBr, TBAI,
THF, 0 °C to room temperature, 6 h.

FIGURE 2. The Felkin-Anh models of6a and6b.
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pound 10a (Scheme 3). Finally, deprotection of the 1,2-
acetonoide functionality using TFA-water followed by hydro-
genation afforded 1-epi-castenospermine1b [R]D ) +7.0 (c 0.5,
MeOH) [lit20b [R]D ) +6.2 (c 0.15, MeOH)]. The same
sequence of reactions with9b and9cgave (+)-castenospermine
1a [R]D ) +78.9 (c 0.30, H2O) [lit 20b [R]D ) +78.6 (c 0.25,
H2O)], and 8a-epi-castanospermine1c [R]D ) +30.0 (c 0.4,
MeOH) [lit20c [R]D ) +28.0 (c 0.3, MeOH)], respectively. The
N-Cbz-protected compounds10b,c and target molecules1a-c
were characterized by spectral and analytical techniques, and
the data for target molecules was found to be in agreement with
that of what was reported.20

In the above sequence, the overall yield of (+)-castanosper-
mine1a was affected due to the fact that the Grignard reaction
of 6aafforded the required diastereomer7b in a minor amount.
Disappointed with these results, we thought of an alternative
pathway to epimerize the C-6 hydroxyl group in9a (eq 3). Thus,
pyrrolidine 9a was treated under Swern oxidation reaction
conditions, which afforded theR-amino ketone11 in 85% yield.
The NaBH4 reduction of 11 in MeOH-water at -60 °C,
followed by hydrogenolysis and selective amine protection, gave
the required pyrrolidine10b as the major product (10a/10b )
1:10), which was converted to (+)-castanospermine1a. The
formation of 10b in major amount could be explained based
on the preferredre-face hydride attack at the carbonyl carbon,
as thesi-face is sterically hindered due to the presence of the
C-5-N-Bn group.

In conclusion, the 1,3-addition reaction ofD-glucose-derived
nitrone 2 with vinylmagnesium bromide, followed by N-O
bond reductive cleavage,N-protection, and dihydroxylation
followed by oxidative cleavage affordedR-amino aldehydes
6a,b in high yield. The utility of6a,b was demonstrated in the
synthesis of castanospermine1a and its analogues1b and1c
using the intramolecular aminomercuration strategy.

Experimental Section
General Procedure for Aminomercuration. To a stirred

solution of8 (0.78 g, 1.83 mmol) in THF-water (1:1, 12 mL) was
added Hg(OAc)2 (1.16 g, 3.6 mmol), and the reaction mixture was
stirred at room temperature for 3 h. Sodium borohydride (0.266 g,
7.2 mmol) was added over a period of 10 min. THF was removed
under reduced pressure, and the residue was extracted with
chloroform (15 mL× 3).

3-O-Benzyl-1,2-O-isopropylidene-5,7,8-trideoxy-5,8-(N-ben-
zylamino)-6(R)-hydroxy-R-D-glycero-D-gluco-oct-1,4-furanose (9a).
Purification using column chromatography (n-hexane/ethyl acetate
) 8/2) afforded9a (0.58 g, 74%) as a thick liquid:Rf 0.52 (n-
hexane/ethyl acetate) 3/2); [R]D ) -17.0 (c 0.7, CHCl3); IR (neat)
3550-3150 cm-1; 1H NMR (300 MHz, CDCl3) δ 1.31 (s, 3H),
1.45 (s, 3H), 1.62-1.78 (m, 1H), 1.86-2.06 (m, 1H), 2.10 (br s,
exchanges with D2O, 1H), 2.52 (q,J ) 9.6 Hz, 1H), 2.80-3.00
(m, 2H), 3.45 (d,J ) 13.2 Hz, 1H), 3.96 (d,J ) 13.2 Hz, 1H),
4.01 (d,J ) 3.3 Hz, 1H), 4.10 (dd,J ) 5.8, 3.6 Hz, 1H), 4.39 (d,
J ) 11.2 Hz, 1H), 4.44 (dt,J ) 5.8, 2.4 Hz, 1H), 4.64 (d,J ) 3.9
Hz, 1H), 4.66 (d,J ) 11.2 Hz, 1H), 5.90 (d,J ) 3.9 Hz, 1H),
7.15-7.40 (m, 10 H);13C NMR (75 MHz, CDCl3) δ 26.4, 26.9,
32.2, 52.3, 60.1, 71.1, 71.6, 74.0, 81.3, 81.5, 82.7, 104.7, 111.6,
126.8, 127.7 (s), 128.2 (s), 128.5, 128.6 (s), 136.5. Anal. Calcd for
C25H31NO5: C, 70.57; H, 7.34. Found: C, 70.64; H, 7.46.

3-O-Benzyl-1,2-O-isopropylidene-5,7,8-trideoxy-5,8-(N-ben-
zylamino)-6(S)-O-benzyl-R-L-glycero-D-gluco-oct-1,4-furanose (9b).
Sodium hydride (0.11 g, 2.7 mmol, 60% suspension) in THF (5.0
mL) was cooled to 0°C, and the crude aminomercuration product
(0.78 g, 0.84 mmol), prepared from8b in THF (5.0 mL), was added
and stirred for 30 min. Benzyl bromide (0.37 g, 2.2 mmol) in THF
(2.0 mL) and TBAI (0.1 g) was added and stirred for 6 h. Water
(5.0 mL) was added, and the mixture was extracted with diethyl
ether (20 mL× 3). The usual work up was performed, and
purification by column chromatography (n-hexane/ethyl acetate)
9/1) afforded9b (0.48 g, 66%, overall) as a thick liquid:Rf 0.62
(n-hexane/ethyl acetate) 3/1); [R]D ) +4.0 (c 0.5, CHCl3); IR
(neat) 1612 cm-1; 1H NMR (300 MHz, CDCl3) δ 1.35 (s, 3H),
1.51 (s, 3H), 1.64-1.86 (m, 2H), 2.30-2.50 (m, 1H), 3.00-3.18
(m, 1H), 3.22-3.50 (m, 2H), 3.98-4.25 (m, 3H), 4.38 (d,J )
12.0 Hz, 1H), 4.50-4.72 (m, 5H), 5.95 (d,J ) 3.9 Hz, 1H), 7.10-
7.45 (m, 15H);13C NMR (75 MHz, CDCl3) δ 26.5, 26.8, 30.0,
52.0, 60.4, 66.0, 71.1, 72.2, 79.7, 81.3, 82.9, 104.5, 111.5, 126.5,
127.1, 127.6, 127.7, 127.8 (s), 127.9 (s), 128.0 (s), 128.3 (s), 137.2,
138.9, 140.6. Anal. Calcd for C32H37NO5: C, 74.54; H, 7.23.
Found: C, 74.65; H, 7.31.

3-O-Benzyl-1,2-O-isopropylidene-5,7,8-trideoxy-5,8-(N-ben-
zylamino)-6(R)-hydroxy-â-L-glycero-L-ido-oct-1,4-furanose (9c).
Purification by column chromatography (n-hexane/ethyl acetate)
8/2) afforded9c (0.56 g, 73%) as a thick liquid:Rf 0.52 (n-hexane/
ethyl acetate) 6/4); [R]D ) -80.0 (c 0.7, CHCl3); IR (neat) 3600-
3200, 1623 cm-1; 1H NMR (300 MHz, CDCl3) δ 1.35 (s, 3H),
1.53 (s, 3H), 1.64 (dd,J ) 13.2, 6.3 Hz, 1H), 1.86-2.03 (m, 1H),
2.11 (br s, exchanges with D2O, 1H), 2.47 (ddd,J ) 11.0, 9.1, 6.3
Hz, 1H), 2.78-2.94 (m, 2H), 3.40 (d,J ) 12.9 Hz, 1H), 4.12 (d,
J ) 3.3 Hz, 1H), 4.13-4.20 (m, 1H), 4.27 (dd,J ) 8.0, 3.3 Hz,
1H), 4.37 (d,J ) 12.4 Hz, 1H), 4.51 (d,J ) 11.3 Hz, 1H), 4.69
(d, J ) 3.9 Hz, 1H), 4.75 (d,J ) 11.5 Hz, 1H), 6.02 (d,J ) 3.9
Hz, 1H), 7.15-7.42 (m, 10H);13C NMR (75 MHz, CDCl3) δ 26.3,
26.8, 32.9, 52.2, 59.6, 71.7, 72.8, 74.4, 80.9, 83.3, 84.1, 105.0,
111.3, 126.6, 127.9 (s), 128.0 (s), 128.2, 128.6 (s), 129.0 (s), 136.4,
139.3. Anal. Calcd for C25H31NO5: C, 70.57; H, 7.34. Found: C,
70.69; H, 7.42.
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SCHEME 3. Synthesis of 1a-ca

a Reaction conditions: (a) (i) HCOONH4, 10% Pd/C, MeOH, 80°C, 1
h; (ii) NaHCO3, CbzCl, MeOH-H2O (9:1), 3 h; (b) (i) TFA-H2O (3:2),
2.5 h; (ii) 10% Pd/C, MeOH, 80 psi, 12 h.
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