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Homochiral €)-pipecolaldehyd® from D-gluconoé-lactone underwent a highly diastereoselective addition
upon treatment with vinylmagnesium bromide. Treatment with vinylmagnesium bromide praheed
aminoalcoholFawhich was easily converted into the synthesis of 1,6-diepicastanosp@rmine
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Introduction
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Diastereoselective nucleophilic addition is one of the mos Hom ------- - O~ P
reliable synthetic protocols, capable of the selective formatiol N
of C-C bond and the introduction of chiral hydroxyl gréup. HO TBDMSO NP
Particularly, a transformation of aminoaldehyde from carbo- 2 7a

hydrate containing multiple stereogenic centers to amino
alcohol has attracted great interests among synthetic orgar
chemists because the resulting chiral aminoalcohol is .

. ) . HO
useful synthetic synthon for bioactive polyhydroxylated ) o
alkaloids? The related asymmetric synthesis of aminoalcoho +/OH O <
has also been applied to synthesis of complex molecule A
3

fragments’ Synthetic investigations concerning the nucleo-
philic addition to C=0 bonds of aminoaldehyde with alkyl
Grinard have demonstrated that ethynyl group offers mucl
better selectivity rather than any other alkyl nucleopHiles. Figure 2. Retrosynthesis of target molec@e
Herein we describe a highly diastereoselective synthesis of
anti-aminoalcohol7a via a simple nucleophilic addition of Results and Discussion
vinylmagnesium bromide. Thianti-aminoalcohol7a was
applied to the synthesis of a castanospermine derivative thatThe stereochemistries of C6, C7, C8 and C8a in target
consists of piperidine and pyrrolidine rings. We havemolecule2 were transferred from those of C2, C3, C4 and
recently reported simple and convenient routes to piperidin€5 in D-gluconoé-lactone as the starting material. The
and pyrrolidine alkaloids with chirospecific mannefs an  formation of the two-carbon unit and introduction of the C1
extension of our previous studies, we prepared 1,6-diepihydroxy group for compound® were carried outvia
castanospermin2 via diastereoselective nucleophilic addi- nucleophilic addition of vinylmagesium bromide.
tion. The known piperidin& was easily accessibléa known
procedures from D-glucondlactone™ Piperidine3 was
OH OH sequentially protected with 9-phenylfluoren-9-yl (Pf) and
TBDMS group to give the protected piperidihen 82%
7 "8 1 overall yield. We chose the Pf group for amine protection
§ N since this protecting group has been shown to prevent
deprotonation at-position ofa-amino aldehyd& a-Amino-
1 2 aldehydes protected with Pf group are stable to enolization
Figure 1. (+)-Castanospermine and its derivative. under Grignard reaction conditiéfReduction of the estér
with DIBAL-H produced the aldehydgin 84% yield. Pipecol-
Castanosperminé and its stereoisomers isolated from aldehyde6 was stable enough for the purification by silica
Castanospermum austrél@nd Alexa leiopetala exhibit gel column chromatography. The hydroxy group and the
potent activities against diabetes, cancer, and viral infectiotwo-carbon unit should be introduced to aldehydéor
due to their inhibition of glycosidases. formation of pyrrolidine ring in the target molec@lePipecol-
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@gshp.gsnu.ac.kr C for 20 min to giveanti-aminoalcohol7a via a diastereo-




922 Bull. Korean Chem. Sp2003 Vol. 24, No. 7

D-Glucono--lactone

WLQ 0
O, = d o]
H e
NPf
TBDMSO RO
6

jLQ QTBDMS

e}

NPf
TBDMSO TBDMSO
7aR=H h( 9:R=H
8: R=TBDMS 10: R=Ms
i
WLQ b OTBOMS

TBDMSO

OH
'y OH
HO, S i O,
1D
HO
2

"
-
—
Z —firin
o

Scheme 1Reagents and conditions a. ref. 5d.; b. PfBr, PRYNO

EtsN, CH.Cly, rt, 85%; c. TBDMSCI, Imidazole, DMF, rt, 96%; d.

DIBAL-H, Toluene, -78C, 84%; e. VinylMgBr, THF, -78C,
79%; f. TBDMSCI, Imidazole, DMF, rt, 98%; g. BEMe, THF, O
°C, 75%; h. MsCl, BN, THF, 0°C, 98%; i. H, 10% Pd/C, NaOAc,
MeOH, 60°C, 93%; j. Dowex 50W-X8, 90% MeOH, reflux, 91%.

selective addition’H NMR spectroscopic analysis of the
crude reaction mixture showed that the reaction afforded

10: 1 mixture of theanti andsynisomers, providingnti-

aminoalcohol7a in 79% vyield after chromatographic puri-

fication. The stereochemistry of produta was deduced
from 2D NOESY experiments of final produt{Figure 4).

Table 1. Stereoselective nucleophilic addition of aminoaldefyde

o o S o
[e) Z " fe) z z A 0, Z _
NP m NP
TBDMSO TBDMSO

TBDMSO

6 7a b
. Ratid
Entry Reagents Conditions 7a: 7b Yield (%)°
1 VinylMgBr  THF/-78°C 10:1 90
2 VinylMgBr  THF/-40°C 10:1 87
3 EthynylMgBr THF/-78°C 4:1 90
4 AllyIMgBr  THF/-40 °C 1:2 92
5 AllyIMgBr  THF/-78 °C 1:4 90

aAll experiments were performed at least in duplic8de ratio was
determined byH NMR analysis of the reaction mixturésolated yield.
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& Pf: s,

TBDMSO.

Figure 3.

As shown in Table 1, other nucleophiles were treated to
polypipecolaldehydé under the same reaction conditions to
afford a less than 4 : 1 ratio ahti andsynisomers. Especi-
ally, ethynyl group showed worse selectivity than expected.
The anti diastereoselectivity of nucleophilic addition could
be explained by the Cram’s rifléwhich concisely accom-
modates favored formation of thenti-aminoalcohol. In
contrast, thesyndiastereoselectivity of allylMgBr could be
explained by the chelation control modfel.

The hydroxyl functionality was protected as silyl ether
using TBDMSCI and imidazole, giving silyl eth@iin high
yield. Hydroboration of the alkenyl group &with BH;SMe
in THF, followed by alkaline hydrogen peroxide oxidation,
gave the primary alcoh8lin 75% yield. Reaction & with
MsCI in the presence of triethylamine in THF yielded the
mesylate10 in quantitative yield. The mesylatt) was
hydrogenated in the presence of 10% Pd/C and NaOAc to
remove Pf group. The concomitant intramolecular cyclization
occurred to give indolizidindl in 93% yield. The indoli-
zidine 11 protected with acid sensitive groups was refluxed
with Dowex 50W-X8 in 90% MeOH for 5 h and filtered.
The filterate was washed with MeOH, and then eluted with 3
N NH;s solution to afford enantiomerically pure 1,6-diepicastano-
spermine? (91% vyield) without further purification.

Strong NOE

Strong NOE

Figure 4. NOE experiments with 1,6-diepicastanospernine

The relatative stereochemistry of the target molezulas
determined from 2D NOESY experiments. Strong NOE cross
peak were observed H6/H7, and H1/H8, but not H1/H8a in
compound2. The spectral and physical properties of 1,6-
dleplcastanospermwﬂematched those reported in the literature
{[a]D -73.8 (¢ 0.60, HO); lit. ll[01]D -72.0 €0.72, MeOH)}.

Experimental Section

General All non-aqueous reaction was carried out under
an inert nitrogen atmosphere. THF was distilled from Na/
benzophenone; 2,2-dimethoxypropane, DMF, and methylene
chloride were distilled from CalHColumn chromatography
was carried out using 230-400 mesh silica gel. Final solution
before evaporation was washed with brine and dried over
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anhydrous Ng8Q.. Melting points are uncorrectelti-NMR and then stirred for 5 min at same temperature. The reaction
andC-NMR experiments were conducted on Brucker AW-mixture was added 10% NaOH (5 mL), and the solution was
500 spectrometer. HREIMS were obtained on a JEOLIMS-708llowed to reach room temperature, and then filtered. The
mass spectrometer. Optical rotations were measured onfitrate was evaporated, and the residue was chromatograph-
JASCO DIP-1000 polarimeter and]p values are given in  ed on silica gel [hexane-EtOAc (10 : 1)] to give compobind
units of 10 deg cmg ™. (2.51 g, 84%, based on 68% conversion) as a solid and starting
Methyl 2,6-imino-3,4-O-isopropylidene-D-mannonate  material5 (1.48 g) as an oil;a] 200 -19.2 (.00, CHCJ); o
(3). This was prepared as descril?]?'e{jor]zD0 -13.7 € 0.90, (500 MHz; CDC}) -0.03 (s, 3H), 0.00 (s, 3H), 0.93 (s, 9H),
CHCL); &4 (500 MHz; CDCH#) 1.43 (s, 3H), 1.46 (s, 3H), 1.18 (s, 3H), 1.24 (s, 3H), 2.43 @~ 12.2 Hz, 1H), 2.76
2.73 (ddJ = 14.7, 2.4 Hz, 1H), 3.20 (dd,= 14.7, 2.4 Hz, (dd,J=15.2, 9.3 Hz, 1H), 3.19 (m, 2H), 4.04 (bs, 1H), 4.11
1H), 3.43-3.49 (m, 2H), 3.73 (m, 1H), 3.80 (s, 3H) and 4.25t, J = 9.3 Hz, 1H), 7.10-7.62 (m, 13H), and 8.62)&, 5.9
(m, 1H); & (125 MHz; CDC}) 26.6, 26.8, 49.1, 52.5, 61.2, HZ, 1H); & (125 MHz; CDC}) 0.0, 18.4, 25.9, 26.7, 26.9,
67.5,72.6, 80.7, 109.4, and 171.2 (Found: C, 51.93; H, 7.4%3.7, 66.2, 70.1, 71.3, 77.8, 79.8, 111.2, 120.1, 120.1, 120.6,
N, 6.05 GoH17/NOs requires C, 51.94; H, 7.41; N, 6.06%). 124.8, 125.4, 126.7, 127.3, 127.9, 128.1, 128.2, 128.5, 128.8,
Methyl 2,6-imino-3,4-O-isopropylideneN-(9-phenyl-  129.1, 129.8, 141.0, 141.1, 142.7, 145.1, 145.7, 176.6, and
fluoren-9-yl)-D-mannonate (4) To a solution of piperidine 192.0 (Found: C, 73.47; H, 7.44; N, 2.544;NO,Si
3 (2.07 g, 9.0 mmol) in CKI, (50 mL) was added 9- requires C, 73.48; H, 7.44; N, 2.52%).
phenylfluoren-9-yl bromide (3.51 g, 10.9 mmol), Pb@O 2-(1'-Hydroxy-2'-propylenyl)-5- O-t-butyldimethylsilyl-
(4.49 g, 13.6 mmol), and triethylamine (2.53 mL, 18.23,4-O-isopropylidene-3,4,5-trihydroxy-N-(9-phenylfluor-
mmol) were added. The mixture was stirred for 48 h at roonen-9-yl) piperidine (7a) To a solution of aldehyde (2.74
temperature, and then it was filtered and concentrated. Thgg 4.9 mmol) in dry THF (25 mL) at -7& was dropwised
residue was chromatographed on silica gel [hexane-EtOAginylmagnesium bromide (1 M in THF, 7.39 mL, 7.4 mmol)
6: 13] to give4 (3.61 g, 85%) as a solid. mp 68-809; and stirred for 30 min at same temperature, and then quench-
[a]é -276.3 € 2.00, CHGJ); 44 (500 MHz; CDC}) 1.38 (s, ed with saturated aqueous MG (50 mL). The reaction
3H), 1.44 (s, 3H), 3.03 (s, 3H), 3.46 (dos 13.6, 6.4 Hz, mixture was extracted with EtOAc (50 mL). The organic
1H), 3.61 (m, 2H), 3.95 (dd,= 9.9, 5.0 Hz, 1H), 4.17 (dd, phase was separated and the aqueous phase was extracted
=9.9, 8.7 Hz, 1H), 4.44 (m, 1H), and 7.20-7.66 (m, 13d); with EtOAc (40 mL x 3). After concentration of combined
(125 MHz; CDC}) 26.7, 27.2, 50.6, 51.2, 61.7, 63.5, 74.2, extracts, the resulting residue was chromatographed on silica
76.8, 77.0, 77.1, 113.0, 119.9, 120.1, 125.6, 126.3, 126.9el [hexane-EtOAc (8: 13] to givéa (2.26 g, 79%) as a
127.5, 127.6, 127.9, 128.5, 128.6, 139.8, 140.8, 144.3o0lid. mp 129-132C; [a]f, -336.0 ¢ 3.00, CHGY); &4(500
145.8, 146.5, and 172.3 (Found: C, 73.88; H, 6.20; N, 2.981Hz; CDCk) -0.03 (s, 3H), 0.00 (s, 3H), 0.81 (s, 9H), 1.30
CogH29NOs requires C, 73.87; H, 6.20; N, 2.97%). (s, 3H), 1.39 (s, 3H), 3.07 (ddi= 8.0, 2.2 Hz, 1H), 3.44 (dd,
Methyl 5-O-t-butyldimethylsilyl-2,6-imino-3,4-O-isoprop-  J = 13.0, 6.1 Hz, 1H), 3.52-3.56 (m, 2H), 4.01 (di¢;, 10.0,
ylidene-N-(9-phenylfluoren-9-yl)-D-ma-nnonate (5) Toa 5.0 Hz, 1H), 4.30-4.37 (m, 2H), 4.56 (m, 1H), 4.75 (m, 1H),
solution of4 (3.88 g, 8.2 mmol) was dissolved in DMF (40 5.45 (m, 1H), and 7.12-7.68 (m, 13&;(125 MHz; CDC})
mL) were added imidazole (1.12 g, 16.5 mmol) and TBDMSC}4.5, -4.0, 18.7, 26.3, 27.3, 28.1, 54.2, 64.0, 65.2, 70.5, 75.3,
(2.49 g, 9.9 mmol) at room temperature. After stirring of the77.2, 78.6, 111.7, 114.9, 120.7, 121.1, 126.0, 126.4, 126.7,
mixture for 12 h, saturated aqueous NaH@&D mL) was 127.8, 128.3, 128.4, 128.7, 128.9, 129.3, 137.7, 139.3,
added and the mixture was extracted with EtOAc (50141.3, 146.1, 147.4, and 149.8 (Found: C, 74.06; H, 7.75; N,
mL x 5). After concentration of combined extracts, the residue?.41 GgHasNO4Si requires C, 74.06; H, 7.77; N, 2.40%).
was chromatographed on silica gel [hexane-EtOAc (8:1)] 2-(1'-O-t-Butyldimethylsilyl-1'-hydroxy-2'-propylenyl)-
to give compound (4.63 g, 96%) as a solid. mp 69-%T; 5-O-t-butyldimethylsilyl-3,4- O-isopropyli-dene-3,4,5-tri-
[a]2 -15.2 € 2.00, CHCY); &4 (500 MHz; CDCH) -0.03 (s,  hydroxy-N-(9-phenylfluoren-9-yl) piperidine (8). To a
3H), 0.00 (s, 3H), 0.85 (s, 9H), 1.30 (s, 3H), 1.33 (s, 3H), 3.020lution of7a (2.59 g, 4.4 mmol) in dry DMF (23 mL) was
(s, 3H), 3.17 (ddJ = 13.3, 6.4 Hz, 1H), 3.30 (dd,= 13.4, added imidazole (0.75 g, 11.1 mmol) and TBDMSCI (0.80
5.4 Hz, 1H), 3.42 (d) = 8.5 Hz, 1H), 3.69 (dd} = 9.8, 4.3 g, 5.3 mmol) at room temperature. After stirred for 10 h,
Hz, 1H), 4.20 (ddJ = 9.7, 8.7 Hz, 1H), 4.28 (m, 1H), and saturated aqueous NaHg®0 mL) was added and the mixture
7.16-7.57 (m, 13H)dc (125 MHz; CDC}) -4.4, 12.7, 16.7, was extracted with EtOAc (20 mL x 5). After concentration
16.8,21.2,24.1,24.2,24.4,25.3, 25.8, 28.2, 29.5, 30.5, 49.8f the combined extracts, the residue was chromatographed
51.2,61.4,63.7, 72.5, 76.0, 76.8, 110.5, 118.3, 118.5, 124.8n silica gel [hexane-EtOAc glo : 1)] to giB€3.03 g, 98%)
125.1, 125.9, 125.9, 126.0, 126.4, 126.9, 127.0, 138.3, 139.4s a solid. mp 62-6%C; [a]é -57.0 ¢ 2.50, CHGJ); o
142.4, 144 .2, 145.6, and 170.7 (Found: C, 71.77; H, 7.41; N500 MHz; CDC}) -0.30 (s, 3H), -0.23 (s, 3H), 0.00 (2s,
2.37 GsHaaNOsSi requires C, 71.76; H, 7.40; N, 2.39%).  9H), 0.83 (2s, 15H), 1.32 (s, 3H), 1.37 (s, 3H), 3.0Q0 @,
5-0O-t-Butyldimethylsilyl-2,6-imino-3,4-O-isopropylidene- 8.0 Hz, 1H), 3.48 (dd) = 13.4, 6.2 Hz, 1H), 3.57 (dd,=
N-(9-phenylfluoren-9-yl)-D-mannose (6) To a solution of  13.3, 8.5 Hz, 1H), 3.74 (d, = 9.1 Hz, 1H), 3.80 (dd] =
ester5 (4.63 g, 7.9 mmol) in toluene (50 mL) was added10.2, 5.0 Hz, 1H), 4.09 (dd,= 17.2, 1.4 Hz, 1H), 4.35 (m,
DIBAL-H (1 M in toluene, 9.49 mL, 9.5 mmol) at -7&€ 1H), 4.57 (ddJ = 10.1, 1.9 Hz, 1H), 4.66 (dd,= 10.2, 8.0
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Hz, 1H), 5.52 (m, 1H), and 7.12 -7.70 (m, 13k};(125 filterate was refluxed for 1 h, the MeOH was evaporated and
MHz; CDCk) 18.1, 18.3, 25.7, 25.8, 25.9, 26.2, 26.9, 27.7,water was added. The mixture was extracted with EtOAc (10
53.5, 65.0, 65.2, 69.9, 77.8, 77.9, 111.0, 114.5, 120.0, 120.6L x 3), and the combined organic phase was concentrated.
126.3, 126.9, 127.2, 127.8, 128.1, 128.3, 128.4, 139.5, 140.Zhe residue was chromatographed on silica gel [hexane-
140.6, 146.0, 147.5, and 149.8 (Found: C, 72.25; H, 8.53; N5tOAc 53 : 1)] to givell as a solid (0.71 g, 93%) mp 58-59
2.01 G:HseNO4Si; requires C, 72.26; H, 8.52; N, 2.01%). °C; [a] DO -36.5 ¢ 2.00, CHGJ); &4 (500 MHz; CDCY$) 0.00
2-(1'-O-t-Butyldimethylsilyl-1',3"-dihydroxypropyl)-5- (s, 12H), 0.80 (s, 18H), 1.29 (s, 3H), 1.30 (s, 3H), 1.59 (m,
O-t-butyldimethylsilyl-3,4-O-isopropylidene-3,4,5-tri- 1H), 2.16 (m, 1H), 2.47 (dd,=9.7, 3.9 Hz, 1H), 2.52 (4=
hydroxy-N-(9-phenylfluoren-9-yl) piperidine (9). To a stired  12.2 Hz, 1H), 2.71 (m, 1H), 2.88 (dii= 13.4, 2.2 Hz, 1H),
solution of8 (1.60 g, 2.3 mmol) in dry THF (15 mL) was 3.02 (m, 1H), 3.17 (dd] = 9.2, 2.4 Hz, 1H), 3.57 (dd,=
added BH(CH;).S (3.2 mL, 6.9 mmol) at . After stirring  18.9, 9.5 Hz, 1H), 4.14 (dd,= 4.2, 2.0 Hz, 1H), and 4.23
of the mixture for 10 h at room temperature, the reactiorim, 1H); & (125 MHz; CDC}) -4.6, -4.6, -4.5, -4.2, 18.7,
mixture was quenched by sequential addition of water (2.28.7, 26.2, 26.3, 27.0, 27.5, 35.5, 51.9, 55.6, 69.1, 72.3, 72.4,
mL), 3 M NaOH (2.5 mL) and 30%:. (4.5 mL). The 75.5, 82.1, and 109.8 (Found: C, 60.34; H, 10.37; N, 3.05
mixture was extracted with EtOAc (15 mL x 3) and combinedC,3H4NO4Si; requires C, 60.34; H, 10.35; N, 3.06%).
extracts was concentrated. The residue was chromatographed.,6-Diepicastanospermine (2)A solution of11 (0.71 g,
on silica gel [hexane-EtOAc (6 : 1)] to gi9as an oil (1.22g, 1.6 mmol) and Dowex 50W-X8 (100 mg) in MeOH was
75%). [ar]zD0 -33.4 ¢ 2.00, CHCYJ); &4 (500 MHz; CDCY) - refluxed for 12 h. The mixture was filtered, and then was
0.11 (s, 3H), -0.03 (s, 3H), -0.01 (s, 3H), 0.02 (s, 3H), 0.85 (syvashed with MeOH. The remaining residue was eluted with 3
9H), 0.88 (s, 9H), 1.32 (s, 3H), 1.33 (s, 3H), 1.48 (m, 1H),N NH4OH. The solution evaporated, then co-evaporated with
1.59 (m, 2H), 2.66 (M, 1H), 2.87 (m, 1H), 3.18)¢,8.0 Hz,  toluene to give as an oil (0.26 g, 91%)a]3’  -738.60,
1H), 3.39 (ddJ = 13.9, 6.1 Hz, 1H), 3.53 (dd,= 10.3, 4.3  H:0); &4(500 MHz; O) 1.61 (m, 1H), 1.96 (dd,= 9.3, 6.7
Hz, 1H), 3.61 (m, 1H), 4.36 (m, 1H), 4.53 (dd; 10.3, 8.1 Hz, 1H), 2.27 (m, 1H), 2.40 (d= 12.5 Hz, 1H), 2.45 (dd,=
Hz, 1H), and 7.22-7.68 (m, 13H); (125 MHz; CDC4) -4.5,  18.4, 9.2 Hz, 1H), 2.89 {,= 8.3 Hz, 1H), 3.02 (dd, = 12.6,
-4.1, -3.8, -3.5, 0.39, 18.6, 18.7, 26.2, 26.6, 27.3, 27.8, 38.2.5 Hz, 1H), 3.49 (ddl = 9.5, 3.6 Hz, 1H), 3.64 (,= 9.5 Hz,
54.1, 58.9, 62.2, 65.9, 70.2, 73.9, 77.9, 78.1, 111.4, 120.9H), 3.99 (m, 1H), and 4.23 (m, 1H} (125 MHz; BO) 32.7,
120.6, 126.6, 127.3, 127.7, 128.0, 128.2, 128.7, 128.9, 128.91.5, 55.5, 69.2, 72.0, 73.8, 74.4, and 75.6 (Found: C, 50.77; H,
140.2, 140.7, 145.7, 148.2, and 150.1 (Found: C, 70.44; H, 8.57;98; N, 7.40 gH1sNO, requires C, 50.78; H, 7.99; N, 7.40%).
N, 1.98 GHeNOsSk requires C, 70.44; H, 8.59; N, 1.96%). _
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