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Abstract: Two cpimers of (+)-castanospermine, (1S5,65,7R,8R 8aS)-1.6.7 8-tetrahydroxyindolizidine
[(+)-8a-epi-castanospermine] (4) and (1R,6S,7R,8R.8aS) derivative [(+)-1,8a-di-epi-castanosperminc|

(3) were synthesized from methyl a.-D-glucopyranoside. © 1999 Elsevier Science Ltd. All rights reserved.
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(+)-Castanospermine [(15,6S5,7R,8R,8aR)-1,6,7,8-tetrahydroxyindolizidine] (1) has been isolated from

the toxic seeds of the Australian legume Castanospermum australe' and the dried pods of Alexa leiopetala®.

This type of higher plant alkaloid is a potent reversible and competitive inhibitor of mammalian and insect
2

. . . 3-5
glucosidases 3
glucosigases.

diabetes,’ obesity,6 and viral infections’ (also HIV-I&“’)_ It was found that stereoisomers of 1, isolated from
natural sources, 6-epi-castanospermine'’ (2) and 6,7-di-epi-castanospermine'' (3) also displayed useful biological
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We report herein new syntheses of (18,6S,7R,8R,8a5)-1,6,7,8-tetrahydroxyindolizidine [(+)-8a-epi-
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Fig. 1
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castanospermine] (4) and of the (1R,6S,7R,8R,8aS) stereoisomer [(+)-1,8a-di-epi-castanospermine] (5).

=

approach to the enantiomer of ept-castanosperrmne via asymmetric allylation of 5-N-phthalyl-2,3.4-

(b v

» (-
tri-O-benzyl-D-xylose. In 1995 Leeper' developed a new synthesis of (+)-4 using rac-malic acid as the

was presented by Chamberlin and Miller® in 1990.

..................

9”' readily available on a large scale. The retrosynthetic plan is shown in Scheme 1.
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Both 8a-epi- (4) and 1,8a-di-epi-castanospermines (5) possess the same stereochemistry at C-6, 7 and 8
as methyl 2,3 4-tri-O-benzyl-a-D-glucopyranoside (10) at positions C-2, 3 and 4. Derivative 10 was obtained
trom methyl o-D-glucopyranoside in three conventional steps. Swern oxidation of 10 furnished the stable

aldehyde 9 which was reacted with ferz-butyl lithioacetate, generated from lithium diisopropylamide and ters-

butyl acetate at -78 °C. The aldol reaction resulted in a 3:2 mixture of diastereomers 11a and 11b which were

separated by liquid chromatography (Scheme 2).
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On the basis of 'H NMR, *C NMR, COSY 'H-'H and HETCOR 'H-"C data and, particularly, by

employing the relation® linking coupling constants Js74 and Js7s with the configuration of the 6- LHUH

grouping,

the less polar epimer 11a was assigned the structure of zert-butyl (methyl 2,3,4-tri-O-benzyl-7-

deoxy-L-glycero-c-D-gluco-octopyranosid)uronate (35%) and the more polar 11b was assigned that of zerz-

butyl (methyl 2,3,4-tri-O-benzyl-7-deoxy-D-glycero-o-D-gluco-octopyranosidjuronate (22%) (Scheme 2).

Additionally, the structure of compound 1la was confirmed independently by an X-ray structural

determination (Fig. 2).

— o

s Q@ Q
C13 Ci4
c12 =

Y ci8

Fig. 2

The mixture of esters 1la and 11b was
hydrolysed with aqueous 50% tetrafluoroboric acid to
a mixture of free acids 12 (98%) which were
subsequently reduced with borane-tetrahydrofuran
complex to diols 13a (52%) and 13b (43%)
by chromatography (Scheme 3).

The primary alcohol function in 13a was
ida (97.4%). Compound 14a was next benzylated at
C-6 to give derivative 15a (91%) (Scheme 4).

The fert-butyldiphenylsilyl

TTTSTTTrT

Ul

oroun in 15a
o r

was easily removed by treatment  with

tetrabutylammoxﬁum fluoride in tetrahydrofuran at

om temperature to give alcohol 16a (87%).
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Brief acetolysis (reaction time - only 5 min.) of the anomeric methoxyl group in 18a led to 19a (93%)

(Scheme 5).

CILCHLR,

13b Rl = QH, R2 = OH (43%)
14b R, - OTBDPS,R, = OH (95%)
, = OTBDPS, R, = OBn (91%) 15h R, - OTBDPS, R, = OBn (88%)

" 13a R, - OH.R, = OH (52%) C
(Q

JH, R, = OBn (87%) (“ 16b R, = OH,R, = OBn (93%)
B

14a R, - OTBDPS, R, = OH (97%)
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17b R, = OMs,R, = OBn (97%)
18a R, =N, R, = OBn (92) 18b R, = N,,R, =~ OBn (94%)
(a) TBDPSCI, imidazole, DMF; (b) BnBr, NaH, DMF: (c¢) Bu,NF, THF; (d) MsCl, DMAP, Py

-10 °C; (e) NaN,, DMF, 60 °C.

Scheme 4
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excess of sodium borohydride (formation of primary-secondary diol), next, to the reacting mixture was added

nickel chloride [NiCl,-NaBH, reagent (Ni;B):'” reduction of the N5 grouping] and then the amino group was

dimesylate 21a (81%).
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Liberation of the amino group in the typical way with trifluoroacetic acid was unsuccessful. It was

dimesylate, ready for the final ring closure step. Double-cyclization was effected by refluxing the amino-

dimesylate with sodium acetate in anhydrous ethanol to give the fully protected (1.5,65,7R,8K,8a5)-1,6,7.8-

tetra-()-benzylindolizidine 22a in 55% yield (Scheme 6)
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(a) Ac,0. AcOEt, H,80,; (b) NaBH,, EtOH, reflux; (c) NaBH,, NiCl,.6H,0, EtOH, r.t.;
(d) (Boc),0, AcOE/NaHCO,aq, (e) MsCl, DMAP, Py, -10°C.

Scheme 5

A P AEN —comn asrndtbh At

anospermine (5) was synthesized on a fully analogous w
tri-O-benzyl-7-deoxy-D-glycero-o-D-gluco-octopyranoside (13b) (cf Schemes 4
The structure assignment of 22a was based on 'H, "C NMR and 2D C-'H heteronuclear shift

methanol containing a few drops of concentrated hydrochloric acid. The suspension was stirred under

hydrogen pressure (70 psi) at room temperature for 8 h. Purification on ion exchange resin afforded (+)-8a-

s3sai cwes ok ATIOSDETT camnienn S AN LOT0/ N Aicealassiomes mendimal cmt bl e oL el Gy s catde sl hiit AL Gk A Qi oo thn
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{(a) PhOH, Me,SiCl, CH,Cl,; (b) AcONa, EtOH, reflux; (c) H,, 10% Pd/C, MeOH, HCL.

Scheme 6
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compound synthesized previously'®. Similarly, deprotection of 22b led to (+)-1,8a-di-epi-castanospermine (5)

600/ b doer atingd cotntinen nmd 1300 NIRMD Anta idantical urith tha anmnannd cunthacizad hey Chamhbarlin and
\UV /0) avi lg upuu I TOLALIUIL allul U UINLVINN Udiad tUuciitivdl wilil Lic vu llpUU 1 b_y IUICHILCU Uy Lllaiiveli it auy
- 20
Miller
CONOCT TIQINN
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cagta ane a (RY wvin a ca
LCastanlsperimine (J) Vid 4 (al

glucopyranoside.

Inversion of the configuration at the C-5 atom in diols 20a and 20b could lead to natural (+)-

Mitsunobu and Appel reactions, heating of C-5 mesylate with caesium acetate, oxidation of C-5 OH group to
ketone with a range of oxidants and then reduction) we did not succeed in effecting the inversion. Nevertheless
we are confident that

available.
EXPERIMENTAL

Melting points were determined with a Kofler apparatus and are uncorrected. Solvents were purified

and distilled under argon "H NMR spectra were recorded with a Varian AC-200 (200 MHz) or Bruker AM-

spectrometer. Optical rotation were measured with a JASCO DIP-360 automatic polarimeter at 20 + 2 °C. For

column chromatography silica gel 70-230 mesh (Merck) was used.

Tert-butyl [methyl 2,3,4-tri-O-benzyl-7-deoxy-D(L)-glycero-a-D-gluco-octopyranosidjuronate (11a and 11b)
Lithium diisopropylamide was generated by addition of butyllithium (7.6 ml, 18.9 mmol) to the solution

mine (29 ml 10 8 mm

e
17.0 uunyv

n {70 mI 1ind
\&«v Ty

cooled to the -78 °C. 7ert-butyl acetate (2.4 ml, 18.0 mmol) was added dropwise. After 30 min of stirring a
d

was added an

N’

solution of 9 (2.5 g, 5.4 mmol) in tetrahydrofuran (10 ml stirring was continued for 1 h at -78
Y

O Tha miivtiira s
e DING LIHALULC W

NH,4CI (40 ml) and brine (40 ml). The combined organic layers were dried. Removal of the volatiles in vacuo

and purification of the residue by flash chromatography with hexane- diethyl ether, 7.3 gave 11a (1.1 g, 35%)
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11a, as colorless crystals, m.p. 111 - 112 °C; [a]p -2 (¢ 1.4, CHCL); IR (film): 3468 (OH), 1738 cm’ ' (C=0);
'H NMR (200 MHz, CDCL): § 4.57 (d, 1 H, ;2 3.5 Hz, H-1), 4.30 (ddd, 1 H, Js4 0.9, Js7 4.0, Js74 9.1 Hz,

[

), 3.35 (s, 3 H, OMe), 2.90 (d, 1 H, J 6.2 Hz, OH), 2.67 (dd, 1 H, J7a7 16.1 Hz, H-7A), 2.35 (dd,
H, H-7B), 1.45 [s, 9H, Me (+-Bu)]. *C NMR (50 MHz, CDCL:): & 170.81 (C-8
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(CH,Ph), 74.65 (CH,Ph), 74.10 (CH,Ph), 72.40 (CMe;), 70.94 (C-5), 64.36 (C-6), 54.18 (OCH.), 38.16 (C-
7), 27.03 (Me). HR-MS/ LSIMS-NBA: for C3;H;,04Na (M+Na)” caled.: 601.2777. Found: 601.2780. MS/

LSIMS-NBA: 601 (M+Na)", 579 (M+H)', 547 (M-OMe)".

11b, oil, [a]y +36 (¢ 0.4, CHCl;); IR (film): 3491 (OH), 1728 c¢m™ (C=0); 'H NMR (200 MHz, CDCl:): &
4.55(d, 1 H, J1, 3.5 Hz, H-1), 4.24 (ddd, 1 H, Js4 1.1, Js7p 3.9, Jo7a 8.2 Hz, H-6), 4.05 (dd, 1 H, /54 8.9, J>5

Hz, H-3), 3.76 (dd, 1 H, J;5 9.9 Hz H-5), 3.51

2AT0 , QY R, 1 2R, W5 7T AR, Ik, 2.

l.n
~

dd. 1 H H-2) 344 (rM 1H, H-A\ 341 (s H OMe)

/ e, 1 L, KRATLy, o, < iR,

335 (Cl 1HJ44HZ Uﬂ),l‘b (dd I H, J7A1731 H A) Zl&(dd 1H H /ﬁ),145 [b Y H, Me(t Bu)J
HR-MS/ LSIMS-NBA: for C:4H4;,0OsNa (M+Na)" calcd.: 601.2777. Found: 601.2785. MS/ LSIMS-NBA.: 601
(M+Na)", 547 (M-OMe)

A

[Methyl 2,3,4-tri-O-benzyl-7-deoxy-D(L)-glycero-a-D-gluco-octopyranosid]uronic acids (12a and 12b)

A mixture of  tert-butyl  (methyl  2,3,4-tri-O-benzyl-7-deoxy-D(L)-glycero-a-D-gluco-
octopyranoside)uronates 11a and 11b (9 g, 15.6 mmol) was dissolved in dichloromethane (60 ml), and
aqueous 50% tetrafluoroboric acid (5.8 ml, 46.4 mmol) was added. The reaction mixture was stirred at room
temperature for 1 h. The resulting solution was neutralised with triethylamine (15 ml) and washed with water
(3x30 ml). The organic layer was dried, concentrated, and the residue was purified on a silica gel column with
nexane-metnyx ether 9:1 to yieid 12a and 12Zb inca 1.2:1 propomon (8g,98.1 %). IR (film): 3454 (OH), 1714
(C=0). Anal.: for C;0H:40s¢ calcd.: C 68.95; H 656. Found: C 69.00; H 6.71. Spectral data of both

components were taken from the "H NMR spectrum of the mixture.

4 6 (ddd 1 I.. 12 .28 [ -,
.00 \uuy, 1 6 1.&, JO,TB &.0, Vi TA

o

9.4 Hz, H-6), 4.05 (dd, 1 H, J:4 9.2, /55 9.4 Hz, H-3), 3.50 (dd, 1 H, Jus 9.7 Hz, H-4), 3.55 (dd, 1 H, H-2)
3.53 (dd, 1 H, H-5), 3.39 (s, 3 H, OMe), 2.80 (dd, 1 H, ;a7 16.5 Hz, H-7A), 2.53 (d, 1 H, J 6.8 Hz, OH),
2.49 (dd, 1 H, H-7B).
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12b. oil, 'H NMR (200 MHz, CDCl;): 8 4.58 (d, 1 H, Ji2 3.6 Hz, H-1), 4.30 (ddd, 1 H, Js¢ 1.1, Js78 3.0, Jo.7a

) H-> LI_A) L (A 1T .09
1Nz, v u;, u G , 11, J34 7. &

3.41 (s, 3 H, OMe), 2.82 (dd, 1 H, Jra7s 16.4 Hz, H-7A), 2.51 (dd, 1 H, H-7B), 2.50 (d,

0
{8

dd 1 H 2
uu, 1 o5, 11. 1.,,

2o f23 €
3.50 (dd, 1 H, H-5)
H, J 4.2 Hz, OH).

3

Methyl 2,3,4-tri-O-benzyl-7-deoxy-D(L)-glycero-o-D-gluco-octopyranosides (13a and 13b)

A mixture of acids 12a and 12b (7.9 g, 15.1 mmol) was dissolved in tetrahydrofuran (15 ml), and

AN

- L PO ¢.

drofuran complex (30.2 ml, 30.2 mmol) was added. The reaction mixture was stirred at room

borane-tetrahy
temperature for 1 h and ethanol (40 ml) was added. The solution was concentrated under reduced pressure and

the residue was purified by chromatography with hexane-diethyl ether, 8:2 to yield 13a (4 g, 52%) and 13b

(3.3 g, 43%).

Eluted first was 13a, colorless crystals, mp. 125 - 126 °C; [aJo +18 (¢ 0.5, CHCls); IR (KBr): 3480 cm’
(OH); 'H NMR (200 MHz CDCl): 6 4.62 (d, 1 H, J12 3.7 Hz, H-1), 4.08 (ddd, 1 H, Js6 1.1, Js.7m 4.0, Js.1a
9.4 Hz, H-6), 4.03 (dd, 1 H, J54 9.1, /52 9.3 Hz, H-3), 3.87 (m, 3 H, OH, H-8A, H-8B), 368 (dd, 1 H, J,5 9.9
Hz, H-4), 3.54 (dd, 1 H, H-2), 3.51 (dd, 1 H, H-5), 3.39 (5,3 H, OMe), 2.10 (d, 1 H, ./ 8.2 Hz, OH), 2.00 (m,
1 H, H-7A), 1.63 (m, 1 H, H-7B). HR-MS/ LSIMS-NBA: for C3H3s0;Na (M+Na)" caled.: 531.2359. Found

H,
531.2322. MS/ LSIMS-NBA: 531 (M+Na)'.

4.57(d, 1 H, J;3 3.6 Hz, H-1), 3.97 (m, 1 H, H-6), 390(dd I H, J34 8.8, o3 9.5 Hz, H-3), 3.75 (dd, 1 H, Jy5
9.7 Hz, H-4), 3.67 (m, 3 H, OH, H-8A, H-8B), 3.55 (dd, 1 H, Js, 1.2 Hz, H-5), 3.50 (dd, 1 H, H-2), 3.41 (s, 3
H, OMe), 3.30 (d, 1 H, J 4.0 Hz, OH), 2.15 (m, 2 H, H-7A, H-7B). HR-MS/ LSIMS-NBA" for C3H:,0;Na
(M+Na)' caled.: 531.2359. Found: 531.2387. MS/ LSIMS-NBA: 531 (M+Na)'.

Methyi 2,3,4-tri-U-benzyi-8-(-fert-butyldiphenyisiiyi-7-deoxy-L-giycero-a-D-giuco-octopyranoside
(14a)

To a solution of diol 13a (2.1 g, 4.1 mmol) in N,N-dimethylformamide ml) were added teri-

butyldiphenylsilyl chloride (1.1 ml, 4.1 mmol) and imidazole (0.3 g, 4.1 mmol). The reaction mixture was
stirred for 12 h at room temperature, diluted with water (30 ml) and extracted with diethyl ether (3x30 ml).

The combined extracts were washed with water (30 ml), dried, concentrated, and the residue was

(film): 3493 cm™ (OH); '"H NMR (200 MHz, CDCL): § 4.63 (d, 1 H, Ji2 3.5 Hz, H-1), 430 (ddd, 1 H, Js¢
1.1, Js74 7.0, Js7m 7.3 Hz, H-6), 4.02 (dd, 1 H, J54 8.9, .,z 9.3 Hz, H-3), 3.88 (m, 2 H, H-8A, H-8B), 3.77
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(dd, 1 H, Jus 10.0 Hz, H-4)

> OHY 206 (m 1 “TAY 1
A \ f i

| g 1Ry, LU i, 1 1R, AR

CasHs40-/Na (M+Na)' caled.: 769.3536. Found: 769.3598. MS/ LSIMS-NBA: 769 (M+Na)", 715 (M-OMe) .

3.57 (dd, 1 H, H-2), 3.52 (dd, 1 H, H-5), 3.35 (s, 3 H, OMe), 2.57(d, 1 H, J 5.8

Rim 1 H-7B). 1.06 Is. 9 H Me (~-Bu)l. HR-MS/ LSIMS-NBA: for
IJ\ 9 AT T AS ), oV LL\(\ .L‘ A#LR. ANIR

J§- TRaNTLY L3 VIOTE

<

Methyl 2,3,4-tri-O-benzyl-8-O-tert-butyldiphenylsilyl-7-deoxy-D-glycero-a-D-gluco-octopyranoside
(14b)

The procedure used was analogous to the one described for 14a. Diol 13b (2 g, 3.9 mmol) was
s T DR RPUSEEE 1" S T e T o S N 20/N 1 r 1 1NO 7 T £ AT IO N T TN, LN -1 £FMNTIN lTT ANTRATY 7NN NATT
silylated to 14b (2.8 g, 95.3%), o1, {o]p +10° (¢ 1.5, CHCly); IR (tilm): 3501 cm™ (OH);, H NMR (200 Mnz,

0
nal.: for C4sHs704Si caled.: C 73.97; H 7.29. Found: C 74.02; H7.

<
o
=
w
(=]
=
N

Methyl 2,3,4,6-tetra-O-benzyl-8-tert-butyldiphenylsilyl-7-deoxy-L-glycero-a-D-gluco-octopyraneside
(15a)

3.8 mmol) in dry N,N-dimethylformamide

A o
12022 2 aa = . 5y ~- i s

(40 ml) was added

sodium hydride (50% in oil, 0.2 g, 8.4 mmol). After 30 min of stirring at room temperature benzyl bromide
was added (0.5 ml, 4.2 mmol). The reaction mixture was stirred for 3 h at room temperature, diluted with
water (80 ml) and extracted with diethyl ether (3x60 ml). The combined extracts were washed with water (40
ml), dried, concentrated, and the residue was purified on a silica gel column with hexane-diethyl ether, 9:1 to
yield 15a (2.9 g, 91%), oil, [o]p +17 (¢ 0.7, CHCL;); 'H NMR (200 MHz, C4¢D¢): 8 4.64 (d, 1 H, /1, 3.5 Hz,
H-1), 4.35 (ddd, | H, Jss 1.1, Js7a 6.2, Jop 6.7 Hz, H-6), 4.14 (dd, 1 H, J;4 8.8, J23 9.6 Hz, H-3), 3.95 (m, 2
H, H-8A, H-8B), 3.67 (dd, 1 H, Jy5 10.1 Hz, H-4), 3.62 (dd, 1 H, H-5), 3.61 (dd, 1 H, H-2), 3.07 (s, 3 H,
OMe), 2.20 (m, 2 H, H-7A, H-7B), 1.15 [s, 9H, Me (#-Bu)]. HR-MS/ LSIMS-NBA: for CsiHg0,SiNa

(M+Na)" calcd.: 859.4006. Found: 859.4082. MS/ LSIMS-NBA: 859 (M+Na)".

=2

ethyl 2.3.4.6-tetra-()-benzyl-8-

The procedure used was analogous to the one described for 15a. Alcohol 14b (2.8 g, 3.8 mmol) was

converted to 15b (2.8 g, 88%), oil, [o]p +36 (c 0.8, CHCly); 'H NMR (200 MHz, CDCl;): & 4.63 (d, 1 H, /.2

15 7> H_1Y 4 724 {(ddd 10 ...6°2 I ..86A - A 408 (dd .. RQ J..Q4 - H_)
R J.l-a’ 1 ll) = \U\.IU’ i ll, l})’b i U, IJD,[A A J-’ J(,’/B V. l.lLa’ rn U,, AV AS } \uu, L ‘.l, |/54 U./, leﬁ AT LLL’ i1 Jl,
4.04 (dd, 1 H, Jy5 9.5 Hz, H-4), 3.79 (m, 2 H, H-8A, H-8B), 3.65 (dd, 1 H, H-5), 3.59 (dd, 1 H, H-2), 3.26 (s,



2070 E. Barmicka, A. Zamojski / Tetrahedron 55 (1999) 2061-2076

To a solution of compound 15a (2.4 g, 2.9 mmol) in tetrahydrofuran (40 mi) was added
tetrabutylammonium fluoride (0.98 g, 3.7 mmol). The reaction mixture was stirred for 12 h at room

11 to

atographed with hexane-diethyl ether,

(1.5 g, 87%), oil, [a]p +71 (c 1.0, CHCl3); TR (film): 3486 cm™ (OH); '"H NMR (200 MHz, CDCl:):

d 16a
5465(d, 1 H,/i23.8Hz H-1),4.08 (dd, 1 H, J;4 8.8, 5,3 9.6 Hz, H-3), 4.04 (dd, 1 H, Js6 1.1, J45 10.3 Hz,
8

3.89(ddd, 1 H, Js74 9.1 Hz, H-6), 3.57 (m, 2 H, H-8A H-8B), 3.53 (dd. 1 H, H-2), 3.44 (s, 3 H, OMe),

> ALL,IIU,[A/.‘ R4, 117U, L ix, 1:7C4 i y LR 1SN Ai, 1174y, iz, NS

3.40 (dd, 1 H, H-4), 1.85 (m, 1 H, H-7A), 1.73 (d, 1 H, J 5.5 Hz, OH), 1.46 (m, 1 H, H-7B). Anai.: for
C37H4207 (598.74) caled.: C 74.22; H 7.07. Found: C 74.18; H 7.25.

Methyl 2,3,4,6-tetra-O-benzyl-7-deoxy-D-glycero-a-D-gluco-octopyranoside (16b)

The procedure used was analogous to the one described for 16a. Derivative 15b (2.4 g, 2.9 mmol) was

converted to 16b (1.6 g, 93%), oil, [a]n +26 (¢ 0.3, CHCLy); IR (film): 3478 cm™ (OH); 'H NMR (200 MHz
CoDs): 84.32(d, 1 H, J12 3.5 Hz, H-1), 419 (ddd, 1 H, Js 1.7, Jo7a 6.2 Hz, H-6), 4.07 (dd, 1 H. J:4 8,7, /13
9.7 Hz, H-3), 3.89 (dd, 1 H, J,5 9.8 Hz, H-5), 3.64 (m, 4H, OH, H-4, H-8A, H-8B), 3.59 ( dd, 1 H, H-2),
321 (s, 3 H, OMe), 2.00 (m, 2 H, H-7A, H-7 MS/ LSIMS-NBA: for C3;Hi207Na (M+Na)" calcd

621.2828. Found: 621.2840. MS/ LSTMS-NBA: 621 (M+Na)', 597 (M+H)’, 567 (M-OMe)'.

Methyl 2,3,4,6-tetra-0O-benzyl-7-deoxy-8-O-methanesulfonyl-L-glycero-a-D-gluco-octopyranoeside (172a)

To a solution of alcohol 16a (1.5 g, 2.5 mmol) in pyridine (30 ml), cooled to -10 °C were added
methanesulfonyl chloride (0.3 ml, 3.8 mmol) and DMAP. The reaction mixture was stirred at -10 °C. After 7 h
the solution was brought to room temperature and concentrated. The solution was diluted with
dichloromethane (40 ml), washed with 1M hydrochloric acid (40 ml) and saturated aq sodium

hydrogencarbonate (40 ml). The combined extracts were dried and concentrated. The residue was purified by

chromatography with hexane-diethyl ether 7:3 to yield 17a (1.63 g, 96%), coloriess crystals, m p.: 100 -102
°C; [at]p +58 (¢ 0.4, CHCL); Vemax (KBr) 1347, 1168, 1088 cm™. "H NMR (200 MHz, CDCl):3 4.65 (d, 1 H,
J123.5Hz H H 424 (m, 3 H, H-6, H-8A, H-8B), 4.08 (dd, | H,.549.0, /,3 93 Hz H-3), 390 (dd, 1 H, Js

ann 1-3/ 6(dd, | J23 7.0 M7, 3), (ad, L

T - 4 e

1 H, H-4), 2.78 [s, 3 H, Me (Ms)],

1.1, Jas 10.1 Hz, H-5), 3.53 (dd, 1 H, H
2.04 (m, 1 H,
699.2604, Found:

rr N an

2), 3.43

s, 3 H, OMe), 3.39 (dd

H-7A), 184 (m, 1 H, H-7B). HR-MS/ LSIMS-NBA: for C3sHy0oSNa (M+Na)™ caled :
699 : 699 (M+Na)', 675 (M-H)", 645 (M-OMe)".

~—

2635 MS/L S-N

>
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Methyi 2,3,4,6-tetra-0-benzyi-7-deoxy-8-U-methanesuifonyi-D-glycero-o-D-gluco-octopyranoside (17b)

The procedure was analogous to the one described for 17a. Alcohol 16b (1.6 g, 2.7 mmol) was

converted to 17b (1.76 g, 97%), oil, [aJp +10 (¢ 0.4, CHCL:); Vma (CHCLy) 1357, 1174, 1090 cm”. "H NMR

g, 8.3 mmol) was added and the mixture was heated at 60 °C for 1 h. The solution was cooled to room
temperature, diluted with water (50 ml) and extracted with diethyl ether (3x40 ml). The combined extracts
were washed with water (30 ml), dried and concentrated. The residue was chromatographed with hexane-
diethyl ether, 9:1 to afford 18a (1.2 g, 92%), colorless crystals, m.p.: 52 - 53 °C; [a]p +59 (¢ 0.3, CHCL);,
Vmax (film): 2096 cm™ (N3); "H NMR (500 MHz, CDCL;): 6 4.67 (d, 1 H, J,5 3.7 Hz, H-1), 4.06 (dd, 1 H, J;
8.8, /23 9.5 Hz, H-3), 4.04 (ddd, 1 H, Js¢ 1.1, Js74 10.3 Hz, H-6), 3.75 (dd, 1 H, J45 9.7 Hz, H-5), 3.52 (dd, 1
H, H-2), 3.43 (s, 3 H, OMe), 3.38 (m, 1 H, H-8A), 3.37 (dd, 1 H, H-4), 3.13 (m, | H, H-88), 189 (m, | H,
H-7A), 1.53 (m, 1 H, H-7B). HR-MS/ LSIMS-NBA: for C3;H4;0sN3;Na (M+Na)" calcd.: 646.2893 Found:
646.2931. MS/ LSIMS-NBA: 646 (M+Na)", 622 (M-H)", 592 (M-OMe)'.

The procedure was analogous to the one described for 18a. Mesylate 17b (1.5 g, 2.2 mmol) was
converted to 18b (1.3 g, 94%), oil, [a]p +12 (¢ 0.2, CHCl3); Vmay (film): 2096 cm™ (N3); '"H NMR (500 MHz,
CDCL): 6 467 ( , 1TH, J,

1y
2 I3, J12

1), 4.05 (dd, 1 H, J}4 84, J}_‘;’ 9.7 H;Z H'3) 3.99 Adu 1 H, J§6 !_l,
Jsga 8.3, Js18 9.9 Hz, H-6); 3.74 (dd, 1 H, .J;5 10.8 Hz, H-4), 3.65 (dd, 1 H, H-5), 3.61 (dd, 1 H, H-2), 3 42
(m, 2 H, H-8A, H-8B), 3.41 (s, 3 H, OMe), 2.11 (m, 1 H, H-7A), 2.03 (m, | H, H-7B). HR-MS/ LSIMS-

NBA: for C37H410sN;Na (M+Na) " caled.: 646. 2893. Found: 646.2915. MS/ LSIMS-NBA: 646 (M+Na) .

-0-Acetyl-8-azido-2,3,4,6-tetra-O-benzyl-7,8-dideox

-.vA vy

To a solution of compound 18a (1.2 g, 1.93 mmol) in ethyl acetate (13 ml) were added acetic
anhydride (26 ml) and concentrated sulfuric acid (0.021 ml). After 5 min of stirring the reaction mixture was

diluted with diethyl ether (50 ml) and washed with saturated aq sodium hydrogencarbonate (5x40 ml). The
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organic extract was washed with water (40 ml), dried and concentrated. The residue was purified on a silica gel

to yield 19a (1.17 g, 93%), oil, [a]p + 106 (¢ 0.6, CHCL); Ve (film): 2098

(N3), 1753 cm™ (C=0); 'H NMR (200 MHz, CDCL): 6 6.43 (d, 1 H, /12 3.5 Hz, H-1,), 5.68 (d, 1 H, /1, 8.1
Hz H'13)14,10(dd,]H,J5’6 1.0,]4’51 4I'IZ H- ) (dd 1HJ3490 /2395HZ H3) 3.7 dd 111

1 xx, i

1 H, H-2), 3.53 (dd, 1 H, H-4), 3.40 (m, 1 H, H-8A), 3.21 (m, | H, H-
8B), 2.17 [s, 3 H, Me (Ac)}, 1.95 (m, 1 H, H-7A), 158 (m, 1 H, H-7B). HR-MS/ LSIMS-NBA: for
Cs3Hy10/N3Na (M+Na) ™ caled.: 674.2842. Found: 674.2814. MS/ LSIMS-NBA: 674 (M+Na)".

1-0-Acetyl-8-azido-2,3,4,6-tetra-O-benzyl-7,8-dideoxy-D-glycero-o(B)-D-gluco-octopyranoese (19b)

The procedure used was analogous to the one described for 19a. Compound 18b (1.3 g, 2.09 mmol)
no nremtrastad 44 1TOL 71 A% - O10/Y 31 [ LAY (2N Q rvr ol ThW L\ 4 {\'1 AT 1781 -l sy, ey
wads CONVENEa 10 170 (1.23 8, Y1 /o), Oil, [Gjp ™45 (€ U.6, UnUI3 ) Vimax (uun) Y7 (IN3j, 1731 Ccm (L—U), 1

H-1,), 5.52 (d, 1 H, J, 8.0 Hz, H-15), 4.10 (m, 2 H. H-
dd, 1 H, J,3 9.6 Hz, H-2), 3.37 (m, 2 H, H-
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2,3,4,6-Tetra-0O-benzyl-8-(N-tert-butoxycarbonyl)amino-7,8-dideoxy-L-glycero-D-gluco-octitol (20a)

To a solution of compound 19a (1 g, 1.54 mmol) in ethanol (10 ml) was added sodium borohydride
a m

(0.2 g, 5.4 mmol). The reaction mixture was refluxed 1 h, then cooled to roo

1 h, then coo temperature. To this mixture

1 ~pm

were added 10 drops of NiCl-6H,O solution in ethanol (40 mmoli of NiCl,-6H,0 in 250 mi of ethanol). The
reaction mixture was stirred for 20 min and then ethyl acetate (10 ml), saturated aq sodium hydrogencarbonate
(20 ml) and di-fert-butyl dicarbonate (0.4 g, 1.7 mmol) were added. The re n mixture was stirred for 15
min and extracted with ethyl acetate (3x10 mi). The extract was washed with 1M hydrochioric acid (20 mi)

and brine (20 ml), dried, and evaporated to dryness. The crude product was chromatographed over silica gel

column with hexane-ethyl acetate, 1:1 to give diol 20a (1 g, 95%), oil, [a]p +11 (¢ 0.6, CHCL); vqax (film):

3430 (OH, NH), 1713 cm™ (C=0, Boc); 'H NMR (500 MHz, CDCli;): 6 409 (m, iH), 3.98 (dd, 1 H, /33, ./
6.2 Hz), 3.88 (m, 1 H), 3.74 (m, 2 H), 3,67 (m, 2 H, H-8A, H-8B), 3.20 (m, 2 H), 2.14 (d, 1 H, J 6.4 Hz
OH), 2.10 (d, 1 H, ./ 6.0 Hz, OH), 1.75 (m, 2 H, H-7A, H-7B), 1.55 [s, 9H, Me (z-Bu)]. HR-MS/ LSIMS-

™T

L g\ hY gy R | e 7aVe e ¥ -4k Na ] g h | MO0 S AN h Y
NDA! 10T b411‘15|UgNlVd( A+1 d) CaiCd.” /UB.3J013. 10UNQ. /Ud.34Y4, |

(M+Li)", 686 (M+H)".



E. Bartnicka, A. Zamojski / Tetrahedron 55 (1999) 2061-2076 2073

as a e 1 E 2y A arta_® N

2,3,4,6-Teira-O-benzyi-8-(N-tert-butoxycarbonyi)amino-7,8-dideoxy-D-glycero-D-giuco-octitoi (20b)

The procedure USCd was analogous to the one deSCfled fOl' Zua UCtltOl 19b (l 2, l 54 mmoi) was
converted to 20b (0.95 g, 90%), oil, [ot]p +39 (¢ 0.5, CHCL:); Vmax (film): 3428 (OH, NH), 1702 cm™ (C=0,

Boc); 'H NMR (200 MHz, C¢Dy): § 4.1

Boc); 'H NMR (200 MHz, C¢Ds):

[
—~

dd
V4

1HY 285 (m 6H)
MU, L ALJ, .00 1L, Uilj

3_75(dfm 1H Jc15 J

L, 1 15, S5 1.0, URTA

o

2 Hz, H-6),

k)

3.21 (m, 2 H, H-8A, H-8B), 2.29 (d, 1 H, J 6.1 Hz, OH), 1.83 (m, 2 H, H-7A, H-7B), 1.49 [s, 9H, Me (#-Bu)].
3C NMR (50 MHz, CsDg): & 155.97 (C=0), 138.61, 138.54, 138.44, 138.13, 129.00, 128.60, 128.48. 128.30,
00, 127 7,

128.25, 128.10, 128. 77.50, 76.06, 74.88 (CH,Ph), 73.10

127 81, 12778, 127,52, 80.6

o

g

S

1

o

3

(C-5), 73.09 (CH,Ph), 72.53 (CH,Ph), 71.80 (CH,Ph), 62.15 (C-1), 37.55 (C-8), 31.21 (C-7), 28 53 (Me).
HR-MS/ LSIMS-NBA: for C4;Hs;OsNNa (M+Na)' caled.: 708.3513. Found: 708.3498. MS/ LSIMS-NBA:
708 (M+Na) .

2,3,4,6-Tetra-O-benzyl-8-(/V-tert-butoxycarbonyl)amino-7,8-dideoxy-1,5-di-O-methanesulfonyl-L-

glycero-D-gluco-octitol (21a)

To a solution of octitol 20a (0.9 g, 1.31 mmol) in pyridine (10 ml), cooled to -10 °C, were added
methanesulphonyl chloride (0.24 ml, 1.65 mmol) and DMAP. The reaction mixture was stirred for 7 h, brought

was washed with 0.5M hydrochloric acid (15 ml), then with saturated aq sodium hydrogencarbonate (15 mli),

dried, and evaporated to dryness. The residue was purified by chromatography with hexane-ethyl acetate 9:1 to

Me (£-Ridl1 118 fm 1 H.7R) MO/ T QIMONRA: far (. H . NS-Na (MANaY caled - 64 30673
AL, LVAW (¥ Llu}_h Lappe A \lll’ 1 xs, 21X IU’ ALINTIVRAW A JLIVIOITINRALOY., LU U43LA53V 2o Na \lVl 1‘“} wvalvu OUT. OUVva .
Found: 864.3045. MS/ LSIMS-NBA: 864 (M+Na)', 842 (M+H)".

2,3,4,6-Tetra-0O-benzyl-8-(N-tert-butoxycarbonyl)amino-7,8-dideoxy-1,5-di-O-methanesulfonyl-D-
glycero-D-gluco-octitol (21b)

The procedure used was analogous to the one described for 21a. Octitol 20b (0.9 g, 1.31 mmol) was
converted to 21b (0.95 g, 86%), oil, [a]p -7 (¢ 0.2, CHCL); Vaax (film): 3424 (NH), 1709 cm™ (C=0, BOC),
'"H NMR (200 MHz, CDCL): & 5.15 (m, 1 H, H-5), 4.27 (m, 2 H), 3.96 (m, 2 H), 3.72 (m, 2 1, H-1A, H-1B),
3.20 (m, 2 H, H-8A, H-8B), 2.89 [s, 3 H, Me (Ms)], 2.83[s, 3 H, Me (Ms)], 1.75 (m, 2 I, H-7A, H-7B), 1.46
[s, 9 H, Me (+-Bu)]. HR-MS/ LSIMS-NBA: for C4Hss01:NS;Na. (M+Na)" caled.: 864.3063. Found:
864.3018. MS/ LSIMS-NBA: 864 (M+Na)", 842 (M+H)".
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(15,65,7R,8R,8a5)-1,6,7,8-Tetra-O-benzylindolizidine (22a)
21

To a solution of 21a (300 mg, 0.36 mmol) in dichloromethane (5 ml) were added phenol (134 mg, 1.43
mmol) and trimethylsilyl chloride (45 uL, 0.36 mmol). The reaction mixture was stirred for 8 h at room
temperature and then concentrated. The residue was purified by chromatography with hexane-ethyl acetate,
1:9. The crude product (220 mg, 0.3 mmol) was dissolved in abs. ethanol (5 ml) and sodium acetate (74 mg,
0.90 mmol) was added to the solution. The reaction mixture was refluxed for 2 h, and then the solution was
cooled to room temperature and ethyl acetate (20 ml) was added. The organic layer was washed with water
(2x20 ml), dried, and evaporated to dryness. The residue was purified by chromatography with hexane-ethyl
acetate, 3:2 to yield 22a (108 mg, 55%), oil, [ot]p -18 (¢ 1.1, CHCL); Vamax (film): 1098 cm™ (C-0-C); '"H NMR
(500 MHz, CDCl;): 6 4.16 (m, 2 H, H-1, H-7), 3.96 (dd, | H, J 8.4, J 6.1 Hz, H-8), 3.60 (m, 1 H, H-6), 2.97
(m, 1 H, H-8a), 2.89 (m, 4 H, H-3A, H-3B, H-5A, H-5B), 2.07 (m, | H, H-2A), 1.97 (m, 1 H, H-2B). *C
NMR (125 MHz, CDCl;): 8 139.20, 139.07, 138.88, 138.86, 128.36, 128 28, 128.24, 128.15, 128.09, 127.70,
127.66, 127.62, 127.61, 127.43, 127.39, 127.20, 82.80 (C-1), 80.71 (C-7), 79.44 (C-8), 79.31 (C-6), 74.82
(CH,Ph), 73.60 (CH,Ph), 72.72 (CH,Ph), 72.04 (CH,Ph), 66.18 (C-8a), 53.23 (C-5), 53.14 (C-3), 31.04 (C-
2). COSY 'H-'H and HETCOR 'H-"C experiments confirmed the spectral assignments. HR-MS/ LSIMS-
NBA: for CisH30O4NNa (M+Na)" caled.: 572.2777. Found: 572.2782. MS/ LSIMS-NBA: 572 (M+Na)~, 550
(M+H)".

(1R,65,7R,8R,8a5)-1,6,7,8-tetra-O-benzylindolizidine (22b)

The procedure used was analogous to the one described for 22a. Compound 21b (300 mg, 0.36 mmol)
was cyclized to 22b (101 mg, 52%), oil, [a]p +10 (¢ 2.6, CHCL); Vs (film): 1091, 1073 cm™ (C-O-C); 'H
NMR (500 MHz, CDCL): 8 4.24 (m, 1 H, H-1), 3.67 (m, 1 H, H-8), 3.60 (t, 1 H, J 2.3 Hz, H-7), 3.46 (m, 1
H, H-6), 3.03 (m, 2 H, H-5A, H-5B), 2.42 (m, 2 H, H-3A, H-8a), 2.33 (m, 1 H, H-3B), 2.18 (m, | H, H-2A),
1.64 (m, 1 H, H-2B). "C NMR (125 MHz): b 138.78, 138.64, 138.47, 138.16, 128.60, 12834, 128.24,
128.23, 128.20, 127.90, 127.85, 127.67, 127.64, 127.49, 127.46, 77.73 (C-1), 73.73 (C-6), 73 58 (C-8), 72.29
(CH;Ph), 72.11 (C-7), 71.75 (CH,Ph), 71.64 (CH>Ph), 71.25 (CH,Ph), 67.49 (C-8a), 53.20 (C-5), 53.13 (C-
3), 29.05 (C-2). COSY 'H-'H and HETCOR 'H-"C experiments confirmed the spectral assignments. HR-MS/
LSIMS-NBA: for CscH3sOsNNa (M+Na) caled.: 572.2777. Found: 572.2752. MS/ LSIMS-NBA: 572
(M+Na)', 550 (M+H)".

(15,65,7R,8R,8a5)-1,6,7,8-Tetrahydroxyindolizidine [(+)-8a-epi-castanospermine] (4)
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To a solution of 22a (80 mg, 0. methanol (9 ml) were added palladium on activated carbon

—

I
o

Z

catalyst (10%, 80 mg) and concentrated hydrochloric acid (0.2 ml). The solution was placed in a Parr medium-

pressure hydrogenation apparatus under 70 psi of H,. After 8 h TLC indicated the absence of starting material.
Amberlite [Amberlite IRA-400(OH), 1 g] was added. After 4 h stirring the solution was filtered through Celite

(24 mg, 87%), oil, [aly +28 (c 0.3, MeOH); [lit."*: for (1R,6R,75,85,8aR)-1,6,7,8-tetrahydroxyindolizidine [(-
)-8a-epi-castanospermine] [a]p - 33 (¢ 0.31, MeOH)], Vaax (film): 3353 cm™ (OH); 'H NMR (500 MHz,

and concentrated. The crude product was purified by chromatography with chloroform-methanol 3:1 to yield 4

CD;0D): § 4.31

SRR

(m, 1 H, H-1), 410 (m, 1 H, H-8), 3.94 (m, 1 H, H-7), 3.70 (m, 1 H, H-6), 3.34 (m, 2 H, H-

iiz, 1 Aii, 11 i, 2270y, 2.0 i, XXy BX 1k, ARV, A G i

3A, H-5A), 3.21 (m, 1 H, H-5B), 3.12 (m, 1 H, H-3B), 2.50 (m, 1 H, H-8a), 2.01 (m, 1 H, H-2A), 1.53 (m, 1
H-2B). *C NMR (125 MHz, CDgOD): 8 72.38, 72.37, 71.40, 69.66, 67.07, 56.03, 53.12, 33.18. HR-MS/

LSIMS-NBA: for CgH;,0sN (M+H) caled.: 190.1079. Found: 190.1071. MS/ LSIMS-NBA: 190 (M+H) .

1 AV: N BLxl6r4a s - (E AV PN | AVEINY RundRiVaT) RACA AR

(1R,6S5,7R,8R,8a5)-1,6,7,8-Tetrahydroxyindolizidine [(+)-1,8a-di-epi-castanospermine] (5)
The procedure used was analogous to the one described for 4. Compound 22b (80 mg, 0.15 mmol) was

hydrogenated to product 5 (19 mg, 69%), oil, [a]p -8 (¢ 0.4, MeOH); [lit.”’; [a]b - 9° (¢ 0.5, MeOH)]; Vi
(film): 3370 em™ (OH); C NMR (50 MHz, D,0): § 74.96, 73.90, 73.83, 73.44, 72.73, 56.10 (C-5), 54.10

(C-3), 34.50 (C-2). HR-MS/ LSIMS-NBA- for CgH;sO:N caled.:

L2INTAVRS, ALY 4 ‘e

190.1079. Found: 190.1064. MS/ LSIMS-

LS RV

NBA: 190 (M+H)".
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