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Abstract—The trimethylsilyl triflate promoted addition of 2-trimethylsilyloxyfuran t&(8S)-3,4-dihydro-3,4-di(-butyldiphenylsilyloxy)-
2H-pyrrole 1-oxide, derived fromR,R)-tartaric acid, displays complete facial selectivity, affording two diastereomeric butenolides in
excellent overall yield. The major adduct undergoes silica-gel induced ring-closure to give in almost quantitativeS{eltbBi5a8,5-
ba,8an)]-hexahydro-4,5-ditbutyldiphenylsilyloxy)-pyrrolo [1,25]furo[2,3d] isoxazol-7(3H)one; reduction with DIBAH followed by
hydrogenolysis on Pd(OHC affords the partially protected 1,2,7,8-indolizidinetet®|1999 Elsevier Science Ltd. All rights reserved.

Glycosidases and glycosyltransferases are widespreacdHere we propose a route to the skeleton of
enzymes present in almost all organisms. They are essentia[191«,23,7B,8x,8ax)]-1,2,7,8-indolizidinetetrol 1d) and

for the processing of oligo- and polysaccharides and of entld by applying to a chiral cyclic five-membered
complex carbohydrates such as glycolipids and glyco- ring nitrone deriving from tartaric acid, an efficient
proteinst The inhibition of this family of hydrolases repre- protocol previously developed by us for the synthesis
sents a powerful solution on the one hand to control obesity, of 2-substituted 3,4-piperidinediols starting from aldoni-
diabetes and other metabolic disordeemd on the other  trones (Scheme #).

hand to block infection, inflammation and metastasis by

preventing the biogenesis of membrane glycoproteins in The key reaction is the trimethylsilyl triflate (TMSOTf)-
fungi, bacteria and virusésA number of polyhydroxylated  catalysed condensation of 2-trimethylsilyloxyfuran with
piperidines, pyrrolidines, indolizidines and pyrrolizidines, an aldonitrone2 to give an intermediate butenolidg,
isolated from natural sources, are powerful and specific which, in the presence of fluoride, undergoes cyclisation
inhibitors of a- and B-glycosidases, and an even larger to 4.° These bicyclic compounds are successfully
number of isomers and congeners have been synthesisettansformed into piperidine$ in a two-reductive step
and assayed for biological activity. A few of them display sequence involving DIBAH reduction to lact®@ and,
outstanding inhibition level8. Among polyhydroxylated finally, hydrogenolysis to the target piperidifie.

indolizidine alkaloids, besides naturally occurring lentigino-

sine, swainsonine and castanospermine (Fig. 1), a number ofFive-membered cyclic nitrones derived from tartaric &id
stereoisomers and analogues have been synthesised arnthve been successfully manipulated to indolizidines by
tested in order to get information on structure—activity rela- Brandit' and Wightmaz2 exploiting 1,3-dipolar cyclo-
tionships: For examg)le, among 1,2,7,8-indolizidinetetrols, addition reactions. The results obtained by applying our
the stereoisomer$a® 1b’ and 1c’ have been synthesised preceding protocol to nitrone2a are summarised in
and tested for biological activity. Scheme 2.

Condensation of2a and 2-trimethylsilyloxyfuran in the
presence of TMSOTTf (10%) in dichloromethane-a20°C
displayed complete facial selectivity and afforded buteno-

Keywords 2-trimethylsilyloxyfuran; (% 49)-3,4-dihydro-3,4-di¢butyldi- lides 3a and 3b possessing the’85S and 2S5R absolute
p g
phenylsilyloxy)-2H-pyrrole ~ 1-oxide;  [&(4a,58,588,5b0, 8an)]-hexa- stereochemistry, respectively, in 82/18 ratio and in 71%
*7‘%’;:‘;‘4'5'd'(‘b“ty'd'pheny's"y'oxy)‘py"o'o [1.H]furo[2,34d] isoxazol-  gyerall yield. Bulky t-butyldiphenylsilyl protecting group
one. . ; X ;
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Figure 1.

Figure 2.

DIBAH
OH Pd OH),/C . . .
the less encumberesi face of the nitron€a. Formation of

the 2S5S relationship is favoured (d.e. 64%) according to
synclinal approach in Fig. 2, which involves thee face of
Scheme 1. 2-trimethylsilyloxyfuran. Anti approactB is disfavoured
both by unfavourable dipolar interactions and by oxygen
atoms lone pairs repulsion. Butenolidda and 3b were

TBDPSO,  OTBDPS easily separated by silica-gel flash-chromatography and

) R ) . treated with diluted trifluoroacetic acid (TFA) in order to
1 oa remove the trimethylsilyl group chemoselectively. Silica-
O- gel chromatographic purification of the crude residue led,
TMSOTI (10%) in one case, to complete cyclisation4e, as we observed
CHzCly, -20°C previously on simple aldonitroné8jn the other case to the
almost quantitative recovery ofb. The absence of the
TMSO TMSO . . . ..
N N corresponding tricyclic product deriving frol3b was
» )~OTBDPS ~OTBDPS . . . . -
oS A + AN probably due to steric compression in tleés—syn—cis
H OTBDPS )0 H OTBDPS triquinane-type nucleus. Such a dramatically different
0 3a (58%) o 3b (13%) behaviour allowed us to develop a shorter and more efficient
procedure for the synthesis dfa; after condensation of
1) TFA 1) TFA 2-trimethylsilyloxyfuran with2a, the crude reaction mixture
2) S0 2SI, was directly treated with dilute aqueous TFA, then, after

water extraction and solvent concentration, the residue

-\ ~4..OTEDPS HO._ was eluted through a silica-gel column affordig (56%)
sa/ \5a/s NN oteops and7b (12%).
%}y OTBDPS * @&’ TBOPS _
s 0 42 (62%) o 0 7b (95%) Transformatmn of th_e hexahydropyr_rolo[]b]iyro[g,S.Q]—
isoxazol-7(3H)one ring system dfa into an indolizidine
DIBAH was easily accomplished via DIBAH reduction 4 to 5a
lEtzo, -78°C followed by hydrogenolysis of5a in the presence
of Pd(OH). The N-O bond cleavage was followed
0-N"\,..OTBDPS  Pd(OH),/C N o by spontaneous intramolecular reductive amination
Hz, MeOH 7| sa ~OTBDPS to [191«,2B,7B,8x,8ax)]-1,2-dit-butyldiphenylsilyloxy)-
d H OTEDPS HO" TH  rBOPS indolizidine-7,8-diol 6a).
HO' " 5a (67%) . . . .
6a (66%) Regioselectively protecte@a offers interesting opportu-

nities since it allows the hydroxyl groups to be orthogonally
Scheme 2. manipulated to generate further stereoisomers.



M. Lombardo, C. Trombini / Tetrahedron 56 (2000) 323—-326 325

Experimental [4S(4e,58,58B,5ba,8ax)]-Hexahydro-4,5-di(t-butyl-
diphenylsilyloxy)-pyrrolo[1,2-b]furo[2,3-d] isoxazol-
General 7(3H)one (4a). 0.65 M Trifluoroacetic acid in kD
(0.23 mL, 0.15 mmol) was added to a solution 8&
'H NMR and **C NMR spectra in deuterated solvents (0.18 g, 0.23 mmol) in CkCl, (2 mL). The reaction mixture
were recorded at 300 and 75 MHz, respectively, using a was stirred at room temperature for 45 min, then quenched
Varian Gemini 300 spectrometer. Chemical shifts are with ag. NaHCQ and extracted with CyCl, (3x5 mL). The
reported in ppm relative to internal standard j9e combined organic layers were dried $&y) and solvent
Optical rotations were measured on a Perkin—Elmer was evaporated to dryness. Chromatography of the residue
241 polarimeter. Water content of anhydrous solvents on silica gel using cyclohexane/ethyl acetate (95/5) yielded
used was measured with a Karl-Fisher titrator Mettler 0.144 g (92%) of purda: [o]3°=+46.0 £=0.20 in CHC});
DL18. Reactions were performed in oven-dried glass- 'H NMR (CDCly) 6 0.93 (s, 9H, SBu), 0.96 (s, 9H, SBu),
ware under argon. Hydrogenations were performed at2.58 (dd,J=4.8/18.6 Hz, 1H, H-8), 2.66 (br dd}=~0.9/
45psi on a Parr apparatus. 2-Trimethylsilyloxyfuran 18.6 Hz, 1H, H-8), 3.11 (br ddJ=0.6/14.7 Hz, 1H, H-3),
and moist 20% Pd(OH) on carbon (Degussa type 3.66 (dd,J=4.2/14.7 Hz, 1H, H-3), 3.86 (br s, 1H, H-5a),
E101) were purchased from Aldrich. Nitronza was 4.22-4.28 (m, 2H, H-4H-5), 4.77 (br dd,J=~1.6/4.5 Hz,
synthesised fromR,R)-tartaric acid diethyl ester accord- 1H, H-5b), 4.92 (m, 1H, H-8a; upon irradiation of H-8 the
ing to the procedure reported by Brandi et“aMelting signal collapses into a doublet with=4.5 Hz), 7.22-7.58

points are uncorrected. (m, 20H, ArH); **C NMR (CDCk) 614.2 (C-8), 19.1
(SiCMes), 26.8 (SiQMes), 27.0 (SiQvies), 34.0 (C-3), 63.9

5-[1/-Trimethylsilyloxy-3 ’,4’-di(t-butyldiphenylsilyloxy)- (C-5a), 78.2,78.3,79.1, 81.3, (C-4, C-5, C-5b, C-8a), 127.8,

2'-pyrrolidinyl]-2(5H)-furanones (3a, 3b). 2-Trimethyl- 127.9, 128.0, 130.0 (Cquat), 130.2 (Cquat), 131.9 (Cquat),

silyloxyfuran (0.19 mL, 1.1 mmol) was added to a solution 132.3 (Cquat), 135.5, 135.6, 173.550). Anal. Calcd. for
of 2a(0.6 g, 1 mmol) in CHCI, (2 mL) and the solutionwas  C4oH4/NOsSiy: C, 70.86; H, 6.99; N, 2.07. Found: C, 70.95;
cooled to —20°C. TMSOTf (0.018 mL, 0.1 mmol) was H, 6.91; N, 2.16.
added and the reaction mixture was stirred-&0°C for
1.5 h. The reaction was quenched with ag. NaH@0d H-5a/H-5btrans and a H-5a/H-Srans stereorelationships
extracted with CHCI, (3x5 mL). Silica gel was directly =~ were assigned on the basis of n.O.e. measurements. Upon
added to the combined organic layers and the solvent wasirradiation of H-5a, similar enhancements for both H-5b
evaporated at reduced pressure. The solid residue wag3.0%) and H-5 (4.6%) were observed; moreover, irradia-
loaded on a silica gel column. Elution with cyclohexane/ tion of H-5b caused a strong enhancement of H-5 (10.5%)
ethyl acetate (95/5) afforded 0.43 g (58%)3afas a white and a smaller response of H-5a (4.7%).
solid and 0.1 g (13%) o8b as an oil.
[2/,S[2'a,3 a4 B(5S¥)]]-5-[1 '-Hydroxy-3',4'-di(t-butyl-
[2'S[2'a,3a,4B(5RY)]]-3a: m.p. 98-100C; [a]d= diphenylsilyloxy)-2’-pyrrolidinyl]-2(5H)-furanone (7b).
—11.0 €=0.21 in CHC}); *H NMR (CDCl;) & 0.07 (s, TFA treatment oB3b followed by silica gel chromatography
9H, SiMs;), 0.93 (s, 9H, SBu), 0.97 (s, 9H, SBu), 2.95 brought about the chemoselective deprotection of the
(dd, J=4.2/11.0 Hz, 1H, H-5, 3.01 (br d,J=11.0 Hz, 1H, trimethylsilyl group affording7b in almost quantitative
H-5), 3.19 (br dd J=~1.5/6.0 Hz, 1H, H-), 4.20-4.30 (m,  vyield. [«]3=+21.9 €=0.62 in CHC}); *H NMR (CDCls)
2H, H-3+H-4), 4.99 (dtJ=2.0/6.0 Hz, 1H, H-5),5.87 (dd, & 0.93 (s, 9H, SBu), 0.97 (s, 9H, $Bu), 3.12 (dd J=3.6/
J=2.0/5.5Hz, 1H, H-3), 7.20-7.62 (m, 21H, ArtH-4); 10.5 Hz, 1H, H-%), 3.16-3.26 (m, 2H, H-5+H-2), 3.98—
13C NMR (CDCL) 6 —0.3 (SiCHy), 19.0 (SCMe3), 19.1  4.05 (m, 1H, H-4), 4.20 (dd,J=1.5/3.0 Hz, 1H, H-3, 4.83
(SiCMes), 26.7 (SiMe3), 26.8 (SiMe;), 64.8 (C-B), (ddd, J=1.5/2.1/6.6 Hz, 1H, H-5), 5.86 (dd=2.1/5.7 Hz,
78.4, 78.9, 79.5, 81.9 (C-5, C;XC-3, C-4), 121.7 (C-3), 1H, H-3), 6.81 (dd,J=1.5/5.7 Hz, 1H, H-4), 7.20-7.70 (m,
127.6, 127.7, 128.0, 129.6, 129.7, 129.8, 129.9, 132.820H, ArH); °C NMR (CDCkL) & 19.0 (SCMe;), 19.1
(Cquat), 133.0 (Cquat), 133.1 (Cquat), 133.6 (Cquat), (SiICMes), 26.8 (SiQVes), 62.8 (C-B), 77.8, 78.4, 78.8,
135.7, 135.8, 154.7 (C-4), 172.640). Anal. Calcd. for =~ 83.1 (C-5, C-2, C-3, C-4), 121.8 (C-3), 127.6, 127.7,
C43HssNOsSis: C, 68.85; H, 7.39; N, 1.87. Found: C, 68.53; 127.8, 127.9, 129.8, 129.9, 130.0, 132.6 (Cquat), 132.7
H, 7.42; N, 1.85. (Cquat), 132.9 (Cquat), 133.4 (Cquat), 135.58, 135.63,
135.9, 154.2 (C-4), 172.7 €). Anal. Calcd. for
[2'S[2/a,3a,4B(S)]-3b:  [a]F=+2.0 (=0.11 in  CuHsNOsSi: C, 70.86; H, 6.99; N, 2.07. Found: C,
CHCL); *H NMR (CDCly) 6 0.13 (s, 9H, SiMg), 0.87 70.94; H, 7.10; N, 2.11.
(s, 9H, SiBu), 0.97 (s, 9H, SBu), 2.99-3.03 (m, 2H,
H-5), 3.58-3.64 (m, 1H, H-}, 3.80-3.97 (m, 1H, [1S(1«,2B,7B,8c,8ac)]-1,2-di(t-butyldiphenylsilyloxy)-
CHOSI), 4.02-4.08 (m, 1H, CHOSI), 5.06 (di=2.0/ indolizidine-7,8-diol (6a). 1M DIBAH in hexane
5.1 Hz, 1H, H-5), 5.92 (ddJ=2.0/7.8 Hz, 1H, H-3), 7.10—  (0.55 mL, 0.55 mmol) was added dropwise-af8°C to a
7.70 (m, 21H, ArH-H-4); °C NMR (CDCL) & —0.17 solution of 4a (0.24 g, 0.35 mmol) in anhydrous diethyl
(SICHg), 19.0 (SCMeg), 19.1 (SCMey), 26.8 (SiQMey), ether (8 mL). The reaction mixture was stirred for 4 h at
63.7 (C-B), 77.6, 77.9, 78.1, 82.1 (C-5, C;XC-3, C-4), —78C and then quenched with ice. Seignette salt was
122.0(C-3),127.7,127.9, 129.6, 129.8, 129.9, 132.1, 132.2,added in order to dissolve aluminum salts and, after stirring
133.2, 133.9, 135.5, 135.7, 135.9, 155.5 (C-4), 172.5 for 1 h, the solution was carefully extracted with,@t The
(C=0). Anal. Calcd. for GzHssNOsSis: C, 68.85; H, 7.39; combined organic layers were dried ¢@$&y) and evapo-
N, 1.87. Found: C, 68.66; H, 7.44; N, 1.83. rated under reduced pressure. The residue was filtered
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affording 0.16 g (67%) of crudBa as a mixture of epimers
at C-7:*H NMR (CDCl,) two broad triplets aé 5.63 andd
4.90 withJ=4.0 Hz, due to H-73C NMR (CDC}) & 89.9
and 98.9 (C-7).

Crude lactol5a (0.16 g, 0.24 mmol) and 20% Pd(OHn
carbon (0.0359g) in anhydrous methanol (10 mL) was

M. Lombardo, C. Trombini / Tetrahedron 56 (2000) 323-326

W.; Ducep, J.-B.; Kastner, P. R.; Marshall, F. N.; Danzin, C.
Diabetes1991 40, 825.

3. (a) Elbein, A. DANN. Rev. Biochem.987, 56, 497. (b) Taylor,

D. L.; Nash, R.; Fellows, L. E.; Kang, M. S.; Tyms, A. Sntiviral
Chem. Chemothed 992 3, 273. (c) Taylor, D. L.; Kang, M. S;
Brennan, T. M.; Bridges, C. G.; Sunkara, P. S.; Tyms, A. S.
Antimicrob. Agents Chemothet994 38, 1780. (d) Gross, P. E.;

hydrogenated for 12 h at 45 psi. The solution was filtered Baker, M. A.; Carver, J. P.; Dennis, J. Wlinical Cancer Res.
over Celite and the solvent was removed at reduced pres-1995 1, 935.
sure. The residue was purified by flash-chromatography on4. (a) Wong, C.-H.; Halcomb, R. L.; Ichihawa, Y.; Kajimoto, T.

silica gel using cyclohexane/ethyl acetate (95/5) yieldiag
(0.106 g, 66%) as a viscous oila]Z*=+8.4 (€=0.62 in
CHCL); *H NMR (CDCl;) & 0.89 (s, 9H, SBu), 1.06
(s, 9H, SiBu), 1.61 (br dq,J~5.1/12.6 Hz, 1H, H-6),
1.78-1.86 (m, 1H, H-6), 1.97-2.11 (m, 2H, H-bi-8a),
2.18 (dd, J=5.4/9.9 Hz, 1H, H-3), 2.56-2.62 (m, 1H,
H-5), 2.63 (d,J=9.9 Hz, 1H, H-3), 3.24-3.35 (m, 2H,
H-7+H-8), 4.29 (d, J=5.1Hz, 1H, CHOSI), 4.39 (d,
J=5.1Hz, 1H, CHOSI), 7.27-7.78 (m, 20H, ArH}*C
NMR (CDCl;, APT) & 19.1 (SCMe;), 19.2 (SCMey),
26.7 (SiVles), 27.0 (SiQMes), 31.0 (C-6), 47.9 (C-5),
59.0 (C-3), 73.5, 74.8, 76.4, 81.0, 85.8, (C-1, C-2, C-7,

C-8, C-8a), 127.2, 127.5, 127.6, 127.7, 129.3, 129.5,
129.7, 129.8, 133.4 (Cquat), 133.5 (Cquat), 133.6 (Cquat),

134.7 (Cquat), 135.6, 135.9. Anal. Calcd. fops;NO,Sis:
C, 72.14; H, 7.72; N, 2.10. Found: C, 72.18; H, 7.65; N,
2.13.
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