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Abstract: The lithium enolate of (-)-6-endo-chloro-5-exo-(phenyl-
seleno)-7-oxabicyclo[2.2.1] heptan-2-one ((-)-4) added to (+)-(3aR,
4aR, 78R, 7bS)-3a,4a,7a, 7b-tetrahydro-6,6-dimethyl [ 1,3] dioxol o-
[4,5]furo[2,3-d]isoxazol e-3-carbal dehyde ((+)-5) giving amajor
adol (+)-6 in 90% vyield that was converted into (+)-
(1R,4R,5R,6S,7R)-4-exo-(4-bromobenzenesul fonyl oxy)-6-exo-
{(9-[(tert-butyl)dimethylsilyloxy]-[(3aR,4aR,7aR, 7bS)-
3a,4a,7a,7b-tetrahydro-6,6-dimethyl[ 1,3]dioxol o[ 4,5] furo[ 2,3-
d]isoxazol-3-ylJmethyl} - 7-endo-(methoxymethoxy)-2,8-di oxabi-
cyclo[3.2.1]octan-3-one ((+)-15). Methanolysis of (+)-15, followed
by reduction and protection steps provided (-)-1,4-anhydro-3-{ 6S
5-[(benzyloxy)carbonyl]amino-5-deoxy-B-L -idohexofuranos-6-C-
yl}-3-deoxy-2,6-bis-O-(methoxymethyl)-a-D-gal actopyranose
((-)-21). Acidic treatment of (-)-21 followed by catalytical hydroge-
nation generated (-)-(1R,2R,3S7R,85,959a9-1,3,4,6,7,8,9, 9a-oc-
tahydro-8-[(1'R,2R)-1',2',3"-trihydroxypropyl]-2H-quinolizine-
1,2,3,7,9-pentol ((-)-2) characterized as its octaacetate (+)-26.

Key words: aldol condensation, "naked sugars', isoxazolines, ami-
nodeoxysugars

Polyhydroxylated indolizidine alkaloids and their ana-
logues, including ring contracted derivatives have shown
interesting glycohydrolase inhibiting activities and as a
consequence have agreat potential asdrugs against cancer
and viruses.! Ring expanded analogues of polyhydroxyin-
dolizidines, the polyhydroxyquinolizidines, emerge as a
new class of potential glycohydrolaseinhibitors, afew de-
rivatives have been reported already.? Among them 1, an
analogue of a-homongjirimycin, isa potent inhibitor of a-
glucosidase | from pig kidney (1Cs, = 0.15 uM).3
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We report here the synthesis of
(-)-(1R,2R,3S7R,859S,9a9-1,3,4,6,7,8,9,9a-octahydro-
8-[(T'R2R)-1',2',3-trihydroxypropyl]-2H-quinolizine-
1,2,3,7,9-pentol ((-)-2) the first example of a new kind of
polyhydroxyquinolizidines bearing a polyhydroxylated
side-chain. Our synthetic approach has been inspired

from that we had used to prepare 3, the first example a
7-(1,2,3-trihydroxypropyl)-octahydroindolizine-1,2,6,8-
tetrol.* It features the diastereoselective cross-
aldolization® of the enantiomerically pure 7-oxabicyc-
lo[2.2.1]heptan-2-one (-)-4 derived from a "naked
sugar of the first generation"® with (+)-
(3aR,4aR, 7aR,7bS)-3a,4a,7a, 7b-tetrahydro-6,6-dimethyl -
[1,3]dioxolo-[4,5]furo[2,3-d]isoxazol e-3-carbal dehyde
((+)-5) that has been obtained recently enantiomerically
pure®
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The lithium enolate of (-)-4%° obtained by reaction of (-)-
4 with (Me;Si),NLi in THF at -5 °C was cooled to—78 °C
and a solution of aldehyde (+)-5° in THF was added to it.
After stirring at —78 °C for 3 h, acidic quenching with
AcOH/MeOH and flash chromatography on silicagel pro-
vided pure aldol (+)-6 in 90% yield'® which was silylated
into (+)-7 (92%)* with (t-Bu)Me,SiOSO,CF; and 2,6-lu-
tidine (CH,CI,, 0°Cfor 1 h, then 25 °C for 5 h). Reduction
of ketone (+)-7 with NaBH, in MeOH (5°C) was highly
exo face sel ective® giving the corresponding endo al cohol
()-8 (91%).%2 The structures of (+)-6, (+)-7 and (-)-8 were
deduced from their spectral data including 2D (NOESY,
COSY) H-NMR spectra and were confirmed by the for-
mation of the 5,8-epoxy-4H-1,3,2-benzodioxasiline 9314
for which 3J(H-8,H-8a) = 4.2 Hz,153)(H-4a,H-5) = 0 Hz,%®
3J(H-4,H-44) = 10.8 Hz and 2J(H-4a,H-8a) = 3.5 Hz were
measured in its 'H-NMR spectrum. Furthermore, a strong
NOE was observed between the signals at 6, = 4.78 and
4.48 ppm assigned to protons Hexo-8a and H-4, respec-
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tively. Compound 9 was obtained in 36% yield on treat-
ment of (-)-8 first with (n-Bu),NF in THF, then with
(t-Bu),Si(0OSO,CF3), and 2,6-1utidinein CH,CI, (0-20 °C,
4 h). The data reported above confirm that the cross-al-
dolization (-)-4 + (+)-5 — (+)-6 adopts a Zimmerman-
Traxler transition state'® of type 10 in which the exo face
of the lithium enolate is preferred for the aldehyde attack
by its S face.
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Conversion of the 7-oxabicyclo[2.2.1]heptane moiety of
(-)-8 into auronic moiety followed a procedure similar to
that developed by us earlier for the synthesis of (+)-3.4
The endo acohoal (-)-8 was protected as a methoxymethyl
ether on treatment with CH;OCH,CI and (i-Pr),NEt in
CH,Cl, (0-25 °C, 20 h) giving (+)-11 (86% yield) which
underwent oxidative elimination of the benzeneselenyl
group on treatment with meta-chloroperbenzoic acid
(mCPBA 70%) in CH,CI,/THF (-78 °C for 2 h, then 25 °C
for 14 h) to furnish the chloroalkene (+)-12in 95%yield.'’
Double hydroxylation of (+)-12 with Me;NO-2 H,O in
THF/H,0 catalyzed with OsO, (NaHCO;, 25 °C, 2 h) was
highly exo face selective giving the corresponding o hy-
droxyketone 13 that was not isolated, but esterified direct-
ly with para-bromobenzenesulfonyl chloride and Et;N
(0°C for 1 h, then 25°C for 2 h) into the brosylate (+)-14
(88%).1® Baeyer-Villiger oxidation of ketone (+)-14 with
MCPBA/NaHCO; in CH,CI, (0 °C for 5 h, then 25 °C for
15 h) was, as expected,’® highly regioselective providing
uronolactone (+)-15 (92%).2° Methanolysis (MeOH,
K,CO;, DMF, 5 °C for 30 min, then 25 °C for 90 min) led
to a 5:1 mixture (90%) of methyl 1,5-anhydro-o-D-ga
lactofuranuronate (+)-16 and methyl 1,5-anhydro-f-L-al-
trofuranuronate (+)-17 that could be separated by column
chromatography on silica gel.?* Reduction of (+)-16 with
LiAIH, in THF at 0 °C (10 min) provided the 1,5-anhy-
dro-a-D-ga actofuranose 18 which was not isolated but
directly treated with MeOCH,Cl and (i-Pr),NEt to give
(+)-19 (92%).22 Under these conditions the reduction of
the isoxazoline moiety does not occur. The latter reaction
requires ether as solvent, higher temperature (25 °C) and
prolonged exposure (5 days) to a concentrated solution of
LiAlIH,. Thisgenerated the aminodiol (+)-20 (desilylation
occurs concomitantly with the imine reduction) which

was sel ectively protected asthe N-benzylcarbamate (-)-21
(88%)% following a modified Oku's procedure.?*

(+)20 R=H
(-}21 R =BnOCO(Cbz)

The L-ido configuration of the 5-amino-5-deoxy-aldose
moiety of (+)-20 was expected by analogy with the
LiAlIH, reductions of simpler isoxazolines that favor hy-
dride delivery on the less sterically hindered face of the
imine functions.”®% Definitive proof for that configura-
tion was given by 'H-NMR spectra of the 1H,6aH,8H-
2,6,7,9,10-pentaoxa- 10c-azapental eno 2,3-d] acenaphth-
ylene derivative (+)-22 obtained by reaction of (+)-20
(65%) with glutaraldehyde in MeOH? (25 °C, 12 h). For
steric reasons and because of the conformational anomer-
ic effect expected?” for the aminoacetal moiety in (+)-22,
this compound is the most stable stereomer resulting from
the reversible condensation (+)-20 + glutaraldehyde. The
'H-NMR spectra of the crude product showed the pres-
ence of 6-10% only of stereomers of (+)-22.2 The vicinal
coupling constants observed in the *H-NMR spectrum of
(+)-22 were consistent with a" cis-decalin” type of confor-
mation for its 1-aza-5-oxabicyclo[4.4.0]decane moiety
(3J(H-2a,Hax-3) = 9.7 Hz,3J(H-2a,Heg-3) = 2.5 Hz, 3J(H-
5a,H-5) = 2.9, 2.4 Hz, 3J(H-10a,H-10b) = 3.3 Hz, 3J(H-
6a,H-10a) = 1.8 Hz). The 2D-NOESY H-NMR spectrum
of (+)-22 showed correlation peaks confirming the struc-
ture and conformation shown for (+)-22.14
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Treatment of (-)-21 with CF;COOH/H,0 (25 °C, 10 h)
gave acomplex mixture of dialdoses 23 that was hydroge-
nated over 10% Pd on charcoal (25 °C, H,0, 15 h) to give
the polyhydroxylated quinolizidine (-)-2 as unique prod-
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uct. Debenzylation was expected to generate 24. The pri-
mary amine of 24 equilibrates with imines resulting from
its reaction with the aldose moieties, imines that are re-
duced into the corresponding piperidines under our hydro-
genation conditions. A possible piperidine intermediate is
25 which undergoes formation of an intermediate imini-
um salt with the second aldose moiety that isreduced into
2. This polyol was fully characterized as its octaacetate
(+)-26 obtained in 40% yield (based on (-)-21) on treating
crude 2 with Ac,O/pyridine and 4-dimethylaminopyridine
as catalyst (25°C, 15 h).?°

This work demonstrates that the cross-aldolization of al-
dehydes such as (+)-5 with 7-oxabicyclo[2.2.1]hep-
tanones can be highly stereoselective, thus allowing one
to construct complicated long-chain amino-deoxysugars
via the stereoselective hydride reductions of the isoxazo-
lines so-obtained. Deprotection under hydrogenation con-
ditions converts these systems into quinolizidines. The
first example (2) of a 8-(1',2',3-trihydroxypropyl)-2H-
quinolizine-1,2,3,7,9-pentol has been reached by this
method. Further efforts should make possible the obten-
tion of stereomersof 2 and of unprotected long-chain ami-
no-deoxycarbohydrates and analogues.
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NMR (400 MHz, CDCl,) §: 5.82 (d, 3=3.6, H-9a), 5.53 (d,
3)=2.4, H-1), 4.87, 4.67 (AB, 2J=6.6, 2H), 4.84 (dd, 3J=9.7,
2.5, H-2a), 4.69 (dd, 3J=2.9, 2.4, H-5a), 4.55 (s, 2H), 4.48 (d,
3)=3.6, H-6b), 4.28 (s, H-4), 4.21 (dd, 3J=11.6, 6.5, H-1), 4.17
(br. s, H-64), 4.03(dd, 3J=2.6, 2.4, H-6), 4.01 (dd, 3J=8.8, 4.8,
H-3, 3.98 (dd, 3J=3.3, 1.8, H-10a), 3.73 (dd, 3J=6.5, 3.3, H-
10b), 3.46 (dd, 3J=9.7, 4.8, H-8), 3.41, 3.31 (2s, 2 MeO),
3.32-3.29 (m, H-8), 2.78 (dd, 3J=11.6, 2.6, H-5), 1.96-1.92
(m, H-3), 1.75-1.70 (m, 2H, H-4), 1.69-1.55 (m, 2H, H-5),
1.44, 1.31 (2s, Me,C), 1.29-1.23 (m, H"-3).

Datafor (+)-26: ail, [¢]% +40 (c=0.3, CHCI,); UV (MeCN):
199 (8500); IR (film) v: 2920, 2850, 1750, 1435, 1375, 1230,
1045, 740 cm; TH-NMR (400 MHz, CDCl.) §,,: 5.51 (dd,
8)=7.8,4.1, H-1'), 5.33(ddd, 3J=6.8, 4.1, 4.0, H-2"), 5.25 (ddd,
8)=0.7, 4.9, 4.8, H-7), 5.07 (dd, 3J=4.8, 4.7, H-9), 5.03 (br. s,
H-2), 4.98 (br. s, H-1), 4.76 (br. s, H-3), 4.28 (dd, 2J=11.9,
33=4.0, H-3), 3.93 (dd, 2J=11.9, 3J=6.8, H'-3), 3.37-3.33 (m,
Heg-6), 3.01 (dm, 2J=13.5, Heg-4), 2.95 (m, H-9a), 2.85 (dm,
2)=13.5, Hax-4), 2.67-2.60 (m, 2H, Hax-6, H-8), 2.15, 2.11,
2.10, 2.09, 2.07, 2.03 (6s, 8 AcO). 1*C-NMR (100.6 MHz,
CDCl,) 8,: 1705, 170.3, 170.0, 169.8, 169.5, 169.2, 168.2
(7s,8 CO0), 70.0, 68.2 (2C), 67.8 (2C), 66.8, 66.3 (5d), 62.6
(t), 57.1 (d), 54.0, 52.7 (2t), 37.8 (d), 21.2, 21.0, 20.9, 20.8,
20.5 (50, 8 CH,); CI-MS (NH,) m/z: 647 (M+1, 7), 646 (M,
5). Andl. calcd. for C,gHNO,¢ (645.61): C 52.09, H 6.09, N
2.17; found: C 52.09, H 6.42, N 2.30.
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