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Abstract

Cycloaddition reactions of nitrones, including sugar nitrones, with nitroalkenes, including sugar nitroolefins,
led with complete regioselectivity and stereospecificity totdabs-4-nitroisoxazolidines in 51-78% global yields.
Theendo/exstereoselectivity depends on the type of sugar derivative used. As expected, thedigestereofacial
selectivity was observed when both partners were sugar derivatives. Isomerisation of the first formed diastereomers
by the action of silica gel was observed in some cases. Absolute configurations for two crystalline products were
assigned by X-ray diffraction methods. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

1,3-Dipolar cycloaddition reactiohave been widely used in the last two decades as the first step
in strategies for the synthesis of diverse natural products and analogues. Nitrones, easily available
from aldehydes or ketones amétmonosubstituted hydroxylamines, are one kind of 1,3-dipoles that
undergo [3+2] cycloaddition reactions with alkenes to afford isoxazolidine derivatives having a masked
1,3-aminoalcohol functionality. Three new stereogenic centres are generated in the reaction. Sugar
derivatives have been considered as suitable target molecules since cycloaddition reactions of nitrones
with certain dipolarophiles show, besides stereospecificity, good regio- and stereoselegtiviies.
the regio- and stereochemistry of reactions betwierr C-glycosyl nitrones and olefins leading to
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diversely substituted glycosyl isoxazolidines have been stddfednd applications to the synthesis

of aminohexoses starting froi@-glycosyl nitrones are knowh® The intramolecular version of the
nitrone—alkene cycloaddition reaction has been applied to sugar nitrones and the stereochemical course
has been studied, for instance in the adaitrones of 30-allyl-D-hexoses. Reactions of alkenes having
heterotopic faces with sugar nitrones, like other chiral nitrdfese expected to proceed showing not

only endo/excstereoselectivity, but alsa-diastereofacial selectivity (asymmetric induction). This possi-
bility also arises when the chiral component is the dipolarophitestead of the nitrone. Moreover, when

both partners are enantiomerically pure, the diastereofacial selectivity will reach a much higher value if
they constitute anatched pair Stereochemical control of the reaction is then necessary for obtaining one

of the eight possible diastereomers as the predominant product. We now report on the stereochemical
course of cycloaddition reactions of thr€eglycosylnitrones withf-nitrostyrene andgp-methoxyf-
nitrostyrene, two sugar nitroolefins witk-benzylC-phenylnitrone, and tw&-glycosylnitrones with
nitroolefins derived from the same sugars, respectively.

2. Results and discussion

The @)-N-benzylC-glycosylnitrones 1-3 (Scheme 1), easily obtained by reaction oF
benzyl-hydroxylamine with 1,2:3,4-dd-isopropylidenes-D-galactohexodialdo-1,5-pyranose,
1,2-0-isopropylidenex-D-xylo-, and -«-D-ribo-pentodialdo-1,4-furanose, respectively, underwent
regioselective [3+2] cycloaddition reaction with exce$sitrostyrene5 in toluene at 50-110°C,
to afford diastereomeric mixtures of 2-benzyl-3-(glycopyranos-5-yl or glycofuranos-4-yl)-4-nitro-5-
phenylisoxazolidine®, 11, and12 in 54%, 48%, and 73% global yields, respectively. The presence of
an electron-donor group, such as fxenethoxy group, on the aromatic ring gfnitrostyrene seems
to raise the reactivity of the dipolarophile, since the nitrdmeacted withp-methoxy$-nitrostyrene6
under similar conditions to afford a diastereomeric mixture of the corresponding isoxazolidine derivative
10 in a higher yield (72%). Starting fromN-benzyl-C-phenylnitrone4 and the sugar nitroolefing
and 8, derived from nitromethane and the two dialdo-sugars cited first and second above, resulted
in diastereomeric mixtures of the isoxazoliding3 (global yield, 78%) andlL4 (66%), respectively.
Reaction of equimolar amounts of the nitroheand the nitroolefin7, both derived fromb-galactose,
afforded 52% of a mixture of cycloadduct$, whereas th®-xylose derivative® and8 gave rise to one
predominant diastereomer (>90:10)1din 51% yield.

The regioselectivity of these reactions, as deduced from‘kheand 3C NMR spectra 0f9-16
(Tables 1 and 2, respectively), was that expected from antecedents for reactions of nitroalkenes, such
as B-nitrostyrene itsel or nitroethylen&®14 with other nitrones, that is, the nitro group is oriented to
position 4 of the isoxazolidine ring. COSY and HETCOR experiments confirmed the assignments given
in Tables 1 and 2.

More problematic is the assignment of absolute configuration to the new stereogenic centres. It
is knownt® that the coupling constant values measured on the signals of H-3, H-4, and H-5 of the
isoxazolidine ring are not clearly correlated with theis or trans relative disposition, since different
ring conformations are possible. NOE experiments are normally needed for ascertaining the spatial
relationships in isoxazolidine derivativéSome stereochemical features may be predicted; thus, star-
ting from atrans1,2-disubstituted alkene, the formation otrans-3,4-disubstituted isoxazolidine is
expected, due to the stereospecificity of the cycloaddition reactions. If it is assumed that this rule is
followed, the number of possible diastereomeric products will be limited to fgur, (c, d, Scheme 2).

The stereoselective formation afand c through endotransition states, ovds and d, coming from
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Scheme 1.

exoapproaches, should be expected. However, this second rule is not always obeyed. It is known that
certain aldonitrones underge-E isomerisation under the reaction conditidhisnd the presence of both
isomers ofC-glycosyl nitrones in the reaction mixtures could not be ruleduin spite of the high

energy differences calculated by semiempirical metfddshe cases discussed here, we have not found
any evidence for the presence®isomers ofl—4, in agreement with other authot®1° but we cannot
completely exclude their formation in the course of the reactions.

In the reactions ofl with 5 and 6, the formation of two diastereomers was observed (65:35 by
1H NMR), which underwent a partial isomerisation when in contact with the silica gel used in the
subsequent chromatographic separation, to give a new diaster8bmethe main component of the new
mixture of products (72:18:10; global yield, 54%); a similar isomerisation by silica gel had &5liésm
observed for an isoxazolidine obtained in the reaction of nitroethyleneNvitiethyl-C-phenylnitrone,
and had been described as a 8igito-transisomerisation. In our case, the major isolated diastere®mer
could be crystallised and its absolute configuration was unambiguously determined by X-ray diffraction
analysis as 3S4S5R, that is, its structure corresponds to one of the two possible invertomers at the
isoxazolidine nitrogen @-9b (Fig. 1, Table 3). The two minor products were identical {bfyNMR)
to the components of the original reaction mixture, respectively; the more abundant among these two
crystallised from the mother liquors of$29b, and was characterised @& from the following evidence:

() 1D NOESY experiments, carried out on a sample in DM&Cat 40°C, clearly showed the 3¢ls

and 4,5trans configurations (H-3/H-4 contacts, absence of H-3/H-5 contact); (ii) it slowly isomerises to
9b in the same solvent, to give, after 5 days at room temperatur89al1l mixture o®b and9d. Apart

from that, compoun®d showed in solution the behaviour of a system in relatively slow equilibrium, as
suggested by th&H NMR spectra in CDQ at room temperature or in DMS@s, where H-3, H-5 and

the benzylic methylene protons appeared as broadened signals. However, lowering the temperature of
the solution in CDG down to —25°C resulted in the separation in the spectra of two isomers (86% and
14%), although neither was superimposable to th&bphence, the equilibrating system is a mixture of
invertomers (R)- and (2)-9d. For the minor component of the diastereomer mixturegtigostructure

9a(or 9¢) is tentatively assigned. Thus, an explanation for the foregoing results may be that the products
9d and9aof the kinetic mixture isomerise over the course of chromatography to give the thermodynamic
mixture, from which the main produ®b crystallises; the isomerisation might occur through a silica gel
catalysed equilibration by cycloreversion of the former products and a new cycloaddition by attack of the
nitroalkene on the opposite face of the nitrone.
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Table 1
SelectedH NMR data for compound8-16 at 500 MHZ

Selected 'H NMR data for compounds 9-16 at 500 MHz?

Compd Chemical shifts (8 in ppm)
Isoxazolidine protons Sugar moiety protons
H-3 H-4 H-5 H-1/H-1" H-4'/H-4" H-5'/H-5"
9 db 3.65- 5.25dd 5.37- 5.61d 4.37dd
3.20br 5.25br
idem¢ 3.60- 5.29dd 5.40- 5.59d 4.26dd
3.40br 5.30br
idemb (at -25 °C)
Major (86%) 3.37brdd 5.21dd® 5.21d¢ 5.65d 4.30dd
invertomer
Minor (14%) 4.62dd¢  5.41dd 5.80d 5.68d 4.15dd
invertomer
9c¢ or abd = 4.35dd¢ 5.40dd 5.78d 5.48d 3.76dd
9bb 4.19dd 5.80dd 5.53d 5.50d 3.77dd
9bc 4.08dd 5.95dd 5.31d 5.54d 3.89dd
10dbd =43¢ 5.22brdd = 5.2¢ 5.59d 3.83dd
10c or abd 5.38dd 5.72dd 5.63d 5.49d 3.78dd
10bbf 4.17dd  5.73dd  5.46d 5.50d 3.76dd
11bb 4.52dd 5.52dd 5.75d 5.87d 4.35dd
11dbd 4.22dd 5.13dd 5.59d 5.97d =4.35¢
12bb 4.13dd 5.49dd 5.74d 5.66d 4.39dd
12db 4.10dd 5.48dd 5.71d 5.88d 4.15dd
13cbf 4.08d 5.63dd 5.10dd 5.58d 4.05dd
13abf 4.28d 5.39dd 4.93dd 5.57d «—4.19-4.14m——>
13b or dbf 4.29d 5.34dd 4.93dd 5.58d 4.23dd
14b or db 4.13d 5.60dd 5.08dd 6.00d 4.47dd
14a or cb 4.29d 5.45dd 5.01dd 5.93d 4.58dd
14(c or a)b 4.31d 5.05dd 4.92dd 5.90d 4.67dd
14(d or b)bf 4.12d 5.55dd 5.25dd 5.96d 4.47dd
15bce 3.61- 5.80dd 4.53- 5.56d/ 3.98dd/
3.53br 4.47br 5.47dh 3.93dd
idemb (at -25 °C)
Major (77%) 3.62dd 5.75dd =~4.59dde¢ 5.64d/ 3.90dde/
invertomer 5.48d 3.89dd¢
Minor (23%) 4.66dd 6.08dd 5.27dd =5.64d¢/ =4.10dd¢/
invertomer 5.53d n.o.6i
15(d)bk 3.42- 5.31dd n.o.ei 5.53d/ 3.90dd/
3.40br 5.51d¢ 3.85dd
16b or db 4.01dd 5.28dd 4.83dd 5.89d/ 4.43dd/

5.92dh 4.39dd

table continues
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Compd Selected coupling constants (J in Hz)
J34 Jas Jralhp Bs J34 Jssllss  Jysllas
9db 4.7 6.6 5.0 8.5 -- - -
idem¢ 4.5 6.4 5.1 8.5 -- -- --
idembP (at -25 °C)
Major 3.5 6.5 5.1 8.4 - - -
invertomer
Minor 7.5 5.7 5.1 10.1 -- - --
invertomer
9c¢ or abd 2.3 6.6 5.1 10.1 - - -
9bb 35 5.8 4.9 7.0 -- - -
10dbd 3.5 n.m.j 5.1 2.3 -- -- --
10c or abd =6.7 =7.0 5.0 =24 - - -
10bbf 3.6 5.9 4.9 7.1 - - -
11bb 2.3 6.3 3.7 -- 8.7 -- --
11dbd 4.9 6.0 4.0 -- 7.6 -- --
12bb 49 5.6 3.6 -- 3.0 -- --
12db 3.8 6.4 3.8 - 4.2 -- --
13cbf 8.0 4.6 4.9 -- -- 1.5 -
13abf 6.9 2.7 5.1 -- - 8.4 -
13b or dbf 7.0 3.8 4.9 -- -- 8.2 --
14b or db 8.0 4.6 3.8 - -- - 1.5
14a or cb 6.4 2.8 3.6 - - - 7.0
14(c or a)b 7.1 4.6 4.0 - -- - 6.6
14dorbpf 738 5.1 3.6 -- - - 6.4
15bcg 6.5 4.4 5.0/ 9.0 -- -/ --
4.9h 6.8
idemb (at -25 °C)
Major 6.0 3.2 5.0/ 9.4 -- -/ --
invertomer 4.8 5.6
Minor 7.1 4.4 n.o.i/ 10.9 -- -/ -
invertomer 5.0 5.9
15(d)bk 6.0 2.8 5.0/ 7.8 - -/ --
5.0 8.0
16b or db 5.0 34 3.8/ -- 9.2 -- -/
3.8 7.0
AUnless otherwise noted.
bIn CDCl3.
CIn DMSO-dg.

dFrom the reaction mixture.

€Overlapped signal.

fAt 300 MHz.

€At 50 °C.

hNotations H-n' and H-n" apply, respectively, to protons of the sugar moiety at the 3- and 5-positions of the isoxazolidine ring.
iNot observed.

JNot measured (complex multiplet).

KFrom a mixed fraction.

The reaction ofl with 6 proceeded in a similar mannék NMR of the mixture showing the presence
of only two diastereomers df0 (67:33); isomerisation of these products took place during column
chromatography, and the new diastereomer could be isolated pure as an oil, to which the absolute
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Table 2
Selected*C NMR data for compound8-16 in CDCl;

Selected 13C NMR data for compounds 9-16 in CDCl3

Compd Chemical shifts (8 in ppm)

C3 C4 C5 C-r1/C-1" C-4'/C-4" C-5'/C-5"

9d2 71.0 96.2b 83.7 96.3b 65.7
9b¢ 713 941 814 96.2 66.4
10b2 712 941 812 96.1 66.4
11b2 68.0 972 839 105.0 80.0 -~
11dad 68.0 96.8 829 105.3 80.7 -
12b¢ 699 947 82.1 1039 78.5 ---
12d¢ 69.3 969 837 1044 79.5 -
13c2 743 926 80.1 96.2 65.5
13a2 76.1 965 782 96.3 66.5
13b or d? 76.1 954 80.1 96.3 66.9
14b or d¢ 749 930 793 1053 78.3 ---
14a or c¢ 76.1 96.6 77.7 1053 79.8 -
14(c or a)?2 74.6 96.0 79.7 1054 80.1 --
14(d or b)a 749 935 784 105.1 78.2 -
15b¢ 60.1¢ 91.2 80.5¢ 96.3/96.2 64.6/66.2
15(d)¢ 71.5 913 79.7 96.4/96.3 64.6/64.9
16b or d¢ 704 925 789 105.2/105.4 80.7/78.9 -
2 At 75.5 MHz.
bThese assignments may be interchanged.
CAt 125.8 MHz.

dFrom the reaction mixture.
€Broad signal.

configuration $4S5R (10b) was assigned on the basis of the similarity found betweelHitand13C
NMR spectra and those 8b (Tables 1 and 2). For the main primitive diastereomer, the strudtQuolés
assigned by analogy with the respective diastereom®r of

Gal Ph
N0 i _NO,
Bn-—N\/j\ Bn——N\/tr
97 gy, O Gal
(25)-9b (25)-13a

The reactions of the nitronez and 3 with 5 led to 65:35 and 61:39 mixtures of diastereomers of
11 and 12, respectively. No isomerisation provoked by silica gel was observed in the chromatographic
purification. The absolute configuration of the major diastereoméd @fas tentatively assigned by 1D
NOESY, which evidenced the 3¢ls and 4,5trans configurations (H-4/H-3 contact; absence of contacts
H-4/H-5 and H-3/H-5) and theis disposition between thil-benzyl group and the sugar moiety (H-
5/NCHHPh and H-5/H-1 contacts), in agreement with the expected H-4/Hedntact also observed.
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a b
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H
R3
H.
OzN/)/H NOy NO, NO,
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n ® I Bn N\o ® I Bn N\O .

Hgo R R® R® éo H “R®
[ d
9-12: 3R,4S,5R 9-12: 3R,4R,5S
13, 14: 35,45,5S 13, 14: 35,4R,5R
15, 16: 3R 45,58 15, 16: 3R 4R,5R
Scheme 2.

These facts are compatible wiitib or 11d. Molecular models seem to indicate tHztd is sterically
more hindered thadlb due to the presence of thé-@-benzyl group in the same configured sugar
moiety for both diastereomers; tldb structure is thus tentatively assigned for the major isomer, to
which the $4S5R configuration should correspond. Moreover, in this case, the more stable invertomer
in solution seems to be theRZonfigured one, as deduced from the NOE contact between H-5 and
one of the benzylic methylene protons mentioned above. For the minor diastereomer, the alternative
11d structure is assigned on the assumption thaetteattack, as for its isomer, is predominant. With
respect to the configuration of the major isomer of the ribose derivaflyé was also determined on
the basis of 1D NOESY experiments, from which the @gland 4,5trans relationships were deduced
(H-4/H-3 contact; absence of contact between H-4 and H-5). By comparison of mod&lk afid12d,
it appears that the H-4/H-4nd H-4/H-3 contacts observed are more compatible for the former than
for the latter. The contact between H-5 and one of the methylene hydrogen atdabewizyl again
agrees here with the assignment of thR)¢22b structure for the major isomer. THd configurational
structure is tentatively assigned for the minor isomer.

Products13 and 14, formed in the reactions of the nitrorewith the sugar nitroolefing and 8,
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Figure 1. A PLATON view of (&)-9b showing the atomic labelling. Thermal ellipsoids enclose 30% probability. C—H bonds
are omitted for clarity
Table 3
Selected bond distances (A) and torsion angles (°) 18)-9®

Bond lengths Torsion angles e.s.d.
0O8-N6 1.473(10) C8-08-N6-C6 -48.94 0.79
N6-C6 1.495(12) 08-N6-C6-C7 45.26 0.77
C6-C7 1.524(14) H6-C6-C7-H7 -25.06 1.09
C7-C8 1.528(14) N6-C6-C7-C8 -26.48 0.88
08-C8 1.430(12) C5-C6-C7-N7 -34.05 1.24
N6-C61 1.495(12) H7-C7-C8-H8 -121.23 0.99
C5-C6 1.547(14) N7-C7-C8-08 -123.60 0.82
015-C5 1.441(11) H6-C6-C5-HS -162.56 0.82
0O15-C1 1.417(12) N6-C6-C5-015 86.42 0.84
C1-C2 1.489(14) N6-C6-C5-C4 -154.64 0.78
C2-C3 1.500(15) C7-C6-C5-C4 -35.80 1.23
C3-C4 1.523(14) C7-C6-C5-015 -154.74 0.81
C4-C5 1.529(14) C6-N6-C61-C62 177.56 0.75
N7-C7 1.504(14) C82-C81-C8-C7 -91.68 1.02
C8-C81 1.524(13) 071-N7-C7-C6 142.11 1.04
O71-N7 1.239(17) N7-C7-C8-C81 118.96 0.87
072-N7 1.197(15) C61-N6-C6-C5 -74.11 0.94

respectively, were also separated into pure diastereomers by chromatography on silica IigltHfee
diastereomers were detected in the reaction mixture (55:36'81WMR). After column chromatogra-

phy, the two major products were isolated as pure diastereomers (44% and 25%, respectively); the second
one was crystalline and could be unambiguously characterized by X-ray diffraction methods as the
(2S3R,4R,5R) diastereomer [(8)-13a Fig. 2, Table 4], formation of which is explained as coming from

the endoattack of the sugar nitroalkene to thesiface of the nitrone (Scheme 2). The configurational
assignment for the major diastereomer is based only on NMR data and mechanistic considerations; thus,
the higher values af3 4 andJa 5 (8.0 and 4.6 Hz) as compared, respectively, with thosd3ar(6.9 and

2.7 Hz), and particularly the much lower value &fs for the former (1.5 Hz) than for the latter (8.4

Hz) are in fair agreement with those expected for the structBo{3S4S,5S probably R as the more
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Figure 2. A PLATON view of (&)-13ashowing the atomic labelling. Thermal ellipsoids enclose 30% probability. C—H bonds
are omitted for clarity

stable invertomer). In a first approach, molecular models show that the sugar mdi8gniould adopt
in solution a preferred conformation around the C-5-é&nd having a dihedral H-C—C-H angle of
~180°, similar to that adopted in the crystalline state (172.04°, see Table 4 and Fig. 2),18attims
value would be incompatible with thlg 5 value (1.5 Hz) cited above, a rotation down-dt10° (or~70°)
being in better agreement; the models reveal that a valad 80° in13c(but not in13a) would cause an
unfavourable dipolar interaction between the nitro group and the-OC-fond of the sugar moiety. The
major diastereomet3cwould come from the@ndoattack of the sugar nitroalkene to tregre face of the
nitrone, thert-diastereofacial selectivity being 55:36 (60:40). A mixed fraction from the chromatography
contained a small amount @Ba (2.4%) and the minor diastereomer (6%), a configurational assignment
for which could not be ascertained from thed NMR of this mixture, the remaining possibilities being
13bor 13d. With respect to the xylose derivatiid, the major isomer shows the 3¢ and the 4,5rans
relationships as deduced from its 1D NOESY spectrum (H-4/H-3 contact, low intensity H-5/H-4 contact,
absence of H-5/H-3 contact), compatible with the structdeisor 14d; the second main diastereomer
is tentatively formulated as thibda or 14cisomer, since NOE experiments (1D NOESY) revealed the
trans relationship for both H-3/H-4 and H-4/H-5 proton pairs on the isoxazolidine ring (low intensity
contacts between them in each pair and also between H-3 and H-5). Two minor diastereomers (12% and
2%) were also isolated, although the experimental data obtained for them were insufficient to assign any
configuration.

The reaction ofl with 7 led to 15 as a~70:30 mixture of two isomers (b{¥C NMR), among which
only the major one (41% after column chromatography) could be studied as a pure substatge. Its
NMR spectrum, recorded in DMS@y at 50°C, showed broadened H-3 and H-5 signals (Table 1), which
suggested a slowly equilibrating system similar to that foundofb{see above). When the spectrum
was recorded in CD@lat —25°C, signals for two invertomers (77:23) were again observed here; for
the major invertomer under these last conditions, diserelationship between H-3 and H-4 and the
trans-disposition between H-4 and H-5 were deduced from 1D NOESY experiments (H-3/H-4 contact;
absence of H-4/H-5 and H-3/H-5 contacts). From these facts and by analog@mw(garticularly the
chemical shift of H-4) the structur&sb is assigned for the isolated diastereomer; the major invertomer
has probably the & configuration as deduced from the NOE contact also observed between H-3 and
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Table 4
Selected bond distances (A) and torsion angles (°) f8r-1{3a

Bond lengths Torsion angles e.s.d.
06-N8 1.468(06) C6-06-N8-C8 -52.86 0.46
N8-C8 1.480(08) C6-C7-C8-N8 -23.11 0.52
C7-C8 1.538(09) H7-C7-C8-H8 -137.48 0.54
C6-C7 1.536(07) C6-C7-C8-C81 -141.36 0.50
06-C6 1.433(08) N7-C7-C8-C81 99.48 0.59
C6-C5 1.518(07) 06-C6-C7-C8 -8.11 0.54
015-C5 1.431(07) H6-C6-C7-H7 108.22 0.56
015-C1 1.405(06) C5-C6-C7-N7 -131.31 0.48
C1-C2 1.540(09) N8-06-C6-C7 36.70 0.48
C3-C2 1.517(07) C9-N8-C8-C81 -80.48 0.59
C4-C3 1.543(08) C7-C8-C81-C82 -117.98 0.71
C5-C4 1.526(07) H6-C6-C5-HS5 172.04 0.45
N8-C9 1.461(09) C7-C6-C5-C4 174.58 0.44
C8-C81 1.511(08) 06-C6-C5-015 169.71 0.40
N7-C7 1.512(09) 071-N7-C7-C8 44.08 0.79
N7-071 1.204(07) 072-N7-C7-C6 104.67 0.70
N7-072 1.168(09) C8-N8-C9-C91 172.45 0.47

one of the benzylic methylene protons. A mixed fraction from the chromatography contained the minor
isomer (11% yield byH NMR), to which the structuré5d s tentatively assigned.

Finally, in the reaction o2 with 8 a main product was formed accompaniediy0% of a diastereomer
(by TH NMR). Only the major product was isolated after column chromatograp&ys(L%), for which
the configurational structuresb (354S,59) or 16d (3R,4R,5R) might be assigned on the basis of some
similarities of its NMR spectra with those dflb and 11d, and mechanistic considerations, but the
available data are not conclusive.

2.1. X-Ray structure analysis of$29b

A PLATON view?0 of the molecule along the axis together with the atomic labelling is shown
in Fig. 1. Selected bond lengths and torsion angles are shown in Table 3. The pyranose endocyclic
bond lengths are 015-C1=1.417(11) and O15-C5=1.441(11) A showing some anomeric effect. The
two phenyl groups are planar (max. s.d. 0.015 A). The geometry observed for the pyranose ring shows
a heavily distorted conformatiéh between twist-boat (skew-boa®)T, and screw-boaPSs deviated
towardsBy s. In terms of ring-puckering coordinatésamplitudes and phase magnitudes are Q=0.66(1)
A, p=-36(1)°, and®d=82(1)° for the sequence 015-C1-C2-C3-C4-C5, and the asymmetry par&meters
are AC,[C1]=0.059 andAC,[O15-C5]=0.042. The two dioxolane rings have different conformations.
The geometry observed for one dioxolane ring with sequence O1-C12-02-C2-C1 is intermediate
betweenT andE with puckering coordinates Q=0.32(1) &=-99(2)°. The asymmetry parameters are
AC,[011]=0.031 and\Cg[02]=0.040. The other dioxolane group, sequence O3—-C34—-04—-C4—-C3 shows
a slightly distorted= conformation, Q=0.29(1) A angh=5(1)°, asymmetry parametefC,[C4]=0.0038
and AC¢[03]=0.023. The isoxazolidine ring conformation is slightly distori&&dof which puckering
and asymmetry parameters are Q=0.467(7)qA534(1)°, AC{[N6]=0.017, andAC,[C7]=0.074 for
the sequence O8-N6-C6-C7-C8. The isoxazolidine substituents C61 and C81 are on one side at
-0.407(10) and -0.828(9) A and N7 and C5 are on the other side of the least-squares best plane
at 1.448(10) and 0.877(10) A. The dihedral angles formed by least-squares planes are: isopropyli-
dene—pyranose 78.3(3) and 86.1(3)° and isoxazolidine—pyranose 79.3(4)°. The packing of molecules is
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governed by van der Waals forces. There are three intramolecular short contacts: G833.215(13),
C61- - -015=3.016(12), and G7 -04=3.076(13) A.

2.2. X-Ray structure analysis of§p13a

A PLATON view?0 of the molecule along the axis together with the atomic labelling is shown
in Fig. 2. Selected bond lengths and torsion angles are shown in Table 4. The typical asymmetry
of endocyclic bonds for the pyranose ring 015-C1 and O15-C5 [1.405(6) and 1.431(7) A, respec-
tively] caused by the anomeric effect, is observed. The two phenyl groups are planar and the C9
(benzyl methylene) is slightly distorted (0.066 A) from the least-squares phenyl plane. The pyranose
geometry observed for this compound agrees with a heavily distorted conformation between twist-
boat (skew-boatf’T, and screw-boaPS; deviated towards3, s, in agreement with the foregoing
compound and other 1,2:3,4-@Hsopropylidenes-galactopyranose derivativés.The ring-puckering
coordinate® and asymmetry parameters are Q=0.65(1)p&~-35(1)°, andd=79(1)° for the sequence
015-C1-C2-C3-C4-C5, amxlC,[C1]=0.070 andAC,[015-C5]=0.033. The geometries observed for
the two dioxolane rings are also different, in agreement wil®-@. The conformation for one of
them with sequence 03—-C34-04-C4—C3 is intermediate betWeaw E, with puckering coordinates
and asymmetry parameters Q=0.27(1)¢#&-12(1)°, AC,[C4]=0.015 andAC¢[O3]=0.048. The other
dioxolane group sequence O1-C12-02-C2-C1 shows a slightly distoitedformation, Q=0.31(1)
A, p=-114(1)°, andAC{[02]=0.027 andAC,[C1]=0.038. The isoxazolidine ring shows a geometry
different to (2)-9b, the conformation for the sequence O6-N8-C8-C7-C6 being intermediate between
T andE with parameters Q=0.49(1) &=-28(1)°, andACs[N8]=0.059,AC,[C7]=0.049. The isoxazo-
lidine substituents C81 and C5 are on one side at 0.310(8) and 1.663(5) A and the C9 and N7 on the
other side of the least-squares best plane at —0.283(6) and -1.125(5) A. The dihedral angles between the
least-squares planes of the pyranose and isopropylidene groups are 103.5(2) and 98.9(2)°, and between
those of isoxazolidine and pyranose 69.6(3)°. Crystal cohesion by van der Waals interactions: there is
one intramolecular short contact C502=3.101(7) A.

3. Conclusion

The reactions studied here proceeded with complete regioselectivity to give isoxazolidines with the
nitro group at position 4. All the produc8-16 exhibited the 4,3fansrelationship, in agreement with
the stereospecificity rule of cycloaddition reactions. Table 5 summarizes the formed diastereomeric ratios
in the reaction mixtures and the global and isolated diastereomer vyields after chromatography. Only
two diastereomers were formed when the glycosyl substituent is at posifieh23for the b-galactose
derivatives9 and10, these isomers aexo/endaiastereomers, thexoone @) undergoing isomerisation
in contact with silica gel to its more stabte-facial diastereomeb; for the pentose derivativekl and
12, the initially formedexoadducts suffered no isomerisation by silica gel and seem to be the isomers
b andd, the tt-diastereofacial selectivity (expressed as formed diastereomeric ratio) rising:20
Starting from the sugar nitroalkengsand 8 and theC-phenyl nitrone4, the stereoselectivity is low,
as three isomers df3 and four of14 were formed (Table 5). Therefore, tago/endaand/or thert-facial
stereoselectivities seem to be generally better for reactio@sgbfcosyl nitrones than for those of sugar
nitroalkenes. The reactions between reagents both containing a sugar moiety gave the cycldadducts
and 16 with completeexo stereoselectivity, leading to andd with betterTt-diastereofacial selectivity
values (7:3 for 15and ~9:1 for 16), as a consequence of the double asymmetric induction exerted by
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Table 5
Diastereomeric ratios in the reaction mixtures by NMR) and globat and isolated diastereomer
yields®
Diastereomer ratios in the reaction mixtures (by IH NMR) and global? and isolated diastereomer yields?
Compd Formed diastereomer ratios Global yields % Isolated yields, %
9 d:cbab) 65:35 bc+d+c 54 b 19, dd
10 d:cbab) 67:33 bc+c 72 be 35, cf
11 b:d 65:35 (Only b) 48 b 48
12 b:d 61:39 b+d 73 b 46, d 27
13 c:a:bb(db) 55:36:9 c+a+b(d) 78 c 44, a 28, bd) 6
14 bb(db):ab(cb):ce:de  45:34:14:7 b+a+c+d 66 b 27,a25,c12,d2
15 b:db =70:30 b+d 52 b 41, d 11
16 bb:db >90:10 (Only b) 51 b 51

A fter chromatography on silica gel.

bThese configurational assignments are tentative.

CFormed during the chromatography.

dNot determined.

€An additional amount (22%) was present in other two fractions, but mixed with c.
f15% in two mixed fractions with b.

&For these minor isomers any configurational assignment could not be ascertained.

both sugar derivatives used as the reagents, which fornatehed pairWith respect to isolated products,

the major one agrees with the major formed product, exce@ &rd 10, where a partial isomerisation

of the adductgl andc (or @) to b occurs during the chromatographic separation; this fact is explained
assuming a silica gel catalysed cycloreversion of the kinetic adduct followed by a new cycloaddition to
the thermodynamically more stable one.

4. Experimental
4.1. General

TLC was performed on silica gel 60 plates (DC-Alufoliessd; E. Merck, or Alugram Sil G/UVYsg,
Macherey—Nagel), with detection by UV light (254 nm) or by charring wit&By. Silica gel 60 (E.
Merck) was used for column chromatography. Solutions were concentrated under reduced pressure.
Optical rotations were measured in CH@lith a Perkin—Elmer 241 MC polarimeter. IR spectra (films
on KBr discs) were recorded with an FTIR Bomem Michelson MB-120 spectrometer. UV spectra
were obtained on a Philips PU 8710 spectrophotomék¢iNMR spectra (500 MHz) and®C NMR
spectra (125.8 or 75.5 MHz) were recorded from solutions in GOELIDMSO-ds with a Bruker
AMX-500 or a Bruker AMX-300 spectrometer. Assignments were confirmed by decoupling and/or
homonuclear 2D COSY, 1D NOESY, and heteronuclear 2D correlated (HETCOR) experiments. HR-
El mass spectra (70 eV) were measured with a Kratos MS-80RFA instrument, with an ionising current
of 100 pA, an accelerating voltage of 4 kV, and a resolution of 10000 (10% valley definition). Fast-
atom bombardment mass spectrometry (FABMS) was performed on the same instrument; ions were
produced by a beam of xenon atoms (6—7 keV) using a matrix consistimgnifrobenzyl alcohol
or thioglycerol and Nal as salt. FAB-HRMS was performed on a VG Autospec spectrometer (Fisons
Instruments) (30 keV). Crystalline compounds were studied by X-ray diffraction; intensity data were
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collected from a single crystal on an Enraf-CAD4 diffractometer wittuaf20 scan technique at 295

K using a Mo-Kx radiation graphite monochromator, with scattering angles in the rarn@é<50°.

Three standard reflections measured every hour during the entire collection period showed no significant
trend. The raw step—scan data were converted into intensities and corrected for Lorentz and polarisation
factors, extinction factors were ignored. The structures were solved by direct methods usingft @92
refinement based dn of the non-H atoms by full matrix least-squares methods. The function minimised
was > W(|Fo|-|Fc|)? with w=1/6(Fo). All heavy atoms were refined with anisotropic parameters and

all hydrogen atoms were placed in geometrically calculated positions with C-H=1.00 A and included
as fixed contributors in the structure factor calculations with isotropic thermal parameters as the atom
to which they were bonded but not refined. Atomic scattering factors were takenlfiternational

Tables for X-Ray CrystallograpR¥y and all calculations were carried out with the X-ray system of
crystallographic progran®®. The geometrical analysis was performed using PARST.

4.2. (Z)-N-Benzyl-(1,2:3,4-d-isopropylidenex-D-galactopyranos-6-ylidene)amiri¢-oxide 1

A solution of 1,2:3,4-di©-isopropylidenex-D-galactohexodialdo-1,5-pyrano$g (1.29 g, 5 mmol)
in dichloromethane (20 mL) was added, with stirring, to a suspension of sodium hydrogencarbonate
(0.48 g), magnesium sulphate (0.80 g), 4 A molecular sieveNabenzyl-hydroxylamine hydrochloride
(0.85 g, 5.3 mmol) in dichloromethane (35 mL) at room temperature, and the stirring was maintained
for 5 h (monitoring by TLC). The mixture was then filtered and the filtrate was concentrated to give an
amorphous product (1.74 g, 96% of conversion'byNMR), column chromatography of which (2:3
hexane:EtOAc) afforded purk(1.16 g, 60%); after recrystallisation (EtOH)showed mp 105-107°C;
[«]p?*—111 € 1); (lit. 2 mp 106°C; X]p%° —120.5); UV (96% EtOH\max 240 nm €mm 4.60); IR (KBr)
Vmax 1616 (G=N) and 862 crmi! (NO); *H NMR (300 MHz, CDC}) & 7.44-7.37 (m, 5H, Ph), 6.72 (d,
1H, J5 6=5.1, H-6), 5.50 (d, 1HJ1 »=5.0, H-1), 5.01 (dd, 1HJ45=2.0, H-5), 4.91 (s, 2H, B,Ph), 4.74
(dd, 1H,J34=7.9, H-4), 4.61 (dd, 1HJ)23=2.4, H-3), 4.31 (dd, 1H, H-2), 1.56, 1.42, 1.33, 1.32 (each
s, each 3H, 4Me)*3C NMR (75.5 MHz, CDC$) § 136.6 (C-6), 132.1ipso-C of Ph), 129.3, 128.8,
128.7 (the other 5C of Ph), 109.2, 108.C{2e,), 95.9 (C-1), 70.2, 70.1 (C-2 and C-3), 69.6 (C-4),
69.1 CH2Ph), 65.4 (C-5), 25.9, 25.8, 24.7, 24.1 (4Me); HRM& 363.1686 (calcd for €H25NOe:
363.1682). Anal. calcd for {gH25NOg: C, 62.80; H, 6.93; N, 3.85. Found: C, 62.70; H, 7.00; N, 3.89.

4.3. £)-N-Benzyl-(30-benzyl-1,20-isopropylidene-D-xylofuranos-5-ylidene)aminid-oxide 2

A solution of 30-benzyl-1,20-isopropylidenex-b-xylo-pentodialdo-1,4-furano$? (1.90 g, 6.82
mmol) in dichloromethane (29 mL) was added, with stirring, to a suspension of sodium hydrogen-
carbonate (0.65 g), magnesium sulphate (1.14 g), 4 A molecular sievé\-bedzyl-hydroxylamine
hydrochloride (1.15 g, 7.2 mmol) in dichloromethane (48 mL) at room temperature, and the stirring was
maintained for 3 h (monitoring by TLC). The solids were filtered off and the filtrate was concentrated
at reduced pressure to give a solid residue that, after recrystallisation from 96% EtOH afforded pure
2 (1.83 g, 70%); mp 98-100°C]p2® -137 € 1); (lit.1® mp 96°C; ]p?° -135.7); IR (KBr) Vimax
1613 (G=N) and 860 cm! (NO); IH NMR (500 MHz, CDC}) & 7.36—7.18 (m, 10H, 2Ph), 6.86 (d,
1H, J45=4.4, H-5), 5.96 (d, 1HJ1 2=3.7, H-1), 5.28 (dd, 1HJ34=3.3, H-4), 4.91, 4.84 (each d, each
1H, Jgen=13.6, NGH,Ph), 4.60 (d, 1HJ53~0, H-2), 4.56 (d, 1H, H-3), 4.51, 4.42 (each d, each 1H,
Jgen=11.7, OGH,Ph), 1.49, 1.30 (each s, each 3H, 2MeéC NMR (75.5 MHz, CDC4) § 136.0 (C-5),
137.5, 132.0 (2psc-C of 2Ph), 129.5, 129.1, 128.9, 128.4, 127.8, 127.4 (the other 10C of 2Ph), 112.2
(CMey), 104.9 (C-1), 82.8 (C-2), 82.3 (C-3), 77.9 (C-4), 72.6Cf@Ph), 69.2 (NCH2Ph), 26.9, 26.3
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(2Me); HRMSm/z383.1736 (calcd for &H25NOs: 383.1733). Anal. calcd for £H25NOs: C, 68.91;
H, 6.57; N, 3.65. Found: C, 68.91; H, 6.54; N, 3.69.

4.4. )-N-Benzyl-(30-benzyl-1,20-isopropylidenes-D-ribofuranos-5-ylidene)aminbl-oxide 3

A solution of 3O-benzyl-1,20-isopropylidenex-b-ribo-pentodialdo-1,4-furanod? (0.78 g, 2.81
mmol) in dichloromethane (11 mL) was added, with stirring, to a suspension of sodium hydrogen-
carbonate (0.26 g), magnesium sulphate (0.47 g), 4 A molecular sievé\-bedzyl-hydroxylamine
hydrochloride (0.475 g, 2.97 mmol) in dichloromethane (20 mL) at room temperature, and the stirring
was maintained for 5 h (monitoring by TLC). The solids were filtered off and the filtrate was concentrated
at reduced pressure to give a solid residue that, after column chromatography (4:1 ether:hexane) afforded
pure3 (0.345 g, 32%); &]p?? +14 (€ 1); IR (KBr) vimax 1595 (G=N) and 866 criit (NO); *H NMR (500
MHz, CDCk) & 7.41-7.19 (m, 10H, 2Ph), 6.55 (d, 184,5=6.8, H-5), 5.72 (d, 1HJ; ,=3.5, H-1), 5.25
(dd, 1H,J34=8.7, H-4), 4.88, 4.85 (each d, each 1lgen=13.6, NGH>Ph), 4.60 (dd, 1HJ> 3=4.4, H-2),

4.61, 4.51 (each d, each 18}er=12.4, OCGH,Ph), 3.82 (dd, 1H, H-3), 1.62, 1.31 (each s, each 3H, 2Me),
13C NMR (125.8 MHz, CDCJ) § 134.0 (C-5), 137.3, 132.1 (@so-C of Ph), 129.3, 129.0, 128.8, 128.2
(the other 10C of Ph), 113.5Mey), 103.8 (C-1), 79.6 (C-3), 78.4 (C-2), 72.8 (C-4), 71.@Ph),
70.3 (NCH2Ph), 26.7, 26.4 (2Me); HRMB81/z383.17338 (calcd for £H25NOs: 383.17327). Anal. calcd
for C22H25NOs: C, 68.91; H, 6.57; N, 3.65. Found: C, 68.98; H, 6.47; N, 3.55.

4.5. Reaction of 4)-N-benzyl-(1,2:3,4-dB-isopropylidenex-D-galactopyranos-6-ylidene)amin®l-
oxide 1 with B-nitrostyrene 5. Preparation of 2-benzyl-3-(1,2:3,4-@-isopropylidenex-b-galacte
pentopyranos-5-yl)-4-nitro-5-phenylisoxazolidirges

A solution of 1 (0.235 g, 0.65 mmol) and (0.385 g, 2.60 mmol) in toluene (0.5 mL) was stirred at
50°C. After 24 h, the conversion was complete, as indicatetHoMMR, which showed the formation
of two diastereomers dd (65:35); for the major compone®d: (500 MHz, CDC}) & 7.49-7.26 (m,
10H, 2Ph), 5.60 (d, 1H]y »=5.1, H-T), 5.35-5.25 (br, 1H, H-5), 5.25 (dd, 1H34=4.7,J4,5=6.6, H-
4), 4.78, 4.00 (each d, each 1Byen=14.6, GHoPh), 4.58 (dd, 1HJ)y 3=2.7,J3 y=7.8, H-3), 4.38
(dd, 1H,Jy 5=1.5,J35=8.5, H-8), 4.36 (dd, 1H, H-2), 4.05 (dd, 1H, H-4), 3.6-3.3 (br, 1H, H-3),
1.63, 1.45, 1.34, 1.28 (each s, each 3H, 4Me); for the minor comp@®aemt9c: *H NMR (500 MHz,
CDClg) 8 7.48-7.26 (m, aromatics), 5.78 (d, 1H,5=6.6, H-5), 5.48 (d, 1HJ, »=5.1, H-1), 5.40 (dd,
1H, J34=2.3, H-4), 4.55 (dd, 1HJ)y 3=2.3,J3 4=8.0, H-3), 4.45, 4.32 (each d, each 1Byen=12.7,
CH,Ph), ~4.35 (dd, overlapped signal, H-3), 4.27 (dd, 1H, H-24.25 (overlapped signal, H-}% 3.76
(dd, 1H,Jy 5=1.7,J35=10.1, H-5), 1.63 (overlapped with one Me signal of the major component),
1.38, 1.28 (overlapped with other Me signal of the major component) and 1.18 (each s, each 3H, 2Me).
Preparative TLC (12:1 hexane:EtOAc) of the reaction mixture allowed us to discard the exbesmsdof
afforded 0.181 g (54%) of a 72:18:18H NMR) diastereomeric mixture; the major component was a
new diastereome®b, different H NMR) from any of the components in the original mixture before
chromatography, but the other two agreed with the former two. Treatment of this mixture with boiling
abs. EtOH gave a crystalline product (65 mg, 19.4%), mp 145-149°C, which pridedMR) to be a
63:37 mixture of the new and the original major components. Further recrystallisation afforded pure the
new major diastereomer (mp 143-144°C), crystallographic analysis of which allowed the unequivocal
assignment of its (3S5,4S,5R) absolute configuration, corresponding to the structu®-9®; [«]p?’
-112 € 1); UV (CH2Cl2) Amax 229 nM €mm 2.26); IR (KBr) Vimax 1562 and 1383 cit (NO,); 'H NMR
(500 MHz, CDC4) & 7.48-7.30 (m, 10H, 2Ph), 5.80 (dd, 183,4=3.5,J4 5=5.8, H-4), 5.53 (d, 1H, H-5),
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5.50 (d, 1H,Jy' »=4.9, H-1), 4.60 (dd, 1HJy 3=2.3,J3 4=8.0, H-3), 4.50 (dd, 1HJy 5=1.8, H-4),
4.48, 4.37 (each d, each 1Bjen=13.4, GH,Ph), 4.29 (dd, 1H, H-3, 4.19 (dd, 1HJ35=7.0, H-3), 3.77
(dd, 1H, H-8), 1.52, 1.36, 1.35, 1.30 (each s, each 3H, 4M&J; NMR (125.8 MHz, CDX) § 132.4,
129.3, 128.8, 128.4, 128.3, 127.7, 126.2 (2Ph), 109.4, 108K1€3), 96.2 (C-1), 94.1 (C-4), 81.4 (C-
5), 71.3 (C-3), 70.7 (C-3, 70.7 (C-4), 70.5 (C-2), 66.4 (C-B), 62.5 CH,Ph), 26.1, 25.8, 24.7, 24.1
(4Me); HRMSm/z512.2172 (calcd for &7H32N20g: 512.2159). Anal. calcd for £H32N2Og: C, 63.27;
H, 6.29; N, 5.47. Found: C, 63.16; H, 6.37; N, 5.45.

From the mother liquors slowly crystallised the other component, mp 170-173°C, which proved to be
identical (by'H NMR in CDCl) to 9d; *H NMR (500 MHz, DMSOdg) § 7.39-7.25 (m, 10H, 2Ph),
5.59 (d, 1HJy »=5.1, H-1), 5.40-5.30 (br, 1H, H-5), 5.29 (dd, 185 4=4.5,J4,5=6.4, H-4), 4.68 (dd,
1H, Jy 3=2.7,3 4=7.8, H-3), 4.67, 3.87 (each d, each 1Bjen=13.8, G4,Ph), 4.45 (dd, 1H, H-3,
4.26 (dd, 1HJy 5=1.6,J35=8.5, H-B), 4.02 (dd, 1H, H-4), 3.60-3.40 (br, 1H, H-3), 1.53, 1.39, 1.31,
1.27 (each s, each 3H, 4Me); NOE contacts (1D NOESY, DMig+0°C): H-3, H-4 (strong), N82Ph
(weak); H-4, H-3, H-4; H-5', H-4', Me; [after 5 days, the spectrum of this sample in DM&3showed
the presence of both diastereom@bsand9d, in a~89:11 ratio]; puredd was stable in CDG! 1H NMR
(500 MHz, CDC§) 6 7.38-7.34 (m, 10H, 2Ph), 5.61 (d, 1By, »=5.0, H-1), 5.37-5.25 (br, 1H, H-5),
5.25 (dd, 1HJ34=4.7,J45=6.6, H-4), 4.80, 4.00 (each brd, each Ilgn=14.0, GH>Ph), 4.58 (dd, 1H,

Jy 3=2.7,J3 4=7.8, H-3), 4.37 (dd, 1HJy 5=1.5,J3 5=8.5, H-8), 4.36 (dd, 1H, H-2, 4.05 (dd, 1H,
H-4'), 3.65-3.20 (br, 1H, H-3), 1.63, 1.45, 1.34, 1.28 (each s, each 3H, 4%@)NMR (75.5 MHz,
CDCls) 6 136.9, 136.8 (2pso-C of Ph), 128.9, 128.7, 127.9, 127.0, 126.2 (the other 10C of Ph), 109.9,
109.4 (Mey), 96.3, 96.2 (C-1and C-4), 83.7 (C-5), 71.0, 70.8 (C-3 and (;49.8 (C-2), 67.5 (C-

3'), 65.7 (C-5), 60.2 CH,Ph), 25.8, 25.7, 25.0, 24.3 (4Mé}i NMR (500 MHz, CDC}, —25°C), major
invertomer (86%)®d 7.50-7.24 (m, 10H, 2Ph), 5.65 (d, 184, »=5.1, H-1), 5.21 (overlapped d, 1H, H-
5), 5.21 (overlapped dd, 1H4,5=6.5,J3 4=not measured, H-4), 4.79, 4.07 (each d, eachJykh~=14.5,
CH,Ph), 4.56 (dd, 1H])y 3=2.6,J3 #=7.9, H-3), 4.38 (dd, 1H, H-2), 4.30 (dd, 1H,Jy 5=1.3,J3 5 =8.4,
H-5"), 3.98 (dd, 1H, H-4), 3.37 (brddJ; 4~3.5, 1H, H-3), 1.63, 1.44, 1.34, 1.25 (each s, each 3H, 4Me);
minor invertomer (14%)5 7.50-7.24 (m, 10H, 2Ph), 5.68 (d, 1H; =5.1, H-T), 5.80 (d, 1HJ45=5.7,
H-5), 5.41 (dd, 1HJ34=7.5, H-4), 4.62 (overlapped dd, 1H, H-3), 4.61 (overlapped dd,Jt=2.6,

Jy #=7.9, H-3), 4.49, 4.01 (each d, each 1B},~=13.7, GH,Ph), 4.40 (dd, 1H, H-2, 4.37 (overlapped
dd, 1H, H-4), 4.15 (dd, 1H,J35=10.1,J4 5 ~0.5, H-58), 1.54, 1.49, 1.32, 1.30 (each s, each 3H, 4Me).

4.6. Reaction of 4)-N-benzyl-(1,2:3,4-dP-isopropylidenex-b-galactopyranos-6-ylidene)amin®l-
oxide 1 with p-methoxyB-nitrostyrene6. Preparation of 2-benzyl-3-(1,2:3,4-f-isopropylidenex-D-
galactepentopyranos-5-yl)-4-nitro-p-methoxyphenylisoxazolidiné®

A solution of 1 (0.300 g, 0.83 mmol) and (0.594 g, 3.32 mmol) in toluene (0.6 mL) was stirred at
70°C. After 24 h, the conversion was complete, as indicatetHdyMR, which showed the formation of
10 as a 67:33 diastereomeric mixture; for the major diasteredider(500 MHz, CDC}) & 7.54-6.84
(m, 9H, Ph and —gH4—, both isomers), 5.59 (d, 1Hy' »=5.1, H-1), 5.22 (brdd, 1HJ34=3.5, H-4),
~5.2 (overlapped with the H-4 signal, 1H, H-5), 4.77, 3.98 (each d, eaclgti#=14.0, GHoPh), 4.57
(dd, 1H,Jy 3=2.6,J3 4=7.8, H-3), 4.35 (dd, 1H, H-2), ~4.3 (overlapped with the H*Zignal, H-3),
4.04 (dd, 1HJy 5=1.6, H-4), 3.83 (dd, 1HJ; 5=2.3, H-B), 3.79 (s, 3H, OMe), 1.59, 1.45, 1.34, 1.28
(each s, each 3H, 2CMg for the minor componeritOaor 10c (500 MHz, CDC§) 6 7.54—6.84 (m, 9H,
Ph and —GH4—, both isomers), 5.72 (dd, 1H3 4~J4 5~6.8, H-4), 5.63 (d, 1HJ4 5~7.0, H-5), 5.49 (d,
1H, Jy »=5.0, H-1), 5.38 (dd, 1HJ34~6.7,J3 5 ~2.4, H-3),~4.35 (overlapped with the other isomer)
and 4.11 (each d, each 1Bjem~14.5, GH,Ph), 4.55 (dd, 1H)y 3=2.4,J3 4=7.9, H-3), 4.27 (dd, 1H,
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H-2'), 3.80 (s, 3H, OMe), 4.34 (partially overlapped with the other isomer) (dd,J}H;=1.5, H-4),

3.78 (dd, 1H, H-5, 1.59, 1.44, 1.30, 1.27 (each s, each 3H, 2gM€olumn chromatography (12:1

to 3:1 gradient of hexane:EtOAc containing 2% oMY of the reaction mixture afforded 0.512 g of
pure recovere®, and three fractions containing isoxazolidine derivatives (global yield: 0.325 g, 72.1%),
two of which being mixed fractions (overall yield, 0.167 g) of the minor component (15%) with a new
diastereomer (22%), and the third consisting only of this 148b,(0.158 g, 35%; overall yield for this:
57%); oil; 'H NMR (300 MHz, CDC}) & 7.50-7.30 (m, 5H, Ph), 7.19 (d, 28, »=8.7, H-2 and H-6

of 4-MeO-GsHs-), 6.84 (d, 2H, H-3 and H-5 of 4-MeO+Ei4-), 5.73 (dd, 1HJ34=3.6,J45=5.9, H-4),

5.50 (d, 1H,Jy y=4.9, H-1), 5.46 (d, 1H, H-5), 4.59 (dd, 1Hy 3=2.3,J3 4=8.0, H-3), 4.48 (dd, 1H,

Jy 5=1.8, H-4), 4.45, 4.36 (each d, each 1Byen=13.4, GH,Ph), 4.28 (dd, 1H, H-2, 4.17 (dd, 1H,
J35=7.1,H-3), 3.77 (s, 3H, OMe), 3.76 (dd, 1H, H}51.50, 1.36, 1.34, 1.30 (each s, each 3H, 2ge
13C NMR (75.5 MHz, CDC4) § 159.9, 136.4, 129.2, 128.4, 127.6, 127.5, 124.2, 113.7 (PICalAd),
109.4, 108.6 (EMey), 96.1 (C-1), 94.1 (C-4), 81.2 (C-5), 71.2 (C-3), 70.7 (C}470.6 (C-3), 70.4
(C-2), 66.4 (C-5), 62.5 (CH2Ph), 55.0 (OMe), 26.1, 25.7, 24.6, 24.0 (26); HRMS m/z542.2264
(calcd for GgH34N20g: 522.2264). Anal. calcd for £gH34N2Og: C, 61.98; H, 6.32; N, 5.16. Found: C,
61.94; H, 6.30; N, 5.55.

4.7. Reaction of4)-N-benzyl-(30-benzyl-1,20-isopropylidene-D-xylofuranos-5-ylidene)amingl-
oxide 2 with B-nitrostyrene5. Preparation of 2-benzyl-3-(8-benzyl-1,20-isopropylidene-D-xylo-
tetrofuranos-4-yl)-4-nitro-5-phenylisoxazoliding$

Nitrone 2 (0.287 g, 0.75 mmol) was added to a solution500.447 g, 3.00 mmol) in toluene (2
mL) and the mixture was heated to reflux until the reaction was complete (3@ NMR). The 1H
NMR spectrum showed the presence of two diastereomeric adducts (65:35). Evaporation of the solvent
at reduced pressure and subsequent column chromatography (1:6 ether:hexane) led to separate the excess
of 5 and to isolate pure the major componénb as an oil (0.191 g, 48%){]p%° +2 (c 1); IR (KBr)

Vmax 1555 and 1373 ciit (NO,); TH NMR (500 MHz, CDC}) § 7.42—7.17 (m, 15H, 3Ph), 5.87 (d, 1H,
Jy 7=3.7, H-1), 5.75 (d, 1H,J45=6.3, H-5), 5.52 (dd, 1HJ34=2.3, H-4), 4.54 (d, 1HJ» 3=0, H-2),
4.52 (dd, 1H,J3 #=8.7, H-3), 4.35 (dd, 1HJ)3 4=3.2, H-4), 4.48, 4.26 (each d, each 1Byen=11.8,
OCH,Ph), 4.43, 4.09 (each d, each 1en=13.5, NGH,Ph), 4.05 (d, 1H, H-3, 1.45, 1.29 (each s, each
3H, 2Me); NOE contacts (1D NOESY): H-5, H;INCH,Ph; H-4, H-3, H-4; 3C NMR (75.5 MHz,
CDCls) & 136.8, 136.4, 135.4 (pso-C of Ph), 128.9, 128.8, 128.7, 128.5, 128.4, 128.2, 128.0, 127.9,
127.7,127.6, 126.7, 126.2 (the other 15C of Ph), 11QN&>), 105.0 (C-1), 97.2 (C-4), 83.9 (C-5), 81.9
(C-2), 81.2 (C-3), 80.0 (C-4), 71.7 (CCH,Ph), 68.0 (C-3), 60.3 (NH,Ph), 26.9, 26.1 (2Me); HRMS
m/z532.22131 (calcd for §gH32N207: 532.22095). Anal. calcd for 4gH32N207: C, 67.65; H, 6.06; N,
5.26. Found: C, 67.73; H, 6.15; N, 5.06. The minor diastereadierhad (from the reaction mixture)
IH NMR (500 MHz, CDC}) § 7.56-7.17 (m, aromatics), 5.97 (d, 18y »=4.0, H-1), 5.59 (d, 1H,
J45=6.0, H-5), 5.13 (dd, 1HJ34~5.0, H-4), 4.62 (dd, 1HJ» 3~0.8, H-2), 4.22 (dd, 1H,J3 4=7.6,
J3.4=4.9, H-3), 4.35 (overlapped with the major isomer, H-4.71, 3.92 (each d, each 1B}e~=14.8,
NCH>Ph), 4.51 (d, 1H,)gen=11.4) and~4.0 (overlapped with the major isomer, 1H, both: @€h),
4.02 (dd, 1H,Jy 4=4.4, H-3), 1.47, 1.31 (each s, each 3H, 2Mé&JC NMR (75.5 MHz, CDC}) &
136.8-126.2 (18 aromatic C, overlapped with signals of the major isomer), X121€Y, 105.3 (C-1),
96.8 (C-4), 82.9 (C-5), 82.6 (C-R 82.4 (C-3), 80.7 (C-4), 70.3 (CQCH»Ph), 68.0 (C-3), 61.2 (N§H,Ph),
26.9, 26.1 (2Me).
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4.8. Reaction of 4)-N-benzyl-(30-benzyl-1,20-isopropylidenes-D-ribofuranos-5-ylidene)aminé\-
oxide 3 with B-nitrostyrene §). Preparation of 2-benzyl-3-(8-benzyl-1,20-isopropylidenex-D-ribo-
tetrofuranos-4-yl)-4-nitro-5-phenylisoxazolidin&g

Compound5 (0.233 g, 1.56 mmol) was added to a solution of nitré€.150 g, 0.39 mmol) in
toluene (3.8 mL) and the mixture was heated to reflux for 24-hNMR of the mixture showed the
presence of two diastereomers (61:39). Evaporation of the solvent at reduced pressure and subsequent
column chromatography (1:8 ether:hexane) led to the separation of the Bxaeb$o the isolation of the
two new products. The major componefh2l) was an oil (0.096 g, 46%){]p° +116 € 1); IR (KBr)
Vmax 1553 and 1375 cit (NO,); *H NMR (500 MHz, CDC}) § 7.41-7.17 (m, 15H, 3Ph), 5.74 (d, 1H,
J45=5.6, H-5), 5.66 (d, 1H)y »=3.6, H-1), 5.49 (dd, 1HJ3 4=4.9, H-4), 4.45 (dd, 1H)y 3=4.4, H-2),
4.45,4.21 (each d, each 1B}en=11.6, OGH,Ph), 4.39 (dd, 1H)3 4=8.8,J3 #=3.0, H-4), 4.32 (s, 2H,
NCH,Ph), 4.13 (dd, 1H, H-3), 3.85 (dd, 1H, H)31.57, 1.31 (each s, each 3H, 2Me); NOE contacts (1D
NOESY): H-4, H-3, H-3, H-4"; H-5, NCH,Ph; 13C NMR (125.8 MHz, CDCJ) & 137.1, 136.3, 136.2
(3 ipsoC of Ph), 129.3, 128.7, 128.4, 128.3, 127.9, 127.8, 127.7, 126.5 (the other 15C of Ph), 113.4
(CMey), 103.9 (C-1), 94.7 (C-4), 82.1 (C-5), 78.5 (C¥ 78.3 (C-3), 77.3 (C-2), 71.8 (CCH2Ph), 69.9
(C-3), 61.7 (NCH2Ph), 26.8, 26.6 (2Me); HRM$#1/2532.22126 (calcd for €gH32N207: 532.22095).
Anal. calcd for GgH32N2O7: C, 67.65; H, 6.06; N, 5.26. Found: C, 67.57; H, 5.84; N, 5.04. The minor
isomer12d was an oil (0.056 g, 27%);{]p8 +3 (c 1); IR (KBr) vmax 1553 and 1373 cit (NO,);

'H NMR (500 MHz, CDC}) § 7.46-7.17 (m, 15H, 3Ph), 5.88 (d, 1By »=3.8, H-1), 5.71 (d, 1H,
J45=6.4, H-5), 5.48 (dd, 1HJ34=3.8, H-4), 4.54 (dd, 1HJ, 3=4.6, H-Z), 4.35, 4.02 (each d, each
1H, Jgen=11.0, OCGH,Ph), 4.33, 4.31 (each d, each 1Hen=12.6, NGH,Ph), 4.15 (dd, 1HJ3 4=8.5,
J34=4.2, H-4), 4.10 (dd, 1H, H-3), 3.69 (dd, 1H, HB 1.54, 1.34 (each s, each 3H, 2M&JC NMR
(125.8 MHz, CDC}) 6 137.0, 135.8, 135.5 (Bso-C of Ph), 129.8, 129.0, 128.7, 128.5 128.2, 128.0,
127.9, 127.8, 127.0, 126.4 (the other 15C of Ph), 118Md>), 104.4 (C-1), 96.9 (C-4), 83.7 (C-5),
79.5 (C-4), 78.9 (C-3), 77.2 (C-2), 71.7 (CCH»Ph), 69.3 (C-3), 61.2 (8H,Ph), 26.6, 26.5 (2Me);
HRMS m/z532.22369 (calcd for §H32N207: 532.22095). Anal. calcd for £gH32N207: C, 67.65; H,
6.06; N, 5.26. Found: C, 67.66; H, 6.03; N, 5.03.

4.9. Reaction of K)-6,7-dideoxy-1,2:3,4-dB-isopropylidene-7-nitrax-D-galactehept-6-eno-1,5-
pyranose? with (Z)-N-benzyl-benzylideneaming-oxide 4. Preparation of 2-benzyl-5-(1,2:3,4-)-
isopropylidenex-D-galactepentopyranos-5-yl)-4-nitro-3-phenylisoxazolidirks

Nitrone 4 (0.143 g, 0.68 mmol), prepared following a procedure similar to that used fdt-thethyl
analogué’! was added to a solution af (0.205 g, 0.68 mmol) in toluene (3.4 mL) and the mixture
was heated to reflux for 24 HH NMR of the mixture showed the presence of three diastereomers
(55:36:9). Evaporation of the solvent at reduced pressure and subsequent column chromatography (14:1
hexane:EtOAc) led to three fractions (global yield: 0.273 g, 78%). First eluted was a pure compound
(0.088 g, 25%), but the second fraction contained an additional amount of the same compound (total:
0.097 g, 28%); it crystallised from EtOH, mp 145-147°C, and was unambiguously characterised by X-ray
diffraction analysis as the 83R,4R,5R) diastereomer @-13g [«]p?! -10 (€ 1); IR (KBr) vimax 1561
and 1383 crm! (NO2); H NMR (300 MHz, CDC}) § 7.54-7.27 (m, 10H, 2Ph), 5.57 (d, 184; »=5.1,

H-1'), 5.39 (dd, 1H,J34=6.9, J45=2.7, H-4), 4.93 (dd, 1HJ55=8.4, H-5), 4.59 (dd, 1HJy 3=2.4,
Jy 4=7.7, H-3), 4.35 (dd, 1H, H-2), 4.28 (d, 1H, H-3), 4.19-4.14 (m, 2H, H-and H-B), 4.00, 3.84
(each d, each 1Hlgen=14.6, GHoPh), 1.60, 1.40, 1.36, 1.29 (each s, each 3H, ANRE;NMR (75.5
MHz, CDCk) 6 136.7, 135.1, 129.0, 128.1, 128.0, 127.9, 127.1 (2Ph), 109.5, 108M6e(, 96.5 (C-
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4), 96.3 (C-1), 78.2 (C-5), 76.1 (C-3), 70.5 (C-B 70.5 (C-2), 70.3 (C-4), 66.5 (C-3), 58.7 CH2Ph),
25.9, 25.7, 24.8, 24.2 (4Me); HRM®/z512.2168 (calcd for &7H32N20g: 512.2159). Anal. calcd for
Co7H3oN20s: C, 63.27; H, 6.29; N, 5.47. Found: C, 63.21; H, 6.35; N, 5.46. The second fraction was an
0il (0.030 g), a mixture of a small amountb8aand the minor component of the reaction mixtut8i{or

13d, 6% yield); 'H NMR (300 MHz, CDC}) § 7.51-7.30 (m, 10H, 2Ph), 5.58 (d, 184 y=4.9, H-1),
5.34 (dd, 1HJ34=7.0,J45=3.8, H-4), 4.93 (dd, 1H)5 5=8.2, H-5), 4.63 (dd, 1HJ, 3=2.5,J3 4=7.8,
H-3'), 4.34 (dd, 1H, H-2), 4.33 (dd Jy 5=1.8, H-4), 4.29 (d, 1H, H-3), 4.23 (dd, 2H, H-} 4.06, 3.93
(each d, each 1Hlgen=15.1, GH,Ph), 1.57, 1.40, 1.36, 1.31 (each s, each 3H, ANRE;NMR (75.5
MHz, CDCk) & 136.6, 135.1, 129.1, 128.1, 128.0, 127.6, 127.1, 127.0 (2Ph), 109.9, 1@3v&{p
96.3 (C-1), 95.4 (C-4), 80.1 (C-5), 76.1 (C-3), 70.8 (C}270.3 (C-3), 70.2 (C-4), 66.9 (C-3), 58.4
(CH2Ph), 26.0, 25.7, 24.9, 24.3 (4Me). Last eluted was the pure major compd8gd (155 g, 44%);

oil; IR (KBr) vimax1579 and 1377 ciit (NO2); *H NMR (300 MHz, CDC}) § 7.48-7.33 (m, 10H, 2Ph),
5.63 (dd, 1HJ34=8.0,J45=4.6, H-4), 5.58 (d, 1HJy »=4.9, H-1), 5.10 (dd, 1HJ55=1.5, H-5), 4.60
(dd, 1H,Jy 3=2.5,J3 4=8.0, H-3), 4.33 (dd, 1H, H-2), 4.19 (dd, 1HJy 5=1.9, H-4), 4.08 (d, 1H,
H-3), 4.05 (dd, 1H, H-9, 4.00, 3.69 (each d, each 1B}en=14.6, GH,Ph), 1.61, 1.42, 1.42, 1.30 (each
s, each 3H, 4Me):3C NMR (75.5 MHz, CDC}) § 136.8, 132.6,129.1, 128.8, 128.1, 127.2 (2Ph), 109.6,
108.9 (Mey), 96.2 (C-1), 92.6 (C-4), 80.1 (C-5), 74.3 (C-3), 71.2 (CyA70.4 (C-3), 70.1 (C-2),
65.5 (C-8), 59.0 CH2Ph), 26.0, 25.1, 24.8, 23.7 (4Me); HRM¥z512.2168 (calcd for &H32N20s:
512.2159). Anal. calcd for £H32N20s: C, 63.27; H, 6.29; N, 5.47. Found: C, 62.99; H, 6.42; N, 5.25.

4.10. Reaction of H)-3-O-benzyl-5,6-dideoxy-1,@-isopropylidene-6-nitrax-b-xylo-hex-5-eno-1,4-
furanose8 with (Z)-N-benzyl-benzylideneaming-oxide 4. Preparation of 2-benzyl-5-(8-benzyl-1,
2-O-isopropylidenea-D-xylo-tetrofuranos-4-yl)-4-nitro-3-phenylisoxazoliding4

Nitrone 4 (0.101 g, 0.477 mmol) was added to a solution of the nitroall&e(@153 g, 0.477 mmol)
in toluene (2.5 mL), and the mixture was heated to reflux for 18-hNMR of the mixture showed
the presence of four diastereomers (45:34:14:7). Column chromatography (1:8 ether:hexane) afforded
separately the isomers (global yield: 0.168 g, 66%) as oils. The major isddiero¢ 14d, 0.069 g,
27%) had ]p!® +60 ( 1); IR (KBr) vmax 1557 and 1377 cimt (NO,); *H NMR (500 MHz, CDC})
§ 7.45-7.10 (m, 15H, 3Ph), 6.00 (d, 1B}, »=3.8, H-T), 5.60 (dd, 1HJ34=8.0, J45=4.6, H-4), 5.08
(dd, 1H,Jy 5=1.5, H-5), 4.55 (d, 1HJ» =0, H-2), 4.47 (dd, 1HJ3 4=3.8, H-4), 4.45, 4.33 (each
d, each 1HJgen=12.0, OCGHPh), 4.13 (d, 1H,J34=8.0, H-3), 3.97, 3.66 (each d, each 1len=14.6,
NCH,Ph), 3.91 (d, 1H, H-3, 1.47, 1.32 (each s, each 3H, 2Me); NOE contacts (1D NOESY): H-5, H-4
H-3', (H-4: low intensity); H-4, H-313C NMR (125.8 MHz, CDGJ) § 137.1, 135.8, 132.5 (®so-C of
Ph), 129.2, 128.8, 128.7, 128.5, 128.4, 128.3, 128.2, 128.0, 127.2 (the other 15C of Ph)CM&.), (
105.3 (C-1), 93.0 (C-4), 81.3 (C-2, 80.7 (C-3), 79.3 (C-5), 78.3 (C-3, 74.9 (C-3), 71.6 (TH,Ph),
59.3 (NCH2Ph), 26.8, 26.2 (2Me); HRM#1/2532.22240 (calcd for §H32N207: 532.22095). Anal.
calcd for GgHz2N20O7: C, 67.65; H, 6.06; N, 5.26. Found: C, 67.53; H, 5.85; N, 4.88. The second
main isomer {4aor 14¢ 0.064 g, 25%) hadof]p® -71 ( 1); IR (KBr) vmax 1555 and 1373 cmt
(NO2); *H NMR (500 MHz, CDC}) § 7.47—7.19 (m, 15H, 3Ph), 5.93 (d, 18; »=3.6, H-1), 5.45 (dd,
1H, J34=6.4,J45=2.8, H-4), 5.01 (dd, 1H)4 5=7.0, H-5), 4.58 (dd, 1H)3 4=3.3, H-4), 4.52 (d, 1H,
Jy =0, H-2), 4.45, 4.39 (each d, each 18}e,=11.8, OCGH,Ph), 4.29 (d, 1H, H-3), 4.03, 3.84 (each d,
each 1HJgen=14.4, NGH,Ph), 3.88 (d, 1H, H-3, 1.52, 1.32 (each s, each 3H, 2Me); NOE contacts (1D
NOESY): H-5, (H-4: low intensity); H-4, H-4 (H-5 and H-3: low intensity); H-3, NB,Ph, (H-4: low
intensity); 13C NMR (125.8 MHz, CDCJ) § 136.8, 136.7, 135.5 (pso-C of Ph), 130.0, 129.9, 128.5,
128.4,128.3,128.2,128.1, 128.0, 127.8, 127.7, 127.3, 127.2 (the other 15C of Ph)CM&,), (L05.3
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(C-1), 96.6 (C-4), 82.4 (C-3, 81.0 (C-3), 79.8 (C-4), 77.7 (C-5), 76.1 (C-3), 72.3 (€H,Ph), 59.0
(NCH2Ph), 26.9, 26.3 (2Me); HRM#&1/z2532.21744 (calcd for §H32N207: 532.22095). Anal. calcd

for C3oH32N207: C, 67.65; H, 6.06; N, 5.26. Found: C, 67.85; H, 6.08; N, 5.05. The third diastereomer in
order of decreasing yieldl¢cor 14a 0.030 g, 12%) hadH NMR (500 MHz, CDC}) § 7.39-7.18 (m,
15H, 3Ph), 5.90 (d, 1HJ]y' »=4.0, H-1), 5.05 (dd, 1H,J3 4=7.1,J4,5=4.6, H-4), 4.92 (dd, 1H], 5=6.6,

H-5), 4.67 (dd, 1HJy 4=4.6, H-4), 4.54, 4.42 (each d, each 1Byen=11.4, OCGH,Ph), 4.44 (d, 1H,

Jy 3~0,H-2),4.31(d, 1H, H-3), 4.08, 3.90 (each d, each Ijin=14.2, NGH,Ph), 4.07 (d, 1H, H-3,

1.52, 1.31 (each s, each 3H, 2M&JC NMR (75.5 MHz, CDC}) § 136.6, 135.8, 135.0 (so-C of

Ph), 129.2, 128.9, 128.4, 128.1, 128.0, 127.8, 127.7, 127.6, 127.4 (the other 15C of Ph)CM&} (
105.4 (C-1), 96.0 (C-4), 82.6 (C-2, 82.5 (C-3), 80.1 (C-4), 79.7 (C-5), 74.6 (C-3), 71.6 (CH2Ph),

58.5 (NCH,Ph), 27.2, 26.7 (2Me). The minor diastereomietd or 14b, 0.005 g, 2%) hadH NMR (300

MHz, CDCk) & 7.42-7.04 (m, 15H, 3Ph), 5.96 (d, 184; »=3.6, H-1), 5.55 (dd, 1H,)34=7.8,J45=5.1,

H-4), 5.25 (dd, 1H,Jy 5=6.4, H-5), 4.62 (d, 1HJy 3 ~0, H-2), 4.47 (dd, 1HJy 4=3.6, H-4), 4.43,

4.32 (each d, each 1Hgen=11.8, OGH,Ph), 3.97, 3.66 (each d, each 1Hen=14.0, NGH,Ph), 4.12 (d,

1H, H-3), 4.06 (d, 1H, H-3, 1.50, 1.33 (each s, each 3H, 2M&C NMR (75.5 MHz, CDC}) § 137.0,
135.5, 131.9 (3pso-C of Ph), 129.1, 128.7, 128.6, 128.5, 128.4, 128.3, 128.1, 127.9, 127.8 (the other
15C of Ph), 112.1¢Mey), 105.1 (C-1), 93.5 (C-4), 82.8 (C-3, 81.4 (C-2), 78.2 (C-4), 78.4 (C-5),

74.9 (C-3), 71.9 (@H,Ph), 58.4 (NCH2Ph), 29.6 (double intensity, 2Me).

4.11. Reaction of4)-N-benzyl-(1,2:3,4-d2-isopropylidenex-D-galactopyranos-6-ylidene)amins-
oxide 1 with (E)-6,7-dideoxy-1,2:3,4-dd-isopropylidene-7-nitrax-D-galactehept-6-eno-1,5-pyranose
7. Preparation of 2-benzyl-3,5-bis-(1,2:3,4-0Hsopropylidenex-D-galactepentopyranos-5-yl)-4-
nitroisoxazolidinesl5

Nitroalkene7 (0.186 g, 0.615 mmol) was added to a solutiod 9.223 g, 0.615 mmol) in toluene (4.4
mL), and the mixture was heated to reflux for 18 h. After elimination of the solvent at reduced pressure,
the residue was subjected to column chromatography (1.6 ether:hexane). A porfiovasfrecovered
unreacted (38.5 mg, 21%). The major produdilf, 0.169 g, 41%) had mp 185-187°@]p2¢ -104
1); IR (KBr) vmax 1555 and 1377 cm (NO); 'H NMR (500 MHz, DMSOdg, at 50°C) (protons of
the sugar moiety on 3-position of the isoxazolidine ring are noted;Hhose of the sugar moiety on
5-position are noted Hf) § 7.40-7.20 (m, 5H, Ph), 5.80 (dd, 18§ 4=6.5,J4 5=4.4, H-4), 5.56 (d, 1H,
Jy #=5.0, H-T), 5.47 (d, 1H,Jy» »»=4.9, H-1"), 4.65 (dd, 1HJy 3=2.5,J3 4=7.7, H-3), 4.57, 3.85
(each d, each 1Hgen=14.6, tH2Ph), 4.56 (dd, 1HJy 3:=2.2,J3" 4-=8.0, H-3), 4.53-4.47 (brm, 1H,
H-5), 4.40 (dd, 1H, H-2, 4.32 (dd, 1H, H-2), 4.30 (dd, 1H,J4 5-=1.5, H-4"), 4.05 (dd, 1H,])y 5=1.3,
H-4’), 3.98 (dd, 1HJ35=9.0, H-8), 3.93 (dd, 1HJ55-=6.8, H-8"), 3.61-3.53 (brm, 1H, H-3), 1.45,
1.42, 1.40, 1.36, 1.31, 1.29, 1.27, 1.20 (each s, each 3H, 8Mell\MR (500 MHz, CDC}, —25°C),
major invertomer (77%)8 7.45-7.26 (m, 5H, Ph), 5.75 (dd, 1B 4=6.0,J45=3.2, H-4), 5.64 (d, 1H,
Jy »=5.0,H-1),5.48 (d, 1HJ;" »»=4.8,H-1"), ~4.59 (dd, 1H, H-5), 4.55 (dd, 1Hy 3=2.6,J3 4=7.8,
H-3'), 4.61, 4.28 (each d, each 1B§en=15.2, GH,Ph), 4.39 (dd, 1H)y 3-=2.1,J3 4-=8.1, H-3'),4.34
(dd, 1H, H-2), 4.22 (dd, 1H, H-2), 4.11 (dd, 1HJ," 5-=0.5, H-4"), 3.96 (dd, 1HJy 5 ~0.5, H-4),
3.90 (dd, 1H,J35=9.4, H-8), 3.89 (dd, 1HJs 5-=5.6, H-8"), 3.62 (dd, 1H, H-3), 1.51, 1.49, 1.45, 1.31,
1.29,1.28,1.24,1.17 (each s, each 3H, 8Me); minor invertomer (Z8%:0—-7.20 (m, 5H, Ph), 6.08 (dd,
1H, J34=7.1,J45=4.4, H-4),~5.64 (d, 1H, overlapped, H-}, 5.53 (d, 1HJ;~ »-=5.0, H-1"), 4.48 (dd,
1H, overlapped, H-3, ~4.59, 4.16 (each d, each 1Byen=13.6, (H2Ph), ~4.35 (dd, 1H,J3" 4'=8.3,
H-3""), 5.27 (dd 1H, H-5),~4.26 (dd, 1H, H-2), ~4.22 (dd, 1H, H-2), ~4.10 (dd, 1H, overlapped,
H-4"), ~4.00 (dd, 1H, overlapped, H-}¥ ~4.10 (dd, 1HJ35=10.9, H-5), ~3.90 (dd, 1HJ5 5-=5.9,
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H-5"), 4.66 (dd, 1H, H-3), 1.51, 1.49, 1.45, 1.31, 1.29, 1.28, 1.24, 1.17 (each s, each 3H, 8Me); NOE
contacts (1D NOESY, at —-25°C; for the major invertomer): H-3, H-B>Eh (one of the protons), H-

5”; 13C NMR (125.8 MHz, CDX) & ~136.3br, 130.3, 128.7, 127.7, 127.0 (Ph), 109.6, 109.4, 109.2,
108.7 (£Mey), 96.3 (C-1), 96.2 (C-1), 91.2 (C-4), 80.5br (C-5), 71.1 (C¥ 70.8 (C-3), 70.8 (C-2'),

70.5 (C-3), 70.0 (C-4'), 69.8 (C-2), 66.2 (C-5"), 64.9 CH2Ph), 64.6 (C-95, ~60.1br (C-3), 26.1,
26.0, 25.7, 25.4, 25.0, 24.7, 24.4, 24.0 (8Me); HRM&664.2842 (calcd for ©H44N2013: 664.2843).

Anal. calcd for GoH44N2O13: C, 57.82; H, 6.67 N, 4.21. Found: C, 57.78; H, 6.66; N, 4.15. For the
minor component, present in a mixed fraction (44.7 mg, 11% yieldjb)MR), the structurel5d was
tentatively assigned,; it had (only distinct signais) NMR (500 MHz, CDC}) § 5.53 (d, 1H,Jy" »=5.0,

H-1"), 5.51 (d, 1HJ;” »v=5.0, H-1"), 5.31 (dd, 1H,J34=6.0,J4,5=2.8, H-4),~4.50 (overlapped dd, 1H,
Jz”’3”=2.2, H-S,), 4.39 (dd, 1H,\J4”3’=7.9,J4”5’=l.3, H'4), 3.90 (dd, 1H,J3’5’=7.8, H'S), 3.85 (dd,

1H, J55:=8.0, H-8"), 3.42-3.40 (brm, 1H, H-3), 1.55, 1.52, 1.43, 1.39, 1.36, 1.32, 1.29, 1.25 (each s,
each 3H, 8Me)*3C NMR (125.8 MHz, CDC) § 109.9, 109.5, 108.9, 108.6@Me,), 96.4 (C-1), 96.3
(C-1"), 91.3 (C-4), 79.7 (C-5), 71.5 (C-3), 70.7, 70.6, 70.4, 70.2, 70.2, 68.7 (C&, C-2, C-4",

C-37, C-2"), 66.4br (C-5), 64.6 (C-5), 60.8 CH2Ph), 26.2, 26.0, 25.7, 25.6, 24.9, 24.9, 24.2, 24.1
(8Me).

4.12. Reaction of Z)-N-benzyl-(30-benzyl-1,20-isopropylidenex-D-xylopyranos-5-ylidene)amine
N-oxide 2 with (E)-3-O-benzyl-5,6-dideoxy-1,@-isopropylidene-6-nitrox-D-xylo-hex-5-eno-1,
4-furanose 8. Preparation of (%,4S,55)- 16b or (3R,4R,5R)-2-benzyl-3,5-di-(32-benzyl-1,20-
isopropylidenes-D-xylo-tetrofuranos-4-yl)-4-nitroisoxazoliding6d

Nitrone 2 (0.205 g, 0.536 mmol) was added to a solutior8@0.172 g, 0.536 mmol) in toluene (3.7
mL) and the mixture was heated to reflux for 18- H.NMR of the reaction mixture showed resonances
for a main product accompanied by small signals of an isom&0%). After evaporation of the solvent,
the residue was subjected to column chromatography (1:2 ether:hexane) to give a major coripbund (
or 16d, 0.192 g, 51%); oil; &]p2> —90 (c 1); IR (KBr) Vmax 1559 and 1379 ciit (NOy); 'H NMR (500
MHz, CDCh) (protons of the sugar moiety on 3-position of the isoxazolidine ring are noteq tHase
of the sugar moiety on 5-position are noted M} 7.40-7.17 (m, 15H, 3Ph), 5.92 (d, 184, »/=3.8,
H-1"), 5.89 (d, 1H,Jy' »=3.8, H-T), 5.28 (dd, 1H,J34=5.0, J45=3.4, H-4), 4.83 (dd, 1HJ4" 5=7.0,
H-5), 4.60 (d, 1HJy 3-=0, H-2"), 4.50 (d, 1HJy 3 =0, H-2), 4.52, 4.49 (each d, each 1Ben=11.7,
OCH2Ph), 4.41, 4.37 (each d, each 1Hen=11.4, OGHPh), 4.50, 4.13 (each d, each 1Hen=14.5,
NCH2Ph), 4.43 (dd, 1HJ)y 4=3.4, H-4), 4.39 (dd, 1HJ3" 4-=3.4, H-4"), 4.14 (d, 1H, H-8), 4.01 (dd,
1H,J3 4=9.2, H-3), 3.81 (d, 1H, H-3), 1.50, 1.46, 1.32, 1.29 (each s, each 3H, 4M#J;NMR (125.8
MHz, CDCl) 6 137.4, 136.7, 136.7 (so-C of Ph), 129.1, 128.6, 128.5, 128.4, 128.3, 128.1, 128.0,
127.9, 127.8, 126.9, 126.8 (the other 15C of Ph), 112.0, 11CMI€3), 105.4 (C-1), 105.2 (C-1), 92.5
(C-4),82.9(C-3),82.6 (C-2),81.3(C-2'), 80.7 (C-4), 80.6 (C-3), 78.9 (C-4"), 78.9 (C-5), 72.2,71.5
(20CH2Ph), 70.4 (C-3), 60.8 (NH,Ph), 26.8, 26.7, 26.2, 26.1 (4Me); HRM®z704.29118 (calcd for
C3gH44N2011: 704.29451). Anal. calcd for4£gH44N2011: C, 64.76H, H, 6.29; N, 3.98. Found: C, 64.81,
H, 6.40; N, 3.70.

4.13. Crystallographic analysis for §-9bf

The compound crystallised as colourless rectangular parallelpipeds. A crystal of dimensions
0.20x0.36x0.45 mm was used for X-ray investigations; it belonged to the orthorhombic system with

t Lists of the atomic coordinates, hydrogen coordinates, and thermal parameters have been deposited at the Cambridge
Crystallographic Data Centre.
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systematic absences consistent with the space groupi B2 Accurate cell dimensions and crystal
orientation matrix, determined on an Enraf-CAD4 diffractometer by least-squares treatment of the
setting angles of 25 reflections in the rangefx25°, werea=11.086(10) b=24.755(4), and=9.577(2)

A, a=B=y=90°,V=2626(2) &, dcac=1.30 g cm? for Z=4, F(000)=1088 and the absorption coefficient
u=0.096 mm?*. A total of 2670 independent reflections were collected, 1825 intensities greater than
20(lp) were used as observed for the structure determination. The final discrepancy factors were
R=0.060 andrRw=0.071 for 334 variables, average shift/e.s.d. was 0.002, maximum and minimum
electron densities were 0.29 and —0.30€ Aespectively.

4.14. Crystallographic analysis for §-13a*

The compound crystallised as colourless prisms. A crystal of dimensions @.480.52 mm was
used for X-ray study; it belonged to the monoclinic space group R2curate cell dimensions and
crystal orientation matrix, determined on an Enraf-CADA4 diffractometer by least-squares treatment of the
setting angles of 25 reflections in the rangeb2 25°, werea=11.331(8)b=12.841(1), and=9.709(8) A,
=90, B=102.54(1),y=90°,V=1379(2) &, dcac=1.23 g cm? for Z=2, F(000)=544 and the absorption
coefficientp=0.091 mm?. A total of 3156 independent reflections were collected, 2110 observed for
| greater than @(lp). The final discrepancy factors weRe0.050 andRw=0.046 for 333 variablesy(
coordinate for O1 was held fixed), maximum and minimum electron densities were 0.41 and -0.21 e
A3, respectively.
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