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I Glycoconjugates 
Synthesis of Constrained C-Glycosyl Amino Acid Derivatives 
Involving 1,3-Dipolar Cycloaddition of Cyclic Nitrone as Key 
Step 
Florian Rouzier,[aJ Rosanne Sillé,[aJ Ophélie Montièqe.l'" Arnaud Tessier/bl Muriel Pipelier.í'" 
Gilles Dujardin.!" Arnaud Martel.l" Arnaud Nourry,*[al and Stéphane Guillarme*[aJ 

Abstract: An efficient two-step strategy for the synthesis of 
constrained C-glycosyl amino acid derivatives from C-vinyl 
glycosides involving a 1,3-dipolar cycloaddition using L-(-) 
menthone-derived nitrone as the key step is described. After 
optimization of 1,3-dipolar cycloaddition conditions, various 
C-vinylglycosides were tested leading exclusively to one dia- 

stereoisomer of the corresponding cycloadduct in good to ex 
cellent yields. The total facial selectivity observed was also stud 
ied by DFT calculations. Original conformationally restricted 
C-glycosyl amino acid derivatives (8 examples) were isolated 
after simple cleavage of the chiral auxiliary. 

Introduction 
Glycoconjugates such as glycoproteins and glycolipids are fun 
damental for many important biological processes including 
cell-cell, bacterium-cell, and virus-cell recognition, inflamma 
tion, signal transduction, fertilization, immune defense and they 
are major components of the outer surface of mammalian 
cells.'!' ln glycoproteins, the carbohydrate part is generally co 
valently linked to the protein backbone through an oxygen 
atom (serine, threonine, tyrosine) or a nitrogen atom (asparag 
ine). A glycosyl amino acid known as TN antigen (a-o-GalNAc 
linked to Ser/Thr) has particularly attracted a great deal of inter 
est since this antigen has been identified as tumor-associated 
carbohydrate antigens (TACA) which are highly expressed on 
tumor cellsJ21 The incorporation of such a structure in an anti 
cancer vaccine in order to stimulate the immune system to fight 
tumor cells became a therapeutic strategy. However, the main 
drawback of such carbohydrate-derived molecules is their low 
metabolic or chemical stability due to the hydrolytic !ability of 
the glycosidic bond limiting their use as potential drug candi 
dates. 

lt is now well established that the replacement of the ano 
meric oxygen (or nitrogen) atom of the glycosidic bond by a 
methylene group provide C-glycoside analogs as stable mim- 
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ics.!31 ln that context, numerous research groups have focused 
their attention on the development of new methodologies to 
prepare C-glycosyl amino acids. These methods have already 
been reviewed!4l and most of them were focused on C-glycosyl 
serine. The latter can be synthesized involving, as a key step, 
Smly-promoted C-glycosylation,!51 nucleophilic addition on 
carbohydrate derivative,!61 metathesis reaction.!" Suzuki cou 
pling!BJ and Wittig-Horner!91 or Rarnberq-Bäcklund!'?' olefin 
ation. Construction of the amino acid moiety on a C-glycoside 
derivative has also been performed.'!" ln the case of C-glycosyl 
threonine,!8•121 and C-glycosyl tyrosine,!8-131 only a few syntheses 
have been described. 

ln addition, the recognition of glycoproteins by the biologi 
cal target is related to the presentation mode of the glycan part. 
ln order to modulate the glycan presentation, the syntheses 
of constrained glycosyl amino acids have been reported. For 
example, Halcomb et al. prepared a conformationally con 
strained TN antigen by incorporating the side chain into a small 
ring!141 or the Ca of the amino acid in a six-membered ring.!151 

Dondoni et al. focused particularly on the synthesis of C-glyc 
osyl amino acids with the amino acid side chains linked to the 
carbohydrate moiety via linkers such as triazole or isoxazole,!161 

pyridine,!171 and tetrazole.!181 Avenoza and Peregrina demon 
strated that their conformationally restricted TN antigen analogs 
were recognized by the SBL lectin (GalNAc specific lectin).!19! 
ln addition, Nativi and Renaudet reported the first anti-cancer 
vaccine containing structurally constrained TN antigen analog 
which presented a robust and longlasting TN-specific antibodies 
response through a mechanism mediated by B cells leading 
to improved protection against cancer in mice.r201 Herein, we 
describe the synthesis of original constrained C-glycosyl amino 
acid derivatives in different series involving a 1,3-dipolar cyclo 
addition between a nitrone!21J and C-vinylglycoside as key step 
(Scheme 1). 
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Scheme 1. General strategy for the synthesis of consrrained C-glycosyl amino 
acid derivatives. 

This kind of cycloaddition has already been performed 
between nitrones and carbohydrate-derived alkenesI22-24I as di 
polarophiles but, to the best of our knowledge, the use of 
carbohydrate-containing a vinyl group in pseudo-anomeric po 
sition has not been described.I25I 

Results and Discussion 

We recently reported an efficient synthesis of C-vinylglycoside 
in different series from the corresponding alkynes on gram 
scale.1261 The reactivity of such dipolarophiles towards the ethyl 
glyoxylate-derived nitroneI271 2 was first evaluated. The reaction 
between this nitrone and both a- and ß-anomers of C-vinyl 
galactoside 1 a and 1 b in toluene at 100 ºC led to the expected 
adducts 3a and 3b as a mixture of isomers. Separation of iso 
mers by chromatography on silica, although tough, led in both 
cases to two isolated diastereoisomers identified as a trans and 
a cis one, in a 3:1 ratio for the cycloadduct 3a (76 % global 
yield) and in a 2:1 ratio for the cycloadduct 3b (64 % global 
yield) (Scheme 2). This predominance of the trans adduct was 
confirmed by NOESY analyses of each isolated diastereoisomer 
in the two series (see Supporting Information). While trans dia 
stereoisomers are undoubtedly formed via anexo approach (the 
less congested) to the E nitrone (the more reactive).I211 the cis 
diastereoisomers can result from either an exo approach to the 
Z nitrone or an endo approach to the E nitrone (or from both) 
ln order to control the cis!trans selectivity, 1,3-dipolar cycloaddi 
tion was performed with the configurationally stable cyclic 
nitrone 4.1281 The latter was prepared in three steps from methyl 
glycinate in 70 % overall yield (See supporting information). 
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Scheme 2. Reaction between nitrone 2 and C-vinylgalactoside 1 a and 1 b. 

Heating of the cyclic nitrone with ß-C-vinylgalactoside 1 b in 
toluene at 11 O ºC for 70 hours led to two cycloadducts 5 in 
54 % yield in a 2:1 ratio (Scheme 3). The two compounds were 

clearly identified as the two trans diastereoisomers from the 
NOESY spectra. The two trans isomers were derived from an exo 
approach but no facial discrimination was observed, showing 
that the chirality of the dipolarophile does not bring any selecti 
vity. 
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Scheme 3. Reaction between nitrone 4 and (-vinylgalactoside 1 b. 

To improve the facial selectivity, we focused our attention on 
chiral cyclic nitrones bearing a bulky group in order to mask 
one face of the dipole. The reactivity of the Katagiri's nitrone 
6a129l with the ¡3-C-vinylgalactoside 1 b was first evaluated. 
Whatever the activation mode (microwave or Lewis acid), the 
cycloaddition did not occur (Table 1, entries 1-2). Having in 
mind the reactivity of the chiral menthone-derived nitrone 6b 
with C-, 0-, and 5-allyl glycosides reported by either Altenbach 
et al.1231 or Praly et al.,I301 we then performed the 1,3-dipolar 
cycloaddition with this dipole. The nitrone 6b was prepared in 
two steps from L-menthone in a 27 % overall yield. As a first 
attempt, the procedure described by Altenbach et al.I231 i.e. 
heating of one equivalent of the nitrone 6b with one equivalent 
of ¡3-C-vinylgalactoside 1 b in toluene at reflux for 72 hours was 
reproduced, leading to the formation of only one diastereoiso 
mer of cycloadduct 7b in 36 % yield (entry 3). ln our case, the 
reaction was incomplete after 72 hours. This can be explained 
by the use of a more hindered olefin compared with those in 
volved by Altenbach. The NOESY analysis of the cycloadduct 
allowed clearly the identification of a trans diastereoisomer as 
a result of an exo approach. 

Table l. Optimization of the 1,3-dipolar cycloaddition of nitrone 6 with ß-C 
vinylgalactoside 1 b. 
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Entry Nitrone Conditions Yield[%] 

l 6a CH3CN, 140 ºC. µ-waves, 7 h 
2 6a BF3,0Et2, CH3CN, 72 h, r.t. 
3 6b toluene, 11 O ºC, 0.1 M, 72 h 36 
4 6b p-xylene. 140 ºC. 0.1 M, 30 h 27 
5 6b toluene, 140 •e, sealed tube, 0.1 M, 20 h 61 
6 6b toluene, 160 ºC. sealed tube, 0.1 M, 16 h 66 
7 6b toluene, 180 'C, sealed tube, O. I M, 3 h 38 
8 6b toluene, 140 ºC, µ-waves, 0.1 M, 7 h 69 
9 6b toluene, 160 <e, u-waves. 0.1 M, 4 h 35 
10 6b toluene, 140 ºC. µ-waves, 0.5 M, 2 11 75 

Unfortunately, all attempts to obtain a crystalline structure of 
the unprotected cycloadduct,131I in order to determine absolute 
configurations of the two new stereogenic centers, failed. 



When the reaction was performed in p-xylene at 140 ºC for 
30 hours, increasing amounts of degradation products were ob 
served and the same diastereoisomer was isolated in lower 
27 % yield (entry 4). Reaction times could be reduced by heat 
ing the reaction mixture in a sealed tube at 140 ºC or 160 ºC 
and the yield was significantly improved to 66 % (entries 5-6). 
The same range of yield was observed when the reaction was 
performed at 140 ºC under microwave activation but the reac 
tion time was halved (entry 8). Whatever the activation mode, 
heating at a higher temperature has resulted in a drop in the 
yields (entries 7 and 9). Increase of the concentration of the 
reaction mixture (from 0.1 M to 0.5 M) allowed to isolate the 
cycloadduct in 75 % yield with only 2 hours of reaction time 
(entry 1 O). lt is noteworthy that traces of nitrone 6b were recov 
ered along with the cycloadduct after purification since the two 
compounds had the same Rr. Finally, the use of only 0.9 equiva 
lent of nitrone 6b under the' optimal conditions (described in 
entry 1 O) furnished a pure cycloadduct without any trace of 
nitrone 6b in 72 % yield. 

The optimal conditions were then applied to different C-vin 
ylglycosides. When the reaction was implemented for the 
ß-anomers in glucose and mannose series, the corresponding 
cycloadducts 8 and 9 were isolated, after 2 hours of reaction, 
in excellent yields of 91 and 90 % respectively (Scheme 4). ln 
the case of a-anomers in galactose, glucose, and mannose se 
ries, a longer reaction time (6 hours) was required to complete 
the reaction and to access the corresponding cycloadducts 
10-12 with good yields (Scheme 4). Both anomers of C-vinyl 
galactosamines were also subjected to the cycloaddition with 
nitrone 6b leading to the cycloadduct 13 and 14 after 8 hours 
of reaction in 77 and 63 % yields respectively (Scheme 4). 
NOESY analyses of the cycloadducts showed that only one trans 
diastereoisomer was formed. 

ln order to study the facial selectivity, OFT calculations were 
performed using Gaussian 09132! at M06-2X/6-311 +G(d,p) 
levei.l33l The influence of the solvent (toluene) was studied us 
ing the SMD rnodel.'!" With the aim of limiting the possible 
conformations and the calculation time, the study and the cal- 
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Among all cycloadducts, only cycloadduct 9 showed, on the 
1 H NMR spectrum, three doublet signals at 0.78, 0.85, and 
0.91 ppm as expected for the three corresponding CH3 of the 
menthyl moiety. COSY NMR experiment allowed us to identify 
the two CH3 of the isopropyl group which were located at 0.78 
and 0.85 ppm (Figure 1 ). Furthermore, NOESY NMR spectrum 
highlighted a cross-peak between one CH3 of the isopropyl 
group and H-3', thus indicating an S absolute configuration for 
the C-3' stereogenic center (Figure 1 ). As already mentioned, 
due to a trans relationship between H-1' and H-3', S absolute 
configuration could be assigned for the C-1' stereogenic center. 
This diastereoisomer could solely be obtained by an exo ap 
proach via the Si face of the nitrone. This total facial selectivity 
could be due to the strong discrimination imposed by the iso 
propyl group of the chiral auxiliary of the nitrone 6b. The same 
stereoselectivity outcome was obtained compared to the one 
observed by Westerman123l and Praly130l groups with other di 
polarophiles suggesting that the stereoselectivity is exclusively 
dependent on the stereochemistry of this nitrone. 
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Figure 1. Main NOESY NMR cross-peaks of cycloaclduct 9. 
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Scheme 4. 1,3-dipolar cycloaddition of nitrone 6b with C-vinylglycosides in different series. 
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culations were carried out with the a-C-vinylgalactoside for 
which the benzyl groups were replaced by methyl groups_l35J 
At the top of Scheme 5 are depicted the four cycloadducts that 
could be produced by the reaction of 1 a' and 6b according to 
exo/endo approaches and Si/Re face of the nitrone. The energy 
profile calculated for the four diastereoisomers (Scheme SJ de 
scribes the Gibbs free energy at 413K (reaction temperature, 
140 ºCJ. Five transition states were found during the study and 
the most favorable approach was the exo one from the Si face 
of the nitrone (the less hindered). Indeed, the two lowest transi 
tion states observed for this approach (see Scheme 5) corre 
sponded to a different orientation of the vinylic bound which 
benefits from a larger rotation degree than in the other three 
approaches. lt is noteworthy that the contribution of the hin 
dered face of the nitrone can be considered as the major factor 
favoring the two approaches from the Si face of this nitrone. 

This total facial selectivity is therefore essentially due to the 
strong discrimination imposed by the isopropyl group of the 
chiral auxiliary of the nitrone 6b. These theoretical results are 
therefore in complete agreement with the experimental ones. 
Thus, taking into account that the stereoselectivity is only 
driven by the nitrone, we assumed that all the cycloadducts 
(from all series) have been formed with the same stereoselecti 
vity. 

Finally, in order to complete our study, the cleavage of the 
chiral auxiliary was implemented on all cycloadducts. Treatment 
of cycloadduct 7b with an aqueous hydrochloric acid solution 
in presence of acetic acid at 80 ºC provided the constrained 
C- galactosyl amino acid derivative 15 in 67 % yield. The same 
procedure was applied to all the cycloadducts leading to the 
corresponding original constrained C-glycosyl amino acid deriv 
atives 16-22 in moderate to good yields (Scheme 6). 
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Conclusion 

ln summary, we described a two-step synthesis of original con 
formationally restricted C-glycosyl amino acid derivatives in dif 
ferent series involving 1,3-dipolar cycloaddition between L-(-) 
menthone-derived nitrone and C-vinylglycosides as key step. 
The 1,3-dipolar cycloaddition reaction was totally regio- and 
stereoselective leading to only one diastereoisomer in good to 
excellent yields whatever the dipolarophile. Based on both NMR 
experiments and DFT calculations, we showed that all the cyclo 
adducts could solely be obtained by an exo approach via the Si 
face of the nitrone with total facial discrimination. The cleavage 
of the chiral auxiliary allowed to access new constrained C-glyc 
osyl amino acid- derivatives as interesting building blocks. 
Opening of the isoxazolidine ring and functionalization of the 
pseudo-anomeric position, offering the possibility to prepare 
different analogs of C-glycosyl serine, are currently ongoing. 

Experimental Section 
All experiments were carried out under argon with anhydrous sol 
vents in dried glassware. THF was dried with activated alumina on a 
dry station purchased from Innovative Technologies. Commercially 
available materials were used without further purification. Flash 
chromatography was performed on silica gel (40-63 urn from 
Macherey-Nagel) using Reveleris X2 Grace apparatus. Analytical TLCs 
were carried out on pre-coated silica gel 60 F254 from Macherey 
Nagel. Optical rotations were measured using a Jasco P2000 at the 
sodium D line ( = 589 nm) with a 1-dm path length cell at 25 ºC. 
Melting points were measured using Büchi B-545 apparatus. NMR 
spectra were recorded with a Bruker Avance 400. Chemical shifts 
are reported in ppm from TMS as the internal standard for the 'H 
NMR spectrum and from the residual peaks of the solvent (CDCl3) 
for 13C NMR spectrum. Structural assignments of the isolated com 
pounds were based on 'H, 13C, COSY, and HSQC NMR experiments 
(see Supporting Information for numbering of assignment). High 
resolution mass spectroscopy was performed with a Bruker micro 
TOF QIII mass spectrometer using ESI techniques. 

General Procedure for [3+2] Cycloaddition with Nitrone 6b: 
C-vinylglycoside (1 equiv.) and nitrone (0.9 equiv.) were dissolved in 
toluene (3 ml, C = 0.5 M). The reaction mixture was stirred under 

microwaves at 140 ºC for 2-8 h then concentrated under reduced 
pressure. 

Cycloadduct (7b): Following the general procedure (2 h), ß-C-vinyl 
galactoside (304 mg, 0.553 mmol) afforded cycloadduct 7b 
(273 mg, 0.35 mmol, 72 %) after purification by column chromatog 
raphy (cyclohexanelEtOAc, 95:5 to 87:13). Colorless oil. Rr = 0.27 
(cyclohexanelEtOAc, 8:2). [ci]f,5 + 28.8 (e 1.02, CHCl3). HRMS (ESn: 
Calculated for C49H61 N207 [M + H]T: miz = 789.4473, found 
789.4442. 1H NMR (400 MHz, CDCl3): ó 7.37-7.21 (m, 20H, ArH), 4.95 
and 4.58 (AB syst, J = 11.3 Hz, 2H, CH2Ph), 4.92 and 4.53 (AB syst, 
J = 10.8 Hz, 2H, CH2Ph), 4.75 and 4.65 (AB syst, J = 11.7 Hz, 2H, 
CH2Ph), 4.47-4.40 (m, 2H, CH2Ph), 4.08-4.03 (m. 1H, H-1'), 4.01 (d, 
J = 2.5 Hz, 1 H, H-4), 3.92 (d, J = 8.7 Hz, 1 H, H-3'), 3.69 (d, J = 9.3 Hz, 
1H, H-2), 3.63-3.50 (m, SH, H-1, H-3, H-5, H-6), 2.70 (s, 3H, NCH3), 

2.69-2.62 (m, 1 H, H-2'), 2.45-2.39 (m, 1 H, H-2'), 2.08-1.99 (m, 1 H), 
1.94- 1.88 (m, 1 HJ, 1 .79-1.65 (m, 2H), 1.58- 1 .SO (m, 1 H), 1 .48-1.34 
(m, 1 H), 1.32-1.24 (m, 1 H), 1.17 (t, J = 12.4 Hz, 1 H), 0.86-0.78 (m, 
10H). 13C NMR ( 100.6 MHz, CDCl3): ó = 173.3 (C=O), 139.1 (C), 138.3 
(C), 138.2 (C), 138.0 (C), 128.5 (3 CH), 128.2 (2 CH), 128.0 (CH), 127.8 
(2 CH), 127.7 (CH), 127.6 (CH), 127.4 (2 CH), 89.7 (C), 84.9 (C3). 76.9 
(Cl or Cl'), 76.9 (Cl or Cl'), 76.5 (C2 or CS), 76.4 (C2 or CS), 75.5 
(CH2), 74.4 (CH2), 73.5 (CH2), 73.4 (C4), 72.1 (CH2), 68.2 (C6), 66.2 
(C3'), 48.3 (CH), 40.5 (CH2), 34.8 (CH2), 32.6 (C2'), 29.4 (CH), 26.0 
(CHrN), 24.4 (CH), 24.2 (CH3), 22.4 (CH3), 22.2 (CH2), 18.4 (CH3). 

Cycloadduct (8): Following the general procedure (2 h), ß-C-vinyl 
glucoside (373 mg, 0.68 rnrnol) afforded cycloadduct 8 (440 mg, 
O.SS rnrnol, 91 %) after purification by column chromatography (cy 
clohexanelEtOAc, 95:5 to 87:13). Colorless oil. R1 = 0.28 (cyclohex 
anelEtOAc, 8:2). [a]ß5 + 31. 1 (c 0.99, CHCl3). HRMS (ESn: Calculated 
for C49H61N207 [M + Hj+: miz= 789.4473, found 789.4463. 1H NMR 
(400 MHz, CDCl3): ó 7.34-7.17 (m, 20H, ArH), 4.92 and 4.87 (AB syst, 
J = 10.9 Hz, 2H, CH2Ph), 4.87 and 4.56 (AB syst, J = 10.9 Hz, 2H, 
CH2Ph), 4.80 and 4.61 (AB syst, J = 10.8 Hz, 2H, CH2Ph), 4.60 and 
4.52 (AB syst, J = 12.0 Hz, 2H, CH2Ph), 4.08-4.03 (m, 1 H, H- 1'), 3.94 
(d, J = 8.5 Hz, 1H, H-3'), 3.76-3.63 (m, 4H, H-3, H-4, H-6), 3.57-3.52 
(m, 1 H, H-1), 3.44-3.39 (m, 1 H, H-5), 3.39-3.33 (m, 1 H, H-2), 2.71 (s, 
3H,N CH3), 2.71-2.63 (m, 1 H, H-2'), 2.48-2.42 (m, 1 H, H-2'), 2.09- 
1.99 (m, 1 H), 1.97-1.91 (m, 1 H), 1.82-1.67 (m, 2H), 1.60-1.53 (m, 1 H), 
1.44-1.35 (m, 1 H), 1.24-1.29 (m, 1 H), 1.18 (t, J = 12.7 Hz, 1 H), 0.93- 
0.79 (m, 10H). 13C NMR (100.6 MHz, CDCl3): ó = 173.3 (C=O), 138.4 
(C), 138.3 (C), 138.1 (C), 137.7 (C), 128.4 (2 CH), 128.3 (2 CH), 127.9 
(3 CH), 127.7 (CH), 127.6 (3 CH), 127.5 (CH), 89.7 (C), 87.1 (C3 or C4), 
79.6 (C2), 78.8 (CS), 78.1 (C3 or C4), 76.7 (C 1 or C 1 '), 76.7 (C 1 or Cl'), 



75.5 (CH2), 75.2 (CH2), 74.9 (CH2), 73.4 (CH2), 68.8 (C6), 66.0 (C3'), 
48.2 (CH), 40.4 (CH2), 34.7 (CH2), 32.8 (C2'), 29.4 (CH), 25.9 (CHrN), 
24.4 (CH), 24.3 (CH3), 22.3 (CH3), 22.3 (CH2), 18.4 (CH3). 

Cycloadduct (9): Following the general procedure (2 h), /:i-C-vinyl 
mannoside (230 mg, 0.42 mmol) afforded cycloadduct 9 (253 mg, 
0.32 mmol, 90 %) after purification by column chromatography (cy 
clohexanelEtOAc, 95:5 to 87:13). Colorless oil. Rr = 0.27 (cyclohex 
anelEtOAc, 8:2). [aJl,5 + 19.5 (e 1.07, CHCl3). HRMS (ESn Calculated 
for C49H61N207 [M + HJ+: miz= 789.4473, found 789.4473. 'H NMR 
(400 MHz, CDCl3): ó 7.37-7.18 (m, 20H, ArH), 5.04 and 4.58 (AB syst, 
J = 11.4 Hz, 2H, CH2Ph), 4.86 and 4.56 (AB syst, J = 10.8 Hz, 2H, 
CH2Ph), 4.75 (s, 2H, CH2Ph), 4.61 and 4.52 (AB syst, J = 12.0 Hz, 2H, 
CH2Ph), 4.23-4.16 (m, 1 H, H- 1'), 4.00-3.97 (m, 1 H, H-2), 3.94-3.88 
(m, 2H, H-3', H-4), 3.77-3.65 (m, 2H, H-6), 3.60 (dd, J = 9.4, 2.7 Hz, 
1 H, H-3), 3.46-3.40 (m, 1 H, H-5), 3.26 (dd, J = 8.6, 0.6 Hz, 1 H, H-1 ), 
2.83-2.76 (m, 1 H, H-2'), 2.69 (s, 3H,N-CH3), 2.52-2.44 (m, 1 H, H-2'), 
2.09-2.03 (m, 1 H), 2.00-1.90 (m, 1 H), 1.88-1.80 (m, 1 H), 1.68-1.59 
(m, 2H), 1.48-1.40 (m, 1 H), Uß-1.33 (m, 1 H), 1.1 B (t, J = 12.3 Hz, 
1 H), 0.95-0.91 (m, 1 H), 0.91 (d, J = 6.6 Hz, 3H, CH3), O.BS (d, J = 
6.6 Hz, 3H, CH3), 0.78 (d, J = 6.6 Hz, 3H, CH3). 

13C NMR (100.6 MHz, 
CDCl3): ó = 173.2 (C=O), 139.2 (C), 138.6 (2 C), 138.5 (C), 128.6 (CH), 
128.4 (2 CH), 128.3 (CH), 128.2 (CH), 127.9 (CH), 127.8 (2 CH), 127.7 
(CH), 127.6 (CH), 127.4 (2 CH), 88.7 (C), 84.5 (C3), 80.4 (CS), 79.2 (Cl), 
75.5 (C4), 75.3 (CH2), 75.3 (C2), 75.0 (CH2). 73.7 (CH2), 73.S (Cl'), 72.S 
(CH2), 69.8 (C6), 65.6 (C3'), 48.2 (CH), 40.9 (CH2), 36.1 (C2'). 34.9 (CH2), 
29.8 (CH), 26.0 (CHrN), 24.5 (CH), 24.3 (CH3), 22.6 (CH2), 22.4 (CH3), 

18.6 (CH3). 

Cycloadduct (10): Following the general procedure (4 h), n-C-vinyl 
galactoside (826 mg, 1.50 mmol) afforded cycloadduct 1 O (790 mg, 
1.00 mmol, 73 o/o) after purification by column chromatography (cy 
clohexane/EtOAc, 95:5 to 87:13). Colorless oil. Rr = 0.44 (cyclohex 
anelEtOAc, 6:4). [cdß5 + 42.3 (e 1.0, CHCl3). HRMS (ESn: Calculated 
for C49H6,N207 [M + HJ+: miz= 789.4473, found 789.4473. 1H NMR 
(400 MHz, CDCl3): ó 7.35-7.20 (m, 20H, ArH), 4.80 and 4.56 (AB syst, 
J = 11.7 Hz, 2H, CH2Ph), 4.72 and 4.65 (AB syst, J = 11.5 Hz, 2H, 
CH2Ph), 4.67 and 4.54 (AB syst, J = 11.5 Hz, 2H, CH2Ph), 4.54 and 
4.43 (AB syst, J = 11.7, 2H, CH2Ph), 4.32-4.27 (m, 1 H, H-5), 4.14-4.08 
(m, 1 H, H-1'}, 4.07-3.91 (m, SH, H-1, H-2, H-3, H-4, H-3'), 3.72-3.57 
(m, 2H, H-6), 2.69 (s, 3H, N-CH3), 2.56-2.49 (m, 1 H, H-2'), 2.49-2.39 
(m, 1 H, H-2'), 2.09-1.96 (m, 2H), 1.80-1.64 (m, 2H), 1.60-1.52 (m, 
lH), 1.42-1.34 (m, lH), 1.32-1.25 (m, lH), 1.12 (t, J = 12.3 Hz, lH), 
0.92-0.79 (m, l0H). 13C NMR (100.6 MHz, CDCl3): ó = 172.8 (C=O), 
138.6 (C), 138.5 (C), 138.2 (C), 138.0 (Cl, 128.3 (2 CH), 128.2 (CH), 
128.1 (CH), 128.0 (CH), 127.8 (CH), 127.6 (2 CH), 127.5 (CH), 127.4 (2 
CH), 127.2 (CH), 89.9 (C), 76.7 (Cl'), 76.0, 74.2, 74.1, 73.8, 73.8, 73.2, 
72.9, 71.9, 68.5 (C6), 65.8 (C3'), 48.1 (CH), 40.0 (CH2), 34.8 (C2'), 34.6 
(CH2). 29.6 (CH), 25.9 (CHrN), 24.3 (CH), 24.1 (CH3), 22.3 (CH2), 22.1 
(CH3), 18.3 (CH3). 

Cycloadduct (11 ): Following the general procedure (4 h), a-C-vinyl 
glucoside (289 mg, 0.52 mmol) afforded cycloadduct 11 (228 mg, 
0.28 mmol, 61 %) after purification by column chromatography (cy 
clohexanelEtOAc, 95:S to 87:13). Colorless oil. Rr = 0.44 (cyclohex 
anelEtOAc, 6:4). (aJß5 + 48.4 (e 1.24, CHCl3). HRMS (ESI+): Calculated 
for C49H61N207 [M + HJ+: miz= 789.4473, found 789.4453. 1H NMR 
(400 MHz, CDCl3): ó 7.33-7.24 (m, 18H, ArH), 7.16-7.12 (m, 2H, ArH), 
4.91 and 4.78 (AB syst, J = 10.8 Hz, 2H, CH2Ph). 4.81 and 4.49 (AB 
syst, J = 10.S Hz, 2H, CH2Ph), 4.72 and 4.59 (AB syst, J = 11.6 Hz, 
2H, CH2Ph), 4.61 and 4.47 (AB syst, J = 12.0 Hz, 2H, CH2Ph), 4.19- 
4.14 (m, 1 H, H- 1'), 4.11-4.06 (m, 1 H, H-5), 3.98 (t, J = 9.2 Hz, 1 H, H- 
3), 3.96-3.88 (m, 2H, H-1, H-3'), 3.83-3.78 (m, 1 H, H-2). 3.67-3.64 (m. 
2H, H-6), 3.61 (t, J = 9.2 Hz, lH, H-4), 2.72 (s, 3H, N-CH3), 2.69-2.51 
(m, 2H, H-2'), 2.16-2.01 (m, 2H), 1.80-1.67 (m, 2H), 1.59-1.50 (m, 

1H). 1.43-1.35 (m, lH), 1.33-1.25 (m, lH), 1.15 (t, J = 12.3 Hz, 1H), 
0.93-0.72 (m, 10H). 13C NMR (100.6 MHz, CDCl3): ó = 173.0 (C=O), 
138.9 (C), 138.4 (C), 138.0 (C), 137.9 (CJ, 128.4 (2 CH), 128.3 (2 CH), 
128.0 (CH), 127.9 (CH), 127.8 (2 CH), 127.6 (3 CH), 127.5 (CH), 89.9 
(C), 83.7 (C3), 79.5 (C2), 78.1 (C4), 75.6 (CH2), 75.4 (Cl'), 74.9 (CH2), 

74.3 (CS), 74.0 (CH2), 73.5 (CH2), 72.9 (Cl), 69.0 (C6), 66.0 (C3'), 48.2 
(CH), 40.2 (CH2), 34.8 (C-2'), 34.6 (CH2), 29.3 (CH), 26.1 (CH3), 24.4 
(CH), 24.1 (CH3). 22.S (CH3), 22.1 (CH2), 18.3 (CH3). 

Cycloadduct (12): Following the general procedure (4 h), u-C-vinyl 
mannoside (625 mg, 1.13 mmol) afforded cycloadduct 12 (561 mg, 
0.71 mrnol, 69 %) after purification by column chromatography (cy 
clohexanelEtOAc, 95:S to 87:13). Colorless oil. Rr = 0.44 (cyclohex 
anelEtOAc, 6:4). [aJß5 + 39.S (e 1.00, CHCl3), HRMS (Esn Calculated 
for C.9H61N207 [M + H]": miz= 789.4473, found 789.4452. 'H NMR 
(400 MHz, CDCl3): ó 7.32-7.24 (m, 18H, ArH), 7.21-7.17 (m, 2H, ArH), 
4.69-4.56 (m, 4H, CH2Ph), 4.55-4.49 (m, 4H, CH2Ph), 4.03-3.96 (m, 
2H, H-1'), 3.94-3.87 (m, 3H, H-1, H-5, H-3'), 3.80-3.55 (m, 4H, H-2, 
H-3, H-6), 2.70 (s, 3H, N-CH3), 2.44-2.28 (m, 2H, H-2'), 2.15-2.05 (m, 
1 Hl, 1.95-1.88 (m, 1 H), 1.80-1.66 (m, 2H), 1.58-1.51 (m, 1 H), 1.41- 
1.24 (m, 2H), 1.19 (t, J = 12.4 Hz, 1 H), 0.85-0.72 (m, 1 OH). 13C NMR 
( 100.6 MHz, CDCl3): o = 172.8 (C=O), 138.4 (C), 138.3 (C), 138.1 (CJ, 

137.9 (C), 128.4 (2 CH), 128.3 (2 CH), 128.2 (CH), 127.8 (2 CH), 127.7 
(3 CH), 127.6 (CH), 127.4 (CH), 89.6 (C), 77.9, 74.9, 74.8, 74.6, 74.3, 
73.7, 73.4, 73.2, 72.4, 71.6, 69.2 (C6), 66.0 (C3'), 48.2 (CH). 40.6 (CH2), 

34.6 (CH2), 29.3 (CH), 26.9 (CH), 26.1 (CHrN), 24.3 (CH), 24.1 (CH3), 
22.4 (CH3), 22.2 (CH3). 18.3 (CH3). 

Cycloadduct (13): Following the general procedure (8 h), a-C-vinyl 
N-acetylgalactoside (565 mg, 1.13 mmol) afforded cycloadduct 13 
(580 mg, 0.784 mmol, 77 o/o) after purification by column chroma 
tography (cyclohexanelEtOAc, 5:5 to 2:8). White solid. M.p. 71.5- 
73 ºC. e, = 0.2 (cyclohexanelEtOAc, 3:7). [aJl,5 +22.6 (c 1.0, CHCl3). 
HRMS (ES/+): Calculated for C.4H57N307 [M + Ht: miz = 740.4269, 
found 740.4261. 1H NMR (400 MHz, CDCl3): ó 7.36-7.21 (m, 15H, 
ArH), 5.81 (d, J = 6.6 Hz, 1 H, NH), 4.74 and 4.58 (AB syst, J = 11.8 Hz, 
2H, CH2Ph), 4.57 and 4.51 (AB syst, J = 11.9 Hz, 2H, CH2Ph). 4.56 
and 4.45 (AB syst, J = 11.9 Hz, 2H, CH2Ph), 4.35-4.30 (m. 1 H, H-5), 
4.21-4.13 (m, 2H, H-1, H-2), 4.05-3.98 (m, 2H, H-3, H-6), 3.93-3.89 
(m, 1 H, H-3'), 3.84-3.73 (m, 3H, H- 1 ', H-4, H-6), 2.71 (s, 3H, N-CH3), 

2.54-2.40 (m, 2H, H-2'), 2.01-1.88 (m, 2H), 1.90 (s, 3H, COCH3), 1.82- 
1.65 (m, 3H), 1.62-1.54 (m, 1 H), 1.44-1.20 (m, 3H), 0.88-0.80 (m, 9H). 
13C NMR (100.6 MHz, CDCl3): ó = 172.S (C=O), 169.7 (C=O), 138.4 
(C), 138.1 (C), 137.7 (C), 128.3 (3 CH), 127.7 (CH), 127.6 (3 CH), 127.5 
(CH), 127.4 (CH), 89.9 (C), 77.6 (Cl'), 75.5 (CS), 74.6 (C3), 73.1 (CH2), 

72.8 (CH2), 71.9 (C4), 71.5 (CH2), 67.0 (Cl), 66.1 (C6), 65.S (C3'), 50.6 
(C2), 48.1 (CH), 40.5 (CH2), 34.9 (C2'), 34.6 (CH2), 29.5 (CH), 26.0 
(N-CH3), 24.3 (CH), 24.1 (CH3), 23.3 (COCH3), 22.6 (CH3), 22.1 (CH2), 

18.3 (CH3). 

Cycloadduct (14): Following the general procedure (8 h), ß-C-vinyl 
N-acetylgalactoside (462 mg, 0.921 mmol) afforded cycloadduct 14 
(431 mg, 0.58 mmol, 63 %) after purification by column chromatog 
raphy (cyclohexanelEtOAc, 5:5 to 3:7). Orange solid. M.p. 69.5- 
71.S ºC. Rr = 0.2 (cyclohexanelEtOAc, 3:7). [aJß5 +40.1 (e 1.0, CHCl3). 
HRMS (ES/+): Calculated for C44H58N307 [M + HJ+: miz = 740.4269, 
found 740.4264. 'H NMR (400 MHz, CDCl3): ó 7.38-7.21 (m, 15H, 
ArH), 5.21 (d, J = 7.7 Hz, 1 H, NH), 4.87 and 4.57 (AB syst, J = 11.6 Hz, 
2H, CH2Ph), 4.66 and 4.41 (AB syst, J = 11.8 Hz, 2H, CH2Ph), 4.46 
and 4.41 (AB syst, J = 11.8 Hz, 2H, CH2Ph), 4.01-3.97 (m, 1 H, H-4), 
3.95-3.84 (m, 3H, H-1 ', H-3', H-3), 3.84-3.75 (m, 1 H, H-2), 3.73-3.67 
(m, 1H, H-1), 3.57-3.52 (m, 3H, H-5, H-6), 2.68 (s, 3H, N-CH3), 2.71- 
2.64 (m, 1 H, H-2'). 2.57-2.48 (m, 1 H, H-2'), 1.98-1.89 (m, 2H). 1.86 (s, 
3H, COCH3), 1.82-1.74 (m, 1 H), 1.73-1.60 (m. 1 Hl, 1.59-1.50 (m, 1 H), 
1.42-1.33 (rn, 1 H), 1.33-1.25 (m, 1 H), 1.25- 1.16 (m. 1 H), 0.90-0.83 



(m, 1 HJ, 0.90 (d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.8 Hz, 3H), 0.79 (d, J = 
6.7 Hz, 3H). 13C NMR (100.6 MHz, CDCl3): ó = 173.0 (C=O), 170.3 (C= 
O), 138.6 (C), 138.0 (C), 137.9 (C), 128.S (CH), 128.4 (CH), 128.2 (CH), 
128.0 (2 CH), 127.9 (CH), 127.8 (CH), 127.7 (CH), 127.4 (CH), 89.3 (CJ, 
79.4 (Cl' or C3'), 78.1 (Cl' or C3'), 77.2 (Cl), 76.5 (CS), 74.3 (CH2), 
73.5 (CH2l, 72.3 (C4), 71.5 (CH2), 68.6 (C6), 65.5 (C3), 52.0 (C2), 48.2 
(CH), 40.4 (CH2), 35.0 (C2'), 34.7 (CH2), 29.3 (CH), 26.0 (N-CH3), 24.4 
(CH), 24.1 (CH3), 23.7 (COCH3), 22.6 (CH3), 22.2 (CH2), 18.4 (CH3). 

General Procedure for Cleavage of Chiral Auxiliary: A solution 
of cycloadduct (7b and 8-14) in AcOH (12.5 ml for l mmol) and 
aqueous 1 M HCI (2.5 ml for 1 mmol) was stirred at 80 ºC for 2 h. 
The reaction mixture was diluted with EtOAc (30 ml) and a satu 
rated aqueous NaHCO3 solution (30 ml). Aqueous layer was ex 
tracted with EtOAc (30 ml) and organic layers were dried with 
MgSO., and concentrated under reduced pressure to afford the 
crude product. 

N-Meth yl-5-(2, 3,4,6-tetra-O-benzy 1-ß-C-o-g a I ac topyra n os-1 -yl ) 
i soxazo Ii di ne-3-a mid e (1 S): îhe crude product was purified by 
column chromatography (cyclohexanelEtOAc, 80:20 to 25:75) to 
provide compound 1 S (218 mg, 0.33 mmol, 67 %). Colorless oil. R1 = 
0.23 (cyclohexanelEtOAc, 3:7). [albs - 6.9 (e 0.57, CHCl3). HRMS (ES¡+): 
Calculated for C39H4sN2O7 [M + HJ+: miz= 653.3221, found 
653.3210. 1H NMR (400 MHz, CDCl3): ó 7.38-7.23 (m, 21H, ArH, NH), 
6.10-6.08 (m, 1 H, NH), 4.98-4.85 (m, 2H, CH2Ph), 4.78-4.62 (m, 2H, 
CH2Ph), 4.59-4.35 (m, SH, CH2Ph, H- 1'), 3.94-3.90 (m, 1 HJ, 3.87-3.81 
(m, 1 H, H-3'), 3.65-3.54 (m, 4H), 3.51-3.40 (m, 2H), 2.79 (d, J = 4.9 Hz, 
3H, NCH3), 2.64-2.56 (m, 1 H, H-2'), 2.42-2.34 (m, 1 H, H-2'). 13C NMR 
(100.6 MHz, CDCl3): ó = 172.5 (C=O), 138.6 (C), 138.0 (C), 137.6 (2 
C), 128.S (CH), 128.4 (2 CH), 128.2 (2 CH), 128.0 (CH), 127.9 (2 CH), 
127.8 (2 CH), 127.7 (CH), 127.4 (CH), 84.4, 82.3, 78.3, 76.3, 75.2 (CH2), 

75. l, 74.4 (CH2), 73.4 (CH2), 72.2 (CH2), 68.8 (C6), 62.9 (C3'), 32.0 
(C2'), 25.8 (CH3). 

N-Methyl-5-(2, 3,4,6-tetra-O-benzyl-ß-C-o-g I ucopyranos-1-yl ) 
isoxazolidine-3-am ide (16): The crude product was purified by 
column chromatography (cyclohexanelEtOAc, 80:20 to 25:75) to 
provide compound 16 (94 mg, 0.14 mmol, 61 %). White solid. M.p. 
156.5-158.1 ºC. R1 = 0.23 (cyclohexanelEtOAc, 3:7). [albs - 3.2 (e 0.95, 
CHCl3). HRMS (ESI+): Calculated for C39H4sN2O7 [M + HJ+: miz = 
653.3221, found 653.3233. 'H NMR (400 MHz, CDCl3): ó 7.36-7.18 
(m, 21 H, NH, ArH), 6.17 (d, J = 5.0, 1 H, NH), 4.91 and 4.87 (AB syst. 
J = 10.9 Hz, 2H, CH2Ph), 4.83 and 4.57 (AB syst. J = 11.0 Hz, 2H, 
CH2Ph), 4.82 and 4.53 (AB syst. J = 10.8 Hz, 2H, CH2Ph), 4.48 and 
4.43 (AB syst. J = 12.1 Hz, 2H, CH2Ph), 4.41-4.36 (m, 1 H, H-1 '), 3.85- 
3.79 (m, lH, H-3'), 3.72-3.57 (m, 3H, H-1, H-3, H-6), 3.57-3.45 (m, 
3H, H-4, H-5, H-6), 3.21 (t, J = 9.4 Hz, 1 H, H-2), 2.80 (d, J = 5.0 Hz, 
3H, N-CH3), 2.46-2.54 (m, 1 H, H-2'}, 2.32-2.40 (m, 1 H, H-2'). 13C NMR 
(100.6 MHz, CDCl3): ó = 172.4 (C=O), 138.2 (C), 137.9 (2 C), 137.3 
(C), 128.6 (CH), 128.5 (3 CH), 128.4 (CH), 128.2 (CH), 127.9 (2 CH), 
127.8 {CH), 127.7 (2 CH), 127.6 (CH), 86.9 (C3), 82.0 (Cl), 78.7 (C2), 
78.3 (C4 or CS), 78.2 (Cl'), 78.0 (C4 or CS), 75.5 (CH2), 75.1 (CH2), 

75.0 (CH2), 73.2 (CH2), 69.1 (C6), 62.8 (C3'), 32.0 (C2'), 25.9 (CH3). 

N-Methyl-5-(2,3 ,4,6-tetr a-O-be nzyl-ß-C-o-m an n opy ran os-1 -yl ) 
is oxa zol id in e-3-a mid e (17): The crude product was purified by 
column chromatography (cyclohexanelEtOAc, 80:20 to 25:75) to 
provide compound 17 (21 O mg, 0.32 mmol, 59 %). Colorless oil. Rr = 
0.25 (cyclohexanelEtOAc, 3:7). [albs + 2.3 (c 1.03, CHCl3). HRMS 
(ESr-J: Calculated for C39H•sN2O7 [M + HJ+: miz= 653.3221, found 
653.3232. 1H NMR (400 MHz, CDCl3): ó 7.37-7.24 (m, 19H, ArH, NH), 
7.22-7.18 (m, 2H, ArH), 6.09-5.86 (br s, lH, NH), 4.93 and 4.63 (AB 
Sys t. J = 11.3 Hz, 2H, CH2Phl, 4.84 and 4.56 (AB sys t. J = 10.8 Hz, 
2H, CH2Ph), 4.75 and 4.70 (AB syst. J = 11.8 Hz, 2H, CH2Ph), 4.57 
and 4.47 (AB syst. J = 12.0 Hz, 2H, CH2Ph), 4.19-4.13 (m, l H, H- l'), 

3.92-3.90 (m, 1 H, H-2), 3.86-3.81 (m, 2H, H-3', H-4), 3.72-3.67 (m, 
l H, H-6), 3.65-3.56 (m, 2H, H-3, H-6), 3.50-3.45 (m, l H, H-5), 3.43- 
3.40 (m, 1 H, H-1 ), 2.92-2.84 (m, 1 H, H-2'), 2.80 (d, J = 5.0 z, 3H, N 
CH3), 2.70-2.62 (m, 1 H, H-2'). 13C NMR (100.6 MHz, CDCl3): ó = 172.2 
(C=O), 138.1 (4 Cl, 128.4 (CH), 128.3 (3 CH), 128.2 (CH), 128.0 (2 CH), 
127.7 (2 CH), 127.6 (CH), 127.5 (CH), 127.4 (CH), 84.S (C3), 80.2 (Cl), 
79.5 (Cl' and CS), 75.2 (CH2), 75.0 (C4), 74.4 (CH2), 74.4 (C2), 73.2 
(CH2), 72.4 (CH2), 69.6 (C6), 62.6 (C3'), 34.8 (C2'), 25.8 (CH3). 

N-Methyl-5-( 2, 3,4,6-tetra-O-benz yl-a-C-o-g alactopy ra nos-1-yl ) 
i soxazol id in e-3-a mid e (18): The crude product was purified by 
column chromatography (cyclohexanelEtOAc, 80:20 to 25:75) to 
provide compound 18 (809 mg, 1.24 mmol, 62 %). Colorless oil. Rr = 
0.13 (cyclohexanelEtOAc, 3:7). [albs + 46.7 (c O.SS, CHCl3). HRMS 
{ESl+J: Calculated for C39H44N2O7Na [M + Na}": miz= 675.3041, 
found 675.3043. 'H NMR (400 MHz, CDCl3): ó 7.36-7.21 (m, 21H, 
A rH, NH), 4.73-4.46 (m, 8H, CH2Ph), 4.39-4.32 (m, 1 H, H-1 '), 4.31- 
4.25 {m,lH, H-1), 4.02-3.96 (m, lH), 3.91-3.64 (m, SH), 3.61-3.50 {m, 
l H, H-6), 2.80-2.74 (m, 3H, N-CH3), 2.70-2.60 (m, l H, H-2'), 2.28- 
2.19 {m, 1 H, H-2'). 13C NMR (100.6 MHz, CDCl3): ó 17 l.7 (C=O), 138.4 
(C), 138.3 (C), 138.2 (Cl, 137.8 (C), 128.4 (3 CH), 128.3 (CH), 128. l 
(CH), 127.9 (CH), 127.8 (2 CH), 127.7 (CH), 127.6 (2 CH), 127.5 (CH), 
78.9 (Cl'), 76.0 (CH), 74.7 (Cl), 74.0 (CH), 73.3 (CH2), 73.2 (3 CH2), 

72.9 (CH), 71.3 (CH), 68.0 (C6), 62.2 (C3'), 36.9 (C2'), 25.9 (CH3). 

N-Methyl-5-(2,3,4,6-tetra-O-benzyl-a-C-o-g lucopyranos-1-yl) 
i soxazol idi ne-3-am ide { 19): The crude product was purified by 
column chromatography (cyclohexanelEtOAc, 80:20 to 25:75) to 
provide compound 19 (211 mg, 0.32 rnrnol, 73 %). Colorless oil. Rr = 
0.13 (cyclohexanelEtOAc, 3:7). [albs + 34.2 (e 1.04, CHCl3). HRMS 
(ESl+J: Calculated for C39H.4N2O7Na [M + Na]": miz= 675.3041, 
found 675.3041. 1H NMR (400 MHz, CDCl3): ó 7.37-7.24 (m, 18H, 
ArH), 7.23-7.18 {m, 2H, ArH), 7.12 (br s, lH, NH), 5.96 (br s, lH, NH), 
4.87 and 4.78 (AB syst. J = 10.8 Hz, 2H, CH2Ph), 4.78 and 4.74 (AB 
syst. J = 11.8 Hz, 2H, CH2Ph), 4.60 and 4.56 (AB syst. J = 12.0 Hz, 
2H, CH2Ph), 4,50-4.43 (m, 3H, CH2Ph, H- 1 ') 4,02-3.85 (m, 3H, H-2, H- 
4, H-3'), 3.81-3.75 (m, 2H, H-1, H-3), 3.68 (dd, 1H, J = 10.4, 2.3 Hz, 
H-6), 3.56 (dd, lH, J = 10.4, 5.3 Hz, H-6), 3.55-3.51 (m, lH, H-5), 
3.43-3.40 (m, 1 H, H-1 ), 2.80 (d, J = 5.0 Hz, 3H, N-CH3), 2.79-2.70 (m, 
1 H, H-2'),2.45-2.35 (m, 1 H, H-2'). 13C NMR (100.6 MHz, CDCl3): 
ó 171.3 (C=O), 138.5 (C), 138.1 {C), 138.0 (C), 137.7 (C), 128.5 (CH), 
128.4 (CH), 128.3 (2 CH), 128.0 {CH), 127.9 (CH), 127.8 (3 CH), 127.7 
(2 CH), 127.6 (CH), 82.4 (C2), 78.8 (Cl), 77.9 (CS), 76.5 (Cl'), 75.1 
(CH2), 74.7 (C4), 74.6 (CH2), 73.7 (CHi), 73.5 (CH2), 69.6 (C6), 62.2 
(C3'), 36.9 {C2'), 26.0 (CH3). 

N-Methyl-5-(2,3,4,6-tetra-O-benzyl-a-C-o-man nopyranos-1-yl) 
i soxazol idine-3-a mide (20): The crude product was purified by 
column chromatography (cyclohexanelAcOEt, 80:20 to 25:75) to 
provide compound 20 (297 mg, 0.45 mmol, 62 %). Colorless oil. Rr = 
0.15 (cyclohexanelEtOAc, 3:7). [albs + 60.7 (e 1.0, CHCl3). HRMS 
(ES¡+): Calculated for C39H4sN2O7 [M + Ht; miz = 653.3221, found 
653.3215. 1H NMR (400 MHz, CDCl3): ó 7.36-7.18 (m, 21H, NH, ArH), 
7 6.37 (br s, 1 H, NH), 4.58-4.42 (m, 7H, CH2Ph, H- 1 '), 4.40 and 4.34 
(AB syst. J = 12.2 Hz, 2H, CH2Ph), 4.13-4.08 (m, l H, H-5), 4.03 (dd, 
J = 9.7, 2.8 Hz, 1 H, H-3), 3.94-3.90 (m, 1 H, H-3'), 3.82 (t, J = 2.8 Hz, 
1 H, H-2), 3.77 (dd, J = 9.7, 0.8 Hz, 1 H, H-4), 3.73 (dd, 1 H, J = 10. l, 
8.2 Hz, H-6), 3.55-3.49 {m, 2H, H-1, H-6), 2.84-2.77 (m, 1H, H-2'), 
2.80 (d, J = 5.0 Hz, 3H, N-CH3), 2.64-2.56 {m, 1 H, H-2'). 13C NMR 
{ 100.6 MHz, CDCl3): ó = 172.7 (C=O), 137.9 (2 C), 137.8 (2 C), 128.4 
(5 CH), 127.9 (3 CH), 127.8 (CH), 127.7 (2 CH), 127.5 (CH), 77.3 (Cl'), 
75.4 (Cl), 74.9 (CS), 74.1 (C3), 73.6 (C2), 73.3 (CH2), 73.0 (C4), 72.8 
(CH2), 72.3 (CH2), 71.4 (CH2), 68.3 (C6), 62.7 (C3'), 34.8 (C2'), 25.9 
(CH3). 



N-Meth y 1-5-( 2-aceta mi do-3 ,4,6-tri-O-benzyl-a-C-o-g a I acto 
pyranos-1-yl)-isoxazolidi ne-3-amide (21 ): The crude product was 
purified by column chromatography (CH2Cl2IMeOH, 98:2 __, 96:4) to 
provide compound 21 (268 mg, 0.444 mmol, 58 %). White solid. 
M.p. 73-6-75 ºC. Rr = 0.15 (CH2CI/MeOH, 95:5). [a)ßs + 51.8 (e 0.75, 
CHCl3). HRMS (ESI+): Calculated for C34H42N3O7 [M + HJ-: miz = 
604.3017, found 604.2985. 'H NMR (400 MHz, CDCl3): à 7.37-7.22 
(m, 1 SH, ArH), 7.07 (br s, 1 H, NHMe), 6.62 (br s, 1 H, NHAc), 6.09 (br 
s, 1 H, NH), 4.73 and 4.68 (AB syst. J = 11.8 Hz, 2H, CH2Ph), 4.55 and 
4.47 (AB syst. J = 11.8 Hz, 2H, CH2Ph), 4.51 and 4.41 (AB syst. J = 
12.0 Hz, 2H, CH2Ph), 4.32-4.26 (m, 1 H, H-5), 4.19-4.16 (m, 1 H, H-3), 
4.15 (dd, J = 11.6, 1.9 Hz, 1 H, H-6), 4.13-4.07 (m, 1 H, H-1 '), 4.02- 
3.88 (m, 3H, H-1, H-2, H-3'), 3.78 (dd, J = 6.5, 2.9 Hz, lH, H-4), 3.69 
(dd, J = 11.6, 2.1 Hz, 1 H, H-6), 2.99-2.87 (m, 1 H, H-2'), 2.80 (d, J = 
5.0 Hz, 3H, CHrN), 2.37 (ddd, J = 12.7, 9.2, 5.5 Hz, 1 H, H-2'), 1.98 (s, 
3H, CH3-CO). 13C NMR (100.6 MHz, CDCl3): à 171.5 (C=O), 
170.4 (C=O), 138.3 (C), 137.9 (C), 137.6 (C), 128.4 (2 CH), 128.2 (CH), 
128.0 (CH), 127.8 (2 CH), 127.6 (2 CH), 127.5 (CH), 79.6 (Cl'), 75.0 
(CS), 73.3 (CH2), 73.2 (C3), 73.1 {CH2), 72.4 (C4), 70.9 (CH2), 68.2 (C 1 ), 
65.2 (C6), 62.4 (C3'), 52.6 (C2), 37.1 (C2'), 25.9 (CH3-N), 23.5 
(CHrCO). 

N-Meth y 1-5-( 2-a cet ami do-3, 4,6-tri-O-benz yl-ß-C-o-ga I acto 
pyranos-1-yl)-isoxazolidine-3-amide (22): The crude product was 
purified by column chromatography (CH2ClifMeOH, 98:2-> 96:4) to 
provide compound 22 (178 mg, 0.295 mmol, 55 %). Yellow solid. 
M.p. 58.5-61.2 ºC. Rr = 0.13 (CH2ClifMeOH, 95:5). [a)ßs + 31.9 (e 0.7, 
CHCl3). HRMS (ESI+): Calculated for C34H41N3NaO7 [M + Na]": miz= 
626.2837, found 626.2816. 1H NMR (400 MHz, CDCl3): à 7.38-7.23 
(m, lSH, ArH), 7.14 (br s, lH, NHMe), 6.10 (br s, lH, NHAc), 5.51 (d, 
J = 8.0 Hz, 1 H, NH), 4.90 and 4.54 (AB syst. J = 11.7 Hz, 2H, CH2Ph), 
4.69 and 4.39 (AB syst. J = 11.9 Hz, 2H, CH2Ph), 4.45 and 4.41 (AB 
syst. J = 10.7 Hz, 2H, CH2Ph), 4.25-4.18 (m, lH, Hl'), 3.99-3.94 (m, 
lH, H4), 3.91-3.81 (m, 2H, H2, H3'), 3.77 (dd, J = 10.5, 1.6 Hz, lH, 
Hl), 3.64-3.56 (m, 2H, H3, HS), 3.50 (dd, J = 9.0, 5.8 Hz, 1H, H-6), 
3.47 (dd, J = 9.0, 7.0 Hz, 1 H, H-6), 2.77 (d, J = 5.0 Hz, 3H, CH3-N), 
2.76-2.63 (m, 2H, H2'), 1.86 (s, 3H, CHrCO). 13C NMR (100.6 MHz, 
CDCl3): à = 172.4 (C=O}, 170.5 (C=O), 138.4 (C), 137.9 (C), 137.6 (C), 
128.5 (CH), 128.4 (CH), 128.2 (CH), 128.0 (CH}, 127.9 (CH), 127.8 (3 
CH), 127.5 (CH}, 81.4 (C 1 ), 79.4 (CS or C3), 78.9 (Cl'), 76.3 (C3 or CS}, 
74.4 (CH2), 73.4 (CH2}, 72.1 (C4}, 71.3 (CH2}, 68.9 (C6), 62.8 (C3'), 49.3 
(C2), 32.6 (C2'), 25.8 (CHrN}, 23.3 (CHrCO}. 
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