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ABSTRACT

In a thermal inverse-type hetero-Diels~Alder reaction of O-silyl-protected lactal 1 and bis(2,2,2-tri-
chloroethyl) azodicarboxylate (2), the dihydrooxadiazine derivative 3 was obtained in a very high yield;
transesterification with benzyl alcohol furnished the corresponding derivative 4. Treatment of 3 with
methanol in the presence of BF;-OEt, afforded the methyl lactoside derivative 5 which, after
transesterification with benzyl alcohol, then hydrogenolytic debenzylation and concomitant NN-clea-
vage with Raney nickel, and N-acetylation, furnished methyl 0-(2,4,6-tri-O-tert-butyldimethyisilyl-8-n-
galactopyranosyl)-(1 — 4)-2-acetamido-3,6-di-O-tert-butyldimethylsilyl-2-deoxy-8-b-glucopyranoside (7)
in high yield. Desilylation of 4, then O-acetylation, methyl glycoside formation with methanol-BF;-
OEt,, hydrogenolytic debenzylation, and NN-cleavage with Raney nickel, and N-acylation afforded
methyl 0-(2,3,4,6-tetra-O-acetyl-B-p-galactopyranosyl)-(1 — 4)-2-acetamido-3,6-di-O-acetyl-2-deoxy-8-
D-glucopyranoside (10).

INTRODUCTION

Lactosamine is found as a constituent of various oligosaccharides, for example
the lactoneo-series?; therefore, a convenient synthesis from readily available lac-
tose or lactal would be advantageous. The most common methods used for amino
sugar synthesis are Sy2 reaction of epoxides or sulfonates with a nitrogen
nucleophile® (generally azide), reduction of CN-double bonds* as in oximes, and
azidonitration of glycals>®. Rokach and co-workers’ employed a photoactivated
hetero-Diels—Alder reaction of dibenzyl azodicarboxylate with O-silyl-protected
lactal for the stereoselective attachment of nitrogen at C-2 with simultaneous
generation of glycosyl donor properties at C-1 (formation of an imidate intermedi-
ate). However, in our hands, the glycosyl donor properties of this intermediate
were insufficient for the synthesis of complex oligosaccharides®. Additionally, the
photoconversion of the (E)-azodicarboxylate into the (Z) isomer, required for
reactivity increase in the cycloaddition step, limited the large-scale preparation of
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the starting material. Therefore, we envisaged a thermal inverse-type hetero-
Diels—-Alder reaction with a more electron deficient (more reactive) heterodiene,
which should at the same time lead to higher glycosyl donor properties in the
cycloadduct. With this aim, we investigated the commercially available (Aldrich)
bis(2,2,2-trichloroethyl) azodicarboxylate (2) as heterodiene because the cy-
cloadduct is then related to the highly reactive O-glycosyl trichloroacetimidates®°.

RESULTS AND DISCUSSION

Replacement of the benzyl group by the 2,2,2-trichloroethyl group in the
azodicarboxylate led to the expected increase in reactivity towards the O-silyl-pro-
tected lactal 17 as heterodienophile. Thus, reaction of 1 and 2 in refluxing toluene
afforded stereoselectively the oxadiazine adduct 3 in practically quantitative yield.
This reaction could be carried out on any scale. However, reaction of 2 with
O-benzyl-protected lactal resulted in uncontrolled product formation; this is pre-
sumably due to competing ene-type reactions with the benzyl moieties. The
structure of 3 was readily confirmed by transesterification with sodium benzyl
oxide in benzyl alcohol which provided the known compound 47 in high yield.

Methyl glycoside formation from 3 in dichloromethane—methanol (1:1) in the
presence of BF; - OEt, gave, by Sy2-type displacement at the anomeric center,
exclusively the B-glycoside §. Commonly used methods for the removal of the
trichloroethyl group, such as activated zinc in methanol'!, in acetic acid'?, or in
aqueous buffer!®, failed in the reaction with 5. Therefore, exchange of the
trichloroethoxy group in 5 by the benzyloxy group was again performed with
sodium benzyl oxide—benzyl alcohol, to furnish compound 6. Hydrogenolytic
debenzylation and concomitant cleavage of the NN-bond of the hydrazine moiety
were performed with Raney nickel in acetic acid—methanol; ensuing treatment
with acetic anhydride furnished the O-silyl-protected N-acetyllactosamine deriva-
tive 7, as confirmed by 'H NMR data.

Compound 4 was readily transformed into the O-acetyl-protected derivative 8
by treatment with tetrabutylammonium fluoride (TBAF) in THF and then with
acetic anhydride in pyridine. Methyl glycoside formation from 8 in dichloro-
methane—methanol in the presence of BF;-OEt, gave again exclusively the
B-lactoside derivative 9. Hydrogenolytic debenzylation, cleavage of the NN-bond,
and N-acylation were carried out as described above, thus providing the O-acetyl-
protected N-acetyllactosamine derivative 10 as confirmed by comparison of the 'H
NMR data with the reported data'®,

An investigation employing the oxadiazine derivative 3 as glycosyl donor and
various sugars as glycosyl acceptors led only to moderate yields®. The best results
were obtained in dichloromethane as soivent with BF; - OEt, as catalyst. However,
even with reactive primary hydroxy groups, the vyields never exceeded 50%;
therefore, this approach to oligosaccharide synthesis is not competitive with
existing methodologies.
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EXPERIMENTAL

General methods. —Optical rotations were determined with a Perkin—Elmer 241
MC polarimeter at 20°C. '"H NMR spectra were recorded for solutions in CDCI 3
(internal Me,Si) with a Bruker WM 250 (or AC 250) cryospec instrument and a
Jeol JINM GX 400 instrument. R ¢ values refer to TLC performed on Silica Gel 60
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F,ss (Merck). Flash chromatography was performed with Silica Gel (Baker particle
size 40 um). The bp of the light petroleum (PE) was 35-65°C.

2-(2,2,2-Trichoroethoxy )-4-(2, 2, 2-trichloroethoxycarbonyl)-{ 3,6-di-O-tert-butyl-di-
methylsilyl-1,2-dideoxy-4-O-(2,4,6,-tri-O-tert-butyldimethylsilyl - B-p-galactopyrano-
syl)-a-p-glucopyrano][2,1e]-1,3,4-oxadiazine (3).—A solution of 0-(2,4,6-tri-O-
tert-butyldimethylsilyl-B-p-galactopyranosyl)<(1 — 4)-1,5-anhydro-3,6-di-O-tert-bu-
tyldimethylsilyl-2-deoxy-p-arabino-hex-1-enitol® (1) (4.4 g, 5.0 mmol) and bis-(2,2,2-
trichloroethyl) azodicarboxylate (2; 3.8 g, 10 mmol) in toluene (100 mL) was heated
under reflux for 18 h. Concentration of the mixture in vacuo and flash chromatog-
raphy of the residue (20:1 PE-MeOAc) vielded 3 (5.8 g, 92%) as a colourless
foam; R, 0.43 (15:1 PE-MeOAc); [al, —287° (¢ 1, CHCl,); 'H NMR (400 MHz,
CDCl,): 6 0.00-0.10 (m, 30 H, 10 SiMe), 0.83-0.89 (m, 45 H, 5 t-Bu), 1.87(d, 1 H,
J3 on 6.6 Hz, OH-3'), 3.23 (ddd, 1 H, H-5"), 3.31 (ddd, 1 H, H-3"), 3.56-3.76 (m, 6
H),391(,1H,J 9.5Hz),403(bs, 1 H, H-4'),4.10(d, 1 H, J 11.0 Hz), 448 (d, 1
H, J; 5 7.6 Hz, H-1'), 4.54 (d, 1 H, J 11.7 Hz, CH,CCl,), 4,60 (bd, 1 H, H-2), 4.73
(d, 1 H, J 11.7 Hz, CH,CCl,), 492 (2 d, 2 H, CH,CCl,), 5.60 (d, 1 H, J,, 3.4 Hz,
H-1). Anal. Calcd for C,H,,ClN,0,,Sis; C, 45.74; H, 7.52; N, 2.22. Found: C,
45.81; H, 7.49; N, 2.32.

2-Benzyloxy-4-benzyloxycarbonyl-[ 3,6-di-O-tert-butyldimethylsilyl-1,2-dideoxy-4-
O-(2,4-6-tri-O-tert-butyldimethylsilyl-B-p-galactopyranosyl )-a-p-glucopyrano]{ 2, 1e | -
1,3,4-oxadiazine (4).—To benzyl alcohol (50 mL) was added NaH (110 mg, 4.6
mmol), and to the clear solution was added 3 (1 g, 79 mmol). After 7 h at 60°C, the
mixture was filtered over a short column of silica gel and concentrated in vacuo
(0.1 mbar). Flash chromatography (13:1 PE-MeOAc) gave 4 (791 mg, 85%); R,
0.61 (5:1 PE-MeOAc); [a], —37.5° (¢ 1, CHCly) {lit.? [a], —43.5° (¢ 1, Me,CO)}.
The 'H NMR data agree with those reported®. Anal. Caled for C,sH o, N,O,;Sis:
C, 59.14; H, 8.90; N, 2.38. Found: C, 59.03; H, 8.89; N, 2.31.

Methyl Q-(2,4,6-tri-O-tert-butyldimethylsilyl-B-p-galactopyranosyl)-(1 — 4)-3,6-
di-O-tert-butyldimethylsilyl-2-deoxy-2-[ 1,2-di(2, 2, 2-trichloroethoxycarbonyl ) hydrazi-
no]-B-p-glucopyranoside (5).—To a solution of 3 (1.0 g, 0.79 mmol) in 1:1 CH,Cl,
~ MeOH (10 mL) was added dropwise a BF; - OEt, solution (0.1 M in CH,Cl,, 1
mL). After 30 min, the mixture was neutralized with NaHCO, (100 mg), filtered,
and concentrated in vacuo. Flash chromatography (15:1 PE-MeQAc) afforded §
(1.02 g, 100%); R; 0.5 (9:1 PE-MeOAc); [a], —0.5° (¢ 1, CHCI,); 'H NMR (400
MHz, CDCl,): 6 0.01-0.18 (m, 30 H, 10 SiMe), 0.85-0.89 (m, 45 H, 5 ¢#-Bu), 1.90
(d, 1 H, J 6.1 Hz, OH-3'), 3.08 (m, 1 H), 3.23 (ddd, Js.¢ 9.3, J 4.9 Hz, H-5'), 3.33
(m, 1 H, H-3"), 3.44 (s, 3 H, OMe), 3.53 (dd, J 9.5, J 49 Hz), 3.61 (m, 1 H), 3.67
(dd, J 9.5 Hz), 3.77-3.82 (m, 3 H), 4.03(dd, 2 H, H-4'), 4.51-4.90 (m, 5 H, H-1,1").
Anal. Caled for C gHgCIgN,0,,Sis: C, 45.54; H, 7.64; N, 2.17. Found: C, 45.54;
H, 7.62; N, 2.25.

Methyl O-(2,4,6-tri-O-tert-butyldimethysilyl-B-p-galactopyranosyl)-(1 ~ 4)-3,6-di-
O-tert-butyldimethylsilyl-2-deoxy-2- [ 1,2-di(benzyloxycarbonyl)hydrazino]-B8-p-gluco-
pyranoside (6).—The transesterification of compound § (1.0 g, 0.77 mmol) with
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sodium benzyl oxide-benzyl alcohol was carried out as described for 4. Flash
chromatography (8:1 PE-MeOAc) yielded 6 (800 mg, 85%); R, 0.52 (5:1 PE-
MeOAC); [al, +4.6° (¢ 1, CHCL,); 'TH NMR (400 MHz, CDCl,): § 0.00-0.14 (m,
30 H, 10 SiMe), 0.78-0.89 (m, 45 H, 5 +-Bu), 1.90 (d, 1 H, J 6.1 Hz, OH-3'), 3.07
(m, 1 H), 3.2 (ddd, Js 4 9.2, J 4.9 Hz, H-5'), 3.32 (m, 1 H, H-3), 3.42 (bs, 3 H,
OMe), 3.50-4.03 (m, 9H), 4.49(d, 1 H, J,, 7.0 Hz, H-1),4.52(d, 1 H, J,, ,» 7.6 Hz,
H-1'), 5.06-5.30 (m, 4 H), 7.26-7.35 (m, 10 H, 2 CH,Ph). Anal. Calcd. for
CsoH (sN,0,,Sis - 0.67TH,0: C, 57.99; H, 9.02; N, 2.29. Found: C, 58.00; H, 8.99;
N, 2.04.

Methyl 0-(2,4,6-tri-O-tert-butyldimethylsilyl-B-p-galactopyranosyl)-(1 — 4)-2-
acetamido-3,6-di-O-tert-butyldimethylsilyl-2-deoxy-B-p-glucopyranoside (7).—To a
solution of 6 (500 mg, 0.41 mmol) in dry MeOH (5 mL) was added Raney nickel (1
g) and glacial AcOH (10 drops), and the mixture was treated with H, under a
pressure of 4 bar. After 24 h, solid NaHCO, (0.5 g) was added and the mixture was
filtered over Celite. The filtrate was evaporated, and codistilled with toluene and
then with Ac,O. Flash chromatography (3:1 PE-MeOAc) gave 7 (298 mg, 75%);
Rf 0.43 (3:1 PE-MeOAc); [alp, —9.5° (¢ 1, CHCl,); 'H NMR (250 MHz, CDCl,):
8 0.00-0.11 (m, 30 H, 10 SiMe), 0.84-0.90 (m, 45 H, 5 -Bu), 1.90(d, 1 H, 7 5.8 Hz,
OH-3'), 1.95 (s, 3 H, CH;CON), 3.20-3.39 (m, 3 H, H-2,2), 3.40 (s, 3 H, OMe),
3.51-4.00(m, 6 H), 444 (d,1H, J 7.6 Hz, H-1 or -1), 453 (d, 1 H, J 7.0 Hz, H-1'
or -1), 5.45 (d, J,ny 8.5 Hz, NH). Anal. Calcd for C,sHy;NO,;Sis: C, 55.80; H,
10.09; N, 1.45. Found: C, 55.70; H, 10.10; N, 1.50.

2-Benzyloxy-4-benzyloxycarbonyl-[ 3,6-di-O-acetyl-1,2-dideoxy-4-O-(2,3,4,6-tetra-
O-acetyl-B-D-galactopyranosyl)-a-p-glucopyrano] 2, 1e |- 1, 3,4-oxadiazine (8).—To a
solution of 4 (680 mg, 0.58 mmol) in dry THF (10 mL) was added dropwise at 0°C
tetrabutylammonium fluoride solution in THF (1 M, 7.5 mL). After 18 h, the
mixture was evaporated and the residue dissolved in 1:1 pyridine-Ac,O (20 mL).
After 24 h, the mixture was concentrated and codistilled with toluene. Flash
chromatography (1:1 PE-MeOAc) afforded 8 (370 mg, 75%); R, 047 (1:1
PE-MeOA®); [a], —6.1° (¢ 1, CHCl,); '"H NMR (250 MHz, CDCl,): § 1.93-2.12
(6 s, 18 H, 6 CH,CO), 3.79-4.14 (m, 6 H), 4.44-4.48 (m, 2 H, H-1'), 476 (m, 1 H),
492 (dd, 1 H, J 104, J 3.4 Hz), 5.04-5.32 (m, 7 H, 2 CH,Ph), 549 (m, 1 H),
7.28-7.45 (m, 10 H, 2 CH, Ph). Anal. Calcd for C,,H xN,O,,- 0.5 H,0; C, 55.36;
H, 5.46; N, 3.23, Found: C, 55.33; H, 5.44; N, 3.11.

Methyl O-(2,3,4,6-tetra-O-acetyl-B-p-galactopyranosyl)-(1 — 4)-3,6-di-O-acetyl-2-
deoxy-2-[1,2-di(benzyloxycarbonyl)hydrazino]-B-p-glucopyranoside (9).—Compound
9 was prepared as described for §, starting from 8 (200 mg, 230 xwmol) in 1:1
CH,C1,-MeOH (2 mL) and BF; - OEt, (0.1 M solution in CH,Cl,, 0.5 mL). Flash
chromatography (4:1 toluene-Me,CO) yielded 9 (176 mg, 85%); R, 0.41 (3:1
toluene-Me,CO); [alp, +11.5° (c 1, CHCL,); 'H NMR (250 MHz, CDCl,): &
1.73-2.12 (6 s, 18 H, 6 CH;CQO), 3.50 (bs, 3 H, OMe), 3.81 (m, 2 H), 4.05 (m, 3 H),
425(m,1H),4.42(d,1H,J 79 Hz, H-1 or -1’), 448 (d, 1 H, J 7.9 Hz, H-1’ or -1),
4.89-5.32 (m, 8 H, 2 CH,Ph), 7.27-7.35 (m, 10 H, 2 CH, Ph). Anal. Calcd for
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C4H5N,0,5-05H,0: C, 54.73; H, 5.71; N, 3.11, Found: C, 54.63; H, 5.77; N,
3.04.

Methyl 0O-(2,3,4,6-tetra-O-acetyl-B-p-galactopyranosyl)-(1 — 4)-2-acetamido-3,6-
di-O-acetyl-2-deoxy-B-p-glucopyranoside (10).—Hydrogenation and N-acetylation
of 9 (150 mg, 167 xmol) was carried out as described for 7. Flash chromatography
(25:1 CH,Cl,~MeOH) gave 10 (82 mg, 75%); Rf 0.65 (9:1 CH,Cl,-MeOH);
[alp —16.5° (c 1, MeOH) {lit."* [a]F —18.0° (c 1.3, CDCl,)}; 'H NMR (250 MHz,
CDCl,): 6 1.95, 1.95, 2.03, 2.03, 2.05, 2.10, 2.13 (7 s, 21 H, 7 CH,CO), 3.43 (s, 3 H,
OMe), 3.61 (m, 1 H), 3.77 (dd, 1 H, J 8.2 Hz), 3.86 (dd, 1 H, J 6.8 Hz), 4.00-4.15
(m, 4 H),433(d,1H,J 7.5 Hz, H-1 or -1'), 4.48 (d, m, 2 H, J 7.8 Hz, H-1’ or -1),
495(dd, 1 H, Jy 30 105, J3r 4 3.4 Hz, H-3'),5.07(2dd, 2 H, H-3,2'),5.34 (dd, 1 H,
J3 4 34, I, 5 1.0 Hz, H-4'), 5.62 (d, J, vy 9.4 Hz, NH). The '"H NMR data agree
with those reported'. Anal. Calcd for C,,H,;oNO, - 0.5H,0: C, 49.24; H, 6.12; N,
2.23. Found: C, 49.10; H, 6.24; N, 1.97.
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