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Derivatives of ethylthio o-D-mannopyranoside as glycosyl donors are compared in coupling efficiency and
stereoselectivity with varving thiophilic promoters from methyl triftate (MeOTY), dimethyl(methylthio)sulfonium
triflate (DMTST) to iodonium dicollidine perchlorate (IDCP), solvents and glycosyl acceptors. IDCP was the
most efficient promoter in coupling of perbenzylated ethylthio-e-D-mannopyranosides (1 and 2), giving o-D-
mannosyl disaccharides preferentially, whereas inactive in coupling of 4,6-O-benzylidene derivatives 3 and 4.
MeOTf and DMTST promoted coupling of 4,6-O-benzylidene derivatives 3 and 4, but f-D-mannopyranosyl
disaccharides were formed preferentially. Coupling reaction was retarded as solvent polarity decreased.

Introduction

Mannosidic linkages are present in common core oligo-
saccharides of N-linked glycoproteins' and some bacterial O-
antigens.” Their biological importance has led to develop
synthetic methods for tailored mannosidic oligosaccharides. So
far a few achievements have been made in stereoselective
syntheses by applying anomeric stability’ or intramolecular
aglycon delivery.*® Thus it is desirable to develop more
efficient and more stereocontrolled methods in coupling of
mannosyl residues,

Thio glycosides, fairly stable through chemical transformations
such as OH protection-deprotection steps, but specifically
cleaved by thiophiles, have served as versatile glycosyl
donors in armed-disarmed chemospecific glycosidation.>™
Selectivity of IDCP for perbenzylated thioglucosides resuited
in exclusive formation of c-glucosidic disaccharides (1,2-cis-
stereochemical relationship) with partially-benzoylated thio-
glucosides. The produced thio-glycosyl disaccharide donor
having benzoyl groups was extended to trisaccharides by
NIS-TfOH promoter.”™

In this paper derivatives of ethylthio o-D-mannopyrano-
side have been examined as a glycosyl donor varying glycos-
yl accepters, solvents and promoters. IDCP,™'* MeOT," and
DMTST'™*"® promoters were compared in terms of effici-
ency and stereochemical outcomes.'®

Experimental

General. Concentration was performed under reduced
pressure at below 40 °C (bath). CH;Cl, and ether were dried
over P,0Os and Na-benzophenone, respectively. Freshly distilled
solvents were used for reactions. NMR spectra were recorded
in chloroform-d solutions referenced to internal TMS (a Varian
VXR-200 or a JEOL JNM-LA400 spectrometer). Assignments
were based on DEPT, 2D COSY, and proton-carbon correla-
tion experiments. Flash column chromatography was performed
on silica gel Merck 60 (Art 7734 70-230 mesh and Art 9385
230400 mesh} with toluene-EtOAc, 15:1. TLC was conducted
on plates coated with a 0.2 mm layer of silica gel 60F,s, (Merck)
with toluene-EtOAc, 5:1; the components were located by

charring the plate with 5% sulfuric acid.

Glycosylation reactions were performed in the following
procedures according ta Table 1, unless otherwise stated.

To solution of a donor (0.35 mmol) and an acceptor (0.27
mmol) in dichloromethane-ether (2:5, 10 mL) or dichloro-
methane (10 mL) was added freshly powdered MS 5 A, and
the mixture was stirred for 30 min at room temperature (5-10
°C for DMTST). To the mixture was added, with stirring,
the promoter (0.81 mmol), and stirring was continued for the
reaction time at given temperature (Table 1). The reaction
mixtures were purified as followed depending on promoter.

lodonium dicollidine perchlorate (IDCP)"?. The pre-
cipitate was filtered off through Celite pad, and washed
thoroughly with dichloromethane. The filtrate and washings
were combined, and the solution was successively washed
with 1 M Na,$,0; and water, dried (Na,SO,), concentrated,
and purified on silica gel column.

Methyl trifluoromethanesulfonate (MeOTf) and
Dimethyl(methylthio)sulfonium triflucromethane-
sulfonate (DMTST)!!, Tricthylamine (2.66 mmol) was
added to the mixture after given reaction time and stirring was
continued for 10 min. The mixture was filtered through Celite
pad, concentrated, and purified on silica gel coiumn.

Methyl O0-(2,3,4,6-tetra-O-benzyl-@-D-mannopy-
ranosyl)-(1 — 6)-2,3,4-tri-O-benzyl- a-D-glucopyrano-
side (D12) and methyl O-(2,3,4,6-tetra-O-benzyl-§-D-
mannopyranosyl)-(1 — 6)-2,3,4-tri-O-benzyl-a-D-
glucopyranoside (D1f). Dla and D18 were obtained
from 1 (204.5 mg) and § (125 mg) in 4 different conditions
reported in Table 1. The produced mixture was flash chromato-
graphed on silica gel eluting with toluene-EtOAc (15:1, vv):
R 0.75 for 1, 0.12 for 5, 0.50 for Dl¢, and 0.44 for D18
(toluene-EtOAc, 5:1, v#); '"H NMR (CDCl,, 400 MHz) for D
1e 8 7.36-7.14 (m, 35H, aromatic H), 5.014.42 (m, 16H, H-1,
H-1, and CH,CH,), 4.03-3.38 (m, 12H), 3.30 (s, 3H, OCH,);
YBC NMR (CDCl,;, 100 MHz) for Dl § 138.6-127.3 (aromatic
C), 98.1 (C-1), 97.7 (C-1), 820, 799, 794, 77.5, 75.6, 74.9,
74,78, 74.75, 74.6, 73.13, 73.1, 72.3, 71.9, 69.7, 69.0, 65.7, 54.9
(OCH,), [0fp*+239 (c 1.81, CHCly), ES(+MS 1004.0 [100,
(M+NH.)']; 'H NMR (CDCl,, 400 MHz) for D18 § 7.43-7.18
(m, 35H, aromatic H), 5.03-4.46 (m, 16H, H-1, H-1', and CH;
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Table 1. Coupling of Thiomannosyl donors with acceptors
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Entry Donor Acceptor Promotor Solvent Temperature  Time Disacchride : % yield (o/f)

1 1 5 IDCP  C-E(2/5) r.t. 10 min  Dl@; Man « 6Gle, D1f; Man B 6Gle, 78 (1.5/1)

2 1 5 IDCP C I.L 43 min  Dla; Man a 6Gle, D1§; Man 8 6Glc, 53 (1/1)

3 1 5 MeOTE C-E(2/5) It 41 hr Dla; Man o 6Glc, D18; Man 8 6Glc, 84 (1.5/1)

4 1 5 MeOT{ C .t 48 hr Dla; Man « 6Gle, D1§; Man 8 6Gle, 72 (1.35/1)

5 1 6 IDCP  C-E(2/5) I.t. 5 min  D2a; Man o 3Gle, D283; Man3 § Gle, 97 (4.7/1)

6 1 7 iDCP  C-E(2/5) It 8 min  D3¢; Man ¢ 6Gle, D38; Man B 6Gle, 79 (3/1)

7 1 8 IDCP  C-E(2/5) rt. 2 min  Ddo; Man o 3GIcNPhth, 96 {1/0)

8 1 8 DMTST C 5~10 °C 30 min  Dda; Man o 3GIcNPhth, 36 (1/0)

9 2 6 IDCP  C-E(2/5) It 10 min  DSo; Man o 3Gle, DSB; Man 8 3Gle, 89 (2.21)

10 2 6 MeOTE C r.t. 48 hr DSa; Man « 3Gle, D58; Man 8 3Gle, 49 (3.6/1)

11 2 7 MeOTE C rt 24 hr Decomposed and a Trace of 12*

12 2 10 IDCP  C-E(2/5) rt. 35 min  D6a-3; Man & 3Gal: 36(1/0), Déa-2; Man o 2Gal : 2%(1/0)
13 3 5 IDCP C ri. 6 hr D78; Man B 6Gal, 12(0/1)

14 3 6 IDCP c It 22 hr  DSB; Man 8 3Gal, 10(0/1)

15 3 7 MeOTf C .t 24 hr DSa; Man e 6Gle, D98; Man B 6Gle, 58 (1/2.4)

16 4 5 DMTST C 5~10 °C 45 hr D10¢; Man « 6Gle, D10S; Man B 6Gle, 55 (1/7.1)

17 4 6 IDCP  C-E(2/5) r.t 20 hr No reaction

18 4 7 DMTST C 5~10 °C 4 hr 12*, 15

19 4 7 MeOTE C r.t. 25 br 12%, 41

20 4 8 IDCP  C-E(2/5) T.t. 20 hr Na reaction

21 4 9 IDCP  C-E(2/5) rt. 44 bt No reaction

22 4 9 DMTST C 5~10 °C 6 hr Dlle; Man « 2Gle, D11§3; Man 8 2Gle, 55 (1/2.5)

23 4 10 DMTST C 510 °C 7 hr  D1383; Man 8 3Gle:30 (O/1), D13B-2; Man B 2Glc: 32 (0/1)
24 4 10 MeOTf C rt. 25 hr D1333; Man 8 3Glc: 24 (0/1), D13B-2; Man 8 2Glc: 23 (0/1)
25 1 6 IDCP  C-E(2/5) .t 24 hr No reaciton

1) No reaction means starting compounds were recovered. 2) * MPM migration occurred. 3) Solvents C for CH,Cl, E for Et,0.

CH,), 4.8-337 (m, 12H), 330 (s, 3H, OCH,; “C NMR
(CDCL, 100 MHz) for D18 & 138.8-127.3 (aromatic C), 101.4
(C-1), 97.7 (C-1), 82.2, 82.1, 79.8, 77.6, 75.9, 75.6, 75.1, 74.9,
74.6, 73.6, 73.5, 73.4, 732, 71.5, 69.72, 69.7, 68.2, 55.0 (OCH,),
[]e?+6.84 (c 2.42, CHCL).

Methyl 0O-(2,3.4,6-tetra-O-benzyl-a-D-mannopy-
ranosyl)-(1 — 3)-2-0O-benzyl-4,6-O-benzylidene-2-D-
glucopyranoside (D2a) and methyl 0-(2,3,4,6-tetra-
O-benzyl-f-D-mannopyranosyl)-(1 — 3)-2-O-benzyl-
4,6-0O-benzylidene- x-D-glucopyranoside {D28).
Glycosidation of 1 (141.3 mg) with 6 (60 mg) using IDCP
yielded a mixture. Flash chromatography gave D2& (115 mg,
80%) and D28 (24.3 mg, 17%): R; 0.63 for 1, 0.22 for 6,
0.53 for D2, and 0.40 for D28 (toluene-EtOAc, 5:1, viv)
'H NMR (CDCl,, 400 MHz) for D2 § 7.48-7.05 (m, 30H,
aromatic H), 5.49 (d, 1H, J,,=1.44 Hz, H-1"), 5.48 (s, 1H,
C,H;CH), 4.91-4.34 (m, 10 H, C,H,CH,), 4.62 (s, 1H, H-1),
4.30 (1, 1H, H-3), 4.23 (dd, 1H, J.,=4.88 Hz, Jo,»=10.26
Hz, H-6a), 4.14-4,10 (m, 2H, H-4' and H-5", 3.89-3.86 (m,
1H, H-3"), 3.84-3.80 (m, 1H, H.5), 3.79-3,78 (m, 1H, H-2),
3.70-3.60 (m, 3H, H-6b, H-6a', and H-6b"), 3.51 (t, 1H, J,.=
9.52 Hz, J,5=9.52 Hz, H-4), 3.40 (dd, 1H, .J,,=3.68 Hz, J,,=
9.52 Hz, H-2), 3.37 (s, 3H, OCH,); *C NMR (CDCl,, 100
MHz) for D2¢ & 139.0-125.2 (aromatic C), 101.8 (C¢Hs
CH), 98.7 (C-1), 97.6 (C-1), 82.7 (C-4), 79.6 (C-3'), 77.9 (C-
2), 74.8 (CHCH,), 74.6, 74.0 (C-2), 73.4 (C-3 and CJH,
CH,), 73.1 (C,H,CH,), 71.6 (C;H;CH,), 71.4 (C4HCH;), 69.0
(C-6), 68.8 (C-6'), 61.8 (C-5), 55.3 (OCH.); 'H NMR (CDCl,
400 MHz) for D28 & 7.48-7.15 (m, 30H, aromatic H), 5.51
(s, 1 H, C,H;CH), 4.92-4.40 (m, 12H, CH;CH,, H-1, and H-
1), 422 (dd, 1H), 4.19 (1, 1H), 3.94 (1, 1H), 3.85-3.77 (m,

2H), 3.72-3.61 (m, 4H), 3.52 (dd, 1H), 3.40-3.37 (m, 4H),
3.32-3.28 (m, 1H); C NMR (CDCl,, 100 MHz) for D28
139.2-126.2 (aromatic C), 101.9 (C,H,CH), 1014 (C-1), 98.5
(C-1), 82.6 (C-4), 80.1, 76.0, 75.1, 74.7, 73.8, 73.6, 73.3, 7L.6,
69.4 and 68.9 (C6 and C-6'), 62.5 (C-5), 55.3 (OCH.), [ot],*+
6.26 (¢ 0.45, CHCL,).

2,3,4,6-Tetra-O-benzyl-c-D-mannopyranosyl-(1 —
6)-1,2 : 3,4-di-O-isopropvlidene- a-D-galactopyranose
(D3a) and 2,3,4,6-Tetra-O-benzyl-§-D-mannopy-
ranosyl-(1 — 6)-1,2:3,4-di-O-isopropylidene-a-D-
galactopyranose (D38). Glycosidation of 1 (176.3 mg)
with 7 (654 mg) using [DCP yielded a mixture. Flash
chromatography gave D3¢ (115.8 mg, 59%) and D3B8 (38.5
mg, 20%) : R; 0.7 for 1, 0.06 for 7, 0.49 for D3a and 0.38 for
D38 (toluene-EtOAc, 5:1); 'H NMR (CDCl,, 400 MHz) for
D3¢ § 7.39-7.17 (m, 20H, aromatic H), 5.52 (d, 1H, J,,=5.4
Hz, H-1), 5.02 (s, 1H, H-1'), 487 (d, 1H, J=10.72 Hz), 4.74-
449 (m, 8H, CH.CH,), 4.32 (s, 1H), 4.15 (d, 1H, J=7.6 Hz),
4.04-3.68 (m, 9H), 150-123 (12H, C(CH.); “C NMR
(CDCl,, 100 MHz) for D3¢ & 138.6-127.4 (aromatic C), 109.3
(C(CHy)), 1085 (G(CH,)), 972 (C-1), 963 (C-1), 800,
75.1, 748, 74.5, 733, 72.3, 72.0, 709, 70.62, 70.55, 69.1, 65.3,
65.2, 26.1, 26.0, 249, and 245 (C(CH,)), [)s24.20 (c 165,
CHCL);, 'H NMR (CDCl,, 400 MHz) for D38 § 7.34-7.15 (m,
20 H, aromatic H), 5.60 (4, 1H, J,,=4.88 Hz, H-1), 5.034.43
(m, 10 H, CHCH,), 435-340 (m, 12H), 148133 (124, C
(CHy),); "C NMR (CDCl,, 100 MHz) for D38 & 138.6-127.4
(aromatic C), 109.5 (C,(CH,),), 108.7 (C(CH.),), 102.3 (C-17),
964 (C-1), 819, 75.8, 75.1, 74.8, 73.6, 734, 727, 71.6,
71.0, 70.8, 70.5, 69.9, 69.5, 68.1, 26.03, 25.97, 25.1, and 24.4
(C(CH.)), [0]52-48.5 (¢ 1.23, CHCL,).
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Ethyl 0-(2,3.4,6-tetra-0O-benzyl-o-D-mannopy-
ranosyl)-{1 — 3)-4,6-0O-benzylidene-2-deoxy-2-N-
phthalimido-1-thio-8-D-glucopyranoside (D4a).
Glycosidation of 1 (147.6 mg) with 8 (68.7 mg) using IDCP
yielded D4ex. Chromatography gave pure D4a (145 mg, 96%),
while glycosidation of 1 (63.3 mg) with 8 (39.8 mg) using
DMTST yielded Ddex, which was flash chromatographed to give
pure Ddex (31.5 mg, 36%) : R, 043 for 1, 0.07 for 8, 0.32 for D
4a (toluene-FtOAc, 15:1, vA); 'H NMR (CDC,, 400 MHz) &
7.74-6.92 (m, 29H, aromatic H), 5.55 (s, 1H, CH,CH), 548 (d,
1H, J,,=10.72 Hz, H-1), 532 (d, 1H, J,»=196 Hz, H-1), 4.78-
417 (m, 11H), 3.91-3.68 (m, 5H), 3.61 (dd, 1H, J=3.16 Hz,
9.52 Hz), 3.02 (m, 2H), 2.80 (m, 1H), 2.68 (m, 2H, SCH,-
CH,), 1.19 (t, 3H, SCH,CH,); "*C NMR (CDCl;, 100 MHz)
6 167.8 and 167.3 (CO), 138.9-123.2 (aromatic C), 101.8
(C;HsCH), 98.8 (C-1"), 82.7 (C-4), 81.9 (C-1), 79.5 (C-3),
74.9, 74.7, 74.3, 73.8, 73.3, 728, 72.1, 71.8, 70.2, 68.7
and 67.8 (C-6 and C-6"), 54.2 (C-2), 24.2 (SCH,CH;), 14.9
(SCH,CH,), [a),*+11.3 (¢ 0.51, CHCLy).

Methyl 0-(2,4,6-tri-O-benzyl-3-O-p-methoxybenzyl-
a-D-mannopyranosyl)-(1 — 3)-2-O-benzyi-4,6-0-
benzylidene- o-D-glucopyranoside (D5a) and methyl
0-(2,4,6-tri-O-benzyl-3-0- p-methoxybenzyl- 5-D-
mannopyranosyl)-(1 — 3)-2-O-benzyl-4,6-O-ben-
zylidene*-D-glucopyranoside (D58). Glycosidation of 2
(74.3 mg) with 6 (30 mg) using IDCP yielded a mixture.
Flash chromatography gave D5 (45.7 mg, 61%) and D38
(20.8 mg, 28%) while glycosidation of 2 (233.7 mg) with 6
{107.8 mg) using MeOTf yielded a mixture, which was flash
chromatographed to give DSe (100.6 mg, 38%) and D58
(28.2 mg, 11%) : R; 0.68 for 2, 0.22 for 6, 0.54 for DSe, and
0.38 for D58 (toluene-EtOAc, 5: 1, v/v); '"H NMR (CDCl,, 400
MHz) for D5a & 7.47-7.06 (m, 27H, aromatic H), 6.80 (d, 2H,
J=8.52 Hz, CH,0C.H, aromatic H), 5.48-5.47 (m, 2H), 4.90-
4.22 (m, 13H), 4.08-4.07 (m, 2H), 3.87-3.60 (m, 9H), 3.5 (t,
1H), 3.42-3.37 (m, 4H); *C NMR (CDCl,, 100 MHz) for D
5a § 158.9-113.6 (aromatic C), 101.8 (C;H;CH), 98.8 (C-1),
97.7 (C-1'), 82.7, 79.3, 77.9, 74.8, 74.6, 74.1, 73.6, 73.5, 73.2,
71.6, 714, 71.3, 69.1 and 68.9 (C-6 and C-6), 61.8 (C-5), 55.3
and 55.2 (OCH, and CH;,OCH,); 'H NMR {(CDCl,, 400 MHz)
for D58 6 7.48-7.16 (m, 27 H, aromatic H), 6.81 (d, 2 H, J=
8.8 Hz, CH,;OCH, aromatic H), 5.50 (s, 1H, C.;H; CH), 4.95-
436 (m, 13H), 4.24-4.16 (m, 2H), 3.91 (¢, 1H), 3.83-3.60 (m,
8H), 351 (dd, 1H), 3.38-3.36 (m, 4H), 3.31-329 (m, 1H); “C
NMR (CDCl;, 100 MHz) for D58 & 159.0-113.7 (aromatic C),
101.9 (CHCH), 101.4(C-1"), 98.5 (C-1), 82.3, 80.1, 76.0, 75.1,
74.8, 74.7, 73.8, 73.6, 73.3, 71.4, 69.4 and 68.9 (C-6 and C-6"),
62.5 (C-5), 55.3 and 55.2 (OCH, and CH;OC{H.), [ap2+9.75
(c 0.79, CHCL,).

Methyl 0-(2,4,6-tri-O-benzyl-3-O-p-methoxybenzyl-
a-D-mannopyranosyl)-(1 — 3)-4,6-O-benzylidene-a-D-
galactopyranoside (D6c2-3) and methyl 0-(2,4,6-tri-O-
benzyl-3-0O-p-methoxybenzyl- ¢-D-mannopyranosyl)-(1
— 2)-4,6-O-benzylidene-a-D-galactopyranoside (Dé6c-
2). Glycosidation of 2 (278.4 mg) with 10 (1163 mg)
using IDCP vielded a mixture., Flash chromatography gave
D6c-3 (1238 mg, 36%) and D6a-2 (99.7 mg, 29%): R,
0.85 for 2, 0.02 for 10, (.39 for D6&-3, and 0.3 for Déa-2
(toluene-EtOAc, 5:3); 'H NMR (CDCl,, 400 MHz) for D
6a-3 & 7.48-6.78 (m, aromatic H), 5.53 (s, 1H, C{H,CH),
5.03-3.54(m, 22H), 3.79 (s, 3H, CH;OC.H,), 3.34 (s, 3H,
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OCH,); “C NMR (CDCl;, 100 MHz) for Dé6a-3 & 159.1-
113.7 (aromatic C), 101.1 (C;H;CH), 98.5 and 97.6 (C-1 and
C-19, 794, 76.3, 75.3, 75.0, 74.5, 73.1, 73.0, 72.3, 71.8, 69.2,
69.0, 674, 625, 555 and 552 (OCH; and CH,0CH.,),
[a]pP+44.6 (c 2.28, CHCL); "H NMR (CDCl,, 400 MHz) for
D62 § 7.46-7.10 (m, 22H, aromatic H), 6.81 (d, 2H, J=
8.52 Hz, CH,OCH, aromatic H), 5.43 (s, 1H, C;H,CH}, 5.03
(d, 1H, J,;=1.44 Hz, H-1Y, 4.88 (d, 1H, J,,=3.64 Hz, H-1),
4.83-4.25 (m, 9H, CH,CH,, CH;OCH.CH, and 1H), 4.17 (d,
1H, J=3.4 Hz), 4.09-3.79 (m, TH), 3.77 (s, 3H, CH,0C(H,),
3.74-3.68 (m, 2H), 3.59 (s, 1H), 3.37 (s, 3H, OCH,); “C
NMR (CDCl;, 100 MHz) for D62 § 159.1-113.7 (aromatic
C), 100.7 (CHCH), 100.3 (C-1), 95.3 (C-1), 79.5, 75.1,
75.0, 74.5, 734, 73.3, 72.9, 72.8, 72.1, 71.8, 69.5, 694,
67.2, 62.4, 55.6 and 55.2 (OCH, and CH,OCH,), [oo*+
90.1 (¢ 1.93, CHCl,).

Methyl O-(2,3-di-O-benzyl-4,6-O-benzylidene-§-D-
mannopyranosyl)-(1 — 6)-2,3,4-tri-O-benzyl-a-D-
glucopyranoside (D78). Glycosidation of 3 (73.6 mg)
with § (79 mg) using [DCP yielded a mixture. Flash chromato-
graphy gave D78 (16 mg, 12%): R, 068 for 3, 0.11 for 5, and
0.41 for D78 (toluene-EtOAc, 5:1, vAv); 'H NMR (CDCl,, 400
MHz) for D7a & 7.51-7.16 (m, 30H, aromatic H), 5.59 (5, 1H,
CH,CH), 5.04-4.49 (m, 11H), 427-3.69 (m, 8H), 3.53-3.43 (m,
4H), 333 (s, 3H, OCH,), 3.25-3.20 (m, 1H); "C NMR (CDCl,,
100 MHz) for D78 § 138.8-126.0 (aromatic C), 102.0 (CH:CH),
1014 (C-1Y, 97.8 (C-1), 822, 798, 786, 778, 77.2, 75.7, 75.6,
747, 745, T3.3, 72.5, 69.6, 68.5, 682, 675, 55.1 (OCH;), [cdx*-
207 (¢ 1.99, CHCL), ES(+)MS (100, (M+NH,)").

Methyl O-(2,3-di~O-benzyi-4,6-O-benzylidene--D-
mannopyranosyl)-(1 — 3}-2-O-benzyl-4,6-O-benzyli-
dene-a-D-glucopyranoside (D88). Glycosidation of 3
(182.6 mg) with 6 (91.2 mg) using IDCP yielded a mixture.
Flash chromatography gave D88 (20.3 mg, 10%) : R, 0.7 for
3, 022 for 6, and 0.32 for D88 (toluene-EtQOAc, 5:1); 'H
NMR (CDCl, 400 MHz) for D88 & 7.52-7.18 (m, 30H,
aromatic H), 5.53 (m, 2H, C,H,CH), 4.90 (s, 1H), 4.72-3.47
(m, 18H), 3.35 (s, 3H, OCH,), 3.25-3.19 (m, 1H); “C NMR
(CDCL,, 100 MHz) for D88 & 159.1-113.7 (aromatic C), 103.0
(C-19, 1013 and 101.1 (GH.CH), 985 (C-1), 80.0, 799, 79.2,
78.8, 78.7, and 782 (C-2, 2| 3, 3 4, and 4", 74.5, 734, and
72.5 (CHCH,), 689, 68.7, 67.3, and 625 (C-5, 5, 6, and 6),
55.3 (OCH,), [a]p*-3.04 (c 0.73, CHCl,).

2,3-Di-O-benzyl-4,6-O-benzylidene- @-Dmanno-
pyranosyl-(1 — 6)-1,2:3,4-di-O-isopropylidene- &-D-
galactopyranose (D9a) and 2,3-Di-O-benzyl-4,6-0-
benzylidene- f-D-mannopyranosyl-(1 — 6)-1,2:3,4-di-
Orisopropylidene- -D-galactopyranose (D98). Glyco-
sidation of 3 (284.9 mg) with 7 (136.9 mg)} using MeOT{ yield-
ed a mixture. Flash chromatography gave D9« (61.9 mg, 17%)
and D98 (147.3 mg, 41%) : R, 0.66 for 3, 0.07 for 7, 0.40 for D
9 (toluene-EtOAc, 5:1); 'H NMR (CDCl, 400 MHz) for D

" 9a § 751-7.23 (m, 15H, aromatic H), 5.63-5.51 (m, 2H, H-1,

CH,CH), 4.49-4.58 (m, 6H), 4.324.16 (m, 4H), 3.98-3.66 (m,
7H), 152-1.31 (m, 12H, C(CH,),); ®C NMR (CDCl, 100 MHz)
for D9¢ & 138.7-1260 (aromatic C), 109.4 (C(CH.)), 1086
(G{(CHg)), 1014 (CH.CH), 99.(C-1’), 96.3 (C-1), 79.0 (C4),
76.4 (C-2' and C-3), 74.3 and 73.1 (CgH,CH,), 709, 70.6, 70.5
(C-2, C-3, C-5) 6838, 65.8, 65.4, 64.4 (C4, C-6, C-5', C-6), 26.1,
259, 249, and 24.5 (C(CH5)y), [@],2-6.09 (c 0.88, CHCL); 'H
NMR (CDCl, 400 MHz) for D98 & 752-7.16 (m, 15H,
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aromatic H), 5.60-5.58 (m, 2H), 5.01-4.53 (m, 6H), 4.34-3.37
(m, 11H), 1.53-131 (m, 12H, C(CH,))e “C NMR (CDCl,, 100
MHz) for D98 & 1382-125.9 (aromatic C), 109.3 (C,(CH,))
108.5 (C(CH,),), 102.7 (C-1), 10L.2 (C.H,CH), 96.2 (C-1), 78.3,
773, 74.8, 744, 719, 714, 70.6, 704, 69.9, 684, 67.8, 674,
259, 25.8, 24.9, and 24.2 (C(CH,),), [0o%-78.0 (¢ 2.29, CHCL,).

Methyl O-(2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl-¢-D-mannopyranosyl)-(1 — 6)-2,3,4-tri
O-benzyl--D-glucopyranoside (D102) and methyl O-
(2-O-benzyl-4,6-O-benzylidene-3-0- p-methoxybenzyl-
B-D-mannopyranosyl)-(1— 6)-2,3,4-tri-O-benzyl-a-D-
glucopyranoside (D108). Glycosidation of 4 (150.5 mg)
with 5 (1115 mg) using DMTST vyielded a mixture. Flash
chromatography gave D10¢ (14.9 mg, 7%) and D108 (105.6
mg, 48%): R, 0.68 for 4, 0.11 for 5, 0.53 for D10, and 0.4]
for D108 (toluene-EtOAc, 5:1, vi); ®C NMR (CDCl;, 100
MHz) for D10e & 159.1-113.7 (aromatic C), 1015 (CsH.CH),
99.6 (C-17, 97.8 (C-1), 82.1, 80.1, 79.1, 77.7, 76.3, 75.8, 75.4,
750, 734, 733, 726, 69.8, 68.8, 66.0, 64.3, 552 and 55.0
(OCH; and CH,OCH,), [0],*+43.6 (¢ 041, CHCL);, *C NMR
(CDCl;, 100 MHz) for D108 & 159.2-113.7 (aromatic C), 101.9
(CHCH), 1013 (C-1%), 97.8 (C-1), 82.1, 79.7, 78.6, 77.4, 75.65,
75.6, 74.6, 744, 73.3, 72.1, 69.6, 68.5, 682, 67.5, 55.2 and 55.0
(OCH, and CH,OCH,).

Methyl O-(2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl- ¢-D-mannopyranosyl)-(1 — 2)-3-0-
benzyl-4,6-O-benzylidene- &-D-glucopyranoside (D
11¢) and methyl O-(2-0O-benzyl-4,6-O-benzylidene-3-
O-p-methoxybenzyl-8-D-mannopyranosyl)-(1 — 2)-3-
O-benzyl-4,6- O-benzylidene- -D-glucopyranoside (D
118). Glycosidation of 4 (140.2 mg) with 9 (83.2 mg) using
DMTST yielded a mixture. Flash chromatography gave a
mixture (102.6 mg, 55%) of D11a and D118 (1:2.5): R, 0.68
for 4, 0.18 for 9, 0.51 for a mixture of D1le and D118
(toluene-EtOAe, 5:1); "C NMR (CDCl,, 100 MHz) for D
1la 6 159.0-113.6 (aromatic C), 101.4 and 101.3 (C;H:CH),
96.9 (C-19, 96.2 (C-1), 81.9, 76.1, 75.5, 75.47, 739, 73.5,
72.8, 68.9, 68.5, 64.2, 62.3, 55.2 and 55.1 (OCH; and CH;0C;-
H); C NMR (CDCl,, 100 MHz) for D118 § 159.1-113.6
(aromatic C), 1030 (C-1), 101.4 and 1013 (C;H,CH), 1003 (C-
1), 82.6, 789, 784, 78.1, and 780 (C-2, 2, 3, 4, and 4", 75.2,
75.1, 743, and 72.1 (C-3', CH;CH,, and CH;OGH,CH,), 69.1,
684, 67.5 and 62.3 (C-5, 5', 6, and 6'), 55.4 and 55.2 (OCH,
and CH,0C,H,).

1,2:3,4-Di-Orisopropylidene-6-O- p-methoxybenzyl)-
a-D-galactopyranose (12). Glycosidation of 4 {406.9
mg) with 1,2:3.4-di-O-isopropylidene-a-D-galactopyranose
(7 (184.2 mg) using MeOTf yielded a mixture. Fash chromato-
graphy gave 12 (207.5 mg, 41%) while glycosidation of 4
(191.9 mg) with 7 (857 mg) using DMTST vyielded a
mixture, which was flash chromatographed to give 12 (34.5
mg, 15%): R, 0.69 for 4, 0.07 for 7, 0.43 for 12 (toluene-
EtOAc, 5:1); *C NMR (CDCl;, 100 MHz) for 12 & 159.1-
113.5 (aromatic C), 109.1 (C(CH,),), 108.4 (C,(CH,),), 96.3
(C-1), 71.1 (C-5), 70.53 (C-2), 70.48 (C-3), 68.4 (C-4), 66.8
(C-6), 26.0, 25.9, 24.9, and 24.4 (C(CH.),).

Methyl O-(2-O-benzyl-4,6-O-benzylidene-3-O-p-
methoxybenzyl-§-D-mannopyranosyl)-(1— 3)-4,6-
O-benzylidene--D-galactopyranoside {D138-3) and
methyl O-(2-0-benzyl-4,6-O-benzylidene-3-0-p-
methoxybenzyl- 8-D-mannopyranosyl)-(1 — 2)-4,6-O-
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benzylidene- a-D-galactopyranoside (D13§5-2).
Glycosidation of 4 (159.2 mg) with 10 (77.1 mg) using
MeOTf vielded a mixture. Flash chromatography gave D
138-3 (60.7 mg, 30%) and D138-2 (65.4 mg, 32%) while
glycosidation of 4 (5124 mg) with 10 (1933 mg) using
DMTST yielded a mixture, which was flash chromatographed to
give D138-3 (122.9 mg, 24%) and D1382 (118.6 mg, 23%):
R; 077 for 4, 0.05 for 10, 0.52 for D138-3, and 0.36 for D135-2
(toluene-EtQAc, 5:3); '"H NMR (CDCl,;, 400 MHz) for D13¢-3
8 7.527.18 (m, 17 H, aromatic H), 6.82 (d, 2 H, /=8.52 Hz,
CH,;OCH, aromatic H), 5.59 and 5.57 (both s, 1H each, CH
CH), 5.00-3.53 (m, 18H), 3.79 and 3.43 (doth s, 3H each, CH,
OCH, and OCH,); C NMR (CDCl,, 100 MHz) for D1383 &
159.1-113.7 (aromatic C), 103.2 (C-1"), 1014 and 101.3 (CH;
CH), 1004 (C-1), 784, 775, 772, 763, 75.6, 74.6, 71.9, 694,
68.6, 68.5 67.6, 62.3, 55.8 and 55.3 (OCH, and CH,OCH.,); 'H
NMR (CDCl,, 400 MHz) for D1382 & 7.54-7.15 (m, 17H,
aromatic H), 6.82 (d, 2 H, J=8.76 Hz, CH,OCH, aromatic H),
5.60 and 5.56 (both s, 1H each, CGH.CH), 5.01-3.31 (m, 18H),
3.79 and 3.48 (both s, OCH, and CH,OCH,); C NMR (CDCl;,
100 MHz) for D1382 & 159.1-113.6 (aromatic C), 103.0 (C-1,
101.4 and 100.7 (CHCH), 1002 (C-1), 784, 77.5, 764, 753,
754, 745, 71.9, 69.1, 689, 685, 67.7, 63.1, 556 and 55.2
(OCH, and CH,OCAH,).

Methyl O-(@-D-mannopyranosyl)-{(1—6)-a-D-glu-
copyranoside (D1'a).* Compound Dle (50.9 mg) was
hydrogenated in EtQOAc (2 mL)-EtOH (4 mL) in the
presence of 10% Pd/C for 24 hours at room temperature.
Filtration over Celite pad and concentration of the filtrate
yielded DI'@ quantitatively : R, 047 for Dl'e (+-BuOH-
EtOAc-HAc-H,0, 36:36:7:21, v~); 'H NMR (D,O, 400
MHz) for DI'a 8 4.68 (s, 1H, H-1), 4.59 (s, 1H, H-1); “C
NMR (D,0, 100 MHz) for D1'e 8 100.5 (C-19, 1004 (C-1),
743, 73.7, 722 (C-2), 71.6, 70.9, 70.8, 70.4, 67.7, 66.2 (C-6),
61.9 (C-6"), 56.0 (OCH,), [a],*+92.7 (¢ 0.47, H;0).

Methyl O~{8-D-mannopyranosyl)-{(1—6)-c-D-glu-
copyranoside (D1'8).* Hydrogenation of compound D
18 (37.6 mg), as described for the preparation of Dl'e,
yielded D1'8 quantitatively : R, 0.40 for D1'b (1-BuOH-EtOAc-
HAc-H,0, 36:36:7:21, viv); 'H NMR (D,0, 400 MHz) for
D1'8 § 459 (d, 1H, J,,=3.68 Hz, H-1), 4.48 (s, 1H, H-1";
BC NMR (D,0, 100 MHz) for D1'8 & 101.5 (C-1"), 100.3
(C-1), 77.3, 740, 739, 72.1, 71.6, 71.4, 70.5, 69.2 (C-6), 67.8,
62.0 (C-6"), 56.1 (OCH,), [@]p*+52.0 {c 0.35, H,0).

Results and Discussion

Reactions of perbenzyl ethylthio B-D-gluco or galacto-
pyranoside in the presence of IDCP were reported to give
stereoselectively 1,2-cis-ce-glycosides via inversion at C-1.7%'
Our study with perbenzylated ethylthio-a-D-mannopyranoside
(1} shows preferential formation of o-D-mannosyl disaccha-
rides (Table 1, entry 1-8), in variable o/f-anomeric ratios
depending on acceptors, promoters, and solvents. It is
noteworthy that unlike glucose or galactose derivatives,'
retention at C-1 occurred preferentially in reactions of per-
benzylated ethylthio-g-D-mannopyranoside (1), giving ther-
modynamically stable o-mannopyranosides (1,2-trans-glyco-
sides) in major.> @-Anomeric ratios increased with the
steric hindrance of accepter-OH, but were affected tittle by
promoters. Employing IDCP promoter 1 was coupled to
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accepters 5 (6-OH), 6 (3-OH), 7 (hindered 6-OH), and 8 (3-
OH) in oB ratios of 1.5/1, 4.7/1, 3/1, and 1/0, respectively
(entry 1, 5-7). Solvent polarity influenced the stereochemical
outcome of mannose-coupling and the efficiency also. Compari-
son of entries, 1 with 2, and 3 with 4, shows that addition of
ether to CH,Cl, (CH,Cl,: E;;0=2:5) increased coupling vields
(53 to 78 and 72 to 84%) and o¥f ratios (1/1 to 1.5/1 and 1.35/1
to 1.5/1, respectively).

IDCP is proved to be the most efficient promoter in terms
of yields, reaction time and manageability. With IDCP pro-
moter @-D-mannosyl-disaccharide (D4¢) was obtained in
96% vield from coupling of perbenzyl ethylthio--D-manne-
pyranoside (I) and ethyl 4,6-O-benzylidene-2-deoxy-2-N-
phthatimido-1-thio-B-D-glucopyranoside (8) (entry 7) while
with DMTST in 36% yield DMTST probably attacked
thioglycoside 1 and 8 indiscriminately. Thus, DMTST is less
effective than IDCP as a promoter for armed-disarmed
coupling of thio-glycosides {entry 7, 8). IDCP was compatible
with the presence of 4-methoxyphenylmethyl (MPM) ether,
while MeOTf or DMTST were not. With IDCP coupling of
ethyl  2,4,6-tri-O-benzyl-3-0-MPM-1-thio-o-D-mannopyranoside
(2) to methyl 4,6-O-benzylidene-2-0-benzyl-a-D-glucopyrano-
side (6) produced D2 (Man3Glc) in 89% vyield (entry 9),
whereas the same coupling with MeOTf gave D2 (Man3Glc)
in only 49% vield (entry 10). MeOTf gave no disaccharides
but a very little 6-O-MPM-1,2:3 4-di-O-isopropylidene-g-D-
galactopyranose {12) from the reaction of 2 with 1,2:3,4-di-O-
isopropylidene-o-D-galactopyranose (7) (entry 11). Sequential
reactions of MPM-ether cleavage and intermolecular MPM
migration must have occurred by MeOTE.

In coupling of donor 2 to methyl 4,6-O-benzylidene-o-D-
galactopyranoside (10) by IDCP the contrast with its -
anomeric accepter is remarkable in regioselectivity for its 2-
OH and 3-OH. Only (1—3) linked disaccharide between
donor 2 and methyl 4,6-O-benzylidene-B-D-galactopyranoside
acceptor (the f-anomer of acceptor 10) was reported” while
coupling of donor 2 with 10 produced Mano3Gal (D6a-3)
and Mana2Gal (D6o-2) in 36 and 29% vields {entry 12). The
axial 0-OCH; of 10 appears to hinder its 3-OH sterically and
thus reduce its regioselectivity.

Anomeric assignments of mannosyl disaccharides are based
on 'H and “C NMR data (Table 2) together with their specific
rotations. C-1 chemical shift values of @-mannosyl disaccha-
rides are lower than those of their S-anomers and specific rota-
tions of the former are more bigger than those of the latter.*'*

IDCP was not so efficient as MeOTf or DMTST in activating

Table 2. “C NMR data for mannosyl disaccharides (8 in ppm)
in CDCl,

Dl DI D2x D28 D3a D33 Dda

C-1 97.7 977 987 985 963 9.4 81.9
C-1' 981 1014 976 1014 972 1023 988

Do D53 Dé6o-3 Déx-2 D73 D8 D9

C-1 98.8 985 985 1003 978 985 96.3
C-1' 977 1014 976 953 1014 103.0 99.0

D93 D10z D10 Dlle DII3 DI133-3 D13j-2

C-1 9.2 978 978 962 1003 100.3 1002
C-1' 1027 996 1013 969 1030 103.1 103.0

C-1' denotes for the mannosyl anomeric carbon.
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Figure 1. List of compounds
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bicyclic mannosyl donors such as ethyl 4,6-O-benzylidene-2,3-di-
O-benzyl-1-thio-o-D-mannopyranoside (3) (entries 13 and 14)
and ethyl 4,6-O-benzylidene-2-O-benzyl-3-0-MPM-1-thio-o-
D-mannopyraneside (4) (entries 17, 20 and 21) donors, resulting
in poor yields or no coupling at all. However coupling of 3 and
7 (entry 15), 4 and § (entry 16}, and 4 and 9 (entry 22) using
MeOTf or DMTST produced mannosy! disaccharides Man6Gal
in 57%, Man6Gle in 55%, and Man2Glc in 55% yield,
respectively. It is also of interest to note fB-D-mannosyl
disaccharides,”** hardly obtainable by chemical syntheses,™*
were formed preferentially in coupling of benzylidenated
mannosyl donors 3 or 4.2 Entries 15, 16, and 22 showed the
produce of Man6Gal, Man6Glc, and Man2Gle in a/8 ratios of
1/2.4, 1/7.1 and 1/2.5, respectively. More about the preferential
formation of BD-mannosyl disaccharides from benzylidenated
mannosyl donors will be reported elsewhere. Similar results
were reported by Crich and Sun.'"** Decomposition of
MPM-ether by MeOTf or DMTST was more evident with
danor 4. In coupling of 4 and 7, 1,2:3,4-di-O-isopropylidene-6-
O-MPM-¢-D-galactopyranose (12) was isolated in 41 and 15%
yield (entries 18, 19) as a result of MPM migration of donor 4
to acceptor 7.
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Ozonolysis reactions of cyclic olefins 1a-¢c and norbomene 1n in the presence of trifluoroactophenone 6
provided the corresponding cross-ozonides 7a-c and 7m. Further reactions of ozonides 7a-¢ and 7n with the
independently prepared carbonyl oxide 11 gave diozonides of structure 10a-c and 10n. The ozonolysis of 1-
methylcyclopentene 12a and 1-methyleyciohexene 12b in the presence of trifluoroactophenone 6 provided
exclusively ozonide 15 and 16 derived from capture of carbonyl oxide 13. All of the new ozonides have been
isolated as pure substances and characterized by their 'H NMR and ®C NMR spectra.

Introduction

Ozonolyses of cycloalkenes in aprotic solvents result in

Ozonolyses of certain cycloolefins 1 in methanol, however,
revealed a partially anomalous behavior as compared to
acyclic olefins. A priori, one would have expected that the

formation of polymeric peroxides, because of the intra- primary intermediates of type 2 are trapped by methanol to
molecular cycloaddition of carbonyl oxide with aldehyde is give compounds of type 4. But in addition to 4, variable
much slower than that of intramolecular process.'™ amounts of the isomeric product of type 5§ were obtained.*



