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Abstract—Condensation of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl-, 2,3,4-tri-O-acetyl-a-D-xylopyranosyl- and of 2,3,4,6-tetra-
O-acetyl-o-D-galactopyranosyl bromides with 1,4:3,6-dianhydro-p-glucitol under Koenigs—Knorr conditions, and using the Helfe-
rich modification of the reaction showed regioselectivity in glysosylation at C-5 of isosorbide.
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1,4:3,6-Dianhydro-p-glucitol (isosorbide) (1) consists
of two fused tetrahydrofuran rings having the cis-
arrangement at the ring junctions, giving a V-shaped
molecule.! The compound has two hydroxyl groups,
one at C-2 having the exo-orientation with respect to
the V-shaped molecule, and the other at C-5 having
the endo-orientation and involved in intramolecular
hydrogen bonding with the oxygen atom of the neigh-
bouring tetrahydrofuran ring. We have investigated pos-
sible regioselectivity in the chemical glycosyl- ation of
the hydroxyl groups of 1 using traditional Koenigs—
Knorr reaction conditions® and using the Helferich
modification® of the reaction.

Isosorbide (1) was treated with 1 Mequiv of 2,3,4,6-
tetra- O-acetyl-a-D-glucopyranosyl bromide in dichloro-
methane in the presence of silver oxide. A portion of
the resulting syrup was kept for HPLC analysis, while
column chromatography gave the crystalline di-O-glu-
cosylated product 2 and the mono-O-glucosylated iso-
mers 3 and 4. Compound 3 was eluted before the
5-O-glucosylated 4, as an intramolecular hydrogen bond
between OH-5 and the ring oxygen atom O-4 rendered it
less polar than 4. Product yields were low, but no
attempts were made to improve or to optimise them
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since interest centred on the ratio of the mono-O-glucos-
ylated isomers produced.

The '"H NMR spectrum of 2 showed a triplet signal at
0 4.51 for H-4 (coupled with H-3 and H-5), and a dou-
blet at 6 4.40 for H-3 (coupled with H-4 and not signif-
icantly with H-2) of the isosorbide moiety, and these
signals provided verification'® for its presence in all the
isosorbide derivatives reported in this paper. The '*C
NMR spectrum of compound 2 showed the expected
signals*> at 6 86.0 for C-3 and at 6 83.7 for C-4 of the
isosorbide group, while the anomeric carbon atoms C-
1’ and C-1" gave separate signals at & 100.2 and &
100.1. Glucosylation caused a downfield shift of the sig-
nals for C-2 (6 76.5-80.6) and C-5 (6 72.2-78.1) com-
pared to C-2 and C-5 in isosorbide, in accordance with
published data for '*C signals at glycosylated sites in
oligosaccharide derivatives.® All our glycosylated prod-
ucts had the expected B-p-configuration as shown by
the '"H NMR signal for the anomeric proton H-1’ (and
H-1") as a doublet having J12 value of ~8Hz for p-glu-
copyranosyl and D-galactopyranosyl compounds, and
J1, ~ 6.5 for the p-xylopyranosyl compounds.

In the glucosylation of 1 under Koenigs—Knorr condi-
tions, twice the yield of compound 4 (the 5-O-glucosyl-
ated product) was obtained compared to isomer 3, and
this regioselectivity was confirmed by HPLC analysis
of the reaction mixture. When isosorbide (1) was glucos-
ylated in the presence of mercuric cyanide, the 5-O-glu-
cosylated compound 4 was also obtained in excess over
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isomer 3, with nitromethane or acetonitrile used as sol-
vent.

In elaboration of the glucosylated derivatives ob-
tained, octaacetate 2 was deacetylated to give solid 2,5-
di-O-(B-p-glucopyranosyl)isosorbide (5), which was then
reacetylated to give 2. Benzoylation of compound 5 gave
the crystalline octa-O-benzoyl derivative 6. The 2-O-glu-
cosylated tetraacetate 3 was acetylated to give the crys-
talline pentaacetate 7 and deacetylation of the latter
gave 2-0-B-p-glucopyranosylisosorbide (8) as a glassy
solid. Reacetylation of 8 gave 7, and benzoylation of 8
gave the crystalline penta-O-benzoyl product 9. The 5-
O-glucoside tetraacetate 4 was acetylated to give the
crystalline pentaacetate 10, and the latter was also pre-
pared by glucosylation of 2-O-acetylisosorbide’ (11). De-
acetylation of 4 gave 5-O-B-p-glucopyranosylisosorbide
(12) as a glassy solid, which was readily reacetylated to
the pentaacetate 10. Benzoylation of 12 gave the crystal-
line penta-O-benzoyl product 13. All structures were
fully characterised using 'H and '*C NMR spectra, de-
tails of which have been summarised in Tables 3 and 4.

Isosorbide (1) was treated with 1 Mequiv of 2,3,4-tri-
O-acetyl-a-D-xylopyranosyl bromide in the presence of
silver oxide and also using mercuric cyanide in both ni-
tromethane and acetonitrile as solvent. The crystalline
di-O-xyloside hexaacetate 14, the solid 2-O-xyloside tri-
acetate 15 and the crystalline 5-O-xyloside triacetate 16
were obtained in each case, with xylosylation at C-5 pre-
dominating. Deacetylation of 15 gave 2-O-B-D-xylopy-
ranosylisosorbide (17) as a syrup, while acetylation of
15 gave the crystalline tetraacetate 18. Deacetylation
of 16 gave 5-O-B-pD-xylopyranosylisosorbide (19) as a
syrup; acetylation of 16 gave the crystalline tetraacetate
20. The latter was also prepared by treatment of 2-O-
acetylisosorbide (11) with 2,3,4-tri-O-acetyl-a-D-xylopy-
ranosyl bromide.

Isosorbide (1) was condensed with 1Mequiv of
2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide in
the presence of silver oxide, and also using mercuric cya-
nide in both nitromethane and acetonitrile as solvent.
Crystalline di-O-galactoside octaacetate 21, crystalline
2-0O-galactoside tetraacetate 22 and syrupy 5-O-galacto-
side tetraacetate 23 were obtained, with the latter pre-
dominating in each case. Tetraacetate 22 was
acetylated to give the pentaacetate 24 as a syrup, and
was benzoylated to give the tetra-O-acetyl-mono-O-ben-
zoyl galactoside 25 as a syrup. The latter was also pre-
pared by treatment of 5-O-benzoylisosorbide® (26)
with 2,3,4,6-tetra-O-acetyl-a-p-galactopyranosyl bro-
mide in the presence of silver oxide. Acetylation of the
5-O-galactoside tetraacetate 23 gave the syrupy penta-
acetate 27, which was also prepared by treatment of
2-O-acetylisosorbide (11) with 2,3,4,6-tetra-O-acetyl-o-
D-galctopyranosyl bromide (Scheme 1).

The above results showed that glycosylation of isosor-
bide (1) occurred with considerable regioselectivity for
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27 R'=Ac,R’= 2,3,4,6-tetra-O-acetyl-B-D-galactopyranosyl

Scheme 1.

C-5 over C-2. In order to ensure that the product ratios
obtained were not reflecting the ease of isolation of the
compounds, HPLC analysis was carried out on samples
of the product mixture taken directly after each conden-
sation reaction. The HPLC results have been summa-
rised in Table 1. It is noteworthy that Lemieux and
Mclnnes’ had reported a predominance of the 5-ester
in the unimolar tosylation of isosorbide. Also, Foster
and co-workers’ had shown that treatment of isosorbide
with p-phenylazobenzoyl chloride gave mainly the 5-es-
ter. In these cases the authors’ concluded that engage-
ment of the S5-hydroxyl group in intramolecular
hydrogen bonding was a factor in the regioselectivity re-
ported. When we consider the shape of the isosorbide
molecule (see Fig. 1), HO-2 has the exo-orientation,
and would be expected to be more accessible than the
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Table 1. HPLC analysis of the mono-O-glycosylated products from
the condensation of poly-O-acetyl-a-D-glycosyl bromides with isosor-
bide

Reaction conditions Retention time (min)

Isomer ratios

Glucosylation 5-0-Glc 4 2-0-Glc 3 4:3
Ag,0 6.7 5.2 2.06:1.00
Hg(CN),/CH;NO, 8.2 6.6 2.00:1.00
Hg(CN),/CH5CN 5.8 4.7 1.06:1.00
Xylosylation 5-0-Xyl 16 2-O-Xyl 15 16:15
Ag,0 13.6 17.5 4.18:1.00
Hg(CN),/CH;NO,  13.1 17.0 6.18:1.00
Hg(CN),/CH;CN 13.4 17.0 5.18:1.00
Galactosylation 5-0-Gal 23 2-0-Gal 22 23:22
Ag,0 15.9 20.2 5.71:1.00
Hg(CN),/CH;NO,  16.5 21.6 9.50:1.00
Hg(CN),/CH;CN 16.8 21.5 6.58:1.00

H

Figure 1. Structure of 1,4:3,6-dianhydro-p-glucitol (isosorbide) (1).

endo-HO-5 in a sterically demanding reaction. Our
results for glycosylation using Koenigs—Knorr reaction
conditions showed clear preference for HO-5 of isosor-

Table 2. Physiochemical data for compounds 2-27

bide with glucosylation, with xylosylation and with
galactosylation. The same regioselectivity was found
when the glycosylations were carried out in homogene-
ous solution that is Helferich conditions.® Under the
latter, steric factors might be expected to be less
important than in the case of heterogeneous or surface
catalysis, which is considered to be involved in the
Koenigs—-Knorr reaction using silver salts.'” The
involvement of HO-5 of isosorbide (1) in intramolecular
hydrogen bonding is suggested as the major factor in
its preferential glycosylation under the conditions
used.

1. Experimental
1.1. General methods

Solid products were recrystallised from EtOH. Melting
points are uncorrected. Optical rotations were deter-
mined at 15°C with a Perkin—Elmer 241 polarimeter
(1% solutions in 1dm cell). Physiochemical data for
products have been presented in Table 2. NMR spectra
were recorded using a Jeol INM-GX270 FT instrument
at 67.8MHz for *C NMR and at 270MHz for 'H
NMR with Me,Si as internal standard. NMR spectra
data have been given in Tables 3 and 4. Evaporation
of organic solutions was carried out on a rotary evapo-
rator using a water vacuum pump and a water bath at
50°C. Light petroleum used had bp 60-80°C.

Compound Mp (°C) [o]p (CHCLy) (°) Formula Elemental analysis
Calcd Found

2 192 +8 C34H4605, C, 50.6; H, 5.75 C, 50.7; H, 6.04
3 145 +2.9 C50H»30,3 C, 50.4; H, 5.92 C, 50.8; H, 6.04
4 165-166 +20 CyH23013 C, 50.4; H, 5.92 C, 50.6; H, 6.04
5 130-140 +6.2 (pyridine) CisH30014 C, 45.9; H, 6.43 C, 45.6; H, 6.40
6 210 +10.25 C14He2055 C, 63.2; H, 4.80 C, 67.8; H, 5.01
7 135-136 +29.4 CyH30014 C, 51.0; H, 5.83 C,51.1; H, 6.23
8 70-80 +12.4 (pyridine) C1,H5009 C, 46.8; H, 6.54 C, 46.5; H, 6.52
9 160-161 +20.2 Cy47H40014 C, 68.1; H, 4.86 C, 68.0; H, 4.89
10 115-116 +30 CyH30014 C, 51.0; H, 5.83 C, 51.0; H, 5.96
12 80-90 +24 (pyridine) C2H5009 C, 46.8; H, 6.54 C, 46.6; H, 6.51
13 147 +44 C47H40014 C, 68.1; H, 4.86 C, 68.3; H, 5.15
14 181 —53 CysH3305 C, 50.7; H, 5.78 C, 50.4; H, 5.88
15 125-126 -5 C,7H2404, C, 50.5; H, 5.98 C, 50.2; H, 5.97
16 154-155 -15 C7H,401,; C, 50.5; H, 5.98 C, 50.8; H, 6.14
17 Syrup —4 (pyridine) Cy1H,304 C, 47.5; H, 6.52 C, 47.2; H, 6.47
18 143-144 +2 C19H5401, C, 51.1; H, 5.87 C, 51.3; H, 5.80
19 Syrup —10 (pyridine) C11H 303 C, 47.5; H, 6.52 C, 47.3; H, 6.52
20 143-144 +5 C19H5401, C, 51.1; H, 5.87 C, 50.9; H, 5.71
21 143-144 +14 C34H4605, C, 50.6; H, 5.75 C, 50.4; H, 5.75
22 133-134 +9 CyH23013 C, 50.4; H, 5.92 C, 50.4; H, 5.75
23 Syrup +25 CyH»3013 C, 50.4; H, 5.92 C, 50.3; H, 6.22
24 Syrup +33 CyH30014 C, 51.0; H, 5.83 C, 51.3; H, 5.61
25 Syrup +12 Cy7H3,014 C, 55.9; H, 5.56 C, 55.9; H, 5.77
27 Syrup +34 CyoH30014 C, 51.0; H, 5.83 C, 50.8; H, 5.68




Table 3. '"H NMR data (CDCl;) for the carbohydrate components of compounds 2-27
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Comp-  H-la,1b H-2 H-3 H-4 H-5 H-6a,6b H-1',1 H-2'2 H-3',3 H-4' 4 H-5',5" H-5'a,5'b,- H-6'a,6'b,-
ound 5"a,5”b 6'a,6'b
2 4.00-3.99 (m)  4.29- 440 (d) 451 () 4.29- 4.00-3.99 (m)  4.68- 5.02- 5.25- 5.12- 3.73 (m) 4.29-4.12 (m)
4.12 (m) 4.12 (m) 4.62(d) 492 (1) 5.16 (1) 5.06 (t)
3.89-3.83 (dd) J4.4 3.60 (1) J 8.1
3 3.97-3.84 (m)  4.29- 444 (d) 450 (1) 4.29- 429-4.08 (m)  4.64(d) 493 (1) 5.20 (1) 5.07 (t) 3.74- 4.37-4.33 (m)
4.08 (m) 4.08 (m) 3.68 (m)
J45 3.50 (dd) J79 4.29-4.08 (m)
4 3.92-3.84 (m)  4.35- 437 ()  4.63- 4.35- 435413 (m)  4.63- 5.10 (1) 522 (1) 5.14 (t) 3.79- 4.35-4.13 (m)
4.13 (m) 4.60 (m) 4.13 (m) 4.60 (m) 3.71 (m)
J4.0 3.51 (1)
6 425-4.15 (m)  4.49- 4.49- 464 (m) 4.60(m) 4.25-4.15(m)  4.95- 5.58— 5.90- 5.68— 3.94— 4.49-4.36 (m)
436 (m)  4.36 (m) 490 (d) 544 (1) 5.83 (1) 5.62 (1) 3.92 (m)
3.75-3.69 (m) 3.48 (1) J7.7 4.25-4.15 (m)
7 420-4.16 (m)  4.20— 441 () 472D 506 (m) 4.00-3.92 (m)  4.65(d)  4.95() 5.15 (1) 5.11 (1) 4.00- 4.33 (m)
4.16 (m) 3.92 (m)
3.77-3.71 (m) J4.7 3.77-3.71 (m)  J 8.0 4.00-3.92 (m)
9 472-4.62 (m)  4.58- 446 (d) 520 (1) 5.57- 4.08 (dd) 506 (d) 557 5.98 (1) 5.70 (t) 4.22 (m) 4.72-4.62 (m)
4.48 5.53 (m) 5.53 (m)
(dd)
3.99-3.87 (m) J42 3.99-3.87(m) J7.9 3.99-3.87 (m)
10 4.01 (m) 5.14- 448 (d)  4.65() 432 4.25 (dd) 468 (d) 514 5.23 (1) 5.14- 3.66 (m) 4.18 (dd)
5.07 (m) (3d) 5.07 (m) 5.07 (m)
3.84 (dd) Ja4 3.63 (dd) J7.7 3.95 (d)
13 4.58 (m) 5.67— 4.64(d) 533 (1) 3.90 (1) 4.32 (m) 5.05(d)  5.67- 5.94 (1) 5.70 (t) 4.10- 4.76-4.65 (m)
5.62 (m) 5.62 (m) 4.06 (m)
4.22 (m) J33 3.61 (t) J79 4.10-4.06 (m)
14 3.97 (m) 428 440 (d) 4521 428 3.97 (m) 4.64- 5.02- 517 (m)  5.02- 428
4.08 (m) 4.08 (m) 4.60 4.83 (m) 4.83 (m) 4.08 (m)
(2d)
3.86 (dd) J44 3.57 (t) J6.7 3.40 (m)
J62
15 4.09-4.06 (m)  4.32- 440 (d)  4.55() 432- 3.97-3.86 (dd)  4.61(d) 490 (m)  5.16 (1) 4.90 (m) 4.09-
4.27 (m) 4.27 (m) 4.06 (m)
3.97-3.86 (dd) J45 3.57 (dd) J7.0 3.37 (dd)
16 3.87 (m) 425(m) 443(d)  4.68 (1) 425(m) 3.87 (m) 4.62(d)  5.02- 5.15 (1) 5.02- 4.25 (m)
4.97 (m) 4.97 (m)
J4.0 3.55 (1) J64 3.41 (dd)
18 3.96-3.90 (m)  4.28(m) 440 (d)  4.70 () 5.16- 3.96-3.90 (m)  4.61 (d)  4.95- 5.16- 4.95- 4.10 (dd)
5.06 (m) 483 (m) 5.06(m) 4.83 (m)
J4.6 3.72 (dd) J6.6 3.35 (dd)
20 4.13-401 (m)  5.26- 455(d)  472() 4.35- 3.94 (dd) 470 (d)  5.09- 5.26- 5.09— 435-
5.20 (m) 4.27 (m) 498 (m) 5.20(m) 4.98 (m) 4.27 (m)
J42 3.67 (dd) J 6.4 3.47 (dd)

9¢eve
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4.22-4.07 (m)

5.02 5.38- 3.94-
(dd)

4.98
(dd)

5.28
(dd)
5.16
(dd)

3.84 (dd) 4.59 (d)

431- 440 (d)  452()  431-

401 (d)

21

3.91 (m)

5.37 (m)

4.25 (m)

4.25 (m)

J 8.1

3.60 (1)

J35

4.57 (d)
J79

4.15-4.11 (m)

5.19 5.02 540 (d)  4.15-
(dd)

(dd)

4.62 (d)

3.98-3.85 (m)

440 (d)  457(1)  429-

4.35

3.98-

22

4.11 (m)

4.27 (m)

(brs)

3.85 (m)

J719

3.56 (dd)
3.85 (dd)

J44

4.20 (dd)

5.00 5.39 3.98-
(dd)

(dd)

5.29
(dd)

461 (d)

442(d)  467() 433 ()

428 (t)

3.98-

23

3.92 (m)

3.92 (m)

4.12 (dd)

J 8.1

3.58 (dd)

J 4.0

4.15-3.92 (m)

4.15-

5.39 (d)

5.02
(dd)

461 ()  521-

4.15-3.92 (m)

443 4711  521-

4.34
(br s)

4.15-

24
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3.92 (m)

2.10 (m)

5.10 (m)

3.92 (m)

J 1.7

3.74 (dd)

J44

4.07-3.86 (m)

4.42 (d) 4.81 () 532 (m)  4.07-3.86 (m) 4.57 (d) 5.11 (t) 497 (m) 532(m) 4.07-

431

(br s)

4.07-

25

3.86 (m)

3.86 (m)

J 7.8

J 438

4.12 (m)

4.05-

5.35 (d)

5.00
(dd)

5.25 (1)

4.57 (d)

443 (d)  460()  431(q  3.81 (dd)

5.08 (d)

4.05-

27

3.90 (m)

3.90 (m)

J 8.1

3.59 (1)

J4.4

1.2. Condensation of 2,3,4,6-tetra-O-acetyl-a-p-glucopy-
ranosyl bromide with isosorbide (1)

1.2.1. Using Ag,0. A mixture of isosorbide (1.46¢g,
0.0lmol), Ag,O (6.3g, 0.03mol), Drierite (10/20 mesh,
8.3g) and CH,Cl, (100mL) was stirred for 1h. 2,3.4,6-
Tetra-O-acetyl-a-D-glucopyranosyl bromide (4.11g,
0.01mol) in CH,CI, (50mL) was added dropwise over
1h, and the mixture was stirred at rt with the exclusion
of light and with TLC monitoring (EtOAc). After 25h
the mixture was filtered twice through Celite and
the filtrate was evaporated. A portion (0.15g) of the
resulting syrup was kept for HPLC analysis. The
remainder (4.76g) was chromatographed on a column
of silica gel (150g). Elution (10:1 EtOAc-light petro-
leum) gave 2,5-di-0-(2,3,4,6-tetra-O-acetyl-B-p-glucopy-
ranosyl)isosorbide (2) as white plates (44mg, 0.6%).
Continued elution gave 2-0-(2,3,4,6-tetra-O-acetyl-B-p-
glucopyranosyl)isosorbide (3), as white plates (0.4g,
8.4%), followed by 5-0-(2,3,4,6,tetra-O-acetyl-B-p-
glucopyranosyl)isosorbide (4), as white plates (0.75¢g,
16%).

1.2.2. Using Hg(CN),. To a stirred mixture of isosor-
bide (1.46g, 0.0l mol) and Drierite (9g) in CH;NO,
(100mL), 2,3,4,6-tetra- O-acetyl-a-p-glucopyranosyl
bromide (4.21g, 0.01mol) was added, followed by
Hg(CN), (2.4g, 0.0l mol). After 25h the mixture was
processed as in Section 1.2.1 above to give 2 (89mg,
1.0%), 3 (0.22g, 4.6%) and 4 (0.59g, 12%). Condensa-
tion using CH3;CN (100mL) as solvent instead of
CH;3NO; gave 2 (45mg, 0.6%), 3 (0.22¢g, 4.6%) and 4
(0.32g, 6.7%).

1.3. 2.5-Di-O-(p-p-glucopyranosyl)isosorbide (5)

To 2 (0.18g, 1.6mmol) in anhydrous MeOH (20mL),
NaOMe (from 0.2g Na) in MeOH (10mL) was
added and the mixture was stirred at rt for 24h. After
deionisation (Zerolit 236 H* form), the solution
was evaporated to give 5 as a glassy solid (0.07g,
67%).

Compound 5 (0.03g, 0.06mmol) in pyridine (3mL)
was treated with Ac,O (I1mL, 11mmol) at rt for 18h.
The mixture was poured into ice-water (50mL) and
the product was extracted with CHCIl;. The extract
was washed (H»O, brine), dried (Na,SO,4) and evapo-
rated. Recrystallisation of the resulting solid gave 2
(0.035g, 68%).

1.4. 2,5-Di-0-(2,3,4,6-tetra- O-benzoyl-p-p-glucopyranos-
yl)isosorbide (6)

To 5 (0.035g, 0.07mmol) in pyridine (2mL), PhCOCI
(0.16mL, 1 mmol) in benzene (1 mL) was added at 0°C
and the mixture was stirred at rt for 15h. After pouring
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Table 4. '>*C NMR data (CDCI;) for the carbohydrate components of compounds 2-27

Compound  C-1 Cc2 C-3 C-4 C-5 C-6 c-1.1" c2'2 c3, 3 c-4, 4" c-5, 5 C-6.6"
2 738 806 8.0 8.7 781 690  100.2 70.9 724 68.0 71.9 61.6

100.1 70.1 72.3 67.9 71.7
3 74.1 81.6 862 836 722 734  100.1 71.2 72.7 68.2 72.0 61.9
4 760 776 880 809 792  69.3  100.2 70.7 72.7 68.4 722 62.0
6 742 810 8.6 844 789  69.6  100.6 71.8 72.9 69.1 71.3 63.2

72.6
7 74.1 80.5 864 833 739  69.9 99.9 71.2 72.8 68.3 72.1 62.0
9 740 803 867 8.4 743 705 1004 71.7 72.8 69.6 72.5 63.1
10 738 785 858 814 787 706  100.1 69.6 72.1 68.4 72.7 62.0
13 738 790 88 815 793 693 1008 715 72.7 69.8 72.9 63.3
14 742 810 864 844 792 693  100.4 71.2 70.6 68.6 62.0
99.9 70.9 70.0

15 742 816 82 82 722 736 1002 70.8 71.4 68.7 62.3
16 760 796 882 809 796 694  100.6 71.1 70.3 68.7 62.2
18 739 805 8.3 8.7 740 698 99.8 71.2 70.6 68.6 62.1
20 738 785 858 814 794 696  100.6 71.0 70.1 68.7 62.2
21 743 810 8.4 842 784 694 1008 68.7 70.8 66.9 71.2 61.3

100.6 67.9
22 742 817 8.3 838 722 735 1008 68.7 70.8 67.0 71.0 61.4
23 760 764 880 809 789 694  100.6 68.1 70.8 66.9 71.0 61.3
24 740 804 865 833 738 698  100.4 68.7 70.8 67.0 71.0 61.4
25 739 807 8.5 82 742 703 100.3 68.7 70.8 67.0 70.9 61.3
27 737 785 855 813 782 695  100.4 97.9 70.6 66.8 71.0 61.1

into ice-water (S0mL) the mixture was extracted with
CHCI;. The extract was washed (H,O, aqg NaHCO3;,
H,O and brine), dried (Na,SO4) and evaporated to a
syrup, which was chromatographed on a column of sil-
ica gel (30g). Elution (1:1 EtOAc-light petroleum) gave
6 as plates (0.065g, 67%).

1.5. 5-0O-Acetyl-2-0-(2,3,4,6-tetra- O-acetyl-p-p-glucopy-
ranosyl)isosorbide (7)

To 3 (0.5g, Immol) in pyridine (5mL), Ac,O (1.4mL,
15mmol) was added at 0°C and the mixture was stirred
at rt for 20h. Working up as in Section 1.3 gave 7 as fine
needles (0.4g, 74%).

1.6. 2-O-B-p-Glucopyranosylisosorbide (8)

Compound 7 (0.28¢g, 0.5mmol) in anhydrous McOH
(15mL) was treated with NaOMe (from 0.2g Na) in
MeOH (30mL) at rt for 24h. After deionisation the
solution gave 8 as a glassy solid (0.15g, 90%).

Reacetylation of 8 (0.1g, 0.33mmol) in pyridine
(3mL) with Ac,O (1mL, 10mmol) at rt for 18 h gave 7
(0.14 g, 83%).

1.7. 5-O-Benzoyl-2-0-(2,3,4,6-tetra-O-benzoyl-B-p-glu-
copyranosyl)isosorbide (9)

Compound 8 (0.15g, 0.5mmol) in pyridine (3mL) was
treated with PhCOCI (0.6mL, 5mmol) in benzene
(2mL) at 0°C for 20h, as in the preparation of 6 above,
to give 9 as plates (0.32g, 79%).

1.8. 2-0O-Acetyl-5-0-(2,3,4,6-tetra-O-acetyl-p-p-glucopy-
ranosyl)isosorbide (10)

1.8.1. By acetylation of 4. To 4 (0.5g, 0.9 mmol) in pyr-
idine (SmL), Ac,O (1.4mL, 15mmol) was added at 0°C
and the mixture was stirred at rt for 22h. Working up as
usual gave 10 as needles (0.37g, 68%).

1.8.2. By glucosylation of 2-O-acetylisosorbide (11). A
mixture of 11 (1g, Smmol, mp 78-80°C, lit.” mp 77.5-
78.5°C), Ag,O (4.17g), Drierite (5.5g) and CH,Cl,
(100mL) was stirred at rt for 1h. 2,3,4,6-Tetra-O-ace-
tyl-a-D-glucopyranosyl bromide (3.5g, 8.5mmol) in
CH,Cl, (30mL) was added dropwise over 0.5h, and
the mixture was stirred at rt for 36h. Working up as
in Section 1.2.1 gave 10 (1.46¢g, 53%).

1.9. 5-O-B-p-Glucopyranosylisosorbide (12)

Compound 4 (1 g, 2mmol) in anhydrous MeOH (30mL)
was treated with NaOMe (from 0.2g Na) in MeOH
(30mL) at rt for 17h to give 12 as a glassy solid
(0.52g, 81%).

Reacetylation of 12 (0.15g, 0.5mmol) in pyridine
(4mL) with Ac,O (1mL, 11mmol) at rt for 15h gave
10 (0.16g, 64%).

1.10. 2-O-Benzoyl-5-0-(2,3,4,6-tetra-O-benzoyl-p-p-glu-
copyranosyl)isosorbide (13)

Compound 12 (0.2g, 6 mmol) in pyridine (3mL) was
treated with PhCOCI (1.5mL, 13mmol) in benzene
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(2mL) as described above in Section 1.4 to give 13 as
plates (0.35g, 65%).

1.11. Condensation of 2,3,4-tri-O-acetyl-a-p-xylopyran-
osyl bromide with isosorbide (1)

1.11.1. Using Ag,0. Isosorbide (1.46g, 0.0l mol) was
treated with 2,3,4-tri-O-acetyl-a-D-xylopyranosyl bro-
mide (3.4g, 0.0lmol) as in Section 1.2.1. Column
chromatography gave 2,5-di-O-(2,3,4-tri-O-acetyl-B-D-
xylopyranosyl)isosorbide (14) as white needles
(17mg, 0.26%), followed by 2-0-(2,3,4-tri-O-acetyl-f-
D-xylopyranosyl)isosorbide (15) as a white solid
(0.11g, 2.7%) and 5-0-(2,3,4-tri-O-acetyl-B-p-xylo-
pyranosyl)isosorbide (16) as white prisms (0.25g,
6.2%).

1.11.2. Using Hg(CN),. To a mixture of isosorbide
(1.46g, 0.0lmol) and Drierite (9g) in CH;NO,
(80mL), 2,3,4-tri-O-acetyl-o-D-xylopyranosyl bromide
(3.4g, 0.0lmol) was added, followed by Hg(CN),
(2.4¢g, 0.0l mol). The mixture was stirred at rt for 24h
and was processed as in Section 1.2.1 to give 14
(21mg, 0.32%), 15 (0.06g, 15%) and 16 (0.39g, 9.7%).
Condensation using CH;CN as solvent in place of
CH;3NO, gave 14 (16mg, 0.24%), 15 (0.07g, 1.7%) and
16 (0.38 g, 9.4%).

1.12. 2-O-p-p-Xylopyranosylisosorbide (17)

Compound 15 (0.24g, 0.6mmol) in anhydrous MeOH
(15mL) was treated with NaOMe (from 0.2g Na) in
MeOH (30mL) at rt for 24h to give 17 as a colourless
syrup (90mg, 55%).

1.13. 5-0-Acetyl-2-0-(2,3,4-tri-O-acetyl-p-p-xylopyran-
osyl)isosorbide (18)

To 15 (3g, 7.4mmol) in pyridine (10mL), Ac,O (2mL,
21 mmol) was added dropwise at O °C and the mixture
was stirred at rt for 24h. Working up as usual gave 18
as white plates (2.72g, 82%).

1.14. 5-O-p-p-Xylopyranosylisosorbide (19)

Compound 16 (0.24g, 0.6mmol) in anhydrous MecOH
(15mL) was treated with NaOMe (from 0.2g Na) in
MeOH (30mL) at rt for 24h to give 19 as a colourless
syrup (0.1g, 61%).

1.15. 2-O-Acetyl-5-0-(2,3,4-tri-O-acetyl-B-p-xylopyran-
osyl)isosorbide (20)

1.15.1. By acetylation of 16. To 16 (1.5g, 3.7mmol) in
pyridine (10mL), Ac,O (ImL, 11 mmol) was added at

0°C and the mixture was stirred at rt for 24h. Working
up as usual gave 20 as plates (1.29g, 78%).

1.15.2. By glycosylation of 2-O-acetylisosorbide (11). A
mixture of 11 (4g, 21mmol), Ag,O (25g), Drierite
(20g) and CH,Cl, (250mL) was stirred at rt for 1h.
2,3,4-Tri-O-acetyl-a-D-xylopyranosyl bromide (13.6¢,
0.04mol) in CH,Cl, (50mL) was added dropwise over
0.5h and the mixture was stirred at rt for 36 h. Working
up as in Section 1.2.1 gave compound 20 (4.56g, 48%).

1.16. Condensation of 2,3,4,6-tetra-O-acetyl-a-p-galacto-
pyranosyl bromide with isosorbide (1)

1.16.1. Using Ag,O. A mixture of isosorbide (2.92¢g,
0.02mol), Ag,O (14g) and Drierite (8g) in CH,Cl,
(200mL) was treated with 2,3.4,6-tetra-O-acetyl-o-D-ga-
lactopyranosyl bromide (8.2g, 0.02mol, mp 83-84°C,
lit."" mp 83-84°C) in CH,Cl, (75mL) as in Section
1.2.1 above. Column chromatography on silica gel gave
2,5-di-0-(2,3,4,6-tetra- O-acetyl-pB-p-galactopyranosyl)-
isosorbide (21) as white prisms (63mg, 0.4%), followed
by  2-0-(2,3,4,6-tetra-O-acetyl-B-p-galactopyranosyl)-
isosorbide (22) as white prisms (0.31g, 3.3%) and 5-O-
(2,3,4,6-tetra-O-acetyl-B-D-galactopyranosyl)isosorbide
(23) as a clear syrup (1.18g, 12%).

1.16.2. Using Hg(CN),. To a stirred mixture of isosor-
bide (1.46g, 0.01mol) and Drierite (9g) in CH;NO,
(80mL), 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl
bromide (4.1g, 0.0lmol) was added, followed by
Hg(CN), (2.4g, 0.0l mol). After 24h the mixture was
processed as in Section 1.2.2 above to give 21 (94mg,
1.2%), 22 (0.06 g, 1.3%) and 23 (0.54 g, 11%). Condensa-
tion using CH3;CN as solvent instead of CH3;NO, gave
21 (42mg, 0.5%), 22 (0.07 g, 1.5%) and 23 (0.47 g, 9.9%).

1.17. 5-O-Acetyl-2-0-(2,3,4,6-tetra-O-acetyl-B-p-galacto-
pyranosyl)isosorbide (24)

To compound 22 (0.2g, 0.42mmol) in pyridine (1 mL),
Ac,O (ImL, 11mmol) was added at 0°C and the
mixture was stirred at rt with TLC monitoring (10:1
CHCI;-MeOH). After 12h the reaction was worked
up as usual to give 24 as a clear syrup (0.19g, 87%).

1.18. 2-0-(2,3,4,6-Tetra-O-acetyl-p-p-galactopyranosyl)-
5-O-benzoylisosorbide (25)

1.18.1. By benzoylation of 22. Compound 22 (0.2g,
0.42mmol) in pyridine (15mL) was cooled to —5°C.
PhCOCI (0.1 mL, 0.86mmol) was added dropwise and
the mixture was stirred at rt with TLC monitoring (9:1
EtOAc-light petroleum). After 48h the mixture was
processed as in Section 1.4 to give 25 as a clear syrup
(0.12g, 50%).
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1.18.2. From 5-O-benzoylisosorbide (26). A mixture of
26 (2.5g, 0.01mol, mp 118°C, lit.> mp 117-117.5°C),
Ag,0O (10g), Drierite (8.5g) and CH,Cl, (100mL) was
stirred at rt for 1h. 2,3,4,6-Tetra-O-acetyl-a-D-galacto-
pyranosyl bromide (6.17g, 0.015mol) in CH,Cl,
(40mL) was added dropwise over 0.5h, and the mixture
was stirred at rt with TLC monitoring (9:1 CHCl3—
MeOH). After 48 h the mixture was processed as in Sec-
tion 1.2.1 to give 25 as a clear syrup (1.57g, 27%).

1.19. 2-O-Acetyl-5-0-(2,3,4,6-tetra- O-acetyl-B-p-galacto-
pyranosyl)isosorbide (27)

1.19.1. By acetylation of 23. To 23 (0.35g, 0.74mmol)
in pyridine (10mL), Ac,O (ImL, 11 mmol) was added
at 0°C and the mixture was stirred at rt for 12h. Work-
ing up as usual gave 27 as a colourless syrup (0.27g,
T1%).

1.19.2. From 2-O-acetylisosorbide (11). A mixture of 11
(4g, 20mmol), Ag,O (25g), Drierite (20g) and CH,Cl,
(250mL) was stirred at rt for 1h. 2,3,4,6-Tetra-O-acet-
yl-a-D-galactopyranosyl bromide (10.5g, 25.5mmol) in
CH,Cl, (50mL) was added dropwise over 0.5h and
the mixture was stirred with TLC monitoring (9:1 EtO-
Ac-light petroleum). Working up as in Section 1.2.1
gave 27 as a clear syrup (3.75g, 34%).

1.20. HPLC analysis of the mono-glycosylated isosorbide
products

Analyses were carried out using a Waters HPLC pump
equipped with a Spectra-physics Chrom Jet integrator
and a Waters 484 tunable detector set at wavelength
215nm. A Techopad 10/c 18 reverse phase column
25cm x 6.6mm was used. Elution was carried out with
4:1 H,O-MeOH at a flow rate of 1.5mL/min. Purified
samples of the 2-O- and 5-O-glucosides 3 and 4, of the
2-0- and 5-O-xylosides 15 and 16, and of the 2-O- and
5-O-galactosides 22 and 23 were used to standardise
the R, characteristics of the column. Satisfactory separa-
tion of the pairs of isomers was obtained in each case
(see Table 1 for R, values). Solutions were made of the
individual compounds 3, 4, 15, 16, 22 and 23 in concen-
trations varying from 0.2 to 1.0mol/Lx 10! in 1:1
H,O-MeOH. A portion (15uL) of each solution was

chromatographed in the HPLC system with 4:1 H,O-
MeOH as eluant. For each of the compounds, the rela-
tionship between the peak area and concentration was
found to be linear. A sample of the syrup (0.15g) from
each of the condensation reactions 1.2, 1.11 and 1.16
was dissolved in 1:1 H;O-MeOH (5mL). A portion
(15uL) of the solution was injected onto the HPLC col-
umn, and elution was carried out with 4:1 H,O-MeOH
at a flow rate of 1.5mL/min. Each analysis was repeated
at least three times and the average of the measurement
of the isomer ratios was taken. The results have been
summarised in Table 1.
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