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Abstract: An endoglucanase from Humicola insolens has been used to glycosylate a range of alkenyl
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p-p-C-glucopyranosides with B-lactosyl fluoride. The resulting trisaccharides have been subjected to

the action of a commercial 3-galactosidase to form alkenyl §-C-cellobiosides. Oxidation of these has
given a range of epoxyalkyl B-C-cellobiosides, putative inhibitors of cellobiochydrolases. © 1999 Eisevier
Science Ltd. All rights reserved.

C-Glycosides, because of their tetrahydropyran rather than glycosidic nature, have the ability to survive
the action of hydrolytic enzymes. In particular, epoxyalkyl f-C-cellobiosides (1) are attractive targets for use in
inhibition studies of cellobiohydrolases because the mechanism of action of the enzyme precludes any hydrolysis
of even the conventional glycosidic linkage that is present in the inhibitor."> We have previously reported a
rather poor but general synthesis of the alkenyl B-C-cellobiosides (2), obvious precursors to the epoxyalkyl p-
C-cellobiosides (1).* In that synthesis, the addition of alkenylmagnesium halides to the cellobionolactone (3)
gave variable results and, after reduction of the intermediate hemiacetal, usually low yields of the desired

C-cellobiosides (2). In an effort to provide a better synthesis of the desired putative inhibitors, we turned to an

enzyme-mediated approach.
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Shoda et al. recently reported the effective D-glucosylation of an acceptor by a two-step procedure: (i)
enzyme-mediated glvcosylation of the acceptor using ,B-lacmsv fluoride (4) and a crude preparation of
cellulases and (ii) selective removal of the D-galactose residue using a B-galactosidase (Scheme 1).° This paper

me

reports on the application of this methodology to the alkenyl B-D-C-glucosides (5), resulting in a synthesis of

the alkeny! B-C-cellobiosides (2) and thence the cpoxyalkyl B-C-cellobiosides (1).
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glycosylation step was an endoglucanase (EG1) from the fungus,
Humicola insolens which has previously been shown to exhibit a high trans-glycosylation activity.® Thus, B-
lactosyl fluoride (4) and

,,,,, prop-2-enyl B-D-C-glucopyranoside (5

SYvrva

subjected to the action of EG1. After denaturation of the enzyme and acetylation of the crude reaction mixture,

the decaacetate (6, n = 1) was isolated in good yield. This yield could not be improved upon in the first step by

adding more enzyme or changing the ratio of acetonitrile to buffer and reaction time. Indeed, lon

d in Jower yields, presumably owing to hydrolysis of the newly formed cellobiose linkage.
Deacetylation of (6, n = 1), followed by treatment with a B-galactosidase from Aspergillus oryzae, gave a
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The heptaacetate (7, n = 1) was best converted into the epoxide (9, n = 1) utilizing dimethyldioxirane®

cid.” The per-acetylated epoxide (9, n = 1) was

N4, AUV PUTTeRVL YRR WP VUARSY Sy 22

indefinitely stable and a direct source of the putative inhibitor (1, n = 1) upon brief treatment with sodium

methoxide in methanol. Similar procedures on the B-D-C-glucopyranosides (8, n = 2,3) provided the desired

It is our hope that the polyols (1, n = 1-3) will prove to be effective inhibitors of cellobiohydrolases.

Experimental

General experimental details have been given previously.!® All n.m.r. spectra were recorded at 300 MHz

(‘H) and 75.5 MHz (**C) unless stated otherwise and deuterated methanol (CDsOD) was used as solvent for

in a matrix of p-nitrobenzyl alcohol. Gel permeation chromatography was performed on a column of Sephadex
LH-20 (90 x 2.6 cm), eluting (gravity) with MeOH.

The tetra-O-benzyl-D-glucono-1,5-lactone necessary for the preparation of the alkenyl §-D-C-glucosides
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(5)** was best prepared from methyl a-D-glucopyranoside via the sequence of benzylation (BnBr/NaH/DMF),
hydrolysis (H,O/TfOH, 9:1) and oxidation (DMSO/Ac,0); this sequence was much preferred to that starting
from sucrose.""

The lactosyl fluoride used, essentially of the B-configuration and containing small amounts of unreactive
impurities, was prepared from lactose via acetylation (Ac,O/pyridine), bromination (HBr/HOAc), fluorination
(AgF/CH,CN) and trans-esterification (cat. NaOMe/MeOH/CH,Cl,)

containing 2,2"-bipyridine'?> was of no use in the fluorination step.

Hi. ®Cnm.r. 8 106.71,d, Jop 212 Hz, C1.

purified according to the methods described by Armand ef al.” and stored (4°) as a 6 mg/mL preparation in

sodium maleate buffer (0.05 M, pH 7.0) prior to use. Aspergillus oryzae B-galactosidase (EC 3.2.1.23) was
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preparation in potassium phosphate buffer (0.05 M, pH 7.3) prior to use.

General Pro

NaOMe (0.1 M in MeOH, 0.1 eq.) dded to a cooled (0°) solution of the tetraacetate (10)* in MeOH
and the mixture was stirred (3 h). The solution was treated with Dowex 50X8-50 (H") resin, filtered and

concentrated to afford the tetroi (5)
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3-(B-D-Glucopyranosyl)prop-1-ene (5,n = 1)

The tetraacetate (10, n=2) vyielded, after gel permeation chromatography, the tetrol (§, n=2) as a
colourless oil (97%), [ap —10.9° (MeOH). 'Hnm.r. 8 1.31-1.41, 1.77-1.88, 1.97-2.29, 3m, 4H, H3,4; 2.93,
dd, Jr» 8.6, > 9.4 Hz, H2'; 3.00-3.20, m, H1’,5"; 3.11-3.20, m, H3",4"; 3.52, dd, Js:s 5.5, Jo.s 11.8 Hz, H6:
3.72,dd, Js¢ 2.2 Hz, H6'; 4.82, ddt, J5 2.3, 112 102, 15 = Jis 1.2 Hz, H1; 4.92, ddt, J,5 17.2, Jia= Ji5 1.6

; 5.74, ddt, J»3 6.4, 6.9 Hz, H2. "Cnm.r. §30.64, 32.19, C3,4; 63.15, C6'; 72.05, C4’; 75.46, C2’:
79.88, 80.10, 81.58, C1°,3",5"; 114.89, C1; 139.90, C2. H.rms. m/z 219.1238 [CyoH1005 (M+H)* requires

5-(B-D-Glucopyranosyl)pent-1-ene (5,n = 3)
The tetraacetate (10, n=3) yielded the tetroi (5, n=3) as fine, white needles (98%), m.p. 92.5-94°
(MeOH), [a]p ~11.8° (MeOH) (Found: C, 56.7; H, 8.5. Cy;H00s requires C, 56.9; H, 8.7%). 'Hnm.r. §

1.24-1.42,1.51-1,65, 1.69-1.79, 1.91-1.99, 4m, 6H, H3
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H1",5%; 3.10-3.20, m, H3",4; 3.51, dd, Js'¢ 5.4, Jow 11.8 Hz, H6’; 3.

General Procedure for the Preparation of the Trisaccharides (6, n = 1-3)
Humicola insolens endoglucanase I in maleate buffer (120 pL) was added to B-lactosyl fluoride (4)

an
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maintained (1 h) at constant temperature (40°) and fresh enzyme (120 L aliquots) was added thereafter at

fifteen minute intervals (45 min). Aqueous NH; (28% w/w) was added and the mixture was heated (100°,
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y
acetylated [Ac,O/pyridine/DMAP (0° — r.t., 24 h)]. Water was added and stirring continued (3 h). The
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permeation chromatography to yield the trisaccharide (6).

acetyl-B-D-glucopyranosyl]prop-1-ene (6,n = 1)
The tetrol (5, n = 1) yielded the trisaccharide (6, n = 1) as a white powder (48%), m.p. 93-95° (MeOH),

falp —11.1° (Found: C, 51.7; H, 6.1. C4Hse0ys requires C, 51.9; H, 6.0%). Honmr. (500 MHz) 6 1.93,
1.94, 1.99, 2.00, 2.01, 2.02, 2.04, 2.09, 2.11, 2.12, 10s, 30H, Me; 2.21-2.27, m, 2H, H3; 3.42, ddd, /1 4.0,
7.2, Jy 2 9.9 Hz, H1"; 3.49, ddd, Jy-5 9.8, Jss» 1.9, 5.2 Hz, H5”; 3.56, ddd, Jes 9.8, Js¢ 2.0, 5.0 Hz, HY';
3.67, t, Jyar 9.5 Hz, H4”; 3.76, t, Jy4 9.1 Hz, H4"; 3.81-3.87, m, H5"”; 4.03-4.11, m, 4H, H6',67,6""; 4.33,
dd, Jes 12.1 Hz, H6'; 4.42, d, Ji2~ 7.9 Hz, H1"; 4.45, dd, Jo» - 11.8 Hz, H6"; 4.46, J;-,~ 7.8 Hz, H1”; 4.78
t, Joy 9.6 Hz, H2'; 4.81, dd, J,73 9.3 Hz, H2"; 490, dd, Jy~3~ 10.4, Jy~ 4~ 3.4 Hz, H3"”; 499-5.04, m, 2H

1;5.06, dd, H2"; 5.09, t, H3”; 5.10, t, H3"; 5.31, dd, Js~ s~ 0.9 Hz, H4"; 5.74, ddt, J,, 10.6, 17.1, J,3 = J53
8 0 35.

Jy
MHz) § 20.44, 20.53, 20.58, 20.59, 20.68, 20.72, 20.82, 10C, Me; 3

rr,
60.73 C2'; 70.6
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C2',2”; 72.55, C3"; 72.92, C5’; 73.96, C3”; 75.86, C4’; 76.46, C5”; 76.77, C4”; 76.83, C1’; 100.41, C1”;
101.01, C1"7; 117.59, C1; 132.84, C2; 169.07, 169.32, 169.72, 169.75, 169.90, 170.00, 170.09, 170.22,
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2, 10C, CO. H.r.m.s. m/z 949.3214 [CyHs7O02s (M+H)™ requires 949.3189].

f—

4-[O-(Tetra-O-acetyl--D-galactopyranosyl)-(1 —4)-O-(tri-O-acetyl-B-D-glucopyranosyl)-(1 —4)-tri-O-
acetyl-f-D-glucopyranosyijbut-I-ene (6, n = 2)

The tetrol (S, n=2) yielded the trisaccharide (6, n=2) as a colourless glass (52%), m.p. 88-90°
(MeOH), [o]p —13.3° (Found: C, 52.1; H, 5.9. C4HssO,s requires C, 52.4; H, 6.1%). 'H n.m.r. § 1.40-1.60,
m, 2H, H3; 1.94, 1.95, 1.99, 2.00, 2.01, 2.03, 2.04, 2.10, 2.11, 2.13, 10s, 30H, Me; 2.12-2.26, m, 2H, H4:
3.34,dt, Jay = Jay 3.2, Jry 9.2 Hz, HY’; 3.48, ddd, Js5» 9.8, Js¢» 1.8, 5.3 Hz, H5"; 3.57, ddd, Jy5 9.8, Js &
1.8, 49 Hz, HY'; 3.67, t, Jar4» 9.3 Hz, H4”; 3.77, t, Jy 4 9.1 Hz, H4’; 3.80-3.85, m, H5""; 4.02-4.12, m, 4H,
H6',67,6""; 4.34, dd, Jes 12.0 Hz, H6"; 4.40-4.47, m, H1”,6",1"""; 4.76, t, J»» 9.3 Hz, H2'; 4.82, dd, J,»,-

7.8, Jy3» 9.2 Hz, H2"; 490, dd, Jyyv 10.4, Jym g 3.4 Hz, HY”; 493-5.02, m, 2H, H1; 5.06, dd, Jip~ 7.9
Hz, H2"; 5.10, t, H3"; 5.11, 1, H3'; 5.31, dd, Jes~ 0.9 Hz, H4™; 5.73, dddd, J,, 10.1, 17.2, J,5 6.1, 7.1 Hz,

H2. Cnmr. §20.43, 20.57, 20.67, 20.71, 20.81, 10C, Me: 28.96, 30.32, C3,4; 60.73, C6": 62.24, 2C

’
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169.06, 169.32, 169.70, 169.87, 169.99, 170.07, 170.21, 170.31, 10C, CO. H.r.m.s. m/z 963.3385 [CsHs50055

(M+H)** requires 963.3345].
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dd, Jes 12.1 Hz, HO'; 4.42, d, Jy»2» 7.9 Hz, H1""; 4.43-4.47, m, H6"; 4.46, J,-,» 7.8 Hz, H1”; 475, ¢, Jy» =
Jry 9.6 Hz, H2; 4.83, t, J,»3+ 7.9 Hz, H2”; 4.88-5.00, m, 3H, H1,3"”’; 5.07, t, J»»3~ 8.1 Hz, H2"”; 5.10, t,
H3"; 5.11, t, H3'; 5.31, dd, Js»e~ 3.4, Jys~ 0.8 Hz, H4'"; 5.74, ddt, J12 10.1, 17.2, /5 = 13 6.6 Hz, H2.
PCnmr. §20.45, 20.57, 20.68, 20.82, 10C, Me; 24.13, C3; 30.54, CS; 33.23, C4; 60.76, C6™; 62.26, C6',6”';
66.53, C4"; 68.99, C2"; 70.67, C5’”; 70.91, C3"; 71.84, C2’; 72.28, C2”; 72.59, C3’; 72.96, C5’; 74.05,
C37; 7591, C4’; 76.51, C57; 76.94, C4”; 77.35, C1’; 100.42, C1”; 101.04, C1”"; 114.73, C1; 138.26, C2;
169.07, 169.33, 169.72, 169.90, 170.01, 170.09, 170.23, 170.33, 10C, CO. H.r.m.s. m/z 977.3536 [C43Hg, Oss
(M+H)** requires 977.3502].

General Procedure for the Preparation of the Trisaccharides (11, n =1-3)
A solution of the decaacetate (6) in MeOH was treated with NaOMe as described previously to yield the

trisaccharide (11).

3-[O-(B-D-Galactopyranosyl)-(1—4)-(B-D-glucopyranosyl)-(1—4)-O-B-D-glucopyranosyl Jprop- 1 -ene
(I1,n=1)

The decaacetate (6, n = 1) yielded the polyol (11, n= 1) as a fine, white powder (98%), m.p. 133-136°
(MeOH), [alp +2.3° (MeOH) (Found: C, 48.0; H, 7.1. CyH;60;s requires C, 47.7; H, 6.9%). 'Hnm.r. §
2.05-2.15, 2.43-2.52, 2m, 2H, H3; 3.05, ¢, Jyr» = Jy» 9.5 Hz, H2; 3.10, dt, s = Jar 2.7, Jv»» 9.5 Hz, HI';
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dd, Js»¢- 7.6 Hz, H6"; 3.69-3.76, m, 4H, H6",4"”,6™; 3.81, dd, Js» ¢~ 2.4, Je»e» 12.1 Hz, H6"’; 4.24, d, J,» 2~
7.3 Hz, H1"; 4.33, d, J;»»» 7.9 Hz, H1”; 4.90-5.02, m, 2H, H1; 5.84, ddt, /1, 10.2, 17.1, J,5 = J,3 6.8 Hz, H2.

. ATY AN 44 A A 277 A (s

BC nm.r. (125.8 MHz) 8 39.43, C3; 64.04, C6™’; 64.57, C&; 64.99, C6”; 72.77, C4”’; 74.99, C2'"; 77.04,
C27;77.11,C5"; 77.26, C2’; 78.68, 79.56, C4’,4”; 79.10, C3’"; 80.51, C3’; 82.57, Cl’; 82.63, 82.96, C5",5";
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83.50, C3": 106.66, C1”; 107.54, C1"”; 119.54, C1; 138.73, C2. H.r.m.s. m/z 529.2148 [CyH3;0;5 (M+H)*

O IV, = AR0.00s L2

The decaacetate (6, n=2) yielded the polyol (11, n=2) as a white powder (98%), m.p. 219-222°

(MeOH), [odp —0.2° (MeQH) (Found: C, 48.6; H, 7.2. CpHsOss requires C, 48.7; H, 7.1%). 'Homr.
(500 MHz) 8 1.48-1.52, 1.90-1.96, 2m, 2H, H4; 2.10-2.17, m, 2H, H3; 3.12, t, Jy» = Jy3 9.5 Hz, H2'; 3.16,
du, Jay = Jay 2.2, Juy 9.4 Hz, HI'; 3.26-3.31, m, HY,2”; 3.45, t, Jyx 8.7 Hz, H3; 3.47-3.50, m, H3"”",5"",

Ty gn 3.3, Jg s 0.8 Hz, HA”; 3.82-3.87, m, 3H, H6,6"; 3.91, dd, Js» g~ 2.4, Jorg~ 12.1 Hz, HE""; 4.34, d,
17.1, Ji5 = Ji3 1.6 Hz, H1; 5.84, dddd, J,5 6.4, 6.8 Hz, H2. C n.m.r. (125.8 MHz) & 30.66, C3; 32.09, C4;
61.54, C6™; 62.13, C6'; 62.50, C6™; 70.28, C4"”"; 72.51, C2’; 74.54, C2”; 74.76, C5; 75.23, C2’; 76.19,
77.08, C4’,4”; 76.62, C3"’; 78.07, C3’; 79.96, C1’; 80.06, 80.11, C5",5”; 81.11, C3”; 104.39, C1”; 105.05,
C1”7; 114.95, C1; 139.81, C2. H.r.m.s. m/z 543.2275 [CoHi9O15s (M+H)*" requires 543.2289].

5-[0-(B-D-Galactopyranosyl)-(1—4)-O-(B-D-glucopyranosyl)-(1—4)-B-D-glucopyranosylJpent-1-ene
(11,n=3)

The decaacetate (6, n = 3) yielded the polyol (11, n = 3) as a white powder (98%), m.p. >220° (McOH),
[o]p —2.8° (MeOH) (Found: C, 49.8; H, 7.4. Cy3HOs5 requires C, 49.6; H, 7.4%). '"H n.m.r. § 1.18-2.00, m,
6H, H3,4,5; 2.97-3.08, m, H1",2"; 3.17-3.23, m, HS",2"”; 3.32-3.55, m, H3',4’,3"",4",5"",2"",3",5""; 3.59, dd,

Js» s+ 4.5, Jsng» 11.5 Hz, H6'"; 3.68, dd Jsr g0 7.6 Hz, H6™: 3.69-3.77, m, 4H H6' 47 6", 3.82, dd, J

v5"6 s V8 ,0 Aadly 0y Sata, 7o\ ARdiy RAU 121y, TrAy 22U LT

Jsmen 12.1 Hz, H6""; 4.25, d, Jyw o= 7.3 Hz, H"”; 435, d, Jy»»» 7.9 Hz, H1”; 4.82, ddt, J,; 2.1, J;5 10.3, J, 5 =
Jis 1.1 Hz, HI; 4.89, ddt, Ji, 17.1, Jy3 = Ji5 1.6 Hz, H1; 5.72, ddt, J,3 = J,5 6.8 Hz, H2. “Cnmr.
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Aspergillus oryzae B-galactosidase in phosphate buffer (100 uL) was added to a suspension of the

trisaccharide (11) in phosphate buffer (0.05M, pH7.3) and the mixture was stirred (2 h) at constant
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temperature (22°). CH;CN was added and the mixture heated (100°, 10 min). The organic solvent was
porated, the agueous phase freeze-dried and the gummy residue was acetylated and subjected to standard
workup (CHCl;) as described previously. Flash chromatography (30-60% EtOAc/petrol) folowed by gel

permeation chromatography afforded the disaccharide (7).

3-[O-(Tetra-O-acetyl- -D-glucopyranosyl)-(1—4)-tri-O-acetyl- f-D-glucopyranosylJprop-1-ene (7,n = 1)
The trisaccharide (11, n = 1) yielded the heptaacetate (7, n = 1) as fine, white needles (43%), m.p. 159-
160° (MeOH), [orlp =5.9°. 'H n.m.r. §1.97, 2.00, 2.01, 2.02, 2.08, 2.10, 6s, 21H, Me; 2.10-2.32, m, 2H, H3;
42-3.48, m, H1"; 3.52, ddd, Jys 9.9, Js ¢ 2.0, 5.2 Hz, H5"; 3.63, ddd, J¢ 5~ 9.5, Js» ¢ 2.2, 4.2 Hz, HY"; 3.71,
Jya 9.8 Hz, H4'; 4.02, dd, Je-s 12.6 Hz, H6”; 4.07, dd, Jo¢ 11.9 Hz, H6'; 4.38, dd, H6”; 4.47, dd, HE';

AAQ A T....T7T0H2 H1”:- A2) var 2= 1o QR Ho H’)' AO’Z Ad ... Q1 H» Y. NN m 1H
T, My U ,L res xxb, 1. Ly TULy Yy v 2 uZ'3 70U xid, y TSIy WUy VIT ST S L ARy Akde , J.UUTJ. U, 111, JALR,
H1,4”; 5.10, t, Js»4» 9.2 Hz, H3”; 5.12, t, H3"; 5.77, ddt, J,, 9.9, 16.3, J,5 = J,5 6.9 Hz, H2. "Cnmr. §
20.52, 20.56, 20.63, 20.73, 20.83, 7C, Me; 35.76, C3; 61.54, C6”'; 62.19, C6"; 67.77, C4”; 71,59, C2”; 71.81,
AC. 21 Q1 . A7 01 O AANE O AL RN MELTE QA MAL. L 07 O 1NN TIQ M1, 1177 LA M 9 0N
VY ST, L 1273, 0U0 5 14.U5, U0 71004, 00 710.04, U4 /U774, U1, 1VU.JO, U1 § 11/7.04, U1, 13245V,
C2; 169.05, 169.29, 169.83, 169.98, 170.23, 170.35, 170.50, 7C, CO

A TN AT osrrs (N vnptr ..l .............. 1Y\ 71 A 4-:n,.,.,.¢.lnn..t .............. TTheio 1 e £ — — I

a- u-(u:uu-u-m.m_yz p— ~SLUCOPYIranosyL)-i1 —»%)-ifi-\J-aCeiyt- p-u-gLCopyranosyt url—e 1€\/,li=24)

The trisaccharide (11, n = 2) yielded the heptaacetate (7, n = 2) as fine, white needles (58%), m.p. 198.5-
200.5° (MeOH), [a]p —9.0° (Found: C, 53.5; H, 6.5. C30H4Oy7 requires C, 53.4; H, 6.3%). 'Hom.r. §1.41-
1.63, m, 2H, H3; 1.98, 2.00, 2.02, 2.03, 2.08, 2.12, 6s, 21H, Me; 2.00-2.20, m, 2H, H4; 3.37, dt, Jor = Jur
3.3, Ji» 9.7 Hz, H1"; 3.50, ddd, Jo s 9.9, Js 1.9, 5.4 Hz, HS'; 3.65, ddd, Jss» 9.4, Js¢- 2.1, 4.4 Hz, H5",
371, ¢, Jv4 9.3 Hz, H4; 4.03, dd, Js s 12.5 Hz, H6”; 4.08, dd

Ty v oo Ad&y A2 MRy GG &

Jes 11.9 Hz, HE'; 437, dd, H6”: 4.47, dd

g Aau g N7, GRS, y ey

H6’; 4.49, d, Ji»»» 7.9 Hz, H1”; 4.79, t, Jy 2 = Jy» 9.6 Hz, H2'; 4.93, dd, J,73» 9.2 Hz, H2"”; 4.95-5.04, m, 2H,
HI; 5.06, t, J»»4» 9.8 H4”; 5.12, t, H3"; 5.13, t, H¥; 5.76, dddd, J;, 10.2, 17.3, L5 6.0, 7.3 Hz, H2.

B mie 9082 2 A raV <] AL,
O iLii,., U &V.00, LU v, U/, “+ .

NN

Q
o

O

ae
s ’ . 3 y AVIG, . ’ . ’

71.60, C27; 71.91, C5”; 72.24, C2’; 72.94, C3'; 74.07, C3”; 76.58, C5’; 76.59, C4"; 77.01, C1"; 100.80, C1”;
115.26, CI; 137.53, C2; 169.05, 169.30, 169.96, 170.23, 170.36, 170.50, 7C, CO. H.rm.. m/z 675.2465 .

[C30Ha30,7 (M+H)™ requires 675.2500].

}l
The trisaccharide (11, n = 3) yielded the heptaacetate (7, n = 3) as fine, white needles (64%), m.p. 176-
178° (MeOH), [alp —13.5° (Found: C, 53.9; H, 6.5. C3;HuOy; requires C, 54.1; H, 6.4%). 'Hnmr.
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m, 2H, H3; 3.32-3.36, m, H1"; 3.52, ddd, Jy 5 9.8, J» ¢ 2.0, 5.5 Hz, HY; 3.64, ddd, J4~ s 9.9, Js- ¢~ 2.4, 4.3 Hz,
H5”;3.69,t, Jy+ 9.4 Hz, H4"; 4.02, dd, Js ¢~ 12.4 Hz, H6”; 4.07, dd, Js¢ s 11.9 Hz, H6"; 4.37, dd, H6”; 4.45,
dd, H6'; 4.48, 4, J,»2» 8.0 Hz, H1”; 4.77, t, Jy» = J»3 9.6 Hz, H2'; 4.92, dd, J,»3» 9.3 Hz, H2”; 4.93, ddt, J,,
3.0, 112102, Jis = Jys 1.2 Hz, H1, 4.97, ddt, J1, 17.2, Ji5 = J13 1.8 Hz, H1; 5.06, t, J3»4» 9.5 Hz, H4”; 5.12,
t, H3”; 5.13, t, H3'; 5.75, ddt, ;3 = J,5 6.6 Hz, H2. *Cn.m.r. (125.8 MHz) & 20.54, 20.58, 20.65, 20.72,

A7 5 Vi Ty ety 24,0 AVAL2L) U &V.INy SISOy &R5US, &Y.

20.86, 7C, Me; 24.16, C3; 30.50, C5; 33.27, C4; 61.52, C6”; 62.32, C6'; 67.73, C4™; 71.56, C2”; 71.88, C5”;
72.19, C2%;72.92, C3'; 74.07, C3”; 76.49, C5’; 76.97, C4’; 77.39, C1’; 100.78, C1”; 114.76, C1; 138.30, C2;
169.07, 169.31, 169.99, 170.24, 170.39, 170.53, 7C, CO. H.r.m.s. m/z 689.2622 [C3;HsO1» (M+H)"* requires
689.2598]

General Procedure for the Preparation of the Disaccharides (2, n = 1-3)

A solution of the heptaacetate (7) in MeOH was treated with NaOMe as described previously, and

subjected to gel permeation chromatography to yield the heptaol (2).

3-[O-(B-D-Glucopyranosyl)-(1—4)-B-D-glucopyranosylJprop-1-ene (2,n = 1)
The heptaacetate (7, n=1) yielded the heptaol (2, n=1) as a colourless oil (95%). 'H n.m.r. & 2.05-

+ 5.3, Jos» 11.9 Hz, H6”; 3.68-3.77, m, 2H, H6"; 3.77, dd, Js-¢» 1.9 Hz, H6”; 4.28,
2 4 0.2 6.8 Hz, H2. ®Cnmr. §34.79,

‘', 62.47, C6”; 71.40, C4”; 74.66, C2*; 74.97, C2’; 77.89, C3™; 78.13, 2C, C3',5”: 80.19, C5";
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4-[O-(B-D-Glucopyranosyl)-(1—4)- -D-glucopyranosyljbut-1-ene (2, n = 2)
The heptaacetate (7, n = 2) yielded the heptaol (2, n=2) as a colourless oil (95%). 'Hnm.r. § 1.30-

H2";3.12-3.28, m, H5",3"”,47,57, 333, t, Jy» = Jy ¢ 8. 3 5
Jore» 11.7 Hz, H6”; 3.68-3.81, m, 3H, H6',6”; 4.29, d, H1”; 4.75-4.94, m, 2H, H1; 5.73, dddd, J,, 10.2, 17.1,

@)
t\)
\
3
=
o0
w
I OEEN. Y
\1
0o
y—t
S
[
n
0
W
-
‘-’l
\l
=
¥
o w
@
[y
w-\
oo
(=)
P
= S
(@)
s
o0
—
(9% [«
H
O
4;
\
V—
fe)
K
N
>
0
P
:
—
—
'S
Vo)
U)
®]
H
o
w
o
oo
S
o W
)

5-[{O-(B-D-Glucopyranosyl)-(1 —4)-B-D-glucopyranosyl|pent-1-ene (2, n = 3)
The heptaacetate (7, n = 3) yielded the heptaol (2, n =3) as a colourless oil (95%). 'H n.m.r. (500 MHz)

851 237.1AN m HAS 1 £2_.171 m HA- 192120 m HE-27M 210 m 727H 2. 2
U 1.0i-1.%v, 1ii, 114,J, 1.U5-1.7 1, Iii, 114, 1.03=1.00, Iii, 11J, £.UL~4.1v, 1, & 7

-
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Hz, H2'; 3.14, dt, Js» = Js 1 2.8 Hz, H1"; 3.22, dd, Ji7p» 7.9, Jp»3» 9.1 Hz, H2"; 3.27-3.31, m, H5',4"; 3.33,
ddd, Jy s 9.5, Js» ¢ 2.0, 5.4 Hz, H5”; 3.36, t, J3- 4~ 8.7 Hz, H3”; 3.44, t, Jv o 8.7 Hz, H3';3.51, ¢, J¢5 9.3 Hz,
H4’; 3.65, dd, Je-¢- 11.9 Hz, H6”; 3.82, dd, Js ¢ 3.9, Jos 12.1 Hz, H6'; 3.84, dd, Js¢ 2.7 Hz, H6"; 3.87, dd,
H6”;4.39,d, H1”; 4,92, ddt, J1,; 2.3, J1, 10.2, J13 = J15 1.1 Hz, H1;4.99, ddt, J,» 17.1, J13 = J13 1.6 Hz, HI;
5.82, ddt

6.7 Hz, H2. ®Cnmr. (125.8 MHz) §25.93, C3; 32.35, C5; 34.95, C4; 62.23, C6'; 62.44,

«AlE.L. WO AVaRRE) U Lv.

= I.
v

> 1,3 3

C6"; 71.38, C4”; 74.95, C2”; 75.27, C2’; 77.86, C3”; 78.11, 78.14, C3’,5"; 80.13, C5"; 80.61, C1’; 81.26,
C4’; 104.61,C1”; 114.87, C1; 140.02, C2. H.r.m.s. m/z 395.3532 [Cy7H3; 0,0 (M+H)** requires 395.1917].

General Procedure for the Preparation of the Disaccharides (8, n = 1-3)

Benzyl bromide (10 eq.) was added to a mixture of pre-washed (petrol) sodium hydride (55% oil
suspension, 14 eq.) and t
(r.t., 12 h). Water was added to the cooled (0°) suspension and stirring continued (3 h). The mixture was

twice extracted (CHCl;) and the combined extracts were washed with water and brine and dried. Flash

3-[O-(Tetra-O-benzyl- B-D-glucopyranosyl)-(1 —4)-tri-O-benzyl- B-D-glucopyranosyl [prop-1-ene (8, n = 1)
Tha hantanl Y o 1Y wtnaldad tha haméiabhamael 7 aallaliiaadide 7@ o 1N 2o o oseslelin s A 7007 N
1LUT 1IIvplaul (&, 11 — 1) YICVIUCU UIC DUplabCliiyl C-LOlVLIVMUC (0, 11 = 1) dad 4 WHIIC DUOWUCT (6070 ), 1IL.D

114-116° (lit.* 117-119°). H.r.m.s. m/z 997.4844 [CeHgeO10 (M+H)** requires 997.4891].

L o

4-[O-(Teira-O-benzyl- B-D-glucopyranosyi)-( 1 —4)-tri-O-benzyl- -D-glucopyranosyijbut-i-ene (8, n = 2)

The heptaol (2, n=2) ylclded the heptabenzyl C-cellobioside (8, n =2) as a colourless oil (75%). The

5-[O-(Tetra-0O-benzyl- B-D-glucopyranosyl)-(1—4)-tri-O-benzyl--D-glucopyranosylpent-1-ene (8, n = 3)

The heptaol (2, n = 3) yielded the heptabenzyl C-cellobioside (8, n = 3) as a white solid (90%), m.p.122-
123° (EtOH/petrol; lit.” *123-125°) (Found: C, 77.4; H, 7.0. CesHnO10 requires C, 77.3; H, 7.1%)
eneral Praocedure for the Prenaration aof the Fnavidac (0 n = 1.7
General Procedure for the Preparation of the Epoxides (9, n = 1-3)
8 .

Freshly prepared dimethyldioxirane™ (0.1 M in acetone, 4 eq.) was added to a cooled (0°), stirred solution

of the alkene (7) in CH,Cl; under an atmosphere of argon. The solution was allowed to warm (r.t., 4 h) and
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1.2-Epoxy-3-[O-(tetra-O-acetyl- -D-glucopyranosyl)-(1 —4)-tri-O-acetyl- -D-glucopyranosyl [propane
9.n=1)

The disaccharide (7, n = 1) yielded the epoxides (9, n = 1) as a white powder, m.p. 154-157°. 'Hn.mr. §
1.41-2.10, m, 2H, H3; 1.98, 2.00, 2.01, 2.02, 2.03, 2.08, 2.11, 7s, 21H, Me; 2.47, 2.49, 2dd, J:, 49, Ji1, 2.7
Hz, H1; 2,73, 2.79, 2dd, J,; 4.0 Hz, H1; 3.02-3.11, m, H2; 3.49-3.67, m, H1",5",5”; 3.74, 3.75, 2t, Jy o = Js 5
9.8 Hz, H4'; 4.04, dd, Js-¢ 2.2, Js»¢» 12.5 Hz, H6”; 4.05-4.12, m, H6"; 4.38, dd, J5s-¢- 4.2 Hz, H6""; 4.49, 4.53,
2dd, Js¢ 2.0, Jeg 11.8 Hz, HE"; 4.52, d, Jip» 7.9 Hz, H1”; 4.81, t, Jyy = Jyy 9.6 Hz, H2'; 4.90, 4.94, 2dd,

Jyy» 9.8 Hz, H2”; 5.07, 5.08, 2t, Jy 4 = Jprs» 9.7 Hz, HA”, 5.04, 5.06, 2t, H3": 5.07, t, HY. “Camr. §

~vy o3 vq

o~

20.53, 20.65, 20.83, 7C, Me; 33.84, 35.28, C3; 46.38, 47.42, 48.60, 2C, C1,2; 61.55, C6”; 62.05, 62.17, C6&';
67.78, C4”; 71.60, 71.95, 72.10, 72.92, 73.83, 73.97, 74.92, 75.17, 5C, C2’,3',2”,3",5"; 76.62, 76.70, 3C,

f"I’A’ <' 10076 f‘l”- 160 N 160 2N 160 Q& 17N NS 170 1§
v, UL 7 LIVNUS, 1i1U.ed

17011 1
10y 1l AU Vy 1U7.JU, 1UZ.00U, N LiV.O%, 1

1,2-Epoxy-4-[O-(tetra-O-acetyl- B-D-glucopyranosyl)-(1 —4)-tri-O-acetyl- B-D-glucopyranosyl Jbutane (9, n =
2)

The disaccharide (7, n = 2) yielded the epoxides (9, n = 2) as a white powder, m.p. 179-182°. 'Hn.m.r. §
1.35-1.90, m, 3H, H3,4; 1.97, 2.00, 2.02, 2.02, 2.04, 2.08, 2.10, 7s, 21H, Me; 2.10-2.20, m, H3; 2.45, 2.46,
2dd, Ji,1 5.0, 12 2.9 Hz, HI; 2.75, dd, Ji» 4.0 Hz, H1; 2.85-2.94, m, H2; 3.36-3.44, m, H1’; 3.52, ddd, Js s
9.9, Js¢ 1.9, 5.0 Hz, H5'; 3.65, ddd, Jy» s~ 9.6, Js»¢» 2.2, 4.1 Hz, H5"”; 3.70, 3.71, 2t, Jy o = Jy5 9.9 Hz, H4’;
4.03, dd, Je ¢ 12.5 Hz, H6; 4.05, 4.07, 2dd, J¢ ¢ 11.9 Hz, H6'; 4.37, dd, H6”'; 4.47, 4.49, 2dd, H6'; 4.49, d,
Jinpr 7.8 Hz, H1"; 4.78, 4.79, 2t, Jy 2 = Jy 3 9.6 Hz, H2'; 492, dd, J»-5» 9.1 Hz, H2”; 5.07, t, J3»4~ 9.7 Hz,
H4”; 5.14, , H3,3”. “Cnm.r. §20.52, 20.63, 20.72, 20.83, 7C, Me; 27.30, 27.69, 28.03, 28.31, C3,4;
46.93, 47.01, C1; 51.50, 52.02, C2; 61.55, C6”; 62.22, C6"; 67.78, C4”; 71.60, C2”; 71.92, C5”: 72.13, C2’;

.20 Vs Vi.zJd L. L4y, LU LeTly aoa

72.92, 73.96, C3',3”; 76.58, C5’; 76.85, C4’; 77.16, C1’; 100.78, C1”; 169.05, 169.30, 169.94, 170.23,
170.34, 170.52, 7C, CO. H.r.m.s. m/z 691.2460 [C30Ha30,5 (M+H)** requires 691.2460].

1,2-Epoxy-5-[O-(tetra-O-acetyl- }-D-glucopyranosyl)-(1 —4)-tri-O-acetyl- B-D-glucopyranosyl Jpentane
(9,n=3)
The disaccharide (7, n=3) yielded the epoxides (9, n=3) as fine white needles, m.p. 176-178°.
m.r. (500 MHz) 6 1.40-1.65, m, 5H, H3,4,5; 1.97, 1.99, 2.02, 2.03, 2.07, 2.10, 2.11, 7s, 21H, Me; 2.00-

2.12,

I‘\)

m, H3; 2.44, dd, J,; 5.0, J;, 2.7 Hz, H1; 2.72, 2.73, 2dd

~ v .
m, I J Jig e HZ, 0115 2.2, 2.13, 244, Jiz 3.0 11Z, i1l 2. B8, m, 11 3. N

m, H1’; 3.48-3.53, m, HY; 3.64, ddd, Jus» 9.9, Js»¢» 2.3, 4.2 Hz, HS
dd, Jes» 12.5 Hz, H6”; 4.06, 4.07, 2dd, Js¢ 1.9, Jee 11.9 Hz, H6"; 4.36, dd, H6”'; 4.44-4.47, m, H6'; 4.48, d,

7 oN LI 44
J1727 0.V

I, A77 + 7 = 1.,., 0
0L S 4.01, 4 dyy =dys 7.

[«
”
r

R

1
1

h'l

1Z,
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5.12, t, H3”; 5.13, t, H¥. PCnm.r. (125.8 MHz) § 20.52, 20.57, 20.64, 20.72, 7C, Me; 21.53, 21.67, C3;
30.84, 30.97, C5; 31.95, 32.20, C4; 46.81, 46.98, C1; 51.99, 52.08, C2; 61.53, C6"”; 62.28, C6"; 67.74, C4”;

~1 QM A -, QN NS, A AN 1A 1A nn L) 1 ~a n1 A AN M B . ML OO AR, '!'1 ")n H17. 100 71
71.87, C27; 71.89, 57 72.10, 72.12, C27;, 72.91, 74.01, C5,57; 716.03, U7 70.88, C4'; 77.59, Ul 10U/ 7,
C17; 169.06, 169.70, 169.96, 170.00, 170.23, 170.38, 170.51, 7C, CO
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