Carbohydrate Research, 245 (1993) 233--244 233
Elsevier Science Publishers B.V., Amsterdam

Preparation of 4,6-cyclo-4,6-dideoxy-hexopyranoses by
palladium-mediated intramolecular cyclodehalogenation *

Hans Peter Wessel T, Marie-Claude Viaud and Vincent Gardon
F. Hoffmann-La Roche Ltd., Pharma Division, Preclinical Research CH-4002 Basel (Switzerland)
(Received November 5th, 1992; accepted January 4th, 1993)

ABSTRACT

4,6-Cyclo-4,6-dideoxy-hexopyranoses were obtained by palladium-mediated intramolecular cyclode-
halogenation. Thus, methyl 2,3-di-O-acetyl-4,6-dideoxy-4,6~diiodo-8-p-galactopyranoside (3) afforded
methyl 2,3-di-O-acetyl-4,6-cyclo-4,6-dideoxy-B-p-galactopyranoside (5) in 56% yield upon treatment
with hydrogen in the presence of palladium-on-charcoal and diethylamine. The structure of 5 was
proven by MS, NMR including NOE measurements, and by independent conversion of 4 to 5 by
zinc-mediated Wurtz synthesis. Similarly, methyl 2,3-di-O-acetyl-4,6-cyclo-4,6-dideoxy-a-p-galac-
topyranoside (6) and 0-(2,3-di-O-acetyl-4,6-cyclo-4,6-dideoxy-a-D-galactopyranosyl)-(1 — 4)-1,2,3,6-
tetra-O-acetyl-8-p-glucopyranose (17) were obtained along with the respective 4,6-dideoxy analogues.
Also methyl 2,3-di-O-acetyl-4,6-dideoxy-4,6-diiodo-8-p-glucopyranoside (19) gave galacto-configured 5
stereoselectively.

INTRODUCTION

A number of cyclopropanated sugars have been described which are either
spiro-cyclopropyl derivatives [in positions C-1 (ref 1), C-2 (ref 2), C-3 (ref 3), C-4
(ref 4), and C-5 (refs 5 and 6) of pyranoses] or ring-anellated compounds. Of the
latter, besides a small number of 3,4-C-methylene-furanoses®~®, mainly 2,3-C-
methylene-furanoses were prepared’, to some extent as nucleoside analogues'®. In
the pyranose series, the corresponding 2,3-C-methylene derivatives'! were synthe-
sized, and more recently also 3,4-C-methylene-pyranoses'?. 3-Alkoxy-2-oxa-
norcaranes, which can be viewed as simple 4,5-C-methylene-pyranoses, were
prepared as acid-labile compounds!>. We now describe the synthesis of pyranoid
sugars with a 4,5-anellated cyclopropyl ring starting from 4,6-dideoxy-4,6-diiodo-
hexopyranosides.

* Presented, in part, at the XVIth International Carbohydrate Symposium, July 5-10, Paris, France,
abstract A119, p. 154.
* Author for correspondence.

0008-6215 /93 /$06.00 © 1993 - Elsevier Science Publishers B.V. All rights reserved



234 H.P. Wessel et al. / Carbohydr. Res. 245 (1993) 233244

RESULTS AND DISCUSSION

Although the hydrogenation of monoiododeoxy sugars to yield deoxy sugars is a
standard conversion, the analogous hydrogenation of diiodo sugars in the presence
of palladium catalysts is cumbersome so that, in one successful reaction of that
kind, no yield was given'*. We studied the reaction of methyl 2,3-di-O-acetyl-4,6-
dideoxy-4,6-diiodo-B-p-galacto-pyranoside (3), obtained in excellent yield (95%) by
treatment of the known diol 1 (ref 15) with iodine, imidazole, and triphenylphos-
phine according to Garegg et al.'*. When 3 was subjected to hydrogenation in the
presence of palladium-on-carbon and diethylamine!® in 1,4-dioxane, methyl 2,3-di-
O-acetyl-4,6-cyclo-4,6-dideoxy-B-p-galactopyranoside * (5) was isolated as the main
product (56%) along with the dideoxy compound 7 (24%).

The formation of a cyclopropyl ring in 5 was supported by the MS data and was
obvious from the 'H NMR spectrum which typically showed two protons at high
field (0.87 and 0.77 ppm in CDCl,). The assignments of the pyranose ring protons
in the 'H NMR spectrum of 5 were confirmed by a series of selective decoupling
experiments. Since the coupling constant J;, does not unequivocally allow deter-
mination of the configuration at C-4, the latter was deduced from NOE experi-
ments (see Table I). Thus, a NOE from H-2 to H-6 was only compatible with a
galacto configuration, NOEs from H-1 or H-3 to H-6, as expected for a gluco
configuration, were not detected. The H-6 proton showing a NOE upon saturation
of H-2 is H-6,,,,, by definition. As a control for this assigment, saturation of H-5
gave only an NOE for the second H-6 which is H-6,,,. Thus, H-6,,,, (8§ 0.87) is
downfield of H-6,,, (8 0.77), opposite to the expectation for a carbocyclic system'’.
The assignment of H-6,,,, and H-6,, ., is, however, in keeping with literature
data'™ on smaller Jy ;.4 values (€.8., J; gonao 7.2 Hz) than °Jy y , values (e.g.,
Jagexo 10.2 Hz). Very remarkable, in the 'H NMR spectrum of 5, are the big
differences in the coupling constants of the trans protons (Jyg.p40 7.2, J56enao 2-9
Hz) as well as the cis protons (J 4,,, 10.2, Js¢.,, 5.8 Hz), which means that the
cyclopropy! ring largely deviates from its ideal symmetry. This effect is probably
due to the influence of the pyranose ring oxygen since, in the published sugar-anel-
lated cyclopropyl ring structures, the respective cis and trans couplings were found
identical or very similar (4 8 < 0.5 Hz)'®!"'°. Based on the practically unchanged
coupling constant of J,, 82 Hz compared to 3 the conformation of § can be
described as 2H, half-chair conformation (or a sofa conformation). Half-chair
conformations were also found for other cyclopropyl anellated pyranoses'>'®. A
boat conformation, as assigned to some pyranoid epoxides? or sugar aziridines?!,
can be excluded on the basis of the coupling constants determined.

* This name is developed from a 4,6-dideoxyhexose parent by applying IUPAC Rule F-4.1, using the
prefix “cyclo” with appropriate locants to establish a direct link between two atoms in a parent
structure. The stereochemistry at C-4 is defined in the galacto designator.
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TABLE 1

{H, H} NOE values for 5

Saturation NOE (%) at

of H1 H2 H-3 H-4 HS H,,,, HS,,,
H-1 8 0 3 0 0

H-2 2 3 0 0 5 0

H-3 6 3 10 0 0 0

H-5 2 0 0 13 0 13

In the a-p-glucoside series, diol 2 (ref 22) was converted to the diiodide 4 in
81% yield using the Garegg procedure!. In our hands, this approach towards 4
was more effective than iodination of unprotected methyl a-p-glucopyranoside as
originally described', followed by acetylation. Hydrogenation of 4 under similar
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conditions, as described above for the conversion of 3 in a very clean reaction,
furnished the cyclopropyl derivative 6 and the known!* dideoxy compound 8 in a
3:2 ratio. For compound 6, '"H NMR coupling constants J, 3, J,, and J, 5 were
found comparable to 5, inferring the same configuration for the cyclopropyl
attachment and a similar conformation.

Analogous disaccharide diiodides were prepared because of their good crys-
tallinity. The known? allyl 4',6’-O-isopropylidene-B-maltoside (9) was acetylated
to give crystalline 10 (89%), which was hydrolyzed in aqueous acetic acid to afford
90% of crystalline 11. This diol was converted to the crystalline diiodo derivative
12, following the Garegg procedure!®. For the de-allylation of 12, we employed
palladium chloride—sodium acetate—aqueous acetic acid** with additional sonica-
tion?. In the present example, after acetylation of the crude product mixture, the
expected anomeric acetates 13 and 14 were formed (1:1 ratio) in 50-70% yield. In
one case, a chromatographic separation gave 7.4% of pure 13 and 22% of pure 14
along with 28% vyield of 13—14 mixture (28%). In addition, the oxopropyl B-malto-
side 15 was isolated in 30% yield. Its structure is supported by the FAB MS data,
as well as from the occurrence of methylene protons and an additional acetyl
signal in the '"H NMR spectrum. As judged by TLC, this compound is formed
during the treatment with palladium chloride. The fact that only a B-oxopropyl
derivative was isolated hints at the direct oxidation of the B-allyl precursor 12.
Analogous oxopropyl glycosides obtained during de-allylation were reported by
Ogawa and associates®. It is noted, in the 'H NMR spectra of all galacto-config-
urated iodides 2, 4, and 12-15, that H-4 resonates at very low field (&,
4.84-4.93).

Hydrogenation of the diiodide 13 in the presence of palladium-on-carbon
afforded a 1:1 mixture of the dideoxy compound 16 and the cyclopropyl derivative
17 in 70-90% yield, the latter being easily identified on TLC due to its blue-violet
colour after sulfuric acid treatment and heating. The structure of 17 was confirmed
by the 'H NMR spectrum which shows coupling constants for the cyclopropyl-anel-
lated ring nearly identical to those in monosaccharide 6. Compound 17 crystallised
as fine needles that, up to now, failed to furnish crystals suitable for X-ray analysis.

Finally, the reaction of a gluco-configurated 4,6-diiodo derivative was investi-
gated. Thus, compound 19 was synthesized from methyl 2,3-di-O-acetyl-B-p-galac-
topyranoside?’ (18) by standard iodination'*. Hydrogenation of 19 furnished the
same galacto-configurated 4,6-cyclo-hexapyranoside 5 which was obtained from
the galacto-diiodide 3 in a clean reaction together with 7, albeit in a somewhat
lower proportion (5 to 7=2:3).

Almost similar results were obtained in zinc-mediated cyclopropanations?® in
ethanol which further chemically proves the cyclopropyl structures obtained.
Treatment of 4 gave 6 in 15% vyield, and 19 also gave the galacto-configurated
derivative 5 as well, in a lower yield of 9%. Low yields in intramolecular Wurtz
syntheses with 1,3-diiodo derivatives are imminent?.

The palladium-mediated reaction investigated by us is not a Wurtz type reaction
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since treatment of 4 with palladium, under the usual reaction conditions but
without employing hydrogen, did not lead to any conversion. As investigated for
the conversion of 4 to 6 and 8, base is imperative for the reaction, whereas the
nonprotic solvent can be varied. High pressure resulted in a better vield of 6 with
respect to 8, but the reaction time had no significant influence. The reactions,
presented in this paper, can thus be described as stercoselective palladium-cata-
lyzed intramolecular cyclodehalogenations. A related type of conversion has been
described only for chlorinated aromatic compounds.

The 4,6-cyclo-4,6-dideoxy-hexopyranosides, described here for the first time,
complement the series of known carbohydrate cyclopropyl derivatives, and they
may have potential as glycosidase inhibitors.

EXPERIMENTAL

General. — Solvents and reagents were purchased from Fluka, Solutions were
evaporated below 50°C on a Biichi rotary evaporator. Qualitative TLC was per-
formed with precoated silica gel 60F,;, plates (Merck) and compounds were
detected by UV light (254 nm) and spraying with a 10% solution of H,SO, in
MeOH followed by charring. Medium pressure liquid chromatography (MPLC)
was carried out on Lobar columms (Merck Lichroprep Si 60, 40-63 um) at 2-5 bar
(Labomatic MD 80,/100 pump). Melting points were determined with a Biichi 510
capillary apparatus and are uncorrected. Optical rotations were measured on a
Perkin—Elmer 241 spectrometer in a 1-dm cell. 'H NMR spectra were recorded on
Bruker AC 250 (250 MHz) and AM-400 (400 MHz) spectrometers with an Aspect
3000 and process controlier. Chemical shifts are given in ppm relative to Me,Si as
the internal standard. Mass spectra were recorded on the following equipment: MS
902 with data system DS 2050 (VG) for fab, VG 7070F with SS 300 (Finnigan
MAT) for CI (NH;), TSP 46 (Finnigan MAT) for thermospray, and API III Sciex,
Perkin-Elmer for electrospray.

Methyl 2,3-di-O-acetyl-B-p-glucopyranoside (1). — Obtained according to ref 15:
mp 110°C, Lit."*: 109-111°C; '"H NMR (250 MHz, CDCl,): 6 503 (dd ~t, 1 H,
J34 90 Hz, H-3),4.92 (dd, 1 H, J,5 9.7 Hz, H-2), 444 (d, 1 H, J,, 7.8 Hz, H-1),
3.95(dd, 1 H, Js g4, 3.6, Jsae0 12.0 Hz, H-6a), 3.85 (dd, 1 H, Js 4, 4.4 Hz, H-6b), 3.77
(dd ~t,1H, J,5 9.7 Hz, H-4), 3.51 (s, 3 H, OCH 3), 3.44 (ddd, 1 H, H-5), 2.10 and
2.06 (2s, 6 H, OAc).

Methyl 2,3-di-O-acetyl-4,6-dideoxy-4,6-diiodo-B-p-galactopyranoside (3). — To a
solution of 1 (ref 15, 650 mg, 2.3 mmol) in 2:1 toluene-MeCN (15 mL) were
added Ph,P (1.5 g, 5.74 mmol), imidazole (390 mg, 5.72 mmol), and I,(1.16 g, 4.57
mmol). After stirring for 3 h at 70°C, the same amounts of Ph,P, imidazole and I,
were added, and stirring was continued for 16 h at 70°C. After cooling, the mixture
was filtered over filter aid and washed with toluene. The filtrate was washed with
cold water, and the organic phase was separated, dried over MgSO,, and evapo-



238 ' H.P. Wessel et al. / Carbohydr. Res. 245 (1993) 233-244

rated. Chromatography (1:1 EtOAc-hexane) furnished 3 (1.1 g, 95%) as a solid,
[@]® +29.4° (¢ 0.5, dioxane); 'H NMR data (250 MHz, CDCl,): 6 5.26 (dd, 1 H,
J,3 10.0 Hz, H-2),4.84 (dd, 1 H, J;, 4.0, J,5 1.5 Hz, H-4),442(d, 1 H, J;, 7.9 Hz,
H-1), 437 (dd, 1 H, H-3), 3.53 (s, 3 H, OCH3), 3.42 (dd, 1 H, Js, 6.6, Jg, ¢, 10.0
Hz, H-6a), 3.20 (dd, 1 H, Js 4, 6.7 Hz, H-6b), 3.02 (ddd ~ dt, 1 H, H-5), 2.11 (s, 3 H,
Ac), 2.07 (s, 3 H, Ac); MS (electrospray): m /z 521 (75%, [M + Na]*), 516 (90%,
[M + NH,1*), 499 (35%, [M + H]*), 467 (100%, [M — OCH,]*). Anal. Calcd for
C,H,s0,1,: C, 26.5; H, 3.2. Found: C, 26.7; H, 3.2.

Methyl 2,3-di-O-acetyl-4,6-cyclo-4,6-dideoxy-B-p-galactopyranoside (5). — A. A
solution of 3 (200 mg, 0.40 mmol) in dioxane (10 mL) and diethylamine (0.4 mL)
was hydrogenated in the presence of Pd-C (160 mg) at 175 bar and room
temperature. After 1 h, the catalyst was removed by filtration. The filtrate was
evaporated and chromatographed (1:3 acetone-hexane and 2:1 toluene—EtOAc)
to give 5 (55 mg, 56%) along with methyl 2,3-di-O-acetyl-4,6-dideoxy-8-p-xylo-
hexopyranoside (7, 24 mg, 24%).

B. A solution of 19 (100 mg, 0.20 mmol) in dioxane (5 mL) and diethylamine (0.2
mL) was hydrogenated in the presence of Pd-C (80 mg) at 190 bar and room
temperature. After 1 h the catalyst was removed by filtration. The filtrate was
evaporated and chromatographed (4: 1 toluene~EtOAc) to furnish 5 and 7 (49 mg,
~ 100%) in a 2:3 ratio as determined by NMR (integration of OCH ;-signals).

C. To a solution of 19 (1.0 g, 2.0 mmol) in EtOH (5 mL) was added zinc powder
(ca. 350 mg). After refluxing for 30 min, the mixture was cooled and filtered over
Celite. The filtrate was evaporated and purified by columm chromatography (4:1
toluene-EtOAC) to give pure 5 (46 mg, 9%) as a syrup, [a]2 + 13° (¢ 0.1, CHCl,);
'H NMR (400 MHz, CDCl,): 6539(dd~t, 1 H, J34 7.4 Hz, H-3),4.72 (dd ~t, 1
H, J,; 8.0 Hz, H-2), 434 (d, 1 H, J,, 8.2 Hz, H-1), 3.69 (ddd, 1 H, Js,,,, 5.8,
Jssendo 2.9 Hz, H-5), 3.48 (s, 3 H, OCH;), 2.07 and 2.06 (25, 6 H, OAc), 1.59
(dddd ~dq, 1 H, J,4,,, 102, J,5 6.5, Jy6.ns, 7.2 Hz, H-4), 0.87 (ddd ~ dt, 1 H,
Joexo.6endo 6.2 Hz, H-6,,,.), 0.77 (ddd ~ dt, 1 H, H-6,,,); MS (thermospray): m /z
262 (30%, [M+NH,]"), 185 (100%, [M + H]*— AcOH). Anal. Calcd for
C,,H,,04: C, 54.1; H, 6.6. Found: C, 54.4; H, 6.8.

Compound 7 was then eluted as a syrup; [«]¥ + 11.3° (¢ 0.3, dioxane); 'H NMR
(250 MHz, CDCl,): & 4.96 (ddd, 1 H, J, 4, 112, J, . 5.0 Hz, H-3), 4.86 (dd, 1 H,
J,5 94 Hz, H-2), 430 (d, 1 H, J,, 7.7 Hz, H-1), 3.64 (ddq, 1 H, J,. 5 1.9, J,, 5 10.9
Hz, H-5), 3.48 (s, 3 H, OCH,), 2.10 (ddd, 1 H, J,. 4, 12.5 Hz, H-4e), 2.06, 2.02 (2s,
6 H, OAc), 1.50 (ddd ~br q, 1 H, H-4a), 1.29 (d, 3 H, Js4 6.2 Hz, H-6); MS
(thermospray): m /z 264 (22%, [M + NH,]*), 215 (100%, [M + H — MeOH]").
Anal. Caled for C, H3O,: C, 53.7; H, 7.4. Found: C, 53.7; H, 7.5.

Methyl 2,3-di-O-acetyl-a-pD-glucopyranoside (2). — Obtained according to ref. 22:
[a)? + 120° (¢ 0.3, dioxane); lit. 2 [a]® + 112.4° (¢ 1.0, H,0); lit. 3!, [a]Z + 75° (¢
0.72, CHCl,); "H NMR (250 MHz, CDCl,): 4 5.30 (m_, 1 H, H-3),491(d, 1 H, J,,
3.6 Hz, H-1), 4.83 (dd, 1 H, J,; 10.1 Hz, H-2), 3.87 (m,, 2 H, H-4, H-5), 3.70 (m_, 2
H, H-6), 3.40 (s, 3 H, OCH ), 2.10 and 2.09 (2s, 6 H, OAc).
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Methyl 2,3-di-O-acetyl-4,6-dideoxy-4,6-diiodo-a-p-galactopyranoside (4). — To a
solution of 2 (ref 22, 14.0 g, 50.3 mmol) in 2:1 toluene~MeCN (500 mL) were
added Ph,P (33.0 g, 125.8 mmol), imidazole (8.56 g, 125.8 mmol), and I, (25.53 g,
100.6 mmol). After stirring for 1 h at 70°C, the same amounts of Ph,P, imidazole,
and I, were added, and stirring was continued for 4 h at 70°C. The mixture was
cooled and filtered over Celite. The filtrate was diluted with toluene and washed
with cold water, the organic phase was dried over MgSQ,, evaporated, and
subjected to column chromatography (1:3 EtOAc-hexane) to give pure 4, mp
88-89°C; [a]® + 126° (¢ 0.5, dioxane); 'H NMR (250 MHz, CDCl,): § 5.15 (dd, 1
H, J,, 3.8, J,5 10.5 Hz, H-2), 495 (d, 1 H, H-1), 4.86 (dd, 1 H, J,5 ~ 1 Hz, H-4),
459 (dd, 1 H, J;, 4.0 Hz, H-3), 3.48 (s, 3 H, OCH,), 3.41-3.32 (m, 2 H, H-5,
H-6a), 3.10 (m_, 1 H, H-6b), 2.12 (s, 3 H, OAc), 2.09 (s, 3 H, OAc); FABMS: m /z
537 (10%, [M + K]"), 521 (18%, [M*Nal*), 499 (30%, [M + H]"), 467 (100%,
[MH — CH,OH]"), 407 (40%, [467 — AcOH]"), 365 (80%, [407 — CH,CO]").
Anal. Caled for C, | H;1,0,: C, 26.5; H, 3.2. Found: C, 26.7; H, 3.0.

Methyl 2, 3-di-O-acetyl-4,6-cyclo-4,6-dideoxy-a-p-galactopyranoside (6). — A. To
a solution of 4 (500 mg, 1.0 mmol) in EtOH (8 mL) was added zinc (ca. 350 mg).
After heating at 90°C for 30 min, the mixture was cooled and filtered over celite.
The filtrate was evaporated and purified by column chromatography (1:4
EtOAc—toluene) to furnish pure 6 as a colourless syrup (36 mg, 15%).

B. A solution of 4 (100 mg, 0.20 mmol) in dioxane (5 mL) and diethylamine (0.2
mL) was hydrogenated in the presence of 10% Pd-C (80 mg) at 190 bar for 1 h.
After filtration, the filtrate was evaporated and chromatographed (1:4 EtOAc-
toluene) to furnish 49 mg (~ 100%) of 6 and methyl 2,3-di-O-acetyl-4,6-dideoxy-a-
p-xylo-hexopyranoside'* (8) in a 3:2 ratio as judged by NMR (integrals of OCH,
and H-3 of both compounds).

Compound 6 was a syrup; [a]® + 185° (¢ 0.1, dioxane); 'TH NMR (400 MHz,
CDCl,): 6 5.48(dd, 1 H, J,3 9.0, J,, 7.4 Hz, H-3), 4.68 (dd, 1 H, J,, 2.6 Hz, H-2),
4.60(d, 1 H, H-1),3.50 (ddd, 1 H, J, 5 7.0, Js 60p40 34, Jsg.0 54 Hz, H-5), 3.42 (s,
3 H, OCH,), 2.09 and 2.07 (2s, 6 H, OAc), 1.74 (dddd ~dq, 1 H, J,,,.4, 7.2,
Jigexo 9-8 Hz, H-4), 0.80-0.74 (m, 2 H, H-6); '"H NMR (250 MHz, C¢Dy): 8 5.92
(dd, 1 H, J,5 9.0, J5, 7.4 Hz, H-3), 5.00 (dd, 1 H, H-2), 470 (d, 1 H, J,, 2.6 Hz,
H-1), 3.14 (ddd, 1 H, J, 5 7.0, Jsepa0 3-0, Js .0 5.7 Hz, H-5),3.09 (s, 3 H, OCH»),
1.69, 1.64 (2s, 6 H, OAc), 1.57 (dddd ~ dq, J,4,,, 10.0 Hz, H-4), 0.64 (ddd ~ dt,
Jigendo 72 Hz, H-6,,,,), 0.32 (ddd ~ dt, Jy,, 4, 6c0 6.5 Hz, H-6,,,). Anal. Calcd
for C;;H,,04: C, 54.1; H, 6.6. Found: C, 54.3; H, 6.8.

Allyl  O-(2,3-di-O-acetyl-4,6-O-isopropylidene-a-p-glucopyranosyl)-(1 — 4)-2,3,6-
tri-O-acetyl-B-p-glucopyranoside (10). — To a solution of 9 (ref 23, 40.4 g, 95.6
mmol) in pyridine (226 mL) was added Ac,O (113 mL) dropwise during 30 min at
0°C. After 16 h at room temperature the solution was concentrated and partitioned
between CH,Cl, and water. The organic phase was dried over MgSO,, evaporated
to dryness, and co-evaporated with toluene. Crystallization of the residue from
acetone—hexane furnished colourless crystals of 10 (54.1 g, 89%), mp 182.9-183.1°C;
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[a]® + 19.0° (¢ 0.2, dioxane); "H NMR (400 MHz, CDCl,): & 5.84, 5.27, 5.20, 4.31
and 4.09 (5 H, allyD), 5.31 (d, 1 H, H-1'), 5.27 and 5.25 (2dd ~ t, 2 H, H-3, H-3'),
4.85(dd, 1 H, J,, 80, J,; 9.1 Hz, H-2), 482 (dd, 1 H, J,., 4.0, J,., 10.0 Hz,
H-2'), 457 (d, 1 H, H-1), 4.52 (dd, 1 H, Jsg, 2.6, Jg, g 12.0 Hz, H-6a), 4.24 (dd, 1
H, J5 4, 4.0 Hz, H-6b), 4.00 (dd ~ t, 1 H, H-4), 3.84-3.81 (m, 1 H, H-5’), 3.73-3.64
(m, 4 H, H-4', H-5, H-6a,b:), 2.13 (s, 3 H, OAc), 2.04 (s, 6 H, OAc), 2.02 and 2.00
(2s, 6 H, OAc), 1.44 and 1.37 (2s, 6 H, CH;); MS (thermospray): m /z 650 (100%,
[M + NH,]*). Anal. Calcd for C,3H ,O,4: C, 53.2; H, 6.4. Found: C, 52.9; H, 6.4.

Allyl  O-(2,3-di-O-acetyl-a-p-glucopyranosyl)-(1 — 4)-2,3,6-tri-O-acetyl-B-p-
glucopyranoside (11), — A solution of 10 (54.0 g, 85.4 mmol) in 80% aq acetic acid
(600 mL) was kept at room temperature for 16 h. Evaporation, co-evaporation with
toluene, and crystallization from EtQAC-hexane gave pure 11 (45.3 g, 90%), mp
112-114°C; [a]§+30.0° (c 0.2, dioxane); '!H NMR (400 MHz, CDCl,): & 5.84,
5.27,5.20, 4.32, and 4.10 (5 H, allyl), 5.35(d, 1 H, Jy 4.0 Hz, H-1'),5.25(dd ~ t,2
H, H-3, H-3'), 4.87 (dd, 1 H, Ji, 80, J,5 9.5 He, H-2),4.76 (dd, 1 H, Jy 3 10.5 He,
H-2"), 4.58 (d, 1 H, H-1), 453 (dd, 1 H, Jy, 23, Jo 12.1 Hz, H-6a), 4.21 (dd, 1
H, Js 4, 4.2 Hz, H-6b), 4.01 (dd ~ t, 1 H, H-4), 3.82 (br s, 2 H), 3.70-3.66 (m, 3 H),
3.01 (brs, 1 H, OH), 2.27 (br 5, 1 H, OH), 2.14, 2.09, 2.05, 2.03, and 2.00 (s, 15 H,
0Ac); MS (thermospray): m/z 610 (100%, [M +NH,]*). Anal. Calcd for
C,sH3,0,6: C, 50.7; H, 6.1. Found: C, 50.5; H, 6.1.

Allyl  O-(2,3-di-O-acetyl-4,6-dideoxy-4,6-diiodo-a-p-galactopyranosyl)-(1 — 4)-
2,3,6-tri-O-acetyl-8-p-glucopyranoside (12). — To a solution of 11 (45.3 g, 76.5
mmol) in 1: toluene-tetrahydrofuran (200 mL), were added Ph,P (60.0 g, 229
mmol), imidazole (31 g, 457 mmol), and 1, (54 g, 213 mmol). After stirring for 3.5 h
at 80°C, the mixture was filtered over Celite. The filtrate was washed with cold
water, dried over MgSQO,, and evaporated. Chromatography over silica gel using
1:1 EtOAc-hexane as eluent and crystallization of the main fraction from
EtOAc-hexane furnished pure 12 (45.7 g, 74%), mp 143-148°C; [a]® + 74° (¢ 0.2,
dioxane); 'H NMR (400 MHz, CDCl ;) 8 5.84,5.27,5.20, 4.31 and 4.09 (5 H, allyl),
539(d, 1 H, J;,,, 41 Hz, H-1'), 522 (dd ~ t, 1 H, H-3), 5.15 (dd, 1 H, J,,3, 10.7
Hz, H-2'), 491 (br d, 1 H, H-4'), 4.86 (dd, J,; 9.1 Hz, H-2), 4.62 (dd, J5¢, 2.6,
Jeas 12.1 Hz, H-62), 4.57 (d, 1 H, J,, 80 Hz, H-1), 447 (dd, 1 H, J, , 4.0 Hz,
H-3'), 425 (dd, 1 H, Jsq, 4.7 Hz, H-6b), 403 (dd ~t, 1 H, J,, 9.4 Hz, H-4), 3.78
(dd, 1 H, J5 4, 5.9, Jgu e 10.0 Hz, H-62'), 3.65 (ddd, 1 H, J,5 9.4 Hz, H-5), 335
(ddd ~br t, 1 H, J, 5 <2 Hz, H-5), 3.14 (dd, 1 H, J;. &, 8.0 Hz, H-6b"), 2.16 and
2.11 (25, 6 H, OAc), and 2.03 (s, 6 H, OAc); MS (thermospray): m /z 702 (10%,
[M + NH 1" - HI}*), 576 (50%, [M + NH, — 1,]%); FABMS: m /z 835 (5%, [M +
Nal™*), 830 (4%, [M + NH,]*), 813 (5%, [M + H]*). Anal. Calcd for C,sH,1,0,,:
C, 36.9; H, 4.2; 1, 31.2. Found: C, 37.0; H, 4.2; 1, 30.9.

0-(2,3-Di-O-acetyl-4,6-dideoxy-4,6-diiodo-a-p-galactopyranosyl)-(1 — 4)-1,2,3,6-
tetra-O-acetyl-B-p-glucopyranose (13) and O-(2,3-Di-O-acetyl-4,6-dideoxy-4,6-di-
iodo-a-p-galactopyranosyl)-(1 — 4)-1,2,3, 6-tetra-O-acetyl-a-p-glucopyranose (14). —
A solution of allyl maltoside 12 (10.0 g, 12.3 mmol) in 90% aq acetic acid (500 mL)
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was sonicated in the presence of PdCl, (8.73 g, 49.3 mmol) and NaOAc (8.73 g) for
2.5 h. The mixture was filtered over a pad of speedex which was washed with
toluene. Evaporation gave a crude product which was acetylated with Ac,0O (150
mL) and pyridine (300 mL). After 18 h at room temperature, the mixture was
concentrated and partitioned between EtOAc and ice-water. The organic phase
was washed with dil H,S0,, NaHCO; solution, and water, dried over Na,SO,,
and evaporated. One separation using MPLC (4:1 toluene~EtOAc) afforded pure
13 (740 mg, 7.4%) followed by a mixture of 13 and 14 (2.81 g, 28%), and pure 14
(2.20 g, 22%), Finally, oxopropyl 0O-(2,3-di-O-acetyl-4,6-dideoxy-4,6-diiodo-a-p-
galactopyranosyl)-(1 — 4)-2,3,6-tri-O-acetyl-B-p-glucopyranoside (15, 3.05 g, 30%)
was eluted.

Compound 13: colouriess crystals, mp 211-212°C; [«]Z + 84.6° (¢ 0.24, dioxane);
'H NMR (400 MHz, CDCl,): 6 5.74(d, 1 H, J,, 8.1 Hz, H-1),5.38 (dd, 1 H, J ;..
4.1 Hz, H-1'), 526 (dd ~t, 1 H, J,, 8.6 Hz, H-3), 5.16 (dd, 1 H, J,.5 10.7 Hz,
H-2%),498 (dd ~t, 1 H, J,5 9.5 Hz, H-2), 492 (dd ~ br d, 1 H, H-4'), 4.58 (dd, 1
H, Js6, 2.5, Jo, 6 12.2 Hz, H-63), 447 (dd, 1 H, J5/, 4.0 Hz, H-3'), 424 (dd, 1 H,
Js g 4.8 Hz, H-6b), 4.04 (dd ~ t, 1 H, J, 5 9.9 Hz, H-4), 3.81 (ddd, 1 H, H-5), 3.33
(ddd ~brt, 1 H, H-5"),3.28 (dd, 1 H, J 4, 6.0, Jg,, 10.0 Hz, H-6a’), 3.12 (dd, 1
H, Js. ¢ 7.5 Hz, H-6b"), 2.16, 2.12, 2.10, 2.07, 2.04, and 2.01 (65, 18 H, OAc);
FABMS: m /z 837 (28%, [M + Nal™*), 755 (45%, [M + H — AcOH]"), 695 (10%,
[M + H — 2AcOH]*). Anal. Caled for C,,H4,1,0,5: C, 35.4; H, 4.0; 1, 31.2. Found:
C,35.7;H,39;1, 314.

Compound 14: Colourless foam, [a]® + 125° (¢ 0.2, dioxane); 'H NMR (400
MHz, CDCl,): 6 6.24(d, 1H, J,, 3.8 Hz, H-1),5.49(dd, 1 H, J,; 10.1, J;, 8.5 Hz,
H-3),5.40 (d, 1 H, J,., 41 Hz, H-1'), 5.18 (dd, 1 H, J,. ;. 10.7 Hz, H-2"), 4.97 (dd,
1 H, H-2),4.93 (dd, 1 H, J, 5 1.5 Hz, H-4'), 4.60 (dd, 1 H, Js ¢, 2.2, Js, ¢, 12.3 Hz,
H-6a), 4.51 (dd, 1 H, J;,, 4.0 Hz, H-3"), 422 (dd, 1 H, Js, 3.7 Hz, H-6b), 4.09
(ddd, 1 H, H-5),4.04 (dd ~ t, 1 H, J, 5 ~ 9.5 Hz, H-4), 3.35 (ddd ~ br t, 1 H, H-5"),
3.28 (dd, 1 H, Js: 4, 5.6, Jgypr 10.0 Hz, H-62’), 3.14 (dd, 1 H, J,, ;- 8.2 Hz, H-6b"),
2.20, 2.16, 2.12, 2.09, 2.06, and 2.00 (6s, 18 H, OAc); FABMS: m /z 837 (10%,
[M + Na]*), 755 (80%, [M + H— AcOH]"), 695 (30%, {755 — AcOH]*). Anal.
Caled for C,,H3,1,0,5: C, 35.4; H, 4.0; 1, 31.2. Found: C, 35.6; H, 4.1; 1, 29.7.

Compound 15: Colourless crystals, mp 132-133°C, [a]& + 71° (¢ 0.3, dioxane);
'H NMR (400 MHz, CDCl,): 6 539 (d, 1 H, J;,,, 41 Hz, H-1'), 5.25 (dd ~ t, 1 H,
J34 8.9 Hz, H-3),5.15(dd, 1 H, Jyr 3 10.7 Hz, H-2'),492(dd~t,2H, Jzy3 9.1 Hz,
H-2; dd, H-4"), 4.61 (dd, 1 H, Jsg, 2.6, Jo, s 12.1 Hz, H-6a), 458 (d, 1 H, J,, 7.9
Hz, H-1), 447 (dd, 1 H, Jy,, 4.0 Hz, H-3"), 424 (dd, 1 H, J5, 4.9 Hz, H-6b), 4.2,
4.14 (2d, 2 H, Jgem 16.7 Hz, OCH,), 4.02(dd ~t, 1 H, Jy5 9.7 He, H-4), 3.65 (ddd,
1 H, H-5),3.34 (ddd ~ dt, 1 H, J, 5 1.3 Hz, H-5), 329 (dd, 1 H, J5, 6.0, Jg, g
9.9 Hz, H-6a’), 3.13 (dd, 1 H, Js., 7.5 Hz, H-6b"); 2.16, 2.15, 2.12, 2.06, 2.04, and
2.00 (6s, 18 H, OAc); FABMS: m /z 867 (15%, [M + K]*), 851 (35%, [M + Na]*).
Anal. Caled for C,sH,,1,0,5: C, 36.9; H, 4.3; 1, 29.6. Found: C, 36.9; H, 4.2; I,
29.5.
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0-(2,3-Di-O-acetyl-4,6-cyclo-4,6-dideoxy-a-D-galactopyranosyl)-(1 — 4)-1,2,3,6-
tetra-O-acetyl-B-p-glucopyranose (17) and O-(2,3-Di-O-acetyl-4,6-dideoxy-a-p-xylo-
hexopyranosyl)-(1 — 4)-1,2,3,6-tetra-O-acetyl-B-p-glucopyranose (16). — A solution
of 13 (814 mg, 1.0 mmol) in dioxane (25 mL) and dimethylamine (1 mL) was
hydrogenated in the presence of 10% Pd-C (400 mg) for 19 h at room temperature
and normal pressure. The mixture was filtered over a pad of Celite, and the filtrate
was evaporated and purified over silica gel using 3:2 toluene-EtOAc as eluent to
give a 1:1 mixture of 16 and 17 (474 mg, 84%). MPLC (1:3 acetone-hexane)
afforded successively pure 16 (80 mg, 14%) and 17 (147 mg, 26%).

Compound 16: Colourless crystals from ether, mp 171.2-172.0°C, [a]lz)o + 62.0°
(c 0.2, dioxane); '"H NMR (400 MHz, CDCl,): § 5.74 (d, 1 H, J,, 8.3 Hz, H-1),
532(d, 1H, J;, 3.9 Hz, H-1'),5.28 (dd ~ t, 1 H, J, , 8.7 Hz, H-3), 5.13 (ddd ~ dt,
1H, J3 4eq 4.9, T3 400, 10.9 Hz, H-3'), 498 (dd, 1 H, J,3 9.3 Hz, H-2), 4.78 (dd, 1
H, J,.3 10.7 Hz, H-2'), 498 (dd, 1 H, J,5 9.3 Hz, H-2), 443 (dd, 1 H, Js¢, 2.2,
Jeaer 12.3 Hz, H-6a), 421 (dd, 1 H, Js 4, 4.2 Hz, H-6b), 407 (dd ~t, 1 H, J,5 9.5
Hz, H-4), 3.88 (ddq, 1 H, J,.., 5 2.0, J,,, s 10.9 Hz, H-5), 3.80 (ddd, 1 H, H-5),
2.14 (ddd, 1 H, H-4;)), 2.13, 2.10, 2.06 (3s, 9 H, OAc), 2.01 (s, 9 H, OAc), 1.41
(ddd~q, 1 H, J,,, 4., ~ 14 Hz, H-4; ), 1.17 (d, 3 H, H-6'); FABMS: m /z 601
(25%, [M + K]*), 585 (50%, [M + Nal*), 503 (5%, [M +H — AcOH]"). Anal.
Calcd for C,,H,,0,5: C, 51.3; H, 6.1. Found: C, 51.3; H, 6.1.

Compound 17: Colourless crystals from acetone-hexane, mp 163°C, [oz],z)0 + 141°
(c 0.2, dioxane); "H NMR (400 MHz, CDCl,): § 573 (d, 1 H, J,, 8.3 Hz, H-1),
5.42(dd, 1 H, J5. 3 9.2, J5. 4 6.8 Hz, H-3'), 5.31 (dd ~ t, 1 H, J; , 8.8 Hz, H-3), 5.01
(d, 1 H, Jy, 2.8 Hz, H-1), 498 (dd, 1 H, J,5 9.7 Hz, H-2), 452 (dd, 1 H, H-2"),
4.51(dd, 1 H, Js¢, 2.1, J5, 6, 12.1 Hz, H-6a), 4.19(dd, 1 H, Js 4, 5.2 Hz, H-6b), 4.01
(dd ~t, 1 H, J,5 10.0 Hz, H-4), 3.79 (ddd, 1 H, H-5), 3.45 (ddd, 1 H, J, 5 6.8,
Isisrondo 355 Isirero 3-8 Hz, H-5"), 2.13, 2.11, 2.06, 2.05, 2.00, and 1.99 (6s, 18 H,
OA0), 1.75 (dddd ~ dq, 1 H, Jy ¢ero 98, 4 6enao ~ 72 Hz, H-4"), and 0.83-0.69
(m, 2 H, H-6"); CIMS: m /z 578 (100%, [M + NH,]*). Anal. Calcd for C,,H3,0,s:
C, 51.4; H, 5.8. Found: C, 51.5; H, 5.9.

Methyl 2,3-di-O-acetyl-4,6-dideoxy-4,6-diiodo-B-p-glucopyranoside (19). — To a
solution of 18 (ref 27, 4.88 g, 17.5 mmol) in 2:1 toluene-MeCN (50 mL) were
added Ph,P (11.6 g, 44.5 mmol), imidazole (2.98 g, 43.8 mmol), and I, (8.9 g, 35.1
mmol). After stirring for 1 h at 70°C the same amounts of Ph;P, imidazole, and I,
were added, and stirring was continued for 65 h at 70°C. After cooling, the mixture
was filtered over a pad of Celite which was washed with toluene. The filtrates were
washed with cold water, dried over MgSO,, and evaporated. The crude product
was chromatographed (3 : 1 EtOAc—toluene) to give pure 18 as an oil (4.08 g, 47%)
along with slightly impure fractions (4.6 g), [«]® — 50.2° (¢ 0.5, dioxane); '"H NMR
(250 MHz, CDCl,): & 5.34 (dd, 1 H, J;, 10.7 Hz, H-3), 4.86 (dd, 1 H, J,5 9.4 Hz,
H-2), 448 (d, 1 H, J,, 8.0 Hz, H-1), 3.87 (dd ~ t, 1 H, J,5 10.2 Hz, H-4), 3.85 (dd,
1 H, Jsg, 2.2, Jg, 60 10.5 Hz, H-62), 3.54 (dd, 1 H, J5 4, 6.3 Hz, H-6b), 3.53 (s, 3 H,
OCH,), 3.45 (ddd, 1 H, H-5), 2.10, 2.04 (2s, 6 H, OAc); MS (electrospray): m /z
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521 (75%, [M + Na]*), 516 (80%, [M + NH,]*), 467 (100%, [M + H — CH,OH]*).
Anal. Caled for C,,H(1,04: C, 26.5; H, 3.2. Found: C, 26.9; H, 3.2.
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