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Abstract—The synthesis of a panel of oligosaccharides containing C-5 arabinofuranosyl residues (9-20) is described. These com-
pounds are of interest as potential inhibitors of the a-(1 — 5)-arabinosyltransferase involved in the assembly of mycobacterial cell-
wall arabinan. In the series of compounds prepared, the 5-OH group on the nonreducing residue(s) is replaced, independently, with
an amino, azido, fluoro, or methoxy functionality. The synthesis of the target compounds involved the preparation of a series of C-5
modified arabinofuranosyl thioglycosides (24-26) and their subsequent coupling to the appropriate acceptor species (21-23).
Deprotection of the glycosylation products afforded the azido, fluoro, or methoxy analogs directly. The amino derivatives were

obtained in one additional step by reduction of the azido compounds.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Mycobacterial infections have recently attracted signif-
icant attention from international health agencies.! The
increased interest in these diseases, most notably
tuberculosis, is a consequence of a number of factors.
Among these are the emergence of drug-resistant
mycobacterial strains,>® the particular susceptibility of
immunocompromised (e.g., HIV-positive) individuals to
mycobacterial infections,*> the difficulty in treating
these infections in HIV-positive patients,®’ and the lack
of research over the last few decades in the area of
antimycobacterial drug identification.>® The arsenal of
drugs available for the treatment of mycobacterial dis-
eases is relatively small.’ This reality, combined with the
issues mentioned above, make clear the importance of
increased research focused on the development of new
therapeutics for the treatment of mycobacterial diseases.
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The designation'® of drug-resistant Mycobacterium

tuberculosis as a Class C bioterrorism agent has further
underscored the urgency of this task.

A morphological feature common to all mycobacteria
is a complicated cell wall that provides the organism
with a great deal of protection from its environment.'!+1
The survival of the organism depends upon its ability to
synthesize a complete cell-wall complex, and, therefore,
compounds that inhibit the enzymes that are involved in
its assembly should have potential as antimycobacterial
drugs.”** Two polysaccharides, an arabinogalactan
(AG) and a lipoarabinomannan (LAM), comprise a
significant portion of the cell wall. These glycans are
unusual in that all of the arabinose and galactose resi-
dues are in the furanose ring form. Galactofuranose-
and arabinofuranose-containing glycoconjugates are not
found in mammals, and hence the enzymes that assem-
ble these glycans are extremely attractive targets for
drug action.’>!® In recent years, we have reported
synthetic and conformational studies that are aimed at
the development of new antimycobacterial agents
that act by inhibiting the glycosyltransferases involved
in the biosynthesis of the arabinan portions of AG
and LAM.!""22 Previous studies have shown that the
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antituberculosis drug, (S,S)-ethambutol (1), inhibits one
or more of the arabinosyltransferases (AraT’s) involved
in mycobacterial arabinan biosynthesis.?*?* We have,
therefore, focused our attention on identifying new
inhibitors of mycobacterial AraT’s. Ours is one of an
increasing number of research groups that are working
in this area®*%.

HO

BN
Hs;C < N
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1 OH

The arabinan portions of AG and LAM are nearly
identical in structure. At the core is a linear o-(1 — 5)-
linked chain of arabinofuranose residues containing
periodic o-~(1 — 3)-linked sugar moieties from which
additional o-(1 — 5)-linked arabinan chains are attached.
At the nonreducing termini of each linear chain is
the hexasaccharide 2. A family of AraT’s that produce
o-(1 - 5)-, a-(1—>3)-, and B-(1 — 2)-arabinofuranosyl
linkages is believed to be involved in the biosynthesis of
the polysaccharide. A hypothetical example of an AraT-
catalyzed reaction is shown in Figure 1. Polymer growth
involves the coupling of an oligosaccharide acceptor
(e.g., 3), with decaprenolphosphoarabinose (DPA, 4)303!
to afford an elongated oligosaccharide 5. It has also been
suggested®? that another activated donor (e.g., a sugar
nucleotide) may be used in the assembly of these poly-
saccharides. The presence of UDP-Arafin mycobacteria
has been reported,** but incorporation of this donor into
arabinan has not been demonstrated. Analogs of DPA,
a possible sugar nucleotide donor, or oligosaccharide
substrates such as 5 are potential AraT inhibitors.

To date, the majority of investigations addressing the
identification of glycosyltransferase inhibitors have tar-
geted mammalian enzymes, and in those studies the
focus has largely been on the preparation of acceptor

4, (Decaprenolphosphoarabinose, DPA)

analogs.?* These analogs, in which specific hydroxyl
groups have been replaced with other functionalities
(e.g., fluoro, methoxy, amino), have been widely used
in mapping out the substrate specificity of glyco-
syltransferases and other carbohydrate-recognizing
proteins.>>* These studies have not only enabled the
identification of ‘key polar groups™ involved in the
recognition of oligosaccharides by the proteins, but have
also identified potent inhibitors of these enzymes. For
example, the most potent specific glycosyltransferase
inhibitor reported to date is an analog in which the
reactive hydroxyl group on the acceptor is replaced with
an amino group.*'*> This compound inhibits the blood
group A glycosyltransferase and possesses a 200nM K;
well below the K, for the natural disaccharide acceptor
(2 uM).

Oligosaccharides 6-8 have been shown to be sub-
strates for mycobacterial AraT’s.!”*? Analogs of these
glycans, in which the 5 and/or 5" hydroxyl groups are
replaced with fluoro, methoxy, azido, or amino groups
are potential inhibitors of the a-(1 — 5) AraT’s involved
in mycobacterial arabinan assembly. In this paper, we
report the synthesis of a panel of such oligosaccharides,
9-20.

Figure 1. Example of an AraT-catalyzed reaction.

Arabinosyltransferase (AraT)
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2. Results and discussion

In designing synthetic routes to the targets, we chose an
approach in which the oligosaccharides were assembled
using donors containing the desired functional group.
Thus, six building blocks were required (Fig. 2): three
acceptor species (21-23) and three thioglycoside donors
(24-20).

2.1. Synthesis of monosaccharide building blocks 21-26
Compounds 21-23 were synthesized as previously re-

ported,® starting from octyl a-D-arabinofuranoside.*
The preparation of 24-26 was carried out as illustrated

The donors 24 and 25 were synthesized via a common
route. First, a conventional tritylation—benzoylation
protocol was used to convert the known* thioglycoside
27 into 29 in 55% yield over the two steps. The trityl
group was then cleaved in 86% yield to provide alcohol
30. Reaction of 30 with diethylaminosulfur trifluoride
(DAST) gave 24 in 60% yield. Incorporation of the
fluorine was readily apparent from NMR spectroscopy.
In the 'H NMR spectrum for 24, the resonances for
each of the diastereotopic hydrogens on C-5 appeared as
a doublet of doublet of doublets, with *J;  magnitudes
of 46.5 and 47.6 Hz. Furthermore, in the *C NMR
spectrum, the resonance for C-5 appeared as a doublet
with 'Jcr = 173.3Hz. Long-range couplings to the

in Scheme 1. resonances for C-4 (*Jcrp=18.6Hz) and C-3
OBz OBz OBz OBz
HO o. HO o. BzO o. X o.
920 —
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Figure 2. Monosaccharide building blocks required for the assembly of 9-20.
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Scheme 1. (a) TrCl, DMAP, pyridine, CH,Cl,, rt, 65%. (b) BzCl, pyridine, rt, 85%. (c) p-TsOH, CH;OH, GH,Cl,, rt, 86%. (d) DAST, CH,Cl,,
—40°C —>rt, 60%. (¢) (CH;3);SiCHN,, HBF4, CH,Cl,, 76%. (f) TsCl, DMAP, pyridine, CH,Cl,, rt, 58%. (g) BzCl, pyridine, rt, 84%. (h) NaNj,
18-crown-6, DMF, 50°C, 91%.
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(3Jcr = 6.5Hz) were also apparent. We also explored
using tosylate 32 (see preparation below) in the synthesis
of the fluorosugar donor 24. However, reaction of 32
with n-BuyNF, yielded only low yields of fluorinated
products. The major product isolated had spectral data
consistent with its structure being p-toluyl 2,5-anhydro-
3-0-benzoyl-1-thio-a-p-arabinofuranoside (33).

Initial attempts to prepare the methoxy donor 25 by
base-promoted methylation of 30 failed due to acyl
group migration during the reaction, as might have been
expected. Methylation under acidic conditions was
therefore explored and found to be successful. Thus,
reaction of 30 with TMS—diazomethane and fluoroboric
acid afforded a 76% yield of the desired methylated
compound, 25. The resonances for the methyl group
introduced in this reaction appeared as singlet at
3.48 ppm in the 'H NMR spectrum and at 59.64 ppm in
the 3C NMR spectrum.

The preparation of the azidosugar donor, 26, involved
the selective tosylation of the hydroxyl group in 27, fol-
lowed by benzoylation, to afford in two steps and in 49%
overall yield, tosylate 32. Reaction of 32 with sodium

<
21 OBz
BzO © r:O~
O(CH,),CHg

BzO
—— 34, X=F — >0
L ° . 35 X-0CH; — % 12
L . 36 X=N;g

18

4 .
e L

X OH
kﬁz
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azide at 50 °C in DMF provided a 91% yield of 26. In the
3C NMR spectrum, the resonance for C-5 appeared at
51.62 ppm as would be expected for a primary alkyl azide.
In addition, both C-5 hydrogens appeared as doublet of
doublets at 3.79 and 3.67 ppm, considerably upfield of
where the resonances for these hydrogens in 32 are found
(4.51 and 4.45 ppm). Further support for the structure of
the molecule was obtained from the IR spectrum of 26,
which showed a peak at 2100.9 cm™! resulting from the
N=N=N asymmetric stretch of the azide.*

2.2. Synthesis of oligosaccharides 9-20

Having developed routes for the preparation of all of
the monosaccharide building blocks, we proceeded
to assemble them into oligosaccharides as illustrated
in Scheme 2. All glycosylations were carried out in
dichloromethane at 0°C using N-iodosuccinimide and
silver triflate activation of the thioglycoside donors. The
yields in the glycosylations ranged from 68-97%,
and the stereochemistry at the anomeric center in
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——— 37, X=F — 10

| © . 38 X-0CH; — 3 .13
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Scheme 2. (a) 24, N-iodosuccinimide, AgOSO,CF;, CH,Cl,, 0°C, 89% (for 21), 92% (for 23), 81% (for 22). (b) 25, N-iodosuccinimide, AgOSO,CFj3,
CH,Cl,, 0°C, 94% (for 21), 97% (for 23), 93% (for 22). (c) 26, N-iodosuccinimide, AgOSO,CF;, CH,Cl,, 0°C, 88% (for 21), 84% (for 23), 68% (for
22). (d) NaOCHj3, CH;0H, rt, 75% (for 34), 82% (for 35), 97% (for 36), 75% (for 37), 82% (for 38), 87% (for 39), 90% (for 40), 90% (for 41), 87% (for

42). () PhsP, H,0, THF, rt, 73% (for 15), 83% (for 16), 83% (for 17).
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the resulting products (34-42) was determined through
the use of 'H and '3C NMR spectroscopy. In all
cases, the anomeric hydrogens of the newly introduced
sugar residues appeared as a singlet, or small doublet
(*Juim < 2Hz), which is diagnostic of the a-arabino-
furanosyl stereochemistry.*’ Also consistent was the
chemical shift of the anomeric carbons, which were in
the range of 105-107 ppm.*’ In all cases, the character-
istic NMR signals for the modified sugar residues that
were apparent in the spectra of the monosaccharide
donors, were also present in the oligosaccharide spectra.
Debenzoylation of 34-42 was achieved by treatment
with sodium methoxide to afford the target compounds
9-17 in 75-97% yield. Subsequent treatment of the azi-
dosugar derivatives 15, 16, and 17 with triphenylphos-
phine in water afforded the amino sugars 18, 19, and 20
in 73%, 83%, and 83% yields, respectively. When each of
18-20 were spotted on a TLC plate and then treated
with ninhydrin and heated, a red spot resulted, thus
supporting the presence of an amino group in these
compounds. Furthermore, in the '*C NMR spectra
the resonances for C-5 and C-5" in 18-20 were found
between 41 and 44 ppm, as would be expected for a
carbon atom attached to a primary amino group.
Reduction of the azido groups could also be done by
hydrogenation; however, the yields were generally
lower.

In summary, we describe herein the synthesis of a panel
of oligosaccharides containing C-5-modified arabino-
furanosyl residues. The route used for the synthesis of the
target compounds involved the preparation of three C-5-
modified arabinofuranosyl thioglycosides and their
subsequent coupling to the appropriate acceptors.
Investigations on the ability of these compounds to
inhibit mycobacterial arabinosyltransferases and to pre-
vent the growth of mycobacteria are ongoing and will be
reported in the future. With regard to these biochemical
investigations, it is worth noting that while this paper
was under review, a report® appeared in which it was
demonstrated that disaccharide 18 did not inhibit
mycobacterial arabinosyltransferases nor did it prevent
the growth of mycobacteria. Interestingly, however, a
bis(cyclohexylmethyl)amino derivative 43 both inhib-
ited the enzyme and prevented mycobacterial

growth.
N OH
Ho © :opH
O(CH,),CH3

43 HO

3. Experimental
3.1. General methods

Reactions were carried out in oven-dried glassware.
Solvents were distilled from appropriate drying agents
before use. Unless stated otherwise, all reactions were
carried out under a positive pressure of argon and were
monitored by TLC on Silica Gel 60 F,s4 (0.25mm, E.
Merck). Spots were detected under UV light or by
charring with 10% H,SOy4, in EtOH. Unless otherwise
indicated, all column chromatography was performed
on Silica Gel 60 (40-60 uM). Iatrobeads refers to a
beaded silica gel 6RS-8060, which is manufactured by
Iatron Laboratories (Tokyo). The ratio between silica
gel and crude product ranged from 100 to 50:1 (w/w).
Optical rotations were measured at 22+2°C. 'H NMR
spectra were recorded at 250, 400, or 500 MHz, and
chemical shifts are referenced to either Me,Si (0.0,
CDCl;) or HOD (4.78, D,O and CD;OD). 3C NMR
spectra were recorded at 63, 100 or 125MHz, and '3C
chemical shifts were referenced to internal CDCl;
(77.23, CDCl;), external dioxane (67.40, D,0O) or
CD;0D (48.9, CD;0D). Electrospray-ionization mass
spectra (ESIMS) were recorded on samples suspended in
mixtures of THF with CH;0H and added NaCl.

3.2. Octyl 5-deoxy-5-fluoro-a-p-arabinofuranosyl-
(1 — 5)-a-p-arabinofuranoside (9)

To a solution of 34 (40 mg, 0.05 mmol) in dry CH;OH
(10mL), was added a 0.1 M solution of NaOCHj3; in
CH;OH until the pH of the solution was 11. The reac-
tion mixture was stirred overnight and then neutralized
with a few drops of HOAc. The solution was concen-
trated, and the residue was purified by chromatography
(6:1 CH,Cl,—~CH3;0H) to give 9 (15mg, 75%) as a col-
orless oil: Ry 0.47 (6:1 CH,Cl,—CH;0H); [« +110.8° (c
0.9, CH;0H); '"H NMR (400 MHz, CDCl5): dy, 5.10 (s,
1H), 4.90 (s, 1H), 4.83 (dd, 2H, J 3.3, 45.6 Hz), 4.40-4.25
(m, 2H), 4.10-3.60 (m, 7H), 3.33-3.49 (m, 1H), 1.59-
1.53 (m, 2H), 1.31-1.29 (m, 10H), 0.89-0.87 (m, 3H); 13C
NMR (100 MHz, CDCl,): ¢, 107.17, 106.74, 84.62 (d, J
17.8Hz), 83.07, 82.60 (d, J 169.1Hz), 82.04 (d, J
6.7Hz), 81.69, 76.51, 75.31, 67.60, 66.39, 31.78, 29.73,
29.61, 29.57, 26.34, 22.81, 14.29; ESIMS: m/z calcd for
[CisH33FOg]Na*: 419.2053. Found: 419.2021.

3.3. Octyl 5-deoxy-5-fluoro-a-p-arabinofuranosyl-
(1 — 3)-a-p-arabinofuranoside (10)

Disaccharide 37 (40mg, 0.05mmol) dissolved in dry
CH;0H (10mL) was debenzoylated with 0.1 M
NaOCH; in CH;O0H as described for the synthesis of 9.
The product was purified by chromatography (10:1
CH,Cl,-CH;0H) to give 10 (15mg, 75%) as a colorless
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oil: Ry 0.58 (6:1 CH,ClL,-CH;OH); [¢],, +89.6° (c 0.8,
CH;OH); '"H NMR (400 MHz, D,0): oy, 5.12 (s, 1H),
4.94 (s, 1H), 4.67-4.49 (m, 2H), 4.16 (s, 1H), 4.15-3.99
(m, 3H), 3.95 (dd, 1H, J 3.5, 6.5Hz), 3.79-3.73 (m, 2H),
3.71-3.63 (m, 2H), 3.483.43 (m, 1H), 1.56-1.54
(m, 2H), 1.27-1.24 (m, 10H), 0.84-0.81 (m, 3H):
13C NMR (100 MHz, D,0): ¢, 107.81, 107.75, 82.86
(d, J 7.8 Hz), 82.61 (d, J 167.1 Hz), 82.48 (d, J 17.5 Hz),
81.59, 80.41, 76.00, 75.59, 68.35, 61.04, 32.01, 29.48,
29.46, 29.44, 26.13, 22.79, 14.08; ESIMS: m/z caled for
[CsH33FOg]Na*: 419.2052. Found: 419.2034.

3.4. Octyl 5-deoxy-5-fluoro-a-p-arabinofuranosyl-
(1 - 3)-|5-deoxy-5-fluoro-a-p-arabinofuranosyl-
(1 — 5)]-a-p-arabinofuranoside (11)

Trisaccharide 40 (50 mg, 0.05mmol) dissolved in dry
CH;O0H (5mL) was debenzoylated with 0.1 M NaOCHj;
in CH;0H as described for the synthesis of 9. The
product was purified by chromatography (6:1 CH,Cl,—
CH;0H) to give 11 (24 mg, 90%) as a colorless oil: R;
0.54 (6:1 CH,CL-CH;0H); o], +67.9° (¢ 1.0, CH;0H);
'H NMR (400 MHz, D,0): dy, 5.17 (s, 1H), 5.09 (d, 1H,
J 1.8Hz), 4.92 (s, 1H), 4.80 (dd, 2H, J 3.3, 45.6 Hz),
4.45-4.05 (m, 7H), 3.90-3.65 (m, 6H), 3.66-3.54 (m, 1H),
3.41-3.34 (m, 1H), 1.59-1.53 (m, 2H), 1.32-1.31 (m,
10H), 0.88-0.85 (m, 3H); *C NMR (100 MHz, D,0): éc,
107.54, 107.21, 106.79, 84.01, 83.04 (d, J 167.8 Hz), 83.23
(d,J 16.9Hz), 82.77 (d, J 166.7 Hz), 82.61 (d, J 17.5 Hz),
81.96 (d, J 6.5Hz), 81.77 (d, J 7.1Hz), 81.59, 80.44,
76.45, 67.90, 66.23, 61.05, 31.77, 29.73, 29.69, 29.61,
26.35, 22.81, 14.30; ESIMS: m/z caled for
[CxsHyoF20411Na*: 553.2431. Found: 553.2449.

3.5. Octyl 5-O-methyl-a-p-arabinofuranosyl-(1 — 5)-
a-D-arabinofuranoside (12)

Disaccharide 35 (80mg, 0.09 mmol) dissolved in dry
CH;O0H (10 mL) was debenzoylated with 0.1 M NaOCH;
in CH;0H as described for the synthesis of 9. The
product was purified by chromatography (6:1 CH,Cl,—
CH;0H) to give 12 (30 mg, 82%) as a colorless oil: R; 0.42
(6:1 CH,Cl,-CH;0H); [«], +98.6° (¢ 0.7, CHCL); 'H
NMR (400 MHz, CDCl3): 6y, 5.03 (s, 1H), 4.97 (s, 1H),
4.21-4.19 (m, 1H), 4.16-4.14 (m, 1H), 4.09-3.94 (m, 4H),
3.73-3.67 (m, 2H), 3.63-3.57 (m, 2H), 3.43 (s, 3H), 3.45-
3.39 (m, 1H), 3.31-3.28 (m, 1H), 1.58-1.55 (m, 2H), 1.28-
1.27 (m, 10H), 0.89-0.86 (m, 3H); 3C NMR (100 MHz,
CDCly): ¢, 108.99, 108.19, 86.34, 85.29, 80.28, 79.86,
78.65, 78.18, 72.61, 68.19, 66.98, 59.88, 32.21, 29.88,
29.73, 29.62, 26.51, 23.04, 14.49; ESIMS: m/z caled for
[Ci9H3609]Na™: 431.2252. Found: 431.2256.

3.6. Octyl 5-O-methyl-a-p-arabinofuranosyl-(1 — 3)-
a-D-arabinofuranoside (13)

Disaccharide 38 (45mg, 0.06 mmol) dissolved in dry
CH;0H (10 mL) was debenzoylated with 0.1 M NaOCHj;
in CH;0H as described for the synthesis of 9. The
product was purified by chromatography (6:1 CH,Cl,—
CH;0H) to give 13 (20 mg, 82%) as a colorless oil: Ry 0.33
(6:1 CH,Cl,-CH;0H); [o], +74.8° (¢ 1.2, CHCL); 'H
NMR (400 MHz, CDCl,): dy, 5.15 (s, 1H), 4.94 (s, 1H),
4.20-4.19 (m, 1H), 4.15-4.14 (m, 1H), 4.10 (s, 1H), 4.03—
4.01 (m, 3H), 3.86-3.84 (m, 4H), 3.60 (d, 1H, J 2.0 Hz),
3.43 (s, 3H), 3.40-3.38 (m, 1H), 1.56-1.53 (m, 2H), 1.27
(m, 10H), 0.89-0.86 (m, 3H); 3C NMR (100 MHz,
CDCl3): d¢, 109.40, 108.65, 87.10, 84.33, 83.96, 79.57,
79.03, 78.15, 72.38, 68.50, 62.23, 59.86, 32.21, 29.80,
29.72, 29.65, 26.41, 23.04, 14.48; ESIMS: m/z caled for
[C19H3609]Na™: 431.2252. Found: 431.2256.

3.7. Octyl 5-O-methyl-a-p-arabinofuranosyl-(1 — 3)-
[S-O-methyl-a-p-arabinofuranosyl-(1 — 5)]-a-p-arabino-
furanoside (14)

Trisaccharide 41 (35mg, 0.03mmol) dissolved in dry
CH;0H (5mL) was debenzoylated with 0.1 M NaOCHj;
in CH;0H as described for the synthesis of 9. The
product was purified by chromatography (10:1 CH,Cl,—
CH;0H) to give 14 (15 mg, 90%) as a colorless oil: R; 0.23
(10:1 CH,Cl,-CH;0H); o], +99.7° (¢ 0.9, CH;0H); 'H
NMR (500 MHz, CDCl;): 64, 5.13 (s, 1H), 5.04 (s, 1H),
4.93 (s, 1H), 4.24-4.22 (m, 2H), 4.18-4.17 (m, 1H), 4.16-
4.15 (m, 1H), 4.09 (s, 1H), 4.06-4.04 (m, 2H), 4.02-3.98
(m, 6H), 3.95-3.94 (m, 1H), 3.74-3.68 (m, 2H), 3.66-3.63
(m, 1H), 3.39 (s, 3H), 3.38 (s, 3H), 1.52-1.46 (m, 2H),
1.23-1.21 (m, 10H), 0.83-0.80 (m, 3H); *C NMR
(125 MHz, CDCl): dc, 109.36, 108.74, 108.01, 87.33,
86.68, 84.56, 82.63, 79.66, 79.23, 78.58, 78.10, 78.01,
72.34, 72.11, 68.21, 66.40, 59.73, 59.72, 32.02, 29.58,
28.52, 29.46, 26.21, 22.86, 14.32; ESIMS: m/z calcd for
[CysHy6013]Na™: 577.2831. Found: 577.2828.

3.8. Octyl 5-azido-5-deoxy-a-p-arabinofuranosyl-(1 — 5)-
a-D-arabinofuranoside (15)

Disaccharide 36 (120 mg, 0.14 mmol) dissolved in dry
CH;0H (10mL) was debenzoylated with 0.1M
NaOCH; in CH;0H as described for the synthesis of 9.
The product was purified by chromatography (10:1
CH,Cl,-CH;O0H) to give 15 (57 mg, 97%) as a colorless
oil: Ry 0.33 (10:1 CH,Cl,—CH;0H); [« +79.4° (¢ 0.6,
CH;0H); '"H NMR (400 MHz, D,0): 6y, 5.05 (s, 1H),
495 (d, 1H, J 1.6 Hz), 4.14-4.11 (m, 1H), 4.08-4.07 (m,
2H), 4.01-4.00 (m, 1H), 3.96-3.91 (m, 2H), 3.85-3.82
(m, 1H), 3.75-3.63 (m, 3H), 3.53-3.41 (m, 2H), 1.57-
1.54 (m, 2H), 1.25-1.23 (m, 10H), 0.82-0.80 (m, 3H); '3C
NMR (100 MHz, D,0): dc, 106.71, 106.41, 81.44, 80.84,



0. M. Cociorva, T. L. Lowary | Carbohydrate Research 339 (2004) 853-865 859

80.17, 80.10, 76.57, 75.79, 67.68, 66.03, 50.72, 30.39,
27.92, 27.87, 27.73, 24.48, 21.28, 12.64; ESIMS: m/z
calcd for [C;sH33N3Og]Na™: 442.2160. Found: 442.2186.

3.9. Octyl 5-azido-5-deoxy-a-p-arabinofuranosyl-(1 — 3)-
o-p-arabinofuranoside (16)

Disaccharide 39 (50mg, 0.06 mmol) dissolved in dry
CH;0H (10mL) was debenzoylated with 0.1M
NaOCH; in CH3;OH as described for the synthesis of 9.
The product was purified by chromatography (10:1
CH,Cl,-CH;0H) to give 16 (22mg, 87%) as a color-
less oil: Ry 0.43 (10:1 CH,CL-CH;0H); [o],, +99.7° (¢
0.9, CH;O0H); 'H NMR (500 MHz, D,0): &y, 5.11
(d, 1H, J 1.3 Hz), 4.98 (s, 1H), 4.16-4.15 (m, 1H), 4.12—
4.09 (m, 1H), 4.08-4.04 (m, 2H), 3.96-3.95 (m, 1H), 3.89
(dd, 1H, J 2.8, 6.3Hz), 3.78 (dd, 1H, J 3.4, 12.3Hz),
3.73-3.60 (m, 3H), 3.55-3.49 (m, 1H), 3.45 (dd, 1H, J
6.4, 13.6 Hz), 1.67-1.55 (m, 2H), 1.25-1.07 (m, 10H),
0.87-0.81 (m, 3H); 3C NMR (100MHz, D,0):
oc, 107.75, 107.57, 83.51, 83.09, 82.55, 81.58, 79.67,
77.73, 68.47, 61.44, 51.84, 31.49, 28.98, 28.83, 28.76,
25.65, 22.41, 13.79; ESIMS: m/z caled for [CisHj;
N;Og]Na*: 442.2160. Found: 442.2164.

3.10. Octyl 5-azido-5-deoxy-o-D-arabinofuranosyl-
(1 — 3)-[5-azido-5-deoxy-a-D-arabinofuranosyl-
(1 — 5)]-a-p-arabinofuranoside (17)

Trisaccharide 42 (80mg, 0.07mmol) dissolved in dry
CH;O0H (5mL) was debenzoylated with 0.1 M NaOCH3;
in CH3;0H as described for the synthesis of 9. The
product was purified by chromatography (10:1 CH,Cl,—
CH;0H) to give 17 (35mg, 87%) as a colorless oil: R¢
0.51 (10:1 CH,Cl,-CH;0H); [o],, +84.9° (¢ 0.9, CH;-
OH); '"H NMR (400 MHz, D,0): 6y, 5.20 (d, 1H, J
1.6 Hz), 5.15 (d, 1H, J 1.4Hz), 5.08 (s, 1H), 4.33-4.32
(m, 1H), 4.25-4.23 (m, 1H), 4.22-4.19 (m, 1H), 4.18-
4.14 (m, 3H), 4.09-4.07 (m, 1H), 4.03-3.96 (m, 3H),
3.90-3.89 (m, 1H), 3.78-3.71 (m, 3H), 3.64-3.59 (m,
1H), 3.57-3.53 (m, 2H), 1.65-1.61 (m, 2H), 1.34-1.25
(m, 10H), 0.95-0.89 (m, 3H); 3C NMR (100 MHz,
D,0): ¢, 107.95, 107.75, 107.53, 83.52, 82.73, 82.58,
81.94, 81.80, 81.61, 81.36, 79.65, 77.89, 77.71, 68.48,
51.95, 51.94, 31.50, 28.97, 28.85, 28.69, 25.63, 22.42,
13.80; ESIMS: m/z caled for [CpHyNgO;[Nat:
599.2647. Found: 599.2647.

3.11. Octyl 5-amino-5-deoxy-a-p-arabinofuranosyl-
(1 — 5)-a-p-arabinofuranoside (18)

A solution of 15 (30mg, 0.07 mmol) and Ph;P (24 mg,
0.09mmol) in THF (5SmL) containing a few drops of
water was stirred for 24 h. The solution was then con-
centrated and the product purified by chromatography
(1:1 CH,Cl,—CH;OH with 2% Et;N) on Iatrobeads to

give 18 (20mg, 73%): Ry 0.12 (3:1 CH,Cl,—-CH;0H);
[#] +76.4° (¢ 0.6, CH;0H); 'H NMR (400 MHz, D,0):
ou, 5.09 (s, 1H), 4.96 (d, 1H, J 1.8 Hz), 4.23-4.19 (m,
1H), 4.12-4.08 (m, 2H), 4.01 (dd, 1H, J 1.9, 3.7Hz),
3.95-3.89 (m, 2H), 3.83 (dd, 1H, J 5.6, 11.5Hz), 3.74
(dd, 1H, J 3.13, 11.5Hz), 3.71-3.65 (m, 1H), 3.58-3.48
(m, 1H), 3.35 (dd, 1H, J 3.2, 13.4Hz), 3.15 (dd, 1H, J
6.6, 13.4Hz), 3.20-3.12 (m, 1H), 1.57-1.53 (m, 2H),
1.32-1.19 (m, 10H), 0.82-0.79 (m, 3H); *C NMR
(100 MHz, D,0): oc, 108.18, 107.66, 82.08, 81.20, 80.78,
80.66, 78.45, 76.88, 69.00, 67.16, 41.62, 31.47, 28.98,
28.76, 25.55, 23.65, 22.39, 13.79; ESIMS: m/z caled for
[CisH3sNOg]Nat: 416.2255. Found: 416.2258.

3.12. Octyl 5-amino-5-deoxy-a-D-arabinofuranosyl-
(1 — 3)-o-p-arabinofuranoside (19)

Disaccharide 16 (15mg, 0.04 mmol) was reduced with
Ph;P (30mg, 0.12mmol) in THF (5mL) containing a
few drops of water as described for the synthesis of 18.
The product was purified by chromatography (2:1
CH,Cl,-CH;OH with 2% Et;N) on Iatrobeads to give
19 (25mg, 83%) as a white solid: R 0.15 (2:1 CH,Cl,—
CH;OH); [o], +77.9° (¢ 0.6, CH;0H); 'H NMR
(400 MHz, D,0): oy, 4.93 (s, 1H), 4.74 (s, 1H), 3.94-
3.89 (m, 2H), 3.87-3.86 (m, 1H), 3.85-3.82 (m, 1H), 3.76
(dd, 1H, J 2.5, 5.7 Hz), 3.66 (dd, 1H, J 2.6, 5.1 Hz), 3.54
(dd, 1H, J 3.4, 12.3Hz), 3.47-3.41 (m, 2H), 3.31-3.25
(m, 1H), 3.10 (dd, 1H, J 3.2, 13.4Hz), 2.90 (dd, 1H, J
6.6, 13.4Hz), 1.32-1.28 (m, 2H), 1.06-0.94 (m, 10H),
0.57-0.54 (m, 3H); *C NMR (100 MHz, D,0): éc,
109.61, 109.50, 84.86, 84.14, 82.76, 82.57, 81.35, 80.14,
70.49, 63.09, 43.35, 31.47, 28.98, 28.76, 25.55, 23.65,
22.39, 13.79; ESIMS: m/z caled for [C;sH3sNOg]Na*:
416.2255. Found: 416.2225.

3.13. Octyl 5-amino-5-deoxy-a-D-arabinofuranosyl-
(1 — 3)-[5-amino-5-deoxy-a-p-arabinofuranosyl-
(1 — 5)]-o-p-arabinofuranoside (20)

Trisaccharide 17 (37mg, 0.05mmol) was reduced with
Ph;P (33mg, 0.12mmol) in THF (5mL) containing a
few drops of water as described for the synthesis of 18.
The product was purified by chromatography (2:1
CH,Cl,-CH;0H with 2% Et;N) on Iatrobeads to give
20 (25mg, 83%) as a white solid: Ry 0.11 (6:1 CH,Cl,—
CH;OH); [o], +78.9° (¢ 1.3, CH;0H); 'H NMR
(400 MHz, D,0): oy, 5.15 (s, 1H), 5.09 (s, 1H), 4.99 (s,
1H), 4.22-4.17 (m, 3H), 4.16-4.09 (m, 3H), 3.98 (dd, 1H,
J 2.0, 5.3Hz), 3.89 (dd, 2H, J 2.7, 5.1 Hz), 3.85 (dd, 1H,
J 5.9, 11.3Hz), 3.79 (dd, 1H, J 3.0, 11.3 Hz), 3.69-3.64
(m, 1H), 3.54-3.48 (m, 1H), 3.29-3.19 (m, 2H), 3.10-
3.05 (m, 2H), 1.55-1.50 (m, 2H), 1.31-1.18 (m, 10H),
0.82-0.78 (m, 3H); *C NMR (100 MHz, D,0): Jc,
108.21, 107.89, 107.82, 82.78, 81.92, 81.65, 81.08, 80.97,
80.78, 79.88, 78.35, 78.21, 68.67, 67.30, 41.76, 41.72,
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31.46, 28.92, 28.77, 25.69, 23.66, 22.39, 13.79: ESIMS:
m/z caled for [Cy;HyN,Oq]Nat: 547.2837. Found:
547.2813.

3.14. p-Toluyl 2,3-di-O-benzoyl-5-deoxy-5-fluoro-1-thio-
o-D-arabinofuranoside (24)

To a solution of 30 (312mg, 0.67 mmol) in CH,Cl,
(15mL) kept at —40°C was added DAST (0.17mL,
1.34 mmol). The reaction mixture was slowly warmed to
room temperature and stirred for 3 h. Then, the reaction
mixture was poured over water and extracted three
times with CH,Cl,. After drying (Na,SQ,), the organic
solution was filtered and concentrated, and the product
was purified by chromatography (4:1 hexanes—EtOAc)
to give 24 (187 mg, 60%) as a syrup: Ry 0.72 (2:1 hex-
anes-EtOAc); [«], +76.5° (¢ 0.7, CHCl;); '"H NMR
(400 MHz, CDCl,): dy, 8.16-8.14 (m, 2H), 8.08-8.06 (m,
2H), 7.64-7.60 (m, 2H), 7.53-7.44 (m, 6H), 7.17-7.15
(m, 2H), 5.80-5.79 (s, 1H), 5.76 (d, J 1.3 Hz), 5.57 (ddd,
1H, J 0.9, 1.3, 45Hz), 4.89 (ddd, 1H, J 3.9, 10.3,
46.5Hz), 4.79 (ddd, 1H, J 2.5, 10.3, 47.6 Hz), 4.65
(dddd, 1H, J 2.5, 3.9, 4.5, 26.4Hz), 2.35 (s, 3H); 13C
NMR (100 MHz, CDCls): oc, 165.88, 165.44, 138.27,
133.88, 133.79, 132.87, 130.20, 130.10, 130.07, 129.91,
129.16, 129.12, 128.78, 128.70, 91.86, 82.31 (d, J
18.6Hz), 81.84 (d, J 173.3Hz), 81.63, 77.21 (d, J
6.5Hz), 21.30; ESIMS: m/z calcd for [CsH,3 FOsS]Na™:
489.1142. Found: 489.1128.

3.15. p-Toluyl 2,3-di-O-benzoyl-5-O-methyl-1-thio-a-D-
arabinofuranoside (25)

To a solution of 30 (213mg, 0.45mmol) in CH,Cl,
(5mL) kept at 0°C, was added a 48% solution of HBF,
in H,O (0.08 mL, 0.49 mmol), and then a 1.8 M solution
of TMSCHN, in hexanes (0.28 mL) was added, followed
by three more aliquots added every 20 min (0.14, 0.07,
and 0.07, 0.49 mmol total). After stirring for 50 min at
0°C, the reaction mixture was poured into water (10 mL)
and extracted three times with CH,Cl, (30mL). After
drying (Na,SOy), the organic solution was filtered and
concentrated, and the product was purified by chroma-
tography (6:1 hexanes—EtOAc) to give 25 (164 mg, 76%)
as a syrup: Ry 0.29 (6:1 hexanes—EtOAc); o], +98.5° (c
0.7, CHCl3); '"H NMR (400 MHz, CDCl3): 6y, 8.17-8.14
(m, 2H), 8.11-8.06 (m, 2H), 7.64-7.57 (m, 2H), 7.35-7.44
(m, 6H), 7.16-7.13 (m, 2H), 5.80-5.79 (m, 1H), 5.73 (dd,
1H, J 1.6, 1.6 Hz), 5.60-5.58 (m, 1H), 4.71-4.67 (m, 1H),
3.86(d, 1H,J 1.3Hz), 3.85(d, 1H, J 2.5Hz), 3.48 (s, 3H),
2.34 (s, 3H); *C NMR (100 MHz, CDCl;): d¢c, 165.72,
165.44, 137.95, 137.88, 133.65, 133.62, 132.72, 132.42,
130.18, 130.16, 130.09, 130.01, 129.91, 129.31, 129.27,
129.19, 128.64, 128.59, 128.56, 91.85, 82.43, 82.25, 78.17,
71.83, 59.64, 21.22; ESIMS: m/z caled for
[C27H2606S]Na™: 501.1342. Found: 501.1359.

3.16. p-Toluyl 5-azido-2,3-di-O-benzoyl-5-deoxy-1-thio-
a-D-arabinofuranoside (26)

A solution of 32 (500 mg, 0.81 mmol), NaN; (157 mg,
2.43mmol) and 18-crown-6 (0.5mL, 2.43mmol) in
DMF (10mL) was heated at 50°C overnight. The
reaction mixture was cooled and concentrated to a col-
orless syrup that was purified by chromatography (4:1
hexanes—EtOAc) to give 26 (340 mg, 91%) as an oil: Ry
0.84 (2:1 hexanes—EtOAc); o], +112.6° (¢ 0.9, CHCL;);
'H NMR (250 MHz, CDCl;): 6y, 8.13-8.05 (m, 4H),
7.58-7.53 (m, 2H), 7.48-7.39 (m, 6H), 7.14-7.11 (m,
2H), 5.78-5.77 (m, 1H), 5.73 (d, 1H, J 1.4 Hz), 5.48-5.45
(m, 1H), 4.68-4.63 (m, 1H), 3.79 (dd, 1H, J 3.1,
13.3Hz), 3.67 (dd, 1H, J 4.8, 13.3 Hz), 2.31 (s, 3H); 3C
NMR (63MHz, CDCl;): ¢, 165.79, 165.36, 138.25,
133.78, 133.75, 132.91, 132.64, 130.11, 130.02, 129.97,
129.76, 129.07, 129.07, 129.06, 128.69, 128.65, 91.92,
82.24, 78.65, 51.62, 21.22; ESIMS: m/z caled for
[C26H23N305S]Na+: 512.1251. Found: 512.1266.

3.17. p-Toluyl 5-O-triphenylmethyl-1-thio-a-D-arabino-
furanoside (28)

To a solution of 27 (840 mg, 3.28 mmol) in dry pyri-
dine (15mL) and dry CH,Cl, (5mL) was added drop-
wise triphenylmethyl chloride (1.5g, 5.6mmol) and
DMAP (488mg, 4mmol). The reaction mixture was
stirred overnight, then diluted with CH,Cl, (15mL) and
washed successively with 0.1M HCl (20mL), water
(20mL), and brine (20 mL). After drying (Na,SO,), the
organic solution was filtered and concentrated to give 33
(1.07 g, 65%) as an oil, which was used without purifi-
cation in the next step: Ry 0.76 (6:1 CH,Cl,—~CH;0H).

3.18. p-Toluyl 2,3-di- O-benzoyl-5-O-triphenylmethyl-1-
thio-a-p-arabinofuranoside (29)

To a solution of crude 28 (1.07 g, 2.15mmol) in dry
pyridine (15mL) was added dropwise benzoyl chloride
(1.1mL, 10mmol). The reaction mixture was stirred
overnight, then diluted with CH,Cl, (20mL) and
washed successively with 0.1 M HCI (30mL), water
(15mL), and brine (15mL). After drying (Na,SOy,), the
organic solution was filtered and concentrated. The
residue was purified by chromatography (6:1 hexanes—
EtOAc) to give 29 (1.29g, 85%) as an oil: Ry 0.36 (6:1
hexanes—EtOAc); [«], +110.3° (¢ 0.7, CHCL;); 'H NMR
(400 MHz, CDCl;): 0y, 8.10-8.08 (m, 2H), 7.94-7.91 (m,
2H), 7.56-7.52 (m, 2H), 7.49-7.44 (m, 10H), 7.36-7.34
(m, 2H), 7.24-7.12 (m, 9H), 7.10-7.09 (m, 2H), 5.71
(d, 1H, J 1.9Hz), 5.67-5.65 (m, 1H), 5.64 (dd, 1H, J 1.9,
1.9Hz), 4.70 (ddd, 1H, J 4.9, 4.9, 5.4 Hz), 3.53 (dd, 1H,
J 5.4, 10.0Hz), 3.47 (dd, 1H, J 4.9, 10.0Hz), 2.30
(s, 3H); BC NMR (100 MHz, CDCl;): ¢, 165.53,
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165.43, 143.93, 138.11, 133.59, 133.07, 130.07, 130.23,
130.18, 130.11, 129.97, 129.51, 129.27, 128.92, 128.64,
128.11, 128.08, 128.01, 127.41, 127.22, 127.16, 91.73,
87.14, 82.55, 82.18, 78.27, 63.65, 21.33; ESIMS: m/z
calcd for [CysH3304S]Na™: 729.2281. Found: 729.2299.

3.19. p-Toluyl 2,3-di-O-benzoyl-1-thio-a-p-arabinofur-
anoside (30)

To a solution of 29 (181 mg, 0.25 mmol) in 3:1 CH3;0H-
CH,Cl, (10mL) was added p-toluenesulfonic acid
(54 mg, 0.28 mmol). The reaction mixture was stirred
overnight, then Et;N (0.1 mL) was added. The solution
was concentrated, and the residue was purified by
chromatography (8:1 hexanes-EtOAc) to give 30
(100 mg, 86%) as an oil: Ry 0.21 (8:1 hexanes—EtOAc);
(], +98.6° (¢ 0.8, CHCl;); 'H NMR (400 MHz,
CDCl): 0y, 8.13-8.10 (m, 2H), 8.04-8.02 (m, 2H), 7.61-
7.54 (m, 2H), 7.49-7.41 (m, 6H), 7.14-7.12 (m, 2H),
5.72-5.71 (m, 2H), 5.54-5.52 (m, 1H), 4.57 (ddd, 1H, J
4.0, 4.0, 4.0Hz), 4.03-3.99 (m, 2H), 2.32 (s, 3H); *C
NMR (100 MHz, CDCl;): oc, 166.14, 165.41, 138.33,
133.84, 133.80, 133.08, 130.20, 130.06, 130.04, 129.94,
129.22, 129.15, 128.75, 128.73, 91.95, 83.87, 82.35,
78.07, 62.16, 21.31; ESIMS: m/z caled for
[CosHp4O6SINat: 487.1186. Found: 487.1208.

3.20. p-Toluyl 5-O-p-toluenesulfonyl-1-thio-a-p-arabino-
furanoside (31)

To a solution of 27 (770 mg, 2.9 mmol) in dry pyridine
(15mL) and dry CH,Cl, (5mL) was added dropwise p-
toluenesulfonyl chloride (830 mg, 4.3 mmol) and DMAP
(177mg, 1.45mmol). The reaction mixture was stirred
overnight, then diluted with CH,Cl, (15mL) and
washed successively with 0.1M HClI (20mL), water
(20mL), and brine (20mL). After drying (Na,SO;,), the
organic solution was filtered and concentrated. The
residue was purified by chromatography (1:1 hexanes—
EtOAc) to give 31 (700 mg, 58%) as an oil: Ry 0.28 (1:1
hexanes-EtOAc); [«],, +87.6° (¢ 0.9, CHCl;); '"H NMR
(400 MHz, CDCl,): 6y, 7.78-7.76 (m, 2H), 7.35-7.28 (m,
4H), 7.09-7.08 (m, 2H), 5.20-5.19 (m, 1H), 4.22 (s, 2H),
4.13-4.11 (m, 3H), 2.43 (s, 3H), 2.32 (s, 3H); *C NMR
(100 MHz, CDCl;): 6¢c, 145.38, 137.99, 132.53, 132.41,
130.13, 129.95, 129.77, 128.18, 91.40, 81.46, 79.86,
76.74, 68.81, 21.82, 21.29; ESIMS: m/z calcd for
[C19H206S,]Na™: 433.0637. Found: 433.0632.

3.21. p-Toluyl 2,3-di-O-benzoyl-5-O-p-toluenesulfonyl-1-
thio-a-p-arabinofuranoside (32)

To a solution of 31 (230 mg, 0.56 mmol) in dry pyridine
(10 mL) was added dropwise benzoyl chloride (0.19 mL,
1.68 mmol). After 12h, the mixture was diluted with

CH,Cl, (15mL) and washed successively with 0.1 M
HCI1 (20mL), water (20mL), and brine (20mL). After
drying (Na,S0O,), the solution was filtered and concen-
trated. The residue was purified by chromatography (6:1
hexanes—EtOAc) to give 32 (290 mg, 84%) as an oil: Ry
0.23 (6:1 hexanes—-EtOAc); [«], +102.4° (¢ 1.0, CHCL);
'H NMR (400 MHz, CDCl3): 8y, 8.12-8.05 (m, 4H),
7.77-1.76 (m, 2H), 7.60-7.58 (m, 2H), 7.49-7.46 (m,
4H), 7.41-7.39 (m, 2H), 7.22-7.20 (m, 2H), 7.13-7.11
(m, 2H), 5.65 (s, 1H), 5.62 (s, 1H), 5.38 (d, 1H, J 4.2 Hz),
4.60 (ddd, 1H, J 3.4, 3.9, 4.4Hz), 4.51 (dd, 1H, J 44,
10.9 Hz), 4.45 (dd, 1H, J 3.4, 10.9 Hz), 2.34 (s, 3H), 2.32
(s, 3H); BC NMR (100 MHz, CDCl): §¢, 165.70,
165.39, 145.08, 138.29, 133.92, 133.91, 133.88, 132.87,
132.82, 130.35, 130.22, 130.17, 130.03, 129.97, 129.78,
129.46, 128.96, 128.75, 128.65, 128.23, 92.11, 81.74,
81.31, 77.92, 68.62, 21.77, 21.31; ESIMS: m/z calcd for
[C33H3005S,]Na™: 641.1274. Found: 641.1278.

3.22. Octyl 2,3-di-O-benzoyl-5-deoxy-5-fluoro-a-p-arabi-
nofuranosyl-(1 — 5)-2,3-di-O-benzoyl-a-p-arabinofuran-
oside (34)

A solution of 21* (85mg, 0.18mmol), 24 (98mg,
0.21 mmol) and powdered molecular sieves (4 A, 100 mg)
in dry CH,Cl, (10mL) was stirred at 0°C for 10 min
before N-iodosuccinimide (40 mg, 0.18 mmol) and silver
triflate (15 mg, 0.06 mmol) were added. After stirring for
S5min at 0°C, Et;N (0.1 mL) was added. The reaction
mixture was then diluted with CH,Cl, (10mL) and fil-
tered through Celite. The filtrate was washed succes-
sively with a satd aq Na,S,05; (15mL), water (15mL),
and brine (15mL). After drying (Na,SO,), the organic
phase was filtered and concentrated. The residue was
purified by chromatography (4:1 hexanes—EtOAc) to
give 34 (130mg, 89%) as an oil: Ry 0.34 (4:1 hexanes—
EtOAc); [o], +116.8° (¢ 0.9, CHCl); 'H NMR
(400 MHz, CDCl;): dy, 8.13-8.07 (m, 6H), 8.00-7.98 (m,
2H), 7.65-7.60 (m, 2H), 7.58-7.55 (m, 1H), 7.54-7.44
(m, 7H), 7.35-7.30 (m, 2H), 5.71 (s, 1H), 5.66 (d, 1H, J
4.8 Hz), 5.56 (d, 1H, J 1.2 Hz), 5.51 (s, 1H), 5.48 (d, 1H,
J 4.5Hz), 5.27 (s, 1H), 4.86 (dd, 2H, J 3.2, 47.0 Hz), 4.80
(d, 1H, J 3.2Hz), 4.65 (dddd, 1H, J 3.2, 3.2, 4.3,
25.8Hz), 4.50-4.47 (m, 1H), 4.27 (dd, 1H, J 4.6,
11.2Hz), 4.01 (dd, 1H, J 2.8, 11.2Hz), 3.82-3.76 (m,
1H), 3.57-3.52 (m, 1H), 1.69-1.63 (m, 2H), 1.45-1.29
(m, 10H), 0.92-0.89 (m, 3H); *C NMR (100 MHz,
CDCl): dc, 166.04, 165.87, 165.59, 165.31, 133.69,
133.63, 133.56, 133.52, 130.10, 130.05, 129.98, 129.50,
129.50, 129.34, 129.32, 129.13, 128.69, 128.68, 128.59,
128.50, 106.17, 105.74, 83.07, 82.19 (d, J 175.1Hz),
82.62 (d, J 18.5Hz), 82.03, 81.96 77.51, 77.11 (d, J
6.5Hz), 67.60, 66.42, 31.99, 29.73, 29.58, 29.44, 26.35,
22.82, 14.26; ESIMS: m/z caled for [CyHyFO]Nat:
835.3100. Found: 835.3046.
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3.23. Octyl 2,3-di-O-benzoyl-5-O-methyl-a-p-arabino-
furanosyl-(1 — 5)-2,3-di- O-benzoyl-a-p-arabinofuran-
oside (35)

Disaccharide 35 was prepared from 21% (43mg,
0.09 mmol) and 25 (52mg, 0.11 mmol) and powdered
molecular sieves (4 A, 100 mg) in dry CH,Cl, (10 mL) as
described for the synthesis of 34 using N-iodosuccin-
imide (50mg, 0.22mmol) and silver triflate (10mg,
0.04 mmol). Purification of the product by chromato-
graphy (4:1 hexanes—EtOAc) gave 35 (70 mg, 94%) as an
oil: Ry 0.12 (4:1 hexanes-EtOAc); [a], +84.9° (c 0.7,
CHCl3); '"H NMR (500 MHz, CDCl3): dy, 8.00-7.96 (m,
4H), 7.94-7.93 (m, 2H), 7.88-7.86 (m, 2H), 7.53-7.48
(m, 2H), 7.44-7.41 (m, 1H), 7.39-7.35 (m, 5H), 7.33-
7.30 (m, 2H), 7.23-7.18 (m, 2H), 5.53 (d, 1H, J 4.8 Hz),
5.52 (d, 1H, J 1.2Hz), 542 (d, 1H, J 1.2Hz), 5.36 (s,
1H), 5.33 (d, 1H, J 4.6 Hz), 5.13 (s, 1H), 4.50-4.47 (m,
1H), 4.38-4.36 (m, 1H), 4.13 (dd, 1H, J 4.6, 11.2Hz),
3.86 (dd, 1H, J 3.0, 11.2Hz), 3.73 (dd, 1H, J 3.1,
10.6 Hz), 3.69-3.65 (m, 2H), 3.44-3.39 (m, 1H), 3.38 (s,
3H), 1.30-1.29 (m, 2H), 1.23-1.16 (m, 10H), 0.80-0.77
(m, 3H); “C NMR (125MHz, CDCl;): é¢c, 166.21,
166.08, 165.85, 165.58, 133.84, 133.80, 133.75, 133.62,
130.35, 130.24, 129.84, 129.77, 129.59, 129.89, 128.86,
128.82, 128.71, 106.45, 106.01, 82.73, 82.21, 81.97,
78.12, 77.81, 72.55, 67.85, 66.69, 59.89, 32.25, 29.98,
29.84, 29.70, 26.60, 23.07, 14.50; ESIMS: m/z caled for
[C47H5,013]Na™: 847.3300. Found: 847.3230.

3.24. Octyl 5-azido-2,3-di-O-benzoyl-5-deoxy-a-D-arabi-
nofuranosyl-(1 — 5)-2,3-di-O-benzoyl-a-p-arabinofuran-
oside (36)

Disaccharide 36 was prepared from 21% (100 mg,
0.21 mmol), and 26 (113 mg, 0.23 mmol) and powdered
molecular sieves (4 A, 100 mg) in dry CH,Cl, (10mL) as
described for the synthesis of 34 using N-iodosuccin-
imide (70mg, 0.31 mmol) and silver triflate (10mg,
0.04 mmol). Purification of the product by chromato-
graphy (6:1 hexanes—EtOAc) gave 36 (155mg, 88%) as
an oil: Rr 0.62 (4:1 hexanes—EtOAc); [«], +103.7° (¢ 0.7,
CHCl;); '"H NMR (500 MHz, CDCl5): Jy, 8.02-8.01 (m,
2H), 7.97-7.95 (m, 4H), 7.86-7.84 (m, 2H), 7.54-7.50
(m, 2H), 7.49-7.44 (m, 1H), 7.43-7.31 (m, 7H), 7.22—
7.18 (m, 2H), 5.57 (d, 1H, J 0.8Hz), 5.52 (d, 1H, J
5.1Hz), 5.43 (d, 1H, J 1.2Hz), 5.38 (s, 1H), 5.28 (d, 1H,
J 4.5Hz), 5.14 (s, 1H), 4.51-4.49 (m, 1H), 4.37-4.34 (m,
1H), 4.12 (dd, 1H, J 4.6, 11.2Hz), 3.88 (dd, 1H, J 2.9,
11.2Hz), 3.73 (dd, 1H, J 2.9, 13.2Hz), 3.68-3.63 (m,
1H), 3.54 (dd, 1H, J 4.8, 13.2Hz), 3.44-3.39 (m, 1H),
1.53-1.50 (m, 2H), 1.21-1.16 (m, 10H), 0.80-0.77 (m,
3H); *C NMR (125MHz, CDCly): ¢, 166.33, 166.11,
165.85, 165.59, 133.98, 133.88, 133.80, 133.76, 130.31,
130.23, 129.75, 129.57, 129.36, 128.96, 128.84, 128.75,
106.26, 105.98, 83.27, 82.22, 82.21, 81.94, 78.83, 67.86,

66.64, 32.25, 29.97, 29.84, 29.70, 26.59, 23.07, 14.50;
ESIMS: m/z caled for [CyHiN;O]Na™: 858.3208.
Found: 858.3279.

3.25. Octyl 2,3-di-O-benzoyl-5-deoxy-5-fluoro-a-n-arabi-
nofuranosyl-(1 — 3)-2,5-di-O-benzoyl-a-p-arabinofuran-
oside (37)

Disaccharide 37 was prepared from 23 (50mg,
0.10mmol), and 24 (60mg, 0.13mmol) and powdered
molecular sieves (4 A, 150 mg) in dry CH,Cl, (10 mL) as
described for the synthesis of 34 using N-iodosuccin-
imide (29mg, 0.13mmol) and silver triflate (11 mg,
0.04 mmol). Purification of the product by chromato-
graphy (4:1 hexanes—EtOAc) to give 37 (75 mg, 92%) as
an oil: Ry 0.43 (4:1 hexanes-EtOAc); [«], +121.6° (¢ 0.8,
CHCl3); '"H NMR (400 MHz, CDCl3): 6y, 8.02-7.96 (m,
4H), 7.93-7.87 (m, 4H), 7.53-7.48 (m, 2H), 7.42-7.31
(m, 6H), 7.21-7.17 (m, 4H), 5.62 (s, 1H), 5.57 (s, 1H),
5.35(d, 1H, J 4.2Hz), 5.31 (s, 1H), 5.22 (s, 1H), 4.74-
4.66 (m, 1H), 4.62-4.54 (m, 2H), 4.48-4.43 (m, 1H),
4.36-4.26 (m, 3H), 3.71-3.65 (m, 1H), 3.48-3.41 (m,
1H), 1.56-1.51 (m, 2H), 1.30-1.17 (m, 10H), 0.81-0.77
(m, 3H); C NMR (100 MHz, CDCls): ¢, 166.40,
165.97, 165.75, 165.36, 133.78, 133.73, 133.63, 133.30,
130.19, 130.13, 130.05, 129.87, 129.50, 129.31, 128.74,
128.69, 128.51, 106.09, 105.55, 83.47 (d, J 19.0Hz),
83.11, 82.11 (d, J 172.7Hz), 81.44, 81.39, 77.48, 77.05
(d, J 6.4Hz), 67.94, 32.04, 39.65, 29.52, 29.44, 26.25,
22.84, 14.29; ESIMS: m/z caled for [CyHsFO]Nat:
835.3100. Found: 835.3092.

3.26. Octyl 2,3-di-O-benzoyl-5- O-methyl-a-p-arabino-
furanosyl-(1 — 3)-2,5-di-O-benzoyl-a-p-arabinofuran-
oside (38)

Disaccharide 38 was prepared from 23 (20mg,
0.05mmol), and 25 (55mg, 0.11 mmol) and powdered
molecular sieves (4 A, 150 mg) in dry CH,Cl, (10 mL) as
described for the synthesis of 34 using N-iodosuccin-
imide (50mg, 0.22mmol) and silver triflate (10mg,
0.04 mmol). Purification of the product by chromato-
graphy (4:1 hexanes—EtOAc) gave 38 (40 mg, 97%) as an
oil: Ry 0.31 (4:1 hexanes—EtOAc); [a], +78.9° (¢ 0.9,
CHCl;); '"H NMR (400 MHz, CDCl;): 8y, 8.09-7.97 (m,
8H), 7.59-7.57 (m, 4H), 7.51-7.34 (m, 6H), 7.28-7.24
(m, 2H), 5.66 (s, 1H), 5.60 (d, 1H, J 1.3 Hz), 5.44 (dd,
1H, J 0.8, 4.5Hz), 5.39 (d, 1H, J 0.8 Hz), 5.23 (s, 1H),
4.73 (dd, 1H, J 2.8, 12.1 Hz), 4.61-4.52 (m, 1H), 4.48 (s,
1H), 4.50-4.45 (m, 1H), 4.37-4.35 (m, 1H), 3.84-3.67
(m, 3H), 3.56-3.47 (m, 1H), 3.39 (s, 3H), 1.64-1.61 (m,
2H), 1.36-1.24 (m, 10H), 0.87-0.84 (m, 3H); '*C NMR
(100 MHz, CDCly): ¢, 166.61, 166.09, 165.91, 165.57,
134.06, 133.28, 133.77, 133.51, 133.41, 130.39, 130.31,
130.24, 130.18, 130.14, 130.11, 129.76, 129.75, 129.67,
128.99, 128.87, 128.81, 128.75, 128.67, 106.32, 105.72,
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83.41, 83.16, 81.78, 81.26, 81.20, 77.92, 72.27. 68.12,
63.79, 59.86, 32.24, 29.85, 29.72, 29.63, 26.45, 23.04,
14.49; ESIMS: m/z caled for [C4;Hs,03]Na™: 847.3300.
Found: 847.3281.

3.27. Octyl 5-azido-2,3-di-O-benzoyl-5-deoxy-a-p-arabi-
nofuranosyl-(1 — 3)-2,5-di-O-benzoyl-a-p-arabinofuran-
oside (39)

Disaccharide 39 was prepared from 23% (50mg,
0.11mmol), and 26 (57mg, 0.12mmol) and powdered
molecular sieves (4 A, 150 mg) in dry CH,Cl, (10mL) as
described for the synthesis of 34 using N-iodosuccin-
imide (34mg, 0.15mmol) and silver triflate (10 mg,
0.04 mmol). Purification of the product by chromato-
graphy (6:1 hexanes—EtOAc) gave 39 (70 mg, 84%) as an
oil: Ry 0.45 (4:1 hexanes-EtOAc); [a], +112.5° (¢ 1.0,
CHCl3); '"H NMR (250 MHz, CDCly): y, 7.98-7.84 (m,
8H), 7.51-7.43 (m, 3H), 7.38-7.26 (m, 7H), 7.19-7.13
(m, 2H), 5.59 (s, 1H), 5.53 (d, 1H, J 1.1 Hz), 5.28 (s, 1H),
5.25 (d, 1H, J 4.3 Hz), 5.14 (s, 1H), 4.62-4.57 (m, 1H),
4.46-4.45 (m, 1H), 4.41-4.35 (m, 2H), 4.28-4.23 (m,
1H), 3.69-3.60 (m, 1H), 3.56 (d, 1H, J 3.1 Hz), 3.49-3.37
(m, 2H), 1.58-1.49 (m, 2H), 1.24-1.13 (m, 10H), 0.78-
0.73 (m, 3H); *C NMR (63 MHz, CDCl;): ¢, 166.59,
166.19, 165.96, 165.58, 133.98, 133.83, 133.49, 130.35,
130.26, 130.08, 129.73, 129.50, 128.92, 128.73, 106.28,
105.69, 83.86, 83.03, 81.81, 81.50, 81.18, 78.62, 68.14,
63.76, 52.16, 32.24, 29.86, 29.72, 29.63, 26.45, 23.04,
14.49; ESIMS: m/z caled for [CyHyN30]Nat:
858.3208. Found: 858.3206.

3.28. Octyl 2,3-di-O-benzoyl-5-deoxy-5-fluoro-(1 — 3)-
[2,3-di-O-benzozyl-5-deoxy-5-fluoro-a-p-arabinofuran-
osyl-(1 — 5)]-a-p-arabinofuranosyl-2- O-benzoyl-a-p-ara-
binofuranoside (40)

Trisaccharide 40 was prepared from 22¥ (47mg,
0.13mmol) and * (140mg, 0.30 mmol) and powdered
molecular sieves (4 A, 150 mg) in dry CH,Cl, (10mL) as
described for the synthesis of 34 using N-iodosuccin-
imide (67mg, 0.30mmol) and silver triflate (21 mg,
0.08 mmol). Purification of the product by chromato-
graphy (4:1 hexanes—EtOAc) to give 40 (110 mg, 81%) as
an oil: R; 0.33 (4:1 hexanes—EtOAc); [o], +101.5° (¢ 0.8,
CHCI;); '"H NMR (400 MHz, CDCl3): 6y, 8.12-8.04 (m,
8H), 7.97-7.94 (m, 2H), 7.90-7.54 (m, 3H), 7.49-7.37
(m, 10H), 7.32-7.23 (m, 2H), 5.64 (s, 1H), 5.63 (d, 1H, J
4.8 Hz), 5.34 (s, 1H), 5.32 (d, 1H, J 4.2Hz), 5.29 (d, 1H,
J 1.2Hz), 5.28-5.25 (m, 2H), 5.10 (s, 1H), 4.75 (d, 1H, J
3.2Hz), 4.71-4.63 (m, 2H), 4.59-4.54 (m, 1H), 4.45-4.41
(m, 2H), 4.36-4.29 (m, 1H), 4.28-4.25 (m, 1H), 3.95 (dd,
1H, J 4.3, 11.4Hz), 3.78 (dd, 1H, J 2.2, 11.4Hz), 3.66—
3.60 (m, 1H), 3.42-3.37 (m, 1H), 1.53-1.23 (m, 2H),
1.18-1.14 (m, 10H), 0.88-0.86 (m, 3H); *C NMR
(100 MHz, CDCl;): dc, 166.40, 165.95, 165.75, 165.32,

165.31, 133.78, 133.73, 133.63, 133.56, 133.52, 133.30,
130.19, 130.13, 130.05, 129.87, 129.50, 129.31, 129.13,
128.74, 128.69, 128.51, 106.27, 105.64, 105.53, 83.35,
83.05 (d, J 19.1Hz), 82.79 (d, J 18.6Hz), 82.17 (d, J
177.1Hz), 82.01 (d, J 174.3Hz), 81.67 (d, J 5.8 Hz),
81.20 (d, J 6.0Hz), 77.48, 77.15, 67.87, 67.61, 66.41,
63.74, 33.05, 29.76, 29.67, 29.33, 26.14, 22.83, 14.27;
ESIMS: m/z caled for [CssHgF2016]Nat: 1073.3742.
Found: 1073.3778.

3.29. Octyl 2,3-di-O-benzoyl-5- O-methyl-a-p-arabino-
furanosyl-(1 — 3)-[2,3-di- O-benzoyl-5-O-methyl-a-p-ara-
binofuranosyl-(1 — 5)]-2-O-benzoyl-o-p-arabinofuran-
oside (41)

Trisaccharide 41 was prepared from 22 (20mg,
0.05mmol) and 25 (58 mg, 0.12mmol) and powdered
molecular sieves (4 A, 150 mg) in dry CH,Cl, (10 mL) as
described for the synthesis of 34 using N-iodosuccin-
imide (60mg, 0.26 mmol) and silver triflate (10mg,
0.04 mmol). Purification of the product by chromato-
graphy (4:1 hexanes—EtOAc) gave 41 (50 mg, 93%) as an
oil: Ry 0.32 (4:1 hexanes-EtOAc); [«], +113.4° (c 1.4,
CHCl3); '"H NMR (500 MHz, CDCl3): dy, 8.09-8.05 (m,
5H), 8.03-7.99 (m, 3H), 7.97-7.95 (m, 2H), 7.61-7.51
(m, 3H), 7.48-7.42 (m, 8H), 7.39-7.36 (m, 2H), 7.31-
7.28 (m, 2H), 5.56-5.55 (m, 2H), 5.47 (s, 1H), 5.41-5.38
(m, 2H), 5.36 (s, 1H), 5.35 (s, 1H), 5.17 (s, 1H), 4.50—
4.49 (m, 1H), 4.48-4.46 (m, 1H), 4.38-4.33 (m, 2H), 4.08
(dd, 1H, J 4.7, 11.4Hz), 3.85 (dd, 1H, J 2.4, 11.4 Hz),
3.79 (dd, 1H, J 2.9, 10.5Hz), 3.74-3.69 (m, 3H), 3.65
(dd, 1H, J 5.5, 10.5 Hz), 3.49-3.45 (m, 1H), 3.44 (s, 3H),
3.34 (s, 3H), 1.60-1.57 (m, 2H), 1.32-1.23 (m, 10H),
0.87-0.84 (m, 3H); '*C NMR (125MHz, CDCl;): éc,
165.99, 165.89, 165.77, 165.29, 165.28, 133.63, 133.60,
133.48, 130.18, 130.11, 130.08, 130.01, 129.98, 129.51,
129.36, 128.67, 128.65, 128.59, 128.52, 106.10, 106.02,
105.42, 83.10, 82.91, 82.68, 81.65, 81.53, 81.52, 80.62,
77.95, 77.73, 72.37, 72.22, 67.73, 65.98, 59.69, 59.61,
32.04, 29.62, 29.56, 29.44, 26.24, 22.85, 14.31; ESIMS:
m/z caled for [CgHesOs]Nat: 1097.4141. Found:
1097.4124.

3.30. Octyl 2,3-di-O-acetyl-5-azido-5-deoxy-a-p-arabi-
nofuranosyl-(1 — 3)-[2,3-di-O-acetyl-5-azido-5-deoxy-o-
p-arabinofuranosyl-(1 — 5)]-2-O-benzoyl-a-p-arabinofur-
anoside (42)

Trisaccharide 42 was prepared from 22 (48mg,
0.13mmol) and 26 (160 mg, 0.33 mmol) and powdered
molecular sieves (4 A, 200 mg) in dry CH,Cl, (15mL) as
described for the synthesis of 34 using N-iodosuccin-
imide (75mg, 0.33mmol) and silver triflate (16 mg,
0.06 mmol). Purification of the product by chromato-
graphy (4:1 hexanes—EtOAc) gave 42 (97 mg, 68%) as an
oil: Ry 0.54 (4:1 hexanes—EtOAc); [«], +101.4° (¢ 0.7,



864 0. M. Cociorva, T. L. Lowary | Carbohydrate Research 339 (2004) 853-865

CHCL;); '"H NMR (400 MHz, CDCl5): 8y, 8.10-8.03 (m,
8H), 7.95-7.93 (m, 2H), 7.91-7.51 (m, 3H), 7.49-7.37
(m, 10H), 7.30-7.25 (m, 2H), 5.60 (d, 1H, J 1.2 Hz), 5.59
(d, 1H, J 1.2Hz), 5.49 (s, 1H), 5.42 (d, 1H, J 1.6 Hz),
5.39 (s, 1H), 5.32 (d, 1H, J 4.9Hz), 5.30 (d, 1H, J
4.9Hz) 5.19 (s, 1H), 4.49 (dd, 1H, J 1.0, 6.0 Hz), 4.45—
442 (m, 1H), 4.37-4.32 (m, 2H), 4.06-4.02 (dd, 1H, J
4.5, 11.3Hz), 3.88-3.85 (dd, 1H, J 2.5, 11.3Hz), 3.79—
3.68 (m, 3H), 3.61-3.54 (m, 2H), 3.48-3.46 (m, 1H),
1.58-1.57 (m, 2H), 1.26-1.23 (m, 10H), 0.88-0.84 (m,
3H); *C NMR (100 MHz, CDCl;): ¢, 165.97, 165.95,
165.77, 165.21, 133.78, 133.75, 130.07, 130.05, 130.01,
129.95, 129.91, 129.91, 129.21, 129.16, 129.15, 129.01,
128.72, 128.69, 128.66, 128.56, 105.98, 105.89, 105.59,
83.60, 83.33, 82.88, 81.47, 81.39, 81.37, 80.96, 78.56,
78.39, 67.73, 65.86, 52.04, 52.03, 31.99, 29.58, 29.49,
19.39, 26.19, 22.80, 14.27; ESIMS: m/z caled for
[CssHeoNgO16]Na*: 1119.3958. Found: 1119.3968.
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