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New Synthesis of 1-D-0-(2-Amino-2-deoxy-D-gluco- and -galactopyranosyl)-
chiro-inositols

M. Belén Cid,*! Julia B. Bonilla,’! Stéphane Dumarcay,*! Francisco Alfonso,!! and
Manuel Martin-Lomas*/?!

Keywords: NMR spectroscopy / Natural products / Insulin mediators / Oligosaccharides

New and highly effective procedures for the preparation of
d-chiro-inositol derivatives, essentially based on selective
protection of the vicinal diequatorial diol systems present in
this molecule, are reported. This selective protection affords
C,-symmetric diaxial diols such as 4 and 5, glycosylation of

which under different conditions has been investigated. This
study has provided a ready and convenient route to struc-
tures such as III-V, containing some of the structural motifs
thought to be present in putative inositolphosphoglycan in-
sulin mediators.

Introduction

The partially characterised inositolphosphoglycans
(IPGs) have been proposed as intracellular mediators gener-
ated from inositol-containing glycolipids through the action
of receptor-activated phospholipases.l'! It is generally ac-
cepted that these IPGs may belong to one of two main
structural groups that differ in chemical composition, biolo-
gical activity and tissue distribution:[-?I the family of myo-
inositol-containing IPGs — which are inhibitors of c-AMP-
dependent protein kinase (PKA) and are also known as A-
type IPGs — and the family of chiro-inositol-containing
IPGs, which are activators of pyruvate dehydrogenase phos-
phatase (PDH) and are also known as P-type IPGs.

In an attempt to determine the minimum structural re-
quirements for biological activity,! we have previously de-
veloped synthetic methodologies and strategies to prepare a
variety of IPG-like molecules bearing some of the structural
motifs postulated for A-type and P-type natural IPGs. An
interesting observation from these biological studies was
that a small pseudodisaccharide molecule such as I, bearing
the GIcNH, a(1—6) myo-Ins structural motif, behaves as a
natural A-type IPG in exhibiting proliferative effects in
cultures of chicken embryo, whereas pseudodisaccharide II,
with the GIcNH, a(l—1) D-chiro-Ins structural motif, be-
haves as a natural P-type IPG, inducing differentiation in
the same biological system.[! These cultures have been used
as models in previous studies with insulin-like growth factor
I (IGF-1),! as it has been shown that IGF-I controls growth
and differentiation in the developing inner ear of chicken
embryo through the generation of IPG mediators.[>-¢]
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While the synthesis of the GIcNH, a(l—6) myo-Ins
structural motif may be effectively accomplished in several
ways,32:30.3d:3e7] the preparation of GleNH, a(1—1) D-chiro-
Ins structures presents serious difficulties.3*81 Our first ap-
proach to II involved the construction of the D-chiro-inosi-
tol unit from methyl a-p-glucopyranoside by a multistep
procedure.!®! We reported more recently on a different pro-
cedure starting from D-chiro-inositol (1), which afforded
building block 2 in nine steps and in 32% yield?
(Scheme 1). This new synthetic route to appropriately func-
tionalised D-chiro-inositol derivatives presented obvious ad-
vantages over previously reported multistep synthetic se-
quences starting either from myo-inositol or from other
precursors.[®~ 111 However, we were aware that more efficient
synthetic routes to suitably protected D-chiro-inositol build-
ing blocks had to be developed in order to permit effective
synthesis of molecules containing the HexNH, a(1—1)-D-
chiro-Ins structural motif for biological investigation. A re-
cent publication on the synthesis of D-chiro-inositol 1,3,4,6-
tetraphosphatel'? and several previous papers dealing with
selective protection of vicinal diequatorial diolst!3:!4]
prompted us to investigate some of these new synthetic
routes.

Here we report on the results of this investigation, which
have now enabled us to produce, in only one or two syn-
thetic steps, D-chiro-inositol derivatives in which the four
equatorially disposed hydroxy groups at C-2, C-3, C-4 and
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C-5 are protected while the two axially oriented hydroxy
groups at C-1 and C-6 remain free (compounds 4 and 5 in
Scheme 2). We have investigated the glycosylation of these
C,-symmetric diaxial diols (4 and 5). The selective mono-
glycosylation of these compounds, which can be achieved
under carefully controlled conditions, provides a convenient
route to the glycosyl o and B(1—1) D-chiro-inositol struc-
tural motif, affording structures such as III, IV and V
through the use of different glycosyl donors with either p-
gluco or p-galacto configurations. To the best of our know-
ledge, very few IPG-related structures containing an o-D-
galactosaminyl residuel®® or a B-pD-glucosaminyl unit!a3¢131
linked to the cyclitol ring have so far been reported.
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Results and Discussion

It has recently been reported? that treatment of D-chiro-
inositol (1) with 2.5 mol-equiv. of dibutyltin oxide in ace-
tonitrile, followed by treatment with benzyl bromide/cesium
fluoride in dimethylformamide, afforded the 2,5-di-O-
benzyl derivative 3 in 24% yield. On the other hand, pro-
tecting groups that exploit multiple anomeric effects for the
selective protection of vicinal equatorial diols have been in-
troduced in recent yearst!32~13¢l and it has been demon-
strated that 2,2,3,3-tetramethoxybutane (TMB) can success-
fully be used for the protection of the C-3,C-4 diequatorial
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hydroxy groups of quinic acid as a butane 2,3-bis(acetal),['4]
and that this approach can also be used, on a multigram
scale, for protection of the C-1,C-6 and C-3,C-4 diequator-
ial hydroxy groups of myo-inositol.l'9! In view of this, we
envisaged the preparation of two new D-chiro-inositol build-
ing blocks (4 and 5) as shown in Scheme 2. A slight modi-
fication of the reported isolation procedure!'? for the dibu-
tyltin acetal mediated regioselective dibenzylation of D-
chiro-inositol (1) gave the 2,5-di-O-benzyl derivative 3 in
35% yield (details in the Exp. Sect.). Selective protection of
the C-3,C-4 diequatorial hydroxy groups of 3 as a butane
2,3-bis(acetal) was then carried out by refluxing with TMB
in the presence of trimethyl orthoformate and catalytic
camphorsulfonic acid (CSA)!'Y to afford diol 4 in 85%
yield. Alternatively, the diequatorial hydroxy groups at C-
2,C-3 and at C-4,C-5 of D-chiro-inositol (1) could be pro-
tected as butane 2,3-bis(acetals) by the above procedure to
give diol 5 in 70% yield.['”! Through the use of these syn-
thetic sequences, the protection of the four equatorially ori-
ented hydroxy groups in 1 could therefore be achieved
either in one single, high-yielding step (compound 5) or in
two easily performed steps with two different, orthogonal
protecting groups (compound 4). In the latter case, there is
the possibility to replace the benzyl groups at C-2 and C-5
by different protecting groups, thus permitting modulation
of the steric hindrance and the reactivity of the obtained D-
chiro-inositol building blocks in subsequent glycosylation
reactions.

The glycosylation of the two symmetric diols 4 and 5 was
studied in an attempt to establish the experimental condi-
tions necessary to afford monoglycosylated compounds.
Since both a-D-galactosaminyl?® and B-p-glucosaminyl!'®!
building blocks seemed biologically interesting, the courses
of these glycosylation reactions were investigated with 2-
azido-2-deoxy-D-galactopyranosyl and 2-trichloroacetam-
ido-2-deoxy-D-glucopyranosyl donors.

Previous experiencel*®3®! had indicated that the trichlo-
roacetimidate procedurel'”! was the method of choice for
inositol glycosylation, and so the glycosyl donors 7 and 9
were prepared by well-established procedures (Scheme 3).
3,4,6-Tri-O-acetyl-2-azido-2-deoxy-D-galactopyranosyl
trichloroacetimidate (7) was obtained in four stepst!®~2!l
from commercially available p-galactosamine hydrochloride
(6). 3.,4,6-Tri-O-acetyl-2-deoxy-2-trichloroacetamido-D-glu-
copyranosyl trichloroacetimidate (9) was obtained in six
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steps from D-glucosamine hydrochloride (8).22724 The
trichloroacetyl group has been used as a participating group
in oligosaccharide synthesis for transformation into the N-
acetyl derivatives. To the best of our knowledge, however,
it has never been used as an N-protecting group in the syn-
thesis of oligosaccharides containing free amino groups.’!

The reactivity of diols 4 and 5 was first evaluated by ex-
amining their behaviour with 2-azido-3,4,6-tri-O-benzyl-2-
deoxy-D-glucopyranosyl trichloroacetimidate (10) under the
experimental conditions already optimised®*? for glycosyl-
ation of acceptor 2 and comparing the outcome of the gly-
cosylation reaction in the three cases. As shown in
Scheme 4, a mixture containing similar amounts of o- and
B-pseudodisaccharides 12 and 13 (Entries 2 and 3) was ob-
tained and a slightly better a-selectivity than seen with ac-
ceptor 2 was observed. These results indicated that the re-
activity of 4 and 5 under those experimental conditions was
at least equivalent to the reactivity displayed by 2. In addi-
tion, the observed formation of diglycosylated compounds
in low yield seemed to indicate that the second hydroxy
group in building blocks 4 and 5 remains a potential re-
acting site. Nevertheless, with the above results in hand it
seemed reasonable to assume that a careful choice of experi-
mental conditions should allow the glycosylation reaction
to be controlled in such a way as to proceed to the pseudo-
disaccharide stage. This successful construction of the
pseudodisaccharide may permit further direct functionalis-
ation at C-6 with avoidance of protecting group manipula-
tion.

The glycosylation of 4 and 5 with donors 7 and 9 was
then investigated. The optimised reaction conditions for
both diols with donor 7 are shown in Scheme 5. The use of
dichloromethane as solvent, TMSOTT as promoter at room
temperature and a 2:1 donor/acceptor ratio afforded the a-
linked pseudodisaccharides 14 and 15 in 51% and 52%
yields, respectively, together with 11% and 20% yields, re-
spectively, of the diglycosylated products. The exclusive
formation of 14 and 15 was achieved through the use of a
1:1 donor acceptor ratio, but the yields were much lower in
this case. An increase of the donor/acceptor ratio to 3:1 or
use of a lower temperature resulted mainly in augmentation
of the undesired formation of the corresponding trichlo-
roacetamide from isomerisation of the trichloroacetimidate
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without significant improvement as far as pseudodisacchar-
ide compounds were concerned. The use of an activated
donor such as 2-azido-3.,4,6-tri-O-benzyl-2-deoxy-D-galac-
topyranosyl trichloroacetimidate resulted in the exclusive
formation of the corresponding trichloroacetamide. It is
worth noting that exclusive a-selectivity was observed in
this glycosidic bond formation, in contrast with the results
obtained with the p-gluco-configured glycosyl donor shown
in Scheme 4, although direct comparison of these results
seems inappropriate because of the different nature of the
glycosyl donor protecting groups in each case.

A similar study directed towards the obtainment of B-D-
glucosaminyl derivatives (V) was carried out with donor 9
(Scheme 6). In both cases, TMSOTT proved to be an effici-
ent promoter and the B-linked pseudodisaccharides 16 and
17 were isolated in 48% and 42% yields, respectively. The
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glycosylation of 5, however, resulted in a higher proportion
of diglycosylated compound, and so diethyl ether had to be
used as a more convenient solvent. A small proportion of
diglycosylated compound was also observed under these
conditions.

Compounds 14—17 are advanced intermediates for the
synthesis of IPG-like structures containing the 1-O-(2-am-
ino-2-deoxy-a- and B-D-glycopyranosyl)-D-chiro-inositol
and 1-O-(2-amino-2-deoxy-o. and [-D-glycopyranosyl)-D-
chiro-inositol-1-phosphate structural motifs.

In the D-galacto series, full deprotection was achieved
(Scheme 7) without intermediate purification, by first treat-
ing 14 with a mixture of trifluoroacetic acid/water!¥ to give
18, followed by conventional deacetylation to give 19 and
final hydrogenolysis to afford compound IV. Pseudodisac-
charide 17 was similarly first treated under acidic condi-
tions!' to give compound 20 (Scheme 8), which was then
refluxed with barium hydroxide®® in 1:1 ethanol/water for
the simultaneous cleavage of acetyl and trichloroacetyl
groups and finally purified using Varian CBA (carboxylic
acid) and PSA (ethylenediamine-N-propyl) functionalised
silica gel cartridges.[*”!
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The synthetic strategy discussed in this paper provides an
effective route to biologically important structures con-
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taining 1-O-glycosylated-D-chiro-inositol units, exemplified
by the synthesis of the GalNH, a(l—1) D-chiro-Ins (IV)
and GIcNH, B(1—1)-p-chiro-Ins (V) structural motifs.
Since the synthetic steps resulting in a variety of IPG-like
structures from the advanced intermediates 14—17 are well
established,®! the chemistry presented here may give rise to
significant new developments in the preparation of these
types of substances for biological investigation.

Experimental Section

General Methods: Abbreviation: Hex = hexane. Dichloromethane
and acetonitrile were distilled from calcium hydride and diethyl
ether from sodium/benzophenone. D-chiro-Inositol was provided by
New Zealand Pharmaceuticals Limited (NZP). Molecular sieves (4
A, powdered) were predried in an oven and activated for 5 min
under vacuum at 300 °C. All aqueous (aq) solutions were saturated
unless otherwise stated. All reactions were carried out under argon
in predried glassware unless otherwise stated. 'H and '3*C NMR
spectra were recorded at 25 °C with Bruker Avance DPX 300 ('H,
300 MHz), Bruker Avance DRX 400 ('H, 400 MHz) and Bruker
Avance DRX 500 ('H, 500 MHz) spectrometers with CHCl; (§ =
7.26) and CDCl; (6 = 77.0) as internal reference signals. Signals
were assigned by means of 2D spectra (COSY, HMQC). High-res-
olution mass spectra were recorded with a Micromass Autospec
apparatus. Microanalyses were determined with a Leco CHNS-932
apparatus. Optical rotations were measured with a Perkin—Elmer
341 polarimeter. Purifications by column chromatography were
carried out with Merck 60 silica gel (15—200 mesh) under pressure.
Chromatography eluents are given as volume ratios (v/v). For puri-
fication of free pseudoligosaccharide V, CBA and PSA cartridges
(Varian Bond elut cartridges, 100 mg/1 mL or 500 mg/3 mL) were
used. Analytical thin layer chromatography (TLC) was performed
on Merck 60F,s, silica gel with detection by heating with phospho-
molybdic acid/EtOH and (SO,4),Ce in phosphomolybdic acid/
H,SO4/H>0. The organic extracts were dried with anhydrous so-
dium sulfate and concentrated under vacuum.

2,5-Di-O-benzyl-D-chiro-inositol (3): A mixture of D-chiro-inositol
(1.43 g, 7.9 mmol) and Bu,SnO (4.96 g, 19.9 mmol) in dry MeCN
(150 mL) was heated under reflux in a Soxhlet apparatus (molecu-
lar sieves 4 A) for 24 h. The solvent was evaporated, the resulting
residue was redissolved in DMF (80 mL), and cesium fluoride
(5.2 g, 342 mmol) and benzyl bromide (6.75 g, 39.5 mmol) were
added to the solution. The mixture was stirred at room temperature
for 20 h, whereupon silica was added, the solvent was evaporated
to dryness under vacuum, and the solid was directly loaded into a
column for flash chromatography (toluene/acetone, 9:1, then pure
acetone) to give 3 as a white solid (1 g, 35%).

2,5-Di-0-benzyl-3,4-0-(2',3'-dimethoxybutane-2',3’-diyl)-D-chiro-
inositol (4): A suspension of 2,5-di-O-benzyl-D-chiro-inositol (3)
(0.5 g, 1.38 mmol), 2,3-butanedione (0.13 mL, 1.51 mmol) and tri-
methyl orthoformate (0.45mL, 4.14 mmol) in dry methanol
(10 mL) was treated with CSA (0.032 g, 0.138 mmol). The resulting
mixture was refluxed under argon for 1 h, whereupon it was cooled,
neutralised with Et;N and concentrated under vacuum. Purifica-
tion by flash chromatography (Hex/EtOAc, 4:1) gave 4 as a white
solid (0.55 g, 85%); m.p. 69—71 °C. [0]f = +81 (¢ = 1, CHCl5).
IR (KBr): v = 3422, 3032, 2994, 2938, 1461, 1376, 1129, 1082,
1043, and 700 cm~'. '"H NMR (500 MHz, CDCl5): § = 7.35—7.25
(m, 10 H, 2 Ph), 4.88 (AB, 2 H, Jo.g = 11.5Hz, 2 CHPh), 4.67
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(AB, 2 H, Jo.g = 11.5, 2 CHPh), 4.15—4.11 (m, 2 H, H!, HS),
4.08—4.02 (m, 2 H, H?H%), 3.88—3.81 (m, 2 H, H3, H*), 3.3 (s, 6
H, 2 OCHj3), 2.46 (br. s, 2 H, 2 OH) and 1.35 (s, 6 H, 2 CHs;,
BDA).'*C NMR (125 MHz, CDCl3): § = 138.5 (2 C), 128.4 (4
CH), 127.7 (2 CH), 127.6 (4 CH), 99.5 (2 C, BDA), 76.5 (2 CH),
73.7 (2 CH,), 70.3 (2 CH), 69.6 (2 CH), 48.0 (2 OCH3) and 17.9
(2 CH3). MALDI-TOF caled. for C,cH3,05 + Na™: 497.5, found
497.1. FAB HRMS calcd. for C;gH3,019 + Na*: 497.2151, found
497.2174.

2,3:5,6-Di-0-(2',3'-dimethoxybutane-2’,3’-diyl)-D-chiro-inositol (5):
A suspension of D-chiro-inositol 1 (3 g, 16.65 mmol), 2,3-butane-
dione (2.9 mL, 33.3 mmol) and trimethyl orthoformate (14.57 mL,
133.2 mmol) in dry methanol (50 mL), was treated with CSA
(0.19 g, 0.83 mmol). The resulting mixture was refluxed under Ar
for 20 h, whereupon it was cooled and concentrated under vacuum.
Purification by flash chromatography (Hex/EtOAc, 1:9) gave 5 as
a white solid (4.8 g, 70%); m.p. 88—89 °C. [0]f = —135 (¢ = 1,
CHCl3), IR (KBr): v = 3463, 2993, 2951, 2835, 1742, 1457, 1376,
1136, 1033, 949, 882, and 847cm~'.'"H NMR (500 MHz, CDCl;):
8 = 4.02—4.01 (m, 2 H, H', H®), 3.97—-3.95 (m, 2 H), 3.92—3.89
(m, 2 H), 3.24 (s, 6 H, 2 OCH3), 3.21 (s, 6 H, 2 OCH3), 2.37 (br.
s, 2 H, OH), 1.29 (s, 6 H, 2 CH3), 1.23 (s, 6 H, 2 CH3).13C NMR
(125 MHz, CDCls): 6 = 100.0, 98.7 (4 C, BDA), 70.3 (2 CH), 68.5
(2 CH), 66.1 (2 CH), 47.8, 47.7 (4 OCH3), 17.6, 17.5 (4 CHj;).
MALDI-TOF calced. for C,;gH5,0;, + Na™: 431.4, found 430.9.
CigH3,0 0 (374.432) caled. caled. C 52.94, H 7.84; found 52.94,
H 7.66.

2-Azido-3,4,6-tri-O-benzyl-2-deoxy-D-glucopyranosyl-a(1—1)-2,5-
di-O-benzyl-3,4-0-(2',3'-dimethoxybutane-2',3'-diyl)-D-chiro-
inositol (12a) and 2-Azido-3,4,6-tri-O-benzyl-2-deoxy-D-gluco-
pyranosyl-p(1—1)-2,5-di-O-benzyl-3,4-0-(2',3'-dimethoxy-butane-
2',3'-diyl)-D-chiro-inositol (12b): A solution of donor 10 (75 mg,
0.121 mmol) and acceptor 4 (36 mg, 0.075 mmol) was coevaporated
three times with toluene and dried under vacuum overnight. This
mixture was dissolved in 2 mL of CH,Cl, under argon, 4 A molecu-
lar sieves were added, and the slurry was stirred for 1 h at room
temperature. A solution of TMSOTf (7 pL in 2.5 mL CH,Cl,,
0.5mL, 0.1 equiv.) was then added at —25 °C and the reaction was
monitored by TLC and filtered after 1 h through a short pad of
Celite. The residue was concentrated and purified by flash chroma-
tography (Hex/EtOAc, 6:1) to yield 30 mg (42%) of the a-pseudo-
disaccharide 12a and 12.5 mg (18%) of the B-pseudodisaccharide
12b.

Data for 12a: R; (Hex/EtOAc, 4:1) = 0.26. 'H NMR (500 MHz,
CDCl;): 8 = 7.38—7.05 (m, 25 H, 5 Ph), 4.89—-4.79 (m, 4 H, 4
CHPh), 4.81 (d, 1 H, Jyy .o = 3.6 Hz, H''), 4.69—4.16 (m, 6 H,
6 CHPh), 4.12—4.08 (m, 2 H, H!, H), 4.04—4.01 (m, 3 H, H3,
H*4, H), 3.92—3.84 (m, 2 H, H%, H°), 3.80 (dd, 1 H, Jys > =
10.1 Hz, Jy3ar = 9.6 Hz, H*), 3.68 (dd, 1 H, Jya.uz = 9.6 Hz,
Jusus = 9.5Hz, H¥), 344 (dd, 1 H, Jy».yy = 10.1 Hz,
Jurmr = 3.6 Hz, H?), 3.32, 3.31 (2's, 6 H, 2 OCHs), 3.18 (dd,
Juewney = 11.1Hz, Juewns = 2.0Hz, 1 H, H®), 2.98 (dd,
Juev-tiear = 11.1 Hz, Jyep-.us: = 1.5Hz, 1 H, H®), 1.39, 1.34
(2's, 6 H, 2 CH;).'*C NMR (125 MHz, CDCl,): & = 139.1, 138.5,
138.4, 138.0, 137.9 (5 C, Bn), 128.5 (2 CH, Bn), 128.4 (2 CH, Bn),
128.3 (2 CH, Bn), 128.2 (6 CH, Bn), 127.9 (2 CH, Bn), 127.8 (2
CH, Bn), 127.7 (2 CH, Bn), 127.6 (CH, Bn), 127.5 (3 CH, Bn),
127.4 (2 CH, Bn), 127.2 (CH, Bn), 99.4, 99.3 (2 C, BDA), 97.4
(C"), 80.3, 78.1, 76.5, 76.3, 75.3, 75.2, 74.4, 73.8, 73.7, 73.3, 70.6,
69.9, 69.7, 68.8, 67.4 (C!, C?, C3, C*, C°, C% 5 CH,Bn, C*, C¥,
C¥, CY), 63.7 (C%), 47.8 (2 OCH;), 18.0, 17.9 (2 CH5;).
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Data for 12b: R; (Hex/EtOAc, 4:1) = 0.29. '"H NMR (500 MHz,
CDCls): 6 = 7.38—7.12 (m, 25 H, 5 Ph), 4.98—4.48 (m, 10 H, 10
CHPh), 452 (d, 1 H, Jy.u» = 8.0Hz, H"), 426 (dd, 1 H,
Jiime = 3.5Hz, Sy = 3.2 Hz, HY), 421 (dd, 1 H, Jyens =
10.3 Hz, Jyazs = 10.0 Hz, HY), 4.19 (t, J = 3.5 Hz, 1 H, HY), 4.03
(dd, 1 H, Jysa = 10.1 Hz, Jysa = 10.0 Hz, H), 3.91 (dd, 1 H,
Jusaa = 103 Hz, Jusae = 3.5 Hz, H), 3.84 (dd, 1 H, Jyops =
10.1 Hz, Jyo.y = 3.2 Hz, H?), 3.65 (br. d, 2 H, 2 H®"), 3.59 (dd, 1
H, J =94, J =88, H), 3.36—3.28 (m, 3 H, H*, H*, HY),
3.28.3.26 (2 s, 6 H, 2 OCH3), 1.34, 1.31 (2’5, 6 H, 2 CHj;).

2-Azido-3,4,6-tri-O-benzyl-2-deoxy-D-glucopyranosyl-a(1—1)-
2,3:4,5-di-0-(2',3'-dimethoxybutane-2',3’-diyl)-D-chiro-inositol
(13a) and 2-Azido-3,4,6-tri- O-benzyl-2-deoxy-D-glucopyranosyl-
p(1—1)2,3:4,5-di-O-(2',3'-dimethoxybutane-2',3’-diyl)-D-chiro-
inositol (13b): A solution of donor 10 (80 mg, 0.129 mmol) and
acceptor 5 (33 mg, 0.080 mmol) was coevaporated three times with
toluene and dried under vacuum overnight. This mixture was dis-
solved in 2 mL of CH,Cl, under argon, 4 A molecular sieves were
added, and the slurry was stirred for 1 h at room temperature. A
solution of TMSOTT (11 pL in 2.5 mL CH,Cl,, 0.5 mL, 0.1 equiv.)
was then added at —25 °C and the reaction was monitored by TLC
and after 1 h filtered through Celite. The residue was concentrated
and purified by flash chromatography (Hex/EtOAc, 6:1) to yield
30.5 mg (43%) of the a-pseudodisaccharide 13a and 14 mg (20%)
of the B-pseudodisaccharide 13b.

Data for 13a: R; (Hex/EtOAc, 4:1) = 0.22. [0]® = +8 (¢ = 0.1,
CHCl;). "H NMR (500 MHz, CDCl;): 8 = 7.33—7.17 (m, 15 H, 3
Ph), 4.89—4.74 (m, 4 H, 3 CHPh, H'), 4.58—4.42 (m, 3 H, 3
CHPh), 4.36 (br. d, 1 H, Jus e = 9.2 Hz, H), 4.00—3.86 (m, 7
H, H', H2, H?, H* H, HS, H), 3.76 (dd, | H, Juas = 9.9 Hz,
Juaus = 9.2 Hz, H¥), 3.72 (dd, Juea-ner: = 10.9 Hz, Jyea s =
2.5Hz, 1 H, H®), 3.62 (br. d, | H, Jueyew = 10.9 Hz, HO),
3.49 (dd, 1 H, Jyo.pyy = 10.0 Hz, Jy».yyr = 3.5 Hz, H?), 3.26,
3.25,3.23,3.18 (4 s, 12 H, 4 OCH3), 1.30, 1.29, 1.25, 1.18 (4 s, 12
H, 4 CH;). 3*C NMR (125 MHz, CDCl,): § = 138.1 (C, Bn), 137.9
(2 C, Bn), 128.4 (2 CH, Bn), 128.3 (2 CH, Bn), 128.2 (2 CH, Bn),
128.1 (2 CH, Bn), 127.7 (3 CH, Bn), 127.6 (CH, Bn), 127.4 (CH,
Bn), 127.2 (2 CH, Bn), 100.2, 99.8, 99.0, 98.6 (4 C, BDA), 97.2
(C"), 80.3, 78.2, 75.9, 75.3, 74.0, 73.5, 70.6, 68.9, 68.6, 68.3, 67.0,
66.3, 66.3 (C', C%, C3, C*4, C°, C°, 3 CH,Ph, C*, C¥, C*¥, C¥), 63.8
(C%), 48.1 (2 C, 2 OCH3), 47.8, 47.7 (2 OCHj), 17.9, 17.8, 17.7,
17.6 (4 CH,).

Data for 13b: R; (Hex/EtOAc, 4:1) = 0.28. '"H NMR (500 MHz,
CDCly): § = 7.35—7.13 (m, 15 H, 3 Ph), 4.95-4.62 (m, 3 H, 3
CHPh), 4.52 (d, 1 H, Jy.u» = 8.1 Hz, H"), 4.41 (br. d, 1 H,
Jus.ua = 9.3 Hz, HY), 4.00—3.86 (m, 7 H, H', H?, H3, H* H>,
H°, H¥, H*), 3.71 (br. d, 2 H, 2 HY), 3.55 (dd, 1 H, Jypp3y =
10.0 Hz, Jyo .- = 8.1 Hz, H?), 3.27, 3.25, 3.22, 3.19 (4 s, 12 H,
4 OCHy), 1.31, 1.29, 1.28, 1.20 (4 s, 12 H, 4 CH3;).

3,4,6-Tri-O-acetyl-2-azido-2-deoxy-D-galactopyranosyl-o(1—1)-2,5-
di-O-benzyl-3,4-0-(2',3'-dimethoxybutane-2',3'-diyl)-D-chiro-
inositol (14): A solution of donor 7 (100 mg, 0.21 mmol) and ac-
ceptor 4 (50 mg, 0.105 mmol) was coevaporated three times with
toluene and dried under vacuum overnight. This mixture was dis-
solved under argon in 1.5 mL of CH,Cl,, 4 A molecular sieves were
added, and the slurry was stirred for 1 h at room temperature. A
solution of TMSOTTf (10 pL in 10 mL CH,Cl,, 0.9 mL, 0.1 equiv.)
was then added and the reaction was monitored by TLC and fil-
tered after 1 h through a short pad of Celite. The residue was evap-
orated and purified by flash chromatography (Hex/EtOAc, 6:1) to
yield 42.5mg (51%) of the a-pseudodisaccharide 14: R; (Hex/
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EtOAc, 4:1) = 0.25. [a]f) = +83 (¢ = 0.8, CHCl;). '"H NMR
(500 MHz, CDCl;): 8 = 7.40—7.20 (m, 10 H, 2 Ph), 5.32 (br. d, 1
H, Jysuy = 3.2Hz, H*), 524 (dd, 1 H, Jy3q» = 11 Hz,
Juz.ue = 3.2 Hz, HY), 4.96, 4.94 (2 AB, 2 H, 2 CHPh), 4.98 (d, 1
H, Jyyme = 3.5Hz, HY), 4.72, 4.66 (2 AB, 2 H, 2 CHPh), 4.62
(dd, 1 H, Jys.ue = 7Hz, Juys.ue = 6.7 Hz, H>), 4.17 (dd, 1 H,
Juine = 3.5Hz, Jyim» = 3.5Hz, H'), 4.08—4.04 (m, 2 H, H?,
H%, 4.01 (dd, 1 H, Jyem = 3.5Hz, Juyens = 3.4 Hz, HS),
3.95-3.88 (m, 2 H, H?, H®), 3.85—3.80 (m, 2 H, H*, H%"), 3.57
(dd, Juep-tear = 10.9 Hz, Jyep-us = 6.1 Hz, 1 H, H®®"), 3.38, 3.33
(25,6 H, 2 OCHs»), 2.10, 2.06, 1.86 (3 s, 9 H, 3 CH5CO), 1.40, 1.37
(2's, 6 H, 2 CHs). >*C NMR (75 MHz, CDCl5): § = 170.6, 170.4,
170.0 (3 CH3CO), 139.2, 138.8 (2 C, Bn), 128.8 (2 CH, Bn), 128.7
(2 CH, Bn), 128.2 (CH, Bn), 127.9 (2 CH, Bn), 127.8 (CH, Bn),
127.6 (2 CH, Bn), 99.8, 99.6 (2 C, BDA), 96.1 (C"), 76.6, 75.7, 75.4
(C!, C?, C%), 74.5, 74.2 (2 CH,, Bn), 70.2, 70.0 (C3, C%), 69.6 (C?"),
68.7 (C®), 67.7 (C¥), 66.6 (C>), 61.2 (C®), 58.2 (C?), 48.2 (2
OCH,;), 21.1, 21.0 (3 CH5CO), 18.3, 18.2 (2 CH3). MALDI-TOF
caled. for C3gH4oN30;5 + Na': 810.8, found 811.0; caled. for
C33H49N;0,5 + K*: 826.9, found 828.0. FAB HRMS calcd. for
C3sH40,5 + Nat: 810.3061, found 810.3068.

3,4,6-Tri-O-acetyl-2-azido-2-deoxy-D-galactopyranosyl-o(1—1)-
2,3:4,5-di-0-(2' ,3'-dimethoxybutane-2',3'-diyl)-D-chiro-inositol (15):
A solution of donor 7 (105 mg, 0.22 mmol) and acceptor 5 (45 mg,
0.11 mmol) was coevaporated three times with toluene and dried
under vacuum overnight. This mixture was dissolved in 2 mL of
CH,Cl, under argon, 4 A molecular sieves were added, and the
slurry was stirred for 1 h at room temperature. A solution of
TMSOTS (10 pL in 10 mL CH,Cl,, 0.9 mL, 0.1 equiv.) was then
added and the reaction was monitored by TLC and filtered after 1
h through a short pad of Celite. After evaporation, the residue was
purified by flash chromatography (Hex/EtOAc, 6:1) to yield 41 mg
(52%) of the a-pseudodisaccharide 15: Ry (Hex/EtOAc, 4:1) = 0.21.
[0]® = +29 (¢ = 0.6, CHCl3). '"H NMR (400 MHz, CDCl;): § =
5.45 (br. d, 1 H, Jys -y = 3.1 Hz, H¥), 5.24 (dd, 1 H, Jy3 .po =
11 Hz, Jysy.us = 3.1 Hz, H¥), 491 (d, 1 H, Jy, .y = 3.4 Hz,
HY), 4.83 (dd, 1 H, Jus.ue = 6.9 Hz, Jus.ne = 6.9 Hz, H>),
4.10—3.88 (m, 8 H, H!, H2, H?, H*, H>, H®, 2 H®), 3.86 (dd, 1 H,
Juony = 11 Hz, Jyy oy = 3.4 Hz, H?), 3.27, 3.25, 3.22, 3.21 (4
s, 12 H, 4 OCHs), 2.12, 2.04, 2.00 (3 s, 9 H, 3 CH5CO), 1.30, 1.29,
1.24 1.20 (4 s, 12 H, 4 CH;). '*C NMR (75 MHz, CDCly): § =
170.4, 170.1, 169.6 (3 CH;CO), 100.2, 99.9, 98.9, 98.5 (4 C, BDA),
96.3 (C), 75.0, 70.3 (2 CH), 69.4 (C*), 68.6, 68.5 (2 CH), 67.6
(C*), 67.0 (CH), 66.3 (C*'), 66.1, 66.0 (2 CH), 61.2 (C®'), 57.9 (C?),
48.1, 47.9, 47.5 (4 OCHs), 20.7, 20.6 (3 CH;CO), 17.8, 17.7, 17.6,
17.5 (4 CHs). MALDI-TOF calcd. for C30Hy/N;O,, + Na*: 744.7,
found 745.6; caled. for C30H47N;0,; + K*: 760.8, found 762.6;.
FAB HRMS calcd. for C;yHy47N30,; + Na*t: 744.2803, found
744.2809.

3,4,6-Tri-O-acetyl-2-deoxy-2-trichloroacetamido-D-glucopyranosyl-
B(1—1)-2,5-di-O-benzyl-3,4-0-(2',3'-dimethoxybutane-2',3’-diyl)-
D-chiro-inositol (16): A 10-mL round-bottomed flask was charged
with donor 9 (50 mg, 0.088 mmol. 1.0 equiv.) and acceptor 4
(44 mg, 0.093 mmol, 1.0 equiv.), coevaporated three times with dry
toluene and dried under vacuum overnight. This residue was dis-
solved in CH,Cl, (2 mL) under argon at 0 °C. TMSOTT (2.7 uL,
0.016 mmol, 0.2 equiv.) was added at room temperature and the
reaction mixture was stirred for 4 h. It was then quenched with
Et;N, the solvent was removed under vacuum, and the residue was
purified by flash chromatography (Hex/EtOAc, 2:1) to provide 16
(36 mg, 0.049 mmol, 48%): R; (Hex/EtOAc, 1:1) = 0.34. [0]® =
+35.0 (¢ = 0.12, CHCl;). '"H NMR (CDCl;, 500 MHz): § =
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7.36—7.26 (m, 10 H, 2 Ph), 6.71 (d, 1 H, Jayino = 9.0 Hz, NH),
5.08 (br. t, 1 H, J = 9.2 Hz, H¥), 5.05 (br. t, 1 H, J = 9.2 Hz, H*),
4.86 (2 AB, 2 H, 2 CHPh), 4.70 (d, J = 8.0 Hz, 1 H, H"), 4.64
(AB, 1 H, CHPh) 4.58 (AB, 1 H, CHPh), 4.25 (dd, Jiea 6o =
12.2 Hz, Juga-uis = 5.5 Hz, 1 H, H®'), 4.14 (br. t, | H, J = 3.0 Hz,
HO), 4.12 (br. t, 1 H, J = 3.0Hz, H'), 4.07 (dd, Juep si6ar =
12.2 Hz, Jyugy s = 2.0 Hz, 1 H, H®'), 4.00-3.93 (m, 3 H, H?,
H3, HY), 3.89(dd, 1 H, Jyogs3 = 10.0 Hz, Jyoua = 3.0 Hz, H?),
3.74 (dd, 1 H, Jyss = 9.5 Hz, Jusue = 3.0 Hz, H), 3.55 (m, 1
H, H%), 3.26, 3.25 (2 s, 6 H, 2 OCHj), 2.09, 2.02, 1.97 3s, 9 H, 3
CH,CO), 130, 133 (2's, 6 H, 2 CH;). 3C NMR (CDCl,,
125 MHz): § = 170.7, 170.6, 169.3 (3 CH;CO), 161.9 (CCL,CO),
139.0, 138.5 (2 C, 2Bn), 128.6, 128.4 (4 CH, Bn), 127.9 (CH, Bn),
127.8 (2 CH, Bn), 127.7 (3 CH, Bn), 101.2 (C"), 99.4 (C, BDA),
99.3 (C, BDA), 92.1 (CL,CCO), 77.9 (C®), 77.5 (C2), 76.5 (C?), 76.3
(C3), 74.5, 73.7 (2 CH,Ph), 72.3 (C*), 72.1 (C¥), 70.5 (C"), 69.7
(C* C3), 68.3 (C?), 62.0 (C%), 48.0, 47.8 (2 OCH5), 20.8 (CH,CO),
20.6 (2 CH;CO), 17.9, 17.8 (2 CH;). HR-FABMS calcd. for
CaoHsoNO,(Cl; + Na*: 928.2093; found 928.2088.

3,4,6-Tri-O-acetyl-2-deoxy-2-trichloroacetamido-D-glucopyranosyl-
p(1—1)-2,3,4,5-0-bis (2',3'-dimethoxybutane-2’,3’-diyl)-D-chiro-in-
ositol (17): A 10-mL round-bottomed flask was charged with donor
9 (100 mg, 0.176 mmol, 1.1 equiv.) and acceptor 5 (65mg,
0.160 mmol, 1.0 equiv.), coevaporated 3 times with toluene and
dried under vacuum overnight. This residue was dissolved in Et,O
(2.5 mL) under argon at 0 °C, TMSOTTf (2.8 pL, 0.016 mmol, 0.1
equiv.) was added, and the reaction mixture was stirred for 30 min.
The reaction was monitored by TLC and the solvent was removed
under vacuum to provide a mixture that was fractionated by flash
chromatography (Hex/EtOAc, 1:1) to obtain 17 (56 mg,
0.067 mmol, 41%): Ry (Hex/EtOAc, 1:2) = 0.24; m.p. 171174 °C.
[0]F = —120 (¢ = 1, CHCl3). 'H NMR (CDCl;, 500 MHz): & =
7.18 (d, 1 H, Jniuz = 9.0Hz, NH), 5.26 (t, J = 9.5Hz, 1 H,
H,), 5.16 (d, J = 8.5Hz, 1 H, H,), 5.05 (t, J = 9.5Hz, 1 H, Hy),
4.22 (dd, Jueassy = 12.0 Hz, Jyew s = 5.0 Hz, 1 H, H®), 4.18
(br. t, 1 H, J = 3.2 Hz, H), 4.10 (m, 1 H, H®®'), 4.01 (br. t, 1 H,
J = 3.2 Hz, HY), 3.98 (m, 2 H, H*, H°), 3.89 (m, 2 H, H*, H?),
3.78 (dd, 1 H, Jyoi1 = 3.2 Hz, Jipo3 = 5.5&nb6.04, N 1.55.

3,4,6-Tri-O-acetyl-2-azido-2-deoxy-D-galactopyranosyl-a(1—1)-2,5-
di-O-benzyl-D-chiro-inositol (18): Pseudodisaccharide 14 (40 mg,
0.051 mmol) was treated with a trifluoroacetic acid/water mixture
(9:1, 3mL) at room temperature and stirred for 15 min. The reac-
tion mixture was concentrated to dryness to give 37 mg of 18
(0.051 mmol, quantitative yield). 'H , 74.5 (C°®), 72.2 (C*), 72.1
(C#), 70.3 (CY), 68.8 (C3), 68.7 (C*), 68.1 (C?), 66.5, 66.4 (C*, C3),
62.3 (C%), 56.1 (C*), 48.2, 48.1, 47.9, 47.6 (4 OCHs), 20.8
(CH3CO), 20.7 (2 CH;CO), 18.1, 17.9, 17.8, 17.7 (4 CHy),
C3,HysNO5Cl5 (841.089): caled. C 45.67, H 5.75, N 1.66; found C
45.72, H 6.04, N 1.55.

3,4,6-Tri-O-acetyl-2-azido-2-deoxy-D-galactopyranosyl-a(1—1)-2,5-
di-O-benzyl-D-chiro-inositol (18): Pseudodisaccharide 14 (40 mg,
0.051 mmol) was treated with a trifluoroacetic acid/water mixture
(9:1, 3mL) at room temperature and stirred for 15 min. The reac-
tion mixture was concentrated to dryness to give 37 mg of 18
(0.051 mmol, quantitative yield). "H NMR (500 MHz, CDCl,): § =
7.40—7.20 (m, 10 H, 2 Ph), 5.36 (br. s, 1 H, H*), 5.22 (dd, 1 H,
Jusno = 11 Hz, Jyy.ue = 3.1 Hz, HY), 4.89 (br. s, 1 H, HY),
4.73, 4.72, 4.66, 4.60 (4 AB, 4 H, 4 CHPh), 4.47 (br. s, 1 H, H®),
4.19 (br. s, 1 H, HY), 4.06 (br. s, 1 H, H®), 3.93—3.87 (m, 2 H, H3,
H*%), 3.84—3.79 (m, 3 H, H2, H*, H%), 3.74—3.71 (m, 2 H, H>,
H®"), 2.11, 2.04, 1.88 (3 s, 9 H, 3 CH;CO). '*C NMR (75 MHz,
CDCly): & = 171.1, 170.7, 170.4 (3 CH;CO), 138.0, 137.9 (2 C,
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Bn), 129.1 (2 CH, Bn), 129.0 (2 CH, Bn), 128.8 (CH, Bn), 128.6 (2
CH, Bn), 128.4 (CH, Bn), 128.0 (2 CH, Bn), 97.4 (C"), 79.6, 77.7,
74.7 (C!, C2, C%), 73.7, 73.1 (2 CH,Ph), 73.0, 72.5 (C3, C%), 69.4
(C¥), 67.7 (C®), 67.3 (C*), 66.9 (C%), 61.5 (C%), 58.3 (C?), 21.1,
21.0 (3 CH,CO).

2-Azido-2-deoxy-D-galactopyranosyl-o(1—1)-2,5-di-O-benzyl-D-
chiro-inositol (19): A solution of 18 (37 mg, 0.51 mmol) in dry
methanol (2 mL) was treated with a solution of MeONa/MeOH
(0.03mL, 1 N). The resulting mixture was stirred for 1 h at room
temperature whereupon it was neutralized with Amberlyte IR120"
and concentrated under vacuum. Purification by flash chromato-
graphy (MeOH/CH,Cl,, 1:9) quantitatively gave 19 as a colourless
oil (30mg, 0.051 mmol). '"H NMR (500 MHz, D,O): § =
7.45—7.20 (m, 10 H, 2 Ph), 4.84 (br. s, 1 H, H"), 4.77—4.63 (m, 4
H, 4 CHPh), 4.13 (m, 2 H, H!, H°), 4.09 (br. dd, 1 H, Jus.ne =
5.9 Hz, Jys.ue = 5.8 Hz, H), 3.90 (dd, 1 H, Jy3 o = 10.6 Hz,
Juz-na = 3.2Hz, H¥), 3.81 (br. s, 1 H, H*), 3.74-3.63 (m, 4 H,
H2, H3, H% H°), 3.58—3.51 (m, 3 H, H?, 2 H®). 3C NMR
(75 MHz, D,0): 6 = 138.3, 138.2 (2 C, Bn), 127.5 (4 CH, Bn),
127.4 (2 CH, Bn), 127.2 (2 CH, Bn), 126.8 (CH, Bn), 126.7 (CH,
Bn), 96.0 (C"), 78.6, 77.0, 72.5, 72.3 (C?, C3, C4, C°), 73.4 (Ch),
71.8, 71.5 (2 CH,Ph), 70.0 (C%), 69.2 (C*), 67.9 (C¥), 65.2 (C?),
60.7 (C®), 60.1 (C?).

2-Amino-2-deoxy-D-galactopyranosyl-a(1—1)-D-chiro-inositol (IV):
A suspension of 19 (30 mg, 0.051 mmol) and Pd/C 10% in MeOH/
water (9:1, 3 mL) was saturated with a stream of H, for 15 min
and stirred under H, overnight. The slurry was filtered through
Celite, concentrated and Iyophilysed to give 21 mg of IV
(0.051 mmol). [a]¥ = +137 (¢ = 0.7, H,0), '"H NMR (500 MHz,
D,0): 6 = 5.07 (d, 1 H, Jyy.u> = 3.7 Hz, HY), 4.12 (br. dd, 1 H,
Jus-ne = 6.2 Hz, Jys.pye = 6.2 Hz, H>), 4.05 (dd, 1 H, Jy;.ne =
3.5Hz, Jyi.u2 = 3.3Hz, H'), 398 (dd, 1 H, Jyeu = 3.5 Hz,
Juens = 3.1 Hz, H®), 3.87—3.83 (m, 2 H, H*, H*), 3.74 (dd, 1 H,
Jioms = 9.7Hz, Jyoa = 3.3 Hz, H?), 3.62 (d, 2 H, Jyg.us =
6.2 Hz, 2 H*), 3.58 (dd, 1 H, Jys.us = 9.5 Hz, Jys.ue = 3.1 Hz,
H%), 3.57—3.44 (m, 2 H, H3, H*), 3.17 (dd, 1 H, Jy» .3 = 10.5 Hz,
Juomr = 3.7 Hz, H?). 3C NMR (75 MHz, D,0): § = 94.7 (C"),
75.7 (CY), 72.4, 72.1 (C3, C*), 70.8 (C>), 70.2 (C3), 69.0 (C?), 67.8
(C¥, C¥), 67.5(C"), 60.5 (C*), 50.1 (C*). MALDI-TOF calcd. for
C,HuNO,, + Na™: 365.3, found 366.2. FAB HRMS calcd. for
C,H530, + Na*: 364.1220, found 364.1227.

3,4,6-Tri-O-acetyl-2-deoxy-2-trichloroacetamido-D-glucopyranosyl-
B(1—1)-D-chiro-inositol (20): Pseudodisaccharide 17 was dissolved
in a mixture of trifluoroacetic acid/water (9:1, 7 mL) and stirred at
room temperature for 30 min. The reaction was monitored by TLC
and the residue was concentrated under vacuum and purified by
flash chromatography (Cl,CH,/MeOH, 8:1) to provide 20 (39 mg,
0.064 mmol, 82%). R; (CI,CHo/MeOH, 5:1) = 0.29. [a]® = —1.7
(¢ = 0.72, MeOH). 'H NMR (CDCl;, 500 MHz): 6 = 5.32 (t, J =
9.5Hz, 1 H, Hy), 502 (d, J = 8.5Hz, 1 H, HY), 498 (t, J =
10.5Hz, 1 H, H*), 4.28 (dd, Juea-ner: = 12.2Hz, Jyewns =
6.0Hz, 1 H, H®), 4.13 (dd, Jueyrea = 12.2Hz, Juewns =
2.5Hz, 1 H, H®), 4.00 (br. t, 1 H, Jyer1 = 4.0 Hz, Jye.us =
2.5Hz, H®), 3.98 (br. t, 1 H, Jye = 4.0 Hz, Jy.m» = 3.0 Hz,
HY), 3.86 (dd, 1 H, Jyppyr = 10.5 Hz, Jy» .y = 8.0 Hz, H?'), 3.80
(ddd, 1 H, Jys.ps = 10.0Hz, Jus.pear = 6.0 Hz, Jys pey =
2.5Hz, H¥), 3.75 (m, 1 H, H®), 3.58 (m, 1 H, H?), 3.46 (m, 2 H,
H*, H3), 2.06, 1.98, 1.95 (3 s, 9 H, 3 CH5CO). '3*C NMR (CDCl;,
125 MHz): & = 171.1, 170.3, 169.9 (3 CH5CO), 163.0 (Cl;CCO),
157.8 (CI;CCO), 101.0 (C), 79.7 (C®), 73.3 (C3), 73.2 (CH, 72.2
(C*), 71.6 (C3), 71.2 (Ch), 71.0 (C?), 70.8 (C*'), 68.9 (C*), 61.8
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(Cé/), 56.0 (C2,), 19.2 (3 CH3CO) FAB HRMS for C20H28N014C13
+ Na™: 634.0473; found 634.0474.

2-Amino-2-deoxy-D-glucopyranosyl-p(1—1)-D-chiro-inositol V):
Compound 20 (12mg, 0.020 mmol, 1.0 equiv.) and Ba(OH),
(16 mg, 0.094 mmol, 4.8 equiv.) were stirred under reflux in water/
EtOH (1:1, 10 mL) at 90 °C for 1 h, whereupon the solvent was
removed under vacuum. The residue was dissolved in cold water
and filtered through a paper filter to provide the crude material.
The solvent was removed under vacuum and the residue was dis-
solved in a small amount of MeOH and loaded onto Varian CBA
cartridges (1 mL/100 mg) preequilibrated with MeOH. After elu-
tion with a few column lengths of MeOH, the pseudodisaccharide
salt was loaded directly onto a Varian PSA cartridge preequilib-
rated with MeOH to give V (2.0 mg, 0.006 mmol. 41% unoptimised
yield). R; (EtOAc/MeOH/H,O/E;N, 2:2:1:1) = 0.31. [a]f) = +3.4
(¢ = 0.21, H,0). '"H NMR (D,0, 500 MHz): § = 4.40 (d, J =
8.0Hz, 1 H, H"),4.13 (t,J = 3.5 Hz, 1 H, H®), 3.93 (t, J = 3.5 Hz,
1 H, HY, 3.80 (dd, 1 H, Jyea ey = 12.5 Hz, Jyeans = 2.5 Hz,
H®"), 3.71 (dd, 1 H, Jys.u3 = 10.0 Hz, Jyo.; = 3.5 Hz, H?), 3.64
(dd, 1 H, Jys.as = 9.5Hz, Jysue = 3.5Hz, HY), 3.60 (dd,
Juev-tea = 12.5Hz, Jygao.us = 6.0 Hz, 1 H, H®), 3.50 (t, J =
9.5Hz, 1 H, H3), 3.44 (t, / = 9.5Hz, 1 H, H%), 3.36 (m, 1 H, H>),
3.27-3.22 (m, 2 H, H¥, H*), 2.54 (br. t, 1 H, J = 10.5 Hz, H?).
13C NMR (D0, 125 MHz): § = 105.1 (C"), 81.1 (C"), 75.7 (C>),
75.3 (C¥), 72.4 (C3), 72.3 (CH), 71.2 (C®), 70.2 (C>), 70.0 (C?), 69.8
(C%), 61.6 (C*), 56.5 (C*). HR FABMS for C;,H,4NO;, + Na*:
342.1400; found 342.1399.

Acknowledgments

This work was supported by the Direccion General de Ensefienza
Superior e Investigation (Grant PB96 0820) and by Rademacher
Group Limited. We thank the European Union (TMR Programme
CARENET-2) and CSIC for fellowships to S. D. and J. B. B., re-
spectively.

(11 Mal 1. Varela-Nieto, Y. Leén, H. N. Caro, Comp. Biochem. Phy-
siol. B1996, 115, 223—241. '®I P, Strilfors, BioEssays 1997, 19,
327—335. Il M. C. Field, Glycobiology 1997, 7, 161—168. [1d]
D. P. Jones, 1. Varela-Nieto, Int. J Biochem. Cell Biol. 1998,
30, 313—336. sl D. P. Jones, I. Varela-Nieto, Mol. Med. 1999,
5, 505—-514.

[2al ] M. Mato, K. L. Kelly, A. Abler, L. Jarret, B. E. Corkey,
J. A. Cashell, D. Zopf, Biochem. Biohys. Res. Commun. 1987,
146, 746—770. 2 J. Larner, L. C. Huang, C. F. W. Schwartz,
A. S. Oswald, T. Y. Shen, M. Kinter, G. Tang, K. Zeller, Bi-
ochem. Biophys. Res. Commun. 1988, 151, 1416—1426. 1>] H.
N. Caro, S. Kunjara, T. W. Rademacher, D. R. Jones, M. A.
Avila, 1. Varela-Nieto, Biochem. Mol. Med. 1997, 61, 214—218.
Bal N, Khiar, M. Martin-Lomas in Carbohydrate Mimics. Con-
cepts and Methods (Ed.: Y. Chapleur), Wiley VCH, 1998, pp.
433—462 and references therein. [*®l H. Dietrich, J. F. Espinosa,
J. L. Chiara, Y. Leon, 1. Varela-Nieto, J. M. Mato, F. H. Cano,
C. Foces-Foces, M. Martin-Lomas, Chem. Eur. J. 1999, 5,
320—335. B3 M. Martin-Lomas, M. Flores-Mosquera, N.
Khiar, Eur. J Org. Chem. 2000, 1539—1545. B4 M. Martin-
Lomas, M. Flores-Mosquera, J. L. Chiara, Eur. J. Org. Chem.
2000, 1547—1561. Bl M. Martin-Lomas, N. Khiar, S. Garcia,
J. L. Koessler, P. M. Nieto, T. W. Rademacher, Chem. Eur. J.
2000, 6, 3608—3621.

4 T. W. Rademacher, H. N. Caro, M. Martin-Lomas, Y. Leon, 1.
Varela-Nieto, Patent Cooperation Treaty (PCT) GB98/03847,
1998.

[5al'y. Leon, E. Vazquez, C. Sanz, J. A. , C. Helbig, W. Q. Gao,
Neuroscience 1997, 17, 216—226.

B

=

[S

887



FULL PAPER

M. B. Cid, J. B. Bonilla, S. Dumargay, F. Alfonso, M. Martin-Lomas

[l B. H. Sklowski, Exp. Neurol. 1997, 14M", C. Helbig, W. Q. Gao,
Neuroscience 1997, 17, 216—226.1B. H. Sklowski, Exp. Neurol.
1997, 145, 1—-15

[7al R. Gigg, J. Gigg in Glycopeptides and Related Compounds

(Eds.: D. Large, C. D. Warren), Marcel Dekker, New York,

1997, pp. 327—392. /" D. K. Baeschlin, A. R. Chaperon, L.

G. Green, M. G. Hahn, S. J. Ince, S. V. Ley, Chem. Eur. J. 2000,

6, 172—186. "I T. G. Mayer, R. R. Schmidt, Eur. J. Org. Chem.

1999, 1153—1165. 74 C. Jaworek, S. Iacobucci, P. Calias, M.

d’Alarcao, Carbohydr. Res. 2001, 331, 375—391.

81 C. Jaramillo, J. L. Chiara, M. Martin-Lomas, J Org. Chem.
1994, 59, 3135—3141.

P Pal W, K. Berlin, W. S. Zhang, T. Y. Shen, Tetrahedron 1991,
47, 1-20. PP1'W. K. Berlin, S. N. Zhang, T. Y. Shen, Tetrahed-
ron Lett. 1990, 31, 1109—1112.

101 K. K. Reddy, J. R. Falk, J. Kapdevilla, Tetrahedron Lett. 1993,
34, 7869—17872.

U1 A, Kornienko, G. Marnera, M. d’Alarcao, Carbohydr. Res.
1998, 310, 141—144.

U121 C. Liu, R. J. Davis, S. R. Nahorski, S. Ballerau, B. Spiess, B.
L. V. Potter, J. Med. Chem. 1999, 42, 1991—1998.

311131 S V. Ley, M. Woods, A. Zanotti-Gerosa, Synthesis 1992,
52—54. 13Y1 S V. Ley, R. Leslie, P. D. Tiffin, M. Woods, Tetra-
hedron Lett. 1992, 33, 4767—4770. 131 S_ V. Ley, G.-J. Boons,
R. Leslie, M. Woods, D. M. Hollinshead, Synthesis 1993,
689—692. 1391'S. V. Ley, H. W. M. Priepke, S. L. Warriner,
Angew. Chem. Int. Ed. Engl. 1994, 33, 2290—2292. 13 S V.
Ley, D. K. Baeschlin, D. J. Dixon, A. C. Foster, S. J. Ince, H.
W. M. Priepke, D. J. Reynolds, Chem. Rev. 2001, 101, 53—80.

14 J-L. Montchamp, F. Tiang, M. E. Hart, J. W. Frost, J Org
Chem. 1996, 61, 3897—3899.

3

888

1 W. Frick, A. Bauer, J. Bauer, S. Wied, G. Muller, Biochemistry
1998, 37, 1421—1436.

(161 A, M. Riley, D. J. Jenkins, B. V. L. Potter, Carbohydr. Res. 1998,
314, 277-281.

[17] During the course of our investigations, another research group
has reported on the same approach starting from L-chiro-inosi-
tol: A. J. Falshaw, J. B. Hart, P. C. Tyler, Carbohydr. Res. 2000,
329, 301—-308.

81 G. Miiller, S. Wied, C. Piassek, A. Bauer, J. Bauer, W. Frick,
Mol. Med. 1998, 4, 299—323.

I R. R. Schmidt, W. Kinzy, Advan. Carbohydr. Chem. Biochem.
1994, 50, 21—123.

[201 A, Vasella, C. Witzig, J. L. Chiara, M. Martin-Lomas, Helv.
Chim. Acta 1991, 74, 2073—-2077.

(211 P. B. Alper, S. C. Hung, C. H. Wong, Tetrahedron Lett. 1996,
37, 6029—6032.

[221 L. Zervas, S. Konstas, Chem. Ver. 1960, 435—444.

(231 P. Boulanger, M. Jouineau, B. Bouammali, D. Lafont, G. De-
scotes, Carbohydr. Res. 1990, 202, 151 —164.

(241 G. Blatter, J. M. Beau, J. C. Jaquinet, Carbohydr. Res. 1994,
260, 189—202.

[251 We have used the same strategy for the synthesis of B-galactos-
amine derivatives: J. B. Bonilla, J. L. Munoz-Ponce, P. M. Ni-
eto, M. B. Cid, N. Khiar, M. Martin-Lomas, Eur. J. Org. Chem.
2002, 889—898, following paper.

26l M. L. Wolfrom, H. B. Bhat, J Org Chem. 1967, 32,
1821—1823.

[271 D. Romo, R. M. Rzasa, H. A. Shea, K. Park, J. M. Langenhan,
L. Sun, A. Akhiezer, J. O. Liu, J Am. Chem. Soc. 1998, 120,
12237—-12254.

Received July 24, 2001
[001362]

Eur. J. Org. Chem. 2002, 881—888



