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Non-covalent interactions between structural parts of com-
plex oligosaccharides and saccharide-recognising proteins
are of crucial importance for many cell communication phe-
nomena. Specificity of such interactions and stability of these
ligand-receptor complexes are achieved through multivalent
interactions between multiple copies of a saccharide ligand
and a corresponding number of protein receptors. Sub-
stances presenting multiple copies of the saccharide ligand
on easily accessible scaffold molecules therefore appear to
be promising tools for study of multivalent interactions and
their possible inhibition. Such multivalent glycomimetics can
be prepared by attachment of saccharide residues to the sur-
face functional groups of dendrimers. In the course of our
work, we have prepared novel glycodendrimers with gly-

cerol and glycerol glycol polyether scaffolds. Isopropylidene-
protected hydroxyethyl mannoside was chosen as the carbo-
hydrate component, with the construction of the dendritic
structures proceeding by a convergent approach featuring it-
erative Williamson etherification and ozonolysis/hydride re-
duction steps. Deprotected representatives of such structures
are potential inhibitors of mannose-binding lectins of E. coli.
Three representative compounds were deprotected and their
anti-adhesive properties were examined. The route to these
glycodendrimers was also evaluated in terms of synthetic
chemistry.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

Carbohydrate-protein interactions are of fundamental
importance in many biological processes.[!-? Surfaces of eu-
karyotic cells are covered in an array of glycoproteins and
glycolipids, called glycocalyx. According to state of the art
knowledge in glycobiology biological information is enco-
ded within the structures of the glycoconjugates.®~>! The
composition of the glycocalyx is dependent on the type and
stage of development of a cell and can change during the
course of pathological events.[l It is assumed that infor-
mation is decoded by the formation of non-covalent com-
plexes between component parts of the saccharide assembly
and special protein receptors known as lectins and sel-
ectins.[®! Ligand—receptor interactions between single sac-
charide moieties and their protein receptors are weak, dis-
sociation constants of the formed complexes typically being
in the millimolar range.[”! Specificity of the interactions and
stability of the ligand-receptor complexes are achieved
through multivalent interactions between multiple copies of
the saccharide ligand and a corresponding number of pro-
tein receptors.®] Multivalent carbohydrate-protein interac-
tions are of crucial importance in, for example, fertilisation,
cell-cell adhesion!®! and immune responses,!'”) but also in
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pathological events such as inflammatory processes,!'!-!?]
cell degeneration!® and infections!? by bacteria, viruses and
parasites. In many cases, carbohydrate-mediated adhesion
of the pathogen to the carbohydrates of its host cell through
its lectins is an absolutely necessary prerequisite for infec-
tion, 13141

The search for structurally simple — and hence easily ac-
cessible — compounds capable of successfully mimicking
the naturally occurring complex saccharide structures has
thus become an important scientific task.!'>'°l Such multi-
valent glycomimetics are on one hand valuable tools with
which to obtain better insights into carbohydrate-mediated
processes, while on the other hand they have considerable
potential as therapeutics against, for example, bacterial in-
fection, by inhibition of the adhesion process. A common
approach to artificial glyco ligands is the attachment of
those saccharide moieties necessary for recognition to
structurally  simple, branched scaffold molecules.
Dendrimers,[!”72%1 monodisperse macromolecules grown
through iterative repetition of two reaction sequences, are
— thanks to their highly branched molecular architectures
and their multiple and uniform functional surface groups
— especially well suited for the construction of multivalent
glycomimics.?!:??l OQur group has introduced several ex-
amples of glycodendrimers with PAMAM (polyamido
amine),*>?4 carbohydrate-peptide,[> and carbosilanel>¢->7!
architectures. In this paper we report a new class of glyco-
dendrimers with an aliphatic polyether scaffold. We selected
this architecture because polyethers appear superior to PA-
MAM or carbosilane structures in several regards. Apart
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from being chemically inert, they can be expected, unlike
the hydrophobic carbosilanes, to exhibit good solubility
properties in aqueous media. PAMAM dendrimers contain
basic tertiary amine centres that are extensively protonated
under physiological conditions and can thus potentially en-
ter into unspecific ionic interactions with proteins, which
do not have to be feared when polyether structures are em-
ployed.

Aromatic polyether dendrimers, introduced by Fréchet
and co-workers,?%2°] have become widely used scaffold
structures for various applications.?”) Aliphatic polyether
dendrimers on the other hand, were rarely encountered!-3?]
in the literature until recently, due to reactivity problems
during synthesis. An efficient pathway to these structures
was developed, again by Fréchet et al.,[3373% by the use of
a sequence of iterative Williamson etherification steps with
the activated alkenyl halide MDC (methallyl dichloride, 3-
chloro-2-chloromethyl-1-propene), possessing two leaving
groups in the allyl position, and hydroboration-oxidation of
the double bond with 9-BBN in a convergent dendrimer
synthesis. We have utilised a modified version of this syn-
thetic strategy to construct multivalent glycomimetics with
an aliphatic polyether scaffold.

Results and Discussion

Our desired target compounds were mannose-coated po-
lyether glycodendrimers of different generations, which are
potential inhibitors of mannose-binding lectins of E. coli.
For the convergent dendrimer syntheses a protected ®-
hydroxy-functionalised spacer mannoside was needed. This
then could be treated with MDC to provide an ether-linked
mannose dimer with a double bond at the focal point.
Transformation of the double bond into a hydroxy function
could be achieved by hydroboration with 9-BBN, followed
by oxidation with aqueous sodium hydroxide/hydrogen per-
oxide, as described by Fréchet, to afford a primary hydroxy
group. An alternative transformation, proceeding with the
loss of one carbon atom, was the ozonolysis of the double
bond and reduction of the carbonyl compound with sodium
borohydride,* to afford a secondary alcohol. While hydro-
boration-oxidation by the reagent 9-BBN produces 1,4-
cyclooctanediol as a by-product that has to be removed by
chromatography, ozonolysis-hydride reduction in most
cases proceeded smoothly, providing pure products without
chromatography. This method was therefore selected for the
construction of the desired glycodendrimers, thus giving
them a polyglycerol ether scaffold.

The IUPAC names of the compounds described here are
long, complicated and give no opportunity to conclude the
actual structure from the name in a fast and easy manner.
We have therefore designed a simple system to name the
compounds. The name of each compound consists of a pre-
fix, a middle part and a suffix. The prefixes di-, tetra- and
octa- give the number of saccharide residues in the mol-
ecule, an additional g- in front identifying a structure with
glycol spacers between glycerol branching units. The middle
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part shows whether the saccharide moieties are protected
(ipr-manno) or deprotected (manno). The suffix indicates
the functionality at the focal point of the dendritic wedge. A
—C=C suffix stands for a double bond, -OH for a hydroxy
function, -O-allyl for an allyl ether and — O-ethylene-OH
for a mono glycol ether residue.

Isopropylidene-protected hydroxy ethyl mannoside (1)
served as the carbohydrate component. An excess of 1 was
treated with MDC and sodium hydride suspension in dry
THF, giving unsaturated mannose dimer di-(ipr-
manno)—C=C (2) in good yield, while unchanged starting
mannoside (1) could be recovered during chromatographic
purification. Compound 2 was in turn ozonised and re-
duced with sodium borohydride to yield alcohol di-(ipr-
manno)—OH (3) without chromatography in excellent yield
and in pure form (Scheme 1).
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Scheme 1. Reaction sequence for the construction of glycerol glyco-
dendrimers

For the synthesis of the next dendritic generation, di-(ipr-
manno)—OH (3) was again treated with MDC. Along with
the desired product tetra-(ipr-manno)—C=C (4) — ob-
tained in lower yield — and recovered starting material 3,
the monosubstitution product of MDC, di-(ipr-manno)—Cl
(5), was formed in substantial amount. Transformation of
the unsaturated tetramer 4 into the alcohol tetra-(ipr-
manno)—OH (6) proceeded smoothly (Scheme 2).

The intended coupling of two molecules of 6 to MDC
under the previously employed conditions failed to give the
desired octamer, only minor amounts of monosubstitution
product of MDC with 6 being observed. Prolonged reaction
times did not improve matters, with the reaction remaining
incomplete, probably due to steric hindrance after the initial
attack of the first molecule of 6 onto MDC.
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Scheme 2. Preparation of tetra-(ipr-manno)—C=C (4) also pro-
duced the by-product di-(ipr-manno)—Cl (5); conversion of 4 into
the alcohol tetra-(ipr-manno)-OH (6) was effected in very good
yield

In order to enhance the efficiency of the reaction, the
solvent/base system was changed from THF/sodium hy-
dride to DMSO/sodium hydride. In the former system the
base is insoluble in the solvent, so deprotonation of the al-
cohol can only take place on the interface of the solid base
and the liquid phase. When sodium hydride is added to
DMSO, the solvent itself is first deprotonated to form its
anion. The sodium salt of the solvent’s anion is soluble in
DMSO, thus transforming the subsequent deprotonation of
the alcohol component into a homogeneous process and so
enhancing the reactivity of the base. By this approach, octa-
(ipr-manno)—C=C (7) could be prepared, albeit in low
yield (Figure 1).

octa-(ipr-manno)-C=C

O 7
e '

13% from 6

Figure 1. Glycerol glycodendrimer 7 with eight mannose residues
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To build up structures larger than mannose tetramers in
more satisfactory yields, a more spacious design of the den-
dritic polyether structure seemed most promising, to miti-
gate the steric hindrance problems during synthesis. A strat-
egy to achieve a more spacious architecture was the intro-
duction of aliphatic alkyl ether spacers into the dendritic
scaffold, separating the glycerol branching units and thus
making the structure more flexible. A suitable compound
for a start on this approach was prepared by etherification
of alcohol di-(ipr-manno)—OH (3) with allyl bromide. The
reaction product di-(ipr-manno)—O-allyl (8) was then con-
verted into di-(ipr-manno)—O-ethylene—OH (9). Both
steps proceeded smoothly and with good yields and without
need for purification of the reaction products (Scheme 3).
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Scheme 3. Preparation of the starting material for the construction
of more spacious aliphatic polyether scaffolds

Primary alcohol 9 could now be introduced into the reac-
tion cycle for the construction of polyether dendrimers, pro-
viding a glycerol glycol scaffold in which the glycerol
branching units are separated by ethylene glycol spacers.
Etherification of di-(ipr-manno)—O-ethylene—OH (9) with
MDC yielded g-tetra-(ipr-manno)—C=C (10) along with a
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Scheme 4. Preparation of glycerol glycol glycodendrimer 10

substantial amount of the monosubstitution product of
MDC g-di-(ipr-manno)—CI (11) and recovered starting ma-
terial 9 (Scheme 4).

While ozonisation and hydride reduction of g-tetra-(ipr-
manno)—C=C (10) to alcohol g-tetra-(ipr-manno)—OH
(12) was effected with the usual ease, etherification of 12
with allyl bromide proved to be unexpectedly difficult. Un-
der both standard (NaH, THF) and modified (NaH,
DMSO) conditions, the reaction proceeded only sluggishly
and remained incomplete even after prolonged reaction
times. Furthermore, decomposition of the starting material
was observed. The desired compound g-tetra-(ipr-
manno)—O-allyl (13) was thus obtained in only 23% yield
after chromatography. Ozonisation and reduction of 13 to
alcohol g-tetra-(ipr-manno)—O-ethylene—OH (14) also did
not work as expected. Compound 14 was isolated only in
moderate yield, and chromatographic purification also be-
came necessary. These results are summarised in Scheme 5.

Alcohol g-tetra-(ipr-manno)—O-cthylene—OH (14) was
then coupled to MDC by use of sodium hydride in DMSO.
The protected mannose octamer g-octa-(ipr-manno)—C=C
(15) was isolated in 28% yield (Figure 2).

This result may be regarded as a success, however, in
comparison with the 13% yield obtained in the synthesis of
glycerol glycodendrimer octa-(ipr-manno)—C=C (7). The
increase in yield may be attributable to the increased reac-
tivity of the primary OH group of alcohol g-tetra-(ipr-
manno)—O-ethylene—OH (14) in the Williamson etherifi-
cation step with MDC and the more spacious design of the
dendritic wedge, as well as better accessibility of the focal
OH. However, the low yield in the etherification of g-tetra-
(ipr-manno)—OH (12) with allyl bromide once again high-
lights the difficulty even for relatively small reagents to re-
ach the reactive site at the focal point once four saccharide
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5o
Clvtho\/\oﬁo\/\ mo

O

moieties are attached to the polyether scaffold. Here it has
to be borne in mind that each of the saccharide units consti-
tutes a tricyclic ring system with considerable steric de-
mand, so that, unsurprisingly, four of them might well be
able to reduce accessibility — and therefore reactivity — at
the focal point considerably.

To access free OH compounds that could be evaluated in
terms of their anti-adhesive potency towards lectins of E.
coli, the acid-labile isopropylidene protective groups had to
be removed without the acid-sensitive glycosidic linkages
being affected. The literature describes the removal of ketal
protective groups with many different acids in various sol-
vents. Several deprotection methods, such as HCl/meth-
anol,’”! TFA/water,*®] acidic ion-exchange resin/methanol/
THF,*! aqueous acetic acid*®! and p-toluenesulfonic acid
in the presence of dimercaptopropane in THF,*! were
tried out. Whereas milder acid catalysts such as acetic acid
and ion-exchange resin were far from cleaving all protective
groups even after several days, use of p-toluenesulfonic acid/
dimercaptopropane caused extensive decomposition. The
best results were obtained by use of TFA/water, so this
method was employed for deprotection. The method still
failed to effect the quantitative deprotection reported in the
literature, though this is not surprising, since only one ketal
protective group was to be removed in the original example,
while multiple isopropylidene groups had to be cleaved off
for complete deprotection of the glycodendrimers, which
obviously is no longer a trivial problem.

Di-(ipr-manno)—C=C (2), tetra-(ipr-manno)—C=C (4)
and g-tetra-(ipr-manno)—OH (12) were selected as rep-
resentative members of the glycerol and glycerol glycol gly-
codendrimer families for deprotection. In each case, TFA/
water (9:1) was added to the starting material, followed by
the immediate removal of the acid in vacuo, for prolonged
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Scheme 5. Compounds from the glycerol glycol glycodendrimer family
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Figure 2. Glycerol glycol glycodendrimer 15 with eight mannose residues

exposure of the compounds to the reagent caused cleavage
of one or more glycosidic bonds. The crude products, still
containing minor amounts of species with a single isopro-
pylidene group, were purified by MPLC on reversed-phase
silica gel. The three deprotected compounds di-
(manno)—C=C (16), tetra-(manno)—C=C (17) and g-
tetra-(manno)—OH (18) were thus obtained; the results are
summarised in Figure 3. No deprotection of the octavalent
compounds octa-(ipr-manno)—C=C (7) and g-octa-(ipr-
manno)—C=C (15) was attempted, due to the low molar
amounts of material available.

4380 © 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Finally, di-(manno)—C=C (16), tetra-(manno)—C=C
(17) and g-tetra-(manno)—OH (18) were tested for their ca-
pacity to inhibit mannose-specific adhesion of E. coli, with
use of a recombinant strain, E. coli HB 101 (pPK14), ex-
pressing only type 1 fimbriae on its surface.*?! A sandwich-
type ELISA (enzyme-linked immunosorbent assay) was em-
ployed with microtiter plates, coated with yeast mannan.*!
E. coli readily binds to the mannan surface on the micro-
titer plates through mannose-specific lectins. Binding of
bacteria can be inhibited by compounds containing o-man-
nosyl residues at different concentrations reflecting their in-
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Figure 3. Deprotection of representative compounds of the glycerol
and glycerol glycol glycodendrimers

hibitory potency. As adhesion of bacteria can be quantified
by a peroxidase-based colour reaction, an ELISA allows
ICs, values to be measured for each compound capable of
inhibiting E. coli adhesion in a concentration-dependent
manner. The ICs, values obtained in the ELISA employed
reflect the inhibitor concentration causing 50% inhibition
of bacterial binding to yeast mannan. Average 1Cs, values
from three independently performed ELISAs are collected
in Table 1. As was to be expected, methyl a-pD-mannoside
(MeMan) inhibited the adhesion of E. coli HB 101 (pPK14)
at millimolar concentrations, whereas p-nitrophenyl a-D-
mannoside ()NPMan), due to its aromatic aglycon,*# has
an inhibitory potency better by approximately two orders
of magnitude. >4

None of the tested glycodendrons 16, 17, and 18 is a bet-
ter inhibitor than pNPMan. Due to their spacer character-
istics the measurered ICs, values have been compared to
methyl o-D-mannoside (MeMan) to deduce relative inhi-
bition potencies (RICsg), which are typically highly repro-
ducible.

From the available knowledge about the adhesive protein
of type 1 fimbriae, FimH,*"! it is likely that the tested glyco-
dendrons bind to single FimH molecules and so the meas-
ured ICs, values may be regarded as affinities. Nevertheless,
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Table 1. Anti-adhesive properties of the three deprotected glyco-
dendrimers

ICsp [uML 1] MeMan pNPMan 16 17 18
1Cs, [ (assay 1) 748 24 162 190 94
1Cs5, [ (assay 2) 897 25 76 183 63
1Cs, [ (assay 3) 1510 19 115 187 90
Average 1Cs 1052 23 118 187 82
Standard deviation 400 4 43 3 17
RICs, [ 1 50 6 10 13

[l IC5y: 50% of binding inhibited. P! RICs, Relative ICs, based on
MeMan (=1)

it can be assumed that the multiple o-mannosyl moieties
present interact with several sites of the adhesin, giving
slightly improved binding activities of the glycodendrimers
16, 17 and 18 in relation to MeMan. Thanks to their multi-
valent structures, however, the tested glycodendrimers may
even effect receptor clustering,[*®l a possibility that should
also be considered as it has important biological conse-
quences. ]

Conclusion

Two novel families of glycodendrimers with two new ali-
phatic polyether structures have successfully been intro-
duced. For structures with up to four mannose residues, the
glycerol glycodendrimers are accessible on multigram
scales, which is an important distinction between this
method and other glycodendrimer syntheses. Unfortu-
nately, the octavalent compound in the glycerol series, octa-
(ipr-manno)—C=C (7) could be obtained only in poor
yield, probably due to steric problems. An approach to re-
duction of steric hindrance through the use of a more flex-
ible and spacious dendritic scaffold resulted in the prep-
aration of the glycerol glycol glycodendrimers, the synthesis
of which again proceeded smoothly up to the tetravalent
compounds. Etherification of the tetramer g-tetra-(ipr-
manno)—OH (12) with allyl bromide proved to be difficult.
The final construction of the target compound g-octa-(ipr-
manno)—C=C (15) proceeded with significantly increased
yield relative to that of the corresponding glycerol glycoden-
drimer 7.

The divalent and tetravalent glycerol dendrimers 2 and 4
and the tetravalent glycerol glycol dendrimer 12 were depro-
tected as representative compounds of the polyether family.
With the resulting polyether glycodendrimers 16, 17 and 18,
three compounds could be biologically evaluated.

Experimental Section

General Remarks: Reactions requiring dry or oxygen-free con-
ditions were carried out under argon (Schlenk conditions). THF
and n-hexane were dried by distillation from sodium/potassium ke-
tyl, methanol by distillation from magnesium turnings, and di-

© 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 4381
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chloromethane by distillation from calcium hydride, each under ar-
gon. Dry DMSO was purchased from Fluka. Sodium hydride
(Merck) was used as a suspension in paraffin oil (content 55—65%).
Pure sodium hydride was obtained from the suspension by washing
with dry n-hexane under argon and drying in vacuo. Caution, the
resulting white powder is extremely inflammable, especially on con-
tact with water! TLC was performed on GF,s, silica gel plates
(Merck), detection was effected by charring with 10% sulfuric acid
in ethanol followed by heat treatment. Flash chromatography was
performed on silica gel 60 (230—400 mesh, particle size
0.040—0.063 mm, Merck). RP MPLC was performed with a Biichi
688 chromatography pump on a pre packed Lobar column, size B
(310—25) LiChroprep RP 18, 40—63 pm (Merck). Optical rotations
were measured with Perkin—Elmer polarimeters 241 and 243 (so-
dium D-line: 589 nm, length of cell 1 dm) in the solvents given.
NMR spectra were recorded with Bruker DRX 500 (500 MHz for
'H, 125.47 MHz for '3C) and ARX 300 instruments (300 MHz for
'H. The spectra were calibrated on the solvent peak (CDCl;:
7.24 ppm for 'H and 77.0 ppm for '3C; [D4]Jmethanol: 3.35 ppm for
'H and 49.30 ppm for '3C). Assignment of the peaks was achieved
with aid of 2D NMR techniques ('H-'H-COSY and HSQC). Peak
values that could not be unequivocally assigned to one atom, and
may therefore be interchangeable, are marked with an asterisk. In
the reported data the abbreviation “su’ denotes a sugar moiety.
The hydrogen and carbon atoms within the scaffold are named as
follows: starting from the mannosyl residue, which is abbreviated
as su, the hydrogens of the ethylene glycol spacer are named H-a,
H-b, H-c and H-d, while the carbon atoms are called C-ab and C-
cd. The dendritic scaffold is now viewed along its branches from
outside to the inside. The hydrogen atoms of the methylene group
are named H-¢; and H-f;, the carbon is named C-¢,f;. If the next
position is a tetrahedral branching point or a tetrahedral centre of
the molecule, the hydrogen atom is named H-x;, the carbon atom
C-x;. According to this system, naming is continued until the cen-
tre of the molecule is reached. If the structure contains glycol
spacer units between the glycerol branching units, they are not
named specially, but are indicated by O—CH,—CH,—O. The sys-
tem is shown in Figure 4.

H-c, H-d

H-a, H-b C-cd
C-ab

Heey, H-£,
C-e,fy

Figure 4. Assignation of the hydrogen and carbon atoms of the
dendritic scaffold

MALDI TOF mass spectra were recorded with a Bruker Biflex III
19 kV instrument, DHB (2,5-dihydroxybenzoic acid) in aceto-
nitrile/water (1:2) with 0.1% TFA was used as matrix. For sample
preparation, a drop of matrix solution was first placed on the target
and left to evaporate. Afterwards, a solution of the sample in THF
(protected compounds) or in methanol (deprotected derivatives)

4382 © 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

was placed on the pre-crystallised matrix. Elemental analyses were
performed in the Institute of Inorganic Chemistry, Christiana-Al-
bertina-University Kiel. Even though NMR studies showed no
contamination within the samples (with the exception of compound
7), correct analyses could not be obtained for all substances. Even
samples that contained no impurities according to analytical HPLC
failed to give correct values. A recombinant type 1 fimbriated E.
coli strain, E coli HB101 (pPKI4)*?! was used in ELISA (enzyme
linked immunosorbent assay), which was carried out as described
earlier.3 Sarstedt F-shaped 96-well microtiter plates were used.
Mannan from Saccharomyces cerevisae was purchased from Sigma
and was used in 50 mM aq. Na,CO; (1 mg/mL; pH 9.6). The poly-
clonal anti-fimA antibody was a kind gift from Prof. Dr. S. Ehlers
(Research Center Borstel, Germany) and peroxidase-conjugated
goat anti-rabbit antibody (IgG, H+L) was purchased from Di-
anova. Skimmed milk was from Ulzena, Tween 20 from Roth,
ABTS [2,2'-azidobis(3-ethylbenzothiazoline-6-sulfonic acid)] from
Sigma, and thimerosal {2-[(ethylmercurio)thio]benzoic acid, so-
dium salt} from Merck.

Procedure A — Etherification of Alcohols with MDC: Under
Schlenk conditions the alcohol component (3 equiv.) was dissolved
in dry THF (¢ = 0.50—1.00 mol/L). Sodium hydride suspension
(corresponding to 3.13 equiv. pure sodium hydride) and MDC (1
equiv.) was added, and the resulting mixture was heated at reflux
for 12—15 h. Progress of the reaction was monitored by TLC. After
completion, the reaction mixture was cooled to room temperature,
quenched with water and subsequently saturated with potassium
carbonate. The phases were separated, and the aqueous layer was
extracted with three portions of ethyl acetate. The combined or-
ganic phases were dried over anhydrous magnesium sulfate and fil-
tered, and the solvent was removed under vacuum. The resulting
crude product was purified by flash chromatography on silica gel
with the solvent combinations given for the particular compound.

Procedure B — Ozonolysis and Reduction of Olefinic Double Bonds
to Hydroxy Functions: The unsaturated compound (1 equiv.) was
dissolved in dry methanol/dichloromethane 1:1 (¢ = 0.13 mol/L)
and cooled to —78 °C. Ozone was bubbled through the solution
until it turned blue, and the complete consumption of the olefin
was then verified by TLC. After the removal of excess ozone by
use of a vigorous stream of nitrogen, sodium borohydride (10
equiv.) was added. While stirring for 12—15 h the mixture was al-
lowed to slowly warm to room temperature. Completion of the re-
duction was checked by TLC. The reaction mixture was quenched
by addition of saturated ammonium chloride solution followed by
stirring for 1 h. The phases were separated and the aqueous layer
was extracted with three portions of dichloromethane. The com-
bined organic phases were washed with water, dried over anhydrous
magnesium sulfate and filtered. Evaporation of the solvent yielded
the target compound in pure form.

Procedure C — Allylation of Hydroxy Functions: Under Schlenk
conditions the alcohol component (1 equiv.) was dissolved in dry
THF (¢ = 0.17—0.31 mol/L). Sodium hydride suspension (corre-
sponding to 1.11 equiv. pure sodium hydride) and allyl bromide (3
equiv.) were added and the resulting mixture was heated at reflux
for 12—15 h. Progress of the reaction was monitored by TLC. After
completion, the reaction mixture was cooled to room temperature,
quenched with water and subsequently saturated with potassium
carbonate. The phases were separated and the aqueous layer was
extracted with three portions of ethyl acetate. The combined or-
ganic phases were dried over anhydrous magnesium sulfate and fil-
tered. Removal of the solvent in vacuo yielded the target compound
in pure form.
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Procedure D — Deprotection of Diisopropylidene-Protected Manno-
pyranosyl Derivatives with TFA/H,O: TFA/H,O (9:1, 10 mL) was
added to the isopropylidene-protected compound and the solvent
mixture was immediately removed on a rotary evaporator connec-
ted to an oil pump. The residue was co-evaporated with toluene
and subsequently purified by MPLC on RP-18 silica gel (methanol/
H,O0, 1:4).

Di-(ipr-manno)—C=C (2): Reaction conditions and workup were as
described in Procedure A, with hydroxyethyl mannoside 1 (12.66 g,
41.59 mmol), 60% sodium hydride suspension (1.74 g), MDC
(1.17 mL, 13.86 mmol), dry THF (40 mL), TLC (cyclohexane/ethyl
acetate, 1:1). Purification was by flash chromatography on silica gel
(cyclohexane/ethyl acetate, 2:1). Two fractions were collected, the
first consisted of title compound 2 and the second contained un-
consumed starting mannoside 1. Recovered hydroxyethyl manno-
side 1 (4.04 g, 13.28 mmol). Title compound 2 (4.61 g, 6.97 mmol,
71%) was obtained as a colourless oil. [0]F = +3.9 (¢ = 0.8 in
CHCl;). '"H NMR (500 MHz, CDCl;, 25 °C): & = 1.32, 1.40, 1.49,
1.52 (each s, 24 H, —CHj; isopropylidene), 3.54—3.64 (m, 8 H, H-
5, H-b, H-c, H-d), 3.69—-3.76 (m, 4 H, H-4, H-6"), 3.76—3.81 (m,
2 H, H-a), 3.84 (dd, 3Js4 = 5.7, 2Jss = 10.8 Hz, 2 H, H-6), 4.01
(m, 4 H, H-e,, H-}), 4.13 (dd, 3J,53 = 5.7, 3J54 = 7.9 Hz, 2 H, H-
3),4.19 (dd=d, 3J,, =0, 3,3 = 57Hz, 2 H, H-2), 5.04 (d =,
3J1, =~ 0Hz, 2 H, H-1), 5.20 (m,, 2 H, C=CH,) ppm. '3*C NMR
(125 MHz, CDCl;, 25 °C): 6 = 18.8, 26.2, 28.2, 29.1 (CH;, —CH;
isopropylidene), 61.3 (CH, C-5), 62.1 (CH,, C-6), 66.7 (CH,, C-
ab), 69.1 (CH,, C-cd), 71.8 (CH,, C-¢;f;), 72.7 (CH, C-4), 74.9
(CH, C-3), 76.0 (CH, C-2), 979 (CH, C-1), 99.7, 109.4 (C,
Me— C—Me isopropylidene), 114.5 (CH,, C=CH,), 142.2 (C, C=
CH,) ppm. MALDI TOF MS: m/z = 683.4 [M + Na]*, 699.3 [M
+ K]* found for C3,Hs5,044 (caled. 660.34). C3,Hs5,044 (660.76):
caled. C 58.2, H 7.9; found C 58.4, H 7.9.

Di-(ipr-manno)—OH (3): Reaction conditions and workup were as
described in Procedure B, with di-(ipr-manno)—C=C (2, 4.20 g,
6.35 mmol), sodium borohydride (2.40 g, 63.50 mmol), dry meth-
anol/dichloromethane (1:1, 50 mL), TLC (cyclohexane/ethyl acet-
ate, 1:1). Title compound 3 (4.11 g, 6.18 mmol, 97%) was obtained
as a colourless foam without further purification. [a] = +3.2 (¢ =
0.9 in CHCI3). 'TH NMR (500 MHz, CDCls, 25 °C): § = 1.32, 1.40,
1.49, 1.52 (each s, 24 H, —CH5; isopropylidene), 2.70 (d, 3J,, .on =
2.2Hz, 1 H, —OH), 3.47-3.67 (m, 12 H, H-5, H-b, H-c, H-d, H-
e;, H-}), 3.69—3.76 (m, 4 H, H-4, H-6), 3.82—3.88 (2 dd, 3Js54 =
5.5, 2Jss = 10.8Hz, 2 H, H-6), 3.76—3.82 (m, 2 H, H-a),
3.89-4.00 (m, 1 H, H-x)), 4.12 (dd, 3J,3 = 6.1, 3J34 = 7.7 Hz, 2
H, H-3), 418 (dd = d, 3J,,~0, 3J,5 = 6.1 Hz, 2 H, H-2), 5.03
(d=s,3J;,~=0Hz, 2 H, H-1) ppm. 3C NMR (125 MHz, CDCl;,
25 °C): 6 = 18.8, 26.1, 28.2, 29.0, (CH;, —CHj; isopropylidene),
61.4 (CH, C-5), 62.0 (CH,, C-6), 66.6 (CH,, C-ab), 69.4 (CH, C-
x1), 70.4 (CH,, C-¢,f}), 72.4 (CH,, C-cd), 72.7 (CH, C-4), 74.8 (CH,
C-3), 76.0 (CH, C-2), 97.9 (CH, C-1), 99.7, 109.4 (C, Me—C—Me
isopropylidene) ppm. MALDI TOF MS: m/z = 687.4 [M + Na]"
and 703.4 M + K]* found for C3;Hs,O;5 (caled. 664.33).
C3,H5,0,5 (664.74): caled. C 56.0, H 7.9; found C 55.6, H 8.0.

Tetra-(ipr-manno)—C=C (4): Reaction conditions and workup
were as described in Procedure A, with di-(ipr-manno)—OH (3,
3.76 g, 5.65 mmol), 60% sodium hydride suspension (235 mg),
MDC (0.16 mL, 1.88 mmol), dry THF (10 mL), TLC (cyclohexane/
ethyl acetate, 1:2). Purification was by flash chromatography on
silica gel (cyclohexane/ethyl acetate, 1:1). Three fractions were col-
lected; the first contained monosubstitution product 5, the second
title compound 4 and the third consisted of unconsumed di-(ipr-
manno)—OH (3). Recovered di-(ipr-manno)—OH (3, 875 mg
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1.32 mmol). Title compound 4 (1.64 g, 1.19 mmol, 63%) was ob-
tained as a colourless foam. [0]f = +2.4 (¢ = 1.1 in CHCl3). '"H
NMR (500 MHz, CDCl3, 25 °C): § = 1.32, 1.39, 1.49, 1.52 (each
s, 48 H, —CHs; isopropylidene), 3.51—-3.66 (m, 26 H, H-b, H-c, H-
d, H-e;, H-f}, H-x;, H-5), 3.68—3.79 (m, 12 H, H-a, H-4, H-6"),
3.81-3.87(2dd, 3Js56 = 5.7,%Js¢ = 10.8 Hz, 4 H, H-6), 4.10—4.14
(m, 8 H, H-3, H-ey, H-f5), 417 (dd = d, 3J,, = 0, 3J,53 = 5.7 Hz,
4 H, H-2), 5.03 (d =s, 3J,, = 0Hz, 4 H, H-1), 5.19 (m,, 2 H, C=
CH,) ppm. 3C NMR (125 MHz, CDCls, 25 °C): § = 18.8, 26.2,
28.2,29.1 (CH;, — CHj; isopropylidene), 61.3 (CH, C-5), 62.0 (CH,,
C-6), 66.6 (CH,, C-ab), 70.4 (CH,, C-¢,f}), 70.7 (CH,, C-e,f5), 71.0,
71.1 (CH,, C-cd), 72.7 (CH, C-4), 74.8 (CH, C-3), 76.0 (CH, C-2),
77.0 (CH, C-x,), 97.8, 97.9 (CH, C-1), 99.7, 109.4 (C, Me—C—Me
isopropylidene), 114.3 (CH,, C=CH,), 143.1 (C, C=CH,) ppm.
MALDI TOF MS: m/z = 1403.6 [M + Na]* and 1419.6 [M +
K]* found for CgeH o503 (caled. 1380.69). CgeH 05030 (1381.57):
caled. C 57.4, H 7.9; found C 57.0, H 8.0.

Di-(ipr-manno)—Cl (5): 5 (479 mg, 640 umol, 34%) was isolated as
a greenish oil. [0] = +3.1 (¢ = 1.0 in CHCl;). '"H NMR
(300 MHz, CDCls, 25 °C): 6 = 1.32, 1.39, 1.49, 1.52 (each s, 24 H,
—CH3 isopropylidene) 3.49—3.80 (m, 19 H, H-a, H-4, H-6", H-b,
H-c, H-d, H-e;, H-f;, H-x;, H-5), 3.81-3.90 (2 dd, 3Js5 = 5.6,
2Jse = 10.5Hz, 2 H, H-6), 4.05-4.26 (m, 8 H, H-2, H-3, H-¢,,
H-f,), 5.03 (d = s, 3J,, = 0 Hz, 2 H, H-1), 5.19-5.31 (m, 2 H, C=
CH,) ppm.

Tetra-(ipr-manno)—OH (6): Reaction conditions and workup were
as described in Procedure B, with tetra-(ipr-manno)—C=C (4,
4.06 g, 2.65 mmol), sodium borohydride (1.01 g, 26.50 mmol), dry
methanol/dichloromethane (1:1, 40 mL), TLC (cyclohexane/ethyl
acetate, 1:2). Title compound 6 (3.95 g, 2.85 mmol, 98%) was ob-
tained as a colourless foam without further purification. [0]F =
+1.8 (¢ = 0.85 in CHCI3). '"H NMR (500 MHz, CDCl;, 25 °C):
6 = 1.32, 1.39, 1.49, 1.52 (each s, 48 H, —CHj; isopropylidene),
3.49-3.80 (m, 43 H, H-a, H-4, H-6', H-b, H-c, H-d, H-e;, H-f,
H-x,, H-e,, H-f;, H-5, -OH), 3.81-3.87 (2 dd, 4 H, H-0),
3.87-3.39 (m, 1 H, H-x,), 4.12 (m, 4 H, H-3), 4.17-4.21 2 dd =
2d,4H, H-2),5.03(d ~s,3J;,~0Hz 4 H, H-1) ppm. 3C NMR
(125 MHz, CDCl;, 25 °C): & = 18.8, 26.2, 28.2, 29.0, (CH;, —CH;
isopropylidene), 61.3 (CH, C-5), 62.0 (CH,, C-6), 66.5 (CH,, C-
ab), 69.7 (CH, C-x,), 70.3, 70.4, 71.1, 71.2, (CH,, C-e f;, C-e,f>),
72.0, 72.1 (CH,, C-cd), 72.7 (CH, C-4), 74.8 (CH, C-3), 75.9 (CH,
C-2), 78.6 (CH, C-x,), 97.8 (CH, C-1), 99.7, 109.4 (C, Me—C—Me
isopropylidene) ppm. MALDI TOF MS: m/z = 1407.9 [M + Na]*
and 1423.9 [M + K]* found for CgsH, 0303, (caled. 1384.69).

Octa-(ipr-manno)—C=C (7): Under Schlenk conditions, tetra-(ipr-
manno)—OH (6, 300 mg, 217 pmol) was dissolved in dry DMSO
(2 mL). Pure sodium hydride (5 mg, 225 umol) and MDC (6 pL,
72 pmol) were added and the resulting mixture was stirred at 50
°C for 15 h. TLC (cyclohexane/ethyl acetate, 1:4) revealed a very
slow conversion into the product. To accelerate the reaction, a
small amount of tetra-n-butylammonium iodide was added and the
mixture was kept at 50 °C for another 24 h and then cooled to
room temperature. Quenching was effected with water (2 mL) and
the mixture was extracted with three portions of diethyl ether. The
combined organic phases were washed with water, dried over anhy-
drous magnesium sulfate and filtered, and the solvent was removed
under vacuum. Purification by flash chromatography on silica gel
(cyclohexane/ethyl acetate, 1:3) yielded two fractions; the first con-
tained title compound 7 and the second consisted of unconsumed
tetra-(ipr-manno)—OH (6). Recovered tetra-(ipr-manno)—OH (7,
150 mg 108 pmol). Title compound 7 (25 mg, 9 umol, 13%) was
obtained as a colourless oil that according to the NMR spectra
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still contained minor impurities. [0]® = +2.0 (¢ = 0.7 in CHCly).
'H NMR (500 MHz, CDCls, 25 °C): § = 1.32, 1.39, 1.49, 1.52
(each s, 96 H, —CHs; isopropylidene), 3.49—3.79 (m, 86 H, H-a,
H-4, H-6' H-b, H-c, H-d, H-¢,, H-f}, H-x,, H-¢,, H-f;, H-x,, H-5),
3.83(dd, 3Js6 = 5.7, 2Js» = 10.8 Hz, 8 H, H-6), 4.05—4.14 (m, 12
H, H-3, H-e;, H-f3), 4.17 (dd = d, 3J,, =0, 3J,5 = 5.5Hz, 8 H,
H-2),5.02 (d =, 3J,, =~ 0 Hz, 8 H, H-1), 5.19 (m,, 2 H, C=CH>)
ppm. 3C NMR (125 MHz, CDCls, 25 °C): § = 18.7, 26.2, 28.2,
29.0 (CH3, -CHj isopropylidene), 61.3 (CH, C-5), 62.0 (CH,, C-6),
66.5 (CH,, C-ab), 70.0, 70.3, 70.4, 70.6, 70.8, 70.9 (CH,, C-cd, C-
e, f, C-exfs, C-esf3), 72.7 (CH, C-4), 74.7 (CH, C-3), 75.9 (CH, C-
2), 774 (CH, C-x,), 78.5 (CH, C-x;), 97.7, 97.8(CH, C-1), 99.6,
109.4 (C, Me— C—Me isopropylidene), 113.3 (CH,, C=CH,), 143.2
(C, C=CH,) ppm. MALDI TOF MS: m/z = 2844.6 [M + Na]*
and 2860.5 [M + K]* found for C;34H1,,0¢, (calcd. 2821.41).

Di-(ipr-manno)—O-allyl (8): Reaction conditions and workup were
as described in Procedure C, with di-(ipr-manno)—OH (3, 5.16 g,
7.77 mmol), 60% sodium hydride suspension (340 mg), allyl bro-
mide (1.97 mL, 23.30 mmol), dry THF (25 mL), TLC (cyclohex-
ane/ethyl acetate, 1:1). Title compound 8 (5.03 g, 7.14 mmol, 92%)
was obtained as a colourless foam without further purification.
[0] = +2.4 (¢ = 1.0 in CHCl3). '"H NMR (500 MHz, CDCl3, 25
°C): 6 = 1.32, 1.39, 1.48, 1.52 (each s, 24 H, —CHj; isopropylidene),
3.51-3.79 (m, 19 H, H-a, H-4, H-6', H-x,, H-b, H-c, H-d, H-¢|,
H-f;, H-5), 3.81-3.88 (2 dd, 3Js5 = 5.7, 2Js = 10.8 Hz, 2 H, H-
6), 4.08—4.15 (m, 4 H, CH,=CH-CH,—0, H-3), 4.17 (dd = d,
3J1,=0,3%,5 =57Hz,2H, H-2),5.03 (d=s,3J,,~0Hz, 2 H,
H-1), 5.14 (m,, 1 H, CHH=CH-CH,—-0), 5.27 (m., | H, CHH=
CH-CH,-0), 590 (m,, 1 H, CH,=CH—CH,—0) ppm. 3C
NMR (125 MHz, CDCls, 25 °C): 8 = 18.8, 26.1, 28.2, 29.0 (CHs,
-CH; isopropylidene), 61.3 (CH, C-5), 62.0 (CH,, C-6), 66.6 (CH.,,
C-ab), 70.4 (CH,, C-¢,f}), 71.3, 71.4 (CH,, CH,=CH-CH, -0, C-
cd), 72.7 (CH, C-4), 74.8 (CH, C-3), 76.0 (CH, C-2), 77.0 (CH, C-
X1), 97.8 (CH, C-1), 99.6, 109.4 (C, Me—C—Me isopropylidene),
1169 (CH,, CH,=CH-CH,-0), 1353 (CH, CH,=
CH—-CH,—0) ppm. MALDI TOF MS: m/z = 727.2 [M + Na]*
and 7432 [M + K] found for Cs4Hs60;5 (calcd. 704.36).
C34Hs560,5 (704.81): caled. C 57.9, H 8.0; found C 57.9, H 8.1.

Di-(ipr-manno)—O-ethylene-OH (9): Reaction conditions and
workup were as described in Procedure B, with di-(ipr-manno)-O-
allyl (8, 5.03g, 7.14mmol), sodium borohydride (2.70 g,
71.40 mmol), dry methanol/dichloromethane 1:1 (60 mL), TLC
(cyclohexane/ethyl acetate, 1:1). Title compound 9 (4.29g,
6.05 mmol, 85%) was obtained as a colourless foam without further
purification. [a]¥ = +2.6 (¢ = 0.9 in CHCl;). 'H NMR (500 MHz,
CDCl;, 25 °C): & = 1.32, 1.39, 1.49, 1.52 (each s, 24 H, —CH;
isopropylidene), 3.15 (br. s, 1 H, -OH), 3.45—3.89 (m, 25 H, H-6,
H-a, H-4, H-6’, H-x;, H-b, H-c, H-d, O—CH,—CH,—OH, H-e,,
H-f}, H-5), 4.08—4.23 (m, 4 H, H-2, H-3), 5.03, 5.04 (each d = s,
3J1, =~ 0Hz, 2 H, H-1) ppm. *C NMR (125 MHz, CDCl3, 25 °C):
6 = 18.8, 26.1, 28.2, 29.0 (CHs, -CHj; isopropylidene), 61.3 (CH,
C-5), 61.9 (CH,, O—CH,—CH,—0H), 62.0 (CH,, C-6), 66.5 (CH,,
C-ab), 70.4 (CH,, C-eify), 71.5, 71.6 (CH,, C-cd), 72.3 (CHa,
O—-CH,—-CH,—-OH), 72.7 (CH, C-4), 74.8 (CH, C-3), 75.9, 76.0
(CH, C-2), 78.2 (CH, C-xy), 97.8, 97.9 (CH, C-1), 99.7, 109.4 (C,
Me— C—Me isopropylidene) ppm. MALDI TOF MS: m/z = 731.5
[M + Na]* and 747.5 [M + K]" found for Cs3HscO6
(calcd. 708.36).

g-Tetra-(ipr-manno)—C=C (10): Reaction conditions and workup
were as described in Procedure A, with di-(ipr-manno)-O-ethylene-
OH (9, 429¢g, 6.05mmol), 60% sodium hydride suspension
(274 mg), MDC (0.17 mL, 2.01 mmol), dry THF (12 mL), TLC

4384 © 2003 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

(cyclohexane/ethyl acetate, 1:1). Purification was by flash chroma-
tography on silica gel (cyclohexane/ethyl acetate, 2:1). Three frac-
tions were collected; the first contained monosubstitution product
g-di-(ipr-manno)—CIl (11), the second title compound 10, and the
third consisted of unconsumed di-(ipr-manno)-O-ethylene-OH (9).
Recovered di-(ipr-manno)-O-ethylene-OH (9, 875 mg, 1.32 mmol).
Title compound 10 (1.42 g, 0.96 mmol, 48%) was obtained as a
colourless foam. [a]f) = +2.5 (¢ = 1.1 in CHCl;). 'H NMR
(500 MHz, CDCl;, 25 °C): 8 = 1.32, 1.39, 1.49, 1.52 (each s, 48 H,
—CHj; isopropylidene), 3.50—3.80 (m, 46 H, H-a, H-4,H-6", H-b,
H-c, H-d, H-e;, H-f;, H-x;, O—CH,—CH,—0, H-5), 3.80—3.87 (2
dd, 3Js¢ = 5.5, 2Js¢ = 10.6 Hz, 4 H, H-6), 3.98 (m,, 4 H, H-e,,
H-f,), 4.12 (dd, 3J>5 = 5.7, 3J54 = 7.9 Hz, 4 H, H-3), 4.18 (dd =
d,3J1,=0,3),3 = 5.7Hz, 4 H, H-2), 5.03 (d =s, 3J;, =~ 0Hz, 4
H, H-1), 5.16 (m,, 2 H, C=CH,) ppm. 3C NMR (125 MHz,
CDCl3, 25 °C): § = 18.8, 26.2, 28.2, 29.1 (CH3, — CH; isopropylid-
ene), 61.3 (CH, C-5), 62.0 (CH,, C-6), 66.6 (CH,, C-ab), 69.8, 69.9
(O—CH,—-CH,-0), 70.4 (CH,, C-¢f}), 71.2 (CH,, C-cd), 71.8
(CH,, C-esf5), 72.7 (CH, C-4), 74.8 (CH, C-3), 76.0 (CH, C-2), 78.4
(CH, C-xy), 97.8 (CH, C-1), 99.7, 109.4 (C, Me—C—Me isopro-
pylidene), 113.6 (CH,, C=CH,), 142.6 (C, C=CH,) ppm. MALDI
TOF MS: m/z = 1492.0 [M + Na]" and 1507.9 [M + K]* found
for C;oH 1603, (calcd. 1468.74).

g-Di-(ipr-manno)—Cl (11): 11 (500 mg, 620 umol, 31%) was ob-
tained as a greenish oil. [a]f) = +2.7 (¢ = 1.2 in CHCl;). '"H NMR
(300 MHz, CDCl;, 25 °C): & = 1.32, 1.39, 1.49, 1.52 (each s, 24 H,
—CH; isopropylidene), 3.50—3.79 (m, 23 H, H-a, H-4, H-6', H-b,
H-c, H-d, H-¢;, H-f;, H-x;, H-5), 3.81-3.87 (2 dd, 3J56 = 5.6,
2Js» = 10.5Hz, 2 H, H-6), 4.09 (m, 4 H, H-e,, H->), 4.12 (dd,
33 = 5.5, 3034 = 79Hz, 2 H, H-3), 4.18 (dd=d, 3J,, =0,
3J,3 = 5.5Hz, 2 H, H-2), 5.03 (d=s, 3J,,~0Hz, 2 H, H-1),
5.19-5.29 (m, 2 H, C=CH,).

g-Tetra-(ipr-manno)-OH (12): Reaction conditions and workup
were as described in Procedure B, with g-tetra-(ipr-manno)—C=C
(10, 1.42 g, 966 pumol), sodium borohydride (361 mg, 9.66 mmol),
dry methanol/dichloromethane (1:1, 40 mL), TLC (cyclohexane/
ethyl acetate, 1:2). The title compound 12 (1.38 g, 936 umol, 97%)
was obtained as a colourless foam without further purification.
[a] = +3.1 (¢ = 0.8 in CHCl;). '"H NMR (500 MHz, CDCls, 25
°C): & = 1.32, 1.39, 1.49, 1.52 (each s, 48 H, -CHj; isopropylidene),
3.43-3.80 (m, 51 H, H-a, H-4, H-6’, H-b, H-c, H-d, H-e;, H-f},
H-x,, 0—CH,—CH,—O0, H-¢,, H-f;, H-5, -OH), 3.84 (dd, *J5, =
5.5, 2Js = 10.6 Hz, 4 H, H-6), 3.89 (m, 1 H, H-x,), 4.12 (dd,
3,3 = 5.7, 334 = 77Hz, 4 H, H-3), 4.18 (dd=d, 3J,, =0,
3J,53=57Hz,4 H, H-2),5.03 (d = s,3J, , = 0 Hz, 4 H, H-1) ppm.
13C NMR (125 MHz, CDCl;, 25 °C): § = 18.8, 26.2, 28.2, 29.1
(CHs;, -CHj isopropylidene), 61.3 (CH, C-5), 62.0 (CH,, C-6), 66.6
(CH,, C-ab), 69.3 (CH, C-x,), 70.4 (CH,, C-e(f}), 69.7%, 71.0*
(CH,, O—CH,—CH,-0), 71.2, 71.3 (CH,, C-cd), 72.6* (CH,, C-
e»f>), 72.7 (CH, C-4), 74.8 (CH, C-3), 76.0 (CH, C-2), 78.3 (CH,
C-xy), 97.8 (CH, C-1), 99.7, 109.4 (C, Me— C—Me isopropylidene)
ppm. MALDI TOF MS: m/z = 1495.9 [M + Na]* and 1511.9 [M
+ K]* found for C4oH,16053 (caled. 1472.74).

g-Tetra-(ipr-manno)-O-allyl (13): Reaction conditions and workup
were as described in Procedure C, with g-tetra-(ipr-manno)-OH
(12, 1.22 g, 825 umol), 60% sodium hydride suspension (50 mg),
allyl bromide (0.10 mL, 1.24 mmol), dry THF (5 mL), TLC (cyclo-
hexane/ethyl acetate, 1:1). TLC revealed the presence of impurities
in the product, so purification by flash chromatography on silica
gel was performed (cyclohexane/acetone 2:1). Title compound 13
(291 mg, 192 pmol, 23%) was obtained as a colourless foam. [0 =
+1.9 (¢ = 0.8 in CHCI3). '"H NMR (500 MHz, CDCls, 25 °C): § =
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1.32, 1.39, 148, 1.52 (each s, 48 H, —CHj;, isopropylidene),
3.47-3.79 (m, 51 H, H-a, H-4, H-6’, H-b, H-c, H-d, H-e;, H-f},
H-x;, O—CH,—CH,—O0, H-¢,, H-f,, H-x,, H-5), 3.81—3.87 (2 dd,
356 = 5.7,%Jss = 10.8 Hz, 4 H, H-6), 4.08—4.15 (m, 6 H, CH,=
CH-CH,—O0, H-3), 4.17 (dd = d, 3J,, =0, 3J,3 = 5.7Hz, 4 H,
H-2), 5.03 (d =s, 3J,, = 0Hz, 4 H, H-1), 5.12 (m,, | H, CHH=
CH-CH,-0), 5.25 (m., | H, CHH=CH-CH,—-0), 5.89 (m,, 1
H, CH,=CH—-CH,—0) ppm. 3C NMR (125 MHz, CDCl;, 25
°C): 6 = 18.8, 26.2, 28.2, 29.1 (CHj3, -CHj isopropylidene), 61.3
(CH, C-5), 62.0 (CH,, C-6), 66.6 (CH,, C-ab), 70.4 (CH,, C-¢;f)),
69.8*, 71.0* (CH,, O—CH,—CH,—-0), 71.2 (CH,, C-cd), 71.3*
(CH,, CH,=CH—-CH,—0), 71.6* (CH,, C-e,f;), 72.8 (CH, C-4),
74.8 (CH, C-3), 76.0 (CH, C-2), 77.2, 77.1 (CH, C-x,), 78.3 (CH,
C-xy), 97.8 (CH, C-1), 99.7, 109.4 (C, Me— C—Me isopropylidene),
116.7 (CH,, CH,=CH-CH,—-0), 1353 (CH, CH,=
CH—-CH,—0) ppm. MALDI TOF MS: m/z = 1535.9 [M + Na]*
and 1551.8 [M + K]* found for C7,H;,0033 (caled. 1512.77).

g-Tetra-(ipr-manno)-O-ethylene-OH (14): Reaction conditions and
workup were as described in Procedure B, with g-tetra-(ipr-
manno)-O-allyl (13, 277 mg, 183 pmol), sodium borohydride
(69 mg, 1.83 mmol), dry methanol/dichloromethane 1:1 (10 mL),
TLC (cyclohexane/ethyl acetate, 1:3). After workup some minor
impurities showed up on TLC, so the crude product was purified
by flash chromatography on silica gel (ethyl acetate/methanol 49:1).
The title compound 14 (150 mg, 99 pmol, 54%) was obtained as a
colourless oil. [a]) = +1.7 (¢ = 0.8 in CHCl;). 'H NMR
(500 MHz, CDCl;, 25 °C): § = 1.29, 1.36, 1.46, 1.49 (each s, 48
H, -CH; isopropylidene), 2.25 (br. s, 1 H, -OH), 3.40—3.76 (m, 55
H, H-a, H4, H-6, H-b, H, H-d, H-e;, H-,, Hx,,
O—-CH,—CH,-0, H-e,, H-f,, H-x,, O—CH,—CH,—OH, H-5),
3.78—3.84 (2 dd, 3Js¢ = 5.7, 2Js¢ = 10.8 Hz, 4 H, H-6), 4.09 (dd,
3,3 = 5.5, 3054 = 79Hz, 4 H, H-3), 4.15 (dd = d, 3J,, =0,
3J,5 = 5.5Hz, 4 H, H-2), 5.00 (each d =5, 3J,, = 0 Hz, 2 H, H-
1) ppm. '*C NMR (125 MHz, CDCls, 25 °C): § = 18.7, 26.1, 28.1,
29.0 (CHs, -CHj; isopropylidene), 61.1 (CH, C-5), 61.7 (CH,,
O—-CH,—CH,—-OH), 61.9 (CH,, C-6), 66.5 (CH,, C-ab), 69.6*
(CH,, O—-CH,—CH,-0), 70.3 (CH,, C-eif}), 70.9% (CH,,
O—CH,—CH,-0), 71.1 (C-cd), 71.6* (CH,, C-e,f;), 72.3 (CH,,
O—-CH,—CH,—-OH), 72.6 (CH, C-4), 74.7 (CH, C-3), 75.9 (CH,
C-2), 78.1 (CH, C-x,), 78.2 (CH, C-x,), 97.7 (CH, C-1), 99.6, 109.3
(C, Me—C—Me isopropylidene) ppm. MALDI TOF MS: m/z =
1540.0 [M + Na]* and 1555.9 [M + K]* found for C;;H ;50034
(caled. 1516.77).

g-Octa-(ipr-manno)-C=C (15): Under Schlenk conditions, g-tetra-
(ipr-manno)-O-ethylene-OH (14, 150 mg, 99 pmol) was dissolved
in dry DMSO (1 mL). Pure sodium hydride (3 mg, 103 umol) and
MDC (3 pL, 33 pmol) were added and the resulting mixture was
stirred at 50 °C for 48 h. The reaction was monitored by TLC (ethyl
acetate/methanol, 10:1). After the mixture had cooled to room tem-
perature, quenching was effected with water (2 mL) and the mixture
was extracted with three portions of diethyl ether. The combined
organic phases were washed with water, dried over anhydrous mag-
nesium sulfate and filtered, and the solvent was removed under
vacuum. Purification by flash chromatography on silica gel (ethyl
acetate/methanol, 49:1) yielded two fractions; the first contained
title compound 15 and the second consisted of unconsumed g-
tetra-(ipr-manno)-O-ethylene-OH (14). Recovered g-tetra-(ipr-
manno)-O-ethylene-OH (14, 25 mg, 16 umol). Title compound 15
(85 mg, 28 umol, 28%) was obtained as a colourless foam. [0]E =
+1.4 (¢ = 1.1 in CHCI3). '"H NMR (500 MHz, CDClj, 25 °C): 6 =
1.31, 1.37, 1.47, 1.51 (each s, 96 H, —CH; isopropylidene),
3.45—-3.78 (m, 110 H, H-a, H-4, H-6’, H-b, H-c, H-d, H-¢,, H-f,
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H-x,, 0-CH,—CH,—O0, H-¢,, H-f,, H-x,, O—CH,—CH,—-0, H-
5), 3.79—3.86 (2 dd, 3Jss = 5.7, 2Js¢ = 10.8 Hz, 8 H, H-6), 3.96
(me, 4 H, H-¢;3, H-f3), 4.02 (dd, 3J,5 = 5.5, 3J54 = 7.9 Hz, 8 H, H-
3),4.16 (dd = d, 3J,, =0, 3J,3 = 5.5Hz, 8 H, H-2), 5.01 (d =,
3J1,=0Hz, 8 H, H-1), 5.13 (m,, 2 H, C=CH,) ppm. *C NMR
(125 MHz, CDCl;, 25 °C): & = 18.7, 26.1, 28.2, 29.0 (CH3, -CH;
isopropylidene), 61.2 (CH, C-5), 62.0 (CH,, C-6), 66.5 (CH,, C-
ab), 69.7, 70.3, 70.9, 71.0, 71.1, 71.3, 71.7 (CH,, C-cd, C-ef},
O—CH,—CH,—-0, C-e,f,, O—CH,—CH,—0, C-e;f3), 72.7 (CH,
C-4), 74.7 (CH, C-3), 75.9 (CH, C-2), 78.2 (CH, C-x;), 78.3 (CH,
C-x»), 97.7 (CH, C-1), 99.6, 109.3 (C, Me— C—Me isopropylidene),
113.5 (CH,, C=CH,), 142.4 (C, C=CH,) ppm. MALDI TOF MS:
mlz= 3108.8 [M + Na]® and 3124.7 [M + K]* found for
C46H5440465 (calcd. 3085.56).

Di-(manno)-C=C (16): Reaction conditions and workup were as
described in Procedure D, with di-(ipr-manno)—C=C (2, 189 mg,
286 pmol). Title compound 16 (88 mg, 176 umol, 62%) was ob-
tained as a colourless foam. [a]) = +61.1 (¢ = 5.4 in methanol).
'"H NMR (500 MHz, [D4]methanol, 25 °C): & = 3.61 (ddd, 2 H,
H-5), 3.64—3.70 (m, 8 H, H-4, H-b, H-c, H-d), 3.72—3.79 (m, 4 H,
H-6, H-3), 3.84—3.92 (m, 6 H, H-2, H-6', H-a), 4.09 (m., 4 H, H-
ej, H-f)), 485 (d, 3J,, = 1.7Hz, 2 H, H-1), 5.24 (m,, 2 H, C=
CH,) ppm. 3C NMR (125 MHz, [D4]methanol, 25 °C): & = 63.1
(CH,, C-6), 68.0 (CH,, C-ab), 68.8 (CH, C-4), 70.7 (CH,, C-cd),
72.4 (CH, C-2), 72.8 (CH, CH,, C3, C-¢,f}), 74.8 (CH, C-5), 101.9
(CH, C-1), 115.1 (CH,, C=CH,), 144.6 (C, C=CH,) ppm. MALDI
TOF MS: m/z = 523.2 [M + Na]* and 539.2, [M + K]* found for
Cy0H36014 (M = 500.21).

Tetra-(manno)-C=C (17): Reaction conditions and workup were as
described in Procedure D, with tetra-(ipr-manno)—C=C (4,
100 mg, 72 umol). Title compound 17 (35 mg, 33 umol, 46%) was
obtained as a colourless foam. [a]E = +59.8 (¢ = 0.9 in methanol).
'"H NMR (500 MHz, [D4Jmethanol, 25 °C): § = 3.58—3.80 (m, 38
H, H-3, H4, H-5, H-6, H-b, H-c, H-d, H-e,, H-f;, Hx)),
3.84—3.94 (m, 12 H, H-2, H-6', H-a), 4.24 (m,, 4 H, H-e,, H-f;),
4.85(d, 3J,, = 1.7Hz, 4 H, H-1), 5.28 (m,, 2 H, C=CH,) ppm.
13C NMR (125 MHz, [Dg]methanol, 25 °C): § = 63.2 (CH,, C-6),
68.0 (CH,, C-ab), 68.9 (CH, C-4), 71.9 (CH,, C-e,f5), 72.0, 72.3
(CH,, C-cd, C-¢,f}), 72.4 (CH, C-2), 72.8 (CH, C-3), 74.9 (CH, C-
5), 78.7 (CH, H-x,), 102.0 (CH, C-1), 115.5 (CH,, C=CH,), 145.3
(C, C=CH,) ppm. MALDI TOF MS: m/z = 1083.7 [M + Na]*
and 1099.7 [M + K]* found for C4,H;c05 (calcd. 1060.44).

g-Tetra-(manno)-OH (18): Reaction conditions and workup were as
described in Procedure D, with g-tetra-(ipr-manno)-OH (12, 94 mg,
64 pumol). Purification was effected by MPLC on RP 18 silica gel
(methanol/H,O 1:3). Title compound 18 (49 mg, 42 pmol, 66%)
was obtained as a colourless foam. [0]¥ = +61.6 (¢ = 1.2 in meth-
anol). '"H NMR (500 MHz, [D4Jmethanol, 25 °C): § = 3.50—3.92
(m, 60 H, H-2, H-3, H-4, H-5, H-6, H-6', H-a, H-b, H-c, H-d, H-
e;, H-f;, H-x;, H-e,, H-f,, O—CH,—CH,—0), 3.93-3.3.99 (m, 1
H, H-x,), 4.86 (d = br. s, 3J;, = 0 Hz, 4 H, H-1) ppm. '*C NMR
(125 MHz, [D4]methanol, 25 °C): § = 63.2 (CH,, C-6), 68.0 (CH,,
C-ab), 68.9 (CH, C-4), 70.9 (CH, C-x,), 71.1, 72.0, 72.3, 72.4 (CH,,
C-cd, C-¢,f;, O—CH,—CH,—0), 72.4 (CH, C-2), 72.8 (CH, C-3),
74.0 (CH,, C-e,f,), 74.9 (CH, C-5), 79.9 (CH, C-x,), 101.9 (CH, C-
1) ppm. MALDI TOF MS: m/z = 11759 [M + Na]" and 1191.9,
[M + K]* found for C4sHg4O35 (caled. 1152.49).
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