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7 ABSTRACT

The present invention relates to the total chemical synthesis
of the monosaccharide 35% (R=H), the disaccharide 36"
(R'=H; R"=H), the trisaccharide 37* (R'»H; R"=H; R""»H)
and the tetrasaccharide 1% (R'#H; R"#H; R™=H) of the fol-
lowing general formula wherein R represents —Y—NH,Y
represents a linker R' is H or R" is H or R™ is H or of the
lipopolysaccharide from Neisseria meningitidis, as well as to
the trisaccharide 377 and the tetrasaccharide 17, to vaccines
containing at least one of the saccharides 1%, 35%, 36%, and 37"
and to the use of such vaccine for immunization against
diseases caused by infection with bacteria containing the
tetrasaccharide  a-GlcNAc-(1—2)-a-Hep-(1—3)-a-Hep-
(1-+5)-0-Kdo or the trisaccharide a-Hep-(1—=3)-a-Hep-
(1-5)-0-Kdo or a-GleNAc-(1—-2)-a-Hep-(1—3)-a-Hep,
especially for immunization against meningitis, septicaemia,
pneumonia and nasopharyngitis caused by Neisseria menin-
gitidis.
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Figure 2
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Figure 9
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Figure 10
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Figure 13
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fluorescence intensity

Figure 15
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Figure 17
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Figure 18
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Figure 19
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Figure 21
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Figure 22
Labeling of gram-negative bacteria with
anti LPS-core antibody
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Figure 23
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TOTAL SYNTHESIS AND IMMUNOLOGICAL
EVALUATION OF SACCHARIDE MOIETIES
OF THE LIPOPOLYSACCHARIDE FROM
NEISSERIA MENINGITIDIS

FIELD OF THE INVENTION

[0001] The present invention relates to the total chemical
synthesis of the monosaccharide 35”, the disaccharide 367,
the trisaccharide 37" and the tetrasaccharide 1% of the
lipopolysaccharide from Neisseria meningitidis, as well as to
the trisacchatide 37" and the tetrasaccharide 17, to vaccines
containing at least one of the saccharides 1%, 357, 36", and 37"
and to the use of such vaccine for immunization against
diseases caused by infection with bacteria containing LPS
comprising a saccharide sequence selected from a-GlcNAc-
(1-2)-a-Hep-(1—3)-a.-Hep-(1—5)-0.-Kdo, o-Hep-(1—3)-
a-Hep-(1-5)-a-Kdo and a-GleNAc-(1—2)-a-Hep-(1-3)-
a-Hep, especially for immunization against meningitis,
septicaemia, pneunonia and nasopharyngitis caused by Neis-
seria meningitidis.

BACKGROUND OF THE INVENTION

[0002] Bacterial meningitis is a severe infection of the
meninges, and accounts for about 1,200,000 cases of the
disease worldwide annually, affecting mostly infants, chil-
dren, and young adults who do not have specific protective
antibodies. Neisseria meningitidis often referred to as men-
ingococcus is a leading cause of bacterial meningitis and the
only Gram-negative encapsulated bacterium responsible for
large epidemics of the disease. Rapid development of men-
ingococcal infection often leads to death within a few hours;
even with appropriate care at least 10% of patients die, while
up to 20% of survivors are left with permanent aftereffects
such as deafuess, epilepsy, mental retardation, or other neu-
rological disorders.

[0003] Two types of polysaccharides, capsular polysaccha-
ride (CPS) and lipopolysaccharide (LPS), are the major viru-
lence factors in N. meningitidis infections. Meningococcal
CPS consists of a slimy polysaccharide capsule surrounding
the bacteria, and is a linear chain of mono or disaccharide
repeating units. Based on these CPS structures, N. meningiti-
dis can be divided into 13 serogroups. Five of these sero-
groups (A, B, C,Y, W135) are associated with the vast major-
ity of meningococcal disease in humans, and their
distribution is strictly limited geographically. For example, in
Europe and North America, most cases of meningitis are
caused by bacteria from serogroups B and C, while in the
African meningitis belt, where the infection rate ranges from
10010 800 per 100,000 population during epidemics, group A
bacteria are the predominant cause. CPS-based meningococ-
cal vaccines were first introduced in the 1970s and are now
commercially available. These vaccines are comptised of
CPS isolated from natural sources, assembled as bivalent
polysaccharides containing combinations of glycans from
A+C, tetravalent polysaccharides combinations of A+C+Y+
W135, as well as the group A glycocojugate, the group C
glycoconjugate and the tetravalent groups A+C+Y+W135
glycoconjugate made by chemical conjugation of each
polysaccharide to a carrier protein (typically tetanus toxoid or
CRM,g,). Although CPS-based vaccines can provide large-
scale protection of public health against most CPS sero-
groups, there is currently no vaccine to prevent group B
infection. This is because CPS of serogroups B consists of

Aug. 21,2014

a-2—8-linked polysialic acid, which is an autoantigen due to
its presence in neural tissue of infants and therefore does not
qualify as a suitable vaccine candidate due to the risk of
triggering an autoimmune response. Beside that polysaccha-
ride vaccines are generally poorly immunogenic in young
children. So developing a vaccine based on N. meningitidis B
capsular polysaccharide is difficult. In this context, subcap-
sular antigens would be an ideal candidate for developing
vaccines against N. meningitis B infections.

[0004] Lipopolysaccharide (LPS)is animportant virulence
factor present in the outer membrane of N. meningitidis (FIG.
1). So far 13 distinct meningococcal lipooligosaccharide
(LOS) immunotypes have been observed and all of them have
common structural elements like the core structure, the O-an-
tigen (or O-polysaccharide), and the lipid A moiety. However,
the LPS of N. meningitidis do not possess a polymeric O-an-
tigen, thus, in this case, the core structure is the most exposed
and hence immunodominant part of LPS. All clinically rel-
evant meningococcal strains share a common LPS inner core
structure (see F1G. 1), therefore an LPS-based vaccine may
generate broadly protective antibodies against the major dis-
ease-causing serotypes of N. meningitidis, including group B.
Over the past two decades, efforts have been focused on
developing L.PS-based vaccines that would provide popula-
tionwide, comprehensive protection against meningococcal
disease across serogroups A, C and most importantly group
B.

[0005] However, relying on bacterial isolates limits the
availability of LPS to scarce amounts, and the isolated gly-
cans frequently show high degrees of microheterogenicity in
the outer core, which complicates structural and biological
analysis. Consequently, antibody responses to different
batches of isolated lipopolysaccharides can vary. Another
complication is that isolated LPS must be detoxified to
remove the lipid A which is as endotoxin responsible for
much of the toxicity of N. meningitidis before it can be con-
sidered as a vaccine moiety. To fully explore the effectiveness
of LPS oligosaccharides as vaccine candidates against N.
meningitidis, and to identify the most immunogenic epitopes,
it is essential that large amounts of well defined, nontoxic
synthetic LPS core structures are available. Despite the great
interest in synthetic LPS structures, only a few N. meningiti-
dis LPS-related oligosaccharides containing L-glycero-D-
mannoheptose (Hep) and 3-deoxy-D-manno-2-octulosonic
acid (Kdo), have been synthesized to date. LPS core tetrasac-
charide synthesis is particularly difficult because of two syn-
thetic challenges imposed by the LPS core structure: produc-
tion of Hep building blocks, and generation of the Hep-Kdo
disaccharide.

[0006] Itis an objective of the present invention to provide
a route for a total chemical synthesis of the saccharides 1%,
357, 36", and 37" which are derived from the o-GleNAc-
(1-2)-a-Hep-(1—3)-0-Hep-(1—=5)-a-Kdo core tetrasac-
charide of the lipopolysaccharide from Neisseria meningiti-
dis. Furthermore, it is an objective of the present invention to
provide a vaccine for immunization against diseases caused
by bacteria containing [.PS comprising a saccharide sequence
selected from a-GlcNAc-(1-2)-a-Hep-(1—3)-a-Hep-
(1-5)-a-Kdo, a-Hep-(1-+3)-a-Hep-(1—=5)-a-Kdo and
a-GlcNAc-(1-2)-a-Hep-(1—3)-a-Hep, especially for pro-
viding a vaccine for immunization against meningitis septi-
caemia, pneumonia and nasopharyngitis caused by Neisseria
meningitidis.



US 2014/0234364 Al

[0007] The objective of the present invention is solved by
the teachings of the independent claims. Further advanta-
geous features, aspects and details of the invention are evident
from the dependent claims, the description, the figures, and
the examples of the present application.

DESCRIPTION OF THE INVENTION

[0008] The present invention describes the chemical prepa-
ration of the synthetic saccharides 1%, 35", 36" and 37" as well
as their precursors 28%, 31", 39" and 32"

[0009] Thepresent invention describes in particular the first
total synthesis of the saccharide derivatives 1%, 357, 36" and
37" of N. meningitidis LPS. To this end, an effective and
reliable de novo synthetic route was also developed that gives
ready access to versatile, differentially-protected heptose
building blocks. The convergent [2+2] approach used to pro-
duce the trisaccharide 37% and the tetrasaccharide 1* also
relied on the construction of a sterically demanding 15
linked Hep-Kdo disaccharide, a challenge that was met effec-
tively by TMSOTf-promoted glycosylation with heptose
trichloroacetimidate. This synthetic strategy may serve more
generally as a means to access LPS core structures consisting
of heptose and Kdo. As such, this method shall find wide
application in the synthesis of larger and more complex LPS
structures of Gram-negative bacteria.

[0010] The present invention also involves conjugation of
these saccharides 17, 35%, 36% and 37" to a carrier protein such
as CRM, ¢, and immunization experiments in BalB/C mice in
presence of Freund’s adjuvant and alum. Significantly higher
antibody titers specific to substructures of the LPS core sac-
charide of N. meningitidis were observed in mice immunized
with synthetic saccharides 1 and 37 conjugated to CRM, o, in
comparison to unconjugated tetrasaccharide 1 and unconju-
gated trisaccharide 37. Immunization with the conjugates of
saccharides 1 and 37 resulted in robust boosting responses.
Specificity of sera and monoclonal antibodies against syn-
thetic carbohydrate structures from different bacterial LPS
was studied by microarray analysis revealing a specific
response for the tetrasaccharide 1. Flow cytometry and con-
focal fluorescence microscopy studies showed that antibodies
are able to recognize meningococcal strains across all sero-
groups. The potential of these antibodies to promote
opsonophagocytosis was evaluated by flow cytometry assay
using fluorescence-labeled bacteria and serum-dependent
enhancement in phagocytosis was demonstrated. Results of
these studies show that the synthetic saccharides of general
formula (1) and especially the saccharides 1%, 35%, 36" and 37"
are highly useful vaccine candidates against Neisseria men-
ingitidis serogroup B.

[0011] The present invention relates to the chemical syn-
thesis of synthetic saccharides of general formula (I)

@
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[0012] wherein
[0013] R represents —Y—NH,;
[0014] Y represents a linker;

[0015] R'represents H
[0016] or
HO
HO OH
-0
HO" R0 .
[0017] R" represents H
[0018] or
HO
HO OR"
-0
HO no .
[0019] R" represents H
[0020] or
0 OH;
AcHN OH
OH
[0021] comprising or consisting of the steps:

[0022] A1) Reacting compound 26* with a compound
HO—Y—NP*“P",

26*

[0023] wherein P!, P'®, P* and P'* are protecting groups
andY is defined as above, yielding a compound of the formula
28"
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28
Op!
PIS
[0024] A2) Performing a deprotection reaction with com-
pound 28" yielding a monosaccharide 35",
35%
[0025] wherein R is defined as above,
[0026] or
[0027] converting compound 28* to compound 7%,
7#

[0028] wherein P® and P” are protecting groups, and Y, P*?,
P'* and P*° are defined as above;

[0029] B1) Reacting compound 6* of the formula
6#
pi%Q
Pl 1 0 OPIZ
"0 .0 NH
0 )k

Aug. 21,2014

[0030] wherein
[0031] P®-P'? represent protecting groups with compound
7% in order to obtain a compound 317 of the following chemi-
cal formula
317
PIOO

[0032] whereinY and P® to P* are defined as above;
[0033] B2) Performing deprotection reactions with com-
pound 31” vielding a disaccharide 36”,

36"
HO
HO OH
Ho -0
HO

[0034] wherein R is defined as above,

[0035] or

[0036] performing a selective deprotection yielding a com-
pound of the formula 3%,

3#
pl%Q
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[0037] wherein PS to P%, P'° to P'* and Y are defined as [0043] wherein R is defined as above,

above; [0044] or
i . . [0045] C2) Reacting the compound 4* of the formula
[0038] C1)Reacting compound 37 with a compound of the

formula 38"

4*
Op!
. OPI
38"
N
3 L op!
cmTo
NH

[0046] wherein

[0047] the groups P* represent the same protecting group

) ) [0048] with the compound 5* of the following chemical
[0039] wherein P>-P® and P* are protecting groups, formula

[0040] vielding a compound of the formula 39%#,

P2Q
39%
pl%o
P3O OH
11 -

pllg, o 0

P50
bLb’SAr

[0049] wherein

[0050] P2-P’ are defined as above and

[0051] Ar represents an aromatic ring or aromatic ring sys-
tem

[0052] in order to obtain compound 30* of the following
chemical formula

5

30%

and

[0042] D1) Performing deprotection reactions with com-
pound 39” yielding a trisaccharide 37"

/
A\ op!
OP!
Ny” / a0 |
P2Q Oop
[0041] wherein P>-P%, P*°-P'® and Y are defined as above,
P’0 ¢
P*O -
P50
I'b‘"SAI

. [0053] wherein
37 [0054] the group —SAr is converted to the group —O—C
(=NPh)-CF; in order to obtain compound 2* of the follow-
ing chemical formula

HO

2k

0 CFs
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[0055] wherein P'-P* are defined as above,
[0056] Reacting compound 3* with a compound 2%,
[0057] vielding a compound of the formula 327,

P*o

P30

[0058] wherein P'-P?, P'°-P'° and Y are defined as above,
[0059] and
[0060] D2) Converting the azide group of compound 32*

into an acetamide group and performing deprotection reac-
tions yielding a tetrasaccharide 1%

wherein R is defined as above.

As used herein the term “linker” refers a molecular
moiety which is capable of connecting two molecular frag-
ments or atoms.

[0061]
[0062]

[0063] In above formula (I) or in any other formula of the
description comprising a linker Y represents any suitable
linker. Preferably Y represents a linker containing up to 50
carbon atoms. This carbon atom based linker contains up to
60 carbon atoms and preferably up to 40 carbon atoms and
more preferably between 2 and 26 carbon atoms and most
preferably between 3 and 20 carbon atoms. Such a linker may
further contain between 1 to 30 oxygen atoms, 1 to 10 nitro-
gen atoms and 1 to 10 sulfur atoms. Further preferred is that
this linker Y is linked through the C2 connected oxygen atom
of the Kdo moiety with an amino group. Therefore, it is
further preferred that the linker Y is capable of presenting an
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amino group in a suitable distance from the Kdo moiety for
binding to an interconnecting molecule and/or a carrier such
as a carrier protein or a glass plate.

[0064] Thus function of the linker is to covalently connect
the sugar moiety to which the residue R is bond directly or
through another chemical residue or chemical group to a
carrier protein or to a solid carrier such as a glas plate.
[0065] An interconnecting molecule according to the
present invention refers to a bifunctional molecule wherein
one functional group is capable of reacting with the amino
group connected to the linker Y and the second functional
group is capable of binding to a carrier such as a carrier
protein or a glass plate.

[0066] The present invention refers to saccharides of the
formula (I), wherein the linker is capable of establishing,
keeping and/or bridging a special distance between the Kdo
moiety and a carrier such as a carrier protein or a glass plate.
[0067] Thus, the term “linker” as used herein is a chain of at
least one carbon atom and up to 50 carbon atoms, wherein this
chain of 1 to 50 carbon atoms may be branched and may
further contain 1 to 30 oxygen atoms and/or 1 to 10 nitrogen
atoms and/or 1 to 10 sulfur atoms and/or 1 to 3 phenyl moi-
eties and/or 1 to 3 saturated 3-, 4-, 5- or 6-membered carbocy-
clic rings and/or 1 to 3 saturated 3-, 4-, 5- or 6-membered
heterocyclic rings containing one or two heteroatoms
selected from O, N and S, wherein this chain, the phenyl
moieties and/or the carbocyclic or heterocyclic rings within
said chain can be substituted with 1 to 10 substituents selected
from the group consisting of:

[0068] —O (carbonyl group), —OH, —OCH,;, —OC,Hj,
—O0C;H,, —0-cyclo-C;Hs, —OCH(CHy,),, —OC(CH,)s,
—OC,H,, —OPh, —OCH,-Ph, —OCPh,, —SH, —SCH,,
—SC,Hs, —SC;H,, —S-cyclo-C,H,, —SCH(CH,),, —SC
(CH,;);, —COCH,, —COC,H,, —COC;H,, —CO-cyclo-
C,H;, —COCH(CH;),, —COC(CH;);, —COOH,
—COOCH,, —COO0C,H;, —COOC;H,, —0O0C-cyclo-
C,H,, —COOCH(CH,),, —COOC(CH,),, —OOC—CH,,
—00C—C,H;, —00C—C;H,, —OO0C-cyclo-C;Hs,
—0O0C—CH(CH,),, —OOC—C(CH,),, —CONH,,
—CONHCH,, —CONHC,H;, —CONHC;H,, —CONH-
cyclo-C;H;, —CONH[CH(CH,),], —CONH[C(CH,);],
—CON(CH,),, —CON(C,Hs),, —CON(C;H,),, —CON
(cyclo-C;H;),, —CON[CH(CH,),],, —CON[C(CH,);],,
—NHCOCH,, —NHCOC,H,, —NHCOC,H,, —NHCO-
cyclo-C;Hs, —NHCO—CH(CH,),, —NHCO—C(CH,),,
—NHCO—OCH,, —NHCO—OC,H,, —NHCO—OC,H.,
—NHCO—O0-¢yclo-C,Hs, —NHCO—OCH(CH;),,
—NHCO—OC(CHj;);,—NHCH,, —NHC,H;,—NHC,H,,
—NH-cyclo-C;H;, —NHCH(CH;),, —NHC(CH,),,
—N(CH,),, —N(C,Hs),, —N(C3H;),, —N(eyelo-C;Hs),,
—N[CH(CH,),],, —N[C(CH;);],, —NH—CO—NH,,
—NH—CO—NHCH;, —NH—CO—NHC,H,, —NH—
CS—N(C,H,),, —NH—CO—NHC,H,, —NH—CO—N
(C;H,),, —NH—CO—NH[CH(CH,),], —NH—CO—NH
[C(CH,);], —NH—CO—N(CHj;),;—NH—CO—N(C,Hy)
5, —NH—CO—NH-cyclo-C;H;, —NH—CO—N(cyclo-
C,Hs),, —NH—CO—N[CH(CH,),],, —NH—CO—NJC
(CH;);],, cyclo-C,Hy, cyclo-C,H,, cyclo-C;H,, cyclo-
C:H,,, cyclo-C_H, 5, cyclo-CiH, 5, -Ph, —CH,-Ph, —CPh,,
—CH,, —C,H,, —C,H,, —CH(CH,),, —C,H,, —CH,—
CH(CH,),, —CH(CH;)—GH,, —C(CHy);, —CH,,,
—CH(CH,)—C,H,, —CH,—CH(CH;)—C,H;, —CH
(CH;)—CH(CH,),, —C(CH,),—C,Hs, —CH,—C(CH,),.
—CH(C,Hs),, —C,H,—CH(OH,),, —CeHy5, —CH,s,
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—CgHyy, —CsHe—CH(CH;),,  —C,H,—CH(OH;)—
C,Hy,, —CH(CH,)—C,H,, —CH,—CH(CH,)—C,H,,
—CH(CH,)—CH,—CH(OH,),, —CH(CH,)—CH

(OH,)—C,H,, —CH,—CH(CH,)—CH(CH,),, —CH,—C
(OH3)2402H57 7C(CH3)2403H77 4C(CH3)27CH(CH3)
,. —C,H,—C(CH,), and —CH(CH,)—C(CH,),.

[0069] The amino group ofthe residue R is attached to one
carbon atom of this chain which is preferably a terminal
carbon atom thus having beside the nitrogen atom of the
amino group only one further carbon atom to which this
terminal carbon atom is attached. Also one carbon atom of
this chain is attached to the oxygen atom of the sugar residue.

[0070] Further the present invention refers saccharides of
the formula (I), wherein the linker is a molecular fragment
capable of connecting saccharides selected from the group
comprising or consisting of a-GleNAc-(1—2)-c.-Hep-(1-3)-
a-Hep-(1-5)-a-Kdo, a-Hep-(1—+3)-a-Hep-(1—5)-0-Kdo,
a-Hep-(1—5)-0-Kdo and a-Kdo via the amino group with a
carrier, preferably a protein, glass plate or diagnostic tool,
optionally by binding to at least one further interconnecting
molecule, preferably a succinimide, between amino group
and carrier.

[0071] More preferably Y represents —Y'—Y*—Y*—
7Y'17Y37’ 7§717, or 7Y17Y'27Y47Y57§737,
wherein

[0072] Y' and Y* represent independently of each other
—(CH,),— —(CH,),,—, —(CH,),—CHR" (CH,),—,
—(CH,),—CR'R*~(CH,),,—  —(C,H,0),—CH,—,

7(C2H4O)m4CzH4*, _0_C6H47, -m-C6H4—,
p-CsHy—,
R! R!
" Rl \\
i
S\ ﬂ: M

[0073] Y? and Y® represent independently of each other
—(CH,),— —(CH,),—, —CHR*—, —CR’R*— —O—

-, S-S, —CO—, —COO0—, —O—CO—,
—NH—CO—, —CO—NH—, —NH—CO—NH—,
-0-C;H,—, -m-C,H,—, -p-C.H,— —NR7—,
—CH=CH—;
ﬂ N
/ / ;
R’ R
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-continued

I, R7
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[0074] Y* represents —(CH,) , —(CH,),CR’R®—(CH,)

s -0-CeH—, -m-CH,—, -p-C;H,—,
RS R
) \ >R6, o \ >R6,
rl' RS ‘\‘

[0075] R'toR®representindependently of each other —H,
—NH,, —OH, —OCH,;, —OC,H,, —OC,H., cyclo-C,Hs,
cyclo-C,H,, cyclo-C,H,, cyclo-CH, |, eyclo-C,H, 5, cyclo-
CH,s, -Ph, —CH,-Ph, —CPh,, —OH,, —C,H,, —C;H,,
—CH(CH,),, —C,H,, —CH,—CH(CH,),, —CH(CH,)—
C,Hs, —C(CH,);, —CsH,;, —CH(CH,)—C;H,, —CH,—
CI(CH,)C,H,, —CI(CH,)—CH(CH,),, —C(CH,),
CHs, —CH,—C(CH,);, —CH(C,Hy),, —C,H,—CH
(CH;),, —CeH,s, —CHg—CH(CH,),, —C,H,—CH
(CH;)—C,H;, —CH(CH;)—C,H,, —CH,—CH(CH;)—
C,H,, —CH(CH,)—CH,—CH(CH,),, —CH(CH,)—CH
(CH;)—C,Hs, —CH,—CH(CH,)—CH(CH,),, —CH,—C
(CH;),—C,Hy, —C(CH;),—C3H;, —C(CH;),—CH(CH;)
29 4C2H44C(CH3)3’ 7CH(CH3)7C(CH3)35
—CH—CH,, —CH,—CH—CH,, —C(CH;—CH,,
—CH—CH—CH,, —CH,—CH=CH,, —CJH,,
—CgH,,, —CH,—CH—CH—CH,, —CH—CH—C,Hj,
—CH,—C(CH,)—CH,, —CH(CH,)—CH—CH,
—CH—C(CH,),, —C(CH;)—~CH—CH,;, —CH—CH—
CH=—CH,, —C;HCH—CH,, —C,H,—CH—CH—
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CH,, —CH,—CH=—CH—C,H;, —CH—CH—C,H,,
—CH,—CH—CH—CH—CH,, —CH—CH—CH—CH—
CH,,—CH,NH,, —CH,0OH, —CH,SH, —CH,—CH,NH,,
—CH,—CH,SH, —C,H,—OCH,, —C,H,—OH,
—CH,—CH,—OCH,, —CH,—CH,0OH, —CH,—OCHS,,
—CH,—C,H,—OCH,, —CH,—C,H,—OH,

[0076] R’ and R® represent independently of each other
cyclo-C,Hs, cyclo-C,H,, cyclo-CsH,, cyclo-C¢H,,, cyclo-
C.H,;, cyclo-C,H,;, -Ph, —CH,-Ph, —CPh,, —CH,i,
7C2H57 7C3H77 7CH(CH3)2a 7C4H97 7CH27CH(CH3)
2 —CH(CH;)—C,H;, —C(CH,),. —C,H, |, —CH(CH;)—
C,;H,, —CH,—CH(CH;)—C,H;, —CH(CH,)—CH(CHj;)
»» —C(CH,),—CoHs, —CH,—C(CH,);, —CH(GHy),,
—C,H,—CH(CH,),, —CgH,;,  —CH,—CH(CH,),,
—C,H,—CH(CH,)—C,H,, —CH(CH,)—C,H,, —CH,—
CH(CH,)—C,H,, —CH(CH,)—CH,—CH(CH,),, —CH
(CH;)—CH(CH,)—C,H,, —CH,—CH(CH,)—CH(CH,),,
—CH,—C(CH,), -C,H,, —C(CH,),—C;H,. —C(CH,)
>—CH(CH,),, —C.H,—C(CH;),, —CH(CH;)—C(CH,)s,
—CH—CH,, —CH,—CH—CH,, —C(CH;)—CH,,
—CH—CH—CH,, —CH,—CH=CH,, —CHj;,
—CgH,,, —CH,—CH—CH—CH,, —CH—CH—C,H;,
—CH,—C(CH,)—CH,, —CH(CH,)—CH—CH,
—CH—C(CH,),, —C(CH;—CH—CH,, —CH—CH—
CH—CH,, —C;HsCH—CH,, —C,H,—CH=—CH—
CH,, —CH,—CH—CH—C,H;, —CH—CH—C,H,,
—CH,—CH=CH—CH—CH,, —CH—CH—CH—CH—
CH,,—CH,NH,, —CH,0OH, —CH,SH, —CH,—CH,NH,,
—CH,—CH,SH, —C,H,—OCH;, —CH,—OH,
—CH,—CH,—OCH,, —CH,—CH,0OH, —CH,—OCH,,
—CH,—CzH,—OCH,, —CH,—CH,—OH,

[0077] n, m, r and s represent independently of each other
an integer from 1 to 20;

[0078] p and q represent independently of each other an
integer from 0 to 5.

[0079] In a more preferred embodiment of the present
invention the linker moiety Y represents —Y'—Y2—Y*—
—Y'—Y— —Y'— o —Y-—Y—YY—Y—
wherein

[0080] Y' and Y* represent independently of each other
—(CH,),—, —(CH,),—, —(CH,),—CHR'—(CH,),—,
—(CH,),—CR'R>—(CH,),—  —(C,H,0),—CH,—,
—(C,H,0),—CoH—

[0081] Y> and Y represent independently of each other
—(CH,),— —(CH,),— —CHR®*—, —CR’R*—, —0—,
—S—S—, —S—;

[0082] Y? represents —(CH,),, —(CH,),CR’R*—(CH,)
s “0-Celly—, -m-Coll—, -p-Coll—,
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[0083] R'toR®representindependently of each other —H,
—OH, —OCH,;, —OC,H;, —OC,H,, cyclo-C;Hj, cyclo-
C,H,, cyclo-C H,, cyclo-CH, |, eyclo-C,H 5, cyclo-CH s,
-Ph, —CH,-Ph, —CPh,, —CH,, —C,H,, —C,H,, —CH
(CH,),, —C,Hs, —CH,—CH(CH,),, —CH(CH,)—C.H;,
—C(CH,),, —C;H,,, —CH(CH,)—C,H,, —CH,NH,,
—CH,0H, —CH,SH, —CH,—CH,NH.,, R’ and R® repre-
sentindependently of each other—CH,-Ph, —CH,,—C,H,,
—C,H,, —CH(CH,),, —C H,, —CH,—CH(CH,),, —CH
(CH3)7C2H55 4C(CH3)35 7C5H11’ 7CH(CH3)7C3H75
—CH,—CH(CH,)—C,H,, —CH(CH,)—CH(CH,),,
[0084] n, m, r and s represent independently of each other
an integer from 1 to 15;

[0085] p and q represent independently of each other an
integer from 0 to 5.

[0086] In an even more preferred embodiment of the
present invention the linker moiety Y represents —Y'—Y>—

Y — —Y'“Y*— or—Y'— wherein

[0087] Y' represents —(CH,),—, —(CH,),—CHR'—
(CH,),— —(C,H,0),—C,H—;

[0088] Y*  represents —(CH,),— —(CH,),—

—CHR®—, —CR’R*—,

[0089] Y* represents —(CH,),, —(CH,),CR’R®—(CH,)
[0090] R'toR®representindependently of each other —H,
—OH, —OCH,, —OC,H;, —OC;H,, —CH,-Ph, —CPh,,
4CH33 7C2H53 7C3H73 4CH(CH3)2' 4C4H93 4CH27
CH(CH3)27 7CH(CH3)7C2H57 4C(CH3)37 4CSH117
—CH(CH,—C,H,, —CH,NH,, —CH,OH, —CH,SH,
—CH,—CH,NH,,

[0091] n, m, rand s represent independently of each other
an integer from 1 to 10;

[0092] p and q represent independently of each other an
integer from 0 to 5.

[0093] 1In a yet even more preferred embodiment of the
present invention the linker moiety Y represents —Y'—
wherein

[0094] Y' represents —CH,— —C,H,—, —C Hs—,
4C4H875 4CSH1075 4CGH1275 7C7H1475
4CSH167'

[0095] It is particularly preferred if

[0096] Y represents

[0097] 7C2H473 7C22H4475 4C4OH8075 4CZH47
O0—CHy—, —(CHO),— —CH S-S CH,—,
—C,H,—N(CH;-C,H,—  —C,H,—COO0—C,H,—,
—CH,—C(CH,),—CoH,—, —CH—S—CH,—
—CH,—NH—CO—NH—C,H,—,
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————

N

[0098] The term “protection groups” as used herein refers
to commonly used protection groups in organic synthesis,
preferably for amines, hydroxyl groups, thiols, imines, car-
bonyls or other common functional groups, and particularly
preferred for amines and hydroxyl groups.

[0099] More specifically, P'-P'? and P'® preferably are
suitable protection groups for hydroxyl groups, more prefer-
ably different suitable protection groups for hydroxyl groups
capable of being removed subsequently one after another by
a suitable sequence of deprotection reactions. Therefore pro-
tection groups for hydroxyl groups, namely P'-P'* and P'S
may be selected from the group consisting of or comprising:
acetyl, benzyl, benzoyl, p-methoxybenzyl, p-methoxyphe-
nyl, para-bromobenzyl, p-nitrophenyl, allyl. acetyl, isopro-
pyl, levulinyl, dimethoxytrityl, trityl, 2-naphthylmethyl,
pyvaloyl, triisopropylsilyl, tert-butyldimethylsilyl, tert-bu-
tyldiphenylsilyl, tert-butylmethoxphenylsilyl, triethylsilyl,
trimethylsilyl, 2-trimethylsilylethoxymethyl. More specifi-
cally, in a preferred embodiment of the present invention P*,
P'°, P! and P'® may be acetyl, P? and P> may be benzoyl, P?,
P® and P!! may be benzyl, P* and P® may be para-bromoben-
zyl, P” may be isopropyl and P° may be levulinyl.

[0100] Protection groups for amines may form carbamates.
Therefore protection groups P'* and P'* may be selected from
the group consisting of or comprising tert-butyloxy carbonyl,
9-fluorenylmethoxy carbonyl, allyloxy carbonyl, 2,2,2-
trichloroethyloxy carbonyl, benzyloxy carbonyl; carbonyls
such as trifluoro acetyl, trichloro acetyl, acetyl, benzoyl.
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More specifically, in a preferred embodiment of the present
invention P'* may be benzyloxy carbonyl and P'* may be
benzyl.

[0101] Protection groups for carboxylic acids may form
esters. Therefore P'* may be selected from the group consist-
ing of or comprising methyl, ethyl, allyl, isopropyl, tert-butyl,
phenyl, benzyl, p-methoxybenzyl. More specifically, in a pre-
ferred embodiment of the present invention P'* may be
methyl.

[0102] The protection strategy is directed to protection
groups which can be removed in one final step. Therein, it is
preferable that on the one hand several kinds of protection
groups can be removed and on the other hand several protec-
tion groups of one kind can be removed simultaneously. Such
strategy facilitates a subsequent introduction of several dif-
ferent kind of substituents and further one final deprotection
step in order to generate the compounds of the general for-
mula (I), (IT), (I11) and 1, and in particular of tetrasaccharide
1.

[0103] A preferred embodiment of the present invention
relates to the synthesis of synthetic saccharides of general
formula (II)

(I

HO,
HO on
RO

[0104] wherein
[0105] R represents —Y—NH,;
[0106] Y represents a linker;

[0107] R" represents H or
HO,
HO OR"'
HO =
J2(0]
[0108] R™ represents H or
OH
O
AcHN OH
OH
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[0109] comprising the steps: [0115] wherein

[0116] P®-P'? represent protecting groups

[0117] with compound 7” in order to obtain a compound
317 of the following chemical formula

[0110] A1) Reacting compound 26* with a compound
HO—Y—Np“pt

plg,

e}
e}
P°0

P'o

[0111] wherein P, P*3, P** and P** are protecting groups
andY is as defined above, yielding a compound of the formula

28"
[0118] whereinY and P®to P'° are defined as above;
[0119] B2) Performing deprotection reactions with com-
\ pound 317 vielding a disaccharide 367,
/
PH—N HO,
PIS
HO OH
[0112] A2) Converting compound 28" to compound 7%, HO —
HO
P7\O

N

[0120] wherein R is defined as above,

[0121] or

[0122] performing a selective deprotection yielding a com-
pound of the formula 3%,

[0113] wherein P® and P” are protecting groups, and Y, P*?,
P'* and P*° are defined as above;

[0114] BI1) Reacting compound 6* of the formula

NH

CCl
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[0123] wherein PS to P%, P'° to P'* and Y are defined as
above,

[0124] C1)Reacting compound 3" with a compound of the
formula 38"

P2Q
3,
0 opl6
NPh
PO ~0
P30
0 CFs

[0125] wherein P2-P° and P'S are protecting groups,
[0126] vielding a compound of the formula 397,

Pllo
Pl
Pf0
O
P50
PO ~
o 16
s\ O
P’0
[0127] wherein P2-P?, P*°-P** and Y are defined as above,
and
[0128] D1) Performing deprotection reactions with com-
pound 39" yielding a trisaccharide 37"
HO
HO
OH

HO

[0129] wherein R is defined as above,
[0130] or
[0131] C2) Reacting the compound 4* of the formula
op!
N; op!

op!
ClC 0

NH
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[0132] wherein
[0133] the groups P represent the same protecting group

[0134] with the compound 5% of the following chemical
formula

[0135] wherein

[0136] PP’ are defined as above and

[0137] Arrepresents an aromatic ring or aromatic ring sys-
tem

[0138] in order to obtain compound 30* of the following

chemical formula

Op!

SAr

[0139] wherein

[0140] the group —SAr is converted to the group —O—C
(=NPh)-CF; in order to obtain compound 2* of the follow-
ing chemical formula

2*
Op!

op!

op!

NPh

CF;
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11
[0141] wherein P'-P® are defined as above,
[0142] Reacting compound 3* with a compound 2%, (I
[0143] vielding a compound of the formula 327, HO
324 HO o
-0

[0149] wherein

[0150] R represents —Y—NH,;

[0151] Y represents a linker;
[0152] R" represents H or

OH
[0144] wherein P'-P?, P'°-P'® and Y are defined as above, aain\ 2 o

[0145] and -

[0146] D2) Converting the azide group of compound 32”

into an acetamide group and performing deprotection reac-

tions yielding a tetrasaccharide 1% [0153] comprising the steps:
[0154] Al) Reacting compound 26* with a compound
HO—Y—NP"P*,

HO

HO
OH PlO

[0155] wherein P!, P'?, P** and P'* are protecting groups
andY is defined as above, yielding a compound of the formula
28"

OP!

OH

[0147] wherein R is defined as above.

[0148] Another preferred embodiment of the present inven- pls
tion relates to the synthesis of synthetic saccharides of gen-
eral formula (IIT)
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[0156] A2) Converting compound 28" to compound 7%, [0162] whereinY and P®to P*® are defined as above;

[0163] B2) Performing a selective deprotection yielding a
compound of the formula 3,

Plig

PO pllo

3
POHO

[0157] wherein P® and P7 are protecting groups, and Y, P2,
P and P*° are defined as above;

[0158] BI1) Reacting compound 6* of the formula

[0164] wherein P° to P%, P'° to P! and Y are defined as
above;

[0165] C1)Reacting compound 3" with a compound of the
formula 38*

NH

CCly P2Q

P30

P*O
PO

[0159] wherein
[0160] P®-P'2 represent protecting groups

[0161] with compound 7% in order to obtain a compound

31% of the following chemical formula
[0166] wherein P>-P° and P'° are protecting groups,

[0167] yielding a compound of the formula 397,

Pl%

pllg
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[0168] wherein P>-P®, P'°-P' and Y are defined as above,
[0169] and 5
[0170] D1) Performing deprotection reactions with com- ap!

pound 39" yielding a trisaccharide 37

op!
op!
HO
HO,
NPh
CF;

[0182] wherein P'-P® are defined as above,
[0183] reacting compound 3% with a compound 2%,

[0184] yielding a compound of the formula 327,

[0171] wherein R is defined as above,
[0172] or
[0173] C2) Reacting the compound 4* of the formula

Op!
N3 op!
o)
op!
0

ClLC

[0174] wherein
[0175] the groups P represent the same protecting group
[0176] with the compound 5* of the following chemical

formula
[0185] wherein P'-P3, P'°-P** and Y are defined as above,
[0186] and
"0 [0187] D2) Converting the azide group of compound 32*
%0 into an acetamide group and performing deprotection reac-
tions yielding a tetrasaccharide 1

[0177] wherein
[0178] P>-P° are defined as above and

1#

{0179] Ar represents an aromatic ring or aromatic ring sys- HO

em

[0180] in order to obtain compound 30* of the following HO
chemical formula OH

P“o5
PO AcHN

[0181] wherein the group —SAvr is converted to the group
—O—C(=NPh)-CF, in order to obtain compound 2* of the
following chemical formula [0188] wherein R is defined as above.

OH
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[0189] Another preferred embodiment of the present inven- [0197] A2) Converting compound 28" to compound 77,
tion relates to the synthesis of synthetic tetrasaccharide 1%

(1%

[0198] wherein P® and P7 are protecting groups, and Y, P2,
P'* and P’ are defined as above;

[0199] BI) Reacting compound 6* of the formula

AcHN.

OH

[0190] wherein

[0191] R represents —Y—NH,;
[0192] Y represents a linker;
[0193] comprising the steps:

[0194] Al) Reacting compound 26* with a compound
HO—Y—NPUp1s,

op!

[0200] wherein

[0201] PE-P'? represent protecting groups

[0202] with compound 7* in order to obtain a compound
317 of the following chemical formula

[0195] wherein P!, P'® P'* and P'? are protecting groups
and Y is defined as above,
[0196] vielding a compound of the formula 28%

op!
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[0203] whereinY and P to P*° are defined as above;

[0204] B2) Performing a selective deprotection yielding a
compound of the formula 3”,

Pl

p'lo

[0205] wherein P® to P%, P1° to P and Y are defined as
above,
[0206] C) Reacting the compound 4* of the formula
Op!
Ny o Op!
op!
cgcTo
NH
[0207] wherein
[0208] the groups P represent the same protecting group
[0209] with the compound 5* of the following chemical
formula
PQ
Po OH
-0
P*0
P50
SAr
[0210] wherein
[0211] PP’ represent protecting groups and
[0212] Arrepresents an aromatic ring or aromatic ring sys-
tem

Aug. 21,2014

[0213] in order to obtain compound 30* of the following
chemical formula

Op!
op!
OP!

[0214] wherein

[0215] the group —SAr is converted to the group —O—C
(=NPh)-CF, in order to obtain compound 2* of the follow-
ing chemical formula

2*
op!
op!
OP!
NPh
CF,
[0216] wherein P*-P® are defined as above,
[0217] reacting compound 3% with a compound 2%,
[0218] yielding a compound of the formula 327,
32

0219] wherein P'-P®, P°-P*> and Y are defined as above,
[
[0220] and

[0221] D) Converting the azide group of compound 32*
into an acetamide group and performing deprotection reac-
tions yielding a tetrasaccharide 1%
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[0226] wherein
1 [0227] P! and P* represent protecting groups as defined
HO herein
[0228] with compound 27* of the formula

27*

Pl4
HO/\/\/\T/

[0229] wherein

[0230] P'*and P'° represent protecting groups

[0231] in order to obtain compound 28* of the following
formula

AcHN OH

OH
8%

P'O
[0222] wherein R is defined as above.

[0223] A specifically preferred embodiment of the present
invention relates to the synthesis of the monosaccharide 35 of
the chemical formula

35
pl4—N
\PIS
[0232] wherein the protecting groups P* and P'-P'* are
cleaved in order to obtain compound 35.
[0233] Another specifically preferred embodiment of the
present invention relates to chemical synthesis of the disac-
charide 36 of the chemical formula
36
HO
HO,
HO
HO
[0224] comprising the steps:
[0225] A) Reacting compound 26* of the formula
26%

op!
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[0234] comprising the steps: [0242] wherein the protecting groups P®-P** are cleaved in
[0235] A) Reacting compound 6* of the formula order to obtain compound 36.

[0243] Yet another specifically preferred embodiment of
the present invention relates to chemical synthesis of the
trisaccharide 37 of the chemical formula

37
NH HO

CCl3 oH
-0

[0236] wherein 0
[0237] P®-P'2 represent protecting groups
[0238] with compound 7* of the formula

HO ~0

HO\\\‘...

HO

HN
[0244] comprising the steps:
PH—N [0245] A) Reacting compound 6* of the formula
\PIS PIOO
[0239] wherein u opi2
[0240] P°, P7, P'°-P'® represent protecting groups, 8P 0 o NI
[0241] in order to obtain compound 31* of the following P OP9 o
chemical formula o
CCl

[0246] wherein
[0247] P5-P'? represent protecting groups
[0248] with compound 7* of the formula
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[0249] wherein [0253] B) Reacting compound 38* of the formula
[0250] PC,P7, P1*-P'° represent protecting groups
[0251] in order to obtain compound 31* of the following , 38
chemical formula >0

P0 Op!6

0 -0 NH
AL
0 CF;

[0254] with compound 3* in order to obtain compound 39*
of the formula

30%

e}

[0252] wherein the protecting group P° is selectively
cleaved in order to obtain compound 3* of the formula

P!, PH_Y
\ 15
pllo opR2 P
P80 -0
HO

[0255] wherein the protecting groups P>-P* and P'°-P*° are
cleaved in order to obtain compound 37.

[0256] The linker bearing an amino group on the reducing
terminus of the synthetic saccharides of the general formula
(D), and in particular of tetrasaccharide 1 can serve as handle
for conjugation to a carrier protein. This neoglycoconjugate
was used in subsequent immunology studies to demonstrate
the efficacy of the saccharides of general formula (1), (IT), (I11)
and especially the saccharids of formula 1%, 35%, 36" and 37"
as a vaccine.

[0257] Thus the present invention relates in a particularly
preferred embodiment to the total chemical synthesis of tet-
PH—N rasaccharide 1.

P [0258] Scheme 1 provides an overview of the key com-

pounds involved in the chemical synthesis of tetrasaccharide
1.
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PQ
P30 OH
P40 -
P50
SAr
5*
n
Op!
Ny 5 op!
op!
ClC 0
NH
4*

1

19

Scheme 1

pllo

P8Q
P°0
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OPIZ
’O )Iqi
0 cCl
6*

pl—N

PIS

7*
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[0259] Thus, the present invention relates to the total syn-
thesis of the tetrasaccharide 1 of the chemical formula:

HO

OH
el

AcHN

OH

[0260] comprising the steps:
[0261] A) Reacting the compound 6* of the formula
[0262] wherein

[0263] P%-P'? represent protecting groups
[0264] with the compound 7* of the formula

PH—N

PIS

Aug. 21,2014

[0265] wherein
[0266] P° P7, P'*-P'® represent protecting groups

[0267] in order to obtain compound 31* of the following
chemical formula

e}
pllo OP!2
0 -0
P°0

Péo

plé—N
\
PIS

[0268] wherein the protecting group P° is selectively
cleaved in order to obtain compound 3*.

[0269] B) Reacting the compound 4* of the formula

Op!
Ny OP!
o]
op!
Cl}CTO
NH

[0270] wherein
[0271] the groups P’ represent the same protecting group

[0272] with the compound 5* of the following chemical
formula

[0273] wherein
[0274] P>-P’ represent protecting groups and

[0275] Ar represents an aromatic ring or aromatic ring sys-
tem
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[0276] in order to obtain compound 30* of the following
chemical formula

Op!
op!

op!

SAr

[0277] wherein

[0278] the group —SAr is converted to the group —O—C
(=—NPh)-CF; in order to obtain compound 2* of the follow-

ing chemical formula

Op!
N; opP!
P20, 0
op!
P30 0
. -0 NPh
L
0 CF;

[0279] C)Reacting the compound 2* with compound 3* of
the formula

pl%Q,

pllo
OPIZ

P*0
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[0280] in order to oblt(ain compound 32* of the formula
pl%,

[0281] wherein the azide group is converted into an aceta-
mide group and wherein the protecting groups P*-P® and
P'°-P™ are cleaved in order to obtain compound 1.

[0282] Preferably the compound 2* has the following for-

mula

op!
o 5 OP!
op!
P0 0
NPh
gy
P50
0 CF,

[0283] wherein P' represents acetyl, P> and P> represent
benzoyl, P? represents benzyl and P* represents para-bro-

mobenzyl.
[0284] Preferably the compound 3* has the following for-

mula
PO

P'lo
OP12
P8O
HO

PSO.

PM—N

PIS
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[0285] wherein P®, P*! and P** represent benzyl, P” repre-
sents isopropyl, P® represents para-bromobenzyl, P*° and P'2
represent acetyl and P*° represents benzyloxy carbonyl.
[0286] The glycan moiety of tetrasaccharide 1 according to
the present invention is a-GleNAc-(1—2)-a-Hep-(1—3)-a-
Hep-(1—=5)-a-Kdo.
[0287] Otheraspects of the present invention are directed to
the saccharides (1), (IT), (TIT), 1%, 35%, 36" and 37" as well as to
the specific saccharides 1, 35, 36 and 37 obtainable or
obtained by the total chemical synthesis as disclosed herein.
[0288] A further aspect of the present invention is related to
the saccharides (I, (IT), (IIT), 1%, 35%, 36" and 37" as well as to
the tetrasaccharide 1, the trisaccharide 37, the disaccharide 36
and the monosaccharide 35 which are free of any phosphoet-
hanolamine (PEA) which is inevitably present in any extracts
or isolates from biological material and especially bacterial
isolates. Also the saccharides (1), (II), (III), 17, 35", 36, 377,
1,35, 36 and 37 are free of any endotoxin lipid A which is
presentin the extracts or isolates from biological material and
especially bacterial isolates. Therefore, one preferred
embodiment of this invention is tetrasaccharide 1, trisaccha-
ride 37, disaccharide 36 and monosaccharide 35 or any other
saccharide of one of the general formula (1), (IT), (I11), 1%, 357,
36" or 37" which is not contaminated with PEA and/or endot-
oxin lipid A. Due to these contaminations the oligosaccha-
rides obtained or derived from natural sources were and could
so far not used as vaccines. Moreover the tetrasaccharide 1,
the trisaccharide 37, the disaccharide 36, the monosaccharide
35 or any other saccharide of one of the general formula (I),
(I), (I1I), 1%, 35%, 36" or 37% according to the present inven-
tion is substantially pure, having a purity of 295%, preferably
296%, more preferably 297%, still more preferably =98%,
and most preferably 299%. In addition the chemically syn-
thesized saccharides of the present invention and especially
tetrasaccharide 1, trisaccharide 37, disaccharide 36 and
monosaccharide 35 do not have any microheterogenicity as
the oligosaccharides from biological sources do.
[0289] Microheterogenicity as used herein is defined as
slight differences in structure between essentially identical
molecules. In case of the glycan moiety of the LPS of M.
meningitidis it refers to a slightly varied glycosyl linkage and
variation in the substitution of hydroxyl groups of the LPS
glycan moiety by for example phosphoethanolamine (PEA)
or acetyl. The glycans of bacterial LPS frequently show high
degrees of microheterogenicity in the outer core, which cor-
responds to the short saccharides in FIG. 1. An advantage of
the synthetic saccharides of the present invention is that they
show no microheterogenicity which means that the synthetic
saccharides of the present invention have no dissimilarity or
variety in their structure, also not in regard to the glycosidic
linkage or substituents.

[0290] A further aspect of the present invention s related to

the saccharides selected from the following group comprising

the following compounds:

[0291] tetrasaccharide 1: 2-N-acetyl-2-deoxy-o.-p-glu-
copyranosyl-(1—2)-1-glycero-o-p-manno-heptopyrano-
syl-(1-=3)-L-glycero-a-p-manno-heptopyranosyl-(1—5)-
2-(5-amino)pentyl-3-deoxy-o.-p-manno-oct-2-
ulopyranosidonic acid

[0292] monosaccharide 35: 2-(5-amino)pentyl-3-deoxy-a-
D-manno-oct-2-ulopyranosidonic acid

[0293] disaccharide 36: r-glycero-a-p-manno-heptopyra-
nosyl-(1-=5)-2-(5-amino) ~ pentyl-3-deoxy-a-p-manno-
oct-2-ulopyranosidonic acid
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[0294] trisaccharide 37: L-glycero-c-p-manno-heptopyra-
nosyl-(1—3)-L-glycero-a-p-manno-heptopyranosyl-
(1->5)-2-(5-amino)pentyl-3-deoxy-a-pD-manno-oct-2-ul-
opyranosidonic acid

[0295] compound 42: 2-(2-amino)ethyl-3-deoxy-a-p-
manno-oct-2-ulopyranosidonic acid

[0296] compound 45: 2-(22-amino)docosanyl-3-deoxy-o.-
D-manno-oct-2-ulopyranosidonic acid

[0297] compound 48: 2-2-(2-aminoethoxy)ethyl-3-deoxy-
a-D-manno-oct-2-ulpyrano sidonic acid

[0298] compound 51: 2-2-(5-aminomethyl)pyrrolidin-2-
yl)ethyl-3-deoxy-a-p-man no-oct-2-ulpyranosidonic acid

[0299] compound 54: 2-4-(2-aminoethoxy)benzyl-3-
deoxy-a-p-manno-oct-2-ulpyranosidonic acid

[0300] compound 59: 1-glycero-a-p-manno-heptopyrano-
syl-(1—=5)-2-(38-amino-3,6,9,12,15,18,21,24,27,30,33,
36-dodecaoxaoctatriacontanyl)-3-deoxy-a-p-manno-oct-
2-ulopyranosidonic acid

[0301] compound 64: r-glycero-a-p-manno-heptopyrano-
syl-(1—5)-2-(((aminomethyl)disulfanyl)methyl)-3-
deoxy-a-p-manno-oct-2-ulopyranosidonic acid

[0302] compound 69: r-glycero-a-p-manno-heptopyrano-
syl-(1—5)-2-(2-((2-aminoethyl)(methyl)amino )ethyl)-3-
deoxy-a-p-manno-oct-2-ulopyranosidonic acid

[0303] compound 74: 1-glycero-a-p-manno-heptopyrano-
syl-(1—5)-2-(2-(aminomethoxy))phenoxy)methyl-3-
deoxy-a-p-manno-oct-2-ulopyranosidonic acid

[0304] compound 79: 1-glycero-a-p-manno-heptopyrano-
syl-(1—5)-2-(3-(6-(aminomethyl)piperidin-2-yl )propa-
nyl)-3-deoxy-a-p-manno-oct-2-ulopyranosidonic acid

[0305] compound 86: 1-glycero-a-D-manno-heptopyrano-
syl-(1-3)-L-glycero-a-p-manno-heptopyranosyl-(1-5)-
2-(40-amino)tetracontanyl-3-deoxy-a-p-manno-oct-2-ul-
opyranosidonic acid

[0306] compound 93: L-glycero-a-D-manno-heptopyrano-
syl-(1—3)-L-glycero-a-p-manno-heptopyranosyl-(1—5)-
2-(2-(4-aminophenoxy )ethyl-3-deoxy-o-p-manno-oct-2-
ulopyranosidonic acid

[0307] compound 100: r-glycero-a-p-manno-heptopyra-
nosyl-(1—3)-L-glycero-o.-p-manno-heptopyranosyl-
(1-+5)-2-(2-(4-(2-aminoethyl)-2-methoxyphenylJethyl)-
3-deoxy-o.-p-manno-oct-2-ulopyranosidonic acid

[0308] compound 107: r-glycero-a-p-manno-heptopyra-
nosyl-(1—3)-L-glycero-a-p-manno-heptopyranosyl-
(1-5)-2-(4-(2-aminoacetyl)phenyl)-3-deoxy-o.-p-
manno-oct-2-ulopyranosidonic acid

[0309] compound 114: r-glycero-a-p-manno-heptopyra-
nosyl-(1—3)-r-glycero-a.-p-manno-heptopyranosyl-
(1-5)-2-(6-amino-3-0x0)hexyl-3-deoxy-o-p-manno-
oct-2-ulopyranosidonic acid

[0310] compound 121: 2-N-acetyl-2-deoxy-c.-p-glucopy-
ranosyl-(1—=2)-L-glycero-o.-p-manno-heptopyranosyl-
(1-+3)-1-glycero-a.-p-manno-heptopyranosyl-(1—=5)-2-
(8-amino-2,2-dimethyl)octyl-3-deoxy-a-p-manno-oct-2-
ulopyranosidonic acid

[0311] compound 128: 2-N-acetyl-2-deoxy-a-p-glucopy-
ranosyl-(1—+2)-1-glycero-c.-p-manno-heptopyranosyl-
(1-3)-1-glycero-a.-p-manno-heptopyranosyl-(1—5)-2-
(2-((aminomethyl)thio)ethyl)-3-deoxy-a.-p-manno-oct-2-
ulopyranosidonic acid

[0312] compound 135: 2-N-acetyl-2-deoxy-a-p-glucopy-
ranosyl-(1—=2)-L-glycero-o.-p-manno-heptopyranosyl-
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(1—3)-1-glycero-a-p-manno-heptopyranosyl-(1—5)-2-
(3-(3-aminopropyljureido )methyl-3-deoxy-c.-p-manno-
oct-2-ulopyranosidonic acid
[0313] compound 142: 2-N-acetyl-2-deoxy-a-D-glucopy-
ranosyl-(1—2)-1-glycero-a-p-manno-heptopyranosyl-
(1-3)-1-glycero-a-p-manno-heptopyranosyl-(1-=5)-2-
(5-(2-aminoethyl)-1-methylpiperidin-2-yl)methyl-3-
deoxy-a-p-manno-oct-2-ulopyranosidonic acid
[0314] compound 149: 2-N-acetyl-2-deoxy-c.-D-glucopy-
ranosyl-(1—2)-1-glycero-a-p-manno-heptopyranosyl-
(1-3)-1-glycero-o-p-manno-heptopyranosyl-(1—=5)-2-
(4-(3-aminopropyl)phenyl)-3-deoxy-a-p-manno-oct-2-
ulopyranosidonic acid
[0315] Preferred embodiments of the present invention are
the trisaccharide 37 and the tetrasaccharide 1, especially pref-
erably is the tetrasaccharide 1. This relates also to other
aspects and embodiments of the invention, especially to the
use as a vaccine and to the use in immunological assays for
diagnostics of diseases caused by bacteria containing LPS
comprising a saccharide sequence selected from a-GlcNAc-
(1-2)-a-Hep-(1—3)-a.-Hep-(1—5)-0.-Kdo, o-Hep-(1—3)-
a-Hep-(1-5)-a-Kdo and a-GleNAc-(1—2)-a-Hep-(1-3)-
o-Hep.
[0316] Also this trisaccharide 37 and this tetrasaccharide 1
according to the present invention are preferably not contami-
nated with PEA and endotoxin lipid A.

[0317] VaccineStill another aspect of the present invention
is directed to a vaccine containing at least one saccharide of
the present invention, preferably the tetrasaccharide 1, the
trisaccharide 37, the disaccharide 36 or the monosaccharide
35. These vaccines according to the present invention are
preferably without any traces of PEA and/or endotoxin lipid
A. The saccharides of the present invention and especially,
tetrasaccharide 1, trisaccharide 37, disacchatide 36 and
monosaccharide 35 used to prepare the vaccine have prefer-
ably a purity of 295%, preferably =296%, more preferably
297%, still more preferably =98%, and most preferably
299%. The saccharide or the saccharides contained in the
vaccine do also not exhibit any microheterogenicity and espe-
cially no microheterogenicity in their glycan moiety.

[0318] The term “glycan” as used herein refers to an oli-
gosaccharide consisting of monosaccharides having -glyco-
sidic linkages. The term “glycan moiety” as used herein refers
to the portion of a molecule consisting of an oligosaccharide
without portion having a chemical structure other than sac-
charides, like protein or lipid structure. In case of the tetrasac-
charide 1 the glycan moiety consists of the tetrasaccharide 1
without the linker, i.e. where the group R is hydrogen, or in
other words of the saccharide of formula a-GleNAc-(1-2)-
a-Hep-(1—3)-a-Hep-(1—5)-a-Kdo. This means the glycan
moiety of the tetrasaccharide 1 is the structure as shown by
FIG. 1 as core tetrasaccharide.

[0319] The term “core tetrasaccharide” as used herein
refers to the glycan moiety of tetrasaccharide 1. The core
tetrasaccharide is a saccharide derived from the core structure
of the LPS structure of N.a meningitidis. The position of the
core tetrasaccharide in the core structure of the LPS structure
of N.a meningitidis shows F1G. 1. FIG. 1 shows also in grey
further portions of the LPS molecule of N. meningitidis and
their linkage in regard to the core tetrasaccharide. Tetrasac-
charide 1 is the core tetrasaccharide with the specific linker as
shown by the formula on page 40. Tetrasaccharide 1” refers to
the core tetrasaccharide with an unspecified linker. A trisac-
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charide according to the invention refers to the core tetrasac-
charide missing either the monosaccharide a-GleNAc or the
monosaccharide Kdo.

[0320] The present invention relates further to a synthetic
saccharide of general formula (T)

O

[0321] wherein

[0322] R represents —Y—NH,,

[0323] Y represents a linker,
[0324] R'represents H or

[0325] R" represents H or
HO
o or"’
HO -Q
HO
[0326] R™ represents H or
0 OH,
AcHN OH
OH

[0327] and in a further aspect to a synthetic saccharide of
general formula (IT)

(I
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[0328] wherein
[0329] R represents —Y—NH,,
[0330] Y represents a linker,
[0331] R" represents H or
HO,
o OR'™
HO -0
HO
[0332] R™ represents H or
o OH,
AcHN on
OH
[0333] and in a further aspect to a synthetic saccharide of

general formula (IIT)

[0334]

[0335]
[0336]
[0337]

wherein

R represents —Y—NH,,

Y represents a linker,

R" represents H or

OH,
AcHN OH
OH
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[0338] and in a still further aspect to a tetrasaccharide 17

(1"

AcHN

OH

[0339] wherein
[0340] R represents —Y—NH,,

[0341] Y represents a linker,
[0342] for use as a vaccine for immunization against dis-
eases caused by bacteria containing LPS comprising a sac-
charide sequence selected from a-GleNAc-(1—+2)-a.-Hep-
(1-3)-a-Hep-(1—5)-0-Kdo, a-Hep-(1—3)-a-Hep-(1—=5)-
a-Kdo and  a-GlcNAc-(1—2)-a-Hep-(1—=3)-a-Hep.
Preferred among said saccharide sequences is a-GlcNAc-
(1-+2)-a-Hep-(1—3)-0-Hep-(1-—=5)-a-Kdo. The diseases
caused by bacteria containing LPS comprising a saccharide
sequence selected from a-GlcNAc-(1—2)-a-Hep-(1—=3)-a-
Hep-(1—5)-a-Kdo,  a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo
and a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep are preferably
selected from the group consisting of meningitis, septicemia,
pneumonia and nasopharyngitis. It is further preferred that
the bacteria containing LPS comprising a saccharide
sequence selected from a-GleNAc-(1—+2)-a-Hep-(1—3)-c-
Hep-(1—5)-a-Kdo,  o-Hep-(1—3)-a-Hep-(1—5)-a-Kdo
and a-GlcNAc-(1—2)-a-Hep-(1—3)-a-Hep are selected
from the group consisting of strains of Neisseria meningitidis,
wherein the lipo-oligosaccharide (LOS) immunotypes are
L1,02,13,14,1516,17, L8 L9 and/or L11.
[0343] The invention relates further to a synthetic saccha-
ride of general formula (I), (IT), (IID), 1%, 357, 36" or 37" and
preferably to the saccharide 1, 35, 36 and/or 37 for use as a
vaccine for immunization against diseases caused by bacteria
having a molecule, preferably a LPS, wherein the glycan
moiety comprises or contains a saccharide selected from the
group comprising or consisting of a-GleNAc-(1—2)-a.-Hep-
(1-3)-a-Hep-(1—5)-0-Kdo, a-Hep-(1—3)-a-Hep-(1—5)-
o-Kdo and o-GleNAc-(1—2)-a-Hep-(1—+3)-a-Hep. The
diseases caused by bacteria having a molecule, preferably a
LPS, wherein the glycan moiety comprises or contains a
saccharide selected from the group comprising or consisting
of a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep-(1—5)-5a.-Kdo,
a-Hep-(1—+3)-a-Hep-(1—5)-a-Kdo and a-GlcNAc-(1-+2)-
a-Hep-(1—+3)-a-Hep are preferably selected from the group
consisting of meningitis, septicemia, pneumonia and
nasopharyngitis.
[0344] The invention relates further to a synthetic saccha-
ride of general formula (I), (I1), (IIT), 1%, 357, 36" or 37* and
preferably to the saccharide 1, 35, 36 and/or 37 for use as a
vaccine for immunization against bacterial infections of Neis-
seria meningitidis. Preferably the infections is caused by N.
meningitidis having a membrane compound comprising a
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saccharide selected from the group comprising or consisting
of a-GleNAc-(1-2)-a-Hep-(1—3)-a.-Hep-(1—5)-0.-Kdo,
a-Hep-(1-3)-a-Hep-(1—=5)-a-Kdo and a-GleNAc-(1-2)-
a-Hep-(1—3)-a-Hep.

[0345] Bacteria containing LPS comprising a saccharide
sequence selected from a-GleNAc-(1—2)-a-Hep-(1—3)-a-
Hep-(1—=5)-a-Kdo,  a-Hep-(1—3)-c-Hep-(1—5)-a-Kdo
and a-GlecNAc-(1—+2)-a-Hep-(1—3)-a-Hep as used herein
are all bacterial strains, especially all strains of N. meningiti-
dis, wherein one of the saccharides a-GlcNAc-(1—2)-a.-
Hep-(1—3)-a-Hep-(1—=5)-a-Kdo,  a-Hep-(1—3)-a-Hep-
(1-5)-a-Kdo or a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hepa
are a substructure or a partial sequence of their Lipopolysac-
charides (LPS).

[0346] The saccharides according to the present invention
and pharmaceutical compositions containing at least one sac-
charide of the present invention and especially the vaccine
containing at least one saccharide and preferably the tetrasac-
charide 1 are highly useful for eliciting antibodies, including
monoclonal antibodies (MAD). Such elicited antibodies are
also used for the treatment of diseases or support the treat-
ment of diseases caused by bacteria containing L.PS compris-
ing a saccharide sequence selected from a-GleNAc-(1-2)-
a-Hep-(1-3)-a-Hep-(1—=5)-a-Kdo, a-Hep-(1—3)-a-Hep-
(1-+5)-a-Kdo and a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep
such as Neisseria meningitidis. These antibodies could also
be used for diagnostic purposes, for instance, to diagnose
diseases such as meningitis, septicemia, pneumonia and
nasopharyngitis caused by bacteria containing LPS compris-
ing a saccharide sequence selected from a-GleNAc-(1-2)-
a-Hep-(1-3)-a-Hep-(1—=5)-a-Kdo, a-Hep-(1—3)-a-Hep-
(1=5)-a-Kdo and a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep.
[0347] Moreover the inventive saccharide can be used in
immunological assays for diagnostics of diseases caused by
bacteria containing LPS comprising a saccharide sequence
selected from a-GlcNAc-(1—2)-a-Hep-(1—3)-a-Hep-
(1-=5)-a-Kdo, a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo and
a-GleNAc-(1-2)-a-Hep-(1—3)-a-Hep. Especially the tet-
rasaccharide a-GleNAce-(1--2)-a-Hep-(1—3)-a-Hep-
(1—5)-a-Kdo may be used as a marker in immunological
assays. Such assays comprise, for instance, microarray and
ELISA useful for diagnosis of diseases caused by bacteria
containing or comprising at least one of the saccharides
a-GleNAc-(1-2)-a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo,
a-Hep-(1-3)-a-Hep-(1—=5)-a-Kdo and a-GleNAc-(1-2)-
a-Hep-(1—3)-a-Hep. Such diseases which can be diagnosed
comprise meningitis, septicemia, pneumonia and nasophar-
yngitis.

[0348] The saccharides of the present invention as well as
the pharmaceutical compositions containing at least one sac-
charide and especially the vaccines containing at least one
inventive saccharide, especially saccharide 1, 35, 36 and/or
37 are highly useful for the treatment and prophylaxis of
diseases such as the group of diseases comprising or consist-
ing of meningitis, septicemia, pneumonia and nasopharyngi-
tis caused by bacteria containing LPS comprising a saccha-
ride sequence selected from o-GIcNAc-(1—2)-a-Hep-
(1-3)-a-Hep-(1—5)-a.-Kdo, a-Hep-(1—=3)-0-Hep-(1—5)-
o-Kdo and a-GleNAc-(1—+2)-a-Hep-(1—=3)-a-Hep. Thus
the saccharides of the present invention are preferably used
for the preparation of a pharmaceutical composition and
especially a vaccine for the treatment and prophylaxis of
diseases caused by bacteria such as Neisseria meningitidis
containing at least one of the saccharides a-GleNAc-(1-—2)-
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a-Hep-(1—3)-a-Hep-(1—=5)-a.-Kdo, a-Hep-(1—=3)-a.-Hep-
(1-5)-0-Kdo and a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep
and more preferably for the preparation of a pharmaceutical
composition and especially a vaccine for the treatment and
prophylaxis of meningitis, septicemia, pneumonia and
nasopharyngitis.

[0349] The bacteria containing LPS comprising a saccha-
ride sequence selected from a-GleNAc-(1—+2)-a-Hep-
(1-=3)-a-Hep-(1—5)-0.-Kdo, a-Hep-(1—3)-a-Hep-(1-5)-
a-Kdo and a-GleNAc-(1—+2)-a-Hep-(1—3)-a-Hep and
preferably the saccharide a-GlcNAc-(1—2)-a-Hep-(1—3)-
a-Hep-(1—+5)-0-Kdo are preferably selected from the group
consisting of all strains of Neisseria meningitidis, wherein the
lipooligodaccharide (LOS) immunotypes are L1,1.2,1.3, L4,
L5, L6, L7, L8, L9 and/or L11. The LOS immunotypes L1,
L2,13,04,L5,L6,17,1L8, L9 and L11 contain the tetrasac-
charide a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep-(1—5)-a-
Kdo. The LOS immunotypes L1-L9, and L11 are subgroups
of or associated with serogroups A, B, and C.

[0350] A further aspect of the present invention is directed
to intermediates of the synthetic saccharides of the general
formula (1), (1), (I11) and 17,

[0351] Preferred intermediates are the following com-
pounds:

[0352] Compound 28 of the following formula

[0353] whereinP", P** P'? and P** are protecting groups or
hydrogen while at least one of the groups P*, P**, P*® and P**
is different from hydrogen and wherein P* represents prefer-
ably hydrogen or acetyl, P** represents preferably hydrogen
or benzyl, P*° represents preferably hydrogen or methyl and
P'® represents preferably hydrogen or benzyloxy carbonyl,
and

[0354] Compound 317 of the following formula
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[0355] wherein P®-P'® are protecting groups or hydrogen
while at least one of the groups PS-P'® is different from
hydrogen and wherein P'® and P'? represent preferably
hydrogen or acetyl, PS, P'! and P'* represent preferably
hydrogen or benzyl, P’ represents preferably hydrogen or
isopropyl, P® represents preferably hydrogen or para-bro-
mobenzyl, P° represents preferably hydrogen or levulinyl,
P! represents preferably hydrogen or methyl and P** repre-
sents preferably hydrogen or benzyloxy carbonyl, and

[0356] Compound 39” of the following formula

[0357] wherein P2-P®, P'°-P'® are protecting groups or
hydrogen while at least one of the groups P>-P%, P*°-P** is
different from hydrogen and wherein P'° and P2 represent
preferably hydrogen or acetyl, P> and P° represent preferably
hydrogen or benzoyl, P?, P, P** and P'# represent preferably
hydrogen or benzyl, P’ represents preferably hydrogen or
isopropyl, P* and P* represent preferably hydrogen or para-
bromobenzyl, P** represents preferably hydrogen or methyl
and P** represents preferably hydrogen ot benzyloxy carbo-
nyl, and

[0358] Compound 32* of the following formula

[0359] wherein P'-P®, P'°-P'* are protecting groups or
hydrogen while at least one of the groups P*-P®, P*°-P*° is
different from hydrogen and wherein P*, P'° and P'* repre-
sent preferably hydrogen or acetyl, P* and P° represent pref-
erably hydrogen or benzoyl, P*, P®, P'! and P'* represent
preferably hydrogen or benzyl, P7 represents preferably
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hydrogen or isopropyl, P* and P® represent preferably hydro-
gen or para-bromobenzyl, P'? represents preferably hydrogen
or methyl and P* represents preferably hydrogen or benzy-
loxy carbonyl.

[0360] Intheabove disclosed general formula 287,317,397
and 32* of the preferred intermediates the linker Y represents
7Y17Y27Y37: 7§717Y37, 7Y17’ or 7Y17§727
Y YV withY!, Y2, Y2, Y* and Y? as defined herein.
More preferred the linker Y represents —CH,—, —C,H,—,
—CHg—, —CHg— —CH)g— —CeH, ;o — —CH y—,
—CH, —, most preferably —C.H, ,—.

[0361] Particularly preferred intermediates are the follow-
ing compounds:

[0362] Compound 2* of the following formula

OP!

NPh

CF;

[0363] wherein P'-P° are protecting groups or hydrogen
while at least one of the groups P*-P? is different from hydro-
gen and wherein P! represents preferably hydrogen or acetyl,
P? and P’ represent preferably hydrogen or benzoyl, P* rep-
resents preferably hydrogen or benzyl and P* represents pref-
erably hydrogen or para-bromobenzyl, and

[0364] Compound 3* of the following formula

pl%Q

P!lo
P20

pl—N
\
PIS

[0365] wherein P°-P%, P'°-P'* are protecting groups or
hydrogen while at least one of the groups P°-P®, P'°-P' is
different from hydrogen and wherein PS, P** and P** repre-
sent preferably hydrogen or benzyl, P’ represents preferably
hydrogen or isopropyl, P® represents preferably hydrogen or
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para-bromobenzyl, P'° and P'? represent preferably hydro-
gen or acetyl, P'® represents preferably hydrogen or benzy-
loxy carbonyl, and P*? represents preferably hydrogen or
methyl, and

[0366] Compound 39* of the following formula

39%

pl%g

[0367] wherein P2-P®, P'°-P'* are protecting groups or
hydrogen while at least one of the groups P>-P%, P!°-P** is
different from hydrogen and wherein P? and P represent
preferably hydrogen or benzoyl, P?, P%, P'* and P** represent
preferably hydrogen or benzyl, P’ represents preferably
hydrogen orisopropyl, P* and P® represents preferably hydro-
gen or para-bromobenzyl, P'° and P'? represent preferably
hydrogen or acetyl, P** represents preferably hydrogen or
methyl and P+ represents preferably hydrogen or benzyloxy
carbonyl, and

[0368] Compound 32* of the following formula

Pl4—N
PIS
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[0369] wherein P'-P%, P'°-P'® are protecting groups or
hydrogen while at least one of the groups P*-P¥ P!°-P'? is
different from hydrogen and wherein P*, P*° and P*? repre-
sent preferably hydrogen or acetyl, P> and P° represent pref-
erably hydrogen or benzoyl, P*, P°, P'' and P'* represent
preferably hydrogen or benzyl, P’ represents preferably
hydrogen or isopropyl, P* and P® represents preferably hydro-
gen or para-bromobenzyl, P'? represents preferably hydrogen
or methyl and P'® represents preferably hydrogen or benzy-
loxy carbonyl.

[0370] The synthetic saccharides of the general formula (1),
(1D, (11D, 17, 35%, 36" and 37%, and in particular the saccha-
rides 1, 35, 36 and 37 are basic and form salts with various
organic and inorganic acids. Examples of suitable acids for
such acid addition salt formation are hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, acetic acid,
citric acid, oxalic acid, malonic acid, salicylic acid, p-ami-
nosalicylic acid, malic acid, fumaric acid, succinic acid,
ascorbic acid, maleic acid, sulfonic acid, phosphonic acid,
perchloric acid, nitric acid, formic acid, propionic acid, glu-
conic acid, lactic acid, tartaric acid, hydroxymaleic acid,
pyruvic acid, phenylacetic acid, benzoic acid, p-aminoben-
zoic acid, p-hydroxybenzoic acid, methanesulfonic acid,
ethanesulfonic acid, nitrous acid, hydroxyethanesulfonic
acid, ethylenesulfonic acid, p-toluenesulfonic acid, naphth-
ylsulfonic acid, sulfanilic acid, camphersulfonic acid, china
acid, mandelic acid, o-methylmandelic acid, hydrogen-ben-
zenesulfonic acid, picric acid, adipic acid, D-o-tolyltartaric
acid, tartronic acid, a-toluic acid, (o,m,p)-toluic acid, naph-
thylamine sulfonic acid, amino acids such as glycone, ala-
nine, valine, leucine, isoleucine, serine, threonine, phenyla-
lanine, tyrosine, tryptophane, lysine, arginine, histidine,
asparaginic acid, glutamic acid, asparagines, glutamine, cys-
teine, methionine, proline, 4-hydroxyproline, N,N,N-trim-
ethyllysine, 3-methylhistidine, 5-hydroxylysine, O-phospho-
serine,  y-carboxyglutamate, e-N-acetyllysine, (o-N-
methylarginine, citrulline and ornithine, and other mineral or
carboxylic acids well known to those skilled in the art. The
salts are prepared by contacting the free base form with a
sufficient amount of the desired acid to produce a salt in the
conventional manner.

[0371] The free base forms may be regenerated by treating
the salt with a suitable dilute aqueous base solution such as
dilute aqueous sodium hydroxide, potassium carbonate,
ammonia and sodium bicarbonate. The free base forms differ
from their corresponding salt forms somewhat in certain
physical properties, such as solubility in polar solvents, but
the salts are otherwise equivalent to their corresponding free
base forms for purposes of this invention.

[0372] Thus the inventive syntheses for the synthetic sac-
charides of the general formula (I) may further comprise step
E)

[0373] E) preparing a salt of a synthetic saccharides of the
general formula (I) or preparing a lyophilisate of a synthetic
saccharides of the general formula (I) or of the salt of a
synthetic saccharides of the general formula (I).

[0374] 1Ina preferred embodiment, the inventive syntheses
for the synthetic saccharides of the general formula (II) may
further comprise step E)

[0375] E) preparing a salt of a synthetic saccharides of the
general formula (IT) or preparing a lyophilisate of a synthetic
saccharides of the general formula (IT) or of the salt of a
synthetic saccharides of the general formula (II).



US 2014/0234364 Al

[0376] In apreferred embodiment, the inventive syntheses
for the synthetic saccharides of the general formula (I1T) may
further comprise step E)

[0377] E) preparing a salt of a synthetic saccharides of the
general formula (I11) or preparing a lyophilisate of a synthetic
saccharides of the general formula (IIT) or of the salt of a
synthetic saccharides of the general formula (II1).

[0378] In apreferred embodiment, the inventive syntheses
for the synthetic saccharides of the general formula 1* may
further comprise step E)

[0379] E) preparing a salt of a synthetic saccharides of the
general formula 17 or preparing a lyophilisate of a synthetic
saccharides of the general formula 1% or of the salt of a
synthetic saccharides of the general formula 1%,

[0380] In apreferred embodiment, the inventive syntheses
for the monosaccharides 35 may further comprise step B)
[0381] B) preparing a salt of monosaccharides 35 or pre-
paring a lyophilisate of monosaccharides 35 or of the salt of
monosaccharides 35.

[0382] 1In apreferred embodiment, the inventive syntheses
for the disaccharides 36 may further comprise step B)
[0383] B) preparing a salt of disaccharides 36 or preparing
a lyophilisate of disaccharides 36 or of the salt of disaccha-
rides 36.

[0384] In apreferred embodiment, the inventive syntheses
for the trisaccharides 37 may further comprise step C)
[0385] C) preparing a salt of trisaccharides 37 or preparing
a lyophilisate of trisaccharides 37 or of the salt of trisaccha-
rides 37.

[0386] Also, in the particularly preferred embodiment the
inventive synthesis of tetrasaccharide 1 as described above
may further comprise step D)

[0387] D) preparing a salt of tetrasaccharide 1 or preparing
a lyophilisate of tetrasaccharide 1 or of the salt of tetrasac-
charide 1.

[0388] Itis preferred that the reaction of compound 6% and
7%, of compound 6* and 57, of compound 6* and 62, of
compound 6* and 67, of compound 6* and 72, of compound
6* and 77, of compound 6* and 82, of compound 6* and 89,
of compound 6* and 96, of compound 6* and 103, of com-
pound 6* and 110, of compound 6* and 117, of compound 6*
and 124, of compound 6* and 131, of compound 6* and 138
and of compound 6* and 145 is performed in a polar aprotic
solvent using trimethylsilyl trifluoromethanesulfonate (TM-
SOTH). In addition molecular sieve (MS) such as 4 A molecu-
lar sieve can be used. The reaction temperature is between
-20° C. and +20° C., preferably the temperature is between
-10° C. and +10° C. and more preferably the temperature is
between -5° C. and +5° C. and most preferably about 0° C.

[0389] The reaction is preferably carried out in a polar
aprotic solvent such as acetonitrile, nitromethane, dimethyl-
carbonate, ethylencarbonate, ether such as tetrahydrofurane
(THF) or diethylether, ketones such as acetone, butanone or
pentanone, amides such as dimethylformamide (DMF) or
dimethylacetamide, halogenated solvents such as chloro-
form, methylene chloride, carboxylic acid ester such as acetic
acid ethyl ester.

[0390] Itis preferred that the reaction of compound 4* and
5* is performed in an aprotic solvent using trimethylsilyl
trifluoromethanesulfonate (TMSOTT). In addition molecular
sieve (MS) such as 4 A molecular sieve can be used. The
reaction temperature is between -20° C. and +20° C., pref-
erably the temperature is between —-10° C. and +10° C. and
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more preferably the temperature is between -5° C.and +5° C.
and most preferably about 0° C.

[0391] The reaction is preferably carried out in a polar
aprotic solvent such as acetonitrile, nitromethane, dimethyl-
carbonate, ethylencarbonate, ether such as tetrahydrofurane
(THF) or diethylether, ketones such as acetone, butanone or
pentanone, amides such as dimethylformamide (DMF) or
dimethylacetamide, halogenated solvents such as chloro-
form, methylene chloride, carboxylic acid ester such as acetic
acid ethyl ester.

[0392] Preferably the conversion of compound 30* to com-
pound 2* is performed in two steps. The first step is reacting
compound 30* in a polar aprotic solvent and water mixture
using N-bromosuccinimide (NBS) and the second step
involves reacting the product obtained after the first step with
CF,C(=NPh)Cl and a base in a polar aprotic solvent. Both
steps are preferably carried out at room temperature or room
temperature +15° C. For the first step solvent mixtures of a
ketone and water are preferred such as acetone/water mix-
tures. For the second step polar aprotic solvents such as aceto-
nitrile, nitromethane, sulfolane, dimethylcarbonate, ethylen-
carbonate, dimethylsulfoxide, ether such as tetrahydrofurane
(THF) or diethylether, ketones such as acetone, butanone or
pentanone, amides such as dimethylformamide (DMF) or
dimethylacetamide, halogenated solvents such as chloro-
form, methylene chloride, carboxylic acid ester such as acetic
acid ethyl ester are suitable.

[0393] Preferably the conversion of compound 31* to 3*, of
compound 83 to 84, of compound 90 to 91, of compound 97
to 98, of compound 104 to 103, of compound 111 to 112, of
compound 118to0 119, of compound 125 to 126, of compound
132 t0 133, of compound 139 to 140 and of compound 147 to
146 is performed in a polar aprotic solvent by means of
hydrazine or a hydrazinium salt. Suitable polar aprotic sol-
vents are mentioned above. The reaction is preferably con-
ducted at room temperature or room temperature £15° C.
Hydrazinium salts of weak acids are preferred such as
hydrazinium acetate or hydrazinium proprionate.

[0394] Itisalso preferred that the reaction of compound 2*
and the compound 3%, of compound 2* and the compound
119, of compound 2* and the compound 126, of compound 2*
and the compound 133, of compound 2* and the compound
140 and of compound 2* and the compound 146 is performed
in a polar aprotic solvent using trimethylsilyl trifluo-
romethanesulfonate (TMSOTY). In addition molecular sieve
(MS) such 4 A molecular sieve can be used. The reaction
temperature is between -20° C. and +20° C., preferably the
temperature is between —10° C. and +10° C. and more pref-
erably the temperature is between -5° C. and +5° C. and most
preferably about 0° C.

[0395] The reaction is preferably carried out in a polar
aprotic solvent such as acetonitrile, nitromethane, dimethyl-
carbonate, ethylencarbonate, ether such as tetrahydrofurane
(THF) or diethylether, ketones such as acetone, butanone or
pentanone, amides such as dimethylformamide (DMF) or
dimethylacetamide, halogenated solvents such as chloro-
form, methylene chloride, carboxylic acid ester such as acetic
acid ethyl ester.

[0396] It is also preferred that the reaction of compound
38* and the compound 3*, of compound 38* and the com-
pound 84, of compound 38* and the compound 91, of com-
pound 38* and the compound 98, of compound 38* and the
compound 105 and of compound 2* and the compound 112 is
performed in a polar aprotic solvent using trimethylsilyl tri-



US 2014/0234364 Al

fluoromethanesulfonate (TMSOTT). In addition molecular
sieve (MS) such 4 A molecular sieve can be used. The reac-
tion temperature is between -20° C. and +20° C., preferably
the temperature is between -10° C. and +10° C. and more
preferably the temperature is between -5° C. and +5° C. and
most preferably about 0° C.

[0397] The reaction is preferably carried out in a polar
aprotic solvent such as acetonitrile, nitromethane, dimethyl-
carbonate, ethylencarbonate, ether such as tetrahydrofurane
(THF) or diethylether, ketones such as acetone, butanone or
pentanone, amides such as dimethylformamide (DMF) or
dimethylacetamide, halogenated solvents such as chloro-
form, methylene chloride, carboxylic acid ester such as acetic
acid ethyl ester.

[0398] Thus, preferably the reaction of compound 6* and
7%, the reaction of compound 2* and 3* or the reaction of
compound 4* and 5* is performed in a polar aprotic solvent
using TMSOTH{.

[0399] Preferably the conversion of compound 32* to com-
pound 33*
[0400] of the formula

pPl4—N
\
PIS

[0401] is performed in a polar aprotic solvent to which a
base is added or in a polar aprotic basic solvent using thio-
acetic acid (AcSH). Suitable polar aprotic solvents are men-
tioned above. Suitable polar aprotic basic solvents are amines
such as pyridine. The reaction is preferably conducted at
room temperature or room temperature +15° C.

[0402] Preferably the conversion of compound 33* to com-
pound 1, of compound 31 to disaccharide 36, of compound 39
to trisaccharide 37, of compound 58 to disaccharide 59, of
compound 36 to disaccharide 64, of compound 68 to disac-
charide 69, of compound 73 to disaccharide 74, of compound
78 to disaccharide 79, of compound 85 to trisaccharide 86, of
compound 92 to trisaccharide 93, of compound 99 to trisac-
charide 100, of compound 106 to trisaccharide 107 and of
compound 113 to trisaccharide 114 is performed in three
steps, first the acid-labile protecting groups are cleaved in a
mixture of an acid in water; second the base-labile protecting
groups are cleaved in a polar aprotic solvent/water mixture or
a polar protic solvent/water mixture using a base; and third
the protecting groups sensitive for hydrogenation are cleaved
by means of hydrogen and a catalyst. The first step is prefer-
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ably carried out in a mixture of a weak acid such as formic
acid, acetic acid, propionic acid in water at elevated tempera-
ture. The reaction temperature is preferably between 50° C.
and 90° C., more preferably between 60° C. and 80° C. and
most preferably between 65° C. and 75° C. For the second
step suitable protic solvents are alcohols such as methanol,
ethanol, propanol, or isopropanol, which are used in combi-
nation with water and probably another polar solvent such as
acetonitrile, nitromethane, sulfolane, dimethylcarbonate,
ethylencarbonate, dimethylsulfoxide, ether such as tetrahy-
drofurane (THF) or diethylether, amides such as dimethylfor-
mamide (DMF) or dimethylacetamide, halogenated solvents
such as chloroform, or methylene chloride. The basic cleav-
age of the protecting groups is preferably performed at room
temperature or room temperature +15° C. The third step
involves cleavage of the protecting groups sensitive for
hydrogenation by the use of hydrogen gas and a catalyst such
as palladium on carbon (Pd/C) and palladium hydroxide on
carbon (Pd(OH),/C). The hydrogenation is preferably per-
formed at room temperature or room temperature £15° C.
Preferably a solvent mixture of water, a weak acid such as
formic acid, acetic acid, or propionic acid and a protic solvent
such as alcohols such as methanol, ethanol, propanol, or
isopropanol.

[0403] Preferably the conversion of compound 120 to tet-
rasaccharide 121, of compound 127 to tetrasaccharide 128, of
compound 134 to tetrasaccharide 135, of compound 141 to
tetrasaccharide 142 and of compound 148 to tetrasaccharide
149, is performed in a polar aprotic solvent to which a base is
added or in a polar aprotic basic solvent using thioacetic acid
(AcSH) and subsequent deprotection in three steps first the
acid-labile protecting groups are cleaved in a mixture of an
acid in water; second the base-labile protecting groups are
cleaved in a polar aprotic solvent/water mixture or a polar
protic solvent/water mixture using a base; and third the pro-
tecting groups sensitive for hydrogenation are cleaved by
means of hydrogen and a catalyst as described abobe.
[0404] Preferably the conversion of compound 28* to
monosaccharide 35, of compound 41 to monosaccharide 42,
of compound 44 to monosaccharide 45, of compound 47 to
monosaccharide 48, of compound 50 to monosaccharide 51
and of compound 53 to monosaccharide 54 is performed in
two steps, firstthe base-labile protecting groups are cleaved in
apolar aprotic solvent/water mixture or a polar protic solvent/
water mixture using a base; and second the protecting groups
sensitive for hydrogenation are cleaved by means of hydrogen
and a catalyst. For the first step suitable protic solvents are
alcohols such as methanol, ethanol, propanol, or isopropanol,
which are used in combination with water and probably
another polar solvent such as acetonitrile, nitromethane, sul-
folane, dimethylcarbonate, ethylencarbonate, dimethylsul-
foxide, ether such as tetrahydrofurane (THF) or diethylether,
amides such as dimethylformamide (DMF) or dimethylaceta-
mide, halogenated solvents such as chloroform, or methylene
chloride. The basic cleavage of the protecting groups is pref-
erably performed at room temperature or room temperature
+15° C. The second step involves cleavage of the protecting
groups sensitive for hydrogenation by the use ofhydrogen gas
and a catalyst such as palladium on carbon (Pd/C) and palla-
dium hydroxide on carbon (Pd(OH),/C). The hydrogenation
is preferably performed at room temperature or room tem-
perature +15° C. Preferably a solvent mixture of water, a
weak acid such as formic acid, acetic acid, or propionic acid
and a protic solvent such as alcohols such as methanol, etha-
nol, propanol, or isopropanol.

[0405] The syntheses of the inventive saccharides as dis-
closed herein constitute a milestone which finally enables
production of sufficient amounts of the desired LPS structure
to support research towards understanding and designing a
vaccine against N. meningitidis.
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[0406] According to the present invention the tetrasaccha-
ride 1 as well as any other inventive saccharide disclosed
herein is useful for the manufacture of a pharmaceutical com-
position for use as vaccine for immunization against diseases
caused by bacteria containing or comprising the tetrasaccha-
ride a-GlcNAc-(1—2)-a-Hep-(1—3)-0.-Hep-(1—5)-a-Kdo
or the trisaccharide a-Hep-(1—+3)-a-Hep-(1—5)-a-Kdo or
the trisaccharide a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep,
especially for immunization against meningitis, septicaemia,
pneumonia and nasopharyngitis caused by Neisseria menin-
gitidis.

[0407] Specifically, according to the present invention tet-
rasaccharide 1 is used as a vaccine for immunization against
diseases caused by bacteria containing LPS comprising a
saccharide sequence selected from a-GlcNAc-(1—+2)-a-
Hep-(1—3)-a-Hep-(1—=5)-a-Kdo,  a-Hep-(1—3)-a-Hep-
(1-+5)-a-Kdo and a-GleNAc-(1-+2)-0-Hep-(1—3)-a-Hep,
especially for immunization against meningitis, septicaemia,
pneumonia and nasopharyngitis caused by Neisseria menin-
gitidis.

[0408] Example of bacteria containing LPS comprising a
saccharide sequence selected from a-GleNAc-(1—2)-c-
Hep-(1—=3)-a-Hep-(1—+5)-a-Kdo, a-Hep-(1—3)-a-Hep-
(1-+5)-a-Kdo and a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep
p is Neisseria meningitidis. All strains of Neisseria menin-

gitidis wherein the LOS immunotypesare L1,1.2, 1.3, 14,15,
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L6, L7, L8, L9 and L11 contain such a tetrasaccharide or
trisaccharide. The LOS immunotypes L1-L9, and L11 are
associated with serogroups A, B, and C.

[0409] Examples of diseases caused by bacteria containing
LPS comprising a saccharide sequence selected from
a-GleNAc-(1—-2)-a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo,
a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo and a-GleNAc-(1-+2)-
a-Hep-(1—3)-a-Hep are meningitis, septicemia, pneumonia
and nasopharyngitis.

[0410] Scheme 2 provides synthesis of trisaccharide 39%
from the donor 38* and disaccharide acceptor 3*

[0411] Ttis preferred that the reaction of compound 38* and
3* is performed in an aprotic solvent using trimethylsilyl
trifluoromethanesulfonate (TMSOTY). In addition molecular
sieve (MS) such as 4 A molecular sieve can be used. The
reaction temperature is between —20° C. and +20° C., pref-
erably the temperature is between -10° C. and +10° C. and
more preferably the temperature is between -5° C. and +5° C.
and most preferably about 0° C.

[0412] The reaction is preferably carried out in a polar
aprotic solvent such as acetonitrile, nitromethane, dimethyl-
carbonate, ethylencarbonate, ether such as tetrahydrofurane
(THF) or diethylether, ketones such as acetone, butanone or
pentanone, amides such as dimethylformamide (DMF) or
dimethylacetamide, halogenated solvents such as chloro-
form, methylene chloride, carboxylic acid ester such as acetic
acid ethyl ester.

Scheme 2.

39%
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[0413] Preferably the conversion of compound 39* to com-
pound 37 is performed in three steps, first the acid-labile
protecting groups are cleaved in a mixture of an acid in water;
second the base-labile protecting groups are cleaved in a polar
aprotic solvent/water mixture or a polar protic solvent/water
mixture using a base; and third the protecting groups sensitive
for hydrogenation are cleaved by means of hydrogen and a
catalyst. The first step is preferably carried out in a mixture of
aweak acid such as formic acid, acetic acid, propionic acid in
water at elevated temperature. The reaction temperature is
preferably between 50° C. and 90° C., more preferably
between 60° C. and 80° C. and most preferably between 65°
C. and 75° C. For the second step suitable protic solvents are
alcohols such as methanol, ethanol, propanol, or isopropanol,
which are used in combination with water and probably
another polar solvent such as acetonitrile, nitromethane, sul-
folane, dimethylcarbonate, ethylencarbonate, dimethylsul-
foxide, ether such as tetrahydrofurane (THF) or diethylether,
amides such as dimethylformamide (DMF) or dimethylaceta-
mide, halogenated solvents such as chloroform, or methylene
chloride. The basic cleavage of the protecting groups is pref-
erably performed at room temperature or room temperature
+15° C. The third step involves cleavage of the protecting
groups sensitive for hydrogenation by the use of hydrogen gas
and a catalyst such as palladium on carbon (Pd/C) and palla-
dium hydroxide on carbon (PdOH/C). The hydrogenation is
preferably performed at room temperature or room tempera-
ture £15° C. Preferably a solvent mixture of water, a weak
acid such as formic acid, acetic acid, or propionic acid and a
protic solvent such as alcohols such as methanol, ethanol,
propanol, or isopropanol.

[0414] A synthetic saccharide of general formula (I)
@
HO
[0415] wherein
[0416] R represents -L-NH,
[0417] R'represents H or

HO,

HO OH
HO -0

Aug. 21,2014

[0418] R" represents H or

[0419] R™ represents H or

OH

AcHN OH
OH

[0420] for use as a vaccine for immunization against dis-
eases caused by bacteria containing LPS comprising a sac-
charide sequence selected from a-GlcNAc-(1—+2)-a-Hep-
(1-+3)-a-Hep-(1—5)-0.-Kdo, a-Hep-(1—3)-a-Hep-(1-5)-
a-Kdo and a-GleNAc-(1-2)-a-Hep-(1—3)-a-Hep.

[0421] The synthetic saccharide of any one of the general
formula (T), (IT), (1D, 17, 35%, 36" and 37" could be used as a
vaccine for eliciting antibodies. The synthetic saccharide of
any one of the general formula (1), (I1), (1), 1*, 35, 36" and
37" could also be used in immunological assays for diagnos-
tics of diseases caused by bacteria containing LPS compris-
ing a saccharide sequence selected from a-GleNAc-(1—2)-
a-Hep-(1—3)-a-Hep-(1—5)-a-Kdo, a-Hep-(1—3)-a.-Hep-
(1-5)-a-Kdo and a-GlcNAc-(1—2)-a-Hep-(1—3)-a-Hep.
Preferably the diseases caused by these bacteria are selected
from the group comprising or consisting of meningitis, sep-
ticemia, pneumonia and nasopharyngitis.

[0422] Further was found that extraordinary potent and
stable vaccine can be derived when a synthetic saccharide of
general formula (I), (IT), (111, 1%, 35%, 36" or 37" is bound to
a carrier protein. The present invention relates therefore to a
synthetic saccharide of any one of the general formula (I),
(D), (1I), 17, 35%, 36" and 37” covalently linked to a carrier
protein. Particularly preferred is that said carrier protein is a
bacterial peptide or a synthetic saccharide derived from a
bacterial peptide.

[0423] It is particularly preferred that the carrier protein a
synthetic saccharide of any one of the general formula (I),
an, (1), 17, 35%, 36" and 37% is covalently linked to is
selected from the group comprising or consisting of: a diph-
theria toxoid, a mutated diphtheria toxoid, a modified diph-
theria toxoid, a mutated and modified diphtheria toxoid, a
tetanus toxoid, a modified tetanus toxoid, a mutated tetanus
toxoid, outer membrane protein (OMP), bovine serum albu-
min (BSA), keyhole limpet hemocyanine (KLH or cholera
toxoid (CT). The term “toxoid” as used herein refers to a
bacterial toxin (usually an exotoxin) whose toxicity has been
inactivated or suppressed either by chemical (formalin) or
heat treatment, while other properties, typically immunoge-
nicity, are maintained. A mutated toxoid as used herein is a
recombinant bacterial toxin which has been amended to be
less toxic or even non-toxic by amending the wild-type amino
acid sequence. Such a mutation could be a substitution of one
or more amino acids. A modified toxoid as used herein is an
activated bacterial toxoid a functional group has been intro-
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duced or which has been coupled to a linker for binding of any
antigen. It is especially preferred that the synthetic saccharide
of general formula (1), (I1), (II1), 1%, 35%, 36" or 37" and
preferably the saccharide 1, 35,36 or 37 is covalently linked
to the non-toxic mutated diphtheria toxin CRM, ,, which is
modified by maleimide. CRM, , like wild-type diphtheria
toxin is a single polypeptide chain of 535 amino acids (58 kD)
consisting of two subunits linked by disulfide bridges having
a single amino acid substitution of glutamic acid for glycine.
It is utilized as a carrier protein in a number of approved
conjugate vaccines for diseases such as meningitis and pneu-
mococcal bacterial infections.

[0424] In one aspect of the present invention the synthetic
saccharide ofany one of the formula (1), (IT), (I11), 17,357, 36"
and 37% according to the present invention is attached to a
carrier protein. One embodiment of the present invention is a
synthetic saccharide of the formula (1), (I1), (111, 1%, 35%, 36"
or 377 attached to a carrier protein for use as a vaccine for
immunization against diseases caused by bacteria containing
LPS comprising a saccharide sequence selected from
a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo,
a-Hep-(1—3)-a-Hep-(1—5)-a-Kdo and a-GlcNAc-(1—2)-
a-Hep-(1—3)-a-Hep. It is preferred that said diseases are
selected from the group consisting of meningitis, septicemia,
pneumonia and nasopharyngitis. The bacteria containing
LPS comprising a saccharide sequence selected from
a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo,
a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo and a-GleNAc-(1-2)-
a-Hep-(1—3)-a-Hep are selected from the group consisting
of all strains of Neisseria meningitidis, wherein the lipo-
oligosaccharide (LOS) immunotypes are L1, L2, .3, 1.4, L5,
L6,17,1.8, L9 and/or L11.

[0425] A saccharide-protein conjugate (V) comprises the
synthetic saccharide according to any one of the general
formula (I), (1), (IIT), 1%, 35%, 36" and 37* coupled to said
protein carrier. A method for conjugation of the synthetic
saccharide of the invention to a carrier protein comprises
reacting a unique terminal amine of the linker Y with one of
the two NHS-activated esters of Di(N-succinimidyl) adipate
to form an amide and subsequent coupling of the activated
amide moiety to the protein carrier.

Scheme 3
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-continued
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[0426] In an embodiment of the present invention a syn-
thetic saccharide of any one of the formula (I), (II), (IIT), 1,
357, 36" and 37" is conjugated to a carrier protein in order to
form a synthetic saccharide-protein conjugate (V). The car-
rier protein is selected from a group of diphtheria toxoid
CRM,,,, tetanus toxoid (TT), outer membrane protein
(OMP), bovine serum albumin (BSA), keyhole limpet
hemocyanine (KL.H), diphtheria toxoid (DT) and cholera tox-
oid (CT).

[0427] A method for conjugation of a synthetic saccharide
of any one of the general formula (I), (II), (1I1), 1%, 35, 36"
and 37" to a carrier protein comprises reacting a unique ter-
minal amine of the linker with one of the two NHS-activated
esters of Di(N-succinimidyl) adipate 150 to form an amide
and subsequent coupling of the activated amide moiety to the
protein carrier. A synthetic saccharide-protein conjugate (V)
consists of a synthetic saccharide (I) and a carrier protein
which connected each other with adipic amide.

[0428] In a preferred embodiment of the present invention
the synthetic saccharide-protein conjugate (V) comprises a
saccharide of any one of the general formula (1), (II), (II1), 1%,
357, 36" and 37". 1t is further preferred that the synthetic
saccharide-protein conjugate (V) comprises the carrier pro-
tein diphtheria toxoid CRM, 4.

[0429] 1In apreferred embodiment of the present invention
the synthetic saccharide-protein conjugate (V) comprises a
compound selected from a group consisting of saccharides
35, 36, 37 and 1. It is further preferred that the synthetic
saccharide-protein conjugate (V) comprises the carrier pro-
tein diphtheria toxoid CRM 4.

[0430] In the most preferred embodiment of the present
invention the synthetic saccharide-protein conjugate (V)
comprises the tetrasaccharide 1 and the carrier protein diph-
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theria toxoid CRM, ¢,. In one aspect of the present invention
the synthetic saccharide of any one of the formula (I), (II),
(1), 1%, 35", 36" and 37" according to the present invention
conjugated to a carrier protein is lyophilized to achieve
enhanced stability.
[0431] A synthetic saccharide of general formula (1), (II),
(1), 1%, 35%, 36" or 37" or amixture of such saccharides could
be immobilized on a microarray surface or any other surface
and used for an in vitro method of detecting Neisseria men-
ingitidis. A method of identifying a certain strain of N. men-
ingitidis or an infection caused by N. meningitidis comprises
the use of at least one synthetic saccharide of the present
invention. Furthermore, the synthetic saccharide of general
formula (I), (1), (I11), 1%, 35", 36" or 37* or a mixture of such
saccharides can be used as an analytical standard for immu-
noassays.
[0432] The present invention refers also to an antibody
against at least one synthetic saccharide of general formula
(M), (D), (III), 1%, 357, 36* or 37" according to the present
invention. The term “antibody” as used herein encompasses
polyclonal and monoclonal antibody preparations, as well as
preparations including hybrid antibodies, F(ab'"), fragments,
F(ab) molecules, single domain antibodies and functional
fragments thereof which exhibit immunological binding
properties of the parent antibody molecule.
[0433] The antibody according to the invention may be
polyclonal or monoclonal. Especially preferred monoclonal
antibodies according to the invention are produced by the
monoclonal hybridoma 1A5 1G1 or 1B6 4E1. The 1A5 1G1
and 1B6 4E1 hybridomas, producing the 1AS 1G1 and 1B6
4E1 antibodies, respectively, were deposited under the pro-
visions of the Budapest Treaty with the Leibniz Institute
DSMZ-German Collection of Microorganisms and Cell Cul-
tures, InhoffenstraRte 7B, 38124 Braunschweig; Germany.
The 1A5 1G1 hybridoma was assigned Accession Number
and the 1B6 4E1 hybridoma was assigned Accession
Number . The present invention refers also to mono-
clonal antibodies against at least one synthetic saccharide of
general formula (1), (I1), (111), 1%, 35%, 36" or 377, wherein the
hybridoma cells producing this antibodies are deposited with
the DSMZ, under the name 1A5 1G1 (Accession Number
) and 1B6 4E1 (Accession Number ). The
present invention refers also to monoclonal antibodies desig-
nated 1A5 1G1, produced by the hybridoma cell line 1AS
1G1 and to antibodies designated 1B6 4E1, produced by the
hybridoma cell line 1B6 4E1 deposited with the DSMZ.
[0434] Further the present invention refers to the use of at
least one synthetic saccharide of general formula (I), (II),
(1), 17, 35", 36" or 37" according to the invention or at least
one antibody against at least one synthetic saccharide of the
present invention in immunological assays for diagnostics of
diseases caused by bacteria containing LPS comprising a
saccharide sequence selected from a-GlcNAc-(1—-2)-a-
Hep-(1—+3)-a-Hep-(1—+5)-a-Kdo, a-Hep-(1—3)-a-Hep-
(1-5)-a-Kdo and a-GleNAc-(1->2)-a-Hep-(1—3)-a-Hep.
It is preferred if said diseases are selected from the group
comprising or consisting of meningitis, septicemia, pneumo-
nia and nasopharyngitis.
[0435] Such assays comprise, for instance, microarray and
ELISA useful for diagnosis of diseases caused by bacteria
containing LPS comprising a saccharide sequence selected
from  a-GleNAc-(1—+2)-a-Hep-(1—3)-a-Hep-(1—5)-a-
Kdo, a-Hep-(1—=3)-a-Hep-(1—5)-a-Kdo and a-GleNAc-
(1-2)-a-Hep-(1—=3)-a.-Hep. Therefore another aspect of
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the present invention refers to the use of a synthetic saccha-
ride of formula (1), (IT), (IIT), 1%, 35%, 36" or 37" and especially
ofthe saccharide 1, 35,36 or 37 for diagnosis of said diseases.
Thus especially preferred embodiments of the present inven-
tion relate to pure synthetic saccharides of the present inven-
tion for diagnosis of bacteria containing LPS comprising a
saccharide sequence selected from a-GleNAc-(1—2)-a-
Hep-(1-3)-a-Hep-(1—+5)-a-Kdo,  a-Hep-(1—3)-a.-Hep-
(1-+5)-0-Kdo and a-GleNAc-(1—-2)-a-Hep-(1—3)-a-Hep.
[0436] One embodiment of the present invention relates to
a kit comprising at least one synthetic saccharide of the
present invention immobilized on a carrier by covalent bond-
ing or the synthetic saccharide of the present invention for
immobilization on a carrier. The at least one synthetic sac-
charide of the present invention may be used as a marker in
said assays. Another embodiment of the present invention
relates to a kit comprising at least one antibody against a
synthetic saccharide of general formula (I), (I1), (IIT), 1%, 35,
36" or 37%.

[0437] A kit in molecular biology or in medical diagnostics
is a package which includes all necessary ingredients for
performing a certain method or singular step. Standard
chemicals as present in any standard molecular biology or
medical laboratory are normally not included. Nevertheless
some of these standard chemicals may be indispensable to
carry out the diagnosis or the immobilization properly. It is
understood that all ingredients are provided in quantities that
allow for a proper execution of the desired reactions for the
majority of scientific, diagnostic and industrial applications.
[0438] Often, but not always, these ingredients are pro-
vided in already prepared solutions ready- or close to ready-
for-use. There may be also combinations of different ingre-
dients already added together. A further advantage is that such
kits use to be verified. Therefore the operator doesn’t have to
prove again the viability of the diagnostic method and can
save on at least some control experiments. Therefore kits are
avery populartool in laboratories in research, diagnostics and
industry.

[0439] Suchakit according to the invention shall include at
least the following components:

[0440] A) at least one synthetic saccharide of any one of
general formula (1), (I), (1), 1%, 35%, 36" and 37*
immobilized on a carrier by covalent bonding

[0441] B) at least one antibody, like detection antibody

[0442] C) a standard solution

[0443] or a kit according to the invention shall include at
least the following components:

[0444] A") at least one antibody against a synthetic sac-
charide of the present invention

[0445] B) at least one further antibody, like detection
antibody

[0446] C) a standard solution

[0447] The following components may also be included in
such kits:

[0448] D) blocking solution

[0449] E) wash solution

[0450] F) sample buffer

[0451] An antibody in the kit may be a specific antibody
which can be used as a capture antibody. But preferably it is
at least an enzyme-linked secondary antibody used as detec-
tion antibody that binds specifically to antibody’s Fc region.
For quantitative determinations, the optical density (OD) or
fluorescence of the sample is compared to a standard curve,
which is typically a serial dilution of a known-concentration
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solution of the target molecule (a standard solution). A block-
ing solution may be a solution of a non-reacting protein, such
as bovine serum albumin or casein, which is added to block
any plastic surface in the well that remains uncoated by the
antigen. Washing solutions are used to remove unbound com-
ponents. A sample buffer may be used to dilute the sample of
the patient (blood, serum, urine) so that the concentration of
the target molecule is in the range which can normally be
detected by the test system used.

[0452] Ifthe kit shall be allowed for the immobilization of
a synthetic saccharide of general formula (1), (IT), (I1I), 1%,
35% 36" or37* ona solid carrier the kit should include at least:

[0453] A)At least one synthetic saccharide of any one of
general formula (1), (II), (I11), 1%, 357, 36" and 37" or an
antibody against at least one synthetic saccharide of
general formula (1), (II), (1), 1%, 35", 36" or 37*

[0454]
slide

[0455] Thereby the carrier may be modified, for example
the carrier may be functionalized with a linker molecule as
described above.

B) A carrier, like a microtiter plate or microarray

[0456] The following components may also be included in
such kits:

[0457] C) blocking solution

[0458] D) wash solution

[0459] E)reaction buffer
[0460] One further aspect of the present invention relates to

at least one synthetic saccharide of the present invention or at
least one antibody according to the invention for use in the
treatment or prophylaxis of diseases caused by bacteria con-
taining LPS comprising a saccharide sequence selected from
a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo,
a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo and a-GleNAc-(1-2)-
o-Hep-(1—3)-a-Hep.

[0461] Preferably said diseases are selected from the group
comprising or consisting of meningitis, septicemia, pneumo-
nia and nasopharyngitis.

[0462]

[0463] One aspect of the present invention relates to phar-
maceutical compositions, especially vaccines containing at
least one synthetic saccharide of any one of general formula
M, (D), A1), 17, 357, 36" and 37*

Pharmaceutical Compositions

@
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[0464] wherein

[0465] R represents —Y—NH,,

[0466] Y represents a linker,
[0467] R represents H or

HO

-0

HO
R"O

[0468] R" represents H or

[0469] R represents H or

OH
(6]
AcHN; OH
OH

[0470] together with at least one pharmaceutically accept-
able carrier, cryoprotectant, lyoprotectant, excipient, adju-
vant and/or diluent.

[0471] Vaccines according to the present invention com-
prise the at least one saccharide of general formula (D), (ID),
(IID), 17, 357, 36" or 377, especially tetrasaccharide 1, trisac-
charide 37, disaccharide 36 or monosaccharide 35 or enanti-
omers, stereoisomeric forms, mixtures of enantiomers, dias-
tereomers, mixtures of diastercomers, hydrates, tautomers,
solvates or racemates or pharmaceutically acceptable salts
thereof. Especially the saccharides 1%, 35%, 36%, 377, 35, 36,
37 and 1 obtained according to the total chemical synthesis
disclosed herein are used in these vaccines. The saccharides
of general formula (I), (IT), (I1), 17, 35%, 36" and 37* as well
as the saccharides 1, 35, 36 and 37 obtained by the total
chemical synthesis disclosed herein have a purity of at least
95%, more preferably of at least 96%, still more preferably of
at least 97%, still more preferably of at least 98%, and most
preferably of at least 99% and do not contain any PEA sub-
stituents and do not contain endotoxin lipid A and do also not
have any microheterogenicity.

[0472] The expression tautomer is defined as an organic
compound that is interconvertible by a chemical reaction
called tautomerization. Tautomerization can be catalyzed
preferably by bases or acids or other suitable compounds. The
vaccine may be prepared in the form of a suspension or may
be lyophilized.

[0473] The suspension form may be stored frozen. In the
lyophilized form, it is preferable to add one or more stabiliz-
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ers. Vaccination can be performed at any age. The vaccine
many be administered subcutaneously, by spray, by injection,
orally, intraocularly, intratracheally or nasally. The amount of
vaccine of the invention to be administered a human or animal
and the regime of administration can be determined in accor-
dance with standard techniques well known to those of ordi-
nary skill in the pharmaceutical and veterinary arts taking into
consideration such factors as the particular antigen, the adju-
vant (if present), the age, sex, weight, species and condition of
the particular animal or patient, and the route of administra-
tion.

[0474] In the present invention, the amount of saccharide-
protein carrier to provide an efficacious dose for vaccination
against N. meningitidis can be from between 0.02 ng to about
10 pg per kg body weight. The saccharide of any one of the
formula (1), (IT), (I1T), 1%, 35%, 36" and 37 according to the
present invention optionally conjugated to a carrier protein
can be administered as a single dose or in a series (i.e., with a
“booster” or “boosters”). For example, a child could receive a
single dose early in life, then be administered a booster dose
up to ten years later, as is currently recommended for other
vaccines to prevent childhood diseases.

[0475] Intravenous and parenteral administration is pre-
ferred. Such compositions may be in admixture with a suit-
able carrier, diluent, or excipient such as sterile water, physi-
ological saline, glucose or the like. The compositions or the
saccharides of any one of the formula (I), (I), (IIT), 17, 357,
36" and 37" according to the present invention optionally
conjugated to a carrier protein can also be lyophilized.
[0476] Lyophilized compounds of the invention will ulti-
mately be reconstituted with a liquid component to give mate-
rial suitable for administration to a patient. The reconstitution
will typically take place at the point of use. Thus a compound
of the invention and an oil-in-water emulsion adjuvant or a
buffer solution of an adjuvant may be kept separately in a
packaged or distributed vaccine kit, ready for final formula-
tion at the time of use. In a kit containing two containers, one
will include liquid for reconstitution and the second container
includes lyophilized material. For stability reasons, the lyo-
philized component of the invention may include a stabilizer
such as lactose, sucrose and/or mannitol, as well as mixtures
thereof. Using a sucrose/mannitol mixture can speed up the
drying process. A lyophilized component may also include
sodium chloride. Soluble components in the lyophilized
material will be retained in the composition after reconstitu-
tion, and so final liquid vaccines may thus contain lactose
and/or sucrose.

[0477] Formulation of the vaccines of the present invention
can be accomplished using methods known by the art. Obvi-
ously, the choice of suitable carriers and other additives will
depend on the exact route of administration and the nature of
the particular dosage form.

[0478] The vaccine compositions of the present invention
may contain one or more adjuvants. As defined herein, an
“adjuvant” is a substance that serves to enhance the immuno-
genicity of a saccharide of any one of the formula (I), (I),
(1), 17, 357, 36" and 37" according to the present invention
optionally conjugated to a carrier protein. An immune adju-
vant may enhance an immune response to an antigen that is
weakly immunogenic when administered alone, e.g., induc-
ing no or weak antibody titers or cell-mediated immune
response. Further an adjuvant may increase antibody titers to
the antigen, and/or lowers the dose of the antigen effective to
achieve an immune response in the individual. Thus, adju-
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vants are often given to boost the immune response and are
well known to the skilled person. Suitable adjuvants to
enhance effectiveness include, by way of example and not
limitation, aluminum adjuvants (e.g., aluminum salts such as
aluminum hydroxide, aluminum phosphate, aluminum sul-
fate or combinations thereof), Freund’s Adjuvant (Complete
or Incomplete), BAY R1005 (N-(2-Deoxy-2-L-leucylamino-
[-D-glucopyranosyl)-N-octadecyldodecanoylamide

hydroacetate), DC-chol (dimethylaminoethane)-carbamoyl
cholestreol, PCPP (poly[di(carboxylatophenoxy) phosp-
hazene]), monophoshoryl lipid A, CpG oligonucleotides, sac-
charideS-21 (saccharideuillaja saponaria saponin immuno-
logic adjuvant), cholera toxin and formyl methionyl peptide.

[0479] Alternative adjuvants include oil-in-water emulsion
formulations for example MF59 as described in PCT Publ.
No. WO 90/14837, SAF-1 (Syntex Adjuvant Formulation
threonyl-MDP (0.05-1%) in an emulsion vehicle [5%
squalane, 2.5% Pluronic® L.121, 0.2% Polysorbate 80 and
phosphate buffered saline (pH 7.4)], and one or more bacte-
rial cell wall components from the group consisting of mono-
phosphorylipid A (MPL), trehalose dimycolate (TDM), and
cell wall skeleton (CWS), saponin adjuvants, such as Stimu-
lon™ (Cambridge Bioscience, Worcester, Mass.) may be
used or particles generated thereof. Various oil-in-water
emulsion adjuvants are known, and they typically include at
least one oil and at least one surfactant, with the oil(s) and
surfactant(s) being biodegradable (metabolisable) and bio-
compatible. Squalane, the saturated analog to squalene, is
preferred oil. Other preferred oils are the tocopherols. Mix-
tures of oils can be used. Surfactants can be classified by their
‘HLB’ (hydrophile/lipophile balance). Preferred surfactants
of the invention have a HLB of at least 10, preferably at least
15, and more preferably at least 16. The invention can be used
with surfactants including, but not limited to: the polyoxyeth-
ylene sorbitan esters surfactants (commonly referred to as the
Tweens); copolymers of ethylene oxide (EQ), propylene
oxide (PO), and/or butylene oxide (BO); octoxynols, which
can vary in the number of repeating ethoxy(oxy-1,2-
ethanediyl) groups, such as octoxynol-9 (Triton X-100, or
toctylphenoxypolyethoxyethanol); phospholipids such as
phosphatidylcholine (lecithin); polyoxyethylene fatty ethers
derived from lauryl, cetyl, stearyl and oleyl alcohols (known
as Brij surfactants). Preferred surfactants for including in the
emulsion are Tween 80 (polyoxyethylene sorbitan
monooleate), Span 85 (sorbitan trioleate), lecithin and Triton
X-100.

[0480] Further adjuvants may be cytokines, such as inter-
leukins (e.g.. IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12, etc.),
interferons (e.g., gamma interferon), macrophage colony
stimulating factor (M-CSF), tumor necrosis factor (TNF).

[0481] The compositions can contain auxiliary substances
such as wetting or emulsifying agents, pH buffering agents,
gelling or viscosity enhancing additives, preservatives, fla-
voring agents, colors, and the like, depending upon the route
of administration and the preparation desired. Compositions
of the invention may include an antimicrobial, particularly
when packaged in multiple dose format. Antimicrobials such
as thiomersal and 2-phenoxyethanol are commonly found in
vaccines, but it is preferred to use either a mercury-free pre-
servative or no preservative at all.

[0482] A composition may include a temperature protec-
tive agent. Examples include glycerin, propylene glycol, and/
or polyethylene glycol (PEG).
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[0483] Compositions of the invention are conveniently pro-
vided as liquid preparations, e.g., isotonic aqueous solutions,
suspensions, emulsions or viscous compositions that may be
buffered to a selected pH. Pharmaceutically acceptable car-
riers for liquid formulations may be aqueous or nonaqueous
solutions, suspensions, emulsions or oils. Examples of non-
aqueous solvents are propylene glycol, polyethylene glycol,
and injectable organic esters such as ethyl oleate. Aqueous
carriers include water, alcoholic solutions, emulsions or sus-
pensions, including saline and buffered media. The pH of a
composition after reconstitution is preferably between 6 and
8, and more preferably between 6.5 and 7.5 (e.g. about 7).
Compositions of the invention may be maintained by the use
ofabuffer e.g. a Tris buffer, acetate, glutamate, lactate, male-
ate, tartrate, phosphate, citrate, carbonate, glycinate, histi-
dine, glycine, succinate and triethanolamine buffer. Thus
compositions of the invention will preferably include a buffer.
The isotonic agent may be an ionic isotonic agent such as a
salt or a non-ionic isotonic agent such as a carbohydrate.
Examples of ionic isotonic agents include but are not limited
to NaCl, CaCl,, KCI and MgCl,. Examples of non-ionic
isotonic agents include but are not limited to sorbitol and
glycerol.

[0484] In a preferred embodiment of the invention, the
vaccine composition is formulated as a sterile liquid, pyro-
genfree, phosphate-buffered physiological saline, with or
without a preservative.

[0485] A pharmaceutically acceptable preservative can be
employed to increase the shelf life of the compositions. Ben-
zyl alcohol may be suitable, although a variety of preserva-
tives including, for example, parabens, thimerosal, chlorobu-
tanol, or benzalkonium chloride may also be employed. A
suitable concentration of the preservative will be from 0.02%
to 2% based on the total weight although there may be appre-
ciable variation depending upon the agent selected.

[0486] The composition of the invention can be formulated
as single dose vials, multidose vials or as pre-filled syringes.
[0487] Another aspect of the present invention relates to
pharmaceutical formulations and pharmaceutical composi-
tions containing at least one compound of the general formula
(1) optionally conjugated to a carrier protein or the vaccine as
an active ingredient, together with at least one pharmaceuti-
cally acceptable carrier, excipient, solvent and/or diluents.
[0488] Further preferred, the pharmaceutical composition
is formulated in the form of a lyophilisate or liquid buffer
solution.

[0489] The vaccine or pharmaceutical composition can
also be administered in form of its pharmaceutically active
salt optionally using substantially nontoxic pharmaceutically
acceptable carrier, excipients, adjuvants or diluents. The vac-
cine or pharmaceutical composition of the present invention
is prepared in a conventional solid or liquid carrier or diluents
and a conventional pharmaceutically-made adjuvant at suit-
able dosage level in a known way. The preferred preparations
and formulations are in administrable form which is suitable
for oral application. These administrable forms, for example,
include pills, tablets, film tablets, coated tablets, capsules,
powders and deposits. Other than oral administratable forms
are also possible. The inventive vaccine or pharmaceutical
composition may be administered by any appropriate means,
including but not limited to inhalation, injection (intravenous,
intraperitoneal, intramuscular, subcutaneous) by absorption
through epithelial or mucocutaneous linings (oral mucosa,
rectal and vaginal epithelial linings, nasopharyngial mucosa,
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intestinal mucosa); orally, rectally, transdermally. topically,
intradermally, intragastrically, intracutaneously, intravagi-
nally, intravasally, intranasally, intrabuccally, percutane-
ously, sublingually, or any other means available within the
pharmaceutical arts.

[0490] The vaccine or pharmaceutical composition of the
present invention, containing at least a synthetic saccharide of
general formula (I), (IT), (111), 1%, 35, 36" or 37", preferably
the saccharide 1, 35, 36 and/or 37 or a derivative or pharma-
ceutically acceptable salt thereof as an active ingredient will
typically be administered in admixture with suitable carrier
materials suitably selected with respect to the intended form
of administration, i.e. oral tablets, capsules (either solid-
filled, semi-solid filled or liquid filled), powders for constitu-
tion, oral gels, elixirs, dispersible granules, syrups, suspen-
sions, and the like, and consistent with conventional
pharmaceutical practices. For example, for oral administra-
tion in the form of tablets or capsules, the active ingredient
may be combined with any oral nontoxic pharmaceutically
acceptable inert carrier, such as lactose, starch, sucrose, cel-
lulose, magnesium stearate, dicalcium phosphate, calcium
sulfate, talc, mannitol, ethyl alcohol (liquid forms) and the
like. Moreover, when desired or needed, suitable binders,
lubricants, disintegrating agents and coloring agents may also
be incorporated in the mixture. Powders and tablets may be
comprised of from about 5 to about 95 percent of the tetrasac-
charide.

[0491] Suitable binders include starch, gelatin, natural sug-
ars, corn sweeteners, natural and synthetic gums such as
acacia, sodium alginate, carboxymethyl-cellulose, polyethyl-
ene glycol and waxes. Among the lubricants that may be
mentioned for use in these dosage forms, boric acid, sodium
benzoate, sodium acetate, sodium chloride, and the like. Dis-
integrants include starch, methylcellulose, guar gum and the
like. Sweetening and flavoring agents and preservatives may
also be included where appropriate. Some of the terms noted
above, namely disintegrants, diluents, lubricants, binders and
the like, are discussed in more detail below.

[0492] Additionally, the vaccine or pharmaceutical compo-
sition of the present invention may be formulated in sustained
release form to provide the rate controlled release of any one
or more of the components or active ingredients to optimize
the therapeutic effects. Suitable dosage forms for sustained
release include layered tablets containing layers of varying
disintegration rates or controlled release polymeric matrices
impregnated with the active components and shaped in tablet
form or capsules containing such impregnated or encapsu-
lated porous polymeric matrices.

[0493] Liquid form preparations include solutions, suspen-
sions and emulsions. As an example may be mentioned water
or water-propylene glycol solutions for parenteral injections
or addition of sweeteners and opacifiers for oral solutions,
suspensions and emulsions. Liquid form preparations may
also include solutions for intranasal administration.

[0494] Aerosol preparations suitable for inhalation may
include solutions and solids in powder form, which may be in
combination with a pharmaceutically acceptable carrier such
as inert compressed gas, e.g. nitrogen.

[0495] For preparing suppositories, a low melting wax such
as a mixture of fatty acid glycerides such as cocoa butter is
first melted, and the active ingredient is dispersed homoge-
neously therein by stirring or similar mixing. The molten
homogeneous mixture is then poured into convenient sized
molds, allowed to cool and thereby solidifies.
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[0496] Also included are solid form preparations which are
intended to be converted, shortly before use, to liquid form
preparations for either oral or parenteral administration. Such
liquid forms include solutions, suspensions and emulsions.
[0497] The inventive vaccine or pharmaceutical composi-
tion containing the saccharide of general formula (I), (II),
(1), 1%, 35%, 36” or 37", preferably the saccharide 1, 35, 36
and/or 37 may also be deliverable transdermally. The trans-
dermal compositions may take the form of creams, lotions,
aerosols and/or emulsions and can be included in a transder-
mal patch of the matrix or reservoir type as are conventional
in the art for this purpose.

[0498] The term capsule refers to a special container or
enclosure made of methyl cellulose, polyvinyl alcohols, or
denatured gelatins or starch for holding or containing com-
positions comprising the active ingredients. Hard shell cap-
sules are typically made of blends of relatively high gel
strength bone and pork skin gelatins. The capsule itself may
contain small amounts of dyes, opaquing agents, plasticizers
and preservatives.

[0499] Tablet means compressed or molded solid dosage
form containing the active ingredients with suitable diluents.
The tablet can be prepared by compression of mixtures or
granulations obtained by wet granulation, dry granulation or
by compaction well known to a person skilled in the art.
[0500] Oral gels refer to the active ingredients dispersed or
solubilized in a hydrophilic semi-solid matrix.

[0501] Powders for constitution refer to powder blends
containing the active ingredients and suitable diluents which
can be suspended in water or juices.

[0502] Suitable diluents are substances that usually make
up the major portion of the composition or dosage form.
Suitable diluents include sugars such as lactose, sucrose,
mannitol and sorbitol, starches derived from wheat, corn rice
and potato, and celluloses such as microcrystalline cellulose.
The amount of diluents in the composition can range from
about 5 to about 95% by weight of the total composition,
preferably from about 25 to about 75%, more preferably from
about 30 to about 60% by weight, and most preferably from
about 40 to 50% by weight.

[0503] The term disintegrants refers to materials added to
the composition to help it break apart (disintegrate) and
release the medicaments. Suitable disintegrants include
starches, “cold water soluble” modified starches such as
sodium carboxymethyl starch, natural and synthetic gums
such as locust bean, karaya, guar, tragacanth and agar, cellu-
lose derivatives such as methylcellulose and sodium car-
boxymethylcellulose, microcrystalline celluloses and cross-
linked microcrystalline celluloses such as sodium
croscarmellose, alginates such as alginic acid and sodium
alginate, clays such as bentonites, and effervescent mixtures.
The amount of disintegrant in the composition can range from
about 1 to about 40% by weight of the composition, prefer-
ably 2 to about 30% by weight of the composition, more
preferably from about 3 to 20% by weight of the composition,
and most preferably from about 5 to about 10% by weight.
[0504] Binders characterize substances that bind or “glue”
powders together and make them cohesive by forming gran-
ules, thus serving as the “adhesive” in the formulation. Bind-
ers add cohesive strength already available in the diluents or
bulking agent. Suitable binders include sugars such as
sucrose, starches derived from wheat, corn rice and potato;
natural gums such as acacia, gelatin and tragacanth; deriva-
tives of seaweed such as alginic acid. sodium alginate and
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ammonium calcium alginate; cellulosic materials such as
methylcellulose and sodium carboxymethylcellulose and
hydroxypropyl-methylcellulose; polyvinylpyrrolidone; and
inorganics such as magnesium aluminum silicate. The
amount of binder in the composition can range from about 1
to 30% by weight of the composition, preferably from about
2 to about 20% by weight of the composition, more preferably
from about 3 to about 10% by weight, even more preferably
from about 3 to about 6% by weight.

[0505] Lubricant refers to a substance added to the dosage
form to enable the tablet, granules, etc. after it has been
compressed, to release from the mold or die by reducing
friction or wear. Suitable lubricants include metallic stearates
such as magnesium stearate, calcium stearate or potassium
stearate; stearic acid; high melting point waxes; and water
soluble lubricants such as sodium chloride, sodium benzoate,
sodium acetate, sodium oleate, polyethylene glycols and d'l-
leucine. Lubricants are usually added at the very last step
before compression, since they must be present on the sur-
faces of the granules and in between them and the parts of the
tablet press. The amount of lubricant in the composition can
range from about 0.05 to about 15% by weight of the com-
position, preferably 0.2 to about 5% by weight of the com-
position, more preferably from about 0.3 to about 3%, and
most preferably from about 0.3 to about 1.5% by weight of the
composition.

[0506] Glidents are materials that prevent caking and
improve the flow characteristics of granulations, so that flow
1s smooth and uniform. Suitable glidents include silicon diox-
ide and talc. The amount of glident in the composition can
range from about 0.01 to 10% by weight of the composition,
preferably 0.1% to about 7% by weight of the total composi-
tion, more preferably from about 0.2 to 5% by weight, and
most preferably from about 0.5 to about 2% by weight.
[0507] Coloring agents are excipients that provide colora-
tion to the composition or the dosage form. Such excipients
can include food grade dyes and food grade dyes adsorbed
onto a suitable adsorbent such as clay or aluminum oxide. The
amount of the coloring agent can vary from about 0.01 to 10%
by weight of the composition, preferably from about 0.05 to
6% by weight, more preferably from about 0.1 to about 4% by
weight of the composition, and most preferably from about
0.1 to about 1%.

[0508] Techniques for the formulation and administration
of the vaccine of the present invention may be found in
“Remington’s Pharmaceutical Sciences” Mack Publishing
Co., Easton Pa. A suitable vaccine composition comprising at
least one saccharide of the general formula (1), (IT), (II1), 1%,
357,36" or 37", preferably the saccharide 1,35, 36 and/or 37
and/or pharmaceutically acceptable salts thereof may be a
solution of such saccharide(s) in a suitable liquid pharmaceu-
tical carrier or any other formulation such as tablets, pills, film
tablets, coated tablets, dragees, capsules, powders and depos-
its, gels, syrups, slurries, suspensions, emulsions, and the
like.

[0509] A therapeutically effective dosage of the saccharide
of general formula (I), (IT), (TIT), 17, 357, 36" or 37", prefer-
ably ofthe saccharide 1,35,36 and/or37 refers to that amount
of the compound that results in an at least a partial immuni-
zation against a disease. Toxicity and therapeutic efficacy of
such compounds can be determined by standard pharmaceu-
tical, pharmacological, and toxicological procedures in cell
cultures or experimental animals. The dose ratio between
toxic and therapeutic effect is the therapeutic index. The
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actual amount of the composition administered will be depen-
dent on the subject being treated, on the subject’s weight, the
severity of the affliction, the manner of administration and the
judgement of the prescribing physician.

[0510] The synthetic saccharide of general formula (1), (II),
(1), 1%, 35%, 36” or 37", preferably the saccharide 1, 35, 36
and/or 37 or the antibody thereof can be used for preparing a
pharmaceutical composition especially vaccines for the treat-
ment or prevention of a disease caused by the pathogen Neis-
seria meningitidis. The synthetic saccharide of the present
invention or the antibody thereof can be used for the treatment
or prevention of a disease caused by the pathogen Neisseria
meningitidis. A method of inducing immune response against
Neisseria meningitidis in a subject comprises administering
of the synthetic saccharide of the present invention or a mix-
ture thereof. A method of treating or preventing Neisseria
meningitidis infection in a subject comprises administering of
at least one synthetic saccharide of the present invention or a
mixture thereof or the composition or vaccine thereof.
[0511] In the following schemes occurring abbreviations
mean Ac (acetyl), AIBN (2-2'-azoisobutyronitrile), BCAC
(bicinchoninic acid), Bn (benzyl), Bu (butyl), Bz (benzoyl),
Cbz(benzyl carbamate), CSA(camphorsulfonic acid), DBU
(1,8-diazabicyclo[5.4.0]lundec-7-ene), DIPC(N,N'-diisopro-
pylcarbodiimide), DMAP(4-dimethylaminopyridine), DMF
(dimethylformamide), DMSO(dimethyl sulfoxide), DMTST
(dimethyl(methylthio)sulfoniumtriflate), Et (ethyl), EtOAc
(ethyl acetate), Gal (p-galactopyranose), GleNAc (2-N-
acetyl-2-deoxy-p-glucopyranose), Hep  (L-gylcero-p-
mannoheptose), Kdo (3-deoxy-p-manno-2-octulosonic
acid), Lev (levulinyl), Man(p-mannopyranose), Me (methyl),
MeOH (methanol), MS (molecular sieve), NBS(N-bromo-
succinimide). NCS(N-chlorosuccinimide), NIS(N-iodosuc-
cinimide), PBB (para-bromobenzyl), PBS (phosphate buff-
ered saline), PEA(phosphoethanol amine), PEG
(polyethyleneglycol), Ph (phenyl), Py/Pyr (pyridine), TBAB
(tetra-n-butylammonium bromide), TBDPS(tert-butyldiphe-
nylsilyl), TBS (tert-butyldimethylsilyl), tBu (tert-butyl),
TEA (triethylamine), Tf (trifluoromethanesulfonyl), THF
(tetrahydrofurane), TMS (trimethylsilyl), TMSOT{ (trimeth-
ylsilyl trifluoromethane sulfonate), TsOH (para-toluene sul-
fonic acid)

Total Synthesis of Tetrasaccharide 1

[0512] Synthesis of tetrasaccharide 1

[0513] Traditionally, the synthesis of heptose building
blocks relied on the one carbon elongation of mannose build-
ing blocks at C-6. Elongation of the carbon skeleton
employed toxic heavy metals such as mercury and osmium
and often produced inseparable mixtures of diastereomers.
Our newly developed de novo synthetic route for heptose
synthesis is straightforward and simplifies the production of
versatile, differentially-protected heptose building blocks
(Scheme 4). First, reduction of known ketone 10 with L-se-
lectride gave a regioisomer in 82% yield due to 1,3 migration
ofthe TBS group. Protection of newly formed hydroxyl group
in 10 with para-bromobenzyl bromide and sodium hydride in
dimethylformamide gave silyl ether 11 in 87% yield. The silyl
ether in 11 was replaced by a benzyl ether to afford bisacetal
12in 91% yield over two steps. Under the influence of CSA,
the ketal of 12 was removed selectively in a yield of 84%. The
newly formed primary hydroxyl group was protected as a
TBDPS ether, and the secondary hydroxyl was masked as a
TBS ether, to afford dimethylacetal 13 (73% over three steps).
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Hydrolysis of 13 with catalytic para-toluenesulfonic acid in
acetone proceeded smoothly to vyield aldehyde 8.
Mukaiyama-type aldol reaction between aldehyde 8 and silyl
enolether 9 using MgBr,-OEt, as a chelating activator
afforded the seven carbon backbone 14 with an excellent
2,3-anti-3,4-syn-selectivity in asatisfactory 65% vield. Treat-
ment of 14 with trifluoroacetic acid gave lactone 15 as the
major product and lactone 16 as the minor product.

[0514] Lactone 15 was then reduced with lithium tri-tert-
butoxylithiumaluminium hydride into diols 17 and 18 in a
straightforward manner. Partial migration of the silyl group
from C-2 to C-3 was observed and both regioisomers were
easily separated by flash chromatography.

Scheme 4. De novo synthesis of the heptose building blocks

1) L-selectride, THF,
-78° C.tort, 82%
OMe  2)p-BrBN—Br, NaH, DMF,
0°C.tot, 87%

o] QOTBS

0 5 OMe

OPBB 1) TBAF, THF, 1t, 95%

2) BuBr, NaH, DMF,
0° C. to 1, 96%

1) CSA, MeOH, 1t, 84%
2) TBDPSCI, imidazole,

OMe
DMAP, CH,Cly, 1t, 92%
z 3} TBSOTY, 2,6-lutidine, CH,Cls,
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OBn  OPBB
oMe  TSOHH,0
acetone, 1t, 91%
H B ———
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OTBS OH 0
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-continued
TBDPSO TBDPSO
Bn0, Bn0O,
OTBS on
PBBO -0 * PBBO -Q
1o J3(0)
0 0
15 (58%) 16 (18%)
TBDPSO
LiAIH(OBu)s, BnO
THF, -15° C. OTBS N
PBBOQ -C
HO
on
17 (40%)
TBDPSO
Bn0O,
oH
PBBO -Q
TBSO
on
18 (43%)

[0515] Levulinoylation of both hydroxyl groups present in
diol 17 provided diketone 19 in 76% yield (Scheme 5). The
silyl groups in 19 were removed with HF in pyridine and
subsequent diacetylation gave ester 20 in a yield of 82% over
two steps. Ester 20 was then converted into heptose trichlo-
roacetimidate 6 upon selective anomeric delevulinoylation
and trichloroacetimidate formation (77% over two steps) or
heptose thioglycoside 21 under the agency of boron trifluo-
ride etherate (66%). Diol 18 was diacetylated to diester 22 in
an excellent 89% yield. The silyl groups in 22 were replaced
by the benzoyl groups analogous to the 19-* 20 conversion,
and the resulting anomeric ester was then replaced with
5-tert-butyl-2-methylbenzenethiol to give heptose thioglyco-
side 23 in 60% yield over three steps. Under the influence of
in situ hydrogen chloride, the O-acetyl group in 23 was
removed to afford heptose building block 5 in 76% yield.

Scheme 5. Synthesis of modified heptose building blocks

TBDPSO
BnO,
OTBS LevOH, DIPC, DMAP,
CH,Cl, 1t, 76%
PBBO -0 ;0,
HO

OH
17
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-continued
TBDPSO
BiO 1) HE«Py, THF, 1t
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PBRO -0 1t, 82% for 2 steps
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20
1) NH3z, THF, MeOH,
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AcO AcO
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LevO LevO
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1t, 60% for 3 steps
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BzO
BnO,
OAc
o AcCl, CHCL;,
PRBO- MeOH, 1t, 76%
SAr
23
BzO
BnQ,
OH
PBBO -0
BzO
SAr
Hep (5)
AI =
[0516] Synthesis of Kdo Building Block with an a-Linked
Spacer.
[0517] Three different Kdo building blocks 24, 25, 26 and

the linker 27 were accessed using modified published meth-
ods. In nature, the LPS Kdo moiety of Gram-negative bacteria
exists as the a-anomer. Upon activation of the synthetic Kdo
building blocks, an elimination reaction to produce the a,f3-
unsaturated ester frequently occurred due to the presence of
the 3-deoxy moiety and the electron-withdrawing C-1 car-
boxylic function. Therefore stereoselective construction of
a-linked Kdo building blocks was dependent on fine tuning of
the conditions in the glycosylation reactions. Thus, to find the
optimal means to introduce an a-linked spacer into the Kdo
moiety, glycosylations of several classes of Kdo building
blocks with the linker 27 were briefly examined (Table 1).
Linker 27 glycosylation with either glycosyl fluoride 24 or
thioglycoside 25 resulted in couplings that produced either
B-glycoside or complex mixtures regardless of promoters,
solvents and conditions used (entries 1-4, Table 1). Although
NIS/TfOH-promoted activation of 2,3-glycal 26 often led to
complex mixtures, the coupling of 2,3-glycal 26 with the
linker 27 under the catalysis of in situ phenylselenyl triflate
proceeded smoothly, and the resulting 3-phenylselenium
group was reduced with tributyltin hydride to afford a-linked
Kdo glycoside 28 in an overall yield of 63% over 2 steps
(entries 5 and 6, Table 1).

[0518] Removal of the acetyl group in 28 with sodium
methoxide, and subsequent regioselective placement of iso-
propylidene group at the 7,8-vicinal diol using 2-methox-
ypropene, proceeded smoothly to give 29 (84% over two
steps) (Scheme 6). Finally, regioselective benzylation with
dibutyltin oxide activation gave the a-Kdo building block 7
containing a free 5-hydroxyl group in 74% yield.
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TABLE 1

Glycosylation of various Kdo building blocks with the linker 27

OAc |

Conditions
OMe

24,25, 26

OAc

Bn—N
Cbz
28
Entry Kdo Conditions Results
1 24 BF,0E,, Et;N, CH,CL,, 0° C. Complex
mixture
2 25  NCS, TfOH, CH,CL,, CH;CN, -65° C. >80% ()
3 25 NCS, TfOH, toluene, -65° C. No reaction
4 25 NIS, TfOH, CH,Cly, 1t Complex
mixture
5 26 (a) NIS, TfOH, CH,CL,, 1t Complex
(b) Bu3SnH, AIBN, toluene, 110° C.  mixture
6 26 (a) PhSeCl, AgOTF, TMSOTH, 63% (a1)
CH,Cl,, rt
(b) BuzSnH, AIBN, toluene, 110° C.
OAc
OMe

AcOr
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Scheme 6. Synthesis of a-linked Kdo reducing terminus

OAc

AcO

1) NaOMe, MeOH, 1t, 92%
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TsOH<H,0, 1t, 91%
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_ -

BnO

Bn—N

Cbz

Kdo (7)
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[0519] Synthesis of Disaccharide Fragments of N. menin
gitidis LPS.

[0520] With the building blocks in hand, efforts were
directed at the synthesis of the disaccharide portions, GlcN-
Hep and Hep-Kdo of the LPS core saccharide. Using a cata-
Iytic amount of TMSOTT as promoter, coupling of the 2-azi-
doglucopyranosyl trichloroacetimidate 4 with heptose
nucleophile 5 in Et,0 provided the desired a-linked disac-
charide 30 in 68% yield, with no detectable production of the
[-anomer (Scheme 7). Disaccharide 30 was subjected to
selective removal of the anomeric thiol ether with NBS, and
subsequent N-pheny] trifluoroacetimidate formation, to pro-
duce the disaccharide building block 2 over two steps in a
yield of 66%.

Scheme 7. Synthesis of GleN-Hep disaccharide 2

OAc
AcO =
AcO i
Mg CCls
NH
GICn (4)
BzO
BnO,
Ol TMSOTT, 4A MS,
.0 E0,0° C. 1o 1t, 68%
PBBOQ _—
Bz
SAr
Hep (5)
OAc
OAc 1) NBS, acetone, H,O,
1t, 76%
2) CE;C(NPR)CI, K,CO3,
DA 2) CE;CINPI)CL, K5CO5

acetone, rt, 87%
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-continued
OAc

OAc

OAc
NPh

CF3

B
Z

[0521] Identification of effective glycosylation conditions
for the construction of the 1—5 linked Hep-Kdo disaccharide
is extremely challenging due to the mismatch and low stereo-
selectivity in the coupling of the heptose donors with the inert
OH-5 position of Kdo building blocks. NIS-mediated glyco-
sylation of heptose thioglycoside 21 with the unreactive Kdo
building block 7 or its 5-O-stannyl ether led to a hydrolyzed
derivative of 21, and no desired disaccharide product was
detected (entries 1 and 2, Table 2). Surprisingly, heptose
trichloroacetimidate 6, activated by catalytic TMSOTT,
proved to be superior for glycosylation with Kdo building
block 7. The reaction proceeded efficiently affording the
desired a-linked Hep-Kdo disaccharide 31 in a yield of 88%
(entry 3, Table 2). It was confirmed that disaccharide 31 had
the desired configuration by measuring the coupling constant
between heptose C-1 and H-1 (‘] ,=173.0 Hz). Finally,
selective cleavage of the levulinoyl ester of disaccharide 31
with hydrazine acetate afforded disaccharide building block 3
in 73% yield.

TABLE 2

Synthesis of disaccharide 3

AcO

BnO
OAc +

PBBO
LevO
LG

Hep ()
21 LG =SAr
6 LG =0CNH)CCl3

Conditions
_—

Bn=—N

Cbz
Kdo (7)
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TABLE 2-continued

AcO
BnO,
OAc
PBBO -Q
o]
BnO
Bn—N
Cbz
—— 31R=Lev
N,H4*HOAG,
DMEF, 1t, 73%
L —» 3R=H
Enty Hep Kdo  Conditions Results

12 7 NIS, TMSOTY, 44 MS, CH,Cl,,  Hydrolyzed
Et,0,0°C.to 1t
2 21 BuySnO- NIS, TMSOTY, 44 MS, CH,Cl,,  Hydrolyzed
Kdo  toluene, 0° C.tort
3 6 7 TMSOT], 4A MS, CH,CL, 0° C. 88%
[0522] Synthesis of Tetrasaccharide 1.

[0523] With the three disaccharide building blocks 30, 2
and 3 in hand, assembly of the tetrasaccharide skeleton of 1
could proceed. Union of thioglycoside 30 and disaccharide 3
gave either complex mixtures or failed regardless of the
method of activation (entries 1 and 2, Table 3). Gratifyingly,
when disaccharide N-phenyl trifluoroacetimidate 2 was used,
coupling with disaccharide 3 under the catalysis of TMSOT{
in CH,Cl,/Et,O provided the desired a-linked tetrasaccha-
ride 32 in a satisfactory 72% yield (entry 3, Table 3). The
configuration of the newly formed glycosidic linkage was
confirmed based on the coupling constants between the C-1
and H-1 of the two corresponding heptoses of the target
tetrasaccharide 1 (*],.;~169.7 Hz and 172.1 Hz, respec-
tively).
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TABLE 3

Assembly of tetrasaccharide skeleton 32

AcO

BnO

OAc
PBBO; -Q
HO 0

OAc

OAc

OAc +

LG

30 LG =8Ar
2 LG = OC(NPh)CF3

Bn—N
\

Cbz
3

Conditionsj4A MS, CH,Cly, Et,0, 0¢ C. to 1t

Bn—N
Cbz
32
Entry GleN-Hep Hep-Kdo Conditions Results
1 30 3 NIS, TMSOTE Complex mixture
2 30 3 DMTST No reaction
3 2 3 TMSOTf 72%
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[0524] The final stage of the synthesis involved the conver-
sion of the azide present in 32 to acetamide 33 (Scheme 8). A
one-pot reduction-acetylation sequence using AcSH and
pyridine ensured the stability of moderately acid-labile iso-
propylidene group and a clean reaction. Acetamide 33 was
isolated in 91% yield from azide 32. Global deprotection of
acetamide 33 followed a straightforward three-step proce-
dure.

[0525]
saponification of all of the esters, and hydrogenolysis of the
benzyl, p-bromobenzyl and benzyloxycarbonyl groups, pro-
duced the target tetrasaccharide 1 in a yield of 82% over three
steps after final purification on Sephadex L.H-20 column.

[0526] The structure of the tetrasaccharide 1 was unam-
biguously confirmed by 'H, °C and 2D NMR as well as
ESI-HRMS. The core tetrasaccharide of N. meningitidis LPS,
equipped with an amine linker at the reducing end, was
thereby obtained by total synthesis.

Acidic cleavage of the isopropylidene group,

Scheme 8. Completion of tetrasaccharide 1.

AcO

BN—N
\
Cbz

32R=Ns
AcSH, pyr., 1t, 91% )
33 R=NHAc

1) HOAc, H,0, 70° C.

2) NaOH, dioxane, MeOH, H,O, 1t

3) H,, Pd/C, MeOH, H,0, HOAc,
1t, 82% for 3 steps

Aug. 21,2014

-continued
HO
HO,
OH
HO -0
0

AcHN

OH

HN

Syntheses of Sequences 34-37.

[0527] To further evaluate the immune response, cross
reactivity studies of the deletion sequences of the core tet-
rasaccharide a-GleNAc-(1-2)-a-Hep-(1—+3)-a-Hep-
(1-+5)-0-Kdo need to be done through microarray screening.
Thus, a series of the deletion sequences 34-37 containing at
least one Hep and/or Kdo unit were readily synthesized by
modifying previously synthetic approach for the tetrasaccha-
ride 1 (Scheme 9).

Scheme 9 The deletion sequences 34-37.

34
HO
HO,
OH
HO -
HO
0
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-continued

HO
HO
on
Ho -0
HO
BN
HO
HO
o1
HO -Q
0
1o
HO J
ao™ | OH
HO
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[0528] The a-linked Hep monosaccharide was readily pre-
35 paredby coupling the Hep thioglycoside 23 with the linker 27
in the presence of NIS/TMSOTT in CH,Cl, at 0° C. to room
temperature (Scheme 10). The a-linked Kdo monosaccharide
28 and the a-(1—=>5)-linked Hep-Kdo disaccharide 31 were
accessed using previously reported synthetic approaches.
Subsequently, the Hep monosaccharide and the Kdo
monosaccharides 28 were subjected to basic conditions
(NaOMe, MeOH/CH,Cl,, rt; or NaOH, dioxane/MeOH/
H,O, rt) to remove all acetyl and benzoyl groups, followed by
hydronolysis over Pd/C catalyst under acidic conditions to
furnish the Hep 34 and the Kdo 35 in 85% and 86% yields
over 2 steps, respectively. Global deprotection of the disac-
charide 31 using a three-step procedure, namely, acidic cleav-
age of the isopropylidene group, saponification of all esters,
and hydrogenolysis of the benzyl, p-bromobenzyl and ben-
zyloxycarbonyl groups, afforded the disaccharide 36 in 77%
36 yield over three steps.

Scheme 10 Syntheses of deletion sequences Hep 34,
Kdo 35 and Hep-Kdo 36.

107 NN I|\H
Cbz
BzO 27
1) 27, NIS, TMSOTY, CH,Cl,,
BxO, 0°C. to 1t, 0%
OAc
PBBO -0 2) NaOMe, CHyCly, McOH, 1t
B20 3) Hy, PA'C, McOH, H;0, HOAG,

1t, 85% for 2 steps
SAr

[N
[359

HO
HO
oH
Ho -
HO
0
ILN
34
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-continued

AcO

1) NaOH, dioxane, MeOH, 1,0, 1t

2) H,, Pd/C, MeOH, H,0, HOAc,
1t, 86% for 2 steps

o]

Bn—N
Cbz
28
HoN
35
AcO
BnO. OAc
BBPO -0 1) HOAe, 1,0, 70° C.

LevO 0 2) NaOH, dioxane,

MeOH, H,0, 1t

3) H,, PA/C, MeOH,
H,0, HOAc, 1t, 77%
for 3 steps

_— =

BnO

Bn—N
\
Cbz

31

46
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-continued
HO
HO,
oH
o -0
HO

36

[0529] The a.-Hep-(1—3)-0.-Hep-(1—5)-a.-Kdo trisaccha-
ride 37 was assembled by use of a stereocontrolled [1+2]
glycosidic coupling as a key step (Scheme 11). Treatment of
the thioglycoside 23 with NBS, followed by formation of
N-phenyl trifluoroacetimidate, produced the stable Hep
building block 38 (74% yield over 2 steps). Coupling of
N-phenyl trifluoroacetimidate 38 with the disaccharide 3
under the catalysis of TMSOTf in CH,Cl, provided the
desired a-linked trisaccharide 39 in 73% yield. Steps similar
to those used for 31—36 were then employed for the conver-
sion of 39 into the deletion sequence Hep-Hep-Kdo trisac-
charide 37 in 75% yield over 3 steps.

Scheme 11 Synthesis of deletion sequence Hep-Hep-Kdo 37.

BzO
BnO OAc .
PBBO -0
BzO
LG
—— 23LG=SAr
1) NBS, acetone,
H,0, 1t, 87%
2) CF3C(NPh)CI,
K,CO0;3, ace.,
1, 85%
L—» 381G=
OC(NPh)CF;
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-continued

AcO

BnO,

PBBO
HO

BnO
TMSOTY

4A MS, CH,Cl,,
0° C. to t, 73%

Bn—N

1) HOAe,
0,0, 70° C.

2) NaOH,
dioxane,
MeOH,
H,0, it

HH,, PAC,
MeOH,
H,0, HOAc,
1t, 75%

for 3 steps
—_—

COOMe

Bn—N
\
Cbz
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-continued
HO

HO,

[0530] The inventors were able to synthesize tetrasaccha-
ride 1, having the glycan moiety a-GleNAc-(1—+2)-a-Hep-
(1-3)-a-Hep-(1—>5)-0-Kdo which is a substructure of the
inner core saccharide, that is conserved in all meningococcal
LPS. Further conjugates in which the tetrasaccharide 1 dis-
accharide 36 and trisaccharide 37 were conjugated to carrier
protein CRM, o, were produced and their immunogenicity in
experimental mouse models could be demonstrated. The
minimal saccharide sequence required to elicit robust IgG
responses against the LPS has also beenidentified. The inven-
tion refers also to the development of monoclonal antibodies
against the tetrasaccharide 1 and their binding efficiency to
natural LPS structures on inactivated bacteria. Significantly
higher anti-LPS-core saccharide specific antibody titers
could be observed in mice immunized with the tetrasaccha-
ride 1 conjugated to a carrier protein in comparison to uncon-
jugated tetrasaccharide 1. Immunization with the conjugate
of tetrasaccharide 1 and the carrier protein resulted in robust
boosting responses. Specificity of sera and monoclonal anti-
bodies against synthetic carbohydrate structures from differ-
ent bacterial LPS was studied by microarray analysis reveal-
ing a specific response for the meningococcal
tetrasaccharide. Flow cytometry analysis and confocal fluo-
rescence microscopy studies showed that the antibodies are
able to recognize meningococcal strains across all sero-
groups. The potential of these antibodies to promote
opsonophagocytosis was evaluated by flow cytometry assay
using fluorescence-labeled bacteria and serum-dependent
enhancement in phagocytosis was demonstrated. Results of
these studies showed that the synthetic tetrasaccharide 1 and
the tetrasaccharide 37 are a potential vaccine candidate
against N. meningitidis B infections.

DESCRIPTION OF FIGURES

[0531] FIG. 1: Scheme showing the LPS-core structure of
N. meningitidis, the core tetrasaccharide a-GleNAc-(1—2)-
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a-Hep-(1—3)-a-Hep-(1—=5)-a-Kdo is shown in black and
the other proportions of the structure are grey. The short
saccharides are variable, especially between the different
serogroups and LOS immunotypes. Further isolated LPS
structures of N. meningitidis, shows microheterogenity espe-
cially in the position of phosphoethaniolamine, which may be
attached to Hep, in 3 and/or 6 position.

[0532] FIG. 2: Scheme showing conjugation of tetrasac-
charide 1 to the carrier protein CRM, o, viaaspacer molecule,
disuccinimidyl adipate

[0533] FIG. 3: SDS-PAGE of tetrasaccharide 1-CRM,,,
conjugate and CRM, ,,

[0534] FIG. 4: Determination of molecular mass of
CRM,,;, and tetrasaccharide]-CRM,,, conjugate by
MALDI-TOF MS

[0535] FIG. 5: Glycan microarray pattern of tetrasaccha-
ride 1 (KdoHep,GleNAc), CRM, o, BSA-spacer-GlcNAc
and Man,Gal

[0536] FIG. 6: Glycan array analysis of initial IgG and IgM
antibody responses in tetrasaccharide 1 (unconjugated) and
tetrasaccharide1-CRM conjugate (conjugated) immunized
mice

[0537] FIG. 7: Initial IgG antibody responses of tetrasac-
charide I (tetra LPS-core) and tetrasaccharidel-CRM, 4, con-
jugate (tetra-CRM) immunized mice in 1:80 dilution consid-
ering reactivity against tetrasaccharide1-CRM, ,,, (tetra LPS-
core) and CRM, ;.

[0538] FIG. 8: IgG antibody responses of tetrasaccharide 1
(tetra LPS core) and tetrasaccharidel -CRM conjugate (tetra-
CRM) immunized mice in 1:100 dilution considering reac-
tivity against tetrasaccharidel -CRM, 5, (tetra LPS-core) and
CRM,, after 2. Boost (week 8).

[0539] FIG. 9: Glycan microarray pattern consisting of
IgM, IgG, tetrasaccharide 1 (KdoHep,GleNAc), CRM, 4, and
BSA-spacer-GlcNAc

[0540] FIG. 10: Glycan array of dose-dependent immune
response generated against 1, 2, and 3 pg of tetrasaccharide
1-CRM conjugate in presence of alum and 3 pg of tetrasac-
charide 1-CRM, ,, conjugate with FA at week 2 showing 1gG
and IgM response

[0541] FIG. 11: Initial immune response generated against
1,2, and 3 g of tetrasaccharide 1-CRM conjugate in presence
of alum and 3 pg of tetrasaccharide 1-CRM, 4, conjugate with
FA in a 1:100 dilution considering reactivity against tetrasac-
charide 1 (tetra LPS-core) and CRM 5.

[0542] FIG. 12: Isotyping of IgG response against tetrasac-
charide 1 (tetra LPS core) and tetrasaccharide 1-CRM con-
jugate (tetra-CRM) by glycan array analysis considering
reactivity against tetrasaccharide 1 (tetra LPS core) and CRM
[0543] FIG. 13: Deletion sequence glycan microarray pat-
tern consisting of tetrasaccharide 1, mono-Hep 34, mono-
Kdo 35, disaccharide 36, trisaccharide 37, chlamydial LPS-
core tri-Kdo (KKK) and tri-Heptose (HHH) LPS-core from
Yersinia pestis

[0544] FIG. 14: IgG responses of post-immune sera and
monoclonal antibodies 1A5 1G1 and 1B6 4E1 against dele-
tion sequence glycan array (tetrasaccharide 1, mono-Hep 34,
mono-Kdo 35, disaccharide 36, trisaccharide 37, chlamydial
LPS-core tri-Kdo (KKK) and tri-Heptose (HHH) LPS-core
from Yersinia pestis)

[0545] FIG. 15: Glycan array analysis of single mouse sera
raised against tetrasaccharide 1-CRM, 4, in 1:800 dilution,
considering reactivity against tetrasaccharide 1 (tetra LPS-
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core), CRM and spacer whereby mouse 12 elicited highest
antibody response against tetrasaccharide 1 (grey bar).
Shown are the average (ave) values.

[0546] FIG. 16: Isotyping of mAb 1AS 1G1 and 1B6 4E1
(kdo=mono-Kdo 35, di=disaccharide 36, tri=trisaccharide
37, tetra=tetrasaccharide 1) by deletion sequence glycan
array. STDEV means standard deviation.

[0547] FIG. 17: Confocal laser scanning microscopy of M.
meningitidis B; with 1:100 post-ad pre-immune sera dilutions

[0548] FIG. 18: General FACS analysis of inactivated N.
meningitidis
[0549] FIG. 19: Reactivity of pre-immune and post-im-

mune sera dilutions against N. meningitidis Y analysed by
FACS

[0550] FIG. 20: Labeling of 8 meninogococcal serogroups
with 1:100 dilution of pre-immune and post-immune sera
analysed by FACS

[0551] FIG. 21: FACS analysis of monoclonal Antibody
1A5 1G] binding against inactivated N. meningitidis B

[0552] FIG. 22: FACS analysis of different Gram-negative
bacteria labeled with 10 ng/ul of the monoclonal Antibody
1A51G1

[0553] FIG. 23: FACS analysis of macrophages treated
with bacteria preincubated with 1:100 diluted post-immune
sera or PBS

[0554] FIG. 24: Percentage of meningococci B opsonized
by macrophages after treatment with 1:100 diluted post-im-
mune sera, monoclonal Antibody 1AS5 1G1 supernatant, PBS
or media.

EXAMPLES

1. General Information for Chemical Synthesis

[0555] Commercial reagents were used without further
purification except where noted. Solvents were dried and
redistilled prior to use in the usual way. All reactions were
performed in oven-dried glassware under an inert atmosphere
unless noted otherwise. Analytical thin layer chromatography
(TLC) was performed on silica gel 60 F254 glass plates
precoated with a 0.25 mm thickness of silica gel. The TL.C
plates were visualized with UV light and by staining with
Hanessian solution (ceric sulfate and ammonium molybdate
in aqueous sulfuric acid) or sulfuric acid-ethanol solution.
Column chromatography was performed on Fluka silica gel
60 (230-400 mesh). Optical rotations (OR) were measured
with a Schmidt & Haensch UniPol L1000 polarimeter at a
concentration (c) expressed in g/100 mL. ‘H and **C NMR
spectra were measured with a Varian 400-MR or Varian 600
spectrometer with Me,Si as the internal standard. NMR
chemical shifts (8) were recorded in ppm and coupling con-
stants (J) were reported in Hz. High-resolution mass spectra
(HRMS) were recorded with an Agilent 6210 ESI-TOF mass
spectrometer at the Freie Universitit Berlin, Mass Spectrom-
etry Core Facility.



US 2014/0234364 Al

2. Experimental Details and Characterization Data of
New Compounds

2.1. Synthesis of 2,7-di-O-acetyl-3-O-levulinoyl-4-
O-para-bromobenzyl-6-O-benzyl-L-glycero-n-
manno-heptopyranosyl levulinoate 20

[0556]
TBDPSQ 1) HE<Py, THF, 1t
2) Ac;O, DMAP, CH,Cly,
BnG, rt, 82% for 2 steps
OTBS
PBBO -0
LevO
Olev
19
AcO
BnO,
OAc
PBBO -0
LevO
OLev
20
[0557] Compound 19 (500 mg, 0.49 mmol) was dissolved

in THF (2 mL) at room temperature, followed by addition of
70% HF-pyridine (0.4 mL). After stirring for 2 days, the
reaction mixture was carefully quenched with sat. aq.
NaHCO; and the resulting solution was diluted with EtOAc.
The organic layer was washed with brine, dried over Na,SO,,
filtered and concentrated in vacuo to give the corresponding
diol as a colorless syrup. To a solution of the above diol and
DMAP (12 mg, 0.1 mmol) in CH,Cl, (20 mL), was added
Ac,0 (1 mL). After being stirred at room temperature for
overnight, the mixture was washed with saturated aqueous
NaHCO; and brine. The organic layer was dried over
Na,SO,, filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (cyclohexane/
EtOAc: 1/1) to give 20 (300 mg, 82% for 2 steps) as a pale
yellow syrup: [a]*°,=+53.3 (¢ 0.3, CHCI,); *H NMR (400
MHz, CDCl;) 8 7.42-7.27 (m, 7H), 7.03 (m, 2H), 6.06 (d,
J=2.4Hz, 1H), 531 (dd, J=3.6,9.2 Hz, 1H), 5.21 (dd, I=2.4,
3.6 Hz, 1H), 4.80 (d-like, J=12.0 Hz, 1H), 4.50 (t, J=11.6 Hz,
2H), 4.44 (dd, J=6.0, 11.6 Hz, 1H),4.21 (dd, J=6.0, 11.6 Hz,
1H), 4.14 (d-like, J=11.6 Hz, 1H), 4.03 (1,J=9.6 Hz, 1H), 3.98
(m, 1H),3.89 (dd, J=1.6,9.6 Hz, 1H), 2.77-2.57 (m, 6H), 2.42
(m, 2H), 2.17 (s, 3H), 2.14 (s, 3H), 2.13 (s, 3H), 2.04 (s, 3H);
13C NMR (100 MHz, CDCl,) 8 206.1, 205.9, 171.8, 170.6,
170.2,169.8,137.9,137.0,131.5,129.0, 128.5,128.0, 127.9,
121.5,90.9,73.5,73.4,73.3,73.1,72.4,72.2,72.1,68.5,62.8,
37.7,29.7, 29.6, 27.8, 27.7, 20.9, 20.8; HRMS (ESD) nvz
caled for Cy5H, BrO,;Na [M+Na]* 773.1608. found 773.
1645.

49
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2.2. Synthesis of 2,7-di-O-acetyl-3-O-levulinoyl-4-
O-para-bromobenzyl-6--benzyl-L-glycero-p-
manno-heptopyranosyl trichloroacetimidate 6

[0558]

AcO
1) NH;, THF, MeOH,
o 0°C.,95%
n OAc 2) CClLCN, DBU, CHsCls,
o 1, 81%
PBBO -
LevO
OLev
20
AcO
BnO,
OAc
PBBO -Q NI
LevO )k
o) CClg

[0559] To a solution of compound 20 (170 mg, 0.227
mmol) in THF and methanol (7:3, 10 mL) at 0° C., was
bubbled through gaseous ammonium at a modest rate. After
stirring for 30 min at 0° C., the solution was evaporated in
vacuo to give a residue, which was purified by silica gel
column chromatography (CH,Cl,/MeOH: 20/1) to afford the
corresponding hemiacetal (140 mg, 95%) as a colorless
syrup. To a solution of the above hemiacetal (140 mg, 0.215
mmol) in CH,Cl, (5 mL) was added CCI,CN (107 ulL, 1.07
mmol) and DBU (7 pL, 0.046 mmol). After being stirred at
room temperature for 2 h, TLC revealed almost complete
conversion of the starting material. The solution was concen-
trated in vacuo to a residue, which was purified by silica gel
column chromatography (cyclohexane/EtOAc: 2/1) to give 6
(138 mg, 81%) as a colorless syrup: 'H NMR (400 MHz,
CDCly) 8 8.72 (s, 1H), 7.44-7.30 (m, 7H), 7.06 (d, I=8.4 Hz,
1H), 6.28 (d, J=2.0Hz, 1H), 5.44 (dd, J=2.0,3.2 Hz, 1H), 5.40
(dd, J=3.2, 9.2 Hz, 1H), 4.82 (d-like, I=12.0 Hz, 1H), 4.56
(d-like, J=11.6 Hz, 1H), 4.47 (m, 2H), 4.17 (m, 3H), 4.02 (m,
2H), 2.68 (m, 2H), 2.45 (m, 2H), 2.18 (s, 3H), 2.16 (s, 3H),
201 (s, 3H); LRMS (ESD) m/z caled for
C5,H,5BrClI,NO, Na [M+Na]* 816.0. found 815.9.

2.3. Synthesis of 5-tert-butyl-2-methylphenyl 2,7-di-
O-acetyl-3-O-levulinoyl-4-O-para-bromobenzyl-6-
O-benzyl-1-thio-L-glycero-p-manno-heptopyranoside

21
[0560]
AcO
BnO O ArSH, BFyEtO,
CH,Cly, 1, 66%
- —_—
PBBO °
LevO
OLev
20
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-continued
AcO
BnO,
OAc
PBBO =
LevO
SAr
21
[0561] To asolution of compound 20 (50 mg, 0.067 mmol)

in CH,CL, (2.5 mL), was added 5-tert-butyl-2-methylben-
zenethiol (61 pl, 0.33 mmol) and BF,OFt, (18 pL, 0.14
mmol). After being stirred at room temperature for overnight,
the mixture was quenched with Et;N and concentrated in
vacuo. The residue was purified by silica gel column chroma-
tography (cyclohexane/EtOAc: 3/1) to give 21 (36 mg, 66%)
as a colorless syrup: [0]*°,=+98.8 (c 1.0, CHCL,); "H NMR
(400 MHz, CDCL,) 8 7.46-7.29 (m, 8H), 7.18 (dd, J=2.0, 8.0
Hz, 1H),7.07 (m, 3H). 5.54 (d, J=2.0Hz, 1H), 5.51 (dd, J=2.0,
3.2Hz,1H), 5.37(dd, J-3.2,9.2 Hz, 1H), 4.79 (d-like, J=11.6
Hz, 1H), 4.54 (d-like, ]=12.0 Hz, 1H), 4.50 (d-like, ]=12.0
Hz, 1H), 4.44 (dd, J=6.0, 11.2 Hz, 1H), 427 (dd, J=1.2, 9.6
Hz, 1H), 4.18 (d-like, J=12.0 Hz, 1H). 4.09 (t, J=9.6 Hz, 1H),
4.06 (m, 1H), 3.99 (m, 1H), 2.69 (m, 2H), 2.44 (m, 2H), 2.36
(s,3H), 2.17 (s, 3H), 2.16 (s, 3H), 1.91 (s, 3H), 1.29 (s, 9H);
13C NMR (100 MHz, CDCL,) § 206.1, 171.8, 170.4, 170.1,
150.0,137.8,137.1,135.8,132.1,131.5,130.1,128.9, 128 5,
128.1,128.0,127.8,124.9,121.5,85.3,73.5,73.4,73.0,72.9,
72.4,723,71.6,62.6,37.7,34.5,31.3,29.8,27.8,26.9, 21.0,
20.7, 20.2; HRMS (ESI) mvz caled for C,;H,,BrSO, Na
[M+Na]* 837.2107. found 837.2085.

2.4. Synthesis of 5-tert-butyl-2-methylphenyl 2-O-
acetyl-3,7-di-O-benzoyl-4-O-para-bromobenzyl-6-
O-benzyl-1-thio-1-glycero-p-manno-heptopyranoside
23

[0562]

TBDPSO
1) HFPy, THF, 1t

2) BzCl, DMAP, BN, CH,Cl,, 1t
BnO 3) ArSH, BF3*E;0, CHyCly, 11,

DAc 60% for 3 steps
PBBO -0
TBSO
OAc
22
BzO

BnO,
OAc
PBBO -0

BzO

SAr
23
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[0563] Compound 22 (930 mg, 1.03 mmol) was dissolved
in THF (4 mL) at room temperature, followed by addition of
70% HF-pyridine (0.8 mL). After stirring for 2 days, the
reaction mixture was carefully quenched with sat. aq.
NaHCOj and the resulting solution was diluted with EtOAc.
The organic layer was washed with brine, dried over Na,SO,,
filtered and concentrated in vacuo to give the corresponding
diol as a colorless syrup. To a solution of the above diol and
DMAP (200 mg, 1.64 mmol) in CH,Cl, (20 mL), was added
Et;N (2.0 mL) and benzoyl chloride (1.0 mL). After being
stirred at room temperature for overnight, the mixture was
concentrated in vacuo to give a residue, which was purified by
silica gel column chromatography (cyclohexane/EtOAc: 5/1
to 3/1) to give the corresponding ester (709 mg) as a white
solid. To a solution of the above ester (709 mg, 0.93 mmol)
and freshly activated 4 A MS in CH,Cl, (20 mL), was added
5-tert-butyl-2-methylbenzenethiol (0.98 mL, 5.31 mmol) and
BF,0Et, (0.73 mL, 5.77 mmol). After being stirred at room
temperature for overnight, the mixture was quenched with
Et;N and concentrated in vacuo. The residue was purified by
silica gel column chromatography (cyclohexane/EtOAc:
10/1 to 8/1) to provide 23 (531 mg, o/f=4.0, 60% for 3 steps)
as a white foam: [c]*°,, o-anomer: +64.0 (c 0.3, CHCL,);
B-anomer: +52.3 (c 1.5, CHCL,); "H NMR (400 MHz, CDCL,)
a-anomer: 8 7.88-7.81 (m, 4H), 7.51-7.15 (m, 14H), 7.06 (dd,
J=2.0, 8.0 Hz, 1H), 6.96-6.81 (m, 3H), 5.59 (m, 3H), 4.82
(d-like, J=11.6 Hz, 1H), 4.70 (dd, J=5.6, 10.8 Hz, 1H), 4.51
(d-like, J=12.0 Hz, 1H), 4.42 (m, 2H), 4.18 (m, 4H), 2.26 (s,
3H), 2.09 (s, 3H), 1.20 (s, 9H): p-anomer: & 8.07-7.92 (m,
4H), 7.61-7.36 (m, 14H), 7.14 (dd, J=2.0, 8.0 Hz, 1H), 7.04
(m.3H), 5.78 (dd, J=2.0,3.2 Hz, 1H), 5.63 (d, J=2.0 Hz, 1H),
5.51 (dd, J=3.2, 9.6 Hz, 1H), 4.92 (d-like, J=11.6 Hz, 1H),
4.80 (dd, J=6.0, 10.8 Hz, 1H), 4.52 (m, 2H), 4.47 (dd, I=1.6,
9.6 Hz, 1H), 4.32 (m, 3H),4.28 (m, 1H), 2.38 (s, 3H), 1.91 (s,
3H), 1.25 (s, 9H); *C NMR (100 MHz, CDCl,) c.-anomer: &
169.8,165.9,165.2,149.9,137.8,136.7, 135.5, 133.4,133.0,
132.2,131.3,130.1, 129.6,129.5,129.4,129.3, 128.8, 128.5,
128.4,128.3, 128.1, 128.0, 127.3, 124.7, 121.5, 85.2, 73.6,
73.5,73.4,72.8,72.6,72.3,72.1,62.3,34.5,31.3,21.0,20.1;
[-anomer: 8 169.8, 166.0, 165.4, 149.9, 138.0, 137.0, 136.1,
133.4,133.1,132.1, 131.5,130.1, 129.9, 129.6, 129.5,128.7,
128.5, 128.4, 128.3, 127.8, 127.7, 125.0, 121.5, 85.5, 74.0,
73.6,73.3,72.6,72.5,72.4,72.3,62.6,34.5,31.3,20.8, 20.3;
HRMS (ESI) m/z caled for C,4H,oBrSOgNa [M+Na]* 905.
2158. found 905.2164.

2.5. Synthesis of 5-tert-butyl-2-methylphenyl 3,7-di-
O-benzoyl-4-O-para-bromobenzyl-6-O-benzyl-1-
thio-1-glycero-p-manno-heptopyranoside 5

[0564]
BzO
BnO, AcCl, CHCls,
OAc MeOH, 1t, 76%
D —_—
PBBO -
BzO

SAr

[N
[
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BzO
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[0565] To a solution of thioglycoside 23 (220 mg, 0.249
mmol) in MeOH/CHC, (5/2, v/v, 12.3 mL), was added acetyl
chloride (0.53 mL). After being stirred at room temperature
for 1d, the mixture was diluted with CH,Cl,, washed with
saturated aqueous NaHCO,. and brine. The organic layer was
dried over Na,SO,, filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography
(hexane/EtOAc: 6/1) to afford 5 (160 mg, 76%) as a white
solid: [a]*°,=+79.1 (¢ 1.0, CHCL,); "H NMR (400 MHz,
CDCl;) 6 8.02-7.83 (m, 4H), 7.58-7.21 (m, 14H), 7.10 (dd,
J=2.0,8.0Hz, 1H),7.01-6.87 (m, 3H), 5.67 (d, ]=2.0Hz, 1H),
5.56 (dd, I=3.2, 9.2 Hz, 1H), 4.85 (d-like, J=12.0 Hz, 1H),
4.76 (dd, J=6.0, 11.2 Hz, 1H), 4.54 (d-like, J=11.6 Hz, 1H),
4.46 (m, 3H), 4.28 (m, 3H), 4.19 (m, 1H), 2.30 (s, 3H), 1.27
(s, 9H); *C NMR (100 MHz, CDCl,) 8 165.9, 165.5, 149.9,
137.7,136.8,134.9, 133.5,133.0, 132.7, 131 .3, 130.0, 129.7,
129.6,129.5,129.0,128.5,128.2,128.1, 128.0,126.4, 124.3,
121.5,86.9,73.7,73.5,73.1,72.6,72.2,71.4,62.4,34.5,31.3,
20.1; HRMS (ESI) m/z caled for C,H,,BrSO,Na [M+Na]*
863.2052. found 863.2017.

2.6. Synthesis of methyl (N-benzyl-benzyloxycarbo-
nyl-5-aminopenty! 4,5,7,8-tetra-O-acetyl-3-deoxy-c.-
p-manno-oct-2-ulopyranosid)onate 28

[0566]

77
(a) 27, PhSeCl, AgOTE, TMSOTH,
CHCly, 1t, 67%

(b) BuzSnH, AIBN, toluene,
110° C.,, 94%

COOMe

AcO
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[0567] To a stirred solution of phenylselenyl chloride (2.73
g, 14.3 mmol) in CH,Cl, (50 mL) was added AgOTf(2.55 g,
9.92 mmol) and TMSOTT (0.16 mL, 0.86 mmol). After stir-
ring at room temperature for 30 min, a solution of glycal 26
(2.85 g, 7.08 mmol) and linker 27 (3.25 g, 9.92 mmol) in
CH,Cl, (70 mL) was added dropwise. After being stirred at
room temperature for 2 h, the mixture was diluted with
CH,(Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (cyclohexane/EtOAc: 3/1) to give a
white solid (4.2 g, 67%). To a solution of the above solid (4.2
g, 4.75 mmol) in toluene (140 mL), was added tri-n-butyltin
hydride (3.8 mL, 14.24 mmol) and AIBN (779 mg, 4.75
mmol). After being refluxed for 1.5 h, the mixture was con-
centrated in vacuo and purified by silica gel column chroma-
tography (cyclohexane/EtOAc: 5/2 to 2/1) to afford 28 (3.26
g,94%) as a colorless syrup: [a]*° ,=+43.5(c 0.4, CHCl,); '"H
NMR (400 MHz, CDCl;) 8 7.29-7.11 (m, 10H), 5.29 (br s,
1H), 5.24 (m, 1H), 5.13 (m, 3H), 4.51 (d-like, J=12.0 Hz, 1 H),
4.43 (brs, 2H), 4.05 (dd, I=3.6, 12.4 Hz, 1H), 3.98 (m, 1H),
3.71(s,3H),3.37 (m, 1H), 3.16 (m, 3H), 2.09 (dd, J=4.3,13.2
Hz, 1H),2.00 (s,3H), 1.95 (m, 1H), 1.91 (s, 6H), 1.90 (s, 3H),
1.47 (m, 4H), 1.22 (m, 2H); "*C NMR (100 MHz, CDCI,) &
170.4,170.3,169.9, 169.6, 167.8,137.8,128.5, 128.4,127.9,
1278, 127.3,127.2, 98.8, 68.1, 67.6, 67.1, 66.4, 64.3, 63.8,
62.0, 52.6, 32.1, 29.7, 29.2, 23.4, 20.8, 20.7, 20.6; HRMS
(ESI) m/z caled for C,,H,,-NO ,Na [M+Na]*® 752.2894.
found 752.2921.

2.7. Synthesis of methyl (N-benzyl-benzyloxycarbo-
nyl-5-aminopentyl 4-O-benzyl-7,8-O-isopropy-
lidene-3-deoxy-a.-p-manno-oct-2-ulopyranosid)onate
7

[0568]

OAc
AcQ

AcO 1) NaOMe, MeOH, 1t, 2%

2) 2-methoxypropene,

TsOH-H,0, 1t, 91%
COOMe

AcO

Bn—N

Cbz
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HO

HO

Bn—N

Cbz
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[0569] To a stirred solution of compound 28 (1 g, 1.37
mmol) in MeOH (25 mL) was added NaOMe (74 mg, 1.37
mmol). The mixture was stirred at room temperature for 4 h,
and then neutralized with Amberlite IR120 H* resin. Filtra-
tion, concentration in vacuo, and purification by silica gel
column chromatography (CH,Cl,/MeOH: 12/1) gave the cor-
responding alcohol (710 mg, 92%) as a white solid. To a
stirred solution of the above alcohol (500 mg, 0.89 mmol) in
DMF (9 mL), was added 2-methoxypropene (153 uL, 1.60
mmol) and p-toluenesulfonic acid monohydrate (40 mg, 0.21
mmol). The mixture was stirred at room temperature for 2 h,
and then neutralized with sodium hydrogencarbonate. Filtra-
tion, concentration in vacuo, and purification by silica gel
column chromatography (CH,Cl,/MeOH: 40/1) afforded 29
(490 mg, 91%) as a colorless syrup: [a]**,;=+30.3 (c 0.5,
CHCI,); *"H NMR (400 MHz, CDCI,) 8 7.29-7.10 (m, 10H),
5.09 (d-like, J=12.0 Hz, 2H), 4.42 (br s, 2H), 432 (m, 1H),
4.07 (dd, 1=6.0,8.4 Hz, 1H),3.97 (m, 1H), 3.88 (m, 2H), 3.67
(s, 3H), 3.42 (m, 1H), 3.31 (m, 1H), 3.15 (m, 3H), 2.05 (dd,
J=4.3, 12.8 Hz, 1H), 1.78 (t, J=12.0 Hz, 1H), 1.44 (m, 4H),
1.32(s,3H), 1.29 (s, 3H), 1.18 (m, 2H); "*C NMR (100 MHz,
CDCl,) § 168.7, 137.8, 128.5, 128.4, 127.9, 127.8, 1273,
127.2, 109.4, 99.0, 73.6, 72.8, 67.2, 67.1, 66.7, 65.7, 63.6,
52.5,35.0,29.7,29.2,26.9,25.3; HRMS (ESI) m/z caled for
C5,H,45NO, (Na [M+Na]* 624.2785. found 624.2736.

Bu,SnO, BnBr, TBAB,

o0 740
COOMe Tol, 110° C., 74%

52
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BnO

Bn—N
Cbz
7

[0570] A mixture of compound 29 (490 mg, 0.81 mmol),
dibutyltin oxide (304 mg, 1.22 mmol) and 4 A MS (500 mg)
intoluene (15 mL) washeated at 110° C. for 2 h. After cooling
to room temperature, benzyl bromide (0.17 mL, 1.47 mmol)
and tetrabutylammonium bromide (158 mg, 0.49 mmol) were
added, and the mixture was heated at 110° C. for overnight.
The cooling mixture was then filtered and the filrate was
evaporated. The residue was dissolved in CH,Cl, and washed
with water. The organic layer was dried over Na,SO,, filtered
and concentrated 1n vacuo to give a residue, which was puri-
fied by silica gel column chromatography (cyclohexane/
EtOAc: 4/1) to give a syrup, which was dissolved in MeOH (8
mL) and treated with NaOMe (24 mg, 0.44 mmol). The mix-
ture was stirred at room temperature for 3 h, and then neu-
tralized with Amberlite IR120 H* resin. Filtration, concen-
tration in vacuo, and purification by silica gel column
chromatography (cyclohexane/EtOAc: 3/1) provided 7 (418
mg, 74%) as a colorless syrup: [a]*°,=+21.7 (¢ 0.8, CHCL,);
"H NMR (400 MHz, CDCL,) 8 7.31-7.12 (m, 15H), 5.12
(d-like, J=13.2 Hz, 2H), 4.53 (dd, I=11.6, 16.4 Hz, 2H), 4.41
(m. 3H), 4.09 (m, 2H), 3.92 (dd, J=4.8, 8.8 Hz, 1H), 3.85 (m,
1H), 3.69 (s, 3H), 3.42 (m, 1H), 3.34 (m, 1H), 3.20 (m, 3H),
2.16 (dd, J=4.8, 12.8 Hz, 1H), 1.93 (t, J=12.8 Hz, 1H), 1.48
(m, 4H), 1.35 (5, 3H), 1.32 (s, 3H), 1.20 (m, 2H); *C NMR
(100 MHz, CDCl;) 8 168.6, 137.9, 137.7, 128.5, 128 .4, 127.
9,127.8,127.7,127.6,127.3,127.1, 109.2, 98.9, 73.5, 72.9,
72.7,70.3,67.1,67.0, 64.1,63.5,52.5,32.2,29.2, 26.9,25.3,
23.4; HRMS (ESI) m/z calced for CyoH,oNO, Na [M+Na]*
714.3254. found 714.3221.

2.8. Synthesis of 5-tert-butyl-2-methylphenyl (3.4,6-
tri-O-acetyl-2-azido-2-deoxy-o.-D-glucopyranosyl)-

(1—2)-3,7-di-O-benzoyl-4-O-para-bromobenzyl-6-

O-benzyl-1-thio-1-glycero-p-manno-heptopyranoside

30
[0571]
OAc

AcO Q

AcO

n
R OTCC13
NH
4
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OAc
N3
820 0 OAc
OAc
BnO, 0
PBBO -Q
BzO
SAr
30
[0572] To a stirred mixture of the donor 4 (70 mg, 0.147

mmol), acceptor 5 (28 mg, 0.033 mmol), and freshly activated
4 A MS in dry Et,0 (3 mL) at 0° C., was added dropwise
TMSOTfin CH,Cl, (0.05 M, 0.34 mL) under nitrogen. After
0.5 h, the temperature was allowed to warm up naturally to
room temperature and the stirting continued for overnight.
The mixture was then filtered and concentrated in vacuo. The
residue was purified silica gel column chromatography (hex-
ane/EtOAc: 7/1 to 6/1) provided 30 (26 mg, 68%) as a white
solid: [a]*°,=+78.61 (c 0.8, CHC,); 'H NMR (400 MHz,
CDCl,) § 8.07-7.91 (m, 4H), 7.58-7.21 (m, 14H), 7.16 (dd,
1=2.0,8.0Hz, 1H), 7.08-6.85 (m, 3H), 5.83 (d, J=2.0Hz, 1H),
5.66 (dd, J=9.2, 10.4 Hz, 1H), 5.58 (m, 1H), 5.07 (dd, J=9.2,
10.4 Hz, 1H), 5.05 (d, J=3.2 Hz, 1H), 4.85 (d-like, J=12.0 Hz,
1H), 4.77 (dd, I=5.6, 10.8 Hz, 1H), 4.58 (m, 2H), 4.55 (m,
1H), 4.42 (m, 3H), 4.32 (m, 2H), 4.17 (t, ]=6.8 Hz, 1H), 3.98
(m, 2H), 3.41 (dd, I=3.6, 10.4 Hz, 1H), 2.36 (s, 3H), 2.13 (5,
3H), 1.95 (s, 3H), 1.85 (s, 3H), 1.28 (s, 9H); 1*C NMR (100
MHz, CDCl;) 3 170.5, 169.8, 169.7, 166.0, 165.9, 150.0,
137.9,136.9,135.7,133.4,133.0, 132.6, 131.2,130.2, 129.7,
129.6,129.5,129.3,129.0,128.7,128.5,128.3,128.1,127.9,
124.9, 121.3, 99.1, 85.9, 73.3, 73.1, 72.6, 72.2, 71.7, 70.7,
70.5,68.6,68.4,68.2,62.6,61.6,61.2,34.5,31.3,20.7, 20.5,
20.3, 20.2; HRMS (ESI) m/z caled for CsqHg,BrSN;0,sNa
[M+Na]* 1176.2962. found 1176.2992.

2.9. Synthesis of N-Pheny! Trifluoroacetimidate (3,4,
6-tri-O-acetyl-2-azido-2-deoxy-o.-p-glucopyrano-
syD)-(1-2)-3,7-di-O-benzoyl-4-O-para-bromoben-
7yl-6-O-benzyl-1-glycero-p-manno-heptopyranoside
2

[0573]
OAc
N 1) NBS, acetone,
o * / a0 OAc 00, 1t, 76%
& 2) CF;C(NPR)CL,
OAc -
BiO) K,CO3, acetone,
o 0 1t, §7%
—
PBBO -
BzO
SAr
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OAc
BzO, 0
OAc
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BzO
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[0574] To a solution of compound 30 (83 mg, 0.072 mmol)
in acetone/H,O (10/1, v/v, 2.2 mL), was added NBS (38 mg,
0.22 mmol). After being stirred at room temperature for 1 h,
the mixture was diluted with EtOAc, washed with saturated
aqueous NaHCO; and brine. The organic layer was dried over
Na,SO,, filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/
EtOAc: 2/1) to afford the corresponding hemiacetal (54 mg,
76%) as a colorless syrup. To a solution of the above hemi-
acetal (69 mg, 0.070 mmol) and K,CO, (27 mg, 0.195 mmol)
in acetone (1.5 mL), was added 2,2,2-trifluoro-N-phenylace-
timidoyl chloride (100 mg, 0.482 mmol). After being stirred
at room temperature for 30 min, the solution was filtered and
concentrated in vacuo to a residue, which was purified by
silica gel column chromatography (hexane/EtOAc: 3/1) to
afford 2 (70 mg, 87%) as a colorless syrup: [o]*°,,=+47.32 (¢
0.8, CHCL,); "H NMR (400 MHz, CDCl,) & 8.06-8.01 (m,
4H),7.61-7.09 (m, 18H), 6.86-6.81 (m, 4H), 5.62 (dd, I=9.2,
10.4 Hz, 1H), 5.59 (dd, J]=2.8, 9.2 Hz, 1H), 5.05 (dd, J=9.6,
10.4 Hz, 1H), 4.85 (d-like, J=12.0 Hz, 1H), 4.77 (dd, J=5.2,
10.8 Hz, 1H), 4.60 (d-like, I=12.4 Hz, 1H), 4.49-4.40 (m,
5H), 4.27 (dd, J=4.0, 12.4 Hz, 1H), 4.15 (t, ]=6.4 Hz, 1H),
4.08 (d-like, J=0.6 Hz, 1H),3.99 (d-like, J=12.4 Hz, 1H), 3.40
(dd, J=4.0, 10.8 Hz, 1H), 2.12 (s, 3H), 2.01 (s, 3H), 1.95 (s,
3H); *C NMR (100 MHz, CDCL,) 4 170.5, 169.8, 169.7,
166.2,165.9,143.2,137.8,136.7,133.6, 133.3, 131.4,129 .8,
129.7,129.6,129.3,129.2,128.9, 128.8, 128.6, 128.5,128.2,
128.1,124.6,121.6,119.4,99.3,77.3,73.6, 73.5,72.7,72.5,
722, 704, 68.5, 68.2, 62.3, 61.5, 61.1, 20.8, 20.7, 20.6;
HRMS (ESI) nv'z caled for Cs;Hg,BrF;N,O, ;Na [M+Na]*
1185.2400. found 1185.2423.

2.10. Synthesis of methyl [N-benzyl-benzyloxycar-
bonyl-5-aminopentyl (2,7-di-O-acetyl-3-O-levuli-
noyl-4-O-para-bromobenzyl-6-O-benzyl-L-glycero-
a-p-manno-heptopyranosyl)-(1—5)-4-O-benzyl-7 8-
O-isopropylidene-3-deoxy-ct-p-manno-oct-2-
ulopyranosid]onate 31

[0575]
AcO
BnO,
OAc
+
PBBO -0 NH
LevO )L

0 CCl3
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31

[0576] To a stirred mixture of the donor 6 (100 mg, 0.126
mmol), acceptor 7 (65 mg, 0.094 mmol), and freshly activated
4 AMS in dry CH,CL, (5.5mL) at 0° C., was added dropwise
TMSOTT in CH,Cl, (0.05 M, 138 ul) under nitrogen. After
being stirred at 0° C. for 1 h, the mixture was quenched with
Et;N, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (cyclohexane/
EtOAc: 2/1 to 3/2) to afford 31 (110 mg, 88%) as a colorless
syrup: [a]*°,=+35.1 (¢ 1.0, CHCL,); 'H NMR (400 MHz,
CDCl,) 8 7.45-7.05 (m, 24H), 5.40 (dd, J=3.2, 9.6 Hz, 1H),
533 (dd, J1=2.0,3.2 Hz, 1H),5.19 (d, I=1.6 Hz, 1H), 5.16 (m,
2H), 4.76 (d-like, J=12.0 Hz, 1H), 4.64 (d-like, J=11.6 Hz,
1H), 4.50 (m, 3H), 4.42 (m, 2H), 4.33 (m, 2H), 4.19 (m, 3H),
4.09 (br s, 1H), 4.01 (t, J=9.6 Hz, 1H), 3.92 (dd, I=2.8, 12.4
Hz, 1H), 3.86 (m, 1H), 3.77 (m, 1H), 3.76 (s, 3H), 3.65 (m,
1H), 3.25 (m, SH), 2.67 (m, 2H), 2.43 (m, 2H), 2.30 (dd,
J=3.6,12.4Hz, 1H),2.15 (s,3H), 2.11 (s, 3H), 2.00 (t, J=12.0
Hz, 1H), 1.95 (s, 3H), 1.49 (m, 4H), 1.25 (s, 3H), 1.24 (s, 3H),
1.23 (m, 2H); °C NMR (100 MHz, CDCl,) 8 206.2, 171.5,

Aug. 21,2014
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170.4,170.0, 168.4, 138.5,137.7,137.5,131.3, 128.9, 128.5,
128.4,128.3,128.2,128.1,127.9,127.8,127.7,127.6,127 5,
127.2,121.3, 109.6, 98.8, 97.4, 77.2,74.5, 74.4, 73.2, 73.0,
72.6,72.3,72.2,72.1,71.9,71.7,70.2,70.0,67.9, 67.1, 66.3,
63.5,52.4,37.8,31.8,29.8,29.7,29.3,27.9,26.8,24.7,23 4,
227, 210, 209; HRMS (ES) m/z caled for
CsoHg,BINO, Na [M+Na]* 1346.4511. found 1346.4506.

2.11. Synthesis of methyl [N-benzyl-benzyloxycar-
bonyl-5-aminopentyl (2,7-di-O-acetyl-4-O-para-
bromobenzyl-6-O-benzyl-1-glycero-o-pD-manno-

heptopyranosyl)-(1—=5)-4-O-benzyl-7,8-O-
isopropylidene-3-deoxy-a-p-manno-oct-2-
ulopyranosid]onate 3

[0577]
AcO
BnO,
OAc
PBBO =
LevO

N,HyHOAe,

DMF, 1t, 73%
COOMe -

BnO

Bn—N
Cbz
3
AcO
BnO,
OAc

PBBO -

HO

BnO

Bn—N
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[0578] Toasolutionof31 (105 mg,0.079 mmol) in DMF (3 _continued
mL) at room temperature, was added hydrazine acetate (30 A<Q

mg, 0.324 mmol). After being stirred at room temperature for B0

40 min, the mixture was diluted with EtOAc, washed with OAc
saturated aqueous NaHCO,, and brine. The organic layer was PBRO -0,
dried over Na,SO,, filtered, and concentrated in vacuo. The HO
residue was purified by silica gel column chromatography
(hexane/EtOAc: 1/1) to give 3 (71 mg, 73%) as a colotless

syrup: [a]*°,=+28.6 (¢ 0.8, CHCL,); 'H NMR (400 MHz,

CDCl,) d 7.47-7.10 (m, 24H), 5.26 (d, I=1.2 Hz, 1H), 5.20

(m, 3H), 4.76 (d-like, J=12.0 Hz, 2H), 4.65 (d-like, I=11.6

Hz, 1H), 4.50-4.43 (m, 4H), 4.38-4.20 (m, 6H), 4.11 (m, 2H),

3.95(dd, I=2.4,12.0Hz, 1H),3.83 (i, 2H), 3.76 (s, 3H), 3.68

(m, 1H),3.35 (m, 2H), 3.25 (m, 3H), 2.32 (dd, ]=4.0, 12.8 Hz,

1H), 2.13 (s, 3H), 1.96 (s, 3H), 1.94 (t, J=12.0 Hz, 1H), 1.51

(m, 4H), 1.27 (s, 3H), 1.26 (s, 3H), 1.25 (m, 2H); *C NMR

(100 MHz, CDCL,) § 171.1, 170.6, 170.5, 168 5, 138.5, 137.

9, 137.8, 137.7, 1314, 1312, 129.0, 128.6, 128.5, 128.4,
128.2,128.0,127.9,127.8,127.7,127.6,127.5,127.3,127 .1, Bn—N
121.3, 109.6, 98.8, 97.0, 77.2, 75.7, 74.8, 74.5, 73.4, 727, \Cbz
72.6,72.2,72.1,71.6,70.6,70.2, 67.9,67.1, 66.8, 63.6, 60.4,

52.5,319,29.2,269, 24.8, 23.4, 21.1, 21.0; HRMS (ESI)

m/z caled for Cy,H,BrNO, (Na [M+Na]*1250.4123. found

1250.4144.

TMSOTE, 4A MS,
CH,Cl,, Et,O,
0° C. to 1t, 72%
—_—

RiO COOMe

2.12. Synthesis of methyl [N-benzyl-benzyloxycar- AcO
bonyl-5-aminopentyl (3,4,6-tri-O-acetyl-2-azido-2-
deoxy-o-p-glucopyranosyl)-(1—2)-(3,7-di-O-ben- BnO
z0yl-4-O-para-bromobenzyl-6-O-benzyl-L-glycero-
a-p-manno-heptopyranosyl)-(1—3)-(2,7-di-O-
acetyl-4-O-para-bromobenzyl-6-O-benzyl-1-glycero-
o-p-manno-heptopyranosyl)-(1—5)-4-O-benzyl-7,8-
O-isopropylidene-3-deoxy-o-p-manno-oct-2-
ulopyranosid]onate 32

[0579]
OAc
OAc
X Bon—N
i
B0 o OAc Cbz
OAc 32

BnO, 0 N
PBBO -Q NH

B20 )k

0 CF3
2 [0580] To astirred mixture of the disaccharide donor 2 (49

mg, 42 pmol), disaccharide acceptor 3 (38 mg, 31 pmol), and
freshly activated 4 A MS in dry diethyl ether and dichlo-
romethane (1/1, v/v,3.6 mL) at 0° C., was added TMSOTf in
CH,C1, (0.05 M, 90 uL) under nitrogen. The temperature was
allowed to warm up naturally to room temperature and the
stirring continued for 1 h. The mixture was quenched with
Et;N, and filtered. The filtrate was concentrated in vacuo to
give a residue, which was purified by silica gel column chro-
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matography (hexane/FtOAc/TEA: 5/2/0.07) to afford 32 (49
mg, 72%) as a white solid: [a]**,=+19.3 (¢ 1.0, CHCL,); 'H
NMR (500 MHz, Pyridine-ds) 8 8.49-8.33 (m, 4H), 7.85 (m,
2H), 7.66-731 (m, 33H), 7.16 (d, J=7.8 Hz, 2H), 6.96 (d,
1=7.8 Hz, 2H), 6.11 (dd, J=2.4, 9.0 Hz, 1H), 6.04 (m, 1H),
6.02 (br s, 1), 5.84 (br s, 1H), 5.50 (t, J=9.6 Hz, 1),
5.45-5.37 (m, 3H), 5.20 (m, 2H), 5.02 (m, 41), 4.93-4.83 (m,
7H), 4.77 (d-like, J=11.4 Hz, 2H), 4.73-4.62 (m, 6H), 4.56 (m,
3H), 4.48 (m, 1H), 4.43 (m, 2H), 4.28 (d-like, J=11.4 Hz, 1H),
4.18 (m, 2H). 4.07-4.01 (m, 3H), 3.91 (m, 1H). 3.89 (s, 3H),
3.76 (m, 1H), 3.42 (m, 3H), 3.29 (m, 1H), 2.62 (d-like, J=9.6
Hz, 1H), 2.32 (t, J=12.0 Hz, 1H), 2.27 (s, 3H), 2.16 (s, 3H),
2.15 (s, 3H). 2.01 (s, 3H), 1.99 (s, 3H), 1.55 (m, 411), 1.41 (s,
3H), 1.35 (s, 3H), 1.26 (m, 2H); *C NMR (150 MHz, Pyri-
dine-ds) & 171.1, 171.0, 170.9, 170.7, 170.4, 169.1, 167.2,
166.7,150.7,140.2, 139.4,139.3,139.0, 138.9, 138.5, 138.3,
136.3,134.1,134.0, 1323, 131.8, 131.2, 130.9, 130.8, 130.5,
130.3,129.7,129.6,129.5,129.4,129.3,129.2,129.1, 1287,
128.6,128.2,128.0,124.3,123.6,122.1,121.7,110.4,101.1,
99.8,98.1,76.7,76.1,75.3,75.0,74.5,73.7,73.5,73.2, 73.1,
72.5,72.3,71.6,70.9,69.5,69.4, 68.5,67.7,67.6,67.3, 64.4,
62.7,62.3,54.7,53.0,51.2, 50.8,47.9,47.0,30.5,30.0, 27 4,
25.6,24.1, 234, 21.5, 213, 21.1, 21.0, 20.9; HRMS (ESI)
m/z caled for C,,,H,,,Br,N,O;;Na [M+Na]* 2222.6275.
found 2222.6349.

2.13. Synthesis of methyl [N-benzyl-benzyloxycar-
bonyl-5-aminopentyl (3,4,6-tri-O-acetyl-2-N-acetyl-
2-deoxy-a.-p-glucopyranosyl)-(1—+2)-(3,7-di-O-ben-
70yl-4-O-para-bromobenzyl-6-O-benzyl-L-glycero-
a-o-manno-heptopyranosyl)-(1—3)-(2,7-di-O-
acetyl-4-O-para-bromobenzyl-6-O-benzyl-1-glycero-
o-p-manno-heptopyranosyl)-(1-5)-4-O-benzyl-7,8-
O-isopropylidene-3-deoxy-a-p-manno-oct-2-
ulopyranosidonate 33

[0581]
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-continued

BnO

Bn—N

Cbz

[0582] To a solution of compound 32 (37 mg, 0.017 mmol)
in dry pyridine (0.3 mL), was added thioacetic acid (0.3 mL,
4.18 mmol). After being stirred at room temperature for 24 h,
the solution was coevaporated with toluene to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc/TEA: 3/2/0.05t0 1/1/0.02) to give 33 (34 mg,
91%) as a pale yellow solid: [a]*°,=+26.1 (c 0.8, CHCl,); 'H
NMR (400 MHz, Pyridine-ds) 3 8.51-8.19 (m, 4H), 7.79-7.18
(m. 37H), 6.99 (d, J=8.4 Hz, 2H), 6.12 (m, 2H), 6.04 (br s,
1H), 5.88 (m, 1H), 5.83 (br s, 1H), 5.56 (1, J=10.0 Hz, 1H),
5.39 (m, 4H), 5.24 (d-like, J=12.0Hz, 1H), 5.05-4.89 (m, 9H),
4.86-4.68 (m, 8H), 4.64-4.54 (m, 6H), 4.39 (m, 2H), 4.17 (m,
2H), 4.07 (m, 2H), 4.00 (m, 2H), 3.93 (s, 3H), 3.75 (d-like,
J=8.8 Hz, 1H),3.46 (m, 3H), 3.29 (m, 1H), 2.63 (m, 1H),2.28
(s, 3H), 2.25 (m, 1H), 2.23 (s, 3H), 2.02 (s, 3H), 1.98 (s, 3H),
1.97 (s, 6H), 1.55 (m, 4H), 1.41 (s, 3H), 1.34 (s, 3H), 1.25 (m,
2H); 13C NMR (100 MHz, Pyridine-d) 8 171.6,171.1,171.0,
170.4,170.3,169.0, 167.3,166.2, 140.2, 139.5, 139.4,138.9,
138.6,138.3,134.4,134.0,132.4,131.9,131.2, 130.8, 130.5,
130.4,130.2,129.7,129.6,129.5,129.4,129.3, 129.2,128.7,
128.6, 128.3, 128.1, 128.0, 122.2, 110.4, 100.6, 99.8, 98.2,
76.0,75.3,74.8,73.7,73.5,73.1,72.5,72.0,70.9, 69.7, 63.5,
67.7,67.2,64.4,62.9,60.7,53.5,53.0,51.2,50.8, 48.0,47.1,
30.5,30.0,27.4,25.7,24.1,22.8,21.6,21.4,21.3,21.2,21.1,
20.9; HRMS (ESI) m/z caled for C,;5H,,4Br,N,0;,Na
[M+Na]* 2238.6476. found 2238.6545.
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57

2.14. Synthesis of 2-N-acetyl-2-deoxy-a-p-glucopy-
ranosyl-(1—=2)-1-glycero-a-p-manno-heptopyrano-
syl-(1-3)-L-glycero-c.-p-manno-heptopyranosyl-
(1-5)-2-(5-amino)pentyl-3-deoxy-a-p-manno-oct-
2-ulopyranosidonic acid 1
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concentrated in vacuo to give the corresponding tetrasaccha-
ride as a white solid. A mixture of the above tetrasaccharide
and Pd/C (70 mg, 10%) in methanol, water and acetic acid
(50/25/1, v/vlv, 3.04 mL) was stirred under an atmosphere of
H, at room temperature for 24 h. Filtration, concentration in
vacuo and elution through Sephadex LH-20 column (H,O)

1) HOAc, H,, 70° C.

2) NaOH, dioxane, MeOH, H,0, 1t

3} H,, Pd/C, MeOH, H,0, HOAe,
1t, 82% for 3 steps

[0583]
AcO
BnO,
OAc
-0
BiO COOMe
OAc
OAc
OAc
Bn—N
Cbz
33
HO
HO,

OH

[0584] A solution of compound 33 (35 mg, 0.016 mmol) in
acetic acid/water (8/1, v/v, 1.80 mL) was stirred at 70° C. for
overnight. TLC indicated complete conversion of starting
material. The mixture was coevaporated with toluene and
dried in vacuo to give the corresponding diol as a pale yellow
syrup. The above diol was dissolved in a mixture of dioxane,
methanol and 1 M aq NaOH (3/1/1, v/v/v, 1.25 mL). After
being stirred at room temperature for overnight, the reaction
mixture was diluted with methanol and neutralized with
Amberlite IR120 H* resin. After filtration, the filtrate was

HO

N

provided 1 (12 mg, 82% for 3 steps) as a white solid: [a]*° =+
64.2(c 0.3, H,0); 'H NMR (600 MHz, D,0) 5 5.42 (brs, 1H),
5.12(d,1-3.6 Hz, 1H), 5.09 (d, I-1.2 Hz, 1H), 4.16 (m, 2H),
409 (m, 2H), 4.06-4.01 (m, 4H), 3.98 (m, 3H), 3.95 (dd,
1=3.0,12.0 Hz, 1H), 3.91 (dd, J3.6, 10.8 Hz, 1H), 3.85-3.76
(m, 6H), 3.73-3.63 (m, 6H), 3.49 (t, 1=9.6 Hz, 1H), 3.44 (m,
1H), 3.30 (m, 1H), 3.01 (¢, J=7.8 Hz, 2H), 2.10 (dd, =48,
12.6 Hz, 1H), 2.07 (s, 3H), 1.84 (t. J=12.6 Hz, 1H), 1.69 (m,
2H), 1.62 (m, 2H), 1.4 (m, 2H), *C NMR (150 MHz, D,0)
$175.0,174.4,101.3,1003,99.7,99.2,78.6,76.7,75.0,72.2,



US 2014/0234364 Al

71.9,71.6,71.3,70.6,70.4, 70.1, 69.9, 69.2, 68.7, 68.5, 66.3,
65.9,65.6,63.3, 63.2,62.9, 60.4, 53.9,39.3, 34.8,28.1, 26 4,
22.4,21.9; HRMS (BSI) mv/z caled for C5H, N, 0. [M-H]~
909.3563. found 909.3629.

2.15. Synthesis of S-aminopentyl-r-glycero-a-p-
manno-heptopyranoside 34 (reference example)

[0585]
o NN I|\IBH
CBz
BzO
27
BnO, OA: 1) 27, NIS, TMSOTY, CHyCla,
‘O 0° C. tort, 80%
PBBO -
BzO 2) NaOMe, CH,Cly, MeOH, 1t
s 3T PAC MO, 1,0, HOA,
: 1t, 85% for 2 steps
23
HO
HO,
OH
HO -0
HO
0
N
34
[0586] To a stirred mixture of the donor 23 (150 mg, 0.17

mmol), acceptor 27 (105 mg, 0.32 mmol), and freshly acti-
vated 4 AMS in dry CH,Cl, (10 mL) at 0° C., was added NIS
(77 mg, 0.34 mmol) and TMSOTT in CH,Cl, (0.05 M, 0.68
mL) under nitrogen. After 0.5 h, the temperature was allowed
to warm up naturally to room temperature and the stirring
continued for 2 h. The mixture was diluted with CH,Cl,, and
filtered. The filtrate was washed with 10% aq. Na,S,0;,
saturated NaHCQ,, and brine, respectively. The organic layer
was dried over Na,SO,, filtered and concentrated in vacuo.
The residue was purified by silica gel column chromatogra-
phy (hexane/EtOAc: 5/1) to give a-linked heptose glycoside
(140 mg, 80%) as a white foam: HRMS (ESI) m/z calcd for
Cs,HseBINO,,Na [M+Na]* 1050.3040. found 1050.2997.
To a solution of the above heptose glycoside (130 mg, 0.126
mmol) in CH,CL,/MeOH (2/5, viv, 7 mL), was added sodium
methoxide (26 mg, 0.481 mmol). After being stirred at room
temperature for overnight, the mixture was neutralized with
Amberlite IR120 H* resin. After filtration, the filtrate was
concentrated in vacuo to give a residue, which was purified by
silica gel column chromatography (CH,Cl,/MeOH: 20/1) to
give the corresponding triol as a white solid. A mixture of the
above triol and Pd/C (150 mg, 10%) in methanol, water and
acetic acid (83/25/1, v/vfv, 6.56 mL) was stirred under an
atmosphere of H, at room temperature for overnight. Filtra-
tion, concentration in vacuo and elution through Sephadex
LH-20 column (MeOH) provided 34 (33 mg, 89% over 2
steps) as a white solid: [c]*°,=+ 51.7 (¢ 1.0, MeOH); ‘H
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NMR (400 MHz, CD,0D) 6 4.80 (s, 1H, H-1), 4.01 (t, J=6.4
Hz, 1H), 3.87 (t, I=9.6 Hz, 1H), 3.81 (m, 1H), 3.78-3.60 (m,
5H),3.46 (m, 1H,OCH,), 2.98 (, J=7.6 Hz, 2H,NCH,), 1.71
(m, 4H, CCH,C), 1.53 (m, 2H, CCH,C); "*C NMR (100
MHz, CD,0D) 8 101.6 (C-1, I ,=1704 Hz), 72.8, 72.5,
72.2,70.6, 68.1, 67.8, 64.3, 40.8 (NCH,), 30.0, 28.4, 24.3;
HRMS (ESI) m/z caled for C,,H,NO, [M+H]* 296.1709.
found 296.1702.

2.16. Synthesis of 2-(5-amino)pentyl-3-deoxy-a-p-
manno-oct-2-ulopyranosidonic acid 35

[0587]

1) NaOH, dioxane,
MeOH, H,0, 1t
2 H,, PA/C, MeOH,

H,0, HOAc,

1t, 86% for 2 steps
_ =

AcO

35

[0588] Compound 28 (230 mg, 0.315 mmol) was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
viviv, 12.5 mL). After being stirred at room temperature for
overnight, the reaction mixture was diluted with methanol
and neutralized with Amberlite IR120 H* resin. After filtra-
tion, the filtrate was concentrated in vacuo to give the corre-
sponding monosaccharide as a white solid. A mixture of the
above monosaccharide and Pd/C (500 mg, 10%) in methanol,
water and acetic acid (50/25/1, v/v/v, 9.12 mL) was stirred
under an atmosphere of H, at room temperature for 20 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,O) provided 35 (87 mg, 86% over 2
steps) as a white solid: [o]*°,=+58.0 (c 0.6, H,O); "H NMR
(400 MHz, D,0) 8 4.08 (m, 1H, H-4), 4.01 (m, 1H), 3.94 (m,
2H), 3.64 (dd, J=6.4, 11.6 Hz, 1H), 3.57 (d-like, J=9.2 Hz,
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1H),3.41 (m, 1H, OCH,), 3.29 (m, 1H, OCH,), 3.00 (t, I-7.6
Hz, 2H, NCH,), 2.04 (dd. =4 8, 12.8 Hz, 1H, H-3¢), 1.76 (1,
1=12.8 Hz, 1H, H-3a), 1.70-1.58 (m, 4H, CCH,C), 1.43 (m,
2H, CCH,C); *C NMR (100 MHz, D,0) 8 175.4 (C(O)),
99.9 (C-2), 71.2, 69.2, 66.2, 66.0, 62.9, 62.8 (OCH,), 39.2
(NCH,), 34.1 (C-3),28.1. 26.4, 22.3; HRMS (ESI) m/z calcd
for C,H,,NO, [M-H]™ 322.1502. found 322.1518.

2.17. Synthesis of -glycero-a-p-manno-heptopyra-
nosyl-(1-—5)-2-(5-amino) pentyl-3-deoxy-a-p-
manno-oct-2-ulopyranosidonic acid 36

[0589]

1) HOA¢, H,0,
AcO 70° C.
2) NaOH,
OAc dioxane,
MeOH, H,O, 1t
3) H,, PA/C,
MeOH,
H,0, HOAGc,
1t, 77% for

3 steps
S —

BBPO

-0
LevO \4

BnO

HO,

LN

36

[0590] A solution of compound 31 (34 mg, 0.026 mmol) in
acetic acid/water (8/1, v/v, 1.80 mL) was stirred at 70° C. for
5h. TLC indicated complete conversion of starting material.
The mixture was coevaporated with toluene and dried in
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vacuo to give the corresponding diol as a pale yellow syrup.
The above diol was dissolved in a mixture of dioxane, metha-
nol and 1 M aq NaOH (3/1/1, v/v/v, 1.25 mL). After being
stirred at room temperature for overnight, the reaction mix-
ture was diluted with methanol and neutralized with Amber-
lite IR120 H* resin. After filtration, the filtrate was concen-
trated in vacuo to give the corresponding disaccharide as a
white solid. A mixture of the above tetrasaccharide and Pd/C
(70 mg, 10%) in methanol, water and acetic acid (50/25/1,
viviv, 3.04 mL) was stirred under an atmosphere of H, at
room temperature for overnight. Filtration, concentration in
vacuo and elution through Sephadex LH-20 column (H,O)
provided 36 (10 mg, 77% over 3 steps) as a white solid:
[a]*° 5=+70.6 (c 0.5, H,0); "HNMR (400 MHz, D,0) 8 5.09
(d,J=1.6Hz, 1H,H-1), 4.15 (m, 1H, H-4", 4.10 (m, 2H), 4.03
(m, 1H), 3.94 (m, 3H), 3.88 (m, 1H), 3.85 (m, 1H), 3.70 (m,
3H),3.62 (m, 1H), 3.42 (m, 1H, OCH,), 3.29 (m, 1H, OCH,),
3.01 (t, J=7.6 Hz, 2H, NCH,), 2.06 (dd, J=4.8, 13.6 Hz, 1H,
H-3%e), 1.83 (t, J=12.8 Hz, 1H, H-3'a), 1.70 (m, 2H, CCH,C),
1.61 (m, 2H, CCH,C), 1.45 (m, 2H, CCH,C); >*C NMR (100
MHz, D,0) § 175.2 (C(0)), 101.5 (C-1), 99.8 (C-2"), 75.2,
71.9,71.2,70.3,70.2, 69.0, 68.8,66.1, 65.6, 63.1, 63.0, 62.9
(OCH,), 39.3 (NCH,), 34.8 (C-3"), 28.1, 26.4, 22.3; HRMS
(BSI) m/z caled for C, H;-NO ,Na [M+Na]™ 538.2112.
found 538.2129.

2.18. Synthesis of N-Phenyl Trifluoroacetimidate
2-0O-acetyl-3,7-di-O-benzoyl-4-O-para-bromoben-
zyl-6-O-benzyl-1-glycero-p-manno-heptopyranoside

38
[0591]
Bz0 1) NBS, acetone, H,O,
BrO 1t, 87%
OAc 2) CF3C(NPh)CL, K,CO3,
PBRO 0 acetone, rt, 85%
BzO "LL.
SAr
23
Bz0,
BnO,
OAc
0]
-
PBBO NPh
B20 )k
(¢} CF;
38

[0592] To a solution of compound 23 (100 mg, 0.113
mmol) in acetone/H,O (10/1, v/v, 3.3 mL), was added NBS
(96 mg, 0.54 mmol). After being stirred at room temperature
for 2 h, the mixture was diluted with EtOAc, washed with
saturated aqueous NaHCO; and brine. The organic layer was
dried over Na,SO,, filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography
(hexane/EtOAc: 5/2) to afford the corresponding hemiacetal
(71 mg, 87%) as a colorless syrup. To a solution of the above
hemiacetal (71 mg, 0.099 mmol) and K,CO; (38 mg, 0.28
mmol) in acetone (3 mL), was added 2,2,2-trifluoro-N-phe-
nylacetimidoyl chloride (123 mg, 0.59 mmol). After being
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stirred at room temperature for 30 min, the solution was
filtered and concentrated in vacuo to a residue, which was
purified by silica gel column chromatography (hexane/
EtOAc: 4/1) to afford 38 (75 mg, 85%) as a white solid:
[a]*°,=+30.2 (¢ 0.7, CHCL,); "HNMR (400 MHz, CDCl,) &
7.96-7.85 (m, 4H, Ar), 7.53-7.16 (m, 15H, Ar), 7.01 (m, 1H,
Ar), 6.84-6.73 (m, 4H, Ar), 6.28 (brs, 1H), 5.62 (m, 1H), 5.53
(br s, 1H), 4.84 (d-like, J=12.0 Hz, 1H, OCH,Ar), 4.72 (dd,
J=5.6, 11.2 Hz, 1H), 4.52-4.42 (m, 3H), 4.21 (m, 2H), 4.14
(t-like, J=6.8 Hz, 1H), 4.07 (d-like, J=10.0 Hz, 1H), 2.08 (s,
3H, C(O)CH,); ">*C NMR (100 MHz, CDCl5) 8 169.5, 166.2,
165.2,143.1,137.8,136.4,133.5,133.3, 131 4,129.6, 129.5,
129.3,129.1,128.8, 128.6,128.5,128.4, 128.3,128.0, 127.9,
124.5,121.7,119.2,93.8 (C-1), 73.6, 73.5, 73.0, 72.8, 72.5,
719, 687, 62.2, 20.7, HRMS (ESD) m/z caled for
C,4sH;oBrF,NO, Na [M+Na]* 912.1607. found 912.1602.

2.19. Synthesis of methyl [N-benzyl-benzyloxycar-
bonyl-5-aminopentyl (2-O-acetyl-3,7-di-O-benzoyl-
4-O-para-bromobenzyl-6-O-benzyl-r-glycero-a.-n-
manno-heptopyranosyl)(1—3)-(2,7-di-O-acetyl-4-O-
para-bromobenzyl-6-O-benzyl-1-glycero-o.-p-
manno-heptopyranosyl)-(1—5)-4-O-benzyl-7,8-O-
isopropylidene-3-deoxy-a-p-manno-oct-2-
ulopyranosid]onate 39

[0593]
Bz0,
BnO,
OAc
0
-
PBBO NPh N
B0 " )j\
0 CF;
33
AcO
BnO,
" OAc
PBBO -0
HO
o
TMSOTf
—_—
4A MS,
B0 CH,Cl,
0°C.to1t,

73%
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-continued
AcO

BnO

Bo—N
Cbz

39

[0594] To a stirred mixture of the donor 38 (46 mg, 51.6
pmol), disaccharide acceptor 3 (42 mg, 34.2 pmol), and
freshly activated 4 A MS in dry dichloromethane (4.5 mL) at
0°C., was added TMSOTf in CH,Cl, (0.05 M, 110 uL.) under
nitrogen. The temperature was allowed to warm up naturally
to room temperature and the stirring continued for 1 h. The
mixture was quenched with Et,N, and filtered. The filtrate
was concentrated in vacuo to give a residue, which was puri-
fied by silica gel column chromatography (toluene/acetone:
20/1) to afford 39 (48 mg, 73%) as a white foam: [0]*°,=+8.9
(¢ 0.4, CHCI,); "H NMR (400 MHz, Pyridine-d,)  8.48-8.15
(m, 6H, Ar), 7.77-7.05 (m, 37H, Ar), 6.14 (dd, J=3.2, 8.8 Hz,
1H), 6.03 (brs, 1H), 5.95 (t, I=2.8 Hz, 1H), 5.85 (s, 1H, H-1),
5.72 (d, J=2.0 Hz, 1H, H-1"), 5.44 (m, 3H), 5.30 (d-like,
J=12.0 Hz, 1H), 5.11-4.62 (m, 18H), 4.55 (m, 3H), 4.38
(d-like, J=11.2 Hz, 1H), 4.15 (m, 2H), 4.04 (m, 2H), 3.84 (s,
3H, C(O)OCH,), 3.77 (m, 1H), 3.46-3.29 (m, 4H), 2.63 (m,
1H, H-3"), 2.35 (1, J=12.0 Hz, 1H, H-3"a), 2.14 (s, 3H,
C(O)CH,), 2.00 (s, 3H, C(O)CH,), 1.99 (s, 3H, C(O)CH,),
1.56 (m, 4H, CCH,C), 1.42 (s, 3H, C(CHj,),), 135 (s, 3H,
C(CH,),), 1.30 (m, 2H, CCH,C); **C NMR (100 MHz, Pyri-
dine-d) 3 171.1 (C(0)), 171.0 (C(0)), 170.3 (C(0)), 169.1
(C(0)), 167.1 (C(O)), 1663 (C(O)), 140.2, 139.7, 1394,
139.0,138.7,138.3, 134.2,134.0, 132.2, 132.1, 132.0, 131.9,
131.2,130.8, 130.6, 130.5, 130.4, 130.3, 130.1, 130.0, 129.9,
129.6,129.5,129.4,129.3,129.2,129.1,128.7, 128.6,128.5,
128.4, 1283, 128.2, 128.1, 122.1, 121.9, 110.4 (C(CHs,),),
100.6 (C-11, I ~1764 Hz), 999 (C-2"), 98.1 (C-1,
Je7176.0Hz),77.1,76.5,76.2,76.0,75.3,74.7,74.6,73.6,
73.5,73.4,73.3,73.1,72.9,72.8,72.3,71.2,71.0, 68.6, 67.7,
67.3, 64.6, 64.4, 52.9 (C(O)OCH,), 32.9 (C-3"), 30.0, 27 4,
25.6, 24.1, 21.4 (C(O)CH;), 21.2 (C(O)CH,). 20.9 (C(O)
CH,); HRMS (ESI) m/z caled for C,4H,;oBr,NO,,Na
[M+Na]* 1948.5451. found 1948.5485.
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2.20. Synthesis of L-glycero-a.-p-manno-heptopyra-

nosyl-(1-3)-L-glycero-ca-p-manno-heptopyranosyl-

(1-5)-2-(5-amino)pentyl-3-deoxy-c-p-manno-oct-
2-ulopyranosidonic acid 37

Aug. 21,2014
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nol and 1 M aq NaOH (3/1/1, viv/v, 1.66 mL). After being
stirred at room temperature for overnight, the reaction mix-
ture was diluted with methanol and neutralized with Amber-
lite IR120 H* resin. After filtration, the filtrate was concen-

[0595] trated in vacuo to give the corresponding trisaccharide as a
AcO
BnO,
OAc
PBBO -~ K
1) HOAc, 5,0, 70° C.
0 2) NaOH, dioxane, MeOH, H,0, 1t
3) I, Pd/C, MeOH, 1,0, HOAG,
COOM 1t, 75% for 3 steps
BrO ¢
Bn—N
Cbz
39
HO
HO,
OH
1O ~0

[0596]
acetic acid/water (8/1, v/v, 2.25 mL) was stirred at 70° C. for
5h. TLC indicated complete conversion of starting material.
The mixture was coevaporated with toluene and dried in
vacuo to give the corresponding diol as a pale yellow syrup.
The above diol was dissolved in a mixture of dioxane, metha-

A solution of compound 39 (44 mg, 0.023 mmol) in

37

white solid. A mixture of the above trisaccharide and Pd/C
(100 mg, 10%) in methanol, water and acetic acid (88/24/1,
v/vly, 5.65 mL) was stirred under an atmosphere of H, at
room temperature for 24 h. Filtration, concentration in vacuo
and elution through Sephadex LH-20 column (H,O) provided
37 (12 mg, 75% for 3 steps) as a white solid: [t ,=+92.2 (¢



US 2014/0234364 Al

0.6, TL,0); 'H NMR (400 MHz, D,0) § 5.22 (s, 1H, H-1),
5.09 (s, 1H, H-1"), 4.16 (m, 2H, H-4"), 4.10-3.90 (m, 9H),
3.71-3.65 (m, 9H), 3.46 (m, 1H, OCH,), 3.30 (m, 1H, OCH,),
3.01 (t, J=7.6 Hz, 2H, NCH,), 2.10 (dd, 1=4.4, 12.8 Hz, 11,
H-3"e), 1.85(t, ]=12.8 Hz, 1{, H-3"a), 1.70 (m, 2H, CCH,C).
1.63 (m, 2H, CCH,C), 1.43 (m, 2H, CCH,C); *C NMR (100
MHz, D,0) § 175.0 (C(0)), 101.7 (C-1), 101.3 (C-1'), 99.7
(C-2"), 76.5, 75.0, 71.9, 71.6, 71.3, 70.5, 70.0, 69.1. 63.7,
68.4,66.0,65.9,65.6,63.2,63.0,62.9 (OCH,), 39.3 (NCH,),
34.8 (C-3"), 28.1, 26.4, 22.3; HRMS (ESI) m/z caled for
C,,H,oNO, Na [M+Na]* 730.2746. found 730.2742.

2.21. Synthesis of methyl (N-benzyl-benzyloxycar-
bonyl-2-aminoethyl 4,5,7 8-tetra-O-acetyl-3-deoxy-
a-p-manno-oct-2-ulopyranosid)onate 41

[0597)]

HO
\/\IIIBH

CBz

40

OAc

(2) 40, PhSeCl, AgOTF,
TMSOTE, CH,Cla, 1t

b) BuzSnH, AIBN,
toluene, 110° C.

COOMe

26
AcO
AcO
N—2Bn
Cbz
41
[0598] To astirred solution of phenylselenyl chloride (2.73

g, 14.3 mmol) in CH,Cl, (50 mL) was added AgOTf(2.55 g,
9.92 mmol) and TMSOTT (0.16 mL, 0.86 mmol). After stir-
ring at room temperature for 30 min, a solution of glycal 26
(2.85 g, 7.08 mmol) and linker 40 (2.83 g, 9.92 mmol) in
CH,Cl, (70 mL) was added dropwise. After being stirred at
room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene (140 mL),
was added tri-n-butyltin hydride (3.8 mL, 14.24 mmol) and
AIBN (779 mg, 4.75 mmol). After being refluxed for 1.5 h,
the mixture was concentrated in vacuo and purified by silica
gel column chromatography (hexane/EtOAc: 5/2) to afford
41 as a colorless syrup. HRMS (ESI) m/z caled for
C5,H,NO, ,Na [M+Na]* 710.2425.
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2.22. Synthesis of 2-(2-amino )ethyl-3-deoxy-a-p-
manno-oct-2-ulopyranosidonic acid 42

[0599]

1) NaOH, dioxane, MeOH,
H,0, 1t

2) H,, PA/C, MeOH, 1,0,
HOAc, 1t

AcO

41

NI,

42

[0600] Compound41 (216 mg, 0.315 mmol) was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
viviv, 12.5 mL). After being stirred at room temperature for
overnight, the reaction mixture was diluted with methanol
and neutralized with Amberlite IR120 H* resin. After filtra-
tion, the filtrate was concentrated in vacuo to give the corre-
sponding monosaccharide as a white solid. A mixture of the
above monosaccharide and Pd/C (500 mg, 10%) in methanol,
water and acetic acid (50/25/1, v/v/v, 9.12 mL) was stirred
under an atmosphere of H, at room temperature for 20 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,O) provided 42 as a white solid:
HRMS (ESI) m/z caled for C, (H, {NO, [M-H]~ 280.1032.

2.23. Synthesis of methyl (N-benzyl-benzyloxycar-
bonyl-22-aminodocosanyl 4,5,7,8-tetra-O-acetyl-3-
deoxy-c.-p-manno-oct-2-ulopyranosid)onate 44

[0601]
Bn
/

HO N
NS e

43

(2) 43, PhSeCl, AgOTY,
TMSOTY, CH,Cly, 1t

OAc

(b) BuzSnTi, AIBN,
toluene, 110° C.
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-continued
OAc

AcO

AcO

44

[0602] To astirred solution of phenylselenyl chloride (2.73
g, 14.3 mmol) in CH,Cl, (50 mL) was added AgOTf(2.55 g,
9.92 mmol) and TMSOTT (0.16 mL, 0.86 mmol). After stir-
ring at room temperature for 30 min, a solution of glycal 26
(2.85 g, 7.08 mmol) and linker 43 (5.60 g, 9.92 mmol) in
CH,Cl, (70 mL) was added dropwise. After being stirred at
room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene (140 mL),
was added tri-n-butyltin hydride (3.8 mL, 14.24 mmol) and
AIBN (779 mg, 4.75 mmol). After being refluxed for 1.5 h,
the mixture was concentrated in vacuo and purified by silica
gel column chromatography (hexane/EtOAc: 5/2) to afford
44 as a colorless syrup. HRMS (ESI) m/z caled for
C;,Hg,NO, ,Na [M+Na]* 990.5555.

2.24. Synthesis of 2-(22-amino)docosanyl-3-deoxy-
a-p-manno-oct-2-ulopyranosidonic acid 45

[0603]
AcQ OAc
AcO = 1) NaOH, dioxane,
MeOH, H,O, 1t
2) I, Pd/C, MeOH,
AcO COOMe 1,0, HOAc, 1t
_—mm
/Bn
O\/k‘WN
=N
Cbz
44

45

[0604] Compound 44 (305 mg, 0.315 mmol) was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
viviv, 12.5 mL). After being stirred at room temperature for
overnight, the reaction mixture was diluted with methanol
and neutralized with Amberlite IR120 H* resin. After filtra-
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tion, the filtrate was concentrated in vacuo to give the corre-
sponding monosaccharide as a white solid. A mixture of the
above monosaccharide and Pd/C (500 mg, 10%) in methanol,
water and acetic acid (50/25/1, v/v/v, 9.12 mL) was stirred
under an atmosphere of H, at room temperature for 20 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,Q) provided 45 as a white solid:
HRMS (ESI) m/z caled for C;(H;sNOg [M-H]~ 560.4162.

2.25. Synthesis of methy] [2-(N-benzyl-benzyloxy-
carbonyl-2-aminoethoxy Jethyl 4,5,7.8-tetra-O-
acetyl-3-deoxy-a.-p-manno-oct-2-ulopyranosid]onate
47

[0605]

0.
HO/\/ \/\Il\IBn
Cbz
46

OAc (2) 46, PhSeCl, AgOT,
TMSOTS,
CH,Cly, tt, 67%

(b) BuzSnH, AIBN, toluene,

COOMe toluene, 110° C., 94%

AcO

47

[0606] To a stirred solution of phenylselenyl chloride (2.73
g, 14.3 mmol) in CH,Cl, (50 mL) was added AgOTf(2.55 g,
9.92 mmol) and TMSOTT (0.16 mL, 0.86 mmol). After stir-
ring at room temperature for 30 min, a solution of glycal 26
(2.85 g, 7.08 mmol) and linker 46 (3.26 g, 9.92 mmol) in
CH,CI, (70 mL) was added dropwise. After being stirred at
room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SQ,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene (140 mL),
was added tri-n-butyltin hydride (3.8 mL, 14.24 mmol) and
AIBN (779 mg, 4.75 mmol). After being refluxed for 1.5 h,
the mixture was concentrated in vacuo and purified by silica
gel column chromatography (hexane/EtOAc: 5/2) to afford
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47 as a colorless syrup. HRMS (ESI) m/z caled for

C1H1,sNO, Na [M+Na]* 754.2687.

2.26. Synthesis of 2-2-(2-aminoethoxy)ethyl-3-
deoxy-a-p-manno-oct-2-ulpyrano sidonic acid 48

[0607]

AcO OAc

AcO

1) NaOH, dioxane, MeOH,
H0, 1t

2) Hy, Pd/C, MeOH, H,0,
HOAG, 1t

AcO COOMe

47

0

N

48

[0608] Compound 47 (230 mg, 0.315 mmol) was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
viviv, 12.5 mL). After being stirred at room temperature for
overnight, the reaction mixture was diluted with methanol
and neutralized with Amberlite IR120 H* resin. After filtra-
tion, the filtrate was concentrated in vacuo to give the corre-
sponding monosaccharide as a white solid. A mixture of the
above monosaccharide and Pd/C (500 mg, 10%) in methanol,
water and acetic acid (50/25/1, v/v/v, 9.12 mL) was stirred
under an atmosphere of H, at room temperature for 20 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,O) provided 48 as a white solid:
HRMS (ESI) m/z caled for C,H,,NO, [M-H]™ 324.1295.

2.27. Synthesis of methyl [2-(5-N-benzyl-benzyloxy-
carbonyl-aminomethyl)pyrrolidin-2-yl)ethyl 4,5,7,8-
tetra-O-acetyl-3-deoxy-a-p-manno-oct-2-ulopyra
nosid]onate 50

[0609]

Bn
HO\_O_/II\I—CIJZ
i
49

(1) 49, PhSeCl, AgOTH,
TMSOTY, CHyClo, it
67%

b) BusSnH, AIBN,
toluene, 110° C., 94%

AcO OAc

AcO

AcO

[0610] To a stirred solution of phenylselenyl chloride (2.73
g, 14.3 mmol) in CH,Cl, (50 mL) was added AgOTf(2.55 g,
9.92 mmol) and TMSOT{ (0.16 mL, 0.86 mmol). After stir-
ring at room temperature for 30 min, a solution of glycal 26
(2.85 g, 7.08 mmol) and linker 49 (3.65 g, 9.92 mmol) in
CH,Cl, (70 mL) was added dropwise. After being stirred at
room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCQj,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene (140 mL),
was added tri-n-butyltin hydride (3.8 mL, 14.24 mmol) and
AIBN (779 mg, 4.75 mmol). After being refluxed for 1.5 h,
the mixture was concentrated in vacuo and purified by silica
gel column chromatography (hexane/EtOAc: 5/2) to afford
50 as a colorless syrup. HRMS (ESI) m/z caled for
C4oH;oN, 0O, ,Na [M+Na]* 793.3160.
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2.28. Synthesis of 2-2-(5-aminomethyl)pyrrolidin-2-
yl)ethyl-3-deoxy-a-p-man no-oct-2-ulpyranosidonic

acid 51

[0611]

AcO

|
O\_O_/N—Cbz
N
H

OAc

COOMe

-continued

51

1) NaOH,
dioxane,
MeOH,
H,0, 1t

2y H,, Pd/C,
MeOH,
H,0,

HOAg, 1t
—_—

AcO
HO
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[0612] Compound 50 (243 mg, 0.315 mmol) was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
v/vly, 12.5 mL). After being stirred at room temperature for
overnight, the reaction mixture was diluted with methanol
and neutralized with Amberlite IR120 H* resin. After filtra-
tion, the filtrate was concentrated in vacuo to give the corre-
sponding monosaccharide as a white solid. A mixture of the
above monosaccharide and Pd/C (500 mg, 10%) in methanol,
water and acetic acid (50/25/1, v/v/v, 9.12 mL) was stirred
under an atmosphere of H, at room temperature for 20 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,O) provided 51 as a white solid:
HRMS (ESI) m/z caled for C, .H,,N,Oq [M-H]~ 363.1767.

2.29. Synthesis of methy] [4-(N-benzyl-benzyloxy-
carbonyl-2-aminoethoxy)benzyl 4,5,7,8-tetra-O-
acetyl-3-deoxy-o-p-manno-oct-2-ulo pyranosid]

onate 53

[0613]

() 52, PhSeCl, AgOTE, TMSOTS, CHyCly, 1t, 67%

(b) BuzSnH, AIBN, toluene, 110¢ C., 94%

CbzBnN

53

[0614] To a stirred solution of phenylselenyl chloride (2.73
g, 14.3 mmol) in CH,Cl, (50 mL) was added AgOT{ (2.55 g,
9.92 mmol) and TMSOTT (0.16 mL, 0.86 mmol). After stir-
ring at room temperature for 30 min, a solution of glycal 26
(2.85 g, 7.08 mmol) and linker 52 (3.88 g, 9.92 mmol) in
CH,Cl, (70 mL) was added dropwise. After being stirred at
room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene (140 mL),
was added tri-n-butyltin hydride (3.8 m[, 14.24 mmol) and
AIBN (779 mg, 4.75 mmol). After being refluxed for 1.5 h,
the mixture was concentrated in vacuo and purified by silica
gel column chromatography (hexane/EtOAc: 5/2) to afford
53 as a colorless syrup. HRMS (ESI) m/z caled for
C,;H,,NO, {Na [M+Na]* 816.2843.
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2.30. Synthesis of 2-4-(2-aminoethoxy)benzyl-3-
deoxy-a-p-manno-oct-2-ulpyranosidonic acid 54

[0615]

AcO

1) NaOH, dioxane, MeOH,
0, 1t

2) H,, Pd/C, MeOH, H,0,
HOAc, 1t

CbzBnN

53

AcO

AcO
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-continued

HO

HO

N

54

[0616] Compound 53 (250 mg, 0.315 mmol) was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
v/vly, 12.5 mL). After being stirred at room temperature for
overnight, the reaction mixture was diluted with methanol
and neutralized with Amberlite IR120 H* resin. After filtra-
tion, the filtrate was concentrated in vacuo to give the corre-
sponding monosaccharide as a white solid. A mixture of the
above monosaccharide and Pd/C (500 mg, 10%) in methanol,
water and acetic acid (50/25/1, v/v/v, 9.12 mL) was stirred
under an atmosphere of H, at room temperature for 20 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,O) provided 34 as a white solid:
HRMS (ESI) m/z caled for C,,H,,NO, [M-H]~ 386.1451.

2.31. Synthesis of 1-glycero-a-p-manno-heptopyra-

nosyl-(1-=5)-2-(38-amino-3.6,9,12,15,18,21,24,27,

30,33,36-dodecaoxaoctatriacontanyl)-3-deoxy-a-p-
manno-oct-2-ulopyranosidonic acid 59

[0617]

/€V 09\/\
HO 12 NBnChz

55
1) 55, PhSeCl, AgOTH,
TMSOTE, CH,Cly, 1t

COOMe

2) BugSnH, AIBN, toluene,

110° C., 63% for 2 steps

1) NaOMe, MeOH, 1t

2) 2-methoxypropene,
TsOH-H,0, 1t

3) BupSnO, BuBr, TBAB,
toluene, 110° C.

OV\ WNBanZ
0 12

56
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67
-continued
AcO
BnO,
OAc
PBBO R NH
LevO
0 CCly
HO 6
TMSOTT, CH,Cl, "
BnO 4AMS, 0°C.
57
AcO
BnG,
OAc
PRBO -0 1) HOAc, H;0, 70° C.
2) NaOH, dioxane, MeOH, H,0, 1t
LevO
5 o 3) I, Pd/C, MeOLL, I,0, HOAG, 1t
BuO COOMe
NBnCbz
Ny Y
0 12
58
HO
HO,
OH
HO <
HO
o OF
59
[0618] To a stirred solution of phenylselenyl chloride in for 4 h, and then neutralized with Amberlite IR120 H resin.

CH,Cl, was added AgOTf and TMSOT{. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 55 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 56 as a colorless syrup.

[0619] To astirred solution of compound 56 in MeOH was
added NaOMe. The mixture was stirred at room temperature

Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,CL,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
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and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 57 as a colorless syrup.

[0620] To astirred mixture of the donor 6, acceptor 57, and
freshly activated 4 A MS in dry CH,Cl, at 0° C., was added
dropwise TMSOTT in CH,CI, under nitrogen. After being
stirred at 0° C. for 1 h, the mixture was quenched with Et;N,
filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/EtOAc: 2/1) to
afford 58 as a colorless syrup.

[0621] A solutionof compound 58 in acetic acid/water (8/1,
viv) was stirred at 70° C. for § h. TLC indicated complete
conversion of starting material. The mixture was coevapo-

AcO

e COOMe

BnO
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rated with toluene and dried in vacuo to give the correspond-
ing diol as a pale yellow syrup. The above diol was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
v/viv). After being stirred at room temperature for overnight,
the reaction mixture was diluted with methanol and neutral-
ized with Amberlite IR120 H* resin. After filtration, the fil-
trate was concentrated in vacuo to give the corresponding
disaccharide as a white solid. A mixture of the above disac-
charide and Pd/C in methanol, water and acetic acid (50/25/1,
v/v/v) was stirred under an atmosphere of H, at room tem-
perature for overnight. Filtration, concentration in vacuo and
elution through Sephadex LH-20 column (H,O) provided 59
as a white solid. HRMS (ESI) m/z caled for C,;H,,NO, Na
[M+Na]* 1024.4788.

2.32. Synthesis of 1-glycero-a-p-manno-heptopyra-
nosyl-(1—5)-2-(((aminomethyl)disulfanyl)methyl)-
3-deoxy-a-p-manno-oct-2-ulopyranosidonic acid 64

[0622]

HO s
NN i

60

1 60, PhSeCl, AgOTH,

TMSOTS, CH,Cly, 1t

2) BuzSnH, AIBN, toluene,

110° C., 63% for 2 steps

1) NaOMe, MeOH, 1t

2) 2-methoxypropene,
TsOH-H,O, 1t

3) Bu;SnO, BnBr, TBAB,
toluene, 110° C.

NN KB
AcO

BnO,

OAc

PBBO 9 NH
LevO
o} CCly
6
TMSOTS, CH,Cl,
4AMS, 0°C.
NBnCbz
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1) HOAc, H,O, 70° C.
2) NaOH, dioxane, MeOH, H,O, 1t
3) H,, Pd/C, MeOH, H,0, HOAc, 1t

-continued
AcO
BnG,
OAc
PBBO R
LevO
BnO
S
N7 Brctr
63
HO
HO,
OH
HO G
HO
[0623] To a stirred solution of phenylselenyl chloride in

CH,Cl, was added AgOTf and TMSOT{. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 60 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 61 as a colorless syrup.

[0624] To a stirred solution of compound 61 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,Cl,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over

Na,S0O,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 62 as a colorless syrup.

[0625] To a stirred mixture of the donor 6, acceptor 62, and
freshly activated 4 A MS in dry CH,Cl, at 0° C., was added
dropwise TMSOTT in CH,Cl, under nitrogen. After being
stirred at 0° C. for 1 h, the mixture was quenched with Et;N,
filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/EtOAc: 2/1) to
afford 63 as a colorless syrup.

[0626] A solutionof compound 63 in acetic acid/water (8/1,
v/v) was stirred at 70° C. for 5 h. TLC indicated complete
conversion of starting material. The mixture was coevapo-
rated with toluene and dried in vacuo to give the correspond-
ing diol as a pale yellow syrup. The above diol was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
v/viv). After being stirred at room temperature for overnight,
the reaction mixture was diluted with methanol and neutral-
ized with Amberlite IR120 H* resin. After filtration, the fil-
trate was concentrated in vacuo to give the corresponding
disaccharide as a white solid. A mixture of the above disac-
charide and Pd/C in methanol, water and acetic acid (50/25/1,
v/vlv) was stirred under an atmosphere of H, at room tem-
perature for overnight. Filtration, concentration in vacuo and
elution through Sephadex LH-20 column (H,O) provided 64
as a white solid. HRMS (ES]) m/z caled for
C,-H;,NO,S,Na [M+Na]* 560.1084.
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70
2.33. Synthesis of 1-glycero-a-p-manno-heptopyra-
nosyl-(1-=5)-2-(2-((2-aminoethyl)(methylJamino)
ethyl)-3-deoxy-a-p-manno-oct-2-ulopyranosidonic
acid 69
[0627]
N.
10” NTN mcws
OAc 65
AcO,’ 1) 65, PhSeCl, AgOT{,
AcO % TMSOTE, CHxCls, 1t
0 2) BuzSnH, AIBN, toluene,
AcO 110° C., 63% for 2 steps

e COOMe
26

1) NaOMe, MeOH, 1t

2) 2-methoxypropene,

AcO ", TsOH-H,0, 1t

3) BuySnO, BnBr, TBAB,
toluene, 110° C.

OAc

AcO

66
AcO
BnO,
OAc
PBBO - NH
0 LevO )k
0 CCls
HO
6
TMSOTY, CH,Cls,
Bi0 4AMS, 0° C.
(@) NBnCbz
RN N/\/

67
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AcO
BnO,
OAc
PBBO -Q
LevO

BnO

68
HO
HO,
OH
HO -0
HO

[0628] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 65 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 66 as a colorless syrup.

[0629] To a stirred selution of compound 66 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,Cl,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
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1) HOAc, H,0, 70° C.
2) NaOH, dioxane, MeOH, H,0, rt
3) H,, PA/C, MeOH, H,0, HOAc, 1t

69

bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 67 as a colorless syrup.

[0630] To a stirred mixture of the donor 6, acceptor 67, and
freshly activated 4 A MS in dry CH,Cl, at 0° C., was added
dropwise TMSOTTf in CH,Cl, under nitrogen. After being
stirred at 0° C. for 1 h, the mixture was quenched with Et;N,
filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/EtOAc: 2/1) to
afford 68 as a colorless syrup.

[0631] A solutionof compound 68 in acetic acid/water (8/1,
v/v) was stirred at 70° C. for 5 h. TLC indicated complete
conversion of starting material. The mixture was coevapo-
rated with toluene and dried in vacuo to give the correspond-
ing diol as a pale yellow syrup. The above diol was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
v/viv). After being stirred at room temperature for overnight,
the reaction mixture was diluted with methanol and neutral-
ized with Amberlite IR120 H* resin. After filtration, the fil-
trate was concentrated in vacuo to give the corresponding
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disaccharide as a white solid. A mixture of the above disac-
charide and Pd/C in methanol, water and acetic acid (50/25/1,
viv/v) was stirred under an atmosphere of H, at room tem-
perature for overnight. Filtration, concentration in vacuo and
elution through Sephadex LH-20 column (H,O) provided 69
as a white solid. HRMS (ESI) m/z caled for C,,H,4N,O, ,Na
[M+Na]* 553.2221.

2.34. Synthesis of 1-glycero-a-p-manno-heptopyra-
nosyl-(1-+5)-2-(2-(aminomethoxy )phenoxy)methyl-
3-deoxy-a-p-manno-oct-2-ulopyranosidonic acid 74

[0632]

/[
HO NBnCbz
70
1) 70, PhSeCl, AgOTT,
AcO = TMSOTS, CH,CLy, 1t
2) BuzSnH, AIBN, toluene,
110° C., 63% for 2 steps

AcO

COOMe

1) NaOMe, MeOH, 1t

2) 2-methoxypropene,
TsOHH,0, 1t

3) BuySnO, BnBr, TBAB,
toluene, 110° C.

AcO

0] NBnCbz

71

BnO,
OAc

o)

BrO 6

PBBO ’ NH

HO 3 LevO )k

TMSOT, CH,Cl,,
0 NBnCbez 4A MS, 0° C.

o/
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ol
73
-continued
AcO
BnO,
OAc
PBBO Q
LevO
1) HOAc, H,0, 70° C.
2) NaOH, dioxane, MeOH, H>0, 1t
3) Hy, Pd/C, MeOH, H,0, HOAG, 1t
BnO
0 NBnCbz

r

73
HO
HO,
OAc
HO Q
HO

[0633] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTT. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 70 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 71 as a colorless syrup.

[0634] To astirred solution of compound 71 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,CL,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred

atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 72 as a colorless syrup.

[0635] To a stirred mixture of the donor 6, acceptor 72, and
freshly activated 4 A MS in dry CH,Cl, at 0° C., was added
dropwise TMSOTT in CH,Cl, under nitrogen. After being
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stirred at 0° C. for 1 h, the mixture was quenched with Et;N,
filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/EtOAc: 2/1) to
afford 73 as a colorless syrup.

[0636] A solutionof compound 73 in acetic acid/water (8/1,
viv) was stirred at 70° C. for 5 h. TLC indicated complete
conversion of starting material. The mixture was coevapo-
rated with toluene and dried in vacuo to give the correspond-
ing diol as a pale yellow syrup. The above diol was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
v/v/v). After being stirred at room temperature for overnight,
the reaction mixture was diluted with methanol and neutral-
ized with Amberlite IR120 H* resin. After filtration, the fil-
trate was concentrated in vacuo to give the corresponding

HO

OAc
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disaccharide as a white solid. A mixture of the above disac-
charide and Pd/C in methanol, water and acetic acid (50/25/1,
v/v/v) was stirred under an atmosphere of H, at room tem-
perature for overnight. Filtration, concentration in vacuo and
elution through Sephadex LH-20 column (H,O) provided 74
as a white solid. HRMS (ESI) m/z calcd for C,,H,NO, Na
[M+Na]* 604.1854.

2.35. Synthesis of 1-glycero-a-p-manno-heptopyra-

nosyl-(1-5)-2-(3-(6-(aminomethyl)piperidin-2-yl)

propanyl)-3-deoxy-a-p-manno-oct-2-ulopyranosi-
donic acid 79

[0637]

NBnCbz
75

1) 75, PhSeCl, AgOTF,
AO % TMSOTS, CHLCly, 1t

2) Bu;SnH, AIBN, toluene,
110° C., 63% for 2 steps

AcO

1) NaOMe, MeOH, 1t

AcO 3 2) 2-methoxypropene,
TsOH-H,0, 1t

3) BuySnO, BnBr, TBAB,

COOM
AcO € toluene, 110° C.
NBnCbz
HN
76
AcO
BnO,
OAc
0 PBBO 0 NH
Q_ LevO
HO % 0 CCly
6
BnO TMSOTY, CH,Cl,
4AMS, 0°C.
(0] NBnCbz

HN
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-continued
AcO
BnQ,
OAc
PBBO Q
LevO
BnO
HN
78
HO
HO,
OAc
HO Q
HO
[0638] To a stirred solution of phenylselenyl chloride in

CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 75 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCQO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 76 as a colorless syrup.

[0639] To a stirred solution of compound 76 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,C1,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/

NBnCbz
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1) HOAe, H,0, 70° C.
2) NaOH, dioxane, MeOH, H,0, 1t
3) Hy, PA/C, MeOH, H,0, HOA¢, 1t

NH,

79

MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 77 as a colorless syrup.

[0640] To a stirred mixture of the donor 6, acceptor 77, and
freshly activated 4 A MS in dry CH,Cl, at 0° C., was added
dropwise TMSOTT in CH,Cl, under nitrogen. After being
stirred at 0° C. for 1 h, the mixture was quenched with Et;N,
filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/EtQAc: 2/1) to
afford 78 as a colorless syrup.

[0641] A solution ofcompound 78 inacetic acid/water (8/1,
v/v) was stirred at 70° C. for 5 h. TLC indicated complete
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76

conversion of starting material. The mixture was coevapo-
rated with toluene and dried in vacuo to give the correspond-
ing diol as a pale yellow syrup. The above diol was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
v/v/v). After being stirred at room temperature for overnight,
the reaction mixture was diluted with methanol and neutral-
ized with Amberlite IR120 H* resin. After filtration, the fil-
trate was concentrated in vacuo to give the corresponding
disaccharide as a white solid. A mixture of the above disac-
charide and Pd/C in methanol, water and acetic acid (50/25/1,
v/v/v) was stirred under an atmosphere of H, at room tem-

HO. NBnCbz
pV

80
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perature for overnight. Filtration, concentration in vacuo and
elution through Sephadex LH-20 column (H,O) provided 79
as a white solid. HRMS (ESI) m/z caled for C,,H,,N,O, ,Na
[M+Na]* 607.2690.

2.36. Synthesis of 1.-glycero-o-pD-manno-heptopyra-
nosyl-(1—3)-1~glycero-a-p-manno-heptopyranosyl-
(1-+5)-2-(40-amino tetracontanyl-3-deoxy-o-p-
manno-oct-2-ulopyranosidonic acid 86

[0642]

1) NaOMe, MeOH, 1t
2) 2-methoxypropene,
TsOH-H0, 1t

OAc
AcQ, 1) 80, PhSeCl, AgOTH, 3) BuySnO, BuBr, TBAB,
AcQ = TMSOT{, CHyCl, 1t AcO toluene, 110° C.
0 2) BuzSnH, AIBN, toluene,
110° C., 63% for 2 steps
AcO . COOMe AcO
26 81
AcO
BnO,
OAc
PBRO 9 NH
LevO )L
0 CCly
HO 6
TMSOTE, CHyCl, -
BnO COOMe 4AMS, 0°C.
NBnCbz
40
82
BzO
AcO BnO,
OAc
BnO PBBO Q NPH
OAc
BzO )k
-0
PBBO
0 CF;
RO
38
TMSOTE, CH,Cl,,
4AMS, 0° C.
BnO
—— 83R=Lev
Nl HOAG, .
DMF, 1t
L g4r-H
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77

-continued

COOMe

85

BzO

[0643] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTT. After stirting at
room temperature for 30 min, a solution of glycal 26 and
linker 80 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCOj, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 81 as a colorless syrup.

[0644] To a stirred solution of compound 81 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,C1,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
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1) HOAc, H,0, 70° C.
2) NaOH, dioxane, MeOH, H,O, rt
3) H, Pd/C, MeOH, H,0, HOAc, 1t

NBnCbz

HO

86

filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SQ,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 82 as a colorless syrup.

[0645] To a stirred mixture of the donor 6, acceptor 82, and
freshly activated 4 A MS in dry CH,Cl, at 0° C., was added
dropwise TMSOTT in CH,Cl, under nitrogen. After being
stirred at 0° C. for 1 h, the mixture was quenched with Et;N,
filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/EtOAc: 2/1) to
afford 83 as a colorless syrup.

[0646] To a solution of 83 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO,, and brine. The
organic layer was dried over Na,SO,, filtered, and concen-
trated in vacuo. The residue was purified by silica gel column
chromatography (hexane/EtOAc: 1/1) to give 84 as a color-
less syrup. To a stirred mixture of the donor 38, disaccharide
acceptor 84, and freshly activated 4 A MS in dry dichlo-
romethane at 0° C., was added TMSOTf in CH,Cl, under
nitrogen. The temperature was allowed to warm up naturally
to room temperature and the stirring continued for 1 h. The
mixture was quenched with Et;N, and filtered. The filtrate
was concentrated in vacuo to give a residue, which was puri-
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fied by silica gel column chromatography (toluene/acetone:
20/1) to afford 85 as a white foam.

[0647] A solutionofcompound 85 in acetic acid/water (8/1,
v/v) was stirred at 70° C. for 5 h. TLC indicated complete
conversion of starting material. The mixture was coevapo-
rated with toluene and dried in vacuo to give the correspond-
ing diol as a pale yellow syrup. The above diol was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
viv/v). After being stirred at room temperature for overnight,
the reaction mixture was diluted with methanol and neutral-
ized with Amberlite IR120 H* resin. After filtration, the fil-
trate was concentrated in vacuo to give the corresponding
trisaccharide as a white solid. A mixture of the above trisac-
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charide and Pd/C in methanol, water and acetic acid (88/24/1,
v/v/v) was stirred under an atmosphere of H, at room tem-
perature for 24 h. Filtration, concentration in vacuo and elu-
tion through Sephadex LH-20 column (H,O) provided 86 as
a white solid. HRMS (ESI) nv/z caled for Cy,H;;NO,Na
[M+Na]* 1220.8223.

2.37. Synthesis of .-glycero-a-p-manno-heptopyra-
nosyl-(1—3)-1~glycero-o-p-manno-heptopyranosyl-
(1-+5)-2-(2-(4-aminophenoxy )ethyl-3-deoxy-oi-p-
manno-oct-2-ulopyranosidonic acid 93

[0648]

OO NBnCbz

Ho
OAc
AcO,’ 1) 87, PhSeCl, AgOTH,
AcO % TMSOTS, CHyCly, 1t
0 2) BuzSnH, AIBN, toluene,
AcO 110° C., 63% for 2 steps

e COOMe

BnO

1) NaOMe, MeOH, 1t

2) 2-methoxypropene,
TsOH-H,0, 1t

3) Bu,SnO, BnBr, TBAB,
toluene, 110° C.

TMSOTE, CH;Cl,,
4AMS, 0°C.



US 2014/0234364 Al

Aug. 21,2014

79
-continued
BzO
BnO,
OAc
OAc
.0 PBEO O NPH
BzO )J\
0 CF;
38
TMSOTS, CH,Cl,,
2
B10 4AMS, 0° C.
NBnCbz
—— 9 R=L
N,H,HOAc, v
DMF, 1t
— 91 R=H
AcO
BnO,
OAc

1) HOAc, H,0,70° C.
2) NaOH, dioxane, MeOH, H,0, 1t
3) H;, PA/C, MeOH, H,0, HOAG, 1t

BnO

NBnCbz

NH,

93
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[0649] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 87 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCQO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 88 as a colorless syrup.

[0650] To astirred solution of compound 88 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Ambetlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,CL,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 89 as a colorless syrup.

[0651] To astirred mixture of the donor 6, acceptor 89, and
freshly activated 4 A MS in dry CH,C1, at 0° C., was added
dropwise TMSOT{ in CH,CIl, under nitrogen. After being

HO

1) 94, PhSeCl, AgOT,
AO ™ TMSOTE, CHyCla, 1t

94
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stirred at 0° C. for 1 h, the mixture was quenched with Et;N,
filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/EtOAc: 2/1) to
afford 90 as a colorless syrup.

[0652] To a solution of 90 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO;, and brine. The
organic layer was dried over Na,SO,, filtered, and concen-
trated in vacuo. The residue was purified by silica gel column
chromatography (hexane/EtOAc: 1/1) to give 91 as a color-
less syrup. To a stirred mixture of the donor 38, disaccharide
acceptor 91, and freshly activated 4 A MS in dry dichlo-
romethane at 0° C., was added TMSOTf in CH,Cl, under
nitrogen. The temperature was allowed to warm up naturally
to room temperature and the stirring continued for 1 h. The
mixture was quenched with Et,N, and filtered. The filtrate
was concentrated in vacuo to give a residue, which was puri-
fied by silica gel column chromatography (toluene/acetone:
20/1) to afford 92 as a white foam.

[0653] A solution of compound 92 in acetic acid/water (8/1,
v/v) was stirred at 70° C. for 5 h. TLC indicated complete
conversion of starting material. The mixture was coevapo-
rated with toluene and dried in vacuo to give the correspond-
ing diol as a pale yellow syrup. The above diol was dissolved
in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
v/v/v). After being stirred at room temperature for overnight,
the reaction mixture was diluted with methanol and neutral-
ized with Amberlite IR120 H* resin. After filtration, the fil-
trate was concentrated in vacuo to give the corresponding
trisaccharide as a white solid. A mixture of the above trisac-
charide and Pd/C in methanol, water and acetic acid (88/24/1,
v/v/v) was stirred under an atmosphere of H, at room tem-
perature for 24 h. Filtration, concentration in vacuo and elu-
tion through Sephadex LH-20 column (H,O) provided 93 as
a white solid. HRMS (ESD) mv/z calcd for C;,H,,NO,,Na
[M+Na]* 780.2538.

2.38. Synthesis of 1.-glycero-o-p-manno-heptopyra-
nosyl-(1—3)-1~glycero-a-p-manno-heptopyranosyl-
(1—5)-2-(2-(4-(2-aminoethyl)-2-methoxyphenyl)
ethyl)-3-deoxy-a-p-manno-oct-2-ulopyranosidonic
acid 100

[0654]

NBnCbz

2) Bu;SnH, AIBN, toluene,
110° C., 63% for 2 steps

AcO
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AcO

BnO

AcO
BnO,
OAc
PBBO Q
RO

BnO

NoHy HOAc,
DMF, 1t
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-continued
1) NaOMe, MeOH, 1t
2) 2-methoxypropene,
TsOH<H,0, it
3) Bu,Sn0O, BuBr, TBAB,
toluene, 110° C.
NBnCbz
—0
95
AcO
BnO,
OAc
PBBO N NH
LevO
0] CCl;
6
TMSOTE, CH,Cl,,
4AMS, 0° C.
NBnCbz
96
BzO
BnO,
OAc
PBBO 9 NPH
BzO
0O CF;3
38
TMSOTY, CH,Cl,,
4AMS, 0°C.
COOMe
NBnCbz
—0
97 R =Lev

L—» 98R=H
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82
-continued
AcO
BnO,
OAc
-0
1) HOAc, H,0, 70° C.
2) NaOH, dioxane, MeOH, H,0, 1t
3) H,, Pd/C, MeOH, H,0, HOAc, 1t
BnO
NBnCbz
—0
99
HO
HO
OH
Ho -0
0]
HO
HO (0)
H O\\\\‘ OH 1o
HoO

[0655] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 94 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCOj, and brine.
The organic layer was dried over Na,SO,,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 95 as a colorless syrup.

[0656] To a stirred solution of compound 95 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,C1,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/

NI,

100

MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C,
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H™* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 96 as a colorless syrup.

[0657] To a stirred mixture of the donor 6, acceptor 96, and
freshly activated 4 A MS in dry CH,Cl, at 0° C., was added
dropwise TMSOTT in CH,Cl, under nitrogen. After being
stirred at 0° C. for 1 h, the mixture was quenched with Et;N,
filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (hexane/EtOAc: 2/1) to
afford 97 as a colorless syrup.

[0658] To a solution of 97 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
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temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO,, and brine. The
organic layer was dried over Na,SO,, filtered, and concen-
trated in vacuo. The residue was purified by silica gel column
chromatography (hexane/EtOAc: 1/1) to give 98 as a color-
less syrup. To a stirred mixture of the donor 38, disaccharide
acceptor 98, and freshly activated 4 A MS in dry dichlo-
romethane at 0° C., was added TMSOT{ in CH,Cl, under
nitrogen. The temperature was allowed to warm up naturally
to room temperature and the stirring continued for 1 h. The
mixture was quenched with Et,N, and filtered. The filtrate
was concentrated in vacuo to give a residue, which was puri-
fied by silica gel column chromatography (toluene/acetone:
20/1) to afford 99 as a white foam.

[0659] A solutionof compound 99 in acetic acid/water (8/1,
viv) was stirred at 70° C. for 5 h. TLC indicated complete
conversion of starting material. The mixture was coevapo-
rated with toluene and dried in vacuo to give the correspond-
ing diol as a pale yellow syrup. The above diol was dissolved
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in a mixture of dioxane, methanol and 1 M aq NaOH (3/1/1,
v/v/v). After being stirred at room temperature for overnight,
the reaction mixture was diluted with methanol and neutral-
ized with Amberlite IR120 H* resin. After filtration, the fil-
trate was concentrated in vacuo to give the corresponding
trisaccharide as a white solid. A mixture of the above trisac-
charide and Pd/C in methanol, water and acetic acid (88/24/1,
v/v/v) was stirred under an atmosphere of H, at room tem-
perature for 24 h. Filtration, concentration in vacuo and elu-
tion through Sephadex LH-20 column (H,O) provided 100 as
a white solid. HRMS (ESI) m/z caled for C;,H,;NO, Na
[M+Na]* 822.3008.

2.39. Synthesis of .-glycero-a-p-manno-heptopyra-
nosyl-(1—3)-1~glycero-o-p-manno-heptopyranosyl-
(1->5)-2-(4-(2-aminoacetyl)phenyl)-3-deoxy-oi-p-
manno-oct-2-ulopyranosidonic acid 107

[0660]

NBnCbz
0

1) 101, PhSeCl, AgOT,
TMSOTY, CH,Cly, 1t

101

AcO

AcO

102

BnO

2) BusSnH, AIBN, toluene,
110° C., 63% for 2 steps

1) NaOMe, MeOH, 1t

2) 2-methoxypropene,
TsOH-H,O, 1t

3) Bu,Sn0O, BnBr, TBAB,
toluene, 110° C.

: 0
O
NBnCbz

AcO
BnO,
OAc
PBBO Q NH
LevO )k
0] CClz

6

TMSOT{, CHyCly,
4AMS, 0° C.
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-continued

AcO
BnO,
OAc
PBRO Q \4
RO
(6]
Q
B0 COOMe
: O
O
NBnCbz
—— 104R=L
NoHyHOAG, v
DMEF, 1t
— 105R=H
AcO
BnO,
OAc

BnO

106

HO
HO o
o\ OH
HO

[0661] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 101 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
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BzO
Bn0,

OQAc
PBBO 9 NPH
AT

0 CF3
38
TMSOTS, CH,Cl,,
4AMS, 0° C.

1) HOA¢, 1,0, 70° C.
2) NaOH, dioxane, MeOH, H,0, 1t
3) Hy, Pd/C, MeOH, H,0, HOAG, 1t

h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 102 as a colorless syrup.

[0662] Toastirred solution of compound 102 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,Cl,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred



US 2014/0234364 Al

atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 103 as a colorless syrup.

[0663] To a stirred mixture of the donor 6, acceptor 103,
and freshly activated 4 A MS in dry CH,Cl, at 0° C., was
added dropwise TMSOTT in CH,Cl, under nitrogen. After
being stirred at 0° C. for 1 h, the mixture was quenched with
Et;N, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/
EtOAc: 2/1) to afford 104 as a colorless syrup.

[0664] To a solution of 104 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO,, and brine. The
organic layer was dried over Na,SO,, filtered, and concen-
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chromatography (hexane/EtOAc: 1/1) to give 105 as a color-
less syrup. To a stirred mixture of the donor 38, disaccharide
acceptor 105, and freshly activated 4 A MS in dry dichlo-
romethane at 0° C., was added TMSOTT in CH,Cl, under
nitrogen. The temperature was allowed to warm up naturally
to room temperature and the stirring continued for 1 h. The
mixture was quenched with Et;N, and filtered. The filtrate
was concentrated in vacuo to give a residue, which was puri-
fied by silica gel column chromatography (toluene/acetone:
20/1) to afford 106 as a white foam.

[0665] A solution of compound 106 in acetic acid/water
(8/1, v/v) was stirred at 70° C. for 5 h. TLC indicated com-
plete conversion of starting material. The mixture was
coevaporated with toluene and dried in vacuo to give the
corresponding diol as a pale yellow syrup. The above diol was
dissolved in a mixture of dioxane, methanol and 1 M aq
NaQH (3/1/1, v/viv). After being stirred at room temperature
for overnight, the reaction mixture was diluted with methanol
and neutralized with Amberlite IR120 H* resin. After filtra-
tion, the filtrate was concentrated in vacuo to give the corre-
sponding trisaccharide as a white solid. A mixture of the
above trisaccharide and Pd/C in methanol, water and acetic
acid (88/24/1, v/v/v) was stirred under an atmosphere of H, at
room temperature for 24 h. Filtration, concentration in vacuo
and elution through Sephadex LH-20 column (H,O) provided
107 as a white solid. HRMS (ESI) m/z caled for
C,,H,sNO, Na [M+Na]* 778.2382.

2.40. Synthesis of L-glycero-a-pD-manno-heptopyra-
nosyl-(1—3)-L-glycero-a-p-manno-heptopyranosyl-
(1-5)-2-(6-amino-3-0xo)hexyl-3-deoxy-o-p-
marnno-oct-2-ulopyranosidonic acid 114

trated in vacuo. The residue was purified by silica gel column [0666]
0]
/\)K/\/ NBnCbz
HO

108
1) 108, PhSeCl, AgOTH,
TMSOTS, CELCl, 1t

2) BuzSnH, AIBN, toluene,
110° C., 63% for 2 steps

1) NaOMe, MeOH, 1t

2) 2-methoxypropene,
TsOHH,0, 1t

3) Bu;Sn0O, BnBr, TBAB,
toluene, 110° C.
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-continued

BnoO,

PBBO

LevO
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AcO

OAc

-0 NH

PN

0 cCh
6

BnO

AcO

BnQ,

PBBO
RO

BnO

O
\/Y\/\ NBoChs

6]

—— 11R-L
N>Hy-HOAC, v

DMF, 1t

—— 112R=H

AcO

BnO

0]

113

TMSOTS, CILCl,
4AMS, 0°C.

NPH

38

TMSOTY, CH,Cl,,
4A MS, 0°C.

1) HOAc, H,0, 70° C.
2) NaOH, dioxane, MeOH, H,0, 1t
3) Hy, Pd/C, MeOH, HyO, HOAc, 1t

o)
WNBanZ



US 2014/0234364 Al

87
-continued
HO
HO,
OH
HO Q
(6]
HO
HO 6)
_— OH o
HO

[0667] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 108 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCQj, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 109 as a colorless syrup.

[0668] To astirred solutionof compound 109 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,Cl,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SQ,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 110 as a colorless syrup.
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[0669] To a stirred mixture of the donor 6, acceptor 110,
and freshly activated 4 A MS in dry CH,Cl, at 0° C., was
added dropwise TMSOTT in CH,CIl, under nitrogen. After
being stirred at 0° C. for 1 h, the mixture was quenched with
Et;N, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/
EtOAc: 2/1) to afford 111 as a colorless syrup.

[0670] To a solution of 111 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO;, and brine. The
organic layer was dried over Na,SO,, filtered, and concen-
trated in vacuo. The residue was purified by silica gel column
chromatography (hexane/EtOAc: 1/1) to give 112 as a color-
less syrup. To a stirred mixture of the donor 38, disaccharide
acceptor 112, and freshly activated 4 A MS in dry dichlo-
romethane at 0° C., was added TMSOTf in CH,Cl, under
nitrogen. The temperature was allowed to warm up naturally
to room temperature and the stirring continued for 1 h. The
mixture was quenched with Et,N, and filtered. The filtrate
was concentrated in vacuo to give a residue, which was puri-
fied by silica gel column chromatography (toluene/acetone:
20/1) to afford 113 as a white foam.

[0671] A solution of compound 113 in acetic acid/water
(8/1, v/v) was stirred at 70° C. for 5 h. TLC indicated com-
plete conversion of starting material. The mixture was
coevaporated with toluene and dried in vacuo to give the
corresponding diol as a pale yellow syrup. The above diol was
dissolved in a mixture of dioxane, methanol and 1 M aq
NaOH (3/1/1, v/v/v). After being stirred at room temperature
for overnight, the reaction mixture was diluted with methanol
and neutralized with Amberlite IR120 H* resin. After filtra-
tion, the filtrate was concentrated in vacuo to give the corre-
sponding trisaccharide as a white solid. A mixture of the
above trisaccharide and Pd/C in methanol, water and acetic
acid (88/24/1,v/v/v) was stirred under an atmosphere of H, at
room temperature for 24 h. Filtration, concentration in vacuo
and elution through Sephadex LH-20 column (H,O) provided
114 as a white solid. HRMS (ESI) m/z caled for
C,gH,oNO,,Na [M+Na]* 758.2695.
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2.41. Synthesis of 2-N-acetyl-2-deoxy-a-p-glucopy-
ranosyl-(1—=2)-1-glycero-a-p-manno-heptopyrano-
syl-(1—3)-1L-glycero-c.-p-manno-heptopyranosyl-
(1-5)-2+(8-amino-2,2-dimethyl)octyl-3-deoxy-a-p-

manno-oct-2-ulopyranosidonic acid 121

NBnCbz
HO/><\/\/\/
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[0672]
OAc

AcQ, 1) 115, PhSeCl, AgOTH,

AcO TMSOTS, CHyCly, 1t
0 2) BuzSnH, AIBN, toluene,
110° C., 63% for 2 steps

AdO _=—C00Me
26
OAc
AcO
AcO COOMe

116

HO

BnO.

117

1) NaOMe, MeOH, 1t

2) 2-methoxypropene,
TsOHH,0, rt

3) Bu,SnO, BnBr, TBAB,
toluene, 110° C.

O\X/\/\A
NBnCbz

AcO

BnO,

OAc

-0 NH

LevO )k

0) CCl3
6

O\></\/\/\
NBnCbz

TMSOTE, CHxCl,
4AMS, 0°C.
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OAc
Ny 0 OAc
BzO
OAc
AcO BnO 0
BrO ohe PEBO Q NPH
BzO
PBBO Q 0 CFs
RO 3

BnO

—— 118R -~ Lev
N,HsHOAc, e

DMF, 1t

L— [19R=H

OAc
120
HO

AcHN

OH

[0673] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 115 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCOj, and brine.

TMSOTE, 4A MS, CH,CL,
Et,0,0°C. to it

1) AcSH, Pyr. 1t.

2) HOAc, H;0, 70° C.

3) NaOH, dioxane, MeOH, H,0, 1t
4) Hy, Pd/C, MeOH, H;0, HOAc, 1t

121

The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
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silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 116 as a colorless syrup.

[0674] Toastirred solutionof compound 116 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,Cl,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirted
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 117 as a colorless syrup.

[0675] To a stirred mixture of the donor 6, acceptor 117,
and freshly activated 4 A MS in dry CH,CL, at 0° C., was
added dropwise TMSOTf in CH,Cl, under nitrogen. After
being stirred at 0° C. for 1 h, the mixture was quenched with
Et;N, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/
EtOAc: 2/1) to afford 118 as a colorless syrup.

[0676] To a solution of 118 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO,, and brine. The
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trated in vacuo. The residue was purified by silica gel column
chromatography (hexane/EtOAc: 1/1) to give 119 as a color-
less syrup. To a stirred mixture of the disaccharide donor 2,
disaccharide acceptor 119, and freshly activated 4 A MS in
dry diethyl ether and dichloromethane (1/1, v/v) at 0° C., was
added TMSOTT in CH,CI, under nitrogen. The temperature
was allowed to warm up naturally to room temperature and
the stirring continued for 1 h. The mixture was quenched with
Et,N, and filtered. The filtrate was concentrated in vacuo to
give a residue, which was purified by silica gel column chro-
matography (hexane/EtOAc/TEA: 5/2/0.07) to afford 120 as
a white solid.

[0677] To asolution of compound 120 in dry pyridine, was
added thioacetic acid. After being stirred at room temperature
for 24 h, the solution was coevaporated with toluene to give a
residue, which was purified by silica gel column chromatog-
raphy (hexane/EtOAc/TEA: 3/2/0.05) to give the correspond-
ing acetamide as a pale yellow solid. A solution of the above
acetamide in acetic acid/water (8/1, v/v) was stirred at 70° C.
for overnight. TLC indicated complete conversion of starting
material. The mixture was coevaporated with toluene and
dried in vacuo to give the corresponding diol as a pale yellow
syrup. The above diol was dissolved in a mixture of dioxane,
methanol and 1 M aq NaOH (3/1/1, v/v/v). After being stirred
at room temperature for overnight, the reaction mixture was
diluted with methanol and nevtralized with Amberlite IR120
H* resin. After filtration, the filtrate was concentrated in
vacuo to give the corresponding tetrasaccharide as a white
solid. A mixture of the above tetrasaccharide and Pd/C in
methanol, water and acetic acid (50/25/1, v/v/v) was stirred
under an atmosphere of H, at room temperature for 24 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,0) provided 121 as a white solid.
HRMS (ESI) m/z caled for C ,oH, N,O,5 [M-H]™979.4346.

2.42, Synthesis of 2-N-acetyl-2-deoxy-a-p-glucopy-
ranosyl-(1—2)-1-glycero-a-p-manno-heptopyrano-
syl-(1-3)-L-glycero-o-p-manno-heptopyranosyl-
(1-5)-2-(2-((aminomethyl)thio)ethyl)-3-deoxy-o.-n-
manno-oct-2-ulopyranosidonic acid

organic layer was dried over Na,SO,, filtered. and concen- [0678]
S NBnCbz
HO/\/ ~NS
OAc 122
AcO, 1) 122, PhSeCL, AgOTH,
AcO % TMSOTS, CH,Cly, 1t
0 2) BuzSnH, AIBN, toluene,
110° C., 63% for 2 steps
AcO _—=>—CO0Me
26
1) NaOMe, MeOH, 1t
2) 2-methoxypropene,
TsOHH,0, 1t
AcO 3) Bu;SnO, BuBr, TBAB,
toluene, 110° C.
AcO

o
NN B
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[0679] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 122 in CH,Cl, was added dropwise. After being stirted
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 123 as a colorless syrup.

[0680] To astirred solutionof compound 123 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,Cl,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 124 as a colorless syrup.

[0681] To a stirred mixture of the donor 6, acceptor 124,
and freshly activated 4 A MS in dry CH,Cl, at 0° C., was
added dropwise TMSOTT in CH,CIl, under nitrogen. After

128

being stirred at 0° C. for 1 h, the mixture was quenched with
Et;N, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/
EtOAc: 2/1) to afford 125 as a colorless syrup.

[0682] To a solution of 125 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO,, and brine. The
organic layer was dried over Na,SO,,, filtered, and concen-
trated in vacuo. The residue was purified by silica gel column
chromatography (hexane/EtOAc: 1/1) to give 126 as a color-
less syrup. To a stirred mixture of the disaccharide donor 2,
disaccharide acceptor 126, and freshly activated 4 A MS in
dry diethyl ether and dichloromethane (1/1, v/v) at 0° C., was
added TMSOTT in CH,C1, under nitrogen. The temperature
was allowed to warm up naturally to room temperature and
the stirring continued for 1 h. The mixture was quenched with
Et,N, and filtered. The filtrate was concentrated in vacuo to
give a residue, which was purified by silica gel column chro-
matography (hexane/EtOAc/TEA: 5/2/0.07) to afford 127 as
a white solid.

[0683] To a solution of compound 127 in dry pyridine, was
added thioacetic acid. After being stirred at room temperature
for 24 h, the solution was coevaporated with toluene to give a
residue, which was purified by silica gel column chromatog-
raphy (hexane/EtOAc/TEA: 3/2/0.05) to give the correspond-
ing acetamide as a pale yellow solid. A solution of the above
acetamide in acetic acid/water (8/1, v/v) was stirred at 70° C.
for overnight. TLC indicated complete conversion of starting
material. The mixture was coevaporated with toluene and
dried in vacuo to give the corresponding diol as a pale yellow
syrup. The above diol was dissolved in a mixture of dioxane,
methanol and 1 M aq NaOH (3/1/1, v/iv/v). After being stirred
at room temperature for overnight, the reaction mixture was
diluted with methanol and neutralized with Amberlite IR120
H* resin. After filtration, the filtrate was concentrated in
vacuo to give the corresponding tetrasaccharide as a white
solid. A mixture of the above tetrasaccharide and Pd/C in
methanol, water and acetic acid (50/25/1, v/v/v) was stirred
under an atmosphere of H, at room temperature for 24 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,O) provided 128 as a white solid.
HRMS (ESI) m/z caled for C,;3Hs,N,O0,S [M-H]”
913.2971.
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2.43. Synthesis of 2-N-acetyl-2-deoxy-a-p-glucopy-
ranosyl-(1—=2)-1-glycero-a-p-manno-heptopyrano-
syl-(1—3)-1L-glycero-c.-p-manno-heptopyranosyl-
(1—5)-2-(3-(3-aminopropyl)ureido)methyl-3-deoxy-
a-p-manno-oct-2-ulopyranosidonic acid 135
[0684]

HO 8 i NBnCh
1 7
0

OAc 129
AcQ, 1) 129, PhSeCl, AgOTT,

TMSOTY, CH,Cly, 1t
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[0685] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 129 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCQO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 130 as a colorless syrup.

[0686] To astirred solutionof compound 130 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,Cl,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 131 as a colorless syrup.

[0687] To a stirred mixture of the donor 6, acceptor 131,
and freshly activated 4 A MS in dry CH,Cl, at 0° C., was
added dropwise TMSOTT in CH,Cl, under nitrogen. After
being stirred at 0° C. for 1 h, the mixture was quenched with
Et;N, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/
EtOAc: 2/1) to afford 132 as a colorless syrup.

\
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[0688] To a solution of 132 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO;, and brine. The
organic layer was dried over Na,SO,, filtered, and concen-
trated in vacuo. The residue was purified by silica gel column
chromatography (hexane/EtOAc: 1/1) to give 133 as a color-
less syrup. To a stirred mixture of the disaccharide donor 2,
disaccharide acceptor 133, and freshly activated 4 A MS in
dry diethyl ether and dichloromethane (1/1, v/v) at 0° C., was
added TMSOTT in CH,CI, under nitrogen. The temperature
was allowed to warm up naturally to room temperature and
the stirring continued for 1 h. The mixture was quenched with
Et;N, and filtered. The filtrate was concentrated in vacuo to
give a residue, which was purified by silica gel column chro-
matography (hexane/EtOAc/TEA: 5/2/0.07) to afford 134 as
a white solid.

[0689] To a solution of compound 134 in dry pyridine, was
added thioacetic acid. After being stirred at room temperature
for 24 h, the solution was coevaporated with toluene to give a
residue, which was purified by silica gel column chromatog-
raphy (hexane/EtOAc/TEA: 3/2/0.05) to give the correspond-
ing acetamide as a pale yellow solid. A solution of the above
acetamide in acetic acid/water (8/1, v/v) was stirred at 70° C.
for overnight. TLC indicated complete conversion of starting
material. The mixture was coevaporated with toluene and
dried in vacuo to give the corresponding diol as a pale yellow
syrup. The above diol was dissolved in a mixture of dioxane,
methanol and 1 M aq NaOH (3/1/1, v/v/v). After being stirred
at room temperature for overnight, the reaction mixture was
diluted with methanol and neutralized with Amberlite IR120
H* resin. After filtration, the filtrate was concentrated in
vacuo to give the corresponding tetrasaccharide as a white
solid. A mixture of the above tetrasaccharide and Pd/C in
methanol, water and acetic acid (50/25/1, v/v/v) was stirred
under an atmosphere of H, at room temperature for 24 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,O) provided 135 as a white solid.
HRMS (ESI) m/z caled for Cy5Hg N,O,4 [M-H]™ 953.3574.

2.44. Synthesis of 2-N-acetyl-2-deoxy-a.-p-glucopy-
ranosyl-(1—2)-1-glycero-a-p-manno-heptopyrano-
syl-(1-3)-L-glycero-a-p-manno-heptopyranosyl-
(1->5)-2-(5-(2-aminoethyl)-1-methylpiperidin-2-yl)
methyl-3-deoxy-a-p-manno-oct-2-ulopyranosidonic
acid 142

[0690]
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1) AcSH, Pyr. 1t.
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3) NaOH, dioxane, MeOH, H,O, it
4) Hy, Pd/C, MeOH, H,0, HOAG, 1t
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[0691] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 136 in CH,Cl, was added dropwise. After being stirred
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 137 as a colorless syrup.

[0692] To astirred solutionof compound 137 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,C1,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/

0
OAc N

142

MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 138 as a colorless syrup.

[0693] To a stirred mixture of the donor 6, acceptor 138,
and freshly activated 4 A MS in dry CH,Cl, at 0° C., was
added dropwise TMSOTT in CH,CI, under nitrogen. After
being stirred at 0° C. for 1 h, the mixture was quenched with
Et;N, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/
EtOAc: 2/1) to afford 139 as a colorless syrup.

[0694] To a solution of 139 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
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temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO,, and brine. The
organic layer was dried over Na,SO,, filtered, and concen-
trated in vacuo. The residue was purified by silica gel column
chromatography (hexane/EtOAc: 1/1) to give 140 as a color-
less syrup. To a stirred mixture of the disaccharide donor 2,
disaccharide acceptor 140, and freshly activated 4 A MS in
dry diethyl ether and dichloromethane (1/1, v/v) at 0° C., was
added TMSOTT in CH,Cl, under nitrogen. The temperature
was allowed to warm up naturally to room temperature and
the stirring continued for 1 h. The mixture was quenched with
Et;N, and filtered. The filtrate was concentrated in vacuo to
give a residue, which was purified by silica gel column chro-
matography (hexane/EtOAc/TEA: 5/2/0.07) to afford 141 as
a white solid.

[0695] To asolution of compound 141 in dry pyridine, was
added thioacetic acid. After being stirred at room temperature
for 24 h, the solution was coevaporated with toluene to give a
residue, which was purified by silica gel column chromatog-
raphy (hexane/EtOAc/TEA: 3/2/0.05) to give the correspond-
ing acetamide as a pale yellow solid. A solution of the above
acetamide in acetic acid/water (8/1, v/v) was stirred at 70° C.

HO
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for overnight. TLC indicated complete conversion of starting
material. The mixture was coevaporated with toluene and
dried in vacuo to give the corresponding diol as a pale yellow
syrup. The above diol was dissolved in a mixture of dioxane,
methanol and 1 M aq NaOH (3/1/1, v/v/v). After being stirred
at room temperature for overnight, the reaction mixture was
diluted with methanol and neutralized with Amberlite IR120
H* resin. After filtration, the filtrate was concentrated in
vacuo to give the corresponding tetrasaccharide as a white
solid. A mixture of the above tetrasaccharide and Pd/C in
methanol, water and acetic acid (50/25/1, v/v/v) was stirred
under an atmosphere of H, at room temperature for 24 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,O) provided 142 as a white solid.
HRMS (ESI) m/z caled for CioHgN;O,5 [M-H]™978.4142.

2.45. Synthesis of 2-N-acetyl-2-deoxy-a.-p-glucopy-
ranosyl-(1—2)-1-glycero-a-p-manno-heptopyrano-
syl-(1—3)-L-glycero-o-p-manno-heptopyranosyl-
(1-+5)-2-(4-(3-aminopropyl)phenyl)-3-deoxy-c.-p-
manno-oct-2-ulopyranosidonic acid 149

[0696]
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[0697] To a stirred solution of phenylselenyl chloride in
CH,Cl, was added AgOTf and TMSOTH. After stirring at
room temperature for 30 min, a solution of glycal 26 and
linker 143 in CH,Cl, was added dropwise. After being stirted
at room temperature for 2 h, the mixture was diluted with
CH,Cl,, washed with saturated aqueous NaHCO,, and brine.
The organic layer was dried over Na,SO,, filtered and con-
centrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc: 3/1) to give a white
solid. To a solution of the above solid in toluene, was added
tri-n-butyltin hydride and AIBN. After being refluxed for 1.5
h, the mixture was concentrated in vacuo and purified by
silica gel column chromatography (hexane/EtOAc: 5/2) to
afford 144 as a colorless syrup.

[0698] To astirred solutionof compound 144 in MeOH was
added NaOMe. The mixture was stirred at room temperature
for 4 h, and then neutralized with Amberlite IR120 H* resin.
Filtration, concentration in vacuo, and purification by silica
gel column chromatography (CH,Cl,/MeOH: 12/1) gave the
corresponding alcohol as a white solid. To a stirred solution of
the above alcohol in DMF, was added 2-methoxypropene and
p-toluenesulfonic acid monohydrate. The mixture was stirred
atroom temperature for 2 h, and then neutralized with sodium
hydrogencarbonate. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (CH,Cl,/
MeOH: 40/1) afforded the corresponding diol as a colorless
syrup. A mixture of the above diol, dibutyltin oxide and 4 A
MS in toluene was heated at 110° C. for 2 h. After cooling to
room temperature, benzyl bromide and tetrabutylammonium
bromide were added, and the mixture was heated at 110° C.
for overnight. The cooling mixture was then filtered and the
filrate was evaporated. The residue was dissolved in CH,Cl,
and washed with water. The organic layer was dried over
Na,SO,, filtered and concentrated in vacuo to give a residue,
which was purified by silica gel column chromatography
(hexane/EtOAc: 4/1) to give a syrup, which was dissolved in
MeOH and treated with NaOMe. The mixture was stirred at
room temperature for 3 h, and then neutralized with Amber-
lite IR120 H* resin. Filtration, concentration in vacuo, and
purification by silica gel column chromatography (hexane/
EtOAc: 3/1) provided 145 as a colorless syrup.

[0699] To a stirred mixture of the donor 6, acceptor 145,
and freshly activated 4 A MS in dry CH,Cl, at 0° C., was
added dropwise TMSOTT in CH,CIl, under nitrogen. After
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being stirred at 0° C. for 1 h, the mixture was quenched with
Et;N, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane/
EtOAc: 2/1) to afford 146 as a colorless syrup.

[0700] To a solution of 146 in DMF at room temperature,
was added hydrazine acetate. After being stirred at room
temperature for 40 min, the mixture was diluted with EtOAc,
washed with saturated aqueous NaHCO,, and brine. The
organic layer was dried over Na,SO,,, filtered, and concen-
trated in vacuo. The residue was purified by silica gel column
chromatography (hexane/EtOAc: 1/1) to give 147 as a color-
less syrup. To a stirred mixture of the disaccharide donor 2,
disaccharide acceptor 147, and freshly activated 4 A MS in
dry diethyl ether and dichloromethane (1/1, v/v) at 0° C., was
added TMSOTT in CH,C1, under nitrogen. The temperature
was allowed to warm up naturally to room temperature and
the stirring continued for 1 h. The mixture was quenched with
Et;N, and filtered. The filtrate was concentrated in vacuo to
give a residue, which was purified by silica gel column chro-
matography (hexane/EtOAc/TEA: 5/2/0.07) to afford 148 as
a white solid.

[0701] To a solution of compound 148 in dry pyridine, was
added thioacetic acid. After being stirred at room temperature
for 24 h, the solution was coevaporated with toluene to give a
residue, which was purified by silica gel column chromatog-
raphy (hexane/EtOAc/TEA: 3/2/0.05) to give the correspond-
ing acetamide as a pale yellow solid. A solution of the above
acetamide in acetic acid/water (8/1, v/v) was stirred at 70° C.
for overnight. TLC indicated complete conversion of starting
material. The mixture was coevaporated with toluene and
dried in vacuo to give the corresponding diol as a pale yellow
syrup. The above diol was dissolved in a mixture of dioxane,
methanol and 1 M aq NaOH (3/1/1, v/v/v). After being stirred
at room temperature for overnight, the reaction mixture was
diluted with methanol and neutralized with Amberlite IR120
H* resin. After filtration, the filtrate was concentrated in
vacuo to give the corresponding tetrasaccharide as a white
solid. A mixture of the above tetrasaccharide and Pd/C in
methanol, water and acetic acid (50/25/1, v/v/v) was stirred
under an atmosphere of H, at room temperature for 24 h.
Filtration, concentration in vacuo and elution through Sepha-
dex LH-20 column (H,O) provided 149 as a white solid.
HRMS (ESI) m/z caled for C3oHg N,O, 5 [M-H]~ 957.3563.
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Example 3

Conjugation of Tetrasaccharide 1 to CRM o,

[0702] Vaccines based on polysaccharides are character-
ized by a T-cell independent immune response without induc-
ing an immunological memory. Immunogenicity of polysac-
charide vaccines in infants, elderly and immunocompromised
patients are weak. Conjugation of carbohydrates to an immu-
nogenic carrier protein creates a T-cell dependent immune
response against the carbohydrate. As carrier protein, the
nontoxic diphtheria toxoid variant CRM, ., was used, since it
has been approved as a constituent of licensed vaccines. Tet-
rasaccharide 1 according to the invention was covalently
bound to the carrier protein CRM, o, via a spacer molecule,
disuccinimidy! adipate (see FIG. 2). First, the primary amine
group of the linker moiety of tetrasaccharide 1 was reacted
with one of the ester groups of the spacer molecule disuccin-
imidyl adipate in water-free DMSO in the presence of triethy-
lamine at room temperature over 2 hours. The tetrasaccharide
1 was added drop-wise into 10-fold molar excess of spacer to
avoid dimer formation. After addition of 400 pL 0.1 M Na-
phosphate buffer, pH 7.42, unreacted spacer molecules were
removed by chloroform extraction. The remaining ester
group of the spacer moiety was then reacted with the c-amino
groups of lysine residues on the CRM 5, protein (Pfenex) in
0.1 M Na-phosphate buffer, pH 7.42, at room temperature
over 18 hours. For one reaction, 1.8 to 3.5 mg of meningo-
coccal tetrasaccharide 1 and 1 mg of CRM,,, (solubilized in
1 mL 0.1 M Na-phosphate buffer, pH 7.42) was used. The
resulting conjugate was purified by ultrafiltration (10 kDa,
Amicon, Millipore) with deionized water. The protein con-
centration was determined by bicinchoninic acid (BCA)
assay (Pierce). Conjugation was checked by SDS-PAGE (Ex-
ample 4) and the tetrasaccharide 1/CRM,,,, ratio was deter-
mined by MALDI-TOF MS (Example 5).

Example 4

SDS-PAGE

[0703] Tetrasaccharide 1-CRM, o, conjugate of example 3
and unconjugated CRM, ¢, were dissolved in Laemmli buffer
(0.125 M Tris, 20% (v/v) glycerol, 4% (w/v) SDS, 5% (v/v)
beta-mercaptoethanol, bromophenol, pH 6.8) and boiled at
95° C. for 5 minutes. Samples were run in 10% polyacryla-
mide gels and stained with 0.025% (w/v) Coomassie Brilliant
blue R-250 in an aqueous solution containing 40% (v/v)
methanol and 7% (v/v) acetic acid. A picture of the resulting
gel is shown by FIG. 3.

Example 5

MALDI-TOF Mass Spectrometry

[0704] Conjugation was confirmed by matrix-assisted laser
desorption/ionization-time of flight mass spectrometry
(MALDI-TOF MS) using an Autoflex™ Speed instrument
(Bruker Daltonics, Bremen, Germany). The mass spectrom-
eter was operated in positive linear mode. Spectra were
acquired over an m/z range from 40,000 to 180,000 kDa and
data was analyzed with the FlexAnalysis software provided
with the instrument. 2'.4'-dihydroxyacetonephenone
(DHAP) was used as matrix, samples were spotted using the
dried droplet technique. For CRM, 4, an m/z ion of 58.3 kDa
was detected, whereas for the conjugate the highest m/z ion
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was measured at 66.4 kDa resulting in a tetrasaccharide
1/CRM, o, ratio of 7. Generally an average of3.9 tetrasaccha-
ride 1 was coupled to CRM, .. Based on the determined
protein concentration of the conjugate by bicinchoninic acid
(BCA, Pierce) assay and the average sugar loading the car-
bohydrate content was calculated to 162+27 pg/mL
(mean£SD).

Example 6

Immunizations in Presence of Freund’s Adjuvants

[0705] To evaluate the immunogenicity of the meningococ-
cal tetrasaccharide 1, two groups of six female BALB/c mice,
six to eight weeks old, were immunized subcutaneously (s.c.)
in presence of Freund’s adjuvant (FA). Each mouse of the first
group was immunized s.c. with 0.4 g unconjugated tetrasac-
charide 1 antigen in presence of Freund’s adjuvant (priming
with Freund’s Complete Adjuvant, boosting with Freund’s
Incomplete Adjuvant, both Sigma). Each mouse of the second
group received tetrasaccharide 1-CRM,,, conjugate,
whereby the amount of conjugate corresponded to 0.4 pg
tetrasaccharide 1 antigen. Two weeks after initial immuniza-
tions, first boosting injection was performed with 4 g tet-
rasaccharide 1 or the corresponding tetrasaccharide
1-CRM, ,, conjugate.

[0706] For all immunizations, antigen was diluted in sterile
PBS to a total injection volume of 100 pLL per mouse. Blood
was collected at the tail vein and erythrocytes were separated
from serum by centrifugation. All blood samples from the
initial immunization study with FA were diluted with 10 pl
sterile PBS before sera separation. Sera were collected in
definited time intervals and IgG antibody responses were
analyzed by microarray.

[0707] Tetrasaccharide 1-specific [gG and IgM antibody
responses were identified in pooled sera in both groups after
first boosting with 4 ug tetrasaccharide 1 or the corresponding
tetrasaccharide 1-CRM, o, conjugate (4. week) (see FIG. 6).
1gG antibody responses were quantified by determination of
the fluorescence intensity values in 1:80 sera dilution. While
the unconjugated tetrasaccharide 1 showed relatively weak
immunogenicity in presence of FA (FIG. 7, right diagram,
black bar), the sera from tetrasaccharide 1-CRM, o, conjugate
immunized mice showed significantly higher anti-tetrasac-
charide 1 titers (grey bars). In week 8 mice were boosted a
second time with 4 pg antigen, whereby IgG response against
tetrasaccharide 1 showed a marginal increase in week 9 (FIG.
8, left diagram, black bar). In contrast, the IgG titer of tet-
rasaccharide 1-CRM, o, conjugate is already 4.8 times higher
atweek 8 compared to week 4 (F1G. 8, left diagram, grey bar).
One week later the IgG titer against conjugate was again
increased. Second boosting also generated a higher IgG titer
against spacer construct.

[0708] This study showed that the tetrasaccharide
1-CRM, ,, antigen is immunogenic in the presence of FA and
the tetrasaccharide 1-CRM,q, conjugate elicited robust
boosting IgG responses. The optimal dose for inducing the
response was observed to be 4 ug whereas in presence of 0.4
Lig antigen no immune response was observed.

Example 7

Preparation of Microarrays

[0709] Tetrasaccharide 1 in three different concentrations
(1,0.5and 0.1 mM), CRM, o, (1, 0.5 and 0.1 uM) and bovine



US 2014/0234364 Al

serum albumin (BSA)-spacer-GlcNAc conjugate (1, 0.5 and
0.1 uM) were dissolved in sodium phosphate buffer (50 mM,
pH 8.5) and printed in triplicate robotically using a piezoelec-
tric spotting device (811, Scienion, Berlin, Germany) onto
the surface of the microarray slides (NHS-activated glass
slides; CodeLink). BSA-spacer-GlcNAc was used to assess
immunogenicity against the spacer moiety of the conjugate.
As negative controls, phosphate-buffer saline (PBS), as well
as a unrelated oligosaccharide Man,Gal at concentrations of
0.5 mM and 1 mM were also included. Microarrays were
designed such that high-throughput analysis of 64 samples
per array was possible. Slides were incubated in a humid
chamber to complete reaction for 24 hours and stored in an
anhydrous environment. Prior to the experiment, remaining
succinimidy] groups were quenched by incubating slides in
100 mM ethanolamine in sodium phosphate buffer (pH 9, 50
mM) for 1 hour at 50° C. Slides were rinsed three times with
deionized water and dried by centrifugation.

Example 8

Microarray Binding Assays (Glycan Array)

[0710] The quenched array slides were blocked for 1 hour
with 1% (w/v) BSA in PBS, then washed three times with
PBS and dried by centrifugation. A FlexWell 64 (Grace Bio-
Labs, Bend, Oreg., USA) grid was applied to the slides.
Resulting 64 wells were used for 64 individual experiments.
Slides were incubated with sera dilutions or hybridoma super-
natants of example 11 (all dilutions were prepared with PBS)
for 1 hour at room temperature in a humid chamber, washed
three times with PBS-Tween-20 (0.1% v/v) and dried by
centrifugation. Then, slides were incubated with fluores-
cence-labeled detection antibody diluted in 1% BSA-PBS
(wfv) for 1 hour at room temperature in a humid chamber.
Slides were washed three times with PBS-Tween-20 (0.1%
v/v) and rinsed once with deionized water and dried by cen-
trifugation. Slides were scanned with a GenePix 4300A scan-
ner (Molecular Devices) using the GenePix Pro 7 software.
Detection antibodies used were Rabbit Anti-Mouse 1gG
(whole molecule)-FITC (Sigma), Alexa Fluor 635 Goat Anti-
Mouse IgG (H+L) (Life Technologies) and Alexa Fluor 594
Goat Anti-Mouse [gG1 (y1) (Life Technologies) in 1:400
dilutions, as well as Alexa Fluor 647 Goat Anti-Mouse IgG2a
(y2a), Alexa Fluor 488 Goat Anti-Mouse 1gG3 (y3) (Life
Technologies), Alexa Fluor 594 Goat Anti-Mouse IgM (u
chain) (Life Technologies) and Alexa Fluor 594-conjugate-
AffiniPure Donkey Anti-Mouse IgM, (1) (Jackson Immuno
Research) in 1:200 dilutions.

Example 9

Evaluation of Immunogenicity of Glycoconjugates
Formulated Using a Human Approved Adjuvant

[0711] A new imnwnization study was performed with
smaller amounts of conjugate to determine the needful anti-
gen amount, which creates a detectable immune response.
Immunogenicity of 3, 2 and 1 ug antigen was checked in a
dose-dependent immunization study in presence of alum
(Aluminium Hydroxide Gel Adjuvant (Brenntag Biosector,
Frederikssund, Denmark), which is a human approved adju-
vant. As positive control 3 pg tetrasaccharide 1-CRM, 4, con-
jugate was immunized in presence of FA, whereas PBS was
used for the negative control. Each group contained six
female BALB/c mice, six to eight weeks old. Initial immuni-
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zations (priming) was followed by a first boosting immuni-
zation after two weeks. Sera were collected in one-week
intervals. IgG antibody responses were evaluated by microar-
ray. The detailed microarray printing pattern is shown in FIG.
9 and here instead of the Man;Gal 0.1 pg/ul purified mouse
1gG and IgM were printed as control (FIG. 9). IgG antibody
responses were quantified by determination of the fluores-
cence intensity values using the sera of individual mice in
1:100 dilution. Glycan array analysis at the day of first boost-
ing shows that 1, 2 and 3 pug tetrasaccharide 1-CRM conjugate
are immunogenic in presence of alum (FIGS. 10 and 11, left
diagram), and highest antibody response was observed
against 3 ug tetrasaccharide 1-CRM, o, conjugate in presence
of alum, followed by 2 pg and 1 ug tetrasaccharide 1-CRM, 5,
conjugate. After first boosting equal IgG titers against 3 pg
tetrasaccharide 1-CRM, ,, conjugate in presence of FA and
alum were observed. Also IgG response against 1 pg and 2 pg
were in the same range. The results indicated that the tetrasac-
charide 1-CRM, 5, conjugate are immunogenic when formu-
lated with the human approved adjuvant alum and the mini-
mum effective dose required to elicit anti-tetrasaccharide 1
immune reaction was observed to be 1 pg.

Example 10

Characterization of Immune Response in Presence of
FA

[0712] Unconjuagted carbohydrate antigens do not gener-
ally induce isotype switching of antibodies. The major aim of
anti-carbohydrate vaccines are to induce opsonophagocytic
1gGs. IgG isotypes especially IgG1 has higher opsonophago-
cytic potential as well as better maternal transfer across pla-
centa to the fetus. So to get an insight into the subclasses of
IgG antibodies raised against tetrasaccharide 1, microarray
analysis with pooled sera using subclass-specific detection
antibodies against IgG1, IgG2a and IgG3 was performed.
Fluorescence intensity was normalized by calculating the
ratio of sample fluorescence A/fluorescence prebleed A. As
shown in FIG. 12, left diagram, IgG1 is the major isotype
observed in unconjugated tetrasaccharide 1 as well as in
tetrasaccharide 1-CRM conjugate immunized mice. The
results indicate that the glycoconjugation process improved
the immunogenicity of the tetrasaccharide 1 antigen and also
promoted isotype switching of antibody responses which is
very important in the context of carbohydrate based vaccines.
[0713] To find out the minimum structure required to bind
the antibodies, reactivities of pooled sera against different
synthetic saccharides of general formula (I) and related LPS-
core structures of other bacteria then N. meningitidis were
checked by microarray analysis. The tetrasaccharide 1, the
trisaccharide 37, the disaccharide 36, the mono-Kdo 35 as
well as the mono-Hep 34 were printed on a glycan array (FIG.
13). The conserved LPS-core structures tri-Hep from Yersinia
pestis (HHH) and the chlamydial tri-Kdo (KKK) respec-
tively, were included as related core structures. Both sera,
produced against the tetrasaccharide 1 and the tetrasaccharide
1-CRM, 4, conjugate, showed equal reactivity against these
substructures (FIG. 14). IgG antibodies against the tetrasac-
charide 1, the trisaccharide 37, the disaccharide 36 and the
mono-Kdo 35 were observed in pooled sera. No cross reac-
tivity against the [LPS-core structures of pestis or chlamydia
as well as no reactivity with the mono-Hep 34 was observed.
This indicated that the generated antibodies have higher
specificities for N. meningitidis incomparison to other related
structures.
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Example 11

Monoclonal Antibodies

[0714] Development of monoclonal antibodies against the
tetrasaccharide 1 would be useful for passive immunization
as well as detection of N. meningitidis in biological fluids.
Monoclonal antibodies (mABs) were generated using the
standard method by Koehler and Milstein, 1975. To enable
this, mouse 12 (FIG. 15, grey bar), which elicited the highest
antibody response against the antigen was selected, spleno-
cytes were isolated and fused with 10® mouse myeloma cells
in the presence of 50% PEG 1500 to generate hybridomas.
Fused cells were selected with complete growth medium
(IMDM supplemented with 10% heat-inactivated fetal calf
serum, 2 mM L-glutamine, 24 uM beta-mercaptoethanol, 1
mM sodium-pyruvate, 100 pM hypoxanthine, 16 uM thymi-
dine, non-essential amino acids, 100 U/mL penicillin, 100
ug/mL streptomycin, 50 pg/mL gentamycin, 10% hybridoma
cloning supplement (BM Condimed H1, Roche)) with 0.4 uM
aminopterin. Cells were maintained at 37° C. at 5% CO.,.
Hybridoma cells were subjected to four consecutive subclon-
ing steps by limited dilution. Clones producing antibodies
against tetrasaccharide 1 were identified by microarray. Two
hybridoma clones producing monoclonal antibodies (mAbs),
1A5 1G1 and 1B6 4E1, were selected for evaluation of the
deletion sequence microarray (FIG. 14). Both mAbs bound to
the tetrasaccharide 1, the trisaccharide 37 and the disaccha-
ride 36, while the 1A5 1G1 additionally bound to the mono-
Kdo 35. Isotyping of hybridoma supernatant-dilutions
showed that 1B6 4E1 was isotype IgG2a (F1G. 16, light grey
bar) and binds specifically to tetrasaccharide 1. In contrast,
mAb 1A5 1G1 was isotype IgG1 and recognized the mono-
Kdo 35, disaccharide 36, trisaccharide 37, and tetrasaccha-
ride 1.

Example 12

Confocal Laser Scanning Microscopy

[0715] Binding of antibodies against heat-inactivated M.
meningitidis serogroups B (DE 8759) was checked by con-
focal laser scanning microscopy. 10® heat inactivated menin-
gococci were washed three times with PBS, incubated with
pooled post-immune (anti tetrasaccharide 1-CRM sera) and
pre-immune 1:100 sera dilutions in 1% BSA-PBS for 1 h
followed by washing with 1% BSA-PBS. As negative control
bacteria were also incubated with PBS. To detect bound pri-
mary antibodies bacteria were incubated with Rabbit anti-
Mouse I1gG (whole molecule)-FITC (fluorescein 5(6)-
isothiocyanate) (1:100 in 1% BSA-PBS) and 476 nM DAPI
(4',6-diamidino-2-phenylindole, Life Technologies) was
used for nuclear staining. 5-10 pl of washed sample was used
for fluorescence microscopy. Imaging of meningococci in
presence of pre-immune and post-immune sera was per-
formed with identical settings using Zen 2009 (Zeiss) soft-
ware and a LSM 700, AXIO Imager.M2 (Zeiss). Green fluo-
rescence of FITC indicated binding of antibodies from sera to
the heat inactivated bacteria. The staining with prebleed sera
(FIG. 17 B) showed just a weak reactivity, whereas labeling
with post-immune sera (FIG. 17 C) gave significantly higher
green fluorescence signal which localized well with the
nuclear staining and the DIC (differential interference con-
trast) images. Bacteria incubated with PBS and only second-
ary Rabbit anti-Mouse IgG-FITC was employed as the nega-
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tive control. In negative control no green fluorescence was
observed and only the blue fluorescence of the nuclear stain-
ing was visible (FIG. 17 A). This demonstrated that the sera
which was generated against the synthetic tetrasaccharide
1-CRM, ,, conjugate was reactive against heat-inactivated
meningococci. Positive labeling with post-immune sera was
observed for several representatives of eight meningococcal
serogroups.

Example 13

FACS Analysis (Fluorescence Activated Cell
Sorting)

[0716] Binding studies against N. meningitidis was evalu-
ated by FACS (fluorescence activated cell sorting). 2x10%
inactivated bacteria were washed once with PBS, twice with
1% BSA-PBS and incubated with mAb, pooled post-immune
and pre-immune sera dilution in 1% BSA-PBS for 1 hat4° C.
After washing with 1% BSA-PBS primary antibodies on
bacteria were detected by Alexa Fluor 635 Goat Anti-Mouse
1gG (H+L) secondary antibody (Life Technologies). DNA
staining was performed with SYBR® Safe DNA Gel Stain
(1:1000, Life Technologies). Washed samples were inacti-
vated with 8% paraformaldehyde, washed and measured by
BD FACSCanto™ I, whereby only SYBR® Safe positive
(FITC positive) bacteria were analysed for labeling with
Alexa Fluor 635 Goat Anti-Mouse IgG (H+L) secondary
antibody (APC positive). Percentage of bacteria positive to
APC specific fluorescence was considered as bacteria bound
to antibody and the results are shown in FIG. 18 at 1:100
postimmune dilution. Dilution-wise analysis of post-immune
and pre-immune sera showed a significant binding to N. men-
ingitidis Y (WUE 4165) up to a 1:800 dilution (FIG. 19).
Furthermore, one representative of each meningococcal sero-
group was stained with 1:100 dilutions of post-immune and
pre-immune sera. In FIG. 20 it was visualized that all eight
strains were recognized by post-immune sera. The results
from FACS analysis corroborated the findings from confocal
microscopy. Reactivity of the purified mAb 1 A5 1G1 against
formalin-inactivated N. meningitidis B was checked dilu-
tions-wise and 10 ng/ul was observed to be the optimal con-
centration for binding (FIG. 21).

[0717] Glycan array studies showed that post-immune sera
and mAb 1AS5 1G1 are reactive against tetrasaccharide 1 as
well as the trisaccharide 37. Because this trisaccharide rep-
resents the conserved LPS-core structure of many gram-nega-
tive bacteria, reactivity of the mAb 1AS 1G1 (diluted to 10
ng/ul) against several formalin-inactivated gram-negative
bacteria were analysed by FACS. As shown in FIG. 22, the
mAb 1A5 1G1 recognized all gram-negative bacteria, which
were chosen for this analysis except N. mucosa.

Example 14

Opsonophagocytosis Assay

[0718] To evaluate the opsonophagocytic potential of anti-
tetrasacharide 1 sera, an opsonophagocytosis assay (OPA)
was performed. FITC labeling of 2x10® meningococci B
were performed in 50 mM Na,CO,, 100 mM NaCl, pH 7.5
with 500 pg FITC for 30 min at 37° C. Samples were washed
five times with washing buffer (0.25% BSA, 2 mM HEPES,
PBS). Labeled bacteria were pre-incubated with 1:100
pooled post-immune sera dilution, mAb 1A5 1G1 superna-
tant and PBS or hybridoma media as negative control at 37°
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C. Subsequently these bacteria were incubated with 10° con-
fluent macrophages (RAW 264.7 cells) at 4° C. for adhesion
of bacteria to the macrophage cell surface followed by wash-
ing with PBS to remove the nonspecifically bound bacteria.
Then macrophages were incubated at 37° C., 5% CO, which
promoted uptake of previously opsonized bacteria specifi-
cally to the intracellular compartments. Washed macrophages
were successively stained with mAb 1A5 1G1 supernatant
and Goat Anti-Mouse IgG Alexa Fluor 635 (H+L) secondary
antibody (1:500) at 4° C. Macrophages were inactivated with
8% paraformaldehyde, washed with PBS and measured by
FACS.

[0719] Successful opsonohagocytosis is indicated by FITC
positive macrophages in FACS measurement. To detect
remaining non-phagocytosed bacteria on the cell surface,
samples were stained with mAb 1A5 1G1 supernatant and
detected with Goat Anti-Mouse IgG Alexa Fluor 635 (H+L)
secondary antibody (APC-FITC double positive). The cells
treated with bacteria preincubated with post-immune sera
showed higher FITC positive cells and lower APC-FITC
double positive cells (black line, FIG. 23) (APC-FITC posi-
tive cells is an indication of non-specific binding and FITC
positive cells represent fraction of phagocytosed cells).
Whereas cells treated with bacteria preincubated with PBS,
showed lower FITC positive cells and realtively high APC-
FITC double positive cells indicating lower specific uptake
and higher non-specific adhesion of bacteria (grey line, FIG.
23). The results indicate that the antibodies present in the
post-immune sera are capable of inducing a serum dependent
opsonophagocytosis (FIG. 24). This could be beneficial for
the immunoprotective effects and supports the vaccine poten-
tail of the conjugated syntheteic saccharides of general for-
mula (I) used in the immunizations.

Example 15.1

Formulation of a Meningococcal Vaccine

[0720] Materials used in this preparation include tetrasac-
charide 1/CRM, ,, conjugates that are prepared in accordance
with Example 3 and sterile 100 mM sodium phosphate buff-
ered physiological saline (0.85% sodium chloride). An ali-
quot of sterile 200-500 mM sodium phosphate buffered
physiological saline is added to physiological saline (0.85%)
in a stainless steel tank to yield a final vaccine concentration
of 10 mM sodium phosphate. An aliquot of the tetrasaccha-
ride 1/CRM, ,, conjugate is added to yield a final concentra-
tion of 8 pg/per milliliter of buffer. The conjugate solution is
subsequently mixed and filtered for sterilization.

Example 15.2

Preparation of Aluminum-Hydroxide Adjuvanted
Meningococcal Vaccine

[0721] Analiquot of a sterile conjugate of the trisaccharide
37 and diphtheria toxoid conjugates is added to physiological
saline to yield a final concentration of 4 ug per milliliter of
buffer. An aliquot of sterile aluminum hydroxide in physi-
ological saline (0.85% sodium chloride) is added to the con-
jugate to achieve a final concentration of 0.44 mg aluminum
ion per milliliter vaccine.

Example 15.3

Preparation of Meningococcal Vaccine Containing
Sucrose as a Lyophilization Stabilizer

[0722] 1In an attempt to achieve the stability goal, the tet-
rasaccharide 1/CRM, o, conjugate was lyophilized. The com-
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positions had been lyophilized in the presence of 4.5% man-
nitol and 1.5% sucrose. The integrity of the individual
conjugates appeared to be conserved even after 6 months of
post-lyophilization and storage at 4° C. Lyophilization per-
mits the conjugates to be used in combination with an oil-in-
water emulsion. Two vaccine formulations of the lyophilized
tetrasaccharide 1/CRM, o, conjugate were prepared. The for-
mulation contains 70 pg of the conjugate, 15 mg PBS, and
either 14 mg mannitol or 21 mg mannitol+35 mg sucrose, and
may be reconstituted with 700 ul water for injection.

Example 16

Further Immunizations

[0723] To evaluate the immunogenicity of the meningococ-
cal trisaccharides 37 and monosaccharide 34, female BALB/¢
mice, six to eight weeks old, were immunized according to
example 6.

[0724] Each mouse was immunized s.c. with 0.4 g uncon-
jugated or CRM ,,-conjugated trisaccharide 37 or unconju-
gated or CRM, o,-conjugated monosaccharide 34 in presence
of Freund’s adjuvant (the amount of conjugate corresponded
to 0.4 pg saccharide). Specific IgG and IgM antibody
responses were identified in pooled sera. This study showed
that the conjugated trisaccharide 37 is immunogenic in the
presence of FA but elicited less boosting IgG responses then
using thetetrasaccharide 1/CRM, o, conjugate. The monosac-
charide 34/CRM, 4, conjugate did only elicit a very weak
antibody response (see table 2).

Antigen used IgG response
tetrasaccharide 1 unconjugated +
tetrasaccharide 1/CRM 47 conjugate +++
trisaccharide 37 unconjugated +
trisaccharide 37/CRM, 4, conjugate ++
monosaccharide 34 -
monosaccharide 34/CRM 97 conjugate +
tetrasaccharide 149 unconjugated -
tetrasaccharide 149/CRM 5 conjugate ++
tetrasaccharide 142 unconjugated +
tetrasaccharide 142/CRM,y; conjugate ++
tetrasaccharide 135 unconjugated +
tetrasaccharide 135/CRM | ; conjugate 4
tetrasaccharide 128 unconjugated +
tetrasaccharide 128/CRM 5, conjugate ++
tetrasaccharide 121 unconjugated -
tetrasaccharide 121/CRM 5, conjugate ++
trisaccharide 114 unconjugated -
trisaccharide 114/CRM 4, conjugate ++
trisaccharide 107 unconjugated +
trisaccharide 107/CRM 4, conjugate ++
trisaccharide 100 unconjugated +
trisaccharide 100/CRM 4, conjugate ++
trisaccharide 93 unconjugated +
trisaccharide 93/CRM, o, conjugate ++
trisaccharide 86 unconjugated -
trisaccharide 86/CRM, 4 conjugate ++
disaccharide 36 unconjugated -
disaccharide 36/CRM, 4, conjugate +

disaccharide 64 unconjugated -
disaccharide 64/CRM, 4, conjugate -
disaccharide 59 unconjugated -
disaccharide 59/CRM 47 conjugate +
disaccharide 69 unconjugated -
disaccharide 69/CRM 4, conjugate +
disaccharide 79 unconjugated -
disaccharide 79/CRM o, conjugate -
disaccharide 74 unconjugated -
disaccharide 74/CRM o, conjugate
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-continued comprising or consisting of the steps:

A1) Reacting compound 26* with a compound HO—Y—
Antigen used 1gG response NP4pls ,

moenosaccharide 48 unconjugated -
menosaccharide 48/CRM, 4, conjugate -

1. Synthesis of synthetic saccharides of general formula (I)

@

wherein P', P'?, P'* and P'* are protecting groups and Y is
defined as above, yielding a compound of the formula
28"

wherein
R represents —Y—NH, Plo
Y represents a linker

R' represents

Hor
PIS
HO
A2) Performing deprotection reactions with compound
Ho ol 28" yielding a monosaccharide 35%,
HO -
RO
R" represents
Hor
HO
wherein R is defined as above,
HO OR™
- or
HO 0 . " "
HO converting compound 28" to compound 77,
P7
/0
RHI ()/’
represents H O
or 13
p0 COOP
Q
OH \
0] /Y
AclIN. oH Pl_
OH
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wherein P® and P” are protecting groups,andY, P'?, P**and wherein R is defined as above,

P'® are defined as above; or

; *
BI) Reacting compound 6% of the formula performing a selective deprotection yielding a compound

of the formula 3#,
pQ
Pl
P] lO op B
0] -Q e plip
P°0
j 0]
0 CCl 1O

wherein
PE.P'? represent protecting groups

with compound 7* in order to obtain a compound 317 of the
following chemical formula

Wherein P% to P%, P1° to P'% and Y are defined as above;

C1) Reacting compound 3” with a compound of the for-

mula 38"
\Y
p o NPh
PH—N
pis CF3
wherein Y and P° to P*° are defined as above; wherein P*-P* and P'® are protecting groups,
B2) Performing deprotection reactions with compound 31% yielding a compound of the formula 39%,

yielding a disaccharide 367,

Pi%Q

HO plig

HO on
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wherein P>-P%, P!°-P'¢ and Y are defined as above,
and

D1) Performing deprotection reactions with compound
39" yielding a trisaccharide 37"

HO
o
OH
o .0
0
o
4
ro™”
HO

wherein R is defined as above,

or
C2) Reacting the compound 4* of the formula
op!
N; op!
(0]
op!
c13c\”/o

NH

wherein

the groups P* represent the same protecting group
with the compound 5* of the following chemical formula

wherein

P2-P’ are defined as above

and

Ar represents an aromatic ring or aromatic ring system

in order to obtain compound 30* of the following chemical
formula

Op!

op!

Op!
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wherein

the group —SAr is converted to the group —O—C
(=NPh)-CF; in order to obtain compound 2* of the
following chemical formula

wherein P'-P° are defined as above,
Reacting compound 3* with a compound 2%,
vielding a compound of the formula 324,

wherein P!-P?, P19-P% and Y are defined as above,

and

D2) Converting the azide group of compound 32” into an
acetamide group and performing deprotection reactions
vielding a tetrasaccharide 1%

AcHN.

OH

wherein R is defined as above.
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2. Synthesis according to claim 1 of the tetrasaccharide 1 of ~ wherein

the chemical formula PS, P7, P25 represent protecting groups

in order to obtain compound 31* of the following chemical

1 formula
HO
HO,
OH
-0
OH
AcHN OH
OH
EN
comprising the steps: pPl—N
A) Reacting compound 6* of the formula \PIS
PO wherein the protecting group P’ is selectively cleaved in
order to obtain compound 3*.
opt2 - B) Reacting compound 4* of the formula
o5 &
PO
0 CCly Op!
Nj op!
. O
wherein
8 pl2 . op!
P®-P"~ represent protecting groups ClC 0
with compound 7* of the formula T
NH

wherein

P! represent the same protecting group

with compound 5* of the following chemical formula

P2Q

P30 OH

4
PY4—N P07 ps(
pIs SAr
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wherein
P2-P° represent protecting groups and
Ar represents an aromatic ring or aromatic ring system

in order to obtain compound 30* of the following chemical
formula

op!

opP!

SAr

wherein

the group —SAr is converted to the group —O—C
(=NPh)-CF; in order to obtain compound 2* of the
following chemical formula

Op!
op!

NPh

CF;

C) Reacting compound 2* with compound 3* of the for-
mula

PH—N
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in order to obtain compound 32* of the formula

Pl%

pH—N

PIS

wherein the azide group is converted into an acetamide
group and the protecting groups P'-P* and P*°-P* are
cleaved in order to obtain tetrasaccharide 1.

3. Synthesis according to claim 1 or 2 comprising step D:

D) preparing a salt of tetrasaccharide 1 or preparing a
lyophilisate of tetrasaccharide 1 or of the salt of tetrasac-
charide 1.

4. Synthesis according to claim 1 or 2, wherein the reaction
of compound 6* and 7%, the reaction of compound 2* and 3*
or the reaction of compound 4* and 5* is performed in a polar
aprotic solvent using TMSOTT.

5. Synthesis according to claim 1 or 2, wherein the conver-
sion of compound 30%* to 2* is performed in two steps, first by
reacting compound 30* in a polar aprotic solvent and water
mixture using NBS and second by reacting the product
obtained after the first step with CF;C(=NPh)Cl and a base
in a polar aprotic solvent.

6. Synthesis according to claim 1 or 2, wherein the conver-
sion of compound 31* to 3* is performed in a polar aprotic
solvent by means of hydrazine or a hydrazinium salt.
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7. Synthesis according to claim 1 or 2, wherein the conver- 10. The compound 3* of the following formula
sion of compound 32* to 33* of the formula

PH—Y wherein PS, P! and P'* represent benzyl, P” represents iso-

pls propyl, P® represents para-bromobenzyl, P*° and P'? repre-
sent acetyl and P'° represents benzyloxy carbonyl and P*?
represents methyl.

11. Saccharide of the general formula 1*

is performed in a polar aprotic solvent to which a base is
added orina polar aprotic basic solvent using thioacetic acid.

8. Synthesis according to claim 1 or 2, wherein the conver-
sion of compound 33* to 1 is performed in three steps, first the
acid-labile protecting groups are cleaved in a mixture of an 1*
acid in water; second the base-labile protecting groups are
cleaved in a polar aprotic solvent or a polar aprotic solvent
mixture using a base; and third the protecting groups sensitive
for hydrogenation are cleaved by means of hydrogen and a
catalyst.

9. The compound 2* of the following formula

op!
op!

Op!

NPh o

CFs

wherein

. 5 R represents —Y—NH,;
wherein P! represents acetyl, P? and P° represent benzoyl, P? P 2

represents benzyl and P* represents para-bromobenzyl. Y represents a linker.
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12. Saccharide of the general formula 37"

37%

wherein

R represents —Y—NH,;

Y represents a linker.

13. Saccharide selected from the following group compris-

ing the following compounds:

tetrasaccharide 1: 2-N-acetyl-2-deoxy-a-p-glucopyrano-
syl-(1—2)-L-glycero-a-D-manno-heptopyranosyl-
(1-=3)-1-glycero-a-p-manno-heptopyranosyl-(1—5)-
2-(5-amino)pentyl-3-deoxy-o-p-manno-oct-2-
ulopyranosidonic acid

mono-saccharide 35: 2-(5-amino)pentyl-3-deoxy-a-p-
manno-oct-2-ulopyranosidonic acid

disaccharide 36: 1-glycero-a-p-manno-heptopyranosyl-
(1-5)-2-(5-amino) pentyl-3-deoxy-a-p-manno-oct-2-
ulopyranosidonic acid

trisaccharide 37: r-glycero-a-pD-manno-heptopyranosyl-
(1-3)-1-glycero-a-p-manno-heptopyranosyl-(1—5)-
2-(5-amino)pentyl-3-deoxy-ai-p-manno-oct-2-ulopyra-
nosidonic acid

compound 42: 2-(2-amino)ethyl-3-deoxy-a-p-manno-oct-
2-ulopyranosidonic acid

compound 45:  2-(22-amino)docosanyl-3-deoxy-a-p-
manno-oct-2-ulopyranosidonic acid

compound 48: 2-2-(2-aminoethoxy )ethyl-3-deoxy-a-p-
manno-oct-2-ulpyrano sidonic acid

compound 51: 2-2-(5-aminomethyl)pyrrolidin-2-yl jethyl-
3-deoxy-a-D-man no-oct-2-ulpyranosidonic acid

compound 54: 2-4-(2-aminoethoxy)benzyl-3-deoxy-a-p-
manno-oct-2-ulpyranosidonic acid

compound 59: 1-glycero-a-p-manno-heptopyranosyl-
(1-5)-2-(38-amino-3,6,9,12,15,18,21,24,27,30,33,36-
dodecaoxaoctatriacontanyl)-3-deoxy-a-p-manno-oct-
2-ulopyranosidonic acid

compound 64: 1-glycero-a-p-manno-heptopyranosyl-
(1-+5)-2-(((aminomethyl)disulfanyl)methyl)-3-deoxy-
a-p-manno-oct-2-ulopyranosidonic acid

compound 69: 1-glycero-a-p-manno-heptopyranosyl-
(1-5)-2-(2-((2-aminoethyl)(methyl)amino)ethyl)-3-
deoxy-a-p-manno-oct-2-ulopyranosidonic acid

compound 74: 1-glycero-a-p-manno-heptopyranosyl-
(1-+5)-2-(2-(aminomethoxy)phenoxy)methyl-3-
deoxy-a-p-manno-oct-2-ulopyranosidonic acid

compound 79: 1-glycero-a-p-manno-heptopyranosyl-
(1-+5)-2-(3-(6-(aminomethyl)piperidin-2-yl)propa-
nyl)-3-deoxy-a-p-manno-oct-2-ulopyranosidonic acid

Aug. 21,2014

compound 86: 1-glycero-o-p-manno-heptopyranosyl-
(1-3)-1-glycero-a-p-manno-heptopyranosyl-(1 —=5)-
2-(40-amino)tetracontanyl-3-deoxy-oi-p-manno-oct-2-
ulopyranosidonic acid

compound 93: 1-glycero-o-p-manno-heptopyranosyl-
(1-3)-1-glycero-a-p-manno-heptopyranosyl-(1 —=5)-
2-(2-(4-aminophenoxy Jethyl-3-deoxy-o.-p-manno-oct-
2-ulopyranosidonic acid

compound 100: 1-glycero-o-p-manno-heptopyranosyl-
(1-3)-1-glycero-a-p-manno-heptopyranosyl-(1 —=5)-
2-(2-(4-(2-aminoethyl)-2-methoxyphenyl)ethyl)-3-
deoxy-a-p-manno-oct-2-ulopyranosidonic acid

compound 107: 1-glycero-o-p-manno-heptopyranosyl-
(1—3)-1-glycero-a-p-manno-heptopyranosyl-(1 —5)-
2-(4-(2-aminoacetyl)phenyl)-3-deoxy-a-p-manno-oct-
2-ulopyranosidonic acid

compound 114: 1-glycero-o-p-manno-heptopyranosyl-
(1—3)-1-glycero-a-p-manno-heptopyranosyl-(1 —5)-
2-(6-amino-3-oxo0 )hexyl-3-deoxy-c.-p-manno-oct-2-ul-
opyranosidonic acid

compound 121: 2-N-acetyl-2-deoxy-a-p-glucopyranosyl-
(1-2)-1-glycero-a-p-manno-heptopyranosyl-(1 —=3)-
1-glycero-ca.-pD-manno-heptopyranosyl-(1—5)-2-(8-
amino-2,2-dimethyl)octyl-3-deoxy-a-p-manno-oct-2-
ulopyranosidonic acid

compound 128: 2-N-acetyl-2-deoxy-a-p-glucopyranosyl-
(1-2)-1-glycero-a-p-manno-heptopyranosyl-(1—3)-
1-glycero-a.-p-manno-heptopyranosyl-(1—5)-2-(2-
((aminomethyl)thio)ethyl)-3-deoxy-a-p-manno-oct-2-
ulopyranosidonic acid

compound 135: 2-N-acetyl-2-deoxy-a-p-glucopyranosyl-
(1-2)-1-glycero-a-p-manno-heptopyranosyl-(1 —3)-
1-glycero-a.-D-manno-heptopyranosyl-(1—5)-2-(3-(3-
aminopropyl)ureido)methyl-3-deoxy-ci-p-manno-oct-
2-ulopyranosidonic acid

compound 142: 2-N-acetyl-2-deoxy-a-p-glucopyranosyl-
(1-2)-1-glycero-a-p-manno-heptopyranosyl-(1 —=3)-
L-glycero-a.-p-manno-heptopyranosyl-(1—5)-2-(5-(2-
aminoethyl)-1-methylpiperidin-2-yl)methyl-3-deoxy-
o-D-manno-oct-2-ulopyranosidonic acid

compound 149: 2-N-acetyl-2-deoxy-a-p-glucopyranosyl-
(1—2)-1-glycero-a-p-manno-heptopyranosyl-(1 —=3)-
1-glycero-a.-D-manno-heptopyranosyl-(1—5)-2-(4-(3-
aminopropyl)phenyl)-3-deoxy-o.-p-manno-oct-2-
ulopyranosidonic acid

14. Saccharide according to claim 11, 12 or 13 which is not

contaminated with PEA and/or is not contaminated with
endotoxin lipid A.

15. Synthetic saccharide of general formula (T)

)
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wherein
R represents —Y—NH,,
Y represents a linker,

R' represents H or

HO
HO OH
-0
HO RO
R" represents H or
HO
HO OR”
-0
HO HO
R" represents H or
o OH
AcHN OH
OH

for use as a vaccine for immunization against diseases
caused by bacteria containing LPS comprising a saccha-
ride sequence selected from c-GleNAc-(1—2)-a-Hep-
(1-3)-a-Hep-(1-5)-0-Kdo, a-Hep-(1—3)-a-Hep-
(1-5)-a-Kdo and a-GleNAc-(1—+2)-0-Hep-(1—3)-a-
Hep.

16. Synthetic saccharide according to claim 15 conjugated
to a carrier protein.

17. Synthetic saccharide according to claim 15 or 16,
wherein the diseases are selected from the group consisting of
meningitis, septicemia, pneumonia and nasopharyngitis.

18. Synthetic saccharide according to claim 15, 16 or 17,
wherein the bacteria containing LPS comprising a saccharide
sequence selected from a-GleNAc-(1—2)-a-Hep-(1—3)-a-
Hep-(1—=5)-a-Kdo,  a-Hep-(1—3)-c.-Hep-(1—5)-a-Kdo
and a-GlcNAc-(1—2)-a-Hep-(1—3)-a-Hep are selected
from the group consisting of all strains of Neisseria menin-
gitidis, wherein the lipo-oligosaccharide (LOS) immuno-
types are L1, 1.2, L.3,L4, 1.5, L6, L7, 18, L9 and/or L11.
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19. Vaccine composition containing at least one synthetic
saccharide of general formula (I)

)

OR
wherein
R represents —Y—NH,,
Y represents a linker,
R represents H or
HO
HO OH
-0
HO RO
R" represents H or
HO
HO OR"”
-0
HO HO
R" represents H or
0 OH
AcHN OH
OH

together with at least one pharmaceutically acceptable car-
rier, cryoprotectant, lyoprotectant, excipient, adjuvant
and/or diluent.
20. Antibody against at least one synthetic saccharide of
general formula (I) as defined by claim 15.
21. Antibody according to claim 20, wherein the antibody
is produced by the monoclonal hybridoma 1A5 1G1 or 1B6
4E1.

22. Use of at least one synthetic saccharide of general
formula (I) as defined in claim 14 or at least one antibody of
claim 20 or 21 in immunological assays for diagnostics of
diseases caused by bacteria containing L.PS comprising a
saccharide sequence selected from a-GlcNAc-(1-2)-a-
Hep-(1—3)-a-Hep-(1—=5)-a-Kdo,  a-Hep-(1—=3)-a-Hep-
(1-+5)-0-Kdo and a-GleNAc-(1-2)-a-Hep-(1—3)-a-Hep.
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23. Use according to claim 22 wherein the diseases are
selected from the group consisting of meningitis, septicemia,
pneumonia and nasopharyngitis.

24. Atleast one synthetic saccharide of general formula (1)
as defined by claim 15 or at least one antibody of claim 20 or
21 for use in the treatment or prophylaxis of diseases caused
by bacteria containing LPS comprising a saccharide sequence
selected from a-GleNAc-(1-2)-a-Hep-(1—3)-a-Hep-
(1=5)-a-Kdo, a-Hep-(1-3)-a-Hep-(1—5)-a-Kdo and
a-GleNAc-(1—2)-a-Hep-(1—3)-a-Hep.

25. At least one synthetic saccharide or at least one anti-
body according to claim 24 wherein the diseases are selected
from the group consisting of meningitis, septicemia, pneu-
monia and nasopharyngitis.
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