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(57) ABSTRACT

The present disclosure discloses the chemical synthesis
method of the Plesiomonas shigelloides serotype O51 O-an-
tigen oligosaccharide, belonging to the field of chemistry.
Source-abundant D-glucose, L-fucose, D-glucosamine and
the like are used as raw materials to prepare three glycosy-
lation building blocks, the synthetic route composed of 11
reaction modules is designed, and through the optimization
of protecting group and the optimization of the time of
introducing functional group, the preparation of the target
oligosaccharide chain is successfully achieved. The oli-
gosaccharide chain prepared in the present disclosure has the
advantages of cheap and easy-to-get raw materials, and
simple and easy-to-repeat preparation method. The present
disclosure will have good application prospects in the
aspects of development of new drugs and vaccines of
Plesiomonas shigelloides, and the like.
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FIG. 6
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CHEMICAL SYNTHESIS METHOD OF
PLESIOMONAS SHIGELLOIDES SEROTYPE
051 O-ANTIGEN OLIGOSACCHARIDE

TECHNICAL FIELD

[0001] The present disclosure relates to a chemical syn-
thesis method of Plesiomonas shigelloides serotype O51
O-antigen oligosaccharide, and more particularly relates to
a hetero-modified polyaminooligosaccharide assembled
with an amino linker at the reducing end, belonging to the
field of chemistry.

BACKGROUND

[0002] Plesiomonas shigelloides is a Gram-negative
pathogen discovered in 1947 and is the most important
pathogen causing worldwide travelers’ severe diarrhea. In
addition, Plesiomonas shigelloides may cause a series of
serious extraintestinal infections, and especially can infect
children and adults with underlying diseases, wherein sepsis
and meningitis caused by infection with Plesiomonas shig-
elloides have a very high lethality rate (1. Stock, Rev. Med.
Microbiol. 2004, 15, 129-139). At present, the treatment of
this pathogen infection relies on antibiotic treatment, and the
continuous emergence of drug resistance reports in clinical
treatment makes the treatment of Plesiomonas shigelloides
infections more difficult. What is worrying is that there are
no Plesiomonas shigelloides vaccines that have been regis-
tered for listing in the world. As international exchanges
become increasingly close, it is particularly urgent to
develop an effective Plesiomonas shigelloides vaccine.
[0003] The study on the serotype of Plesiomonas shigel-
loides shows that it has 102 somatic antigens (O-antigens)
and 51 flagella antigens (H-antigens) (E. Aldova et al., Folia
Microbiol. 2000, 45, 301-304). Since Plesiomonas shigel-
loides is a non-capsule-producing bacterium, its cell surface
is wrapped by a lipopolysaccharide (LPS) layer. Since the
O-antigen portion of LPS of the bacterium has high struc-
tural specificity, and plays an important role in biological
processes such as pathogen infection and host immune
response (J. Lukasiewicz et al., Biochemistry 2006, 45,
10434-10447), the O-antigen of Plesiomonas shigelloides is
an important target molecule for the development of the
Plesiomonas shigelloides vaccine.

[0004] Among many reported structures of the Plesiomo-
nas shigelloides O-antigen, the 0-antigen polysaccharide
structure of the serotype O51 has attracted attention because
of its high structural specificity. The polysaccharide struc-
ture consists of a hetero-modified polyamino trisaccharide
repeat unit: [—=4)-p-D-GlepNAc3NHbA-(1-4)-a-L-
FucpAm30Ac-(1—3)-a-D-QuipNAc-(1—] (as shown in
FIG. 1), comprising two aminodideoxyhexoses and one
diaminodideoxyhexuronic acid, amino groups in the struc-
ture being modified by acetyl, acetamidino (Am) and D-3-
hydroxybutyryl (Hb) respectively (A. Maciejewska et al.,
Carbohydr. Res. 2009, 344, 894-900). Although the high
diversity of saccharide structures in nature is well known,
saccharide molecules having diacylaminouronic acid similar
to that in the Plesiomonas shigelloides O51 polysaccharide
structure as well as rare groups acetamidino and 3-hydroxy-
butyryl are still extremely rare. Similar structures that have
been reported are cell surface components from some impor-
tant pathogens, such as Vibrio vulnificus YJ016 strain (S. N.
Senchenkova et al., Carbohydr. Res. 2009, 344, 1009-1013)
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and CECT 5198 strain (A. S. Shashkov et al., Carbohydr.
Res. 2009, 344, 2005-2009), Pseudomonas aeruginosa sero-
type 05 (A. Larkin et al., Biochemistry 2009, 48, 5446-
5455), Acinetobacter baumannii ATCC 17961 strain (E.
Fregolino et al., Carbohydr. Res. 2011, 346, 973-977) and
the like, suggesting that such saccharide structures may be
associated with pathogenicity of pathogens, and further
verification of the related biological effects of saccharide
structures relies on the availability of pure products for
related research. The obtainment of polysaccharides by
extraction is limited by the cumbersome pathogen culture
and extraction and purification processes, and the extracted
polysaccharide has the problem of structural heterogeneity
and difficulty in completely removing impurities. In sum-
mary, the related oligosaccharide pure product with a defi-
nite structure obtained by a chemical synthesis method will
provide an important basis for the research of pathogenicity
of pathogens, the development of new antibacterial drugs
and the research and development of new vaccines.

[0005] Although in the past few decades, synthetic chem-
ists have continued to develop synthetic carbohydrate chem-
istry, such as the development of protecting group strategies,
the development of new protecting groups, the development
of glycosylation methods, and automated synthesis tech-
niques. However, the hetero-modified polyamino saccharide
structure represented by Plesiomonas shigelloides OS51
polysaccharide is still considered to be a challenging target
molecule by synthetic chemists. At present, the chemical
synthesis of a similar hetero-modified polyamino saccharide
structure including the Plesiomonas shigelloides OS51 poly-
saccharide has not been reported. Since the aminodideoxy-
hexose and diaminohexuronic acid in the structure contain
four amino groups functionalized with the rare acetamidino
group and hydroxybutyryl group, and thus, will have an
influence on the stereoselectivity of the glycosylation reac-
tion and the orthogonal assembly of the different functional
groups. Therefore, the total synthesis of this structure
requires a holistic route design, including the selection of
protecting groups, the selection of time for introducing
functional groups, the efficiency and selectivity of glycosy-
lation reaction.

SUMMARY

[0006] The present disclosure relates to a linkered oli-
gosaccharide fragment of the Plesiomonas shigelloides sero-
type O51 O-antigen polysaccharide. The chemical structural
formula of the saccharide chain can be expressed as the
general Formula I:

VA (U, U, —U,],—V—O-L-NH,

[0007] wherein xis 1,2, 3;nis 1, 2, 3; —V— represents:
the chemical bond, —U,,,—, or —U _,—U , ,—; V*—
represents: H— H—U — or H—U_, ,—U —; L represents

the linker; U, U ,, and U_,, are as shown in Formula V
(FIG. 2).

Formula I

Formula V
HOOC
-0 fo)
ﬂ AcHN
/ 0
OH
Us
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-continued

AcHN i

U =0,

[0008] In the present disclosure, the linker L has the chain
structure of 2 to 40 carbon atoms (including the number of
carbon atoms in the side chain).

[0009] In the present disclosure, when the main chain
length of the linker is 4-8 atoms, the chain may include 1, 2
or 3 heteroatoms (O, N and S). When the main chain length
of the linker is 9-14 atoms, the chain may include 1, 2, 3, 4,
5 or 6 heteroatoms (O, N and S).

[0010] In the present disclosure, the linker -L.- can be all
or partially fluoro-substituted. The linker -L.- may contain a
three-, four-, five- or six-membered saturated carbocyclic
ring; it may also contain a five-membered unsaturated
carbocyclic ring (non-aromatic ring); it may also contain a
four-, five- or six-membered saturated oxygen heterocyclic
ring; it may also contain a four-, five- or six-membered
saturated nitrogen heterocyclic ring; and it may also contain
a six-membered aromatic carbocyclic ring.

[0011] In the present disclosure, the linker -L.- may also
contain an amide bond and/or a carbamido group.

[0012] In the present disclosure, the linker -L.- may con-
tain one or more substituent groups, and these substituents
may include: —F, —Cl, —CH,, —C,H,, —C,H.,, —C H,,
—C¢H,;, —OCH,, —OC,H;, —CH,F, —CHF,, —CF;,
—C(O)—NH,, —SCH,;, —SC,H;, —NHC(O)CHs,,
—N(CH;), and —N(C,Hy),.

[0013] In the present disclosure, the synthesized saccha-
ride chain structure contains basic (acetamidino) and acidic
(carboxyl) groups which can form a corresponding salt with
an organic or inorganic acid or base. Acids that can be used
for forming a salt are hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphoric acid, acetic acid, citric acid, oxalic
acid, malonic acid, salicylic acid, p-aminosalicylic acid,
malic acid, fumaric acid, succinic acid, ascorbic acid, maleic
acid, sulfonic acid, phosphonic acid, perchloric acid, nitric
acid, formic acid, propionic acid, gluconic acid, lactic acid,
tartaric acid, hydroxymaleic acid, pyruvic acid, phenylacetic
acid, benzoic acid, p-aminobenzoic acid, p-hydroxybenzoic
acid, methanesulfonic acid, ethanesulfonic acid, nitrous
acid, hydroxyethanesulfonic acid, vinyl sulfonic acid,
p-toluenesulfonic acid, naphthalenesulfonic acid, sulfanilic
acid, camphorsulfonic acid, mandelic acid, o-methyl man-
delic acid, hydroxybenzenesulfonic acid, picric acid, adipic
acid, o-toluenetartaric acid, tartronic acid, aminonaphtha-
lene sulfonic acid, and other mineral acid or carboxylic acid
substances. Inorganic or organic bases that can be used for
forming a salt are sodium hydroxide, potassium hydroxide,
aqueous ammonia, tetraalkylammonium hydroxide, lysine,
arginine and the like.

Aug. 1,2019

[0014] In the present disclosure, the synthesized saccha-
ride chain structure contains both basic (acetamidino) and
acidic (carboxyl) groups, and thus, intramolecular protons,
i.e., protons of acidic group can be transferred to basic
group. The general Formula I can be an amphoteric mol-
ecule containing —O— and —NH,,.

[0015] In the present disclosure, the connection between
monosaccharide building blocks (U, U, _,,, U,_,,) is a gly-
cosidic bond formed by anomeric carbon (1-position carbon)
of a monosaccharide building block and corresponding
hydroxyl oxygen of another monosaccharide building block.

[0016] The Plesiomonas shigelloides serotype O51 O-an-
tigen saccharide chain in the present disclosure can be
expressed as the general Formula II:

V*—[U,,»—U,, —U,],—O-L-NH, Formula I,

[0017] wherein x, n, L, U,, U, ,, U, and V* are in
accordance with the general Formula 1. The general Formula
II can be specifically expressed as Formulae II-a, II-b and

II-c:

II-a

II-b

o Aot | OO o
NH O
~.”

m L
/ko OAc ﬁ AcHN
*Y
6]

bH
II-¢

AL~

N ﬁim

_/_< AcHN
/ 0

DH

[0018] The Plesiomonas shigelloides serotype O51 O-an-
tigen saccharide chain in the present disclosure can be
expressed as the general Formula III:

V*—[U,,»—U,,—U],—U,,,—O-L-NH, Formula III,
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[0019] wherein x, n, [, U, U ,,, U, and V* are in
accordance with the general Formula 1. Formula III can be
specifically expressed as general Formulae III-a, I1I-b and
1-c:

NH HN -
AcHN
O
bH
HO 0
HOOC
N - m
AcHN
4 O
u

[0020] The Plesiomonas shigelloides serotype O51 O-an-
tigen saccharide chain in the present disclosure can be
expressed as the general Formula IV:

V*—[U,o=Uer 1= Uli—Urro—U,;—O-L-NH, Formula IV,

x:

Aug. 1,2019

III-a

III-b

II-¢

[0021] wherein x, n, L, U,, U, ,, U, and V* are in

accordance with the general Formula 1. The general Formula
IV can be specifically expressed as Formulae IV-a, IV-b and
IV-c:

IV-a

NH

(6]
(6]
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-continued
IV-b
(@]
AcHN
_NH,
AcHN HOOC
OAc NH
NH HN
AcHN !
/ o
on
IV-c

[0022] The present disclosure provides a chemical synthe-
sis method of a linker installed saccharide chain (the general
Formula 1) of Plesiomonas shigelloides serotype O51 O-an-
tigen oligosaccharide, characterized in that three monosac-
charide building blocks 1, 2, 3 and a linker 4 are used as raw
materials, as shown in Formulae VI (1-4):

Formula VI
1
PG?0O Q
PGIO
Ns LG
2
LG
0
N3
4 OPG?
PG*O
3
PG700C
PGSO Q
N3 LG
NHPG®
4
PG®
HO. N/
~
177 Npgio
[0023] Wherein,

[0024] PG',PG?, PG* are hydroxyl protecting groups, and
can be selected from the following groups: acetyl (Ac),
levulinyl (Lev), benzoyl (Bz), chloroacetyl (ClAc), dichlo-

roacetyl (DCA), trichloroacetyl (TCA), pivaloyl (Piv), ally-
loxycarbonyl (Alloc), 2-naphthylmethyl (Nap), p-methoxy-
benzyl (PMB), tert-butyldimethylsilyl (TBDMS), tert-
butyldiphenylsilyl (TBDPS), triethylsilyl (TES) and the like.

[0025] PG?® is a hydroxyl protecting group, and can be
benzyl (Bn).
[0026] PG’ is an amino protecting group, and can be

trichloroacetyl (TCA), dichloroacetyl (DCA), or chloro-
acetyl (ClAc).

[0027] PG® is a hydroxyl protecting group, and can be
benzyl (Bn), 2-naphthylmethyl (Nap), p-methoxybenzyl
(PMB), or levulinyl (Lev).

[0028] PG’ is a carboxyl protecting group, and can be
benzyl (Bn).
[0029] PG’ and PG'® are amino protecting groups, and can

be benzyl (Bn) or benzyloxycarbonyl (Cbz).

[0030] LG is a leaving group for a glycosylation reaction,
which can be ethylthio, p-tolylthio, phenylthio, bromine,
fluorine, trichloroacetimidate, N-pheny! trifluoroacetimidate
or dibutyl phosphate.

[0031] The chemical synthesis method of Plesiomonas
shigelloides OS51 oligosaccharide provided by the present
disclosure is characterized in that a compound 49 used as the
raw material is subjected to a double inversion at 3-position
to complete the synthesis of diaminoglucosamine 52 (shown
as FIG. 7). The steps of compounds 49 to 50 are achieved by
the Lattrell-Dax reaction, the used reagent R'NO, can be
potassium nitrite (KNO,), sodium nitrite (NaNO,), tetrabu-
tylammonium nitrite (TBANO,) or the like, and the reaction
temperature can be room temperature to 80° C. The synthe-
sis of 52 is achieved by azido nucleophilic substitution of a
compound 51, R®N; can be sodium azide (NaN,), trimeth-
ylsilyl azide (TMSN;) or the like, and the reaction tempera-
ture can be room temperature to 60° C. PG is allyloxy



US 2019/0233459 Al

(OAID), ethylthio (SEt), phenylthio (SPh), p-tolylthio (STol),
selenylphenyl (SePh), tert-butyldimethylsiloxy (OTBDMS)
or the like. PG'?, PG'? are hydroxyl protecting groups, and
can be benzylidene (PhCH), propylidene ((CH;),CH), ben-
zoyl (Bz), acetyl (Ac), tert-butyldimethylsilyl (TBDMS),
tert-butyldiphenylsilyl (TBDPS), triethylsilyl (TES) or the
like.

[0032] The chemical synthesis method of Plesiomonas
shigelloides O51 oligosaccharide provided by the present
disclosure is characterized by including the following reac-
tion modules:

[0033] 1) Reaction Module A: Glycosylation Reaction
[0034] When the leaving group used in the glycosidation
reaction is ethylthio, p-tolylthio or phenylthio, an activator
in the glycosidation reaction can be selected from methyl
trifluoromethanesulfonate (TfOMe), dimethyl(methylthio)
sulfonium trifluvoromethanesulfonate (DMTST), trifluo-
romethanesulfonic acid (TfOH)/N-iodosuccinimide (NIS)
or trimethylsilyl trifluoromethanesulfonate (TMSOT{)/N-
iodosuccinimide (NIS), and the reaction temperature can be
—-40° C. to room temperature;

[0035] when the leaving group is fluorine, the activator in
the glycosylation reaction can be silver perchlorate (Ag-
ClO,), titanium tetrafluoride (TiF,), trifluvoromethanesulfo-
nic anhydride (Tf,0) or the like, and the reaction tempera-
ture can be -40° C. to room temperature;

[0036] when the leaving group is bromine, the activator in
the glycosylation reaction can be silver perchlorate (Ag-
ClO,) or silver trifftuoromethanesulfonate (AgOTY), and the
reaction temperature can be —40° C. to room temperature;
and

[0037] when the leaving group is trichloroacetimidate,
N-phenyl trifluoroacetimidate or dibutyl phosphate, the acti-
vator in the glycosylation reaction can be boron trifluoride
diethyl etherate (BF;.OEt,), trimethylsilyl trifluoromethane-
sulfonate (TMSOTT) or silver trifluoromethanesulfonate
(AgOTY), and the reaction temperature can be —40° C. to
room temperature.

[0038] A molecular sieve used for water removal in the
glycosylation reaction can be a 4 A molecular sieve or a 3
A molecular sieve.

[0039] 2) Reaction Module B: Azido Reduction and
Acetylation
[0040] Azido reduction and acetylation can be achieved

directly by a thioacetic acid (AcSH)/pyridine method, or by
reduction of azide to amine followed by acetylation. A
method of reducing azide to amine can be trimethylphos-
phine (PMe;)/water, triphenylphosphine (PPh,)/water, 1,3-
propanedithiol/triethylamine, sodium borohydride
(NaBH,)/nickel dichloride (NiCl,), tin dichloride (SnCl,)/
thiophenol (PhSH)/triethylamine, zinc/copper/acetic acid,
Lindlar catalyst/hydrogen, or the like; and

[0041] the amino acetylation method can be acetic anhy-
dride (Ac,0)/methanol, acetic anhydride/pyridine, acetyl
chloride (AcCl)/triethylamine or the like.

[0042] 3) Reaction Module C: Monosaccharide Building
Block 1(D-Quinovosamine) 3-Position Deprotection
[0043] When the hydroxyl protecting group is acetyl (Ac),
benzoyl (Bz), chloroacetyl (ClAc), dichloroacetyl (DCA),
trichloroacetyl (TCA) or pivaloyl (Piv), the deprotection
condition can be sodium methoxide/methanol, potassium
hydroxide/methanol, sodium hydroxide/methanol or the
like;
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[0044] when the hydroxyl protecting group is levulinyl
(Lev), the deprotection condition can be hydrazine acetate/
pyridine or the like;

[0045] when the hydroxyl protecting group is allyloxycar-
bonyl (Alloc), the deprotection condition can be palladium
diacetate (Pd(OAc),)/diethylamine or the like;

[0046] when the hydroxyl protecting group is 2-naphth-
ylmethyl (Nap) or p-methoxybenzyl (PMB), the deprotec-
tion condition can be 2,3-dichloro-5,6-dicyano-1,4-p-benzo-
quinone (DDQ)/water, ceric ammonium nitrate (CAN)/
water or the like; and

[0047] when the hydroxyl protecting group is tert-bu-
tyldimethylsilyl (TBDMS), tert-butyldiphenylsilyl (TB-
DPS) or triethylsilyl (TES), the deprotection condition can
be tetrabutylammonium fluoride (TBAF), hydrofiuoric acid
or the like.

[0048] 4) Reaction Module D: Azido Reduction and Pro-
tection by 2,2,2-Trichloroethoxycarbonyl (Troc)

[0049] The method of reducing azide to amine can be
trimethylphosphine  (PMe;)/water,  triphenylphosphine
(PPh,)/water, 1,3-propanedithiol/triethylamine, sodium
borohydride (NaBH,)/nickel dichloride (NiCl,), tin dichlo-
ride (SnCl,)/thiophenol (PhSH)/triethylamine, zinc/copper/
acetic acid, Lindlar catalyst’/hydrogen, or the like; and
[0050] a method of protecting amino group by 2,2,2-
trichloroethoxycarbonyl (Troc) can be achieved by using
2,2 2-trichloroethoxycarbonyl chloride (TrocCl) under the
reaction condition with a weak base such as sodium bicar-
bonate, pyridine, triethylamine or the like.

[0051] 5) Reaction Module E: Monosaccharide Building
Block 2 (L-Fucosamine) 3,4-Position Selective Naphthylm-
ethyl Protection

[0052] The fucosamine 3,4-position selective naphthylm-
ethyl protection specifically refers to, for 3,4-position
hydroxyl groups, selectively performing naphthylmethyl
protection on 3-position hydroxyl group and retaining 4-po-
sition hydroxyl group naked. The method can include:
treating the raw material with dibutyltin oxide at 110° C. for
1 hour, and then treating reaction solution with 2-bromom-
ethylnaphthalene and tetrabutylammonium bromide
(TBAB) at the reaction temperature of room temperature to
110° C.

[0053] 6) Reaction Module F: Monosaccharide Building
Block 2 (L-Fucosamine) 3-Position Acetylation

[0054] The acetylation of fucose 3-position is achieved by
selective removal of a naphthylmethyl group and introduc-
tion of an acetyl group. A selective removal method of a
naphthylmethyl group can be a 2,3-dichloro-5,6-dicyano-1,
4-p-benzoquinone (DDQ)/water method or the like; and
[0055] an introduction method of an acetyl group can be
acetic anhydride/pyridine, acetyl chloride/pyridine, acetyl
chloride/triethylamine or the like.

[0056] 7) Reaction Module G: Azido Reduction and
Butyrylation

[0057] A method of reducing azide to amine can be
trimethylphosphine  (PMe;)/water,  triphenylphosphine
(PPh,)/water, 1,3-propanedithiol/triethylamine, sodium
borohydride (NaBH,)/nickel dichloride (NiCl,), tin dichlo-
ride (SnCl,)/thiophenol (PhSH)/triethylamine, zinc/copper/
acetic acid, Lindlar’s catalyst/hydrogen, or the like;

[0058] a method of functionalizing amine with butyryl
group can be carried out by using (R)-3-O-PG®-butyric
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anhydride (as shown in FIG. 8) as a raw material with or
without base treatment, wherein base can be pyridine, tri-
ethylamine or the like;

[0059] the method of functionalizing amine with butyryl
group can be carried out by using (R)-3-O-PG®-butyryl
halide (acyl chloride, acyl bromide or acyl fluoride) (as
shown in FIG. 8) as a raw material under base treatment,
wherein base can be pyridine, triethylamine, sodium car-
bonate, sodium bicarbonate, potassium carbonate or the like;

[0060] the method of functionalizing amine with butyryl
group can be (R)-3-O-PG®-butyric acid (as shown in FIG. 8)
as a raw material, and a condensation condition can be
dicyclohexylcarbodiimide (DCC)/4-N,N-dimethylpyridine
(DMAP), dicyclohexylcarbodiimide (DCC)/1-hydroxyben-
zotriazole (HOBt), diisopropylcarbodiimide (DIC)/4-N,N-
dimethylpyridine (DMAP), diisopropylcarbodiimide (DIC)/
1-hydroxybenzotriazole (HOBY), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDCI)/4-N,N-
dimethylpyridine (DMAP), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide (EDCI)/1-hydroxybenzotriazole (HOBt),
2-(7-azabenzotriazol)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU), O-benzotriazol-tetramethyl-
uronium hexafluorophosphate (HBTU), 6-chlorobenzotriaz-
ole-1,1,3,3-tetramethyluronium hexafluorophosphate
(HCTU), diphenylphosphoryl chloride (DPP-CI) or diethyl
cyanophosphonate (DECP).

[0061] The hydroxyl protecting group PG® in (R)-3-hy-
droxybutyryl can be benzyl (Bn).

[0062] 8) Reaction Module H: Removal of Troc and
Introduction of Acetamidine

[0063] A removal method of Troc can be zinc powder/
acetic acid, the content of acetic acid is 50% to 100%, and
the reaction temperature is room temperature to 65° C.;

[0064] a method of modifying amino group to acetamidino
group can be carried out by using aryl thioacetimidate halate
or alkyl thioacetimidate halate (as shown in FIG. 9) under
basic condition, aryl can be benzyl or naphthylmethyl, alkyl
can be methyl or ethyl, the halogen acid can be hydrochloric
acid or hydrobromic acid, and base can be pyridine, trieth-
ylamine, diisopropylethylamine, 1,8-diazabicyclo[5.4.0]un-
dec-7-ene (DBU), potassium carbonate or sodium carbon-
ate; and

[0065] the method of modifying amino group to acetami-
dino group can be carried out by using alkyl acetimidate
halate (as shown in FIG. 10) under basic condition, alkyl can
be ethyl, trifluoroethyl or trichloroethyl, halogen acid can be
hydrochloric acid or hydrobromic acid, and base can be
pyridine, triethylamine, diisopropylethylamine, 1,8-diazabi-
cyclo[5.4.0lundec-7-ene (DBU), potassium carbonate or
sodium carbonate.

[0066] 9) Reaction Module I: Hydrogenation for Global
Deprotection
[0067] The hydrogenation for global deprotection can be

achieved by carrying out a reaction at room temperature
under catalytic conditions by introducing hydrogen. A cata-
lyst used for the hydrogenation can be a 10% palladium on
carbon catalyst or palladium hydroxide, and a solvent used
for the reaction can be water/methanol/dichloromethane/
acetic acid mixture or water/tert-butanol/dichloromethane
mixture.
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[0068] 10) Reaction Module J: Monosaccharide Building
Block 3 (D-Glucuronic Acid) 4-Position Deprotection
[0069] When the hydroxyl protecting group is 2-naphth-
ylmethyl (Nap) or p-methoxybenzyl (PMB), a deprotection
method is a 2,3-dichloro-5,6-dicyano-1,4-p-benzoquinone
(DDQ)/water method; and

[0070] when the hydroxyl protecting group is levulinyl
(Lev), the deprotection method is hydrazine acetate/pyri-
dine.

[0071] 11) Reaction Module K: Azido Reduction and
Introduction of Acetamidine

[0072] The method of reducing azide to amine can be
trimethylphosphine  (PMe;)/water,  triphenylphosphine
(PPh,)/water, 1,3-propanedithiol/triethylamine, sodium
borohydride (NaBH,)/nickel dichloride (NiCl,), tin dichlo-
ride (SnCl,)/thiophenol (PhSH)/triethylamine, zinc/copper/
acetic acid or Lindlar’s catalyst/hydrogen;

[0073] the method of modifying amino group to acetami-
dino group can be carried out by using aryl thioacetimidate
halate or alkyl thioacetimidate halate (as shown in FIG. 9)
under basic condition, aryl can be benzyl or naphthylmethyl
or the like, alkyl can be methyl or ethyl, halogen acid can be
hydrochloric acid or hydrobromic acid, and base can be
pyridine, triethylamine, diisopropylethylamine, 1,8-diazabi-
cyclo[5.4.0lundec-7-ene (DBU), potassium carbonate or
sodium carbonate; and

[0074] the method of modifying amino group to acetami-
dino group can be carried out by using aryl acetimidate
halide (as shown in FIG. 10) under basic condition, aryl can
be ethyl, trifluoroethyl or trichloroethyl, halogen acid can be
hydrochloric acid, or hydrobromic acid, and base can be
pyridine, triethylamine, diisopropylethylamine, 1,8-diazabi-
cyclo[5.4.0lundec-7-ene (DBU), potassium carbonate or
sodium carbonate.

[0075] The chemical synthesis method of Plesiomonas
shigelloides OS51 oligosaccharide provided by the present
disclosure is characterized by including the following reac-
tion steps:

[0076] 1) Whennis 1 and V*— is H—, the synthesis steps
of Il-a include (as shown in FIG. 11): a monosaccharide
building block 1 is subjected to glycosylation reaction to
assemble a linker, followed by the reaction modules B and
C to obtain a monosaccharide acceptor 5. Then glycosy-
lation reaction is carried out with monosaccharide acceptor
5 and the monosaccharide building block 2 to obtain a
disaccharide 6. The disaccharide 6 is subjected to the
reaction modules D and E to obtain a disaccharide acceptor
7, and then glycosylation reaction is carried out with a
monosaccharide building block 3 to obtain a trisaccharide 8.
The trisaccharide 8 is subjected to the reaction module F to
achieve acetylation, and then the reaction modules G and H
are carried out to achieve the amino functional group
assembly so as to obtain a trisaccharide 11. Then the
hydrogenation of the reaction module I is carried out with
the trisaccharide 11 to obtain a trisaccharide II-a.

[0077] 2)Whennis 1 and V*— is H—, the synthesis steps
of II-b include (as shown in FIG. 12): the monosaccharide
building block 3 is subjected to glycosylation to assemble
the linker, obtaining monosaccharide 12. The monosaccha-
ride 12 is subjected to the reaction modules G and J to obtain
a monosaccharide acceptor 13. The monosaccharide accep-
tor 13 is subjected to glycosylation reaction with the mono-
saccharide building block 1 to obtain a disaccharide 14, and
then the disaccharide 14 is subjected to the reaction modules
B and C to obtain a disaccharide acceptor 15. The disac-
charide acceptor 15 is subjected to glycosylation reaction
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with the monosaccharide building block 2 to obtain a
trisaccharide 16, and then the trisaccharide 16 is subjected to
the reaction module K to achieve the acetamidino assembly
to obtain a trisaccharide 17. Then the trisaccharide II-b is
obtained by further hydrogenation of the reaction module I
of the trisaccharide 17.

[0078] 3) When nis 1 and V*— is H—, the synthesis steps
of II-c include (as shown in FIG. 13): the monosaccharide
building block 2 is subjected to glycosylation reaction to
assemble the linker, obtaining compound 18. Then the
obtained compound 18 is reacted by the reaction modules D
and E to produce the monosaccharide acceptor 19. The
glycosylation reaction is carried out with the monosaccha-
ride acceptor 19 and the monosaccharide building block 3 to
obtain a disaccharide. Then the reaction modules F, G and J
are carried out with the disaccharide to obtain a disaccharide
acceptor 21. Then the trisaccharide 22 is synthesized by
glycosylation reaction of the disaccharide acceptor 21 and
the monosaccharide building block 1. The reaction modules
B and H is carried out with the trisaccharide 22 to achieve
the amino functional group assembly so as to obtain a
trisaccharide 24. Then the trisaccharide II-c is prepared by
the hydrogenation of the reaction module I of trisaccharide
24.

[0079] 4) When nis 1 and V*— is H—, the synthesis steps
of IlI-a include (as shown in FIG. 14): the trisaccharide 16
is subjected to the reaction modules D and E to obtain a
trisaccharide acceptor 25. The trisaccharide acceptor 25 is
subjected to glycosylation reaction with the monosaccharide
building block 3 to obtain a tetrasaccharide 26. Then the
tetrasaccharide 29 is synthesized by reaction module F to
achieve the fucose acetylation, and the reaction modules G
and H to achieve the amino functional group assembly,
based on the tetrasaccharide 26. The hydrogenation of the
reaction module I is carried out of the tetrasaccharide 29 to
obtain the tetrasaccharide IlII-a.

[0080] 5) Whennis 1 and V*— is H—, the synthesis steps
of III-b include (as shown in FIG. 15): the trisaccharide 23
is subjected to deprotection of the reaction module C to
obtain a trisaccharide acceptor 30. The trisaccharide accep-
tor 30 is subjected to glycosylation reaction with the mono-
saccharide building block 2 to obtain the tetrasaccharide 31,
followed by the reaction modules D and H to achieve the
acetamidino assembly to prepare the tetrasaccharide 32.
Then the tetrasaccharide 1II-b is prepared by the hydroge-
nation of the reaction module I of the tetrasaccharide 32.

[0081] 6) When nis 1 and V*— is H—, the synthesis steps
of IlI-c include (as shown in FIG. 16): the trisaccharide 10
is subjected to deprotection of the reaction module J to
obtain a trisaccharide acceptor 33. The trisaccharide accep-
tor 33 is subjected to glycosylation reaction with the mono-
saccharide building block 1 to obtain the tetrasaccharide 34,
followed by the reaction modules B and H to achieve the
amino functional group assembly to obtain the tetrasaccha-
ride 36. Then the tetrasaccharide IlI-c is prepared by the
hydrogenation of the reaction module I of the tetrasaccha-
ride 36.

[0082] 7) Whennis 1 and V*— is H—, the synthesis steps
of IV-a include (as shown in FIG. 17): the tetrasaccharide 31
is subjected to the reaction modules D and E to obtain a
tetrasaccharide acceptor 37, followed by the glycosylation
reaction further carried out with the monosaccharide build-
ing block 3 to obtain a pentasaccharide 38. The pentasac-
charide 38 is subjected to the reaction module F to achieve
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the fucose acetylation and the reaction modules G and H are
carried out to achieve the amino functional group assembly,
to obtain the pentasaccharide 41. Then the pentasaccharide
IV-a is produced by the hydrogenation of the reaction
module I of the pentasaccharide 41.

[0083] 8)Whennis 1 and V*— is H—, the synthesis steps
of IV-b include (as shown in FIG. 18): the tetrasaccharide 35
is subjected to deprotection of the reaction module C to
obtain a tetrasaccharide acceptor 42, followed by the gly-
cosylation reaction further carried out with the monosac-
charide building block 2 to obtain the pentasaccharide 43.
The pentasaccharide 43 is subjected to the reaction modules
D and H to achieve the acetamidino modification to obtain
the pentasaccharide 44. Then the pentasaccharide IV-b is
obtained by the hydrogenation of the reaction module I of
the pentasaccharide 44.

[0084] 9)Whennis 1 and V*— is H—, the synthesis steps
of IV-c include (as shown in FIG. 19): the tetrasaccharide 28
is subjected to deprotection of the reaction module J to
obtain a tetrasaccharide acceptor 45, followed by the gly-
cosylation reaction further carried out with the monosac-
charide building block 1 to obtain the pentasaccharide 46.
The pentasaccharide 46 is subjected to the reaction modules
B and H to achieve the amino functional group assembly to
obtain the pentasaccharide 48. Then the pentasaccharide
IV-c is synthesized by the hydrogenation of the reaction
module I of the pentasaccharide 48.

[0085] According to the chemical synthesis method of
Plesiomonas shigelloides O51 oligosaccharide provided by
the present disclosure, when the saccharide building block 1
(quinovose) is used as a glycosyl donor, the 2-position
amino group can be masked by an azido group, which is
beneficial to the generation of 1,2-cis-a-glycosidic bond.

[0086] According to the chemical synthesis method of
Plesiomonas shigelloides O51 oligosaccharide provided by
the present disclosure, when the saccharide building block 2
(fucose) is used as a glycosyl donor, the 2-position amino
group can be masked by an azido group, which is beneficial
to the generation of 1,2-cis-a-glycosidic bond.

[0087] According to the chemical synthesis method of
Plesiomonas shigelloides O51 oligosaccharide provided by
the present disclosure, when the 4-position hydroxyl group
of the saccharide building block 2 (fucose) is used as a
glycosylation reaction acceptor, in order to increase the
nucleophilicity of the 4-position hydroxyl group, the 2-po-
sition amino group of the saccharide building block 2
(fucose) can be protected by Troc, and the 3-position
hydroxyl group can be protected by naphthylmethyl.

[0088] According to the chemical synthesis method of
Plesiomonas shigelloides O51 oligosaccharide provided by
the present disclosure, when the saccharide building block 3
(glucuronic acid) is used as a glycosyl donor, the 3-position
amino group in its structure can use azido group as a
protecting group, thereby avoiding hindrance to the glyco-
sylation reaction by the amide protecting group.

[0089] According to the chemical synthesis method of
Plesiomonas shigelloides O51 oligosaccharide provided by
the present disclosure, when the saccharide building block 3
(glucuronic acid) is used as a glycosyl donor, the 2-position
amino group in its structure can be protected by trichloro-
acetyl, which is beneficial to the generation of the p-con-
figuration glycosidic bond, and the amino group can be
converted into acetamido group through hydrogenation.
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[0090] According to the chemical synthesis method of
Plesiomonas shigelloides O51 oligosaccharide provided by
the present disclosure, the 2-position acetamido group in the
structure of the saccharide building block 1 (quinovose) can
be introduced immediately after the glycosylation reaction
of the saccharide building block 1 (quinovose) is completed,
thereby avoiding hindering the introduction of the saccha-
ride building block thereafter.

[0091] According to the chemical synthesis method of
Plesiomonas shigelloides O51 oligosaccharide provided by
the present disclosure, the 3-position naphthylmethyl of the
saccharide building block 2 (fucose) can be subjected to
acetylation immediately after the 4-position glycosylation
reaction is completed, thereby avoiding hindering the intro-
duction of the saccharide building block thereafter.

[0092] According to the chemical synthesis method of
Plesiomonas shigelloides O51 oligosaccharide provided by
the present disclosure, the assembly of the 3-position
butyrylamido in the structure of the saccharide building
block 3 (glucuronic acid) should be completed before the
4-position deprotection of glucuronic acid, thereby avoiding
hindering the introduction of the saccharide building block
thereafter.

[0093] The present disclosure further provides three
orthogonal protective intermediates for preparing hetero-
modified polyaminosaccharides, which are compounds of
the general Formula 8, the general Formula 16 and the
general Formula 22. The three compounds can achieve the
assembly of different amino functional groups, and can also
be further used for the extension of oligosaccharide chains.
[0094] The present disclosure is the first to achieve the
chemical synthesis of the Plesiomonas shigelloides serotype
051 O-antigen saccharide structure. In addition, the intro-
duction of the corresponding linker to the reducing end of
the saccharide structure provides the basis for the synthetic
oligosaccharide structure to be coupled to the carrier mol-
ecule or immobilized to a corresponding substrate, which
will contribute to the research of the biological activity of
the Plesiomonas shigelloides serotype O51 O0-antigen sac-
charide structure, the development of saccharide vaccines
and the like.

BRIEF DESCRIPTION OF FIGURES

[0095] FIG. 1: Plesiomonas shigelloides serotype OS51
O-antigen trisaccharide repeat unit.

[0096] FIG. 2: Compounds of U,, U_,, and U_,, in the
general Formula I of the linkered oligosaccharide chain
fragment of the Plesiomonas shigelloides serotype OS51
O-antigen polysaccharide, where x=1, 2, 3.

[0097] FIG. 3: Compounds of general Formulae II-a, II-b
and Il-c of the linkered oligosaccharide chain fragment of
the Plesiomonas shigelloides serotype O51 O-antigen poly-
saccharide, where II-a is V¥*—[U,—U,—U,] —O-L-NH,;
1I-b is V¥*—Us;—U,—U,],—O-L-NH,; I-C is V¥*—[U,—
U,—U,],—O-L-NH,.

[0098] FIG. 4: Compounds of general Formulae I1I-a, I1I-b
and III-c of the linkered oligosaccharide chain fragment of
the Plesiomonas shigelloides serotype O51 O-antigen poly-
saccharide, where IlI-a is V¥*—[U,—U,—U,],—U;—0O-L-
NH,; I1-b is V¥*—[U,—U,—U,],—U,—O-L-NH,; IlI-c is
V*—[U,—U,—U,],—U,—O-L-NH,.

[0099] FIG. 5: Compounds of general Formulae IV-a, IV-b
and IV-c of the linkered oligosaccharide chain fragment of
the Plesiomonas shigelloides serotype O51 O-antigen poly-
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saccharide, where [V-a is V¥*—[U,—U,—U,|,—U,—U,—
O-L-NH,; IV-b is V*—[U;—U,—U,],—U;—U,—O-L-
NH,; IV-¢ is V¥*—[U,—U,—U,],—U,—U,—O-L-NH,.
[0100] FIG. 6: Compounds of monosaccharide building
blocks 1, 2 and 3 and the linker 4, wherein monosaccharide
building block 1, PG is a hydroxyl protecting group, PG? is
a hydroxyl protecting group; in monosaccharide building
block 2, PG?, PG* are hydroxyl protecting groups; in mono-
saccharide building block 3, PG® is an amino protecting
group, PG® is a hydroxyl protecting group, PG is a carboxyl
protecting group; in monosaccharide building block 4, PG®
and PG*® are amino protecting groups; LG is a leaving group
for a glycosylation reaction monosaccharide building blocks
1, 2 and 3.

[0101] FIG. 7: Synthesis of 2,3-diglucosamine 52.
[0102] FIG. 8: Butyryl compounds used by amino butyry-
lation modification, where from left to right is (R)-3-O-PG?-
butyric anhydride, (R)-3-O-PG®-butyryl halide and (R)-3-
O-PG®-butyric acid.

[0103] FIG. 9: Aryl (alkyl) thioacetimidate halate.
[0104] FIG. 10: Alkyl acetimidate halate.
[0105] FIG. 11: Synthesis of Plesiomonas shigelloides

051 trisaccharide 1I-a.

[0106] FIG. 12: Synthesis of Plesiomonas shigelloides
051 trisaccharide II-b.

[0107] FIG. 13: Synthesis of Plesiomonas shigelloides
051 trisaccharide II-c.

[0108] FIG. 14: Synthesis of Plesiomonas shigelloides
051 tetrasaccharide III-a.

[0109] FIG. 15: Synthesis of Plesiomonas shigelloides
051 tetrasaccharide III-b.

[0110] FIG. 16: Synthesis of Plesiomonas shigelloides
051 tetrasaccharide III-c.

[0111] FIG. 17: Synthesis of Plesiomonas shigelloides
051 pentasaccharide IV-a.

[0112] FIG. 18: Synthesis of Plesiomonas shigelloides
051 pentasaccharide IV-b.

[0113] FIG. 19: Synthesis of Plesiomonas shigelloides
051 pentasaccharide IV-c.

[0114] FIG. 20: Chemical synthesis of compound 11%*.

[0115] FIG. 21: Chemical synthesis of compounds 12%*

and 13%.

[0116] FIG. 22: Chemical synthesis of compound 22*.

[0117] FIG. 23: Chemical synthesis of compound 35*.
DETAILED DESCRIPTION

[0118] Commercially available reagents used in experi-

ments were directly used without any treatment. The anhy-
drous solvents used in reaction were prepared by an MBraun
MB-SPS 800 solvent drying system. Solvents used in silica
gel column chromatography were all analytically pure and
used after distillation under reduced pressure. A silica gel
plate used for thin layer chromatography (TLC) was a
glass-based or aluminum foil-based silica gel plate prepared
from 60-F254 silica gel. A thin layer chromatography stain
was a sugar stain (0.1% (v/v) 3-methoxyphenol, 2.5% (v/v)
sulfuric acid ethanol solution), or a CAM stain (5% (w/v)
ammonium molybdate, 1% (w/v) cerium sulfate (II) and
10% (v/v) sulfuric acid aqueous solution), or a ninhydrin
stain (1.5% (w/v) ninhydrin and 3% (v/v) acetic acid n-bu-
tanol solution). Silica gel used for normal-phase silica gel
column chromatography was 200-300-mesh silica gel. A
column used in the molecular exclusion chromatography
was Sephadex® [LH-20 (GE Healthcare).
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[0119] The yield of each reaction step was calculated
separately, and the yield was calculated according to:
(amount of target product/amount of raw materials)x100%.
The structure of the product was identified by nuclear
magnetic spectroscopy, infrared spectroscopy, optical rota-
tion and high-resolution mass spectrometry. The purity of
the product was analyzed by nuclear magnetic spectroscopy
and high performance liquid chromatography. The 'H, *C
and two-dimensional nuclear magnetic spectrum were mea-
sured by a Bruker Ascend 400 MHz nuclear magnetic
resonance spectrometer, or a Bruker Ultrashield Plus 400
MHz nuclear magnetic resonance apparatus, or a Bruker
AVIII 700 MHz nuclear magnetic resonance spectrometer at
25° C. The high resolution mass spectrum was measured by
an Agilent 6220 electrospray ionization time-of-flight mass
spectrometer. The optical rotation was measured by the
Schmidt & Haensch UniPol I 1000 automatic polarimeter at
589 nm, and the concentration (c) unit was g/100 mL. The
infrared spectrum was measured by the Thermo Fisher
Scientific Nicolet iS5 infrared meter. The analytical high
performance liquid chromatography was performed by an
Agilent 1200 series liquid chromatograph-quadrupole elec-
trospray mass spectrometer 6130 using the Thermo Scien-
tific Hypercarb column (150x4.6 mm) as an analytical
column. The preparative high performance liquid chroma-
tography was performed by an Agilent 1200 series liquid-
phase chromatograph-quadrupole electrospray mass spec-
trometer 6130 using the Thermo Scientific Hypercarb
column (150x10 mm) as the semi-preparative column.

Embodiment 1

Synthesis of allyl 3.4,6-tri-O-acetyl-2-deoxy-2-
trichloroacetamido-a.-D-glucopyranose (1%*)

[0120] A reaction equation is as shown in FIG. 20.

[0121] Under argon protection, 1,3,4,6-tetra-O-acetyl-2-
deoxy-2-trichloroacetamido-f-D-glucopyranose (M. Virlou-
vet et al., Adv. Synth. Catal. 2010, 352, 2657-2662) (27 g,
0.055 mol) was dissolved in anhydrous dichloromethane
(130 mL), and an activated 4 A molecular sieve and allyl
alcohol (18.7 mL, 0.274 mol) were added. After cooling to
-5° C., boron trifluoride diethyl ether complex (70 mL,
0.548 mol) was added dropwise. The reaction solution was
stirred at 0° C. for 30 min, and then was heated to room
temperature to reaction for 71 hours. After the completion of
the reaction, the reaction solution was poured onto 200 g of
crushed ice, an organic phase obtained by filtration through
celite was respectively extracted with water, the saturated
sodium bicarbonate solution and the saturated saline solu-
tion, and the resulting organic phase was dried with sodium
sulfate and then concentrated. The resulting crude product
was purified by silica gel column chromatography (petro-
leum ether/ethyl acetate, 5:1, v/v) to obtain the yellow
syrup-like pure product 1* (19.9 g, 0.041 mol, 74%). [

[@],2°=+87.8° (c=1.20, CHCL,); IR v, (film) 3429, 2960,
1749, 1722, 1517, 1368, 1229, 1048, 822, 682 cm™'; 'H
NMR (400 MHz, CDCL,) 8=6.93 (d, J=9.1 Hz, 1H, NH),
5.88 (dddd, J=17.0, 103, 6.5, 5.4 Hz, 10, CH—C), 5.41-
5.23 (m, 3H, 4-H, C—CH,), 5.16 (dd, J=9.8, 9.8 Hz, 1H,
3-H), 5.01 (d, 1=3.7 Hz, 1H, 1-H), 4.34-4.19 (m, 3H, 6-CIL,
OCH,), 4.11 (dd, I=12.4, 2.4 Hz, 1, OCH,), 4.09-3.98 (m,
2H, 2-H, 5-H), 2.11 (s, 3H, CH,CO), 2.05 (s, 3H, CH,CO),
2.02 (s, 3H, CH,CO); 1*C NMR (100 MHz, CDCl,) 8=171.
1, 170.6, 169.3, 161.9, 132.6, 119.1, 95.5, 92.1, 77.3, 707,
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69.0, 68.1, 67.8, 61.8, 53.9, 20.7, 20.63, 20.59; HR-ESI-MS
(m/z): caled for C, H,,CI;NOgNa*(M+Na*): 512.0258,
found: 512.0254.

Embodiment 2

Synthesis of allyl 4,6-O-benzylidene-2-deoxy-2-
trichloroacetamido-a.-D-glucopyranose (2%*)

[0122] A reaction equation is as shown in FIG. 20.
[0123] Compound 1* (50 g, 0.102 mol) was dissolved in
methanol (800 mL), sodium methoxide (2.8 g, 0.051 mol)
was added. And then the mixture was stirred at room
temperature for 5 hours. After completion of the reaction,
the reaction solution was neutralized with an Amberlite IR
120 cation exchange resin, filtered, and concentrated to give
desired white solid-like 3,4,6-trihydroxy saccharide (37.1 g,
0.102 mol, quant.).

[0124] The trihydroxy saccharide (71 g, 0.195 mol) was
further dissolved in 300 mL of anhydrous DMF, and benz-
aldehyde dimethyl acetal (35 mL, 0.234 mol) and p-tolu-
enesulfonic acid (4.45 g, 0.023 mol) were added. After the
reaction solution reacted at 60° C. for 24 hours, methanol
generated in the reaction was distilled off under reduced
pressure by the rotary evaporator, and the reaction was
further carried out at 60° C. This operation was repeated, and
DMF was distilled off under reduced pressure after the
reaction was completed. The resulting crude product was
dissolved in ethyl acetate, extracted with the saturated
sodium bicarbonate solution, water and the saturated saline
solution, dried with anhydrous sodium sulfate and evapo-
rated to obtain the crude product. The crude product was
purified by silica gel column chromatography (petroleum
ether:ethyl acetate, 10:1, v/v) to obtain the white solid-like

product 2* (73.6 g, 0.163 mol, 83%). [ [],2°=+68.6° (c=1.
00, CHCL,); IR v, (film) 3339, 2919, 1695, 1530, 1451,
1372, 1085, 1027, 989, 748, 697 cm™"; 'H NMR (400 MHz,
CDCl;) 8=7.55-7.34 (m, 5H, Ph), 6.96 (d, J=8.8 Hz, 1H,
NH), 5.86 (dddd, J=16.9, 10.3, 6.4, 5.3 Hz, 1H, CH—C),
5.53 (s, 1H, PhCH), 5.35-5.20 (m, 2H, C—CH,), 4.97 (d,
J=3.8 Hz, 1H, 1-H), 4.27 (dd, J=10.2, 4.8 Hz, 1H, 4-H),
4.24-4.11 (m, 2H, 2-H, OCH,), 4.06-3.94 (m, 2H, OCH,,
5-H), 3.86 (ddd, J=9.9, 9.8, 4.7 Hz, 1H, 6-CHa), 3.74 (t,
J=10.3 Hz, 1H, 6-CH,), 3.56 (t, J=9.3 Hz, 1H, 3-H), 2.78 (br,
1H, 3-OH); '°C NMR (100 MHz, CDCl;) 8=162.3, 137.0,
132.9, 129.3, 128.3, 126.3, 118.7, 101.9, 96.3, 92.4, 81.5,
69.7, 68.8, 68.6, 62.8, 55.4; HR-ESI-MS (m/z): calcd for
C,sH,,CLLNONa* (M+Na*): 474.0254, found: 474.0245.

Embodiment 3

Synthesis of allyl 4,6-O-benzylidene-3-O-trifluo-
romethanesulfonyl-2-trichloroacetamido-2-deoxy-c.-
D-glucopyranose (3*)

[0125] A reaction equation is as shown in FIG. 20.

[0126] Compound 2* (53.1 g, 0.117 mol) was dissolved in
an anhydrous dichloromethane/pyridine mixture (660 mL,
7:1, v/v), cooled to —20° C., followed by dropwise addition
of the dichloromethane solution (150 mL) of trifltuorometh-
anesulfonic anhydride (40 mL, 0.234 mol) with stirring, and
gradually warmed to 10° C. within 2 hours. After completion
of the reaction, the reaction solution was diluted with
dichloromethane, and sequentially extracted with 1 M HCl
solution, saturated sodium bicarbonate, water and the satu-
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rated saline solution. An organic phase was dried with
anhydrous sodium sulfate and subjected to reduced pressure
distillation at low temperature to remove the solvent. The
resulting crude product was purified by silica gel column
chromatography (ethyl ether:ethyl acetate, 5:1 to 2:1, v/v) to
obtain the yellow syrup-like product 3* (66.5 g, 0.114 mol,

98%). [ @1,2°=+35.3° (¢c=1.00, CHCL,); IR v, (film) 3348,
1698, 1529, 1414, 1373, 1203, 1146, 1122, 959, 836, 753,
628 cm™; '"H NMR (400 MHz, CDCl,) §=7.52-7.33 (m, 5H,
Ph), 7.06 (d, J=9.6 Hz, 1H, NH), 5.87 (dddd, J=17.0, 10.2,
6.8, 5.4 Hz, 1H, CH=C), 5.62 (s, 1H, PhCH), 5.37-5.27 (mm,
2H, C—CH,), 5.13 (dd, J=10.3, 9.1 Hz, 1H, 3-H), 5.03 (d,
J=3.7 Hz, 1H, 1-H), 4.50 (ddd, J=10.0, 10.0, 3.8 Hz, 1H,
2-H), 436 (dd, J=10.4, 4.5 Hz, 1H, 6-CHa), 4.25 (ddt,
J=12.7, 5.5, 1.3 Hz, 1H, OCH,), 4.06 (ddt, J=12.7, 6.8, 1.2
Hz, 1H, OCH,), 3.98 (td, J=9.6, 4.6 Hz, 1H, 5-H), 3.92 (dd,
J=9.2 Hz, 1H, 6-CH,), 3.84 (dd, J=10.1, 10.1 Hz, 1H, 4-H),
13C NMR (100 MHz, CDCL,) 8=162.2, 136.2, 132.2, 129.2,
128.2, 125.9, 119.9, 116.8, 101.6, 96.4, 91.8, 83.1, 78.2,
69.3, 68.4, 63.3, 53.8; HR-ESI-MS (m/z): calcd for
C,oH,,CLI,F;NOSNa*(M+Na*):  605.9747, found: 605.
9760.

Embodiment 4

Synthesis of allyl 4,6-O-benzylidene-2-trichloroac-
etamido-2-deoxy-a.-D-allopyranose (4*)

[0127] A reaction equation is as shown in FIG. 20.
[0128] Compound 3* (0.5 g, 0.855 mmol) was dissolved
in anhydrous DMF (10 mL), potassium nitrite (364 mg,
4.275 mmol) was added, and the reaction solution was
stirred at 50° C. for 6 hours. After the reaction was com-
pleted, the reaction solution was diluted by adding dichlo-
romethane, and extracted with the saturated saline solution.
And the resulting organic phase was dried with anhydrous
sodium sulfate and concentrated under reduced pressure.
The crude product was subjected to silica gel column
chromatography (petroleum ether:ethyl acetate, 8:1, v/v) to
give the white solid-like 3-position inversion product 4*
(278 mg, 0.614 mmol, 72%). [B],°=+74.0° (c=1.00,
CHCL); IR v, (film) 3419, 1711, 1507, 1378, 1218, 1102,
1065, 1023, 820, 756, 699 cm™'; 'H NMR (400 MHz,
CDCl,) 8=7.57-7.33 (m, 6H, NH, Ph), 5.88 (dddd, J=16.9,
103, 6.4, 5.2 Hz, 1H, CH—C), 5.63 (s, 1H, PhCH), 5.37-
5.20 (m, 2H, C—CH,), 5.00 (d, J=4.2 Hz, 1H, 1-H), 4.38
(dd, J=10.3, 5.1 Hz, 1H, 6-CH,), 4.27 (m, 2H, 3-H, OCH,),
4.24-4.16 (m, 2H, 2-H, 5-H), 4.05 (ddt, J=13.0, 6.5, 1.3 Hz,
1H, OCH,), 3.80 (t, J=10.3 Hz, 1H, 6-CHa), 3.67 (dd, J=9.7,
2.8 Hz, 1H, 4-H), 2.66 (br, 1H, 3-OH); >C NMR (100 MHz,
CDCl,) 8=161.7, 136.9, 132.9, 129.3, 128.4, 126.2, 118.8,
101.9, 96.0, 92.3, 78.1, 77.2, 69.5, 69.0, 67.3, 57.6, 51.2;
HR-ESI-MS (m/z): caled for C,gH,,C;NONa*(M+Na*):
474.0254, found: 474.0245.

Embodiment 5

Synthesis of allyl 4,6-O-benzylidene-3-O-trifluo-
romethanesulfonyl-2-trichloroacetamido-2-deoxy-c.-
D-allopyranose (5*%)

[0129] A reaction equation is as shown in FIG. 20.

[0130] Pyridine (273 pL, 3.380 mmol) was added to an
anhydrous dichloromethane (3.93 mL) solution of com-
pound 4* (178 mg, 0.393 mmol) at —20° C., trifluorometh-
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anesulfonic anhydride (133 pL, 0.786 mmol) was further
added dropwise, and the reaction temperature was gradually
increased to 10° C. during 2 hours of stirring. After the
reaction was completed, the reaction solution was diluted
with dichloromethane, and the resulting organic phase was
extracted with a 1 M HCI solution, the saturated sodium
bicarbonate solution, water and the saturated saline solution.
The resulting organic phase was dried with anhydrous
sodium sulfate and subjected to reduced pressure distillation
at low temperature to remove the solvent. The resulting
crude product was purified by the silica gel column (petro-
leum ether:ethyl acetate, 10:1-5:1-2:1, v/v) to give the
yellow syrup-like product 5* (160 mg, 0.275 mmol, 70%).

[@1],2°=+40.4° (c=1.00, CHCl,); IR v, (film) 2923, 2853,
1750, 1497, 1416, 1211, 1028, 821, 617 cm™"; "H NMR (400
MHz, CDCL,) 8=7.53-7.35 (m, SH, Ph), 7.33 (d, J=8.5 Hz,
1, NH), 589 (dddd, J-16.8, 10.6, 6.0, 4.7 Hz, 1M,
CH—C), 5.61 (s, 11, PhCH), 5.44 (t, J=2.9 Hz, 1H, 3-H),
537 (dq. J=17.3, 1.6 Hz, 11, C—CHa), 5.28 (dq, J-10.5,
1.4 Hz, 1H, C—CH,), 4.96 (d, J=4.3 Hz, 1H, 1-H), 4.44
(ddd, J=8.0, 4.3, 3.2 Hz, 11, 2-H), 4.41-4.31 (m, 2, 6-Ha,
OCHL), 4.26 (td, J=9.9, 5.2 Hz, 1H, 5-I1), 4.05 (ddt, J=13.3,
6.0, 1.4 Hz, 1H, OCH,), 3.87 (dd, J=9.7, 2.5 Hz, 1H, 4-H),
3.78 (t, J=10.4 Hz, 11, 6-Hb); *C NMR (100 MHz, CDCl,)
5=162.0, 136.3, 132.4, 129.4, 1283, 126.2, 118.1, 102.4,
94.9, 91.5, 80.7, 74.9, 69.0, 68.8, 58.1, 50.2; HR-ESI-MS
(m/z): caled for C,sH, ,C1;F;NOSNa*(M+Na*): 605.9747,
found: 605.9753.

Embodiment 6

Synthesis of allyl 4,6-O-benzylidene-3-azido-2-
trichloroacetamido-2,3-dideoxy-a-D-glucopyranose

(6%)
[0131]

[0132] Compound 5* (65 mg, 0.111 mmol) was dissolved
in anhydrous DMF, and sodium azide (36 mg, 0.555 mmol)
was added and stirred at room temperature overnight. After
the completion of the reaction, the reaction solution was
diluted with ethyl acetate and extracted with water and the
saturated saline solution. The resulting organic phase was
dried with anhydrous sodium sulfate and concentrated. The
resulting crude product was purified by silica gel column
chromatography (petroleum ether:ethyl acetate, 20:1-8:1,
v/v) to obtain the white solid-like product 6% (44.2 mg,

0.093 mmol, 83%). [@],2°=+39.7° (c=1.00, CHCI,); IR
V.. (lm) 3120, 2917, 2849, 2110, 1692, 1528, 1372, 1258,
1124, 1080, 1055, 1016, 836, 750, 697 cm™"; "H NMR (400
MHz, CDCl,) 8=7.55-7.33 (m, SH, Ph), 6.88 (d, J=9.5 Hz,
1H, NH), 5.94-5.80 (m, 1H, CH—C), 5.63 (s, 1H, PhCH),
5.36-5.23 (m, 2H, C—CH,), 4.92 (d, J=3.6 Hz, 1H, 1-H),
432 (dd, I=10.4, 4.9 Hz, 1H, 6-CHa), 4.24 (ddt, J=12.7, 5.5,
1.4 Hz, 1H, OCH,), 4.13 (ddd, J=11.2,9.7,3.7 Hz, 1H, 2-H),
4.05 (ddt, J=12.8, 6.6, 1.4 Hz, 1H, OCH,), 3.99-3.88 (m, 2H,
3-H, 5-H), 3.79 (t, J=10.3 Hz, 1H, 6-CH,), 3.70 (t, ]=9.6 Hz,
1H, 4-H); *C NMR (100 MHz, CDCl,) 8=161.9, 136.7,
132.6, 129.1, 128.3, 125.9, 119.2, 101.5, 95.9, 92.3, 80.3,
77.2, 68.9, 68.7, 63.3, 61.2, 53.5; HR-ESI-MS (m/z): calcd
for C,gH,sCI;N, O Na*(M+Na*): 499.0319, found: 499.
0311.

A reaction equation is as shown in FIG. 20.
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Embodiment 7

Synthesis of allyl 3-azido-2-trichloroacetamido-2,3-
dideoxy-a.-D-glucopyranose (7*)

[0133] A reaction equation is as shown in FIG. 20.

[0134] Compound 6* (20 mg, 0.042 mmol) was added to
an 80% acetic acid aqueous solution (0.9 mL), heated to 55°
C., and stirred until the reaction was completed. The reaction
solution was subjected to reduced pressure distillation to
remove the solvent, and purified by silica gel column
chromatography (dichloromethane:methanol, 60:1-40:1-30:
1, v/v) to obtain white solid-like 4,6-dihydroxy saccharide

7% (163 mg, 0.042 mmol, quant.). [ @],2°=+16.9° (¢c=0.35,
CHCL); IR v, (film) 3411, 2924, 2108, 1712, 1517, 1262,
1049, 822, 680 cm™"; 'H NMR (400 MHz, CD,0D) 8=5.98
(dddd, J=17.0, 104, 6.4, 5.1 Hz, 1H, CH—C), 5.38 (dq,
J=17.3, 1.7 Hz, 1H, C—CHa), 5.24 (dq, J=10.4, 1.4 Hz, 1H,
C—CH,), 4.94 (d, J=3.6 Hz, 1H, 1-H), 4.29 (ddt, J=13.2,
5.2, 1.5 Hz, 1H, OCH,), 4.10 (ddt, J=13.1, 6.4, 1.4 Hz, 1H,
OCH,), 3.99 (dd, J=11.5, 9.2 Hz, 1H, 3-H), 3.93-3.81 (m,
2H, 2-H, 6-Ha), 3.81-3.68 (m, 2H, 5-H, 6-Hb), 3.52 (t, ]=9.3
Hz, 1H, 4-H); '*C NMR (100 MHz, CD,0D) 8=166.7,
137.6, 120.8, 98.9, 76.5, 73.7, 72.0, 67.5, 64.8, 58.1; HR-
ESI-MS (m/z): caled for C,; H, sCI;N,ONa*(M+Na*): 411.
0006, found: 411.0001.

Embodiment 8

Synthesis of benzyl (allyl 3-azido-2,3-dideoxy-2-
trichloroacetamido-a.-D-glucopyranosid) uronate
8"

[0135] A reaction equation is as shown in FIG. 20.
[0136] At 0° C., water (1.4 L), 2,2,6,6-tetramethylpiperi-
dine 1-oxyl (TEMPO) (4.4 g, 0.028 mol) and diacetoxyliodo
benzene (BAIB) (45.5 g, 0.141 mol) were added to the
dichloromethane (2.8 L) solution of compound 7* (22 g,
0.056 mol). After the reaction solution was stirred at room
temperature for 4 hours. After that, the reaction mixture was
passed through a pad of silica gel, concentrated and dried
under high vacuum. The crude acid was used in the next step
without further purification.

[0137] The crude carboxylic acid compound was dis-
solved in anhydrous DMF (2.8 L), sodium bicarbonate (21.4
g, 0.255 mol) and benzyl bromide (50.4 mL., 0.424 mol)
were sequentially added, and the resulting reaction solution
was stirred at room temperature. After the completion of the
reaction, the solvent was distilled off under reduced pres-
sure, and the resulting crude product was purified by silica
gel column chromatography (petroleum ether:ethyl acetate,
10:1, v/v) to give the yellow syrup-like benzylglucuronate
8% (20.4 g, 0.041 mol, yield of 73% in two-step reaction). [

B],2°=+54.5° (c=1.00, CHCL,); IR v,, . (film) 3412, 2930,
2110, 1717, 1514, 1264, 1057, 909, 820, 733, 698 cm™'; 'H
NMR (400 MHz, CDCl,) 6=7.43-7.33 (m, 5H, Ph), 6.79 (d,
J=9.4 Hz, 1H, NH), 5.86 (dddd, J=17.0, 10.3, 6.6, 5.4 Hz,
1H, CH=C), 5.37-5.20 (m, 4H, PhCH,, C—CH,), 4.97 (d,
J=3.6 Hz, 1H, 1-H), 4.31-4.20 (m, 2H, 5-H, OCH,), 4.13-
4.00 (m, 2H, 2-H, OCH,), 3.91 (t, J=9.5 Hz, 1H, 4-H), 3.75
(dd, J=11.1, 9.3 Hz, 1H, 3-H), 3.31 (br, 1H, 4-OH); **C
NMR (100 MHz, CDCl,) 8=169.5, 161.9, 134.8, 1324,
128.77, 128.75, 128.3, 119.4, 95.6, 92.2, 77.2, 71.2, 70.5,
69.3, 67.8, 63.6, 52.7; HR-ESI-MS (m/z): calcd for
C,H,,CIN,ONa*(M+Na*): 515.0268, found: 515.0264.
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Embodiment 9

Synthesis of benzyl (allyl 3-azido-4-O-benzyl-2,3-
dideoxy-2-trichloroacetamido-a.-D-glucopyranosid)
uronate (9%)

[0138] A reaction equation is as shown in FIG. 20.

[0139] Compound 8* (20.3 g, 0.041 mol) was dissolved in
anhydrous dichloromethane (400 mL), and benzyl bromide
(49 mL, 0.411 mol) and silver oxide (28.6 g, 0.123 mol)
were added sequentially at 0° C. The resulting reaction
solution was stirred at 0° C. for 5 hours, and then warmed
to room temperature, stirred for 28 hours. After the comple-
tion of the reaction was confirmed, the mixture was filtered
through celite and then concentrated. The resulting crude
product was subjected to silica gel column chromatography
(petroleum ether:ethyl acetate, 40:1-10:1, v/v) to obtain the
white solid-like product 9* (14.7 g, 0.025 mol, 62%). [

B1,,2°=+66.3° (c=1.00, CHCL); IR v, (film) 3357, 2935,
2108, 1743, 1713, 1514, 1253, 1185, 1111, 1063, 1028, 820,
750, 697 em™'; 'H NMR (400 MHz, CDCL,) 5=7.43-7.10
(m, 10H, 2Ph), 6.81 (d, J=9.6 Hz, 1H, NH), 5.84 (dddd,
J=17.0, 10.3, 6.6, 5.4 Hz, 1H, CH—C), 5.32-5.22 (m, 2H,
C—CH,), 5.21 (s, 2H, COOCH,Ph), 4.95 (d, ]=3.5 Hz, 111,
1-H), 4.69 (d, 1=10.5 Hz, 1H, PhCH,), 4.49 (d, I-10.5 Hz.
1H, PhCH,), 4.35-4.27 (m, 1H, 5-H), 4.24 (ddt, I=12.8, 5.4,
1.4 Hz, 1H, OCH,), 4.17-4.08 (m, 1H, 2-H), 4.04 (ddt,
J-12.8, 6.6, 1.2 Hz, 1H, OCH,), 3.83-3.74 (m, 2H, 3-H,
4-I); '3C NMR (100 MHz, CDCl,) 5-168.4, 161.8, 136.9,
1349, 132.4, 128.7, 128.59, 128.56, 128.5, 128.4, 128.24,
12821, 128.14, 128.12, 119.44, 119.39, 95.5, 92.3, 78.2,
75.1, 71.0, 69.1, 67.6, 64.3, 53.0; HR-ESI-MS (m/z): caled
for C,sH,sCI,N,ONa*(M+Na*): 605.0737, found: 605.
0731.

Embodiment 10

Synthesis of benzyl 3-azido-4-O-benzyl-2,3-dide-
oxy-2-trichloroacetamido-D-glucopyranosyl uronate
(10%)

[0140] A reaction equation is as shown in FIG. 20.

[0141] Compound 9* (95.8 mg, 0.164 mmol) and acetic
acid (28 plL, 0.492 mmol) were dissolved in 1,4-dioxane (2
mL), and then selenium dioxide (91 mg, 0.820 mmol) was
added and heated to reflux temperature. After the reaction
was completed, the mixture was cooled to room tempera-
ture, and triethylamine was added dropwise to quench the
reaction. The crude product obtained by concentration was
purified by silica gel column chromatography (petroleum
ether:ethyl acetate, 8:1-4:1, v/v) to obtain the light yellow
solid-like hemiacetal product 10* (58.0 mg, 0.107 mmol,

65%). [B1,2°=+33.2° (c=1.00, CHCl,); IR v,,,,,.. (film) 3410,
2944, 2113, 1712, 1518, 1457, 1357, 1264, 1187, 1113,
1068, 822, 752, 698 cm™'; '"H NMR (400 MHz, CDCl;)
8=7.47-7.06 (m, 10H, 2Ph), 6.92 (d, J=9.5 Hz, 1H, NH),
529 (t, J=3.5 Hz, 1H, 1-H), 5.21 (d, J=12.1 Hz, 1H,
PhCH,,), 5.17 (d, J=12.1 Hz, 1H, PhCH,,), 4.70 (d, J=10.5
Hz, 1H, PhCH, ), 4.56-4.44 (m, 2H, PhCHb,, 5-H), 4.11 (td,
J=9.7, 3.4 Hz, 1H, 2-H), 3.81 (m, 2H, 3-H, 4-H), 3.57 (d,
J=3.7 Hz, 1H, 1-OH).; '*C NMR (100 MHz, CDCl,) =168.
6, 162.1, 136.8, 134.7, 128.8, 128.7, 128.5, 128.3, 128.2,
92.2, 90.9, 78.0, 75.0, 70.8, 67.8, 63.7, 53.1; HR-ESI-MS
(m/z): caled for C,,H,,CI;N,ONa*(M+Na*): 567.0395,
found: 567.0414.
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Embodiment 11

Synthesis of benzyl (3-azido-4-O-benzyl-2,3-dide-
oxy-2-trichloroacetamido-D-glucopyranosyl 1-(N-
phenyl)-2,2,2-trifluoroacetimidate-) uronate (11%*)

[0142] A reaction equation is as shown in FIG. 20.
[0143] Potassium carbonate (12 mg, 0.084 mmol) and
N-phenyl trifluoroacetimidoyl chloride (13 pl, 0.084 mmol)
were added to an anhydrous dichloromethane (0.4 mL)
solution of compound 10* (22.7 mg, 0.042 mmol), and the
resulting reaction solution was stirred at room temperature
overnight. After the reaction was completed, the organic
phase was obtained by filtration, and the crude product
obtained after concentration was purified by silica gel col-
umn chromatography (n-hexane:ethyl acetate, 18:1, v/v) to
give the colorless syrup-like product 11* (27.4 mg, 0.038
mmol, 91%). IR v,,,,. (film) 3346, 2112, 1723, 1524, 1317,
1213, 1166, 1090, 823, 752, 697 cm™"; 'H NMR (400 MHz,
CDCl,) 6=7.44 (s, 1H), 7.35-7.11 (m, 20H), 7.03 (q, I=7.5
Hz, 2H), 6.80 (d, J=8.8 Hz, 1H), 6.73 (d, J=7.8 Hz, 2H), 6.68
(d, I=7.8 Hz, 2H), 6.38 (s, 1H), 6.12 (s, 1H), 5.30-5.02 (m,
3H), 4.61 (d, J=10.5 Hz, 1H), 4.56 (d, J=10.6 Hz, 1H),
4.52-4.44 (m, 2H), 4.37 (d, I=7.6 Hz, 1H), 4.24 (s, 1H), 4.07
(dt, I=14.0, 7.2 Hz, 1H), 3.92 (s, 1H), 3.85 (dd, J=13.4, 7.8
Hz, 2H); *C NMR (100 MHz, CDCL,) 8=167.4, 167.2,
162.0, 142.5, 136.2, 136.1, 134.7, 134.5, 128.83, 128.77,
128.69, 128.67, 128.64, 128.58, 128.56, 128.5, 128.41,
128.37, 124.8, 124.5, 119.3, 119.1, 75.0, 74.3, 73.8, 72.7,
679, 67.8, 62.5, 51.7; HR-ESI-MS (m/z): calcd for
C;oH,sCLF,N,O,Na*(M+Na*): 738.0691, found: 738.
0722.

Embodiment 12

Synthesis of ethyl 2-azido-3,4-di-O-acetyl-2-deoxy-
1-thio-L-fucopyranoside (12%)

[0144] A reaction equation is as shown in FIG. 21.
[0145] 2-azido-3,4-di-O-acetyl-2-deoxy-L-fucopyra nose
(C. L. Pereira et al., Angew. Chem. Int. Ed. 2015, 54,
10016-10019) (44.4 mg, 0.16 mmol) was dissolved in an
anhydrous dichloromethane/pyridine mixture (1.6 mL, 4:1,
v/v). After cooling to 0° C., acetic anhydride (150 pL, 1.6
mmol) was added dropwise. After the catalytic amount of
dimethylaminopyridine was added, the reaction solution was
stirred at room temperature. After the completion of the
reaction was confirmed, the reaction solution was extracted
with the saturated sodium bicarbonate solution, and the
resulting organic phase was dried with anhydrous sodium
sulfate and concentrated. The resulting crude product was
purified by silica gel column chromatography (petroleum
ether:ethyl acetate, 10:1, v/v) to obtain 1-O-acetyl saccha-
ride (50.5 mg, 0.16 mmol, quant.).

[0146] 1-O-acetyl fucose (50.5 mg, 0.16 mmol) and eth-
anethiol (18 puL, 0.242 mmol) were dissolved in anhydrous
dichloromethane (1.6 mL), and an activated 4 A molecular
sieve was added and stirred for 30 minutes. After cooling to
-10° C., trimethylsilyl trifluoromethanesulfonate (35 ulL,
0.193 mmol) was added, and the resulting reaction solution
was stirred at 0° C. After the completion of the reaction was
confirmed, the reaction was quenched by the addition of
triethylamine, and the solvent is removed by reduced pres-
sure distillation, and the resulting crude product was purified
by silica gel column chromatography (petroleum ether:ethyl
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acetate, 10:1, v/v) to obtain the product 12* (44.0 mg, 0.14
mmol, 88%, E:E=1:0.7). 'H NMR (400 MHz, CDCl,)
8=5.45 (d, 1-5.6 Hz, 1H, 1B-H), 5.28 (dd, ]-3.4, 1.2 Hz,
1H, 4B .H), 5.26-5.21 (m, 1H, 4p-H), 5.13 (dd, J=11.0, 3.3
Hz, 1H, 3@-H), 4.88 (dd, 1=10.2, 3.3 Hz, 1H, 38-H), 4.49
(qd, J=6.5, 1.3 Hz, 1H, 5@-H), 437 (d, ]=10.2 Hz, 1H,

1p-H), 4.22 (dd, J=11.0, 5.5 Hz, 1H, 2 B.1), 3.82-3.72 (m.
1H, 5p-H), 3.67 (t, I=10.2 Hz, 1H, 2p-H), 2.87-2.71 (m, 2H,

@ B-SCH,CHS,), 2.61 (dddd, 1=20.3, 12.9, 7.4, 5.4 Hz, 2H,
B.SCH,CH,), 2.18 (s, SH, 2CH,CO), 2.05 (s, 6H,

2CH,CO), 1.34 (t, J=7.4 Hz, 2H, BB-SCH,CH,), 1.31 (,
J=6.4 Hz, 3H, 1-SCH,CH,), 121 (d, J=6.5 Hz, 2H,
6B-CH,), 1.16 (d, 1=6.5 Hz, 3H, 6a.-CH,).

Embodiment 13

Synthesis of 2-azido-3,4-di-O-acetyl-2-deoxy-L-
fucopyranosyl 1-(N-phenyl)-2,2,2-trifluoroacetimi-
date (13%)

[0147] A reaction equation is as shown in FIG. 21.
[0148] 2-azido-3,4-di-O-acetyl-2-deoxy-L-fucopyra nose
(C. L. Pereira et al., Angew. Chem. Int. Ed. 2015, 54,
10016-10019) (70 mg, 0.256 mmol) was dissolved in anhy-
drous dichloromethane (2.6 mL), and potassium carbonate
(71 mg, 0.512 mmol) and N-phenyl trifluoroacetimidoyl
chloride (77 pL, 0.512 mmol) were added, and stirred at
room temperature overnight. After the completion of the
reaction, solids were removed by filtration, dichloromethane
was used for washing, and the crude product obtained by
concentration was purified by silica gel column chromatog-
raphy (n-hexane:ethyl acetate, 10:1, v/v) to obtain the prod-
uct 13* (96.7 mg, 0.218 mmol, 85%). 'H NMR (400 MHz,
CDCl,) 8=7.40-6.75 (m, 5H, Ph), 5.58 (m, 1H, 1-H), 5.20
(m, 1H, 4-H), 4.84 (m, 1H, 3-H), 3.90 (t, J=9.3 Hz, 1H, 2-H),
374 (m, 1H, 5-H), 2.20 (s, 3H, CH,CO), 2.07 (s, 3H,
CH,CO), 1.21 (d, J=6.4 Hz, 3H, 6-CH,); >C NMR (100
MHz, CDCl,) $=170.3, 169.7, 143.0, 128.8, 124.6, 119.2,
95.7,71.5, 70.4, 69.1, 59.9, 20.6, 15.9.

Embodiment 14

Synthesis of phenyl 2-azido-3-O-acetyl-4-O-benzyl-
2-deoxy-1-seleno-a-D-glucopyranoside (14*)

[0149] A reaction equation is as shown in FIG. 22.

[0150] Phenyl 2-azido-3-O-acetyl-4,6-O-benzylidene-2-
deoxy-1-seleno-a-D-glucopyranoside (F. Santoyo-Gonzalez
et al., Synlett, 1994, 6, 454-456) (1 g, 2.1 mmol) and toluene
were subjected to azeotropy for three times and dissolved in
18 mL of anhydrous dichloromethane under argon protec-
tion. The 1 M borane tetrahydrofuran solution (12.4 mlL,,
12.4 mmol) was added to the reaction, and after cooling to
0° C., trimethylsilyl trifftuoromethanesulfonate (190 uL, 1.05
mmol) was added. The resulting reaction solution was
stirred at room temperature. After the completion of the
reaction was confirmed by TLC, the reaction solution was
diluted with dichloromethane and extracted with the satu-
rated sodium bicarbonate solution. The organic phase was
dried with anhydrous sodium sulfate and subjected to
reduced pressure distillation and concentration, and the
resulting crude product was purified by silica gel column
chromatography (n-hexane:ethyl acetate, 4:1, v/v) to obtain
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the yellow syrup-like compound 14* (148.9 mg, 0.313

mmol). [B],2°=+159.5° (¢c=1.00, CHCL,); IR v,, . (film)
3459, 2924, 2106, 1748, 1364, 1228, 1088, 737, 694 cm™;
'H NMR (400 MHz, CDCl,) 8=7.70-7.14 (m, 10H, 2Ph),
5.87 (d, J=5.4 Hz, 1H, 1-H), 5.38 (t, J=9.8 Hz, 1H, 3-H),
474-4.54 (m, 2H, PhCH,), 4.19 (dt, J=9.9, 2.9 Hz, 1H,
6-CHa), 3.90 (dd, J=10.3, 5.4 Hz, 1H, 2-H), 3.72 (m, 3H,
4-H, 5-H, 6-CH,), 2.04 (s, 3H, CH,CO), 1.64 (dd, J=7.7,5.2
Hz, 1H, 6-OH); *C NMR (100 MHz, CDCl,) 8=169.7,
137.4,134.9,129.2, 128.6, 128.2, 128.1, 128.0, 127.9, 84.0,
75.4,74.7,74.2,73.8, 63.0, 61.1, 20.9; HR-ESI-MS (nv/z):
caled for C,;H,;N;0.SeNa*(M+Na*): 500.0701, found:
500.0682.

Embodiment 15

Synthesis of phenyl 2-azido-3-O-acetyl-4-O-benzyl-
2-deoxy-6-O-(p-toluenesulfonyl)-1-seleno-a-D-glu-
copyranoside (15%)

[0151] A reaction equation is as shown in FIG. 22.

[0152] Compound 14* (7.9 g, 16.6 mmol) was dissolved
in anhydrous pyridine (110 mL), and after p-toluensulfonyl
chloride (8.0 g, 42 mmol) was added, the reaction solution
was stirred at room temperature overnight. After TLC
showed that the starting material had been completely
converted, the reaction solution was subjected to reduced
pressure distillation and concentrated, diluted with dichlo-
romethane, and then extracted with the saturated sodium
bicarbonate solution and water. After dehydration with
anhydrous sodium sulfate and reduced pressure distillation
to remove the solvent, the resulting crude product was
purified by silica gel column chromatography (petroleum
ether:ethyl acetate, 5:1, v/v) to obtain the yellow syrup-like

product 15% (9.06 g, 14.37 mmol, 87%). [@],2°=+123.2°
(c=1.00, CHCL,); IR v,,.. (film) 2107, 1749, 1363, 1214,
1176, 1094, 977, 939, 815, 738, 681 cm™'; *H NMR (400
MHz, CDCl,) 8=7.83-7.14 (m, 15H, 3Ph), 5.76 (d, J=5.4 Hz,
1H, 1-H), 5.38-5.22 (m, 1H, 3-H), 4.53 (s, 2H, PhCH,).
438-4.21 (m, 2H, 5-H, 6-CHa), 4.09-3.97 (m, 1H, 6-CH,)),
3.85 (dd, J=10.3, 5.4 Hz, 1H, 2-H), 3.65 (1, 1-9.1 Hz, 1H,
4-0), 2.42 (s, 3H, PhCI,), 2.05 (s, 3H, CH,CO); *C NMR
(100 MHz, CDCL,) 8=169.5, 145.0, 137.0, 134.5, 132.6,
129.8, 129.2, 128.6, 1282, 128.12, 128.05, 128.0, 127.9,
84.1,75.3,74.9, 74.1, 71.3, 67.8, 62.7, 21.7, 20.8; HR-ESI-
MS (m/z): caled for C, H,oN;0O,SSeNa*(M+Na*): 654.
0789, found: 654.0795.

Embodiment 16

Synthesis of phenyl 2-azido-3-O-acetyl-4-O-benzyl-
2,6-dideoxy-6-iodo-1-seleno-a-D-glucopyranoside
(16%)

[0153] A reaction equation is as shown in FIG. 22.

[0154] Compound 15* (400 mg, 0.64 mmol) and sodium
iodide (480 mg, 3.2 mmol) were added to n-butanone (8 ml.)
and refluxed at 80° C. for 6 hours. After cooling to room
temperature, ethyl acetate was added, the mixture was
extracted with the 1 M sodium thiosulfate solution and
water, and the resulting organic phase was dried with
anhydrous sodium sulfate. The crude product obtained by
solvent removal by reduced pressure distillation was purified
by silica gel column chromatography (n-hexane:ethyl
acetate, 10:1, v/v) to obtain the yellow syrup-like product
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16* (340 mg, 0.58 mmol, 91%). [ B]1,2°=+170.3° (c=1.20,
CHCL,); IR v, (film) 2928, 2108, 1746, 1367, 1226, 1091,
1044, 739, 694 cm™'; '"H NMR (400 MHz, CDCl,) §=7.40
(m, 10H, 2Ph), 5.89 (d, J=5.3 Hz, 1H, 1-H), 5.41 (t, J=9.7
Hz, 1H, 3-H), 4.71 (q, J=11.0 Hz, 2H, PhCH,), 3.94 (dd,
J=10.3, 5.4 Hz, 1H, 2-H), 3.87 (dt, ]=9.1, 3.2 Hz, 1H, 5-H),
3.59 (t, J=9.2 Hz, 1H, 4-H), 3.48 (dd, J=11.1, 3.9 Hz, 1H,
6-CHa), 3.32 (dd, J=11.1, 2.8 Hz, 1H, 6-CH,), 2.06 (s, 3H,
CH,CO); *C NMR (100 MHz, CDCl;) 8=169.6, 137.2,
134.6, 129.3, 128.7, 128.2, 128.1, 128.0, 127.9, 84.0, 79.9,
75.1, 73.8, 71.3, 62.9, 20.9, 7.3; HR-ESI-MS (m/z): calcd
for C,,H,,IN;0,SeNa*(M+Na*): 609.9718, found: 609.
9698.

Embodiment 17

Synthesis of phenyl 2-azido-3-O-acetyl-4-O-benzyl-
2-deoxy-1-seleno-a-D-quinovopyranoside (17%)

[0155] A reaction equation is as shown in FIG. 22.

[0156] Compound 16* (150 mg, 0.26 mmol) was dis-
solved in anhydrous DMF (3.5 mL), and after the addition
of sodium cyanoborohydride (82 mg, 1.30 mmol), the reac-
tion solution was heated to 95° C. and stirred overnight.
After the reaction was completed, the reaction solution was
cooled to room temperature, poured into water and extracted
twice with ethyl acetate. An organic phase was washed with
water and then dried with anhydrous sodium sulfate, and a
crude product obtained by concentration was purified by
silica gel column chromatography (toluene) to obtain the
white solid-like product 17* (84.4 mg, 0.18 mmol, 71%). [

152°=+201.3° (c=1.00, CHCl,); IR v, _(film) 2925, 2108,
1752, 1367, 1223, 1083, 735, 692 cm™'; 'H NMR (400
MHz, CDCl,) §=7.63-7.22 (m, 10H, 2Ph), 5.81 (d, J=5.4 Hz,
1H, 1-H), 5.34 (dd, J=10.3, 9.1 Hz, 1H, 3-H), 4.71-4.51 (m,
2H, PhCH,), 4.26 (dq, J=9.6, 6.2 Hz, 1H, 5-H), 3.91 (dd,
J=10.3, 5.4 Hz, 1H, 2-H), 3.26 (t, J=9.4 Hz, 1H, 4-H), 2.04
(s, 3H, CH,CO), 1.26 (d, ]=6.2 Hz, 3H, 6-CH,); *C NMR
(100 MHz, CDCly) 8=169.6, 137.5, 134.7, 129.1, 128.5,
128.4, 128.03, 127.97, 127.9, 84.1, 81.8, 74.8, 74.1, 69.9,
63.3, 209, 17.6; HR-ESI-MS (m/z): «caled for
C,,H,;N,0,8eNa*(M+Na*): 484.0751, found: 484.0755.

Embodiment 18

Synthesis of 2-azido-3-O-acetyl-4-O-benzyl-2-de-
oxy-D-quinovopyranose (18*)

[0157] A reaction equation is as shown in FIG. 22.

[0158] Compound 17* (4.81 g, 10.5 mmol) was dissolved
in the THF/water mixture (25 mL,, 1:1, v/v), bromosuccin-
imide (4.45 g, 25.0 mmol) was added, and the reaction
solution was stirred at room temperature for 6 hours. After
the reaction was completed, the reaction solution was
diluted with dichloromethane, and an organic phase was
extracted with the 10% Na,S,0;/1 M NaHCO; mixture (1:1,
v/v). After the solvent was distilled off under reduced
pressure, the crude product was purified by silica gel column
chromatography (n-hexane:ethyl acetate, 5:1, v/v) to obtain
the colorless syrup-like product 18* (3.31 g, 10.0 mmol,
99%). [@],*=+33.90 (c=1.00, CHCL,); IR v, (film)
3402, 2934, 2111, 1751, 1363, 1227, 1077, 752, 700 cm™;
'"H NMR (400 MHz, CDCl,) 8=7.40-7.18 (m, 10H, Ph), 5.57
(dd, I=10.3, 9.4 Hz, 1H, 3-H), 5.30 (d, J=3.3 Hz, 1H, 1-H),
5.06 (dd, J=10.2, 9.4 Hz, 1H, 3-H), 4.69 (d, J=8.0 Hz, 1H,
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1-H), 4.66-4.54 (m, 4H, PhCH,), 4.13 (dq, J=12.5, 6.2 Hz,
1H, 5'-H), 3.76 (s, 1H, 1-OH), 3.52 (dq, J=12.4, 6.2 Hz, 1H,
5-H), 3.35 (dd, J=10.3, 8.0 Hz, 1H, 2-H), 3.30-3.05 (m, 4H,
2-H, 4-H, 4'-H, 1-OH), 2.05 (s, 6H, CH,CO), 1.34 (d, J=6.2
Hz, 3H, 6-CH,), 1.29 (d, J=6.3 Hz, 3H, 6'-CH,); *C NMR
(100 MHz, CDCl,) 6=170.01, 169.95, 137.6, 137.4, 128.52,
128.49, 128.0, 127.93, 127.88, 127.8, 95.8, 92.2, 82.1, 81 .4,
75.0, 74.8, 73.9, 71.8, 71.6, 66.9, 65.6, 62.3, 20.9, 17.8;
HR-ESI-MS (n/z): caled for C,;H /N,O;Na*(M+Na*):
344.1222, found: 344.1224.

Embodiment 19

Synthesis of 2-azido-3-O-acetyl-4-O-benzyl-2-de-
oxy-D-quinovopyranosyl trichloroacetimidate (19%)

[0159] A reaction equation is as shown in FIG. 22.
[0160] Under nitrogen protection, trichloroacetonitrile (34
pl, 0.34 mmol) and 1,8-diazabicyclo[5.4.0lundec-7-ene
(DBU) (0.6 puL, 0.004 mmol) were added into an anhydrous
dichloromethane (0.4 mL) solution of compound 18* (11
mg, 0.034 mmol). The resulting reaction solution was stirred
at room temperature for 5 hours. After the reaction was
completed, the solvent was distilled off under reduced
pressure at low temperature, and a resulting crude product
was purified by silica gel column chromatography
(n-hexane:ethyl acetate, 7:3, v/v, containing 0.5% of trieth-
ylamine) to obtain the product 19* (13.6 mg, 0.029 mmol,
86%). 'H NMR (400 MHz, CDCl;) 8=9.49 (s, 1H, NH),
7.46-7.23 (m, 5H, Ph), 6.48 (d, J=3.5 Hz, 1H, 1-H), 5.62-
5.42 (m, 1H, 3-H), 4.72 (s, 2H, PhCH2), 4.04 (dq, J=12.5,
6.2 Hz, 1H, 5-H), 3.93 (dd, J=10.7, 3.5 Hz, 1H, 2-H), 3.49
(t, J=9.5 Hz, 1H, 4-H), 2.08 (s, 3H, CH,CO), 1.29 (d, J=6.2
Hz, 3H, 6-CH,).

Embodiment 20

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-azido-3-O-acetyl-4-O-benzyl-2-de-
oxy-D-quinovopyranoside (20*)

[0161] A reaction equation is as shown in FIG. 22.

[0162] Under nitrogen protection, the trichloroacetimidate
saccharide donor 19* (2.48 g, 5.325 mmol) and N-benzyl-
N-benzyloxycarbonyl-3-aminopropan-1-ol (H. Ishida et al.,
Org. Biomol. Chem. 2015, 13, 7762-7771) (1.91 g, 6.390
mmol) were dissolved in an anhydrous diethyl ether/anhy-
drous dichloromethane mixture (130 mL, 3:1, v/v), and an
activated molecular sieve (Aw-300) was added and stirred
for 30 minutes. After the reaction solution was cooled to
-40° C., trimethylsilyl trifluoromethanesulfonate (1.16 mL,
6.390 mmol) was added slowly and dropwise, and the
reaction solution was stirred at this temperature until the
reaction was completed. After the completion of the reac-
tion, triethylamine was added dropwise to quench the reac-
tion, and after the molecular sieve was removed by filtration,
the solvent was distilled off under reduced pressure. A
resulting crude product was purified by silica gel column
chromatography (petroleum ether:ethyl acetate, 15:1, v/v) to

obtain the product 20* (3.1 g, 5.14 mmol, 96%,

@=3:1). R v, (film) 2919, 2107, 1749, 1696, 1454, 1421,
1361, 1222, 1044, 735, 697 cm™"; 'H NMR (400 Mz,
CDCL,) 6=7.44-7.13 (m, 20H, a-3Ph, 6-3Ph), 5.49 (dd,
J=10.6, 9.0 Hz, 1H, a3-H), 5.18 (d, J=8.7 Hz, 2.6M.
o-PhCH,, 6-PhCH,), 4.98 (s, 0.3H, p3-H), 4.82 (s, 1M,
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al-H), 4.61 (m, 2.6H, a-PhCH,, B-PhCH,), 4.57-4.43 (m,
2.6H, a-PhCH,, f-PhCH,), 4.29 (d, J=8.2 Hz, 0.3H, 61-H),
3.98-3.52 (m, 2.4H, linker-OCH,, a5-H), 3.50-3.26 (m,
47H, linker-NCH,, linker-OCH,, p5-H, p2-I), 3.20 (t.
J=9.3 Hz, 1.3H, a4-H, p4-H), 3.06 (d, I-10.4 Hz, 1H,
a2-H), 2.05 (s, 3L, a-CILCO), 2.04 (s, 111, B-CH,CO),
1.86 (d, J=27.9 Hz, 2.7H, linker-CH,), 1.30 (d, J=6.2 Hz.
1H, f6-CH,), 1.26 (d, 1=6.1 Hz, 3H, a6-CH,); *C NMR
(100 MHz, CDCl,) 8=169.9, 169.8, 163.5, 156.7, 156.2,
137.9, 137.8, 137.7, 137.5, 136.8, 128.6, 128.54, 128.52,
128.49, 1280, 127.93, 127.9, 127.8, 127.4, 101.6, 97.9,
91.9,82.3, 81.6,77.2,74.9,73.9, 72.0, 71.4,67.3, 66.9, 66.0,
65.8, 64.6, 61.6, 50.8, 44.8, 43.9, 283, 27.9, 20.9, 17.8;
HR-ESI-MS (nv/z): caled for C;3H;N,O,Na*(M+Na*):
625.2638, found: 625.2629.

Embodiment 21

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-3-O-acetyl-4-O-benzyl-2-
deoxy-a-D-quinovopyranoside (21%)

[0163] A reaction equation is as shown in FIG. 22.

[0164] Thioacetic acid (0.42 mL) was added to an anhy-
drous pyridine (0.42 mL) solution of compound 20* (15.0
mg, 0.025 mmol) at 0° C., and the reaction solution was
stirred at room temperature overnight. After the reaction was
completed, the reaction solution and toluene were subjected
to azeotropy to remove the solvent. Then the resulting crude
product was purified by silica gel column chromatography
(petroleum ether:acetone, 6:1, v/v) to obtain the colorless
syrup-like product 21* (11.8 mg, 0.019 mmol, 76%). [

B1,2°=+53.1° (¢=1.00, CHCL,); IR v, ... (film) 3343, 2936,
1745, 1696, 1455, 1423, 1366, 1233, 1120, 1048, 737, 700
cm™'; "H NMR (400 MHz, CDCl,) 8=7.48-7.01 (m, 15H,
3Ph), 6.51 (d, J=8.9 Hz, 1H, NH), 5.37-5.01 (m, 3H, 3-H,
PhCH,), 4.80-4.31 (m, 5H, 1-H, 2PhCH,), 4.24 (m, 1H,
2-H), 3.85-3.51 (m, 3H, 5-H, linker-2H), 3.43-3.13 (m, 3H,
4-H, linker-2H), 1.99 (s, 3H, CH5CO), 1.96 (s, 3H, CH,CO),
1.75 (m, 2H, linker-CH,), 1.27 (d, J=6.2 Hz, 3H, 6-CH,),
13C NMR (100 MHz, CDCl,) 8=171.1, 156.3, 137.9, 137.6,
136.6, 128.7, 128.5, 128.1, 127.9, 127.8, 127.5, 127.3, 97.2,
81.9,75.1,74.0,67.4,67.1,64.1,52.3,49.9,43.2,27.3,23.1,
21.0, 17.9; HR-ESI-MS (m/z): caled for C;sH,,N,O4Na*
(M+Na™): 641.2839, found: 641.2828.

Embodiment 22

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-2-deoxy-a-D-
quinovopyranoside (22%*)

[0165] A reaction equation is as shown in FIG. 22.

[0166] Sodium methoxide (0.3 mg, 0.006 mmol) was
added to the methanol (0.5 mL) solution of compound 21*
(7 mg, 0.012 mmol), and the resulting reaction solution was
stirred at room temperature. After the reaction was com-
pleted, the reaction solution was neutralized with an Amber-
lite IR 120 cation exchange resin, and the organic phase
obtained by filtration was distilled off under reduced pres-
sure. The resulting crude product was purified by silica gel
column chromatography (petroleum ether:acetone, 4:1, v/v)
to obtain the colorless syrup-like product 22* (6.7 mg,
0.0116 mmol, 97%). [@1,2°=+27.9° (c=1.10, CHCl,); IR
Ve (lm) 3325, 2938, 1695, 1544, 1424, 1369, 1235, 1120,
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1070, 736, 699 cm™"; 'H NMR (400 MHz, CDCl,) =7.51
(d, J=6.9 Hz, 1H, NH), 7.44-7.12 (m, 15H, 3Ph), 5.22-5.10
(m, 2H, PhCH,), 5.02 (d, J=11.0 Hz, 1H, PhCH,,,), 4.78-4.
63 (m, 2H, PhCH,,, PhCH,,,), 4.50 (d, =3.6 Hz, 1H, 1-H),
4.26 (d, J=15.9 Hz, 1H, PhCHb,), 4.21 (s, 11, 3-OH), 4.00
(m, 2H, 2-H, linker-1H), 3.91 (t, J=9.4 Hz, 1H, 3-H), 3.67
(m, 2H, 5-H, linker-1H), 3.21-3.07 (m, 2H, 4-H, linker-1H),
3.00 (dt, J=14.2, 4.5 Hz, 1H, linker-1H), 2.12 (s, 3H,
CH,CO), 1.70 (dq, J-9.6, 5.4 Hz, 2H, linker-CH,), 1.25 (d,
J=6.2 Hz, 3H, 6-CH,); '*C NMR (100 MHz, CDCI,)
5=174.1, 156.7, 138.7, 1373, 136.5, 128.7, 128.5, 128.4,
1283, 128.2, 127.7, 127.6, 127.3, 96.9, 84.7, 77.3, 76.0,
75.1, 67.5, 66.5, 62.9, 55.3, 49.4, 42.3, 26.9, 22.6, 17.9;
HR-ESI-MS (m/z): caled for C;3H, N,O,Na*(M+Na*):
599.2733, found: 599.2750.

Embodiment 23

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 4-O-benzyl-2-acetamido-3-O-(3,4-di-
O-acetyl-2-azido-2-deoxy-L-fucopyranosyl)-2-de-

oxy-a-D-quinovopyranoside (23*)

[0167)]

[0168] Under nitrogen protection, the trifluoroimidate sac-
charide donor 13* (159 mg, 0.358 mmol) and the acceptor
22%* (207 mg, 0.358 mmol) were dissolved in an anhydrous
dichloromethane/anhydrous diethyl ether mixture (12 mL,
1/3, v/v). After thiophene (344 ul., 4.296 mmol) and an
activated molecular sieve (AW-300) were added, the result-
ing reaction solution was stirred at room temperature for 30
minutes. After cooling to -40° C., trimethylsilyl trifluo-
romethanesulfonate (6.5 plL, 0.036 mmol) was added, and
the reaction temperature was gradually increased to room
temperature. After the completion of the reaction was con-
firmed by TLC, triethylamine was added dropwise at 0° C.
to quench the reaction, and then the molecular sieve was
removed by filtration with celite. After the organic phase
was extracted with the saturated sodium bicarbonate solu-
tion, the crude product obtained by concentration was puri-
fied by silica gel column chromatography (petroleum ether:
acetone, 6:1-3:1, v/v) to obtain the desired disaccharide 23*

(262 mg, 0315 mmol, 88%, B:@=10:1). [@],2°=-178.6°
(c=0.90, CHCL,); IR v, (film) 3337, 2936, 2112, 1749,
1680, 1371, 1233, 1044, 975,751, 700 cm™"; "H NMR (400
MHz, CDCL,) =7.48-7.08 (m, 15H, 3Ph), 6.79 (d, ]=9.3 Hz,
1H, NH), 5.40-530 (m, 2H, 1'-H, 3-H), 5.14 (s, 2H,
PhCH,), 5.01 (s, 1H, 4'-H), 4.80-4.69 (m, 2H, PhCH,), 4.60
(m, 2H, 1-H, NCH_Ph), 4.40 (m, 2H, NCH,Ph, 2-H),
430-4.18 (m, 1H, 5'-H), 3.96 (dd, J=19.8, 9.9 Hz, 1H, 3-H),
3.80 (dd, J=9.1, 63 Hz, 1H, 5-H), 3.70-3.62 (m, 2H,
OCH,CCH,N), 3.58 (dd, J=11.4, 2.9 Hz, 1H, 2-H), 3.29
(dd, J=10.3, 4.7 Hz, 2H, OCH,CCH,N), 3.21 (t, =9.3 Hz,
1H, 4-H), 2.11 (s, 3H, CH,CO), 2.06 (s, 3H, CH,CO), 2.03
(s, 3H, CH,CO), 1.74 (s, 2H, OCCH,CN), 1.34 (d, J=6.2 Hz,
3H, 6-CH,), 0.71 (d, ]=6.4 Hz, 3H, 6'-CH,).; **C NMR (100
MHz, CDCl,) 8=170.4, 169.8, 156.4, 137.7, 137.5, 136.5,
128.7, 128.6, 128.5, 128.1, 128.0, 127.8, 127.7, 127.5,
127.2, 97.8, 97.5, 83.6, 75.7, 75.5, 70.7, 68.4, 67.6, 67.4,
64.9,63.9,57.8,53.4,49.8,43.0,27.3,23.1,20.8,20.7,18.2,
15.5; HR-ESI-MS (m/z): caled for C,;H ;NSO ,Na*(M+
Na™): 854.3588, found: 854.3582.

A reaction equation is as shown in FIG. 23.
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Embodiment 24

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(2-
amino-3,4-di-O-acetyl-2-deoxy-a.-L-fucopyranosyl)-
2-deoxy-a-D-quinovopyranoside (24%*)

[0169] A reaction equation is as shown in FIG. 23.

[0170] Compound 23* (253 mg, 0.304 mmol) and triph-
enylphosphine (104 mg, 0.395 mmol) were dissolved in 5
ml of tetrahydrofuran, and the reaction solution was stirred
at 40° C. After the complete reaction of the materials was
confirmed by TLC, water (66 uL, 3.65 mmol) was added to
the reaction solution. The reaction was heated to reflux at
65° C. After the reaction was completed, the solvent was
distilled off under reduced pressure, and the resulting crude
product was purified by silica gel column chromatography
(dichloromethane:methanol, 40:1, v/v) to obtain the color-
less syrup-like amino compound 24* (224 mg, 0.278 mmol,

91%). [ @1,,20=-55.0° (c=1.10, CHCl,); IR v, (film) 3332,
2937, 1744, 1676, 1424, 1369, 1225, 1132, 1072, 1029, 972,
750, 699 cm™'; 'H NMR (400 MHz, CDCl,) 5=7.49-7.12
(m, 15H, 3Ph), 7.08 (d, J=9.1 Hz, 1H, NH), 5.25-5.07 (m,
3H, 1"-H, PhCH,), 4.99 (dd, J=11.0, 3.0 Hz, 1H, 3'-H), 4.93
(s, 11, 4'-H), 4.83-4.66 (m, 2H, PhCIH,), 4.60 (d, J=15.8 Hz,
1H, NCH,Ph), 4.53 (d, J=2.9 Hz, 1H, 1-H), 4.49-4.28 (m,
2H, NCH,Ph, 2-H), 4.27-4.10 (m, 1H, 5'-H), 4.00 (t, J=9.7
Hz, 1H, 3-H), 3.82 (dd, J=9.0, 6.3 Hz, 1H, 5-H), 3.68 (ddd,
J=15.0, 12.0, 6.1 Hz, 2H, OCH,CCH_N), 3.30 (d, =7.7 Hz,
2H, OCH,CCH,N), 3.23-3.09 (m, 2H, 4-H, 2-H), 2.07 (s,
3H, CH,CO), 2.03 (s, 6H, 2CH,CO), 1.74 (s, 2H.
OCCH,CN), 1.59 (s, 2H, NI,), 1.35 (d, J=6.1 Hz, 3M.
6-CH,), 0.61 (d, J=6.3 Hz, 3H, 6'-CH,); *C NMR (100
MHz, CDCl,) 8=170.5, 137.7, 137.4, 128.6, 128.5, 128.0,
127.8,127.7, 127.5, 127.2,99.6, 97.6, 83.3, 77.2, 75.6, 75.0,
71.8,70.7,67.7,67.4, 64.8,63.6,53.7,49.7,49.2, 42.9, 27.2,
23.3, 20.9, 20.6, 18.2, 15.6; HR-ESI-MS (m/z): caled for
C,sH.N,O,,Na*(M+Na*): 8283683, found: 828.3733.

Embodiment 25

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(3,4-di-
O-acetyl-2-(2,2,2-trichloroethoxycarbonyl)amino-2-

deoxy-a-L-fucopyranosyl)-2-deoxy-a-D-
quinovopyranoside (25%)

[0171] A reaction equation is as shown in FIG. 23.

[0172] Compound 24* (224 mg, 0.278 mmol) was dis-
solved in anhydrous pyridine (7 mL), and 2,2,2-trichloroeth-
oxycarbonyl chloride (96 pl, 0.695 mmol) was added
slowly and dropwise at 0° C. The reaction solution was
stirred at room temperature, and after the reaction was
completed, the reaction was quenched by adding 3.5 mL of
methanol. The solvent was distilled off under reduced pres-
sure, the resulting crude product was dissolved in dichlo-
romethane and extracted with water, and the organic phase
was dried with anhydrous sodium sulfate and concentrated.
The crude product was purified by silica gel column chro-
matography (petroleum ether:acetone, 7:1, v/v) to obtain the
colorless syrup-like product 25* (239 mg, 0.244 mmol,
88%). [@1,2°=-34.1° (c=1.00, CHCl,); IR v,,,,,. (film) 3322,
2938, 1744, 1679, 1522, 1425, 1369, 1225, 1077, 1045, 740,
700 cm™; 'H NMR (400 MHz, CDCl;) 8=7.48-7.07 (m,
15H, 3Ph), 6.89 (d, J=8.9 Hz, 1H, NH), 5.45 (d, J=9.2 Hz,
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1H, N'H), 5.21 (d, J=2.8 Hz, 11, 1'-H), 5.13 (m, 31, 3"-H,
PhCHL,), 5.00 (d, I=11.9 Hz, 1H, Troc-CHa), 4.81 (m, 2H,
4'-H, PhCH,), 4.59 (m, 3H, PhCH,, PhCH,, Troc-CH,),
4.45 (s, 1H, 1-H), 4.43-4.28 (m, 2H, 2-H, PhCH,)), 4.27-4.07
(m, 2H, 2"-H, 5'-H), 3.96 (t, J=9.5 Hz, 1H, 3-H), 3.87-3.68
(m, 2H, 5-H, OCCCH,N), 3.69-3.54 (m, 1H, OCH,CCN),
3.19 (m, 3H, OCH,CCH,N, 4-H), 2.09 (s, 3H, CH,CO),
1.96 (s, 6H, 2CH,CO), 1.72 (m, 2H, OCCIH,CN), 1.35 (d,
J=6.1 Hz, 3H, 6-CH,), 0.58 (d, 1=6.3 Hz, 3H, 6'-CH,); }*C
NMR (100 MHz, CDCLy) 8=171.0, 170.5, 156.4, 154.9,
137.5, 137.4, 136.4, 128.7, 128.53, 128.46, 128.1, 128.0,
127.7,127.4,127.2, 97.7, 97.2, 83.3, 77.2, 75.8, 74.7, 74.5,
70.5,68.9, 67.8, 67.4,64.9, 63.5,53.3,49.7,49.4, 42.8, 27.1,
23.0, 20.73, 20.65, 18.2, 15.4; HR-ESI-MS (m/z): caled for
C,H.CLLN,0,,Na*(M+Na*): 1002.2726, found: 1002.
2787.

Embodiment 26

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-0O-(2-(2,2,2-
trichloroethoxycarbonyl)amino-2-deoxy-a.-L-fu-
copyranosyl)-2-deoxy-a.-D-quinovopyranoside
(26%)

[0173] A reaction equation is as shown in FIG. 23.

[0174] Sodium methoxide (6.6 mg, 0.122 mmol) was
added to the methanol (8 mL) solution of compound 25*
(239 mg, 0.244 mmol), and stirred at room temperature until
the reaction was completed. The reaction solution was
neutralized with an Amberlite IR 120 cation exchange resin,
and the resulting crude product was purified by silica gel
column chromatography (petroleum ether:acetone, 4:1, v/v)
to obtain the white solid-like product 26* (181 mg, 0.202

mmol, 83%). [ P],2°=+6.4° (c=1.00, CHCL,); IR v,, . (film)
3331, 2934, 1679, 1533, 1456, 1225, 1042, 818, 737, 699
cm™; 'H NMR (400 MHz, CDCl,) 6=7.40-7.14 (m, 15H,
3Ph), 7.12 (d, J=9.1 Hz, 1H, NH), 6.19 (d, J=6.7 Hz, 1H,
N'H), 5.13 (m, 3H, 1'-H, PhCH,), 4.77 (m, 3H, Troc-CH,,
PhCH,), 4.60 (m, 2H, PhCH,,, PhCH,), 4.44 (s, 1H, 1-H),
4.35 (m, 2H, 2-H, PhCH,), 4.15-4.01 (m, 2H, 5'-H, 3'-OH),
3.96 (m, 2H, 3-H, 2'-H), 3.83 (m, 3H, OCCCH,N, 5-H,
3'-H), 3.69-3.55 (m, 1H, OCH,CCN), 3.36 (s, 1H, 4'-H),
3.33-3.05 (m, 3H, OCH,CCH,N, 4-H), 2.60 (s, 1H, 4'-OH),
2.00 (s, 3H, CH,CO), 1.72 (m, 2H, OCCH,CN), 1.32 (d,
J=6.1 Hz, 3H, 6-CHy,), 0.82 (d, J=6.4 Hz, 3H, 6'-CH,); '°C
NMR (100 MHz, CDCl,) 6=172.0, 157.5, 156.5, 137.7,
137.3, 136.4, 128.7, 128.5, 128.4, 128.1, 127.8, 127.7,
127.5,127.2,127.1, 97.7, 96.9, 95.5, 83.2, 77.2, 75.4, 74.8,
74.7,71.5,71.0,67.8,67.4,65.6, 63.3, 53.6,51.8,49.6, 42.6,
27.0, 23.0, 18.1, 15.7; HR-ESI-MS (m/z): caled for
C,,H5,CI3N, O, ,Na*(M+Na*): 918.2514, found: 918.2558.

Embodiment 27

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(3-O-(2-
naphthyl)methyl-2-(2,2,2-trichloroethoxycarbonyl)
amino-2-deoxy-a.-L-fucopyranosyl)-2-deoxy-a.-D-

quinovopyranoside (27%)

[0175] A reaction equation is as shown in FIG. 23.

[0176] Compound 26* (200 mg, 0.223 mmol) and toluene
were subjected to azeotropy to remove water and then were
vacuumized for half an hour. Under the protection of nitro-
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gen, the mixture was dissolved in 3.2 mL of anhydrous
toluene, and dibutyltin oxide (83 mg, 0.335 mmol) and an
activated 4 A molecular sieve were added. The reaction
solution was heated to reflux for 1 hour and cooled to room
temperature, naphthylmethylene bromine (148 mg, 0.669
mmol) and tetrabutylammonium bromide (108 mg, 0.335
mmol) were added, and the reaction solution was heated to
60° C. and stirred for 3 hours. After the reaction was
completed, the reaction solution was filtered and concen-
trated, and the resulting crude product was purified by silica
gel column chromatography (petroleum ether:acetone, 7:1,
v/v) to obtain the white solid-like product 27* (212 mg,

0.204 mmol, 92%). [@],2°=-14.2° (c=1.00, CHCL,); IR
Ve (lm) 3013, 2932, 1735, 1670, 1515, 1454, 1215, 1091,
1053 cm™'; 'H NMR (400 MHz, CDCl,) 8=7.93-6.95 (m,
22H, Ar-22H), 6.88 (d, J=9.5 Hz, 1H, 2-NH), 5.43 (d, I=9.7
Hz, 1H, 2'-NH), 5.27-5.09 (m, 3H, 1'-H, CH,), 5.05 (d,
J=12.1 Hz, 1H, CH,-1H), 4.86-4.69 (m, 2H, CH,), 4.65-4.51
(m, 3H, NCH_Ph, CH,), 4.45 (d, J=3.5 Hz, 1H, 1-H), 4.34
(m, 3H, NCH,Ph, CH,-1H, 2-H), 4.20 (ddd, J=10.2, 10.2,
3.6 Hz, 1H, 2'-H), 4.01-3.84 (m, 2H, 5'-H, 3-H), 3.83-3.70
(m, 2H, 5-H, linker-1H), 3.69-3.60 (m, 1H, linker-1H), 3.57
(dd, J=10.7, 3.0 Hz, 1H, 3'-H), 3.43 (s, 1H, 4'-H), 3.26 (d,
J=9.1 Hz, 1H, linker-1H), 3.20-3.10 (m, 1H, linker-1H),
3.04 (t, J=9.2 Hz, 1H, 4-H), 2.38 (s, 1H, 4'-OH), 1.91 (s, 3H,
CH,CO), 1.71 (t, J=6.2 Hz, 2H, linker-CH,), 1.27 (d, J=6.9
Hz, 3H, 6-CH,), 0.85 (d, ]=6.5 Hz, 3H, 6'-CH,); >*C NMR
(100 MHz, CDCl,) 8=171.2, 156.4, 155.0, 137.6, 137.4,
136.4, 135.1, 133.1, 128.7, 128.5, 128.3, 128.1, 127.9,
127.8, 127.7, 127.5, 127.2, 127.0, 126.7, 1264, 126.2,
1257, 97.9, 97.7, 95.8, 83.4, 77.2, 76.1, 75.2, 75.0, 74.6,
71.8,68.8,67.7,67.4,65.7,63.5,53.4,50.1,49.7,42.7,27.1,
23.1, 181, 15.8; HR-ESI-MS (m/z): caled for
Cs3HgoCLI3N;0, ,Na*(M+Na*):  1058.3140, found: 1058.
3133.

Embodiment 28

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(4-O-
[benzyl 3-azido-4-O-benzyl-2,3-dideoxy-2-trichloro-
acetamido-6-D-glucopyranosyl uronate]-3-O-(2-
naphthyl)methyl-2-(2,2,2-trichloroethoxycarbonyl)
amino-2-deoxy-a.-L-fucopyranosyl)-2-deoxy-a.-D-
quinovopyranoside (28%*)

[0177]

[0178] Under the protection of nitrogen, the trifluoro-
acetimidate saccharide donor 11* (69 mg, 0.096 mmol) and
the disaccharide receptor 27* (20 mg, 0.019 mmol) were
dissolved in 3.2 mL of anhydrous dichloromethane, and the
activated molecular sieve (Aw-300) was added and stirred at
room temperature for 30 minutes. After trimethylsilyl trif-
luoromethanesulfonate (1.8 pl, 0.01 mmol) was added at
room temperature, the reaction solution was continuously
stirred at room temperature. After the completion of the
reaction, the reaction was quenched by the addition of 4
drops of pyridine at 0° C., and the organic phase obtained by
filtration was extracted with the saturated sodium bicarbon-
ate solution and subjected to reduced pressure distillation to
remove the solvent. The crude product was purified by silica
gel column chromatography (petroleum ether: acetone, 6:1,
v/v) to obtain the desired white solid-like trisaccharide 28*

(24.6 mg, 0.016 mmol, 82%, 0-only). [ B],2°=-22.9° (c=1.

A reaction equation is as shown in FIG. 23.
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00, CHCLy); IR v, (film) 3016, 2107, 1743, 1676, 1516,
1454, 1265, 1216, 1092, 1047, 752, 699 cm™'; 'H NMR
(400 MHz, CDCl,) 8=7.91-7.07 (m, 33H, 2"-NH, Ar-32H),
6.81 (d, J=9.4 Hz, 1H, 2-NH), 5.37 (d, J=9.9 Hz, 1H, 2'-NH),
5.22-5.05 (m, 6H, 2CH,, 1'-H, 1"-H), 5.01 (d, J=12.0 Hz,
1H, CH,-1H), 4.78 (d, J=11.2 Hz, 1H, CH,-1H), 4.70-4.52
(m, 6H, 5CH,-1H, 3"-H), 4.51-4.40 (m, 3H, 2CH,-1H, 1-H),
4.40-4.26 (m, 2H, CH,-1H, 2-H), 4.20 (ddd, J=10.9, 10.6,
3.5 Hz, 1H, 2'-H), 4.04 (d, ]=9.7 Hz, 1H, 5"-H), 3.97 (t,
J=6.2 Hz, 1H, 5'-H), 3.88 (t, ]=9.7 Hz, 1H, 3-H), 3.80 (s, 1H,
4'-H), 3.78-3.67 (m, 2H, linker-1H, 5-H), 3.66-3.54 (m, 2H,
linker-1H, 3'-H), 3.50 (t, ]=9.4 Hz, 1H, 4"-H), 3.34-3.11 (m,
3H, linker-2H, 2"-H), 3.06 (t, J=9.3 Hz, 1H, 4-H), 1.98 (s,
3H, CH,CO), 1.74 (s, 2H, linker-CH,), 1.30-1.18 (d, J=5.3
Hz, 3H, 6-CH,), 0.80 (d, J=6.6 Hz, 3H, 6'-CH,); *C NMR
(100 MHz, CDCl,) 6=171.2, 167.7, 162.4, 156.4, 154.6,
137.7, 137.4, 137.2, 136.4, 134.8, 1343, 133.3, 133.2,
128.8, 128.7, 128.64, 128.62, 128.5, 128.47, 128.4, 128.1,
128.0, 127.8, 127.51, 127.46, 127.3, 127.2, 126.32, 126.27,
126.2, 100.0, 97.8, 97.6, 97.0, 95.9, 91.9, 83.7, 78.7, 77.2,
75.6,752,74.7, 74.6, 73.1, 72.5, 67.6, 67.49, 67.45, 66.8,
63.6, 61.9, 57.8, 53.3, 50.9, 49.8, 42.9, 27.2, 23.2, 18.2,
16.6; HR-ESI-MS (nv/z): caled for C,H,,CI,N,O, . Na*(M+
Na*): 1584.3532, found: 1584.3595.

Embodiment 29

Synthesis of N-Benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(4-O-
[benzyl 3-azido-4-O-benzyl-2,3-dideoxy-2-trichloro-
acetamido-6-D-glucopyranosyl uronate]-2-(2,2,2-
trichloroethoxycarbonyl)amino-2-deoxy-a-L-
fucopyranosyl)-2-deoxy-a-D-quinovopyranoside
(29%)

[0179] A reaction equation is as shown in FIG. 23.

[0180] Compound 28* (1.15 g, 0.734 mmol) was dis-
solved in the mixture of dichloromethane (6.6 mL) and
water (2.6 mL), and then 2,3-dichloro-5,6-dicyano-1,4-ben-
zoquinone (DDQ) (246 mg, 1.101 mmol) was added. The
reaction solution was stirred at room temperature for 5
hours. The organic phase obtained by separation was
extracted with the 5% sodium thiosulfate solution, and the
crude product obtained by concentration was purified by
silica gel column chromatography (petroleum ether:acetone,
7:1-6:1, v/v) to obtain the compound 29* (0.89 g, 0.625

mmol, 85%). [[@1,2°=-6.5° (¢=1.00, CHCl,); IR v, (film)
3317, 2934, 2107, 1704, 1517, 1216, 1039, 826, 751, 697
cm™'; 'H NMR (400 MHz, CDCL,) $=7.44-7.12 (m, 26H,
5Ph, 2"-NH), 6.90 (d, J=9.4 Hz, 1H, 2-NH), 5.69 (d, J=8.6
Hz, 11, 2'-NH), 5.23 (q, J=12.2 Hz, 2H, CH,), 5.18-5.03 (m,
4H, CH,, 1H, 1"-H), 4.80-4.65 (m, 3H, CH,, CH,)),
4.67-4.50 (m, 4H, CH,,, CH,,, CH,,), 4.46 (d, ]=3.5 Hz, 11,
1-H), 4.41-4.29 (m, 3H, CH,,, 3"-H, 2-H), 4.09 (d, ]=9.6
Hz, 1H, 5"-H), 4.06 (d, J=6.8 Hz, 1H, 5'-H), 4.01-3.84 (m,
2H, 2'-H, 3-H), 3.83-3.57 (m, SH, 5-H, 3-H, linker-2H,
4"-1), 3.47 (s, 1H, 3-OH), 3.41 (s, 1M, 4'-H), 3.23 (m, 30,
linker-2H, 2"-H), 3.12 (t, J=9.3 Hz, 1H, 4-H), 2.00 (s, 3.
CH,CO), 1.73 (s, 2H, linker-CH,), 1.31 (d, J=6.2 Hz, 3H,
6-CH,), 0.70 (d, J=6.4 Hz, 3H, 6'-CH,); *C NMR (100
MHz, CDCl,) 8=171.5, 167.1, 162.0, 156.4, 155.8, 137.7,
137.4, 136.9, 136.4, 134.8, 128.71, 128.67, 128.6, 128.53,
128.47, 128.4, 128.2, 128.1, 127.9, 127.8, 127.5, 127.2,
127.1, 99.6, 97.7, 95.7, 91.8, 83.4, 83.0, 78.5, 77.3, 75.4,
75.1,74.9,74.7,74.6,69.4, 67.9, 67.5, 66.5, 63.6, 62.7, 58.1,
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53.4, 52.2,49.7, 42.8, 27.1, 23.1, 18.2, 16.1; HR-ESI-MS
(m/z): caled for Cy,H,,CI,N,O, ,Na*(M+Na*): 1444.2906,
found: 1444.2916.

Embodiment 30

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(4-O-
[benzyl 3-azido-4-O-benzyl-2,3-dideoxy-2-trichloro-
acetamido-6-D-glucopyranosyl uronate]-3-O-acetyl-
2-(2,2,2-trichloroethoxycarbonyl)amino-2-deoxy-c.-
L-fucopyranosyl)-2-deoxy-a-D-quinovopyranoside
(30%)

[0181] A reaction equation is as shown in FIG. 23.

[0182] Compound 29* (828 mg, 0.582 mmol) was dis-
solved in the anhydrous dichloromethane/pyridine mixture
(30 mL, 4:1, v/v). After cooling to 0° C., acetic anhydride
(550 pL, 5.821 mmol) was added dropwise. After dimeth-
ylaminopyridine (1.4 mg, 0.012 mmol) was added, the
reaction solution was stirred at room temperature. After the
reaction was completed, the reaction solution was extracted
with the saturated sodium bicarbonate solution, and the
organic phase was dried with anhydrous sodium sulfate and
distilled off the solvent under reduced pressure. The crude
product was purified by silica gel column chromatography
(petroleum ether:acetone, 6:1, v/v) to obtain the white
solid-like compound 30* (798 mg, 0.544 mmol, 94%). |

B1,2°==37.00 (¢=1.00, CHCL,); IR v, (film) 3337, 2964,
2108, 1744, 1521, 1456, 1367, 1260, 1074, 1021, 800, 752,
697 cm™; '"H NMR (400 MHz, CDCl,) 8=7.42-7.11 (m,
26H, 5Ph, 2"-NH), 6.78 (d, J=9.5 Hz, 1H, 2-NH), 5.43 (d,
J=9.9 Hz, 1H, 2'-NH), 5.23-5.07 (m, SH, 1'-H, PhCH,-4H),
5.01 (d, J=12.0 Hz, 1H, CH,-1H), 4.94 (dd, J=11.8, 2.7 Hz,
1H, 3'-H), 4.89 (d, J=8.1 Hz, 1H, 1"-H), 4.78 (d, J=10.8 Hz,
1H, PhCH,), 4.68 (d, J=10.7 Hz, 1H, CH,-1H), 4.64-4.48
(m, 4H, CH,-4H), 4.47-4.42 (m, 2H, 1-H, 3"-H), 4.37 (mm,
2H, 2-H, NCH,Ph), 4.21 (ddd, J=11.4, 9.8, 3.5 Hz, 1H,
2'-H), 4.04 (t, J=6.5 Hz, 1H, 5'-H), 3.92 (m, 2H, 3-H, 5"-H),
3.83-3.54 (m, 5H, 5-H, 4"-H, 4'-H, linker-2H), 3.34-3.08 (m,
4H, 4-H, 2"-H, linker-2H), 1.97 (s, 3H, CH,CO), 1.96 (s,
3H, CH;CO), 1.73 (m, 2H, linker-2H), 1.33 (d, J=6.2 Hz,
3H, 6-CH,), 0.61 (d, ]=6.7 Hz, 3H, 6¢'-CH,); '*C NMR (100
MHz, CDCl,) 8=170.9, 167.6, 162.0, 156.4, 154.8, 137.7,
137.4, 137.0, 136.4, 134.7, 128.8, 128.7, 128.53, 128.46,
128.4, 128.0, 127.9, 127.8, 127.5, 127.3, 98.7, 97.6, 97.4,
95.8, 91.9, 83.4, 79.0, 77.2, 75.6, 75.0, 74.9, 74.5, 67.8,
67.76, 67.5, 65.7, 62.3, 58.4, 53.4, 49.8, 49.2, 42.9, 27.1,
23.1, 209, 18.2, 15.8; HR-ESI-MS (m/z): caled for
CesH,,CIN, O, H(M+HY): 1464.3192, found: 1464.3281.

Embodiment 31

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(4-O-
[benzyl 3-amino-4-O-benzyl-2-dichloroacetamido-2,
3-dideoxy-6-D-glucopyranosyl uronate]-3-O-acetyl-
2-(2,2,2-trichloroethoxycarbonyl)amino-2-deoxy-c.-
L-fucopyranosyl)-2-deoxy-a-D-quinovopyranoside
(31%)

[0183] A reaction equation is as shown in FIG. 23.

[0184] Compound 30* (745 mg, 0.509 mmol) was dis-
solved in pyridine (51 mL), and then water (4.76 mL, 265
mmol), triethylamine (1.06 ml, 7.632 mmol) and 1,3-
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propanedithiol (1 ml, 10.176 mmol) were added. The
reaction solution was stirred at room temperature for 6
hours. The crude product obtained by concentration of the
reaction solution mixture was purified by silica gel column
chromatography (petroleum ether:acetone, 5:1-3:1, v/v) to
obtain the colorless syrup-like compound 31* (460 mg,

0.327 mmol, 64%). [B],2°=-63.1° (c=1.00, CHCL,); IR
v, (film) 3322, 2040, 1746, 1682, 1526, 1454, 1363, 1242,
1074, 738, 699 cm™"; "H NMR (400 MHz, CDCL,) $=7.51-
7.09 (m, 25H, 5Ph), 6.81 (d, ]=0.3 Hz, 1H, 2-NH), 5.90 (s,
1H, CHCL,), 5.47 (s, 1H, 2--NH), 5.30-5.05 (m, 5H, 2CIL,.
1'-H), 4.98 (m, 2H, 3-H, CH,-1H), 4.77 (d, J=10.9 Hz, 1H,
CH,-1H), 4.71 (s, 1H, 1"-H), 4.67-4.49 (m, SH, NCH,Ph,
CH,, 2CH,-1H), 4.45 (d, ]=4.0 Hz, 1H, 1-H), 4.41-4.30 (m,
2H, NCH,Ph, 2-H), 4.29-4.16 (m, 1H, 2'-H), 4.14-3.98 (m,
1H, 5'-H), 3.91 (m, 2H, 5"-H, 3-H), 3.78 (q, J=7.5, 7.0 Hz,
1H, 5-H), 3.83-3.56 (m, 4H, 4'-H, 4"-H, linker-2H), 3.47 (s,
1H, 2"-H), 3.36-3.06 (m, 3H, linker-2H, 4-H), 1.96 (s, 6,
2CH,CO), 1.73 (m, 2H, linker-CH,), 1.33 (d, I=6.1 Hz, 3H,
6-CH,), 0.63 (d, J=6.5 Hz, 3H, 6'-CH,); *C NMR (100
MHz, CDCL,) 8=171.1, 168.3, 156.4, 137.9, 137.5, 137.4,
136.5, 134.8, 128.74, 128.68, 128.5, 128.4, 128.1, 127.9,
127.8, 127.5, 127.3, 100.2, 97.6, 95.8, 83.3, 77.2, 75.6, 74.5,
74.4,69.9,67.8,67.6,67.5,66.5, 66.0, 63.7, 54.2, 53.4,49.8,
49.1,27.2, 23.1, 20.9, 18.2, 15.9; HR-ESI-MS (m/z): caled
for CggH,,CLN,O,*(M+H*): 1404.3677, found: 1404.
3643.

Embodiment 32

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(4-O-
[benzyl 4-O-benzyl-3-N—(R)-3-O-benzylbutyryl-2-
dichloroacetamido-2,3-dideoxy-6-D-glucopyranosyl
uronate|-3-O-acetyl-2-(2,2,2-trichloroethoxycarbo-
nyl)amino-2-deoxy-a-L-fucopyranosyl)-2-deoxy-o.-
D-quinovopyranoside (32%)

[0185] A reaction equation is as shown in FIG. 23.

[0186] (R)-3-O-benzylbutyric acid (D. Seebach et al.
Helv. Chim. Acta 1988, 71, 155-167) (234 mg, 1.205 mmol)
was dissolved in 23 mL of anhydrous dichloromethane, and
then oxalyl chloride (0.8 mL., 9.156 mmol) was added at 0°
C. After the mixture was stirred at room temperature for 4
hours, the solvent and residual reagents were distilled off
under reduced pressure, and obtained (R)-3-O-benzylbu-
tyryl chloride was vacuumized for 3 hours. The amino
compound 31* (113 mg, 0.081 mmol) was dissolved in 4 mL.
of anhydrous dichloromethane, and after triethylamine (167
ul, 1.207 mmol) and the anhydrous dichloromethane solu-
tion (4 mL) of (R)-3-O-benzylbutyryl chloride were added,
the reaction solution was stirred at room temperature over-
night. After the reaction was completed, the reaction was
quenched by the addition of 0.3 mL of methanol at 0° C. The
crude product obtained by concentration was purified by
silica gel column chromatography (petroleum ether:acetone,
5:1, v/v) to obtain the colorless syrup-like compound 32*
(92 mg, 0.058 mmol, 72%). [@],2°=-47.1° (c=1.00,
CHCL); IR v, (film) 3281, 2935, 1744, 1661, 1532, 1454,
1246, 1045, 737, 698 cm~'; 'H NMR (400 MHz, CDCl,)
8=7.54 (d, I=5.1 Hz, 1H, 2-NH), 7.46-6.88 (m, 30H, 6Ph),
6.76 (d, 1=9.6 Hz, 1H, 2"-NH), 6.64 (d, J=9.1 Hz, 1H,
3"-NH), 5.78 (s, 1H, DCA-1H), 5.40 (d, J=9.9 Hz, 1H,
2'-NH), 5.29-4.94 (m, 6H, 2CH,, CH,-1H, 1'-H), 4.88 (d,
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J=11.1 Hz, 1H, 3'-H), 4.70 (s, 2H, CH,), 4.65-4.50 (m, 3H,
CH,-3H), 4.50-4.45 (m, 1H, 1"-H), 4.44-4.27 (m, 5H, 1-H,
2"-H, 3"-H, CH,), 4.23 (m, 2H, 2'-H, CH,-1H), 4.02-3.85
(m, 4H, 5"-H, 5'-H, 3-H, 2-H), 3.79 (m, 2H, butyryl-CH,
5-H), 3.66 (m, 2H, linker-2H), 3.53 (t, J=8.6 Hz, 1H, 4"-H),
3.40 (s, 1H, 4'-H), 3.26 (s, 2H, linker-2H), 3.14 (t, ]=9.2 Hz,
1H, 4-H), 2.40-2.12 (m, 2H, butyryl-CH,), 1.96 (s, 6H,
2CH,CO), 1.72 (s, 2H, linker-2H), 1.28 (d, J=6.3 Hz, 3H,
6-CH,), 1.19 (d, J=6.2 Hz, 3H, butyryl-CH,), 0.65 (d, J=6.4
Hz, 3H, 6'-CH,); 13C NMR (100 MHz, CDCl;) 8=171.9,
171.2, 171.0, 168.0, 164.4, 156.4, 154.5, 137.9, 137.44,
137.35, 136.5, 134.9, 128.8, 128.71, 128.65, 128.6, 128.5,
128.42, 128.38, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6,
127.4,127.3, 102.0, 97.6, 95.9, 83.3, 77.3, 75.6, 75.3, 74.5,
74.0,71.5,70.4,69.8,67.7,67.5,66.3, 66.0, 63.7, 54.6, 53 .4,
52.5, 49.8, 49.1, 43.6, 43.0, 27.2, 23.2, 20.9, 194, 18.2,
15.9; HR-ESI-MS (m/z): caled for C,,HgCIN O, Na*(M+
Na*): 1602.4333, found: 1602.4312.

Embodiment 33

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(4-O-
[benzyl 2-acetamido-4-O-benzyl-3-N—(R)-3-O-
benzylbutyryl-2,3-dideoxy-6-D-glucopyranosyl
uronate|-2-amino-3-O-acetyl-2-deoxy-a-L-fucopy-
ranosyl)-2-deoxy-a-D-quinovopyranoside (33%*)
[0187] A reaction equation is as shown in FIG. 23.
[0188] Excessive zinc powder was added to an acetic acid
(10 mL) solution of trisaccharide 32* (48.3 mg, 0.031
mmol), and the reaction solution was heated to 55° C. and
stirred for 4 hours. After the reaction solution was filtered by
celite, the crude product obtained by concentration was
purified by silica gel column chromatography (dichlo-
romethane:methanol, 20:1, v/v) to obtain the compound 33*
(33.4 mg, 0.025 mmol, 81%). [@],2°=-73.4° (c=0.50,
CHCL); IR v, (film) 3289, 2924, 1748, 1656, 1546, 1367,
1238, 1073, 739, 698 cm™; 'H NMR (400 MHz, CDCl,)
8=7.45-6.99 (m, 30H, 6Ph), 5.13 (m, 5H, 2PhCH,, 1'-H),
4.93 (m, 1H, 3'-H), 4.72 (s, 2H, PhCH,), 4.68-4.44 (m, 4H,
NCH_Ph, PhCH,-1H, 1-H, 3"-H), 4.42-4.28 (m, 4H, PhCH,,
PhCH,-1H, NCH,Ph), 4.27-4.07 (m, 2H, 2-H, 1"-H), 4.01
(d, I=6.6 Hz, 1H, 5'-H), 3.90 (m, 4H, butyryl-CH, 2"-H, 3-H,
5"-H), 3.71 (m, 5H, 5-H, 4'-H, linker-2H, 4"-H), 3.50-3.03
(m, 4H, 2'-H, linker-2H, 4-H), 2.34 (d, J=31.3 Hz, 2H,
butyryl-CH,), 2.16-1.86 (m, 6H, 2CH,CO), 1.82 (s, 3H,
CH,CO), 1.77-1.62 (m, 2H, linker-CH,), 1.30 (d, J=6.2 Hz,
3H, 6-CH;), 1.19 (d, I=6.1 Hz, 3H, butyryl-CH,), 0.80-0.48
(d, I=5.6 Hz, 3H, 6'-CH,); *C NMR (100 MHz, CDCl,)
8=172.3, 171.0, 168.2, 156.4, 138.3, 138.0, 137.5, 136.5,
134.8, 128.7, 128.6, 128.5, 128.4, 1283, 128.2, 128.1,
127.8,127.7,127.5,127.2,97.4,77.2,75.7,75.3,74.1,71.8,
70.4,67.5,67.4,66.0,54.2,53.2,49.8,48.7,43.5,43.1,29.7,
27.2,23.3,21.3,19.2, 18.1, 15.9; HR-ESI-MS (m/z): caled
for C,,HgoN5O, o *(M+H™): 1336.6281, found: 1336.6243.

Embodiment 34

Synthesis of N-benzyl-N-benzyloxycarbonyl-3-
aminopropyl 2-acetamido-4-O-benzyl-3-O-(4-O-
[benzyl 2-acetamido-4-O-benzyl-3-N—(R)-3-O-
benzylbutyryl-2,3-dideoxy-6-D-glucopyranosyl
uronate|-2-acetamidino-3-O-acetyl-2-deoxy-a-L-
fucopyranosyl)-2-deoxy-a-D-quinovopyranoside
(34%)

[0189] A reaction equation is as shown in FIG. 23.

[0190] Under protection of argon, the amino compound

33*% (12.5 mg, 9.35 pumol) was dissolved in 2 mL of
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anhydrous pyridine. After cooling to 0° C., benzyl thio-
acetimidate hydrochloride (3.8 mg, 18.7 umol) was added.
The reaction solution was stirred at 0° C. for 5 hours, and the
crude product obtained by concentration was purified by
silica gel column chromatography (dichloromethane:metha-
nol, 20:1, v/v) to obtain the colorless syrup-like compound

34% (9.0 mg, 6.53 pmol, 70%). [B],2°=-72.7° (c=0.50,
CHCL); IR v, . (film) 3292, 1749, 1657, 1564, 1373, 1232,
1074, 1047, 739, 698 cm™'; 'l NMR (400 Mz, CDCL)
0—7.49 (d, I-8.7 Hz, 2H, 2-NH, 3"-NH), 7.44-7.15 (m, 30H,
6Ph), 6.96 (s, 1H, 2'-NH), 5.28-5.07 (m, 4H, 2PhCH,), 4.99
(m, 2H, 1-H, 3'-H), 4.83 (d, ]-10.8 Hz, 1H, PhCIL,-1H),
4.67 (d, =157 Hz, 1H, PhCH,-1H), 4.61-4.37 (m, 6H,
2PhCH,, PhCH,-1H, 1-H), 4.35-4.11 (m, 5H, PhCH,-1H,
1"-H, 2-H, 2-H, 3"-H), 4.06 (d, I=6.6 Hz, 1H, 5'-H), 3.92
(m, 6H, linker-1H, butyryl-CH, 3-H, 2"-H, 4"-H, 5"-H),
3.86-3.77 (m, 1H, 5-H), 3.67 (m, 2H, linker-1H, 4'-H), 3.17
(m, 2H, linker-1H, 4-H), 3.06 (d, 1=14.2 Hz, 1H, linker-1H),
2.59 (s, 3H, Am—CH,), 2.39 (m, 2H, butyryl-CH,), 2.09 (s,
3H, CH,CO), 2.02 (s, 3H, CH,CO), 1.81 (s, 3H, CH,CO),
1.73 (m, 2H, linker-CH,), 1.36 (d, J=6.4 Hz, 3H, 6-CH,).
1.17 (d, J=5.8 Hz, 3H, butyryl-CIL,), 0.50 (d, J=6.3 Hz, 31,
6-CH,).; *C NMR (100 MHz, CDCl,) 8-172.9, 170.6,
1682, 166.8, 156.6, 138.5, 137.7, 137.4, 1363, 1348,
128.8, 1287, 128.65, 128.6, 1285, 128.4, 1283, 128.2,
1280, 127.9, 127.71, 127.65, 127.6, 127.5, 127.3, 102.3,
97.6,96.4,83.2,77.2,76.0,75.8,75.1, 74.3, 71.9, 70.8, 70.4,
68.0,67.7, 67.5,66.2,63.3, 54.0, 53.0, 50.1,49.7, 43.5, 42.6,
27.0,23.3, 21.2, 19.8, 19.5, 18.2, 15.4; HR-ESI-MS (m/z):
caled for C, Hg;N O, (M+H™): 1377.6546, found: 1377.
6526.

Embodiment 35

Synthesis of 3-aminopropyl 2-acetamido-3-O-(4-O-
[2-acetamido-2,3-dideoxy-3-N—(R)-3-hydroxybu-
tyryl-6-D-glucopyranosyl uronate]-2-acetamidino-3-
O-acetyl-2-deoxy-a.-L-fucopyranosyl)-2-deoxy-a-D-
quinovopyranoside (35%)

[0191]

[0192] Trisaccharide 34* (4.3 mg, 3.1 pmol) was dis-
solved in the t-butanol/water/dichloromethane mixture (3
ml, 5:2:1, v/v/v). After the reaction system was replaced
with nitrogen, the 10% palladium on carbon hydrogenation
catalyst was added, and nitrogen replacement was continued
for 5 minutes. After further replacing the reaction system
with hydrogen for 5 minutes, the reaction solution was
stirred in the hydrogen atmosphere for 24 hours, the crude
product obtained by celite filtration and concentration was
preliminarily purified by the C18 column (Macherey-Nagel,
Diiren, Germany) (eluent were water and methanol), and the
product was further purified by reversed phase high perfor-
mance liquid chromatography (semipreparative Thermo Sci-
entific Hypercarb column) to obtain the white solid-like

target product 35* (1.9 mg, 2.48 umol, 77%). [ E],2°—-
66.26° (¢=0.10, H,0); "H NMR (700 MHz, D,0) 8=5.18 (d,
J=3.9 Hz, 1H, 1'-H), 5.10 (dd, J=113, 2.7 Hz, 1H, 3-H),
474 (d, J-3.6 Hz, 1H, 1-H), 4.61 (d, -8.3 Hz, 1H, 1"-H),
453 (q, J=6.7 Hz, 1H, 5-H), 4.26 (dd, J=11.1, 3.9 Hz, 1H,
2.H), 4.21-4.12 (m, 3H, butyryl-CH, 4-H, 2-H), 4.05-3.99
(m, 1H, 3"-H), 3.92-3.84 (m, 1H, 2"-H), 3.83-3.75 (m, 3H,

A reaction equation is as shown in FIG. 23.
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5-H, 3-H, linker-CHa), 3.73 (d, J=9.7 Hz, 1H, 5"-H), 3.71-
3.62 (m, 1H, 4"-H), 3.55 (ddd, J=21.7, 11.5, 6.1 Hz, 1H,
linker-CH,), 3.34 (t, J=9.3 Hz, 1H, 4-H), 3.13-3.03 (m, 2H,
linker-CH,,), 2.49 (dd, J=14.1, 7.4 Hz, 1H, butyryl-CH,),
2.42-2.36 (m, 1H, butyryl-CH,), 2.26 (s, 3H, Am—CH,),
2.10 (s, 3H, CH,CO), 2.01 (s, 3H, CH,CO), 2.00-1.91 (m,
5H, linker-CH,, CH,CO), 1.31 (d, J=6.2 Hz, 3H, 6-CH,),
1.20(d, J=6.4 Hz, 6H, 6'-CH,, butyryl-CH,); >C NMR (176
MHz, D,0) 8=175.1, 174.8, 174.4, 173.6, 173.1, 166.1,
102.7, 96.9, 95.8, 78.9, 77.4, 75.9, 73.5, 70.4, 70.2, 67.8,
66.7,65.0,64.9,54.3,53.9,53.4,50.3,45.1,37.2,27.1,22.2,
21.8,21.6,20.3, 18.8, 16.7, 15.0; HR-ESI-MS (m/z): calcd
for C;;H, N O, +(M+H*): 793.3831, found: 793.3812.

What is claimed is:

1. A linkered oligosaccharide chain fragment of the Ple-
siomonas shigelloides serotype O51 O-antigen polysaccha-
ride, wherein the structure of the oligosaccharide chain
fragment is expressed as the general Formula I:

V*—[U,,»—U,, —U,],—V—O-L-NH, Formula 1,

wherein

X is 1, 2, 3; wherein

nis 1, 2, 3; wherein

—V—represents: the chemical bond, —U_,,—, or—U,,

>—U_,,—; wherein

ki . .
VE— represents: H— H—U—, or H—U, ,,—U—;

wherein

L represents the linker; and U, U_,, and U,,, are as

shown in Formula V:

Formula V
HOOC

0

. AcHN 1

U=U4

2. The linkered oligosaccharide chain fragment of the
Plesiomonas shigelloides serotype O51 O-antigen polysac-
charide according to claim 1, wherein the structure of the
oligosaccharide chain fragment is expressed as the general
Formula II:

V*—[U,,»—U,, —U,],—O-L-NH, Formula I,

wherein x, n, L, U, U,,,, U_,, and V* are in accordance

x-

with the general Formula I;
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and the general Formula II is further expressed as the
general Formulae II-a, II-b or II-c:

II-a

II-b
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-continued

II-¢

oL~

HO Q it
O HOOC,
*V AcHN o o )ZNH
ﬂ AcHN
4 0

3. The linkered oligosaccharide chain fragment of the
Plesiomonas shigelloides serotype O51 O-antigen polysac-
charide according to claim 1, wherein the structure of the
oligosaccharide chain fragment is expressed as the general
Formula III:

V*—[U,,»—U,,—U],—U,,,—O-L-NH, Formula III,

wherein x, n, L, U, U,,,, U_,, and V* are in accordance

with the general Formula 1, and the general Formula 111
is further expressed as the general Formulae I11-a, I11-b

or III-c:
Il-a

AcHN

NH
HOOC
o NH,
N/

ﬂ AcHN L

/ 0

bH

III-b

O
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-continued
Il-¢

e}

HO
0 HOOC
N - m
ﬂ ACHN
/ 0

H

AcHN
L/

4. The linkered oligosaccharide chain fragment of the
Plesiomonas shigelloides serotype O51 O-antigen polysac-
charide according to claim 1, wherein the structure of the
oligosaccharide chain fragment is expressed as the general
Formula IV:

V*—[U,,»—U,,—UJ,—U,o—U,,,—O-L-NH,  Formula IV,

wherein x, n, L, U, U,,,, U,_,, and V¥ are in accordance
with the general Formula 1, and the general Formula IV
is further specifically expressed as general Formulae

IV-a, IV-b and IV-c:

IV-b

¢}
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-continued

NH
*V

4/_< AcHN
/ o

H

5. A method of preparing the linkered oligosaccharide
chain fragment of the Plesiomonas shigelloides serotype
051 O-antigen polysaccharide according to claim 1,
wherein monosaccharide building block 1 is used as raw
material of D-quinovosamine in an oligosaccharide chain,
and the monosaccharide building block 1 is expressed as
Formula VI-1:

VI-1

PG?0 Q
PG'O

N LG,

wherein PG* is acetyl, levulinyl, benzoyl, chloroacetyl,
dichloroacetyl, trichloroacetyl, pivaloyl, allyloxycar-
bonyl, 2-naphthylmethyl, p-methoxybenzyl, tert-bu-
tyldimethylsilyl, tert-butyldiphenylsilyl, or triethylsi-
Iyl; and wherein PG? is benzyl; and LG is ethylthio,
p-tolylthio, phenylthio, bromine, fluorine, trichloro-
acetimidate, N-phenyl] trifluoroacetimidate or dibutyl
phosphate.

6. The method according to claim 5, wherein monosac-
charide building block 2 is used as raw material of L-fu-
cosamine in the oligosaccharide chain, and the monosac-
charide building block 2 is expressed as Formula VI-2:

VI-2
LG,

3
pgio PO

wherein PG® and PG* are acetyl, levulinyl, benzoyl, chlo-
roacetyl, dichloroacetyl, trichloroacetyl, pivaloyl, ally-
loxycarbonyl, 2-naphthylmethyl, p-methoxybenzyl,
tert-butyldimethylsilyl, tert-butyldiphenylsilyl, or tri-
ethylsilyl; and wherein LG is ethylthio, p-tolylthio,
phenylthio, bromine, fluorine, trichloroacetimidate,
N-phenyl trifluoroacetimidate or dibutyl phosphate.
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IV-¢

AcHN
HOOC
NH HN >~
AcHN
o
”OH

7. The method according to claim 5, wherein monosac-
charide building block 3 is used as raw material of 2,3-
diamido-D-glucuronic acid in the oligosaccharide chain, and
the monosaccharide building block 3 is expressed as For-
mula VI-3:

VI3
PG700C

PGSO O

LG,

NHPG®

wherein PG’ is trichloroacetyl, dichloroacetyl or chloro-
acetyl; PG® is benzyl, 2-naphthylmethyl, p-methoxy-
benzyl or levulinyl; PG is benzyl; and wherein LG is
ethylthio, p-tolylthio, phenylthio, bromine, fluorine,
trichloroacetimidate, N-phenyl trifluoroacetimidate or
dibutyl phosphate.

8. The method according to claim 7, wherein the mono-
saccharide building block 3 is used as raw material of
2,3-diamido-D-glucuronic acid in the oligosaccharide chain,
and the monosaccharide building block 3 is expressed as
Formula VI-3:

VI3
PG700C

PG%0 Q

NHPG®

wherein PG’ is trichloroacetyl, dichloroacetyl or chloro-
acetyl; wherein PG® is benzyl, 2-naphthylmethyl,
p-methoxybenzyl or levulinyl; wherein PG’ is benzyl;
and wherein LG is ethylthio, p-tolylthio, phenylthio,
bromine, fluorine, trichloroacetimidate, N-phenyl trif-
luoroacetimidate or dibutyl phosphate.

9. The method according to claim 5, wherein a compound
of'VI-4 is assembled as a linker raw material to the reducing
end of the oligosaccharide chain, and wherein PG® and PG*°
are benzyl or benzyloxycarbonyl;
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VI-4

10. The method according to claim 5, further comprises
preparing important intermediate 3-azidoglycosamine for
the monosaccharide building block 3, and wherein when
performing double inversion at 3-position,

1) 3-trifluoromethanesulfonyl glucosamine is subjected to
the Lattrell-Dax reaction to obtain 3-hydroxyl
allosamine;

2) the 3-hydroxyl allosamine is subjected to trifluo-
romethanesulfonylation to obtain 3-trifluoromethane-
sulfonyl allosamine; and

3) the 3-trifluoromethanesulfonyl allosamine is subjected
to azido nucleophilic substitution to obtain the 3-azi-
doglycosamine.

11. The method according to claim 5, comprising 11
reaction modules in turn, wherein the 11 reaction modules
are: A: glycosylation reaction; B: azido reduction and acety-
lation; C: quinovosamine 3-position deprotection; D: azido
reduction and protection by 2,2,2-trichloroethoxycarbonyl
(Troc); E: fucosamine 3-/4-position selective naphthylm-
ethyl protection; F: fucosamine 3-position acetylation; G:
azido reduction and butyrylation; H: removal of Troc and
modification to acetamidine; I: hydrogenation global depro-
tection; J: glucuronic acid 4-position deprotection; and K:
azido reduction and modification to acetamidine.

12. The method according to claim 5, comprising 11
reaction modules in turn, wherein the 11 reaction modules
are: A: glycosylation reaction; B: azido reduction and acety-
lation; C: quinovosamine 3-position deprotection; D: azido
reduction and protection by 2,2,2-trichloroethoxycarbonyl
(Troc); E: fucosamine 3-/4-position selective naphthylm-
ethyl protection; F: fucosamine 3-position acetylation; G:
azido reduction and butyrylation; H: removal of Troc and
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modification to acetamidine; I: hydrogenation global depro-
tection; J: glucuronic acid 4-position deprotection; and K:
azido reduction and modification to acetamidine.

13. The method according to claim 5, comprising 11
reaction modules in turn, wherein the 11 reaction modules
are: A: glycosylation reaction; B: azido reduction and acety-
lation; C: quinovosamine 3-position deprotection; D: azido
reduction and protection by 2,2,2-trichloroethoxycarbonyl
(Troc); E: fucosamine 3-/4-position selective naphthylm-
ethyl protection; F: fucosamine 3-position acetylation; G:
azido reduction and butyrylation; H: removal of Troc and
modification to acetamidine; I: hydrogenation global depro-
tection; J: glucuronic acid 4-position deprotection; and K:
azido reduction and modification to acetamidine.

14. The method according to claim 5, comprising 11
reaction modules in turn, wherein the 11 reaction modules
including: A: glycosylation reaction; B: azido reduction and
acetylation; C: quinovosamine 3-position deprotection; D:
azido reduction and protection by 2,2,2-trichloroethoxycar-
bonyl (Troc); E: fucosamine 3-/4-position selective naphth-
ylmethyl protection; F: fucosamine 3-position acetylation;
Gt azido reduction and butyrylation; H: removal of Troc and
modification to acetamidine; I: hydrogenation global depro-
tection; J: glucuronic acid 4-position deprotection; and K:
azido reduction and modification to acetamidine.

15. A Plesiomonas shigelloides vaccine, comprising the
linkered oligosaccharide chain fragment of the Plesiomonas
shigelloides serotype O51 O-antigen polysaccharide accord-
ing to claim 1, which services as the epitope; or, comprising
the linked oligosaccharide chain fragment of the Plesiomo-
nas shigelloides serotype O51 O-antigen polysaccharide
according to claim 2, which services as the epitope; or
comprising the linked oligosaccharide chain fragment of the
Plesiomonas shigelloides serotype O51 O-antigen polysac-
charide according to claim 3, which services as the epitope;
or comprising the linked oligosaccharide chain fragment of
the Plesiomonas shigelloides serotype O51 O-antigen poly-
saccharide according to claim 4, which services as the
epitope.



