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A PG-tbl hapten from the West Beijing strainshdfcobacterium tuberculosisell wall ha:
been efficiently synthesized and conjugated to GRNh a simple way as linkezquippe:
carbohydrate by applying squaric acid chemistry dor original neoglycoprotein, creatin
potent Tdependent conjugate vaccine. The intermediate nsb@oean be easily purified ¢
the degree of incorporation can be monitored by MATOF mass spectrometry. Af
administered systemically in mice without any adjuly the conjugate induced high antigen-
specific IgG levels in serum. Furthermore, follogirthe third immunization, significe
antibody titers frequently exceeding 0.8 millionrer@bserved in the sera of mice vaccin
with PG—CRMygy; conjugate which showed the potential for preparatif TB vaccine.

1. Introduction

mediating cytokines including tumor necrosis facadpha and
interleukin 12 and subsequent evidence demonstthiedwas

Tuberculosis (TB) is a worldwide infectious diseaaased by  §,e to PGL [8-12]. Thus, it is believed that PGL wdrksoncert
the bacteriumMycobacterium tuberculosigMtb). The best \yiih other factors to enhance the virulence Mitb. The
estimate is that there were 1.4 million TB death2045, and an  gjsciosure herein focuses on phenolic glycosykess (PG-tb1),
additional 0.4 million deaths resulting from TB eise among excluding the phthiocerol dimycocerosates part®EP
HIV-positive people [1]. A vaccine (BCG) is still cononly As is well known, pure oligosaccharides are poor imogems
used in human anti-tuberculosis, but their immumeventive ;4 most of them are TI antigens. Synthesis ofosigcharide
effect is not ideal, the overall effective rate prevention and neoglycoconjugates as vaccines could be a way teecoa Tl to
cure of not more than 50% [2,3]. With the emergeotenulti- antigen [13,14]. Glycoconjugate vaccines obtairteg

drug resistant strains and hypervirulent straimeygntion and
treatment of tuberculosis is crucial.

covalent linkage of poorly immunogenic sugar amigdo a
protein carrier play a crucial role in the preventiof many

SeveralMtb strains from Asia, Africa, and India were found to deadly infectious diseases [15,16]. Proteins anptiies are
synthesize closely related phenolic glycolipids (RBL) in 54)iy TD antigens since they require stimulafiam helper T

which the phthiocerol is connected to a glycosylapdanol.
PGL-tbl is suspected to be involved in hypervirakenf specific
Mtb strains [4,5]. The interplay d¥itb with the human host is
very complex, with PGL-tbl as one of the most unbsua
virulence factors modulating its defense systemd eausing
disease. The West Beijing strains bftb, HN878, W4, and
WA451, contain PGL as part of their cellular envelff&]. These
strains demonstrated reduced production of impbritamune-
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lymphocytes in order to elicit an immune respon$é,18].
Conjugate vaccines have been developed using $queartzin
carriers, one of which is CRM. CRM,47 is @ non-toxic mutant
of diphtheria toxin and is a well defined proteirdas utilized as
a carrier protein in a number of approved conjugateines for
diseases such as infections and have been dentedstrecellent
efficacy and safety [19-22].
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Precluded by the first synthesis of PGL-tbl [23], mmv
total chemically synthesized pure and molecularlgfird
construct and attached the triglycosyl phenol toMzR for
original neoglycoprotein. The squaric acid cheryistof
conjugation of two amine species discovered by €i¢p4] has
been shown to be a useful means for preparation
neoglycoproteins in this study. Furthermore, thisnoscript
describes one of our strategies to secure consistesbust
murine antibody responses to the small moleculaghte?G-tb1
hapten derived from W-Beijing strains. We would gofmm the
chemistry phase to evaluate the
monovalent glycoconjugate in mice. In addition, thensity of
PG-tb1 epitope on the protein surface can be eesityrolled by
the reaction ratio and characterized by Matrix AssisLaser
Desorption/lonization  Time-of-Flight Mass  Spectrorget
(MALDI-TOF-MS). This paper reports our initial rdtsitoward
the development of PG-tb1 conjugate vaccine.

2. Resultsand discussion
2.1.Chemistry
2.1.1 Synthesis &fG-tb1 triglycosyl phenol monomer

The synthetic strategy of hapténwas outlined in Schemg,
with an amine function as the linker, for use in jogation.
Retrosynthetic analysis of the glycosylated phemith a hexyl-
amine linker indicates that it can be chemicallgemsbled from
thiofucosyl donor 2, thiorhamnosyl donor3, p-iodophenol

rhamnoside acceptat and commercially available 6-chloro-1-
hexyne5. The building block®2, 3 and 4 were synthesized as

described previously [25].
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Scheme 1. Retrosynthetic analysis of PG-tbl monorher
| I
JJ pos
! Bnoﬂf Bnoﬁi
STol o 9 oL 50; BN
a I Oj;o?' b BnO
o073 ez B"O%Qz " e © oen
g ) 7
| 3 4 I s
o' oy

Scheme 2. Reagents and conditions: a) NIS, TfOH, 4 A molacsieves,
CH.Cl,, -25 11 to rt, 2h, 83%; b) (i) MeONa, MeOH, rt, 4h; (ii)nBr,
NaH, DMF, 0[] to rt, 2 h; (iii) PdC} (5 mol%), MeOH, 2071, 16 h, 65%,
over three steps; c) NIS, TfOH, @El,, 4 A molecular sieves, -25 to
rt, 2h, 81%; d) (i) MeONa, MeOH, 20, 4 h; (ii) Mel, NaH, DMF, 0
tort, 16 h, 83%.

With the required building blockg 3, and4 in hand, we could
enter the convergent part of the synthesis, dapictescheme 2.

The central rhamnose building blo8kwas equipped with a C2

participating group to ensures-selectivity and a readily

immunogenicity bé t

removable temporary protecting group in the C3 tpmsi[26].
The glycosylation reaction between thioglycoside ato® and
monosaccharide acceptéwas performed by activation witk-
iodosuccinimide (NIS) and trifluoromethanesulfoaiid (TfOH)
in dichloromethane at -25 °C, affording the reqdidisaccharide
d in an excellent 83% vyield. Debenzoylation under ZEm
conditions gave the alcohol in quantitative vyieldnd the
resulting alcohol was protected with a benzyl groygreatment
with  benzyl bromide and sodium hydride ilN, N
Dimethylformamide. Subsequent selectivedycised allyl ether
by catalytic PdCl in methanol afforded the disaccharidein
65% yield over three steps. The obtained disactbaccepto?
was welded together with fucose don@r under similar
glycosylation condition, yielding trisaccharid® in 81% yield
and completer-selectivity. The'H NMR and™*C NMR spectrum
of compound8 agreed with the reported data [25After
deacetylation and finally methylated by treatmerthvein excess
of sodium hydride and methyl iodide to furnish camapd9 in

good yield.
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Scheme 3. Synthesis of activated PG-tbl monomer. Reagents an
conditions: a) [PdG(PPh);], PPh, Cul, EgN, 40 1, 88%; b) Nal,
DMF, TBAI, 60 (1, 82%; c) Pd(OH)C, H,, EtOH-EtOAc, rt, 78%.

Another key step, Sonogashira cross-coupling reactio
between the terminal alkyng and iodophenyl trisaccharid®
gave the desiredlO in 88% vyield. The strategy avoided a
stereoselective glycosylation step with an activatsgccharide
in a late stage of the synthesis. It will be notedt tthe alkyne
function could be fully reduced to the correspogdaliphatic
fragment together with the removal of the benzyltgerting
groups and azido group reduction by only one si@padditional
advantage is that the amine group in the handltherreducing
terminus could be utilized to install a bifunctibfispacer” of the
required length that render them amenable to catimy

2.1.2 Preparation of PG-tb1 squarate derivative

The conjugation strategy whereby oligosaccharide is
covalently linked to protein to yield a conjugatacgine is a
major factor that influences the synthetic strategy
oligosaccharide assembly and deprotection. Furtbexmthe
chemistry of conjugation may further impart undaisie
immunological properties to the vaccine. In thisdst we used
the homobifunctional reagent, diethyl squarate [2&hich
afforded reproducible conjugation in high yieldsdan mild
conditions with small amounts of oligosaccharide pratein at
low concentration. Meanwhile, introduction of spac@iskers)
to either PG antigen or protein carriers, which igolaed in
commonly applied protocols, is not requiredhis strategy
involves a two-step, pH-dependent conjugation of amaines.
First, the alkyne-azide compoundl was reduced with
Pd(OH)/C under hydrogen atmosphere. Then, the resulting
amine was reacted with 5 equiv of the squaric acthgi ester
in ethanol/water solution followed by adding satutag®dium



carbonate solution at room
corresponding squaric acid amide edt2rThe product obtained

showed only moderate UV absorption at the wavelengtipolyacrylamide

characteristic of squaric acid. After that, the prtdwas easily
purified by column chromatography followed by freelrging to
give the PG-tbl squarate monomethyl ester as wioilie &
good vyield.'"H NMR and **C NMR of the methyl squarate

temperature affordinge th The purity and the degree of substitution of the-BRBM;

conjugates = was sulfate
on

High

analysed by sodium dodecyl
gelelectrophoresis  (SDS-PAGE)
homogeneous 12% polyacrylamide gels (Figure 1).
molecular weight protein bands were observed forpiefied
conjugate (lane 2-4) stained with CBB and no band<RM,y;
and diffuse are observed, confirming that the pebdas devoid

derivative 12 showed doubling of some signals due to theof residual unconjugated protein and suggestingdyemeity of

vinylogous amide character of the squarate addiscthas been
previously observed in Scheme 4 (see the Sl faildg{28]. The

the glycoconjugate molecule.
The degree of incorporation of the oligosaccharmteprotein

product12 owns excellent water solubility and immediately wasbackbone was determined by MALDI-TOF MS using sinapi

used for coupling purposes.
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Scheme 4. Synthesis of PG-tbl squarate conjugate and comjugéo
CRMg7 or BSA. Reagents and conditions: (a) squaric digthyl esters,
pH 8.0; (b)CRM197BSA, pH 9.0.

2.1.3 Synthesis and analysis of PG—protein congigat

Coupling of half estef2 to CRM,g; was performed over 72 h
in borate buffer (pH = 9.0) at ambient temperattwefdgrm ~3.0
mM solution with respect to the antigen; antigenleas 17:1).
Dialysis againsteionized water followed by lyophilization to

acid (SA) as the matrix. The expected glycoconjugaterage
MW of PG-CRMgy; and PG-BSA were 60277.7 Da and 76503.4
Da, respectively (Figure 2). On the basis of the M¥the
hapten, the ratio hapten/CR§ was 3.0:1 (conjugation
efficiency, 18%), the ratio hapten/BSA was 13.2:1n{agation
efficiency, 73%) as shown in Table similar to those published
for the coupling of oligosaccharides to CRMr BSA [19, 27,
29]. This corresponds to the incorporation of 1Rj@nds to BSA
and 3 ligands to CRMN; with a ~18 fold molar excess of
activated oligosaccharides. The non-integer numéfers to the
average degree of hapten substitution. This restdidd be
explained by glycoconjugates of this type are logfeneous with
respect to the precise number of ligands attachqutdtein and
with regard to the specific lysine residues that substituted.
Next, the conjugate containing PG-tbl epitope wasd use
evaluate immunogenicity by vaccination of mice.

Tablel
The conjugation of PG-tb1 with proteins.
Conjugate  Equiv haptefl Number of Conjugation
carrier protein  conjugated haptehs efficiency[%]
13 17:1 3.0 18
14 18:1 13.2 73

#Hapten is defined as triglycosyl phenol with squaid linker
® mmol hapten/mmol protein determined by MALDI-TOFSM

3
g

579814

>
=
g
>
£
o
<
o
it

%intensity
& 2 2
Felntensity
5 8 8

-4

20

36048 s2171 i 68294 84417 100‘540 70000
m/z

50000 ._-Gouuu
m/z

2
=

60277.7 A2 _7650;.4 B2

%intensity
ua
3
Intensi
g

60

afford PG-CRMy; 13 as white solid for use as a vaccine. In the 4 w0l

same way, half estef2 was conjugated to BSA following the
protocol described above (antigen/carrier = 1811)3i0 mL
borate buffer at ambient temperature2(0 mM solution with
respect to hapten) affording the corresponding ugate PG-
BSA 14. The molar ratio of activated half esti2 to protein
and observed hapten incorporation were tabulat@cloe 1.
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Figure 1. SDS-PAGE of PG-CRM; conjugate. The 12%
polyacrylamide gel was stained with Coomasie brilliblue. Lanes: M =
molecular weight markers; CRM; PG-CRMoy7 (1.0 pg); PG-CRMyy
(0.5ug); PG-CRMg7(0.2g).
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Figure 2. MALDI-TOF-MS profiles of CRMg7 (A1), PG-CRMg7 (A2),
BSA (B1), PG-BSA (B2).
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2.2.Biological evaluation

The immunogenicity of the vaccine was investigateihg
seven groups of 10 NIH female mice which were admirgste
subcutaneously over the lower abdomen at intervélswo

weeks employing three doses (g 2.0ug, 5.0ug of PG-tb1 in

100 pL of formulation per mouse) without any adjuvantdan
control group was vaccinated with sterile saline.|dvaihg
completion of the immunization regimen, enzyme-ddk
immunosorbent assays (ELISA) were performed to deter the
IgG serum antibody titers achieved for each groumict (Table
2 and Figure 3). To avoid possible cross-reactibgyween sera
raised against the PG-CRM conjugate and CRM,, we used
PG-BSA conjugate to coat plates.
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Table 2. Antibody titers of mice vaccinated with PG-CRM1&hjugate.

titer vs PG-CRM;

doseflg min. max median
0 3rd inj. 2555 360489 41432
0.5 2nd inj. 49960 611265 136728
0.5 3rd inj. 93914 400354 326530
2.0 2nd inj. 154527 360603 197022
2.0 3rd inj. 335048 882938 434427
5.0 2nd inj. 176418 825469 357764
5.0 3rd inj. 451464 1583020 768000
without any adjuvant, the conjugate induced highigent
specific 1gG levels in serum. As expected, this cgafe vaccine
also showed good immunogenicity in rabbits and quip&s
10 (unpublished result;). These results suggest tadbepnjugates
of the type described here should be useful tools the
® generation of high titer sera or monoclonal antibsdpecific for
10° A ,. oligosaccharide epitopes, and most likely also mthawv
= A o ‘ & e molecular weight haptens. On the other hand, oligdsates of
3“:: X t Ay VN ® this limited size are attractive candidates fomeacine, since they
%10' A ® can be produced economically by synthetic apprcached
— L also, it should be noted that increaseing the nundfePG
. 8 epitope on the conjugate and permitting their digespatial
1077 ° arrangement still requires more detailed study.
0 ® 4, Experimental section
A IBmmunizatioel b 4.1. ChemiStry

Figure 3. Trisaccharide specific antibody titers followingceination of
mice with glycoconjugate. Sera were collected affter 2nd (triangles)
and 3rd (circles) injections and assayed by ELISA BG-BSA
conjugate-coated microtiter plates. Panels reptesgperiments with
different vaccine formulations: (A) 045g; (B) 2.0ug; (C) 5.0ug; (D)

saline. Data points are titers for individual mid¢orizontal lines in
panels represent median values.

All the materials were obtained from commercial sigyp|
and were used without further purification. Air and istare
sensitive reactions were carried out under a stefrargon.
Solvents were purified according to standard proesjuif
required. CRMy; was kindly provided by Dr. X. Yu (Tianjin
Cansino Biotechnology Inc.). BSA was purchased fi®igma.
Thin-layer chromatography (TLC) was purchased fradDECo.

The results of our experiments from the systematiqiq. (German). The compounds were stained with 5%Q4 in

immunizations are encouraging. Even in the absehegjuvant,
the conjugate elicited specific IgG antibodies. Altengiven the
conjugate had increases in PG specific antiboay tfter two
doses, which increased further after the third d@sble 2).
Following the third immunization, significant antithp titers
frequently exceeding 0.8 million measured agaimstRG-BSA
conjugate were observed in the sera of mice vaanatth PG—
CRM,y7 conjugate (Figure 3, panel C). Our results showRiat
conjugated to non-toxic mutant of diphtheria tox highly
immunogenic in mice and induce a robust immuneaesp.

Mice given the PG-CRM-,vaccine with medium dose without
adjuvant had high IgG titers against the synthe@chRpten after
2 injections (medianr-197 000), while the third injection resulted
in a further increase of titer by more than a factb2 (median
~430000). By comparison, the IgG response after maticin
with saline was also observed with a low median IgG fite
41000 (Table 2). This result illustrated the nowrdje

ethanol and detection with UV light was employed when
possible. Flash column chromatography was perforomedilica
gel 300~400 mesh. NMR spectra were recorded on Bruker
AVANCE Il (400 MHz) instruments. Chemical shiftg)(were
reported in ppm downfield from TMS, the internalrstard; J
values were given in Hertz. High resolution ESI mgsscsa
were obtained at a hybrid IT-TOF mass spectrom&binfadzu
LCMS-IT-TOF, Kyoto, Japan). The molecular weights of
glycoconjugates were confirmed by Bruker ultrafleXise
MALDI-TOF/TOF mass spectrometer (Bruker Daltonics,
Bremen, Germany).

4.1.1 Synthesis of compouBdA mixture of compound dond
(804 mg, 1.60 mmol), acceptdr(500 mg, 1.06 mmol), and 4 A
molecular sieve (500 mg) in dry 5 mL @El, was stirred for 20
min at room temperature. The mixture was cooled dows25
°C andN-iodosuccinimide (NIS, 710 mg, 3.16 mmol) and tifli

recognition on account of the low number of PG epitop acid (27.8uL, 0.31 mmol) were added. After stirring for 15 min

displayed on the carrier protein. In contrast totibenly
responses, groups vaccinated with three doses shaigraticant

at -25 °C, the reaction mixture was warmed to roompterature
and stirred for another 30 min when TLC indicatect th

differences P<0.05) in immunogenicity compared with saline completion of the reaction. The reaction mixture wastralized

group after the second or third immunization.
3. Conclusions

A PG-tbl hapten from the West Beijing strainstb cell
wall has been synthesized and conjugated to GRMN applying
squaric acid chemistry for original neoglycoprote@meating a
potent T-dependent conjugate vaccine. The conjogati
described herein is much simpler and less laboyiaud afforded
conjugates in good yield. After administered systathy in mice

by E&N (0.1 mL), filtered and concentrated under reduce
pressure.Chromatography (petroleum ether/ethyl acetate 5:1)
afforded the title compoungl

4.1.1.1 pliodophenyl (3-O-allyl-2-O-benzoyl-4-O-benzyl--
rhamnopyranosyh (1—3)-(4-O-benzyl-2-O-methyh-

L - rhamnopyranosideg). Obtained from compound don8rand
acceptor4 following the procedure described above. Column
chromatography gave title compound as colorlessps{ir52 mg,
83%)."H NMR (400 MHz, CDCJ) 6 8.01 — 7.95 (m, 2H), 7.55 —



7.44 (m, 3H), 7.40 () = 8.2 Hz, 2H), 7.32 — 7.10 (m, 10H), 6.70
- 6.76 (m, 2H), 5.78 (dddl = 22.5, 10.8, 5.6 Hz, 1H), 5.60 (s,
1H), 5.41 (s, 1H), 5.18 — 5.09 (m, 2H), 4.97Jd; 10.4 Hz, 1H),
4.84 (dd,J = 21.2, 10.8 Hz, 2H), 4.57 (dd,= 19.6, 10.8 Hz,
2H), 4.15 — 4.06 (m, 2H), 3.95 — 3.90 (m, 3H), 3.63.58 (m,
2H), 3.49 — 3.42 (m, 5H), 1.32 (d,= 6.0 Hz, 3H), 1.17 (d] =
6.4 Hz, 3H).”*C NMR (100 MHz, CDG)) & 165.63, 156.27,
138.55, 138.49, 138.00, 134.80, 133.26, 130.11,.9829
128.57, 128.51, 128.48, 128.35, 128.10, 127.92,.887
118.70, 117.13, 99.93, 94.88, 84.89, 80.17, 80&m01,
78.86, 77.78, 75.66, 75.54, 70.70, 69.92, 69.0%50%&9.05,
18.49, 18.09The'H and**C NMR spectra were consistent with
those reported [25].

4.1.2 Synthesis of compouBdA mixture of compound dond&
(347 mg, 0.94 mmol), acceptdr(500 mg, 0.63 mmol), and 4 A
molecular sieve (500 mg) in GEI, (8 mL) cooled down to -25
°C andN-iodosuccinimide (NIS, 418 mg, 1.86 mmol) and teifli
acid (22pL, 0.25 mmol) were added. After stirring for 15 nain
-25 °C, the reaction mixture was warmed to room teatpes
and stirred for another 10 min when TLC indicatece th
completion of the reaction. The reaction mixture wagnched

compound9 and commercially available 6-chloro-1-hexybe
following  the  procedure  described above.  Column
chromatography gave title compound as yellow sy@gb mg,
88%)."H NMR (400 MHz, CDC}) 6 7.30 — 7.18 (m, 20H), 6.90
(d,J=8.8 Hz, 2H), 5.44 (s, 1H), 5.21- 5.09 (m, 3H), 448 =
11.6 Hz, 1H), 4.60 — 4.47 (m, 3H), 4.20 — 4.12 (m, ZH)P (dd,
J= 9.4, 2.8 Hz, 1H), 3.87 (dd,= 15.2, 6.4 Hz, 1H), 3.78 — 3.40
(m, 17H), 3.25 (s, 3H), 3.13 (s, 1H), 2.37 ]t 6.8, 2H), 1.88
(dt,J =14.8, 6.4, 2H), 1.66 (di,= 14.8, 7.2, 2H), 1.26 (d,= 6.4
Hz, 3H), 1.15 (dJ = 6.0 Hz, 3H), 0.90 (d) = 6.4 Hz, 3H).*C
NMR (100 MHz, CDC}) & 155.89, 139.26, 138.57, 138.48,
132.99, 128.53, 128.34, 128.30, 127.73, 127.61,.5127
127.40, 127.28, 127.23, 117.61, 116.30, 99.68,1998.91,
88.28, 80.84, 80.53, 80.30, 80.04, 79.92, 79.5632/9/9.06,
77.98, 75.07, 74.82, 71.55, 69.05, 68.90, 66.4816159.21,
59.07, 58.08, 53.53, 44.68, 31.74, 26.06, 18.81341818.03,
16.64.HRMS m/z calcd for GHgClO,sNa[M+Na]™: 995.4319,
found: 995.4324.

4.1.4 Synthesis of compouftl. To a solution of compountio
(435 mg, 0.45 mmol) in dry DMF (5 mL) were added N§RB6
mg, 4.4 mmol) and TBAI (163 mg, 0.44 mmol). Afteirratg

by EtN, filtered, and concentrated under reduce pressureyvernight at 60 °C, the reaction mixture was dilutéth EtOAc

Chromatography (petroleum ether/ethyl acetate &fbrded the
titte compoundB.

4121 pliodophenyl (3,4/dil 1Ol acetyl-
2[10methyllal L[ fucopyranosyl} (1—3)- (2,4- di- O- benz
yl- a- L-rhamnopyranosy) (®3)- (4- O- benzyl 20- me
thyl)- a - L - rhamnopyranoside 8). Obtained from compound
donor2 and acceptor following the procedure described above.
Column chromatography gave title compound as yelsynup
(532 mg, 81%)'H NMR (400 MHz, CDCJ) 6 7.50 (d,J = 8.8 Hz,
2H), 7.30 — 7.19 (m, 16 H), 6.78 @@= 9.2 Hz, 2H), 5.42 (d] =
1.4 Hz, 1H), 5.25 — 5.18 (m, 4H), 5.08 {d7 11.6 Hz, 1H), 4.97
(d,J=2.4Hz, 1H), 4.76 (d] = 11.6 Hz, 1H), 4.58 — 4.53 (m, 3H),
4.19 — 4.13 (m, 2H), 4.03 (dd,= 9.6, 3.2 Hz, 1H), 3.92 — 3.85

(m, 1H), 3.74 3.57 (m, 5H), 3.50 — 3.44 (m, 5H), 3.18 (s, 3H),
2.05 (s, 3H), 1.95 (s, 3H), 1.28 (@= 6.4 Hz, 3H), 1.15 (d] =
6.4 Hz, 3H), 0.68 (dJ = 6.4 Hz, 3H)**C NMR (100 MHz,

(15 mL), washed with brine, dried over Mg&Qiltered and
concentrated under reduce press@ieromatography (petroleum
ether/ethyl acetate 1:4fforded the title compountil.

414.1 (6-(4 hydroxyphenyl}azido-5-hexyne)-yl
(2,3,4- tri- O- methy} a- L - fucopyranosyl} (%3)- (2,4- di

- O- benzyt a- L - rhamnopyranosyh) (@3)- (4- O- benzwy
2- O- methyl} a- L-rhamnopyranosid (11). Obtained from
compoundl0 following the procedure described above. Column
chromatography gave title compound as yellow sy@g7 mg,
82%)."H NMR (400 MHz, CDCJ) § 7.33 — 7.17 (m, 19H), 6.92
(t, J = 8.8 Hz, 2H), 5.50 — 5.39 (m, 1H), 5.26 — 5.09 (iH),3
4.80 (d,J=11.6 Hz, 1H), 4.66 — 4.47 (m, 3H), 4.19 (d&; 12.2,
8.2 Hz, 2H), 4.07 — 4.00 (m, 1H), 3.89 (dgs 12.4, 6.0 Hz, 1H),
3.76 (s, 1H), 3.72 — 3.42 (m, 16H), 3.32 — 3.22 (hh), B.15 (s,
1H), 2.39 (tJ = 6.8 Hz, 2H), 1.71 (dt] =15.2, 6.0, 2H), 1.61 (dt,
J=14.8, 6.4, 2H), 1.26 (d,= 6.4 Hz, 3H), 1.15 (d] = 6.4 Hz,
3H), 0.90 (d,J = 6.4 Hz, 3H)*C NMR (100 MHz, CDG)) &

CDCly) 6 170.63, 170.15, 156.29, 139.24, 138.49, 138.29155.91, 139.27, 138.59, 138.48, 133.00, 128.54,.3828

137.89, 128.66, 128.60, 128.30, 127.41, 127.24,.7118
99.64, 99.35, 94.80, 84.92, 80.20, 79.94, 79.89/3/98.15,
75.78, 75.18, 74.85, 71.57, 71.34, 70.28, 69.00&%%4.57,
59.33, 58.96, 21.10, 20.83, 18.31, 18.06, 16T08'H and"*C
NMR spectra were consistent with those reported [25].

4.1.3 Synthesis of compoub@d A stock solution of catalyst was
prepared by mixing PRH9.9 mg, 38umol), Cul (14.4 mg, 76
pmol) and PdG(PPh), (26.4 mg, 38umol) in freshly distilled
Et;N (18 mL) and stirring this solution at 40 °C for dBn. Then,
12.2 mL of this stock solution was added to a sofutdf 6-
chloro-1-hexynes (0.6 mL, 5.1 mmol) and trisacchari®e(500
mg, 0.51 mmol) in freshly distilled B (6.0 mL). The reaction
was then stirred at 40 °C for 2 h. The reaction whgedl with

EtOAc (50 mL), washed with ag. HCI (2 Mx20 mL) and brine
(30 mL), and dried (N&QO,). The solvent was removed under

reduced pressure. Chromatography (petroleum ethgk/fcetate
1:2) afforded the title compountD.

4,131 (6-(4 hydroxyphenyl)}chloro-5-hexyne)-yl
(2,3,4- tri- O- methy} a- L - fucopyranosyl) (#3)- (2,4- di
- O- benzyt a- L - rhamnopyranosyh (43)- (4- O- benzy
2- O- methyl}y a- L - rhamnopyranoside(10). Obtained from

128.31, 127.74, 127.62, 127.52, 127.41, 127.27,.2827
117.67, 116.30, 99.69, 99.52, 94.90, 88.25, 80&B52,
80.31, 80.05, 79.91, 79.58, 79.31, 79.08, 77.98)8/54.84,
71.55, 69.06, 68.90, 66.46, 61.82, 59.21, 59.08)%&3.54,
51.16, 28.15, 25.97, 19.10, 18.35, 18.04, 16HBMS m/z
caled for GsHeNzOisNa [M + Na]: 1002.4728, found:
1002.4723.

4.1.5 Synthesis of compoutid Palladium hydroxide on carbon
(10%, wetted with ca. 50% water) was added to a isoluf
compound1l (150 mg, 0.15 mmol) in EtOAc (0.8 mL) and
EtOH (0.2 mL) under nitrogen. The mixture was stiraédoom
temperature under atmospheric presswdd# MPa) for 24 h.
Then, the catalyst was filtered through Celite dreldolvent was
removed under reduced pressure. Crude was purifiezblomn
chromatography (CCl,/MeOH 1:1) to give compountl

4151 (6-(4 hydroxyphenyl}hexylamine)-yl
(2,3,4- tri- O- methy} a- L - fucopyranosyl} (3>3)- a- L-
rhamnopyranosy (1—3)- (2- O- methyl} - L - rhamnopyran
oside (). Obtained from compountil following the procedure
described above. Column chromatography gave tdglapound
as white solid (82 mg, 78%).
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'H NMR (400 MHz, DO) § 7.32-7.23(m, 2H), 7.14-7.07
(d, m, 2H), 5.72 (s, 1H), 5.42 (d= 3.6 Hz, 1H), 5.10 (s, 1H),
4.21 — 4.06 (m, 3H), 3.96 — 3.79 (m, 5H), 3.74 {i), 3.69 —
3.47 (m, 15H), 2.98 (J = 7.4 Hz, 2H), 2.62 (tJ = 7.4 Hz,
2H), 1.71 — 1.55 (m, 4H), 1.46 —1.33 (m, 7H), 1(8QJ = 6.4
Hz, 3H), 1.24 (d,J = 6.2 Hz, 3H).*C NMR (100 MHz,

CDCly) 6 154.68, 136.36, 129.46, 116.42, 102.21, 100.58

95.31, 82.40, 80.79, 80.18, 79.20, 79.04, 78.8635(77/3.57,
72.26, 71.66, 71.22, 69.32, 69.10, 67.53, 61.98,40%9.00,
57.75, 40.16, 34.99, 31.36, 28.66, 27.69, 26.59)11817.95,
16.80.HRMS m/z calcd for @Hs/NO;sNa[M + Na]™: 710.3728,
found: 710.3722.

4.1.6 Synthesis of compouh@d Amine 1 (50 mg, 0.073 mmol)
was dissolved in a 1:1 solution of ethanol/water (9,rand 3,4-
diethoxy-3-cyclobutene-1, 2-dione (5%L, 0.37 mmol, 5
equivalent) was added. A saturated solution of sondiarbonate
was then added in [2L aliquots, allowing the reaction to stir for
5 min between additions. The addition was continusil TLC
analysis indicated the free amine had been contpletaverted
into a faster moving product. The reaction mixtuvas then
concentrated and purified by a hydrophobic intéoact
chromatography Sephadex LH-20 column using distilater as
eluent. The product was lyophilized to afford the-tB® squarate
monomethyl estet2.

4.16.1
dioxocyclobut-1-en))-yl

(2,3,41tri10methylla- L - fucopyranosyl} (3>3)- a- L-
rhamnopyranosy (1—3)- (2- O- methyl)} «- L - rhamnopyra
noside(12). Obtained from compound following the procedure
described above. The product was purified by a Ipfuvbic
interaction chromatography Sephadex LH-20 columd ams
lyophilized to gave title compoun#i2 as white solid (54 mg,
92%)."H NMR (600 MHz, DO) 6 6.87 (d,J =16.0 Hz, 4H), 5.43
(s, 1H), 5.35 (s, 1H), 5.00 (s, 1H), 4.54 Jd&; 20.6 Hz, 2H), 4.10
(d,J = 14.0 Hz, 2H), 3.93 (s, 1H), 3.80 @7 20.4 Hz, 3H), 3.68
(s, 2H), 3.63 — 3.33 (m, 18H), 3.22 (s, 1H), 2.322(4), 1.55 —
0.91 (m, 22H)°C NMR (100 MHz, QO) & 188.96, 188.52,
182.89, 182.66, 176.91, 176.50, 173.12, 172.81,1154.36.36,
129.20, 116.63, 102.45, 97.86, 94.82, 79.92, 78880, 76.81,
71.46, 71.22, 70.37, 69.96, 69.41, 66.87, 61.455%857.13,
56.78, 44.30, 34.62, 31.08, 30.08, 28.35, 25.92241715.68,
15.47, 15.39. HRMS m/z calcd fopdBlggNO;s[M-H] : 810.3912,
found: 810.3906.

4.1.7 General procedure for the synthesis and chareamation of
glycoconjugates

CRM,g7 (30 mg, 0.52umol) was dissolved irborate buffer
(Na,B,O; 0.07 M, KHCQ 0.035 M, pH 9.0). When all protein
had dissolved, compourt? (8 mg, 9umol) was added and the
solution was slowly stirred at room temperature f& M.
Conjugation of BSA (20 mg, 0.38nol) and compound2 (5 mg,
6 pmol) followed the same procedure above. After that, t
remove the low molecular mass material, the reaatnxture
was further purified by ultrafiltration using ceirfagal filter
devices (30K Amicon Ultra, Millipore) against deioad water
(10 mL) where the final volume after concentrationswao
greater than 1 mL (centrifugation af@ , 3000, 7 times, ~ 30
min each time). The final retentate was lyophilizedafford
glycoconjugate as white solid (31.4 mg PG-CRMNd 23 mg
PG-BSA). The characterization of the glycoprotein wagied
out by sodium dodecyl sulfate polyacrylamide getabphoresis

(SDS-PAGE). Hapten to protein ratio was determined by

MALDI-TOF-MS in positive linear ion mode using spiaic
acid (SA) as matrix.

((6-(41hydroxyphenyl)-1-aminohexyl)-(2-ethoxy-3,4-

4.2 Biological evaluation

Female 3-week-old (NIH) mice free of common viral
pathogens were acquired from Beijing Vital River Letory
Animal Technology Co., Ltd. and were bred at 22 +W5on a
12/12 h light-dark cycle from 7 a.m. to 7 p.m.. plocedures
and protocols were approved by the Institutional AalilGare
and Use Committee. Vaccine doses were formulatedrtain
0.5ug, 2.0ug, 5.0ug of PG-tbl in 10QuL of formulations. Mice
were immunized two or three times at 2 week interveith
vaccine formulation (10QuL) administered by subcutaneous
injections. Enzyme Linked Immunosorbent Assay (ELISA)
ELISAs were conducted on serum samples which werectetle
after the 2nd and 3rd injections. We coated ELIS#&tgs with
PG-BSA (5ug/mL) in carbonate buffer (pH 9.6). After washing
with PBS containing 0.1% Tween (PBST), wells weredileth
100 uL/well of serial dilutions of sera (starting from fp BSA
(1%) in PBST was used for dilutions to prevent npaeific
binding. Plates were sealed and incubated for 1 moain
temperature. After washing with PBST, a reporter aatyb(anti-
mouse IgG, HRP conjugate) in 1% BSA PBST, at a ditutid
1/10000 was applied and plates were incubated forafl room
temperature. Plates were washed again with PBST alwl co
developed with a HRP substrate system for 15 min.r&hetion
was stopped with 2 M sulphuric acid and absorbance wa
measured at 450 nm in an ELISA plate reader.
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An original neoglycoconjugate of PG-CRM ;g7 has been synthesized.
The application of squaric acid chemistry afforded conjugatesin good yield.

The conjugate without any adjuvant induced high antigen-specific 1gG levelsin mice.



