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Biotin conjugate of the most potent ligand for mouse CD22 was designed and synthesized. The key syn-
thetic step involved the dual capability of Hanessian reaction for debenzylation and simultaneous con-
version of the anomeric p-methoxyphenyl group into the corresponding phenylthioglycoside in one
step. Competition enzyme-linked immunosorbent assay (ELISA) for testing the binding affinity of syn-
thetic sialosides was developed based on this biotinylated ligand.

� 2009 Elsevier Ltd. All rights reserved.
CD22 (Siglec-2) is an a2,6 linked sialic acid-recognizing recep-
tor that is specifically expressed on B lymphocytes (B cells) and B
cell lymphoma cells, and is involved in regulation of B cell signal-
ling. It has been established as a target for immunotherapy of B cell
lymphomas and autoimmune diseases.1,2 Recently, we have re-
ported the design and synthesis of a series of sialic acid-based
compounds that competitively block binding of CD22 to its natural
ligands. Compound 1 (Fig. 1) is the most potent compound for
mouse CD22 (mCD22) that we have obtained.3

Synthetic ligands tagged with biotin have frequently been uti-
lized to detect, localize, characterize and recover the target pro-
tein.4 Moreover, in order to pursue CD22 as a drug target, precise
and reproducible binding assays need to be developed. To address
this goal we synthesized a biotinylated derivative of 1 (compound
2) which could bind to streptavidin coated materials such as plastic
plates, sepharose/agarose beads and sensor chips. Introduction of
an inert hydrophilic oligoethylene glycol spacer between the biotin
and the carbohydrate moiety is expected to give a well defined
interface, minimize non specific binding, enable the desired orien-
tational flexibility and enhance the access of binding partners.5

Accordingly, compound 2 would be a versatile probe for studying
the specificity and sensitivity of CD22 binding. In the design of a
biotinylated ligand, it is critical to identify a suitable position for
biotinylation of the ligand so that the biotin tag will not compro-
mise the binding of the ligand to its target protein. Based upon
ll rights reserved.
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our predicted binding model for compound 1,3 the aglycone part
does not have a specific interaction with CD22. In comparison,
the 9-(40-hydroxy-4-biphenyl)acetamido substituent buries into a
hydrophobic pocket adjacent to C-9 of sialic acid moiety, so a bio-
tin tag at this ring system would clash with the binding site and
decrease ligand binding to CD22.

Therefore, the biotinylated compound 2 (Fig. 1) was designed in
which the p-methoxyphenyl group was replaced with propargyl
group. The azidolinked biotin tag 7 is then coupled to alkyne via
the Cu(I)-catalyzed 1,3-dipolar cycloaddition reaction. The synthe-
sis of compound 2 is detailed in Scheme 1. We designed two syn-
thetic strategies to synthesize the key intermediate 5. In the first
route, 1 was postulated as a precursor to introduce the anomeric
propargyl group. In the second strategy, 3 was envisioned as a pre-
cursor to 5. Our initial strategy was to start with 1 and was sup-
posed to involve the following sequence of reactions; preparation
of methyl ester, benzoylation, deprotection of the anomeric p-
methoxyphenyl, imidate formation and finally glycosylation with
propargyl alcohol. However, methods for the esterification that
we could use were severely limited. In addition to the known sen-
sitivity of glycosidic bond for acidic medium, we could use neither
diazomethane nor MeI/Na2CO3 due to the presence of phenolic hy-
droxyl group. Esterification of 1 by dowex 50W-X8 in methanol, as
recently reported for closely related sialoside,6 gave 30–40% yield.
This disappointing result lets us to focus on our second strategy;
that is to start with 3 since we have sufficient amount from our
previous study.3 Cleavage of benzyl ether protecting group with
PhSSiMe3 in the presence of ZnI2 and Bu4NI was first reported by
Hanessian.7 The same condition has also been used for the direct
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Figure 1. CD22 ligand and its biotinylated form.
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conversion of alkyl glycoside to their corresponding thioglyco-
sides.8 On the other hand, the anomeric p-methoxyphenyl was
converted into the corresponding phenylthioglycoside with
PhSH/BF3

9 or PhSSiMe3/BF3.
10

Based on these data, Hanessian reaction method was employed
for selective debenzylation of 3. Fortunately, simultaneous conver-
sion of p-methoxyphenyl to the corresponding phenylthioglyco-
side has occurred in one step. Thioglycoside formation probably
occurred before debenzylation since the former reaction normally
proceeds relatively fast.10 Direct acetylation of the product in the
presence of DMAP afforded compound 4 in 80% yield (two steps).11
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Scheme 1. Reagents and conditions: (i) (a) 10 equiv PhSSiMe3, 5 equiv ZnI2, 1.5 equiv Bu
CH2Cl2, MS 4 , �60 �C to 0 �C, 8 h,70%; (iii) (a) LiOH EtOH/H2O; (b) Me3P, MeOH/H2O,
ascorbate, H2O/t-BuOH = 1/1, 60%.
For glycosylation of phenylthioglycoside donor 4 with the propar-
gyl alcohol acceptor we tried the promoter system; 1-benzenesul-
finyl piperidine/triflic anhydride (BSP/Tf2O) as a potent thiophilic
activator system was developed by Crich and coworkers.12 This
method has been demonstrated to afford high glycosylation yield
and excellent stereoselectivity through the formation of glycosyl
triflate intermediates. Fortunately, clean reaction was observed
using the reported protocol; thioglycoside 4 was treated with
BSP, tri-tert-butylpyrimidine and molecular sieves in dichloro-
methane at �60 �C, followed by the addition of the Tf2O and a solu-
tion of propargyl alcohol in dichloromethane. The propargyl
HO
2 equiv.
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4NI, DCE, 60 �C, 36 h; (b) Ac2O, DMAP/pyridine, two steps 87%; (ii) BSP, TTBP, Tf2O,
rt, 24 h; (c) NHS ester, NaHCO3, MeCN/H2O, three steps 50%; (iv) CuSO4, sodium



Figure 2. Results of competition ELISA. Inhibition of binding of CD22Fc to compound 2 by model compounds are shown (mean ± SD of triplicates).
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glycoside 5 was obtained in good yield (70%) and excellent stere-
oselectivity, only trace amount of the a-glycoside was detected
in 1H NMR spectrum of the crude product, and none could be iso-
lated. The stereochemistry of the new glycoside was confirmed to
be b from 1H NMR spectrum, d 5.03 (d, J1,2 = 8.24 Hz, H-1Gal).13

Complete deprotection of 5 by hydrolysis with LiOH followed by
chemoselective reduction of azide using trimethylphosphine in
aqueous methanol afforded the corresponding free amine, which
acylated directly with the N-hydroxysuccinimide ester of 40-
hydroxylbiphenyl-4-acetic acid3 to provide 6 in 50% yield.14 The
azidolinked biotin 7 was prepared as reported.15 Cu(I)-catalyzed
1, 3-dipolar cycloaddition reaction of the alkyne derivative 6 with
the azido derivative 7 was carried out at ambient temperature in
the presence of CuSO4 and sodium ascorbate in a mixture of 1:1
t-BuOH–H2O to furnish 2 in 60% yield.16 This method of click bio-
conjugation is attractive because it is simple, completely atom eco-
nomical, tolerant of virtually all other chemical functionality and
compatible with aqueous reaction conditions.17

Previously, we used the cell-based assay for measuring the
binding affinity of synthetic sialosides for CD22.3 The reproducibil-
ity of the results was not so high and extensive experimentation
was required to get accurate results. To overcome this problem
we developed a competition enzyme-linked immunosorbent assay
(ELISA) based on compound 2.18 The binding affinity of various
synthetic sialosides was accurately and reliably determined as
shown in Figure 2 for model compounds (Table 1).
Table 1
Structures of the model compounds

O

COOHY

RHN

OH
HO

HO
O

OH
HO

O
HO

OX

Compd Y R X

Neu5Aca2-6GalbSE OH Ac SE
Neu5Gca2-6GalbSE OH Gc SE
GSC-715 OH Gc MP
GSC-633 NH2 Gc MP

GSC-660

CH2CONHHO
Gc MP

MP, p-methoxyphenyl; SE, 2-(trimethylsilyl)ethyl.
In conclusion, we have described the design and synthesis of
biotinylated CD22–ligand 2. The dual capability of Hanessian reac-
tion method for selective debenzylation and simultaneous conver-
sion of the anomeric p-methoxyphenyl group into the
corresponding phenylthioglycoside is reported for the first time.
Compound 2 is being used as a biological tool to study its applica-
tion for the analysis of CD22 interactions and generation of B cell-
binding materials.
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