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Microarray-based technologies are well established in the field
of genomics and proteomics and have also been developed
into a powerful tool in the glycosciences (glycomics).[1] The
large diversity of saccharide structures and their many different
types of interactions are well suited to array-format testing.[2]

In order to advance glycoarray methodologies and to investi-
gate carbohydrate recognition on surfaces, methods for glyco-
array fabrication, characterisation and interrogation are re-
quired.[3] Much effort has been expended on the fabrication of
glyco-SAMS (self-assembled monolayers) on gold[4] and, for ex-
ample, on the modification of glass slides with carbohydrates.[5]

However, the easiest and least expensive format for both labo-
ratory studies and high-throughput testing of carbohydrate in-
teractions are polystyrene microtiter plates.[6] In order to immo-
bilise relatively hydrophilic bioprobes such as carbohydrates
on the hydrophobic polystyrene surface, functionalised plates
have become available that allow the chemical attachment of
bioprobes, for example by peptide coupling reactions. In addi-
tion, a variety of other, more chemoselective attachment strat-
egies have been developed[7] and these have been utilised in
an array format, such as thiol-maleimide ligation,[8] Diels–Alder
reactions[4a, 9] and “click chemistry”.[10] Click chemistry (CuI-cata-
lysed ligation of alkynes to azides) has also become popular
for the chemoselective immobilisation of carbohydrates; how-
ever, it can be problematic in investigations with live cells, as
the added copper catalyst is cytotoxic.[11, 12a] Thus, many modifi-
cations have been made to this ligation strategy so that it can
be performed in a copper-free fashion.[12] These methods have
contributed considerably to the field, but increase the synthet-
ic effort that is required to make the starting materials for
copper-free click chemistry available.

We have recently suggested thiourea bridging as a click-
type reaction for the ligation of carbohydrates on surfaces.
This reaction was combined with triazole ligation in a “dual-
click” approach.[13] Here, it was our goal to employ thiourea
bridging for fabrication of glycoarrays on polystyrene microtit-
er plates, to allow assaying of carbohydrate recognition in a op-
timally easy and flexible way. Thiourea bridging has been used
before for the synthesis of a variety of multivalent glycomimet-
ics and for the decoration of functionalised microtiter plate
surfaces.[14] Thiourea bridging requires a surface that is func-
tionalised with either isothiocyanato or amino functions. We
considered that it would be best to utilise standard noncova-

lent modification of polystyrene plates with long chain alkyl
derivatives, and combine this with a covalent ligation step, thi-
ourea bridging. Recently, a similar approach has utilised cyan-
ates.[15] Carbohydrate amines and carbohydrate isothiocyanates
are, however, much easier to obtain than carbohydrate cyan-
ates.[16] Thus, noncovalent immobilisation of NH2- or N-chloro-
succinimide (NCS)-terminated long-chain hydrocarbons and
subsequent thiourea bridging with a complementary function-
alised carbohydrates would provide a simple tandem strategy
for glycoarray fabrication of hydrophobic surfaces (Scheme 1).

For the noncovalent modification of polystyrene microtiter
plates, dodecylamine and dodecyl isothiocyanate were select-
ed. This first immobilisation step was followed by thiourea
bridging with a suitable carbohydrate derivative and subse-
quent carbohydrate-specific read out. For the testing system,
mannose-specific bacterial adhesion was employed with green
fluorescent protein (GFP)-tagged Escherichia coli bacteria
(pPKL1162). Here, bacterial adhesion correlates with intensity
of fluorescence, which can be measured by using a standard
microtiter plate reader.[17] Mannose specificity of E. coli adhe-
sion is mediated by type 1 fimbriae that project from the bac-
terial surface. These have a terminal lectin, FimH, the structure
of which is known from X-ray analysis.[18] Many synthetic antag-
onists for FimH-mediated carbohydrate recognition have been
synthesised and tested, to inhibit bacterial adhesion in anti-
adhesion therapy.[19]

Thus, for our study, a selection of inhibitors of type 1 fim-
briae-mediated bacterial adhesion was used. For ligation to
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Scheme 1. Tandem functionalisation of microtiter plates: A combination of
hydrophobic modification with long chain NCS- and NH2-terminal hydrocar-
bons and covalent thiourea bridging with complementary carbohydrate de-
rivatives leads to the formation of stable glycoarrays on polystyrene.
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a polystyrene surface modified with either dodecylamine or
dodecyl isothiocyanate, inhibitors of bacterial adhesion have to
be NCS- or NH2-functionalised, respectively. Hence, mannno-
sides 1 and 3 were used to “click” to the NCS-functionalised
surface, and 2 and 4 were used to ligate to the NH2-functional-
ised surface (Scheme 2). Mannoside 5 and glucoside 7 were

used as control compounds. The amino-functionalised glyco-
sides 1 and 3 were prepared as previously described.[20] The
synthesis of the known isothiocyanates 4 and 7[21] was consid-
erably improved, thereby delivering the pure products after
simple precipitation from aqueous solution in high yield and
purity (see the Supporting Information). It was important to
perform the synthesis of the isothiocyanates in water rather
than in alcohol solution, to prevent thiocarbamate forma-
tion.[22]

Mannosides 8 and 9 have recently been described as high-
affinity antagonists of FimH,[23] and thus an amino-functional-
ised manoside derivative was selected in this tandem approach
for glycoarray fabrication, to test adhesion of mannose-specific
live bacterial cells. Therefore, amine 11 was synthesised by
starting from 8 (Scheme 3). To prevent possible dimer forma-
tion, mono-Boc-protected ethylene diamine was employed in

the reaction, thereby leading to the respective N-Boc-protected
squaric acid (SA) diamide 10 in high yield. Subsequent removal
of the Boc protecting group with TFA provided the target
amino-functionalised SA diamide 11 in excellent yield
(Scheme 3).

Having obtained a collection of NCS- and NH2-functionalised
glycosides, thiourea bridging on modified polystyrene surfaces
was then tested. As expected, thiourea bridging in solution
was a high-yielding and efficient reaction with the derivatives
employed (Supporting Information). To test thiourea bridging
on polystyrene microtiter plates, in the first instance commer-

cially available dodecylamine was employed for non-
covalent modification of the polystyrene surface.
Then, isothiocyanates 2 and 4 were used in the cova-
lent modification step, followed by bovine serum al-
bumin (BSA) blocking. Type 1 fimbriated fluorescent
E. coli bacteria (pPKL1162)[17, 24] were allowed to ad-
here, and, after appropriate washing steps, bacterial
adhesion was determined by fluorescence read out.
Concentration-dependent bacterial adhesion was ob-
served as expected (Figure 1, left). The aryl manno-
side 4 clearly formed a more adhesive glycoarray
than ethyl mannoside 2 on the same surface. This
finding was in accordance with earlier studies on the
affinity of various mannosides to type 1 fimbrial
lectin.[23] p-Nitrophenyl mannoside (pNPMan, 5) was

used as control, and no significant bacterial adhesion was ob-
served. This finding was as expected, because pNPMan cannot
ligate to the amino-terminated surface. NCS-functionalised glu-
coside 7 was also used as a negative control ; it underwent thi-
ourea bridging but did not facilitate mannose-specific bacterial
adhesion (see Figure S15 in the Supporting Information). Both
control experiments proved that nonspecific binding does not
occur when this tandem methodology is used for glycoarray
preparation.

Then, a complementary approach was tested in which dode-
cyl isothiocyanate was used for noncovalent modification of
the polystyrene plate, and the NH2-functionalised glycosides 1,
3 and the squaric acid diamide 11 were used for thiourea
bridging. After blocking with BSA, mannose-specific bacterial
adhesion was assessed (Figure 1, right). The glycoarrays per-
formed as expected: concentration-dependent bacterial adhe-

sion was observed in all cases,
with decreasing adhesive ability
in the order 11>3>1. Again,
control experiments with 5 con-
firmed absence of nonspecific
adhesion. The squaric acid di-
amide 11 mediated bacterial ad-
hesion at much lower concentra-
tions than for the other pre-
pared glycoarrays, even at 1 mm.
This finding confirms the excel-
lent quality of SA mannosides as
FimH antagonists. Fabrication of
glycoarrays on polystyrene

plates by both complementary tandem approaches was
straightforward, but thiourea bridging was faster when amino-
functionalised surfaces were reacted with sugar isothiocya-
nates 2 and 4. Therefore, in the next step, amino-terminated
noncovalently modified polystyrene plates were employed for
adhesion-inhibition studies with live cells, to test the robust-

Scheme 2. Functionalised carbohydrate derivatives for glycoarray fabrication by thiourea
bridging. The amino-functionalised glycosides 1 and 3 are suitable for the functionalisa-
tion of isothiocyanate-terminal surfaces, and the isothiocyanato-functionalised derivatives
2, 4 and 7 can be ligated to NH2-terminal surfaces.

Scheme 3. Synthesis of the amino-functionalised squaric acid diamide 11. a) H2NCH2CH2NHBoc, DMF, RT, 18 h,
92 %; b) TFA, CH2Cl2, RT, 3 h, 97 %.
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ness of the new glycoarrays. Thiourea bridging with isothiocya-
nate 4 at 100 mm led to an adhesive surface that was stable in
competitive adhesion-inhibition assays. For inhibition of bacte-
rial adhesion, serial dilutions of mannosides 5, 8 and 9 were
employed. All three resemble prominent FimH antagonists.[18, 23]

Sigmoidal inhibition curves were obtained (Figure 2), from
which IC50 values for each inhibitor were deduced. (IC50 is the
concentration at which a compound inhibits 50 % of bacterial
adhesion.) The determined IC50 values were referenced to the
inhibitory potency of pNPMan which was tested on the same
plate. Thus, relative inhibitory potency (RIP) values can be
compared even when compounds were not tested in the same
experiment. We previously found that SA mannosides 8 and 9
are stronger inhibitors of bacterial adhesion to a mannan-
coated plate than pNPMan,[23b] with RIP values of 16 and 50, re-
spectively. IC50 values were approximately 274 mm for 5, 17 mm

for 8 and 6 mm for 9. For inhibition of bacterial adhesion to the
fabricated surface, higher inhibitor concentrations were re-
quired (three to six times higher, Table 1). This can be ex-

plained by the nature of the immobilised FimH antagonist.
Whereas, here, phenyl a-d-mannoside moieties were exposed,
mannan simply consists of a-d-mannosyl residues, which have
lower affinity for the bacterial lectin FimH. However, the RIP
values followed a similar trend for 5, 8 and 9 (RIPs: 1, 10, and
22, respectively, Table 1) as found earlier in the mannan-based
assay (RIP values: 1, 16, and 50, respectively).

It can be concluded that tandem noncovalent–covalent
modification of polystyrene microtiter plates leads to stable
glycoarrays that yield valuable and valid data in adhesion-
inhibition tests with live bacterial cells. Nonspecific adhesion
to polystyrene is excluded in this protocol.

In addition to polystyrene plates, we tested polypropylene
(PP) microtiter plates by the same approach (Supporting Infor-
mation). PP plates could also be noncovalently modified with
dodecylamine or dodecyl isothiocyanate, and subsequently
functionalised by thiourea bridging with the appropriate car-
bohydrate derivatives. For testing bacterial adhesion to these
fabricated surfaces, E. coli pPKL4 was biotinylated, and bacterial
adhesion was determined by a biotin–streptavidin test.[17] This
was necessary as PP plates are transparent and thus not suited
for fluorescence read-out. The results of the bacterial adhesion
experiments with PP microtiter plates were in good accord-
ance with the assays on analogously modified polystyrene
plates.

Figure 1. Top: Concentration-dependent mannose-specific bacterial adhe-
sion to polystyrene plates modified by tandem functionalisation (coating
with dodecylamine followed by thiourea bridging with NCS-functionalised
mannosides 2 and 4). Nitrophenyl mannoside 5 was used as negative con-
trol. Bottom: Concentration-dependent mannose-specific bacterial adhesion
to polystyrene plates modified by tandem functionalisation (coating with
dodecyl isothiocyanate followed by thiourea bridging with amino-functional-
ised mannosides 1, 3 and 11). Nitrophenyl mannoside 5 was used as nega-
tive control ; F : normalised fluorescence.

Figure 2. Inhibition curves obtained with mannosides 5, 8 and 9 as inhibi-
tors of type 1 fimbriae-mediated bacterial adhesion to a polystyrene surface
modified by tandem functionalisation (dodecylamine coating followed by
thiourea bridging with mannoside 4) ; see Table 1.

Table 1. Inhibition of three inhibitors of mannose-specific bacterial ad-
hesion on polystyrene microtiter plates.

5 8 9

IC50�SD [mm] 811�43.7[a] 78�5.6[b] 37�2.2[b]

RIP 1 10�0.7 22�1.2

[a] Average value from duplicate results. [b] Average value from triplicate
results ; SD: standard deviation, RIP: relative inhibitory potency with 5 as
the reference (tested on the same microtiter plate).
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Hence, our approach to glycoarrays can be used on poly-
propylene as well as polystyrene plates. Tandem noncovalent–
covalent modification of microtiter plates provides maximum
flexibility in glycoarray fabrication as well as their modulation.
We are currently employing this methodology in the fabrica-
tion of photoswitchable glycoarrays and more complex glyco-
arrays, and their testing with various cells.

Experimental Section

Reagents and methods: Commercially available starting materials
were used without further purification: p-nitrophenyl a-d-glucopyr-
anoside, dodecylamine and thiophosgene were from Sigma–Al-
drich; dodecyl isothiocyanate was from ABCR (Karlsruhe, Germany);
pNPMan was from Senn Chemicals (Dielsdorf, Swizerland). Solvents
were purified by distillation prior to use. Reaction monitoring was
performed by TLC on silica gel F254 or RP-18 plates (Merck). Detec-
tion was achieved by UV light and/or by treatment of the plates
with a vanillin solution (vanillin (1.00 g) in methanol (100 mL) with
glacial acetic acid (12.0 mL) and sulfuric acid (4.00 mL)) or ninhy-
drin solution (ninhydrin (300 mg) in butanol (100 mL) with glacial
acetic acid (3.00 mL)) and subsequent heating. Flash chromatogra-
phy was performed on silica gel 60 (0.040–0.063 mm; Merck) or on
a reversed-phase RP-18 system (Biotage AB, Uppsala, Sweden).
Preparative HPLC was performed on a VP series HPLC system with
an SPD-M10A diode array detector (Shimadzu, Kyoto, Japan) and
a Nucleodur 100-7 C8ec HPLC column (Macherey-Nagel). Analytical
HPLC was performed on a LaChrom instrument with a D-7000 in-
terface and L-7455 diode array detector (Hitachi) and a LiChrosorb
RP-8 silica column (Merk). DRX 500 and Avance AV 600 instruments
(Bruker BioSpin) were used for NMR spectroscopy. Chemical shifts
(d) were calibrated relative to an internal solvent. For complete
assignment the following two-dimensional NMR techniques were
used: 1H,1H COSY, 1H,13C HSQC and 1H,13C HMBC. ESI-MS measure-
ments were performed on a Mariner instrument (Applied Biosys-
tems) and MALDI-TOF mass spectra were recorded with a Biflex III
(Bruker) with 19 kV acceleration voltage and a 337 nm ionization
laser (matrix : 4-chloro-a-cyanocinnamic acid). Optical rotations
were measured on a model 241 polarimeter (10 cm cells, Na-D
line: 589 nm; PerkinElmer) and were averaged from five measure-
ments. An Infinite 200 PRO multifunction microplate reader (Tecan,
M�nnedorf, Switzerland) was used for measurement of bacterial
adhesion.

Microtiter plates: Black Polymer base 96-well optical plates (Ther-
moFisher Scientific) were used for the GFP-based assay.[17] For the
biotin–streptavidin assay[17] transparent 96-well polypropylene mi-
croplates (Greiner Bio-one) were used.

Tandem functionalisation of polystyrene plates:

Noncovalent functionalisation. Amino-terminal and isothiocyanate-
terminal surfaces: 96-well plates were treated with dodecylamine
or dodecyl isothiocyanate (10 mm in ethanol, 100 mL per well), and
were allowed to dry ( 24 h, room temperature, light agitation).
Each desiccated well was then washed with ethanol (1 � 150 mL)
and PBS buffer (2 � 150 mL).

Covalent functionalisation by thiourea bridging. Amino-functional-
ised glycosides 1, 3 and 11 or the NCS-functionalised glycosides 2,
4 and 7 (100 mm in DMSO with N,N-diisopropylethylamine (DIPEA,
1.01 equiv for isothiocyanates, 2.02 equiv for amines)) were applied
as serial dilutions (in DMSO) to the complementary noncovalently
modified plates. Thiourea bridging on the plate surface was effect-

ed by moderate shaking at 40 8C (24 h for isothiocyanates, 48 h for
amines). Wells were washed with DMSO (1 � 150 mL) and PBS buffer
(2 � 150 mL), then blocked with BSA (5 % in PBS, 120 mL) for 2 h at
37 8C, and subsequently washed with PBS buffer (3 � 150 mL).

Bioassays:

Media and buffer solutions: Carbonate buffer solution: sodium car-
bonate (1.59 g) and sodium hydrogen carbonate (2.52 g) were dis-
solved in distilled, deionised water (1.00 L), and adjusted to pH 8.2
with hydrochloric acid (3 m) for biotinylation. PBS buffer solution:
sodium chloride (8.00 g), potassium chloride (200 mg), sodium hy-
drogen phosphate dihydrate (1.44 g) and potassium dihydrogen
phosphate (200 mg) were dissolved in distilled, deionised water
(1.00 L), and adjusted to pH 7.2 with sodium hydroxide (0.1 m). Ly-
sogeny broth (LB) medium: tryptone (10.0 g), sodium chloride
(10.0 g) and yeast extract (5.00 g) were dissolved in distilled, deion-
ised water (1.00 L) and autoclaved. Ampicillin (100 mg) was added,
and, for E. coli pPKL1162 assays, chloramphenicol (50.0 mg) was
added. Substrate buffer: aqueous sodium citrate dihydrate (1 m)

was adjusted to pH 4.5 with aqueous citric acid (2 m). ABTS solu-
tion: 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS,
10.0 mg) was dissolved in substrate buffer (10.0 mL), and treated
with hydrogen peroxide (0.1 %, 250 mL) prior to use.

Cultivation of bacteria: E. coli bacteria (strain pPKL1162 or pPKL4),[17]

were grown in LB medium overnight at 37 8C in a sterilised tube.
After centrifugation and washing with PBS buffer (2 � 2.00 mL), the
tube was centrifuged again and the bacteria pellet was suspended
in PBS buffer (~2.00 mg mL�1).

Bioassays on polystyrene plates:

GFP assay: A published assay[17] was adapted and modified as fol-
lows. Each well was treated with PBS buffer (50 mL), then E. coli
(pPKL1162) suspension was added (2.00 mg mL�1 in PBS, 50 mL)
and incubated for 1 h at 37 8C. Each well was washed with PBS
buffer (2 � 150 mL) and filled with PBS buffer (100 mL). Fluorescence
intensity was determined (lex = 485 nm/lem = 535 nm).

Adhesion inhibition assay: Black Polystyrene microtiter plates were
functionalised with dodecylamine, and thiourea bridging was per-
formed with isothiocyanate 5 (100 mm in DMSO, 1.01 equiv DIPEA,
100 mL per well) for 24 h at 40 8C under light agitation. Each well
was then washed with DMSO (1 � 150 mL) and PBS (2 � 150 mL).
After BSA blocking, serial dilutions of the inhibitors 5, 8 and 9
(starting concentrations in PBS: 10 mm for 5, 1 mm for 8 and 9)
were pipetted into the wells, and the bacterial suspension (E. coli
pPKL1162, 2 mg mL�1, 50 mL per well) was added. Wells were incu-
bated for 1 h at 37 8C, washed with PBS (2 � 150 mL), filled with PBS
(100 mL), and the fluorescence intensity was determined (lex =
485 nm/lem = 535 nm).

Bioassays on polypropylene plates:

Biotinylation:[17] An overnight culture of E. coli (pPKL4) was centri-
fuged and washed twice with carbonate buffer (pH 8.2, 2.00 mL),
and after further centrifugation the pellet was suspended in car-
bonate buffer (~10 mg mL�1). The solution was treated with N-
hydroxysuccinimide (NHS)-biotin (2.50 mg mL�1) and incubated for
2.5 h at room temperature. It was then washed with PBS buffer
(3 � 2.00 mL), centrifuged and resuspended in PBS buffer
(2.00 mg mL�1) to give biotinylated bacteria.

Biotin–streptavidin assay: A published assay[17] was adapted and
modified as follows. Each well was treated with PBS buffer (50 mL),
then biotinylated E. coli (pPKL4) suspension was added
(2.00 mg mL�1 in PBS, 50 mL) and incubated for 1 h at 37 8C. Each
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well was washed with PBS buffer (2 � 150 mL), and streptavidin–
HRP (horseradish peroxidise) solution (1:2000, 500 mm in PBS
buffer, 100 mL) was added to catalyse ABTS color reaction by elec-
tron transfer afterwards. After further incubation (1 h, 37 8C), each
cell was washed with PBS buffer (2 � 150 mL) and substrate buffer
(1 � 150 mL), then treated with ABTS solution (100 mL) and incubat-
ed (30 min, room temperature, in the dark). The enzymatic reaction
was terminated by adding oxalic acid (2 %, 50 mL), and the optical
density (absorption, 405 nm) was determined.

Adhesion assay: Transparent 96-well polypropylene (PP) micro-
plates (Greiner Bio-one) were modified as described for the poly-
styrene plates (vide supra). Bacterial adhesion was determined
with biotinylated bacteria (Supporting Information).

p-[N-(tert-Butyl(2-aminoethyl)carbamoyl-2,3-dioxocyclobut-1-
enyl)amino]phenyl a-d-mannopyranoside (10): Squaric acid mon-
oamide 8 (140 mg, 354 mmol) was dissolved in dry DMF (5 mL),
then N-Boc-ethylenediamine (112 mL, 709 mmol, 2.0 equiv) and tri-
ethylamine (196 mL, 1.42 mmol, 4.0 equiv) were added, and the
reaction mixture was stirred at room temperature for 18 h. After
removing the solvent in vacuo the crude product was purified by
flash chromatography (ethyl acetate/methanol, 2:1) to yield 10
(166 mg, 326 mmol, 92 % yield) as a colourless lyophilisate: m.p.
201 8C; [a]20

D =++25.8 (c = 0.35 in DMSO); 1H NMR (600 MHz,
[D6]DMSO, 298 K): d= 9.75 (br s, 1 H; NH), 7.77 (br s, 1 H; NH), 7.35,
7.06 (each d, 3J = 8.5 Hz, each 2 H; aryl-H), 6.96 (s, 1 H; NH), 5.28 (d,
3J1,2 = 1.3 Hz, 1 H; H-1), 5.00 (br s, 1 H; OH), 4.84–4.73 (m, 2 H; 2 OH),
4.46 (br s, 1 H; OH), 3.82 (mc, 1 H; H-2), 3.66 (dd, 3J2,3 = 3.1 Hz, 3J3,4 =
9.1 Hz, 1 H; H-3), 3.63–3.56 (m, 3 H; H-6a, 2 H-15), 3.51–3.44 (m, 2 H;
H-4, H-6b), 3.42 (ddd, 3J4,5 = 9.4 Hz, 3J5,6a = 1.9 Hz,3J5,6b = 6.1 Hz, 1 H;
H-5), 3.14 (mc, 2 H; 2 H-16), 1.36 ppm (s, 9 H; 3 H-19);13C NMR
(150 MHz, [D6]DMSO): d= 183.4 (CSA), 180.5 (CSA), 169.3 (CSA), 163.3
(CSA), 155.8 (C-17), 152.2, 133.7 (2 Cq, aryl-C), 119.3, 117.9 (4 CH,
aryl-C), 99.5 (C-1), 77.8 (C-18), 74.9 (C-5), 70.7 (C-3), 70.1 (C-2), 66.8
(C-4), 61.0 (C-6), 43.7 (C-15), 41.0 (C-16), 28.2 ppm (3 C-19); ESI-MS:
m/z calcd for C23H31N3O10Na: 532.1902 [M+Na]+ ; found: 532.1880;
elemental analysis calcd (%) for C23H31N3O16·1.2 H2O (MW

530.81 g mol�1): C 52.01, H 6.34, N 7.91; found: C 51.98, H 6.39, N
8.13.

p-[(2-Aminoethylamino)-2,3-dioxocyclobut-1-enyl)amino]phenyl
a-d-mannopyranoside (11): TFA (150 mL) was added to a suspen-
sion of N-Boc-protected diamide 10 (160 mg, 314 mmol) in dry
CH2Cl2 (5 mL), and a clear solution was obtained. This was stirred
at room temperature for 3 h, and the solvent was subsequently
removed in vacuo. The crude product was purified by preparative
HPLC (A = water, B = methanol; 100!70 % B, 60 min, 10 mL min�1)
to obtain 11 (124 mg, 304 mmol, 97 % yield) as a colourless lyophi-
lisate: m.p. 62 8C; [a]20

D =++51.6 (c = 0.37 in DMSO); 1H NMR
(600 MHz, [D6]DMSO, 298 K): d= 10.01 (br s, 1 H; NH), 8.08 (br s, 1 H;
NH), 7.95 (br s, 2 H; NH2), 7.40, 7.08 (each d, 3J = 8.7 Hz, each 2 H;
aryl-H), 5.29 (d, 3J1,2 = 1.3 Hz, 1 H; H-1), 5.20–4.61 (br, 4 H; 4 OH),
3.83–3.79 (m, 3 H; H-2, 2 H-15), 3.66 (dd, 3J2,3 = 3.2 Hz, 3J3,4 = 9.1 Hz,
1 H; H-3), 3.61 (dd, 3J5,6a = 1.3 Hz, 2J6a,6b = 9.1 Hz, 1 H; H-6a), 3.51–
3.44 (m, 2 H; H-4, H-6b), 3.42 (mc, 1 H; H-5), 3.08 ppm (mc, 2 H; 2 H-
16);13C NMR (150 MHz, [D6]DMSO): d= 183.5 (CSA), 180.8 (CSA), 169.1
(CSA), 164.3 (CSA), 152.4, 133.5 (2 Cq, aryl-C), 119.6, 117.9 (4 CH, aryl-
C), 99.5 (C-1), 74.9 (C-5), 70.7 (C-3), 70.1 (C-2), 66.8 (C-4), 61.1 (C-6),
41.2 (C-15), 40.4 ppm (C-16); ESI-MS: m/z calcd for C18H23N3O8Na:
410.1558 [M+Na]+ ; found: 410.1556; elemental analysis calcd (%)
for C18H23N3O8·1.1 H2O (MW 428.96 g mol�1): C 50.37, H 5.92, N 9.79;
found: C 50.34, H 5.29, N 9.89.
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Glycoarrays by a New Tandem
Noncovalent–Covalent Modification of
Polystyrene Microtiter Plates and their
Interrogation with Live Cells

Glycoarrays—easier than ever: Glyco-
arrays were fabricated on polystyrene
microtiter plates with great ease by
using a tandem process that combined
hydrophobic adsorption and thiourea
bridging. They were validated by testing
specific bacterial adhesion and its inhib-
ition.
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