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Grafting of a new carbohydrate UV-reactive molecule, an azidophenyl lactamine (AzPhLac), was achieved on
fibers of three different diameters: 12, 18, and/38. Adsorption of AzPhLac on fibers was obtained by using

the dip-coating method in solution. The effect of the solution concentration on surface density and yield of grafted
AzPhLac was investigated. Surface densities in the ran@& :imol/cn? were obtained without marked difference
related to the diameter of the fiber. Quantitative grafting was obtained with a surface of fiber gfdndnthe

lowest concentration (0.5 mM) of AzPhLac solution. The surface density and grafting yield decreased with the
available surface of the fibers. This phenomenon could be attributed to a maskingsheleeffect with outer

fibers in the shell preventing the UV grafting of the fibers located in the core of the fibers’ bundles. Scanning
electron (SEM) and atomic force (AFM) microscopic observations suggested that homogeneous grafting might
be obtained.

Introduction decided to modify PET fibers by incorporating a sialyl-Levis

) ) ) ~oligosaccharide as it is known to interact specifically with
Fiber-forming polymers are from either natural or synthetic | _gelectin, another membrane protein of the WBC.
origins. The most widely used synthetlp polymer fllbers ae  on addition, the use of PET fibers presents other major
based on polyamides, polyesters, acrylics, polyolefins, poly- advantages. PET fibers are often used in the biomedical field
urethanes, and certain vinyl derivatives. The chemical structures or examg Ie- as implants. as vascular arafts for svnthetic vessél
of these polymers give the necessary mechanical properties o Pe, P . 9 Y
replacement, or as cardiac heart valvesecond, among all

a common polymer fiber, which are strength, stiffness, and low L .
extensibilit;l y 9 synthetic fibers, PET fibers have become the most domihant.
The modi;‘ication of polymer fibers to create new bioactive It now challenges cotton as the most common textile fiber. This
is due to numerous advantages, including the cheapness and

materials could be beneficial for a wide range of applications. A . i
For example, the current worldwide crisis in microbial infection availability of the raw materials, the possibility to recycle PET

and health care of wounds suggests that more research idIP€rs, the melt spinning process used for the production of PET
necessary to understand practical and effective ways of creating°€rs, which is clean and economical, the relatively high-
safe bioactive textiles. The future development of biomedical Mperature resistance, etc.
and protective textiles with selective properties that benefit the  Last but not least, PET fibers are also good candidates for
consumer will be based on applying scientific and clinical surface modification due to their geometrical and chemical
advances in wound healing, antimicrobial, and enzyme-basedstructure. The possible modifications include chemical modi-
fabrics2 The same kind of thinking can be applied to safety in fication® and modification by plasma dischat§er radiationt*
the case of blood filtration, where white blood cells are removed The grafting method we used consists of the UV irradiation of
to reduce the risk of infection. The appropriate modification of a molecule containing a photoreactive aryl azide group coated
the blood filter could eventually solve the problem of future on a polymer surface. Harméused simple molecules contain-
eventual blood infection. Polymer fibers have been used for a ing a heterocyclic azide group (for example, 3-azidopyridine),
long time as blood filter8.The first polymer used was cotton.  and Sugawara and Matsud@aised a polymer partially deriva-
Usually, the kind of polymer and the design of the blood filters  tized with a phenylazido group in its side chain. This method
were chosen empirically. It was shown only recently that PET was also used to bind covalently carbohydriftes polysac-
and polyimide fibers exhibit the highest leukocyte adhesion in charidé to polymer surfaces. In the case of organic azides (upon
a blood filter among other polymer fibers [polypropylene, poly- photolysis with ultraviolet light), a nitrene radical is generated.
(vinyl alcohol), and cellulose].The efficiency of PET fibers  The nitrene radical formed is extremely reactive and can undergo
as blood filter could be eXpIained by the hydrophobic interaction a multitude of reactions, for examp|e, insertion inte @, N—H,
between PET and integrin, a membrane protein of the white and O-H bonds, addition to olefins, proton abstraction reactions
blood cell (WBC)? To improve the retention of WBC we have g give the corresponding amine, and in the case of aryl azides
" - . : . a number of ring expansion reactions have been obsébved.
.. m;f’gﬁfg’gg%‘% rﬁ;‘:f;rs'u ;ﬁt‘f33'169154716' faxt33-169154715,  Although the precise mechanism of surface modification is not
T Universite Paris-Sud UMR 8182 and CNRS. fully understood, this method has been demonstrated to be very
*ScienTec. effective for a wide range of surfaces (glass, polymer, tin oxide,
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PET fibers
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AzPhLac aqueous solution
Figure 1. Procedure for grafting AzPhLac 1 on PET fibers.
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Scheme 1. Synthesis of AzPhLac 1 by Reductive Amination of Lactose 2 by N-(p-Azidophenyl)-1,2-diaminoethane 3
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2

silicon, and aluminum) with film thickness that can be varied
from the region of monolayer to multilayét.

In this work we have first synthetised the new UV-reactive
carbohydrate molecule, the-p-galactopyranosyl-(%4)-1-N-
[2-(4-azidophenylamino)ethylamino]-1-deoryglucitol (Az-
PhLac) compound, by introducing the phenylazido group on
lactose2 by reductive amination of lactose with an aminated
phenyl azide molecul8 (Scheme 1).

Then we have found out optimal conditions to graft our model
carbohydrate molecule on PET fibers. After an evaluation of
the grafting efficiency by carbohydrate analysis, a study of the
surface morphology has been undertaken by scanning electro
microscopy (SEM) and atomic force microscopy (AFM).

3

Materials and Methods

Synthesis: (A) General RemarksAll moisture-sensitive reactions

O

H H OH
H,N. OH
\/\HN—O—Ns — > 1o %ﬁ/’m\/\}m—Q—m
OH OH
1

MHz, D;0O) 22.9 (CH acetate), 40.0 (CHamine), 46.6 (CkHamine),
49.8 (C-1 glc), 61.4 (C-6 gal), 62.1 (C-6 glc), 67.9 (C-2 glc), 68.9
(C-4 gal), 70.7 (C-3 glc), 71.2 (C-2 gal and C-5 gic), 72.6 (C-3 gal),
75.5 (C-5 gal), 78.5 (C-4 glc), 103.0 (C-1 gal), 115.3 (2C-arom), 120.3
(2C-arom), 130.2 (2C-arom), 144.8 (2C-arom), 180.5-(Cacetate).

IR (KBr pellet) 3369 and 2849 cm (NH,); 2114 cn1? (N3). EST MS

m/'z = 504.2 (M+ H"), 526.2 (M+ Na")

Materials: (A) PET Fibers. PET fibers were kindly provided by
Tergal Fibers (Gauchy, France). Fibers with different diameters were
used: 12, 18, and 32m. The Tex values, which represent the mass in
grams of 1 km of PET fiber, are respectively 0.145, 0.33, and 1.1 g.
The lengths of the 12, 18, and 32n fibers are 60, 55, and 80 mm,

r}espectively. Fibers were Soxhlet-extracted in dichloromethane

(CH,ClI,) for at least 16 h and dried in a desiccator before grafting.
(B) UV Grafting Procedure. A high-pressure mercury lamp

(Heraeus TQ-150) with a broad emission spectriire (200—-600 nm

with a total radiation fluxp = 47 W and a radiation fluyp = 1.4 W

at A = 265 nm) was used at a distance of 15 cm from the polymer

were performed under argon in oven-dried glassware. Anhydrous surface during an irradiation time of 10 min. The conditions were the
solvents were dried over standard drying reagents and freshly distilled same as those used previously by Knaus étfal.

prior to use. Reactions were monitored by thin-layer chromatography
(TLC) on silica gel 60 k4 or poly(ethylenimine) (PEH-cellulose F.
Detection was performed with UV light and/or 5% sulfuric acid in
ethanol or 2% orcinol in ethanol or 10% phosphomolybdic acid in
ethanol, followed by heating. Flash column chromatography was
performed on silica gel 635 um. 'H and *C NMR spectra were

recorded at room temperature unless otherwise specified. Chemical

shifts are reported in parts per million, ppm) (versus MeSi when
recorded in CDGlor versus acetone when recorded isOD
Compound3 was synthesized according to Godovikova €efal.
(B) p-b-Galactopyranosyl-(1—4)-1-N-[2-(4-azidophenylamino)-
ethylamino]-1-deoxy®b-glucitol (AzPhLac 1). Lactose (2 g, 5.64
mmol) and compoun@ (0.5 g, 2.82 mmol) were dissolved in 10:10:1
MeOH—H,O—AcOH (21 mL). After 1 h, NaBHCN (0.355 g, 5.64
mmol) was added and the mixture was heated at@0n the dark.

A known mass of fibers was soaked in a volume of 1 mL of aqueous
solution of AzPhLac of different concentrations for 2 h. Fibers were
then removed from the solution, dried overnight in air, and introduced
into a quartz tube, which was itself fixed in a homemade setup to allow
the slow rotation of the tube around its own axis to get more
homogeneous irradiation of the fibers (Figure 1).

Methods: (A) Determination of Grafting Amount. After UV
grafting, materials were washed in water %2100 mL) to eliminate
the nongrafted AzPhLac.

The amount of grafting was quantitatively obtained by cleaving using
acidic conditions the remainin@-galactosyl linkage of the grafted
AzPhLac molecule. Grafted materials were dipped in 3 mL of 2 M
trifluoroacetic acid (TFA) fo 2 h at 120°C.

The free galactose was revealed by the pheraolfuric acid
method” at a wavelength of 490 nm and by using galactose as standard.

After 24 h, the solvent was evaporated to dryness under reduced For the grafting yield calculations, the quantity of adsorbed AzPhLac

pressure. Flash chromatography on silica gel (3:1:0.5 Ac@EOH—
H,0) gavel (1.56 g, 2.5 mmol, 88% yield) as a brownish-orange solid.
Compound1 is obtained in its protonated form with acetate as
counterionR = 0.3 (3:1:1 AcCOE+-AcOH—H,0). 'H NMR (250 MHz,
D,0) 6 1.9 (6H, acetate)) 4.43 (d, H-1 galJ.» = 8 Hz), 6.70 (d,
2H-arom,J = 9 Hz), 6.84 (d, 2H-aromJ = 9 Hz). 13C NMR (62.5

after dip-coating has been generally obtained by weighing S=erl

cn?, owing to the lack of accuracy of the weighing method, the quantity
of adsorbed AzPhLac after dip-coating was determined after the fibers
were dipped in water, which resulted in the desorption of AzPhLac
molecules, the amount of which was then characterized by the same
carbohydrate analysis reported above. CDV
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Scheme 2. Surface Modification of PET Fibers after Grafting of AzPhLac
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For the surface density determination, the fibers surf&en@s concentration range 0.60.05 mM at a wavelength of 267 nm,
calculated from the surface of a cylinderx D x L, whereD is the is e = 23000 M1 cm™L Figure 2 shows the corresponding

fiber diameter andl is the total length of the fibers, which was obtained  absorption spectra in the range 28800 nm of an AzPhLac
from the knowledge of the linear density (Tex value) after weighing golution C = 0.5 mM) before and after UV irradiation for
the fiber mass (grams). 10 min.

(B) Scanning Electron Microscopy.PET mat_erials were glued on _ (B) Comments on the Grafting Procedure.As compared
one face of a double-face carbon-coated cylindar piece of 3 mm in to a previous grafting procedure for carbohydrate phenyl azide
diameter and were then coated for 30 s by use of a carbon coater qacules on polyolefin film# our compound AzPhLac is only
((?trﬁss'fr.'glt(;m)' SEM was performed in a LEO 260 microscope equipped ¢ vionalized at its reducing end and not statistically distributed
With a tield emission gun. . ' on all the hydroxy groups. That should enable us to introduce

(C) Atomic Force Microscopy.AFM observations were carried out a complex oligosaccharide at one end by following the scheme
in air at atmospheric pressure with a microscope PICO LE (Molecular illustrated in Scheme 2

Imaging, Tempe, AZ). AFM images were acquired exclusively in the S . .
tapping mode, with a silicon cantilever. For the analysis, one fiber is The carbohydrate molecule derivatized with a photoreactive

fixed on a mica support by gluing each extremity of the fiber with phenylazido group is ad_sorbed by dip-—coating. on the fil_)er
double-coated tape. surface. To exclude reaction of water with the highly reactive

For a line containing\ data points, the root-mean-squared (rms) Nitrene, the solvent is evaporat€dJV light is then irradiated
roughness is given by the average deviation of the data, determined byon the coated surface for chemical fixation of the lactamine
the standard definition: moiety via conversion of the phenylazido group to the highly

reactive phenylnitrene, which spontaneously forms covalent
bonds with the neighboring hydrocarbon of the PET surface.

N \2
rms= 2 -1 (42 The complete surface modification is still not fully understood;
N—1 the proposed mechanism shown in Scheme 2 led to the

B formation of secondary amink The highly reactive phenylni-
wherez = meanz height. The rms has been calculated on the total trene can form covalent bonds not only with the hydrocarbon
image sample after a second-order flatness treatment of the raw datagf the PET surface but also with linkages of AzPhLac molecules
to take into account the curvature of the fiber surface. Images have jn its immediate surroundings, leading to the formation of a
been recorded on different zones in order to be representative of thepolymeric multilayer (Scheme 2). In those conditions it is
total sample surface state. possible that the nitrene inserts onto th®H groups. It is also

obvious that the nitrene and ketenimime intermediates can lead
Results to the formation of moleculé%2?like amines, nitro, or nitroso
not attached to the surface. However these free molecules must
(A) Comments on AzPhLac Synthesis and UV Reactivity. be removed by washing.
AzPhLac is obtained in high yield (88%) by reductive amination In fact the chemical structure of the grafted inner multilayer
of lactosé® with the UV-reactive phenyl azide moleculz must be very complicated. But in our case, the preservation of
(Scheme 1). The functionalization is carried out on the anomeric the chemical structure of the carbohydrate moiety should be
position of a rather simple carbohydrate. This model reaction obtained, at least at the extreme surface of the grafted multilayer.
will serve to modify complex oligosaccharides at their reducing That is the main point and interest of our grafting procedure.
end. This seems not trivial in an energetic point of view. However,
AzPhLac is characterized by an optimum absorption at 267 Kou et all® gave some arguments to support this point of view.
nm in aqueous solutions. This value is of the same order asin a work where they performed the grafting of allyl-glucose
compared with previous works using similar compoutfes. (AG) on polypropylene hollow fibers, they showed that the static
The value of the molar extinction coefficient, measured in the angle of pure water on the membrane decreased frorf tb28DV
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Figure 2. UV spectra of AzPhLac 1 solution (C = 0.05 mM) before

(—) and after (---) a UV irradiation time of 10 min.
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Figure 3. Surface density (a) and yield (b) of grafted AzPhLac on
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Figure 5. Adsorption of AzPhLac at the surface (1 cm?) of PET fibers
of different diameters, 12 (a), 18 (O), and 32 um (#), as a function
of AzPhLac concentration in solution.

two different concentrations (5 and 30 mM) of AzPhLac solution
used for dipping the fibers. A clear dependenceéCas observed
for surface areas below 10 ém higher surface densities are
obtained a<C increases from 5 to 30 mM. The highest density

36° with the increase of the AG grafting degree from 0 to 3.46 value of 30 nmol/crhis obtained forC = 30 mM andS= 2.5
wt %. Most importantly, the contact-angle measurements also cn?, For S > 10 cn?, surface density levels off down to-%

revealed that the hydrophilicity was permanent.

(C) Grafting Amount by Carbohydrate Analysis: Surface

nmol/cn¥.
Grafting density values are in the range3 nmol/cn3. This

Optimization. Figure 3a shows the grafting surface density is much higher than the grafting density calculated in the

versus the accessible surfac&s ¢f the 12um PET fibers for

theoretical case of monolayer grafting. In that case, a sur&’iﬁ{e/



Carbohydrate UV Grafting on PET Fiber Biomacromolecules, Vol. 8, No. 2, 2007 683

2.8 R S | R
Figure 6. SEM images of 32 um PET fibers: (a) virgin and (b—d) UV-treated with a grafting density of 35 nmol/cm? and then scraped on the
sample holder to reveal the grafted layer.

density value in the range G-®.8 nmol/cni is expected 20% for 18 and 3Zm fibers and to a lower extent of 40% for
depending on the position of the grafted AzPhLac molecule, the 12um fiber.
lying flat on the surface or perpendicular to the surface. The  The main result of this study dealing with the concentration
higher experimental grafting density values confirm the poly- nfluence is that we have succeeded in finding optimal conditions
meric nature of the grafted layer. to graft 100% of the adsorbed AzPhLac molecules. This is
Under the investigated concentration conditions the grafting obtained for the lowest concentration, 0.5 mM, of the AzPhLac
yield is very low, from 8-14% at 2.5 crhidown to nearly zero  dipping solutions and a fiber surface of 1 Zmhatever the
(Figure 3b). This could be attributed to a masking eeskell diameter of the fiber. This will be particularly important for
effect owing to the entanglement of PET fibers (see illustration, grafting more complex carbohydrates of low availability.
bottom of Figure 3). In this case, outer fibers in the shell prevent Then we tried to explain the influence of the diameter of the

the UV grafting of the fibers located in the core by the very fib . o . .
X . er on the grafting characteristics (surface density and yield).
strong screening effect of PET for the far U¥300 nm). This Therefore, we investigated the quantity of adsorbed AzPhLac

g?le;éqrmf?g];rg ?ﬁcerr:asstgsbe even more pronounced as the Surfacveersus the concentration of AzPhLac dipping solution for the

. . . three different fibers (Figure 5). It can be seen that if there is
The conclusion of this surface dependence study is that the | .o ked difference in the low concentration range up to 2.5

lower the surface, the higher the density and the grafting yield. . \1 4 higher concentrations of 5, 10, and 20 mM the.®2
Therefcf[retlwe fdticufdpr:ﬁ mvelsttlgate t?he |nf|tf1tgnce. CI)(; thg fibers adsorb higher quantities of AzPhLac molecules than the
confcen :ja |on_tof €Az : ac souu;nlg_n the gra 'ngf%'.g and two others. A higher quantity of matter implies a higher
surtace density for a surface area of 1‘amthe case OtTIbers ;e nass of the adsorbed AzPhLac layer and a decrease of the

of different dlgmeters_. L efficiency of UV treatment. That is effectively what is observed
Concentration OptimizationTo get a constant surfacg= in Figure 4b.

1- o, three corresponding masses of fiber were used, respec- This behavior could be explained roughly on the basis of UV-
tively 0.4, 0.6, and 1.1 mg for 12, 18, and gt fibers. .

. . o . depth penetration. When the layer made of the AzPhLac

In Figure 4a, it can be seen that the density increases steadily

e molecules adsorbed on the fibers is too thick compared
from 20 up to 56-65 nmol/cnt as the concentration increases with the maximum penetration depth of the UV radiation, the
from 0.5 up to 20 mM. The highest density value of 65 nmol/ P P !

cn? is obtained for the 12m fiber. For concentrations higher yield is low (high Concentration. raqge), and as the thickness .Of
than 1 mM, the highest density value is systematically obtained the layer decreases, the grafting increases (low concentration

for the fiber with the smallest diameter (Ln). range). ) ) . .
Considering now the grafting yield, it can be seen on Figure In fact, the thickness of the deposit laygris proportional

4b that for a surface of 1 cinthe values are markedly improved  (© the mass uptake:

with quantitative grafting foC = 0.5 mM. Then a€ increases

to 10-20 mM, grafting yield values decrease sharply down to &= (D — Dy)/2=VIS=m/(pS) cDV
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Figure 7. AFM images of 12 um PET fibers: (a,b) virgin and (c,d) UV-treated with a grafting density of 67 nmol/cm?2.

rms (nm)
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virgin grafted

Figure 8. AFM rms of virgin and grafted 12 xm (M) and 32 um (O)
PET fibers.

whereDy is the diameter of a virgin fibeD is the diameter of
the fiber after dip-coating, washing, and drying; m is the mass
uptake;p is the density of AzPhLac; arfflis the surface of the
fiber.

For a density of 1.5 for AzPhLac and a surfége- 1 cn¥,

absorbancel, = 2), taking a concentration calculated with a
density value of 1.5¢ = 2.4 mol/dn?, and a molar absorption
coefficiente = 23 000 L:mol~t-cm™, g, reaches a value of
360 nm.

These values agree with the high grafting yield experimentally
determined in the case of the lowest AzPhLac concentration.
But if this model is simply applied, no grafting for a thickness
of the deposit layer higher than 360 nm is expected, which is,
however, not the case. Indeed, the grafting yield is higher than
50% for a calculated deposit layer of 400 nm. This result could
be explained by a photobleaching phenomenon already observed
during a photopolymerization proce¥sin fact, the above
calculation of the theoretical grafted thickness was realized at
267 nm with the absorption coefficient= 23 000 L:mol~1-cm™!
of the molecule before irradiation. This wavelength should
mainly correspond to the aromatic group absorption but also to
the azide group absorption. During the UV treatment, the
disappearance of the azide groups leads to a decrease in
absorbance (a decrease of 20% in optical density is observed

it is possible to roughly estimate a value of the thickness of the in Figure 2 in the case of the UV irradiation of an AzPhLac

dry deposit layer. For example, for the &b fiber, the values

aqueous solution), allowing an increase of UV light intensity

of g, are 80, 180, 400, 480, 570, and 800 nm for concentrations crossing the AzPhLac layer and then of the photografted layer

of the AzPhLac dipping solution of 0.5, 1, 2.5, 5, 10, and 20
mM, respectively.

Then it is possible to calculate the maximum penetration
length of the UV treatmentef) by use of the BeerLambert
law. Considering that the treatment is ineffective for a transmis-
sion of the initial UV radiation below 1% (corresponding to an

thickness.

(D) SEM Observations. Figure 6 shows the SEM images
of 32 um PET fibers. No differences are observed between
washed virgin PET fibers (Figure 6a) and UV-grafted fibers
with a grafting density of 35 nmol/ctnStatistically, no increase
in fiber diameter is observed, and the surface seems not 86\?
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affected by the grafting. Due to the polydispersity in size it was References and Notes
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damaged fibers obtained by just scraping the fibers glued on

the sample holder. In these conditions heterogeneous surfaces
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Conclusion

Grafting of a new carbohydrate UV-reactive molecule has
been achieved on fibers of different nominal diameters by using
the dip-coating approach. The effect of the solution concentra-
tion on surface density and yield of grafted AzPhLac led to the
conclusion that a masking effect occurred during the UV
treatment of the coated PET fiber. However, in optimized
grafting conditions, SEM and AFM observations suggested that
homogeneous grafting could be obtained. The best conditions
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in progress in our lab aims at optimizing the grafting conditions
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and physical treatments and/or polymers with different chemical
structures.

Acknowledgment. We thank AndfeLubineau (LCOM,
ICMMO, Orsay) for his continuous advice during this work,
Marc Tilloy (ICMMO) for different technical help, Christian
Haut (LPCES, ICMMO) for performing SEM experiments, and
Loic Bech (LCOM, ICMMO) and Jean-Claude Poulin (LCO,
ICMMO) for the treatment of the AFM images.

ACS Symposium Series 792; American Chemical Society: Wash-
ington, DC, 2001.

(3) Greenwalt, T.; Gajewski, M.; Mc Kenna, Jransfusion1962 2,
221-229.

(4) Barbe, L.; Boval, B.; Wautier, M-P.; Wautier, J-Br. J. Haematol.
2001, 115 664-671.

(5) Reese, G. InVlodern Polyesters: Chemistry and Technology of
Polyesters and CopolyesteiScheirs, J., Long, T. E., Eds.; Wiley:
Chichester, U.K., 2003; pp 46433.

(6) Puksas, J. E.; Chen, Biomacromolecule2004 5, 1141-1154.

(7) Barbe, L.; Boval, B.; Wautier, M.-P.; Wautier, J.-Transfusior200Q
40, 1250-1256.

(8) Foxall, C.; Watson, S. R.; Dowbenko, D. Cell Biol. 1992 117,
895-902.

(9) (a) Chen, W.; McCarthy, T. Macromoleculesl998 31, 3648-
3655. (b) Kang, I. K.; Kwon, O. H.; Lee, Y. M.; Sung, Y. K.
Biomaterials1996 17, 841-847.

(10) Kou, R.-Q.; Xu, Z.-K.; Deng, H.-T.; Liu, Z.-M.; Seta, P.; Youyi, X.
Langmuir2003 19, 6869-6875.

(11) Ying, L.; Yin, C.; Zhuo, R. X.; Leong, K. W.; Mao, H. Q.; Kang, E.
T.; Neoh, K. G.Biomacromolecule003 4, 157—165.

(12) Harmer, M. A.Langmuir199], 7, 2010-2012.

(13) Sugawara, T.; Matsuda, Macromolecules994 27, 7809-7814.

(14) (a) Knaus, S.; Nennadal, Macromol. Symp1998 127, 257—263.
(b) Knaus, S.; Nennadal, A.; Froschauer Mgacromol. Symp2001
176, 223-232.

(15) Scriven, E. F. V.; Turnbull, KChem. Re. 1988 88, 297—368.

(16) Godovikova, T. S.; Knorre, V. D.; Maksakova, G. A; Silnikov, V.
N. Bioconjugate Chenil996 7, 343-348.

(17) Dubois, M.; Gilles, K. A.; Hamilton, J. KAnal. Chem.1956 28,
350-356.

(18) (a) Hoagland, P. D.; Pfeffer, P. E.; Valentine, K. ®arbohydr. Res.
1979 74, 135-143. (b) Barstim, M.; Bengtsson, M.; Blixt, O.;
Norberg, T.Carbohydr. Res200Q 328 525-531. (c) France, R.
R.; Cumstey, |.; Butters, T. D.; Fairbanks, A. J.; Wormald, M. R.
Tetrahedron: Asymmetrg00Q 11, 4985-4994.

(19) Chen, G.; Ito, Y.; Imanishi, Y.; Magnani, A.; Lamponi, S.; Barbucci,
R., Bioconjugate Chenil997, 8, 730-734.

(20) Mao, C.; Qiu, Y.; Sang, H.; Mei, H.; Zhu, A.; Shen, J.; Lin/ASl.
Colloid Interface Sci2004 110, 5-17.

(21) Nahar, P.; Wali, N. M.; Gandhi, R. Anal. Biochem2001, 294,
148-153.

(22) Chen, X.; Siems, W. F.; Asbury, G. R.; Yount, R. &.Am. Soc.
Mass Spectron1999 10, 1337+1340.

(23) Desilles, N.; Gautrelet, C.; Lecamp, L.; Lebaudy, P.; BunelEQr.
Polym. J.2006 41, 1296-1303.

BMO60961R

Ccbv



