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ABSTRACT: We report the chiroptical properties and lectin affinities of poly(phenylacetylene)s featuring
saccharide functionalities including-glucopyranoside and-galactopyranoside. The glycoconjugated poly-
(phenylacetylene)s were synthesized by rhodium mediated polymerization from phenylacetylene monomers
containing a series of saccharide groups; 4-ethynylphenyl 2,3,4,6Qedrzetylo-p-glucopyranoside RA-o-
Glc-OAc), -p-glucopyranoside RA-f-Glc-OAc), a-pD-galactopyranosideP@A-a-Gal-OAc), and -p-galacto-
pyranoside RA-f-Gal-OAc). On the basis of CD and UWvis experiments, these polymers were found to have
biased helical conformations in a variety of solvents, such as gHEIF, and HFIP. The deprotection of the
acetyl groups using Ci#®Na provided the linear saccharide arrays with diverse saccharide functionalities;
PA-a-Glc, poly-PA-f-Glc, poly-PA-a-Gal, andpoly-PA-f-Gal. CD experiments revealed thaoly-PA-a-Glc

and poly-PA-B-Glc have identical helical structures, apdly-PA-a-Gal and poly-PA-#-Gal feature mirror-
imaged helical structures. The binding affinities to lectins were demonstrated by a fluorometric assay using the
fluorescein isothiocyanate labeled lectins, such as Concanavalin A (FITC-Con A) and peanut agglutinin (FITC-
PNA). As expected, increasingly enhanced affinities for Con A and PNA were observed for the helical saccharide
arrays in comparison to the monomeric models. Accordingly, the enhanced affinities are essentially correlated
with the multivalency and conformational organization of the saccharide functionalities in the arrays.

Introduction flexible polymer backbones, andconjugated properties. Poly-
(phenylacetylene)s feature one-handed helical conformations
determined by the local stereocenters of the side-chain groups.
The translation of chiral information makes it possible to coax
saccharide groups along theconjugated backbones, providing

a three-dimensional organization of the saccharide groups within
the biased helical conformation. Given the backbone flexibility
and z-conjugation properties, poly(phenylacetylene)s exhibit
colorimetric and chiroptical changes in response to various
external stimuli, providing opportunities for the visualization
of guest molecules and differences in the local environments.
Thus, modulation of the poly(phenylacetylene)s with variable
saccharide groups provides an exquisite approach for creating
not only well-defined helical saccharide arrays with a recognition
specificity but also pragmatic optical sensors.

Glycoconjugated macromolecules consisting of multivalent
saccharide arrays provide routes to a wide variety of materials
for HIV drugs, drug delivery, cell cultures, and biosensors.
Branching saccharide arrays can be synthetically produced by
the creation of dendritic and hyperbranched macromolecules.
For example, Roy et al. reported the preparation of saccharide-
carrying multibranching glycopolymers by a solid-phase syn-
thesis using the 2-thiosialic acid derivative and branchigine
core structure3Aoi et al. reported the preparation of fully sugar-
substituted dendrimers, i.e., “sugar balls”, through modification
of the poly(amidoamine) dendrimer surface with saccharddes,
Stoddart et al. reported the preparation of carbohydrate-
containing dendrimers by a convergent synthetic appréaci,
we reported the preparation of hyperbranched carbohydrate
polymers through the ring-opening multibranching polymeri-  Herein, we demonstrate (1) the synthesis of glycoconjugated
zation of anhydro saccharides as cyclic monoriekinear poly(phenylacetylene)s with-D-glucopyranosidepoly-PA-o-
saccharide arrays has been reported by Kobayashi et al. for poly-GIc), 5-D-glucopyranosideroly-PA--Glc), a-p-galactopyra-
(styrene)s, poly(acrylamide)d, poly(phenylacetylene)s,and noside poly-PA-a-Gal), andf-p-galactopyranosideply-PA-
poly(phenylisocyanidejg¢hat examined the effects of polymer ~ f-Gal) using a rhodium catalyst (Scheme 1), (2) the chiroptical
chains on hostguest affinity. The development of increasingly ~Propeties of the glycoconjugated poly(phenylacetylene)s reflect-
sophisticated saccharide arrays will be highlighted by the designing solvent-induced conformational fluctuations in the saccharide
of saccharide arrays featuring a recognition specificity arising 9roups, and (3) a preliminary insight into the lectin recognition
from the three-dimensional organization of the saccharide affinity of the glycoconjugated poly(phenylacetylene)s.
groups.

To impart the arrays with a three-dimensional registration o
saccharides, poly(phenylaceylene)s provide an ideal platform  |nsyruments. TheH NMR and’3C NMR spectra were recorded
due to their inherent chracteristics such as backbone-chirality, using JEOL JNM-EX270 and JEOL JNM-A400Il instruments. The

size exclusion chromatography equipped with a refractive index

. ] . detector (Wyatt Technology Optilab rEX), light scattering detector
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K-805L columns. IR spectra were recorded using a Perkin-Elmer was rapidly washed with icewater (800 mL), dried over N8Oy,
Paragon 1000 FT-IR spectrometer. The fluorescence spectra wereand evaporated. The obtained crude product was purified by column
measured in a 10 mm path length using a Jasco FP-6300chromatography (silica gel, hexane/ethyl acetate, 7:4) to give
spectrofluorometer. The circular dichroism (CD) and ultraviolet  4-iodophenyl 2,3,4,6-tetr@®-acetyla-p-glucopyranoside as a white
visible (UV—vis) spectra were measured & 1 mmpath length powder. Yield: 13.6 g (40%)H NMR (CDCl): ¢ 7.60, 6.87 (d,
using a Jasco J-720 spectropolarimeter. The optical rotations wereJ = 8.8 Hz, 4H, aromatic), 5.735.63 (m, 2H, H-1, H-2), 5.15 (t,
measured with a Jasco DIP-1000 digital polarimeter. PreparationJ = 9.9 Hz, 1H, H-4), 5.03 (dd) = 3.5, 10.3 Hz, 1H, H-3), 4.24

of the polymerization solution was carried out in an MBRAUN (dd, J = 4.7, 12.5 Hz, 1H, H-6), 4.134.02 (m, 2H, H-5, H-6),
stainless steel glovebox equipped with a gas purification system 2.06, 2.05, 2.05, 2.04 (s, 12H, acetyfC NMR (CDCk): 6 170.49,
(molecular sieves and copper catalyst) under a dry argon atmosphere 70.13, 170.11, 169.55 (4C, CO), 155.87, 138.54, 118.81, 85.79
(H20, G, < 1 ppm). The moisture and oxygen contents in the (6C, aromatic), 94.18 (1C, C-1), 70.32, 69.89, 68.18, 68.16, 61.50
glovebox were monitored by an MB-MO-SE 1 and an MB-OX- (5C, C-2, C-3, C-4, C-5, C-6), 20.69, 20.65, 20.61, 20.58 (4G)CH

SE 1, respectively. Anal. Calcd for GgH3l010: C, 43.65; H, 4.21.; |, 23.06. Found:
Materials. Rh"(2,5-orbornadiene)ff-CsHs)B~(CeHs)s] (Rh- C, 43.46; H, 4.14; 1, 23.36.
(nbd)BPh),10 4-ethynylphenyl 2,3,4,6-tetr@-acetyl3-p-glucopy- 4-Eth R g . ;
N ynylphenyl 2,3,4,6-TetraO-acetyl-a-p-glucopyranoside
ranoside PA-f-Glc-OAc),* 4-ethynylphenyl 2,3,4,6-teti@-acetyl- (PA-a-Glc-OAc). To a stirred solution of 4-iodophenyl 2,3,4,6-

o-D-galactopyranosideP@A-a-Gal-OAc),!! 2,3,4,6-tetra@-acetyl- tetraO-acetvla-p-ql ide (1 24 | )
o-D-glucopyranosyl trichloroacetimida’fé,gnd 4-(trimethylsilyl- F?dr(_ﬁ,llzo(gzg yn%Dg.:goﬁqyr;%T)osgﬁl((fé% gr’ng .i.gnomom)n,q((j;mz and
thynyI)pher_ldIBwere synthesized by pr_eV|oust reported methods. triethylamine (8’4.0 mL) in dr;/ THF (100 mL,) was added ,(trim-
Tin(IV) chloride (ST‘CD’ anhydrous (purity- 98%), was purchas_ed ethylsilyl)acetylene (4.20 mL, 30.0 mmol) at room temperature
from Kanto Chemical Co., Inc. (Tokyo, Japan) and used without e 3 hitrogen atmosphere. After stirring for 15 h, the reaction
further purification. (Trimethylsilyl)acetylene was kindly supplied mixture was diluted with CHGI(300 mL) and filtered. The filtrate
from Shinetsu Chemical Co., Ltd. (Tokyo, Japan) and used without was washed with kD and dried over N&Q;. The solvent was

Euﬁnf r ggor/i)f)icvz:llggn. uBrgrrlc;rs]et(rjiﬂfLrjgrrrzdEa(ilite()thélr,egrfigfc(g BE%) and evaporated, and the crude product was stirred with tetrabutylam-
purity p oo monium fluoride (15.0 mL; 1.00 mol 1 in THF) in dry CH.Cl,

used after distillation under reduced pressure. Bis(triphenylphos-f . .

: ] ; . . or 30 min at room temperature under a nitrogen atmosphere. The
phme_)paradmm(ll) dlchlor[de (W”W 99.99%) was pu_rchased from reaction mixture was v€ashed with,®& and dr?ed over I\ESO4.
:hle S'gm‘"’."AldHCh %0' (Misgol\ljl”) atn?_ US.Edtafr rﬁcglrv?dé 'Letrabu- After evaporating the solvent, the crude product was purified by
ylammonium Tuoride, a ~. sowtion In tetrahydroturan, was -, chromatography (silica gel, GEl,/ethyl acetate, 10:1) and

ZEJIE)C dhc?p?k?gngrlovr\?a;hljngll)?Z]L?p;ﬁlliirclicgoﬁwoi\/lgggculsneg (al—fircr)g(r:]ierlr:/:d. recrystallized from hexgne Wi.th a few drops of methanol to give
L " PA-a-Glc-OAc as a white solid. Yield: 8.47 g (77%)H NMR

Japan) and used without further purification. Triphenylphosphine . = : _
(purity >98%) was purchased from Kanto Chemical Co., Inc. and (3C4D ﬁf)'la 7|‘_|4_ Ai) 7'5029(0('{3]_:8988'_"_'22‘ 41|_:_’| amgattl_"c)l,SSiZ]S:(dé—g
used after being recrystallized from dichloromethane/diethyl ether. H.z 1H’ H-A,f) 5 0’5 ('de ~39 '10 3 le ’1H H’-3)' 4.24 (dd =
The phosphate buffered saline solution (PBS) (0.01 md| pH 4 6’ 12’5 Ha ’1|;| H-6), 4 1_2;1 62 ('m 2|_’| H-,5 H-é) '305 (s’ 1H
7.4) was purchased from Kanto Chemical Co., Inc. and used asC'E’C_H) 2’07 ’2 06’ 2'04 ) 503 ,(s ’12H‘ acet‘ F)3.C NMR '
received. The fluorescein isothiocyanate labeled Concanavalin A(CDCI ): ’6 170 39' 1'70 '03' 1é9 46 {4(: (fO) 1)5l6.19 133.58
(FITC-Con A) was purchased from Seikagaku Corp. (Tokyo, Japan) 116 78 -116 42 (.GC’ arorﬁatfc) 93‘ 95 (10’ C-l)' 82 9‘1 éﬁr— e
and used without further purification. The fluorescein isothiocyanate CEé—H) 76.65 (1(’: —Ar—CEEZ—Hj 70.21. 69 85 6813 68.11
labeled peanut agglutinin ((;:ITCHPN,?) V\r/]as pur;:hased from the 61.43 (5(’: 6_2 C-S’ C-4 C5 C-’6) 2'0 él '20 ’55 '20 ;53 '20’49
Sigma-Aldrich Co. and used without further purification. : ' ) ’ ’ ’ L ST TR S
4-lodophenyl 2,3,4,6-TetraO-acetyl-a-b-glucopyranoside.To (4C, CHy). [o]3’ = +240.2 (c 1.0, CHCE). Anal. Calcd for
a stirred mixture of pent@-acetyl-p-glucopyranose (24.0 g, 61.5  C22H2:010 C, 58.93; H, 5.39. Found: C, 58.97; H, 5.38.
mmol), 4-iodophenol (19.0 g, 86.4 mmol), and molecular sieves 4  4-Ethynylphenyl 2,3,4,6-TetraO-acetyl-p-galactopyrano-
A'in dry CHCIl; (120 mL) was added Sng{21.6 mL, 185 mmol), side (PAf-Gal-OAc). A mixture of 2,3,4,6-tetrdd-acetyla-p-
and the reaction mixture was kept at-624 °C for 7 h. The mixture glucopyranosyl trichloroacetimidate (2.22 g, 4.51 mmol), 4-(trim-
was poured into ice-cold aqueous NaH{O®200 mL) and diluted ethylsilylethynyl)phenol (1.40 g, 7.34 mmol), and molecular sieves
with CHCl; (1200 mL). The solution was filtered through Celite 4 A in dry CH,Cl, (50 mL) was stirred at-25 °C for 30 min under
545, and the residue was washed with CHHChe organic phase  a nitrogen atmosphere. To the mixture was slowly addegd®Et,
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(0.59 mL, 4.88 mmol) with stirring for 30 min, and the reaction Poly(4-ethynylphenylf-p-glucopyranoside) (poly-PAg-Glc).
was quenched with pyridine (1.80 mL). After evaporating the Method B was applied tpoly-PA-f-Glc-OAc (0.30 g) in DMSO
solvent, the mixture was purified by flash column chromatography (60 mL) and NaOCH (1 mL; 1 mol L™t in MeOH). Yield:
(silica gel, hexane/ethyl acetate, 2:1). The obtained product wasapproximately 100%H NMR (CDCl): ¢ 7.60-5.86 (br, aro-

stirred with tetrabutylammonium fluoride (1.50 mL; 1.00 molL
in THF) in dry CHCI, (90 mL) for 30 min. To the mixture was
added aqueous NI (100 mL) and extracted with CHEIThe
organic phase was dried over }$£, and then evaporated. The
obtained crude product was purified by column chromatography
(silica gel hexane/ethyl acetate, 4:3) and recrystallized from diethyl
ether to givePA-f-Gal-OAc as a white solid. Yield: 1.74 g
(86%)H NMR (CDCl): o 7.43, 6.95 (d,J = 8.9 Hz, 4H,
aromatic), 5.545.44 (m, 2H, H-2, H-4), 5.11 (dd] = 3.5, 10.4
Hz, 1H, H-3), 5.06 (dJ = 7.9 Hz, 1H, H-1), 4.224.07 (m, 3H,
H-5, H-6), 3.03 (s, 1H, &C—H), 2.19, 2.07, 2.02 (s, 12H, acetyl).
13C NMR (CDCk): ¢ 170.29, 170.17, 170.05, 169.29 (4C, CO),
156.97, 133.57, 116.97, 116.70 (6C, aromatic), 99.18 (1C, C1),
82.97 (1C,—Ar—C=C—H), 76.66 (1C,—Ar—C=C—H), 71.12,
70.72, 68.50, 66.79, 61.33 (5C, C-2, C-3, C-4, C-5, C-6), 20.66,
20.60, 20.52 (4C, CH. [0]Z® = +12.3 (c 1.0, CHC}). Anal.
Calcd for GoH24010: C, 58.93; H, 5.39. Found: C, 58.64; H, 5.40.
Poly(4-ethynylphenyl 2,3,4,6-Tetra©-acetyl-a-p-glucopyra-
noside) (poly-PAa-Glc-OAc). A typical polymerization method
is as follows (Method A): to a stirred solution BfA-o-Glc-OAc
(1.00 g, 2.23 mmol) in dry CHGI(15 mL) was added a solution
of Rh(norbornadiene)BRI{23 mg, 45umol) in dry CHCE (7 mL)

matic), 5.58-3.89 (br,=CH and saccharide moiety), 343.57
(br, OH). IR (KBr, cnm?) 3416 (o-p). [0]3® = —353.5 (c 0.5,
DMSO).

Poly(4-ethynylphenyl-a-p-galactopyranoside) (poly-PAet-
Gal). Method B was applied tpoly-PA-a-Gal-OAc (0.30 g) in
THF (60 mL) and NaOCkI(1 mL; 1 mol L™t in MeOH). Yield:
approximately 100%'H NMR (CDCl): 6 7.68-5.96 (br, aro-
matic), 5.96-4.19 (br,=CH and saccharide moiety), 4:12.67
(br, saccharide moiety and OH). IR (KBr, c#) 3378 (o-n).
[a]2® = +500.5 (c 0.5, DMSO).

Poly(4-ethynylphenylf-p-galactopyranoside) (poly-PAg-
Gal). Method B was applied tpoly-PA-f-Gal-OAc (0.30 g) in
THF (60 mL) and NaOCHki(1 mL; 1 mol L™! in MeOH). Yield:
approximately 100%'H NMR (CDCl): 6 7.66-5.98 (br, aro-
matic), 5.374.00 (br,=CH and saccharide moiety), 3:932.53
(br, saccharide moiety and OH). IR (KBr, ci) 3348 (o—p).
[a]3® = —484.6 (c 0.5, DMSO).

CD and UV—Visible Measurements.The CD and U\-vis
spectra were measured @ 1 mmquartz cell at room temperature.
The polymer concentration, which was calculated on the basis of
the monomeric units, was 3.6 mmot Lfor poly-PA-a-Glc, poly-

under an argon atmosphere. After 20 h, the reaction was terminated®A-f-Glc, poly-PA-a-Gal, andpoly-PA-f-Gal.

by adding triphenylphosphine (70 mg, 0.27 mmol) and then poured
into a large amount of methanol. The precipitate was filtered off
and dried in vacuo to givpoly-PA-o-Glc-OAc as a yellow powder.
Yield: 89%-MW,SEC*MALLS (In CHC|3) 2.49x 105 MW/Mn 1.46.

IH NMR (CDCl): 6 7.79-6.28 (br, aromatic), 6.204.59 (br,=

CH and saccharide moiety), 2.62.40 (br, acetyl). IR (KBr, cm?)
1756 rc—o). [0]3° = +296.3 (c 1.0, CHCl,).

Poly(4-ethynylphenyl 2,3,4,6-Tetra©-acetyl{-p-glucopyra-
noside) (poly-PAf-Glc-OAc). Method A was applied té®A-f-
Glc-OAc (1.00 g, 2.23 mmol) and Rh(norbornadiene) B8 mg,
45 umol) in dry CHCE (22 mL). Yield: 83%.My sec-maLLs (in
CHCly): 1.43 x 10°. My/Mp: 1.57.*H NMR (CDClg): ¢ 7.40—
6.70 (br, aromatic), 6.084.65 (br,=CH and saccharide moiety),
4.60-3.63 (br, saccharide moiety), 2:6Q.40 (br, acetyl). IR (KBr,
cm 1) 1756 pc—o). [a]3 = +70.9 (c 1.0, DMSO).

Poly(4-ethynylphenyl 2,3,4,6-Tetra©-acetyl-a-p-galactopy-
ranoside) (poly-PA-a-Gal-OAc). Method A was applied t®A-
o-Gal-OAc (1.00 g, 2.23 mmol) and Rh(norbornadiene)BP28
mg, 45umol) in dry CHCE (22 mL). Yield: 98%.My, sec-maLLs
(in CHCL): 7.26x 1. My/Mp: 1.47.*H NMR (CDClg): 6 7.50~
6.10 (br, aromatic), 6.064.73 (br,=CH and saccharide moiety),
4.65-3.18 (br, saccharide moiety), 2:6@.40 (br, acetyl). IR (KBr,
cm 1) 1755 (pe—o). [a]% = +380.3 (c 1.0, DMSO).

Poly(4-ethynylphenyl 2,3,4,6-Tetra©-acetyl#-p-galactopy-
ranoside) (poly-PAS-Gal-OAc). Method A was applied téA-
P-Gal-OAc (1.00 g, 2.23 mmol) and Rh(norbornadiene)BP28
mg, 45p¢m0|) in dry CHC[; (22 mL) Yield: 88%-MW,SEC*MALLS
(in CHCL): 1.74x 1. My/Mp; 2.05.1H NMR (CDClg): 6 7.80~
4.66 (br, aromatic=CH, and saccharide moiety), 4:58.62 (br,
saccharide moiety), 3.601.00 (br, acetyl). IR (KBr, cmt) 1756
(ve—o). [0]Z2 = —255.3 (c 1.0, DMSO).

Poly(4-ethynylphenyl-a-p-glucopyranoside) (poly-PAe-Glc).

A typical deacetyl method is as follows (Method B): to a stirred
solution of poly-PA-a-Glc-OAc (0.30 g) in THF (60 mL) was
added NaOCHI (1 mL; 1 mol L™ in MeOH). After 2 h, water
(200 mL) was added to dissolve the precipitate. The mixture was
dialyzed in a cellulose tube against water for 2 days and then
lyophilized to give poly-PA-a-Glc as a yellow powder. Yield:
approximately 100%H NMR (DMSO-dg): ¢ 7.62-6.05 (br,
aromatic), 5.454.11 (br,=CH and saccharide moiety), 3.82.57

(br, OH). IR (KBr, cn?) 3416 (o-y). [a]Z® = +457.2 (c 0.5,
DMSO).

Fluorometric Assay of Lectin-Binding. The fluorescence
spectra were measured in a 10 mm quartz cell &t@5A typical
procedure is described as follows: aliquotsR) of a stock
solution ofpoly-PA-o-Glc (10 mM) in PBS (pH 7.4) were added
every 30 min to a solution of FITC-Con A (24 nM, 1.8 mL) in
PBS. The fluorescence spectra (5@D0 nm) were recorded with
excitation at 490 nm. The excitation and emission bandwidth were
5 nm.

Results and Discussion

Synthesis of Poly(phenylacetylene)s with Variable Sac-
charide Functionalities. To provide poly(phenylacetylene)s
with diverse saccharides functionalities, the glycoconjugated
phenylacetylenes were prepared throughothend - selective
glycosylations and the Sonogashiitdagiwara coupling reac-
tion. 4-Ethynylphenyl 2,3,4,6-tetr@-acetyl{-p-glucopyrano-
side PA-B-Glc-OAc) anda-p-galactopyranosidePA-o-Gal-

OAc) were synthesized using previously reported methéds.
The synthesis of the-b-glucopyranosideA-a-Glc-OAc) and
pB-D-galactopyranosidePA-f-Gal-OAc) were carried out using

the procedures presented in Scheme 2. These glycoconjugated
monomers were then polymerized using Rh(norbornadieng)BPh
(Rh(nbd)BPh) as a catalyst in dry CHglat 30°C for 20 h
(Table 1). All the polymerizations homogeneously proceeded
to yield dark red viscous products and then purified by
reprecipitation with methanol to give the glycoconjugated poly-
(phenylacetylene)s as yellow powders in high yield88%).

IH NMR spectra of the resultant polymensofy-PA-a-Glc-

OAc, poly-PA-f-Glc-OAc, poly-PA-a-Gal-OAc, andpoly-PA-
p-Gal-OAc) confirmed the structures of the poly(phenylacet-
ylene)s with the saccharide residues. GPC analysis using a
refractive index detector, light scattering detector, and viscom-
eter (SEC-MALLS) exhibited unimodal peaks for all the
glycoconjugated poly(phenylacetylene)s, resulting in the mo-
lecular weights M) of 2.49 x 1P, 1.43 x 105, 7.26 x 10,

and 1.74x 1P for poly-PA-a-Glc-OAc, poly-PA-B-Glc-OAc,
poly-PA-a-Gal-OAc, and poly-PA-a-Gal-OAc, respectively
(Table 1). Finally, these polymers were hydrolyzed using
NaOCH; to provide helical arrays consisting of poly(pheny-
lacetylene)s and diverse saccharide functionalities to demonstrate
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Scheme 2
TMS

C

|
OAc 0 b
A%OCB%OAC+ Ay dAc —2 6 —%> PA-a-Glc-OAc
OAc O OAc
AcO
OA
AcO~ ¢

ACOOAC
T™MS ™S
OAc OAc ‘ | q
o} N — ——° »  PA-B-Gal-OAc
AcO NH OAc
AcOo—{ OPg
CCl3 OH AcO 0
OAc

aReagents: (a) SnGICHCL, 62—64 °C, (b) trimethylsilyl acetylene, Cul, (RRPdC}, Et;N, room temperature (rt), (c) BMF, CH.Cly, rt, (d)
BF;-OEL, CH,Cl,, —25 °C, (e) BuNF, CH.Cl,, rt.

Table 1. Polymerization of PAa-Glc-OAc, PA--Glc-OAc, .
PA-a-Gal-OAc, and PAf-Gal-OAc Using Rh(nbd)BPhs? — poly-PA-a-Glc-OAc
: poly-PA-B-Glc-OAc
ly-PA-a-Glc-OA 89 2.49 1.46 — poly-PA-0-Gal-OAc
poly-PA-a-Glc-OAc . . . PAR. .
poly-PA-B-Glc-OAc 83 14.3 157 : poly-PA-B-Gal-OAc
poly-PA-a-Gal-OAc 98 7.26 1.47
poly-PA-B-Gal-OAc 88 1.74 2.05

aConditions: [monomer{ 0.1 M.; [monomer]/[Rh(nbd)BPj = 50.;
solvent, CHC4.; temp, 30°C; time, 20 h. Methanol insoluble part.
¢ Determined by SEC-MALLS in CHGI

glycoconjugated polymers yield (%) M, x 1075 Mu/Mp®

[&]

o

the affinities toward lectinspply-PA-a-Glc, poly-PA-f-Glc,
poly-PA-a-Gal, andpoly-PA-f-Gal).

Chiroptical Properties of Glycoconjugated Poly(pheny-
lacetylene)sThe structural conformation of the glycoconjugated
poly(phenylacetylene)s was demonstrated on the basis of the
circular dichroism (CD) and ultravioletvisible (UV—vis)
spectra. These results provided significant evidence for a variety
of one-handed helical structures of the glycoconjugated poly-
(phenylacetylene)s, showing that the characteristics of the

m-conjugated properties and helical structures of the poly- Figure 1. CD (upper) and UV-vis (lower) spectra of (Apoly-PA-

(phenylacetylene)s are significantly dependent on the saccharidg, . ang poly-PA-A-Glc and (B) poly-PA-a-Gal and poly-PA--
functionalities. Figure 1 shows the CD and BVis spectra of Gal in H,O at room temperature.

poly-PA-a-Glc-OAc, poly-PA-f-Glc-OAc, poly-PA-a-Gal-

OAc, andpoly-PA-o-Gal-OAc in CH,Cl, at room temperature.  PA-a-Gal-OAc (Figure 1). In clear contraspoly-PA-f-Glc-
Poly-PA-a-Glc-OAc induced a first negative Cotton effect at OAc andpoly-PA-f-Gal-OAc have essentially identical char-
444 nm, a second positive Cotton effect at 379 nm, a third acteristics of biased helical structures in £Hp; poly-PA-f-
negative Cotton effect at 340 nm, and a fourth positive Cotton Glc-OAc and poly-PA-#-Gal-OAc showed almost matching
effect at 275 nm. Similar split-type Cotton effects were observed CD profiles (blue and red in Figure 1). The structural difference
for the other gycloconjugated poly(phenylacetylene)s in the long between theg-Glc ands-Gla groups has no ability to execute
absorption region of the-conjugated polyacetylene backbone the chiral translation in CkCl,. These results suggest that the
(250-500 nm). The chiroptical properties of the backbones chiral translation from the pendant sugar groups to the poly-
evidently demonstrate a conformational chirality and thus the acetylene backbone is significantly sensitive to the local
one-handed helical conformations of theconjugated double  stereocenters of the sugar functionalities.

bonds in the backbones. The biased helical structures are dictated As expected, use of variable solvents such as HFIP, chloro-
by the pendant saccharide functionalities, resulting in a variety form, dichloromethane, DMSO, and THF results in a solvent-
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of CD profiles (Figure 1)Poly-PA-a-Glc-OAc prominently induced conformational fluctuation of the pendant sugar func-
showed strong Cotton effects whereas relatively weak signalstionalities, leading to diverged CD and UWis profiles as a
were observed fopoly-PA-a-Gal-OAc in CH,CI, (black and consequence of the variety of backbone conformations (Figure

green in Figure 1). This result signifies that the stereocenter at2 and Supporting Information). The remarkable absorptions with
the 4-position in the pyranoside ring is crucial for the config- the maxima at 470 and 500 nm in the YVis profiles were
uration—conformation chiral translation from the sugar to observed with HFIP and CHglrespectively. The significant
phenylacetylene backbonespoly-PA-a-Glc-OAc andpoly- solvatochroism promoted substantial visible color changes from
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Figure 2. CD (upper) and UV-vis (lower) spectra opoly-PA-a-Glc-OAc in THF, CH.CI,, HFIP, and CHGJ at room temperature.
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Figure 3. CD (upper) and UV-vis (lower) spectra opoly(PAqsco-PA-a-Glc-OAcys) in THF, CH.Cl,, HFIP, and CHGJ at room temperature.

yellow to red (Figure 2). It was found that no red-shift was densely packed saccharide functionalities. The backbone adapt-
observed in CHGIfor the 5-glycoconjugated poly(phenylacety-  ability promoted the adjustment of the twist angle between the
lene)s, such apoly-PA-#-Glc-OAc andpoly-PA-f-Gal-OAc m-conjugated double bonds of the backbones, resulting in
(see Supporting Information). The pronounced absorptions significant color change®.
around 470 nm were accompanied by the corresponding Cotton Figure 4 shows the CD and UWis spectra of the acetyl
effects in the CD spectra, and feasibiity of the solvatochroism group-free glycoconjugated poly(phenylacetylen@ydy-PA-
is dependent on the saccharide functionalities. These resultsa-Glc, poly-PA-£-Glc, poly-PA-a-Gal, and poly-PA-#-Gal)
suggest that the observed solvatochroism is strongly correlatedin H,O. The intense Cotton effects in the long absorption region
with the interplay between the poly(phenylacetylene) backbonesof the backbone (2560500 nm) indicate that these glycocon-
and saccharide functionalities. jugated polymers also feature one-handed helical conformations
To provide further insight into the solvatochromism, the even in polar solvents, such as®and DMSO (see Supporting
control, the less-saccharide functionalized copolymer consisting Information). The quite consistent CD profiles pbly-PA-o.-

of phenylacetylene andA-a-Glc-OAc (poly(PAg s-co-PA-a- Glc and poly-PA-f-Glc in Figure 4A are responsible for the
Glc-OAco 5),** was prepared, and the CD and YVis spectra matching helical structures with-Glc andfg-Glc, respectively.
were recorded in variable solvents including £Hp, THF, Interestingly poly-PA-B-Glc showed mirror-imaged CD profiles
HFIP, and CH{ (see Figure 3). The contrgoly(PAgsco- in H,O and DMSO due to the solvent-induced conformational

PA-a-Glc-OAcys) showed very consistent CD and UWVis fluctuation off-Glc, providing evidence for the viability of the
profiles in a variety of solvents, essentially demonstrating the backbone adaptation even in polar solvents (see Supporting
identical helical structures over the solvent-induced conforma- Information). The CD spectra gioly-PA-o-Gal andpoly-PA-
tional fluctuation of the Glc functionalities. This result clearly fB-Gal exhibited mirror-imaged profiles in #0 (Figure 4B),
revealed that the densely packed saccharide functionalities inindicative of reverse helical structures fooly-PA-a-Gal and
Poly-PA-a-Glc-OAc make it possible to mediate the solvato- poly-PA-f-Gal. The combination of the chiral translation and
chroism as a direct consequence of the helical backbonebackbone adaptability in glycoconjugated poly(phenylacety-
adaptation. This adaptation is suscesptible to the conformationallene)s permits the three-dimensional organization of saccharides;
fluctuation of the saccharide functionalities in the various theo- andg-Glc functionalities are arranged in the same sense
solvents. The contrgdoly(PAg s-co-PA-a-Glc-OAcy s) featuring of the helical structures, and the and-Gal functionalities

a chiral translation from the saccharide functionalities to the are organized in the opposite sense of the helical structures in
backbones is, however, incapable of the adaptation due to lessH-O.
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at room temperature.
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Figure 5. Dependence of fluorescence intensity of FITC-Con A (A) and FITC-PNA (B) at 517 nn=(é90 nm) on the concentrations of
poly-PA-a-Glc, poly-PA-#-Glc, poly-PA-a-Gal, andpoly-PA-f-Gal in PBS (pH 7.4).

Lectin Recognition Properties of Glycoconjugated Poly- To provide further insight into the “cluster glycoside effégt”
(phenylacetylene)s.To provide preliminary insights into the the association constant& of the poly(phenylacetylene)s
lectin recognition properties of the poly(phenylacetylene)s with carrying saccharide clusters to lectins were experimentally
diversified saccharide functionalities, fluorescence quenching quantified by the Scatchard plot as follows:
titrations were examined using fluorescein isothiocyanate labeled
Concanavalin A (FITC-Con A) and peanut agglutinin (FITC- [sugarF, [sugarF, Fo
PNA). Con A and PNA are plant lectins consisting of four AE AF + AF, K
specific binding sites for the glucose and galactose units, max max:*a
respectivelyt%2FITC groups have an intrinsic emission peak at )

517 nm that is quenched upon binding to saccharides, makingWhere [sugar]Fo, andF are the concentrations of the glyco-

it possible to quantify the hosguest binding’” As expected, conjugates, the initial fluorescence intensity of the FITC-lectins,
the addition of the glycoconjugated poly(phenylacetylene)s and the fluorescence intensity, respectively. Figure 6A shows
resulted in the quenching of the FITC fluorescence (Figure the Scatchard plots for theoly-PA-a-Glc andpoly-PA-f-Glc
5A,B). Efficient binding to FITC-Con A was observed for the binding to FITC-Con A. TheKy's for these interactions were
poly-PA-a-Glc andpoly-PA--Glc; the values of the relative ~ determined from the slopes and the intercepts of Figure 6A

change in the fluorescence intensityF/Fo) for poly-PA-a- (Table 2). The highly clustered effect pbly-PA-a-Glc was
Glc and poly-PA--Glc showed a nonlinear decrease as a observed due to the-Glc units on the poly(phenylacetylene),
function of the concentration of the Glc unit, whergasly- resulting in enhancement of the specific binding with Con A;

PA-a-Gal and poly-PA--Gal showed slight decrease of the the K; for poly-PA-a-Glc between Con A (1.4x 10° MY
AFIF, derived from the weak nonspecific binding of the Gal was about 82 times greater than that of metiyb-glucopy-
unit to Con A (Figure 5A). Likewisepoly-PA-a-Gal andpoly- ranoside (1.7 10° M~1).180|n addition, the prominent affinity
PA-B-Gal displayed prominent affinities for PNA, whereas of poly-PA-f-Glc for Con A (K; = 5.1 x 10* M~1) was half
poly-PA-a-Glc andpoly-PA-B-Glc did not (Figure 5B). These  that for poly-PA-a-Glc, althoughB-glucosides generally have
results clearly suggest that the three-dimensional organizeda much weaker affinity for Con A than the-glucosideg$a.>
saccharide clusters along the polyacetylene backbones havehese results highlight the fact that the affinites of these
strong binding affinities toward specific lectins depending on glycoconjugates toward Con A were significantly affected by
the saccharide functionalities. the three-dimensional saccharides organization.
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Figure 6. Scatchard plots of fluorescence intensity change in FITC-Con A pdlly-PA-a-Glc and poly-PA-f-Glc (A) and FITC-PNA with
poly-PA-a-Gal and poly-PA-g-Gal (B).

Table 2.K, Values of Glycoconjugates to Con A and PNA affinity effect. Further research on the glycoconjugates bearing

Ka (M) other kinds of saccharides with a controlled backbone confor-
Con A PNA mation is now in progress.
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a K, of methyla- and-p-glucopyranoside was from the literature (see
reference 16b)? K, of methyla- ands-p-galactopyranoside was from the
literature (see reference 16c).

For PNA, theK, values forpoly-PA-a-Gal (6.3 x 10* M~1)
andpoly-PA-#-Gal (2.5 x 10* M~1) showed about 35 and 25-
fold higher magnitudes for methyl-p-galactopyranoside and
methyl 3-p-galactopyranoside, respectively (Table'®)These
results are again ascribed to the “cluster glycoside effect”.
Comparison betweepoly-PA-a-Gal andpoly-PA-f-Gal pro-
vides preliminary insights into the chiral spatial registration
effects of the saccharides on the lectin recognition. Given that
poly-PA-a-Glc and poly-PA-f-Glc have the same sense of
helicity and poly-PA-a-Gal and poly-PA-f-Gal have the
opposite helicity featuring the saccharide functionalities within
the poly(phenylacetylene) backbones (Figure 4, vide supra), a
significant difference in the binding efficiency was observed
betweenpoly-PA-o-Gal and poly-PA-f-Gal. There was es-
sentially no difference in the recognition affinity of tlee and
pB-galactose units to PNA, supporting the importance of the
three-dimensional saccharide arrangement in the lectin recogni-
tion of helical saccharide arrays.
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