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lnh'Oduction 

Reversible complex formation of borate組 dphenylboronate ions wi血 mono－組d

oligosaccharides in aqueous solution is well known. Tb田einteractions have be四 employed

in sep創測on組 ddetection of compounds containing sugar molecul信組dsynthesis of 

SU伊・re叩onsivematerials. Eqt副ibriwnco邸胞的 ofthe compl偲 formation(K山） betw民n

borate group組 dpartic叫ardiols in the saccharide molecul白 vary企0皿 6to 2000 M1  for 

d丘町ntsug.訂s,suggesting high selectivity of borate interaction wi也知gars.Rec倒 ly,some 

efforts were made to可nthesizewater-soluble copol戸nerscontaining phenylboronic acid, and 

to study血eirproperti郎企om也e吋m叩ointof application for sugar sensing and re甲onsing

materials and lectin-like materials. In 由is s回dy, int町action of血目more平onsive

boronate-containing copolymers wi也some伺めohydrat民組dpolyols have been studied by a 

shift of its phase紅型isitiontempera畑氏（乃），which might be caused by the binding of the 

molecules 旬也ecopolym田［1,2]. Fur由町即時，weinvestigated to組alyze血einterac凶onof 

th町四ぽesponsiveboronate-containing copoゆnerswith some carbohydrates using UV 

spec住almea釘irement.

Results and discussion 

Thennoresponsive boronate-containing copo勿mers of 

N-acryloyl・3・aminoph佃 ylboronicacid {AAPBA）組dN-isopropylacrylamide仔UPAA附

were pre伊redby企閃radicalpolymerization [1）.百iemolec叫宿泊uctureof血ecopolymer is 

shown in Fig. 1. The content of phenylboronic acid in血e(NIPAAM-AAPBA)-copolymer 

was 18 molo/o which was detennined by 

IH-1'品1Rspectrum of由ecopol戸n町. The 

nwnbぽ・ andweight-av町agemolecular mass 

（地租d Mw) of the 

{NIPAAM-AAPBA)-copolymer were 47,000 

卵 oland 183,000 g/mol， 民spectivel弘 and

H→咋t；－＋勺ま－H
H3C/C史（ユ

CH3 ＂＇...？ヘ9-α4
α4 

Mwll.血 was3.9，鎚 determ血ed台omthe SEC Fig. I S加 C組問 of 。UPAAM-
chroma to gr包n.百iemolecular mass at p回k-top

of SEC (Mp) was 224,000 g/mol. 
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Thennal vrecivi臼tionvrovertv of（］沼Pん仙1-.AAPBA)-covolvmer

The (NIPAAM-AAPBA)-copolymer e油ibitsa旬pica!thermal precipi旬tionbehavior 

(Fig. 2）.百1eoptical transmitt組 ceof血ec叩ol戸nersolution s凶中lydecreased at a sp民泊c

ten平eratwe,which increased wi血叩血口伺sein pH. The incr・切 sewould be due to the 

ionization of phenylboronate group宜om組問chargedtrigonal form, which is hy・企ophobic,

to a charged boronate anion, which岱 ahydrophilic. The thermal p四cipitationof 

poly(NIPAAM-AAPBA) at pH 9. 7、wherealmost all phenylboronate groups would be in a 
form of charged boronic anion, w出 almostthe same as that of poly-NIPAAM. This 

p問cipitationbe凶viorof poly(NIPAAM-AAPBA) is considered as follows; the introduction 

of non-cha培Mh同rophobicphenyめorona旬 groupinto由怠polymerchain of poly-NIPAAM 
causes也edeer•伺seof the phase transition temperatu四；theionization of phenylboronic group 
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of volvfNIPA.AM-.AAPBA) 

The thermal p民cipitation of 

poly(NIPAAM-AAPBA) was measured in 

←－ t A¥ I I JJ ・1 

20ト＼刷l 11 i 

。 ｜ド
岡田1

20 25 30 35 40 45 
Tempe旧ture[0C) 

the pres釦 ce of glucose. The thermal Fig. 2 Te時 erature 白戸ndence ofゆ叫

precipitation at pH 6.4-6.5, where almost all 岡田mittance of poly(NIPAAM-
AAPBA）皿dpoly-NIPAAM at various 

of boronic acid groups wo叫dbe m出e
uncharged form, was unaffected by glucose. 

1bis indicates that the uncharged form of 

boronic acid dose not interact with glucose. 

On the other hand, the thermal pr配 ipitation

of the copo勿m町 atpH 9.3-9.久 where

boronic acid group would be in the charged 

form, wぉ也i宜edto higher temp町att紅白by

the addition of e試問melysmall amount of 

glucose, 5. 6口M (1.0xI0-3 mg/凶）σ砲・ 3).
τbe themial precipitation temperature 

increased with an incr伺 sein the glucose 

concen凶 tion.The increase m乃 iscaused 
by an increase in hydrophilicity of出e

pH val田 s.
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Fig. 3 Temp釘宮佃re dependence of opti伺 l
住祖smitt姐 ce of poly(NIPAAM-
AAPBA) in the absence and pre臼nee
of glucose at pH 9 .3-9 .5 
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copoゆner’dueto the formation of血ecomplex between phenylboronic acid group of the 

co阿ymerand glucose伺g.4). 

τbe effect of the addition of sugars 組 dpolyol compoun也 on乃 of

poly(NIPAAM-AAPBA) was examined σ格

5). The increase mぉcausedby the addition 
of fructose was about 7・10。cat pH higher 
than 8. The effect of mannitol on乃 W酪

almost the臼meas that of glucose. In也e

presence of伊lactose,thot唱hthe small 

血.er伺sein Tp, 1・3。C,was observed at 
pH7.5・8.8.甘ieorder of白eincr回 sein 丹is

血efollowing：：白uctose> glucosか mannitol

> galactose.百邸 orderexcept glucose 

S偲msto reflect由eassociation const姐 tfor 

a complex betw目n monomeric phenyl 

bomnic acid 組 d sug笛

(fiuctose冶組血tol>>galactose>glucose)[3]. 

Glucose has an ab出tyto form a 1: 2 complex 

with phenylboronic acid. Th釘・efore,glucose 

might show a中ecifichigh affinity with 

ph田yめoronatesin poly(NIPAAM-AAPBA) 

due tom凶ti-pointint町actionlike chelating 

of glucose wi血 two pen也nt

phenylboronates m血epolymer chain部
mentioned above. 

A small increase in Tp wぉ

observed m出epr田租.ceof glycerol組 d
oligosaccharides at pH 7.5-8.7 while no 

effect w部 observedat pH>9σig. 5b). The 

a血血ty of these additives towards 

phenyめoronategroups would be relatively 
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Fig. 4 E申出.briu血 ofbetween a charged 
phenylboronate 回ion四dsugar in 
aqueous media. 
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From the above results, the effect 

of sugars and polyols on the increase in Tp 

of polyφITPAAM-AAPBA）臼 concludedas 

follows；企uctose> glucose司 mannitol> 

pentaerythritol > galactose > Tris > glycerol. 

b) 
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pH 

Fig. 5 Effi配t of pH on 乃 of
poly(NIPAAM-AAPBA）血血e
pre日neeof vario凶 sugars姐 dpolyol 
co皿pounds.a) monosaccharides，組 db) 
glyc町oland oligosaccharides. 
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Analvsis ofinter，αction be，伽'eenof vo/v{NIPAAM-AAPBA) and suf!ars 

In order to analyse the interaction between of poly(NIPAAM-AAPBA）祖dsugars, 

UV S戸C岡田 of也eco poゆnerdissolved in water at 297 K W部 measuredat various pH 

values using a photo-probe type sp民位。1pho旬me附 (USB2000,Ocean Optics, Inc., USA). A 

Small change of the sp民国by由epH ch組 geobserved, however血edifference was 民latively

small. So, the diffc町・enceUV spec回 forthe copolym町 atvarious pH values were taken企om

the spectnun observed at血elow白tpH values出 a問ference伺§的．官邸 spec釘alchange 

would be caused by the ionization of the phenylboronate group of the copolymer倉・om組

uncha培吋出gonalform (B) to a c凶培“boronate制 on(B・） [1]. Al皿ostall of the boronate 

acid groups wo叫dbe m也.euncharged form at pH lower也組6,hence the中ec仕alchange is 
consid釘・edto be caused by血e血er伺 se血血econcen凶tionof the charged boronate組ion

組 d血edeαease of血eWlCb釘宰edone. The change rates of血eabsorb組 .ceat 287 run for the 

copoゆnersolution, and also for the copolymer solution containing fructose at various 

concentrati佃 s,were plotted against白出pHvalues in Fig. 7.τbe absorb姐 .ceat 287 nm 

deer伺 sedshaiply with increase in pH value.官邸 absorbancechance at 287 nm c組 be

attributed to也edecrea民 ofthe uncharged form. The curve of血eabsorbance ch姐 .gewas 

shifted to lower pH region by組 increase血血e企uctoseconc回国tion.Fructose can be 

interact with出ech創-gedboronate anion. Hence，血isshi食showsthe co邸 umptionof也e

unc凶培edform by the formation of the compl偲 betweenthe charged boronate anion組 d

fmctose and the equilibrium between the uncharged form祖 dthe boronate組 ion.
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Fig. 6 Diff祖国ce adsorption 等脱出
betwe四 unionized 姐 d ionized 
forms of the c句>0lymer
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Fig. 7 Change rates of 油田向姐ceof the 
boronate c叩olymer solution 
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