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Abstract

Biodegradable aliphatic polyesters have been intensively studied and widely used in

biomedical applications,including sutures，implants for bone fixation,scaffolds in tissue

engineering,and carriers in dmg delivery,etc．㈦I However,hydrophobicity and lack of

functional groups to which bioactive molecules(dmgs,recognition agents,adhesion

promoters．or probes)can be covalently attached a把the omIfces of occasioml shortcomings

for some applications．In contrast，naturally-occurring saccharidcs or polysaccharides

have many active functional groups and good hydmphilieity,bioeompatibility and

biodegradability．In this paper,a series of amphiphilie aliphatic polyesters contained

saccharide segments wcng synthesized and eharactgTizcd．

In Chapter l，all amphiphilic刚“e．-capmlactonc)-b-dextran block eopolyme=r w勰

synthesized by Micheal addition bc“cccn amino ended dcxtran(dcxttan-NH9 and acrylate

ended poly(g-caprolactomXPCL-CH=CH2)．The dextma-NI-12 was prepared by the reaction of

ethyl diamine and dcxtma．The synthesis ofPCI．,-CH=CHzwas carried out by the reaction of

the hydroxyl terminated poly(占．c,aprolactonc)with aclytoyl chloride．The structure of the

copolymcrs w鹅eharactg．iized by。H-NMlL The miedlization in aqueous solution was studied

by transmission electron microscopy ffEM),oh,namic light scattering technique(OLS)and

pyrcne fluoresce=lee absoq正on technique．This is the first work of preparing polysaccharide

block copolymea'．

In Chal炳2．a novd star shape amphiphilic copolymer(sPCL-dcxtran)with the

dipcntacrytl竹itol core．,thc hyd∞#obic poly(自c印fDI扯晒动∞cI)inncf block arm,and tk

b曲fo灿dcmran outer block锄was synthesized by threc steps．F妇dy,the ril坞一0珥舶蛔

polymcrization of r纠：aprolactonc(觎)initiated by tim dipcattacrythritol—od嗍the star

shape PCL(sPCL-OIO．Secondly,the sPCL-OH reac拄with aeryloyi chloride to get star

shaped PCL with the aclylatc end group(sPO．-CH=CH2)．Finally,the amino ended dexWan

is attached to thc sPCL-CH一2I-12 temlimm by tha Michcal addition豫妣m
characterization with’H h'MIL GPC and dement analysis confirm。d the structure of th,

sPCL-dextran．Micellization of the sPCL-dextran in粼lll鲫盥solutions wag investigated bY



DLS．The results show that the size distribution of the micelles is related to the concentration

of the sPCL-dextran in aqueous mediuntL The salt．pH and temperature have no obvious

influences Oil the Rh ofthe micelle．This sPCL-dextran will possibly establish auseful starting

point forusingthepolysaccharideto synthesisthestarshapeamphiphilicpolymer．

In Chapter 3，the dextran derivatives with L-phenylalanine side groups(dex-phe)were

synthesized，The structure，substituent degree(SD)and molecular weight of dex—phe were

investigated by‘H—NMR，element analysis and gel permeation chromatography(GPC)，

respectively．The polyion complex panicles were obtained by dropping water tO the solution

ofdex-phe with the carhoxyl ended poly(z-caprolactone)(PCL-COOH)in dimethyl sulfoxide

(DMSO)．The stability of the polyion complex particles was kept by the cooperation of

hydrophobic interaction and electrostatic interaction between the L-phenylalanine side groups

in dex-pheand PCLCOOH．The shape ofthe dry particles was showed by TEM．The average

effective hydrodynamic radius陬)and the size distribution of the particles in aqueous

solution We,re meamrcd by DLS．The charge on the complex particle surface was determined

by zeta-potential naeama'elncnts．The particles combine several key smletural features such勰

hydrophobic ionic ees℃,a hydrophilie shell，nanoscale size，the safety and biocompatibility．

This polyion complex particles have the potential applications in pharmaceutical fields．

In Cheer 4'a novel biodegradable polyester contained gltlcosc units Was pfcpared by a

three-step l'eagtion from D-gluconic acid-d-lactone(G)and maleie anhydride．Firstly,the

4,6-bydroxyl groups ofD-gluconic acid-d-lactone was prolccted with 2,2-dimethoxy propanea

(DMP)to obtain 4,6-O-iscgropylidene gluconolactone(PO)．Secondly,the residual two

hydroxyl groups in PG reacted with malcic anhydride by the polycondamation阳acti∞to

prod,聪the intermediate poly(4，脚owlidcne gluconolacto僻maleic)(PP(孙1)．Finally,

the isopropyUdanc group was removed from the PPGM to get the咖
(glueonolactone-maleic diest哪fl，GM)．The products wcl"e ch狮槐妇蝴by GPC，1H NM＆

FTIR and DSC．The pI铝眈ce of free hydroxyl and double bond groups in the PGM would

provide the possibility for chemical modification of the polymer chain and coupling

biologically active molecules,which a叩an出the group of known biomedical polyesters

candidates．



摘 要

生物可降解脂肪族聚酯在手术缝合线、骨钉，组织工程支架和药物载体等生

物医学领域已得到广泛应用。今年束，在脂肪族聚酯中引入亲水忭链段及可与药

物、靶向性配体，生物探针等反应的活性位点成为生物医川离分子材料研究的蘑

点。塘及多糖的分子结构中含有多个活性羟基并具有优良的亲水性、良好的生物

相容性和生物可降解性。本文合成了一系列含糖链的两亲性脂肪族聚酯并采用多

种分析方法对聚合物的结构及性能进行了表征。

第一章报道了一种新型天然多籍一脂肪族聚酯两嵌段聚合物的合成方法。即

利用7．-胺与葡聚糖反应得到带有端氨基的葡聚糖(dextran—N心)，端羟基聚臼一

己内酯)与丙烯酰氯反应得到带有丙烯酸酯端基的聚(r己内酯)(PcL-cH=C心)．

然后通过dextran-NHz与PcL-cH《也问的Micheal加成反应合成了聚(r己内

酯)-b-葡聚糖两嵌段聚合物。通过1H-NMR表征了聚合物的结构，动念光散射和透

射电镜表征了聚合物在水溶液中的胶束化行为。

第二章合成了以双季戊四醇为核，疏水性聚(矿己内酯)为内臂，亲水性葡聚糖

为外臂的星形两亲性共聚物。其反应过程分为三步：首先以双季戊四醇为引发剂

引发r己内酯的开环聚合反应得到带有端羟基的聚(r己内酯)星形聚合物

(sPCL删)．第二步通过sPCL-OH与丙烯酰氯反应得到带有丙烯酸酯端基的聚(r

己内酯)星形聚合物(sPcL删：cH2)。最后通过sPCL-CH=CH：与端氨基葡聚糖之间的

的Micheal加成反应合成了聚(f己内酯)一b一葡聚糖星形嵌段聚合物

(sPCL-dextran)．通过核磁共振氢谱，凝胶渗透色谱、元素分析等方法表征了聚

合物的结构．利用动态光散射的方法研究了该聚合物在水溶液中的胶束化行为，



结果表明：所形成胶束的粒径及粒径分布与聚合物的浓度相关：赫、p}{值、温度

等对胶束的有效粒径影响较小。sPCL—dextran对天然多糖为亲水性链段的星形两

嵌段聚合物研究进行了有益的尝试。

在第i章中，合成了一系列带有I。一苯丙氨酸侧链的葡聚糖(dex—phe)，通过核

磁』￡振氢凿、凝胶渗透色谱、元素分析等测定了其分子量雇|取代度。将水滴入

dex—phe和带有端羧基的聚(r己内酯)(PCL-COOH)的二甲基亚砜溶液时，通过

dex—phe上苯丙氨酸伽基与PcL-COOB之fBj的疏水相互作用及电荷相互作用，得到

了聚离子复合物纳米粒子。通过透射电镜测定了该复合物纳米粒子的形念。动念

光教射测定了粒子的有效粒径及粒径分布。zeta-电位仪测定了粒子的表面电荷．

由于该粒子具有离子化疏水性内核、亲水性的外壳以及良好的生物相容性，有望

应用于药物载体．

第四章中利用葡萄糖酸内酯和顺丁烯二酸酐为主要原料通过三步反应合成了

含有葡萄糖链段的脂肪族聚酯。其过程是：第一通过2，2一二甲氧基丙烷保护葡萄

糖酸内酯上的4位和6位羟基得到4，6-氧一异丙叉葡萄糖酸内酯(e6)；其次利用P1G

上剩余的两个羟基与顺丁烯二酸酐进行缩聚，得到了4，6-氧一异丙叉葡萄糖酸内

酯一顺丁烯二酸酐共聚物(PPOM)：最后PPGM脱去异丙叉保护基得到葡萄糖酸内酯一

顺丁烯二酸酐共聚物(Pou)．通过磁共振氢谱、凝胶渗透色谱、红外光谱，示差

扫描量热等分析方法对所得聚合物进行了表征．由于含有大量羟基及双键官能

团，PGM是一种能够进行功能化修饰的新型脂肪族聚酯。



Chapter 1

Synthesis of Poly(8-caprolactone)-知Dextran Copolymers

and Micellization Behavior in Aqueous Solution

Introduction

Amphiphilic block copolymers and their self-assembly in aqueous solution a托

currently a topic of great interest fI-91．It is mainly motivated by their attractive

applications to V撕邮research ageag such as detergents．surface coating,oil recovery,

drug delivery carrier technology and nanotcclmology．In particular,various block

copolymers consisting of poly(ethylene glyc01)(PEG)and biodegradable polyesters

such as poly(L-lactic aeid)(PLLA)，pol“glycolic acid)(PGA)，Or their copolyesters

(PLGA)have been prepared,and their self-assembled micdles have found very

important嘲in the biomedical materials fielat。舡Ⅲ．However,one drawback of

these PEG-based block copolymers is the absence of rcactivo groups at their

molecular chains,which limits further modification or ligand coupling．In contrast,

naturally-occmring polysaecharidcs with good hydrophilieity,biocompatibility and

biodegradability se锄to be attractive alternatives to PEG hydrophilic segments for

designing amphiphilic block copolymers．Up to ROW,however,only a few of studies

have dealt with polysaccharide-based block copolymers．For example,Aldyoshi ct a1．

I’习obtain。d the block eopolymcrs of poIy(劬yl∞e o】【ide)and mnylosc bY砸

enzymatic reaction；Loos
1161

prepared the linear block copolymers ofpolystyrene and

polysaochafide by a block synthesis mcmD正and investigated their interfaeial

behavior,Very recently,Yang eI a1．【l刀reported On the synthesis of diblock

copolymers consisting ofhyaluronan and poly(2-ethyl-2-oxazoline),a pseudopeptidc

block；Kamitakahara[1slreported on the preparationofdiblock copolymers consisting

ofcellulose and a hydrophobic part,azidoalkyl carboxylic acid．To olⅡknowledge,

however,there is no information available on the amphiphilic block copolymers



consisting ofa polysaecharide segment and a biodegradable polyester segment．

In chapter I，we reported the first synthesis of a totally biodegradable

amphiphilie block copolymer based Oil the combination of a nature polysaccharide

(dextran)with a synthetic aliphatie polyester(polyeaprolactone)and its micellar

characteristics in aqueous solution．In order to obtain such materials，the

polycaprolactone end··capped with the acryloyl group and the amino-·functionalized

dextran were prepared，respectively,and the subsequent coupling reaction Was carried

out．

Experiment

Materiah

Dextran from Leuconostoc mesenteroides Was obtained from Fluka,and its

number average molecular weights(蚴w鹊determined to be 3700 g／tool by GPC．

e-Caprolactone(CL)was purchased from Sigma(st．Louis，MO)．Before the u∞，it

Was d“ed OVer Call2 for 24 h and distilled．Soditma eyanoborohydride Was purchased

from Acros．All other reagents were analytical grade and used as received．

Preparation ofpolymprotsctoue end-capped with aeryloyl group

The polycaprelactone end-capped with the acrylate ended group OProduct舢Was

synthes／zed according to Schea∞1．At fast,the pclb蚀p∞l∞t0I∞with hydoxyl end-group

O'CL-OH)WaS obtained by the ring ol,elaing polymerization of e-eapmlaetone(e-CL)in the

presence of n-t,ut矾alcoh01．For tbis purpose,20 g CL,0．5 g n-b啊t alcohol and 0．05 g

stammus octanoate Were put into an ampoule with magnetic stirr酉connected to the

vacuum／At line,and the polymerizations w骶carried Ollt under Ar atmosphere at 120屯in a

sificone oil bath．Atter 5 h．the reaction was terminated bY dipping the reaction flask into ice．

The r嚣utting PCI旬H WaS p哪ined by four蛐∞咖precipitations using THF罄the

solvent and methanol all the nonsolvent,and dd。d at room k日p锄lIl∞lmd玎vacuunl for 24

hours．Then 1．45 g trieth)，lamine Was added into a solmion of obtained PCL-OH in 150 ml
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dry DMF，followed by adding slowly 1．2 g acryloyl chloride within 40 rain at 0。C．After that，

the temperature was raised tO 25 oC and the reaction was conducted for 2 IL Then the reaction

mixture was cooled to 0 oC and poured into methan01．The product A was recovered by

filtration,purified by three successive precipitation using"latF as the solvent and methanol as

the nonsolvent，and dried under vacuum．It has the average number molecular weight(^厶)of

2800 g／t001．as determined from。H-NMR analysis．

Preparation of amino-fumctionalized dextran

The amino-functionalized dextran(Product B)was prepared according to

Scheme 2．The dextran(5 g，螈=3700 g／moi)，ethylenediamine(O．29)and aqueous

sodium borate solution 000 m1．O．!mol／1)wcre added into the round-bottom reaction

flask equipped with stirring,and the reaction was carried om at 60 oc for 8 days in a

silicone oil bath．During the reaction,sodium eyanoborohydridc(20 mg)Wag slowly

added，After the reaction completion,the reaction mixture Was poured into methan01．

The precipitate was recovered by filtration,and then击icd in vaciium at room

temperature for 48 lL The obta／ned product B was purified by three successive

precipitations using water as the solvent and methanol as the nonsolvenL

Preparationofdextram-polycaprolactone&'blockcopoaym盯

For the preparation of amphiphilie block cupolymer based on dextran and

polyeupmlactone,the Micheal reaction between Products A and B was c．maSed out,够

indicated in Scheme 3．A typical process is as follows．1．12 g Product A．2．00 g

Product B，50rag hydroquiaone,80 mg p-methyl-bmzeae sulfonic acid'and 20 ml

fi'cshly distilled DMSO wc他added into a 50 ml round-bottomed three neck flask

equipped with a magnetic stincr．The coupling l'eaction was carried out at 120。C for

8 h in a silicone on bath．After the reaction completion,DMSO was removed oll a

rotary“flporator under reduced pI甚黼The resulting product was predpitated in

T肿。collected by filtration,pearled by three successive precipitation using water罄

the solvent and methanol鹤the nonsolvent,and dried under vacuunl at ambient

temperature for 24 1L
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Measurements

。H—NMR spectra wc坼recorded on a Mercury-Plus 300(Varian．USA)

spectrometer at 300 MHz,using tetramethysilane(TMS)as an internal standard and

CDCl3 01"DMSO·,／6 as a solvent．The concentration of the solution is 5 m∥m1．The

morphological examination of the copolymer micelles was performed using a

JEM·2010HR high—resolution transmission electron microscope．A drop of

PCL—dextran block copelymer aqueous solution(2 mg／m1)containing 0．2wt％

phosphotangstic acid(PTA)Was deposited onto a 200 mesh copper grid coated with

carbon．Excessive solution Was removed with a Kimwipes delicate wipe．The

shape and size of the miceUes WerO directly determined from each transmission

deetron micrograpk The mieellar size and size distribution Were determined by

dynamic light scattering(DL．S)using a BI-200SM Goniometer particle size analyzer

(Brookhaven，USA)．Each analysis lasted for 300 S and wasperformed at 23。C with

angle detection of 90。．The concentration of the polymer solution was 2 mg／m1．

Steady-state fluor岱eenco spectra were recorded Oil a Shimadzu RF-5301PC

spectrofluorophotometer．Exdtation spectra Were monitored at 335 nllL The slit

widths fbr both excitation and emissi∞sides were mmUaned at 0．5 m．Sample
solutions were prepared by dissolving a predetermined amount ofblock copolymer in

all aqueous pyrene solution ofknown concontration,and the solutiom were allowed to

stand缸48 hr for equilibration．

Results and Discussion

Characterization of’H-NMR

．Figure 1 gives the。H-NMR spectrum of the PcL with acrylate ended group．As seelh

three peaks appeared at around 5．80-6．38 ppm could be attrt'h|ted to the Woton on the C=C

double眦The signals at 0．91 plan resulted from the pnaen of CH3．All other abso嘶on

peakswe∞attributedtothepretensofthepolyeaprolaetonebackbone．
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Figure 1．1ILl-NMR脚ofMlyl endedPCL(cDa3笛solvent)
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Figure 2．‘H NMR spectrum ofamino mdcd dcxmm(DMSOo孙solvm0

Figure 29ivesthelH-NMR slm'tmmofthc amino伽d。d dcxtr札mwcak si砌at2．85
ppm is for the c-g protons of ethyle diamine adjacent to the carbonxyl group．and all other
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signals are for the proton ofthe dextran backbone．

1■——1■——r]30———10————厂5J●m 2 1 O

M
Figure 3．‘H-NMR spectrum ofPCL-b-dextran copo|ymen(DM$O-d6 as solvent)

Figure39ivesthelH-NMR spectrumofthedexwan--polyeaim)lactoneblock copolymar．

The signals at 3．10 and4．86ppm arcforthedextran,andthe signals atl．28，1．51，2．22，3．96

ppmareforthepolycaprolacton=B． indicat船thatthcMicheal rectionIxtwcentheacrytoyi

group ofProductA and the aminoead group ofProduct B has occurred．

The microscopic ch锄胃ct廿i妇of resultant amphiphilic block copolymcr in aqueous

medium WCfe investigated using a伍砌fomct盯in the presence of∞嘲c as a fluoresca吐

probe．It is known that the variation in the ratio伍／／3)of intensity of first(372 rim)tO the

third(383 nm)vibronic peaks．the∞啪lled polarity parameter,is quite sensitive to the

polarity ofmicroenvironment where the pyrene is located,pt铡Figare 4窜懈tim excitation

spectra ofpyrene in iI。aqueous∞IuIi0懂with various concentrations and the change of^塌

with the concentration．At lower concentrations．the 10l，values remain nearly unchanged．
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Further itter∞sing the c．once“tration,the inter'airy ratio starts to decrease，implying the

micelle formation．The critical micelle concentration(册”)was determined to be O．06 mg／ml

by the interception oftwo straight lines．Compared with low molecular weight surfactants，the

resultant amphiphilic block copolymer has a lower cw value,indicating the stability of the

micelles from this polysaccharide block copolymer at aqueous solution．

Figure 4．Emission spocua ofpyrene as function in an aqueous solution of

PCLA>-dextmn敏var]ous concentrations

Figure 5．Plot ofthe Idl,ratio ofpyrenc tacitation spectra in water a function ofPC№eopolymer concentration
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Characterization ofTEM and DLS

nmllcf work was carried out OB the morphology of the formed micelles by the

transmission electron microscopy《TEM)technique．From Figure 6，it can be confirmed that

the resulting polymeric micdles in water ale spherical in sh印e’with the diameters ranged

from 20 to 50咖，The size distribution ofthe micelles was also investigated by the dynamic

light scattering(DLS)technique．As shown in Figure 7．n relative narrow unimodal

distribution was obtained．

Figure 6．MicdlesobservedbyTEMforI'CL,b-dextr锄Copolym∞

Figure 7．Particle size distribution ofmieelles formed by PCI．,-b-dcxtran Copolymers
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Conclusions

in conclusion,a totally biodegradable amphiphilic block copolymer was synthesized for

the first time by the coupling reaction between the amino-functionalized dextran and the

polycaprolactonc end-capped with the acryloyl group．It could self-assembly in water to form

the bioresorbable polymeric micdles without any organic so|vent Or*surfactant．Due to good

hydrophilicity,bioeompatibility,biodegradability and multifunctional conjugation capability

of tl”used dcxtran,such polysaeeharide derivative will hold greater advantages舔the

nanoscale container for hydrophobic drugs and genes when compared with widely used

amphiphilicblockcopolymcrofPCLandpolyethyleneoxideorpolyethyleneglyc01．
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Chaper2

Synthesis of Star-Shape Amphiphilic Block Copolymer and Its

!ntroduction

Micellar Properties in Aqueous Solution

Polymeric nano-micelles have been extensively studied and applied in biomedical fields

in麟cIlt years．The major factors that mfluence the performance of polymeric micellea for

drug delivery arc loading capacity,release kinetics，circulation timc，biodistribution,size,and

stability川．Recent studies have shown that the anti．tumor activity ofa drug incorporated into

the polymer micelles is positively correlated with the stability of micelles in vitro 121 The

formation of classical mieelles is thermodynamically favorable only above a sp∞i雠

concentration of the amphiphilic molecules(critical miceUe concentration,cmc)．Above the

emc,the miceHea a∞in d!，Il疵equilibrium with the free eopolymor molecules in solution．

When the cor鼬'ntmtion of曲c copolymer is below the cj『舭micelles tend to disassemble．

Such thern删ymmic iI碍t曲iI畸of micelles below the c聊is one of the concerns for their

application in vivo．A ddiv艺ly system is飘岈。ct to a鸵眦dilution upon inmIva'ous

injection into粕animal orhuman mbject h the bloodstream,under dilution,miceUes begin to

disassemble,,eaming chang嚣in micefle蝴mcm咒and size．Sudden dissociation of mieelles

may∞use serious toxicity orobi黜due to potentiatly Ia肾fluctuations in drug

concentrations．Crosslinkingoftheoo豫is柚effectivemethodtolxeventdissociationoftho

block copolymar miceBe．Kataoh'$group has socce豁folly employed this idea
01 In their

study,the micellea warc plq脚耐from all舡呷蛐lic block copolymar in which the

hydrophobic block contains a polymerizable end group．After the miceilization,the end

groups on the hydrophobic block WerC polymariz∞a to form a stable fore for the star-shaped

polymar蛐m帆The地鲫I血g micelles showed fairly hi咖stability and maintained small

size．

Another approach was developed by Uhrieh et a1．[41 In this∞sc’both star-shaped and
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branched amphiphilic polymers afc expected to generate unimolecular micelles under certain

conditions，which have better thermodynamic stability in aqueous solutions,f5l In recent years，

a I廿i∞of star amphiphilic block copolymers with the number ofmns mnging from three to

eight have been synthesizcd，The ms are composed of block copolymer with PEG as the

hy&ophilic block and biodegradable polyester as the hydrophobie block，For example，Cai，

etal嘲synthesized a series of well-defined poly(L—lactideXPLLA)and poly(ethylane glyc01)

(PEG)block copolymers with 1一’2一，乳and 6-branch arms；。Kim and coworkers
17-ql

studied

the micellization and gelation of star-shaped PLLA-b-PEG block copolymers in aqueous

medium．Choil州inv岛tigated the application ofthis type ofcopolymer as all injectable drug

delivery system．Wang㈨synmestzed a star shape amphiphilic block copolymer from

poly(e,-caprolactone)(PCL)and PEG．A cytotoxicity assay demonstrates that the

star-PCL-PEG copolymer is nontoxic in cell cultme and c孤be used as a drug delivery

calIit

Dextrall and its derivatives have good biocompatibility and biodegradability,and have been

used aft a plasma expander,geno transfer vector and drug CalTiCI"1,2-tsl in biomedical fields．

Combining dexwan with hydrophobic segments铷offer amphiphilic polymers．which may

self-assemble into miociles which is considered as the potential drug c．arrier．[16-19]In恤

work,a star shape polymer with amphiphilic block atom(sPCL-deamn)has been synthesized．

m眦of this star polymer证di咧a叫h砌，and the inner block in the锄is
bydrophobic PCI^船well all the outer block in the枷缸hydrophilic dextran The

micellization of the sPCL-dextran缸aqueous solmiuns w讹investigated by dynamic light

∞矗tcfi蟮

Experiment

Materiab

Dextran was obtained from Fhik孤and its ml咖average molecular weights憾)啷

dc蛔酬by GPC．e-Caprolaetone(e-CL)WaS purchased from Signm(St．龇MOI
Bcfoit the use,it was dried over Call,for 24 h and distilled．Sodium cyanoborohydride w翟

purchased from Aeros．Dipentaerythritol was purchased from Alfa Aesar．All other reagents

13



were analytical grade and used as received．

Measnrementl

Element analysis

EA3 100(Analytik Jena AG German)WaS used for the element analysis．

’H NMR Measurement

‘H NMR spectra wefc recorded On Mercury．Plus 300(Varian,USA)spectrometer at 300

MHz，using tetramethysilanc(TMS)as an internal standard and CDCl3 or DMSO-do as a

solvent．The concentration ofthe solution is 5mg／nd．

Transmission Electron Microscopy(TEM)

The morphological examination of the copolymer micellcs was performed using n

JEM·2010HR high-resolution transmission elcctron microscope．A drop of lmg／ml

sPCL抵tl-dn aqWo吣solmion co越amillg 0．2 Wt％phosphotungstic acid(PTA)was

deposited onto a200 mesh copper grid coated with carbon．Excessive solution Was removed

with a Kimwipes delicate wipe．The shape and size of the miccllcs were directZy determined

from each transmission electron micrograph．

功删Imjc Light Scattering Mcasurcnamt(DLS)

The micenc size and size distribution werc determined by dynamic Ught scattering{DLS)

using a BI-200SM G优dom既盯particle size analyzer(Brooldmvon·USA)．Each analysis

lastedfor300 sandWaSperformedat250cwithane,ledetectionof90。．The concentrationof

the polymer solution WaS 2 mg／m1．

Synthesisofthe star shape(6 arms)PCLwithhydoxyl ended掣Ⅷq瞎(sPCL-OH)埘q

sPCL-OH was obtained by the ring opening polymerization of e．-CL using the

dipontaerythritol as the initiator and stannous ogtanoate(SnOot2)a3 the catalyst．A typical

example as follows：160 mg dipemac删tol initiator was added to the 5 g s-CL monon∞f．

The tube WaS then conno耐to an aⅢ'gon gas line,where an
exhausting-refilling process was

repeated three times．A certain amount ofSnOct2([s-CL]／[SnOch]=1000／1，mol／m01)in dry

14



toluene_∞added to the mixture and the exhausting-refilling process was canied out again

for the removal ofthe toluene．The polymerization was carried out in bulk at 120 oC for 24 h．

Then,the resulting product was dissolved in 20 mL OfTHF and added drepwise into 200 mL

ofcoldmethanolundervigorous stirringat roomtemperature．Theprecipitatewasfiltered and

dried in v枷tlm at loom temperature for 24 hours．

Synthesis of star shape PCL with acrylate ended group(sPCL．-CH=CH2)

0．6 g tricth)rlamine was added to a solution of the 4．0 g sPCL-OH in 60ml

N，N-dimctylformamide，and then 0．5 g acryloyl chloride was added drop by drop into the

flask within 40 min at 0 oC under Stil响ag．n坼tcmp∞ture was raised to 250C and kept for 2

k After cooling to 0。C the mixture was poured into methanol to obtain the precipitate of

sPCL-CH=CH2，then the precipitate was purified by three successive precipitations using

僻as the solvent and methanol as the tmmsolvent．After dried in vacuo at room temperature

for 24 b0峨3．683 g(wt％，92％yidd)of white solid product was ob诅med．The synthetic

route was shown in Scheme 1． ，

盼鱼

Synthesis ofthe dextran with aminoend-group(dextran-NHz)
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59 Dextran and O．69 ethylene diamine and 100 ml ofO．IM sodium tetraborate in aqueous

solution was added into a round-bottomed reaction flask equipped with stirring，and the

reactions wel'e conducted at 60。C for 8 days in a silicone oil bath．During the reaction，20 mg

sodium cyanoborohydride was added one times a day．After the completion of the reaction，

most of water and unreaeted ethylane diamine Were removed by evaporation，The product

was poured into methanol and the precipitate Was recovered by filtration and then dried in

vacuuln at lOOm temperature for 48 h．The obtained dextran-NH2 w∞purified by three

successive precipitations懈ing water as the solvent and methanol as the nonsolvant．The

precipitate was filtered and dried in vacuo at room temperature for 48 hours．The synthetic

routeWas shown in Sclmme2．

融魄 ．*目q№—竺璺巴
■《■■h

Syntheshofthe sPCL-dextran(Scheme国

O．59 sPCL-CH=CI-12 and the calculated dexWan-NH2(∞七H．℃H2】／【d既啪_NH2】=I／10,
moUmot)w饿dissolved in 20 nd DMSO and transfm'ed to a three-necked flask with

electromagnetic甜i腻To也is solution,50 mg hyaroqui,m(inhibitor)and 120 mg acetic

acid(catalyst)w饿added．The reaction was carried out at 130 oc for 24 hours in a血Ar

atl：lglgphclt An蕾the flask cooled to room tcmpc釉tIll岛the reaction mixturewas poured into

a bcak甘and added 200 ml methanol,the obtained preeipitate Was filtrated and washed three

titndwithacetone anddriedinⅥIcI眦衙24hourunderroomtcmpcratme．
The fractionation Was used to purify the product．Briefly,the product Was dissolved in 50

矗lL of water followed by the gradual addition of methanol until the mixture bcc蝴c cloudy．

The resulting mixture was then heated缸a 45 oc bath followed by the addition ofmethanol

until a stable cloudy poim删reached and transferred into a separation funnel．The l刚咐

layer was diluted with distilled water and precipitated into methan01．After drying,0．67 g of
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white solid product wag obtained．

A+B—T队

DMSo

Scheme 3．Synthesis ofsPCL-CH=CH2

Preparation ofMicelles from sPCL-dextran

The sPCL-dextramran polymer was dissolved in DMSO of 10 mg／mL and stirred at room

temperature．Water Was added dropwise to the solution until the desired water content Was

achieved(water／DMSO=5／l，v／v)．The obtained solution Was stirred overnight and then

dialyzed against distilled water．The dialysate water was exchanged every hour for the first 4

h and then every 6 h for the next 12 h．The product Was stored at 4"C for characterization of

the micelle．

Results and Discussion

Characterization ofdextran-Nllz

The product ofdextran-Ntt2 Was chafa船izod by OPC，。H NMR and element孤mIysk

GPC results show that the M。砜and po|y ffBpersion index铆0Ma批13409／moL

18609／mol and 1．394,respectivdy．The nitrogen percentage【慨o ofthe dextran-HH2 is

1．987％by cle：lIgmt analy妞The theoretic nitrogen peroentage of dextran-NH2(Ⅳ％o is

calculated by the following equation：

Ⅳ％。I=2x14／M,ofdextmn-NH,x100％=2．089％

The nitrogen percentage from element analysis is lower than that oftheor吐ic content This

is perhal箍due to the dextran-NH2 containing somc unreactive dexwan．The dextran-Nth

contont Was astimatc by the following equation：

17



dexttan-NH2％=(Ⅳ％Ⅲ刷％∞j)x 100％

From the equation，the dextran—NH!content of95．12％was obtained．This result indicated that

the reaction ofethyl diamine and dextran processed effectively

50 4 0 3．0 20

DDm
‘

Figure 1．‘H NMR spectrum ofdextran(D：,O as solvent)

5 O ¨
-m

a● 柚

Figure 2．1H NMR spl。ctmm ofdextratl-NH2(D20 as solvent)
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Figures l and 2 ate the H‘NMR specl日of dextran and dextran-NH2．respectively．In

Fgure 1，the signals at 3-5ppm arc for the protons of the dextran backlmne．In Figure 2，the

appearance of weak signals at 2．84 ppm is due to the protons of methylene in the ethyle

diamine end group．All other signals arc for the protons ofthe dextran backbone．

Characterization ofsPCI，oH

：： ，

■●m

Hgare 3．’H NMR spectrum ofsPCI．A)H(CD3越solvent)

For the symhesis ofsPCL-OH,acommcr,ciai dipetnaerythritol∞mpo咖was choslm∞amulti喇initiator and SnOot2 as a catalyst．，地ofthe sPCI,-OH wal；controlled by the

feed ratio of茈-'L to击弭m硝叫毗Figmre 3 is the。HNMR spectrum ofthe sPCL-OFL

The peak at 3．62 ppm is owed to the proton Oll the end hydroxyl methylene group(Ot20H)．

The roll signal at 3．34即恤is due to the protons 011 the methyleneoxy groups(C=l-120CH2)

assigned to the dipentam／thritol initiator residue．All others absorption peaks a把attributed to

the protons of岫sPCT．A)H backtamc．Morcov口,the integral ratio ofthe lXOtOa signal oa the

methylene adjacent end bydro耐group to the mctbyleneoxy group is 3．1．which磁ic捆the
star shal∞PCL with six蚴s is obtainedtZ01．

From the integration ratio ofproton signal Oil the methylelle end group(CH20H,3．62 pt∞n)
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to the meth)，lene proton signal ofthe main chain。the average arm length∞㈣)in sPCL—OH is

obtained and showed in Table 1．In add／lion．the theoretic average aim length is obtained by

thefollowing equationandalsoshowedinTablel．

￡。。=【BCL]／【dipentaerythrit01](moFm01)x1 14．14／6

where 1 14．14 is the molecular weight of 6-CL，6 is the number of the aFms in sPCL-OH．

From the Table 1，we can find that the L。of 1H NMR is closed to the theoretic￡。，This

further proves the sPCL-OH having six arms．

Table 1．Average arm length ofsPCL-OH from‘H NMR and theoretic calculating

刊一
I。 b

l

¨ ¨ 6a
¨-m ¨ 2● ’^

Figure 4．’HNMR spc咖皿ofsPcI以H《曰2(CD30越solvcnt)

Figure 4 is the‘H NMR spectrum ofsP㈣=CH2．The signals at 1．39，1．65，2．35 and



4．10 ppm arc due tO the protons ofthe main chain．The signals at 5．80-6．38 ppm are assigned

to the protons of the acrylate cod group(CH-《H2，5．80-6．38 PPm)，and the signals at 3．31

ppm is due to the protons on the mcthylencoxy groups【cH20CH2)from the dipcotaerythritoi

initiafor residue．

Table 2 gives the GPC results of the sPCL-CH=CH2．For the reactants of sPCLf，0-OH

and sPCLt20-OH，the耽of the corresponding sPCt∞-CH=CH2 and sPCLl20-CH=CH2 ale

7800and 146009／toolwiththeM．／Mnofl．28and 1．33，respectively．

Table 2．GPC results ofthe sPCL-CH=CH2

Chsracterization of●PCIrdexlrnn

7 O t● 5庸 ●．● aO 2J '，O

●m

Fl扣n'e5．H1NMR叩舳ofsPcI—酬嘧邮)MSod‘雒solvent)
ThesPCL-duxtmnwas symhesizedbytheMicheal addition reactiollofacrylategroupin

the sPCL-CH=CH2 coupled with amino group in dextran-NH2．Figure 5 is the H‘NMR

2l
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spectn／mofsPCL-dextran．InFigure5。thepeaks at 4．0，2．22，1,5 andi．22ppmare attributed

to the protons ofthe PCL segment in sPCL-dextran．The small signal at 2．81ppm is due to the

protons of methylene in the ethyte diamine segment，and the peaks at 3-5ppm are attributed

to the protons of the dextran segnmnt，These results indicate that the dextean-NHz is

successfully coupled with sPCL-CH=CH2．

From the nitrogen percentage by element analysis and M。ofsPCL-CH=CH2 by GPC，the

average number anns ofthe dextran in sPCL-dextran is obtained from the following equation：

．^，烙No，。删×2×14／(M．．$PCL-CH：(7门+No目删×坛．山棚n州H2+60)

where,Ⅳ％istheweightpercentageofthenitrogeninsPCL-dcxtran．ⅣD㈣isthenumberof

the dextran arms in sPCLMextram M。。∞。cH。cm is the number average molecular weight of

sPCL-CH=CH2 and版^_r_mNH2 is tim mmtb日average molecular weight ofthe dextran-NH2．

14 is the atomic weight ofthe nitrogen and 60 is the molecular wcighofethyl diamine．

Table 3．Number ofdexWan a咖s in sPCLMextrandctm-nimd by element analysis

In Table 3，for the fe．CL]／[dilmatacrythritol】of 60 and 120,the nitrogen contents aro

0．98％and o．66,theⅡ啪b玎of dextran anns arc 5．2 and 5．0．cccregxmdinOy．That give*a

qualitatively evidence which the double bond in PCL-O-I砌,-Iz has coupled with amino

gronp in dcxtran-NH2 and the outer block in the arm of the obtained sPCI．d甑嘶is

hydrophilie dcxtran．

Mkellar PropertiesofsPC3．“extran

A dialysis method was employed to prepare polymem mictik置The polymer WSm first

dissolved in DMSO,which is-good solvent for both I)CL and dextrinl segments,and

micellization was induced by the dropwise addition of water and followed by dialysis．The
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micelle effective hydrodynamic diameter㈣)with different concentrations is determined by

DLS and shown in Figure 6．For the sPCLl20-dextran,the忍ofthe micelle is about 30nm at

the concentration less than tmg／mL，and the忍of the micclle increas from 30 to about 1 80

nnl with the concentration from lmg／mL to 22mg／mL．This is perhaps due to the aggregating

ofthe micelles at the higIl oancentration．The风of the micelle formed by sPCL60-dextran is

lightly lower than that formed by sPCLl20．-dextran，

Figure 6．Relationship between恳and concentration ofsPCL-dextran in water

A

n_“●oI吣

B

Figure 7．Histograms showing the size distribution of(A)1 mg／ml 03)lOmg／ml

Figure 7A and Figure 7B give the size distn'bution of the micelles formed bY



sPCLl20-dextran．At the concentration of Ime／mE(Figure 7A)，a unimodal distribution

appears with an overall尼of 32．3rim and polydispersity index of O．1 37．When the

concentration increased to 10 mg／ml(Figure 7 B)’a bimodal distribution appears with a

smaller size component of 30．5 nnl(20％)and a large size component of 156 niIl(80％)．The

small species in DLS with the diameter of 30．5 11111 is identified as unimolecular micelle，and

the large species with 156 nnl diameter is assigned to aggregated micelles．

A schematic picture ofa possible aggregated micelle sIructure is shown in Figure g．In the

case of a slat"block copolyrner with a low alTn density((16 anm)，the hydrophilic outer

dextran shell is too loose to outweigh the intermolecular association of the hydrophobic PCL

blocks and cause intermolccular micelle formation．

最

气 ，户

w一—≯i、、
／＼

Figure s．Formation ofthe aggregalcd micclle

●_■●一 Kca．■·●“■帆M M M
‘_—J n' “' ^' o,1 oA ¨ ¨

Figure 9-Rk ofthe micelle in differential salt solutions

The stability ofthc micelle formed by规．zo-dextran in salt solutions was investigated by

DLS(Figure 9)．The mieelle in differential salt solutions(0．1mol／L)has the similar P,,of

24
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about 30nm．in the NaCI aqueous solutions,凰of the micelle hardly changes when the

concentration increased from 0．1 to 0．8 moVL．Dextran generally shows extended

conformation in different salt solutions,so the shell of the mieelles formed by dextran

hydrophilie segments can extend in the salt solution and guarantee the stability ofthe micelle．

Figure lO．g,ofthe mienlle in different pH solution

Figure 10 gives the焉of the micelle formed by sPCLIardextran in differential pH

solutions,the焉of the micelle increa∞from 26．7 to 32．2rim when the pH value changed

from 3 to I 1，indicating the micelle is stable in differentpn solutiom．
r

Figure 11．焉ofthe micelle in diffe∞nt ta珥堵甩IIlm

The micelle is also stable in different temperatttres．In Figure 11，the焉iIlc托as嚣from
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26．7 to 38．9 nm when the s01．ion tmnpemture changed from 10 tO 90。C

Figure 12．TEM image ofmicelles formed by sPCL,20-dextran

Figure 12 shows the TEM image of mic2iles formed by sPCLIz0．-d眦m at lmg／mL．h锄
be sccn that the mic2llcs take a spherical shape and a broad size dism'bution．The diamdcr

about 50 m of solmE micelle is perhaps due to the aggregation of the mic≈llcs during the

drying．

Conclusions

A star polymer with six ampblphilic block copolymcr branch afI璐has been synthesized

and chara删．Characterization with SEC，’H帆呱TGA,锄d DSC confmned

that the co∞ofthe star polymer is dipt删硼=1)rIhritoL the inner block in the alm is hydrophobic

PCL．and the outer block in the勰is hydrophilic dmujm．At the concentration of the

polym口solution below I mg／m1．the心about 30hm and a mdmodal distn'b毗ion was

obseaved．Vl，1iloa the concentration of polym口solmion increased from I to 20mg／ml,t

bimoda!distribution appears，and the焉of the micclle increased from 30 to about 180眦
The micelle is stable in different salt solutions．The pH and temperature have no appar哑

hmumceonthc风．This sPcI．d咖nwillpo站iblyestablishausefulstartingpointforming
the polysaocharide to synthesis the star shape amphiphific polymer．
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Chapter 3

eolyion Complex Partidcs from the Dextran Derivative with L-phenylalanine Side

Groups and Cartmxyik Acid Ended Poly《e-caproladone)in Aqueous Medium

Introduction

The nanoparticle with shell-core structure can be formed from block or graf【copolymers by

self-assembling in selective solvents．The driving forces include the repulsive interactions

between one ofthe blocks(or grains)and the solvent．㈦1the electrostatic interaction between

a pair of oppositely charged∞删y娥璃M1 and complm幽n of the metal with polymer哺

3Jor hydrogen bondings【．．‘毋ofthe groups on the polymer．

Polyion complex panicles with Oo糟shell structure in aqueous solution are unique for

biomedical applications．I“‘IFor example,various charged substances such as ionic drugs,

proteins。and nuelcic aci出can be selectively concel吐f雹。d in ionic inner-core tarongh

electrostatic interaction．The hydrophilic ouSt-shell of the particle call protect

drug-incorporating iImcf．o阿e from tllc protein adsorption or attack of re￡iculocndothelinl

systems(gES)andineremcthebloodcirculationtimeoftheparticles．

Howc'v'er,the polyion complex particles辩usuany prepared in non polarity organic

solvent[n-14]in recent years,several groups reported the formation of complex particles in

aqueous solution．For example,Kataoka¨h印a脚stable polyion complex particles in锄

aqueous solution through dectroshalic ilRcraetion betwccu apair ofoppositdy charged block

copolymers of poly(ethylone glyc01)-b-poly(L-lysine) and poly(cthylenc

glyc01)-b-poly(aspartic acid)．Bronich reported嘲the block ionomer complexes formed

be“vcell poly(ethylene oxide)-b-polymethacrylate anious and divalent metal cations call be

utilized as templates for the synthesis ofthe cross-linked nficclles．

Dextran is abiocornpatiblc and water soluble polysaccharide,and has been used widely in

biomedical field fl，．“．Ree∞tly,some literatures m,oa,xl the nanoparticles formed by

amphiphilic dcxrtran derivatives in aqueous solmion∽⋯．In chapter 3．a series of dex-phe
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wet@synthesized by the grafting L-phenylalanine onto the dexaml．When water was drop tO

the solution of dextran derivatives with L-phenylalanine side group(dex-phe)and carboxyl

ended poly(e-caprolactone)(PCL-COOH)in DMSO，the complex nanoparticles WefC formed

by the cooperation of hydrophobic interaction and electrostatic interaction between the

dex-phe and PCL-COOH segments．The image of transmission electron micrograph(TEM)

shows thm the complex particles take an approximately spherical shape with the diameter of

60-1 20 llm and acol-b-Lshe¨stmcture．

Experiment

Materials
．

e．-caprolactoue(r．-CL)(SIGMA)was山{ed over Call2 for 24 imun and distilled mld叮

reduced pressure prior tO l|∞．Dextran(Fluka)，L-leueinc(Shang hai Bio-reagent Limited Co．

China),Boc-L-Oteny蛐(Boc-phe)(Analytical grade，Alfa A略ar)，and all other rexgenm

w骶ofamlytical grade and used as received．

Measurements

。HNMR ，

‘HNMR spectra were recorded on Mctcm'y-Plus 300(Vafian,USA)删er at 300

MHz,using t,m"amcthysilano oMs)as龃缸哪lal standard and CDCl3 or DMSO-d‘as·

solvem．TheconcaⅡ喇∞ofthesolmionWas5rag／rid．

Gel perln酬ion chromatography(GPC)

Number avcfagc molecular weight O∞and poly蚋i面弧(M fM)of PCL．gXX)H

WereⅡ碡a飘删with a Waters high-paf删liquid chromatography tnystem,a model 2410

refractive-index detector,and Shodex K802．5 With shodex K-G Guard eolunm．The

measurelmts were perfonmd in chloroform at 254C and cahlDrated with polystyrene

standards,and the value OfM．was d．=I．舶矗血cd by the mvenal cahbration method心n0●

vi∞∞蚵山舡cIof．朋：and M／M,,of the dcxtmn and Dex-Phe Were measured at 40"C bY

using a Waters 515-410 gd permeation chromatograph equipped with Waters 410 detector



and Uhthydrogel colutmL Water was used as the eluent at a flow rate of0．6 ml／min．

Titration ofcarboxyl end group in PCLCOOH

Purified PCL-COOH was dissolved in a mixture solvent of isopropyl alcohol and

l，4-．dioxane(WV=1／4)and titrated with 0．012 mol／L potassium hydroxide in the mixture

solvent ofisopropyl alcohol and 1．枷ioxane(WV=I／4)with 1％phenolphthalein／pyridine as

the indicator,and the number ofthe carboxyl groups in the PCL Was calculated according tO

the following equation：

№．=(yxoHxlO"％0．012)f(Mass afPCL／MJ

Where No．is the number ofcafboxyl group,VKoH is the volume OfKOH(1111)consumed in

thetitration，0．012isthemolarc．ow．enmationOfKOH(movL)，and版isthenumber-average

molccuisr wcigllt ofthe PCL-COOH by GPC．

Determination ofthe substitution dl辨ofL-phenylalanine in the dex-phe

The substitution degree(SD'of L-phenylalanine in dex-phe can be determined from the

following equation．

4％』 望：坠
阡ot．Dj+SD‘哌掣。崛)--SD‘％2D

where_％is the weight pew．eat of mc nitrogell of dcx-phe,耽‰DJ and l张Cdt．N02 the

molecular weight of dextran and L--phenylahnine,respectively,and Wn．,o is the molecular

weightofwaterwhichlostinthereaction．

Solubility test

I g d怯-phe was placed in the flask and a total of 10 ml of solvent WflS added in th∞c

portions．Bctwccn each poaion'the sample Wna stirred for 35-40 minutes at 25 oC．Oudng

this 6雠．thc status oftl∞solutionwas obsclved．

Zeta-Potential measurements

Zeta-potentials of the polyion complexes particles wcfc determined by a Zeta Potential

30



Analyzer instrument(JS94H Shanghai zhongchcn digital technic apparatus co．China)．

Dynan血light scattering messurcment$

The complex particle size and size distribution WCTe determined by dynamic light scattering

(OLS)using a 131．200SM Goniometer particle size analyzer(Brookhaven,US4d．F_,ach

analysis lasted for 300 S and was performed at 25 oC with angle detection of 90。．The

concentration ofthe polymer solmion Wag 2 mg／m1．

Transmission electron microscopy(TEM)measurements

The mmphological examination of the complex particles was performed using a

IEM-20IOHR high-resolutinn tmnsmission electron microscolm．A drop of dcx-phc and

PCL-COOH(weight ration ofPCL-COOH to dex-phe of0．5)in aqueous solution(1．2 mgna，

based OU dex-phe)containing 0．2wt％phosphotungstic acid 0'rA)WlLg deposited onto a200

mesh copper鲥d coated with carbon．Excessive solution was nanoved with a Kimwipes

deficate wipe．The shape and size ofthe particles were directty dctcrmin,m from transmission

dcctron micrograph．

Sy】atheslsofPCL-COOH(Scheme 1)

，

pCI_cDOH was synthesized by ring opening polymerization of乎CL initiated by

L-leuc“’”．The typical珥oc曲鹏is described越following：1．59 e-CL with 0,19 ofamino

acidandamiaidoaromagaetic畦ir孵诅Ⅶ删雌m∞iM锄叩叩k(40Pa)waspotym,aizodin

蛆oil bath at 160。C The锄lllpoules WCgt：removed at sivm time and cooled in icew栅to

stop the polymerization．After cooled down,the obtained pfoducl was dissolved in

te仃a&ydrofuran(1HF)and precipitated by a mixture ofmethanol and distilled water(vA=411)
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at loom temperature．The procipitate was filtrated and dri。d in vacuum at 30。C for 24 h．

Synthesis ofdex-phe(Scheme 2)

0

一≮l一埯
6

。

蓐谢
，弋 卜乙_

-1Jq+。』+电。上 q+4”～‘

b

+一+。上一

Scheme 2．synll蛾泣ofde蛐越丽thL-pheny幽ncsidegroup

2 g N-(tcd4mtoxycmbonyl)-L-phenylataninc('Soc-phe)was dissolved in 20 mi DMSO and

transferred to a three-necked flask with mini electromagnetic疏To this solution．1．359^c

N-carbonyldi／midazolc(CDD(PCD彤田∞僻1．I／I，moVrn00 Was added．1k reaction删
conducted at 60 oc fbr 2 hours in all ha atmosphere．‰the calculated amount of dextran

([dextran]／[Boc--phc]=o．5一1．6．mol／m01)嘣added,andthecontentswereheatedto 120。Cin

an Ar atmosphere for 8 hoers，Then the flask Was cooled to“，‘魁temperature,a mixture of

methanol and distilled water b|驴2／i)Was added．The resulting precipitate was fdtrated,

washedthreetimeswithdishedwater,anddriedinvacuumfor24hourstoobtainA．

The produa A Was dissolved in the mixture of trifluoroacctic acid and dicMoromethane

(’加1／1)to take off the tert-butoxyearbonyl protective group．After 2 hours at 25．c。the

trifluoroacetic acid and dicMoro methane were removed using a rotary evaporator．皿e
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obtained solid B was dissolved in 4％(w绚aqueous acetic粒id solmien and precipitated in a

mixture solvent of methanol／triethylamine("^刊，1)，then washed with methanol three times

and dried in vactmm at 300C for 24 hours．The reaction process is shown in Scheme 2．

Preparation ofcomplexes particles

10 mg PCL-COOH and the calculated amount of the dex—phe

([PCL-COOH]／[dex·phe]=0．1-3。wlw)were dissolved in lml DMSo，then adding water drop

by drop to the solution with a mild stir．In the initial 2nd。the interval time is 10 s per drop．

After 2 ml。the interval time decrease to 5 s per drop．In the final solution，the volume ratio of

water to DMSO was 10．The solution懈uansferred into dialyser that does not pass the

molecules which mol∞'ular weight above 500and dialyzed against distilled water of 2L for

24 hours to obtain the purified particle*．Distilled water Was Idksh。d at 2。5，8，and 24 hours

respectively．Theobtainedproductwasstored砒4℃forTEMandDIStests．

Results and Discussion

Preparation and characterization ofPC'I，cOOH

Considering t鼙c good biocompatibility ofthe natural锄i∞aci正the bIn地ine WaS selected

to iDitia把thc ring olKamg polymcfizmion of the s-caprolactono(a2L)to obtain the

嬲工oo一’■m resultsinTablel showthattheFCL-COOHwith坼of2300,3100 and

5700 g／tool have been obtained by刎using the feed ratio of解L to L-leucine，and all the

PCI，cOOHs have approximatu molecularweight distributiom柚髓n 1．65．

Table 1．Prepafatioll ofPCL-COOH initiated by Lqeucine

‘afl日叫ficati啦
‘without purification



Structure of obtained PCL-COOH was characterized by 1H-NMR spectroscopy．The result

is showninFigurei

p十COOH斗C--CH2一CH2-c嘞--CH2，吁。bJ一⋯‘：一～7卜洲21‘r堋卞 妣。妒’0十一?叶盱％一c旷cH2吒H2-0”
CH3

。

ml

I l l

L j㈠U U
1_T_丁_T111]_1111]r11]]_广111]_1_1舢1_1]—TT”T-广T。

7 6 ，5 4 3 2 1

]Figure 1．‘H-NMR sp础mm ofPCI．七OOH obtained by using L-ieucine觞the initiator

(molarradoof[s-CLl／[L-leucine]=30)

In Figure 1，the peaks at 1．o’1．8，1．7 and 4．5 ppm are attributed to the proton ofCHr-(a),

≮lHb)’《Ib-(c)and删d)of the L-icucinc end group．The蛳Ict at 3．6 ppm arose

fix．n the lXOtous in tim-CH20H end group．All other peaks are due to the backbone of

PCL-COOR The托姚of 1H NMR indicate tha*the L-leucine has incorporated inm the

polymer chailL

Table 2．Content ofcarboxyl gump in PCL-COOH(锄蜘，蔚by titration)

PcI。．cooH
地ofPcL KoH Mass ofPCL No·ofcarboxyl

型竺!! !唑 塑 竺竺

l

2

2300

3l∞

16．7

12．8

O．505

O．5lO

O-9l

O-93

3 5700 6．4 0．502 0．87

b



The content of the carboxyl end group in the PCL-COOH was analyzed by titration．In

Table 2，the number of the carboxyl group of the PCL-COOH with the number average

molecularweightof2300，3100 and 57009／molwereO．91，0．93 and0．87，respectively．Itis

demonstrated that the carboxyl group exists in the potymer chain．consisting with the‘H

NMR result．

Characterization ofdex-pbe

№。 DMSO

飞， j

I。r_1_1—厂1_—r__广1]—r_1__r_1’r_r_T—r1-1-1—r_1__r—广T--r1—7T_r-1—。广-r—r-r
SⅡ 了D 曩O 耋O 4．0 3．0 2，D '●

哪

lff唧re 2．‘H-NMR spectrum ofdextran dem'afive with Boz@k side group

(DMSO-oaas solvent)

Fignre 2 is the 1H NMR印∞帅匝oftlE dcxtnm dc曲砒i靶with Boc-phc side蓼咖p毛m
peaks at 1．3 and 7．2 ppm锄attributed to the proton of CH30-and phenyl in the

Boc-L-phenylalanine sidc group．啦absorptions at 3-5阳匝are for the protons in the

dextran backbone,and the signals of the protons of CH2 and CH in Boc-phe sido掣叩
overlapped with the signals oftlm protom OD dcxtran Imc№．

Figure 3 gi憎the‘H NMR spectrum of dex-phe．m diminishing peak at 1．3 ppm ofthe



protons in Boc-protected groups(cH30)indicated that the diproteeting reaction processed

successfully．

芬诺
沪。。广E叱

80 70 6m 50 40 3D 2D 1D
口m

Figure 3．‘H-NMR spcc仇lm ofdex-phe(DMSO《16 solvent)

(dex-phe，SD 0．8l，肌182009／n∞1)

SD of the dex-phe q∞calculated from the nitrogen content which w∞determined bY

element analysis．The results in Table 3 show that the SD values increase from 0．44 to 1．04

with the increase oftB0c-L-pheyIdextran]molar ratio from 05 to 1．6．indicating that the SD

ofdex-pheeanbecon自roUedbythefeedratiooftheBoc-L-phetodcⅨumL

T“ie3．Element analysis豫m1晦“d“1phc



Table 4 gives the solubility ofdex-phe in different solvents．The dex-phe call dissolve in

the water and DMSO。partially dissolve in the DMF and acetofle,but call’t dissolve in the

methanol and cyclohexane．

Table4．Solubilitytestofdex-phe‘

’SDO，81

S，dissolve；P，paWly dissolve；N，c矾’t dissolve

The molecular weight and the molecular weight distributions ofthe dex-phe wcl-e measured

byGI'Cand showninTables．TheM。variesfroml7300t0187009／mol andM。／M,changes

from 1．70 to 1．79，,kl,ending OD the SD value ofthe dex-phe．Comparing with the dextren,

the dex-phe has lower molecular weight values and broader molecular weight distribution,

which is probably due to the partial degradation ofthe dextran during the reaction process．

Table 5．C PC∞sults ofdextran and dc咄

Fm'matiOl and chmtderizatioa ofpolyini complexputI岫
The dextmn and dex-phc with a鲫ries PCL-COOH welfe dissolved in DMSO，and then

water was added drop by出0p tO this solution．In Table 6，the precipitate appearl国in the

solution of the PCL-COOH and dextran indicates that the complex nanoparticles ham’t

formed in岫码rsIam For the I'CI，cOOtt with the moleeulⅢweiOt of 2300 and 3100

g／reel,adding wat贯to the solutions ofPCL-COOH ami dex-phc in DMSO resulted in slight

blue to white milky solution reveals the formation of complex nanoparticles．When adding



water to the solmion of PCL-COOH with molecular weight of 5400 g／mol and dex—phe in

DMSO,the resulting precipitate indicate the stability ofthe complex particles is relative to the

molecular weight of PCL-COOH．That perhaps due to the higher molecular weight of the

PCL-COOH destroysthebalanceofthehydrophobic andhydrophilicofthecomplexparticles，

and result in aggregation together ofthe particles and precipitating from the solution．

Table6．AddingwatertothesolutionofPCL-COOH andDex—Phe'(ordextran6)inDMSO

。dex-phe,坛18200 g／tool,SD O．81；weighl ratio of PCL-COOH to dex-phe was 1／2

Concentration ofthe solution,PCL-COOH lmg／mL；dex-phe,2medmL

。dcxtran,％23100 g／mol；weight ratioofPCL-COOHtodcxtranwasl／2Concentrationof

the solution,PCL-COOH Img／mL；dextran,2mg／mL

一一一一

耵 篪
a■■々■0目

Figure 4-Size distribution ofthe particles in aqncou$

(PCL．COOH,地2300 eCml；dex-phe,SD 0．81，坛18200∥mol；weight ratio ofPCL-COOH to

dcx．pIlc Wall 1／2,Concentrationofthe solution，PCL-COOH Img／mL；dex-phe,2mg／mL)

～The size distribution and hydIody】aamic radius of complex particles w肃measured by

dynamic light scattering(DLS)technique．The average hydrodynamic radius ofparticle㈣)



of 169．5 nm was obtained,and the size distribution of the particle in aqueous is shown in

Figure 4．

Figure 5．The relationship be啊嘲the风ofthe hallo particle and the

weight ratio ofPCL-COOH to dex-phe ‘

(de眺SD o．81，坼18200 g／tool：PCL-COOH，^厶2300 s／tool。Coromultion ofthe solution,

PCL-COOH 0．1·3．0 ms／mL；dex-phe,1．0 ms／mL)

Figure 5 shows the reiation．ship bc如veen the焉ofthe complex particles and the weight

ratio ofPCL-COOH to dex-phe．风ofthe complex particles varied within 150-200nm at the

weight ratio of PCL￡OOH to dex-phe from 0．1 to 1．The晟increases over 280 nm at the

weight ratio of I'CIA：OOH to dex-phe above 2．The reason is probably that the decrease of

the dex-0ffi content wcakelB the stability and c翎哦翳the aggregating ofthe particles．

Table 7．Zeta potent／al ofthe particles formed by dex-phe with different SD values

PCL-Cf)oH,射：2300 s／mot；Weight ratio ofP叫OOH to dex-phe w∞1／2

Zeta-potential measurements were conducted to determine the net chaIges on the particles

surface(Table 7)．The particlesm positively charged and the zeta potential increased with

the SD values ofthe dex-phe．

TEM image of the particles formed by dex-phe and PCL-COOH in aqueous solution is

shown in Figure 6-The isolated particles take all approximately spherical shape with
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diameter of 60-120 roTl and the Core-shell structure was obserwd．The white Core：consists of

collapsed hydrophobic PCL-COOH chains and the black shell is formed by stained dex-phe·

Mag=5kx Mag=20 lⅨ

Mag=100 kx

Figure矗T日Ⅵofpolyion complex particles formed by dex-phe with PCL-COOH

(rCL-COOH,肌2300 ghnol；aex-Oe,SD 0．81，坼18200 g／rook weight ratio of PCL-EOOH幻

dextnm wall l，21

The simplified model ofthe complex partick，formation is shOwll in Scheme 3·Water is the

lz嗽ipitant for I'CL-COOH but solvent for dcx-phc,when water is drop to the solution of

dcx-rIhc and PCI，cOOH in DMSO,tl碡hydmphobic L-pheaylalaninc side groups in dca-phe

and PCI“X脚I segments a∞aggregated together through the cooperative of hydrophobic

interaction and electrostatic interaction to form the compact corc．The ion pairs are embedded
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within the hydropIlobic core that avoided the dissociation ofthe ion pair in aqueous solution．

The shell of the hydrophilic dextran segment sun'ounds the core to prevent the progressive

aggregation ofthe corc and stabilize the complex particles in the aqueous solution．

毗
·DM$O

0q铀婶∞吐J。吼。。

ion paw

Hyd恻黼
ZOne

Scheme3．'114esimplifiedmodelofformationofnanoparticlebytheforce

ofhydrophobic interaction and electrostatic h蛐a．action

Corielusions

In this paper,a series of dex-phe wcrc synthesized and characterized．Polyion complex

panicleswcreformedbydropp遗gwaterintothesolutionofdexWan-phewithPCL-C0011in

DMSO．The stability ofthe complex panicles is rehted tO the SD ofdex-phe and the版of

the PCL-C(X)FL TEM，DLS and Ze协potential measurements demoustrate the complex

球mid嚣take m approximately spherical morphobgy and core-shell structure．The driving

force for the formation of tim complex particles is hydrophobic intel'：'dCfiOR and electamatic

in把曙c矗锄begwecJ&the dcx-phe and PCL-COOH∞乎n曲瞳The lⅪL,ficlcs∞mbine several

key stmctural fcatm℃s that make these systems very beneficial for drug delivery．These a∞a

hydrophobic ionic core,a hyOrophitic shell，mm嘴龃k size,the safety and biocompatibflity of

the L-loziae,dcalran and poly(吕．-caprolactone)．Such polyion complex particles have the

potential applications in pharmaceutical fields．
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Chapter 4

Synthesis and Characterization of Polyester Derivative

Introduction

Contained Glucose Ester Units

Biodegradable aliphatic polyesters have been imemively studied and widely used in

biomedical applications，including mlll艏．implants for hone fixation,scaffolds in tissue

enginee血e．and∞rrien in drug delivery,etc．1。川However,hydrophobicity and lack of

functional groups tO which bioactive molecules(drugs,recognition agents,adhesion

promoters．Or probes)c孤be covalently attached戤the矗晴I代：嚣of occasional shortcomings

for眦applications．州Recently,Some biodegradable polymers po*．．sessing functional or

rlxictivegroupssuchas幽hydroxyl,carhoxyl，thiol,ctc．havebeenreported．M
Sugars is蛆essential component in organism nutrition,and contaim multiple hydroxyl

functional groups，s)mllw6c mgar-containing polymers with well-defined strucUn'c have

much potential for biocompatible and biodegradable polymeric materials．For example,Ouchi

ES】fcported the synthesis of poly(L-I,-_．-,tide)“l-cappod with lacto∞residue．Ma∞inci斌Ⅳ一

investigated the functienalized poMlacac acid-co-glycolic acid)baud polyestem for

biomedical and pharmawa瑚applicatiom．Uyamatlo}reported a sugar-containing polymer

s)位【h胬捌by the polymeriz_z吐_．ion of∞而商ol and divinyl鞠k嘲蠡c using Cam／ida埘幽露d妇

lipase∞catalyst．Okada【“嘲f印叫甜a serica of polyestmx pf印ared from

1,4-dianhydro-D-glucitol and aliphatic dicadⅪxylic acids of the methylene chain length

ranging from 2 to 10．Recently,Naoto Tsutsumitl4】relmrted a series ofbiodegradable network

polyeste嚣by the condensation of gluconolaaone and ci咄acid．

In this武喇b‘novel biodegradable poh,ester derivative comin逾gIIl∞髓aster unit*wa$

prepaxed by athree-step reaction from gluconolactone and maleic anhydride．The presence of

free hydroxyl and double bond groups would provide the possibility for chemically



modification of the polyester chains via pendent groups and coupling biologically active

molecules，that expendthegroupofknownbiomedicalpolyesterscandidates．

Experiment

Materials

Gluconolactone(Alfa Aesa0，2，2-dimethoxypropane(DMP)(Alfa Aesar)was distilled

under reduced pressure prior to nsc．732 type cation exchange resin(Shanghai huizhu resin

Limited Co．China)，maleic aalaydride(Guangzhou reagent Co．China)，and all other reagents

Wer@ofanalytical grade and used觞received．

1R

The双spectra w骶m髑曩砌越On a Nieolet Nexus 670 Fouricr-transform infrared(FAIR)

immanent．

1HNMR

‘HNMR spectra WCI'I：recorded on Mercury-Plus 300 Warm,USA)Spectrotlleter at 300

MH罨∞illg tetmmethysilanc ffMS)all an int日nal standard aM CDcl3 or DMSO-d‘as a

solvent．The concentration ofthe solution is 5mg／IIll．

Gel permeation chromatography ，

Gel permeation chromato掣'aphy(GPo was used to determine tlm molecular weights and

polydispersity ofthe PGM．GPc analysis was performed on aWaters HPLC system equipped

with a 2690D scI搿a妇modllle and a 2410 rcI触index det鲥％Water was used邵雒

elue址andtheflow gateWas 1．0mlJmin．

Diffa∞ntial scanning ealorimctfy

Differential scanning calorimetry(DSC-204，N啦ch,Ommn)Was used to determine

theglasstransitiontemperature(Tg)ofPGMataheatingrateofl033 rainl

Synthesis of4,6-O-isopropylidene gluconolactone(PG)

27 IIll acetone,5．0950 g(0286 moo ofgluconolaetone(G)and 4．80 ml(0．038 t001)ofDMP



wcl-e added to a 100 ml two-neck flask equipped with a magnetic stirrer and thermometer．

The flask was stirred in a ice water bath at a temperature of 15℃for 15 min,and then 0．20

g p-toluenesulfonic acid monobydtate was added and stirring for another 0．5 hour．The

mixture warmed slightly to room temperature for 20 hours to yield transparent solution．

50％NaOH was added tO the resulting solution with stirring until the pH=8．During this

time,some white precipitateamk删in the solution．Stirring was maintained for 1 hour．The

white gumwas collected by vacllum filtration and washed three tings with acetone．

The filtrate was concentrated by rotating evaporation to give the colorless viscous liquid

PG．The·M'nde PG was diluted With 30 ml chlOrOfonn and washed three times with water．The

obtained chloroform solution wcfc矾ed by anhydrous sodium sulfate and filtrated．The

filtrate was condensed with rotating evaporation to give 4．33 g colorless PG syrup．(yield,

69蝴
Thin-layerchromatography(TIC)wasusedtopurifytheproduct．Themixtureofethyl

acetate-petroleum and cth日(1／4,v／v)Was as developing solvent,＆=Or53．

Syntheas ofpoly(4,6-O-isopropylidene gluconolactone-maleiO t摩rCM)

A certain feed ratio of PG to maleic anhydride was added to a round-bottom flask with

magnetic stirring and a nitrogen inlet tube．The mixture Was flushed with a gentle stlr'c。,m of

N2 for several minutes with stiflrmg and heated to 60℃in oil bath for 1 hour and under

reducinIg pressure(<500Pa)for 4 hour,Then the temperature ofthe system increased to 140℃

for 6蛔F under他dIIcing—岱蛐m．Finally,the pressure oftl碡system Was lowered to 50 Pa

for2 hours砒140℃．

mviscosity ofthe科st衄incmued gradually with the rcaetion眦The resulting

product删cnolcd to room把q崩撇n and purified by珥∞ipitatjng two times mins

tetmhydrofuran㈣as solventandH：．()astheprecipitator．Theprecipitatewasfllwatedand

dried in vactBlm at 506C for 24h．

The obtained PPGM could be dissolved in the chloroform,methanol THFⅢ证DMSO

but didn't be dissoivc in water．

Synthesis of poty(ginconolactone-maleic diester)O'GM)



The equivalent vohmm of 60％of acetate acid was added dropwise to a solution of

PPGM in THF at room temperature with stirring．After 12 hours at room temperature,the

majority of the solvent was removed Oil a rotary evaporator under reduced pressure．

Then 0．2 mol／L NaOH WaS added until the pn of the solution is 7，and the solution WaS

treated with the cation exchange resin to rernove the Na+．After filtrated，the filtrate was

precipitated two times with H20 as the solvent and acetone as the preci#tatoL The precipitate

was filtrated and dried in vacuum at 3Sac for 24h．

Results and Discussion

Protectionof4，6-hydroxylgroups缸B-ghteanic acid-d-lactone(glucomlactone，GL)

Scheme 1 Synthesis ofPG

，

As the gluconolactom：with four lice hydroxyl grouln,the successful preparation of

linear oligomer with active function from gluennolaetone required all efficient method衙她

selective protection of two hydroxyl groups in the—嘲∞l笛tonc mold．de．The general

ways for the selective protection and de-protectinn 4,6-hydroxyl group in the saccharine

molecule∽isopropylidrmfion and benzylation ttaefiom h the,ram,tin,an,selective

protection of4-and 6-hydroxyl group ofgluconolaetone Was carried out with 2’2-dimethoxy

propanes in the pl"eslRlCe of p-toluencsulfonic acid catalyst at room temperature to yield

4,6．O-isopropylidene glucooolactone(PG)哆The process is shown in Scheme 1．

Figurel shows the 1H NMR spectrum of PG．The peak at 1．35印m is attributed to the

proton of methylene in the isopropylidinene．The weak p∞ks 4t 4．33，4．21，4．07,3．98，3．83，

3．70 ppmwere due to the protons in the gluconolactone molecule，
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Figure 1．’H NMR b'pcctnJmofPG(CDCl3as solvent)

Figure 2 shows the FT-IR spectrum of PG The bands at 1382 and 1371 cm"‘are the

chataeteristic adsorption of isopropylidinene group．The bands at 1439、2989、2936 cm‘

conespond to the C-H bond abso{rp[ion ofthe isoprupylidineae．The adlg删Oll at 1753伽fl

c。Ⅱ妫ponds to vibration ofC=O double bonds and the region from 3450 to 3600 cal"’is the

adsorption OfO-H stretching shake．



Purity of the monomer is very important in the condensation polymerization．In the

experiment，the crude PG is purified by silica gcl column chromatography using ethyl acetate‘

petroleum and ether(1／4，v／v)as the eluent．The fraction in the middle band is collected and

removed the solvent with rotating evaporation method．

synthesis and characterization of PPGM

The reaction of maleic an,hydrate with PG WaS performcd by melt polycondansalion and

reaction route was shown in scheme 2．At the first step，the reaction temperature of the

reaction system was kept at 60℃in N2 atmosphcfc for 1 honrand then in reducing pressure

for another 4 hours．During this stage．the viscosity of thc system itgreases graduauy．At the

second step，the temperature was raised to 140"Cin reducing presmm to l'afflove the water

produced in the reaction and yield hi曲molecular wdght product．

曳朱+“办。一确0 0，二棚幻
PPGM

Scheme 2．Polycondcnsation ofPG and malcic anhydradc
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Figare 3．‘H NMR spectrum ofPPGM(dwDMSO as solvent)
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Figure 3 shows the‘H NMR spectrum ofPPGM．The peaks at 6．85 and 6．41 ppm ate

assigned to protons in double bond ofthe maleic acc妇[e stnldu他．Peaks at 5．22，4．80，4．23，

4．0l and 3．74 ppm are for mdhylene and mecbenyl protons ofgluconic acid unit．Peaks at

1．34 ppm correspond to the methyl protons ofthe isopropylidinene group．

Synthesis and characterization ofthe PGM

Removal of the mctboxy propylidene from the PG was shown in Scheme 3．The reaction

takes place in THF in the presence ofthe acetic acid at room temperature．The PGM could he

dissolved in water but hardly dissolved in organic solvents．This is perhaps due to the hi【gh

molecule polarity from hydroxyl groups in the PGM．

确砖一H‰O O

PGM

豳 D●∞

7．0 6．0 5D ∞
PPm

30 2,0 ID

Figure 4．’HNMR spoctnnn ofPGM(in d‘-DMSO)



The 1H NMR s[9∞lillln of PGM was shown in Figure 4．The peaks at 6．82 and 6．49 ppm

WCI'e assigned to the protons in double bond of the maleic acetate structure．The signals at

5．20，4．25。4．10。3．90 and 3．63 ppm WCI[e assigned to methylene and mcthenyl protons of

gluconic acid unit．Comparing with the’H NMR spectrum ofPPGM(Figure为，the peaks at

1．34ppmofthemethylprotonsinisopropylidinenegroupdisappeared．

Tahie I．GPC and DSC results ofPGM

’Molar taro；bDetermincd by GPC；。Dctcmincd by DSC，IO℃／min

Tablel gavetheGPC andDSC resultsofthePGM．The地ofPGMwas restrictedfrom

1 100 to 2200 g／tool by diff部e．t feed ratio of malcic anhydradc to PPGM．The values of

MOMn of different polymers are dose each ether and about 1．9-2，00．The glass transition

t蜘nperature g心increased from-39"(2 to-21"C with the M，of the polym日from 900 to

41009／t001．

●

Table 2 gave the solubility of lhc pGl雠in diffenmt solvcms．It湖be found th砒the

solubility ofthe PGM wag related to the polarity ofthe solvent． ．

Tabk 2．Solubility oftl∞pGM

坠竺堂竺塑!l竺塑望坚塑丝箜型垒壁堡型
Solubility S P P S N N N

S soluble；N∞∞ol油Ic；P p矾i以Iy∞Iubk
DMF2 N,W-dmclhylformamidc DMSO暑dmethyl I砸Ilo】【idc：1卸降怔,lrahydrofumn

Conelusion

PGM．a novd biodegradable polyester derivativc containing Oucosc酣milts,w髓
prepared by athree-step—删∞from D．-gluconic∞id-d-lactonc and malcic anhydride．The

polymer were characterized by GPC，‘H NM＆FTIR and DSC．The M,ofthe PGM arc in the



rangeofll00t04100 g／toolwiththeMJM。ofl．9-2，00，The glasstransitiontemperatureof

the PGM increases from·39"(2 to-21℃with the版from I 100 to 4100 g／m01．The presence

of free hydroxyl and double bond groups in the PGM would provide the possibility for

chemically modification ofthe polymer chain and coupling Ifiologieally active molecules，that

expands the group ofknownbiomedical polyesters candidates，

Sl
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