
1．INTRODUCTION

In recent years，highly enantiomerically

pure amino acids and their derivatives becom-

ing inexpensive have opened the way to de-

velopment of various amino acids or peptides-

containing functional molecules，which can

perform important functions as biomaterials．

Particularly，polyolefins bearing amino acids

or peptides in the side chain of the monomer

unit have been studied by several scientists

［１］．These polyolefins have been prepared

aiming at the following objects ;（１）mimicking

the corresponding poly（amino acid）s［２］，

such as antibiotic polyleucine and polyme-

thioninesulfone which has oxygen permeabil-

ity［３］，（２）aggregating functions of the resi-

dues of amino acids on the polymer main

chain［４］，（３）polyelectrolytes or efficient

metal-ion absorbents［５］，（４）stereo-regulated

polymers in the main chain，of which the

chirality is induced by chiral amino acids and

their derivatives［６-８］．

These amino acid or peptide-substituted

monomers were able to be facilely prepared

as acrylic or methacrylic acid derivatives［２］，

and polymerized via radical pathway．Thus，

the significant feature of the structures of

these polymers is that the terminal amino

group of the amino acid or the peptide forms

amide bond with the monomer unit ; whereas

the carboxylic group at the opposite side，

which can be anionic in the presence of base，

is free［９］．It is of interest that polyolefins

containing free amino groups of amino acids

or peptides might show the similar activity to
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that of poly（amino acid）s bearing free cat-

ionic ammonium residues，such as poly-lysine

and poly-ornithine，which perform significant

bacteriostatic actions towards bacteria and

fungus absorbing to the cell walls of them

with the ammonium residues［１０］．However，

polyolefines bearing such amino groups in the

polymer side chain have never been synthe-

sized．These prompted us to prepare new sty-

rene monomers having free amino termini of

amino acids or peptides and to polymerize

them via radical pathway preparing amino-
acid-functionalized polystyrenes．

Polystyrene has generally used as syn-

thetic resin to combine with amino acids and

peptides in the Merrifield technique［１１］．

However，synthesis of a styrene monomer

binding to an amino acid or a peptide-side

chain is rarely known．We describe herein an

efficient synthesis of an（L）-alanine-combined

styrene monomer by reaction of４’-vinylbenzyl

chloride with a Boc-protected alanine and sub-

sequent deprotection of the Boc group，polym-

erization of this monomer via radical pathway，

and preliminary investigation of their bacte-

riostatic activity．

2．EXPERIMENTAL

2-1．General
Benzene and THF（tetrahydrofuran）used

for radical polymerization were distilled over

sodium benzophenone ketyl under reduced

pressure just before use．Ethyl acetate was

distilled before use．Other solvents，DMF（di-

methylformamide）and ethanol were used as

purchased as otherwise noted．Boc-alanine

was prepared according to the literature［１２］．

Other reagents，４’-vinylbenzyl chloride and

AIBN were used as purchased from Wako．

Polymerization was carried out in a glass am-

pule sealed under reduced pressure．NMR

spectra were taken with a VARIAN Mercury

Y plus４００MHz spectrometer．Chemical shifts

were recorded in ppm from the internal stan-

dard（１H，１３C : solvent）．IR spectra were re-

corded in cm－１ on a PERKIN ELMER Spec-

trum One spectrometer equipped with a uni-

versal diamond ATR．Size exclusion chroma-

tography（SEC）analysis of the polymers was

carried out using a JASCO HPLC system（Col-

umn : Shodex KF-８０４L＋KF-８０４L at４０℃）in

THF（１．０mL/min）calibrated by standard sam-

ples of polystyrene．Column chromatography

was performed on a silica gel ６０N（neutral）

（KANTO Chemicals）．Melting points were re-

corded on YANACO Micro Melting Point Ap-

paratus MP-SU using glass capilary．The opti-

cal rotations were measured with a JASCO

DIP-１４０digital polarimeter in acetic acid at２５

℃．The concentration was at １g/dL．The

path length was ０．１cm and the light source

was sodium D line．The circular dichroism

（CD）spectra were recorded on a JASCO

J-６００ spectropolarimeter at ２５℃ over the

range of１９５ to２６０nm using a quartz cell of

０．１cm path length at a sample concentration

of １×１０－３M．The data were expressed in

terms of the molar ellipticity．The elemental

analysis was carried out with YANACO CHN

Corder MT-５，AUTO-SAMPLER．Thin Layer

Chromatography（TLC）was carried out on the

Merck２５TLC aluminum sheet２０×２０cm sil-

ica gel ６０F２５４ with the following solvent sys-

tem : Rf１，dichloromethane，Rf２，acetic acid-

methanol＝（１：１，v/v），Rf３，１-butanol-acetic

acid-pyridine-water（４：１：１：２，v/v）．The

minimum inhibitory concentration（MIC）was

determined by the standard agar dilution

method using trypticase soy agar as de-

scribed by Okonogi et al．［１３］．

2-2．Preparation of Boc-Ala-Styrene（1）; part 1
To a１００mL round bottom flask equipped

with a reflux condenser，Boc-alanine（１．４２g，

７．５０mmol），４’-vinylbenzyl chloride（０．７１mL，

５．００mmol），triethylamine（０．７７mL，５．５０mmol），

and ethanol（２５．０mL）were added at room
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temperature．The mixture was stirred at ８０

℃ for１０hours，and then volatiles were evapo-

rated under reduced pressure．The residue

was washed with water and extracted three

times with ethyl acetate using a separating

funnel．After removal of the solvent in vacuo，

the residue was purified by column chroma-

tography（eluent ; hexane and dichlorometh-

ane（１：１））．Recrystallization from methanol

and hexane at －３５℃ gave 1（０．４８g，１．６０
mmol，yield３２％）．m．p．（℃）: ２８～２９，［α］D２０

＝２５．４±０．３（c＝１．００，CH３COOH）．Anal．

Calcd．for C１７H２３NO４; C : ６６．８６，H : ７．５９，

N : ４．５９．Found ; C : ６６．９１，H : ７．４７，N :

４．６９．１H NMR（４００．４MHz，CDCl３）δ ７．４１

（d，J＝８．０Hz，２H，Ph），７．３１（d，J＝８．０Hz，

２H，Ph），６．７１（dd，J＝１０．８Hz，１H，-CH=），

５．７８（t，J＝１７．６Hz，１H，=CH２），５．２８（d，J

＝６．４０Hz，１H，=CH２），５．１７（AB pattern，２H，

CH２），５．１０（t，J＝２１．６Hz，１H，NH），４．３５

（quint，J＝６．８０Hz，１H，CH），１．４０（d，J＝

１６．４Hz，３H，CH３），１．４４（s，９H，tBu）．
１３C NMR（１００．６MHz，CDCl３）δ １７．４，２７．２，

４８．１，６５．５，７８．５，１１３．１，１２５．０，１２７．０，１３３．５，

１３４．８，１３６．３，１５３．７，１７１．７．IR（ν，cm－１）

３３８４（s），２９８１（s），２９３６（sh），１７４８（sh），

１７１９（vs），１６３０（w），１５１６（s），１４５５（m），

１３６８（m），１２５４（m），１１６７（s），１０７１（m），

８３０（m），５８８（br）．

2-3．Preparation of Boc-Ala-Styrene（1）; part 2
To a ５０mL round bottom flask，Boc-

alanine（０．４８g，２．５２mmol），４’-vinylbenzyl

chloride（０．３０mL，２．１mmol），sodium hydro-

gen carbonate（０．１１g，１．０５mmol），and dimeth-

ylformamide（９．２６mL）containing １％ water

was added and stirred at ６０℃ for ７hours．

Complete consumption of the starting materi-

als was confirmed by means of the １H NMR

measurement of the crude mixture in CDCl３．

After removal of the solvent，the residue was

washed and extracted from water and ethyl

acetate．Purification of the resulted mixture

（containing a little amount of ４’-vinylbenzyl

chloride and DMF）by column chromatogra-

phy gave white solid 1（０．４９g，１．６０mmol，yield
７６％）．

2-4．Deprotection of the Boc group from 1 ;
Preparation of Ala-Styrene（2）
To a ５００mL flask，Boc-alanyl styrene 1

（２．５０g，８．１８mmol）and trifluoroacetic acid so-

lution in toluene（２５％，２４５mL）were added

and stirred at room temperature for １ or ２

hours．The solution was concentrated with N２
gas bubbling，and then evaporated under re-

duced pressure．The resulted yellow oil was

dissolved in a small amount of water，and

aqueous sodium hydrogen carbonate（４％）was

added to the solution at０℃ to raise its pH up

to ７～８．After extraction with ethyl acetate

and salting-out from aqueous solution，the

ethyl acetate solution was dried over sodium

sulfate anhydride and evaporation of the sol-

vent gave a pale-yellow solid 2（１．１９g，yield
７１％）．m．p．（℃）: ４７-５２．１H NMR（４００．４MHz，

CDCl３）; δ７．３７（d，J＝８．４１Hz，２H，Ar），

７．２５（d，J＝８．４１Hz，２H，Ar），６．６８（dd，J

＝１６．０Hz，１H，-CH=），５．７４（d，J＝１７．６Hz，

１H，CH=），５．２７（d，J＝１１．２Hz，１H，CH=），

５．１３（dd，J＝３２．４Hz，２H，CH２），４．０４（q，

J＝２１．６Hz，１H，CH），１．５６（d，J＝７．２１Hz，

３H，CH３）．

IR（ν，cm－１）３３５９，２９７３，２９３０，２８７３，１７３２，

１６２９，１５１３，１４５４，１４０７，１３６８，１１７７，１０７１，

１０１３，９０３，８２２．

2-5．General Procedure for the Radical Po-
lymerization of 1 and 2
The general procedure for the polymeri-

zation of 1 and 2 is as follows．To a １０mL
glass ampule，a solution of monomer 1（０．１５
g，０．４９mmol）in benzene（０．１５mL，３mol/L）

and AIBN（０．７４mg，０．４５μmol）were added

and degassed．The ampule was sealed under

reduced pressure and stirred at ８０℃ for ２４

hours．The solvent was removed in vacuo，

and extracted with a small amount of toluene．

Synthesis and Radical Polymerization of A Styrene Derivative Bearing
an Alanyl Ester（K．Matsubara et al．） －２７－



The solution was dropwised to the stirring

hexane（３０mL）to form white precipitate（3 :
０．０４０g，yield２７％）．The polymer 4 was also
obtainable from 2 in６３％ yield．Because the
polymer 4 was hardly soluble in chloroform-d，
the NMR measurement was carried out in

D２O dissolved in the presence of excess

amount of formic acid．

（3）: Mn（SEC）＝２５０００，Mw（SEC）＝８３０００，Mw

/Mn＝３．３．１H NMR（４００．４MHz，CDCl３）:

δ６．９７，６．４２，５．４１，５．０７，４．３４，１．４３，１．３６．
１３C NMR（１００．６MHz，CDCl３）: δ１８．８，２８．７，

４０．６，４９．５，６６．８，７９．９，１２７．７，３３．１，１４６．５，

１５５．５，１７３．３．IR（ν，cm－１）; ３３９３（brs），

２９８１（s），２９３４（s），１７４８（sh），１７１９（vs），

１５１４（s），１４５７（m），１３６８（m），１２５４（m），

１１６７（s），１０７１（m），８２０（m），６０４（br）．

（4）: Mn（SEC）＝７２００，Mw（SEC）＝９４００，Mw

/Mn＝１．３．１H NMR（４００．４ MHz，D２O）; δ

６．０５，５．５４，４．１４，３．２１，０．５０．１３C NMR（１００．６

MHz，D２O）; δ１６９．８，１６５．４，１３１．２，１２７．３，

１１４．２，６７．４，４８．４．IR（ν，cm－１）; ２９２１（brs），

１７３８（s），１６１０（br），１５１２（m），１４５５（m），

１１９７（m），１１１１（m），８１２（m），４１０（w）．

3．RESULTS AND DISCUSSION

3-1． Preparation of a Styrene Derivative
Bearing an Alanyl Ester
Among several methods to introduce

amino acids to the aromatic ring，we chose

the benzyl ester formation from the reaction

of an N-protected amino acid with a benzyl

chloride to prepare the styrene monomer

bearing amino acid as shown in Table１．Be-

cause benzyl esters can be hydrolyzed in the

basic condition，N-Boc protecting group，

which is hardly deprotected in the basic con-

dition，was adopted for this coupling reaction

［１１］．The reaction of Boc-alanine with ４’-

vinylbenzyl chloride in the presence of trieth-

ylamine in ethanol at８０℃ for１０hours formed

a monomer，４’-vinylbenzyl-alanyl ester（1）．
After washing the crude mixture with water，

purification of the residual oil by column chro-

matography gave 1 in４０％ yield（Table１，en-
try１）．The １H NMR observation of the crude

mixture in CDCl３ showed the formation of 1
in５０-６０％ yield and some by-products derived

from ４’-vinylbenzyl chloride in ４０-５０％ yield，

suggesting that the selectivity in the genera-

tion of 1 should be improved by changing the
reaction condition．

For this purpose，we investigated what

the by-products are in this coupling reaction．

The １H NMR spectra of the purified two by-

products by column chromatography clarified

that they are ４’-vinylbenzyl ethyl ether and

４’-vinylbenzyl triethyl ammonium chloride

yielded by nucleophilic substitution reactions

of ４’-vinylbenzyl chloride with ethanol and

triethylamine，respectively，which were added

in larger quantity than Boc-alanine．When this

coupling reaction was monitored by １H NMR

spectroscopy measured at５，１０，２２，and２７

hours，these by-products formed slowly with

almost the same rate and also increased even

after１０hours，whereas the compound 1 gen-
erated in５６％ in５hours and the ratio of 1
did not changed after１０hours．And the ratios

of the by-products reached to１８and２２％，re-

spectively．These results suggested that the

choice of the solvent and the base is quite im-

portant for the successful high-yield prepara-

tion of 1．

Table 1 Synthesis of４’-Vinylbenzyl-Alanyl（1）．
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Thus，in order to improve the reaction

condition，we alternatively used less nu-

cleophilic solvent and base．Finally，a combi-

nation of wet DMF and sodium hydrogen car-

bonate is the best choice as the solvent and

the base，respectively．When commercially

available ９９．８％ DMF（water＜０．１５％）was

used as purchased，no reaction occurred in

this condition（Table１，entry２）［１４］．Care-

ful observation of the reaction mixture at

room temperature revealed that white solid

was existed at the bottom of the flask in all

the reaction time．Probably，this is sodium

hydrogen carbonate which is insoluble in this

grade of DMF．Using DMF containing a little

amount of water（～１wt%）in order to dissolve

sodium hydrogen carbonate，the coupling re-

action at６０℃ for７hours resulted in high-yield

formation of 1 with no by-product，and after
purification，the compound 1 was successfully
obtainable in７６％ yield（Table１，entry３）．

In the next stage of the synthesis of the

styrene monomer，deprotection of N-Boc-

protected alanine derivative 1 by hydrolysis
was carried out to form the amino-free alanyl-

styrene derivative 2 as shown in Scheme １．
Unfortunately，deprotection using aqueous so-

lutions of some carboxylic acids，which are

the useful reagents for deprotection of N-Boc-

protected peptides in the solution-phase pep-

tide synthesis［１５］，was in fail，because the

N-Boc-alanylstyrene 1 was hardly soluble in
water．Among some acids in non-polar sol-

vents，２５％ trifluoroacetic acid in toluene is

suitable for the deprotection of 1 to success-
fully form an ammonium cation of 2［１６］，
which was subsequently neutralized with４％

sodium hydrogen carbonate in water（pH : ６

～７）to give the４’-vinylbenzyl alanyl ester 2
in high yield（７１％）．

The compounds 1 and 2 were fully char-
acterized on the basis of usual spectroscopic

methods．Especially，formation of the benzyl

alanyl ester in 1 and 2 was evidenced in the
１H NMR spectra，which showed characteristic

signals with AB coupling pattern at δ ５．１７

and ５．１４ derived from the geminal benzyl

protons of 1 and 2，respectively，because they
were diastereotopic with each other due to

the chirality of the alanyl moiety，whereas the

signal due to the benzyl protons of the start-

ing material，４’-vinylbenzyl chloride，appeared

as a singlet peak at δ４．４８．Typical sets of

three signals due to the three vinyl protons in

1 and 2 appeared at δ５．２８，５．７８，and６．７１，
and δ ５．２７，５．７４，and ６．６８，respectively．

These chemical shifts were quite similar to

those of the resonances due to the vinyl pro-

tons of ４’-vinylbenzyl chloride at δ ５．６５，

５．１７，and６．６２．Successful deprotection of the

N-Boc group in 1 was confirmed by disappear-
ance of the signal derived from tert -butyl moi-
ety at δ１．４５in the １H NMR spectrum of 2．
As for the stereochemistry，the optical rota-

tion angles of the compound 1 synthesized
with the method as listed in Table１，entry１

Scheme 1

Figure 1．Time vs．Conversion Plots of the Cou-
pling Reaction of ４’-Vinylbenzyl Chlo-
ride with Alanine．
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was －２５．４±０．３．

3-2． Radical Polymerization of the Styrene
Derivatives 1 and 2
Generally，styrenes are known as versa-

tile monomers polymerized via anionic，cat-

ionic，or radical pathway to form poly（sty-

rene）s．Since the styrenes containing alanyl

esters，1 and 2，could be hydrolyzed both in
anionic and cationic conditions，radical polym-

erization in the neutral condition is appropri-

ate to yield the amino-acid-functionalized poly-
styrenes［１７］．In this study，we adopted the
usual radical polymerization method with

AIBN as a radical initiator in the non-polar

solvent to polymerize 1 and 2．The results of
polymerization studies using 1 and 2 were
listed in Table ２．They are polymerized in

benzene or THF in the presence of AIBN at

８０℃ to form the corresponding poly（styrene

derivative）s，3 and 4，respectively．The poly-
mer 3 with N-Boc protected amino termini in
each monomer unit was obtained from hexane

as white precipitate in２７％ yield，whereas the

polymer 4，which has much low solubility to-
ward the solvent，THF，was given in ６３％

yield by washing with THF and drying．The

molecular weight of the polymers，Mn of 3
and 4 was２５，０００and７，２００，respectively，de-
termined by SEC analysis calibrating with a

polystyrene standard sample．And the １H

NMR and IR resonances due to the vinyl

groups（１H NMR : δ ５～６; IR : ν（C=C）１６２０
cm－１）of 1 and 2 were all disappeared in poly-
mers 3 and 4，being compatible with consum-
ing of all of the monomers in these polymeri-

zation reactions．The melting points of 3 and
4（3 : ８０-９０，4 : ９４-１２５℃） roughly measured
by a melting point apparatus showed no spe-

cific stereoregularity induced in the polymer

main chain［１８］．Further，an analysis about

the optical property was done．The specific

rotation of compounds 3 was －１２．９°．This
suggested that the optical purity of the

amino-acid side chains may not decrease in

the polymerization processes．

The antibiotic activity of the synthetic

polymer 4 bearing free-amino termini in the
side chain was preliminary examined using

poly（α-lysine）having antistatic activity to-
ward Gram-positive bacteria as control．The

results did not show the activity of the poly-

mer 4 against both Gram-positive and

-negative bacteria．

4．SUMMARY

In this text，a styrene monomer bearing

alanyl ester with or without free amino（NH２）

terminus was synthesized and polymerized

with AIBN at８０℃ via radical pathway．A N-

Boc-protected４’-vinylbenzyl alanyl ester was

synthesized in high yield in the reaction of４’-

vinylbenzyl chloride with Boc-alanine in the

presence of less nucleophilic base and solvent．

Deprotection of the Boc-group from the ester

1 by adding２５％ trifluoroacetic acid solution
in toluene gave the targeting monomer 2 in
good yield．These established synthetic meth-

ods of monomers did not allow decreasing

their optical purity．The styrene derivatives

polymerized with AIBN at８０℃ to give poly

（styrene derivative）s successfully with high

molecular weight．This is a first example pre-

paring poly（styrene）s bearing N-free chiral

amino termini in the side chain targeting the

chiral-amino-acid-functionalized polystyrenes．The
preparative method of the styrene derivatives

may be applicable to the other amino-acid

Table 2 Polymerization of 1 and 2a）

－３０－



containing styrenes，and further studies of

synthesis and properties and antibiotic exami-

nation of amino acid functionalized poly（sty-

rene）s are underway．

5．ACKNOWLEDGEMENTS

We thank to Professor Yoshiki Uchida

and Ms．Mitsuno Shindo of Osaka Shoin

Women’s University for the microbiological

assays．

References

［１］（a）F．Sanda and Takeshi Endo，Yuki Gosei

Kagaku Kyokaishi 59，６４８（２００１）．（b）F．Sanda

and T．Endo，Macromol．Chem．Phys．200，

２６５１（１９９９）．

［２］（a）F．Sanda，F．Ogawa，and T．Endo，

Polymer 39，５５４３（１９９８）．（b）F．Sanda，

M．Nakamura，and T．Endo，Macromolecules

27，７９２８（１９９４）．（c）F．Sanda，M．Naka-

mura，and T．Endo，J．Polym．Sci．A : Polym．

Chem．36，２６８１（１９９８）．（d）F．Sanda，M．

Nakamura，and T．Endo，Macromolecules

29，８０６４（１９９６）．（e）H．Murata，F．Sanda，

and T．Endo，Macromolecules 29，５５３５（１９９６）．

（f）F．Sanda，T．Abe，and T．Endo，J．

Polym．Sci．A : Polym．Chem．34，１９６９（１９９６）．

（g）F．Sanda，M．Nakamura，and T．Endo，

Chem．Lett．1997，１７５．

［３］F．Sanda，T．Kurokawa，and T．Endo，

Polym．J．３１，３５３（１９９９）．

［４］（a）M．Morcellet，C．Loucheux，and H．

Daoust，Macromolecules 15，８９０（１９８２）．（b）

A．Lekchiri，J．Morcellet，and M．Morcellet，

Macromolecules 20，４９（１９８７）．（c）C．Metheni-

tis，J．Morcellet，G．Pneumatikakis，and

M．Moecellet，Macromolecules 27，１４５５（１９９４），

and references cited therein．

［５］（a）K．Nishihara，A．Suzuoka，and N．Sa-

toka，J．Polym．Sci．: Polym．Chem．11，

２３１５（１９７３）．（b）K．Nishihara，N．Satoka，

J．Polym．Sci．: Polym．Chem．11，３１７１（１９７３）．

［６］（a）S．M．Bush and M．North，Polymer 37，
４６４９（１９９６）．（b）S．M．Bush，M．North，

S．Sellarajah，Polymer 39，２９９１（１９９８）．（c）
A．C．Birchall，S．M．Bush，M．North，Polymer

42，３７５（２００１）．
［７］N．A．Porter，T．R．Allen，and Robert

A．Breyer，J．Am．Chem．Soc．114，７６７６
（１９９２）．

［８］（a）N．Minoura，Y．Fujiwara，and T．

Nakagawa，J．Appl．Polym．Sci．22，１５９３
（１９７８）．（b）S．Aiba，N．Minoura，and Y．

Fujiwara，J．Appl．Polym．Sci．27，１４０９
（１９８２）．

［９］A．Bentolila，I．Vlodavsky，R．I．-Michaeli，

O．Kovalchuk，C．Haloun，and A．J．Domb，

J．Med．Chem．43，２５９１（２０００）．
［１０］S．Shima，H．Matsuoka，T．Iwamoto，and

H．Sakai，J．Antibiot．37，１４４９（１９８４）．
［１１］N．Izumiya，T．Kato，T．Aoyagi，and M．

Waki，“Peptide Gousei”１９７５，１７２．

［１２］L．Moroder，A．Hallett，E．Wunsch，O．

Keller，and G．Wersin，Hoppe-Seyler’s Z．

Physiol．Chem．357，１６５１（１９７６）．
［１３］K ．Okonogi，M．Kuno，E．Higashide，J．

Gen．Microbiol．132，１４３-１５０（１９８６）．
［１４］A patent also presented the alternative con-

dition using DMF and sodium hydrogen car-

bonate at room temperature for ９０hours，

however，the necessity of water in this condi-

tion was not pointed ; N．D．Harris US-Patent

No．４０３３９９８．

［１５］（a）T．Kimura，S．Tanaka，H．Itoh，Y．

Fujiwara，K．Akaji，and Y．Kiso，“Peptide

Chemistry １９９０”，Protein Research Founda-

tion，Osaka，１９９１，５．（b）M．Fujii，H．Ya-

jima，J．Chem．Soc．，Perkin Trans．１．１９８１，

８３１，and references cited therein．

［１６］Using more strong acids such as hydrochlo-

ric acid and trifluoromethane sulfuric acid

caused hydrolysis of the ester to form some

amount of the free alanine．

［１７］“Handbook of Radical Polymerization”Ed．

by K．Matyjaszewski and T．P．Davis，Wiley，

New York，２００２．

［１８］T．Hatakeyama and H．Kanetsuna，Kobun-

shi Kagaku 26，６８０（１９６９）．

Synthesis and Radical Polymerization of A Styrene Derivative Bearing
an Alanyl Ester（K．Matsubara et al．） －３１－




