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1 SPECI FI CATI ON ORGANI C TELLURI UM COVPOUND, PROCESS
FOR PRODUCI NG THE SAME, LI VI NG RADI CAL POLYMERI ZATI ON
I NI TI ATOR, PROCESS FOR PRODUCHNG 5 POLYMER W TH THE
SAVE, AND POLYMER TECHNI CAL FI ELD The present invention
relates to organotel |l uri um conpounds and a process for
preparing the sane. Mdre particularly, the 10 invention
relates to |iving radi cHPESGIFERBTICMtIi on initiators of
the telluriumtype, processes for preparing nmacro
living radial polynerization initiators, |iving
radi cal pol yners and bl ock olynmers with use of the

OR R TETLUE RO (GRED UMD BROGEAS: GORABRERYCING THE SAME, LIVING

e TROLER ek B RS RO REO T Fr0ocs5R, Rk n v
process whi chedisaadaRied A8 GECT k8GR0l of

nol ecul ar structures i | e ensuri'ng conveni énce and

uni ver sal useful ness of radical 20 polynerization, and

is powerful neans for preparing novel polyner

TECHNECARIELELBeor ges et al has made a report on a typical

exanple of living radical polynerization using TEMPO

(2, 2TBebpreseranenight ion prgdartiedi hyl orgdnctelanri amt ¢@ip@unds
publlcatlon of JP-A No. 1994- 199916). 25 This process
ReEr?qe%@o§§rbpéeﬁqrhﬁanﬁhéISﬁmﬁecupaﬁ Nﬁﬂ@ﬂﬂu@arénd the

nDIe ul ar wei ght distributions, but requires a high

ingEREIoN (LRMATER Fenberasuradefal RPlumeRdZaLien fmiddptors of
h t he

end® Eel Rl PRORR | Soliidaldcf e bt B Tharknd BR80T i ngo rpial

po@Qﬂéffgaﬂybn"@HiEiéfgfé?n19§1L§rfgd¥ﬁal polymers and block

polymers with use of the initiator, and these macro living radical

polymerization initiators and polymers.

BACKGROUND ART

Living radical polymerization is a polymerization process
which is adapted for precision control of molecular structures
while ensuring convenience and universal usefulness of radical
polymerization, and is powerful means for preparing novel polymer
materials. Georges et al has made a report on a typical example of
living radical polymerization using TEMPO (2,2,6,6-tetramethyl-1-
piperidinyloxy) as an initiator (publication of JP-A No. 1994-
199916) .

This process makes it possible to control molecular weights
and molecular weight distributions, but requires a high
polymerization temperature of 130°C and is difficult to use for

monomers having a thermally unstable functional group. The process
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functional groups of high nolecul ar wei ght conpounds.
An object of the present invention is to provide an
organotel I uri um conpound whiclz is useful as a living
radical 5 polynerization initiator and which makes
possi bl e precision control of nolecular weights and
ol ecul ar wei ght distributions (PD = MM M) under mld
igddgiot vpfgited froothsscomrrqlr efampadf idat icmmeduhdrmimal
process_for producing a polymer with use of the
funshicnad, IseHPs € Do yiecuigr Dy SEY S I YRRPORENG FE

INVE?&{O%.The esent i nventjon provides an .
orga §133Ffu§£c SRR F ePHEREACBI 1By RF G RuPR

i.nn R1.is Cl: | kyl,, .R2 .
orgrboR1 i chaptIR MR sl SR T A il sl
pdTﬁHeri§H@ﬁ%ﬁH.HQQaeéylané” | fiaRES HRAMBhLCor 82N control

hydr oxycar bonyl or cyano. The invention provides a

ofPiRABEE14 O Iwellg®RE! hAd MSLecRNARNQE B4k UTdiWPr¢ BIROYN (pD -
represented by the fornmula (1) 20 characterized by

Mw/&tagt ingen reid@peundi t ERILs anpedcbys ther peepiléng (e Rmpound,
compound represented by the fornula (3) and netallic
a paiockgss ufed MR2dR4ig Xa RAyfiRy whtheise RZ, tR8 eombdhdr @and the

as defined above, and x is a hal ogen atom
polymer.

DISCLOSURE OF THE INVENTION
The present invention provides an organotellurium compound

represented by the formula (1)
R?
4 R
R Te—
R? (1)

wherein R" is C,-C, alkyl, R® and R’ are each a hydrogen atom or C,-C,
alkyl, and R' is aryl, substituted aryl, aromatic heterocyclic
group, hydroxycarbonyl or cyano.

The invention provides a process for preparing an
organotellurium compound represented by the formula (1)
characterized by reacting a compound represented by the formula

{2}, a compound represented by the formula (3) and metallic

tellurium
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MRL)m (3) wherein Rl is as defined above, Mis an
al kali netal, alkaline 5 earth netal or copper atom
and mis 1 when Mis an alkali3 netal, m is 2 when Mis
an alkaline earth netal, or mis 1 or 2 when Mis a
copper atom The invention provides an organotel | urium
conpound represented by the formula (1) which is
obt g¢nabl e by reacting a 10 conpound represented by
the formula (2), a conmpound represented by the fornula
(3) |and netallic tellurium The invention provides a
i yadi cal polynerization initiator represented by
the/formula (4) R2 Te (4) 15 wherein R2 to R4 are as
deR? ned above, ang)R5 is C1-C8 al kyl, aryl,
substituted aryl or aromatic heterocyclic group. The
wHPEGRT RON RPTANE #8Sa /3 Qréoﬁg§§né::gra WRAUGER% 3 d IVAY oo atom
radi cal polynmer characterized by polynerizing a V|nyP
nmonomer W Mir'yse of a(gpnpound of the fornmula (4) as a
l'iving radical 20 polynerization initiator. The
where¢nt Roispasvieifined bbuteg Mad cal aprhyimietsi, CA1k81ine
obt ai nabl e by subjecting a vinyl nonomer to living
eariti watall quolcppeer zatomon andt i Uisel ofhesn M dBngn raldiaadl metal, m
. polynerization initiator of the fornula (4). The
15 qubheR dh ifr oRi aésakinmeasth Pebylr &l dalis 1 or 2 when M is a
ol¥nerization initiator (macroinitiator) conprising
CQEHS |#%%g radical polymer. 5 The present invention
provi.des. cess _for.producing a. block. copol ymer
chargﬁge%ﬁgég ﬁ%% ?ﬁgglgg%i%ﬂﬂor gﬁgt # figtum Somboiing

represented by the formula (1) which is obtainable by reacting a
compound represented by the formula (2), a compound represented by
the formula (3) and metallic tellurium.

The invention provides a living radical polymerization

initiator represented by the formula (4)
R2
4 R
R Te
R* (4)
wherein R* to R* are as defined above, and R® is C,-C, alkyl, aryl,
substituted aryl or aromatic heterocyclic group.

The invention provides a process for producing a living
radical polymer characterized by polymerizing a vinyl monomer with
use of a compound of the formula (4) as a living radical
polymerization initiator.

The invention provides a living radical polymer which is

obtainable by subjecting a vinyl monomer to living radical



10

15

20

25

pol yneri zed using the macro |iving radica

pol yneri zation initiator (macroinitiator) as a |iving

radi cal polymerization initiator. The invention

provi des a bl ock copol ynmer which is obtainable 10 by

pol ymeri zing a vinyl nononer using the macro |iving

radi cal polynerization initiator (macroinitiator) as a
Pqliywiexd za bvre i thpybgnef iz dtivdngi nadictlopolymerization

Organot el | uri um conpounds of the present invention are
mrléﬂﬁégén?%otl}ﬁ/ fpﬁ@nf%rm)l a (1) R2 Rl 15 K- (1) wherein

Cl C8 are each a hydrogen atom

or héglng[eﬂb}gn éﬁ&\fﬁ%EﬁSa dﬁﬁro &agéflgt%ﬂ@d:l ryplymerlzatlon
naxtqg@{ﬂrc( R AL G U 58S %J;g&,lggy%g <Y Bymer.

groups repres

Exa”ﬁlh%spgresgt Q%V%Igﬁgh gﬂpﬁglﬁiéésgbb§o a{cﬁ{ Iproc:luc:.ng a

strai ght -chal n, n or cyclic groups
blak Bgpdlfmerd cﬁﬁﬁ:ﬂ@f‘e@iﬁ@ in tHER a?‘&rl'}?i‘ytlhﬁbnoﬁép)’ﬂs
n- propyl, isopropyl, cyclopropyl, n-butyl, sec-butyl,
pdlgmbrbmécylusmxgc Ithbuheydro umngytadibdlewlymarhmwn dﬁdtiator
n-octyl. Preferable alkyl groups are straight-chain or
(macanthiti AP rdhasna al kydngyredpsahave ngnet iketdox aibioriator .
atoms. Methyl or ethyl is 5 nore preferable. Exanples
of ng@&pénY%‘b‘i‘Jé?é’enPtré’Hlé?S @ ksgkrsonpbyeer myichbwgs obtainable
s.usahle are the sane as

b | es, of C1-C8 aL rou
v e PRy oupird Sancerahe iy emagpubioadise:
po%ﬁgp#fac‘t gﬁ'x?%?étéf p{ﬂ%%%% ?tl toF\I):4) %rse aflv:m Wsdégal

groups usa 2 ary*®gfoups

poﬁgﬁgylza@y3$ qﬁ@gggyér substituted aryl groups such as
enyl having a

Organotellurium compounds of the present invention are

jF‘C

represented by the formula (1)
R?
4 3
R Te—"
R? (1)

wherein R' is C,-C, alkyl, R® and R’ are each a hydrogen atom or C,-C,
alkyl, and R' is aryl, substituted aryl, aromatic heterocyclic
group, hydroxycarbonyl or cyano.

Examples of groups represented by R' are as follows.

Examples of C,-C, alkyl groups usable are straight-chain,
branched chain or cyclic alkyl groups having 1 to 8 carbon atoms,
such as methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl,
sec-butyl, tert-butyl, cyclobutyl, n-pentyl, n-hexyl, n-heptyl and
n-octyl. Preferable alkyl groups are straight-chain or branched

chain alkyl groups having 1 to 4 carbon atoms. Methyl or ethyl is
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substituent and napht hyl having a substituent, and

aromatic heterocyclic groups such as pyridyl, furyl

and thienyl. Exanples 10 of suabstituents of aryl groups

havi ng a substituent are a hal ogen atom hydroxyl,

al koxyl, amno, nitro, cyano, carbonyl-containing

groups represented by -CORE (R6 = C1-C8 al kyl, aryl,
mqle @refekabdd. or aryl oxy), sulfonyl, trifluoronethyl,

etc. Preferable aryl groups are E}henyl and
tri f IRXGTOAEEh9F -Suipei rapEesyHasy Py Rr éindr Bblaresashfeblows.

substE!tut d gr pups have one or two substituents at the
par a- xﬁﬂ‘?i‘eLFF‘oﬂ o&’svr PHgYﬂ)Ogﬁf??Qﬁ]_usékéﬁp?%% dte FeEeepf ebhe
I th ted by - COOR7
<R GYSRL B BT RS, LDOSE o oRlsaent e bY
el NRUERABONE .o RRBAXYEAE AOMeq BLOROXLEALRONY] 2onl) 20
ut oxycar bonyl, “sec-but oxycarbonyl?;

tert -ExapX¥6 a6 H YBupsNusHSTE PHEAAAROAW 1 abups such as phenyl
phenoxycabonyl . Met hoxycar bonyl and ethoxycarbonyl are

andp hepHelsy Y aldulshy e 0e canhogybups it asE¥RERYEShfing a
organotel  uri um conpounds represented by the formula
subsfigventasarfdomnaphshy P haSuich er galpsot iclueniti, uand capmands
are preferably (nethyltellanyl-nethyl)benzene,
he(tf_rﬁgyth]y}q STCHRY| Seh\AS) pemieyk, furyl and thienyl. Examples

2-net hyl tel | anyl - pr opyl ) benzene, )

Of(lfsBE?B:l' q%%@%?#]el %1’1‘)%5- hﬁ%’c’?ﬁllﬁ [fefEpEuent are a halogen
- h XV.- 4- hyltell anyl - net hyl ) benzene, 1 6 .
aepi VSR BB T A GR PR wesERRe, Cartagiiy cpptaining

h -pett bepzeng,_ 3
B et R Lol Ty rechst) BaRAangryds -Gy alkoxr ox
ar¥ieyan; 1rehnly| t et AmWronethyl ) RazZengreflsrable aryl groups

nmet hyl car bonyl - 4- (net hyl t el | anyl - net hyl ) benzene,

aré- phemyl cardarykldorbrerhyhyktlest srutdednphbyy) bepzeberably such
1- met hoxycar bonyl - 4- (net hyl tel | anyl - met hyl ) benzene,

subs phbwsd @xoypayhave oieethytvel sumtitmenhy| 3beriremera-
1-.sul fonyl-4-(nmethyltellanyl -

position or ortho-position.

Examples of preferred hydroxycarbonyl groups are those
represented by -COOR’ (R’ = H, C,-C, alkyl or aryl) such as
carboxyl, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, n-
butoxycarbonyl, sec-butoxycarbonyl, tert-butoxycarbonyl, n-
pentoxycarbonyl and phenoxycabonyl. Methoxycarbonyl and
ethoxycarbonyl are more desirable hydroxycarbonyl groups.

Examples of organotellurium compounds represented by the
formula (1) are as follows.

Such organotellurium compounds are preferably
(methyltellanyl-methyl)benzene, (l1-methyltellanyl-ethyl)benzene,
{2-methyltellanyl-propyl)benzene, 1-chloro-4- (methyltellanyl-

methyl}benzene, 1-hydroxy-4-{(methyltellanyl-methyl)benzene, 1-
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nmet hyl ) benzene,

1-trifluoronethyl-4-(nethyltellanyl-nethyl)benzene,

1-chloro-4-(1-nethyltell anyl - gt hyl ) benzene,

1- hydroxy-4-(1 10 nethyl tell anyl - et hyl ) benzene,

1- met hoxy-4-(1-nmethyl tell anyl - ethyl)benzene,

1-am no-4-(1-nethyltell anyl - et hyl ) benzene, 1-nitro-
merhokyndt hwmleiutaﬁybnﬂ meoty8nbeneene, 1-amino-4-

1-cyano-4-(1-nethyltel l anyl - ethyl)benzene,

(Hf%tlﬁﬂmsﬂcmﬂthxlwemnwl fleni brgt 4e&wmybeﬁkbmyl

b I net hyl t el | | - b
et PR S e By Foa ¢ 10Ty F bl Ry e pBaraEhe, 1
mé%@ge Pgﬁﬁﬁgr?%_¥%%§¥é§%%ﬁqy yb%g%¥ﬁ0¥l_§%géL bgné§¥¥%arbonyl
4- %nk%h§it@¥ 1h%gﬁy¥£gﬁﬁ any%yli %éf%%%¥c%ggghgfepzene

1-chl ©oro-

(mlatla deOXVarfly1(-e¥RY Vbl dranyh - Bﬁ@x@é@é&%&ﬁ?? 41 20
oxy 4- (2-met hyl tel | anyl - propyl ) benzene,

(nibtaml. Bél Yar(y2--meehy) betldedry| 1PE@DPNNERZERABLhyltellany] -
l1-nitro-4-(2-methyltell anyl - propyl)benzene,
methyy dnenzbne2- Aethyilwidcamrhypr opyrhdtigntendanitt -methyl) benzene,
met hyl car bonyl - 4- (2- et hyl t el | anyl - pr opyl ) benzene, 1-
1-shadaYyP chr Homelthxlwllrﬁémylefcéwhlnsfmzqaeopyl-)abém:mea- (L-25
nﬁ E carbon 2-met hyl tel | anyl - propyl ) benzene, 1-
methEhb %’cﬁfvﬂo PY&’ é?‘?ﬁ?ﬁﬁyllt @FF%??SM 4pr(6p F’}@éh"z@nl@nyl'
n met y teII ne
et%‘y? rt?r?ué/onr St %ﬁ‘/‘fnﬁ ‘J(.I ﬁﬁl %ﬁa@fﬁ% : gﬁggﬁi"i%{‘%né nitro-

( | di e 4-(1- .
4- %1 fg&%&{lh%/eﬁtlel zled th#y 9’65“? ceya?lo 4- (1-methyltellanyl

etzyi Poémidid,t el hapyyrcdtienyh ) @yti Qilé’c.@»ylmf%i Dyhy1-ethyl)benzene,
2-net hyl tel | anyl - et hanate, nethyl 2-

1-phehyl detdonyy | 4 pxnmmmeelmWJeMbbyhéﬁJ anyl -
nmet hyl propi onate, ethyl 2-nethyltellanyl-ethanate,

meghpyycarlpnydt Ay (1 ehetimiitepl apy bredtherl) behgeéne, 1-
2- nethyltellanyl 2- met hyl propi onat e,

phongry ¢aARaavLafy ( ]aﬁ%?%wlttﬁﬂﬁényé Stdwy PeBFeRgy | L-sulfonyl-4- (1-
megpgfkégagﬂyllgthyl{ga ééne, - r?%f&ggo%2¥£yfropzqnltrlle

methyltellanyl-ethyl}benzene, 1l-chloro-4-{2-methyltellanyl-
ethyl)benzene, 1-hydroxy-4-(2-methyltellanyl-propyl)benzene, 1-
methoxy-4- (2-methyltellanyl -propyl)benzene, l-amino-4-(2-
methyltellanyl-propyl)benzene, l-nitro-4-(2-methyltellanyl-
propyl)benzene, 1l-cyano-4-(2-methyltellanyl-propyl)benzene, 1-
methylcarbonyl-4- (2-methyltellanyl -propyl)benzene, 1-
rhenylcarbonyl-4- (2-methyltellanyl-propyl)benzene, 1-
methoxycarbonyl-4- {2-methyltellanyl-propyl)benzene, 1-
phencxycarbonyl-4- (2-methyltellanyl -propyl)benzene, 1l-sulfonyl-4-
{2-methyltellanyl-propyl)benzene, 1-trifluoromethyl-4-(2-

methyltellanyl -propyl)benzene, 2- (methyltellanyl-methyl)pyridine,
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Preferable are (nethyltellanyl-nethyl)benzene,
(1-methyltel |l anyl - et hyl)benzene,

(2-nmethyl tel l anyl - propyl ) benzene, nmethyl 2 10

met hyl tel | anyl - 2- et hyl pr opi onat e, et hyl

2-met hyl tel | anyl - 2- net hyl propi onat e,

2-nmet hyl tel l anyl propionitrile and 2-nethyl -
ZTﬁﬂzWFFhELt%&%ﬁqm&optbnlImYﬂkﬂiﬁEheZeK@am@EHﬂutaﬂlanyl-

onmpound represented by the fornmula (1) can be
prmpéf&&%al%werea@ttmg A eHPEGed Lanyl hethamargl ane Ryl 2 -
qé%g ngi of the formula (3) and netallic tellurium
m ﬁﬁ? EFTPAaRALe r FEYentele By iRd legrinka (2)
follows.

méyﬁilgio AL & Fﬁgidfiﬁ)Rﬂyltgﬁaa§?f éé?ﬁ%ﬁﬁSgeﬁghﬁxmﬁ
neAByEXTPLES YrogigHREe ! § %eatggt}?% 1 R13any R 3 and R4

are as given ove WesZo ups represented by

meXheAProsichdtal, 0@eﬂe@Ef!%efﬁéﬁblﬁéeé&ﬁ%ﬁfﬂi% §h$9£ﬁ§¥%ellanyl-

brom ne or iodine ine and brom ne are
prippebei bl re, 25nEXRPD! BSndtfhyd @EPOAMES- prophbai aF £1 Henay

chl oride, benzyl 8 brom de, 1-chloro-I-phenyl ethane,
Prefigrahbe | ayshdmeltbiy hbelkl ard-lc eohpl ) erpesey | 1L opetie;ltellanyl -

2- br ono- 2- phenyl propane, p-chl orobenzyl chlori de,
By BPRAGASREN z(ﬂ mehhﬂ#@éanﬁlnﬁrmy)&@awnec hihettisde 2 -

iﬁg;& chloride,, p-nitrobenzyl chloride,
mef ] bAoA eﬁmm@manstﬁet ﬁVPléarzbaﬁ;feréﬁ%%anyl 2-
ny C nz chlo

me%ﬁ% E%h%gar t(g:%yl eﬁ%gfyq ﬁ égpr%”p 5>J<§/§a?]i’)%n2y'lnl?é:r}i‘¥§fl
meggmeﬁfanylgré LBRM h{@zy' chl ori de,

rifluoromethyl benz chl oride, 1-
The organctellurium compound represented by the formula (1)

can be prepared by reacting a compound of the formula {2), a
compound of the formula {3) and metallic tellurium.
Examples of compounds represented by the formula (2) are as

follows.

R* (2)
wherein R?’, R’ and R' are as defined above, and X is a halogen atom.
Examples of groups represented by R’, R’ and R' are as given
above.
Examples of groups represented by X can be a halogen atom
such as fluorine, chlorine, bromine or iodine. Chlorine and
bromine are preferable.

Examples of compounds usable are benzyl chloride, benzyl
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chl or o-

1- (p-chl orophenyl ) et hane,

1- brono- 1| -(p-chl orophenyl) et hane,

1-chl or

o- | - (p- hydr oxyphenyl ) etghane,

1- brono- 1| - (p- hydroxyphenyl) 10 et hane,
o- | - (p- met hoxyphenyl ) et hane, 1-brono-I-(p-
nmet hoxyphenyl ) et hane,
brpmifdleer b- ¢th{groaki- pbehelsiNeeteh ahebrdmdrlomhehylethane, 2-chloro-
(p- am nophenyl ) et hane,
2 -PheRyePEOPang- Ri-brophehiheayianepane brromplorobenzyl chloride,

1-chl or

-nitr
o VaRPErS

ano

cr‘%’%ﬁﬁ%r

oghenyl e

th ,
SRzl B GROf e By P REHREN2Y bioride, p-aminobenzyl
h | th . .
D heRryT CingigepnRng InstiRgl gBloride, p-

oo BB L o SRR P chtori, 5.

mekhak?@rﬂ,or(ﬂmhgwl S 1o, p

1-chl or

1-chl oro-1| - (p- phenoxycar bonyl phenyl ) -

éﬁdxfga}@gﬁylbenzyl chloride,

e
o-I-(p-nethoxycarbonprﬁ%nyl)ethane,
p-kubfonpiiber(zyl BRLEOXIEATDERY F PheFOHIt I8 BBASY1 chloride, 1-

et hane,

chlolpobotp ~qii-ophphexylarthanyl, pheydncetihdpechlorophenyl) ethane,
1-chloro-1-(p 20 sul fonyl phenyl) et hane,

1-ehpeypol 1 (N-pvdgprophemne srhpae hahdromo-1 - (p-hydroxyphenyl) -

etghloro-l-(p-trifluoronethylphen)y(lagethane, 1- brono- 1- (p-

PPE ubT BHRTRY I p AR YA SherpBREnY1

hane,

l1-bromo-1-(p-

me%@%?%ﬁééﬁ?%}%%ﬁ%ﬂéOrf“ﬁh fl %%?ggéﬁgg%nophenyl)ethane, l1-bromo-1-

-(p-chlofr ophén

(pZafhORrn BLBKAE OXYRISAULL1 - SIS onenyt) echane. 4 -bromo-1-

2- br onp- 2-

roxyphenyl)

(pﬂﬁlBQ%MQQQQYElﬂéﬂ@ﬂWﬁChlorO-1-(p-cyanophenyl)ethane, 1-bromo-1-
2- br ono- 2- ( p- met hoxyphenyl ) pr opane, 2-
(pehianaplitenif) arhawghanyhl ops opafe methylcarbonylphenyl) ethane.
2- br ono- 2- ( p- am nophenyl ) pr opane,
1-brene ok o2 mephyl cadpivaniphppy bpetteine, 1-chloro-1- (p-

2- bronn-
Phon¥LE}RR

2- (p-nitrophenyl)- propane

nylppery bRy | § pPERRaTe, - (P-Bhenplcahenylphenyl) -

etbifgy gf-%?’é%?ﬁ@?ﬁ%ﬂ&%ﬁﬁ@rﬁw&n}ﬁ%bsﬁléa}n% L-brono-1- p-
megﬁéﬁ%ﬁ%igﬁggggﬁgﬁ%$§ﬁgﬁgﬂg pP?EﬁQdﬂﬁlqﬁ%B?phéhé%yéQFan9£EEeny1)-

propane,

etﬂaﬁ%ﬁ”ﬂlﬁ%bﬁgiPh@5@6H€%B§98¥£$$H¥Bﬂﬁkh{@5Qgﬁéﬁb, 1l-chloro-1- (p-

2-chl or o- 2- ( p- met hoxycar bonyl phenyl

propane,

su2f &t @fhey( Pe bhad ,hax peamnd ony{ PN ¥bhpl SIREEL) ethane, 1-
2-chl oro-1- (p phenoxycarbonyl phenyl)

chpeopahne(2 tivi 6 hwebngrhy phbenxlosrhbary | phenythg- 1 - (p-
pr opane, 2-chl or o- 2- ( p-

trifluoromethylphenyl)ethane, 2-chloro-2-(p-

2-bromo-2

propane,

- {p-chlorophenyl) propane, 2-chloro-

2-bromo-2- (p-hydroxyphenyl)propane,

chlorophenyl) propane,
2- (p-hydroxyphenyl) -

2-chloro-2- {p-

methoxyphenyl)propane, 2-bromo-2- (p-methoxyphenyl)propane, 2-

chloro-2- (p-aminophenyl)propane, 2-bromo-2- (p-aminophenyl)propane,

2-chloro-

propane,

2- (p-nitrophenyl)propane, 2-bromo-2- (p-nitrophenyl) -

2-chloro-2- (p-cyanophenyl) propane,

2-bromo-2- (p-
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sul fonyl phenyl ) propane, 2-brono-2-(p-sulfonyl phenyl)
propane, 2- chloro-2-(p-trifluoronethyl phenyl)propane,
2-brono-2-(p 10 trifluoronet hgl phenyl) propane,
2-(chl oronet hyl ) pyri di ne, 2- (brononethyl)pyridine,
2-(l-chloroethyl)pyridine, 2-(1- bronoethyl)pyridine,
2-(2-chl oropropyl) pyridine, 2-(2- bronopropyl)

cyapopiienel ) prarayie . 22 et ysetZhd pome thy hasttinpiny2phenyl ) propane, 2-
br onpet hanoat e, net hyl 2-chl or opropi onate, nethyl

bremgr g mbet Petyacarbeny lphgapl) propane, 2-chloro-2- (p-

nmet hyl 2- br ono- 2-

2- chl or 0- 2- et hyl pr opi ,
PR ASREP Y P L) BEPRARe. ChPSPRT R dbiesyapaghony phenyL)
- , | 2-ch [ t t
S ECA VI DN (T
mé@hﬁxycgfﬁgﬁyﬂﬁh%hg}ggfégéﬁ%,oaagﬁlogbg¥u oacetonitrile,

2- bronoacetoni tri oropropronitrile, 2- 20
p@h@@@éﬂ%@&bh}rf)p&?me@r 0-Broms hy) @-opi oni trile,

2-brono-2- nethylpropionitrile, etc. anmpl es of
pheanpodarisorydpheae) pebdanet, he - th1otd @ ((B)- are as

follows. MR )m (3) 25 wherein RL is as defined above,
suf psy tpheriyda biropanal |2 -drcmbi- Ae (p esuliffonydphenyl ) moppee, 2 -

atom _and mis 1 when Mis an alkali netal, m is 2
chirEn - # (&t fAnREPTeidvdPheRy hbPEPRans @ PEomo o3 - (P -when

Mis a ¢ er atom 10 Exanpl es of groups represented
e L poromer Hyd prefkh BARARE B kript et hye] BYELdine, 2-

M are, | i.thi di t assi and

o RaRE Rk ath e, etk S OB R R K

bralkBLhyS R EINEE 2 & - ARAr6PPHSYT ) ;l;iﬁﬁ}mm 15 (2-
desirable.” 5 Exanpl es of conpounds "usable are
broRbbybhy 1)ipyaiding} hyd dhytihzuBhl Srdadnanbhebi URdtigiic 2 -

Next, a detailed description will be given of the
brpmoetissnoate, methyl 2-chloropropionate, methyl 2-bromoethanoate,
methyl 2-chloro-2-methylpropionate, methyl 2-bromo-2-
methylpropionate, ethyl 2-chloroethanoate, ethyl 2-bromoethanocate,
ethyl 2-chloropropionate, ethyl 2-bromoethanoate, ethyl 2-chloro-2-
ethylpropionate, ethyl 2-bromo-2-ethylpropionate, 2-
chlorcacetonitrile, 2-bromoacetonitrile, 2-chloropropionitrile, 2-
bromopropionitrile, 2-chloro-2-methylpropionitrile, 2-bromo-2-
methylpropionitrile, etc.

Examples of compounds represented by the formula (3) are as
follows.

M(R')m (3)
wherein R' is as defined above, M is an alkali metal, alkaline
earth metal or copper atom, and m is 1 when M is an alkali metal, m

is 2 when M is an alkaline earth metal, or m is 1 or 2 when M is a

copper atom.
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for preparing the conpound. Metallic telluriumis
suspended in a solvent. Exanples of 10 solvents usable
are di net hyl f ormam de (DWF), tetrahydrofuran (THF) and
i ke polar solvents, toluene, xylene and |ike aromatic
sol vents, hexane and |ike aliphatic hydrocarbons,

di al kyl ethers and like ethers, etc. THE is

pr ef &Xampdes Tok TIPSt reprewnmst byoR! Feeusedgivim clbdve.

suitably adjusted is 5to 10 mM, preferably 7 to 15 8
m &éﬁameﬂ of Basedisl Fepreseniaduby M eBRpdiid umg) spdium,

dd toth foll d_ by
SP&W M OB S s et o Prgres i h cpheLiBeRd ditke
d [ ] 5 t to 24
alﬁgﬁﬁﬁéaéﬂ%era R g e TR e S e
t eﬂp%rxa}ngies I c§f Qn&?st&sa%ﬁe ’ar@rﬁgn‘?ﬁ | % 1demC (O

40' C, nore preferably room tenperature e reaction

ethy 10 0BRGN, C6h-wEYR | YCRINGRT cRbmoSpheric  pressure, but
may be conducted at increased pressure or in a vacuum

Next Neaxt¢oapdetsd 1) descadisteidnt @il hebs apictdnOB N XE Usocess

25 followed by stirring. The reaction tine differs with
forhpreeaxciimiheenpereund.e and pressure and is usually 5

mnutes to 24 hours, preferably 10 mnutes to 2 hours.

The M@&eﬂb‘ﬁ tdyaiun & fr‘SSPeZ]Gedt 81 80’ W1venst erBigmples of

refer erature. The

nor e m
solggat s giraales Bra Alust L(DME) PO FERiYAToFuTan (THF)
anflf £3RY ﬁolal}ugogﬁgné %gt%ggggd off%encaﬁaﬁaff%ﬁepfﬁeo}fa e or

ropo oun

so@@@ﬁﬁ%”“héﬁ%hetgné f@ﬁéﬂ|1hShS€léLHﬂdPBc§ESon5 df&l ethers
nol e of the conpound (2) and O. . t he

an@olpee st Heds, ét@feﬁﬁb|YSQbﬁbﬁélabla.rnﬁh%saﬁﬁunErEE solvent to

conpound (2) and 0.8 to 1.2 nole of the conpound (3),
bepesedp|which is suitably adjusted, is 5 to 10 ml, preferably 7 to
8 ml, per gram of metallic tellurium.

A compound (3} is slowly added dropwise to the suspension,
followed by stirring. The reaction time differs with the reaction
temperature and pressure and is usually 5 minutes to 24 hours,
preferably 10 minutes to 2 hours. The reaction temperature is -
20°C to 80°C, preferably 15°C to 40°C, more preferably room
temperature. The reaction is conducted usually under atmospheric
pressure, but may be conducted at increased pressure or in a
vacuum.

Next, a compound (2) is added to the reaction mixture,
followed by stirring. The reaction time differs with the reaction
temperature and pressure and is usually 5 minutes to 24 hours,

preferably 10 minutes to 2 hours. The reaction temperature is -

20°C to 80°C, preferably 15°C to 40°C, more preferably room
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of nmetallic tellurium After the conpletion of the
reaction, the solvent is 10 concentrated, and the
desired conmpound is isolated Band purified. Although
the met hod of purification can be determ ned suitably
dependi ng on the conpound, vacuumdistillation or
recrystallization is usually preferable. The living
tempgiraghrool yier reactiom iisi condertet ushelinvemdénmtmbspheric
Is a conpound represented by the formula (4). R2 (4)
PLAFENERN nﬁ&t R YRPEaFRNALC Rt idtednapeRred MT¢SRSre soCHTCa
al kyl, aryl, substituted aryl or aromatic heterocyclic
v Exanpl es of al kyl groups represented by R5 can

be t S : the al kyl group epresent ed hy
ond gieaRTBpSELLdE Bac e domelh SP 82 TREE Sl (&Y vo
i gr 0 [ ete C r
g 2% o e Endied PoY rof & SURBSEA, () ana 0.5
tcahQgemo Exargy @heObompitidd (334 ﬁ@éf@ﬁgﬂi@@.éaﬁboﬂz moles of
initiators 25 represented by the fornula (4) are
thigpkenpodted | @)y hndet | danzenele 1¥f the compound (3), per mole
(1- phenyl tel | anyl - et hyl ) benzene,
of( mephdhyt didldmyliiupr opyl ) benzene, etc. in addition to
the conpounds represented by the formula (1) and
exenpifitPrebhapusr@lethan| of ity raareapn pothameoilyaet oks

initiat ted by 5 the f ul 4 b .
copPapki atPdy o LER I Hrb o COmRE ok GROARRS RS Eye Fied.

f i [ f ' d.
AL St pebhbl OF iRk lin Xon B e B ERIRE Wi sk
debRAE RS e Eheb¥olPSud P! Ralauh3d: MW 64) or recrystallization
is usually preferable.

The living radical polymerization initiator of the invention

is a compound represented by the formula (4).

RZ

5

R? (4)
wherein R’ to R' are as defined above, and R® is C,-C, alkyl, aryl,
substituted aryl or aromatic heterocyclic group.

Examples of alkyl groups represented by R’ can be the same as
the alkyl groups represented by R' and given above.

Examples of aryl groups, substituted aryl groups and
aromatic heterocyclic groups can be the same as those represented
by R' and exemplified above.

Examples of living radical polymerization initiators

represented by the formula (4) are (phenyltellanyl-methyl)benzene,
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10 wherein R5, Mand mare as defined above. Exanples

of conpounds (7) usable are phenyllithium p-

chl orophenyl i t hi um p-net hoxyphenyl | it hi um

p-ni trophenyllithium etc. in addition to the

conmpounds (3). Phenyllithiumis preferable. 15 The

vinyl nononmer to be used in the present invention is
{Inphenpirel anydrlephyl hberskriens dR aphesy 1did amyhopeopylbibanzene,

subj ected to radical polynerization. Exanples of vinyl
etfonofefddifsian &oatbe ¢RMmpUndsnEeRyeRentiast by sheyformula (1)

th J | th late, butyl
Bt RRLI A &boBEry) (ot hy Acrylate. | auryl
t and |j et h), lic. acid esters,
Cyl hBt v PAE AR, bbLindaTRatBE, Yy bFidlye -SB+Eh8ucea by
e AL N San BN M cGBY AL ProctS! 261998 Yompound
(et oal kyT -

acrylate and |1 ke cyc cont ai ni ng

ofURhat E6ahed NMANONRES, tHIRIRLACIYA | §f afdidg HBL&hSowdd J,
fumaric acid, itaconic acid, citraconic acid, crontonic

reptiedentied &y the aohydd do)and bikee GF asyltofseimi Hepdtesented
unsat urated nmononers, N, N
byditiret fhgfrartiandgd opyl (et h) acryl ami de, N, N
di met hy| am noet hyl (net h) acryl am de
2- (dMBUWY| anitdd) et hyl  (meth)acryl ate,
N, N- di et hyl ami nopropyl _(peth)acrylate and |ike 13
WhGRESR F at Ba? &ﬁﬁﬁéﬁ%% &@%ﬂﬂwyamm,

N- 2- -3- ) )

Nery BASRBIYS e compounde | (1) weAbL S AER RHEAWALAFRH. 1§~
c 241 x | iyl bgr W4T thium
nIBEOEEN/IDAICBTLAD S e cxlbey Phedy £1 £BH 1N, DB DAY LAV tnium,

etquaifraplitidAmesi e hawdouhas! vy dybnéietiadGin ake and
i ke epoxy-containing unsaturated nononers, styrene,

prafeeslidd st yrene, 4-nethyl styrene, 2- nethyl styrene,

3-net hyl styrene, 4-nethoxystyrene, 2-

hydr k¢neinyd stopomas, tQ-kh|ugedsiyr e presehtoineenyriame is not

2,4- dichlorostyrene, 1-vinylnaphthal ene,
paﬂ#%??%ﬂ?ﬁ?hiéﬁéFe% inscofar as” the monomer can be subjected to
radical polymerization. Examples of vinyl monomers usable are
methyl {meth}acrylate, ethyl (meth)acrylate, propyl (meth)acrylate,
butyl (meth)acrylate, octyl (meth)acrylate, lauryl (meth)acrylate
and like (meth)acrylic acid esters, cyclohexyl (meth)acrylate,
methylcyclohexyl (meth)acrylate, isobornyl {meth)acrylate,
cyclododecyl (meth)acrylate and like cycloalkyl-containing
unsaturated monomers, (meth)acrylic acid, maleic acid, fumaric
acid, itaconic acid, citraconic acid, crontonic acid, maleic
anhydride and like carboxyl-containing unsaturated moncmers, N,N-
dimethylaminopropyl {(meth) acrylamide, N,N-
dimethylamincethyl {meth) acrylamide, 2- (dimethylamino}ethyl

(meth)acrylate, N,N-dimethylaminopropyl (meth)acrylate and like
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10 styrenesulfonic acid or an alkali netal salt thereof
(sodiumsalt or potassiumsalt, etc.) and |like
aromati ¢ unsaturated nononersi32- vinylthiophene,
N- et hyl - 2-vinyl pyrrol e and |i ke unsaturated nonomers
contai ning a heterocyclic ring, Nvinylformal dehyde, N
vi nyl acet am de and |i ke vinyl am des, 1-hexane,
ungaggrened momwswse cobtaiming lee tarol&fy rsnine, nyk 2 - hydroxy- 3 -
acetate, hydr et hyl nmethacrylate, acrylonitrile,
a‘&é’rlﬂ’&ﬁi‘u%mw]i\%’d Nnﬁt BAmathylamngaiun | dylioréHeor Nele,

3@@. Pieferable % t hese are ineth)acryllc acid
HReR Ve H%%Ylé&lfpaﬂﬁmn@h%pnde and

lll{rl%r ]ﬁgg \fﬁéﬁ%ﬁﬁ}qugMé%sQ % 2%&%?@? %\?é.tb L/gg}mggnnﬂrg base,
gl%)@ﬂi%? gg:&%%ﬂgfag%%g Jrgdne{]%%agpgﬁléaé&tgg‘gﬁgg unsaturated
mon@Rik B ACE AR, @ncﬂne*ang,{ ﬁgﬁéﬂ) ACESE AL Bs g F30S %C' lly

preferabl e are neth acryl ate and “but
me(thigl b} peend ,atie me2hy Bxamines atm@tmﬂ@t@le@nunsm ur at ed
nononmers containing a tertiary amne are
hyNrxgineehihid tareneet hydi{Ineolsrgceyd and ddhlardsByrene, 2,4-
(di met hyl am no) ethyl (nmeth)acrylate. Exanples of
dlﬁF‘é%‘P %Yree“ﬁ yReMénybmnidhalane, sdifioydbenzene, p-

h hyl s met hyl st
syEhath i{ﬂﬂe”ﬁeﬁg a8 HpIL e e sa#n?-s%%%?f?tgﬁ%@m salt
f
o RS A0S, o200 B A G P, o
v1§9h£h1@;§1§er)&, Nb&.@tlﬁ’%ffze%hkrf HFod %ﬁn;emkg @nsaturated

met hoxysytrene and 'or 3t yrene.

monbﬁ'&fﬁl) @tﬁmﬂm@ngca thetdrebors i€ OHRFT N Qh iy Qorr@é:lrdélh&@e ,
acid" and "nethacrylic acid. Next, a detail

videdacepnice anbl 1bee giinghanidéhe piesass, iowcﬁﬁﬁaqaulﬁgcene
a polynmer. A vinyl nmononer and a living radica
angolyhgrqzzgldeﬁns, vinyl acetate, hydroxyethyl methacrylate,

acrylonitrile, acrylamide, N,N-dimethylacrylamide, vinyl chloride,
etc.

Preferable among these are (meth)acrylic acid ester
monomers, unsaturated monomers containing a tertiary amine, styrene
monemers, acrylamide and N,N-dimethylacrylamide.

Examples of preferable (meth)acrylic acid ester monomers are
methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate
and butyl (meth)acrylate. Especially preferable are methyl
{meth)acrylate and butyl (meth)acrylate.

Examples of preferable unsaturated monomers containing a
tertiary amine are N,N-dimethylamincethyl (meth)acrylamide and 2-
(dimethylamino) ethyl (meth)acrylate.

Examples of preferable styrene monomers are styrene, (k-
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10 initiator represented by the fornula (4) are m xed

together in a container with the air therein replaced

by an inert gas. The inert ges to be used is, for

exanpl e, nitrogen, argon, heliumor the |Iike.

Preferable are argon and nitrogen. Nitrogen is nore

preferable. Wiile the anmounts of the vinyl nononer and
methy 1BLYIeRe 1% - Medhe s tyysingre - rathoks iytienieat prmeeyostyrene,

SU|tany adjusted in accordance with the nol ecul ar
PsPyhy! %‘EY"rﬁﬂeec Qr Browe ity reneser eptaiastyseneheand \ing

radi ca %o be obtained, usually 5 to 10,000

SaoarbRTLE BrAfePBiTy H6ats Bebbb i FaPERRS, 40 ome salt

f th tiat
oy pBEas ERIE TR, e DROrE W naeu%?éaof*ﬁet%%v' RS nBe of
me‘i:‘ﬁb)@%tréhes anyept clﬁrﬁyrosl%?r\%ﬁgd \‘ﬁﬂl C IEe é}lc‘;1|c¥'yflil§§dac id~

for radical polymerization. es o ents

ref$ehl EoRr@digReIoNee 1QiMane, aBE.(N ﬁm&l&xh&e d&id. -
(DVF), dinethyl sulfoxide (DVBO), acetone, chloroform

car bolextet a adddadniededes et ihiyar @fiul abe (Jifen, o€t bNé PRocess

acetate, etc. DW is preferred. Wiile the anount of
fogyopyeparing Bepolymer may be adjusted suitably, 0.01 to 1

m, preferably 0.05 to 0.5 m of solvent is used per

gr amPo 19¥ hyTonamegnapd Fhleiviing: yrdiral thrdiymeripaelon The

. T t d 15 th t b
i3 TG SO ECFCUPRRRE 3 1Y PHEoF BEMALR w4 SERGTLKER cEiflesmer 1n 2

CO%%QH& ril ltﬁgu%ﬂ e@ﬁlr%hh gééig bd'”b On oﬁ.nér %alt?”rp@be inert

i ca 0 be obtfaine ure'is

I t r f I
g o S8 RS A s, O D o

lirenducie€drabléldne ungon @idREMICHES. WiRSSYER, idUlor@Y

be conducted at increased pressure or in a vacuum
prafeeablee €oile athcormofinthieofr adet vonyl titmagelrvand tised iving

and the remai ni ng nononer are renoved in a vacuumto
ragaﬁglcgﬂlnqgglzatlon initiator may be suitably adjusted in
accordance with the molecular weight or molecular weight
distribution of the living radical polymer to be obtained, usually
5 to 10,000 equivalents, preferably 50 to 5,000 equivalents, of the
vinyl monomer is used per equivalent of the initiator. Although
the reaction is conducted in the absence of solvent, a solvent may
be used which is generally used for radical polymerization.
Examples of solvents usable are benzene, toluene, N,N-
dimethylformamide (DMF), dimethyl sulfoxide (DMSO), acetone,
chloroform, carbon tetrachloride, tetrahydrofuran (THF), ethyl
acetate, etc. DMF is preferred. While the amount of solvent to be
used may be adjusted suitably, 0.01 to 1 ml, preferably 0.05 to 0.5

ml of solvent is used per gram of vinyl monomer.

The mixture is then stirred. The reaction temperature and
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10 desired polyner, or the desired product is isolated

by re- precipitation using a solvent wherein the

product is insoluble. The remgtion m xture can be

treated by any nethod insofar as it causes no problem

to the desired product. The living radica

polynmerization initiator of the present 15 invention
thes rgagpied Yigle aryebe crdiwdedr shitéblwliecalcgprdenghtwith the

and nol ecul ar wei ght distributions under very mld
IUSTYLET ofiRLINMh o1 Mol eep Yaddiwedohpodimerinug ipe ot thmdd ving

ragifcor SPﬂvae%‘ (RoopeSh Ui f e ée%%?ﬁ%ﬁ%m“f Musuatiy at
07 B085000 14 Mol Shubriase. HBFECERahY h G E9TAO'C for 10
¢ HeRbLOB. | BeCERRl AsSbbARM G 9B UGG LinkbBFnersc

radi cal polynmers having a aver age ecul

préeisghe, abutl rdQO0bkOocSHutd@a Theihbvddikd %Q‘legghr@%ﬁ’r@f a
to be obtained by the invention is controlled to 1.05

vacauth. 50 i n nol ecul ar wei ght distribution (PD 25 =
Mv Mh) . The nol ecul ar wei ght distribution is
cont Aflteabree tarmplesiernwef thengeactidn 05-heo sbl86ntaused and
further narrower range of 1.05 to 1.20, a stil

thes FEBER 1% APBoBET 12105 qealoye%mlq FRESUBeER FRtmPuthahe

t he Livi radi cal of the 16 pr.esent |nvent|on
acitiged eFHAl OB Bhip AR Brevh ealgied i
prﬁﬁgéﬂ:étyit du@&%‘% %Zgrool%glt wpxg;. lgcéﬁd L¢ Fpis rﬁsc;\luble

oxycar bony I've fron1 He org urt u

ThQOErQQé'f‘fbrﬁrﬁgxéugéoc\Mrh Heert'fbﬁegd W'a%r}]f h\s-_tﬂb@h:’. eslcljfar. as it

reactive tellurium Accordingly, the 5 organot urium

caQe8p otk hrivbedmf 06 fiedidealireal ﬁiﬂﬁiﬂcﬁ;ﬁtl on makes it
easier to convert the termnal group to other
f uncthendiviprouadiibabh polynidrd zaasen of nithiatirvboAgthe present
radi cal polynmer obtained by conventional [|iving
inyvgatEen kﬁﬂé@ﬁEFPéeﬁ94mﬁxcﬁﬁéentv¢¢ﬁ;HQAdPéam0¥Rﬂ%mﬁn'welghts and
a cordln to.,the invention is_therefore

moggggiggggn. ﬁHG}%F ﬁhﬂ?ﬁ@ns under very mild conditions.

The living radical polymer to be obtained by the invention
is adjustable in molecular weight according to the reaction time
and the amount of organotellurium compound, and can be 500 to
1,000,000 in number average molecular weight. The invention is
especially suitable for producing living radical polymers having a
number average molecular weight of 1,000 to 50,000.

The living radical polymer to be obtained by the invention
is controlled to 1.05 to 1.50 in molecular weight distribution (PD
= Mw/Mn) . The molecular weight distribution is controllable to a
narrower range of 1.05 to 1.30, a further narrower range of 1.05 to
1.20, a still narrower range of 1.05 to 1.15.

It has been found that the living radical polymer of the
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10 radi cal polynerization initiator (macroinitiator).
Stated nore specifically, the use of the macro living
radi cal polynerization initiaiger of the invention makes
it possible to produce, for exanple, A-B diblock
copol ynmers such as styrene- butyl acrylate, A-B-A
triblock copolyners such as styrene-butyl 15
PQﬁﬁQ@Waﬁ@V%nﬁﬂqnwéaand vemni@atlr gibbop kwitiopoligpnensaskeh, asryl,
yrene- butyl acrylate-nmethyl nethacrylate. This is
Sué%SttnlutBE?‘éb?ré’lt -0 aFRBatiqdietemRryehic ignqupat oF bydréwycarbonyl
controlling various

. i nvention is capabl e of
d‘%} ?O‘@i tﬁ}ﬁ OXSRABAET S U™ FAFPPyRhiapd AegdEPY e terminal
t. t wt h t l I
”55%5 %lcallé%%eﬁﬁle% q%%?gpne (ﬁf¥ﬁlﬂ%LYbf |V|ng
or’gﬁhb'téiﬂﬁrlurrﬁl gﬁbgﬁ&ﬁ)q%ﬁ rf%rcégdpcealp &%g&ﬁggtz%tlcirh makes it

processes to be escr bel ow I n

ea@i@eCEs ééﬁvd¥E0@H§|fEkdﬂH%1|E¥bﬂﬂ fRH SR @Qh¥9f5nal group than
descri bed above, A-B di bl ock copol ynmers such

instheecassd ity lth251 acind &taeli&amobyniaﬁexawtaﬁﬁé@)%d dBhventional
m Xi ng together styrene and a |iving radical

liydhgneadicali eolymerizatdonef The limiept radicalepodyaptredbtained
by the fornula (4) to obtain polystyrene first and

acgRBS & et |t;heml;avwgtm yis skeyefere wisehlehes polnamo tldving

bta é; st yrene- but acrylate copaql ymer. A-B-A

ﬁFB#o% JEHEPR 1§&a§°é.{??TﬁQﬁﬂ%t&GBBFyners ar e

P 004G e Ynd LRALLDG; AL 17 B (HicPL 08 K, £ORAL YIBL DY, L1,

abové process Fea m X Ag

raﬁ&a?rpdﬁﬁ@rl%@?&?rlrﬁ@la‘@b}hofStH{q 989 LYSake® it possible
obtain the triblock copolyner prepared ?

tobpredilifected aganpld,s A-@ BRBloSK Q&Qﬁb‘l?ﬁ&ré eaedt Qi %erene—
produce the next block, or the conpletion of the first

butphca¢ il atmy hermﬂﬂnmhadchycppmljmarstsoahamﬂ dti@enlybutyl
the subsequent reaction to obtain the next block. The
acpy bzgke cupysleprepnd A-B-C triblock copolymers such as styrene-

butyl acrylate-methyl methacrylate. This is attributable to the
fact that the initiator of the present invention is capable of
controlling various types of vinyl monomers and that highly
reactive tellurium exists at the growth terminal of the living
radical polymer to be obtained with use of the initiator.

Block copolymers can be produced by the processes to be
described below in detail.

Like the process for producing the living radical polymer
described above, A-B diblock copolymers such as styrene-butyl
acrylate copolymer are produced by mixing together styrene and a
living radical polymerization initiator of the invention
represented by the formula (4) to obtain polystyrene first and

subsequently mixing butyl acrylate with the polymer to obtain
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10 can be isolated by the usual nmethod. BEST MODE OF
CARRYI NG QUT THE | NVENTI ON The present invention w ||
be described below in detail mwth reference to
Exanples, but is not limted thereto in any way. In 15
Exanpl es and Conparative Exanples, properties were
determ ned by the follow ng nethods. (1)
s tyrener butel iaswydhter gepmdtysielrur i um conpounds and i ving
radi cal pol yners The organotel | uri um conpound was
i dent?i-Bi-8d thHakarkowopR_YMOS rags @i-Bs Cot T il MR CoRPL MR s are
13C N%I R and ,M5 anal yses. The nol ecul ar wei ght and
ProgugE %pﬁ‘ﬁﬂnﬁl%‘fr‘r%ﬂ%ﬁoﬁlﬁ EPROIYMBETNEY Elgliahgve process
an%ot eﬂee[e determnedg reference to.the nol ecul ar
"GRECBTH BoryRey? efid¥st HRBSPE stipl8 JiPKY egieonegel(C) with
e NaTen h gggp ULiDg instruments
th%sl;ezgsg%e as t% FPE@IH Qﬁl &/-FIQQ]? %aosl m ni 2000
( 300Mdenf piodi) re%ggﬁclz\l/‘ém AGDQ,64Q0MER ag qrt 1) tg'_E]M-VR

JEOL JNM A40 Vari an” Gem ni JECL

subivddiDd AdicitRon &hiprdidideF ThE- 8200 Hl‘éﬁ‘k,) or Nﬁ(é"%pletlon of
FAB- M5) : JECL JMs-300 nol ecul ar wei ght and nol ecul ar

theefghst diestatiibut mayn he |ficdlbeed chy @atiddrapbyn Shhidratizu by the
LC-10 (colum : Shodex K-804L + K-805L, 5 polystyrene
SubsgAUeRY reartsSop tr@;r@%taaﬁdéha)n@rte;t&mﬂq orflex ddpkk ¢opolymer

Preparatj on of 1-(1-bronoethyl)-4-chl orobenzene
Ca&oﬁ'g iprRtatef Péirtlg%lébs‘ﬁaﬁ BRShpte 21

4- Chl or oacet ophenone (15.5 g, 100 nmol es) was di ssol ved
in 10 100 m of nethanol, and a solution of 5. 67 ¢

BESFOMoFEI e ThRRY IRO VU ' rHE INVENTION

The present invention will be described below in detail with
reference to Examples, but is not limited thereto in any way. In
Examples and Comparative Examples, properties were determined by
the following methods.

(1) Identification of organotellurium compounds and living
radical polymers

The organotellurium compound was identified based on the
results of 'H-NMR, °H-NMR, “C-NMR, IR and MS analyses. The
molecular weight and molecular weight distribution of the living
radical polymer were determined with reference to the molecular
weight of a polystyrene standard sample using GPC (gel permeation
chromatography) . The measuring instruments used are as follows.
'H-NMR : Varian Gemini 2000 {300MHz for 'H), JEOL JNM-A400 (400MHz
for 'H)

‘H-NMR : JEOL JNM-A400

“C-NMR : Varian Gemini 2000, JEOL JNM-A400



10

15

20

25

borohydride in 250 m of nethanol was slowy added to
the solution. The resulting solution was stirred
overni ght at roomtenperaturerg To the reaction mxture
was added 1 N hydrochloric acid, and the organic |ayer
was extracted with diethyl ether. The organic |ayer 15
was collected and dried over anhydrous sodium sulfate,
IR o Fbiwaddy FIIER6@A0Fen flon to obtain
1- (4-chl orophenyl ) et hanol [1H NMR (300 MHz, CDC 3)

MS)(HEMS ( jFABM$)3 :HIEOBHIMS -8098 (g, J=6.6 Hz, 1H), 7.31
z(al nearly pure form Toasolutlon of the
e, ﬁSV%F%r%ﬁﬁﬂﬁt A AT SHGEh Ry el bt R busdonn: kaﬂqﬁd

ded a qutlon of 13

.y gﬁamr%fée/p}iy lﬂﬁﬁa‘bh%‘#g‘g NcBEpER: SetadtioRns Oty L edse,
poqE,g{._pyé%@t&%ﬂarghe FSESHH tﬂs&gs?%ﬁﬁéf&n was stirred

overnight at roomtenperature € reaction mxture

Preps rReibie Exdabel £ Wat er. Sodi um hydrogencar bonat e
was added to the resultlng solutlon for 25

1= i * & $1: ]
Wi t h d| et hyl et her. The or gani c ] ayer was col I ect ed,

useadheExamplle Bdt er, dried over anhydr ous sodi um sul fate
and concentrated in a vacuum giving 9.00 g (41
mol és Chioneage tpphieapnef (15 .(51 9br dABarMnlgs)4wae dissolved in
hl oro enzene 1H NMR (300 WHz, CDC 3) 2.02(d, J=6.9Hz,
1°§ ftaghangle,. e 2 fﬂ)lut7°%6°f7 %G8 Aﬂié Tples) of sodium

wBESAF R 900 OBt FHEES 38 Sovesn
Th@ogpéﬁﬁfln\ée sélﬁt?@h gda%u%lqlg H‘e\_{% (ége%%sgt oxf.'tzrldItFtt% #)e%ature

tel l'uri um™ product ric nane: I ur

To( tHe F@&ibn\asxtusdeRdGedabBa>d n 'ﬁy&%eﬁtﬁrlénﬂ:léz §n81 the

of phenyllithium (product of Kanto Chem cal
orbaabhd T wEheeytﬁaddaﬂuwutnyadéﬂhy&aﬁehdrethmb Sfﬁﬁﬁldilayer

solution) was slowy added to the suspension at room
wageapbiegtgdeand dried over anhydrous sodium sulfate, followed by
concentration to obtain 1-(4-chlorophenyl)ethancl ['H-NMR (300 MHz,
cDCl,) 1.48 (d, J=6.3 Hz, 3H), 4.88 (q, J=6.6 Hz, 1H), 7.31 (s,
4H}] in a nearly pure form.

To a solution of the above product 1- (4-chlorophenyl)ethanol

in 100 ml of diethyl ether was slowly added a solution of 13.5 g
(50 mmoles) of phosphorus tribromide in 50 ml of diethyl ether.
The resulting scolution was stirred overnight at room temperature.
The reaction mixture was poured into ice water. Sodium
hydrogencarbonate was added to the resulting solution for
neutralization, and the organic layer was extracted with diethyl
ether. The organic layer was collected, washed with water, dried

over anhydrous sodium sulfate and concentrated in a vacuum, giving

9.00 g {41 mmoles, 82% in yield) of 1-(l-bromoethyl)-4-
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(for 15 mnutes). The reaction m xture was stirred

until the netallic telluriumdisappeared conpletely

(for 30 mnutes). To the reac$ion m xture was added

5.98 g (55 mmol es) of trinethylsilyl chloride at room

tenperature, followed by stirring for 40 mnutes. 15

After the conpletion of reaction, the solvent was
chdonobatzened'HANMR (BOOuMHE, f obt¢onwed. OF(d,adwBmoHz, 3H), 5.1({q,

distillation to give 6.798 g (24.5 mmoles, 49%in
JISh-QHa) Bf) yel 126w (m1HEINRianal yeisly miireafednt hat

the product was phenyltrinethylsilyl telluride. 20
PrEpagRRI oo aiitle end 3) 0.522 (s 9H), 7.095-7.144(m

2 . .3 1 220-7.7 m 2H)

! _ Zimelh b Ll Iy T Le 3
gqﬁﬁhgxgiggﬂﬁgﬁﬁ%%gi&use in Exanpl 21 25 Potassi um
eri-butoxi de .2 ¢, 180 mmol es) was suspended in 200
n ofs di.aghyl q@idialy 356 Afo1>d GEBfe PAPI £5)kelhuri
nethyltriphgﬁﬁﬁiphogphoniun1bf%n1de aas éﬁgeg tgr%ﬁg [product

ofS A3 AEDNSh Orbranthamd s PRAINGAUMWMIL £6 )Y ek SVudsthded in 50
refluxed for 1 hour. The 20 m xture was cooled to room

mlt effpE@HAL e 52nd @6. & Phehydl mbias ) (pofodu?tt &f apdiee Chemical
aldehgde (stabilized with hydroqui none) was slowy

CoaddEldt 0 Rusadnnamer Phanvdlcthivn, 1dyatiohgkesy ; dieiidwedher
by refluxing_  for 1 hour. The reaction was conpl eted by

solhFPPbivaA ShaHEY, 99R8 500 BRNPESTRROTWAS EIPT dameTature

it hyl t [ ti, . d th [
(e B Sl e, SRFELROn AR ey Hes T SHR D APL G e
me' f a dj | .3 e
S0 SO CBLEIA fo 00) T D AR o
reab8i ¥ imiitidieCFhedadiad st bg QrP§BKHmdM@§)Zéflgkimethylsilyl

vi nyl t hi ophene.
chloride at room temperature, followed by stirring for 40 minutes.

After the completion of reaction, the solvent was concentrated in a
vacuum, followed by vacuum distillation to give 6.798 g (24.5
mmoles, 49% in yvield) of vellow oil.

'H-NMR analysis indicated that the product was
rhenyltrimethylsilyl telluride.
'H-NMR (300 MHz, CDC1l,) 0.522 (s 9H), 7.095-7.144(m, 2H), 7.245-
7.312(m, 1H), 7.220-7.758 {(m, 2H)
Preparation Example 3

P ion of 2-vi ioph vi m

23)

Potassium tert-butoxide (20.2 g, 180 mmoles) was suspended
in 200 ml of diethyl ether, and 64.3 g (180 mmoles} of
methyltriphenyl phosphonium bromide was added to the suspension.

The suspension, which was vyellow, was refluxed for 1 hour. The
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-NVR (300 MHz, CDO 3) 5.41 (d, J=11.1Hz, 1H), 5.57(d,

J=17.4Hz, 1H), 6.81(dd, J-17.3, 10.7Hz, 1H),

6.94-7.00(m 2H), 7.24-7.20(mo 1H) Preparation Exanple

4 15 Preparation of N -vi 1 nononer for uae in

Exanpl e 26) Potassiumtert-butoxide (13.5 g, 120

mol es) was suspended in 200 nl of diethyl ether, and
migrugeqgwag 2pahesl &8) refm rresipeire £ bpa e rard lﬁhasphblﬁ{mmmoles) of

brom de was added to the suspension. The suspension, 20

2 \fx1eRhGRAR %ﬂéqhﬁ\ﬂﬁ \kﬁ'éal?léﬂ%?ﬂeﬁlﬁbrhndmlnomﬁé ‘FﬁS(tE!}ICé’]-Y
t t d 10.9
%ﬁﬁ B8 HAF mixtur R At S HY Cere O BBt w1 LR v rethutog
f ||
BRI S R e
or@qﬁhE' P%(é)zf wigt @ﬁtr&@teecfrwg.@ﬂ' Stfl}‘?y Ce]‘:[c %eeég{r@fallleq:l\ﬁqes, and

et yI acet ate several tines, e organi c

theoblrgah £¢l M rd ebﬁﬁec@tﬁ&va@nhwé@t&e%%H%wH 340%11%9# sulfate
thereafter concentrated in a vacuum affording 3.96

an@3Ehérenticas colZéntratadelid) aotach@sr af@olrdind 41&1NM?(39 2
anal ysis indicated that the product was 1-nethyl -
gl @9} p3e % olre yieldH VR Y e3®00MHz, CDA 3) 3.62 (s, 3H) ,
5 04 (dd, J=11. 3, 1.4Hz, | 5.47(dd, J=17.4, 1.5Hz,
B R gnelygis 1ipdicgtsd( giat 8w erodsct Wy 2- H),

vi ﬁs £ qﬁ(}_1 2H) Preparation Exarrple 5 Preparation of
BYRYRERAMSut yi st annyl met hyl acrylate (for use 1 Test
et h?/?b(g}é)rolgﬁg ylsgh%gp%gl;‘{ﬂ]l&t é‘m" (izL‘g) '?ngnc;égl tﬁa# dHz,
10yase agilegh, 3059793 (2o IuFOLRS) ©f94-7.00(m, 2H), 7.24-7.20(m,
1H)
Preparation Example 4
f N- -2-vi inyl
Example 26)
Potassium tert-butoxide (13.5 g, 120 mmoles) was suspended in 200
ml of diethyl ether, and 42.9 g (120 mmoles) of methyltriphenyl
phosphonium bromide was added to the suspension. The suspension,
which was yellow, was refluxed for 1 hour. The mixture was cooled
to room temperature, and 10.9 g {100 mmoles) of 1l-methyl-2-pyrrole
aldehyde was slowly added to the mixture at 0°C (for 10 minutes),
followed by refluxing for 1 hour. The reaction was completed by
addition of water, the organic layer was extracted with ethyl
acetate several times, and the organic layer collected was dried

over anhydrous sodium sulfate and thereafter concentrated in a

vacuum, affording 3.96 g (37.0 mmoles, 37% in vield) of clear

oil.
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sodi um benzenesul finate, and the m xture was heated for

refluxing for 11 hours. The solvent was distilled off

in a vacuum and water and ethyl acetate were added to

the residue. The organic |ayer was separated off, and

t he aqueous | ayer was subjected to 15 extraction with

ethyl acetate three times. The conbined organic |ayer

was WHsWER| agiallysassbuidiga tsd ¢hatetko|prddustanes dt imeethyl -2 -

W th anhydrous sodium sul fate added thereto, the
V%ﬂ%}PHﬁrg Hent mas flltered off, and the solvent was

ol DR G CELEr o) o) BBt L4
O, eI T g e a1 g

1.3%0Y! @ﬁ)e 45228 .96 (m; Loyl es) obt ai ned, 2 75 m (10.2
nng | es)’ of trlbutyﬁtln hydri de and 33.4 ng (0. 20

Priepareliof Baapisbgtyronitrile (AIBN) in 2.6 m of
benzene was refluxed with heating for 1 hour. The 25

mas-bdrlfled by sillca'gel chronatogfaphyt gLV|ng 1 34

TegtoExampla -23- tri butyl stannyl methyl acrylate in a yield

of 65% Exanple 1 22 Preparation of
(1- né“Phw gl vl ot Hyﬁ)rblen&léhé* prgles) opfyeshyilt 9- l(vmnomethyl

of ne alh1c t el |um£%cie sanme as_above)
acTyLRER bt TeheAgt, “aRG4EEd 10 3. 6A1 M “H‘icéﬁ%’/l of
f hyl Lith duct
sogtlEgg?%g&%%%ggﬁé%ogn@ﬂ%s%hgbtpgﬁé f/nea r‘%\s k@%};}&? | Iqﬁﬂu% lfn?u:ung
fod &l hiybuaf hefhe SUIh@NYa ¥aS; S iQWe¥ Qggeﬂ-l dy %\éﬂuﬁﬁ thd water

the suspension at room tenperature (for 10 m nutes)

an@hethERCideda tH ¥bié adita $bi Eh&Urediffuel. t iMeMBLghhi& 1ayer
tellurium di sappeared conpletely (for 20 mnutes). To

washeep&mttaddo i xénd echeasgaddes ldyey W68 mubl&sedftolO
(1-bronoet hyl ) benzene at roomtenperature, followed by

ex§raeEigny Wi ethyl acetate three times. The combined organic
layer was washed with a sodium chloride solution and dried with

anhydrous sodium sulfate added thereto, the drying agent was

" filtered off, and the solvent was distilled off. The crude product

obtained was purified by silica gel chromatography, giving 2.69 g
of methyl-2-benzenesolfoﬂylmethyl acrylate in a yield of 97%.

A solution of the methyl-2-benzenesulfonylmethyl acrylate
(1.29 g, 5.1 mmoles) obtained. 2.75 ml (10.2 mmoles) of tributyltin
hydride and 33.4 mg (0.20 mmole}) of azobisbutyronitrile (AIBN)} in
2.6 ml of benzene was refluxed with heating for 1 hour. The
solvent was distilled off, and the resulting product was purified
by silica gel chromatography, giving 1.34 g of ethyl-2-
tributylstannylmethyl acrylate in a yield of 65%.

Example 1
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2 hours. After the conpletion of reaction, the solvent
was concentrated in a vacuum followed by vacuum
distillation to give 8.66 g pf yellow oil (70%in
yield). IR M5 (HRMS), 1H NMR and 13C NMWR anal yses
indicated that 15 the product was
(1- nethyltellanyl ethyl)benzene IR(neat cm1l) 1599,
P2[Q , [5;mg ] B¢ enz686, 577 HRMVS
(El)niz Cal cd for C9H12Te(M , 250. 0001 Found
250 o‘ocﬁl 38H9|\M@I(fslcro' NP2, m@%s@) of, mstesllcswem@@my- (the
J=7.2Hz, 3 20 4.57 (q, J=7.2Hz CHTe)
Sa?“eoésﬂ?,%"?’ wag| s uigl%?ckﬁ\ﬁ:z SO\ | O%Fs) an§85é49 ml ('1 04 M

89, .1 6 26 0 12 .79 Exa
sgtayd ofrles o ) OE AN S B3 o b By of

II of TH
Kéﬁgbﬁrh%ﬁlééi es) o ﬁﬂﬁ%ﬁfﬂgﬁlun1{%$§§4£5ﬁéumasga?ﬁﬁyg ether
sol@at 18h PWrd's %i@%dydﬁ@@&’! SEdpikbersusRensispBndi of &t (Ifo%

20 mnutes) . The reaction mxture was stirred unti|
temperget e | { for23 ot pihwtdm disappeaitednCRIPL &t lwas( k@l rred
10 mnutes). To the reaction mxture was added 7.68 ¢
unt3s kel reehaldficl tel lbriomoéetispbpedred dompakeazenefor 20
(obtained in Preparation Exanple 1) at room
mltnélﬁﬁé? at lTPe the oreantd@nbpisture iwag Rdded. Bl uled. mmpies) of
ge 5 co t|on of reaction, the solvent was

ﬁ818ﬂ?? %nﬁeaev%%lﬁﬂﬂm tP@P?B%ébreoy fpddaypd by stirring for
12 7 36% i
2 %ﬁ%é q’;f ?oéﬁe oﬁm%l% cf" %%Nh&%rﬁﬁly§8§ was

co'neghﬁﬂﬁgi tlrﬁata bgﬁuﬁ o%citlo etlﬁ I‘Sab uum d:.st:llolaﬁ_l[_ol{iwﬁo give

1-chl oro-4-(1-net ‘el Tanyl - enzene
8.680§ é&ﬁyeﬁﬂaw 3i1 lﬂﬂll@ﬁglgtb)Tec}B) 1.89 (d,

J=6. 6Hz, 3H)
IR, MS (HRMS), 'H-NMR and “C—NMR analyses indicated that

the product was {(l1-methyltellanyl-ethyl)benzene.
IR (neat, cm™) 1599, 1493, 1451, 1375, 1219, 1140, 830, 760, 696,
577
HRMS (EI)m/z: Calcd for C,H,Te{(M)’, 250.0001; Found 250.0001
'H-NMR (300 MHz, CDC1l,) 1.78 (s, 3H, TeCH,), 1.90 (d, J=7.2Hz, 3H),
4.57 (g, J=7.2Hz, 1H, CHTe), 7.08-7.32 (m, 5H)
“C-NMR (75 MHz, CDCl,) -18.94, 18.30, 23.89, 126.17, 126.80,
128.30, 145.79
Example 2

P i £ 1- -4-(1- n
A 4.08 g quantity (32 mmoles) of metallic tellurium was suspended
in 50 ml of THF, and 42 ml (35 mmoles) of methyllithium {(the same

as above) was slowly added dropwise to the suspension at 0°'C (for

20 minutes). The reaction mixture was stirred until the metallic
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4.54 (q, J=7.2Hz, 1H), 7.23 (s, 4H) 13C- NWR (100 MHz,
CDCl 3) -18.80 (TeCH3) , 17.18 (CH3) , 23.81 (CH) ,
128.08 (CH, 2C), 128.39 (CH, 2%), 131.15 (C), 144.45
(C Exanple 3 15 Preparation of
(1- phenyl tel I anyl - et hyl ) benzene The same procedure as
in Exanple 1 was perfornmed with the exception of using
t3wginh disdifpedredetbmbl @tdlgr (Sokuld amnfifes)MoleheOfreaction
phenyl lithium (same as above) in place of nethyllithium
xS UFBt Waf qddf—‘ﬁ d 68090 [IP yimsllep) obf yEi (lowrombe t RYL IR -
(HRVS) and 'H NMR anal yses indicated that the product
chlgrobeazerniphtainrgfyin RuapRrBsHoR nExanRVE) (&L ) ngom
CaI cd for H14T§(g/)p7 312. 0158; Found 312. 0164 1H- NWR
%@f@t’ §ErTing 5pp 1gyphoursgp(after the

9 ésglrﬂg i on oel’q#%’t“h;’f}foo Oélr‘{fpgg‘]ﬁ?%y‘f}_%rﬁéeﬁgmgegph’en FHgcuum,
£4118084UsE Auul EXaP &k %@%%Tg{esgﬁrgg yet(*fzt#%mledqé 36% in

exception of using 9.4 g nzyl bro

yilenapl 8£ b¥dwr24il- br onoet hyl ) benzene to obtain 7.30 g
(50%in yield) of yellowoil. M5 (HRV5), 'H NWR and

13C NYRmR ainyis €8¢ +RBlR Cah £, ddaati nlinea t & gt tﬁ@sproduct was
(et hyl tel I anyl - net hyl ) benzene. 5 I R(neat, cm 1) 159
1-thdgro 1454 -mpahgl taDhanylt e4byl 1069z erk030, 847, 754,

690, 569 LRWS (El)niz; Calcd for CBHLOTe(N) 235 9845
"H P o 39851884400 NVR (8300 sM-BH. (Fx§18) . 11 &8P ((§l, dR6.6Hz, 3H),

- $35tRt. I Toars) " 1HE: b 251 5a0a 0 58 a1 128, 29, 140,89,
pclfmr® (100 Muz, cDe1,) -18.80 (TecH,), 17.18 (cH,), 23.81 (CH),
128.08 (CH, 2C), 128.39 (CH, 2C), 131.15 (C), 144.45 (C)
Example 3
- 1 - n

The same procedure as in Example 1 was performed with the
exception of using 53.0 ml (1.06 M diethyl ether solution, 55
mmoles) of phenyllithium (same as above) in place of methyllithium
to obtain 1.53 g (10% in yield) of yellow oil.

MS (HRMS) and 'H-NMR analyses indicated that the product was
(1-phenyltellanyl-ethyl)benzene.
HRMS (EI)m/z: Calcd for C,H,Te(M)', 312.0158; Found 312.0164
'H-NMR (300 MHz, CDCl,) 1.97 (d, J=7.5Hz, 3H), 4.80(q, J=7.2Hz, 1H,
CHTe), 7.00-7.71 (m, 10H)
Example 4

r ion of ltell -meth nzen
The same procedure as in Example 1 was performed with the

exception of using 9.4 g (55 mmoles) of benzyl bromide in place of
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Exanple 5 Preparation of h The sane procedure as in
Exanple 1 was perfornmed with the exception of using
10.7 g (55 mmol es) of ethyl-22brono-isobutyrate 15 in
pl ace of (1-bronoethyl) benzene to obtain 6.53 g (51%
inyield) of yellowoil. IR M5 (HRM5), 'H NWR and 13C
-NVR anal yses indicated that the product was
(letprpmogtivel henzengettiey lobghiany| 3prodisohaie. yidIR)nedt yellow
cm1l) 1700, 1466, 1385, 1269, 1146, 1111, 1028 20 HRMS
OilE| ym z: Calcd for C7THLARTe(M" 260 0056; Found

260. Q053 1H- I\/R(SOO I\/Hz,uCDCIS) 27 (t, J=6.9Hz, 3H),
1. 74(%‘% ]\I And C R allﬂsei% indicated Jihat ‘the

o R O et = O

IRQ(nEEEhyérﬁeﬂ '1@%' p&&’@ﬁ 0'445@ | §,48¢6. 38,9 q g@gt ' WS%SOlrﬁ?‘O 7,

mol es) of netal'lic telluri'umwas suspen
75af €66, sgrd 52.9 nml (55 mmol es) of nethyllithium was
slow y added dropwi se to the suspension at room
HRMENOEI ph -6 Cafled #8r AGHNreWES) 235 9w 9;eacihan2 54 xdghse
was stirred until the netallic tellurium di sappear ed
"H M| @081 YHEf orDRAQ) ni rAR %) 3Hp TéwH,) eadtdDN(s,M2K) Ure.10-7.32
was added 8.0 g (60 mmol es) of 2- brormpropl onitrile at
(my, o 8Hd tenperature, followed by stirring for 2 hours.
1 Af t er letion of reaction, the solvent was

,%he 5 cong
CcOMBehf MH%ed Phid va8ubhy 3T di8-oded- By, VER&n2H, 140.89, 141.67

Ilation to give 4.52 g (46%in yield) of vyellow
Ex%lllnﬁ.ié %2 I\/IS (HRVS), "H NMR and 13C - NMR anal yses

ppaialetn baleui1e g0tk
- e anyT pr opr oni

The same procedure as in Example 1 was performed with the

exception of using 10.7 g (55 mmoles) of ethyl-2-bromo-isobutyrate
in place of (l-bromoethyl)benzene to obtain 6.53 g (51% in yield)
of yellow oil.

IR, MS (HRMS), 'H-NMR and “C—NMR analyses indicated that
the product was ethyl-2-methyl-2-methyltellanyl-propionate.
IR(neat, cm') 1700, 1466, 1385, 1269, 1146, 1111, 1028
HRMS (EI)m/z: Calcd for C,H,0,Te(M)’, 260.0056; Found 260.0053
'H-NMR (300 MHz, CDCl,) 1.27 (t, J=6.9Hz, 3H), 1.74 (s, 6H), 2.15
(s, 3H, TeCH,), 4.16 (g, J=7.2Hz, 2H)

“C-NMR (75MHz, CDC1,) -17.38, 13.89, 23.42, 27.93, 60.80, 176.75
Example 6

ion - hyl r
A 6.38 g quantity (50 mmoles) of metallic tellurium was suspended
in 50 ml of THF, and 52.9 ml (55 mmoles) of methyllithium was

slowly added dropwise to the suspension at room temperature {(for 10
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Preparation of

(di - phenyl - phenyl tel | anyl -i net hoxy)tri nmet hyl ai | ane

Benzophenone (0.92 g, 5.0 nmotes) was dissolved in 5.0

m of propionitrile, and 1.39 g (5.0 mml es) of

phenyltrinmethylsilyl telluride (obtained in

Preparation Exanple 2) was slowly added 15 dropw se to
miffugesd | utThen react bwmntierpee avas o5t ifroledoweti bytist imetian@ic

for 12 hours. After the conpletion of reaction, a pink
tejdnei umpdiganneased oempkqtealer dfonf 20 mimsited) wi tTo dbledreaction

[nexane and then dried in a vacuumto obtain 1.37 g of

MY TEHEYR St Anled (BTRCIMOLEH! ePH)2 - PRARMOPEPPi @R B Kike at room

concent r at and.the saolid residue was 20
terBEF f}g'tlréﬁ ;atgdel&of" FOnP P ropitonrer ??’é/ ﬁ&%@/‘etmera&@feat e
i fd 1.6 _f 0 [ 3 (299 f econd
corplateth ok Factioin 1 Telutrkard ot thabed i o dmonem.
folndveat B¢l Jdtalum DS PIQAUGH WBSgive 4.52 g (46% in yield) of
(di phenyl - phenyl t el | anyl - met hoxy) tri nmet hyl si | ane.
yelRbivi 8g1 point 65.3 - 66.4'C. 25 IR(KBr) 1265(m,
1250(m, 21170(m, 1110(s), 1075(n), 870(s), 835(s),
750( R, ¥85(mPMS)720€/HMR 40A( STc —6RRA (aRa IMHNVRNA 369 MiZhat
CDCA 3)-0.02(s, 9H), 7.05-7.25(m 13H), 7.81-7.84(m 2H)
thegprgduaivwas7 Svme th¥g 13 pny 1 grogony trige. 0, 125. 8,
126.4, 128.2, 129.4 131.2, 137.7, 145.8 FAB-M5 (nmatri x:
CompaTet by Leohol) mz : 255 (M TePh)' 5 Conparative
Exanp at i an Q||‘4T' m net hyltel | urobenZQat e

ah el Q. oy »,' .- e - ll"l.. =N
(the e S [ .

(b5 A WP 1T SRR B2 Uletlel fy S m o
proBibyl tii ULt D3 S Y528 k&1 &0 phRay Bt Pk rRAdedy 1
dropwi se to the suspension at roomtenperature (for 20
telnnids) (obbaime] riaactepardt ddn ERampse afldagds slowly added

dropwise to the solution at room temperature, followed by stirring
for 12 hours. After the completion of reaction, a pink power
precipitate was filtered off, washed with cold hexane and then
dried in a vacuum to obtain 1.37 g of the above substance (60% in
yield)}. The filtrate was concentrated, and the solid reszidue was
recrystallized from propionitrile/hexane/ethyl acetate for
purification to obtain 0.63 g (29%) of a second product.

IR, MS (FAB-MS)}, 'H-NMR and “C—NMR analyses indicated that
the product was (diphenyl-phenyltellanyl-methoxy)trimethylsilane.
Melting point 65.3 - 66.4°C.

IR(KBr) 1265{m), 1250(m), 1170{(m), 1110(s}, 1075(m), 870(s),
835(s), 750(m), 735(m), 720{(m), 700(s), 690{m)
'H-NMR (300 MHz, CDC1,)-0.02(s, 9H), 7.05-7.25(m, 13H), 7.81-7.84 (m,

2H)
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7.7 g (55 mol es) of benzoyl chloride at 0'C, and the
resulting mxture was stirred at roomtenperature for
30 mnutes. After the conpletgon of reaction, the
sol vent was concentrated in a vacuum 15 followed by
vacuumdistillation to give 8.75 g of red oil (71%in
13yi eld). IR M5 (HRVS), 1H NWR and 13C - NMR anal yses
G-AMRc 47 BMHZ hdiDClthe? Br.o88¢t, Wag8 .0, 125.8, 126.4, 128.2, 129.4
telluriummethyltellurobenzoate. IR (neat, cm') 1660,
131580, 13%4%., 14206, 1169, 868, 762, 685, 666, 20 596
HRVS %Elgr'riz ., Calcd for C8H8OTe(M ', 249.9637 ; Found
FAR1YS 9 AB3 03X NNRDE SEORREZY 1@BEPEP1 D B2 (s 253H(MTReR)
7.41 (t, J=6.9Hz, 2H), 7.57 (t, J=7.7Hz, 1H), 7.70-7.78
(m2H) 13C- NWR (75MHz, CDO 3) -14.72, 126.63, 128.79,

: ; 5 195.64 Exanples 7 to 13 Living
Coélg%rgrgﬂ%g%ag%lgt%rene Prepared as listed in Table 1 in
MR 1RBX o8 OFd Bl e - R e -1 £ 0A8 B RLACE of air was
a 8 ng (0.10 rmole) of the
(1- met lByBBey | quudtieiyhyb) henaene prepateh id teXadpién dshe

foll owed by reaction at 105 C for 18 to 29 hours. After
sameeas cainpiedt was shspeaaiEd dn, 50hel mXtT@rFe aAd 48 Ssallved.14 M
in 5 mM of 5 chloroform and the solution was then
digshrtoettharo sPAotPn of55 mEohgadl ofvmethvidd théumg(the same as
stirred. A polyner precipitate was aspirated for
ahPi"P{ 8§ GHoxty Gi"i‘%ﬁ roPyAESi RO athRHISPEPFRaHen AFioem 1
te%?%?%%&erlﬂe:a(gfteoﬁ*ggb tr?%%:egﬁggm%%% %gglc 1SclzrnS 'mi-l;catglr% v]&as]s' Oadded

7.7 g (55 mmoles} of benzoyl chloride at 0°C, and the resulting

mixture was stirred at room temperature for 30 minutes. After the
completion of reaction, the solvent was concentrated in a vacuum,
followed by vacuum distillation to give 8.75 g of red oil (71% in
yvield) .
IR, MS (HRMS), 'H-NMR and “C—NMR analyses indicated that

the product was tellurium-methyltellurobenzoate.
IR (neat, cm) 1660, 1580, 1447, 1200, 1169, 868, 762, 685, 666,
596
HRMS (EI)m/z : Calecd for CH,OTe(M)', 249.9637 ; Found 249.9635
'H-NMR (300MHz, CDCl,) 2.25 (s, 3H, TeCH,), 7.41 (t, J=6.9Hz, 2H),
7.57 (t, J=7.7Hz, 1lH), 7.70-7.78 {(m,2H)
PC-NMR (75MHz, CDCl,) -14.72, 126.63, 128.79, 133.59, 142.67,
185.64
Examples 7 to 13

Living radical polymerization of styrene

Prepared as listed in Table 1 in a glove box containing
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(equivalent)(h) (% Exanple 7100189692001 17 . Exanple
82002087184001 18 . Exanpl e 93002385252001. 22 Exanple
104002778295001. 17 Exanpl e 115p02778357001. 21 Exanpl e
128002780526001. 30 Exanpl e 1310002984626001. 37 Exanpl e
14 Styrene (1.04 g, 10 mmles) and 30.9 ng (0.10 mmol e)
of the (1-phenyltellanyl-ethyl)benzene prepared in
niftxeyeheil merae wifxedr wWas teogdikherewt hityrangl ané HoX8 mg (0.10
containing nitrogen in place of air, and reacted at
mmp3s) cof obha 7(hsethyl pet anvlhe thphpbeniane orepanedion Example
t&e m xture was dissolved in 5 m of chloroform and
Ly 81198?%t1?36r¥ SRES 1Pt P &d PRt 18 2B 4R hepret REker the
ir{ed.

whi , i . St A I ) i.pi t.at
BRI PR T Gt bt 1 miRiOS6 HES i oo BL af v oo
90 i j £l ) lysi
ik & btk 8015 AR ¥aDY FEOR podies INTOIANE M of,
melthafld1 Owhildh RaR! 881nd gt i33cf. M (ﬂgyl%em&)i;ﬁft tReyas
(et hyl tel I anyl - net hyl ) benzene prepared 1n Exangle 4

aspefratsld xask fiqgehbesn irddidriaagdto&Vvenrthan QOpLe,&¥¥kne. Table
nitrogen in place of air, 5 and reacted at 105" C for 16

1 sbows. th¥ trersulllieobbajrieat ibgnGBE analysis.

Table 1
styrene reaction time yield

{equivalent) (h) () —M —ED_
Example 7 100 18 96 9200 1.17
Example 8 200 20 87 18400 1.18
Example S 300 23 85 25200 1.22
Example 10 400 27 78 29500 1.17
Example 11 500 27 78 35700 1.21
Example 12 800 27 80 52600 1.30
Example 13 1000 29 84 62600 1.37

Example 14

Styrene (1.04 g, 10 mmoles) and 30.9 mg (0.10 mmole) of the
(1-phenyltellanyl-ethyl)benzene prepared in Example 3 were mixed
together within a glove box containing nitrogen in place of air,
and reacted at 105°C for 17 hours. After the completion of
reaction, the mixture was dissolved in 5 ml of chloroform, and the
solution was then poured into 200 ml of methancl which was being
stirred. A polymer precipitate was aspirated for filtration and
dried, to cobtain 0.9481 g (91% in yield) of a polystyrene. GPC

analysis revealed Mn 15900 and PD = 1.45.
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reaction, the m xture was dissolved in 5 m of

chloroform and the solution was then poured into 250

m of methanol which was beingg stirred. A polyner

precipitate was aspirated for filtration and dried, to

obtain 0.9273 g (89% in yield) of a polystyrene. GPC 10

anal ysis revealed Mh 9000 and PD = 1.46. Exanple 16

ExgmpdengdS(1.04 g, 10 moles) and 25.8 ng (0.10 mmol e) of

the ethyl-2-nethyl-2-nethyltellanyl-propionate

prepa‘-'rtéfGePﬁ Ekaitbiee 30 meetesii aod 23géther (iltthimmode) of the
glve box caont ai ni n?bnltrogen in place 15 of air, and
YL AnrogeEhy bHoRF msuPE ePAr edrin r?eca@ehm btyese grixed

t t.h di | ved |
edgRRBbE 20 il aToEE S s SRS tlrfewoaﬁar 48 piacs moair,

an@ rQBcE‘E& fhaJ“i'os‘A’E' f;gr eél%?l&‘gg %ttl rr%ge corEPOl%:rlogdof

preci pitate was aspira or f tratlon an

[ o | ygt C
bt UYL 0ol L B OB S o

soduy i 6fewdsl . tiéngpolPedMRitRS p58NH] 186 MdMhahBa 1\Qh:m!'p|v.%)s 8king
the 2-methyltellanylpropionitrile prepared in Exanple

st@ruwede W pellyméngetehdpivhtdiwas agpivatb@xXf®OHidithaBgon and
nitrogen in place of air, 25 and reacted at 100" C for

driedpote obtafinep . T3 cEDn(r?I%t Llonybfld)r efciai palysterene. GPC
m. xture was dissolved in 5 M of chloroform and the

angdy gt s grevRad egnMn PUW &34 RPo= 25088 of hexane whi ch

stirred. A polyner precipitate was aspirated
Ex%ggl? Jf'?ratlon and 29 dried, to obtain 1.01 g (97%in

L on e P B B 1018 A G o1 oo

etly119- mgﬂﬂyqsb ﬁ@gh§¥kéilﬁﬁyi0p§6biﬂﬂ§ﬂ%)prép&%eJEE% Example 5
(1-methyl tell anyl - et hyl ) benzene prepared 1n Exanple 1

werer®ixed together within a glove box containing nitrogen in place
of air, and reacted at 105°C for 20 hours. After the completion of
reaction, the mixture was dissolved in 5 ml of chloroform, and the
solution was then poured into 250 ml of methanol which was being
stirred. A polymer precipitate was aspirated for filtration and
dried, to obtain 0.9286 g (89% in yield) of a polystyrene. GPC
analysis revealed Mn 9000 and PD = 1.46.
Example 17

Styrene (1.04 g, 10 mmoles) and 19.7 mg (0.10 mmole} of the
2-methyltellanylpropionitrile prepared in Example 6 were mixed
together within a glove box containing nitrogen in place of air,
and reacted at 100°C for 11 hours. After the completion of
reaction, the mixture was dissolved in 5 ml of chloroform, and the
solution was then poured into 250 ml of hexane which was being

stirred. A polymer precipitate was aspirated for filtration and
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m xed together wthin a glove box containing nitrogen
in place of air, and reacted at 100C for 17 hours.
After the conpletion of reacig¢on, the m xture was
dissolved in 5 mM of chloroform and the solution was
then poured into 250 ml of nethanol which was being 10
stirred. A polyner precipitate was aspirated for

drfiieldt r abi dmtaimd 1. 401 @d(971% iebydedd)l. @244 pa1¢88%réme. GpC
yield) of a polystyrene. GPC analysis revealed M 8800

angdarspp eevieadrd Mrabkpd® EndPRethbxystyrene (1.18 g, 10
mmol es) and 24.8 ng (0.10 15 mmol e) of the

Exeropgt 1§ 1 t el | anyl - et hyl ) benzene prepared in Exanple 1

i dt th i i I b t ai ni
o r S ERIProSiRae (148, A el e 208 mag4p - 4 mmoe)

h I i f i , h '
ot 11 Ay Gl aF 1 0P ST Bpaets i erRTeint BiReod were
mi33 EQ@&M%%W@ AR bRl cORtlangl, wh 953%%;@]?1&?%1%% of

stiTred. A polyner” precipitate was splka
ailr, | hhdtiQr@adacdio @t for A9t AbErd. 18288 (B %kBletion of
yi el d) of a polystyrene. GPC analysis reveal ed
reh@606n anthePRixtird vaCaipapatred eilb@mll ef3cPBl oA m, and the
(1.04 g, 10 mmoles) and 46.0 ng (0.10 mmol e) of the 25
solldtpbr rwas pienyboerddniypltomdbhony )¢ ff imeehhpbdbti vlaieh was being
prepared in_ Conparative Exanple 1 were m xed together
stirtafn & grévEep@reciphtataivrp mispisabedfpplfadsration and

ir, and ted af 105C for 16 hours. After th
ax3gfin BT 1BHo0n Fedetd o (Beo-m Vitid WisacPSberiaansy (GPC

an?%?%igg%&%aqgg;ﬁﬁng%ﬂl%%h pSolyitjon was then poured

ano rch was 'being stirred. A
ExBRbYEEIg precipitate was aspirated for filtration and
dried, to obtain 0.7875 g (76%in vyield) of a

gog)éﬁt-Méﬁh&y@@eﬁBal(ySi@ d,eMealpd1 &4y A00428UndD - 1D
mmoie).of the (1-methyltellanyl-ethyl)benzene prepared in Example 1
were mixed together within a glove box containing nitrogen in place
of air, and reacted at 105°C for 13 hours. After the completion of
reaction, the mixture was dissolved in 5 ml of chloroform, and the
solution was then poured into 250 ml of methanol which was being
stirred. A polymer precipitate was aspirated for filtration and
dried, to obtain 1.1018 g (93% in yield) of a polystyrene. GPC
analysis revealed Mn 10600 and PD = 1.13.
Comparative Example 3

Styrene (1.04 g, 10 mmoles) and 46.0 mg (0.10 mmole} of the

{diphenyl -phenyltellanyl-methoxy) trimethylsilane prepared in
Comparative Example 1 were mixed together within a glove box

containing nitrogen in place of air, and reacted at 105°'C for 16

hours. After the completion of reaction, the mixture was dissolved
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Conparative Exanple 4 Styrene (1.04 g, 10 mmol es) and
24.8 ng (0.10 mmol e) of the
telluriumnethyltell urobenzoag@ prepared in Conparative
Exanple 2 were m xed together within a gl ove box
containing nitrogen in place 10 of air, and reacted at
105" C for 18 hours. After the conpletion of reaction,
in Bempi f urhel owed oding said/ gthel iIsoBu bl omfwaghltheaf pouredinchto 250 ml
the solution was then poured into 250 ml of nethano
Ofv\ﬂ'ieéham% wWeichg vast heing . StArEGﬂywé‘f Pel¥OEpi RrAGinidate was
filtration and .dried, to obtain 0.8660

2583 éfrt?%d%ra )ltaﬁtaorgcﬁ%m@ﬂe e rafal§sr s (760 in
Vh .25400
Vi reF e | HEPeRE  BRC ol Do GALeRAER NP (RO7DD ana oD -

1.GWEHQ (8 60 g, 10 mmoles) and 24.8 ng (0. 10 mmol e) of
‘the (1- nethyltellanyl-ethyl)benzene prepared in
comparht fvd memp18i xed 20 together within a gl ove box
containing nitrogen in place of air, and reacted at
100’ @theen@4(haw g, Abt@ioldd AAPLE!S Ry Ofo. 108ARSION of the
the m xture was dissolved in 5 m of chloroform and
tefl herigningthyd tedtutdimnzoateedrepae?50 chmpérdeixenExample 2
which was being stirred. A polyner precipitate was
Weagpiﬂva%dtqg@rthﬁrl YithimoR ghavesbek idsdtainindtml tropen0iy place
86% in yield) of a polynethyl acrylate. GPC analysis

reezﬁau NiF2s8§60 %"ndloéof-‘—f?rﬁa fe&;ﬁm Abtpnthgy Fompletion of
8.60 | |
<eBSERL St MATIRESBY B0 B B0 B ana e
soRLEP3 YO rtheﬁxameed in%f 854 ra&edoft %%‘Ehﬁﬁéf;l " erhn \\%s being

gl ove box containing nitrogen in place o
sthi @864 £d aAdbo 1{ikk L reti B4t sl Was 'ﬁfsbﬂ'atéci‘ efcﬁto rfﬂ'l%&h@fbrg’fand
reaction, the mxture was dissolved in 5
drihﬂortﬁ(nhaaland.aﬁﬁﬂ @oHBB&onnvgﬁbndjebprUﬁ@Ibsﬂyrén%SC)GPC

m of hexane
analysis revealed Mn 25400 and PD = 1.58.

Example 20

Methyl acrylate stabilized with hydroquinone methyl ether
(MEHQ} (8.60 g, 10 mmoles) and 24.8 mg (0.10 mmole) of the (1-
methyltellanyl-ethyl)benzene prepared in Example 1 were mixed
together within a glove box containing nitrogen in place of air,
and reacted at 100°C for 24 hours. After the completion of
reaction, the mixture was dissolved in 5 ml of chloroform, and the
solution was then poured into 250 ml of hexane which was being
stirred. A polymer precipitate was aspirated for filtration and
dried, to obtain 7.40 g (86% in yield) of a polymethyl acrylate.
GPC analysis revealed Mn 8800 and PD = 1.12.
Example 21

Methyl acrylate (8.60 g, 10 mmoles) and 25.8 mg (0.10 mmole)
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whi ch was being stirred. A polynmer precipitate was
aspirated for filtration and dried, to obtain 6.03 g
(70%in yield) of a polynethyi acrylate. GPC anal ysis
reveal ed vn 6400 and PD = 1.11. Exanple 22 10 n-Butyl
acrylate stabilized with MEHQ (1.28 g, 10 nmoles) and
24.8 ng (0.10 mmol e) of the
off theeehhyl € imethyl el hyéhdrtzdteny pr epariethaite fxapgptel lin
were m xed together within a glove box containing
Exfmpdsgenvere plized spgether ardhinagtekbvat bo80ten tainidd
hours. After the _conpletion of reaction, the mxture
DILEOIBP sEBIRIEFCLST] AL AnDbreaRF8f ot brifi0 ‘gndorhdd hours. After
sol ution was then poured . into,250 mM of hexane_which
LHE SOIRT R o GEACIGE) e MAEERFDias AiRACLVER i & @) of
f Lltrat] n I { tain 1, . 89 i
Ch&:&gf’%h&o?ﬁ a(lio gg?y-n- %]fo% wggryg/ %1?61':)0‘59%5 é‘%&i"ygﬁ Ml of hexane
wHil¥Hed d T | i
e 2o e Ropabes By PR RERC degigaced for
fimtebeson aiid 24i8acd GbkRinmel 83 &#f (10 in yield) of a
(1-methyl tell anyl - ethyl)benzene prepared In Exanple 1
polgmethy ket rivdgeébheGPm bhabysis gleealbaxve 064 B RINAJPD = 1.11.
nitrogen in place of air, and reacted at 100'C 25 for
Exggpheuds. After the conpletion of reaction, the mxture
was dissolved in 5 mM of chloroform and the solution

was PHEHTPbIATF 13tRt BLIBH IRedowikBXMIHC wHi-A8 Faslderirjes)
o E A e TR T NI -
o VS A ot LA A0
codth bhivw} hﬁltﬁﬁgeﬁ) £t PilackChby! @t £, stabidebgedaWid N dERQror 24

(14.3 5 g, 10 moles) and 24.8 ng (0.10 mmol e) of the
ho@tsnefykreth@rnydmpletion of reaction, the mixture was dissolved
in 5 ml of chloroform, and the solution was then poured into 250 ml
of hexane which was being stirred. A polymer precipitate was
aspirated for filtration and dried, to obtain 1.15 g (89% in yield)
of a poly-n-butyl acrylate. GPC analysis revealed Mn 10300 and PD
= 1.13.
Example 23

N,N-dimethylacrylamide stabilized with MEHQ (0.99 g, 10

mmoles) and 24.8 mg (0.10 mmole) of the (1-methyltellanyl-
ethyl)benzene prepared in Example 1 were mixed together within a
glove box containing nitrogen in place of air, and reacted at 100°'C
for 1% hours. After the completion of reaction, the mixture was
dissolved in 5 ml of chloroform, and the sclution was then poured

into 250 ml of hexane which was being stirred. A polymer

precipitate was aspirated for filtration and dried, to obtain 0.92
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et hyl ) benzene prepared in Exanple 1 were dissolved in 1

m of DMF and the solution was reacted at 100' C for 96

hours within a glove box con§aining nitrogen in place

of air. After the conpletion of reaction, the solvent

was renmoved by distillation under reduced 10 pressure

to obtain 11.583 g (81%in yield) of a poly-2 (dinethyl
g difdhojnerigld)actyhabely GRE -dlakybytaceyianlidd . MGPI2@0Q1ysis

and PD = 1.23. Exanple 25 2-Vinylthi ophene obtained in
repiegpgfain o 80aapiePB { L-26.g, 15 10 nmol es) and 24.8

0.10 mmol e) of the (1-nethyltellanyl- ethyl)benzene

E’%?’\?éﬁr%ﬂ in Exanple 1 were m xed together within a

gl ov x_containing nitrogen _.in place of ajr, and

Peac Cod DApeSastind el [HFRal el BERS 1 Fiath i B MBpo of 14 3

regacli t LY AT di lved. in 5 of
g'cﬁ?o%?%?sr% gglr?g]z?hg @%Y\G}ts'ilgnh&ége)( hogfn tﬁlgur(giamith%ﬁec}lanyl'

et259) BenAdnd @xaparubi oh %P@@i NYySid rc'{i%gol@eﬁ’girﬂrﬁ.erml of DMF

preci pitate was aspirated for filtration and led, to

an@bthensdlfiiongwk@7feddred @edloofcaror 96 hours within a glove
pol y- 2-vi nyl t hi ophene. GPC anal ysis reveal ed M 9500
bogndoPtrinih? bitExgeaplin 28a2k 2f \aiwl t A ophane eapEeBSon of
above) (1.10 g, 10 moles) and 25.8 ng (0.10 mmol e) of
reprEieR hythe) sedvant -wasraehpived| barddstijlepiomatgder reduced
ared in Exanple 5 were m xed together within a

PIEFEUES tHoRCaRBalhi T B BaYeH I Y PHceEoR BOFY- Zand
. t 100.C f 3 .15 . Aft th | eti
(iR e SPREL | P P S R020V b Y T4 s 1gf bR 12000 ana

PDCL]IprQL_orm and the solution was then poured into 250
m of hexane which was being stirred. A polyner
ExRBCEPig ate was aspirated for filtration and dried, to
obtain 1.04 5 g (95%in yield) of a
pol y22vynyyttitiphehenebtdifeanal pseparanion gdample 3 (1.10 g,

10 mmoles) and 24.8 mg (0.10 mmole) of the (1-methyltellanyl-
ethyl)benzene prepared in Example 1 were mixed together within a
glove box containing nitrogen in place of air, and reacted at 100°'C
for 15 hours. After the completion of reaction, the mixture was
dissolved in 5 ml of chloroform, and the solution was then poured
into 250 ml of hexane which was being stirred. A polymer
precipitate was aspirated for filtration and dried, to obtain 1.08
g (97% in yield) of a poly-2-vinylthiophene. GPC analysis revealed
Mn 9500 and PD = 1.25.
Example 26

2-Vinylthiophene (same as above) (1.10 g, 10 mmoles) and
25.8 mg (0.10 mmole} of the ethyl-2-methyl-2-methyltellanyl-
propionate prepared in Example 5 were mixed together within a glove

box containing nitrogen in place of air, and reacted at 100°C for
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Mh 7600 and PD = 1.34. Exanple 27

N- Met hyl - 2-vi nyl pyrrol e obtained in Preparation Exanple

4 (1.07 g, 10 nmoles) and 2438 ng (0.10 mmol e) of the

(1 10 nethyltellanyl-ethyl)benzene prepared in Exanpl e

1 were m xed together within a glove box containing

nitrogen in place of air, and reacted at 100' C for 20
1héwguss . Afifeert hbemm:ll@ttllgn of readdibnonthe heixtivreuwes

was _di ssolved in 5 mM of chloroform and the solution
dizgolyae n“bo'hr“@d off n%l%!‘ﬂf QHm, o ANf ek esadfitd hnvweas bigiary poured

intd) 26 pEpe ok ek S%E%é?%&s“%%%s béﬁ‘/iqe%%é )
Pr%evgapglagl\%g%B% %dv qyfp)f&rgglzlﬁam)é gniggs to obtain 1.04
g N?E{Et Bﬂl yfel‘ﬁ)ng:lfgéfr%&if 2( %%leﬁlcﬁﬁ%\ﬁ? (%P(;' an%lyms revealed

nmol es) ~ 20 an

Mret?eyb - Zndredthyl 1238%€t hyI teI | anyl - propionate prepared in
Exanple 5 were m xed together within a glove box

Exaopllai i ng nitrogen in place of air, and reacted at
100" C for 20 hours. After the conpletion of reaction,
t he M-Methel wasringilpgzotekel dbtainel bf Eddrereftdbm Examble 4
the solution was then poured 25 into 250 ml of hexane
(IWRY - Wi “H@ilﬁﬁ)s?’i@ rédd 8 mapdf yhermmadedcppi thae e(ivas
Bgi}_a#led f.or *tratlon and dried, to obtain 1.05
me? FHARY gF %t enzsng. REFRRFSA -0 FARPESr} orere @peed
vea
to gé%yé etshllgl %f ggng sty?‘gﬁgabmtne? tnlk'fﬁfa%najc?ﬁ% g"% air,
[ e 4
anl pég&%@%%qg? %fsﬁ(#g% hEl)&Ir}%t h%’ftté?l anyl yI ?Bénzgne
reptepa £t He mEx 80P Gvals m@eole@&tﬁﬂ 5mM b éh]?b]ﬂ:lf‘?)\fﬁ bgXa the

containing nitrogen in place of air at 100' C for

solution was then poured into 250 ml of hexane which was being
stirred. A polymer precipitate was aspirated for filtration and
dried, to obtain 1.02 g (95% in yield) of a poly-N-methyl-2-
vinylpyrrole. GPC analysis revealed Mn 12700 and PD = 1.15.
Example 28

N-Methyl-2-vinylpyrrole (same as above) (1.10 g, 10 mmoles)
and 25.8 mg (0.10 mmole) of the ethyl-2-methyl-2-methyltellanyl-
propionate prepared in Example 5 were mixed together within a glove
box containing nitrogen in place of air, and reacted at 100°C for
20 hours. After the completion of reaction, the mixture was
dissolved in 5 ml of chloroform, and the solution was then poured
into 250 ml of hexane which was being stirred. A polymer
precipitate was aspirated for filtration and dried, to obtain 1.05
g (96% in yield) of a poly-N-methyl-2-vinylpyrrole. GPC analysis

revealed Mn 13800 and PD = 1.12.
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20 hours. After the conpletion of reaction, the mxture

was dissolved in 5 mM of chloroformd, and the

solution was then poured intm 300 m of nethanol which

was being stirred. A polymer precipitate was aspirated

for filtration and dried, to obtain 1.015 10 g (95%in

yield) of a polystyrene. GPC analysis reveal ed Mh 9000
Exam@lPD22 1.15. Next, 521 ng (0.05 mmmole) of the

poI Kstyrene (for use as an initiator) obtai ned above

AREReD° Rf (PS’lkh‘réFlé%%neofb tert-butyl asavyrsek diblock polymer

(stablllzed\(\n were reacted at 100'C 15 fo
hour STYAFPEr 1 i é’o}n_!g?)e‘f“?‘%#%f al“@a@f*l %rf"gtWelloe%P?‘%h °f the

chl or oform and t

B e RERY sl aanteti o P A 1 Litete reacted
w:ﬁ(ﬂllﬂtéoé]ldve %&eﬁom tsghﬁfi%o%%él‘gﬁ} grlg%H]??r Jt].'.' a]t' APOD C for

A pol yner precipitate was aspir at’i on,

202Rduds i edf gt ViR c@%glﬂﬁl&éoo/f 'rréa)é‘t‘ibgzj e M xture was
poly(styrene-b-tert-butyl acrylate) diblock polyner.

dieB6laad| 5i5s mlr oF eeh Rtk d¥orhld)0amd b HRDs51dt 8n wedStthen poured
Exanpl e 1 Marki ng experi nent of polystyrene term nal
ingpodpo (tie anfy meptangke whicbnwessbeing 25iSrgdena pbdlPden,
10 mmol es) and 24.8 (0.10 nmmol e) of the
Pr(eﬁlﬁé?wiﬁ t“@lsl aﬁmr@t%|f)05eﬁzéh§atpwpaméddrne®xamlo@t§m 1.015
serv as_an initiator were m xed together wthin
g 3 g?’ ’b‘t‘?ﬂdeoﬂfa‘? HHY S HFERBgeFECnapriitreyrpledn 9000

andegﬁt ed1 t 105'C for 19 hours. The 35 reaction m xture
was di ssol'Vved in 4 m of THF, 87.6 ng (0.30 mmle) of

tri b%iék:t'fbf]%vy(ohﬁgr rl:)a%‘% ]: gdﬁgélto the 801% %.Lpge as an

azobi sbufyronitrile (AIBN) were a i on,
inaBgdathe oPrsiHEE AWS/d eaat 6o aﬁ%S@Cn&@neé) hegirs. After

the conpletion of 5 reaction, e reaction m xture was
tpntlfm.ctyilnhorﬁﬁé)teﬂ(stlfabﬁmihemohth MEHQ) were reacted at 100°C
for 25 hours. After the completion of reaction, the reaction
mixture was dissolved in 5 ml of chloroform, and the solution was
then poured into 300 ml of a mixture solution of water and methanol
(water:methanol = 1:4). A polymer precipitate was aspirated for
filtration, and dried, giving 580 mg (50% in yield) of
poly(styrene-b-tert-butyl acrylate) diblock polymer. GPC analysis
revealed Mn 11300 and PD = 1.18.
Test Example 1
conversion)

Styrene (1.04 g, 10 mmoles) and 24.8 mg (0.10 mmole) of the

(1-methyltellanyl-ethyl)benzene prepared in Example 1 and serving
as an initiator were mixed together within a glove box containing

nitrogen in place of air, and reacted at 105°C for 19 hours. The
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whi ch was being stirred. A polynmer precipitate was
obt ai ned by aspiration. Analyzing GPC (gel perneation
chromat ography) indicated the the pol yner obtai ned
was 8500 in Mh, 1.18 in PD and 82%in yield. The
pol ymer was purified by fractionating GPC. 2H 10 NMR
anal ysis wth use of tetrachl oroethane-d2 i ndicated
regiggion heixthimez yaspdsssdlorechdd beeh ehOMEet 6d.6 andiedvy30 mmole)
hydrogen atons at | east 93% Test Exanple 2 Conversion
O%Frhavylé%%%rh@awé’r hydrgoelr aug 16 ang Bufdamuebeledf 15

Z.‘Pi?ﬁﬁg)‘St SiE10E. hethy e argrd et?q?%ra%;‘@%aﬁ’%gow?@ae
s . .
BB SRS U BE SRl 8O MBS b ton o
re3l266n Of il eaeglsa'rﬁ%{agu%t wég%hgga %tpom-m“ %%thanol

reaction m xture was sol v
wh(i@nh4Pas rBB].'r%) s@f retdy! Azpéﬁnpé&:t ﬂ&b@ﬁ@ﬂ&f@tm o@@.&Xh@& Sy
and 1.6 ng (0.0 mmol e) of Al BN were added
aspalratieam, aﬁdlyimhgncptuﬂgeyW§hrméa&Qbﬁdcﬁ&oﬁﬁld&f&@hyﬁ
hours. After the conpletion of reaction, the reaction
indigated thes pber pdlymem oR58ined ofasreSitanch Minj ch Madn PD and
being 25 stirred. A polynmer precipitate was obtained by
82&spRretsich. The Raliveeat ¥ag WRC igadeby poigiimnasinghGhRs ‘H-
found to, be 10000 in M1, 1.16 in PD and 93%in yield.
NMR| ARRAY Shfa iSRS U AT Hesa aFH%\?r‘??Fé‘anﬁofiy nddicarriinghat the

P e nverted to _an acr roup 36
oo 9 ot R A PRV (R RPLP, S, BFOFisdl Atlminar 1east
g3group to lithiumcarboxy ate Styrene (2.08 g, 20
nmol es) and 49.6 ng (0.20 mole) of the 5

Tecl- PRidpid el | anyl - et hyl ) benzene prepared in Exanple 1
and serving
Conversion of polystyrene terminal group to ¢, B -unsaturated

ester

Styrene (1.04 g, 10 mmoles) and 24.8 mg (0.10 mmole) of the (1-
methyltellanyl-ethyl)benzene prepared in Example 1 and serving as
an initiator were mixed together within a glove box containing
nitrogen in place of air and stirred at 105°C for 14 hours. The
reaction mixture was dissolved in 4 ml of THF, 161.3 mg (0.40
mmole) of ethyl-2-tributylstannylmethyl acrylate and 1.6 mg (0.01
mmole) of AIBN were added to the solution, and the mixture was
reacted at 80°C for 6 hours. After the completion of reaction, the
reaction mixture was poured into 250 ml of methanol which was being
stirred. A polymer precipitate was obtained by aspiration.
Fractionating GPC gave a polymer which was found to be 10000 in Mn,
1.16 in PD and 93% in yield. 'H-NMR analysis indicated that the

polymer terminal group had been converted to an acrylic ester group
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as an initiator were m xed together wthin a gl ove box

containing nitrogen in place of air and stirred at

105" C for 18 hours. The reacigon m xture was dissol ved

in 10 mM of THF, and 0.20 ml of n- butyllithium (1.48 M

hexane sol ution, 0.30 nmole, product of Kanto 10

Chem cal Co., Ltd., brand nane: n-Butyllithium hexane
61%ol uti on) was added to the solution at -78'C,

wher eupon the color of the solution changed from
Tead] E¥®PEe red. The mixture was stirred at the sane
te ;a_ture for. 3 m nlillt es, carbon di oxi de was, forced

Ao Tl L 1] STAUD £0 o bh

| ut] bt 2] neg 15 treated with 10 2 m (0. 60 .
Sr;;)mlué%t?%e 8%?%anolg\.l'va?'ﬂem?%£?eﬁ%t i%‘ﬁlﬁlw‘ihf %t TH e qr}gg( FEPLEhedf the
(1:-&e'i:39m:éﬁ'ml?'l.a-5'ﬂf§l)l‘grfz%'net E&igﬁg{%%‘ W Bhi1er a%&a Wyrving

e reactiron"m xture was washe W vvater, an the

asPAHEDH St 1 A wies AP ARL ther 8 613G 1208 1WvE e &t g'_gntaining
three tinmes. An organic |ayer was collected, dried over

niawbyen ols edieUdE salf airtl s20rasd dterosafct @6r 18 hours. The
concentrated in a vacuum The concentrate was purified

regytien pnipdiyriet @t oidsplofedain 80 poll et WHENeahdA Vo TP @l of n-
carboxyl ated term nal group. The polynmer was 92% (1. 922

bugyli hthiym| (g . 4804 Oetanavisodngian 1@ 39 PoolFesprd@uamtploé Kanto
4 25 Conversion of polystyrene_ term nal group to pyrene

CheRiEpl 1P a S6Fut i BFARS 168% : ng-Petie iHRdrB) Bexarpe solution)
ol ren (10400. in d,1.18 in PD) havi a

waB R 68 s SPEVELAT a1 O GPIRTEURRD. PPereriay of the

BPagle a3+l r 7

o g g o o e ety M R el o PBreg ac

thd, dafle tdnipgEth@08erFOY nEhhets derardish HREx X IWHL FMRSed into
reacted at room tenperature for 1.5 hours. Volatile

theubitanmoe Sofchi minyrelHapdwar eramamienat edlefford mbtained was

vacuum and 87.8 ng (0.32 nmole) of 1 5 pyrenebutanol,
trggted mi {10 1822 el € - 69f mmodie hee hyiedlianopy r ithengesulting

mixture was returned to room temperature. After the completion of
reaction, the reaction mixture was washed with water, and the
aqueous layer was subjected to extraction with Et,0 three times.
An organic layer was collected, dried over anhydrous sodium sulfate
and thereafter concentrated in a vacuum. The concentrate was
purified by re-precipitation to obtain a polystyrene having a
carboxylated terminal group. The polymer was 92% (1.922 g} in
vield, 10400 in Mn and 1.18 in PD.
Test Example 4
Conversion of polystvrene terminal group to pyrene ester

To a solution of 832 mg (0.08 mmole) of the polystyrene

(10400 in Mn and 1.18 in PD) having a lithium carboxylated terminal

group and prepared in Test Example 3 in 4 ml of THF were added 16.2
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(DVAP) and 5 ml of dichloronmethane were added to the
residue. The mxture was stirred at roomtenperature
for 3 hours, the reaction mXxture was poured into
met hanol which was being stirred, and a pol yner
preci pitate was obtained by aspiration. The pol ynmer was
10 purified by fractionating GPC, followed by
g d0piéchpelelt iadn twil e bhy e iceoodnd Army nidt.Aanmhole) of 2,4,6-
obtain 812 of a polynmer. W neasurenment (A= 344 nm
trchlpppleengnyly shdor edealadd tthat nixkureg sagnseanted iats room

tterm' al oup oHverted 86% , 15 | NDUSTRI AL .

KBISEPERER LioFY LTRenPRGnt VOR® bt LR | 08 LaPGER ol QHGFLY HF) were
f [ h T

e e SROSHRG A e B B2 52 FrdiRE 9adhcal

LYBRELSSE | QB hnkbi fg ef.d; | S5 ai

p%§§ntrpl of HDPGCU %rﬁ%gﬁb%?glgﬂSgﬁﬁ?é%&%%?g&gﬁéﬁéﬁghfdlne

(DHAPY I &RAILS QIS ofNEeEh T ddhet Dbl WOPS added RE EREI flidue. The
pol ymers obtained by polynerization have a term na

migtoup wis dticaedbet readideypesaverd etbrt @ AblieE, the reaction
functional group. The living radical polyner obtained

miggurpewd sHoavredninbm ndtdeabdr whbeh ussd bagna seicrmed, and a
living radical polynerization initiator

POlYREF RFRIILHEALR. WBR Aqtaigsd1by pekirgddene| |The pmlymer was
conpound represented by the formula (1) R R, R4 ---~ |

PUFSATET Y (FRCTAGRRT PREECs EoTkoved | Terprasipiistics vith

Y. 0 - | kyl .. an 4 is I,
rIBE S HEEh AN btaiiu d e 2 g e OV
meg¥g£&§¥99r@ngibPﬁmﬁyQHQ'HPLC analysis revealed that the

polymer had its terminal group converted 86%.

INDUSTRIAL APPLICABILITY

The invention provides organotellurium compounds and a
process for preparing the same. The organotelliurium compound is
useful as a living radical polymerization initiator and adapted for
precision control of molecular weights and molecular weight
distributions under mild conditions. Living radical polymers
obtained by polymerization have a terminal group which can be
readily converted to other functional group. The living radical
polymer obtained by the invention can therefore be used as a macro

living radical polymerization initiator (macroinitiator).



10

15

20

2. A process for preparing an organotel |l urium conpound
of 10 the fornmula (1) conprising reacting a conpound
of the formula (2), a conpouygl of the fornmula (3) and
metallic telluriumR2 (2) wherein R2, R3 and R4 are as
defi ned above, and X is a halogen atom MR1l)m (3) 15
wherein RL is as defined above, Mis an alkali netal,

al kaline earth netal or coppeIM&atom and mis 1 when M
is an alkali netal, m is 2 when Mis an al kaline earth
metal, or mis 1 or 2 when Mis a copper atom 3. An

or ga oteIIurlun1conpound of the fornmula (1) _which is
20 oataPHaBF% B HEAEE Mg RIS GRRTBFER FRA by Fhipaformula

92) a conpound of the fornmula (3) and netallic
teIIurlun1 4. A living radical polymerization initiator
of tye formula 39 (4) (4) wherein R5 is Cl1-CB al kyl,
aryR, substituted aryl or aromatic heterocyclic group,
R2 nd R3 are each a hydrogen atomor Cl1-C8 5 al kyl,
.an 4 is argl, substituted aryl, aromatic heterocyclic
R grolip, A¢droxycarbonyl or cyano. 5. A process for
prﬁdu0|ng a I|V|n rad|cal pol ymer characterized by
pol'ymeri zi ng a vil nononmer with use of a conpound of
the formla ( as a l'iying radical polynerization 10
whegein R ois ‘éx AqlllwlngRr #Mdc Rl axs wash anbxdrdgen atom or C,-C,

1% galna | g subj ﬁlaf a vinyl _nmononer to living
aliglr 3 &o| ﬁ’Yzlat YRS thredigaYds aremasicy hesgregyclic
gre%ynﬁca;&vcggbo |G YyaQf the formula

2. A process for preparing an organotellurium compound of
the formula (1) comprising reacting a compound of the formula (2),

a compound of the formula (3) and metallic tellurium

R? (2)
wherein R?, R’ and R’ are as defined above, and X is a halogen atom
M(R*)m (3)
wherein R' is as defined above, M is an alkali metal, alkaline
earth metal or copper atom, and m is 1 when M is an alkali metal, m
is 2 when M is an alkaline earth metal, or m is 1 or 2 when M is a
copper atom.
3. An organotellurium compound of the formula (1) which is
obtainable by reacting a compound of the formula (2), a compound of
the formula (3) and metallic tellurium.

4. A living radical polymerization initiator of the formula
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(4). 15 7. A macro living radical polynerization

initiator conprising the living radical polyner of

claim6. 8. A process for progleci ng a bl ock copol ynmer

conprising polynerizing a vinyl nonomer using the

macro living radical polynerization initiator of claim

7 as a living radical 20 polynerization initiator. 9. A
(4l ock copol yner which is obtainable by polynerizing a

vi nyl nmononer using the macro living radica

pol ywhreri zation initiator of claim?7 as a |living

radijcal pol ynerization initiator.

4 R®
R Te—

R? (4)
wherein R® is C,-C, alkyl, aryl, substituted aryl or aromatic
heterocyclic group, R® and R’ are each a hydrogen atom or C,-C,
alkyl, and R' is aryl, substituted aryl, aromatic heterocyclic
group, hydroxycarbonyl or cyano.

5. A process for producing a living radical polymer
characterized by polymerizing a vinyl monomer with use of a
compound of the formula (4) as a living radical polymerization
initiator.

6. A living radical polymer which is obtainable by
subjecting a vinyl monomer to living radical polymerization with
use of a living radical polymerization initiator of the formula
(4).

7. A macro living radical polymerization initiator
comprising the living radical polymer of claim 6.

8. A process for producing a block copolymer comprising
polymerizing a vinyl moncmer using the macro living radical
polymerization imitiator of claim 7 as a living radical
polymerization initiator.

9. A block copolymer which is obtainable by polymerizing a
vinyl monomer using the macro living radical polymerization

initiator of claim 7 as a living radical polymerization initiator.



