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SUMMARY: Monofunctional poly(tetrahydrofuran), (poly(THF)), having a 1-(diphenylmethyl)azetidinium
end group 1) was prepared and subjected to an ion-coupling reaction with various mono- and plurifunctional
carboxylatesZa—j). Multiarmed polymers having 2, 3, 4 and 6 arms were obtained in almost pure form by
repeating a simple precipitation of a THF solutionlofnto an ice-cooled agueous solution containing an
excess amount of the relevant plurifunctional carboxyla®es-@) as sodium salts. Another model-branched
polymacromonomer was obtained in high yield through the macromolecular ion-coupling reactiavitbf
poly(sodium acrylate)2h) of DP = 22. Moreover, the ion-coupling reaction bfvith sodium ()-tartarate

(21) or sodium 2,2dihydroxy-1,1-binaphthyl-3,3dicarboxylate 2j) allowed one to introduce two hydroxyl
groups at the center of a linear poly(THF) segment.

Introduction As an extension of the preceding studies, the present

The coupling reaction of an end-functionalized Iinea?tgdy aims at explorirjg further_application possipilities of
polymer precursor (telechelics) and a pIurifunctiona‘hIS macromolecular lon-coupling process by using a new
reagent has been considered as a potential method for Q nofungtlonal poly(THF) p_reparep with a readily av;ul-

synthesis of well-defined branched polymer architec® le 1—(d|phenylmethyl)azeju<j|ne, In p.Iace of the previous
tured such as star polymer® and polymacromono- N-methyl- or N-(t-butyl)azetidine obtainable after multi-

merd'®, We have reported a new macromolecular ionStep synthesis. In addition, choice of the substituent on
coupling reaction using telechelic poly(THEY, poly- the nitrogen atom of telechelics having cyclic ammonium

styrené® and poly(dimethylsiloxan&) having a series of salt groups could control its reactivity toward nucleophi-

moderately strained cyclic onium salt groups such as Jl'-c coup_lmg reagents. A.Iso_we refrain "0”? using tetra-
membered ammonium (azetidiniuhy, 5-membered hydrothiophene due to its ill odor and toxicological con-

ammonium  (pyrrolidinium® 19 and 6-membered cern of tetrahydrothiophenium safésthough no toxicity
bicyclic ammonium (quinuclidinium) saf® and 5-mem- of the reaction mixture of poly(THF) having a tetrahy-

bered sulfonium (tetrahydrothiophenium) salt gratp3 drothiophenium salt end group was so far obsef¥ed

The macromolecular reactions with the use of these tele-

chelics. are unique in cqntrast to di_rect cpupling rea?tiorﬁxperimental part

of a living polymer with a plurifunctional coupling

reagent. First, these telechelics are stable at ambient cgteagents

dition tq allow f_uII characterization and subsequent Storr e \as distilled from sodium diphenylkety! just before
age until use without any precautions. Secondly, they afge Methyl trifluoromethanesulfonate (methyl triflate) was
capable of undergoing the ion-exchange reaction by prgurified by distillation over BOs just before use. 1-(Diphe-
Cipitation into aqueous solution containing an excess of gyimethyl)azetidine (Aldrich; 98%) was used as received.
desired anion. And thirdly, moderately strained cycli,2-Dihydroxy-1,¥-binaphthyl-3,3dicarboxylic acid was
onium salt groups can undergo selective ring-openingrepared by a copper-catalyzed oxidative coupling rea€tion
reaction by introducing an appropriate counter anion, i.e0f methyl 2-hydroxy-3-naphthoate, and subsequent hydroly-
a carboxylate having sufficient nucleophilic reactivity.Sis under alkaline conditigf. Sodium benzoate 2@),
Thus we have so far demonstrated the efficient synthesig@dium terephthalate2€) and sodium tartarate2() were

of star polymers having up to 4-arti&?as well as poly- used as received. Poly(sodium acrylat2h), MW = 2100

i imol initati f with 10% residual carboxylic acid groups, from Scientific
macromonome Yy a simpie precipitation o a mono- Polymer Products Inc., was used without further purification.

functional poly(THF) having a 1,3,3-trimethylazetidi- gyher sodium salts of plurifunctional carboxylic acids were

nium salt or a tetrahydrothiophenium salt end group int@ynthesized by neutralization of the corresponding free acid
aqueous solution containing plurifunctional carboxywith an equimolar amount of sodium hydroxide in aqueous
lateg®. solution.

Macromol. Chem. Phy200, No. 4 © WILEY-VCH Verlag GmbH, D-69451 Weinheim 1999 1022-1352/99/0404-0768$17.50+.50/0



Tailored synthesis of brarchedpolymerswith poly(tetrahydofuran)having ...

Measuements

GPC measuremets were performedusing a Tosoh Model
CCPSequippedwith a refractive index detectorModel RI
8020,a UV detectorModel UV 8020at 254 nm, anda con-
ductivity detectorModel CM 8010.A columnof eitherTSK
G3000HXL or TSK G4000HXL wasemployedwith THF as
an eluent at a flow rate of 1.0 ml/min. IR spectrawere
recordedon a JASCOFT/IR-410 infrared spectrometeiby
castingthe samplefrom the chloroform solutionon a NaCl
plate. '"H NMR spectrawere recordedwith a JEOL JNM-
AL300 apparatusin CDCl; at 40°C. The chemical shifts
werereferencedrom the signalof tetramethylgane.

Synthesi®f poly(THF) havinga 1-(diphenylmethyl)-
azetidiniumsaltendgroup (1)

Monofunctionalpoly(THF) havinga 1-(diphenylmethyl)aze-
tidinium salt end group was synthesizd accordingto the
slightly modified procedurereportedpreviously’. Thus, to
100 ml of THF wasadded0.49 g (3.0 mmol) of methyl tri-
flate at 25°C undernitrogenatmosphereAfter a prescribed
reaction period (12—14 min), a freshly preparedTHF (20
ml) solution containirg 2.0 g (9.0 mmol) of 1-(diphenyl-
methyl)-azetidinavasaddedat onceto the reactionsolution.
The resultingmixture was condensedby a rotary evaporator
to avolumeof ca. 10 ml, andthe concentratedolutionwas
addeddropwiseinto 2 L of petroleumetherplacedin anice-
NaCl saltbath(—15°C). The formedprecipitate(1) wascol-
lectedby filtration, washedwith cooledpetroleumethersev-
eraltimesandfinally driedin vacuo(yield, 3.99).

1: *H NMR (Fig. 1, top): 6 = 1.46-1.72 (m, CH,CH,0),
1.84-1.96(m, 2H), 2.48-2.66(m, 1H), 3.32(s, 3H), 3.25-
3.55 (m, CH,CH,0), 3.62-3.72 (m, 2H), 4.42-4.55 (m,
2H), 4.78-4.90(m, 2H), 5.65(m, 1H), 7.45-7.62(m, 10H).

IR: 1259,1031,638cnt™

lon-couplingreactionof 1 with a plurifunctional carboxylate

Theion-couplingreactionof 1 with a plurifunctionalcarbox-
ylate was performedas detailedbeforé®, but with a minor
amendmentTo anice-cooled(<5°C) aqueoussolution (100
ml) containing0.18 g (1.3 mmol) of sodiumbenzoateg(2a)
was addeddropwisea THF solution (1 ml) of 0.2 g (0.067
mmol) of 1 undervigorousstirring. The resultingsuspension
wasstirredfor further 3 h. The formed precipitate(3a) was
collectedby filtration, washedwith cold waterseveraltimes
andfinally dried in vacuo.This precipitaion treatmentwas
repeatedy threetimesto completethereaction.The product
3a(0.12g, 59%)wasobtained.

3a: 'H NMR: ¢ = 1.40-1.72 (m, CH,CH,0), 1.84-1.96
(m, 2H), 2.52(t, J = 7.5 Hz, 2H), 2.68(t, J = 7.5 Hz, 2H),
3.32(s, 3H), 3.25-3.55(m, CH,CH,0), 4.28(t, J = 6.0 Hz,
2H), 4.79(s, 1H), 7.10-7.60(m, 13H), 7.89(d, J = 9.0 Hz,
2H); IR: 1721cnrt,

The synthesisof 3b—j wascarriedout asin the synthesis
of 3a underthe conditionsdetailedin Tab.1. The puritiesof
3a—j listedin Tab. 1 weredeterminedoy therelative values
of the'H NMR signalintensitiesof 3 and1 aswell asGPC
analysis.
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3b: 'H NMR: ¢ = 1.45-1.75 (m, CH,CH,0), 1.84-1.96
(m, 2H), 2.53(t, J = 7.5 Hz, 2H), 2.68(t, J = 7.5 Hz, 2H),
3.32(s, 3H), 3.25-3.55(m, CH,CH,0), 4.34(t, J = 6.0 Hz,
2H), 4.79(s, 1H), 7.08-7.40(m, 10H), 8.00(d, J = 9.0 Hz,
2H), 8.22(d, J=9.0Hz, 2H); IR: 1727,1530cnT™.

3c: 'H NMR: § = 1.40-1.72 (m, CH,CH;0), 1.84-1.96
(m, 4H), 2.53(t, J = 7.5 Hz, 4H), 2.68(t, J = 7.5 Hz, 4H),
3.32(s, 6H), 3.25-3.55(m, CH,CH;0), 4.32(t, J = 6.3 Hz,
4H), 4.80 (s, 2H), 7.10-7.40 (m, 20H), 7.87 (s, 4H); IR:
1721cnmr.

3d: *H NMR: 6 = 1.40-1.72 (m, CH,CH,0), 1.84-1.96
(m, 6H), 2.53(t, J = 7.5 Hz, 6H), 2.65(t, J = 7.5 Hz, 6H),
3.32(s, 9H), 3.25-3.55(m, CH,CH,0), 4.35(t, J = 6.0 Hz,
6H), 4.80 (s, 3H), 7.08-7.40 (m, 30H), 8.62 (s, 3H); IR:
1731cnrt

3e: 'H NMR (Fig. 1, bottom): 6 = 1.40-1.72 (m,
CH.CH;0), 1.84-1.96 (m, 8H), 2.49 (t, J = 7.5 Hz, 8H),
259 (t, J = 7.5 Hz, 8H), 3.32 (s, 12H), 3.25-3.55 (m,
CH,CH,0), 4.26(t, J = 6.0Hz, 8H), 4.78(s, 4H), 7.08-7.38
(m, 40H), 7.73(s,2H); IR: 1728cnT™,

3f: 'H NMR: 6 = 1.40-1.80 (m, CH,CH,0), 2.40-2.60
(m, 16H), 3.00-3.10(m, 2H), 3.32(s, 12H), 3.25-3.65(m,
CH,CH,0), 3.88-4.10(m, 8H), 4.76(s, 4H), 7.10-7.38(m,
40H); IR: 1737cn1™.

3g: 'H NMR: § = 1.40-1.72 (m, CH,CH,0), 2.30-2.60
(m, 24H), 3.32(s, 18H), 3.20-3.65 (m, CH,CH,0), 3.85-
4.04(m, 12H), 4.76 (s, 6H), 7.06-7.42(m, 60H); IR: 1741
cnr,

3h: 'H NMR: ¢ = 1.40-1.72 (m, CH,CH,0), 2.30-2.70
(br, 4H), 3.32(s, 3H), 3.15-3.60(m, CH,CH,0), 3.70-4.10
(br, 2H), 4.85(s, 1H), 7.05-7.50(m, 10H); IR: 1734cnt™,

3i: 'H NMR: § = 1.40-1.72 (m, CH,CH,0), 1.85-1.95
(m, 4H), 2.45-2.65(m, 8H), 2.99(d, J = 7.5 Hz, 2H), 3.32
(s,6H), 3.25-3.55(m, CH,CH,0), 4.18(d, J = 7.5Hz, 2H),
4.23(t, J = 6.0 Hz, 4H), 4.77(s, 2H), 7.15-7.40 (m, 20H);
IR: 1751cnt™

3j: '"H NMR: 6 = 1.40-1.72 (m, CH,CH;0), 1.90-2.05
(m, 4H), 2.57(t, J = 7.2 Hz, 4H), 2.74(t, J = 6.0 Hz, 4H),
3.32(s, 6H), 3.25-3.55(m, CH,CH,0), 4.43(t, J = 6.0 Hz,
4H), 4.83(s, 2H), 7.10-7.44(m, 26H), 7.80-7.88(m, 2H),
8.42(s,2H), 10.72(s, 2H); IR: 1682cn.

Resultsand discussion

1-(Diphenyimethyl)azdidine, having a bulky substituen
on nitrogen,is now commercially obtanable asa termi-
nation reaget of living poly(THF) preparedwith methyl
trifl uorometlanesulfmateasaninitiator. The corresponed
ing 1-(diphenylmehyl)azetdinium sdt groupwasquanti
tatively introduced at one end of uniform-siz poly(THF)
(M, = 3100) asin the reactionswith otherazetidneslike
1,3,3-trimehylazdidine and 1-(t-butyl)azetidine (Scheme
1). *H NMR spectrumof obtainedpoly(THF) (1) (Fig. 1,
top) proves the presece of the azetidnium salt end
group, showing a typical AB patternsigrals due to the
end-cyclic ammaium methylene protoans at 4.42—4.55
ppmand4.78-4.90 ppm,asingletsignalat 5.65 ppmdue
to the diphenymethyne proton,and also a singlet sigral
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Schemel.:
o 1) CF3SO3CH5 PhYPh
( 7 H3C—(-O—(CH2)4—)—Ni>
oy
Ph i
2 <>N<Ph 0S0,CF4

at 3.32 ppm due to the methoy group originating from
theinitiator.

The subsguention-exchang and ring-opening reac-
tions of thus obtained 1 was exanined with sodium
benzoateand p-nitrobenzoatg2a and 2b, respectiely)
throughthe precipitatian of 1 in THF solution into anice-
cooledaqueoussolution contaning an excessamaunt of
2aor 2b (Scleme2; Tab.1, entriesl and?2).

The ion-exchange(and subsegent spontaneos ring-
opening reactionof 1 wasincompete after the first pre-
cipitation treatment, but proceededto completon by
repeatig the preciptation treatnent up to three times
Thus the ion-exchang efficiency of an azetdinium sdt

b)
H
Ph-G-Ph
a) 0 /CHz\
HaC-O~MAPTHEVWACH,-NT - CHp €)
+ “CHy
~ a)
CF3S0,
| — 9 e) J\w
b I ’M\___JU M L L §
b)
H H
Ph-C-Ph Ph-C-Ph
2 ol o

HaC-O ~MPTHF wA-CHy-N-CHy-CH,-CHZ0,C

H3 GO AAPTHE v~ CHy-N-CHy-CHzCH70,C

H. Oike, T. Yaguchi,Y. Tezuka

group having a bulky substituetmay beimprovedby the
repetition of the precipitation procedue. GPC (Fig. 2)
shows that the isolated produd¢ 3a possesseunimodal
and narrow molecubr weight distribution, and the con
dudivity responsealueto theionic endgroupin the start
ing 1 is completely removed. This indicatesthatthering-
opening reactionproceedd quantitatively asin the reac
tions with azetidnium salt groups of other substitueh
paterns. The *H NMR and IR spectroscpic analysis
(detailedin Experimentalpatt) alsoconfirmedthe quanti
tative ring-openingreaction Thering-opening readion of
1 wasalsoexamined by p-nitroberzoate(2b) asa counter
anion, which was previouslyobservedo be significantly
wealer nucleophilethan2a during thering-openirg reac
tion of the 5-membeed cyclic ammaium salt group at
the end of poly(THF)?Y. In the cas of the 4-memlered
cyclic azetdinium salt end group, on the otherhand,2b
wasconfirmed to be sufficiently reactiveto causea quan-
titative ring-openiry reaction aslistedin Tab.1 (entry2).
We havethen performed, basedon the aboveresults,
the ion-couplng reacton of 1 with a seies of plurifunc-

COZCHy-CHy-CHy-N-CHy A PTHE v~ O-CHj

COzCHy CHy-CHy-N-CHy AP THE w~O-CHg

Ph-C~Ph Ph-C~Ph
H H
a)
f) JU b) e) U ¢) d) IWH
LN L_J MoV UILMJL
l‘l"llllIIII]IIlIlII!I]III|Il|1]IHIHHI}HIIIIIHIHH:)IIIIHIH'IIHIlIIIIHIlllIIHHHIHHHFM!Y
9.00 8.00 7.00 6,00 500 400 300 200 1.00 0.00

Fig. 1.

'H NMR specta of monofunctionalpoly(THF) havingan azetidiniumsaltendgroup (1) (top)

and4-armstarpoly(THF) (3€) (bottom).(SamplesseeTab.1, CDCl;, 40°C)
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tional carboxyates. The relevantreacton of monofunc
tional poly(THF) havinga 1,3,3-trimethylaztidinium salt
endgroupwith sodiumterephthalag (2c), trimesde (2d)
and pyrromditate (2€) has been previcusly repoted to
give the corresponihg multiarmed polymers of up to 4-
arms®. The ion-coupling reactionsof 1 with thesepluri-
functional carboxyates(2c—e) were found to proceedas
in the previaus system to give 3¢, 3d, and 3e, respee
tively, after repeatimg the precipitation threetimes. The
GPC profiles for 3c—e are collectedin Fig. 2 (Tab. 1,
entries3-5). The prodwcts 3c—e retdan narrowmolecubr
weight distributions, and the conductiity responsesre
completly eliminated, indicating that the ionic groups
arenotpresentThe molecula weightof 3¢ wasobserved
to beneaty twice thatof thestating 1, i.e.,3100.0Onthe

other hand,the appaentmolecula weightsof 3d and3e,

i.e., 3- and 4-arm star polymers, were observedto be

7570 and 9450, respetively, which are significantly

smaler thanthoseobtainedby multiplying the numbe of

arms (3 and 4) with the moleculr weight of stating 1.

This accods with the smaller hydrodynamic volume of

3d and 3e than that of the linear anal@ues.The struc-
turesof 3c—e were also analysedby 'H NMR spectro-
smpy. As an exanple, the 'H NMR spectum of the 4-

arm star polymer 3e is shownin Fig. 1 (bottom). The

spectum shows a singlet signal (7.73 ppm) due to the

pyrromelitae core unit, in addtion to a triplet sigral

(4.26 ppm) dueto the estermethykeneprotons of thearm

segments.The signalintensityratio betweenthemagrees
with the oneexpectedfor the 4-armstarpolymer.
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Tab.1. lon-caupling reactionsbetweenpoly(THF) havinganazetidirium saltendgroup(1) andplurifunctionalcarboxyldes(2)?
Entry Sodiun? Feedmolarratioof Numberof Produc? Yield? M, M,/M,©
carboxylatem)  carboxylategroups precipitations in % (GPCY)
in2/1
1 2a(l) 20 3 3a 59 3040 121
2 2b (1) 10 2 3b 72 3070 119
3 2¢c(2) 20 3 3c 46 5620 1.14
4 2d (3) 20 3 3d 66 7570 113
5 2e(4) 40 3 3e 54 9450 1.10
6 2f (4) 10 5 3f 78 8250 115
7 2g(6) 10 4 39 53 12300 1.05
8 2h (22) 10 3 3h 46 39500 1.40
9 2i (2) 20 5 3i 38 5260 1.18
10 2i (2) 20 7 3i 79 5560 113
1 2j (2) 10 1 3 a1 5650 1.1

3 Poly(THF) (1, M,(NMR) = 3100,0,2 g) wasemployael, except for entry 10, wherepoly(THF) (1, M,(NMR) = 2900, 1,8 g) was

used.
b SeeScheme?.

9 The purity of eachprodict wasat least95%, exceptfor entriesé and8, wherethe purity wasestimaedto be 90%.
9 Determin& by GPCwith a calibrationusingpolystyrenestandarddy a conversiorfactorof 0.5562.

©  Determina by GPConthe basisof polystyrenestandards.

3g f;\ ‘
3e
as \
! L Lol I !
0 2 4 6 8 10 12 14

Elution Volume (ml)

Fig. 2. GPC(RI) tracesof theion-couplingprodicts of 1 with
monofunction& (3a), bifunctional (3¢), trifunctional (3d), tetra-
functional (3¢), and hexafunctimal (3g) carboxylate (Sampes:
seeTab.1, column: TSK G3000HXL,eluent THF, 1.0mL/min)

In additionto the abovereadions, new star polymers
of 4- and6-arms(3f and 3g) were preparel throughthe
ion-coupling reactionof 1 with atetra-anda hexacabox-
ylate (2f and 2g) (Tab. 1, entries6 and 7). Both GPC
(Fig. 2) and*H NMR analyseshave shownthe efficient
production of the correspnding star polymers. The
apparentmolecubr weight of 6-arm star polymea 3g
observedoy GPC analysis(M,(GPC) = 12300) is again
smalle’ thanthe calcuated one (M,(calc) = 18600). The
H NMR spectrun of 6-arm star polymer 3g shows that

all the sigralsdueto the azetidnium saltgroupin 1 were
repdaced by those due to the ester methykene protons
appearingat 3.85-4.04ppm.

Thepresention-coupling reactionof 1 wasthenapplied
to the synthess of a polymacrommomer through the
macaomolecubr ion-coupling reactionwith poly(sodium
acnflate) (2h) of DP=22(Tab.1, entry8). As in thereac-
tion of poly(THF) having a tetrahydrothioghenium end
group™, the coresponéhg polymacrommomer(3h) was
obtainedin a high yield. As the hydrodyramic volume of
the polymacromonomes is consistatly smaler thanthat
of a linear polymer of idertical moleculr mass, the
apparentmoleculrweightof the obtainedoranchedpoly-
mers observedby GPC is accodingly smaler than the
one calculted from the lengh and the numker of the
branch segmat in the polymagomonomer (Tab.1).
Henrce,theion-exchangeandring-openingreactionof the
azetdinium salt end groupswith a series of plurifunc-
tional carlboxylatesproceedswith high efficiency despte
the bulky substtuenton the nitrogenatomin 1.

This ion-couplingreacton hasalsobeenappliedto the
synhesisof centro-inctionalpolymers, in which specific
functional groups are located at the centerpostion of a
linear polymer chan. Thus, sodium salts of (L)-tartaiic
acid (2i) and 2,2-dihydroxy-1,1-binaphthyl-3,3-dicar
boxylic acid(2j) (racenic) were subjectedo thereadion
with 1 asin the relevantreadions shownabove.Both *H
NMR spectraof the correspnding products3i and 3j
show a doubletsignal at 2.99 ppm (J = 7.5 Hz) for the
former and a singlet signal at 10.72 ppm for the latter,
respectively, dueto two hydraxyl protons in additionto a
triplet signal (4.23 ppm for the former and 4.43 ppm for
the latter, respectiely) due to the estermethylene pro-
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&8 &=8 &3
=8 &3 &3
water
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\ &8 2.8
interface of | o P9 |la 9 o2 <] §9®7
precipitated/ BX /x /% %
poly(THF)
® : azetidinium cation

oo SO

Fig. 3. Schematigicture of the mechanisnfor the ion-coup-
ling reactionof 1 with atetrafunctionalcarboxylde

tetrafunctional carboxylate

tons. The molecubr weight of 3i and of 3] observe by
GPC was neaty twice that of the starting 1 (Tab. 1,
entries9 and11). Thesereslts indicatethat centro-finc-
tional poly(THF)s having a diol group were obtained
through the ion-caupling reacton of 1 with functional
dicarboxyhtes(2i and 2j). The reducedyield (38%) for
3i (Tab.1, entry 9) is appaently dueto the multiple pre-
cipitation treatmet in a small scale.The yield can,thus,
be substatially improved (79%, Tab. 1, entry 10) by
reactionin alarge scale,eveninvolving a multiple preci-
pitationtreatment.

The mostremakablefeature of this branchel polymer
synthess is the excepionally high efficiency aswell as
the high selectvity during the ion-caupling processof 1
with plurifunctional carboxyates. This is ascribedto the
interfecial processoccurring between the precipitated
polymer 1 with plurifunctional carboxyate anions in
aqueouphase As schematicaly shownin Fig. 3, hydro-
philic azetidiniumsdt end groupstend to face the aqu
eousphaseduring the precipitatbn processandonceone
carboxyate group in plurifunctional cartoxylate anion
hasenteredinto anion-exchang reacton with the azeti-
dinium saltgroupof the polymerchainend,the plurifunc-
tional carboxyate anion is fixed at the interface of the
precipitatedpolyme/agueousmedium. In corsequene,
theremairing carboxyate groups becomereadily accesi-
ble to the azetidnium salt group of 1 to promote the
further ion-exchangereadion by eliminating watersol
uble salt specieq(i. e., sodiumtriflate) into the surround-
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ing aqueousmedum. Therefae, the presentsystempro-
videsa uniquemears to getexemptfrom the stoichiame-
try requirenent betweenl and plurifunctional cartoxyl-
ates,in contrastto the conventonal coupling procedures
apdied to the synthesisof starpolymersand polymacrc
monomersin homogaeousmedia.

Acknowledgment Authorsaregratefulto Prof. M. Kakimotq
Tokyo Institute of Technologyfor ouraccesso theNMR appar
atus.This work wassupportedoartly by a grantfrom the Minis-
try of Education Science and Culture, Japan (10875189,
10305066).

1) 0. W. WebsteySciene. 251, 887(1992

2 E. E. Malmstram, C. J. Hawke, Macromol. Chem Phys.
199, 923(1998)

3) Y. Tezuka,Prog. Polym.Sci.17, 471(1992)

4 M. SchappacherA. Deffieux, Macromol. Chem Phys.198
3953(1997)

5 J. Ueda, M. Matsumoto, M. Kamigato, M. Sawamoto,
Macromolecules31, 557(1998)

6 F. Wang, R. D. Rauh, T. L. Rosg J. Am. Chem.Soc. 119,
11106(1997)

Y. Tsukahara,in: Macromolealar Design: Concept and
Practice; M. Mishra, Ed., Polymer Frontigs Interrational
Inc., New York 1994,p. 161

8 P Dziezok,S. S. Sheiko,K. Fischer M. Schmidt,M. Méller,
Angew. Chem. Int. Ed. Engl. 36, 2812(1997)

9 Y. Tezuka,E. J. Goethds, Makromol.Chem 188, 783(1987)
10) v, Tezuka,E. J. Goethds, Makromol.Chem 188, 791 (1987
1) F. DhaneseE. J. Goethds, Br. Polym.J. 20, 103(1988
12) ¥, Tezuka, T. Shida, T. Shiomi, T. Imai, E. J. Goetha$,

Macromolecule6, 575(1993)
13) Y. Tezuka,S. HayashiMacromoleales28, 3038(1995
14) VY, Tezuka,H. Imai, T. Shiomi, Macromol. Chem.Phys.198

627 (1997)

19V, Tezuka,T. Iwasg T. Shioni, Macromoleales 30, 5220
(1997

189) Y. Liu, C. Pan,J. Polym. Sci., Part A: Polym. Chem 35,
3403(1997)

17) Unpublisheddata

18) D, L. Schmidt,J. P. Heescha, T. C. Klinger, L. P. McCarty,
J. Org. Chem 50, 2840(1985)

19 M. Noji, M. Nakajima,K. Koga, Tetrahedpn Lett. 35, 7983
(1994

20) p. Baret, V. Beaujdais, D. Gaude,C. Coulombeu, J.-L.
Pierre, Chem Eur. J. 3, 969(1997)

21) H. Oike, H. Hataro, Y. Tezuka,React.Funct. Polym.37, 57
(1998

22) F. J. Burgess,A. V. Cunliffe, J. V. Dawkins D. H. Richads,
Polymer18, 733(1977)



