Reverseatom transfer radical polymerization of styreneusing BPO asthe
initiator under heterogeneousonditions
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Reveseatomtransferradicd polymerizationof styrenein the presencef a conventionalradicalinitiator (benzoylpeomde
BPO)in bulk wassuccesfully |mplemented via a new polymerizdion procedure The systen first reactsat 70 C for ten
hours thenpolymerizesat 110°C, which resultsin a well-controlled radical polymerizaion with high initiation efficiency
andnarrowmolecuar weightdistributionof the resultingpolymer, i. e., the polydispersityis aslow asM,,/M, = 1.32.The
initiation mechanisnof BPOIis dlfferentfrom thatof AIBN becauseherels redoxreactian betweerBPO andCu generated
from thereactian of radicalswith Cu'. Theinitiation mechanismof BPO/Cu'Cl,/bpy is dedu@d throughthe experimental
data.Themolealarweightof theresultant polymeris in agreementvith thetheoreticalvaluecalculatedn accordancevith

theaforementimedmechanism.

1. Intr oduction

Thetranstion-metal-catalyzedatomtransferradcal ad-
dition, ATRA, givesauniqueandefficient wayfor carbmn-
carbonbondformaiton in organicsynthesis[1]. Resarch
groupssuchasthoseof Matyjaszewsk[2, 3], Sawanoto[4],
Perced5], andTeyssig6] havesuccesfullyintroducedhis
approabinto polymerizationchemistryasanovel‘liv ing’/
contrdled radcal polymerizationprocess,. e.,atomtrans-
fer radicd polymerization ATRRE which stimuated many
polymer chemststo studythis sortof polymerization. It is
importantin thisresearbareatofind anewiniti atorsysem.
Wangand Matyjaszewsk[7] reportedthatin addiion to a
typicd ATRPinitiating system(usingaalkyl halide,R—X,
asaninitiator andatranstion-metalspeg¢escomgexedwith
suitabk ligand(s),Mtn/Lx, asa catdyst, R—X/Mtn/Lx), a
‘living ’/controlled polymerization was obsened using a
converiond radicd initi ator(azodisobutyonitrile, AIBN)
andatransition-metalcompourd at higher oxidationstae
(e.g., CU'Cl,) complexel with suitabk ligands(e.g., 2,2-
bipyridine, bpy) asa cataly$. Afterward, Xia and Matyjas-
zewski[8] reportedhatbyusingalkyl substituedbipyridine
ligands such as 4,4’-nony|-2, -bipyridine (dNbipy),
revere ATRP of metyl acrylatecanbe carriedout under
homogneuscondiions.Mostrecenty, WangandYan[9]
develgpedanewprocedurdor reverg ATRP of MA under
heterogneuscondtions.Authorsusualy useAl BN asan
initiator hitherto Whatwil | happesif BPOisusednreverse
ATRPR This article is devotedto the topic as mentianed.
WhenBPOisusedn theliving/contolledradcal polymeri-
zationof styrere, theinitiation mechamsmis differentfrom
thatof AIBN beausethereis redoxreactonbetwee BPO
andCu generged from the reactbn of radcalswith Cu'.
Conseqently, A newmedanismis suggstedwhich con-
formsmenglresuls.

2. Experimental
2.1. Materials

Styrene was vacuum distilled over CaH, just before
polymerization. BPOwasusedafter ordinary purification
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CuCl, and 2,2’—bipyridine was usal as received without
purification

2.2. Polymerization

Catalyst, ligand, initiator, monome were addedto a
flask with stirrer. The heteogeneos mixture was first
dega;sed(threetlmes) secondlyimmersedn an oil bath,
heaed at 70°C for 10 h, thenreaded at 110°C. After a
giventime, the flask was openedand THF wasaddedto
thesampe to dissolvethepolymer.

2.3. Polymer characterization

The monomerconvesion was detemined by gravime
try. Molecularweight and molecular weight distribution
were obtainedby gel permedéion chromatografy (GPC)
that was cariied out with a Watess 208 instrument, using
tetrehydrofuranaseluent andcalibraion with polystyrene
stanards.

'HNMR spedrum was taken on 300 MHz spedro-
metersatroomtermperaturén CDCls.

3. Resultand discussion

In thereacton systemof this work, BPO canresultin a
well-controlled radical polymerization with high initiation
efficiency 90% and rather low polydispesity M,/M,, =
1.32 Figuresl and 2 showthat the measuredmoleaular
weight linearly increass with increasing monormer con-
version, and it matche the theoreical value calaulated
from Eq. (1) for bulk polymerization of styrere initiated
with BPOIin the presenceof 2 molar ecuiv. of Cu'Cl, and
4 molarecuiv. of bpyat110°C.

M, 1= 104 X{ AIM]/([BPO])} Xconv (1)

Figures3 and4 showthefirst-orderkinetic plot, indicat-
ing thatthe concentrationof the growing speciesemained
consant. Thefirst pointis beyord the experimental error
from the linear plot, andthe monome convesion at this
momentis apparenty higherthanthatin aliving polymer-
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Fig.1. Molecularweight,M,, andmolecularweightdistribution,
M,/M,,, dependencen monomerconversiorfor the heterogeeous
reverse ATRP of styreneat 110°C in bulk, [styrene}[BPO]:
[CuCly] :[bpy] =100:1:2:4.
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Fig.2. Molecularweight,M,, andmolecularweightdistribution,
M,/M,, dependencen monomerconversiorfor the heterogeeous
reverseATRP of styreneat 110°C in bulk, [styrene]: [BPO]:
[CuClI2]:[bpy] =150:1:2:4.
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Fig.3. Semilogarihmickinetic plot for the bulk reverseATRP of
styreneat110°C [styrene]: [BPO]: [CuCl,] : [bpy] = 100: 1: 2: 4.

ization. It seemsthatthe polymerizationocaurredpartialy
atlow tempeature

Theseexpeaimentsdataindicated that the polymeriza-
tion of styrere initiated by the BPOICU'Cl,/bpy sysem
proceeledvia a living/contlled polymerizationmechan
ism. The molealar weight was essentially propotional to
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Fig. 4. Semilogarithmidinetic plot for the bulk reverseATRP of
styreneat110°C [styrene} [BPO]: [CuCl,] : [bpy] = 150: 1: 2: 4.
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thereciprocal of theconentraton of BPO.Furthemore,a
goodcorreltion betweenthe calculaed molecularweight
andthe experimental one was found, andthe polydisper
sity is lower than 1.39, indicating a high initiation effi-

ciency of BPO. Thestrucure of reaulting polystyrenewas
studied by 'H-NMR. The 'H-NMR spectrun of PSis illu-

stratedin Fig. 5. Signalswere obseved at 1.2~2.1 ppm,
originating from the metheneand methire protonsof the
main chan. A signd wasdiscernedat 7.9 ppm,assigedto
thearamatc protonsat ortho postion of the benoyl moi-

ety attachedo the polymerheal group The broadtriplets
at4.4 ppmareattributedto the endgroupchlorine More-
over, compaison of the integratian of the signds of end
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Fig.5. H-NMR of thepolystyrenewith BPO/CU Cl,/bipy.

groupwith thoseof metheneand methirein themainchain
of PSgivesamalecularweight, M, ywr = 12000, closeto
theonefrom GPCbaseddn PSstanards,M,, gpc= 11000.
Thereactionscheneis suggestedasbdow:

The present outcones can be explainad in terms of
Schemel. First,onemoleaile of BPOdecomposento two
primary radcals, Cu' cannot take electronfrom primary
radicds due to the strorg oxidation of primary radicds
from BPGQ; secongd after a monomer adds to a primary
radicd, the oxidation of the radical decreass greatly,
third, now Cu'Cl, cangetrid of electronfrom this radicd,
forming dormant speciesand CU'; finally, redox reaction
betweenBPO and CU takesplaceard prodwcesone pri-
mary radicd. This processcontinwally repeas at lower
tempeature Fromtheandysiswe canseethatonemole of
BPOwill resultin onemole of radicds. During this period
the inhibited reactbn is predoninant, little polymer was
gener#ed. So the initiation medanismof BPO/CU'Cl,/
bpy is somavhatdifferentfrom thatof AIBN/Cu'Cl,/bpy.
After ten hoursat?OoC, mostof BPOwas exhauste while
thereducedtranstion-metal speciesCu', and the dormant
specieswere accumuated. Whenthe sysem is heatedto
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110°C, howe\er, in the presene of acoordinaive liganda
reversible activaion of the resuling alkyl chlorides was
obsened andthe polymerizationunderconsideationpro-
ceededrsiathe ATRP mechaism.
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