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ABSTRACT

The synthesis of benzofuran and naphtafuran end-capped poly(methyl
methacrylate)sviaatomtransfer radical polymerization (ATRP) isreported.
Methyl methacrylate (MMA) was polymerized in bulk at different tem-
peratures (90°C, 100°C and 110°C) viaATRP using a new benzofuran and
naphtafuran initiators (2-acetyl bromine benzofuran and 2-acetyl bromine
naphtafuran) in the presence of CuBr/2,2’-bipyridine (bpy) as the cata-
lyst. With this new initiating systems, a successful ATRP of MMA was
carried out, and benzofuran and naphtafuran end-capped polymers with
predetermined molecular weights and polydispersities were obtained at
desired polymerization temperature. Thelinear proportionality of the mo-
lecular weights to the conversions and straight lines observed in In
(M /M) (where M_and M are the monomer contents at the beginning and
any time, respectively) versustime plotsindicate typical controlled poly-
merization characteristics. Poly(methyl methacrylate)s as amacroinitiator
were used to synthesize the poly(MMA-b-St) block copolymer, which
allowed a demonstration of itsliving character.
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Atom transfer radical polymerization (ATRP) has
provedto beeffectivefor thelivingradica polymeriza:
tion (LRP) of avariety of monomerssuch asstyrene,
(meth)acrylates, acrylonitrile, and (meth)acrylamides?.
It worksonthe“persistent radicd effect” principle, ac-
cordingtowhichatrangtion meta complex of ahigher
oxidation state actsasthe persistent radical torevers-
ibly deactivate a growing polymer radical to forma

dormant polymer moleculewith alabilecarbon hao-
gen bond at thechain end>®. Appropriateligandsand
trangtion metd satsmay suitably adjust theequilibrium
position of reversible deactivation so that the polymer
radical concentration becomesgood enough for area
sonably fast ATRP,

Thedevelopment of “living”/controlled freeradi-
ca polymerization systemsinthelast yearshashighly
increased thetool sfor theachievement of polymerswith
low polydispersity, tailored molar massand controlled
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structures®3. Among these systems, ATRP(atom trans-
fer radical polymerization) isparticularly attractivefor
the synthesisof novel and complex architectures®@in
rather straightforward operating conditions.

Alkyl halogenides, especialy a-keto chloridesand
bromides, arecommoninitiatorsin ATRP. Alkyl haoge
nides with a-hydrogens are not preferred because of
HX dimination asasdereaction. Obvioudy, the carbo-
nyl group connecting with theha omethyl group prevents
[B-elimination and makesit easer to cleavethecarbon-
hal ogen bond. Sincethe pioneering sudy of Wangand
Matyjaszewski on copper mediated ATRP®™ many
hal ogenides®, induding sulfonyl chloride®® werestud-
ied asinitiator componentsin polymerization.

Although R-Br/CuBr-L coupleswerefound to be
superior to the R-Cl/CuCl-L system* cross systems
of R-Br/CuBr-L weredemonstrated to work success-
fullyi*2,

Theincidenceof fungd infection hasincreased Sg-
nificantly inthe past 25 years. Thegrowing number of
immunocompromised patientsasaresult of cancer che-
motherapy, organ transplantation, and HIV infectionare
themaor factorscontributing to thisincidence. Itisre-
ported that the presence of the spacer between the het-
erocyclic substituent and the benzofuran nucleus may
beessentia for thebiologica activity!™. Thebenzofu-
raninhibitorshave been reported to befungal Nmt in-
hibitord#1, Someof thebenzofuraninhibitorsshowed
high sdlectivity over human and exhibited antifungd ac-
tivity invivo.

Inthiswork, the benzo, and ngphthafuran ring end-
capped poly(methyl methacrylate)s(PMMA) weresyn-
thesized viaATRPby using anew functional initiator
bearing furan ring (2-acetyl bromine benzofuran and 2-
acetylbromine naphthafuran), and the properties of
ATRPaof methyl methacrylatleg(MMA) withthisnew ini-
tiatorswereinvestigated under thedifferent conditions.

EXPERIMENTAL

Materials

2-Hydroxynapththa dehyde, salicyld dehyde, chloro
acetone, bromine, potassum carbonate, acetonitrileand
ethyla cohol wereobtained from Huka(Switzerland) and
used without further purification.
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Characterization techniques

Infrared spectrawere obtained on aMattson 1000
FTIR spectrometer. The NMR spectrawere recorded
onaNMR(300MHz and 90MHz) spectrometer at room
temperaturein CDCI,,. Gel permeation Chromatogra-
phy (GPC) andyseswerecarried out usingahigh pres-
sureliquid chromatography pumpwithAgilent 1100 sys-
tem equipped with avacuum degasser, arefractiveindex
dedector. Thetetrahydrofurane(THF) wasthe carrier
solvent at aflow rateof ImL/minand a room tempera-
ture. The instrument was calibrated with linear poly
styreneg(PSt) standards.

Preparation of benzofuran

The preparations of the productswere performed
according to previoudly reported procedures™,

Synthesisand char acterization of 2-br omoacetyl
benzofuran(Br BF) and 1-bromomethyl-1-(naphtha
benzofuran-2-yl) (BrNF)

Theinitiatorswere synthesized and characterized
by using FT-IR and *H-NM R spectroscopy.

Typical procedurewasgiven asfollows

Into athree-necked 500mL flask equipped with
magnetic tirring wereplaced (0.1mol) of 2-bromoacetyl
benzofuranwasdissolved in 60mL of glacid aceticacid.
Then 0.1mol of brominein 50mL glacial acetic acid
wasadded drop wiseat 15°C for 1h. Themixturewas
stirred for 1h at room temperature. The product was
poured into excess of cold water, filtered, washed with
excess of water and dried under vacuum at 40°C for
24h. 2-bromoacetyl benzofuran wasrecrystdlized from
ethylalcohol to get yellow crystals.

Polymerization procedure

The polymerizationswerecarried out in bulk poly-
merization conditionsby usng MMA monomer & 90°C,
100°C and 110°C. A typical procedure wasto use a
100-mL three-necked, round-bottom flask equipped
with areflux condenser, adropping funnel, and anitro-
geninletinto which were placed 25.4mL (0.25mol) of
MMA, 0.78g(5mmoal) of bipyridine, and 0.36g( 2.5
mmol) of CuBr under anitrogen flow. Theflask was
mounted inasglicon oil bath and themixturewasstirred
until al the CuBr dissol ved(10min). Thereaction con-
tent was heated and kept at a constant temperature
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SCHEME 1: Thestructureof new initiators
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Figurel(a): ¥*C-NM R spectrumand (b) *H-NM R spectrum
of (b) 2-bromoacetyl benzofuran (BrBF), (¢) *H-NM R spec-
trum of 1- bromomethyl-1-(naphthabenzofuran-2-yl) (BrNF)

RESULTSAND DISCUSSION

2-Bromoacetyl benzofuran (BrBF) and 1-bromo
methyl-1-(naphthabenzofuran-2-yl)(BrNF) could be
easily obtained with high yield via the reaction of
chlorineaceton with 2-hydroxynapththa dehyde, sdlicy-
lddehydeinthepresenceof brominereferringtoasmilar
procedurein literature®®. BrBF and BrNF areakind
of furan ring compound containing dkyl bromidegroup,
soitcan beused for ATRPasinitiator. The structure of
new initiatorsisillustratedin SCHEME 1.

The proton on thefuran ring appeared at 8.1ppm,
whilethe aromatic protons were observed at 7.4ppm
and 7.90ppm. Inthe*C-NM R spectrum of theinitiator
BrBF(Figure 1a), itischaracteristic for ketone, C=0,
signa at 6=184ppm and the other signals are agood
agreement with structure of BrBE. Thestructure of the
new initiatorswasa so characterized by usng*HNMR
and FT-IR spectra. In the *H-NMR spectrum of the
BrBF(Figure 1b), al thesignals corresponding to the
proposed structureof BrBF wereobservedin CDCI,'H-
NMR spectrum of BrNF, Figure 1c, showed at 4.5 ppm
themethyleneprotonsnext to thebromine. Based ondl
thesesignasof 'H-NMR, the product wasconfirmed to
be BrNF exactly. The FT-IR spectraof BrBFand BrNF
showed the C=0 stretch in 1686¢cm and 1660cm'?,
respectively. The structure of benzo or naphtha end
capped poly(MMA )isillustratedin SCHEME 2.

Thedependencesof IN[Mo/M] ontimefor polymer-
ization of MMA at 90°C, 100°C, 110°C initiated with
BrNF/CuBr/2,2’-bpy and are plotted in figure 2a, 2b,
2c, respectivey. Thepolymerization proceedsvery fast
inthebeginning of thereaction then stabilizes. Thede-
pendenceof IN[M /M] onthepolymerizationtimeshows

CHs ?H3
|
R—(CHZ—(f)HCHZ—(li—Br
o
OCHj OCHj

with stirring. Then 0.60g(2.5mmol) of 2-bromoacetyl

benzofuran wasadded to thereaction mixture. The so-

[ution became brownish-green within 20min. Theki- 0

neticsof thereactionwasfollowed by diquotstakenat ~ SCHEME 2: Thestructureof benzoor naphthaend capped
e MMA

appropriatetimeintervals. poly( )
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Figure2: Theplotsof In[M /M] vs. timefor the polymer -
ization of methyl methacrylateat (a) 90°C, (b) 100°C, (c)
110°C initiated with BrNF/Cu(1)Br/bpy

alinear rdaionshipwhenthepolymerizatonissable The
lineaxity of theplot of IN[M /M] versustimeindicatesthat
the polymerization followsthefirst kineticswith respect
to themonomer concentrati on and the concentration of
growing chaingpeciesremanscongtant.
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Thekineticsplot of MMA polymerizationa 100°C
and 110°C initiated with BrNF/CuBr/2,2’-bpy isshown
in figure 3a, 3b and 3c, respectively. Contrary to the
MMA polymerizationwithafast initiation sage, thereis
aninduction period during the pol ymeri zation process of
MMA. After induction period, thedependenceof In|M /
M] onthetimeisapproximatively linear.

Mn of PMMA produced at 90°C, 100°C and
110°C initiated with BrBF/CuBr/2,2’-bpy asafunc-
tions of monomer conversion are showninfigure4a,
4b and 4c, respectively. GPC data showed that Mn
vaueof poly(PAMA) obtained for polymerization of
MMA at 90°C initiated with BrBF/CuBr/2,2’-bpy for
30minwas 14900(Mw/Mn=1.91). Onthe other hand,
Mn of PMMA produced at 100°C and 110°Cinitiated
with BrNF/CuBr/2,2’-bpy asafunctions of monomer
conversion areshowninfigure5a, and 5b, respectively.
The obtained polymersin presence of both initiators
have broad polydispersities. Thismeansthat the bulk
polymerization of MMA isnot well controlled under
theconditionsthat were used. Thismight be because of
thefollowing reasons:. thefast initiation that could not
beba anced by arel atively dow brominetransfer reac-
tion and the excess viscosity of the reaction mixture,
which ledsto difficulty in controllingit™. Itisknown
that well-defined polymerswith molecular weightsrang-
ing from 1.000 to 250.000 have been succesfully syn-
thesized"*8, Thus, narrow Mw/Mnisusually thefea
tureof livingor well-controlled polymerization.

TheHNMR spectrum of PMMA-Br infigure 6
showed that ngphthafuran and brominegroup had been
introduced to theend of polymers. It wasclear that the
signals which appeared at 7.75, 7.66, 7.57 and
7.25ppm were consistent to the protons of the
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Figure3: Theplotsof In[M /M] vs.timefor the polymerization of methyl methacrylateat (a) 90°C, (b)100°C, (c)110°C

initiated with Br BF/Cu(l)Br/bpy
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Figure4: Theplotsof M nvs.timefor the polymerization of methyl methacrylateat (a) 90°C, (b) 100°C, and (c)110°C

initiated with BrBF/Cu(l)Br/bpy
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Figure5: Theplotsof Mnvs.timefor the polymerization
of methyl methacrylateat (a)100°C, (b)110°C initiated with
BrNF/Cu(l)Br/bpy

naphthafuran, and the other signals corresponded to
the protons of other PMMA moiety except onesigna
(6=7.25ppm) for CDCI,,. "H NMR experimentsonthe
same polymersdetected low levels of anaphthafuran
end group are also present. The *H NMR spectrum
showed that therewere 0.01 naphthafuran end groups
per 100 polymerised MMA units. The molecular
weight(M ) of the polymer sample coul d be estimated
from the relative intensity of the MMA moiety and
naphthafuran resonances. Thesignalsin question are
thosearisingfromalkyl protonsinthe CH,OCOCCH,
(CH,) moiety intherepeat unit and the naphthafuran
group intheinitia unit of thechain. The number aver-
agemolecular weight(M ) wasthen cal culated fromthe

CHOl g

. o

| | "l

WQ—CH-{-EH .EL:H .-g——lBr _.'r”
G=0 =1 I
£

e —_
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ppm
Figure6: *H-NM R spectrum of naphthaend-capped PMM A
in CDClI,

followingequation:

M =1 /8x7/1xM (MMA)+289

wherel and |, aretheintegralsfor the MMA resonancesinthe
repeat unit and initial unit, respectively, and M (MMA) isthe
molecular weight of MMA. The value of 289 is simply the
molecular weight of theinitiator. Datafor the poly(MMA) stud-

ied indicated that the number average molecular weights was
approximately 10900. Thisisin good agreement with that of

the GPC (Mn=12000).

To ensurethat the obtained polymersretained their
activity, consequently, virtually rel eased from transfer
and termination reactions, with conventiona ATRPtech-
niquet¥, the chain extensionwas carried out achain-
extension polymerization of St with theisolated both
benzofuran and naphthafuran end-capped poly(methyl
methacrylate)s, PMMA, macroinitiator. For this pur-
pose, CuBr asacatalyst and 2,2’-bpy asaligand. The
polymerization temperaturewas kept at 90°C. Figure
7 shows*H-NMR spectraof benzo and naphthaend-
capped PMMA-b-PSt copolymer in CDCI... The6.7-
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Figure7: H-NM R spectraof (a) benzo and (b) naphtha
end-capped PMM A-b-PS copolymer in CDCI,

Bornas uadl-apped PUMALFS _l'“.
Mn=13HD
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Figure8: Molecular weight digributionsof (a) benzo-end
capped PM M A macr oinitiator and (b) naphtha-end capped
PM M A macroinitiator and PM M A-b-PS diblock copoly-
mer at 90°C
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7.3ppm signasin *tHNM R spectrum of both copoly-
mers showed that styrene units had been introduced to
block copolymers. Asshownin figure 8aand 8b, the
block copolymer showed anincreasein Mn. Fromthe
GPC curves of benzofuran end-capped PMMA be-
foreand after chain extensioninfigure8a, it could be
easi |y observed that theincrease in molecular weight
wasevidenced from PMMA (M =15000) to chain-ex-
tended PMMA-b-PS(M =43500). The polydispersity
changed from 1.91 to 1.73. As seen in figure 8b, it
could beeasily observed that theincreasein molecul ar
weight was evidenced from naphthafuran end-capped
PMMA (M =19000) to chain-extended PMMA-b-PS
(M =24900). The polydispersity changed from 1.78
to 1.67. Therefore, all of the above results presented
themacroinitiators, (Br-PMMA)sare“living” polymer.
Thisshowed agood blocking efficiency of Br-PMMA
prepared by bothinitiatorsby ATRPand acomplete Br
functiondization of themacroinitator. Inatypica ATRP,
Mw/Mn of polymer isnarrow becausebothinitiation
and deactivationratesare much higher than the propa
gationrate, allowingfor dl thechainsto begingrowing
at the sametime?!. Asamulticomponent system, ATRP
Iscomposed of amonomer, aninitiator and acatalyst.
Sometimesan additiveisused. For asuccessful ATRP,
other factors, especialy such as solvent and tempera
ture, must betaken into consideration?. Soduring our
research, the effect of temperature and timeonthepo-
lymerization of MMA wasinvestigated. For this pur-
pose, the polymeri zation temperaturewas changed from
90°Cto0 110°C for desired time. Inthe polymerization
of MMA initiated with bothinitiators, Mw/Mnissome
broad, when the equilibrium between theactive carbon
of propagation chain and the Cu(ll) complex iswell
established after initiatl stage, the cal culated rate con-
stant of chain propagation of MMA islessthan 102s?.
K vauesfor polymerization of MMA at different tem-
peraturesinitiated with BrBF or BrNF/CuBr/2,2’-bpy
aregiveninTABLE 1.

TABLE 1: k valuesfor polymerization of MM A at different
temperaturesinitiated

System
The polymerization of MMA
initiated with BrNF
The polymerization of MMA
initiated with BrBF

90(°C) 100(°C) 110(°C)
0.00159 0.00695 0.00939

0.00724 0.00789 0.01528
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Thisindicatesthat might be aconsegquence of the
undesirable sidereactions such astransfer and termi-
nationreactions. Thus, it isknownthat terminationand
other sdereactionsarea so present inATRP, and they
become more prominent as higher molecular weight
polymers aretargeted?.

CONCLUSIONS

The controlled polymerization of MMA at 90°C,
100°C and 110°C with two different monofunctiond ini-
tiatorswasachieved. From theresultsmentioned above,
it can be concluded that the combination of benzo and
naphthafuran end-capped poly(methyl methecrylae)sand
Cu()Br/ 2,2’-bpy asanew initid systemiseffectivefor
the polymerizationof MMA and St. Thenaphthafuran or
benzofuran group and bromineatom are at theends of
resultant polymers. For the polymerizationof MMA, the
dependenceof IN[Mo/M] ontimefollowslinearity after
the initia stage and molecular weight of produced
polymer(Mn) incresseslinearly with themonomer con-
verson. Mnincreases nonlinearly with monomer con-
version. Inaddition, well-defined diblock copolymers
were synthes zed and they demonstrated the preserva
tion of theend-group functiondlity.

REFERENCES

[11 (&) Forareview seeK.Matyjaszewski Xia, J.Chem.
Rev., 101, 2921-2990 (2001).
(b) V.Coesseus, T.Pintauer, K.Matyjaszewski; Prog.
Polym.Sci., 26, 337-377 (2001).

[2] (a)J.SWang, K.J.Matyjaszewski; Am.Chem.Soc.,
117, 5614-5615 (1995) .
(b) Macromolecules, 28, 7901-7910 (2001).

[3] M.Kato, M.Kamigaito, M.Sawamoto, T.Higashi
mura; Macromolecules, 28, 1721 (1995).

[4] V.Percec, B.Barboiu; Macromolecules, 28, 7970
(1995).

[5] H.Fischer; J.Polym.Sci.Polym.Chem.Ed, 37, 1885
(1999).

[6] N.M.Hadjichristidis, S.Pitsikalis, Pispas, H.latrou;
Chem.Rev., 101, 3747 (2001).

[71 C.J.Hawker, A.W.Bosman, E.Hart; Chem.Rev.,
101, 3661 (2001).

[8] K.Matyjaszewski; Macromol.Symp., 195, 25 (2003).

[9] K.Matyjaszewski, J.Xia; J.Chem.Rev., 101, 2921

(2001).

M.Kamigaito, T.Ando, M.Sawamoto; Chem.Rev.,

101, 3689 (2001).

[11] K.Matyjaszewski; Polym.Int., 52, 1559 (2003).

[12] JPyun, T.Kowaewski, K.Matyjaszewski; Macromol.

Rapid.Commun, 24, 1043 (2003).

S.M.Rida, S.A.M.El-Hawash, H.T.Y.Fahmy, A.A.

Hazzaa, M .M .M .EI-M€ligy; Archives of Pharmacal.

Research, 29, 826 (2006).

H.Ebiike, M.Masubuchi, PLiu, K.Kawasaki, K.

Morikami, S.Sogabe, M .Hayase, T.Fujii, K.Sakata,

H.Shindoh, Y.Shiratori, Y.Aoki, T.Ohtsuka, N.

Shimma; Bioorg.Med.Chem.Lett, 12, 607 (2002).

[15] T.Ando, M.Kato, M.Kamigaito, M.Sawamoto; Mac-
romolecules, 29, 1070 (1996).

[16] J.Jiang, K.Zhang, H.Zhou; J.Polym.Sci.Part A:
Polym.Chem., 42, 5811 (2004).

[17] K.Matyjaszewski, JH.Xia; Chem.Rev., 101,2921
(2001).

[18] J.Pietrasik, H.Dong, K.Matyjaszewski; Macromol-
ecules, 39, 6384 (2006).

[19] H.Ma, X.Wan, X.Chen, Q.F.Zhou; Polymer, 44,
5311 (2003).

[20] JH.Xia, K.Matyjaszewski; Macromolecules, 32,
5199 (1999).

[21] K.Matyjaszewski; ACS.Symp.Ser., 768, 2 (2000).

[22] H.Shinoda, PJMiller, K.Matyjaszewski; Macromol-
ecules, 34, 3186 (2001).

[10]

[13]

[14]

Macromolecules « —
ﬂuVWMW



