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Photoinitiated polymerization of ethyl cyanoacrylate by
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SUMMARY: The photoinitiated polymerization of ethyl cyanoacrylate (ECA) by benzyl triphenylphospho-
nium hexafluoroantimonate (BPand (anthracen-9-ylmethyl)triphenylphosphonium hexafluoroantimonate
(MAP*) was studied. Zwitterionic and free radical mechanisms which involved homolytic and heterolytic

decomposition of the phosphonium salts are discussed. The anthracene-sensitized photopolymerization of

ECAwas also demonstrated.

ZUSAMMENFASSUNG: Die photoinitiierte Polymerisation von Cyanactylsethylester (ECA) mit Ben-
zyltriphenylphosphoniumhexafluorantimonat (BRind (Anthracen-9-ylmethyl)triphenylphosphoniumhexa-
fluorantimonat (MAP) als Photoinitiatoren wurde untersucht. Ein zwitterionischer sowie ein radikalischer

Mechanisms, einschlieZlich der homolytischen und heterolytischen Zersetzung der Phosphoniumsalze, wer-

den diskutiert. Die mit Anthracen initiierte Photopolymerisation von ECA wurde ebenfalls untersucht.

Introduction produced by the photoexcitation of the complex. Quite

Photopolymerization of various monomers is gainin%ecin.tly,_wedhsve re,g,"”é)? on tgebpolyr?]erlzatlon of
increasing importance in the field of polymer materia _C Initiated by pyridine formed by anthracene-sensi-

science. For example, polymeric coatings with desireff?€d Photodecomposition of N-alkoxy pyridinium ions
ﬁq. (1) and (2)).

thickness and physical and mechanical properties ¢

essentially be prepared by photopolymerization of appro-

priaFg formulations cpntaining monomers, initiators and hy A% M

additives via free radical or cationic routesree radical

polymerization of acrylate and methacrylate-based mono- (A)

mers have been investigated in detail with a wide variety

of photoinitiators and the chemistry involved is now well . .

established. Ay O A *@ + EO (@)
During the past two decades considerable attention has I SbFg

also focused on technically applied cationic photopoly- OFEt

merizations involving vinyl ethers and epoxides as mono- . | o o .

mer®. The major classes of photoinitiators which can Initiation of polymerization is identical to that

successfully be applied to initiate cationic polymerizatiofiéscribed for deliberately added amitieand involves

include diaryl iodoniur®, triaryl sulfoniunf and N- addition of the photqchem!cally I|perated pyridine to the

alkoxy pyridinium salt8, and iron arene complexgg ~Mmonomer, thus forming zwitterionic specig$Eqg. 3).

However, the corresponding anionic polymerizations COORt _COOF

have been studied only scarcely. Fukuchi €? etported  [()] + CHfC/ s ©+—CH2. c\?

the anionic coordination polymerization of epoxides by a \CN CN

new catalyst system consisting of titanium tetraisoprop- _COOE! 3)

oxide and photochemically generated phenol. The more lCHf <

powerful monomer ethyl cyanoacrylate (ECA) was poly- o

merized by isocyanate ions generated by photoinduced

ligand exchange reactions. In another study Kutal and co-

worker® reported the use of Pt(acagjomplex in the As a part of our continuous interest in photoinitiating

photoinitiated anionic polymerization of ECA. Initiating systems, we report here the photoinitiated polymerization

species were claimed to be free acetyl acetonate anioofs ECA with phosphonium salts. As it will be shown
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below both zwitterionic and free radical mechanisms
althoughat differentrates,are operaive in the polymeri-
zation.

Experimental

Materials

Benzyl triphenylphosponiumhexafluoroantimonate(BP*)
was synthesizedaccordingto a proceduredescribedelse-
wheré?, melting point and spectralcharacteristicavere in
goodagreementvith theliteraturevalues Methyl methacryl-
ate (MMA) anddichloromethan€CH.CI,) were purified by
conventionaldrying and distillation procedures9-(Chloro-
methyl)anthracenetriphenylphosphinegthyl cyanoacrylate
(ECA), isopropanol,hydroquinone,NaSbk, methanesulfo-
nic acidandmethanolwereusedasreceived.

Synthesi®f (anthracen-9-yhethyl)triphenylphgsho-
niumhexafluobantimona¢ (MAPY)

A mixture of 9-chloronethylanthracené12 mmol) and tri-
phenylphosphin€l0 mmol) washeatedat 80°C andthe pro-
ductwas extractedwith etherwater The obtainedphospho-
nium salt in water was treatedwith NaSbk (10 mmol) to
yield the correspondingohosphoniumsalt exchangedwith
Sbk. The crude productwas recrystallizedfrom isopropa-
nol; yield 75%, m.p. 256°C.

'H NMR (CDCl;, 8/ppm): 8—6.2 (m, 24H; 3 Ph and
anthracenyprotons)5.4(d, 2H; CHy).

Photopolymgzation

Appropriatesolutionsof monomeyphosphaium salt, hydro-
guinoneand methanesulfoniacid (10 ppm) were degassed
with nitrogenandthenirradiatedin a photoreactoequipped
with 15 Philips lampsat room temperaturelLight intensity
was measureddy an Aberchromeactinometerand found to
be 6.12- 10° Einstein- s. At the end of a given reaction
time, polymerswere obtainedfrom the reactionmixture by
precipitationinto methanolanddrying in vacuo.

Analysis

H NMR spectrawere recordedon a Bruker AM 200 type
instrumentin CDCl; with tetramethylsilaneas an internal
standard.UV/Vis spectrawere taken on a Perkin Elmer
Lambda2 spectrometerFluorescencepectraweretakenon
aPerkinElmerModel LS-50spectrdfluorimeter

Resultsand discussion

Phosphonim saltsusedin this study were preparedby
thereactionof triphenylphasphinewith chloramethylated
aryls followed by counteranion exchangewith NaSbk
accordilg to the known proceduré?. Chloramethylated
aryl moietieswereselectedso asto yield the correspone
ing saltsabsorbing at differentwavelengthgTab. 1).
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Tab.1. Absorpton characterists of phosphonium salts in
CH,Cl,.

Salt Amax (NM) ¢ (L moftcnm?)

BP* 261 12440
MAP* 359 6561
MAP* 378 9555
MAP* 398 8300

Tab.2. Photomlymerizatior? of ECA in the preseie of phos-
phoniumsalts.

Run Salt Hydroquinone Rp(molL™*s?)
1 BP - 0.373
2 BP* + 0.298
3 MAP* - 0.945
4 MAP* + 0.472

3 Solvent CH,Cl,, [ECA] 4.41 mol L™, [salt] = 1- 102 mol
L™, [hydroquinane]=2- 102 time 1 h.

The phaoinitiated polymerization of ECA with phos-
phanium sdts, nanely benzyltiphenylphosponium
hexafluoroanimonate (BP*) and (anthracer®-ylmethyl)-
triphenylphsphoniun  hexaflwroantinonate (MAP*),
wascarriedoutin CH,Cl, andthe convesionof ECAwas
24% for BP* and 77% for MAP* suggeshg their phao-
initiator activity (Tab.2).

The relatively low activity of BP* seemedto come
from weak absorpions beyond 300nm. Apparently, the
phosphonium ion possessig a polyaromaticring, MAP?,
shows fairly strongabsorpions above300nm and better
initiator activity.

Upon irradiation, phosphaium ions undego both
homdytic*' and heterolytc'® cleawage of the carbon-
phosphors bord. The heterolytc pathway generatesa
bereyl cation and triphenylphasphine, whilst a benzyl
radcal and triphenylghosphoium radcal cation are
formedon homoltic cleavaggEqg. 4).

.
Phyp © @
3 CH, 2N
SbE, \
PP + +CH2@ SbF,

[ o

Polymer

Homolytic cleavage
hv

Php ' 1 CH, @ SbF,
lR-H ECA\\

PhyP +R 4+ H

l ECA

Polymer

Heterolytic cleavage

Polymer

An electrontransfermechanisnasillustratedin Eq. (5)
and (6) for tetraghenylplosphoniumchloride shoud also
be consideed for radcal and triphenylphasphine(PhP)
gereration.
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L hv . .
Ph,PCIT —> PhP + CI (5
Php —> PhP <+ PhT (6

Theweakbase PhP, formedby thereactons shown in
Eqg. (5) and (6), is supmsedto be the primary initiating
specie®’ in the phaopolymeizationof ECA (Eq. 7).

php COOEt . _COOEt
P+ =
3 CH, C\ ——> PP —-CH,- C\e

CN CN

M
———» Polymer

Q)

In addition to the zwitterionic polymerization,radicalic
intermediatesformedby homolytic cleavageof the phos-
phoniumion, may initiate the free radical polymerization
of ECA. The contibution of a free radcal processn the
polymerization is 20% and 50% for BP* and MAP*,
respectivey, aswas determinedfrom the differencesof
the polymerizationrates(Rp) in the presencandabsence
of hydroquinore asaradcal scavenger(Tab.2).

The structure of the polymer obtainedin the polymeri-
zation of ECA initiated by MAP* in the presace of
hydrogunone was examinedto consder the mechaism
of the polymerization. The polyme insduble in metharol
showedno fluorescenceby UV irradiation, suggesting
that the anthracenylgroup was not incorporaed into the
polymer chain Interestingly, the samepolymerizationin
the absewe of the radical scavengr yielded a polymer
with sone fluoresenceactivity indicating the incorpoa-
tion of the anthracerd-ylmethyl group in the polymer
(Fig. 1). Therefore,the polymerization is consideed to
proceedvia bothradicalandzwitterionic mectanisms

More convindng evidenceof the natureof the poly-
merizatbn mechanismwas obtained from the expei-
mentson the polymerizationof MMA. . Irradiation of the
monomersoluion in CH,Cl, ((MMA] = 4.68 mal L™
containhg 102 mol L™ BP* gavea polymer with 1.3%
conversion after 1 h. Irradiation in the presenceof

Wavelength (nm)

Fig.1. Fluorescencespectraof 10* mol L toluenesolutions
of (—) MAP, (- - -) PECA(run 3), (— =) PECA(run4).

A. Onen,N. Arsu, Y. Yatrl

2 - 102 mol L™ hydroquinonefailed to prodice any poly-
mer under the same experimemal condiions. These
resuts reveal that the lesselectrghilic monomerMMA
is not polymerizableby the weakbasePhP, andonly the
radcalic speciesreads with MMA.. It shouldbe pointed
out that previous studes on the phaoinitiated polymeri-
zation of MMA with various phosphaium salts sug-
gestal only afreeradcal mechanisni®.

The phaoinitiated polymerization of ECA with BP*
can be sensitizd by polyaomatic sensitizers such as
antlracere. This way the wavelengh sensiivity of BP* is
extended to longer wavelenghs and the phaoinitiation
activity is increased A plausible mechanism involves
electron transferfrom the phaoexcited sensiteer to the
phosphoniun salt (Eq. (8) and (9)) as descibed for
alkoxypyridinium salt$”18),

®

A* 4+ PhsP +—CH2-© —
~

AX +Php + CH,

l ECA l ECA &)

Polymer

Tab.3. Anthracene sensiized photopolymeizatior® of ECA in
the presee of BP'.

Run BP Anthracene Hydroquinone Rp
mol L2 (mol L) (molL™Y)  (molL1s?
5 1-102 2.8-107? 2-10? 0.238
6 1-10% 2.8-107? - 0.338

¥ SolventCH.Cl,, [ECA] = 4.41mol L™ timelh.

In this case both radicaland zwitterionic mechanism
are operative,i. e., the polymeris formedin the absence
andpresenceof aradicalscavengr (Tab.3).

In conclsion, thesepreliminary studiesindicate that
phosphoniun salts are capalle of phadoinitiating both
free radcal and zwitterionic polymerization when the
monomer is ECA, but just free radical polymerizaion
whenthe lesselectropilic monomerMMA s utilized. It
is possble to carry out the polymerizaion by direct as
well assensitizedirradiation.
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