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SUMMARY: Anionic polymerization of 2-propynyl methacrylaté)( 3-trimethylsilyl-2-propynyl methacry-

late @), 2-butynyl methacrylate3), and 3-pentynyl methacrylatel)(was carried out in tetrahydrofuran at
—78°C for 1 h. The employed initiator systems were (diphenylmethyl)potassium/diethylziggnjend 1,1-
bis(4-trimethylsilylphenyl)-3-methylpentyllithium/lithium chloride (LiCl). Although poliX was obtained
guantitatively with each initiator system, the observed molecular weights were always higher than the predic-
ted values and the molecular weight distributions were rather bidatik, > 1.3), indicating a side reaction

at the acidic acetylenic proton. On the other hand, the polymerizati@+4fi.e., methacrylate monomers
having no terminal acetylenic protons in the ester moieties, proceeded quantitatively under similar conditi-
ons. The resulting polg-4)s were found to possess the predicted molecular weights and narrow molecular
weight distributions il,/M, < 1.1), indicating the living character of the polymerization systems. The trime-
thylsilyl protecting group of poly%) was completely removed to form a paly(having well-defined chain
structures by treating it with potassium carbonate in a mixed solvent of THF and methanol at room tempera-
ture for 1 h.

Introduction presence of trialkylaluminium to eliminate the impurities
The anionic polymerization of alkyl (meth)acrylates hasn the monomerd

met serious problems as to the yields and the molecularFurthermore, a number of efforts have been intensively
characteristics such as molecular weights and the distdedicated to overcome the above-mentioned drawbacks
butionsd, since an inherent ester carbonyl attack of thin recent years!®. These researches succeeded in the
anionic initiators and the propagating chain ends occa&ontrolled anionic polymerization of alkyl (meth)acry-
sionally takes place. Moreover, the exothermic instantdates by developing new polymerization systems to con-
neous propagation and the partially aggregated propagé®l the primary structure of the resulting polymers such
ing species also cause a broadening of the moleculasM,s, MWDs, and in some cases the stereoregularities.
weight distribution (MWD) of the polymer from kinetic One of the most striking example is the binary initiator
reasons, besides the difficulties in the thorough purificasystem of bulky organolithiums and LiCl, which was
tion of the monome#s It has been already revealed thatdeveloped by TeysSieet al®® This initiator system
the selection of initiator, countercation, solvent, and polyenables us to produce the well-defined ptayibutyl
merization temperature is essential for the quantitativacrylate and poly(methacrylate¥s having extremely
and controlled polymerization of alkyl (meth)acryldies narrow MWDs. We recently found that the simple addi-
The use of sterically hindered initiators such as 1,1-diphaion of EtZn to organopotassiums in THF induced the
nylhexyllithium and polar solvents such as tetrahydroliving anionic polymerization of alkyl methacrylates to
furan (THF) has been recommended for the high effiproduce a stabilized propagating spetde#t is believed
ciency of the initiator and the fine control of MWD that the added BZn acts as a Lewis acid to dissociate the
Very low polymerization temperature such as =€8s aggregated propagating carbanions and to form a single
preferable to suppress the intramolecular terminatioactive species after shifting the equilibrium state in accor-
known as a back-biting carbonyl attack of the propagatiance with the combination of organolithium and trialkyl-
ing enolate anioris®. In addition, a sufficient purification aluminiun?. The undesirable back-biting might be also
of methacrylates is almost achieved by distillation in theliminated to form stable and less nucleophilic active
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1: R =CH,C==C-H
CHG _CHs 2: R = CH,C=C-SiMe;
“Ncoor 3: R = CH,C=C—CHj
4: R = CH,CH,C=C—CHg

chain ends. Retadation of the propagtion reactionwas
apparerly observedafter addition of Et;Zn evenin a
polarbasicsolventasTHF.

In the presentstudy we focus on the anionic polymeri-
zationof alkyl methacrylates containng reactivecarbon-
carbontriple bonds(acetylere moieties)in the alkyl side
chain by using the above-metioned initiating systens.
The first monomerattemped is 2-propynyl methacylate
(1, propagyl methacylatef!”, which hasan acidic term-
inal acetyene proton on the alkyl group In the anionic
polymerization of 1, the mostprobabe sidereactonsare
the abstradbn of the acetykeneproton andthe nucleophi-
lic addition of the cartanionic specis toward the C=C
bond.The acidity of the terminal acetyene proton (pK, =
25)'® is indeedcomparableto that of ethyl acetate(pK, =
24-25; corespondingo the activechainends) and,more
seriously it is much higherthanthat of diphenylmethane
(pKa = 34, conjugded acid of the initiator used her).
This suggeststhe high feasibilty of the proton abstrac-
tions from the acetylene moieties during the course of
and, especidly, at the initial stageof the polymerizdion
of 1. In addtion, terminal acetylenemoieties (C=CH)
are known to show higher readivities toward addtion
reactiors and polymerizations compared with those of
inneracetyenemoieties.

The other monomes emgoyed in this study are 3-tri-
methylslyl-2-propynyl methacylate (2), 2-butynyl
methacylate (3), and 3-pentyny methacylate (4). These
monomes posses disubstituted inner C=C functions
that are lessreactivethan the terminal C=CH. We have
recently reportedthe living anionic polymerization of
(trimethylsilylethynyl)styrenes'® and 4-(4-trimethylsiyl-
3-butynyl)styene?. Evenin caseof the styrenedeiiva-
tives, which prodwce strongly nucleoplilic propagting
carbanims, no sidereactons concerning the nucleophilic
additiontoward disubgituted C=C bondswereobserved
while in the latter casean abstraction of the methylene
proton adjacentto the C=C groups occured to some
extentat elevat@ polymerizdion temperatue. Sincethe
enolatetype propagting carbanims of methacylatesare
muchlessnucleoplilic andbasicthanthosederivedfrom
styrenesthe coexistenceof theinnercarlon-carbortriple
bond and the propagting speces derivedfrom 2—4 are
highly expeced.
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In this paper we attemptthe anionic polymerization of
four alkynyl methacrylags, 1-4, to expand the range of
functionalmonomerscapalbe of a controlledpolymeriza
tion, sinceit is still an importart areafor the designof
new functional macromoécules having precisely
designed chainarchitectire. The versatility of the binary
initiator systens (organolithium/LiCI®® andorganopota-
sium/EtZn*®) will be denonstratedfor the controlled
polymerizaion of functionalmethacylates.

Resultsand discussion

As descibed in the Introducion, greatprogres both on

the formation of long-lived growing speciesand on the

precisecontrol of the molecular weightsandthe MWDs

hasbeenrecently attainedin the anionic polymerizatian

of alkyl (methacrylates particdarly by the two binary

initiating systeng®#®®, In these systens, the adcded

LiCI®9 and Et,Zn'® interactwith the propagting chain

end as a comman-ion salt or a Lewis acid to shift the

ionic associabn equilibrium to the norassociatd species
during the courseof propagtion'®. The slower propaga-
tion rate andthe reducednucleophiliaty of the resulting

singe active speciesplay a very importan role to regu-
late the molecubrweights andthe MWDs.

Anionicpolymerizatiorof 1

Anionic polymerization of 1 was first investigatedin
THF at —78°C for 1 h, asshown in Tab.1. Theemployed
initiators were 1,1-bis@-trimethylsilylphenyl)-3-methyl-
pentyllithium, 5, preparedfrom secbutyllithium and1,1-
bis@-trimethylsilylphenyl)ethyene®, and (diphenyl-
methyl)potassim (PhCHK). These stericdly hindered
initiators,5 andPh,CHK, wereusedeitherin the presece
orin theabseweof LiCl andEtZn, respetively.
Theinitiation reacton of 1 with 5 seemedo be instan-
taneous,sincea rapid color changeof the reacton system
was observed The poly(1) was obtainedin quantigtive
yield and all the polymeric produd¢ was soluble in com-
mon organic solvents. The chenical structureof poly(1)
wascharactezed by H, 3C NMR andIR spectoscopies
(see Experimental pait). The pendantpropagyl moiety
was found to be intact under the polymerization condi-
tions. Theseare contrastng resuts to the early finding of
D’Alelio and Evers'”, who reported that an insolude
material was pattially formedalong with a soluble poly-
mer. The SECcurveof the resultirg polymerwasalmost
unimodal but showed a tailing toward low molecula
weight region and the polydisperdly index, M./M,, was

a2 Although the anionic polymerizationof 1 hasbeenpreviouslyreportedin this report, the yields of the polymersobtainal with
organolithiuns werenot always quantitdive andthe prodwct contanedaninsolublepolymerin a proportionof 10-30%.For this
explaration, they suggstedthat the metal acetylidesformed by the proton abstration alsoinitiated the polymerizaion of 1 to
resultin cross-linkirg andformationof insolubleprodwctsalongwith the usualpropagatiorto afford alinear polymer
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Tab.1. Anionic polymerizdion of 1-4in THF at —78°Cfor 1 h
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Exp. Monome Initiator (amountin mmol) Additive  Additive/ Yield 103 M, M/ M,
no. (amount (amount  Initiator in %
in mmol) inmmol)  (mole calc. SE® NMRY
ratio)
1 1(4.76) secBuLi (0.06®)/TMS,DPE) (0.07%) - - 100 10 19 - 1.24
2 1(4.66)  secBuLi (0.0686)/TNS,DPE(0.144)  LiCl (0.23) 34 100 8.8 18 16 1.17
3 1(3.83) PhCHK (0.0524) - - 65 59 96 - 1.58
4 1(4.08) PhCHK (0.0490) Et:Zn(0.755 15 100 1 26 - 1.27
5 2(2.84) secBuLi (0.0468)/TNS,DPE (0.0993) - - 100 12 12 - 1.17
6 2(3.00) secBuLi(0.0584)/TVMS,DPE(0.140) LiCl (0.244 4.2 100 10 1 1 1.06
7 2(3.45) seeBuLi (0.0318)/TVMS,DPE(0.0888) LiCl (0.189 5.9 100 22 26 23 1.04
8 2(5.07) seeBuLi (0.0266)/TM5,DPE(0.0734) LiCl (0.110) 4.1 100 38 50 47 1.04
9 2(2.43) Ph,CHK (0.0460) - - 100 1 18 - 1.87
10 2(3.89) PhCHK (0.0713) Et,Zn (0.927) 13 100 11 11 - 1.08
11 3(6.81)  secBuLi (0.0885)/TMS,DPE(0.137) - - 100 1 12 - 1.12
12 3(4.12)  secBuLi (0.0718)/TMS,DPE(0.132)  LiCl (0.270 38 100 83 11 1» 1.05
13 3(7.29) secBuLi (0.0430)/TMS,DPE(0.0915) LiCl (0.226 53 100 24 29 269 1.09
14 3(4.56) PhCHK (0.0566) - - 100 1 14 - 1.28
15 3(4.65) Ph.CHK (0.0582) Et:Zn(0.729 13 100 1 12 - 1.06
16 4(4.36)  secBuLi (0.063)/TMS,DPE(0.110)  LiCl (0.279 4.4 100 1 15 13 1.08
17 4(4.08) PhCHK (0.0529) Et:Zn(0.580 11 100 12 15 - 1.09
3 M, (SEC)andM./M, wereobtainel from SECcalibrationusingpoly(methyl metharylate)standards.
b M, (NMR) wasdetermine from endgroupanalyss using'H NMR spectoscopy

9 1,1-Bis(4"-trimettylsilylphenyl)ethylene.
9 M, wasobtainedoy VPO.

1.24. The molecularweight detemined by the SEC cali-
bration using poly(metyl methacryla¢) standrds was
significantly largerthanthe calculatedvaluebasedon the
molar ratio of 1 to 5. Similar resultwas observedn the
polymerization of 1 with a binary initiator systemof 5
and LiCl, althoudh the polydispesity index becane
slightly narower, from M,/M, = 1.24 to 1.17. On the
otherhand,the polymerizaion of 1 with PhCHK did not
proceed quantiatively and gave poly(1) only in 65%
yield. The polymer possesseduite broadMWD andill-
controlled M, value (run 3). Yield aswell asMWD was
improvedby additionof Et,Zn to the system Quantitative
yield was obtained within 1 h, and the polydispersiy
indexdecreasedrom 1.58t0 1.27.

The deviationin M, value could be well accountedor
by the lossof initiator at the initial stage probally dueto
the acetykne proton abstradon. The acetykenic proton
abstractio during the propagtion could be almostsup-
pressedby using the recently developedinitiating sys-
tems, althoughthe acetykene proton is corsideredto be
sufiiciently acidic (pK, = 25)*® agairst the enolae-type
propagading carkanion derivedfrom methacylate mono-
mers.lt is surprishg thatthe polymerizatian of 1, posses-
sing an acidic terminal acetykne proton, quanttatively
gives a linear soluble polymer, while the control of M,
andMWD is not perfectdueto the sidereactiors.

Anionicpolymerizatiorof 2

Similar to the succesful anionic polymeization of styr
eneshaving C=CSiMe; moieties®??, we hereindesigned
the novel protededmonomer2 to syntesizepoly(1) hav
ing well-defined chainstructuresthroughthe living anio-
nic polymerizdion of 2 andthe subsegentderotection
of the resuting polymer. The terminal acetykene proton
of 1 was purpcsefully maskedwith a trimethylsilyl pro-
tecting group.

In eachpolymerizatian, rapid initiation was observe
andthe conplete corsumptio of 2 wasachievedwithin
1 h at —78°C to give a soluwble polymer in 100% yield.
The trimethylsilyl protecing group of the resultirg
poly(2) was stableand intact during the couse of poly-
merization andthe polyme isolation No remowal of the
protectinggroup was observedon the spectroscpic ana-
lyses after several reprecpitations The spectr@copic
analsesrevealedthatthevinyl polymerization proceeed
exclusively on the methacylate unsaturabn of 2. The
SECcurvesof poly(2) showedunimodalandsymmetical
peals. In most cases, the M,/M, values of the poly(2)s
were less than 1.1. Furthemore, the most M, values
showed goad agreementwith the calcuated values, indi-
cating the highinitiator efficiency in the anionic polymer-
ization of 2. The M,/M, of poly(2) prodicedwith organo-
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lithium initiator 5in THF was1.17.As expectedrom the
previousreport$—% MWDs of the poly(2)s were satisfa-

torily narrowedto be within 1.1 (runs6-8), whena 3-5

fold molar excessof LiCl wasaddedto the initiator sys-
temof 5. As discussedlater, the trimethylsilyl protecting
groupof poly(2) is readly removedby treaing with tetra-
butylamnonium fluoride in THF/metanol,while the tri-

methylslyl groupson the initiator residueof 5 is intact
underthe sameconditions.After the deprotetion, the M,

valuesof three poly(2) samples(runs 6—8) were dete-

minedby endgroupanalsisusing 'H NMR spectroscop
as previausly reported Y. The molecubr weights thus
obtained agreed with the calculded values, suppoting

the quantiative initiatior efficienciesandthefine M, con-
trol by the molarratiosof 2 to 5. The poly(2) formedby
the directinitiation with PhCHK in THF at —78°C pos-
sessedsety broad MWD (M,/M, = 1.87) and higher M,
value thanthe calcdated ong althougha conplete con-
versionof 2 wasobservel after 1 h reaction.By the addi

tion of 12 equivaletts of Et,Zn to the polymerizationsys-
tem with Ph,CHK, the M,/M, value of the resultirg

poly(2) was dramaically reducedfrom 1.87 to 1.08
(Fig. 1) and the observel molecubr weight agreedwell

with the calcuatedvalue. Thus,Et,Zn apparent induces
the contolled anionic polymerizationof 2 in conjunction
with PhhCHK as an initiator. This is consistat with our
results previously obsened for other (meth)acylates
suchastert-butyl acrylaté? and methyl, isoprogyl, and
tert-butyl methacylates®. The protection of an acidic
proton of C=CH with trimethylsilyl group is essatial
and effective for the controlled polymerization of meth-
acrylatederivaive havinga C=CH group

(A)

(B)

3 3% 3 40 42 44 4o 48 S0 52 54 S5 58
Elution Count

Fig.1. SEC curves of poly(2) obtainel at —78°C with
PhCHK (A), M./M, = 1.87 (Tab.1, run 9), and with PRCHK/
Et,Zn (B), My/M, = 1.08(Tab.1, run 10)
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Depmotectionof trimethylslyl groupfrompoly(2)

The trimethylsilyl group on poly(2) was quantigtively
removed in order to regenerte the terminal acetylene
groupby thereadion of poly(2) with potassiumcartonate
in a mixed solvent of THF and methand at room tem
peraturefor 3 h (Schene 1)?®. The deproectionreadion

Scheme 1 :
CHg CHa
' K,CO '

— CHp—C y— 23 —tCHa-C
| N THF/MeOH

COOCH,C=C-SiMe; COOCH,C=C-H

Poly(2) Poly(1)

proceedechomayeneouslyand a white powde of poly-

mer was obtaned after pouring the mixture into a large
excesf water. The resuting polymer waschamacterized
by the H, *C NMR and IR spectrosopies, and SEC
measurement In the *H NMR spectrum of the polymer
after deprotetion, the strong signal at 0.16 ppm dueto

the trimethylsilyl groups completdy disappeagd and a
newsignalcorresponihg to theteminal acetylene proton
appearedat 2.49 ppm. As shown in Fig. 2, the 3C NMR

specta showthatthe strongsignd of SiCH; at —0.1 ppm
conpletely disappearsafter the deproection. In addtion,

the two carbonsignalsdueto protectel C=CSi at 92 and
99 ppmdisappearandalternatvely the signalsfor C=CH

arenewly observedat 75 and 77 ppm.In the IR spectrum
of poly(2), the absorptonsdueto the dsi_c andthe ve=cs;

at 1252 cnr? and 2187 cnt?, respectively, diminished
after depotection. Two characteistic absorptbonsderived

from terminal acetylenefunction alternatvely appeared
at2130cnm? (vec) and3298cnt? (v =cy). Thesespectre

smpic analysesconfirm the complete removwal of tri-

methylsilyl protectng group from poly(2) without unex-
peced side reactons such as hydrolysis and ester
exchangereacton. All the spectrahereobservedandthe
solubility of the polyme after deprotetion were in good

accodance with those of autrentic poly(l) obtaned
directy by the anionic polymerization of 1, alsosupport

ing the formation of poly(2-prpynyl methacrylag).
Furthermore,the SEC curve of the deproectedpolymer

shifts toward low molecula weight side while keeping
the narow MWD, ascanbe seenin Fig. 3. This strongly

indicatesthe absencef chaindegradatiorandcross-lnk-
ing during the courseof deprote&tion reactionunderthe
corditions mentionedabove.We thussubstatiatethe tai-

lored syntesisof poly(1) through the contrdled anionic
polymerizgion of 2 andthe subsequendeprotetion reac-
tion of theresuting polymer.

b The18trimethylsilyl protors of initiator residuederivedfrom 5 provide valuable probesfor determiningM, by ‘*H NMR analysis.
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Fig.3. SECcurvesof poly(2) beforedeprotetion (A); My/M,
= 1.08andafterdeprotectio (B); M./M, =1.10

Anionicpolymerizaibn of 3and4

We havenext attemptedto polymerize 3 and 4 with the
sameinitiator systens to conmpare their polymerization
behavios with thatof 1. In monomes 3 and4, the acidic
terminal acetyene protons are subsituted with methyl
group In other words, they possessednner acetykene
functionson the eder alkyl groups.Their anionic poly-
merizatons alwaysproceedd smoothy at —78°C within
1 h to give polymersin quantitatiwe yields undersimilar
conditionsto thoseof 1 and2. The polymerization beha-
viors of 3 and4 resembld that of 2 from the viewpants
of molecularweight control. The M, valueswere usudly
regulaed well by the molar ratios of monomerto initia-
tors. The M,s of two poly(3) samplesmeasuredby vapor

100 50

0 ppm

13C NMR specta (CDCls) of poly(2) before deprotectior(A) andafterdeprotection(B)

pressue osmomety were actualy closeto the calculaed
values.By addtion of LiCl or Et;Zn to the initiator sys-
tems, the MWDs of poly(3) were always very narow
(Mw/M, < 1.1), while no addition gavebroaderMWDs of
the polymers.Similarly to the caseof 3, poly(4)s of pre-
dicted molecubr weights and narrow MWDs were
obtainedby eachbinary initiator systemof 5 andLiCl or
PhCHK andEtZn, respectivéy.

Thus,we havesuccesklilly demonstatedthat the con-
trolled anionic polymerizations of 2-4, i.e., alkynyl
methacylatesbeaing inner acetylane maoieties, quantit-
tively give polyme's of well-defined chain structuresby
the binary initiator systens, 5 and LiCl or PhbCHK and
Et,Zn. The addtive effect of LiCl, whichleadsto thefine
control of molecuar weightand MWD, hasbeenalrealy
confirmed in the anionic polymeization of several
methacylates beaing (protected) functiond moieties.
The functional monomes include 3-(trialkoxysilyl)pro-
pyl?, 6-[4-(4-methoypheny)phenoxy]heyl?, 2-[(tri-
alkylsilyl)oxy]lethyl?®,  2-[(methoxymehyl)oxy]ethyl??,
(2,2-dimethyl-1,3-doxolan-4-yl)methyl?”,  glycidyl®®,
and (dimethylamingethyP® methacrylats. The resuts
obtainedin this study are consiséentwith the former suc-
cessfulexanples. As describedbefore, we haverecently
found that the addtion of Et,Zn to the organopoassium
initiator reduceghe rate of propayation and narrowsthe
MWD of theresultingpoly(alkyl methacylate)sdramat-
cally*®. This new binary anionicinitiator is alsoeffective
for N,N-dialkyl-acrylamidesto regulatethe tacticity of
the repeating units along with the M, cortrol and the
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Tab.2. Soluklity of polymerg

Solvent poly(1) poly(2) poly(3) poly(4) PMMA

hexare
benzee
toluene
chloroform
dichlormettane
diethyl ether
1,4-dioxane
tetrahydrofuan
ethyl acetate
acetone
N,N-dimethylforma-
mide
dimethyl sulfoxide
pyridine
ethand
methanol
H,O

- —unwm nununuununn—uununun—

(RGN OROROEONORORO NN
—-—— —unum nununuumon—uununn—
—-———unwm nununuunununnununnn—
—-_——unwm nununuunmnn—uununun—

—nunun-—

a |: insoluble,S: soluble.

Tab.3. Glasstransitiontempeaturesof polymers

Polymer Countercation 10+ M, (obs.) T,/°C
poly(1) K* 8.3 55
poly(2) Li* 26 52
poly(2) K* 11 54
poly(3) Li* 29 71
poly(3) K* 12 63
poly(4) Li+ 15 36
poly(4) K* 15 35

reducingof the MWD??. In additionto theserepots, the
polymerization resut in this study shows the versatility
of the new binary initiator systemcompiised of PhLCHK
and Et,Zn for the living anianic polymerizationof func-
tional (meth)acylic aciddetivatives.

Tab.2 shows the solubilities of the resulting polymers.
The solubilities of poly(1) and poly(3) resemlibed that of
poly(mettyl methacrylat§. They were readily solublein
awide rangeof orgaric solventsbut insolubke in hexane,
diethyl ethe, ethanol,methand and water. The poly(4)
alsoshowael similar solubility to poly(1) andpoly(3) but
wassolublein diethyl ether indicatingthe smal effect of
alkyl chain length on the solubility. The substituton of
the terminal acetyene proton by a trimethylsilyl group
remarkaby chargedthe solubility of poly(2) from that of
poly(1). After deproection of the trimethylsilyl group of
poly(2), the solubility of the polyme changedand
showedgood agreementwith that of poly(1), supporting
theformation of alinear poly(propagyl methacrylag).

The glass transifon temperatures(Ty) of poly(1) to
poly(4) weremeasuredy differential scanningcalorime-
try as summarizedin Tab.3. The polymers showed T,
valuesbetween35 and71°C, which areapparetly lower
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than that of poly(mehyl methacylate) (T, = 130°C).

Among the polymers, poly(4) showed the lowest T,

araund 35°C, probalty dueto the mobility of the longer
alkyl chain After substtution of the acetyenehydrogen
of poly(1) with themethylgroup,the T, slightly increased
from 55to 71°C for poly(3).

In conclsion, it is suggstedfrom the analysesof the
molecular weight and its distribution that the anionic
polymerizaion of propagyl methacylate, 1, is acconpa-
nied with sidereactonsto someextent,especiallyin the
initiation step.By contrastthe anionic polymerization of
2-4, i.e., alkynyl methacrylags having a trimethylsilyl-
protectedacetyene moiety or inner C=C linkages, pro-
ceedsin a living fashionin THF at —78°C by the initia-
tion with PhCHK/Et,Zn and 5/LiCl to give polymers
havng well-controlled chainlenghs. Quantiative depre
tection of the trimethylsilyl groupontheresultirg poly(2)
is attainedby treatingit with potassiumcarbonateto give
a poly(propagyl methacylate) beaing a C=CH moiety
in eachmonomerunit.

Experimental part

Materials

Commergally availablemethacryloylchloride, 2-propyn-1-
ol, 2-butyn-1-ol,and3-pentyn-1-olwereusedwithout purifi-
cation. 3-Trimethylsilyl-2-propyn-1-olwassynthesizedrom
2-propyn-1-ol according to the reported proceduré®.
Triethylaminewasdried anddistilled over CaH, undernitro-
gen. Heptanewas washedwith conc.H,SO, and dried over
MgSQ,, andthendried over P,Os for 1 day underreflux. It
was then distilled in the presenceof BuLi under nitrogen.
Diethylzinc (Tosoh-Akzo Co., Ltd.) was distilled under
reducedpressureand was diluted with dry THF. Lithium
chloride was dried in vacuofor 2 daysand usedasa THF
solution. Trioctylaluminium (Sumitomo Chemical Industry
Co., Ltd.) wasdiluted with dry heptane THF wasrefluxed
over sodiumwire for 6 h and distilled over lithium alumi-
nium hydride, and finally distilled on a vacuumline from
sodiumnaphthalenideolution.

Initiators

Commergally available secBuLi (1.3 M in cyclohexane,
Nacalai Tesquelnc.) was usedwithout further purification.
(Diphenymethyl)potassiunwas synthesizedy the reaction
of diphenylmethanend potassiunmaphthaleniden THF at
room temperatureor 48 h. The concentratiorof the initia-
tors was determinedby colorimetric titration with 1-octanol
in asealedreactorin vacuoaspreviouslyreported®.

2-Propynylmethacrylatg(1)

Methacyloyl chloride (6.19g, 59.2mmol) in ether(10 mL)
was addeddropwiseto a mixture of 2-propyn-1-0l(3.00 g,
53.5 mmol) and triethylamine (14 mL, 100 mmol) in ether
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(30 mL) at 0°C over 30 min under nitrogen. The mixture
was stirred at room temperatue overnight and filtered to
removetriethylaminehydrochloride Thefiltrate waswashed
with 2N HCI, saturatedNaHCQ,, and water and then dried
over anhydrousMgSQ,. After concentrationof the ether
solution, vacuum distillation from CaH, gave a colorless
liquid of 2-propynylmethacrylatg3.39g, 27.3mmol, 51%,
b. p. 60°C/33mmHg(lit.*”: 83°C/65mmHg)).

'H NMR (90 MHz, CDCL): 6 = 1.97 (m, 3H, =C—CHz),
2.49(t, 1H,=C—H, J, = 2.4 Hz), 4.76(d, 2H, OCH,), 5.63
(m, 1H, =CH, cis), 6.18(m, 1H, =CH, trans).

13C NMR (22.5MHz, CDCl): 6 = 18.1(=C—CH,), 52.1
(OCH,), 74.7( C—H), 77.8(CH,C=), 126.3(=CH,), 135.6
(C=CH,), 166.3(C=0).

IR (KBr): 815, 1163, 1298, 1321, 1640, 1717 (C=0),
2241(C=C)cnt™,

3-Trimethylsilyl-2-popynylmethacrylatg2)

By useof a proceduresimilar with thatdescribedor the pre-
parationof 1, 6.66 g (63.7 mmol) of methacryloylchloride
was reactedwith 6.24 g (48.7 mmol) of 3-trimethylsilyl-2-
propyn-1-ot? to afford a colorlessliquid of 2 (7.27 g, 37.0
mmol, 76%,b.p 50-51°C/0.35mmHg).

'H NMR (90 MHz, CDCly): 6 = 0.16(s, 9H, SiCH), 1.94
(m, 3H,=C—CH;), 4.74(s,2H, OCH,), 5.59(m, 1H, =CH,
cis), 6.15(m, 1H, =CH, trans).

13C NMR (22.5 MHz, CDCL): § = -0.2 (SiCHg), 18.4
(=C—CH;), 53.0 (OCH,), 92.1 (C=C—SiMe;), 99.3
(C=C—SiMe;), 126.4 (=CH,), 135.9 (C=CH,), 166.7
(C=0).

IR (KBr): 813, 1154, 1252, 1293, 1316, 1641, 1728
(C=0),2186(C=C) cnr™.

2-Butynylmethacrylatg(3)

By useof a proceduresimilar with thatdescribedor the pre-
parationof 1, 23.85¢g (228 mmol) of methacryloylchloride
was reactedwith 12.42 g (177 mmol) of 2-butyn-1-ol to
afford a colorlessliquid of 3 (17.39g, 126 mmol, 71%, b.p.
58-59°C/4—-5 mmHg).

'H NMR (90 MHz, CDCl): 6 = 1.86(t, 3H, =C—CHs, J;
=2.4Hz),1.96(m, 3H, =C—CHsy), 4.72(q, 2H, OCH,, Js =
2.4Hz),5.60(m, 1H, =CH; cis), 6.15(m, 1H, =CH, trans).

13C NMR (22.5MHz, CDCL): 6 = 3.5 (=C—CHjy), 18.2
(=C—CH;), 52.9 (OCH,), 73.3 (C=C—CH, 829
(C=C—CHa), 126.0(=CH,), 135.9(C=CH,), 166.7(C=0).

IR (KBr): 814, 1157, 1295, 1316, 1640, 1722 (C=0),
2241(C=C)cnr.

3-Pentynyimethacrylatg4)

By useof a proceduresimilar with thatdescribedor the pre-
parationof 1, 6.34 g (60.6 mmol) of methacryloylchloride
was reactedwith 4.71 g (56.0 mmol) of 3-pentyn-1-olto
afford a colorlessliquid of 4 (4.45g, 29.2 mmol, 52%, b.p.
43-45°C/0.8mmHg).

'H NMR (90 MHz, CDCL): 6 = 1.74(t, 3H, C—CH,;, J =
2.6Hz),1.91(m, 3H, =C—CHg), 2.46(m, 2H, CH,—C=C),
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4.16 (t, 2H, OCH,, J = 7.1 Hz), 5.53 (m, 1H, =CH; cis),
6.09(m, 1H, =CH, trans).

13C NMR (22.5 MHz, CDCL): 6 = 3.4 (=C—CHz), 18.2
(=C—CHs), 19.2 (CH,—C=), 63.0 (OCH), 74.7
(C=C—CHs), 77.1 (C=C—CHy), 125.5 (=CH,), 136.3
(C=CH,), 167.1(C=0).

IR (KBr): 815, 1163, 1298, 1321, 1640, 1717 (C=0),
2241(C=C)cnr™

Purification of monomers

Monomerswere purified by column chromatographysilica

gel, hexane/ethyhcetate= 9/1) andfractional distillation in

vacuo from CaH. After careful fractional distillation, the
purified methacrylatesveresealedff underdegassedondi-
tions in an apparatusequippedwith a breakseain the pre-
senceof Cahb. The monomerwasstirredfor 20 h atambient
temperatue andthendistilled from CaH, on a vacuumline

into ampouleditted with breaksealsThe distilled monomers
weretreatedwith 1.5-2 mol-% of 0.4 M trioctylaluminium
in heptanegor 30 min andagaindistilled underhigh vacuum
conditions into an ampoule fitted with a breakseal.The
monomerswere diluted with dry THF and the resulting
monomersolutions(0.4—0.7 M) were storedat —30°C until

readyto usefor the polymerization.

Anionicpolymerization

All polymerizationwas carried out at —78°C under high
vacuumconditionsin an all-glassapparatusequippedwith
severalbreakseaf®. Monomerin THF wasrapidly addedto
a THF solution of initiator with vigorous shaking of the
apparatusThe polymerizationwas quenchedvith degassed
methanol The reactionmixture of 1 wasconcentratedyy an
evaporatg andthenpouredinto a large excesof hexaneto
precipitatethe polymer Similarly, the polymersof 3 and 4
were precipitatedinto methanoland the poly(2) was col-
lected after precipitation into water containirg a small
amountof aceticacid. Polymerscollectedby filtration were
purified by reprecipitationsvith a THF/methanokystemand
by freeze-dryingfrom benzenesolutions. Poly(1-4) thus
obtainedwerethencharacterizedy H, *C NMR, IR spec-
troscopesasfollows.

Poly(1): *H NMR (90 MHz, CDCL): 6 = 0.7-1.2 (3H, CHy),
1.7-2.2(2H, CHy), 2.5(1H, C—H), 4.6 (2H, OCHy).

13C NMR (22.5MHz, CDCl): 6 = 17.6 (CHg), 45.2 (qua-
ternary C), 52.3 (OCH,), 54 (CHp), 75.5 (=C—H), 77.3
(C=C—H), 176.3(C=0).

IR (KBr): 734,991, 1139 (C—0), 1168, 1267, 1448,
1484, 1734 (C=0), 2130 (C=C), 2941-2993 (C—H),
3298( C—H) cnrt.

Poly(2): *H NMR (90 MHz, CDCL): 6 = 0.18(9H, SiCHy),
0.7-1.2(3H, CHy), 1.9(2H, CH,), 4.59(2H, OCHy).
13C NMR (22.5 MHz, CDCl): § = —0.1 (SiCH;), 18.2

(CHg), 45.3 (quaternaryC), 53.1 (OCH,), 54.7 (CH,), 92.5
(=CCH;), 98.8(SiC=), 176.1(C=0).



1834

IR (KBr): 761,845,1034,1137,1168,1252,1359, 1406,
1448,1484,1737 (C=0), 2187 (C=C), 2900-2950 (C—H)
cnr?,

Poly(3): *H NMR (90 MHz, CDCl): § = 0.5-1.2(3H, CH),
1.5-2.2(5H, CH:C= andCHy), 4.5(2H, OCH,).

13C NMR (22.5 MHz, CDCl): 6 = 3.4 (CH;C=), 17.2
(CHg), 45.1 (quaternaryC), 52.9 (OCH,), 54.1 (CHy), 72.9
(=CCH,), 83.4(CH,C=), 176.6(C=0).

IR (KBr): 734,914, 1138,1232,1266,1448,1484,1733
(C=0),2243(C=C), 2923-2997(C—H) cnT™.

Poly(@): *H NMR (90 MHz, CDCL): 6 = 0.6-1.2 (3H, CHy),
1.6-2.1(5H, CH:C= andCH),), 2.4 (2H, CH,C=), 4.0(2H,
OCH).

13C NMR (22.5MHz, (CDs),S0): 6 = 2.5 (CH;C=), 16.4
(CHg), 17.8(=CCH,), 44.0(quaternaryC), 53.5(CH,), 62.8
(OCH,), 74.9(=CCH,), 76.9(CH;C=), 176.1(C=0).

IR (KBr): 735, 1010, 1152, 1175, 1240, 1268, 1448,
1729(C=0), 2246(C=C), 2858-2991 (C—H) cnt*

Depmotectionof trimethylsilyl group of poly(2)

Poly(2) (0.489, 2.44mmol basedon the monomerunit) and
potassiuncarbonatg0.70g, 5.1 mmol) were dissolvedin a
mixed solventof THF (20 mL) and methanol(5 mL). The
mixture was stirred at room temperaturefor 3 h and then
pouredinto waterto precipitatethe polymer The white pow-
derwascollectedby filtration andpurified by the reprecipi-
tationsfrom THF/hexanesystemand by freeze-dryingfrom
benzenesolutionto afford a white powderof polymer(0.29
g). The resulting polymer was characterizecdhy NMR, IR,
andSECaspoly(2-propynylmethacrylate).

Measuements

Size exclusionchromatogram¢SEC) for MWD determina-
tion were obtainedat 40°C in THF (1.0 mL min™) with a
TOSOH HLC-8020 instrument equippedwith a series of
polystyrenegel columns (TOSOH G5000H,., G4000H,
andG3000H, ) with ultraviolet (254 nm) or refractiveindex
detectionsVapor pressureosmometry(VPO) measurements
for M, determinationwere madewith a Coronall7 instru-
mentin benzenelnfrared spectra(KBr disk) were recorded
on a JEOL JIR-AQS20MFT-IR spectrophotometetH and
13C NMR spectrawere recordedon a JEOL FX-90Q (89.6
MHz *H and22.53MHz **C) in CDCl,. Chemicalshiftswere
reportedin ppm downfield relativeto tetramethylgane (6 0)
for 'H NMR andto CDCl; (6 77.1) for *C NMR as stan-
dards.The glasstransitiontemperatureof the polymerwas
measuredy differential scanningcalorimetryusinga Seiko
Instrument DSC220 apparatus and analyzed by an
SSC5200A station. The samples were first heated to
120°C, cooledrapidly to —40°C, andthenscannedagainat
arateof 20°C - min™,
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