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Multifunctional Acrylic Ether Monomers, Their alodsoee hta clilorosulte intermediate is involved in the coniveruitPolymers, and Polymerizable Epoxide Derivatives of EHMA to ECMA whic is w long-lived relative to othe chlorosulfittfrom Simple a-Substitution of Alkyl Acrylates Ine eiae. Thsclrslieaprnl endsin th injector of tht
gas chromatograph during monitoring of the reAction giving false evidenct

Robert D. Thompson, Thomas H. Barclay and Laon .1. Mathias of complete conversion to ECMA. If water is used to wash traces of thiony:
Departmntm of Polymer Science chloride from the solution, a violent reaction can occur. Therefore, we

University of Southern Mirsstsppl rcmedthe procedure below with monitoring by NMR.
Hattiesburg, MS 39406 .0076

Ethyl ce-(drloromethyl)ncrylate
Introduction Ethyl ce-(hydroxymediyloacrylate M7.67 g.0.596 mol) andateflon-coatec

Our group has been exploring the synthesis of 1.1- dusubsuituted magnetic str bar were added to a three-neck round-bottom fla& in an Ice
monomets and their polymers obtained via the DABCO catalyzed hydrox- bath. Nitrogen was blown in one neck. while the opposite oam war
methylation of alkyl acrylates'. Previous work in this area. has Involved connected by a hose to a base solution to trap Ha gas. Thionyl, chloride
complicated or low yiel syntheses's. We are using a simple. clean (78.03 g. 0a656 mol) was added slowly to the &&sk .Afier complett
synthetic technique using paraiformaldehyde and neat substrate to produce addition, the solution was allowed to warm to room iemperiture. The
alkyl aghydroxymethyl)acrylazes, albeit in yields of only 25-30%. solution was then refluxed for one hour to allow coniversion of the
Conversion of the hydroxymethyl group with thionyl chloride gives a chlorosuffite intermediate to the primary chloride. Rae.con.progress was
reactive allyl chloride which allows a wide range of ether forming reactions monitored by "C NMR since the chioosulfite apparently decomposes in the
to be applied (see below). gas chrornatograph to ECMA, making it very difficult to measure the

conversion of chiorosulfite to ECMA by GC. Excess thionyl chloride wa,
removed by rotary evaporation. Vacuum distillation gave 99% ethyl cL

DABCO HO (chloromethyl*acybat (85% yield).
li'101 1 + 55s c a o lo-

0 Ety tx-methoxymethyl)acrytate
Methyl alcohol (4.6 g. 0.113 cool), ethyl cz-(chloromethyl)acrylatt (8.37

1) Tionl clorde.g, 0.056 mol), and a teflon-coated magnetic stir bar were placed in a 100
Ice Bthloy Choid mlsingle-neck round-bottorn flask. The flask was placed in an ice bath andHO., cj itsconentsstired. riehylanine(11. mi 0.160 mcI) was added to the

2312 h -6 0 flask slowly via addition funnel. The solution was allowed to come to room
temperature and stirred for an additional 8h. The trietliylamairkc/HCI salt and
excess triethylamnine were extracted by washing with 1 wt-% aqueous HOl

Thcecther linkage Is inherently more stable than the ester linkage and solution (three times with 10 mL. each). The organic layer was separated
is much more flexible. While previous researc has concentrated on the and the aqueous layer was back-extraeted with methylene chloride Organic
kinetics of the polymerization of these moonotm as l.l-dibsubsitzted layers were combined and dried with magnesium sulfate. Cuproos chloride
ethylenes. we are studying tese materials with regard to their utility am was added as a five-radical inhibitor, anid solvent and excess reactants were
optical materials (high refractive index polymers), liquid-crystalline removed by rotary evaporation. The product was the vacuum distilled to
mnomers (fluoroalkyl ethers)', and-cancer agents (cyclopolymer similar to yield 98% ethyl cz-(methoyumethyl)*crylaze (41% yield).
DIVEMA)5 and wood-polymer composit-s (as an impregnation monomer)'.
Several of the alkyl ethers of ethyl oL- In -ymethyl)acrylate have been Ethyl cz(benhyloxymethyl)acrylate
reported, including the ethyl. propyl. - apyl. dodecanyl' and phentyl! Benzyl alcohol (4.15 mL.. 0.040 mol), triethylamine (3-5 adL. 0.L.
ethers. The kinetics of polymerization L. , ceiling temaperatures were also cool), and ECMA (2.8 g, 0.019 col) were added to a 50 mL. round-bottom
reported. The methyl ether, surprisingly, has not been described yet in t flask. A calcium sulphate filled drying tube was attached and the reactants
literature. Based on the interesting physical properties of the polymer of allowed to stir at 68 C for 21 h. 40 mL. of ethyl ether were added and the
mnethyl cr-(hydroxymethyl)acrylate (a monomer we do not now study due mixture shaken vigorously with 20 mL. of 1% Ha (three times), then
to severe vesicant properties), we have synthesized the methyl ether of ethyl separated to remove triethylamine/HC1 and excess triethylaine Cuprous
o-(hydroxymethyl)acyhzte and describe here the properties of the monomer chloride was added as Inhibitor, and the ethyl ether removed by rotcary
and polymer, along with those of ethyl at-benzyloxymethyl)acrylatte. evaporation. The product was then vacuum distilled to yield 98% ethyl tx-

(benzloxymethyl~acylate (69% yield).
Experimnental

Methanol. paraformraldehyde. 1,4-dlaabicyco[2..joctane Typical Polymnerization Conditions
(DAI3CO) and ethyl a"rlate were used as reeved from Aldrich Chemical
company. Triethylamine (Aldrich) was dried over calcim hydride for 24 Ehlc- toxmhyarlteBulk polymerizations were carried out
hours then distilled into a dry vesse which was skippered and stored. 2.29- by heating monomer sainples containing 1% AIEN at 50-70 'C under dry
Azobisisobutyronitrile (AMN) was recrystallized from methanol before use. nitrogen gas. polymerization was complete: in under 5 n.
Monomer synthieses were monitored by gas chrmatgraphy using a Hewlet-
Packardl 5890 Ona Chromalograph equipped with an P11) detetor 95% Ethy ~ J w a~ A mixture of 1% AIBN dissolved
dhmethyW/% diphenyl polysiloxovt column and HP 3396a Integrator, or by in neat monomer was heated at 55 *C overnight; yd 96%.
13C NMR with Bruker AC-300 1*IIR spectrometer.

Results and Discussion
Monomer Syntheses

Ethyl cz-{chloromethy1)acrylate (ECMA) has been synthesized by our Ether Substituted Acrvltes
group before from ethyl cyl.(~roxyznthylIacryhate'. We have miodified t Both the benzyl and methyl ethers polymerized relatively rapidly. giving
procedure due to several recent findings. We have found that when the high conversions in short times. The intrinsic viscosity of a typical methyl
crude reaction solution Ih usA, from the ethyl Ct-(hydroxymcrthyl)aryhat ether polymer was 0.6 dl.g, which would correspond to molecular weight
(EHMA) synthesis, a chiorn:nethyl by-product is produced from reaction of of several hundred thousand if it were poly(methyl methacrylate). As far as
thionyl chloride with the acetal byproducts of the EFMA reaction. We have we know this is the first report of the methyl ether derivative of this type of



ofmonomer being synthesized and polymcrizcd. The benzyl ether polymerhsnot been Muly charaeed yet an only irelamutn ame given "

he ohpolymers hive glass transition temperatures around 65 VC, which
iapprox~mately 25 -C lower than the phenoxcyzethyl subsituted polymer"

which Possess OW less ai 2 unit. DSCs were conducted to 160 TC with "U
nsinofdegradation. "C NMR apecm of dhe polymer (Figure 1) _____ACO

conhirm expected suctures for these polymers. Several of the pebak in the
spj trum of the methyl ether polymer indicate tacticity. but the assignment
of t peaks to configuronal sequences his not been made. Note the O
s of the quaternary peak. This is mot likely due to de " , "wi
f he carbon nucleus by the four carbons atached. rhe methylene

backbone carbon. on the other hand. "sees" inny mre electronic
environments that ar not able to avea into a sngle. sharp peak. thus
leading to a broad resonance. Further chaacterizatio hese moomers
is being conducted along with evaluation of heir polymerization andcopolymertm capxbm ,.

b

Synthesis of this monomer is straightforward, ad involves simplymires t-buty scn, ae -.,d apycdol with Wrix andw catayst. Mr-
me~raction atur mom ampmare with w notieable exotierm "lhe only

major sde-macsou aper so be pelmeinio of glycidol. Amines arm
used as catalysts for ring-opening of epoxies and therefore this reaci

a compes with the Michacl Wdidon to the Wcylk monomer. The three
C diferent smines used as catyst were DABOD. DBU. and triethylamine.

dthree cawed excess cons umTion of the glycidol during reaction.
g Attempts to use this technique with ethyl acrylul led to what appeared to

b be a highly branchd polymer. The solution appeared to have prld but
after two days in chlorMe It became comupleely soluble We
believe ta alcoolyais of d ter group by the glycidol ocemed which

Wo W00 '(after ftn-openng produd soore hydmoyl graup; which can then atac
more str grops leading to he higl y branched matedal. The t-tyl esar

20 0 100 140 120 00 0 ;0 '40 20 0 appar ly hinders nold al nacksuficiny to avoid aloolysis of t
Figure 1. 1C NMR of poly[ethyl e.(methoxymsthy0acrytat.e. cow group. No att hsbccn ma& 1o d sct t cates although we

have demonstned riag-opening polymerization of this moe=.
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