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Introdyctloo 
The dlf"8Ct lroe radical lXIDOtymeriulnon of ethY'ene ......ttl 

polar ITlCR)tTI6I"S $Ud'I as metl"l)i iICfYIa18. rnaIhyI meIhac:y'.a1O. iIIld 
acrylic acid requires eXlremely hil;1l pressUfM.' This pa..pet 
00SCrbes !hree ilItematNe routes \I) 8Sler and acid h.nctionalizad 
� !hal do not require hlr;tl p!9$$Ute: 

,. HydroformylationloxXiatJOn 01 an lnSaNral9d ROMP polymer 
2.. ROMP I hyO"OOen3non 01 OSIer fl.r,c:ticnali2.ed cycIoolems 
3. Palladium calaly2ed eoporymenzation of ethytene and mett'ryl 

acrylalte 

H:z I CO. '00 psi. 90 "C 
• 

Rh(acac:)(C012 0.' mde %0 

�L '-'
m

�" 

T,"_32"C 
crOSSiRs 'n !ha solid stale 
crossJww.:s 'n $OIUtic)"I � air 

This call1ysl is known 10 be particularly ellectNe lor !he 
hydroformylaliOn 01 inlemal olefins.' The poty(aldehyde) was 
somewhat unstable. Reaclion solulions in toluene were 
homogeneous. anet freshly preclptlaled potymer redi�ol ... ed 
readily ,n tolueroe or THF. Ho __ .!he polymer slowly formed 
.nsoluDle gel in both dilule solutoon and the solid state probably 
due 10 onteren.aon condensation reacOOns of !he aldehyde groups. 

0,11.118 solutions 01 the poly(aldehyde) were partially 
oool8d 10 Ihe aCId by stlffWlO under oxygen at room temperollUf9 
(30% Conyers,on in 3 days); ho_ye" gel format'on due 10 
crosslinkin; also oecurreet. Hi;ner conversion 01 the 
poly(aldehyde) 10 Ine poly(acld) .,Ihoul gel lormahon was 
ach,eveo 1.15'"9 an BlIcess 01 meta·ehloropemenzolC aCId '" 
SOlullO/"l: 

CHO 

� -"',"","':':."....�--.. 
TH' 

CO,M 

�, goa-. eo:"IY. 
Tq •• 'C 
ctO$SIrIks SJOIttf n In8 SOlid state 

The poIy(acd) was sollJOle ... niF. 11 sktorry 'ormed at"I .nso:utIe 
gel .....-..en Slored a.s it SOlid. Thos may be ':1.1& to re3CXW\S ot !"le 
poIy-ilCId ot5e/t. or 10 erosslonklng 01 tne I1!SICIuaI aldenyoe. 

pre?lfalion 01 an eSler· 
04 an ester·lunc;JonalizlKI In8 double bonds. AA OYera4 

oi bulldlene. matllanol. Ilydrogen . .:.no 
into Iha equiYa!en! 01 an elhylenelmelnyl 

IS shown in Scheme I. 
Schtme 1. Mt!JalhtS!S BOUII to /In "E!MA Cooolmcr" 

51wt.."Jf.MA 
Overal; 

".........", + MaCH + Ml + CO - "EJMA c:opotyrne." 

The cla5Ked 5-eafbometho�loocI:en& monomer lOf tie 
ROMP SlCP was Pf903red by Pd cata�ed carbomelhorylallor. 01 
, ,xyelooctadiene: 

o .. CO + MeOH 
PdC",P� 
90 "C. 600 psi 
toluene 
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Witnin a r'\iJ,rrow r,nge cl lem�lure and reaction lIme. 
f"'...asonaoie eonverso'\S __ ct:rCa.ned 10 9"9 moxrures It\aI _ 
".-..an'tv 5-caft)omeG'IO¥fCIOOd-· The 8$et" � cyclooOene pelymer1zed reacrty 
...0;:, � :he Sdlf'Od( � catiJ/ysI or !he Grucbs Ru c:ataJySt: 

"'""" 

R O' � 
RO ...... �CHCMeI'h 

Sd'II"Odt catalyst 
R_C(C�(CF* 
Ia __ 

• 

'fY3 Ph 
a...� 
Cr"I 

Ph 
fey, 

G.-"""'" 
I'I'IOdeIale rale. hrgt prOOuaiYity 
Ir::lIrInnI of � mpuricies 

Other e:ramp1es 01 R�lalyzed ROMP 01 rurtetional'l:ed 
cycloOdenes have f8C8fltty treen reportecL U 

The best method INII we haYe lound lor the catalytiC 
reoucuon 01 the polymer t10ubIe bones is the addition 01 hydrogen 
to a tomoleled Ru.eata1yzed �Iion. This is a paltlCutarty 
anrattMI method sn::. \he h)<IrOgenation Slap cao be n.n IWah no 
aClC!l\l()nal calaty$l. and ,",1'louI work-up of the inlermediate 
unsaturated polymer:. 

(Y'0� 

.0"" U 2. H2o.coo psi. 135 "C 

The hyOlOg8nahon 01 the Ru � complex pn::babIy 
l;en8fates RuHCI(P(c:ydohe:rytbh. a YfII'( ac::tiYe h�tiOn 
:3ra/ySt. 

SimIlar po/)mlr$ WIIh � higf1er IeYets of 8$ler 
'llnchonaliry were prepared tn:m ROMP and h',OrOgenatron of 
4-C3rt)Ometno:rycyclopwlt-. 

Palladiym Catalned Cooolrmer1z:allon 01 Elhylenl and 
Methyl Acrylale 

A new c.lass at a-diirn .... catalysts 01 Pd C3talyze$ the direct 
:ooolymen.zalron 01 elhylane aM memyl acrylate under mIld 
cOno�IOfIS:· 

1'1 0 

�<>-\M' 0 �"U SbFI 

V 
1 _ 40 atm 0-50 "C 

£rMA compolymer 

On !he ba:SI$ cri waI detaax:I'1 SJlC (FMJV) and seWeR fraax:rr\alo-l 
elCP8I n'IeI ItS. !ha pror:l.ras appear to be 11\.18 � copolymers.. 
lhe reaclO'I -..ens 1IIfeII m iI YaI'l8fy 01 soNerU � �.uarre. c:rrlorabm. !'OIuene. and metnyl acryIat.. By vat)'V'Ig re3ClCn 
CO'IOrbcrns. � c:c:rnIanrng In:::nI 1-68 wt. ... methyt aayca.re .... -

� NMR char.lcunzatiOn 01 me 0C00IymeI's re¥ea1eCl 
iI hOlpiy III'IU$I,I;ll � maostructure. They c:ontarn cst8-
enoed tnndIes. hydrrxartlOr'l-er' branc1'res.. iIfIIl esler gougs 
.;r;nacnecs ditectIy to \tie � 

If the fI..dI.ain acrytal. is COU'Ited as a branctr. I:hern ttre overaI 
I:lrandlir'9 Ie'IIIl!I m \tIese � � from aboo..f 100 - 200 
bfanctres pet 1000 me\tlylenl carbOns. S.;r;mples �red "I 
higler pressure have I gre.llf1f fqction 01 eslfIf gfOl.C)S all3C:hed to 
the ITlUl baddJone (le. r.-d\ain aoyial.). The oopotymers are ... 
iltTIOqtIous at room temper.ature WIth TV's from -t.8 10 -71 "C. 
Samp6e:s WCh bwef toQl brandIing � !\awe I smaI: amo..rnI 01 
low lernperallA ayslaJIinq WIIh broad melmg poi'rts at about 
""''C. 

The eIfKt 01 ¥arious reaction pa.ameters on !he elhyten81 
meltryt �te copoIyTnerization was studied. 0iIumg the MA 
conc...ualicn with soMnl inc:r98sed ruction ratll. copo/ymet" 
mdIIculaf � and catatysI produaMty. but al !he apense et 
meltryl � oonIent. �&ng the elhyt8ne pre$$lJr. giIYII 
hlghflf reoctIan lale. molecular � and cataly$l �. 
tntrl aJI'ICOITlilant reduction in MA content. Increasing !he 
templnlture ... to hIrI* MA inc:ofporation and � rnoter::uI¥ 
weight. Catalyst pnxluctMty .. s reduoad at 1'1;;;' lemo.rah .... _ 

There was VI inverse relationship between methyl acrytate 
�tion and molecular weighL There was &.Iso • strong 
�-..rse l81aticrnship '*-" meltlyI acry\at. COOIlllt and eataIyst 
producUvty. 

Acllnowledgmtntl we Itrri T. V. Rajanbabu. E. Buna! "nd R. H. Grubbs for 
helplu! di:sol$$ions. SottBWIh Nguyen for pn)YiCIing a sample 01 the 
Ru metattli8sd calalysl. and R Morrison. Jr. lot skilled lectrnrcal 
="""""-
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