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The direct fre@ radical copolymerization of ethylene wih
polar monNomes such as methyl agytate. metwyl methac:y'ate, and
acrylic acid requires extremely high pressures.’ This paper
cescbes three altemalive routes to ester and acid hunctionalized

that do not requird high pressure:
1. Hydroformylatiorvoxdation of an unsaturated ROMP potymer
2. ROMP / hydrogenation of ester funconalzed cydoolefns
3. Pailadium catalyzed copolymerzaban of elrylene and metyl
actyiate

The catalvtic hydrolormylation of polypentenamer (the ring-
ciened metathesis polymer of cyciopentene) has been reported to
occur with up to 50% conversion of the double bonds using
RhH(CO)(PPh3)a.? We chosa the nng-opened metathesis polymer
ot cyclododecene for hydroformytation studies because it is easily
prepared, and because tha spacng of the olefin groups makes
intramolecular condensation reactions of the poly-aldehyde
unlikely. Complete conversion of the double bonds without

formation of gel was obtained using a Rh catalyst and a hindered
phosphite ligand:
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This catalyst is known to be particularly effective for the
hydroformylation of intemal oiefins.3 The poly(aldehyde) was
somewhat unstabie. Reaction sotutions in toiuene were
homogeneous. and freshiy precipitated polymer redissolved
readity in toluene or THF. Howeves, the polymér siowly formed
insoluble gel in both dilute solution and lhe solid state probably
due to interchain condensation reactions of the aidehyde groups.

Dilute sotutions of the poly(aldehyde) were partially
oxdized to the a¢id by sturirlg under oxygen at rcom temperature
(30% conversion in 3 days), however, gel formation due to
crosslinking also occurred. Higher conversion of the
poly(aldehyde) 10 the poly(acid) without gei formation was
achieved using an excess of meta-chloroperben2oic acid in
soluthon:
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oosslinks Siowly n the solid state

The poly(acd) was soluble n THF. 1t slowiy formed an .nsoiubtle
gel when stored as a solid. Thes may be cue to reacoens ol the
poly-acid nself. or 10 cossinking ol the residual aldeftyde

_An altemative method for the preparation of an esler-
functionalized polyethylene is ROMP of an ester-tuncdonaiized
cycloolefin followed by reduction of the double bonds. An overall
schema for the conversion of butadiene. methanol, hydrogen. wd
carbon monoxide into he equivalent of an ethylene/memyl
acrytate copolymer 1S shown in Scheme 1.
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Overait:
A + MeOH + H; + CO —= "E/MA copotyme:*

The dasired S-carbomethoxycyclooctena monomer for ihe
ROMP step was prepared by Pd catalyzed carbomelhoxyfatir. of
1.5~cyclooaadiene:
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Within a narrow range of temperature and reaction time,
r2asonable conversans were doamned 10 Gve matures har werd
pemarly S-ca/tbamahosyCrdxOene. A

The ester funcicaiaed CycioCOene POlyMerzed reacily
wi cther the Schrock Mo calalyst or the Grubhs Ru @
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Ro”  SCHCMe,Ph

Schrock catalyst
R = C(CH4)(CFy),
fast polymernzabon

Other examples ol Ro-catalyzed ROMP of functionalized
cycloodenes have recently been reporied.*->

The best method that we have found for the catalytic
reduction of the polymer double bonds is the addition of hydrogen
0 a completed Ru-caralyzen polymenzation. This is a particutarly
anractive method since the hrydtrogenacon step can be run wih no
aacitional catalyst, and withou! work-up of the intermediate
unsaturated polymer.
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CO,Me
>99% reduction

The hydrogenation of the Ru akyicena complax probabty
generates RUHCI(P(cydoheayl)h. a very active hydrogenation
2atalysi.

Simiar polymers with gvan higher evels of ester
'unchionality were prepared from ROMP and tiydrogenation of
4-casbomethoXxyCyclapentene.

Palladi h
Methyl Acrylate - .

A new class of a-diimee catalysts of Pd catalyzes the direct
copoiymenzation of ethylene and methyl acrylate under miid
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On the taes of dual datection go¢ (RIAUV) and soverd fracaionann
expenments, Ne Pfoduas iPpear 1o be true random copolymers.
The reachan works well n a vanety of soiverts nCAKS g hexane,
chorokom. ‘vluene, and methyl acrylate. By A’y reacion
OO, coxolymers ANRAY from 1.68 wi. % methy! aayae
wers prermred

Exmeve NMR cancaTaton of he cxoymers revealed
a2 highly ummi@l branched marostruciure.  They contan ester-
ended branches. hydraa/Dan-ended branches, angd esler groups
3ahed dvectly (o the hadkdone

CO,Me

CO,Me

CO,Me B
MeO.C

It the mchan aaylate is counted as a branch, then the overa
brancuy level n hese cogolymers ranges from abowt 100 - 200
branches per 1000 methylene caibors. Samples prepared at
higher gressuge have a greater fraction of ester groups aftached to
the mam backbone (La. nchain aaylle). The are afi
amorphous at room tempeiature with Tg's from <48 to -71 *C.
Samples with 'ower total branching levels have a small amount of
low teTpeabse crystallingy with broad mefing poets at aboud
<40 °C.

The effect of various readion parametess on the ethytens /
methy! acrytate copalymernzation was studied. Dautng the MA

concentiation with solvent increased rBaction rate. copolymer
molecular weighd and cataly proculivity, but at the expanse of
mathyl aoylata comtent. Increadsing the elTYd® pressure gave
hwmmx&mwwmmwm
with corcomifant reduction in MA content. Increasing the
tevnperahme laad to higher MA TCorparation and ower moleaudar
weight Cataly9 produciivity was reduced at higher temperature.
There was an inverse relalionship between methyl acrytate
incoparaton and molecular weight. There was aiso a strong
nverse relationshp detween methyl acrytate content and catalyst
productivity.

CO,Me
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