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Horvith and Riba introducd the conacept of fluorousbiphasic catalytic systemsvia
the example of asuccessful catalytic tranformation.”® Their semind paper described the
hydroformylation of 1-deceneto undecands, Equaion (1), in the presence of a
rhodium(l) complex, HRh(CO){P (CH.CH(CF,)sCF3)3}s. Thisliquid-liquid system

CH3(CH2)7CH=CH2 + H, + CO — CH3(CH2)9CHO + CH3(CH2)7CH(CH3)CHO (1)

employed perfluoromethylcyclohexane and toluene as immiscible phases at room
temperatures. Theterm fluorous was coined as theandog of aqueous, and was defined
astha phase composd predomnantly of fluorocarbonmoieties. The pefluorodkyl tags
onthephoghineligandsimparted fluoroussolubility to therhodium complex, while the
subgrate was soluble in the hydrocarbonphase. The perfluoromethylcyclohexane and
toluene become miscible at temperatures above88iC.* Thus the catalysis took place at
elevated temperatures within asingle liquid mongohase. Uponcooling, the separation of
themixture into discrete hydrocarbon and fluorocarbon phases resulted in the
immobilization of therhodium(l) catalyst in thefluorousphase, while the produds
remained in the hydrocarbon phase.

The compoundswW(CO)s{P(CH,CH2(CF,)sCFs)3}, W(CO)s{ P(n-octyl)s}, and
W(CO)s{P (p-CsHa-CH,CH2(CF,),CF3)3}, were synthesized to probethe effects of
ligation by pefluorocarbonsubgituted tertiary phasphines. W(CO)s{P (n-octyl)s} was
prepared to provide a nonfluorousparadigm for W(CO)s{P (CH>CH2(CF,)sCF3)3s}, while
W(CO)sPPh; and W(CO)s{ P(o-tolyl)s} were employed as standadsfor W(CO)s{ P(p-
CeH4-CH2CH,(CF,),CF3)3}. The! -accepting ability of the studied phoghines was found
to be P(CH,CHy(CF,)sCF3)3 > P(p-CsH4-CH2CH2(CF,)7CF3)3 > PPhs > P(p-tolyl)s > P(n-
octyl)s. TheX-ray crystal structure of W(CO)s{P (p-CsHs-CH,CH2(CF,);CF3)3} was
determined. Theelectronic and structural similarity of W(CO)sPPhs with W(CO)s{P (p-
CeH4-CH2CH(CF,),CF3)3} suggest the para fluorocarbon subtituents have an
indgnificant effect on the tungden coordinaion environment.

Thefluorocarbonsoluble, binudear ruthenium(l) complexes [Ru(u-O.CMe)(CO),L ],
wheeL isapefluorodkyl subdituted tertiary phosphine, P(p-CeH4-CH2CH2(CF,)7CF5)3
or P(CH,CH4(CF;)sCFs)3 were synthesized to study the catalytic hydrogenaion of
ketones to alcohols unde fluorocarbonhydrocarbon biphasic condiions. Catalytic
hydrogenaion of actophenoneto 1-phenylethanol was foundto occur in the presence of
[Ru(p-O2CMe)(CO)AP(CH2CH2(CF,)sCF3)3}] 2 or [Ru(u-O.CMe)(CO)A{P (p-CsHa-
CH,CH4(CF,);CF3)3}] 2. Unde condtionsfavorable to hydroformylation, the
isomerization of 1-dodeceneto cis/trans-2-dodecene arose from the presence of [Ru(p-
OzCM e)(CO)z{P (p-C6H4-CHzCHz(CF2)7CF3)3}] 2. Thereactionsof [RU(I.l—
0O2,CMe)(CO) AP (CH2CH2(CF,)sCF3)3}] 2 and [Ru(u-O2.CMe)(CO) AP (p-CeHa-



CH,CH4(CF,)7CF3)3}] 2 with acetic acid were spectroscopically examined. The X-ray
crystal structure of [RU (H-OzCM E)(CO)z{P (CH >CH 2(CF2)5CF3)3}] 2 WaS determined.

Thetriognium carbonyl clugers Os;(CO)11{ P(CH2CH(CF3)sCF3)3} and
0s3(CO)10{P (CH2CH4(CF3)s5CF3)3} 2 were synthesized to study the behavior of trangtion
metal carbonyl clugersin fluorocarbonphases. Thereactivity of the cluger
0s3(C0O)11{P(CH2CH(CF3)sCF3)3} parallelsthat of the parent cluger, Os;(CO)12: Above
100iC, PPhz will subdgitute for oneor two carbony ligandsto provide
OSg(CO)lo(PPhs,){P(CH2CH2(CF3)5CF3)3} and OSg(CO)g(PPhs,)z{ P(CH2CH2(CF3)5CF3)3} .
At ca. 120jCand 1 atmogpheae, Os3(CO)11{P(CH2CH2(CF3)sCF3)3} will activate H; to
form theunsaturated compound(p-H)20s3(CO)o{ P(CH2CH2(CF3)sCF3)3}. At ca. 100iC,
0s3(C0O)11{P (CH2CH(CF3)s5CF3)3} will react with HSIEt; to form themononudear
complex HOS(Si Ets) (CO)s{ P(CH2CH2(CF,)sCF3)s}. The X-ray crystal structure of
0s3(CO)g(PPh3){P(CH2CH2(CF3)sCF3)3} was determined.

H,0s4(CO)¢PRF;

n
RF = '@‘CHZCHZ(CFZ)7CF3

Polynorbornene by ring-opening metathesis polymerization was first achieved by a
catalytic system of TiCl, with co-catalyst Li[Al(n-C7H1s)4] plusthemonamer in
benzene® ROMP of notbomenewas subsquently accomplished by employing ethanolic
solutionsof themononer plusthelate transtion metal salts RuCl3@8H,0, OsCl;8H,0, or
IrCl38H,0.° Late transtionmetal catalysts are thus seen as more robug than their early
trangtion metal couneerparts, astheearly trandtion metal systems are sengtive to oxygen
andwater.” Thefirst indugrial facility (1976)to provide commercially producd
polynobomene employed the catalytic system of RuCls@H.0 in »n-butanol.®

Osmium complexes have been utilized in a small number of catalytic systems tha
provide polynorbornene by ROMP. Thefirst such system, mentioned above used
OsCl38H.0 as catalyst/precursor.® Chronologically, 0s04,? OsHa(PPhs)s,™® Os(p-
cymene)Cly(PCys),* Cp*,0s,Br,4 (and related compound$,” and OsHCI(CO) (P Pr),™
have been reported to possess nobomene ROMP activity. Findly, theunsturated 46€
triosmium cluster (p-H)20s3(CO)10 has demongrated nohomene ROMP activity.™

Thefluorocarbonsoluble, unsaturated triogmium cluger (pU-H)20s3(CO)o{ P (p-CsHa-
CH,CH4(CF,),CF3)3} was prepared and characterized. Ring-opening metathesis
polymerization of norbomeneoccurs in the presence of (p-H)20s3(CO)o{ P (p-CsHa-
CH,CH4(CF,);CF3)3}. A nunber of solvent systems were employed and results were
andyzed with regard to both polymer produdion and triosmium cluger recovery.
Polymer yieldsof upto 107.5 kg per mole of catalyst precursor were achieved. The
polynorbomenewas examined primarily by *C NMR spectroscopy to determinethe
cis/trans ratio and also to determinethe degree of cis/frans (lockinessO'**°
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