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The present invention relates to conpositions and nethods for
catalyzing and controlling the rate of olefin netathesis reactions. Mre

particularly, the present inventi oPAEENT APRIJCAIIRN ti ons and net hods for

catalyzing and controlling the rate of Ring Opening Metathesis 5
Pol yneri zati on (ROW) reactions and the nol di ng of &gl ynmer articles using
ROWP pol ymers. METHOD FOR EXTENRING THERODIIFEQF ANrs is a

technologically i rrportaQLEmN METATIWS%??)?{\QQMHQW#BEA?T% ver si on of
10

this technique, a |iquid nononer g., an o I'n a
pol yneri zati on catal yst are m xed and poured, cast or I njected into

a nold. The polynerizatign procegds.,(t L cl e Teur esy on
conpl etion tﬁe xnl ded pa Ve'??psgeﬁg'\'fé 433@%;*5%8?%?%% ’grsﬂ';(r;l%g’gst cure
processing that is required. The polynerization reaction m xture may
optional l'y contain addethisagpticatinsclaiing thechenefitrafiths oProeisionil applidago®eNobs, etc.
To nol d successf ul k008,555, HeAadddcember 7 1995 tithds 'MBhbd fotBxuedingth€ Rbyy 15

that the Iiquid nmongeweras lisinytathcsid RERUOOL VentbR Challed SIrWobdien Bkt Ure can

Robert H. Grubbs.

BACKGROUND
The present invention relates to compositions and methods for
catalyzing and controlling the rate of olefin metathesis reactions. More
particularly, the present invention relates to compositions and methods for
catalyzing and controlling the rate of Ring Opening Metathesis
5 Polymerization (ROMP) reactions and the molding of polymer articles using
ROMP polymers.
The molding of thermoset polymers is a technologically important
processing technique. In one version of this technique, a liquid monomer
(e.g., an olefin) and a polymerization catalyst are mixed and poured, cast or
10 injected into a mold. The polymerization proceeds (the article “cures™) and
on completion the molded part is removed from the mold for any post cure
processing that is required. The polymerization reaction mixture may
optionally contain added modifiers, fillers, reinforcements, pigments, etc.
To mold successfully, the reaction mixture must not cure so quickly
15 " that the liquid monomer/catalyst mixture polymerizes before the mixture can
be introduced in to the mold. In addition, the mixture must not cure so

quickly that it has polymerized before the mold is completely filled or before



be introduced in to the nold. In addition, the m xture nust not cure so
quickly that it has polynerized before the nold is conpletely filled or
bef ore WO 97/ 20865
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the catal ystWo22486% tinme to conpletely dissolve. For convBAI'B¥6d924hd
expedient cycle tine, it is also inportant that the catal yst activate
within a reasonable tinme after the nold is filled.

The tinme during which the |iquid nmononer/catalyst m xture can be 5
worked after the nonomer and catalyst is m%ed is called the "pot life" of

h I ' ' ' ' .e.. Th bi | i | th
ot lifer SRt b GRF e Bl e By For R aenRNG of 1 arge

part si The expedidfid aglumﬁﬁﬁaiad 3l8d inffortants that TRe/ cad!Fsd a&tﬁrla&pxpi!tﬂi@d to
articles as a coating, .and in ] is case it is also inportant to
be able to cont rolmlsﬂ%’b?eptb'f’e pitgrdhe HP‘d(ﬁémtfg’ m xture. Generally, it

woul d be useful to be gipkndeivsiag whidh mﬁlﬁgiéidtrﬁmﬁﬁzerlqatalyst mixture!@AGEI On Of
catal yzed netat hesis reactions includin reactiaqns

Reaction I nj ecti orvausedati tompnamer and cgialystii mineql 1p,ealled theaipot life” of the

mol di ng of ol Y TelpoRderizhih difthill i .Wibnﬁg&f@omrﬁh b iged ol efin
mononer (U.S. Patent's No 4,400,340 and 4,943,621). In theSe previous 15
processes, a net albegomesrevigpinoroimpertantiy theompldingofilargeipatsolThed in a first

nmonomer stream a”%&ﬁnﬂ/@f&y&'a&i MaltloR ggggprge& t&lhlz%fgl' %‘ﬁg d’.rfdéitng’l 2a5pnd

¥y
nononer stream The nononer  streans are then xed
cont ai ni ng conpourtbis zasw it isalssl impbriait terbe able do aguinoh the‘petdife’t of ther m an

active catalyst whic hgn al.yze he I [J4.zatio action. In the 20
previ ous p?‘%cesses’?m&ﬁéé %&eﬁfy&ftuwrﬁ %% ‘é%"‘ﬁ‘g&%%d%’??‘geﬁ?ﬁ%@“éf“sﬁi ncl ude an
I nhi bitor, usuall yeamtimewf satdigzed metkthesis readtiohs inslufling ROME raiktidmsr mat i on of

catalyst i's forned. | nEescton tiction plGRITRALS bad HRuRia G5 eet B Hie

fast and there is meldingblipolyner aticles @bing a polymerizatioh katalysttand @lefin
pol ynmeri zation initiated he active catal yst les., 25 \
Previously, there "ﬁ%{?“}?é&ﬁ)éf EW%S}HO%@“F@?) aﬁﬁéﬂﬂigﬁé 3“ fhese prexioys
active cat @ yst spgedegies,aNdetdlV e Mo tontaiiteg hipbii@ ik ldRsdlvéacinQf first

pol ymeri zation of the m xture ot her,  than by controlling the tenperature of
t he o FRSROMmER Ftreafeandon Alksd slumipgm cpmpoupd, it elsq?lveﬁggmﬁc,onﬂor
exanple, to monomer stream. The monomer streams are then mixed and the metal

containing compound and the alkyl aluminum compound react to form an
active catalyst which then catalyzes the polymerization reaction. In the

20 previous processes, the alkyl aluminum compound stream may also include an
inhibitor, usually a Lewis base, which inhibits the rate of formation of the
catalyst;, however, in these previous processes, once the catalyst is formed, the
polymerization reaction is extremely fast and there is no method to control
the rate of polymerization initiated by the active catalyst species.

25 Previously, there has been few methods for producing a mixture of
active catalyst species and monomer and controlling the rate of
polymerization of the mixture other than by controlling the temperature of the
monomer or the mold. Such control would be useful, for example, to
produce a catalyst/monomer mixture in which the catalyst is substantially

30 deactivated at room temperature. This mixture may then be poured. cast, or



produce a catal yst/ nmononer m xture in which the catalyst is substantially

30 deactivated at roomtenperature. This m xture may then be poured.
cast, or WD 97/ 20865

PCT/ US96/ 19216 3

i nj ected int WO and the pol ynerization may then be inF?T’H?’é{}g%ﬁ

heati ng the m xture. There therefore exists a
need for an olefin nmetathesis catal yst system that can be used

to catal yze olefin netathesis reactions ang control the rate of 5
the catal yzed netathesis reaction. There is also a need for an olefin

met at hesi s catal Y ShiekE hfidTh W gglgylﬁg%ﬁm nfa thérCbe inftardd Yy Hebify OF @

nononer / cat al yst

SUMVARY 10 the mixtureThe present invention addresses these needs by
providing a QIRRsithleoR s : Vel and
controlling the rate of—ﬁ1 eabtbre ‘sﬁﬁ%ﬁ%ym?'g?ﬁﬁe&gﬁgta?{e}%g% %ﬁ%tééf%g

i nvention al so pr dhatdes ba usedtth oataliyes olefin metathesis reaotions@nd icomgrad theadatefdfn

met at hesi s feactiop usi,ng.th onposi.ti ol a.process .for Ri ng
Openi ng NEt%t hesi stg‘?’ﬁ%yﬁépi“}eg‘f‘ﬁeﬁﬁ TEASTRR %%%ﬂ%’o%f‘ﬁdc;ﬁf am.plefin 15

met hod for nol di ngn@sthesigatadyist syetefsSthitsdan Ye eddocahroithEe fotaite of@nt rol | ed
by the conposition. ne enbodi nent of the invention,

the conposition i rReApgEEcatalyst mixture in a Ikgwﬁe'ﬁ?‘ﬁm"or Osni um car bene conpl ex
catal yst and a gel nodification addi tive. The Rut heni um or

Gsm um car bene conpl ex catal yst includes 20 Rut heni um or Gsm um
nmetal center that is in a +2 oxidation %‘%@mRﬁas an - el ectron

count of 1fg and is pe%@%&@éxﬁ’krﬂéﬁtﬁﬂla%ﬂ%sie?&e@@heeﬂ?ﬂjrﬁf&ﬁﬁréﬁ)a{‘

additive is an electron donor or Lew s base. NMNore specifically, the

Rut heni um or Csni empesitemwhigl may dg used for gatelyzipg anthoantroling fthy vatel of

olefin metathesis reactions. The invention also provides a method for
controlling an olefin metathesis reaction using the composition, a process for
Ring Opening Metathesis Polymerization using the composition, and a
15 method for molding polymer articles using ROMP catalyzed and controlled
by the composition.
in one embodiment of the invention, the composition includes a
Ruthenium or Osmium carbene complex catalyst and a gel modification
additive. The Ruthenium or Osmium carbene complex catalyst includes a
20 Ruthenium or Osmium metal center that is in a +2 oxidation state, has an
electron count of 16, and is pentacoordinated and the gel modification
additive is an ¢lectron donor or Lewis base. More specifically, the

Ruthenium or Osmium carbene complex catalyst may have the formula

25 |

where M may be Os or Ru; R and R' may be the same or different and may
be hydrogen or a substituent group including C,-C,, alkenyl, C,-C,, alkynyl,

30 Ci-C, alkyl, aryl, C,-C,, carboxylate, C,-C,, atkoxy, C,-C,, alkenyloxy, C,-
C,, alkynyloxy, aryloxy, C,-C,, alkoxycarbonyl, C,-C,, alkylthio, C,-C,,



[err] where Mmay be Gs or Ru; R and R may be the sanme or

different and may be hydrogen or a substituent group including
C2-C20 al kenyl, C2-C[err] al kynyl, 30 Cerr]-Cerr] al kyI, aryl,
Cerr]-Cerr] carboxylate, CJerr]-C20 al koxy, C-Cerr] al ken | ox derr]-
C err] al kywplooresss ar yl oxy, Clerr]-C20 al koxycar bonyl, C[B?’F’]’ %‘2‘/#] i

al kylthio, Cerr]-C20 WO 97/ 20865
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al kyl sul fonyl and Clerr]-Cler]r alkylsulfinyl; X and X err] may be the sane
or different and may be any anionic ligand; and L and L[err] may

be the sanme or i T e £ I d Th
substi t uent group’ék M"WQ a“ddc%r Qky]s@ﬁv@a)%m%%% HL’E ﬁé(t)h%esg%% ?rgreog(r)(r)ups ©
i ncludin er r | -§freeht] andl be 418! antbRic ! -rahd @ andrl)' rhay be the sahkoxy, and
phenyl . ‘?’hg[ phe]nyl rc:Lag rrﬂ:;ﬂi/yI beﬁ?ubseﬁlctma\};vi?h oﬂe.ory rmr:;s g

groups i ncl udi ng ‘hffg d enay; he) nepsral glecirgn E?’f‘“’a &“’efq&PP‘fm@%‘ms]m% %oxy. In

addition to the gybstituted with RO YL mBFORBSps indIRiAgIOST] BkFh haliBepTPCBY be
substituted with one or nore functi onag{‘gﬁga&hsel ected fromthe

group consfsti ng a¥koxpyy apdphenyl. (Fhephenyl group may be sp FEHPUBO st er
ether, am ne, ;%Supsqmlﬁjtﬁ g H&IdePC -eaili?ﬂ%'cc-@ﬁlk‘é 1ﬂ1 addition it f i de,

car bonat e, |socya at'e car odi | m de,  car boal Kox and hal ogen.

In a preferred endbowé gonps, thew@bﬂtmdgﬂpbmaybg %;Eiglt%‘ylﬂbe“qugf&rre or

di fferent NN H SEn@drdblyi, tHidpubsti tuted
aryl, substitut ecil(‘unmoggldg S%CQXWO&QEQEWEHMU %ed ﬁrn ;t where the
substituted ary) lmmhcsald@wdc,@bﬂ ethien\aming ymine, amide, nitro, t&‘efbsl%ﬂ@tﬁctdut ed with

O O 04 01 0L A Chhald Ul e MR L I aph balggen, | MY Y1

t hi ol ,
car boxyl ic acid, Iﬁhzspt’efenddapmbahimemtle R ambRS/a'nmsepa}cqugdammdélffermt

Greuoat 1o propim RIS ofefd o bt ey SEEHECBEE o2 <

Clerr]-Clerr] al kafld wsubslirated] vikllewhdre telsnhgtituted aryl and substitutcd vinyll maya
preferred enbodi nent nodi fi cation a a neut

the ge
el ectron donor orbeas“?'?@f}t‘%%'%‘é%ﬁf’smmg% gﬂea' o @’5‘% Ponn%%&gtl ve nay
be a phosphki ne, shydﬁ-matﬁd: mbmaatm&eﬁydepba&p&hé@amthhamim aimide, nmioosphonl te,
arsine, stibine, et her oﬁ sul f oxi de, # nt:’ Fﬁ?
pyri di ne, or carboxylic f“ﬂ‘i'i T’ﬁ'\@g °WB?’B‘°SE@E’F“FTE’£“§V IPRiEs GREBOAKSEYf | cat i on

addi tive may be apajogen, C,-C; alkjt] CRK Mk Sxﬁ!ﬁibﬂ&ut@d! th’dyﬁraﬁdl phagphi ne.
Preferred gel nodification addi t1ves 2 ude P(cycl ohexyl)[err],

P(cycl opent yl ) [ er rubstitpied athaobaide. Gr ¢y alk)ﬂ’(“bﬁe'ﬁy 8XY-and

In a preferred embodiment, the gel modification additive is a neutral
20 electron donor or a neutral Lewis base. The gel modification additive may
be a phosphine, sulfonated phosphine, phosphite, phosphinite, phosphonite,
arsine, stibine, ether, amine, amide, sulfoxide, carboxyl, nitrosyl, pyridine, or
thicether. More specifically, the gel modification additive may be a
trialkylphosphine or triarylphosphine. Preferred gel meodification additives
25 include P(cyclohexyl),, P(cyclopentyl),, P(isopropyl),, P(phenyl);, and
pyridine.
In a preferred embodiment of the invention, the composition includes

a catalyst of the formula

% cl 'i'cf%(
\Ru- Ph



pyri di ne. In a preferred enbodi nrent of the invention,

t he conposition includes a catalyst of the formul a
H Ph [err] WD 97/ 20865
PCT/ US96/ 19248 97120865 _ PCT/USI®19216 -
or [err] where Cy is cycl ohexyl or cyclopentyl, and a gel
nodi fication additive havi ng the fornul a P(Phenyl) 3.
I n anot her enbodi nent of the invention the conposition includes a
catal yst of the fornula 10 5 [err]
or
PCy; H

Cl\}L :_-c/

a” lL ey
Cys

where Cy i5 cyclohexyl or cyclopentyl, and a gel modification additive
having the formula P(Phenyl),.
In another embodiment of the invention the composition includes a
catalyst of the formula
10 PPh; y
Cl
\lLu:(,/ Ph
a” i,P \c——c/
hs -
d

or

15 PPh; g

S/
& by,

and a gel modification additive of the formula P(cyclohexyl), or
20 P(cyclopentyl),.

The invention also includes a method for olefin metathesis which
includes the step of contacting an olefin with a compesition according to the
present invention. The olefin may be unfunctionalized or functionalized to
contain one or more functional groups selected from the group consisting of

25 hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, amide, nitro acid,
carboxylic acid, disulfide, carbonate, carboalkoxy acid, isocyanate,
carbodiimide, carboalkoxy, and halogen. The olefin may be 2 strained cyclic
olefin, unstrained cyclic olefin, acyclic olefin, diene, or unsaturated polymer;
each of which may be functionalized or unfunctionalized,

30 The invention also includes a process for the ring opening metathesis

polymerization of functionalized or unfunctionalized cyclic olefins. This



and a gel nodification additive of the formula P(cycl ohexyl), or 20

P(cycl opentyl)[err]. The invention also includes a nethod
for olefin nmetathesis which includes the step of contacting an
olefin with a conposition according to the pr esent | nvention. The
ol efin may WeAMEhcti onal i zed or functionalized to TUS%EH4i n one

or nore functional groups selected fromthe group consisting of 25
hydroxyl, thiol, ketone, al dehyde, ester, ether, amne, am de, nitro acid,
carboxylic acid, disulfide, carbonate, car oal koxy aci d, isocyanate,

car bodi i m de, carboalkoxy, and hal ogen. olefin may be a strained cyclic

ol ef i n, unstr ai neg exel el Shiads rggﬂ@kﬁ@aﬁmwx% LESlizdl cybRSALH at ed

pol ymer ; eac unctional 1 zed or unfunctionalized.
30 witea lcampaisﬁuonracedrdmg ito dieunlesntanwltjgms The oyclicolefins ng openi ng

net at hesi s _ W%bgmgnré%r&zugt i Qn ’?f fg%gcbt |n?&1%ky&1@db19§chgn&unct i onal i zed

cyclic ol efins.
PCT/ US96/ 19216  muiticyclic olefins. If the cyclic olefin is functionalized, it may contain ofe

process includes contactin functionalized.or wu ngtion d cyclic

ol efin 5 Qfi ere funcy ﬁ?ﬁpﬁﬁ‘cﬁ'@ 03%1’{8%1 ﬂﬂ‘g Eﬂt%ré aidc ventlon The
cyclic olefins  eger, ether, afBivic,REnidd, rnﬁl'd\ﬁifd Q&rbUﬁﬁicr&imaﬁulﬁdd, dxEhonie,
nonocyclic, blcycllc

;’F%‘H“C eﬁ{l ns. ‘H} the C|IC
olefin is functi ombqaﬂ@w agigd, ’ﬁ%ﬂ’%t"ﬁ'ﬂ’ de, parboalkoxy, an ?l%gef’u tal onal
groups incl udi ng @-Efem&i E%é(dlmeﬁt,hﬂﬁlcyt‘.ﬁ%%lémﬁs EIGRAMIRE cycloheptene, ester,

et her, am ne, nitro acid, cafboxylic acid, disulfide, carbonate,
car boal koxy aci d cﬁc@@em&y@m@amsémlﬂww: cyslpopfadiene, €yclononadiens; ogen. I n a

preferred,gnbodi ”Rd}i,om&{&eanﬁigv.%yuggaitﬁﬁén@ éa%h oY %ﬁﬁ%@r& fufitichabedbene,

cyclooctene cycl ononene cene, cyclooctadi ene, cyclongnadi ene, 10
nor bor nene and  di wnfesatipustizediiln aanore gesferesd emhogdiment phayerclicplefindnal | zed or
unfunctional i zed. referred enbodi nent, the cyclic olefinis
di cycl opent adi enedwpcl&engﬁ%neo o

The invention also includes a process for molding polymer articles in

which a mixture comprising a functionalized or unfunctionalized cyclic olefin

15 and a composition according to the present invention is provided in a mold.
The mixture may either be prepared in the mold or prepared outside of the
mold and then introduced into the mold. The mixture is then left to at least
partially polymerize to form a polymer article and the polymer article is
removed from the mold. Alternatively, the mixture may be coated onto an

20 article and left to at least partially polymerize to form a coating. The
mixture may be made by preparing a mixture of monomer and gel
modification additive and adding the catalyst. The process may also include
heating the mold and heating the mixture. The process may also include
adding a crosslinking initiator to the mixture. If the cyclic olefin is

25 functionalized, it may contain one or more functional groups including of
hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, amide, nitro acid.
carboxylic acid, disulfide, carbonate, carboalkoxy acid, isocyanate,
carbodiimide, carboalkoxy, and halogen. In a preferred embodiment, the
cyclic olefin is cyclobutene, cycloheptene, cyclooctene, cyclononene,

30 cyclodecene, cyclooctadiene, cyclononadiene, norbornene and



The invention also includes a process for nolding polynmer articles in
which a m xture conprising a functionalized or unfunctionalized cyclic
olefin 15 and a conposition according to the present invention is
provided in 5 The m xture may either be prgaaiwehdis t he -
nol d or prepared outside of the nmol d and then introduced into
the nold. The mxture is then left to at | east partially
polynmerize to forma polyner article and the polyner article is

removed fromthe nold. Alternatively, the npxture may be coated onto an 20
article and left to at |least partially polynerize to forma coating. The
m xture may be nuaddidysiopentadiene.rmgcinofikichmeydie fimmtionalizedomunfusictionalized.

nodi fication additive and addi he. catalyst.. Th r | so incl ude
heating the mol d amd2REAt P??Se'fea%"{%‘)%'ﬁgté%‘él/‘%ghcp?lg@égss&%;o?’g@%eﬁhcI ude

addi ng a crosslinking i Bhé inzémion tatsotibheludes xtoetiiod fof céritwllingthe mteodfedni N i s 25
functionalized, it confain one qr pore functional. grou I hcl udi ng of
ydr oxyl - thi ol . keleHanctingis otrdon St By caezpl by a dpHtheb gt BG4 aci o
carboxylic acid, digpefl édotinatien s NThie metkifcthdedXhe A6 6F cohabringamaicive

car bodi i m de, carboal koxy, and halogen. I n a preferred enbodi ment, the
cyclic olefin is cydpyplieking anopen ensdination site with agolefindn the presspeseie, 30

c9:¥/cl28gggene, cycl oqsdaRfof BSordinitidgtRe BASIYA HPen BOMALIANRe. e means may WO
PCT/ US96/ 19216 be an electron donor or Lewis basc. 7

di cycl opent adi ene; each of which may be functionalized or unfunctionalized.
In a nore preferred enbodi nent, the cyclic olefin is dicyclopentadi ene.

The inventith also includes a nmet HBETASLERDESGRIRTION he rate of an

ol efin metathesis reactj g; i] t.al e54 tal yst
havi ng an 5 ope?ﬁgggg maﬁ%?\‘ igﬁéﬁq%ﬁyogﬁunéiﬁhgéaﬁﬁ ?ﬁ: fides the step
of contacting an aatetaflgesis reactions that are calyded by chmain Reptheniumpexd Qsovwrdi nat i on

site with an olefin_jin.th e of,a f.or .
coordinating the c&?‘gf“y"s‘?ﬁ%?g n‘g%rgdi i\\dé’{ § %We?llly,ev_ve %vé’ tﬁ@%@m&gi’s possible

be an el ectron donas cantrol ¢hairste [of pelymeriddfion in those reactions in which the

DETAI LED DESCRIPTI (o echiam invlve 28 S 43t B ek ©551 1 ©

metal center.

The Ruthenium and Osmium carbene complex catalysts that may be
used in the present invention and methods of synthesizing these catalysts are
taught in this specification and the following references, all of which are

20 incorporated herein by reference: U.S. Patents 5,312,940 and 5,342,909; U.S.
patent applications 08/282,827 (filed July 29, 1994), 08/282,826 (filed July
29, 1994), and 08/693,789 (filed July 31, 1996); and U.S. provisional patent
application titled "Synthesis of Ruthenium Metathesis Catalysts from
Ruthenium Hydride complexes”, filed November 15, 1996, inventors Robert

25 H. Grubbs, Tomas Belderrain, and Seth Brown, Attorney Docket No. CTCH-
8600.

In one embodiment of the invention, olefin metathesis reactions are
catalyzed and the rate of reaction is controlled by a composition that includes
a Ruthenium or Osmium carbene complex catalyst as described above and a

30 gel modification additive. We have chosen to name this second component a

"Gel Modification Additive" because in certain reactions this component



nmet at hesi s reactions that are catal yzed by certain Rutheniumand Gsm um
carbene conpl ex catal ysts. Mire generally, we have found that it is

possi bl e to control the rate of polynerization in those
reactions in which the 15 pol ynmeri zati on mechani sminvol ves an open
coordination site at a catal yst nmetal center.

The Rut heni U¥? &M% ni um car bene conpl ex catal ysts that nd’f"ﬁé*"’“’m

used in the present invention and net hods of synthesizing these catalysts
are taught in this specification and the foll ow ng references,
all of which are I ncor por at ed het ei n by reference: U S. Patents

20
(i iled Jul y 20 B0 pg Hytin yiich he panrgRpRe: SRR 4B GEme pefic 200

08/ 693, 789 (fi | edwhich the3dixtut®pdiiallyapadyrhbrizes. pGenarallydosteverabye MGel

application titl Loy nt hesis. of _Rut heni um.Met at hesi s tal s from

Rut heni um Hydr i dgae%'ﬁéﬁq’é’%@d?h i PEJFB AR SRR i‘g@@?"’?ﬁ%ﬁﬁ%‘& Robert 25
H. G ubbs, Tonas ddalydeto change the carSof the Batalyaed réhdtionn MosDaaietilly Noe haieCH-

8600. | n one.enbodi,nent of . the inventjon, qlefin
met at hesi s r eact i G thptthe g m"‘ﬁﬁ"mm@ YS/PaY, be, Aty ¢lpitrop dopor g Leis 1 on i s
controll ed by a g@gposition that includes a Rut henium or Osm um

carbene conpl ex catal yst _as descri bed above and a 30 el
modi fi cation additi ve. IDoRuthepium o QumiumFarhene complex catalyst @nd 8olponent a

| Gel_Wodi f [ cat i onmAfitdiioN SacitiAe @tifostibn 5 bR 8ed §alaly28 find Binfrof GEPONEN!
PCT/ US96/ 19216  rate of reaction in a yggigty plelefimmetathesis ragctigms.c Fxamples of
cat al yst/ ggnoner [ ' | ' : : i ch the

1 ('} Jﬂ:lﬁ'f HEGHES ?aacﬁgg? thak Fﬁ&tbk%afﬂed mgl;/xdq Ring opiiing

m xture partially polynerizes. Generally however, (
Modi fi cati on AddiMepteesis\Bolymeanizating of stininedrand unsteained spglisralefing, Bingh t he

tal yst t h : f Lo t Iy,
rave 5 0 T oona i Mot S Pl Bt A 0 S ROREC Y o

donor or Lewi s  polymerizationpasddepolymerization of unsaturated poipmerst Theseum or Osmi um

car bene conpl ex Cﬁé&&é’s@} xp@&@g@%{e described in the %%}éhg%‘ b&Qm%QSiféahér(rgst .

conposition nay be usé yzZe and con
reaction iif a varallesfywiith adeafdorporatedibdreiniby referente: Gypplicdfioani¥b.es of 10

ol ef i n et at hesi sy 23641 ORRa1 3 oAFbsRA8 TS it 285, BHSeE A5 cRRE™ "0
10/26/95); 08/550,300 {filed 10/30/95), and 08/705,064 (filed 08/29/96).

The Ruthenium and Osmium carbene complex catalysts of the present

of

invention are stable in the presence of a variety of functional groups
20 including hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, amide, nitro
acid, carboxylic acid, disulfide, carbonate, carboalkoxy acid, isocyanate,
carbodiimide, carboalkoxy, and halogen. Since the catalysts are stable in the
presence of these groups, the olefin substrate, the gel modification additive,
and any substituent groups on the catalyst may include one or more of the
25 above listed groups without deactivating the catalysts.
Preferred catalysts used in the polymerization reactions described here

are of the general structure:

30



Met at hesi s Pol ynmerizati on of strained and unstrained cyclic olefins, R ng
Cl osing Metathesis, cross- and self-netathesis of acyclic ol efins,

tel echelic pol ymeri zati on, and depol yneri zati on of unsaturated
pol ynmers. Thege 9720865 nmet at hesi s reactions are descri lregnisas/tonss
following U S. patent applications, 15 all of which are incorporated
herein by reference: Applications No. 08/ 550,679 (filed

10/ 31/95); 08/548,915 (filed 10/26/95); 08/548,445 (filed

10/ 26/ 95) ; 08/550, 300 (filed 10/30/95), and908/705, 064 (filed 08/29/96).
The Rut heni um and Gsm um car bene conpl ex catalysts of the present

I nvention are stabMéeﬂethlhEupR%ence of atLvari e{y of functional groups 20

i ncl udi ng hydr oxyl | ald Jle, ﬁ@ er, ether, am ne, am de,
nitro h?'%{gé& ?15% ?@tegm d, dMSTC{i de, car bonate car boal koxy

aci d, isocyanate, or unsubstituted argk ¢rodi i nX el carmoal koxy, and hal ogen. Since

the catal ysts are sta L presence of these groups, the
ol efin substrate, bggé@fj “hp ftggtﬁ on additive, and any
substi t uent sgr oupsvmgﬂ Dhend Xt ale;@;amhatyammb‘l are driphenylphosplines cof t he 25
above listed group ct| e C

Preferred cat al yst?“i}'g‘:?%ﬁ? nﬁoﬁ%g’fﬁ{iﬁ’p@ﬁ p@ﬁ%ﬁ%ﬁgddescrl bed here
are of the general tr‘idy&!dﬁéﬂylﬁosphmﬁﬁ‘he substituted aryMan8 663686 vinyl may each

PCT/ US96/ 19216

where Mis R[err], breehsfitutedgvith one or more grpyups inghiiing Gy %béﬂ‘f‘%t%‘d:s

or unsubstituted a&mbxyorandaph 1group&ﬂb@1tmiylb@6pm:un§ﬂmtha WitB Gne or

vinyl; X and X[ err] are ; an are tri hOSphI nes or
tricycl oal KW phospﬁ?"ﬁ%@a‘@&dﬁx (ésallf¥]1 %‘y@ﬂ'%@“ﬂ"}’l%ﬁ%‘pﬂg’ﬁé“ ‘E‘

tricycl ohexyl phospRiysgrutedRGny? s latso HeQdbshituidd ﬁﬁﬁoﬁ#&%b&%&@oﬂdl@‘&upﬁay each

be substituted wth one or rnore groups including Clerr]-Cerr] _alkyl,

hal i de, C,-C5 including hydraxyly thialy ketanas pldpRydeston, St Bmne@iidse N i onal | y
substituted w th oggqolytdylic acid, diRffRieNakibdigte, gﬁfafk]o dﬂ&t‘i likocPhdt¥d, »  OF

Cerr]-Clerr] al koxy groupS. The substituted aryl an
carbodiimide, carboalkoxy, and halogen. The preferred gel modification

15 additives are neutral electron donors such as phosphines. A particularly
preferred embodiment of the present invention includes the ruthenium catalyst
where L and L' are both tricyclopentylphosphine and the gel modification
additive is triphenylphosphine (PPh,).

20 GEL MODIFICATION ADDITIVE
The rate of metathesis reaction may be controlled by varying the

amount of gel modification additive (see Table 2} and the gel modification
additive itself (see Table 3). As is conventional, the metathesis reaction rate
may also be controlled by varying the reaction temperature. Gel modification

25 additives that may be used in the present invention include phosphines,
sulfonated phosphines, phosphites, phosphinites, phosphonites, arsines,
stibines, ethers, amines, amides, sulfoxides, carboxyls, nitrosyls, pyridines,
thioethers, nitriles, thiophenes, and furans. Specific gel modification
additives include tricyclopentylphosphine, tricyclohexylphosphine,

30 triphenylphosphite, pyridine, propylamine, tributylphosphine, benzonitrile,
triphenylarsine, anhydrous acetonitrile, thiophene, and furan. Preferred gel



substituted vinyl may al so be substituted with one or nore functional

gr oups I ncl udi ng hydroxyl, thiol, ketone, aldehyde, ester,

ether, amne, amde, nitro acid, carboxylic acid, disulfide,

car bonat e, carboal koxy aci d, isocyanate, car bodi |.m

car boal koxyWo1@36&| ogen. The preferred gel nodification %gjr’%&ﬂmgddi tives

are neutral electron donors such as phosphines. A particularly

preferred enbodi nent of the present invention includes the ruthenium

cat al yst where L and L[err] arq both tricycl opentyl phosphi ne and
t he gel nodification additive 19 tri phenyl phosphi ne (PPh[err]).

20 I ives il E)Qal ]WQQI TI VE

The rate of mnet atﬂ%‘gfigaurogaag lF‘(’)er? may be c‘%ﬁﬁle by’ varyi ng the

anount of gel nodiitydetiekylphapling, itimogropdphnaphiee, 2iphgnyiphdsphing(andodi fi cati on
additive itself (se%mTabl e 3). As is conventional, the netathesis reaction
rate X' “%so0 be controlled by varying the reaction tenperature.

Gel nodification 25  withouh8&ing buasl byhtheorgpwe hepatisite ithat theegebr esent
i nvention include ph

1QSphi nes,,. ul.f opat ed .ohosphi nes hgsphi t es,
phosphi ni t &s, pho@BﬁgquB?,ﬁg‘g?’%?Pfé@?s by moditying scf"f"igﬁ?ﬁ%, e’gt“ﬂg?‘?? ogm' nes,
am des, sul f oxi dege chialyROXPHeSpel Mollifieationadditives 6ff the Present invention mayt be oet her s,
nitriles, thiophenes, and furans. SEeci i C geg dificatign .
addi ti ves i ncl udeused it githep BRISPSA FHGLRG thoTate of %ﬁé‘}%}’rpﬁ&ssaﬁ‘i‘ﬁ%, 30

Lriphenyl Phosphi ¢ gaioR Xt Wil 3P moRiffeRIGn ddIHRe viill dBpini loRbatiphE BaditihoweoNi L1 | | e,
tri phenyl ar si ne, anlhy rous acetonitrile, thiophene, and furan, Preferred

gel WO &1/ theggalyst. The magnitude of the reduction or e cement of the

PCT/ US96/ 12216 . . . . . 10
o ; ) A the concentration of the gel modification

nodi fi cat |]1§n addi t vtleoé1 "lw%\lc Sgcflgp?lrdl%nycleopent yl phos hlgne,

. pnine, . -
tricycl ohexyl phosadditive, Below wosiesuibe pawsp iseipet 2 gol MoAEisaiopAEdiE 1, and
pyri di ne. . .o VN i ng bound by theory, we hypothesize
that the gel 5 mh’w'ﬁgcfp?ﬁl%%%élsgg&lgﬁg’?tive operates by nodifying the

coordi nation envi r onmeTitiphefiylphosphine is an exhmpleof @l g2k modrﬁq@tiqgeqddm tht cati on
o reduce the rat BUbR SrY s 57 FoaRidnien, the cxtplys has HRSElobRyBdsplie ©TIES
gel nodifisati on adeitn' igands) |In dedpeasd, the cisalyst whres hadd L/ e used
tricycloalkylphosphines is much more active in ROMP than the catalyst
where L and L' are triphenylphosphines. When L and L' are
tricycloalkylphosphines and the gel modification additive is
triphenylphosphine, we therefore hypothesize that the added
20 triphenylphosphine substitutes for the tricycloalkylphosphine in the
coordination sphere of the ruthenium and decreases the activity of the
catalyst. Generally, a gel modification additive decreases the rate of reaction
if the catalyst becomes less active when its L and L' ligands are exchanged
with the gel modification additive. Since monomer coordination is required
25 for polymerization, the gel modification additive can also slow the
polymerization reaction by competing with the monomer for coordination
sites on the metal center. Hence, increasing the concentration of the gel
modification additive will decrease the rate of polymerization reaction (See
Table 3, samples 13-17).
30 Conversely, if the pot life (reaction time) is too long, as may be the
case if a catalyst in which L and L' are triphenylphosphine is used. the pot



and the catal yst. The magnitude of the reduction or enhancenent of the 10

reaction will also depend on the concentration of the gel nodification
additive. Bel ow we describe how to select a gel nodification additive to
achi eve a sp ;,,; gTﬁgesi red action. Tr i pheayhRésasplgi ne i s
an exarrpleo a gel nodification additive that acts to retard

the rate of reaction when the catal yst has tricycl oal kyl phosphi ne 15

L and L[err] ligands. In this case, the catalyst where L and L[err] are

tricycl oal kyl phosphines is nuch nore activeiin ROW than the catalyst

where L and L[err] are triphenyl phosphines. Wen L and L[err] are

tri cycl oal kyl phos plife ces badebreakes! (Gel, theoedctipn att¢ tereastd) by eddinga gel

triphenylphosphin t her re hypot he at, ! he added 20

tri phenyl phosphi ne® gﬂ‘,"{lﬁ?‘&g"?%\d{gﬂh’l f’?‘f’%“%p gﬁpmgﬁosphi ne in the

coordi nation Spherﬁcyﬂloﬁeh@lpmﬁphmen(wmmm I!jeaﬁ]ﬂaszssﬂ)hdnalﬁkbas'e,tyeof t he

cat al yst. Generally I fjcati addi.tiv eases he rate of

reaction Pﬁeg a{g G rip¥glo ‘ﬂgﬁ] ’1’%@“3"&‘& Y%ts L and L'

ligands ares exchar@@ﬁhnges with the mpwuylbhésbmngc;l mmlﬁgmtlmmgaddl thér¢e. Since

nmononer coordination is required Jrer|zation, thefg
reaction

modi fi cation addi t3cH¥e eaysy Qﬁ“‘%’?‘%atﬂ?bm"dlﬁc‘m‘m adxmﬁ%!’l‘r‘ﬁ"équ

by conpeting w th fhgioHRNMAERAtally R bebstNsGhéte hbtive when its 1, and L'Sﬁéaﬁésé}e the
metal center. Hence, increasing the concentration of the

modi fication addi téxghanged with gherash modificationzadditive. Hewayer in; fgtsm@w gethet i on
(See Talhé: nﬁanmeﬁﬁo&%cﬁg -additive is mcrgased r¥he addifRwAr sely, if

the pot life (reaction tine as nmay be case if
a cat al yst 1@ n whi ctomipetgrwvith the mopomercfor mq;ﬂmnmiesm\ﬂnenﬂ@ ogntetiandi the pot
WD 97/ 20865
PCT/ US96/ 1 9216 11
|ife can be decreased (Hord)echmiwindigmdamdligancbsﬁmwem&):t ibyoad'dil rge a gel

nodi fication additjye su | | ohex h
tricycl opentyl phos%ﬁ/hl ng 'Eg'é ;' ec%gwemi#%mg a&iggﬁ" case we
hypﬁt hesi ze : Eaz htdtnt&‘;diemt ﬁyﬁlfaaﬂhk}‘x%ﬂhb&mgﬂgn?ﬂﬁcaﬁﬁﬂaddlﬁxlattbgﬂaﬁﬂ?| tive b5
exchanges e i,ne ea 0,a nore
active catafyst. S8 %g 3’5‘? ‘h’%gl leélti%fad[ 4"@&%8’5“‘?% rate
of I eafbrobitr. In sdise &aésatw&kmbdmmsmmrﬁeaodﬂ avgel widificafich L and
L[err] ligands are

additive may eventually act to decrease the rate of reaction,

additive, it may be necessary to allow the gel modification additive and the
catalyst complex to equilibrate in a non reactive solvent before the monomer
is added. This is particularly important where exchange of the ligands and

20 gel modification additive appears to be slow relative to the onset of
polymerization such as cases where a very bulky gel modification additive
such as tricyclohexylphosphine is being exchanged on to the catalyst
complex. For an example of this, see the results for samples 30 and 33 in
Table 3 below.

25 Since the gel modification additive is assumed to modify the
coordination environment of the catalyst, we hypothesize that any substance
capable of coordinating with the catalyst metal center will modify the rate of
catalyzed reaction. This holds true not only for the specific Ruthenium and
Osmium catalysts discussed above but also for any catalysts that initiate

30 reaction through an open coordination site at a metal center. In the present

invention, the gel modification additive may therefore be any species that is



exchanged with the gel nodification additive. However in this case, as the
concentration of gel nodification additive is increased, the additive wll
10 conpete with the nononer for coordination sites on the netal
center and the additive may eventually act to decrease the rate

of reaction. For the change in Ilgand
structure t WOI288F t he overall rate react | gpm%dﬁgwge time

bet ween m xi ng and gel point, there nust be sufficient time for
the Iigands and gel nodification additive to totally 15 equilibrate
bet ween bei ng bound by the catal yst and b]s?r ng in sol ution in the

nononmer. I n sone ca to ob al n.1he naxi um dification
additive, it may" ?’ﬁ’ cgé:ggrg PBRPYHEYE T“’%ﬁoég? ?tc% gﬁa(f??t i ve and
the CartéY. y@:tan@!ﬁﬂﬂfgm xh@dxﬁéuﬁbh inliditites than nmyrharusecbmcmdae sol vent
before the nononer % ThIS is particularly inportant
wher e exchange ofelectien W‘ﬁ%&ﬁ%rﬂﬁ‘s“ﬂ)m nucleophilgs, " i fication additive

appears to be slow relsgt jsvdesiéd folipecdnipothe eéacnon after the gel mpdificaddni zat i on such
as cases where a very bul ky gel m)dlflcatlon additive such as

tricycl ohexyl pho@éﬁﬁlﬁéh@s"eﬁ%% enecan peigassthe pactinn qudion mpld
conpl ex. For gémt&eofnyt Jupfsunéﬁfé dltfint S15gd mddffektiohHARIRE avPand 33 in

Tabl e 3 bel ow 2 Since _the gel nodifi ca_t ion additive is
assuned to nodi fyemmamre,thepot life can be pring; todhe dasired bmendhepmepm of ot al yst |

we hypot hesi ze t ating with
yp ;{ﬁé addi %W%Qﬂneve the desired ﬁfl‘ﬁﬂphﬁy @lpen@ Qhdhd g

the catal yst net he rate catal yzed

reaction. This habodslinatingability of wheygel mod!ﬂveﬁ@}p@éﬁﬂ’b@sﬂﬁlﬁém taswlting)

@mumca lysts d e r t |n|t|ate
F acti orfata??'?gﬁ%ﬁ%éﬁpg%gﬁﬁgé%r d"?%l s?o‘%@s e at ?ﬁgga center .

t he present Lewis basicrpeb ntodificatidnhaldigives swoblia$ pliaspliites andi giopylemineay

therefore be any o%gx%feite?f nﬁxggﬁt thL %aialyst while some g%&ﬂi&%@g Rdditives such %

PCT/ US96/ 19216
capabl e of coor ditriphdnflgrsisie} hitrilss, eﬂersandch:oﬁsrhavd hﬁiesffe@oatpo&mwyst met al

conter. Eiarml o5 ol 98l MUt Stiat SHi b ThadiBtld, 10} V00
desired tgsspeed mdtda&rd’s%&tpeawlﬁfeﬁWuvt Iilec@adollingd:of liat i on 5
Femper ture. By ad] ustierg R SESHRSLE oraUre ALHE FHSaR B Sl ARYEand ¢ he
of gel modification additive, we can turn to some recent studies on the
mechanistic pathways by which the Ru and Os carbene catalysts operate. A
scientific article titled "Well-defined Ruthenium Olefin Metathesis Catalysts:
20 Mechanism and Activity” by Eric L. Dias, SonBinh T. Nguyen, and Robert
H. Grubbs, summarizes the results of these studies and has recently been
accepted for publication in the Journal of the American Chemical Society.
This article is incorporated herein by reference. Among other things, these
studies investigated the effect of adding phosphines on the rate of a Ring
25 Closing Metathesis ("RCM") reaction catalyzed by ruthenium catalysts of the
type used in the present invention. The mechanistic pathways for other
metathesis reactions such as ROMP are not expected be much different than
those for the RCM reactions. In these studies, the added phosphine was the
same as the L and L' ligands on the catalyst and therefore, by the arguments
30 presented above, the added phosphine can only act to reduce the reaction rate

by competing with the monomer for the open coordination site. These



tenperature, the pot life can be varied to the desired tine. The anount of
the additive required to achieve the desired pot life may depend on the
coordinating ability of the gel nodification additive used and the

resul ting 10, o7mesdsat @l yst activity of the substituted catpgirXSéennofis is -
shown in Table 3, sone Lew s basic gel nodification additives
such as phosphites and propyl am ne conpletely inhibit the

catal yst while sonme gel nodification additives such as

triphenylarsine, nitrites, ethers and thiol g have little effect on

pol yneri zati on rate at the low levels explored. In addition to
the phosphi nes exarshudied didli fact find thatrthejadded whesphine rqslseaddhie yeactidneratel ve in
controlling pot Iif N dependence of
the reaction rate JPeYiHEhe ftsppined that the mactlgq g %g&‘él ?gtalqg%n addi tive, we
can turn to sone r dfidepéndsituditiesSconberitiation of the added phosphiverang tai ternpmiversgly s by
WmchtheRuandCBcarbeecataIysts te. scientific
article titled " V\éIH"°HS‘é‘¥"1“RH ?%?ﬂqﬂ}?’gfé&f’ﬁd‘i?ét@?mes Sinre g &Pect 20
Mechani sm angl Act i \hd MecHaisfbiCmbtathledis feactonb Bi Qéitef'ﬁl (d¥g ROMP iapsriaher t

H. G ubbs, summarizes the results of these swgnl es and has recently been

accepted for publ i dabe similanto; that fop ROYG the,depe plathesty ReAGHioR |Tate 9p ot v .

This article is 'n%ﬁ&ﬁ&ﬂoﬁ%ﬁ‘E@lﬁﬁb&lﬁ@é&oﬁ%ﬁ&ﬁ%ﬁ%xpéﬁﬂme belshgilar thitags, these
studies investigated the effect of addi phosphi nes on the rate of a Ring

25 Cl osi ng Mdeendria dhesabovestngy, ar@a&m&w ‘@aetﬂb?iéhf sﬂ/moel‘ Jeatiany m
catalysts of the 44 ve rew?]sttlﬁp?eaﬂﬁ&{j ThbrdfOR A SHBRE of e Pérﬁgnce-g??he

mechani sti c pat hways net at hesi s reactlons such as ROWP
are not expt&ted beROMEhatdpf feactiomt ont the gel modification additiveseonfentratidrecdRiiv

the L and L{err] 1 anfelelby rerSil 5 fs SRR liitnd dQmment adiive, 20T 50

present ed above, t lvencugistinghbeprhdctive mamawM:;ll tydunladdltlmhmcndm at eact i on

rate by.. s ' . ol i on
site. These ydxﬁ&%%é&}ﬁ%%&éaﬁ@ns% %Qgﬂﬁmé @e t;egteﬁt%F &e%@a%ﬁgﬂ pa@é
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st udi es dld%nfact find that tw 8 Tr d the reaction
rate; they further d ' on rate was the sum
of aterm I nROMINchactions haddiseen Qmanttheafohnamfoftum polgindgs by

o the added phospiifte-gieaie Wevele s Jhe dion i oot foeeBiingp for
met at hesi s react i OrReattibndffeétionl MoK JRdrmbstts) For itkest &fslems, techmques
have been developed for controlling the gel time of the polymer by
20 controlling the rate of catalyst formation after the catalyst components are
mixed. In the present invention, the ROMP catalysts are the ruthenium or
osmium carbene complex catalysts described above. In contrast to catalysts
used in earlier RIM and Resin Transfer Molding ("RTM") processes, these
catalysts may be added to the monomer in the molding process in their
25 "active" form. Also in contrast to the earlier RIM processes, the
polymerization rate of the active catalyst can be controlled by adding a gel
modification additive according to the present invention.
ROMP of dicyclopentadiene ("DCPD") is catalyzed by the above
described catalysts. Cross-linking of the resulting poly DCPD has been
30 explored commercially. See for example U.S. patent application No.
08/678,397 (filed 7/2/96) which is incorporated herein by reference.



to be simlar to that for RCM the dependence of nmetathesis reaction rate
on concentration of gel nodification additive is expected to be
simlar to that found in the above study, at least in the case

wher e t he gelya'Pebs E% cation additive retards tg&g@ﬁﬁ%ﬁﬁ'ﬁ# i
rate o

Therefore an estinate of the dependence of the 10

reaction on the gel nodification additive concentration could be
achi eved by performng just two separate reactions at different additive
concentrations. In practice one my w sh tggrun additional reactions at

di fferent additive concentrations to determne the best fit for the
reaction rate. In one aspect of the invention, the potRd/of (e IE!I)WGNRHHIT ADI ENE

ROWP reactions have be us thefornat n of nmers by

the ring-openi ng d°8E ‘SF@H}H@ ofy,gel F‘%"éi atiop ?f{:i’é"gﬁég agiiony f ectively
for Reazﬁixhﬁ@ BpJaaa“hge& 2O fbdliBattin dddRFEDES tsom feipefah@s potSy St ens,
t echni ques have been devel| oped for controllln he gel tinme of

the polymer by 20 life of thegpolymesizationymixize may be sxtepded Artbmingies af t er

the catal yss conpoR@hs glodification addmveneo@&mkﬁhntmhw&m WillMGgdion, the
ROWP catal ysts are the ruthenium or osm um car bene conpl ex

cat al ysts descri beuodifieafion additiveopresentt to catal ysts used in

carl i er RIMand Resin Highpeh obibprobioRAerzABE3158, P

catal ysts may be added to € nonomne Ss in their 25
"active" form Al smwmhnﬁmabtlltxwmoieﬂw Bﬁlmmﬂ&wbéesﬂlbm

pol yneri zati on ra Otfo H@le a%h&?mg%é/%f]% p% S?’ﬁ‘ga’%’? %m ﬁéjl ng a

gel |cat| n I've accor nventi on.
ROWP of di tfcl operprednﬂelnw(txbﬁmﬁm&) provides thelabilityd tobgoniphstely siop ghe

descri bed cat al ys Cross-1i e resultin as been 30
expl ored commer ci AoPmenEaio nf'(??cl%&glﬁﬂ?@% {hgrﬁ%"zc?gcpﬁﬁp

081/ 78,397 (filed czbé’eix&ﬁ)e (d] sbonwn&amaohi&mbeﬂem@sﬂmhygermhe;ﬁwm.

\IQKC)T/Q 6/832/8282 16 additive dissolved in the monomer). In this regard, we have surprisingly alsg 4

In oneI fasgegt 01;] tﬁiﬁx(\jd mﬁﬁw:%%e k&l&n&ﬁ!(ijca]txbﬁ Qddi)tfvctdilﬂ cllmgqﬁe ; {aipkratupe
contro e ytea, ition o age podi f 1 cat I f.]ve o the reaction
m xture. BY°addi ng¥ilrloydbe fayiic activity of the e y§'e‘° H@‘L’&S’n‘f"f extRded ure pot

periods of time {days or longer) and that the catalyst can then be
“"reactivated” by heating. Further, the addition of the gel modification
additives according to the present invention have an unexpected desirable
effect on the properties of the resulting polymers. For example, when

20 triphenylphosphine was used as the gel modification additive, the heat
distortion temperature (HDT) of the resulting DCPD part was significantly
higher and the surface appearance of the resulting part was improved when
compared to parts produced in the absence of a gel modification additive.
We therefore deduce that a polyDCPD material that includes the gel

25 modification additive of the present invention can have superior material
properties compared to the material produced without any gel modification
additive present.



life of the polynerization mxture may be extended from about 1-9 m nutes
5 with no gel nodification additive to greater than 2.5 hrs or nore
with the gel nodi fication additive present.

The present iwwemiosssn provi des numerous advantages, NOSt  PCTAIS9619216
inportantly, the ability to control the gel time or pot life while stil
bei ng able to conpletely polynerize the nonomer in a short
period of tine. The 10 present invention further provides the ability
to conpletely stop the pol yneri za$i on reaction through
decreasing the tenperature of a catal yst concentrate (i.e., a
concentrated m xture of the catalyst agﬁgégﬂigﬂﬁﬁkication

additive dissolved in the nononer). In this regard, we have surprisingly
al so found that adding the gel nodification additive and

| oweri ng the tenperi¥athesis oERuthenium (o bPCNfSCHCHSGRIY y of t he

catal yst to be inhibi e fetch e ner i (days or
| onger) and that the cat aT{ys% ca%ggﬁteéﬁ_c%tgbfﬁ of the pifcht &Sg%@giélgg{%d" by
heating. Furiher, trrpaseddi@ions sigp synthesiyas illustrated dm theaeaction sequence beladdi t i ves

according to the present ;nve%g’ on have an unexpected desirable

ex

effect on the properties ulting pol ypers. For exanple, when 20
tri phenyl phosphi ne was used as,the gel nodifi c%son additive, the heat

distortion tenperature (&DT) §fsthe rasgyl ting D part ew@ssigghi ficantly
hi gher and the surface appea e of the resul siwmg part 3@“{% i nproved when
conpared to parts produced i c absence of a gel nodification additive.

e thereforﬁ) deduce that a p (PD material that includes the gel 25
nodi ficatioh additive of the prekent invention can have superior materi al
properties conpared to the material produced w thout any gel nodification

additive present. WO 97/ 20865 .
PCT/ US96/ 19216 In a typical reaction, [(Cymene)RuCl,], dimer complex (0.53g, 1.73 15

EXPERI MENTAL | Ru) an®POY @ 150, & | 1oRUAATR S
a Lort] Rl POy er 1] Fect B mBROIER1% 2 coi) SRR WIMCIRRL hert BoloiRle.

conpl ex catal yst off®@d F&éﬁh‘%&%ﬁ%@#q@l&ﬁ%@mwﬁc stitbar. pBesenceddi n a
one step syrs hesi s @y vdslthh ddatLeblloWed BF 336AplenPRyAGHURAE f0. 95, TWquiv).
The reaction flask was then attached to a reflux condenser under an inert
atmosphere and heated in an oilbath at 83-85°C for 6 hours. The solvent was
then removed to complete dryness in vacuo and the remaining red solid
washed with pentane (4 x 25 mL) under inert atmosphere. The remaining red
20 powder was dried under vacuum for 12 h and stored under an inert
atmosphere yielding 1.4 g of CLRu(PCy,),(=CHCH=CPh,) in 88% yield.

Purification and Degassing of DCPD Monomer

500 mL. DCPD was filtered under vacuum into a one liter round
25 bottom flask through a 150 mL medium porosity sintered glass fritted funnel
containing one inch of aluminum oxide. Lower grades of DCPD with lower
freezing points can be used after similar purifying treatment.
To the round bottom flask, containing purified DCPD as above, was
added a 1-inch magnetic stir bar. The flask was placed in a water bath 30-
30 35°C and under 0.10 mm Hg vacuum with stirring for from 20 minutes to 1



10 [err] In a typical
reaction, [(Cynene)RuC [err]][err] dinmer conplex (0.53g, 1.73

mol Ru) and PCy[err] (0.91 g, 2 equiv) were |oaded under inert atnosphere
i'nto a 100 nL Schlenk flask equi pped with a nagnetic stir ne (40
15 mLYOEERen added fol | owed by 3, 3-di phenyl cycl og?{gggﬁg%g. 33g, 1
equi v). The reaction flask was then attached to a refl ux
condenser under an inert at nrosphere and heated in an oil bath at
83-85[err]C for 6 hours. The solvent was ¢ then renoved to
conplete dryness in vacuo and the remaining red solid washed
W th pentane (4 Xphéh. Mhe dpASId DOPD twas iheRRIed Snder Reculr@nad Prétectédcfiom 0
powder was dried under vacuum for 12 h and stored under an inert

at mospher e yi el di Hghtito preyegtiprematigg fraeyradieal Poiymarigationy i n 889 yi el d.
Purification and Degasgengye fouktiidt YBOMRE functional group tolerance of thR90 ML DCPD
was filtered under vacuuminto a one liter round 25 bottom f | ask
through a 150 nlL ewsdlystsropthepoésent inventien, ove dft agd Deed for pusifly pachdagpss the

contai ning one in ] el ﬂﬁ’m AdEat DCPD wi t h | ower
freezing p03| nts c?#ﬁmﬁéé%aw@ég Sma %?%u‘?@*yi ngu?‘];'eat ment .

To the round bottom fl ask, containing purified DCPD as above, was

added a 1-inch nma | ¢ ,Stir bhar «.kthe . . pl i 0 wat er bath 30-
30 35[err golmggggg_ %;rh%x_rnt éél%gdlﬁ@ﬁxog.@:dﬁﬂre.u&n?ng for from 20

mnutes to 1 P(C ol HCH=CPh,) catalyst
PCT/ US96/ 19216

.. . .. 6
hour. The degassed DCPBPReRS e Frieameyst;fiask foptalping ¢ rlﬁnécﬁ(lm?ﬁ%?ce%tfrebé"f rom
10 DCPD, purified and degassed, as described above, (147.9 g, 150 mL, 1.12

mol, 5000 eq) and (P(CyPentyl);),CL,Ru(=CHCH=CPh,) {188.5 mg, 0.224

mmol, 1 eq) were added. Stirring was initiated and optionally a slow flow of

argon was introduced into the flask. The orange solution was stirred at room
temperature for 8 minutes under argon until it became highly viscous. The

15 solution was then poured open to air into a crystallization dish (14.6 cm in
diameter) that had been previously stored at 120°C. After 2 minutes, the
solution began to gel, and the production of smoke was observed over the
following 2 minutes. At this point, the polymerization appeared complete,
and the crystallization dish cooled to room temperature. The polymer

20 separated from the sides of the crystallization dish easily. The polymer was
post-cured at 120°C for 3 hours, resulting in poly(DCPD) (141.1 g, 95.4%
yield).

DCPD Polymerization with Gel Modification Additive using
25 P(CyPenty]).),Cl,Ru{=CHCH=CPh,) catalyst.

To a flask containing a stir bar, triphenylphosphine (95 mg), and
DCPD, purified and degassed, as described above, (63.991 g) were added.
The flask was stirred under vacuum for about 5 minutes.
(P(CyPentyl),),CLRu(=CHCH=CPh,) (71 mg) was then added to the mixture
30 and a slow flow of argon was introduced into the flask. The solution was

then stirred at room temperature under argon. After 59 minutes, the acetone



light to prevent premature free radical polynerization.

We have found that due to the functional group tol erance of the

catal ysts of the present invention, we do not need to purify and degass the
5 DCPD wememmsssbef ore carrying out the pol ynmeri zati onPpCT/US6/19216

DCPD Pol yneri zation Wthout Gel Modification Additive using
P(CyPentl[err])[err]d[err] Ru(=CHCH=CPh[ err]) catal yst To
a 250 mL Erlenneyer flask containing a 1-inch magnetic stir bar, 10

DCPD, purified and degassed, as described abd¥e, (147.9 g, 150 ni, 1.12
nol, 5000 eq) and ( e 3)2(:1 JCH=CPh2) (188.5 0. 224

mmol, | eq) were addéﬁ%\{g@t Mrg@"%s IPWS_{ I"gendt %sﬁﬁb‘f‘?‘bm 6N ROWEDAPFY Ow
of ar gon tye lhtetarrﬁﬂbl(iﬁ‘éi hh@i)&ntﬂ?@vﬁﬂsﬁséforea_ hsgegn gﬁxe?&lyt I on was
stirred at room enperature for m nut es under argon until it
became hi ghly vi scod%mpeﬁﬂé'eﬂg‘he r°3°t1°§<9|°€}ﬁ¢6ﬁbwﬁs‘ﬂtmhtc?)&ﬂr@d%mﬂl@ air
into a crystallizati b Holl 13%°C di aneter) that had been
previously stored at 120 err]C A ter 2 mnutes, the sol ution
began to gel ,5 and the production of smoke was observed over the

follow ng 2 m nutes. poi nt, the polynerization appeared conpl ete,
and the crystalli zatAr‘@"?L%':iéﬁ cool ed to roomtenperature. The pol yner 20
separated fromthe si desThé aaetmeaasymhlsulgedtwetesdusﬁmdamsash& thé’bﬁexﬁ(ﬂfyfmr

was post d at 120 er 0 resylti ( DCPD)
(141.1 g, 95.4% he'p POIYMERZANM, e elon.” th s ks{ PHESPR] E%E’ gﬁ"’é
Cel Mbdification Addvere nemousd with 25rnall pipet and dropped into a test tube of acetone.

P(CyPentyl[e er er cat al

Tf)q,a fl agk[ c{)‘fn][ ?au[ ni r}ésug %t“ﬂh?"gj%_; ﬂﬁg{ﬁ}l éﬁf%teﬂb‘)f Pobyiper
DCPD, purified and dagaas;edrhasxsam&ﬁum&eae&med w&«&ﬁ&"q}xowere added.
The flask was stirred under, vagéum,fg

(P( CYPent yl ) 3) 20 2RPPEEEERteR), [ Clop

% f‘?&Bﬂg')(s%l’?xh@W%ﬂédaﬂdo ‘Balle ni xture

and a slow fl ow of argon was introduced into the flask. The

_sol ution was t hen sti rred at roomte erature under argon. After
59 nminutes, the ace Depend f pot life\an conce i f Gel Modification Additive using

PCT/ US96/ 192ik6 P(CyPenty]).),Cl;Ru(~CHCH=CPh,) catalyst: TABLE I 17
203 mg of triphenylphosphine was added to 4.052g of 95% DCPD in
a test tube and the test tube shaken until the triphenylphosphine was
dissolved. 74 mg of (P(CyPentyl),),CL,Ru(=CHCH=CPh,) was then added,
shaken by hand and then mixed with a stir bar for about 1-2 minutes. The

20 mixture was then set aside. After 3 hours 20 minutes, the mixture was still
fluid, i.e. only partial polymerization had occurred. The pot life of this
reaction mixture is therefore greater than 3 hours 20 minutes, The reaction
mixture was added to 60.06g of DCPD. The mixture was stirred slowly
under vacuum (this is optional) for a further 5 minutes and then poured into a

25 mold that had been preheated to 60.8°C. The peak exotherm occurred after
about 19 minutes at a temperature of about 69,5°C. The mold was then
allowed 1o cool to room temperature and the polymer removed from the mold
and post cured at 190°C for 1 hour.

The experimental procedure described above was carried out for

30 different concentrations of the gel modification additive and the results are

summarized in Table 1.



test (See below) gave a "Flat Ball" result. The solution was then poured
open to air into a nold that had been previously stored at
60.2[err] C. The peak tenperature of the reaction occurred about
10 mi nutes qpbggmﬁgyrlng, with a peak tenperagQ#ﬁJ Pp
158[err] C. Acet one Test e ace one test
was a subjectlve test used to neasure the extent of t he

pol ymeri zation reaction. In this test, a few drops of the catal yzed DCPD
were renoved with a small pipet and droppeqginto a test tube of acetone.

10 Vi sual inspection yielded a qualitative neasure of the extent of
pol yrer formation. The vi sualTabksults were described as
" Not hi ng" (no ] polvnerization) "Cloud" " El at ! D

pol yneri zati on),

concentration of

P(CyPentyl[err])]
203 nmg of triphen
a test tube and t
di ssol ved. 74 ny

added,

1-2 mnutes. The

d " Balkonomer/ Dependence of I
Mo )Jf‘?nggltefm Addi t} ve using [L5 Blak E’&)ﬁ‘eﬁg

athple] eCatpivsi =[PRIMAEPh[Catalys) (@)a} HoyLife’ TABkHe (min)

nhackhhi na WS addad o 4 Q0520 ﬁf 95904 DETRPD Ln

PTrToS e crororeTr T ooy

¢ tS0b@1shpke203unti| o trpphezoptinfosphime
r]1Clerr]RU(C=CHCHRCPh2) was f hen
en sogo:banp a0m then oyxed it 4 apstli r bag for| about
mxturk was then sef asjde. Aftdr 3 hours [PO

m nutes, the mxt S Sobo: .044 bhiid, 4o pfly ONlly pagt, al
pol yneri zation hadi occurred. The | i fe of this reactl DN
§ hours 20 m nNutes. TNe reactrom -

m xture is therefore greater an

m xture was added 60..0 m xture tirred slowy
under vacuum (t hi strgg ng?faﬁaﬁ"PFBE %‘IP"U‘F m%a‘rﬁvvﬁﬁlfégep&%m’c’%‘f?“pour ed
into a 25 Mahixhiré &t bebéinp &400ud ki e aill BeopdatkdS[ err] C. The peak
exot herm occurred after about 19 mnutes at a tenperature of

about 69.5[err]C. The nold was then allowed to cool to room

t enper aturggand the polynmer renoved fromthe nold and post cured
at 190[err]C for 1 hour. The exer| rrent aI pr ocedur e
descri bed above was car¥ E ON eati ons of

. OF GEL TI SHOS
the gel nodification addi \/@@R&bﬁfﬁcﬁ%&t@mﬁwﬁ TABLE2 Summrized in

ti
Tabl e 1. WO 97/ 2
PCT/ US96/ 19216
USING CATALYST (P(CyHexyl),), Cl,RuCHPh
15 The following reactions were carried out using a catalyst of the

formula (P(CyHexyl);), C1,RuCHPh the results of which are summarized in

o~ B

Table 2. The sample numbers relate to the entries in Table 2.

20

Sample #4
Pour into a 250 ml flask with stir bar approximately 64.6g of Velsicol

'VHP DCPD that has been filtered and degassed with vacuum. (Note;

filtering and degassing are optional). Add .054¢g of catalyst (P(CyHexyl),),
25 CLRuCHPh and stir for about 3 minutes. Pour into mold. Mold temperature

was 34.4°C and the DCPD monomer temperature 31.5°C. Gel time was < 2

minutes & 45 seconds with peak exotherm at 4 minutes & 11 seconds and a

peak temperature of 133.8°C.



18 Table 1

Mononer / Peak Exot herm

Sanpl e Catal yst PPh3 (g) Catalyst (Q) Pot Life time (mn)

1 5000: 1 wo 9712086803 .074 >3hr 20nmi n 19pcTrus96n92is -
2 5000: 1 . 079 . 071 2hr 14 mn -6 5 3
5000: 1 . 044 071 49 mn [err]The pot life for
sanples 2 and 3 is the tine at which the pol ynerization m xture

I s becom ng viscous but can still be poured.19 10

DEPENDENCE OF GEL TI ME ON CONCENTRATI ON OF GEL

MODI FI CATI ON ADDI Tl VE; THeteE Gel time is defined as gisthridinesar ArhichTa gtiv(bay peasgss] ) [ err ]

S e o o he turning /Y2400l BUArE ting OF GSEENGES hbfshidy 1S 0O

a catalys

whi ch a)r/e sunmari zed in b) the time at which| acglass pifie lowered| ar pushel dute ar\ebahxght? t he
into a

entries in Table 2. us
250 m flask with stir bar oSty pored “‘g@?g $"@4’{‘%’“%‘?‘ RiFk v, ¥ Jave “cling 96 the\p
DCPD t hat ha$ been filt epipet aayldfdegmdwmﬂxzmgtshmphcuum ( Not e:

filtering and degassing are optional). Add 054g of catalyst _
(P(CyHexyl[err])[err] 25 G 2RuCHPh and stir for about 3 m nutes.

Pour into nold. l\/bl___g_ajﬁgrature was 34.4[err] C and the DCPD
rononer {eTperature S ety Sl A8 sk v of o sl Sy
tenmperature of 133. $HPrDEED that has been filtered and degassed with vacuum. (Note:
10 filtering and degassing are optional). Add .030g of triphenylphosphine and
mix for about 5 minutes. Add .054g of catalyst (P(CyHexyl),), CL,RuCHPh
and stir for about 3 minutes. Pour into mold. Mold temperature was 35.0°C
and the DCPD monomer temperature 31.5°C.,

15 Sample #6
Pour into & 250-ml flask with stir bar approximately 64.0g of Velsicol

VHP DCPD that has been filtered and degassed with vacuum. (Note:

filtering and degassing are optional). Add .065¢g of triphenylphosphine and

mix for about 5 minutes. Add .054g of catalyst (P(CyHexyl);), CLRuCHPh
20 and stir for about 3 minutes. Pour into mold. Mold temperature was 37.8°C

and the DCPD monomer temperature 33°C,

Sample #7
Pour into a 250-m} flask with stir bar approximately 64.0g of Velsicol

25 VHP DCPD that has been filtered and degassed with vacuum. (Note:
filtering and degassing are optional). Add .200g of triphenylphosphine and
mix for about 5 minutes. Add .054g of catalyst (P(CyHexyl),), CLRuCHPh
and stir for about 3 minutes. Pour into mold. Mold temperature was 36.3°C
and the DCPD monomer temperature 31°C.

30

Sample #8
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Not e: time is defined as a) the tine at which a stir bar ceases
turnlngln flask during mxing of the catalyst /

b) the ti rnea"vgﬁv\ﬁ'SEI a gl ass pipet | owered or pushed |nto §8V§?9§”?ﬁ'§h
viscosity poured sanple will no |onger pick up or have "cling to" the 5
pi pet any of the polynerizing sanple. Sanpl e #5

Pour into a 250-m flask with stir bar apppgximately 64.0g of Velsicol
VHP DCPD t hat has been filtered and degasséd with vacuum (Note: 10

filtering and degassi ngn ans xOmok@n s mbAddd apResinRlely BIIBAEHVAGEaPNI ne and
m x for about 5 mnutes Add . 0549 of cat al st (P(QéHexy [err])[err]

O [ err] RuCHPh %Hhame?n ﬁmre%m é@cumbqutm o ol d.
Mol d tenperature Vmﬁn%éaﬁ&@éféjsﬁgareo%twnal) Acﬁ“dsdgf}mﬁﬁ?&?ym % .

tenperature 31.5[err]
a 250-m flask wi trmxsmn}dieéppbmm&mmesam% 084g witatalyst|

?lrlrt Eﬂ?gt 2%:1 ggza mggdéb’zz opt |%%ﬁg§§g&d@§g?o ?#Ppr?ﬁg ?’ﬁ) S%)lﬁl ne and

m x for about 5 mmtutae@y igecfcheetobel bath fforcapproxiradtely ) Gyddady/to) doel, ahd theftl 2RuCHPh

20 and stir f Pour nto n Mol d tenperature was
37.8[err] C “%%%3%%5?‘&? %‘F%%f“‘? ?"‘ft"ﬂg‘%? 33[err] C.
Sanpl e #7 The folloﬂdng daym\mgh oﬁBﬁbuﬁ 56¢ eSVelvicsllVIIP ithat Bay

approxi mately 64. Ve DCPD, t hat s been filtered
and degassed wit hqg%{m?ﬁ"; f'?é&@ 58 with vacummf&o[t%rPHgm&ﬂg%ga&ggg A are
optional).1Add . 2%&0&1} t Addoihe Tz CatRly Wmdpb concentrate pelléh Xo {ie’56@ 00Ut S
m nut es. Add 054g at al ﬁﬁg?ggﬁtx I)3 Cl RuCHPh and stir

for about 3 mi nut é’§ frop @fSSP erBe A sfepsdseResin 1] C
and the DCPD nonon@hpératiieas 35°0. EMBL fdr-3 Bidutes longer and poRAifd £ 358°C mold.

Resin temperature at pour = 35.4°C.

into

15 Sample #9
In a 250-ml flask with stir bar add approximately 64.0g of Lyondell
108 94.04% DCPD that has been filtered and degassed with vacuum. Add
.055g of Triphenylphosphine and mix for about 5 minutes. Add .054g of
catalyst (P(CyHexyl),), CLRuCHPh and mix for about 3 minutes. Pour into
20 mold. Mold temperature is 38°C and the DCPD monomer temperature 32°C.

Sample #10
In a 250-ml flask with stir bar add approximately 64.0g of Lyondell
108 94.04% DCPD that has been filtered and degassed with vacuum. Add

25 .054g of catalyst (P(CyHexyl),), CL,RuCHPh and mix for 3 minutes. Pour
into mold. Mold temperature is 38°C and the DCPD monomer temperature
32°C.

Sample #11
30 Pour into a 250-m! flask with stir bar approximately 64.1g of Velsicol

VHP DCPD that has been filtered and degassed with vacuum. (Note:
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In a 25 x 150nm test tube, add approximately 8.132g of Vel sicol

VHP DCPD thatwgaﬁ nbigen filtered and degassed with vacuum (Netgsosnozre .
filtering and degassing are optional). Add .060g of triphenyl phosphine and
m.x until dissolved - about 3-5 m nutes. Add .054g of catalyst 5
(P(CyHexyl)[err])[err] d2RuCHPh and stir for about 3 m nutes. Then put
test tube into a dry ice / acetope bath for approximately 30
seconds to cool, and then put sanple into a 35[err]F
refrigeration and Iﬂmiag(amédwgfaymgis optional). Add .200g of trifitresylpbéspbing apd day,

wei gh out about 56q S HP th as b i d and
degassed with vacuurﬁ’i"(fﬂfbebo l?l“ ’?‘g?ﬁ' n)a"%’é&%%fg“a%ﬂéﬁ’sﬁé‘"&?’ ge’ﬁ?'gfﬂ ‘ﬁzd"bg‘g’ ional).
Add the frozen Cat adndstfif Fir/abiPD mimpren Powtistopadld.c Mdld tdnfperahfe was 32°C of
DCPD nmononer and m X L‘Ijné[bbf)ﬁl ssol ved - abou ?r,z seconds. Resin

temperature is 35[ éPf] TRgjjomet fmpetatice % er and pour into a
33.8[err] C mpl d. Resin tenperature at pour = 35.4C 15

Sampl e #9 In a 250-m flask with stir bar add

approxi mat el y 64. 0gagpla ¥l je| | 108 94.04% DCPD t hat has been

filtered and degassed Wlﬂh%@@!»ﬂ@ﬂhn ﬁijtube add ap pmxxmaﬁwgé)ﬁf Velsicol VHP
Tri phenyl phosphine and mi x_for ab m nut es. Add

catal yst (P(CyHexylBGHD tet Qﬁmﬁhaﬁ?é aﬁ4 degagsed ith Hacuyny; &Yﬁt%sﬁltﬂmranﬂnt o 20
nol d. Mol d tenperat t

S2[err] C mp dééé‘ssi&éé ax?tBJp%BﬁJO)C Aldl o1 ﬁ‘fo%@cﬂmm%fne aﬂggrﬁﬁ%ﬁ sk with
stir bar ad¥0 appr o-dissalved yaw 34§ mmu@yoﬁdél 0543 of catalyst (P(kaxg%)zm% DCPD

t hat has been filt t of
catal yst (P( Q/Fbxye?lgﬂlfﬂ%i Za&g ﬁ’? 3% gl't Agdd%lmigl Vi Béﬂﬁ

into nold. Mld tenpteraflask end mDBB{Bstrt]ﬂ@ ‘antldCatlab’stD@B[Onmﬂ‘BRmuxtfmr ature
32[err]C. S%Hl # o to a 250-m
flask with stir bar aptﬁr oxXl ma%oe °ﬂ16 ?ld te"f‘pe{/atﬁ"gll%%—fg dD Hésmp MG bePD
t hat has been fil tezbeuinr&ﬁCdegassed Wi t h vacuum ( Note:

15
DEPENDENCE OF GEL TIME ON
GEL MODIFICATION ADDITIVE: TABLE 3
20 The following experiments use a similar format to those set forth in

Table 2, but the gel modification additive was varied. The resuits of these

experiments are summarized in Table 3. These experiments used two

different catalysts: (P(CyHexyl),), CLLRuCHPh and

(PPh;), CLRu(=CHCH=CMge,). Other than for the five specific experiments
25 described below (Sample #s 29-33), all results presented in Table 3 are for

the (P(CyHexyl);), CLLRuCHPh catalyst. The sample numbers relate to the

entries in table 3.

USING CATALYST (P(CyHexyl),),Cl,RuCHPh: Sampie #s 13-28
30 In a 250-mL flask approximately 64.0g of filtered and degassed

Velsicol VHP DCPD was added. The gel modification additive was added.
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filtering and degassing is optional). Add .200g of tri phenyl phosphi ne and

m x for about 5 minutes. Add .080g of cat aI yst (P(CyHexyl)3)2 C 2RuCHPh

and stir foWR¥BA53 ninutes. Pour into mold. Ml d tenper &CHUEINIE632[ erT] C
and the DCPD nononer tenperature 33[err]C. 5 Sanmpl e #12

In a 25 x 150mm test tube, add approximately 6.0g of Vel sicol VHP

DCPD t hat has been filtered and degassed w,th vacuum (Note: filtering and
degassing are optional). Add .01lg of tri pffenyl phosphine and m x until 10

e o Al e 024 e i (RS L L

into a flask and mlziRuCHPhew atddsle mrhmﬁmgatbydtom\/bmdmﬁ(ﬁﬂésmfgefauon one

m nute. Pour into I perature s 37.9[arr]C. Resin tenperature
about 31.8[err]C. ¢ oStorred) e HKER' ' Hofiret Tnsd & ! DEPENDENCE OF GEL

TI VE ON ~GEL MODI FI CATI ON ADDI TI VE: TABLE 3 20
The fol l owng exp nqwgn ! T Qrth in

Tabl e 2, bt the ‘ ) e gl ts of these

experi ments are SummrTK@i:‘blloWniE&%&xoﬁswIﬂ&Q:Sﬁ‘xe&bﬂﬁﬁélﬁ?!ﬂES used two

di fferent catalysts (R(CyHe rr] Cl[err] RuCHPh and
(PPh3)[err] CIZRu = }'P/ ¥ or the five specific experiments
25 descri bed bel ow (Sanpl e #s 29-33), all results presented in
Table 3 are for the (P(CyHexyl)[err])2 d[err] RUCHPh catal yst.
The sanpl e nunber S2mpledd% to the entries in table 3.

10 Pour into a 250-ml flask with stir bar approximately 64.0g of Velsicol

VHP DCPD that has been filtered and degassed with vacuum. (Note:

filtering and degassing are optional). Add .020g of tricyclohexylphosphine

and mix for about 5 minutes. Add .049g of catalyst

(PPh,),CLRu(=CHCH=CMe,) and mix for 3 minutes. Pour into mold. Mold
15 temperature was 39.2°C and the Resin temperature 33.6°C.

Sample 30
Pour into a 250-ml flask with stir bar approximately 64.0g of Velsicol
VHP DCPD that has been filtered and degassed with vacuum. (Note:

20 filtering and degassing are optional). Add .054g of tricyclohexylphosphine
and mix for about 5 minutes, Add .049g of catalyst
(PPh;),CLLRu(=CHCH=CMe,) and mix for 3 minutes. Pour into mold. Mold
temperature was 37.5°C and the resin temperature =32.0°C.

25 Sample #31
Pour into a 250-m! flask with stir bar approximately 64.0g of Velsicol

VHP DCPD that has been filtered and degassed with vacuum. (Note:
filtering and degassing are optional). Add .032g of tricyclohexylphosphine
and mix for about 5 minutes. Add .049g of catalyst

30 (PPh;),CLRu(=CHCH=CMe,) and mix for 3 minutes. Pour into mold. Meld
temperature was 39.3°C and the resin temperature 32.0°C.



USI NG CATALYST (P(CyHexyl)[err])[err]C [err] RuCHPh: Sanple #s 13-28 30

In a 250-nL flask approximately 64. g of filtered and degassed

Vel si col VHP DCPD was added. The gel nodification additive was added.

PCT/ USo6) 102 HE0 972085 rTusSIys
After mxing until dissolved or 5 mnutes, the catalyst (P(CyHexyl)[err])2
Cl 2RuCHPh was added. After m xing for about 3 mnutes (or less if gelation
had occurred) the m xture was poured into a23rml d. 5 USI NG CATALYST
(PPhlerr])[err] d[err] Ru(=CHCH=CMe[err]) :"Sanple #s 29-33

The foll ow ng reactghﬁ B 3ere carried out using the

(PPh[err])d[err]Ru(= Cve2) catal yst. nple 29 10

Pour into a 250-m flasRowsia as7c5prm1b%ﬁ*3kéﬂfb‘brsﬁkp?¥eﬁpﬂ°f"@4dbé48€ ofiMelsiceb|

VHP DCPD that has Rganpbpbleigds sa fﬂﬁ%%@%%!s&eﬁ WABE Y4 m ( RQb:

filtering and degassing are optional) tricycl ohexyl phosphi ne

and m x for about ﬁlmmMSlegﬁédg ammyoml) chdd|048g OfcatalYSt

(PPh3)2C 2 CH yt 15

t enper at ur eR%(was W@ 5| n errfglz:"ra ltg}iriées é%%gflm’)%@ Nﬁo

Sanmpl e 30 temperature waPéQtﬁ"G pcbthe R2§0 terhpekdtars B34WFPEN stir bar

approxi mately 64.0g of Vel sicol VHP DCPD t hat has been filtered
and degassed with vacuum (Note: 20 filtering and degassing are
optional). Add .058ample #38i cycl ohexyl phosphi ne and m x for about

5 mnutes. Add .049g of ( 2Cl 2Ru( =CHCH=CMVe2) and
mx for 3 minutes. Pourh’i%&%xﬁg{)ﬁmm?wbe add @3 } erature was

37.5[err]Cmnd t he(mg)zm,mqaoﬂcm:cm,y&a.Mgéﬁdx&lommemane. Add stir bar and

mix for about 5 minutes or until catalyst appears to dissolve. Then add .052g
tricyclohexylphosphine and purge test tube with argon. Cap test tube and
mix at room temperature for 2 hours. After 2 hours, pull off
dichloromethane with a vacuum and wash catalyst mixture with another

15 dichloromethane wash. Now add approximately 10.0g of Velsicol VHP
DCPD that has not been filtered or degassed, to the test tube and mix rapidly
for about 1 minute or until the catalyst mixture is dissolved in the DCPD.
Add the DCPD/catalyst mixture to a flask containing 54.0g of Velsicol VHP
DCPD that has not been filtered or degassed. Continue mixing for about 3

20 minutes total mix time. Pour into mold. Mold temperature was 38.3°C and
the resin temperature 32.0°C.



25 Sampl e #31 Pour into a 250-m flask with stir
bar approxi mately 64.0g of Vel sicol VHP DCPD t hat has been
filtered and degassed with vacuum ( Note: _ filtering and
degassi ng ar jonal). Add :032g of tricycl ohexyl phosphine and
mx for abou‘?"?’%ﬁ”ﬁﬂ es. Add .049g of catalyst 30 PCT/USI6/19216 -
(PPh3) 2A 2Ru( =CHCH=CMe2) and mi x for 3 minuteg Pour into nold. Mld
tenperature was 39.3[err]C and the resin tenperature 32.0[err]C.

WD 97/ 20865 w - O
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Sanpl e 32 3 F@uﬁl Yo a z&a-m [f@ask W h stj¥ bar
approxi mat el y 64. Qg |pf Vel i col’ VHP OCPD t hat has peen fill tered
and degassed with vacuum {Note: 2 filtlering and deggpssing |are
optional). Add .049gl of cal® yS8t § 5| «© < o <
(PPh3)[err]Cl[err] RU = a@eg] and i x for] 3 mnytes. Ppur intjo nold.
Mol d t emoer at ur &-aas R[nrr] C_and tlhe Resiln te b
34.0[err]C. Spnpl B #33] © n a 25/ x 150 {nm t est
t ube, add .051g of tal ysi %C@ g |«a(PPhjeyr])[jégr] C12Ru(=CHE} =CMg[err])
and 4-6g of dichl ordnet hang® Agd &t|¥ bar and - “mx for abgut 5
mnutes or until catfpl yst appeAr& tb di sshlve 052g
tricycl ohexyl phosphifne and|purgegept tubp with Jargon. |Cap test tubg and
m x at room tenperatjure fo 452 go@s oAf tefe? hoyrg, pullk off =
di chl oronet hane with a vac ngﬁnﬁwa's‘h cafa@l yst [m:xturgem th @lot hey 15
di chl or onet hane wash Now &dd ap?oxi mate|V 10. @ of Velsi col| VHP
DCPD that has not bgen fil{eced ar Hegassbd tolthe test tubel and nilx
rapidly apopt 1gminute or hntil tlhe catakyst 'éturglis
di ssolved in the DCHD. § (= -EANthe D daal ys{ S xtyr® to @ flask
cont ai ning 54.0g of jvel &t cpl Ps 1V = DCPD & hat n&s not Been filtered
or degassed. Continy méq ut—3 PO moutes totial mixltine.
Pour into mold. Ml d tenpefatugeshas 38.3[err] Cland
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The results 97 |l es 4-7 (Table 2) denonstrate that whepctgsdzdose -
(P(CyHexyl) 3)Terr [err] RuCHPh catal yst, increasing t he concentration of
t he gel nodi fication additive PPhlerr] increases the gel tine
(i.e., decreases the reaction rate). This is as expected: the
catal yst used in sanples 4-7 includes trihexyl phosphine L 5 and L[err]
| i gands and since TaroT 119 LI EoF h3 yields a | ess active
catal yst, the add he reaction. These results
al so show th DCPD containing a gel
nodi fication — h¢at deflection tenperature
properties as co D | ded with DCPD t hat does
not contain a gel The gel tinme, peak
exot her m char act er|&stl|j TRy =2 afe very simlar for
sanples 8 and 6 ( : sWer e prepared by
simlar nethods ex §Ty t/gel nodification
= £ny mo88°8
TRERERER K = @ |
o e jo e jo v e i |k e
SR ERREFRERRRA
e 22N e o n o
SRR RRRRFRER 2
Z o
o | I8 {8 [E {0 |oo |20 |o |20 'ﬁ,'_;:":‘g
' CRER-SE
£ 38 8 & &
FEEE
R o A B R B
2 RREERREFEIEPR o
@3 R EE
* K X ¥*
f ki o
oo le e e e ke e ke "é‘.u E
T RRRRRRRRR g = §
= & 8
8 ££ 22 3
5% 5L ¢
+ o o & o = T 22 %28 % 5
CERRERRERRBRE| Sf&8F3 9 ¢
: 8 F F & m < &
! —
SEEREEF
o****i*
T [V PN N 08 IO IO = N E
NNNNFNNMMMH\ 8




addi tive/ nononmer concentrate was prepared and frozen overnight, this
denonstrates that the catalyst nay be inhibited for |ong periods of tine
and then 15 be "reactivated" by heating. The results for
sanpl es 13-15 (Tabl e 3) denmonstrate that when using a X
(P(CyHexyl ) @ PY865C [ err] RUCHPh catal yst, increasing the TEENSEPP St i on Tof
the gel nodi fication additive P(cycl opentyl)3 increases the gel
time (i.e., decreases the reaction rate). This denonstrates that
the gel nodification additive nay decrease 20 the reaction rate by
conpeting with the nononer for the open cogrdination site. The
results for sanples 16 and 17 (Tabl e 3) f #8t her denonstrate that increasi ng

the concentration_of the t|o dd| v creases the gel tinme
(e dedpe sl Rty SRR faneinlf ral BREESRR A "0

m)dl fication addpiaymexyl )zt(tl-ﬁhﬂim catalyst, mcrmmkhlﬁt doneentrali¢reof the gelgands (bot h
tricycl ohexyl phosphl ne Si pce el dification,k625 addifive and the
L and L' |igandgnogifica fisatippsaddifive P w&%%&ﬁ%&@”&h%‘ﬁ%&% repgfion rate).

rate of reacti ofpd axvexp%&e&cthe EdiSly @ QRd in\sBmbles 421 REldddsahdxgBhibiphine 1Y

conpeti ng nononer for the open coordlnatlon site.

Finally, the reandid hg:mds MPWXEMB’S(“T%SWS“@? forRbn yieldsadessagtiveynen

using a [ | SR YR refdibRl Whkse 2GS BYo ©i t her
P(cycl opentyl )| erlfal[?'lﬂn@‘2 A6 ﬁl{?\%‘% &%865

PCT/ US96/ 19216 show that polymer articles molded with DCPD containing a gel modification 29

P(cycl ohexyl ) [err tinme
(i.e., i ncreasesad&mgépgs{s%gkurﬂzggﬁﬁégﬁa%ﬂae cgl#par edﬁﬁg&ﬁﬁéﬁ%ofnﬁ%eﬁgh or t he
reacti on with nanaihl¢ mokled with D('cmml;al éoﬁzyot cofitdin amelsmbdlﬁcailoagd@np@ct ed

" ganasii s mor AR e ek SRR chiinbiaisn ang I GRARERL o NeR ) T NG

97/ 20865 similar for samples 8 and 6 (Table 2). Since these samples were prepared by
PCT/ US96/ 19216

similar methods except that in sample 8 a catalyst/gel modification
additive/monomer concentrate was prepared and frozen overnight, this
demonstrates that the catalyst may be inhibited for long periods of time and then
15 be "reactivated" by heating.

The results for samples 13-15 (Table 3) demonstrate that when using a
(P(CyHexyl),), CLRuCHPh catalyst, increasing the concentration of the gel
modification additive P(cyclopentyl); increases the gel time (i.e., decreases the
reaction rate). This demonstrates that the gel modification additive may decrease

20 the reaction rate by competing with the monomer for the open coordination site.

The results for samples 16 and 17 (Table 3) further demonstrate that increasing
the concentration of the gel modification additive increases the gel time (ie.,
decreases the reaction rate). In this case, the gel modification additive is the same
as the 1. and L' ligands (both tricyclohexylphosphine). Since the gel modification

25 additive and the L and L' ligands are the same, ligand exchange cannot effect the
rate of reaction and we expect the additive to retard the reaction by competing
with the monomer for the open coordination site.

Finally, the results for samples 29-33 (Table 3) demonstrate that when using a
(PPh,),CL,Ru(=CHCH=CMe,) catalyst, adding either P(cyclopentyl), or



30 What is clained is: 1. A conposition conprising:

(a) a Rut henium or Osm um car bene conpl ex catal yst that includes a

Rut henium or Gsmium netal center that is in a +2 oxidation 5

state, has anwslenbgedn count of 16, and i s pentacoordi nat edpcaosbes19216 -

(b) an el ectron donor or Lew s base. 2. A conposition
according to claim1, wherein the Rutheniumor Osm um car bene
conpl ex catal yst has the fornmula 10 [err] where: 15

Mis selected fromthe group consisting of Gs and Ru; R

and Rlerr] are independently selected from pfe group consi sting of
hydr ogen and a substituent group selected fromthe group consisting of

C2- C20 Palydlelrexiyl), 82 £l aradificatidnyadditive Gpareasks (62 @elatiy (i,¢., dnoréases
err]-Clerr] carRoxyl ate err a err

al Kenyl oxy. | or {1 CHgh VPSS 1 WReoh i orceppiopr 40 i

a: li:oi(ycia][ bo n?/l : (Cj:(sahpl]e-m.eﬂ‘m]; reMlt i lls as expaitetdyéxﬁdelﬁm cdtilpst Iia\]iﬁlqﬁefcldpcntyl()j; |

a sul fon an rrl- u ; . \ X X err

ar eyi ndepenéent I yp&‘ﬁg‘?}‘g’g?‘ li:a Sa'é‘% ﬁ\"t‘ gefiye, ign that, yith PPh, ligands. L

and L' are independently selected from any neutral electron donor.

3. A conposition according to claim2, wherein the substituent group is 25
substituted with one or nore groups selected fromthe group consisting of
Clerr]-Cs5 al kyl, halide, Cferr]-Cferr] al koxy, and phenyl.

WD 97/ 20865 PCT/ US96/ 1 9216



31 4. A conposition according to claim3, wherein the phenyl

group i s substituted or nore groups selected fromthe
group consisting of hali U“I"Hlm“mmﬂgﬁm al kyl, and

Jerr]-d er ko #rssrsY - 5 ¢ t 8 conposi tion accor di ng.. hg é’ﬂ
wherein the substituent group is substituted wt Sr rmre
functional groups selected fromthe group consi sting of
hydroxyl, thiol, ketone, al dehyde, ester, ether, am ne, inne,

am de, nitro, carboxylic acid, disulfide, carbonate, isocyanate,

car bodi i m de, car boal koxy, angghal ogen. 10 6. A
conposition according to claim2, wherein and R are independently
selected fromt Mﬂnag{sQﬂuide)iysl sting of hydrogen, substituted aryl,

unsubsti tut ed aryl, substituted vinyl, and unsubst i t ut ed vinyl ;
and . A composifieR FOMPISIAIhst i t ut ed aryl and substituted vinyl
are each substitut ed befibdd t he
group consisting of hi/(groxle&ﬁ%WBpO%mm) E% Ie§%£tgl§ft§g‘ﬁ iu “¥8ter,
ether, amine, imne, an deRutlienium orcQsmhiomymetal tzmiedthat isina +2 ox;datxdn sul fi de
car bonat e, gl socyanate, car al o er er r]

al kyl , C[e?r] Cerr] al kox;%t%yu?1“‘5’%%1 ?fl tu{'lagﬂtﬁg)rgx’lmg ﬁﬂgﬁﬁfgf’& Eeﬂ’b i tuted
with a halide, (b) ackekrirdn Grer pf Latrk)blaseor Cerr]-Cerr] alkoxy. 20
7. A conposition according to claim?2, wherein L and L' are independently
selected fromthe group consisting of phosphine, sulfonated phosphine,
phosphite, phosphi nAt@mpphﬁmphmniding toaltmrig wheteihihe RutlRhidgl or Gehik@, ani de,
sul f oxi de, car box%ﬂj nitr ’g lgéi“ dbvjp d t hi oet her. 25 8. A
conposi tion accord ng o &f Fip W“L and L[err] are phosphines

i ndepende®ly selected fromPR[err] R[err] Rlerr] wherein Rerr] is selected

fromthe group consistin secmdary al kyl and cycl oal kyl and
wherein R err] and R err] are :\A@’Q?/ 20865
PCT/ US96/ 19216 X [ R
L1
where:
15 M is selected from the group consisting of Os and Ru;

R and R' are independently selected from the group consisting of
hydrogen and a substituent group selected from the group consisting of C-Cy
alkenyl, C,-Cy, alkynyl, C,-C,, alkyl, aryl, C,-C,, carboxylate, C,-C,, alkoxy,
C,-Cy, alkenyloxy, C,-Cy, alkynyloxy, aryloxy, C,-C,, alkoxycarbonyl, C,-C,,

20 alkylthio, C,-C,, alkylsulfonyl and C,-C,, alkylsulfinyl;
X and X' are independently selected from any anionic ligand; and
L and L' are independently selected from any neutral electron donor.

3. A composition according to claim 2, wherein the substituent group is
25 substituted with one or more groups selected from the group consisting of C,-C;
alkyl, halide, C,-C; alkoxy, and phenyl.



32 I ndependent |y sel-ected fromthe group consisting of aryl,
Cerr]-Cerr] primary al kyl, ondary al kyl , and cycl oal kyl .
9. A conposition according ti\lmm“ltﬂll\m‘ﬁ L and L[err] are

I ndependent | ywo 9920865 sel e r=Oup consi sti ng \IT/US96/19216 -
-P(cycl ohexyl)[err], -P(cycl opentyl )[err] and - P(i sopropyl) 3.
10. A conposition according to claim7, wherein L and L[err] are both -
P(phenyl ) 3. 10 11. A corrposi tion according to claim?7, wherein
L and L[err] are the sane. 12. A conposition according to
claim2, wherein X and X err] are independeit!ly selected from
the group consisting of hal ogen, hydrogen; Cerr]-Cerr] alkyl, aryl,
Cerr]- 15 Cl4er A kompdsitioncmecording Itmxliaizte,'i, Wheréihdhe pheaylm;buﬁ isstbtifittes]

aryl di ket onat e, C[ er, yl ate er derr]
al kyl sul f onat e, H""&éﬁ % F1oURY %elecad 8’C[géo“rp] éon “Ynl O%?g&he Id']C

or CJerr]-derr] alalkyl sdl 10,40y latkogpach opt | onal |y subst i tut ed wit h
Cerr]-Cerr] alkyl, halogen, Cerr]-C5 alkoxy or with a
phenyl group optionally substituted with halogen, Cerr]-Cerr]

al kyl or Cegr]-CelrA camjsésition adbbrding to claim 2, whe“l:&nt}fksithﬁtnﬁaﬂtgt iaccor di ng
to claim 12, wherein X and X' are i ndefpendentl ected from

d, Br, 1, H benzaaksemeé[m PRECOTIROTE m&e&mvpése*%ﬁrqm éfee&rﬂp al kyl
phenoxy, ,s%gwi;y&@l rthl&'ﬂé%H al ?dé; kst @ihed, amldey ihibéli 0, aryl,

or Jerr]-Cerr] al kyl sul fonat e; each_op t'i ona substit ut ed
with err]-Cferr] agiideypitggy cﬁbﬁi‘lﬂbﬁﬁldgﬁ%@ﬁe@ﬁ@m ispexagpies arkpdiimids t h 25

hal ogen, Cerr]- C[ec%],algg,,&?/&,@ﬁal grr]-Clerr] al koxy. 14. A
conposition according to ¢iaim 13, wherein X and X are independently

sel ected fri¥mthe group consisti ng of A, CF3CX2, CHerr]CJerr]
CFHerr]CTerr], ¢ 4 composition according to claim 2, wherein R and R' are independently

selected from the group consisting of hydrogen, substituted aryl, unsubstituted
aryl, substituted vinyl, and unsubstituted vinyl; and
wherein the substituted aryl and substituted vinyl are each substituted

15 with one or more groups selected from the group consisting of hydroxyl, thiol,

ketone, aldehyde, ester, ether, amine, imine, amide, nitro, carboxylic acid,

disulfide, carbonate, isocyanate, carbodiimide, carboalkoxy, halogen, C,-C;

alkyl, C,-C; alkoxy, unsubstituted phenyl, and phenyl substituted with a halide,

C,-C; alkyl or C,-C; alkoxy.

20
7. A composition according to claim 2, wherein L and L' are independently
selected from the group consisting of phosphine, sulfonated phosphine,
phosphite, phosphinite, phosphonite, arsine, stibine, ether, amine, amide,
sulfoxide, carboxyl, nitrosyl, pyridine, and thioether.

25

8. A composition according to claim 7, wherein L and L' are phosphines
independently selected from PR’R‘R’ wherein R® is selected from the group
consisting of secondary alkyl and cycloalky and wherein R* and R® are



WD 97/ 20865

rervsoorioats  oper SN, oo o co cosprare,

nmesyl at e. woo9rnesss and trifluoronethanesul fonate. PCT, 96/1921%5. A
conposition according to claim 14, wherein X and X are bot%“&.

16. A conposition according to claim1l1l, wherein the Rutheniumor Osm um

carbene conpl ex catal yst has the fornul a 10

[err] wher e: Mis Ru;

R is hydrogen; 15 Ris s tituted aryl, unsubstituted
aryl, substituted vinyl, or unsubstituted vinyl;

X and X' are C; dmdkpendently selected from the gréupdtilsibting®fQryll CROS PR SRR nes or
tricycl oal kyl phosphi nes. 17. A conposition according to claim

0
16, wherein the s ?’&t"‘gﬁﬁé’F‘QF’Y‘f'%alky}- substituted with one or
nore groups selected fromthe group consisting of (Jerr]-Cerr]
alkyl, halide, Cerr]-Cerr] alkoxy, unsubstituted phen‘yl , and phenyl
substituted with & A composition acperingdo clgjne 8y wharsind) and L'oare Gidepeniertiyer r |

2borT ut ed i ny1 g3 rbmCRTRRRY CHMMAE BEOIALAMERIE HLbBadfiChE " e

sel ected from t he Féisemappydansi sting of CJerr]-derr] al kyl ,
halide, Cerr]-C5 al koxy, unsubstituted phenyl and phenyl substituted with
a halide, Cerr]-Cerr] alkyl or (Jerr]-Cerr] alkoxy.
10. A composition according to claim 7, wherein L and L' are both -
P(phenyl),.
10

11. A composition according to claim 7, wherein L and L' are the same.

12. A composition according to claim 2, wherein X and X' are independently
selected from the group consisting of halogen, hydrogen; C,-C,, alkyl, aryl, C,-

15 C,, alkoxide, aryloxide, C,-C,, alkyldiketonate, aryldiketonate, C,-C,,
carboxylate, aryl or C,-C,, alkylsulfonate, C,-C,, alkylthio, C,-C,, alkylsulfonyl,
or C,-C,, alkylsulfinyl; each optionally substituted with C,-C, alkyl, halogen,
C,-C; alkoxy or with a phenyl group optionally substituted with halogen, C,-C;
alkyl or C,-C; alkoxy;

20
13. A composition according to claim 12, wherein X and X' are independently
selected from Cl, Br, I, H; benzoate, C,-C; carboxylate, C,-C; alkyl, phenoxy,
C,-C, alkoxy, C;-C; alkylthio, aryl, or C,-C; alkyl sulfonate; each optionally
substituted with C,-C; alkyl or a phenyl group optionally substituted with

25 halogen, C,-C; alky! or C,-C; alkoxy.

14. A composition according to claim 13, wherein X and X' are independently
selected from the group consisting of Cl, CF,CO,, CH,CO,, CFH,CO,,



o1’ "0 " comol MMM o <1 mss. wherein che

substituted aryl is substritated with one or nore functional
groups sel ectywe ob/gag8 t he group consi sting of hydrgerbsesiddi®! . -
ket one, al dehyde, ester, ether, am ne, imne, am de, nitro,
carboxylic acid, disulfide, carbonate, isocyanate, carbodiimde, 5

car boal koxy, and hal ogen. 20. A conposition according to claim
16, wherein the substituted vinyl is substituted with one or nore
functional groups selected fromthe group 33 consi sting of hydroxyl,
thiol, ketone, al dehyde, ester, ether, amne, imne, 10 am de, nitro,

carboxylic acid, di(@H});G@te(ch;(CHgm €CF)(C;),80aP80, MaOPEWD, itosylhe, mesylate,
car boal koxy, and ha A conposition according to claim

geﬁ'n 21.
1, wherein the catéTl flvoromethapespliopate. 1, the group consisting of
[err] 15 wherein Cy is cycl ohexyl or cyclopentyl. 25

15. A composition according to claim 14, wherein X and X' are both Cl.

16. A composition according to claim 1, wherein the Ruthenium or Osmium

carbene complex catalyst has the formula

x\ | Ll
M_C
10 x7 1 r
L‘l
where:
Mis Ru;
R' is hydrogen;
15 R is substituted ary], unsubstituted aryl, substituted vinyl, or
unsubstituted vinyl;
X and X' are Cl; and

L and L! are triphenylphosphines or tricycloalkylphosphines.

20 17. A composition according to claim 16, wherein the substituted aryl is
substituted with one or more groups selected from the group consisting of C,-C;
alkyl, halide, C,-C, alkoxy, unsubstituted phenyl, and phenyl substituted with a
halide, C,-C; alkyl or C,-C, alkoxy.

25 18. A composition according to claim 16, wherein the substituted vinyl is
substituted with one or more groups selected from the group consisting of C,-C,
alkyl, halide, C,-C, alkoxy, unsubstituted phenyl, and phenyl substituted with a
halide, C,-C, alkyl or C,-C; alkoxy.
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22. A conposition accordi m,m” erein the catalyst is selected
from the group ¢ d'l [err] and
23. A conpogj ccordi ng to al"m erei n conponent neutr al
15 el e&%% %&égnor or neutral Lew s base. P&p/ks%é?r{)iosmlon

according to claim1, wherein conponent (b) is selected fromthe
group consi sting of phosphines, sul fonated phosphi nes, phosphites,

phosphi nites, phosphonites, arsines, stibines, ethers, am nes, am des,

sul f oxi des, 20 carboxyls, nitrosyls, erldlnes thioethers, nitriles.
t hi ophenes. and furans. 25. A cgnp05|t|on according to cl aim 24,

wher ei n conponent 1 b)y dosnpBsifidd &cbring to claim 160Whérbinahe/ SubBtORE Ayl %
substituted with one or more functional groups selected from the group
consisting of hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, imine,
amide, nitro, carboxylic acid, disulfide, carbonate, isocyanate, carbodiimide,
5 carboatkoxy, and halogen.

20. A composition according to claim 16, wherein the substituted vinyl is

substituted with one or more functional groups selected from the group

consisting of hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, imine,
10 amide, nitro, carboxylic acid, disulfide, carbonate, isocyanate, carbodiimide,

carboalkoxy, and halogen.

21. A composition according to claim 1, wherein the catalyst is selected from

the group consisting of Ph
15 PCys
c'\éu—z_{m
v
PCys
and
20 lL C/
u=
1/ ll
Cys

wherein Cy is cyclohexyl or cyclopentyl.

25



25 26. A conposition according to claim1, wherein conponent (b) is

P(oyct opent 1), P sopropy] NRI MBI e ™" 2.
coNposi ti on YaFPhdsddd to clarm 4, whereisn conponent (b) i spBrpbsngtyserr]..

WD 97/ 20865 PCT/ US96/ 19216

36 28. A conposition according to claim1l, wherein conponent (b)
is selected fromthe group consisting of tricyclopentyl phosphine,
tricycl ohexyl phosphi ne, tri phenyl phosphite, pyridine,
propyl am ne, tributyl phosphine, benzonitrike, tri phenyl ar si ne,
anhydrous acetonitrile, thiophene, and furan. 5 29. A

conposi ti on accor di2ngA tcompbsition abcording e claing O Thereintthe &atalysd iy stledted drom
or nore functiona:éégr oups sel, ectgd fromthe group consisting of hydroxyl,

t hi ol , 8rouP canfBRE Gk ester, ether, anine, am de, nitro acid,
car boxylic acid, di sul fide, carbonate, carboal koxy acid,

i socyanat e, carbodiim de, carboal koxy, 10 and hal ogen.

30. A conposition; conprising: PPy 3 () a conpound sel ected

fromthe greup consisting of CI>IL=C/ Ph
Ph [errf cl }‘ “e=d
Phs - \Ph

and

PPh;

10 Ch
Cl/iu:c/\m

23. A composition according to claim 1, wherein component (b) is a neutral

15 electron donor or neutral Lewis base.

24. A composition according to claim 1, wherein component (b) is selected
from the group consisting of phosphines, sulfonated phosphines, phosphites,
phosphinites, phosphonites, arsines, stibines, ethers, amines, amides, sulfoxides,

20 carboxyls, nitrosyls, pyridines, thioethers, nitriles. thiophenes, and furans.

25. A composition according to claim 24, wherein component (b) is a trialkyl
or triaryl phosphine.

25 26. A composition according to claim 1, wherein component (b) is selected
from the group consisting of P(cyclohexyl);, P(cyclopentyl),, P(isopropyl),, and

pyridine.

27. A composition according to claim 1, wherein component (b) is P(phenyl),.



and mhe{eln Cy-+s tricycl ohexyl or
tricycl opentyl; (b) triphenyl phosphi ne

g'rcg?lri)loglnge %g/% EQ fromt Mlm,ﬂum mﬁﬂﬂngog?ri St ng PC&%&X&%Q%S (-a)

PCT/ US96/ 19

[err] and (b) tricycl ohexyl phosphi ne or
tricycl opentyl phosphi ne. 10 32. A nethod for olefin netathesis,
t he met hod conprising contacting a functionalized or

unfunctionalized olefin with a conpositi 03[16 as described in

28. A composition according to claim 1, wherein component (b) is selected
from the group consisting of tricyclopentylphosphine, tricyclohexylphosphine,
triphenylphosphite, pyridine, propylamine, tributylphosphine, benzonitriie,
triphenylarsine, anhydrous acetonitrile, thiophene, and furan.

29. A composition according to claim 1, wherein component (b) contains one

or more functional groups selected from the group consisting of hydroxyl, thiol,

ketone, aldehyde, ester, ether, amine, amide, nitro acid, carboxylic acid,

disulfide, carbonate, carboalkoxy acid, isocyanate, carbodiimide, carboalkoxy,
10 and halogen.

30. A composition; comprising:

{a) a compound selected from the group consisting of

Ph

15
°'\::f(\_< Ph
ci”l H

and PCys

PCys; g

20 l/ :t;; C/\Ph

wherein Cy is tricyclohexy! or tricyclopentyl;
and
25 (b) triphenylphosphine or pyridine,

31. A composition, comprising

(@) a compound selected from the group consisting of



claim1. 15 33. A nethod according to claim32, wherein the olefin
I's functionalized and or nore functional groups

sel ected fromthe group conglullfmmllﬂmﬂnm hydroxyl, thiol, ketone,

al dehyde, esyglyadider. aning, Gam'de niftrd acid, PCTiBEnasld ¢ aci-d,
di sul fide, carbonate, carboal koxy acid, isocyanate, car bodi i m de,
car boal koxy, and hal ogen. 20 34. A nethod according to claim 32,
wherein the olefin is selected fromthe group consi sting of
strained cyclic olefins, unstrained cyclic olefins, acyclic

ol efins, dienes, and unsaturated pol ynersi;,each of which may be
functionalized or unfunctionalizéed. 25 35. A nethod
according to claim 32, wherein the conpgﬁgtion conpri ses:

(a) a conmpound sel ected fromthe guqQu cgﬁ%isting of
H Ph [err] WO 97/ 20 Ph
PCT/ US96/ 19216 and Cl%: \c=c< 38
an . —_— { e
S
Cl h
Phs
and
(b)  tricyclohexylphosphine or tricyclopentylphosphine.
10
32. A method for olefin metathesis, the method comprising contacting a
functionalized or unfunctionalized olefin with a composition as described in
claim 1. o
15 33. A method according to claim 32, wherein the olefin is functionalized and
contains one or more functional groups selected from the group consisting of
hydroxyl, thiol, ketone, aldehyde, ester, ether, amine, amide, nitro acid,
carboxylic acid, disulfide, carbonate, carboalkoxy acid, isocyanate,
carbodiimide, carboalkoxy, and halogen.
20
34. A method according to claim 32, wherein the olefin is selected from the
group consisting of strained cyclic olefins, unstrained cyclic olefins, acyclic
olefins, dienes, and unsaturated polymers; each of which may be functionalized
or unfunctionalized.
25

35. A method according to claim 32, wherein the composition comprises:

(a) a compound selected from the group consisting of

H
SRu= Ph

U
ci” | H
PCys



[err]
P( Phenyl )3 or

fromthe grou
and

wherein cy
pyri di ne.
wherein the conposition

WO 0p(5

e

consi sting of

i MG

I Ses

P(cyclohexyl)3 or

err

cycl opentyl;
t hod accordlng to claim 32,
a conpound sel ect ed

and

(b)

and [err]

P(cycl opentyl ) 3. PCTA596/19216

37. A

process for the ring opening netathesis polynerization of functionalized
t he process conprising the step of
a functionalized or unfunctionalized cyclic olefins with

or unfunctionalized cyclic ol efins,

contacting

a conposition as

PCT/ US96/ 19216

10

15

20

25

and

described in claim1.

38
PCy; H
She=d
c
. ‘LCY:;

wherein Cy is cyclohexyl or cyclopentyl; and
(b}  P(Phenyl), or pyridine.

WD 97/ 20865

36. A method according to claim 32, wherein the composition comprises:

(a) a compound selected from the group consisting of

and

and

{b) P(cyclohexyl); or P(cyclopentyl),.

37. A process for the ring opening metathesis polymerization of functionalized

or unfunctionalized cyclic olefins, the process comprising the step of contacting

a functionalized or unfunctionalized cyclic olefins with a composition as

described in claim 1.



39 38. A process accordin rein the cyclic
olefinis a func ,"I"z“'lfmm”m ol efl n that cont ai ns one or
nore functional groups sel romthe group consisting of

hydroxyl, thiyglyadsgd one, al dehyde est er et her, PCRRE1028¢T de, -
nitro aC|d carboxylic acid, disulfide, carbonate, car boal koxy 5
aci d, isocyanate, carbodiim de, carboal koxy, and hal ogen. 39. A

process according to claim37, wherein the cyclic olefin is selected from
the group consisting of cycl obutene, cycloheptene, cycl ooctene,

cycl ononene, cycl odecene, cycl oggtadi ene, cycl ononadi ene,
nor bor nene and 10 di cycl opent adi ene, each of which may be

functionalized or 3gnfaipetdse Aabidiio claim 37, wherein tﬁacyoﬁcmmasa according to
claim 37, wherein the cyclic olefin_is di cycl gpent adi ene. 15

41. A process accéinshonglized qyplig ﬂlféwthatmvétwqewé tignad groupyssiecteds :

(a) a conpound $LemE %ﬂmbrceﬁ%hg 09 t:smxﬂoma Yetond, Mdehyde, ester, ether,
Ph [err] [e wherein Cy is

cycl ohexyl or cyck®penapide, ntie acid, carboxyhc 3°1d sulfide, caromptengarbealkery pyr di ne.
5 acid, isocyanate, carbodiimide, carboaltkoxy, and halogen.

39. A process according to claim 37, wherein the cyclic olefin is selected from
the group consisting of cyclobutene, cycloheptene, cyclooctene, cyciononene,
cyclodecene, cyclooctadiene, cyclononadiene, norbornene and

10 dicyclopentadiene, each of which may be functionalized or unfunctionalized.

40. A process according to claim 37, wherein the cyclic olefin is
dicyclopentadiene.

15 41. A process according to claim 37, wherein the composition comprises:

(a) a compound sclected from the group consisting of

Ph
PCys Y—
20 c‘\"au.y_ oh
c”l H
PCys

and

PCy
25 ci | il

Ru==
c |
PCya
wherein Cy is cyclohexyl or cyclopentyl; and

{b)  P(Phenyl), or pyridine.



WD 97/ 20865
aim 37, wherein the conposition

ggnpri ses: iz A proces‘mmﬁ““!‘l@l‘!»y@t sel ected fromthe group

consi sting of [err] and err i
(b) P(cycl&ﬁﬂVVW?g or P(cycl opentyl)[err] 15 43.PﬁhHF§%§§§ for
nol di ng pol yner articles, conprising the steps of: (a)
providing, in a nold, a mxture conprising a functionalized or
unfunctionalized cyclic olefin and a conposition as described in

claim1,; (b) waiting unti& the m xture at |east partially
pol yneri zes to give a 20 4 polynmer article; and

(c) renoving thegp OJ\%Jessaqurﬁinﬁ th R E?ewﬁ@lng the composition comprises:

(a) a catalyst selected from the group consisting of

‘“‘ PCT/ US96/ | 9216

PPy

5 Cl\lLr:C/ Ph
J’ “¢

and
a PPy g
10 1&
St
cl L b
and Fhy
{b)  P(cyclohexyl), or P(cyclopentyl),.
is 43. A process for molding polymer articles, comprising the steps of:
(a}  providing, in a mold, a mixture comprising a functionalized or
unfunctionalized cyclic olefin and a composition as described in
claim 1;
(b)  waiting until the mixture at least partially polymerizes to give a
20 polymer article; and

(c) removing the polymer article from the mold.

44. A process according to claim 43, wherein step {a) comprises the steps of:
() preparing a mixture comprising the functionalized or
25 unfunctionalized cyclic olefin and the composition as described
in claim 1; and

(i)  introducing the mixture into a mold,

45. A process according to claim 44, wherein step (i} comprises the steps of:



44. A process according t 43, wherein step (a) conprises the steps
of : (1) ’Hm %M ﬂ’l”l re conprising the functionalized
or 25 cyclic olefin and the conposition

s

as descri be inclaiml; and did) -

. : 720865 : PCT/US96/1 )

I nt roduci ngthﬂg ’%ﬂsxt ure into a nold, 45. A process according to
claim44, wherein step (i) conprises the steps of: WO 97/ 20865
PCT/ US96/ 19216 41

(1) preparing a mxture conprising the functionalized or

unfunctionalized cyclic olefin and conpongpt (b) of the

conposition as described in claiml; and (2) addi ng
the netathesis catal ys{1)t o grbjfarifiy ¥ inMk@reOdoniptRing Fhe functionalized or
functionalized or unfinctionalized cyclic olefin and conponent

(b) of the conposition as d@beetionalizdd ryelicplgfin and component (b) of thas. A process
according to claim43, furtler SedPLd Bkdbed e P;é?xfd heating the

nol d. 10 47. A process according to clalm44, further conprising
the step of heating th@) adding the memgthasiheatalyss ta the mixtreiofthes i nt r oduced
into the d. [of . i t her
conpri si nﬁ he step of heatﬁm%bﬁggigpgﬁn%% “ gﬂt“é?’"ﬁﬁ‘g"@“ﬁﬂ?‘éﬁg{s

i ntroduced into the nold. {b)of the composition as described in claim 1.

46. A process according to claim 43, further comprising the step of hcating the
mold.

10
47. A process according to claim 44, further comprising the step of heating the
mold before the mixture is introduced into the mold.

48. A process according to claim 44, further comprising the step of heating the
15 mold after the mixture is introduced into the mold.

49. A process according to claim 43, further comprising the step of heating the
mixture,

20 50. A process according to claim 44, further comprising the step of heating the
mixture before it is introduced into the mold.

51. A process according to claim 44, further comprising the step of heating the
mixture after it has been introduced into the mold.

25
52. A process according to claim 43, further comprising the step of adding a
crosslinking initiator to the mixture.



49. A process accor d| rther conprising the step of heating
t he m xt ur lw n A process according to claim44,

further conprlsmgth t he m xture before it is
i'ntroduced into the nol d 51. A process according to claim 44,
further con¥PPY?ef t he step of heating the m AV E%ARY it has
been introduced into the nold. 25 52. A process according to
claim43, further conprising the step of adding a crosslinki ng
initiator to the m xture. WD 97/ 20865

PCT/ US96/ 19216 42

53. A process according to claim 44, furt4er conprising addi ng a

crossl i nki ng initi a(Lor to the rpurﬁn ure betore the mxture is
i ntroduced into Ofe AvBlogess according to claim 4y turfiep, cofupSing AIAE & Fiepskking ai m 43,

wherein the cycl b the hixt@rebefore the mxftﬁ@ﬁtxhﬁ&ﬁl:édznﬁﬂx tﬁyﬁioud: ol efin
contai ning one or nore functional groups selected fromthe group

consi sting of hydroxyl, thiol, ketone, aldehyde, ester, ether,

am ne, ami de, ni tsﬁoléﬁh@essgé’é Y/ d aifCA¥ whittefiHthb ffic i gate,

car boal koxy acl I socyanat e, oalkoxy, and
hal ogen. 510  functionaliged ¢¥°b¢ ob;éssommmgmnngr mmﬁuctmnﬂ&rnMsnbcmdt he

cyclic olefin is t f p )
cycl obut ene, cycl oﬁleﬁ‘[gg‘q’p J°§ C oécﬁfeh K%mx &’Fbohi%?lée}‘lr%éﬂg&%é’ Eﬂep %th%I
cycl odecene, cyc Ianmrd, anidenmifroayid| carboxytic etné, disubfideo carbormtea patboalkoxy

acid, isocyanate, carbodiimide, carboalkoxy, and halogen.

10 55. A process according to claim 43, wherein the cyclic olefin is selected from
the group consisting of cyclobutene, cycloheptene, cyclooctene, cyclononene,
cyclodecene, cyclooctadiene, cyclononadiene, norbornene and

dicyclopentadiene, each of which may be functionalized or unfuncnonallzed

15 56. A process according to claim 43, wherein the cyclic olefin is
dicyclopentadiene.



di cycl opent adi ene, each of which may. be functionalized or unfunctionalized.
56. A process according to claim43, wherein the cyclic olefin

et 596/ 1923 nes - GV ® 7' 2™ o peimanpess -

97/20865

according to claim 43, whereln “hé c8npdsition conprises:
(a) a conpound selected fromthe group consisting of [err]
and [err] 15 wherein Cy is cycl ohexyl or cyclopentyl; and

(b) P(Phenyl )3 or pyridine.
43
57. A process according to claim 43, wherein the composition comprises:

(@) acompound selected from the group consisting of

and

o PCys ph

15 wherein Cy is cyclohexyl or cyclopentyl; and
(b}  P(Phenyl), or pyridine.
58. A process according to claim 57, wherein the:cyclic olefin is
dicyclopentadiene.
20
59. A process according to claim 43, wherein the composition comprises:

(@ acompound selected from the group consisting of

PPy

Nt w
25 CI/J’Ph3 Y=¢
g



58. A process accord| ng to the cyclic olefinis
di cycl opent adi ene. ‘\ m cording to claim43, wher ei n
the conposition corrprl ses: (a) a conpound sel ected fromthe

group consi [e? r] WO 97/ 20865 )
S Dsog) 1998 et PCT/YSp6/19216

and PPh3 H [err]

and (b) P(cyclohexyl)[err] or P(cyclopentyl)[err]. 10

60. A process according to claimb59, wherein the cyclic olefin is
di cycl opent adi ene.

44
and
PPhy y
CI
\LEC
~ N\
Cl L Ph
5 Phs
and
(b) P(cyclohexyl), or P(cyclopentyl),.
10 60. A process according to claim 59, wherein the cyclic olefin is
dicyclopentadiene.

61. A method for controlling the raie of an olefin metathesis reaction that is
catalyzed by a metathesis catalyst having an open coordination site, the method

t5 comprising contacting an active catalyst having an open coordination site with
an olefin in the presence of means for coordinating the catalyst open

coordination site.

62. A method according to claim 57, wherein the means for coordinating the

20 catalyst open coordination site is an electron donor or Lewis base.



61. A method for controlling the rate of an ol efin metathesis gQ?tl h t
n

S catal yzed by a netathesis catal yst having an open coordi
site, the nethod 15 conprising contacting an active catg t havi
an open coordination site with an olefn in the :'.'n ‘};o maans

for coordinati Qggr cat al y $fopBREBLLecTuAL PROPERITRREAIARG ON S T SRS
62. A nmethod a ing to claimb57, wwwatiops) Byregthe nmeans for coordinating the
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(57) Abstract

The application describes compositions and methods for catalizying and controlling the rate of olefin metathesis reactions including
Ring Opening Metathesis Polymerization (ROMP) reactions where the composition includes a Ruthenium or Osmivm carbene complex
having formula (I} and a gel modification additive. In the formula M may be Os or Ru; R and R? may be the same or different and may be
hydrogen or a substituent group including C-Cao alkenyl, C2-Cap alkyny], Ci-Cao alkyl, aryl, Ci-Cao carboxylate, C;-Cao alkoxy, C2-Cap
alkenyloxy, Cz2-Cap alkynyloxy, aryloxy, C2-Ca alkoxycarbmyl C1-Cao alkylthio, Ci-Cag alkylsulfonyl and Cy-Cag alkylsulfinyl; X and X!
may be the same or different and may be any anionic ligand; and L and L! may be the same or different and may be neutral electron donor.
The gel modification additive may be a nentral electron donor or & neutral Lewis base including phosphine, sulfonated phosphine, phosphite,
phosphinite, phosphonite, arsine, stibine, ether, amine, amide, sulfoxide, carboxyl, nitrosyl, pyridine or thicether; or a trialkylphosphine or

triarylphosphine.




