PURE TUNGSTEN OXYPHENOLATE COVPLEXES AS DCPD POLYMERI ZATI ON CAT. kYSTS Thi s
I nvention is a process for the bul k polyneriza- tion of netathe

pofymeri zabl e cycl ool efins, especially dicycl opentadi ene, the pon

prepared by this process and the catalyst systemused in the process 5
Preparatlpn_of thernDset cycloolefln polymers via nmetathesis catalysts is a
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the catalyst system used in the process.

5 Preparation of thermoset cycloolefin polymers via
meﬁathesis catalysts is a relatively recent development in
the polymer art. Klosiewicz, in U.S. Pat. Nos. 4,400,340
and 4,520,181, teaches preparation of such polymers from
dicyclopentadiene and other similar cycloolefins via a

10 two—-stream reaction injection molding technique wherein a
first stream, including the catalyst, and a second stream,
including a catalyst activator, are combined in a mix head
and immediately injected into a mold where, within a matter
of seconds, polymerization and molding to a permanently

15 fixed shape take place simultaneously.

In the typical system, according to Klosiewicz, the
catalyst component is a tungsten or molybdenum halide and
. the activator is an alkyl aluminum compound. Most

strained ring non-conjugated polycyclic cycloolefins are

20 metathesis polymerizable. These include, for example,
dicyclopentadiene, higher order cyclopentadiene oligomers,
norbornene, norbornadiene, 4-alkylidene norbornenes,
dimethanooctahydronaphthalene, dimethanohexahydronaphtha—
lene and substituted derivatives of these compounds, such

25 as S—-vinyl-2-norbornene, S—ethylidene-2-norbornene, 5-
methyl-2-norbornene, S5-phenyl-2-norbornene, ethylidene— -
tetracyclododecane, methyltetracyclododecane, 5,6-dimethyl-
2-norbornene, 5-ethyl-~2-norbornene, S-butyi-z—norbornene.
S5~-hexyl-2-norbornene, 5-octylnorbornene, S—dodqcyl—z—

30 norbornene, tetracyclododecane, hexacyclohepté&ecene,
methyltetracyclododecene and ethylidenetetracj¢lododecene.
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the activator is an al kyl alum num conpound. Most strained ring
non- conj ugat ed pol ycyclic cycl ool efins are 20 net at hesi s pol yneri zabl e.
These include, for exanple, dicyclopentadiene, higher order cyclopentadiene
ol i goners, norbornene, norbornadi ene, 4-al kylidene norbornenes,

di met hanooct ahydr onapht hal ene, drn%thanohexahydronaphtha- | ene and
substituted derivatives of these conpounds, such 25 - as

5-vi nyl - 2- nor bor nene, 5-et hylidene-2-norbornene, 5- nethyl nor bor nene,

5- phenyl - TheoRFafenred ayeloalafin manomer i di&ml@pentadiene or a

et hy! et naGal ke ety 1opdindid iRy i thr AN rsﬁm,ined rin

5- et hyl - 2- norborn%pe nor hor nenge, hexyl - 2- nor bor néne,
5- oct yI noMYSHRGAF o‘dbcrﬁli? sgflt %&%Mé fel‘r’-&@fé] B959ReEne,
hexacycl ofmﬁ&m@e,abﬁﬂdﬁyﬂs o w@a@@m&mgentadxene.
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et hyd i denetetr cIo ce The prefe ef Tononer i s
di cycl opent adi € (£§¥ esls catalyst syt em is com of tw

parts, i.e., a catalyst component and an activator. The

preferred catalyst component as taught by Klosiewicz has

been a tungsten halide, and preferably a mixture or complex

of tungsten hexachlor;de (WCl,) and tungsten oxytetrachlor—
10 ide (wocl,). '

The tungsten or molybdenum compound of Klosiewicz is
not normally soluble in the cycloolefin, but can be solubi-
lized by complexing it with a phenolic compound.

In U.S. Patent No. 4,981,931, by Bell, was disclosed

15 tungsten catalyst compositions for metathesis polymeriza-~
tion comprising '

(6=n)

where X is C1 or Br, n is 2 or 3, R' is a H, a Cl, an alkyl
group having 1-10 carbons, an alkoxy group having 1 to 8
carbons, or a phenyl group, R? is H or an alkyl group hav-

20 ing 1 to 9 carbon atoms and R’ is a H or an alkyl group
having 1 to 10 carbon atoms for use with a trialkyltin
hydride or a triphenyltin hydride activator. A process to
employ such tin activator compounds in a system in which
gelation and polymerization were delayed for at least a

25  time sufficient to charge the reaction mixture to a mold.
Both the catalyst and activator compounds had improved
stability, with resistance to oxygen and moisture. The
catalyst compounds were easy to isolate, instead of being
mixtures as are those found in the prior art. Although

30 certain advantages were found, these compounds when used to
polymerize strained ring eycloolefins produced polymers
with a higher than desired residual monomer level.



m xture of dicycl opentadiene with other strained ring hydrocarbons in
ratios of 1 to 99 nole % of either nononer, preferably about 75 to 99 nole
% di cycl opent adi ene. 5 The netat hesis catal yst systemis conprised
of two parts, i.e., a catalyst conmponent and an activator. The preferred
cat al yst conponent as taught by Klpsiewi cz has been a tungsten halide, and
preferably a m xture or conplex of tungsten hexachloride [err] and tungsten
oxyt eterachl or- 10 ide [err] The tungsten or nol ybdenum conmpound of
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having 1 t0 8 car ons or a phenyl group, [err] is Hor an al kyl group hav-
20S ing 1 t hereaiisoalaposs naed forr poilymarsl of theatipé group

described by Klosiewicz to have higher levels of heat
resistance, while maintaining other properties, such as
impact and tensile strengths at levels similar to those
found in prior art strained ring cycloolefin polymers.

10 Previously, improved heat resistance was obtained through
use of comonomers with the dicyclopentadiene (DCPD) mono-
mer. The improved heat resistance was previously obtained
at the cost of decreased impact resistance. Therefore it
is a further object of this invention to provide catalyst

15 compositions that polymerize strained ring polycyclic
cycloolefins producing polymers with a higher level of heat
resistance than prior art polymers while maintaining their
impact strength. )

Another object of this invention is to find catalysts

20 that are more efficient in polymerizing dicyclopentadiene.

This invention is a process for preparing a polymer
which comprises contacting a strained ring polycyclic
polyolefin with a substantially pure tungsten complex,
having the formula WOX., (OAr), wherein X represents a halo-

_ 25 gen selected from the group consisting of bromine, chlorine
and fluorine; OAr represents a mono, di-, tri-, tetra- or
penta= substituted phenoxy group and x is 1, 2 or 3. 1In
the preferred embodiments of this invention, X is chlorine.
These catalysts are efficient and promote catalysis of

30 dicyclopentadiono at catalyst concentration levels of 1
part catalyst to 4000 parts monomer or less.

Various activator compounds may be employed as are
known in the art to act together with the tungsten cata-
lyst complexes described above to cause the polymerization

35 of strained ring polycyclic cycloolefins. Among the_acti-
vator compounds that can be employed in the practice of
this invention are tr;alkyltin hydrides, triaryltin hy-
drides, alkylaluminum compounds, alkylalkoxyaluminum ha-



having 1 to 10 carbon atons for use with a trialkyltin hydride or a
triphenyltin hydride activator. A process to enploy such tin activator
conpounds in a systemin which gelation and pol ymerization were del ayed for
at least a 25 time sufficient”™t® Tharge the reaction nmixture to a nold.
Both the catal yst and activator conmpounds had i nproved stability, mnth
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Of the trialkyltin hydrides, suitable for use in the
process of the invention, tri-n-butyltin hydride is pre-
ferred. Among the triaryltin hydrides is triphenyltin
hydride.

10 As stated already hereinbefore the DCPD monomer used
herein was of highly pure grade, 6ontaining iess than 2%
impurities. The DCPD used in the following examples was
about 98-99% pure monomer. Other monomers or comonomers
employed in the practice of this invention should also be

15 of about this degree of purity. However, it is also con-
templated that the polymerization feed compositions of this
invention can polymerize less pure grades of dicyclopenta-
diene when the appropriate tungsten catalyst compound,

- activator compound and other components are employed.

20 When the two parts of the catalyst éystem, the tung-
sten catalyst and the tin activator, are combined, the
resulting cycloolefin (for example, DCPD) to catalyst
compound ratio will be from about 500:1 to about 15,000:1

_ on a molar basis, preferably 2000:1 and the molar ratio of

25 the tungsten complex versus the tin activator compound will
be from about 1:2 to 1:6.

Generally the polymerization takes place in bulk, but
the catalyst components may be dissolved in a small amount
of solvent, such as toluene. It is preferred, however, to

30 use DCPD as a solvent. When the liquid tri-n-butyltin

- hydride activator compound is used, no solvent is necessary
for its addition and triphenyltin hydride is readily solu-
ble in DCPD.

A preferred method in the practice of this invention

35 for the polymerization of DCPD is to contact a tungsten
compound catalyst containing component stream with a tin
compound activator containing component stream wherein at
least one of the streams contains the DCPD. For example,




ual nononer. 5 There is also a need for polyners of the type
descri bed by Klosiewicz to have higher levels of heat resistance, while
mai nt ai ni ng ot her properties, such as inpact and tensile strengths at
levels. simlar to those found in {ti%or~ art strained ring cyclool efin

pol ymers. 10 Previously, inproved heat resistance was obtained through
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After the streams have contacted with each other the
resulting mixture may be injected or poured into a mold,
where the polymerization takes place. The polymerization

10 is exothermic, but heating the mold from about 50 to 100°C.
is preferred.

The WOX,,(OAr), complexes do not require any added
solvent in order that they may become soluble in DCPD
solution. In general, the solutions are quite stable in

15 DCPD. The solutions can be used immediately, or within 48
hours, in the polymerization of DCPD with a suitable acti-
vator. When the tungsten complexes are stored in dicyclo-
pentadiene/2-methoxy ethyl ether (diglyme) solution (stor-
age up to four weeks at 40°C) the viscosity of the compo-

20 nent remained constant. No difference in reactivity has
been observed for solutions with added diglyme compared
with those which.poaseés no such additive. The stability
of the solutions can also be improved to eight weeks, and
beyond,; by addition of an ahtioxidant, such as 2,6-di-tert-

25 butyl-4-methylphenocl. Monitoring of the tungsten-phenoxide
species in solution by electrochemical measurements, e.g.,
cyclic voltammetry, demonstrated that the integrity of the
tungsten component is maintained during storage.

During the polymerization of DCPD various additives

30 can be included in the reaction mixture to modify the
properties of the polymer product of the invention. Possi-
ble additives include fillers, pigments, antioxidants,
light stabilizers, plasticizers and polymeric modifiers.

The invention further relates to a two component

35 catalyst system in which the first component is a tungsten
compound of the formula WOX,.(OAr),, wherein x ig 1, 2 or 3;
X is F, Cl or Br and wherein Ar represents a phenyl ring
substituted with one or more of the following substituents:



polyolefin with a substantially pure tungsten conpl ex, having the formul a
[err] wherein X represents a hal o- 25 gen selected fromthe group
consi sting of brom ne, chlorine and fluorine; QAr represents a nono, di-,
tri-, tetra- or penta- substitutedgphenoxy group and x is 1, 2 or 3. In the
preferred enbodi nents of this invention, X is chlorine. These catalysts are
efficient and pronote catalysis of 30 di cycl opent adi ene at catal yst

concent r athydedgere! (HOf Hrams t (BeX Alokslode 100 ST IYELodo | €ss.
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conpdbunds, 2 Hf XY GA RRAR R} *Epycloalkanes (cyclo-n), dxalkylamino
(NR,) , diarylanu.no (NAx,), alkylsulfonyl (SO,R), arylsul-
fonyl (SOAr), alkylsulfonate (SO,OR), arylsulfonate
(SO,0Ar), aryl (Ar), aralkyl (CH,Ar), aryloxy (OAr), alkyl
groups containing 1-20 carbon'atoms, fluorocalkyl groups
10 containing 1 to 10 carbon atoms and allyl (-CH,-CH=CH,).
Among the most preferred molecules or groups that are
substituted on the phenyl ring include methyl, ethyl,
isopropyl, tert-butyl, cyclohexyl, octyl, nonyl, phenyl,
.bromo, chloro, fluoro, ethoxy (OEt), methoxy (OMe), cyclo-
15 propane (cyclo-C;H,), trifluoromethyl, methylsulfonyl
(SO,Me), and benzyl (CH,C(Hy) . The substituents need not be
identical on a particular phenyl ring. For example, a
trisubstituted phenyl group such as 2,4-dichloro-6-methyl
phenyl. A generalized formula to take the case of the
20 mixed substituents into consideration is, e.g.,
WOC1,(OAr) ((OAr), where p + ¢ + r = 4. Mono, di, tetra, and
penta substituted phenols, as well as the aforementioned
tri substituted phenols, can also be employed in making the
tungsten compounds employed in this invention. The desired
25 tungsten compounds are prepared by reacting the appropriate
phenol with WOCl, in solution. The molar ratio  of phenol
to WOCl, is about equal to x in the generalized formula
WOCl,,.(OAr),. The invention is also contemplated to include
the use of mixtures of two or more different tungsten
30 compounds. The phenyl ring, symbolized by Ar in the above
-.general formula, may have R substituted at the 1, 2, 3, 4
or 5 positions. In the monosubstituted phenyl ring, R may
be at the 2, 3 or 4 positions. 1In the disubstituted phenyl
ring the substituents R, and R may be at the 2,6; 2,5; 2,4;
35 2,3; 3,4; or 3,5 positions. R and R, may be the same or
different groups. In the trisubstituted phenyl ring sub-
stituents R, R, and R, may be at the 2,3,4; 2,3,5; 2,3,6;
2,4,5; 2,4,6 or the 3,4,5 positions, where R, R, and R, may



-4- lides, diethylalum numchloride, diethylzinc, dibutylzinc, and
triethylsilane. Mxtures of two .or nobre activator conpounds may produce
nore desirable polynerization condi- tions and nore desirabl e pol yner
properties than a single 5 actd wat.or conpound in certain situations. O
the trialkyltin hydrides, suitable for use in the process of the invention,
tri-n-butyltin hydride is pre- ferred. Anong the triaryltin hydrides is
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appropri at eringgsdersulbé tl ténttO @O WKL 2,3,4,5 and 6 positions, where
each substituent may be the same or different. An example
of the penta substituted structure would be made from
C¢FsOH. _

10 The second component of the catalyst system is an
activator compound that in combination with the tungsten
compound is capable of yielding a catalyst able to polymer-—
ize DCPD in bulk. Such activators or co-catalysts include,
for example organocaluminum compounds such as trialklyalumi-

15 num, dialkylaluminum halides, alkylaluminum dihalides,
dialkyl (alkoxy)aluminum, alkyl(alkoxy)aluminum halide;
dialkylzincs, alkylzinc halides, diarylzine, arylzinc
halides, alkylsilanes (RSiH,, R,SiH, and R,SiH, where R is an
alkyl group), tetraalkyltins, trialkyltin hydrides,

20 dialkyltin dihydrides, triaryltin hydrides and the corre-
sponding alkyl and aryl lead hydrides. Specific examples
of activators include ethylaluminum dichloride, diethyl-
aluminum chloride, triethylaluminum, diethylzinc, dibutyl-
zinc, ethyl-n-propoxyaluminum chloride, diphenylzinc,

25 tributyltin hydride, trioctyltin hydride, diphenyltin
dihydride, and triphenyltin hydride. Preferred activators
include triphenyltin hydride and trialkyltin hydrides, such
as a_tributyltin hydride. :

In order to maintain the stability of tungsten com-

- 30 pounds of the present invention with the 98-99% dicyclo-
pentadiene without premature gelation, it is usually neces-
sary to add a stabilizer compound to the solution contain-
ing the tungsten compound, and a rate moderator to the
solution containing the tin activator compound. It is

35 preferred to store the tuhgsten compounds in solution in
dicyclopentadiene. When the stabilizer compound is omit-
ted, a slow polymerization of the monomer proceeds in the
storage contaiher. Stabilizer compounds include diethyl-



activator conmpound and ot her conponents are enployed. 20 When t he
two parts of the catal yst system the tung- sten catalyst and the tin
activator, are conbined, the resulting cycloolefin (for exanple, DCPD) to
cat al yst conpound ratio will be fr&mmabout 500:1 to about 15,000:1 on a
nol ar basi s, preferably 2000: 1 and the nol ar ratio of 25 t he tungsten
conpl ex ver t ti,n a at or und will be fromabout 1:2 to 1:6
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en conpound
2 mmmmnmg
sligeanl sbwoei 132, bisphenols with two aromatic rings (such

as 4,4'-methylenebis (2, 6~dimethylphenol) sold under the
tradename Lowinox 44M26 by Lowi Chemical Company of Akron,
Ohio; 4,4’-methylenebis(2,6-di-tert-butylphenol sold under
the tradename Lowinox 002; 2,2’-methylenebis(4~ethyl—-6-
butylphenol) sold under the tradename Cyanox 425; 2,2'-
ethylenebis(A,G-di-te:t—butylphinol sold under the trade-
name Vanox 1290; 2,2'-methyienebis-(4-ethyl-6-(l-methyl-
cyclohexyl)phcnol sold under the tradename Permanax WSP;
4,4'—butylidenebis(G-tert-butyl-3-mothy1phondl) sold under
the tradename Lowinox 44B2S; 4,4’-thiobis(6-tert-butyl-3-
methylphenol sold under the tradename Lowinox 44836; 1,1’-
thiobis~(2-naphthol) sold under the tradename SAO-30; 2,2'-
thiobis (4-methyl-6-~tert-butylphenol) sold under the trade-
name SAO-6; 2, 2'-1sobutylidcne-bis(4 G-dimothylphenol sold
under the tradename Lowinox 22IB46; or 2,2’ -methylenebis (4~
methyl-6-cyclohexyl)phencl) sold under the tradename Vul-
kanox ZKF} or polyphencls with more than two aromatic rings
{such as 1,3,S~trimethyl-2,4-6-tris(3,5-di-t-butyl-4-hy-
droxy-benzene)benzene sold under the tradename Ethyl Anti-
oxidant 330; sterically hindered polynuclear phenols sold
under the tradename Lowinox 22CP46 and Lowinox CPL by Lowi

- Chemical Company or the butylated reaction produét of p~

30

35

cresol and dicylopentadiene such as Wingstay L powder sold
by the Goodyear Tire and Rubber Company of Akron, Ohio} may
also be used. In addition, mixtures of the above stabiliz-
er compounds such as a mixture of diglyme and one or more
phenols or other lLewis bases can be employed in the prac-
tice of this invention.

The rate moderator compound prevents the polymeriza-
tion process from being too rapid, provides for adequate
mixing of the catalyst components, and allows the mold to

b



| east one of the streans contains the DCPD. For exanpl e, -5- it is

possi ble to dissolve the tungsten catalyst in DCPD and either to dissolve
the activator in DCPD or in another 9sol vent or to use the activator w thout
any solvent. Usually both the tungst®en catalyst and the tin activator -5
are first dissolved in separate streans of DCPD prior to the m xture of
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5 ed from the group consisting of phosphines, phosphites,
phosphinites, phosphonites, pyridines, and pyrazines.
Preferred rate moderators include pyridine (py):; pyrazine
(Pyz); 2,6-dimethylpyrazine (Me,pyz); tributylphosphine.
(Bu,P); triethylphosphine (PEtL,); tricyclohexylphosphine

10 (PCy;) ; triphenylphosphine (PPh,); methyldiphenylphosphine
(PMePh;) ; dimethylphenylphosphine (PMe,Ph); triethylphos-
phite (P(Oet),); tributylphosphite (P (OBu),); triisopropyl-
phosphite (P(0-i-Pr),); ethyldiphenylphosphonite (P (OEt) Ph,;
triphenylphosphite (P (OPh),); triisopropylphosphine (P-i-

15 Pr;); trimethylphosphite (P(OMe),); tri-tert-butylphosphine

' (P-tert-Bu,); diethylphenylphosphonite (P (OEt),Ph); and
tribenzylphosphine (P(CH,Ph);. The more preferred rate
moderators are phosphines and phosphites, e.g., tributyl-'
‘phosphine (Bu,P) and tributylphosphite ((BuO),P). The

20 stabilizer and rate moderator compounds are not necessary
when lower purity dicyclopentadioné is employed, unless
p:ol.onged storage times are desired. Also, the stabilizer
is not necessary when prolonged storage of the catalyst in
the monomer is not desired.

25 In some embodiments of this invention, a preformed
elastomer which is _aoluble' in the reactant streams is added
to the metathesis-catalyst system in order to increase the
impact strength of the polymoi:. The elastomer is dissolved
in either or both of the reactant streams in an amount from

30 about 3 to about 15 weight percent range, based on the
weight of monomer. Illustrative elastomers include natural
rubber, butyl rubber, polyisoprene, polybutadiene, polyiso-
butylene, ethylenepropylene copolymer, styrene-butadiene-
styrene triblock rubber, random styrene-butadiene rubber,

35 styrene—isoprene-styrene triblock rubber, ethylene-propy-
lene-diene terpolymers, ethylene vinylacetate, and nitrile
rubbers. Various polar elastomers can also be employed.
The amount of elastomer used is determined by its molecular



15 DCPD. The solutions can be used i medi ately, or within 48 hours, in
the polynerization of DCPD with a suitable acti- vator. Wen the tungsten
conpl exes are stored in dicyclo- pentadi ene/ 2-nmet hoxy ethyl ether (diglynme)
solution (stor- age up to four weekggat [err] the viscosity of the conpo-
20 nent remai ned constant. No difference in reactivity has been
observed for solutions with added di gl-yne conpared wth those which possess
no such addweight 3hd isabimitgdobyt theseistdsitycaf theé ordsulitdrwved to
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0 gL, sk il 2! el ENGELRRber Sl Sncain-
t ungst en- phéREGxplastprerecannotobeat sonvigceuscthat miximy isaset ements, e.
9., cyclic yekkaBUBL' YALERERGAT R CE1A mapecgﬁhgggé%y;givg$magungsten

conpopent i s, naintained durihg storage. ring, the yner i zatTton of DCPD
vari ous addftFHet 3pe or bgghief; hhe dkgeams; hit riscdesirable hat oitodify
t he propertbesdpssbbeedoiympéthr oduct of the invention. Possi- ble

S er 0t bt Ton LA BRAFur 205 41 B8 eukd nd 0hd 250 20-
ual DCPD monomer level, a measurement of swell value was
made. The swell value is an indication of the degree of

10 crosslinking in the polymer, i.e., lower swell values
indicate higher degree of crosslinking. The general pfcce-
dure used for swell value determinations is as follows: A
5 gram sample of polymer is removed from its test tube (by
breaking the glass) and carefully sliced into 1-2 mm thick
15 sections across the cylindrical axis with a tile cutter. |
The burrs are removed, each slice weighed to the nearest
milligram and strung onto a stainless steel or copper wire
taking care to keep them in known sequence. This is done
for each sample at a given monomer feed. The wire is made
20 into a closed loop and placed in 50 ml of toluene for each
gram of polymer. These flasks are then heated to reflux
for 16 hours (overnight) and cooled. Each loop is succes-
sively removed from the flask and placed in a small dish of
fresh toluene. The slices are removed, patted dry, and
25 weighed individually, again taking care not to disturb
their sequence or to tear the swollen samples. The swell
values are calculated using the following formula: swell
(%)= (w,~wy) /wy x 100%, where w; = initial weight of polyDCPD
sample and w, = weight of solvent swollen polyDCPD sample.
30 Since the swell value is an indication of the degree of
- crosslinking in the polymer, low values are preferred.
The best mode now contemplated of carrying out this
invention will be illustrated with the following examples.
The examples are givén for the purpose of illustration only

35 and the invention is not to be regarded as limited to any
of the specific materials or conditions used in the exam-
ples.

In the following examples, in which tungsten complex



The invention further relates to a two conponent 35 catal yst systemin
whi ch the first conponent is a tungsten conpound of the formula [err]
wherein x is 1, 2 or 3; Xis F, G or Br and wherein Ar represents a phenyl
ring substituted with one or nore qf the follow ng substituents: - [err]
-7- be the sane or different. The tetra substituted structures for the
phenyl ring have substituents at the 2,3,4,6; 2,3,5,6 or the 2,3,4,5

~ positions, catalysitecomponents aite prepaved)i thageten AexavalBLedel such

woul d be 5 fr 2 5.6-te chl oro-phenol .. The_ penta substituted
ring has gﬁ%@t"ﬂ uEh? s°§€afﬂ§d2,f§?‘ﬂ,é{'§n§ygv ?t&b?ﬂ‘,%ﬁeq%‘pmi' and
used as received. 2,6-~diisopropylphenol and 2,6-dichloro-
phenol (HOC(H,-2,6-Cl,) were purchased from Aldrich Chemical

5 ‘Company and used as received. Hexamethyldisiloxane
(Me,SiOSiMe,;) (Aldrich) was sparged with dry nitrogen before
use. :

Cyclopentane, diethyl ether, and pentane were dried
, over 4A molecular sieves and sparged with nitrogen prior to
10 use. Toluene was placed in contact with 13X molecular
sieves and sparged with dry nitrogen before use.

All operations were carried out under a dry nitrogen
atmosphere or in vacuum either in a Vacuum Atmospheres
Dri-Lab (inerted by argon gas) or using Schlenk techhiques.

15 All solvent transfers were performed by cannula or syringe
techniques to maintain an inert atmosphere. _

In the Examples in which polymerization studies are
set forth, the following general procedures were followed.
All manipulations were performed anaerobically in nitrogen-

20 sparged pop bottles or under an argon atmosphere (Vacuum
Atmospheres Dri-Lab) or using Schlenk techniques.
Tri-n-butyltin hydride (packaged in Sure/Seal bottle) was
purchased from Aldrich Chemical Company and stored refrig-
erated (0°C). Diglyme was dried by placing it over 3A

25 molecular sieves and sparged with nitrogen before use.
Where necessary rate moderators, such as tributylphosphite
(Albright and Wilson), were dried over molecular sieves and
sparged with dry nitrogen prior to use.

Polymerizations were conducted in nitrogen-sparged

30 test tubes by adding together the catalyst and activator
components (2.5 ml of each), mixing on a vortex mixer and
then inserting the tube into an oil bath at 80°C or higher
or into a heated block at about 33°C. Gel times were
estimated by observing the initial viscosity change and the

35 times were taken when the polymerization increased the
exotherm to 100°C (Typeec) OF 180°C (Tiqeec) » and to the maximum
temperature of the polymerization (T,,). Polymer swells
were obtained by refluxing the samples in toluene for 16

4



each substituent may be the same or different. An exanple of the penta
substituted structure would be nade from/[err] 10 The second
conponent of the catal yst systemis an activator conpound that in

combi nation with the tungsten conpol2d-is capable of yielding a catalyst
“able to polyner- ize DCPD in bul k. Such activators or co-catalysts include,
for exanpl e organoal um num conpounds such as trial kl yalum - 15 num

di al kyl al unkPUFR® hafPebing afey| Souni howrsli dad | dese rmi ol dy | fi0d lguaet+i num
al kyl (al koxyge! weignen §aiade; dial kyl zincs, al kyl zinc halides, diarylzine,
aryl zi nc halldes alkg S|Ianes- [err] is an al kyl group), tetraalkyltlns
trialkyltin hydrTh@ ten ﬂF%?R&#!l$P%ﬁ#$ﬁ#lQﬂ§d xnla&AMQaUaﬂnﬂhw des and

the corre- pp@pﬂrﬂﬂ;ﬁlkﬂb Qg S &t 6@?&5%&3&% Fl’?&l\ Idx em s of
activ, %tors *EEQLI8%§%R%éai$$l§n%%{%3 zﬁ'éﬁk;d'et um num cHl ori de,
triethylal umnum I | +R 7 qg;ﬂ%ﬂﬂ%@ejdh1num
chloride, d3pktioniof h@famethyl+disildkandy(HNDE) (13 000 Wi, 0 .Jogd i de,
di phenyl tiMmol) in toluene (100 ml) was added dropwise into a toluene
(200 ml) solution of WCls (25 g; 0.063 mol) in a 500 ml
round bottomed flask (with stirring) over a 75 minute
10  period. After the HMDS addition was completed, the column
was removed and the reaction mixture was allowed to stir
overnight under nitrogen. The brown solution was filtered
in the dry box to yield a quantity of crude, orange WOC1,
(19.02 g; 88% yield). Immediately before use, the crude
15 material was sublimed under reduced pressure at 100°C in
small portions to give bright orange crystalline WOCl,.
Pure commercial quantities of WOCl, may be substituted in
any of the catalyst preparations.

Example 1
20 A tungsten phenoxide catalyst having the formula

WOC1, (OC¢Hy~2, 6-i-Pr,), was prepared in the following manner.
The addition of two moles of the phenol for each mole of
WOCl, produced the desired tungsten phenoxide compound. A
quantity of WOCl, (S g 0.0146 moles) was placed in a pop

25 bottle together with a stir bar. Toluene (50 mL) was added
to the WOCl, by cannula followed by the dropwise addition
of neat 2,6-diisbpropylphenol {(HOCH,~2, 6-i-Pr,) (5.42 mL;
0.0296 mol). The reaction mixture was allowed to stir at
room temperature for three days under a nitrogen sparge.

30 After this time, the reaction mixture was taken into the
dry box, scraped from the bottle, and further dried under
reduced pressure. The complex WOCl,(OCeH,-2,6-i-Pr,), (8.83
g 97% yield) was obtained as a dark purple solid.

Alternatively the catalyst may be prepared in accor-

35 ~ dance with the following procedure: To a quantity of WOCI,
(S g7 0.0146 moles) stirring in cyclopentane (100 Ml) was
added dropwise a solution of 2,6-diisopropylphenocl



di hydride, and triphenyltin hydride. Preferred activators include
triphenyltin hydride and trial kyltin hydrides, such as a tributyltin
hydride. In order to maintain the stability of tungsten com 30 pounds
of the-present invention with the 98 29% di cycl o- pent adi ene wi t hout
premature gelation, it is usually neces- sary to add a stabilizer conpound
to the solution contain- ing the tungsten conpound, and a rate noderator to
t he sol uti ofROGQAL€2 Né-F-R1Y 1(iSn 42ctmlivaibon206Mmelndinl tyctopéntanep(sberred

Lt 1 et oo e AR Bt 8 e U BaheASORER R g s 1
pr ﬁcee?s i aqdompkichaf awer & mericdt A 130z ovinuteso ands accompdaigdebity| -
ether [err Ry I I ,

lerid %1‘%1@91%%%?1;@1% %&5% ¢ P& ref m.)u?éxaethy'

ether_(diglyne), trie ether “(trig
t et r abt hyl e‘:r;é:rm%@]diqmq“}qo %G at room temperature for two hours.

After this time, the reaction mixture was taken into the

dry box and filtered. No solids were collected and the

filtrate was evaporated to dryness under reduced pressure.

The complex WOCl,(OC¢H,~2,6-i-Pr;), (8.22 g; 90% yield) was
10 obtained as a crystalline dark purple solid.

Example 2
A tungsten phenoxide catalyst having the formula
WOCl, (OC.H,~2,6-Cl;) was made by mixing WOCl, (3.79 g; 0.0111
moles) in cyclopentane (50 ml). A dropwise solution of

15 2,6-dichlorophenol (1.18 ml; 0.111l mole) in cycldpentane
(25 ml) was then added dropwise over a period of 30 min-
utes. During the phenol addition the solution changed
color from orange to deep red and purple crystals precipi-
tated from the reaction solution. The reaction was allowed

20 to stir at room temperature for two hours. After this time
the reaction mixture was taken into the dry box and fil-
tered. The solids collected by filtration were washed with
10 ml of pentane and dried in vacuum, yielding 4.20 g
(81%) . . The filtrate was evaporated to dryness under re-

25 duced pressure and was determined to be the same complex
as the solid. The complex obtained, WOCl,(OC.H,~2,6-Cl,) was
obtained as a dark red-purple solid. Other WOCl, (OAr)
compounds can be prepared by substitution of other phenols
for 2,6~-dichlorophenol.

30 Example 3
A quantity (3.5 g; 7.475 mmol) of the product of
Example 2 was used to make a tungsten phenoxide compound
having the formula WOCl, (OC(H,-2, 6~C1;);. Said quantity was
dissolved in a minimum quantity of diethyl ether (50 ml).
35 A saturated solution of lithium 2,6-dichlorophenoxide
(LiOC¢H,~-2,6-Cl,) (1.28 g ml; 7.58 mmol) in diethyl ether



(tetraglyne), benzonitrile, acetonitrile, tetrahydrofuran, 5 phenol s

Wi th one aromatic ring (such an 2,6-di-t-butyl-4- nmethyl phenol (BHT) or
2,6-di-tert-butyl-4-sec-butyl phenol e.g., lsonox 132), bisphenols with two
aromatic rings (such as 4,4 -nmnethyl enebi s(2, 6- di et hyl phenol ) sol d under

t he tradenane Low nox 44M26 by Lowi Chem cal Conpany of Akron, 10 Oni o;
4, 4' - et hyl enebi s(2, 6-di -tert-but Whienol sold under the tradenane Low nox
002; 2,2'-net hyI enebi s(4-et hyl -6- butyl phenol) sold under the tradenane

Cyanox 425; et hyI enebis(4, 6-dj-tert-butyl phenql sold under the trade-
name Vanox(aPZ-'J{F Smi) wa hasill Aqdad (drARwise .- lmast igstantly,

cycl OheXYH-)li&Qﬁiio@KHiCbn“UErrdde: W@cdﬁ&fﬂmax TP reaction

4,4 -putylid neb| ) 6 t rt-buty I}iyﬁ sol, under t he .t radenane
Lowi nox 4 ﬂ%r‘?% ‘(r)?é{"‘?ﬂ/ oMy BARELT t he
t radenane gtenmpu:vgdlztm thel ethdn cdn]srt(ibmzﬂdn &0 né.miut«ndeaftbe
t radenane fﬁﬁ s h 6- t ) sold
undgb‘ra t he %ﬁq e- tn%’n%‘%@% hqfézh%él)?o rHade)r?eh !t.f(;ft,_g_lgﬁ ?‘E% %honol sol d
under t he Wasdilrrad g SENONEss: datnk ;re;_d quystaldiae s(4-
WOCl, (OC¢H;~2,6-Cl;),. The solid was then washed with a
small volume of dried pentane (S ml) and the solid dried
under vacuum (3.90 g). This material was dissolved in
10 dichloromethane (about 25 ml) and filtered to remove the
lithium chloride by-product. Evaporation of the filtrate
under reduced pressure led to pure product in 72% yield
(3.21 g).

Example 4
15 In Example 4, stock solutions of the catalyst mixtures

were prepared by charging a ten ounce pop bottle with the
appropriate measure of WOCl,{OC.H,~2,6-Cl;) prepared accord-
ing to the process of Example 2 (a shorthand for referring
to the tungsten catalyst compound in this example and in
20 the following examples is "W"), DCPD and diglyme (DG). The
activator solution was prepared by mixing tri-n-butyltin
hydride (n-Bu,SnH); the appropriate quantity of tributyl-
phosphite (TBP) and DCPD in a 10 ounce pop bottle. The
following table indicates the amounts of materials used in
25 preparing these two solutions. '



met hyl - 6- cycl ohexyl ) phonol ) sold under the tradenane. WVul - kanox ZKF) or

pol yphenols with nore than two aronmatic rings 25 (such as

¥, 3,5-trinethyl-2,4-6-tri (3, 5-di-t-butyl-4-hy- droxy-benzen.)benzene sold
under -t he tradenane Ethyl Anti- oxidant 330; sterically hindered

pol ynucl ear phenol s sold under the tradename Low nox 22CP46 and Lowi nox CPL
by Lowi Chem cal Conpany or the butylated reaction product of p- 30

cresot and di cyl opent adi ene such as Wngstay L powder sold by the Goodyear
Tire and Rubber Conpany of Akron, OnhioRSmery al so be used. In addition,

m xtures of the above stabiliz- er conmpounds such as a m xture of diglyne
and one or nore phenols or other Lewi s bases can be enployed in the prac-
35 tice of this invention. The rate noderator conpound prevents the
polynmeriza- tion process frombeing too rapid, provides for adequate m xing
of the catal yst conponents, and allows the nold to

Reaction Ratio A-Component ' B-Component
DCPD:W:DG:n-Bu,SnH:TBP DCPD :n=-Bu,SnH:TBP DCPD:W:DG

2000:1:2:2:3 1000:2:3 1000:1:2
| 50 :0.39 :0.60 (mL) | 50:0.172:0.11

(mL)
2000:1:2:3:3 1000:3:3 1000:1:2

50: 0.59 :0.60 (mL) $0:0.172:0.11
(mL)

b



-9- be conmpletely filled. The rate noderator conpounds include various

nitrogen or phosphorus conpounds used for this purpose as described in U S

Patents 4,727,125; 4,883,849; and 4,933,402. These rate noderators are

generatly select- 5 ed fromthe group consisting of phosphines,

phosphi tes, phosphinites, phosphonites, pyridines, and pyrazines. Preferred

rate noderators include pyridine (py); pyrazine (pyz); 2,

6- di.net hyl pyrazine [err] tributyl phosphine (Bu3P); triethyl phosphine [err]

tricycl ohexyl phosphi ne 10 [err] triphenyl phosphine [err]

met hyl di phenyl phosphi ne [err] di nmet hyl phenyl phosphino [err] triethyl phos-

phite [err] tributyl phosphite [err] triisopropyl- phoaphite [err]

et hyl di phenyl phosphonite [err] trifhenylphosphite (P(CPh) 3);

triisopropylphosphine (P-i- 15 < feTr] trimethyl phosphite [err]

tri-tert-butyl phosphine [err] diethyl phenyl phosphonite [err] and

raenzy! PIOYA W, dag S I aelo" B Slded ZaTaied S dc2sblese” "o
components varied DCPD:W:diglyme:n=Bu,SnH:TBP =

2000:1:2:2:3 to 2000:1:2:3:3 (see Table 1)



phosphine [err] and tributyl phosphite [err] The 20 stabilizer and rate
- nmoder ator conpounds are not necessary when | ower purity dicycl opentadi ene
i's enpl oyed, unless prolonged storage tines are desired. Also, the
stabi Fizer is not necessary when prefipAaged storage of the catalyst in the
mononer i s not desired. 25 I n sone enbodi nents of this invention,
a preforned elastonmer which is soluble in the reactant streans is added to
t he met at hesi s-catal yst systemin order to increase the inpact strength of
the polyner. The elastomer is dissolved in either or both of the reactant
streans in an anmount from 30 about 3 to about 15 wei ght percent range,
based on the weight of nononer. Illustrative el astoners include natural
rubber, butyl rubber, polyisoprene, polybutadi ene, polyiso- butyleneo,
t hyl enepr opyl ene copol ynmer styrene-butadi ene- styrene triblock rubber,
random st yrene- but adi ene 4 ubber, 35 styrene-isoprene-styren- triblock
rubber, ethyl ene-propy- @egiidiene terpol yners, ethylene vinylacetate, and

nitrile rubbers. Various3pBlgr 3! asto®rs,caff also be enpl oyed.
° L] °
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The anmount of el astoner used is determned by its nol ecul ar - 10 -
weight and is limted by the viscosity of the resultant reactant st reans.
The resultant reactant streams contain- ing elastomer cannot be so viscous
that .mxing is not possible. Although the el astoner can be dissolved in 5
either one or both of the streans, it is desirable that it be dissolved in
both. In addition to nmeasuring gel and cure tines and resid- ual DCPD
nonorrer | evel, a nmeasurenment of swell value was nmade. The swell value is
an indication of the degree of 10~ 18 erosslinking in the polyner, i.e.,

| ower swell values indicate higher degree of crosslinking. The general
proce- dure used for swell value determ nations is as follows: A 5 gram
sanpl e of polyner is renmoved fromit&xample She (by breaking the glass) and

carefully sliceg gfimpile 25 "Whé Nédtalyst stock solution was prepared by
charging a 10 o0z pop bottle with the appropriate amount of
WOC1, (OC¢H,=2, 6-Cl,),, DCPD and DG. Stock solutions of the
S activator were prepared by charging a 10 oz pop bottle with
the appropriate amounts of n-Bu,SnH and TBP. The following
table indicates the amounts of materials used.



15 sections across the cylindrical axis with a tile cutter. The burrs
are renoved, each slice weighed to the nearest mlligramand strung onto a
stainless steel or copper wire taking care to keep themin known sequence.
This ks done for each sanple at a givell9vnoner feed. The wire is nmade 20
i.nto a closed |loop and placed in 50 mM of toluene for each gram of pol yner.
These flasks are then heated to reflux for 16 hours (overnight) and cool ed.
Zach toop is succes- sively renoved fromthe flask and placed in a small

di sh- of fresh toluene. The slices are renoved, patted dry, and 25

wei ghed individually, again taking care-not to disturb their sequence or to
tear the swollen sanples. The swell values are calcul ated using the
following formula: swell (%= [er] , where [err] - initial weight of

pol yDCPD sanpl e and [err] = weight of solvent swollen pol yDCPD sanple. 30
Since the swell value is an indication of the degree of crosslinking in the
polynmer, | ow values are preferred. The best nobde now contenpl ated of
carrying out this invention will be illustrated with the foll ow ng

exanpl es. -

B-Component
1000:1:2

100 wL:0.44 g.022 mL
2000:132

100 mL:0.22 g:0.11 mL
40002132

100 wL:0.11 g:0.05 mL
1000:1:2

100 mL:0.44 g30.22 mL
20003132

100 m»L:0.22 g.0.11 mlL
4000:1:2

100 mL:0.11 g30.05 mL

A-Component

1000:3:2

100 uL:0.39 mL:0.40 aL
200032332

100 mL:0.20 mL:0.20 =L
4000:3:2

100 mL:0.10 mL;0.10 =L
1000:3:2

100 wL:0.59 mlL:0.59 ml
2000:3:2

100 nL:0.30 nL:0.30 wmL
400033:2

100 aL:0.15 mL310.15 mL

- Reaction Ratio
2000:1:2:2:3
4000313252323
8000:1:2:2:3
200031:2:3:13
400031:2:3:3
8000:1:233:3

DCPD;:W:DG:0-BujSol: IRP DRCRDAA=Ru3 80l TRE —DCPR:WZRG



The exanpl es are given for the purpose of illustration only 35 and the ”!
i'nvention is not to be regarded as limted to any of the specific materials :
or conditions used in the exam ples. In the follow ng exanples, in which
tungsten conpl ex - 11 - catalyst conponents are prepared, tungsten

hexachl oride [err] was obtained from GIE Syl vani a Chem cal Conpany and used

as received. 2,6-diisopropyl phenol and 2, 6-dichloro- phenol [err] were

- purchased from Al drich Chemical 5 Conmpany and used as received.
Hexanet hyl di si |l oxane [err] (Al drich) was sparged with dry nitrogen.before

use. Cycl opentane, diethyl ether, and pentane were dried over 4A nol ecul ar

si eves and sparged with nitrogen pridt <o 10 use. Toluene was pl aced

in contact with 13X nol ecul ar

The final reaction ratio for mixed catalyst and activator
components was varied from DCPD:W:diglyme:n-Bu,SnH:TBP =
2000:2:8:3 to 8000:1:2:8:3 (see Table 2).



si eves and sparged with dry nitrogen before use. Al operations were

-carried out under a dry nitrogen atnosphere or in vacuumeither in a Vacuum

At nospheres Dri-Lab (inerted by argon gas) or using Schlenk techniques. 15
Al'l selvent transfers were perfornmed bgicannula or syringe techniques to

‘mai ntain an inert atnosphere.
studies are set forth,
mani pul ati ons were performed anaerobically in nitrogen-

I'n the Exanpl es in which polynerization

the foll owi ng general .procedures were foll owed. Al

2

0

. sparged pop

bottl es or under an argon atnosphere (Vacuum Atnospheres Dri-Lab) or using

Schl enk techniques. Tri-a-butyltin hydride (packaged in Sure/ Seal
was purchased from Al drich Chenica

Diglyme was dried by placing it over 3A 25

wi th nitrogen before use.
tributyl phosphite (Al brg
and sparged with dry ni®
i n nitrogen-sparged

TABLE 2

DCPD Polymerisation By WOC12(OCgH3-2,6-Cl)z/n-Bu3SnH Miztures

Effect of DCPD:NOC1;(0CgH3-2,6-Cl3); Ratio Om Residual DCPD Levels

DCPD:W:DG:Sn: TP
200031:232:3
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(sec)
10
8
6
(]

Initial
Temp .
(*C)

3

80

3

8

2000:1:2:2:3
4000:1:2:2:3
4000:1:232:3

51 209 76.7

36

33

33

8000313231233

192 91.3

21

8000:1:2:2:3

1 43 204 80.6

30

2000:1:2:3:3

2000:1:2:3:3

212 94.9

32

21

17

207 80.0

27 39

21

i3

4000:1:2:3:3

Conpany and stored refrig-

erated [err]
nol ecul ar si eves and sparged
ere necessary rate noderators,
were dried over

bottl e)

such as

nol ecul ar si eves

215 91.6

22 3”7

16

4000:1:2:3:3

29 42 204 75.6

23

3

8000:1:2:3:3

NPriPr o gse. 5 PoRyngyri 2t iwnswerg cPnduct ed

209 90.0

24 38

19

80

8000:1:2:3:3

\



30 test tubes by adding together the catal yst and activator conponents
(2.5 mM of each), mxing on.a vortex m xer and then inserting the tube into
an oil bath at [err] or higher or into a heated bl ock at about [err] Ge
times Were estimated by observing the initial viscosity change and the 35
trmes were taken when the pol ynerization increased the'exothermto [err] ,
and to, the maxi numtenperature of the polynerization [err] Polynmer swells
wer e obtained by refluxing the sanples in toluene for 16 -12- hours,
Cooldng for four hours and determm @&gthe percent- age weight gain. The
tungsten starting material used in all catalyst preparation is tungsten

oxytetrachl oride conplex [err] 5 Thi s conpound was prepared in the
foll owing manner. A solution of hexBkample 6| si| oxane (HVDS) (13.40 ni,
0. 063 In Example 6 the catalyst stock solution was prepared by

charging a 10 oz pop bottle with the appropriate amount of
WOCL, (OC¢H,=2, 6-i-Pr,),, DCPD and diglyme. Stock solutions

5 of the activator were prepared by charging a 10 oz pop
bottle with the appropriate amounts of n-Bu,SnH and tri-
butylphosphite ((TBP). The following table indicates the
amounts of materials used.

&

o



nol) in toluene (100 m) was added dropwi se into a toluene (200 m)
solution [err] (25 g; 0.063 nol) in a 500 mM round bottoned flask (wth
stirring) over a 75 mnute 10 period. After the HVDS addition was
conpl eted, the columm was renpved and the reaction mxture was allowed to
stir overni ght under nitrogen. The browg®el ution was filtered in the dry
box to yield a quantity of crude, orange [err] (19.02 g; 88%yield).

| medi ately before use, the crude 15 = material was sublined under
reduced pressure at [err] in small portions to give bright orange
crystalline [err] Pure commercial quantities of [err] may be substituted in
any of the catalyst preparations. Exanple 1 20 A tungsten
phenoxi de catal yst having the fornula [err] was prepared in the follow ng
manner. The addition of two noles of the phenol for each nole of [err]
produced t he desired tungsten phenoxi de conpound. A quantity of [err] (5 g;
0.0146 noles) was placed in a pop 25 - bottle together with a stir bar.
Tol uene (50 nL) was added

B-CO-ponnﬁé
1000:1:2

100 mL:0.44 g:022.mL
1000:1:2

100 wL:0.44 g:0.22 mb
1000:1:2

100 nL:0.44 gs0.22 nL
10005132

100 mL:0.44 g:0.22 =L
1000:1:2

100 mL:0.44 g30.22 ml

3Snl: IBE —DCPD;WIDG

1000:2:3
1000:3:2
1000:6:3
1000:8:3

A-Component
1000:1:3
100 mL:1.58 mL:0.60 =L

100 M1:0.40 mL:0.60 aL
100 uL:0.59 =L:0.60 =L
100 mL:1.18 mL:0.60 =L

100 mL:0.20 uL:0.60 =l

3SoH:TRE

Reaction Ratio
2000:1:2:1:3
2000:1:232:3
200031:2:3:3
200031323633
2000:1:2:8:3



to the [err] by cannula foll owed by the dropw se addition of neat

2,6-diisopropyl phonol [err] (5.42 niL; 0.0296 nol). The reaction m xture was
allowed to stir at roomtenperature for three days under a nitrogen sparge.

30 *After this tinme, the reaction m xture was taken into the dry box,
seraped fromthe bottle, and further dried under reduced pressure. The
conpl ex WOCl 2(0OC3-2,6-i-Pr2)2 (8.83 g; 97%yield) was obtained as a dark
purple solid. Alternatively the catalyst nay be prepared in accor- 35
dance with the follow ng procedure: To a quantity of [err] (5 g; 0.0146
nol es) stirring in cyclopentane (100 M) was added dropw se a sol ution of
2, 6-di i sopropyl phenol - 13 - [er74 -(5.42 nL; 0.0296 nol) in
cycl opentane (50 nmL). The dropwi se addition of the phenolic solution was
acconpl i shed over a period of 30 minutes and acconpani ed by

The final reaction ratio for mixed catalyst and activator

compbnents was varied from DCPD:W:diglyme:n-Bu,SnH:TBP =
2000:1:2:1:3 to 2000:1:2:8:3 (see Table 3)

-



the solution changing fromorange to deep red. The reac- 5 tion was
allowed to stir at roomtenperature for two hours. After this tinme, the
reaction mxture was taken into the dry box and filtered. No solids were
collected and the filtrate was evaporaizgh to dryness under reduced
pressure. The conplex [err] (8.22 g; 90%yield) was 10 obtai ned as a
crystalline dark purple solid. Exanple 2 A tungsten phenoxi de cat al yst
having the fornula [err] was made by mxing [err] (3.79 g; 0.0111 noles) in
cycl opentane (50 m ). A dropw se solution of 15 2. 6-di chl or ophenol
(1.18 m; 0.111 nole) in cyclopentane (25 n) was then added dropw se over
a period of 30 min- utes. During the phenol addition the solution changed
color fromorange to deep red and purple crystals precipi- tated fromthe

reaction solution. The reaqx' n was all owed 20 to stir at room
tenperature for two hoursg te.; tbl Sel | RE the geagdiqp antgre was taken
into the dry box and fil ?t sﬁlldk Cbllecten fPItFatlon wer e
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10 mM of pentane and dried in vacuum vyielding 4.20 g (81%. The filtrate
was evaporated to dryness under re- 25 duced pressure and was
determned to be the sanme conplex as the solid. The conpl ex obtai ned,

[err] -was obtained as a dark red-purple solid. Qther [err] compounds can be
prepared by substitution of other pgﬁgols for 2, 6-dichlorophenol. 30
Exanple 3 A quantity (3.5 g; ‘7.475 T) of the product of Exanple 2 was
used fo make a tungsten phenoxi de conpound having the formula [err] Said

quantity was dissolved in a mninumguantity,of diethyl ether (50 m). 35
A saturated sol ution of Iithium 2,6-2&§ﬂ%honoxide [err] (1.28 g ni;

'7.58 mmol) in I AXapple Herthe stopbk -sqlaitdion ®frithevcatalysity wadded
dropwi se. ALERShrbdSh§hi¥ing the appropriate amounts of
WOC1, (OCH,~2, 6-i~Pr,),, DCPD and DG in a 10 oz pop bottle.
5 Activator stock solutions were prepared by charging a 10 oz
pop bottle with the appropriate amounts of n-Bu,SnH and’
'TBP. The following table indicates the amounts of materi-
als used. .
The final reaction ratio.for mixed catalyst and activator
10 components was varied from DCPD:W:diglyme:n-Bu,SnH:TBP =
2000:1:2:3:0 to 2000:1:2:3:4 (see Table 4)

Example 8

In Example 8, various Lewis bases were used to delay
polymerization with a WOCl,(OC.H,~2,6-i~Pr,), catalyst com-
15 . pound and n-Bu,SnH activator compound. Among the Lewis
bases were tributylphosphite ((BuQ),P), pyridine (py):;
2,6-dimethylpyridine (2,6-Me,py); pyrazine (pyz), 2,6-di~-
methylpyrazine (2,6-Me,pyz); triisoprbpylphosphite
({(i-Pr0),P); dibutylphosphite ((BuO),P(O)H) and tributyl-
20 phosphine (Bu,P). The same general polymerization proce-
dure was employed as was previously explained herein. The
proportions of dicyclopentadiene (DCPD): tungsten catalyst
(W) : diglyme (DG): tri-n-butyltin hydride (Sn): Lewis base
(LB) is shown in the results that are shown in Table 5.

4



t he deposition of red crystals occurred. The reaction mxture was stirred
at roomtenperature with a slow nitro- gen purge over the .ether solution
for 150 m nutes. After 5. an additional one hour of stirring, the
reaction mixture was filtered to renoveg,a_dark red crystalline [err] The
solid was then washed with a small volune of dried pentane (5 ml) and the
solid dried under vacuum (3.90 g). This material was dissolved in 10

di chl oronet hane (-about 25 m) and filtered to renmove the lithiumchloride
by- product. Evaporation of the filtrate under reduced pressure led to pure
product in 72%yield (3.21 g). Exanple 4 15 In Exanple 4, stock
solutions of the catalyst m xtures were prepared by charging a ten ounce
pop bottle with the appropriate nmeasure of [err] prepared accord- ing to
the process of Exanple 2 (a shorthand for referring to the tungsten

catal yst conmpound in this exanple and in 20 the follow ng exanples is
"W), DCPD and diglynme (DG. The

1000:1:2

100 mL:0.50 g¢:0.21 =L
1000:1:2

100 mL3:0.50 g:0.21 =L
1060:1:2

100 mL:0.50 g:0.21 =L
1000:1:2

100 mL:0.50 g:0.21 mL

1000:3:3
1000:3:4
1000:3:8

1000:3:2
100 mL:0.59 mL:1.59 mL

100 mL:0.59 wL:40 =L
100 aL:0.59 =L:0.59 mL
100 nL:0.59 aL:0.79 aL

Reaction iatio
2000:1:2:3:2
2000:1:2:3:3
2000:1:2:3:4
'200031:2:3:8



activator solution was prepared by mxing tri-n-butyltin hydride [err] the
appropriate quantity of tributyl- phosphite (TBP) and DCPD in a 10 ounce
pop bottle. The followi ng table indicates the anobunts of materials used in

25 * preparing these two solutions._zs_- 15 - Reaction Ratio
A- Conponent B- Conponent DCPD "W DG : [err] TBP DCPD : [err] :
TBP _ DCPD : W: DG 2000:1:2:2:3 1000: 2: 3
1000:1:2 50 :0.39 :0.60 (nlL) 50: 0.172:0.11 (mL) 2000:1:2:3:3
1000:3:3 1000: 1: 2 50: 0.59 :0.60 (L) 50:0.172: 0. 11 (nL)
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The final reaction ratio for m xed catal yst and activator conponents varied
DCPD: Wdiglyme [err] - 2000:1:2:2:3 to 2000:1:2:3:3 (see Table 1) [err]
- 18 - Exanple 5 In Exanple 5 the catal yst stock solution was prepared by
chargirng a 10 oz pop bottle with the appropriate amount of [err] DCPD and
BG Stock solutions of the 5 activabpgh-~Were prepared by charging a 10
0z pop bottle with the appropriate anmounts of [err] and TBP. The foll ow ng
tabl e indicates the anmounts of materials used.

[ ]
g
3§d = & =
-df—llNlngl
8871 o s s ;
a3 . °
- -
T 42 3% g
b o - B |
o - o
. a 4 8 b -5 S
u W
2
2 >
P |
33 1d;5 e
. N ™M O N M~ o~
[~ & o © O = m=w O
gg ] NI-ONNNS::
-
a 3
(-]
.- |
£ a o o v v o
[ " B |
~N 0o
By g v ¥ M® M B ® € @
-2
g &
¥ © o
S ~ 3o )
g8 1 Q °
s o o o
# m ] S ® ™M ¥ W N = o
QOE v M M N N O O~ M ™
08 Py
7
- et N
~ N
o s
~
§..
Q |3}
R S
M & . o - MM ® O ®m VW v -
.~ ™ M M M H O Y NN
g L 8
- I
&8 o
x &
wd - )
u: -t o
N O N VW o =
£§ g'g .-..-.-.:
°
% 4
a
Be -3.
82 :g‘annecn
w qonnoonngg
ol L L
w
E ¢ € ¢ ¢ ® ®» o
% e e 8 et e &
) ™M ™ ™™ M ®m M m ™
=2 % es  es 0 & s e s
7] NN NN NN NN
L. L. I . I | Y | Y | Y | I T R 7 )
g - . . T T B = T |
2 S 8 8 8 3 8 & 8
< 3 Q © 9© € O o ©o© ©°
o e © 9O & ¢ 9 o o
e N &N N N NN NN



m xed catal yst and acti vator

2000: 2:8:3 to 8000:1:2:8:3 (see Table

-29-

reaction ratio for

£9°0 8°SIT 022 09T 821 ozt

The final
22-

conponents was varied from/J[err]

[err] - 20 -
_lerr] -

-
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Exanple 6 In Exanple 6 the catal yst stock solution was prepared by charging
“a 10 oz pop bottle with the appropriate anount of [err] DCPD and digl yne.
of the activator wore prepared by charging a 10 oz
pop bottle-with the appropriate amounts of [err] and tri-

St ock solutions 5

(-(TBP): The follow ng tabl e indicat efQ)t he ampunts of materials used.
[err] .

3)

10

15

-24- The final reaction rat
conponents was varied from [err] 2000:1:2:1:3 to 2000:1:2:8:3 (see Table

Tor nixed catal yst and activator

Example 9
In Example 9, the effect of various Lewis bases upon

polymerization and the polymer produced was conducted with
WOC1, (OC¢H,~2,6-Cl,), tungsten phenoxide catalysts and tri-
n=-butyltin hydride activator. The abbreviations in the
following Table 6 are the same as explained in Example 8.

Example 10
In Example 10 the effect of tributylphosphine upon poly-
merization when using a WOCl,(OCHy-2,6-i-Pr;), (example 1)
catalyst was determined. The effect upon polymerization is

seen in Table 7.

Exagmple 11
In Example 11 a similar comparison of the effect of
tributylphosphine was conducted as in Example 9 with
WOCl, (OC.H,-2, 6-Cl;), as the tungsten catalyst. The results
are shown in Table 8.

but yl phosphite



Jerr] -26- Exanple 7 In Exanple 7 the stock solution of the catal yst was '
prepared by m xing the appropriate anmounts of [err] DCPD and DG in a 10 oz ;
pop bottle. 5  Activator stock solutions were prepared by charging a 10
oz pop bottle with the appropriate amddms of [err] and TBP. The fol | ow ng
tabl e indicates the amounts of materi- als used. The final reaction ratio
for m xed catal yst &g, gctivator 10 conponents was varied from/[err]
2000:1:2:3:0 to 200(.8% 3n? SeeaTaled) 6 m = o o o

oy 4 ~ (] ~ ” wn

a . -4 L) o~ o~

-«
. . . 'S . . -
(-]

. * *

8 © © ©o © © o © © o o

- H H O~ ® & © M A m 0 m

? N ¥ M W @ ®m e @ nN O W
® ~ o w

3 ® @ N M o o

@ o o (- ] ™~ -] - ] -]

" N N ® % W ® O ™ O ®m O

] &8 A & o @ o -

tTaax
47
40
282
55
58
48
as
EY
230
47
140

tiso°c
31
24
268
39
42
41
24
19
212
33
129

Effact of Various Lewis Bases

TABLE 6
Activation of WOCl;(0CgH3-2,6-Cl3)3 By
120

30
80
30
80
30
30
80

0

1]
80
80

Temp .

t100°c

£°0)  {sec) (sec) =~ (sec)  (sec)
' 25 |

20

‘ 254
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2
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In Exanple 8 various Lewi s bases were used to delay polynerization with a
{err] catal yst com 15 pound and [err] activator conpound. Anobng the
Lew s bases were tributyl phosphite [g§3] pyridine (py);

2,6-dinmethyl pyridine [err] pyrazine (pyz), 2 6-di- nothyl pyrazine (2, [err]
triisopropyl phosphite [err] dibutyl phosphite [err] and tributyl- 20
phosphine [err] The sane general polynerization proce- dure was enployed
as was previously expl ained herein. The proporti.ons of dicycl opentadi eno
(DCPD): tungsten catalyst (W: diglyne (DG: tri-n-butyltin hydride (Sn):
Lewi s base (LB) is shown in the results that are shown in Table 5. [err]
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Polymerization Using lOClz(Ocolst.G-i-Ptg);/n—lu,Snl:
98
93
120
124

Temp.

(°C)
8
80
80
80
80
8

200031523331
2000:132:3:1
200031:2:3:2
2000:1:2:332
2000:1:2:3:3
20003132:3:3

DCPD:W:DG:Sn:BusP Initial
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[err]

g a8Vl

[err]

n-butyltin hydride activator

ar e

[err]

various Lew s bases upon polynerization and the pol yner
t he sane as expl ained in Exanple 8.

conducted with

[err]



In Exanple 10 the effect of tributyl phosphi ne upon poly- nerization when
using a [err] 2 (exanple 1) 10 catal yst was determ ned. The effect
upon polynerization is seen in Table 7. Exanple 11 In Exanple 11 a simlar
conparison of the effect of tributyl phosphine was conducted as in Exanple 9

with 15
Tabl e, 8.

10

1S

20

25

[err] as the tungstemggatalyst. The results are shown in
[err] . [err]

Examples 12-13

In Examples 12 and 13 various activators are used to the
tributyltin hydride used in the previous examples. Among
the activators tested were triphenyltin hydride (Ph,SnH),
diethylaluminum chloride (Et,AlCl), diethylzinc (DEZ),
diisobutylzinc (DIBZ), and ethyl-g-propoxyaluminum chloride
(Et (n-Pro)AlCl) (ENPAC). Example 12 employed the diisopro-
pyl substituted tungsten compound of Example 1, and in
Table 9 are seen the activators that worked to polymerize
the DCPD monomer.

In Example 12 the tungsten compound of Example 3 was used

- with various activator compounds. Table 10 shows the

results of DCPD polymerization with such activators.

Example 14
- Polymerization of dicyclopentadiene was completed utiliz-
ing WOCl,{OAr) catalysts and n-Bu,SnHE. The WOCL,(OAr)
catalysts were prepared in accordance with the general
procedure of Example 2.

Examples 15-16

In Examples 15 and 16 the activator used was a mixture of
tri-pn-butyltin hydride and triethylsilane (Et;SiH). The
tungsten compound of Example 1 was used in the polymeriza-
tions of Example 15, the results of which are shown in
Table 11. The tungsten compound of Example 3 was used in
the polymerizations of Example 16, the results of which are
shown in Table 12. | -

b
&
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[err] - 34 - Exanples 12-13 In Exanples 12 and 13 various activators are
used to the tributyltin hydride used in the previous exanples. Anong the
activators tested were triphenyltin hydride [err] 5 di et hyl-al um num
chlori‘de [err] diethylzinc (DEZ), diisobutylzinc (D Bz), and

et hyl - n- propoxyal um num chl ori de (Et(n=gg0) Al ) (ENPAC). Exanple 12

enpl oyed the diisopro- pyl substituted tungsten conpound of Exanple 1, and
in Table 9 are seen the g&tifvators that worked to polynerize 10 t he
DCPD nononer. I n Exanpl & $23t hg t ¢ngg en2cogpoynd of @xample 3 was used
with various activator @B8pqungds. gTahte 30 ghoys the gesyts of DCPD

pol yneri zation with such %ct'i vat ors.

(]
-t (-] ) | -] ~ [ g L] [ ] (-3
[} - - . . . . . . .
F ] ) wn 7] [71] - ~ [ ] ] N
/-] e ™~ (-] o ™~ [ -] w 1 -] -}
—
] S '° - Q - N - [ =] ~ °
= * Q - ~ [ o~ -3 ~N - (-]
e et o~ ~ ~N ~ o~ ~ o~ ~N -

tTwax
41
45
48 -
45
98
190
61
168
260

tgel

(sec)  (sec) d{sec) _  {sec)
23
' 24 .
27
26
79
160
44
147
1.5

[$)
L)
o ® O =N O w @ ~ o u
o« N o @®m o e Wvw e v =
- - - o
~ Fe)
L)
o~
P
“
s
o ) by
-
(¥ o~ g
wl ) S
- T o
]
-
~
E

DCPD Polymerisation Utilizing Various Activators In Combination with
Initial
Temp .
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#Addition of one mole equivalent of tributylphosphite (TBP) per mole of

sspddition of one mole equivalent of diglyme (DG) per mole of activator.

[
il s 1
o E : E : [ vd - [
> ;] 7] % E i J (3] |3 ]
o=l [ (e (51 -4 - «
o -] = 1] wn w3 - < < o~
Q -] m [¢d [ [ N N N -
< | 1 = - - o & o 4
] -} [N [N ("] 3 ] -] a
g
<
g (3] - [ ] (12 [ [ 1] ”m (] -
-] [ [ X3 - - . L3 [ [ .
-0 L) *0 L) .. *e *e e e (1)
2 ~ ~ ~ ~ ~ o8 o~ o~ ~ a
o - [y . [ [ e *» e ]
g i (] [ i i rd -t -4 i >
- 4 [ 3 3 .. [ “w e . « ovd
g (=] [~ Q Q Q Qo -] (-] -4 &
a Q [~ Q Q [~ Q [~ Qo (-] Q
[ Q (=] Q <o (=4 (=4 (=] [~} Qo [}
g ~ o~ ~ o~ ~ ~ ~ ~ ~



t he

25

in
Shown i'n Table 12.

are

the results of which are shown

The [err] catal ysts were prepared in
| e. 3 mas used
«
i gh

Pol ymeri zati on of dicycl opentadi ene was conpl et ed
procedure of Exanple 2. Exanples 15-16 20
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inb5

for that disclosed

39 - Exanples 17-18 [err] 2 catal ysts were
prepared in accordance w th anal ogous procedures to those disclosed in
The results of polynerizatied7sith these cata-

[err]

substituting the appropriate phenol

[err]

Exanpl e 3.

Exanpl e 3,

[err]
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lysts is shown in Table 13. [err] (OAr) catalysts were prepared in
accordance wi th anal ogous procedures to those disclosed in Exanple 2. The
resul ts of pol ymeri zation with these gggal ysts is shown in 10 Tabl e 14.
Exanple 19 In exam ning the syntheS|s of [err] (Exanple 1), it was found
-that [err] can be generated in the reaction pot at anbient tenperature. 15
Pure [err] can only be synthes ed by the addition of one nol. equival ent

of lithium 2,6-di-iso- propyl- |de |n d|eth I ether at [err] At [err]
[err] can be activated by tr|- |de [efr]oto generate a -

pol ymeri zi ng species (Ta- e 95) © I\b pel yreridati on exot horm was

observed at roonttenperature -2, 6-di chl orophenol analog to the above 2,

nore easily acti- vated by [err:l pg yOCPDIwa® f &t ne at room t enper a-
- 3 4

6- di chl or ophenol substituted tungsten conpound [err] was found to be nuch
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25
[err]

10

1$

20

25

ture as well as at nore typical nolding tenperatures. [err]
[err] [err] _

- 30 -

Ex 1 17= _

WOCl, (OAr), Catalysts were prepared in accordance with
analogous procedures to those disclosed in Example 3,
substituting the appropriate phenol for that disclosed in
Example 3. The results of polymerization with these cata-
lysts is shown in Table 13.

WOCl, (OAr) catalysts were prepared in accordance with
analogous procedures to those disclosed in Example 2. The
results of polymerization with these catalysts is shown in
Table 14.

Example 19

In examining the synthesis of WOCl,(OC.H,-2,6-i-Pr,),
(Example 1), it was found that WOCl (OC.H,-2,6~-i-Pr,), can
be generated in the reaction pot at ambient temperature.
Pure WOCl (OC(H,~2,6~i-Pr,), can only be synthesized by the
addition of one mol. equivalent of lithium 2,6-di-iso-
propyl-phenoxide in diethyl ether at -300C. At 80eC,
WOC1 (OC.H,-2, 6~i-Pr,), can be activated by tri-n-butyltin
hydride (n-Bu,SnH) to generate a polymerizing species (Ta-
ble 15). No polymerization exotherm was observed at room
temperature. The 2,6~dichlorophenol analog to the above
2,6-dichlorophenol substituted tungsten compound
WOC1 (OCHy~2, 6=Cl,),, was found to be much more easily acti-
vated by n-Bu,SnH, so polyDCPD was formed at room tempera-
ture as well as at more typical molding temperatures.



- 43 - Exanple 20 In this exanple, the tungsten catal yst conpositions of
EXanpl es 1-4 were used to nold 98-99% pure DCPD in conbina- tion wth
tri-n-butyltin hydride, noderated by tributyl- 5 phosphite in a 3.5%
Rayal ene 301T (ethylene-propylene-%&gge nononer (EPDM) ) rubberized
formul ati on. When the catal yst of nple 1 was used, parts were produced
with 12 %residual nononer. The reaction ratio was [err] - 2000: 1:2: 3: 2.

The properties were 10 conparable to prior art fornul ations, except
that the heat distortiog tepperature (EDT) was significantly higher than
has been found except wge quantity of tricyclopentadi ene or sonme other
nmonomers were added to &h ngnoifer .& The EDT was found to be about
[err] nore than [err] tRa@™156 oStha caditrol. The addition of the :
anti oxi dant Irganox 1035 i d not affect the Notched Izod val ue, but reduced
the heat distortion tenEera un@ b% ag?utﬁ[err]-The addi tion of 10%

H 2 8 &8 &
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tioo0°cC
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10
15
11

tiso°c
(sec) (sec) . (sec) _ (sec) (sec)
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tgel

)
3
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Temp.

The above polymerizations were run at the following ratios:
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of tricyclopentadiene (Cp-trimer) to the fornmulation re- sulted in a
further boost in EDT. More inportantly, 20 the Notched |zod val ue
remai ned high conpared to prior art conppgitions, even after aging. A
"sanpl € of this rubber- ized material, containing no antioxidant, was aged
at [err] and the change in Notched lIzod as a function of tinme was recorded.
After .four days, the notched izod had pl at eaued 25 at about 5.0 ft.
| b/in. as conpared to prior art material which had a Notched |zod val ue of
about 2.5 ft Ib/in after aging. A pure tungsten catalyst having the fornula
[err] was prepared in accordance with the 30 procedure of Exanple 3
and when activated by tri-ngoutyltin hydride an extrenely active catal yst
sol uti on was produced for tﬁe; | y&er mzatd Ongdi cycl opent adi ene. At [err]
mol di ng tenperatures, a 3.5% &&al@nel30Lr r'ibberi zed DCPD sol ution
(DCPD: W Sn - 2000: 1: 3) was poRymerTze§ by 35°  [err] (stabilized by two
nol ar equi val ents of diglyne) in conbination with [err] (nbderated by two
-~
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tgel t100°C
{sac) (sac)  (sec)  (sec)
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Temp.
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ED
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The above polymerizations were run at the following ratios:
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equi val ents of tributyl phosphite (TBP)) to yield poly(DCPD) -44-
containing only 0.37% residual DCPD and having a high heat distortion
tenperature of [err] [err] was prepared in accordance with the procedure of
Exanple 2. The catal yst system produced was 5 very fast in gelling and
curing DCPD. For exanple, at proportiotf®ferr] of 2000:1:2:3:3 at 30C,
[err] .was |less than 1 second, [err] was 4 seconds and [err] was 10 seconds.
It was found possible to prepare pol yDCPD pl aques having very |low | evels of

resi dual nononer 10 (Q 2 andexgel Ignt gproperties (Table 13). The
heat distortion tenperatuge [errR iR aQerR hiPh level. Table 16 shows
the properties of parts rfdld I n accordance with the above description.
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[err] CLAI M5 1. A catal yst conposition conprising a tungsten com
pound represented by the fornula WOX4 [err] wherein X is selected fromthe
group .consisting of chlorine, bromne and 5 fluorine; x is 1, 2 or 3
and Ar is a nonosubstituted, disubstituted, trisubstituted,
tetrasubstituted or penta- substituted rt4&R=wherein said ring is
substi-tuted with a substituent selected fromthe group consisting of

hydr ogen, brono, chloro, fluoro, iodo, nitro, cyano, aldehyde, car- 10
boxy, hydroxynet hyl, alkoxy | kyl'thio, arylthio, acyl, aroyl, acyloxy,

al koxycar bonyl , cycl oal kane % 5 ky¢ angtnogm digar ygamano: al kyI sul fonyl ,
aryl aul f onyl , alkylsulfongge su#fanate afyhv awalkyl aryl oxy, aIkyI
gr oups con-
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taining 1-20 carbon atons, fluoroal kyl groups containing 1 15 to 10
carbon atons and allyl groups. 2. The catal yst conposition of claim1l
whereip said substituent is selected fromthe group consisting of meth- yl,

et hyl, isopropyl, tert-butyl, cyclohexyl, octyl, nonyl, phenyl, brono,

chl oro, fluoro, ethoxy, nethoxy, cﬁalupro- 20 pane, trifluoromnethyl,

met hylsul fonyl, and benzyl groups. 3. The catal yst conposition of claim1l
further conpris- ing a stabilizer conpound. 4. The cat al yst conposition

of claim3 wherein said stabilizer Exampdend0is a Lewi s base.
The catal yst £ONRESY lddngle,ClHdNth

selected fromt he group conS| stin ﬂ&‘ﬁﬁ hrzﬁ:f&)%e’r§t %@Woﬁg_ﬁeggp‘pggnd -I °

di met hyl et RSATP183 A ¥ere: HFede ﬂeP°lFrPEtﬂ9$eh%=gl9% P reanbiinact her |

tetra-

2
-

10

15

20

2S5

30

35

t4én with tri-n-butyltin hydride, moderated by tributyl-
phosphite in a 3.5% Royalene 301T (ethylene-propylene-diene
monomer (EPDM)) rubberized formulation. When the catalyst
of Example 1 was used, parts were produced with 1.2 %
residual monomer. The reaction ratio was
DCPD:W:DG:n-Bu,SnH:TBP = 2000:1:2:3:2. The properties were
comparable to prior art formulations, except that the heat
distortion temperature (HDT) was significantly higher than
has been found except when a quantity of tricyclopentadiene
or some other monomers were added to the DCPD monomer. The
HDT was found to be about 117-118°C, more than 15°C than
the control. The addition of the antioxidant Irganox 103S
did not affect the Notched Izod value, but reduced the heat
distortion temperature by about 6°C. The addition of 10%
of tricyclopentadiene (Cp-trimer) to the formulation re-
sulted in a further 8°C boost in HDT. More importantly,
the Notched Izod value remained high compared to prior art
compositions, even after aging. A sample of this_:ubbe:-
ized material, containing no antioxidant, was aged at 70°C.
and the change in Notched Izod as a function of time was
recorded. After four days, the notched izod had plateaued
at about 5.0 ft. 1lb./in. as compared to prior art material
which had a Notched Izod value of about 2.5 ft lb/in after
aging.

A pure tungsten catalyst having the formula
WOCL, (OCH =2, 6=Cl,), was prepared in accordance with the
procedure of Example 3 and when activated by tri-n-butyltin
hydride an extremely active catalyst solution was produced
for the polymerization dicyclopentadiene. At 80/60°C
molding temperatures, a 3.5% Royalene 301T rubberized DCPD
solution (DCPD:W:Sa = 2000:1:3) was polymerized by
WOC1, (OC¢H,=2, 6-Cl,), (stabilized by two molar equivalents of
diglyme) in combination with n-Bu,SnH (moderated by two
equivalents of tributylphosphite (TBP)) to yield poly(DCPD)

5.

e



et hyl ene gl ycol dinmethyl ether, benzonitrile, acetonitrile,

tetrahydrof uran, phenols haV|ng one aromatic ring, bisphe- nols having two
aromatic rings, polyphenols having nore than two aromatic rings and

m xtutes thereof. 5 6. The catal yst conposition of claim5 wherein
sai d phenol is selected fromthe group consisting of _
2,6-di-t-butyl-4-methyl phenol andgg,&-di-tert-butyl-4-sec- butyl phenol;
sai d bi sphenols are selected fromthe group consisting of

4, 4" - met hyl enebi s(2, 6- di met hyl phenol); 4,4'- 10

met hyl enebishRabash tsﬁlybutmhseeidual 2bcmt£h¥aembiﬁ% a high heat
(4- et hyl - 6-but 6-di-tert utylp enoI

e (4,
2,2 nethyﬂéHE%FE%Q“eFA?P‘ﬁ‘FE’ﬂegﬁyfig é hexyl ) phenol ;
4L1 4' - but 34/|4:3 gavcm 1100 H 2421, -65CLy) - wasEp a:wemlacczuswuhndhavitmgtmwre
OW Nox net eno
1,1 -thi obP§?S’§gﬁﬁt hg ?Réﬁﬁ’g‘ %der"?ﬁegﬁﬁgﬁgnﬂ'%ﬁﬁ3%‘,’83““4 was
2, 2' $t hi obirety- ﬂashylnGgekliagbanglphehnc)pcrn For example, at
2,2 isobu ' S t hesl Rb
2,2 nethy gg ?295 Sg ng?uﬁ P§h§x§P36h qgg' '8 P 3 phenols are
sel ect ed fBBRAEY hBouyr¥as %h%l apl (second, tumm “Vas 4 sedonds and
tigoec Was 10 seconds. It was found possible to prepare
polyDCPD plaques having very low levels of residual monomer
10 (0.28%) and excellent properties (Table 13). The heat
distortion temperature of 123°C is a very high level.
Table 16 shows the properties of parts molded in accordance
with the above description.



20 - 1,3,5-trinethyl-2,4-6-tris(3,5-di-t-butyl-4-hydroxy-
benzene) benzene; sterically hindered pol ynucl ear phenols and a butyl at ed
reaction product of p-cresol and dlcylo- @fntadlene 7. The cat al yst
conp05|t|on of claim1l wherein said 25 “catalyst is effective in

pol ymeri zati on of di cycl openta- di ene at concentrations of nononer to

cat al yst of 4000: 1 a 8. A pol8neriz&iongeed conposition
conprising: (a) a esls pol yneri zZ3bl e cytl oolefin; 30 (b)
a netathesis polynerlzatlon catal yst represented by the formula [er]
wherein X is selectqyufron1the group con5|st|ng of brom ne, chlorine and
fluorine; x is 1, 2% amd OAm represents anm)n(a& di- tri-, tetra-, or
pent a- substi t ut ed 3%&' - °phenox'y group’ an@
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TABLE 16
10.0

Flex
Tributylphosphite (TBP) is added as a rate modifier.

37.1

28.0
37.9
66.6

5.5
5.9
5.9

Tensile
Modulus Streagth Elongation Modulus Strength

(Kpsi) _(Kpsi) ___(N)  (Epsi) _(Kpsi) __(ftlb/in)
277.4
283.1
252.0
280.3

In all cases, reaction ratio used is DCPD:HsSn=2000:i:3.
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-'48 - (c) a catalyst activator. 9. The pol ynerizat Ngn feed conposition of
claim8 where- in X is chlorine. 10. The pol yneri zat\on feed conposition of
cllaim®8 5 wherein said catalyst activator is selected fromthe group
consi sting of trialklyalum num dialkylalunm num halides; aIkyIaIun1num

di hal i des, dialkyl(alkoxy)aluninuﬁi4§¥kyl(alkoxy)alu

di al kyl zi ncs, al kyl zinc halides, diarylzinc, arylzinc halides,

al kyl sil anes,. 10 tetraal kyltins, trialkyltin hydri Jﬂﬂﬂu, I'

di hy- drides, triaryltin hydrides, alkyllead hydrides ﬂ" 'M"I'”",
hydrides. 11. The polynerization f eed conposi tion of ‘clai m°8 Whete-sin said
catal yst activator is sel ected CddE¥he group 15 consisting o

et hyl al um num di chl ori de, diethylal um numchloride, triethylalumn

di et hyl zi nc, di butyl zi nc, ethyl-n-propoxyal um num chl ori de, di phenyl 2 nc,
tri-n- butyltin hydride, trioctyltin hydride, diphenyltin dihy-

1. A catalyst composition comprising a tungsten com-
pound represented by the formula WOX,,(OAr),, wherein X is
selected from the group consisting of chlorine, bromine and

5 fluorine; x is 1, 2 or 3 and Ar is a monosubstituted,
disubstituted, trisubstituted, tetrasubstituted or pedta—
substituted ring wherein said ring is substituted with a
substituent selected from the group consisting of hydrogen,
bromo, chloro, fluoro, iodo, nitro, cyano, aldehyde, car-

10 boxy, hydroxymethyl, alkoxy, alkylthio, arylthio, acyl,
aroyl, acyloxy, alkoxycarbonyl, cycloalkanes, dialkylamino,
diarylamino, alkylsulfonyl, arylsulfonyl, alkylsulfonate,
arylsulfonate, aryl, aralkyl, aryloxy, alkyl groups con-
taining 1-20 carbon atoms, fluoroalkyl groups containing 1
15 to 10 carbon atoms and allyl groups.

2. The catalyst composition of claim 1 wherein said
- substituent is selected from the group consisting of meth-
yl, ethyl, isopropyl, tert-butyl, cyclohexyl, octyl, nonyl,
phenyl, bromo, chloro, fluoro, ethoxy, methoxy, cyclopro-
20 pane, trifluoromethyl, methylsulfonyl, and benzyl groups.

3. The catalyst composition of claim 1 further compris-—
ing a stabilizer compound.

4. The catalyst composition of claim 3 wherein said
stabilizer compound is a Lewis base.

25 5. The catalyst composition of claim 3 wherein said
stabilizer compound is selected from the group consisting
of diethylether; ethylene glycol dimethylethers, 2-methoxy
ethyl ether, triethylene glycol dimethyl ether, tetra-




dride, and triphenyltin hydride. 20 12. The pUiy”UIiLaLiGn f

conposition of claim8 wherein said cycloolefinis el e
the group consisting of dicyclopentadiene, hi gher . o Iﬁjﬁﬂfu ULI ”lndl ene

Q!lgoners nor bor nene, norbor nadi end? 4 al kyl - i den
di et hanohexahydr onapht hal ene, di- 25 nethanohexahydronaphthalene
5-vi nyl - 2- nor hor.nene, 5-ethyl - idene-2-norborneno, 5-nethyl-2-norbornene,

5- pheny! - 2- SRAHAGR @ Y%Mﬁﬁmleﬁ%ml Sbeozerdtailest apetoniscydeo-

dodecane, ,t&ﬂmﬁwumorﬁlwﬂiﬂ@h&ﬁ@ﬂné a%ﬁ&%ri'&e'}‘ing bisphe-
5- but yl - 2- norggrgﬁﬂe exyI or,nene, 5-octyl norbor- 30 ene,

rb
5- dodecyl - tg&b&é&&ﬁb 5@9@P@Heﬂﬁ&éé§eﬂ@?°
met hyl t at radgtxammxtemaiﬂidﬂwumand aiiaur@sotpdeeadre and m xtures of

two or nore of said nononers. - 49-

S 6. The catalyst composition of claim 5 wherein said
phenol is selected from the group consisting of
2,6-di-t-butyl-4-methyl phenol and 2, 6-di-tert-butyl-4-sec-
butylphenol; said bisphenols are selected from the group
consisting of 4,4’-methylenebis (2,6~ dimethylphenol); 4,4'-

10 methylenebis (2, 6-di-tert-butylphenol; 2,2’-methylenebis-
(4—-ethyl-6~butylphenol); 2,2’-ethylenebis(4,6-di-tert-
butylphenol; 2,2’-methylenebis(4-ethyl-6~(1-methylcyclo-
hexyl)phenol; 4,4’-butylidenebis(6-tert-butyl-3-methyl-
phenol) under the tradename Lowinox 44B2S5; 4,4’'-thiobis (6~

15 tert-butyl-3-methylphenol); 1,1’-thiobis(2-naphthol) sold
under the tradename SA0O-30; 2,2’-thiobis(4-methyl-6-tert-
butylphenol); 2,2’-isobutylidene-«bis (4, 6-dimethylphenol;
and 2,2'-methylenebis{4-methyl-6-cyclohexyl)phenol) and
said polyphenols are selected from the group éonsisting of

20 1,3,5-trimethyl-2,4~6-tris (3, 5-di-t-butyl-4-hydroxy-
benzene)benzene; sterically hindered polynuclear phénols
and a butylated reaction product of p-cresol and dicylo-
pentadieno.

7. The cataiyst composition of claim 1 wherein said
25 catalyst is effective in polymerization of dicyclopenta-
diene at concentrations of monomer to catalyst of 4000:1

and lower.

8. A polymerization feed composition comprising:
(a) a metathesis polymerizable cycloolefin;

30 (b) a metathesis polymerization catalyst represented
by the formula WOX,.,(OAr),; wherein X is selected
from the group consisting of bromine, chlorine and
fluorine; x is 1, 2 or 3 and OAr represents a mono-,
di- tri-, tetra-, or penta-substituted

35 | phenoxy group; and



13. The polynerization feed conposition of claim8 wherein said Ar in said
net at hesi s pol yneri zation catalyst is a phenyl ring, wherein said ring is
substltuted with substituents selected fromthe group consisting of hydro-
5 “gen, brono, chloro, fluoro, -igglo. nitro, cyano, aldehyde, carboxy,
hydr oxymet hyl , al koxy, aIkyIthio, arylthio, acyl, aroyrl, acyloxy,
alkoxycarbonyl cycl oal kanes, di al kyl am no, dlarylan1 ,
aryl sul fonyl , aIkyugglEp@g&glggﬁyggghggggge aryl H rmﬂ | kyl
groups con- 10 taining 1 atons, fluor oa y cgrmups eontalnlng
1 to 10 carbon atons and allyl groups. 14. The pol ynmeri zation feed

conposi tion of cl ah@ ia%wmrﬂlzataehd £282" ¢om beQt?.SnSHE f:l&ﬂi\eﬁ Whé Pe-
substituents selected m t he group consisting o ethyl, ‘Irso- 15
propyl, teridpk ?ﬁﬁ%xyl octyl, nonyl, phenyl, bronD chl oro,

fluoro, ethoxy, nethoxy, cyclopropane trifluoronethyl met hyl sul fonyl, and

comalt sohe 2 20k A PR b 2oSa’ SRIRRIMLRo cfutah® TRt

5 wherein said catalyst activator is selected from the group
consisting of trialklyaluminum, dialkylaluminum halides,
alkylaluminum dihalides, dialkyl (alkoxy)aluminum,
alkyl (alkoxy)aluminum halide; dialkylzincs, alkylzinc
halides, diarylzinc, arylzinc halides, alkylsilanes,.

10 tetraalkyltins, trialkyltin hydrides, dialkyltin dihy-

drides, triaryltin hydrides, alkyllead hydrideées and aryl-
lead hydrides.

11. The polymerization feed composition of claim 8 where-
in said catalyst activator is selected from the group
15 consisting of ethylaluminum dichloride, diethylaluminum
chloride, triethylaluminum, diethylzinc, dibutylzinc,
ethyl-n-propoxyaluminum chloride, diphenylzinc, tri-n-
butyltin hydride, trioctyltin hydride, diphenyltin dihy-
dride, and triphenyltin hydride.

20 12. The polymerization feed composition of claim 8
wherein said cycloolefin is a monomer selected from the
group consisting of dicyclopentadiene, higher order cyclo-
pcntadiono,oligcmors, norbornene, norbornadiene, 4-alkyl-
idene norbornenes, dimethanohexahydronaphthalene, di-

25 methanohexahydronaphthalene, S-vinyl-2-norbornene, S5—ethyl-
idene-2-norbornene, S5-methyl-2-norbornene, S—phenyl-2-
norbornene, ethylidenetetracyclododecane, methyltetracyclo-
dodecane, 5,6-dimethyl-2-norbornene, S—ethyl-2-norbornene,
S5-butyl-2-norbornene, 5-hexYl-24norbo:ncno, S-octylnorbor-

30 nene, 5-dodecyl-2-norbornene, tetracyclododecane,
'hexacycloheptadecene, methyltetracyclododecene, ethylidene~
tetracyclododecene and mixtures of two or more of said
monomers. '



20 16. The pol ynerization feed conposition ' wherein said
rate noderator conpound is selected fromthe group consisting of

phosphines, phosphites, phosphinites, phosphonites, | l
pyrazines. 17. The pol yneri zati on f&d=conposition U’m‘m ":mmmm"'
wherein said netathesis polynerization catalyst furtfer®conpM sés a
stabil rzer conpound. 18. The pol ynerization feed conposition of claim17
wher ei n sai d 3Babi FRecPOdyRAEEAALLISNa fRRdi cOBRO8ition gficchainn®rization
feed conmposiid ei®fsfidixR 1th ¥hid me¥iidLs Pl ynietiidarddn ARy i S
selected fromth roup gconsi tln&of di th%ltether' et hyl ene, gl.ycol
dimethyl ettrd, PBEREY (A9 e AT G a1d TiRg H L Arkacktated Wilh - so-
et her, tetragdylcuenys yoeleckadt fydm ailiergrdign aoridisting ag thydrdo- | e,
tet r@ydroféjét?'n,bpaggp I&f@é{é’ngfﬂpoeroa'r %.’Ba&A,C nitro, cyano, aldehyde,
carboxy, hydroxymethyl, alkoxy, alkylthio, arylthio, acyl,
aroyl, acyloxy, alkoxycarbonyl, cycloalkanes, dialkylamino,
diarylamino, alkylsulfonyl, arylsulfonyl, alkylsulfonate,
arylsulfonate, aryl, aralkyl, aryloxy, alkyl groups con-
10 taining 1-20 carbon atoms, fluoroalkyl groups containing 1
to 10 carbon atoms and allyl groups.

14. The polymerization feed composition of claim 13
wherein said phenyl ring is substituted with substituents
selected from the group consisting of methyl, ethyl, iso-

15 propyl, tert-butyl, cyclohexyl, octyl, nonyl, phenyl,
bromo, chloro, fluoro, ethoxy, methoxy, cyclopropane,
trifluoromethyl, methylsulfonyl, and benzyl groups.

1S. The polymerization feed conpositign of claim 8
further comprising a rate moderator compound.

20 16. The polymerization feed composition of claim 15
wherein said rate moderator compound is selected from the
group consisting of phosphines, phosphites, phosphinites,
phosphonites, pyridines, and pyrazines.

17. The polymerization feed composition of claim 8
25 wherein said metathesis polymerization catalyst further
comprises a stabilizer compound.

18. The polymerization feed composition of claim 17
wherein said stabilizer compound is a Lewis base.

19. The polymerization feed composition of claim 18
30 wherein said stabilizer compbund is selected from the group
consisting of diethylether; ethylene glycol dimethyl
ethers, 2-methoxy ethyl ether, triethylene glycol dimethyl



ring, bisphenols having two aromatic rings, polyphenols having nore than

two aromatic rings and m xtures thereof. 5 20— The-poelyrerization
feed conposition of claim 18 wherein said stabilizer conﬁound further

conmprfses a phe- nol. 21. A process for preparing mnmg EIHI'NIHHWH si ng
| |

Charging to a nold a liquid reacTi®® Tass conpri si A .
pol yneri zation feed conposition of clains 8, 9, 10, 11, 1, ™3 %or 14,

wherein after said Jiqujd reaction npss,is charged to said npld,_ said
reaction nf@ ‘5bl9ﬂ€¥?!é§yiﬁ“§aﬂﬁyﬁﬁ$d¢1m‘tth dther, Benzonitrile,

acetonitrile, tetrahydrofuran, phenols having one aromatic -
ring, bisphenols having two aromatic rings, polyphenols
having more than two aromati¢ rings and mixtures thereof.

'5 20. The polymerization feed composition of claim 18
wherein said stabilizer compound further comprises a phe-
nel.

21. A process for preparing molded objects comprising
charging to a mold a liquid reaction mass comprising the
10 polymerization feed composition of claims 8, 9, 10, 11, 12,
13 or 14, wherein after said liquid reaction mass is
charged to said mold, said reaction mass polymerizes in
said mold.
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PATENT

PURE TUNGSTEN OXYPHENOLATE COMPLEXES AS
DCPD POLYMERIZATION CATALYSTS

Abgtract of the Disclosure

This invongion relates to a two component catalyst
system for polymerization of metathesis polymerizable |
cycloolefins, comprising

(a) a tungsten compound of the formula WOX,.(OAr),
wherein X :op:oéonts chlorine, bromine or fluorine, Ar
represents a hindered phenyl ring having 1-5 substituents
and x = 1, 2 or 3; and

(b) an activator compound that preferably is tri-
phenyltin hydride or triélkyltin hydride, preferably a
tributyltin hydride.

Among the preferred molecules or groups that are
substituted on the phenyl ring of the tungsten compound

include chlorine, bromine, phenyl, methoxy and isopropyl.
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Ar may also represent a multisubstituted phenyl group

such as 2,4-dichloro-6é-methyl phenyl.
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