PCLYNERIZ CYCLI C ETHERS USI NG SELECTED OUND
-CATALYSTS%%%Q':“ FI ELD OF THE | - : : i s
invention concerns the polynerization of ' olk P SHEET HASHER b Illanes,
1,3,5-trioranes, and t et rahydrof uranslto |jfnear FRIHAS (s_ggtalyzed
_by selected met al compounds together wth Serected accel erators.
10 BACKGROUND CF THE EEQEQHICN _ : Cyclic ethers
are polynerized by various peans to ive t i despr ead
utility. For instance, €9P§F§H§ZBQF9 PE §38§ﬁé gfgéR¥g pol yet hyl ene-
oxi de which is usef Mﬂsmsnssmemmohmmt.acomum CATABY¥STSOr 15
ceramcs (as a binder), cosneti yur et hanes; and in
hi gher nol ecul ar wei ght grades, denture adhe5|ves

| ubricants, 5 f | ocThd st iroverstribr ontexms Lhe @Icé.srm:d.zpttddmpi

Tetr ahydr of ur alpkiltdned,S AUCHRd, 2 hdrand,Y 0!, 8L udoxo1anes,
1,3,5-trioranes, and tetrahydrofurans to linear
polyethers catalyzed by'selected_metal compounds
together with selected accelerators.

10 BACKGROUND OF THE INVENTION

‘Cyclic ethers are polymerized by various means to
' give products of widespread utility. For instance,
ethylene oxide is polymerized to polyethylene oxide
which is useful, in lower molecular weight grades, for

15 ceramics (as a binder), cosmetics, lubricants, _

polyurethanes; and in higher molecular weight grades, _
for packaging film, denture adhesives, lubricants,
flocculation and for other articles and products.
Tetrahydrofuran (THF) is polymerized to poly(tetra—

20 nethylene ether) glycol ‘which is useful in the
preparation of- Spandex fibers; polyurethane resins which
“are useful in elastomeric parts; and thermoplastic
elastomers which are useful for molding various

25- these polymers are sought.
U.S. Patent 3,842,019 describes the polymerization

mechanical parts. Therefore, improved methods of making '

of oxiranes and other small ring compounds by a presumed

cationic mechanism, using as the catalyst the
decomposition products of metal perfluoroalkyl- _
30 'sulfonates. These catalysts are described as "latent”,

" that is no reaction occurs until the metal salt is
decomposed. The reactions reported are relatively slow,
even at elevated temperatures.

~ U.S. Patents 5,084,586 and 5,124,417 describe the
35 cationic polymerization of various monomers, including
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20 nethylene ether) glycol which is useful in the preparation of
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tetrahydrofuran using trimethylsilyl trifluoromethane-
sulfonate as the initiator. ‘No mention is made of any
other triflates as catalysts for this polymerization.

' G. A. Olah, et al., J. Appl Polym. Sci., Vol. 45,
1355-1360 (1992) describe ‘the use of boron, aluminum and

- gallium tristriflate to catalyze the polymerization of
THF . '

8. L. Borkowsky, et al.; Organometal., Vol. 10, —
p..1268-1274 (1991) report ‘that certain zirconium
complexes can initiate the polymerization of
tetrahydrofuran No mention is made of zirconium
perfluoroalkylsulfonates, or of copolymers.

I. Yamashita, et al., Kogyo Kagaku Zasshi, vol 71,
P. 1061—1064 (1968) describes the polymerization of
tetrahydrofuran using a catalyst system consisting of a
Lewis acid such as ferric chloride and a phosphorous
compound such as triphenyl-phosphite. The use of metal
perfluoroalkylsulfonates is not mentioned.

SHMMABI;QE_IHE_INXENIIQN

This invention concerns a process for the

polymerization of cyclic ethers, comprising, contacting
_'one or more oxiranes, oxetanes, tetrahydrofurans,

oxepanes, 1, 3-dioxolanes or 1, 3 5-trioxanes with a
compound of the formula MZg-+ Qt, and an accelerator which

is a compound of the formula '

as

ani ons

s5e patents of



. a Lewis acid such as ferric chlori

not c oni um+ions; Ssuch as netal trifl ates, as ?+ sts
&8@9#{8#9@ Fenpéhinl

for t he ation .of cycllc et hers.. J. —
.Macronol ecul es, vol. 23, . p. 4042-4046 (.1990) deswfﬂwssﬂggT

polynerization of ‘tet’f ahydr of uran us®ng trimethy SIIyIREPLAcEgE
trifluoronethane- 10 sulfonate as the initiator. No TENtior~s=tmde
any ot her triflates as tal ysts for th| polyneri

35K1360 (1992)

A. d ah, et al I | . :
descr?be teheause of ngo Ea@ mﬁﬁﬁﬁ@ éT?ﬁUmRt ¥isttiflate to

catal yze the polynerlzatlon of 15 THF. S. L. Borkowsky, ‘et al.
Organonetal ., Vol. 10, p. 1268R: ? P ( =X gport that certain
zi rconi um conpl exes can |n|t1ate %e ofynerization of
tetrahydrofuran. No nention is nade gf 2| rcox um 20
perfl uoroal kyl sul fonates, or of copolyve N . Yamashita, et al.,
" Kogyo Kagaku Zasshi, vol. 71, - n§g4 1968) descrlbes t he

g

pol ymeri zati on .of tetrahydrofuré& in tal yst system consi sting of
a phosphorous 25 conpound
such as triphenyl phosphite. The use of/WetaI per f I uoroal kyl sul f onat es
i s not nentioned. - SUMMRY OF THE | NVENTI ON

This invention concerns a process for the pol ymeri zati on of cyclic

et hers, conprighdeigont acting 30 one or nore oxiranes, oxetanes,
tetrahydrofurans,, anes - di oxol.anes or 1,3,5-trioxanes with a

conpound of the $or4ﬁﬂ¥¥i§ﬁ$ﬁqﬂ h§§r95%§hﬁﬁ 8&c & sEA&HERAI ch is a
conpound of the forhylizocarbyl; :

R2 is hydrogen, hydrocarbyl or substituted —e.—— L
5 hydrocarbyl; |
' each R3 is independentiy hydrocarbyl or substituted
~ hydrocarbyl; ' , | ’
each X is independently chlorine, bromine or iodine;
M is a metal selected from the group consisting of
10 strontium, barium, scandium, yttrium, the rare
earth'metals;'titanium, zirconium, hafnium,
- - cnromium,'molybdenum, tantalum,'rhenium, iron,
' cobalt, vanédium, niobium; tungsten; buthenium,
osmium, rhodium, iridium, palladium, platinum,
15 silver, gold, zinc, cadmium, mercury, aluminum;
gallium, indium, thulium, germanium, tin, lead,
arseni@, antimony and bismuth;
at least one of Z is an anion of the formula ~SO3R3,
~ wherein RS is perfluoroalkyl containing 1 to 12
20 . carbon atoms or part of a fluorinated polymer
wherein the carbon atoms alpha and beta to the

—

sulfonate group are together bonded to at least
- four fluorine atoms, or tetraphenylborate, and the
_ remainder of 2 is oxo or one or more monovalent
25  anions;
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[err] mhereln Rl i s hydrogen, hy'[ FoE—=aust | t ut ed

hydr ocar YD 9613540 = whi ch a substitue N t "PERUSSY13703 ng
mat eri.al-s or products and does not i beedel O W THFD pol ymeri zati on;
R2 |s hydrogen hydrocarbyl or substltuteq hydrocatroy

s is 1 when M is silver;
s is 2 when ‘M is strontium, barium, cobalt, rhodium,
iridium, palladium, platinum, chromium, zinc,
' cadmium or mercury;
5 s is 3 when M is scandium, yttrium, a rare earth
metal, arsenic, antimony, bismuth, gold, iron,
" ruthenium, osmium, aluminum, gallium, indium or

thulium;
- 8 is 4 when M is titanium, zirconium, hafnium,
10 molybdenum, germanium, tin, or lead;

s is 5 when M is rhenium, vanadium, niobium or
tantalum; |
s is 6 when M is tungsten;
Q is a neutral ligand;
15 t is 0 or an integer of 1 to 6; and
| provided that each oxo group present counts as two of s.
DEIAILED_DESCBI2IIQN_QEJHﬂlJEEEIBBED_EMBQDIMENIS
_In the polymerization process described herein one
or more cyclic ethers, oxiranes, oxetanes, 1,3-dioxo- _
20 'lanes, 1,3,5ftrioxanes, or tetrahydrofurans are
polymerized to'form a polyether. Oxirane (more commonly
called epoxide) is herein given its usual structure, a
saturated three.membered_ring containing two carbon
- atoms and one oXygen'atom. Oxetane is also given its
25 common meaning, a saturated four membered ring
containing three carbon atoms and one oxygen atom. The
term oxepane means a saturated seven_membered ring
,containing six carbon'atoms and one oxygen atoms. The
term 1, 3—dioxolane means a saturated five membered ring
30  which contains two oxygen atoms separated by 1 carbon
atom. The term 1 3, 5-trioxane means a six membered ring
containing 3 oxygen. atoms in which the oxygen atoms and
carbons atoms are alternated All of these terms
include compounds containing those ring systems which
35 are substituted with hydrocarbyl or hydrocarbylene
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Whi ch a substituent does not react with the starting ,

products Wapeds not interfere with the polyr;é ~~~~~ 1ﬁ;?§ﬁk@%§”ﬁ{R3 S
Jindependent |y hydrocarbyl or substituted hydrudﬂﬂbﬁhgﬁ _“}¥5~-
substituent does not react with ~ the starting jmater 'HFLA@EDO ’
does not interfere with the pol ynerization; ~CocetsssaaLpdopol

chiorine. bromiagugh EGHEESaing Mis S0 Edlor eSS fofygun t he group-

consi sti ng of strontium arium scandi um yttrl U

?ih rare e%{th
netals, titanPYRFocarbyiene JrovRs Pay, fORm CAFRRRYCclic
tantal um rhenuu&nuaéonicyebﬁbt trﬁefélw) etc., Néypdtiens. ttzqgsa en '

il ver. "gol d.  biREocazbyighe prare herets £indand B ELG1dhi -a0hT,

thulium 5 @en&amnmﬁg tasbonti andnkeydrogen et clir ke rpart anf iaony and
bi smut h; of,Z is an anion of the fornmula R err]SO[err],

- wherein R[err]ca§g§5¥$?§8rﬁgfﬁyl containing 1. to 12 carbon . atons or
part of a fluorinat @teferyedr cybtici ethers have cthéofornahs al pha -and bet a
to the sulfonate group are . together bonded to at |east four fluorine
atons, or t et f_laph yI borate, andlt he Rbmal nder of ZHs oxH or one
or nore nonoval ent : . . O

H H R! ~ N=R!
3 _
(CR?R3), | or 0 o
: * 0 O _
4

wherein n is 2 or 4 and each R!, R2,' R3 and R% is
independently hYdrogen or hydrocarbyl containing 1 to 20
10 carbon atoms. Some of these cyclic ethers polymerize to
give repeat units of the formula -{CHRl(CR2R3)nCHR40]-.
In a more preferred cyclic ether all of R!, R2, R3 and R4
are hydrogen. In another more-preferred-cyqlic ether
where n=2, R!, one of R2, both of R3 and R% are hydrogen,
215 ;and the remaiﬂing-R? is alkyl containing 1-4 carbon
atoms, especially preferably the'remaining R2 is methyl.
By hydrocarbyl herein is meant a univalent radical
containing carbon and hydrogen. | -
| The polymerization is run in the presence of an
20 accelerator: _Suitable accelerators include selected
wvinyl esters and selected phosphorous cbmpounds.
The_ginyl ester'accelerators have the formula

O
. _
R?—C-O-CH=CHR!
In a preferred vinyl ester R! is hydrogen or alkyl,
more preferably hydrogen or n-alkyl. In another

25 preferred vinyl ester R? is alkyl, phenyl, or
subStituted.phénylf more preferably n-alkyl. In an
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4 s is 1 when Mis silver; s is 2 when Mis strontium barium
copper, gibbﬁh&m S rhod| um iridium palladium pl abb@mgs,fjﬂ,pm um
cadmum or nercury

zi nc, s is 3 when Mis scandium yttrium a rare
earth met at ; R arseﬂlc ant i nony bi smuth, gold, i ron,
ruthenlum _ osn1um - aIUﬂ1n|um gaHﬁtnn : _ rﬁschnetml, I ndi um
or thuliuffi s is. 4 when Mis titanium- zirconium hafnium

ol ybdenum  gespeeidlyt preferredadinyl estersrRb idiciydéogen hend Bf

vanadi um nIOBIunlgﬁ 1 - . tantal um " s is 6 when Mis tungsten;
Qis a neutra (ol t is O or.an integer of 1 to 6; and provided

t hat each oxo grouanpthseabcedemhtoas whiichf ase phosphotibtis\| eapOESIR PTI ON
T TIE PPEFCRED P BRRE 1r enk 400 PLOSAAUARYY Mg Soocr1 ed
tri oxanes 5orphenyéhyQrosubanétutedpahqnzl:zm@tecpteﬁeweb¥ﬂﬂqm§¥kyl The
term oxepane EBﬁEiiﬂiﬁétEraked358¥eﬂ 8EPHSH St oms or phenyl. It is
also preferred if X is chlorine.. ’
By substituted hydrocarbyl (or substituted in -
substituted phenyl)  is meant-that the moiety may contain
10 inert substituents (functional groups). 'By inert is
meant that they don't react with any of the starting
materials or products nor interfere with the polymer-
ization. Such substituents include (linear) ether,
alkyl, aryl, and ‘halo. - ' ' '
15 An important consideration in the preparation of
' ' polyethers is the anumber average molecular weight (Mn) —
of the polyether and its molecular weight distribution.
When the polyether is to be used as a monomer in the
' preparation of anether polymer-(usually in the diol
20 form), it is often preferred that the Mn of the
polyether be in the range of about 400 to- about 20,000,
‘preferably about 500 to about 5,000.
The catalyst may be yttrium or a rare earth
- compound of the formula M23 where M is a trivalent ion
25 of yttrium, or*one-of the rare earths, lanthanum,
| cerium, praeseodymium, neodymiuﬁ,-promethium,-semarium,
europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, and lutetium.
Preferred metals, M, are strontium, scandium
30 yttrium, the rare earth metals, titanium, zirconium,

' hafnium, vanadium, niobium, tantalum, chromium,
molybdenum, tungsten, . rhenium, iron, ruthenium,
palladium, copper, gold, zinc, tin and bismuth. More
preferred metals are yttrium, the rare earth metals, and

35 scandium. Especially preferred metals are yttrium,



‘ring systen1conta|n|ng Si X carbon ‘atons and ‘one oxygen ato rm

t et r ahydrwDW64BS4@eans a saturated 5. menbered:irin aid h

| | ;
carbon atons and one oxygen atom.. The term 1, 3-dilo a§§1ﬂ§@Q§ a sdaturated
“five system nenbered ring whi ch cont ai ns t7o 0XY Q¥ g y 1

carbon atom The term1,3,5-tri oxane means a si x nember ed rlng system
cont ai ning 3 ox tons | n whi h t he en_at nB and n_at ons

al t ernat ed. AIW¥3P - GYBRECE EpﬂdsrgﬁﬁﬁOUHﬂg gﬁﬁ?ﬂfn g#ﬁ%%@'r?ﬂ@
systens whi ch acandiuni.i t Anetheirt prefdreedr igtadf ibytimbsehbgtab:” gr oups
containing 1 to 2 rhqon ~v10he Qudrocar by u

car bocyclic riﬁ@é%%ﬁ%#%% Fﬁ%gggglgfgycﬁggyﬁip$ 56|§%95§t23 £§§%%g%€g By
hydr ocar byl ene ofr sareheagith metmdsnasaobtaihedt frami thé evet ai ni ng carbon
gnd hydrogeg “h'Ch'%}l¥§wcd¥}é%ﬁﬁsgggﬁxgbb h?ﬂgvaﬂent anions that are

Preferr cycli have 't
relatively nonnucleophilic are useful as Z. Examples of

such anions are tetraphenylborate, ~SO3RS, wherein RS is
perfluoroalkyl, or wherein RS is part of a fluorinated
polymer wherein the carbon atoms alpha and beta to a
10 sulfonate'group are together bonded to at. least 4
fluorine atoms (as in -CF2CF2SO3~). It is preferred if
RS is perfluoroalkyl. 1In a particularly preferred
embodiment, RS is trifluoromethyl, and the anion is
herein called "triflate". |
15 Generally speaking, any metallic compound in which
the correct metal in the correct oxidation state (see —
above) is present and bonded to a triflate or similar
anion will be a catalyst. Such a compound must of
course be reasonably stable during the polymerization or
20 decompose to another compound which is still a triflate
- (or similar anion) compound of the metal in the correct
“oxidation state. It has been found that, in general,
the greater the number of triflate groups bonded to the
- metal cation, the more active the metal compound will be
25 as a catalyst. It lsfpreferred'if half or more of the
| anions (Z)sbound to each metal cation is triflate or a
similar anion..

The metal catalysts may cptionally contain one or
more neutral ligands coordinated to the metal. By a
30 ~neutral ligand is meant a neutral compound that can
" coordinate with the catalysts, usually the metal cation.
Neutral ligands. include water, and ethers such as
dimethyl ether and tetrahydrofuran.
_ . The metals catalysts may contain other anions than
35 triflate and similar anions; and tetrafluoroborate,
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pad—oochRrer1 1 47 and Rlerr] is
mdepend%b&'n}yﬂrogen or- hydroa‘ﬂbiﬁls"!ﬁﬁt“éﬁsn to 20 1GCrosdsnsrnt ons.
Some of these ¢yclic ethers pol}nerlzBEPbACED [0 repeat units of the
formul'a - [[CHRerr] (CRlerr]R7) Terr]CHR rr]o - In a nore preferred

Jerr] wherein nis 2 or 4

cyclic ether all of ‘Rerr],” Rerr], R7 and R4 are hydrogen. I n anot her
nore preferred cyclic ether mhere n=2; R err], one of R err], both of

~ R7 and R4 areamwmungmnetl&eaa&donheofenuiﬁlegeRbr|tearailuounbaratag 1-4

- car bon A Yot s e pre8kAt2’! Kokl ot AER' AbBBulCahniofiB! B¥e. By
hydrocar byl herernis unival'en talning carbon and-
hydr ogen. alkoxities mzyzﬁamlmlwoﬁowsrr aAkpni@ﬁecpn‘égénéegol-an 20
accel erator. éﬁﬂﬁplﬁ&&cela%@%wa&eteﬁhwe é?l:%%aéﬂtadieﬁéﬂ&e esters and
sel ect ed phosphor ous conpounds Vin ester_accel erators have
the formul & Pﬁﬂ%ﬂﬂethylcY°1°PPHt&déF§Pé¢PedtvPH ¥1§§PE¥1§fEFP?aF§rhydrogen

or alkyl, anawaammaaarautyibyg&eqe&rea mfahK!|of|ﬁhéthh6ﬁs are
triflate. -
In general, the higher the molar ratio of metal
compound to eyclic ether monomer originally present, the
10 lower the molecular weight of the resulting polyether
will be. Similarly, the higher the ratio of accelerator
(1f present) to monomer originally present, the lower
the molecular weight of the polyether will be. It is
currently believed that the effects of these two ratios
15 are cumulative. ' i
' The polymerization may be run et a temperaturé of —
about -80°C to about 130°C. If this temperature. is
above the boiling point of the cyclic ether monomer, a
pressure vessel may be used. A'preferred'temperatute is
20 ambient to the boiling point of the monomer, or 110°C,
whichever is lower. An inert solvent such:as di-n-butyl
“ether, diethyl ether or toluene may be used, but it is
.preferred if solvents are not'present;' Protic compounds
-- ' such as water, methanol and ethanol should prefetably
-25 . not be present, and it is convenient to exclude them by
drying the startihg materials and keeping the process |
under an inert dry gas such as hitrogen} 'as in most
chemical processes, the ingredients should be mixed at
‘least initially. Continued agitation is preferred to
30 assure that the process materials remain well mixed, and
" to avoid overheating. The polymerization is mildly
exothermic.. If the polymerization temperature goes up
appreciably, refluxing of the monomer may be used to
help cool the process. ' '

I —
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25 preferred vinyl ester R2 is al kyl , phenyf, or substituted phepyl,
nore preferably n-alkyl. In an especially preferred vinyl_es err|
Js hydred@ﬁ%ﬂﬁ@*@ is methyl. In the acceleratéFgﬁﬁhgﬁﬁﬁgre

phosphor ous conpounds it is preferred if each R3 is independently
alkyl, 5 phenyl, or substituted phenyl, @rore preferably n-al kyl
containing 1, 2, 3 or 4 carbon atons or phenyl. It is al so preferred if
X is chlorine. He agd ' ' :

PCT/ US95/ 13701 . 8§g%§§#a ption process can be perfommed in 3, irogen

and R2 - i sVAELALY of ways knowm tocthese|skillsd imithe &%t phddphor ous
conpounds thni BeP88AE! b9 dbat cRACkemB-bat s MaRE St iyl . 5
- phenyl, or substituted phenyl, nore preferably n-al kyl containing 1,
2, 3 or 4 carbBhPGEEABSor %%ﬁ&??°@$tP?%Fesseg%ﬁ%ﬁ;ﬁﬁ&#ﬁﬁﬂﬁiﬂqqu§(is
chlorine. 5 stirre@ytanksteactos (Y WDER I dP menddtidgdsd did/or
Subst 11 e PUSTHL) el SuTERRRCAEE! (AEpdE PR UL o L0 e
_ those skilled in this art.
In the polymerization process disclosed_herein.the
catalyst may be recovered and reused. It may be
10 recovered from the polymerization process by extracting
the polymer formed with water., The recovered catalyst.
may be used again in the polymerization. The aqueous
washings may be concentrated by removal of the water (as -~
by évapdration)'and the solid catalyst recovered.
5 ' - -~ EXAMPLES
" In the folloﬁing'hon-limiting Examples, the
following abbreviations are used: |
GPC - gel permeation chromatography
Mn - number average molecular weight
.20 ' Mw - weight dvérage molecular weight
PD'-'polydiSpersity, Mw/Mn
 PS - polystyrene
RB - round-bottomed
== | STD -~ standard
25 ' THF -~ tetrahydrofuran
Diethyl Chi asphit i L£]
In a dry box, ytterbium triflate (2.00 g) was
30 . weighed in an ovenfdried 100 mL RB flask equipped with a
' stirring bar. The_flask?was sealed with a rubber septum
and removed from the dry box. After the attachment of a
nitrogen bleed, THF (20.0 mL) and diethyl chlorbphos-
phite (1.00 mL) we:e'addéd{ After 17 hours the
35 polymerization was terminéted via the addition of water,



meant that they don't react with any of the starting materials or

pr oduct 611. erfere wwth the pol yner- i zation. SueplbTAisbsizdbrent s
i ncl udesvﬁ neg%n et her, al kyl, aryl, and halo. 15 An i nport ant
consideration in the preparatlon of ol yethers is the nunber average
nol ecul ar wei ght (M) . of the polyetﬂg and its nol ecul ar wei ght

di stribution. VWhen the polyether is to be used as a.nononer in the
preparation OEHFHOEhareﬂhb!ﬁerThesuebhltingtbrgdnbt phaséowa, it is often

f dth » 400
Dl et Lhal 05l ! chlenscarBALUE' lubel BebgpaaRaclnghont 400 to
catal yst nay keietd underovasunar affarding 12.63ngoafidpolymes. f ofREl a MZ3

e nanrs SGIH R5E 0 Mol K008, RE-chotbe, eoe-chibb:

| ant hanum dynT.um- Neo promet hi um samari um
europi um Hadol i nium terbium. dyspr. .n1un1--“- erbium thulium
ytterbium and lutetium -are strontium
scandium 30 yttrium the rare ¢ e Py e . i um-
haf ni um vanadi um &Ry " ' ¥ - . t ungst en,

rhenium iron, rU“lQ:n'aU'ar box,p«?l:l:éébumu eemmategqbdoozgmanaun and
T e el BbaghLoth aAua, Thpb bf Bk Besfibs, E6'4l e
10 dried 100 mL RB flask equipped with a stirring bar. The
flask was sealed with a ruhber septum and removed from
the dry box. After the attachment of a. nitrogen bleed,
THF (20.0 mL) was - added. After 17 hours the
polymerization was terminated via the. addition of water,’
15 THF and ether. The resulting white mixture was filtered
through Celite. The resulting filtrate was washed witH
water, concentrated at reduced pressure and dried under
vacuum affording 8 22 g of polymer.a GPC analysis (PS
STD.): Mn = 50900, Mw = 112000, PD - 2 21.
Diethyl Chlorophosphite and Exbium Triflate
In a dry box, erbium triflate (2.00 g) was weighed
.- in an oven dried 100 nL RB flask,equipped with a
25 stirring bar. The flask was sealed with a rubber septum
~ ‘and removed from the dry box. After the attachment of a
nitrogen bleed, THF (20 0 mL) and diethyl chlorophos-
phite (2.00 mL) were added. After 17 hours the
polymerization was terminated via the addition of water,
30 . THF and ether. The separated organic phase was again -
| '_ wasned with'uater.. Tne organic phase was concentrated
at'reduced pressure and then dried under vacuum
~ affording 9.68 g of polymer. GPC analysis (PS STD.):
Mn = 10800, Mw = 19600, PD = 1.82.




7 ytterbium dysprosium erblun1 neodyn1un1 Ianthanun1 and
scandi um WR6IBS0 preferred netak:is "nischnetal | ( sonBETHELS/1Y7eL
,called "didymunt), whichis a nlxture "of rare earth nmetals as obtained
‘fromthe ore. 5 It is currently believed nonoval ent anions that are
rel atively nonnucl eophilic are useful as Z. Exanples of such anions are
tetraphenyl borate, Rierr]SJerr] wh ' rr] is per fluoroal kyl, or
Wwherein Rerr] is part of a quorlnat?@ﬁﬁ&ﬂﬁéayﬂéﬁ“mherein t he carbon
atoms al pha and beta to a 10 RﬂiumaniznténnupfaEBELﬁ@hhher bonded to at

|l east 4 ~  fluoring N 3 : i

Rlerr] is perfluoroalky a pa f DO o|nent
Rlerr] is trifluorodst I#yldrYathtv heeadmhumtr flh%@ elfh %Igledﬂ% riflate”.

15 Geper geliynaneski B o698 GFi&d ! 160 GRONES L ddk Winilpped witth T T ect
metal--in the correct ox] dation state (see above |s present and bonded
to a triflate §ci¥FAngapar. Theoflask wae sealed ¥ a grbber SERFHMd
must  of couhaerbmobeaseaaﬁl vhétaby%awrl MEEEE 4108 VAEHA e GF 20

oo ot oben RIBHL' MRk iz wld ' ad SLenlf pandile I
been found t haphite QEDODahL) were added. After 17 hours the
10 polymerization was terminated via the addition of water,
THF and ether. The separated organic phase was again
washed with water. The organic phase was concentrated
at reduced pressure and then dried under vacuum
~affording 4.73 g of polymer. GPC analysis (PS STD.):
15 Mn = 12200, Mw = 22600, PD = 1.85. |
| . EXAMPLE 5 | - -
| In a dry box, dysprosium triflate (2.00 g) was
20 weighed in an oven dried 100 mL RB flask equipped with a
stirring b;r. ‘The flask was sealed with a rubber septum
'énd removed from the dry box. After the attachment of a
nitrogen bleed, THF (20.0 mL) and diethyl chlorophos-
.- _ phite (2.00 mL) were added. After 17 hours the
25 polymerization was terminated via the addition of water,
THF and ethgr. The: separated organic phase was again
washed with water. The organic phase was concentrated
at reduced pressure and then dried under vacuum _
affording 9.80 g of polymer. GPC analysis (PS STD.):
30 "Mn = 14100, Mw = 27900, PD = 1.98.
' . ~ EXAMPLE 6
. In a dry box, tin triflate (2.00 g) was weighed in
35 an oven dried 100 mL RB flask equipped with a stirring



the greater the nunber of triflate groups bonded to the nmetal cation,
t he nor w@86/i38¢0 t he netal conpound will be 25 as a -cat al yRET/USIS(13704

preferred if half or nore of the anions (Z) bound to each netal cation
is triflate or a simlar anion. 1 - The netal catal ysts may
optionally contain one or more neutral |igands coordinated to the

netal. By a 30 neutral Ligand I s meant a neutral conpound that, can

coor di nat e WiRaF ¢ hThenfAapk Mag Araled pHEhd Fubber §FPTUR and i 5|
ligands incl utmowécErErom iy s Buih after theTathpchnientr ofnd
oL 1 ko, endac (AL 580" RO B LB o o
al though at Iptaitte o 00 )i fweatee azideidat r & fitear dfohauers theani ons nust be
o e SomehPRr A thn YU RlfEres YU LA s b0 Wikt
cycl opent adi éFRE dand fetheant arfihehdeparakesh onganis pbase was again
;;} ibgtng' ngt Y e en wated'd Mild Yrgadid prdlsk’ asCeonkedtiratal e
at reduced pressure and then dried under vacuum ‘
affording 14.93 g of polymer. Géc-analysis'(Ps STD.):
10 Mn = 2680, Mw = 5520, PD = 2.06. |
... EXBMRPIE] -
. Polymerization of THE with S
Diethyl Chlorophosphite and Bismuth Triflate
In a dry box,tbismuthjtriflateb(2.00 g) was weighed
15 in an oven dried 100 mL RB flask equipped with a
stirring bar. _Theiflaék,was sealed with a rubber septum
and removed from the dry box. - After the attachment of a
nitrogen bleedﬂ-THF-(Z0.0 mL) and diethyl chlorophos-
phite (2.00 mL) -were added; 'After 17 hours the
20 polymerization was terminated:via the addition of water,
THF and ether. Thé separated organic phase was again
washed with water. The organic phase was concentrated
at reduced pteésurg and then dried under vacuum’

- éffording 7.99 g of polymer. GPC analysis (PS STD.):
25 Mn'= 3050, Mw = 6600, PD = 2.16. o

- - EXAMPLE 8 -

In a dfy;box, Ianthanumftriflate (2.00 g) was
30 "weighed in an oven dried 100 mL RB flask equipped with a
' stirring bar. The flask was sealed with a rubber septum
and removed from the dry box. After the attachment of a
nitrogen bleed;'THEr(204O-mL) and-diethyl chlorophos-
phite (2.00 mL) were added. After 15 hours the .
35 polymeriz-atioxi was terminated via the addition of water,



“triflate. | I n geheral t he""hl"grher' thé' mol ar ratio of netal
conpound we 96xs84b C et her nononer ‘of i gi nal 1y-present, the 10pCtrusesisvile

_nol ecul ar wei ght of the resulting pol yet her will be. Simlarly, the
“hi gher the ratio of accel erator (if sent) to nononer originally
present, the |ower t he nol ecul ar wei 8*1 of the polyether wll be. It is

currently believed that the effects of these two ratios 15 are cunul ative.
The pol yneri zazmmwmmn The asmm ma@ﬁ%m& was agei&rr]C. up

to a terrperatu‘g out %5%%{ Nt %&efﬂf%%l a@eg%rs’ conce'i&r%%eho be

| ower than the a err}C. mni num ture disclosed in U S.
Patent No. 3, %7’-’%&3‘( RRgsaNre andrrtéxezo rigd, madexa a8 Uy al so be run

at a tenperat L&@f&édﬁbgw LO0PY & ];Salymer.tocm.outna& s (s erpay :a

t enper at ure of__abou O[err]c t.0 abaut [err If this terrperature
i s above tRe DRIT 'nt Mg = t@ﬂe“mo' Pycﬁ |2c°§th rmnorrer a pressure
vessel may be used. A preferrelEXAMPER ZQire i s anbi ent to the boiling

poi nt of the nmononer,. or %mm i nert sol vent
such 25 as di-n-butyl et her \ [ may be used, but

it is preferred i f Riosphoniipg [pdmeanandbi¥h piumpBrhfidate * such as
Sonveni ent. to_exel U %"aﬁ% f”“é*ﬁé@émn sspard X2, 0 M g S
keepi ng t & prB‘é@%BhOnitr&kfértmemeﬁt Qﬁ;g)ga@rmmi@edi Hrogdn ovas i n
most chengefdd PIOE G668 £1Msi Lﬁ“}%ﬁ it0W StherTngeBadl, The | €ast

initially. Continued agitation is p assure ‘that the process

materi al s remaf 125k ¥a§ seajed witlsa rphbes @mm r#'&mcf’ﬁél from
pol ymeri zati onthé &y d®box. After the attachment of a nitrogen bleed,

THF (20.0 mL) was added. After 16 hours the |

15 polymerization was terminated via the addition of weter,
THF and ether. The'separated organic phase was again —
washed with water. The organic_phase was concentrated
at reduced pressure and then dried under vacuum
affording 7.78 g of polymer. GPC analysis (PS STD.):

20 Mn = 6710, Mw = 28500, PD = 4.25, '

" EXAMPLE 11
Bolymerization of THF with
Vinyl Acetate and Ytterbium Triflate
i In a dry box, ytterbium triflate (2.00 g) was

25 weighed in an oven dried 100 mL RB flask eéuipped with a
stirring bar. The flask was sealed with a rubber septum
and removed from the dry box. After the attachment of a
nitrogen bleed, THE (20.0 mL) and vinyl acetate _
(1.00 mL) were added. After 17 hours the polymerization

30 : was terminated via the addition of water, THF and ether.

- The resulting organic phase was separated, washed with

water, concentrated at reduced pressure and then dried
under wvacuum affording 7.66 g of polymer. GPC analysis
(PS .STD.): = 184000, Mw = 335000, PD = 1,82.




exothermic. If the polynerlzatlon t enper ature goes up eciably, ;
nPOPBREEME

ref |l uxi MYO3F13M8 nonormer may be used to - hel p cool

96/ 13540 PCT/ US95113701

9 The polynerization processt4éan be performed in a

variety of ways known to those skilled in the art. It can be done by

batch, sem -batch and conti nuous ExaMpIocagses. Continuous processes

i nclude continuous . 5 .stirred tank rez (S ; one or nore stages,
and/ or pl ug flom1react ~ ‘be eV|dent to
those skilled in tihg "\ »

10" recovered 1 rorFR e wﬁé&f‘ s?my s Clti):x&r d.é*S‘%faed addege’
pol ymer f&r rr&ib véddh o efoux] MO0 QnID\l_w €l askisdleyuiipped witthy skdrgiad again
Do, POLYTRAZE Ophe PTG pnaten VATH THpeRY S8peRCARRTLY 2L o0 Y
recover ed. reémoved from tHen diye box.l O\kfltgrmtlhel atitaichgeBtawgl es, the
fol I owi ng abq{fé’rc?één)@l@écfs Lﬁ-&d (20.0 mL) was added to each flask.
Vinyl 2-ethylhexanoate (1 0. 2 0, 3.0 and 4.0 mL) was
10 added to each. flask. After 17 hours the polymerizations
. were terminated via the addition of water, THF and
ether. The separated organic phases were again washed
with water, separated, concentrated at reduced pressure
and then dried under vacuum Polymer yields and GPC
15 analyses: h N

Vinyl 2-Ethyl-' Polymer Yield =~ Mn

hexanoate (mL) (@) (PSS STD.)  Mw _ PD

1.0 1.47 435000 774000 1.78

2.0 . . 1.85 429000 681000 1.59

3.0 2.28 410000 622000 -1.52

o 4.0 . 3.07 253000 543000  2.15
20 I (szZr[(O3SCF3)2] (THF) ) -

| In a dry box, bis(n—cyclopentadienyl)tetrahydro-
furan-bis(trifluoromethanesulfonato)zirconium .
-(CpZZr[(O3SCF3)2](THF)) (2 00 g) was weighed in an oven
- dried 100 mL RB flask equipped with a stirring bar. The
25 flask was sealed with a rubber septum and removed from
the dry box. After the attachment of a nitrogen bleed,
‘THF (20.0 mL)“and.vinyl acetate (2.00 mL) were added.
After 17 hours the polymerization was terminated via the



per neat i on chronatography C Mh - nunber average

"GPC - gel

nmol ecul ary kg0 20 M - melght average mol eculpgfrysesasion

,PD - pol ydi spersity, Mwv M ' PS - pol ystyrene

RB - round-bottomed STD - standard 25 THF - tetrahydrofuran

‘Pol ynmerization of THF with Di etﬂ?l Chol or ophosphite and Ytterbi um-
Triflate In a dry box, ytterbiumtriflate (2.00 g) was 30

wei ghed in an additdoncdfiPater, REHF| and etheppedThetresulting axganiag.
bar. The flas

dry box.

Afte

pufEd R, SHplhbef, [WRURCSGR Bacer, dfffNGh FT 110,

“di ethyl chloropeduced presphrecand. obentyrkpdeuaﬂdndva¢ummwaﬂ£brﬁin$ t he

35 polyneriza

96/ 13540
10

12927/4°0pBLYRRET Vi @PENERREGLLEOMRISHBIEL M = VIO

13701

STHF 623800t Mir = FRE0PBs PRI Mg201B8ani ¢ phase was

10

15

20

25

30

EXAMPLE 14
Bolymerization of THF with
. Minyl Acetate and Yttxium Triflate

In a dry box, yttrium triflate (2.00 g) was weighed
in an oven dried 100 mL RB flask equipped with a
stirring bar. The flask was sealed with a rubber septum
and removed from the dry box. After the attachment of a
nitrogen bleed, THF (20.0 mL) and vinyl acetate
(3.00 mL) were added. ' After 19.5 hours the
polymerization was terminated via the addition of water,
THF and €ther. The resulting organic phase was i B
separated, washed with water, concenfrated at reduced
pressure and then dried under vacuum affording 3.15 g of
polymer. GPC analysis (PS STD.): Mn = 100000, Mw =
194000, PD = 1.94. -
' EXAMPLE 15

Bolymexization of THF with
Vinyl Acetate and Erxbium Triflate

In a dry box, erbium triflate (2.00 g) was weighed
in an oven dried 100 mL RB flask equipped with a
stirring bar. The flask was sealed with a rubber septum
and removed from the dry box. After the attachment of a
nitrogen bleed, THF (20.0 mL) and vinyl acetate |
(3.00 mL) were added. After 17 hours the polymerization
was terminated via the addition of water, THF and ether.
The resulting organic phase was separated, washed with
water, concentrated at reduced pressure and then dried
under vacuum affording 0.54 g of polymer. GPC analysis
(PS STD.): Mn = 222000, Mw = 396000, PD = 1,76.



separated, concentrated at reduced pressure and then dri ed under
vacuum afyweogisxde 12. 63 g of polyner. GPC anal ysi s (/689313701 Vh =
10200, Mwv - 20100, PD = 1.96. . 5 . ~ Polynerization of
THF with Di phenyl phosphi ni c ]ﬁphd and Ytterbium Triflate

In a dry box, ytterbiumtriflate (2.00 g) ‘and di phenyl phosphi ni c
acid (1.00 g were weighed in an oven 10 dried 100 nL RB fl ask equi pped
with a stirring barAlthdugh particiilagk embodigents wi: the pxieisentsept um and
removed from e - ejat tache “nitrogen bl eed,
THF (20.0 ni)'%ﬂxsgﬁﬂﬂéj?%%%f?%?nlyéﬁggggggh%ﬁ'Eﬁg'gsﬁgggag?ization was
termi nat ed vi desexiptdion,odtowiddt be understogpdrbynghesfepkilind dBsul ting

white mixture Rs drd k¥aRlthe invehbi6H92sCebhphBle dBenumerbhbng filtrate
was washed with wat er congentrated at reduced pressure, and dried

under 5 paddfhcatdong. ngubssitytipngopfdereareprasnents; virpaut

§TP-)3 Mh :_5Qﬁ@?mtggg:f$bﬁﬁﬁﬁe Bpirdt2ér gSgﬁﬁFial ?ttr%butﬁs of tgeE ]

ol ymeri zation o W _ et - Cho osphi t.e .and Er bi um
Trif late qnveﬁEi°W‘n-ge59§988§;SEPB#HELFrW¥Pﬁf£°(gﬁgoaﬁge €9d\ei ghed i n
an oven dri ed cl@ims, EEthexskhaguthpefiovegbing sp@fificationg dar. The

flask was sea@§$£@4£;g% gﬂgbggoigﬁ§gr%he igrggggoﬁennved fromthe dry box.

After the attachmien gén HF (20.0 L) and di et hyl
chl or ophos- phite (2.00 nm.) were added. After 17 hours the
pol yneri zation was termnated via the addition of water, 30 THF and

ether. The-separated organi c phase was again_



at ed at reduced

c o ng 9. 68%&8&%qer

FO 0 PD

washed mnth mater T&F

i i

Y96/ 13540 PCT/ US95/ 13701
11 Polynerlzatlonlaf THF with - Diethyl
Chl orophosi te and Neodynium Triflate - In a dry box, neodyni um
triflate (2. Ofpfly W3Scra®mepergbed in an oven dried-100 m- RB flask
equi pped with a stirring bar. The flask was sealed with a rubber
sept um and remdved PFOCERS &oF bbe. PpiymerigatiepeAnBHEldf a

ni trogen bl eedthEHE,(agn@rﬂhinépdcghﬁaéﬂin§%&é 0P GRore oxifdnd& (2 00 ni)
were added. After 17 hog?iﬁage 10 nmeri zati on was tggnlnated'V|a t he

“addition of wakEFanes S U R lanes Phas
again 5 waihédsmrhouanes wibtk ar gempoupdas? the formeld rMZed:, at

oty cochbfi fipeOEle? #%%i‘ﬁfﬁé i Bhmppndiof tqu%ﬁ;m%a? 185

0
Il
R2—C-0-CH=CHR!, R32g-0H R32P-X

(R30);P, R3,P—Xor
x“1  IX . o
NﬁP /N . , _
/’\ .
X X : -
wherein:
Rl is hydrogen, hydrocarbyl or substituted
hydrocarbyl,
10 R? is hydrogen, hydrocarbyl or subetituted
. . hydrocarbyl; | '
each R3 is independently hydrocarbyl or substituted
hydrocarbyl; | |
each X is independently chlorine, bromine or iodine;
15 Mis a metal selected from the .group consisting of
' strontium, barium, scandium, yttrium, the rare
earth metals, titanium, zirconium, hafnium,
chromium, molybdenum, tantalum, rhenium,'iron,
~ cobalt, vanadium, niobium, tungsten, ruthenium,
20 - osmium, rhodium, iridium, palladium, platinum,
silver, gold, zinc, cadmium, mercury, aluminum,
gallium, indium, thulium, germanium, tin, lead,
_arsenic, antimony and bismuth; o _
| ~ at least one of Z is an anion of the formula -SO3RS,
25 wherein RS is perfluoroalkyl containing 1 to 12

NN O



Pol yreri zat i on of [ HF V%thﬁ‘sseenkeplaced ISISI-QEIWJ,A [Qrdphosphite and .
Dyspromwa ‘E; rynm_mc = i um'tri fpb&h%s»ﬁz?sﬁp g)
was 20 "welg lHimi E Fo—F—RB=t-ask aqui pped W th a

stirring bar. The fI mnth a. rubber septum and renoved
fromthe dry box. After the attachnent %ﬁ'ag ni trogen bleed, THF (20.0
nL) -and di ethyl chlorophos- - phite (2.00 nm.) were added. After 17 hours
the 25 polymeri zehtsanwasoher mrngaed vEaat feuadihated pblymesr, THF

and ether. The se atgn g ani c ase was sged with water.
C

The organi c phase r&PEH atons ngﬁEeﬁnﬁ betar EOah8®t hen dried

under vacuum  shifedate Qr&ﬁpga@é pogytner GBAdedatysas L€&sSTD.): 30
Vh 14100, Mwv = 27900, LE 6
Pol yneri zati on of rwfiﬁorine atoms, ortngﬁ9PhEﬁ¥5P8§ﬁB§bh??dE%K%PTln
Trif late$ : remaiadémyoﬁoz igi axor ofl ehe ¢2. 80rg) mencvabenhed in 35
an oven dried 100 ghlgﬁ f,| ask eqU|pped with a stlrrlng' WO 96/ 13540

PCT/ US95/ 13701 12
s is 1 when M is silver; :

s is 2 when M is strontium, barium, cobalt, rhodium,,
_ iridium, palladium, platinum, chromium, zinc,’
10 cadmium or mercury; '
s is 3 when M is scandium, Yttrium, a rare earth
- metal, arsenic, antimony, bismuth, gold, iron,
ruthenium, osmium, aluminum, gallium, indium or
thulium; '
15 s is 4 when M is titanium, zirconium, hafnium,
molybdenum, germanium, tin,-or lead; '
s is 5 when M is rhenium, vanadium, nicbium or

tantalum; .
s is 6 when M is tungsten;
20 Q is a neutral ligand,

t is 0 or an integer of 1 to 6;
and provided that each oxo group present as part of Z is
-considered to account for two of s.
.- 2. The process as recited in CIaim 1 wherein said
25 cyclic ether is one or. more cf said tetrahydrofurans,
_oxepanes, 1, 3-dioxolanes or 1,3, 5-trioxanes.
- 3. The process as recited in c1aim 2 wherein M is
a metal selected from the group_consisting of strontium,
‘barium,. scandium,'yttrium, the rare earth metals,
30'_titanium, zirconium, hafnium, chromium, molybdenum,
tantalum, rhenium, iron, ruthenium, ‘osmium, rhodium,
iridium, palladium,.platinum, silver, gold,.zinc,
cadmium, mercury, germanium, tin, lead, arsenic,
antimony and bismuth. “ | |

* C L M s *

‘o



renoved fromthe
ced, THPCTAIS98/1310) and
Jdiet hyl “chl or ophos- - WEF After 17 hours the 5
“pol ynerization was t he add j§i on of water, THF and
ether. The separated organi c phase was again washed with water. The

or gani ¢ phase was concentr at ed at reduced ressure and thep dried
under vacuum - afﬂordffﬁg Progesg aF perited in af yepereds safd) . 10

M = 2680, Mv gyb228, ebher é’etﬁ)&rises the formula EXAMPLE 7
Pol yrmeri zation of THF with Di et hyl Chl orophosphite and Bi snut h

Triflate In 3 dry box, bigiuthgriflate (2.00py) wag weighed 15
in an-oven dried 18 RB fl ask equijpped h a sti bar The
flask was sealed wt a rubber se remv@%ﬂ-@*y box.
After the attachmeo 2R3)n nitrodgen blped, THGe(20.0 ) amd di et hyl
After 17 h Qe 20
|on of water, THF and

chl or ophos- (2 00 ) wer
pol ymeri zati on vva qnated via the \

ether. The separ ed gan| c phase vvashedmit MWater. The
organi ¢ phase was concentrated re ced pressure and then dried
_under vacuum - affording 7.99 ¢ of poI ynmer. GPC analysis (PS STD.): 25
Mh = 3050, Mv ¥hegedn:pD = 2. 16. Pol yneri zation of THF

Wi t h a Degthyki %’»’f G Qe iRde i%”dndbﬁ&hh@ﬂ!!ﬂhy&ka&én ‘or
5 hydrocarbyl contain:.ng 1 to 20 carbon atoms; and
n is 2 or 4. |

;'bar The flask was b =
dry box., w%ismslmeﬁj hggmﬁf" ﬁega% ﬁ{s ,

S. The process as recited inlc1aim 4 wherein n is --=1
2 and R!, R and all of R2 and R3 are hydrogen.
6. The process as recited in Claim 4 wherein n is
10 2 and R! and R4 are each hydrogen, one of R? is hydrogen,
the other R2 is methyl, and both R3 are hydrogen. '
7. The process as recited in Claim 3 wherein RS
is trifluoromethyl or perfluoroalkyl.
8. The process as recited in Claim S5 wherein M is
45 =strontium, scandium, yttrium, the rare earth metals,

" titanium, zirconium, hafniuﬁ, vanadium, niobium,
tantalum, chromium, mélybdenum, tungsten, rhenium, iron,'
ruthenium, palladium, copper, gold, zinc, tin, bismuth
or mischmetall. - _

20 9. The process as recited in Claim 1 carried out
at a temperature of about -80°C to about 130°C.
10....The process as recited in Claim 1 wherein said
. accelerator is a compound of the formula

0
0 _
R2—-C-0-CH=CHR!.
11. The process as recited in Claim 10 whefein Rl

25 is hydrogen or alkyl, and R? is alkyl, phenyl, or
substituted phenyl.

—

O O



In a dry box, Iant hahﬁmetﬂdSEﬁT Replgced

wei ghed in an oven dried

100 nl RO detrssequi  Sligddng bar. The f| ROTASsN8MAl ed
wi th arubber septun Ve (et y box. After the
attachnment of a nitrogen bl eed, THF2620.0 nlL) and diethyl chl orophos-
phite (2.00 nm.) were added. After 15 hours the 35 polynerization was .
. terminated via the_additjon of wate

PCT/ US95/ 13701 - 3 i\e process as recit\elg ?.n 1é§aim 10 W%ﬁﬁn e%’her

The separatediernyarogéﬁasdeB% fsﬁnethyl washed with water.. The organic

CfTording 7.08 g of Jpol Jhe- PEoeRRL R RPEERHLEa TR a ) bl el oo
30300, PD 2a6@elerator is o Pol yneri zation of THF with

In a dry box, ytterbiumtriflate (2.00 g) and 10 phosphonitrilic trimer
(1.00 g) were weighed in an oven O dried 100 nmL.RB flask equipped with a

stirring bar. The Rz—C-'O-Z-CH=CHR1

5 and R! is hydrogen or alkyl, and R2 is alkyl, phenyl, or
substituted phenyl. :
14. The process as recited in .Claim 5 wherein said
accelerator is '

_ i o : .
R2—-C-0O-CH=CHR!, o

and R? is hydrogen and R2 is methyl.
10 15. The process as recited in Claim 1 wherein said
accelerator is - '

R32P-OH R32P—X R30),P, R3 P-Xor

/P P\
X 1 X
Nsp,N
/\
X X
16. The process as recited in Claim 15 wherein
each R3 is independently alkyl, phenyl, or substituted
.phenyl, and X is chlorine. '
15 . 17. The process as recited in Claim 15 wherein
each R3 is n-alkyl containing 1, 2, 3 or 4 carbon atoms
or.phenyl.

e

L



“flask was sealed with a rubber seff ,ﬁbéﬁqu?gaﬁr m the dry box.
After thaveolsassapent of a nitrogerny | 2$|E'PLACED F (0. 0 nmMpcresvsadrad.
quter 16 hours the 15 polynerizgtia i via the addition of
wat er, THF and ether. The separat echor ganic phase was again

washed with water. The organic - -phase was “concentrat ed at reduced
pressure and then dried under vacuum affording 7.78 g of polyner. GPC
anal ysis (PS STD.):1820 The pracess agyreciteshdn Q3aim 5wherein said

Pol yrmeri zat i ongse 1dFatid s Vinyl Acetate and Ytterbium
Triflate In a dry box, ytterbiumtriflate (2.00 g) was 25

wei ghed in an oven dried 10g nL RB figask equi pped with a - stirring bar.
The flask was seal ed with ajfrubber sdbtum and renoved fromthe dry
box. After the attachnentRyP=0H, R3R+Xog@ Q)BedR%GBFX@0.0 L) and vi nyl

acetate (1.00 M.) were added. After 17 hours the polynerization 30
was termnated via the addition of water, THF and et her. The resul ting
organi ¢ phase was separated, washed &ith X wat er, concentrated-at
reduced pressure and then dried §r~p/acuum affording 7.66 g of
pol ymer. GPC anal ysi s (PS STD.x” | Mh ||L§§@OO, Mv 335000, PD 1.82.
WD 96/ 13540 ‘P’N PCT/ US95/ 13701
/\
X X
and each R3 is independently alkyl, pheriyl, or
substituted phenyl, and X is chlorine. .
5
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14 Pol merization of THF with Vi nyl
.2- Et hyl hexanoate and Ytterbium Trifl ate In_a dry box, ytterblum
‘triflate (2.00 g) was added 5 to each of four 100 nfg K

with stirring bars. The flasks were sealed w't

removed fraomthe dry box. After the attachnment of Fd” THF
(20.0 mL) was added to each fl ask. Vi nyl 2- ethylh:xa2 210,
3.0 and 4.0 nL) was 10 added to each flask.l After-

pol yneri zati ons were termnated via-the additio

ether. The separated organi c phases were ggiEn washkg
separated, concentrated at re 1ﬂ§£ugr|ed ander—
vacuum Pol yner vyields and %%&m‘:gp cycﬂfg\ﬁt, Et hyl -  Pol yner

Yield Vh hexanoUSENG n"SELECTED METAL COMPOUNPPTAIALYSTS Mv PD
1.0 1. 47 435000 . . 2. o .

1. 85 429000 681000 1. 59uwm3ﬁ%zm

410000 622080 1.52 This inventjop concerns the B?ll’menzaféseoef 543000
2.15 . oxepanes, 1,3-dioxolanes, 1,3,5-trioranes, and

tetrahydrofurans to linear polyethers catalyzed by
selected metal compounds together with selected
accelerators. . o

10 BACKGROUND OF THE INVENTION
B Cyclic ethers are polymerized by various means to
give products of widespread utility. For instance,
ethylene oxide is polymerized to polyethylene oxide
which is useful, in lower molecular weight grades, for

15 ceramics (as a binder}, cosmetics, lubricants,
polyurethanes; and in higher molecular weight grades,
for packaging film, denture adhesives, iubricants,
flocculation and for other articles and products.
Tetréhydrofuran (THF) is polymerized to poly(tetra-

20 methylene ether) glycol which is useful in the
preparation of Spandex fibers; polyﬁrethane resins which
are useful in elastomeric parts; and thermoplastic
elastomers which are useful for molding various
mechanical parts. Therefore, improved methods of making

25 these polymers are sought.

U.S. Patent 3,842,019 describes the polymerization
of oxiranes and other small ring compounds by a presumed
cationic mechanism, using as the catalyst the
decomposition products of metal perfluoroalkyl-

30 sulfonates. These catalysts are described as "latent",
that is no reaction occ@rs until the metal salt is _
decomposed. The reactions reported are relatively slo&,
even at elevated temperatures.

U.S. Patents 5,084,586 and 5,124,417 describe the

35 cationic polymerization of various monomers, including



Pol yrmeri zation of THF with Vinyl Acetate and Bis

(n-cycl opent adi enyl ) tetrahydrofuran- bi s
(trifluoromethansul fonato zirconi um 20 ; BE‘B
2] (THF)) In a dry box, bis{n-cyclopentadienyf){etrahydro- .
furan-bis (trifluoronethanesul fonato) zirconium (Cppz (C?gm
(THF))*(2.00 g) was weigh@d in an oven O dried 190 nL}RE a d
With a stirring bar. Thell25 flask was sefpl ed withlla rupbt - ¥
renoved from t he RtyChr@—CHmCHRL RLB-OBhR3QP-8 b ni trogen bl eed,
THF (20.0 nmL) and vinyl acetate (2.00 nmL) were added. - After I7-nours
the polynerization was term na vha L.k WO 96/ 13540
PCT/ US95/ 13701 T(ﬁlbjgp hQ?J—Xor 15 addi tion of
water, THF and ether. The resultl)gg or gar& - phase was separat ed,
washed with water, concentrated at'y _N_ s reduced pressure and then dri ed
under vacuum affording - 12, ,’I.P’ oP\poI ymer. GPC analysis (PS STD.):
Vh 5 60100, Mv 126000, P& -NZ 10N
/\
wherein:

_R! is hydrogen, hydrocarbyl or substituted hydrocarbyl in
which a substituent does not react with the starting
materials or products and does not interfere with the
polymerization;

R? ig hydrogen, hydrocarbyl or substituted hydrocarbyl in
which a substituent does not react with the starting
materials or products and does not interfere with the
polymerization;

each R® ig independently hydrocarbyl or substituted
hydrocarbyl in which a substituent does not react with
the starting materials or products and does not
interfere with the polymerization;

each X is independently chlorine, bromine or iodine;

M is a metal selected £from the group consisting of
strontium, barium, scandium, yttrium, the rare earth

metals, titanium, zirconium, hafnium, chromium,
molybdenum, tantalum, rhenium, iron, cobalt, vanadium,
niobium, tungsten, ruthenium, osmium, rhodium, iridium,
palladium, platinum, copper, silver, gold, zinc,
cadmium, mercury, aluminium, gallium, indium, thulium,
germanium, tin, mischmetall, lead, arsenic, antimony
and bismuth;

at least one of Z is an anion of the formula R°S0,~,
wherein R® is perfluorocalkyl containing 1 to 12 carbon
atoms or part of a fluorinated polymer wherein the
carbon atoms alpha and beta to the sulfonate gréup are
together bonded to at least four fluorine atoms, or
tetraphenylborate, and the remainder of Z is oxo or one
or more monovalent anions;



Pol ymeri zation of THF with Vi nyl A
Triflate In a dry box, yttriumtriflate

10 in an oven dried 100 nL RB flask equi pped with a
The flask was sealed with a rubber septum ang

box. After the attachnent of a ni trogen bl eed, e
vinyl &cetate (3.00 nmL) were adde After 19.}5 hours the

pol ynmeri zation was termnated via the addi tion of wather ;

ether. The resulting organic phase was sepawat-ed, washed W|th

wat er, concentrat ed dis nesdherdM is silvergessure and then dried under vac(u)(u)m
affording 3.15 g of, . I : | wsis, (PS STDfJ =.1000
My 20 104000, e 3 W ¥ sesbne i) Wdftdd, PR PR of
THF with rhodiugi,njridturatraldedipm phetrinwhatchroniamir y

box, erbiumtriflate (2.4ithd}) cadmivml gbeﬂercunzﬁ [ n an oven dried 100 nL

RB flask equi pped stirr | ask was seal ed with a
rubber septum R g(fﬂ%eenn%lviéﬁ ?cr%it H?r%'& WFREP eREER metAhrent of
a ni trogen bl eecdrspac;20. @ntiponyd vibismate: at agold,  ixch,00 nl)

were added. After 17 houhftHdurd! yrrei,'bﬁg{ﬂnpn al@ﬁ’ini’iﬁ& ter igd¥atigeh,vi a
the addition of water, esul ting organi c phase

nd
was separated, washed vm"flj'rfcg’meta&q' V\éf‘gi"“mcﬁ’ﬁc eJr d at reduced pressure
and then dri ed 8 isunflerwhamudn &6f ceiiamgiuln,54 z§robnpahy ndrafrGhm,

anal ysi s (PS SThdrynddhum,2§828n1 M, tA5W0 18R, 1 76.
8 is 5 when M is .rhenium, vanadium, niobium or
tantalum;

8 is 6 when M is tungsten;
Q is a neutral 1igand;
t is 0 or an integer of 1 to 6; and
provided that each oxo group present counts as two of s.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the polymerization process described herein one or
more cyclic ethers, oxepanes, 1,3-dioxolanes, 1,3,5-

trioxanes, or tetrahydrofurans are polymerized to form a
polyether. The term oxepane means a saturated seven membered
ring system containing six carbon atoms and one oxygen
atoms. The term tetrahydrofuran means a saturated 5-
membered ring system containing 4 carbon atoms and one
oxygen atom. The term 1,3-dioxolane means a saturated five
system membered ring which contains two oxygen atoms
separated by 1 carbon atom. The term 1,3,5-~trioxane means
a six membered ring system containing 3 oxygen atoms in
which the oxygen atoms and carbon atoms are alternated. All
of these terms include compounds containing those ring
systems which are substituted with hydrocarbyl of
hydrbcarbylene groups containing 1 to 20 carbon atoms.

The hydrocarbylene groups may form carbocyclic rings,
which include bicyclic, tricyclic, etc., systems. By a
hydrocarbylene group herein is meant a divalent radical

containing carbon and hydrogen which is part of-a
carbocyclic ring.



WO 96/ 13540 pCT| et H
16 Al though particul ar enbodi ments of the pjepent
have been described in the foregoing descri ption,
understood by those skilled.in the art that the
of nunmerous 5 nodifications, substitugions and rearr
departi-ng fromthe spirit or essential attributes ot 1
Ref erence shoul d be nade to the appended cl ai her than the

foregOI ng specificatipPerfred cyd¥ ethedd hige S&f&oer&fmutﬂae i nventi on.
R® R®

H H
H _R® . - O
>< .'H l ' H Rs __I/ +R8
o (CR°R") , l I : or

vherein n is 2 or 4 and each R% R® R’ and R? is
independently hydrogen or hydrocarbyl containing 1 to 20
10 carbon atoms. Some of these cyclic ethers polymerize to
give repeat units of the formula - [CHR® (CR°R’) ,CHR'O] -
In a more preferred cyclic ether all of R®, R®,R’ and R!
are hydrogen. In another more preferred cyclic ether
vwhere n=2, R®, one of R®, both of R’ and R% are hydrogen,
15 and-the remaining R®-is alkyl containing 1-4 carbon
atoms, especially bréferably the remaining R® is methyl.
By hydrocarbyl herein is meant a univalent radical
containing carbon and hydrogen.
The polymerization is run in the presence of an
20 accelerator. Suitable accelerators include selected
vinyl esters and selected phosphorous compounds.
The vinyl ester accelerators have the formula

' .
R2—C~O—CH=CHR

In a preferred vinyl ester Rl is hydrogen or alkyl,
" more preferably hydrogen or n-alkyl. In another
25 preferred vinyl ester R2 is alkyl, phenyl, or
substituted phenyl, more preferably n-alkyl. 1In an
especially preferred vinyl ester Rl is hydrogen and R2
is .methyl. i
In the accelerators which are phosphorous compounds
it is preferred if each R3 is independently alkyl,
5 phen}l, 6r substituted phenyl, more preferably n-alkyl
containing 1, 2, 3 or 4 carbon atoms or phenyl. It is
also preferred if X is chlorine.




What is clained is: 1. A process for the poly
et hers, conprising, contacting at a tenperature of
90[err]C one or nore tetrahydrofurans, oxepanes, 1i

,3,5-trioxanes with a conpound of the fornula Nz[err
mhlch I's a conpound of the fornula !

0 s 0 [err] wher ei n: 7 Rlerr] ik ; ogar byl
or substituted hydrocarbyl in which a substi t W th
the ‘starting natt&exhigner dysprostumareriiows neodymy t he
pol ymeri zati oniscandium. R[ﬁhbl:hé§ M&f&&% 2 d10gar Bk s meatestt t ut ed

hydr ocar byl in which a tituent es _not £&§gtiMAth the starting
material s or prkﬁﬁﬂﬂﬁémﬁﬁdaaﬁescalled rﬁﬁd "Per ¥ ht% He gﬂﬁﬁw zation;
each R3 is i ndeyfendael leprhfidnetalHyds wbtaineld tfrbadthydoxear byl in which
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It is currently believed monovalent anions that are
relatively nonnucleophilic are useful as 2. Examples of
such anions are tetraphenylborate, R®S0O;—, wherein RS is
perfluoroalkyl, or wherein R5 is part of a fluorinated
polymer wherein the carbon atoms alpha and beta to a
sulfonate group are together bonded to at least 4
fluorine atoms (as in -CF2CF2S037) . It is preferred if
RS is perfluoéoalkyl. In a particularly preferred.
embodiment, RS is trifluoromethyl, and the anion is
herein called "triflate®.

Generally speaking, any metallic compound in which
the correct metal in the correct oxidation state (see
above) is present and bonded to a triflate or similar
anion will be _a catalyst. Such a compound must of
course be reasonably stable during the polymerization or
decompose to another compound which is still a triflate
(or similar anion) compound of the metal in the correct
oxidation state. It has been found that, in general,
the greater the number of triflate groups bonded to the
metal cation, the more active the metal compound will be
as a catalyst. It is preferred if half or more of the
anions (Z) bound to each metal cation is triflate or a
similar anion.

The metal catalysts may optionally contain one or
more neutral ligands coordinated to the metal. By a
neutral ligand is meant a neutral compound that can
coordinate with the catalysts, usually the metal cation.
Neutral ligands include water, and ethers such as
dimethyl ether and tetrahydrofuran.

The metals catalysts may contain other anions than
triflate and similar anions, and tetrafluoroborate,




a substituent does not react with the-starting naten ST M ARE R s et O
does not interfere with the polynerization; e o |
chl orine, brom ne or iodine; Mis a netal sel ir Jup
consisting of strontium barium scandi um ytty i : gant h
nmetals, titanium zirconium hafnium 8 chrom urp gol ybdenum t gdntlal um
rhenium iron, cobalt, vanadium . ni obi um tundgsten, '

osm um rhodlmhéﬁwwle%kl %ﬁeumf Frifla{’éaéfw IR el etiak)
zinc, cadm um nercur al um num I um thul i um

nd -
ger mani um ti@n" ﬂ‘i‘%dl%%‘*’t e Pqeé&&t-ar §€HFc°t%¥|‘%ﬁﬁfW1aﬁd‘i°ns argj snut h;
&ﬁ Rgt | a3ROX DA, ;;lianhcﬁxlla&lgnu.eﬂeef alkexids f&drﬁ:ﬂrﬁrﬂg] 1@ err]-
erein is nPeLd L uor oa ntainin at ons or part
of a quorlnaF%ﬁb t?ﬁﬁyﬁ%rtﬁﬁgfggﬁ“F cg¥%% %5ﬁ@' egaﬁ'and beta to
t he sulfodhtepgnbamethylcynlanemgadﬁenebdﬁded-butyﬁa¢6n¥iaqGanatbuorine
atoms, of !l bARNRAYIOI AR, 45 pre thaeifﬂel B "t ahilohs?%Fe0r ONE O

nor e nDnovaIent ani ons; when ver
triflate.’

In general, the higher the molar ratio of metal

compound to cyclic ether monomer originally present, the
10 .QQger,the molecular weight of the resulting polyether

will be.. Similarly,.;he higher the ratio of accelerator

(if present) to monomer originally present, the lower

the molecular weight of the polyether will be. 1It is

currently believed that the effects of these two ratios
15 are cumulative.

The polymerization may be run at a temperature of about -
80°C. up to a temperature of 95°C, but essentially no higher,
g0 as to be lower than the about 100°C, minimum temperature
disclosed in U.S. Patent No. 3,907,706 (Robins). The

20 Ppolymerization may also be run at a temperature of about -80°C.
to about 90°C. or at a temperature of about -80°C. to about
85°C. If this temperature is above the boiling point of the
cyclic ether monomer, a pressure vessel may be wused. A
preferred temperature is ambient to the boiling point of the
monomer, or 95°C., whichever is lower. An inert solvent such

25 as di-n-butyl ether, diethyl ether or toluene may be used, but

it is preferred if solvents are not present. Protic compounds
such as water, methanol and ethanol should preferably

not be present, and it is convenient to exclude them by

30° drying the starting materials and keeping the process
under an inert dry gas such as nitrogen. As in most
chemical processes, the ingredients should be mixed at
least initially. Continued agitation is preferred to
assure that the process materials remain well mixed, and

35 to avoid overheating. The polymerization is mildly

exothermic. If the polymerization temperature goes up
appreciably, refluxing of the monomer may be used to
help cool the process.



S is 2 when Mis strontium bari.um copper, éobalt, r hgi

pal l adium platinum chromum zinc, cadm um or nercur RMCMPESHEMEn
Mis scandium yttrium a rare earth netal, arsenic, afptinony,

bi snuth, gold, iron, ruthenium osmum alumnum galljum 28MAYa9es |

i ndium or thulium s is 4 when Mis titanium zigcpni um hafniunj

nmol ybdenum ger mani um tin,[err] | egad; S i s]5 when MTS=rdreni um
vanadi um ni obi um or tantal um S is 6 when Mis tungsten; Qlis
a neutral |igand, t is O or an integer of 1 to 6; and provi ded that
each oxo group present as part of Z is considered to account for two
of s. 2 gﬁs@faﬂﬁ@&?s:as recited in claiml1l wherein Mis a netal

Sﬁ| ected fromh € group consisting of strontium barium scandium yttrium
the rare eart tals, titaniu zi r.cqQni u nj. obl, u h ' chr Ol

mol ybdenum t arf emceﬁﬁ&?{ﬂﬁﬁﬁ%ﬂfmﬁl?{‘ gl‘ﬁ © ’Lﬁﬂ% tg&hﬁ%&lm
iridium papitegpenrature of abowh-8006n & aboyt 9@ C. gae o marg fet N$ercury,
ger mani um okepanesd,3-dicxeiangs on 1.3intriaxanes with asemparad igf the famula

?-h Tpe pr?cwss-aﬁ arelcan adcéleratorawhich isvaccompourwd of thedoimeulat her conpri ses
e formul a

O 0 0

il | i
R2—C-O-CH=CHR!, R3,{>—0H, R3,P-X,

(R30)P, R3,p—Xor
X X

\ N_ /
X710 X
Nep N
/\

X X

wherein: ‘
R' is hydrogen, hydrocarbyl or substituted hydrocarbyl in which a
substituent does not react with the starting materials or products and does
not interfere with the polymerization,

R? is hydrogen, hydrocarbyl or substituted hydrocarbyl in which a
substituent does not react with the starting materials or products and does
not interfere with the polymerization;

each R® is independently hydrocarbyl or substituted hydrocarbyl in which
a substituent does not react with the starting materials or products and
does not interfere with the polymerization,

each X is independently chlorine, bromine or iodine;

M is a metal selected from the group consisting of strontium, barium,
scandium, yttrium, the rare earth metals, titanium, zirconium, hafnium,
chromium, molybdenum, tantalum, rhenium, iron, cobalt, vanadium,
niobium, tungsten, ruthenium, osmium, rhodium, iridium, palladium,
platinum, copper, silver, gold, zinc, cadmium, mercury, aluminum, gallium,
indium, thulium, germanium, tin, mischmetall, lead, arsenic, antimony and
bismuth;

N



[err]

- each Rerr],

i
hydr ocar byl containing 1 to 20 carbon atons; and n ij ] B
The process as recited in claim3 wherein n is 2 and ,‘ Rerr4 a..g # jlof
Rlerr] and R7 are hydrogen. 5. The process as rggited in clal m3 !

wherein nis 2 and R8 and R err] are et hydrogen, one of Rerr] s

Rlerr], Rerr] and Rerr] is |ndependentl

19

hydrogen, the other Rerr] is methyl, and both Ré.err] are hydrogen.

at least one of Z is an anion of the formula R®> SO;~, wherein R%is
perfluoroalkyl containing 1 to 12 carbon atoms or part of a fluorinated
polymer wherein the carbon atoms alpha and beta to the sulfonate group
are together bonded to at least four fluorine atoms, or tetraphenylborate,
and the remainder of Z is oxo or one or more monovalent anions;

s is 1 when M is silver;

s is 2 when M is strontium, barium, copper, cobalt, rhodium, iridium,
palladium, platinum, chromium, zinc, cadmium or mercury;

s is 3 when M is scandium, yttrium, a rare earth metal, arsenic, antimony,
bismuth, gold, iron, ruthenium, osmium, aluminum, gallium, mischmetall,
indium or thulium;

s is 4 when M is titanium, zirconium, hafnium, molybdenum, germanium,
tin,7or lead;

s is 5 when M is rhenium, vanadium, niobium or tantalum;
s is 6 when M is tungsten;
Q is a neutral ligand;

tis 0 or an integer of 1 to 6; and provided that each oxo group present as
part of Z is considered to account for two of s.

2. The process as recited in claim 1 wherein M is a metal selected from

the group consisting of strontium, barium, scandium, yttrium, the rare earth
metals, titanium, zirconium, niobium, hafnium, chromium, molybdenum, tantalum,
rhenium, iron, ruthenium, osmium, tungsten, rhodium, iridium, palladium,
platinum, copper, silver, gold, zinc, cadmium, mercury, germanium, tin, lead,
arsenic, mischmetall, antimony and bismuth.

3. The process as recited in claim 2 wherein said cyclic ether comprises

the formula

H H
: . O
>< H ——H R"—*,/\l--n8
67
o/  (CrR°R"), or o 0
' H

R8

T



6. The process as recited in claim2 wherein RS is trifluoromethyl

per fl uoroal kyl . 7. The process as recitedpid = ] ““1 n M S
strontium scandium yttrium the rare earth e el ;1 IR lir coni um
haf ni um vanadi um ni obium tantalum chrom umi ggt en,
rhenium iron, ruthenium palladium copper, gojd F@ﬁg dimut h or
m schnetal | . 8. The process as reggted injch ai’ m _ i spi d
accel erator is a conpound of the fornula [erl] ] ‘ ' Pcess as
recited in cl %ngémv\her ein Rl is hydrogen or al gyl . and Bleogfi—i= al kyl,

phenyl, or substituted, 9" 6 and I%‘QS irlc d%ﬁﬂ?ﬁy&t%gre‘il%li rbé‘al‘B pim8
V\/nereln Rlerr] f?f h&gf&ego %a g(rﬁa é?i e process as
recited in cl ZOMAN{He Pfi "[err] and Rl is hydrogen
or alkyl, and R2 is al kyl, phenyl, or substltut ed phe

n
4. The process as recited in claim 3 wherein n is 2 at¥d Ra lg{“ and all of R®
and R are hydrogen.

5. The process as recited in claim 3 wherein n is 2 and R® and R4 are each
hydrogen, one of R® is hydrogen, the other R® is methyl, and both R are
hydrogen.

6. The process as recited in claim 2 wherein RS is trifluoromethyl or
perfluoroalkyl.

7. The process as recited in claim 4 wherein M is strontium, scandium,
yttrium, the rare earth metals, titanium, zirconium, hafnium, vanadium, niobium,
tantaluny,chromium, molybdenum, tungsten, rhenium, iron, ruthenium,
palladium, copper, gold, zing, tin, bismuth or mischmetall.

8. The process as recited in claim 1 wherein said accelerator is a
compound of the formula

o .
: i .
R2—C-0O—CH=CHR!,

9. The process as recited in claim 8 wherein R! is hydrogen or alkyl, and R?
is alkyl, phenyl, or substituted phenyl.

10. The process as recited in claim 8 wherein R'is hydrogen and R?is
methyl. .

11. The process as recited in claim 4 wherein said accelerator is

R2—C~0—CH=CHR],

and R’ is hydrogen or alkyl, and R? is alkyl, phenyl, or substituted phenyl and in
which a substituent does not react with the starting materials or products and
does not interfere with the polymerization.

12. The process as recited in claim 4 wherein said accelerator is

I —————

| A



whi ch a substituent does not react with the starti ng. materials or products
and does not interfere with the polynerization.

recited in claim4 wherein said accelerator is ' SHEET
20 ~ [err] and Rl is hydrogen and Rlerr] is nethyl. I3 T priodess
as recllted in claiml wherein said accelerator is - 28MAYQ998 0
_ 20
O

Rﬁ—g:-o—crx:cmﬂ,
and R' is hydrogen and R? is methyl.

13. The process as recited in claim 1 wherein said accelerator is
0 1
R3,P-OH, R3,P-X, (R%0),P, R3,p—Xor

X X
vl x
N§P /N

/\
X X

14. The process as recited in claim 13 wherein each R® is independently
alkyl, phenyl, or substituted phenyl, and X is chlorine.

15. The process as recited in claim 13 wherein each R® is n-alkyl
containing 1, 2, 3 or 4 carbon atoms or phenyl.

16. The process as recited in claim 4 wherein said accelerator is
0 i
R3,P-OH, R3P-X, R?0),P, R3,P—Xor

X X
\ éN\P/
y ol 1x

and each R? is independently alkyl, phenyl, or substituted phenyl, and X is
chlorine.

17. The process as recited in claim 1 wherein polymerization occurs at a
temperature of about -80° C. to about 85° C.

S

A L



[err] 14. The process as recited in claim13 wherein each R3 is_
i ndependent |y al kyl, phenyl, or substituted phenyl y—anrteaslSwhd ‘

containing 1, 2, 3 or 4 carbon atons or phenyl.
recited in claim4 wherein said accelerator is
[err] dnd each R3 is independently al kyl, phenyl, O
and X is chlorine. 17. The process2as recited
pol ymeri zati on occurs at a tenperature of about -80§JC. to abouf 85[edr] C.

18. The.process as recited in claim 1 wherein polymerization occurs
between ambient temperature and the boiling point of the cyclic ether monomer,
or 90° C., whichever is lower.

* ¢ .L N S *



1 o 18. &he process as recited in claim1 wherein poly ff";"f??;
ccurs betwe (gi;bi ent tenperatu L Rg int of QM
t her m)-nomaﬁ 90[ err] R‘-"Wﬁ%‘%ﬁ%‘fﬁﬁr N .
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