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wherein thé“%oqgggrlzakiogmggacatégyzed y sgféé{ggroalkyl-

metal perfluorocalkylsulfonates.
- BACKGROUND

Copolymers of tetrahydrofuran and cyclic anhydrides
are known in the art. These polymers were made with the
use of a Lewis acid catalyst such as an organoaluminum
compound or an onium compound, optionally in the
presence of a cocatélyst, see for example J. Habermeier,
et al., J. Polym:. §ci., Part C, p. 2131-2141 (1967). No

i mention is made in this paper of metal perfluoroalkyl=-
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sulfonates as catalysts. ;

S. L. Borkowsky, et al., Orgariometal., vol. 10,

p. 1268-1274 (1991) report that certain zirconium
complexes can initiate the polymerization of tetrahydro-
furan. No mention is made of zirconium perflﬁoroalkyi-
sulfonates, or of copolymers.

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 mefal perfluoroalkyl-
sulfonates. These catalysts are described as "“latent",
that is no reaction occurs until the metal salt is
decomposed. The reaétions reported are relatively slow,
even at elevated temperatures. )

U.S. Patents 5,084,586 and 5,124,417 describe the
cationic polymerization of various monomers, including
cyclic ethers, using onium cations, whose corresponding
anions are fluqrora1kylsu1fétoﬁetallates. Onium ion
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sul fonates, or of copol yners. U S. Patent 3,842,019 describes the
. polynerization 25 of oxiranes and other small ring conpounds by a presuned

cationic nechanism using as the catal yst the deconposition products of
met al perfl uoroal kyl - sul fonates. Thesg catal ysts are described as
Mlatent”, that is no reaction occurs until the netal salt is 30

deponposed The_reactians _reported are reI ven at
el evat ed t enper at Uty glgze% catl%mcu"%""f-’%ﬁ’eﬁﬁ slogsoéﬁeSg%i cf‘%'friﬂ?nfﬂ
descri be the thexst iisnine pehyAeni iat tirseifparentsust nbhomss off metadi ng

cyclic ethers, UsinG QRUBHRLLIADAg YHOSE SAI,CSRRA0AEUnSEa1 aNi ONs are
quororaIkylsulfatonetallates Oairum i on

2 cat al yzedTHthag&se gSl ?ﬁé?ﬂ!éﬁofr&r dhe ‘Eé?llﬁ’mﬁﬁbﬁﬁtl%fh(ff cyqli&re is
no nention i B trﬁﬁhaqsatents Gf the use of nmetal salts not contalnlng_

oni umions, such as r’gae an P §f lA%tp?lcatlo a,lIS)ésE%P ?sg‘pel?l s 1 |on

polynerlzatlon of 5 cyclic &1 :
2,459, 163 descr|RQQYNQR;Zatlopobinﬁﬁfzuslm91aﬂtdmhﬁnasiﬂg Qﬁ(ﬁﬁﬂﬁ#ﬂﬂJ on of

ferrlc chloride and carboxylic anhydride as catalyst.
G. A. Olah, et al., J. Appl. Polym. Sci., Vol. 45,
10 1355-1360 (1992) describe thg use of boron, aluminum and
gallium tristriflate to catalyze the polymerization of
THFE. '
- SUMMARY OF THE INVENTION -
This invention concerns a process for the
15 production of a poly(ester-ether), comprising,
contaéting one &r more cyclic carboxylic anhydrides, one
or more tetrahydrofurans, and-é catalyst of the formula
MZs-Qc¢, and an accelerator selected from the group
consisting of carboxylic acids whose pKa in water is
20 less than 6, carboxylic anhydrides and acyl halides,
wherein: ‘ : o
M is a metal selected from the group
consisting of cobalt, vanadium, niobium, tungsten;
strontium, barium, scandium, yttrium, the rare earth
25 metals, titanium, zirconiﬁm, hafnium, chromium,*
molybdenum, tantalum, rhenium, iron, ruthenium, osmium,
rhodium, iridium, palladium, platinum, silver, gold.
“zinc, cadmium, mercury, aluminum, gallium, indium,
thulium, germanium, tin, 1ead, arsenic, antiminy and
3¢ blsmuth.
at least one of Z is an anion of the formula
‘OSOZRS, wherein R3 .is perfluoroalkyl containing 1 to 12
carbon atoms or part of a fluorinated polymer wherein ‘
the carbcn atoms alpha and beta to the sulfonate éroup
are together bonded to at least four fluorine atoms, or

(9]
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chsl oride and carboxylic anhydride as catal yst. - G A O ah, etal.,
+J. Appl. Polym Sci., Vol. 45, 10 1355-1360 (1992) describe the use of

boron, al um num and galliumtristriflate to catalyze the pol ynerization
of THF. SUWMMARY OF THE | NVENTI ON Thi s
I hvention concerns a process for the 153 production of a poly(ester-ether),
cQppri si ng, - contacting one or nore cyclic carboxylic anhydrides,

tetrahyd d tal yst of f | a M2
and opt] onal 157 A PREREHEP R ST G “PPBAPERE OF 20} BRe e 1l ng of

car boxyl i ¢ acimdismoxieomeng¥alent veatiems20 | s less than 6, car boxylic

anhydri des and acyl halsi d€Sp whnen W €idtrontium, bariu gaftnetal
sel ected fromthe group, consisting o obal t' vanaglunl nloblum

- tungst en, rhqdigfe i dRidber mﬁllmwm'umlaywmunphirmwm e fth 25
metal s, tbtardddfivem beoiﬂebl@mqhﬁf ni um chrom um copper nol ybdenum
tantalun1 rheni um iron, Lum iridium

pal | adi um pl ati num S|I§8r g W& 18 %ﬁﬁﬂ?lqgédﬁFgﬁﬁuﬁéreuf§r al uni num
gal lium indieanth metahul ausenigmr ramtummpyt,l bishetl, goldniixoranti nony and

30 bisnuth; rythenium, osm {urfil Aﬁﬁt&%uﬂtﬂeggpégrxtns 2R g 43t 08 qnﬁiﬁnt Or nul a

-OsOerr]Rerr], wherein: err% contalnlng
carbon atoms or part ofs &SfBuB ?ﬁa‘f‘e-‘EF ﬂkﬂtﬂ?ér“%érié'lcﬁmium' éfE%ﬂP’bon at ons

al pha andobetmﬁymdehemsubéﬁm@t@mrm 35,ran,eaagget her bonded to at | east
four fluorine atons, Og is 5 when M is rhenlum, vanadium, niobium or
tantalum;
s is 6 when M is tungsten;
Q is a neutral ligand; _
;5. t is 0.or an integer of 1 to 6; and
provided that each oxo group present counts as two
of s, ' .
DETAILS OF THE INVENTION
In the instant process a tetrahydrofuran is
20 copolymerized with a cyclic arhydride to yield a
poly (ether-ester). By a tetrahydrofurah'(THF) is meant
the common mean@ng, a compound containing a saturated
five membered ring in which one of the ring atoms is
oxygen and the ‘other four ring atoms are carbon.
25 Preferred tetrahydrofurans have the formula

R3 R3

wherein each R!, R2, R3 and R¢ is independently hydrogen :
30 or hydrocarbyl containing 1 to 20 carbon atoms. In.
especially preferred THFs, R!, one of R?2 and all of R3
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3° : at |east one z is tetraphenyl borate, and the remainder of Z

s oxo or one or nore nonoval ent anions;

sis 1 when Mis silver; s'is 2 when Mis strontium
barium cobalt, 5 rhodium iridium, palladium platinum chrom um
zi.nc, cadm um or nmercury; S is 3 when M
i s>scandium yttrium,.a rare ' earth metal, arsenic, antinony,

bi snuth, gol d, i3%h KR! are hydrogenianchithe n@@#ﬂﬂﬁﬁgaﬁgn%$nﬁﬂkxﬁﬂl i um
ihgiuﬁlor _ cdrit aifriwgi WAy car?F? atoms, ﬁaﬂgicula&l&stﬂembéﬂaﬁ%iﬁq
“titanium zirco m af.ni um_nol y num .germani um tin, or

| ead; - " 0s methyl.q IR anQhhst ﬁ%ﬂ?%ﬁﬁgﬁVUg¥egﬁﬁﬁﬁ?un1 ni obi um

or tantal um embodimgnt all of Rl;s R% ®&3wand M iare ungitogen. . .
Qis aneutrgl ligandy a cyclic carboxylic antyd:ide Q's @ahRteger of 1 to
6; and prQV|ded.tﬁat eaé% 0XO0 group present counts as two
of s. . gocommon meaning, a cepnoynds thatrigen REERPPORSented by

In the instant ptipeessenmlzet rahydrofuran is copol ynmeri zed with

a cyclic anhydride to yield a

f E
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wherein E is a divalent organic radical which is bound
to each valence 6f the carboxylic anhydride group
. through a carbon’ atom. 1In preferred embodiments, E is
- n-alkylene containing 1 to 4 carbon atoms or alkyl
15 substituted n-alkylene wherein the n-alkylene group
contains 1 to 4 carbon atoms, and E contains a total of
2 to 20 carbon atoms. Specific useful cyclic
ca:boxyiic anhydrides include, but are not limited to,
succinic, maleic, phthalic, 5-methy1-5-nobordené4
20 'dicarboxylic acid and 1,2-cyclohexanedicarboxylic acid
anhydrides. Preferred cyclic carboxylic anhydrides
include maleic, succinic, phthalic and 1,2-cyclohexane-
dicarboxylic acid anhydrides. |
. In the above formula E may be substituted with one
25 or more additional carboxylic anhydride groupings. For
‘instance, 1,2,4,5-benzenetetracarboxvlic diénhydride may
be used in the process. It is believed that, depending
on the concentration of the dianhﬁdride, the resulting
copolymer may be branched or even crosslinked (higher
3¢ dianhydride levels).
_ It is believed that monovalent anions that are
relatively nonnucleophilic are useful as 2. Examples of
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ring in which one of the ring atons is oxygen and the ot her
four ring atons are carbon. _ Preferred tetrahydrofurans have the
formula [err] wher ei n elch Rlerr], Rerr], Rerr] and
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guhedhaeat gabhp drRtigdeheld Borided Rierat laubtRiéerr] are
f1uoDind SYShL C (S8 ROXMH, eratibelyi de 1k s s UrpRL b PPed if
RS is perfluoroalkyl, and particularly preferred if RS
is trifluorbmethyl, so that ‘0802R§ is trifluoromethane-
sulfonate, herein also called triflate.

The catalyst méy be yttrium or rare earth compound

. of the formula MZ3 where M is a trivalent ion of

yttrium, or one of the rare eérths, lanthanum, cerium,
praeseodymium, neodymium, promethium, -samarium,
europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, and lutetium.

Preferred me}als, M;'are strontium, scandium
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
préferred metals are yttrium, the rare earth metals, and
scandium. Especially preferred metals are yttrium,
ytterbium, dysprosium, erbium, neodymium, lanthanum, and
scandium. Another preferred metal is "mischmetall™
(sometimes also called "didymium"), which is a mixture
of rare earth metals as obtained from the ore.

It is believed monovalent anions that are
relatively nonnucleophilic are useful as 2. Examples of
such anions are tetraphenylborate, ~OSO2R5, wherein RS is
perfluoroalkyl, or wherein RS 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 -CF3CF20S02-). It is preferred if
RS is perfluoroalkyl. In a particularly preferred RS is

trifluoromethyl, and the énion is herein called
“triflate".

[ 1-4 carbon
PeAyperhehesedn nf gy carbopp afempegigha and aamgp EBfecial ly



comon neani ng,

10 wherein E is a divalent organic radical which is bound to each

a conpound t hat can ‘be represented by the formul a [erf]

val ence of the carboxylic anhydride group through a carbon atom In

preferred enbodi

ments, Eis n-alkylene‘§ontaining 1l to 4 carbon atons

or al kyl 15 substituted n-al kyl ene wherein the n-al kyl ene group
carbon atons, and E contains a total of 2 to 20 carbon

contfains 1 to 4

atons. Specific usefQﬁn%ﬁﬁﬂ%W:SPeakédeOQQYlmﬁ%ﬂﬂhkﬁ|QQE?°“HQIbﬂe“hiﬁh‘ are

not limted to,
di carboxylic aci

the aRicti metaal &hc;;hehédsw&e& &nlm&h)bh st apbO(sEwNe-

exane | i anh es.
Preferred cycli cg?:ar%oxﬁ |p%% Fﬁg g Sé‘eé’ Heid ug:ére}#gf N °rs c%’?fnalrd
phthal i c and 1, 2riq otiddabe- 2 catdilyar.bochnc aac;:oehp@rmh}ddmudesof

the above forsrruI@mErga%ebere%%%fabwt eéam fhmﬁagﬂ%neoiao&“%srﬁﬁ&ieﬂrpnal
carboxylic anhydrld r QUpPI Ngs.

1,2, 4,5- benzenet £

%FhﬁfaﬁﬂaﬁhyaP?dﬁeﬁﬁv Or e ceBRASEnt? he process.
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‘state. It has been found that, in general, the greater

the resulting
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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 ii&ands coordinated to the metal. By a
neutral ligand is meant a neutral compound that can
coordinate with the catalysts, usuélly the metal cation.
Neutral ligands include water, and ethers such as
dimethyl ether and tetrahydrofuran. Useful compounds
containing.neutral ligands include bis(n-cyclopenta-
dienyl)tetrahydrofuran-bis (trifluoromethanesulfonato)-
zirconium and bis (n-cyclopentadienyl)tetrahydrofuran-
bis(trifluoromethanesulfonato)hafnium.

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

_ although at least one of triflate or tetrafluoroborate

anions must be present. Some other useful anions are

- alkoxide, particularly lower alkoxide containing 1-4

30

35

carbon atoms, acetylacetonate, cyclopentadieneide,
pentamethylcyclopentadieneide, t—bﬁtylacetylacetonate,
and halide. It is preferred if all of the anions are
triflate. l '

It is believed that in the present process, the
higher the ratio of metal catalyst compound to monomers,

This Sheet Has Been Rep. laced




30" di anhydride |evels). It is believed that nonoval ent ani ons
‘that are. relatively nonnucl eophilic are useful as Z Exanples of

5 such anions are tetraphneyl borate, -OSOerr]R err], wherein R err]
S perfluoroal kyl or wherein Rerr] is part of a fluorinated

pol yner wherein the carbon atons al pha gnd beta to the sul fonate group
are~t oget her bonded to at least 4 5 fluorine atons (as in . :

-CFlerr]CFlerr]d.err oLt referr f rel is
'perfluoroalk A %f cﬂPgFFviﬁFeY%&?Qﬁiq4 QQFeFFFLitlL?s

trifluoronet mdpo]gmdmat_llmq er i{ Rieralso ddliieMedotbaet hhee-

sul fonat e, 5?52¥H§?3 &all ed Eé%fgg%g e e tﬁgg acatal yst may be
yttriumor. rar co owﬂ %%%ﬁo ﬁg where Mis a

trival ent iomr®fo)CQC SR)t‘r icapnosr benadigcente toarig sedift-hsIt| &ht hanum cerium

praeseodymsi urmum@b/rnéamevréaoeahbl ympﬁérﬂ&mdﬂexs sucﬁUEQDTm‘n ag@dol i ni um
terbium dysprosium holm erbiu %A% erbium and lutetium
- 15 Pr ety eﬂ“‘rFe‘t’Hics °rM“aAFé°s?‘r" Srg &u 6‘ ut apg;¢qy t he

rare earth rmﬂrbpensxﬁymudJpplpmecﬁneuﬂnto thehafapicdliymexranadi um nloblun1
tantalun] chrom ungye temperature at which the polymerization process
is run is not critical, about -80°C to about 110°C being

10 a convenient range, about 0°C to about 110°C is
preferred and about 25°C to about. 65°C is especially
preferred. At temperatures above the boiling point of
the THF, a pressure vessel may be needed to contain that

monomer. .

15 It is preferred to run rhe.polymerization neat,
that is in.the absence of solvent. quever, inert
solvents such as eﬁhyl ether or toluene mey be present
if desired. Mild agitation to keep the process-
ingredients well mixed is preferred. The polymerization

20 is mildly exothermic and agiﬁation also prevents "hot
spots" from forming.” If the process temperature
increases appreciably, refluxing of a volatile monomer

- (or solvent) may be used to cool the process. The
polymerization may take as long as a day, however, more

25 common times are 1 to 2 hours. It is preferred to run
the polymerization under dry (water free) conditions to
avoid needless decomposition of the ingredients and/or
products, and therefor the ingredients should also
preferably be dry. It is convenient to use an inert

30 atmosphere such as dry nitrogen. The polymer may be
isolated by removing volatiles by evaporation, of if the
polymer is insoluble, by filtration. 1In general, the
catalyst may be removed from the copolymer by washing
the copolymer with water. In many cases, the catalyst

35 may be reused in the polymerization.



mol ybdenum tungsten, rhenium iron, ruthenium pal | adi um copper,
gold, zinc, tin and bismuth. Mire 20 preferred netals are yttrium the

rare earth netals, and . scandi um Especially preferred .netals are
yttrium ytterbium dysprosium erbi u%" neodym um .| ant hanum and
scandi-um Another preferred metal is "mschretall” (sonetines al so

caM-ed "didymum'), which is a mxture 25 of rare earth netals as obtained
fromthe ore. The polar garigvell WMmoVH &t CAftdRsCRARRX WY ¥F
rel atively nonnunimgeptiidei eafir beuapbiit @2 Z:.o Rraup! €9, Opreferakslychatanitons
are tetraphenyl hor.at géfrr R % el rr
per f | uoroal kyl, q%r(VE%F@gﬁ Lf S Fr° r§§qﬁrﬁg %a%ed 30 pol yner
wherein the carbon at’llim; p@llwhlarandtbenaptmeass may ml fenaied gpwupitare
toget her bonded fgndr %aﬁhré knownf{Hofﬂé“éfﬁiyyi (agti Ban be done by

B

-Crlerr]CFlerr] O5J err] gre erred i f R5 is perfluoroalkyl. In
a particularly @ Cé‘rré&“‘RPéFF]’ pad continyqus, HTOFESHGE a?\%“tt’rf&’%ﬁ on is
herein cal | ed 35rddgsshklsatintlude continuous stirred tank reactor(s) 6.
General | y speaki n t I|c nd in which the correct netal in
the correct oxi c1£ % )sé’tla éé rEQSP&' ' -

-The polyme; produced by the instant process
10 contains the repeat units -OCHRICR2R3CR2R3CHR4- and
-0(0)CQC(0)-, wherein the repeat units are randomly
incorporated, except that -0(0)CQC(0)- cannot be
.'adjacent to itself. The definitions of R!, R2, R3, R4
and Q are as given above. The copélymers may be
15 hydrogenated to 2 polytetrahydrofuran if succinic
anhydride is used, or a mixed polyether if another
anhydride is used. The copolymers, particularly those
containihg relatively small amounts of repeat units
_ derived from cyclic carboxylic anhydrides, may also be
20 completely hydrolyzed to polytetrahydrofuran. Such
- polyethers are useful (usually in their diol form) as
monomers for condensation polymérs such as polyesters or
polyurethanes.
- Synthesis of the catalysts used herein are
25 . demonstrated by Experiments 1-3 below.

EXPERIMENT 1
Brepaxation of Bis(n-cyclopentadienviltetra—
hydrofuran-bis (trifluoromethanesulfonato)hafnium
In a dry box, hafnocene dichloride (9.93 g} was

30 dissolved in THF (300 mlL). To this solution, with
st;rrzng, was. added a solution of silver triflate
(14.12 g) in THF (100 mL). After 10 minutes the
precipitated si%ver chloride was filtered off and the
resulting filtrate concentrated to approximately half

35 its volume at reduced pressure. Hexane (250 mL) was
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above) is present and bonded to a triflate or simlar anion will be a
"catal yst.- Such a conmpound nust of 5 course be reasonably stable during the
pol ymeri zati on (or depolynerization, see below), or deconpose to

anot her conpound which is still a triflate (or simlar ani‘on) conpound
of the nmetal in the correct oxidation 9 state. It has been found that,

' 'general the greater 10 the nunber of trifl.ate groups bonded to the

et al cat h@Bed! Bd K& %umﬂ&%mh&le m@undnw'thé Beedfer,

catal yst. referred if half or nore Z) .bound to
each netal ?bSnBF§“f }W?EREF?ﬁP%F%ﬁqnWQ%’fllteéﬁloﬁn %he" atf gdf'he net al
catal ysts nayuoperonathtymcorﬁmlﬁonelQ)rOZ g. nmdHeNMBUEBE1E) garfls8

coordi nated t heg al t regyl ggRd is neant a neutra
conmpound thatQs np‘coorgyng?e %ﬁtt] i%? ékxalsgts usual |y the netal
cation. 3 hbutral Ilgands |ncludeﬂiﬁﬁﬁﬁuzﬂiﬁaethers such as 20 di nethy
et her~and tetrahygé e fpils ¢ pamas ; | i gands

(trlfluoronethanesulfo
bi s(n- cyclopentad|anyh)deyrhbydrbis(pentametﬂyxcgdmuphhmaﬁﬁeaymaﬁesuIfonato)

hafnium 25 oscconllf GRLALS, SR 2 YEIG) Y A ALE sankggs than

triflate and sim ani ons orate ] uoroborate
al though &9 | 390 Gﬁé of Terthigateo tth;t'r afﬂtﬁbmﬁamfoﬁaﬁeﬁﬁéﬁﬁeﬁyl_bor ate

ani ons lrruslt b;%orlmaaat(ofsgﬂﬁv@fh@fiﬂﬁ@f@'(mlmsg)a%@s THF (2bboxifle,.
par 1 oul 1Y S 3LKRN See s B D ichody AL BB e e o
t- butylacetyldﬁdtemauepff andanmehaésumtingtfﬂktqauefemmcdnmtaabu b the
anions areé  apnroximately half its volumé at reduced pressure.
15 Hexane (250 mlL) was added and the resulting mixture
| placed in the freezer. The resulting yellow precipitate
was filtered and then dried under vacuum. Yield: ‘
6.02 g. 1H NMR (CDCl3): 2.12 (s).
EXPERIMENT 3
20 Preparation of Bis(p-cyclopentadienyl)-
' bis(trifluvoromethanesulfonato)vanadium
In a dry box, vanadocene dichloride (5.00 g) was
dissolved in THF (300 mL). To this solution, with
stirring, was added a solut;on of silver trlflate
25 (11.19 g) in THF (100 mL). After 15 minutes the
' precipitated silver chloride was filtered off and the’
resulting filtrate concentrated to approximately half
its volume at reduced pressure. Hexane (250 mL) was
added and the resulting mixture placed in_the freezer.
30 The resulting green precipitate was filtered and then
_ dried under vacuum. Yield: 6.99 g.
"In the Examples, the following abbrevxations are
used: _ .
GPC - gel permeation chromatogréphy
35 ' Mn -~ number average molecular'weight



tiiflate. It is believed that in the.present process, the 35
‘higher the ratio of netal catalyst conpound to nononers, :

7- the | ower the nol ecul ar weight of the resulting copol yrmer will
be. It is also believed that the . copol r is a random copol yner,
except that -0 CQL(O - cannot be adj'acent to itself. It is 5 further
bé# eved that sinple mononers such as THF .and, say, succinic or nmaleic
anhydri des, have about anMéqual weighb ayRrRge JoleCHIRFNERLgatint o t he
copol yner. The tempepapunﬁdﬁgpgwuiﬂy1ﬂma/mﬁlyner|zatlon process
isrunis not critical, a ut_-BOg C to about 110[err]C being 10 a
conveni ent range, about O rr]CP? Yabot® ﬁiO[err]C IS .preferred, and
about - 25[ err] C to about 6%Ber'~] EousdesponEd y preferred. At -
t enper at ur esgabove the boiggeng QHé”Eoﬁgound ggy;égpgrogupggssure vessel may
be needed to contain that nonomne IS preferred to run the
pol yneri zati on neat, that is in th@xégghﬂeb.of sol vent. However, “i nert

Yttr Triflate Catal { ¢ ] izat

of Maleic Anhydride znd THF

In a dry box, yttrium triflate (1.00 g) and maleic
10 anhydride (2.00 g) were 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
and a nitrogen bleed attached. THF (20 mL) was édded
via syringe. After 2 hrs. the polymerization was
15 terminated via the addition of water (25 mL) and THF
(50 mL), the Braanic phase was separated, concentrated
ai reduced pressure and dried under vacuum. Polymer
yield: 3.38 g. GPC analysis: Mn = 96800, Mw = 188000,
PD = 1.95 (PS STD.). !H NMR analysis indicates the THF
20 to anhydﬁide-ratio to be ~15.
Yttri Trif) cata) 1 C ] {zat ]
of Succinic Anhydride and THF
In a dry box, yttrium triflate (1.00 g) and
succinig,anhydride (2.00 g) were weighed in an oven
‘dried 100 mL RB flask equipped with a stirring bar.
After sealing with a rubber septum the flask was removed
from the dry box and a nitrogen bleed attached. THF
(20 mL) wes added via syringe. After 2 hrs. the
30 polymerization was terminated via the addition of water
(25 mL) and THF (50 mL). The resulting organic phase
'was'separated, concentrated at réduced pressure and
dried under vacuum. Poiymer yield: 5.00 g. 'GPC
analysis: Mn = 80900, Mw = 171000, PD = 2.12 (PS STD.).

(3%
wm



sal vents such as ethyl ether or toluene nay be present I f desired. MId
agitation to keep the process . i ngredients well mxed is preferred. The
. polymerization 20 is mldly exotherm c and agitation al so prevents "hot
spots” fromformng. If the process.tenperature i'ncreases appreciably,
refluxing of a volatile nononer (or splvent) may be used to cool the
pregess. The pol ynmeri zation may take as |ong as a day, however, nore 25

common tinmes afe hgi'ﬂ{% %ly N 1nd#£a{3§ s Ry %f pego! gnhydride JdiBe s éI)I ess

pol yneri zati on un wat & ree cond| I ons avol d nee
deconposi tion kg Th€5+ngred|ents and/ or products, and therefor the
i.ngredi ents should al so preferablpkamprgrg. It is convenient to use an

inert 30 atnosphere such as dry. nitrogen. °The polyner, . be i sol at ed
by renoving vol atile ; 1 nsol ubl e, by
filtration.51n general, blfieMs Enated0i¢ om t he copol yner

by washing ~ the fepglcy% pt\e@isa CATeTRY (7t BRacabolis! 2

may be reused in the pol
8 Thanhydride at3 -@Oofg)t wergHpeighed, din ancavepxgried 100 githydri de

can be about Org fPasip@buifipedwethr absviANY bar. After sealing
with a rubber septum, the flask was removed from the dry
10 box and a nitrogen bleed attached, the flask was then
_placed in an oil bath maintained at 40°C. THF (20 mL)
was then added via syringe. After 2 hrs. the
polymerization was -terminated via the addition of ﬁater
(25 mL), THF (50 ml) and diethyl ether (25 mL) the
15 resulting organjicsphase was separated, concentrated at '
reduced pressure‘and dried under vacuum. Polymer yield:
' 6.16 g. GPC analysis: Mn = 34800, Mw = 74100,
PD = 2.13° (PS STD.).

EXAMPLE 4
of Phthalic Anhydride and THF at 40°C °
In a dry box, yttrium.triflaté (1.00 g) and
phthalic anhydride.(3.00 g) were 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. A nitrogen purge was attached and the
flask placed in an oil bath maintained at 40°C. THF
(20 mL) was immediately added and the resulting solut;on
stirred at this temperature for 2 hrs. The
30 polymerization was terminated by the addition of water
(25 mL) and THF (50 mL), the resulting organic phase was
separated, concentrated at reduced pressure and then
dried under vacuum. Polymer yield: 7.04 g. GPC
analysis: = 69400, Mw = 128000, PD = 1. 85 (PS STD.).



2 to about 15, and nost preferably about 5. The pol yneri zati on
process may be.carried out in a 5 nunber of ways known to the artisan. It
can be done by batch, sem batch and conti nuous processes. Conti nuous '
processes include continuous stirred tank reactor(s) and/ or plug fl ow
reactors. . The pol yner produced by the instant process 10 contains
t he~repeat units -OCHR[err]CRlerr]Rlerr]CRlerr]Rerr]CHR  err]- and

-O(O) CEC(O) -, whehieiNMR hoaippéat ingd ¢at @s e herRighity anhydmédepoatiedo
except that -CXC)g}KIj)s; cannot be adj acent to.itself. The definitions
of Rerr], Rerr], Rerr], Rerr] and E are as given above. The '
copolyners may be 15 hydrogenated tozaﬁ*ﬁ%ﬁ%?#%hydrofuran I f succinic
anhydride is used, or 2 atd e aehygdatflen i s used.

The copol yners, particy L ) . || anpunts

of repeat units derTvea Tromcy POXY 10 ey al so be

20 conpletely hydrolyzed to poIytetﬁﬁh&dﬂﬂi&ﬂadﬂLSSuch _ polyethers are

useful (usually in the_m digly bexm yé‘ﬁerblumr@f@f‘fé@e far. oporgeaaat i on

pol ymers such as yesters Or- yur et hanes. Synt hesi s of
"the catal ysts use ?he]r &'ﬁyﬁlé’h%anﬂ@hﬁ%%’??’&!’eﬁ: AnhgdFddendde$ 91 3WeES ow,

EXPERI MENT 1 - weighed Bnepar aveandpfe®i sgm tﬂy(ﬁﬂ)ﬁﬂ[ﬂs&dle@iﬁbbeat with a

A nocene. i &0t or et BleTREER L PRGE NP ARAYR e 205 ReP: “4BERH <
solution, with andsﬁqmqweﬂgfrwasthqd@dyab@nlLnA<n1uﬁb9§n parger wakat e
(14.12 9) in THF 4thQbhEd) andf t8E #0928k "Wi&Sed "h an oil bath maintained
at 40°C. THF (20 mL) was immediately added and the
-resulting solution stirred at this temperature for
15 60 min. The polymerizatlon was terminated by the
addition of water (25 mL) and THF (50 mL), the resultlng
organic phase was separated, concentrated at reduced
pressure and then dried under vacuum. Polymer yield:
9.26 g. GPC analysis: Mn = 38100, Mw = 83500,
20 . PD = 2.15 (PS STD.).

25 In a dry box, yttrium triflate (1.00 g) and
norbornene-2, 3-dicarboxylic anhydride (4.0 g, 96%) were
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

30 'nitrogen purge THF (20 mL) was added and the resulting
solution stirred at room temperature for 60 min. The
polymerization was terminated by the addition of water
(25 mL) and THF (50 mL), the resulting organic phase was
separated, concentrated at reduced pressure and then



preeci pitated silver chloride was filtered off and the resul ting
filtrate concentrated to approxi mately half 35 its volune at reduced

pressure. Hexane (250 nL) was 9
added -and the resulting mxture placed in the freezer. The resul ting
préecipitate was filtered and then dried 13 wunder vacuum Yield: 10.02 g.
1IHNMR (CDCl [err]): 6.68 (s, 10 H), 3.76 (m 4H), 1.84 (m 4H). 5
EXPERI MENT 2 4.ied uRhEPALALI Ofp B el ot hyl 1§- ychﬁggntadienyl)-
bis(trifluoronéfﬁangsuﬁgonié% zircﬁé%ih%ﬁx?y%age In a %r

0oX,
bi s( pent amet hfPey¥Fdpent ¥ali ©ng39Q0, Mw 7 Ad3R08m BPcTi %r’r%e”’(sl@.T@O)g) was

dissolved in THF 10 (300 nL). To tExaMBDEUYion, with stirring, was added
a sol ution of silyer. tLi.f s > 46.4), : After 15
m nutes the precipi

t

b 1L ATA = (3 ODO Mme

resulting $iltratéscdndchyciobexane-Dicay didcopabydride and THE ume at
reduced pressure. %3 Heyapep&£o0efid mw§% ded aRdobhg) rgssldidng pxture
pl aced in the freezer. ¥E resbl??% uye '%m/preg?pipagé ﬁ%s il tered

and then dri e§YGR@Bex3ReUGHFasberylic anhydride (1.5 g) were weighed
in an oven dried 100 mL RB flask equipped with a

stirring bar. The flask was sealed with a rubber septum
10 and removed from the dry box. A nitrogen purge was

attched, THF (20 mL) was immediately added and the’

reéulting solution stirred at foom temperature for

. 120 min. The polymerization was terminated by the _

addition of water (25 mL) and THF (50 mL), the resulting
15 Qrganié phase was separated, concentrated at reduced

pressure and theﬁ-dried under vacuum. Polymer yield:

3.03 q.

20 Cis=1,2-Cyclohexanedicarboxylic Anhydride and THF
In a dry box, neodymium triflate (1.00 g) and
cis-l,2-cyclohexanedicarbbxylic anhydride (1.5 g) were
weighed in an oven dried 100 mL RB flask equipped with a
stirring bar. The flask was sealed with a rubber septum
25 and removed from the dry box. A nitrogen purge was
attched, THF (20 mlL) was immediately added and the
resulting solution stirred at room temperature -for
120 min. The polymerization was terminated by the
addition of water (25 mL) and THF (50 mL), the resulting
30 organic phase was separated, concentrated at reduced
pressure and then dried under vacuum. Polymer yield:
1.39 g. '



6.0é g. [arr]H NVR (CDCl [err]): 2.12 (s).

EXPERI MENT 3 20

Preparati on of Bis(n-cycl opentadienyl)-

bls(trlfluoronethanesulfonato)vanadlun1 In a dry box, vanadocene
dichloride (5.00 g) was di ssolved.- in THF (300 nL). To this sol ution
with . stirring, was added a solution of 8#lver triflate 25 (11.19 g) in
TH={(100n.). After 15 minutes the precipitated silver chloride was
filtered off and the resultlng filtreggmggneentrated to approxi mately
hal f its volune g ur e. - . ., added and

preC|p|tate was filtd&d
In the Exanpl es,

GPC - gel per

nol ecul ar wei

Mnv/ Mh

10

- 20

25

30

35

ati on chromat o

t

the fgi |£Va£19rtﬁ:gﬁr %ygﬁﬁ-bggﬁma{@a.ﬁ,\%teusﬁd

8? average
¢is-1,2-cyclo exanedlcarboxyllc anhydride]@l.5 g) were

- Mv - weight averegbghed einlilaay oveingliried 100 mL RB £189k- eBRLYFESREItH Y,

stirring bar. The flask was sealed with a rubber septum
and rgmoved'from the dry box. A nitrogen purge was
attched, THF (20 mL) was immediately added and the

resulting solution stirred at room temperature for

120 min. The polymerization was terminated by the
addition of water (25 mL) and THF (50 mL), the resulting
organic phase was separated, concentrated at reduced

pressure and then dried under vacuum. Polymér yield:
1.96 g

In a dry box, scandium triflate (1.00 g) and
cis-l,2-;yclohexanedica;boxylic anhydride (1.5 g) were

. 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. A nitrogen purge was' |
attched, THF (20 mlL) was immediately added and the
resulting solution stirred at room temperature for

120 min. The polymerization was terminated by the
addition of water (25 mL) and THF (50 mL), the resulting
organic phase was separated, concentrated at reduced
pressure and then dried under vacuum. Polymer yield:
1.30 g. ' '

EXAMPLE 11
Ytterhi »
Succinic: Aphydride, THF and 3-Methyl-THF
In a dry bo;, ytterbium triflate (2.00 g) and
succinic anhydride (2.00 g) were weighed in an oven



PS - pol ystyrene - RB - round-bottoned 5 : THF -

t he
conpound tetrahydrof uran EXAMPLE 1
Yttrium Triflate Catal yzed Cbpolynerlzatlon of Mal eic
Anhydri de and THF In a dry boxhg%ttrlunltrlflate (1.00 g) and
mal eic 10 anhydride (2.00 g) were weig in an oven dried 100 niL RB
flask equipped with a stirring bar. The flask was sealed with-a rubber
septum and resinied PBnmLhRB df ladjoequippeddwathi ar egénrbhedermt tached. THF

(20 m) was agdedr seanagswwgee rmﬂe%r s%{:la'hﬁl thBesPRLY "pid ZadrRedvas 15

term nated vi
organi ¢ phase

188000,
to anhydrlae

succi ni ¢, anhydri de

% t he addition of water

t he

D EBEaALY Box AP hint Fﬁﬂe“ bl&Fdréﬂﬁéﬁﬁeére§?ﬁﬁe and dri ed
‘under vacuum (Flcsl mew) anyi Bkt By BEHFE. (GROOamah ywese alded %6300, Mv =

a,tl %5 (R?t%g% )hrs [t%r]p%l%r?. gltxgl Swégd%ﬁﬁg’t o THF 20

Yttrium Tri fl atia @@teaasi@em@op@t WS 525 mL) and THF (50 ml) amfd Succinic
Anhydride andelbler (25 mL) 'nTﬁbC¥é@J¥E&ng¥B&@hﬂﬁbtbh&éétﬁaé1 00 g) and 25

wer e wel ghed I n an -oveh rlgg 100 nmL RB

flask eqU|ppe&qHaFﬁgﬁastFS%F?&Fiﬁﬁed at rgducedspresaYrei 288 L5ifsher septum

the flask was uneienvedcuum. f rpol yrier drijelaxx andzagm t GPQeandleeik at t ached.

THF ( Rpa ded I a g Aft the .30 polynerization
was terni%gte Vi a f% tlo%éq(#d1 ‘er EBnL)Ta%% THF (50 ni).
resul ting organic phase was sebﬁﬁ&ﬂﬁﬁ%lébncentrated at reduced

pressure and

15

In a dry box, ytterbium triflate (2.00 g) and
succinic anhydr{¢e,(3.00 g) were weighed in an oven

‘dried 100 mL RB flask equipped with a stirring bar.

20

25

30

35

After sealing with a rubber septum the flask was removed -

from the dry box and a nitrogen bleed attached. THF
(15.00 mL) and 3-methyl-THF (5.00 mL) were added via
syringe. After 2 hrs the polymerization was terminated
via the addition of water (25 mL) and THF (50 mlL) and
ether (25 mL). The resulting organic phase was
separated, concentrated at reduced pressure and dried
under vacuum. Polymer yield: 7.27 g. GPC Analysis
(PS STD.): ‘Mn = 30600, Mw = 52400, PD = 1.71.
EXAMPLE 13
Zirconium Triflate Catalyzed Copolymerization of
*In a dry box, zlrconium triflate (2.00 g) and

1 2,4, S-benzenetetracarboxylic dianhydride (4. 00 g) were
weighed in an oven dried 100 mL RB flask equipped with a

.stirring bar. After sealing with a rubber septum the

flask was removed from the dry box and a nitrogen bleed
attached. THF (20.00 mL) was added via syringe. After
2 hrs the polymerization was terminated via the addition

The



dried under vacuum Polyner yield: 5.00 g. GPC anal ysis: M =

- 80900, Mwv = 171000, PD = 2.12 (PS STD.) _ [err]H NMR anal ysi s

i ndi cates the THF to anhydride ratio to be ~4.5. EXAMPLE
3 Yttrium Triflate.Catal yzed Cq%olynerizatioh 5 of
Mal ei ¢ Anhydride and THF at 40[err]C In a dry box, yttrium
tflate (1.00 g) and nal ei c anhydride (3.00 g) were weighed in an oven
dried 100 nL  SIRBaFPEskZ2dqippedFhfi ERSHIELRG r $ HeF DA rva SAIORCEREZPE RE

Wi th a rubber saptpatutd® preardunsgs reeiDY eAgf {9 tirei ¢k Wikkoulzox and a

Tai ntai ned at ADPEPFREL: THER(2ORROFLEL vHRo e el ERer A oy Rge. After 2
‘hrs. the popteri and | rematr itesk mindetredaguumt heP@bidieri griedid :wat er
(25 m), THR5(5G Ab)gand diethyl ether (25 nmL) the 15 resulting organic
phase was separated, .concentrated at reduced pressure and dried. under
vacuum Pol ynmer yield: 6.16 g. .Gﬂ@gﬁﬁﬁﬁyiﬁs: Vvh '= 34800, Mw = 74100,
bis(trifluoromethanesulfonato)zirconium Catalyzed
c ] {zat i £ Maleic Anhvdrid {_THF
10 . In a dry box, bis(n¥cyclopentadienyl)tetrahydro-
furan-bis (trifluoromethanesulfonato)zirconium (0.50 g)
and maleic anhydride (1.00 g) were added 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
15 box. After the attachment of a nitrogen bleed THF
(10 mL) was added to the flask. After 75 min. the
polymerization was'tefminated vié the addition of water
(25 mL), THF (50 mL) and ether (25 mL). The resulting
organic phase was separated, concentrated at reduced
20 pressure and then dried under vacuum. Polymer yield:
0.73 g. GPC analysis (PS STD.): Mn = 56500,
Mw = 71600, PD = 1.27.
EXAMPLE 15

25 | Cis-1,2-CyclohexaneDicarboxylic Anhydride and THF
- In a dry box, tin triflate (1.00 g) and cis-1,2-
cyclohexanediéarboxylic anhydride (1.5 g) were weighed
in an oven dried 100 mL RB flask equipped with a
sﬁirring bar. The flask was sealed wiﬁh a rubber septum
30 and removed from the dry box. A nitrogen purge was
attched, THF (20 mL) was immediately added and the
fesulting solution stirred at room temperature -for
120 min. The polymerization was terminated by the
addition of water (25 mL) and THF (50 mL), the resulting
- 35 organic phase was separated, concentrated at reduced



PD = 2.13 (PS STD. ). EXAMPLE 4 20
Yttrium Triflate Catal yzed Copolynerization : of Phthalic
Anhydri de ‘and THF at 40[err]C In a dry box, yttriumtriflate
(1.00 g) and. pht hal i ¢ anhydride (3.00 g) were weighed in an oven
dried 100 nL RB flask equipped with a sti*ring bar. The. 25 flask was
seated with a rubber septum and renmoved from the dry box. A nitrogen
purge was att gclesduandabtdiethen diiaak updeeedaciuan Opb)padh B 1 ai ned at
“40[err]C. THF; 44 égo m.) was inmedi ately added and the resulting solution
stirred at thls tenmperature for 2 hrs. The 30 polynerization was
terminated by the addition of water (25 nm.) and THF (50 nmL), the
resul ting organi c phase was separ ated, concentrated at reduced
pressure and then dried under vacuum Polynmer yield: 7.04 g. GPC
anatysis: M = 69400, Mv 128000, PD = 1.85 (PS STD.) _
12 [err]H NVR anal ysis indicates the THF to anhydrlde ratio to be
-3.6. . -+ EXAMPLE 5



Ytter hi med Copol yneri zation 5 of

Cis-1, 2- oxyl i c Anhydri de and THF
at 40[ err l“ m‘nm I:" dry box, ytterbiumtriflate (1.00 g) and
€ r

is-1,2-cy ex.an@ rearboxylic anhydrlde {%5 g) were wei ghed in an _
oven drled 100 mL RB flask equipped with a~10 stirring bar. The.flask was
seal ed with a rubber septum and renoved fromthe dry box. A nitrogen
purge was atWhgthel &i@imed fisask placed in an oi|l bath naintained

at 40[err]C. THF (20 nlL) vRpAJERd o8l Yh@dﬁ%’d@&dxém%f 2 poesybhiag-
solution stirred this teg‘geraturefor 15 60 mn. ‘\grrerlzatlon

was terninat ed HVSFHQ co SiPgn SPPLREENY APeOF 5ﬁﬁeTH 9 nL), the
resul ting orcriaxydhias anhesridpay abre o:cosmenttrea.muyatofem,d and

pressure andsth nder c | r aPC
anal ysi s: M E%’03861%3('()361@";ltl' o EY% EU%qu W %Q% 3 a?c"zﬁ"&wr

EXAMPLE 6 selectpd firgm FhEf JEOUP m%ﬁiﬁfé@mpﬁbpm&w cRcids

of Nor bpr nene- 2, v&xdhe:qsr&aoul wat8Rhydrifes than 6, carboxylic anhydrides THF
at 40[err]025 iumtriflate (1.00 g) and

nor bor nene- 2, 3- a?'&%ra}ﬁ?;)y% g%ﬁﬁyd?’?‘ Ee%‘l 0 g, 96% were wei ghed in an
oven dried 100 nL RB fl askM elguigpmed ali shlacted £romriheg gxamup The fl ask was

e P (VB ARGBe contld ! SHPER, G Cligeofl 2L L1,

sol ution stirredSaXoNtdo t DIFdray uFEaRBIUB0 ¥HtEiufhe the rpspyeRFtRati on was

ternminated by theetethl,! itGRa@fi u@t 85 rconidmp HHOn idin) BﬂEoﬁéﬂmﬂt) the

resul ting organlc fggﬁénum, tantalum, rhenium, iron, ruthenium, osmium,
rhodium, iridium, palladium, platlnum, silver, gold, '

15 zinc, cadm;um, mercury, aluminum, gallium, indium,
thulium, germanzum, tin, lead, arsenic, antimony and
bismuth; _

at least one of 2 .is an anion of the formula
~OSO2R5, 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 groﬁp
are together bonded to at least four fluorine atoms, or
tetraphenylborate, and the remainder of Z is oxo or one-
Oor more monovalent anions;

25 s is 2 when M is strontium, barium, 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,'

30 ruthenium, osmium, aluminum, gallium, indium or thulium;

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

s is 5 when M is rhenium, wvanadium, niobium or
tantalum; -

35 s is 6 when M is tungsten;

ThlS Sheet Has Been Repl

M Iill




'separated uced pressure and then

dried under vacuum |l ymer yield: 5.13 g. G°C anal ysis: M =

13
- Eii(l\)/gLEM;V H"Mﬂﬂl" ﬂmﬂ,ﬁ“m §|P§t STga% al yze-d Copol yneri zation of 5

Cs-1,2- Cyclohexane Di car boxylic Anhydri d&and THF In a dry box,
erbrunltrlflate (1.00 g) and cis-1,2-  cycl ohexane-dicarboxylic
-anhydride (1.5 g) were wag ghed neuttalanlgaﬁm,drled 100 m. RB flask

equi pped with a . stlrrln % _ %a sk was th a rubber septum
10 and renoved from the dr% N aﬂ APEFEERr° purgé attched,” THF
(20 L) was i nedi atmioyigededhandetbl oxo gmm mmgeml Goiohs sa$ riwal at
‘room t enper at urge for 120 mn. The polynerization was term nated by the
addition of water (25 nL) and THF (50 nlL), the resultln ani ¢ _phase
was separat 8d, concerftr at®hf PTOCEESCBA reciERd sy Cdaifiy tHEﬁrﬁ%ge%P%ﬁ*lder
vacuum Pol yrrertyuﬁ}cydrofuranoaai the formula

R} R3

10 wherein each R!, R2, R3 and R4 is independently hydrogen
or hydrocarbyl containing 1 to 20 carbon atoms.

3. The prdcess as recited in Claim 2 wherein RI,
one of R2, R3, and RY are hydrogen, and remaining R? is
alkyl containing 1 to 4 carbon atoms. |

15 4. The process as recited in Claim 3 wherein said
- remaining R2 is methyl. .
_ 5. The process as recited in Cléim 2 wherein all
of Rl, R2, R3 and R? are hydrogen.
6. The process as recited in Claim 1 wherein said
20 carboxylic anhydride has the formula.

E

wherein E is a divalent organic radical which is bound
25 to each free valence of the carboxylic anhydride group
through a carbon atom,
7. The process as recited in Claim 2 wherein said
carboxylic anhydride has the formula



Neodymi um Triflate Catal yzed Cbpolyherization of 20
G s- 1, 2- Cycl ohexanedi car boxyl i c Anhydride and THF In a dry box,
neodynlunLLLF#La%e—fi—ﬁﬁ—gT"and ci s-1, 2-cycl ohexanedi car boxyl i c

anhydride ( i ghed in an oven dried 100 nL RB fl ask
equi pped WrrU ww ‘m bar. The flask 4fas sealed with a rubber septum

25~"and re ¥y box. A nitrog pur ge was attched, THF
(20 nmL) was |nned|ately added and the resulting sol ution stirred at
roomtenperature for 120 min. The polynerizatign was terninated by the
addition of water (25 nmL) and THF (50 MC —+0e—C2stl ting 30 organic phase
was separated, concentrated at reduced | pres#hre and then-.dried under
vacuum Pol yner vyi el d: 1.39 g.

14 ~ Dysprosium Triflate Catal yzed Cbpolynerlzatlon of

G s-1, 2- Cycl ohexanedi car boxyl i ¢ Anhydri de and THF In a dry box,

dysprosi umtrif| avdereipoEg}sanddivalents-argandgc kradégahewh kel Hox pouad
anhydride (1.5 g) téPl@ch fr¥€i Gieénid & @eerba%baghieoamyaa&é Yloup

equi pped w th ? through a carbon atom.
~ 8. The process as recited in Clalm 6 wherein E is
n-alkylene containing 1 to 4 carbon atoms or alkyl
substituted n-alkylene wherein said n-alkylene group
contains 1 to 4 carbon atoms and E contains a total of 2
10 to 20 carbon atoms.

9. The process as recited in Claim 1 wherein said
anhydride is selected from the group consisting of
succinic, maleic, phthalic, 5-methyl-5-nobornene-
dicarboxylic acid and 1, 2-cyclohexanedicarboxylic acid

15 anhydrides. preferred cyciic carboxylic anhydrides
include maleic, succinic, phthalic and i,2-cyclohexane-
dicarboxylic acid anhydrides.

_ 10. The process as recited in Claim 9 whereln said
anhydride is selected from the group con51st1ng of

20 maleic,.succinic, phthalic and 1,2-cyclohexane-
dicarboxylic acid anhydrides. :

11. The process as reciteéd in Claim 2 wherein M is
a metal selected from the group consisting of strontium,
bariur, scandium, yttrium, the rare earth metals,

25 titanium, 2irconium, hafnium, chromium, molybdenum,
tantalum, rhenium, iron, ruthenium, osunium, rhodium,
iridium, palladium, platinum, Silver; gold, zinc,
cadmium, mercury, germanlum, tin, 1lead, arsenzc,
antimony and bismuth.

. 30 12. The process as recited in Claim 1 wherein all
of 2 is an anion of the formula —OSO2RS, and wherein RS
is trifluoromethyl.



stirri nﬁ)ar Thef+ask—was seal ed with a rubber septum and renoved

ern]the gen pur ge was attched, THF (20 nl) was
i mredi ate mﬂu HBI(WHT resul ting solution stirred at room

‘tenperature Tor . The pol ynerj,zati on was term nated by the-

ad\ddll_tl on of water (25 m.) and THF (50 ni the resulting or gani ¢ phase,
~was separ at ed, conggntr ed at reduced pressure and then dried under
vacuum Pol yrer vyiefd ¢ BRI 490ﬂﬂﬂ}Ee§01“ Claim L2 wREISATTEMY at e

Cat al yzed COpGIfyﬁ‘el-SZ@mimQ}f of the fo€msild, 0SYsAQhexnanatieeai HORY! i C
Anhydr| de and;IHF dry box, scandiumtriflate (1.00 g) and 20
cis-1, 2- cycloﬁexaﬁeg%%%ﬁ %hlc anhydrlde (1.5 g) were wei ghed in an
oven dried 100 nL && fIEB% REQAgRFedsnireigiged ins€laimny waereifheafildask was

seal ed with aprobbss sepéartied Mtd areDved EEQ%LQ%E” pOQY  ~ghol L rogen
purge was att hed FI@E:(ZO m.) was |nned|ate y added and the 25

resul ting sol 4Pi 8 °§F| roomtenperature for - 120 mn. The
pol yreri zati on masliernTMGiﬁxbdasﬁlus recigddi 1h0018{im s afndBinTl) and THF

50 mL), the I S sepaja concentrated at
ﬁeduced p%ggguégﬂg.ﬁFEﬁé%ggp dR’ ZﬁFmggcﬁﬁﬁVEPifgﬁ% yield: 30 1.30
. The processxasPirEcited in Claittlkd bihemelimi f | at e

g.
Cat al yZechwopﬁhwEfeﬂﬁét@tEhpé is about 25°cSHSCth¢T§ Agbdr i de, THF and
Fate 2.00 g) and 35

3- Met hyl - THF 1 %b ﬂé& tter |un1tn
succi ni ¢ anhydri de t2. obPY)P ﬁ&& 1tRdadn oGeRim 1 carrle out
- in the absence of solvent
18. The process as recited in Claim 1 wherein the
molar ratio of said tetrahydrofuran to said aﬁhydride is .
15 about 0 2 to about 60.
' 19. The process as recited in Claim 18 wherein
said ratio is about 2 to about 15.
20. The process as rec1ted in Clazm 19 wherein .
. said ratio is about 5.

20 21. The process as recited in. Claim 5 wherein M is
strontium, scandium,_Yttrium, the rare earth metals,
titanium,.zirconium, hafnium} Vanadium, niobium,

’ tantalum, chromium, molybdenum, tungsten, rhenium, iron,

ruthenium, palladium, copper, gold, zinc, tin, bismuth
25 or mischmetall.



15 dried 100 nL RB flask equi pped with a stirring bar. After
sealing with a rubber septumthe flask was renoved fromthe dry box and
a nitrogen bleed attached. THF (15.00 nL) and 3-nethyl-THF (5.00 m)
were added via 5 syringe. After 2 hrs tye polynerization was term nated
vig the addition of water (25 nlL) and Tlﬂmo m) and ether (25 nl).
The resulting organic ph con lz"(Brat ed at reduced

se
pressure and dried %@@PR%%#T T"y %%R S GPC anal ysis 10
(PS STD.): M = 26100, Mwv = 4310&;0 RIYCLIT GSIHYDRIDES _ Ytter bium Triflate
Cat al yzed Copol yneri zati on of dride, THF and

3- Met hyl - THE In a dry ytterpbrumtriitate (2.00 g) and 15
succinic anﬁydrl de, P(f&}()(@sg)enmerchemighw producesydry the dried 100 nlL RB

fl ask equi pped agé&@neglllz%llgg Bar tetrahféé@f d_saqum . é}atlﬂ er ubber septum

the flask was renove fromt dry box an ed attached.
THF (15. 00 FRAYPKYd is- ﬁﬁPM?F“ﬁ?—F ‘(‘51% sfidectak “?;ﬁfd’gd via 20 syringe.
After 2 hrs thed¥s BrdadRyl8a1¥8Rat&s akdialated compounds as :
catalysts. The resulting copolymers are useful as
10 intermediates for monomers for use in other
polymerizations. '

15

20

25

30



Vi a the addition of water (25-+» and THF (50 nl) and et her (Zewd) .
The‘rgg,ultl ng orggfsl SHEE’TaHASMN separated, concentrated at reduced

preSsure and dr B\Epmgﬁg vacuum’ Polynmer yield: 7.27 g. GPC Anal ysis 25
(PS STD.): M 3060 Prkrr—= , PD=2.71. erconlum
Triflate Catal yzed Cbpolynerlzatlon of

|
1, é“ﬂ S- Benzengggal Eé&hééﬁibﬁlg"gBﬂ%ﬂéfﬂSaﬁﬂgnEFEre well knohﬂ aaflgy box,
zirconiumtrif

net car boxylic
i anhydr 1 de. (4tBEE8) Thene heAtiangtn thasa PabERLE: PEERBOUAS BB 11 ask
equi pped with metal sailtsi ngtbecntéihdmgsonliumgim*sh suchbhsr meepllum t he

1 ask was, T eOKEd s LOUL! NEe I ROy < R0 e LhE BRI VRLERHar s onabachiod. | THF

(20.00 nL) was a VA syrin e po ynerlzatlon was
t er mi nat ed i acyhdiadethevs. 16

of water (25 ni). Taérﬁﬁﬁubh’taﬁtshg iic&‘eioﬁoﬂcﬁg§lr,i‘kgddescribeée@HEEd

pressure, resultlgapln ath Vi s mat erl a Th terial was
washed repeat eBPYYReEhzatioR,pf, THEqUShRE 8 FERLIRAELODLLEUERTPEFy mer

yi el d: chloride and carboxylic anhydride as catalyst.
' G. A. Olah, et al., J. Appl. Polym. Sci., Vol. 45,
10 1355-1360 (1992) describe the use of boron, aluminum
and gallium tristriflate to catalyze the polymerlzatlon
of THF. }

S Y OF THE INVENTION
This invention concerns a process for the
15 production of a poly(ester-ether), comprising,
contacting one or more cyclic carboxylic anhydrides,
one or more tetrahydrofurans, and a catalyst of the
formula MZg*Qt, and an accelerator selected from the
group consisting of carboxylic acids whose pKa in water
20 1is less than 6, carboxylic anhydrides and acyl halides,
wherein:

M is a metal selected from the group
conSisting of cobalt, vanadium, niobium, tungsten,
strontium, barium, scandium, yttrium, the rare earth

25 metals, titanium, zirconium, hafnium, chromium, copper,
molybdenum, tantalum, rhenium, iron, ruthenium, osmium,
rhodium, iridium, palladium, platinum, silver, gold,

. zinc, cadmium, mercury, aluminum, gallium, indium,
thulium, germanium, tin, lead, arsenic, antimony and

30 bismuth;

5 at least one of Z is an anion of the formula
~0SO2R™ 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

35 are together bonded to at least four fluorine atoms, or
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5 7.12 g. Bis (n-cycl opentadienyl)tetrahydrof uran-
bis (trifluoronethanesul fonato)zirconium Catal y7gg SHEEIHASJEEN
!

Copol ymeri zati on of Mal ei ¢ Anhydride and THF 1p RELﬂCﬁJ X,
bi s(n-cycl opent adi enyl ) t et rahydr o- 3
furan-bi s(trifl uoronethanesul fonato)zirconi um (0.50 @) and mal ei c

anhydride (1. n i ped
wWith a stirri ng %2' gﬁ%ﬂ?@fgﬁé gﬁ{m&rgéelg adlnd%'g rubber seg?u(r]n&g%
renoved from tore meye nmgongipalentafarionse attachnent of a nitrogen bl eed THF
(10 m.) was added to thegf{gsk wHbheM i® &4lverhe pol ynmeri zati on was

term nated via the addltlon of TH 50 nL et her
(25 nL). The resulting gﬁ?’& %h’a%eséﬁ%n'%’e‘i)'ﬂr alf%’a{u"l‘,bn%%}ﬁ%fgt ed at
reduced 205 prrisedivmaniridivmdrpaelladiien, eatimum Pothreniymel ziinc, 0. 73

g. GPC anal ysi 56500, Mv = 71600, PD = 1.27
Tin Triflate d%?é$;zedg%bpo?@%%¥fzatlon of 25
G s-1.2- Cyclohexane[]carﬁok?l3cwhﬁhyuriﬂesgmmdﬂ¢m: yttrium, |a BaBey box,

tin triflate (éapﬁhgﬁeﬁﬁﬁ ChPsdnie, antfﬁ&ﬁ eﬁfﬂﬂ@tﬁar@8¥d|'ﬁraﬂhydr'de

(1.5 g) were wel in an oveh dried n} aik egU|pped with a
stirring bar. ¥® ?Pbﬂﬂvmﬁ§méﬁﬂreﬂlﬁP%ﬂuﬁrr%%%% L T oimb End renpved
fromthe doy beMulidmpi t rogen purge was attched, THF (20 nlL) was

i medi at el y added and thg is 4r$ﬁghthngsseigghgﬂmsthi}ggnfﬁmroon1

tenperature for
hafnium, molybdenum, germanium, tin, or lead:;

s is 5 when M is rhenium, vanadium, niobium
or tantalum;
15 s is 6 when M is tungsten;
Q is a neutral ligand;
t is 0 or an integer of 1 to 6; and
provided that each oxo group present counts as two
of s.
20 DETATILS OF THE INVENTION
' In the instant process a tetrahydrofuran is
copolymerized with a cyclic anhydride to yield a
poly(ether-ester). By a tetrahydrofuran (THF) is meant
the common meaning, a compound containing a saturated
25 five membered ring in which one of the ring atoms is
L oxygen and the other four ring atoms are carbon.
Preferred tetrahydrofurans have the formula
R} R3
R2 R2
R4 ' R!

H H
wherein each R1,R2, R3 and R? is independently hydrogen

30 or hydrocarbyl containing 1 to 20 carbon atoms. In
especially preferred THFs, R, one of R2 and all of R3

This Sheet Has Been Re REPLACEMENT SHEET
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120. mi n: The. pol ymeri zation was term nated by the addition of water (25
m), and THF (50 nL), the resulting 35 organic phase was separat ed,

concentrated at reduced pressure and then dried under vacuum
Polyner yield: 1.41 g. 8 18 What
s clained.is: - 1. A process for the production of a poly(ester-

etMer), conprising, rfedMAGLI HGtqRe o B BHEYEL| Eyclic CHBRWIIC
anhydri des, one or nore tetrahydrofurans »
anhydride can be about 0.2 to about 60, preferably about
2 to about 15, and most preferably about 5.
The polymerization process may be carried out in a
5 number of ways known to the artisan. It can be done by
batch, semibatch and continuous processes. Continuous
processes include continuous stirred tank reactor(s)
and/or plug flow reactors. '
' The polymer produced by the instant process
10 contains the repeat units —-OCHRICR2R3CR2R3CHR4- and
-0 (0)CEC(0)-, wherein the repeat units are randomly
incorporated, except that -O(O)CEC(O)- cannot be
adjacent to itself. The definitions of R, R2, R3, R%
and E are as given above. The copélymers may be
" 15 hydrogenatéd to a polytetrahydrofuran if succinic
anhydride is used, or a mixed polyether if another
anhydride is used. The copolymers, particularly those
containing relatively small amounts of repeat units
derived from cyclic carboxylic anhydrides, may also be
20 completely hydrolyzed to polytetrahydrofuran. Such
polyethers are useful (usually in their diol form) as
monomers for condensation polymers such as polyesters or
polyurethanes. |
Synthesis of the catalysts used herein are
25 demonstrated by Experiments 1-3 below.

In a dry box, hafnocene dichloride {9.93 g) was
30 dissolved in THF (300 ij. To this solution, with
stirring, was added a solution of silver triflate
(14.12 g) in THF (100 mL). After 10 minutes the
precipitated silver chloride was filtered off and the
resulting filtrate concentrated to approximately half
35 its volume at reduced pressure. Hexane (250 mL) was
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5 and a catal ys f or mul a Nz[err]cz whereln Mis a
met al- . sel ect ed ,llm“ ;"H[M consi sting cobalt—yanadi-4m ni obi um
t ungst en, s¢andi-um yt WanﬁhEﬁTeHA&r%E@art h

metal s, titanium 2|rcon|un1 hafnlun1 chtom um comEALACAD nollybdenum

tqr%alunl rhenlun1 iron, ruthenium osm um rnoaram 1 ridiam

pal'l adi um pl Shiatuis sﬂmmmadgﬁﬁxj zinc, cadmum nercury, alum num
gal lium indium 1. thyl | | NG ' and
bi smuth; 15 i) el B0 Wiy piBaucEdin BE° ponyAbnay

-0Osq er r] Rl er P}'-hemer SonPRASANY , | sopsartivgoanry PrCBrS] fYsdic to 12
car bon at ons @:Er%&? 19k anhwlu@@t esnaob&rrﬁbre te‘&'ﬂﬁh Role@-ab@l,bon at ons

Four 20 1 1%ior BRE 2 GRER1yPtapty B URBUGa) < FpalP ﬁ@ﬁ#@%?ifef"aﬁé the

four 20 quorlﬁg gt

r enai nder of Zis owier aometeul weclmaoﬁbmntthmlgmp
s is 1 when MI tium barlum :
cobal t, %S &%F,Sf c°balﬁlaginﬁF§Bhét$ um ron1 %&%% 'nc,

cadm um or rrens&a'pyltmm, barium, scandiumg Mnrlm,stb@amr@mea}tmu um a
rare - earthetahal,, t34aeivm, ‘%fﬁdaﬂfﬁm bihaFnti tim , 9 ¢hdom i) gopper,

Al P T R R TR AT oS ani um
tin, or |ead; rhodium, iridiumg iPalladiam,Mplatihem,usilvergdigand,ni obi um
- or tant al um zinc, cadmium, ?ne'rséurvae u%l it Sﬁmt,ur);%itllum, indium,
thulium, germanium, tin, lead, arsenic, antimony and
bismuth; '
15 at least one of Z is an anion of the formula
~0S02R5, 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
20 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, cobalt,
rhodium, iridium, palladium, platinum, chromium, zinc,
25 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;
30 s is 4 when M is titanium, zirconium,
hafnium, molybdenum, germanium, tin, or lead;
s is 5 when M is rhenium, vanadium, niobium
or tantalum;
s is 6 when M is tungsten;
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)

19+ Qis a neutral I|igand; t is O or spAudnt eger

of 1 to 6;- and provi ded that each oxo group present counts as two
of s. 5 . 2. The process as recited in Claim1l wherein said _
tetrahydrofuran has the formula [err] 10 wherein each Rerr],
Rlerr], Rerr] and R err] is independently hydrogen or hydrocar byl
containing 1 to 20 carbon atons. 3. The process as recited in
Claim2 wherein R1, TITLE

COPOLYMERIZATION OF TETRAHYDROFURANS
AND CYCLIC ANHYDRIDES
FIELD OF THE INVENTION
5 This invention concerns a process for the
copolymerization of tetrahydrofurans with cyclic
carboxylic anhydrides to form a poly(ester-ether),
wherein the polymerization is catalyzed by selected
metal perfluoroalkylsulfonates, or metal tetraphenylborates.

10 | BACKGROUND

Copolymers of tetrahydrofuran and cyclic anhydrides
are kno&n in the art. These polymers were made wiﬁh the
use of a Lewis acid catalyst such as an organoaluminum
compound or an onium compound, optionally in the -

15 presence of a cocatalyst, see for example J. Habermeier,
et al., J. Polym. Sci., Part C, p. 2131-2141 (1967). ¥Wo
mention is made in this paper of metal perfluoroalkyl-
sulfonates as catalysts.

S. L. Borkowsky, et al., Organometal., vol. 10,

20 p. 1268-1274 (1991) report that certain zirconium
complexes can initiate the polymerization of tetrahydro-
furan. No mention is made of zirconium perfluorocalkyl-
sulfonates, or of copolymers.

U.S. Patent 3,842,019 describes the polymerization

25 of oxiranes and other small ring compounds by a presumed
cationic mechanism, using as the catalyst the
decomposition products of metal perfluorocalkyl-
sulfonates. These catalysts are described as "latent",
that is no reaction occurs until the metal salt is

30 decomposed. The reactions reported are relatively slow,
even at elevated temperatures.

U.S. Patents 5}084,586 and 5,124,417 describe the
cationic polymerization of various monomers, including

cyclic ethers, using onium cations, whose corresponding

35 anions are fluororalkylsulfatometallates. Onium ion
T
U
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oné of Rlerr], Rerr], and R err] are hydrogen, and remaining R err] is

al kyl containing 1 to 4 carbon atons. 15 4. The process as recited
in Claim3 wherein said remai ning R2 i s nethyl. . 5. The process
as recited in Claim2 wherein all of Rlerr], Rerr], Rerr] and Rerr]
are_hydrogen. 6. The process aszreC|ted I n Cla|n11 wherein said 20
carboxylic anhydride has the fornula [err] wherein Eis a

di val ent orgauatalyﬂeda¢at¢mnic|polmmemhﬁﬁt1¢nsemm¢1webm xmadengeand t he

carboxylic an@ﬂ%f%d g%?“ﬁenglgﬁhfﬂugﬁeéeggéé car%fqt e use 7. The

process as reci erein sal oxylTc anhydrlde has t he
formul a metal salts not containing onium ions, such as metal

triflates, as catalysts for the polymerization of
5 cyclic ethers.

German Patent Application 2,459,163 describes the
polymerization of THF using a combination of ferric
chloride and carboxylic anhydride as catalyst.

G. A. Olah, et al., J. Appl. Polym. Sci., Vol. 45,

10 1355-1360 (1992) describe the use of boron, aluminum
and gallium tristriflate to catalyze the polymerization
of THF. |

SUMMARY OF THE INVENTION

This invention concerns a process for the

15 production of a poly(ester-ether), comprising,
contacting one or more cyclic carboxylic anhydrides,
one or more tetrahydrofurans, and a catalyst of the
formula MZs*Qt, and optionally an accelerator selected from the
group consisting of carboxylic acids whose pKa in water

20 1is less than 6, carboxylic anhydrides and acyl halides,
wherein: :

M is a metal selected from the group
consisting of cobalt, vanadium, niobium, tungsten,
strontium, barium, scandium, yttrium, the rare earth

25 metals, titanium, zirconium, hafnium, chromium, copper,
molybdenum, tantalum, rhenium, iron, ruthenium, osmium,
rhodium, iridium, palladium, platinum, silver, gold,
zinc, cadmium, mercury, aluminum, gallium, indium,
thulium, germanium, tin, lead, arsenic, antimony and

30 Dbismuth;

5 at least one of Z is an anion of the formula
~0SO2R’, wherein R5 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

35 are together bonded to at least four fluorine atoms, or
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205[efr] wherein E is a divalent organic radical which is bound to
each free val ence of the carboxylic anhydride group 5 through a carbon

atom 8. The process as recited in Claim6 wherein Eis
n al kyl ene containing 1 to 4 carbon atons or al kyl substituted

n-al kyl ene wherein said n-al kyl ene group3 contains 1 to 4 carbon atons
and E contains a total of 2 10 to 20 carbon atons. 9. The

process as regt i@t bhe angitétrabhadw@bm and the remainder &FiZR b &€l ected from
t he group conS|st|H% I%ﬁcmnlc mal ei ¢, phthalic,
5- met hyl - 5- noOBP Q& Are monoygled 8RG0S i ¢ aci d and 1, 2- cycl ohexanedi car boxyl i ¢

acid 15 anhydrides. pr ef dsr ddwben| Mcisagbbygri c anhydrldes I ncl ude
nal ei ¢, succinic, phthak'isaﬁdwﬁeﬁ QYEEOQEEQﬁﬁium, thEaﬁbOé&bhitaCId
anhydrlde 1Q. process .as mhereln sai d

anhydri de 3 s EBPeipag FF&ﬁ?Pﬁe Q?Gﬁﬁd&5ﬂ5|Q}?anﬁm'zﬁhrﬁﬁFEFc 2d0€e¢i ni c,
pht hal i c and &admdéuml ofrexerenry; dicarboxylic acid anhydrides.

11. The process as reCiEGQSiQ ghghnhzighgéghaiﬁklSyttrium, a rare
earth metal, arsenic, antimony, bismuth, gold, iron,
. ruthenium, osmium, aluminum, gallium, indium or
10 thulium;
s is 4 when M is titanium, zirconium,
hafnium, molybdenum, germanium, tin, or lead:
s is 5 when M is rhenium, vanadium, niobium
or tantalum;
15 s is 6 when M is tungsten;
Q is a neutral ligand;
t is 0 or an integer of 1 to 6; and
provided that each oxo group present counts as two
of s.
20 DETAILS OF THE INVENTION
In the instant process a tetrahydrofuran is
copolymerized with a cyclic anhydride to yield a
poly(ether-ester). By a tetrahydrofuran (THF) is meant
the common meaning, a compound containing a saturated
25 five mémbered ring in which one of the ring atoms is
oxygen and the other four ring atoms are carbon.
Preferred tetrahydrofurans have the formula
R3 R3
R2 R2

R4 R!
H H
wherein each R1,R2, R3 and R? is independently hydrogen
30 or hydrocarbyl containing 1 to 20 carbon atoms. In
especially preferred THFs, Rl, one of R2 and all of R3
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a wetal selected fromthe group consisting of strontium bari um
scandium yttrium the rare earth netals, 25 -titanium zirconium -hafnium

chrom um nol ybdenum tantal um rhenium iron, ruthenium osm um
r hodi um i.ridium palladium platinug silver, gold, zinc, cadm um
negcury, germanium tin, |ead, arsenic, anti nony and bi snmut h. 30

12.7 The process a | | I Sw ni on of
the formula - 08 efc;r{r%!ler?]q{ s% %&/ﬁ?fe? Ef ‘ﬂ]ﬁcl Comgog torrg{rlce hyl .
13. The procdd¥ £OLEESH 88tRY Epathe 10onkRIteigkigiat ion st@;ez(qese an ani on

of the fornul aabcﬁsq arsr ]pR[e&l’elh]t adBdbBhes®itb B[errﬂnate okSsimifdoronet hyl .
14. The procegs; ed..in g ere n said groce s is carried
out at a tenperatt ure o Aol <2 5?¥FF]C ch até:°§'88b‘f‘dl’i‘ fEr‘?f .

15. The pPoceungs rb@mrteeéomabo;yalstmnsem:armgw the poagtmdrnemq)mrature is

about O[err]C & aﬁyygly]nﬂeo{& 'i:]:.Gn, see. bel%w)16 ongggoglégggs as recited in

Claim 15 wherein said tenperature is a out 5 err]C
anot er compound which is still a triflate (or s;mllar

anion) compound of the metal in the correct oxidation
state. It has been found that, in general, the greater
10 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 opﬁionally 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
2C dimethyl ether and tetrahydrofuran. Useful compounds
containing neutral ligands include bis(n-cyclopenta-
dlenyl)tetrahydrofuran-bls(trifluoromethanesulfonato)-
zirconium and bls(n—cyclopentadlenyl)tetrahydrofuran-
bis(trifluoromethanesulfonato)hafnium.

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

although at least one of triflate or tetrafluoroborate or tetraphenylborate -
anions must be present. Some other useful anlons are
alkoxide, particularly lower alkoxide contalnlng 1-4
30 carbon atoms, acetylacetonate, cyclopentadieneide,

pentamethylcyclopentadieneide, t-butylacetylacetonate,
and halide. It is preferred if all of the anions are
triflate.

It is believed that in the present process, the

35 hlgher the ratio of metal catalyst compound to monomers,
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17: ' The process as recited in Aaim1l carried out in the absence of
sol vent. ocess. as recited in Caim1 wherein the

nol ar ratlo HII‘“H““WH““M“[ ofuran to said anhydride is 15 about 0.2 to
abou .

Yhe* process as recited in Claim 18 wherein sai d
rat\ljo |s about 2 to about 15. ). The process as recited in Gaim
19 wherein said ratio is about 5. 20 21. The process as recited

in daimb5 whemaitn il baalmedsﬁs@ntiunl scandiun} yttrium the rare earth
Chr om um ol ybaenut ¢ BnBEPERSE: RER T ProRcceioh, Bend Bty (ssrPRg om
copper, gol d, ether) ,ticnmpmsumgh eéntactrmgctmet ekl more cyclic
carboxylic anhydrides, one or more tetrahydrofurans,
5 and a catalyst of the formula MZg°Qt wherein:

M is a metal selected from the group
consisting of cobalt, vanadium, niobium, tungsten,
strontium, barium, scandium, yttrium, the rare earth
metals, titanium, zirconium, hafnium, chromlum, copper,

10 molybdenum, tantalum, rhenium, iron, ruthenlum, osmium,
rhodium, iridium, palladium, platinum, silver, gold,
zinc, cadmium, mercury, aluminum, gallium, indium,
thulium, germanium, tin, lead, arsenic, antimony and
bismuth;

15 at least one of Z is an anion of the formula
“0SO02R3, wherein R5® 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

20 fluorine atoms, or at least one z is 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, cobalt,
rhodium, iridium, palladium, platlnum, chromium, zinc,

25 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;

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

s is 5 when M is rhenium, vanadium, niobium
or tantalum:

s is 6 when M is tungsten;
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