0000053405 1 Production of polyoxynethylene and suitable (I11) catal ysts,The
present i RAMIGHHQGR| ates to a process for preparing 5 pol yoxynet hyl end by
contacting a fornal dehyde source with a catalyst and a catal yst suita Ig
therefor. The pol yoxynet hyl ene resulting fromthe honopol yneri zation o
formal dehyde is a pol yner having repepting CH20O units. Wen 10 fornmal dehyd
I's copolynerized wth cyclic ethers or fornmals, the CH20O chains are

interrupted by units which stemfromthe, cycli e rs oqr.formls. The
term pol y PRARICHIPRMRE RO LYQE ¥ ENieRBeFBW y%ﬁ’l?oi{fheca?‘rg%?{%nd for the
copol ynmer. 15 Pol yoxynet hyl ene and processes for preparing it by hono- or
copol yner ihengrésenul detendéonsrelptest ab & prucesesfas mEpanisgs are wel |
known.  FOrpd1Rokeneeny a9 H4088ptactang! hbesrid1Renpat ysdirceaien of cyclic
et hers, sugl 5’1%%?%%‘2‘(‘# gae%,élt r%ve-ﬁtaylgx efoy.the presence of a catalyst

of the gener or mu ere I's a netal, at least one Zis a
perfluorinated alkylsulfonate and any further Z noieties present are each
oxo or a Tenovdvenymetdydeneorestiifda fremtthe hopgapkymerizatiphRd to 5
and t is ffarmaldehyde iEhea polymer ilwatingnreseatamgi €H;®uwiniits .t Ween f urt her
presencgg OforhaGabRPaY i RpBYPhé Hitzed@ i8R YeylcOBtHEr Orora £3emaRs patid i C

aci d having, 8 BKR; D S 8h.0fr 6% Egaan&sa%mqehoge&@lﬁrogue SARalsid cal 1y,

t he pol ynerizzation of trioxape | resenc tter mtriflate is
descPi bgd.etllkﬁ"\ﬁEVBF, f?lﬁ'éalsungﬁ?i"seflé{‘btp&lygwr&?ta?&?%nyﬁtusle g‘eFSé%‘?‘?%’r‘f times
are di sadeebix 4gcotke BoPeapdi f9r &he EPRREE®ES have | ong induction tines,
I n particular when the formal dehyde source is not highly pure. This may
even | egdl §&1 RQvRELNPEIH AnkiOPr SEHes @rairéﬁar.inahﬁi?duﬁnbonofi me is
&L mcﬁﬁfkégffmgmﬁdmgm%a tdiNCohBi SRSy dacappace w ththe
talyst to ] Zoff" "0 e pol r,zation. A onsglnuc_lontlrre
| eads to |¥fy“eddi ﬁg‘ﬂ‘l‘}é' tﬁ%%nﬁ?m}c@;cf'én 4 @#hgﬁaaa%% Whch i s
uneconom cedlymeripatien oiff cyclie ethersreseeh 4snPRAXLEARE + FHEr 89fde a process
40 havi ng #ridhxane, i balutid Eresenee Wi @hcasabysf efabhg gexegradniforowes d
| mpuri t hesuARd, Widre M 26€8 hétdiNeatoid@dderde sOW GRrf1ddrinated
alkylsulfonate and any further Z moieties present are each oxo or
a monovalent monoanion, Q is a neutral ligand, s is from 2 to 5
and t is from 0 to 6. The polymerization is carried out in the
further presence of a carboxylic anhydride, an acyl chloride or a
25 carboxylic acid having a pK, in water of less than 2 as an
accelerant. Specifically, the polymerization of trioxane in the
presence of ytterbium triflate is described. However, the
unsatisfactory yields even at long reaction times are
disadvantageous.
30
. The prior art processes have long induction times, in particular
when the formaldehyde source is not highly pure. This may even
lead to no polymerization occurring at all. The induction time is
the time which elapses from the mixing of the formaldehyde source
35 with the catalyst to the “light-off” of the polymerization. A
long induction time leads to long residence times of reactants in
the reactor which is uneconomical.

It is an object of the present invention to provide a process

40 having a short induction time which is preferably tolerant toward
impurities and water traces in the formaldehyde source.

45



0000053408 ﬁo gﬁogave found that this object is achieved by a process for
pr epari ng 88 ygxynethylene by contacting a fornmal dehyde source wth a
catalyst of the formulal mt n_ 5 [CPVYMW Z mn where (1) 10 Mis Ti, Zr
H, V, Nb, Ta, &, Mo, W M, Re, Fe,,Ru, G5, Co, Rhor Ir, Cpis a

cycl opent adi enyl |igand C5H(5_u) Rl u, %mere 15 Uis fromO to .5 and each Rl
i s i ndepepdenity midadl that kemid obdegt ihackigded|bY HPIPRGPS Wore, core,
CN or NO2 Qrfﬁgfgéﬁy%xkheéﬂfméme ayytomracariabky| formalidehydersgurc&ach L s
independeﬁfﬁg a nu}aﬁsg,ogx%ﬁg Add.gang 25 di spl aceable by CO, 30 wis an
i nteger fM& 0t A YS7 Ps an anion, and mand n are each independently an
integer froml to 3. Preference is given to not using any carboxylic

anhydri des, acyl chlorides or chalMboxyl- ¢ acids having a pKa in water of

| ess than 2 35 as acceleﬁ?ﬁﬁ@ﬁ”ﬁﬁr t Hen/pur poses of the present invention,
the term"al kyl" enconpasses |inear, branched and cyclic al kyl groups.
These are preferably Cl-C20-al kyl, in particular Cl-C6-al kyl groups, such
as 40 nethyl, % ﬁ?l, propyl, isopropyl, n-butyl, 2-butyl, isobutyl,
tert-butyl, n-pentyl and n-hexyl, or C3-Cg-cycloal ky], suc S

cycl opropyl , aycl dpemiyl Zr eyt oex$Pr ofac PoH%pﬁ@ﬂ%LWhgeha obéﬁatgg'

radi cal s are prefeigblry 6bl orj nated and/or 45 fluorinated, nore preferably
fluorinated, in particular perfluorinated radicals, in particular alkyl

radi cal s. 0000053405 5 3 | & el et aifldy cBr Cldkiar Wherguch as phenyl,
napht hyl , anﬁﬁ?acﬁ%ﬁﬁcgflgﬁ%%g%t rgnyl %ﬁg i%ﬁghr%icular phenyl or

napht hyl. The aryl radicals nay carry up to three Cl-C4-al kyl
P y15 Y u is from o) to 8 and Bach y

Rl is independently alkyl, alkenyl, aryl, heteroaryl,
aralkyl, COOR?, COR?, CN or NOy, and

20 R? is H, alkyl, aryl or aralkyl,
v is 1 or 2,

each L is independently a nitrile, CO or a ligand
25 displaceable by CO,

w is an integer from 0 to 4,

7 is an anion, and

30
. m and n are each independently an integer from 1 to 3.

preference is given to not using any carboxylic anhydrides, acyl
chlorides or carboxylic acids having a pK, in water of less than 2

35 as accelerants.

For the purposes of the present invention, the term “alkyl”
encompasses linear, branched and cyclic alkyl groups. These are
preferably C,-Cpp-alkyl, in particular C1-Ce-alkyl gr?ups, such as

40 methyl, ethyl, propyl, isopropyl, n-butyl, 2-butyl, isobutyl,
tert-butyl, n-pentyl and n-hexyl, or C3-Cg-cycloalkyl, such as
cyclopropyl, cyclopentyl, cyclohexyl or cycloheptyl.

The halogenated radicals are preferably chlorinated and/or
45 fluorinated, more preferably fluorinated, in particular
perfluorinated radicals, in particular alkyl radicals.



radi cal s. ﬁbabﬁgho 5S preferably C7- C20- aral kyl, such as benzyl or

phenyl et hy e term"al kenyl" enconpasses I|near branched and cyclic 10
al kenyl groups. These are preferably C2-C20- al kenyl groups, in particular
C2- C6- al kenyl groups, such as ethenyl, propenyl, isopropenyl, n-butenyl,

| sobut enyl, n-pentenyl and n-hexenyl ,” or C5- CB-cycI oal kenyl , such as

cycl opent gﬁyl 1$)miedbenbhyIQ5-C¢mrmlep§@%@Ia%@“@?&iodﬁwl'15 In formul a
I, mis prefgratd%iMarophddaddhrenypr &ieriablparaicydopaenydi enyl |igand
CSH(S u) RT her G Rl ar rb® TRiih s D cLOGHIp 0@ Re COAFHALIKEDOC2HS, CN
or ?’B’f’? Yeular preference Is g| ven to those cycl opentadi enyl |igands
Cp Wnere RﬂdiLgaJéHO, COCH3, COC2H5, COOCH3 or COOC2H5 and u is 1 or 2. In
particulsar, when u is 1, Rl is CHO COCH3, COC2H5 or COQCHS; when u is 2,
Rl is in paalkgll iy poe@EREbly andChdrareMsy Rl el @8l Ben#il Be nei ghbori ng or
nonnei ghbgobggleﬁ;lylrmy be nmethyl when uis 25 5. The ligands L are a
nitrile, anot her |igand which, owing to the high affinity of CO

toward the central atom _for exa e fromthe
coor di nat T8 Bﬁﬁér"eﬂd‘re“&l"o‘?ﬂb‘?oé'ig’%%ﬁﬁswinea%a bgg?ﬁﬁi%%% gyphgﬁ)d i's

di spl ackd aikenpbtdraursen8hase are FEPEFEIRYY Wuzrh2g-@d t9SHR I'l the
spect r ochgairéabus&rf i®sCptallangandsoses lsach as efdienyds PYePeiiltzabl e |i gands

L incl ude tng,?g peny B2NAHueBLED, |i@RButenpl SMaipeatehy haardl Mi-bkdesylJ tax ng
t han CO. d.to a Ryiefbh nit can be 35
di spl aced 1°h i’%&ﬁ Oaikg ﬂo& %%[(1:% 2 0c fﬁdl?f%% g DR 1Bhelyhe

ca COiTroma conplex in solid or
di ssol ved FY§ARPEPH ‘ilf)]l L?éngyﬁi ?ﬁ?feﬁ') at a pressure of |ess than 100 bar
of CO Peference is given to selecting L fromnitriles, CO al kenes, 40
.1' nes di syl goeablie by MC@s ptatemakdiysPpaeedbl e by CO carboxylic esters,
cyclic carbonic est ers, epoxi des, hem acetal s, acet aI s and nitro

conpounds. The ter V#I 4 By fwggg§llﬁ rdtb lsaf,ReQNMpaiheds Rf the 45
gener al oCE

naI 0 e IkyI aryl or
ar al kyl ra’cﬁ 6‘&["- Yibzs ¢%°'m9r°§H 're“lfO%rzaN % d’o tzgg W;}r%g ll so]pc; opyl ,
n- but yl zo|mm1cyﬂars@éeﬁﬁ}te§3F80%St%+‘te’b&PyF Bat And
useful ni teg lerenB} ude COet GPFHY,i COC2m 0FPEFH Y OF| £00Gsis B@ﬂz‘bn‘ﬁ rll Pé
2. In particular, when u is 1, R! is CHO, COCH3, COC,Hs or COOCHj3;

when u is 2, R! is in particular COOC:Hs, and the two R! radicals
may be neighboring or nonneighboring. R! may be methyl when u 1is
25 5,

The ligands L are a nitrile, CO or another ligand which, owing to
the high affinity of CO toward the central atom, for example Mo,
can be displaced by CO from the coordination sphere of a complex.

30 The ease with which a ligand is displaced by another generally

. correlates with its position in the spectrochemical series of
ligands so that, as well as CO, suitable ligands L include those
ligands which lead to a smaller ligand field splitting than CO. A
ligand is considered to be displaceable by CO when it can be

35 displaced thermally or photochemically by CO from a complex in
solid or dissolved form (in toluene or CH;Cl;) at a pressure of
less than 100 bar of CO.

Preference is given to selecting L from nitriles, CO, alkenes,

40 amines displaceable by CO, ethers displaceable by CO, carboxylic
esters, cyclic carbonic esters, epoxides, hemiacetals, acetals
and nitro compounds.

The term “nitrile” encompasses in particular compounds of the

45 general formula R3CN, where R? is an optionally halogenated alkyl,
aryl or aralkyl radical. R3 is more preferably methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl, sec-butyl or tert-butyl.



Am nes dis &?@iﬂ by CO are in particular aromatic amnes and 5 am nes
having a s @‘E'shi el ded nitrogen atom Exanples of useful am nes

i ncl ude diisopropylam ne, N, N-dinethylaniline and diphenylanm ne. Ethers
di spl aceable by CO are in particular both open-chain 10 ethers having

el ectron-wi thdrawi ng and/or stericall4 demanding radicals and also cyclic
et hers. Theaupaker bedusyril- aher et Hardudé nadatde idic phenyprogtibad tante net hy|

tert-butyl rred cyclic ethers are tetrahydrofuran and
1, 4-di oxan‘aen.Eat ?’%B&gﬁgﬁ%e{c esters enconpass in particular conmpounds of the

general fornmula R4COORS, where R4 and R5 are each independently as _defined
for R3. RAMEESapisphacedblrabynel B endy BREH TN aToRr T yidTd"E8i 29 R4 and
R5 are ps efreimzisl naeasd a rtepénakbly |shiedtdby| nitmsidenl atemodEHampilespebpyl ,
n-butyl oryd¥eNYbmiEXanandefl d usedptlopgan anid0ny, N-ainetieylanindhedendet hyl

acetate angd ethyl _aeetate. Cyclic carbonic esters enconpass in particular
corrpoundsncglfp%teﬁﬁ ageneral formul a REOCOOR7 where R6 and R7 together forma

C2- C4-al kyl ene bridge which may be partly or fully hal ogenated or 25 carry
from 1 to Ethaneydipnkecedbde BYafpIaE 4 BREbIAvIAFCcPPED eRFVGRAdNest er s

i ncl udel@tdptease haat by neltee tand-pi dpidasnieg sudfonaterifaBHgoxdetesdéngonpass
in particulAfiGABPARANS & cybeigenalals.f ohaubre 30 red HSRRChaGR1eRdxs Wher e
R8, RO, RIG ANeRMpRLE CAUheL AR AR | Yoro diRiiNednd Ol FToRt 84° H
Exanpl es of us_eFu Bpoxi des &nc u‘gtgct t Xl en(g oxJ ae. Qropyl ene 35 oxide and
butyl ene FAHEE ﬁ&ﬁ?gﬁeﬁ‘%ﬂ :teéiﬁﬂ X rANAR s E P PR ti cul ar conpounds
of the general formula R120CR13R140H and R120CR13R140R15, where R12, R13,
R14 anis Rirtmxyléacestemepecdspassy ias pdefiaethf gonB8undgndRtBeand R14 40
@ also hedden kegriherritoort awBerETraldayl RNty iedgh, indsheRtRntandai15
fo oxygerotged Tar as B! AP e B8 o el Rl fay BLE0 SIBEd B one of
13- di oxan \BIB9GBE b dhe 2N Q| BREHTANdne ool el S Rarar ¥ ethyl,
00000534055y I PEBPRbNPRARESPERC ity Li AT prlian¥dul EramRifsb pfdyseful he
gener al 20 forrhdxy 1R 66BPer snang 1A methyd deéiatex] andr eRBYl Beanattes of usef ul

Cyclic carbonic esters encompass in particular compounds of the
general formula RSOCOOR’ where R® and R’ together form a
C,—-Cs-alkylene bridge which may be partly or fully halogenated or

25 carry from 1 to 4 alkyl radicals. Examples of useful cyclic
carbonic esters include ethylene carbonate and propylene
carbonate.

Epoxides encompass in particular compounds of the general formula
30

8]
T~
. R3R9C/ CR10R11, where R%, R%, R10 and R!l are each

independently as defined for R3 or are H.
Examples of useful epoxides include ethylene oxide, propylene
35 oxide and butylene oxide.

Hemiacetals and acetals encompass in particular compounds of the
general formula R120CR13R!40H and R!20CR!3R140R!?, where R!Z, R!3, RI4
and R15 are each independently as defined for R3, and R!3 and R14

40 may also be H or together form a C3-Cy-alkylene bridge, and RlZ
and R15 may also form a Cy-Cs-alkylene bridge which may be
interrupted by one or two oxygen atoms. Examples of useful
acetals include trioxane, 1,3-dioxane, 1,3-dioxepane and
cyclopentanone dimethylacetal.
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nitro co%%@ ude nitronet hane and nitrobenzene. 5 Particul ar

pref erence to selecting the ligands L from acetonitrile and CO
and they are in particular CO wis preferably from1l to 4. 10 Zis an
ani on, preferably an anion derived froma Bronsted acid whose pKa is
smal l er than that of acetic acid or adnoncoordinating anion. The term

" noncoor digiatrbNgodpownts iehclmnpass tin phosecslkdd kempoumnds e ahe. gdhessl are

ani ons whef g, ,hg £IR09¢ dherLR1eCtd Wl Vet e THbuURed quéﬁ?lagrsftmuqne atom
so that there are no [oYe]] Tt-cenlered har ges.. ZtIS nore preferably a

hal i de, a MI$EPf SABRATS PRE YIRS =i F6F %%&-FOW‘%‘% is alkyl,

partly or fully hal ogenated al kyl or aryl, such as

trifl uor®reirhdnesat f mrefteerenbenze nesenf boaselemting- the ueigeswlst bnatay a

car boxyl ate8bnt bei penai@lcof ahauieyRace0in pRi-twkaler Roj s as defined for R
and nore preferably fully hal ogenated alkyl, in particular perfluorinated

al kyl, such .,as trifluorqacetate 2 conpl exed borate such as

t et raf | uorbtSr BF&ESFaPHYeiE8Fh&nlt bbrate, a conpl exed phosphate such as
hexaf | uor ophosphat e, a conpl exed arsenate such as 25 hexafl uoroarsenate or
a conpl Bxed ianthnanbdre, gueieasbhexal landon-deriviedx Actrh or Brdinistedaseid Z is in

pa[ticult alrwtfaialeobk s sﬁr{allﬁbﬂoflﬁﬁfﬁttlh@ﬁeﬁfl!afdé'%@]'g:ea@id tagd fd %@h@@@;ﬂﬁ{aﬁzin-ﬁg}e
catalys 1.S._pr r : f . fr : 9
more pref GPHBCY FromE T o*ﬁ?ﬁgsbf‘jof?n‘a}hlgei addonf i Ry RO e, %k%JU‘Bngpm
based on tHb Wy FEF dEHYRRE 356r BRIONS, APEFEATIF CAFPD el (T HSFEpFT Y ¢ ho
cat al yst |diserébuted covay mese pAR AMe 2A5eM oGP thas therg yae P8 prepared by
cust onaly princessesed farargeepal | vy moye | ppsietradilgny | haieitdel, aonpl exes. For
@l e, auirahkebiofiml geaktaDfddir1aoRoSSPONGHAG WQEOBEIE‘}B,dng&itG!?, for
exanpl e the. $adh Y QlodddtcTapRy L or SryPAGLRS geth a carbonyl - compl ex of
t he net al an hen w t h‘ﬁ?}g al ééa/l q;tl ngpa%le% tor _exanple nethyl iodide.
The resul tfirrJrg BBRRT e T ERD P e SR 2RPY RA%E 2%rr espondi ng Bronst ed
acid of Z mrtolnepegukignatsy 2 earhpxydatenef ddheagpseral fpyaudgr Ref¥hyde
sour ce 2 edhers Prefieradhldeffioedafee Ry dad more @raferabky riaddgne or
par af or mallakydaatsd saYAydl,uia baet Raflardpefidiorahated ef Beyall ¥uéprgal dehyde
or trioxang ¢n,g-ghéd i, tah‘éﬁﬁﬁiexe-& 'bg¥§ﬂ§’chiEeaﬁyEéh%f‘on%BoPgte or
f or mal dehy & agd ar af.or rr%I glem PeeXedanhol L, gqmrer having from2 to 100
f or mal dehy'dfe"38 66%%21%%3%3' AnrPSE-HIe BrORRT ' §efEFYnRT i zed before use in
t he p0|yrmﬂqgfégpeﬁophosphate, a complexed arsenate such as

25 hexafluorocarsenate or a complexed antimonate such as hexafluoro-

or hexachlorcantimonate. Z is in particular chloride,

trifluoromethanesulfonate or trifluoroacetate.

The catalyst I is preferably used in a quantity of from 1 ppm to
30 1 mol%, more preferably from 5 to 1000 ppm and in particular from
. 50 to 500 ppm, based on the formaldehyde source.

Preference is given to preparing the catalyst I before use in the
polymerization. The catalyst is prepared by customary processes

35 for preparing cyclopentadienyl metal complexes. For example, an
alkali metal salt of the corresponding cyclopentadienide, for
example the sodium or lithium salt, is reacted with a carbonyl
complex of the metal M and then with an alkylating agent, for
example methyl iodide. The resulting complex is then reacted with

40 the corresponding Bronsted acid of Z or with a salt of 2 to give
the catalyst I.

The formaldehyde source used is preferably formaldehyde,
trioxane, tetraoxane or paraformaldehyde or a mixture thereof,
45 and more preferably formaldehyde or trioxane or a mixture
thereof. Trioxane, the cyclic trimer of formaldehyde, and
paraformaldehyde, an oligomer having from 2 to 100 formaldehyde



reaction %%@f%ﬁ;y used as such and dissociated in the course of the

reaction. | dehyde source preferably has a degree of purity of at
| east 95% nore preferably at |east 96% and in particular at |east 99% In
particul ar, the formal dehyde source contains a maxi mum of 0.002% by wei ght
of conpounds having active hydrogen €uch as water, methanol or fornic
acid, basele@ tﬁﬁevﬁtgﬁtr abpaDyricie edr batcishyde $outie polgwevératidre

process a%% eﬁx@% rhBYENd Al 88ck AR Ali8sol Pite dahyde sowrses
havi ng a ower e%r purity and a higher content of conpounds having

active 66‘ nfe4s e process according to the invention may be carried
out as a soI ution, suspension, gas phase or bul k polynerization. Wen the
pol yneriszaltlieomoirmabdahyided soutcé rprfierabdp ors susipanes o?f purtitysof at
advant ageoussk095¢| afdred prelpstably ald Yeasbysboundapn opart iz largani ¢
reaCtlonmﬁﬁ% theg@IC qﬁ%r%&gHiQEL”Ek@’fb?ﬁaiégﬂ¥dboQouf@ﬁ“gédﬂaﬂﬁsaﬂd reacts

h
Bg: ;’Wg:l zé‘qudﬁ‘“f"scga(?‘r % gﬁt W?Jhgh ?lomfdne%a\é?\?%s% rlﬁ'% PV\QJ‘?Qgéxb

advant agecnsihy ag| satel s GtPenehePr SAraiG st ity bageds op i @Ry EBt sBhir ce but
pr ef er abd yteotfotting Sddhele2 Sourcen| Howsyari nghe ptioceskvacedrsdingl $oxyhet hyl ene
formed. WigRreh@on PRlstraidi1zaht o8 fermpadehpse Murices SHapaRSia0lowehe

f or mal dehy&eggl Spgrrfggu ldaakspi fifer ReRtebt &+ %ohgsuﬁ@g Wt ngNdetide

necessary, uxiliaries are used, in order to achi éve better
di st ri but i'f*8E®Phe for mal dehyde source in the reaction medium 30
Preference is given to selecting the solvent from saturated or

unsat ur b8 ethe Iprneass oacduraiiobete Hid girxentidry dragc heboasr \dd chtnay abe

.ft ly or dathdtiohal eggnatsadn, opis gtaldey osUbSTK tpsletleal zanicines, optional Iy
substituted fused alicycles, optionally substituted aromatics, acyclic and

cyclic et e her I | s. r ol t such

aa sult oxilisy $8 BEhARPRLEY ﬁ%&?ﬁ?ﬁ °€’%§§%§F&9 5 AEpLERISh,

al i phatic JffydrsoéQFBBF%%%’@l t8eSptEParfe SUPREIREY A 'E)é‘i‘i"é’ﬁeapﬁoﬁb%ane

n- hept ad@, ongagdcaneaciibmineddrnswii-h Her ddfuidvadpr eshefraasafigh hal ogenat ed

hydr ocar bassndirGbigeandraidayitenge Cthear iwdeh €l araxfadystr wer bdmrht eheachl ori de,

'?Io Ichlegre oet 1@%268(&0%1{};&& ﬁﬁé‘ﬁ s oy éfpz@etlbﬁslgn%ﬁ%d Qﬁezggeand
uene, |

bi phenyl . ‘Et?gl'élf Pla El’lec es%p'% %E{)}hd %%QBP%E%%Q ealg& Qs(ragag %R{} ralin

At desanyRRiGHABR: AES (e TOERANIF R OUECE o b By EEPENGLAIE PREPEIE

di et hyl 2&tdreronldi ppapinglietherol ve i WipPepyPxEratdy 1 eae btRsAedet HBPR aFRP but vy
met hyl et hsslymerization is carried out in suspension, the formaldehyde
source should also be insoluble in the solvent and, if necessary,
dispersion auxiliaries are used, in order to achieve better
distribution of the formaldehyde scurce in the reaction medium.
30 Preference is given to selecting the solvent from saturated or
. unsaturated, linear or branched, aliphatic hydrocarbons which may
be partly or fully halogenated, optionally substituted alicycles,
optionally substituted fused alicycles, optionally substituted
aromatics, acyclic and cyclic ethers, polyether polyols and other
35 polar aprotic solvents such as sulfoxides and carboxylic acid
derivatives.

Examples of useful aliphatic hydrocarbons include propane,
n-butane, n-pentane, n-hexane, n-heptane, n-decane and mixtures

40 thereof. Examples of useful halogenated hydrocarbons include
methylene chloride, chloroform, carbon tetrachloride,
dichlorcethane or trichloroethane. Useful aromatics include
benzene, toluene, the xylenes, nitrobenzene, chlorobenzene,
dichlorobenzene and biphenyl. Useful alicycles include

45 cyclopentane, cyclchexane, tetralin and decahydronaphthalene.
Examples of useful acyclic ethers include diethyl ether, dipropyl
ether, diisopropyl ether, dibutyl ether and butyl methyl ether;



000005340§07 qﬁd’%’ cyclic ethers include tetrahydrofuran and di oxane.
Exanples 0 0[ use pol yet her pol yols include dinethoxyethane and

di et hyl ene glycol. An exanple of a useful sulfoxide is dinethyl sulfoxide.
The useful carboxylic acid derivatives 5 include dinethylformam de, ethyl
acetate, acetonitrile, acrylates and?ethylene carbonate. Particularly
preferred yselfuentpcinr dthersolntdlivae petyamydrmduiran amd elisaheet ed fromthe

f ol I owi N9:gy g%gn@f hﬁ%@@ﬁ&ﬁ%lﬁ%eyl ol qhbpﬁa@%m@@h% & X dRe

dlchloroe fric

etr proet ol uene,
ni t r obenz Rt tb\‘]oed}?n?gﬁ'éOf ?fncr?lxgpgg%n%eneusfaeﬁa gf?)xfeLuran and
acet oni t ridisetpy] suldoxids. Thrreefudr ARy 1dG pail dleriyapikedr ence i s
given t @& Usichgdé heidehydlfdehyizlesoetbeli acdtiede, sabetomitidey neciykdtiesn in a
concent r atin@ANeOhy f N2 bbRa OO0 by wei ght, preferably from 30 to 80% by
wei ght, based on the total weight of the solution. The poI yrreri zation in

solution ma e carried out as bl qw

Vol vas FHESREF L SBFB0R D KRDEF of Pt gabECT B 1S PRE BB £ 10,1 o
formal dehyde gatectet Framsshet fOH WPgh RUIENRs FHelAWr@ngst MeHErese ed
reacti org rddobaifies d¢HileruEbenpghitddiosostbpensitaichpotgatdraineat i on i ncl ude
st rai ght - ghaairBcRl bRbiHagel) Y BE RFH0RB 1 udfe ThE tREby AR, alcheBr 6B A be
cartied ouschiobibdn iR LELPIRAG oSSRt TRekBR EPIEY dehYflexsoiuLe.

Tri oxane i'$ US g reaction tenperature and reaction pressure
are sel ecté‘SIEB r%%"i')d’fjﬂfionﬁpﬂl eabls In the process according to the

I nvention, the sequence in which the formal dehyde source and the catal yst
| are iIB rrodfeeencatics dilvenr t@cisiowy rbeefdmnaigiehpfe dewiieveni tiport ance.
wever, g¥ietesfnsslyrerdizueion G A tbAténteitdbgi 8¢ fium f20r g8l genyde source

and ad%eqqhihepf@féﬂam EPorh L30 Etseaselwweleﬂv %géa RhetREaplyarcarried
out at a tenrpg at r.e _prefer from to 150C

The sol uti*Gi 5;5 gntghre? zsé)tllut%rlloréng[q‘sugpge[wgerlzrr_[%llon Bri 5°]t t%1)n TaleY cglrrl ed out
in 40 par thecaﬁaiﬂ%fi Pods20 {HlMdad B HY‘E%rp‘ez&téPPy Tigmisyolsed0C. The
bul k po2®/emitiantwsly Plowehgr bl forael delydaitsoarceucin partappbant ure t hat
t he for nalfehudecsbpdd s ,eSpe6i Aldolutibnxaiich cantaime el vaealyse. in the
formof a nelt. In particular, the tenperature, depending on the pressure,
'S frOWIGQE%Ee%%Qézreaction media for the heterogeneous suspension
polymerization include straight-chain aliphatic hydrocarbons.
25
The polymerization may also be carried out in bulk when trioxane
is used as the formaldehyde source. Trioxane is used as a melt;
the reaction temperature and reaction pressure are selected
correspendingly.
30
. In the process according to the invention, the sequence in which
the formaldehyde source and the catalyst I are introduced into
the reaction zone is not of decisive importance. However,
preference is given to initially charging the formaldehyde source
35 and adding the catalyst to it.

The polymerization is preferably carried out at a temperature of
from -40 to 150°C, more preferably from 0 to 150°C. The solution
polymerization and suspension polymerization are carried out in

40 particular at from 20 to 100°C and especially from 30 to 90°C. The
bulk polymerization is preferably carried out at such a
temperature that the formaldehyde source, especially trioxane,
and the polymer are in the form of a melt. In particular, the
temperature, depending on the pressure, is from 60 to 120°C,

45 especially from 60 to 100°C.



45 especi IOIP& f@g@ffso to 100C. 0000053405 8 The reaction pressure is
preferabl@ gr% . L to 50 bar, nore preferably fromO0.5 to 10 bar and in
particular from1l to 5 bar. Useful reaction apparatus includes the
reactors which are known 5 to the skiJled in the art for the type and
conditions of each different polyner?zation. The abov emar ks_apply both
to the homppoLysetigmipressete tite preserehbefyed Colir® 5§’n5?afo Pees

copol yner i §@Eg95bp} fdum 30sfes el delyded soupeetite e faore letfe? P

formal s ich wll” be referred to hereinbel ow as conononers. Honopol yneric

pol yoxynet hyl ene tends to thermall, i 8l KEET kgt O
ol i goner i sEL U hpRRHETI FBP%?%%%‘&%%Q%E refctold iR

Is 1s 15 attributed to presence
of heni acetakhbusktllonk iat thaeahHfiof tBA YRS @ﬁecﬁ%év&ff%e?%y?ge%g
Copol yner igatreeanof pd bimealidehyare. wi th conononers such as cyclic ethers
and/or formals can stabilize the pol yoxynethyl ene forned. These conononers

are incorporated in t e . ot £ cpobgenel & 20
subj ect ed tahg?rﬁa¥errsla{r}§<esggb¥?%yﬂ@ém¥b PRe OltMapolYh opoby

e l.yo chai ades until the
chai n end ﬂ@“ﬁéﬂﬁﬁﬂd%ys%ﬁé’eof‘“_‘? h%(pgb%véégﬁ%ﬁgggtgg@ c?llfo%\?zr% WIPESE. are
subst an16 aldryalldebyge osunce WAER g9l c BERFERIST 58‘?‘%@? the
depol yner i zZatdr@adc efeBetainbedbwpamirpmonemep®l yner is stabilized. Useful
conmononers of this type are cyclic 25 ethers, in particular those of the
formula Rb_| --C: .0 - l+d 221 Mhadeyrfdde , Rb,e R and Rd
are each i*f‘fﬂ‘%gﬂé@ﬁ?f‘? %%&Ogggﬁth%@%ﬂdE@%ﬁzg%?%%&q Ghi64:al kyl
group, Re $& gepodperizeipo lgom%ﬁl-ccf-ra% - or . t the chain
C1- C4- has oat teyilbuselds tpt the PIREERGE e f&i"&a%e‘b?? FureEPRE fhditig
.yrret hy| esgddoFuR hango hy byt hiy heegre rCoppdner izationspt “?acldg‘flﬁgf’s
menti oned only ldnodekest Qudimakecyaricdeherhydeher drruals Can propyl ene
oxi de, 1, 2. DULYne X 61 ychrydy Yo Eori¥idetheed canoramess Bre- di oxol ane
and 1, 3-di %gggﬁnﬂ? %Byf‘-gcﬁg%mg%q%%%wg@&g]1%%%95“’- heWaynOfpeaiEr! esi ncl ude
| near 2L|gubjecte to thérmal gir%ss?st é)ﬁ% &8%§&§¥H§l@gg RRL ¥di Q4eRABS-

until the chain end is formed by one of the abovementioned

comonomers. These are substantially less prone to thermally

degrade, so that the depolymerization comes to a stop and the

polymer is stabilized. Useful comonomers of this type are cyclic

25 ethers, in particular those of the formula

Rb
Y S
30 .
R¢ — C— (R®)4
¢ |
rd

35 where R3, RP, RC and Rd are each independently hydrogen or an
optionally halogenated C,-C4-alkyl group, R® is a -CHy-, -CH20-, a
C;-C4-alkyl- or C,-Cs-haloalkyl-substituted methylene group or a
corresponding oxymethylene group and n is an integer from 0 to 3.

40 Cyclic ethers mentioned only by way of example include ethylene
oxide, 1,2-propylene oxide, 1,2-butylene oxide, 1,3-butylene
oxide, 1,3-dioxane, 1,3-dioxolane and 1,3-dioxepane, and
comonomers mentioned only by way of example include linear oligo-
and polyformals such as polydioxolane and polydioxepane.

45
Wwhen they are used, repeat units of the formula



45 When t repeat units of the forrmul a 0000053405 9 Rb Rd | |
-0-CGC (&g‘%{W Ra R are incorporated into the polyoxymethylene
copolymers obtained in addition to the -CH2O repeat units stemring from
t he formal dehyde source. 10 If desired, a third nonomer may be used in
addition to the above-described cycl®c ethers, preferably a bifunctional

compound  of the formulg 15 LH2 - CH - CH2 - Z - CHZ ----- CH- CHi2 \ O/
\ 0/ and/or 20 Z 0 25 ere Zis a chemcal bond, -0-, -ORO (R=
Cl- C8- al kyl ene or CZ -cytl oal kyl ene). To name onI y a few exanpl es,

pref erred nononers %f—tthis € ype (BD'd ncl ude et hyl ene di gl yci de, diglycidyl

et hers and diethers madb from glycidyl ene and forml dehyde, di oxane or
trioxanesin a nolar i f 2:1 and al so diethers made from 2 nol of

gl ycidyl conmpound and 1 nol of an aliphatic diol having from2 to 8 carbon

L A L 44 SR AN RS it
cyclohexar?é’dll 5oB1 B s rEReQr e & BRLTR Stelming %tas.

oxi de, 1,5ourepyl ene oxi de, tetrahydrofuran, 1, 3-di oxane, 1,4 d| oxane, 40
1, 3-di oxml ane and 1, 3-di oxepane, in particular 1 3- di oxepane as

CONDNOMEr Sp£ Eaglfm@%ﬁidaﬁ@n&ﬁéf a{a9bba s 1hNada kM itbyeQé from 0.1 to
40% by wei gt BRLE MRl RLAREY SEP0- Bt PerORDY WPEHN iohd1 compound

of the formula

15
. CH; — CH— CH; — 2 — CH; — CH— CH;
\0 0
and/or
20
U ‘Z/\U
o; 0
25

where Z is a chemical bond, -0-, -ORO- (R= C;-Cg-alkylene or
C;-Cg-cycloalkylene).

To name only a few examples, preferred monomers of this type

30 include ethylene diglycide, diglycidyl ethers and diethers made

. from glycidylene and formaldehyde, dioxane or trioxane in a molar

ratio of 2:1 and also diethers made from 2 mol of glycidyl
compound and 1 mol of an aliphatic diol having from 2 to 8 carbon
atoms, for example the diglycidyl ethers of ethylene glycol,

35 1,4-butanediol, 1,3-butanedicl, cyclobutane-1,3-diol,
1,2-propanediecl and cyclohexane-1,4-diol.

Particular preference is given to using ethylene oxide,
1,2-propylene oxide, tetrahydrofuran, 1,3-dioxane, 1,4-dioxane,

40 1,3-dioxolane and 1, 3-dioxepane, in particular 1,3-dioxepane as
COMONOMmMers.

The comonomers are preferably used in a quantity of from 0.1 to
40% by weight, more preferably from 0.2 to 10% by weight, in

45 particular from 0.5 to 5% by weight, based on the formaldehyde
contained in the formaldehyde scurce.



45 parti cuéﬁs wMS to 5% by weight, based on the formal dehyde
cont ai ned Q mal dehyde source. 0000053405 0 10 The conononers nay

either be initially charged with the fornmal dehyde source or added to the
initially charged catalyst together with the fornmal dehyde source.
Alternatively, they may be added to lthe reaction m xture consisting of the

formal dehygly 2o88HAREr AMAy! BeLKat aley ShitYHEIY Gelgedelhal xnare used as
COMNOMEN SeohllShEnlde Bddrtk bDUaaddIS8C RO A K1 REYO%h Mifha BeRAYLL CUl ar
€ been, Store or efore use,

when t hey 1 tivel
Per oxi dos TAHET PhhyrHien EZ6™ HPTNRRIGPFERE 1 S BR2F Fe ol FREY: D&Y iR and

secondl y rasifiede tehehe tipackapn sREEYLE FOBE 1 HNDH Oy RS nEVALERBYH® med owi ng
to theirs surdet aue eid ecttaliFer.this reason, preference is given to using
cyclic ethers which contain |l ess than 0.0015% by wei ght, nore preferably

less than vHieQ{)%gr%i?é’ %ﬁ{e%t Frgfu S QY A8RondRRY t eeAS ﬂréahx%sagsn jperoxi de

and based on quantity of . C 2'ln or reven

clic ether use d to p

oxi dati ve WBFeadaNFOH AETOEASH o) b RATELRYT Endhiednt BFhdipver PEPE: SheEed s
given to afii mgredetivelsl [1pngi hiee defonenase afarexidesmt Einsslyhéengthen
princi pi@,th0 ingatuiosticmecak| yhdipudgmed i piteivol andnsécniedlyl redoopoths
having a t‘ﬁ{&%ﬁh' sltéﬁiﬂs‘ttwb% micﬁbl%\!@matn}m fgﬂﬁeétcﬁiﬂr%altbytﬂ@mndl ng
group on the phe gn.Pr S u o] e,
Gonpounds Gr- Ve Erestorer s %%%%a‘ffﬁ%%}sfgnﬁé oo ClES o
di fferent G¥fdisr ERSEH HCR ROPEANE 1885uHNan & f0sort By tfig Eyl "B3¥Bup or a
subst i t ut eprefieirabdy elegoddaant- HOI% banval et @fogprowidashsrPareer axkyl

roup, B ltdeeXgen peodspider aadshidsdd tant eteageandigyoup. cyeitiicoeittlant sseaf. t he
épe menti oned are described, for exanple, in 40 DE-A 27 02 661 (US-A

360, 617) 1y ArlE! DS p AR BLi BLEIR G SUSL kALY ndered phenol s i's
deri ved fror?gsu St e

be zenec rboxylic acids, .in particular from
subst i t ut P WEBREDY I CECALTER: PR AONGRds0gLEen "o adding
sterically hindered phenol antioxidants to them. In principle,
20 useful sterically hindered phenols include all compounds having a
phenolic structure which have at least one sterically demanding

group on the phenolic ring.

Preference is given to using, for example, compounds of the
25 formula

30 HO

R!

where R! and R2 are identical or different and are each an alkyl

35 group, a substituted alkyl group or a substituted triazole group
and R?® is an alkyl group, a substituted alkyl group, an alkoxy
group or a substituted amino group.

Antioxidants of the type mentioned are described, for example, in
40 DE-A 27 02 661 (US-A 4,360,617).

A further group of preferred sterically hindered phenols is
derived from substituted benzenecarboxylic acids, in particular
from substituted benzenepropionic acids.

45



the formu

0 11 Par I referred conpounds fromthis class are conpounds of
hﬁ@ﬁ@ﬁﬁ)-4ﬁzaﬂ(}0R60-G CH2-CH2\ ;~_ OH 0 0 10 where
R4, R5, RV and R8 are each independently Cl-C8-al kyl groups which may

t hensel ves be substituted (at | east one of themis a sterica
group) and R6 is a bivalent aliphatidlradical having from1

| 'y demandi ng
to 10 car bon

at ons Whi @R rRByuBdsls; paecefr&d bamgounds fiXomt hbigat basshaire. cprpdende®t

conpoundséa% EDimuiape are 20 25 30 35 CH3, / H3CH3 r0 0G CH3 -CHZ
O G -CH2 -0-CH -}-CH- CHCH3 CHO-CH 7-OH -CH CO0-CH\ 22 HO/ 2
[ \22
R R
: I I
HO CH;— CH;—C-—-0—R6— 0 — C— CHz—CHy OH
R> RS

10

where R4, R5, R7 and RB are each independently C;-Cg-alkyl groups

which may themselves be substituted (at least one of them is a
sterically demanding group) and R® is a bivalent aliphatic radical
having from 1 to 10 carbon atoms which may also have C-0-bonds in

15 the main chain.

preferred compounds of this type are

CH CH;
20 CH3\ 3 |
O 0 C—CH;y
c'é | | { cay
H -CHyCH5 C-0-CHy- CHy0-CHy- CHp-0-CH3- CH;—~ 0~ C-CH,~CH OH
25 CH3 CH;
(Irganox® 245 from Ciba-Geigy)
and
30
cH CH CHj
‘ \3C/ CHs { C/
yd 0 ~
CH3 I ﬁ CH;
HO CH;— CH; —C— 0—(CHz)§—0 — C — CHz—CH; OH
C
~ /N
/ CH; ci
CHj 3 CH;

40 (Irganox® 259 from Ciba-Geigy)
Examples of sterically hindered phenols include:
2,2'-methylene-bis{4-methyl-6-tert-butylphenol),

45 1,6-hexanediolbis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)-
propionate] (Irganox® 259), pentaerythrityl



| 2 HCH3 anox(r) 245 from C ba- Gei gy) and HO (\

i) - CH2- 0420‘29‘29%%:143 - G CH2-CH2-~ /}_ OH C CH3 CH3 40 (Irganox 259
from Ci ba- Gei gy) Exanples of sterically hindered phenol s include:

2, 2' -met hyl ene-bi s(4-nmet hyl -6-tert-butyl phenol), 45

1, 6- hexanedi ol bi s[ 3- (3, 5-di-tert-butwyz4 hydroxyphenyl) propionate]

(1 rganox 23 %%agggpga )glai-EFLﬁQﬁ9§95§49ﬁ E&% en lb% ropionate] ﬁnd the
et aki ol Sl ese ?F@f el BUCYL B Xy RERVPIPRT R aa AR e

particularly effective 5 and are therefore used with preference:
2, 2' - net hythenéobi ey ingretdmpbubds erdvebpirplrehenolbe, particularly effective

1, 6- hexameamdobbésmeﬁe?ﬁ&fedus&@mnbutpylefér&wdy oxyphenyl) - propi onat €]
Irganox(?) €§5§L5hpféuea t(hrljné 1-6- ter leheno%

et raki s[

hate] 10 distearyl
di -t erltr

dr ox eny
| ShEyRRae SRS gLk 5§5§ola%tzy i hylroxyphenyl) -
.6, 7-tri @F@pnophb%bh@tm@yw%[%% /2 peetaeryhrisy hy |
, 5- di -t erdetibakys f 3- 3/,d-aiy cermenelyd ~-4-hydroxyphenyl)propionate],

(

t

3, 5-

2,6

3, 5-

‘;’? di itﬁrcirslﬁléhﬂrl 43 P diox¥pBes y13.45n Gl S eYllz { Hdaykam ne,
ben

1, 3,

4,

3,

e

2' - hydr. X f chlord 15
zotr?/a 28)8y7 rgg)gi O'l_é’hgsgﬁa ]ﬁgyfl%gzrox th I% eno '1
5- trléééﬁ Pi= EFEFT?WHY '4 %Y%%Qﬁycﬁ RFOHTR yl-4 hydr oxybenzyl ) benzene,
4' - nethﬁlén@lb?%{%rhﬁhfl ﬂeFquﬂﬁﬁPPBﬂEhmﬂé5 distearyl-thiotriazylamine,
5- ch-teﬁP{Bu%&debxnﬂirehybmeandlﬁetay4tﬁntnbuaﬁrbhenyl) 5-chloro-
a N - haﬁammﬁ@zaé @,,lé =di - ﬁc&rﬁ-'bbﬁﬂr%lit—‘hﬁa!@&?ﬁié/ l%.:nemam de. 20 T[‘e
erica | n | a m Xture
may elthe)i Ee ggf &%yi .2, HWE£¥}_q%y5 E}géﬁg,tﬂg{h %Wdﬁggﬁ%ﬁnﬁgﬁ&ner I'n
t he IatteP 858% 't pgpgﬁﬁ 3Eﬁ ?}én b utylphe“°l)'
-di- tert -buty ~hydroxy enzyldlmethylamlne and
N,N'-hexamethylene -bis-3,5-di-tert-butyl-4-hydroxyhydrocinnamide.
20
The sterically hindered phenols which may be used individually or
as a mixture may either be added to the monomer mixture or to the
finished polymer. In the latter case, the polymer may optionally
be melted in order to achieve better dispersion of the
25 antioxidant.

Preference is given to using the antioxidants in a quantity of up
to 2% by weight, more preferably from 0.001 to 2% by weight, in
particular from 0.005 to 1% by weight, based on the weight of

30 monomer mixture used or polymer obtained.

Another possible way of stabilizing the polyoxymethylene obtained
by homopolymerization of a formaldehyde source is to cap the
hemiacetal end groups. i.e. convert them to functionalities which

35 do not tend to thermally degrade. To this end, the
polyoxymethylene is reacted, for example, with carboxylic acids,
acyl halides, carboxylic anhydrides, carbonates or hemiacetals,
or cyanethylated.

40 In this variant, the polyoxymethylene is stabilized in a separate
step following the polymerization. Preference is accordingly
given to stabilizing the polyoxymethylene by copolymerization
with the comonomers which requires no separate step.

45 After the end of the polymerization reaction, preference is given
to admixing the catalyst with a deactivator. Useful deactivators
include ammonia, aliphatic and aromatic amines, alcohols, basic



be nelted ddbdi’fs%eqr d 0 achi eve better dispersion of the 25 anti oxi dant.
Preference I's gi'verm to using the antioxidants in a quantity of up to 2% by
wei ght, nore preferably fromO0.001 to 2% by weight, in particular from
0.005 to 1% by wei ght, based on the weight of 30 nonomer m xture used or
pol ymer obt ai ned. Anot her possible wdp of stabilizing the pol yoxynethyl ene
obt ai ned stathBogmxpolmnkaaiﬁ@nnaﬁalaaﬁarmadalngdeaﬁﬂurmmsray@rmdme
Lond o LIGeng Y ey g s s
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pol yoxyretdegktene 15 n@trénwilbngerehllqndeseﬁfawweer, stape fidid G\mtﬂgw'hel may

pol yner i zahisenpbe RifEriangery ssmldoigianglyiesyi vabséquaitahirkhzhagt tde

pol yoxyrfettmé' sa nre%g}hm@rwaaéxme Phd métaqygempwtaomlw de@ires no

separate ter "'the end of the polynerization reaction, preference
is given o a%IH: X ng the catalyst with a deactivator. Useful deacti vat or s
i nclude anmoni a, aliphatic and aromatic am nes, al cohols, basic 0000053405
13 sall® Afteh bise andaloifntherenallymerd zat ket ineacsienh ensesis mouemsd des and
car bonat esvh@ehbos$ ast ilangrabent viat ahe Taactilieac zouatedy Gkl akysted Anfbrt he
deacti vat Qxapp€e | Wﬁ%eamagfbrf rQ:@?' beg Pl WiRh, a @a{@f&rr@mn; pyr washi ng

w th wat er, of i‘%‘ :QI fu%?&%{&{‘t 88sth C% 0981‘9&11!*%&@1‘ ?PPO hjoride.
However TReB % ver antiti es,
oot KL R A Pha%%cr%ow BFS I @n1FD FRrRh A oo htey st mmy
8“ onald pughses aret@erted. 10 After the end of the pol ymerization

action, excess nononer which is still present in the reaction zone may
be renovednef pblyExaiathglehy 4 Sidrelral LPrnueddreRd by Gradicking G Stream

for exam'oqvm &, rntrtﬂee@as.pyo@%qaﬁsb@g,m&xzﬁmef@nt éBBfﬁé A" by
washing with.a 8 ueous ?lﬁyur as
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conpri ses ttigaidj stharaye icadat i of) watrergr amd | iat ideger ied Hey pekyaerpatent at
el evat ed RIRISHALiANDH-R-1D6 O aFLNGRieh 5 fully incorporated herein by
way of reference.
25
In the process according to the invention, induction times are
obtained which are in the optimal range for industrial
applications of from a few seconds to a few minutes. At the same
time, the catalyst quantity required is small. The
30 polyoxymethylene preparable according to the invention has number
. average molar masses of well above 10,000 g/mocl. The number
average molar mass M, is preferably at least %000 g/mol, more
preferably at least 10,000 g/mol. The weight average molar mass M,
is preferably at least 20,000 g/mol, more preferably at least
35 30,000 g/mol. The polydispersity index PDI (M,/M,) is preferably
less than 4, more preferably less than 3.

The invention further provides a catalyst of the formula Ia

40 + _
E’JpM(CO)z)LJ z " (Ia)
1/n

where

45 M is Mo or W,



liquid, i I r of water, and is described in German patent
hogosEdes

applicati 06 037 which is fully incorporated herein by way of
reference. 25 In the process according to the invention, induction tines
are obtained which are in the optimal range for industrial applications
of froma few seconds to a few mnutdd At the same tine, the catal yst
quantity requiggd iss aSeBElopetaaienpD| Viyandethyjrensr pteRar gbk@eaecrrding to
t he i nvention has irgurgg‘ﬁr c@é’r?ra%ﬁoé‘f%l al. éqf-” of well above 10, 000 g/ nol.
The nunber averadg€é nol ar nass I'S prerer ab y at |east 9000 g/ nol, nore
preferably at |east 10,000 g/nol. The wei ght average nolar mass Mv is
preferably at I easts £, 000CECHwl , nore preferably at |east 35 30,000 g/ nol.
The pol ysli spersity index PDI (Mv M) is preferably |ess than 4, nore
preferably | ess thanad adbeniangention further provides a catal yst of the
formula la 40 [cpMco)2)L1 Z n- 1/n (la) where 45 Mis Mo or W 0000053405
14 Cp is a cyclopentadienyl ligand,C5 or C5H3R 2, where Rl is CHQ,
COCH3, COOCH3 'br G&E?H%f‘tgqfﬁ_ f?Qme BCIP_%SCN Zis an anion and n is an
integer from1l1l to 3. 10 In the cyclopentadienyl ligand C5H4R1l, Rl is

pr ef er abd yrrCiBe E@CHIperdradCOCHI, igand CeHRAe RY dlsopeafexhleyy ICED|, ga®CH;
C5H3R 2 i sor Riceta) pbdne @ROERE Dy AbBehBad tny1aliti gan€ as@,rNesi ndi vi dual R1
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hexaf | uor §Bn&t BB rPh kAP f()J‘E)rrlo“ nORAtE INRE PR par ti cul ar

trifluoronethanesul fonate. The remarks made relating to the process
ccor di by 2 d.st peeferaphetrifhueraneippneedl fonatespbnif hupnpacetahe, cat al yst
cordi ng tdw¥afhaot tv@rdtieQnheddEl ictophbsphate o hagaf hicdahy ilhbraexanpl es
herei nbel oy in particular trifluoromethanesulfonate.

The remarks made relating to the process according to the

20 invention are applied correspondingly toc the catalyst according
to the invention.
The invention is illustrated by the examples hereinbelow.

25 Examples

1. Preparation of the catalysts

The catalysts were prepared under protective gas. The following
30 catalysts were synthesized:

I.1: M = Mo; Z = CF3503
35 I.2: M =W; Z = CF380;3
M I.5: M = Mo; Z = BFy
- I.6: M = Mo; Z2 = CF3C00
oc 4\ g
Co CO
40

45



25 Exanpl ekl ration of the catal ysts The catal ysts were prepared
under pro?@gg)lo\?e"'@g’: The following 30 catal ysts were synthesized: 0 1.1: M

= M; Z=CF3S@B 35/.22 M=W Z=CF3s@3 1.5: M= M; Z=BF4 MIl.6: M
= Mp; Z = CF 3000 OC CO co 40 45 0000053405 15 1.3: M= My; Z = CF3S3

l.4: M=W Z = CF3S3 5M 100C -1i ¥I5COCOCOCCH 3 11.7: M= M; Z =
CF3SS®3 M .8 M= WZ = CF3S@B 150C 74 V-Z 20COCOCHO M.9: M= M;Z =
CF3S3 250C-14 fZz |COCO 1.1 Synthesis of 1.1 and 1.2 30 The catal ysts of
the formul ae I. were prepar ed =byst he 3 Ry egess, descri bed by M
Appel et al. in J. anonet. Chem. W87y, 322 =/¢r,d04 Synthesis of 1.3
and 1.4 35 The catal 1.3 and 1.4 were |ikew se prepared by the process
describead by M Apped et al. in J. Oganonet. Chem 1987, 322, 77.

el =
ocC l‘\\ A
Co CO
10
COOCH;
I.7: M = Mo; Z = CF3150;
M I.8: M =W; Z = CF380,
15 CK://I \\E;Z

‘.' Co CO

20
@cno
I.9: M = Mo; Z = CF3505
M

25 Cco CO

1.1 Synthesis of I.1 and I.2

30 The catalysts of the formulae I.1 and I.2 were prepared by the
. process described by M. Appel et al. in J. Organomet. Chem. 1987,
322, 77.

1.2 Synthesis of I.3 and I.4

35
The catalysts I.3 and I.4 were likewise prepared by the process
described by M. Appel et al. in J. Organomet. Chem. 1987, 322,
77.

40 1.3 Synthesis of I.5

The catalyst I.5 was also synthesized by the process described by
M. Appel et al. in J. Organcmet. Chem. 1987, 322, 77.

45 1.4 Synthesis of 1.6



40 1.3 Sygl?tcb%%g%ﬁ 1.5 The catalyst 1.5 was al so synthesized by the
process d y M Appel et al. inJ. Oganonet. Chem 1987, 322, 77.

45 1.4 Synthesis of 1.6 0000053405 16 The catalyst 1.6 was prepared by the

process described by R B. King et al. in J. Oganonet. Chem 1968, 15,

457. 1.5 Synthesis of 1.7 5 5.901 g @83.5 mol) of the 1,4-di oxane conpl ex

of cycl opaet adt enydts adicuwavepsedeaatiedy Wi lieh p&oeessgie(m(ibednimllj o: 8

di met hyl %35@08@&' Nl G. ”breinctn%ttr abyenof1ean 16, ref7) ux. After 3 h, the
n

solvent a xcess di'methyl carbonate were removed 10 distillativel y and
the residue was washed with_150 nl of diethyl ether. After drying under
reduced prle§sdrathesigsof €32 03 mol) of

met hyl cé boxycycl opent adi enyI sodi um were obtained. 2.913 g (19.94 mol) of
net hyl car lsaxyeygl ppert athoenybds odieurh, wedeoxaird xeuplex tdf 4. 854 g (18.39 nmol )
of M (CO) & oﬁgnaadﬂ:.f 18baaky dfedfeumanted Syiteabedod of (240hot ams Bf | akK,

adm xed \Mdté. gﬁay az(b?b %@ m nﬁf of@%@%}hjﬂ@fgfaﬁfﬁ@ re$90k. NP & r00m

t enper at ur roomte erature. After
distillat |h\/etPérrBﬁ%]a‘re“toianfihﬁxg%ﬁ/éidf“eﬁﬁﬁlt% Q?Eggs ‘&. de under

r educedlQrdissal batively rnde the otRfddugaYas (HAEte Wit bi?r F“fll eﬁtﬁib‘ﬁtw 20
col um chraymekrogaaphy dr@dhgvahésr sidducad getessueyee| dhekand3di. 6hl mtmmet hane =
5:2) to Otyfah@tﬁ B3 bxytdcidpsimdienglsodium were obtained. 2.913

(g5- met hy rg gxxﬁ%@%@&@ggg@y}a gg%pa{wd%wyémaﬁb%gmdmﬂéa as a

{e:qgonveggwld‘&r Bof %y%l@p? Paﬂﬁ“%mc) F{loégg}%&r?yppre'fahy? tFylSalé)ﬁdmf%(ll) I n

n ol5 diesitledr éﬁét?‘f’aﬁéﬁﬁa@ﬁ%%éﬂm}xa i 38Y 4aP>-20CG 2 Rt Am2L L oPhit i on of
2169 g (retd433iodidd afftert codling dverhancsmppesaterecing istibsregd &r a

di chl or onetramerWhi Cliouréaagedobhecenpleravusel Wfiter @ostillatdiveeremslaind

vi gor ous thEOLBRyE AN dry Qﬁguéxce-g?mﬁgﬂfi 'mﬂi@nﬁﬁlﬁéﬁ Weauwad gradually 30

i ncreased to roomteh eratdurerl %pg gﬁﬁésc ué riﬁ t‘é% The

reaction rSEEEPECNaE™T HET “GdRT % cfvm h 25 hBYEHe and "cOhcent r at ed

under r 2 RIEBr QEEQFF%tQHﬁPF‘Ya(W%"art@H Bf%’o‘if’ctge preci pitated. The

remai ni ng aullvbekanasdisiljercagtbite and :2heto shitiadnd? i €2 uhdde - f ddiel)

pressure. &k 443-@e {7 12ASborpoycldgitteliiedpl ithréergybafylmethylmolybdenum

( T15- met hy| gar hexycy&l nRePordeenyd )4gdss gag boms mabypdenun( 11) triflate

(1.7) was Bptﬁégﬁ§héﬁ¥ﬁ%ﬁyhggl5ﬁgkﬂ%a@gﬁ§1)trlscarbonylmethylmolybdenum

25 (II) in 20 ml of dichloromethane was gradually admixed at -20°C
with a solution of 0.2169 g (1.4453 mmol) of
trifluoromethanesulfonic acid in 5 ml of dichloromethane which
caused the yellow solution to turn wine red and vigorous gas
formation to occur. The reaction temperature was gradually

30 increased to room temperature in 5° steps at 30 minute intervals.

. The reaction mixture was then admixed with 25 ml of n-hexane and
concentrated under reduced pressure until a wine red product
precipitated. The remaining solvent was pipetted off and the
solid dried under reduced pressure. 0.443 g (0.9797 mmol, 68% of

35 theory) of
(n5-methylcarboxycyclopentadienyl)triscarbonylmolybdenum(II)
triflate (I.7) was obtained as a wine red powder.

Spectroscopic data:

40 1H-NMR (CDCliy): 6.12 (m); 5.92 (m); 3.76 (s, OCHj)

I3C-NMR (CDCl3): 237.0; 223.4 (CO); 163.7 (ester}); 100.1; 97.6
(Cp); 53.0 (OCH;)

45 MS (FD): 451 (M*, 20 %); 426 (M* - CO)



Spect r oscopi ¢ data 40 1H-NMR (CDC13): 6.12 (m); 5.92 (m; 3.76 (s, OCH3)
13C NWR ((é)%l .0; 223.4 (CO; 163.7 (ester); 100.1; 97.6 (Cp); 53.0
(OCH3) 45 Ms (FD) 451 (M-, 20 9%9; 426 (M+ - CO 0000053405 17 IR (KBr

di sk): 3115; 2961; 2075; 1986; 1732; 1290; 1234; 1201; 1008 5El enent al

anal ysis: Found Cal cul ated C28.9729. 3% H1.691.56 S.7.577.09 101.6 Synthesis
of 1.8 2 I t Iar C pe l,so 1 whi ch
was prepaﬁ%%sggécﬁécrl be 1}’ ﬁigéglﬂ @g gdmiée% \3/1M9t32 P%gcg G\ﬁ(y; g%éj ) of
V\(CO)B(dm‘]) in 80 m of DI\/F heated for 3 h to reflux and then t he

sol vent was evaporated to dryness. The 15 remaining brown oil was taken up
in 80 mM d&lekektahdaredyisied wiRdundd. 55 c{13d1@6eanol ) of net hyl iodide.
After stsrring for 24 hour;s atzggqmtenpgatzure t he workup was effected
as described in 1.5. g (9478 710 of t heory) of

(15- met hyl car boxycycl openéadl en%, )§9r| scar thyI tungsten (11) 20 were
obt ai ned as a yel |l ow powd&r 6 g(189 of

(n5- et hyl car boxycycl opent adi enyl )tri scar bonyl rret hyl tungsten (I1) in 20 m
of di chl orllofeshettesiess ofr addial | y adm xed at room tenperature with a
solutiqoof 0.2679 g (1.785 mml) of trifluororrethanesulfonic acid in 10
m of dichl e WSO| don. to turn w ne red
and vi gorgugégas e?elv%gfh%af %léﬁggchlH’ clyc ???rf gef‘g}s‘idwnat“’hrlﬁam

t enper at uf” FRATES F&n e@\%%lqe 9e6| feBleell pressure.
The bri cH Peao R 1y @ T W 6CH 3¢ §BE Ve i1 ﬁ0101n¢f d?fMFdl bhirtedniErhane tod

admi xed wirefilag ard dhen- hex asmlvetitewas xéwiperadsd oy cRyneat edrid) under

&ducedspﬁ:emsmmcprurbhnt 6€1 etk REREHCHp PP GoPhi 3t £%rFT RRd é&ﬁ‘ﬂéﬂ F}thm vent

2 nglurpgt 4€ds Oin(ﬁy oféamﬁioﬁﬁ%ﬂ lﬂéti}?m&ﬁaﬁﬁ igl:é]? il 89y neer BEE
(g5- met hylacar %%g'ﬁ ’dltehr?yf"ffg'il%c“aﬁso(?ﬁ% ?fﬁfbsatseﬁescf’rt?ﬁq rllnf FaPe (1.8)

was obt ai Aed’ a% nE‘mP t Powder thesrGp&xft r oscopi ¢ dat a:
(n5—methylcarboxycyclopentadlenyl)tr1scarbony1methyltungsten {II)

20 were obtained as a yellow powder. 0.763 g (1.879 mmol) of
(n5-methylcarboxycyclopentadienyl)triscarbonylmethyltungsten (I1)
in 20 ml of dichloromethane was gradually admixed at room
temperature with a solution of 0.2679 g (1.785 mmol) of
trifluoromethanesulfonic acid in 10 ml of dichloromethane which

25 caused the yellow solution to turn wine red and vigorous gas
development to occur. After stirring for 1 h at room temperature,
the solvent was removed completely under reduced pressure. The
brick red residue was dissolved in 10 ml of dichloromethane and
admixed with 10 ml of n-hexane. The mixture was concentrated

30 under reduced pressure until the red product precipitated. The

. remaining solvent was pipetted off by hand and the remaining
solid dried under reduced pressure. 0.710 g (1.315 mmol, 70% of
theory) of (n5—methylcarboxycyclopentadienyl)triscarbonyltungsten
(II)triflate (I.8) was obtained as a wine red powder.

35
Spectroscopic data:

lH-NMR (CDClj3): 6.28 (m); 6.12 (m); 3.84 (s, OCHj3)

40 13C-NMR (CDCl3): 226.1; 217.1 (CO); 163.7 (ester); 99.3; 95.6;
94.6; 53.1 (OCH3)

MS (FD): 540 (M*, 100%); 512 (M* - CO)

45 TR (KBr disk): 3115; 2962; 2064; 1989; 1961; 1731; 12%4; 1234;
1189; 1005



1HNNR(0%03‘%Q§&63€ 6.12 (n); 3.84 (s, OCH3) 40 13C-NMR (CDC13):
226.1; 21 63 (ester) 99.3; 95.6: 94.6: 53.1 (0CH3) MBS (FD):
540 (M+, 100%: 512 (M+ - OO 45 IR (KBr disk): 3115 2962; 2064: 1989:
1961; 1731; 1294; 1234; 1189; 1005 0000053405 5 18 El enent al

anal ysi s: FoundCal cul at ed C24. 1224. 461@1. 151. 31 S6.395.94 1.7 Synt hesis of

1.9 5.231 @it 8P s@lpsieh t huhdd- di ox@dieuwlatpliex of

cycl opent adi enyl sodi um wege heaty eq to refiyx; with 6.014 g 10 (100. 15 nmol)
of methyl formate in 60 m_ of t %hydrof uJ]r After 3 h, the solvent and
excess nethyl formate wer & reno e& distil atlvely and the residue washed
with 150 m of diethyl efher. A-B3&r dry| lﬂ‘nder reduced pressure, 2.70 g
(23.26 mmol ; 78% of theory) of fornylcycl opentadi enyl sodi um were

obt ai ned. 115 @yA98egi{ &H53.9m0l ) of fornyl cycl opent adi enyl sodi um was

adm xed wth 2.564 g (8 46 mmol) of M(CO 3(CH3CN)3 in 100 ml of THF,

heated to %ezgflux L?ﬁ 39 rﬂ? %Pe‘i ﬁaqm xglo)ggner %%Fqb ggp(ﬁ{eature wth 2.147 ¢

(8.46 mol I"at’i ve T enova | vent, the crude

pr oduct W@GBFBE?%P%GSQG#P%% dfap§d B r&dit Bﬁn"’t‘l‘ﬂ dgPaphy

(activatGed 190.l16amgel ) ofi okkbybnintrate) lank? ml OIStgtxahygiToftbhn. 36% of

t heory) OfAft(el53fﬂrMé:>galeaﬁﬂtadi exykls reagrbasyhaos oraley hdaousd (1 1) were

(()EtSa:‘ (r;red Iadél cl (E)L%g P‘r’ n ;qt fril[\lé %%l%ﬁﬁzw?%ﬂ&mzﬁ%hggg g)mPfOf dlleth m of
ny pgggwgray Learhonyllodoml, Yadepupy u(t3'36$m%9

acetoni tri9 0o t'enp NEPA RTE S & 2037 g
(0.793 mol8t &f sheoky) af |fPFWW§HE§%?WH§PQlF‘H ‘5e1fﬂ optaipetonitril e

nd heal®ed 1993 gef BuXk5 frmol4 pf wixay leagserentrdieny ésedispe weisoAdnd*g¢dr m f rom
‘e cl earwirted2h669ng sS4 uit6i amol T s Mogsof § (AHgCRY; tir A0ghmh dff ITHF30

(porosity patked REOFELMIDE0Z &M Afndthid i@l &id hearesh -tehperhedrefiltrate
was Concen”%[%dlw "g erd afr BdaneZ%{élehrohlsgifﬂa%mmaoaw

admi xed wi't éoncent rat ed

F}¥ ‘HQ‘ exane H1 s

under redud¥d SPrEERE! ¢ 90‘:8'“ CY ¥R PN LS v‘é?ltp%dg PR of f by
hand an2p tdeusel r:urqmawr@@hmu@twm@ealb*%ﬁﬁrle dgchkorogethanak bl
65% of thebroyg af (3.03 mmol; 36% of theory) of

(n3-formylcyclopentadienyl)triscarbonyliodomolybdenum (II) were
obtained as a red-brown powder. 0.2822 g (0.793 mmol)} of
(n3-formylcyclopentadienyl)triscarbonyliodomolybdenum (II) in

25 20 ml of acetonitrile was admixed at room temperature with a
solution of 0.2037 g (0.793 mmol) of silver
trifluoromethanesulfonate in 5 ml of acetonitrile and heated to
reflux for 4 h which caused an ochre suspension to form from the
clear red-brown solution. This was filtered through a frit

30 (porosity 3) reinforced by 2 cm of activated silica gel. The red

. filtrate was concentrated to dryness, taken up in 20 ml of

dichloromethane and admixed with the same quantity of n-hexane.
The mixture was concentrated under reduced pressure to 8 ml, the
remaining solvent was pipetted off by hand and the solid dried

35 under reduced pressure. 0.224 g (0.515 mmol, 65% of theory) of
(n3-formylcyclopentadienyl)biscarbonyl(acetonitrilo)molybdenum
(IT)triflate (I.9) was obtained as a light red powder.

Spectroscopic data:
40
lH-NMR (CDCl3): 9.68 (s); 6.11 (m); 5.98 (m); 2.54 (s, CH3CN)

13C-NMR (CDClj3): 244.4 (CO); 187.3 (Formyl); 143.2 (CN); 103.3;
94.6 {Cp); 5.4 (CH;CN)

45
MS (FD): 288 (M* - OTf)



(15-fornyl cycl opent adi enyl ) bi scarbonyl (acetonitril o) nmol ybdenum

(II)trifIaﬂ Qﬁ 0%as obtained as a | i ght red powder. Spectroscopic data:
40 1H-NMR (CDCL3): 9.68 (s); 6.11 (m; 5.98 (m; 2.54 (s, CH3CN) 13C NMR
(CDC13): 244.4 (CO,; 187.3 (Fornyl); 143.2 (CN); 103.3; 94.6 (Cp); 5.4
(CH3CN) 45 Ms (FD): 288 (Mt - OTf) 0Q®0053405 19 IR (KBr disk): 3091,
3006; 29485 2333 a{A9% 3b911; 3d6B8:2948642319,22604 1168114498 ;19364 £l enent al
anal ysi s: 12}69 H 6%‘- 1%#QO 2 3§O| ymeri zation Found Cal cul ated 29.88 30.36
2.05 1.85 $35156%5 .28 9 7 The polynerizations were effected w thout

protective gas. 2.1 Bulk polynerization 15 250 m round-bottom fl asks were
char ged witlleméniral odnalisggane Bowhd 200 |Calfcula8edi oxepane and each admi xed
with a splution of the catalysis.gsisted 3;n3Bable 1 in the appropriate
quantity in 1 m of dichlgoronethagre at 80CgsThe tinme between addition of
the 20 catalyst and the opset of, cl-oudine s neasured as the induction
time. After 2 h, the reaction nmXxture was €cqol ed and the solvent renoved.
The crude pol yner was comi nut ed ¢S ng a Tror'tar and admixed with 50 m of
an aqueous 0.2 M sodium carbonate solution. This m xture was heated for 16
h to refolaxpo2pmdhezataiact i on m xture was then filtered and the filter cake
washed wth 25 m of water and 25 nml of acetone. The filter cake was

dried at 7000 Lof 1%;1.‘51;1' st € d Oééf%‘é‘tgg SRS g&é&%%“ ga, tines
measured and Arso The hunber " aver age an The Wei aver agéI mol ar masses Mh
and Mv of the pol yoxynet hyl ene obtai ned, the 30 polydispersity index (PDI
= Mv M) &nhd Phékcpﬁﬁéﬂ%i@%éoare
15
. 250 ml round-bottom flasks were charged with 6 ml of trioxane and
200 pl of 1,3-dioxepane and each admixed with a solution of the
catalysts listed in Table 1 in the appropriate quantity in 1 ml
of dichloromethane at 80°C. The time between addition of the
20 catalyst and the onset of cloudiness was measured as the
induction time. After 2 h, the reaction mixture was cooled and
the solvent removed. The crude polymer was comminuted using a
mortar and admixed with 50 ml of an agueocus 0.2 M sodium
carbonate solution. This mixture was heated for 16 h to reflux.
25 The reaction mixture was then filtered and the filter cake washed
with 25 ml of water and 25 ml of acetone. The filter cake was
dried at 70°C for 16 h. In the following table, the induction
times measured and also the number average and the weight average
molar masses My and M, of the polyoxymethylene obtained, the
30 polydispersity index (PDI = M,/M;) and the crude yields are
. reported. The molar masses M, and M, were determined by means of
gel permeation chromatography.

35

40

45



reported. The

per nmeat i orpq,q{?%"f

| nduc-
time [s][g

] 1.

1. 30. 028912020. 79. 202. 256. 20 1. 40. 022®30023. 210. 32. 257. 16

masses Mh and Mwv were determ ned by neans of gel
raphy. 35 40 45 0000053405 20 0 5 10 Table 1 Quan-
Mv Mh Crude Catalysttity tion [kg/nol] [kg/nol] PDlyield [ nmol]
10. 02546032. 412. 92. 516. 34 1. 20. 020880112--6. 45

U

1.70. 00861%2%14 202. 436. 61 1.80.01001531. 312.52.506. 14
1.90. 0284 33 406 63 Conparison: 0 032245:..6-05 M0O2{acac)2*
acac = ac¢Cgtatyitonate PQRTBY kIn|§‘GICyrrer| z¥¢i on PO Mound- P& opr¥¥desks
heat ed to|80C were char getity t h 60804 g | (k95meL IhbrRg/ L)l § qui d| Y§¥kan
each adni xed with one of | tmeollcidisiey§es [l isted ip Table 2 The|t9he bef
additions ¢gf yThe catalys gpmzd_:.4t he qraset of 3glpud NESH Was| 1eas Jre.ctacas 1
25 i nduct ifep—tHre—TFhe—+eact tet rrated by ol illg 50— O
water. The pofymer obt ai 1@067{/@ %toerec 3?? shed with| wat by © At
acetone, driesl in a dry| 1@ 0722 ¢!] netlmt 7QC ﬂ@r’ifr pbm .20 R &ESapdéiiGk y
was deterfrgeg—tm the f [0 R €, [The3_ 4 NAUCI§ O 1 [ESs [ encigd on
times and fyiélds are rppnrf .
10| I.7 0.0086 15 22.4 9.20 2.43 ] 6.61
I.8 0.0100 15 31.3 12.5 2.50 | 6.14
I.9 0.0284 30 35.0 10.3 3.40 6.63
Comparison: 0.0322 45 - - - 6.05
Mo0;(acac)*
15 « acac = acetylacetonate

20

25

30
Table 2
Run No. |[Catalyst [Quantity |Induction Reaction Yield [g]
[mmol ] time ([s] time [min]
1 I.1 0.0152 5-10 0.33 5.565
35 2 0.0152 5-10 0.5 5.323
3 I.5 0.0180 600 30 5.704

40

45

2.2 Bulk polymerization

Round-bottom flasks heated to 80°C were charged with 6.804 g

(75.6 mmol) of liquid trioxane and each admixed with one of the
catalysts listed in Table 2. The time between addition of the
catalyst and the onset of cloudiness was measured as the

The reaction was then terminated by adding 50 ml
of water. The polymer obtained was filtered off, washed with
water and acetone, dried in a drying cabinet at 70°C for from 1 to
2 h and its yield was determined. In the following table, the
induction times, reaction times and yields are reported.

induction time.

2.3 Polymerization in solution in the presence of water

A solution of from 40 to 50% trioxane in 6 ml of

formalin-saturated dichloroethane (water content:

about 0.5% by

volume) is mixed with 100 pl of 1,3-dioxepane and heated to 80°C.

To each reaction mixture,

a solution of one of the catalysts

listed in Table 3 in 1 ml of dichloromethane is added in the
appropriate quantity. The time between addition of the catalyst
and the onset of cloudiness was measured as the induction time.

5 *
and

ween
he

el d



30 Tabl e ﬁgﬁﬁgﬁﬁ4ﬂg1hb.CataIysthantity | nducti on Reaction Yield [g]
[mol ] ti [mM n] 11.10.01525-100. 335.565 2|.10.01525-100. 55. 323
31.50. 0180600305. 704 2.3 Polymerization in solution in the presence of
water A solution of from40 to 50%trioxane in 6 mM of formalin-saturated
di chl oroet hane (water content: about 20. 5% by volune) is mxed with 100

of 1,3-di g¢gpang RN hezkbadtion 8RG stap%&aqﬂ c0aCih@nHd xledteior sol ution

of one of Llig 68t ahySta A5, 115 &t (b IAPLE dhlch et 10T, I ChbOROBRL hine i s

%3
added in fHé uﬁ% rop rlafe a ween addition o

catal yst t&&d 1?ﬂ%¢%ﬂ§bﬁl8Fs rSr‘/?&ls %iﬁﬁégﬁrgﬂpeﬁftﬂ%? |ﬁ8u3??on tine.
00000534052 ght Apverrage molahandssest PEnthRPIYSFFREt BYLesorbhgined rtdifct i on
m Xt ur e.5 Pod ydosiens mas iafiéectrd =g/ Hes anidbeble i exriRlel yikhdFaddee 3, the

i nduct i on Jddygesegeasured and al so the nunber average and weight average
nmol ar nmasses of the pol yoxynet hyl ene obtained, the 5 pol ydi spersity index
(PDI =MM M) and the crude yields are reported. 10 15 0 20 Table 3 Quan-

| nducti on %gbﬁ%:%C}ude Catal ysttity time [s][kg/nol][kg/ nol] PDIyield

[ Mol ] [ 9] 353101003 33. 0261
10 |Catalyst Quan- Induction M, M PDI (Crude
tity time [s] [kg/mol] |[kg/mol] yield
[mmol ) (9]
I.1 0.0353 10 10.0 3.0 2.61
I.2 0.0313 50 9.1 3.25 | 2.82
15 | I.7 0.0296 10 20.5 2.14 | 2.73
I.8 0.0104 21 11.6 2,37 | 2.19
1.9 0.0284 15 13.8 7.1 1.94 1.55
Comparison: |0.0293 |blue color- - - - -
MoQ;{acac)y* ation after
20 1 min

* acac = acetylacetonate

As the comparison of the reactions using the catalysts according
to the invention and the prior art MoO;(acac})}; shows, the
catalysts according to the invention lead to higher yields. The
catalytic activity of the catalysts according to the invention is
further maintained even in the presence ¢of water, in contrast to
MoO; (acac)sz.
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|.20.0313509. 12. 83. 252.82 |.70.02961020. 59. 62. 142. 73

| . 80. 010420000Q534@5 372. 19 |.90. 02841513. 87. 11. 941. 55 Conpari son: bl ue
color- Mb02(acac)2*0.0293ation after ---- 1 mn * acac = acetyl acetonate
As the conparison of the reactions using the catalysts according 25 to the
invention and the prior art MO02(acagp2 shows, the catalysts according to
the invention |ead to higher yields. The catalytic activity of the

catal ysts according to the invention is further naintained even in the
presence of water, in contrast to MQ2(acac)2. 30 35 40 45 0000053405 Ve
claim 22Ws Elampr ocess for preparing polyoxynethyl ene by contacting a

for mal dehyde source with a catalyst of the formula |l m C CPVI\/LWI Z 10

wheresn- ni,n a( brobkss fdr p%épaﬂn \ﬁolygx J@thyqrene'\@ R,
cs, Co, Rh e é%%%l% Rfu, wh
Orfogﬁalgi&%é%agogfgyc‘yl Fk)ggta? i]éﬁr'%l‘)f I’igFe PP Iar%al kyl | °re

uis fromO to R?
COOR2, 20 COR2, CN or n 31-H al kyl, aryl or | kyl, vis 1
or 2, 25 Ei’vﬁwd} p -1 (+3

10 where

M is Ti, 2r, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Ru, Os,
Co, Rh or Ir,

15 Cp 1is a cyclopentadienyl ligand CsH(s_y)R1,, where
u is from 0 to 5 and

R! is alkyl, alkenyl, aryl, heteroaryl, aralkyl, COORZ?,
20 CORZ, CN or NO;, and

R?2 is H, alkyl, aryl or aralkyl,

v is 1 or 2,
25
each L is independently a nitrile, CO or a ligand
displaceable by €O,
w is an integer from 0 to 4,
30
. V4 is an anion, and
m and n are each independently an integer from 1 to 3.
35 2. A process as claimed in claim 1 where
Cp 1is a cyclopentadienyl ligand CsH(s_y)Rl,, where
R! is methyl, CHO, COCH;, COC,Hs, COOCH3, COOC;Hs, CN or
40 NO,.
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each L is inde endently antrile, COor a ligand displaceable by CO wis
an |ntegerq‘ 1-b4 30 Zis an anion, and mand n are each

i ndependently an integer from1 to 3. 35 2. A process as clained in claim
1 where Cp is a cyclopentadienyl |ligand C5H(5 u)Rlu, where Rl is nethyl,
CHO, COCH3, COC2H5, COOCH3, COOC2H5, 2GN or 40 NO2. 45 0000053405 4. A
process as; cl gl pRdcbs Y Qhikbe P eGRALROLES F ittt echaBRC vhbreSM

sel ected i ndeplen enfly fromnitriles, CO al kenes, phosphines, am nes,

et hers, car boxyl i'C 8sters, cyclic carbonic esters, epoxides, hem acet aI S,
acet als and nitro corrpounds 10 5. A process as clal med in any of the
precedi ng &l aifmprenese & dlaimefals day ol Femaiecerinn e ¥uimeuMASOBORR
wheresR i s aldayh, Lpbs tselldotedr ifidkpendenkdgehatreciiakkyés orctar pllkenes,
carboxyl ate, cAERbEXRES Poindiins , COPRE axedapBOSPIN @ste08Pl&adc arsenate or

conpl exed ant i rz%ghg)% Zerk, BoBkOSESS 18R SLAIRY LoRDYs Alnd g epbECEdi Ng

cl ai ns where A process as clarnmed in claim5 where z
is chloride, &SBPSEBIS-trif|uoroacetate or trifluoromethanesul fonate. 7. A
process as claimed in any of the preceding clains where the 20

f or malpdehyzle soproeess doraimlidelyiie, arty iodxahe mrecedangforamisdehgde. 2 25 8.
A catal yst of jthg 91 2 A fbaRb CO %Elfgrmhlélﬁoéka)wﬂﬂi%rﬁ Msis M or W
30 pis 2 cyan gn:tga%g% 1y b8ABH (PlTbg8hafe WFker SPU[IT 15 OO

COCH3, COOCH3 “or
carboxylate, complexed borate, complexed phosphate, complexed

arsenate or complexed antimonate.

15
. 6. A process as claimed in claim 5 where Z is chloride, acetate,
trifluoroacetate or trifluoromethanesulfonate.
7. A process as claimed in any of the preceding claims where the
20 formaldehyde source is formaldehyde, trioxane or
paraformaldehyde.
8. A catalyst of the formula Ia
+ -
- E‘JpM(CO)z)L] z " (1a)
1l/n
where
M is Mo or W,
30
. Cp 1is a cyclopentadienyl ligand CgHy4R! or CgH3R!;, where Rl
is CHQ, COCH;, COOCH3 or COOC3Hs,
L is CO or CHiCN,
35
Z is an anion and
n is an integer from 1 to 3.
40 9. A catalyst as claimed in claim 8 where

Cp is a cyclopentadienyl ligand CsH4R! where R! is CHO, COCHj
or COOCH3 or is a cyclopentadienyl ligand CsHiRl; where Rl
is COOC,Hs.
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L is CO or CH3CN, Zis an anion and nis an integer from1 to 3. 40 9. A
catal yst POQA0H3AQP in claim B where Cp is a cycl opentadi enyl |igand C5H4RL
where R1 is CHO, COCH3 or COOCH3 or is a cycl opentadienyl |igand C5H3R12
where R1 is COOC2H5. 45 0000053405 24 10. A catalyst as claimed in claim
8 or 9 where z is trifluoronethanesul2donate, trifluoroacetate,

tetrafl Uoi@b.zfatcstawg@falsugm@m@épﬂatha% s hexaf hmaergaptigronate. 5 10 46 15

20 25 35 trifluoromethanesulfonate, trifluorocacetate,
tetrafluoroborate, hexafluorophosphate or
hexafluoroantimonate.
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