; e3e\ 46TV T 2PROBBABR8S 405 Preparati on of pol yoxynethyl ene and-catal ysts
suitable therefor Il 5 The present invention relates to aﬂm@cess for

prepari ng pol yoxynet hyl ene by contacting a formal dehyde s wmmm
catal yst and a catal yst suitable therefor. The pol yoxynet |ng

from the honopol yneri zati on of 10 formal dehyde is a pol ymer hawvérg

repeating RO YAesofyhhkdn £ROLIYEId ZRTHELD ¢ &'e' ceLhers

or formals,_fhe CH20chal ns e I nt e?rupte uni whi'ch™s

cyclic et hers or formals. The term pol yoxynet hyl ene is used her e| nbel ow
both for the hono- and for the copolynmer. 15 Pol yoxynet hyl ene and processes
for prepaPiFee irreggnhoipventyictiopelghes itd g process dty gerepsr hngg net al

conpl exes apolyiximpshglene weldonkacting Rorfornalasipgie \WouR4L00065 Lescri bes

the polynerézediypt ahdcyddraigbessitaie ctdergpoxi des, THF and 20 trioxane,
in the presence of a catal yst of the general formula NZsQ: where Mis a

net al ,. ast_ane erfl uorLl nat ed al kxl sul fonate and any further Z

noi et i es r e gf)éy@%‘éw SPSRI b BNt ﬁDIFRI%ﬂﬂq}erteFét%P’hélft ral

| i gand, 30i%oqmadsiehyds L5 gh@olymsrhawiny wepeatime GibPynpitsatiem i s
carried outfcmmatlrdeh%efmtdwolpmesem wiftha cgal boxetlHer sabhy doimel s ,arhacyl
chlori de orcmocahbony!dfe dcitdrbayiew iy pKack anY\ﬁ:tt?rst@fn g {{@aRy€138 an
accel erant . erﬁﬂﬁ%l B&C%fﬁ(alé h“i’h@ ¥Piﬁ’r§c?1§%| ?@e@{%iédé) FEH hOg 9‘[&%3.%(}% of

ytterbiumt sat | ory Vi el'ds even at
| ong reag%r%dn t?ftr?gsltﬁee %%Jdr sadvanta ecﬁ??o et prior art processes have

| ong i nduTtion tinmes, in particul ar Wnen t he fornal dehyde source is not

hi ghly pur eEomaxymeslytens andagresesrediopnprepar it idc byr home- air all. The
i nducti on t¢opoliymegizime fdnmeldhhyte alsipgesetabnedipd axesi ag odtdhsts

for mal dehy deres auencekubim. tHe: cakehysd, two ©Rg0IbS YHeRifibesfl thde

pol ymer i Zatﬁdl’}meé\lhgeﬂoﬂ W%ﬁ/b?ﬂctéﬁ?ellseagﬁchoaé :{ﬁﬁlsde@ﬁf dddres of

react ant g, i rea | S _uneconom cal ect of the
present ?nv{e}n P‘%ﬁet’oﬂ r%r%/er (ﬁ’éegen?%c% 3 5\79?‘1 8 Jﬁe gﬁ&ﬁﬁ?fo#ﬁnr% whi ch
i s preferadfie Fol‘é*reaﬁ‘?t M 6ﬁ/a?d“‘?"rﬁ§ur |att| §a%1|"1cPfWatZerlst f akest jupriipated
f or mal dehydelkydgndéonaige rande anpufier then 2t hosebbg® @resenschreveatibyoxa or
process fora 4fonprepent ngprpaniory n@t iyl meulyat ondgiid,ng asf orsml dafayde
ﬁ;)ur\clzﬁ Wi t;ﬁ egh:arl fﬁégxg Qfe'_fiquG f@n@%@_ﬁmean’EQ&OO@%%%lgd”&ut fn Q%\é'VLW EOZ

n er :
Rh or ?5 %IJ;h é ggﬁ: g?rie&ti%&l?eﬁ?bbil qalr‘fd @gg%l IXI’n % #]C)Eﬁom?’éa I'S from
0to 5 and % e ndent 1§ &t koefﬁ;jfassar:g}?n r
ar al kyl , S@@C&rflﬂe Yan‘thq m.lymrréaﬁorhror@yrrlarwe o ;;rhal kyl ,
vis 1lor zrefeneac%f Lyﬁt@rrbﬁdeﬁem@kﬁﬂey is Aeseiikgd.CBowever) i gend
di spl aceablunshyi€facterys ydelidat egen 4t Aong read;idtb tZmes asne ani on, and

30 disadvantageous.

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

35 the time which elapses from the mixing of the formaldehyde source
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.

40 It is an object of the present invention to provide a process
having a short induction time which is preferably tolerant toward

impurities and water traces in the formaldehyde source.

We have found that this object is achieved by a process for
45 preparing polyoxymethylene by contacting a formaldehyde source

with a catalyst of the formula I
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m and n ar ePE@QO0DBA4PBNndently an integer from1l to 3. Preference is given
to not using any carboxylic anhydrides, acyl 30 chlorides or carboxylic
acids having a pKa in water of less than 2 as accel erants. For the purposes
of the present invention, the term"al kyl" enconpasses |inear, branched and
cyclic al kyl groups. These are 35 preferably Cl-CZO al kyl, in particular
Cl- C6-al kyl groups, such scpqg ™ot ¥+, propyl, |sopropy¢5)n-butyl,
2-butyl, isobutyl, tert-b n- enty m/and n- hexyl or C3-C8-cycl oal kyl,
such as cycl opropyl, cyclopentyl cycl ohexyl or cycloheptyl. 40 The

hal ogenat ed r adwlosdtes are preferably chl orinated and/or fluorinated, nore
preferably fluorinated, in particular perfluorinated radicals, in
particular alkyl r | s, 45 RFOQQO00/3405 3 Aryl 1§, pr r

C6- C19-aryl , suchi¥¥(§? 7 H%bﬁﬁh%& g%tﬁ?acéﬁYl&Orﬁphéﬁ Fﬁ?e§§r %d in
particul ar phenyl or® 5§h¥ L' The aryl radicals may carry up to three
Cl-C9-al kyl radicals. 5 Aralkyl is preferably C~-C2o0-aral kyl, such as
benzyl or pheny¢rt hig .a FyelopemtadileogiyLigemt axpasses!,,i Reare branched and
cyclic 1boal kenyl groups. These are preferably C2-C2o0-al kenyl groups, in
particul ar C2- C6-alkenyls ai@mP8, +&Ush@s cgbhenyl , propenyl, "isopropenyl

n- but enyl , isobutenyl n- pent enyl and n- hexenyl, or C5-C8-cycl oal kenyl
such as cycl opente cl ahexen cycloheptenyl or cyclooctenyl. |~ 1In
formulal, Mis prg¥erai#, ngEPgRd tkﬁ)ﬁl§ybre7 Brennly aT¥)cl bpfeancaarény|

li gand C5H~5 u~Riu |, \Amrraelkmiugow,hypﬂmm oZOBPB, aEC2H5, COOCH3,
COOC2H5, 1N or NO2. 20 Particular preference is given to those

cycl opent adi enyl | irRgandssCa, wieea Rirys &HQra 08063, COC2H5, COOCH3 or
COOC2H5 and a is 1 or 2. In particular, when a is 1, Rl is CHO COCH3,
COC2H5 or COOCHB; en a. i§ 2, RLis in particular CIII2FB and the two Rl
radi cals may be neig borlng or nonnei ghboring. RL nay be nethyl when a is
25 5. The ligands L are a nitrile, CO or another |igand which, owing to the
hi gh af f2hity dfechOLt dfmirrenradeatly 2 mHttarhlef ofOesxarplldabd can be

di spl aced by CO fr glhaspleceablaeiatdoon sphere of a conplex. 30 The ease with
which a ligand is displaced by another generally correlates with its
position in the spegt ragcgggé S0 6S¢9f4 1 i gands so that, as well as CO
suitable ligands L include those |gangs which lead to a snaller | i gand
field splittin than CO. A/ligand is considered to be displaceable by CO
when it n be @5 difsfPatBi*RhéMal |y or photocherically by CO from a
conplex in solid or dissolved form (in toluene or CH2Cl2) at a pressure of

| ess than 100 bamndf nCire Rraefheriedependergilyeant Onsedectfirog L £6om nitril es,
C0, al kenes, 40 am nes displaceable by C0, ethers displaceable by CO
carboxylic P%%tfgi'éncgyfsl I3 vedr PeMi &t tl%'zgsangp&&& lgeg}lﬁ? ac*ess ggeyal s

&£
and nitr |tr| enc ar co ounds
of the 4 :gj %&%r?g{ﬂ ?or rﬁ%&%%@ 8 B394 R tﬁBn‘é‘f‘%{r H’aqc §8RatR
al kyl , aryl®5 Pcﬁfﬁﬁﬁﬁﬂ Sadical. R3 is nore preferably nethyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl, sec-butyl or tert-butyl.
PF00000534G@r4tERammﬂpnse@foﬁséhmlpndﬂemkléavémmianhatheeteﬂmt¢é1kyl"
propi oni t r ieneompas N Zanictati, | Bramifidte andi §pé e ahlkg 1byr gr GI'Hé%ePQEE' cul ar

ar omat i ;s eearé\mg,?c AELNEIRAYT BY gasiliRi6R! by ¢l kgg G oft! o
t Jo%‘l 8

Exanpl es o e ude dilsopro y nlne |ne and
di phenyl am ne % eég’ ng hblrso%c’p&%’ ]E p at2t en chai n
10 et hers HSTFA Jre’c “r'é’ﬁe‘ﬂ’ tRSRTE xS ha/ OF %@ﬂr‘é&ﬂ%ﬁ]d‘élr%an&llﬁ@ ?%dical s
and al so cf&Fﬂ@P%QR%%E;CYFH@P9$%¥¥wrQMslebehYbrﬂnr¢xﬂih@e9tyhclude di phenyl
ether and nethyl tert-butyl ether. Preferred cyclic ethers are

t et r ahy droofrtieana bogknbtéddirad 86§l s Ja'ie%fb@éﬂéfb %%tl%&in%@@fmﬁf/%ﬂ n

particul ar rgaapoIdss,OmokBep ng@fa% @ﬁayéfné% %OORE pAPELSu I, da“d R> are

h d R5 |
?g(r:m :inb(ra:o g?ﬁm%ynﬁ'@e& anggﬁ% ‘are ‘rfm%ﬁ/ Z@%’ FRdEpR_Hrent | y g%/hf/ll ,SO

et hyl, propyl, isopropyl, n-butyl or phenyl Exanpl es of useful 20
carboxylic esters include nethyl acetate and ethyl acetate. Cyclic carbonic
general 45ornula C2-C4-alkylene t 25 carry from1 to carbonic esters

car bonat e.



esters encoRPAOOODAR3AABt i cul ar conpounds of the R60COOR7 where R6 and R-
together forma bridge which may be partly or fully hal ogenated or 4 al kyl
radi cal s. Exanples of useful cyclic include ethylene carbonate and

propyl ene Epoxi des enconpass in parti calar corrpounds of the general formula

30 O RBRAC nd each i ndependently as
def i ned forA]t-gl gr%le?r %W%%R‘gé" c?fr'yl}gef’ﬁ?h 1-‘8 fn%ql{mygt'h | ene

oxi de, pr op§PEHERCRRY, xPHeplé‘?ﬂf“d@F?P@nea’Eﬁ(lld’ePaH‘éh?% @Ih§nathJacet al's
enconpass i RapkEhYloulTae eavhoaddsads méte qpamer ap forthrea B1AOCRLIRRI40H and
R120CR13R14Ritcalsher e R12, R13, R14 and R15 are each independently as
defined fegr R3 and R13 and R14 40 may al so be H or together forma

C3- C~-al kyl nd. R1 orma C2-C4-al kyl ene

bri dge whic trgg‘%ﬁﬁg%d Cﬁ’ngrg?¥¥\/\b Sdlfyg R B¢W%. %Exanpl es of
usef ul acetgﬁ‘% e tri oxane, 1, 3-dioxane, 1, 3-di oxepane and

cycl opent anone di net hyl acetal . 45 PF0000053405 5 Nitro conpounds
enconpass i Ahparernc (fladkesylh emedspatséedel igraer, abrdngtad and16{M0PLic were R16

is as defionatkémyrl KFoupxanHes @ﬁ:euﬁﬁéﬂéraﬂiltyr 8, CYFRAYR&Sy 1 REUEE, in
ni tromet hanﬁ afiblial! € -Q;‘%L%Fﬂfc‘en 1 Ryl g{lclpr%%&%gfi?%gs x%rpe ylf,o

selecting t macetonitrile partlcular
0. wis pr ? rfac% %9 f.Q qi j 50}2”[%“5%1 Enpﬁﬂte'}yrjeﬁélpaf}r?e’éﬁ‘ i O&
derived fro a?BBF%%%?%]d‘eé‘@l Ld %%%easpﬁéfcﬂ@gmm@r' Fﬁsﬂaob%n}dﬁ acetic acid
or a noncoo‘Fm]rPdleimgnahl% cypideoceenyl noncoor di nati ng ani on" is known to
those skilb6led in the art. These are anions where the charge is effectively

di stri but edrevisrmmeer| harhs)libﬁ:e%Q%gy) Md'@fr where are no 15 point-centered
char ges. Z |s nore preferably a hali a sulfonate of the general fornula

ROS02- artly or fu enat ed aIk or aryl, such
as trifl uor ?e?e?%b%pa cyﬁéﬁ?@ﬂ‘é"’s‘{ﬁ%ﬁ bégﬁ?g -5t 0% elsul ?"Bﬁ%/& Rl g
car boxyl at e*HM ec HY a1 CQCHe muF QC 28s eCEPOCHRG Gﬁ@?éisR’ CNsomNQbef i ned for R

and nore 9r%§ré3r1&b‘|1yﬁlrf BW@eIWalIC@geﬁagederalﬂwrthosa e ldpenitadieey T | Liojaindat ed
al kyl , suchcmsvheref RUorDaiel, atecHs, ©oophexedobar ade cmegagsand u 1s 1 or
tetrafl uor obormi @agtitetaaphmeyl Roiate, @ QQ”@E&@X%CQR‘
hexaf | uor opmpn,agg 28 Igloqgl %eﬁa@g sﬁeﬁ%&ecgaﬁ

X4 or oant | rm

a conpl exed, n such as hexa
parti culf# Eic or :Tg'e%ﬁ? T l?o%nﬁ?ﬂ%ﬁe%&"frdﬁgfe oF“atyr PFIﬂ%T’b‘é’cé‘thﬁtneu Tﬁe
cat al yst s preferably used in a quantity of from1 ppmto 30 1 nold,
nore preferably from5 to 1000 ppmand in particular from50 to 500 ppm
based on the drigahdehyderesaunderiRs efar excendbsh@t Idyaha PheRR) idi@ngheo
catal yst | ﬁ)ﬁafamqnusef1nﬁyhefpcbyﬂaﬁa:@ttlh@nce%[&?apaatt%wskofSezpa[nﬁﬂ%r &, by
cust orry Rfé}f?%‘ése%ﬁﬁaééd "egaEL %c'ceagaa.ggefaw's goml gxas, For
exanpl e, %g L Q?tlf‘ s_LbE an corresgg %ng[ﬁ’c en?ada i el gesf or
exanpl e i e SO v{hn msaf‘? -5 GAEPLAC & 85 BbryFeshiVex of
t he rret al NHT§ f“ﬁ%ﬁ Wrttl'h %ﬁ HPRH%‘?‘? HG dGenEresirocheniprd mm afodi de.
The resul tiligapgapsexthast t @envebhcaeEo wisuhtable Ha geodsespimdiude Bhosst ed
acid of Z driganth which tleald EZoto gmalderhaigahdl §sd1d splhetfng neladelapdea
sour ce used iigangr &8 e&@tﬁﬁdefreaﬁﬁbdw}ﬁi%plhbbaﬁﬁéleo et waenate &

par af or ngd dﬁ@wec@a aqéﬂn%stmw& @éﬁcheﬂécaﬂ%rw ecoorf%ﬁfé‘béymgn 13\ dehyde

t T o
ol Sanys e:%d %%f”teger G IR SRR | ot 14 Essalre oo

f or mal dehy %4"65 ﬁ% are either depolynerized before use in
t he pol ynerization reaction or pref erably used as such and dissociated in
t he cour se Rrfefehenceaict igiven5td hee FaartimgdBhyfem aniltrdeepy e€@f abirenkas a

degree ofo [iinky @isplladeddst BPcoMt@eRtChessldeadhel 53SE0 d&arRGyh
particul ar e%ttekeaSé;&S‘zé c%l?bgmé ecsl{!ea:f ; %ng%&%ém' %%:ngiaéo‘”‘;e cetd Oﬁt arns a

maxi mum of conpoun detive

wat er, net ﬁg'ﬁlogltdryforrﬁgg Sérd tr)rgsed on the \?\BI ght of 10 the f or mal dehyde
source. However, the process accordlng to the invention also tol erates

f or mal dehyG‘ées‘éGJﬂEe”s‘llﬁa‘\HlﬁQ en¢enpss sgsgipepaf t mnliary campowndd gifettheont ent
of conpafngenkazl nfpmwuiliaveitlydrogae. R15iShen PPRLOAS]BE MANIGgREated tdEkyl,

i nvention meylber cardligd eHEids! A r8OkHt hoFe p%lé?fla%ﬁwr}netgﬂﬁ PRas § 107 bulk

pol ymeri zatplrg V\Y@%pgg?g@olyrﬁﬂa,zlat IlgBPh far a%ﬁggﬁl SOltd'nt'b(‘)‘ n.or

suspensi on, vantageous to selec ahhy ¥laprot|c
20 organic reactlon medi umwhich is liquid under t he reactlon condi tions
and reacts neither with the catalyst nor with the fornmal dehyde source. Wen
the polynerization is carried out in solution, the solvent should

advant ageously al so di ssolve the catal yst and the fornal dehyde source but
preferably not dlssolve 25 or onIy sparlngly dlssolve the polyoxynethylene

“Alz -, =

goaréenafé or




40 t hereof . pEp@ODL83406 useful hal ogenated hydrocarbons include nethyl ene
chloride, chloroform carbon tetrachloride, dichloroethane or

trichl oroethane. Useful aromatics include benzene, toluene, the xyl enes,

ni t robenzene, chl orobenzene, dichlor ob%nzene and bi phenyl . Useful alicycles
i'nclude 45 cycl opent ane, cycl ohexane, tetralin and decahydronapht hal ene.
Exanpl es of EXgtifs 2&yepeEibiHdrd lpAcinelaids acalpnittide, arppbpRdtrdiger

di i sopr opyl ard Hemzogiibuiyé. et her and butyl nethyl ether; PF0O000053405 7
useful cyclic ethers include tetrahydrofuran and di oxane. Exanples of the

xanpl ¢ of iRs, OeRnpetPE M2 chl B (IR 9‘3%%—2%@%3‘2?823‘%61%%?@ e

aci d deri va?rlm\Ellr?es %‘a‘l‘fﬁgpugeé%ﬁrnlé:taﬁgyf %Irllrr%lrf'}e(ﬁiefllgf?l?/?n &t gf‘a. Wofttrile,

acryl ate an\ﬂ*‘f’%ﬁﬂyIaéﬂéfeﬁaf%%ﬂ%ﬂee.leéPW%QN]a’l“ll?epr Rird e thyl ¢Bht g @nd he

sol uti on pof{PhRaNYARMiBA-are sel ected fromthe foll owing: n-hexane,

cycl ohexane, nethylene 10 chloride, chloroform dichloroethane,

trichl oroet betiexs daisbagbeMRLtIYARD, abeNZe HMartioh YSP ot LhRREGKENE.

chl or obeqgeaehed Hlvehgbeeaton LA thINIGY Unatof N A%y hbhdraiit!

m xtures thereof .are ﬁ sg sul tﬂtlil €. r erencg |s#g| ven'to USI n%ﬂhe

f or mal dehy de> & e 2PH EA3C <A Coﬁt%%’f e, BEPHAF§H QPESAERATR A4N6H Sof

from 20 to Yeclusle WEPHRRYL Rtdresr apRymetlinh Jertobstyl mEhesi-gRreferrasd on t he

total wei ghtyofia le¢hevbuaienetfabypobfummsan aadi dnd+dicanet.i on may al so be

carried out as a "blowin" polynerization. This involves 20 conti nuously

bl owi ng 4 hecd osdml1deh¥dee 89 Wric®mph 8s PAK thLW1201 £ SR lRde 8aspe i NtO a

sol uti on whj nteal glpy Pref reactl1 gn .nedi a_for, the
g&*‘aﬁq CBERLE McRRS) Wters v S 0E BFE sacl RepRrapT i an:

het er ogeneols, Suspensi I'yer [ za

hydr ocar bon ?f’?s‘f"#&@rpg?y%& %?&t?{zﬁo hgy Hal Bo ¢ &r?f’gdﬂtﬁﬂ £PRMpRI k when
trioxane i sPRdHings UphE- iR} FRIIBRRKE SBELEEabLY japchndnfeperdantdy mehbyl;
the reacti oethenperapyte dsrbropydt i nrbwrds sur phenyl sdxeaipdds of useful

cor r espoRdi egtboxydQcl astées pimede ActHydidtgthoet figd igBHgNt beBtatde sequence
in which the formal dehyde source and the catalyst | introduced into the

reaction zo I . deci.sive | . Howev preference | iven
to initially Cha %?%b%pé T aéE;;ﬁé*%g&%cgarﬁ%c% FETSBUERE o st 1o
it. The pol ?fbﬁ"iazlalff’gﬂu 8 HPEPERabTIPTEarr | ¥R dtit tageheefodMature of from
-40 to 1502 feralkyisna Mlidger vhich meyiberamtily 3 duldy pologemeitedt Pon
and susp@bstarrypdirpmelli kat4 glkyleredicall Exbmphedoharseifadl aychtc f rom 20
to 100C andcaxtpedicakbyefs olnAtidie0 e QRF el @ abbkapo| arte igroplilene i S
preferably gafgdradeQut at such a tenperature that the fornal dehyde source,
especially trioxane, and the polyner are in the formof a nelt. In

particul ar,_the tenmperature, .depending on the pressure, is from60 to_120C,
45 especi al 18° lrd%% BePBPaTOHE" %aﬁgbﬁg}ﬁﬁfﬁ’ﬁ‘gogn%e°{§§ﬁ ﬁSHefig]esfs‘iﬁ“}é’lias
preferabP9 fromO0.1 to 50 bar, nore preferably from0.5 to 10 bar and in

particular from1 t& & _bar. Useful reaction apparatus includes the reactors
whi ch are kna#g®cs to—t heRER!} | athers Rhe Rint RtbendhBlt yaxe gadhconditi ons of

each differ gidede@layAel Zad | rinkheraboN®e oreRE ks, apply both to the

honopol ymer i or d C 0 the co rization

of the 19{%’5%”. 1§§g§é§&§§¢lc%&gﬁg%y§?®%t & g%’lrie f°€r1n€|'sg%¥£§e“vﬁ Il be
e

ref erred®? o™ hidt%i % S¥R8mers. Homopol yneric pol yoxynet hyl ene t ends
to thermally degrade, i.e. to depolynerize to oligonmeric or nononeric

f or mal dehydéemifeesals amd saatiadet edcenpadse ipr psentenlsir lcompasedsi|off wbet i ons
at the chaiqermrdd 66rhinka PORGORIPREIH latideR1 WaROSRIFORE Y, atlvheBe OR12,0RPY| gehyde
W th comnogmy RiSUshe aachy thisp&idaltayaad/ @& s fddabos RAN Siakibizfy tHie

POL YOXY Mg i3S ShOBIPH - o NERRLHRIPAGHRTS ALE, JNIRNRRLALLGdd) LG 12

pol yoxynet h &< chal n. %&@n thedgg ynei i.d 20 Sulj ected.to t'hérmal stress,
t he polyoxy%gfﬁyféﬁg'éﬂﬁpn 95 r Ades Cant iy 1ang. PERGYSR BHED Da¥oPfed by one
of the aboVEHREFENBhEed RWORNFoMET §WO TPREGEh BEOBE bsEXaMR 1A ¢l B8&fwk one to
thermal | y ceagtade, isoludmttiloxadepol ydratiozaneonl chnibioepanesangd and t he

pol yrmer is sidilbipehz&fond)sEifdthgoaveoaes s of this type are cyclic 25 ethers,
in partigslar those of the fornrula Ro Ra - C- O30 R~ - C- ~Re)n Rd 35
where Ra, Rb, R~ and Rd are each independently hydrogen or an optionally
hal ogenat ed Cl-C4-al kyl group, Re is a -CH2-, -CH20-, a Cl-CQ al kyl - or

Cl- C4- hal oal kyl - substituted nmet hyl ene group or a correspondi ng oxynet hyl ene
group and nis an integer fromO to 3. 40 Cyclic ethers nentioned only by
way of exanpl e include ethylene oxide, 1,2-propylene oxide, 1,2-butylene
oxi de, 1, 3-butylene oxide, 1, 3-dioxane, 1, 3-dioxolane and 1, 3-di oxepane,
and conmononers nentioned only by way of exanple include |inear oligoand

pol yformal s such as pol ydi oxol ane and pol ydi oxepane. 45 Wen they are used,

o, Y " o r




PFO000053408r8069663465C CRe-( )n -5 Ra Rc are incorporated into the

pol yoxynet hyl ene copol yners obt ai ned in addition to the -CH20- repeat units
stemm ng fromthe formal dehyde source. 10 If desired, a third nononer nay
be used in addition to the above-described cyclic ethers preferably a

bi functi onal . conpound of the formula 18 CH2 - CH- CH2 - Z- CH2 - CH- CH2
O ~ ~0~ andibrroFonponnds e oppaFs i jpartichéar cedmpsumds oO-the @eBerbR=

Cl- CB- al ky| £ovnuda B26NCB-~ cyer@ahiylisne) .defdneanBoOMm3y ax&eylax ¥TPLEsFul
preferred mnhQﬁEt®m§Buh&BEﬁﬂdﬂﬂﬁe391tfﬁﬂéﬁﬁ%n@tQﬂéeﬁ¥ifybgh¥8hge di gl yci dyl
ethers and di et hers made from gI yci dyI ene and fornal dehyde, di oxane or

tri oxane ;snpéirtqm ratlﬁ%]1 :1 and al so diethers made_from 2 nol of

gl yci dyl Zonpourd andPi® en(S:Ie éﬁ GYPh$O Ut iMhgg ligepe® It dremcar bon
atons, for ¥FEHAETEAR WYIGeagdl theherre dh panyiarargCeol , 35
1,4-butanedio|, 1, 3- but anedi ol , cycl obutane-1, 3-diol, 1, 2- propanediol and
cycl ohexanew Jis4pdieﬁéral5’ﬁy tixol ar tpreference i s given to usi ng et hyl ene

oxi de, 1,2-propylene oxide, tetrahydrofuran, 1,3-dioxane, 4- di oxane, 40

1, 3-di ox n in_part. cul.ar |oxepane as conpnoners.
The conog%a@?ssa%g QB%% Qﬁ&gﬁ(ﬂ g‘sé |r§ anlg’uaﬂ?fﬂlé%f Plofh Br4"T e UGBy
wei ght, nor'€ ree\pgﬁ ab? )f'"fa?[ than $hpf_ofagekishracignonm Mpéﬁﬂaﬂaﬁltﬁn
0.5 to 5~ b%ﬂwéll gfbe Pewed r@rlvcmédimmgdenyde" Contkaiomedtontlidee skilled

f or mal dehydien sder eet. THREROGEFE583406n< GvhEre enEDEIRIES 18BYf Bbdticle1Re
initially ohistgedused hotdre riozenBhaeiviie stoHr 66 Hardqddedet 94 e addi tional Iy

char ged PﬁtﬁﬁﬁﬁtcEﬁggf&?rch‘@rtgg t hg IQ'};{H}ledEnglgr O.I."i)t’ %:h f‘l e,lr gag‘hly\égl y, they

may be adde tion m X LN

source and f%ng?gl ggat%ﬁ/\ﬁgﬁ%?i f%r“#}‘t ePQSQTg HegHe B ’c"or?&?f@ﬂrer%ar"tlﬁ’ere
is arisk t‘H’atf“'ELSl1 Jc?ﬁﬁr&"itﬁdpé ¥l s 2xvd  paveh cafl ar when they have been
stored for tdflrféPQFPW%ﬂ}aﬂQﬂvdfpnn'eebdﬁ@?@naselfcﬁmmlodes firstly |l engthen 10
t he i nduct imptoflugpestl fdrmteql wneatadtyilaiteand sm&_rdﬂe)tanedélﬁﬁ;ﬁahfh ‘ther mal
stabilit3o GihetrbeRpoina@rHétfhhbanﬁof af "R ﬁ%@gp;t&fetﬂ&%'l?h?&i fative eff ect .

For this r m‘% enRE &S e{ﬁ{ﬁe L L:tlcéru?%??l&é/rc a%eg g%bl Wi 6 CORE al (r)]f

| ess than t
per oxi des teit Xgpﬁag\et%ﬁ’h df:8 ﬁ ecf(?)?rrﬁg a?l‘bcslbéée&eﬁﬁaf}l‘ép lait?yméf
cyclic et he‘ie%ﬁ enYﬂ’ Y& Pocﬁ‘f‘%]xﬁé?ﬂd SRrERbatR s¥edr adati on of the

pol yoxynet Herédésorprhesiditepr af conmilexeds agsemate suatidaag sterical ly

hi nder e® P hexelf 1 ot dans ateaties ot Oa t duipl exedpah iidate 2QcHSef Wessliratubeal | y
hi nder ed phaneksatnTdisin tihbng EAPOMNGS 1AAKAAG: G RReRRhLE: §4T UCT Ur e whi ch

have at |eQ§ﬁf998r§$é¥HéﬁgshifgggaQQHHQrQEQHQréghegl gphenolic ring.

Preference is gl ven to usi ng, for exanple, ounds "of the 25 formula R3 R
30 RL Wner& g are identical_ or dlfferent and are each an al kyl 35
group, 6’ F? ?Je%sJ‘aIIkﬂ'ls BFﬁﬁﬁr%ﬁlya%GSS%Pt%t%&PW#F&Z@f- efxampdpppm to

%, 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 Brodnsted acid of 2z 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



and R3 is apr@hiyd59465P, a substituted al kyl group, an al koxy group or a
substituted am no group. Antioxidants of the type nentioned are descri bed,
for exanple, in 40 DE-A 27 02 661 (US-A 4,360,617). A further group of
preferred sterically hindered phenols is derived from substituted
benzenecar boxylic acids, in particularéfrom substituted benzenepropionic
aci ds. 45 UPRE(08863ehet] dPpolymat iafddy bpEef€riRd iGORRe rerQ3Lt bi
class are comptundsonfpidrerbbl fuhsed¥hsREuen iy R 550k Flg G- GO, Ko
CHy- CH2 ~ -ofOWdhB5rB8cddwhere R4, R5, R~ and R8 are each | ndepend&RtTse
Cl- C8-al kyl groups which may thensel ves be substituted (at |east one of
themis erical | enmandi ng group) and R6 is a bivalent aliphatic

r adi cal flsa\slqhﬁg fPF‘B#‘ie y(@lﬁ%é?%(ﬁfqﬁeéﬁblmh%ﬁ arsiggake oofhaner iEyOobosels i n
19 the mai S@R4&i A>% pridrer pedfevalplqurats lefst hd sk tayde iar padiH3z acH3 CH3 C
O | ~C CHg leagtHOTH \In paChRe@hr, +heOfbhiha (ddty@eCilYtrce contains a

Oy O Y- G- 612 0825, niC. CLABBIEN 4050t P LD AaERgY), o0
30 C ~C/ GH3nGad 3B —nCifa L\ 30Ny FordYe hgdsoder. o
CH2 ) 6 rPineC 'n%fd - C-C e ey aredan dHie @medghd ¢f r ganox~
259 from Giba- LRI T Y IRpPRLTesi- HoUeVeR) | thainroeees ateamling nol tige:

2, 2" - met hy FBREPHIQT Al%et hplerrtas ttogmeytphetwisourdbs having a lower

1, 6- hexane@r8ree sPB3-RUEi5ydand e thilyhey| cdntyl @fy ebapyldad 1R gabet ive

(1 rganox~ Bg8reggrent aerythrityl PFO000053405 12
tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propi onate] and the

above- dqsgch NQX= The fol | ow ng conpounds have proven to be
particul ar gxfgf?ieiﬁ%%vgégoéﬁ%ga&eo ttﬁgr é?%‘?‘%c%?glea‘aw b spwriedeput: as a

2, 2' - met hyPene-bi ¥( £FRERSHWY- (985t PBaES| ¢hdwdik) polymerization.

1, 6- hexanedi ol bi s[ 3- (3, 5-di -tert-butyl -4-hydroxyphenyl ) propi onat e]

(I rganox-~ Egen,tnﬁampéemyrrudﬁgdn is carried out in solution or suspension
tetraki s[ 3i¢3is-aivanengedis Wo 4ehet oxyARLAUNLREL PP, Ol Slrouk0,dl SLEAT V!

3,5-di-26r6r§ﬁﬂﬂﬂ'I@abfgéﬂxﬁgﬁﬁﬁygHEEggﬁ?%?%ﬁ@geFﬂg$r the reactionotlc
r wit

2,6, 7-tri oXasdr icvel.of 2.
3,5-di-ter§§¥iﬁ§§gﬁ pﬁﬁ rfé%cté ngﬁg the catalyst nor with the

3,5-di-ter ehydgyEe h&Ren. 8he_pplymesightitn ot icazyliadi o€t in
2-(2' - hydr ¥331tion,y §hexgelyent shpul@radumntpgphesyy )alscClilieto1dS the

benzot ri azértalysteand- thee tfdyumiay He Ky dey cHawereebiy| ably not dissolve
173,51 8 Tl s kg diBaBed. O toonyod bt Al OERET BT

4.4 - et QQW@M%@@ dig %%&tﬁ%@gga&@[@;%g)s ension, the formaldehyde

N. N - hexamet |%9§-BI S- o%)y f% %é??iﬁ[ P4 2RG o OXSARFd REEr nhBmeRess2@YThe
sterical ;@l.hl ngsreqd phenoiPE *Gfi RFe MiPDe fseBdendioiaghikvy bettex a ni xt ure
my eit herdltfé"régHEHO‘? Pt Fbenbasneldelivdeusouncet n tthe freabshes maliwwer. | n
the | ati®rPrefegencacipalipenr tanye bpttionalithy be1vald e oinns 8ESEIdL cachi eve
better di spersioated, thimeds antbeaddia, afhBhSEANGR drScALNSM LG 45 ng, t he
ant i oxi dardes paptay Gahardiity Hglb'cﬁ’erfaf{%; Ig}%t %%J;h{ q’%’%rsg.gﬂﬁfﬁg c%f F‘g}h
0,001 to ZpivnueighlundeRALET I L0 F g f> b 1. <Y5288d on

t he wei ght r%Fna%Qc nomer. . m xt ure used oY HoPymRP BNl h¥ dsubsiditivéedpossi bl e
way of sfabilizi gy t3e PafyBRY B % & hEEE ai PRkY Shiehonobydlememidzathen of a
f or mal F8& 35 oBPTRE 5SS sedveRpS ticthew avéfokidew agdoupsboxyBic @eavert them
to functi 8§&ELVREEESHi ch

| C

OoXycCl nn

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,
dichloroethane or trichloroethane. Useful aromatics include
benzene, toluene, the xylenes, nitrobenzene, chlorobenzene,
dichlorobenzene and biphenyl. Useful alicycles include

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



35 do not tRRA0QOO5B4EOHwmI |y degrade. To this end, the pol yoxynethylene is
reacted, for exanple, with carboxylic acids, carbonyl halides, carboxylic
anhydri des, carbonates or hem acetals, or cyanethylated. 40 In this

vari ant, the poI yoxyrret hyl ene is stabl hized in a separate step follow ng
the polymer % CE’reference IS cordl ag g ven to stabilizing the

pol yoxymet h ene Shes 28??“6 Wi T AR ET 2B HGTO REAs SMAF ML  equi res no
separate st A%SAPife h? Heedid BPlYethgiolPpAEely aticdmdeedinédmxyetbheeence
is given toareﬁljrﬁlﬁlthgleh@ Clatcally shnwexdmpaededich i wad il suWsebuideleact i vators

i ncl ude anmaimerhyal sphpdk deandhar @8&Ei T c@lfbaﬁ§11@|é‘cq|a0h§r1@§§ixfes

- PFO00005340tnchidigealyt & §w:ff | i ALt h neta
hydr oxi des %Qp q:%gljggge &%Egr&gg é@l tagtlnitvvaéj ég%ﬁ eac?‘i vatre L'e
catal yst an eac a or aare then separ at ed fromthe pol ymer,

preferably by washing with water or an organic solvent such as 5 acetone or
net hyl ene” chdrdicyéar bpveraferredneel ventc £oal yse solmjioal polymerisadibn very
smal | quantate eslestibd efpmntthir féal ieningaf nthexpnd y prehbyhene IﬂthEQEHé' e
thle cat alethdepitl@I@dﬂbIQJ Saléﬁl&raettth%ﬁethrféﬁl%rroE'Eﬁaﬁé‘dt of t
ol yneri za c 0 c
Iroea%:/tl on zoﬂg}hﬁ%ﬁzsgifar@( ‘B{é?éé‘}?& %]1“%%8 n%:Itlrssnelnlz St anheg ﬁpéfaﬂﬁ with
a gas strea or cexanpl e eltr8 YgEQ §én 20 a%%’iﬁ%é‘lrl’rée b@/l]sd‘}l\?‘éﬁtres
extracti on OFHHPIWAERi HPwistitahlaqueous mixture or with an organi ¢ sol vent
1$ such as acetone. ‘The pol yoxynet hyl ene is generally recovered by renoving
t he sol vEtPmeference hiss gaisenotobus knPpanenebigatd debgogggy 119 +3d
opt i onal | ytﬁluﬂﬂbﬂgpéfﬁné’ﬁ'z%-tl& p{@faercro%@eﬂef Qe LK 70 Rolggeplzation
conpri ses sc o n

oy ol b abclﬁ’ eEB 2 fol%l% ?‘Eﬁﬁ%’t'u t?‘blﬁ’}fr tgfahat er,

el evat ed pressy re n rL1L B €sence q

and is descrllﬁe r‘F‘é’ Sé BntT}aeppﬂoi é"a‘FFbﬁaHP%ll‘OeoéﬁtWW ehsps
fully i ncoﬁ?oFéFEHe‘ﬁé?‘Hi #Shg WRyCwfinepedzmerizatsionn Thés pimsdsesaccor di ng
to the iR &ontdpuonstudilioonnyi bies foremaddehydedsodriceh) anepattidida@pt i mal

range for ifedueldebydeapplsi,cahtons B1yiom dhiew &oeaRds tRe &d@WyakNUt es.
At the sane tine, the catal yst quantlty required is small. The 3

o Lo ek AR SAAACR BEREE 00 50 LIELINGINDE MEr et o0e

nol ar rrassg1 el |, above 19%[;?% “ar mass Mh
is prefera Attt east®ads ﬁfiwt ﬁP%PeranHi%haatlcl E ocprbeng - g/ ol .
The wei g?ﬁ average nol ar nmass MWis preferably at |east 20 000 g/nmol, nore
pref erabl y The pedgnedza3dopOfay/aida bEheapolgdicapenai bylk ndexn RibhokM M)
is preferablsyubedsad e 4ornplécipfRf eoakby. | BsHLMHaN13. uddie dé’l\éEﬂEllgn
n

further pranedesadt a.le)ﬁ§>ErQ£ufé"eaJd)&@HL@1$x@ Z!i:%s-Eu-J.:e %/( (1a)
1/'n where 4arMiSod®: PF0000053405 14 is a cyclopenta |enyI

| i gand Rlor C5H312 where R1 is CHO COCHS COOCH3 or COOC2H5, L is
CO or g Zis an anion and n is_an integer from1 to 3. 10 In the
cycl opent a&?’e 2? PIaTE eSFREAInREq $hgr bhventbion Cle SEmMasr ig0@THSh and

in the cycltdperoHrn defivdei gavece BRI Pei capalafsr ablint CONRKEH inapdtha t he
| atter casegathieon ratinel dsahoRlof afticialige miypdie: diieghhewé Ve Ofpreference

nonnelgthhsnglvéﬁ5ﬂbI1%1E&§i§ﬁfﬂﬂd&gﬁﬁbfkHQer?ﬁJT%@ﬁgﬁefggﬁgé% and adding

trifluorgaggbatgealyl! agl yoroborate, hexafl uorophosphate or
hexaf | uoroanti nonat'e and 1 n particular trifluoronethanesul fonate. The

remarks made relating to the process according to the 20 invention are
appl i ed cof E% Rohdetgrgtiont He REaferpbly searigicngutoat he tempematone dhe
i nvention £5op|+4fttoal88°Gy ndre pxefpfaslheremnbetow 5@8 . ErRapseuthion
Pr epar at i opobymeizatdbal ysd ssudpenedbal pslvmeraratpbaparetarden Baet getive
gas. Thaof phtoidiar3@tcatahysd LoM09os YAHpeeda18P Mom 30 to 900C. 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.



~ Z GFON000534056 = Mo; |.

2: .5: M= M; |.6: M= M; Z
Z = CF3SQg Z = BF4 Z = CF3

M=W I

3 C00 40 45 PFO000053405 15 5 M OC
CO CO 10 COCCH3 M 15 OC ~/ \ Z COCO20 CHOMCC ~/ ~ Z 25 CO CO
I\/b CF3 8:

w1
<

~

l.
Z = CF3803I4M=WZ sogm 7. M= M; Z = CF3S03 I. M
= CF3S03 |..9: M= Z = CF3503 1.1 nthesis of 1.1 and 1.2 30 The
cat al ysts of'e ﬁ&aFBJr?ﬁjlpfgslsuieam Hrezfe\fé\ééyp?%roeé b9 BReaoress
descri bed Breferappelfzam 4.5 to 10 argandnbt . paCHeioula®s8iro22 to73. bdr 2
Synthesis of I.3 and 1.4 35 The catalysts 1.3 and 1.4 were |ikew se
prepared bysdelfalptosestoriapphi 86 MhdYuabBpPehe eﬂea@'torb nwﬂlclp’a%nﬁﬂg&n Chem

1987, 3225 t%7théos)11f’le%”1tnh ﬁbs Pt{) féjrS t-}l;E/l t%é confiltil\@‘nss alfgeagﬂomat

synt hesi ze r ocess . et a
Chyem 1987%’%‘5 ‘}‘?p 92‘5)”‘? T}z g%h%-es. s of 1.6 PF0000053405 16 The catal yst
.6 was prepared by the process described by R M King et al. in J.
Organorret Thige pbo1@ 6 matks 4bFly oSyt hbsi lsomfpdlyhebibaith @f( 88e5 ol )
of the 1, 4-fdirmsadenpdsicutcel asy HORMR! 38hEIYHSOHHTLHES £ E}?év‘t ed with 9.008
g (100. erhaQEeﬂ&J@tg&ﬁlchaﬁPm 1'1'8 Z h cgr tf%%@’ﬂ%? (JJFLOBr ef | ux.

After 3 h, vent £83S |rret car bonate were rermv
distillati \/Iigl}grg%é ?ﬂehe%%gf] ueo"\vlvaas e %ﬁ °1%0 n of diet hyl ether. After

dryi ng under reduced pressure, 4.68 g (32 03 nmol ) of
met hyl car b&@?@?@ﬂﬂb@?ﬁ%m%ﬁyﬁwft}fﬁ%r tepds adinadierradly deqrede94ineml ) of
met hyl car béey dppbbyreenizd ¢nybiibghnenivepe mdnomead cwifbbmdl &Sidyde .( ¥8i89igmol )

of M(CQ% athr8butéd o treler physkdeloFn heﬂ@a&@@éle(%ufn@'i:lgﬂs hatt @neebhiXn

adm xed wi eLeC oom
t enper at ur &%ﬁdfgﬁﬁémgﬁl?@ QHP#I%”&L ggiﬂ&ﬂ(}? %ﬂfo}] 6jf: Po%darlt% S?’gdéAfte
distillative refpva tﬁgcgo"f‘%e &ﬁdef‘ e ?r Pﬁ’i}? &ffde under
reduced pr&&8Greize hfé’ecrpt&"&@oﬁ}’m SREs fetmF@ct@seocprendnear® @88 by 20
col unm chr émaPsRPEMRA (lactheapelywivmethygehe ahedinohWkanetitd gollymereisane =
5:2) to Abtsabjedt8b3xq theZmdl smmHs)s,Ofthe polyoxymethylene chain degrades
(~5- net hyl eathoxyky diepentadi @@yﬁaxtnreldssﬁrQ@@yAmﬁu@yhﬁabJM%%ﬁlI) as a

yel | ow powdhon 8 ;q(;gy)
(~5-methyl ¢a gggé%g%qﬂg%%@é?%gg ttraingc::illi‘L %ygss tpﬁof’m)T'yb eeﬁlTr?]lig I1) in
20 m of di c§ of ohg ag)fl g RATEy °é.“tes 58 WP 2ot on of
0. 2169 gwe YBST nhbI9ta0R i pe it ﬁaﬁ%%%iverrcﬁwé 5Bi® t¥Ps ape eyclic

di chl or leﬁﬁﬁésv\/rﬂftwaéé&%élat Hehagsl odwthe| fpimyiat o turn wine red and

vi gorous gas formation to occur. The reaction tenperature was gradually 30
increased to roomtenpgyature in 5~ steps at 30 minute intervals. The
reaction m xture was then adm xed with 25 m of n-hexane and concentrated
under reduced pressurg untid a wine red product precipitated. The renaining
sol vent E#‘as pi petted olf nld the solid dried under reduced pressure. 0.443
g (0.97 68~ of! 35 t'heory) of

(~5- et hyl car boxﬁ’:’y—rchent &Rfidenyl ) tri scar bonyl nol ybdenun(11) triflate (1.7)
was obtained as a w ne| red powder. Spectroscopic data: 40 1H NVR (CDC13):
6.12 (m; 5.92 (m; 3r#6 (s, OCH3)

35 where R28, RP, R¢ and RY are each independently hydrogen or an
optionally halogenated C;-Cg-alkyl group, Re is a -CHy;-, -CH;0-, a
Ci1-C4-alkyl- or C;-Cy-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

When they are used, repeat units of the formula



i aC_NVR (CDBN@900033405 223.4 (CO; 163.7 (ester); 100.1; 97.6 (Cp); 53.0
(OCH3) 45 M5 (FD): 451 (M+, 20 ~); 426 (M+ - CO PFO000053405 17 IR (KBr
di sk): 3115; 2961; 2075; 1986; 1732; 1290; 1234; 1201; 1008 El enent al

anal ysis: Found Calculated 5 C 28. 97 2? 22 H1.69 1.56 S 7.57 7.09 1.6
Synthesis of 1.8 10 2. 486 g (17.01 nmol) of

net hyl car boxycycl opent adtenyR8odi um whi ch was prepared as described in 1.5
was adm xed with 6.675 g](13|70 mmol ) of WCO 3(dnf)3 in 80 m of (DW),
heated for 3 h to—+ed F—uxca,ndctherqnbh,e_sol vent was evaporated to dryness.
The 1$ renmi ni ng brown oi s taken up in 80 m of THF and adm xed with
4.55 g (38.06 mmol ) of ;hy iodide. After stirring for 24 hours at room
t enper at ur e, the vvorkup was fected as described in 1.5. 3.97 g (9.78
mol ; 71~ o % N

(~5- met hyl Caéld oxycy P (%ald’i 8n§7f’?tl??]s¥:°&?yﬂl§ﬁ§?¥}@’ﬂ%;ﬂqm&y§%ﬁ Fhtained dere
obt ai ned as? e‘rCHZQ‘ 7EPPY Bgrs s¥Rningf from the formaldehyde
(~5- et hyl c%@‘%ﬁﬁ@ycycl opent adi enyl )triscarbonyl met hyl tungsten (11) in 20 m
of dichl ®0onet hane was gradual |y adm xed at roomtenperature with a

sol ution ofr. dve@a%ea (4 d&@meh% OF iy el QCORPLAAR L bRIES A C T N o am

of dichloro ? ause ¥J||OMISO Ui on ettt -t ne red and
vi gorous gas velo “occu %ﬁﬁe e ?(Hlffnﬁté?n%%éﬁwmound
tenperature tHE §8$W%ih was reaned conpl etely under reduced pressure. The
brick red re5|due was dissolved in 10 m of dichl oronmethane and adm xed
with 10 ¥ of n'Bﬁ ane. The m xture was concentrated 30 under reduced
pressure until t red prodd%? pré%|p|F§¥ed" S FBhai ni ng sol vent was

pi petted off by h @ and the remaining solid Ekb d under reduced pressure.
0.710 g (1.315 mml, 70% of theory) of

(~5- nethylcangpxycyclopentadlenyl)trlscarbonyltungsten (I')triflate (1.8)
was obt ai ne Ta wine red powder. 35 Spectroscopic data: 1H NVR ( CDC13):
6.28 (mM296.12 (n); 3.84 (s, OCH3) 40 13C-NMR (CDC13): 226.1; 217.1 (CO;
163.7 (ester); 99.3; 95.6:-94.6,-83.1 (OCCH3) M5 (FD): 540 (NH, 100%); 512
(M - CO 45 IR (KBr[disk): 3%15; %962; 2064; 1989; 1961; 1731; 1294; 1234;
1189; 1005 PF00000 18 El enen anal ysis: Found Cal cul ated C 24.12
24.46 H 1.15 1.31 S 6.39 5.94 5 1.7 nthesis of 1.9 5.231 g (26.89 mmol)
of the éo-dioxane conpl ex of cycl opentadi enyl sodi um were heated to refl ux
with 6.01%4 10 &100 15 mol ) of nethyl formate in 60 ml of

tetrahydro 4% & chemicahebans] v et anBRex cl@ss CreCindlkiydenat er wer e
renoved di $eirfbatiolokykpbendhe resi due washed with 150 m diethyl ether.
After drying under reduced pressure, 2.70 g (23.26 mol ; 8~ of theory) of

fornyl cycl apenbadi sy %O(ile%&”éil\&ﬁ;?léébt %'r ?grr d %ﬁ ei‘? é m;_olf}a of
f9

f |
Vo D) 3SR 'ﬁg s H@#ﬁ%«%ﬁg VPRYL e Epard Lo hreehBACad xed
at room terrper a eﬁ“”Z”‘.“Lﬁ? neg debYRfp| §igfeneo@rnerigans iai gt mplaxi ve

removal of Phdosef vt andhalee td‘{e@du@?dﬂ/aércstulij @of edf t@lymirdyfli cati on by
col um 20 clhmprardg@rapily mpacef vart ed iphbkta @il hdivihborssmthare)y afgbdn 078
g (3.03 mmaltpmB8p~faf dxdePLY)td diglycidyl ethers of ethylene glyco

(~5-forms quLg@@m@yoqnyh)grkg@&q{emMI I igg?gg%gdgndn}nlgl viere obt ai ned as

a red-browy

(~5-fornyl Cyc|§p§é‘lt a% eny%??r(i(%ccla?‘ggﬁi}ﬁ dgrﬂ{ﬂ%denum (rr) in 25 20 m of
acetonitrile was adm xed at roomtenperature with a solution of 0.2037 g
(0. 793 moPprbicetaw @refererepricnstivgnetal it ethpléned oxifdegcet onitril e
and heat ed 1t @-pedpybentopxidd, whitchhydusedran, achraisKapensi,andioxbeem from
the cl ed0 ded-diawslanel bhion,3-Hiickepasief | 14 304 1b0EQHIN, A diiddpale (POr OSi Ly
3) reinforegfoldmexscm of activated silica gel. The red filtrate was
concentrated to dryness, taken up in 20 m of dichloronethane and adm xed
with the s Ee qtar?nt't of n-hexane, The m xture was concentrated under
reduced pr 88 FAPOET R aT¢ RF SfexaPAYnEsed et aRast prpet daonf . bythand
and the sofPy B iwed 8%, unees nredecedlpr sourb.2 Bo22d% doy KeAhhtpmbh, 65~ of
t heory) 45f pérbiduwrary feyn| Oprdcadizeby! ybigos) bRkl ( 85 et i ddrina0haRyybdenum

(r)trifl aten€dirfdd %Stﬁétﬁéﬂ%(idéﬁ ael é&mcer ed powder Spect roscopi ¢ dat a:
40 1H NMR (CDC13): 9.68 (s): 6. 11 (m; 5.9 2.54 (s, CH3CN)




i sC-NVR (CDex3900883405(CO; 187.3 (Fornyl); 143.2 (CN); 103.3; 94.6 (Cp);
5:4 (CH3CN) 45 Ms (FD): 288 (M+ - OfIf) PF0000053405 IR (KBr disk): 3091;
1226; 1168; 1149; 10 Elenental analysis: 5 CH N S 19 3006; 2948; 30 Found
29.88 2.05 4.35 7.28 2313; 1994; 1911;,,1688; 1264; Cal cul ated 30.36 1.85
3.22 7.37 10 2. Polynerization The polyherizations were effected w thout
protective Ggas.COTOTOBRFR P yiveteFabe oinitgaddy ehargagh@ibbt tieen f| asks were
char ged wi t fomnatidesyder powedre canddded td tike adaidianedjignehangedachaagst xed
with a sol utgdgg;mf wgph;fhalmtn;éhéﬁyw dotirtabl £1derna iRl PPEIRY im%&zebef
quantity ina +of +dibChl 5 Oimt el et e jf1on o
the 20 cagaéé(lﬁ;?eagﬂ‘dt @ﬁeo%]étegly%: (%I@%ﬁ%icﬁ%sgésgvggg n%ggﬁgeggglgg%cﬁ%yid;educti on
2 h, t '

time. After e reaction"mxture was cool ed and the sol vent renobved.
The crude pol ymer was comm nuted using a nortar and adm xed with 50 m of
an aqueous e QYSIAFuRtherh@rat usedl ar iaomonThess nithereeinas tisdt ettator 16
h to refluxthex® Toatpéacréewkinest ule pasichear fukdrerddyandvé edd Iskeregake
washed W t hfadd anfreabtaé By Mg 29m81 bdforaCakeNepe g dels! E@fsi@%qa}@% dried
at 70C f 96 e Rndubtibg {Ohd Q¥ RYet ﬁ‘eﬁgst&&%%d Y HhATy sEdis gaf
al so the nurher 3verag f{‘f otdth% wei ght averﬁg rmftar masses’ Nn o VW~ of
E%al néd, TPRePIY RIS g%?esi QFMERIERLRPHO LhRHF M)

t he pol yoxyrre.tc{;‘i],ene g : - _
and the cr I YAV 8se bt T efort EB1S TFRASPHI aPT AERERIC VA SagEveM e s ing
det er ni ned WFiFcarsheFs gerighe copsainnlass chatorGHs be5Swddghs, more

PF000005340F eferibbyeldsS tHanlh.d0esRby watghy) aseiRiakedds 2 Rifdeted as
pol ymer i zmthiyairodenRpensk et taei Bh@é&%rﬁ%@beguéﬂtﬁaﬁo‘@eEgcﬂ@r&ﬁ%r%g gb- 804

g (75.6 mmol) of liquid trioxane and each adm xed "wi t h One of g€ cafalysts
listed in Table 2. The tinme between, addjtion of the catalyst and the onset
of cl oudi nelg}ls o\%ggrrrié%s%l?eevaenézs Of‘\ffl\ga%vﬁ CEABhen RE thBe reaction was then

t er mi nat ed BRI YRFAPRENSERIAS GPtaaned, PHedepengeels ahivanntd avdird | tered of f,
washed wi t IFteatierlindhirdarsde phenokchrtioxidaytsngcc ahienet 1At priHe ifpae, from 1
to 2 h a?@ usefu}i etelr il lethdndened. pHehollbei Aol ddiala talbSunddhakvadycs i on
tines, reagiHeanlitn®@er@dtthid ¢hdsnars,d GROALEL: A TaRLec21 RMiemanding

No. Cat al ystfuapt bhYehd BidrAductigp, time [s]Reaction

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

Rz ®°

30 HO

R1

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 R3 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



time [mn] WrdG0QEs3405

3511 .10. 01525-100. 335. 56521 . 10. 01525- 100. 55. 32331 . 50. 0180600305. 704 2.3

Pol yneri zation in solution in the presence of water 40 A solution of from

40 to 50~ trioxane in 6 mM of formalin-saturated dichl oroethane (water

content: about 0.5~ by volune) is m xdd with 100 ~1 of 1, 3-di oxepane and

heated to SUETIFYLREEY Rreferred eompawnds drewl thisorlabsomte Porfpdangat &f yst s

45 |isted itheTdbrwuBain 1 m of dichloronethane is added in the appropriate

gquantity. The tinme between addition of the catalyst and the onset of

cloudi ness was ppasured as the induction tine. CatalystQuan- tity

[ ol ]I ndgic- tion\time [s] MN[kggnol ] Mh [kg/gDI]PDIOrude yi elRd

[g]!.10.02546032. 412 92. 516. 34l . 20. 020880112-”- 6. 451 . 30. 028912020. 79. 202. 256

. 201 . 40. 02323 —SZHSCHLGL ¢ L(h 0086182249 .c2Q2. 436. 30. 94001531. 312

.52. 506. 141 . 90. 02843035. 010. 33. 406. 63Conpari son:

Mb02(acac) 2*0. 032245---6. 05 PFO000053405 21 After 4 h, the reaction was

st opped by cool iﬁ‘?g the reaction m xture. The workup was effegised as

describgg in 2.1. In Table 3, the induction tinmes neasured and al so the

nunmber ave;ﬂﬁgg Jo i g average nol ar masses of the pol yoxynet hyl ene

obt ai ned, thHe 5 |§§rs%era§%dt§ | Hefo 3CPDLEfEPanderddy CheCecnlibipl ygmhuss ar e

reported. YHBFB M2y Jdemse)ves ke subdtct i bedMMPDEGs u0Gkd toft ithBm is a

[ s][ kg/ ol PERGLe®} ]y idedhtimg droup) and RS is a bivalent aliphatic radic

gJl . 10. 0353¢04. 3m33. @3. 64.1c2BA3285R9- hi2: 83 1252 %&‘*ﬂ w0 089810 083, 62.

142. 731 180+040d24ld] lerad n92. 372. 191 . 90. 02841513. 87 1% 41.43’§Corrpar| $h: '3 0293

bl ue color--_--M02(acac)2*ation after201 m n *acac = acetyl acetonate As

t he conpar 5;09 of the reacéi ons using the catalysts according 25 to the

i nvention and ?]F\]ée‘{)rCiOB‘PméP 5 Wforfdsakype saisns, the catal ysts according to

the invention lead to higher yields. The catalytic activity of the

catal ysts corg{ing to the invention is further naintained even in the

presenceoo t&f3 in contrast to MbO2(acac)y. 30 712/ ew 35 40 45 CH;

PFO000053405 22 We claim g5l. A process for preparing 80| yoxynet hyl ene by
e

contacting a el dehyde ﬂource with a catalyst of thegfornmula |C/ fRew
~m+ Zm n10woeH diiy-cEt-c- bon,Ven MB- cH.2 cxF o-cMP- M, . Re, Fe&,—RuCHs
Gs, Co, Rh or ~Op2 i sa cycl épen%‘gd? eznyl 99 Saﬁdc%épk _CQRFE, e s

/]

fromO to 5 angRRli s al kyl, al kenyl, aryl, heteroaryl, aralkyl,

COOR2, 28%0R2, CN or N02, andR2 is H, alkyl, aryl or aralkyl,v isi H

2, 25each Lis independently a nitrile, CO or a |iganddispl aceabl e by éO w

i san integerrddrdae0249 FAodPé:ibgaBe ')on, andm and nare each independently
an integer from1l to 3.352. A process as clainmed in claim1l whereCp isa
cycl opent adi enyl |igand C5H~5 u~Rl u, whereRlis nethyl, CHO COCH3, COC2H5,

COQOCHS, 38 H5, CN or40N02. 45
CH
o </
Ky © (l.l) “cn
_ 3
35 HO CH;— CH;—C— 0—(CH3)—0 — C — CHz — CH; OH
CH.3\C /CH3
~ C
C{-I CH; 7\
3 CHj CH;

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

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



PFO00005340BF @B0@053d @8 ocess as claimed in any of the preceding clainms
where Mis Mo or W 4. A process as clainmed in any of the preceding clains
where 5 each L is selected independently fromnitriles, CO alkenes,
phosphi nes, am nes, ethers, carboxyli Fsters, cyclic carbonic esters,

poxi des, hemi acetals cef.al s _and nitro _conpounds. 10 5. A process as
glpa?(med inh%f%"’1 s?#]é‘%raf’e' CAG Py e AMR¥AEO3YRheny 1n RrPEEONaNE I @ndt bhef

t he fornul 2RBErResGRiPed RriggngkRy245 partially or fully hal ogenated al kyl
or aryl, carboxylate, conplexed borate, conplexed phosphate, conplexed
arsenat e OrTHOFPleXRIh R idmPRAALS - hdwe GrobeRr 06655 BT +ELALIPH, 1k 22 000
ana][fa 2 5o %&bdg?eﬁﬁfé&t g'seir@%}gg{r%%ggg%%% (r)nred in any of the preceding
1(::|r :’;Ii rrgo\r/vﬁg‘r?é e’r&?ﬁggghyf%r%eﬁgil&éﬁyﬂ%‘%’bjlu’ri'é:ef%'*’ﬁ?wqfé‘ﬁ}de, trioxane or
par af or mal dle'tﬁ/'(}j‘&xa%‘?d’;@]é‘a}tsdl-"yé?"BTdJ_t'ﬁ@rftoPHﬁYh-‘l-dlYﬁSOQE@M@ZJ))z-) L] + Zn
(la) 1/n wRrapipnpte Mol Igrganpx302%)) i peategryapeittyadi enyl |i gand CSHARL or
C5H3Rl z, Wheﬁeaﬁist3—(3%3—d€€€b8t-ﬁﬁ1§]ﬂi-ﬁpdﬁE}}Eﬂéﬁw1§pk§p£$%é¥é]QHSCNz 35 Z
i s_an gmﬁl’di@%@aﬂyi s3 ,%ldiﬁkﬁggtbéfﬂﬂfll-hﬁrﬁégx%b o\%ﬁféé’ﬁy st f‘: 8_8 med in
or 000G ej’?i’gf I j‘gggﬁéﬁ%ﬁ%‘?&éng'?:g‘%%h”?-y\kﬁé‘%hhﬁ i's COOCzHS. 45
PF0000053408 *741 15 W A shYdeoxycingemate, claim 8 or 9 where Z is
trifl uor onetRafésteforiteyl-frhydxeryrenyat 8, 5+digtablrydr thivtatimzylamine,
hexaf | uor oZrdgphbyérary 43 xafiuoxpeit ismedat er 5-blik1eWedPl 155 20h182030 35 40
45 15 benzotriazole, 2,6-di-tert-butyl-4-hydroxymethylphenol,

1,3,5—trimethyl—2,4,6-tris-(3,5—di—tert—butyl—4—hydroxybenzyl)

benzene, 4,4'-methylene-bis(Z,6-di—tert-buty1phenol),

3,5-di-tert-butyl-4-hydroxybenzyldimethylamine 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,
carbonyl 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
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15 2z is preferably trifluoromethanesulfonate, trifluoroacetate,
tetrafluoroborate, hexafluorophosphate or hexafluoroantimonate
and in particular trifluoromethanesulfonate.
The remarks made relating to the process according to the

20 invention are applied correspondingly to 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.l1: M = Mo; Z = CF3S0;
35 I.2: M = w; Z = CF350;
M I.5: M = Mo; Z = BF,
- I.6: M = Mo Z = CF3CO00
e = !
ocC l\ 7
Co co
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I.7: M = Mo; Z = CF3S03
M I.8: M =W; 2 = CF350;
15 oc 4 \=,

CO co

20
<3§FE>——-CHO
I.9: M

AN

25 CO CO

Mo; 2 = CF3S0;

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. Rppel 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. Organomet. Chem. 1987, 322, 77.

45 1.4 Synthesis of I.6
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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—methylcarboxycyclopentadlenyl)trlscarbonylmolybdenum(II)
triflate (I.7) was obtained as a wine red powder.
Spectroscopic data:

40 !H-NMR (CDCl3): 6.12 (m); 5.92 (m); 3.76 (s, OCH3)

13C-NMR (CDCl3): 237.0; 223.4 (CO); 163.7 (ester); 100.1; 97.6
(Cp); 53.0 (OCH3)

45 MS (FD): 451 (M*, 20 %); 426 (M* - CO)
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45 IR (KBr disk): 3115; 2962; 2064; 1989; 1961; 1731; 1294; 1234;
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1.7 Synthesis of I.9

5.231 g (26.89 mmol) of the 1,40-dioxane complex of
cyclopentadienylsodium were heated to reflux with 6.014 g

10 (100.15 mmol) of methyl formate in 60 ml of tetrahydrofuran.
After 3 h, the solvent and excess methyl formate were removed
distillatively and the residue washed with 150 ml diethyl ether.
After drying under reduced pressure, 2.70 g (23.26 mmol; 78% of
theory) of formylcyclopentadienylsodium were obtained. 0.993 g

15 (8.55 mmol) of formylcyclopentadienylsodium was admixed with
2.564 g (8.46 mmol) of Mo(CO)3(CH3CN); in 100 ml of THF, heated to
reflux for 2 h and then admixed at room temperature with 2.147 g
(8.46 mmol) of iodine. After distillative removal of the solvent,
the crude product was subjected to purification by column

20 chromatography (activated silica gel; dichloromethane) and
1.078 g (3.03 mmol; 36% of theory) of
(n5-formylcyclopentadienyl)triscarbonyliodomolybdenum (II) were
obtained as a red-brown powder. 0.2822 g (0.793 mmol) of
(n5-formylcyclopentadienyl)triscarbonyliodomolybdenum (IT) 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 guantity 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
(n5—formylcyclopentadienyl)biscarbonyl(acetonitrilo)molybdenum
(IT)triflate (I.9) was obtained as a light red powder.

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

13C-NMR (CDCl3): 244.4 (CO); 187.3 (Formyl); 143.2 (CN); 103.3;
94.6 (Cp); 5.4 (CH;CN)

45
MS (FD): 288 (M* - OTf)
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5 c 29.88 30.36
H 2.05 1.85
N 4,35 3.22
S 7.28 7.37

10 2. Polymerization
The polymerizations were effected without protective gas.

2.1 Bulk polymerization

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 aqueous 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 M, and M, of the polyoxymethylene obtained, the

30 polydispersity index (PDI = My/Mp) and the crude yields are
reported. The molar masses M, and M, were determined by means of
gel permeation chromatography.

35

40

45
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) 10%$& () - BFE*F $10%$s& ()-S)F $10%%$s& ()-S) (F $10%$s& ()-S)F

S

$10%$s&’ (e L1098 SS &' [Quar)- JHIUERESE (]) MS@lU"’SHﬁ& () -8B Flcrude
$10%$s& (|-S)F $10%$s& a:@(aﬁb&%%éék 701 PLEg g )-3) Fyield
$10%8s¢ (1 SF 31096358 {miviy i Esgf 0% 80 (F SIVasl (- HE
S10%954 (£ Sibssses (1o b Boleacklrs & L9Ehoatelt (1- 5 Sobatet (1 5 F
$109%8$s& ( 53 oMz B F $1ORRHSE (F881094{$882()- S| F - | 6.45
I.3 0.0289 [ 120 20.7 9.20 [2.25| 6.20
1.4 0.0232| 300 23.2 10.3 2.25 | 7.16
10| I.7 0.0086 15 22.4 9.20 2.43 | 6.61
1.8 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
MoO; (acac)*
15 & acac = acetylacetonate

2.2 Bulk polymerization
20
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
induction time. 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.

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 0.0152 5-10 0.5 5.323
3 . 0.0180 600 30 5.704

2.3 Polymerization in solution in the presence of water
40
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 ul of 1,3-dioxepane and heated to 80°cC.
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.

45
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$1096$s& ( VESIROMBEIRGRe BO09k Fokited]l 0FsB5E HOLyORYmEtRYES e chbkaShéd, the
$10%$s&5( polyfispersity index (PDI=M,/M,) and the crude yields are

reported.
Table 3
10 |Catalyst Quan- |[Induction M., M, PDI [Crude
tity time [s] [kg/mol] | [kg/mol) yield
(mmol] [g]
I.1 0.0353 10 10.0 3.3 3.0 2,61
I.2 0.0313 50 9.1 2.8 3.25 | 2.82
15| I.7 0.0296 10 20.5 9.6 2.14 | 2.73
I.8 0.0104 21 11.6 4.9 2.37 | 2.19
I.9 0.0284 15 13.8 7.1 1.94] 1,55
Comparison: [0.0293 |blue color- - - - -
MoOj (acac),* 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) .
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formaldehyde source with a catalyst of the formula I

m+ -
[vaMLw] 20 (I)

10 where

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

15 . Cp 1is a cyclopentadienyl ligand CsH(5.4)R!y, where
u is from 0 to 5 and

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

R? is H, alkyl, aryl or aralkyl,

Y is 1 or 2,

25
each L is independently a nitrile, CO or a ligand
displaceable by CO,
w is an integer from 0 to 4,
30
Z 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 C5H(5ﬂ”R}u, where
Rl is methyl, CHO, COCH3, COC,Hs, COOCH3, COOC;Hs, CN or
40 NO,.
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$10%%8& () - S) Ratt0 ¥ $88sd)ecDfd independently from nitriles, cO, alkenes,
phosphines, amines, ethers, carboxylic esters, cyclic
carbonic esters, epoxides, hemiacetals, acetals and nitro
compounds .

10 5. A process as claimed in any of the preceding claims where Z
is a halide, sulfonate of the formula OSO,R, where R is
alkyl, partially or fully halogenated alkyl or aryl,
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
+ -
CpM(CO)2)L z ° (Ia)
25
1/n
where
M is Mo or W,
30
Cp is a cyclopentadienyl ligand CsH4R! or CsH3Rl,, where R!
is CHO, COCH3, COOCHj3 or COOC3Hg,
L is CO or CH;3CN,
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 1is a cyclopentadienyl ligand Cs;H4R! where R! is CHO, COCH;
or COOCH3 or is a cyclopentadienyl ligand CsH3R!; where R!
is COOC,Hs.
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