PCT/ 041007711 1 Pol yformal s and copol yformals with reduced wat er absorption,
production and use thereof 5 The present invention provides polyformls and
copolyformals with reduced water absorption, a process for the production

t hereof and the use thereof for the production of certain Proddés7iand the
products obtai nable therefrom Aromatic pal ycarbonates belong to the group
of engi neering thernoplastics. They 10 are distinguished by the conbination
of the properties transparency, heat resistance and toughness which are
significant ip engineering applications. Hi o nq[e | ar . wei ght }inpaﬁ

pol ycar bonat eS2 &t e tShH A FH et oy SIS h it LT I APsoLpUAL RIOCUEUON 2S¢ he
al kali nmetal g&lther@t bi sphenol A with phosgene in the two-phase m xture.

Mbl ecul ar weight may be controlled by the quantity of nonophenols, such as
for 15 exanpl e phenol or tert.-butyl phenol. These reactions virtually

excl usively yiel |inear ..pol LS. . Th ay _be nstrat.ed end group
anal yei o Ar obft Do R PR TS nolBuinS 4af SpMaTRTAS T 1 RbeG el ol

al so used foradbmtphodugticos f&@f tRpbic@attidatigrsdfonadandmgi athertheiomae
however, al so absorb up to 0.34 w.%of water, which has an unfavourable
effect on t heParlneing dvartaigpamiuels: gndghe geadacts obtaagbledbergiaima. 1 n ot her .
especially external, applications, hydrolysis is a certain problem The
probl em of hydrol ysis resistance al so arises in connection with use as
steam steril Asabite pEdi@Binadsstictdi@sto 6B gkdi® dsigneefin@h@moplakticd. tThBas
accordingly | ong _been an object to provide a material 25 which has the

typi cal 18dvantagesingpishest Yy deporztieatiog of fhe pgiPRdies ABSRAFEE Froptah gasistance put

whi ch does no xhi it t ve- d. dj V& h n

surprisingly %%gﬁﬂggh%ﬁ‘9@%?%§%§’ﬁﬁﬁﬁﬁbry§%§ﬁ%ﬁ@égﬁﬁﬁ%%%%ﬁy$§¥h§¥%”gPé such
mat eri al s. 30weight linear polycarbonates are obtained by the phase boundary process by reacting

the alkali metal salts of bisphenol A with phosgene in the two-phase mixture.
Molecular weight may be controlled by the quantity of monophenols, such as for
15 example phenol or tert.-butylphenol. These reactions virtually exclusively yield
linear polymers. This may be demonstrated by end group analysis. Aromatic
polycarbonates based on bisphenol A are in particular also used for the production
of optical data storage media. They may, however. also absorb up to 0.34 wt.% of
waler, which has an unfavourable effect on the dimensional stability of data storage
20 media. In other. especially external, applications. hydrolysis is a certain problem.
The problem of hydrolysis resistance also arises in connection with use as steam-

sterilisable medical articles.

{n the basis of prior art, it has accordingly long been an object to provide a material
25 which has the typical advantages of polycarbonate as an engineering thermoplastic.

but which does not exhibit the above-stated disadvantages.

It has now surprisingly been found that certain polyformals and copolyformals arc
such materials.

30
Aromatic polyformals are also transparent thermoplastics which are synthesised
from bisphenol structural units. In contrast with polycarbonates, however, the link
between the bisphenol structural units does not consist of carbonate units, but

instead of full acetal units. While in polycarbonate, phosgene serves as the carbonate
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Aromatic polyformals are al so transparent thernoplastics which are

synt hesi sed from bi sphenol structural units. In contrast with

pol ycar bonat es, however, the |link between the bisphenol stpugtur@77units
does not consist of carbonate units, but s nstead of full acetal units.
Whil e in polycarbonate, phosgene serves as the carbonate LeA 36 581

PCT/ 04/ 00771 Yoweufweahé dinkidee id pokagmals meolisfeoriamtide, forettwyhdaepehosi de,
for exanple, perforns the function as_the source of the full acetal |inking

uni t during pBIy¢Brithdaticointrcepy| P Srltrardalnbiyiag sat diungE PoRceBlEEaATeved as
pol yacetal s. b,k AN H&SLcc &199@%@%&%@5@%1&&3&1@“ ¢ polyformals may be

produced in a onbgenecus p ase br sphenol net hyl ene chloride in
the presence of alkali nmetal hydroxides. In this polycondensatlon reaction,
nethyleng chI r|de simu) taneously acts as . §@ eactant aﬂg vent. In the
same manner a& dORIHY %Weﬁ MRS o AT oPY L BBRaEY PoEtHa Wef ght

may again be ﬁ&PB% ﬁsgp}ﬁ)ée bPEisAERDT Ataﬁ1§$né?lﬁylm?cﬂrlﬁrlﬁlthéj gencygf Bkali

4,374,974 has scribed a process in I near and cyclic oligo-
15 and polyfonnaﬂhymayuke obt ai ned starting from specific bisphenols after
reaction with nethylene chloride. One drawback of the materials obtainable
in said process is their relatively high content of several percent of

cyclic reactigp tHifs,Oﬁb'l%&ldeYiéHu%h ﬁ%@tmr@ Methyledk S@}H&@JE %ﬁﬁ‘éﬂ%ebm%us@%
mechani cal properties.” Mreover, the described polyformals exhibit very

unf avourlébl e smthin@dchah@nmehlghtcsmunlnmganlm;shtmgnmsbmﬁmkmﬂncm mekes
subsequent renoval . of the Hﬁmgn ted cyclic con%tltu

e b e, | DK bOint. S IR LT Gy eS80 B PRty I apidites (96 | ar

pol yformal s aﬁgnoﬂﬂ%op@ﬁdthereof as coatings or filnms, wth the above-stated
di sadvant ages.

US B 4,374,974 has already described a process in which linear and cyclic oligo-
15 and polyformals may be obtained starting from specific bisphenols after reaction
with methylene chloride. One drawback of the materials obtainable in said process is
their relatively high content of several percent of cyclic reaction products, which has
a very disadvantageous impact on mechanical properties. Moreover, the described
polyformals exhibit very unfavourable swelling characteristics in organic solvents,
20 which makes subsequent recmoval of the unwanted cyclic constituents virtually

impossible.

DE A 27 38 962 and DE A 28 19 582 describe further and similar polyformals and

the use thereof as coatings or films, with the above-stated disadvantages.

EP A 0277 627 describes polyformals based on specific bisphenols of the formula
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EP A 0277 627 describes polyformals based on specific bisphenols of the
formul a LeA36581 PCT/ 04/007711 n and the possible .use thereof as materials
for optical instrunments. In said application, substitutionpoffi/qan@7711

bi sphenols on the aryl residues is descriled as mandatory in order 5 to
force the optical anisotropy of the polyformals into a range suitable for
optical appli¢ations. The polyformals previously described in the prior art
and the properties thereof or their productipn processes are, however,
unsati sfactoryjor have the disadvantz that 1O there are limts to the
achi evabl e purijties of |inear polyns e materials exhibit inadequate
mechani cal properties, which is, npl e, | mani fested in el evated

brittl eness. The prior kes no/di sclosure as to the surprisingly and
unusual ly | ow-water ¢ korgyia pel yformal s, which nakes pol yformal s
of particular interest § engi ne g materials. in particular for optical
data storage ngdia. The/object therefore arose of providing high nolecular
wei ght pol yfornal s a copol yformal s and a pfocess for the production

t her eof which, {for & ain 20 applications, ayoid the di sadvantages known
fromthe prior |lart. Sard object is surprisingly achieved by the use of
certain bisphenols, and by the pol yformals anF copol yformal s according to
t he invention obtai nable thereby and the preducti on process therefor. 25 It
has surprisingly also be found that the pol yformals obtai ned exhibit
distinctly |ower water absorption values than do prior art polycarbonates.

This is of pagfd &%lgﬁgsiiﬂg%sg’ﬁlerr’&% aE%a%ér%fslﬁsz&ca}ir%truments. In said application,

substitution of the bisphenols on the aryl residues is described as mandatory in order

5 to force the optical anisotropy of the polyformals into a range suitable for optical

applications.

The polyformals previously described in the prior art and the properties thereof or
their production processes are, however, unsatisfactory or have the disadvantage that
10 there are limits to the achievable puritics of lincar polymer. The materials exhibit
inadequate mechanical properties, which is, for example, manifested in elevated

brittleness.

The prior art makes no disclosure as to the surprisingly and unusually low water
15 absorption of polyformals, which makes polyformals of particular interest as

engineering materials. in particular for optical data storage media.

The object therefore arose of providing high molecular weight polyformals and
copolyformals and a process for the production thereot which, for certain
20 applications, avoid the disadvantages known from the prior art. Said object is
surprisingly achieved by the use of certain bisphenols, and by the polyformals and
copolyformals according to the invention obtainable thereby and the production

process therefor.

25 It has surprisingly also be found that the polyformals obtained exhibit distinctly

lower water absorption values than do prior art polycarbonates. This is of particular
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significance for the production of data storage nedia, such as for exanple
DVI) and DVD- R and ot her high-density storage systens, such as Bl u-ray
discs (BD) and Advanced Optical Discs (AOD), and for near-field optics.

| mproved di nensional stability. which is increasingly inpoP€antd/ar7it he use
of blue or blue-green lasers, is 5 consequently possible. Thanks to the
materials' favourable dissolution or swelling characteristics. any cyclic
i mpurities whilghifidancgdeuihe pagdugaombhia steriee meddya, sydnavied exaiple D ViRiaoth t hey
are only pres ibn_the,same order of magnitude as in. today’ s | grades
of polycarbonﬁsgghTﬁrgﬂ$f#¥lEﬁT?“}ﬁp)gﬁo f&ﬁﬁySWS giﬁ&’”“iﬁ?fhggggaﬂﬂ
mechani cal pr agesitcc@S)Rtac Yedck G AOTPURLE i8S nedrifidh@sphi®y, eRyRived isuARShS1 Ngl y
been found that el evated glass transition tenperatures of 130-170C nmay be
achi eved by niandbotvisgl saptreassuppippetang bipbsiusd ehklue abtict Bppelagtraries
bei ng negessary for angi neeri fg. | i 1.ons;. or ] optical. data
st or age %nediEM%Fangé 0§§@Fi??g@%ﬁgtﬁ%ﬁw%gwkhﬁﬁwgE§3g89§ﬂﬁ§¥l ﬁFVaQEEtaIs,
whi ch is what clidi@seispos.y iy s yous timpericansihger @d, oddaestapdey hokdwal Sitircly

conpl etely unexpectedly also exhibit extreme hydrolysis stability at

rel atively hi iovednpléstavivebdhgynasgtdy aresantidgl the samp @régei ofi magrewidams int i s
nor eover foun at .. ev n 1 , tQ,: i test_in er. the
pol ynmers are gg%@?d%#%bﬁgwﬁ%re P@?Qﬁﬁﬁkﬁﬁaﬁﬁg%P@%@ﬁbﬂh@?%fﬁﬁdﬂ¥hg &@gent

i nvention accaifilieng Yorpriasdhdegalt heopseesofbyl idvelas popuyities.mal shadr moreover

copol yformal s for, the production of og;ical data storage nedi a and nedica
articlesO orsyrRESIBEYOPSER OPHRY hat idfrgkdvass Gansiting lsayrstyes of drflti79°C

For mir ae (2a) T Cany o8y A0 QR P s EHATN Ryl B gRRRLR,
being necessary for engineering applications, for example as optical data storage

media or steam-sterilisable medical articles.

15 For tull acetals, which is what these polymers must be considered, these polyformals
completely unexpectedly also exhibit extreme hydrolysis stability at relatively high
temperatures in both an alkaline and acidic medium. it is moreover found that. even
when subjected to the boiling test in water, the polymers are considerably more

stable than polycarbonate.

The present invention accordingly provides the use of linear polyformals or
copolyformals for the production of optical data storage media and medical articles.
or the copolyformals themselves, on the basis of aromatic bisphenols, represented by
way of non-limiting example by the general formulae (3a) and (3b},

25
—[—o—o~e—gjk— —ELO—D—G—gj;——Po—E—e—ﬁij—

3a ab

in which A denotes hydrogen or phenyl, preferably hydrogen, the residues O-D-O
and O-E-O denote any desired diphenolate residues, in which -E- and -D- are
30 mutually independently an aromatic residue with 6 to 40 C atoms, preferably 6 to 21

C atoms. which residue may contain one or more aromatic or fused aromatic nuclei
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3b in which A denotes hydrogen or phenyl, preferably hydrogen, the residues
O DO and O E-O denote any desired di phenol ate residues, in which -E- and
-D- are 30 nmutually independently an aromatic residue wth BCtrai4Q)7¢ at ons,
preferably 6 to 21 C atoms, which residug nay contain one or nore aronmatic
or fused aromatic nuclei LeA36581 PCT/04/00771 | 5 optionally containing
het er oat ons anghidmallppbhnimhd Yestdagimd atdced aptidnalll <siRitab& wWith Cesi, dudsy]
preferably with al ogen, and y contain allghatlc

al kyl residues,
resi dues. cycreagh%rﬁﬂa%fifr@hﬁ’e‘g laﬁ%—i ﬂi}%m ues i dralgeep and Biay cggtaghalipha
preferably aldphali eya6RIAEES RLide¥C! falkiaRhahhGeir %%I Hé{&%mom bfsﬂei%gamg

menbers, wherein at |east one of thé residues OD O O denot es a
corres pondl ngaliphhtibiresfdises vy dydrylpiheny rdsodpes, oisd)raﬂtgengr msmdems \Wlknenhan Isasat

| east nmono substituted on,the,  cycloh e ri of thefor 0Oin
woroh M enapis 1 e rotadslensBUE) 9N R Wlites A r B RE AL o 3,

very parti CUhf?drbﬁ{\[méﬁ{]?d’y%mh}fxﬁleaﬂﬂldtuge WIRGE 80GR S|k 1%0%‘5tuﬁ§ttthbéd on the

i ndependent|ly denote any  desired substituents, preferably an al kyl,
al kenyl , aryl codolvahwgene. oédicdusnulpef erably an al kyl residue, particularly
preferably an al kyl residue with 1 to 10 carbon atons, 15 very particularly
preferably an alkyl residue with 1 to 5 carbon atons and in particular an
al kyl residue with 1 to 3 carbon,atons, with especially suitable such
residues of' the fornula B being those in which R denotes nethyl and nost
especially those in which stances of R represent the sane residue, 20
21

and k denotes an intege —and 4000 preferably between 2 and 2000,

particul arly prefgyaby b\e ind very I£Jart|cul arly preferably
bet ween

10
in which n; denotes 1 to 10, preferably 1 to 5, particularly preferably 1 to 3. very
particularly preferably 3 and the instances of R mutually independently denote any
desired substituents, preferably an alkyl, alkenyl, aryl or halogen residue, preferably
an alkyl residue. particularly preferably an alkyl residue with 1 to 10 carbon atoms,
15 very particularly preferably an alkyl residue with 1 to 5 carbon atoms and in

particular an alkyl residue with 1 to 3 carbon atoms, with especially suitable such
residues of the formula B being those in which R denotes methyl and most

especially those in which all instances of R represent the same residue,

20 and k denotes an integer between 1 and 4000, preferably between 2 and 2000,
particularly preferably between 2 and 1000 and very particularly preferably between
2 and 500 and in particular preferably between 2 and 300 denote, o denotes numbers
between 1 and 4000, preferably between 1 and 2000, particularly preferably between
1 and 1000 and very particularly preferably between 1 and 500 and in particular
25 preferably between 1 and 300, and m denotes a fraction z/o and n denotes a fraction

(0-z)/0, wherein z denotes numbers between 1 and o.
Very particularly preferred structural units of the linear polyformals or

copolyformals according to the invention are derived trom general structures of the

30 formulae (4a) and (4b).
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2 and 500 and in particular preferably between 2 and 300 denote,
bet ween |
pref erably between

nunber s

o denotes
and 4000, preferably between 1 and 2000, particularly
1 and 1000 and very particularly preferpbinypsoeirmeen |

and 500 and in particular 25 preferably begtween 1 and 300, and m denotes a

fraction z/o and n denotes a fraction

bet ween

pol yformal s or

gener al

and

preferably H
hydr ogen,
al kyl ene,
net hyl ene residue; a C2 to C5 al kylidene, prefeﬁgbly a CRio0 C3 al kylidene

resi due;

10

15

25

X d
pre

(o0-z)/ 0, wherein z denotes nunbers

0. Very particularly preferred structural units of the |inear

\ X _(---\Rlo R2 R2 (4b) 5 wherein the

or; net hy @ 10 hydrogent.gr—Rhenyl /~pxefier ab
e—q%k@ : 0-SSOpT- oxe&
ferably &~ to C3 ;/kerHe and part¥Fgul arly “p -feraB%y a

a C5 to C6 cycl oal kyl i dene, (4b)

wherein the expression in the brackets describes the diphenolate residues, in which
R1 and R2 mutually independently denote H, linear or branched C,-Cy alkyl or
alkoxy residues, halogen such as Cl or Br or an optionally substituted aryl or aralkyl
residue, preferably H or linear or branched C;-C,, alkyl, particularly preterably H or
C)-Cy alkyl residues and very particularly preferably H or methyl, A denotes
hydrogen or phenyl. preferably hydrogen,

X denotes a single bond or -SO»-, -CO-, -8-, -0-, a C1 to C6 alkylene, preferably C1
to C3 alkylene and particularly preferably a methylene residue; a C2 to C5
alkylidene, preferably a C2 to C3 alkylidene residue; a C5 to C6 cycloatkylidene,
preterably a cyclohexyl residue, which may be substituted with Ci to C6 alkyl.
preferably methyl or cthyl residues. or a C6 to C12 arylene residue. which may
optionally be fused with aromatic rings containing further heteroatoms, wherein p
denotes an integer between 1 and 4000, preferably between 2 and 2000, particularly
preferably between 2 and 1000 and very particularly preferably between 2 and 500
and in particular between 2 and 300, and q denotes a fraction z/p and r a fraction (p-

2)/p. wherein z denotes numbers between 1 and p.

The variable diphenolate residues in the formulae (3) and (4) are likewise

particularly preferably derived from the suitable diphenols additionally stated below.

Examples of the diphenols underlying the general formulae (3) and (4) which may

be stated are hydroquinone, resoreinol, dihydroxybiphenyls,

LeA 36 581

bes di phenol ate resi dues, in which
@ ﬁe ﬁ-(irf)l i ne(g?e) or branched Ci -C1I| s alkyl
& or Br or an optionally substituted

preferably H or |inear or branched Cl1-Cl12 al kyl,
2 Cl-C8 al kyl residues and very particularly

copol yformal s according to the invention are derived from
structures of the 0 fornulae (4a) and (4b). LeA36581 6 O C--~-
(4a) H z n PCT/ 0410077
expression int b
and R2 nutual I'ylinde :
or al koxy residues. hal ogen such as
aryl or aral kyl residue,
particularly preferably

R I



15 preferably a cycl ohexyl residue, which may be substituted with  to C6
al kyl, preferably nmethyl or ethyl residues, or a C6 to Cl2 aryl ene residue,
which may optionally be fused with aromatic rings contai ni pgrfodrdores

het eroatoms, wherein p denotes an integer between 1 and 4000, preferably
between 2 and 2000, particularly preferably between 2 and 1000 and very

particularly ﬁ&@ﬁéﬂﬁ@bMﬂ@QﬁMEﬁﬂ Zb@@@dﬁﬁgmﬁﬁyaﬂﬂﬂ@HM@agtnﬁwhﬁhobﬁmMﬁﬁm 2 and
300, and g denot a fractlon Z/P r a fraction ( wherein z

denot es nunbe?'pB $neen PE(HEPNYPhery vaﬁﬁéﬁ$e dﬁbﬁ@ﬁgPéﬂﬁwPﬂélduégbpﬁgthe
formulae (3) g |ke art era ved fromthe
sui tabl e d|pheng?sragg%?ﬁgnalpgﬁg?gged ngg Rb§89%§g%p gg%hgﬁﬁﬁe dlﬁﬁenols
under | yi ng t héihgéweydbhdyt nhas 63)dﬁmdn64ﬁthwthﬂnﬁy 3 Bedidydioeddiahanyl

hydr oqui none, resorcinol glhydrox%ngpeny , LeA 36 581 PCT/04/007711 7

bi s( hydr dxyphEhFS) &1-kaPedydisny BHEMACRESPER 0 ANk dhg sting-alkylated and

bi s( hydr oxyph suI hldes (h yphe yl ). et hers s({ hydr.oxyphenyl )
ket ones, bi5§ﬂ§dzm enyfyngth%odﬁgga)bls?ﬁ&dﬁgyypﬁ%%yl§hgﬁp¥ ‘mnﬁg

4, 4" - d|hydro Mggpﬂgﬂ%I et hers, 33'-di hydroxydi phenyl ethers,
3,4 - d|hydroxyd|phenyl 5 et hers. a, a' - bi s(hydroxyphenyl)dii sopropyl benzenes,
and the ring-al kyl ated and ring hal ogenat ed conpounds thereof and al so

B e VN BB S50 . S ALyl

(bi sphenal A) hvcﬂmiyﬂmeﬁﬂélprhyﬁfcoxyplbne;ﬂﬁm 3. b t r | mlmlt@)ﬂed@bﬁe@m)e
(bi sphenol TMC), 1,1-bis(4-h droxyphen% CYCIohexane 2,
bi s( 4- hydroxybﬁéﬁ ]fl}:},eéolﬁéﬁﬁfyil githgied, TMU), 1.1-bis(4 hydroxyphenyl)cyclohehanc 2.4-

RN i R T e D S G
1,3-bis[2-(4-hydroxyphenyl)-2-propyl|benzene  (bisphenol M),  1,3-bis[2-(4-
hydroxyphenyh)-2-propyl]benzene (bisphenol M). 2,2-bis(3-methyl-4-

15 hydroxyphenyl)propane, 2.2-bis(3-chloro-4-hydroxyphenyl)propane, bis(3.5-
dimethyl-4-hydroxyphenyl)methane, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)-
propane, bis(3,5-dimcthyl-4-hydroxyphenyl) sulphone. 2.4-bis(3,5-dimethyl-4-
hydroxyphenyl)-2-methylbutanc, 2.2-bis(3,5-dichloro-4-hydroxyphenyl)propane and
2.2-bis(3,5-dibromo-4-hydroxyphenyl)propane.

Particularly preferred diphenols are for example 2,2-bis(4-hydroxyphenyl)propane
(bisphenol A). 4.4-dihydroxybiphenyl (DOD). 1,3-bis[2-(4-hydroxyphenyl)-2-
propyl]benzene (bisphenol M), 2.2-bis(3,5-dimethyl-4-hydroxyphenyl)propane. 1.1-
bis(4-hydroxyphenyl)-1-phenylethane, 2.2-bis(3.5-dichloro-4-hydroxyphenyl)-

25 propane, 2.2-bis(3,5-dibromo-4-hydroxyphenylypropane, 1,1-bis(4-hydroxyphenyl)-
cyclohexane and 1,1-bis(4-hydroxyphenyl)-3,3.5-trimethylcyclohexane (bisphenol
T™C).

Very particularly preferred compounds are  2.2-bis(4-hydroxyphenyl)propane
30 (bisphenol A). 4.4'-dihydroxybiphenyl (DOD). 1.3-bis[2-(4-hydroxyphenyl)-2
propyl]benzene (bisphenol M) and 1,1-bis(4-hydroxyphenyl)-3.3.5-

trimethylcyclohexane (bisphenol TMC).
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hydr oxyphenyl ) - 2- propyl ] benzene (bi sphenol M, 2,2-bis(3-nethyl-4 15

hydr oxyphenyl ) pr opane, 2, 2-bi s(3-chl oro-4- hydr oxyphenyl ) propane, bis(3, 5-

di me t hyl - 4- hydr oxyphenyl ) net hane, 22-bi s(3, 5-di net hyl - 4- hydeoxyphenyl ) -
propane, bis(3,5-dinethyl-4-hydroxyphenyl )g sul phone, 2, 4-Dbi s(3, 5-di net hyl - 4-
1-i ydroxvphenyl) - 2- net hyl but ane,

2, 2- Ei SE 3, 5- dEgicatle-pdefhyrelt coyphedy hie bpatehatrdxyphenyl)propane (bisphenol A)
2,2-bis(3,5-dib -4- hydr oxypheny] ) propane, 20 Particul arl eferred

di phenol s areaW%ﬂ?g&%ﬁﬁ$aﬂ%?éﬁﬁwgCM%E§H€6Q95W8%©F¥EWé@&ﬂ§“0¥5§@§henoI A,

4, 4' - di hydr oxybi phenyl (DOD), 1, 3-bis[2-(4-hydroxyphenyl)-2- propyl]benzene

(bi sphenol M, 2,2-bis(3,5-dinethyl-4-hydroxyphenyl)propane, 1, 1-
bi s( 4- hydr oxyphediphynols mapthemsgd bathabime and as a mixture; both homopolylormals and

25 b1 903, 5 arroprn i BN darsRaRar St frapabe iy gy e

cycl ohexane aRﬁé)d&eé&J&hﬁg(&o ¥EEREBRAGTIMA JreditSalird [dMBXheYR! ANEBAPS et

(bi sphenol T Very particularly preferred conpounds are

2, 2- bi s(4- hydrloxylphenyd hprvelsandia o8 ndubirisphberoistra) Y CEY4 NeishyaikabOpibi phedy|
(DAD) , 1,3-bi§%2-%4-h,q§oxyphenyl)-2 propyl ] benzene (bi sphenol M and
1,1-bis(4-hyd? &Q thél‘-3.3,5- tri methyl cycl ohexane (hisphenol TMC). LeA
36 581 PCT/04/007711 8 Especially preferred conpounds are

2, 2- bi s(4- hydr oxyphenyl ) propane (bi sphenol A) and

1, 1- bi s(14- hy di bg pphemryr)engon pBvidess il gpglod yiotanekd aendl Hpspivehdd eyt thTthe

di phenol s may . .be used. poth , ne,and as.a mxture; . both. honopol yf,ormal s and
5 copolyfornaﬁgngﬁg(fﬁgﬁhd%%5%¥ﬁ]egﬁﬁﬁ%“%}§}5¥%”§ﬁg%ﬁﬁﬁFB%?Wﬁén%#ﬁgﬁéFure or
may be producegrusngroRERCRESRS thpiduétic@dt Hen | Ther &t Yrefefadlyf usdiom @xanpl e.
H. J. Buysch et al., Ul nmnn's Encyclopedia of Industrial Chem stry, VCH,
New Yor k 1991 injgtignggpulding or extrusion process, particularly preferably for the production of

optical data storage media and medical articles.

15
The present invention also provides the polyformals and copolyformals of the

formulae 3a and 3b themselves.

The present invention furthermore relates to a process for the production of
20 polyformals and copolyformals of the formulae (3a) and (3b), characterised in that
bisphenols and chain terminators are reacted in a homogeneous solution of
methylene chloride or alpha.alpha-dichlorotoluene and a suitable high-boiling
solvent such as for example N-methylpyrrolidone (NMP), dimethylformamide
(DMF). dimethyl sulphoxide (DMSQO). N-methylcaprolactam  (NMC),
25 chlorobenzene, dichlorobenzene, trichlorobenzene or tetrahydrofuran (THI) in the
presence of a base, prefcrably sodium hydroxide or potassium hydroxide. at
temperatures of between 30 and 160°C. Preferred high-boiling solvents arc NMP,
DMF, DMSO and NMC, particularly preferably NMP, NMC, DMSO and very
particularly preferably NMP and NMC. The reaction may also be performed in
30 multiple stages. The optionally necessary separation of the cyclic impurities
proceeds. once the organic phase has been washed to neutrality, by a precipitation
process in, or by a fractional kneading process of the crude product with a solvent,
for example acetone, which dissolves the cyclic compounds. The cyclic impurities

virtually completely dissolve in the solvent and can be almost completely separated
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vol. 19, p. 348). 10 The present invention provides the use of |inear

pol yformals or copol yformals of the fornulae (3a) and (3b) for the
production of products by the injection noulding or extrusPOm/(@r@ress and
for the production of film They are preferably used in the injection
nmoul di ng or extrusion process, particularly preferably for the production of
optical data bt bnagegnmedioaicmcdndebingalg the solobmsorldaifipte. by esmgtapproxeh i on

al so provides,.t he pol yformal s, and copal yf.ormal s .of _.the. fornmul ae 3a and 3b
Chensel ves. THESDPESEHORT-nOBRD: St BT et tho TR a? GPTI8MA AR GeLTY &t he

producti on of 1,2 rRel %?%EJBRJX.S@H% ROREBINR gciffvel RechRihMdragcle3alfernd
(3b), characterised in that bisphenols and chain termnators are reacted in

a honogeneouskswdingiddisohictyrtloylléne chl ori de or al pha, al pha- di chl or ot ol uene
and a suitable high-boiling solvent such as for exanple N nethyl pyrrolidone
(NMP) , dénethylfornanide (DVMF) ~ di net hyl sul phoxi de (DVSO) ,

N- et hyl capr ofrgae t amc(NWdbrm 219 a6 LS5 APRAR S SrayHI 6O EGRARRZERE  precipitation
trichl orobenzene or tetrahydrofuran (THF) in'the presence of a base,
pref erably sodiogmshpdnidatileeolgentpothicdsicyas hygnogivdet foathe desirpé patynressindf

b 30 and 16QC. P d_hi ah- boil i | SOEO and
NNC.par t1 cul A+ 5P BLPer B RE e, i drar Gt o REa kol g Gone SO o

preferably NVP and NMC. The reaction may al so be perforned in 30 nmultiple
stages. The ogtionally necessary separation of the cyclic inpurities
proceedd! onc8iphends ghaild phdskenhis metan e sheg-tachediphanolst ylhebyegpnd
precipitation__process. in. q a, fractional kneadi ocess of the crude
b oauct i t n 5 EBREEREA: R Il e bl SREERFRRMERLBIRIESS R cyel e
conmpounds. The cyclic inpurities virtually conpletely dissolve in the

sol vent and can be al nost conpletelz separ ated LeA36581 PCT/ 04/ 007711
The reaction temperature is 30°C to 160°C, preferably 40°C to 100°C, particularly

preferably 50°C to 80°C and very particularly preferably 60°C to 80°C.

The molecular weights Mw of the branched polyformals and copolyformals
according to the invention arc in the range from 600 to 1000000 g/mol, preferably
between 600 and 500000 g/mol, particularly preferably between 600 and 250000
ag/mol and very particularly preferably between 600 and 120000 g/mol and in
20 particular between 600 and 80000 g/mol (determined by means of GPC and

polycarbonate calibration).

Preferred, particularly preferred or very particularly preferred embodiments are
those which make use of parameters, compounds. definitions and explanations
25 which are slated to be preferred. particularly preferred or very particularly preferred.

preferential etc..
The definitions, parameters, compounds and explanations stated in the description or
in preferential ranges may. however, also be combined together at will. i.e. between

30 the particular ranges and preferential ranges.

The polyformals and copolytormals according to the invention may be worked up in

known manner and processed into any desired shaped articles, for example by
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9 by kneading in portions and changing the solvent. For exanple, by using
approx. 10 litres of acetone, which is added in, for exanple, 5 portions to
a quantity of polyformal of approx. 6 kg, it is possible tpcaghimve p
content of cycles after kneading of distjmctly below 1% 5 The cyclic

pol yformal s and copol yformals may al so be separated by a precipitation
process in suéitabloa solnyenbs mhiidhgatiimasnay aBo-teopivendedf by tideoldesh ped
polymer and as a.solvent for the unwanted cycles. These preferably conprise
al cohol s or Kk&iBHEL Pragsssi sphenol s shoul d be taken to nean the above- st at ed
di phenols. The second reactants conprise nethylene chloride or

al pha, al pha-di chl orot ol uene. The reaction tenperature is 30C to 160C,

pr ef erabl y 40Qtlteo ptBOErs mhtziﬂcfuﬂ afalnwle proafagc ol yeabott 080G aher aremptic

partlcularly referably 60C t 15 The nol ecul ar i ghts .of the

D anchedopol y P F e B AR ol GOMAEE GPUERGES B HE PIROLR TOROGVE | n
the range from,RRQ With hOBORARNM Bl L()Bél@f&ﬁl@ﬂldéwr@ﬁl Vf@ﬂﬁa ia0G@Rd 500000
g/ nmol, particularly preferably between 600 and 2500 <g/ nol and very

partlcularly preferably between 600 and 120000 g/nDI and in 20 partlcular

bet ween 600 an rnlned reans cas bonat e
oal 1 braton) - T8 argnreRco R ELIGr g TG TR G0Fy. DAy RS he
preferred eangblw}f; Sin@ibiBtic sg&%eanvw %helﬁ%ﬁc&&%n@fmaam@ﬁi%@wco&@m&mds
definitions and expl anations 25 wh are stated to ‘be preferred,

particullrly peaftiges ¢d the \pebfﬁorpalffSt iapd | enmoly fpmefl e racedrdingptef ibe emvealioret c.
e e OB R ATRSE S CRIB MBS AL SIBL A0 2 5Ras T A
toget her at Whdditiodall§- bebRtpAERIA by3thet NGIRAr 1 Sl hangasicakdadhef RLRnLI al
ranges. glycerol monostearate (GMS), PETS or fatty acid esters, rheological agents and/or
flame retardants (for example alkyl and aryl phosphites, phosphates. phosphanes,
15 low molecular weight carboxylic acid csters, halogen compounds, salts. chalk, silica
flour, glass and carbon fibres, PTFLE or PTFE-containing blends, pigments and
combinations thereot. Such compounds are described, for example. iIn WO

09/55772. pages 15-25. and in thc corresponding chapters of "Plastics Additves
Handbook"”, ed. Hans Zweifel. 5" edition 2000, Hanser Publishers, Munich).

The polyformals and copolyformals according to the invention, optionally blended
with other thermoplastics and/or conventional additives, may, once processed into
any desired shaped articles/extrudates, be used in any applications in which already
known polycarbonates, polyester carbonates and polyesters are used. Thanks to their

25 range ol properties. they are in particular suitable as substrate materials for optical
data storage media such as for example CD. CD-R. DVD, DVD-R, Blu-ray Discs
(BD) or Advanced Optical Discs (AOD) and for near-field optics.

Another suitable area of application, determined by the extraordinarily good
30 hydrolysis resistance, is medical articles, which are frequently steam sterilised. Such
articles are. for example, dialysers, cardiotomy reservoirs, oxygenator housings.
plate and hollow fibre dialysers, separator housings, injection systems, inhalers, tube

connectors, three-way taps, injection spacers and other components.
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The pol yformal s and copol yformal s according to the invention may be worked
up in known manner and processed into any desired shaped articles, for
exanpl e by LeA 36 581 PCT/04/007711 10 extrusion or injectpomoadiydlng.
Films may al so be produced by the solutiop or extrusion process. O her

pol ymers such as for exanple aromatic pol ycarbonates and/ or other aromatic
5 pol yest er chuiltenakasplandf e uet higthe aolgfmtiats oobiegttetls: imayniloa dd:ended i n
known nmanner with the polyformals and copol yfornmals according to the

i nvention. The additives conventional for thernoplastics such as fillers, W

stahilisers, QeRly pbBRIKILISSKSs kAR Sk@tdq@i 8@ fNan AR P bLO BB SO clgifleQr ant s
may be added in conventional 10 quantities to the polyformals and

copol yf or nal saztoorai.rgd ashtlhet visownt i on;  denoul di ng behavi our, fl ow
behavi our.,, and/or flanme resistance may optionally additionally be inproved
by the addi tion of external nould rel ease agents such as gl ycerol

nonost ear at e ( GVB) prod&dr0sf (flakst for agdipl@ skigiifs. r heol ogi cal agents and/ or
flame retardants (for exanple al kyl and aryl phosphates, phosphates,

phosphanes, 15 | ow nol ecul ar wei ght carboxylic acid esters, hal ogen

conpounds, sakts, chalk, silica  flour, glass and carbon fibres. BTFE or
STRE- cont ai ni R bl IS epTiRs s o aRERaR PSRl Rt e RmiS rsbunds
are described, for @¥agPuldinbsddPas 9&&151;'53?E?eenmg@ssanb&oizﬁghta%%t@lnts.he _
correspondi ng chapters of "Plastics Additives Handbook", ed. Hans Zweifel,

5"' editlPon 2000, Hanser Publishers, Munich). 20 The pol yformals and
copol yformal s,acco dhﬂ .10 thgcgnagpgioqémgghionalIy bl ended w th ot her

t her nopl asti cs and or cgﬂvgﬁyvona dsgﬁglve§,'nay, once processed into any

desired shaped articl es/extrudates, be used in any applications in which

al ready known pol¥carbonates, pol yest er carbonates _and pol yesters are used.
Thanks to t heftr ‘or the production of tratfic light housings or traffic signs.

15 5. For the production of foams (c.f. for example DE-B 1 031 507).

0. For the production of yarns and filaments (c.t. for example DE-B 1 137 167
and DE-A 1 785 137).

20 7. As translucent plastics with a content of glass fibres for lighting applications

(c.f. for example DE-A 1 554 020).

8. As translucent plastics with a content of barium sulphate, titanium dioxide
and/or zirconium oxide or organic polymeric acrylate rubbers (EP-A 634
25 445, EP-A 269324) for the production of light-transmitting and light-

scattering mouldings.

9. For the production of precision injection mouldings, such as for example lens
mountings. The polyformals used for this purpose have a content of glass
30 fibres and optionally additionally approx. 1-10 wt.% of MoS,, relative to

total weight.

10. For the production of optical instrument parts, in particular lenses for still

and video cameras (c.f. for example DE-A 2 701 173).
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25 range of properties, they are in particular suitable as substrate
materials for optical data storage nedia such as for exanple CD, CD-R, DVD
DVD-R, Blu-ray Discs (BD) or Advanced Optical Discs (AOD) and/faan7711
near-field optics. Another suitable area pf application, determ ned by the
extraordinarily good 30 hydrolysis resistance, is nmedical articles, which
are frequently steamsterilised. Such articles are, for exanple, dialysers,
cardi otony reservoirs, ,oxygenat.or hpusings, | at e and |l ow fibre |
dialysers, sophrat 8 IRhSMAGRSIPR BT &) Belilar PR Qﬁvge‘ cebie (e, for
connectors, three-way,liapp-a bmigegdion spacers and other conponents. LeA 36
581 Il PCT/04/007711 Further exanples of the use of the polyformals
according to the invention are: Safety panels which. as is known, are
required.in y areas of buildings, vehicles and aircraft. and.as hel met
ar s B o, Phs e teat e LB Al S & 1P DS R, O S 1 g
sheets, in particulahecehd Ub@ecsheets, for exanple for roofing buildings
such as stations, greenhouses and for lighting systens. 10 3. Production of
optical data storage nedia. 4. For the production of traffic |ight housings
or traffic signs. 15 5. For.the production of foams (c,f..for exanple DE-B 1
031 507) 6. Bor ¢« R Br et DR RG wieh BB fsisiehes B Bl o
DE-B 1 137 167 andafidEsfive ad@5wvda37). 20 7. As translucent plastics with a
content of glass fibres for lighting applications (c.f. for exanple DE-A 1
554 020)I¢ 8. As translucent plastics with a content of barium sul phate,

titani um di OXI] Q_e Network interface devices.

15, Substrate materials for organic photoconductors.

15 16. For the production of torches and lamps., such as strip lights or

headlight/spotlight lamps, diffuser disks or internal lenses.
17. For medical applications, for example oxygenators, dialysers.

20 18. For foodstuff applications. such as for example bottles, crockery and

chocolate moulds.

19. Tor automotive applications where contact with fuels and lubricants may

occur, such as for example bumpers, optionally in the form of suitable blends

25 with ABS or suitable rubbers.
20. For sports articles such as for example slalom poles, ski boot fasteners.
21.  Tor houschold articles such as for example kitchen sinks and letter boxes.
30
22. For housings, such as for example electrical distribution cabinets.
23. llousings for electric toothbrushes and hair dryer housings.
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and/ or zirconium oxi de or organic polyneric acrylate rubbers (EP-A 634 25
445, EP- A 269324) for the production of light-transmtting and |ight-
scattering nmoul dings. 9. For the production of precision inpetigdeni7il

moul di ngs, such as for exanple I ens nmouniings. The polyformals used for
this purpose have a content of glass 30 fibres and optionally additionally
approx. 1-10 WM.. % ofanMaS2t wedhdrid veachme pothaleswsithhimprd@d Feoistanbe tpribduct i on
of optical instrunment .parts, in particular |lenses for still and video
cameras (c.f. for SHPE@IBEEM 2 701 173). LeA 36 581 PCT/04/007711 12 11.As
| ight transm ssion substrates, in particular optical fibre cables (c.f. for
exanple EP-A 0 089801). 512.As electrical insulating materials for

el ectrical colfluct Baistyagiagssenopptal yissocketestizgglassonnect ors.  13. Product i on of
nmobi | e tgl ephone casings with inproved resistance to perfune, aftershave and
sweat. 10 14. Network interface devices. 15.Substrate materials for organic
phot oconduct opg. 1bdGpFekerktBr PEAGUE IHsRMa@inst WitE MaproRBd réstitlRe tSW6HKiAg Strip
lights or headlight/spotlight |anps, diffuser disks or internal |enses.

17. For nedi cal applimats. ongartiewar ekeapples. oxygenat ors, dial ysers. 2018. For
foodstuff applications, such as for exanple bottles, crockery and chocol ate
nmoul ds. 19. For autonotive applications where contact wwth fuels and

| ubricants nay7. Packaging fiims for pharmaceutical preparations.
10

28. Chip boxes and chip carriers.
29, For other applications such as stall-feeding doors or animal cages.
15 The shaped articles and optical data storage media made from polymer according to

the invention are also provided by the present application.
The following Examples are intended to illustrate the invention. but without

restricting its scope.

20
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occur, such as for exanple bunpers, optionally in the formof suitable

bl ends 25with ABS or suitable rubbers. 20.For sports articles such as for
exanpl e sl al om pol es, ski boot fasteners. 21.For househol d priri@s7sych as
for exanple kitchen sinks and |etter boxegsy 30 22. For housings, such as for
exanpl e electrical distribution cabinets. 23.1 |l ousings for electric

t oot hbrushes &Emamipkisr dryer housi ngs. LeA 36 581 PCT/04/00771 1 510 13 24.
Transparent washi ng machi ne portholes with inproved resistance to the
washi ng solution. 25. Safety gl asses, optical vision correcting glasses. 26.
Lanp covers fgkampRKing installations with inproved resistance to cooking
vapours. in partrcurar oil vapours. 27. Packaging filns for pharnmaceuti cal
preparations. 28. Chip boxes and chip carriers. 29. For other applications
such as gtall di.ng..door s r es The shaped articles and
optical data §¥§F gﬁ%@%&O HQHQF%W?B%&%WQLTé@bordlng to the invention are

al so provi ded by the present application. 20 The foll ow ng Exanples are

intended to illustrate the invention, but without restricting its scope.
LeA36581 14 ‘
O O +  CH)CL, + NaOH
HO OH
CH,CI,
X@ MR A
OH
-H,0
- NaCl
Y

[
O/\PO O O O/\}FO

7 kg (22.55 mol) of bisphenol TMC, 2.255 kg (56.38 mol) of sodium hydroxide
10 flakes and 51.07 g (0.34 mol) of finely ground p-tert-butylphenol (Aldrich) in 500
m! of methylene chloride are added with stirring under a protective nitrogen
atmosphere to a solvent mixture of 28.7 kg of methylene chloride and 40.18 kg of
N-methyl-2-pyrrolidone (NMP). After homogenisation, the mixture is heated to
reflux (78°C) and stirred for one hour at this temperature. After cooling down to
13 25°C. the reaction batch is diluted with 35 | of methylene chloride and 20 | of
demineralised water. The batch is washed with water in a separator until neutral and
free of salt (conductivity < 15 pS.em™). The organic phase from the separator is

separated and solvent exchange is performed in an evaporator tank., methylene
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Exanpl es Exanple 1 5 Synthesis of honopol yformal from bi sphenol TMC: HO OH
+ CH2CI 2 + NaOH CH2Cl7 NWP A -H 2 0 - NaC OH PCT/04/007711 7 kg (22.55
mol ) of bisphenol TMC. 2.255 kg (56.38 nol) of sodi um hydr orCae4/4F 711 akes
and 51.07 g (0.34 nol) of finely ground pitert-butyl phenol (Al drich) in 500
nil of nethylene chloride are added with stirring under a protective

ni trogen at nogphdys ecinpreplaoll vemmtchinrabanzencoTh aterkad) isghemetthnded tierough or i de

and 40.18 kg 9f.- Nanmet hyl -2-pyrrol i done (NVP). After genj sation, the
mxture s heatBd Pote ISR FHEAET ol PRy Ob D s, SUpegent
tenperature. Afe@katiOITHY sP@WEsid ProkedweGs pdrmeaatki@n @f@ércaﬁséﬁdi@lgrl wted
with 35 1 of nethylene chloride and 20 1 of dem neralised water. The batch

i s washed wi t mivwdteatefipl. & sdpaphtddy katdtl poleigrmal agndonstqueatipfobdaned as
(conductivity, < 15 S cmtl.).. +he organi ¢,phase fromth gparatar .is.
Separared ana 2spdsit ekl Do pBRE By PAGRRH IRV AReREP S b e b Byt ene

LeA36581 PCT1044Q01€41THe hbterichik @ivigel Bei R@ peRlacedcmpirhiscfidkpkepazeng. The
material is then extruded through a ZSK 32 devolatilisi nq extruder at a
th

t enper at ure ofVih QT HH of @bgeetudie resultant masses are kneaded with several portions

of fresh acetone until no rings can any longer be detected. After combining the
purified material and dissolving it in chlorobenzene, extrusion is again performed
10 through the devolatilising extruder at 280°C. After discarding the initial material, a

total of 7.31 kg of polyformal are consequently obtained as transparent pellets.
Analysis:

15 . Molccular weight Mw = 38345, Mn = 20138, D = 1.90 according to GPC

(calibration against polycarbonate).

. Glass transition temperature Tg = 170°C
20 . Relative solution viscosity in methylene chloride (0.5 g/100 ml of solution) =
1.234
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pelletisation. This synthesis procedure is perforned twi ce. After discarding
the initial material, a total of 9.85 kg of polyformal are consequently
obtained as 5 transparent pellets. This product still contapng/dsays779 ecul ar
weight rings as inpurities. The material {§4s divided into two parts and each
part is swollen overnight wth approx. 5 1 of acetone. The resultant masses
are kneaded wExhmpbvEral portions of fresh acetone until no rings can any

| onger be detected. After conmbining the purified material and dissolving it
in chl orobenzene, extrusion is again perfornmed 10 through the devolatilising
extruder at ZQQQOP&@ﬁﬁﬁmﬂEQPg%Qm%QlHQ&K%Hina| material, a total 017.31 kg
of pol yformal are consequently obtained as transparent pellets. Analysis: 15
Mol ecul ar wei ght Mwv = 38345, Mh = 20138, D = 1.90 according to GPC
(calibration agai nst polycarbonate). dass transition tenperature Tg = 170C
20 Rel ative solution.yiscaSity in nethylene chloride (0.5 g1100 m of
solution) _ 1.234 5] Exanpl e 2 Honopol yformal prepared from

hi sphenol A: HO 5 NaCH EH2@R2,CINVP ANaidRO - Nadl

OH

7 kg (30.66 mol) of bisphenol A (Bayer AG). 3.066 kg (76.65 mol) of sodium
hydroxide flakes and 694 g (0.462 mol) of finely ground p-tert-butylphenol
(Aldrich) in 500 ml mcthylene chloride are added with stirring under a protective
10 nitrogen atmosphere to a solvent mixture of 28.7 kg of methylene chloride and 40.18
kg of N-methyl-2-pyrrolidone (NMP). After homogenisation, the mixture 1s heated
to reflux (78°C) and stirred for one hour at this temperature. After cooling down to
25°C, the reaction batch is diluted with 20 | of methylene chloride and 20 | of
demineralised water. The batch is washed with water in a scparator until neutral and
15 free of salt (conductivity < 15 pS.cm™). The organic phase from the separator is
separated and solvent exchange is performed in an evaporator tank. methylene
chloride being replaced with chlorobenzene. The material is then extruded through a
ZSK 32 devolatilising extruder at a temperature of 200°C with subsequent
pelletisation. This synthesis procedure is performed twice. After discarding the
20 initial material, a total of 11.99 kg of polyformal are consequently obtained as

transparent pellets.
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OH PCT/ 04/007711 7 kg (30.66 nol) of bisphenol A (Bayer AG, 3.066 kg (76.65
not) of sodium hydroxide flakes and 69.4 g (0.462 nol) of finely ground
p-tert-hutyl phenol (Al drich) in 500 m nethylene chloride are added with
stirring under a protective 10 nitrogen atnosphere to a sol Ventodmotiut e of
28.7 kg of nethylene chloride and 40.18 kg of N-nethyl-2-pyrrolidone (NWP).
After honobgenisation, the mxture is heated to reflux (78C) and stirred for
one hour at this tenperature. After cooling down to 25C. the reaction batch
is diluted “‘hﬂa%%,J of nethylene chloride and 20 I of dem neralised water.
The batch is waShed with water in a separator until neutral and 15 free of
salt (conductivity < 15 S.cm1). The organic phase fromthe separator is
separated and sol vent exchan%e is performed in an evaporator tank. nethylene
chloride beiny repVtesdani YHERAYIYr DodAzeMdn —THEO Sraserdias 9 §Tihenhbsatipuded

t hr ough ZSK 32 deyol atili.si xtwuder.;at . a.t re of .200C with
subseque%t peIIet?%%@fg%ﬂy%ﬂ#gggﬁntlgsﬁfk%r%ggdﬁgg%?%%%gr?o&#bgggaﬁ%é.
After discarding that2@l taninbi &t swaller with acatohotdd c@fsediknB9 skghrafonpell Hif or mal
are consequently obtained as transparent pellets. LeA 36 581 17 Anal ysis:
PCT104100771 1 ~ MoF¥dei arkquisg Aot mksiLle31732, Mh = 3465, according to GPC
(calibration 5 against polycarbonate). The cycles were not separated in
this case. The material cannot he swollen with acetone and consequently
separation of* theGloyoahestiostehipesmirs d'gnro89°00ssi bl e. 3 ass transition
tenperaHHre Tg = 89C 10

. Relative solution viscosity in methylene chloride (0.5 g/100 ml of solution) =

1.237

Example 3

Synthesis of copolytormal from bisphenol TMC and bisphenol A

LT,
HO OH HO OH +  CH,Cl, + NaOH

CH,CI,

>l\©\ NMP A
OH

-H,0

- NaCi

'|' \
*{%T)ﬂ'il ﬂ[i O/i$0/‘lu>x<lli\0/ﬂﬂ:0/

20 5.432 kg (17.5 mol) of bisphenol TMC (x = 70 mol%), 1.712 kg (7.5 mol) of
bisphenol A {y = 30 mol%), 2.5 kg (62.5 mol) of sodium hydroxide flakes and 56.33
g (0.375 mol) of finely ground p-tert-butylphenol (Aldrich) in 500 ml of methylene

chloride are added with stirring under a protective nitrogen atmosphere to a solvent
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Rel ative solution viscosity in nethylene chloride (0.5 g/100 m of solution)
1.237 15 x Exanple 3 Synthesis of' copol yformal from bi sphenol TMC and

bi sphenol A HO® OHHO + y OH + CHZClI Z + NaOH OH 20 5. 432 kgp{tiumomt) of

bi sphenol TMC (x = 70 nol %, 1.712 kg (7.f mol) of hisphenol A (y = 30

mol %, 2.5 kg (62.5 nol) of sodium hydroxide flakes and 56.33 g (0.375 not)
of finely grommrdup-dfeld? bptoynxhieylede {MAbdd @) 40,08 EQO 1 A-nadth viet-pwyt@nienc

chloride are wi.th stirring under . a protectjve pitr at nosphere to a
ol vent  Lon 30 MEE Sev bmpirtton ahe fistirs hireb ooy B Chak by
chloride and 4@ A8uka Gls MRk ARY bildanen 1O NP, 1 f&Ftion batch is
honogeni sation. the mxture'is heated to reflux (78C) and stirred for one

hour at this didwpérahuidd.of Afeiadercobldrinlg addwiA 1 vddabBeralived wemetlilsrbadtieh i s
diluted with 35 1.of. nethyl.ene chloride and 20 1 of dem neralised water. The
bt ch 1555 waSRAEIEh N o 1 o oar Ll A B P Sire LA ARG 50 S
(conducti vi tYpS.c:lﬁ'). trhe 6 d'ni)c-ph'mﬁf‘r&hgl@é"ée%anl%ﬂﬂ«_ﬁ?scfp%ﬁa'f@dtaﬁh@l soRRA! &lcBhndeSis
separated and sol vent exchange is perfornmed in an evaporator tank,

met hyl ene chl peiid@edeiitngar eplapeedrwiank. whihplcobeeidends beiee nepleecedl witk t hen
ext e e oUA BB S0P bl AP S IS, FSKOTPIRUGRRL 2900
extruder at a temperature of 280°C with subsequent pelletisation. After discarding
10 the mitial material. a total of 5.14 kg of copolylormal are consequently obtained as
transparent pellets.  This product still contains low molecular weight rings as
impuritics. The material i1s swollen overnight with approx. 5 1 of acetone. The

resultant mass is kncaded with several portions of fresh acetone until no rings can

any longer be detected. The purified material 1s dissolved in chlorobenzene and

15 extrusion 1s again performed through the devolatilising extruder at 270°C. After
discarding the initial material. a total of 3.11 kg of polyformal are consequently
obtained as transparent pellets.

Analysis:

20

. Molecular weight Mw = 39901, Mn = 19538, D = 2.04 according to GPC
(calibration against polycarbonate).
. Glass transition temperature Tg = 148°C

25

. Relative solution viscosity in methylene chioride (0.5 g/100 ml of solution) =
1.246
. 'NMR in CDCl; reveals the expected incorporation ratio x/y

Examples 4-11

Synthesis of copolyformals from bisphenol TMC and bisphenol A with variable

composition.
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10 the initial material, a total of 5.14 kg of copol yformal are consequently
obtained as transparent pellets. This product still contains | ow nol ecul ar
weight rings as inpurities. The material is swollen overni ght/oa/dgdy7appr ox.
5 1 of acetone. The resultant mass is knegaded wth several portions of
fresh acetone until no rings can any |onger be detected. The purified
material is dissolved in chlorobenzene and 15 extrusion is again perforned

t hrough the devol atilising extruder at. 270C. After discardin e initial
RNy 0 S P e e 0 O s R A PN
transparent pekd etrsbieAnal ysis: 20 Mol ecul ar wei ght Mv 39901, Mh = 19538, D =

2.04 according to GPC (calibration against polycarbonate). d ass
transition tenperiatampe Ty = I2ECln6!%Rel at i VA ohalilon vi sdediey in

nmet hyl ene chIoridf—fef5—g+ieﬁ—ﬁ+—ﬁ+—sﬁ+ufr@2%r=—17246—%NNR—h§—eBe£ reveal s
t he expected incofporation ré?io x/'y 30 Exanples 4-11 SyntHé is of

copol yformal s from bi sphenol ,IMC and bi sphenal A with variggbe conposi tion.
LeA 36 581 19 PCT/ 04/00771 1 Further copol yfornmals are proddced in a simlar
manner to the syndhesis of BExanple 3 (c.f. ¢lable 1). Exanpbkg no. TMC

[ mol %4 BPA [rmI%T7q [C]

50 50 132
8 55 45 137
9 70 30 149
10 80 20 158
11 90 10 165
5
Example 12:
Determination of the water content of polyformals and copolyformals
10 Water absorption and determination of water content of polyformals from Examples
1-10 after storage under moist conditions, 95% r.H. and a storage temperature of
50°C.
Water content is determined after various periods of storage by means of
15 quantitative Karl-Fischer titration (coulometric titration).
Periods of storage: 7 days and 14 days
Weathering: moist conditions, 95% r.H. and 30°C
Reproduction: 4 mecasurements per storage condition
20

The averages of the water contents are shown in Fig. 1.

In comparison with the polycarbonates with 0% TMC-bisphenol (100% bisphenol
A) and 100% TMC-bisphenol, the distinctly reduced levels of water absorption over

LeA 36 581
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Exanpl e 12: Determ nation of the water content of polyformals and

copol yformal s 10 Water absorption and determ nation of water content of

pol yformal s from Exanples 1-10 after storage under noist coadiid@ys]195%
r.H and a storage tenperature of 30C. Water content is determ ned after
various periods of storage by means of 15 quantitative Karl-Fischer
titration (coticorfatird ccancentetionnyangPerdfode!ydfrnzd opageopstylidayd amwgolvmedays
W\eat heri ng: ng&g% §£ﬂgL%Lﬁﬂgcﬂ%g%)r.H. and 30C Reproduction: 4 neasurenents
per storage con Ton 2 averages of the water contents are shown in
Fig. i . In cespmplstih wi th the pol ycarbonates with 0% TMC- bi sphenol (100%
bi sphenol A) and 100% TMC- bi sphenol, the distinctly reduced | evels of water
absorption over LeA 36 581 PC F/04/00771 1 20 the entire concentration
range of spol yformal or copol yformal copolymer conposition is clearly

evi dent .
Cl Cl
* +  NaOH
HC OH

A NMP

H"".

73.47 g (0.32 mol) of bisphenol A and 32.04 g (0.8 mol) of sodium hydroxide pearls

are added with stirring under protective nitrogen to a mixture of 103.65 g (0.64) of
oo dichlorotoluene (Aldrich) and 450 ml of N-methyl-2-pyrrolidone (NMP). After
10 homogenisation, the mixture is heated to 78 — 83 °C and stirred for one hour at this
temperature. After cooling down to ambient temperature, the reaction batch is
diluted with methylene chloride and water. The organic phase is repeatedly washed
with a plurality of portions of water until neutral and free of salt. The organic phase
is then separated. The polymer is then isolated by precipitation in methanol. After
15 washing with water and methanol., the cyclic oligomers are separated with hot

acetone (repeated washing). After drying at 80 °C 50 g of polyformal is obtained.

20 Analysis:

. Molecular weight Mw = 111.62, Mn = 7146, D = 1.56 according to GPC

(calibration against polycarbonate).
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Exanple 13 + NaOH NMP 73.47 g (0.32 nol) of bisphenol A and 32.04 g (0.8
nol ) of sodi um hydroxide pearls are added with stirring under protective
nitrogen to a mxture of 103.65 g (0.64) of a,a dichl orotopbggne/gasizdri ch)
and 450 m of N-nethyl-2-pyrrolidone (NW); After 10 honobgenisation, the

m xture is heated to 78 - 83 C and stirred for one hour at this
tenperature. After cooling down to anbient tenperature, the reaction batch
is diluted with rEElt hyl ene, chl ori de a_Fd_vvatgr‘. The organi c phase is

repeat edl y wa&hed Tt HISON SFRPGEY O Bt ions of water until neutral and
free of salt. glhgn@f ppni ¢ phase is then separated. The polyner is then

i sol ated by preci ion in nethanol. After 15 washing with water and

nmet hanol , the cyclic oligoners are separated with hot acetone (repeated
washi ng) .. After drying at 80 C 50 g of polyformal is obtained. 20 Anal ysis:
Mol ecul aP wei ght Mv = 1 11.62, WMh = 7146, D - 1.56 according to GPC
(calibration agai nst polycarbonate). LeA 36 581 21 * dass transition
tenperature Tg = 1 15 apl e 14 5 NVP CH PCT/ 04/ 007711 + NaOH 40.36 ¢
(0.13 nol) of bisphenol .8 g (0.32 nok)._sadi um hydr oxi de pearls and
0.195 g (0.0013 mol) o but yl ophenol aref added with stirring under

+ + NaOH

-

A NMP

OH

40.36 g (0.13 mol) of bisphenol TMC, 12.8 g (0.32 mol) sodium hydroxide pearls
and 0.195 g (0.0013 mol) of p-tert-butylophenol are added with stirring under
10 protective nitrogen to a mixture of 41.87 g (0.26 mol) of a,a dichlorotoluene
(Aldrich) and 225 ml of N-methyl-2-pyrrolidone (NMP). After homogenisation, the
mixture is heated to 77 — 81 °C and stirred for one hour at this temperature. After
cooling to ambient temperature, the reaction batch is diluted with methylene
chloride and water. The organic phase is repeatedly washed with a plurality of
15 portions of water until neutral and free of salt. The organic phasc is then separated.
The polymer is then isolated by precipitation in methanol. After washing with water
and methanol, the cyclic oligomers are separated with hot acctone (repeated

washing). After drying at 80 °C 46.6 g of polyformal are obtained.

20) Analysis:

LeA 36 581



10 protective nitrogen to a mxture of 41.87 g (0.26 nol) of a,a

di chl orotoluene (Aldrich) and 225 ml of N-nethyl-2-pyrrolidone (NWP). After
honogeni sation, the mixture is heated to 77 - 81 C and stipcedy4f@77one hour
at this tenperature. After cooling to anptent tenperature, the reaction
batch is diluted with nethylene chloride and water. The organi c phase is
repeat edl y washed Maltdular peighaMwy= dDo4h Mart i7d0& 10f=etdencaonding tonduitd al and
free of salt. The organjc phase is then separated. The polymer is then

i sol ated by preci pFARfHR RANNRIEABIONE)t er washing with water and

met hanol , the cyclic oligoners are separated with hot acetone (repeated
washing). After drying at 80 C 46.6 g of polyfornal are obtained. 20

Anal ysi s: LeAes36 561asPE€inQddrORdipehnd? Tg MAKUl ar wei ght Mv = 10644, M -
7400, D = 1.44 according to GPC (calibration against polycarbonate). d ass
transition tenperature Tg = 158 C LeA36581 23 PCT/04/00771 | Cains 1.

Li near pol yformals or copol yformals of the general fornulae (la) and (Ib),
-0-Qo-c~5 1laf 0-0--a[ o--F--camo 1b in which A independently denotes
hydrogen or phenyl, the residues O DO

LeA 36 581



and O E-O denote any desired di phenol ate residues, in which -E- and -D are
mutual | y i ndependently an aromatic residue with 6 to 40 C atons, which 10
resi due may contain one or nore aromatic or fused aromati c puglRINOT7711
optionally containing heteroatons and is eptionally substituted wth Cl1-Cl12
al kyl residues or hal ogen and may contain aliphatic residues, cycloaliphatic
resi dues, arofdkting nuclei or heteroatons as bridging nenbers, wherein at

| east one of the residues O D O and O E-O denotes a corresponding 1,1 15

bi s(4- hydroxyphenyl ) cycl ohexane residue. which is at | east nono substituted

on the cycl thEXaneLl'ﬂeBlgpol%rﬁqQ@ of 865 Brral Bo PQe igPndtil S AnaMBANSd1bL 10 and

the i nstances of R nutual i ndependently denote any desired substituents,
and in which k and o denote an integer between | and 4000, o denotes
nunbers between 1 and 4000 and m denotes a fraction z/o and n a fraction
(0-2)/o0, mhereFﬁ%@~dan@&gs—nunbeLs%ba}Mee ‘{*ﬁngﬁé Li near

pol yformal s and copol yformal s according €0 claim 1, Wherein A denotes

hydr ogen. LeA36581 PCT/04/007711 ~. 4. 5 5. 106. 7. 15

- 1a
3 1

in which A independently denotes hydrogen or phenyl, the residues 0-D-O
and O-E-O denote any desired diphenolate residues, in which -E- and -D- are
mutually independently an aromatic residue with 6 to 40 C atoms, which
10 residue may contain one or more aromatic or fused aromatic nuclei
optionally containing heteroatoms and is optionally substituted with C;-C;
alkyl residues or halogen and may contain aliphatic residues, cycloaliphatic
residues. aromatic nuclei or heteroatoms as bridging members, wherein at
least one of the residues O-D-O and O-E-O denotes a corresponding 1,1-
15 bis(4-hvdroxyphenyl)cyclohexane residue, which is at least monosubstituted

on the cyclohexane ring, of the formula B

20 in which n means 1 to 10 and the instances of R mutually independently
denote any desired substituents, and in which k and o denote an integer
between 1 and 4000, o denotes numbers between 1 and 4000 and m denotes
a fraction z/o and n a fraction (0-z)/0, whercin z denotes numbers between |

and o.

I~
h

2. Linear polyformals and copolyformals according to claim 1. wherein A

denotes hydrogen.
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8. 209. 24 Use of the polyformals and copol yformals according to claim1l
for the production of products by the injection noulding or extrusion
process. Use according to claim 3, characterised in that theCproadwst;iis an
optical data storage medium Optical datggstorage nedia containing the

pol yformal s and/ or copol yformals according to claim11l. Use according to
clai m 3, charact er Usedfithe tHodtfotnes pnddwptlyfemalsrediocdihg tardlaiol é. fdvidie ca
articles containing the.polyformals and/or. copolyformal s according to claim
1 Linear pol yf or nBreguciody driy B amiction pdios oF PUBEITPIOSHSE- |
conprises a honopol yformal based on 1, 1-bi s(4-hydroxyphenyl)-3,3,5- trim
et hyl cycl ohexane (bi sphenol TMC). A process for the production of the

| i near pol yf ofmal sUandcwopog yf oamaPschagitoisdd ngthabthelpaddact ity eiet ildg

bi sphenol.s with neHhMLene chloride in a honogeneous solution in a suitable
hi gh- boi Pi ng sol ver 488 198" Br esence of a base, at tenperatures of between
30 and 160C. LeA 36 581

5. Optical data storage media containing the polyformals and/or copolyformals

according to claim 1.

10 0. Use according to claim 3. characterised in that the product is a medical
article.
7. Medical articles containing the polytormals and/or copolyformals according

to claim 1.

15
3. Linear polyformals according to claim 1, characterised in that it comprises a
homopolyformal based on 1,1-bis(4-hydroxyphenyl)-3.3.5-
trimethylcyclohexane (bisphenol TMC).
20 9. A process for the production of the linear polyformals and copolyformals

according to claim 1 by rcacting bisphenols with methylene chloride 1n a
homogeneous solution in a suitable high-boiling solvent in the presence of a

base, at temperatures of between 30 and 160°C.
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