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Functionalized polyoxymethylene block copolymers

The present invention relates to a process forgpiieg functionalized polyoxymethylene block
copolymers, comprising the step of polymerizingrialdehyde in a reaction vessel in the presence
of a catalyst, wherein the polymerization of fordedlyde is additionally effected in the presence
of a starter compound having at least 2 Zerewitinofive hydrogen atoms to obtain an
intermediate, and this intermediate is reacted witblic carboxylic or carbonic esters to give
functionalized polyoxymethylene block copolymerst further relates to functionalized

polyoxymethylene block copolymers obtainable byhsagrocess and to the use thereof.

JP 2007 211082 A describes the reaction of polyiylene polyols having an equivalent weight
of > 2500 with formaldehyde, formaldehyde oligomers formaldehyde polymers to give
polyoxymethylene-polyoxyalkylene block copolymeBecause of the high molecular weight of
the polyoxyalkylene polyols used, the resultant yprymethylene-polyoxyalkylene block
copolymers have a molecular weight of > 5000 g/raold are therefore unsuitable as a

polyurethane unit.

GB 807589 describes block copolymers containingygolmethylene units alongside other
polymer and polycondensate units. The block copehgndescribed likewise have a molecular
weight of> 4500 g/mol. However, polymers having a high mol@cweight are unsuitable for use
as a polyurethane or polyamide unit. US 3,979,4ig88lases a two-stage process for preparing
specific block copolymers comprising polyoxymetimde blocks alongside polylactone and

polylactam blocks.

JP 2007 211082, GB 807589 and US 3,979,479 dessmabdization of the terminal OH groups of
the intermediates by acylation with acetic anhygrihe block copolymers prepared thus contain
acetate radicals as end groups, and so no furitr@recsion to polyurethanes, polyamides or

polyester amides is possible.

US 3,218,295 likewise discloses block copolymenstaioing polyoxymethylene blocks, wherein
the intermediates are reacted with acetic anhydHadeavever, no further reaction of the products is

possible since only unreactive acetate end growgpprasent.

EP 1 418 190 Al describes copolymers of polyetlas éind formaldehyde having a molecular
weight of> 15 000 g/mol. These polymers are not suitableug® as a polyurethane unit either

because of the high molecular weight.

US 3,754,053 describes block copolymers having decotar weight of> 10 000 g/mol,
containing at least one polyoxymethylene segmedtaaeast two polyoxyalkylene segments. The

block copolymers described are fundamentally retstli to a maximum functionality of £2. For



10

15

20

25

30

-2-

the polyurethane applications, however, as wefladgmers having a functionality of F = 2, also of
particular interest is the route to polymers havenfunctionality F > 2. Here too, the polymers

described are unsuitable for uses as a polyuretl@heecause of their high molecular weight.

US 2002/0016395 and JP 04-306215 describe blocklymers containing polyoxymethylene
units and polyolefin units. Here too, the produdft$he invention have molecular weights>of.0

000 g/mol and are therefore unsuitable for use@dyarethane unit.

All the polyoxymethylene-containing block copolyreedescribed have molecular weights>of
4500 g/mol and, because of the attendant propé€righ viscosity, low mass-based functionality),
are unsuitable for use as prepolymers in the pethane sector. The mechanical properties of the
polyurethanes prepared therefrom are likewise lediém the case of use of high molecular weight

diols and polyols.

Moreover, it is apparent from the above-cited disates that stabilization of polyoxymethylene
block copolymers can be achieved by acylation &itbtic anhydride. However, the stabilization
with acetic anhydride introduces unreactive endupsounsuitable for further conversion to
polyurethanes, polyamides or polyester amides. Mane the reaction with acetic anhydride leads

to the release of acetic acid which has to be reshdrom the product mixture as a by-product.

Low molecular weight bifunctional or higher-funatimity block copolymers containing
polyoxymethylene units alongside other oligomertcugural units and carboxylic acid- or

hydroxy-functionalized end groups are unknown.

US 3,575,930 describes the reaction of dihydroxmeated paraformaldehyde HO(GB)H
having n = 2-64 with diisocyanates to give isocyastarminated polyoxymethylene polymers,
which can be converted to polyurethanes in theti@aaevith diols. The paraformaldehyde used
differs fundamentally from the polyoxymethylene ddaopolymers of the invention because of the
absence of additional oligomeric units and becaofsés high partial crystallinity, which is

manifested in physical properties such as glassitran temperature, melting point and viscosity.

The use of carboxylic acid- or hydroxy-functionatizpolyoxymethylene block copolymers in the

reaction with isocyanates or oxazolines, in comtiasinknown.

The problem addressed was therefore that of pmoyitbhw molecular weight polyoxymethylene
block copolymers which have stable carboxylic acidhydroxy-functionalized end groups and as
such are suitable for the reaction with di- or Ed¢yanates or bis- or polyoxazolines, and wherein

the average functionality F can be adjusted tol@eva2.
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This problem has been solved in accordance withitkention by a process for preparing
functionalized polyoxymethylene block copolymerspmprising the step of polymerizing
formaldehyde in a reaction vessel in the preserca @atalyst, in which the polymerization of
formaldehyde is additionally effected in the presemf a starter compound having at least 2
Zerewitinoff-active hydrogen atoms, giving an imediate having a number-average molecular
weight of < 4500 g/mol, and the resultant interragégliis reacted with a cyclic carboxylic or

carbonic ester, giving a functionalized polyoxynyétine block copolymer.

The resultant functionalized low molecular weigliyyoxymethylene block copolymers offer a

number of advantages over existing bifunctiondligher-functionality polymers.

The reaction of the intermediate with cyclic carfdaxor carbonic esters achieves stabilization and
functionalization of the polyoxymethylene block obpmers of the invention. In this reaction, ring
opening to form an ester or carbonate bond intreslutinctional end groups in the form of
hydroxyl or carboxylic acid groups. The presencdheise functional end groups enables further
conversion to polyurethanes, polyurethane-analogoligamides or polyester amides, and so this

opens up new fields of use for the resultant fumztiized polyoxymethylene block copolymers.

In addition, the cyclic carboxylic or carbonic estare fully incorporated into the product without
releasing further cleavage products. Compared twknmethods for stabilization, for example
reaction with open-chain anhydrides, this gives ttsadvantageous atom economy, and there is no
need for additional purification steps for remoweélthese cleavage products, for example acetic

acid, when the stabilization is conducted with mcahhydride.

The polyoxymethylene block copolymers of the ini@mioffer the advantage over homopolymers
that particular physical properties such as glaassttion temperatures, melting ranges and
viscosities can be controlled via the length of pbhé/oxymethylene blocks in relation to the length

of the starter compound.

Compared to polyoxymethylene homopolymers of thmesaolecular weight, partial crystallinity
in the polyoxymethylene block copolymers of thedntion is typically lowered, which typically
likewise leads to a lowering of glass transitiomperatures, melting points and viscosities. The
presence of the additional oligomer blocks thagiingte from the starter compound additionally
leads typically to an increase in the chemical #mefrmal stability. Pure polyoxymethylene
polymers are typically restricted to a functionalt< 2. There is no method which enables control
of the functionality. Via the use of starter compds having a functionality B 2, in contrast,

access to polyoxymethylene block copolymers hasifignctionality B> 2 is possible.
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The functionality of the polyoxymethylene block obymers of the invention is established via
deprotonatable functional groups which contain fegtidms and are terminal or arranged along the
polymer chain, for example hydroxyl groups, thiobgps, amino groups, carboxylic acid groups or
carboxylic acid derivatives, for example amidesefémably, the average functionality of the
polyoxymethylene block copolymers of the inventioe, the average number of functional groups
per molecule chain, is adjusted via the functidpabf the starter used. By combination of
polyoxymethylene block copolymers of the inventi@mving different functionality F = 2, 3, etc., it

is possible to establish an average functionalityZ-

Compared to polyether polyols of the same molecwigight, the proportion of polyoxyalkylene
units which are prepared from the correspondingylale oxides is reduced by the
polyoxymethylene fraction, which leads to an adagabus energy balance in the product. Physical
properties such as glass transition temperaturedting ranges and viscosities, for a given
molecular weight, can be controlled via the lengththe polyoxymethylene blocks in relation to

the polyether blocks.

Polyoxymethylene block copolymers in the contexthaf invention refer to polymeric compounds
which contain at least one polyoxymethylene blook at least one additional oligomeric block

and preferably do not exceed a molecular weigthénmid-four-digit range.

A polyoxymethylene block in the context of the intien comprises at least one and preferably at
most 150 oxymethylene units bonded directly to amether. An additional oligomeric block in the
context of the invention differs structurally frommpolyoxymethylene block and is formed from
monomers other than formaldehyde, although theepies of oxymethylene groups in the
additional oligomeric block is not ruled out. Tmeorporation of the additional oligomeric block in
the context of the invention can be effected inmpke manner through the use of oligomeric
starter compounds. The oligomeric starter compousd then incorporated into the
polyoxymethylene block copolymer of the inventianaa additional oligomeric block, or is part of
the additional oligomeric block. The oligomeric re¢é& compound, optionally immediately before
the formaldehyde polymerization step of the invemtican be formed from the monomers and
optionally a starter compound of relatively low eallar weight. The properties of the oligomeric

block can be adjusted via the number and type afam®rs present.

The intermediate in the sense of the inventiomideustood to mean the reaction product after the
reaction of the starter compound with formaldehydhich can easily be adjusted through the

process of the invention to a number-average mdeeeight of < 4500 g/mol.

Functionalized polyoxymethylene block copolymerstie context of the invention refer to

polyoxymethylene block copolymers in the contextted invention wherein the terminal groups
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are derived to an extent of at least 90 mol%, pablg 92.5 to 100 mol%, more preferably 95 to
100 mol%, based on the total amount of terminalugsp from one or more different cyclic
carboxylic or carbonic esters and correspondinglytain carboxylic acid or hydroxyl groups as

end groups.

Formaldehyde can be used in the gaseous stat@nalbyi as a mixture with inert gases, e.g.
nitrogen or argon, and/or with gaseous, superatitc liquid carbon dioxide, or in the form of a
formaldehyde solution. Formaldehyde solutions mayaQueous formaldehyde solutions having a
formaldehyde content between 1% and 37% by weighith may optionally contain up to 15% by
weight of methanol as stabilizer. Alternatively,stpossible to use solutions of formaldehyde in
polar organic solvents, for example methanol ohéignono- or polyhydric alcohols, 1,4-dioxane,
acetonitrile, N,N-dimethylformamide (DMF), N,N-dimethylacetamide, dimethyl sulfoxide
(DMSO), cyclic carbonates, e.g. ethylene carbonatpropylene carbonat®&-methylpyrrolidone
(NMP), sulfolane, tetramethyluredy,N‘-dimethylethyleneurea or mixtures thereof with one
another, or with water and/or other solvents. Thes@gnce of further substances in solution is
likewise included as well. Preference is given he use of gaseous formaldehyde. Particular
preference is given to the use of mixtures of gasdormaldehyde with argon and/or carbon
dioxide. Likewise preferred is the use of solutiarfsformaldehyde in aprotic polar organic
solvents, for example 1,4-dioxane, acetonitril&,N-dimethylformamide (DMF), N,N-
dimethylacetamide, dimethyl sulfoxide (DMSO), cgclkarbonates, e.g. ethylene carbonate or
propylene carbonate, N-methylpyrrolidone (NMP), sulfolane, tetramethylaye N,N‘-

dimethylethyleneurea or mixtures thereof with onether and/or other solvents.

Alternatively, formaldehyde can be generatedsitu from a suitable formaldehyde source.
Formaldehyde sources used may be substances whithirc chemically bound formaldehyde,
typically in the form of oxymethylene groups, an@ @apable of releasing formaldehyde under
suitable conditions. Suitable conditions for thdease may include, for example, elevated
temperatures and/or the use of catalysts and/qurdsence of acids, bases or other reagents which
lead to the release of monomeric formaldehyde efied formaldehyde sources are 1,3,5-trioxane,
paraformaldehyde, polyoxymethylene, dimethyl aceigB-dioxolane, 1,3-dioxane and/or 1,3-

dioxepane, particular preference being given tgbiffoxane and paraformaldehyde.

The starter compounds in the context of the ineentre bifunctional or higher-functionality
compounds having a number-average molecular wdigldf, for example, between 100 and 3000
g/mol. The functionality is established via depratable functional groups which contain
heteroatoms and are terminal or arranged alongahgner chain, for example hydroxyl groups,
thiol groups, amino groups, carboxylic acid growpscarboxylic acid derivatives, for example

amides. Hydrogen bonded to N, O or S is referredsa Zerewitinoff-active hydrogen (or as
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"active hydrogen") when it gives methane by reactioth methylmagnesium iodide by a process
discovered by Zerewitinoff. Solvents used may,drample, be water, methanol or higher mono-
or polyhydric alcohols, nonpolar organic solvems,example linear or branched alkanes or alkane
mixtures, toluene, the various xylene isomers oxtunés thereof, mesitylene, mono- or
polyhalogenated aromatics or alkanes, open-chaioydic ethers, for example tetrahydrofuran
(THF) or methyltert-butyl ether (MTBE), open-chain or cyclic estenspolar aprotic solvents, for
example 1,4-dioxane, acetonitrile\,N-dimethylformamide (DMF), N,N-dimethylacetamide,
dimethyl sulfoxide (DMSO), cyclic carbonates, foxaenple ethylene carbonate or propylene
carbonateN-methylpyrrolidone (NMP), sulfolane, tetramethylay&l,N‘-dimethylethyleneurea or
mixtures thereof with one another, with water ana¥idh other solvents. It is also possible to use
liquid or supercritical carbon dioxide as solventrieat form or as a mixture with one of the
abovementioned solvents. Preference is given tan-cpain or cyclic ethers, for example
tetrahydrofuran (THF) or methygrt-butyl ether (MTBE), open-chain or cyclic esterslgp aprotic
solvents, for example 1,4-dioxane, acetonitril®&,N-dimethylformamide (DMF), N,N-
dimethylacetamide, dimethyl sulfoxide (DMSO), cgclkkarbonates, e.g. ethylene carbonate or
propylene carbonate, N-methylpyrrolidone (NMP), sulfolane, tetramethylaye N,N‘-
dimethylethyleneurea or mixtures thereof with omether and/or other solvents, and liquid or
supercritical carbon dioxide. Particular preferengegiven to the reaction in the absence of

solvents.

The reaction can be conducted in a batchwise pspdasa semi-batchwise process or in a
continuous process. In the preferred semi-batchyiseess, a mixture of starter, catalyst and
optionally a solvent is initially charged, and faitiehyde or the formaldehyde source in neat form
as a gas or liquid or in solution is metered irite teaction. The amount of formaldehyde or of
formaldehyde equivalents present in the formaldehs@lurce which is metered in is chosen so as

to attain the desired molecular weight of the imiediate.

The reaction is conducted, for example at a tenipexrdetween 20 and 200°C, preferably between
20 and 120°C and more preferably between 40 an8Cl26 the case of use of a formaldehyde
source containing chemically bound formaldehydes teaction temperature is above the
temperature required for release of formaldehydgeurthe given conditions. In the presence of
suitable catalysts which accelerate the releaderofaldehyde, the reaction temperature may be
below the temperature needed for the uncatalyzledge of formaldehyde. In some cases, the
catalysts for the preparation of the polyoxymethgleblock copolymers of the invention may

likewise function as catalysts for the releaseoofrfaldehyde.
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The pressure during the polymerization of formajdiehin the presence of the starter compound
and optionally additional comonomer is 1 to 200. barthe case of use of gaseous formaldehyde,

the pressure is preferably 5 to 100 bar, more pbfg 10 to 50 bar.

The reaction time for the polymerization is, forample, 0.05 to 120 hours, preferably 0.5 to 48
hours, more preferably 1 to 24 hours. The readtioe is considered to be the period of time
during which catalyst, formaldehyde and starter poomd are in direct contact at reaction
temperature. Especially in the case of performame@esemi-batchwise process, for example in the
case of introduction of gaseous formaldehyde inéoreaction mixture, the reaction time is guided

by the amount of formaldehyde metered in or of faldahyde equivalents metered in.

The polymerization of formaldehyde in the preseota catalyst and a starter compound in the
context of the invention gives an intermediate aimihg at least one polyoxymethylene block and
at least one additional oligomeric block (polyoxyidene block copolymer in the context of the

invention). The resultant intermediate (polyoxynyéthe block copolymer) has a number-average

molecular weight Mof < 4500 g/mol.

Cyclic carboxylic or carbonic esters in the cont@ft the invention are cyclic compounds
containing at least one ester or carbonate groygadof the ring system, for example aliphatic or

aromatic lactones, lactides, cyclic carbonates,adiptiatic or aromatic cyclic anhydrides.

After the metered addition of the desired amourfbohaldehyde or formaldehyde equivalents and
optionally of additional comonomer, the resultaryrmethylene block copolymer intermediate is
reacted with a cyclic carboxylic or carbonic estera mixture of various cyclic carboxylic or

carbonic esters.

The amount of the cyclic carboxylic or carboniceestis guided by the molar amount of the

functional groups present in the additional oligonéus, the minimum amount required is

Nester, min= (rnstarter/ M-W-starte) X Fetarter (equation 1),

where MyaneriS the mass of the starter compound used, M.\Wis the number-average molecular
weight thereof and &eris the average functionality thereof, i.e. therage number of functional

groups per starter molecule.

In the case of use of cyclic anhydrides, the mataount is one to three times, preferably one to
two times and more preferably one to 1.5 timggn» The reaction with the chain end of the
polyoxymethylene block copolymer intermediate op#mes ring and forms an ester bond, with
simultaneous formation of a terminal carboxylicdadror each chain end, a maximum of one

cyclic anhydride is thus incorporated.
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In the case of use of lactones, lactides and cyelibonates, the preferred molar amount is one to
50 times, preferably 2 to 20 times and more préfgra to 10 times fyer, min The reaction with the
chain end of the polyoxymethylene block copolynmeimediate opens the ring and forms an ester
bond in the case of the lactones or lactides, armhrhonate bond in the case of the cyclic
carbonates. In both cases, a terminal hydroxyl gisypresent after the incorporation. The latter
can be reacted with a further lactone, lactidelicymarbonate or, in the case of presence thereof,
with a cyclic anhydride, such that the chain engsg@nt may also be homo- or copolymer blocks
of lactones, lactides and/or cyclic carbonatesiooptly terminated by an acid group originating

from a cyclic anhydride.

The cyclic carbonic or carboxylic esters can beemsst in in neat form or dissolved in a solvent
suitable for the polymerization of formaldehyde the presence of the starter compound and
optionally additional comonomer. Preference is giwe the metered addition of the cyclic
carboxylic or carbonic ester in neat form or digedlin a solvent identical to the solvent used in
the polymerization of formaldehyde in the presentdhe additional oligomer and optionally

additional comonomer.

The cyclic carboxylic or carbonic ester can be maetén at temperatures between 20 and 200°C,
preferably between 20 and 120°C. The total amofioycic carboxylic or carbonic esters can be

metered in in a pulsed manner in one or more pualsesntinuously over a prolonged period.

The cyclic carbonic or carboxylic esters are metare under atmospheric pressure or elevated
pressure, for example the pressure used duringdlyenerization of formaldehyde in the presence

of the starter compound and optionally additiormahonomer.

After the metering operation has ended, befordter any pressure present is released, the reaction
mixture is stirred at temperatures between 20 & @, preferably 20 to 150°C, more preferably
80 to 120°C, over a further period of 0.1 to 24risppreferably 1 to 16 hours.

After the reaction of the polyoxymethylene blockpolymers with the cyclic carboxylic or
carbonic esters, before or after any pressure préses been released, it is possible to deactivate
the excess unreacted cyclic carboxylic or carb@sters present in the reaction mixture, and
optionally the catalyst, for example by means ofenaaqueous bases, for example alkali metal or
alkaline earth metal hydroxide, alkali metal cadenor alkali metal hydrogencarbonate, alkali
metal alkoxide, alkali metal carboxylate or aqueansmonia solution, aqueous buffer solutions
containing mixtures of carbonate and/or phosphatés sn combination with one or more
hydrogencarbonate, phosphate, hydrogenphosphater atidydrogenphosphate salts, or alcohols,

amines or mixtures of two or more of the aforenmrdd components.
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In the case of presence of carboxylic acid-terneidgtolyoxymethylene block copolymers, the
isolation may be preceded by a further reactiom wguimolar amounts or an excess of epoxides,
based on the number of carboxylic acid groups ptes® as to obtain hydroxy-terminated, low
molecular weight polyoxymethylene block copolymélrke reaction with the epoxides preferably
precedes any deactivation of any excess, unreagtdit carboxylic or carbonic esters present in

the reaction mixture which is to be conducted.

For isolation of the functionalized, low moleculaeight polyoxymethylene block copolymers of
the invention, after any pressure present has beeased, the volatile components, for example
solvents, unreacted monomers and/or cyclic carlmxyd carbonic esters, or the hydrolysis or
aminolysis products thereof, can be removed, famgle by vacuum distillation or thin-film
evaporation. Additional purification steps, for exale extraction, precipitation and/or filtration,
for example for removal of the catalyst, unreagtemhomers and/or cyclic carboxylic or carbonic
esters or the hydrolysis or aminolysis productgebieand/or any salts present in the reaction

mixture, are likewise included.

The functionalized, low molecular weight polyoxytmgene block copolymers obtainable by the
process of the invention have a low level of byducts and can be processed without any

problem.

Embodiments of the process of the invention arerite=d hereinafter. They can be combined with

one another as desired, unless the opposite isfobea the context.

The resultant intermediate (polyoxymethylene blookolymer) has a number-average molecular
weight of < 4500 g/mol, preferablyg 3500 g/mol, and more preferably 3000 g/mol. The
molecular weight can be determined by means of mgimeation chromatography against
polypropylene glycol standards or via the OH numlieferably, the molecular weight of the
intermediate i$> 92 g/mol to < 4500 g/mol, especially preferablyp00 g/mol to < 4500 g/mol,
more preferably 600 g/mol to< 3500 g/mol and very especially preferablg00 g/mol to< 3000

g/mol.

The mean molecular weight of the intermediate (@ojynethylene block copolymer) is adjusted to
a value of < 4500 g/mol via the stoichiometry of fieedstocks. Thus, the sum total of the molar
amounts nof all the monomers i introduced into the polyoxathylene block copolymer of the
invention, i.e. the sum total of the molar amoupt of formaldehyde or of the formaldehyde
equivalents present in the formaldehyde source timd molar amounts of the additional
comonomers, and also the sum total of the molauaisaj of all the end groups j (cyclic carbonic
or carboxylic esters) introduced into the polyoxyiméene block copolymer of the invention, is

chosen such that
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2N XM+ n xM,
] J

n

M +

Starter

< 4500g/mol (equation 2)

Starter

where Rureris the molar amount and d..:the number-average molecular weight of the starter
compound, and Mis the molecular weight of the respective monomand M the molecular

weight of the respective end group j.

In a further embodiment of the method accordinth®invention, the catalyst is selected from the
group of the basic catalysts and/or the Lewis-aaditalysts. Catalysts used are compounds which
catalyze the polymerization of formaldehyde. Thesay be basic catalysts or Lewis-acidic
catalysts containing, as the Lewis-acidic centar,eikample, a metal of the third, fourth or fifth
main group, especially boron, aluminum, tin or higm a metal of the third or fourth transition
group or of the lanthanoid series, vanadium, madyluin, tungsten or a metal of the eighth to tenth

transition groups. Preference is given to Lewisliactatalysts.

Examples of basic catalysts are tertiary or araiadisic amines, for example triethylamine and
other trialkylamines, pyridine and mono- or polystitoited pyridine derivatived\-alkyl- or N-
arylimidazole, 1,4-diazabicyclo[2.2.2]octane (DABYX@-(dimethylamino)pyridine (DMAP), 1,8-
diazabicyclo[5.4.0]lundec-7-ene (DBU), triazabicydld.0ldec-5-ene (TBD) and 7-methyl-1,5,7-
triazabicyclo[4.4.0]dec-5-ene (MTBD). Further exdegpof basic catalysts are inorganic basic
compounds, for example alkali metal hydroxides,eegdly potassium hydroxide and cesium
hydroxide. The addition of further additives fociaasing solubility and/or reactivity, for example
crown ethers or tetraalkylammonium, tetraalkylphmspum or tetraarylphosphonium salts, is not

ruled out.

Lewis-acidic catalysts contain, as the Lewis-aciater, one or more coordinatively unsaturated
metal atoms, for example metals of the third, fouor fifth main group, especially boron,
aluminum, tin or bismuth, metals of the third amaurth transition group and metals of the
lanthanoid series, vanadium, molybdenum, tungstextals of the eighth to tenth transition groups,
especially iron, cobalt, nickel, rhodium, iridiupalladium, platinum, copper or zinc. It is a featur
of the coordinatively unsaturated Lewis-acidic eenbhat nucleophilic molecules can bind thereto.
The coordinatively unsaturated Lewis-acidic cemtayy already be present in the compound used
as catalyst or forms in the reaction mixture, fgaraple as a result of elimination of a weakly
bound nucleophilic molecule. Particular prefereiscgiven to Lewis-acidic catalysts containing, as
the Lewis-acidic center, one or more tin, bismwdmadium or molybdenum atoms, for example
dibutyltin dilaurate (DBTL), dibutyltin oxide, bisath tri(2-ethylhexanoate), lithium orthovanadate

or lithium molybdate.
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The catalyst is typically used in a molar ratiolof0 000 to 10:1, preferably 1:1000 to 1:1, more
preferably 1:1000 to 1:10, relative to the functibgroups present in the starter compound.

In a further embodiment of the process of the itieen the reaction of the intermediate with the
cyclic carboxylic or carbonic ester is conductedhe presence of a catalyst which is the same

catalyst as in the preceding polymerization of faldehyde.

In a further embodiment of the process of the itieen the starter molecule has a number-average
molecular weight Mof > 62 g/mol to< 4470 g/mol, preferably af 90 g/mol to< 3470 g/mol and
more preferably of 100 g/mol to< 3000 g/mol.

The starter compounds typically have a functiopalft> 2, for example within a range from2 to

< 6, preferably from» 2.0 to< 4 and more preferably from2.0 to< 3.

In a further embodiment of the process of the itieen the starter molecule is selected from the
group of the polyether polyols, polyester polygislyether ester polyols, polycarbonate polyols
and/or polyacrylate polyolsThe polyols may have, for example, a number-averagkecular
weight M, of > 62 g/mol to< 8000 g/mol, preferably of 90 g/mol to< 5000 g/mol and more
preferably of> 92 g/mol to< 2000 g/mol.

The average OH functionality of the polyols>i, for example within a range from2 to< 6,

preferably from> 2.0 to< 4 and more preferably from2.0 to< 3.

Usable polyether polyols are, for example, polgethylene glycol polyethers, as obtainable by

polymerization of tetrahydrofuran by means of gataing opening.

Likewise suitable polyether polyols are additiomogucts of styrene oxide, ethylene oxide,
propylene oxide, butylene oxides and/or epichlodsiny onto di- or polyfunctional starter

molecules.

Suitable starter molecules for the polyether payate, for example, water, ethylene glycol,
diethylene glycol, butyl diglycol, glycerol, dietlepe glycol, trimethylolpropane, propylene glycol,
pentaerythritol, sorbitol, sucrose, ethylenediamittduenediamine, triethanolamine, butane-1,4-
diol, hexane-1,6-diol and low molecular weight hydr-containing esters of such polyols with

dicarboxylic acids.

Suitable polyester polyols include polycondensafedi- and additionally tri- and tetraols and di-
and additionally tri- and tetracarboxylic acidshgrdroxycarboxylic acids or lactones. Instead of the
free polycarboxylic acids, it is also possible s® uhe corresponding polycarboxylic anhydrides or

corresponding polycarboxylic esters of lower aldstior preparation of the polyesters.
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Examples of suitable diols are ethylene glycol,ylaute glycol, diethylene glycol, triethylene

glycol, polyalkylene glycols such as polyethylergcgl, and also propane-1,2-diol, propane-1,3-
diol, butane-1,3-diol, butane-1,4-diol, hexane-di@-and isomers, neopentyl glycol or neopentyl
glycol hydroxypivalate. In addition, it is also pide to use polyols such as trimethylolpropane,

glycerol, erythritol, pentaerythritol, trimethyla@hzene or trishydroxyethyl isocyanurate.

Polycarboxylic acids used may, for example, be glithacid, isophthalic acid, terephthalic acid,
tetrahydrophthalic acid, hexahydrophthalic acidlalygexanedicarboxylic acid, adipic acid, azelaic
acid, sebacic acid, glutaric acid, tetrachloroplthacid, maleic acid, fumaric acid, itaconic acid,
malonic acid, suberic acid, succinic acid, 2-methgtinic acid, 3,3-diethylglutaric acid, 2,2-
dimethylsuccinic acid, dodecanedioic acid, endowlettetetrahydrophthalic acid, dimer fatty acid,
trimer fatty acid, citric acid, or trimellitic acidThe acid sources used may also be the

corresponding anhydrides.

If the mean functionality of the polyol to be effied is > 2, it is additionally also possible teeu

monocarboxylic acids such as benzoic acid and lemeaahoxylic acid as well.

Hydroxycarboxylic acids which can additionally bged as reaction participants in the preparation
of a polyester polyol having terminal hydroxyl gpsuare, for example, hydroxycaproic acid,
hydroxybutyric acid, hydroxydecanoic acid, hydraegsic acid and the like. Suitable lactones

include caprolactone, butyrolactone and homologs.

Usable polycarbonate polyols are polycarbonatesingavhydroxyl groups, for example
polycarbonate diols. These are obtainable by r@acti carbonic acid derivatives, such as diphenyl

carbonate, dimethyl carbonate or phosgene, withotml preferably diols.

Examples of such diols are ethylene glycol, progh2e and 1,3-diol, butane-1,3- and 1,4-diol,
hexane-1,6-diol, octane-1,8-diol, neopentyl glycol,4-bishydroxymethylcyclohexane, 2-
methylpropane-1,3-diol, 2,2,4-trimethylpentane-di@; dipropylene glycol, polypropylene
glycols, dibutylene glycol, polybutylene glycolssiphenol A, and lactone-modified diols of the

aforementioned type.

Usable polyether ester polyols are those compowiilsh contain ether groups, ester groups and
OH groups. Organic dicarboxylic acids having ug2ocarbon atoms are suitable for preparation of
the polyether ester polyols, preferably aliphaizatboxylic acids having 4 to< 6 carbon atoms
or aromatic dicarboxylic acids, which are used vidtially or in a mixture. Examples include
suberic acid, azelaic acid, decanedicarboxylic ,aoidleic acid, malonic acid, phthalic acid,
pimelic acid and sebacic acid, and especially glutid, fumaric acid, succinic acid, adipic acid,

phthalic acid, terephthalic acid and isophthalidda®erivatives of these acids used may, for
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example, be the anhydrides thereof and the estetsnm@noesters thereof with low molecular

weight monofunctional alcohols havirdl to< 4 carbon atoms.

A further component used for preparation of theygtbier ester polyols is polyether polyols, which
are obtained by alkoxylating starter molecules satpolyhydric alcohols. The starter molecules
are at least difunctional, but may optionally alsantain proportions of higher-functionality,

especially trifunctional, starter molecules.

Starter molecules for these polyether polyols d&oe, example, diols having number-average
molecular weights Mof preferably> 18 g/mol to< 400 g/mol or of> 62 g/mol to< 200 g/mol,
such as ethane-1,2-diol, propane-1,3-diol, prodaBediol, butane-1,4-diol, pentene-1,5-diol,
pentane-1,5-diol, neopentyl glycol, hexane-1,6;dieptane-1,7-diol, octane-1,8-diol, decane-1,10-
diol, 2-methylpropane-1,3-diol, 2,2-dimethylpropah8-diol, 3-methylpentane-1,5-diol, 2-butyl-2-
ethylpropane-1,3-diol, 2-butene-1,4-diol and 2-betl,4-diol, ether diols such as diethylene
glycol, triethylene glycol, tetraethylene glycolpdtylene glycol, tributylene glycol, tetrabutylene
glycol, dihexylene glycol, trihexylene glycol, talrexylene glycol and oligomer mixtures of

alkylene glycols, such as diethylene glycol.

As well as the diols, it is also possible to usly@s having number-average functionalities of > 2
to < 8 or of> 3 to< 4 as well, for example 1,1,1-trimethylolpropamégthanolamine, glycerol,
sorbitan and pentaerythritol, and also polyethylexiee polyols started from triols or tetraols and
having mean molecular weights of preferablg2 g/mol to< 400 g/mol or of> 92 g/mol to< 200

g/mol.

Polyether ester polyols can also be prepared byalkexylation of reaction products which are
obtained by the reaction of organic dicarboxylicdacand diols. Derivatives of these acids used

may, for example, be the anhydrides thereof, fangde phthalic anhydride.

Polyacrylate polyols can be obtained by free-rddpmdymerization of olefinically unsaturated
monomers having hydroxyl groups or by free-radagolymerization of olefinically unsaturated
monomers having hydroxyl groups with optionally etholefinically unsaturated monomers.
Examples thereof are ethyl acrylate, butyl acrylé@esthylhexyl acrylate, isobornyl acrylate,
methyl methacrylate, ethyl methacrylate, butyl raetiglate, cyclohexyl methacrylate, isobornyl
methacrylate, styrene, acrylic acid, acrylonitrded/or methacrylonitrile. Suitable olefinically
unsaturated monomers having hydroxyl groups arecoisfy 2-hydroxyethyl acrylate, 2-

hydroxyethyl methacrylate, the hydroxylpropyl aet@ isomer mixture obtainable by addition of
propylene oxide onto acrylic acid, and the hydrarpyl methacrylate isomer mixture obtainable
by addition of propylene oxide onto methacrylicdaclTerminal hydroxyl groups may also be in

protected form. Suitable free-radical initiatore #nose from the group of the azo compounds, for
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example azoisobutyronitrile (AIBN), or from the gmof the peroxides, for example di-tert-butyl

peroxide.

In a further embodiment of the process of the itean the cyclic carboxylic or carbonic ester is
selected from the group of the aliphatic or arom#rctones, lactides, cyclic carbonates and/or

cyclic anhydrides.

Aliphatic or aromatic lactones in the context o thvention are cyclic compounds containing an

ester bond in the ring, preferably compounds ofidineaulae (1), (I1) or (l11),

O 0] 0]
O 0 0]
R4 R3 R4 R4
) RN RN
R2 R4 n 1 R3 n-1 1 R3 n-1
R R

(0 (I (1

where

R1, R2, R3 and R4 are each independently hydragénear or branched C1 to C22 alkyl radical
optionally containing heteroatoms, a linear or brad, mono- or polyunsaturated C1 to C22
alkenyl radical optionally containing heteroatomsan optionally mono- or polysubstituted C6 to
C18 aryl radical optionally containing heteroatonas, may be members of a saturated or

unsaturated 4- to 7-membered ring or polycyclig sgstem optionally containing heteroatoms,

where the compounds of the formula | may also Hesti#uted by chlorine, bromine, nitro groups

or alkoxy groups,

n is an integer greater than or equal to 1, prbferh, 2, 3 or 4,
and R3 and R4 in repeat units (n > 1) may eaclhiffereht.
Preferred compounds of the formulae (1), () df)@re

4-membered ring lactones such fspropiolactone, B-butyrolactone, B-isovalerolactone,f-

caprolactone}-isocaprolactone}-methyl{3-valerolactone,

5-membered ring lactones suchyaButyrolactoney-valerolactone, 5-methylfuran-2(3H)-one, 5-
methylidenedihydrofuran-2(3H)-one, 5-hydroxyfurgi®id)-one, 2-benzofuran-1(3H)-one and 6-

methyl-2-benzofuran-1(3H)-one,

6-membered ring lactones such &walerolactone, 1,4-dioxan-2-one, dihydrocoumarliy-

isochromen-1-one, 8H-pyrano[3,4-b]pyridine-8-one, 4-dihydro-3H-isochromen-3-one, 7,8-
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dihydro-5H-pyrano[4,3-b]pyridine-5-one, 4-methy#3Jihydro-1H-pyrano[3,4-b]pyridine-1-one,
6-hydroxy-3,4-dihydro-1H-isochromen-1-one, 7-hydré4-dihydro-2H-chromen-2-one, 3-ethyl-
1H-isochromen-1-one, 3-(hydroxymethyl)-1H-isochrorieone, 9-hydroxy-1H,3H-

benzo[de]isochromen-1-one, 6,7-dimethoxy-1,4-diby8iH-isochromen-3-one and 3-phenyl-3,4-

dihydro-1H-isochromen-1-one,

7-membered ring lactones, such asaprolactone, p-dioxanone and 1,5-dioxepan-2-die,
methyloxepan-2-one, oxepane-2,7-dione, thiepane2-&rchlorooxepan-2-one, $44-(propan-2-
yl)oxepan-2-one, 7-butyloxepan-2-one, 5-(4-aminghokepan-2-one, 5-phenyloxepan-2-one, 7-
hexyloxepan-2-one, &79-5-methyl-7-(propan-2-yl)oxepan-2-one, 4-methy(prepan-2-

yl)oxepan-2-one,
ring lactones having higher numbers of memberd) asq E)-oxacycloheptadec-7-en-2-one.
Particular preference is givendaaprolactone and dihydrocoumarin.

Lactides in the context of the invention are cycignpounds containing two or more ester bonds

in the ring, preferably compounds of the formuh)(l
0]
ey
R2 0 R4 n
0]

where R1, R2, R3 and R4 are each as defined above,

(V)

and m and n are each independently an integeregrisain or equal to 1, preferably 1, 2, 3 or 4,
and R1 and R2 in repeat units (m > 1) and R3 anih Re&peat units (n > 1) may each be different.
Preferred compounds of the formula (V) are

glycolide (1,4-dioxane-2,5-dione), L-lactide (L-3énethyl-1,4-dioxane-2,5-dione), D-lactide,
DL-lactide, mesolactide and 3-methyl-1,4-dioxang-&one, 3-methyl-6-(prop-2-en-1-yl)-1,4-
dioxane-2,5-dione, 3-hexyl-6-methyl-1,4-dioxane-@iéne, 3,6-di(but-3-en-1-yl)-1,4-dioxane-2,5-

dione (in each case including optically active fefm
Particular preference is given to L-lactide.

Cyclic carbonates used are preferably compountisediormula (V)
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where

R5, R6, R7, R8, R9 and R10 are each independentlyogen, a linear or branched C1 to C22
alkyl radical optionally containing heteroatomdingar or branched, mono- or polyunsaturated C1
to C22 alkenyl radical optionally containing hetiams or an optionally mono- or polysubstituted
C6 to C18 aryl radical optionally containing hetgmms, or may be members of a saturated or

unsaturated 4- to 7-membered ring or polycyclig sgstem optionally containing heteroatoms,
n is an integer greater than or equal to 0, prbfei@, 1, 2 or 3,
and R9 and R10 in repeat units (n > 1) may eadliffezent,

where the compounds of the formula (V) may alsosbbstituted by chlorine, bromine, nitro

groups or alkoxy groups.

Preferred compounds of the formula (V) are ethylesdonate, propylene carbonate, butane-2,3-
diol carbonate, pentane-2,3-diol carbonate, 2-nietbgane-1,2-diol carbonate, 2,3-

dimethylbutane-2,3-diol carbonate, trimethylene boaate, neopentyl glycol carbonate (5,5-
dimethyl-1,3-dioxan-2-one), 2,2,4-trimethylpentand-diol carbonate, 2,2-dimethylbutane-1,3-

diol carbonate, butane-1,3-diol carbonate, 2-metioylane-1,3-diol carbonate, pentane-2,4-diol
carbonate, 2-methylbutane-1,3-diol carbonate, TM&hanllyl ether carbonate, pentaerythrityl

diallyl ether carbonate, 5-(2-hydroxyethyl)-1,3xhm-2-one, 5-[2-(benzyloxy)ethyl]-1,3-dioxan-2-

one, 4-ethyl-1,3-dioxolan-2-one, 1,3-dioxolan-2-ong-ethyl-5-methyl-1,3-dioxan-2-one, 5,5-

diethyl-1,3-dioxan-2-one, 5-methyl-5-propyl-1,3-dém-2-one, 5-(phenylamino)-1,3-dioxan-2-one,

5,5-dipropyl-1,3-dioxan-2-one.

Particular preference is given to ethylene cartmnatopylene carbonate, trimethylene carbonate

and neopentyl glycol carbonate.

Cyclic anhydrides used are preferably compoundieoformula (VI1), (VII) or (VIII)

09 o 0O o 0s 0.0
ﬁ R1UR16 R17 R22
R11 R12 R14 R15 R18 R21

R19 R20
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(V) (VII) (VI

where

R11 and R12 are hydrogen, halogen, linear or bethdbl-C22-alkyl substituents optionally
containing heteroatoms, linear or branched mongobyunsaturated C1-C22-alkenyl substituents
optionally containing heteroatoms or optionally meor polysubstituted C6-C18-aryl substituents
optionally containing heteroatoms, or R11 and RE¥ lme members or a saturated or unsaturated
4- to 7-membered ring or polycyclic system optibnabntaining heteroatoms, and R11 and R12

together preferably give a benzene ring optionalbvided with additional substituents,

R13, R14, R15 and R16 are hydrogen, linear or eshdC1-C22-alkyl substituents optionally

containing heteroatoms, linear or branched mongobyunsaturated C1-C22-alkenyl substituents
optionally containing heteroatoms or optionally meor polysubstituted C6-C18-aryl substituents
optionally containing heteroatoms, or may be memhmsr a saturated or unsaturated 4- to 7-

membered ring or polycyclic system optionally camitag heteroatoms and

R17, R18, R19, R20, R21 and R22 are hydrogen, rlinedranched C1-C22-alkyl substituents
optionally containing heteroatoms, linear or brattimono- or polyunsaturated C1-C22-alkenyl
substituents optionally containing heteroatomspiromally mono- or polysubstituted C6-C18-aryl
substituents optionally containing heteroatomsnay be members or a saturated or unsaturated 4-

to 7-membered ring or polycyclic system optionalbntaining heteroatoms,

where the compounds of the formula (VI) and (VipgVIll) may also be substituted by chlorine,

bromine, nitro groups or alkoxy groups.

Preferred compounds of the formula (VI), (VII) &1K) are succinic anhydride, maleic anhydride,
phthalic  anhydride, cyclohexane-1,2-dicarboxylic hydride, diphenic  anhydride,

tetrahydrophthalic anhydride, methyltetrahydropli¢hanhydride, norbornenedioic anhydride and
chlorination products thereof, succinic anhydrigitaric anhydride, diglycolic anhydride, 1,8-
naphthalic anhydride, succinic anhydride, dodewemdinic anhydride, tetradecenylsuccinic
anhydride, hexadecenylsuccinic anhydride, octaddseccinic anhydride, 3- and 4-nitrophthalic
anhydride, tetrachlorophthalic anhydride, tetrabwphthalic anhydride, itaconic anhydride,
dimethylmaleic anhydride, and allylnorbornenediamhydride, 3-methylfuran-2,5-dione, 3-
methyldihydrofuran-2,5-dione, dihydro-2H-pyran-BH@{-dione, 1,4-dioxane-2,6-dione, 2H-
pyran-2,4,6(3H,5H)-trione, 3-ethyldihydrofuran-2jilene, 3-methoxydihydrofuran-2,5-dione, 3-
(prop-2-en-1-yhdihydrofuran-2,5-dione, N-(2,5-dagtrahydrofuran-3-yl)formamide, 3[(2E)-but-
2-en-1-ylldihydrofuran-2,5-dione. Particular prefiece is given to succinic anhydride, maleic

anhydride, glutaric anhydride and phthalic anhyelrid
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In a specific embodiment, the cyclic carboxyliccarbonic esters are at least partly identical éo th

comonomers mentioned below.

In a further embodiment of the process of the itieen the formaldehyde is introduced into the

reaction vessel in the form of gaseous formaldehyde

In the process of the invention, the polyoxymethgleinits are joined to the starter compound
either directly or indirectly via one or more fusthcomonomers or spacers. It is also possible for a
plurality of polyoxymethylene units to be joined tine another via one or more further
comonomers. Therefore, in a further embodiment loé tprocess of the invention, the
polymerization is additionally effected in the prase of a further comonomer. Further
comonomers used may, for example, be cyclic etlemgecially epoxides, for example ethylene
oxide, propylene oxide or styrene oxide, oxetartdl-,Tdioxane, cyclic acetals, for example 1,3-
dioxolane or 1,3-dioxepane, cyclic esters, for epamy-butyrolactone,y-valerolactone, -
caprolactone, or cyclic acid anhydrides, for exampialeic anhydride, glutaric anhydride or
phthalic anhydride. Preferred further comonomees epoxides, cyclic acetals and cyclic esters;
particularly preferred further comonomers are athgloxide, propylene oxide, 1,3-dioxolane, 1,3-

dioxepane andl-caprolactone.

The metered addition of further comonomers can flected in neat form or in solution. In an
alternative embodiment, the metered addition athfemrcomonomers is effected in a mixture with
formaldehyde or the formaldehyde source. The metadglition of further comonomers can be
effected prior to the metered addition, paralletii® metered addition or after the metered addition

of formaldehyde or the formaldehyde source.

The present invention further provides functioredizpolyoxymethylene block copolymers

obtainable by a process of the invention.

In one embodiment, the functionalized polyoxymethg@ block copolymers have a number-
average molecular weight ef 12 000 g/mol, preferablg 7500 g/mol, more preferably 5000

g/mol. The number-average molecular weight can dterthined, for example, by GPC against
polystyrene standards or, depending on the natutkeoend group, via the OH number or acid

number.

In a further embodiment, the functionalized polymethylene block copolymers have a viscosity
at 20°C o 100 000 mPa-s, preferably060 000 mPa-s, more preferably<ci5 000 mPa:s.

The carboxylic acid-functionalized, low moleculaeight polyoxymethylene block copolymers of
the invention can be reacted with diisocyanates wltmination of CQ@ to form polyurethane-

analogous polyamides using a suitable catalyst, efaample magnesium tetrafluoroborate or
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magnesium perchlorate. In addition, the carboxgbtd-functionalized polyoxymethylene block
copolymers of the invention can be reacted with brspolyoxazolines to form high molecular
weight esteramides. By reaction with equimolar amt®uor an excess (based on the acid
functionality) of epoxides, it is possible to olstaiydroxy-terminated polyoxymethylene block

copolymers.

The hydroxy-functionalized, low molecular weightlymxymethylene block copolymers of the
invention can be reacted directly in the reactiothwi- or polyisocyanates to give polyurethanes

or isocyanate-functionalized polyurethane prepolgne

For polyurethane, polyamide and polyesteramide icgns, preference is given to using
polyoxymethylene block copolymers having a fundiity of at least 2. For the preparation of
thermoplastic polyurethanes, preference is giverudimg polyoxymethylene block copolymers

having a functionality of exactly 2.

In addition, the polyoxymethylene block copolymetstainable by the process according to the
invention can be used in applications such as wgshind cleaning composition formulations,
drilling fluids, fuel additives, ionic and nonionisurfactants, lubricants, process chemicals for
papermaking or textile manufacture, or cosmetienfdations. The person skilled in the art is
aware that, depending on the respective field ef thee polyoxymethylene block copolymers to be
used have to fulfill certain material propertiemr fexample molecular weight, viscosity,

functionality and/or hydroxyl number or acid number

Therefore, the invention further provides for theeuof polyoxymethylene block copolymers
functionalized in accordance with the invention fmoduction of polyamides, polyurethanes,
washing and cleaning composition formulations lidgl fluids, fuel additives, ionic and nonionic
surfactants, lubricants, process chemicals for qpageng or textile production, or cosmetic

formulations.

Examples

The invention is illustrated in more detail by tigures and examples which follow, but without

being restricted thereto. The figures show:
FIG. 1 areactor arrangement for performance optbeess of the invention
H-functional oligomeric compounds used:

PET-1: bifunctional poly(oxyethylene)polyol havitige nominal molecular weight M.W. = 600
g/mol and the average empirical formula HOGCH,O).3.,4H. An OH number of 187.15 mgu/g,
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a number-average molecular weight, M 658 g/mol and a polydispersity index PDI = 1.087

(measured by GPC in chloroform against polyproplglycol standards) were measured.
Isocyanates used:

Isocyanate 1 having an average functionality oféh@ an NCO value of 31.1-31.1%, containing
42.4% 4,4'-MDI, 12.6% 2,4"-MDI, 2.2% 2.2"-MDI (Desaur VP PU 0325 from Bayer).

The formaldehyde source used was trioxane (CAS-8BB]) from Aldrich (catalog number
T81108).

Description of the methods:
The molar mass distributions were determined bynmed gel permeation chromatography (GPC).

Gel permeation chromatography (GPC): The measursmeeare effected on the Agilent 1200
Series instrument (G1310A Iso Pump, G1329A ALS, 188 TCC, G1362A RID, G1365D
MWD), detection via RID; eluent: chloroform (GPCagde), flow rate 1.0 ml/min; column
combination: PSS SDV precolumn 8x50 mm (5 um), 3SFDV linear S 8x300 mL (5 um).
Polypropylene glycol samples of known molar massnfiPSS Polymer Standards Service were
used for calibration. The measurement recording earaduation software used was the software
package "PSS WIinGPC Unity". The GPC chromatograe® wecorded in accordance with DIN
55672-1, except using chloroform as eluent raten fTHF.

'H NMR spectroscopy: The measurements were effemtethe Bruker AV400 instrument (400
MHz); the chemical shifts were calibrated relativehe solvent signal (CDEI6 = 7.26 ppm); s =
singlet, m = multiplet, bs = broadened singlet,=&kbomplex region. The integrals were reported

relative to one another.

%C NMR spectroscopy: The measurements were effamtethe Bruker AV400 instrument (100
MHz); the chemical shifts were calibrated relatioethe solvent signal (CDgIls = 77.16 ppm);
APT (attached proton test): GHCquare pOsitive signal (+); CH, Cki negative signal (-); HMBC:

Hetero multiple bond correlation; HSQC: Heteronaclgingle-quantum correlation.

Infrared (IR) spectroscopy: The measurements wéiected on the Bruker Alpha-P FT-IR
spectrometer; the measurements were effected sigagl intensities: vs = very strong, s = strong,

m = medium, w = weak, vw = very weak; b = broadebaxd.

Electrospray mass spectrometry (ESI-MS): The measents were effected on the Thermo Fisher

Scientific LTQ Orbitrap XL instrument; samples welituted with MeOH.
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The OH number (hydroxyl number) was determinedhanldasis of DIN 53240-2, except usiNg
methylpyrrolidone rather than THF/dichlorometharsetlze solvent. A 0.5 molar ethanolic KOH
solution was used for titration (endpoint recogmtiby means of potentiometry). The test
substance used was castor oil with certified OH enmmThe reporting of the unit in "gy/g"
relates to mg[KOH]/g[product]. The OH number isated to the equivalent molar mass according

to the following equation:
OH number [mgon/g] = 56 100 [mg@on/mol] / equivalent molar mass [g/mol]

The equivalent molar mass is understood to meamtimeber-average total molar mass of the
material containing active hydrogen atoms dividgdtbe number of active hydrogen atoms

(functionality).

The acid number was determined in accordance Wil EN ISO 2114), except that titration was
effected with a 0.5 molar methanolic potassium byitte solution rather than an ethanolic
potassium hydroxide solution. The endpoint was getzed by means of potentiometry. The

reporting of the unit in "mgy/g" relates to mg[KOH]/g[polyacid].

The viscosity was determined on an Anton Paar lehy8MCR 501 rheometer. A cone-plate

configuration having a separation of 50 um wascsete(DCP25 measurement system). 0.1 g of
the substance was applied to the rheometer platesanjected to a shear of 0.01 to 1000 1/s at
25°C, and the viscosity was measured every 10 $Ganin. The values reported are the viscosity
averaged over all the measurement points or, ircdse of non-constant viscosity behavior, the

maximum and minimum values measured.

The glass transition temperatureg)(Were determined by DSC (differential scanningcatetry)
on the Mettler Toledo DSC 1 STARstrument. The sample was analyzed at a headitegaf 10
K/min over two heating cycles from -80°C to +250°The glass transition temperature was

determined in the second heating rate.

For the reactions, an experimental apparatus dongisf two 200 mL stainless steel autoclaves
which were connected via a heatable 1/8 inch giagdllary ("bridge™) which could be shut off

with a valve was used. Both reactors were equipyitda hollow shaft stirrer and manometer and
were heatable independently of one another. Thesgaply to reactor 1 ("depolymerization

reactor" R1) was via an immersed tube connectednass flow regulator (MFC 1, capacity: 100
mL/min). The gas stream was passed through thgdfidm reactor 1 into reactor 2. In reactor 2
("polymerization reactor" R2) there was a gas eutad the offgas flow was controlled with the

aid of a second mass flow regulator (MFC 2, capadi00 mL/min). Via MFC 1, a carrier gas
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stream (argon or carbon dioxide) was passed throemttor 1 with the volume flow ratém , and

the depolymerization of paraformaldehyde to gasdorsaldehyde was conducted therein. The
carrier gas stream enriched with formaldehyde gas thhen passed through the heated bridge into
reactor 2, in which the polymerization was conddct@onstant pressure in the overall system was

assured by regulation of MFC 2 as a slave withptiessure transducer mounted on reactor 2.

The pressure reactors used in the examples hadght H{mternal) of 6.84 cm and an internal
diameter of 5.98 cm. The reactors were equippeti ait electrical heating jacket (maximum
heating power 240 watts). In addition, the reactoese equipped with an inlet tube, and each was
equipped with a thermal sensor of diameter 1.6 nirichvprojected into the reactor up to 3 mm

above the base.

The hollow shaft stirrer used in the examples wdsolow shaft stirrer in which the gas was
introduced into the reaction mixture via a hollokaff in the stirrer. The stirrer body mounted on
the hollow shaft had four arms and had a diamdt@6anm and a height of 7 mm. At each end of
the arm was mounted a gas outlet which had a deanoét3 mm. The rotation of the stirrer gave
rise to a reduced pressure such that the gas praiseve the reaction mixture (G@nd possibly
formaldehyde) was sucked in and introduced throtigh hollow shaft of the stirrer into the

reaction mixture.

Example 1: Preparation of a carboxylic acid-termedapolyethylene oxide-polyoxymethylene

block copolymer

Reactor 1 was initially charged with a suspensioB0018 g (0.335 mol) of 1,3,5-trioxane and 0.62
g (1.92 mmol) of 4-dodecylbenzenesulfonic acid 8l of undecane. Reactor 2 contained a
solution of 430 mg (0.68 mmol) of dibutyltin dilaate (DBTL) and 1.09 g (3,34 mmol) of cesium
carbonate in 20.11 g (33.5 mmol) of PET-1. Via adss line connected to MFC 1, the whole
system with the bridge open was pressurized toa2ith CQ. Then the bridge was closed and
the pressure in reactor 1 was reduced to 5 bardanmof a gas outlet valve. The reaction mixture
in reactor 1 was heated to 65°C with the bridge sffuand kept at this temperature for 1.5 hours.
Subsequently, the temperature in reactor 1 wasased to 110°C. The reaction mixture in reactor
2 was heated at 60°C while stirring. The bridgeperature was adjusted to 170°C. On attainment
of the reaction temperature, the pressure in re&tgas adjusted to a value between 17 and 19

bar. The pressure in reactor 1 was adjusted ta2With CQ via the bypass. The bypass line was
closed and a constant ¢@low rate V,, =160ml/ min was established using the mass flow
regulators. Directly thereafter, the bridge wasmgaeand the total pressure in the system was

adjusted to 20 bar with the aid of MFC 2. After B,2he bridge was closed, the system was cooled

to room temperature and the pressure was releasearasely in reactor 1 and reactor 2.
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Subsequently, while stirring at an internal tempee of 40°C, an HPLC pump was used to
introduce a solution of 7.53 g (65.9 mmol) of ghidgaanhydride in 20 mL of CCl, into reactor 2

at a flow rate of 5 mL/min. After the addition hadded, the reaction mixture in reactor 2 was
stirred at 100°C for a further 16 h. Weighing cdictor 2 before the removal of the product showed
an increase in weight of 3.39 g (difference in magwus the mass of the glutaric anhydride fed in)
for the reaction, which corresponds to a transfe3.89 g (113 mmol) of gaseous formaldehyde.
30.92 g of a viscous, colorless oil were removedifreactor 2. As a result of the transfer of 3.39 g
(113 mmol) of formaldehyde, the PET-1 used as daligowas extended by an average of 3.4

formaldehyde units per molecule, or 1.7 formaldehydits per chain end.
Viscosity: 1600 mPa-s
Acid number: 126.7 mgn/g

By gel permeation chromatography (GPC) against golyylene glycol standards, a bimodal
molecular weight distribution was observed. The bermaverage molecular weight of the overall
sample was M= 819 g/mol and the polydispersity index PDI =21.bor the low molecular weight
component (< 1025 g/mol), M= 549 g/mol and the polydispersity index PDI =11 fbr the higher
molecular weight component (> 1025 g/mol), 1727 g/mol and the polydispersity index PDI =
1.12.

'H NMR spectroscopy (400 MHz, CD{ § = 0.47-0.62 (m, 0.045 H), 0.92 (bs, 0.14 H), 1.49—
1.65 (m, 0.47 H, OC(O)C4€H,CH,C(0)0), 1.96-2.18 (m, 1 H, OC(0)GEH,CH,C(0)0), 3.06—
3.87 (m, 6.58 H, PET-1-Cj{ 4.41-4.59 (m, 0.28 H, OGB), 4.79 (s, 0.26 H, OC#®), 4.95-5.08
(m, 0.32 H, OCHD), 5.39 (s, 0.03 H) ppm.

3C APT NMR spectroscopy (400 MHz, CDEIs = 18.8 (+, OC(O)ChCH,), 18.9 (+,
OC(O)CHCH,), 19.0 (+, OC(O)CLCH,), 19.0 (+, OC(O)CKCH,), 19.2 (+, OC(O)CHCH)),
21.8 (+), 28.4 (+), 28.7 (+), 17.3 (), 31.0 (+2.8 (+, OC(O)CHCH,), 32.0 (+, OC(O)CKCH),
32.1 (+, OC(O)CHCH;), 32.2 (+, OC(O)ChCH,), 32.3 (+, OC(O)CKCH;), 60.3 (+, PET-1-Ch),
62.6 (+, PET-1-Ch), 66.6 (+, PET-1-Ch), 66.8 (+, PET-1-C}), 68.1 (+, PET-1-C}), 68.6 (+,
PET-1-CH), 69.2 (+, PET-1-Ch), 69.5 (+, PET-1-Ch), 71.6 (+, PET-1-Ch), 84.3 (+, O-CH-0),
84.7 (+, O-CH-O), 85.7 (+, O-CHO), 87.8 (+, O-CH0), 88.3 (+, O-CHO), 88.3 (+, O-Cht
0), 89.0 (+, O-CHO), 89.9 (+, O-CHO), 91.4 (+, O-CHO), 91.5 (+, O-CHO), 92.6 (+, O-
CH,-0), 93.1 (+, O-CHO), 171.5 (+, C(O)OCH, 171.6 (+,_ C(O)OCH), 172.0 (+,_C(O)OCH),
174.8 (+, C(O)OH), 175.1 (+, C(O)OH) ppm.

The occurrence of a multitude of signals in tHeNMR spectrum in the range of 4.4 to 5.1 ppm,

and a multitude of signals having positive polaiitythe™*C APT NMR spectrum in the range of
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83.3 to 93.1 ppm, shows the presence of chemigatlyequivalent oxymethylene groups in

(CH,0), blocks having different chain lengths.

Comparison of the signal intensities of tkeNMR signals for oxymethylene groups @M (lchzo

= 0.86 H) with the signal intensities of thé NMR signals for PET-1 CHgroups (ber.1 = 6.58 H)
gives a molar ratio CHD:(CH,).0 = Iy lperd/2 = 0.26. For an average chain length of 13.23
(CH,),0O- units per molecule, this gives an average of &dymethylene units per molecule, or

1.72 oxymethylene units per chain end.

Comparison of the signal intensities of tHel NMR signals for glutaric ester units
OC(O)(CH,)sC(0)O (st = 1.47 H) with theH NMR signals for PET-1 Ckgroups (ber.1 = 6.58

H) gives a molar ratio OC(O)(GHC(O)O:(CH).0 = Issd3:lper./2 = 0.15. For an average chain
length of 13.23 (CH.0- units per molecule, this gives an average o8 fl@itaric ester units per
molecule. The reaction of the polyoxymethylene klaopolymer intermediate with glutaric

anhydride accordingly proceeded with a conversic®oéo.

The HMBC NMR spectrum showed long-range coupling ¢fET-1'*C signal at 69.5 ppm ti
signals in the range of 4.95-5.08 ppm, which, adiogrto HSQC NMR spectroscopy, exhibited
direct coupling t0**C signals at about 85 and 89 ppm. Both signal$énC APT NMR have
positive polarity and can be attributed to oxyméghg groups. In addition, the HMBC NMR
spectrum showed long-range coupling of a PETELsignal at about 68 ppm t#l signals in the
range of 4.41-4.59 ppm, which, according to HSQCRN&fpectroscopy, exhibited direct couplings
to *°C signals in the range of 84-93 ppm. All thé¥ signals in thé’C APT NMR have positive
polarity and can be attributed to oxymethylene geoThe™C signals of the oxymethylene groups
at about 89 ppm showed long-range coupling td &IMR signal at about 3.4 ppm, which can be
attributed to the terminal methylene groups of Rl -1. This showed that the polyethylene oxide
block of the PET-1 is bonded covalently to the palymethylene block.

The HMBC NMR spectrum showed long-range coupling 0*C signal at 172 ppm, which can
be attributed to the glutaric ester unititbsignals in the range of 4.95-5.08 ppm, whichpading

to HSQC NMR spectroscopy, exhibited direct couptim§’C signals at about 85 and 89 ppm. Both
signals in thé®C APT NMR have positive polarity and can be attiélslito oxymethylene groups.
This showed that the glutaric ester unit is bonti®dhlently to the polyoxymethylene block.

These long-range couplings of PET-1 end groupshenohe hand and glutaric ester units on the
other hand to chemically nonequivalent oxymethylenaits demonstrate clearly that
polyoxymethylene blocks (Ci®), having different chain length n are present, whach bonded

covalently both to PET-1 and to glutaric esteramihich originate from the reaction with glutaric
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anhydride. The structure of the polyoxymethylerszblcopolymers according to the invention has

thus been demonstrated beyond doubt.
ESI-MS (FTMS + p):

In the ESI mass spectrum, the following signalesewere identified, which can be attributed to the

following general empirical formulae:
[HOC(O)(CH,)sC(O)O~(CHO)ar(CaHeO)rm~(CH0)p-C(O)(CH)sC(O)OH- HI

Series 1 (a + b = 8)/z (%) [m] = 839 (1) [8], 883 (5) [9], 927 (14) [1Q71 (28) [11], 1015 (42)
[12], 1059 (48) [13], 1103 (46) [14], 1147 (37) [15191 (27) [16], 1235 (19) [17], 1279 (16) [18],
1323 (15) [19], 1367 (17) [20].

Series 2 (a + b = 7)w/z (%) [m] = 809 (1) [8], 853 (5) [9], 897 (16) [10941 (35) [11], 985 (60)
[12], 1029 (75) [13], 1073 (76) [14], 1117 (64) [1B161 (47) [16], 1205 (32) [17], 1249 (22) [18],
1293 (18) [19], 1337 (18) [20].

Series 3 (a + b = 6)v/z (%) [m] = 823 (5) [9], 867 (14) [10], 911 (38) [1B55 (69) [12], 999 (93)
[13], 1043 (100) [14], 1087 (87) [15], 1131 (64B[11175 (42) [17], 1219 (27) [18], 1263 (18)
[19], 1307 (13) [20].

Series 4 (a + b = 5)/z (%) [m] = 793 (1) [9], 837 (5) [10], 881 (12) [11925 (26) [12], 969 (40)
[13], 1013 (48) [14], 1057 (44) [15], 1101 (33) [16145 (22) [17], 1189 (18) [18], 1233 (7) [19],
1277 (2) [20].

Series 5 (a + b = 4)yn/z (%) [m] = 939 (1) [13], 983 (5) [14], 1027 (10)F]1 1071 (17) [16], 1115
(23) [17], 1159 (26) [18], 1203 (7) [25], 1247 (20].

Series 6 (a + b = 3)Vz (%) [m] = 909 (2) [13], 953 (5) [14], 997 (14) 15041 (26) [16], 1085
(38) [17], 1129 (45) [18], 1173 (21) [25], 1217 §320].

Series 7 (a + b = 2J/z (%) [m] = 879 (1) [13], 923 (6) [14], 967 (15) 15011 (33) [16], 1055
(51) [17], 1099 (61) [18], 1143 (62) [25], 1187 §320].

Series 8 (a + b = 1jn/z (%) [m] = 849 (1) [13], 893 (3) [14], 937 (8) [15]81 (19) [16], 1025 (33)
[17], 1069 (44) [18], 1113 (46) [25], 1157 (40) [20

In addition, the ESI mass spectrum shows signaldlimck copolymers of the invention which
contain polyethylene oxide units, polyoxymethylemdts and three glutaric ester units, and which

can be assigned to the following general empifimathula:
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[HOC(O)(CH)3C(O)O-(CHO)a(CsHeO)m-(CH,0),-C(O)(CH;)sC(O) O~(CHO)~(CsHeO)n-
(CH,0)s-C(O)(CH)sC(O)O — HI

Series 9 (a + b + ¢ + d = 3)¥z (%) [m+n] = 909 (1) [10], 953 (5) [11], 997 (147, 1041 (27)
[13], 1085 (38) [14], 1129 (45) [15], 1173 (44) [16217 (37) [17], 1261 (29) [18], 1305 (21) [19],
1349 (19) [20], 1393 (20) [21], 1437 (26) [22], 14632) [23], 1525 (39) [24], 1569 (45) [25],
1613 (49) [26], 1657 (49) [27], 1701 (45) [28], B74B9) [29], 1789 (32) [30], 1833 (25) [31],
1877 (17) [32], 1921 (12) [33], 1965 (8) [34], 20@ [35], 2053 (5) [36], 2097 (2) [37].

Series 10 (a + b + ¢ + d = 21z (%) [m+n] = 879 (1) [10], 923 (6) [11], 967 (1507, 1011 (33)
[13], 1055 (51) [14], 1099 (61) [15], 1143 (62) [16187 (52) [17], 1231 (41) [18], 1275 (28) [19],
1319 (22) [20], 1363 (20) [21], 1407 (22) [22], 14E26) [23], 1495 (31) [24], 1539 (35) [25],
1583 (38) [26], 1627 (38) [27], 1671 (35) [28], B7(30) [29], 1759 (25) [30], 1803 (18) [31],
1847 (13) [32], 1891 (9) [33], 1935 (6) [34], 197 [35], 2023 (2) [36], 2067 (1) [37].

Series 11 (a+ b + ¢ + d = I§y¥z (%) [m+n] = 849 (1) [10], 893 (3) [11], 937 (9] 981 (19)
[13], 1025 (38) [14], 1069 (44) [15], 1113 (46) [16157 (40) [17], 1201 (17) [18], 1245 (22) [19],
1289 (16) [20], 1333 (12) [21], 1377 (10) [22], 14R1L0) [23], 1465 (12) [24], 1509 (14) [25],
1553 (15) [26], 1597 (14) [27], 1641 (14) [28], B68.2) [29], 1729 (10) [30], 1773 (8) [31], 1817
(6) [32], 1861 (4) [33], 1905 (3) [34], 1979 (453

The ESI mass spectrum shows that polymers havirigamar weights of < 4500 g/mol which
contain, as well as polyethylene oxide unitgHgD),, at least one polyoxymethylene block
(CH,0), with a> 1 and at least two glutaric ester units and heoceespond to the functionalized,

low molecular weight polyoxymethylene block copobms of the invention have been obtained.

IR spectroscopyv = 2870 (vb), 1732 (by[C=0]), 1452 (w), 1411 (vw), 1349 (w), 1295 (vw),
1246 (w), 1093 (m), 994 (vw), 928 (m), 846 (w), 329 cmi’,

The IR spectrum is neither identical to the IR $peu of paraformaldehyde nor to the IR spectrum
of PET-1. The C=0 stretch vibration at 1732'coan be attributed to the glutaric ester unitsiand
not identical to the C=0 stretch vibration of ghitaanhydride. The occurrence of this band

demonstrates that the reaction of the terminal @igs with glutaric anhydride was successful.

Inventive example 1 accordingly shows the prepamatif a polyoxymethylene block copolymer
and subsequent conversion of the OH-functionalggndps of the resultant polymer to carboxylate

groups.
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Example 2: Preparation of a carboxylic acid-terrmedapolyethylene oxide-polyoxymethylene

block copolymer

Reactor 1 was initially charged with a suspensio?2983 g (0.331 mol) of 1,3,5-trioxane and 0.52
g (1.6 mmol) of 4-dodecylbenzenesulfonic acid in rBD of undecane. Reactor 2 contained a
mixture of 460 mg (0.73 mmol) of dibutyltin dilatea(DBTL), 22.6 g (69,5 mmol) of cesium
carbonate and 20.5 g (34.2 mmol) of PET-1. Via palsg line connected to MFC 1, the whole
system with the bridge open was pressurized toa2ith CQ. Then the bridge was closed and
the pressure in reactor 1 was reduced to 5 bardanmof a gas outlet valve. The reaction mixture
in reactor 1 was heated to 65°C with the bridge sffuand kept at this temperature for 1.5 hours.
The reaction mixture in reactor 2 was heated aC68hile stirring. The bridge temperature was
adjusted to 170°C. Once the reaction mixture irctaal had been heated to 65°C for 1.5 hours,
the pressure was adjusted to 20 bar with @&the bypass. The pressure in reactor 2 wasiadju

to a value between 17 and 19 bar. The bypass la® alosed and a constant Cflow rate

V,, =160ml/ min was established using the mass flow regulator fbtal pressure in the

system was kept constant at 20 bar for the reteoéxperiment with the aid of MFC 2. Then the
temperature in reactor 1 was increased to 110°@ thé¢ bridge open under a constant,@Gw.
After 6 h, the bridge was closed and reactor 2 ezmded to 40°C. Subsequently, while stirring at
an internal temperature of 40°C, an HPLC pump wsesiuo introduce a solution of 7.53 g (65.9
mmol) of glutaric anhydride in 20 mL of 1,4-dioxairgo reactor 2 at a flow rate of 5 mL/min.
After the addition had ended, the reaction mixiareeactor 2 was stirred at 100°C for a further 16
h. Subsequently, the system was cooled to roomegatyre and pressure in reactor 1 and 2 was

released separately. A viscous, colorless oil wasoved from reactor 2.

Viscosity: The product showed shear-thickening bighian the shear rate range from 10 to 182 s
and shear-thinning behavior in the shear rate rénoge 162 to 10005

Viscosity at shear rate 16:s3056 mPa-s
Viscosity at shear rate 162:3173 mPa:s
Viscosity at shear rate 1000: 2986 mPa-s

'H NMR spectroscopy (400 MHz, CD{l & = 0.75-0.88 (m, 0.359 H), 1.12-1.27 (m, 1.082 H),
1.78-1.96 (m, 2988 H, -C(O)GBH,CH,C(O)OH), 2.20-2.43 (m, 6.099 H, -
C(O)CH.CH,CH,C(O)OH), 3.36-3.44 (m, 0.311 H, PET-1-g§H3.44-3.69 (m, 45.87 H, PET-1-
CH,), 3.69-3.80 (m, 2.148 H, PET-1-@H 4.10-4.20 (m, 0.656 H), 4.70-4.80 (m, 1.595 H,
OCH,0), 4.80-4.90 (m, 1.602 H, OG#H), 5.09 (s, 0.433 H, OGB®), 5.19-5.26 (m, 1.112 H,
OCH;0), 5.26-5.31 (m, 0.999 H, OGH), 9.17 (bs, 1.859 H) ppm.
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The occurrence of a multitude of signals in tHeNMR spectrum in the range of 4.7 to 5.3 ppm
shows the presence of chemically nonequivalent etgpene groups in (Ci®), blocks having

different chain lengths.

Comparison of the signal intensities of theNMR signals for oxymethylene groups @M (lchzo
= 5.74 H) with the signal intensities of the NMR signals for PET-1 CHgroups (ber.1 = 48.33
H) gives a molar ratio CHD:(CH,),0 = lchzo lpet-#2 = 0.24. For an average chain length of 13.23

(CH,),0O- units per molecule, this gives an average d 8Xlymethylene units per molecule.

Comparison of the signal intensities of tHel NMR signals for glutaric ester units
OC(O)(CH,)3C(0)O (kse = 9.09 H) with théH NMR signals for PET-1 CiHgroups (ber-.1 = 48.33

H) gives a molar ratio OC(O)(GHC(O)O:(CH).0 = Issd3:lper./2 = 0.13. For an average chain
length of 13.23 (CH.,0- units per molecule, this gives an average o2 fldtaric ester units per
molecule. The reaction of the polyoxymethylene klaopolymer intermediate with glutaric

anhydride accordingly proceeded with a conversids6&o.

IR spectroscopy = 2867 (m), 1732 (my[C=0Q]), 1558 (vw), 1452 (w), 1412 (w), 1350 (w),q12
(w), 1247 (w), 1097 (vs), 1040 (m), 995 (m), 946,(B71 (m), 848 (m), 614 (vw), 523 (w) &m

The IR spectrum is neither identical to the IR $peu of paraformaldehyde nor to the IR spectrum
of PET-1. The C=0 stretch vibration at 1732 'coan be attributed to the glutaric ester unitsiand
not identical to the C=0O stretch vibration of ghitaanhydride. The occurrence of this band

demonstrates that the reaction of the terminal @i gs with glutaric anhydride was successful.

Inventive example 2 accordingly shows the prepamatif a polyoxymethylene block copolymer
and subsequent conversion of the OH-functionalggndps of the resultant polymer to carboxylate

groups.

Example 3: Reaction of the carboxylic acid-term@dhipolyethylene oxide-polyoxymethylene

block copolymer obtained in example 2 with isocyaria

A beaker was initially charged with 5.02 g of tterlwoxylic acid-terminated polyethylene oxide-
polyoxymethylene block copolymer obtained in exaamp| 0.25 mL of water and 10.3 mg (0.016
mmol) of dibutyltin dilaurate (DBTL), and the mixtuwas heated to 60°C. Subsequently, 0.62 g of
isocyanate 1 was added while stirring and the méxtuas stirred vigorously. After 3 s, significant

foam formation was observed, which had abated a@les. A yellow gel was obtained.
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Unlike the starting materials, the resultant praduas insoluble in dichloromethane and THF. This

showed that reaction with isocyanate 1 gave arlub&opolymer of higher molecular weight.
Viscosity: The product showed shear-thinning betravi

Viscosity at shear rate 0.01:10 500 mPa-s

Viscosity at shear rate 927:8684 mPa-s

The viscosity was distinctly increased over thdarerghear rate measurement range compared to
the carboxylic acid-terminated polyethylene oxiaddypxymethylene block copolymer obtained in
example 2 and used here (viscosity between 29863and8 mPa-s). This showed that a reaction

with isocyanate 1 to give a polymer of higher malac weight was successful.

Example 3 thus demonstrates the reaction of a gglib@acid-terminated polyoxymethylene block

copolymer with a diisocyanate to give a polymehigher molecular weight.

Example 4: Reaction of the carboxylic acid-term@dhipolyethylene oxide-polyoxymethylene

block copolymer obtained in example 2 with pherytiglyl ether

5.04 g of the carboxylic acid-terminated polyetmdeoxide-polyoxymethylene block copolymer
obtained in example 2 were weighed into a glasskflagether with 26.7 mg (0.102 mmol) of
triphenylphosphine and 1.41 g (9.39 mmol) of pheglytidyl ether (PGE), and the mixture was
stirred at 80°C under reflux for 18 h, in the cauo$ which the mixture changed color from yellow

to dark red. The product was used further as oéthain
Viscosity: The product showed shear-thinning betravi
Viscosity at shear rate 0.01:8890 mPa-s

Viscosity at shear rate 589:8658 mPa-s

Viscosity at shear rate 1000: 8574 mPa-s
Ty=-42.59°C

'H NMR spectroscopy (400 MHz, CD{I & = 0.79-0.88 (m, 0.135 H), 1.15-1.30 (m, 0.465 H),
1.81-2.01 (m, 1.971 H, -C(O)GBH,CH,C(0O)-), 2.17-2.49 (m, 3.892 H, -C(O)&EH,CH,C(O)-
), 3.38-3.45 (m, 0.181 H), 3.45-3.72 (m, 29.28 HTR-CH,), 3.72-3.88 (m, 1.301 H, PET-GH
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3.91-4.02 (m, 1.622 H), 4.02-4.36 (m, 5.773 H, RGEPGE/CH), 4.36-4.50 (0.257 H), 4.74—
4.82 (m, 0.256 H, OC}D), 4.82—4.89 (m, 0.243 H, OGH), 5.12 (s, 0.187 H, OGB), 5.15-5.39
(m, 0.956 H), OCHKD),6.80-6.97 (m, 3.000 H, PGE-gH 7.17-7.39 (m, 2.160 H, PGE-
CH,/CHCly), 7.39-7.48 (m, 0.105 H, PRh7.48-7.55 (m, 0.0458 H, P§h7.57-7.67 (m, 0.0896
H, PPh) ppm.

The 'H NMR spectrum showed new signals in the range.02-4.38 ppm and in the aromatic
range (6.80-7.39 ppm), which indicate the incorporaof phenyl glycidol ether in the form of 2-
hydroxy-3-phenoxypropyloxy groups PhO-&BH(OH)-CH,-O- (assigned as PGE-Glar PGE-
CH and PGE-CH). The ratio of the integrals for PGE-GH6.80-6.97 ppm, 3 H) and -
C(O)CH,CH,CH,C(O)- (1.81-2.01 ppm, 1.971 H) showed that the treacof the terminal
carboxylic acid groups with phenyl glycidyl etheppeeded quantitatively.

Example 5: Reaction of the hydroxy-functionalizemlyethylene oxide-polyoxymethylene block

copolymer obtained in example 4 with isocyanate 1

A beaker was initially charged with 4.13 g of thgdioxy-functionalized polyethylene oxide-
polyoxymethylene block copolymer obtained in exaan) 0.25 mL of water and 8.0 mg (0.013
mmol) of DBTL, and the mixture was heated to 6080bsequently, 0.62 g of isocyanate 1 was
added while stirring and the mixture was stirregovously. After 4 s, significant foam formation

was observed, which had abated after 20 s. A bgevas obtained.

Unlike the starting materials, the resultant praduas insoluble in dichloromethane and THF. This

showed that reaction with isocyanate 1 gave arlub&opolymer of higher molecular weight.
Viscosity: The product showed shear-thinning betravi

Viscosity at shear rate 3.35:51 447 000 mPa-s

Viscosity at shear rate 1000:81 950 mPa-s

The viscosity was distinctly increased over thdarerghear rate measurement range compared to
the hydroxy-functionalized polyethylene oxide-potymethylene block copolymer obtained in
example 4 and used here (viscosity between 35743880 mPa-s). This showed that a reaction

with isocyanate 1 to give a polymer of higher malac weight was successful.

Ty =-29.41°C
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Compared to the hydroxy-functionalized polyethylengéde-polyoxymethylene block copolymer
obtained in example 4 and used herg<Tt42.59°C), the glass transition temperaturer aéiaction

with isocyanate 1 was distinctly increased. Thisvetd that the reaction of the hydroxy-
functionalized polyethylene oxide-polyoxymethyleidock copolymer with isocyanates was

successful.

After the reaction of the hydroxy-functionalized lymthylene oxide-polyoxymethylene block
copolymer obtained in example 4 with isocyanatthé,viscosity and glass transition temperature
were distinctly increased. This showed that a reacwith isocyanate 1 to give a polyurethane

polymer of higher molecular weight had taken place.

Examples 4 and 5 thus demonstrate the reaction adrlaoxylic acid-terminated polyethylene

oxide-polyoxymethylene block copolymer with epoxdeo give a hydroxy-functionalized

polyethylene oxide-polyoxymethylene block copolyraed the subsequent reaction thereof with a

diisocyanate to give a polyurethane polymer.
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Claims

1.

A process for preparing functionalized polyoxghylene block copolymers, comprising the

step of polymerizing formaldehyde in a reactionseten the presence of a catalyst,
characterized in that

the polymerization of formaldehyde is additionaéiffected in the presence of a starter
compound having at least 2 Zerewitinoff-active logln atoms, giving an intermediate

having a number-average molecular weight of < 49@tbl, and in that

the resultant intermediate is reacted with a cycheboxylic or carbonic ester, giving a

functionalized polyoxymethylene block copolymer.

The process as claimed in claim 1, whereinctitalyst is selected from the group of the

basic catalysts and/or the Lewis-acidic catalysts.

The process as claimed in one or more of cldinend 2, wherein the reaction of the
intermediate with the cyclic carboxylic or carbomister is conducted in the presence of a

catalyst which is the same catalyst as in the pliagegpolymerization of formaldehyde.

The process as claimed in one or more of cldirtes 3, wherein the starter molecule has a
number-average molecular weight>062 g/mol to< 4470 g/mol, especially af 100 g/mol
to <3000 g/mol.

The process as claimed in one or more of cldinbg 4, wherein the starter molecule is
selected from the group of the polyether polyotdy@ster polyols, polyether ester polyols,

polycarbonate polyols and/or polyacrylate polyols.

The process as claimed in one or more of cldinhs 5, wherein the cyclic carboxylic or
carbonic ester is selected from the group of thghatic or aromatic lactones, lactides, cyclic

carbonates and/or cyclic anhydrides.

The process as claimed in one or more of cldinie 6, wherein the formaldehyde is

introduced into the reaction vessel as gaseousaldehyde.

The process as claimed in one or more of cldinte 7, wherein the polymerization is

additionally effected in the presence of a comonome

A functionalized polyoxymethylene block copokmobtainable by a process as claimed in

one or more of claims 1 to 8.
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A functionalized polyoxymethylene block copolr as claimed in claim 9 having a

number-average molecular weight<o12 000 g/mol.

A functionalized polyoxymethylene block copolgr as claimed in claim 9 or 10 having a

viscosity at 20°C of 100 000 mPa s.

The use of functionalized polyoxymethylene blocka@ymers as claimed in one or more of
claims 9 to 11 for production of polyamides, pobftimanes, washing and cleaning
composition formulations, drilling fluids, fuel aitigdes, ionic and nonionic surfactants,

lubricants, process chemicals for papermaking oxtilée production, or cosmetic

formulations.



