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35 The epoxidi zing agent is suspected to be performc acid, which is forned
in situ from the formc acid and the hydrogen peroxide. The perform c acid
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xylene) and acetic acid, and 70% or 50% agqueous hydrogen peroxide solution and a
mineral acid (phosphoric acid and suffuric acid) are fed in. After the feeding has ended,
the reaction is completed by stirring at 80°C for six hours.

25 However, the handling of highly concentrated aqueous hydrogen peroxide solutions
{more than 50% by weight of hydrogen peroxide) entails additional safety precautions.

It is an object of the invention to specify a process in which the use of highly
concentrated hydrogen peroxide solutions is dispensable and which affords essentially
30 quantitative conversions after a relatively short reaction time.

The object is achieved by a process for epoxidizing an ethylenically unsaturated
isobutene polymer, in which an organic phase comprising the isobutene polymer is
contacted with an agueous phase which comprises formic acid and hydrogen peroxide.
35
The epoxidizing agent is suspected to be performic acid, which is formed in situ from
the formic acid and the hydrogen peroxide. The performic acid has an advantageous
partition equilibrium between the aqueous and the organic phase, which is additionally
influenced in preferred embaodiments of the invention by high hydrogen peroxide
40  excesses, the withdrawal of water and/or additional use of mediators. The presence of



30 The hydrogen peroxi de excess present over and above the amount required
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Commercial hydrogen peroxide solutions are suitable, especially those having a

25  hydrogen peroxide content of 30 or 50% by weight. The use of more highly
concentrated hydrogen peroxide solutions is likewise possible but not preferred. The
use of hydrogen peroxide solutions with less than 20% by weight is not preferred for
practical reasons. The hydrogen peroxide is used in at least stoichiometric amounts
based on the number of the double bonds to be epoxidized, but preferably in excess.

30  The hydrogen peroxide excess present over and above the amount required
stoichiometrically may be up to 20 mol per liter of aqueous phase, preferabily from 0.5
to 10 mol.

The reaction proceeds with transfer of an oxygen atom from the hydrogen peroxide to
35  the polyisobutene, for which performic acid formed temporarily is suspected to act as
an oxygen transferer. With increasing conversion, the H,O; concentration in the
aqueous phase therefore falls, which constitutes the driving force of the reaction, and
the reaction rate decreases. In preferred embodiments, the H,O; concentration in the
aqueous phase is therefore kept at at least 45%, preferably at least 48%.
40



t he water can be bound by using a carboxylic anhydride such as acetic
anhydri de. 25 When working with H202 excesses, it is of course desirable to
recycle the unconverted H202 and nmake it available for the reaction. It is
t herefore 00@570Fd to renove the aquedus phase, to concentrate it if
appropriate, and to contact the concentrated aqueous phase again with an
organi ¢ phase conprising an ethylenically unsaturated 30 isobutene polyner.
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fall below 45% (not below 48%) even at the end of the reaction. Alternatively, parts of
the water can be bound by using a carboxylic anhydride such as acetic anhydride.

25
When working with H,O, excesses, it is of course desirable to recycle the unconverted
H,0, and make it available for the reaction. it is therefore preferred to remove the
aqueous phase, to concentrate it if appropriate, and to contact the concentrated
aqueous phase again with an organic phase comprising an ethylenically unsaturated

30 isobutene polymer. The term “concentration” shall comprise all measures by which the
H.O, concentration in the aqueous phase is increased. In a preferred process, the
aqueous phase is admixed with an azeotroping agent and water is removed by
azeotropic distillation until the desired H,O, concentration has been attained. The
aqueous phase thus treated can then, if appropriate after addition of fresh hydrogen

35 peroxide be used for subseguent batches or be recycied into the same batch.

It is also conceivable to perform the process continuously and to conduct the organic
phase and the aqueous phase in countercurrent to ocne another through an eiongated
reaction zone, in which case aqueous phase and/or the concentrated aqueous phase is

40 introduced in the upper region of the reaction zone and the organic phase is introduced
in the lower region of the reaction zone. An aqueous phase depleted in hydrogen



formation of performc acid in the agqueous phase and/or facilitating the
transfer of the 20 tenporarily formed performc acid to the organi c phase
and/or reducing the solubility of the performc acid in the aqueous phase
and/ or cat &WE&W@Mhe deconposition of the performc acid in the organic
phase and/or pronoting the reaction in another way. Preferred nediators are
selected from 25 a) carboxylic . acjds other than formc acid, b) carboxylic
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mediator accelerates the inventive reaction, presumably by promoting the temporary

formation of performic acid in the agueous phase and/or facilitating the transfer of the

20 temporarily formed performic acid to the organic phase and/or reducing the solubility of
the performic acid in the aqueous phase and/or cataiyzing the decomposition of the
performic acid in the organic phase and/or promoting the reaction in another way.

Preferred mediators are selected from

25 a) carboxylic acids other than formic acid,
b} carboxylic anhydrides,
c) carboxylic salts,
d) carboxylic esters
e) alcohols

30 ethers.

Preference is given to the combined additional use of a carboxylic acid other than
formic acid and of a carboxylic salt; or of a carboxylic anhydride and of a carboxylic
salt.
35
The carboxylic acid other than formic acid is typically a C,-Co,-alkanecarboxylic acid,
C+-Cqy-arylcarboxylic acid or Cg-Coo-aralkylcarboxylic acid, especially a C-Cy-
alkanecarboxylic acid. The aryl radicals may bear substituents, for example one, two or
three halogen atoms, especially chlorine, C4-Cj-alky! groups or C-C,-alkoxy groups.
40  Suitable carboxylic acids are acetic acid, propionic acid, caproic acid, benzoic acid,
m-chlorobenzoic acid and the like. Acetic acid, propionic acid and mixtures thereof are



especially of a Cl-C4-al kanecarboxylic acid. Sodiumformate, sodium acetate
are the nost preferred. It is used typically in an anount of 2 to 20% by
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voiume, based on the entirety of aqueous and organic phase.

The alcohol is preferably a C4-Cg-alcoho! such as ethanol, 1-propanol, 2-propanol.
When used, the alcohol is used typically in an amount of from 2 to 20% by volume, in

25  particular from 5 to 10% by volume, based on the entirety of aqueous and organic
phase.

The ethers may be symmetric or unsymmetric di-C,-Cg alkyl ethers or cyclic ethers
such as tetrahydrofuran or dioxane. When used, the ether is used typically in an

30  amount of from 2 to 20% by volume, in particular from 5 to 10% by volume, based on
the entirety of aqueous and organic phase.

The additional use of catalytic amounts of a mineral acid such as sulfuric acid or
phosphoric acid, or of a sulfonic acid such as methanesulfonic acid or toluenesulfonic
35 acid, as an acidic catalyst is possible but not preferred.

The epoxide formed is generally a viscous liquid which can be isolated by removing the
aqueous phase and evaporating off the azeotroping agent. Preference is given to
washing the organic phase after the removal of the aqueous phase. The aqueous

40  phase and the wash water may, if appropriate after concentration and/or other
treatments, be used for subsequent batches. For more rapid phase separation,



units, preferably at |east 80% by wei ght of isobutene units, in particular
at |least 95% by weight of isobutene units. In addition to isobutene units,

t he i sobutene polynmer may also conprise units of olefinically unsaturated
‘mononer s WAP@MPE4 copol yneri zabl e 15 wi& h i sobut ene under cationic
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propylheptene-1.

The isobutene polymer generally has a number-average molecular weight of from 500
to 50 000, preferably from 1000 to 10 000, in particular from 1500 to 5000.

25
The olefinically unsaturated group may, for example, be aliphatic unsaturated groups
having from 2 to 6 carbon atoms, such as vinyl, aliyl, methylvinyl, methallyl, propenyi,
2-methylpropenyl, butenyl, pentenyl, hexenyl; or cyclic unsaturated hydrocarbon
radicals such as cyclopropenyl, cyclobutenyl, cyclopentenyl and cyclohexenyl.

30 Preference is given to isobutene polymers having terminal allyl, methallyl, 2-
methylpropenyl or cyciopentenyl groups.

In one embodiment, the isobutene polymer is highly reactive polyiscbutene. The so-
called highly reactive polyisobutenes are polyisobutenes having a high content of

35 methylidene groups, generally of more than 75 mol%. Methylidene groups are
understood to mean those double bonds whose position in the polyisobutene
macromolecule is described by the general formula



In particularly preferred enbodi nents, the isobutene polyner has an average
of at least 1.4, preferably at least 1.8, ol efinic double bonds per

nol ecul e. They are linear 15 nol ecul es which essentially have olefinic
‘doubl e bon®9088513#h ends of the nol ecul®, or star-shaped pol ynmers which
have ol efinic double bonds at the ends of the nolecule. Such isobutene

pol yners can be prepared by processes which are described in US 4, 946, 889,
US 4, 327,201, US 5,169,914, EP-A-206 756, EP-A-265 053, and also 20
conprehensively in J.P. Kennedy, B. lvan, " gned Pol yners by

Car bocationic Macronol ecul ar Engj nFeri ng",/ Oxford University Press, New
York, 1991. The i sobutene pol yne Qe prepared by living cationic

pol ymeri zati on of isobutene. The initiator system used conprises generally
a Lewis acid and an "initiator", i.e. an organic conmpound having a readily
substi t ut ali whick dpolyrgerd reprgseants @ polyisobere calidab sladriedied by oae 2pboteneamitigeni ¢
conplex with the Lewis acid. The initiator is generally a tertiary halide, a
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in the latter case, polynmer chains grow in nore than one direction.
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exanpl e, the reactive chain ends are reacted with 5 a term nating reagent
whi ch attaches an ethylenically unsaturated group to the chain ends, or
treat ed i nSachisobatbhe paipmees candecrrepanet by ipeogesaes which ahmdescebetbint o such

groups.  Puef£6e8880 iU 8B¥EB01 QS Bi1bbakar spiA2adysd) Hrls-Jeeshi aNphisgr oup has
the ge%: ' alcorl;wgrrerﬁgksé}veﬁﬁn J1l9 Pgennled ,FEE.B)fvan, “Designed Polymers by Carbocationic
Macromolecular Engineering”, Oxford University Press, New York, 1991. The
isobutene polymers are prepared by living cationic polymerization of isobutene. The
initiator system used comprises generally a Lewis acid and an “initiator”, i.e. an organic
compound having a readily substitutable leaving group which forms a carbocation or a
25  cationogenic complex with the Lewis acid. The initiator is generally a tertiary halide, a
tertiary ester or ether or a compound having a halogen atom in the allyl position or an
alkoxy or acyloxy group in the allyl position. The carbocation or the cationogenic
complex add successive isobutene molecules onto the cationic site, which forms a
growing polymer chain whose end is usually terminated by a carbocation or the leaving
30  group of the initiator. The initiator may be monofunctional or have higher functionality;
in the latter case, polymer chains grow in more than one direction.

tsobutene polymers with a terminal double bond can be obtained in various ways. It is
possibie to start from olefinically unsaturated inifer molecules. In order to obtain

35 polyisobutene molecules having more than one terminal double bond per molecuie, it is
likewise possible to introduce an oiefinic double bond at the distal chain end or {o
couple two or more living polymer chains. Both possibilities are explained in detail
below.



s C-Xin which RZ 15 X is sel ected from hal ogen, Cl-C6-al koxy and

Cl- C6-acyloxy, Rl is hydrogen or nethyl and R2 is nmethyl or, with R or the
nol ecul ar noi ety to which the functional group FGis 20 bonded, forns a

‘C5- C6- cycl (999%}%70[71%9; R2 may al so be hy#irogen when the functional group FG
I's bonded to an aromatic or olefinically unsaturated carbon atom The
initiators preferably have one, two, three or four, in particular one or
two, and nore preferably two, functional groups FG X in formula (FG is

pr ef er abl y Adferi@livejwrihesiening matends yged ar@dnlgator: folscuigs withpul a5t elednie ni ti at or s
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each i ndependgnirirgafed il a stitade ménaer to;convert the r@aatiSe chfinBBds iswndyrBis. ar e
each independently hydrogen or nethyl;

Preference is given to initiators in which the funciional group has the general formula FG

10 R’
| (FG)

in which R
15 X is selected from halogen, C,-Cs-alkoxy and C¢-Cg-acyloxy,

R' is hydrogen or methyl and
R?  is methyl or, with R" or the molecular moiety to which the functional group FG is

20 bonded, forms a Cs-Ce-cycloalkyl ring; R? may also be hydrogen when the functional
group FG is bonded to an aromatic or olefinically unsaturated carbon atom.

The initiators preferably have one, two, three or four, in particular one or two, and more
preferably two, functional groups FG. X in formula (FG) is preferably a halogen atom, in
25  particular chlorine,

Preferred initiators obey, for example, the general formulae I-A to |-F:

3

6 R3 R
30 R ’ l
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R5, R6 and R7 are each independently hydrogen, Cl-C4-al kyl or a CR3R4-X
group in which R3, R4 and X are each as defined above; and 15 R6 is

hydr ogen, neth or an X group; and R9 and R11 are each hydrogen or an X
‘group; and® Q@Od/ﬁ"iog“an et hyl enical |y uns® urated hydrocarbon radi cal which
has a vinyl group or a cycloal kenyl group. In the fornulae I-Ato I-C, R3
and R4 are preferably each nethyl. In the formula I-A, R6 is, for exanple,
a CR3R4-X group which is arranged in the para- or neta-position to the 25
CR3R4X group, especiqllly when i hydrogen. It nmay also be in the

met a- posi ti on when t e3 R5 groupl |% Cl- C4- af kyl or, R4- X group. Preferred
conpounds |-A are, exarrpl e. 2} chl oro-2-phen Ipr ane and

1, 4- bi s(2-chl orb%m CH; bern: ¢, 1, 4-DCC) or

1, 3-bi s( 2- chl or o- 2- proflyl ) benzehe [ 1, 3- di cunyl cHObt)de, 1, 3-DCC). 30
Exarrpl es of conpounds of the fd&@hula 1-B are ally) chloride, nethallyl
chloride, 2- chl or 0%2- net hyl but ene- o and 2, 5-di chl or o- 2, 5- di met hyl hexene- 3.
In the conpounds |-C}-ER3 is preferably net hyI R9 liFs preferably an X group,
and in 35 particular halogen, especially when R10 is nethyl. Exanples of
conmpoungls f la |-C are 1, 8-dichloro-4-p-nmenthane

(li m)ne%e @lgl?())(cl ?gl’elé déHng di br ono- 4- p- nent hane (|1 nonene

di hydrobrom de), 1 - - chI or oet hyl ) - 3 chl orocycl ohexane,

1-(1-chlor Bé‘tnﬁﬁére@a%*hlng%ﬁf’@ﬂﬂh@xbr?e 497 % br onoet hyf)- 3- bronocycl ohexane
and 1 -(1 -bronoethyl)-4-bronocycl ohexane. 0000057074 10 Anong the conpounds
of the formul aislt,Roreference is given to those in which R8 is a nethyl
group. idreference is also given to the conpounds of the general fornula 1-D
in which Be is gen atomwhen n > 0. 5 1In
conpounds I':Ek %ﬁﬂé %ga&oggg %r{r%jega f‘%"gﬁb‘ﬁg‘&’ﬁ‘r’]gﬁg@ner aI I y from2 to 21
carbon atopgs which elther has a vinyl group

C5- Ce- cycl 8a|FRear;d|Rram eagh mctepgnder&wyavg?@ﬁﬂeﬁv‘.r@r?hky' w&%&ﬁi SRRy | |

cycl ohexen- 3- yWhich\R?] Bhana:X-ade gach as/défmedmbeve;3ngi ,  cycl ohept en- 4yl |,

cycl oogg en-3-yl, cycloocten-4-yl or cycloocten-5-yl. 10

R® is hydrogen, methyl or an X group; and

R®and R" are each hydrogen or an X group; and

20 A is an ethylenically unsaturated hydrocarbon radical which has a vinyl group or a
cycloalkenyl group.

in the formulae I-A to I-C, R® and R* are preferably each methyl. In the formula I-A, R®
is, for example, a CR*R*-X group which is arranged in the para- or meta-position to the
25 CR®R*X group, especially when R® is hydrogen. It may also be in the meta-position
when the R® group is C,-C,-alkyl or a CR®R*-X group. Preferred compounds I-A are, for
example: 2-chloro-2-phenylpropane and 1,4-bis(2-chloro-2-propyl}-benzene (1,4-
dicumyl chloride, 1,4-DCC) or 1,3-bis(2-chioro-2-propyl)benzene (1,3-dicumyl chloride,
1,3-DCC).
30
Examples of compounds of the formula I-B are allyl chioride, methallyl chioride, 2-
chloro-2-methylbutene-2 and 2,5-dichioro-2,5-dimethylhexene-3.

in the compounds I-C, R® is preferably methyl. R® is preferably an X group, and in
35 particular halogen, especially when R is methyl. Examples of compounds of the
general formula I-C are 1,8-dichloro-4-p-menthane (limonene dihydrochloride), 1,8-
dibromo-4-p-menthane (limonene dihydrobromide), 1-(1-chloroethyl)-3-
chlorocyclohexane, 1-(1-chloroethyl)-4-chlorocyclohexane, 1-(1-bromoethyt)-
3-bromocyclohexane and 1-(1-bromoethyl)-4-bromocyclohexane.



Ais preferably a radical of the fornmulae Al, .A 2 or A3 mH3 15 //~(CH2)
? CH2 CH3 ~H2C3 EC(CH3)2 CHz~-- n 20 A1 A2 [C(CH3)ZCH2 in 25 A 3
(CH3)P in which misOorl; 30 nis an integer fromO to 3, in particular 0, 1
'or 2, and 0800@¥%&74. I n conpounds | whel® A = A2, mis preferably 1. 35 In
corrpounds | where A= A 3, nis preferably 0. pis preferably 1. Exanples
of initiator conpounds | are: 2-chloro-2-nethyl butene-3,

2- chl or o- 2- met hyl pent ene-4, 2-chloro-2,4,4- trinethyl hexene-5,

2- chl or o- 2-AmEnigythe Bompgwids s thecieraulg Db peafensace B-givandedhgseria winah-R%ig a
4-(cycl Oheh&iﬂhy‘lgb’dtbp?@f@@ﬁc@@cbl&r PerPioahe chrhpoiRidaydr evecd eeca esimtdy |-Dpk opene.

I n conpoun f &n} 0 mis preferably 1
or 2 and %}‘%% gge HEHE)%”&EFM delargrragléan)iJna%é% rghe formula I-F is
3-chl ordcycl opent ene. 0000057074 11 The initiators used are nore preferably
conpounds & céhpodr@e E, A i aAyandatbonpaditdl Galiag generally from 2 to 21 carbon

1, 4-bis(2- 0, r
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above- desccydetbpten-4-yhicpcisocierd 3pt, ageissaten-Haot ot hyeidoctenepgr at i on are known and
are degcribed, for exanple, in WO 02/48215, WO 03/074577 and in the German

patent ap Ilcatl o 103 10 Usef ew,s acids are coval ent netal
ol s ant 18 BTGP HARRLR I SITBHER Ay b A O A3

CH
| 3
15 " — l
/\(CHQ)I’H gHz CHZ [HZC m‘ C(CHB)Z#CHZ ’n

20 A1 A2
I:C(CHa)z‘CHzE{’
25
A3
(CH.)p

in which

m isOor1;
30 n is an integer from 0 to 3, in particular 0, 1 or 2, and

p isQorf.

In compounds | where A = A.2, m is preferably 1.
35 In compounds | where A = A.3, nis preferably 0. p is preferably 1.

Examples of initiator compounds | are:

2-chloro-2-methylbutene-3, 2-chloro-2-methylpentene-4, 2-chloro-2,4,4-

trimethylhexene-5, 2-chloro-2-methyl-3-(cyciopenten-3-yl)propane, 2-chloro-2-methyl-
40  4-(cyclohexen-4-yl)pentane and 2-chloro-2-(1-methyicyclohexen-4-yl)propene.

In compounds of the formula |-F, X is preferably chlorine. m is preferably 1 or 2 and
more preferably 1. A preferred compound of the formula I-F is 3-chiorocyclopentene.



vacant orbital for an electron pair. Such conpounds are known to those
skilled in the art, for exanple fromJ.P. Kennedy at al. in US 4, 946, 889,
US 4, 327,201, US _5,169, 914 EP- A-206 756, EP-A-265 053, and conprehensively
in J.P. KeHHQQRFmﬁ“ | van, "Designed Poﬂ?rrers by Carbocationic

Macr onol ecul ar Engi neering", Oxford 15 University Press, New York, 1991.
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for 420 coameidungichioritie, vinadium Entathioride OiREtrtMdride? alkylaluneingmnpl est
enbodi ”e”t dic %Iﬂﬁ?#‘él{d‘?aglggal'uﬁumbﬁ?ﬂ@& b%rt@rxﬂﬂgéﬂ{]@r?@d E’élrﬁ@%'d?@re reaction,

for exanp or exa ‘g%l a errperat ure of
from 70 tot'tED'G@‘ tefgpchigrider Baropdrighietiderang %%)é@um@um diphlarideandinpagticuias,
exanpl e, afiteaim tetra¢hadridcel Risrindbse\s aahixase sbatileast ed hewis deids s also bé hoxi de

and pot assi PR for example boron trichloride in a mixture with titanium tetrachloride.
25
It has been found to be useful to carry out the polymerization in the presence of an
electron donor. Preferred donors are pyridine and sterically hindered pyridine
derivatives, and in particular organosilicon compounds.

30  The polymerization is typically performed in a solvent or solvent mixture, such as
aliphatic hydrocarbons, aromatic hydrocarbons and halogenated hydrocarbons.
Particularly useful solvents have been found to be mixtures of aliphatic, cycloaliphatic
or aromatic hydrocarbons with halogenated hydrocarbons, such as dichloromethane/n-
hexane, dichloromethane/methylcyclohexane, dichloromethane/toiuene,

35 chloromethane/n-hexane, 1-chlorobutane/hexane, 1-chlorobutane/toluene and the like.

In order to introduce an olefinic double bond at the distal chain end, the reactive chain

end is reacted with a terminating reagent which attaches an olefinically unsaturated

group on to the chain end, or the reactive chain end is treated in a manner suitable for
40  converting it to such a group.



5 tert-butoxide, basic alumna, alkali netal hydroxides such as sodi um

hydr oxi de, and tertiary am nes such as pyridine or tributylamne; cf.
Kennedy et al Pol ymer Bulletin 1985, 13, 435-439. Preference is given to
usi ng sodi POPEYHSIAde. Alternatively, tA chain end is termnated by adding
a trialkylallylsilane compound, for 10 exanple, trimethyallylsilane. The
use of the ation with
the i ntroalbtiosipeELembadiiem, b cudf & FlALLRY Sk cifraRbatRibA®L 2D )
214. In a F%?Ctt'ﬁérfoéﬂf’kﬁﬁ@ﬂ'?rﬁhihef@‘ﬁbtrﬁ*aé@éﬂ‘i 124 eéﬁ’élpé Ryrheating tod larareraitrsoh

conj ugat ed fidreN@to A0 °Sustbyasedimbatdvitng basd. Sulbbblé bafe2dre Mol pxampianalkali

o hoxenyl 013 af“ﬁﬁ‘é’%?%P°ﬁ§%§%@ﬂm§'§§§%sg@%°ﬁf“"@&¥‘a*5%?%B e, addi t1 on
of a cogpl rEbUigERe. Hasiialvminay Akl BV BPXdep U FRotasiu PYATRYIBA er

chai ns. " Coerpanyregriinesesuth dsfpyritiioe matribatylafinehenkealedpehdls, Ruttrverésulietie 20
reactive chgss 01455459 Pfedodls Blvefl® BsiRPbATE iHdes are joined to form a

nol ecul e. e nol ecu es obt al ned y couplTng are symetric, telechelbic or
star-shaped nol ecules having groups of the initiator, for exanple,
cycl opent eyterngtieelpshe albain ked isteimioated byradidingra ﬂrihmyleﬂuhlaoé comeolmariathes of

the stap-s @ﬂ%?le”ﬁhﬁ‘&ﬁ&}aﬁylsn%ﬁesﬂhé 8%y & tﬁ@HWléﬁHe@%B& o iﬂé\f@rmuﬁé%fon%@ﬁ@' e, at
| east two el rofu avi Si | gr oups,

n ou
oy o ged i Robiszzen WinyBE Mau iR & 2 Al irad ST S et S: A 91y ot bl o
bonds, so tCh&tPZW‘Ghtlom c site of one reactive chain end can add on in a
concerted reaction with elimnation of the |eaving group and shifting of the

doubl bond, h | i t t
whoh ¢ he. d5¢ e ca 8Ll S P ISR is RIRe MR @83%?é§ddeno%ﬁ. ical ly
to foriPa Svebas blztéd!e&iaqud?E-A‘EWWﬁb)tqr@ﬁ useonrjugatad disge greups 1%r exanpl e of

a proton, UbesierRsat dnsalkeylotysterene BBEH 89 pdkxeryitxysQrynegal oB-A4-9868809)l N a
stable a-bond to the polyner chain. A plurality of these conjugated systens

may be joined to one another %l nert spacers. 35 The suitable coupling
agent s i ncln@@rther pmbedipenh@ddiipn sha penpling PopRdesulis i CouRtiBg ok e or more
het er ocycl égind) pulymgr ehaire t @oupihghmeahseitie dotmfatiomobxlygeival bouts betwased the t r ogen,

for ex e E}sz §Bt GBrd 8t cHlafidSdre joifed 156 &inliSeuisuch as
40 000 8973% 3 thlin By oty j y
he molecules obtained by couplmg are symmetric, telechelbic or star-shaped
molecules having groups of the initiator, for example, cyclopentenyl groups, at the
molecule ends or the ends of the branches of the star-shaped molecule.

25  Suitable coupling agents have, for example, at least two electrofugic leaving groups, for
example trialkylsilyt groups, arranged in the allyl position to the same double bond or
different double bonds, so that the cationic site of one reactive chain end can add onin
a concerted reaction with elimination of the leaving group and shifting of the double
bond. Other coupling agents have at least one conjugated system, to which the cationic

30  site of a reactive chain end can add electrophilically to form a stabilized cation.
Elimination of a leaving group, for example of a proton, then results, with reformation of
the conjugated system, in a stable o-bond to the polymer chain. A plurality of these
conjugated systems may be joined to one another by inert spacers.

35  The suitable coupling agents include:

(i)  compounds which have at least two 5-membered heterocycles having a
heteroatom selected from oxygen, sulfur and nitrogen, for example organic compounds
which have at least two furan rings, such as

40



in which Ris Cl-Clo-al kyl ene, preferably nethylene or 2,2-propanediyl; 5
(i1) conpounds having at |least two trialkylsilyl groups in the allyl
position, such as_1,1-bis(trialkylsilylnethyl)ethylenes, e.qg.

‘1, 1- bi s(t r 0880487044 yI net hyl ) et hyl ene,

bls[(trlalkyI5|IyI)propenyI]benzenes e.g. 10 Me3Si SiMe3 (in which Me is
methyl), (iii) conmpounds having at | east two_vinylidene groups arranged in
conjugation to in 15 each case t ronatig rings, such as

bi sdi phenyl et hyl enes, e.g. H2 H3 \'/ \VC/ \ HCH3 14 H2 H3
H2 H3' / \ \ / \ CH3 CH3 20 A des@ription 6? sui tabl e coupling agents can
be found in the follow ng references; the coupllng reaction can be carried
out anal ogously to the reactions descrlbed there: R Faust,

Hadj i kyri acou, Macronol ecul es 33, 0-733; Faust, S. >
Hadj i kyri acou, Macronol ecul ey 1 9 32/ 6893 Faust S.
Hadj i kyri acou, 0000057074 14 ym "Bu 19 121 128; R Faust, Y.

Bae, Macronol ecul es 1997, 30, 198; R aust , Y Bae Macr onol ecul es 1998,
31, 2480; R Storey, Mggio, Polymer Prepri nts 1998, 39, 327-328;
W99/ 24480; US 5, 690,861 and US 5,981, 785. 5 The coupling is generally

effected if kien Nl@%@f&?a%leﬁe L&é‘ﬂe?ab%?h@thy%%To@@zeprbséi\hédnﬁc' ds being those
whi ch can al so be used carry out t'he aCtual polynerization reaction. To

carry out tie eompburte Haomgtat Wast twoetrislkyTsilybgloups irsthatlyltpesiien,alugh@s as are

Apor opr at a1y oIS R 20 £ S e SR B AR RIS. &0 Dot

reaction after the polynerization 10 reaction in the sane solvent in the
presence obisj{thaikyitylpromangllbsednésne.g.he pol ymeri zati on. Subsequent
reacti ops

Me,Si SiMe,

(in which Me is methyl),

(i) compounds having at least two vinylidene groups arranged in conjugation to in
15  each case two aromatic rings, such as bisdiphenylethylenes, e.g.

A
A A=
CH

14
WHZ CH, f
L
CH

3

20 A description of suitable coupling agents can be found in the following references; the
coupling reaction can be carried out analogously to the reactions described there: R.
Faust, S. Hadjikyriacou, Macromolecuies 2000, 33, 730-733; R. Faust, S.
Hadjikyriacou, Macromolecules 1999, 32, 6383-6399; R. Faust, S. Hadjikyriacou,



15 The epoxi de obtai ned by the process according to the invention can be
converted further in various ways. The epoxi de can be reacted with, for

exanpl e, primary or secondary . anmnes to obtain, inter alia,
‘gl ycol thi BQ%@@l}énd ami nes. 20 Reacti off of an isobutene pol ynmer which, on

average, has at least 1.4, preferably at |east 1.8, epoxy groups per

ol ecul e W%Enpcéumowggoas%e@aa'd ¥aB! Y1 B3O acrSHG B 1647, 58! fu L pr opane

tris(3-mercaptopropl anat pent aer - )

mer capt opr 6@HIndt B3e: Nacroyppipgips 4298, c%“%@sﬁdﬁé‘?ﬁ% G FONMHE Prepings ds

net wor ks 23998 3% 327-828,dV 80948 D 0i630,860 antélS 5,8B8EBS.c and danpi ng
properties. In a preferred subsequent reaction, the epoxide is rearranged to
t he al dehy which. can .b ne,, for exa t caal i.s, by. means of
bl ur nog i | BB CBUPIRB s GETeenl alfectenan e HESSHe ct ol iy A SRR VSRS such
as al um nubeing tzdseovhich can aleo e usedto daryriudthe Btuabpolymerizationdeastiosuth as

sul furic a‘éhl‘i‘y omﬁeeblqﬁhwgadnsnltnefsu.rne s@lv\émrssaaqwtb.ﬂ éﬁaﬁ.rréé agams%eltal f or
val uabl e pro conver s

ﬁ t 8 but en %Sl '3])1 al dehydes is
descri bed, ?ES¥°% B%pra e ?'15‘6“5 0’5 %-"té Ef?p” PYa'gani kum 20t h
ed. 1999, cwnllegcmerﬁforeatlescarmm out afr @omeerpotyeaﬁ@@rqé@r ﬁ@mlmyerrzet!@rn ence. 35

The al d@hyé&cﬁamlrhﬂe@.amé%btv@dt ih @helPrekBhdicofthd NevdigTalRi Re@forah@r | mary am ne,
and the gé,gﬁegg&oge reduced, especially catalytically hydrogenated, to the
am ne. Sui primary amnes are, for exanple, diethylenetriam ne,

di (met hyl ethyl ene)triamne, triethylenetetram ne,

tri (met hyl subsdier) feattiongi ne, tri (ethyl ethyl ene)tetram ne,
t et raet hyl enepent am ne, pent aet hyl enehexam ne, ethyl enedi am ne, 40

hexanet hyl enedi am ne, henyl enedi am ne, m phenyl enedi am ne, p-
phenyl Ehedi BRERRXIRPRiINed BYdia PIOCERs BRo0rdRg BrEe VBRI T8 RecomPTR
000005707 4ither ohiveeiblyways. nomet hyl am ne, di net hyl am noet hyl am ne,
di met hyl am nopropyl am ne, dinet hyI am nobut yl am ne,

di met hyl am_npohept yl am ne et hyl am none I. m ne, dieth m no | am ne,
i ot hy! am KBS APPSR 1 DStegEisey i RBrBp s D¥Aher prmary o sedondany Sthine

met hyl pr opylbfam, méetrajib agtycod thigetiogry labd Eayliees. noet hyl ami ne,

di met hyd enetrianiline, 5 nmethylenedianiline, polynethyleneaniline, and

i e and RREHISY BLRR0IESR POV GTISS P A GOF R 5 S4B aBB A enyl aui ne
i s descri bledsti h8\WDogY 40P Rer migiechie vathf palyos drespepialiupaythiols, suet as ence.
trimethylolpropane tris(3-mercapiopropionate) or pentaerythrityl tetrakis(3-
mercaptopropionate), or polyamines, such as diethylenetriamine, affords networks
25  which are advantageous owing to their elastic and damping properties.

In a preferred subsequent reaction, the epoxide is rearranged to the aldehyde, which
can be done, for example, with catalysis by means of aluminosilicaies, for example,
zeolites, acidic alumina, Lewis acids such as aluminum or zinc salts, e.g. zinc bromide,

30  or protic acids such as sulfuric acid. The aldehyde is in turn a versatile starting material
for valuable products. The conversion of polyisobutenyl epoxides to aldehydes is
described, for example, in WO 90/10022 and US 6,303, 703, or Organikum, 20th ed.
1999, Wiley-VCH, p. 615, which are fully incorporated by reference.

35  The aldehyde can be converted to an imine with ammonia or a primary amine, and the
imine can be reduced, especially catalytically hydrogenated, to the amine. Suitable
primary amines are, for example, diethylenetriamine, di{methylethylene)triamine,
triethylenetetramine, triimethylethylene)tetramine, tri(ethylethylene)tetramine,
tetraethylenepentamine, pentaethylenehexamine, ethylenediamine,

40  hexamethylenediamine, o-phenylenediamine, m-phenylenediamine, p-
phenylenediamine, alkyl-substituted o-, m- and p-phenylenediamine,



10 The al dehyde can al so be converted to an oxime, and the oxinme reduced to
the am ne. Appropriately, hydroxylam ne, which is obtained by neutralizing

a hydr oxyl i salt, is used. The droxyl am ne reacts with the
‘al dehyde t@ﬂgﬁ@eﬁ?ﬂe oxi me. The oxi me Fé t hen reduced by catalytic

hydrogenation to the ami ne. The hydrogenation is effected at suitable
t enper at ur @jRdiAy B FRAEHR/IdRinE NEnRIS RN At IaminkY SR/ IRhnePropAbMinesSt . 15

Suitable catalysts.are, fTor exanpl é Rane i ckel . nickel o I esei guhr,
copper . chr SIFSEYamSREY ATHIG, RS PHBmN PR e St PU PRSI TRE: i ke, The
reaction i dictiedaminprrepyiamine, diethyreineamyl@ngmea dizropyRminerippylamingl | y

I ncor por az afbtipropighmBamylahiing ﬁr@ﬂyﬁﬂl@ilarﬁrn@é?@raﬁmég@bﬁ&h?@ﬁétriaﬁih‘r’b,a| dehyde
is conver . e : e
Leuckart r ietbferbal iR hctipedlyBnodinecHic Bobaf el Rearfind Hh Phdtibf

pr ef er r ed. offfhe aidahydeinvith theaprirnary@niee aehiheritydipaesatian efthe eesmifing ipinedeysi s.
The hydr ol ygict/isbbitedyiaiid iy descrivedflio W domobie, diticH ie flllydnaebdratedmbyaci d at
noder at el yree;%,%?zlgéed tenperature. Preference is given to using a phase
transfer cafalyst such as tricaprylyl nethylamoniumnitrate. The reaction
is described, for 25 exanple in US 6,303,703 which is fully incorporated by
ref eremge. Thaeldehgde chn alambaddnteariedad by okienes and ére e@dmé oeduced to the amine.

2- pol yi soby Bl%t‘iétqeiy? el e OlvhiBY is SRARLA % htk2hizR VRSBt SHgRequent
o oo intsbe i T s B WA o pasostoe
di borane ( B2r6) remiudecibk yatalytin Hydiogération tetheRBige.(The hydsddephtiorisaffetied 1t i s
ot o | St SUKBLRAEHOS:oF b L Ard iR 1l freboiRle UMARRIABEE Syt =5 S D8
Peanci B8 ' Sularit retelish e IhOxmnis RaBPSurfaLTond o RéBeioline barsst ahiodtieng

sol vent . Erlatipireontdagosopalladiuen opearbohand thet liker $he (rAstiersisdleatibed, &trher s,

diaryl et hegdm@e iU, 309, 303 whibie lsSullydiRebrp6edd By REdieRde. such as
tetrahydrofuran or 1, 4-di oxane, but solvents such as toluene, cycl ohexane,

and nethylene chloride are also suitable. The oxidative cleavage to give 10
the 1, 3-di bla tuatheperefarfed @mhpdiment. bralshyde isycomserted tofa feyaamigenn per oxi de i n
the 20 Leuckart reaction. To perform the Leuckart reaction, various reagents are suitable;

ammonium formate is preferred. The formamide can then be converted to an amine by

hydrolysis. The hydrolysis can suitably be performed with dilute hydrochloric acid at

moderately elevated temperature. Preference is given to using a phase transfer

catalyst such as tricaprylylmethylammonium nitrate. The reaction is described, for

25 example in US 6,303,703 which is fully incorporated by reference.

The epoxide can additionally be converted to a 2-polyisobutenyl-1,3-propanediol by
reaction with a borane and subsequent oxidative cleavage of the ester formed, as
illustrated below.

30



presence of a base with heating to, for exanple, from50 to 75C. Suitable
solvents for this purpose are ethers or m xtures of ethers and

hydrocarbogﬁ &g% sonversion of the epogide to a

"2- pol yi sob Bﬂ -I,B-propanediol i s des ﬁibed, for 15 exanple in

EP- A- 0737662, which is hereby fully incorporated by reference. Networks

| sobut ene polyners with isocyanate-reactive groups, such as hydroxyl groups,

20 nercapto group m no groups, can be reactedrw thqi socyanate

crosslinkers to|g)ve r(gs Tergg am no gfoups |can be coBierted with
i URs whi cir?c&nnot r}ed am no

groups. A cr exanpl e, a dlfuncti n

hi gher-functi ona mcyanat e which is 25 preferabl selecteg from

di i socyanates, the biurets and cyanurates of diisocyanates, and also the

adducts of diisocyanates to polyols. Suitablé diisocyanates have generally

from4 to 22 carbon atons. The diisocyanates are typically selected from

al i phatic, «cycloaliphatic and aromatic diisocyanates, for exanple

1, 4-di i socyanat obut ane, 1, 6- diisocyanatohexane,

1,6 di i socyanat o- 2, 2, 4- trlnethylhe%&ﬁh 1, 6-di i sgcyanat

tri met hyl hexane, 1,2-, 1,3 and rrﬁ?drrsncyaﬁat

2, 6-di i socyanato 0000057074 17 1- net hyl cycl ohexal

4

1

, 4" - bi s(i socyanat ocycl ohexyl ) nmet hane, isophorone diiso Qanat e Oﬁz
-i socyanat o- 3, 3, 5-tri net hyl - 5-i socyanat onet hyl cycl ohexane), 2,4- and
2, 6-tol uyl ene dii socyanat e, tetranethyl ene-p-xylylene diisocyanate (=

1, 4-bi s(2- anato nzene di,i socyanat adi phe ane,
o oty SR BALIRE O For ot BRare Bl st ARV ERE b0sats K R

m xt ures theailmbbr arr?helt srfamiiaciorthe paon skillet indbe e dhat syamberanes camadlsbi ur et s
of aliphat bg péé;ja‘ﬁwmad‘tatﬁ% a gsmguﬁﬂé ahd J}Ea@aya@ua@tm ethétatel MRS r&ddtivn

referred ¢ u a

P ocyanat o PTG piEnE oetriiod SREUEINE BhnB ol aypb YoRta e BRBR TSR . ane.
Exanpl es &fe eRffoetan @he@ﬁuf?bé?&ﬂ?éﬁ%@thﬁﬁ’ﬁ Q@W@tmrwrea"wﬁéryéatﬂ@t&,@naf t he
abovenent i endid elferelisusnay aangih Z@rof@a@lbyciﬂcmixanérbumbhs!ht@sﬂtrha@&:lm

Lri et hy! oL IGRARE, 8 SXABRL Enbiss RUMICLBhe! PheNkBNRe Udsacy pgLes Lo

ane, ophor one

trineth
di i socﬁname 1.8-didl carbagifested dpree@mpie bYgNsasb hygrow@n peresideimie t he
reacti on betaseade dfrtebiseodijranaitiag te dotdxamply, dopssdio 1ME. Seitdbid sneertdfgpol ymer

and the i sgﬁa?/ﬁ%qﬁ{jget %Oét‘l'ﬁ)énriw fS”wSregrfgﬁus%J’ I;&(B)im catal ysts, for exanple,

di butyltin octoa Icycl o[ 2. 2. 2] oct ane, or
am nes such as triethylam ne, may be used. These are typically used in an
amount of Theooi@tHorn of the epoxide to a 2-polyiscbutenyl-1,3-propanediol is described, for

15  example in EP-A-0737662, which is hereby fully incorporated by reference.
Networks

Isobutene polymers with isocyanate-reactive groups, such as hydroxyl groups,

20  mercapto groups or amino groups, can be reacted with isocyanate crossiinkers to give
networks. Terminal amino groups can be converted with phosgene fo isocyanate
groups which cannot react with unconverted amino groups.

A crosslinker is, for example, a difunctional or higher-functionality isocyanate which is
25  preferably selected from diisocyanates, the biurets and cyanurates of diisocyanates,
and also the adducts of dilsocyanates to polyols. Suitable diisocyanates have generally
from 4 to 22 carbon atoms. The diisocyanates are typically selected from aliphatic,
cycloaliphatic and aromatic diisocyanates, for example 1,4-diisocyanatobutane, 1,6-
diisocyanatohexane, 1,6-diisocyanato-2,2,4-trimethylhexane, 1,6-diisocyanato-2,4,4-
30 trimethylhexane, 1,2-, 1,3 and 1,4-diisocyanatocyclohexane, 2,4- and 2,6-diisocyanato-



10.2 g, based on the weight of the crosslinker. 20 The crossiinking density
can be controlled by varying the functionality of the polyisocyanate, the
nolar ratio of the polyisocyanate to the_hydroxyl-term nated isobutene

‘pol ymer, oOBY03{dtt i onal Iy usi ng nonof dficti onal conpounds reactive toward
| socyanat e groups, such as nonohydric al cohols, for exanple ethyl hexanoi or

e el ooyt ! xa | |
Bhioh forl qeteidiabl CR G BobarlataciBbhBH BihelsirE isBiyorie bl R 8
flask to wiT dtisqeyanaipsi hertiruethyS-rpeypnatosaliveycongsdneet-4amrd 2bdelyviepe
cool er and dilsotyagaté,ubrarhaithyleaep-alyiaehdidosyasaien=t 1, &blsy2-Ebayayatbprdi-B-

1- chl orobu g ATl 1 ' ).

| sobut epe gﬁﬁ%nﬁ s ehat Ao by T, feraRRS Ry A AanET) |
content3 ofNf IROPRPIGAR iR BTAIE anfdpituresiberest frateredirampryads conriasithge was
used to adeyanurates ahd biurets of aliphatics disotyanated, eSbedrlly yhe cydnutates.n hexane (1 M
flask to whraiBH prorbborisuis i ﬁi‘;ﬁ%"‘gggﬁ%fiﬁﬁg@@%ﬁ%%“*’@E‘Q“{'02““
cool er  and RIPYATHLE AR BAORBRRIR S STA AR ERY T dROREalobRHEE E20TH /e
first fl askaddustsofdissmybhatep iqrolvas arecthe eddwes of thetabavépentloaeged wi t h
neat ed it Loy anesto ycelcl: Gyl Rafomd fifeutlolbiogans, 1ol e BEEELT < he
frrst 11 asRof ol iufPglirchhpaes FEPBmRSR g >yt 1Ty

Phenyl t ri edligpcysnatehaxaid onisophorans diisgdwrnatata teethytroerhrne andkongivcrradt i rri ng
by means of a syringe and cooled to -76C with acetone/dry ice. TiCl4 (2.0

m th d b, ' d 1 i i f 30

T h, "ot oﬁ?ta%?ﬁéi?éf SRR £8 it 3P B recBlle roflad 8RR WOBerEY oG or 1

t he fi 13 rapelyfgsarmihelizesyanale gspupsiohihe qrepiekerskigwrhcaialystefer e@mplem 100 g)
for 10 m ndiblhftinsibvigRs, tnas otERY @ di-diatdicyclofd 2 OREtapee SiSathief budHDan

t enper at ur g, . ' : ' §..was 2227
(PO dot er esering. gy S5 UL TELOTHe (el dgg i R irbLCoriftnd 190 ok,

chl orine afl®ng {rsedeit)e weisht eifbe sirsebkee was 1.9 (deternmination by 'H
NVR). 100g of the polyner thus obtained were dissolved in 100 m of

tetr ahyglr O g BRsaling IRnBAALAbE Loriicd BYvAIAGTnG Rhktbhatty!dt trd 9 Of
potassiumtert-butoxide. This vva? ol I owed _
polyisocyanate, the molar ratio of the polyisocyanate to the hydroxyl-terminated
isobutene polymer, or by additionally using monofunctional compounds reactive toward
isocyanate groups, such as monchydric alcohols, for example ethylhexanol or
propylheptanol.
25

The invention is illustrated in detail by the examples which foliow.
Example 1: Preparation of polyisobutene

30 A 1ifour-neck flask to which a dropping funnel with pressure equalizer and a dry ice
cooler and drying tube had been attached was initially charged with 1-chlorobutane
(440 ml) and, as an indicator, phenanthroline (20 mg). Isobutene (560 ml) was then
condensed into the dropping funnel and the contents of the dropping funnel were
emptied into the flask. A syringe was used to admix the mixture with a solution of

35  butyllithium in hexane (1 M, about 10 ml), until a lasting brown color occurred.

A second 1 | four-neck flask to which a dropping funnel with pressure equalizer and a
dry ice cooler and drying tube had been attached and which was connected to the first
flask via a closable pipe connection was initially charged with 1,3-dicumyl chloride

40  (43.6 g). The contents of the first flask were heated while gently cooling the second
ftask, so that the contents of the first flask distilled over into the second flask.



by adm xing wwth 200 ml each of heptane, isopropanol and water, m xing and
renoval of the agueous phase after 10 min. The organi c phase was washed
twice with 200 ml _ of saturated sodiumchloride solution, dried over sodium
‘sul fate an@0BOMYO78rated to dryness. 288in the 'H NVR 98% ol efin groups
were found (olefinic protons at 4.6 and 4.8 ppm). Exanple 2: Epoxidation 25
200 g of polyisobutene fromexanple 1, 200 ml of toluene, 18.5 of formc
acid, 62 g of acetic acid and 55 g of hydrogen peroxi de (50% by wei ght
aqueous soPhengtiptheeysilangéht€a) was 88¢sd iR the gecpnd dask witle RtiTing bk MAanR oheat i ng
bat h, stir aeyrigdelandt®iedRPA6d With avétbie/dtydes. TG, 6.0 1) was then 3dBedrbar, 65 n

of toluene Lstill e 5 G re separated out.
The m xturéﬁl&&égc’glﬁ%g‘b\% %‘gogé%ﬁlgflﬁrﬁ'erﬁé gﬁf%%@?%@et%ﬂ[{ﬁﬂggﬁ”i ng for 1 hour
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20
In the *H NMR, 98% olefin groups were found (olefinic protons at 4.6 and 4.8 ppm).

Example 2: Epoxidation

25 200 g of polyisobutene from example 1, 200 ml of toluene, 18.5 of formic acid, 62 g of
acetic acid and 55 g of hydrogen peroxide {50% by weight aqueous solution) were
heated to 60°C in a 1 | four-neck flask with heating bath, stirrer and water separator
with vigorous stirring at 300 mbar, 65 m! of toluene were distilled off and 15 g of
aqueous phase were separated out. The mixture was allowed to react further at 65°C

30 with stirring for 1 hour and the reaction mixture was cooled with ice to room
temperature and the aqueous phase was allowed 1o settle out. After 5 min, the
aqueous phase was removed, and the organic phase was admixed with 40 ml of water
and stirred for 5 min. After 5 min, the stirrer was switched off and, after a further 5 min,
46 ml of aqueous phase were removed. The washing operation was repeated.

35  Thereafter, the organic phase had an acid number of 2 and still comprised about
10 ppm of peroxide, which was destroyed by adding 30 g of saturated FeCl, solution.
The organic phase was removed and dried over sodium sulfate, and a sample was
concentrated to dryness at room temperature under reduced pressure (2 mbar).



The al dehyde from exanple 4 was used and the nethod of EP-A 468 966, exanple
4c, 20 was enpl oyed, except that NH3 was used in place of

di met hyl am _n | am ne. Exanple 6: 1 of pol yi sobut ene di epoxi de from
‘exanple 2 \Rﬁg&iﬁ%@éﬁl ved in 1 m of chl of‘gf ormand 25 mxed with 150 ng of
trimethyl ol propane tris(3-nercaptopropionate), transferred to a glass dish

and heat ed 1 Ll ! t r dto
oo ernel YA S i SO gl S e o L
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hexamet byl ene dji,sqQcyanate triner . as the isocyanurate) for 30 min, then
admi xedgwi Eﬁa@pl?gas'gfgp&f%@Pﬁtf?iqg?yﬂf | aurate, poured into 35 a dish and heat ed
to 100C for 6 hours. A slightly tacky, transparent network was obtained,
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75C was 8 MPa. le 8 0 0000057074 20 1 g of polyisobutenedi am ne from

a
exanpl e 5 \‘A’&§98?%1%V8 ved in 1 m of toluene and stirred with 200 ny of
Basonat (r) H 100 for 1 mn and poured rapidly into a dish. After 1 mn, a

net wor ko Waan@b Airzeshanty &8 5ass BBtaArAgBasddasikiie aldiRaticiro@Ret Waispphii ed in a
vacuum dryi ng cabi net at 40C overnight. The sanple was then subjected to

dynam ¢ 5 nechani cal anal ysis. The storage nodulus was 83.5 W at room
t enper at ur Examplg A\Breperatiouof R aifehud®: Epoxi dation in the presence of acetic
anhydride 10 12.7 g of formc acid, 37.9 g of acetic anhydride and 74.8 g of
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et o wa B Epiac BtbexBinolie} UAL LoBHERNhedatb B ibebdd, Qo
and wal®r EBHBAAVHAS §TRIAYSH gorous stirring and under ice cooling, adnixed

after 10 mn with a solution of 222 g of polyisobutene from exanple | and

100 m of E%M&@%ﬁ,@g h&gahedah at 320 nbar within 5 mnutes, 15 65 m
of toluene and 10 g 1? aqueous phase were separated out within 20 m nutes,

the aqueous distillate was renoved and the tol uene was recycled into the
bat ch. TheTheraldebyde fiers eadinpiseldwasusashand themedieed cEREOE6R 986, exdmpledg, for 1

hour apgl t i8s bRAfIyb@ except that NH; was used in place of dimethylaminopropylamine.
Example 6:

1 g of polyisobutene diepoxide from example 2 was dissolved in 1 ml of chloroform and

25 mixed with 150 mg of trimethylolpropane tris(3-mercaptopropionate), transferred to a
glass dish and heated to 100°C within 1 hour, and, after a further 2 hours, cooled to
room temperature. The resulting network was subjected to a dynamic mechanical
analysis (DMA). The storage modulus at 75°C was 5 MPa.

30 Example7

1 g of polyisobutene polyol from example 3 was dissolved in 1 ml of toluene and stirred
with 300 mg of Basonat® HI 100 (predominantly hexamethylene diisocyanate trimer as
the isocyanurate) for 30 min, then admixed with 3 mg of dibutyltin dilaurate, poured into

35 adish and heated to 100°C for 6 hours. A slightly tacky, transparent network was
obtained, which was subjected to dynamic mechanical analysis. The storage modulus
at 75°C was 8 MPa.

Example 8
40



mxture was cooled with ice to RT and the aqueous phase was allowed to
settle out. After 5 mn the agqueous phase was renoved, and the organic
phase was adm e,d with 20 300 mM of water and stirred for 5 mn. After 5
‘mn, the stopp'i’é"f 0fAs switched off and, 8Pter a further 5 nin, the aqueous
phase was renoved. The washi ng operation was repeated tw ce. The organic
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Vi gor ous. SEFATPIRC SPOSSIORIAME HASIEBRBPHCATUS o set' in. whi ch vas
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for 5 mn. r tirre 0 and,
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concent r at Ness  un enper at ure.
The resul t MREUEN3F @@meﬁeceﬁbw@ed%awvwaaswaﬁé P Sftﬂﬂ
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modi fi ed aRd 5 min, the aqueous phase was removed The washing operation was

repeated twice. The organic phase was removed and dried over sodium sulfate, and a
sample was concentrated to dryness under reduced pressure (2 mbar) at room
temperature.

25
The 1H NMR showed 0.5% olefin groups (4.8 ppm) and 99% epoxy groups, of which
98% were 1,2 epoxide (2.55-2.59 ppm) and 1% were 2,3-epoxide (2.53-2.55 ppm), and
0.5 ppm of aldehyde, based on the aromatic proton at 7.4 ppm.

30 Example 10: Epoxidation of Glissopal 1000

200 g of Glissopal 1000 (highly reactive polyisobutene, Mn about 1000), 100 mi of
toluene, 15 of formic acid, 40 g of acetic acid and 75 g of hydrogen peroxide (50% by
weight aqueous solution) were heated to 60°C in a 1 | four-neck flask with heating bath,

35  stirrer and water separator with vigorous stirring at 330 mbar. An exothermic reaction
set in, which was recognizable by the commencement of reflux. After 30 minutes, the
bath temperature was increased to 80°C. About 25 ml of water was separated out and
the mixture stirred for a further 1 hour. The reaction mixture was cooled with ice, a
further 200 m! of toluene were added and the aqueous phases were aillowed to

40  separate out. After 5 min, the agueous phase (98 ml) was removed, and the organic
phase was admixed with 40 ml of water and stirred for 5 min. After 5 min, the stirrer



reaction was stopped after only 1 hour. The resulting polyi sobutene epoxi des
were 15 anal yzed by means of 1 H NVR spectroscopy. The results are

sumari zed in the table below Analysis Exanple 10 Conparative exanpl e
Reaction tlor?ngo? 074 1 5 Qefin content 1. 77- 4. 86 ppm[%] 2250 defin
content 5.17-5.26 ppm[% 0 0 1.7 1,2-oxide 2.55-2.59 ppm[% 90 49 74

7 588, 00 [k yienge B ghe @ﬂeﬁaﬁu’ﬁy %’ﬂﬁ“{%ﬁﬂ o sl 855?%%@@%099 e
ppm[% O dp he qyganic phage.hadan agigppmperpf@ and Sﬁ'ﬁ FemeizesaRAA 18 PRMRind 7 ppm
whi ch coul daermadd)whmsmegae!ésm&mﬂmmgzm g o saturated]. Fe&lpsahnimsThe)r

epoxi di zi ng, .@ﬁﬁas'e%s% o\éed‘ﬁﬁ@HHé@B\?éi' sbdRHduiae, BRY ¥Eapld flas Whi Ch_an
or ganic phas | e 1, sobyt ene nt act e(? th an 5
60US 5 bhOBTHAL BRI BEIFIPR SR FYEH GyRRTHETRAIHe: 5 Tre
process according to claim1, wherein the organic phase conprises an

al i phati c, T‘?ﬁ'e'rﬁé’lﬂ'ﬂlﬂgcpd?ﬁscﬂfu%téﬁbxﬂ%%&%{amgd @?Wé&hs%f ﬁ‘ﬁ'hﬂ\gﬁ@ﬁéé’fﬂascopy

aim l 2, wherein the

hyd b t
aéuregﬁgr pﬁgg‘@ rﬁ?‘ﬁ%%%ﬁ%%ggecgwtﬁ%g?ﬂ t(’)‘ﬂ‘g"’rrgdlcat or which is selected from

a) carboxylic acids other than formc acid, b) carboxylic anhydrides, «c)

car boxypi C@@J,(Jjéatw@@xg)np;‘ear boxylic esters e) alcohols f) ethers. 4. The
process according to claim3, wherein the nediator is selected from 20 a)

acetic acid, propionic acid and m xtures thereof,
Example 10 of US 6,303,703 was repeated, except that Ghssopal 1000 was used in

place of Amoco H100HR. in a further experiment, the method was modified and the
reaction was stopped after only 1 hour. The resulting polyisobutene epoxides were
15  analyzed by means of 1H NMR spectroscopy. The results are summarized in the table

below.

Analysis Example 10 Comparative example
Reaction time [h] 1 1 5
Olefin content 4.77-4.86 ppm [%] 2 25 0
Olefin content 5.17-5.26 ppm [%] 0 0 1.7
1,2-oxide 2.55-2.59 ppm {%] 90 49 74
2,3-oxide 2.53-2.55 ppm [%] 8 8 8
Aldehyde 8.99-9.01 ppm [%] 0 0 1
Formate 7.98-8.00 ppm [%] 0 0 0
Formate 8.11-8.13 ppm [%] 0 0 0
Alcohol 3.1-4.1 ppm [%] 0 0.1 0.1
7.10-7.25 ppm [%] 0 0 )

*) numerous signals around 7 ppm which could not be assigned



b) acetic anhydride, c) sodiumformate, sodium acetate, d) ethyl acetate,
e) ethanol gopof7@g@nol , 2-propanol 25 f) tetrahydrofuran, dioxane. 5. The
process according to any of the precedig clainms, in which the H202
‘concentration in the aqueous phase is k gt at at least 45% 30 6. The
process according to any of the preceding clains, wherein water is renoved
by azeotropigdistillation during the reaction. 7. The process according to
any of the preceding clains, wherein the agqueous phase is renoved and
concentrated, and the concentrated aqueous phase is 35 contacted again with
an or gani c lphasé prongasifei eppxidizieg ay ebpicomblyunsabaaied dsabdteneolyimarie pol yner .
8. The process @i 4H figahie pRBYe &mprtthghe RBURSG e Poinier is ddHRiREOwWithan
reactiop is perfornmed, at aht era.turF: in t?ff r nﬁ’i of from50 to 75C. 40
0. The Brocess ABHBIE e SNIG, oG ere pmibAs ly Bepdkn PURNE 1 ¢ he
reaction is 0000057074 23 perfornmed at a pressure in the range of from 100
to 600 nbap, absghudipfocetd acddi€ing i@ EIBHS 1 AGISRERItRE ofganRBhadé cbiprigdsesedi ng

ol ot i i ¢ doubl o eiie FEORYF artRate FbrepBroch s 2 hodthall R P, o

the preceding clains, wherein the isobutene polynmer conprises at |east 80%
by wei gt af i sTbetpesessatédding I cldire1 pr 2oeisaeiaco adustistphasayisof t he

precedi ng cl ai i I sl as a nunber-aver age
nmol ecul ar wei gﬂt%"%‘wgrsgér%%g8?%5‘%%‘38’3"?{@9?%@%%@@s according to any of
claims 2 to 12, ahhEREPWIicREidspihesayermiccidsel ect ed from cycl ohexane and
tol uene. 15 14. bTheampoxygiesshedrziesdi ng to any of the preceding cl ains,

wherein the resylti pQXjtsli zed i sobutene polynmer is subjected to one of
t he foI#owi ng re5 ct?g%ﬁ_ as 'reaction with a polythiol or polyanine, b)

conver &% on to af) aFYBAYXE esters
e) alcohols
f) ethers.
4. The process according to claim 3, wherein the mediator is selected from
20 a) acetic acid, propionic acid and mixtures thereof,

b) acetic anhydride,

c) sodium formate, sodium acetate,

d} ethyl acetate,

e) ethanol, 1-propanol, 2-propanol
25 f) tetrahydrofuran, dioxane.

5. The process according to any of the preceding claims, in which the H,O,
concentration in the aqueous phase is kept at at least 45%.

30 6. The process according to any of the preceding claims, wherein water is
removed by azeotropic distillation during the reaction.

7. The process according to any of the preceding claims, wherein the aqueous
phase is removed and concentrated, and the concentrated aqueous phase is
35 contacted again with an organic phase comprising an ethylenically unsaturated
isobutene polymer.

8. The process according to any of the preceding claims, wherein the reaction is
performed at a temperature in the range of from 50 to 75°C.

40
9. The process according to any of the preceding claims, wherein the reaction is



.c) conversion to an al dehyde, conversion of the al dehyde to an oxinme and 20
reduction gf (hﬁﬁoﬂélnE to the amne, d) conversion to an al dehyde,
conver si on o? the al dehyde to a fornmam de and hydrolysis of the fornmam de
'to the amne, e) reaction with a bor ane23 t o give a borate ester and
oxi dative cleavage of the borate ester to the 1,3-diol, 25 f) conversion to
an al dehyde, | , rsion to an
al dehyde, convepéﬁ%ﬁeggﬂgﬁgéﬂiﬁquggxggecyggﬁf?#ﬁgg@éng%}ag%ne%anlne and
reduction of the Schiff base or of the enamne to the amne.

10. The process according to any of the preceding claims, wherein the isobutene

polymer has an average of at least 1.4 olefinic double bonds per molecule.

5
11. The process according to any of the preceding claims, wherein the isobutene
polymer comprises at least 80% by weight of isobutene units.
12. The process according to any of the preceding claims, wherein the isobutene
10 polymer has a number-average molecular weight of from 500 to 50 000.

13. The process according to any of claims 2 to 12, wherein the hydrocarbon is
selected from cyclohexane and toluene.

15 14,  The process according to any of the preceding claims, wherein the resuliing
epoxidized isobutene polymer is subjected to one of the following reactions:
a) reaction with a polythiol or polyamine,
b) conversion to an aldehyde,
¢) conversion to an aldehyde, conversion of the aldehyde to an oxime and
20 reduction of the oxime to the amine,
d) conversion to an aldehyde, conversion of the aldehyde to a formamide and
hydrolysis of the formamide to the amine,
e) reaction with a borane, to give a borate ester and oxidative cleavage of the
borate ester to the 1,3-diol,
25 f)  conversion to an aldehyde, conversion of the aldehyde to an alcohol,
g) conversion to an aldehyde, conversion of the aldehyde to a Schiff base or
an enamine and reduction of the Schiff base or of the enamine to the
amine.



