0000057074 1 Epoxidation of isobutene polyners Description 5 The invention
relates to a process for epoxidizing ethylenically unsaturated isobutene

pol yners. Hopgposaory co- pol yners of isobuyene find various uses, for exanple
for preparing fuel 10 and lubricant additives, as elastoners, as adhesives
or adhesive raw materials, or as a base constituent of seal ant

conposi tions. Polyisobutenes particularly suitable for further processing,
for exanple tqgﬁjve seslant cpﬁpositions or to give adhesives or adhesive
raw mat eri aFBOXIdFHENOf [SORWENE POYMELS hey have two or more reactive end
groups. 15 Epoxy groups are preferred reactive end groups; they can be
reacted in varioys ways wth suitable reactants or be converted to other
functional HP¥ERYOMN t hout specific high- pressure or -tenperature conditions
bei ng reguired. WO 92/ 14806 and US 6, 303, 703 di scl ose a process for
epoxi di zi ng_i sobutene 20 polymers in whjch polyisobutene is initially
charged in ahdipyetionrsigiesta@itrasrssder epeyidizing) ethyieniealyiunsatyeated isaheten® s or
50@6aqueouspawqéggen peroxi de solution and a mneral acid (phosphoric acid
and sulfuric acid) are fed in. After the feeding has ended, the reaction is
conpleted by stirring at 80C for six hours. 25 However, the handling of
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equi | i bri unpketwean -tehperurewoaditions bditg @ggred.c phase, which is additionally
influenced in preferred enbodi nents of the invention by high hydrogen
peroxi de 40 excesses, the wthdrawal of water and/or additional use of

medi at ors. ngyﬂ ég%@r@g gp 6,303,703 disclose a process for epoxidizing isobutene

20  polymers in which polyisobutene is initially charged in a hydrocarbon {(heptane or
xylene) and acetic acid, and 70% or 50% aqueous hydrogen peroxide solution and a
mineral acid (phosphoric acid and sulfuric 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 embodiments of the invention by high hydrogen peroxide
40 excesses, the withdrawal of water and/or additional use of mediators. The presence of



0000057074 2 the aqueous phase is required as a reservoir for the added
formc acid or that forned by deconposition of performc acid, since
excessi vel yoouogs7e®s d concentrations in ghe organi c phase can bring about
undesi red side reactions, especially a rearrangenent of the epoxide forned
to the al dehyde. 5 The isobutene polyner has at | east one ol efinic double
bond, pr ef elhatgayees phase imgquired aha regenainfptheadded fosmitsaad ot that feohertul e of
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The hydroge roxi de excess present over and abpve the anpunt required
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weight, based on 100 parts by weight of isobutene polymer.

Commercial hydrogen peroxide solutions are suitable, especially those having a

25 hydrogen peroxide content of 30 or 50% by weight. The use of mare 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, preferably 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



aqueous phase therefore falls, which constitutes the driving force of the
reaction, and the reaction rate decreases. In preferred enbodi nents, the
H202 concend00d057074i n t he aqueous phase3is therefore kept at at |east 45%
preferably at |east 48% 40 0000057074 3 In a preferred enbodi nent, water is
renmoved during the reaction by azeotropic distillation. To this end, the
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cooling in drops, which fall downward in the tube of the water separator.
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t
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conpri si ng sAlutionipandg; usar| so thatile =8 sencentration in the aqueous phase does not
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,O, 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 agueous 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 subsequent batches or be recycled 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 one another through an elongated
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



30 i sobutene polyner. The term "concentration” shall conprise all neasures
by which the H2Q2concentration in the aqueous phase is increased. In a
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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 f) 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,-Cx,-alkanecarboxylic acid,
C+-Cyq-arylcarboxylic acid or Cg-Caz-aralkyicarboxylic acid, especially a C2-C,-
alkanecarboxylic acid. The aryl radicals may bear substituents, for example one, two or
three halogen atoms, especially chlorine, C4-Cy4-alkyl groups or C4-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



b) carboxylic anhydrides, c) carboxylic salts, d) carboxylic esters e)
al cohols 30 f) ethers. Preference is given to the conbi ned additional use of
a carboxyl i@0905707at her than formc acig and of a carboxylic salt; or of a
carboxylic anhydride and of a carboxylic salt. 35 The carboxylic acid other
than formc acid is typically a C2-C22-al kanecar boxylic acid,
C7- Cl11- ar y| regtigsiadly| drefeered crraengomhicip aceticacidyib $er moshyireferradi hrmisasidaad |y a
C2- C4|- al kaneeatbarylildci @tﬁéﬂh?ﬂ' hﬂm&f%ﬂid ér@djsealtﬁa_sdaln?/ irb@ﬂ«lteigwmrbioﬁé ;Lts@l S, | L olr
exanpl e one,,. , Al _ nms, especially chlorine, - C4- al ky

B CRRL At A b SN
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C8- C22- ar al Kyl'carboxylic acid, especially of a C2-C4- al kanecarboxylic acid.
Acetic ¥Bhhydride is the nost preferred. Fornmic acid and acetic anhydride
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preferrgd. i typically in an anount of 2 to 20% by wei ght based on
t he 15@%%1’%\?”@1‘&%(322 The carboxylic ester is typically a Cl-C8-al kyl ether

of a Cl-C22-al kanecarboxylic acid, Cr7-Cll-arylcarboxylic acid or
C8- C22- ar al Riyd eabbyky bbter Rajslcal@InCLCabky efiier af £1,@:-akakennbanyhexydi ¢ aci d.
Ethyl acet a&?—dfar{;l@?rb%i% a@[deéreffg[@g-'ara}fm&rt%'o%&ﬁic aéi@,eesgg&glrly ofa Cq-Cy-
alkanecarboxylic acid. Ethy! acetate is the most preferred. When used, the ester is
20  used typically in an 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 alcohol is preferably a C4-Cg-alcohol such as ethano!, 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 agueous and organic
phase.

The ethers may be symmetric or unsymmetric di-C;-C; alky! 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 agueous phase. The aqueous

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



20 used typically in an anount of from2 to 20% by volune, in particul ar
from5 to 10% by volune, based on the entirety of aqueous and organic
phase. The gopobmi7ai s preferably a Cl-CBgal cohol such as et hanol,

1- propanol, 2-propanol. When used, the alcohol is used typically in an
amount of from2 to 20% by volune, in 25 particular from5 to 10% by
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35 acid, asUSRETRU4'ESEORat al yst is possible but not preferred. The epoxide
formed is generally a viscous liquid which can be isolated by renoving the
aqueous phqggnlﬁ@,qbgmﬁﬁ@,rsati ng off the azeotroping agent. Preference is given
to washing the organic phase after the renoval of the aqueous phase. The
aqueous 40 phase and the wash water may, if appropriate after concentration
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copol yneri zab nonpers inclu in particular vinylaromatics such as
styrene, Clgréﬁyg?gqgmes'ﬂyrenes

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, allyl, methylvinyl, methallyl, propenyt,
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 cyclopentenyl groups.

In one embodiment, the isobutene polymer is highly reactive polyisobutene. 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



such as a-nethyl styrene, 3- and 4-nethyl styrene, or 4-tert-butyl styrene, and
also isoolefins having from5 to 10 carbon atons such as 2-net hyl but ene- 1,
2 20 met hyl qo@00s7074l, 2- net hyl hexene- 1, ®-ethyl pentene-1, 2-ethyl hexene-1
and 2- propyl heptene-1. The isobutene polynmer generally has a nunber-average
nol ecul ar weight of from500 to 50 000, preferably from 1000 to 10 000, in
particular from 1500 to 5000. 25 The ol efiRically unsaturated group may, for
exanpl e, be aliphatic unsaturated groups hguwing from2 to 6 carbon atons,
such as vinyl, allyl, nmethylvinyl, methally), propenyl, 2-nethylpropenyl,
but enyl, pentenyl, hexenyl; or cyddigme urat ed hydrocarbon radicals such
as cycl opropenyl, cycl obutenyl, cyclopentenyl and cycl ohexenyl. 30
Preference is given to isobutene polyners having termnal allyl, methallyl,

2- met hyl pr; gﬁmﬁlu g%gcg,r%mt | ut ene
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pol yi sobut enes are pol yi sobutenes having a high content of 35 nethylidene

groups, Sgeﬂeibﬁlg}ré!a&if/e %W%obtﬁl@ﬁeggha?_ﬁb%td‘#@dmﬂ plERG i AHLISuterSwiiNE&bat ood to
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repr esent s polyisgbutenssin whishisabutene is poymerizad ib yheopresenneiniberan triftiaride 5

H ghly reacirdvé mcxiag@b,%amﬁépmemnghgaddaeﬂslame.ﬁ)@iemmmeaiawy.i sobut ene
with boron trifluoride catalysis. EP 322 241 describes a process for

preparing highly reactive polyisobutenes in which isobutene is polynerized
i n t he 1§ esBuitablegioltisntuitenesiare availabile commeeroifilnantbipaadysmoleanldr whights,

pol ymer i zat fopaxPhRe Usidel thetHipRCBRskobAMAHARASH Aktldhgedblisakafe Pol yi sobut enes
are avail able commercially and in various nol ecul ar wei ghts, for exanple,

under the name Gissopal (r) from BASF Aktiengesellschaft. In particularly
preferred elnpadiogiany preferied pmbbdiments, thel isabsiteneamlymerdasraagyetdgeaf at | east

I1_- 4, pref graebél,m.aﬂltpréf@%_ty a&t-lé’ast @Jat,ebliePﬂ\ié ddw@bs?dgw ﬁn&géulérphﬂglalrﬁun&fe% ?L e
| hear nol e es. | C essent | . a erlnkc ou on (0]
ends-or13 e RE kD FRich HsShERy Bt Qefine ATk o bStGUR f tie P Rolbuny o
bonds at t her stateibaped palgmets whigh bave gafinic Hewtiebemnds 3l dhe erdasofdbemslecpleepar ed

by processes which are described in US 4,946, 889, US 4, 327,201, US

5,169,914, g&hﬁégoou(?en?eSgdlyrggfs'A&%%Se p?eﬁ:?’::irec?1 EQ praolcggses 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 comprehensively in J.P. Kennedy, B. Ivan, “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.

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

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



20 conmprehensively in J.P. Kennedy, B. Ivan, "Designed Polyners by

Car bocationic Macronol ecul ar Engi neering”, Oxford University Press, New
Yor k, 1991.000b05707dobut ene pol yners are @repared by living cationic

pol yneri zation of isobutene. The initiator systemused conprises generally
a Lewis acid and an "initiator", i.e. an organic conpound having a readily
substitutable | eaving group which forns a carbocation or a 25 cationogenic
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inthe |atter case, polynmer chains growin nore than one direction.
| sobut ene pRYkje@ce ig\gitdh ta initRitrs akhietome lﬂmcb@mi?maﬁ hetheljepérabfdmhila F@r i ous
ways. It is possible to start fromolefinically unsaturated inifer
nol ecul es. In order to obtain 35 pol yi sobutene nol ecul es having nore than
one ter® nal doubl e bond per nmolecuRe, it is |ikew se possible to introduce
an ol efinic double bond at the di stél chain enfF&@r to couple two or nore
living polymer chains. Both possibipitiyes are explained in detail below
0000057074 8 Alternatively, the stTrti ng materials used are initiator
nol ecul es VY W\%ﬁt an olefinic doubhe bond and the distal chain ends are
termnated 10 TOrm an et hyl enical |y~ unsaturated group, in which case for
exanpl €15 t h¢ r easelecteddioni halegets CarGe-alleny iod OaGstackloay,t er m nati ng reagent
whi ch attaches an ethylenically unsaturated group to the chain ends, or
treated in @ suj onvert the reactive chain ends to such
groups. Prgf eﬁghﬁbggﬁgpe‘gﬂwg%fni tiators in which the functional group has
the general formula FG 10 RL (FG C -x in which RZ 15 X is sel ected from
hal ogen, CIRCs-iamedw crawith Bl otdbe malacylay moietyito whighntlg tigetionalaraeh FSIS and R2 i s
met hyl 26, wi t hodRtledyrforisea GpCecydaatkymngeRYymaypalad be hydrhgerf winert the fusictiamabup  FG
![ﬁ 2? boPded, | f oupFe isBorided &y/an arahislid or didfidicaliZuri¥Biuraié$ earbén &tglr ogen when

e functiona

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  particutar chlorine.

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

3 R
30 R? | 1
<l:-—x R?—CHzCH——(I:—x
RS R* R4
35 -A I-B
R s - —
R CH.‘3 CH3
R" | | |
40 . C—X Rs C CH, C X
R | | |
CH3 L CHS —In CH3



group FGis bonded to an aromatic or olefinically unsaturated carbon atom
The initiators preferably have one, two, three or four, in particular one or
two, and no@M00pT@T4er ably two, functionap groups FG X in formula (FG is
preferably a hal ogen atom in 25 particular chlorine. Preferred initiators
obey, for exanple, the general fornulae I-Ato I-F;. 3 R3 30 R6 CX
R7-CH=CH -CX 14 5RR4 351-AI1-B RIIR3 1 H3iH3 RIO 40 GX R8 CG CH2
CX RS CH3 CH3 n CH3 I~-C1-D Q009057074 9 Cl | H3 1"3 AACCH2-C CH3 ((C X
CHHX k I-EI-F 5 if ich X i defined above; n _and k are each

| ndependently 0, 1, JZ 4 or B |mis 1, 2 or 3, R3, R4 and R10 are
each independentyyh ar H. RS, R6 and R7 eyeach i ndependently
hydr ogen, Cl-C4-al kyl o a TR3R{-X|group in whi }E@ R% and X are each as
defined above; and 1 i s hydppgen, methyl or ah X¥@roup; and RO and R11
are each hydrogen orXan X group; # 20 Ais an ethylenically unsaturated
hydrocarbon radi cal watch has a vinyl group or a |f

5 inwhich X is as defined above;
n and k are each independently 0, 1, 2, 3, 4 or 5;

m is1,2o0r3;

10
R® R*and R' are each independently hydrogen or methyi;
R®, R®and R’ are each independently hydrogen, C,-C,-alkyl or a CR*R*-X group in
which R®, R* and X are each as defined above; and
15

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

20 A s 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 C4-C,4-alkyl or a CR®R*-X group. Preferred compounds [-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-chloro-2-propyl)benzene (1,3-dicumyl chloride,
1,3-DCC).
30
Examples of compounds of the formula |-B are ally! chioride, methallyl chloride, 2-
chloro-2-methylbutene-2 and 2,5-dichloro-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. Exampies of compounds of the
general formula 1-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-bromoethyl)-
3-bromocyclohexane and 1-(1-bromoethyl)-4-bromocyclohexane.



cycl oal kenyl group. In the formulae 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
i S arrangedddoo0sToydpara- or neta-positid@ to the 25 CR3R4X group,
especially when R5 is hydrogen. It may al so be in the neta-position when the
R5 group is Cl-C4-al kyl or a CR3R4-X group. Preferred conpounds |I-A are, for
exanpl e: 2-chl oro- 2- phenyl propane and 1, 4-bi s(2-chl oro-2-propyl)-benzene

(1, 4- di cuhondiiherdotigpoundsteREFormulall-3- ;béfeééiwem given & sl wHicRERe

1, 3-d I
B ar L%Wﬂ?@#ﬁ%@?&e‘ek@%ﬁ‘}?%? o 5 AR Fpothet ATRE YBAaABEnhE AR 2
2, 5-di chl or tﬁ%ﬁﬁ%@(@dﬁpﬁmcp'ﬁr?I'?EIOSG%@Uh‘H ennEO0R3 is preferably
methyl. 5RO is preferabl y an X group, and in 35 particular hal ogen,
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Among the ¢ rrpou orrru pre ere cels gi'ven to those in
which R is a net hyI group. Preference is also given to the conpounds of
t he gener al A fsopreferably a Eadical ofuhedbrnitBae A.1aA.20rgk.Bup and in particular a

hal ogen atomwhen n > 0. 5 In conmpounds I-E, Ais a hydrocarbon radi cal
havi ng generally from2 to 21 carbon atons which either has a vinyl group
(CH2=CH) or a C5-C8-c IoaI nyl radical, e.g. cyclopenten-3-yl,

cycl opent en- 4- yI cycl é xen- -yI , cycl ohexen-4-yl, cycl ohepten-3-yl,

cycl ohepy en |, cyclogeten-4-yl or cycloocten-5-yl. 10 A
formul ae % -C4CHi),AC8, Il 3 15 //~CH2) m
m n

is pr ef er abI |of
CCH2 r | CH2 C(CH3)2 EH33nn
n

20 A1

A2
[C(CH3)2-CH2;|H—

25
A3
(CH,),
in which
m is0orf,
30 n is an integer from 0 to 3, in particular 0, 1 or 2, and
p isQor1.

in compounds | where A = A2, mis 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-(cyclopenten-3-yl)propane, 2-chloro-2-methyl-
40  4-(cyclohexen-4-yl)pentane and 2-chloro-2-(1-methylcyclohexen-4-yl)propene.

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



20 A1 A2 [CCH3)2 CH2 In 25 A3 (CH3) Pin which misOorl; 30 nis an
Integer fromO to 3, in particular O, 1 or 2, and p isOorl. In conpounds I
where A = Aodoos7ora preferably 1. 35 Inqqonmpounds | where A = A3, nis
preferably 0. p is preferably 1. Exanples of initiator conpounds | are:

2- chl or o- 2- met hyl but ene- 3, 2-chl or o-2- net hyl pent ene-4, 2-chloro-2, 4, 4-

t ri met hyl hekerigitistorusseld ave ;mdze pmfmbwmmyumdmnh@fwmugal HA pmd)marmticular

ggm 8:8 3 Ibtyi-chllf}% ﬂp(&p\ﬁxbaﬁgﬁé i1, 4-avduhRe Eﬁlé\ﬂfe é}ﬂﬂDCC) or 1,3-is(2-chioro-
2o o0 2 By RSN | RS e Z?ﬂ??@%) ya@'%%faﬁ?{aﬂ%?'ag aver B 'hn

1. A pref ert.édictiorypehioridenf the formula I-F is 3-chlorocycl opent ene.
0000057@74 11 The initiators used are nore preferably conmpounds of the

formula ! - A théhdyE. R RbtorsTar B3R b e PR drelEBRANAY are
(1, 3- di cumpesenpask far@xampte, m@%oqjﬁwsﬁ;u\{% 3I97 437 awlie ﬂ%ﬁﬁ@n@] wﬁmt 0

1, 4- di cunyl| applitatiohd®32885d& above-descri bed initiators and processes for
their preparation are known and are described, for exanple, in WO 02/48215,

10 031 O s b b oL S ARG T BB RS bt A2
vacant or bi \tm;lantfmbstairforeaneaiecrtmm REd BuctStarhpatodp atanidevarte thossvakilled in these
agi '4' §g7i 20 pld #6m PFRRYBedy QtrBI~}5gU JEP&E‘GS*Q’ |83 43b7, 200, US 4, 9?\'6 889, |
in P Ken%a%%% %SE&?%&%%BDEE-Q%@S@%avfﬂrgpgﬂpmhee%mﬂ Bloqouy ghensivelv
Macr onol eculvam, “BagignekPoiygers iIgxCanbdcat®nlgMawomplegulPr Esginedding”, axferd 1991.
They arf; gepfiésty PRRs AW Y oK, 50 atRY8Fe generally selected from halogen
compounds of titanium, of tin, of aluminum, of vanadium, or of iron, and the halides of
boron. Preference is given to the chlorides and, in the case of aluminum, also to the
monoalkylaluminum dichlorides and the dialkylaluminum chlorides. Preferred Lewis
acids are titanium tetrachloride, boron trichloride, boron trifluoride, tin tetrachloride,
20  aluminum trichloride, vanadium pentachloride, iron trichloride, alkylaluminum
dichlorides and dialkylaluminum chlorides. Particularly preferred Lewis acids are
titanium tetrachloride, boron trichloride and ethylaluminum dichloride and in particular
titanium tetrachloride. Alternatively, a mixture of at least two Lewis acids may also be
used, for example boron trichloride in a mixture with titanium tetrachloride.
25
it has heen 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, dichloromethaneftoluene,

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.
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doubl e bond at the distal chain end, the reactive chain end is reacted with
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25  Suitable coupling agents have, for example, at least two electrofugic leaving groups, for
example trialkylsilyl 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 on in
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 ancther 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



pol ymeri zation with the introduction of an allyl radical at the polyner
chain end; cf. EP 264 214. In a further enbodi nent, the reactive chain end

i s reacted gggobsPo7@onj ugat ed diene 15 suach as butadi ene (cf. DE-A 40 25
961) or an unconjugated di ene such as 1,9- decadi ene or an al kenyl oxystyrene

such as p-hexenyl oxystyrene (cf. JP-A-4-288309). |In a further enbodi nent,
addition of a coupling agent resul i n coupgtimg of two or nore |iving

pol ymer chai ns. "Coupling" neans ﬁe Qr {fonipf chem cal bonds between the
20 reactive chain ends, so that t r nore ymer chains are joined to

forma nolecule. The nol ecul es obtained by coupling are symretri c,

tel echel bic or star-shaped nolecules having groups of the initiator, for
exanpl e, cycl opentenyl groups, at the nolecule ends or the ends of the
branches of the star-shaped ul e. ui t abl ¢/ cgupl i ng agents have, for
exanpl e, at least two electrQZE;ie— I n for exanple

trial kylsilyl groups, arrangedGn the alQy) positi®@n to the sane doubl e bond
or different double bonds, so that the cationic site of one reactive chain
end can add on in a concerted reaction with elimnation of the |eaving
group and shifting of the double bond. O her coupling agents have at |east
one conj ugahadicy ise@y-Cigealkhéreh pteferablytmethylene36r 2 24peopainediyl eact i ve chain end
can add el ectrophilically to forma stabilized cation. Elimnation of a

| eavi ng groliip, GamposRasPadEngat igagitye dialkyisiygroupsdn the aly pesitiost sueheas on of

t he conj ugat edbigitriakeRilylinBthgl)sthpBhés, @ andbit@irh&By BBIMERY)&hdkRe, of Pl urality
of these conjugated systens nay be joined to one another by inert spacers.
35 The suitable coupling agents include: (i) conpounds which have at | east
two 5- menbepisiiriaisylsiyberapeny]bearensg, €.9. het er oat om sel ect ed from oxygen

sul fur gnd nitrogen, for exanple organic conpounds which have at |east two
furan rings, such as 40 00000yt 13 Q Qin wiichlaeR i's Cl- Clo-al kyl ene,
preferably methyl ene or 2,2-propanédiyl; 5 ({f) compounds having at | east
two trial kylsilyl groups in the allyl positio such as

1,1-bis(trial kyl silylnmethyl)ethyl egre ¢
1, 1-bis(trimethylsilyl nmethyl)ethyl ene,
bi s[ (trial kyl silyl)propenyl]benzenes,

(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.

THZ CH, ﬁHz
A A
CH,

14
C

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, Macromolecules 2000, 33, 730-733; R. Faust, S.
Hadjikyriacou, Macromolecules 1999, 32, 6393-6399; R. Faust, S. Hadjikyriacou,

C



Me3Si SiMe3 (in which Me is nethyl), (iii) conpounds having at |east two
vi nyl i dene groups arranged in conjugation to in 15 each case two aronmatic
rings, suchoopsob7oydi phenyl et hyl enes, g9. H2 CH3 ~(H2 H-0-C C --a H CH3
14 HRCH3 2\ / \ CH3 -() HC-OCGC\ CH3 20 A description of suitable
coupling agents can be found in the follow ng references; the coupling
reacti on cdrolya. Balk 1689 43uf2hN28,dydmisly Yt Bae Hdasremotecoles 1888,c30, h88 R.here: R

Eggjsf kyI‘SI a';béﬂst,‘W'Ba@PMFlgroh%&l@é' 1399,' L 2%@@%% é-ﬁ@rey?l@gg ié,ﬁl?scglﬁn%ﬂ:ﬁf'éﬁﬁnts S.

Hadj i Kyr i acﬁ#‘?’ %@%8%7%@%@n98%%836%9@@3§§:9% P-%128; R Faust, V.
Bae, Macronol ecul es 1997, 30, 198; R  Faust, Y. Bae, Macronol ecul es 1998,
31, 248G R‘he%d%ﬁr)/g%is%ﬂma% effedty AR thE ?%éh&?é"fa LEVAS aciddsuitdBle 14k acids
W99/ 24480;bUS t’?f 6 El an?l Léf 5 9€§1, 85, tﬁ Thgt clou% nﬂﬁhs &en rah_l y

ef fected i PETEIBPRYBIKRLBASE REGeg 1 FAY oWt ing agiva! RO perzatioy@aci) 18™ t hose
whi ch can agasky dsitthesedipting reaction, the santesdeinteadndgiempesatureatasane nestioi on. To
carry out thaerncRdMe feud pakyefPaticntBadRRRIre Ay Qlitabie MbptspfRRIR e €S as are
used to carr I.out t@e ct "rt'?al E{Old%/ﬁ“ zation reaftlo#gE gﬁe all so.%ﬂ.l t abl e.
Appr opri at e‘f%ﬁl)'?%i\an SE?ECPrP § RLIP% UL AR A NG ARLTGRGHON tPrdRg Pal¥mErization 5ot
reacti ol afneectianie theo$arnesolventirthe Yesenae of ibn Liewis dnid ssatkfosthievent in the
presence ofpcg fz@nbs acid used for the polynerization. Subsequent
reactions 15 The epoxi de obtai ned by the process according to the invention
can be converted further in various ways. The epoxi de can be reacted wth,
f or exanpl eSuliseiog¢rd reactipn$ mary or secondary amines to obtain, inter alia,
gl ycol thioethers and am nes.

15  The epoxide obtained by the process according to the invention can be converted
further in various ways.

The epoxide can be reacted with, for example, thiols or primary or secondary amines to
obtain, inter alia, glycol thioethers and amines.

20
Reaction of an isobutene polymer which, on average, has at least 1.4, preferably at
least 1.8, epoxy groups per molecule with polyols or especially polythiols, such as
trimethylolpropane tris(3-mercaptopropionate) 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 aluminosilicates, 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 In a possible embodiment the epoxidized isobutene polymer is converted to an
aldehyde and the aldehyde is converted to an alcohol.

In a further possible embodiment, the eoxidized isobutene polymer is converted to an
aldehyde, the aldehyde is converted to a Schiff base or an enamine, and the Schiff
40 base or the enamine is reduced to an amine.



20 Reaction of an isobutene polynmer which, on average, has at |east 1.4,
preferably at |east 1.8, epoxy groups per nolecule with polyols or

especi al | y (090957074l s, such as trinmethyhgl propane
tris(3-mercaptopropionate) or pentaerythrityl tetrakis(3-

mer capt opr opi onate), or polyam nes, such as diethylenetriamne, affords

net wor ks 25 hﬂrﬁ"é&hﬂ?@%@?&ﬁﬂ\é@’@ﬁ'd@ apning with arwapriaer a4 'ﬂ@%ﬁ@l‘"‘@aﬁi‘ﬂ i
properti es.imine canfvecteducers] espersaty datalytic@pdydmyenated, ©ahx athknd. Sultssé r anged to

the al dehyqg J}gb&?}wes“a{i‘g fgﬁf%ﬁtﬁe J@Eg{l&ﬁ%ﬁ%ﬁai Hﬂrﬁ%lhﬂ]@ﬁngie)é% tr?arPXe means of

alun1n05|llcat aci ds such
as al um nurﬁ"@#’y?F%"%@I”@st“(r@e@Weﬁ'Wl'ﬁFeHPWB@ trigimdethyeoe) era&ﬁi‘?is such as
sul furi & adetlactiylenepettdmide, pentdethylenehezamiae sebyléredidming] ng material  for

oscri 'bidpr@?ﬁ%xg'eFPﬂ'amWP'fﬁéfﬂiﬂ'"" PRTBHSISIE P27 o gani kun 2ot

ed. 1999, ing, algyl=subgitbied oxrma- and pph ?W BmipRd by reference. 35
In a p033|ble enbodlnent t he epoxi di zed |sobutene polymer is converted to an
al dehyde and the al dehyde is converted to an alcohol. In a further possible

enbodi nent, the eoxidi zed i sobutene polynmer is converted to an al dehyde,

t he aldﬁhyde is converted to a Schiff base or an enam ne, and the Schiff 40
base or the enamine is reduced to an am ne. 0000057074 14a The al dehyde can
be converted to an imne with ammonia or a primary amne, and the imne can
be reduced, especially catalytically hydrogenated, to the amne. Suitable
primary am nes are, for exanple, diethylenetriam ne,

di (net hyl ethyl ene)triam ne, triethylenetetran ne,

tri(nmetyryl ethylene)tetramne, tri(ethylethylene)tetramne, 5

tetraet hyl enepent am ne, pent aet hyl enehexam ne, ethyl enedi am ne,
hexanet hyl enedi am ne, o-phenyl enedi am ne, m phenyl enedi am ne, p-

phenyl enedi am ne, al kyl -substituted o-, m and p-phenyl enedi am ne, 10 15

20 25 30 35 40

20
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0000057074 15 di net hyl am nonet hyl am ne, di net hyl am noet hyl am ne,

di nmet hyl am nopr opyl am ne, di net hyl am nobut yl am ne,

di met hyl am ooobestoridam ne, di et hyl am nomgighyl am ne, di et hyl am nopr opyl am ne,
di et hyl am noanyl am ne, di propyl am nopropyl am ne,

met hyl propyl am noanyl am ne, propyl butyl am noet hyl am ne,

di net hyl enetimgthyiaminametbylawiney disratiollaminbethylaming, direethylamingarsdpyiamine, and

pol yal ky|d”?iirhﬂl’@!&ﬂﬁﬁbdl.ﬂtﬂ@ninEh@in’fe&ﬁMHlﬁiﬁﬁllepﬂflaﬁlihé,_ diémgi@mn%tfmamh%, Fri mlar y
am ne an [ ion_ of. r ng imn . a Il sobut enyl am ne
I s descri be%gtpﬂx%%gg?ﬁ%@g%' %E‘Q%mlngg%ﬁfam%‘ H%?_’%&%ﬁ'ﬁgﬁmgg'ax?n&erence. 10
The al dehydeetbdpropylssinanadgioiae: erapylbutdiamiidethylareing dimethylengtsiantibiced to t he

ani ne. 5ApQh@tﬂvlbﬁédibr)ﬂ,indjlpdlyme)ﬂ(i%ﬂeﬁﬁilind,\/@indfﬂaoiyaIKQIHthMahN’In@.eIHerr%bbtﬁnn9 a

hydr oxyl a ' (P 7 I . ' {. |. dehyde
to g ve tnelon ReeMhstwisl e bRy e A PRIMBIEBELR b B hedercn o
t he ami ne. TPYiRgRIteyanaine dndessribgd @dN@cBOl‘eﬁOZ;?,uwhla'bFSJUﬁ/seInp@rpatatﬁ b¥and
pressure i netdigngar esence of a hydrogenation catal yst. 15 Suitable catal ysts
are, for exanple Raney nickel, nickel on kieselguhr, copper chromte,

pl ati num on_car bon, palladiumon carbon and the |ike. The reaction is

descri béd, Fhe-aldehydmsre alse hesanvete! tea® qiime andshe gxime redéesddetha amingy

][ef erence. _A;ﬁbr@prfaw{,h@ﬁrdklyﬁhﬁrﬁé,%i@f\’b@diaﬂ%ﬂtby riel@akdistea e okBaramariehi €d to a
ormam de iJ),a. : r e r-eac :

vari ous rea%('ath'tss"%gtrj'eﬁgéwg%ﬁy%?ﬁ}ﬁ%her%gtnslﬁ% tpgra E‘r%b g&%g’ “Irmg%gr%%érﬁe.' @%eog(*ngé]rmm de

can t hen beS&mneducsd hyccatalyticrhydeogepation tates gxine. TheBygrpaeratios issefasipd

tsui tably beatrs@ltét?é tepebetbture shd preesuty i belpredehee ata flycﬂbgermidﬁrcataﬁjsy el eva}1 ed
enper I €a, ; n S ; Qi et .such as

tri capr it vi Tk SRS ale i Vel AR, RsREror AERIGRY cebBoinfahig 2 S

in US 6, 303pI70Binwan earbps, gallpdiym encearben andcihe e ridedeaction.is tarcriepdipide can

addi ti onal | yxab@lEpnyS 61384, 700 vehich D alllyiissobstratey lby kefdrgiicepanedi ol by reaction

wi th a borane and subsequent oxidative cleavage of the ester forned, as

il lustrated bel ow. 30 0000057074 16 62H6 BH1 n n O H2O2 CH
In a further preferred embodiment, the aldehyde is converted to a formamide in a

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



n OH Suitable boranes are, for exanple, diborane (B2H6) and al kyl - and

aryl boranes RBH2 (R = alkyl or aryl). It is famliar to the person skilled
in the art 000005B0Mh boranes can al so 5qge prepared in situ froma

bor ohydri de and an acid, usually BF3 etherate. The reaction wth the borane
is effected suitably in a borane-coordinating solvent. Exanples thereof are
open-chain ethers such as dialkyl ethers, diaryl ethers or al kyl aryl

ethers, and cygl such as tetrahydrofurla i gpg, but
solvents such a al so
suitabl e. The_ e be|ef fected,

for exanple, gen peroxide in the @ base with
heating to, for exanple, fromb50 to 75C. Suitable solvents for this purpose
are ethers or mxtures of ethers and hydrocarbons. The conversion of the
epoxi de to a 2-polyisobutenyl-1, 3-propanedi ol is described, for 15 exanple
in EP-A-0737662, which is hereby fully incorporated by reference. Networks
| sobut ene polymers with isocyanate-reactive groups, such as hydroxyl groups,
20 nercapto groups or ami no groups, n be reacted h7i socyanat e
crosslinkers to give networks. TerH? ani_no grioups jcan be Brerted with
phosgene to isocyanate groups which cannot Te erted am no
groups. A crosslinker is, for exanple, a difuncti
hi gher-functionality isocyanate which is 25 preferably selecteé”?rom

di i socyanates, the biurets and cyanurates of diisocyanates, and also the
adducts of diisocyanates to polyols. Suitable diisocyanates have generally

from4 to Z&I@aebaq? 4B fo Q%n%lé%@ﬁ@{&% 8)%% éum'aﬁ-eﬂérymar%hsgfa%ﬁ from

al i phati c, atlca ar ona
1, 4-dii socyﬁﬁ%l’(%@fyé)ﬂg is tangiliar 4o thepeyeanskiied iuthe art that such boranes can also
6-di i ﬁocyhmm’epar%dm ditu fromeat by bhekideand an Geid) uamwaﬁ@éme%té Phe3Baction

1,
e Y s b A LA e A
4
1-

6
, 4" - bi s(i s%feyaﬁamcawaﬂaﬁﬁ%ﬁm%@!ﬁ'&ﬂ@t qr%c%mr%mrsm Akylcard piers, gnd

i soc?/aniatu:yc[ib Shérst sucheddtgtralbdrefacaypandibdivkdng, blymclﬂmmh asZoKlenea,nd
2,6-t 0
14 bf’s”y o‘gcg%éa'%o%%‘%‘p %ﬁﬂe N %“{ggﬁgﬂ"’wﬁy.‘?&?&?ﬁﬁ ?J?%%%@q% B4 ane.
prefera e d.Jfipkeanba-eff xamplegby BEBRHPIIH rceaqnmwﬁamé € and
m xt ures t hﬁesmfce dPaebfaee mu manmonﬁbs example] fsem SD¢o 76iGarBuitablesoReatsiiorur et s
of aliphat 'tﬁhgidfc%%ya?@@fh%ﬁs or'm éé‘&f‘éfhér?%n&)ﬁ?ﬂ%%rb@ﬁs Particul arly

S e the

preferred co ar i socyanurate and Iruret of isophorone

The conversion of the epoxide to a 2-polyisobutenyl-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 crosslinkers to give
networks. Terminal amino groups can be converted with phosgene to 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 diisocyanates 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-



| socyanate, and the isocyanurate and the biuret of 1, 6-diisocyanatohexane.
Exanpl es of adducts of diisocyanates to polyols are the adducts of the
abovenent i d@O008707di | socyanates to gl ycdrol, trinethyl ol ethane and

trinmet hyl ol pr opane, for exanple the adduct of toluylene diisocyanates to
trimethyl ol ane, or the adducts of 1,6- diisocyanatohexane or isophorone
di i socyanat m[e vicyeinbexapept dphisdsosnanatecyglopestimethaney isgpbenae giisocyanate
regct Ih on bekweigscyiahato- 38 Sytemattyt-5 sl anatorpéthypycisiexah®, 2s0and eBtolficpe! ylrrer
and the isq g he -exanpl e,
) S ARG DI el 00 b lrend 10V 0 o B o1
ani nes such! §nzqr\eié{ﬁ;q"a?ﬁmeamﬁﬁpem@ﬂa@éﬂe PT#@E@%{%/Q -diisenyanatobexased i n an
anount & farisdghobortecdiisdéyatate, ahdamdures thdneofVRieBitteddonigirinds esmbrisdee. 20

The cross| ':%'éh“u%t DR i %Q(refsa:ff a'ﬁ&ha%%é&ﬁfykﬁﬂ ?yes}ﬂé‘&éﬁ X}ﬂetcg@er%’tQSt onal ity of

the polyis ﬁ/ana Fari t he
hydr oxyl -t €f %@ré/opreﬁeérss&pmﬁeuw Yhdhe 'sewanyr%anq tf@rm{lrpyofugqnh@rone
monof unct i asedyanatepanitie isceastirse dndvhe Biurdt 0 ¢ yBrtitdoey ariatohEkans UBiangse

nonohydric gl Ydr r | . 25 The

I nvention |§a%ﬁp(3§t%frd' sgféy ?é(?%?o[%%é ? exaﬁ% oegﬂmﬁagkn%%%\% Exampl e 1:
Pr epar atd orF"@PCVﬁBFVFié%SUP%Wb trg*oetqulgle hapg@pd HEBRthyIplRegpang. fpp pXaMele hoppi ng
funnel w t hadaiuesssfuslaylengdiisoz panatettodriletylopeopatiepbrethe addudds i ng- t ube had

been attac hcgﬁg(}l_@ﬁ?iﬁﬂb ér%l éryicgﬁ!%ﬁg@qus O%ngtqu' tr%pym)l)%gg\%esgf(ﬂgr gm(éer&nd as an

I ndi cat or, Ine ( ene ondensed
into the dropping funnel and the contents of the dropping funnel were
enptied i ntDo adreldratathe reActiot betgecnii® iscaydnate-rasltivs gt‘dl@:sfﬁfmalé@oul\érté"l a

[ uti t
E(r)O\l/JvnI col or? @ﬁ%urre&héil%génawg']%géépﬁhé%rc;\églk’ﬁ(?r%&%ﬁ cmﬂystsﬁﬂ}r ehar% p??\gl "
funnel wi t AiBytWER dilauralgutn(ly estoatgdl 4-diaxabicyde2 2odpeane il aav%wch @§e had
been at t acheidthaiachivg) intdy bsassedoTneszt £+d typicallh esdd insn arhdurs lof frord 18°¢d osabl e

pi pe connecjq: élb\tgﬁéd%mﬁé@#b %%g ke 1, 3-dicunyl chloride 40 (43.6 g).

The contents rst wer e ea ed mhlle gently cooling the second
flask, so that the contents of the first flask distilled over into the
second Zd askhe €08KK0kING déndify caRit@gontroliet byosdywing thacfulctioAdlitg bf thes added in the

et onel dr yP Y ScH e e Byl Bhe BoivsBoRbbldin i ERTdtde 10 LG
after a redéehusena petemer osby additionade teing W”P@“Gtﬂj’)al compounds reactive toward
isocyanate groups, such as monechydric alcohols, for example ethylhexanol or
propylheptanol.
25
The invention is illustrated in detail by the examples which follow.

Example 1: Preparation of polyisobutene

30 A1 |lfour-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). !sobutene (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 mi), 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
flask, so that the contents of the first flask distilled over into the second flask.



5 The resulting brown precipitate was filtered off; the filtrate was swirled
over alumna (spheres with dianeter 2-3 mm 100 g) for 10 mn. The sol vent
was renoved0p00s7074r educed pressure at Mgom tenperature. 10 The nol ecul ar
wei ght Mh of the resulting polynmer was 2227 (GPC determ nation), the

pol ydi spersity 1.40. The average content of chlorine atons per polyisobutene
nol ecule was 1.9 (determnation by '"H NVR). 100g of the pol ymer thus

obt ai ned Wr%n?hrﬁﬁé%ﬁhdem 1QQ) masqddta@trﬂﬁméaé&tdﬂaera uﬁtﬂ%nrrﬂag
ddﬁ?itfngl and

boiling under re ot
by i e Byrbge 268 chbed syl SineafRslnlise: Tk o T #8s
renoval ofmeans ef@sysnge ph@\gaéteaatreacttmtlmemf SCrhmn (ﬁcgti:rmutulerm@)se was washed

twice wisth 200 Ml of saturated sodium chloride solution, dri ed over sodi um
sul fate an conce e NWVR, . 98% 0 I n_groups
wer e 1 ound VB PRANG Blch Arfam e B8 ngred oird thﬁgﬁsatewea eRd 8! Bualhedn t on 25
200 g of pdrsphe"e%mtbd@meterrﬁ éxemp1® a) foxBomin. The selwentavas, renr®ved underor ni ¢

acid, 62 g relucegrbisur@af @omndmperaguref hydrogen peroxide (50% by wei ght
aqueous solution) were heated to 60Cin a 1 | four-neck flask with heating

bath, stirrer and water separator wth vigorous stirring at 300 nbar, 65 ml
of tol Udne Therrolgrdar weight Mn fof thedeswting relymergwasodid? 7 it edeterminationh rtbe ed out .

Thg P‘hXturepdt‘ﬁﬁs té.@wmb rmeraee.et;efcuﬁttehteéf &brlﬁ§ao%% H&rtdtblﬁédbﬁfef[nﬁgn&h%ulel hour
an e reac ice to room tenperature and

aqueous pha‘g% ﬁg;@%@ Qitbomqﬁ’ ?@W‘ out After 5 min, the aqueous phase was
renoved, and the organic phase was adm xed with 40 m of water and stirred
for 5 mn. 1A0ges the palymer ths at-afarntearweteatswwecihet@ooﬁlfof@étﬂahyarfotteén and urther 5

repeat 21%’ aﬁoatgébgﬁﬁg LBH?P%H@@S@?:E‘@B{D%E&?S?H@ t\éﬁ%hk)xg‘e ﬁlﬁat I gﬁloye nd still

conpri sed aoafmixiog w290 mleaash |0ﬂbeptﬁm dsPpiRPanglandrwated miying@ad rne@! g of
sat urat ed FgGheagoutiphlse afldrel 0ahigaThe olgBAIE PhuSSwES RYISSH BNick With 26D pver

terper at ur coaaested s AP EEE R 2RSSl SEulE RS Bl aR showed
1% ol ef i n (@#rBNRSS.- (4. 6-5.2 ppn) and 98% epoxy groups, of which 97% were
1, 2-epqpg de (2.55-2.59 ppm, and 1 % were 2, 3-epoxide (2.53-2.55 ppm,

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 mi 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 ml 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 agqueous phase was allowed to settle out. After 5 min, the
aqueous phase was removed, and the organic phase was admixed with 40 m| 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).



based on the aromatic proton at 7.4 ppm 5 Exanple 3: Preparation of a

pol yol The epoxide fromexanple 2 was used and the nethod of EP-A 737 662,
exanpl e 1 QA00087@Ndoyed. 10 An COH functit@nal ity of 3.5 was obtai ned, based
on the aromatic proton at 7.4 ppm Exanple 4 Preparation of an al dehyde The

epoxi de from e 1xar‘r&l e 2 was used and the net hod of EP- A 468 966, exanpl e 4c
15 first parite HMNMRsHowedde olefin grups 4. 6152 pRIPLANGIB6Erany GiouR® ofBICAI dehyde
from exanpl 7% wees 1 Qsspdxided?2 155@ mpmny;l and 1%RvéreB ePblide X53VRISE ppm), 20 was

enpl oyed, %Q%Pt“}‘@?“’%gut o d| eggnpl ace of di met hyl am nopropyl ani ne.

Exanple 6: 1 g or polylso xi'de fromexanple 2 was dissolved in 1
m of chloroformand 25 mxed with 150 ng of trinmethyl ol propane

tris(3-rer cenye 8Hreparation ofta poigdlerred to a gl ass dish and heated to 100C
within 1 hour, and, after a further 2 hours, cooled to roomterrperature
The resul ti net work was subj ected to g dynam c chanl cal %m s (DwWA) .

The storage x| fram exrmplg < was\ysed ang t E}?BWQOf -8 7f 6@34?1 {ene

pol yol fromvaxemplogedd was di ssolved in 1 m of toluene and stirred wth 300
ng of Basonat(r) H 100 (predom nantly hexamet hyI ene diisocyanate triner as

t he i socyanur n, then adm xed with 3 of di butyltin
di | aur at%, %b&ﬁ'%%”?tlﬂnﬁmﬁi‘?fasd’l’%snwéﬁﬁe%é‘é‘?%mﬁ Hﬂeme@ HSProfemaur- 4 PPR: sl i ght | y
tacky, transparent network was obtained, which was subjected to dynanmc

mechani cal Shp tish OF SP9qoMael us at 75C was 8 MPa. Exanple 8 40
0000057074 1FM reg%;?iobutene iamne fromexanple 5 was dissolved in 1

m of toluene and stlrred with 200 ng of Basonat(r) H 100 for 1 mn and

pour ed rapi Theepaxtde fwrdbxdmplﬁf?tms dsedrand, thamettodaf IERAA LG8 19668 evachpldhdch was

no | onggy tfﬁ,ﬁﬁ){m Wﬁ@e ge was dried in a vacuumdrying cabinet at 40C

over ni ght sanpl e was then subj ected to dynam c 5 nechani cal anal ysis.

The storage nodulus was 83.5 MPa at roomtenperature, 10 MPa at 75C.
Example 5:Preparation of an amine

The aldehyde from example 4 was used and the method of EP-A 468 966, example 4c,
20  was employed, 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 Example?7

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



Exanpl e 9: Epoxidation in the presence of acetic anhydride 10 12.7 g of
formc acid, 37.9 g of acetic anhydride and 74.8 g of hydrogen peroxide (50%
by wei ght agpoeosmo7dol ution) and 3 g of pdium formate were conbined in a 1 |
four- neck flask with heating bath, stirrer and water separator wth
vigorous stirring and wunder ice cooling, adm xed after 10 mn wth a

sol uti on of1 @2pPpejyiesbutensdiaibafroneexampie 5 waadjsselved imt ml 00toldenefantiol uene and

heated t thQﬁeatwit%Zz@orm@bf Eéé&hia? 9 ?Enyrtﬁgﬁn A ;t%ijr@éj rédidiy %&seﬁshagﬁertl@l lg ff
agueous phase Wwer S ar Qul, . I Nn manut e e aguequs, dl st ate
was renoved and ngﬁ\é?rfgzpaghgaﬁin sW'P"\éYEVE? aa?anq%ta{:hyesl’@gb@}ignerﬁas gﬂ?&ﬂﬁe was
al | oned to vasHen drying Rabkinettat 01 avernigst iThe isagpleovasithep gubjgetad theynasiet i on

i Xt ur e snasmesHanfAl Whdlysis. Thelstorbde Madulll Ha8 83SMPa BhARM mgae?éthﬁéwed to
settle out. Etg%rt\i,.g" n the aqueous phase was renoved, and the organic

phase was a th 20 300 mM of water and stirred for 5 mn. After 5
mn, the stirrer was switched off and, after a further 5 mn, the agueous

phase was rexEmRélo: EftRidaBshintte pRSeAtd 6MaceBs ankiydpgat ed twi ce. The organic
phase was renoved and dried over sodiumsulfate, and a sanple was

concentrated to dryness under reduced pressure (2 nbar) at room

t enper atlur e12.29 of frsmic 3¢idNAR. S0 oheeetio .asgyctsidefeind 7¢r8oq pEhydaogenmengxidend0%0 %o
Spgxy grogpﬁyw@i hMﬁztiu%Bus 8810%ioMs afd 3%@5@?&@&%%@@&@@% aﬂdtf&u% wer e .

, O- €POXI de . - 2. a . m or_al.denyde. asea .on e aromatli C
oot on ot repsk R ReBBiBna Miretait PR SinaPupPYl Fogidis Sl abdo 5 of

d i ssopal 1@8ler [cgicgrling, pdmied\atep HP Jiinswithiasakitional 2220w of naysybuteredram  of

t ol uene, %ge?hﬂ@n &hg 1E9inﬂof &ﬁh@eqnﬁa:{e_atémegicﬂaﬁm rﬁga:?mmén Byslnaagn .

per oxi 0 | ueqQu olLutlon) were aL e Q. .Nn . .a

Pour neic. roathSipliRhaahy M S daneslspnadh hettpaiiah Bit wihup A miflids, fod,

vi gor ous st aqueprgdistilldgwagtemovesangiibe duaneovasggeydieshintastbe biatch. Whe ch was

{ ecogni tzabl Rixtte Wag aﬂ&ﬂ%&ftﬁ@ﬁ%ﬁhdm’&b at e?niozmgmgn éﬁr?i]ffg fo’i? HEuRdhE the @B&j{ongat ht |
enperature s |Lngcre ) wat er _ .\\as e atea out an
e m <t ur STSRTe WS CBRRE et T Shpfl eflls Mlaskiia aien 3T SHERT ool e
with ice, aAftgrdrminghe 2a0equs phase viageeraovesk andithgauiganiel phage wispiedbuzedhwikes

wer e al2pwesbd @I lvaenaidpdtiere8Ur 5 Mirl. AfteP5 Fii thd BiRrR MR UWICRERSR akdSftBl ) was
renoved, and ter and stirred

For 5o n S SR Ihe apBRERoEes iSSR0 HS wathiEd oferalfhfes s and.
af ter a f urreneateg twice, Thesorganie phasfuwatirenpivyad @ndidried peerpediim 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 ml 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 ml of toluene were added and the aqueous phases were allowed to

40 separate out. After 5 min, the aqueous 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



The organi ¢ phase had an acid nunber of 2 and still conprised about 10 ppm
of peroxide, which were destroyed by adding 30 g of saturated FeCl2

sol ution. Tgoe00s7arani c phase was renovedqand dried over sodiumsulfate, and
a sanple was 5 concentrated to dryness under reduced pressure (2 nbar) at
roomtenperature. The resulting polyi sobutene epoxi de was anal yzed by neans
of 1 H NVR wgseswitched off ynd, after afehartSomiar 46 suinhaquepes phase Weretrambeedel ow. 10

Conpar at i Veraxagaie Ea@ﬂpéoearma@hurwser%f&%d?&iﬁc ri§PSFEUR 40 pBMCaPt t hat

d issopal 1000 | rt h experl ment ,

t he met hod Rﬁé%x%q% ‘ﬁergrgﬁs{g%d%ye%gﬁ @9\5& ag‘frgkgd%cgﬁcg?tm& €1 hour. The
resul ting mgmlspm@ epwvied @sd waed ous saduw&léfdtmynm@ampdﬂwas H NMVR

spect r 0$CopbncditfutéPRUr FesdUPdEEIBEdZHREsduRe tmbaam ﬂaonb@mwat&réal ysis
Exanpl e 10 Conparative exanple Reaction time [h] A'efin content
4.77-4.86 ppm[9%9 2 25 O Geflncontent517526 m[% 0017

1, 2- oxi de ZltEOesulti ppysfgterseprsidpwasarglyaed by nzeaasomaa\lwarsp[aeqosso@/.s

Al dehyde 8. sk 188Uk MarRedinline EIBGw.  98.8.00 ppm [% 0 0 0 Formte
8.11-8.13 ppm[%4 O O O Alcohol 3.1-4.1 ppm[% 0 0.1 0.1 7.10-7.25 ppm
[ 0 O *) *) numerous signals around 7 ppm which could not be assigned 22
d ai ns 10. /ACemparetive #x@mpieoxi di zi ng an et hyl enical |y unsaturated i sobutene
polymer, in which an organic phase conprising the isobutene polyner is

tacted with wh hyd

Sor ot do. e 10 8PS T ElBE PR, SRFRULACCIA SR Paf el B imy 't hee
reacti on. 2lacehef Amaecodd 0GR dn difurther expdrinhent,lthe wiathas was medified and thephase
conpri ses %actﬁ‘:'n'v%?étb&pedaéﬂe?lﬁﬁ%%&ﬁ THRER ity POIFSRASROEp RIS Werd

hal ogen%t ed aszeg %y means of Jﬂq 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 2.55-2.58 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



3. The process according to claiml or 2, wherein the aqueous phase al so
conprises at |east one nediator which is selected froma) carboxylic acids
other than formc acid, b) carboxylic anhydrides, 15 c¢) carboxylic salts,
d) carboxylic esters e) alcohols f) et s. 20 4. The process according to
claim3, wherein the nediator is selecteéd from a) acetic acid, propionic
acid and m xtures thereof, b) acetic anhydride, c) sodiumfornmate, sodium
acetate, d}aptdy! acetate, 25 e) ethanol, 1-propanol, 2-propanol f)
tetrahydrof uran, dioxane. 5. The process according to any of the preceding
clainms, in which the H202 concentration in the aqueous phase is kept at at
| east 45% 130 6.A Preeess foc epexidiziog adiatylericalywnebtutdied spkateds pglymieaiins,
wher ei n the aquegish arﬁleagfaﬁid shas8 BB BHsiAG theCiRBBRBhE BbigAer RNEntdiRdaRfCaNt r at ed
aqueous_phase is__ cont a]gqfed again wth _an .or gani %_}_Pgase conpt | si ng an
ethyl enPcal |y urfSLEAISPaFe WRighermALses P ACid sndfTydmgen be s WHEEER ding to
any of the preceoditansceradve bywreobpictdistillatesmcduriog thesreaptiord.or med at a
tenperature in the range of from50 to 75C. 8. The process according to any
of the precgeding..clai s, wherei n tgclla reagtionthis 4Q Berforrred. at a pressure
in the ranée of PGPS A°6°60Y HFa™ b YEP{RTL e P59a18C PhERE CAMRTISES 8¢ cor di ng
to any of the praiipkatichgliaytlit oregromatc Bydrotareon sodiot @ helopehaied hydrasarhnnaver age
of at hkgast 1.4 ol efinic double bonds per nolecule. 10. The process
according to any.of the precedi | ai,nms,., Whereip the isobuten 5 pol yner
Compri ses 2 I cadE APRESECRRPERC SR JOK % MREMUh Me20UeRUs RiRse iR, s
accordi ng to anyoofprisératieast ook medidtal which vehealedted from | sobut ene

a) carboxylic acids other than formic acid,

b} carboxylic anhydrides,

15 c) carboxylic salts,
d) carboxylic esters
e) alcohols
f) ethers.
20 4. The process according to claim 3, wherein the mediator is selected from

a) acetic acid, propionic acid and mixtures thereof,
) acetic anhydride,

) sodium formate, sodium acetate,

} ethyl acetate,

) ethanol, 1-propanol, 2-propanol

) tetrahydrofuran, dioxane.

o O o

25

=t o

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 the aqueous
phase is removed and concentrated, and the concentrated aqueous phase is
contacted again with an organic phase comprising an ethylenically unsaturated
isobutene polymer.

35
7. 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.

8. The process according to any of the preceding claims, wherein the reaction is
40 performed at a pressure in the range of from 100 to 600 mbar absolute.



pol ymer has a nunber-average nol ecul ar weight of from500 to 50 000. 10 12.
The process according to any of clains 2 to 11, wherein the hydrocarbon is
sel ected from cycl ohexane and tol uene. 13. The process according to any of

t he preceding clains, wherein the resultgﬂg epoxi di zed i sobut ene pol yner is
'subj ected to one of the follow ng reacti‘Ohs: 15 a) reaction with a
pol yt hi ol or polyam ne, b) conversion to an al dehyde, c) conversion to an

al dehyde, apnverfldgopled AeoRiAPRM o helllebdiifP Bt whiiP A liphde oxi e

to the anine, d) (fonver5| on toan hﬁe, conver si on e yde to a
formanm de and RPYDRARASAN avemos ¢t fegshhfidRlintarquble andser BPi§Qieti on wit h
a borane, to give a borate ester and oxidative cleavage of the borate ester

to the 1, 3-4h ol , b OF ; ; ' ; ti hyde to
b al copol "ty e pBEREEoRhd 8 B FURTICRINFBKR SpeRidthel Hiofe Y 00

e, ¢ .
Schiff Base or PRy C&Wﬁ%a’dﬁas"ﬁ@gyﬂ@( Y"S'rgﬁb‘f’f IBQRUtERENRIS. hase or of the

enam ne to the am ne.
1. The process according to any of the preceding claims, wherein the isobutene
polymer has a number-average molecular weight of from 500 to 50 000.

10 12 The process according to any of claims 2 to 11, wherein the hydrocarbon is
selected from cycichexane and toluene.

13.  The process according to any of the preceding claims, wherein the resulting
egpoxidized isobutene polymer is subjected to one of the following reactions:
15 a) reaction with a polythiol or polyamine,
b) conversion to an aldehyde,
c} conversion to an aldehyde, conversion of the aldehyde to an oxime and
-reduction of the oxime to the amine,
d)} conversion to an aldehyde, conversion of the aldehyde to a formamide and
20 hydrolysis of the formamide to the amine,
e) reaction with a borane, o give a borate ester and oxidative cleavage of the
borate ester to the 1,3-diol,
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
25 an enamine and reduction of the Schiff base or of the enamine fo the

amine.



