1 Process for preparing high-reactivity 1i sobut ene hono- or copol yners
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20 represents the polyisobutene radical shortened by one isobutene unit. The vinylidene
groups exhibit the highest reactivity, for exampie in the thermal addition onto sterically
demanding reactants such as maleic anhydride, whereas a double bond further foward
the interior of the macromolecules in most cases exhibits lower reactivity, if any, in
functionalization reactions. The uses of high-reactivity polyisobutenes include use as

25  intermediates for preparing additives for lubricants and fuels, as described, for
example, in DE-A 27 02 604.

Such high-reactivity polyisobutenes are obtainable, for example, by the process of
DE-A 27 02 604 by cationic polymerization of isobutene in the liquid phase in the

30 presence of boron trifluoride as a catalyst. A disadvantage here is that the
polyisobutenes obtained have a relatively high polydispersity. The polydispersity is a
measure of the molecular weight distribution of the resulting polymer chains and
corresponds to the quotient of weight-average molecular weight My, and number-
average molecular weight M, (PD] = Mw/Ma).

35
Polyisobutenes with a similarly high proportion of terminal double bonds but with a
narrower molecular weight distribution are, for example, obtainable by the process of
EP-A 145 235, US 5 408 018 and WO 99/64482, the polymerization being effected in
the presence of a deactivated catalyst, for example of a complex of boron frifluoride

40  with alcohols and/or ethers.
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35 compound with at least one ether function or a carboxylic ester function.

CN 101955558 A discloses that iron(lll) chloride is suitable as a coinitiator in the
cationic isobutene polymerization for preparation of high-reactivity polyisobutenes and
copolymers thereof. The initiators recommended are water, phenols, protic acids such

40  as sulfuric acid, tertiary alcohols, tertiary chlorides, tertiary carboxylic esters and
carboxylic acids themselves. The complexing agents mentioned for the systems which
initiate the polymerization are especially alky! ethers.
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In the context of the present invention, the following definitions apply to generically
defined radicals:

35 A Csy-to Cg-alkyl radical is a linear or branched alkyl radical having 1 to 8 carbon
atoms. Examples thereof are methyl, ethyl, n-propyl, isopropyi, n-butyl, 2-butyl,
isobutyl, tert-butyl, pentyl, 1-methylbutyl, 2-methylbuty!, 3-methylbutyl, 2,2-dimethyl-
propyl, 1-ethylpropyl, n-hexyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 1-methylpentyl,
2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl,

40  1,3-dimethylbutyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl,
2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl,
1-ethyl-2-methylpropyl, n-heptyl, n-octyl and the constitutional isomers thereof, such as
2-ethylhexyl. Such C;- to Cs-alkyl radicals may to a small extent also comprise
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sulfonic acid, trichloromethanesulfonic acid and toluenesulfonic acid, or mixtures
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Suitable Lewis acids as a polymerization catalyst or in the complex effective as a

35 polymerization catalyst are in principle all inorganic molecules identified as Lewis acids
by definition, but especially halogen compounds of metals and semi metals of the
Periodic Table of the Elements whose valences are fully satisfied by halogen atoms or
which, in addition to the halogen substituents, also bear one or mare organic carbon
radicals - especially C4- to Cs-alkyl radicals. Useful halogen substituents in these

40  element halides and alkyl element halides here include iodine, bromine and especially
fluorine and in particular chiorine. It is of course also possible to use mixtures of those
element halides or of those alkyl element halides with one another in each case and
also with each other.
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Very particular preference is given to using the preferred sulfonic acid initiators
methanesulfonic acid, trifluoromethanesulfonic acid, trichloromethanesulfonic acid and
toluenesulfonic acid together with the preferred Lewis acids or Lewis acid complexes
40 with BC[a, A|C|3, TEC|4, FeC|2, FeC|3, Zl‘lClz, BFs, AlFa, TiFs4, FeFs, FeFs andfor ZnFs, in
particular methanesulfonic acid together with AlCls, BF3 or FeCls, especially when
Lewis acid complexes which comprise the dihydrocarbyl ethers of the general formula
R'-0O-R2 andfor hydrocarbyl carboxylates of the general formula R3-COOR* specified
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35  octyl ether, ethyl 2-ethylhexyl ether, n-buty! n-octyl ether, n-butyl 2-ethylhexyl ether,
tetrahydrofuran, tetrahydropyran, 1,2-, 1,3- and 1,4-dioxane, dicyclohexyl ether,
diphenyl ether, ditolyl ether, dixylyl ether and dibenzyl ether. Among the dihydrocarbyl
ethers mentioned, di-n-butyl ether and diphenyl ether have been found to be
particularly advantageous here as donors, especially in combination with the Lewis

40  acids BCls, AICI3, TiCls, FeCls, FeCls and ZnCl..

Examples of the hydrocarbyl carboxylates mentioned are methyl formate, ethyl
formate, n-propyl formate, isopropyl formate, n-butyl formate, sec-butyl formate,
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Organic halogen compounds which have two halogen atoms in the molecule and are
suitable as difunctional initiators are, for example, 1,3-bis(1-bromo-1-methylethyl)-
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The molar ratio of the sum of the organic sulfonic acids of the general formula Z-SO3H
used in accordance with the invention and of any further initiators to be used among
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Typical examples of such amines of the general formula R7-NR8R® are methylamine,
ethylamine, n-propylamine, isopropylamine, n-butylamine, tert-butylamine, sec-butyi-
amine, isobutylamine, tert-amylamine, n-hexylamine, n-heptylamine, n-octylamine,
2-ethylhexylamine, cyclopentylamine, cyclohexylamine, aniline, dimethylamine,

40 diethylamine, di-n-propylamine, diisopropylamine, di-n-butylamine, di-tert-butylamine,
di-sec-butylamine, diisobutylamine, di-tert-amylamine, di-n-hexylamine, di-n-heptyl-
amine, di-n-octylamine, di-(2-ethylihexyl)amine, dicyclopentylamine, dicyclohexylamine,
diphenylaming, trimethylamine, triethylamine, tri-n-propylamine, tri-isopropylamine, tri-
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also known as a “b/b” stream. Further suitable isobutenic C4 hydrocarbon streams are,
for example, the product stream of a propylene-isobutane cooxidation or the product
stream from a metathesis unit, which are generally used after customary purification
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It is also possible to convert monomer mixtures of isobutene or of the isobutenic

hydrocarbon mixture with olefinically unsaturated monomers copolymerizable with
isobutene. When monomer mixtures of isobutene are to be copolymerized with suitable
comonomers, the monomer mixture preferably comprises at least 5% by weight, more

35  preferably at least 10% by weight and especially at least 20% by weight of isobutene,
and preferably at most 95% by weight, more preferably at most 90% by weight and
especially at most 80% by weight of comonomers.

Useful copolymerizable monomers include: vinylaromatics such as styrene and

40 a-methylstyrene, Ci- to Cs-alkylstyrenes such as 2-, 3- and 4-methylstyrene, and 4-tert-
butylstyrene, halostyrenes such as 2-, 3- or 4-chlorostyrene,
and isoolefins having 5 to 10 carbon atoms, such as 2-methylbutene-1, 2-methyl-
pentene-1, 2-methylhexene-1, 2-ethylpentene-1, 2-ethylhexene-1 and 2-propylheptene-
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40  The polymerization in the process according to the invention is preferably performed in
the presence of an inert diluent. The inert diluent used should be suitable for reducing
the increase in the viscosity of the reaction solution which generally occurs during the

polymerization reaction to such an extent that the removal of the heat of reaction which
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proceed i nuader substantially aprotic and especially under substantially anhydrous reaction
conditions. Substantially aprotic and substantially anhydrous reaction conditions are
40 understood to mean that, respectively, the content of protic impurities and the water
content in the reaction mixture are less than 50 ppm and especially less than 5 ppm. In
general, the feedstocks will therefore be dried before use by physical and/or chemical
measures. More particularly, it has been found to be useful to admix the aliphatic or
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In addition to the batchwise procedure described here, the polymerization in the

process according to the invention can also be configured as a continuous process. In
this case, the feedstocks, i.e. the monomer(s} to be polymerized, optionally the diluent
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30  earth metal hydrogencarbonate such as sodium, potassium, magnesium or calcium

hydrogencarbonate.

The process according to the invention serves o prepare high-reactivity isobutene
homo- or copolymers with a content of terminal vinylidene double bonds (a-double
35  bonds) per polyisobutene chain end of at least 50 mol%, preferably of at least 60
mol%, preferably of at least 70 mol%, preferably of at least 80 mol%, preferably of at
least 85 mol%, more preferably of at least 90 mol%, more preferably of more than
91 mol% and especially of at least 95 mol%, for example of virtually 100 mol%. More
particularly, it also serves to prepare high-reactivity isobutene copolymers which are
40 formed from isobutene and at least one vinylaromatic monomer, especially styrene,
and have a content of terminal vinylidene double bonds (o~-double bonds) per
polyisobutene chain end of at least 50 mol%, preferably of at least 60 mol%, preferably
of at least 70 mol%, preferably of at least 80 mol%, preferably of at least 80 mol%,



5copol ynerized with the at | east one vinpylaromatic nononer in a
wei ght ratio of isobutene to vinyl aromat¥c of 5:95 to 95: 5,
especially of 30:70 to 70:30. The high-reactivity isobutene hono- or
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opti mal Opt SRRYENFzed it IRg o K5Sdhe Vinylard Bty o Bt AR FeyS o
i sobut ene foRBtengto viparomatic Hf e iare@. Bspacially pf d&éd % E&ddrding to
the invention preferably possess a nunber-average nol ecul ar wei ght
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even nobe potispaisity(RidssMsM.poimudber les?haa\Beh, poefenablyed dl o tovessghan 3.0,
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used as i niedimedre hgltedul-es in incorporated formand occur as the 25
predom nant conponent in the isobutene honopol yners prepared in

accor dapce t | ' n T .
pr esen'i11 gi n\%bggﬁ'}gg?ﬂs@y?&%b@ﬂ%ggﬁgbgﬁﬁgﬁg po?tjﬂqe rarsedolgﬁb ﬁé%cgﬁsé%glﬁ%rdmg
formula | %thﬁﬁ“‘(ﬂﬁ‘ﬂ%rhpre(f?r?blyR?@qué ad‘%“uﬂﬁ"@“ﬁ@ﬂ@f”ﬁ'%”'%rﬁ‘@' Hbr al
formul a - 0{&@&7inechbyde! perrhéationahradtegrdp oy od pesserabl@ 500 tto 282 00 I rkgre

di |, Cls ' [ LG
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-a adi cal ,or a Cr/- C20- arvyl al kyl nd
ooy Riz-or E00IERI0. TR fRe rB TP eE ST o e Bt ARSI nimPe” cs.
to Ca- €Qcl au¢mRege malrtiveaMe|g of BOTIZ01GPY) andhespegially o 50070 5080, for
C20- al ky| aeyhmpladi eBbt,1080@r Bf atsbu2gaorber from 9 to 4500. 20

The isobutene polymers which have terminal vinylidene double bonds, comprise the
organic sulfonic acids used as initiator molecules in incorporated form and occur as the

25 predominant component in the isobutene homopolymers prepared in accordance with
the invention are novel compounds. Therefore, the present invention also provides
isobutene polymers of the general formula |

30
in which

R10is a sulfo moiety of the general formula -O-80-Z, in which the variable Z denotes a
Ci- to Cyp-alkyl radical, Cs- to Cyp-haloalkyl radical, Cs- to Cs-cycloalkyl radical, Ce- to

35  Cyo-aryl radical or a Cs- to Cyo-arylalkyl radical, and R and R12 are each independently
hydrogen, Ci- to Cae-alkyl radicals, Cs- to Cs-cycioalkyl radicals, Cs- to Cxp-aryl radicals
or C7- to Cyp-alkylaryl radicals, and

n is a number from 9 to 4500.
40



In a preferred enbodi nent, R11 and RlZnébe each i ndependently
hydrogen, Cl- to Ca-al kyl, especially hyl, ethyl, n-propyl,
i sopropyl, n-butyl, isobutyl, sec-butyl or tert- butyl, or phenyl

whi ch may 1354 b0 (Ca- 3 s-alhkaxy
Faurcal s ad I ETRIRay 2 k" oR iRt st oo
bref or abl y oAl paBecialyahebapiyl. 8-ArePYhsoRapYh A bytd SaputYIssacabuid or fars
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wi th sati sfact orx’g%t)o gfbl ﬁh@(ﬁ_@ﬂﬂ@l OQS of generally 20 to 100%

especi aPl y S3BE¢Yg09,%% 248 Pon tines 100f generally 5 to 120
m nutes, especially 5 to 60 mnutes, to give high-reactivity
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doubl e bon " i nd i | :
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i nvent M0n iohgeredrallyl 5 toi t200ninutessespeciailng te 60 niiaey lte give highapactadty on  of
catal yst - I Righl,@h8hoioX bHESSiMErS With ' @Bfdnt bNErRRhWIRALER dQibid B&fds! f2h
20 The follo ng m xt ur.es af. LIEW'F [elm ds, stgrre §ﬁr%)r$5| ng donors, as

b0l yrer | 2aPPHIrOBUEaF 670 eafldn Ae! 2 oS RhRORPY SN TR Vg i

i nventive petrgwendlecularoveighdalistitoionf | sobut ene or of

i sobut ene-conpri sing nononer m xtures, or precursors thereof, were

C0° 015 or 3 S ERafiBles WHRG BRI Bhe iER 08 TR B EBsent B flon dy defl
di chl or onmet¥kgAE restAelNaGt.- 77 g (5.9 mml) of di-n-butyl ether was

added; (b) 1.4 g (0.015 nol) of nethanesul fonic acid were dispersed
in 125 m e B epdriith & cAtant-fmtiator TRIube Ol hieh e lofiis
added; 30(%{8%% ng?%? OrlS m)lc) ao}% arfﬂhn?rnulm t?ﬂﬂ?’i‘)?@ggw&é.’:’é’ sus%gn ed
in 75 m of °3f'8Rl oro- nethane, then 0.77 g (5.9 mml) of di-n-butyl

ether @8Add 1.4 g (0.015 nol) of nmethanesul fonic acid were added; (d)
t2- ? g (0. ?ﬁe%ﬂo)%vi?rfgf makes BUBWiE h@bé,%h@g:dthﬁ;rr@int@ms&ds@l Rblﬂméﬁé&ﬁg 1gf
ol uene, ] . adlL-n-0u . e er an .

o) o metRBnBtsnetiniRiars, WEEh haflioger A dtehlus bdheAiat sapctiod s °C;
iron(111) dgobsienger ReisabweRgEPHBISINGMPROMET HXIHPES 19 BrasHEsCrathareof, yaie

0.77 g (5. rapadg aofypidalreplaseyhtiwishdsusmsysagded; (f) 2.4 g (0.015
nol ) og?i ron(l11) chloride were suspended in 125 m of toluene; then

017 9,15, TR Bt Sl s R s 0082
methane, then 0.77 g (5.9 mmol} of di-n-butyl ether was added;
(b) 1.4 g9(0.015 mal) of methanesulfonic acid were dispersed in 125 mi of toluene,
then 0.77 g (5.9 mmol} of di-n-butyl ether was added;

30 (¢) 2.0g(0.015 mol) of aluminum trichloride were suspended in 75 ml of dichloro-
methane, then 0.77 g (5.9 mmol} of di-n-butyl ether and 1.4 g (0.015 mol) of
methanesulfonic acid were added;

(d) 2.0g(0.015 mal) of aluminum trichloride were suspended in 125 ml of toluene;
then 0.77 g (5.2 mmol) of di-n-butyl ether and 1.4 g (0.015 mol) of methane-

35 sulfonic acid were added;

(&) 2.4 g (0.015 mal) of iron(lll} chloride were suspended in 75 ml of dichloro-
methane; then 0.77 g (5.8 mmal) of di-n-butyl ether was added;

(i 2.4 g (0.015 mol) of iron(lll} chloride were suspended in 125 ml of toluene; then
0.77 g (5.9 mmol) of di-n-butyl ether was added;

40 (g) 2.4 g(0.015 mol) of iren(lll) chloride were suspended in 75 ml of dichloro-
methane; then 0.77 g (7.5 mmol) of diisopropyl ether and 1.4 g (0.015 mol) of
methanesulfonic acid were added;



nmet hane; then 0.77 g (7.5 nmol) of dii sgﬁ)ropyl ether and 1.4 g (0.015
nol ) of methanesul fonic acid were added®" 21 (h) 2.0 g (0.015 nol) of
zinc chloride were suspended in 75 m of di chl ororret hane then 0.77 ¢

(7.5 mol) of (i' ?@ﬁ?@)ﬁol)%tf At ¢ é—m@r&sde 1Yt ichloromethane;
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of tol uéne;
i ntroduced. Exérl‘ﬁﬂ yiRl) O DrerbiRfleridervgsrintieducedy  wi t h

FeCl3173u2@an@.éng (mOTtbmbamésud)Iﬁermsml[fmm dcid svenan dissolvedaihats minof dichloro-
((j'lggl 8r %ﬁt han?neﬁﬁarnez%n2150 4410995 gndﬂfof bbﬁitrlg?rﬁejwasﬁ%ﬁfﬁubéé .Ng 5.94 ¢
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conpos@l of anfirirbig (Drodﬁmqlquhﬂmrbhﬂﬂ@re'ld@nf@mdntmdtmadyl ether in a
nolar ratio

Example 2: Polymerization of “raffinate 1" with FeClz;*Bu2O and with methanesulfonic
acid as an initiator in dichloromethane at -20°C

25
14.86 g of “raffinate 1" comprising 5.94 g (106.0 mmol) of pure iscbutene were
polymerized in 130 ml of dichloromethane at -20°C with 0.53 mmol of the catalyst
complex composed of anhydrous iron(lll) chloride and di-n-butyl ether in a molar ratio
of 1:1 (in the form of a 1 molar solution in dichloromethane) in the presence of

30  0.015 mol of methanesulfonic acid as an initiator within 30 minutes at a conversion of
68% to give a polyisobutene with a number-average molecular weight M, of 2285, a
polydispersity of 2.34 and a content of terminal double bonds of 31.7 mol%.

35 Example 3: Polymerization of “raffinate 1” with FeCls*BuzO and with methanesulfonic
acid as an initiator in dichloromethane at +20°C

7.43 g of “raffinate 1” comprising 2.97 g (53.0 mmol) of pure isobutene were

polymerized in 65.0 ml of dichloromethane at +20°C with 0.53 mmol of the catalyst
40  complex composed of anhydrous iron{lll} chloride and di-n-butyl ether in a molar ratio

of 1:1 (in the form of a 1 molar solution in dichlcromethane) in the presence of

0.015 mol of methanesulfonic acid as an initiator within 30 minutes at a conversion of

92% to give a polyisobutene with a number-average molecular weight M, of 822, a



of 1:1 (in the formof a 1 nolar sol uti2£ in dichloronethane) in the
presence of 300.015 nol of nethanesul fofifc acid as an initiator
within 30 mnutes at a conversion of 68%to give a polyisobutene with
a nunber-a i i y of
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25pol ydi spersity of 2.97 and a content of term nal double bonds of
90.0 mol % 23 Cainms 1. A process for preparing high-reactivity
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conpounds of t hfe @lREBEbScHding (PASI 1, AheB&iR WRSatlé4st 8nd i JEBH TS an
groups to 5 of the P

er. odi,.c_Tabl e or m.xtur thereof. 4. The
o oopeBacoor ot 381y o2 et g ool Hiugtpmeththe-
bi nary 25chl or BHENsY agid, jdgtleremebapesitignisaciscansdtolupaesulonig acia) aripixtures
Ti C14, Fed 2, He&ddd, 2ZnC 2, BF3, A F3, TiFa, FeF2, FeF3 and ZnF2. 5.
The process according to clains 1 to 4, in which a conplex which is
effective as a ﬁol ynmerizatign catal yst and which conprises, as the

[ mpr 1
donor, an or ganig PEFESHBERAANAMS Haldt 1 Peadh whird the hevispgiddisediordhe a
car bonDi c est eombbne_ffécfrveias awﬂnelﬁ:atiﬁdnegtplyehesSleasimecﬁon*g:oUod stlactad
g; hl 3 whi CB It hﬁfﬁﬁﬁ@ﬁ%ﬁé{}ﬁmd{f%}@ﬁﬁé B&hPELIRE of (e Saneris E?trﬁnsition
i hydr ocar byl et her eneral fo a.R1-0-R2 i ich the

vty abl ee R afiruRb 1dp 8 A FETLEMRAG PP B e aiea bl Tl bafect.
Co- to C8- 35cycloalkyl radicals, C to Craryl radicals or C7- to
C20-aryl al kyl mhadipfakess addording to claim 3, in which the Lewis acid used is a binary

25 chlorine or flucrine compound selected from BCla, AlCls, TiCls, FeCly, FeCls,

ZnCly, BF3, AlF3, TiFs, FeF2, FeFs and ZnF,.

5.  The process according to claims 1 to 4, in which a complex which is effective as
a polymerization catalyst and which comprises, as the donor, an organic
30 compound with at least one ether function or a carboxylic ester function is used.

6. The process according to claim 5, in which the organic compound functioning as
the donor is a dihydrocarbyl ether of the general formula R*-O-R2 in which the
variables R* and R? are each independently C:- to Cy-alkyl radicals, Cs- to Cs-

35 cycloalkyl radicals, Cs- to Cae-aryl radicals or Cq- to Cag-arylalkyl radicals, or a
hydrocarbyl carboxylate of the general formula R3-COOR? in which the variables
R? and R4 are each independently Ci- to Czp-alkyl radicals, Cs- to Cs-cycloalkyl
radicals, Cg- to Cop-aryl radicals or C;- to Cyp-arylalkyl radicals.

40 7. The process according to claim 6, in which the organic compound functioning as
the donor has a total carbon number of 3 to 16.



hydr ocar byl carboxyl ate of the general fornula R3-COOR4 in which the
vari ables R3 and R4 are each independently Cl1- to Cral kyl radicals,
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15. The process according to claims 1 to 14, wherein the polymerization is performed
in an aliphatic, cycloaliphatic or aromatic hydrocarbon, in a halogenated aliphatic
hydrocarbon or in a mixture of aliphatic, cycloaliphatic andfor aromatic

35 hydrocarbons or of halogenated aliphatic hydrocarbons or in a mixture of at least
one halogenated aliphatic hydrocarbon and at least one aliphatic, cycloaliphatic
or aromatic hydrocarbon as an inert difuent.

16. Isobutene polymers of the general formula |
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10n is a nunber from9 to 4500.
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in which

R is a sulfo moiety of the general formula -O-SQO2Z, in which the variable Z
denotes a C+- to Czp-alkyl radical, C+- to Czo-haloalkyl radical, Cs- to Cg-cycloalkyl
radical, Cs- to Cyg-aryl radical or a G- to Cyp-arylalkyl radical, and R and R2 are
each independently hydrogen, Ci- to Cap-alkyl radicals, Cs- to Ca-cycloalkyl
radicals, Cs- to Cap-aryl radicals or Cs- to Cae-alkylaryl radicals, and

n is a number from 8 to 4500.



