WD 2006/ 066720 PCT/ EP2005/ 012967 1 Descri ption Method for producing
al kenyl W@%Bb{oks%'?bpd” des 5 The present invention rpbq-?)[rqsz‘?@;,gmg ess
eny table for

for preparing a succinic anhydrifes, which is no hi gher
conversions, higher purity of the reaction products and reduced formation
of tarlike by-products, and to the use of the conpounds prepared by this
process. 10 Al kenyl succi ni c anhydrides are used as starting materials for a
mul ti t udeeseriptideni cal products, especially as the basis of enulsifiers,

di spersants or lubricants. Al kenyl succinic anhydrides are prepared
generally by reacting an al kene with naleic anhydride at tenperatures of

150- 250Qviethddhior ppodiadingedikenplesuceid anhydridds 15 a result of the high
~thermal stress on the reactants during the reaction, the nmaleic anhydride
on the one hand tends to deconpose and the al kene used on the other hand
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processes a side reactions, undesired 1 e "t ar y- products which
have anamtthdeides, whichd$ notattdéordigivarrcinoersions, higtdrtparity ghihy reatiored,
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suppres%aggém%b%?gp&a@{ 8prpidsdeconposi tion reactions during the ene

reaction. Us- 111" describes the synthesis of al kenyl succinic
anhydri des using antioxidants. Preference is given to hydroqui none,

2, 2' - di (p;.hydr oxyphenyl ) - ropane, and, phenot hi azines. 30.US$-3.476 774
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particular, reference is made to the use of
4, 4' -net hyl enebi s(2, 6-di-tert-butyl- phenol).
Alkenylsuccinic anhydrides are prepared generally by reacting an atkene with
maleic anhydride at temperatures of 150-250°C in the so-called “ene reaction®. As
- 15 - aresult of the high thermal stress on the reactants during the reaction, the maleic
anhydride on the one hand tends to decompose and the alkene used on the other
hand tends to be oxidized or polymerized. As a result of these decomposition
‘processes and side reactions, undesired insoluble tarlike by-products which have
an adverse effect on the conversion and lead to highly colored, contaminated

20  products form during the reaction.

The prior art already describes a multitude of chemical additives which are
capable of suppressing the side reactions and decomposition reactions during the
ene reaction.

25 | _
US-3 412 111 describes the synthesis of alkenyIsUccinic anhydrides using
antioxidants. Preference is given to hydroquinone, 2,2'-di{p-hydroxyphenyl)-

propane and phenoth'iazi'nes.

30 US-3 476 774 describes sterically hindered substituted phenols which act as
primary antioxidants during the preparation of alkenylsuccinic anhydrides. In
particular, reference is made to the use of 4,4’-methylenebis(2,6-di-tert-butyl-

phenol).



WD 2006/ 066720 PCT/ EP2005/ 012967 2 A further process for preparing

pol yal kepyth 2006/0B6726nhydri des i s published in US- 4 B8$/E85005/012967
process, the formation of by-products $y 1, 3-dibrono-5, 5-

di met hyl hydantoin is suppressed. 5 Acidic or basic catalysts are used in
DE- A-35 45 133 in order to obtain al kenyl- succinic anhydrides of high
quality at low tenperature in high yields. For exanple, titanium oxide,
silicon oxide or alum num oxide are effective here. 10 US-5 021 169
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Al processes for preparing al kenyl succi ni c anhydrides whi ch have al ready

been described solve the problenms of formation of tarlike by-products and
t he yi elAegidicgtingsiceaialystecaredises! in Die<uBd 48B3 incortler ivaobisin akemylghl y

col ored | rtly. on for this.is .that.the undesired
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conpl ex nmechani sns whi ch have not yet been clarified conpletely, which can

be suppressed only to a linmted degree by a single additive whichis
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use of metal deactivators is not described. _
15 |
Al processes for preparing alkenylsuccinic anhydrides which have already been
described solve the problems of formation of tarlike by-products and the yields
- which are lowered as a result and the formation of highly colored products only
partly. ‘One reason for this is that the undesired side reactions, for example
20  oxidation of alkkene and/or maleic anhydride or polymerization of alkene and/or
 maleic anhydride proceed by very complex mechanisms which have not yet been
clarified completely, which can be suppressed only to a limited degree by a single

additive which is capable only of suppressing one of these side reactions.

25 Itis thus an object of the invention to find an additive which, in the preparation of
| alkenylsu_ccinic anhydrides, leads to the substantial prevention of formation of
tarlike decomposition products, high conversions and highly pure products.
Surprisingly, this aim is achieved by the use of a synergistic additive mixture which
consists of a primary antioxidant, a secondary antioxidant (peroxide decomposer)

30 and a metal deactivator.

The invention therefore provides a process for preparing alkenylsuccinic

anhydrides of the formula (1)



The invention therefore provides a process for preparing al kenyl succinic
anhydr i dpgo @ooshesd7@onul a (1) WO 2006/.066720 PCT/ EP20Pp/PRR6G5/032067 R O
(1) Oin which Ris a C4- to C250-al kyl ene radi cal which may be |inear or
branched, by reacting nmal eic anhydri de and an al kene whi ch contains 4-250
carbon atons at 5 from 150 to 250C in the presence of 0.001 to 1.0% of a
synergistic mxture of a primary antioxidant, a peroxi de deconposer and a
nmet al deactivator. The al kenyl succi ni g anhydri de thus obtained, and al so
the corresponding, inevitably f bi smal eat ed product, are forned by
this process with high 10 conversion, ~ighy gurity and reduced formation of
tarli ke by-products. The inventive parat n of al kenyl succinic
anhydrides with high conversion, highy purity (low coloration) and reduced
formation of tarlike by-products is imprinciple known in the prior art by
reaction of an alkene with nmal eic anhydride at high 15 tenperatures (from
150 t o 2iB0@yicht a reaction tinme of from5 to 30 hours. For this purpose,

I i, bl hi t I t. Instead of
e ¢ clity Brodo Coe A ERe Eadseuieh v he B56en & B3RkRed. "t umar i ¢ acid or
esters Wﬁéa%ﬂhﬁfrﬁéle%r%ﬂaé%ﬁd%ﬁélkbﬁé@vhﬂﬁ‘@oﬁt@fﬁ%%?ﬁo\@ﬁk&ﬁh by at hen

differs from e conpound speci f in fornula by an acid or ester
strucét urféomn‘éi(bwﬁﬁ"q inghe presengerdfde08t taid 1% of ayofdighit mixtgrerofida 1. The

process d he_iLnvent Lon can be rfor st andard pressure or
at el eva@ﬁﬁgé' %@gju)ﬁic% ttAa BRI %e%ﬁrﬁg%%eri aépd;e)? g?eégnﬁcgq%pttlgatﬁrgh reactive
pol yi sobutene (content of term nal double bonds > 85% or a |lowreactive

pol yi sobut ene (content 25 of term nal double bonds < 85%.
The alkenylsuccinic anhydride thus obtained, and also the corresponding,

inewtab!y formed bismaleated product, are formed by this process with high
10 'co_nve‘rsion, high purity and reduced formation of tarlike by-products.

The inventive preparation of alkenylsu'ccinic anhydrides with high conversion, high
| purity (low coloration) and reduced formation of tarlike by-products is in principle
known in the prior art by reaction of an alkene with maleic anhydride at high
15 temperatures (from 150 to 250°C) at a reaction time of from 5 to 30 hours. For this
purpose, it is also possible to use a high-boiling inert organic solvent. Instead of
maleic anhydride, it is also possible to use maleic acid, fumaric acid or esters
thereof for the process described. The compound which forms then differs from
the compound specified in formula 1 by an acid or ester structure instead of the

20 anhydride structure specified in formula 1.

- The process according to the invention can be performed at standard pressure or
at elevated pressure. A suitable alkene is preferably a high-reactive polyisobutene
* (content of terminal double bonds > 85%) or a low-reactive polyisobutene (content
25 of terminal double bonds < 85%). |

In order to prevent the oxidation of alkene or maleic anhydride by oxygen traces
“and the polymerization of the alkene or decomposition of the maleic anh'ydride
induced by metal traces, for example iron or copper, in contrast to the prior art, not



In order to prevent the oxidation of al kene or mal eic anhydride by oxygen

traces wd 2oloe/gBY7eoeri zation of the al kene or deconpggyEP2005D12067 Nl ei c
anhydride induced by netal traces, foy exanple iron or copper, in contrast

to the prior art, not WO 2006/ 066720 PCT/ EP2005/ 012967 4 only one
antioxidant is used as an inhibitor during the ene reaction but rather a
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and f r orR'eferablyAtom ReRBio 8685 by araight and more praferably teay 0.48 to O8R4 ment |

pringry t\%&bﬁﬁ'tdam per oxi de deconposer and netal deactivator add up to
100% by " 20 Suitable primary antioxi dants, secondary anti oxidants
and netal deactivators are described as stabilizers for macronol ecul ar
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the synerlios3e% atitioxigiaet, fram 10 to 80% peroxide decomposer and from 10 to 80%
15  metal deactivator, more preferably from 20 to 40% antioxidant, from 20 to 40%
peroxide decomposer and from 20 to 40% metal deactivator. in a further preferred
efhbodiment, primary antioxidant, peroxide decomposer and metal deactivator add

up to 100% by weight.

20  Suitable primary antioxidants, secondary aﬁtioxidants and metal deactivators are
described as stabilizers for macromolecular substances in Houben-Weyl,
Methoden der Organischen Chemie [Methods of organic chemistry], Volume 4/1b

- {Oxidationen Il [Oxidations [{]), p. 1049-1101, and in Ulimann's Encyclopedia of
Industrial Chemistry "Antioxidants: Plastics, Additives".
25

Preferred primary antioxidants in the synergistic mixture are

1. Sterically hindered trialkylphenols, more preferably 2,6-di-tert-
butyl-4-methyiphenol, bis~(2-hydroxy-5-methyl-3-tert-butylphenyl)methane
30 or 2,4,6-tristyrylphenol.
2. Hydroguinone derivatives, more preferably hydroquinone, 4-tert-
butoxyphenol or 2,5-dihydroxy-1,4-di-tert-butylbenzene,

| 3, Aromatic amine derivatives, more preferably 1,4-bis(2-butylamino)benzene,



1. Sterically hindered trial kyl phenols, nore preferably 2,6-di-tert-

but yl - 4- ywO plopressFi20 bi s- (2- hydr oxy-5- net hyl - 3-t ert - pPEIYEPRPEOS/DI 2B hane

30 or 2,4,6-tristyrylphenol. 2. Hydroqgi none derivatives, nore preferably
hydr oqui none, 4-tert- butoxyphenol or

2, 5-di hydroxy-1,4-di-tert-butyl benzene. 3. Aromatic am ne derivatives, nore

preferably 1, 4-bis(2-butylam,no)pbenzene, WO 2006/ 066720 PCT/ EP2005/ 012967
B sopr opyl iR Se- Y BERRS R O BRI RRBRERG .
Aromat i c4het epRSHSicCRetefBYRIdY, BidE JbierAN beftHadstde,

2- mer capt obenzi m dazol e or phenothiazine.”5 Preferred secondary

ant i oxi dant s ?WWnernaptopaerigiidazale @rphenethiaaine.1. Tri al kyl phosphites, for
exanpl e tributyl phosphite, trihexyl phosphite or trioctyl phosphite. 2.
Triaryl phosphites, for exanple tris(2,4-di-tert-butyl phenyl) phosphite,

10 tr3 ( nprafesrbe BELONdET SRfibkIBISN®Y intthée RpRSIistithab@itetae: 3. Sul fur conpounds,
especially thioethers or disulfides, nore preferably distearyl

3,3 -thiodipropionate, distearyl disulfide or
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I.n the synergistic mxture’are: 21
N, N - di sal i cytriodighpghdsphitedi am noet hane or

N, N--di sal i cylidene-|,2-di am nocycl ohexane 2. Salicyli cid derivatives

such as g-al i clgny! Pfhﬂ%@%its%&g]yﬁ§@mpkyir58&,§gnq'ﬂeréw%utsém%rw?h @]ﬂﬁpé"t@st ers 3.

- Hydrqgzi ne derihinady j ' N - bi s(3-net hoxy- 2-
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Propi onohydr aglder 3% oINS, B85 Mt Hlslyy et raacetic o d (EDTA

bis(dimethylaminothiocarbonyl) disulfide.
156  Preferred metal deactivators in the éynergistic mixture are:

1. N,N'-Disalicylidene-1,2-diaminopropane, N,N'-disalicylidene-1,2-
diaminoethane or N,N‘—disaiicyiidene-'l ,2-diaminocyclohexane
2. - Salicylic acid derivatives such as salicylic acid, acetylsalicylic acid or
20 salicylic esters |
3. Hydrazine derivatives such as diacylhydrazine, N,N'-bis(3-methoxy-2-
naphthoyl)hydrazine, N,N'-bisacetyl(adipic hydrazide), N,N'-dibenzaloxalyl
dihydrazide'or 2‘,3-bis[3—(3,5—di—tert—butyl-4-hydroxyphenyl)propionyi]~ |
propionohydrazide
25 4. Ethylenediamine-N,N,N’,N’-tetraacetic acid (EDTA) -
Tris[4,4‘—thiobis(3-methyl-6-iert—bu'tyfphenol)] phosphite
Mannich-type reaction products formed from an alkylphenol, an aldehyde
and a polyethylenepolyamine, more pi'eferabfy from nonylphenol,
formaldehyde and tetraethylenepentamine.
30
' The advantage of the process according to the invention over the prior art

processes will be illustrated hereinafter with reference to examples.



5. Tris[4,4' -thiobis(3-nethyl-6-tert-butyl phenol)] phosphite 6.
Manni ch- W eooease70 products formed from an al kyl phpgglEP20050 t2¢e and

a pol yet hyl enepol yam ne, nore preferabyy from nonyl phenol, formal dehyde
and tetraethyl enepentam ne. 30 The advantage of the process according to
the invention over the prior art processes wll be illustrated hereinafter

with reference to exanples. WO 2006/ 066720 PCT/ EP2005/ 012967 6 Exanpl es
Exanpl e x?’E'B‘e?ﬁar ative) Reaction of polyisobutene 950 and mal ei ¢ anhydri de
(without inhibitor) 5 1In a 1 liter four-neck flask, 475 g (0.50 nol) of

pol yi sobutene 950 and 63.7 g (0.65 nol) of naleic anhydride were heated to
100C undéxampiei‘((@tg’emaraﬁvemsphere and oxygen traces were rem)ved by

T0 The. riaaRety St itMiehd seflaidh Balkic SoBtsct sl iR cn” oxcess

mal eisc  anhydride (10.0 Q) was removed by distillation and t he crude
product was diluted wth 170 of mneral oil. Subsequentl t he product

was fil tieraed litarfougheek ﬂ@ﬁ@ﬁﬁ@(%@&mqﬂpﬁmlyle@btﬁﬁdetﬂﬁ@ aréisg%ta@ whi ch had
“been fil f of b tarl ke decorrp03|t|on : ,
pr oduct s@%%gﬂh@dﬁ%%fmgg%rﬁﬁﬁﬁe%fh b u§ %RA% gf &%y product was 60
g KOH %tn'tdsphéﬁﬁ Iaﬂmad;xygbﬁftme@ WHre fl"ém@%’@j by avecahting@bhd purggng&nﬂmed

pol yi sobut ene) . anpl e (comparative) Reaction of polyisobutene 950 and

nal ei ¢ JHKQLRT HBeWtWﬁ%W@%’@OBOLtﬁ stirtépg- but yl - 4- 20 net hyl phenol (pri mary
ng ;/lg)s(i)gﬂ-i%ne ng ggjtr% WeR tgeégeb{ﬁt wnaq‘l‘%?ﬁggﬂﬁﬁﬁ%' ge a%gg% %Ogrr?i)) 300/(1: by
wei ght ) arthydribedio Oq;)twdtmteme\/bd by distillation and the crude product was diluted '
~with 170 g of mineral oil. Subsequently, the product was filtered through a
pressure suction filter and the r_esidueﬂwhich had been filtered off was weighed
(5.7 g of black tarlike decomposition products). The hydrolysis number of the dark
15 brown cloudy product was 60 mg KOH/g, the residual olefin content 52% (mineral

oil + unreacted polyisobutene).

Example 2 (comparative)
Reaction of polyisobutene 950 and malgic anhydride with 0.3% 2,6-di-tert-butyi- 4—
20  methylphenol (primary antioxidant, prior art)

In a 1 liter four-neck flask, 475 g (0.50 mol) of polyisobutene 950, 63.7 g
| - (0.65 mol) of maleic anhydride and 1.6 g (0.3% by weight) of 2,6-di-tert-butyl-4-

methylphenol were heated to 100°C under a nitrogen atmosphere, and oxygen

25  traces were removed by evacuating énd purging with nitrogen three times with
vigorous stirring.
The reaction mixture was then heated to 200°C for 18 h, then excess maieic
anhydride (6.2‘ g) was removed by distillation and the crude product was diluted
with 170 g of mineral oil. Subsequently, the product was filtered through a-

.30 pressure suction filter and the residue which had been ﬁftéred off was weighed
(3.5 g of black tarlike decomposition products). The hydrolysis number of the dark
brown cloudy product was 65 mg KOH/g, the residual olefin content 50% (mineral

oil + unreacted polyisobutene).



met hyl phenol were heated to 100C under a ni trogen atnosphere, and oxygen

25 tracewmoesmmed by evacuating and purgi ng w t hPQTIERRE0E/0NPSET7 ti Nes -
with vigorous stirring. The reaction pixture was then heated to 200C for
18 h, then excess maleic anhydride (6.2 g) was renoved by distillation and
t he crude product was diluted with 170 g of mneral oil. Subsequently, the
product was filtered through a 30 pressure suction filter and the residue
which had been filtered off was weighed (3.5 g of black tarlike

deconposgkémg;eogwr)sonjhe hydrol ysi s nunber of the dark brown cloudy
product was the residual olefin content 50% (mneral oil +
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170 g ofOWRe?tEﬂC%.weregemad@m\s@cumg an@w&smmf Rifrpgen ﬁ%ewm?gh a_
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ol efin nt 5 r oi I. + unreacted pol yisobuten Exanpl e 4
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2,6-di - tf%’i‘ed)tﬁr&fbgh a pressure suction filter and the residue which had been filtered off
-was weighed (4.3 g of black tarlike decomposition products). The hydrolysis '
15 number of the dark brown cloudy product was 64 mg KOH/g, the residual olefin

content 50% (mineral oil + unreacted polyisobutene).

- Example 4
Reaction of polyisobutene 950 and maleic anhydride with 0.15% 2,6-di-tert-butyl-
20  4-methylphenol and 0.15% tri(2,4-di-tert-butyiphenyl) phosphite (mixture of prior
art mhlbltors)

In a 1 liter four-neck flask, 475 g (0.50 mol) of polyisobutene 950, 63.7 g
(0.65 mol) of maleic anhydride and 0.8 g (0.15% by weight) of 2,6-di-tert-butyl-4-

- 25 methy!phendl and 0.8 g (0.15% by weight} of tri(2,4—di-tért—butylphenyl) phosphite
were heated to 100°C under a nitrogen atmosphere, and oxygen traces were
removed by evacuating and purging with nitrogen three times with vigorous
stirring.
The reaction mixture was then heated to 200°C for 18 h, then excess maleic

30 . anhydride (6.8 g) was removed by distillation and the crude product was diluted

with 170 “g-of'r_nineral oil. SubsedUenﬂy, the product was filtered through a
pressure suction filter and the residue which had been filtered off was weighed
(3.9 g of black tarlike decomposition products). The hydrolysis number of the dark




20 4- et hyl phenol and 0.15%tri(2,4-di-tert-butyl phenyl) phosphite (m xture
of priorw@r006/066200rs) In a 1 liter four-neck fl asRCTAEP2GD5/0129670!1 ) of
pol yi sobut ene 950, 63.7 g (0.65 nol) of maleic anhydride and 0.8 g (0. 15%
by weight) of 2,6-di-tert-butyl-4- 25 nethyl phenol and 0.8 g (0.15% by

wei ght) of tri(2,4-di-tert-butyl phenyl) phosphite were heated to 100C

d ' h : d by . i
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m xture @ps drivesctBg posisdouta®dC for 18 h, then excess maleic 30 anhydride

(6.8 g) was renoved by distillation and the crude product was diluted wth
170 g of mneral oil. Subsequently, the product was filtered through a
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wei ghed rli ke deconposition products). The hydrol ysis
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was 65 KO/ g, the residual olefin content 50% (nmneral oil + unreacted
pol yi sobNiNerhsalicidans-& 2sdingvrpripaens &netal deastivalarof pol yi sobut ene 950 and
mal ei ¢ anhydride with 0.3% N, N -disalicylidene-I,2-di am nopropane (netal
deactivator) In a 1 liter four-neck flask, 475 g (0.50 nol) of '
pol yi sobiatanditésFour-dck/flask, @765 (50 nudl) ofpalvisobutendrdbde6amdg 1. 6 g (0. 3% by

i ght f N, N -di [ lid - 10 1, 2-dj ' e heated to 100C
vel ) ol d el el dene 10, L 2 g DORIORRON KPS Beal g L0 100C
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m xture was then heated t for 18 h, then ess nalelc ydri de

(8.2 g) awygendramesavdre rdimsivet! bytévacuating ahd porgidg withonftrogemdtyeditimesed 15
with 170 i&o.f m nertal. oi | . Subsequently, the product was filtered through a
pr essur eVSUEEPEIISFUHRY- and t he resi due which had been filtered of f was

wei ghed The reaction mixture was then heated to 200°C for 18 h, then excess maleic
anhydride (8.2 g) was removed by distillation and the crude product was diluted
15 with 170 g of mineral oil. Subsequently, the product was filtered through a
pressure suction filter and the residue which had been filtered off was'weighed
(5.9 g of black tarlike decomposition products). The hydrolysis number of the dark
brown cloudy product was 63 mg KOH/g, the residual olefin content 51% (mineral

oil + unreacted polyisobutene).

20
| Example 6
Reaction of polyisobutene 950 and maleic anhydride with a synergistic mixture of
0.1% 2,6-di-tert-butyl-4-methylphenol, 0.1% disteary! 3,3'-thiodipropionate and
0.05% N,N’-disalicylidene-1,2-diaminopropane
25 '

tn a 1 liter four-neck flask, 475 g (0.50 mol) of polyisobutene 950, 63.7 ¢ ,
(0.65 mol) of maleic anhydride and 0.54 g (0.1% by weight) of 2,6-di-tert-butyl-4-
methylphenol, 0.54 g (0.1% by weight) of distearyl 3,3’-thiodi_propionaté and 0.27 ¢
(0.05% by weight) of N,N'-disalicylidene-1,2-diaminopropane were heated to

30  100°C under a nitrogen atmosphere, and oxygen traces were removed by
evacuating and purging with nitrogen three times with vigorous stirring.
The reaction mixture was then heated to 200°C for 18 h, then excess maleic

~ anhydride (4.4 g) was removed by distillation and the crude product was diluted 7




(5.9 g of black tarlike deconposition products). The hydrol ysis nunmber of

t he dar kwhbpo@ey066wR0y product was 63 ng KOH g, the rRET/ERZR0IS/@1296T ont ent
51 % (m neral oil + unreacted polyisaputene). 20 Exanple 6 Reaction of-
pol yi sobut ene 950 and mal ei ¢ anhydride with a synergistic mxture of 0.1 %
2,6-di-tert-butyl -4- rrethyl phenol, 0.1 %distearyl 3,3 -thiodi propi onate and

0. 05% N, N, - di I' J d , 2-d Lit - k

0; 000 Nl 473 M sPSSr Sy S B o b BB AR T "ok
anhydr i %e@é\ﬂ'e%@ﬁoﬁ filtBr Afel ye Y&l Whith Fadbéén ﬁi@éﬁedbiﬂ Whs dreigrescy | phenol
0.54 g 1% t) of distearyl 3,3'-thiodipropionate and 0.27

(0. 05% d@ &\elo@?éia)ckdarlmerdecenmsatm preduets). Eleahmmgerramaher Qiche qhe%rt ed to

ovacuac BTNaTRl AR I R YR OB o P BERLS T RRR AT A od RRERA

- The Beaddil eonrdacted poygpbubsie)heated to 200C for 18 h, then excess nmleic

anhydride (4.4 g) was renoved by distillation and the crude product was

di l uted WD 2006/ 066720 PCT/ EP2005/ 012967 9 with 170 g of mineral oil.
Subsequ was filtered through a pressure suction filter
and theeér%zeésr?{%fu @r?mc@ﬁﬁ%e been filtered off was weighed (0.8 g of black
tarl i ke Resstiopagidodesene athdahaleic é'miwdmﬂér\mtryel155°/51Qtﬂadr-tetutf-bmt§1le4-cI ear bright

yel | ow pro wa t ol ef i ) 6% mneral 5
L S Rhe ey Qori de-dLEBY By biabes A BbRda A oY Bt

dodege gf"'ﬂ% | ei c anhydride with 0.15% 2, 6-di-tert-butyl-4- methyl phenol
and tri(2,4-di-tert-butyl phenyl) phosphite (m xture of prior art 10"

~inhibitors) In an autoclave, 1260 g (7.5 nol) of dodecene, 490 g (5.0 nol)

of nal ellﬁ an autoclave, 1260 g (7.5 mol) of dodecene, 490 g (5.0 mol) of maleic

anhydride and 2.6 g (0.15% by weight) of 2,6-dl-tert-butyl-4-methylpheno! and
2.6 g (0.15% by Weight) of tri(2,4-di-tert-butylphenyl) phosphite were heated to
15 100°C under a nitrogen atmosphere, and oxygen traces were removed by
N evacuating and purging with nitrogen three times with vigorous stirring.
The reac_tion:mixture was then heated to 220°C for 6 h and then unconverted
dodecene and maleic anhydride were removed by distillation. Subsequently, the
product was filtered through a pressure suction filter and the residue which had
20 - been filtered off was weighed (85 g of black tarlike decomposition products). The
“hydrolysis number of the brownish product was 395 mg KOH/g.

 Example 8
Reaction of dodecene and maleic anhydride with 0.1% 2,6-di-tert-butyl-4-
- 25  methylphenol, 0.1% distearyl 3,3'-thiodipropionate and 0.05% N,N'-disalicylidene-

~ 1,2-diaminopropane

Inan autoclave 1260 g (7.5 mol) of dodecene, 490 g (5.0 mol) of maleic
anhydrlde and 1.7 g (0.1% by weight) of 2,6-di-tert-butyl-4-methylphenot and 1.7 g
30  (0.1% by weight) of distearyl 3,3'-thiodipropionate and 0.85 g (0.05% by weight) of
| N,N'-disalicylidene-1 ,2-dieminopropane were heated to 100°C under a nitrogen
atmosphere, and oxygen traces were removed by evacuating and purging with

nitrogen three times with vigorous stirring.



anhydride and 2.6 g (0.15% by weight) of 2,6-di-tert-butyl-4-nethyl phenol
and 2. 6W0 008H66720wei ght) of tri(2,4-di-tert-butyl pRaArEP2005/04@86Te were
heated to 15 100C under a nitrogen atmgsphere, and oxygen traces were
removed by evacuating and purging with nitrogen three times w th vigorous
stirring. The reaction m xture was then heated to 220C for 6 h and then
unconverted dodecene and mnal ei ¢ anhydride were renoved by distillation.
Subsequently, the product was filtered through a pressure suction filter
and the Tasirgagtionhinbiurdachs thdpeesntbd td @POTC 6hf 6 wamdweahedondsted of bl ack
tarli ke deconposition products). The hydrolysis_ nunber of the brownish
product dRdecsns arfl REIFIG anbdigs were reaeYedhY distillatirn ertbsgadendy. dhe

anhydrid ] 14 ~diatert - |3 s 25 1% dist ear yl
3,3 -thi @?ﬂ&?ﬂ%ﬁ%i‘gﬁe@tﬁ@?%@j Wgéyégﬁg%%@n@% %J%Qﬂéju gg\éﬁaﬁlggﬁopane In
an au ocbesrefiltdri2d®fiwas weighdd (705 gdsfdeacntarlikidfegnipoditioroplodottsyal ke c
anhydride and 1.7 gb}éo 1 % by wei %ht) of 2,6-di -tert-(ﬁgf | - 4- met hyl phenol -
and 1.7 QydralysisoeredugtRf theibgight yeltowpeaust was£28 mgif %ropi onate and 0. 85
g (0.05% by weight) of N, N -disalicylidene-1, 2-di am nopropane were heated
to 100C under a nitrogen atnosphere, and oxygen traces were renoved by
evacuat i fige aramplesgaddyosidt (lablait) sbhgercledrheibat theesynergistio bipadafprisnanyr i ng.

WO 2006/ 066720 PCT/ EP2005/ 012967 . 10 Th i t th heat ed
1S 5200 FUPXSANtoREOTER @ mat Seanw Ao SAMHE SRRt | de wer o

remoned Qipeiiof td Hé‘ﬁ%rii&“art 2HAHOE Edriplet)8ddiBbRANCIemBSstfdtbs Bidth fg-ough a
pressure suction filter and the residue which had 5 been filtered off was

wei ghed gomponerdfmisiurelof prier ak @ddéivespe slearlyinferiotiscthe)inverive hydr ol ysi s

(1 abl o 1oeaReplede YWiliouf e BRESREe 57 2 1R PRARNA S 1 o PERE S0 T dant -
secondargndihi mbdaref tibsredasriils ytirsdlet ibersasel BxAples biso sHowsiper | or

to the prior art additives. Exanpl additionally denonstrates that a two-
- that a metal deactivator alone is not capable of suppressing the side reactions.

15
"~ Table 1:
Residual '
Product ) tarlike by- unreacted
‘ HN olefin : :
from product MA Appearance
l [mg KOH/g] | content dl : al
example
| P | %] g | g
Dark brown
1 60 52 5.7 10.
‘ _ cloudy
_ Dark brown
2 65 50 3.5 6.2
- cloudy
Dark brown
3 64 50 4.3 7.9
cloudy
| Dark brown
4 65 50 3.9 6.8 '
‘ cloudy
Dark brown
S 63 51 , 5.9 8.2
: cloudy
Bright yellow
6 72 48 0.8 4.4 '
clear




conponent m xture of prior art additives is clearly inferior to the

i nvent'i v@yo PpoefaseyRoc bl end. Wthout the presence of pgTyEp2005/04296%at or,
the conversions and the anmount of undegsired tarlike by-products increase.
Exanple 5 al so shows that a nmetal deactivator alone is not capable of

" suppressing the si de reactions. 15 Table 1: Residual Product HN ol efin

exampl 6 FAMPIRS 1 oS Btk B R UIoB Al 65151 Shcs! LB ByRBERd B owASY2 65 50

3.5 6.2 50 3.9
2 Ougﬂ;ﬂng%!aﬁbgaoWI%%teﬁ%%cﬁgcééngyérilﬁsgbm?@er%ﬁ'éd%@ryiu%crufig o

yel | ow ankeadridd® 2006/ 066720 PCT/ EP2005/ 012967



11 Exanples 7 and 8 were not included in table 1 since, unlike exanples 1
to 6, theyo 2006/0%6720! ate to pol yi sobut enyl succi ni c apgytEp2sss/01296At her
to dodecenyl succinic anhydrides. WO 2606/ 066720 PCT/ EP2005/ 012967 12
Clainms: 1. A process for preparing al kenyl succi nic anhydri des of the
formula (1) O RO(1) OS5 in which Ris a C4- to C250-al kyl ene radi cal
whi ch be |inear or branched, by reacting mal eic anhydride and an al kene
whi ch coéFﬁmﬁé 4-250 carbon atoms at from 150 to 250C in the presence of a
synergistic mxture of a primary antioxidant, a peroxide deconposer and a
nmetal deactivator. 10 2. The process as clained in claim1, wherein the

al kenes tsed Ampeocdssifpr pppacing alkenyisywcoyy beimed ridesraf dipe dpyiwaél or
C8-30-a-olefin. 3. The process as claijmed in claiml| and/or claim2,
wherein the al kene used 15 is a_pol yjfsobut ene of nolar mass 550, 950,

1000, 1300 or 2300. 4. The procdss ‘claimed-in one or nore of clains 1 to
3, wherein the synergistic mxtur ofcprl zy anti oxi dant, secondary

ant i oxi dant “and nmetal deactivator lis/used an anount of from0.001 to

1. 0% by weight. 20 5. The process as Ialned in one or nore of clainms 1 to
4, wherein the synergistic mixture consists of from1l to 98% primary
antioxidant, from1l to 98% secondary antioxidant and from1 to 98% met al
deacthi vanovhich :

R is a C4- to Cosp-alkylene radical which may be linear or branched,
by reacting maleic anhydride and an alkene which contains 4-250 carbon atoms at

from 150 to 250°C in the presence of a synergistic mixture of a primary

_ antioxidant, a peroxide decomposer and a metal deactivator.

10
2. The process as claimed in claim 1, wherein the alkenes used are

tripropylene, tetrapropylene, pentapropylene or a Cgag-c-olefin.

3. The process as claimed in claim 1 and/or claim 2, wherein the alkene used
15 isa polyisobutene of molar mass 550, 950, 1000, 1300 or 2300.

4 The process as claimed in one or more of claims 1 to 3, wherein the
synergistic mixture of primary antioxidant, secondary antioxidant and metal

deactivator is used in an amount of from 0.001 to 1.0% by weight.

20
5. The process as claimed in one or more of claims 1 to 4, wherein the
synergistic mixture consists of from 1 to 98% primary antioxidant, from 1 to 98%
secondary antioxidant and from 1 to 98% metal deactivator.

25 | 6. The process as claimed in one or more of claims 1 to 5, wherein the

primary antioxidant used in the synergistic mixture is a sterically hindered trialkyl-
phenol, preferably 2,6-di-tert-butyl-4-methylphenol, bis(2-hydroxy-5-

| trialkylphenols, preferably 2,6-di-tert-butyl-4-methylphenol, bis(2- hydroxy—5 methy!-
3—tert—butylpheny[)methane or 2,4,6-tristyrylphenol.



25 6. The process as clainmed in one or nore of clains 1 to 5, wherein the
prinary Wi i2oBsd@ey20sed in the synergistic mxture iBCHF/ERZI05/012967
hindered trial kyl - phenol, preferably43, 6-di-tert-butyl-4-methyl phenol,

bi s(2- hydroxy-5- trial kyl phenols, preferably

2,6-di-tert-butyl - 4-nmet hyl phenol , bis(2-hydroxy-5-nethyl -
3-tert-butyl'phenyl)nethane or 2,4,6-tristyryl phenol. WO 2006/ 066720

PCT/ EP2005/ 012967 13 7. The process as clained in one or nore of clains |

to 6, wherei nridigrodesh 'é%rd’alﬁféfd' iRHr2E mBRLEr LM ¢ 1S BNRhBIA e M Xture is a
hydr oqui none derivative, preferably hydroqui none, 4-tert-butox phenol or

2, 5-di hymmawantmxu:larltesedm Hlﬁwnﬁglsbthmlxtusﬂ |s'|a1byq!mqu&§@§lea®rwa ivered i n one

Synar o seietapbDetog Endne AP ERE Mool Al S aFbSY FAdabEer, " 1

1, 4- 5 s(Buthmeyktana no) benzene, 4-isopropyl am no-1 10 phenyl am nobenzene or
4- but yl am nophenol. 9. The process as clained in one or nore of clains |
bis 8, wherein the primary antioxidant used in the synergistic mxture is

f dazol
or phendthi asi pOFESS 8 ol MelortB & ARR fio f MBE R Cr 7 Il ha %1 ©
to 9, wheimary éM@xm‘éﬁ@Qﬂmmmyr@xgldﬁ@tmi@&dlsldh amvenstic@nihesdérivativat ure i s

a trialKkyl phosp ite, preferabhly tributyl phosphlte trihexyl phosphite or
tr| oct yl PrgfRsapli b 4-bista-butylamino)ppazens 4isopropyiasnerl-one or nore of cl ai s

9010, t dinth t t
30 A SRR Y5 L1 LI Sy e

phosphite, tri(nonyl phenyl) phosphlte or trlphenyl phosphlte 25 12. The
process as cl_aimed in one or secondary

Bt oxi dant  uispioRoRn 85 Sleda Sne armeisar dais ©his iRy
' Elr g‘z glr a trﬁn?rgm rﬁ%%bd'an@us?\ed Fﬂh@@yﬂ%?@éﬂ‘ﬁﬁﬁur@lb%tn%bmat@ Iﬁ#bifdc%leor
preferably benzimidazole, 2-mercaptobenzimidazole or phenothiazine.
15
| 10. - The-process as claimed in one or more of claims 1 to 9, wherein the
secondary antioxidant used in the synergistic mixture is a trialkyl phosphite,

preferably tributyl phosphite, trihexyl phosphite or triocty! phosphite.

20 11. The process as claimed in one or more of claims 1.to 10, wherein the
secondary antioxidant used in the synergistic mixture is a triaryl phosphite,
_preferably tris(2,4-di-tert-butylphenyl) phosphite, tri(nonylphenyl) phosphlte or
triphenyl phosphlte

25 | 12. The process as claimed in one or more of claims 1 fo 11, wherein the
secondary antioxidant used in the synergistic mixture is a sulfur compound,
preferably distearyl 3,3"-thiodipropionate, distearyl disulfide or bls(dlmethylamlno-
thlocarbonyl) disulfide.

30 13. The process as claimed in one or more of claims 1 to 12, wherein the metal
deactivator used in the synergistic mixture is N,N'-disalicylidene-1,2-
_diaminopropane, N,N'-disalicylidene-1,2-diaminoethane or N,N'-disalicylidene-1,2-

diaminocyclohexane.



t hi ocarbonyl) disulfide. 30 13. The process as clainmed in one or nore of
clai ns 1w 2086/086720i N the netal deactivator used i PCTYEP200B/002867 C

m xture is N, N -disalicylidene-1,2- di4gm nopropane,

N, N -di sal i cyl i dene-1, 2-di am noethane or N, N -disalicylidene-I, 2-

di am nocycl ohexane. WD 2006/ 066720 PCT/ EP2005/ 012967 14 14. The process
as claimed in one or nore of clainms 1 to 13, wherein the netal deactivator
used in the synergistic mxture is a salicylic acid derivative such as

sal i cyl i g4 acihe prRicsh 38l digirdLinasidoOhofdibf Q4Ims 188 18! hekeid the Flalpr ocess
as claimed in one or nore of clains 1 to 14, wherein the netal deactivator
- used i n derctiyatosiugedtin thebynergistic nidiuse 8 apalicytic eeid denyative sughmst hoxy-

2- napht hg s Azl N~ bl di.pic hydrazide),

NNl D RERS PO YN ARECEplichRE B,

2', 3801 s[3-(3,5-di-tert-butyl -4-hydroxyphenyl ) propi onyl ] propi ono 10
hydrazi de. 16. The process as clainmed in one or nore of clainms 1 to 15,

wher ei n the nEtaprocgsaesidaimad insne ermereeokslaiggyl de 14, whetain the metal

et hyl enedi.am ne- NN N - ' cld (i P T WA eSS as
ol a e des By st M ofh syl blee ke Bdilpliligkne, R s CIRRIBKEST -
EsedI i E 2-In|epjbﬁ@ﬁhbj/fﬁ‘hizi@iemmtlumisad:ﬁyﬂadip[c41y@fraz§idil§e)loN,N(-g'rb&atdﬂyskatﬁb tert- f
ut yl pheno phosphite. 20 18, The cess as. clained, in_one or nore o
olai s BIErEIda g orhiskNG. fel-iart Bub eIV EPE PP e B TORIHBPBPIRIAY: st | C

m xtgr e l‘lﬁjr iygnni ch-type reaction product fornmed from an al kyl phenol, an
al dehyde "and a pol yet hyl enepol yam ne, preferably from nonyl phenol,

f ormal dehyde and tetraet hyl enepentam ne. 25 19. The process as clained in

one or e clains 1 t0.18, .wherein the nergi sti.c mxture consists of
oo mar P-ant fPRARES e ITEHIR dne dpariagas £16 15 wheréin fe e
deactivator used in the synergistic mixture is ethylenediamine-N,N,N’,N’-
tetraacetic acid (EDTA).

15
17.  The process as claimed in one or mare of claims 1 to 16, wherein the metal
- deactivator used in the synergistic mixture is tris[4,4'-thiobis(3-methyl-6-tert-

butylphenol)] phosphite.

.20  18. The process as claimed in one or more of claims 1 to 17, wherein the metal
deactivator used in the synergistic mixture is a Mannich-type reaction product
~ formed from an alkylphenol, an aldehyde and a polyethylenepolyamine, preferably

from nonylphenol, formaldehyde a'nd tetraethylenepentamine.

25 19. The process as claimed in one or more of claims 1 to 18, wherein the
“synergistic mixture consists of a primary antioxidant mixture and a secondary

- antioxidant mixture and a metal deactivator mixture.

20. The process as claimed in one or more of claims 1 to 19, wherein the
30 - process is performed under elevated pressure.

21. The process as claimed in one or more of claims 1 to 20, wherein the molar

ratio of alkene to maleic anhydride used is from 1:0.5 to 1:3.




antioxidant mxture and a netal deactivator mxture. 20. The process as

cl ai med ywo ones@b6em@oe of claims 1 to 19, wherein t hepCPERIIVGAFER296Y
performed under el evated pressure. 2145The process as clainmed in one or
nore of clains 1 to 20, wherein the molar ratio of alkene to nmaleic
anhydride used is from1:0.5 to 1:3. WD 2006/ 066720 PCT/ EP2005/ 012967 15
22. The process as clainmed in one or nore of clains 1 to 21, wherein the
ene reaction is perforned in a high boiling inert organic solvent. 5 23.
The proogss amehiiicBRe ab biifRath ORI Mbrebidinslt 102F 2uhdiehi dieTehde

al kene used is a high-reactive and or ow-reactive pol ylsobutene 24. The
process reschidraispaifarmedia aphigheradlingf inetairganit sobvep8, wherein maleic aci d,
fumaric acid or esters thereof are used instead of maleic anhydride. 10 25.
The use of a product produced as per one or nore of clains 1 to 24 as a
starg nqzsmt erHetbrok@ss 88 chiittedlif Ak, ordhérré%faﬁélhnsm’ té2b Uphéeanthe especi al Iy
in the fields of netalworking, explosive emulsifiers, cosnetics or the
aut onot ialkkerseyserd is a high-reactive andlor low-reactive polyisobutene

24. The process as claimed in one or more of claims 1 to 23, wherein maleic
acid, fumaﬁc acid or esters thereof are used instead of maleic anhydride.

10
25.  The use of a product produced as per one or more of claims 1to 24 as a
starting material for an emulsifier, dispersant or a lubricant, especially in the fields

of metalworking, explosive emulsifiers, cosmetics or the automotive sector.



