1 Process for preparing linear alpha,omega-dicarboxylic diesters The invention relates to a process for
preparing linear alpha,omega-dicarboxylic diesters, in particular linear alpha,omega-dicarboxylic
dialkyl esters, by converting triglycerides in one reaction step Alpha,omega-dicarboxylic acids and their
esters are important industrial chemicals, which are used for example in the synthesis of polyesters
and polyAlGiR&d Hit24&ore, they are also used as lubricants and plasticiZCTfaP3dedtersenghe prior
art, dicarboxylic diesters and also monocarboxylic esters with chain lengths of 3 to 20 carbon atoms
are prepared by catalytic alkoxycarbonylation of oleqns or olefinically unsaturated monocarboxylic
esters in the presence of carbon monoxide, a source of OH groups and an acid. Processes of this type
are described for example in WO 2004/014834 Al and WO 2005/079981 Al. Complex compounds
which ¢ J ral .metal bar VIJI or a compound thereof and, as ligands,
phosphicﬁli(lgls81 lé%c ??f%}% e'fé?rrf:n; j %éﬁtﬁéﬁéﬁgﬁtﬁ%&éé 'graerggégﬁ;é %Eﬁ?&%? system for the reaction.
The reaction is carried out at temperatures of -30C to 49C and under a CO partial pressure of less

than 30 - T o e configured to be discontinyous or cqntinuous, as
describe¥ orﬁj ebgr%%% %ﬁ%@o5'5%%%9%@8@1%“8%&5@'io?i cge%SOeng%%aﬁl ﬁ%ﬁgﬁ?)&gg&ribe the
presencgiesisodsie mestinpbareinsan dheheatalysy syiiteroudic dsligl extenpléypiematsting
(W02008 %ﬁ&@ﬁ%ég)igrgm%tg%g&%a&gg (US 4,386,217, JP 62161737). It is also possible to use

additional soOlvents, as descr r example in WO 01/68583 Al. The hydroxycarbonylation of
unsaturated C4-C20-carboxylic acids directly to give dicarboxylic acids has been described in WO
2004/10& %Aél A -Q]S'é i EP/ [ re f le-Hamilton et I.dg norg. Chem. Commun. 8 (2005)
878) reports on t e%on%é%?% %e%%é%%%&%%%%ﬁ% Gnsalliratet %é @&%&aﬁmcaﬁwg&t&s having 3

to 18 cavjuatatims sediie chaimpith iththeatulybesis e Hdsis(di-tedbptyphosieisinboretyhisazene
as catal S | i [ 0 thanesulfonic acid under mild conditions. This
publicati{)r{3 gﬁ@%ﬂ%@ﬁé 5[1 %%ﬁgé:ﬁ%é i |c§%%§ﬁicoai%|%ﬁ%§rc’ester can be obtained by means of
catalytic alkoxycarbonylation from methyl oleate, methyl linoleate or methyl linolenate. The catalyst
used for;the reacti ium ¢ I f bis(di-tertbutylphgsphi omet%yﬁl)%enze e (DTBPMB).
IThESRTEP [%,é
Furthermore, r@giagn%ygﬁn%r&? S&g g]r?dSq r%}égtr%r%?%%r% 08 aln%f%@r'g[;ec#grﬁs. KONSEEHLIS IR Bsters
were the@produel afatim reatstivs efolefarsavsthbyiciisheicfatichionarhomystith Jf Geféaldamilton et al.,

Chem. ' ' imi systems it is possible to convert shart-chain
olefins, Qs)ﬁécﬁlma{égl o%%%?tr#p??%, étﬁﬁ%?ﬁt@ggﬁ)%(ﬁ% g‘s&ﬁ% Q%%@?fﬁQ%aA ?{'/\/85%)?@‘183% Al
W099/2 3820 A Ipf Chmjatsated dishes priduce mono- and dicarboxylic acids (W02004/103948 Al,
W02006/084892 Al, W02006/084889 Al, W02008/075108 Al) and unsaturated nitrites produce
cyanocarboxylic acids or esters thereof (W001172697 Al). Both 5-cyanovaleric acid, adipic acid and

adipic eStereasees loédn'synkasizatonbed iespraitipl prelEn Gio Gkl défviatidesnaV002/48094 Al,
W002/461A43f WO 5 t t e been.prepared from, propylene, (US
3,793,3698). In 8%7,3,906, éq)pgﬁ%Rll%ﬁesé{hﬁkﬁgépﬁgm?scﬁr?%éﬁé@’p#nﬁ%g'éan t—%ﬂ‘o%pm)%ﬁ%gg(/vere
used asdiRETes oY Pt aaigstemiticktbikery cantoayitionds!, plefiashPe satatitsts ifocanbinplion with
copper li l.hali rpr. ing carboxylic esters from olefins, CO,
02 and gﬁé{oér@?s%a 'ﬁ‘%ﬁﬁ%g ﬁr@g? égé‘rgsggr%?ﬁ%f%%%r@ n@gﬁéep%ga 8%0?88 lﬁ? r?grﬁ%(smscf/gtg’m
(JP61-2¢3746) cOtrairteman/stteyeserns- 6 Prépdang eadoxyler alkyOeptetmtpreasuoesflisssactive

metal, pyridi L. qeligoline itives, reaction temperatures of 100-180C are required, and only
unsu bst%%ﬁg‘%gs a&gk méiﬁgn%%%ét'so § rgtcrzgtsessc(aéb% 567 %%iﬁ%%%g&%%@ﬂ%’fﬁ&
JP53-015810)¢as, the gespatatibfooEsatnpty a6/ MOMm007/020379 A1.

Some prior art processes additionally describe the presence of booster components in
the catalyst system, such as, for example, phenols (W02009/010782 A1) or heteropoly
acids (US 4,386,217, JP 62161737). It is also possible to use additional solvents, as
described for example in WO 01/68583 A1.

The hydroxycarbonylation of unsaturated C4-Cy-carboxylic acids directly to give
dicarboxylic acids has been described in WO 2004/103942 A1.



3 propylene, a combination of Cu(l) catalysts (EP 0 105 699 Al) or Cu(l) and Ag compounds
(JP58-201748) and the expensive BF3 has been described as catalyst system. For linear
C2-C12-olefins and cyclohexene, trifluoromethanesulfonic acid has been used as catalyst in the
reaction with CO and H20 or alcohols to give dicarboxylic acids or esters thereof (US 3,965,132).
Further WerRiE161 16@4R8ior art for preparing alpha,omega-dicarboxylic acit®d/EP2010/067800
alpha,omega-dicarboxylic esters were metathesis reactions or enzymatic reactions. Here, the products
were prepared by oxidation of long-chain carboxylicacids, for example a cytochrome-P-450 oxidation
of an omega-hydroxycarboxylic acid. One example of the metathesis reaction is the metathesis of
methyl oleate, via which a C18-diester can be prepared. However, these processes have the

disadvaﬁ*ﬁ@%été%ﬁtﬁﬂemgwmé%ﬁg@éléahaﬁﬂt@ae{ign RABIDrEmANCES PRI 2565y grRigN of

only about 50% of the starting material. Furthermore, large amounts of by-products are produced,

such asjépoegapnples tsootadatshei e weadamdaien Thepedlivates istic seldHaaiifon asiesrganic
Chem. & @651 Sltbdn st ALt \GRHRG Pt ysishown et

alpha,omega-dicarboxylic dialkyl ester such as 1,19-nonadecanedicarboxylic dimethyl ester can be

prepare@ts%d@myiaﬁmaﬁfwlasﬁ@m@asmaﬁyiadrﬁﬁ_@ﬁehmﬁyr@él@@waﬁor example
methy! qlegie, HQNRYRT. BePIRRRSSHR cibreibhlis RidaYGalioR RASHas dispdianiage that

triglycerides cannot be used directly, but only the corresponding fatty acid monomethyl esters. The

reaction tHEtefora mm@am@@éwigr@ém&m@m@h @m@r@&ﬁw @yééﬁﬂr&térgatéaﬂwéc
CO"esp%ﬁ%%%ﬁ&%ﬁaﬂwmmﬁgi%ﬁ%%ﬁ%ﬁ%@;qm@!aéa?ea&f%wmﬂadéH%G%@ke place.

Conseque e process according to the prior art réquires two reaction steps for the preparation of

alpha,orﬂé’@yaid@@diﬂidf_’é%@%@m}@ﬁ%@d?ﬁ{@@méml%éﬁ biﬁ@biéﬁesses for preparing linear
4 a'pha,Bmgq%@g%@@%gw@é%@ \trieBpfliEly Fis RMRTRORIAG-IALY, AT esiers aFfyprepared

from the tri y transesterification, and then a catalytic alkoxycarbonylation is carried out. It is
thereforéngidaechnieae olsiedtivfitireraeliftion to provide a process for preparing linear
alpha,omega-dicarboxylic diesters which makes it possible to cost-effectively prepare the reaction
product directly from triglycerides in just one reaction step. Hitherto, no catalytic process is known from

the priO(Mmgq&m@xwmgﬁ@mm@rmé@@w@amémv‘@aié@@)ﬂt@té}%@aﬁ_r@ewiﬂé@a?Mﬁ@'ct|y from
triglycerigles i QO SRS St Ao SRedechiniGA! QBCEYIIRE ENRIHAR IpRRNSYeS Y yRIRgGesS for
preparing linear alpha,omega-dicarboxylic diesters, preferably alpha,omega-dicarboxylic dialkyl esters,
where asigiiareriie vitishstortaithsSiRppeibig tadiealarasingnibas eishopusisaiuzate® carbon chains

is reactedin the PLARENGE:Of A LRSS RERONI9BEMI8 08 ACH @Sk Ao @bA gleup donor, and
where the reaction is carried out in one’reaction step. The advantage of this process compared with

the priorAPRI(RA &AViAJ efiueaiafbAisrgsaiadussoriansy Bt elipaTbaxBissasigsl simplification of
the techpig SOuSF0B0SCR R MRSSSSsTIERMRIC \AD2 (6B HIBABITRANNGBIOBIBGES fodl K3 also

be carried out more cost-effectively. A further advantage of the process according to the invention is

also thath@ easalietes PR aPOHeRIREATRRINRH NGO ANRTHRE DHMTER Even at relatively
small usgamPHY S ANE atys s g e s ARG Releriiviies-RI&AGNIBYSE esters have been

synthesized from corresponding pentenoic acid derivatives (W002/48094 A1,
WO002/46143 A1, US2003/0105348). Methyl butyrates have been prepared from
propylene (US 3,793,369). In US 3,906,015 phosphinites, phosphonites,
thiophosphinites and —phosphonites were used as ligands for Pd catalysts in the
alkoxycarbonylation of olefins. Pd catalysts in combination with copper salts and alkali
metal halides have been used for preparing carboxylic esters from olefins, CO, O, and
alcohols, although the linear esters are not preferentially produced using this system
(JPB1-275246).

Other catalyst systems for preparing carboxylic alkyl esters contain cobalt as active
metal, pyridines or quinolines as additives, reaction temperatures of 100-180°C are
required, and only unsubstituted olefins are mentioned as substrates (US 3,507,891,
US 3,976,670, SU952838, JP53-015310). For the preparation of isobutyrate from



Furthermore, smaller amounts of solvents are also required in the reaction, which likewise simplifies
the reaction process. 5 It has been found that overall in the single-stage process according to the
invention, an increase in the total yield of dicarboxylic diester was recorded compared with the
two-stage process. For the person skilled in the art it was not to be expected that the catalytic
alkoxycaMsdAaad6h8@4&ibed in the prior art cannot only be carried out witRGEHE B0 10000 z800
esters as starting materials, but also with high yields and high selectivity from corresponding
triglycerides which contain fatty acid radicals havingb,mono- or polyunsaturated carbon chains. It was
surprising that these triglycerides are comparable, in respect of their reactivity within this catalytic
reaction system, with the reaction behavior of the fatty acid monoalkyl esters which are used in the

prior art ' ial for ' Y Nt 10) rdipg to the
inventioﬁﬁ&ﬁaﬂ%@%@b%ﬁyﬁ? g?e%?&%%%qﬁgu}qﬁg?ﬁé ﬁl‘e@ﬁé%egm% ner from
triglycerifss RenieH it dih8feRiblg BlsatachplanpeinsivEhB hitherd esquitestiibadestearificdiion of the
fatty acigﬂolbég%(ol esters to give the corresponding fatty acid alkyl esters is not necessary. By means of
the process according to the invention linear alpha,omega-dicarboxyl ¢ diesters of a carbon chain

length of from 012 to 023, preferably 015 to 020 and particularly preferably C18 and C19 are prepared.

Preferalpy, heiayeardes Aich RatJALY AR IRl aklie angs oL pefeRLaied Garbons
used are plant oils having mono- or polyunsaturated fatty acid radicals. Particular preference is given
to usingadfigigteviaels $bRceadiromuitie Gl @ndunidweabih it tolgivs dirfllvex it; eapidsewd oil, high

oleic or Qggérﬂgg&qimgp?wgﬂ olive oil, castor oil, sesame oil, soya oil, corn oil, palm oil,

7

linseed oil, walnut oil, wheatgerm oil, grapeseed oil, evening primrose oil, safflower oil, peanut oil,
hemp olil, jojoba oil, tung oil, cottonseed oil and jatropha oil or mixtures thereof. 6 As plant oils,

particulaﬁé’&ﬁgerrﬁ\nectﬁ(i)%ﬁ?ié?gwé?g%%?%ﬁi%hrk}(:))lrgzicas‘rtllr?élt%\g) [?gil glg&z @%?révgg%?il or high oleic or high

erucic acid rapeseed 0 erred embodimen £ A563%P500 by weight,
preferalbiypaicleastd6%ibyraeight asteparientanhe frdfesabhy at ieast @080 hyrveeigiht ot tirono- or
polyunsajurated fatty acid radicals. High gleic sunflawer oil comprises a fraction of fatty. acids of at
least 805?6?/’@%?&@6@8%0 Gic r [Se se‘éec? ()Elyc%)%ﬁarlgensoa %3&9‘3%%'%8@5 %Xg%‘%ﬁ%‘gasc’t §8% by weight.
High erwiamaci rapysedt aihedPrpiiSescal ity adid fractiegeoh ot teagt HBaxbloneight e catalyst
used is preferabl talyst which comprises an ele t of group VllIb. The catalyst js preferably a
complexgcg:%rgn‘ ou)éﬁt\ﬁv%ig}%%c%ﬁrxn%sr%ergac%}%darﬁa% rgrﬁiﬁgsé?%)ogﬁefymg %lﬁgi%h\ﬁﬁ.l@(%“?'gcﬁnpounds as

ligands. Thedéatbdystanubechpepiarad) Heoveptset pedladitoncse fi gandstoé isalend plaegphiosts. The

ligand ticularly preferably phosphi hosphinj hosphonites. These ligand
pe mon o B LA L A AT VL T B S Tb ReC e praegy
Particula@pp‘ré@%ﬁe@f Iiggrmiara‘reg bis{thriett-Butiiphosphjiamethyphenzerfcoansratiathesiigands listed
below: BF%@G%%%?'Q&CW'E@P%rra@églr%%@r&g&%&%%%e in the present case.

The publication of Cole-Hamilton in Inorganic Chem. 8 (2005) 878 to 881 is one of the
first publications in which it is shown that an alpha,omega-dicarboxylic dialkyl ester such
as 1,19-nonadecanedicarboxylic dimethyl ester can be prepared selectively and with a
high yield from fatty acid monomethyl esters, such as for example methyl oleate.
However, the process described in this publication has the disadvantage that

triglycerides cannot be used directly, but only the corresponding fatty acid monomethyl
esters.

The reaction therefore firstly requires a transesterification of the fatty acid glycerol
esters to the corresponding fatty acid monomethyl esters before the catalytic
alkoxycarbonylation can take place. Consequently, the process according to the prior
art requires two reaction steps for the preparation of alpha,omega-dicarboxylic esters.

The prior art therefore discloses only processes for preparing linear



(PHANEPHOS and analogs) = alkyl (in particular tert-butyl, cyclohexyl), aryl (in particular phenyl)
NAPHOS and analogs R= alkyl (in particular tert-butyl, cyclohexyl), aryl (in particular phenyl)
Benzyldialkyl- and benzyicliaryl phosphines R = alkyl (in particular tert-butyl, cyclohexyl), aryl (in
particular phenyl) 7 The palladium is used in the form of precursor compounds, such as, for example,
palladiuNVE€aR8 bt/athE24hlladium complex compounds in which two weak\PESBiER2BDIgen8scan
be readily replaced by the ligands of the trivalent phosphorus. This takes place in a possible
pre-reaction of the catalyst or directly upon combini%g the palladium component and the P(lll)
component in situ. Examples of palladium compounds which can thus be used are palladium acetate,
palladium acetylacetonate and palladium nitrate.

alpha,omega-dicarboxylic diesters, in which, firstly, the corresponding fatty acid esters
are prepared from the triglyceride by transesterification, and then a catalytic

alkoxycarbonylation is carried out.

It is therefore the technical object of the invention to provide a process for preparing
linear alpha,omega-dicarboxylic diesters which makes it possible to cost-effectively

prepare the reaction product directly from triglycerides in just one reaction step.

Hitherto, no catalytic process is known from the prior art in which linear
alpha,omega-dicarboxylic dialkyl esters can be prepared directly from triglycerides in

one reaction step.

The technical object of the invention is achieved by a process for preparing linear
alpha,omega-dicarboxylic diesters, preferably alpha,omega-dicarboxylic dialkyl esters,
where a triglyceride which contains fatty acid radicals having mono- or polyunsaturated
carbon chains is reacted in the presence of a catalyst with carbon monoxide, an acid

and an OH group donor, and where the reaction is carried out in one reaction step.

The advantage of this process compared with the prior art is the saving of one reaction
step and, associated therewith, an essential simplification of the technical course of
such a process. Furthermore, as a result of simplifying the process, it can also be

carried out more cost-effectively.

A further advantage of the process according to the invention is also that the catalyst
can be used in smaller amounts than known in the prior art. Even at relatively small use

amounts of the catalyst, high yields and selectivities are achieved.

Furthermore, smaller amounts of solvents are also required in the reaction, which

likewise simplifies the reaction process.



The OH group donors used are preferably linear and branched aliphatic alcohols having to 10 carbon
atoms or water, and also mixtures thereof, Particularly preferred alcohols are methanol, ethanol,
propanol and butanol. These alcohols can be used both as OH group donors and as solvents in the
reaction. Particular preference is given to using methanol. Furthermore, inert aprotic solvents can
additiordll9 126 1rs6d.0248mples of these compounds are anisoles, diethyl etteil/ RGO/ WA RG0ether,
methyl pentanoate, diphenyl ether, dimethyl adipate, tetrahydrofuran, dioxane, methyl nonanoate,
toluene. As acid, preference is given to using acids gvith a pKa value measured at 25C of less than 3.
These are usually medium-strength to strong acids. They are preferably selected from the group
organic sulfonic acids, phosphoric acids, halogenated carboxylic acids, phosphonic acids, sulfuric acid,

o acghpercblo. g el peeraer s eckuih lapie ACCERUBA LS

thereof. A polymer substituted wi nic aci , for example, Nation, which is a sulfonated
tetrafludroxtagene puhiviel. y@tinef giosdusabestgipig tovig ipveittish ¢e prdeedoijtodiiedvout as
reactionsgg\ggliqgéecgshomogeneous catalysis in the liquid phase. For this, firstly the triglyceride is
combined with the catalyst and the OH group donor in the presence of the acid and then reacted at
elevated temperature and while introducing carbon monoxide. This then directly gives the reaction

product as alpha,omega:dicarboxylic diester. This,can optionall further purified, for example by
filtration a(?{gtl%c?%?gl zsa@('l)%%rllrrf §¥ a?%cﬁl\gﬁﬁ BPet?g??g é’x e&%%ﬁgﬁ%ﬂ hée c?a%a‘l’]gys%{cls added, based on
triglyceridio ity @amioomysatibfrare 2050 b5 ineoivio peeferainty fronty®B tmbriswBat Withdatpeefierred to

establish the ra}glo of Qalladium tgggéllmaqrou sin t{1e catalyﬁthin the [ange fram %%ép 1:12 mpl/mol.

The trigﬁ‘/"@er}? e gl perse erlsagﬁ/sfjge he Ta |oStob{’he869I Vé”roup'%fz) of d%ﬁ‘ﬁ‘&' the tese |8%‘Yf\t¥htréop§1tio

greater tmarespeqdalddrigBeenidlénolhRietsraldyy thdyalal raticaittheadgedcacid @o the triglyceride is

0.1:1 to 0.6:1. The process according to the invention.is preferably carried out at a reaction
tempera?&?éu&sf?gﬁgaé)et(gi%r n (%g‘e?ergb&[/ r%%s%%s%@hﬁfﬁ@%e pgﬁllyi?%rr;es%su%eduring the reaction
is preferadtypk0@0Iity BOr6ePduPaf freferabbtitdy0NBHm 30i908thREC Byavkans pittre pratie sise
accordin% to,the 'bnvention i 'ﬁ&B ?‘aible tﬁ PanR%“a‘? Iinea{ alé)i\}v%ome a-dica boz[ﬁ){gc diesters in one

reaction’ ?e%'?nna 8‘9@6’!’8 "aAd Costerétive manné<|¥|§t%r€f|rng mgt%rel]a?slf/v ich cal be 0sét ailarsectly are

cost-effettivitnplantieifahfositigemeactian. polyunsaturated fatty acid radicals. The reaction can be
carried out n high yields and with high selectivity, meaning that further work-up with the removal of
by-products can be avoided.

Consequently, with the process according to the invention, the alpha,omega-
dicarboxylic diesters are directly accessible in a simple manner from triglycerides which
are preferably used as plant oils. The hitherto required transesterification of the fatty

acid glycerol esters to give the corresponding fatty acid alkyl esters is not necessary.

By means of the process according to the invention linear alpha,omega-dicarboxyiic
diesters of a carbon chain length of from C; to Cy3, preferably Cqs to Cyp and

particularly preferably C1s and C1g are prepared.

Preferably, the triglycerides which contain fatty acid radicals having mono- or
polyunsaturated carbons used are plant oils having mono- or polyunsaturated fatty acid
radicals. Particular preference is given to using triglycerides selected from the group
sunflower oil, high oleic sunflower oil, rapeseed oil, high oleic or high erucic acid
rapeseed oil, olive oil, castor oil, sesame oil, soya oil, corn oil, palm oil, linseed oil,
walnut oil, wheatgerm oil, grapeseed oil, evening primrose oil, safflower oil, peanut oll,

hemp oil, jojoba oil, tung oil, cottonseed oil and jatropha oil or mixtures thereof.



9 The reaction process according to the invention is thus a cost-effective alternative to the preparation
processes of alpha,omega-dicarboxylic diesters hitherto available in the prior art. The examples below
are intended to illustrate the invention in more detail. EXAMPLES Example 1 A volume of 40 ml of
triglyceride, here sunflower oil, is reacted with 2.3 mol% of catalyst, in this example
Pdibis(dvterdityibHdhinomethyl)benzene, in methanol (molar ratio of sl 20116/06¥ §sup
donor ca. 1:72) and in the presence of 45 mol% of methanesulfonic acid at a temperature of 80C and
a CO partial pressure of 30 000 hPa in a reaction tigne of 32 hours with constant stirring to give the
alpha,omega-dicarboxylic diester, here 1,19-nonadecanedicarboxylic dimethyl ester. For the anaerobic
preforming of the catalyst, a five-fold ligand excess is used. For the purification of the

L 19-nogadscanedicaibrlie Ametid YR dhe ferclionpiadsl srperpifd i entalyst by
filtration at greater than or equal to 40C is recrystallized in"methanol, and washed in ice-cold methanol
(less thanditeyeaptt o5O)dndlfiteps digheeiPaith dape o aideoll; 19-adTatrRican aditaastixigiat,
dimeth Ro1RG IEARIES (IR S SR NBIRNE YN GONRURRRELTD ARIAIRORN Oh cRRARHT ARG e,

which can be determined from the pressure loss of thé CO partial pressure during the reaction. The

yield is apoieusBiy bepfetnbly thblaasl8efiddy 1EBRAMPIROPOC B rAtIAE kitatepl &) BB @& of
sunflowgs A AIbed ddin&re Adred iosdikrynd-hotames flask Wit canstamisiiring, 8.0 g

da0dg
of NaOH g?sso%vgdén 220 ml of CH3OH are added dropwise at room temperature. The mixture is
stirred fofcachfrthbe 3 elsigsanrreak ol aende igaditoiaty asmplaetianeisaivents apscHen WriG. off on

2 rotary syaporatar ape i lueeiol s smoved byfies e B seRRiadeo sy, ealled suction

filter. The yield of crude hyl oleate is

The catalyst used is preferably a catalyst which comprises an element of group VIilb.
The catalyst is preferably a compiex compound which comprises compounds from the
group of the phosphorus(lll) compounds as ligands. The catalysts used preferably
comprise palladium and ligands of trivalent phosphorus. The ligands used are
particularly preferably phosphines, phosphinites or phosphonites. These ligands can be
mono- or bidentate ligands, at least one ligand from the group of phosphines being
present. Particularly preferred ligands are bis(di-tert-butylphosphinomethyl)benzene and

also the ligands listed below:

Bisphosphine with
paracyclophane backbone
(PHANEPHOS and analogs)

R = alkyl (in particular tert-butyl,

PR cyclohexyl), aryl {in particular phenyl)

NAPHOS and analogs
R = alkyl {in particular
tert-butyl, cyclohexyl),
aryl {in particular phenyl)

Benzyldialkyl- and benzyldiaryl
phosphines R = alkyl

{in particular tert-butyl,
cyclohexyl), aryl

{in particular phenyl)




210 ml of crude methyl oleate are reacted with 2.4 mol% of catalyst, in this example
Pd/bis(di-tert-butylphosphinomethyl)benzene, in 770 ml of methanol and hi the presence of 45 mol% of
methanesulfonic acid at a temperature of 80C and a CO partial pressure of 30 000 hPa in a reaction
time of 22 hours with constant stirring to give the alpha,omega-dicarboxylic diester, here
1,19-novida i Hdita288xylic dimethyl ester. The catalyst was preformed iR 6hE ER#R1P4G&SB0Ader
example 1. The crude diester is purified as described under example 1. The yield is 76%, based on
methyl oleate. Examples 3-14 308.8 pmol (0.3 ml) of triglyceride, here sunflower oil, and 14.4 pmol
(1.38 mg) of methanesulfonic acid are subjected to the reaction described in example 1 at the same
reaction temperature (80C) and for the same reaction time (32 h) in each case. Table 1 lists the yields
based on the triglyceride and selectivities of experiments with different catalyst concentrations, solvent
concentrations and different CO partial pressures. 11 0 Corceniration cicatulystl 11 RaOo
vo',,k,vaddtepatad MmPiressaddpiioe form of precursor compounds, such as, for example,

palladium salts or other palladium complex compounds in which two weakly coordinated
ligands can be readily replaced by the ligands of the trivalent phosphorus. This takes
place in a possible pre-reaction of the catalyst or directly upon combining the palladium

component and the P(Ill) component in situ.

Examples of palladium compounds which can thus be used are palladium acetate,

palladium acetylacetonate and palladium nitrate.

The OH group donors used are preferably linear and branched aliphatic alcohols having
1 to 10 carbon atoms or water, and also mixtures thereof. Particularly preferred alcohols
are methanol, ethanol, propanol and butanol. These alcohols can be used both as OH
group donors and as solvents in the reaction. Particular preference is given to using

methanol.

Furthermore, inert aprotic solvents can additionally be used. Examples of these
compounds are anisoles, diethyl ether, methyl tert-butyl ether, methyl pentanoate,

diphenyl ether, dimethyl adipate, tetrahydrofuran, dioxane, methyl nonanoate, toluene.

As acid, preference is given to using acids with a pKa value measured at 25°C of less
than 3. These are usually medium-strength to strong acids. They are preferably
selected from the group organic sulfonic acids, phosphoric acids, halogenated
carboxylic acids, phosphonic acids, sulfuric acid, nitric acid, perchloric acid, halohydric

acid, polymer substituted with sulfonic acid groups, or mixtures thereof.

A polymer substituted with sulfonic acid groups is, for example, Nafion, which is a

sulfonated tetrafluoroethylene polymer.



tiPal , aA ester Selectivity cc,cc gli94 200-00 8%

WO 2011/110249 PCT/EP2010/067800

The process according to the invention is preferably carried out as reaction by means of
homogeneous catalysis in the liquid phase. For this, firstly the triglyceride is combined
with the catalyst and the OH group donor in the presence of the acid and then reacted
at elevated temperature and while introducing carbon monoxide. This then directly gives
the reaction product as alpha,omega-dicarboxylic diester. This can optionally be further

purified, for example by filtration and recrystallization.

In a particularly preferred embodiment, the catalyst is added, based on triglyceride, in

amounts of from 0.05 to 15 mol%, preferably from 0.5 to 5 mol%.

It is also preferred to establish the ratio of palladium to P(lll) groups in the catalyst in the

range from 1:2 to 1:12 mol/mol.

The triglyceride is preferably used in the ratio to the OH group donor during the reaction

in the ratio greater than or equal to 1:30 mol/mol.

Preferably, the molar ratio of the added acid to the triglyceride is 0.1:1 to 0.6:1.

The process according to the invention is preferably carried out at a reaction

temperature of from 0 to 130°C, preferably from 60 to 90°C.

The CO partial pressure during the reaction is preferably 1000 to 60 000 hPa, preferably
10 000 to 30 000 hPa.

By means of the process according to the invention it is possible to prepare linear
alpha,omega-dicarboxylic diesters in one reaction step in a simple and cost-effective
manner. Starting materials which can be used directly are cost-effective plant oils
having mono- or polyunsaturated fatty acid radicals. The reaction can be carried out in
high yields and with high selectivity, meaning that further work-up with the removal of

by-products can be avoided.
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The reaction process according to the invention is thus a cost-effective alternative to the
preparation processes of alpha,omega-dicarboxylic diesters hitherto available in the

prior art.

The examples below are intended to illustrate the invention in more detail.

A volume of 40 ml of triglyceride, here sunflower oil, is reacted with 2.3 mol% of
catalyst, in this example Pd/bis(di-tert-butylphosphinemethyl)benzene, in methanol
(molar ratio of sunflower oil to OH group donor ca. 1:72) and in the presence of

45 mol% of methanesulfonic acid at a temperature of 80°C and a CO partial pressure of
30 000 hPa in a reaction time of 32 hours with constant stirring to give the
alpha,omega-dicarboxylic diester, here 1,19-nonadecanedicarboxylic dimethyl ester.

For the anaerobic preforming of the catalyst, a five-fold ligand excess is used.

For the purification of the 1,19-nonadecanedicarboxylic dimethyl ester, the reaction
product separated from the catalyst by filtration at greater than or equal to 40°Cis
recrystallized in methanol, and washed in ice-cold methanol (less than or equal to -5°C)

and filtered.

The molar amount of the 1,19-nonadecanedicarboxylic dimethyl ester prepared in this
way is equivalent to the consumed molar amount of carbon monoxide, which can be
determined from the pressure loss of the CO partial pressure during the reaction. The

yield is above 85% based on the triglyceride.
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Example 2 (Comparative example)

880 ml of sunflower oil and 248 mi of THF are added to a 2 | round-bottomed flask. With
constant stirring, 8.0 g of NaOH dissolved in 220 ml of CH;OH are added dropwise at
room temperature. The mixture is stirred for a further 4 hours once the metered addition
is complete. The solvents are then drawn off on a rotary evaporator and the glycerol is
removed by freezing out and separating off via a chilled suction filter. The yield of crude
methyl oleate is 99%.

210 ml of crude methyl oleate are reacted with 2.4 mol% of catalyst, in this example
Pd/bis(di-tert-butylphosphinomethyl)benzene, in 770 ml of methanol and in the
presence of 45 mol% of methanesulfonic acid at a temperature of 80°C and a cO
partial pressure of 30 000 hPa in a reaction time of 22 hours with constant stirring to
give the alpha,omega-dicarboxylic diester, here 1,19-nonadecanedicarboxylic dimethyl
ester. The catalyst was preformed in the same way as under exampie 1. The crude
diester is purified as described under example 1. The yield is 76%, based on methyl

oleate.

Examples 3-14

308.8 pymol (0.3 ml) of triglyceride, here sunflower oil, and 14.4 pmol (1.38 mg) of
methanesulfonic acid are subjected to the reaction described in example 1 at the same

reaction temperature (80°C) and for the same reaction time (32 h) in each case.
Table 1 lists the yields based on the triglyceride and selectivities of experiments with

different catalyst concentrations, solvent concentrations and different CO partial

pressures.

Table 1
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Ex. | Concentration Ratio Pressurs 1 19-nonadscanedicarboxylic
clecatalysty | vileOH)/ vigtarting material) plCOn dimethyl ester
[mol%s) il [hPa] Yield [%a] Selectivity [%]

4.8 4 30000 a7 i
24 4 30000 A5 8%
5 18 3 30000 90 4
48 A 20000 85 &
7 2.4 A 20000 85 a3
g 12 20600 72 81
18 3 20000 a4 G4
10 24 Z 20000 78 an
11 4.8 A 10008 a4 G4
12 24 4 10000 a5 92
13 18 3 10000 gz o4
4 24 3 10000 5 &7

The table shows that high yields and selectivities are achieved even in the case of small
amounts of catalyst. For example, catalyst amounts of just 1.2 mol% suffice to achieve
similar yields to comparative example 2 which shows the 2-stage prior art process and
uses six-times the amount of catalyst based on methyl oleate or a fatty acid radical in
the triglyceride. At catalyst amounts of just 2.4 mol% vyields are achieved which are far

above the yields of comparative example 2.
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acid and an OH group donor and where the reaction is carried out in one reaction

siep.

2. The process as claimed in claim 1, characterized in that the triglycerides used

are plant oils having mono- or polyunsaturated fatty acid radicals.

3. The process as claimed in claim 1 or 2, characterized in that the triglyceride used
are substances selected from the group sunflower oil, high oleic sunflower oil,
rapeseed oil, high oleic or high erucic acid rapeseed oil, olive oil, castor olil,
sesame oil, soya oil, corn oil, palm oil, linseed oil, walnut cil, wheatgerm oil,
grapeseed oil, evening primrose oil, safflower oil, peanut oil, hemp oil, jojoba oil,

tung oil, cottonseed oil and jatropha oil or mixtures thereof.

4. The process as claimed in claims 1 to 3, characterized in that the catalyst

comprises an element of group VIlib.

5. The process as claimed in claims 1 to 4, characterized in that the catalyst is a
complex compound which comprises one or more ligands from the group of

phosphorus(lil) compounds.

6. The process as claimed in claims 1 to 5, characterized in that the catalyst
comprises Pd and one or more ligands selected from the group phosphines,

phosphinites or phosphonites.



The process as claimed in claims 1 to 5, characterized in that the catalyst comprises Pd and one or
more ligands selected from the group phosphines, phosphinites or phosphonites. 13 The process as
claimed in claims 1 to 6, characterized in that the linear alpha.omega-dicarboxylic diester has a carbon
chain length of C12 to C23; preferably C16 to C20 and particularly preferably Cm and C19. The
process A 2meMd #02i8ms 1 to 7, characterized in that the OH group donpPCis/sHaedqad eTsie
group of linear and/or branched alcohols haying 1 to 10 carbon atoms, water or mixtures thereof. 9The
process as claimed in claims 1 to 8, characterized |q,ithat the acid has a pKa value (measured at 25C)
of less than 3. 10. The process as claimed in claims 1 to 9, characterized in that compounds selected
from the group organic sulfonic acids, phosphonic acids, halogenated carboxylic acid, phosphoric acid,

sulfuric acid, niriteagid.Rechlode st Riehali poih BONIEL HPRIIRG YA suiopic acid groups

or mixtures thereof are used as acid process as c |me %ﬁg\ractenzed in
that the reacanimh@acr)nwgatmmynb@@h@ dﬁé&i&ﬂmembata@mmﬂeﬂ@hmﬁ@@h&sﬁggz. The

process as clai Ig}ggel'% §b¢1 ?)% t% 4 &Q@g ‘tg&%({% rlgr)l{tl?gt gBF %%t%e ?added in amounts of from

0.05 to 15 mol%, prefe 3 Mol%, bas e rlglyce *Phe process as claimed in
claims 1 to 12, characterized in that the ratio of Pd to P(lll) groups in the catalyst is 1:2 to 1:12

mol/molg14. Thig,pragess.as cRImELn faimAk P HRASRIRSST Bot AR SRIgig Rplyent s used
in addmon to the group onor

donor is selected from the group of linear and/or branched alcohols havmg 1to

10 carbon atoms, water or mixtures thereof.

9. The process as claimed in claims 1 to 8, characterized in that the acid has a pKa

value (measured at 25°C) of less than 3.

10.  The process as claimed in claims 1 to 9, characterized in that compounds
selected from the group organic sulfonic acids, phosphonic acids, halogenated
carboxylic acid, phosphoric acid, sulfuric acid, nitric acid, perchioric acid,
hydrohalic acid, polymer substituted with sulfonic acid groups or mixtures thereof

are used as acid.

11.  The process as claimed in claims 1 to 10, characterized in that the reaction is

carried out by means of homogeneous catalysis in the liquid phase.

12. The process as claimed in claims 1 to 11, characterized in that the catalyst is
added in amounts of from 0.05 to 15 mol%, preferably 0.5 to 3 mol%, based on

the triglyceride.

13.  The process as claimed in claims 1 to 12, characterized in that the ratio of Pd to

P(l11) groups in the catalyst is 1:2 to 1:12 mol/mol.

14.  The process as claimed in claims 1 to 13, characterized in that an aprotic solvent

is used in addition to the OH group donor.



15. The process as claimed in claims 1 to 14, characterized in that the triglyceride to the OH group
donor is used in the ratio greater than or equal to 1:30 mol/mol. 16. The process as claimed in claims 1
to 15, characterized in that the molar ratio of the added acid to the triglyceride is 0.1:1 to 0.6:1. 17The
process as claimed in claims 1 to 16, characterized in that the reaction is carried out at a temperature
of from W@ 280¢/1%@2421bly from 60 to 90C, The process as claimed in cl&@3$/ERR07 W0&ZR06rized
in that the CO partial pressure during the reaction is 1000 to 60 000 hPa, preferably 10 000 to 30 000
hPa. 14

15.  The process as claimed in claims 1 to 14, characterized in that the triglyceride to

the OH group donor is used in the ratio greater than or equal to 1:30 mol/mol.

16.  The process as claimed in claims 1 to 15, characterized in that the molar ratio of
the added acid to the triglyceride is 0.1:1 to 0.6:1.

17.  The process as claimed in claims 1 to 16, characterized in that the reaction is

carried out at a temperature of from 0 to 130°C, preferably from 60 to 80°C.

18.  The process as claimed in claims 1 to 17, characterized in that the CO partial
pressure during the reaction is 1000 to 60 000 hPa, preferably 10 000 to
30 000 hPa.



