PF 53717 prPbBT2%s for the preparation of a dicarboxylic acid starting from
acrylic acid 5 The present invention relates to a process for the
preparation of a dicarboxylic acid of the formula (1) H OOC-(n-C4Hx) - COO-H
(') 10 where x is 6 or 8, starting fgomacrylic acid, 15 which conprises
a) reacting a dicarboxylic acid diester of the formula (I1) 20

R1-O0C- (n-C4AHx)-COO-R2 (I'l) where x is 6 or 8, and 25 Rl and Rz,

i ndependeRtdgess fomethaopreparagien(if a dicarbgxybic acidapkgrting frowr

het er oar yhe ide):ige identical to or different fromone another, 30 with
acrylic acid to give a dicarboxylic acid of the fornmula (1) and a m xture

of acrylic acid esters of the fqrnulae C2H3- COORl. a C2H3-(I§g?% ere Rl
and R2 3r EPGPTRF e APEBRYACD tf)e(i%ﬁﬁf*a?iané’rf’ﬁgsﬁifc%ﬁ %gfypfﬁp%%l d 8f¥)\1?he
fornul a (R)ditazhorgdic3acit af dheaformya t(Ad reaction m xture obtained in
step a), c) dinerizing the C2H3- COORl, C2H3-COOR2 or m xture thereof
obtained in step a) gleodl Ve-@h, N-dog-gnediearboxylic acid diester, and 40
d) cleaving the dicarboxylic acid diester obtained in step ¢c) into the
correspondi ng di carboxylic acid of the formula (1). Processes for the
prepar A% WAeH® di met hyl n-but enedi carboxylate, 45 i.e. dicarboxylic acid
diesters (Il) where x-6 and RL - R2 nethyl, starting fromnethyl acrylate
are knowngper se. iPF653 1/, 2 Thus, U5 3,013,066 describes in Exanples XX
and XXI the dinerization of nmethyl acrylate in the presence of ruthenium
starting from acrylic acid,
15

which comprises

a) reacting a dicarboxylic acid diester of the formula (II)
20 R1-00C-(n-C4Hy)-COO-RZ (II)

where

X is 6 or B, and
25
R! and R?, independently of one another, are C;~, C;-, C3- oOr
Cy-alkyl, aryl or heteroaryl and may be identical to or
different from one another,

30 with acrylic acid to give a dicarboxylic acid of the formula (I)
and a mixture of acrylic acid esters of the formulae C,H3-COOR1
and C;H3-COOR2, where R! and R? are as defined above,

b) separating the dicarboxylic acid of the formula (I) obtained
35 in step a) from the reaction mixture obtained in step a),

c) dimerizing the CzH3=-COOR!, CzH3=COOR? or mixture thereof
obtained in step a) to give an n-butenedicarboxylic acid
diester, and

40
d) cleaving the dicarboxylic acid diester obtained in step C)
into the corresponding dicarboxylic acid of the formula (I).

Processes for the preparation of dimethyl n-butenedicarboxylate,
45 i.e. dicarboxylic acid diesters (II) where x=6 and Rl = RZ =
methyl, starting from methyl acrylate are known per se.



chloride g 5325} yst. Dinet hyl n-butenedi carboxylate is obtained in
Exanple XX as fraction Il in a yield of only 24% and in 5 Exanple XXl as
fraction Ill in a yield of only 37% in each case based on nmethyl acrylate
enpl oyed. US 4,638,084 describes in gxarrpl e | the dinerization of nethyl
acrylate in the presence of chl orobiS(ethylene)rhodi un&l‘) di rer 10 and
silver tcRhu| USr 8ok iib6adecarheastin EraBp iy @PEnX%F the00%, di net hyl
n- but eneddingrizayliab cofvaetbyl aaciedldte dnyiké doxefsengr| ¢f cOhepasmd on net hyl
acryl at e @RJra¥edasdede1PshedpbNetiN nEBufeAddi ciibostgsaté biks obi@ined
di e | zat | Pk Anp TR Y| a A ErUERESn 111 LiiC n%?e%%@m Oh4$P&M filnc rhodi um
cpnplexes as catalyst. Accor, |n9 10 EXa g a OK Si pn OP 97% t o
di net hy? %%‘lfﬁ@néﬁ' c? b@&ﬂtéf’ﬁ 15 e &vsld %toéﬁ% ﬁZ%r oY 9ORP EB%Rver, it
i s usual IBagest ogi pethy} arrbydatacemMpRlansdxyl ate that is 20 in demand as an
industrially inportant product, but instead a dicarboxylic acid (l), in
DL U 7o ol USYeG008) daceiBestin BRI Lo Astibilisb IR 6% hethis Adipic

. | . I
ol asti oj AT Iate Lhcrye ddsgnce b E ctiboxes: 1 FERMAredinahi ot i imer
starti A9 2u8 FidaREr te aﬁh’é”ﬁP@f)%‘l‘%\tﬁ*’Oﬁ%PWﬁHUi‘? i%a PPV Tt é’%t pol yner s,
such as ny0@h GlifetApt or-diutgneditscianylatecsas Bkimined X andieldl oft he
di net hyl ofpuioanedhséd i yledhel OdH} 1@ efiplbged| Metezaineh hyawMBO
subzeqtjen_tl%/ be hydr ogg_na_t ed to di nmet lt;yl adi pat e gfter removal froma
product m xture, | pi.c_ac can be aqbtai ne aponi fi.cat.i o f the
adi pi c ac‘?%’pm"?sst g?g %}%‘P ] Séetge_’a‘gls"éeﬁl@g PR ?fsj%f\j! 8€%¥]faotre,tlﬁeghg
pr epar ABi BYESANCES of(FPRRL G AhedinR | SRPMlEFRP net 5At Y A HRing to
di sadvant Bxpeupisd ¥, Bncouesignnoft T it dimethyk ocdutepedpearhoxylpse
preparati 98 sdhidved!, detemipddabgsyMmanely acrylic acid, nethyl acrylate,
di met hyl n-but enedi car boxyl ate and di net hyl adi pate, where it should be

taken intQ account. that in.additjon,t i Cy.AGI i.ficati
and the hUFOTatton® oS Ydﬂﬁétﬂweot}{xq‘gﬁ? e{r’l%%‘%'egdal;%bggo#g{'a?t%ﬁ%iftlrr% H/Fn
adi pat @9 &n sdgmang iaéna§tHﬁqué‘nﬁﬂ-i’dév&%rﬁé@&Eﬁ??‘}c%ueﬁxa??trf'é‘dr &moval ~ of
t he resul drarkadiydiic aeidd d Hir,oant parpicodhast adiri¢racigit dret hee
saponi f i caté&fbdiyliieac fd nef)hwhendi pat 6. 4dipic acid is an important
intermediate in the preparation of polymer plasticizers, of
polyesterols, for example for polyurethanes, and a starting
25 monomer for the preparation of industrially important polymers,
such as nylon 6,6.

According to US 3,013,066, Examples XX and XXI, the dimethyl
n-butenedicarboxylate obtained in the dimerization can

30 subsequently be hydrogenated to dimethyl adipate after removal
from a product mixture, and adipic acid can be obtained by
saponification of the adipic acid diester.

The process described in US 3,013,066 for the preparation of

35 adipic acid starting from methyl acrylate thus disadvantageously
includes a multiplicity of process steps for the preparation of
four intermediates, namely acrylic acid, methyl acrylate,
dimethyl n-butenedicarboxylate and dimethyl adipate, where it
should be taken into account that in addition to the acrylic acid

40 esterification and the hydrogenation of the dimethyl
n-butenedicarboxylate to dimethyl adipate, a separation step is
likewise necessary, such as the removal of the resultant adipic
acid from the product mixture after the saponification of the
dimethyl adipate.

45



PF 53717 BF PA73ddition, as is known, the nethyl acrylate enpl oyed for
dinmerization in the process described nust firstly be prepared by
esterification of acrylic acid, where at | east one separation step is

| i kewi se necessary in order to obtaig the ester in pure 5 form It is an

obj ect of ’ nt . LNy, i t rovi.de a _process I C nabl es the
prepar at i é{l} 0 ﬁé:q%?léa?%gﬁ(sep%n(??’g‘éi gh I e,tl.]lyﬁ aﬁ%f‘?%ﬁjleglp\fg&?%i{oraci d, from
acrylic aCtEiiFaEPBchii IRFOSERP| oy 1hed Besh Hirealynhenereparedhhye
found t haestenifiggtaen ¢% amhvilavedchy, twherpr st eb=astebnredepatattion out set .

15 I'n accstemnice Mkbhisdendowesakyoin exdet t6 astdlid Theeast&d i patep )
with a gi ggFpoxylic acid diester of the formula (I1) R -000- (n-C4Hx)
-COO-R2 (Il) 20 where x is 6 or 8. In the fornula (11), Rl and R2,

i ndependently of one another, are 25 Cl-, C2-, C3- or C4-alkyl, such as
met hyl , efhy}s af gPapGt, of theopyesert prventipn i yarovidgue yprasess- but yl |

pr ef er abl yhigletepablearthe pnephrasipmentyla dirahedserldar wkidRII pNdnR2 are

pr ef er abl yartimapendenply Rfidnerandd8iicChcid @Br.a E3enficaldy dlikphe such

as netﬁulan&ngagnom@égicHgﬂq$g_-propyl, n-butyl, 30 i-butyl, s-Butyl or
' met hyl .

t-butyl, 1n particular t Rl and R2 may be different. In a preferred

enbodinent, Rl and R2 are identical. In a particularly preferred

enbodi mente heve;fqupgd thate thisnebiest difd aghéeved bwnwhiybro@ssy Wefhinedase
wher e x =a®B, theheudisetr boxylic acid on which the dicarboxylic acid ester of
the formula (I1) is based is adipic acid. 40 The correspondi ng adipic acid

diesteng§ g IAQna! @il 't)neagﬂve fdd %E%?fi@tal&% %erggé’t:’]gh %{)sés- Thus,
t he adi pi¢ aci ( dlestq%s ﬁgn e.g al fed,” " for exaqﬁée, g} Icar ony?atlon
of but adfbnstth 3 RECHTRETHAE 8F1iY) ez of  the LOTPULRahbE) 45 In a
preferred enbodi nent, the butenedicarboxylic acid ester obtained in step
c) of the process aBbeCfi-ng-€ g $)k€0DARENT i(@m)can

20 where
x is 6 or 8.

In the formula (II), R! and R2, independently of one another, are
25 Cy-, Cy-, C3- or C4-alkyl, such as methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, s-butyl or t-butyl, preferably
methyl, aryl, such as phenyl, or heteroaryl. R! and RZ are
preferably, independently of one another, C;-, C3-, C3- or
C4-alkyl, such as methyl, ethyl, n-propyl, i-propyl, n-butyl,
30 i-butyl, s-butyl or t-butyl, in particular methyl.

R! and R? may be different. In a preferred embodiment, R! and R2
are identical. In a particularly preferred embodiment, R! and R2
are identical and are both methyl.

35
In the case where x = 8, the dicarboxylic acid on which the
dicarboxylic acid ester of the formula (II) is based is adipic
acid.

40 The corresponding adipic acid diesters of the formula (II) and
their preparation are known per se. Thus, the adipic acid
diesters can be obtained, for example, by dicarbonylation of
butadiene in the presence of alcohols, such as methanol.

45 In a preferred embodiment, the butenedicarboxylic acid ester
obtained in step c) of the process according to the invention can
be hydrogenated to an adipic acid diester. This hydrogenation can



be hydrog®na®®tlio an adipic acid diester. This hydrogenation can PF 53717
4 Dbe carried out in a manner known per se, for exanple with honpbgeneous
or heterogeneous, preferably heterogeneous catalysis. Suitable

het erogeneous catal ysts are preferabljy those which 5 contain, as

catal ytically acti.ve conponents noble netal from _group .g,of the
Per  oni ¢ Faisariapa Ra€ o A ARenes dufPedl B8 pa 1, SPAPREATAH. « hodi um
i ridium HPRAIERERPSNPE KhgterogBarPuUlr RIGFBERPLY HietfesPaBRGO WG4 AL RS 10
These netals can be enployed in unsupported form for exanple as
suspensi ogu DeHAley fbter f@icuabbita Iy dthe agasprofertivilyckhose aidht . These

metal s saﬁ%lg@aﬁ%mggyﬁta A9y 80k {1 MonbBhe AR GoBlle AGLIVELEH car bon.

nmet al oxi ransi {1 on-m es,_| articular al umnym.oxi de or

T Peon oG 8,58 BhS TS Shotc PABLE ity the; B OMNES TAECH IS RALIAPAO! oot o1
obt ai ned Fetheniigmay ghodibwmt iigidéium, Rlardnumgebiehal heokapt BeFoPReStep a).
20 25 I n phefamddywpalbadiuwm.6, the di carboxylic acid on which the

di carboxylic acid ester of the fornmula (I1l1) is based is

b : boxyl i . . ;o . b . boxvl i
acid cdperioieriitans, 85 biiendi BB 0 HepkPREEE) ool TALEBRAE REY, | C
fornul a (FrSPelifdonneprtabyeisar REPERT2RYY Riohhe petse ©f phgkel (9 cobait.

n- but enecarboxylic acid diesters can be obtained, for exanple, by
di meri zat Thésemer@lyl t&n dsd Erpdbeed, imSuppstedetbrm) I0r Uskanfle3of66, US
4, 638, 084,0¢ i Fltely #47b3R5 MBI BREGe s tAARsiLULS et BRiAESO LSCri bed

bel ow i,n J. Che Soc. 87 .(,1962)_..5638-5645 or__J. r '
2 (1088) PaECRuIR Shupft s, OF 1 B o aR et S35 B acryli & aci d
enpl oyed firedHedarasady$rocesses for the preparation thereof are known.
Thus, for exanple, acrylic acid can be obtained by gas-phase oxidation of
propene orh@rafipie abidtdiedversebpceindd Hel ehdgehpinitgjenatabyséan 40 Wen
acrylic agifadagelotic®yd BE MYkGdaUPn ddeg R)cuUstomary to add one or nore
stabllbaers whi ch, for exanple, prevent or reduce the

In the case where x = 6, the dicarboxylic acid on which the

dicarboxylic acid ester of the formula (II) is based is

n-butenedicarboxylic acid or a mixture of isomeric

n-butenedicarboxylic acid esters.

25

The corresponding n-butenedicarboxylic acid diesters of the

formula (II) and their preparation are known per se. Thus, the

n-butenecarboxylic acid diesters can be cbtained, for example, by

dimerization of acrylic acid esters, as described in

30 Us 3,013,066, US 4,638,084 or EP-A-475 386 mentioned at the

outset or as also described below in J. Am. Chem. Soc. 87 (1965)

5638-5645 or J. Molecular Catalysis 29 (1985) 65-76 or step c)

according to the invention.

35 The acrylic acid employed in step a) and processes for the
preparation thereof are known. Thus, for example, acrylic acid
can be obtained by gas-phase oxidation of propene or propane in
the presence of heterogeneous catalysts.

40 When acrylic acid is stored or worked up, it is customary to add
one or more stabilizers which, for example, prevent or reduce the
polymerization or decomposition of acrylic acid, such as
p-methoxyphenol or 4-hydroxy-2,2,4,4-piperidine N-oxyl
(“4=hydroxy-TEMPO”) .

45



pol yneri zeggi g7y deconposition of acrylic acid, such as p-nethoxyphenol or
4- hydr oxy- 2, 2, 4, 4-pi peri dine N-oxyl ("4-hydroxy-TEMPO'). 45 PF 53717 5
Before the acrylic acid is used in the process according to the invention,
sonme or all of such stabilizers may be renoved. The stabilizers may be
renoved by processes known per se for this pur pose, such as distillation,
extracti oBeberertist @ickiytaciarid 3sSused simbibel prosesmyaccending it ttihe acrylic
acid in thaveRbivieMedineOoe da KIMpifNsuchUstdifilTRees MEY W emMovéd eafier s can be
obt ai ned, ¢tQh; £3AMY GayPhe JdhRebeby! bradd¥esOkndis Yid:C s@CEdr WH4E t he

correspondi ng al cohols”in.the nresence of hqnogeneous catalysis. such as
ot oF uenoBFPRRF ¢ SRy 3= HATAEAPRr SF R ANCaT HRAAL LAERE M est or of
the for®Bula (11) 15 with acrylic acid can be carried out without
cat al ysi s Suth svakidizerageay semaiodinethe ddryldcpasi binethe use a

honbgeneodpofeméret RInedeBmeOumst cat al yst, in particular a heterogeneous
catal yst. The catal yst enployed can preferably be 20 an inorganic or

or gani c, Levviﬁ or Bronstedt aci.d conpound. In tEe . case of organjc
conpounds FOF GREEIRH RN GEFEL1G Py SRERER AN PenebERLass (£0%: REtoley &Y

i nor garlidc estapbiirationx pfeacrithiicngcadi with tdencerrespandingsakeeholisedn are
advant ageatsl préserncablod. h@hodenenukuchhel ystdi,asbalcas p-amladhasnl fortilee use
of a honoggrpgous catalyst together with a heterogeneous catal yst is

considered. Preferred catalysts are inorganic or organic, Lewi s or
Bronsted _acid conpounds.. 30 In the case of organi c conpounds, advantageous

het er ogen&d8sTercian, Of sthe Aiqarboxyhic psid digstae ofddeoformpla il
conpourkfs withdeery kige 6gddcomp hendaraied oxites thevt nepdiv#iié -cent ers, such
as zeolites. 35 Tn the case of organic conpounds, an advant ageous
honbgeneoys, afah@andagedul-ébdianRall, f 001 Gs 3fdsdinid th&iseaqe of inorganic
conmpounds., Ad¥ 3R AAC YIS nELIPOIILIR" Gl U, G nGhle PhuiRiRogPRON I € acid.
heterogeneous catalyst. The catalyst employed can preferably be
20 an inorganic or organic, Lewis or Bronstedt acid compound. In the
case of organic compounds, ion exchangers can advantageously be
used. In the case of inorganic compounds, oxides having acidic
centers, such as zeolites, are advantageously suitable.

25 In a further advantageous embodiment, the use of a homogeneous
catalyst together with a heterogeneous catalyst is considered.
Preferred catalysts are inorganic or organic, Lewis or Brdnsted
acid compounds.

30 In the case of organic compounds, advantageous heterogeneous
catalysts are ion exchangers; in the case of inorganic compounds,
advantageous compounds are oxides having acidic centers, such as
zeolites.

358 Tn the case of organic compounds, an advantageous homogeneocus
catalyst ig p-toluenesulifonic acid; in the case of inorganic
compounds, advantageous compounds are sulfuric acid or phosphoric
acid.

40 Homogeneous and heterogeneous catalysts may be used at the same
time or in succession, such as first the homogeneous and then the
heterogeneous catalyst, or first the heterogeneous and then the
homogenecus catalyst.

45



40 HonogeproB37and het er ogeneous catal ysts nay be used at the sane tine or
I n succession, such as first the honbgeneous and then the heterogeneous
catalyst, or first the heterogeneous and then the honpbgeneous catal yst. 45
" PF 53717 6 In a further advantageou% enbodi ment, the use of a honpgeneous
catalyst is considered. Preferred catalysts are inorganic or organic,

Lewi s or BRoAsEWdhesi avantrantys. emsbedingrd c5he wie AfganhemedsRaaifds,
p-t ol uenesatalystc isc cdnadgeretlv Zmedgenat|cathdyssedird nnpbhganis emf

i nor gani ¢ oggaptNdewisady At RS a6 0dRUMpEnas e sul furic acid or
phosphori c aC| d. The reaction in step a) can be carried out in a reactor,

such as stirred reactor, a reac

5 é casi as a,stirred-reactor
cascade, 5P ¥ eefﬂﬁ SOFf| PEIFHIF FOPPRUNASy J-&pP BF99§?Fg§ﬂéch39} reaction
vessel , adduantagesusily be wsedadni the drags [ofai NOFTanss GeRpOR spart i cul ar
one haV| ngdeant agediuag compbundsd alrk bBhkfuracticid o8 misysphediouidcidy a
distillation device, the catalyst, in the case of reaction in step a) in

e 2L RS Sadhishoisl Yol P RAECHET SRR LS, MALLED, sy o1

reacti 3@ #i ?('EHFTéEq Ledptar ne%l Rﬁrﬁ‘%ﬂrc%ﬁﬁé}%s sych p & MFPG ’a?ﬁ‘ﬂ:%f t he
formul a (cpseade.aon inuaedbftiddeglips dewiat,epreferadily Ha poenhdviag a
C2H3- COORteadtidi N@se@DR2advdiajeBlhs By diRa aeactsvelafistadlabose. The

reaction mhxjhg e ﬁP)baEHi&@fémn% haQiRg | S&idiaRhG R C acid diesters of
the formula ( I') acry Ic 25 acid, di carboxyllc aC|d rmnoesters of the

formula Rl - -CAHX) - COCH or g - R, where
Rl, R2 lén&fxt%ﬁ’ e“%?é’ 8P| h%ocadH’d\?é‘ OR% G W l%\é%"ewfbrdeml??ur*e‘? t her eof .
30 I n stepablystoridi thet 0asdheofi Wesatiom,in sgedi ahriboxhe praseéncefof @he
formul a (kchtebyst nedni adespedicnd 19f Befirm”ﬂaﬂhedrmcﬁﬂe)ltegﬁbﬂtw&eﬁﬂ ai ned

in step ajne IHGL&RAPANAL i:Qﬁ bf HeCRiBLiCRIL M @aL{é&d Out in a step which is
35 separate fromstep a). It, for exanple, one of the reactors mentioned or

one of the reactor cascades mentioned |s enployed in_ step a), the product
mi xt ur % &R BEERiA)IndAaRRaFE A t“Hé‘tPéﬁc’c%rO%alne‘i which comprises a

dicarboxylic acid of the formula (I) and a mixture of acrylic
acid esters of the formulae C;H3-COOR! and CyH3-COORZ2, where R! and
R? are as defined above. The reaction mixture may furthermore
comprise dicarboxylic acid diesters of the formula (II), acrylic
25 acid, dicarboxylic acid monoesters of the formula
Rl - 00C - (n-C4Hyx) - COOH or HOOC - (n-C4Hyx) - COO - R2 , where
R!, R? and x are as defined above, R!OH, R20H, water or mixtures
thereof.

30 In step b) according to the invention, the dicarboxylic acid of
the formula (I) obtained is separated off from the reaction
mixture obtained in step a).

The separation in step b) can be carried out in a step which is

35 separate from step a). 1f, for example, one of the reactors
mentioned or one of the reactor cascades mentioned is employed in
step a), the product mixture can be withdrawn from the reactor or
the final reactor of the reactor cascade, and the dicarboxylic
acid of the formula (I) can subsequently be separated off from

40 the reaction mixture obtained in step a) by separation operations
known per se, such as distillation, extraction or
crystallization, in one or more steps.

45



the final PFeB8¥87 of the reactor cascade, and the dicarboxylic acid of the
formula (1) can subsequently be separated off from40 the reaction m xture
obtained in step a) by separation operations known per se, such as
distillation, extraction or crystalhkization, in one or nore steps. 45 PF
53717 7 S Qf ' [ eni ' matical ly.in Figure 1
wth rof heBERE e thit il Ts' pBER B0 BRI T b adhee' T,
acrylic attth J9fersecqr ity eXABPL® Rl gt FEAStIRR % demethy) Sfingte

meani ngs: wStive@xylist Rakd! InAtBe drawing abedablGsridEionethane ddeyl at e

ADS: adi peelbewihgl heAREnddE: nononet hyl adi pate ADS-DME: di net hyl adi pate
H20: wager Cross-hatched area: optional catalyst 15 In an advantageous
enbodi men teps a) and b) can, be rried out together in part or in

t hei r entllh?%li‘y. The reaction f“ﬁtg?%%laa), in a distillation device is

pref erabl $¢8tiitabl e here. I n &RTRHAREGeous enmbodi ment, the distillation
devi ce caACBeME20 operated i nmstbyl sacwplathat the dicarboxylic acid is
obt ai ned gssa conponent whi chats$psepayid e fromthe remai nder of the

reacti k X £. This is sh | a Leally in Figures 2 and 4, again
depictgg &ﬁﬁEBﬂ: exanpl e mﬁﬁ%ﬂ?&%éﬁgg ggq@ggghe reaction of di nmethyl

adi pat e ?gﬁﬁﬁylic aci d, mh8F5e$W§'§@BPB§?ations have 25 the

above- menf#®hed neani ngs. I n ¥aF®¥ther advant ageous enbodi nent, the

di stil | at Coossichdtobedaaredbe opptadmal icatadghta way that the di carboxylic
acid and at least one of its esters, i.e. dicarboxylic acid nonoesters, 30
di car bagy th Caf Adbailk88LEHS MboALHE SShddl 89" and S PRl BELAiBg GREPONEN!
which is ?egaégte. ro e reminder of. the esc ion_ .mxture, ang the
di car boxy[FP8atF d s P&l s%ﬁnﬁ?hthﬁlgeiﬂﬁﬁﬁﬁﬁy'qF © ¥FWHPR P ntSERIAD. Bhis i s
shown diagrgh%ﬁ&qyﬂylpy ggy;qqykpepggferably suitable here.

In an advantageous embodiment, the distillation device can be
20 operated in such a way that the dicarboxylic acid is obtained as
a component which is separate from the remainder of the reaction
mixture. This is shown diagrammatically in Figures 2 and 4, again
depicted by way of example with reference to the reaction of
dimethyl adipate with acrylic acid, where the abbreviations have
25 the above-mentioned meanings.

In a further advantageous embodiment, the distillation device can
be operated in such a way that the dicarboxylic acid and at least
one of its esters, i.e. dicarboxylic acid monoesters,

30 dicarboxylic acid diesters or mixtures thereof, is obtained as a
component which is separate from the remainder of the reaction
mixture, and the dicarboxylic acid is subsequently separated off
from this mixture. This is shown diagrammatically in Figure 3,
again depicted by way of example with reference to the reaction

35 of dimethyl adipate with acrylic acid, where the abbreviations
have the above-mentioned meanings.

In the case where x
b).

40
In the case where X = 6, n-butenedicarboxylic acid can be
obtained from step b).

8, adipic acid can be obtained from step

In a preferred embodiment, the butenedicarbexylic acid obtained
45 in step b) of the process according to the invention can be
hydrogenated to adipic acid. This hydrogenation can be carried



agai n depPEt837by way of exanple with reference to the reaction 35 of
di net hyl adipate with acrylic acid, where the abbreviations have t he
above-nmenti oned neani ngs. In the case where X 8 adi pic acid can be

" obt ai ned fronlstep b). 40 In the cage where x = 6, n-butenedicarboxylic
acid can a b referr odi nent, the
but enedi cg ta (&:nggg?{. 18{? ﬁ 8 g‘%‘s i ?% g q:htﬁb PIRS Q% cording to
t he |nven?? eBEshyQﬁqﬁﬁ§ﬁ§9¥d %Eﬁ%ﬂﬁﬁ&?@u§c¢%FalYﬁP§ hydrogenatlon can be

carried PF 53717 8 out in a manner known per se, for exanple with
honpgeneosisiablehbbeeogpemraus, catel gablayehpt 181 §0RoEaAivH S. Suitabl e

heteroggn@@hghﬁhat%EY§£éhf¥EicQﬁ§§e£ d@ Ay Sggﬁﬁ(nn OBQQtﬁ%B 1f%?§

P di
Cabre ot Srath bl Po SR a0 S Bleb, SRR B uer, O

pl at i num THFheddum, cgh %ﬁ%umbrlééﬂbém' Platdnumabhicksdl,| gebakt om0 cPPPSE, net al s
can be enptefgsbly patlgpiomt.ed form for exanple as suspension catal ysts,
preferably in the case of nickel or cobalt. These netals can be enployed in

SUpporEGdTﬁéHénﬂékgﬁseééﬁqﬂe elfiplo &'%?Hﬁgugﬁ6£¥£h fg%&alfQXId le

transition- et SI ICOﬂ oxi de,

pr ef er abl J*3¢ sﬁofeﬁa*bws&é"t aPy g %ral?lﬁ &805 ﬁa‘?ﬂig Wi tﬁl?]Ff%l |9"Fv€ﬁ‘PPBE t he
acrylic esters C2H3-COOR1 and C2H3- COOR2 or m xtures thereof obt ai ned in
step a) afkeR) méitadsi cad ben esb2pyed i syipperted crmedEcAr dxamnglieCoaci d

di esters. aéﬁiﬂaﬁéﬂeéafﬁﬁnt|m%tﬁﬁn3£iéé§'(E}aﬁglﬁﬁﬁﬁddé%aﬁséfiééé(Jﬁﬂ ve

n- but epgdh LAY €1 irﬂm Poahe, e dnqwa, ShidE peRrdl él% ef?{jgg o &

di neri zat ﬁp be“carrie

catal yst. 1 ‘i eQd%ﬁﬁ? s enbodlnent, it |s pOSSIb|e to use a
honbgeneous catal yst, such as a catal yst containing an elenent 30 from
group 8 oIntdwedrdrnceliwitialthe dfivédeidd, enbat scrylicpastecs|@;-cohorl um or

rut heni unandreshgredorR? bf hhed@sMefbréofadtaitghifSsap ahl Fdde, or a
conpl exoCoimAUNdy FRIA NS b e ﬁjﬂﬁ%eﬁgglcarboxyllc acid diesters.

Processes for the dimerization of acrylic esters to give
n=-butenedicarboxylic acid esters are known per se.

25 Thus, the dimerization can advantageously be carried out in the
presence of a catalyst.

In an advantageous embodiment, it is possible to use a
homogeneous catalyst, such as a catalyst containing an element
30 from group 8 of the Periodic Table of the Elements, in particular
rhodium or ruthenium, preferably in the form of a salt, such as a
chloride, or a complex compound. Catalysts of this type and
processes for the dimerization of acrylic esters to give
n-butenedicarboxylic acid diesters in the presence of catalysts
35 of thie type are described, for example, in US 3,013,066,
US 4,638,084 and EP=A=475 386 mentioned at the ocutset or aleo in
J. am. Chem, Soc. 87 (1965) 5638-5645 or J. Molecular Catalysis
29 (1885) 65=76.

40 The dicarboxylic acid ester obtained in step c¢) is, in accordance
with the invention, cleaved into the corresponding dicarboxylic
acid of the formula (I).

Processes for the cleavage of an ester to give the corresponding
45 carboxylic acid are known per se, for example from US-A-5,710,325
or US-A-5,840,959,



processesPFob37he dinerization of acrylic esters to give

n- but enedi carboxylic acid diesters in the presence of catalysts 35 of this
typo are described, for exanple, in US 3,013,066, us 4,638,064 and EF-A-475
- 386 nentioned at tale outset or alsogin J. Am Chem Soc. 97 (1965)
5638-5645_or J. Mol ecular Catalysjs 9 (1985 5-76., 40 The di carhoxylic
oot ot oFRoHISHa PHOEE db mepr) EhS) oy BRtIPAMNRDON A PRAS [GRRAIPEn

cl eaved i &R oStefe ddoFprBspdVRIItRGeansdy e iydgogarattbditor Béve AFAAIE (1) .
Processesa¢id. t he cl eavage of an ester to give the corresponding 45
carboxylic acid are known per se, for exanple from US-A-5, 710,325 or

US- A-5, 84y P29, cﬁ%ggﬁZEZO I pENEa FASS \M&%rg Xa Tntiner fnown per se
n- but en8di. ¢ar bOXYI1°C ac) obit aine I'n _ste Z can agVaQ?a egusly be

hydr ogenaf 8t THIRLFe YHR RENeGEERAUS coR et SROEPRERHRY PORTERIONE carried out
i n a mannbeteypganegus catalysdis.exanpl e with honbgeneous or het erogeneous,

preferably heterogeneous catalysis. Suitable heterogeneous catalysts are
pr g}‘ er ablt gﬁ?@&& \M@tteboa&é:&f mt %h@gl%téé?é&#ﬁ&%?@%ifﬁ%yﬁ%hg}éé mtmpnenth a
nobl e rom _qr o} i.odi ¢ o uch as
pal | adignbontdilf, ¥, ¥Babyclodrl§, SELLAE Conbafofs 2 MiBag) ROELY Srohl

copper, BFYRrRLy the| PEAAQC T8PIReRk the FLEements hSUEhpPyRAT fadium,
unsuppor t suthenimm,f ghodxump|ix iddung ushbatrisiugn vackslscobapt edereUPPEriyn t he
case of npekedravlycphaladivhhese netal s can be enployed in supported form
for exanple on activated carbon, netal oxides, transition-netal oxides, in

20 par ti.c I,nu | de r...shlicon dioxi r ef er.abl fixed- bed
cat al ysltss %Tgne g‘&#arg&\gag%g?é%uesm pg‘o %gi '}rlrlgnlﬂsutp ﬁérgg%aél)og%é 5? pn%/’f)%?pelr?eg?-
car boxyl i EUERERBIANSALRLYF IS s PEF LT 2RLY 1n ﬁhﬁhﬁa%%s‘btg WHEKEL oL gPPARE - e
carried out by recycling the n-butenedicarboxylic acid ester obtained in
step c) i mhesstimgtad), cannberdnplgyedi $n suppdrenad df e bd@oy| eramplied ot est er
i nto n-buhepesi R RAXPbhG Mdl okAdes SPtrins i8N M@ NioREdes, in
n- P%f;ﬁ%?kgﬂ?&i%f Q1861 furh bR BY 851iddiE afbe P OpHlseraif & the

AP

f
° xed-bed catalysts.

In an advantageous embodiment, the cleavage of n-butenedi-
carboxylic acid diesters in step d) can, in the case where x = 6,
25 be carried out by recycling the n-butenedicarboxylic acid ester
obtained in step ¢) into step a), converting this
n-butenedicarboxylic acid diester into n-butenedicarboxylic acid
in step a), and obtaining n-butenedicarboxylic acid in step b) as
the dicarboxylic acid of the formula (I).
30
The n-butenedicarboxylic acid obtained in step d) can
particularly advantageously be hydrogenated here to give adipic
acid.

35 This hydrogenation can be carried out in a manner known per se,
for example with homogeneous or heterogeneous, preferably
heterogeneous catalysis.

Suitable heterogeneous catalysts are preferably those which

40 contain, as catalytically active component, a noble metal from
group 8 of the Periodic Table of the Elements, such as palladium,
ruthenium, rhodium, iridium, platinum, nickel, cobalt or copper,
preferably palladium.

45 These metals can be employed in unsupported form, for example as
suspension catalysts, preferably in the case of nickel or cobalt.



30 The n- PEt &34di7car boxylic acid obtained in step d) can particularly
advant ageousl y be hydrogenated here to give adipic acid. 35 This

hydr ogenati on can be carried out in a manner known per se, for exanple
* with honbgeneous or heterogeneous, Py ferably heterogeneous catalysis.

Sui t abl e het er ogeneous cat al ysts are.greferabl y those which 40 contain, as
catal yti c&'l"??ea'g?‘?a!ﬂ@ CARpBR SMPLoyefobh cSyRRCATLeBr ERFM g f@FpeBample [RR Peri odi c
Tabl e of w@ktiFkedtagbosuchetasl palibedi umansistibeAnetyl cixddesm in ri di um
pl ati num parekehlarclahingh &GRS’ or PIEfRIRRIYxPAE) qiticsdradby These netal s

can be engliouadndd drsyppested form for exanple as suspension catalysts,
prefera yli n the case g? ni ckel or cobalt. PF 53717 10 These netals can

be enpl dyed in supported form for exanple on activated carbon, netal

oxi des, tH&ndi frprharePapiexyefe embpdiment « ithe arbatemtdivarbgkydic @cidi| i con
di oxi de, pdiettenbdbtadinedf inexkdped)cahatlystcnseSwhera £ w ttheanpsef erred
enbodi menhyatbgematud %@%dé@@ré%gﬁl £§ a%d &) HoCelife QbtAiRed Abigtep c) in
t he case gkEeg, = 6 can be hydrogenated between steps C) and d) to give
an adi pic acl di ester. 10 This hydrogenation can be carried out in a
manner ‘kKnown per se, for exanple wi th honbgeneous or heterogeneous,

pr ef er abl Fhipechydrnpenasien ceambpscarrisd Suitt dbl @ hannem donwouser #teal yst s
are pref efabl gxaiyise witthchom®minieaus, ofAshéxiralgghbéas ) praFeryplgonponent, a
nobl e et {ktbf némfgugagag;sitshe Periodic Table of the Elenents, such as
pal l adium ruthenium rhodium iridium platinum nickel, cobalt or

copper, referably palladium 20 These netals can be enployed in
unsuppdr g&"?‘ﬁ}?fﬁ TRASRRINS gFatalyehl AfiRreseRprRLY hogeeFhigbly in the

case of ncerbhinmr afolsatelymiraldynechive czomponestipl oyexblienmetipboftaed f or m
for exanplgeoop 8 of the Periodic Table of the Elements, such as palladium,
ruthenium, rhodium, iridium, platinum, nickel, cobalt or copper,
preferably palladium.
20
These metals can be employed in unsupported form, for example as
suspension catalysts, preferably in the case of nickel or cobalt.

These metals can be employed in supported form, for example on

25 activated carbon, metal oxides, transition-metal oxides, in
particular aluminum oxide, or silicon dioxide, preferably as
fixed-bed catalysts.

Adipic acid can be obtained by cleavage of the adipic acid
30 diester in step d).

In an advantageous embodiment, the cleavage of the adipic acid
diester in step d) can be carried out by recycling the resultant
adipic acid diester into step a), converting this adipic acid

35 diester into adipic acid in step a), and obtaining adipic acid as
the dicarboxylic acid of the formula (I) in step b).

The azeotropes which can arise in the distillative separations
carried out in the process according to the invention can result

40 in changes to the said material streams which are insignificant
and merely slight for the purposes of the present invention. The
separation of such azeotropes to give the substances mentioned in
the steps according to the invention can be carried out by
methods known per se.

45



25 activaPBd58alBon, netal oxides, transition-netal oxides, in particular
al um num oxi de, or silicon dioxide, preferably as fixed-bed catal ysts.
Adi pic acid can be obtai ned by cleavage of the adipic acid 30 diester in

“step d). In an advant ageous enbodi meq4, the cl eavage of the adipic acid
di ester E gﬁ d) can be carried out by recycling the resultant adipic
aci d di estE#™R 1t step a), converting this adipic acid 35 diester into

adipic acid in step a), and obtaining adipic acid as the dicarboxylic acid
of the foImuxanplesi A-3} efheb)reathionzentsedpasedhias aCahragsseck n t he

di still at pyendaRareh eNssk G¥ Idapdc Oty 40d inhewm&?%% %99 gedipg 0 the
i nvent i ?n g@lrbgeqlsg,gfogg il{la m%%geéfrﬂf%'i{ﬁ E eﬁratelr E eams whi ch are

se‘ﬁﬂt i_nventi on.

i nsi gni fi cang rely s 05es” 0

The sepaﬁﬁﬂ‘%a"@f ggcﬂ é’z’e‘d’tlgﬁ EEMper Ehsipo’srt%’i‘@es nBaeshdd™n  the
b

steps accofdi Hpm @neheurirtemt & ecﬁlﬁﬂi@ toanr Fetd dunarbgonrdeti dets dayown per

se. 45 PEc&3MownbirExangt ehel potdatpdewvak- 3, comerdlaet vaduwegsimp used was

a three- ngg&gted@mg ybat tomdd aﬁgg of capacity 500 m which was purged with 5
nitrogqgy before the start of the experlrrent The m xture was heated to the
particul ar erature with stirring. A heated line I|ed fromone outlet of
the flask® f@“@ec&ld trap cooled by dry ice. Downstreamof the cold trap
was a controlled vacuum punp protected by a reflux trap. 10 Exanple 1: In
the col d Inaghe 2bld2tgapf 2Ryl afryetaiyd avdyDatld andoh.13-dysk oxy- TEMPO

were i ni tuahlvdé:dié}aﬁ'ﬂﬂﬂo wérd Naikeatiy %a‘:’:%886| In & r@héwé{? Wsset, 88 g of

di h 3 f d TEMPO
was hodPe %m% DREgt) ? E Ue Ahilhyy Aelidae8) 0P ool Wil GRAGTEVEO
= 0 h) anfi® h% 988y PHsTEURR t1ash heated) toud® Fegﬁr%?e%qfo 10 kPa. 20

After 24 fewrentmatedoguhfurig, geidswak ridienaRdded r o=t Behyeand ithe vessel and
t he col d pressuwed ianthy zeshdyyi oneaassal waiz HEghBOed)a® 10 kPa.

20 After 24 hours (t = 24 h), samples were taken from the reaction
vessel and the cold trap and analyzed by means of an HP 5890 gas
chromatograph having an HP5 column. At the same time, the
reaction temperature was increased to 65°C at unchanged pressure.
After 45 hours (t = 45 h), a sample was taken from the reaction

25 vessel, and after 65 hours (t = 65 h), further samples were taken
from the reaction vessel and the cooling trap and likewise
analyzed,

In table 1, the proportions by weight in percent based on the sum
30 of the weights of the five components specified in each sample
are reported.

Table 1
35 [Time Oh 24 h 24 h 45 h 65 h 6% h
Sample Reactor | Reactor Cold Reactor | Reactor Cold
trap trap
MAC 0.0 1.0 100.0 .9 0.0 5.1
ACA 47.8 44.2 0.0 41.6 30.9 94.9
40 |{DMAD 50.7 45.5 0.0 48.9 53.8 0.0
MMAD 1.5 5.0 0.0 8.1 14.2 0.0
ADA 0.0 0.3 0.0 0.6 1.2 0.0
The abbreviations are defined as follows:

45 MAC methyl acrylate
ACA acrylic acid
DMAD dimethyl adipate
MMAD monomethyl adipate




chr omat ogP&EpS3NAZ ng an HP5 colum. At the sane tine, the reaction
tenperature was increased to 65C at unchanged pressure. After 45 hours (t
= 45 h), a sanple was taken fromthe reaction 25 vessel, and after 65
* hours (t = 65 h), further sanples wey taken fromthe reaction vessel and

the cooling trap and |ikew se, analyzed. In table 1, the proportions by
wei ght inAgércent based on EAEPEUMASIE0 of the weights of the five
conponents specified in each sanple are reported. Table 1 35 40 Ti ne0 h24
h24 h45 hg@xahpbe h2:Sanpl eReact or React or Col d React or ReactorCol d traptrap
MACO. 01. 0100. 00. 90. 05. 1 ACA47.844. 20. 041. 630.994.9

DVAD50. 749. 50. 048, 953. 80, 0 DL. 55.00. 08..114. 2Q. 0 .00..30. 00. 61. 20. 0
The sbirodPab PReattaoRor PRAtT e POXPOEE. 052 Al B uimaepy Y fdise
acrylic acbd93ommef AGkLAg ackipd-d3 Iveb nadhenetngnd ftidfafe°br 53717 12
ADA adi pi d-hgdtoEx-IENPe® Rastheéatedhgor €3t oh. Olessoff, Lewati it $1€006121. 78 ¢
of di met hyleradtRét eadded6if3tige af+ &6fd! i€ 201 d) 8nd XMk PreBBLP&$I1GIn aRe 0. 37

g of 4-h Q¥Yod ENRQMRS ?egg Q462C. 10 g of Lewatit S100 GL were
then a eég%n t%eEEE fbrn? t:§¥}$5 ang:tfégé?essures in the reaction
vessel s regul ated at 10 kPa. 10 After 24 hours (t = 24 h), a sanple was

t aken froMftRE 2&RQUIEn (tyEsdtlh)and BABPLS stRsatabedi fePm Shexampfeion At the

sane tineyvessel and analyzed according to example 1. At the same time,
0.13 g of concentrated sulfuric acid were added at unchanged
pressure. After 48 hours (t = 48 h), samples were taken from the
15 reaction vessel and the cold trap and likewise analyzed.

In table 2, the proportions by weight in percent based on the sum
of the weights of the five components specified in each sample
are reported.

20
Table 2
Time 0 h 24 h 48 h 48 h
Sample Reactor Reactor | Reactor Cold
25 trap
MAC 0.0 0.0 4.2 83.1
ACA 48.1 44.6 35.8 16.3
DMAD 50.4 52.1 22.2 0.0
MMAD 1.5 2.9 28.6 0.6
30 [ADA 0.0 0.4 9.3 ¢.0
Example 3:

35

40

45

In the reaction vessel, a mixture of 20.03 g of monomethyl
adipate, 36.03 g of acrylic acid, 0.14 g of methanol and 0.35 g
of 4-hydroxy-TEMPO was heated to 65°C. 0.24 g of concentrated
sulfuric acid was then added (t = 0 h) and the pressure in the
reaction vessel was regulated at 10 kPa.

After 24 hours (t = 24 h) a sample was taken from the reaction
vessel and analyzed according to example 1. After 50 hours

(t = 50 h), samples were taken from the reaction vessel and the
cold trap and likewise analyzed.

In table 3, the proportions by weight in percent based on the sum
of the weights of the five components specified in each sample
are reported.



0.13 g of PRoRd®hTrated sul furic acid were added at unchanged pressure.
After 48 hours (t = 48 h), sanples were taken fromthe 15 reaction vessel
and the cold trap and |i kew se analyzed. In table 2, the proportions by
*weight in percent based on the sum ©f the weights of the five conponents
speci fi e%r h sanple are reported. 20 Table 2 25 30 Ti ne0 h24 h48 h48
h Sanpl eReac or React or ReactorCol d trap MACO. 00.04.283. 1 ACA48. 144. 635. 816. 3
DMADS0. 452. 122. 20. 0 MVADL. 52. 928. 60. 6 ADAO. 00. 49. 30. 0 Exanple 3: In the
reacti on \egeel , a mi|xtubehof [20.2ZB hg of n®hdnet hyl 585 adi pate, 36.03 g of
acrylic gdcatpl8. 14 g [oReaetdranoReadtod. BRe@ctoF #- hyeI®Xy{ TEMPO was heat ed
to 65C 5(. 24 g of corjcentrated sulfurig acid wap t&e{hadded (t - 0 h) and
t he pressyre—tn—the Feagt R resgel—was—F-agyl-at 1 PaI 40dAfte|r 24d
hours (t 4—hy = faael i—‘gas— A—from-t 'e_r_ea"fl vessel and anal yze
accor di ngM 1. RePer |50 %l?rq (.t Bah h EZm%I e$ were taken from
the react|P¥4Pvessel dnd Pt ol d*%+ap and!3ikew se %afal vied. 45 In table
3, the pr@¥6Ptions by wéi’gfAt iln pEr-dent| bas®d on|t hd-Hum |of the weights of
the fiyg |€8ponents gpecifbed |in ¥adh spnplé.5 arg répdrted. PF 53717 13
Table 3 5 10 15 20
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25 30 35 $@ snnef® h25 h50 h50 h Sanpl eReact or React or ReactorCold trap

MACO. 01. 21. 54
ADA1l. 610. 114.
of a di carbox
10 x is 6 or
a di car boxyl

2.1 ACA50. 546. 243. 757. 8 DVADO. 010. 512. 10. 0 MVAD47. 932. 028. 30.0
50.0 45 PF 53717 14 W claim 1. A process for the preparation
ylic acid of the 5 forpula (1) H OOC-(n-C4HX)-COO-H (1) where
8, starting fromacrylit®acid, 15 which conprises a) reacting
c acid diester of the formula (11) R1-0OOC- (n-C4HX)-COO R2

(1) 20 werelaims 6 or 8, and 25 Rl and R2, independently of one anot her

are Cl-, C2-,
or differ
acid of t
fornul a@ C2H3IFREY
b) separating
a) fromthe r

10

15

20

25

30

35

40

45

C3 or C4-al kyl, aryl or heteroaryl and may be identical to

t Wit h I| acj.d_t di,capbqaxylic
e, 208) B bt FEE of EJpHoRU Bet Y
C2FB CIERQ where R1 and R2 are as defined above,
t he dlcarboxyllc aC|d of the formula (1) 35 obtained in step

eaction m gtoo®- @kicgappddors  (I)

where

X is 6 or 8,

starting from acrylic acid,

which comprises

a) reacting a dicarboxylic acid diester of the formula (II)

R1-00C-(n-C4Hy)-COO-RZ (II)
where
b4 is 6 or 8, and
Rl and R2, independently of one another, are C;-, Cz-, Ca-
or Cg-alkyl, aryl or heteroaryl and may be identical
to or different from one another,
with acrylic acid to give a dicarboxylic acid of the
formula (I} and a mixture of acrylic acid esters of the
formulae C;H3-COOR! and C;H3;-COOR?, where R! and R? are as
defined above,

b) separating the dicarboxylic acid of the formula (1)
obtained in step a) from the reaction mixture obtained in
step a),

c} dimerizing the C;H3-COOR1, C3H3-COOR? or mixture thereof
obtained in step a) to give an n-butenedicarboxylic acid
diester, and

d) cleaving the dicarboxylic acid diester obtained in step

c) to give the corresponding dicarboxylic acid of the
formula (I).



step a), BF &B#ddi zi ng the C2H3- COORL, C2H3- COOR2 or mi xture thereof
obtained in step a) to give an n-butenedi carboxylic acid 40 diester, and
d) cleaving the dicarboxylic acid diester obtained in step c¢) to give the
* correspondi ng dicarboxylic acid of t{w formula (1). 45 PF 53717 15 2. A

process ag cl gP ddb GlaabTh ned N5 81008 £! SALIICCRL dllvage of the
ut enedi ¢ar bo cid carrie recycling
the n- butenech Hqéraefﬁfﬁéﬁgﬁdoﬂ%% 1Pn5t§9é5)€f Fﬁfﬁlé?éﬁnh)

converting thP¥ n- butenedlcarboxyllc acid diester into
n-but enedi carboxylic acid in step a), and 10 obtaining n-butenedi carboxylic

acid asst he d!rééj’r@ﬁﬁd theaflButdHediBarbOkyA aklil Lot @BtRined. i\ Process
as clainmed in Og rﬁ%pggg%t e 15 n-but’enedi carboxylic acid obtained in
enat

step d) is hyar € adi pic acid as the dicarboxylic acid of
the fornula M 4. A process as claimed in claiml, where the cleavage of
the 20 n- but enpEexkkigoLRiE cndyitengiddsasiboxyil ict epld)dlesst@;r Ahtd out by
recycl i ng thenrbbtémnridacbokpkid iaeidcifl eSdperajgbhadned in step c) into
step ajg 25 converting thi s n-butenedi carboxylic acid diester into

but di bt ai ni - d | d
o e e A A e g
adipic acid 85 th® FEH Bok¥l it &8 Bl-the fornula (1). 5. A process as
claimed in claim1, where 35

3. A process as claimed in claim 1, where the
15 n-butenedicarboxylic acid obtained in step d) is hydrogenated
to give adipic acid as the dicarboxylic acid of the formula

(1).

4. A process as claimed in claim 1, where the cleavage of the
20 n-butenedicarboxylic acid diester in step d) is carried out
by

recycling the n-butenedicarboxylic acid ester obtained in
step ¢) into step a),

25
converting this n-butenedicarboxylic acid diester into
n-butenedicarboxylic acid in step a),
obtaining n-butenedicarboxylic acid in step b), and

30
hydrogenating this n-butenedicarboxylic acid to give adipic
acid as the dicarboxylic acid of the formula (I).

5. A process as claimed in claim 1, where

35
the n-butenedicarboxylic acid diester obtained in step ¢) is
hydrogenated between steps c) and d) to give an adipic acid
diester, and

40 adipic acid is obtained as the dicarboxylic acid of the

formula (I} by cleaving the adipic acid diester in step d).
6. A process as claimed in claim 1, where

45



t he n-but BRe@BeA&7¥boxylic acid diester obtained in step c) is hydrogenated
bet ween steps c¢) and d) to give an adipic acid diester, and 40 adipic acid
is obtained as the dicarboxylic acid of the formula (1) by cleaving the
adipic acid diester in step d). 6. Alg)rocess as claimed in claim1, where
45 PF 53717 icar box ter obt.ained in step c)
i's hydrogena ed rﬂ:hiu\}/ggﬁéf eiqu les e %a% i 8EFR ClitEster, 5
the cl eavage BYdiqgenated; ]Be"é{ﬁed‘ éltégﬁe‘? |"‘H‘ds tg)g:pge @& plépic agidyy
recycling thediestiant adipic acid diester into step a) and converting it
into adipic acid in step a), and adipic acid is obtained as the

di carboygylic @ﬁé%l@avtaag of &Helly 'E‘i%i‘cv\#ld %%E%Qrb%n Z:I gAﬂ?rggdé%fﬁ%re

clained in any

i ndependent | y %‘f Jnéegﬁ‘a?h’é? t]hﬁe zpltarét[ tﬂﬂ‘lplﬁ ﬁ?b‘i))fﬁ'%teﬁrbﬁﬁ Stepyut yl
i -butyl, s-buldyIanst cPBVETBIAYG|it dnta piinicsacid énstaRia)n ang one of

cl ai ns 1 to 7, where the radicals RlL and R2 are identical. 20 25 30 35 40
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7. A process as claimed in any one of claims 1 to 6, where the
radicals R! and R? are, independently of one another, methyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl or

8. A process as claimed in any one of claims 1 to 7, where the
radicals R! and R? are identical.
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