PF 54137 Metdhogbor the production of 1,6-hexanediol The present application
relates to a process for preparing 1, 6-hexanedi ol of high purity by diner-
izing acrylic esters in the presence of rhodiumcatal ysts, optionally
removing unconverted acrylic 5 esters, hydrogenating the dimerization
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Moreover, JP-A 06 329567, Example 1, discloses the conversion of methyl acrylate to dimethyl
hexenedioates at 65°C in the presence of palladium chloride, iron chloride and iron nitrate
(acrylic ester conversion 60%). The dimethyl dehydroadipate selectivity after distillative workup
was 95%. Diester obtained in this way was dissolved in methanol and hydrogenated at 250°C in
30 the presence of a copper chromite catalyst for 4 hours. The 1,6-hexanediol yield was 97%
(based on dimethyl hexenedioate) and the 1,6-hexanedio! selectivity therefore 92% (based on

methyl acrylate).

According to JP-A 6 100496, Example 1, the content of nonlinear dimers is 1%.

35
It is an object of the present invention to provide a process for preparing 1,6-hexanediol in a
purity of at least 99.5% starting from acrylic esters. It should be possible to use the dimerization
product for the hydrogenation without costly and inconvenient purification, and to achieve high

1,6-hexanediol yields in the hydrogenation. It should be possible to work up the hydrogenation



PF 54137 2 miEhqent distillatively without great cost and inconvenience to
give 1, 6- hexanedlol inapurity of at |least 99.5% W have found that this
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Preference is given to carrying out the acrylic ester dimerization according to EP-A 475 386,

to

whose disclosure content is explicitly incorporated herein, in the presence of cationic rhodium
25  compounds. Useful cationic rhodium compounds are in particular the compounds disclosed in
EP-A 475 386 of the type [L'RhL?L’R]"X", wherein

L' is an anionié pentahapto ligand;
L2and L* are neutral 2-electron donor ligands;

30 R is selected from the group of H, C4-C4e-alkyl, C¢-Cqo-aryl and C;-Cyp-aralkyl ligands;
X is an noncoordinating anion; and

wherein two or three of L% L® and R are optionally connected. Instead of rhodium, ruthenium
complexes can also be used. Useful acrylic esters are aliphatic and cycloaliphatic C,- to Cg-

35 esters, for example methyl acrylate, C4- to Cs-aryl and —heteroaryl esters, for example phenyl
acrylate. The two ester radicals may be the same or different. The acrylic ester used with prefer-
ence is alkyl acrylate, with particular preference methyl acrylate. The reaction is carried out
batchwise or continuously at temperatures of from -100 to 150°C and pressures of from 0.1 to

1 atm.
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conposi ti onsperRiNcE 8Qiven HA%NE Xatalysts which comprise one or more of the elements of transition
groups | and VI to VIli of the Periodic Table of Elements, preferably copper, chromium, molyb-
25  denum, manganese, rhenium, ruthenium, cobalt, nickel and palladium, more preferably copper,

cobalt, nickel or rhenium.

The catalysts may consist of active components alone or the active components may be applied
to supports. Examples of suitable support materials are Cr,03, Al,O3, SiO,, ZrO,, ZnO, BaO and
30 MgO or mixtures thereof.

In particular, the catalytically active main constituent of the catalyst is copper oxide. This is
applied to an oxidic support. A suitable support material is aluminum oxide whose use is
preferred in accordance with one embodiment of the present invention. In another embodiment

35  of the present invention, the support material used is preferably a combination of aluminum
oxide with zinc oxide in a weight ratio of from 20:1 to 1:20, preferably from 5:1 to 1:5. The
amount of copper oxide is < 80% by weight. Preferred catalyst compositions comprise < 70% by
weight of copper oxide and > 30% by weight of support, particularly preferred catalysts from 10
to 65% by weight of copper oxide and from 35 to 90% by weight of support.



wei ght of coppejqpxi de and > 30% by wei ght of support, particularly
preferred catalysts from10 to 65% by wei ght of copper oxide and from35 to
90% by wei ght of support. PF 54137 4 Prejerence is further given to
hydrogenation catal ysts as described in EP-A 552 463. These are catalysts
whi ch 'n 0X|Id’bféré‘n@éﬁ‘fd?ﬂ¥ﬁgnﬁe'ﬁ@o I%@Fﬂéﬁﬁdtlbh %alM&&r@é@ﬂ@PA%mrﬂweQe ge0, b >

0, ¢ ? > and a > d, and xis the nunber of
oxygen i onscaltag}ﬁﬁl"fhéca "b%ﬁ‘d'(ff&”?r@qvﬁ ”?.?n(iofnpf’%t'oﬁr eserve el ectronic neutrality,

These catal ysts can be prepared, for exanple, according to the details of
EP- A 552 463 by precipitating sparingyaspMih e conpounds from sol utions

whi ch contain the appropriate netal ions in the formof their salts. 10
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reactions. §yﬁ@9reactions, precur- sor conpounds dissolved in a solvent
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improved processing during catalyst preparation and/or to an increase in the mechanical stablllty
of the shaped catalyst bodies. Such assistants are known to those skilled in the art; examples
include graphite, stearic acid, silica gel and copper powder.
25
The catalysts can be prepared by methods known to those skilled in the art. Preferences is
given to processes in which the copper oxide is in finely divided form and is intimately mixed with
the other constituents, particular preference to precipitation reactions. In such reactions, precur-
sor compounds dissolved in a solvent are precipitated with a precipitating agent in the presence
30  of further metal compounds which are soluble or suspended in the solvent, filtered off, washed,
dried and optionally calcined. At this point, reference is once again made explicitly to the disclo-
sure of EP-A 552 463.

These starting materials can be processed by known methods to give the shaped bodies, for
35 example extruding, tableting or by aggiomeration processes, optionally with the addition of assis-
tants.

Alternatively, catalysts according to the invention can be prepared, for example, by applying the
active component to a support, for example by impregnating or vapor deposition. Catalysts

40  according to the invention can also be obtained by shaping a heterogeneous mixture of active



35 exanpl e ax,f syfi/g, tableting or by aggloneration processes, optionally
wth the addition of assis- tants. Alternatively, catalysts according to the
invention can be prepared, for exanple, by applying the active conponent to
a support, for exanple by inpregnating or vapor deposition. Catalysts 40
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m xture of active PF 54137 5 conponent or precursor conpound thereof with a
support coan‘HE?ft or precursor conmpound thereof. In the case of
hydrogenation according to the invention, the catalyst is used in reduced,
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Exanpl es include extrudates, ribbed extrudates, other " extrudate shapes,

tablets, ri H@'gmg%ﬁéfeé%te%’?ﬂ‘p%rﬁ&’ﬁ The BET surface area of the copper
catalysts in the oxidic state is from 10 to 400 n2/g, preferably from15 to
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20 decorrp05|t|on catalyst 'I1n the insta state 1s >
n2/ g, pref er?i‘EfP@af%Shfp??QlaQ'etSr fnospppeeealdiPah 2 np/g. The catal ysts used |n
accordance with the invention generally have a sufficient on-streamti ne.

Shoul d the t'%‘l'ts’ﬁrf%%ré)a %%lc%grser}éétglyst |{\tr¥e o?udgc%tta% ¥?romq%\{c)e%[}0hn?j/ ess fall in

the course o ener at Yet hods
known to tho;gefe@rewrpr@dSﬁmZQOh@/mmpartlﬂdiersf@rrpzcbtpéﬁ%m 9. Whﬁ@pmesur@%@rtea ("0

t reat mengo of qdchrpdaitib@!of & réducat dAAsO0 &2 isstdIERshBls £b.2WALSsleteRBD MY, & Op-
tionally, the reduc% Ve treatment nmay be preceded by an oxidative treatnent.

In this cas®®{HE ~ 25’8l yst bed is fiowed through by a nol ecul ar
oxygen-contai ning gas m xture, for exanple air, at elevated tenperature.

There is al saqetéaelype%%ohh bécfobeaﬁée msﬁa .mnacthegeﬁ@éﬁyh\é@é mﬁ&n%égréaehin%
solvent, 30 for exa THE or ganma-b ?actone and

subseque nt | yS'H’I”VIt r&)\flty laﬂd/g sgggtlwt)é?frtréeaqﬁalyst nevertheless faIl in the course of the operat-

ing time, it can be regenerated by methods known to those skilled in the art. These preferably
include reductive treatment of the catalyst in a hydrogen stream at elevated temperature. Op-
tionally, the reductive treatment may be preceded by an oxidative treatment. In this case, the
catalyst bed is flowed through by a molecular oxygen-containing gas mixture, for example air, at
elevated temperature. There is also the possibility of washing the catalyst with a suitable solvent,

30 for example methanol, THF or gamma-butyrolactone, and subsequently drying it in a gas
stream.

Preference is given to using heterogeneous catalysts which are used either as a fixed bed, as a
fluidized bed or as a suspension. When the hydrogenation is carried out in the gas phase and
35 over fixed bed catalyst, preference is generally given to using temperatures of from 150 to
300°C at pressures of from 1 to 80 bar. The amount of hydrogen used as hydrogenating agent
and carrier gas is at least sufficient that reactants, intermediates and products never become

liquid during the reaction.



Preference ipg giq49n to using heterogeneous catalysts which are used either
as a fixed bed, as a fluidized bed or as a suspension. \Wen the
hydrogenation is carried out in the gas ppase and 35 over fixed bed

catal yst, preference is generally given to using tenperatures of from 150 to
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bed or suspended catalyst, it is generally carried out at tenperatures

bet ween 100 and 350C, preferably 120 and 300C, and pressures of from30 to
350 bar, %rJﬁéP%?%ﬁnﬁtpﬁﬁ?mbﬁ g3y eg(Rut ip ape resciqnas amlueRiFEreaEtPS oM EReHE carri ed
out in one rseas e rcyarogermhw1aItnetmu.@bha"seaeér@rfﬁe@mrta@b@darnem ouS@thees.thel he

Bgd[ ﬁgen?f’ : glilakle metIEcﬁ or, {h%lﬁaf%@*: 3%e91vgrln gg e'fe)l('r%? ﬁlbnggdlrﬁgrﬂ a pqurgl* oflreea%to?)sults ei ther

enbodi ment , ugegliruwhighi cage io¢ Pﬁeé@ml[’@frthqurtloﬂJ@fé@ esten lWﬁr@Qﬁf@@Q@l théyéirspyeedani nant

proportion ohq HaGirse flabibr .b§rekavafmea@édamhu.au.dap%ulfaf.an%r h'é@@%é\fal arife the first
reactor is preferably operat circul ation heat re vaI and

oo sl v ey ety e dra Ty hermos By PAan I Br RS roout

ci rcul ati on coovecstumpl et e t he conversion. The hydrogenati on may be carried
out with or without addition of a solvent. Useful solvents in- clude
al cohol s, ethers, hydrocarbons, for exanple nethanol, isopropanol, ethanol,

di oxane, 15 ¥&hydiparartiopdiexRe caTipkont witkorarioyt pasiias of s sqivenl- UﬁP wksoams - f r om 10
to 60% nor elye eketiorbbtiiers Myanocatbonk OfobdX3npls dlettianINSoppdpahaly eydnviatiexane, est er

' SOomer rq %tﬁaﬂ&drg)farrahl ;%Jh?ahe Bﬁoeﬂcroeﬁﬁ g%%/l %{%rgb?ﬂ{otn?w éd%loggmgg% % rgﬂ%ﬁém""h' ch

is also release ro enation Of roup vent
The hydr ogerf&tte efve.rpaljtians o faﬁw valgrip etertivemenmixgses. B@ré%afarﬂfqyer@e stave0dusl y. 20
The cat al ystyshgelajcohd) abich KelsdGéibased f thd IQaIdgdertlion 6 tHe esir 8foapL&Y thie §divem. 0. 05
to 0.8, nore preferably fromO0.1 to 0.5, kg of C6 diester to be

hydr ogenated/ | of catalyst hour. The hydrogen/reactant nolar ratio is

| i kewi se a pleeapdsogenatighingsty bh ggrriethout hptomisen prefereblyipentingousty. 25 t he economi ¢
viabilityy of the process according to the invention. From an econonic point
of view, ow hydrogen/reactant ratio is desirable. The lower lim¢t is at
a val ue of 5T“e£F‘F%%G§ YsPRgPloCHyiF ARy AT F’éa&‘te%r‘ﬁb'qu 03 19018 DOPTEPERY 20 to
400 ar e genéroal 4.1 tod) ko yfatl.didster orbedwydrogena@dpisficatalyst - hyudr ogen/ r eact ant nol ar
ratios used in accordance with the invention, a 30 portion of the hydrogen
is recycled._To this end, the cycle gas conpressors known to those in the

art are genJﬁ‘Sth‘iFOQ%@%PCta'FHBO'EﬁBtimf likspvish @R eter WBIRR it IRpRiendafiueycesy t he

hydr ogergst i Qife economic viability of the process according to the invention. From an economic point of view,
a low hydrogen/reactant ratio is desirable. The lower limit is at a value of 5, although higher

hydrogen/reactant molar ratios of from 20 to 400 are generally employed.

In order to adjust the hydrogen/reactant molar ratios used in accordance with the invention, a

30 portion of the hydrogen is recycied. To this end, the cycle gas compressors known to those in
the art are generally used. The amount of hydrogen consumed chemically by the hydrogenatioh
is replaced. In a preferred embodiment, a portion of the cycle gas is discharged, in order to re-
move inert compounds. The recycled hydrogen can also, optionally after preheating, be used to
evaporate the reactant stream.

35
All products are recycled together with the hydrogen cycle gas which do not or do not completely
condense out on cooling of the gas stream leaving the hydrogenation reactor. The cooling tem-
perature is from 0 to 60°C, preferably from 20 to 45°C.



is replaced. In a preferred enbodi nent, a portion of the cycle gas is

di scharged, Rm54#3@er to re- nove inert conpounds. The recycl ed hydrogen can
al so, optionally after preheating, be used to evaporate the reactant
stream 35 Al products are recycled together with the hydrogen cycle gas
whi ch do not or do not conpletely condense out on cooling of the gas stream
| eavi ng t he Thedenygeioathased erethe s of Gethestesviointing t.ehexapediclisabeve 5%, iropar0 t o
60C, preferabliy dbbwosgad) to 45C. PF 54137 7 The conversion, based on the sum
of C6 diesters form ng 1, 6-hexanediol is above 95% in par- ticular above
98% The hydrogenation effluent consists substantially of 1,6-hexanediol and
t he al cohol Thehydregroatin eBiuem gornsists dubstamialiyrof ¢6depanefiofand thHesricohoipordsaorid-
constituent i = =1 D i “The . anat fluent is

pur' 11 ed by TEae a4 FERTER Bhnsi SR ALY | 00l d hot
have been predicted that the hydrogenation of unpurified effluents of
acrylic est emehQdrelienetion 2luéranis puafiddcbyifrastiohsl diskiladiorcin bakeoteotabgah®. whi ch can
be purified to above 99.5% by distilla- tion. In particular, it could not
have been predicted that it would be possible to nove 2-nethyl -

1, 5- pent anedi eoMidast have bepnpegdicted that ferigsragrsatianl of upnurifiesiatugpta bl asntieesterand

i ncon}/enio\?\ﬂm?]er;}&ﬁn wogxeeeiggn ﬁl%ﬁﬁ({é”ﬁ%nﬁf@igﬂvﬂ;ﬁhicaﬁ(%é@rﬂ& tio%bbdeltgﬁ%ltoxx Wcﬁéﬁi@%/ the
exanpl es i.C ol | ow. . e : iz on_ oj ac ate in
the presencd©df" ??fl'%‘r?lf'étlcy‘?"é'f’ %%%%eegfﬁgﬂe%ﬁgw ﬁt’ ee%?rs&‘eggm8%/ﬁz'ﬁ‘ﬁ{§'}é/¢ an

at nospher e df5-phntapediciiad an spuei df i1 €cheaargdinl Wiy acemiable co$t aptl anecravederBehl enk

techni ques. Methylene chloride was dried over P205, nethyl acrylate (from

Al drich, stabilized with nmethoxyphenol) was stored over 4A nol ecul ar sieve
and used wi tWEROCCTSACENREPS otepipatign is aed Ry e LTPReESHANY- (Cp* =

pent anettdyl cycl opent adi enyl ) was prepared starting from|[Cp*RhCl2]2 by the
nmet hod of K xym@ghey, J. W Kang, PPM Miitlis J. 25 Chem Soc. (A 1970,
2875- 2883. e starting material [Cp*RhC 2]2 was synt hesized by the nethod
of B.L. Booth, R N Haszeldine, M H Il J. Chem Soc. (A 1969, 1299-1303.
The acid HBAr F4 Dinglithticd@f inethAGciylatdie the pfeseidedl RP tatiss prepared according to

M Brookhart, B. Gant, A F. Vol pe Oganonetallics 1992, 11, 3920-3922.
HBArF4 refers to the bis-etherate of tetrakis[3,5-
bi s(t ri fa0uoreekpeyimppta weiel calid ogt uagdérdn agapsPhase pldiied Arstyepdrifidrgersbyiegass
anal yzed by Jre@fdardP$chidrk (dehsdey NBlhyienERMbRictwaR anépsvdr BRY Gnethyl acrylate (from
Aldrich, stabilized with methoxyphenol) was stored over 4A molecular sieve and used without
further treatment. The compiex Cp*Rh(C;H,), (Cp* = pentamethylcyclopentadienyl) was
prepared starting from [Cp*RhCl,], by the method of K. Moseley, J.W. Kang, P.M. Maitlis J.
25 Chem. Soc. (A) 1970, 2875-2883. The starting material [Cp*RhCl,], was synthesized by the
method of B.L. Booth, R.N. Haszeldine, M. Hill J. Chem. Soc. (A) 1969, 1299-1303. The acid
HBAr, required to activate the catalyst was prepared according to M. Brookhart, B. Grant, A. F.
Volpe Organometallics 1992, 11, 3920-3922. HBAr, refers to the bis-etherate of tetrakis[3,5-
bis(trifluoromethyl)phenyl]boric acid.
30
The reaction effluents were analyzed by means of GC (instrument: Hewlett Packard 5820;
column: HP-5; length: 30 m; diameter: 0.25 mm; film thickness 1.0 um), and the structures of

the products were assigned by means of GC-MS coupling. All data in area percent.

35 Inasimilar manner to Example 14 in EP-A 475 386, 20 mg (0.06 mmol) of Cp*Rh(C,H,), were
admixed in a suitable reaction vessel initially with 80 ml of methy! acrylate and subsequently, at
0°C, with a solution of the stoichiometric amount (based on Rh) of the acid HBAr, in 10 ml of
CH,Cl,. The mixture was heated to 55°C and stirred under 1 bar of hydrogen for 4 h.



col um: HP- S5 kg h: 30 m dianeter: -0.25 mm filmthickness 1.0 n), and
the structures o t he products were assigned by neans of GC-MS coupli ng.
Al data in area percent. 35 In a simlargmanner to Exanple 14 in EP-A 475
386, 20 ng (0.06 mml) of Cp*Rh(C2H4)2 were admixed in a suitable reaction
vessel initigll r¥ac%r¢$ﬁl&gt Wis tﬁ’én RGNSy cﬁs‘ﬁréﬁllﬁgﬁgﬁgﬁeﬂpﬁgﬂ?ﬁ%é%ou@ms-OC

with a solution of the stoichiometricC anount ased he "aci d

HBAr F4 in 10°9ed gredivgigstelyst: Theisst fynpings Bmpyed Heipesanaris Prseira Waredd paied under
1 bar of hydregeiacyaite, hethyl dibpidndtband thethfleee ctemide). on ef f | uent was t hen
fractionally distilled in order to renove the honbgeneously dis- sol ved
rhodi um catal yst. The first runnings renpved at atnospheric pressure were

| ow boil €Fs T'FrF@Q'mWCt'%{tW'thﬁ asediiertths SUDPRAPIL HHdLEENalRY Wes ey XteRef BRfPwine) . 5
The main fra&iﬂpeﬂtldmﬂﬁ‘e}hlff@eriﬂﬁeﬁerf&fméthﬂZ&tﬂﬂﬁl%qélglﬂfardf‘eé@’nﬁgﬁféﬁ{yl HRekdBat@s

m xture of the f owi n conposition. The different isoneric dinethyl

2- met hyl ene %j?u?c rcgfne'ge nd di met hyl hexenedi oates are each conbi ned: Met hyl
acrylate: 0.15% 10 Methyl propionate: 0.10% Dinethyl 2-nethyleneglutarate
and i somers: uGnpadkiate Met hy 1shexenedi oate: 98.72% Di met hyl adi pate: 0.35%
15 Only small anpbunts of triester and polyner remain in the residue of the
di stilialq onMethy PoPifRiFogenat i on of the di mer P2%%i on effluent obtai ned by
1.1 I n a batRimeihgie-racthypeieguiarabxgpersoment , a m ab2xe of 30 g of the ester

m xture char i Batd- 1 20 and 70 g of bpanol were stirred in the
presence of [%B]%%ln%%%eb e% catal yst (60% of (935% C})30% of A1203, 10% of

Mh203) at 2190e 24'@‘“93‘19 for 6 hours. The oxi di 838%tal yst was activated with
hydrogen at 200C/ 300 bar before the hydrogenatl on. According to gas

chr omat of R, S akalyls f ALSLAL oSRAISERG, LI DB UERln &L T 1Y

et her), exane ‘based on'dlinear ce diesters
obtained by 1.1). The cr ude hydrogenatl on effluent contained 0.4% of

2-met hyl - 1, 5t pentajaribrttion 3.t dinslizatidraduent dlaideB 8y ydr ogenation ef fl uent 30
The distillation of hydrogenation effluent from V\X‘II ch met hanol had been

substantially renoved on a spinning band colum (max. 160C/ 1 nbar) resulted
in tw nmain hedetichwissadieolavagxrerihed: a mekanef@0ql of therestey mfurdhadterized in 1.1
2- Met hyl odl, 55136 ﬁm@lh@n‘molW@és@ﬁ&sﬁ% p'ré%e%'d(Zé@QpcoBPéPcétEt‘?st%&P/o o, 30%
respectively. 35 Conparative ex m())

of Al,O3, 10% of anos) at 210°C/240 bar for 6 hours. The oxidic catalyst was actwated with

hydrogen at 200°C/300 bar before the hydrogenation.
According to gas chromatography analysis (internal standard: diethylene glycol dimethy! ether),
25  the 1,6-hexanediol yield was 99% (based on linear C; diesters obtained by 1.1). The crude
hydrogenation effluent contained 0.4% of 2-methyl-1,5-pentanediol.
1.3 Distillation of the hydrogenation effluent
30  The distillation of hydrogenation effluent from which methanol had been substantially removed
on a spinning band column (max. 160°C/1 mbar) resulted in two main fractions having a 1,6-
hexanediol purity of 99.6%. 2-Methyl-1,5-pentanediol was present in only 1000 ppm and
300 ppm respectively.
35 Comparative example 1

a) Dimerization according to JP-A 06 329 567 Example 1

0.34 g (2 mmol) of PdCl,, 8.1 g (50 mmol) of FeCl;, 86 g (1 mmol) of methyl acrylate and
40 2.0 g (5 mmol) of Fe(NO3;)s - 9 H,O were reacted at 65°C for 15 h. The catalyst fractions



a) Dinerizatgpogyqagcording to JP-A 06 329 567 Exanple 1 0.34 g (2 mmol) of
PdC12, 8.1 g (50 mmol) of FeCl3, 86 g (1 mmol) of nethyl acrylate and 40
2.0 g (5 nmol) of Fe(NG3B)3 9 H20 were reapted at 65C for 15 h. The catal yst
fractions PF 54137 9 present in solid formafter cooling were filtered out
of the reaction &ésfehuregﬁndqmqaalnaec@onn@%reme&a@u&fmaé&t.mm&ﬂ{&%éapmy
Kugelrohr di stlllatlon Distil ?tlﬁ% e?( % 80C/ 150 nbar,
then at 50 nbar %9RIPNASA W35 werkeq UpHy Kug ﬂhrsdsF"?g?ﬂ Pésa”ﬁ 'ﬂ”\'%%s Qﬁe@te%f'rs[ﬁ%con
verted net hyl ad0yC/a%0embancthdPat40 gnbef ard fidallytat 1 mhsre Tis sesuited irod5.9 ¢ ofeaconand

branched unsatu g édar#\@tqyl Qérglgfe@ﬁ& bk tg%!’%&%tﬁ%%ﬁ@g@%f hnEQreani'j%r %d%'n&tt' ITate

m xtures consi st ed g{ | near
3- hexenedi oat es "a\K¢ CQd'ZI%'BWYWOQY‘& eof Ml e Higlilate. m'ﬁ%&‘*ﬁ?‘l"@ﬁ@ﬁl%?‘aﬁ BY e and
doubl e bond i sormight af||nédnu&1eﬂqrm@umdhe>@lﬁedudsaaésamddat)/eusmermdofaynetgas

chr omat ography of et!\ IenS@ tanIa? %%E%O&Qeegonld |s§%e%rc$ hie (io%%})g dlBr\{%%tH-é} ng 35: 1.

The distillation resrdue o ogena¥| on of
the mixture of IQaﬁé@fpmahdamyaﬁbﬂvédto@@ﬂdhwwwaw@%tﬁ'@myltf@t@ye §Q1gTh©f t he

m xt ure obt ai nedyidayatigd reliiud bBi8Md i3S Jy¥rahebed C6-di carboxylic diesters were
di ssol veg in 100 g of nmethanol and hydrogenated in the presence of 10 g of

t he copp 15 catal yst descri bed above in inventive Exanple 1.2, as
descri bed t Ibgr e.Hylfdgematiornes themdixtogeeod éitdaoand tirancvmscg-djmatdylUhabothatescopper
catal yst had turned red and that the 3 x 3 mmtablets used had conpletely
di sintegrated. Gas chronat ography anal ?{SI s of the hydrogenation effl uent

showed that di met2rBAf thednigyieobiringd BYdkab INsRERNSIANShRA o diraEivxyio diegipisuigre
Repetition of t hisseganito®nbf rhetasl 4nd hydreged atse inrtiespredencd bfel Orgas thletcsppef  t he

conparatjzve exanpl gLt NAovL B ﬁtw%%&%%ﬂé‘?‘% QME‘E;Ab%@ Hef) Proceeds with

| ower acryllc ester conversions and a lower ratiro o Inear to branched C6
di carboxylic esters: Ratio of linear to branched C5 di nethyl dicarboxyl ates
Rh di meri zat i on:AfkP®e hydkogeRstiofl] itweds fwatidititt the3Bpper datalydd h& tieed tdaandhatthslr at ed,

o abenar on. il EhHR5s B8 Rl bl TRy Sl v’ "
1, 6- hexanedi ol mdnomr@aqneﬁfwent%\pwotthﬂgilrmeﬂmnhadmtejmaMUItez@rddmmﬁMyl@@ndl met hyl

di car boxyl at es efsmhlﬁep@t.ﬂb%vtheemhineme%qswtﬁésanhe%s&tl on. The conparative
experiment also shows that the copper hydrogenation catalysts decom 30 pose

when the diester fromthe Pd-catal yzed dinerization of acrylic esters is
used and t hatetdsels of the comparative example show that the Pd-catalyzed dimerization proceeds with

lower acrylic ester conversions and a lower ratio of linear to branched C; dicarboxylic esters:

Ratio of linear to branched Cg dimethyl dicarboxylates
Rh dimerization: 190 :1
Pd dimerization: 35:1
25
Since the unsaturated, branched C; dimethyl dicarboxylates form 2-methyl-1,5-pentanediol in
the hydrogenation which has to be removed from the 1,6-hexanediol, 1,6-hexanediol purification,
starting from Pd-dimerized crude C¢ dimethyl dicarboxylates entails a very complicated distilla-
tion. The comparative experiment also shows that the copper hydrogenation catalysts decom-
30 pose when the diester from the Pd-catalyzed dimerization of acrylic esters is used and that they

lose the ability to hydrogenate ester groups.



| ose the ability to hydrogenate ester groups. PF 54137 10 W claim 1. A
process for Afr@33ri ng 1, 6- hexanedi ol having a purity of > 99.5% by wei ght by
catalyti- cally dimerizing acrylic esters and catal ytically hydrogenating

t he hexenedioic diesters ob- 5 tained in10his way to 1, 6- hexanedi ol by a)
dinmerizing Cl- to C8-acrylic esters in the presence of at |east one rhodium
conpound t o ¥g €¥&Mpi xt ures of predomi nantly 2- and 3-hexenedioic diesters, 10
b) hydrogenating the resulti ng di merizing effluent in the presence of

chromumfree cata S _conp r.edom nant
hydr ogenat i on CMS?%#OF Brﬁaa SGHI???’%?P%V‘P% Ptffﬂ%af% %D%; H’é‘%%{%g?' §1@"8bt ai ned
in this way by feebctinemab adMs:taSIersaarld@ntalm&ll%ydmgM@TQs haenediad dresders pb-cl ai m

1, whereign uncoqg,eg(;,eg“sqggyy“ghg,gatngg,o,l@ renmoved fromthe dinerization
m xture before the hydrogénation. 3. A process as clainmed in either of

claims 1 or 2, wherein the acryllc ester used is nmethyl acrylate. 20 4. A
process as cl ai rgd | dimedxringal;- toICaatrplicEste idthewhmemdernf dtheashyr@drogiamat i on 1 s

carried out over a SALAINSS kARG AKLA S dTRgaRAbRGsRAPOS L on

CuaAl bZrcvndOx 25 al4, a >c
and a > d, and x is the nunber of oxygen ions required per formula unit to

preser venoel ectrayi c H%Mbérf&hrhdtﬁe reultiry dmﬁmgeﬁe&twaé H@Elen'cé\oﬁdhbbnﬂum-ﬁbéil ms 1
to 4, wherein the di to 15 C and

oressures of fromo. %'faﬂvaéfc’afﬂeﬁmg@red%mm $OPor 3 e Rorde e SA0P SR G e 1

to 5, wherein the hydrogenation is carried out at from 100 to 350C and
pressures of from 30iRing R AR 1,6-hexanediol obtained in this way by fractional distillation.

15 2. A process as claimed in claim 1, wherein unconverted acrylic ester is removed from the

dimerization mixture before the hydrogenation.

3. A process as claimed in either of claims 1 or 2, wherein the acrylic ester used is methyl
acrylate.
20
4. A process as claimed in any of claims 1 to 3, wherein the hydrogenation is carried out

over a catalyst which in the oxidic form has the composition

CuAl,Zr:Mny0,
25
wherea>0,b>0,c>0,d>0,a>b/2,b>al4, a>canda>d, and x is the number of

oxygen ions required per formula unit to preserve electronic neutrality.

5. A process as claimed in any of claims 1 to 4, wherein the dimerization is carried out at
30 from =100 to 150°C and pressures of from 0.1 to 1 atm.

6. A process as claimed in any of claims 1 to 5, wherein the hydrogenation is carried out at
from 100 to 350°C and pressures of from 30 to 350 bar.



