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PF 60584 MIPM6@84r produci ng 6- hydroxy hexanoic acid esters
Description 5 The present application relates to an inproved process
for preparing 6-hydroxycaproic esters fromthe by-product m xtures
whi ch are obtained in the oxidation of cyclohexane to cycl ohexanol
and cycl ohdvethos érwraducog \eganirany hexggenaddepersi ng gas m xt ur es.
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The reacti®n mixture which is then bi phasic is separated into an
organi ¢ phase and an aqueous phase. The organic phase is, as already
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6- hydréxycaptebratalyatsi d, 5-fornylvaleric acid, adipic acid, succinic
acid and glutaric acid. PF 60584 2
DE-A 1 851 250 and EP-B 847 979 teach how 6-hydroxycaproic acid can be obtained
from the products of the two-stage cyclohexanol preparation. To this end, cyclohexane
is oxidized in the liquid phase in the absence of a catalyst. The oxidation output, which
30 comprises mainly cyclohexyl hydroperoxide, cyclohexanol, cyclohexanone and
products of further oxidation, such as 6-hydroperoxycaproic acid, 6-hydroxycaproic
acid, adipic acid, succinic acid, glutaric acid and aiso 5-formylvaleric acid, as described
in example 1, line 19, and example 3, fine 47, and in paragraph [0005] of EP-B 847 979
under the names “semialdehyde adipiquet” or “acide formyl-5-valerique”, is admixed
35  with water. The reaction mixture which is then biphasic is separated into an organic
phase and an aqueous phase,

The organic phase Is, as already described, converted to cyclohexanol and
cyclohexanone by deperoxidation with metal compounds or by catalytic hydrogenation.
40
- As well as 6-hydroperoxycaproic acid, the water phase comprises 6-hydroxycaproic
acid, 5-formylvaleric acid, adipic acid, succinic acid and glutaric acid.



In order tdR60E84rt 6-hydroperoxycaproic acid to 6-hydroxycaproic

“acid, the water phase, according to DE-A 1 951 250, is hydrogenated
in the presence of palladium rhodiumaor platinumcatalysts at from
15 to 130C, preferably from50 to 100C, Zand 5 pressures of from2 to
20 bar. [cat] HOOCH2-(CH2)4-COON + HZ HOCH2 -(CH2)4- COOH + H20O The

netal s nmen Q%di@ﬁvgﬁ 6@13/8 dr?%%w%&@e%&?%é Bﬁﬁﬁtbx%a)g%ig %md Ati]tgg%’ter

activated
a suppor t e@"g%fk é’F%{jmﬂm OF-A d Srpro8es hydogerategkinghe p@se@%g ‘P%E@i'"t’ﬁﬁ"@n
activated chadion or platingadatalystgs fiom thie 1908C.qgefeathiyoinor B0 to 100°C, and

6- hydr OQEFF}@Q@%%QO@@@MI ding to DE-A 1 951 250 is that t he
5-fornylvaleric acid present in the vvater phase is not 15

hydrogenated fully to 6- hydroxycapr0| d at from15 to 130C and

from2 to 2oded, Loyt he pprsgence et al tﬂy@ééH+ H,0
nmentioned. The &steér |2?| cat(:son of g-thydr oxycapro% C agc
subsequent distillative purification affords a m xture of

6- hydr oxlycainé me@al@ﬁ‘leﬁﬂ@ned’&néy@b@ﬁbﬁﬂ%ﬂ% sgp;ﬁﬂt:,%n@h a9die AP abhpieps .

i st 1 1% G op LS oRREEREa e B Pl ERBl e rddignien o
onl'y with SCTHPGPSITEVRPY Weidht %ftﬁaﬂ?cﬁ't‘m(ﬂﬁ' FEYALRLAPYN. associ ated w th

hi gh energy costs. It was therefore an Obj ect of the invention to

provi de hYﬂrd%%Ué’ﬁthéﬁ"anﬁé Al dt%ée%a"ﬁeﬁ of @ g%&ﬁdaﬁﬂal&g gb&éo?{j]ﬁ%% th

whi ch 6-h b
hyld(r:ogenat/@EC)'fgll(’?tg?’?‘f2f %5@ 2?@18? gmqulu?ftﬁ &B‘?r&'r&{h&d’t’ Fe "°’d’ifaﬂnecta
i s achl®veltydsgosnataddolis® G-bvdroxyeperolcragicatiisadr % foc B Giand drotre? & 20 bar in

wherein  athepyedenbespine riobleaiétdl GRalyé hiniBHRIC Tha BsteicaBth 8f M Xt ures
of ol ecul @‘?\%&gx@é}ﬁﬂﬂya@}@g{l@@ﬁ&%qﬂ%“tcohst%tﬁre;?ﬂﬁf éatlgﬂgﬁ&dgg% %@F{#ﬂl on

condi ti ons reac

conponent s5 EV&‘WBW Sl P HRIBW YR eHE es@%@%@%@ther@cﬂ'ﬁﬂ@@zﬁ%ﬁﬁé
unconvert @bseyﬁ aine sianilar vapor pyebsomeer AXyliadistilalive ramiodal oﬁtHewdmmx\;ataw oi c
acid, fyf Oéslté/rls‘(r@uﬁf b p&idibs éﬁ]g w?th‘é(‘hlgﬂ'l IR UM !“EEIOR%’JI@I?!GQ@/ L0 Jt?tﬂvrth

four to six .carban &Lons, he Teaction mxture
after addl*?@" VAT dy CoFte separ at ed into an organi c phase corrprl si ng
cycl ohexane and the cycl ohexane conpounds, and an aqueous phase

conpri si ngt wheteastba dife@F the, indhtien td thﬁvu@@ﬁ?d}ugerﬂiﬁaﬁ@atfary@@é?&j i's

SSLZ‘LﬁL' o yclodsHAAGASRRNEHS wilh whith ERIRGIYOL BBl RIS R Dot
car borfPat Gifd 39 R @@r‘t’gﬁ‘a@@r‘t"ﬁb*ﬁ%dﬁt@é te Briyeseyyaproiedeidr s and PF
60584

This object is achieved by a process for preparing 6-hydroxycaproic esters, wherein

a) cyclohexane is oxidized with molecular oxygen or mixtures of molecular
30 oxygen and gases which are inert under the reaction conditions to give a
reaction mixture which comprises, as main components, cyclohexyl
hydroperoxide, cyclohexanol, cyclohexanone, unconverted cyclohexane, 6-
hydroperoxycaproic acid, 8-hydroxycaproic acid, 5-formylvaleric acid and o, w-
dicarboxylic acids having from four to six carbon atoms,

35
b) the reaction mixture from step a), after adding water, is separated into an
organic phase comprising cyclohexane and the cyclohexane compounds, and
an aqueous phase comprising the carboxylic acids,
40 ¢) the agueous phase from b) is catalyticaily hydrogenated,

- d) the carboxylic acids present in the aqueous phase are reacted with an alcohol
comprising from 1 to 10 carbon atoms to give the corresponding carboxylic
esters and
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3 e) 6-hydrPoBgaa8droi c esters are obtained by distillation fromthe
“esterification mxture fromstep d), 5 the catalytic hydrogenation
in step ¢) involving at | east hydrogenation of 5-fornylvaleric acid
to 6-hydroxycaproic acid. The process actor di ng to the invention is
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The process according to the invention is advantageous when 8-hydroperoxycaproic
acid and 6-hydroxycaproic acid are extracted from the aqueous phase of step b) with
25  an organic, inert socivent from the water phase.

- The process according to the invention is advantageous when the aqueous phase
. comprising the carboxylic acids from step b) is concentrated by distilling water off and
the carboxylic acids which precipitate out in solid form are removed.

30
The process according to the invention is advantageous when the hydrogenation in
step c) is performed in the presence of catalysts which comprise at least one metal of
groups 7 to 12 of the Periodic Table, excluding Pt, Pd and Rh where they are the sole
catalytic components.

35

The process according to the invention is advantageous when the catalyst metal used
for the hydrogenation in step c) is at least one metal selected from ruthenium, nickel,
cobalt, rhenium and copper.

40  The process according to the invention is advantageous when the hydrogenation in
step c¢) is performed at temperatures of from 100 to 200°C and pressures of from 1 to
100.



In the progessossacording to the invention, cycl ohexanol and

* cycl ohexanone can al so be obtained fromthe organic phase of step
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hydroperoxides in the oxidation output increases with increasing content of oxidation

catalyst.

Preference is given to catalyst-free cyclohexane oxidation over catalyzed cyclohexane
35  oxidation.

In the process according to the invention, in step b), the oxidation output of the

cyclohexane oxidation, as described in DE-A 1 951 250, is admixed with water. In the

process according to the invention, outputs from uncatalyzed cyclohexane oxidation
40  are used for this purpose. However, outputs from catalyzed cyclohexane oxidation are

also possible.

The oxidation outputs can be concentrated by distilling cyclohexane off. The oxidation

outputs comprise, if appropriate after distilling off some of the cyclohexane, at least
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The liquid organic phase removed in step b) can be worked up to prepare cyclohexanol
and cyclohexanone. For this purpose, the liquid organic phase from step b) is
converted by deperoxidation with metal compounds or by catalytic hydrogenation to
30 mixtures of cyclohexanol and cyclohexanone.

In the deperoxidation of cyclohexyl hydroperoxide to cyclohexanol and cyclohexanone,
the liquid organic phase is admixed with from 1 to 300 ppm of a metal compound.
Preference is given here to cobalt salts of carboxylic acids, for example cobait

35 naphthenate or cobalt octoate. Operation is effected at from 120 to 200°C and
autogenous pressure of the system or pressures up to 5 bar, which are generated by
inert gases.

The deperoxidation can be carried out batchwise, but preferably continuously.

40
The hydrogenation of cyclohexyl hydroperoxide to cyclohexanol/cyclohexanone
mixtures can be effected according to DE-A 2 358 460 in the presence of finely
distributed, suspended catalysts based on the noble metals of transition group 8 of the



The hydr ogePR6058 of cycl ohexyl hydroperoxide to
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Residual amounts of cyciohexyl hydroperoxide, cyclohexanol and cyclohexanone

which may not have been removed from the aqueous phase in the phase separation in
step b} of the process according to the invention can, however, be removed by
subsequent extraction if appropriate. The extractants used may be aliphatic,

35 cycloaliphatic or aromatic hydrocarbons such as n-octane, dodecane, hexane, toluene,
xylene, cyclohexane, methylcyclohexane, cyclooctane, cyclododecane or mixtures of
these compounds. When cyclohexane is used as the extréctant, the extract can be
combined directly with the cyclohexane phase from step b) of the process according to
the invention.

40
A further means of lowering the by-product content in the aqueous phase consists in
concentrating the water phase. It is performed at temperatures below 50°C and under
reduced pressure in order not to bring about any thermal decomposition of the



t hese conpaemdssgahen cycl ohexane is used as the extractant, the
" extract can be conbined directly with the cycl ohexane phase from
step b) of the process according to the invention. 40 A further
neans of |owering the by-product content?in the aqueous phase
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Pavi ng' 1 onapi copai Bk £ g B3l AdloR et SRl PR
aci ds_havi A BHPESRS AEnerRexviaAeEh hariegEomAwe o gioitaaman aiams and
from one t elkenahhadag from cedorighParbén atermal so possible to '
deperoxi di ze the 6-hydroperoxycaproic acid, as in the case of

| oh | .h i by addi ng_.cobalt conmpounds. to .
gyﬁygr %@:i%ﬁ%@gﬁ%ﬁ’oﬁé g‘]ﬁ%epeilcﬁ%cﬁzelt 'igg W&’PB‘@D&F\%VEZEWH'Q afss'gs@ﬁ i the caseat i on
m xt ure. | eydahekylwdioperqxisies by adding cebaltreantposndsytdSexyloegycanroic acidcarand

5-f ornyl va{hehit@hﬁﬁbglerfat@metrbmﬁ@&ed@mrr@ixiueg_zed _reacti on m xture and
to send the extract to a hydrogenation. For the inventive

hydr ogenati on, 6-hydr o_Ber oxycaproic acid and/or 5-fornylvaleric acid,
di ssol ved It kgyise Rossipledo gxigrah Bchydiyeanraic apid and iSdarnadvatsricrasist fiem the
ar e su2d ablleper@@iddtbreaaticanl mixtuse useth dend thdrexteat @l yhydtodyrdti@genat i on
in step ¢c) of the process according to the invention are those which
conpri se | east one tal of groups 7 to 12 of the Periodic Table,
f or exarrpfllrf:::orrt “?Wéﬁ'f'ti}'r‘?]hr{’ﬁfotgﬁﬂ?tfoncQ%XE'EOPGWC\XB‘?EW Yfarif gRgor pifmytyeleric acid,
copper, odssalneddnavatdroe theeorginic solgerpabpexifiedras qtrattamenarasditatiadi um
where they are the sole catalytic conponents.
30 The catalysts used for the catalytic hydrogenation in step c) of the process according to
the invention are those which comprise at least one metal of groups 7 to 12 of the
Periodic Table, for example ruthenium, nickel, cobalt, iron, rhenium, iridium, copper,
osmium and zinc, excluding palladium, platinum and rhodium where they are the sole
catalytic components.
35 Preference is given to the metals ruthenium, nickel, cobalt, rhenium and copper. These
metals can be used either in the form of the metals or of their compounds, for example
oxides and sulfides.

Preference is further given to mixtures or alloys of at least two of the metals of groups 7
40  to 12 of the Periodic Table. Examples include palladium/rhenium, platinum/rhenium

and cobalt/copper.

Also very suitable are unsupported catalysts which do not comprise any support and



35 Prefereneespsggi ven to the netals ruthenium nickel, cobalt,

* rhenium and copper. These nmetals can be used either in the form of
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cat al yti cahtiy ira@hich ¢itanilnh @iokidelid spafipglyiseldbley processes known per se,
preferably to prefabricated TiO2 as a support material. A titanium
di oxi de_support itable with preference for use in the :

r ut henf@im ?8%??@59&5‘? aea\feanugmenﬁleaﬁ FPRlISHRPTRERFSEE KW PRY SPoPBferably &y
38 464 by prrefatricalgdtli®ass aruptcdxnalerial25 before or after the shaping
of the shaped body, with fromO0.1 to 30% by weight of an acid, based

o Lo 2 B RS o B R i B e SRR
anat ase noeRtelystaande obGingdancerding @PE-6f 19718484 pdreating tithoiumediaxipe.e,
for gi c%%c |T blefoniﬁmsaﬂbpﬂiecshapihg of thietshifecbddy, wlte gbm.aifae@bwgﬁy F’%@?gi §nr11 of
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stearic acid.
30
The ruthenium active component can be applied in the form of a ruthenium salt solution
to the titanium dioxide support thus obtained in one or more impregnation stages.
Subsequently, the impregnated support is dried and if appropriate calcined. However, it
is also possible to precipitate ruthenium from a ruthenium salt solution, preferably with
35 sodium carbonate, onto a titanium dioxide present in powder form in agueous
suspension. The precipitated solids are washed, dried, if appropriate calcined and
shaped. In addition, it is possible to convert volatile ruthenium compounds, for example
ruthenium acetylacetonate or ruthenium carbonyl, to the gas phase and apply them to
the support in a manner known per se, which is referred to as chemical vapor
40  deposition.

The supported catalysts thus obtained may be present in ail known finishing forms.
Examples are extrudates, tablets or granules. Before use, the ruthenium catalyst
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m xture c eepn%‘gs over e catalyst 1n |38| pHase node or
trickl e mod¥rOISRRECE R} b RETORMeH Rakhifse s PrefgiablyfenbRyaysY c Bfpierstian
two di 29 er @iture capobamdssed @rehiharanbalysd itylomiar phase avddd autibkle mode.
5-fornylvaleric acid, since both are to be hydrogenated to

6- hydr oxycaprai ¢. aci.d. _Since, a hydraperoxy.grqu s to be

hydr ogenat @ge %ﬁﬁigﬁimgtﬁreq%fg@e By 0% aﬁ&?ﬂ@‘?‘@%@%@&ﬁ@ﬂ%?@ﬁ%ﬂ%%ase,

t he opti mef-hryrapergerrapradmhadedand bifeivyivalerictasis, sinee bethporiteds hiididgenated
to 6-hydroxycaproic acid. Since a hydroperoxy group has to be hydrogenated in one

30 case but an aldehyde group in another case, the optimal hydrogenation conditions of
the two compounds differ.

-H,0

HOOCH,— (CH,), — COOH +H,
[cat]

— HOCH,— (CH,),—— COOH

OHC— (CH,), — COOH + H,
~ [caf]

35  Since the hydroperoxycaproic acid can also be converted purely thermally, but less
selectively than in a hydrogenation, to 6-hydroxycaproic acid, it can be hydrogenated
according to DE-A 1 951 250 in the presence of palladium, rhodium or platinum
catalysts at from 15 to 130°C, preferably from 50 to 100°C, i.e. at moderate
temperatures. '



HOOCH2- (CHay4es800H + H H2O 2 (cat] HOCH2- (CH2)4- COOH OHC -

" (CH2)4 - COOH + H2 [cat] 35 Since the hydroperoxycaproic acid can
al so be converted purely thermally, but |less selectively than in a
hydr ogenati on, to 6-hydroxycaproic acid10it can be hydrogenat ed
according to DE-A 1 951 250 in the presence of palladium rhodium or
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preferably from 130 to 170C. The partial hydrogen pressure is from1l
to 100 bar, preferably from2 to 80 bar, nore preferably fromb5 to
60 bar. |n T8e&ydrayeratiopliestsp ek ekise arsessipergrding torihe invealian is affected,
starting nirdspectivetuf ehethas step @ haobéah @dhdumb? otk pedtieptey 6it atisenetsith
However, t ' ' i en
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G hyar Oy 488, 57 Pretergty Taims SRy Ot P Ay &ogén pressure 19 from 1 to
6- hydr oper ®8Y bap prsiferablyifidne? & $bbarethord preferdiile fromsetp G0Har.

hydr ogenati on of predominantly 5-fornylvaleric acid is effected in

2l conol s B Pne bR BRGERESGEI B g EebeR LA NAE which has been
est eri fi caP¥idiged witkew safglyst is used. However, the use of catalysts is also possible in step
25  a). When catalysts, for example cobalt carboxylates, are used, not only 6-hydroxy-
caproic acid but also only small amounts of 6-hydroperoxycaproic acid are formed. In
this case, the hydrogenation of predominantly 5-formylvaleric acid is effected in step c)
of the process according to the invention.

30  Useful alcohols for the carboxylic acids to be converted for the esterification in step d)
of the process according to the invention ~ 6-hydroxycaproic acid and a,w-dicarboxylic
acids having from four to six carbon atoms — are generally alkanols having from 1 to 12
carbon atoms, cycloalkanols having from 5 to 7 carbon atoms, aralkanols having from 7
to 8 carbon atoms or phenols having from 6 to 9 carbon atoms. It is possible to use

35 methanol, ethanol, propanol, isopropancl, n- or i-butanol or eise n-pentanol or
i-pentanol, or mixtures of the aicohols, but preferably alcohols having from 1 to 4
carbon atoms, more preferably methanol. The ester groups in the 6-hydroxycaproic
esters and the adipic esters may be the same or different, but they are preferably the
same.

40
The product obtained from step c¢) of the process according to the invention is generally
an aqueous solution having a water content of from 20 to 80%. Since an esterification
reaction is an equilibrium reaction in which water forms, it is advisable, especially when
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sulfonic acids such as p-toluenesuilfonic acid, heteropolyacids such as
tungstophosphoric acid, or Lewis acids, for example aluminum, vanadium, titanium and
boron compounds. Preference is given to mineral acids, especially sulfuric acid. The
weight ratio of homogeneous catalyst to carboxylic acid melt is generally

35 from 0.0001 to 0.5, preferably from 0.001 to 0.3.

Suitable solid catalysts are acidic or superacidic materials, for example acidic and
superacidic metal oxides such as SiOz, Al203, SNO3, ZrO,, sheet siiicates or zeaiites,
all of which may be doped with mineral acid residues such as sulfate or phosphate to

40  increase the acid strength, or organic ion exchangers with sulfonic acid or carboxylic
acid groups. The solid catalysts may be arranged as a fixed bed or be used as a
suspension.



25 may be #mE603894ed tank or flow tube, or it is possible to use a
“plurality of each. The residence tine needed for the esterification
Is between 0.3 and 10 hours, preferably from 0.5 to 5 hours. The
esterification reaction can proceed witMdut addition of a catalyst,

but pref er aMeavdter fginvaninttee rdaeti@AisiapProphatef@asbl@Ncdr@heolay, af dkBgpR
catal yst. Hﬂﬁgﬁﬁ?@(@(ﬁ%hé"y@pﬁs laﬂfg)rm)geneousl y dissolved catal yst or
0

a solid catal oribogeneous cat al ysts i ncl ude
sul furic acid, phosphorlc acid, hydrochloric acid, sulfonic acids
such as p- MMewdirbgamailoacm slt,epmabfathepajcyas:admcﬁmgtm ths invention has been

t ungst OBhC’%BH@rrnﬁé?j lﬁ%hQ)rgé?ﬁc é&Wr&&g} nt fEPé h é‘r@ 2 rcﬁ"é LA nl‘b'rnexample
¢ ”actﬁn

di
mneral acVaERuERne PR ifrrianpe e Gkinci 5 v

hormgeneouﬁe@élt)fap@%bet@n@@dmﬂﬁyphﬁ@eﬁparamt is generally 35 from
0.0001 to 0.5, preferably from0.001 to 0.3. Suitable solid catalysts

are acidic r aci dic an

super aci di gﬂ : C?MP%E&%éngth%hﬁVérg@ E)E{hg'&fgég%gﬁ&oupfro&sengwég?

si licaf®s 6abewdiciacidynelt igidetesmingsibyriheragid pumeniE KPHI) massured agier the
resi dues stasstiors Minld anyeadd aqiﬂmbaﬂmbaalyg ﬂ&hf][m Umszfrg aad @mf@l-ably fiom
strength, gn t8r1@e?fﬁd;/RO‘}-PNO SﬁfnéroWBé resl tn?ﬂ’l(?csf %a% é%a'sc
acid groups., The sol arran ? e be
oed 96 a S lroh cﬁm&é’g%ﬁi@r SRREICNaY 54 BreneRt 1t fhehn pLdieerioAT
is approprD'M%FlCr@étﬁDS/éfdhw\@Hmmdmtm hyHosixyespaoip laeid. through a
menbramg or by distillation. Wien the hydrogenation in step c) of the

process aceQl Q%t@?f ?oﬁ h}%tu@lffo% Eth d&)gﬁhg %Fcﬂ:esé agc%[}cjlr?%?qg? &veg |feed

organi ¢ soj ven capr0|c aci

met hyl cycl Bk HIeE r%fPf‘eSS@ﬁnéPf pietesehibA d@éa tiga colymn. ¥¥hepia dlsﬁvl\teﬁh@ld has
sol vent ~ anbedrhesedesdhe oftalysicfacthe@stetification reaotion gtle atedficatib@aixiure is
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pr esent in't ollgorrerlc esters with the OH end
of the hydroxycapr0| c acid. 15 The esterification m xture fromstep
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or 30 components which have a lower boiling point than 6-hydroxycaproic esters and adipic
esters.

The bottoms obtained are an ester mixture which comprises predominantly the esters
of the alcohol used with dicarboxylic acids such as adipic acid and glutaric acid,

- 35 hydroxycarboxylic acids such as 6-hydroxycaproic acid, and oligomers and free and
esterified 1,2- and 1,4-cyclohexanediols. It may be advisable to permit a residual
content of water and/or alcohol up to 4% by weight each in the ester mixture. The
bottom temperatures are from 70 to 250°C, preferably from 80 to 220°C, more
preferably from 100 to 190°C.

40
The stream which has been substantially freed of water and esterification alcohol is fed
into a further distillation column. The column is operated at temperatures of from 10 to
300°C, preferably from 20 to 270°C, more preferably from 30 to 250°C, and pressures
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9 t%mperatures o?from%% to 350°C, p eferaer froFr)n ?OO to 200°C, more preferably from
110 to 180°C. The top temperatures are established correspondingly.

30  Animportant factor for a high purity and high yield of caprolactone is the removal of the
1,2-cyclohexanediols from the 6-hydroxycaproic ester, since these components can
form azeotropes with one another.

The 6-hydroxycaproic ester stream which comprises from 0 to 40% by weight of adipic
35 esters can be converted to alcohol and caprolactone in the gas phase or liguid phase.

The process according to the invention for preparing 6-hydroxycaproic esters
possesses a series of advantages over the prior art:

40  The hydrogenation of 5-formylvaleric acid enhances the 6-hydroxycaproic acid yield,
since otherwise the corresponding esters are obtained only from the 6-hydroxycaproic
acid. A further advantage is that it is no longer necessary to remove the 6-hydroxy-
caproic esters from 5-formylvaleric esters in the process according to the invention.
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chr omat ogra conprise 5% 5-fornyl val eric acid,
wer e di ssol ved in water (in a proportion of 50% by wei ght) and
hydr ogenat Exkragle 139(@paattdhyith thgelifference that the aqueous extract according to

DE-A 1 951 250 example 1a) (prepared as described in French patent 1 491 518) was

30  used in the hydrogenation. The hydrogenation output included 0.2% 5-formylvaleric
acid but no 6-hydroperoxycaproic acid. The content of 6-hydroxycaproic acid was
approx. 64% as in example 1. For further results see table 1.

Example 2 was repeated. The hydrogenation catalyst used was a catalyst which, in the

35  oxidic state, has the following composition: 66% CoQ, 20% CuO, 7% Mn;Os, further
components: alkali metal and alkaline earth metal oxides and phosphorus oxides. The
hydrogenation was effected at 150°C. For results see table 1.

Example 2 was repeated. The hydrogenation catalyst used was Ru (5% calculated as
40  the oxide) on activated carbon. The hydrogenation was effected at 130°C. For results

see table 1.

Example 2 was repeated. The hydrogenation catalyst used was Re (6% calculated as
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Conpar ati vepegpsgyd € 1. Exanple 2 was repeated, except hydrogenating
-over a Pd (5% as PdO on carbon catalyst. The content of

hydr oper oxi de was zero thereafter, but the content of

5-fornylvaleric acid had fallen only to18.9% After esterification
and distill@kingn, nmethyl 10 6-hydroxycaproate with a nmaxi num purity
of 98.1 % was obtained. Conparative exanple 2: Exanple 1 fromDT-A 1
951 250 was repeated. The starting content of 5-fornylvaleric acid
of 4.5% beflor & preresh jalmoefaniag iBerydwagcamiab astged wittadn t he

hydr ogenati on. PF 60584 16 Cains 1. A process for preparing

6- hydr oxycaprgj c j | ohexane is oxidized with
mol ecul )gr oxy encgc?éh%&;g(?eu%s rd?fpfgr@ﬁh@ﬂigéﬁar 06‘%%%?{%%”%% Cﬁ?\?ﬂw?fh are
inert under the PO&SHRHH JasrfvRicl A% ipert yndes the repelinn opditinnsiogiee ahi ch
corrlprihses, ?s mateactammpixhea whichayalpaibes bk mdwdr{]rﬁm'remé, B¥slohexyl

cycl ohexanol , cy ’
hydr oper oxycapr o?%&(g@%pg% %ﬁggi%ﬁ%%g%#g 9%/1@”%,’ _G@g?r% %c |Og F’l_f%neag id
and a,w 10 di car BEYSHSIVSERY i F{ﬁforxéﬂ?ﬁplr?iﬁﬁc'f’o&i‘ir%y glereAcd ep e, w-
b) thelPeacti on @iarbaxylic fcidenhsvieg frain, foafto six caddinrdomat er, is
separated into an organi c phase conprising cycl ohexane and the

| oh : hase.. ising the .
oo boxyl e acoane etmoR il BIMER 55 REP AR RRler 38 SheBa o,
hydr ogenat ed, d)CTORRHC PERRBAMATEINgCyaleheeas @nd thecidrbesanteenmpoyhds @nd

are reacted w t harasguaboas bbhdse cpnpiksingithgcdrboxlid atigs, 10 carbon atons to
give thg corresponding carboxylic 20 esters and e) 6-hydroxycaproic

esters are obtaiped by distillation fromthe esterification mxture
fromstep d),° ZStR? ﬁ@u%céisﬁi\??‘? %OWJ’SH%%W%QH%“WEO%%F@F%) i nvol ving at
| east hydrogenation of 5-fornyl- valeric acid to 6-hydroxycaproic

acid. 2. The gy Qﬁ@&érb@ﬁ)ﬂi@ra@ld@%rééén@ih%é@éueo%gh@éé"ar%tr%bt@a wittPan alcohol

f dinth ! . .30. 3. Th d
per Lormed, 1 (e BRGSRIGRI0T 10 LAl Kol Gy R bRRGRT (90504 10
catal y&¢. 4. ThesH®aeds according to any one of clainms 1 to 3,

wherein not only 5-fornylvaleric 35 acid but also
6- hydr oper oxysapy Qhdro,dfehstolcestrd GRIGIAES Y BisilzBBn FomltRe BtBMA0%Y -

mixture from step d),

25 the catalytic hydrogenation in step ¢) involving at least hydrogenation of 5-formyl-
valeric acid to 6-hydroxycaproic acid.

2. The process according to claim 1, wherein step a) is performed in the presence of a

catalyst.
30
3. The process according to claim 1, wherein step a) is performed in the absence of a
catalyst.
4. The process according to any one of claims 1 to 3, wherein not only 5-formylvaleric
35 acid but also 6-hydroperoxycaproic acid is hydrogenated in step c) to 6-hydroxy-

caproic acid.

5. The process according to any one of claims 1 to 4, wherein the aqueous phase
comprising the carboxylic acids from step b), to remove residual amounts of
40 cyclohexy! hydroperoxide, cyclohexanol and cyclohexanone, is extracted with an
aliphatic, cycloaliphatic or aromatic hydrocarbon.

0086/2008 HAH/mc 02.15.2008 1. Fig.



caproi c acimF 66584The process according to any one of clainms 1 to 4,
“wherein the agueous phase conpri sing tqg carboxylic acids fromstep
b), to renove residual amounts of 40 cycl ohexyl hydroperoxi de,

cycl ohexanol and cycl ohexanone, is extracted with an aliphatic,

cycl oal i phag.i cThe pricesBhddordiygliossrdiervf cRMGHT 20Oyt BthyRropbRoxg O oic

1. Fig. PF 605 € ' ny.one of cl ai
to 5, wherein éﬂ%égggngy%%%&gggﬁ aggl(é%;%lﬁ%gférﬁfﬁr 0%?85%8%?38 033#%’ b])
are extracted MR CHEENGHSHEOMSALERM die wateppiigse wit h™ an or gani c,
inert solvent fromthe water phase. 5 7. The process according to any

one of gl ai WS &il SRUS ST D Si
car boxyisi C ?griiTﬁgtpﬁ%SSst e r&l@itt% %ﬂl opcenfﬁrpgiggég’ W@?E‘Pitﬁ?ﬂﬁ?\y\gﬁg?s%ff
and the car bog@qnpgsng@lﬁscqﬁw PF?)‘?"%%F%T‘F Sutenernteaied gy fistlfiRgyater off
renoved. 8. Thed Preoeaskexyhieaddsiwnigh poecinitateond iro$olid Iferimare Temoved.
wherein the hydrogenation in 10 step c) is performed in the presence

f catal ' ' t . | qf 7 to 12 of
Che peri bt TpPRoBaRBidanglagfAtle QOGR! 7 Her i Ritodedatdy i

cat al yt!Pc conpl§p&hissperiormenh il the prassgcaeicstalystywhish sappasreatdeast pag metal
to 8, wherei notdreupsal & ¥2 bf threPatiodis eble léxcluaingt FtePh yiold e@efire hidyiafe the

step c) is atgheastadReoBbadnisel ected fromruthenium nickel,
cobalt, rhenium and @op%@?. 1n0. The process according to any one of

claims 1 to 9, wherein the hydrogenation in step c) is performed at
t enper at ur 8s bfie PiogasslATOrHNPBEDYNe of cleinsut &8, 0fhefein thelcatdgst nwetdlQBed

bar. 15 for the hydrogenation in step c) is at least one metal selected from ruthenium,
nickel, cobalt, rhenium and copper.

10. The process according to any one of claims 1 to 9, wherein the hydrogenation in
step c) is performed at temperatures of from 100 to 200°C and pressures of from 1
20 to 100 bar.



