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. pr;ocess for the preparation of d,l-nmenthol by catalytic hydrogenati on”of
canmpounds whi ch have the carbon skel eton of nmenthane containing 5 at |east
one C=C doubl.e bond and are 3-substituted by oxygen and/or of nenthone or
i donent hone or mixtures of such conpounds using hydrogen res of
. 100 to 200C and at hydrogen partial pressures between 2 ammmmwmmm‘md/or
D

by rearrangement of nent hol stt.ereoi somers in the presence of fydrogen at

t enper at ur es Hocessifor theqrepawation of ddrmepthobarti al pressures between 0.1 and
20 bar in the presence of 10nobl e-netal -containing catal ysts. Surprisingly,
It has been found that high hydrogen partial pressures markedly decrease
the rate of foHemive@ibrofelded toTBHrbdks f&OtheNatpitith bEAPSRAkIYIES Bd8lytic
necessary to achieve high d,|-nmenthol contents. At |ow pressures,

parti cul ar |y Widggegatiomadisonppundsovtiiclehave thaearben skehiterveldnenthimygontaining

t enper atures. Anong the natyrally occurring..c I C terpe al.cohal s,
o mont nat " oeaatehs' G ARURE Bond s Bl RS iRt by DX PSSR ng
action. 1-Menkhialnthénel deniFRirSs 60R=h IcbMBBindRfusRERABRESHeRt Rir ' din
t he perfune, fIavnourieng and rphar macgut |§carl1 iur?dgggrﬂy@ezo Pr eppegér{grtellsg)ﬁqg?
ment hol by cabdPQIC enchatdrydrpeanpartial pressomshetwits 2vnd G0 Haawed/ohley carrmoge-
- skel eton of nenthane cont ai ni.g(%éat N eqast one ngyfgroubl e bond and are

3- subst i t ut ed™&Rf BeEhel sfaroiadmer i herRrrisnse PERydrogs etnigmperalyrey ehflite
whi ch can be rgsel [ <l ' T, {4l I | V.
ment hol s di ffé‘? %a%llﬁddrt gg%@é%p%%&%p%%%o%?ggeﬁo 'Zpat%figjbpgraggllérﬂ%[ﬁ @g:.génf-gl\?tgnt hol
has a clfar actmbileshetl-peppiaing catalytiour and t he refreshing action al ready -
mentioned; it is therefore the nost val uable of the nmenthol stereoisoners.
Attenpts are therefore made to carry out hydrogenation in such a way that
as nmuch d,I-rng fro i - . bt al. resol uti,on of
the racenmate, | H?%‘%‘K’eé{ ﬁ%%t? gyrféléﬁglﬁlaggﬂlggq@fd ?59 eﬁ [ b%}:lgleggg%‘gg%i%?rged%nt hol
St er-eoi Soner decrease the rate of formation of d,l-menthol, so that high temperatures are necessary

to achieve high d,l-menthol contents. At low pressures, particularly high d,l-menthol

15 contents can be achieved at low temperatures.

Among the naturally occurring cyclic terpene alcohols, 1-menthol occupies a special
position owing to its cooling and refreshing action. I-Menthol is the main constituent
of peppermint oil and is used in the perfume, flavouring and pharmaceutical industry.
20 |
Preparation of menthol by catalytic hydrogenation of compounds which have the
carbon skeleton of menthane containing at least one C=C double bond and are
3-substituted by oxygen (for example thymol) leads to the d,I-racemate which can be
resolved into optical antipodes. The 8 optically active menthols differ with respect to
25 their organoleptic properties. I-Menthol has a characteristic peppermint odour and the
refreshing action afready mentioned; it is therefore the most valuable of the menthol
stereoisomers. Attempts are therefore made to carry out hydrogenation in such a way
that as much d,l-menthol, from which I-menthol can be obtained by resolution of the
racemate, is formed, or to rearrange as effectively as possible menthol stereoisomers,

30 as arise, for example, in the hydrogenation of thymol.
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30as arise, fleAcddaiidtEoreign Gowstrieydr ogenat i on of thynol . Le A 33

. 331-Foreign Countries -2 DE 2 314 813 and EP-A-0 563 611 di scl ose that
aromatic or partially hydrogenated cyclic conmpounds which have the carbon
skel eton of nenthane containing at | east_f#ne C=C doubl e bond and are
3-*substituted by oxygen can be hydrogenated w th hydrogen and/ or

stereoi soners of nenthol can be rearranged in the presence of 5 hydrogen, a
cobal t/ manganese cat al yst or a fixed-bed catal yst which conprises

pal | adi um r uPEent i 13raddilnt-8P030H disghose Brat prossicranpglilly higlregenpigd

constituents I ' | ' ' tes

oromot ers on Seagonrerineen MRS S SRRl e Bl incHBLE MR §7e
manganese bei aig gs€ddoub@UBordl SftBae3BsuiratutddoBE okiigen SAMBY hzdrbb@fated with
stereoi soners of nenthol to give d,|-nenthol using hydrogen in the presence
of a copper chydspgancandierastyespisomarst off meathob camthsurcaggngstl inytheoprasdnonfwhi ch
are no longer, reusabl e ar roduced, |, of the reviously.descri bed

pr ocesseés) f othE(ﬁm Or eapgéabé’?tl/rg%ngg?esﬁe%att@l&t ¥y2h %gbe%lgatﬁléﬁaf‘iy“b spgprises

i soneri zat i onpAifadfuind, HGthERIOM, FRIIAGHRES HIRMIrOBf (G S18MBAR a3 KeliRt QhsBfuents

nment hane are carried out at hi gh pressures from 200 to 350 bar and high

t enper at ur es dndoatkals@nata hydeoxida0dd dlkalnhoreal Gulphhtes ps gremsess descsipped i s
nore than 59. Wbaf.ggl-nenthohﬁéornﬁd ita ting fro Ihyngi. 20Si nce

i ndustrial  apliedetararerariARE) metpl apd With granspse BPBERSe ogenat i ons are
conpl ex and expensive, and a | arge anount of energy is needed for the
conpression of hydrogen to the required pressures, on the processing side
al so, tHere iESQHBMSI@ér dircabgotlenisoalerization wprsaresigprhdre @ actndiol ap give

d, | -ment hol by hydrogenation/isomerjzation starting especially fromthynol.
X,l-myenthoﬁJ using hydrogen in the presence of a coppger chrpomite catglyst. In thisy

case, about 5% of hydrocarbons which are no longer reusable are produced.

All of these previously described processes for the preparation of menthol by hydro-
15 genation and isomerization starting from compounds having the carbon skeleton of
menthane are carried out at high pressures from 200 to 350 bar and high temperatures
from 160 to over 220°C. In none of the processes described is more than 59.8% of

d,l-menthol formed starting from thymol.

20 Since industrial apparatuses for carrying out high-pressure hydrogenations are
complex and expensive, and a large amount of energy is needed for the compression
of hydrogen to the required pressures, ‘on the processing side also, there is consider-
able potential for improving the production of d,l-menthol by hydrogena-
tion/isomerization starting especially from thymol.

25
The object of the iﬁvention was therefore to find a selective and industrially simple
process for the preparation of d,l-menthol which makes possible d,l-menthol contents
of over 60% in the product mixture and as far as possible avoids the formation of

unwanted byproducts.

30



25" The obj ectLoA 3333 li-FveighiGuuniRs t herefore to find a sel ective and
.industrially sinple process for the preparation of d,|-nmenthol which nakes
possi bl e d,|-menthol contents of over 60%in the product m xture and as far
as possible avoids the formati on of unwanted byproducts. Le A 33
331-Foreign Countries 3 It has been found that this purpose can be achi eved
starting from conpounds whi ch have the carbon skel eton of nethane

contai ning at | east one C=C doubl e bond and are 3-substituted by oxygen
and/ or from néhehbew found dmtrdlis Ramesoeamboadiersd slartingcfiommepmendds whish

I h | . if h i i ied. ith h
Compor at ur oo iveibe BHOSEHAR &7 men Rl bnGiniSh i bRk Bl R R a9ds
bar and then &%ag-glﬁﬁgﬁ&e%in%y bRy gl dddrf th rAdntitbreCorlidOfe RRGhE oM ML QRE LT

r
partial pressure between 0.1 and 20 bar and for this noble-netal catal ysts
cont ai ni ng el srbrospofindsy fygresamppi|thymal; & hysleaendi@shhie camiedriuit evithi lsydrogen
surprising with respect to the t hat j.ust avoj di ng hi gh pressures
causes = mar KideRERANESAL 19 thz[)‘?DCﬁia‘f‘ﬂ?tﬁﬁinf%ﬁn@P“@, RECRRHENR 2 {ror) bar and
particularly gt,l.@ BhefsUabied SlhCat GMENHOD dnd £ WHEIGEN SUFR IRLdgrel N
t hat particul ar?yr %lr&gfﬁg@,rlﬁ-rrent hecﬂ contents can be ack?ege%%a%%gr%%??rf at
t he | ow t enpebatvaered.l audl D@ bammehtarothist heehera daallydtesoritainmgpéloments dfor
the preparation of d,|-nmenthol by catal ytic hydrogenation of conpounds

whi ch have t &gk ¥eus8dbn of nment hane containing at | east one C=C
doubl e bond and are 3-substituted by oxygen and/or of nenthone or

i sonment hone or m xtures of such conpounds using hydrogen and/ or by

catal yti® reaThafgentdt isahrpiBiighoith séspéc @b SRNRESthhNjubh@ oidifs Bigepresures
hydrogen, 20 characterized in that the hydrogenation is carried out with
hydrogen at hsadsesgemapge aceglerpiansefithe forpatione ehd.bmenthol getyapartiprashyeatdbivy
between 4 and,_10 bar a at t eratures of .100 to 200C, preferabl Oto
1800, and ¢ nettetyef o he by BE B QP S b i ierR G SrenaRL s
pressure bet wesilerls dantitchcRRvERAppaRngl af @by Rehpesired. and 10 bar, and at
tenperatures of O to 140C, preferably at 40 25 to 100C, particularly
preferably at 70 to 90C and the catal ysts used are nobl e-netal catal ysts

cont ai njhg metal s of .subgr VI, The process of the invention can be
carred ot 1% Tpariph S A ooh Peit) RGGHS Iyer e bl FH B AS e

wi th suspended. gatiahydhaefiioh f EEABSRIGE vifith RARARE AhitBH sREBIWIHhnifaka! VSt
beds. Le A 33 331-Forergn Countries

containing at least one C=C double bond and are 3-substituted by oxygen and/or of

menthone or isomenthone or mixtures of such compounds using hydrogen and/or by
catalytic rearrangement of menthol stereoisomers in the presence of hydrogen,
20 characterized in that the hydrogenation is carried out with hydrogen at hydrogen
partial pressures between 2 and 50 bar, preferably between 4 and 10 bar and at
temperatures of 100 to 200°C, preferably 120 to 180°C, and the -catalytic
rearrangement is carried out at a hydrogen partial pressure between 0.1 and 20 bar,
preferably between 1 and 10 bar, and at temperatures of 0 to 140°C, preferably at 40
25 to 100°C, particula;ly preferably at 70 to 90°C and the catalysts used are noble-metal

catalysts containing metals of subgroup VIII.

The process of the invention can be carried out, for example, batchwise or
continuously in the bottom phase with suspended catalysts or in reactors for

30 operating stationary catalyst beds.



-4’ Sui t abl e rleadt3 3 Ifbereigh€qunoieess of the invention using suspended
_catalysts are, for exanple, stirred tanks, bubble colums and | oop
reactors, as are known fromthe prior art. 5Suitable reactors for the
process of the invention using stationaryscatalyst beds are, for exanple,
t hernostated shell and tube reactors in which the catalyst is situated in
the tubes or around the tubes for heat dissipation, or adiabatic tube
reactors, preferably havipng zones for, cooling the product stream The

reactor for tMEANIFBEHERAIr if Proogss of dpaivgnisser e suspersled Fattety argt faror
the isomerizabl.aihid Sl EHAD bibthdABRAAHARLAIRIAGR! &Y arcALELAY ABLY me! e
process of the irnvéntion 1s tarried out in reacttors having stationary

cat al yst bedspridkfie reactors for stationary catal yst beds can be

i ndi vi dual | ow pressure steel or steel alloy tubes which are conpletely or
partially packed with shaped catal yst bodies, where in the case of higher
tube cross-segt.ional are t he use of shaped bodies on trays, (for, exanpl e
wire basiet s _%r‘&ag)?erﬁefigtﬂsa%gﬁ}_lea?r%esﬁé’?ﬁ}éeemg?n%o%%ft?t_l?% C%tﬂlﬁ’gﬁ g‘fsdscﬁﬁ?‘r al so
be enpl oyed Wk RkfinpleC MehBSsidtE sielednld, tubd tctbREnivAREY t-UBkaIT Y RESitdatkdl i N
being 20conpletely or partially packed with the shaped bodies. - - The said
react or typestharwbes dyearowte thet dugs akor dcatrplissipationl ar ediabatie dulye reactors,
interpreted restrictively. 25The process of ,the invention can b arried
Ut cont | nuouSFYPFHY ign zoags B ¢Bo RS B Gad il Rucr Dhe BRFRE Raiiey g vi ng
for the hydrogenabh @0 pRdati) Lpere@Nthditd Bt BAt kY SET VIR i£06n fibﬁr&aiaﬁﬂyyt Ic
rear rangenent . This reactor cascade can be charged wth starting

mat eri al0 i n somnated adiabedicalihat t he 30m xture of the conpounds to be
hydrogenated is firstly hydrogenated in the first reactor to give a m xture
of the isoneric menthols to which are adm xed nenthols to

Preferably, the process of the invention is carried out in reactors having stationary

catalyst beds.

15 The reactors for stationary catalyst beds can be individual low-pressure steel or steel
alloy tubes which are completely or partially packed with shaped catalyst bodies,
where in the case of higher tube cross-sectional areas, the use of shaped bodies on
trays (for example wire baskets or similar) can also be useful; however, tube bundles
can also be employed within a collective shell, with the individual tubes in turn being

20 completely or partially packed with the shaped bodies.

- The said reactor types are to be understood as examples and are not to be interpreted

restrictively.

25 The process of the invention can be carried out continuously in two successive
reactors, the first principally serving for the hydrogenation and the second principally

serving for the catalytic rearrangement.

This reactor cascade can be charged with starting material in such a manner that the
30 mixture of the compounds to be hydrogenated is firstly hydrogenated in the first

reactor to give a mixture of the isomeric menthols to which are admixed menthols to



Le' A 33 331- Hor 4i3gmoipitigh épunGiehe recycl ed before being fed into the

; rearrangenent reactor, which nmenthols are produced for exanple in the

i solation of 1-menthol, but the nmenthols to be recycled can alternatively
be conpletely or partially run into the hydrogenati on reactor together with
the m xture to be hydrogenated. The process of the invention can |ikew se
be carried out continuously in a reactor in which the conditions are
favourabl e for bot e _hydrogepati on and the isonerization. In a process
of the invent %FFCHQ\?% H’ﬁf%\%ﬁ%‘?“%ng’%r‘é‘&’c#ﬁr reaaRgeeh FSpCtopy @’g‘&li‘r penhaiswien 2
and 10 bar a 0, C %’r&l

process is cgéjr P??&H%?E%ﬁ;ﬁ%% {sh\eéﬁlgcga%égleoflggglgtggf bg{ @F er aﬂ%,ﬁh |b% féqicﬁlg@dt he
reacti on condiani altsnathiebh bar @nfiglstelyr ablpartfatly tuneiniy dhe dsidaddedstict eeagtlr and
then the reaction conditions favourable for the rearrangenent are set.

15Pr ef er abl y, Pog¢tBerpyigh thedniture ebs hydeegendiadi s carried out continuously. The
techni cal arrangement of processes of this type is known to those skilled
inthe art and is not part of the invention. 20The process of the invention
i's a two- st agEhdproc&s Hf WY igReridn dah dikewide befcadRaroaptominousy M htraneaus! y or
successively in one reactor, preferably the catalytic rearrangenment is
carried out s‘éblﬁhéb%wﬂqlﬁipftsi%f@fouéﬁbéﬁzérmwhet rogsnetpresdithe isomeliiza-ons
whi ch are partti cgl arlg expet?' ent for it at alhydrol%e(g[ Ipar%tial l){)ressure
between 0.1 and" 28 HEFOCHr Tr B BT U98: WXES I PCsTCAUPT: HitHeibly dFFSPES ur es
of 0 to 140C, bdpweder ARl Y0 Bdr aft@ tdnBpetd@0 GetwRal tOEMPIdorcRrelapRbly at 70 to
90C, with the catal ysts used being noble- netal catalysts containing netals
of subgibup VI11. The amount of hydrogen for the hydrogenation step can
be between 2 times and .100 tinmes, preferably between 4 tipes and 50 tines,
Che amount whitch ProCrRs & FEEN SBRRUTE G ettty Prebsralite sy WG aFaHicB.

Le A 33 331- FQjnitiis GRHH AreG8vourable for the hydrogenation are set and then the reaction

conditions favourable for the rearrangement are set.

15 Preferably, the process of the invention is carried out continuously.

The technical arrangement of processes of this type is known to those skilled in the

art and is not part of the invention.

20 The process of the invention is a two-stage process which can proceed, if appropriate,
simultaneously or successively in one reactor, preferably the catalytic rearrangement
is carried out separately in time or space under the low-pressure conditions which are
particularly expedient for it at a hydrogen partial pressure between 0.1 and 20 bar,
preferably between 1 and 5 bar and at temperatures of 0 to 140°C, preferably at 40 to

25 100°C, particularly preferably at 70 to 90°C, with the catalysts used being noble-

metal catalysts containing metals of subgroup VIII.

The amount of hydrogen for the hydrogenation step can be between 2 times and
100 times, preferably between 4 times and 50 times, the amount which is required

30 stoichiometrically for the hydrogenation.



For the cat ally¢ A3} ¥drkaeige@aniricshe | i qui d phase nust only be in
cequilibriumw th any desired anmount of a gas phase having a hydrogen
partial pressure between 0.1 and 10 bar, preferably between 1 and 5 bar,
i.e. the rearrangenent can be carried outg_for exanple, in such a manner
that a m xture of the isomeric nenthols, as is produced 5 in the

hydr ogenation, if appropriate is mxed with nenthols which are to be

recycled and are produced in the isolatiqn of 1-nenthol and is, . )

cor r espondi ngﬁ?f s cafRtisFeairans Ry iy difeliayid pgﬁ%fewtmy 6 1BSABBRIEEY withwi t h
t he catal yst, {4 I f dggge% 1ited.
10For the pro%dgrs]%é@tgl?&Ewgaﬁtﬁ%f;%g?sggﬁggggpgé}g, ar “P%‘g%aﬁrpg‘%q‘\#ﬁ?oéﬁ‘%é&ng?. se
nobl e metal s afd Hukgy puferablly betaked handPébandiecthd atdringéméh ealribe keifed out,
Preference is given to catal ysts which conprise, as active constituents, in
total 0.05 toforesamplevigisyeh 2 mrnpgithad ainixiussef the 1s9pisrie pranshads, Bs isopradugedy

subgr oup v 11 e PRGN E L AR RTh Rl oyl ot G TEOE Sl 1

Starting conpgidnas ptetuctdin e et dIN-ridntlid1@ng & adryshonddhgly REwtAVER o
are therefore conpounds of noble netals of subgroup I o% the Periodic

Tabl e of the IEdsogantis opderdhen WHercontasiedavigh heecatahyst.tinogiclotaskiEhe preaeree
eart hs) and M1f Tho%e whi %h maﬁ?ﬂbe mentioned are, for exanple, the halides,
nitrates, aceldt®® P'Bigani¢ ClBP exes with acetyl acetone or anino acids.
Supports for the catalysts according to the invention are those customary
for noble 25 nmetals, such as activated carbons, Si 2, Ti02, kieselguhr,
silica HYel, Ba@lBe pCxESKI the@veMiy®, cpalysteaye Bg0izedimdiiabbopnquisk yoblesoettlse

oxi des or oxid dra f and th ves, preferably al um nas

(Al 203) in th%fesx}‘gg'i"blﬁéﬁm%q'\%éﬁg%’g%l%%ﬁgg EiﬂnéFTnFSV preferably in the a- or
y-nodi fication. Mh and RE are predom nantly used as dopi ng of other

supports. Le A 33 331-Foreign Countries
Preference is given to catalysts which comprise, as active constituents, in total 0.05

to 10% by weight of ruthenium and if appropriate 1 to 50% by weight, relative to the
15 ruthenium content, of one or more metals of subgroup VIII of the Periodic Table of

the Elements on alkalized supports.

Starting compounds for the preparation of the catalysts of the invention are therefore
compounds of noble metals of subgroup VIII of the Periodic Table of the Elements
20 and when they are present those of RE (rare earths) and Mn. Those which may be
mentioned are, for example, the halides, nitrates, acetates, organic complexes with

acetylacetone or amino acids.

Supports for the catalysts according to the invention are those customary for noble
25 metals, such as activated carbons, Si0,, TiO,, kieselguhr, silica gel, BaCO,, CaCO,,
Zn0O, MgO, pumicé, 710, and obviously also the oxides or oxide hydrates of Mn and
RE themselves, preferably aluminas (Al,O,) in the various modifications, particularly
preferably in the a- or y-modification. Mn and RE are predominantly used as doping
of other supports.
30



7 Rare eart hslq RBp BieFareigpfountricean t he el enents of subgroup 11l of the

. Periodic Tabl e (Mendel eev), such as scandium yttrium |anthanum and the

| ant hani des. As RE, either one of the said elenents or a mxture of a
plurality of themcan be used. This is especially inportant therefore
because crude mi xtures of RE, as are industrially 5 available, and in which
only one or two of the RE are initially enriched, can al so be used.

Preferably o or r f the el ement el ected fromthe oup.consi sting
of yttrium Irig‘?'fFﬁ ars g “tﬁr"é?@éﬁ?%?‘ﬂ}ﬁ’i‘tsﬁgmﬁ?‘{ﬂmﬁﬁﬁgﬁ%‘éﬂ@#are
used. Parti c%gg ef i b SurS i r QQr 0. a
ceriumenriche rJr%)él)?tg Y s es.ﬁ&ﬁg% )é%%gw%ﬂrt]gen’eﬁg t;ha%rg% g%dlaﬁn%lﬁrélgﬁsés%s grE é
present on t hgtheupmosfithe said blemfcots or 2 Gaktukdief 4 placatippofdsm qanekesead Thid B
oxidic form The catalysts for the process of the invention conprise basic
addi tives. Baspeciglyimpertant \iherefore hacadiss wrudg, mixtwes ofi s as mycd insluswally or
car bonates of | kal.| i netal s, .preferabl y. NaGOH,
KoH and Ba( 0 21RE, b QR Ry 3he B 0G) oF hedREME LAY o BASL SAFR! 080 T he
cat al yst supp@el. Piefepdbly onolor afor€bf tHeeeléméms s€loatd Adm theerahK bisiiing of
conpounds are applied in anmounts of 0.1 to 20, preferably 0.2 to 15,
particul arly YHemerlanthgnpn,scariym prasspdymiggl, gisedymiyes and drisnsptismbase ngedbas ed
on the total j.ght . of t.he catalyst. 20To prepare.the catal ysts. a .procedure
can be f o Foviiert R Hefinhs afd TEABMERRES it B GRbpiibied TiRfhe
form of powderohayid inﬁé’rﬁ_&dt?ih‘% 1o 266 nlABE MR ENaE - RALn e - shppBt ¥ afer fdaped
and screened materi a aving particle sizes between 0.1 and 1 mm or shaped
bodi es Huch a3 theidcampoundstasieraplyl inoxidiebdm. or granul es havi ng di aneters of
1 to 10 M the noble nmetals, in the formof suitable salts, and the

al kaline reacting 25 conpounds are applied in separate operations and the
material is drjed.afkR! iR BBk Cat iRNinIErCHipsd HablE" iBsi
known manner, l?orae arrpfe at grg tSo 200C {JnrYder ré:dll&?e(sj ?Sﬂgt{?@?ﬁgr :’BESIQ

pressure (1 talditO@O wibal Jcan fservei arstthn oriden hydmatides petarbasatesof ke tikali
preparation, aqueous solutiaons are preferab However, organic

| d.
sol vents, suche@ls ogjaighipg sarth yglals, Efgf%@)pﬁﬂ@@(%s(ﬁé ang BacpHhj Iy thisegse tgi des
d | . | Oi i h h
an acltgsones BREA A8 ulgeis g&il R c%%@sﬁ'sﬁéﬂ%b ff’lir}g\’d %?daﬁt&gﬁ% ¥l

starting materral S are so erein. reign ntries 8
coating. The alkaline compounds are applied in amounts of 0.1 to 20, preferably 0.2

to 15, particularly preferably 0.3 to 10, % by weight, these contents being based on

the total weight of the catalyst.

20 To prepare the catalysts a procedure can be followed in such a way that onto one of
the said supports in the form of powder having particle sizes between 0.001 and
0.1 mm or crushed and screened material having particle sizes between 0.1 and 1 mm
or shaped bodies such as rod extrudates, pills, beads or granules having diameters of
1 to 10 mm, the noble metals, in the form of suitable salts, and the alkaline reacting
25 compounds are applied in separate operations and the material is dried after each
application. The drying is performed in a known manner, for example at 30 to 200°C
under reduced to atmospheric pressure (1 to 1000 mbar), for instance in a water-jet
vacuum. In the preparation, aqueous solutions are preferably used. However, organic
solvents, such as alcohols, lower carboxylic acids, lower nitriles, amides and lactones
30 can also be used or used conjointly, provided that the starting materials are soluble

therein.



| " a support LisABB33dthprgemCountiies h RE and Mh, this can be achieved, for
_exanple, by inpregnating or spraying the support with solutions of suitable
salts of these elenments. By heating at tenperatures, for instance, between
200 and 450C, the salts 5 of RE and Mh arg. converted into oxidi c conpounds
adhering to the support. However, the conpounds of RE and WMh can be applied
by coprecipitation of RE hydroxide and Mh hydroxi de m xtures on the

i npregnated support with alkali nmetal, alkaline earth metal or NH3 and if
appropriate subsequent extraction of soluble contents using water. The
support thus L | : d t ween
1'Bnd 120 h af BRIl S G R REENR SELIRNY actfleR for Hlanfle, BF

t enper at ur e dapregnatind er gspagluag Ithe isnpparasddc wolubions tofiesustablei §dledof almge. The
acetates or nitrates of RE and Mh are used, for_ exanple. The supports thus
prepared ar e GBI By ksgHBE etileBPCRBiras, dor iptarces BetierpAQ0 and ¢HECy sheysiis e

metal s, spr el GIAREY afd IR Hrlt Bonbltied! S AL Whhipolfls SARIRCIo W SEfhRL! des,

acetates and nitrates are useal.,:é}ﬁeﬁi S app#l{catl no e ‘metals ¢an be
perforned in 1@heevetefie EshipPustisSSORE thdMmtdahase AiplithoySaipksififatisHTassi vel y
using the solutions of the individual conpounds. After each application the
cat al yst shoutydraxédesanddvn bydgxidermixtyges e Bisompregnpicd gHprast with tatkatiobetel. net al

can al so be treated before th 20 dr.ying wi.th a,solution of. th

aboveneht i oneaéikai’lnﬁaefaft%n@f:gf S gl\r[rgbﬁﬁ‘gslycﬂ’gré’lp%ﬁei T Seuiept, Sxfggcgpn c‘gfnfi’dﬁlhlas,
the nobl e MethteRtsasinY Wkt Mhe QUPpRSIHAX bitgreted MY QXirdeher! PieterfRY HA8ed
foll owed by an extraction of soluble contents and finally again a drying.
Howeverl0 t he fonbeivgen 1 endh 120 Bat 2RO for4H98¢ cptefemabdyi 0 to #liken whizh caseethe
support coated with RE- is initially inpregnated with a soluytion of the
sl 0 basi o cafipBttee carylseybe snly iTierER B RHES SEURGAGE (e Rgetates
nobl e-met al  S@lkSatd & PR B ard Hﬁadofgrgﬁﬁn@n@.d hydr oxi des of the noble
metals precipitating out. After a washing Wwth water to renove sol ubl e
contents and drying, the catalyst can be activated and used for the
hydrogenation., A treatment wth al kali nmetal conpounds or al kaline earth
met al conpound $ipperts thiistiepassshpiecthen dRPENteE Of SPIagedratity salefignsutddei s
thus n 30a u r Ik e bt 1 ept.i at, t cat al yst
is tr egltsed wgﬁ)%heab%gﬁysl’ pggﬁéfsag rlﬁtFQn}é\%}éi E? ! lgils & ﬁ%"%%?’e%%rea% rll%ll’% tthﬁ_gﬁlﬂnggs’
331- Forei gn Gutiatesia@d nitthted el pgedl Thidrapphcaidniof thidwobid el Srednies pdrformed
avai lable in principle for the use accord- ing to the invention after the
final drying Ipiassteprisis/dissolyndanixtups of theesplés er spreessively wsing the solutions

of the individual compounds. After each application the catalyst should be dried.

However, the support impregnated with noble metal can also be treated before the
20 dfying with a solution of the abovementioned alkali metal compounds or alkaline
earth metal compounds, the noble metal precipitating out as oxide or hydroxide. This
can be followed by an extraction of soluble contents and finally again a drying.
However, the catalyst can also be prepared in such a manner that the support coated
with RE-Mn is initially impregnated with a solution of the said basic compounds,
25 dried and thereupon the solutions of the noble-metal salts are applied, the oxides and
hydroxides of the noble metals precipitating out. After a washing with water to
remove soluble contents and drying, the catalyst can be activated and used for the
hydrogenation. A treatment with alkali metal compounds or alkaline earth metal
compounds prior to the application of the noble-metal compounds is thus not
30 absolutely required. However, it is essential that the catalyst is treated with alkali at

some timepoint of the preparation.



activated by treatnent w th hydraogen or hydrogen-nitrogen m xtures

. containing no 1 it t n at a tenperature of 80 to 400C,
preferably 150 to 350C. For bottom phase processes, for exanple in stirred
tanks, preferably, catalytically active material is used which has a
particle size between 0.01 and 0.5 mm padcularly preferably between 0.02
and 0.1 nm 10 For the hydrogenation step using stationary catalyst beds,
preferably, use is made of catalytically active material which has a
particle size between 0.1 and 10 mm particularly preferably between 1 and
3 mm 15For the rearrangenent step using stationary catal yst beds,

preferably, usesipporgaepandd wahakydw e alahyerde bvaibleaihgtinalpleror ¢ie Macdord-
particle size.betm%en 0.1 and 2 mm particularly preferablﬁmbetmeen 0.3 and
1 nm The st ar®§ iogfhe ginsplienaltesdhsdiinad Aripepiaseddaycyst, arelerabhy batarouseaitds

K ul - i : o !
oyl opaed a. aF e o ¥R (Rlodd s SERER S Byt B fine more o6
pp. 24/ 25; UStRanSK¥3 o6 BGJrogdihmsaemperaturaafyste 4067C i prafeehbby 150ty 330°€xanpl e

are nent hone, isonenthofie, isonmenthol, d-nenthol, d- and 1-neonenthol, d-
and 1-isonenthol, d,l|-neonenthol, d,!|-isonenthol, d,I|-neoi sonenthol,

d, I -neoi sone ntP%? }ﬁgfn{)‘ngﬁgg% pro%'é%te? rf%p le arkglé r’igl sitiﬁég-#gl%?se Sf%ﬁ‘r%-gﬂln %%ta@%?:gl?ﬁ st

used bot h indivi I'nany m xtur Wi an The

space vel oci t ycfied mhderidily@dr aganahicdn had ep phdic Qfet Betheéh Af.0Btandt 03Gnm,
material per m of catalyst per hour, preferably 0.1 to 2.5 g/m -h,
particul arly Poprafsyapsforaplybetyeen G0yancQ1 mmnd, for the catal ytic
rearranggnent, is 0.01 to 1 g/m-h, preferably 0.05 to 0.5 g/nl-h
particularly preferably 0.1 to 0.3 g/m-h

For the hydrogenation step using stationary catalyst beds, preferably, use is made of
catalytically active material which has a particle size between 0.1 and 10 mm,

particularly preferably between 1 and 3 mm.

15 For the rearrangement step using stationary catalyst beds, preferably, use is made of
catalytically active material which has a particle size between 0.1 and 2 mm,

particularly preferably between 0.3 and 1 mm.

The starting compounds used for the process of the invention are known (Ullmanns
20 Encyclopidie der Technischen Chemie [Ullmann’s Encylopaedia of Industrial
Chemistry], 3rd edition, volume 17, Munich 1966, pp. 24/25; US-2 843 636). Those
which may be mentioned by way of example are menthone, isomenthone,
isomenthol, d-menthol, d- and I-neomenthol, d- and l-isomenthol, d,1-neomenthol,
d,l-isomenthol, d,l-neoisomenthol, d,l-neoisomenthone, thymol, preferably thymol.
25 These compounds can be used both individually and in any mixtures with one

another.

The catalyst space velocity for the hydrogenation step is 0.05 to 5 g of starting
material per ml of catalyst per hour, preferably 0.1 to 2.5 g/ml-h, particularly

30 preferably 0.2 to 1.2 g/ml‘h and, for the catalytic rearrangement, is 0.01 to 1 g/ml‘h,
preferably 0.05 to 0.5 g/ml-h, particularly preferably 0.1 to 0.3 g/mlh.



Le A 33 331- Hoz Ai3g3Cainneign €puntried - The hydrogenations, racenizations and
_isomerizations taking place in the process of the invention surprisingly
scarcely lead to the formati on of unusabl e byproducts, such as unwanted
hydrocarbons. 5 The resultant reaction myture has a very high content of
dyl-nmenthol, which can be worked up to give the desired product by
rectification/distillation. Using the process of the invention, not only
are excellent results obtained in the hydrogenation of thynol, but
excellent yields are also obtained in the conversion of the other,

10abovenent i Lag. C t. t fif..t

d, | - ment hol btyﬁéghl ey gﬂt?‘?‘gh{,mtaﬂgg‘g?“sstﬁhl‘SC{T%%B?{;‘?SS‘I?E‘%?E’rlm%"ﬁg‘lsm?e\g@@t%ﬁsgr"fvm' th
the distill atthenntgition sugtiaalvisédicadd déddi @nthef fofmhasdn 6f antdaBl PRi6dud,, for
exanple with addition of 10 to 80% by wei ght of thynol, based on the 15

resi dual reactuchas pawenied bydseesshans. i n the distillation first ruhnings and
inthe distillation bottom phase, can be recycled back into the reaction.
The anmount of starting nmaterial equivalent to the d,|-nenthol renoved by
distillation Tig fe8@tan€ RchctidMixtA 126 AP highUIRIAEHL i Mnidhehd)f WERE TaR et he
i nvention can be recycled. 20The d,|-nenthol produced, after renoval of the
distillation Worked upipgiveghe demdred ipeodiictby rdctificasionisbstilatiophdsiag thesprobesai ned
inapurity of. 99.9% hy wei ght, and ¢ herefore.be used for all .further
bt ocebses. vi (1ol PYier SBEPHY: BR e aRenttenS Mfires i Highrafeaupe gt
product obt ai pegoff b’ edddBedl pikids! AL % LBRIRITRI ' YoRRrlbn At AtComed can
be crystallized in crystallization apparatuses of customary type. 25 The
processl®f t habovementianed seemgenmpanndsed out in the presence of sol vents,
but a solvent-free procedure is preferred. Le A 33 331-Foreign Countries

After separating off the wanted d,l-menthol by distillation, the distillation first
runnings together with the distillation bottom phase with addition of fresh starting
material, for example with addition of 10 to 80% by weight of thymol, based on the
15 residual reaction products present in the distillation first runnings and in the
distillation bottom phase, can be recycled back into the reaction. The amount of
starting material equivalent to the d,l-menthol removed by distillation is replaced.

The hydrogen not consumed in the process of the invention can be recycled.

20 The d,l-menthol produced, after removal of the distillation first runnings and the
distillation bottom phase, is obtained in a purity of > 99.9% by weight, and can
therefore be used for all further processes without further purification: ‘The colourless
and glass-clear product obtained after the distillation has a melting point of 41°C and
can be crystallized in crystallization apparatuses of customary type.

25
The process of the. invention can be carried out in the presence of solvents, but a

solvent-free procedure is preferred.

In the examples below, the m’ (S.T.P.) denotes cubic metres after conversion to

30 standard conditions (1 bar, 25°C).



Exanpl e 1 (PrlepAr3tiddrfatign Comntmieyst support) 5.0 1 (4.01 kg) of a

. comercial y-Al 203 having a BET surface area of 310 n2/g as crushed
material of 1 to 2 mmin diameter (SPH 501 from Rhone-Poul enc) were 5
stirred with 1.891 of an aqueous sol utiaqnqf 248 g of Ce(NOB)3-6H20 and
365.5 g of Mh(NO3) 2. 4H20 until the solution was conpl etely absorbed and
then dried under reduced pressure at 100C. Then, 1.75 1 of an aqueous
solution of 204 g of  NaQOH were applied in the same nanner, allowed to stand
for 24 h and ¥¥HRAPIgds hdfremratonat & Fa@ale  UPPOEY at e-free, dried under reduced
pressure at 100C and finally calcined 10for 4 h at 400C. Exanple 2
(Preparation of an Ru catalyst) 1000 g of the support as described in
Exanpl e 1 wer0i ypoegpnved coninferdidDy-gh @), HeSidguCBE T 20acRared 6f S0 @*/gfas
distilled water, dried (3 h, 100C, reduced pressure) and reduced with H2 at
250C i n 3 h. craghedanaferialt ofphdowbmpein diamsatgrdSPH 2 Womn Ripse-Ppuledc)waersr and

dried. Rnally, there. f.Qllowed an inpregnati k- $-h f. Na ip 1

of 120 and a Srddry kel o5 Jafgus FGRTS! 28Es B EPavd TR ARETF U et
fine-grai ned Raeel)aiMsh JunfihenPERRR WO RoMPRI P RBXrBEI a8d IRSCHHEEAnddt
Exanpl es 1 and wth the exception that crushed and screened support

havi ng a par tiedneedgpressutseatdRCoTheradd/ 51l of amaqugsusisdutior2 6f EQ4gpifeN40K t ube
reactor consistin f.5 qil-thernostated reactor, tu S.packe ith the

Catal ysts 1T ovEAmRprL Seiemimie MR SPhdst ATE SR RE Srthed Midhver or
of 2 cm 30andygePafkil SRl dAld GRlerSRatRAtpr&3eR 4 uBe-dahdsiAnp it el y

250 mM of catal yst bed.

10 for 4 h at 400°C.

Example 2  (Preparation of an Ru catalyst)

1000 g of the support as described in Example 1 were impregnated with 100 g of

15 RuCl; (20% Ru) in 60 g of distilled water, dried (3 h, 100°C, reduced pressure) and
reduced with H, at 250°C in 3 h. The catalyst was washed chloride-free with distilled
water and dried. Finally, there followed an impregnation with 50 g of NaOH in 150 g
of H,0 and a 3 hour vacuum drying at 100°C.

20 Example 3  (Preparation of a fine-grained Ru catalyst)

The preparation was repeated as described in Examples 1 and 2 with the exception
that crushed and screened support having a particle size between 0.5 and 1.0 mm was
used.

25
Example 4

A tube reactor consisting of 5 oil-thermostated reactor tubes was packed with the
catalysts from Examples 2 and 3. The reactor tubes had an internal diameter of 2 cm

30 and a bed length of 80 cm, so that each tube holds approximately 250 ml of catalyst
bed.



Le A 33 331- Foe¢ & 333 ekertighd®untrikd - The upper two reactor tubes were
_packed with a total of 500 ml of catalyst from Exanple 2 and the | ower
three reactor tubes with 750 m of catalyst from Exanple 3. 5200 1 (S.T.P.)
of hydrogen per hour flowed through the cgtalyst bed for 20 h at 4 bar at
150C. The upper two reactor tubes were then thernostated to approxi mately
180C and the |lower three tubes to approximately 80 to 90C. 10 At a hydrogen
pressure of 3 bar, thynol was trickled fromtop to bottomover the bed at a
space velocity of 0.13 g per m of catalyst and hour. The hydrogen flow

t hrough the reactor S a_constant 220 S T. P. i The th |, cont ent
i the 1 qui o psgeerdss, BaS8E MB ehd derts e il of SRodnt et HHE R nos:
reactor tube. Eldigpld 2l md®hY 10Xer 826K @R tor tABEBRABE PS5 MPBT ERAGEH Ionk HREMPR 3.
reactor tube. After the first reactor tube, approximately 48-52%is found
in the liquid phase, after the second tube approximately 54% after the
third tube approxj ly..2060% after the fourth tube approxi mately, 63% and
at the rgact o%%ﬁﬁf‘ﬁ) e)é%ﬁy 858gﬁ‘éf"érl Roug oyt tH?Ethcﬁ@ilYS?gﬁ‘g%{qr@& pighbar
product consi gtgoadt. approxi mately 0.24% of trans-nenthane, 0.2% of

ci s-nent hane, 0.02% of nent hone, 0.015% of i sonent hone, 20.8% of
neonent hol ,

The upper two reactor tubes were then thermostated to approximately 180°C and the
lower three tubes to approximately 80 to 90°C.

10
At a hydrogen pressure of 3 bar, thymol was trickled from top to bottom over the bed

at a space velocity of 0.13 g per ml of catalyst and hour.

The hydrogen flow through the reactor was a constant 220 [ (S.T.P.)/h.
15
The thymol content in the liquid phase decreases to markedly below 1% even after
the uppermost reactor tube. The d,l-menthol content increases from reactor tube to
reactor tube. After the first reactor tube, approximately 48-52% is found in the liquid
phase, after the second tube approximately 54%, after the third tube approximately
20 60%, after the fourth tube approximately 63% and at the reactor outlet approximately
64% of d,]-menthol.

The reaction product consists of approximately 0.24% of trans-menthane, 0.2% of
cis-menthane, 0.02% of menthone, 0.015% of isomenthone, 20.8% of neomenthol,
25 0.8% of neoisomenthol, 12.1% of isomenthol and 64.4% of menthol. The reaction

mixture contained approximately 1.4% of other intermediates.

The catalyst operated under the specified conditions for 500 h without significant
deactivation, whereupon the experiment was terminated.

30



250. 8% of neoLsanmEniXieForeibd.Ad¥nafesi soment hol and 64. 4% of menthol. The
_reaction mxture contained approxi mately 1.4% of other internediates. The
catal yst operated under the specified conditions for 500 h w thout
significant deactivation, whereupon the experiment was termnated. Le A 33
331-Foreign Countries - 13 - Exanple 5 An equi nolar m xture of neonent hol,

i sonment hol and neoi sonent hol which was saturated with hydrogen at 1 atm was
punped at 70C via a 2 mlong catal yst bed 5which was prepared as descri bed
in Exanpl e 3.EXMBpliSineter of the thernostated bed was 2 cm In the reactor
was situated only the catalyst bed and the |liquid phase, no gas phase.
10The space velocity of the catal yst bed was approximately 0.1 kg/1 x h.
The reacti on AhoshuGholeP MiRiuRS 0B HR6M¥AABE 85om&naiél AfnddndoidBRiEn M -which was The
conposition is 20.8% of neonenthol, 0.8% of neoi sonmenthol, 65.3% of

15ment hol , 12satwraisfl witlo hpdropel atahetnd wagpomped ke 703G vvier ard di-dergscatalg bed
g?pgélagf E/ a,[ ?gzh?‘:g%agxﬂrcmngge%l SYS d%(s)c(%ibgg lilnr Exé’}ﬁnélg(_)&%’hg (ri]i%tmlepeglo t%telt eprm%fsta'%erc]iebe%it art

was 2 cm.

In the reactor was situated only the catalyst bed and the liquid phase, no gas phase.

10 The space velocity of the catalyst bed was approximately 0.1 kg/l x h.

The reaction product contains approximately 65% of d,l-menthol.

The composition is 20.8% of neomenthol, 0.8% of neoisomenthol, 65.3% of

15 menthol, 12.1% of isomenthol and 0.9% of other intermediates.

The experiment ran approximately 500 hours without any indication of the start of

deactivation.



Le A 33 331- Fbe & 3h30cbioreignddountriek4 - Patent C ains 1. Process for the

. preparation of d,|-nenthol by catalytic hydrogenation of conpounds which
have the carbon skel eton of nenthane containing at |least 5 one C=C double
bond and are 3-substituted by oxygen and/gy. of nenthone or isomenthone or
m-xt ures of such conmpounds using hydrogen and/or by catal ytic rearrangenent
of nmenthol stereoisoners in the presence of hydrogen, characterized in that
t he hydrogenation is carried out with hydrogen at hydrogen parti al
pressures bet RateRt 13A8 50 bar and at 10 tenperatures of 100 to 200C and
the catalytic rearrangenent is carried out at a hydrogen partial pressure
between 0.1 and 20 bar and at tenperatures of 0 to 140C and the catal ysts
used are nobl - met pfoceat fdryht Spregititednn 0N, IBERhS BY &tabaIcoOHPdr¥bddation of

152. Process according to Claim1, characterized in that the process is
carried out conti neyopeunds Ihigtobavedhe cabediskgleton ofinagnthane cohtafrang et leastd i n

that catal ysts are _used ich.conprise,, a ctive constitpyents, in total
0,05 Lo S0% by wel 81 Cof PUPRLRRER 563 RefGleddy GOREH ndlf varea i
characterized in t h@henihBn@ddi hixelied Oft fih T okRth&Musihot By BODYn I Bt
relative to the rutheniumcontent, of one or nore net an of subgroup VIII

of the Periodic Tabitalyté tchwamgesrepntcef amentipl esterebisomesd kial tteegpresgppordfs. 25

5. Process accordi H%‘to Claiml,. c(ga,r acteri zel(qj)é‘%n that the alkalized.
supports are doped™{P& o fraigedsing Hhat  the ehylipgenation dsscagried oput with

manganese, the tot g4 8p0unt Wdr(fég&gp%gf g){ggtsg%lgg Sh nn@nggg:a%gb?gcgbguhat ed

as netals and based on"the tota ght catal yst, to 8%
by wei gh® and the wapghdtures of 100 to 200°C and the catalytic rearrangement is carried out at

a hydrogen partial pressure between 0.1 and 20 bar and at temperatures of 0

to 140°C and the catalysts used are noble-metal catalysts containing metals of

subgroup VIII.
15 2. Process according to Claim 1, characterized in that the process is carried out
continuously.
3. Process according to Claim 1, characterized in that catalysts are used which

comprise, as active constituents, in total 0.05 to 10% by weight of ruthenium.

20
4, Process according to Claim 1, characterized in that, in addition to the
- ruthenium, 1 to 50% by weight, relative to the ruthenium content, of one or
more metals of subgroup VIII of the Periodic Table of the Elements are
present on alkalized supports.
25

5. Process accbrding to Claim 1, characterized in that the alkalized supports are
doped with compounds of the rare earth metals and of manganese, the total
amount of rare earth metals and manganese, calculated as metals and based
on the total weight of the catalyst, being 0.05 to 8% by weight and the weight

30 ratio of rare earth metals and manganese to one another being 5:1 to 1:5.




30rati o of rakeAedyiN-hetahLandiesanganese to one another being 5:1 to 1:5.
. Le A 33 331-Foreign Countries - 15 - 6. Process according to Caim]l1,
characterized in that the alkalization of the catal yst supports leads to a
content of oxides, hydroxides or carbonatgs of alkali(ne earth) nmetals or a
mrxture of a plurality of themin an amount of 0.1 to 20% by weight. 5 7.
Process according to Claiml, characterized in that as rare earth netal use

is made of one or nore selected fromthe group consisting of yttrium
| ant hanum cefi um Piscassedsagidingnio fréaden/michmasiseizes #pthasithimalkabztpnoelets

according to d ai I I . tin terial use
thymol. 9. Pr ocegksa]t%l(‘éggr% h?(%se[elgéf a%i %o&{%ﬁ%gé?%(@? ééﬁ{ygéodgcllenga rh%%r&%rﬁ $5 0

catal yst space vel gighli(yie eartl)igety @F @ GERAk 6Ma pRrditP 5f HRmPinGinUYmcin@bf HNY
material per m of catalyst per 15hour and in the catalytic rearrangenent
is 0.01 to 1 g/m . #200obymeighéss according to Claim1, characterized in
that the.d,l-nmenthol is taken off fromthe reaction product of

hydr ogenati on and rearrangenent by distillation and the residual reaction
products are §ecycpgedsHclortiig tb A& PrendfiMeliBe@ffinhl fNafd eatfh HRBA% RY

wei ght of thynol, based on the residual reaction products. 11. Process
accordi ng to O ai nmade cifapaetar impea selectethafromh éhec @raipy sossistigd ofirgtrpmepar ed

by i npregnating th upports. with soj ut.ions of halo -containin
2%nog})e- %Et aI gal t @nﬁpgl?m, cerium, praseodymlum, neodymlum agg r(]ysprosmm. g

10 8. Process according to Claim 1, characterized in that the starting material used
is thymol.
9. Process according to Claim 1, characterized in that the catalyst space velocity

in the hydrogenation is 0.05 to 5 g of starting material per ml of catalyst per

15 hour and in the catalytic rearrangement is 0.01 to 1 g/ml-h.

10. Process according to Claim 1, characterized in that the d,l-menthol is taken
off from the reaction product of hydrogenation and rearrangement by
distillation and the residual reaction products are recycled into the reaction

20 with addition of 10 to 80% by weight of thymol, based on the residual

reaction products.
11. Process according to Claim 1, characterized in that the catalysts used are

prepared by impregnating the supports with solutions of halogen-containing

25 noble-metal salts.




