WO 02/00581 1 Method for Produci ng Al dehydes PCT/ EPO1 /06859 Field of the
4 nvention This IMMﬂmmummmm tes generally to perfunes and, nore

particul arly, ss for the production of fatty al dehydes. 5
Prior Art Lower al dekydgs such as 1-octanal or 1-decanal, for exanple, are
sought-after raw materials for the perfune industry. Thelr roduction from
fatty al cohoWQ 02#088danpl e by oxi dati od wi th hypochl orPCé'/IEROMQ@SEQesence
of 4-nmethoxy-2,2,6,6-tetranethyl piperidin-1-yloxyl ("Tenmpo"), is known
from10 the prior art. The oxidation of the alcohols wth air can be
carried out in the presence of rutheniumor platinumcatalysts. In

addi tion, unsaturated al cdethod éor BeoducingrAldehydesal dehydes under the

i nfluence of iron pentacarbonyl. The al dehydes are obtained fromfatty
acids by hydrogenation on oxidic copper catalysts of the Adkins type or by

reaction 15 g tlcti E‘%E zilm ds! In the presence of titaniun(lV) oxide. RO
0111820 (Co 1e Vil cea) reports on the use of heterogeneous
oxi di ¢ copper cafpisyiatenfich rélaRsigérstamg & peramerf andt invré ipantisis Iy,

| ron-doped copper catalysts are proposed for the sane purpose in

0320074 Al l0EAGEWHRIOERSS ﬁordh@m@qt@nmfdatitssaldﬁayd@%ennund reaction in

whi ch acid 20 chlorides are hydrogenated to the correspondi ng al dehydes on
Lindlar catalysts. Reference is nade in this connection to the overw ew
articles §5n PdiorAnt Chem Soc. 109, 3786 (1987), J. Og. Chem 52, 2259
(1987) and Tetrahedron Lett. 28, 4575 (1987). Unfortunately, the known
processes have t hbOWEEalARkwOggSUCh-as drrafanal or 1-decanal, for example, are

sought-after raw materials for the perfume industry. Their production from

fatty alcohols, for example by oxidation with hypochlorite in the presence of

4-methoxy-2,2,6,6-tetramethyl piperidin-1-yloxyl (“Tempo”), is known from

10 the prior art. The oxidation of the alcohols with air can be carried out in the

presence of ruthenium or platinum catalysts. In addition, unsaturated

| alcohols can be isomerized to aldehydes under the influence of iron

pentacarbonyl. @ The aldehydes are obtained from fatty acids by

hydrogenation on oxidic copper catalysts of the Adkins type or by reaction

15  with per acids in the presence of titanium(lV) oxide. RO 0111820 (Comb.

Chim. Rimnicu Vilcea) reports on the use of heterogeneous oxidic copper

catalysts for the dehydrogenation of fatty alcohols. Iron-doped copper

catalysts are proposed for the same purpose in EP 0320074 A1

(Engelhard). A classic method is the Rosenmund reaction in which acid

20 chlorides are hydrogenated to the corresponding aldehydes on Lindlar

catalysts. Reference is made in this connection to the overwiew articles in

J. Am. Chem. Soc. 109, 3786 (1987), J. Org. Chem. 52, 2259 (1987) and
Tetrahedron Lett. 28, 4575 (1987).

Unfortunately, the known processes have the disadvantage that they

25 are equipment-intensive, give low yields and/or are characterized by

unsatisfactory selectivities. Accordingly, the problem addressed by the

present invention was to provide a new process which would reliably avoid
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25 are equi pnent-intensive, give |low yields and/or are characterized by
unsati sfactory selectivities. Accordingly, the problem addressed by the
present invention was to provide a new process which would reliably.avoid
WD 02/ 00581 2 the above-nentioned di sadvantages of the prior art. PCT/EPO1
/06859 Description of the Invention The present invention relates to a
process for tWQPIEB1on of 5 al dehyde? in which fattyPETEF1/6685%
continuously dehydrogenated in the presence of oxidic copper/zinc

catal ysts at tthembosewmestiafed’difadvarit8es ofitne privtert.pr essures in the range
from 10 nbar to 1 bar. It has surprisingly been found that, by using the
catal ysts nentioned, fatty alcohols can be continuously dehydrogenated to
fatty al dehydq§$éd}|%§&‘ é@*"?*‘"ﬁ"ﬁwr 60% of the theoretical and with
selectivities eoretical. Fatty al cohols Suitable
starting material s The préseniriovestoracelates g a protess farethe gnodudionr of

| i near or brangh sat ur d at urat ed rlmar l cqhol s lch, in
the 1 nt or oSt o SHSDIRS VR T2t SRS Soplhloiey srfrdhshaléd i the ool s
and whi ch prgfrgséidey of @kidhs BepFeriAné ‘é"afél%/sﬁts (dt)tenﬁe%‘lufés) of@ooher2sRc is a
| i near or branched, saturated or unsaturated al k and/ or al kenyl group
containing 6 tandendesmEessuBsyn the wnge from 1r&jmbapmﬂ|b@u| arly 8 to 10

et nyl hexyt - al condl haS ETITREbRsH PRl flt G USho e Betvsianffidheo:
a: COEO: , yri ghty aesHu®lcancBé Ydonshaehsly  detidrddenaAed tal fa@holldeRydsy
o Conot, 10 yields of over 60% of the theoretical and with selectivities of over 90% of

the theoretical.

Fatty alcohols

Suitable starting materials for the process according to the invention
15  are linear or branched, saturated or unsaturated primary alcohols which, in
the interests of simplicity, are collectively referred to as fatty alcohols and

which preferably correspond to formula (1):

R'OH ()]
20
where R' is a linear or branched, saturated or unsaturated alkyl and/or
alkenyl group containing 6 to 22, preferably 8 to 12 and more particularly 8
to 10 carbon atoms. Typical examples are caproic alcohol, caprylic
alcohol, 2-ethylhexyl alcohol, capric alcohol, lauryl alcohol, isotridecyl
25 alcohol, myristyl alcohol, cetyl alcohol, palmitoleyl alcohol, stearyl alcohol,
isostearyl alcohol, oleyl alcohol, elaidyl alcohol, petroselinyl alcohol, linolyl
alcohol, linolenyl alcohol, elaeostearyl alcohol, arachyl alcohol, gadoleyi
alcohol, behenyl alcohol, erucyl alcohol and brassidyl alcohol and the
technical mixtures thereof obtained, for example, in the high-pressure

30 hydrogenation of technical methyl esters based on fats and oils or




| sostearyl al cohol, oleyl alcohol, elaidyl alcohol, petroselinyl alcohol,
1inolyl alcohol, linolenyl alcohol, elaeostearyl alcohol, arachyl alcohol,
gadol eyl . al cohol, behenyl al cohol, erucyl al cohol and brassidyl al cohol
and the technical mxtures thereof obtained, for exanple, in the

hi gh- pressure 30 %drogenation of technical nethyl esters_based on fats and
oiI's or WO 0OWQEO240581pCT/ EPOL / 06859 al3dehydes from Ro@pé-ﬁEEO‘U)Q(@%?nt hesi s

and as nononer fraction in the dinerization of unsaturated fatty al cohol s.
Caprylic al caldehydas dronaridglen’s- oxa Isyhthesisnahd sasl menomer factidolin the

Fatty al dehyBBerRaboR st BiflcaRofS, asmte Alsandy (Y ielnol’ 2 xoq

catal yst bede@h%x@ﬁbﬂiam t ‘%@Bﬁé’ élbarﬁomwletéﬁél) 241%d CRARIEES! HerdgKidie

catal ysts, i. sol1ds w a spinel structure which preferably contain 10

chrom um caprefenaplycaseédim barium silicon and/or al um ni um as ot her netal
corrponentqs. Basi ¢ copper/ zi nc/alum num oxi des are particularly preferred.
The reactt1on normally takes place at tenperatures of 200 to 280C and
preferably aSvhtesrr atures of 240 to 260C. The dehydrogenation is carried
out either in the_absence of pressure or under a 15 reduced pressure

preferably in theThadgiy aldghydes ate pefarrily prodeiced duiacshativigacior spca
vel ochty LB kg hae, RS ichet ik AOANGICLR @ihhetol Alns "0
| east 60% angatalystssr bl Ysofills t itk 0%0 SPinbh%ttdtﬂ@rree_tWIﬂah wieférablielcontaini ty is
at | east 90% and preferably 95 to 98% It is advisable to carry out the 20
dehydr ogkhat El@MiUM, HeadmigBbneeliwn, RafiHgyilicen angiarealugiaiumeasnpthes
metal components. Basic copper/zinc/aluminum oxides are particularly
preferred. The reaction normally takes place at temperatures of 200 to
280°C and preferably at temperatures of 240 to 260°C. The
dehydrogenation is carried out either in the absence of pressure or under a
15 reduced pressure preferably in the range from 20 to 40 mbar. The liquid
hourly space velocity (LHSV) is in the range from 1 to 3 and preferably in
the range from 1.1 to 2.6 h™'. The vyield of fatty aldehydes is of the order of
at least 60% and preferably 65 to 70% of the theoretical while selectivity is
at least 90% and preferably 95 to 98%. It is advisable to carry out the

20 dehydrogenation in the presence of nitrogen as carrier gas.

Examples
In a continuous pressure reactor with a fixed catalyst bed, fatty
alcohols were dehydrogenated to the corresponding aldehydes at a
25 temperature of 250°C and under pressures of 20 mbar to normal pressure.
The test results are set out in Table 1. The aldehydes were obtained in
yields of 60 to 70% and with selectivities of more than 90% of the
theoretical.




In a continuous pressure reactor with a fixed catal yst bed, fatty al cohols
wer e dehydrogenated to the correspondi ng al dehydes at a 25 tenperature of
250C and under pressures of 20 nbar to nornmal pressure. The test results _
are set out in Table 1. The al dehydes were obtained in yields of 60 to 70% _
and with selectivities of nore than 90% of the theoretical. WO 02/00581 4
PCT/ EPO1 / 0688¥0RR40E581 Cont i nuous dehydrdgenati on of fafGT/EPOIHBESOTest

par amet er 12345 Educt 1- Oct anol 1- Decanol 1- Decanol 1- Cct anol 1- Cct anol

Product 1- Cct aifable Decanal 1- Decanal 1- Cct anal 1- Cct anal Cat al yst

met al Cu/ Zn/ Al 1) Cuy/ Zn/ Al | éCu/ ZnCu/ ZznCu/ LHSV h-11.11.12.61.80.7

Tenper at ure Hyous debydrag lﬂ’b°ﬂ?§ 9424017 Conversion educt

)

7361696788 o d prodygct g% of (hoy 66537676484 el ecti it % qgf
th.] 909397971%?&?@5?5 (:IBIL at st gﬁrﬁhﬁ 1\,*532]%%655;;%.4 _/b%'ca% {;;}/5” TGLAI VB
L Bl oCess e produet O Bt 1 e O S TR o
y ated—i-RHe I esEnte b e e RN E

Catalyst metal Cu/Zn/AN T CulZn/AN | “CuZn ™ [ ClizZn Cu/Si

LHSV [h] 1.1 1.1 26 1.8 0.7

Temperature [°C] 250 250 250 250 250

Pressure [mbar] 1000 20 42 40 17

Conversion educt 73 61 69 67 88

[% of th.]

Yield product [% of th.] 66 57 67 64 84

Selectivity [% of th.] 90 93 97 97 95

1) Leuna catalyst 1962



catal ysts at tenperatures of 200 to 280C and under pressures in the 5
tange from 10 nbar to 1 bar. 2. A process as clainmed in claim1,
haracterized in that fatty alcohols corresponding to fornula (1): R CH

) 10 where R1 is a linear or branched, saturated or unsaturated al kyl
and/ or al kenyl group containing 6 to 22 carbon atons, are used. 3. A
process as cVW @2PA581cl aims 1 and/or 25 characteri zed PeTYERO1/068pRer / zi nc
catal ysts containing chrom um cadm um cerium barium 15 silicon and/or
al um ni um asCLAIMIS net al corrponents are used. 4 A pr ocess as claimed in
any of clarms 1to 3, characterr I n that cata S, are arranged in

a fixed bed. 15, AApPré’@8§% fa the QF tipR qtalrieax e%rB ‘6 'C | f3ttysalgohQis 4
characteriz t
Tt he r ancedre, sBnbiRusy UTRIRRRAT I Wel BresBhbe o Biic* cobBERARE 1D

of clainms 1 Catat'y,sts:ertem;mraweeB af 2t do meahgdmmmnptessuress icdhei ed out

under sures o ar. 7. A process as clained in at |east one
of cl ai rrgl fanag r%’ﬁé'roawpéfrozé aro5 in that the dehydrogenation is carried

out at a liqgid hf’l%r‘oﬁe&?%% ﬁ'ie‘élcrhtdfam( I’r"'@Wéra‘éferr'%eHQn3th5t ﬁatty&alcé’hdléocess

as clainmed in at |east one o al s 7, characterized that the
dehydr ogenat camesponding teetdrimuwta (I t he presence of nitrogen as carri er gas.

R'OH (1)
10
where R' is a linear or branched, saturated or unsaturated alkyl and/or
alkenyl group containing 6 to 22 carbon atoms, are used.
3. A process as claimed in claims 1 and/or 2, characterized in that
copper/zinc catalysts containing chromium, cadmium, cerium, barium,
15  silicon and/or aluminium as other metal components are used.
4. A process as claimed in any of claims 1 to 3, characterized in that
the catalysts are arranged in a fixed bed.
5. A process as claimed in at least one of claims 1 to 4, characterized
in that the dehydrogenation is carried out at temperatures in the range from
20 240 to 260°C.
6. A process as claimed in at least one of claims 1 to 5, characterized
in that the dehydrogenation is carried out under pressures of 20 to 40
mbar.
7. A process as claimed in at least one of claims 1 to 6, characterized
25 in that the dehydrogenation is carried out at a liquid hourly space velocity
(LHSV)of 1to 3 h™.
8. A process as claimed in at least one of claims 1 to 7, characterized
in that the dehydrogenation is carried out in the presence of nitrogen as

carrier gas.



