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Al kyl -'Substituted Butenols Field of the Invention Mmmmmmwwumon relates to
~a process for the production of al kylsubstituted b I educti on of
t he correspondi ng al dehyde precursor in the presence ofisstepper/ zi nc

catal ysts, t r being carried out, 5 continuously under isothermnal
condi tions |W%%ﬂzgc1?%% t enperat ure rangé'. Prior Art Jud@%ﬂﬁ?ﬁmﬁd, t he

avai lability of many natural perfunes is totally inadequate. Fromthe
perfum stic point of view, sandalwood oil is 10 rated particularly highly

and is of great | ue. ., Lt i S oRQtained tea L, Stil lon fromthe

heart wood of the@@ﬁd@ﬁuﬁﬂ F?'FQ@MC&”QG@K&/E@HB&H&F{@Q auf)ﬁm@llSoccurs in
I ndi a and Mal aysi a. Heartwood appears after about 10 years and only begins
to develop relatively quickly in 20-year-old trees. Fully grown trees are

uprooted at the age of 30 to 60 Higrfup ots are particularly rich
in fragrant heartwood [cf. E T. I:klii/brrls{,q‘ietDrﬁl‘glge(i)"?;igrncléeport 1983 (30), 40]. It

wi || therefore beThispirueintiondrelitespta faupeocesse forc ke spradactiam sifaakklyly
endeavoring t vel sui tabl e substitutes for natural h sandal wood oil. The
Focal poi ntsShetiddSyanelshintedbicidtior fhe Eontredmiint Aieeperter a
sandal wood oj tHePesitde B?Q:o?beﬁ_ziﬁc_ &?Qg?@rthénp%cégy | 58thg | dirriéd NMut

Law ence, B.D. Mokherjee, B.J. Wllis (Eds.): "Flavors and Fragrances: A
Wor | d Perspecentinsiousiyl wrdardgsothatmalstanditjonanis taenaraow 1@@PErature tamge. r evi ew,

it is nmentioned inter alia that, since the mddle of the seventies,

canphol enyl derivatives have played an i nportant part as 25 synthetic
perfunmes with a sandal wood perfune. APhliegyArcl e in this access to synthetic

sandal wood perfunes has been played by the fact that canphol ene al dehyde
(B), the synthesi dugg@ing dpyglemn tbe anitabilitneof manp natupalsperfymes is

PCTIEPOOT 0874 Aa P IHRRIARSIICFHOMRS AERUMRBEhoifieBr URAT dahdafwadd ghingd from

a- pi nene, a na

2- Al kyl -1 ( 2rated-partiombty | Higlly omedtis Hfegreal Valde. 2-Iets bbtdined Ay steargi naf t er
referred to as sandalols, are sought-after perfumes with a 5 pronogunced
sandal wood f fig§liatiare. frem. dhe- beadoedo@f thg egndalwood tree, a tropical

So o750 o TETVASHES PR a8t oRATHoE, M fradaBbldlh or ..
for the prodaboutotD ybamssuahd anbabegihsito idevelopcrielativebnpioklgrie 2D0yedresdyde ( B)
o M P B AN s Hoesaied § Ths e 5B Kkatbe TR U
4-(2,2, 38 11 routedré Yar@dfamy Ackin ¥ragrantIhétvood [cf. E.T. Morris, Dragoco
Report 1983 (30), 40]. It will therefore be appreciated why perfume
researchers are constantly endeavoring to develop suitable substitutes for
natural sandalwood oil.
The focal points in the development of suitable substitutes for
20 natural sandalwood oil were outlined by R.E. Naipawer in a review [in: B.M.
Lawrence, B.D. Mookherjee, B.J. Willis (Eds.): "Flavors and
Fragrances: A World Perspective", Elsevier Publishers, Amsterdam
1988). In this review, it is mentioned inter alia that, since the middle of the
seventies, campholenyl derivatives have played an important part as
25 synthetic perfumes with a sandalwood perfume. A key role in this access
to synthetic sandalwood perfumes has been played by the fact that
campholene aldehyde (B), the synthesis building block on which the
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The unsaturated al dehyde (C) fornmed in this mxed aldol 15 condensation was.
isolated in a yield of 73.5% Cy-CH2-CH=C(CH3)-CHO (A Cy = C . '
4-(2,2,3-trimethyl cycl opent-3-en-1-yl) group Finally, in another step, this
unsat urated al dehyde (C) was reduced with AI[OCH(CH3)]3 to formthe

correspondi ng A). The yield 20 gbtained is put 0 WO
oy 57o00 S PUTBRRREE087 b A 195 20 2032aeact bes proéﬁﬁé?‘@wo@ﬁ?
production of al kyl substituted butenols where unsaturated al dehydes are
prepared by alc@oPABKGSRSAPRA afe hagad. sendeagilyybel obtained Ferya=rinene.educed

in the presen ijonally cal cined copper/zinc catalyst. Exanple 3
of this appli g“%"'?{%g@bflgésg 5 lines 5 to 26), which describes the second
stage of the prOC'eSZ%A(N?EdL(QtZ,Bnrimbmcyd@fe?ﬂ-%-érﬂ)ylbbucﬁ-evaoﬁ?é (W) hersina
reaction tenperature of 160C. Continuous operation in an extrenmely narrow
and rel ati vel yfleswreterisdr douras rsangdalpls, nére hspuahisaftess rerfibnes uyitbstaed in

DE-A-195 29 1 i is also not nentioned in DE-A-195
20 103. mgcrgﬁ?P%@n%ﬁ%@ﬁégﬁﬂﬁgﬁéﬁg known processes for the production

of sandalols (A) are not entirely satisfactory in regard to yield and
econony. Accqrginghyt—therewas—15-a—heedfor—an—+nproved process for the
producti on of QAYTQ?L,OQHSGBT@'{Z T"and ar@i’ogous conpopunds where the "Cy"
group woul d he replaced by another saturated or ol efinically unsaturated,
optionally sybstituted al kyl or cycloal kyl group. Mire particularly, there
was a need tq @nsu-E,2Batrimdtbylnpciepent-3-eo-T-yh) groupn} of nuner ous secondary
products woul ﬂﬁl_qége% baik;ﬁo avoi ded. Secondary products in a perfumstic
context are ynd&ridPhoti-et e worthless or even troupl esonme products. It has
now been found That al Kyl -substituted butenols corresponding to general
formula (1): 25 R--CH2-CH=CR2-CH20H (I ) in which R~ is a saturated or

ol efinical ly unsat ulxA2455086423 (reppcieddh IChemr Abstrc 831694886 ) tlesorilids

b whi ch i onal |y be substi an al kyl , | oal kyl ,
aryl or “al Kar i PERGRS, 0 the BREUBHE of Uehas Sandaioldf SuBl eroambiclame ns
at most 12pCarfigenyiiePB) RNredted Swith dpRiFchA8ebe (CH5s-CH2-CHO) in the

presence of sodium hydroxide as basic catalyst.

Cy-CH,-CHO B)

Cy = 4-(2,2,3-trimethylcyclopent-3-en-1-yl) group

The unsaturated aldehyde (C) formed in this mixed aldol
15 condensation was isolated in a yield of 73.5%.

Cy-CHz-CH=C(CH3)-CHO A)

Cy = 4-(2,2,3-trimethylcyclopent-3-en-1-yl) group

Finally, in another step, this unsaturated aldehyde (C) was reduced
with AI[OCH(CHjs)]; to form the corresponding sandalol (A). The yield
20 obtained is put at 85%.



" WO 01/21568 4 PCT/ EP00/ 08772 al kyl group containing 1 to 6 carbon atons,
can be produced in-high yields providing the al dol condensation of

~al dehydes corresponding to formula (I1): 5 R--CH2-CHO (I1) in which R~ has
the sane neaning as in fornula (1), and the corresponding | ower al dehyde is

carried out [.n.an i t organic solvent and the unsaturated al dehydes
obt ai ned ar eWQ@J&ﬂ&{% the presence of &n 10 opti onal | >PQ£4ECRQ{H@1§772

copper/zinc catal yst, the process being carried out continuously under
i sot her mal condi t DEA-195 200403 slescrbe® @apracess dnydhe Areductiongdfy alkyke

B Kyt subst | Puputstt Bihols whetd HRang R, ARBRERET e mitpare by aldol
R~-- CH2- CH=CReof#r&rdatioh)ininfiistdd Bnd iafe 3ubséylictiticreduced o ithe prddence

unsaturated al kyl or cycloal kyl group containing™4 to 16 carbon atons which
may opti onal P{abeptanally ealcieed xoppgr/aincaatalyst. dxarapleld pf thig applinationkar y!

Stom. ar RPH R theg e Bpek, Wll] HESHHBHT e SBEDR Rfad o el ol G,
by reacting éledabtisiestap); referotelibatct opbaition and ld YeadonRen@Ekai®dfl 1) in

whi ch R has éhg sanme neaning as in formula (1), with the corresponding
| oner al dehya @ Gnd subsequent |y reduci ng the unsaturated al dehydes

obtained, 30 i) t I asat:l o j rLi 0 i j

organi c sol vent %ﬁbgﬁﬁg@%&?gla&l E%(BO 79§9aﬁ%ﬁ?\|~i ?Eijh%@gﬁlﬁﬁé\&n of

t he unsat ur aterdpedatizeyrdegebieineiiheradiscleded uor isnggestedrin 2HFe 195 20n103.

opti onal cal ci ned copper/zinc catal yst, with th r oVl t hat the
reductio in?sso?fé%rrrﬂql)oge yanisi %Pﬂﬂfméﬂh?'ﬂ%ﬁhgkiﬁé%r&%?’sot her mal
conditions at tenperatures of 45 to 60C and under a hydrogen pressure of 1
to 300 bar. The process according to the invention has the advantage over
the prior art that internedi aDespriptiontaf thednvantiabl e products are obtai ned
in high purities d in substantial uantitative_yields. |In particular,
[t has the 10 advaNEAP RO SRsedaol 4P abrbAtA 5 lsahaalels ByTR idie

hydr ogenat i oBnfiledPsatisfAGtbAER reghfd ® Yieldart 86ordifyl ARborimdIy tharslwas

selectivity. O particular inportance in this connection is the fact that

unwant ed!® ec@rtrad fqsray iprveroprosresnioretheoprioguntien of the eempasmdsi (A)of
uh ch the O~ oyl GRS A6 ERTTAREki6 6y P WAL BETSSha B)°

unreacted al
another saturated or olefinically unsaturated, optionally substituted alkyl or

—+

cycloalkyl group. More particularly, there was a need to ensure that the
nonspecific formation of numerous secondary products would largely be
20 avoided. Secondary products in a perfumistic context are understood to be
worthless or even troublesome products.
It has now been found that alkyl-substituted butenols corresponding
to general formula (l):

25 R'-CH,-CH=CR2-CH,0OH )

in which R' is a saturated or olefinically unsaturated alkyl or cycloalkyl
group containing 4 to 16 carbon atoms which may optionally be substituted
by an alkyl, cycloalkyl, aryl or alkaryl group, with the proviso that this
30 substituent contains at most 12 carbon atoms, and R? is hydrogen or an



15 al dol condensation), are fornmed in a distinctly reduced quantity by ,
conpari son with processes where the features to be observed in accordance
with the invention do not exist. This is particularly of advantage when the
val uabl e product (1) obtained in the hydrogenation step is used as a raw
material for ion of perfunmes. 20 Ste i Particu J e

i nert organi CW@|@Q2?§§$0r step i) are nonpol ar solvents mﬁ-lélﬁpﬁwph?zg
azeotrope with water. Exanples of suitable solvents are toluene, xylene,
benzene, cycl GHkaRURGRNTAING [ 1o GarbPRIREMBe. I n a special enbodi ment of
t he inventi on, ni t Sy Ofi~@&N i ﬁﬂgﬂ e d zge t he
al dol condenszg:taﬁg‘ﬁ.B B?%%?%ﬁaﬁ%e&'@gey%@%%@éra )}ﬁ%sggﬁ:?nc% &%‘%ﬂ{)ﬁé ?B-fold
mol ar excess, adetsdesrcartespahdialgytddofmdla.(11):n one parti cul ar enbodi nent, 30
propi onal dehyde is used in a 2.5- to 3.5-fold nol ar excess. WO 01/ 21568 6
PCT/ EPOO/ 08772 As al ready nentioned, the al dol condensation is preferably
carried oug in the presence Ri_m_@q@)ni um salt of anggrgani c acid in the
process according to the invention. Basically, the nature of the acid is
not critical. Nor does it matter whether the amoniumsalt is used as such

or whether 5 it is . f@ined..n situ during the reaction -, for _exanple.from an
ani e and an dh SR REERS thecBime mesintdes PE s EL sk SRRE Ol oy
trimethyl a”“%Wéfné]Mélﬁ)ﬁi@ dig. carmeRy i slithyrh aﬁetr@rte,or?ﬁhrcolsjommuahacmeate,
ammoni um acet ate, di methyl amoni um pyridi nyl acetate, norpholine acetate,

Lewatit 11600 Ungaturgiedpialdehysissi obtained , afsi peduerchyin the nafesensg Nofl@n

acet ate afd popdPRARARRIREY, Sl M el Xhe BicsRBh oind fdke BITTS T
preferably in dohtini@udg uhtemsatiimd eoritions & dmandwnsperatirecdhgs! y in
the range fromO0.5 to 10 nple-% based on the al dehyde (11) used. In

anot her preferred &asondingly: the prrsept doeantiomyelatedio R-preress fnthel
f la (1) i a2 ' | t-3- : i
b ocese acbor Sragdish G AL SIBMIXE6LERGI coretbandift Wiiersh fomfle,

60C. In one pghticularly preferred enbodi nent, the 20 reaction tenperature
isin the range from50 to 55C. The process according to the invention is
di stingui ghed inter alia by the fact that, in step ii), it is carried out
bot h conti nuously and iSOtﬁECmL¢H=Cﬁaf¢%ﬁﬂ out the pr o(g)less according to
t he invention continuously in Sstep 11), Ich is preferably carried out in
a fixed-bed reactor, ensures that 25 the proportion of secondary products
is small. The.reaso or. this,on, the one.ha i s that re this ocedur e
i s adopted, it"i ahich ) i 11§ satyraied gy %%Hl'?%r]ﬁﬂ FﬂﬁatHFPéég\g?ﬂEWe?F SrSoBIN ¢ at e

of al dehyde orgralislebMningd &P16 eBibdrPateRfPWhIth Mag@ptiBRally BB stibstituted™n the
ot her hand, the heterogeneous catalysis applied here ensures that the

reacti on gPodbyt ansalkyk QEleatindmaaynli ed alikaryli graup, cuith thaaprovisce thatf thishe

S0t hormal 1y RUBRUERE Boftas akrbotty Con AP Al TS RRGRT oran ¢ e

continuously ciengreub teatairing and & terboniatoms ticul ar, there are no

tenperature peaks. By contrast, a noni sot her mal
by reacting aldehydes corresponding to formula (l1):

25 R'-CH,-CHO (n

in which R has the same meaning as in formula (1), with the corresponding
lower aldehydes and subsequently reducing the unsaturated aldehydes
obtained,

30 i) the aldol condensation being carried out in an inert organic solvent



-~ reaction procedure woul d be characterized by the occurrence of distinct 5

terrperature gradients or tenperature peaks in the reactor. Nonisothermal

~conditions usually prevail in batch hydrogenation, i.e. hydrogenation in an

autocl ave. I n continuous operation, a nonisother rral reacti on procedure

woul d be chawqat erized by the absence of special precautions to control the
exot hernmy of WROWEREE on. 10 To establi%h isot hermal cdMai{ERANO8E72

particul ar enbodi nent of the process according to the invention is
characterized in 8hdt the tenperature is controlled by external jacket
heating, for  .gxa h th ng/ the throughflow rate is
adj usted to corﬂé% [)%Hr#ﬁt'ﬂal(ﬁ gLfP%aéléfé‘fedd?ﬁ’reBé{aﬁ &’@I":‘Qr ga'ﬁ”ﬁ’é’ P4t 1BUBRT | ow
rate in step ll) pﬁes’#ﬂicé&if% 8p1|o<'haﬂﬁbblﬁ:lr£§d é(%ﬂerfleﬁd)céta fsfB/h and nore

particularly to a val ue of to 1 referred enmbodi nent of the
i nvention i swﬁhaﬂ‘@cp@wsﬂeﬂ‘atnthﬁhﬁﬁdumen domiep/uz)llawafaedlmdtcorﬁlnugadlyl n

Phe. 11 xed e pahsoffermal e fidntCi Winbeleiigd 6 ¢peLa6 G 8 bilercls

catal yst). Thedr@@rehlprbgg;r@&)f 1a(930Eba@r i ous 20 sizes and shapes, for
exanmpl e tablets, |lunps, cylinders, rods, rings. Basically, the size of the

particles is not Eh?tﬁ"@ﬁ@ss ABYRIdiNg ta the igvaoiiomhpy theasvantage ever the

Partioytar " BGt aft e RRSHAaR! BRAIci SnlNBludtle Arbdutid RAsaRad hhe

carrier gas are a P eaCt] On "Z0Na dhd no
unwant ed dr opighnpyritiEssandeinosubstantially tduaintitatiyeomeld@5 |7 parﬂmilaﬁ itiHaalthe

1ot s Seagh t%ét?@"@?v%‘faa@ﬁenrpa‘f iy Shtafbesi Be hudioaraioposiEbnl 0. A
typi cal | aboisaidrecPRRA! & 'vety (ifish ChiHbAJodity dérnﬁlsere%s@t 20F Paflichfyt 0t he

i nvention conprises i xe react or 0 The
i nner tube cinpeitarcea mdhlsemm\mghmwmmdtmeuamoted:medm pratiucts)\O

01/ 21568 8 P /EPOO/ 08772 s.th i g T i nt di at
Ve e Pl atpe: dediid PRt e (e wfighipacCer dorbimbongse of o°
al dehyde andaﬁ@wmueté@noﬂopamgl hyerb§EnAeAa! hﬁawﬁéactbe élH@l}n{ ﬁfc% thBr ough

heat abl e £| pes a contro i ston di aphragm p eavi ng the
react or, 1 heaid@hcwr&de@aﬁﬁb)iuel’% edd itaa dtséldcﬂlw r@duqednquaamtyvbyy

renoved via n n he typ| cal chni cal
equi pnent fo?org‘ggrl%/&ﬂgw}ht p?ﬁg %28 rgcg% f/%?é rteg t Pn «?ﬁ? cﬁ‘fd@scri bed
wi th ref er enaecordamicaayithf tmamaémlori QA natbekiat.or yrha@p@r phrcutaty refadi |y
be applied to correspondi 28 scal ed 10 up pilot-plant or product’ion

reactors. | nafyantage| when eoYaW%@euB@QNC{)LG'BeOQiﬁ'ﬂedb@l e diydregenations nay
be used for t&ﬁz’gsis%‘éeaoa%ea raw nidtEridiSrol e PROULRAGT oPpEfSIeE. | S concer ned,

step ii) of proce
20

Step i)

Particularly suitable inert organic solvents for step i) are nonpolar
solvents which form an azeotrope with water. Examples of suitable
solvents are toluene, xylene, benzene, cyclohexane and methyl

25 cyclohexane.

In a special embodiment of the invention, ammonium salts of an
organic acid are used to catalyze the aldol condensation.

Propionaldehyde is preferably used in a 2.5- to 10-fold molar
excess, based on the aldehyde (Il). In one particular embodiment,

30 propionaldehyde is used in a 2.5- to 3.5-fold molar excess.



is preferably carried out in the 200 to 300 bar range. Hydrogen pressures .
of 220 to 260 bar are particularly preferred. 15 The hydrogenation in step
ii) is preferably carried out in the presence of a solvent. Al coholic
conpounds, especially |ow ol ecul ar weight primary al kanols) such as

met hanol and/ e n are particularly_.suitable solven ity
rati o of al de 6{}21§éﬁgvent in step ii) @f t he process aé?g/%tgﬁwgr?%
invention is ba5|cally not critical although ratios by 20 vol une of

al dehyde to sol ventAsoflready mentioned, én%abkgmnd@asa%pn i geeferably cafriedr: 1
bei ng particul atl t he
pur poses of tr?gﬁ "ynic/ﬁegrrlﬁl onlh(ég Of-kgﬁown ?u tZthaﬁCOfngﬁ al'%é:ftléa#ﬁi |P1ethE g?%%z’ar ed

i n accor dance agcbidindrtd\tHe ifh&ndioh. bBaadallwgh@Iriaahre ofethel acﬂdriiamabﬂtlcal
conpounds to 25 agueous sol utions containing water-sol uble copper(l]) and
zinc(11) sal t NAIFqes ib maiteryvheiher the @mni@'uvb%msnkgs%as &M R WhithBeposi t
formed, cakci | pat tures of
400 to 600C andot RENEd dh ol B, tEirebPlion ¥ SPTB iR I o ShA o
form Further arganicnadid.orExamples cpfrmdtadmle @amnbniuhe satbspme/tnanz(yl trimethykt s
can be found in 30 DE-A-42 42 466, B ﬂg I|n s 13 t ﬁ WO 01/ 1568 9
PCT/ EPO0/ 0877 2MMOPIATR  BYHOXide: i PIPGRdipYLy A8 t&rth@f” gL nAGeHHCof ¢ he
target productaninbnfun Sé’éétﬁﬂi?‘rd|nﬁ’étﬁgp(étrﬁrnohfunﬁ‘a1§yrﬂi‘tyegcét%té’enic%ﬁélﬁ’f& ein
the continuous reaction in a fixed-bed reactor to ust the volunetric
flow rate of tdcetatedbhwabt f1d600IQactivg with apatichagidy plpendmabfqrmatex NeNt ange

b 2" The TRsv irerbty) SeRoHrR G, Ncicaly Enb§Ref@RiRa. tBEbE aMh8R : ne
literature toihe éd&at\éoér\w'ﬁip'éhélnfyl E Hg @HaﬂeOf'l’Hef‘&)Hde%Waﬂon A SIS caralyshes

vol une of the solid cataly val ues nmentioned herein are based

sol el'y on t he pietesagiydn theerangﬁércym%ﬂi to 20 mede Yy andenore Rﬁrtiﬁlé@féy fed. 10

cobi ¢ rever s oar PR PRS0, REGER el MRS AlebdRUl Rl SRt g
gas per hour for alneaséther mremwdeemboaaaehpoBQﬁeb@reseiﬁhum/mbamein|s
nmeasured in the pressure range of the reactor used 3 of the

present appl i GAeHH fafBulaHd) iagsté2 Aiktimeigyicyclppant- éTeWYHEQ@EIPgaS
circulation punp by means of a turbine. For the purposes of the invention,
the volunetric flowrate is normal |y adjusted to GHSV values in the range

from 200 to 1,3t6fiih-~ and preferably to GHSV values in the range from 250
to 500 h-~. The GHSY val ue gaseous hourI y .space vel ocity) ndegst od
fromthe literature % BE AsCorlingedei dhe | Hiyentica Js t%é” r PH g

based on the y h@@?z%ondéebﬁﬁ% 6@ éatlﬁ'df%t arﬁéﬁféﬂgﬁﬁe?e'?re]d e%%%ﬁrﬁ@ﬁte%élsed

1.1. For the a nsati on a-canphol ene ald 85% (G 1 dco)
20 reaction temperature is in the range from 50 to 55°

The process according to the invention is distinguished inter alia by
the fact that, in step ii), it is carried out both continuously and isothermally.
Carrying out the process according to the invention continuously in
step ii), which is preferably carried out in a fixed-bed reactor, ensures that
25 the proportion of secondary products is small. The reason for this on the
one hand is that, where this procedure is adopted, it is readily possible by
controlling the volumetric flow rate of aldehyde or aldehyde and solvent to
keep the reaction time short. On the other hand, the heterogeneous
catalysis applied here ensures that the reaction product is not
30 accompanied by significant quantities of the catalyst.



" propi onal dehyde: 98% ( R edel -de-Haen) 30 KF on Al 203: 240 g basic al um ni um
oxi de "vAverAe suspended in 320 g of a WO 01/ 21568 10 PCT/ EPOO/ 08772 50%

_ aqueous potassium fluoride solution and then concentrated to dryness in a
water jet vacuumin a rotary evaporator. The catalyst was then dried for 4

hours at 130 5 1.2. For the reguction of the up r at ed

al dehyi de Co%é%ﬂ?féa%at al yst: The copper/zinc catal ystp(gﬁﬁtij%@ﬁ%par ed
in accordance with Exanple A) of DE-A-42 42 466 using copper(l1) nitrate
trihydrate, zinc(Cayrying raut ethee Redoess atsetharmnady dingans athad man esigrificant The

o1 65 . canisPare GRARAE bEO B ERYbuRAY cpe g B Rtona 00 g
basi c al um niruparticuide, theps arsinvitépéRitu RO SEKS. UBY tbHPastda. ndReathé®hal

procedure: 1.5 kg of a mixture (nmolar ratio 1:4)" of canphol ene al dehyde and
20 propi onal [RAGHIAE RFESerute e pharagterigepi by theaesyrrenge tafr disting” kg of

KF on Al 29a LA ' ' ) WML | ous
o T o RS RS L MR AR SEe st Nirlgto A
bet ween 40 aodndifiéhs Tsealepeavailng Batéh hydrdgenation) Hehkigdrogenativre invane t hen
continuously added under nitrogen with vigorous stirring at a rate of 2

liters 25 pePUIRAAVE-T qoé‘QBP?. %at@ibt%éﬁoﬁi@t@ﬁfﬂ‘%:@a%‘m 9590%45HELng at
40C. After t?@gﬁg%Ehﬁfhctéﬂif'ed(;i?gmér@b%’@ﬁe%f'ép&%%l(%ég‘éd‘udﬁgg%t@tcoﬁﬁ’&’th& €

canphol ene a de reacting conpl etely. 0 renove the
cat al yst, thexothaonyof the reactionwas punped into a 2 WO 01/ 21568 11

PCT/ EPOQ/ 08772 | i t h d filt d d 50Db it .
The 11108 cake wi0 BHRGHS SALUTER RargiHens. A Bariculer SBRPURIETSIC! hRe. of ude
product was bﬁtdérsa%cblﬁuliﬁge% Fl?‘@ﬁwérntiéﬁ% eRaratléhizdOhaAat ﬂq(?otg?ﬁ;ge@ﬂﬁeﬂ g

wat er phase were distille at atnospheric pressure an ottom

t enper at ur esisoonifplisdihy exdemal jacket beating, fof esamplaywitbitheimaltdile andért i on
vessel was ' L,ih 2Jiters of saturate odi um sul fate sol ution.
The resi duem@%h@q%%dﬂf@ﬁé%%ﬁsggwg% trotq‘n‘é?rrﬁ?m%@&?‘é@‘ toj?vg ude product (the
content of 2nethyln particufar! thetbrbidiow RRENH steriiy is-adjistedtto % eatud-6Hl  was
found by gas_chronmat o%raphy to be 43% . 10 Examole 2 Quanfities used: 3.04

kg (20 es§-xtochRgRdhand mptepgdisutzry te @ \atae ab0&stp 'b?d’p%/bnal dehyde

A preferred embodiment of the invention is characterized in that the
copper/zinc catalyst is used in particulate form, i.e. the catalyst which is
used in the reaction zone of the fixed-bed reactor is in the form of solid
particles (heterogeneous catalyst). The particles may assume various
20 sizes and shapes, for example tablets, lumps, cylinders, rods, rings.
Basically, the size of the particles is not critical. However, it is normally
adapted to the particular reactor dimensions present so that the liquid
phase and the carrier gas are able to pass through the reaction zone
unhindered and no unwanted drop in pressure occurs in that region.
25 Typical suitable particle sizes range from a mean diameter of ca. 1
millimeter to ca. 10 millimeters although larger or smaller particle sizes are

also possible.
A typical laboratory apparatus for carrying out the process according
to the invention comprises a fixed-bed reactor of a double-jacketed tube.
30 The inner tube contains the heterogeneous hydrogenation catalyst and



15 170 + 85 g (3 nmoles) piperidine 120 + 60 g (3 noles) glacial acetic acid:
2 kg tol uene Reaction procedure. 20 3.04 kg of canphol ene al dehyde and 2 kg
of toluene were introduced into a 10-liter glass reactor and 2.9 kg of

pr opi onal dehyde, 170 g of piperidine and 120 g of glacial acetic acid were

added with stiKHN oom tenperature. fhe m xture was for
4 hours on a \k&pe(?p/gg%géator ggo m of ter or)‘( rjeactionb@?ﬁgﬁb}gﬁé?gd
fromthe circuit. 25 Anal ysis of anpl e of the reaction, m xture by gas
chr omat ogr aphﬁci%%é'l‘%cﬂe%g Z?g' eg’%ﬁf"@ﬁ@'a@ SR&GH &U%ﬁﬁg& "Qd%’:‘&g
Accordingl y, Eﬁ %ﬁuﬁr.ofI?Q'aRFéH 8%&&1@ o?falddh?%aéncgfélbéﬁt &4 d

wer e added. Aft Xi'ng for an her our anot her wat er were
removed from thee delrveueidt cant:hmdusl)edoctha/vaeactonﬁhm@w heetatlecbipé@ by \&aD

011 21568 12 PCT/ 0/ 08772 ' t t ol had b

i stiTled of f CONTNRBEHSER SRRt alE RUE R ARR:ea R adhsiBacr hedpacki

wat er. Thesor GRpHGetB eRe8fcdh ?é’adﬂg B@%suﬁhﬁidtrk/é@drérﬁo\?bﬁglé?@ é&ﬂl‘ﬁgdur‘ﬁm um
(boi l'ing point 88-102C/ 0.1 nbar I'I'owi sh col ored product

( gas- chr omat og@naoan exmmsroryssslwn bei ng obt ai ned (85% of the theoretical).

ceactor fi110d i e QP! (GERPR! SabRBR ol caflundo HRA Chhel RcBRE " ©

fol | owi ng uni tgecobdiag 6 tRe MventibhodbsekibBd 'With Refafdtice Cbglvidy of erRampledr and
gas circul ation punp. The heat carrier circuit was controlled b

t enper at ur e- cdatd @bosPE appaiedisisan Teadilyahe @ppbed ﬁ%éOE@SﬁWHQE§@aﬁ{bd in

oFogee: od, nEbShrtantbEbelelfh SpS08 BRI, Bl ind paFe G e
hi gh- pressur e tobethutledtefetcrs meay be u@,edefapﬂ-ﬁg plmjp@ebet ed) 5 heat car rier oil

6 cooler 25 7 separator 8 gas cjirculation hydr ogen supply ("fresh
H2") Quantities usedP fa@e 37'1319@0%%8&951%6?1!?0 OWV@% eRd) o &?dér §8%% on of

Exanpl e 2 (= §dutdibrably carried out in the 200 to 300 bar range. Hydrogen pressures
of 220 to 260 bar are particularly preferred.

15 The hydrogenation in step ii) is preferably carried out in the
presence of a solvent. Alcoholic compounds, especially low molecular
weight primary alkanols, such as methanol and/or ethanol, are particularly
suitable solvents. The quantity ratio of aldehyde to solvent in step ii) of the
process according to the invention is basically not critical although ratios by

20 volume of aldehyde to solvent of 10:1 to 1:10 are preferred, a range of 3:1
to 1:1 being particularly preferred.

The copper/zinc catalysts to be used for the purposes of the
invention are known from the prior art. They are prepared in accordance
with DE-A-42 42 466 by adding alkali metal carbonate compounds to

25 aqueous solutions containing water-soluble copper(ll) and zinc(ll) salts up
to a pH value of 6 to 10, removing and drying the deposit formed, calcining
the dried catalyst for 1 to 60 minutes at temperatures of 400 to 600°C and
then converting the calcined catalyst into particulate form. Further
information on the production of the copper/zinc catalysts can be found in

30 DE-A-42 42 466, page 3, lines 13 to 34.




.~ r. WD 011.21568 13 PCT/ EPO0O/ 08772 10.5 kg nethanol, technical quality (=

sol vent) 26 kg Cu/Zn catal yst Reaction procedure: 5 After it had been

- filled'with the catalyst, the reactor was closed and tested for |eaks with

250 bar hydrogen pressure. The catal yst was then activated by conti nuous
i ntroducti on n under a reactor, pressure of 50 a
tenperature i édglég{a%y 5C per hour, a $inal tenperatur’ge)&ﬁifé%ﬁgagl)ﬁ
established. The circulating gas volunme was 10 kept at 1.5 DnB/h. The end
of activation of Imérdet suhstentially tefaveist dether hydrageoatioreof the targst

rydrogan " ualruRt SR sbBfuay plodisst I nBd Aolal € BeTBlotdbie igindlly " @
hydr ogenat i osoptimerssreaction e fixedrisatreagter torddjastubedoluthetrichiow estet or
after the co Iete expansi on _of hydrogen and the cat al YSt 15 bed was

adj usted to 9b1 @dﬁh%"ﬁ% LHRY Malyesgehich aea preferatly iy theneangeafroma0.8i er
bar anprers | tJ@Oﬂ;rﬁ ze(?raghh éﬂl on ‘g’?ﬁga Sl t(ﬁ?%wart q‘ﬁégt' un

parameters had sta m Xture o vol une
of the cr udevpiuedlllqwdohommespacke)lvetmrtyl)srssamd@'stam‘d Eﬂanmeelltéra(turetblbte) and 1

art by volu 0 t.han solv started at 10 |I/h 0r|5|n
gradua%/l y toﬂfﬁ) P}Lﬁnetﬂf:tfng epﬁé IE@P\EIE ?ﬁf(ﬁfﬁaeweaﬂée‘ﬂ‘e pﬁéﬁe solid

educt / hydr ogeatayst! U"I'ﬁeslblqﬁ‘?dvélu%aﬁ\bﬁfm% rﬁéréi‘ﬁ”HF‘é Y4k ?&QthSﬁ‘tth%ar rier
oi| exit tenperature of 55C. The exotherny in the reactor was'5

After cooli ngldethrydehwrtbgenh/tenbnp’mmﬂyatseaine disgregasd®dogen were separated in
a separ , the en_was fed othe s ci,rcul ati on t he
end progt t was r@ﬁ%v@&w HSL&HS Vﬁ%?dﬁa&‘?ﬂs@gpﬁ’ng? ﬁss%fsfgglgﬁmé}grude
product obt aj ?@bswﬂe"chbﬁ: M@ters\@‘érhbﬁf’f CB@%%%U%M?%SWOIG@}% i§ theart pAr aphy.
It contained 86% of the reqwred val uabl & produc 12% of a perfumstically

attractive abteMpingidas peobaet fema r@aetwmreasurea@t 880gud®Q basr dThHisany of

bat ch-oper ai PATEPL Bt Bepard P es ey e Pnotoch ARGl S50 el 17

process for Example@uof thenpadsent pplicationt andities! alssbeatdcsFigorf)eﬁmmﬁeng tO
gener al 5 R~-CH2- CH=CR2- CHZOH (I) in which R~ is a saturated

|
or ol eﬂﬁgg}jﬁgcﬁﬁé@f'g’ﬁﬁp&l’ Y mgansrof & ryaeky| group containing 4 to 16
carbon atoms whi CRopfyg anﬁrtdho%ﬁldﬁhé)ﬁw%\'m?ﬁ BRI Fller s ROFRERL kY1

aryl or al karyl group roviso that thi tituent contains
at nost 12 clyrbd;us’@doﬁmsGl-@\dvﬁiﬂessnmyeirrmmfmm aﬁoabldy(])O@hﬂlmd:prefer-m ng 1

tRE &gagﬂ"o“( ah&niso GWS\; %% utelsnlﬁ tﬁledr%n gelgonngrgoetsop g88 hn‘g H’Ref(ghgkl) \%I&el ):
(gaseous hourly space velocity) is understood from the literature to be the
20 volumetric flow rate of the carrier gas, based on the volume of the solid
catalyst.

Examples

25 1. Substances used

1.1. For the aldol condensation

a-campholene aldehyde: 85% (Glidco)
propionaldehyde: 98% (Riedel-de-H&en)

30 KF on Al2Os: 240 g basic aluminium oxide were suspended in 320 g of a



15 in which R~ has the sanme nmeaning as in fornmula (I), with the ,
correspondi ng | ower al dehydes and subsequently reduci ng the unsaturated

al dehydes obtained, i) the aldol condensation being carried out in an inert
organi c solvent 20 and (ii) the reduction of the unsaturated al dehydes
being carried P presence of an ionally calcin LgC

cat al yst, chaﬁgg%%pggéggin that the redugﬁfon in step ii)égggggﬁﬁﬁ@évgut

continuously under isothermal conditions at tenperatures of 45 to 60C and
under a 25 hy qg@ﬁ“ﬁP\é%EGFaéSW UPB"%@G‘%‘QF‘.G@.tﬁﬁ“&%@@@@@ t@l‘ﬁyﬂ%ﬁﬁ in

claim1, char L i ‘nﬁ'ﬁ S aty L i {n a
nonpol ar orga#ftcae@gfé\?jﬁ{t O%l c Ié %‘fl;]oé‘élg/‘; \égeofgtrag'pgmvao?%ﬂa%?g{# : ng\d%erdocess
as cl ai ned i nfot 4ihouts at 120°G/6@malsarer i zed in that the al dol 30 condensation
is carried out in the presence of an anmmonium salt of an e ST
WO 011 21568 15 PCT/ EP0O0/ 08772 organic acid as catalyst. 4. A process as
claimed insany of clain® Eof the redliction ofthé thsaturdled atdehydd ormula (1) is
a methyl group. 5. A process as clarnmed in claim4, characterrzed in that 5
pr opi onal dehy atalysto . SThe coppedkincnoatalysé xdsess wasm qwapaied: e

I,

al dehyde (I1),_ 1n st i . rqce S aj i y I 1% to 5,
characterized qcﬁofq%ﬁ%%Rw}thsgéarﬁb%Z% Ogs"—[)éfpffé?h{‘/g?@cﬁ gf)®§t C(gépe‘%b@ @ﬁ?gegr oup.
7. A process afihgdratd®thd(N) Aitvate hegaiidiatelandsédiufedrbehgted. zed in that an
10 organi c solvent selected fromthe group consisting of toluene, xylene,
benzene, cycl ohexane and net hyl cycl ohexane in used in step i). 8. The use
of the al Lml -substituted butenols oé fﬁ)lr rpél @ti()hls’ in which R~ is a
saturated or olefinically unsaturat e'dvlgky'lg—m—cycl oal kyl group contai ni ng
4 to 16 carbon atonms which may opii ohlaldl copelenshtiont uted by an al kyl, 15
cycl oal kyl , arél or al karyl group, with the proviso that this substituent
contains at ample.1 hon atons, and R2 is hydrogen or an al kyl group
containing 1 t§, thtfiRshRegat ons, produced by the process claimed in any of
clainms 1 to 77as perrumes. 9. The use clainmed in claim8 in cosnetic
preparations, 3.84lgn@0ahol@8) prexinphalens aldehydel - based perfunery.

AFUYL. A AvY . AUF2 . A& AU . A& AY . A9 . Aly . A& . AF . Af
1 4.64 kg (80 moles) propionaldehyde

-)

400 g basic aluminium oxide charged with 40% potassium fluoride.

Reaction procedure:

1.5 kg of a mixture (molar ratio 1:4) of campholene aldehyde and

20 propionaldehyde was introduced into a 10-liter glass reactor. 400 kg of KF

on AloO3 were added in portions under nitrogen (5 I/h) with vigorous stirring

and cooling, the temperature of the reaction mixture being kept between 40

and 50°C. The remaining 6.2 kg of the aldehyde mixture were then

continuously added under nitrogen with vigorous stirring at a rate of 2 liters

25 per hour. The reaction was exothermic and was kept by cooling at 40°C.

After the addition, the mixture was stirred overnight at 50°C, the
campholene aldehyde reacting off completely.

Working up:
30 To remove the catalyst, the reaction mixture was pumped into a 2-
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Quantities used:

3.04 kg (20 moles) a-campholene aldehyde
2.9 kg (50 moles) propionaldehyde
15 170 + 85 g (3 moles) piperidine
120 + 60 g (3 moles) glacial acetic acid
2 kg toluene

Reaction procedure:

20 3.04 kg of campholene aldehyde and 2 kg of toluene were
introduced into a 10-liter glass reactor and 2.9 kg of propionaldehyde, 170
g of piperidine and 120 g of glacial acetic acid were added with stirring at
room temperature. The mixture was then refluxed for 4 hours on a water
separator, 680 ml of water of reaction being removed from the circuit.

25 Analysis of a sample of the reaction mixture by gas chromatography
revealed a percentage content of 15% of unreacted educt. Accordingly,
another 85 g of piperidine and 60 g of glacial acetic acid were added. After
refluxing for another hour, another 120 g of water were removed from the
circuit and the educt was completely reacted.

30
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Example 3 (invention)
10  Apparatus:
A jacketed high-pressure reactor filled with a Cu/Zn catalyst was

used. It was connected to the following units: high-pressure product pump,

heater, cooler, separator and gas circulation pump. The heat carrier circuit

was controlled by a temperature-controllable apparatus. The layout of the
15  apparatus used in schematized in Fig. 1.

List of reference numerals in Fig. 1

1 educt (crude product of the aldol condensation of Example 2) /
methanol
20 high-pressure product pump
heater
reactor (jacketed)
heat carrier olil
cooler
25 separator

gas circulation pump

© 0O N O O A~ WD

hydrogen supply (“fresh Hy")

Quantities used:

30 24.7 kg crude product of the aldol condensation of Example 2 (= educt)
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5 After it had been filled with the catalyst, the reactor was closed and
tested for leaks with 250 bar hydrogen pressure. The catalyst was then
activated by continuous introduction of hydrogen under a reactor pressure
of 50 bar N2 and at a temperature increased by 5°C per hour, a final
temperature of 200°C being established. The circulating gas volume was

10  kept at 1.5 Dm®h. The end of activation of the catalyst, as reflected in an
H. content in the circulating gas of more than 5%, i.e. the catalyst did not
take up any more hydrogen, was followed by gas exchange in the reactor.
To carry out the hydrogenation process, 250 bar hydrogen was introduced
into the reactor after the complete expansion of hydrogen and the catalyst

15 bed was adjusted to 50-55°C through the hydrogen, reactor entry and heat
carrier temperature. The circulating gas volume was 2 Dm%h. After the
operating parameters had stabilized, the addition of a mixture of 2 parts by
volume of the crude product of the aldol condensation of Example 2 (=
educt) and 1 part by volume of methanol (= solvent) was started at 10 I/h,

20 rising gradually to 40 I/h. After all the mixture had been added, the
educt/hydrogen mixture showed a reactor entry temperature and heat
carrier oil exit temperature of 55°C. The exothermy in the reactor was 5 to
10°C. After cooling, the hydrogenation product and the hydrogen were
separated in a separator, the hydrogen was fed to the gas circulation pump

25 and the end product was removed through an automatic expansion system.
The crude product obtained in this way was then characterized by gas
chromatography. It contained 86% of the required valuable product, 12%
of a perfumistically attractive accompanying product and 1.8% of unreacted
educt. Hardly any of the secondary products formed, for example, at

30 higher temperatures or in batch operation were detected.
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group containing 4 to 16 carbon atoms which may optionally be substituted

by an alkyl, cycloalkyl, aryl or alkaryl group, with the proviso that this
10  substituent contains at most 12 carbon atoms, and R? is hydrogen or an

alkyl group containing 1 to 6 carbon atoms,

by reacting aldehydes corresponding to formula (ll):

R'-CH,-CHO (1)
15
in which R' has the same meaning as in formula (1), with the corresponding
lower aldehydes and subsequently reducing the unsaturated aldehydes
obtained,
i) the aldol condensation being carried out in an inert organic solvent
20 and

(i)  the reduction of the unsaturated aldehydes being carried out in the
presence of an optionally calcined copper/zinc catalyst,

characterized in that the reduction in step ii) is carried out continuously

under isothermal conditions at temperatures of 45 to 60°C and under a
25 hydrogen pressure of 1 to 300 bar.

2. A process as claimed in claim 1, characterized in that the aldol

condensation is carried out in a nonpolar organic solvent which forms an

azeotrope with water.

3. A process as claimed in claim 1 or 2, characterized in that the aldol
30 condensation is carried out in the presence of an ammonium salt of an
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7. A process as claimed in any of claims 1 to 6, characterized in that an
10 organic solvent selected from the group consisting of toluene, xylene,
benzene, cyclohexane and methyl cyclohexane in used in step i).
8. The use of the alkyl-substituted butenols of formula (1), in which R is
a saturated or olefinically unsaturated alkyl or cycloalkyl group containing 4
to 16 carbon atoms which may optionally be substituted by an alkyl,
15 cycloalkyl, aryl or alkaryl group, with the proviso that this substituent
contains at most 12 carbon atoms, and R? is hydrogen or an alkyl group
containing 1 to 6 carbon atoms, produced by the process claimed in any of
claims 1 to 7 as perfumes.
9. The use claimed in claim 8 in cosmetic preparations, technical

20 products or alcohol-based perfumery.



