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in which the radicals R! to RS are hydrogen or a mono- or
polyunsaturated or saturated C;-Cjs-alkyl radical, which may be
30 substituted.

The process is particularly suitable for the preparation of

tertiary product allyl alcohols, such as, for example,

2-linalool, by isomerization of primary or secondary allyl
35 alcohols, such as, for example, geraniol or nerol.

Geraniol (2-trans-3,7-dimethyl-2,6-octadien~8-0l1), nerol
(2-cis-3,7-dimethyl-2,6~octadien-8-01) and 2-linalool
(3,7-dimethyl-1,6~octadien-3-0l) are important compounds in the

40 fragrance industry. They are either used directly as fragrances
or converted to higher molecular weight fragrances by reaction
with other compounds. These terpene alcohols are also of
importance as C10 building blocks in the synthesis of vitamins,
such as Vitamin E and Vitamin A.
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preference to the description of processes for the isonerization of
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25 advantages of the tungsten catalysts are that, firstly, they can

be readily separated off from the reaction mixture (cf. T.
Hosogai et al. in Chemistry Letters 1982, pages 357-360) and that
they have only low toxicity compared with the vanadium catalyst.

30 Furthermore, DE 25 16 698 discloses the preparation of novel
catalysts based on tungsten, and to the use thereof for the
catalytic rearrangement of tertiary to primary allyl alcohols. In
this process, the catalysts used are tungsten oxo(VI) complexes
comprising alkoxy radicals and/or trialkylsilyl radicals bonded

35 via oxygen and which, to improve the selectivity, additionally
comprise, bonded coordinately to the tungsten, ligands which
contain an element chosen from the elements N, P, As and Bi, in
particular ligands chosen from the class of primary, secondary
and tertiary monoamines, polyamines, Schiff’s bases, imines,

40 nitriles and isonitriles. Ligands which are cited therein as
particularly suitable are primary monoamines, such as
methylamine, ethylamine, propylamine, b-ethoxyethylamine [sic],
butylamine, cyclohexylamine, aniline and naphthylamine; secondary
monoamines, such as dimethylamine, diethylamine, dibutylamine,

45 dicyclohexylamine, methylaniline, methylcyclohexylamine,
piperidine, morpholine and pyrrolidine; tertiary monoamines, such
as trimethylamine, triethylamine, ethyldibutylamine,
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al ways present in the 35 distilled product allyl alcohol, which severely
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addi ti on, conversions coupled with simultaneously high temperatures of more
than 150°C, which accelerated the formation of byproducts.

DE 25 16 698 describes the synthesis of tungsten alkoxides, by

30 alcoholysis of tungsten oxotetrachloride with alcohols or
alkoxides dissolved in alcohols. Although removal of the chloride
in the form of ammonium chloride using ammonia or as sodium
chloride using sodium methoxide is possible, it is always
incomplete. Chlorine is also almost always present in the

35 distilled product allyl alcohol, which severely impairs its
quality and acceptance for fragrances and vitamins. In addition,
the chloride in the tungsten alkoxide, even in ppm amounts, has a
detrimental corrosive action in metal columns and reactors.
Subsequent removal of traces of chloride via activated carbon

40 filters or silver(I) oxide is possible, but laborious and makes
the overall process complex and more expensive.

In addition, tungsten oxotetrachloride has to first be provided
by known methods using tungstic acid and thionyl chloride in an
45 upstream reaction, meaning that the synthesis of tungsten
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25 catalyst losses caused by hydrolysis, and to improve the product
selectivity. There is also the need to accelerate the rate of
establishment of an equilibrium, and to increase the space-time
yields, without having to further increase the isomerization
temperature.
30
Furthermore, the improved catalysts were, in the case of the
isomerization of primary or secondary allyl alcohols, such as
geraniol and nerol, to tertiary allyl alcohols, such as linalool,
intended to achieve higher conversions of the precursor allyl
35 alcohol used, i.e. to accelerate the rate of establishment of an
equilibrium. Furthermore, the novel catalysts were to be easier
to prepare than those hitherto.

Surprisingly, we have found that the object is achieved with

40 novel homogeneously dissolved oxoperoxotungsten(VI) complexes of
the formula (III), coupled with simultaneously improved
selectivity and higher activity for the isomerization of geraniol
and nerol to linalool.

45
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15
where R! to R> are hydrogen or a mono- or polyunsaturated or
saturated C;-Cj;p~alkyl radical, which may be substituted,
in both directions of the equilibrium, wherein the reaction takes

place in the presence of an oxoperoxotungsten(VI) complex of the
20 formula (III),

— —
0
25 (L2)n——W—(02)m (I1I1)
L1
— - P
where
30

Ll, L2 in each case independently of one another are water,
hydroxyl, alkoxy or a free coordination site, or are
optionally a ligand chosen from the group of
aminoalcohols, aminophenols, aminocarboxylic acids or

35 mixtures thereof or mixtures of amines with alcohols,
phenols or carboxylic acids,
m is the number 1 or 2
n is a number from 1 to 6
P is a number from 1 to 6, where in the case of p>1 a bi-
40 or polynuclear complex is formed.

Examples of allyl alcohols of the formula (I) or (II) which are
advantageously isomerizable using the process according to the
invention are: 2-methyl-3-buten-2-0l, prenol

45 (3-methyl-2-buten-1-0l), linalool, nerol and geraniol as well as
farnesol (3,7,ll-trimethyldodeca-~2,6,10-trien-1-0l) and nerolidol
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It is also possible to use mixtures of amines with alcohols,
25 phenols or carboxylic acids.

Amines are understood as meaning, for example, mono-, di- or
trimethylamine, ethylamine, mono-, di- or triethylamine, mono-,
di- or tributylamine, preferably diethylamine.

30
The carboxylic acids are understood as meaning mono- or
polyunsaturated or saturated mono-, di- or tricarboxylic acids
having 1 to 12 carbon atoms, which may optionally be substituted
by hydroxyl or halogen, for example formic acid, acetic acid,

35 butyric acid, pivalic acid, butyric acid, [sic] hexanoic acid,
lauric acid, acrylic acid, oleic acid, lactic acid, tartaric

acid, citric acid, malic acid, particularly preferably citric
acid.

40 The phenols may optionally be substituted by halogen, alkyl,
amino, hydroxyl, alkoxy, thio, sulfonyl or nitro.

Preference is given to using mixtures of diethylamine and phenol
or diethylamine and citric acid.
45
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radi cal whilcohoyRbie whzre- ROLs POl iysidds birt Pb Beudba tukat 8 esy s@tu@@té&kw
afi no or {Mdc?gﬁmyﬁ?ia@i@éﬁpkﬁugﬁtﬂéﬁ%e nlénet N3P Gho 1 BARALL ed g,propam'
ut ano I Qln n gerani rol.i do

Healtog H! ahQlc Qfﬂéf c<11m.’1no 8 ahach g ?B*e :{adng}gemethgnol

i nal ool. or far?eso

1, 3- ani noal 3RSt s %FOpai‘ ks ahF ﬂ%%?&?d’r?&l's ‘éEa%Rj]dl tHegabutanpind Pentarol,

am noal cot#SrenkpL h ‘herﬂirpﬂﬁﬁﬁliﬂ@m meepali hbimilioodgen fammsedn additional |y

be nono- and/or di-al kyl -substituted. The am noal cohols with a secondary

ani ne on tie isj t hegarergt a6 afoslidilel @Bahsy DSBS b TSRSt i tut ed. 15

D el e e AL ek Re0s 0hbdad it i %g“!?@éd%‘ he LhoRsatlonle W 1af Tl ae
SEPSBEVELSR b i s

20 25
20,25, 3 Geliaby (M) offete LLanLTe a0t h, o es Gl Ted ShOvE, ok
novel oxop é‘PZ%t%qﬁéx rJr('W?SEb‘H‘tHeé&eg'heo?m%wlp@hﬁﬂﬁaWJ(Urh |8) segopdary L26- 17-

(02)m | amine on nitrogen atom can additionally be
mono~alkyl-substituted.

15 pPreferred catalysts according to the invention are those of the
formulae

o
20 (L2)n—W ' (IITIa)
0

25 O
woo| (IIIb)
o)

30

-
O——(L2)n—W ———o0 (IIIc)

35 - g

where L1 and L2 and n are as defined above, and p is a number
from 2 to 6.

40

45



L1 10 p' WwppspAsh 7509 wat er, hydroxyl, al koxy or a free coordination site,

or is optionally a ligand chosen fromthe group of 15 am noal cohol s,

. am nophenol s, am nocarboxylic acids or mxtures thereof or m xtures of

am nes with alcohols, phenols or carboxylic acids, and L2 is a |ligand
chosen fromthe group of aninoa!cohol%, am nophenol s, am nocar boxylic

aci ds or PRt dPESNE Y &30 POOvGEdeR poYedsOXPPentinessngs tén @(I0okomplepdenol s
or carbo®fl theatoxmulan(IZIjhe nunber 1 or 2 n is a nunber from1l to 6 pis
a- nunber between 1 and 6, where in the case of p>1 a 25 bi- or polynuclear
conplex is fornmed. Preference is given to those conpl exes of the fornul ae
(I1rta), g (111b) and (Ilic), 30 35 (IIfb) 40 (L2)n L1 45 ' 0050/51759 9 5 0
p where 10 L1 is water, hydrjoxyl, alﬁoxy or a| free coordination site, or
is optionally a |igand chosen f¥dmthé—gr(Gupnof ani noal ¢DHO) s,

am nophenol s, ami nocarboxylic acids of nixtures thereof or mixtures of

am nes with al cohols, 15 phenols or cgifboxylic|acids, and L2 is a |ligand
chosen fromthe group of am | cohols, am enol s, am nocar boxylic
acids qrg m xtures thereof or mxtures of am nes with al cohols, phenols or
carboxylig¢pacids, 20 n is a nunber from1l to 6 p is a nunber between 2 and
6, where in the case of p>1 a

L1 is water, hydroxyl, alkoxy or a free coordination site,
or is optionally a ligand chosen from the group of
15 aminoalcohols, aminophenols, aminocarboxylic acids or
mixtures thereof or mixtures of amines with alcohols,
phenols or carboxylic acids, and

L2 is a ligand chosen from the group of aminoalcohols,
aminophenols, aminocarboxylic acids or mixtures thereof
20 or mixtures of amines with alcohols, phenols or
carboxylic acids,
m is the number 1 or 2
n is a number from 1 to 6
P is a number between 1 and 6, where in the case of p>1l a
25 bi- or polynuclear complex is formed.

Preference is given to those complexes of the formulae (IIIa),
(IIIb) and (IIIc),

30 0

(L2)p—W | (IIIa)

35
0

W (IIIb)
0

40
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bi - or polopsosamseconpl ex is formed. Particular preference is given to

t hose conpl exes where the 25 ligands L1 and/or L2 are 8-hydroxyqui noli ne.
- The peroxotungsten(Vl) conpl exes according to the invention may be in
nononucl ear formor in polynuclear fggm 1If, in the case of p>1, the
conpl exes are in bi- or polynuclear form then the 30 conplex has the
structure given in formula 11c). 8-Hydr quinoline is particularly
preferably used as ligand L and/or &2. The nolar ratio of tungsten to

8- hydroxyquinoline is in the range 1j: Ihtp 105, preferably 1 : 1 and 1
: 2. 35 The oxoperoxot ung n Q)Qg_ Féxies cgn be prepagﬁg:%ccording to
the progess described in DE|195 33 33 ~fr'om tungstic aci Vil th aqueous
hydr ogen peroxi de sol ution and optional SUbsequent addition of the

| i gand(s). 40 The oxoperoxofungst en(\} conpounds can al so be prepared
under anhydrous conditions fromtungsticadd and ureal/ hydrogen peroxide
adduct and optionally subsequent addition of the Iligand(s) in an al cohol
RCH, wher whehe al cohols are as defined 45 above, preferably geraniol, nerol
and |inal ool . 0050/51759 10 The oxoperoxotungsten(Vl) conpl ex can be
prepared et her I I to it actual .reactio or. el se

si mul tane%gsl y i %Eg?{ﬁé:ﬁn%ty E%b&? %abu?ls%?(ya?][( faﬁeceoﬁglo.rggn?%lc’d’er'?é'ltﬁl’, t he
oxoper oxot ungst ent¥1 §° Bp1°8% }g UsEFARSEBPTRR FHA the BFRMIor al |yl

al cohol in a conc8RtreRisode  f pBHepRieerlst oanbrmaarboryioeigids ofhe set
amount of the ani Moutwxsfolthergafidommxtumepaot i auiras, wibe alldbhareynt of

| i gand 15el ati ve t phéhelsamruebrbbxpXiapeicayet uagst en(Vl) conpl ex used has an

effect onzphe sel g5ta Vidganl chbsed ST e SrSifR!de AHBHBL1O% AT, n0al cohol

| i gand, based on BHEhéHHE%%ﬁsOf mlﬁggggﬂ%g el E%?é} a omg; sé} i vity and
activity. 15 It has broven par fTch argy YAt 0F FE*FITeR I5eE8Rbi ne t he
ligand L1 or L2 w'tH"BI-With8ht *BH SIS EPoALFORR FanPEBBIS &t with the
aqueous or organiEaERHKH#¥9naSFd%he oxoper oxot ungsten(vl) conplex, and only
t hen t@%#8d the s&$ 2 inumber fuepehsicow of the 20 fini shed catal yst prepared
in this way to théspsenmbeer batbedn zlagahel . widhe addihiof@de ldrgand s
general |y used inpan ¥PeyneEleds Umb18R! dst £, 10 mol d, preferably from
100 nold to 700 nold, based on the anmount of tungsten.

Particular preference is given to those complexes where the
25 ligands Ll and/or L2 are 8-hydroxyquinoline.

The peroxotungsten(VI) complexes according to the invention may
be in mononuclear form or in polynuclear form. If, in the case of
p>1, the complexes are in bi- or polynuclear form, then the

30 complex has the structure given in formula (IIIc).

8-Hydroxyquinoline is particularly preferably used as ligand L1
and/or L2. The molar ratio of tungsten to 8-hydroxyquinoline is
in the range 1 : 1 to 1 : 5, preferably 1 : 1 and 1 : 2.

35
The oxoperoxotungsten(VI) complexes can be prepared according to
the process described in DE 195 33 331 from tungstic acid with
aqueous hydrogen peroxide solution and optional subsequent
addition of the ligand(s).

40
The oxoperoxotungsten(VI) compounds can also be prepared under
anhydrous conditions from tungstic acid and urea/hydrogen
peroxide adduct and optionally subsequent addition of the
ligand(s) in an alcohol ROH, where the alcohols are as defined

45 above, preferably geraniol, nerol and linalool.



25 ‘The abssd /s eaywentrations of |igand and tungsten conplex in the
reaction mxture are uninportant in the process according to the invention
-and can, for exanple, be increased such that the rate of the establishment
of an equilibriumis increased in a desired nmanner. 30 An increase in the
rate of the establishnment of an equi Hi%rium can al so be achieved in the
process adeSr AXARLAVAHEIBHROBAYT brromplerepmyibey prapered czitigras a result of
secondary sepatetohs dniom thethenadtmad, réact Bgnpkeebye psivtilt@anevesly@ Stream
of inert dassi8h hddineg pkaeunsyatAnylegDybKKL agents, or stripping with the
product allyl alcohol streamof gas during the distillation. The process
accordi o] i-nvention is generall ried out ,at tepperatures of
from 50@&5325 jgrélr’e%grea FOP%E(%& ntggtégg%f) FO"Pregah® pEPeartPERLBRE with
and wit hod® G8% %‘Fe%lrsg&r‘fvéih’l Hrhedt LRLdRANFensFatier AorfreAuBuddy .
Sol vent s WRi eRowapHhéyuyedahtre organi c sol vents, such as tol uene,
t et rahydr of uran, benzene, cyclohexane, xylene, nethylene chloride or
mesi tyl engheakéh @5 obr ShEr ARGRa180HbY e dadaUshAY D& RLeEHISPT Ald V!
al conolyy JBEREalYaS aRaSeLYERls: JORRLOMRT e T0E I deass aecofel g to
the invention, can advant ageoug Be Tcartled ouf | PFORHLATERIPESY (Gt v
al cohol s FATPRES (85t P8R 2R SETRSE 2Pethe SHRCtiNiLY cohddi®t F8aFbHORf from
about 10% by weight to about 100% by weight. 5 A particularly advant ageous
process aécenalhgmoynthefi avimadlewhod 1ibgendihereet hen priec amsant abf vl
al cohol s weedstere, gdifapksl a alslernekelkbet aitkyt Radpaedueityal | yI  al cohol
preparad is 2-linalool. 10 For work-up in this process, 2-linalool is
separ at ed 1pf r e ) distillLation as the

1P fla; EﬂrBVteIﬁ Eap{::?%yféernl? )é}if}gl@téj eous g:o TL.T.:Wt (% gow%llgeawbe

| ower - boi L,i.n onent. r precursor a 0
secondar yléggr%%&%s?rwi’n‘ | Y1ih ‘%‘r é”§\§ﬁ‘PuF n?} R tdanRt  WMIaRLcaPeORRRt The

product aFFyR the AEMEPuEafr Her gaRdict Bedubioniodt the apxereioxosungs temGH )wi t h
known 15caepienis . anfhenilyovieen zat iadd tlse ayvlequbhi br i stnapeaadbhoor attk t he
positi @0 ofinished equialybti pregiapends onid Rayt her oRdymaEG spLrOpPgI{jes of the
precur sor aakbyd1 alteehghdi efshr adyghaal & WeRl-goh lé?e&riq} QP L6 A0 Jeeaction
condi L 0ngroft ApAGNLHNIONS 1L OULLBUOUS f SIBYAL 0fTho ld 13 98h d e
Iowe_st-bobaég & lt# al cohol %an t he-nm xt ure, “Plom - tTfe r &8¢ mMPat’'ch
pernits, &ven ih the ca8e™orof aqf5eor abl e
25 The absolute concentrations of ligand and tungsten complex in the
reaction mixture are unimportant in the process according to the
invention and can, for example, be increased such that the rate
of the establishment of an equilibrium is increased in a desired
manner.
30
An increase in the rate of the establishment of an equilibrium
can also be achieved in the process according to the invention by
removing water formed as a result of secondary reactions from the
mixture, for example by passing over a stream of inert gas,
35 adding known water-removing agents, or stripping with the product
allyl alcohol stream of gas during the distillation.

The process according to the invention is generally carried out
at temperatures of from 50 to 300°C, preferably at 150 to 250°C.
40
It can be carried out with and without use of a solvent,
discontinuously, or else continuously. Solvents which may be used
are organic solvents, such as toluene, tetrahydrofuran, benzene,
cyclohexane, xylene, methylene chloride or mesitylene, although
45 preference is given to using the precursor allyl alcohols
themselves as solvents.



est-abl i sh equilibriumas a result of the shifting of the

equi i bri Eﬁ]@g%}b %@g?agl e space-tine yield, the still of the 25

~distillation colum serving as reaction chanber. The exanpl es bel ow serve

to describe the process according to the invention in nore detail wthout

limiting it: 30 Preparation of an oxdperoxotungsten(Vl) conplex For

exanpl e, tThRyPriogceasi abdardingpendetke ainvéa€ion car3.davhat dge S8 HeOf aqueous

hydrogen permotiedeoutf 1 £reist pebbiesd19ra16 y10HI Soho 118 nS @hit #0113 i | tered.

8 Hydr oxyauitelrenare ptiiad 4 & hencihcRbERal o GIORCLRXRL UlEStSN(VI) |

sol ution. .Ihe,8- bydroxyayiyel bneweis% added as solTd or "as nelt,“or is adde

dr opw se. di ssol veg I'n an orgahic t\/ent, e.g. alcohol. 8-Hydroxyquinoline

is used in a preferred anount of from1 to 3.5 rrpl equi val ents, based on

the tungst SRrtiRRlENUIAdvVAGtageend mrogessuspensiiog ke tisedirvienecbhyid0 for

t he i sonerdneatwhenewihé rrepnesar sarlydl lagkboRbtohgleduradgérghidl ahg ger ani ol

or by addimgoger and othd @rofigctad Bl St 1BLKbUT SrepHi@d nglﬁ&a%%ﬁwmd of

t ungst en oxoper oxo and 8-hydroxqu|noI|n$ ca?, ?Srevggiu?igﬁ gﬁdIZFLngFic
i s,.Oof . aqueqQus__oxoper.0oxot ungst en

g-sh;slgr oﬁbyitéirxté] ?ﬁé‘féisl nso?%ﬁf RIDCIR ’c_8ﬁ§éﬂ?r‘g‘?]ed'sbfeé95$?ﬁdatqfén.frcmethe

preci pi t at@CUELt Bt ep ONaet st Sl aticer ag ehe Lowerdbpebing toompwasht ng. | t

is also gEsgPBPEat o REeChgeer dllneknohelfiods] sekhendatylotsipohas WLl 1

0050/ 5175%el presénioxiopehexptodgsi el(yh) addshdr hydeoyysuidiold1ng prepar ed by

the methedcdastridedberpayeriddhyt @iskhhPaidn & € ABXLERGTARN 1+ INR ov%ﬁt al ySL

conpl exx L e thbkgW se be precipitated by the addition o a sol'vent 1n whic

the conplex conpound is itself sparingly 5 soluble, e.g. geraniol. However,

it is al sQ, ossible, in any order, to add 8-hydroxyqui noline and

oxoper oxot L}J‘?‘r

gSERRTA3PLLIOB| % | Bh cFAihE &y aRetiPpesnd Heeoheition of

si mul t anedt€l §9 bl ikrd umpdependoonalthy| théxuhiyinanThepnopait ilegngst €me conpl ex
prepar ed pyecprovessdyldescshdiad andopeo@edd ailng 1aaPESKNS ,9a8HPoANcheLO

8- hydr @0y qubsel bneamikibhOera 1di3aBds: #Rdhd Hnebabkf éxpirﬂe%vB?C £ Ehat ! Bg
ratio of “hungsten iheBaBuOLoXKAUREl LOgy] Sk hoor i Tlg Calalyst can
added to the PLEGUI SO 1yl a GO | "at” | tenperatures o 2 30

di ssol ved i n_an :illec?l rggcso?%félﬁt Sr18VER Hy tiesGRFE. ofin wREaroprekent in
the catal ﬁé?a LI of 3y YRIHSILORLAN RS Ife respghneE wsl wbAftang of

advant age5ti§| §a%Eridrddmpya diastariabaei space-ogeehetied t htHehetiSONSF i@at i on
product25 digtiathionheo2@mt cwarihgi hé ngedddianoehamb&oeri zati on

The examples below serve to describe the process according to the
invention in more detail without limiting it:

30 Preparation of an oXoperoxotungsten(VI) complex

For example, tungstic acid is suspended at 40°C in a 3.5-fold
excess of aqueous hydrogen peroxide. After stirring for 6 hours,
the solution is filtered. 8-Hydroxyquinoline is added to this

35 prepared oxXoperoxotungsten(VI) solution. The 8-hydroxyquinoline
is added as solid or as melt, or is added dropwise dissolved in
an organic solvent, e.g. alcohol. 8-Hydroxyquinoline is used in a
preferred amount of from 1 to 3.5 mol equivalents, based on the
tungsten. The resulting solution or suspension is used directly

40 for the isomerization with a precursor allyl alcohol by adding it
to geraniol or by adding geraniol to the catalyst mixture. The
complex compound of tungsten oxoperoxo and 8-hydroxyquinoline
can, however, also be isolated as solid. Mixtures of aqueous
Oxoperoxotungsten(VI) solution and alcoholic 8-hydroxyquinoline

45 solution are concentrated by evaporation. The precipitated
catalyst powder is filtered off and dried after washing. It is
also possible to extract, by known methods, the catalyst mixture



The exper i gt the isonerization of geraniol and nerol to 25 give

2- FI naloool vver’ZSJ(":ggrgrl ed out in a 100 m three-necked glass flask as
-reaction chanber fitted with internal thernoneter, distillation bridge, gas
feed pipe and a magnetic stirrer. The reaction flask was heated for the
reaction in a silicone oil bath, andZ continuous streamof 2 1/h of argon
or nitrogef RESPSHOFRISS tepd VI h@%t&—ﬂwédoxmmrmdnnsopmpmd Byeehe sor

al lyl al csttdlodndesenided tabovhe amd cd atedp cof Blopst esoradkiat. and the

m xt ure wasathegbedearhp Tess ciahl i DBewidd Ibet BBeé Sl EH Bﬁ”@ﬁé aéd&l%la}qlaﬁf

reached. Eh%o@&@ﬁ{' IR WS ek Re &g'ﬁﬁéﬁtf %gﬁlﬂ&uﬂf%&:l?%ﬁé-?gé n% g{i

s deter
&rg?rﬂ e%cggta?%?iuh ng: T e rea ?}Q?eiogve‘%ﬁe cheif e sBPﬁﬂkb]rF'vvéé‘ BF‘épar ed by
suspendi n$*2%%g £21 dmﬁgﬁl )’ rB%‘Y‘ﬁ‘Eﬂff&]{lPé aeqiopxqpegeox@sw@s@mmy wei ght
hydr ogen perlakige S%Rﬂ-'flﬂtﬁéﬁ offpeafitelr ahesosipansioansiasl sdrigduadyf €6 €hd1 at
40C and, 4@eghteor caldlyinglcbhel clmiedyosel %umt\éascfmbiéf %Qetp-g%é by
OXOper 0Xotp#agek e84 \Ads GaBBHEXLSR lHanalvl\@S rﬁ‘&%\k

i Somflﬁtd-ﬂzdr@%dﬁ% ECHL afad aqoynt o anld ggnaot%rg{tgfggﬁgdgg%t added

thereto r oX qU|noﬂ?ne as

as et hanolT @& so?%t"fagcr%o ggﬂ%ﬁ‘i 8rRRdTex s pet B3t tindstleRTVE )2 sol ut i on
can al so be added to the soI ution of the ligand. 0050/51759 Effect of
bases as [ThdgandatBuatplces betaddedl 18 Fhd dfrunsoirha by nenketogl ass fl ask
was char gegmpetati2® of ££6m 120 rﬁmg,oofc Wl%%ge&fl)lrpl(‘?n 4ae§91|:'@e(;us%1vent

oxoper @iongst £rdoMlilg. sol uti on and, successively, O. nmo .
add!otional ligand shown in Table 1 below, and 20 g (0.13 nol) of geraniol

at room e ure. The m xture was heated to ZOOCln an oil bath with 10
stirring tgﬁlnpw?%errmfdﬁgﬁf‘tt HR TheCatahYET P latt ipnnetrsuspensipp ard rhem of

argon was °pa8REd SRA¥ENthare irdnangageThely exemoved brsdistidgpedonfter 1 hour
by cool i n§ogstlerequdht thasisdmanmhogoaphraiw@tal gsgs i@ tdk t he reaction
15 m xt2dr dopenduridd nigheinessdt. given in Table 1. Table 1 20 25 30 35 40
Low Medi um Hi gh-

Isomerization

The experiments for the isomerization of geraniol and nerol to
25 give 2-linalool were carried out in a 100 ml three-necked glass
flask as reaction chamber fitted with internal thermometer,
distillation bridge, gas feed pipe and a magnetic stirrer. The
reaction flask was heated for the reaction in a silicone oil
bath, and a continuous stream of 2 1/h of argon or nitrogen was
30 passed over the stirred reaction solution. Precursor allyl
alcohol was added to the calculated catalyst solution, and the
mixture was heated with stirring until the required temperature
was reached. The experiments were ended after 1 hour by cooling,
and the product composition was determined by means of GC. No
35 product was distilled off during the reactions.

The catalyst solution was prepared by suspending 24 g (212 mmol)
of tungstic acid in 30% strength by weight hydrogen peroxide
solution. The yellow suspension was stirred for 6 h at 40°C and,

40 after cooling, the cloudy solution was filtered. This
oxoperoxotungsten(VI) complex solution was ready to use for the
isomerization, and the calculated amount of a ligand could be
added thereto. In the case of 8-hydroxyquinoline as ligand, the
ligand was added as ethanolic solution. Alternatively, the

45 oxoperoxotungsten(VI) solution can also be added to the solution
of the ligand.



Ner-ol 2boi lggs@)a14gwboi | i ng2- Li nal ool Ger ani ol Li nal ool
Ex. Li gand[ GCconponent sconponent sconponent ssel ectivity [ GC GC area

. % areaarea Y[ G G CC area Y area YQarea %
1None94. 22. 601. 030. 810. 071. 2832 2Di et hyl am ne37. 851. 6513. 4312. 142. 3432. 5922

3Pyridinell. 781. 4114, 1422. 043. 5147. 1296

41 mi dazol &f8eg5208EsaF705820983 1278 Pol y- (4- Vi nyl -
580. 642. 5111. 031. 830. 463. 5365 pyri di ne) 1-Am no- 2-
651. 444. 3533AmpB88s 0BGSB10. 7974 propanol 8- Hydr oxy-
738. 668. 6744. 601. 490. 436. 1585 qui nol i ne

8Qui nol igng3,8Q0, 69 21.324.8361. 5 .

9Bi spyr |53;§7I égioﬁ%%%‘%é?gg%%f %ggs%-‘ﬂ?ﬁ (fharged with 120 mg

100. 220. 008 872873 % 986 F°8EA o &0 Fhey REHRAVS IRFOREBPXT ISP Yhhds, the
oxoper oxoQhYELen (AN, syseasgteldi sl 2§ smholy dfs sirer pgdittiiomadciigang. Wth
8- hydr oxyghpwnl imergdie ilsbeakew zanidoR00f g&renimell)t ofl gerdndell apress&eds not
only at thﬁmbasaesﬁeﬁ:r athe, mbiturd SAsi Rehb&d MS12009€! BE &NV 81 MBHNEL wilkh Lhe
preseng® akid 0 QEBIAY §ihan ect i yiti re poorer than
wi t hout tggrgﬁi %sabarl_ gﬁgégnﬁne. 4%h80§8? %gqéf%% E?f iec}f&cﬁg fghg £
concentration- oft He A gand %assisﬁé OBShy ORISR nE e L e2FEERBR S

Exanpl es F1OPBed 2f&FeX 10BoWY Rh@elhBgked gl ass flask was charged with 120
ng (0.12 mol) of the aqueous oxoperoxotungsten(Vl) solution, and

8- hydr oxy§ubsedqiieret was ~attdethtioyriaphiovhedlysitd qeehovn iHe Tabkeidn bel ow,
and 2018 @@xidrémpoicedetRdiQsuiRr gigddeth atapieom 10 tenperature. The

m xture was heated at 2000C for 1 hour while

Table 1
Low- Medium- High-
20 | Nerot | boiling | boiling | boiling | 2_Linalool
Ex. Ligand GT:ZIZO] [GC L'E'aIOOI componentscomponents|components selectivity
GC
area %] area area %] [GC [GC (Gc (%]
%] area %] area %] area %]
25 M7 None 942 | 2.60 1.03 0.81 0.07 1.28 32
2 | Diethylamine 37.85 1.65 13.43 12.14 234 32.59 22
3 Pyridine 11.78 1.41 14.14 22.04 351 47.12 16
4 Imidazole 78.15 2.63 15.07 0.82 0.21 312 78
Poly-(4-vinyl-
5 . 80.64 251 11.03 1.83 0.46 3.53 65
30 pyridine)
1-Amino-2-
6 51.44 4.35 32.58 3.03 0.81 7.79 74
propanol
8-Hydroxy-
7 T 38.66 8.67 44.60 1.49 0.43 6.15 85
quinoline
8 Quinoline 3.80 0.69 7.78 21.32 4.83 61.58 8
35 {9 Bispyridyl 3.10 0.51 531 23.52 4.96 62.60 6
o-Amino-
10 0.22 0.00 0.97 28.30 5.96 64.55 1
phenol

Without the addition of ligands, the oxoperoxotungsten(VI)

40 catalyst displays low isomerization activity. With
8-hydroxyquinoline the isomerization of geraniol to linalool
proceeds not only at the fastest rate, but also in the most
selective manner. In the presence of amines alone, conversions

and selectivities are poorer than without the addition of amine.
45



passi ng' 0\o®5 0y 5a9%td nuous stream of argon. Subsequent GC of the reaction
m xture produced the result shown in Table 2. Table 2 15 20 25
- Low Medi um Hi gh- W 8- hydr oxy-boi |l i ngboi | i ngboi | i ng2-

Exqui nol i neCer ani ol Ner o] 2- Li nal ool ttgl nal ooIGC [ & G(%[ GCcorr(;))ﬂonen c(())ﬂrrF(())ﬂnen
conponent I ect| ss nmolar ratio éCé area %area % area area
% gPea % E%g 1\%‘% F9BCTRFE 4R 9 %ﬁlﬂ?‘fﬂ 4§¥B9
121: 238. 6@8h8¢ﬁﬂxﬁm¥J@96“2365fBB?Xfﬂmlssl 6610. 3649. 171. 340. 496. 9885
141: 3. 536. 259. 0448. 680. 990. 414. 6389 151: 440. 657. 9844. 731. 090. 385. 1787
161: 532. 62%aAmp5&S. 12010000. 455. 5788 171: 730. 0815. 1244. 091. 350. 418. 9580 30
The optismum tungsten: 8-hydroxyqui noI ine nolar ratio wit hf;eg?r df to
sel ecti vi it n.a range from1l to ct o
t enper at utrAg g@qﬁg%hr\é X?L‘é]%?cé) Y50 ai%ow?ﬁ c?‘ﬁffgﬁdn‘@ctlpeiz& 29591k was
charged wf'i*1 er‘e( GIF2OUFTRITPPEFPXP RN SRS ) 0RO P PFot @Rgst en( V1)
sol uti on &nBydrexpapdasiliae wap@dagd( On4Be mudlay oatBe grdmoxpqulalole rie and
20 g (0. p8low) )amf 2gewand ol3 weyly addedramiidloaBrtcaPIAtal @oohhe m xture

W?s healoedeiggeij@ﬂeemﬁégﬁgiﬁlﬁw h@;«g@aﬂ@% %Eggb ?ﬁ'llghzgﬁt\phipl?a auite (rjefhme
of argon Whthisd idveNg: ¢ g » o
resul t Sh?@@c%fo %.X%ure prfﬁsﬁgj{ %E%@ uai) g 5% €Z%UL I umH gh-

e res shown in T
Table 2
15
Low- Medium- High- 5
W:8-hydroxy- , _ boiling | boiling | boiling |
e Geraniol| Nerol |2-Linalool Linalool
Ex.| quinoline components |components [components o
. [GC [GC [GC selectivity
molar ratio [GC [GC [GC
20 area %) | area %] | area %] [%]
area %] area %] area %]
11 1:1 36.18 7.94 40.24 2.56 0.77 12.31 72
12 1:2 38.66 8.67 44.60 1.49 043 6.15 85
13 1.3 31.66 | 10.36 49.17 1.34 0.49 6.98 85
25 |14 1:3.5 36.25 9.04 48.68 0.99 0.41 4.63 89
15 1:4 40.65 7.98 44.73 1.09 0.38 5.17 87
16 1:5 32.63 | 10.15 50.20 1.00 0.45 5.57 88
17 1:7 30.08 | 15.12 44.09 1.35 0.41 8.95 30

30 The optimum tungsten: 8-hydroxyquinoline molar ratio with regard
to selectivity and activity is in a range from 1:2 to 1:5.

Effect of temperature
35 Examples 18 to 20

A 100 ml three-necked glass flask was charged with 120 mg (0.12
mmol) of the aqueous oxoperoxotungsten(VI) solution and,
successively, 66 mg (0.455 mmol) of 8-hydroxyquinoline and 20 g

40 (0.13 mol) of geraniol were added at room temperature. The
mixture was heated to the temperature shown in Table 3 in an oil
bath in a stream of argon with stirring. Subsequent GC of the
reaction mixture produced the result shown in Table 3.
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case, the isomerization still proceeded at a good rate.
Effect of catalyst preparation
Example 21 and Example 7 (Comparative Example)

The catalyst oxoperoxotungsten(VI) was prepared in an anhydrous
alcoholic solution by stirring tungstic acid in a 3.3-fold molar
excess of an ethanolic solution of urea/hydrogen peroxide adduct
at 40°C for 20 hours. The determination of the tungsten content of
the filtered homogeneous solution produced 90% of the theoretical
value of tungsten. Analogously to Example 7, 0.12 mmol of the
catalyst solution was initially introduced and, successively, a
3.5-fold molar excess of 8-hydroxyquinoline and 20 [lacuna] of
geraniol were added. The reaction flask was heated at 200°C for 1
hour in a stream of argon.

Table 4
Low- Medium- High-
boiling boiling boiling 2-
Catalyst Geraniol | Nerol |2-Linalool | component { component | component | Linalool
Ex.
solvent [GC [GC [GC selectivity
area %) | area %] | area %] [GC [GC [GC [%]
area %] area %] area %]
7 [HyOpin water | 38.66 | 8.67 44.60 1.49 043 6.15 85
Urea xH,05
21 ) 40.76 | 7.66 45.29 0.78 0.36 5.16 88
in EtOH




The oxopergﬁg{)zﬁ Z{sgn(VI) catal yst prepared under anhydrous conditions in
et hanol fr g c acid and ureal/ hydrogen peroxide adduct displays,
-under the conditions of the isonerization, activity and selectivity which
are as good as 5 those for the catal yst prepared in agueous hydrogen
peroxi de. Effect of precursor allyl al&ohol Exanple 22 and Exanple 14 10
Anal ogous| The @xeparpketinlstiehq Vi gacit Iy waprepard £ dnaet ¥hiifurdugonerical ly
pure ner ol corRBaGbheNi § B droAN g rafd PHRGUES QL1 @Nthg G av%fﬁo%mw tions

| -

wer e identy ; 14, Tabl e 20 25 Low Mediu
boi | i ngboii)ﬁxblg?l gﬁégg‘-gﬁ%ﬁ’%%ﬂ’gw%i?d?é‘% f‘-’ndh%”s of “the

Ger ani ol Ner'ol 2- Li'A f“grb'l g ShENt 2 ¢BhpBIENCIERTGuRhH ISk aspl ar

rati osel 2cti]As y OF Gl gat@lest rrergngd dneaqvgeusedydiragen n4rnadedq ar ea
%4area %4 141:3.536.259. 0448, 680. 990. 414. 6389

221: 3. 511. B3X22:+t9 64 dpielchirddR. 326y B5BkoHaa | soneri zation of nerol to |inalool
proceeds as well as that wth geraniol. During the isonerization, by
establ i Shiﬂ&n‘%ﬁ@ ?9 frﬁ&'iéga%ﬁg”lw th respect to linalool, geraniol is also
f or med 5rom erol, and correspondingly nerol is also forned from

ger ani ot ¢ Synt hesi s of the oxoperoxotungsten catal ysts and the use thereof
35 in t he A1IREPRS Y i tth Esamgéeahd ol thendenetbdn wW@pnthesisd dixampka 23 40 To
a sol uti onisginegig@bly mwire8nhydi oXRapdtiohi enditihd Ehdofreqidsarobnar e
added, at dax@nybenpsigisiteoaBdvadd hidehichiEhN0o Franple P4, an aqueous

oxoper oxotungsten(Vl) solution (tungsten content: ~19% by weight). The
clear spd uj#aibg% gmredi ately turns intense 45 yellow and, after the further
addition o m of ethanol, approximately 10 g of a yellow crystalline
powder precipitate out 0050/51759 17

Low- | Medium- | High-
boiling boiling boiling |2-Linalool

W:8-hydroxyl- )
Geraniol| Nerol |2-Linalool [component (component |component

20 |Ex. |quinoline molar

ratio selectivity
[GC [GC [GC [GC [GC [GC [%]
area %] | area %] area %] area %) area %) area %]
25 |14 1:3.5 36.25 9.04 48,68 0.99 0.41 4.63 89
22 1:3.5 11.82 | 32.97 44.14 3.37 0.85 6.85 80

The isomerization of nerol to linalool proceeds as well as that
with geraniol. During the isomerization, by establishing the

30 equilibrium with respect to linalool, geraniol is also formed
from nerol, and correspondingly nerol is also formed from
geraniol.

Synthesis of the oxoperoxotungsten catalysts and the use thereof
35 in the isomerization of geraniol and nerol:

Synthesis:

Example 23

40
To a solution of 9.896 g of 8-hydroxyquinoline in 160 ml of
ethanol are added, at room temperature and with stirring, 19.5 g
of an aqueous oxoperoxotungsten(VI) solution (tungsten content:
19% by weight). The clear solution immediately turns intense

45 yellow and, after the further addition of 90 ml of ethanol,
approximately 10 g of a yellow crystalline powder precipitate out



over the coosees9fse few hours. The crystals are washed with a small

anmbunt of ethanol and dried in the air. Mcroanalysis: C 39.1% O 19.3%
N 5.0% H 2.7% W 30.6%5 Exanple 24 10 ml of ethanol and 190 ng (1.31
mmol ) of 8-hydroxyquinoline in 3 m of ethanol are added successively to
1.2 g of an aqueous 10 oxoper oxotung§t7en(VI) solution (conprising 1.2 nmol
of tungsteMjer tPReCPRTE® A1 ¢ EeVokowss Fbeuttystaionemeavashed wind ant ense
yel | ow andldmaimaynt|efrethafoid and dyeedniol tios aA.m of nerol or a

m xture of geraniol and nerol is added to this yellow solution at room

t enper at une ANl E{£d.c Wabhih . g NUtELSs, .t he yt ion, 15, changes from

yel | ow va orange %’o red- brovmhq?' g?ldqlgg%%r’rgﬁofsgg%’r &d- %r'zexlnfmf ?sfqéss

crystalli Z,%?F‘)“r gci &t ate form Mcroanalysis: C 30.7% 0: 16% N 3.9% H
2.2% W 5 P20 Cat al ysis: Exanple 25 250 g of a geraniol/nerol mxture in
the ratio 2:1 were 25 introduced into a 500 m stirred flask fitted with
baffl es, IPaddl efsetharerl and UGtud |@t.Bonmisi das saRgaheRifAbaid80G in a
st \r/\gam j(f)f 3amg.Obf(it&rﬂlhhre%%@é@vﬁic%@sﬁﬁw ey §0Q¢ i, Q EEPSS cat alhySt
powder f¢ YREERBR r xture wgS stir or one hour
at 180C. %g}i%ﬂgggg t\c%?lé;%eg %g%tt%i%gnt(ggm%}lxstl&rge 1y v’&m?#_eo SRPEtShown i n
Tabl e 6. npl e 54 THri- AT OR BT HST Iy a SRT RR st neREgee Wiavh 17, 7
nmy of the a‘%s ERR RS G1e50wdé? Tk if praApiel Xr, 74nml7of mfrdlsomeai cal |y pure
ger ani ol WEFEUERHJRE. IeTRainil xand crevad heatddked aol80Csi ye Bivwisblubadh d4th a

st ream of r@ogohempernisirier hhagst Afredl. WHEhNOUTinutsEbseRwess1 @Sognal ysi s of
the reard icoangext fifdn FeQduGeshd Hranb@SHbtr&lPMLD JA8! £ B ng? 842

0050/ 51753 chaBl&wd, i@ L i i gh-_.2-
Cat al yst boi | i ngboi | i ngboi ??’%gﬂﬂ% BRE ke form.
Ex. fronGer ani ol Ner ol 2- Li nal ool conponent conponent conponent Li nal ool

exanpl e[ GYI-EEPERIWXFIGC B6sdf et Wit 6% N: 3.9%; H: 2.2%; W: 463

20 Catalysis:
Example 25

250 g of a geraniol/nerol mixture in the ratio 2:1 were

25 introduced into a 500 ml stirred flask fitted with baffles,
paddle stirrer and distillation bridge, and heated to 180°C in a
stream of argon (1.3 1/h). At elevated temperature, 900 mg of the
catalyst powder from Example 23 were added and the mixture was
stirred for one hour at 180°C. Subsequent GC of the reaction

30 mixture gave the result shown in Table 6.

Example 26

A 100 ml three-necked glass flask was charged with 17.7 mg of the
35 catalyst powder from Example 24, and 7 g of isomerically pure
geraniol were added. The mixture was heated to 180°C in an oil
bath in a stream of argon with stirring. After one hour,
subsequent GC analysis of the reaction mixture produced the
result shown in Table 6.
40

45



area % aro0sd/FEms9darea WYarea UYarea U[ A

0,

252336. 1617. 0342. 181. 480. 253. 0390 262447. 745. 4242. 540. 940. 153. 2291

- Dependi ng on the excess of 8-hydroxyquinoli ne,
di ff erent oxoperoxotungsten conpl exe

based on tungs

ten,

formed which were 15 characterized by

el enent al é[aa]% Iygi s and IR spectroscopy. Both catalyst species are

catal yti cal 3ea tive with conparable selectivities with regard to the
formation of linalool from geraniol and nerol. 20 Ceneral explanation of
the results:| After the readtion Had been [ended- by Me@hhNg, Higk- P oatém
conpositipn et erim ned |by neans of Q. | gwshoi | i ng,. conpanerts vere
degdratgj on pﬁ?@%ﬂ&ts from geranigl, nerol 5’%5155 Iibﬁg]ln%ol ) bﬂﬁlﬁﬁ-tqjmﬂm
conponent $E%per efrdrpr meﬁ;e’l'i‘glog Newoly| |2-binalogh | sempangptraempnaenty epmrfdeaini ol , nar ol
and |inal pol| ekh@plki nal ggl edti vil.y vas det erfm fiom the quebriiat| of
t he conversipn top Iinalggol Zﬁg the\tgtam gf t[ﬁg pr] odE§ s llinarool, (4

| ow boi | i hg| conponert®e? e AdInoi¥e A gortrafdnt]s aEndl hil glienil | i ng 3]0
conponent § 5 4Q 45 10050/51759 19 We cldim 1. A process for the

i sonerizoatfdn_of?3predub®dh |alT93 [al bbbl d  3.48f tlhe OR6r mil a30B) o Phodyct
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where R1 to R5 are hydrogen or a nono- or polyunsaturated or saturate

Cl-Cl2- al k\él
Dep

radi cal ,
ending on

o

ich may be substituted,
excess of 8-hydroxyquinoline, based on tungsten,

different oxoperoxotungsten complexes formed which were

15

characterized by elemental analysis and IR spectroscopy. Both

catalyst species are catalytically active with comparable
selectivities with regard to the formation of linalool from
geraniol and nerol.

20

General explanation of the results:

After the reaction had been ended by cooling, the product
composition was determined by means of GC. The low-boiling
components were dehydration products from geraniol, nerol and

25

linalool. High-boiling components were formed as a result of

ether formation from geraniol, nerol and linalool. The linalool
selectivity was determined from the quotient of the conversion to
linalool and the sum of the products linalool, low-boiling
components, medium-boiling components and high-boiling

30

35

40

45

components.



in both digesd Pnpspf the equilibrium wherein the reaction takes place in
t he presence of an oxoperoxotungsten(Vl) 20 conplex of the fornmula (Il11), O
+11 25 (L2)n -W (02)m | L1 p 30 35 40 where L1, L2 in each case

i ndependently of one another are water, hydroxyl, alkoxy or a free
coordination site, or are optionall 9‘9a | i gand chosen fromthe group of

am noal cohol s, am nophenol s, am nocarboxylic acids or mxtures thereof or
m xtures d&f gkpi@s with al cohols, phenols or carboxylic acids, mis the
nunber 1 or 2 nis a nunber froml to 6 pis a nunber froml to 6, where in

tre_caze_qﬁ F%@p@icgés r QQEK@HG$@¥¥Z&H§ |8 ﬁfﬁé&yé%?da EY}/éﬂ%aﬁ% gs as
claimedgn c i_n e, co X, 0 or a | S chosen
fromthe grougjlfg}t The ou(ralr?ul(gé t?lérllpoacﬁlf:t( Fﬁiﬁ‘%f aa]rﬁ?hgﬂqlsl 8; 2‘5‘2 gP54759 20
5 10 (L2)n L1450 20 p where L1, L2 and n are as defined in claim1, and p
is a nunber from2 to &3 3. A process as clained ingeither of clains 1 and

2, wherein L1 25 and/orf L2 are choserl fromthe group triethanol am ne,
di et hanol ami ne, miane, _trifpdoganol arkne, ZXdi prepanol ani ne,

3-ani nog - propanol ., .4Tani np- 2- pr opamot—— RS
OH R> Rl OH
(I) (II)
15
where R! to R5 are hydrogen or a mono- or polyunsaturated or
saturated C;-Cjjy-alkyl radical, which may be substituted,
in both directions of the equilibrium, wherein the reaction
takes place in the presence of an oxXoperoxotungsten(VI)
20 complex of the formula (III),
B 0
(L2)n—W—(03)n (III)
25
Ll
— b
where
30
L1, L2 in each case independently of one another are water,
hydroxyl, alkoxy or a free coordination site, or are
optionally a ligand chosen from the group of
aminoalcohols, aminophenols, aminocarboxylic acids or
35 mixtures thereof or mixtures of amines with alcohols,
phenols or carboxylic acids,
m is the number 1 or 2
n is a number from 1 to 6
P is a number from 1 to 6, where in the case of p>1l a
40 bi- or polynuclear complex is formed.

2. A process as claimed in claim 1, wherein the complex of the
formula (III) is chosen from the group of the formulae
(IIIa), (IIIb) and (IIIc)

45



2-anmi no: | ops@pP8Agke butyl di et hanol ami ne, nethyl dii sopropanol am ne,
N-(?-hydroxybenzyl)anlne and 30 ] i A s claimed in
e ther of claim 1 to % wherein LL andior L2 are chosen from the. group

er of clains o 3, _
glgninophenol, m am nophenol , p-aniﬁ@phenol, 8- hydr oxyqui nol i ne optionally
35 substituted by hal ogen, al kyl, an&po, hydroxyl, al koxy, thio, sulfonyl
or nitro, picolinic acid, 2,6-pyringFdicarboxyI|c ~acid and (3-al anine. 5.
A process as clained in any of clai i/ﬁb 4, wherein L%ﬂnﬁg)and/pa Lg agé
m xtures of diethylam ne and pﬂéﬁoF‘dF dilet hyl am ne and )c acid. 6.
processgas clainmed in any of clains ﬂ.?bOB, wherei n LI Ia_nd/gr_LZ areOf
8- hydr oxyqui nol i ne. 45 0050/51759 21 7. A process as claine :n any
claims 1 to 6, wherein theSrStlz of tungsten fo_B-QyQLogxguBPocigﬁn;sl O
between 1 : 1 and 1 : 5. : proggess as clained i
7, wherein prinmary or secondary 3Llﬁ" al cohol's are used as prepursar ahgyl
al cohol. 9. A process as clained Ln vy of claims 1 to 8,£gggre|n t he
allyl abcohols are chosen fromth /gﬁhqp 2-nethy!-3-butéﬁ- <6l , prenol
(3-net hyl -2-buten-1-o0l), Iinalod?,/ﬁékop, geraniol, farnesol
(3,7,11-trinethylgogeca-z,g,ig-trgnmhgqg=g agg ggroklgsgcess as clainmed in

-trinethyl dodeca-1, 6, 10-trien-3-o0l). :

é§97bglc|;:2§ 1yto 9, wherepn the precursor allyl alcohols are chosen from
the group geraniol and nerpl. 20 11,5 A prdcess as clainmed in any of clains
lto 1®3 wher ein t?ﬁ oxopsroxotungsﬂgg%Vl?nc?ﬂglS?egLrggf fg{r;:aafLLLélls
prepared prior to the reactjon_qr in :
25 12. An oxoper oxot ungst en Vﬁf‘&éﬁﬁﬁ%{\o THe formula (‘FEEF) 30 L1 L1 p 35
wher e

L e

P
20

where L1, L2 and n are as defined in claim 1, and p is a
number from 2 to 6.

3. A process as claimed in either of claims 1 and 2, wherein L1
25 and/or L2 are chosen from the group triethanolamine,
diethanolamine, monoethanolamine, tripropanolamine,
dipropanolamine, 3-amino-l-propanol, l-amino-2-propanol,
2-amino-l-propanol, butyldiethanolamine,
methyldiisopropanolamine, N-(2-hydroxybenzyl)amine and
30 N,N’-bis(2-hydroxybenzyl)-1,2~diaminoethane.

4. A process as claimed in either of claims 1 to 3, wherein L1
and/or L2 are chosen from the group o-aminophenol,
m-aminophenol, p-aminophenol, 8-hydroxyquinoline optionally

35 substituted by halogen, alkyl, amino, hydroxyl, alkoxy, thio,
sulfonyl or nitro, picolinic acid, 2,6-pyridinedicarboxylic
acid and f-alanine.

5. A process as claimed in any of claims 1 to 4, wherein L1
40 and/or L2 are mixtures of diethylamine and phenol or
diethylamine and citric acid.

6. A process as claimed in any of claims 1 to 5, wherein L1
and/or L2 are 8-hydroxyquinoline.
45



45 0°1 itdg (02)mis water, hydroxyl, alkoxy or a site, or is
ggt i onal | >1/0éi ?%%%%9 (()f Zim' noal cohol s, am nophenols, or mxtures thereof
-or mxtures alcohols, phenols or carboxylic L2 is a ligand chosen free
coordination chosen fromthe group anminocarboxylic acids of anmines wth
acids, and fromthe group of am nopheédols, am nocarboxylic t her eof or
m xt ures of- art mEocess amrdieviykeldciacams,ofimcilaihdel METBEN wheBEi the S @

nunber from 1 taxi6 afi oowdsaehoks, 8 akydhoQquithdt &S s Welhedl cphols, ghenol s
0050/ 51759 22 1 p is5s a nunber bet vveenyl a}ér%rg 6. 13. An oxoper oxotungs{len(VI)
conplex as clainmed in clainml2, which is chosen fromthe formulae (llla),
(11ib) a§1d8(IIic), 5100 1/0(L2)n- W~ (Illa) | O L1 (Illb) 15 (L2)n L1

50 0 A ‘process as claimed’ in any of claims 1 to 7, wherein primary
or secondary allyl alcohols are used as precursor allyl
alcohol.

9. A process as claimed in any of claims 1 to 8, wherein the
10 allyl alcohols are chosen from the group
Z2-methyl-3-buten-2-0l, prenol (3-methyl-2-buten-1-0l),
linalool, nerol, geraniol, farnesol
(3,7,11—trimethyldodeca—2,6,10—trien—1—ol) and nerolidol
(3,7,ll-trimethyldodeca-l,S,10—trien—3-ol).
15
10. A process as claimed in any of claims 1 to 9, wherein the
precursor allyl alcohols are chosen from the group geraniol
and nerol.

20 11. A process as claimed in any of claims 1 to 10, wherein the
OXoperoxotungsten(VI) complex of the formula (III) is

prepared prior to the reaction or in situ in the precursor
allyl alcohol.

25 12. An oxoperoxotungsten(VI) complex of the formula (III),

B 0
30 (L2)n—W—(02)p (III)

L1 _J

35 where

L1 is water, hydroxyl, alkoxy or a free coordination
site, or is optionally a ligand chosen from the group
of aminoalcohols, aminophenols, aminocarboxylic acids

40 or mixtures thereof or mixtures of amines with
alcohols, phenols or carboxylic acids, and

L2 is a ligand chosen from the group of aminoalcohols,
aminophenols, aminocarboxylic acids or mixtures
thereof or mixtures of amines with alcohols, phenols

45 or carboxylic acids,
m is the number 1 or 2
n is a number from 1 to 6



25 wher is water, hydroxyl, alkoxy or a free coordination
gite, or?ggﬁaﬁﬁiﬁéﬁly a ligand chosen fromthe group of am noal cohols,
anm nophenol s, am nocarboxylic acids or mxtures thereof or mxtures of
amnes with alcohols, phenols or carboxylic acids, and L2 is a |igand
chosen fromthe group of aninoalcoho@g, am nophenol s, am nocarboxylic
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25 where
Ll is water, hydroxyl, alkoxy or a free coordination
site, or is optionally a ligand chosen from the group
of aminoalcohols, aminophenols, aminocarboxylic acids
30 or mixtures thereof or mixtures of amines with
alcohols, phenols or carboxylic acids, and
L2 is a ligand chosen from the group of aminoalcohols,
aminophenols, aminocarboxylic acids or mixtures
thereof or mixtures of amines with alcohols, phenols
35 or carboxylic acids,
n is a number from 1 to 6
P is a number between 2 and 6.
14. An oxoperoxotungsten(VI) complex as claimed in either of
40 claims 12 and 13, wherein L1 and/or L2 are 8-hydroxyquinoline.

45

15.

The use of compounds of the formula (III) as catalysts in the
isomerization of allyl alcohols.



