1 7 MAR 2005 Process for the isonerization of allyl alcohols The present
invention relates to a process for the isonerization 5 of precursof 7apRWN05
al cohols to product allyl alcohols in both directions of the equilibrium
wherein the reaction takes place in the presence of an

oxoper oxot ungsten(Vl) conplex, and to novel peroxotungsten(Vl) conpl exes,
and to the use thereof. 10 Allyl alcohols are inportant internmediates in

i ndustrial organic product synthesis. Tertiary allyl alcohols in particular
serve, for exanple, as internediate conpounds in the preparation of
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al cohol s, such_as, for exanple, geraniol or nerol. GCeraniol _
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terpene al cohols are also of inportance as Cl0 buil ding blocks in the
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corresponds to a 1,3-migration of the hydroxyl group and an
internal displacement of the double bond, as shown in the

equation below with the formulae I and II:
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in which the radicals R! to R5 are hydrogen or a mono- or

polyunsaturated or saturated C;-Cjiy-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-8-0l), nerol
(2-cis-3,7-dimethyl-2,6-octadien-8-0l1) 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 Cl0 building blocks in the synthesis of vitamins,
such as Vitamin E and Vitamin A.
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1 7 MAR 2005 2 1In the past the literature has given preference to the
description of processes for the isonerization of linalool to gera h&@ﬁzm
Since the isomerizations are equilibriumreactions, the processes gd
can in principle also be used for the 5 reversed reaction of the

i somerization from geraniol or nerol to linalool. Initially, the

i sonerization reactions of allyl thols were carried out using acids as
catal ysts. However, these processes™10 were only of limted inportance since
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of 25 16698 ,dmsclbsesun heapkapan adidrudlysBen etompaindkyése based on
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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.
Hosogal 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, cyclcochexylamine, 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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25 Disadvantages of these experiments were the comparatively lower
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
gquality 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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acid and thionyl chloride in an 45 upstreamreaction, meaning that the
synthesis of tungsten 1 7 MAR 2005 4 al koxi des has to be carried out with
high expenditure in a nultistage process. The process, |ikew se described
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cost-effective steps in order to avoid contamination of the allyl
alcohol by halogen and, moreover, corrosion problems in the
plant. Furthermore, the aim was to reduce or avoid completely
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



40 novel honopgeneously di ssol ved oxoperoxotungsten(Vl) conpl exes of the
formula (111), coupled with sinmultaneously inproved selectivity anggqyg?gﬁ
activity for the isomerization of geraniol and nerol to linalool. 4 '
MAR 2005 5 According to the invention, it is possible to use either
honbgeneous sol uti ons of oxoperoxotungsten(Vl) in water, alcohol or another
solvent. 5 The invention provides aprocess for the isonerization of
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where R! to RS are hydrogen or a mono- or polyunsaturated or
saturated C;-Cjiz-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—(O2)n (III)

L_ L1

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
aminocalcohols, 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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sulfonyl or nitro, particularly preferably 8-hydroxyquinoline.
20

Examples of aminocarboxylic acids which may be used are:

picolinic acid, 2,6-pyridinedicarboxylic acid or f-alanine.

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



35 butyric acid, pivalic acid, butyric acid, [sic] hexanoic acid, lauric
acid, acrylic acid, oleic acid, lactic acid, tartaric acid, C|tr|c1angqvmg
malic acid, particularly preferably citric acid. 40 The phenols may
optionally be substituted by hal ogen, alkyl, am no, hydroxyl, alkoxy, thio,
sul fonyl or nitro. Preference is given to using m xt ures of diethylanine and
phenol or diethylamne and citric fcid. 45 1 MAR 2000"; 7 An alcohol is
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ni trogen” at om can addi'ti onal Iy be “mono- "and/or di-al Kyl -substituted. The

am noal cohols with a secondary _amine on the nitrogen atomcan additionally
be nonottalidyl PeHpERs ¢+ RlEQ. PRES PP T 1 8decat At F-HOFECBPYUF MY to t he
i nvent i oh, areeinhedeclnfls e afidinidmeel Qikknfls ( L)en anhpbl¢ahoR) widhld 0 M
(111 b)o25r Arfl 2nhhd FOGhElnitr&géH Zrtdoml €hn additionally be mono-

and/or di-alkyl-substituted. The aminoalcohols with a secondary

amine on the nitrogen atom can additionally be

mono-alkyl-substituted.

15 Preferred catalysts according to the invention are those of the

formulae
o)
|_-o
20 (L2)n—W | (IIIa)
o)
Ll
o)
o~_|_~o
25 | w’/’l (IIIb)
0o/ N0
(L2), L1
30 B 0 B
I_-o
O—~———-(L2)n———W//i+————O (I1Ic)
| >So
Ll
35 — —p

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

40

45



O)n- WH( ( 10 L1 35p 40where L1 and L2 and n are as defined above, and p
is a nunber from2 to 6. 45 1 7 MAR 2005 a The invention also provigﬁ@Nng
novel oxoperoxotungsten(Vl) conplexes of the formula (I11), 5 10 rep %1
is water, hydroxyl, alkoxy or a free coordination site, or is optionally a
| i gand chosen fromthe group of 15 am noal cohol s, am nophenol s,

am nocar boxylic acids or mxtures 8hereof or m xtures of amnes with

al cohol sgthe phesnt so®ralery Pewvylidées atdvds, oabfetakdtingskegant) dwgpaexksom t he
group of,@arhoabephed s;rrdm nophenol s, am nocarboxylic acids or m xtures
thereof 20 or m xtures of amnes with al cohols, phenols or carboxylic
acids, mis the nunber 1 orr2 nis a nunber—from1l1l to 6 p is a nunber
between 1 and 6, where in the case 6 p>1 a |25 bi- or pol ynucl ear conpl ex
is forfed. Preference is given to those conplexes of the fornmulae (Il1la),
(I'11b) and (Illc), 30 (L2)n|-\W)(02& 1 4.3 O/IH/ o (LZkm)- WI ~ 0 L1

Ll
— - P
10
where
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>1 a
25 bi- or polynuclear complex is formed.

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

30 ©

(L2)n—W | (IIIa)

35
0

W (IIIb)
0
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3540 011 451 7 MAR 2005 9 0 1I/ 50 (L2),-W-~1 -~0 L1 p where 10 L1 is
wat er, hydroxyl, alkoxy or a free coordination site, or is optionahlymm 1505
| i gand chosen fromthe group of am noal cohols, am nophenol s,
am nocar boxylic acids or mxtures thereof or mxtures of amnes with
al cohol s, 15 phenols or carboxylic acids, and L2 is a |ligand chosen fromthe
group of am noal cohols, ani nopheno?s, ani nocarboxylic acids or mnixtures
thereof or mxtures of amines with al cohols, phenols or carboxylic acids,
20 n is a nunber froml1l tq 6 p is a.nunbey between 2 and 6, where in the
case of p>1 a bi- or polynuclear cgnplex|is fornmed. Particul ar preference
is given to those conpl exgs where the~25|ligands L1 and/or L2 are
8- hydr oxyqui nol i ne. Th& X652 Umgsten(V—&npl exes adédfeling to the
i nvent?on may be in nononucl ear fodﬁ?&o iin polynuclear form If, in the
case of p>1, the conplexgs are in hji- or |polynuclear form then the 30
conpl ex has the structure given in formuap(llic). 8-Hydroxyquinoline is
particularly preferably used as ligand L1 and/or L2. The nolar ratio of
tungsten to 8-hydroxyquinoline is intherange 1 : 1to 1 : 5, preferably 1
1 and ST 35 The oxoperoxotungsten(Vl) conpl exes can be prepared
accor?ng to the process described in DE 195 33 331 fromtungstic acid with
aqueous hydr ogenigperorrdehgdtaryilon adkdxpper endlresubsexfigrttion site,
or is optionally a ligand chosen from the group of
aminoalcohols, aminophenols, aminocarboxylic acids or
mixtures thereof or mixtures of amines with alcohols,
15 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 or
carboxylic acids,
20 n is a number from 1 to 6
P is a number between 2 and 6, where in the case of p>1 a
bi- or polynuclear complex is formed.

Particular preference is given to those complexes where the
25 ligands L1 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-hydroxygquinoline 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.



addition of the ligand(s). 40 The oxoperoxotungsten(Vl) conpounds can al so

be prepared under anhydrous conditions fromtungstic acid and ureaﬁ }Mﬂ gﬁgn

per oxi de adduct and optionally subsequent addition of the |Iigand(s)’i

al cohol ROH, where the al cohols are as defined 45 above, preferably

geraniol, nerol and linalool. 1 7 MAR 2005 10 The oxoper oxotungsten(Vl)

conpl ex can be prepared either separately prior to the actual reaction, or

el se si mylet %QSB&'%:Yotdr{\é}s%bwvtP éd?:&‘al%&eEHﬁSt% ﬁépﬁkeé' 89&9& S In general

t he oxoper%xgtcgpgsten It k9 Ctua IS usg |sso LN ft Qrecursor aIIyI
GIE P ot oBos e bgheS

al cohol tration o out ¥he set
amount of® Fﬁéuafﬁl N cP&ﬁGPrFP’@a?Fdle-nd‘ CPHObartl cul ar, the 10 amount of
ligand relative to the anmount of oxoperoxotungsten(VI) conpl ex used has an
ef f ects am tgeeesel pcilievidppetokbungaehi(un) dongirdd ianmosed difssanive@al cohol

l'igand, hased pﬂeé@esmqnmoglc&m%ea c&hdaflrttaohover £&501 @Chbyi ty and
activity, o %OEE r“% gtpartl cularly advantageous to firstly conbine the
ligand L thout an additional organic solvent wth the
aqueous or organi c soI ut| on of the oxoperoxotungsten(Vl) conplex, and only
t hen t o B seheanolni iUh the suspensiahelof igard Znd nmshéﬁtwlﬂrysthﬁr epar ed
in thiG amyunttoofhhkigametuedatiat| yd thal eadboht dhexagerbkotaigdtegand)i s

gener al | or5@6t hBe@MmayiinNt @bt fo PNt BRLEE L 0, 4Q0Q L& réiafignabl y from
100 nol % to 700 rml % based on the anobunt of tungsten. 25 The absolute

concentrati on: and and tungsten .complex in the reaction nixture are

uni rrportzérﬁmﬁ Fﬂ%u o‘?:fg§§‘1888 FARMy 192PHe PIFRAMT R aAEP¥EN O or exanpl e,
be i ncr dadeftegehefiegts Fe lpges sofeqtieisyt %1%‘11|%0n‘—r%é’r3rttY0f an equilibriumis

incredSed in a desired manner. 30 An increase in the rate of the

est abl i shimatls @odsn esuididunbuny Sarardlageohe &6 hiievsedyl BohbEndrtmeess
accordi ng; §0d he bPVE;E“vh% BY Wk EHOW %91 \é’éaﬂlcﬁﬂlﬁ%qg%lé £ of
secondar . {eaGl QS bLOM NE oL KLU £ye 07 o8XADI 8 L IS S gsten stream

of inert r-ren‘ovmg or-s wW'th the
product SR X'aI‘E‘ESh‘Eﬂ1 % theamter 2gdsturrny %‘Pn‘g il ﬁwspﬁaﬂ% ®process
accor @f n@lftkﬁheﬁ‘ecﬁhvbmt @repgrgenet atmlys varr tedthrutprecursor allyl

alcohol. The additional ligand is generally used in an amount of

from 1 mol% to 1000 mol%, preferably from 100 mol?® to 700 mol%,
based on the amount of tungsten.

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 egquilibrium
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.



at tenperatures of fromb50 to 300C, preferably at 150 to 250C. 40 It can be
carried out with and wthout use of a solvent, discontinuously, or else
continuously. Solvents which may be used are organic solvents, such7agr 7005
tol uene, tetrahydrofuran, benzene, cyclohexane, xylene, nethylene chloride
or nesitylene, although 45 preference is given to using the precursor allyl
al cohols thenselves as solvents. 1 i MAR 2005 11 The process according to
the invention can advantageously bgj carried out if the precursor allyl

al cohol u n kan of from
about 1%55(3[6)'5&%88&&&&&0%1851 b B}geo i%g;eﬂt?éﬁ éads%@aﬁ%?g&]ﬁg%} %advant ageous
process & &F&lﬁ@ to t Pﬁ$gﬁf??ﬁ1 oﬁ C%@&%ﬁaﬁ?hé 5r5%ﬁﬁ al |yl

al cohol Stiggedeapte gRTeafnsl 1and cerqesItragaeant vl fxogdaeutl 163 bal cohol

pr epar edveigih2- kbnabood .1006 Bprwavogte.up in this process, 2-linalool is
separaged off fromthe product m xture by distillation as the | ower-boiling

conpone I . .a unds
will be”{irgaﬂggﬁtmgf B odact s @H‘*’Sﬁ S, S A BATE Chal
can b pUi PREAHY G AT RO ob T AOCOPISRORSSA (Fk ABART195 Ak hods. _The
i someri Z25On P&dahheREAGUSE B Y bathkdobrlapteraehdsi £ dhndfoolt-he

equi i brium depends on the thernpdynam c properties of the precursor allyl
al cohob srandvgkodpcin adiiW pabeebs| s2-1amd 1881t he stparaacli Ofr GaRgi thens. A

di Scont'&mtomeafé wtaasrcﬂfgy@iorp Lcheai&s%] Mlq,lh VESts R ng al 1yl
al cohol #n tQFInH €, e rﬁ%%o y S eve%|r1§ﬂe case
of an unfavbrabre ? abiS §hﬁé ¥ ot &&UFP b?‘? §§ ?%%?Hrl

shlftlngb%ﬁpr%ﬂ%§teaﬂl?W%NH99#PCE ?hﬁﬁ%éﬂF@h§bac%hq|Hﬁ§dVFEIﬂlIX%e still of the
25 di st i &leatiadn cenl berpwariiiedgbrasd i swidtliaghoshambegcorfhecexaitgl dnovwel ow serve
to dessridehdde process according to the invention in nore detail wthout
limting it: 30 Preparation of an oxoperoxotungsten(Vl) conplex For exanple,

nge uorRg L Auspenad b 20K L 1bA G Yehol fon SGEIROPoAMIBNY dr 0gen

er oxi de
B hydr ox R S8 r.lgma%cpeed"dﬁo%hme R RIS OGS Vi)
sol ut i onPT IR Brhpd i Bk ypaRGLisnand Rrefigdd addysoriepherlsasane|en tde | s added
dr opwi2@erdastsighn @dndat icns oRgdnscosiolments, oe. gontalrowiwel reBowydraixyqui nol i ne
is used Lbn&lool, the lowest-boiling allyl alcohol in the mixture, from
the reaction batch permits, even in the case of an unfavorable
establishment of an equilibrium as a result of the shifting of
the equilibrium, a favorable space-time yield, the still of the
25 distillation column serving as reaction chamber.

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 oxoperoxotungsten(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



preferred anmount of from1l to 3.5 nol equival ents, based on the tungsten.
The resulting solution or suspension is used directly 40 for the AR 200

i sonerization with a precursor allyl alcohol by adding it to gerani OM B)? ‘rby
addi ng geraniol to the catalyst m xture. The conplex conpound of tungsten
oxoper oxo and 8- hydroxyqui noline can, however, also be isolated as solid.

M xtures of aqueous oxoperoxotungsten(Vl) solution and al coholic
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preci pitat atal e er W&SEI ng. It is
al so os‘%‘?tgﬁoél ESS%’S”({ %OH * KABE ‘?’résttﬁéas CECAFGSAM xtfe 1 7 MAR
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pr epar edpince ssedcdssesi s @abblie dcarioaig sc enpatr oo aggeaporodgr oup and 10

8- hy dnoxyouidiehiyaeinsl fny theruktBandsi @ndsi sndoiablraboe the dractracthat the
ratio oftﬂwweeeafceo%f% QYA glgr}f‘yd'r%x qhif1ihe? 15T § Satalyst can be

added to the precursor allyl” alcohol at te eratures of from 20 to 300C
di ssolved in any _desired solvent 15 or as a solid. The water present in the

cat al yst TRb} RAGAYSF SUSHEnSFgRdaRR thie PTEFYERPE FdMledtcaPR! ddvant ageousl y
renoved bgmpirsttiureat ¢HnEramo@ét her 3qWChdiiheol wrshemi 2ayi des presdsolyertg. with
t he 2Qsl exneds koisbilng. | i nal ool . | sonerizati on The experinents for the

i sonerization of geraniol and nerol to 25 give 2-linalool were carried out

in a 100, &Jye‘%e 989&?@ 9{%'%%%% (go%%ﬁb}?” ChARen G LE LaML Whih

i nter naI erm) tron magnetl C

e e St hat o0 Ll d2ofas DS R AN 8 midnetic
bat h, an8cgeit MatButhatisomararapian tprsidugitgon dr "Hitty 6§6n was 30 passed
over t20elevér+ted liegctimmiadl.ution. Precursor allyl alcohol was added to
the cal cul ated catal yst solution, and the mnmixture was heated with stirring
until thegpeauidedchenperature was reached. The experinents were ended

after 1 hour by cooling, and the product conposition was determ ned by

means of No
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.



35 product was distilled off during the reactions. The catal yst sol ution was

prepared by suspending 24 g (212 mmol) of tungstic acid in 30% strzgpth Pé

wei ght hydrogen peroxide solution. The yell ow suspension was stirr Wask 20

h at 40C and, 40 after cooling, the cloudy solution was filtered. This

oxoper oxot ungsten(Vl) conplex solution was ready to use for the

i sonmerization, and the cal cul ated ampunt of a |ligand could be added
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as ethanolic solution. Alternatively, the 45 oxoperoxotungsten(Vl) solution

can also be added to the solution of the ligand. 1 7 MAR 2005 13 Effect of
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charged with 120 ng (0.12 mmol of Wcontent) of the aqueous
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Table 1
Low- Medium- High-
20 Nerol 2- boiling | boiling | boiling | 2-Iinalool
Ex. Ligand Geraniol [GC Linalool |0 mponentsicomponentsicomponents selectivity
[GC [GC
' %
area %] area area %] [GC (GC [GC 71
%] area %] area %] area %)
25 1 None 943 | 2.60 1.03 081 007 128 32
2 | Diethylamine 37.85 1.65 13.43 12.14 2.34 32.59 22
3 | Pyridine | 1178 | 141 | 14.14 22.04 3.51 4712 16
4 Imidazole 78.15 2.63 15.07 0.82 0.21 3.12 78
Poly—(4-vinyl-
s [Poly-Gvinyl- gn6a | 251 | 1103 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-Hyd - ‘
7 YAOXY™ 1 3866 | 867 | 4460 1.49 0.43 6.15 85
quinoline
8 Quinoline 3.80 0.69 7.78 21.32 483 61.58 8
35 | 9 Bispyridyl 3.10 0.51 531 23.52 4.96 62.60 6
0-Amino-
10 0.22 0.00 0.97 28.30 5.96 64.55 1
phenol

Without the addition of ligands, the oxoperoxotungsten(VI)
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

40



580. 642. 5111. 031. 830. 463. 5365 pyridi ne) 1-Am no- 2-

651. 444. 3532. 583. 030. 817. 7974 propanol 8- Hydroxy- 17 MAR 2005
738. 668. 6744. 601. 490. 436. 1585 qui nol i ne H .
8Qui nol i ne3. 800. 697. 7821. 324. 8361. 588 9Bi spyri dyl 3. 100. 515. 3123. 524. 9662. 606
0- Ami no- 10 00. 220. 000. 9728. 305. 9664. 551 phenol Wthout the addition of
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proceedsg NRfaBRVYu Blote HaSLESLxd@he but also in the nost selective
manner. I n'the presence of am nes al one, conversions and selectivities are
poorer than w thout the addition of amne. 45 1 ; MAR 2005 14 Effect of the
concent rztdBtest 1L nge I]i7gand usi ng 8-hydroxyqui noline as an exanpl e Exanpl es
11 to 37 5 A 100 m three-necked glass flask was charged with 120 ng (0. 12
mmol ) ofAt1E aquebuse-Mmeaiketoxdhafn oStk Wbl sSiodtddddmitant20 Gdiydr.azyqui nol i ne
was addeghdn Tofietﬂ@ﬁuercﬁﬁsl Bx8POWkdthinf3RER (¥r) RRI1AWioANdaZd 9 (0. 13 ol | of
ger ani ol 8- .o%ggggn ir{eowslgdéggpier %thlér Sbl;.r erangi)é)t %ngWn r&%%aleedzat 2000C
for 1 hour | SSing .Qver _a continuqQus Stream.of argon. Subseduent GC
of the P 8Hdn$§t%r‘ég&r3088&éd°f FETPELAr t YSHOWYIeA FabFP™. Table 2 15 20
25 Lowo Meefirgraugh- Dhe Wisthydr oy -lsiteidngbo? 4% gbor| 1 ngpur while
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reaction mixture produced the result shown in Table 2.

Table 2
15
Low- Medium- High- 5
W:8-hydroxy- ‘ ‘ boiling | boiling | boiling | .~
o Geraniol| Nerol |2-Linalool Linalool
Ex.| quinoline components components|components .
. [GC [GC [GC selectivity
molar ratio v [GC [GC [GC
20 area %) | area %] | area %] [%]
area %) area %] area %)
11 1:1 36.18 7.94 40.24 2.56 0.77 1231 72
12 1:2 38.66 8.67 44.60 1.49 0.43 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 0.99 041 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 1.35 041 8.95 80

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
(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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[ GO & CCsel ectivity nolar rati o[ GO GO GC area Qarea YQarea Y[ area
% area %Qarea %4 111:136.187.9440.242.560.7712. 3172

121: 238. 668. 6744. 601. 490. 436. 1585 131: 331. 6610. 3649. 171. 340. 496. 9885 / MAR 12005
141: 3. 536. 259. 0448. 680. 990. 414. 6389 151: 440. 657. 9844. 731. 090. 385. 1787

161: 532. 6310. 1550. 201. 000. 455. 5788 171: 730. 0815. 1244. 091. 350. 418. 9580 30 The
opti mum tungsten: 8-hydroxyquinolid® nolar ratio with regard to selectivity
and actimabllyg 8s in a range from1l:2 to 1:5. Effect of tenperature 35
Exanples 18 to 20 A 100 m three-necked glass flask was charged with 120 ng

(0.12  mel)—of —the—pgueous—oxoperpxotuRgsient Va8 fu}unt. Hm.
successijvely, 66 ng {(0.455| mol) of 8- hydroxt;lgw hol'l ne brS‘ 40 0. 1B
nol ) of {gerani ol wer Ge%goef.j%imago%?m tenp Tpralingn; xttm1 cvva Lm%g&ej to
the tefmer atupe shewh NP o} dompbidnd| dompanest femporhit 8 W th
stirring. .:ubsg%)uent c repcid®ni m xt ur e} produced t he regélgcttwﬁpawn
in Table 3 AR 2«9g Jﬁb a?%f 10[GCw MediGém H ghGC2- 7
boi | i nghoi | i ngboi | i ng hi 8F2%Li haf 0ol Neg,ol % Nl @0l %) | area %] (%]
Ex. Tenperatur ecorrpon,nt(,onwnentco rponent (O TG GCCCsefectivity area
O ar ea Vil O Vil fa Vi) fal o0 —
O LRSI NS o .,o@ 3 AN XA DG A O R N M
2019034 {1pbo 218 6011 2887 6- (86— r Lomper it o %;r@w OGL Wik
8- hydr Ov\lqnl nﬂJ FHhe hn ;Oa 54 of 8. . . 03 86

At temperatures below 200°C, with 8-hydroxyquinoline, the rates of

15 reaction decrease with temperature. The highest selectivity for

the isomerization was found at a temperature of 180°C.
case, the isomerization still proceeded at a good rate.

In this

Effect of catalyst preparation

20
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.

25

30

Table 4
35
Low- Medium- High-
boiling boiling boiling 2-
Catalyst Geraniol| Nerol |2-Linalool | component | component | component | Linalool
Ex.
10 solvent [GC | [GC [GC selectivity
area %] | area %) | area %] [GC [GC [GC [%]
area %] area %] area %]
7 {H0, in water | 38.66 8.67 44.60 1.49 043 6.15 85
U H,O
a5 o1 | TP EE2Y2 096 | 766 | 4529 0.78 0.36 5.16 88
in EtOH




15 reaction decrease wth tenperature. The highest selectivity for the

i sonerization was found at a tenperature of 180C. In this case, M

i sonerization still proceeded at a good rate. Effect of catalyst predar%ﬁt 0B
20 Exanple 21 and Exanple 7 (Conparative Exanple) The catal yst

oxoper oxotungsten(Vl) was prepared in an anhydrous al coholic solution by
stirring tungstic acid in a 3. 3- folg1 nol ar 25 excess of an ethanolic

sol uti on of ureal/ hydrogen peroxide 8duct at 40C for 20 hours. The

det er mi nAPF O VCTOHEL UG HY IdoRPEALY T PTERETPH | 1Rt apbreERRtous sol uti on
pr oducedc9udéofonshant fielwrral dalom gahgetisf acidgsnénuremdlydgoashy to Exanpl e
7, 0.12 pepbdbxide taldeluceadifd;gasatyssohutiéﬁntrvﬁs:oinﬂhtmﬂlé yofl rtheoduced and,

successi Yeb¥er Fza3d od, 5aé9m L3k §é§@<§t§wqft yBwhYdk oxsedisngbbaea@nd 20
[lacung] . pf g.f&af%'h%' YEL £ sac dp?f eaaf%, gg fLaé ‘A%S ﬁ}@gg;ege at 200C for

1 hour in & streamof ar

boi I i ngboi | i ngboi | i ng2-

Cat al yst Esfant ot Ndrelar $¢nadldallc @dpoheht conponent conponent Li nal ool Ex.

solvent [ GO G CCsel ectivity area Qarea YQarea Y[ G CJ G U4 area % area
% area Y%exark 1 RnWRERERSH08. 6744. 601. 490. 436. 1585 Urea xH2O2

2140. 767. 664 290 780.365.1688 in EtOH 1 7 MAR 2005 16 The
oxoperoxotuES VI) cat aI%/%s]t pregared under anhydrous, conditions in

et hanol ¢ tit0 EEPMEPHnd dur ERPhYTROGER VBEr BRTHE Qi HR spl ays,
under théseBaEledidis peFet herol s@eactzar | emdiszdengi @54 AnecsEseEtandty which
are as gecadadpgst ddmpeeitfbond hereatidbysicqyl epakEedmphe aueous hydr ogen
peroxi de. Effect of precursor allyl al cohol Exanple 22 and Exanple 14 10

15 Table 5

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

W:8-hydroxyl-
Y y 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



Anal ogously to Exanple 14, the reaction was carried out with isonerically
pure nerol. Reaction conditions and precursor and catal yst corrposi{ivmﬁ 2004
were identical to Exanple 14. 15 Table 5 20 25 Low Medi um Hi gh- P

boi I i ngboi I i ngboi | i ng2- Li nal ool

W 8- hydr oxyl - Ger ani ol Ner ol 2- Li nal ool conponent conponent conponent Ex. qui nol i ne
nol ar ratioselectivity [ GGG CJ% area Y area % area % area

% area 9 0 : 6 9,,0448, ) 9 .

221: 3. Sﬁ\%allgl%% 41952%%;1%3%51 Of§§6h§%§§§ﬁ glh%% ??g?ré%lfszgat%%oxag?e%eﬁlo h fo 1inal ool
proceeds™ K WAMPURE PhattPaNC B2 r &S 2P DEPF nd T he i someri zation, by
establishing the 30 equilibriumw th respect to linalool, geraniol is also
formed M¥omaredybisand: GOr-Aéspondihgi®; Ner bl 0% s Fd £0 7Rored3ds63m gerani ol .
Synt hesi s of the oxoperoxotungsten catal ysts and the use thereof 35 in the
i soneri zgtian ohygerani ol and nerol: Synthesis: Exanple 23 40 To a solution
of 9.896 g of 8-hydroxyquinoline in 160 m of ethanol are added, at room

tenperature and with stirri n%, 19.5 \%e]‘ of an agueous_ oxoper oxot ungsten(Vl)
sol uti onlQ t*hgdt eRPedAt @t 199999 b(! wihi gAPY) TheB AIeHexyeP iR e Medi at el y
turns i ntemseo4Btpendbvrndddefit encedrsifviglyhee adidid iadn aof a@@eqds of et hanol ,

appr o1dnak&derckdtgngéten ywal) ewlat ysi alddmpe iponger . prmarilpbtatenddten) .7 MAR
T PO o A SV A R e onde Lo Y
R e St R e I S R
(1.31 nmBEFEULSE o4- AGEROSAqEoPFRRLI 1 a8idsd 6P BRManAl1gPeSalteyn at
successi vePy tepppratyrefanth saduceds Wirhivopénokes urigst éelvEjorol ution
(conmpnbschgnde? fimopl yolldwingst empnge to red-brown, and 126 mg of a

red-brown, fine crystalline precipitate form.

Microanalysis: C: 30.7%; O: 16%; N: 3.9%; H: 2.2%; W: 46

o

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
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The initially colorless solution nonentarily turns intense yellow and
remains clear. 70 ml of geraniol or 70 m of nerol or a mxture of, gerani ol
and nerol is added to this yellow solution at room tenperature and1§m@%@’
Wthin mnutes, the solution 15 changes fromyellow via orange to red-brown,
and 126 ng of a red-brown, fine crystalline precipitate form
M croanalysis: C 30.7% O0: 16% N183.9% H 2.2% W 46% 20 Catal ysis:
Exanpl e13512560 g of a geraniol/nerol mxture in the ratio 2:1 were 25
introduced into a 500 m stirred flask fitted with baffles paddl e stirrer
and di stHH}-att-en—brdges—and-heated—+to180Cina—Stream argor—(1—-3 1/ h).
At el evatefd tenperature, |900 ng of the | c ?‘?ﬁ’lyst f)(gWier IT\‘[GPn anplLe 23 were
added and t heatstystt ure wag stirlfred for |orheillhgur| dwilngoC. bsdbgeutzrrlla; Gq of
the reéagtj pn @%nrri XGdfagioflaMerol He-Lpalbt | cSRpYMRn @oaig&lle@t Gomposaim| € 26 A 100
m threg¢-necked gl ass flgsk wag charged with 17. of| the 3~Seq:&;1@ st
powder 1ron€l§ifaﬂlﬁl 46C andGT d of[GCsoderl[GQI Y pL[Gé ger anGol we E‘7ﬁ ded.
Wi

The m xtur e was he ae;g 419 2804 | narg;;r%]m | arddatih |i ned ot rea&;ga@g‘] ar t h
stirring—After OTTE hour bubaequent GCamatysisof tiHe reactijon—mixtjur e
pr oduce( re—resutt elllgrv'ynla'/. fabie 40T 71665313 Tabte6—5 10
Low- I\ijl:%. H—¢ 2 & hysdpehH '“ﬁgf‘ Hi-r S HHHRe O!'_l:sna! 00I3'22 3T

Ex. f r onerani-et-Nerel2—Hral-6ol-conpohent conponent-conponent—

exanpl e[ GO & G GO CCsel ectivity [ area Yarea Yarea Yarea Yarea

[
% area her25a336. 46 h0342e 381 A8 135300990: 202447 R45eA 242 (34004, 153. 2291
Dependi ng 90, LR £X685%,80. 85 WAl RUGHLRELT BemA%RYcRN, dingST €N,

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 components.

35

40

45



di fferent oxoperoxotungsten conpl exes forned which were 15 characterized by
el emental analysis and | R spectroscopy. Both catalyst species are |,
catalytically active with conparable selectivities with regard to { HMAR 2005
formation of linalool from geraniol and nerol. 20 General explanation of
the results; After the reaction had been ended by cooling, the product
conposition was determ ned by neanstof GC. The |ow boiling conponents were
dehydration products fromgeraniol, nerol and 25 linal ool. High-boiling
components were.formed as a result of ether formation from geraniol, nerol
and |inal ool “The linalool selectivi ty was determ ned fromthe quotient of
the conversion to |Ilinalool and the sumof the products |inalool,

| ow boi |} ng 2 dseREnfar Thadiigempbi taniprc efporepessahd Hivghabevhalsg 30
conpongnts. &5 the 4brdula MAR 200prddudié adllgilnmaldohdlprafceds formile

i sonmerizatiomof precursor allyl alcohols 5 of the formula (1) to product
allyl alcohols of the formula (Il1) RS R2 10 RL (I) 15 () R2 - ~ R4 R5 Rl
OH where R1L to R5 are Rydrogen or a nono- or pol yurPs3aturat ed or saturated

Cl- C12-al kyl radical, ich may be gupstituted, injboth directions of the
equi | i brium Meﬁgw&e@"cti Oﬁ—[-t—a-tet pl ace ¥ Résence of an
oxopelOxot ungst er{i¥l|) 20 |conplex of the formula (I11); 28 0 11 (L2) n -W
(02). OH RS Rl OH

(1) (I1)
15
where R! to R5 are hydrogen or a mono- or polyunsaturated or
saturated C;-Ci;-alkyl radical, which may be substituted,
in both directions of the equilibrium, wherein the reaction
takes place in the presence of an oxoperoxotungsten(VI)
20 complex of the formula (III),
o B
|
(Lz)n‘_"k___(OZ)m (III)
25
Ll
— — P
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>1 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



L1 p where 30 35 40 L1, L2 in each case independently of one another are
wat er, hydroxyl, alkoxy or a free coordination site, or are Optlonfg@i ﬁﬁ
| i gand chosen fromthe group of am noal cohols, am nophenol s, am noca yh c
acids or mxtures thereof or mxtures of amnes with al cohols, phenols or
carboxylic acids, mis the nunber 1 or 2 nis a nunber fromlto 6 pis a
nunber from1l1l to 6, where in the cage of p>1 a bi- or polynuclear conplex
is formed. 2. A process as clained in claim1, wherein the conplex of the
formula (111) is chosen fromthe group of the formulae (llla), (Il1lb) and
(I'flc) 45 17 MAR 2005 20 5 10 (L L1dl5 0 20 p where L1, L2 and n are as
defined in claim1, and p is®& numL fron12 to 6. 3. f&ﬂgocess as clai ned
in either of clains 1 and 2, mherel‘ 25 and/or L2 are chosen fromthe
groupstri et hanol am ne, di et hanol ani h noet hanol am ne, tri propanol am ne,
di propanol am ne, 3-am no-| - propanol s 11 am no- 2- pr opanol ,

2-am no- | - propanol , butyldlethanolanlne, nmet hyl di i sopr opanol am ne,
N—(2-hydroxybenzy|)anine and 30 N, N -bi s(2-hydroxybenzyl) -1, 2-di am noet hane.
4. A process as clained in eithe qf/gkains 1to 3, wherein L1 and/or L2
are chosen fromthe group o-aniggﬁhﬁno” m am nophenoj z1i}s)am nophenol ,

8- hydrooxyqui nol i ne optionally 3 /%yb§F%§uted by hal ogen, al kyl, am no,
hydr oxyl , al koxy, thio, (12}
n L1

-

15 ”
O—4— (L2)p—W -ﬁ————o (IIIc)

| >

L1
T - 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 Ll
and/or L2 are chosen from the group o-aminophenol,
m-aminophenol, p-aminophenol, 8-hydroxygquinoline optionally

35 substituted by halogen, alkyl, amino, hydroxyl, alkoxy, thio,
sulfonyl or nitro, picolinic acid, 2,6-pyridinedicarboxylic
acid and B-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-hydroxyguinoline.
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sul fonyl or nitro, picolinic acid, 2,6-pyridinedicarboxylic acid and
(3-alanine. 5. A process as clainmed in any of clains 1 to 4, mhereiEWWthﬁﬁ
and/or L2 are m xtures of diethylam ne and phenol or diethylamne a d

acid. 6. A process as clainmed in any of clains 1 to 5 wherein L1 and/or L2
are 8-hydroxyquinoline. 451 ; MAR 2005 21 7. A process as clainmed in any
of clains 1 to 6 mherein the raIi Pf tungsten to 8- hydroxyquinoline IS
bet ween : proces s .cl ajne ny of clains 1 to 7,
oher e n b it oRsE AR SRR a i Py PO o, b Tocl ADSHPLR YDy iy

al cohol . 9. PtirpOEsEuRESEMited - Kﬁd%ﬁ%HQHlW9P&PﬂEl%.Qﬁiﬂ?enwﬁeFe1rﬁqﬁhe

al lyl al cohols: dr.e chosen fromthe group 2-nethyl-3-buten-2-0l, prenol
(3-nethyl-2-buten-1-0l), linalool, nerol, geraniol, farnesol

(3,7,13- érlnﬁtﬁbdd$%§e§§ é&é&ﬁgé EB'QHyl fﬂgléiﬁg Te{9|7(Mwhere1n primar

(3,7, 11- trimef odeca- 10 tr Qces clai'med in

e | ) a
any of cl ai mé. ]%%congar §1 atlﬁeh g?e%iﬁsﬁig%aﬁfy?r ﬁd} I?ié chosen from

t he group ge?%ﬁﬁﬁﬂ * and nerol. 20 11. A process as clainmed in any of clains
1 to 10, wherein the oxoperoxotungsten(Vl) conplex of the forrmula (I111) is
prepar ed9pri BrptareshBeaseadinya an hAySot lidinkhe s exundrireial tiyd al cohol .
25 1210An OXQDEFOXALURGES SUIohSRRPEn dfnd gogr mula (111). 30 0 1

(L2)-W- (02) M 35 WNELE 40 45 LELs ey ery &*ﬁ%gr%u ghkagy or a free

coordi nation o§en Trom t. up of

ami noal cohol $in&A%epherot s 9%£ﬁnﬁ8éar5%§ﬂﬁﬁQ} aci ds
(3 7,11- trlmethyldodeca 2,6,10-trien-1-0l) and nerolidol

(3,7,11-trimethyldodeca-1,6,10-trien-3-0l).
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(VvI) 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 N
|

30 (L2)n—W—(02)p (ITI)
Ll
‘_ - P
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



or m xtures thereof or m xtures of amnes with alcohols, phenols or
and L2 is a ligand chosen fromthe group of aninosz@Kwﬂwk

car boxylic acids,
am nophenol s,

am nocar boxylic acids or mxtures thereof or mxture

am nes with al cohols, phenols or carboxylic acids, mis the nunber
is a nunber from1l to 6 1 7 MAR 2000 p 22 is a nunber between 1 and 6. 13.

An oxoperoxotungsten(Vl) conplex axlainmed in claim 12,
fromthe for

L1 is water,

a ligan

ani nocar dx§V18x88F88X°EH

al cohol s,

t her eof

or

prul ae (lild @) nubbét Mede@dn( bl Lt

chosen from th e grou of am noal cohol s, anlnophenol
tersy

is a nunber fromlto 6 pis a nunb#[/betmeen 2 and 6. 14. An
oxoper oxot ungsten(Vl) conplexLasne+ajne¢ in either of 4Q1Igkains 12 and 13,

wherein L1 and/or L2 are 8-hydroxyqqrnobine.

formula (I'11) as catalysts in the igomerization of allyl alcohols.
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14.

15.

where

Ll

12

n
P

claims 12 and 13,

\/

I
0/ N>
(L2)n L1

=—=0

o)
| (IIIb)
0

0

I_-o
o—————(Lz)n——w//;k———o (ILIc)

| ~o

L_ L1

- P

is water, hydroxyl, alkoxy or a free coordination

1 or

whi ch is chosen
6.5 10 15 20 O p 25 where 30 35
hydr oxyl, al koxy or a free coordination site, or is optionally

24 THRE L 261 ChRKESH o GLAAR hbs with
pherehs 16r chasdordrormc thei Hermudipe K2ITs) a (FiddndasfosER Y om t he
group ®f am noal cohols, am nophenol s, am nocarboxylic acids or m xtures

m xtures of amnes with QIcohoIs, phenol s or carboxylic acids,

site, or is optionally a ligand chosen from the group
of aminoalcohols, aminophenols, aminocarboxylic acids

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

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

is a number from 1 to 6

is a number between 2 and 6.

An oxoperoxotungsten(VI) complex as claimed in either of
wherein L1 and/or L2 are 8-hydroxyquinoline.

isomerization of allyl alcohols.

The use of compounds of the formula (III) as catalysts in the

2 n

n

15. The use of conpounds of the
45



