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Preparation of alecohols and/or aldehyﬁes“from olefins

The present invention relates to a pgj_éss for preparing alcohols
and/or aldehydes from olefins by cross-metathesis of olefins with
alcohols whose molecule includes at ast one C=C double bond
over catalysts of the formula (I) '

X1X2L1L2Ru = CRIR2 -..;.'.':" : g (I)

where

Rl and R? are hydrogen or an organicﬁéédical or a silyl radical;
X! and X2 aré anionic ligands; and

Ll and-L2 are néﬁtral electron donor;i;gands;

with optiqnal subsequent hydrogenatiqﬁiand/or_isomerization.

Alcohols are valuable solvents or intgémediates in organic
syntheses, for example for preparing ph;halates, acrylates or
sulfonates. The aldehydes are used,'foﬁisxample, as intermediates
for preparing the corresponding alcdhoié'or acids.

A widely known and technically w1despread reaction of olefins is
catalytic olefin metathesis. A general”'verv1ew of olefin
metathesis is given, for example, by K. Weissermel and H.-J. Arpe
in Industrielle Organische Chemie, 4thf£dition, 1994, VCH
Verlagsgesellschaft Weinheim, on pages 94 to 98.

Olefin metathesis corresponds formall o the exchange of the
alkylidene groups of two .olefin molecules. The reaction mechanism
is usually formulated as metal-cataly';nhsc1551on of the double
bonds in the original olefins and the 'subsequent reformation to
give the products. The reaction is re sible. A general, formal
equation which highlights the exchang f'the substituents
labeled R®, RB, ..RE but does not take lnto account the actual
cis/trans stereochemistry is given below
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In general a distinction is made between self—metathe51s, in
Whlch one olefln is converted to a ml '

_e'hene and one of 2-butene,
and cross-metathesis, where two dlffeffnt olefins are converted
to two new olefins, an example belng the transformation of

Metathesis reactions of functionalize_ olefins, that is those
composed of additional elements as well as just carbon and
hydrogen, are described much more rarely than metathesis
reactions of pure hydrocarbon oleflns. ‘The most frequent examples
relate to metathesis reactions of unsaturated ethers, esters and
halides. For example, J.C. Mol and E. F.G. Woerlee in J. Chem.
Soc., Chem. Commun., 1979, 330 - 331, descrlbe the self-
metathesis of ethers and formyl esters of unsaturated alcohols,
with elimination of ethylene, over a tln—promoted rhenium oxide
catalyst on an alumina support. US—A-S 342,985 discloses the
self-metathesis of ethers and esters of unsaturated alcohols over
special organorhenium oxides. '

GB-A-2 131 429 describes the self- or cross-metatheses, which it
refers to generally as dismutation, of functionalized olefins. In
accordance with all of the rest of the-prlor art, preference is
given therein - on page 1, lines 49 to 52 - to those oxygen
substituents which are not hydroxyl. suitability, in
principle, of hydroxy-substituted olefins for metathesis
reactions cannot be inferred from th document. o-Olefins
w-substituted by hydroxyl, such as 4-t nten-1-ol, in which
olefins the hydroxyl group is further way from the double bond
than if it were in the allyl position n be metathesized with a
specific ruthenium catalyst according to -P. Schwab, R.H. Grubbs
and J.W. ziller, J. Am. Chem. Soc. 118 (1996) 100 - 110.
0-Olefins of this kind with an o hydro yi,group do not, however,
display the high reactivity known fori efins having an allylic
hydroxyl, especially not their propens;;y to allyl isomerization.




0050/47116

lhydroxyalkene where the

~the double bond than if

W0, carbons are added

'5of the common industrial

A bons, ‘therefore, it is

ctlons with such

) ___\r'aldehydes having a

'1ch originates fro “the original carbon

framework of the_a-olefln by addition of ‘exactly one carbon.

10 However, it is*precisely such alcohols ‘and aldehydes obtained by
1ncorporat1ng only ‘one C atom which a e:of ‘industrial interest.
On the industria cale they are ob 2d by oxo synthesis, in
which a-olefins are reacted with a ml ture of carbon monoxide and
hydrogen to form:aldehydes. This .pProcess of hydroformylation,

15 however, is dlsadvantageous in that only o-olefins can be reacted
and, after hydrogen: : lcohols are obtainable.
Furthermore, ;hé' tio of'n—product' “ﬂthé unwanted iso-products
is unsatisfactory. Allyl alcohol cannot ‘be obtalned by
hydroformylatlon lnd instead must be;prepared from propene by an

20 at least two-stage route.

position, at 1eas
-olefin. On the b:

on}_therefore, to discover
aldehydes from ca-olefins

It is an object _hjthe preS&#t s

a process for preparlng alcohols and/

which makes it pos ible to prepare th - products simply and with
25 high selectivity. ile very largely av ding the formation of

iso-products. Fur hermore, it should possible to employ this

process 1ndustr1a11y in place of the t0. technology commonly

used. By applying‘the process it should be possible, therefore,
from the olefin feedstocks which are';_nerally present in
industry to prepa the alcohols and/l aldehydes which are

. - 'GeSsary for the carbon

framework of the r' ulting alcohol anda r aldehyde to originate
from the carbon framework of the olefln used by expansion by
exactly one carbohf For 1ncreased flex1 lllty, furthermore, the

30

a-olefins. Furthermore, the process sho ld open up a simple route
to preparing allyl ‘aleohol.
40 _
We have found that ‘this object is ac
preparing alcohols. and/or aldehydes= ro
metathesis of oleflns with alcohols
least one C=C double bond over catalys'

ﬁhy a process for
efins by cross-
molecule includes at
f;the-formula (I)

45 '

X1X2L1L2Ru == (CRIR2 (I)
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where

R! and R2 are hydrogen or an organic 'radical or a silyl radical;
X! and X2 are anionic ligands; and
Ll and 1.2 are neutral electron donor;ligands;

with optional subsequent hydrogenation and/or isemerization,
which comprises using alcohols having'dt least one double bond in
the molecule, in which at least one hydroxyl is in the allyl
position relative to a C=C double bond.

The basis for the invention is the suréxising finding that not
only are the ruthenium compounds of thefformula {(I) stable to _
hydroxyl groups but also allyl alcohols; i.e. olefins having an
allylic hydroxyl, which are usually highly .reactive and isomerize
very readily, can be metathesized ové: ﬁheSe'catalysts.

Suitable starting materials for the nevél3process are olefins of
the formula (II):

R3RIC = CR5R6 (II)

of generally 3 to 50 carbons, especiaily 3 to 30 carbons and,
with preference, of 3 to 20 carbons. R3, RY, R and RS
independently can be hydrogen or an al;phatlc, cycloaliphatic,

_aromatic, araliphatic or heteroaromatic-radical, for example

alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, for
example phenyl, alkaryl or aralkyl. The radicals can be
substituted by other organic radicals;éﬁd may also include
heteroatoms, in the form for example of alkoxy substituents,
ester groups, or amino or alkylamino f ctions. Heterocatoms such
as oxygen, sulfur and nitrogen can also:be part of an aromatic or
cyclic radical. R3 with R%, and/or RS with R6, can also be parts
of a ring system, for example of 4 to 16 carbons, comprising R3,
R4 and the double bond carbon attached.to both of the latter, or
R5, R® and the double bond carbon attached to both of the latter.
Mono- or polycyclic olefins, that is those ° ‘in which R3 with RS or
Ré, and/or R* with R5 or RS, and in eachicase with the carbons of
the double bond, form a ring system a; Wheie R3 with R4, and/or
R> with RS, may likewise be parts of f ng systems comprising these
radicals and, if appropriate, the correspondlng carbons of the
double bond as well, can also be converted to alcohols, with the
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opening of all of their rings which contain the double bond that
is subject to metathesis. o :

Preferably, the olefins employed in 1 ,povél process are
monosubstituted olefins having 3 tO{QQ caﬁbpns and at least one
terminal C=C double bond. In these ole ins R%, R5 and R are
hydrogen. R3 is an organic radical of at -least one carbon.
Examples of a-olefins preferably used inithe novel process are
those in which R?® is linear saturated &lkyi.of one to 18 carbons,
such as methyl, ethyl, propyl, butyl, :pentyl, hexyl, heptyl,
octyl, nonyl or decyl. R3 can also be éétﬁrated cycloalkyl of
three to 18 carbons, -for example cycl genﬁyl, cyclohexyl or
cycloheptyl. R? can also be branched ””ﬁ#ated alkyl, such as
2-propyl, 2-butyl, 2—methy1-1-propylg '_lﬁﬂimethylethYI or any

i ' t'.octyl, nonyl or decyl. R3
can also be an unsaturated radical havingrone or more double
and/or triple.bonds-which-originates  m the abovementioned
saturated radicals by the formal rempyéllof-at least two
hydrogens on adjacent carbons, examplés'being vinyl, propenyl,
butenyl, 1l-prop-2-enyl, 1—but-2—eny1:df;14but-3-eny1. R3 can
likewise be an aromatic radical, for-ékample unsubstituted or
substituted phenyl or 1- or 2—naphthyl,

It is likewise preferred to employ cy¢¥oolgfins of 4 to
16 carbons in the novel process. In these olefins R3 with R5 or

‘R6, and/or R4 with RS or Ré, and in eadh_case with the carbons of

the double bond, form a ring system. In addition to the double
bond or bonds that are to be subjected&;o metathesis, this ring
system may also include further double-or triple bonds, or
heteroatoms such as oxygen, sulfur or'@itrogen. The cycloolefin
may also be substituted by inert radic&ls} Examples of
cycloolefins that can be used in the novel process are
cyclopentene, cycloheptene, cyclooctéﬁé cyclooctadiene,
cyclododecene,-éyclododecadiene, cycl@d dééatriene, dimeric
cyclopentadiene, norbornene or norbornadiene.

The alcohols having at least one doubl ond in the molecule that
are used in the novel process have at; eaS; one hydroxyl in the
allyl position relative to the double’ d, as illustrated in the
formula (III). In the text below they are-.generally referred to
as allylic alcohols. :

R7R8C == CR? — C(OH)R1O0R11: (II1)




" heteroaromatic radical, for example

10

15

20

25

30

35

40

45

0050/47116

. 6 .
R7, R8, RY9, R10 and R!! independently can -be hydrogen or an
aliphatic, cycloaliphatic, aromatic,:é?aiiphatic or
' kyl, alkenyl, -alkynyl,
cycloalkyl, cycloalkenyl, aryl, for émple phenyl, alkaryl or
aralkyl. The radicals can be substituted by further organic
radicals and may also include heter oms, for example in the
form of alkoxy substituents, ester grbhps, amino functions or
alkylamino functibns. Heteroatoms suc S - oxXygen, sulfur and
nitrogen may also- be part of an aroma ic or cyclic radical. The
radicals can be linked with one another and can be parts of a
ring system having, for example, 43£6112fcarbons.

If an allylic alcohol is employed inﬁthe novel process whose

radicals R!? and/or R!1l are not hydrogen but, for example, one or
two alkyls or aryls, alkenyls or alky ’1s or other substituents, .
then secondary or tertiary alcohols. éﬂﬁbrmed. These secondary
and tertiary alcohols cannot be prepared by oxo synthesis. It is
an additional advantage of the novel. proc
generate secondary and tertiary alcdhbls;'

Owing to the high .industrial requirgmggt'for primary alcohols,
however, in the majority of cases R10.and R1l will be hydrogen.

R’, R® and R® independently of one another can be hydrogen or
linear saturated alkyl of one to 10-¢§ﬁbdns, such as methyl,
ethyl, propyl, butyl, pentyl, hexyl,phéptYl, octyl, nonyl or
decyl. They may also be saturated cyclic alkyls of three to

10 carbons, for example cyclopentyl;dgxglohexyl or cycloheptyl.
They can also be branched saturated &iﬁ?ls, such as 2-propyl,
2-butyl, 2-methyl-1-propyl, 1,1—dimeﬁhYlethyl or any branched
isomeric pentyl, hexyl, heptyl, octyl " onyl or decyl. They can
additionally be unsaturated radicals ing one or more double
and/or triple bonds, which originatq' the abovementioned
saturated radicals by the formal rem £ at least two
hydrogens located on adjacent carboﬂ_ camples being vinyl,
propenyl, butenyl, l-prop-2-enyl, 1-{ ~enyl or l-but-3-enyl.
They can similarly be aromatic radic% or example _
unsubstituted or substituted phenyl | or 2-naphthyl. All of
these radicals can also contain iners tituents and/or
heteroatoms. They can also be attached:to the C atom of the
allylic alcohol by way of heteroatoms;’fc ‘example oxygen,
nitrogen or sulfur, for instance in:; dfm of alkoxy or
alkylthio of one to 10 carbons. e
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Examples of -such alcohols which are a
very large quantities and are prefer
process are 2-propen-1 -ol (allyl al
(butenediol)..

ailable industrially in
xfemployed in the novel
ol) and 2-butene-~1,4-diol

The alcohols can also be used as a mlxture of at least two
individual compounds, for example all' Ealcohols with butenediol.

In a preferred embodiment of the 1nve tlon, the olefin employed
is ethylene and is reacted with buten lel to form allyl alcohol.

The metathesis of acyclic olefins w1t llylic alcohols produces
both a new allylic alcohol and an ole ' coupllng product. The
metathesis of a-olefins with allyl alc' 0l produces the desired
metathesis product and ethylene as co 1ing -product. The coupling .
product, for- example ethylene, can be ‘ecovered in the novel '
pProcess and can be used, for example a'raw material for other
processes. The metathesis of o-olefin 1th butenediol produces, '
in a first step, the desired metathe51s product and allyl alcohol
as coupling product. The latter reacts, in a second step, with
the a-olefin to give the ultimate coupllng product, ethylene. If
use is made of longer-chain allylic a: ohols ‘whose radicals R7
and/or R8 are not hydrogen and/or of & eflns ‘whose double bond is
not terminal, the coupling products ar_ hlgher olefins. If
mixtures of alcohols including at least one higher allyl alcohol
and/or mlxtures of olefins compr1s1ng ‘at least one olefin whose
double bond is not terminal are employed, the result is mixtures
of coupling products and/or products whlch can be worked up by
appropriate, known physical separatlon technlques, for example
distillation. :

In the metathesis of cyclic olefins w1th allyllc alcohols the
ring containing the olefinic double boqd is opened. By subjecting
cycloolefins to metathesis with ally 11cohols, therefore, an
open-chain alcohol can be produced w .carbon framework
comprises at least three carbons mor an that of the
cycloolefin employed. If a cycloolefin-is reacted with butenediol
by the process of the invention, an « _1alcohol is produced.
The novel process therefore opens up' Ew:route for preparing
linear alcohols based on cycloolefin: '
thus provides greater flexibility in

preparation of alcohols.
The metathesis of ethylene with buten ?1 to form allyl alcohol
of course produces only allyl alcohol_ and no coupling product.
The metathesis of ethylene with allyl-: lcohol does not of course
lead to the synthesis of a new product nhat is not employed.
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‘Catalysts used in the novel process éﬁéffhé ruthenium-alkylidene

compounds disclosgd in WO-A-93/2011;, EQQTfuthenium-based _
catalyst systems described in A.W. St mpf,ﬁEq=Saive, A. Demonceau
and A.F. Noels in J. Chem. Soc., Chen “ommun. 1995, 1127 - 1128,
or the ruthenium compounds disclosed By Schwab, Grubbs and
Ziller, loc. cit., of the formula I.. B

XIX2L1L2Ru == CRIRZ =  (I)

In this formula R! and R2 independenﬁlgfcanybe hydrogen or organic
radicals or silyl radicals. e

Examples of suitablé organic radicalgzére alkyls, cycloalkyls or
aryls of one to 20 carbons, alkenyls; fgalkynyls of 2 to .
20 carbons, carboxylate radicals of qne,to.zo carbons, alkoxys or
aryloxys of one to 20 carbons, alkeny ysior'alkynyloxys of 2 to
20 carbons, alkoxycarbonyls of 2 to 20 .carbons, alkylthios of one
to 20 carbons, or alkylsulfonyls or a ;YlSulfinyls of one to

20 carbons, all of which may themselvéé-be.substituted.

Suitable silyl radicals are silyls su§stituted by organic
radicals. Examples of organic substitqénts are alkyls,
cycloalkyls or aryls of one to 20 ca;ﬁgps; alkoxys or'aryloxys
of one to 20 carbons, or dialkyl- or;diaryl- or alkylarylaminos.

Preferred catalysts are those ruthenium-compounds of the

formula (I) in which one of R! and R2 i$ hydrogen. Particular
preference is given to those in which;éhe of Rl and R? is hydrogen
and the other is either aryl, for exa@ble phenyl, or alkenyl, for
example l-ethenyl substituted in posiﬁidn 2 by an organic,
preferably aromatic radical such as phényl, or is silyl, for
example trialkylsilyl or triarylsilyl, such as trimethylsilyl or
triphenylsilyl. S

The aryls, for example phenyls, which; y be present in the
organic or in the alkenyl or in the sii&izradical may themselves
also be substituted, for example by o@e ér;more alkyls,
cycloalkyls, aryls, alkoxys, alkylthir eréminos each of one to
6 C atoms. Examples of suitable substitﬁents'are methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobuty? itébutyl, cyclohexyl,
cyclopentyl, phenyl, methoxy, ethoxy, : éthflthio, ethylthio,
amino, methylamino or dimethylamino. o

X! and X2 are anionic ligands, for exéﬁ”’e independent halogens
such as fluorine, chlorine, bromine or iodine, hydrogen, alkyl,
cycloalkyl or aryl of one to 20 carboﬁ alkoxy or aryloxy of one
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9 _
or aryldiketonates of 3 to 20 carbons,
carboxylate radicals of one to 20 carbon8; alkyl- or
arylsulfonates of.one to 20 carbons, alkylthios of one to
20 carbons, or alkylsulfonyl or alkylsulfinyl of one to
20 carbons. These’ radlcals may themselves be substituted, for
example by halogen alkyl or alkoxy. Aryl is preferably phenyl or
naphthyl. :

to 20 carbons,?al;

IL! and L2 are neutral electron donor ligands. Ll and L2 can, for
example, independently be phosphane or alkyl-, cycloalkyl- or
aryl-substituted phbsphines, or phosphites, phosphinites or
phosphonites, arsane, stibane, ammonia, or alkyl-, cycloalkyl- or
aryl-substituted arsanes, stibanes, ethers, allphatlc and
aromatic amines, amldes, mercaptans, thioethers, sulfoxides,
carbon monoxide, nltrosyl or n-electron donors such as aromatic
compounds, for example benzene substituted by organic radicals.

~Suitable organlc radlcals of a benzene ligand are inert organlc

radicals such as alkyls, alkenyls or alkoxys. One example of such
an aromatic m-electron donor suitable for use as a neutral llgand-
is paramethylcumene.

These ligands X!, X?, L! and L? can be four individual ligands;
however, it is also-possible to use multidentate anionic ligands
or multidentate neutral ligands. Multidentate ligands can also be
used that have both anionic and neutral complexing functions, for
example cyclopentadienyl, indenyl or fluorenyl radicals.

X! and X2 are preferably halide ions. With particular preference,
both X! and X2 are .¢hloride. L! and L2 are preferably alkyl-,
cycloalkyl- or aryl-, for example phenyl-, substituted phosphine
ligands. With particular preference, L! and L2 are cycloalkyl-
substituted phosphine ligands, for example tris(cyclohexyl)-
phosphine or tris(eyolopentyl)phosphine.

The catalyst to be used in accordance with the invention can be
prepared separately“from the metathesis reaction and added to the
reaction mixture,ralﬁhough'it_is also possible to prepare it in
situ from its starting materials in the metathesis reaction
mixture. '

The novel process can in principle be conducted continuously or
discontinuously. The novel process is generally conducted by
bringing the alcohol into contact with the olefin and the
catalyst in the reactor and working up the reaction mixture
simultaneously or subsequently. Simultaneous workup is
understood, for example, as the separation of at least some of at
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- 10 _
least one productgqr coupling product from the reaction mixture
-iofi ‘is being carried out.

Metathesis reactlons are equlllbrlum reactions, so that depending
on the spe01f1c olefln, alcohol and catalyst used and on the
chosen reaction conditions, such as pressure, temperature and
feedstock concentrations, equilibrium is established at a
particular position. To maximize the economic efficiency of the
process regime, therefore, it is generally judicious to choose
the reaction conditions such that the equilibrium lies as far as
possible toward the side of the desired products. Furthermore, if
the position of thezéquilibrium is not already particularly
advantageous, it-is generally economically judicious to shift the
eqguilibrium toward the product side by removing the principal
products and/or coupling products from the reaction mixture as
quickly as possible; thereby maximizing the degree of conversxon
and the space-tlme ‘'yield. The equilibrium can if necessary be
subjected to.suph shifting by, for example, removing the olefin
coupling product which is formed in the metathesis alongside the
desired alcohol product. Just as easily, however, the desired
product itself counld be removed from the reaction mixture, should
the separation of this product be technically or economically
more advantageous than that of the coupling product. It is
likewise possible;to remove principal product and coupling
product from the reaction mixture simultaneously and then to
separate them. The equilibrium can also be shifted, furthermore,
by adding one starting material in excess, or by a comblnatlon of
the two methods.

In the reaction of an a-olefin with allyl alcohol and/or
butenediol the coupling product formed is ethylene, which because
of its high volatility is easy to remove from the reaction space,
for example by distillation. This also applies to the higher
olefin coupling products which are produced when use is made of
olefins whose double bond is not terminal and/or of longer-chain
allyl alcohols, provided their volatility is higher than that of
the other product or products. If the principal products are
substantially more volatile than the coupling products, it is
also possible to remove the principal products from the reaction
space, and thus withdraw them from the equilibrium, instead of
the coupling products. If the volatilities of coupling product
and principal product are alike, a mixture of the coupling
products and principal products can be removed from the reaction
space, for example by distillation, and then separated, for
example by precision distillation, azeotropic distillation, with



10

15

20

25

30

35

40

45

0050/47116

11
or without the addition of at least one aux111ary, or other

‘methods of phy51cal separation.

The process can be conducted, for example, in stirred reactors,
loop reactors, cascades of stirred reactors or in tube reactors.
For separating principal products, coupling products and/or
byproducts in the plant for implementing the novel process, these
reactors are equipped with separation devices such as, for
example, distillation columns, phase separators, membrane
separation devices, absorption devices or equivalent apparatus.

In the case of discontinuous implementation of the novel process
a mixture of the olefin feedstock, the alcohol feedstock and the
catalyst, or a solution of the catalysts, is 1ntroduced into a
reactor for the reaction. In this context, the catalyst or
catalyst solution is advantageously added to a mixture of the
olefin feedstock used and of-the alcohol. feedstock, with or
without a solvent. As soon as a satisfactory degree of conversion
has been reached, the reaction mixture is worked up and the
products are isolated. Alternatively, if the position of the
equilibrium is unsatisfactory, removal of the principal products
and/or coupling products from the reaction space, and thus from
the equilibrium, can be commenced after or even during the
addition of the catalyst or catalyst solution. This can be done,
for example, by distilling a stream of material withdrawn
continuously from the reactor and recycling the unreacted
feedstocks into the reaction space. The catalyst which remains in
the distillation bottoms can be used again in a new batch.

With continuous implementation of the novel process, the catalyst
or a catalyst solution, the olefin feedstock and the alcohol
feedstock and [sic] are introduced continuously into the reaction
space, which may also contain a solvent. It may be advantageous
to add the components not in pure form but, at least in part, as
a mixture of at least two components, for example a mixture of
the olefin and the alcohol, for example when a mixture of
unreacted starting materials is available from the workup of the
reaction products of the novel process, or when a composition
suitable for use in the novel process is available from other
sources. Principal and coupllng products are removed continously
from the reaction space. This can be done, for example, by
distilling a stream of material withdrawn contlnuously from the
reactor and recycling the unreacted feedstocks and, if
appropriate, the solvent, to the reaction. The catalyst which
remains in the distillation bottoms can likewise be recycled to
the reaction. If necessary, for example if deactivation occurs,
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- the catalyst can beireprocessed before being recycled, or

replaced at lea8t in part by fresh catalyst.

Rather than by distillation the principal products and/or
coupling products can also be separated, for example, by membrane
techniques, absorption techniques or by a combination of the

" methods.
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In addition to the desired products and the coupling products
obtained, the novel process normally produces byproducts as well.
These byproducts are, for example, the higher olefins formed by
the self-metathesis of the olefin used. If, for example, an
o-olefin is used, it may be converted to a symmetrical olefin
with the double bond in the center of its carbon framework by a
metathesis reaction with itself in which ethene is eliminated.
Although these higher olefins are likewise capable of metathesis
with the allylic alcohols employed, they generally react at a

~lower rate than oa-olefins, so that in the metathesis of a-olefiné

their formation is undesirable from the standpoint of an
economically optimum space-time yield and is avoided by very
rapid removal of the desired products from the equilibrium. The
byproducts can be removed from the reaction mixture together with
the desired products and the coupling products, for example by
distillation. Alternatively, they can be removed by a discrete
separation technique for the byproducts, for example by '
distilling a component stream removed specifically for this
purpose from the reaction space and recycling all constituents
other than the byproducts back to the reaction space. When the
process is carried out continuously their removal is advisable,
since otherwise they steadiiy accumulate in the reaction mixture.

The catalyst can be used in solid form or, preferably, in an
inert organic solvent, for example aliphatic hydrocarbons of 4 to
20 carbon atoms which are ligquid under the reaction conditions,
such as butane, pentane, hexane or heptane, chlorinated
hydrocarbons such as methylene chloride, chloroform or carbon
tetrachloride, or aromatic hydrocarbons such as benzene, toluene
or xylenes. Preference is given to using methylene chloride or
toluene. The reaction itself can be conducted using a solvent, in
addition to any solvent used for the catalyst, or in general can
be carried out, preferably, without solvent in order to increase
the space-time yield, with the exception of any solvent used for
the catalyst. If a solvent is used, it can preferably be the same
as or different from that used in the solution of the catalyst.
If the alcohol used is 2-butene-1,4-diol in relatively high
concentrations, it may be advantageous to add a solubilizer.
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Examples of solubilizers that can be used are acetone and/or
ethylene glycol dibutyl ether.

The appropriate reaction temperature 1s generally below 200°C. To
avoid secondary reactions it is in most cases advantageous to
conduct the reaction at below 120°C. W1th preference, the novel
process is carried out below 80°C. The practlcable temperature
range for the novel process is 11m1ted at its lower end only by
the availability of economically satlsfactory space-time yields.
In general it is useful to choose temperatures above -20°C,
preferably above 0°C and, with partic gar.preference, above +20°C.

The reaction pressure to be employed 1n the novel process is not
generally critical. It can, for example, be a superatmospherlc
pressure of up to 325 bar, preferably:not more than 10 bar and,
in particular, not more than 2 bar. I :eneral the absolute

reaction pressure will be above 20 mbar, preferably above 0.1 bar
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and, in particular, above 0.5 bar.

The molar ratio of the olefin employed to the alcohol employed
can in principle be varied within very w1de limits. Because of
the increasing formation of products of ‘the self-metathesis of
olefin or alcohol it is advantageous to ‘establish this ratio in
the range from 100 : 1 to 1 : 100. ItVis'mOSt often advantageous
to establish it in the range from 10 :'1 to 1 : 10. This ratio is
preferably from 2 : 1 to 1 : 2 and with partlcular preference
from 1.5 : 1 to 1 : 1.5. The molar ratlo of .0olefin employed to
catalyst is generally from 10 : 1 to 20 000 : 1, preferably from
50 : 1 to 8000 : 1, and with particular preference from 100 : 1
to 5000 : 1. ' -

The reaction is generally at an end after a perlod of from one
minute to five hours. .

The products of the metatheSLS reactlon between an olefin and an
allylic alcohol are, of course, again ‘an’ olefin and an allylic
alcohol or, if a cyclic olefin has been used, the product is in
turn an allylic alcohol hav1ng a doubi”_bond in the w position
relative to the new allyl unit. o

iﬁg it is separated from
oupling product. The

Where the novel process produces an olef
the allylic alcohol and is obtained
olefin coupling product can subsequens ;e used in any other
process in which olefins are the feed; ck,fexamples being
polymerization, oxidation, thermal or catalytlc cracking, or
metathesis reactions.
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The allylic alcoho repared in the course of the novel process
in the atage of métathesis reaction, w1thout taking into account
in any way the pos lble c1s/trans 1somerlsm, has the
formula (IV): -

R3R4C == CR9 —— C(OH)R10R1l (IV),

where R3, R4, R9,;R£§-and R1l are as defined above.

These alcohols can 1n pr1n01ple be used as they are. Normally,
however, they will be hydrogenated in order to convert the
allylic double bondufo a single bond. This can be done by any
known hydrogenatlo %echnlque which can be used to convert C=C
double bonds to C=Cisingle bonds without reducing hydroxyl _
groups. If desired_ urther double bonds which may be present in
R3, R4, R?, R10 apn 1, for example if cyclic olefins are used,
can be hydrogenated: as well'simnltaneously in this hydrogenation
step. For example, &dlcohols of the formula (IV) can be reacted
with hydrogen in £ _Epresence of heterogeneous catalysts
comprising metalsiofjsubgroup VIII. Suitable catalysts are, for
example, platinum, v palladium on inert supports such as porous
silica or porous al_nina.

If at least one of R10 and Rl in the allylic alcohol of the
formula (IV) is hydrogen it is also possible, by rearrangement of
the allylic double bond and the automatically ensuing keto/enol
tautomerization, to ‘prepare aldehydes or ketones from the allylic
alcohol. Aldehydes are formed if both R0 and R!! are hydrogen; if
only one of them 1s hydrogen, then ketones are formed. This
rearrangement is catalyzed, for example, by certain ruthenium
compounds or metallic ruthenium on an inert alumina support.
Processes which makefuse of such rearrangement under ruthenium
catalysis and which can also be employed in the novel process for
further processing of the allylic alcohol to aldehydes or ketones
are known, for example, from US—A—4 117,016, WO-A-91/03449 or
WO-A-95/19334.

The alcohols or aldehydes produced in this way as the end product
from an a-olefin by reaction with allyl alcohol correspond to the
products orlglnatlng from an oxo synthesis with or without
subsequent hydrogenatlon, using the same olefin, with the
difference that with the novel procedure the fraction of unwanted
iso-aldehydes and 1so-alcohols, which is automatically obtained
with the oxo synthe51s, is not produced. In addition, in
contradistinction he oxo synthesis, the desired aldehydes and
alcohols can be obtalned from cyclic olefins too and if allylic
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5whose R10 and R11 1nclude at least one radical
én.are employed: the na‘ ] process can be used
to prepare secondar Qand tertiary alcohols or ketones as well.

alcohols are use

Examples
Examples 1 to 6.

A mixture of 5,#126f_olefin and an equimolar amount of allyl
alcohol was char e& to .a Schlenk tube, .and "at room temperature a
solution of RuCig(fCHPh)(PCy3)2 (where ‘Ph is phenyl and Cy is
cyclohexyl) in. CH2C12 was added. The molar ratios of olefin,
alcohol and catal"st were 100 : 100 : 1. In each case within a
few minutes a ch fcterlstlc color change of the solution from
violet through ‘claret to orange was observed. The ethene formed
escaped throug ubble counter. After a reaction time of 2 h,
samples were tak and analyzed by gas chromatography. The
olefins used, - onversxons of olefln achleved, and the
measured selecti '1es for alcohol from the cross-metathesis and
for byproducts f om'the self-metathesis of the olefin are
reproduced in Table 1 below.

Table 1

Ex. |[|Olefin Selectivity Selectivity

No. for alcohol for byproducts
[mol-%] . I [mol-%]

1 |1l-hexene 172 % heptenol |25 % decene

2 l1-octene - 72 % nonenol 28 § tetradecene

3 l-nonene 72 % decenol |26 % hexadecene

4 '1-decene _ 72 % undecenol 27 % octadecene

B 1-undecene |12 71 % dodecenol |27 % eicosene

6 1-dodecene ' 74 $ tridecenol |26 % doeicosene

Example 7

re of 25 ml of cyclopentene and 19.5 ml of
§ mo1 of each) was charged to a Schlenk tube,
and at room temp_rature a solution of,23 mg (0.29 mmol) of
Ruclz(—CHPh)(PCyg):_ln CH,Cl; was added n addition to a vigorous
evolution of gas'(ethene escaped viafa bubble counter), the
abovementioned characterlstlc color ch e of the solution was
observed within a few minutes. After :a action time of

30 minutes a sample was removed and an
chromatography. ‘The degree of conversron of cyclopentene was
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‘83 mol-% and the- select1v1t1es for the individual reaction

products, in mol % ‘were:

2,7-octadien-1-oié B o SQ;

2,7,12-tridecatrien-1-ol: 27;
2,7,12,17-octadecatetraen-1-ol: Ty
2-butene-1,4~diol:. - 63
1,6-heptadiene: 1.
Example 8

An equimolar mixture of 25 ml of cis-cyclooctene and 15 ml of
allyl alcohol (0.19 mol of each) was charged to a Schlenk tube,
and at room temperature a solution of- 156 mg (0.19 mmol) of
RuClz(-CHPh)(PCy3)2 in CH,Cl; was added. In addition to a gradual
evolution of gas. (ethene escaped via a bubble counter), the
abovementioned characterlstlc ‘color ¢ :nge of the solution was
observed within a’ few minutes. After- a reaction time of 2 h'a
sample was removed and analyzed by gas chromatography. The degree
of conversion of cyclooctene was 33 mol-% and the selectivities
for the individual reaction products,;;n-mol -%, were:

2,10-undecadienol-1-0l [sic] 76;

2,10,18-nonadecatrien—1—ol 4;

2-butene-1,4-diol 19;_
1,9-decadiene _ _ 1.

Example 9

An equimolar mlxture of 25 ml of 1, 5-cyclooctad1ene and 13.9 ml
of allyl alcohol (0.2 mol of each) wasicharged to a Schlenk tube,
and at room temperature a solution of:250 mg (0.3 mmol) of
RuCl;(=CHPh) (PCy3)2 in CH,Cl, was added. In addition to a vigorous
evolution of gas. (ethene escaped via . bubble counter), the
abovementioned characterlstlc color ¢ nge of the solution was
observed within a few minutes. After action time of 2 h a
sample was removed and analyzed by gas chromatography. The degree
of conversion of cyclooctadiene was 48 mol % and the
selectivities for the individual react on products, in mol-%,
were:

2,6,10-undecatrien~-l-ol
2,6,10,14,18-nonadecapentaen—1-ol
2-butene-1,4-diol
1,5,9-decatriene .
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~ Example 10 :

_ An.eqnimdiar miitﬂre of 25.0 ml of cyCldﬁéﬁiene and 23.9 ml of
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2-butene-1,4-diol (0.29 mol of each) in 5 ml of ethylene glycol

dibutyl ether was charged to a Schlenk tube, and at room
temperature a solution of 239 mg (0.29 mmol) of

'RuC12(=CHPh)(£Cy3)2 in CHyCl; was added. The abovementioned

characteristic color change of the solution was observed within a
few minutes. After a reaction time of 30 minutes a sample was
removed and analyzed by gas chromatography. The degree of
conversion of cyclopentene was 24 mol-% and the selectivities for
the individual reaction products, in mol-%, were:

2,7-nonadiene-1,6-diol 64;

2,7,12-tetradectriene-1,13-diol [sic] 36.
Exémple'ii ,

40.0 g of butenediol were charged to a pressure vessel, and at
room temperature a solution of 400 mg of RuCl; (=CHPh) (PCy3) 2
(where Ph is phenyl and Cy is cyclohexyl) in 12 ml of a mixture
of equal parts by volume of CH,Cl, and N-methylpyrrolidone was
added. Then ethylene was injected at room temperature up to a
pressure of 30 bar, the reaction mixture was heated to 50°C and
the pressure was raised to 75 bar by further supply of ethylene.
In the coursé of 2 hours, the pressure, which fell during the
reaction, was kept at 75 bar by further addition of ethylene. The
pressure vessel was then let down and the discharged reaction
mixture was analyzed by gas chromatography. Evaluation of the gas
chromatogram by area % indicated a butenediol conversion of 58 %
and a selectivity for allyl alcohol of 87 %. '
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We claim:

A process for preparing alcohols"andior aldehydes from
olefins by cross-metathesis of oleflns with alcohols whose
molecule includes at least one C-C double bond over catalysts
of the formula (I)

XlszleR_u = (CRIR2 : (I)

where

R! and R? are hydrogen or an orgénic radical or a silyl
radical;

X1 and x2 _are-anionic ligands;-eg&

Ll and L2 " are neutral electron-d@nqr ligands;

with optional subsequent hydrogenation and/or isomerization,
which comprises using alcohols having at least one double
bond in the molecule, in which at:least one hydroxyl is in

the allyl position relative to afCeC double bond.

A process as claimed in claim 1, wherein a monosubstituted
olefin having at least one termiﬁgl C=C double bond is used.

A process as claimed in claim 2,_ﬁﬁerein a linear olefin
having a terminal C=C double bond;is used.

A process as claimed in claim 1, whereln a cyclic olefin
having at least one C=C double bond 1s used.

A process-as claimed in claim 4, Jﬁerein a monocyclic olefin
having a C=C double bond is used.”

A process as claimed in claim 1,.Hhere1n as alcohol having at
least one double bond in the molec'le‘use is made of allyl
alcohol (2-propen-1-0l) and/or butenedlol
(2-butene-1,4-diol).

A process as claimed in claim 1, whereln allyl alcohol is
prepared by metathesis of ethylene with but- 2-ene-1,4-diol.

I
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19 :
‘A process as: clalmed in claim 1, whereln a metathesis
catalyst of the formula (T) is usedvln.whlch X and X! are
halogens, L and 1! are substltute phOSphlnes, R1 is aryl and
R? is hydrogen. '

A process as claimed in claim 1, whereln the metathesis is
conducted at from -20 to +120°C.

A process as claimed in claim 1, uWherein the molar ratio of
the olefin employed to the alcohol employed is in the range
from 100 : 1 to 1 : 100. :

A process as claimed in claim 1, ﬁerein the metathesis is
conducted under a pressure of frqmjo;s to 325 bar.

B SN ST e



