1 Hydroxy- and aldehyde functional compounds The present disclosure relates to a process for
preparing a mixture comprising hydroxyand aldehygde-functional compounds. Processes for preparing
a mixture comprising hydroxy- and aldehyde-functional compounds are known and are produced
when, for example, carboxylic acid derivatives are reduced or alcohols are oxidized. From the article
by MarcHy@mappaaret aldétigderftinotiod rdipbatigiéetedss through a Ruthenium-Catalyzed Tandem
Cross-Metathesis/Allylic Alcohol Isomerization” in Organic Letters, pp. 2603-2606 (2006) the reaction
is known of bicyclic compounds, with ring-opening cross-metathesis (ROCM), with Z-1,4-butenediol,
with reaGlierptedéngdakbeun pebdecs baotho thes Hydpoxyafunct enabarddshepakdehygdrtayetional product.
Discloseag éug@%{;lm(%gmis t{ggn%qqt%inqln é)fnad&unsaturated 4-hydroxy alcohols functionalized in
positions 1 an 5 giver}ﬁe corresp nd‘l‘ngﬁietones. Disadvantages associated with this process are
the fact that isomerization requires a temperature of 200C and that significant quantities of
over-redyced, i.e. saturated, hydroxyl compounds are praduced, There is no mention of the use of
fatty s el e IS BTG B, ad LBV ) chemcan
synthesesnipthederarefanensnanid, sobrprgdlosio gvmatafhe sizaREIM) cerbssytie mtik disr@hiyasr
ring-openljng r@%tcaetaegijs Pc%ll)fo éeg% ticg(ril d@%MP). Metathesis reactions find application, for example,
for olefin synﬁwe&s, for depolymerization of linsaturated polymers and for synthesis of telechelic
polymers. The self-metathesis of allyl alcohol, allyl cyanide and derivatives thereof with simultaneous
isomerization is kno furthermaregfrom the articlesby Wagener.et.al, (4. Mol, Catal,. A, Chemical
003, 101 s e s R e R A B S SR i s of
certain fdlitbetsLGrEsstahstathEspd aver@met-Retathesis/Aliylic Alcohol Isomerization™ in

Organic Letters, pp. 2603-2606 (2006) the reaction is known of bicyclic compounds,

with ring-opening cross-metathesis (ROCM), with Z-1,4-butenediol, with reaction taking
place to produce both the hydroxy-functional and the aldehyde-functional product.
Disclosed, furthermore, is the reaction of «,B-unsafurated 4-hydroxy alcohols

functionalized in positions 1 and 4 to give the corresponding ketones.

Disadvantages associated with this process are the fact that isomerization requires a
temperature of 200°C and that significant quantities of over-reduced, i.e. saturated,
hydroxyl compounds are produced. There is no mention of the use of fatty acids or their

derivatives.

Metathesis reactions are employed extensively as part of chemical syntheses, in the
form, for example, of ring-closing metathesis (RCM), cross-metathesis (CM) or ring-
opening metathesis polymerization (ROMP). Metathesis reactions find application, for
example, for olefin synthesis, for depolymerization of unsaturated polymers and for

synthesis of telechelic polymers.

The self-metathesis of allyl alcohol, aliyl cyanide and derivatives thereof with
simultaneous isomerization is known, furthermore, from the article by Wagener et al. {J.
Mol. Catal. A, Chemical 2003, 194, 69-78). An isomerization accompanying the self-

metathesis was suppressed by means of certain solvents. Cross-metatheses were not



disclosed. In an aspect, there is provided a process for preparing a mixture comprising hydroxyand
aldehyde-functional compounds comprising cross-metathesis reaction of an olefinic compound
comprising at least one hydroxyl group and at least one C-C double bond with at least one at least
monounsaturated fatty acid or with at least one at least monounsaturated fatty acid derivative in the
presencdigfiasadtathesis catalyst at a temperature of not more than 180C. It is an object of the
embodiments disclosed herein to provide a process for preparing hydroxy- and aldehyde-functional
fatty acid derivatives without producing significant amounts of saturated hydroxyl compounds (less
than 5% hymverpelt Tihisrebifeptisidelievprbbysadansrebaimace ssitbungreparmis moixtdrexsemprising
hydroxyé a dara gﬁhgd_ JHQ |g83 (I)g%mggHQgsc g%cg_?sslﬁ-mertath_esi rgﬁaction of e%t lea oneia]g.least
monounSaturated ¥at‘?y HCIT O Of AN At least mondunaaturated %}?yaac%saserr?vaa(ﬁ\'/oenvﬁ R Gletiic
compoucorepataidicgraplesiatatddasirongl lyyduxghgrat fe astiontd62<E cloaiileGritnehpedsente of a
metathegis cafaletala tSNESE?%@ngf et moé?e%“?a'hl%%% A0S il 185! %Stema‘%rggé‘?at”rated fatty
acid" reféls Kere and DelGw T6 an Unsatlrated car oxylhc soidWHiEh Rasd yoprocar on radical having
1 to 50 Gratemaskraferedd dditfyaacidschaad veton 3hemmegratiaflarty & 4thaiand dpsicadlily 8 to 24 C
atoms, %g%l a‘?’a]fgréo ]fﬂgt %%%r%stggr qmle. They may be natural or synthetic in origin. With
particular pr% erence they are hatural in origin and offer an ideal starting platform based on renewable
raw materials. They may carry substituents such as, for example, halogen atoms, halogenated alkyl
radicalsyqyang, hydsoxyaliod.methaxe itrle, itio andier suiphopic.adidigraups, with he proviso that
they are stable under the reaction conditions and do not enter into aﬁy side reactions such as

eliminatRIf ¢BXe & iR el datbleacit s e Yahivemvhbond Rindusineyeiat Brooh 2aherlts by preferably
be 'ineaéé?ﬁ?&@l?ﬁﬂr&)(ﬂi%WBBLH(&?ﬂ%@%%QWG% W\gg‘tbq{g_bond in a,f3-position to the carboxyl
' the

group. 2a Unsaturated fatty acids suitable for the process o invention include 3-hexenoic acid
(hydrosorbic acid), trans-2-heptenoic acid, 2-octenoic acid, 2-nonenoic acid, cis- and trans-4-decenoic

acid, 9-degenifarid (ANEAISPEItndOnnderoRaic aibnapaHenis Anidreisdwitisrgnoic acid

(linderic acid), tridecenoic acid, cis-9-tetradecenoic acid (myristoleiC acid), pentadecenoic acid,

cis-9-heR¥dEPshibdalehydRPanaitenat GRyOHaAs-byHERsGetElvib eI aRsaisrd YattiRerdic acid),
delta-7-¢ja e QG BEXMIRERUBRN Sted fatty acid or of an at least monounsaturated fatty acid

derivative with an olefinic compound containing at least one hydroxyl group and at least
one C-C double in the presence of a metathesis catalyst at a temperature of not more
than 180°C.

The term "at least monounsaturated fatty acid" refers here and below to an unsaturated
carboxylic acid which has a hydrocarbon radical having 1 to 50 C atoms. Preferred fatty
acids have 4 to 50, more particularly 6 to 30 and especially 8 to 24 C atoms, such as 12
to 18 C atoms, for example. They may be natural or synthetic in origin. With particular
preference they are natural in origin and offer an ideal starting platform based on
renewable raw materials. They may carry substituents such as, for example, halogen
atoms, halogenated alkyl radicals, cyano, hydroxyalkyl, methoxy, nitrile, nitro and/or
sulphonic acid groups, with the proviso that they are stable under the reaction
conditions and do not enter into any side reactions such as elimination reactions, for
example. The at least monounsaturated hydrocarbon radicals may preferably be linear,
branched or cyclic. With preference there is no double bond in «,3-position {o the

carboxyl group.



3 acid, 9-heptadecenoic acid, cis-6-octadecenoic acid (petroselinic acid), trans-6- octadecenoic acid
(petroselaidic acid), cis-9-octadecenoic acid (oleiggcid), trans-9- octadecenoic acid (elaidic add),
cis-11-octadecenoic acid, trans-11-octadecenoic acid (vaccenic acid), cis-5-eicoseic acid,
cis-9-eicoseic acid (gadoleic acid), cis-11-eicoseic acid (gondoic acid), cis-11,cis-14-eicosadienoic
acid, cisths@8aiadlhitis ddd © maisaibirierioie pomddssanhide moactd)n drsilitiel Gebsranidassd
(cetole| acddc))so%);ma dglfoﬁsghcs Eﬁ (ﬁéjx%?caé:c':q ans[éls doggls 'nco%%';%io bras?:]dlc aci d cis-15-
tetracoserioic aci (;sel%c oleic aci nervonic acid), C|sr10}ChexaCosen0|c accl:aa{:x menic |d) and
cis-21- tr‘nm@é{ieni:(dmdeawieeerd)gcamdch(saQ’M&i&&ij;ﬂ@inmmde(sommmndecy!amc

Ccis-9-cis:- ctad en ic aC|d e is-12-cis-15; octadecatrienoic acid
(alpha-li%%%e)glgsacmﬁa CIR6-Liaod 8|s %:%ﬁgda? %'§ r’lerr'fglé: %?%f?é“gr'ﬁm% a§§e€“é§e gg%ﬂ%ﬁeos&’earlc acid,
12- hydrémwmeﬁearmdé);qmmde(mmmdemi acedP- Bé’xhﬁiﬁgk&@emm@{%e@qn@nat@mcaemidyernohc

acid), cig 5-d n0|c acid, cis-5 1% dog §ad|e oic acid. ilar acids. Alsp suitable as reactants
e el g A A B e Al B S TR R e

technical mixtures with other fatty acids based on renewable natural raw materials, such as, for
example, from sunflower oil, rapeseed oil, soybean oil, jatropha oil, castor oil, tall oil or fish oil. As is
usual in the chemistry of fats, these polyunsaturated fatty acids are generally used not in the form of
their pure compounds but instead in the form of their technical mixtures, in producing the products of
the invention. The aforementioned fatty acids are preferably employed not only as they are but also in
the form of their esters, with C1-C36 alkanols (alcohols), more particularly with C1-C4 alkands. Typical
examples of alkanols of this kind for forming esters with the aforementioned fatty acids are methanol,
ethanol, n- and isopropanol, n- and isobutanol, n- and isopentanol, n- and isohexanol, n- and
isooctanol, n- and iso-decanol, n- and isododecand, n- and isotetradecanol, n- and isohexadecanol, n-
and isooctadecanol, and also higher fatty alcohols and/or branched fatty alcohols and/or fatty alcohol
derivatives having up to 36 carbon atoms, examples being C36 Guerbet alcohols. The unsaturated
fatty acids may also be used as esters with polyhydric alcohols, such as glycerol, glycol,
pentaerythritol or bispentaerythritol. The fatty acids can also be used in the form of their amides,
nitriles, reduced alcohols and other derivatives. 4 A special preference is given to the corresponding
ester with methanol, from which, in accordance with the process of the invention, important starting
products are obtained for the production of high-performance polymers (polyamides, polyesters, etc.).
The term "at least monounsaturated fatty acid derivative" also encompasses the corresponding
alcohol. The term "hydroxy-functional fatty acid derivative" refers here and below to a compound which
corresponds to one of the aforementioned fatty acid derivatives and additionally contains at least one
OH group. Furthermore, the hydroxy-functional fatty acid derivatives may be substituted and may
have, for example, one or more functional groups such as, for example, ester, amide, nitrile, aldehyde,
ketone etc. They may also carry substituents such as, for example, halogen atoms, halogenated alkyl
radicals, cyano, hydroxyalkyl, methoxy, nitrile, nitro and/or sulphonic acid groups, with the proviso that
they are stable under the reaction conditions and do not enter into any side reactions such as
elimination reactions, for example. The term "aldehyde-functional fatty acid derivatives" refers here
and below to a compound which corresponds to one of the aforementioned fatty acids and additionally
contains at least one aldehyde and/or keto group.



The term "at least monounsaturated fatty acid derivative" refers to a compound which is obtained from
the reactiopwithy pfediysaeid and contains an unsaturated hydrocarbon padicsd200e@@mple of such a
fatty acid derivative is an unsaturated fatty acid ester. The alcohol segment of the fatty acid ester may
be any monohydroxy, dihydroxy or polyhydroxy &cohol which is capable of condensation with an
unsaturated fatty acid to form an ester. In seed oils the alcohol segment is glycerol, a trihydroxy
alcohol. If desired, the glycerides can be converted by transesterification into fatty acid esters of lower
alcohols, VRIS chFPERS e isBRI b F nbrecBssrpainfich BRESHEN&F5Y §¥bh8equent chemical
operationsedhe-atephobusqgdadbadiaosentprificotinndtypicaly contdnsahdapnstrans-garbon atom. The
alcohol typically contains.les an about.15 carbon a Jpreferably le carbon
atoms, mo?g%@é?gpﬁ?ya%(ff%gaﬁca Sout Eﬁia?%%ﬁ éet%érﬁgéaar?? é@gﬁ%ﬁié%grggg?iﬁ%%ééthan
approximafelg@niadiin) SsriseiTre iscrbonacheich eieasiddlarisisimasist nilty ' eckivgRlged in a linear
chain or ing;brapghsd shiyctEre ANddNayRe suhstitiedibycr multiplisityafsubstituents, such as, for

example, those disclosed beforehand herein jn connection with the, olefin reactants, .in¢luding the
abovemen?fBﬁ%%eérIﬂWDé@@I%gl@ﬁ%ﬁgﬁ&ﬂlﬂ(ﬁ‘ég%%&"l@?ﬁ?ﬁ?é{mﬁ ,aglé)ﬂ%lerﬂ[,e hcy%?@yf‘:l?fg%gen, nitro,
carboxylic dwidsatheriddsteci@ayitiaritamidedsobstitomsidlieatitbekisbgarehtof the unsaturated fatty

acid ester isypreferably ALk o A ABNGCHAR A RiaaChed G 153 alkanst dLmost preferred if the

alcohol is a C1-C3 alkanol; suitable examples thereof include methanol, ethanol and propanol. Other
fatty acid JepiR el AEd RIS e RBRCL SR AHRRIIO AUHE PR PR SHERESBHERIES by reduction
from the faitjdqstasioatidly asig derizativiescestaniidaitty imoehoisidhitis Shuide -ttty Zmines

(primary, seeonda.Ieriar Atk DIk 20040 GBI BRI BLed COMRAICia APnIaining a

functional group. Examples of functional groups are all suitable functional groups known per’se to the
skilled perism@adinalsnie pekdrRisesRaSRTaloniyiratrsinardedrsrrattcsld (EGRRG hydroxyalkyl,
methoxy, B omitresarsephydmxytardamauiphoveracid gerlpss-Bhevteraratesisit, compound
containing at #e%st one h Iclroxglaggg%ggd :ﬁ% Iea%;[sone CC double bond" refers here and below to a

compounoc SR 3?6:8805\7 Ich WaZanUnsatirated ydrocarbon radical having 3 to 10 carbon atoms.

Examples thereof are prop-2-en-I-ol (ally{ alcohol), but-3-en-1-ol, pent-4-en-1-ol, hex-5- en-1-ol, .
hept-6-en-ii0l sORifaR feghiNIRD BeilidaRlraied #0G--RR-A0hE1amRizsabynsaiated diols are
but-2-ene-1,4-diol, hex-3-ene-1,6-diql, dec-5-ene-1,10-diol and the like. Especially suitable for the
process oPfHE" ﬁ%ﬁﬁoqpﬁ\’geﬁlw*%ﬂ%ﬁgl?ﬁt}%@fﬁ% 8t Jh LT?E-HE -ggé‘?{e%%% acias Bas

on renewable natural raw materials, such as, for example, from sunflower oil, rapeseed

oil, soybean oil, jatropha oil, castor oil, tall ofl or fish ofl. As is usual in the chemistry of

fats, these polyunsaturated fatty acids are generally used not in the fo'rm of their pure

compounds but instead in the form of their technical mixtures, in producing the products

of the invention, The aforementioned fatty acids are preferably employed not only as they

are but also in the form of their esters, with C1-C36 alkanols (alcohols), more particularly

with C1-C4 alkanols. Typical examples of alkanols of this kind for forming esters with the

aforementioned fatty acids are methanol, ethanol, n- and isopropanol, n- and isobutanal,

n- and isopentanol, n- and isohexanol, n- and iscoctanol, n- and iso-decanocl, n- and

isododecanol, n- and isotetradecanol, n- and isohexadecanc!, n- and isooctadecanol, and

also higher fatty alcohols and/or branched fatty alcohols and/or fatty alcohol derivatives

having up io 36 carbon atoms, examples being C36 Guerbet alcohois. The unsaturated

fatty acids may also be used as esters with polyhydric alcohols, such as glyeerol, glycal,

pentaerythritol or bispentaerythritol. The fatty acids can also be used in the form of their

amides, nitriles, reduced aicchols and other derivatives.



6 The term "metathesis catalyst" refers here and below to a compound which has the following
structure WwwhistoMgsgzgmium or ruthenium, R stands for identical or ¢iff@rerporgargeragicals with a
great breadth of structural variation, X1 and X2 are anionic ligands, and L represents alike or different,
neutral electron donors. The common term "aniofic ligands" refers in the literature for such metathesis
catalysts in every case to ligands of the kind which, when considered in a state removed from the
metal centre, have a negative charge with a closed electron shell. Such catalysts are known, for

example, fotRER AEERMES 4 UM AIACS RSN R, WERTRIGRACh IR 88 td ditionally, is a
group of catalystsuhichvaretiefermesstooitiibenadrainfGrukiys(i) statihggtesdadasaN-Nles

obtained for the production of high-performance potymers {polyamides, polyesters,

etb.),

The term "at least monounsaturated fatty acid derivative” also encompasses the

corresponding alcohol.

The term "hyciroxy#un.cﬁ.cinai fatty acid derivative" refers here and below o a compound
which corresponds to one of the aforernentioned fatty acid derivatives and additionally
contains at least one OH group. Furthermore, the hydroxy-iunctional fatty acid
derivatives may be substituted and may have, for example, one or more functional
groups such as, for example, ester, amide, nitrile, aldehyde, ketone etc. They may also
carry substituents such as, for example, halogen atoms, halogenated alkyl radicals,
cyano, hydroxyalkyl, methoxy, nitrile, nitro and/or sulphonic acid groups, with the
proviso that they are stable under the reaction conditions and do not enter into any side

reactions such as elimination reactions, for example.

. The term "aidehyde-functional fatty acid derivatives” refers here and below to a
compound which corresponds to one of the aforementioned fatty acids and additionally

contains at least one aldehyde and/or keto group.

The term "at least monounsaturated fatty acid derivative” refers to a compound which is

obtained from the reaction with a fatty acid and contains an unsaturated hydrocarbon

radical.

One example of such a fatty acid derivative is an unsaturated fatty acid ester. The
alcohol segment of the fatty acid ester may be any monohydroxy, dinydroxy or
polyhydroxy alcohol which is capable of condensation with an unsafurated fatty acid to
form an ester. In seed oils the alcohol segment is glycerol, a trinydroxy alcohol. i
desired, the glycerides can be converied by transesterification into fatty acid esters of -

lower alcohols, which can be separated off more easily or which are suitable for



Other metathesis catalysts are described, for example, in WO 99/51344, WO 00/15339, WO 00/71554,
WO 02/0792e0NB82#9127, WO 02/083742 and, for example, in Angéw/EERER/288519.07(18),
2179; J. Am. Chem. Soc. 1995, 117, 5503; J. Am. Chem. 7 Soc. 1996, 118, 100; Chem. Eur. J. 2001,
7, 3236; Organometallics 2000, 19(11), 2055; J. Am. Chem. Soc. 1999, 121,2674; Organic Letters
1999, 1(6), 953; J. Am. Chem. Soc. 2003, 125, 10103; J. Am. Chem. Soc. 2003, 125, 2546; J. Am.

Chem. Soc. 2001, 123 6543 Furth rex s rubbs( talys |bed for example, in
WO 02/14§L7%5% §}E§ﬂ§?‘5" Rﬁf@ jmgé% (W'g %@ég "a{h%e%%éﬁ%ag (% example, in J.
Am. Chencostmna_ggi@asmne%rbpmwpr@h% 280bobgpoahveogass; lﬁf%ﬂrtéhédibmi_é&ers 2000, 41,

9973; Tetr@é}%@%&ﬂ@%@%&%f@éﬂﬁ%@@ﬂaﬁcéx%@n%@dnwﬂmeg@@ra%%s@%rﬁn Syniett
2004, 4, 667; Eur. J. Org. Chem. 2003, 963; Chem. Eur. J. 2004, 10, 2029 Partlcularly suitable for

processesagf}fﬁe Qn%HﬁBﬁ@?@%@ﬂ?ﬁ%@ﬂ&ﬁﬁ%ﬁ%l&ﬁﬁN@bﬁﬂ?é%im@ BRUARERNIM (Lst
generatioratBrubh i e atatyst)atbBshis (Batacohol segment may be arranged in a jfinear chain or in

t”methy'“ﬁ%’r)é?‘x)ﬂ?e&'QH%%‘%MWGMQ&E‘&(R@@EM %ﬁﬂ%‘@ﬁ?&@@&%&ﬂﬂ%&%@ﬁ%“a““he nium

(2nd generation Grubbs catalyst), (1,3-bis(2,4,6-triméthylphen

2-imidazofehiRaRRIE) BERPASERRRS RSRIRIBRE ﬁsﬂﬁ'@tm@ﬁa%%mmﬂ%ﬁ@@émﬁaﬁ

Hoveyda- ﬁmﬂhm@b@i}@ﬁdﬁ;ﬁv@wé&ﬂ &ﬁﬂmpylpbelyﬂéhé Ariibyidraimigiaz okiRylaryl, :
yidenel2- fiaisRpaksas inelaqiooneheny melensibenumdichiprde (Zerman
catalyst). rtlcu & pre erénce Is given t6-complex compounds o owing general formulae:

In these fcﬁ*ﬁﬁha@%@fﬂﬂf@a upsEjUERerSEMacK Laike IX praget heveirt Asdridieigidd above; VY, R,
R"and R, ipdtdatnerancheals seieelrbipindrpengridy f iotr anotiths Hom 18 alkanol;

suitable exampiles thereof include methanol, ethanol and propanol.

Other fatty acid derivatives suitable for the process of the invention are falty alcohols
obtained by reduction from the fatty acids or faily acid derivatives; esterified fatty
alcohols; fatty amides, fatty amines {primary, secondary, tertiary), fatty nifriles; and long-
chain unsaturated compounds coniaining a functional group. Examples of functional
groups are all suitable functional groups known per se to the skilled person, such as, for
exampie, halogen atoms, halogenated alkyl radicals, cyano, hydroxyalkyl, methoxy,

nitrile, nitro, amino, hydroxyl and/or suiphonic acid groups.

The term "olefinic compound containing at least one hydroxyl group and af least one C-
C double bond" refers here and below io a compound of this type which has an

unsaturated hydrocarbon radical having 3 to 10 carbon atoms.

Examples thereof are prop-2-en-1-ol (allyl alcohol), but-3-en-1-cl, pent-4-en-1-o0l, hex-5-
en-1-ol, hept-8-en-1-0l, oct-7-en-1-0l, non-8-en-1-ol and dec-9-en-1-ol. Examples of
unsaturated diols are but-2-ens-1,4-diol, hex-3-ene-1,6-diol, dec-5-ene-1,10-diol and
the iike.

Especially suitable for the process of the invention are aliyl alcohol, but-3-en-1-0l and
1,4-but-2-enediol.



8 group of hydrogen, (C1-C8)-alkyl, (C1-C8)-alkoxy, (Cs-C18)-aryloxy, HO-(C1-08)-alkyl,
(C2-05)-alkoxyalkyl, (Cs-C18)-aryl, (C7-C12)-aralkyl, (C3-C18)-heteroaryl, (C4-C19)- heteroaralkyl,
(C1-C8)-alkyb (&8 uEdRadyl, (C1-C8)-alkyl-(C2-C18)-heteroaryl, (C3-C3)eycidaikya/068018
(C1-CB8)-alkyl-(Ca-CO-Cycloalkyl, (C3-05)-cycloalkyl-(C1-C8)-alkyl. Furthermore, the radicals R and
R1 to R4 may independently of one another havé the following definitions: (cyclo)alkylthio,
(hetero)arylthio, alkyl/arylsulphonyl, alkyl/arylsulphinyl, in each case optionally substituted by
(C1-C8)-alkyl, (C1-C8)- alkoxy, (C6-C18)-aryloxy; F-10-(C1-C8)-alkyl, (C2-C3)-alkoxyalkyl,
(Cs-ClO-aryl, perfruoroalkyl, halogen, (C1-08)-acyloxy, (C1-C8)-acyl (Ci-C8)-alkoxycarbonyl, (C1-
CO-alkylsulphdeyh Smetthes siklsathrefs (eB: enshaipyist prrompan@sieEtdizsifsulphinyl. - R1 to
R4 may Iik@ﬁ&@@@g&ﬁg%group, sulphate, amine, ammonium salt, phosphate and phosphonium salt.
the radicals R' may be linked with one or more of the radicals R1 to R4 in cyclic compounds. The
radical R1 may also be linked with the radical Y to form a (hetero)cyclic compound. Examples of the
abovementioned compounds are: :

L o
x%,,,h } |
N -
L R

in which M is osmium or ruthenium, R stands for identical or different organic radicals
with a great breadth of structural variation, X" and X* are anionic ligands, and L
represents alike or different, neutral electron donors. The common term "anionic
figands” refers in the literature for such metathesis catalysts in every case 1o ligands of
the kind which, when considered in a state removed from the metai centre, have a

negative charge with a closed electron shell.
Such catalysts are known, for example, from WO-A-86/04289 and WO-A-87/06185.

Known fram WO-A-00/7 1554, additionally, is a group of catalysts which are referred to

in the art as "Grubbs(il} catalysts™

—

Mes—N, N hjes

o} un,I

Gl/l o

POy,

Other metathesis catalysis are described, for example, in WO 88/51344, WO 00/15338,
WO 00/71554, WO 02/079126, WO 02/79127, WO 02/083742 and, for example, in
Angew. Chem. 1995, 107(18}, 2179; J. Am. Chem. Soc. 1995, 117, 5503; J. Am. Chem.



\MesN NMes CI  0.9.1:-Cl : 02N

WO 2010/083934 PCT/EP2009/068019

Soc. 1996, 118, 100; Chem. Eur. J. 2001, 7, 3238; Organometaflics 2000, 19(11), 2055;
J. Am. Chem. Soc. 1999, 121, 2674; Organic Lefters 1999, 1(6), 953, J. Am. Chem.
Soc. 2003, 125, 10103; J. Am. Chem. Soc. 2003, 125, 2546; J. Am. Chem. Soc. 2001,
123, 6543. Further examples of Grubbs{ll) catalysts are described, for example, in WO
02/14376, WO 03/011875, WO 03/044060, WO 04/035586, US 6,620,955 and, for
example, in J. Am. Chem. Soc, 1999, 121, 781, J. Am. Chem. Soc. 2000, 122, 8168;
Tetrahedron Latters 2000, 41, 9973: Tetrahedron 2003, 59, 6545; Syniett 2001, 3, 430;
Adv. Synth. Catal. 2003, 345, 572; Syniett 2004, 4, 667; Eur. J. Org. Chem. 2003, 863;

Chem. Eur. J. 2004, 10, 2028.

Particularly suitable for processes of the invention are benzylidenebis(iri-

- cyclohexyiphosphine)dichlororuthenium {1st generation Grubbs catalyst), 1,3-bis(2,4,6-
trinﬁethyipheny!}-2—(imidazo!idinylidene)(dichlorophenyimethyiene){tricyclohexy}~ |
phosphine)ruthenium (2nd generation Grubbs catalyst), (1 ,3-bis{2 4,6-irimethylphenyl)-
2-imidazolidinylidene dichloro(o-isopropoxyphenylmethylene Jruthenium (2nd generation
Hoveyda-Grubbs catalyst) and 1,3-bis(2,4 6-trimethylphenyl}-4,5-dihydroimidazol-2-
yEidene[z-(impropoxy}S-N,N~dime’thyianﬁinosuifcny!)phenyl}methy?ena«

ruthenium({i)dichioride (Zannan catalyst).

Very particular preference is given to complex compounds of the foliowing general

formulae:

R’H ! RH

RN NR RN NR
U= R4 U= R4
X{/ ol i
2 R, A Ry
Y Y
Ry R Ry R

In these formulae
e Zis -O-, -5 -8(0) and S(O)-, X4 and X, adopt the radicals indicated above;

» Y,R, R and R, to R, are radicals, selectable Ende;jendentiy of one another, from the



In one particularly preferred embodiment of the present invention the olefinic compound containing at
least one hydraRybgrBigRand at least one C-C double bond is present iR@ke380AIRENAS the at least
monounsaturated fatty acid or the at least monounsaturated fatty acid derivative. This embodiment has
the advantage that even less self-metathesis takés place. 9 With particular preference the
temperature during the cross-metathesis reaction is between 80 and 120C. This temperature range

allows a high yield of aldehyde-funcgtional compounds: the yield of hydroxy: tional compounds
decreases in %%?e?ﬁBé%‘fél?é”r&@ *?%ﬁﬁl&’ﬁ%?\i\ﬁ%gfﬁ‘@?é}’réé Hrd é%g,[%ﬁ% ﬁ&n{%;?}gﬁﬁ;ﬁg%ﬁﬁng
cross-metathéSisteatioryskybiilech H-antl BDHCC Thsakwpératuse raisgean!tikn-&llevs a high yield of

hydroxyfunctipnal sompaundsenhataasitie vield ot eldshuiestunctionalagrapgunds.degreases in this
temperature range. A further, likewise particularly preferred embodiment rﬁ%%@g o what is called the
outHi

two-stage pr 1oyt eaeive Grabe e featnsidaiiie t a temperature
between 0 argl6BEmxIde, tesutiigemiRtunelis e b roag hittepartbmipeciture frettieeha8@ and 120C.
This two-step, praocess. - that.is,.first ian.rec mpaativelxjon-temperature and the
subsequent h@%mﬁ@%@%@é’é\? hﬁ%ﬁce&r%t%e peirE)ait reg-r%%a(s\r%thg) édvg{ntggfget at vf/ll’th a simple change

to the reactioflke@anisuRBIibIi RashifasegHmR DEHMRHOS Smdrr RN éFtreshy droxy-functional
compound, ingthegirestion phihexgldebyde-fixpetionalccompeaungyire fraction eédydroxy-functional
compound is very low and is’less than 2%. In the sj te i s;por solvents are
added to or V\ﬁfﬂﬁ/ WA %Errﬁ]#lo ?8'51 fB(r? %?tﬂ?exy a{ﬁ‘}%‘%?_sa %%Sr@%%%?gt gg%qngpe at E%é is increased
very rapidly t€ihelaftsiphentiorrdd réhgelviaihindr (préterrad/Eriprihent ef-thelpresent invention
the cross-meg}g@ﬁ' feaction is carried out in the presence of at least solvent. In principle it is possible
to select all of the solveénts that are suitable for the metathesis reaction and that p%% ncEl qgactivate the

catalyst erhplByde Bt BAVAHRNFERER THEr 8RR RS HPARY ot AV TRAHEB &7 FBRSRIFSY solvents

include but aenoehiapteshiardictioromethane, benzene, toluene, methyl ethyl ketone, acetone,

tetrahydrqur n, tetrah dpgo I i NGus %Iglil?m ,O@}ﬁ%%@algtﬁa@h @l, isopropanol,
butanol, "all a%t':%hao({?aggn EI% gﬁo%%%%éné al}lscyc ic h c?rocar ons with (}Iifferéjilil;tP (?gcr%on
' compounds. The radical R4 may also be iinked with the radical Y to form a

{hetero)cyclic compound.

Examples of the abovementioned compounds are:

: MesNYl\;r:'les . NM—NM
m /:\ . \‘~ el as ‘
MesN. _NMes MesN. _NMes cl"?“”\ \f/_\c:l
e T

(0)8

~ 9 &)

In one particularly preferred embodiment of the present invention the olefinic compound

CI"RU -
YT g R ©) 8@ t
i , i (0)S
S

containing at least one hydroxy! group and at least one C-C double bond is present in
excess relative to the at least monounsaturated faity acid or the at least

monounsaturated fatty acid derivative.
This embodiment has the advantage that even less self-metathesis takes place.



10 numbers, and also all halogenated hydrocarbons. In certain cases, when the olefinic compound
containingagb leaspaedadroxyl group and at least one C-C double bortie/Bb#S (1841680 it as solvent,
as in the case, for example, of but-3-en-1-ol or but-3-ene1l,4-diol, it is also possible to forego the
addition of a further, additional solvent. Not constidered as solvents in the aforementioned sense are
amines, hydroxyl thiols, dithiols, thioacetals, and saturated organic compounds having at least two

hydroxyl groups, such as, for example, ethylene glycol, glycerol, 1,3- ré)%anediql or_ggropylene glycaol,
since at myie AR RIeRTralts BRRSAHERHEHENTTERRy A HEBUPLISD as a reactant
with proteséingsgrosphaaqions ATy eanparihitbe=alge hijdesfardtonaicomidemaproduced, to give the

corresponding. cyclic full acetal 1 r >pce s diven io selecting-a-salvengyehich has a dipole
moment gflﬂ be !\?v')é%ﬁ3 Tdnd %%e%%?é%@ﬁy’%ﬁé%@%re’%rencg IS given tch a dipole moment of
between (eaifPEBIGINES: Examples of such a solvent are dichloromethane (1.60 D),
1,2-dichloroethane (1,48 D), toluene (0,375 D), THF (1,750, measured as a 25% strength solution in

benzene), 1- hutanol (1,66 D), 1,2-diethoxyethane (1,99..measure %0 StLe solution in
benzene)?’hﬂébfgf‘ﬁg-%%g{g??g Br)écﬁgﬁ’e%%%mﬁgfgréé% éj;”en?éﬁ%@?ﬂ%ﬁ%r%%s%%gﬁé?g%I and 1-butanol.
In anothebetwbediPrmrt 68 the Thisdatinerbiorercrrgmiatiieaiowschigh KWalhaidd B homogeneous
phase. This,meABENALIRR ISRe-Phash SRIAENANdhaidhshE astamiaIe firpsesent in a

suspensiagn or dispersion. The homogeneous reaction regime has the advantage that increased
cross-mef3tSEVRIFE YR8 rved. The amount of the metathesis catalyst, based on the at least
monounsaturated fatty acid or at least monounsaturated fatty acid derivative used, is dependent on the

nhature 5 further, likewise particularly preferred embodiment relates to what is called the two-
stage process. In this case thetcros.s-metathesis reaction is carried out first at a
temperature between 0 and 60°C. The resuliing mixiure is then brought to a
temperature between 80 and 120°C. This two-step process - that is, first the reaction
regime at comparatively low temperature and the subsequent heating to a markedly
higher temperature - has the advantage that, with a simple change to the reaction
regime, the vield is shifted significantly, through isomerization of the hydroxy-functional
compound, in the direction of the aldehyde-functional compound; the fraction of
hydroxy-functional compound is very low and is less than 5%. In the simplest case;
neither compounds nor solvents are added to or withdrawn from the reaction mixture; aft
that is done is that the temperature is increased very rapidly to the aforementioned

range.

in a further, preferred embodiment of the present invention the cross-metathesis

reaction is carried out in the presence of at least solvent.

In principle it is possible o select all of the solvents that are suitable for the metathesis
reaction and that do not deactivate the catalyst employed or adversely affect the
reaction in any other way whatsoever. Preferred solvents include but are not fimited fo
dichloromethana, benzene, toluene, methyi ethyl ketone, acetone, tetrahydrofuran,
tetrahydropyran, dioxane, cyclohexane, methanol, ethanol, propanol, isopropanol,
butanol, "all alcohols™ and all aliphatic and alicyclic hydrocarbons with different carbon



11 and also on the catalytic activity of the specific catalyst. The amount of catalyst used is typically 1 to
1,000 ppnivoldeimeaadpdeferably 2 to 500 ppm, more particularly 5 to R60/pFR1548880GA the fatty
acid or fatty acid derivative employed. The reaction time is dependent on a series of factors, as for
example on the type of monounsaturated fatty acf¥ or at least monounsaturated fatty acid derivative
used, on the nature of the catalyst, on the catalyst concentration used and on the reaction

temperature, ically,the reaction is a end within three hours under stangard,cenditions. The
progress W?#lset%’i}ée%lsg c?‘aﬁ‘r%1 %89%8%%%? %/C?nrt%%rﬁss: énf% 5%51&1? Sgﬁh@‘?g, %ﬁc Eealgsl%y GC/MS or
HPLC/MSammasunsimentainiog eklaagientmyddeniamiprevd tidersmesizatroiublobEididrds to shift

the prdducipreRentignsinthefisctianfrldshyderfunstipnaleempnend. 4 is-addiienaly possible to
add additives that are known per se to the skilled P,ersf%F, i‘lﬂjﬁg as I%éd“dels’ tfr egample, or bases, to
the reactioh®ufe’s RO RBHRIEICIREFLGFREHPB et tEGhRELUHR ”8WR8tization, in other

words to shift the product proportions towards the hydroxy-functional compound, to add additives that

are knowiher s 6 SKLGH SR, SUR AR ERUPISDOHCARILOT YRATRS;SY example, to the

reaction mixture in addition. The examples which follow serve to illustrate the invention, without

confining #iliiseliRrraiaie® 8 sAlRGTH IRETRRARBEANTS AR Bt 6Rs) Mo BXEliery| information

Solvents apcughemicalss, Thedellapingtyanayictisglvants, anth pheariedis wepepgedsacetone (99.5%
GPR Rectgpur, from V. Int..Art.-Ne Z di ivols act not on ts but
benzylide@e%%(tﬁc@glogzé%fy%)ﬂhgép%lne ??é%%%%r&gt e’r?ljﬁr%r é) I,wigtacerqgrgﬂgna%?l?g/gg éatglyst from
Aldrich, ARISR8557GPEEMEIREpEeA B raehHPRER ad react with the aldehyde-functional

(imidazoligsnilidene eishionbendmeshyleaaitiimyglonsxyiphasgbine)ruthenium

Particular preference is given to selecting a solvent which has a dipale moment of
between 0 and 5 debyes. Very particular preference is given to a dipole moment of
between 0 and 2.5 debyes.- '

Examples of such a solvent are dichioromethane (1.60 D), 1,2-dichioroethane (1,48 D),
toluene (0,375 D), THF (1,75 D, measured as a 25% strength solution in benzene), 1-
butanol (1,66 D), 1,2-diethoxyethane (1,98, measured as a 20% strength solution in

benzene), and 1,4-dioxane {0 D).
- Especially preferred are tetrahydrofuran, isopropanol and 1-butanol.

In another embodiment of the invention the cross-metathesis reaction is carried out in
homogeneous phase. This means that there is no phase separation and that the

reactants are not present in a suspension or dispersion.

The homogeneous reaction regime has the advantage that increased cross-metathesis

vields are observed.

The amount of the metathesis catalyst, based on the at least monounsaturated fatty
acid or at least monounsaturated fatty acid derivative used, is dependent on the nature



12 (GII, 2nd genération Grubbs catalyst from Aldrich, At No. 569747), (1,3-bis(2,4,6-
trimethylpieayZ)124miesZolidinylidene)dichloro(o-isopropoxyphenylme e hERUBRHET PHGII, 2nd
generation Hoveyda-Grubbs catalyst from Aldrich, Art. No. 569755),
1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazél-2-ylidene[2-(i- ‘
propoxy)-5-N,N-dimethylaminosulfonyl)phenylimethyleneruthenium(ll) dichloride (ABCR, 96% from
ABCR, Art, No,,AB173300), 1-butanol (99.9% from. Si -Aldrich, Art. No. 537993), 2-butene-1,4-diol
(2 98,096 FORESURL RACKEV05 740 D OO G R fo0be HE R AL AORD L 14783)
diethyl ethiypi8d96i &P RIRE ctapurdbsmngtal R taterabty Rit 28809363 e ZedicnivRyéthane (a 98.0%
from FlukexsrtoMor38ad O téaiiennemyihyskrzinav@rd drgpbaddrich, Art. No. D199303),
1,4-dioxane (anhydrous, 99.8% from Aldrich, Art. No. S39401-018), ethyl vinyl ether (99% from
Aldrich, Art, No. 422177), n-hexane (95.0% AnalaR Normapar from VWR Int., Art. No. 24577.367),
n-hexane (&®7:0860CHmmastip@)donttil=Cérirn Sitpotarsdsidhy, #amie 4883ypeopper(ll) sulfate
hydrate (SR OARE A 4 SO0 MEUBRCHAAE: b Chugmangli) KIS from Fiuke,
Y

Art. No. 34966), sodium hydride (60% dispersion in mineral oil from Aldrich, Art. No. 452912), sodium
hydroxide {1 989 $r8hihe AtRIy#h, R inRIGAIEIY L CoTRTBIRYPD I63RE 08 MGEaRFRBmM Sigma-Aldrich,
Art. No. 5453083k, Pypreigno (82 3m Grupamasaivwiihiusafer dibkCifiemsSigasadAldrich, Art. No.
650447), Schiff's reage r , SUlfuri ' 9 rt. No. 84718),
tetradecar% § n(%ff}é‘? r??rﬂejé] %%Vg ?r(gfméﬁé\lﬁ?agaqﬁﬁé%\lC(%%%%%ﬂ%ﬁ%@z%&ggﬁIg%cé:rls@o r\'ﬁ; for HPLC from
Carl Roth 2haty e SPSR 49yt RSlRaIhE (L O8SSTeroHPRRIMENOARAIP®71313), undecanal (97%
from Alfa Aesar, Art. No. A16101), trans-2-undecen-1-of (96% from ABCR, Art. No. A6125432),

potassisum SOéjiu tartrate tetrahydrate (99% from_Sigma-Aldri Art.<N6 217255). 0-xylene (98.0%
from Fluké'? AT ?f\%l. '%é%ﬁf%uﬁﬁ%‘ﬁfgﬁ%ﬁd 38r§%1%r%%€%fgc%{%w e éoﬁg(ét s?gﬂ/ri?%ﬂse{gcordance with

standard ltisctisgetipmmitadebydmiupatonahsaunprimd, dris addiied rpmssigiriodi@matography: The
thin-layer ghigmategeniiciavwesigntionsthElbGiunereeariedpuidisiaadiicaostatmmingm foils (layer

thickness 0.2 mm from Flyke, Art, No. 60800) The separations took place in a chamber saturated with
hexane/ P3tHRIEHEP N 8% ient over a separation path of 8 - 10 cm. The substance zones
were visualized with permanganate reagent. TLC detection of the aldehydes was carried out with

dinitrophepylhydrazine é%%gfd}!s(ammr&@é&i%sgéaféésdiﬂgﬁem@nyﬁ%m,r%%r%@)mls% ethanol, 8 ml of

water and 5 ml of concentrated sulphuric aci olumn chromatography: column chromatographic

separatiof8hEye Farieh RSoPAR AR YRS D M RAGHNFIO 0 FRRPPENK Art. No. 60738). A
chromatogtrpdtigittedsmmavdib ey ieotd ane ahllanpaternaddiame dreofiBrerspivasgcused. The eluent

used was g.he diethy; Ixt - 1. dnfrar y. IR spectra were recorded using
a Bruker E%%?ﬁ@g%gﬁg%%ﬁ%#@ég v!\‘/?t ta‘%&%@%&ﬁﬁl% {@g%vqgvenumber range from 4600 to
600 cm-1. NMR spectroscopy: The 1H NMR (13C NMR) spectra were recorded using a Bruker
AVANCE DR %5180 Q/ Mtz 61 b s efocTdvitdératd e stmndatid i) sathdot toarphenmieal shtft 6 was the
signal of tetrarpett‘%lsila%ne r(TMtS’tS = %00 é)ni'zg Th%ncou[;alin (a:onstants (J) are reported in hertz (Hz).
The coup”ﬁ"&'ﬁ) e Wers !gb%}%bqgtegé% oliows” & é’ginéjae ) d'= doublet; t = triplet; g = quartet; m =
multiplet. - ‘

1. General information

Solvents and chemicals. The following commercial solvents and chemicals were
used: acetone (99.5% GPR Rectapur from VWR Int., Art. No. 20065.470),
benzylidenebis(tricyclohexylphosphine)dichlororuthenium (GI, 1st generation Grubbs
catalyst from Aldrich, Art. No. 579726), 1,3-bis(2,4,6-trimethylphenyi}-2- . |
(émidazoiidinytidene)(cii’chEbfoph-enyimethyiene)(tricyciohexylphosphine)mthenium



Gas chromatography (GC): gas-chromatographic investigations took place using a GC-2010
(Shimadzyy er#om&88#aph equipped with autosampler, flame ionizatioR GEfEREIOBAIPRHY GC
capillary column Stabilwae (30m x 0.25mm x 0.25 pm, Restek, Art, No. 10623). Measurements were
carried out in split mode (split rate 1:45) with hyd?ogen as carrier gas (flow rate 1 ml/min, linear carrier
gas velocity 31.4 cm/sec). Temperature programme for GC oven: start temperature 95C, hold for 1

min; heat at 8C/min. hold for 4 min; tp 248C | for 4 mi tector and
injector tegr%pﬁézr%%r%%nv%%o S%rg%%sz%%%lg&?ﬁég f&Ggﬁhﬁéggrﬁzgﬁrgmiﬁmts 7%%eV) were .
carried outrimptoyhenRiaN BaTTidiwiHDaidish TOTTIToR PP etector and also GC capillary
column FagtarbRHERN VRS KROM 200. geRaimatiod. Bl wipd Mariaph Atattlo s GRA0Adribheasurements

took place,in the nge_ from 40 to 650, m/z at a raje.of 1.0 scan/s. WO . .
2010/083%&5%%%9%%&&@ '&gﬁéﬁga{&\}%h&% i?vi;?ééc’% ﬁ’éo mo'é? WY%%’S%E?I%’&? split (split rate
1:50) withgnetiory e&-BavdingasyAovincstgfonylphienyTeatheenaretirsratinddoioBE oven: start

temperatee98C Jaeldkion ai: NEAt 02 ARG AIsEBC/Mik el (5 ommrhensin3Q86:At 15C/min,
hold for 2 min. Injector temperature was _2509 mbeoctlon volumeéf_gl Thﬁ#s?%mipli olutions were
prepared fh HR-CHEAIP LORIFNG §rades e LA TEuRtAH 61 Mg SEledtfospray ionization
(ESI-positiethmasshsnectssst dmyn Méaswsameits Mere editd dathysisth e VORI ARB00-MS ion-trap

Spectfom%{sﬁ%mlk%@ﬁwa%t(mmﬁ\fen@@a@@s%%?, PEARAMER WaFR fissslysdiinmethanol for

LC-MS (concentration | mg/ml) and applied directly using a syringe pump. Gel permeation

chromato§Halihy A6 De) 3PREThAetdiarRaRamE Waraz Rt h rd PTG A 1oDRD chromatograph
from Shinmrrizscyuippeibrsties Sihy20A S EDSEMDlen, ATMR0MioMen SBBI0-20A8 dabpsser and
RID-10A refractjye | ctor..Measur | i i OII ] L gel 5pm
Vixed-D QBB B o e R B Thr e
eluent (fldvp YD /i) NPh @4 d R s mstatedUshivg e peR(mEthyFketiattylate)
standardss(BelyRrircH, e Izasos tansias s Seivice MR SEmampnivid@l, 384860 Da, Art. No.
PSS-mmk| tection of gld ith staining r - for t ualitatjye jon of aldehydes
in the rea%ﬁg % %?Xm%?é? @é%n%géécé%?&\ﬁlg)%%% B’a?é)éelrz:g"s % fé%rgo?dﬁ' r‘% ’?é @g\od grgdb%ﬁ}bratory
methods)smdiSchii dde LfEhtdBhiejondramigew! oil from Aldrich, Art. No. 452812), sodium

hydroxide (= 99% from Carl Roth, Art. No. 6771-3), methyl oleate (89% SAFC"™ from
Sigma-Aldrich, Art. No. 545393-118), 2-propanol (98.8% Chromasolv® plus for HPLC
from Sigma-Aldrich, Art. No. 650447}, Schiff's reagent (Fluka, Art. No. 84655},
sulfuric acid (95 -~ 97% from Fluka, Art. No. 84718), tetradecane (olefin-free, 2 88%
from Fluka, Art. No. 87140), tetrahydrofuran (Rotisolv® for HPLC from Carl Roth, Art.
No. 7344.2), tribulylamine (= 98.5% from Aldrich, Art. No. 471313), undecanal (87%
from Alfa Aesar, Art. No. A16101), trans-2-undecen-1-of (96% from ABCR, Art. No.
AB12b432}, potassisum sodium tartrate tetrahydfaté (99% from 8ign€3~Aidrich, Art,
No. 217255), o-xylene (98.0% from Fluka, Art. No. 85663). Purification and drying
took place — where necessary — in accordance with standard laboratory methods.

Analytical instruments and methods
Thin-layer chromatography: The thin-layer chromatographic investigations (TLC)

were carried out using silica ge/aluminium folls (layer thickness 0.2 mm from Fluka,

Art. No. 60800) The separations took place in a chamber saturated with hexane/



Yields: reported yields - unless otherwise indicated - relate to the products calculated by means of
GC-chromatoeihissedd. Glassware and apparatus: For carrying out tHelfe&eieR€680te 1 ml scale,
test tubes were used with standard NS14/23 ground joints and PE stoppers (total volume 10 ml, from
VVVR, Art. No. 212-1622). Reactions were carriédl out in a silicone oil bath on a hot plate with an
integrated IKA(r) RET Basic magnetic stirrer and IKA(r) 15 ETS-D5 electronic contact thermometer.

The reactiong on the 2 ml scale ere carried out in.a Cargusel Reaction-Station'm RR98072 from
Radleys D?éegg\‘ég Etﬁ’\(ref:ﬁh o%sleesgﬁeo%%rrﬁesnezna {gﬂog p%%rﬁi%lfsq?n%rgf ﬁr‘lelr%r Sa{?riﬁ%esphere were
carried outdnes metestisubbzedivith seravenopralissigedentl SbptasigSinpertdeoriaiEeRn, Art. No.

33297). Thedeartien suuie Sasdusbepmviiihieinestgrs (R Ntages BIPAX10S from Air
Products) through the septum by means of canpUlas. 't[zt%reactl%%m )%)gljres were thermally
conditionéﬁﬁﬁrﬁﬂ%ﬁﬁwcgﬁﬂﬁsﬁnﬁ%&FW%rﬁ WSIJC.’ 15188 EJ ifPHE AR S a hot plate with

an IKA(r) REghBéskxcidjegrated magnetic stirrer and IKA(r) ETS-D5 electronic contact thermometer.

For all other isgerizatians. e dlaaAe ARLARPEEAIL SUIsRARIS e samBBh{anthe reactions on

the 1 ml scale (see description above). 2. Synthesis directions General directions Reactions on the 1

ml scale: Siirel &9 viaridapiretsut (Hitem FHER MY SROARS Lifden O RIRYR 788iGion conditions: the

reactions waiscaied RUEMIBTOME Solveatafnealsg deiditanc andasiyseacThd alithe reactions

were carried qut with two different ratios of putenediol (1 and 3 equivalents relative to methyl oleate)
ﬁ hexan ﬁe’% 5 er ml 6%,@ -

and at twd' tff é"fgﬁtateﬁﬁe? (fred (% And ). Thtee ruthenium metathesis catalysts (available

commercially from Aldrich) were tested for all ratios and temperatures.
Infrared spectroscopy. R spectra were recorded using a Bruker EQUINOX 55 FTIR

- spectrometer with an ATR cell, in the wavenumber range from 4600 to 600 cm™,

NMR spectroscopy: The *H NMR (*°C NMR) spectra were recorded using a Bruker
AVANCE DPX (*H: 300 MHz / ™*C: 75.5 MHz). The standard used for the chemical shift
5 was the signal of tetramethylsilane (TMS, & = 0.00 ppm). The coupling constants (J}
are reported in hertz {Hz). The coupling patterns were abbreviated as follows; s =

singlet; d = doublet; t = triplet; q = quartet; m = multiplet.

Gas chromatography (GC): gas-chromatographic investigations tock place using a GC-
2010 (Shimadzu) chromatograph equipped with autosampler, flame ionization detector
(FID} and GC capillary column Stabilwax® (30m x 0.25mm x 0.25 um, Restek, Art. No.
10623). Measurements were carried out in spiit mode {split rate 1:45) with hydrogen as
carrier gas (flow rate 1 mi/min, linear carrier gas velocity 31.4 cm/sec). Temperature
-programme for GC oven: start temperature 95°C, hold for 1 min; heat to 220°C at
8°C/min, hold for 4 min; heat to 248°C at 8°C/min, hoid for 7 min. Detector and injector

temperatures were 250 and 220°C.

GC-MS (El): GC-MS El measurements (70 eV.) were carried aut using a VARIAN 3800
GC with Saturn 2100T lon trap mass detector and also GC capillary column
FactorFour™ VF-5ms (30m x 0.25mm x 0,25 um, Varian, Art. No. CP8344).
Measurements took place in the mass range from 40 o 650 m/z at a rate.of 1.0 scan/s.



General method: A) Route without additives: In a test tube the mixture of 1 ml (2.95 mmol) of methyl
oleate, theWorgspsiag4amount of 2-butene-1,4-diol (0.24 ml or 0.73 RDTARA40AAEEE18tradecane
(internal standard) is prepared and mixed. If the reaction is being carried out without solvent, a blank
sample is taken for GC measurement. In the cas&lof the procedure with solvent, a blank sample for
GC 16 measurement is taken only after the addition of 1 ml of the corresponding solvents. After

sampling has taken place, dhe reaction esselis piRged inihe emalkgapdijeneg.albath. The
mixture is Stifred Tor about 2 mimnutes using a magnetic stirrer"When the eswe(?temperature of the
mixture haeapéarorsdinedatnd outaist T2mnsial s ausarmeioe sétionamnhdare is further heated and
Zt;rredz ,43;1 @eﬁfﬁé‘tzﬁ@@&bh%ﬁlﬁﬁf@d{%ﬁi g@éh&)m??t” @Igt ?arﬁm:ﬁﬁ,arl@da&iemlamg Kipetied rc?te (;rg inatior:S-
ter qurs the reagction i addition of 1 ml of ethyl vinyl ether. B). Route with additives: In
2 tost b S heCPE IS G U R TR e A eI SRR o
2-butene- 1, 44diGig G2Mpial st 0TS b ramdedared| iofrideseiar iRl Ghterinlosaded with) & prepared and
mixed. If t'&%ﬁ@é’rﬂ%@?cﬁqi%ﬁﬂﬁ”ed out without solvent, a blank sample is taken for GC
measurement. In the case of the procedure with solvent, a blank sample for GC measurement is taken
only after the addition of 1 ml of the corresponding solvent. After sampling has taken place, the test
tube is plagedinibemihennaiyrq@sdifonigdediizaths feutoncdpyreNs stirrech éotsaberst @minltes using a

magnetic i el R AededampeIIR A NR AR tas hesn rastiedihie fatalyst (2

mol%) is a he reaction mixture is heateéd and stirred for 4 hours more. After 4 hours of reaction

the next GRS MBI RabdRs vormeissalvpshig Mab ARk ek SHeCEERUEHIIHG HUEMIAR is added. The

additives usetieneriecsodiwmndgudiidegansiiriputylamine (respectively 1 and 10 mol%, based on the
catalyst). After 24 hours the final GC sample is taken and the reaction is halted by addttion of 1 ml of
ethyl vinyl ether. Reactions of the 2 ml scale: Syntheses took place with 2 ml of methyl oleate under

the followifig reaetieAtigRdicrBe e pERVIGIR Welfbe sirlequinr Weitisrepre slotehmsiaetone,
1-butanol, Likfixane; @sprepanekddtipnAtbal termaastioagyekss carredutagith two different ratios

of butenedio] (3 and 5 ivalents, ba ethyl oleate t fwo different temperatures (40 and
60C). Rutﬁgﬁ? Wﬁieéem%!% eos‘{gnda%g%g%%?/g%%fg %Bér?ﬁjﬁgrigé%%rrggﬁa Tgﬁc' %‘E’F)XABCR, and test
specimensdétondEVidricDremsta GokaHiwaretusied iortdilrativénadte o dratuMixetddadditives

were usedspld GRFALBSIHACK hadractionvessal theraixtiute ofe, mil (3 mmal) eftnethyl oleate,

the corresponding amount of 2-butene-1,4-digl (1.46 ml or 2.43 ml), 0.2 ml ot tetradecane (internal
standard)g[ﬁﬁ 85,71 R ThEl R8RS bNRGEB I eI SPHEFAYEARP SRIRIEGEHS #RRSRer a blank sample is

taken for G&ywmestayteménicftés) standards (Polymer Kit from Polymer Standards Service
PPS, Germany, M, 102 - 981.000 Da, Art. No. PSS-mmkith).

Detection of aldehydes with staining reagents: for the qualitative detection of
aldehydes in the reaction mixtures, Fehling's solution {prepared freshly according to
standard laboratory methods) and Schiff's reagent (Fluka) were used.

Yields: reported yields — unless otherwise indicated — relate to the products calculated

by means of GC-chromatographic data,

Glassware and apparatus: For carrying out the reactions on the 1 ml scale, test
tubes were used with standard N514/23 ground joints and PE stoppers (fotal volume
10 mi, from VWR, Art. No. 212-1622). Reactions were carried out in a silicone oil
bath on a hot plate with an integrated IKA® RET Basic magnetic stirrer and 1KA®



sampling has taken place, the corresponding catalyst (2 moN/D) is added and the reaction vessel is
placed in tHe@MpEE&kA24conditioned carousel reactor. The mixture is REAWEPRSIOS/RBEPSAnd stirring
is continued, and after that the final GC sample is taken for kinetic determinations. After 4 hours the
reaction is halted by addition of 2 ml of ethyl vinyl®ther. For the investigation of the two-stage process,
a model experiment is carried out on the basis of commercially available trans-2-undecen-1-ol: the
syntheseséq%g&aqe v%/ith 0.1 mtl o{ {Eans-z-ugdlecen-l-ol under nitrogen atmosphere and without inert
gas. The reac Ionswere Carfiad aut in diffarent solvents (1-butanol, 1,4-dioxane, 1,2-
dimethoxyethane, 1,2-diethoxyethane) and also without solvent. The different concentrations of

2-undecenrioidGiltionch t8s 2 it Qodie 2rd 3Pdd 80) @nd cliffsrent tempeiatyresowere investigated.

The trans-2-undecen-1-ol was heated with the catfl st and the solvent to a temperature of not more
than 60C ORI AR ABHRrESHONRT hRTRS Oéhe&der to prevent decomposition to butenediol)

and the resulting mixture was rapidly heated to various temperatures of at least 80 C (by transfer of

the reactiof ¥asshidA-aRIA RSBIeMh RhRARA I RATR I BURSBHRRIEIBIARLS mPalalysts

(available commercially from Aldrich and ABCR) were tested for all ratios and temperatures (80, 100

and 120CfeTHEISSHERARGIPYIININEELEN IO PRP T ECUREIFR B riEId u fdBfendent reaction. At

high tempeeaierestha AlGonthexenctios frateedsivetyerapidly{wiPrNEtoieiaPwittos high

conversiof.Thg M Ml Al yndeeanatis piainecindsngadenty elihemperare) within the
the mixture lea h d

first 0.5 hour. Longer heatihg o ds to an increase Iin the conversion and to a

simultane¥(§$@IEERaY Aandivrkinahsatboplast sniant-Aldashivvt ke fEddidifs (Bftdomerization,
formation @fipeatalsestkhemnsrialainihKedSROf hesieattgnianinahotias spheenrt)d 18 General
method: A)somedzalon.under.an inert Aimosphels: 0 esiiube the e, oL QL mi (0.49 mmol
of trans-2-Uhdeten-1-0rand 0.02 Al 6f tetradecane flnternal standard) 1s prepared and mixed. If the
reaction iglrsipyasaraed 2RRANIHS HssoVee HBlaakesn e thetienitor T thrraddutérmdt. In the case
of the proggglute.vith golvantva)blank sample for GC measurement is taken only after the addition of
the corresponding solvent. After sampling has taken place, the reaction mixture is flushed with
nitrogen for about 5 minutes by means of cannulas (room temperature), after which the catalyst (0.5
mol%) is added and the reaction vessel is placed in a thermally conditioned oil bath and stirred by
means of 8 ?ﬂ%&éﬁﬁ@&tmﬁa reaction is carried out with continuous flushing with nitrogen. The
samples for GC, GC-MS and GPC measurements are taken through the septum using a microlitre
syringe (10 pl, Hamilton via Sigma-Aldrich, Art. No. 21316) after 5, 20, 30, 60 and 180 minutes of
reaction. Byelsemiefizattizmavithout an inert atmosphere: In a test tube the mixture of 0.1 ml (0.49 mmol)
of trans-2-undecen-1-ol and 0.02 ml of tetradecane (internal standard) is prepared and mixed. If the
reaction is being carried out without solvent, a blank sample is taken for GC measurement. In the case

of the proBedGHENIRABIvEhn SeRaICyahpRefov e ABISLPEHWHR & Rt Meiy pieaipe addition of
the correspargtingrinlyeshodieceaanling hasrinienmacetharcatalyt@bocedndsiageed and the

reaction vessel is placed in a thermall nditioned oil bath and stitrred by means of.a magnetic stirrer.
T samiBe il Lo C A SR et o e e ek A B B 10 b T80 mintes
of reactioretSsmpleuprepdicd b idr ZQuheisiieraaiive thasthl daaiplanbbidimme GC

measurergas i iisl Bo3he Heactionduue A ABRmsHarkiay ether and dilted
with 0.89 - 1.37 ml of THE (HPLC purl%grade). 19

{available commercially from Aldrich) were tested for all ratios and temperatures.

General method: A) Route without additives: In a test tube the mixiure of 1 mi

(2.95 mmol) of methyl oleate, the corresponding amount of 2-butene-1,4-diol
{0.24 mlor 0.73 mi) and 0.1 ml of tetradecane (internal standard) is prepared and
mixed. If the reaction is being carried out without solvent, a blank sample is taken jor

GC measurement. In the case of the procedure with solvent, a blank sample for GC



Working examples Example 1: 1 ml (2.95 mmol) of methyl oleate, 0.24 ml (2.95 mmol) of
2-butene-1,4-diol and 0.1 m| of tetradecane were mixed in a reaction vessel. The first GC sample is
taken. The¥abie/B38A4d at 60C for 2 minutes and 50 mg (0.059 mridt, FRetds 8F il Ratalyst are
added. The mixture is stirred at 60C for a further 24 hours. After 4 and 24 hours of reaction the next
GC samples are taken. After 24 hours the reactiof is halted by addition of 1 ml of ethyl vinyl ether.
Conversion of methyl oleate after 24 hours: 64%. Yield of the cross-metathesis products: 27% (of

which 98.59 S;.1.59 - yield Ofif - IS OIS P mple 2: 1 ml
(2.95 mmgﬁ% éﬂfé ﬁ%ﬁi@%}éﬂ@&aﬁw%gﬂs@nﬁﬁﬁf?mﬁﬁgﬁﬁ 0.1 mlggfZ ﬁfggcane and 1 ml

of 1-butan®lc?amA fi‘l@%"?é‘ﬁ@t@ﬁ%%@lfeﬂﬁ‘g‘mé‘[eé??'siarﬂ{ﬁl‘ée%ifhit\?n?h?ﬁgamﬁ'xture is stirred at
60C for 2 pringiesathd Bty (005 xumok 2imeltdtd oGl Coatalyst arergdal ethghadienixture is stirred
at 60C for a further, 24 hours. After.24 hours of i r i i Is di ith 1 ml of
T outancl SR B R O B Ll of
ethyl vinyl(8thier %0 dheersien Uraiaasiion sxtdandy BAtheuRsagbandisliared (et RIS etdthesis
products: 63%uat which &isYaidahydes, Re-blssadeehoie) vield afthaselimnatahesisreroducts: 19%.
Example 3; 1. ml (2,95 mmal) of me leate,.0.73 ml (8.8 ol) of 2:butene-1,4-diol, 0.1 ml of
RS PSP ROT B B Gl h Wb g e

tetradeca u ixed in atest tube. sample is taken. The mixture
is stirred at 60C for 2 minutes and 37 mg (0.059 mmol, 2 mol%) of HON catalyst-are added. The
miéthe LS %ﬁ?&%ﬁté@@%ﬁ%ﬁiﬂ@&% é&@@%taelé iﬂ@'ﬁrﬁb’f)ﬂ?& SR %Q@Wﬁﬁ%‘?&ﬁ'ﬂ?em%mg (10 r:not%) ?f
sodium hydride are added to the reaction salytion and stjrring j .nt'nueéi t 60C. After 24 hours o
reaction tHeSRiRd B EUMHpRe T W@W%Wiﬁe%é’éiﬁg%ﬁ%é%ﬁ@%d%8rr é%tig‘ i%r@aﬁéd by addition of
1.ml of ethyl vlriptetiers Goliversisnstintiattylcofsars witeariimixed. If the reaction is being

carried out without solvent, a blank sample is taken for GC measurement. In the

case of the procedure with sb]vent, a biank sample for GC measurement is taken |
only after the addition of 1 ml of the corresponding solvent. After sampling has taken
place, the test tube .is placed in the thermally conditioned oil bath. The mixture is
stirred for about 2 minutes using a magnetic stirrer. When the desired temperature
of the mixture has been reached, the catalyst {2 mol%) is added. The reaction

" mixture is heated and stirred for 4 hours more. After 4 hours of reaction the next GC
sample is taken. After sampling has taken place, the corresponding additive is
added. The additives used-were sodium hydride and tributylamine (respéctive!y 1
and 10 mol%, based on the catalyst). After 24 hours the final GC sample is taken

and the reaction is halted by addition of 1 mi of ethyl vinyt sther.

Reactions of the 2 mi scale: Syntheses tock place with 2 mi of methyi oleate under
the following reaction onditions: the reactions were carried out in different solvents
(acetone, 1-butanol, 1,4-dioxane, 2-propanol, THF). All of the reactions were carried
out with two different ratios of butenediol (3 and 5 equivalents, based on methyl
oleate) and at two different temperatures (40 and 60°C). Ruthenium-based
metathesis catalysts (available commercially from Aldrich or ABCR, and test
specimens from Evonik Degussa GmbH} were tested for all ratics and temperatures,

No additives were usad,



20 hours: 75%. Yield of the cross-metathesis products: 58% (of which 24% aldehydes, 76% alcohols);
yield of the self-metathesis products: 14%. Example 4: 1 ml (2.95 mmol) of meth I oleate, 0.24 ml
(2.95 mmoly@RPBRERESE 4-did, 0.1 ml of tetradecane and 1 ml of 0-x éﬁyﬁv HE3P19a test tube.
The first GC sample is taken. The mixture is stlrreid at 60C for 2 minutes and 49 mg (0.059 mmol, 2
mol%) of Gl catalyst are added. The mixture is stifred at 60C for 4 hours more and then the next GC
sample is taken. 70.3 p1(10 mol%) tributylamine are added to the reaction solution and stirring is

continued g5 00 ALPI28 HOFE:eRGUBIMIEIRAARE SPIA AtRa for Wasip dmergtinatins

and the reaction is halted by addition of 1 ml of etg}/ vinyl ether. Conversion of méthyl oleate after 24

hours: 2.5%¢ ?’fé’f&%ﬂqﬁ@‘ﬁﬁdﬁ?%%%Qfgﬁ?Bdhﬁt i @%WI&F& e Wit dksis products. 1%.
Example Seftané(ardbmmoliodtaetiy)eleate ril.38th (8r8&spundijob@entsnekgadiol and 0.1 ml of

tetradecane were MiX stt t X is stirred at 120C for
2 minutes and keﬂ eﬁ.ﬁg r%n”’lgl%ggm ”Ll]%( H%égl%gﬁt?ﬁ}glregr% gﬁ%@a}fé}ﬁ%ﬁm&ﬁ is stirred at 120C
for a furthéﬁzwm%sﬂﬁ@m%ﬁ%ﬁzwﬁ@E?féeépﬁ@&dﬂﬁ)ﬁ {‘@/ﬁbﬁ el s Feearata kbR for kinetic

determmam.oafwsaé:r@yr&mm@t@m@wwwaﬁ@w efrdusbiobatiyt.vimg ether. Conversion

0,
o SR Al bt BEis R TSR R SAUPME iR ¥ of e

sample is taken for kinstic determlnatlons. After 4 hours the reaction is halted by

addition of 2 ml of ethyl vinyl ether.

For the imvgstigation of the two-stage process, a model experiment is carried out on
‘the basis of commercially available trans-2-undecen-1-ol: the syntheses took place
wit'h 0.1 ml of trans-2-undecen-1-ol under nitrégen atmesphere and without inert gas.
The reactions were carried out in different solvents {1-butanol, 1,4-dioxane, 1,2-
dimethoxyethane, 1,2—diethoxyethéne) and also without solvent. The different
concentrations of 2-undecen-1-of (dilution 1: 3,1 : 10, 1:20, 1: 30, 1:50) and
different temperatures were investigated. The trans-2-undecen-1-ol was heated with |
the catalyst and the solvent to a temperature of not more than 60°C for a duration of
not more than 5 minutes (in order to prevent decompositioﬁ to butenediol) and the
resulting mixture was rapidly heated to various temperatures of at least 80 °C (by
transfer of the reaction vessel fo a preheated oil bath, for example). Ruthenium-
based metathesis catalysts (available commerciaily from Aldrich and ABCR} were

tested for all ratios and temperatures (80, 100 and 120°C).

‘The isomerization of 2-undecen-1-ol to undecanal is a temperature-dependent
reaction. At high temperatures ( > 100°C ) the reaction proceeds very rapidly {(within
5 minutes) with a high conversion. The maximum yield of undecanal is obtained
{independently of the temperature} within the first 0.5 hour. Longer heating of the
mixture leads fo an increase in the conversion and to a simultaneous decrease in the
concentration of undecanal as a result of side reactions (oligomerization, formation

of acetals and hemiacetals in the case of the reaction in alcohol as solvent).



2 ml (5.9 mmol) of methyl oleate, 2.43 ml (29.5 mmol) of 2-butene-1,4-diol, 0.2 ml of tetradecane and 2
ml of 2-propanol were mixed in a test tube. The first GC sample is taken. The mixture is stirred at 60C
for 2 minuté®=4 BIBAIG (0.118 mmol, 2 mol%) of PCT/EP2009/068019
1,3-bis(2,4,6-trimethylpheny1)-4,5-dihydroimidazgl-2-ylidene[2-(i-
propoxy)-5-NI,N-dimethylaminosulphonyl)phenyﬂ%ethyleneruthenium(II) dichloride (Zannan catalyst
from ABCR) are added, The mixture is stirred for a further 4 hours 21 at 60C in a carousel reactor.

After 4 hoss 1he finah GG Semaleis 12eA anddhs eastianisdalied ty addiiamefdem of ethyl vinyl

ether. Conversion of methyl oléate after 4 hours: 65.5%. Yield of the cross-metathesis products:
48.5%:; yidlPSrine it Mkt rhe S f R ST7HE8EEN TR AP (B S RRiEHSE ™Ry oleate, 1.46
ml (17.7 mmered 2thutens) is 4dichr82amd efitetlatiesanesatidr2isri«inh@ @rojsanmttwetieomixed in a test

ube. The [14 G SHBRleds IBkeR, Lhemixe e ion e 2mives apddo0 g (0118

mmol, 2 msoc_iA) of GlI catalyst'are a e mixture Is stirred for a further 4 hours at 40C in a
carousel rebrop!yembs 2 ek arenim B 1CEE JARASIE 1NaRES BrgHrrheadssthe 8ddiigeay addition of
1 ml of ethybviaWeaiheid g rRYAisIANFanethybrigatesatired Mauss HEd bt iYieldhalitaes
cross-metathesis products: 72%; yield af the self-metathesis.products: 13.5% Examnple 8: 2 ml (5.9
oD of ARG JAELE CHE e i S5 BARs O Gl B e s 2 o o
THF wereafigrodhicrathescaliestiRSimal B D safdse addker=ThRiombaase!is stiread 4t 20C for 2

minutes apeLARRING%tLA BB bRl @t sailratriunbareaddgrefihetmérunggs stirred for a
further 4 hours_ at 40C in a carousel rea}ctor. After 4 hours the final sample is akg and the
i L ol

reaction is’ ‘Fl%%%’(ﬁ' (5, SEROAULGM Pn??/)? IHOHSHYF BIRE M B SRR RSB JForsE ate after 4 hours:
65.5%. Yi€l¢-0f thandrGd¥ometathesingrisdaret$ai53n 3hapyibl dhef shpteeifusiegaeneiippisducts: 14%.

syringe (10 gl, Hamitton via Sigma-Aldrich, Art. No. 21316} after 5, 20, 30, 60 and

180 minutes of reacfion.

B) Isomerization without an inert atmosphere: In a test tube the mixture of 0.1 ml

(0.49 mmol} of trans-2-undecen-1-ol and 0.02 mi of tetradecane (internal standard)
is prepared and mixed. If the reaction is being carried out without solvent, a blank
sample is faken for GC measurement. In the case of the procedure with solvent, a
biank sampie for GC measurement is taken only after the addition of the J
corresponding solvent. After sampling has taken place, the catalyst (0.5 mol%) is
added and the reaction vessel! is piaced in a thermally conditioned oil bath and
stirred by means of a magnetic stirrer. The samples for GC, GC-MS and GPC
measurements are taken after 5, 20, 30, 60 and 180 minutes of reaction.

Sample preparation for GC measurements: The 2 ml sampie vial for the GC
measurements was filled with 10 - 30 yi of reaction mixiure and 100 yl of ethyl vinyl
ether and diluted with 0.89 - 1.37 ml of THF (HPLC purity grade).



Example 9: Example of two-stage process: in a reaction vessel the mixture of 0.1 ml (0.49 mmol) of

trans-2-undecen-1-ol, 0.02 ml of tetradecane (internal standard) and 2 - di is prepared
and mixed’¥PrédH/ @@l@ﬁfﬁrature (= first temperature). The first samples’t éqjéé%éé%é(g% GPC are

taken. Thereafter 2.1 mg (0.0025 mmol, 0.5 mol%) of Gll catalyst are added at room temperature (=
first temperature) and the mixture is stirred for one minute. The reaction vessel is then placed in an oll
bath 22 preheated to 100C (= second temperature) and the reaction mixture is stirred, reaching 100C
(= secondmm?,?ggg% Wikin two minutes. Subsequently the reaction mixture is stirred for 60 minutes
at 100C (= second temperature) by means of a magnetic stirrer. After 5, 30 and 60 minutes the
samples for GC, GC-MS- and CRC measurements are taken and the reaction in the sample vessel is
halted by &dtaitiqieof :ethyl vinyl ether. Conversion of trans-2-undecen-1-ol after 60 minutes: 94.0%.

Yield of uny ﬁf@?b%ﬂmﬁ%ﬁ' O)R@QQ&I) B4 i'@@%@l?oﬁ@fﬁﬂ%ﬁ@?@%ﬁ%t (9-octadecene):

0%; by-produ omers): 27 Examé) e 9 is repeated at different temperatures a

concentrafon@ bl ﬂ?@f?ﬁ@?e‘?’i?ﬁ%fgliig “T?]@?&ﬁ?s@?é@uﬁﬁﬁawyeﬁ%%3@0‘%?@8%W Table 1:
Isomerizatipg aﬁﬂa@@ﬁm@c@mmw fortamaldyaindEoratin(0.08), mtrmEraneli)erb@lie of 21C

(room temDG IR Sk ERTULIN G 2R 218 YR 3780t PRIBRALPIIPREBII urif o S@ed. Data

after 5 minGLas reaction t
24 hours of reac%lcn the next GC samples are taken. After 24 hours the reaction is

halted by addition of 1 ml of ethy! vinyl ether. Conversion of methyl oleate after 24
hours: 84%. Yield of the cross-metathesis products: 27% (of which 88.5%
aldehydes, 1.5% dglcohals); yield of the self-metathesis products: 37%.

Example 2:

1 ml (2.95 mmol) of methyl oleate, 0.73 mi (8.85 mmol) of 2-butene-1,4-diol, 0.1 mi
of tetradecane and 1 mi of 1-butanol were mixed in a reaction vessel. The first GC
sample is taken. The mixture is stirred at 60°C for 2 minutes and 37 mg

(0,058 mmol, 2 mol%) of HGII catalyst are added. The mixture is stirred at 60°C for a
further 24 hours. After 24 hours of reaction the reaction mixture is diluted with 1 mi of
1-butanol and the next GC sample is taken. Thereafter the reaction is halled by
addition of 1 mt of ethy! viny! ether. Conversion of methyt oleate after 24 hours: 82%.
Yield of the cross-metathesis products: 63% (of which 6.5% aldehydes, 93.5%
alcohois); yield of the seli-metathesis products: 18%.

Example 3:

1 ml (2.95 mmol} of methyl oleate, 0.73 mi (8.85 mmol) of 2-butene-1,4-diol, 0.1 ml
of tetradecane and 1 mi of 1-butanol were mixed in a test tube. The first GC sample.
is taken. The mixture is stirred at 60°C for 2 minutes and 37 mg {0.058 mmol, 2
mol%) of HGH catalyst are added. The mixture s stirred at 60°C for 4 hours more
and then the next GC sample is taken. 12 mg (10 mol%]) of sodium hydride are
added to the reaction solution and stirring is continued at 60°C. After 24 hours of
reaction the final GC sample is taken for kinetic determinations and the reaction is
halted by addition of 1 mi of ethyl vinyl ether. Conversion of methyl oleate after 24



Conversion (in %) of trans-2- undecen-1-ol Yield (in %) of undecanal Yield (in %) of 9-octadecene

By-products (in %), e.g. oligomers T2 =80 C 29 16 14 <2
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hours: 75%. Yield of the cross-metathesis products: 58% (of which 24% aldehydes,
76% alcohols); yield of the self-metathesis products: 14%.

Example 4:
1 mi (2.95 mmol) of methyl oleate, .24 ml (2.95 mmol} of 2-butene-1,4-diol, 0.1 mt
of tetradecane and 1 mi of o-xylene were mixed in a test tube. The first GC sample is
taken. The mixture is stirred at 80°C for 2 minutes and 49 mg (0.059 mmol, 2 mol%)
of Gl catalyst are added. The mixture is stirred at 60°C for 4 hours more and then. |
the next GC sample is taken. 70.3 ¢ (10 mol%) tributylamine are added to the
reaction solution and stirring is continued at 60°C. After 24 hours of reaction the final
GC sample is faken for kinefic determinations and the reaction is haited by addition
of 1 ml of ethyl vinyl ether. Conversion of methyl oleate after 24 hours: 2.5%. Yield of
the cross-metathesis products: 1.5%; vield of the self-metathesis products: 1%.

Example 5:
1 ml {2.85 mmol) of methyl oleate, 0.73 ml (8.85 mmol) of 2-butene-1 4-dr0i and

0.1 mi of tetradecane were mixed in a test tube. The first GC sampie is taken. The
mixture is stirred at 120°C for 2 minutes and 50 mg (0.059 mmol, 2 mol%) of Gli
catalyst are added. The mixture is stirred at 120°C for a further 24 hours. After 4 and
24 hours of reaction the next GC samples are taken for kinetic determinations. After
24 hours the reaction is halted by addition of 1 mi of ethyl vinyi ether. Conversion of
methyl oleate after 24 hours: 67%. Yield of the cross-metathesis products: 48%;

yield of the self-metathesis products: 19%.

Example 6:

2 ml (5.9 mmol) of methyl oleate, 2.43 m! (29.5 mmol) of 2-butene-1,4-diol, 0.2 ml of
tetradecane and 2 ml of 2-propanoct were mixed in a test tube. The first GC sample is
taken. The mixture is stirred at 60°C for 2 minutes and 86.6 mg (0.118 mmol,

2 moi%) of 1,3-bis(2,4,6-irimethyiphenyl)-4,5-dihydroimidazol-2-ylidene{2-(i-
propoxy-5-N, N-dimethylaminosulphonyl)phenyllmethylenerutheniumil) dichloride
{(Zannan catalyst from ABCR) are added, The mixture is stirred for a further 4 hours



T2 =100 C 60 18 7 35 T2 = 120 C 99 64 14 22
WO 2010/083934 ' PCT/EP2009/068019
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at 60°C in a carousel reactor. After 4 hours the final GC sample is taken and the
reaction is halted by addition of 1 ml of ethyl vinyl ether. Conversion of methyl oleate
after 4 hours: 65.5%. Yield of the cross-metathesis products: 48.5%; yield of the self-

metathesis products: 17%.

Example 7 ) _

2 ml (5.9 mmot) of methyl oleate, 1.46 mi (17.7 mmol} of 2-butene-1,4-diot, 0.2 ml of
. tetradecane and 2 ml of 2-propanol were mixed in a test tube. The first GC sample is

taken. The mixture is stirred -at 40°C for 2 minutes and 100 mg (0.118 mmol,

2 mol%)} of Gl catalyst are added. The'mikture is stirred for a further 4 hours at 40°C

in a carousel reactor. After 4 hours the final GC sample is faken and the reaction is .

halted by addition of 1 m! of ethyl viny! ether. Conversion of methyl oleate after 4

hours: 85.5%. Yield of the cross-metathesis -products: 72%; yield of the self-

metathesis products: 13.5%

Example 8: _

2 ml (5.9 mmol) of methyl cieate, 1.46 m! (17.7 mmol) of 2-butene-1,4-diol, 0.2 ml of
tetradecane and 2 mi of THE were mixed in a test tube. The first GC sample is taken.
The mixture is stirred at 40°C for 2 minutes and 100 mg {0.118 mmol, 2 mol%) of Gl
catalyst are added. The mixture is stirred for a further 4 hours at 40“(3 in a carousel
reactor. After 4 hours the final GC sample is taken and the reaction is halted by
addition of 1 mi of ethyl vinyl ether. Conversion of methyl oleate after 4 hours:
65.5%. Yield of the cross-metathesis products: 51.5%; yield of the self-metathesis
products: 14%. ’

Exampie 9:

Example of two-stage process: in a reaction vessel the mixture of 0.1 ml (0.48 mmol)
of trans-2-undecen-1-of, 0.02 m! of tetradecans {interna! standard} and 2.9 mi of 1,4-
dioxane is prepared and mixed at room temperature (= first temperature). The first
samples for GC, GC-MS and GPC are taken. Thereafter 2.1 mg (0.0025 mmol,

0.5 mol%) of Gl catalyst are added at room temperature {= first temperature) and

the mixture is stirred for one minute. The reaction vessel is then placed in an oil bath



The results show that at temperatures of 80C and above the isomerization of the hydroxy-functional
compound is clearly observable. At temperatures of more than 100C, considerable conversions of
more thanvﬁ@%oér‘%}l%%%y obtained, and there is increased observatidncor i HSARENE Only at a
temperature of 120C are high yields of undecan%obtalned with a reduction in the fraction of
by-products. 23 3. Analytical data GC measurements. The components of the reaction mixture were
recorded with the following retention times: undecanal (tR = 7.34 min), 2-undecen-1-ol (tR = 11.54
min), met*yb%éé%&&'%%&@nw (HR &7 k88 dnink anetivtcklraxriedesaneate (IR = 15.90
min), 9-octadecene (IR = 10.29 min), 1,18-dimeth 1 9-octadecenedic rboxyllc acid (tR = 29.27 min),
tetradecaﬁ%%ﬁ'@i i) $9°B0tk ?%%Eﬁ?@twvm‘févi% TS etHOPERARTHRE 18.09 min).
GC-MS (Eipaneasutenents.stihecdmpomeinsied tiel ﬁ@é&l@ﬁmwnﬁéwmawebdadmﬂ&mhe following

retention t'fpg 059&@%& Aﬁégm%@wk%ﬁﬁﬁ@sw 6R516s12,038), - an

11-h droxy- ecenoate (tR mlng methyl 11- oxoundecanoate (tR = 8.42 m|n) 9-octadecene
(tR = 9.50FAk) MEABERMBHHS Br9-b H’@df@é%wrbt%lﬁam'e ks hﬁlﬁﬁ*[tf‘é{raﬂecane (tR =
6.44 min) zadtiéenslethliol({Rethar68 minisbetby baleats (i ez d2 P8ImitYr BMdeieaieal. GC-MS (EI,
m/z, %): ) 23,0 13 ) 0 (65), 41.0 (100). MS
(ESTposite 0BRSS %ﬁaﬁ(’ B A B SRR T € . o) 1519
(Nr-1-120 By {atass @RdLes 6-adidess 285 95 Pradntsglmersyr 72 198), 57.1 (22). MS

(ESI- posmve CH30H, m/z): 193.7 (MNa+ calc 193.3). Methyl 11-hydroxy-9-undecenoate. GC-MS

(El, m/z, 9 15?%33 '\%%yfﬁgﬁfgifl{? {Z)I(.é_é,EOpgf% 36 0 %E? 120. 9%%%10 .8 (30), 98.0 (70),

79.0 (45) B8 5?2 (MNa+, calc. 237.3).
different catalysts. The resu Its are summarized in the tables below:

- Table 1:
somerization of transu2—undecen—1¥o! in butanol (volume ratio 1 : 3), at a first
' temperature of 21°C (roém temperature) and using G-l as catalyst (0.5%). The
second temperaiure, T2, is varied. Data after 5 minutes' reaction time:

Conversion | Yield Yield (in %) of | By-products
(in %) of (in %)of | 9-octadecene | (in %), e.g.
trans-2- - undecanal ' ' o.iigqmers
undecen-1-ol

T2=80°C 29 16 14 <2

T2 =400°C {60 18 7 35

T2=120°C. |99 64 14 122

The results show that at temperatures of 80°C and above the isomerization of the
hydroxy-functional compound is clearly observable. At temperatures of more than
100°C, considerabie conversions of more than 60% are already obtained, and there
is increased observation of side reactions. Only at a temperature of 120°C are high
yields of undecanal obtained, with a reduction in the fraction of by-products.



Methyl 11-oxoundecanoate. GC-MS (El, m/z, %): 214.8 (M+ , 65), 183.0 (30), 171.0 (45), 164.9 (17),

139.0 (90), 121.0 (42), 111.0 (20), 97.0 (30), 80.9 (58), 73.9 (70), 66.9 _ 100). MS
(ESI-positife EH9EREHT2): 237.1 (MNa+, cab. 237.3). 24 9-0ctadec§@’§%-%%?ﬁﬁ)z,(%):)252.0

(M+., 3), 208.0 (2), 193.9 (2), 180.0 (3), 166.0 (4); 152.0 (3), 138.0 (5), 124.9 (20), 110.9 (40), 97.0
(100), 82.8 (87), 57.0 (56), 55.1 (90). 1,18-Dimethy1-9-octadecenedicarboxylic acid. GC-MS (E m/z,
%): 341.0 (M+., 6), 308.2 (52), 290.2 (16), 276.2 (100), 248.3 (26), 189.2 (7), 175.2 (9), 161.2 (14),
147.2 (38} 14aivtRG) 4482 (20), 109.2 (25), 98.1 (48), 83.0 (73), 67.2 (77), 55.0 (98). MS
(ESI-positive, CH30H, m/z): 363.3 (MNa+, calc. 363.5). 4. Results The examples according to the

invention demonstrate that :
GC measurements. The components of the reaction mixture were recorded with the

following retention times: undecanal {tr = 7.34 min}, 2-undecen-1-ol (tx = 11.54 min),
methyl 11-hydroxy-9-undecenoate (tz = 18.88 min}, methy! 11-oxoundecanoate (ir =
15.90 min}, 8-octadecene (ir = 10.29 min), 1,18-dimethyl-9-octadecenedicarboxylic
acid (tr = 29.27 min), tetradecane (g = 4.76 min), 2-butene-1,4-diol (tr = 13.16 min),
methy! oleate {ig = 18.09 min). '

GC-MS (El) measurements. The components of the reaction mixiure were recorded
with the foliowing retention times: undecanal (tz = 5.65 min), 2-undecen-1-ol (iz =
6.19 min}), methyl 11-hydroxy-8-undecenoate (i = 8.88 min), methyl 11-
oxoundecanoate (tz = 8.42 min), 9-octadecene (g = 9.50 min}, 1,18-dimethyl-8-
octadecenedicarboxylic acid (tr = 16.78 min), tetradecane {tz = 6.44 min), 2-butene-
1,4-diol (tr = 2 68 min), methyl oleate (fr = 12.99 min).

Undecanal. GC-MS (El, miz, %): 170.9 (M*, 3), 123.0 (6), 108.9 (13), 94.9 (45), 81.8
(60), 67.0 (98), 55.0 (65), 41.0 (100). MS (ESI-positive, CHsOH, m/z): 193.7 (MNa’,
calc. 193.3). |

2-Undecen-1-of. GC-MS (El, mv/z, %): 151.9 (M™-H20, 5), 137.9 (2), 123.0 (10),
109.0 (23), 95.2 (100), 83.0 (75), 67.2 (28), 67.1 (22). MS (ESl-positive, CHaOH,
m/z): 193.7 (MNa", calc. 183.3).

Methyl 11-hydroxy-8-undecenoate. GC-MS (El, m/z, %): 196.8 (M™-H,0, 20}, 164.0
(22), 147.0 (28), 136.0 (25), 120.9 (25), 110.8 (30), 98.0 (70}, 79.0 (45), 66.9 (67},
55.0 (100), 41.0 (70). MS (ESI-positive, CHOH, m/z): 237.1 (MNa", calc. 237.3).

Methyl 11-oxoundecanoate. GC-MS (El, m/z, %): 214.8 (M™, 65), 183.0 (30), 171.0
(45), 164.9 (17), 139.0 (90), 121.0 (42), 111.0 (20), 97.0 (30}, 80.8 (58), 73.2 (70},
66.9 (35), 55.0 (90), 43.0 (100). MS (ESI-positive, CHaOH, m/z): 237.1 (MNa", calc.
237.3).



the desired cross-metathesis products are produced as a mixture of aldehydes and alcohols the

products produced are unambiguously detectable the reaction regimefgp | aB temperature
and the sd{\//@rﬁpﬁ%g’@:’agéﬁeat influence on the ratio between the aldehyd [’)f%%%gcqé?aaéé tige alcohol

‘products the reaction regime, depending on chaojge of reaction conditions, has a great influence on the
selectivity between cross-metathesis and self-metathesis, through the use, for example, of a suitable
solvent, catalyst, or the choice of a suitable temperature for steering the reaction in favour of
self-metathesis the resultant alcohols can be isomerized more selectively to the corresponding

aldehydes at higher temperatures. 25 Clajms: 1., A process for prepari IXEUr prising
hydroxy- %@%ﬁ%?ﬁﬁi&f&%t%ﬁéﬁéoﬁﬁo%ﬁd@%%&@rﬁsfn% B g R tnic
compound! 66rksiNGA0|Est 8RS H§NroRyIG(BUp 4hdlh{48xbAd I 88dhi8Dokd With at least one

at least m ugga{u(% d fatty acid or with at least one at least monounsaturated fatty acid derivative
in the presence of a' métathesis catalyst at a temperature of not more than 180C.

1,18-Dimethyl-9-octadecenedicarboxylic acid. GC-MS (El, m/z, %): 341.0 (M™, ),
308.2 (52), 200.2 (16), 276.2 (100), 248.3 (26), 189.2 (7), 175.2 (9), 161.2 (14),
147.2 (38), 134.1 (36), 118.2 (20), 109.2 (25), 98.1 (48), 83.0(73),67.2 {77}, 55.0
(98). MS (ESi-positive, CH;OH, m/z): 363.3 (MNa", calc. 363.5).

4, Results
The examples according to the invention demonstrate that

the desired cross-metathesis prdducts are produced as a mixture of aldehydes and

alcohols _

e the products produced are unafnbiguousiy detectable

s the reaction regime, and especially the femperature and the solvent, have a great
influence on the ratic between the aldehyde products and the alcohol products '

« the reaction regime, depending on choice of reaction conditions, has a great
influence on the-‘ selectivity between cross-metathesis and self-metathesis, through
the use, for example, of a suitable solvent, catalyst, or the choice of a suitable
temperature for steering the reaction in favour of seff-metathesis

« the resultant alcchols can be isomerized more selectively to the corresponding

aldehydes at higher temperatures



2. The process according to claim 1, wherein the olefinic compound containing at least one hydroxyl
group and at least one C-C double bond is present in excess relative to the at least monounsaturated
fatty acid or the at least monounsaturated fatty acigkderivative. 3. The process according to claim 1,
wherein the temperature during cross-metathesis reaction is between 80 and 120C. 4. The process
according to claim 1, wherein the temperature during cross-metathesis reaction is between 0 and 60C.
5. The prggRas according to claim 1, wherein the cross-metathesis reaction is carried out first at a
temperattre between 0 and 60C and then the resulting mixture is brought to a temperature between
80 and 120C. 6. The process according to claim 1, wherein the olefinic compound having at least one

gggielaeﬁ gg.ng Jg Wps s fEaliBRbhind hemyAENs RERRIY HB AR AUIQURT AL ARG daty acid
compounds comprising cross-metathesis reaction of an olefinic compound
comprising at least one hydroxyl group and at least one C-C double bond with at
least one at least monounsaturated fatty acid or with at least one at least
monounsaturated fatty acid derivative in the presence of a metathesis catalyst at a

temperature of not more than 180°C.

2. The process according to claim 1, wherein
the olefinic compound containing at ieast one hydroxyl group and at least one C-C
double bond is present in excess relative to the at least monounsaturated fatty acid

or the at least monounsaturated fatty acid derivative.

3. The process according fo claim 1, wherein

the temperature during cross-metathesis reaction is between 80 and 120°C.

4. The process according to claim 1, wherein

the temperature during cross-metathesis reaction is between 0 and 60°C.

5. The process according to claim 1, wherein
the cross-metathesis reaction is carried out first at a temperature between 0 and
60°C and then the resulting mixture is brought to a temperature between 80 and
120°C.

6. The process according to claim 1, wherein
the olefinic compound having at least one double bond is used in a ratio of 1 to 10

equivalents based on the at least monounsaturated fatty acid derivative.



7. The process according to claim 1, wherein the cross-metathesis reaction is carried out in the
presence of at least one solvent. 8. The process according to claim 7, wherein the solvent has a dipole
moment of between 0 and 5 debyes. 9. The procegs according to claim 1, wherein the
cross-metathesis reaction is carried out in homogeneous phase. 10. The process according to claim 1,
wherein the at least monounsaturated fatty acid is selected from the group consisting of oleic acid,

undecylenic ag{d, Ralkaitaleicacilngey esslni¢ aHbEINCIC acid, icosenoic acid, vernolic acid, ricinoleic
acid, linoleic acid and linolenic acid. 11. The process according to claim 1, wherein the at least

monounsaturit@$1essr RetataRaneatian sstardedehin Bt RIRshorSRiAbleaS AgeSGivent.
consisting of methanol, ethanol, propanol, glycerol, and/or glycol. 12. The process according to claim

1, wherein the olefinic compound is selected from the group consisting of allyl alcohol, but-3- en-1-ol
and 1,4-But-2lBRduREess according to claim 7, wherein

the solvent has a dipole moment of between 0 and 5 debyes.

9. The process according to claim 1, wherein

the cross-metathesis reaction is carried out in homogeneous phase.

10. The process according to claim 1, wherein
the at least monounsaturated faity acid is selected from the group consisting of
oleic acid, undecylenic acid, palmitoleic acid, petroselinic acid, erucic acid,

icosenoic acid, vernolic acid, ricinoleic acid, linoleic acid and linolenic acid.

11. The process according to claim 1, wherein
the at least monounsaturated fatty acid derivative isan ester of at least one
alcoholselected from the group consisting of methanol, ethanol, propanol, glycerol,

and/or glycol.

12. The process according to claim 1, wherein
the clefinic compound is selected from the group consisting of allyl alcchol, but-3-

en-1-ol and 1,4-but-2-enediol.



26a 13. The process according to claim 1, wherein the cross-metathesis reaction forms a mixture that
contains less than 5% by weight of saturated hydroxyl compounds. 14. The process according to
claim 1, wherein the olefinic compound is crossmggthesized with a monounsaturated fatty acid having
from 8 to 24 carbon atoms. 15. The process according to claim 1, wherein the metathesis catalyst has
the following structure: wherein M is Os or Ru, R is an organic radical, L is a neutral electron donor,
and X1 and N@ﬁ@@@@iﬁd@ﬂ% ﬂeﬁc'lrahﬁﬁ prQﬂ%ré#P@ﬁ@@d@&lﬂ@ﬂalhéﬂ?@r@Qdﬁ@n forms a
cross-meipkiesihapcHam MM esBiEAR 1IBhiah heidivdrexyshetansl Nedenpkaaeds in an
amount of less than 5% based on the total amount of the hydroxy-functional and aldehyde-functional
compoungs. Thé Hhedaacesscaeamding teigmim . wherain thrLrensimetalhryistiaactionderses a
cross-mgiatherisiPEdURHNA iskbOh iy 2168 88% acid having from 8 to 24 carbon atoms.

15. The process according to claim 1, wherein the metathesis catalyst has the following

structure:
L R
Xz’ff,l' l
X <
L R

wherein M is Os or Ru, R is an organic radical, L is a neutral electron donor, and X' and
X? are anionic ligands.

16. The process according to claim 1, wherein the cross-metathesis reaction forms a
mixture in which the hydroxy-functional compound is present in an amount of less than
5% based on the total amount of the hydroxy-functional and aldehyde-functional
compounds.

17. The process according to claim 1, wherein the cross-metathesis reaction forms a
cross-metathesis product in a yield of from 27 to 63%.



