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with ring-opening cross-metathesis (ROCM), with Z-1,4-butenediol, with reaction taking

place to produce both the hydroxyl-functional and the aldehyde-functional product.
Disclosed, furthermore, is the reaction of o,p-unsaturated 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, allyl 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-
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bel ow to a conpound which is obtained fromthe reaction with a fatty acid
and contains an

Also suitable as reactants are unsaturated fatty acids having 10 to 22 carbon atoms,
which can be obtained in the form of their 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 alkanols. Typical examples of alkanols of this kind for forming esters with the

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



5 unsaturated hydrocarbon radical. One exanple of such a fatty acid
derivatjve. saturated fatty acid ester. The alc f~ql he
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easily or which are suitable for subsequent chem cal operations. The

al cohol angesbpemtddts, i-raadsisshexdniol, ratandrisdottansl) hyarmbibaletanal nt aagt one
carbon atom The al cohol typically contains | ess than about 15 carbon

at ons jsqsiodeeangl| - andisotairadeaarrl N1ang sPhexadacERe! Nmand isnostadessngl. pads

t han : 0 ot

appr ottt B8 ARRLAHOAREREHET iy Scid: Bhalr ot/ o PBdvatives, 1y
bebar manmgg,lp'btn 36 d:eiarbe.araﬁt@ha,i exan?pléagairigrm m&@rmtl’arl::cﬂhlﬂsenyn‘dy be )
substituted by a multiplicity of substituents, such_a or_exan .. those
di sl Blaliolse PUFtE AR ORER GHOT PRRIARBEITIO PRI ARIVHITEd e P@Q&L@HL@,W

I ncl ugh ; i I | r |

'yl atigHe FCaRSIRS THETEY A080 Cih g BE UReO Rl e o T B eg IeL Toty

est er alcabpls ambothet derbgattvesi t uents. The al cohol segnment of the unsaturated
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Cl1-C8 al kanol. It nost preferred if the alcohol is a Cl1-C3 al kanol;
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conmpounds containing a functional group. Exanples of functional groups are
all suitable functional groups known per se to the skilled person, such
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radi cal having 3 to 10 carbon atoms. Exanpl es thereof are prop-2-en-1-ol
(all yl'!'hgltgrgntl] Qll'n)(dro%lljﬁfhﬁéﬁgﬁall_fgtlty agig nc}e_ril\lléﬁ@é"lr_e?el-r’s h‘rt]a?e)a( :';1?18 below to a
compound which corresponds to one of the aforementioned fatty acid derivatives and
additionally contains at least one OH group. Furthermore, the hydroxyl-functional fatty
acid derivatives may be substituted and may have at least one functional group (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 additionaily

contains at least one aldehyde and/or keto group.

The term "at least monounsaturated fatty acid derivative" refers here and below to a

compound which is obtained from the reaction with a fatty acid and contains an



hept-6-en-1-0l, oct-7-en-1-0l, non-8-en-1-o0l and dec-9-en-1-ol. Exanples

of un 1.0l s are but-2-ene-1, 4-diol, hex-3-ene- '
dec- 5%@?@@@8@% and the like. Especially suitable f%??lﬁjeﬂgro{)%seoszsmof

the invention are allyl alcohol, but-3-en-1-ol and 1, 4-but-2-enediol. The
term"netathesis catalyst"” refers here and below to a conpound whi ch has
the following structure in which MiX osmiumor ruthenium R stands for
identical or different organic radicals with a great breadth of structural
variation, X1 and X2 are anionic ligands, and L represents alike or

di ffermbturagdtm@ro@dmchrrgdicdpnors. The common term "ani onic |igands”
refers in the literature for such netathesis catalysts in every case to

l'igands of the kind which, when considered in a state renoved fromthe
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Known dicaiml WegmeB b 6iitheFdtty adidi ¢stenaladyyhe asy enomobygrosdy, diiydioxytas which are
refer rp% yr{[y% rtiaxr;( élgghg} rv&higﬁ IS %#a% Sg)% !c%nc?éargs%lti%rsmtvﬁ"['h: an Eng/aet%_rated 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, which can be separated off more easily or which are suitable for
subsequent chemical operations. The alcohol used in the transesterification typically
contains at least one carbon atom. The alcohol typically contains less than about 15
carbon atoms, preferably less than about 12 carbon atoms, more preferably less than
about 10 carbon atoms, and even more preferably less than approximately 8 carbon
atoms. The carbon atoms in the alcohol segment may be arranged in a linear chain or in
a branched structure and may be substituted by a multiplicity of substituents, such as,
for example, those disclosed beforehand herein in connection with the olefin reactants,
including the abovemeritioned alkyl, cycloalkyl, monocyclic aromatic, arylalkyl, alkylaryl,
hydroxyl, halogen, nitro, carboxylic acid, ether, ester, acyl and amide substituents. The
alcohol segment of the unsaturated fatty acid ester is preferably glycerol or a straight-
chain or branched C1-C8 alkanol. It most preferred if the alcohol is a C1-C3 alkanol;

suitable examples thereof include methanol, ethanoi and propanol.

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

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

The term "olefinic compound containing at least one hydroxyl group and at least one C-

C double bond" refers here and below to a compound of this type which has an



N-Mes Ot her netathesis catal ysts are described, for exanple, in WO

99/ 51 : 339, WO 00/ 71554, WO 021079126, WO O
02/083‘#@22%&884@% exanpl e, in Angew. Chem 1995, 107(?&?@%%02&%
Chem Soc. 1995, 117, 5503; J. Am Chem Soc. 1996, 118, 100; Chem Eur.
J. 2001, 7, 3236; Organonetallics 2000, 19(11), 2055; J. Am Chem Soc.
1999, 121, 2674; Organic Letters 199% 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 exanples of G ubbs(ll) catalysts are described, for

exanpl gsaturaté® HArddatbon rificABhHAAP Blo 10RABOAAINS, WO 04/ 035596, US
6, 620, 955 and, for exanple, in J. Am Chem Soc. 1999, 121, 791; J. Am

Chem Soc. 2000, 122, 8168; Tetrahedron Letters 2000, 41, 9973;

Tetra r 0 ; @304 AdY. R 4Cat 2003,
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1, 3- bi ﬁé P 6-trimet hyl phenyl)-2- (i m dazol i di nylidene) (dichl or ophenyl net hy
| ene) (tt ricycl ohexyl phosphi ne)- ruthenium (2nd generati on G ubbs catal yst),
(1, 3-bis(2,4,6-trinethyl phenyl) - 2-
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1, 3- biﬁ —%ufl—sz'rferdi&?t hyl phenyl) - 4, 5- di hydr oi m dazol - 2-

yl idene| 2- (1 -propoxy)-5-N, N-di net hyl am nosul phonyl ) phenyl i met hyl ener ut heni
um(11)- dichloride (Zannan catalyst). Very particular preference is given
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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
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, from WO-A-96/04289 and WO-A-97/06185.

Known from WO-A-00/71554, additionally, is a group of catalysts which are referred to
in the art as "Grubbs(ll) catalysts™



i RAX2 "Ru- R4 "Ru- XIVIXI'l | /ZZZ R2 In these fornmnulae Z is

d S(0)2-, X1 and X2 adopt the radic ove;
Y R vgo%%@f%w%?m are radicals, selectable i ndepengaqwgﬁ%?)@ﬁq
anot her, fromthe group of hydrogen, (C -C8)-alkyl, (Cl-C8)-alkoxy,
(C6- C18)-aryl oxy, HO (Cl1-C8)-al kyl, (C2-C8)-al koxyal kyl, (C5-C18)-aryl,
(C2-C19)-aral kyl, (C3-C18)-heteroarylf, (C4-C19)- heteroar al kyl ,
(C1-C8)-al kyl -(Ce-C18)-aryl, (Cl-C8)- al kyl - (C3-Ci 8)-heteroaryl, (C3-05)-
cycl oal kyl, (C1-C8)-al kyl-(C3-C8)-cycl oal kyl,
(C3-C8) -cycl oal kyl - (C1-C8) - al kyl .I——FuH—4lywerrmre, the radicals R and Rl to
R4 may i ndependently of one another haye the follow ng definitions:
(cycl o) al kyl thi o, (hetero)amestti RytMss vyl sul phonyl ,
al kyl /aryl sul phinyl, in each case offtionally substituted by (G -C8)-al kyl,
(C1-C8)- al koxy, (C8 C18) - aryl ogg,y (C1-C8)-al kyl, (C2-C8)-al koxyal kyl,
(C6-C18)-aryl, periluoroal kyl, hal g@gemr—(Cl-C8)-acyl oxy, (Cl-C8)-acyl
(C1- C8B) - al koxycarbonyl, (C1l- C8()| al or (C1-C8)-alkyl sul phinyl,
(C6-C18) - aryl sul phonyl or (C6-C18)- pPay,yl sy Wyl .

Other metathesis catalysts are described, for example, in WO 99/51344, WO 00/15339,
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.
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, 8543. Further examples of Grubbs(ll) catalysts are described, for example, in WO
02/14376, WO 03/011875, WO 03/044060, WO 04/035596, US 6,620,955 and, for
example, in J. Am. Chem. Soc. 1999, 121, 791; J. Am. Chem. Soc. 2000, 122, 8168;
Tetrahedron Letters 2000, 41, 9973; Tetrahedron 2003, 59, 6545; Syniett 2001, 3, 430;
Adv. Synth. Catal. 2003, 345, 572; Synlett 2004, 4, 667; Eur. J. Org. Chem. 2003, 963;
Chem. Eur. J. 2004, 10, 2029.

Particularly suitable for processes of the invention are benzylidenebis(tricyclohexyl-
phosphine)dichlororuthenium (1st generation Grubbs catalyst), 1,3-bis(2,4,6-trimethyl-
pheny!)-2-(imidazolidinylidene)(dichlorophenylmethylene)(tricyclohexylphosphine)-
ruthenium (2nd generation Grubbs catalyst), (1,3-bis(2,4,6-trimethylphenyl)-2-
imidazolidinylidene)dichloro(o-isopropoxyphenylmethylene)ruthenium (2nd generation
Hoveyda-Grubbs catalyst) and 1,3-bis(2,4,6-trimethylphenyt)-4,5-dihydroimidazol-2-
ylidene[2-(i-propoxy)-5-N,N-dimethylaminosuiphonyl)phenylmethyleneruthenium(il)-
dichloride (Zannan catalyst).

Very patrticular preference is given to complex compounds of the following general

formulae:



Rl to R4 may |ikewi se be a nitro group, sul phate, am ne, ammoni um salt,
phosp e h honiumsalt. the radicals R may b i ] e or
nor e B&h%@{]&ggf@%os Rl to R4 in cyclic conmpounds. The%éﬁ%%"\giéit#*al SO
be linked with the radical Y to forma (hetero)cyclic conpound. A feature
of the process of the invention is that under the reaction conditions of
the cross-netathesis there is isoneri&ation of the resultant

hydr oxyl - functi onal conpound: the netathesis catal yst present in the
reaction mxture is converted under the reaction conditions into an

i sonerization cataRyst (R ruthenium hydride ecigs is forned), and so the
hydr oxyl - f uncti onal wr nmedi ate conpound is | rized to the

correspondi ng al de i(lde- ctional conpound. e atlﬂﬂehyde-functi onal
conpound resulting way is nodified iA'0," by reaction with a

sui tabl e reactant,xjin|such a way that the akdgh de group is 'protected
and therefore effect Relyx pregents further réaRuop of ot he resultant

al dehyde-functiona(1/c nmpoynd ¢under the reactqOonf condi ns of the
cross-netat hesis and ilsong ation. Wth the procegs ol the invention it
is possible to lim t/tzhe t Ref unwant ed hy, oxn 3 onal conpound
in this way to | essythan 0%y wei ght of th& produy formed. The process
of the invention offers RysinBbe and econoni cal | y RydvaRpageous process for
prepari ng al dehyde-functional fatty acids or fatty acid derivatives in

hi gh )ii ﬁflgd \A%;tghotjt significant anmounts of by-products (i.e. less than 10%
by wei'gHeSHREEYIA5 t he products fornmed), starting fromstarting nmaterials
pased ,0nzrignepal.e. S @y BRE0ALox, Bhe )Qaéddrgﬁ%@Facfic?eﬁé WHeficAS§ apbebed W th
the process of the itnvention I's that no separate i1sonerization catalyst is
needed i W, B Reant RaolR care rabicatd)jsekictable Wdependbatly of e koothes, fharsdte

Cat ol yot SRV ATNREAN, 6o alv B Carion Cr Ao PG o

i ncr ease ¢ e, WaRbERIRH (ds-Caryl, (C,-Cig)-aralkyl, (C3-C1g)-heteroaryl, (C4-Cig)-
heteroaralkyl, (C1-Cg)-alkyl-{Cs-C1g)-aryl, (C1-Cs)-alkyl-(C3-C1g)-heteroaryl, (Cs-Cs)-
cycloalkyt, (C4-Cg)-alkyl-(C3-Cg)-cycloalkyl, (C3-Cg)-cyc|oalkyl-(C1-C-g)—al_kyl.

Furthermore, the radicals R’ and R¢ to R4 may independently of one another have

the following definitions: (cyclo)alkylthio, (hetero)arylthio, alkyl/aryisulphonyt,
alkyl/arylsulphinyl, in each case optionally substituted by (C1-Cg)-alkyl, (C4-Cs)-
alkoxy, (Cs-C1g)-aryloxy, HO-(C4-Cg)-alkyl, (C2-Csg)-alkoxyalkyl, (Cs-C1g)-aryl,
perfluoroalkyl, halogen, (C4-Cg)-acyloxy, (C1-Cs)-acyl (C1-Cs)-alkoxycarbonyl, (C4-
Cg)-alkylsulphonyl or (C4-Cg)-alkylsulphinyl, (Cs-C1g)-arylsulphonyl or (Ce-C1s)-
arylsulphinyl.

= R;to R, may likewise be a nitro group, sulphate, amine, ammonium salf, phosphate
and phosphonium salt.

¢ the radicals R’ may be linked with one or more of the radicals R¢ to R4 in cyclic
compounds. The radical Ry may also be linked with the radical Y io form a

(hetéro)cyclic compound.

Examples of the abovementioned compounds are:



further. The process of the invention is of particular industrial interest
especi.gll y..Ji ield of the preparation of starti ng gy

hi gh- ;ﬂbf%qmﬂ%% astics, such as high-perfornmance pol yafnl%lg‘e\és‘ﬁoﬁdgozs‘l
exanpl e. As the reactant whi ch acts as a conpound form ng protective
groups with respect to the al dehyde %roup of the al dehyde-functi onal
conpounds, it is possible to sel ect of the conpounds that are known
per se to the skilled person and which forma protective group with the
al dehyde group of the al dehyde-functional conmpounds. Under the term
"protective group" there is understood a grqup which chemcally nodifies
an initially reactive functional groupdsNn_tNiles case al d/e&)(de) in such a
way that y-t—\no | onger papthcipates in the feaction evgRis Wpgar the

preva|I mg rﬁ@g ion cg ti Qs A furthey- ~.ture of a "ﬁTb Fctlve gr oup”
IS th e renpve su sequent!ly und NS

under reac Ln condi t i on;Rg, f erent frormd)b

H t he or
functional j @ e protecti v Exanpl es

of com‘rsng]r 4 W%E |smfor t hei rrratlbn are
known from the nonograp Pr ot ectl ngO¢l oups' , Koci ens hilip J., Thiene
2008, and also from'Protecting Goups in Oganic Synthesis', Hanson,

James R, Wley VCH 1999. The reactant which acts as a conpound form ng
pr ot eq jafur@ FURE g%éé?ssrcﬁ%lﬁ@ﬁv&ﬂoh he it dpR%E thedfeadBo® EohdiBons of the

al dehyde-function conpounds is nore preferably selected fromthe group
consi s:lrmssgrr@rcaﬂaﬂsiﬁébemd isprperization eft thel resyjtant bydunyblungtiomalcorpaund: east

or oup 1o FiRtaBSRRRa b b Rsp Bl BHBR se o T Bt G RS R R 1Bal i ||

buryl %%amongh@tofaﬁ @BiricPizafién thEIyR 04 estherRing hpdidenkpéries Raormat s cinar gam c
conmpound havi ng at |east two hydroxyl groups as reactant is illustrated

bel owsotthrihygrewy! amcélsaaﬁbntﬁrme&iﬂat@fcommr@rfé ispryedrediorthe £ofegeeRHAL as
al dehy, under the above-stated reaction conditions,
et hyl éﬂ‘g %@h%@%%@ﬂﬁ%@ﬁqn undecanal to form 2-decyl-11, 3]- di oxol ane

(formation of the corresponding full cyclic acetal).

The aldehyde-functional compound resulting in this way is modified in situ, by reaction
with a suitable reactant, in such a way that the aldehyde group is ‘protected’ and
therefore effectively prevents further reaction of the resultant aldehyde-functional

cofnpound under the reaction conditions of the cross-metathesis and isomerization.

With the process of the invention it is possible to limit the amount of unwanted hydroxyl-

functional compound in this way to less than 10% by weight of the products formed.

The process of the invention offers a simple and economically advantageous process
for preparing aldehyde-functional fatty acids or fatty acid derivatives in high yield without
significant amounts of by-products (i.e. less than 10% by weight, based on the products

formed), starting from starting materials based on renewable raw materials.

The particular feature associated with the process of the invention is that no separate
isomerization catalyst is needed in order to achieve the object on which the invention is
based. Nevertheless, though, it is also possible to add a specific isomerization catalyst

to the reaction mixture in addition, in order, for example, to increase the yields still



In the case of amnes as a reactant form ng protective groups, for

exanpl ] reacts as amne with n-undecanal a ,
al deh}ﬁQ%ﬂﬁb%@f conmpound to form an n-undecyl i deneRQEIE_P]_Z_OéIr?]I%Se0261

(formation of the corresponding imne). In one particularly preferred
enbodi mrent of the present invention the ol efinic conmpound containing at

| east one hydroxyl group and at |easflCone C-C double bond is present in
excess relative to the at | east nonounsaturated fatty acid or the at | east
nonounsaturated fatty acid derivative. This enbodi mrent has the advant age

t hat qu@Red ess sel f-netathesis takes place. A further, very particularly
preferred enbodinent relates to what is called a two-stage process. In
this case the cross-netathesis reaction is carried out first at a

t enper. : 6 (O ' e ghis to a
t erper A eonss HEER BuAlibr iy et S bR Merbel o idRT R fURRr |
the rangpreparatign oesaimppraiuats foe high-parforemreseaplasticsaadch he higibsequent
heating to a nmarkedly higher tenperature - has the advantage that, with a
si npl PEEIRARGECE FotyRENIAeRCPT BXAPRG ne, the yield is shifted significantly,
t hrough i sonerization of the hydroxyl-functional conmpound, in the
direction of the al dehyde-functional conpound; the fraction of

hydr oxAd theueatianihathichoags @sd campeuyd fawing grotectiesgroupanvitoeespact todhe

si npl e case, neither co unds nor, solvents are ad o_ QL . wn
From ARehasdoBR e aEnarTonsinal SompRands Y B ASeht: srt g,

I ner e%%ﬁﬂodtﬁfd&s thaPid Rhdwh pies@idieamidddpadon andavhich forha protectier ,
preferred enbodi nent of the present invention the reaction is carried out
i n t hgrpup véthdbe @ideitydeagioup sb thealdehyde-pungiivingl eompourdsossi bl e to sel ect
all of the solvents that are suitable for the netathesis reaction and that
do not deactivate the catal yst enpl oyed or adversely affect the reaction

I N anyymidiehe Waryn Wit tioy gfouPrtRbry ikathdepstoadiasgronp vittich biséminatly not
limted to dichl oromethane, benzene, toluene, nethy| eth ket one,

| )
acet oreodifies paNyiialif weshve fungtionsteopprihthigrasealdehyye) iBrech fevartiatdhol
et hanql, ioﬁé&pﬁﬂr@hﬁpa'tessoiﬂrtﬂg qgg%thorgﬁzfr{efg lundefiH QQiIﬂﬁ%?é'a(ﬁi'& ncgﬂrﬂglitﬁidspﬁat Ic

and al'IcycFic ocar bons w rent carbon nunbers, a SO a

hal ogduahediehite of arpestectivengenpt & that ites, bavernodtes uisetjuantly undgomild
cont ai ni ng%. at | east one hydroxyl rpuphﬁﬁd aé | east one C.C dpoI ?hbond IS
abl e icoBgftionsdthat is, andeprsastion caotjtipnspirfereat fropyhoge preyailingwnen the

but - 3- ; te 3 Al ot i ki ike it
adi ¢ 109 oot Efind chirplotely, with (A BgRRF Aiekendlhy [oEam W
t he afisaestaiie prdectsengeupf)e am nes, hydroxyl thiols, dithiols and
saturated organi ¢ conpounds having at |east two hydroxyl groups, such as,
for exanple, ethylene glycol, glycerol, 1,3-propanediol or propylene

gl ycolgxamhMes ohtofMich ?ﬂﬂ@c’cﬁ% OUPS @indrtAt eecHaplisim 66r thelr Yesatetareot as
solvents but as a reactant with protective-group function, and react with

t he alktemydisomithemeregraphpioterfingrGerunsd Kegiensiki Phiigek. Bleme 204 @andul ar
f b t e S ; e
Dot wedto it FRoERoa Brofef i Gl St Mafitd 3pnibaik PRy BERL D

nonent{gyg. between 0 and 2.5 debyes.

The reactant which acts as a compound forming protective groups with respect to the
aldehyde group of the aldehyde-functional compounds is more preferably selected from
the group consisting of amines and also saturated organic compounds having at least

two hydroxyl groups, thiol groups, or one hydroxyl group and one thiol group.

With particular preference the saturated organic compound having at least two hydroxyl

groups is ethylene glycol, glycerol, 1,3-propanediol or propylene glycol.



Exanpl es of such a solvent are dichl oronethane (1.60 D),

1, Zd;vﬁglr&_ﬁﬁé (1,48 D), toluene (0,375 D), THF (1,5@9Pﬁq9%02§ﬁas a

25% s on in benzene), 1l-butanol (1,66 D), I, 2-diet ane
(1,99, neasured as a 20% strength solution in benzene), and 1, 4-di oxane (0
D). WD 2010/ 084053PCT/ EP2010/ 050261 13 Especially preferred are

t et rahydrof uran, isopropanol and 1-blifanol. In another enbodi ment of the

i nvention the cross-netathesis reaction is carried out in honbgeneous
phase. This neans that there is no phase separation and that the reactants
are not present in a suspension or dispersion. The honobgeneous reaction
regi ne _has the advantage that increased crossanetatgesis Yields are

obser V&, aming iamaratpreferably ancalkylaayna, mafeprdiculagy SulyIRMee at | east
nonounsaturated fatty acid or at |east nonounsaturated fatty acid
derivative used, is dependent on the nature and al so on the catal ytic

act i viThe fofmatien spiei protectiat grysp witine saturatad cojardatampstind dedingsat least
typically 1 to 1000 ppm nobl e netal,. prefer 2 to 500 noL e

parti é\upiwﬂgpwl 9@%@%&%&%&%@%&8@&%‘%%"‘ 5 80 SrarPlF el et

der i vahlMene ggfl::BV\ﬁﬁil'l n-rtn*?derc%"f\ﬁi 49 Blééhgﬁelfﬁn&%‘éﬂ@&ﬂboeﬁd Uik itRS aBbve-
factors,” as r exanple on the type O0f nonounsaturated fatty acid or at

| east stateduesctionr ainettidres; ethylenialgiyeol reactswithupathdesanalie faao gréeey-[1.8E
catal yst, .on the catalyst concentrati used and, on the reaction

t enpeidigxpiane éf?iﬂ‘%téﬂr] 99%&0,“@599[18}51&fﬁ”gyaw%ﬁ%)wthi n three hours under
standard conditions. The progress of the netathesis can be nonitored by
means of standard analysis, such as by GO M or HPLC/ M5 neasurenents, for
exanplie the pase dbaminesi ama serctantiorming:piokeative @roups, dehexaripled BUlYRBIRES t

t he product proportions i ' el l ; =k ' conpound,
1 & e asan ey Vb EIReb s 48 AEEhiBe B EalTE 1AREn SO e
ski | | edumdsfBenspithnasamid (foenatidroof twsamplespondingdsiéss). t o the reaction
m xt ure. :
In one particularly preferred embodiment of the present invention 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 acid derivative.

This embodiment has the advantage that even less self-metathesis takes place.

A further, very particularly preferred embodiment relates to what _is called a two-stage
process. In this case the cross-metathesis reaction is carried out first at a temperature
between 0 and 60°C. The resulting mixture 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 markediy higher temperature - has the
advantage that, with a simple change to the reaction regime, the yield is shifted
significantly, through isomerization of the hydroxyl-functional compound, in the direction
of the aldehyde-functional compound; the fraction of hydroxyl-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; all that is done is that the temperature

is increased very rapidly to the aforementioned range.



The exanpl e which follows serves to illustrate the invention, w thout

confln tion thereto or restricting the inv her
W@g&wgﬁéﬁnd chemi cals. The foll ow ng com‘rercﬁgtf'-l.@(?ipglq@bf%

chem cal s were used: acetone (99.5% GPR Rectapur from VWR Int., Art. .

20065. 470), benzyli denebi s(tricycl ohexyl phosphi ne)di chl oror ut heni um (GI

1st generation G ubbs catal yst from ABdrich, Art. No. 579726),

1, 3-bis(2,4,6-trimethyl phenyl) - 2-

(i m dazolidinylidene)(dichl orophenyl net hyl ene) (tricycl ohexyl phosphi ne)ruth

enium (4d 1, 2nd generation Grubbs catalyst fromAldrich, Art. No. 569747),

(1, 3-bi s(2

t r i matlihyﬂfpﬁéﬂy p)ref,@rreldl enmbedimant of threpwsgntiveniybieseartion issHERd OMEiy | en

i “,iég%éé‘%?g%%galnea?s?goﬁ‘éﬂ?ra“ on Hoveyda- Grubbs catalyst from Aldrich,

Art
1,3-bis(2,4,6-trinmethyl phenyl)-4,5-di hydroi m dazol - 2-yl i dene[2 (i -propoxy)

B Y 25 S S LB et L e s
S g”aé%{%;dﬁn%éfc#t doNfbt d@%é@@aﬁé tgg% ﬁ!ﬁi%ﬂﬂgiéyéﬂ ot g&fé?s/él@@@cﬂwe Art.

et hoxyet hane ( a Aesar, Art. No. L14283),
di et hykaetidrein {r808the&PRaRevHapesverT Brefofgd sotventsAncludrdut 28800t Beded to
1, 2-dip thOX%e hane98. O%f m Fl uk

2 4. didHIeY 9% rigenRelderng, oty fbvk&'\éﬁon%ﬁce?%ﬁ}? tefapslaiuran, 4.

di % t I I
L RS ABRBIRNS GO arl bR, AR Sdiropahay| v

f r om \BuRanials "all Acaholslandalbalipteic) anchalinygie Bydrpcatkonsvdindifieventicarken HPLC

A a1 WGre, i S8 o SShasR BN BHocsBBEE U eltalipeR) el HEbREE oy "
Fl Ukaycoﬁﬁﬁoun'ﬂoeorﬁéﬂ at I88Sli dHB Iydtokeyro09 Undizt kedssong G-C doutsie dondiis from
Al drich, Art. . 457912), sodi um hydroxide (?.. 99%from Carl Roth, Art.

No. 6ZEble itgelf mms @I@teasq pothesmseNianaxaRig el wt&%ﬂ -0l gributoene-

?Sﬁﬁﬁ?@' 'Fn?s %‘?%Rgb' @%24% q*@"%&ﬁ‘{ééf" B?raeg"gen & %@1’ Eﬁ'le""q SR[t 'No. 84655),

sul phuric acid (95- 97%from Fluka, Art. No. 84718), tetradecane

olefin-free, 99% from Fl uka, Art 40 t et rahydr ran
gRotl Notworsidesed ppiselvepinindheaf Wntwé 91@25‘59%%&‘”2 es’ﬁ}yi%ﬁ?ﬁyyﬂ&?rlisne (’? .

. “AEEBS s el co B SRR AR s e

pot as 9‘.o|uaxanplieu ethydarter @lyeolt ghycaio}dt, &mopslgedibk@mrspyﬁaeglmql ciincerdat . No.
- 0,
géié?%@@%@é@ﬁﬁ%@é’%ﬁg AN %Eglg IolrJ lp<>olyo1aér Lot 1 as RS but'®R a reactant with
protective-group function, and react with the aldehyde-functional compound produced,

as disclosed above.

Particular preference is given to selecting a solvent which has a dipole 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 dichloromethane (1.60 D), 1,2-dichloroethane (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 (1,99, measured as a 20% strength solution in
benzene), and 1,4-dioxane (0 D).



15 Purification and drying took place - where necessary - in accordance
wth atory nethods. Anal ytical instrunent

Thi n-ﬁ&@gg’@@ﬂpéﬁﬁ%graphy The thin-layer chronat ograp&%@qbw ons
(TLCO) were carried out using silica gel/alumniumfoils (layer thickness
0.2 mm from Fluka, Art. No. 60800) The separations took place in a chanber
saturated with hexane/ diethyl ether181: 1) as eluent over a separation

path of 8 - 10 cm The substance zones were visualized with permanganate
reagent. TLC detection of the al dehydes was carried out with

di ni t rEdperly hrdlepednge tepgrydrofluraitisopropbindl gndfi -butanol.
2,4-dinitrophenyl hydrazine, 25 m of ethanol, 8 m of water and 5 m of

concentrated sul phuric acid). Col umm chrorrat ography col um

chro [ i I I
oo IOHOTP S RER b MR Dbt ssEdr GRentir
| engt hophogéheis phadsenT histraeaad thdit anmf’ees nofphase mepastiosieahd fhakthe uent used

was a hexane/ di ethyl ether mxture 1 | nfrared spectroscopy. IR

spect réageps ﬁ‘rgd??ritﬁ’é%ﬁ%’gl"?@ SAISBRORIe %&9@055 FTIR spectronmeter with an
ATR cell, in the wavenunber range from 4600 to 600 cm 1. NMR spectroscopy:
The 1H NI\/R (13C NWR) spectra were recorded using a Bruker AVANCE DPX (1H:
300 Mhe H@aogatedusieaLtion hegigearataine am:@otagarthahmc&mckﬁbssmetath@SWas

t he s;{?ﬁggl of etrarret hyl silane (TM5, 6 = 0.00 ppm. The coupling

const o5 Veeported in hertz (Hz). The coupling patterns were

abbr evi ated as follows: s = singlet; d doublet; t =triplet; q =
quartet; m= multiplet. Gas chromat ograph GO as- chr omat ogr aphi c

i nvestTr@aamouet ofdb& metathesisscaiglyst, Gesed i Wsmtrh%aﬁgmowmra gHy

equi ppe t
capi | o SLa e B ARl o A SRR RE I oy B inFinaturg,,
16 and also on the catalytic activity of the specn‘" ¢ catalyst. The amount of catalyst used is
typically 1 to 1000 ppm noble metal, preferably 2 to 500 ppm, more particularly 5 to
250 ppm, based on 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 acid or at least monounsaturated fatty acid derivative used, on
the nature of the catalyst, on the catalyst cbncentration used and on the reaction
temperature. Typically the reaction is at an end within three hours under standard
conditions. The progress of the metathesis can be monitored by means of standard

analysis, such as by GC/MS or HPLC/MS measurements, for example.

In order to improve the isomerization, in other words to shift the product proportions in
the direction of aldehyde-functional compound, it is additionally possible to add
additives that are known per se to the skilled person, such as hydrides, for exampie, or

bases, to the reaction mixture.

The example which follows serves to illustrate the invention, without confining the

invention thereto or restricting the invention in any other way.

1. General information



10623). Measurenments were carried out in split node (split rate 1:45) with

hydr o I gas (flowrate 1 m/mn, |inear car PaY
31.4 gmgﬁj&a%%%rature programme for GC oven: start '{{%mﬂ@%é
hold for 1 min; heat to 220C at 8C mn, hold for 4 mn; heat to 248C at
8C/ mn, hold for 7 mn. Detector and inj ector tenperatures were 250 and
220C. GC-Ms (El): GC-MS El neasureneifts (70 eV) were carried out using a
VARI AN 3900 GC with Saturn 2100T lon trap mass detector and al so GC
capillary col um Factor Four Tm VF-5ns (30m x 0. 25mm x 0.25 pm Varian, Art.
No. CP8944). Measurenents took place in the mass range from40 to 650 niz
at arate of 1.0 scan/s. _Measurenents were carrled out, with apd w t hout

split Sayents and ehamegys.f he\follawinghcasnnearcialsolvpiys endihemicalsiwilg ni n).

heat . 1iyesbaeBldHY @By GPRCReBI FRANWRIRRCASE S8 2B AR L7101 6 For
2 lmu?lboénnszjyggélgeb1B&npﬁrlah?u)&phmlﬂﬁémlﬂrgﬁrmuther?udeGJ nésﬂgspr;era’d‘bn Graivpk e
igncerﬁartﬁlb’ﬁb 06‘?‘&@1?'515/ %ﬁ e{}gr% ?5& g{?” t?'ﬁ ﬁr%"h&(%%%)eﬂmb i]l ve) nass
spect r(ﬂﬁEj%%l|diw??&<%ﬁt%£@gﬁi%ﬁ%@ﬁ@Qyﬂﬁferth)ﬁgné}(fndg%ld?&x%p%@bmﬂ YRRhMBulPn-trap

spect romet er mass Tan Anal ytes were
di ssol(EY 2nd gendratioh GrabbkCatyéthamehldrighi Ant. Non§bRIT#7ar(d, %étﬂ(?édﬁ

ol coulte Pt eridae Ry BRhTal RSB BB SR om

Shi madgtherfGv Rgm?rﬂ Md GeAeRitlon2Qvapd NERIBbE CatRSHASM AQuaeh, ABUNBOA3

degasser and D- 10A refractlve i ndex detector. asurenments t ook pl ace

i socr 6%785)y 1 3tbis (It f-trimethpiphestyl s Ardinydieimidzzol-2oylidene{206PTaRoxy)r. 5 nm

< 5 DT e A T T e

m%'t ha®arh erﬁcm). AB@RAARHI S ECB‘WIEFOCW i HutanmlH@lgyg%rfrcﬁhESidmadAid‘ﬁmhvme NRPS,
Ger man 102 - 981.000 d %) Di % ?I
al deh @%,t%bslﬁ%nerwgdwééﬁ@@t% fr%m E'Hbaqﬁal Npa Wéﬂjét be?f ane

| deh faﬁﬁf hi
gccgrglgﬁg trgnt}tﬂg%dar %tr'l a oﬁg%ﬁégﬁg cﬁ%isr;ypan iggl P? {;{%g; nt Q(HJEPLEZ) Y
wer e OAAMR InYi, élrtiNo.r23809 863 ) i1e-dimethmiyedisars (981086 fnqmuileidtaed\rt Nel at e

b s R I ey saane. meof baet AlcRo A S TD 1o &8 2, 4% aor ™" ©
tubes $ rﬁ'?ﬁﬁyﬂ‘réﬁb %%gtgfreni\!&ﬂ&}(c%ﬁp@{wdsagumrtmaﬁ(étﬂ?ﬁﬁm@ﬁéﬁ (total

vol une -1622). Reactions were carried out in
a si | i(68tefroim Aldaich, dunt. Ncht22417a0) enhiexanar( 96 % dirtlad NeanurrRromBASR:
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Aldrich, Art. No. 34859), copper(ll) sulphate hydrate (98% from Aldrich, Art. No.
209201), methanol (= 99.9% Chromasolv® for LC-MS from Fluka, Art. No. 34966),
sodium hydride (60% dispersion in mineral oil from Aldrich, Art. No. 452912), sodium
hydroxide (2 99% from Carl Roth, Art. No. 677i—3), methyl oleate (99% SAFC™ from
Sigma-Aldrich, Art. No. $45393-118), 2-propanol (99.9% Chromasolv® plus for HPLC
from Sigma-Aldrich, Art. No. 650447), Schiff's reagent (Fluka, Art. No. 84655),
sulphuric acid (95 — 97% from Fluka, Art. No. 84718), tetradecane (olefin-free, 2
99% from Fluka, Art. No. 87140), tetrahydrofuran (Rotisolv® for HPLC from Carl
Roth, Art. No. 7344.2), tributylamine (= 98.5% from Aldrich, Art. No. 471313),
undecanal (97% from Alfa Aesar, Art. No. A16101), trans-2-undecen-1-ol (96% from
ABCR, Art. No. AB125432), potassium sodium tartrate tetrahydrate (99% from
Sigma-Aldrich, Art. No. 217255), o-xylene (98.0% from Fluka, Art. No. 95663).




The reactions on the 2 m scale were carried out in a Carousel Reaction
Stati om Radl eys Di scovery Technol ogi es. Bt?l’ } i~QN
exper%r@%g%g%n i nert atnosphere were carried out in @WPE@Z{S&GS
with a screwtop closure and septum (Supelco from Al drich, Art. No.
33297). The reaction mxture was flushed with the inert gas (PR N trogen
Bl P- X10S from Ai r Products) through 1he septum by neans of cannul as. The
reaction m xtures were thermally conditioned in a heating bl ock
(Sigma-Aldrich, Art. No. Z210188-1EA) with the aid of a hot plate with an
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appar ARTaAYINAIOESt he sane as for the reactions on the 1 ml scale (see
description above). 2. Synthesis directions CGeneral directions 18 the:
foll owi ng reaction conditions: the reactions were carried out in different
sol vediretaad irstrimdntsareholethddst- di oxane, 2-propanol, THF). Al of the
reactions were carried out with two different ratios of butenediol (3 and
5 equival ents, based on nethyl oleate) and at two different tenperatures
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taken for kinetic determ nations. After 4 hours the reaction is halted by
addi t @6#)of 2 m of ethyl vinyl ether. |somerization of
trans-2-undecen-1-ol. Syntheses took place with 0.1 m of
trans2-undecen-1-ol under nitrogen atnosphere and w thout inert gas
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standard) is prepare ‘and nmixed. If the reaction is being carried out
wi t hospestobometer,with ah ATIR sallyin éhe waverembesrarge fireadfoetefil0 ¢ 't he case
of the procedure

NMR spectroscopy: The 'H NMR (13C NMR) spectira were recorded using a Bruker
AVANCE DPX ("H: 300 MHz / ®C: 75.5 MHz). The standard used for the chemical shift
& was the signal of tetramethylsilane (TMS, 8 = 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 took 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 uym, Restek, Art. No.
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addi ti respondi ng sol vent. After sanpling the
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and the reaction vessel is placed in a thermally conditioned oil bath and
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undecanal ) : 67% total yield (over two steps) of the nethyl
undec ampied drectly BIingexrNge RYNBt ect ed methyl 11- oxoundecanoate): 69%
by- products (oligoners): 5%

Gel permeation chromatography (GPC): The molecular weights were determined
using an LC-20AD chromatograph from Shimadzu, equipped with a SIL-20A
autosampler, CTO-20A oven, DGU-20A; degasser and RID-10A refractive index
detector. Measurements took place isocratically at 50°C with a PL gel 5pym Mixed-D
GPC column (300 mm x 7.5 mm x 5 ym, Polymerlabs, Art. No. PL1110-6504) with
THF as eluent (flow rate 1.0 ml/min). The column was calibrated using linear
poly(methyl methacrylate) standards (Polymer Kit from Polymer Standards Service
PPS, Germany, M, 102 - 981.000 Da, Art. No. PSS-mmKith).



3. Anal ytical data GC neasurenents. The conponents of the reaction m xture

were r the following retention tines: undec,geg}

mn), W%%E@Qﬁﬁﬁébl (tR=11.54 min), nethyl 11-hydroxy- unéﬁcenoa e (tR
= 19.88 mn), nethyl 11-oxoundecanoate (tR = 15.90 min), 9-octadecene (tR
= 10.29 mn), 1,18-dinethyl-9-octadecenedi carboxylic acid (tR = 29.27

mn), tetradecane (tR = 4.76 mn), 21%ut ene- 1, 4- di ol (tR=13.16 mn),

met hyl oleate (tR = 18.09 mn). GC-M5 (El) measurenents. The conponents of
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ETS-D5 electronic contact thermometer.

The reactions on the 2 ml scale were carried out in a Carousel Reaction Station™
RR98072 from Radleys Discovery Technologies.

The isomerization experiments under an inert atmosphere were carried out in 3 ml
test tubes with a screw-top closure and septum (Supelco from Aldrich, Art. No.
33297). The reaction mixture was flushed with the inert gas (PR Nitrogen BIP-X10S
from Air Products) through the septum by means of cannulas. The reaction mixtures
were thermally conditioned in a heating block (Sigma-Aldrich, Art. No. Z210188-1EA)
with the aid of a hot plate with an IKA® RET Basic integrated magnetic stirrer and
IKA® ETS-D5 electronic contact thermometer. For all other isomerizations, the
glassware and apparatus used were the same as for the reactions on the 1 ml scale

(see description above).

2. Synthesis directions
General directions

Reactions on the 2 mi scale: Syntheses took place with 2 ml of methyl oleate under



9- Cct adecene. GC-MS (EI, mz, cY0): 252.0 (M+., 3), 208.0 (2), 193.9 (2),

180. 0\&@2@&?@#{1@7 0152 0 (3), 138.0 (5), 124.9 (20) pdHerdoibBs0ze4: O

(100) (56), 55.1 (90).

1, 18- Di net hy1- 9- oct adecenedi carboxylic acid. GC-Ms (El, mz, %: 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 18

the following reaction conditions: 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 ratios and temperatures.

No additives were used.

General method: In a reaction vessel the mixture of 2 mi (5.9 mmol) of methyl oleate,
the corresponding amount of 2-butene-1,4-diol (1.46 mi or 2.43 ml}, 0.2 ml ot
tetradecane (internal standard) and 2 mi of the corresponding solvent is prepared
and shaken. Thereafter a blank sample is taken for GC measurement. After
sampling has taken place, the corresponding catalyst (2 mol%) is added and the
reaction vessel is placed in the temperature-conditioned carousel reactor. The
mixture is heated for 4 hours and 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 ether.

Isomerization of trans-2-undecen-1-ol. Syntheses took place with 0.1 ml of trans-
2-undecen-1-ol under nitfrogen atmosphere and without inert gas atmosphere. The
reactions were carried out in different solvents (1-butanol, 1,4-dioxane, 1,2-di-
methoxyethane, 1,2-diethoxyethane, ethylene glycol) and also without solvent. The
different concentrations of 2-undecen-1-ol (dilution 1:3, 1:10, 1:20, 1:30, 1:50) and
different temperatures (40, 60, 80, 100 and 120°C) were investigated. Ruthenium-
based metathesis catalysts (available commercially from Aldrich and ABCR) were

tested for all ratios and temperatures.

General method: A) Isomerization under 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. [f the reaction is being carried out without

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



(38), 134.1 (36), 119.2 (20), 109.2 (25), 98.1 (48), 83.0 (73), 67.2 (77),

55.0 -positive, CH3OH, mz): 363.3 (I\/Na+ %;@

2- Decﬂgﬁi% %?é ane (the cyclic acetal of the undecan ) 2(@ (:',lg1
ne, %9: 213.1 (M+ , 5), 150.9 (1), 122.9 (1), 109.0 (1), 97.0 (2), 80.9
(1), 730(100) 55.0 (5), 45.0(13).19

with solvent, a 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 a magnetic stirrer. The
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. 213186) after 5, 20, 30, 60 and

180 minutes of reaction.

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

(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 procedure with solvent, a
blank sample for GC measurement is taken only after the addition of the
corresponding solvent. After sampling has taken place, the catalyst (0.5 mol%] is
added and the reaction vessel is placed 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.

Isomerization of a mixture of 2-undecen-1-ol and methyl 11-hydroxy-9-
undecenoate: The mixture was obtained by means of cross-metathesis of methyl
oleate and butenediol. After removal of the solvent on a rotary evaporator, where
necessary, a reagent forming protective groups was added, without further working-
up steps and without addition or removal of components, and the reaction was

carried out further as described under “Isomerization of trans-2-undecen-1-ol”.

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



22 Clains: 1. A process for preparing an al dehyde-functional conpounds by

nmeans ‘ﬁbaf%‘ﬁa’g#d% sequence consi sting of cross-netat hﬁﬁﬂﬁ@mﬁ nd

i somer' ol efi ni c compound contai ni ng at | east ‘one oXYy
group and at |east one C-C double bond with at | east one at | east
nonounsaturated fatty acid or with one at | east nonounsaturated fatty acid
derivative in the presence of a neta2Besis catalyst at a tenperature of

not nore than 180C and also in the presence of at |east one reactant
acting as a conpound form ng protective groups with respect to the

al dehywerkiheuexarhpléie al dehyde-functional conpounds. 2 A process according
to claim1, characterized in that the reactant acting as a conpound

form ng protective groups with respect to the al dehyde group of the

| deh -, i ; ) ;
al de W&.gﬁgc%gga_s decc%'ﬁp?-‘gl‘%%d'rﬁeﬁﬁ)é ﬁgg@@éékﬁ@.we&rn%% g@@%ﬁ,tdbwnga

am nes an aturated organic aving at two hydroxyl
gr oupsrom thd cpyacretathesz of mgthyd oddatewith buteaeditlpcomedsitiont Bat%t he

s A KLY S AT o S0 el
accor iR d029] RicBhéi cross-metathesis products, 16.9% aldehyde cross-metathesis
products) and 4.5 mi of ethylene glycal are combined. Further samples are taken for
GC, GC-MS and GPC. By means of a magnetic stirrer, the reaction mixture is stirred
at 120°C for 60 minutes. After 5, 30 and 60 minutes the samples for GC, GC-MS and
GPC measurements are taken and the reaction is stopped. Conversion of both
alcohol cross-metathesis products after 60 minutes: 90%. Total yield (over two
steps) of the 2-decyl-[1,3]dioxolane (protected undecanal): 67 %; total yield (over two
steps) of the methyl undecanoate-11-[1,3]dioxolane (protected methyl 11-

oxoundecanoate): 69%; by-products (cligomers): 5%.
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),
methyl 11-hydroxy-9-undecenoate (tr = 19.88 min), methyl 11-oxoundecanoate (tr =
15.90 min), 9-octadecene (tg = 10.29 min), 1,18-dimethyl-8-octadecenedicarboxylic
acid (tr = 29.27 min), tetradecane (tr = 4.76 min), 2-butene-1,4-diol (izr = 13.16 min),
methyl oleate (tg = 18.09 min).

GC-MS (El) measurements. The components of the reaction mixture were recorded
with the following retention times: undecanal (tg = 5.65 min), 2-decy!-[1,3]-dioxolane
(tr = 7.87 min), 2-undecen-1-ol (tr = 6.19 min), methyl 11-hydroxy-8-undecenoate (fr
= 8.88 min), methyl 11-oxoundecanoate (tr = 8.42 min), 9-octadecene (tr = 9.50
min), 1,18-dimethyl-9-octadecenedicarboxylic acid (tr = 16.78 min), tetradecane (tr =
6.44 min), 2-butene-1,4-diol (tr = 2.68 min), methyl oleate (tzr = 12.89 min).



characterized in that the amne is a prinmary al kylam ne, nore particularly
an ali ' m ne having 2 - 10 carbon atons, su '?ﬁ Py
for ex@gg?g%@hk%\é rocess according to claim1l, char acfig?iﬁzﬁe |1>r¢"¢$pa%ﬁt he
ol efinic compound containing at | east one hydroxyl group and at |east one
C-C double bond is present in excess relative to the at | east
nonounsaturated fatty acid or the at 2fleast monounsat ur at ed fatty acid

derivative. 6. A process according to any of clains 1 to 5, 23
characterized in that the cross-netathesis reaction is carried out first

at a tignprarialr EOMSKENNTZA0k): SOCAM [ 3p12BIT(@)0408:9 (1) 19448) 81 8
o o puB R a0 b5, da 017005 M8 Wst2lsitné; cRBITTR): 1657 (g ©
calc. 193.3).

2-Undecen-1-ol. GC-MS (El, m/z, %): 151.9 (M"-H,0, 5), 137.9 (2), 123.0 (10),
109.0 (23), 95.2 (100), 83.0 (75), 67.2 (28), 57.1 (22). MS (ESI-positive, CH30OH,
m/z): 193.7 (MNa", calc. 193.3).

Methyl 11-hydroxy-9-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, CH30H, 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), 80.9 (568), 73.9 (70),
66.9 (35), 55.0 (90), 43.0 (100). MS (ESl-positive, CH3;OH, m/z): 237.1 (MNa*, calc.
237.3).

9-Octadecene. GC-MS (El, m/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-Dimethyl-9-octadecenedicarboxylic acid. GC-MS (El, 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), 134.1 (36), 119.2 (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).

2-Decyl-]1,3]dioxolane (the cyclic acetal of the undecanal): GC-MS (El, mz, %): 213.1
(M™, 5), 150.9 (1), 122.9 (1), 109.0 (1), 97.0 (2), 80.9 (1), 73.0 (100}, 55.0 (5), 45.0 (13).

Methyl 11-undecanoate-[1,3]dioxolane (the cyclic acetal of methyl 11-oxoundecanoate):
MS (ESl-positive, CH3OH, m/z): 281.2 (MNa", calc. 281.4).



characterized in that the ol efinic conpound havi ng at | east one double

bond i ' atio of 1 to 10, preferably 2 to 4, ' sed
on thﬁgﬁ@a{g%ﬁ%%ounsaturat ed fatty acid deri vative).ﬂgﬂéﬂéﬁ@z&%m

according to any of the preceding clains, characterized in that the
cross-netathesis reaction is carried qQut in the presence of at |east one
solvent. 9. A process according to cP&i m 10, characterized in that the
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precedi ngcgin%io%d c%ﬁ?a{ir?i%ee\rtilezaesq oinré !‘Ey@i%xyl group and at least one C-C double
bond with at least one at least monounsaturated fatty acid or with one at ieast
monounsaturated fatty acid derivative in the presence of a metathesis catalyst at a
temperature of not more than 180°C and also in the presence of at least one
reactant acting as a compound forming protective groups with respect to the

aldehyde group of the aldehyde-functional compounds.

2. A process according to claim 1,
characterized in that the reactant acting as a compound forming protéctive groups
with respect to the aldehyde group of the aldehyde-functional compounds is
selected from the group consisting of amines and also saturated organic

compounds having at least two hydroxyl groups.

3. A process according to claim 2,
characterized in that the saturated organic compound having at least two hydroxyl

groups is ethylene glycol, glycerol, 1,3-propanedio! or propylene glycol.

4. A process according to claim 2,
characterized in that the amine is a primary alkylamine, more particularly an

aliphatic alkylamine having 2 - 10 carbon atoms, such as butylamine, for example.

5. A process according fo claim 1,
characterized in that the olefinic compound containing at least one hydroxyi 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.

6. A process according to any of claims 1 to 5,



the at | east nonounsaturated fatty acid derivative is selected fromthe

group bé%@g&ﬁf of acids according to claim13 wt I*P@:? i@'nol

pr opan and/or glycol. 24 13. A process according to any
the preceding clains, characterized in that the olefinic conpound is
selected fromthe group consisting of ally' alcohol, but-3- en-1-ol and
1, 4- but - 2- enedi ol . 23

characterized in that 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.

7. A process according to any of the preceding claims,
characterized in that the olefinic compound having at least one double bond is
used in a ratio of 1 to 10, preferably 2 to 4, equivalents (based on the at least

monounsaturated fatty acid derivative).

8. A process according to any of the preceding claims,
characterized in that the cross-metathesis reaction is carried out in the presence of

at least one solvent.

9. A process according to claim 10,
characterized in that the solvent has a dipole moment of between 0 and 5 debyes.

10. A process according to any of the preceding claims,

characterized in that the cross-metathesis reaction is carried out in homogeneous

phase.

11. A process according to any of the preceding claims,
characterized in that the at least monounsaturated fatty acid is selected from the
group consisting of oleic acid, undecylenic acid, paimitoleic acid, petroselinic acid,
erucic acid, icosenoic acid, vernolic acid, ricinoleic acid, linoleic acid and linolenic

acid.

12. A process according to any of the preceding claims,
characterized in that
the at least monounsaturated fatty acid derivative is selected from the group of the
esters of acids according to claim 13 with methanol, ethanol, propanol, glycerol,

and/or glycol.
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13. A process according to any of the preceding claims,
characterized in that
the olefinic compound is selected from the group consisting of allyl alcohol, but-3-

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



