‘1 Hydroxy- and al dehyde functional conpounds The present invention

rel at ss for preparing a m xture conprisin

al deh@‘@%?ﬁaﬁfc{ﬁ%gl conpounds. Processes for prepari ngg%gimﬁn%mg
conpri sing hydroxy- and al dehyde-fungti onal conpounds are known and are
produced when, for exanple, carboxylic acid derivatives are reduced or

al cohol s are oxidized. Fromthe article by Marc L. Snapper etal.
"Preparation of Aliphatic Ketones through a Ruthenium Catal yzed Tandem

Cr ossHiHtaxyamid allahyidedfunictional cpmpaundsiti on” in Organic Letters, pp. .
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ri ng-openi ng cross-netathesis (ROCM, wth Z-1,4-butenediol, with reaction
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al dehyde-functional product. Disclosed, furthernore, is the reaction of

a, 8- uachaldehyda-funcetigmebggmMBRPEBH®| s f uncti onalized in positions 1 and 4 to
gi ve the correspondi ng ket ones. Di sadvantages associated wth this process
are the fact that isonerization requires a tenperature of 200C and t hat

si gni picarbes iRrepansy aimirives coaquisedy hydrexy-satduaidebytie-iydtiongl conpounds
are produced. There is no nention of the use of fatt acli ds (grd t.he{'.r
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chem &%I reﬁﬁ@é&'%f%ﬁtﬁhbg ér?eo i fizdy for exanple, of ring-closing nmetathesis
(RCM 7, cross-netathesi's or ring-opening netathesis polynerization
(ROW). Metathesis reactions find application, for exanple, for olefin

synthesi s, for,. depolynerigzation of upsat h f hesi s
of "t & Bih e TSt DALS Lrisa=aBr &l T RedZBRor APl HFE ReBifee tlqugiy
cyani gdgiranslird & ARy TanbbeT ERissietathésuiAlgiReAIshoisoRTErZatidmTini s known,
furthernore, fromthe artitle by Wagener et al. (J. Ml ., Catal. A
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sel f - et
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place to produce both the hydroxy-functional and the aldehyde-functional produci.

Disclosed, furthermore, is the reaction of a,B-unsaturated 4-hydroxy alcohols

functionalized in positions 1 and 4 fo 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-

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



1t is an object of the present invention to provide a process for
preparing hydroxy- and al dehyde-functional fatty acid i } hihout
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a m xture conprising hydroxy- and al aehyde-functi onal conpounds by
cross-netathesis reaction of at |east one at |east nonounsaturated fatty
acid or of an at |east nonounsaturated fatty acid derivative with an

ol ef i giselozegpound cont ai ni ng at | east one hydroxyl group and at |east one
C-C double in the presence of a netathesis catalyst at a tenperature of
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with the aforenentioned fatty acids are nethanol, ethanol, n- and

i sopropanol, n- and isobutanol, n- and isopentanol, n- and isohexanol, n-
and isooctanol, n- and iso-decanol, n- and isododecanol, n- and

i sot et radecanol, n- and isohexadecanol, n- and isooctadecanol, and al so .

hi gher fatty al cohols and/or branched fatty al cohols and/or fatty al cohol
derivatives having up to 36 carbon atons, exanples being C36 Guerbet



4 A special preference is given to the correspondi ng ester wi th nethanol,
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transesterification typically contains at |east one carbon atom The
al cohol typically contains | ess than about 15 carbon atons, preferably
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e hane(a)rle b%rt]g!s%rlr? the Porm 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,
n- and isopentanol, n- and isohexanol, n- and isooctanol, n- and iso-decanol, n- and
isododecanol, n- and isotetradecanol, n- and isohexadecanol, n- and isooctadecanol, and
also higher fatty alcohols and/or branched fafty 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, giycol,
pentaerythritol or bispentaerythritol. The fatty acids can also be used in the form of their

amides, nitriles, reduced alcohols and other derivatives.



O her fatty acid derivatives suitable for the process of the invention are

fatty %q@yo%ﬁlghai ned by reduction fromthe fatty acpds/pprHabigsacsd
derivatives; esterified fatty alcohols; fatty am des, fatty am nes

(primary, secondary, tertiary), fatty nitriles; and |ong-chain unsaturated
conpounds containing a functional group. Exanples of functional groups are
all suitable functional groups known per se to the skilled person, such
‘as, for exanple, hal ogen atons, hal ogenated al kyl radicals, cyano,
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" but-3€8n-1-0l, pent-4-en-1-ol, hex-5- en-1-ol, hept-6-en-1-ol,
oct-7-en-1-ol, non-8-en-1-ol and dec-9-en-1-ol. Exanples of unsaturated
diols are but-2-ene-1,4-diol, hex-3-ene-1,6-diol, dec-5-ene-1, 10-diol and
t he | The terfs tatdéadtingorsatinsablretedofiatty i dereivebailsorancdompassesthearr e al |yl
al cohol, but-3-en-1-0l and 1,4-but-2-enediol. 6 The term "netathesis

cat al §¥TesRACNG2IGEPR- and bel ow to a conpound which has the fol | owi ng
structure in which Mis osmumor ruthenium R stands for identical or
different organic radicals with a great breadth of structural variation,
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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 reaction with a fatty acid and contains an unsaturated'hydrocarbon

radical.

One example of such a fatty acid derivative is an unsaturated fafty acid ester. The
alcohol segment of the fatty acid ester may be any monochydroxy, dihydroxy or
polyhydroxy alcohol 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, which can be separated off more easily or which are suitable for



Rf i es- N\ Mes O her netathesis catal ysts are described, for exanple, in
VO 99ippd3440/0M393@/ 15339, WO 00/ 71554, WO 02/ 079126, WRQIZERLRT/066019
02/ 083742 and, for exanple, in Angew. Chem 1995, 107(18). 2179; J. Am
Chem Soc. 1995, 117, 5503; J. Ant Cgem 7 Soc. 1996, 118, 100; Chem
Eur. J. 2001, 7, 3236; Organonetallics 2000, 19(11), 2055; J. Am Chem
Soc. 1999, 121, 2674; Organic Letters 1999, 1(6), 953; J. Am Chem Soc.
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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 fong-
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, hydroxyalkyl, methoxy,

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

The term "olefinic compound containing at ieast one hydroxyl group and at least one C-
C double bond" refers here and below to 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-ol, pent-4-en-1-ol, hex-5-
en-1-ol, hept-6-en-1-ol, oct-7-en-1-ol, non-8-en-1-ol and dec-9-en-1-ol. Examples of
unsaturated diols are but-2-ene-1 ,4-diol, hex-3-ene-1,6-diol, dec-5-ene-1,10-diol and

the like.

Especially suitable for the process of the invention are allyt alcohol, but-3-en-1-ol and

1,4-but-2-enediol.



In these formulae Zis -0-, -S-, -5(0)- and S(0)2-, X1 and X2 adopt the
radi cal s indicated above; Y, RR R and Rl to R4 are radicals, selectable
r ndegg\{@%t b?()a@f%qne another, fromthe 8 group of hydPQJ&mP2009/068019

Ky (C1-C8)-al koxy, (C8-C18)-aryloxy, HO (Cl-C8)-alkyl,
(C2 C8) - al koxyal kyl, (C8-Cl8)-aryl, £Cr-G 2)-aralkyl, (C3-Cl8)-heteroaryl,
(C4-C19)- heteroaral kyl, (Cl1-C8)-alkyl-(C8-C18)-aryl,
(C1-C8)-al kyl - (C3-C18) - heteroaryl, (C3-C8)- cycloalkyl,
(G -C8)-al kyl - (C8-C8)-Cycl oal kyl, (C3-C8)-cycl oal kyl -(C1-C8)-al kyl .
Furthernore, the radicals R and Rl to R4 may independently of one another
have tig t{;f% i difodle yyfétOFETers( Sl M iy ithistsorhipeirer @hizhyastthe,
al kyl /aryl'sul phonyl', a [aryl sul phinyl, in each case optionally
subst _fdlbmmig biyugiGre C8) - al kyl , (C1-C8) - aI koxy, (C6-C18)-aryl oxy,
HO- (G -C8)-al kyl, (C2-C8)-al koxyal kyl, (C8-C-18)-aryl, perfluoroalkyl,
hal ogen, (Cl-C8)-acyloxy, (G -C8)-acyl (Cl-C8)-alkoxycarbonyl,
(G C8) - al kyl sul phonyl or (C1-C8)-alkyl sul phi ny, (C8-C18) -aryl sul phonyl or
(C8-C18) - aryl sul phinyl. Rl bo R4 kay |ikew st be a nitro group,
sul phate, am ne, anmoni um s tz,, pho phat e ang/ phosphoni um sal t.

1/’ |

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-00/7 1554, additionally, is a group of catalysts which are referred to
in the art as "Grubbs(il) catalysts™

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.



t he radicals R may be linked with one or nore of the radicals RL to R4 in
cycll (? The radical RL nmay al so be |inked w phihernasioeab1dy to
forma hetero cyclic conmpound. Exarrpl es of the abovenenti oned conpounds
are: (/ \/=\" MesNNMesMesNNMes Ny, ' oy .Cll % iRu.-Ru - alat (0)s
----- 7c

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. Further examples of Grubbs(l1} 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; Synlett 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(tri-

_ cyclohexylphosphine)dichlororuthenium (1st generation Grubbs catalyst), 1,3-bis(2,4,6-
trimethylphenyl)-2-(imidazolidinylidene)(dichiorophenylmethylene )(tricyclohexyl-
phosphine)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-trimethylphenyl)-4,5-dihydroimidazol-2-
y!idene[2—(i-propoxy)—5~N,N-dimethylarhinosuifony[)phenyl]methylene-

ruthenium(ll)dichloride (Zannan catalyst).

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

formulae:

RN NR RN NR
le’l/ X2 ,’.\F{(
U= U=
Ry 7 Ry
x7 X 1
2 R, pr: R,
Y Y
R4 Ro R‘l R

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

e Y,R,R and R to Ry are radicals, -selectable indepéndently of one another, from the



In one particularly preferred enbodi nent of the present invention the

ol ef i py© -papERBRA4CcoNnt ai ni ng at | east one hydroxyl groRQTABRE2809/068613 one
€ C doubl e bond is present in excess relative to the at | east
monounsaturated fatty acid or the atgleast nonounsaturated fatty acid
derivative. This enbodi nent has the advantage that even | ess

sel f-metathesis takes place. 9 Wth particular preference the t enper at ur e

L ermpor ataipud PARUOR Folie- GG ¢ Bra- SR ey - Facer ShalCEbrpalils;

the yield, &, %ﬂ@iﬁéﬂkyf'{’@ gbﬂé*yl qemmw&%rchwgﬁhet@réws (%ma@)tature

range. I'n“a Se pre erre process, he nper at ur e duri ng

Cross- nﬂ'tedlaaﬂmesalbyir &e@s)@ﬂﬂkws(%e@mééﬂ/'dfér@s)@ﬂgl (@Bricss)rféﬁ*ﬁé?aéﬂu tes-Fahge in

of al aeiyReetuh T SR n hel Db T APRR R OO R, ange, VA ¢

further Frnefoss, tﬁ@rrém@alm’lahdomfcem ﬂﬁhyelﬁbepbmmmyrcﬁbm%cﬂmwﬁme is
call ed the two- sta e process. his case the cross-netathesi reaction

i s carritee falpwing d@flnl eng (?M@E\“@)ﬂﬁﬁ*ﬂ% (heeiRer/ o sikyatyisutpion sul ting

'[nwc);t g'[ :EI @%M@g%ﬂk’ﬁﬁ 95(91 @ & rgpﬁé H’ﬁ%‘é’%ﬁ”‘ﬁf?‘ég@m gp%ar ativel y | ow
t enper atalitya(Ch-Che- agdbxgequet:(l(hk@a)talhg (Cy-Gs ek dogyaiky!, l(CgHéus) agperature -

3?3 fjh.espaegﬁ\ﬁiaq%@@ygﬁaﬁgﬁﬂc&;r éﬁh@g ﬂ?é{zfséﬁ' ac%ﬁ@’f’“yp (& the
hydr oxy o YRRIQNHNaRRBP NGy déwsnﬁahﬂm ABLOR)-afyidushaieRydectynct i onal

compoun tion functional conpound i's very low and is
| ess t hamylSdHphinyl.t he si npl est case, neither conpounds nor solvents are

dded t thd f t ti ixture:. all th t hat
e tbrmpnaiRe By IR s R AP EBS i Anincsih el e T
a furthehyg R Pﬁéﬁ@ﬁ] ggibodi nent of the present invention the

cross-netathesis reaction is carried out in the presence of at |east
sol vent thé radicalad’ [mhaaj be iunbecpwbumeeortmos%ofefbe radicalsfR¢ 19eRs 61 ¥HEs t hat

are suitable f thesi s rea cfivate the
cat al ysPOB}P&%@éde r%@é *e”&"?‘yé"ﬁoe ilpﬁ%(?@ggtéﬁ?hanﬁ?alrﬁ%oy%g'?lhéer way
WhatSOEXﬁétechE; edIRIdorfbslavent s i nclude but are not limted to

di chl or onet hane, benzene, toluene, nethyl ethyl ketone, acetone,

t et rahydrof uran, tetrahydropyran, di oxane cycl ohexane, nethanol, ethanol,
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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. \



10 nunbers, and also all hal ogenated hydrocarbons. In certain cases, when

t he ol,gf iRl und containing at | east one hydroxyl ast
8"‘@3@3@@%%@2 g ydr oxyl pgratmeisiossol®

one nd is able itself to act as solvent, as in the case, for
exanpl e, of but-3-en-1-ol or but-3-egel,4-diol, it is also possible to
forego the addition of a further, additional solvent. Not considered as
solvents in the aforenentioned sense are am nes, hydroxyl thiols,

dithiols, thioacetal s, and saturated organi c conpounds having at |east two
hydr oRéth parbaysr prsfietenas the rmpsraiyealuribgrpe sressgmptaihesigreadios) is

1, 3- prapanedi, ol _or ,R¢ . Y sat ur at ed
di o SDANEa Epad 12D GothiE Ry Pl aikP Rl TGS elBDr ey dRe e D

pr ot efhiciendl 'conibdundsi iheryieldnd hyeasty-funtiiondieoalpdehyd eetaasts émétis conpound
produced, to give the corresponding cyclic full acetal. Particular

pr ef degmasaise §@R@h to sel ecting a sol vent which has a di pol e noment of
between 0 and 5 debyes. Very particular preference is given to a dipole
moment of between O and 2.5 debyes. Exanples of such a solvent are :

di chlipralifedisaeréferet ppcesk, thalterhpenabiet vanag(crosBmBlathess ueadiqois375 D),

THF (1,75 D, 25% st th sol ution ip ber -_but anol
(1" sepyroen Ghed BEHox ot S ATy e da e 188 2 Bl g B bvrtaar ot fon i n
benzefﬂﬁ):tiorfé? gﬁﬁwp%‘uﬂhgf\ﬁﬂére%@ £ vicid e aidehlyie MikdtohaReorapeurdy dednpdsed ur an,

| sopropano 1-butanol. I'n another enbodi ment of the invention the

cr ossnnwisdempeiratureesiidieon 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 honbgeneous reaction regi ne has the

advank agehdrhBkewins peaRelhriy eferf@l sirbesirment relaiss &rwhatis ealied the tmak al so
on the catalytic activity of the specifjc catal

L | Fxést. . The {sgptm% of catal yst
used stage ppecasst i this epse berrppmmdBINesiFeeartion é?aéfr‘%%Py S5t8'800 ppm
O & (DA S AbLk E.rf © 2R0 B0PTBAEEMAY riikerd Rith¥nafbubiio kAt Ly aci d
derivdti've enpl oyed. _ o _

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 yield 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; all
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 to 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 limited to
dichloromethane, benzene, toluene, methyl ethyl ketone, acetone, tetrahydrofuran,
tetrahydropyran, dioxane, cyclohexane, methanol, ethanol, propanol, isopropanol,

butanol; "all alcohols" and all aliphatic and alicyclic hydrocarbons with different carbon



- The reaction time is dependent on a series of factors, as for exanple on
the type Af1o/msmomsaturated fatty acid or at |east noDn@OEPR0ADAESDE0t Y
acid derivative used, on the nature of the catalyst, on the catalyst
concentration used and on the reactigp tenperature. Typically the reaction
is at an end within three hours under standard conditions. The progress of
the netat hesis can be nonitored by neans of standard anal ysis, such as by

GC/ MS or HPLC nmeasyr enent or._ex le, In . order to.,l ove t.he
sonePHRE 6N AlSs A aed B RER b ise I ilh oot T RSO e

di r eCEbH][b_o%d%!o%%lMﬂ -t Wit ioRBaHy CFOEM Bl and at Radfighd Conaldupldbesd i e to
~add additives that are known per se t0 the skilled person, such as

hydr i dele, itdedirtosch mpisolvent, asivdbe caset ve exermptd, of bﬁi'gt%ﬁ‘&()' Pf buk3-aignever

al so possibl.e, in order, to .suppress t [ rhzation.. i words to
shiftRféamgﬁgﬁd%?oB?%%@?ﬁpJﬂ§£@8§5Fﬁ@ﬁ?ﬁﬁﬁﬁgﬁy%égf#@ﬂgykg%§$Q§%npound, to
add additives that are known per se to the skilled person, such as

phenyl phosphoric acid or quinones, for exanple, to the reaction mxture in

addi t Nehcorsidetschaprei¥enisilathe afaremestipied sense pesiKEs: bHFoiVBIR$.on,
it hout. .cantipi he i . oo . ion i
any " oPHuPRaHyBA el nt SRR broaRlctb b S afigabtiio MgDiyOn |
L ol | owm@fsge%j ﬁ@k esaﬂnp'&mm%gh%m, ?i%tésrwleﬁ &-prepdnedickompre pyEmne5% GPR
ect apur from nt., At : iy :
benzyB'iy_a‘é'm§mc§(QtW%Wh€ﬂ@%/ﬂ%HB§%Hfa%@$ &f%%EPB'HB'ﬂ?eﬁ% nehppigas sQlyents but
ener : . Wi . ional
% . b?%%%4%%§@%@?ﬁ%%ﬁ\{e%) _Poﬁlpz_ Guh&tbn, Ahl - reer witly the24iliehyde-functiona
(i mi deempbuod pyddutedejq divelihe coprepyndieg kytlisiel @cetatycl ohexyl phosPhi ne) r ut
henium 12 (A1, 2nd generation G ubbs cgatalyst fromA drich, Art. No.
569747), (1,3-bis(2,4,6- -
tri mephpticolepbistendd @ap@n @ sabttivng sdiveht ahivhthdssadipofomephertydinet hyl ene

)ruthenium (HA I, 2nd generati on Hoveyda- G ubbs catal yst. from Al drich,
Art. betwessdyssy 5 debyes. Very particular préference is given to a dipole moment of

1, 3-by AN | nhenyl) -4, 5-di hydr oi m dazol - 2-yl i dene[ 2- 0-
pr opo%.’(%"%‘fﬁl\ﬁ?ﬁbélzrngbﬁ%%l nosul f onyl ) phenyl ] net hyl ener ut heni un{Il 1)
di chloride (ABCR, 96% from ABCR, Art. No. AB173300), 1-butanol (99.9%from

Sigm-Aldrich, Art. No. 537993), 2-b -1 4-di ol 8. 0% from El uka,
At REMBlSR U 2SO R e yanEHRE oo 1 DA CatRpRetane 1Tg OF

L142 j t 0 BO SR ; : -
23808@16%’% (%ti%éf nyw@? ﬁéi@?ﬁ’ﬁ%%@%&%r@% El ukas,mu,&l? v % ven %%%%)76') ,

2, 4- dbutiahobfdht ) hi,drdisthorydthzne {1 98, Aahsuodd ag\at20%Nsiremgiaggddjon in

1, 4- dlj)oxane (%g]wg#%us, 9? E;I{O fromAldrich, Art. No. S39401-018), ethyl. ,
vi nyl DeAZeae).(@yed ArdaxapifG B, Art. No. 422177), n-hexane (95.0% Anal aR
Nor mapor fromVWR Int., Art. No. 24577.367), n-hexane (a 97.0%

Chromasol v(r) for HPLC from Sigma-Al drich, Art. No. 34859), copper(ll)
sul f dt spavaliyaprefgresdarfe ietrahydiohaan, mopropano! and deytanglet hanol (a 99. 9%
Chromasol v(r) for LC-Ms from Fluka, Art. No. 34966), sodium hydride (60%
di spersion in mneral oil fromAl drich, Art. No. 452912), sodi um hydroxi de
(a 99 drcner@hbofipidht ofte inMBnti® tHe SbssMBétaiHes @alciior ROCArBEEGTMIM rom

Sigma-Aldrich, Art. No. S$S45393-118), 2-propanol (99. 9% Chromasol v(r) plus
for HRIGEeReALS pfascATdis meanathat there issouapse ssparatorsand g e (F uka,

Art. No., 84655 i i - 97 Fl uka, Art. No. 84718),
et r dHeE 21 apshlepiiif £Sidbsh PR HIRRESBRT R Sria0y, O
tetrahydrofuran (Rotisolv(r) for HPLC from Carl Roth, Art. No. 7344.2),

tributylamne (a 98.5% from Al drich, Art. No. 471313), undecanal , (97% from
Al f a Hsshemogepeonpreasiion geyime ham tneadiaiaghthat ficreaspy (Ffpé?n"@éﬂ? S ¢ .

No. Al ssisumsodiumtartrate tetrahydrate (99% from

Si gnﬁ%ﬁg%ﬁ%km%ﬁ{eﬁ No. 217255), o-xylene (98.0% from Fl uka, Art. No.
95663). Purification and drying took place - where necessary - in

accordance with standard | aboratory net hocg]s. Anal ytical instyupents and
met hokhe 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.



Thi n-1ayer chromatography: The thin-layer chromatographic investigations
(TLC) werayioasgicesd out using silica gel/alunnium foil eQT/apen0skicekness
0.2 mmfrom Fluka, Art. No. 60800) The separations took place in a chamber
saturated with hexane/ 13 di et hyl her (1. 1) as eluent over a
separation path of 8 - 10 cm The substance zones were visualized with

per manganate reagent. TLC detection of the al dehydes was carried out with
di ni t rophenyl hydrazi ne. reagent, (m xture of 1 f 2, 4- .

di ni t PBR me SPHEC SEVRY oL CaeeH CataYsl THE QW of qatalystusgs is
CO”CEWP’i@éngGH U4 BDbOHpen AShIdmefad! dreTerShiy PRt 3Ty @fﬂh?’g’no@@buﬁmularfy 5t0
chronat ographi c separations were carried out on silica gel 60, particle

si ze 360 -ppmo based(an tiedattneacid adattp aziisyerivative eotd@Ysst aphi ¢ col urm with a
| ength of 40 cmand an internal dianeter of 2 cmwas used. The el uent used
was a hexane/di ethyl ether m xture (9: 1). Infrared spectroscopy. IR

spect The WBA&IJrEHAE 4 depéhditht anBi béess EECNDX a5for EkRmpiect thniyperofwi th an
ATR cell, in the wavenunber range from 4600 to 600 c .. NNR sg&t r 0OSCopy:
VaRVANBEd (X ( H

The 1mogRRNsatBE iRty peigiaratipast meraingal ratedigity ag|
300 ! - 5 ' Lht 6
the siengtifs of hetdiif ode SheiFBnlfaldifuadiCadd GMRAcRbh | © vas

cg BSt aqmﬁergﬂbre a“];m?i::ainomeedabmpmisrattzar( zlzd wciitmm\gtlhmtmpd)m ns'.gJt noler ls’annlsirdver e
abbrevi ated as follows: s = si et : = doubl. et ; = triplet: =
quar t egnditiens. Eet@rgggss @Eemqgh’ﬁ%%gi"ﬁfﬁaﬁw tsgﬁﬂc%fﬂi c

i nves i qq,&mas Me s 1382 {mat ogr ap

equi p%g%?%/\lnbi au?%ssalmp er, Bﬂﬁ?ﬁa@i oni zat i (r)n det ect ora( | D) and GC
capillary colum Stabilwax(r) (30mx 0.25mm x 0.25 pm Restek, Art. No.

o SRR RSN o Bofadifhtbhr o hel Pofd ol siEHR SEBLELproBbRichsdR) 1 1"

hydr o near ‘carri as.-vélocit

31. 4 H SRLion TEBERRSAUEfEnGIE aompoliad, B avditionailyqdssibineesndd ur e 95C,
hold for 1 min; heat to 220C at 8C/ mn, hold for 4 mn; heat to 248C at

8C/ i additivesdthes arey kngwin ppecede die slidlied RPEoNo PUELAD BYdRidR% OMRIAENBISOhNd
220C. - : - nmeasurenents (70 e were carried out using a
RS 1E teaetbrlire b hacs. 0

VARI Al at urn 2100T lon trap nass detector and al so GC
capillary col um Fact or Four TM VF-5ns (30m x 0.25mm x 0.25 pm Varian, Art.

No. CP8944). Measurenents took place in the pass rapge .frogm40 to 650 niz
at a Rif OBevEr.Glse BRPEDIS, (NPSELE) BoRSsPeG ERDIIEAYERGT§er Wort (O

shift the product proportions towards the hydroxy-functional compound, to
add additives that are known per se to the skilled person, such as phenylphosphoric

acid or quinones, for example, to the reaction mixture in addition.

The examples which follow serve to illustrate the invention, without confining the

invention thereto or restricting the invention in any other way.

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 (Gl, 1st generation Grubbs
catalyst from Aldrich, Art. No. 579726), 1,3-bis(2,4,6-trimethylphenyl)-2- . |
(imidaz,o[idiny!idene)(dichIdropheny[methy!ene)(tricyolohexylphosphine)ruthenium



14 Measurenents were carried out with and without split (split rate 1:50)
wi th pebizgrmoassaurier gas (flowrate 1 m/mn). TenpePaflUEE2p0@g680me f or
GC oven: start tenperature 95C, hold for 1 mn; heat to 220C at 15C/ mn,
hold for 4 mn; heat to 300C at 15C/qsin, hold for 2 mn. Injector
tenperature was 250C, injection volume 1 pl. The-sanple solutions were-
prepared in n-hexane (HPLC purity grade) with a concentration of 1 nmg/m.

er o LT PS R 0B RB AR Rl s AR oD AR 94 SRR LR IR 2
node {mRsthy fpﬁ‘f&ﬁ}'l)4@-1mﬁ@&oﬂﬁﬁMldéﬁ@deérﬂérdg@f%ﬂ‘oﬁéwmym met hanol for

LC- M5 (conCentration and applied directl y using a syrl nge punp.
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ﬁlﬂe; ngﬁg Gé%:/?gilrWﬂfﬁﬂéﬂ]yﬂmiﬁogluﬁo&yk);ﬂwnﬁ]&mﬁayley\eamthéﬁﬁ]anit)hd;cahl@hdgel 5pm

Al
oL 1 LA BEB4950 TRMTABCR, it ta AEMT340Pr Ebuteial T5e 8 o Sidmpaiidrichs
FRUAR) BB 887003, NARenst M| [ be L RN ﬁfﬁ%ﬁfﬂgg@@ el pRyner K
PSS- mislfidyelfDteo(aa% rarh AdfalAbyalodrhiN ls’tﬂeia&ﬁ)ngmmd@émrs(ggf/omﬁ&e '

I t h h t t
or ut RBrtapir Gpit SV Ralreft R SRR, L it BORuEbERE R P RTeed and
Schi fifluﬁarﬁﬁgﬁbt 3eBiraka), 4vmnﬁrd¢$x@ﬂym‘§ueéﬂﬁe (QE%Ofrréma.wh@hdArt- Nenl ess
otherw se indicated -"'relate to the dproducts cal cul at ed neans of

GC- chP 698303, dphidioxdaealanBydesawa 8- SndrappaeEeusArFYP- e°>§|9f’f91rﬂg1 BHuethvhe
ar ourti o eSS B EBRE; ARt b, 4200 RERekRR (4 b ROGRFHE A =
212- @) VWRE i, i A SNBEP 45 TABET | th- hutamm(agsw%mmnmsot\t%tdn HPL@ froh
DL Sl Artute S48 phemt bl e Toihsle GrSt i AL . *°
wer e £901§9Rihaldl @ JPHERtorREaG® %8 SEANSATom Fluka, Art. No. 34966),
sodium hydride (60% dispersion in mineral oil from Aldrich, Art. No. 452912}, sodium
hydroxide (= 99% from Carl Roth, Art. No. 6771-3), methyl oleate (99% SAFC™ from
Sigma-Aldrich, Art. No. S45393-118), 2-propanol (99.9% Chromasolv® plus for HPL.C
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 9%
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), potassisum sodium tartrate tetrahydraté (99% from Sigma-Aldrich, Art.
No. 217255}, o-xylene (98.0% from Fluka, Art. No. 95663). 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 gel/aluminium foils (layer thickness 0.2 mm from Fluka,

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



iQR98072 from Radl eys Di scovery Technol ogies. The isonerization

exper iwenios oushes4an i nert atnosphere were carried out POT/BPRD0CEESBOTGIbES
with a screwtop closure and septum (Supelco fromAl drich, Art. No.
33297). The reaction mxture was fl ed with the inert gas (PR N trogen
Bl P- X1Gs from Ai r Products) through the septum by neans of cannulas. The
reaction mxtures were thernmally conditioned in a heating bl ock

(Sig ri.ch, Ar 10188- 1EA of a te with an
oa et Sti6s 6f T bl ebeMST s petmration patn GhE - T TES S BBeRt r on ¢
cont aghn OGO VRIRlized Q\Fltrﬁbérrﬁé nat8 REBEEARTIL ONgetebhEn GF H5S BRIchyaed
apparatus used were the same as for the reactions on the 1 m scale (see

descrwasmaﬂrlathb@wé)lvlthzilnWW@dﬂaZléﬁtr%g%m@éWéMB adilr@ef Pdhs Reacti ons

cnaer SoBTNENRTPEY. ol o) ShEneL LT B Al f“éf*ddsh'r%fa%%‘é% i Chout

sol vegglphand a&ido in 1-butanol and o-xyl ene. of the reactions were
carried out with two different ratios of butenedl ol (1 and 3 equi val ent s

r el at Cokimp chmnn@tpgmism e9lumHchiomatRoT@PhiceTanar APPSR GATESd OB CANd

1200) Thre atpe S I 1y from
Al dr i e el s O TRy B AP AR ARRR e, 12 )
Rout ecaLfrhonith adélmgth\cﬁfan dril amdt@sintdrabedibheten oftuce wds dsed. Tz &Gentol )  of
met hyl ol eate, the correspondi ng ampunt of 2-butene-1,4-diol (0.24 m or

0. 73" wsed wag ahexane/diethybethed sy sies (§nikrnal standar d) is prepared and
m xed. |If the reaction is being carried out w thout solvent, a blank

sanple is taken for GC neasurenent. In the case of the procedure W th
sol velnfrared bpedtiossappl IR $mctmrveﬂeﬁrama§aﬂ esivpiz Bekeak@UINAI 5afTdR t he

addition ,of 1 m of t correspondi n vents. _Aft i ng.fhas taken
pl aces;pqq#@n?%ewﬁeﬁr\/gf@aew Pd&%\f&qﬁumqqeﬁéa%%ﬁrﬂa ?@@%@‘?P ed oil
bath. The m xture is stirred for about 2 mnutes using a nmagnetic stirrer.

When t he desired tenper ature of the m xture has been reached, the catal yst
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of the procedure with solvent, a blank sanple for GC neasurenent is taken

only after the addition of 1 of the correspondi ng sol ent Afte
sanpl(a% chepsnatgreaphy (52 gﬁﬁé:hf@@ﬁt%%mp @V&SE@@MS%O %%W 2
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magne tirrer terrper ature m xture has been
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et hy|8 Elrwn, ho CPFO!’4 min; heat to 248°C at 8°C/min, hold for 7 min. Detector and injector

temperatures were 250 and 220°C.

GC-MS (El): GC-MS EI measurements (70 eV) were carried out using a VARIAN 3900
GC with Saturn 2100T lon trap mass detector and also GC capillary column
FactorFour™ VF-5ms (30m x 0.25mm % 0.25 um, Varian, Art. No. CP8944).
Measurements took place in the mass range from 40 to 650 m/z at a rate-of 1.0 scan/s.



Reactions of the 2 nml scale: Syntheses took place with 2 m of nethyl

ol eat gyoneE®ro/béedol | owi ng reaction onditions: the rea®EUEP20E0H68MEI ed
out in different solvents (acetone, 1-butanol, 1,4-dioxane, 2-propanol,
THF). Al of the reactions were carrigd out with two different ratios of
butenediol (3 and 5 equival ents, based on nethyl oleate) and at two

di fferent terrperatures (40 and 60C). Ruthenium based nmetathesis catalysts

(avai l bIe co rci al fro r AB e pe ns_from
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reaction vessel is placed in the tenperature-conditioned carousel reactor.
The niguegrdrationdzk @@/ Mor 4 hours and stirring i s continued, and after
that the final GC sanple is taken for kinetic determ nations. After 4
hours the reaction is halted by addition of 2 mM of ethyl vinyl ether. For
the i Rledtasgedy ionizafion (ESH-posisvalgpaps epestsoscapprdhletasm:epmntmﬂre icarrimirri ed
out on the ba cially avail abl e trans-2-und n- 1- ol
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1, 2- daeplﬁ&ﬂ(grl&ﬁb!n.@)nma@yam@F’Wmihout sol vent. The different concentrations
of 2-undecen-1-ol (dilution 1: 3, 1: 10, 1: 20, 1: 30, 1: 50) and
different tenperatures were investigated. The trans-2-undecen-1-o0l was

“heat egeMenbhgos @hditatogeaghy (@PEYI VRstmblecalar evmghiatwere détendinetbr e than
60C for a duration of not nore than 5 m nutes SII n order to prevent
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m nut es conversion.” The maxi numyield of undécanal is
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o a Ermeesys Mhoty2ade idhd B8 BsnNHSTAUIRED undecanal as a rosult
of side reactions (oligonerization, formati on of acetals and hem acetal s

in the case of the reaction in al cohol as sol vent). 18 General nethod: A)
| sonePetesticorofaideydes wite stainingogsigents: fonthe qualitativerdetesdionioft ure of 0.1
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carri gtein@4id Mibohgtaty FRINGIY) ard BlchIfRs sedgers (Feika®wesme leed GC measur enent .
In the case of the procedure with solvent, a blank sanple for GC

measurenent is taken only after the addi tion of the corresponding sol vent.
Af ter | J . t aken n e

ni tro\ﬁ%ﬁgp5é?&g%é£§'e m nu?é h&%ﬁgﬁ@l {ggnnu Ié{éJEoretHen? 'deHE%r(get‘néﬁrﬂé d
after(})/\hueghstdﬁ@@:@hﬁjm@tbg(@rﬁc dEta% is added and the reaction vessel is
placed in a thermally conditioned oil bath and stirred by neans of a
magnetic stirrer. The reaction is carried out with continuous flushing

W th e r t aken
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tetrafgn ey @b?&faﬁ@% hséﬁﬂﬂép%tte!ﬁm@q:@@T%s?@ﬁtdgnéﬁ@ suhfertatﬂe lt@@@tt ionis
bei ng carrie out sofvent, a blank sanpl t aken

measurenent. In the case of the procedure with solvent, a blank sanple for
GC nmeasurenent is taken only after the addition of the correspondi ng

sol vent. After sanpling has taken place, the catalyst (0.5 nol% is added
and the reaction vessel is placed in a thermally conditioned oil bath and
stirred by nmeans of a magnetic stirrer. The sanples for GC, GC-Ms and GPC
measurenents are taken after 5, 20, 30, 60 and 180 m nutes of reaction.



Sanpl e preparation for GC neasurenents: The 2 ml sanple vial for the GC
measureEer®/oesd4 | led with 10 - 30 pl of reaction m POIWEPZOASLBOPE of
ethyl vinyl ether and diluted with 0.89 - 1.37 m of THF (HPLC purity
grade). 19 Working exanples Exanpleqg: 1 m (2.95 mol) of nethyl ol eate,
0.24 m (2.95 mmol ) of 2-butene-1,4-diol and 0.1 m of tetradecane were
mxed in a reaction vessel. The first GC sanple is taken. The m xture is

stirr 60C for. 2 m.nutes and 0rrg(0059mm| 2 mol % of 4l
cat al %i&gﬁe&%&ga[c Gﬂ%a#itg?[f%m SStirred at 60C for a further 24 hours.
After 4 and 24 hours of reaction the next GC sanples are taken After 24

hours the reaction is halted by addition of 1 m of ethyl vin ether.
Conveddeorastiorsphyhe @ wheealgiweie garriggurd in 6458rovisel 8%@“%5 8t10n

Cross t (V ( 8. 5% al dehydes, 1.5% al cohol s);
yi e|d"g@@@e@éﬁ‘fﬁﬁ@@gg?gc@ﬁ@%‘?@"c@ Exanple 2. 1 m (2.95 mol) of
nmet hyl oleate, 0.73 m (8.85 mmol ) of 2butene14dio| 0.1 m of
tetradecane and 1 nm of 1-butanol were mxed in a reactlon ve?sel The

first 1o isamprisaiien exRermeniURdSE an dngrt atppsphaevesrartied ot i surks and
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stirre ours t'er hours of reaction the
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with the aid of a hot plate with an IKA™ RET Basic |ntegrated 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 1 ml scale: Syntheses were carried out with 1 mi of methy! oleate
under various reaction conditions: the reactions were carried out without solvent, and
also in 1-butanol and o-xylene. All of the reactions were carried out with two different
ratios of butenediol (1 and 3 equivalents relative to methyl oleate) and at two |
different temperatures (60 and 120°C). Three ruthenium metathesis catalysts

(available commercially from Aldrich) were tested for alt ratios and temperatures.

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

(2.95 mmol) of methyl oleate, the corresponding amount of 2-butene-1,4-diol
(0.24 ml or 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 for

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



1m (2.95 nmol) of nethyl oleate, 0.73 m (8.85 mml) of
2-butene-1,4-diol, 0.1 m of tetradecane and 1 m of 1-butanol were m xed
I'n a W@tzml@;z[%ggme first GC sanple is taken. The m xt BCg/ERP2808/068014at
60C for 2 mnutes and 37 ng (0.059 mol, 2 nol% of HGA | catal yst are
added. The mixture is stirred at 6OCIéor 4 hours nore and then the next GC
sanple is taken. 12 ng (10 nol % of sodium hydride are added to the
reaction solution and stirring is continued at 60C. After 24 hours of

reaction the final sanple is taken for neti,c determ nations and the
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stlrred 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 (respéctively 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 ml of ethyl vinyi ether.

Reactions of the 2 m! scale: Syntheses took place with 2 ml of methyl 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 ratios and temperatures.

No additives were used.



2 mM (5.9 mol) of methyl oleate, 2.43 m (29.5 mml) of
2-butene-1,4-diol, 0.2 nl of tetradecane and 2 ml of 2-propanol were m xed
n a yestgioles3ofae first GC sanple is taken. The m xt @08 /ER2609/068014at -
60C for 2 mnutes and 86.6 ng (0.118 mmol, 2 nol % of
1,3-bis(2,4,6-trinmethyl phenyl)-4, 5-djshydroi m dazol -2-yl i dene[ 2- (i -
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for a further hpuyrs 21 .at 60C in a carou r. A th
' na Catesdmethett Th avsrcuf sel Bl T a8 Bralfit flesty fedy "oy
et hyl tyd BYhre§bHeding GRRYEHSOTINbaierERY Mydiod | BaBenkdt 24 34nho02smI 66. 5% Yi el d
of the cross-netathesis products: 48.5% vyield of the self-netathesis

pr odutatsadexzne (Exemalstandardyands? ol eirhg cofrerpeMding SobGNé is Rrefgraf (17. 7

mol ) _of, 2-butene-1. 4-di . - I
v et adetidlcbrand e Wikl RRSC oA oot B pr Dpane
i; It r Ir gd?@uiné%ﬂ@gea ﬁfém-tmté candsponding tﬁédia]fy:bB(Zmujf !%)ﬁs edtéd aofl 1Gel

al yst are added. e mxture t I h [
o o TRASSONNGESEDS PIAPERIN T ESTHFoia lgred SAUSY LoaciRor end the |

g?aﬁébﬂ%uiré is H?élte%dfopﬁ @ﬂﬂgtén@stﬁgnéﬁkoﬁfin@é@,yénd/ hiyf thek e finsloger si on

ol ea e after ours: Yield of the cross-netathesis
pr odugasipld Rtakenebd kinktit iketerhihatienat Akkei 4 hpuoslthet actignisdekedbyve 8: 2

mM (5.9 mol), of | aleate, 1.46 m (17.7 mml) of 2-butene-1,4-diol,
0.2 nﬁdQF'Ofé%frgdBE‘gftn‘%%é{hﬂniﬂﬁﬁ%eﬁf THF were nixed in a test tube. The first
GC sanple is taken. The m xture is stirred at 40C for 2 mnutes and 100 ng

(0.118 nmmol, 2 nmol% of G| catalyst are added. The mixture is stirred for
a fur Fhethatinvestigation 2bthe twerstageoposess eactenel expesment iparEiacheulomal G
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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-ol (dilution 1 : 3, 1 :10, 1:20, 1:30, 1:350) 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 decompositioh to butenediol) and the
resuiting mixture was rapidly heated to various temperatures of at least 80 °C (by
transfer of the reaction vessel to a preheated oil bath, for example). Ruthenium-
based metathesis catalysts (available commercially 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 to 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).



Exanmpl e 9: Exanpl e of two-stage process: in a reaction vessel the m xture
of 0.1 m (0.49 mmol) of trans-2-undecen-1-ol, 0.02 m of tetradecane

(i nt eppaloeipaosioad) and 2.9 nml of 1,4- dioxane is prep&CGdERAOOEIOCEG1at
roomtenperature (= first tenperature). The first sanples for GC, GC- M5
and GPC are taken. Thereafter 2.1 ngg0.0025 mmol, 0.5 nol% of G

catal yst are added at roomtenperature (= first tenperature) and the -

m xture is stirred for one mnute. The reaction vessel is then placed in
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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 g1, Hamilton via Sigma-Aldrich, Art. No. 21316) 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 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 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.

Sample preparation for GC measurements: The 2 ml sample vial for the GC
measurements was filled with 10 - 30 ul of reaction mixture and 100 ul of ethyl vinyl

ether and diluted with 0.89 - 1.37 m! of THF (HPLC purity grade).
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Working examples

Example 1:

1 mi (2.95 mmol) of methyl oleate, 0.24 ml (2.95 mmol) of 2-butene-1,4-diol and

0.1 ml of tetradecane were mixed in a reaction vessel. The first GC sample is taken.
The mixture is stirred at 60°C for 2 minutes and 50 mg (0.059 mmol, 2 mol%) of Gli
catalyst are added. The mixture is stirred at 60°C for a further 24 hours. After 4 and
24 hours of reaction 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: 64%. Yield of the cross-metathesis products: 27% (of which 98.5%
aldehydes, 1.5% alcohols); yield of the self-metathesis products: 37%.

Example 2:

1 mi (2.95 mmol) of methy! oleate, 0.73 ml (8.85 mmol) of 2-butene-1,4-diol, 0.1 mi
of tetradecane and 1 ml 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

(0.059 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 ml of
1-butanol and the next GC sample is taken. Thereafter the reaction is halted by
addition of 1 ml of ethyl vinyl ether. Conversion of methyl oleate after 24 hours: 82%.
Yield of the cross-metathesis products: 63% (of which 6.5% aldehydes, 93.5%

alcohols); yield of the self-metathesis products: 19%.

Example 3:
1 ml (2.95 mmol) of methyl oleate, 0.73 ml (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 (0.059 mmol, 2
mol%) of HGII catalyst are added. The mixture is 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
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80C and above the isonerization of the hydroxy-functional conpound is

cl ear yoghserosdy3e. At tenperatures of nore than 100C, PE&arsPaepareo 1S
conversions of nore than 60% are al ready obtained, and there is increased
observation of side reactions. Only & a tenperature of 120C are high
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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 ml (2.95 mmol) of methyl oleate, 0.24 ml (2.95 mmol) of 2-butene-1,4-diol, 0.1 ml
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 60°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 gt (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 taken for kinetic-determinations and the reaction is halted by addition
-of 1 mi of ethy! vinyl ether. 'Conversion of methyl oleate after 24 hours: 2.5%. Yield of

the cross-metathesis products: 1.5%; yield of the self-metathesis products: 1%.

Example 5:

1 ml (2.95 mmol) of methyl oleate, 0.73 ml (8.85 mmol) of 2-butene-1 /4-diol and

0.1 mi of tetradecane were mixed in a test tube. The first GC sample is taken. The
mixture is stirred at 120°C for 2 minutes and 50 mg (0.059 mmol, 2 mol%) of Gl|
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 m! of ethyl vinyl 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 mt (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 60°C for 2 minutes and 86.6 mg (0.118 mmol,

2 mol%) of 1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene[2-(i-
propoxy)-5-N,N-dimethylaminosulphonyl)phenyllmethyleneruthenium(il) dichloride
(Zannan catalyst from ABCR) are added. The mixture is stirred for a further 4 hours



23 3. Analytical data GC neasurements. The conponents of the reaction
m xture were recorded with the following retention tinmes: undecanal (tR
7. 34 gioro1dioamdeaen-1-ol (tR = 11.54 min), nethyl PCT/EP2009/068019
11- hydr oxy- 9-undecenoate (tR = 19.88 mn), nethyl 11-oxoundecanoate (tR
15.90 mn), 9-octadecene (tR = 10.2%qin),

1, 18- di net hyl- 9- oct adecenedi carboxylic acid (tR-= 29.27 mn), tetradecane
(tR=4.76 min), 2-butene-1,4-diol (tR = 13.16 nin), nmethyl oleate (tR =
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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 oleate, 1.46 ml (17.7 mmol) of 2-butene-1,4-diol, 0.2 ml of

tetradécane and 2 ml of THF 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°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: 51.5%; yield of the self-metathesis
products: 14%.

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-of, 0.02 ml of tetradecane (internal standard) and 2.2 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 Gll catalyst are added at room temperature (= first femperature) and

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



24 9-COct adecene. GC-Ms (El, rniz, %9: 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) w8208 0(8B803457. 0 (56), 55.1 (90). PCT/EP2009/068019

1, 18- Di net hy1- 9- oct adecenedi carboxylic acid. GC-Ms (El, mz, %: 341.0
(M, 6), 308.2 (52), 290.2 (16), 27 (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, CH3OH niz):

363. 3 2, I 383.5). 4. .Resul - ' .
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pr odugestiieg 2007 G {Hrs2cohd abaiphysese prihial mehwirutet hBubseglesttly theoduced are
unanbi guously detectable the reaction regine, and esl%%t%i |1y the
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the alfg wgfneptfcoﬁﬂ?érs. A3 2 B9 2§ BB ikt QU Samples for GC, GC-MS- and

GPC measurements are taken and the reaction in the sample vessel is halted by
addition of ethyl vinyl ether. Conversion of trans-2-undecen-1-ol after 60 minutes:
94 .0%. Yield of undecanal (isomerization product): 67.5%; yield of the self-

metathesis product (9-octadecene): 0%; by-products (oligomers): 27%.

Example 9 is repeated at different temperatures and concentrations and with

different catalysts. The results are summarized in the tables below:

- Table 1:
[somerization of trans-2-undecen-1-ol in butanol (volume ratio 1 : 3), at a first

temperature of 21°C (room temperature) and using G-Il as catalyst (0.5%). The

second temperature, 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 | oligomers
undecen-1-ol
T2 =80°C 29 16 14 <2
T2=100°C |60 18 |7 35
T2=120°C |99 - 64 14 22

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, considerable 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.



the reaction regi ne, dependi ng on choice of reaction conditions, has a
great influence on the selectivity between cross-netathesis and
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catal yst, or the choice of a suitable tenperature for steering the
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duri ngeigr@ss 2w AHIRT itstra8864hE trl 54 78 maen 288ltend- 112w (tr = 13.16 min),
methyl oleate (tr = 18.09 min). '

" GC-MS (EI) measurements. The components of the reaction mixture were recorded
with the following retention times: undecanal (tr = 5.65 min), 2-undecen-1-ol (tr =
6.19 min), methyl 11-hydroxy-9-undecenoate (tzr = 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 ({r = 6.44 min), 2-butene-

1,4-diol (tg = 2.68 min), methyl oleate (tz = 12.99 min).

Undecanal. GC-MS (El, m/z, %): 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, CHzOH, m/z): 193.7 (MNa",
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 (ESl-positive, CH3OH,
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, CH3OH, 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 (58), 73.9 (70),
66.9 (35), 55.0 (90), 43.0 (100). MS (ESl|-positive, CH;OH, m/z): 237.1 (MNa", calc.
237.3).



4. A process according to claim1 or 2, characterized in that the
tenperature during cross-netathesis reaction is between 0 and 60C. A

pr oceywO2000rafi3eg4t o claim 1 or 2, characterized in thBEﬂYEBZOO9K£8019
cross-netathesis reaction is carried out first at a tenperature between 0
and 60C and then the resulting mxtuy4e is brought to a tenperature between
80 and 120C. 6. A process according to any of the preceding clains,
characterized in that the olefinic conmpound having at |east one double
bond is used in aratio of 1 to 10, preferably 2 to 4, equival ents (based
on the at |east nonounsaturated fatty acid derivative). 26 7. A process
accor dipgtatiecany. GC- M@e(&iraﬁzﬁ%)gzsﬂm (mm;,, 3 RaBdr(Dr 19238 (2), 180 (e '
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sol ve(gﬁ)pggja(g@)pol e nonent of between 0 and 5 debyes.

1,18-Dimethyl-9-octadecenedicarboxylic acid. GC-MS (El, miz, %): 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, CHz0H, 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 aidehydés and
alcohols

e the products produced are unambiguousiy detectable

« the reaction regime, and especially the temperature and the solvent, have a great
influence on the ratio between the aldehyde products and the alcohol products '

« the reaction regime, depending on choice of reaction conditions, has a great
influence on the s.électivity 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



9. A process according to any of the preceding clains, characterized in
that the cross-netathesis reaction is carried out in honbgeneous phase.

10. AypoauHes0&susdr di ng to any of the preceding cIainsPCHaEPQQOQME@@a9in
that the at |east nonounsaturated fatty acid is selected fromthe group
consisting of oleic acid, undecylenizsacid, palnmtoleic acid, petroselinic
acid, erucic acid, icosenoic acid, vernolic acid, ricinoleic acid,
l'inoleic acid and linolenic acid. 11. A process according to any of the
precegﬂnﬁ claims, characterized in that the at |east nonounsaturated fatty
acid ex ive is selected fromthe group of the esters of acids
according to claim 1l with nethanol, ethanol, propanol, glycerol, and/or

glycol. 12. A process according t of th [ | ai .
char act-er AZuBECe$H foR RIeRAWIA BF HT‘%(;)C%%‘ g‘ﬂﬂd‘yﬁéc%’g%g Itn%hfcyrd%lf'ﬁa?'ﬁtéorbqloup

consi sting, aboahdd by 2f&Nktathédis Faa&idnlorn ABfnid cAmipsund c@heslhl. 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. A process according to claim 1, _
characterized in that 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.

3. A process according to claim 1 or 2,
characterized in that the temperature during cross-metathesis reaction is between

80 and 120°C.

4. A process according to claim 1 or 2,
characterized in that the temperature during cross-metathesis reaction is between -

0 and 60°C.

. 5. A process according to claim 1 or 2, 7
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.

6. A process aécording 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).
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10.

11.

12.

206

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

at [east one solvent.

A process according to claim 7,
characterized in that the solvent has a dipole moment of between 0 and 5 debyes.

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

phase.

-
£

A process according to any of the preceding claims,
characterized in that the at least monounsatu rated fatty 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.

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 11 with methano!, ethanol, propanol, glycerol,

and/or glycol.

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.



