1 5 FEB 2005 Met hod For The Catal ytic Deconposition OF Lactones 5 As
originally fled The present invention relates to a catalytic procds5 FEB 2005
the preparation of carboxylic acids by catalytic cleavage of |actones over
catal ysts derived from netals of group VIII of the Periodic Table of the
El ements. In contrast to the 10 known cl eavage of Lactones by
saporification, in which carboxylic acids baying hydroxyl groups
originating fromthe | actone group, or functions formed from these form
in the cleavage according to the invention a carboxyl function is fornmed
fromthe |lactone function present in the nolecule, although no hydroxyl
function or functional group derived therefromis forned. 15 Lactones pl ay
an inportant role, for exanple, in the fragrance and flavor industry. By
contrast, as a starting material for the preparation of other products,
| actones have hit hethodoFryThefraalyticiDecgmposiiionoPl brglenee. This is due,
firstly, to the reactivity of the |actones. In the sinplest reaction of
Lact ones, hydrolysis, hydroxycarboxylic 20 acids or derivatives thereof are
formed. _I't s genera necessary to reduce the hydroxyl function; firstly
to provPde M%l ds or also esters with a broad potential field of
use, and secondly, of course, also to avoid the back-formation of | actone.
The ot herw n Feact.ion t [ I onky to
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are general Ty éxpensive products. I'S IS due to the conparatively conplex
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mat eri al conpounds has recently becone the Tocal point. t he, st.arting
materi al s 2hese) BWm iif thy leayage 3p g Wn@a%@t%ﬁﬁﬁéhoxgﬁﬁé“"ln%tfﬁnes at
| east have fapGedBoaf GRSBERNE fuditionPreseas in &iR0maleCulay althoagh odlsydsbalt i ng

subst ances %jgr .secondar eacti,ons,, .so of .whi ch have still to be
devel oped, MBCHARRS ‘E}H%'@{%‘O\'&H#EW’ eSO e} i nterest 35 for certain
2

fields 1of application. 1 5 FEB 2005 -
Lactones play an important role, for example, in the fragrance and flavor industry.
By contrast, as a starting material for the preparation of other products, lactones
have hitherto only appeared to a minor degree. This is due, firstly, to the reactivity
of the lactones. In the simplest reaction of lactones, hydrolysis, hydroxycarboxylic

20  acids or derivatives thereof are formed. It is generally necessary to reduce the
hydroxyl function; firstly to provide carboxylic acids or also esters with a broad
potential field of use, and secondly, of course, also to avoid the back-formation of
lactone. The otherwise known reactions of lactones virtually always lead only to
products which ate of no or only low industrial importance and/or can be prepared

25  more favorably by another method.

It is also a factor here that, in addition to the frequently undesired reactivity
pattern, lactones are generally expensive products. This is due to the comparatively
complex preparation process. Of the processes for lactone preparation, the
30 telomerization of butadiene with CO, and optionally further starting material
compounds has recently become the focal point. As the starting materials are low
in cost and present in large amounts, some lactones at least have become accessible
at low cost and are available as starting substances for secondary reactions, some
of which have still to be developed, to give products which are of potential interest
35  for certain fields of application.



One exanple of a readily accessible Iactone which may be nentioned ESFE@emm5
6- | actone 2-ethylidene-6-heptenolide, which is prepared in a

tel omerization reaction fromtw nol ecul es of butadi ene and one nol ecul e
of CX2. Organophosphi ne- nodified palladi um conpl exes are used as

catal ysts. The process can be nodified 5 in various ways. Using nodem
process variants, yields of 95%w tir rdegard to the |actone are possible,
and even the problen1of catal yst recycling has neanwhile been solved in a
nunber of Ry arg}ﬂ%q;fdd f&dhmtﬁsm&%m%ﬁeﬁ AeRdbd %envi&aﬁﬂé&w this is
possi ble, for e l'1zing the catalyst on a polystyrene
support, dactpge Mhyélé@wé heptenplidg, Iwhiefy1s) g@ﬁ%%lw&{om@zm@ad@a%wnl s 10
conpl ete aggh' IR I act ant .
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ot her functional groups present on the |actone, such as, for exanple,
olefin functions. 25 W have found that this object is achieved by a

process f oiithdrmakmnawn bemndmsrea@‘mm ovbadh haveahdengrafnigdcoutoorathigytastone t o give
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20 It is an object of the present invention to provide a process with which lactone
cleavages can be carried out which produce, as secondary products, carboxylic
acids which do not have hydroxyl groups or substituents derived therefrom. The
process should be easy to carry out, produce high yields and leave intact other
functional groups present on the lactone, such as, for example, olefin functions.

25
We have found that this object is achieved by a process for cleaving lactones
optionélly having functional groups to give carboxylic acids, this process
comprising reacting the corresponding lactone with hydrogen under catalysis by a
compound of a metal of group VIII of the Periodic Table of the Elements which

30 has been modified with organophosphines.

The process according to the invention permits, as a result of the cleavage of

lactones, the preparation of carboxylic acids which no longer have hydroxyl groups

originating from the lactone function, but in which other functional groups are
35  generally still present.



- 3 This is a transition-netal-catalyzed process in which catalytfsattg 2005
active conplexes of netals of group VIII of the Periodic Table of th

El ements whi ch have been nodified with phosphine |igands are used. The
netals are preferably chosen from the group consisting of Ru, Gs, Pd, Pt,
Rh and Ir. In particular, the metals are 5 chosen fromthe group
consisting of Rh and Ir. The type of phosphine |igands which are used

vari es depending on the nethod by which the process according to the

i nvention ﬂﬁsh &aar&ahﬁﬁ%dauhetlalfmtﬁyteéh hééssgﬁﬂﬁh!ilfh caﬁe]gyﬁda% a@!-'ﬁlie éuﬂtme:edseousl y in
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heterogenélfd&?@lsiQf gfpg@MI&I %ﬁ@epﬂgl%%a ei‘ﬁstg‘f' %&’Eert{%f"%‘%ﬁa‘ﬁ %R to a
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wo- phase _ system having one aquegus_phase one organi.c ase

opt i onal | yh&vgraup sensishiagiali B (3?’ g‘ir Rty E&Zhﬁ'&‘flgrollﬂé%‘lft.m“ &, fhe ‘E‘ﬁ@fﬁw%ﬁ%geneous
reacti gn nEphidrémd thORAP cohNRingWTIRI@IAIror ganophosphi nes  are general ly
sui tabl e; these may be nobno-, bi- or else polydentate. In general, nono-

or bidentate phosphines are used. These may be chosen fromthe known
or ganophospy 88 of hosphinel lizahiie whitht 280t earied lependingdhes eheanetholldy exanpl e,

i phos 2 VIR AR PTASFETASCUISE B T Dapiiry b i pit SO B EE | nel ude
tri mﬁt hy: wawh dutehoniidgensmptyofaydrp brxapiei plase, taptiopallyotvéth ythp hddifibn o€ 2

trip yl - osphi ne, di phenyl phosphi noet hane and, - et

di net ﬁ@l p%gWﬁﬂEé?rﬂ%%o%Aﬁ d."ﬁ%ﬁ‘gﬁéf’-“%aﬁifg?% ﬁ‘é 1%%9)“5% ic%%&?fi(gé% Qbder the
name Bl NARuppért,l dptidrallabeitte e tidditiod gfhars phganes selventysedn a two-pbaseti on i-s
carried ouf wt t |41 0 I : i th jwt ki@n of a
cust omary S Sﬁevmeﬁg%g o&%e@%gilstebﬁ%ép%%ﬁg?lgto\égue%gha% e({bﬁwﬁg?ggirh, t i oxane or
met hanol cddgleefmnorganessairnteof . The resulting carboxylitc acid is

i sol ated by, for exanple, renmoving it fromthe 30 reactian 'm xture by
distillation, or extracting it therefrom for exanple by acid- bhase

ext r adbi onlfdhe hemagengous reagtive mesharb 5t chosgmihe customary; YganaplosiNgesat i on of

the producire f{leAallPauiablel ¥tle by BCAHPONOL - bP elseDIpRAtaBInOfenkag present
i nvention, possib
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accor di ng §gakdphosphisRit sddiblean e SusietlaryOsdvintablless uppofdrsexaniidse ar e,
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20 phines which carry alkyl or aryl substituents. Examples include
trimethylphosphine, triisopropylphosphine, tricyclohexylphosphine, triphenyl-
phosphine, diphenylphosphinoethane and -methane, dimethylphosphinoethane and
~methane, and the phosphines known under the name BINAP.

25  If the abovementioned phosphines are used, the reaction is carried out without the
addition of a solvent or with the addition of a customary solvent, for example
heptane, toluene, diethy! ether, dioxane or methanol or else mixtures thereof.

The resulting carboxylic acid is isolated by, for example, removing it from the
30 reaction mixture by distillation, or extracting it therefrom, for example by acid-

base extraction or using a suitable solvent.

Simple isolation and separation of the product from the catalyst is, according to
one variant of the present invention, possible using phosphine ligands fixed to
35  supports. All of the abovementioned phosphine ligands suitable for use in the
process according to the invention can be fixed to suitable supports. These are,
firstly, organic polymers, for example polystyrene, which may optionally be



15 FEB 2005 - 4 nodified (Merrifield resin, WAng resin,

am nonet hyl - substituted polystyrene), Tentage[ and pol yam de resihé.FEB H@ﬁ
al so possible to use inorganic supports, such as silicon dioxide and pul p.
5 1n this process variant in which organophosphines fixed to supports are
used, the reaction m xture can, when the reaction is conplete, be

separated off sinply by decantatlon f& om t he catal yst, which can then be
reintroduced into the reaction. The reaction m xture separated of f from

the catal wﬁédlﬁédt(mmﬂﬁeml adserl Wadg Piekinf iagfnotethfidsubbisiufia pylysKidieyls, for
exanple re (ge sol vent Pty dj Stl||@tl0n 10 foIIowed b)ﬁl'ﬁgl r|f|cat|on
of the prd'crir"i‘irt’ﬁq d(ﬁ’ yamidg resins- 41 OpPEY F I BsedAPRSARISSHPPYE %r esent
i nventi on,sﬂtmd%,gg@mplg carried out in a water/organic solvent two-phase

system in which case water-sol ubl e phosphine |igands are used. These
phosphine |igands nay be nono- or bidentate and have the 15 customary

organi § griauhis process vhdard xﬂeﬂﬁaﬂo@snb;bmphmest figedatot sup ottﬁteremigantte-

substituents bond to the gléephorous as resul t @F(g\/n f soI ubility

Tn water  TRCHORABREWS cap, BT L2 BACUSI I SHrBRIEE: B sertaled O SEANE i 1y in
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unct|ons, onato funct ul nct.i ef er
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| i gands arust eustdsma:ryyhmﬂmlphfmesxanqﬂe rresypealdof ghd @oltvbm bprdmlhl;bat(oh) beI ow

Ar(S ) Ar h Ar is a phenyl or naphthyl

r adi (C:EN m)f)omdEﬁ%ca&oﬁgéﬁgéﬁ@q%yd*sﬂomgg ‘25 anot her, are an alkali -

nmetal ion, an optionally organosubstl tuted ammoniumion, an alkaline earth

metal ion D 1B, &efe‘rﬂ%ﬁ dén%dﬂﬂ&tg{f??é’@% v‘dc'ﬂ {:ﬁ‘%éiafﬂc%%“& édccgl required

amount , z are | eren ependent [y of one
anot her ar\gratg'/tmgamc sobvept W@mmeysystem,fl@r‘ﬁmpb cpse) waser-solubleipbosphisel, and Ar

I's a phenyf guahééj!u%%ed TheR?: gﬁdsghiln@'h an&srdla%té thshtftr(maauttteﬂa"tlwméphl ne .
(TPPTS% ' cust%?ndar)? Sorgamc groups known 0 a pers%rnrrslfcd?ed in the art on the organic-
substituents bonded to the phosphorous, as a result of which the solublllty in water
is effected. Examples of such groups which effect solubility in water include
carboxyl functions, hydroxyl functions, alkoxylated hydroxy! functions,
phosphonato functions and sulfonyl functions, preferably sulfonyl functions.
20

One group of suitable water-soluble phosphine ligands are the triarylphosphines

corresponding to the formula (I) below
Ar(SO,M"),
P—Ar{(SO,M’), )
Ar(SO,M’),

in which Ar is a phenyl or naphthyl radical, M1, M2 and M3, independently of one

25  another, are an alkali metal ion, an optionally organosubstituted ammonium ion, an
alkaline earth metal ion or a zinc ion and are present in the stoichiometrically
required amount, and x, y and z are identical or different and independently of one
another are 0 or 1.

30  Preferably, in formula (I), x, y and z are 1, and Ar is a phenyl radical. In particular,
trisodium tri(n-sulfonyl)phosphine (TPPTS) is used as ligand according to formula

@



1 5 FEB 2005 - 5 Another group of suitable substituents correspoqdéoﬁ ;ﬁﬁ
formulae (l1la) or (IIb) (SOM~ (SABM)Yy (SOyMa (SO M. (S&BM)! X @ 3
in which ML to M6 or M1 to MB, respectively, independently of one another
are an 5 alkali nmetal ion, an optionally organosubstituted ammoni umi on,

an alkaline earth metal ion or a zinc ion, and are present in the
stoichionetrically required anounts;- Sand a-f and a-h, respectively,

i ndependently of one another are 0 or 1. Preferred phosphi nes of the

formula (I N 1.6 t &‘irﬁ#&sl 9 M are
present; éﬁ%%hg?gg)&ﬁ)&?ég%l %éﬁsﬁsgglggpﬁggs@gh%ﬁiﬁkaw a Qlaﬁbg have 4 to 8
sul fonyl groups. O the phesphi nes corresponding to the forrmulae (lla) and
(11b), particular pref nce is given to the |igand®Mnown under the nane

BI SBIS and Bl N&GM) I he reaction i s!cépzr“ihe in a two-phase system
an organi ¢ sol vent esent, biYhe TeRst M6 y also be carried
out in the absence a's rto™k Exanpl es 'u, i b@amg&'ﬂi c solvents

i ncl ude nonpol ar soluxents, such as paraffins, ona sol vents, for

exanpl e tol uene an | en t hers, such as exanphe, diethyl ether
and net hyl tert sbws; £ oni t rdoly@ AT~ OF #oMyudr ocar bons, 20
such as, for exanple, @I or onet hane and ERor of he catalytically
active catal yst conple prepared by generally wn et hods, generally
by mixing a suitable precd®br conpound with the resfé¥tive phosphine
ligands in the required anmounts. Suitable precursor conpounds are known to
the 25 person skilled in the art. Suitable rhodi um precursor conpounds
include, for exanple, ‘RhC 3 3H20, [Rh(COD)C ]2(toD=1, 5-cycl ooct adi ene)
and Rh(CH3COO) 3 and ot her conpounds known to the person skilled in the.
art. 1 5 FEB 2005 - 6 Exanples of suitable iridium precursor: conmpounds.
whi ch may ibe/hinhrivii oo dds ar k1 th M3,68spectively,3ndapendtotizof oh pnati@rere an n H20

5  alkali metal ion, an optionally organosubstituted ammonium ion, an alkaline earth
metal ion or a zinc ion, and are present in the stoichiometrically required amounts, -
and a-f and a-h, respectively, independently of one another are 0 or 1.

Preferred phosphines of the formula (IIa) are those in which 3 to 6 sulfonyl groups

10  SOsM are present; preferred phosphines according to the formula (IIb) have 4 to 8
sulfony! groups. Of the phosphines corresponding to the formulae (Ila) and (IIb),
particular preference is given to the ligands known under the name BISBIS and
BINAS.

15  If the reaction is carried out in a two-phase system, an organic solvent may be
present, but the reaction may also be carried out in the absence of a solvent.
Examples of suitable organic solvents include nonpolar solvents, such as paraffins,
aromatic solvents, for example toluene and xylene, ethers, such as, for example,
diethyl ether and methy! tert-butyl ether, acetonitrile and chlorinated hydrocarbons,

20  such as, for example, dichloromethane and chloroform.

The catalytically active catalyst complex is prepared by generally known methods,
generally by mixing a suitable precursor compound with the respective phosphine
ligands in the required amounts. Suitable precursor compounds are known to the
25  person skilled in the art. Suitable rhodium precursor compounds include, for
example, RhCl; - 3H;0, [Rh{COD)Cl];(COD=1,5-cyclooctadiene) and
Rh(CH;COO); and other compounds known to the person skilled in the art.



The phosphine |igands used in the process according to the |nvent|P EB 2005
used in 5 all process variants in relative anounts with regard to {Ehg
rhodiumor iridiumnetal which are at values of from1:3 to 1:1000,
preferably 1:10 to 1:100. The catalyst is wused in an amount which is at
values of from 100 to 10 000, preferably 500 to 10 000, not of |actone/ nol
of metal ion. 10 In the preferred process variant according to the present
invention, in which the water-soluble phosphines (1), (lIla) or (llb) are
used, the E%ﬁilé@bﬁﬁﬁﬁbt&exddhmqﬁecwrwriocnipsuﬂdSBWh'rmhhné,ﬁBé),mqmtiehectatwl y 10 to

100. The r 0O to 5000 ppmof netal ion,

pr ef er abl 3[%;@ ullsrgg ﬁcﬁﬁﬁﬁ)ﬁ@d na[_?ii(ge: amount of netal ions which is
used is 1 10-5 to 1 - 10"2 not of netal ion/nmol of |actone. The 15 aqueous
phase co i S 25%.b ref er ab ° wei ght,
of phosphi ﬁf l*gﬁ’é‘?sp\l%éégﬁh%@?&og O'Edéngﬁ) h¥ﬂ9ve tmg ai'?é%c%%r ried out
in all spr Qﬂle;&Scasalvaﬁﬂits r1fﬁtelattver:mmmatsumd:;rc:cgﬁn-df todhe #@diwn 200diumfmétalnct i onal
groups are sent. 0 t | ac I re 50 to
T50C in puliele %7 313G A0 PR BIR LY 4 106 s ShBiARY 20,

ss 1S carried under
hydr ogen aismbsphﬁrammmpvlashms ek valfies obfnoﬂn 116)0 td 30 008y preferablar B 49 1 to 30

bar. The p]{(ﬁ(gdbc,%gyméﬁa%{oneﬁ%ladf egalf Jll owi ng cl eavage of the |actone and

whi ch has 1T oxXyl'I'c aci orned is separated fromthe solution
whi ch corrprl ses the catalytically active netal conplex or the phosphine

|1 gandg. 1@ ﬁl@%r@f%ﬂgd % dov.%ss UM@%]@&RH&g L‘?atﬁg' ?&e%’ffn@@ﬂldm i RhiHf %n' c

phase,” this 1's "ac I ng vent and distilling the

resi due cowatei- mlh@letmsﬁﬂm@ﬁ (T tar dHERD 1age usedh thrvmstplpkesphineokiead t he
phosphi Deeﬂghﬁffm'% @B W?H a8yt ﬂ)eﬁ'? 1000 The agikoRb QRRRAUYMPHsERhére 20f an

i rmobi | iz and |s used, the’pro noved fromthis by

u olution i
decant at i o rpib 98 dRetak 109 ﬂﬁrf%‘éblyu#q éﬁg 'EIP‘? é‘ﬁ%“"%ﬁrﬁﬁ‘é? f the
]proctelss Isrgg@r {onS Wit isased id WotEhase- [E8gibl aﬁmetﬁma)mnkomcmmhesesh -
irs SI separ at i ani ¢ _phase C ins the
product® f r ¥ePe g%"ﬁe%ﬁ%?rﬁﬁ%g'gre% %%”&ngef balie r:iﬂ\émt%gﬁool[}gl PfP%d by the
known met hgeight, of phosphinedipahdy by distillation. The aqueous catal yst
solution can then be reused. 1 5 FEB 2005 - 7 The process of |actone

cl eavage according to the invention can be used w dely and
The process according to the invention is carried out in all process variants at

temperatures of from 50 to 200°C. If functional groups are present on the lactone,

20 the temperature is preferably 50 to 150°C, in particular 70 to 130°C, and the
process is carried out under a hydrogen atmosphere at pressures of from 1 to
150 bar, preferably 1 to 30 bar.

The product mixture obtained following cleavage of the lactone and which has the
25 carboxylic acids formed is separated from the solution which comprises the
catalytically active metal complex or the phosphine ligands. In the case of a
homogeneous reaction method in the organic phase, this is achieved by distilling
off the solvent and distilling the residue containing the product, optionally
following oxidation of the phosphine ligands or converting them into a
30  phosphonium salt. If an immobilized ligand is used, the product solution is
removed from this by decantation and subsequently worked up in an appropriate

manner.

If the process is carried out as a two-phase reaction, the work-up comprises, firstly,
35  simply separating off the organic phase which contains the product from the

aqueous phase. The carboxylic acid is then purified by the known methods,

conventionally by distillation. The aqueous catalyst solution can then be reused.



Is suitable both for y-lactone and for S-lactone. It is possible tp!y$§ 2005
| act ones which have different substituents on their ring systemor ‘el g

t hensel ves have a double bond in the ring. Exanples of functional groups
whi ch can have the |actone 5 substrate include ol efinic double bonds and
acetylenic triple bonds, carboxyl functions, carbonyl functions, hydroxyl
functions, epoxide functions, nitrile?7 groups, am no groups, nitro groups,
in particular olefinic doubl e bonds. Dependi ng on the reaction conditions

chosen a glfﬂé&lrscéwﬂﬁlab&%%{éa% d RRoRERL RRthe MveARSEEMERE udianasigranance of

t he respe e reaction conditions required for the reaction togg oceed

gent |y to iasuitable bethyfor wiactumsiand for éré%%?f@ L is Rossfele tovhse lartepes W to the

observance,Q Ed?ffél’?ﬁtesu%nﬂ.l $ OEQHPilr‘?fn% é}xeﬁp&eaaé tipmsefvet avd arpliblenal
groups, suc or exanple, of the olefinic dgJ | e bonds al ready

“ment i onecdhondnia’ B ring Humpleafsiuastionab Eoupsewhich easy FY‘Fgﬂ%eoE’tc
I nvent son @Es&ﬂétxnéluwtdléﬁ}ﬁé &hslépsoﬁseaﬁ@taee@&ﬂmuﬁplegadnﬂs babbone

cl eavage. particul ar,  the prg1 g{ﬁs g | act one cl eav accowgl%l g to the
i nventi on félaﬁl‘%‘é> [cagenyl ﬁl@‘&ﬂ“ﬁe ygmxyk fuRctians, erPSX’élF’e HEnY oBTIE bonds
are hydro gaésegnm'g@o@[gsogﬁﬁ,sgrbﬁps uhpartit@heolsfihicAblibleibongar ticul ar for the
cl eavage of [actones whi ch have ol efinic 20 double bonds on the

substituents or an ol efinic double bond in the ring itself. The process of
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20  double bonds on the substituents or an olefinic double bond in the ring itself.

The process of lactone cleavage according to the invention is particularly suitable
for converting 2-ethylidene-6-hepten-5-olide into 2-ethylidene-6-heptenoic acid or
isomers thereof. Here, it is possible: to achieve conversions of -100% and

25  selectivities for the 2-ethylidene-6-heptenoic acid or for double-bond isomers
which form as a result of rearrangement reactions of up to 100%.

The present application also refers to a process for the preparation of 2-
ethylheptanoic acids by cleavage of 2-ethylidene-6-hepten-5-olide and
30 hydrogenation of the resulting 2-ethylidene-6-heptenecarboxylic acid or isomers
thereof. 2-Ethylheptanoic acid is an interesting alternative to 2-ethylhexanoic acid.
The latter is used as a starting material for lubricants, plasticizers and alkyd resins.
The acid is used here, depending on the intended use, in the form of its esters,
metal salts or the acid itself. The acid is frequently also converted to the
35  corresponding alcohol by hydrogenation, which alcohol is esterified with certain

carboxylic acids and then used as plasticizer.



However, in view of the preparation aspects, 2-ethyl heptanoic aci d1 (S

advant ageous since it can be prepared fromtwo C4 buil ding bl ocks énEEBnEUS
Cl building block (butadiene and CO2 respectively). Due to the uneven
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is desirable to be. able to use the latter as a raw nmaterial.
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According to one embodiment of the present invention, the lactone cleavage and
the hydrogenation of the olefinic double bond can be carried out in a single process
25  step. Here, the catalyst used in the lactone cleavage is chosen and the reaction
conditions are adjusted such that the reaction is not complete following cleavage of
the lactone ring, but the olefinic double bonds in the substrate are likewise
hydrogenated. This hydrogenation can be achieved, in particular, using severe
reaction conditions, for example temperatures of >125°C and pressures of
30 > 10 bar. According to another preferred embodiment of the present invention, the
hydrogenation is carried out using a customary catalyst system known per se over
the ethylidene-heptenecarboxylic acid isomer mixture, formed following lactone

cleavage, which has been freed from the catalyst system used.

35  The hydrogenation is carried out using the suitable catalyst compounds known to a
person skilled in the art, it being possible for the hydrogenation to be carried out
homogeneously or heterogeneously. The hydrogenation is preferably carried out



preferred to use, as catalyst, netals chosen fromthe group consi

ni ckel, palladiumand platinum M xtures of these preferred netals can

al so be used. The catalyst nmetals or mxtures thereof can be used w thout
support material. If a support materlq_) is 5 used, then it consists of the
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solution was sucked in using the resulting vacuum The m xture was then-
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- 9 under heterogeneous conditions. In this heterogeneous net hOd’y?ing%otzﬁﬂs

The application is now described in more detail in the examples below.

20 Examples

CLEAVAGE OF THE LACTONE RING

1 Procedure in an autoclave with- V = 67 ml

25  The investigations for the cleavage of the lactone ring were carried out in an
autoclave with a volume of 67 ml. The reaction solution consisted of two imiscible
phases: the aqueous catalyst phase containing RhCl; as catalyst metal and TPPTS
as ligand. The organic phase consisted either of a nonpolar solvent and the starting
material, the 8-lactone, or only of the d-lactone. The volume of the phases was

30 15ml in each case. The reactor was provided with an immersion tube which
permitted sampling from the organic phase. The two phases were mixed using a

disc stirrer.

The reactor was evacuated prior to the start of the reaction and the reaction
35  solution was sucked in using the resulting vacuum. The mixture was then heated to
the reaction temperature with slow stirring, the stirrer was switched off, hydrogen



Sampl es were taken after 5, 10, 15, 30 and 60 min. Analysis was cai Fi-?% o?ﬁ
using a HP(r) 6890 GC-FID. 5 The results of the experinents with B 03
m -aut ocl ave are summarized in Table 1. The initial weights of |actone and
water were 15 g in each case, giving a mass ratio of organic phase to
aqueous phase of 1:1. The colum "Lactone in nol% after t=5 mn" gives the
nol ar percentage of the 8- 10 | act onelfn"the autocl ave after a reaction

time of 5 mnutes. The colum "Time t in mn at convertion=l" gives the

sanpl i ng tyd¥Enfeeicltio dhe WRHiRH pRedsakt Adethe Goddlionavas! sutgell bbswiletiiegbad in the
autocl ave. 1 FEB 2005 -11 ~ ~ todV1IQOVFf L(+r100Q00Qx I 1Qvst ! 10v1id0o Q a +
- i\D,  thgederer. ____iM--, (nCpl--~(1--'\p--~.-Crl--~~O-G O O V cn

( ~O000000H R les Kt AAQgker 5, 10, 15, 30 and 60 min. Analysis was carried out using

a HP® 6890 GC-FID.

The results of the experiments with the 67 ml-autoclave are summarized in

Table 1. The initial weights of lactone and water were 15 g in each case, giving a

mass ratio of organic phase to aqueous phase of 1:1.

The column “Lactone in mol% after t=5 min” gives the molar percentage of the 5-
10 lactone in the autoclave after a reaction time of 5 minutes. The column “Time t in

min at convertion=1" gives the sampling time point at which 8-lactone could no

longer be detected in the autoclave.



¢ dch FER. 10

R RS

0000000000dQOCRLCOC0000

09 06 LL 0l 0001 01 00§ SIdS1d LTI
& 09 06 ¥9 01 0001 01 00¢ SVNId T4
,m_ " Sl 06 4% ] 0001 o1’ 00§ SlddL o1
Ssa ! 0t 06 09 ot, 009 01, 000t S1ddl 17408
93 ¢l 06 1€ 01 0001 0C. 0001 S1ddl €201
m : 9| 06 74 01 00C1 01 0001 SlddlL [#ée 8|
T " 09 06 L9 01 0001 S 0001 S1ddl 1Ol
- m & Sl 06 5C 01 00Z1 0r; 0001 SLddL 021
S 7 <9 0t 06 9s 01 008 01 0001 SLddL 61071
s .o W Sl 06 09 0l 0001 01 0001 SLddL 81071
2338 0¢ 06 £9 01 0001 01 0001 SILddL L1071
m " m W\ 0t 06 4 Ol 0001 01 00¢ SILdd.L 91071
m = 01 06 81 01 0001 01 00S1 Slddl ¢101
ous 09 06 08 0t 0001 0r1. 05T S1ddL PIOT
cs3 0¢ 06 Sl 01 0001 01 00§81 S.lddl €101
548 ¢l 06 144 01 0001 01 00s SLddL (41081
- go8 Sl 06 SY 0T 0001 01 0001 SIddLl 0107
W om -8 Sl 001 8¢ 01 0001 01 0001 SLddlL 60T
& 09 08 69 01 000t 01 0001 SLddlL 8071
© M m . 0€ 06 9¢ 01 0001 01 0001 S1ddlL LD
¥e) m €l 06 81 0T 0001 01 0001 S1ddl 901
5 Q284 09 06 oz 01 0001 01 0001 SIddl 01
82 .80 Sl 06 S¢ 0€ 0001 01 0001 SLddlL yO'T
o3 T3 [ I=uos un
S .3 [ -19AU02 je Do ¢=1 Id)Je 040U Ieq Ul ¢ wida ug jouy/jowr - .
m M ! m T urw uy 3 swiy, | ur aameradwag, U1 Su01de| Jodamnssaig | paads sorumg Ul \NI/d widd suoor Ty puedry yuowrad Xy
a, M < m I" sugdsogdiL1erny/mnipoya Saisn suojae]-Q Jo UuoNEUIZoIpAH 1 dqe]
C_— O .
w398
S wn 01 1
o> 10+




C O . COROOOOONOCANOO: NOOC0CD El 04 0000000QO0000000000
000QV00000000000000 Ood O 00000Cat, .,k n~ ykn, "0000000F,.,,,, E, ],5 FEB 2005
-cCAcGinD4ronCl I DU &Dt /] cjrr/onCl ] CDrr CAon E- 4F

~EWE- E~E~c- 4F- 4F- +F~HHFHF~HE- E- 4E- - +pq

waaa, a. wa. a4P- 4P, P. , a0 ,wa..a.a. ., a, wa..

ad4ad4a40.,a,rl,Q a, a. HAa. OL4P. a. aso’, &R AAFV 3- A aE- 4E- - 4E-E- E- - E- E- yF4

t oONOOQ, oNeknnooa, NM h auaauac) uuuuuuc) UN . uuc. CGi N u uuuu

Saaaaaaaag@ie aFahblexperiments summarized in the table are described in more detail
below by way of example.

Example 1.1 (Experiment LC8)

5  The reaction solution consisting of 15.0 g of 3-lactone, 12.5 g of water, 38 mg of
RhCl;*3H,0 and 2.8 m! of 25% strength TPPTS solution is prepared in a Schienk
vessel.

The reactor is evacuated and the reaction solution is sucked in. The mixture is then

heated to 80°C with slow stirring, the stirrer is switched off, hydrogen is injected to
10 a pressure of 10 bar and the reaction is started by accelerating the stirrer to

1000 min™.

Sampling takes place after 5, 10, 15, 30 and 60 min, one minute being waited in

each case afler the stirrer has been switched off to allow separation of the phases.

15 Table 2: Example 1.1

Time t Lactone n(Lactone) TON TOF in b
in min in mol% in mol

0 98.55 0.10 0 0

5 69.04 0.07 204 2453

10 47.87 0.05 351 2106

15 15.00 0.02 551 2204

30 6.88 0.01 635 1270

30 0.00 : 0.00 683 683

TON = turnover number
TOF = turnover frequency

20
Example 1.2 (Experiment LC22)
The reaction solution consisting of 15.0 g of 8-lactone, 12.2 g of water, 39 mg of
RhCl;*3H,0 and 2.8 ml of 25% strength TPPTS solution is prepared in a Schlenk
vessel.

25  The reactor is evacuated and the reaction solution is sucked in. The mixture is then
heated to 90°C with slow stirring, the stirrer is switched off, hydrogen is injected to
a pressure of 10 bar and the reaction is started by accelerating the stirrer to
1200 min™.



1 5 FEB 2005 12 Sone of the experinents summarized in the table Ex Fﬁ%ﬁ
described in nore detail below by way of exanple. Exanple 1.1. (Exper
LC8) 5 The reaction solution consisting of 15.0 g of 6-lactone, 12.5 g of
water, 38 nmg of RhC 3*3H20 and 2.8 m of 25% strength TPPTS solution is
prepared in a Schlenk vessel. The reactor is evacuated and the reaction
solution is sucked in. The mixtureTid3ten heated to 80C with sl ow
stirring, the stirrer is switched off, hydrogen is injected to 10 a

pressure gimifnd ﬁke@?ldcé Rfter AT |19ranu30&mar bes iutaberkbevdiedrig eadte stirrer
to 1000 mn 5, 10,. 15 O0.,and 60 m n, one

takes place aft
M nute bef3§ afial EgPFﬁ‘nhaéz?Eﬁ“E‘é{ %heg,fo[tﬁp ﬁ(‘?év%eﬁ’i‘“ia#‘@? of the nhasEs- swi t ched of f
to all ow separation of the phases. 15 Table 2: Exanple 1.1 Tinme t Lactone
n(Lactone%g TONTOF in in mnin nol%n nol 098.550. 1000 569. 040. 072042453
8

1047. 870. b!&ﬁzﬁ?@nllﬂ&é 2ooo 025512204 306.880. 016351270 300. 000. 006- 83683
TON = g urnover nunber TOF = turnover frequency 20 Example 1.2 (Exoerl ment
watel, SpTHG B RhQTSCSIBO and 2. baHeBRebes, st | SO n TOEIBIABI ut o | s
pr epar ed| ifiman Schl ernkn nwt%sel . in mol

0 100.00 0.10 0 0

5 23.89 0.02 530 6363

10 5.53 0.01 658 3947

15 0.00 0 696 2785

30 0.00 0 696 1393

Example 1.3 (Experiment L.C4)
The reaction solution consisting of 15.0 g of d-lactone, 12.2 g of water, 39 mg of-
RhCL*3H,0 and 2.8 ml of 25% strength TPPTS solution is prepared in a Schlenk
10  wvessel.
The reactor is evacuated and the reaction solution is sucked in. The mixture is then
heated to 90°C with slow stirring, the stirrer is switched off, hydrogen is injected to
a pressure of 30 bar and the reaction is started by accelerating the stirrer to
1000 min".
15  Sampling takes place after 5, 10 and 15 min, one minute being waited in each case
after the stirrer has been switched off to allow separation of the phases.



25 The reactor is evacuated and the reaction solution is sucked 1r]55 E@g
mxture is then heated to 90C with slow stirring, the stirrer i \El 2@5
of f, hydrogen is injected to a pressure of 10 bar and the reaction is
started by accelerating the stirrer to 1200 mine . 1 5 FEB 2005 -- 13 5
Sanmpling takes place after 5, 10, 15 and 30 mn, one mnute being waited in
each case after the stirrer has beenl8witched off to allow separation of

t he phases. Table 3: Exanple 1.2 Tinme t Lactone n(Lactone) TONTOF in h'1l In
m ni n ol %4p189! Eggﬁglpp_g. 1000 523. 890. 025306363 105. 530. 016583947

150. 0006962785 300. 0006961393 Exanple 1.3 (Experiment LC4) The reaction
solution consisting of 15.0 g of S ]lactone, 12 2 g of water 39 ng of
RnCl 3* 3HA0riaRd 2. 8 m 1 gftore% strengt RLEIRBAS sol utlipoNi s prieRingd in a
Schl enk |10 vessel. The reactor is evacuated and {the reac¢tion solutfion is
sucked i nInpri8 ni xt uf @ m8l%hen heap®d9ly 90C with slow stirring  the
stirrer ijgsw tched ot grhydrogen isgippjected to|m pressgre of 30 bar and
the reactlion is starfed by accelerating the stirrler..to 13? mn-. [15
Sanpl i ng ftakes place|dt8er 5, 10 and0-9% nin, one [A¥ute b i%ﬁ waited in
each casg jgafter the|gtfgrrer has bepmpgw t ched ofifgdeo al || gmsgepar atfi on of

:) - .
t he phasesl.5 15 FEB (())%% 14 Tabl 9060 Exanpl e 1'6373 2693

Example 1.4 (Experiment LC12)

5  The reaction solution consisting of 15.0 g of 8-lactone, 13.6 g of water, 19 mg of
RhCl3*3H,0 and 1.4 ml of 25% strength TPPTS solution is prepared in a Schlenk
vessel. - )
The reactor is evacuated and the reaction solution is sucked in. The mixture is then
heated to 90°C with slow stirring, the stirrer is switched off, hydrogen is injected to

10 a pressure of 10 bar and the reaction is started by accelerating the stirrer to
1000 min™.
Sampling takes place after 5, 10 and 15 min, one minute being waited in each case
after the stirrer has been switched off to allow separation of the phases.

15 Table 5: Example 1.4

Time t Lactone n(Lactone) TON TOF inh!
in min in mol% ’ in mol - )

0 96.80 0.10 0 0

5 44.02 0.04 732 8784

10 10.92 0.01 1191 7147

15 0.00 0.00 1343 5370

Example 1.5 (oot listed in Table 1)

The reaction solution consisting of 5.0 g of 8-lactone, 6.8 g of n-heptane, 14.06 g
20  of water, 13 mg of RhCl3;*3H,0 and 1.1 ml of 25% strength TPPTS solution is

prepared in a Schlenk vessel.

The reactor is evacuated and the reaction solution is sucked in. The mixture is then

heated to 90°C with slow stirring, the stirrer is switched off, hydrogen is injected to

a pressure of 10 bar and the reaction is started by accelerating the stirrer to
25 1000 min™.



Time tLactonen(Lactone) TONTOF in h- In mnin nol%n nol 096. 820. 10p(5

534.820. 034315173 106. 790. 016263756 150. 000. 006732693 Exanple 1.4 FEB 2005
(Experinment LCl2) 5 The reaction solution consisting of 15.0 g of
13.6 g of water, 19 ng of RhC 3*3H20 and 1.4 m of 25% strength

6- | act one,
TPPTS solution is prepared in a Schl eﬁg vessel. The reactor is evacuated
and the reaction solution is sucked i

with slow stirring, the stirrer is switched off, hydrogen is injected to-
10 a pressAf& 60f mik) thastiredtds shétchaboff] the phasestare seshrityd and dhecomanicy t he

i it o bei PGS PO 2ty T R il vt £ R 5 G Bid Einai st Rt &

to all ow

defiéhepteabictaorisphases. 15 Table 5. Exanple 1.4 Tine

t Lact onen(Lactone) TONTOF in h"" in mnin nol%n nol 096. 800. 1000

544.020. 047328784 1010. 920. 0111917147 150. 000. 0013435370 Exanple 1.5 (not
|'i st edsi n Habhgsle 1)6 (Hoe lisddhiTableb) uti on consisting of 5.0 g of 6-1actone,

hept ane, 14.06 f 2 1.1 m of
glihr‘? “%ﬁ"%‘% W 8‘%‘ img%feél\@%eog §- nila%to $ %&?g‘gl B ?ggnfr eact or 0
i's evacuatmde:alﬂcﬁéltmg afe[B(h(COE)@lji uand dd? in$ of aéﬂ(estrengih TRETS solutian iss t hen

6.8 g of
25% stren

heated to

i nj ected t(gepaée essure of

The m xture is then heated to 90C

90C rh§<!h?é’%k es%.egl bar the stirrer is swtched off, hydrogen is

and the reaction is started by

accel er at iThg rbiméoras ievamatedand 2Be ge@cidomsatution is sgekedin.Jfigomixtyrs is then

10

15

20

25
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35

heated to 70°C with slow stirring, the stirrer is switched off, hydrogen is injected to
a pressure of 30 bar and the reaction is started by accelerating the stirrer to
1000 min™.

After 3.5 h, 95% conversion of the &-lactone is observed, which were coﬁvertcd -

exclusively to the isomeric 2-ethylideneheptenoic acids.
2 Procedure in an autoclave with V = 300 ml

Example 2.1 Adiabatic reaction method with recycling of the catalyst
solution

The reaction solution consisting of 75.0 g of 8-lactone, 60.8 g of water, 188 mg of
RhCl3*3H,0 (1000 ppm) and 16.6 ml of 25% strength TPPTS solution is prepared
in a Schlenk vessel.

The 300 ml reactor is evacuated and the reaction solution is sucked in. The mixture
is then heated to 90°C with slow stirring, the stirrer is switched off, hydrogen is
injected to a pressure of 10 bar and the reaction is started by accelerating the stirrer
to 1000 min™.

Sampling takes place after 5, 10, 15, 20 and 25 min, one minute being waited in
each case after the stirrer has been switched off in order to permit separation of the
phases. After 30 min, the hydrogen is released and the reaction solution is
transferred by means of a stream of argon into a separating funnel purged with
argon. The phases are separated, and the organic phase is analyzed by means of gas
chromatography. The water content of the organic phase is determined by titration.
The emptied reactor is evacuated, and the aqueous catalyst phase used is sucked in
again. 75.1 g of 3-lactone are introduced into a Schlenk vessel purged with argon
and sucked to the catalyst in the reactor. The catalyst phase is used a total of five
times. A mixture of isomeric 2-ethylidencheptenoic acids forms, partial

hydrogenation of the olefinic double bonds also being observed.



After 60 mn, the stirrer is switched off, the phases are separat eblﬁaﬁglatm%
organi c phase is analyzed. The S-lactone was cl eaved conpletely into the
unsaturated 2- ethylideneheptenoic acids. 5 Exanple 1.6 (not listed in
Tabl e 1) The reaction solution consisting of 5.0 g of. S-lactone, 15 g of
toluene, 13.3 g of water, 0.24 ng of [ﬁ.Rh(CCD)CI]Z and 1.7 m of 25%
strength TPPTS solution is prepared EL a Schl enk vessel. The reactor is
evacuated and the reaction solution is sucked in. The mxture is then 10
heat ed t o Tililer Examlpder2.dtirring, the stirrer is switched of f, hydrogen is
injected to a pressure of 30 bar and the reaction is started by
accel er at f-rg—the—stt+rer—to—1006—mA——TAFHter—3—5*; CS%\,unvcraiqn of the
0

8- | act ong Use afbser Madtial whai \iekactomny er | Béiterenntentol el wWax the isonmeric

2-ethylide t enoj i ds. rocedu i ogl i th: V= 300 m
Exanpl e 2. I abat(lsfgo"[r%g%g i cﬁﬁéﬁfﬁgﬁ% t%‘groclra%hygﬁnﬁj ngg of t?ﬁgeré‘%t“%gfnys

sol uti on [2thafhe redotg on sol Ut%on consi stindg of 75.0 g |SC 8-1actone, 60.8 g
of water,| 188 ny of75(lj'2hCI 3*3H?9(% (1000 ppr’ra 8and 16.6 m %IG 25% st rengt h
TPPTS sol|ution is |prépared iln~a Schl enk| vessel. The 3Q0 'ml reactorjis
evacuat ed 2and the [rEattion sqll@ion is su@ked in. The nildBure is then
heated tg Q0C with w stirripg, the stjgger is switchgdoff, hydriogen is
25 injectled to a pressure of |10 bar and fhe reaction ig Started by
accel eratlifg the st71¥2er to 16800 nmint. Sfpling takes |d8ce after 5, 10,
15, 20 ands 25 min,i-ppe mnute pgi ng wai tegdpgin each caggigfter the stirrer
has been swtched-off T order—topermt —separatiomrof—the —phases™ After
30 min, the hydrogen is released and the reaction solution is 30 :

transferr%mﬁgagﬂsmih@m%ﬁm@mﬁr&eﬁn JF the e20RsALdIAH0A UNNEl purged

with argon. phases are separated, and the organi'c phase is anal yzed by
means &f gH IRASHEREVEDFABISY. Ohes datcaibed dat BRMRIF 2t hethsrGAHPL Diifse i s
det er m nedprByided Widtd U%be,ﬁ%u@%&d:_obﬁﬂ%%@fer iSpRYACiHIr@sh o dRdiphlee aqueous
cat al yst pPlaﬁe uzed i.S Sgcke In again. /5.1 g of 6-lactone are introduced
into a ScHPEARBLPELAHORIPEAEdw t h argon 35 and sucked to the catalyst in

t he react orhe facticnsdliyet cqizasiag iof 7deg ofi btladtade, 0.8 ¢ v€ water, 94 mg of
RhCI3*3H;O (500 ppm) and 16.6 mg of 25% strength TPPTS solution is prepared

10  ina Schlenk vessel.
The reactor is evacuated and the reaction solution is sucked in. The mixture is then

—F

heated to 110°C with slow stirring, the stirrer is switched off, hydrogen is injected
to a pressure of 10 bar and the reaction is started by accelerating the stirrer to
1000 min™'. After 30 min, the hydrogen is released and the reaction solution is
15 transferred by means of a stream of argon into a separating funnel purged with
argon. The phases are separated and the organic phase is analyzed by means of gas
chromatography. The water content of the organic phase is determined by titration.
The emptied reactor is evacuated and the aqueous catalyst phase used is sucked in
again. 75.1 g of 8-lactone are introduced into a Schlenk vessel purged with argon
20  and sucked to the catalyst in the reactor. A total of six experiments are carried out
using the same catalyst phase. Deactivation, like hydrogenation of the olefinic

double bonds, is not observed.

25
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The isomeric 2-ethylideneheptenoic acids accessible by cleavage of §-lactone are -
distilled in order to remove traces of water which remain in the product. At a
pressure of p=2* 10 mbar and a temperature of 30°C, the water is removed, and as-
the temperature of the bath is increased to 110°C (head temperature 75°C), the
product is obtained as distillate.

HYDROGENATION OF THE 2-ETHYLIDENEHEPTENOIC ACID
The remaining olefinic double bonds of 2-ethylideneheptenoic acid are

hydrogenated using a heterogeneous hydrogenation catalyst.

Example 4.1

0.5 g of palladium on activated carbon (5% Pd) is weighed into a 300 ml-autoclave.
The reaction solution consisting of 10.0 g of 2-ethylideneheptenoic acid and 90 ml
of methanol is prepared under argon and sucked into the autoclave which has been
evacuated beforehand. The mixture is then heated to 60°C, hydrogen is injected to
a pressure of 10 bar and the reaction is started by accelerating the stirrer is
700 min”'. After a reaction time of five minutes, the starting material is completely

consumed, 2-ethylheptanoic acid forming as the sole product.

Example 4.2

The process is carried out as described in Example 4.1 using 90 m! of n-heptane
instead of the methanol. After 30 min, the yield is 100% 2-ethytheptanoic acid.



1-5 FEB 2005 17 Table 7: Exanple 2.2 Experinmentlnitial rl 5 FEB 2005
wei ght 5- Lact oneWat er Max. No. of 6-1| actone i nconversion incontent i

% enperature in % 175.4782.21102 275.11000. 741102 375.01000. 671102

475. 21000. 661102 575.51000. 811102 675.11000. 961102 PURI FI CATI ON OF THE

2- ETHYLI DENEHEPTENO C ACI D The isoneric 2-ethylideneheptenoic acids

accessi bl e by cl eavage of S-Ilactone ar®e -5 distilled in order to remove
traces of water which remain in the product. At .a pressure of p=2* 10"2
mbar and g hLapiejature of 30C, the water is renoved, and as the

tenperature of the bath is increased to_110 head t er re.78C), the
product i dhepreseptis eatied eut ay ﬁ?séngfl‘b‘ mée%ﬁw gT‘P-é‘E\HOi‘ balls

2- ETHYLI D@E'ﬂéﬁf%&n&%.@w bl lddamaiasicaalyat. ed fidt 6D Mol the yRunis1 0084

2- et hyl i deneheptenoi.c acid are hydrogenated using a heterogeneous

hydr ogenatreshylbertanojcacidexanpl e 4.1 15 0.5 g of pal | adi um on acti vat ed
carbong (5% Pd) is weighed into a 300 mMl autoclave. The reaction solution

consi sti ng,doamjlo.o g of 2-ethylideneheptenoic acid and 90 m  of net hanol
i's prepar&d? etdar gon and sucked into the autoclave which has been

evacuat Sd mefp@ds&bmd:aﬂétﬁ?mﬂ astdgs@'itieﬂ dih rBami@mh 4.8 duding 6QGOf pylddiageoni s
injected to. ressure of 10.bar, and the reaction is starte

accel erat iaﬂ'bva??{rg cg‘?sbPPr%eri‘lgs %(5 By Cﬂflﬁ@ngﬁ\flt/g rpaga‘?lélg’c?f ocﬁ'[ah sgre Qﬁer five

m nut es, Bhenin} the chiveersiah & 95, 2-sthgtheplartielayid etrpsfomeed esletivaly.hept anoi ¢
acid I_@rm’ ng as the sole product. Exanple 4.2 The process is carried out as

described in Exanple 4.1 using 90 ml of n-heptane 25 instead of the
met hanol . EAfatigle 83 nmin, the yield is 100% 2-et hyl heptanoic acid. 1 5 FEB

2005 0.5 g of palladium on activated carbon (5% Pd) is weighed into a 300 ml autoclave.
68.8 g of 2-ethylideneheptenoic acid are sucked into the autoclave which has been -
evacuated beforehand. The mixture is then heated to 60°C, hydrogen is injected to

15 a pressure of 30 bar and the reaction is started by accelerating the stirrer to-
1000 rpm. After 6 hours, the conversion is 86%, 2-ethylheptanoic acid being

formed exclusively.

Example 4.6
20 2.5 g of palladium on activated carbon (5% Pd) is weighed into a 300 ml autoclave.
50 g of 2-ethylideneheptenoic acid are sucked into the autoclave which has been
evacuated beforehand. The mixture is then heated to 190°C, hydrogen is injected to
a pressure of 15 bar and the reaction is started by accelerating the stirrer to
700 min™. After 90 min, the conversion is 80%, 2-ethylheptanoic acid being
25  formed exclusively.



18 Exanple 4.3 The process is carried out as described in Exanpl e'a$ '1_.
using 10 g of A1203 balls (2-4 mm) containing 0.5% pall adium as c 58#085
After 60 mn, the yield is 100% 2-ethylheptanoic acid. 5 Exanple 4.4 The
process is carried out as described in Exanple 4.3, using 5 g of palladium
on ' activated carbon granules (1 mmgcontaining 1% pal |l adium as catal yst.
After 30 mn, the conversion is 95% 2-ethyl heptanoic acid being forned
excl Ugjev@hiy: 10 Exanple 4.5 0.5 g of palladiumon activated carbon (5% Pd)

IS wel ghedI i'nto a 300 mM aut ocl ave 68.8 g of 2-ethylideneheptenoic acid
are sucked into t ut qcl ave ' has vac ed .bef or ehan
mxtdre i & PWSﬁE@&@@Q@a% 9%50 al"Y] UFSt'E%aléJrBPFé%g%ggeof 30

bar and t lsarbaadiciasidls, whitheem@rises a@@@r@r@euqﬁ@rqsr?@ngm lagtonegwith 000 r pm
After 6 hdydsogerhendemsatalysisrby a catspoundeofry medptk efrgoupadildfishe Reriodia ned
excl usi velTabldsa i Eletnéni20wheleig tieé ppeddsads eariad aut horabgdnesusipant5% Pd)
is wei 9he%gtlﬁhﬁllﬁwﬁﬂ(ih@ad@iﬂd?%ﬁé/Qolveﬁp r&téﬁoganebnylwﬁlwbegﬁrﬁ@ has@cid are

sucked in { % borf¥a ﬁ,@q,,h@h@s m xture
It?\et ngc[]?%ﬁ gt ?3 8':% tﬁc’;gcﬁ:[?\allgwdﬂ t‘ﬁ%tfd%l f"‘a o E§o lent.2MRa 1Etand90
min, the, WORIES aﬁa"é* &5 Grotsghase 4, o

excl usi veI%Pt'O!JE'EYP’I'_iBt ?@5‘5" OIQO E’f%ﬁ sﬁ"ﬁf‘%cess for the cl eavage of

| act ones optionally having functional groups to give carboxylic acids,

whi ct2.conpi peesessessctlainyed frecletn re syieneinrthe reetabiseselected fram rtbg@ﬁoumder
cat al ysi s donsitograi®udOefPd, PR and Igroup VI of the Periodic Table of
the El ements, wherein the process is carried out honpgeneously and

opt i 0316" B W\'&&sts@s Qdthdd AcBima, stat8inttheIRERN paRpRUAE! Y al okien @F gani ¢

phas iridium compound which has been modified with organophosphines.

4. A process as claimed in claim 1, wherein the process is carried out
homogeneously and optionally with the addition of a solvent.

3. A process as claimed in claim 1, wherein the process is carried out
heterogeneously in the organic phase using an insoluble catalyst fixed to a
support comprising a phosphlne which is fixed fo the support and optionally with
the addition of an organic soivant.

8. A procass as claimed in claim 1, wherein the process is carried out in a two-
phase system with one aqueous phase and one organic phase and optionally
with the addition of an organic solvent.

7. A process as claimed in claim 4, wherein the process is carried out in the organic
phase and maono- or bidentate phosphines are used.

8. A process as claimed in claim 7, wherein trialkylphosphines, triarylphosphines,
alkylene- or arylene-bridged diphosphines having alkyl or aryl substituents are
used.

8. A process as claimed in claim 7, wherein trimethylphosphine,

triisopropylphosphine, tricyclohexylphosphine, triphenyiphosphine,
diphenylphosphinoethane, dipheny!phosphinomethane,
dimethylphosphinoethane, dimethylphosphinoethane or BINAP are used.

10. A process as claimed in claim 5, wherein the phosphine is fixed to an organic
support.

11. A process as claimed in claim 10, wherein the organic support is optionally
modified polystyrene, Merrifield resin, Wang resin, aminomethyl-substituted




using an insoluble catalyst fixed to a support conprising a phospti nE 8’”2[1%?
is fixed to the support and optionally with the addition of an o éa E
solvent, or in a two-phase systemw th one aqueous phase and one organic
phase and optionally with the addition of an organic 'solvent. 2. A
process as clainmed in claim1, whergjn the netal is selected fromthe group
consisting of Ru, Gs, Pd, Pt, Rh and Ir. 3. A process as clainmed in claim
1, wherein the netal conpound is a rhodiumor iridiumconpound which has
been nodified wi th organophosphines. 4. A process as clainmed in claiml1,
wherein the process is carried out honogeneously and optionally with the
addi ti on pblyatywehechentafel or polyamdde easims.ai med in claim 1, wherein the
process is carried out heterogeneously in the organic phase using an

i nsolgbl e Acicakys bsidaafed @ cﬁ-lain’i?Bf)ﬂﬁéﬁeiﬁﬁﬁ@ﬁhésmné_iﬁﬂﬁé@% BA inbigahid S
fixed to %UE gMpport and optionally with the addition of an organic

sol vent. 0. B\ process as clainmed in claim1l, wherein the process is carried

ou 8.y WBoeBRESE STl V1o BRI TR PR - BRBCaggEs°

claimed | ®F&MHB-m 4, wherein the process is carried out in the organic
phase and nono- or bidentate phosphines are used. 8. A process as clained
i n clldi m A puicessias daimaedinl gaios fhivhessin the azgdtiohds ghrmebs out ial X twene- or
aryl ene- biphdgs Gygicpi faping as ajazowgphisey hnd mnasrghnRiisisd using s moao- vsed.

9. A pr Ocﬁﬁ:ﬁerﬂﬁte%ﬁiéﬁ%@idme‘b'h%ghiﬁe. wherei n trinethyi phosphine,
triisopropyl phosphine, tricycl ohexyl phosphine, triphenyl phosphi ne,

di ph I [ ' h i: . ; :

ai oty phcaens s fed LIERY 18, GABNANT Rligdhine i aabosphinewhich,
process afaél itrast g cé?gp q&”?%i\ rqwgﬁi&f@gﬂh?%@xwé 49 S%%of%[ean or gani ¢
support . 14nctions phpeRRONAtoIUREANOL sUEqny OMwherei n the organi c support
is optionally nodified polystyrene, Merrifield resin, Wang resin,

ani ndfet hyl peagisss iesaithed & ¢@m 1dowhemin He phogphine is Aghasgbineohayisgyani de

resins. atleast one sulfony! group. :

17. A process as claimed in claim 14, wherein the phosphine is selected from
triarylphasphines of the formula (1)

Ar(SO,M"),

P —Ar(SO,M?), 0

Ar(SO,M?),

in which

Ar is phenyl or naphthyl radical, M*, M? and M?, independently of one ancther,
are an alkali metal ion, an optionally organo-substituted ammonium ion, an
alikaline earth metal ion or a zinc ion and are present in the stoichiometrically
required amount, and x, y and z are identical or different and independently of
one another are 0 or 1.

18. A process as claimed in claim 14, wherein the phosphine is selected from
phospine of the formula (la)



12. A process as clainmed in claimb5, wherein the phosphine is fixa? tf éwb
inorganic support. 13. A process as clainmed in claim 12, wherein ﬁe EB 200
i norgani ¢ support is silicon dioxide or pulp. 14. A process as clainmed in
claim5, wherein the reaction is carried out in a twd- phase system havi ng
an aqueous phase and an organi ¢ phdsk-using a nono- or bidentate

wat er - sol ubl e phosphine. 15. A process as clainmed in claim14, wherein the
phosphi ne is a phosphine which has at |east one carboxyl function,

hydroxyl function, al koxylated hydroxyl function, phosphonato function or
sul fonyl function. 16. A process as clained in claim 14, wherein the
phosphi ne is a phosphi ne having at Iegﬁjmﬁpe sul fonyl group. 17. A process
as clainmed in claim 14, wherein the ofosﬁhiﬁe is selected from

triaryl phosphines of the fornul g PR (SBMx | P A(SG&BMy (1) Ar(SGBM z
in which Ar is Bﬂf@ﬁ or naphth cal, M, Mk and M, independently of
one another, a sal kal i net & an optionally organo-substituted
anmoni um i on, an al kal b iopn.or a zinc ion and are present in
the stoichionetrically X, y and z are identical or

di fferent and i ndependd @M, 1. 18. A process as
clainmed in claim 14, ' ‘ PN sel ected from phospine of

the formula (I la) 1 5 FEF 2005 -21 (SO8WH (SGBMc (SO3MA)d in which M to
M i ndependently of one andther are an alkali netal ion, an

N

P (SO,MY),

(SO,M®%),

(SO,M%,

(lla)

in which M' to M® independently of one anather are an alkali metal ion, an
optionally organo-substituted ammonium ion, an alkaline earth metal ion
or a zinc ion and are present in the stoichiometrically required amounts,
and a-f independently of ane another are 0 or 1. '

19. A process as claimed in claim 18, wherein the phosphine has 3 to 8 sulfonyl
groups.

20. A process as claimed in claim 14, wherein the phosphine is selected from
phosphines of the formula (lib)



optionally organo-substituted ammoniumion, an al kaline earth neta’5ip9% gms
a zinc on and are present in the stoichionetrically required anounts, n
a-f independently of one another are 0 or 1. 19. A process as clainmed in
claim 18, wherein the phosphine has 3 to 6 sulfonyl groups. 20. A process
as claimed in claim14, wherein the2phosphine is selected from phosphines
of the formula (lib) 1 5 FEB 2005 -22 (SCaM)e (SGBMe)h (SCawd)a (SCBMS) e

in which ML to M@ independently of one another are an alkali nmetal ion, an
optionally organo-substituted ammoniumion, an alkaline earth netal ion or
a zinc ion and are present in the stoichiometrically required amounts, and
a-h i ndependently of one another arg

cl ai m 20, wherein the phosphi ne haFH ¥o|8 sul fonyl groups. 22. A process
as clained in clai@olii,wherein a ghosphg¢ne is used which is chosen from
the group (NM'{ting of t nesAnown under the names TPPTS, BISBIS
and BI SNAS. 23. A™pe# Y M1, wherein the catalytically

active conplex is ; i xjingla g recyrsor conpound with
t he correspondi ng I gands 1 n e TEl K%Q@IMﬁvmunts. 24. A process
as claimed in claim?2 A t he precuxser//conpound is selected from
Rh(CH3COO) 3 and Ird 63 Ird 3 nH20 or
oRg, as clainmed in claim7, wherein the
1 5 FEB 2005 -23 regard to the rhodi um and
3 to 1:1000 and the catal yst

Hx[Ird 6] - nH2O 2
phosphi ne |igands 4
iridiumnetal, inr
is used in an anmoys

(SO,M%),,

(SO,M*),

(I1b)

in which M' to M® independently of one another are an alkali metal ion, an
optionally organo-substituted ammonium ion, an alkaline earth metal ion
or a zinc ion and are present in the stoichiometrically required amounts,
and a-h independenily of one another are 0 or 1.

21.  Aprocess as claimed in claim 20, wherein the phosphine has 4 to 8 sulfonyl
groups.

22. A process as claimed in claim 14, wherein a phosphine is used which is chosen
from the group consisting of the phosphines known under the names TPPTS,
BISBIS and BISNAS.

23. A process as claimed in claim 1, wherein the catalytically active complex is
prepared by mixing a suitable precursor compound with the corresponding
phosphine ligands in the required amounts.

24. A process as claimed in claim 23, wherein the precurser compound is selected
from RhCl, - 3H,0, [Rh(COD)Cl],, or Rh(CH,CCO}, and IrCl,*, IrCl,* nH,O or
H,[IrCl} - nH,O.

25. A process as claimed in claim 7, wherein the phosphine ligands are used, with



| act one/ not of metal ion. 26. A process as clained in claim?25, e ﬂm
rel ati ve anount of the phosphine ligand is 10 to 100. 27. A procesg EEB 3
claimed in claim?25, wherein the catalyst anount is from500 to 10,000

nol. 28. A process as clainmed in claim 10, wherein the phosphene |igands

are used, with regard to the rhodiddrand iridiumnetal, in relative

anpunts of from1:3 to 1:1000 and the catalyst is used in an anount of
from 100 to 10,000 nol of |actone/nol of nmetal ion. 29. A process as
claimed in claim28, wherein the relative amount of the phosphine Iigand

Is 10 to 100 r ocess clai me ncla m 28, wher nth catalyst
anount i s Eggbﬁ‘eh ‘:ﬁ 'ﬁ'gfumglqa I ria ‘é‘“saﬁ‘soué"ﬁ%?ﬁ{’é dPai m 14,
wher ei n the e q3talystis used |U§étlam@ﬂﬂh°fflf@@amﬁ 1@, ﬂ@orfhﬁlc@fum and
i ridium rrelaaone/moteﬂ metaldodnounts of from1:3 to 1:1000 and the catal yst
I's used in an anobunt of from 100 to 10,000 nmol of |actone/ nol of netal

ion. Z&. A pressssadsl ﬁhédfm@ldthH 3HBréih th
correspondi y gdtie 19n8 1%0 t he f(l)r mul at e r( I )t, e/?era%g)a a?;&zhﬁ%ﬁhh@?hggggl and the

net al / phosphine Iigand ratio is 1:3 to 1:1000, and the aqueous phase

corrp 0.to 1000 al.d o 33., A cess as cl claim
erelﬁ ‘a% I%Frget%nf: 0%4 ‘"Eh?re'ﬂ tBPcF%é%‘?éS%é’“EFB ' %O& i m 32,
vvherel nth lﬁWP of metal ion is 250 to 1500 ppm 35. A process as
clainmed in claim32, wherein the relative anount of netal ions used is

2. 10-3B.t o Aprogess amtlabmeddn glainotd; whereiofthe gtospbinedighndsaraqised, svithhas e
conpri ses reégaad Rb#tebihodiirgrandoitidjumo sptal i felgtivedamadantsofifraieess tas cl ai med

in cl ai m 351000@ie thetdaalgsDisnisedlin RICSRB IR renbo & #5,600tMoll&% by
vei ght . 37acdnBifR6ESEmatalGe@ ™d in claim 1, wherein the ‘process is carried

out at tenperatures of from50 to 200C and at hydrogen pressures of from|

to 1y b3 pordeddsis Aairfidd in claim 28, wherein the relative amount of the phosphine
ligand is 10 to 100.

30. A process as claimed in claim 28, wherein the catalyst amount is from 500 to
10,000 mol.

31. A process as claimed in claim 14, wherein the phosphine ligands are used, with

: regard to the rhodium and indium metal, in relative amounts of from 1:3 to
1:1000 and the catalyst is used in an amount of from 100 to 10,000 mol of
lactone/mol of metal ion,

32.  Anprocess as claimed in claim 31, wherein a phosphine corresponding to one of
the formulate (1), (lla) or (Iib) is used and the metal/phosphine ligand ratio is 1:3
to 1:1000, and the aqueous phase comprises 20 to 1000 ppm of metal ion.

33. Aprocess as claimed in claim 32, wherein the ratio is 10 to 100.

34. A process as claimed in claim 32, wherein the amount of metal ion is 250 to
1500 ppm.

35.  Aprocess as claimed in claim 32, wherein the relative amount of metal ions used
is 2107 to 5102 mal of metal ions/mol of lactone, and the aqusous phase
comprises 1 to 25% by weight of phosphine ligand.

36. A process as claimed in claim 35, wherein the amount of phosphine ligand is 2.5
to 15% by weight.

37.  Aprocess as claimed in claim 1, wherein the process is carried outat
temperatures of from 50 to 200°C and at hydrogen pressures of from 1 to 150
bar.



38. A process as clainmed in claim37, wherein the process is car;igg %Bt”ﬂﬁ
a tenperature from50 to 150C. 39. A process as clained in clai F I
wherein the process is carried out at a tenperature from70 to 130C. 40. A
process as clainmed in claim37, wherein the process is carried out at a
tenperature pressure of from1l to 34 bar. 41. A process as clained in claim
1, wherein the lactone is chosen fromthe group consisting of y- and

6- 1 act ones which optionally have functional groups or a double bond in the
ring. 42. A process as claimed in claim4l, wherein the functional group is
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claim43, W eptenoic acid or one or nore isomers of
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2- et hyl i deteenpierabpedrom-7@ fodt805.t he process as clainmed in claim1 to give
2- et hyl i dene- 6- heptenoic acid and/or one or nore isoners thereof. 46. A
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44, A process as claimed in claim 43, wherein 2-ethylidene-6-heptenoic acid or one
or more isomers of this acid form.

45. A process for the preparation of 2-ethylheptanocic acid, which comprises
cleavage and hydrogenation of 2-ethylidene-6-hepten-5-clide by the process as
claimed in claim 1 to give 2-ethylidene-6-heptenoic acid and/or one or more
isomers thereof.

46. A process as claimed in claim 45, wherein the ring cleavage and the
hydrogenation are carried out in one process sfep.

47. A process as claimed in claim 45, whetein the hydrogenation is carried out
following cleavage of the lactone and isolation of the resulting product from the
catalyst solution used therein in a manner known per se in a homogeneously or
heterogeneously catalyzed reaction method.

48. A process as claimed in claim 47, wherein the hydrogenation is carried out
heterogeneously over catalysts chosen from the group consisting of nickel,
palladium and platinum and mixtures of these metals.

49. A process as claimed in claim 47, wherein the catalyst is used without support
material.

530. A process as claimed in claim 49, wherein the catalyst is applied to a support
material chosen from the group consisting of activated carbon, Al,Q,, Si0,, ZrO,
and MgO.
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Is selected fromactivated carbon or Al 203. 52. A process as cl ai ith ¢
claim45. wherein the reaction is carried out at a tenperature of fromO
to NOT and a pressure from1l to 300 bar. 53. A process as clained in claim
52, wherein the tenperature is framg0 to 220C. 54. A process as cl ained
in claim53, wherein the pressure is from5 to 15 bar. 55. A process as
claimed in claim17, wherein Ar is phenyl.

51. A process as claimed in claim 50, wherein the support is selected from activated
carbon or ALO,.

52. A process as claimed in claim 45, wherein the reaction is carried out at a
temperature of from 0 to 300°C and a pressure from 1 to 300 bar.

53. A process as claimed in claim 52, wherein the temperature is from 40 to 220°C.
54. A process as claimed in claim 53, wherein the pressure is from 5 to 15 bar.

55. A process as claimed in claim 17, wherein Ar is phenyl.



