. Q Z.0050/51681 Process for the catalytic cleavage of |actones 5 As
originally filed The present i nv relates to a catalytic process for
the preparation of carboxylic @H’EM Wml ytic cl eavage of | actones over
. catalysts derived from netals o of the P rtogbg '/rgl'l)%glof t he
El enents. In contrast to the 10 knoh%él*eavage of | actonés

saporification, in which carboxylic acids having hydroxyl groups
originating fromthe | actone group, or functions formed from these form
in the cl eavage according to the invention a carboxyl function is forned
fromthe |lactone function present in the nolecule, although no hydroxyl
function or functional gs,q,@&sq‘g“ﬁéqqtglméa@i%mm‘c@@md 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 hitherto only appeared to a m nor degree. This is due,
firstly, he reactiyity of the ractones. In the sinplest reaction of

| act ones? hﬁwggﬁy,—ﬁéﬂdroxycar boxylic 20 acids or derivatives thereof are
formed. It is generally necessary to reduce the hydroxyl function; firstly
to provide rb X Is S h b | field of
use, and seg[(%)hnd;B e%e%tf 1n3/§r&t?§sne relafsof)otg é@é?’ﬂw é}roc O9?%F rr@%’%%{l% tqI(act one.
The ot her w s@rbmmlm acidadty ontelytié dleavegmes la/qtmteaamdey calalysissdéreed fmomy t o

product s V"h'rﬁé}aﬁr&f goupoy1er oPEHeYPérR)%d ’TQH%tJf‘ @b Elé‘?ﬁ@ﬂt& aIﬁCSon%%ﬁ/ & te@n be
prepared 25 nore favorahly by anothe hod. | s a factor here

that, iA%addinomdncleayags et flmlférhw vparhﬂ%meal wé&étqayquyhc [95kd8 dKINg| act ones
are general | By dEOKYE B8 d}fgthﬁhﬂﬁgsmﬂhhs lhcﬁoﬂaugr(ilp bhﬁn{éﬂﬁﬁﬁlﬁﬂiﬂe‘deﬁdm conpl ex

t . t t he. 30
el omer i zat i BeoP BuiharbA B aeeBie 8B FORANTY o GFERe) Bl g
mat eri al cdopoethftemhths laco@nfungtidyre prasenttinahd amddcufpoialiboughsnd hydresdr t i ng

materi al s arf%nét%‘ﬂor'fﬁhc‘ﬁ%ﬁl %@meréffb d@ﬁn@dmunts sone | actones at
| east have beconme accessi 6w co are avail able as starting
subst ande@s for secondary reactl ons, sonme of which have still to be

devel oped, t0cginde pRt A Uhritiiz6R. A @x@hpRORARL rbrah8d Slcblvor 3@y, certain
fields of ap}g I catl on.
y 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 are 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.
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.~ 2 - 0O Z.0050/51681 One exanple of a readily accessible | actone which may
be nmentioned is the S- |actone 2-ethylidene-6-heptenolide, which is
prepared in a telonerization reaction fromtwo nol ecul es of butadi ene and
. one nol ecule of CO2. O ganophosphi ne- dified pall adgu 8@@@){; jare used
as catalysts. The process can be modi fied 5 in various way g nodem
process variants, yields of 95% with regard to the |actone are possible,
and even t heOms exanenle of acrendily aecepsilly daglone whichpmax hpimentiopeis t6ldred in a

nunber of “@X&on&@%ﬂfyﬁh&& Gﬁeﬁtgﬁblﬂéo@%ﬁ @b%h{%ﬁ‘%ﬁ a't@lom\éﬁze?tﬁ!n@g&%n this is
possi bl e, fofr exanp izing the catalyst on a polystyrene

support, Efpnéwrraekep%s pﬁé’ufaégeaﬁ t3nA PreaRplshwe i ROz HergaaeptiosHng-s 10
conpl et e andndi(ﬁﬁbt[ palmlddileomgte&bya*e uskd @dﬁcataymmsnietmb@ss Bart BenYifledct ant .
Thi s Ias;5 process is di in Chem e- enkﬁ \z'r% hqhk 72 i 00)
pages 58t o 'BI"RHY WaYY ?Wo% eé’é@ﬁ‘??ﬁﬁsr‘ﬁf'“% et (LIRS R IEHCcar r i ed
out on this lhdotome pasiblealakdlcvee thel pabkge of whtalyht prpdingelss msanwiniguct ,
2-ethyli deneoeg? W&XYn Ga ) mﬂ{%@ﬁt(ﬁ‘n aﬁb&brdiﬁlggtoa(fﬁéjg?@éeﬁg ydﬁé s%!i Ggavage 1n

the presence 0 hanol
derivatives Wﬁ%ﬁ& W%tﬂnw%ﬁmbl@f for Wéamal?o\bé nEeetilidng dg aatalyétemz a Chem

25 (1985), N lr@t?e?sﬁ@ofﬂ'zkr ki Mhel &sulilﬁg la?c‘t’d}fehﬁ'ﬁélﬁ g%f rleb&ﬁ)n is b oot
corres in actone from enol i de i s, an objec
o e Ses GUETHISH GH FENTERE 1F SoIARS: ATRTGEAEONBIE i i Siar et GHE 1281 eaunges

can be carripocessiis dideiasbd pr Ohkdmies IngﬁllaﬂdfkﬁhiﬁkWZQE@lﬂ)),qia‘ges s®osIxyl i c  acids
whi ch do not have hydroxyl groups or substituents derived therefrom The
process should be easy to carry out, produce high yields and | eave intact

ot her  functhligheato kposupsecpondsse neactions wWhich devebesn eardbd ast of dhis dactampl e,
ol efin functjongyaiie M@a\ﬂgé’ ewfh%n?rotdlﬂ alg' oBRéteLeth 1(&9@'5 ou% to give

process for cleavi ng | act ones I ona f V]I ng unc I onal

car boxylPc dipiggoic #id 3nd o%&gatalaé%ip?lp%\faﬁs 1 éa‘t presepeerRf methpe
| act one Wi t hprbibed g€ mnikngle rofC éea h)éﬂloiy bierévatiCeMAAY n@le Ofneth g@l&ﬁeiﬂ oftheg roup

VII1 of the Periodic whlch en rmdlfled W th
or ganophosprﬁbﬂﬁgne“f‘r?@e(g%@e %{h@b‘i’ﬁeﬁﬂt&)gs)f I*?@gels
result of t hhe symlzosizgd thd corteapdmlivesy- lattmae ﬁbﬁpaemtyhdafneeﬁ-hqaemnyl ic aC| ds

whi ch no I onger have hydroxyl groups originating fromthe |actone

function, but in which other functional groups are 35 generally still
present 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
optionally 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 - 02Z0050/51681 This is a transition-netal -catal yzed process in which
catalytically active conplexes of netals of group VIII of the Periodic
Tabl e of the El ements which have been nodified with phosphine |igands are

. used. The netals are preferably chosen from the grou onsi.St f Ru,
Gs, Pd, Pt, Rh and In In particular, the netals are %'%h@?éﬁ/{’?@ﬁﬁthe
group consisting of Rh and In The type of phosphine |igands which are used
vari es depenblifg diansiionraetbentalyzedgpesss inshig Q%t@ls'gcadgo@tlm peMplexashe

i nvention i syfCRbfaisest Gbhp VIl 6f AE FeRddicCRIbIOSS tHeal lbm@hts AMich AERIBASOUSI Y i n
an organi ¢ pha OptT ona t he add%ﬁlon f sol vent,

£, Iy with a 10
het er ogeneou@P l%ieﬁi. %ﬂ'g%kmsehlﬁﬁgg@daérwe n %gtsltaﬁ)mrs peeferaplysghosen frgm; o o
support, optghenably cosisiing g RdADS, i Fl) Fef RAMnArigan parGOh¥e ke nitalé Bred
t wo- phas S sten&havfgﬂngr one a .eou§8]%haa? and one organi c phase,
opt i onal |%y \A%toﬁent @M QHIOEP SANSHTNERT 6PGARIe sol vent. 15 If the honpgeneous
reaction nethod is chosen, the custonmary organophosphines are generally
sui table; t e NN o] T 0 5 I l1,1,,, MONO-
o bi dent at of 0oty ALQSPRIE Hsahly wich S Gecl U e R RhAng ol HERERRBaL
or ganophosphWE’éb tg@pwsp@ gegondfiie ©ukde dreanyion ds oarped outrhldbs pecess qagrbeexanpl e,
tri aryl phospéirR&P eutt HonddgeMéRBBSRNN"Ggailo phadek ¥pdiatly anth Meydaidnriadged
di phos 20 phi nes ich carry al kyl or aryl substjtuents. anpl es i ncl ude
trimet h@%ho@&mﬂﬁ 1etGrPRGNEY) %@Pﬁ%ﬂgcppm% ,uSwSi%yw@H@fwafﬂ%% Eﬁaeﬁés) a
tri phenyl - pduppptn) otiondllyp heitty itheh addition o€ tahasrgadio sotveat, i@, a two-phase
di net hyl phosgh{ noet hane and -nethane, .and the foho%lphi nes known .under the
name BI NAP. 28t fHEE W6 ENERES BIES %o%rb%f’?%?g Cal¥%rs tong “Pghé Sonis
carried out additioouf anlveganadshlvanon of a sol vent or with the addition of a
customary sol vent, for exanple heptane, toluene, diethyl ether, dioxane or
met hanol or el se m xtures thereof. The resulting carboxylic acid is
i sol at ed by, Iffthe hamaggieeus reagiirn mgthod is chpsenhthe agtomasy: PrEAOPROIPRIAGS by
di stillati ongre Qenépslly aGitdbME théset MY VelBOho-f BI- XAPPElyINtARE! Br ghiRE,
extraction or usi ng, g4 sui t abl %.sol vent . Shggl e i 3%' tion_.and separation of
the product FPBR Phideniats) ROPhiGes afe dsidyi TsSe oy Jikechpset GAM B KR8y esent
i nvention, pagstdphesphinesgsobldsphithe duspanes sbivemd. The@Sareygporkampld) | of
t he abovenenyj I [ St o[, U 0t SS
accor di ng tg'Fr {aﬁ@ﬁ%%ﬁ?ﬁﬁh&&fﬁ hg@ﬂlﬁ R e%dt %}f? lgn{'aﬁdegrgbénﬁé)&'{ag?d %ih)g%g are,
firstly,20or gplings pothyeher sarry or alkxlanpr e @pl y substisuaats. \Ahlgxﬂmni@w opdludenal |y be
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, diethyl 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



.- 4 - 0 Z 0050/51681 nodified (Merrifield resin, Wang resin,

am nonet hyl - substituted polystyrene), Tentagel and polyam de resins. It is
al so possible to use inorganic supports, such as silicon dioxide and pul p.
-5 1In this process variant in which orgapophosphi nes fjxed ts are
used, the reaction m xture can, when tﬂe reaction |sbcg Obgngﬁggﬁ

separated of f SI&P Me decantation fromthe catal yst, V\/m ch can then be
r ei nt r oducednedified t(eriipeld resin, Wange r¢seac@m@ﬁm¢myi-§w§u§%rpalYéwr%m from

the catal ystTénfagthaid p&ma@%sa@dﬁms& &6iblekd 1RE irforSinRipPorte ks, for
i

exanpl e rennva% oﬁ E@e %ﬁéyent by distillation 10 follomed by purification
of the prodttfCoOBYINIEIMIBHRon. 1n a preferred enbodi ment of the present
invention, the process is carried out in a water/organic solvent two-phase
System s YAg S3S, VBN T ShiH GeRURRAIANG e aT0%naRs e i, s
organi c group@ptllonomtttro can.peheothegkadtioads icamplete, siet separatedeotbsigaply by
subst | t uent sjcaaiReh Kom{ i ogfmph@ﬁleﬂ%ﬁn%g%ﬁbé FeittrsauR Wb Gfe &{zﬁg&gl ubi ity

in water is e ece Suc ct so |ty|n
wat er i ncl udghe r@a?twamxtwrﬁﬁe@wﬁ% ofﬁwf;ramd%ucatﬁuﬁum thers isoltedosngd prriiedhy dr oxyl

fuln]g:tl olns usli@s piediAAe kol Ofes efacaﬂlpwkémn ({fuﬂh@tsloWb‘él Bt b ﬁl’fsﬁlfla%fblny

sul fon |on p of.,s wat er - sol ubl e phosphi ne
Ilgandglgre %N?f?%??ﬁ%%ﬁggﬂ?ﬁ@é“%%?ﬁ%%@’%@Fﬁﬁ»to the fornula (1) below A
r(S&a8M)x 1 P-Ar SOM ( 3) Y 1 A(S@BM)Z (1) in which Ar is a phenyl

or napht hyl IB%dﬂrgf%L'red M]nboh'gné?l?Gf F‘@ pré&q?f?lggrgt&ﬁ; kl‘)é ]ﬁéce%?s ca?l?eda&ﬂtlﬁ'%r are
an al kal i opti ona or ganosu anmoni um i on,

al kal i ne earwaievareaic |S@We@trtvep Ehase sysjﬂmamj vdiich pases’éart@r-sowttlm@hOSphme

st oi chi onet rjj éﬁaaé e uk&H %E&%h‘égﬁ}ﬁﬁ@ ligaHas mhy bé rRGHD- br BidntaleMliHadd tRr

di fferent and j ndependent| one
15 = customary organic g 0ups known to a person skilled in the art on the organic

substituents bonded to the phosphorous, as a result of which the solubility in water
is effected. Examples of such groups which effect solubility in water include
carboxyl functions, hydroxyl functions, alkoxylated hydroxyl 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(SOM’),

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
().



. another are 0 or 1. 30 Preferably, in formula (I), x, y and z are 1, and Ar
is a phenyl radical. In particular, trisodiumtri(n-sulfonyl)phosphine
(TPPTS) is used as ligand according to formula (I). - 5 O Z. 0050/51681

- Anot her group of suitable substltuents orresponds to.t (I'ra) or
(11b) (SO,Mb (SO M), P. (S0, M. ivhich M toNBor?l\ﬁ)é?eS%ggl
respectively, independent|y of one another are an 5 alkali netal ion, an
optional ly éﬂ@d?ﬁ@gtml@tqftsulﬁ%db subsittuentprcoespords tatheformelae dlawr i8blal i on or a
zinc ion, and are present in the stoichionetrically required anounts, and
a-f and a-h, respectively ﬁHépendently of one anothgsware 0 or 1.

Pref erred phosphi ges’,of t formula (11 a) arg;mpos- Which 3 to 6

sul fonyl groups 10 resent; peeh'e phosphi nes according to the
formula (11b) have 4 3 4 «ﬁrqg% scorrespondi ng
to the fornulae (Ila) and (1I'b), particular C s given to the

| i gands known under t name~BI SBI S and BI ' | f e reaction is
carried out in a tyme V% @ﬁ#%an_o[?ﬁ «9e#), present, but
t he reacti on may al so begggrrled out in & Ehe nce solvent. Exanples

of suitable organic solv s i_ncl ude nonpol ar solv , such as paraffins,
aromati c sol vents, for exaﬁﬁ“@ tol uene and xyl ene, et K®"%, such as, for
exanple, diethyl ether and nethyl tert-butyl ether, acetonitrile and

chl ori nated hydrocarbons, 20 such as, for exanple, dichloronethane and
chloroform The catalytid®@ |y active catalyst conpl®x is prepared by
general |y known nethods, generally by mXxing a suitable precursor conmpound
with the respective phosphlne ligands in the required anmounts. Suitable

precur sor conphiohdd1 se Md«urdw]a te M8, hesp&Fivplyy sapaidentyeefl onn anhﬂaelaart anSui t abl e

[P ooy B 1 SigheSORD §€%‘%"§§¥ Goos it R Gk by olllhe carh, e
known to t héncig@lrlgg QT g@mcp@@ angd afeh@remn@ in the st01ch10metr1cally requlred amountsrrp

and a-f and a-h, respectively, independently of one another are 0 or 1.

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

10  SO3M are present; preferred phosphines according to the formula (I1Ib) have 4 to 8
sulfonyl 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 methyl 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(CH3COQO); and other compounds known to the person skilled in the art.




. - 6 0.2.0050/51681 Exanples of suitable iridiumprecursor conmpounds which
may be nentioned are [rCl63 IrCl3 n H20 and H2[IrCl6] n H2O The >
phosphi ne |igands used in the process according to the invention are used
-irn 5 all process variants in relative amounts with regg gogg/g ggh hodi um
or iridiummetal which are at values of from1:3 to 1:1000, "preéferably 1:10
to 1:100. The catalyst is .used in an anount which is at values of from 100
to 10 000, diemplesydlysusgbletigdiumpigoursorenmppunds whisghemay e srentigned ateon. 10

In the pref grcigl IpCRERIBORIIIBIEFCRFCOHIONG to the present invention, in
whi ch the water-soluble phosphines (1), (Ila) or (Ilb) are used, the

net al / phosphine ligand ratio is 1:3 to 1:1000, preferably 10 to 100. The
aqueous phaskecpnpphiseligheisaisédin the BHOEGOs parordihg nethel invanionpre issdainl y 250
to 1500 ppm_uT tal I 10"5 to
1° Tov2 ol ArPet S AT ARHRE by OBl OD HOHERS of Ao, SC
here 1 to 25%bibly aigeit yhlues pf émrlabros1:2000, moefqm%yblym teel: @@Q Th@fca]abtssm ne

ligand. The \pL@¢ess Mdudf Whith fsoatt\J&ﬁle? DY GRrh 900115 193500 ?Fé]f&%l £

process variants at_ tenperatures of from50 to 200C. unc |ona groups
are present $H00nmol atlagiqae/mpdot wetal | Bffperature is preferably 50 to 150C, in
particular 70 to 130C and the process is carried out under a hydrogen

at nosphere at pre of from1l to re er abl. t 0.,bar. The
ot oduet Th xir B BRI L aRee By oty BirrPiel! 2R atihin has
the 25 car bwsa&yrl -$adubde ipissphores ), i(Ba)sepditat ard ukedyrthe Ineetal fphosphane ligandh

conpri ses t*lﬁ?&?st ﬁh %6 11 Edbob; %éﬁub\f)elﬁ?& 0. tlﬁi%&iq]ﬁémﬂ hta&e o?xﬂﬁl Red é}% 2! gands.

In the case o onogeneo reaction ne ase this is
achi eved by i 00 ppmet mstal iemeprelgrabbin25Qnel 1606 ppm Thg re h@ver @s\p@meof

contai ni ng th&aPioRsWaich i9Rtdd08al- |1Y) t(f)q’l |19Wrrﬁg o@ﬁe@ﬁ%rﬁ’ﬂmpf)f faB@n@@gphi ne
| i gands _.or converting theminto a Bé‘ysgbéom m sal an 1 mvobilized

li gand 8 usaéléle"”csh%haﬁ? GHW@fIS%Soh%?leP PW&W‘?lﬁl%S B9 et Mt at i on

and subsequewdibiy, viOpHogphitplipghdan appropriate manner. |f the process is
carried out as a two-phase reaction, the work-up conprises, firstly, 35
sinply separating off the organic phase which contains the product fromthe
aqueous phaskhe filocessaacbardirlg ® thei idvégionhiercapriad uteint 43l prdeesskvasiantsnast hods,

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.



. conventionally by distillation. The aqueous catal yst solution can then be
reused. - 7 - O Z.0050/51681 The process of |actone cleavage according to
the invention can be used widely and is suitable both for y-lactone and

- for S-lactone. It is possible to use | agtones which ave di_ffer
substituents on their ring systemor el Ze t hensel ves E’aée (@5(90/3&?6@& bond in

the ring. Exanples of functional groups which can have the |actone 5
subst rat e i nEhaRrrecess ef lagioge glparaas aserrdingdn thesinwentionrsian be uisgsl widelynan,

carboxyl  f URGhitAWS both FPRMEtonk WAE FbraMcto¥ it Xpdssibieus® MR torRP Whidhe
functi ons, 'tr'dlﬂ')fg roups, am no eﬁrqugs, nitro,groups, in particular
ol ef i ni ¢ douliVé BIETTEL suBsichis A thrir FIRG sysieear slredBaarely srave leg
doubl e- bond bedniar theating nExanplie of fonalael gedps Naiich a1 ane ehofladibie

respective r ' i §i0ns i i for. the.react.inon to proceed gently
to gt t ai \F\L) onﬁg&gﬁgqﬂég@r é):ijéfﬁ]écgtdé)ﬁﬁeigclfoglg\s/a%g , b Jenif s%lp%I Banlsy (‘fa‘i%ﬂé}ql
observance ofungtiansy gathonyledunctionpl bydrokyld fanptioas,i epoxade tflmctionsc nitdkeal
roups, suc | £ e; Iy Y : 15 As al read
group hor88ps m{noegf&@ﬁ, Eltrogroﬁ § ;{nﬁhﬁidu’fﬁr%l&ﬂfr@é&b%ﬁﬁo y

ment i oned, one of the advahtages e process accor the invention
is that functional groups are retained during the |actone cleavage. In

particul ar, DERndInGRSthe actiof OMALSHCHGIGE A6GNEBbA idometiRGidnMaN On can
be readil arri out, such thﬁt no ol efini ¢ .doubl onds

y e ar
hydr ogerdl ecPP4ed pNERRhsEvARee phfieoRanastive TeaktiPR CORTIHARY TS Plofhet he
cl eavage of teagioonespratied gehtly eo alteihi orily the Gesiied Hhatomotldavags, g also
substituents ;.0 i el itsel f. The process of
| act one cl ealsgc{;teoaﬂggggg%}’ a{r%gtoggﬁﬁéergiog\?%gtﬂb%ﬁfe?esh derllr;éjelng{lj £ ﬁtgbe-sgﬁ?“tﬁz?%ﬁe for
converting 2reensysuchancfopcxmmpnlerpftheolifiricdaukle bordshy| i dene- 6- hept enoi ¢ aci d
or isomers thereof. Here, it is possible to achieve conversions of 100%

i for the 2-ethylidene-6-heptenoic acid or for

and 25 sel ec}‘l Viftéfiidg’s I

doubl e- Bend 18 mgatiNed; opg, ofsthg adyanipges 9l theaprogsss caeondingetc theons of
up to 1?_0% iﬁ?@éil@heis ﬁhzlithﬁlﬂt@tﬁdrﬁ_ﬁtg'tdiﬁb_s aai@ getéi(ﬂlf:&rd%rihg) tﬁt]:c RicRfiRSEedvage.tine
preparation of .2+ e e oi c acids cl eav 0 . .

2- et hyl i dend® BaGUas ti’ﬁ Protehs Qdadiiing W‘Vﬁ%gﬁ*}ab‘ﬁ%ﬁ foahe Bivertian cands reqdily

2- et hyl i denecafridiepitenvels dhds oy dlefiniacdotbler bandermer hydrbpamned! The piédeyd sept anoi ¢
acid s an |BERIESSLAIAL ShARbIY Tof theXIEhbYE BEXRRRCE ATUE havel BRARAT LET 1S
used as a starting naterial for ubr i can s, plas |C|_zers_an?:1 alkyd'“r esi ns.
The aci 80i s dpuble headeon thesubditvaitoer anindefinie dowhdebensiein thewinghisseifor m of its
esters, metal salts or the acid itself. The acid is frequently al so

converted tao.the 35 correspondi ng al cohol b hﬁ/dr Qgenati gn, whi ¢ch_al cohol
is esterifi edaRIPFESE gﬂagfq{le 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.



carboxylic acids and then used as plasticizer. - 8 - O Z. 0050/51681

" However, in view of the preparation aspects, 2-ethyl heptanoic acid is

advant ageous since it can be prepared fromtwo C4 buil ding bl ocks and one
. C1 building block (butadiene and CO2_rgspectively). ven
nunber of carbons, this is not the casg for 2-ethyl thzngBébzgng@?and
recourse has to be made to propene for its 5 preparation. However, propene
i s a raw matideweer,in vigvoof the prsprnatien Atpeeia2-aihytheptanoia aridisadvantageany t hat i t

i s desirabl gjtQ 1@@@9& ‘forépﬁreﬂsf?orh R&ol @ bRIdiRS bRk LHMIBLLE | %{Jrldm block
2- Et hyl hept anmg aci acid is known per se. It has properties which

predest i ne iPut lep%ﬁmda(%émwethlyz %wyﬂh%s&wsn emabﬁropfml@ns HBs ihqther t o
been used 1Qhevas foaagﬂlﬁlseachﬁmclﬂemeu@d recdmelhhetdb@nﬁum ropbncirth@n at ons
whi ch is_favgrab Ite %Fr f it has naot hi ttherto 918 Slb e t(ﬁhp%epare

2- et hyl hept aRoRLEE FONFVE" ProRfRE /S RHPYRRETIR D, Yv‘é"‘%ﬁ’f‘& 'Ch

perm ts syntthesliencomeamng i tis deairalde & be alile twmﬂaaelhucttdserrawbpe&aﬁalof t he
present invention to provide a process with which 2- 15 ethyl heptanoic acid
can be prepared si cost-effectively and in high yields. The process
shoul d in ad%EthYBwnE@m&ba@dt@ dLopeid aiscknoym aer sendu by ipsopesties) whichhi s

obj ect is aght®ugfk s FepMceRRasfof Qfetﬁyjl'l@exﬁﬁ@ig%lﬂtw}ﬁéh RAs tattféhmbb&?@éeanm c

aci ds, mhlch c ri he abqve:-descri bed tic cleavag
2- et hyl itdende? ﬁag%t ﬁzbltoye&?rp esPite thy RHmber f ﬁ?f‘%?’éé‘r?é‘séﬂﬁ fseﬁas?rablac. ds and
i somers t herpmﬁe ainchat het Highelito drd@tpossiblef tot friepare ar-bayikptansicididoin @f t he

mvent i on,  TRRTES RS B 2DEGLC AR W BT DORhER Pt (el 5PAE i

doubl e bond can be carried out in a single process 25 step. Here, the
catal yst useg i tlhigh gg.ﬁle-, ' VAqd h’ﬂ?&
condi tions areaa justéer i&{" f&{]iﬁy n?%é@?ﬁg P(l)s n%%’megse‘?@%e ol% oW ng
cl eavagédof ethylbentapoicoaeidsande prapareh singlif ¢ast-e {fersiyBlveansomubighryields
substrate arehd grbess suldindidagRidkable td Bt Spiriidd @danahdiRitat sdalde achi eved,
in particular, using severe reaction conditions, for exanple tenperatures
of > 125C and pressures of 30 > 10 bar. According to another preferred
enbodi nent oFhi$ hjeprie aelevadnweamprogess fohthe pryphrapandtd-ethylhsptagsic aeids,out
using a custgpm t e
et hyl i dene- heptll(i,)éelglg1t %ISE(S/ a &(/% 0% r@g%?agﬁcxc?%rv gé(e éfzwﬁhgeqe % hep e
cl eavag@0 whi-elidhde @ise *ﬁ?hé!bdlemrﬁjmmﬂ@l%aleﬁymd dsagmersn thereaf 836
hydr ogenati qfydkpehifdn JT9hi8 WhrbdR}IRGcid 6 otthd RBUIRng BbeY RixthRITPOUNdS known ¢ 0
a person S%B] |°ch? |nnt he 1artr ?ﬂl becl ng possi ng or teﬁe %y%rogenati on to be
carried out

According to one embodiment of the present invention, the lactone cleavage and

I act one

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



_. honogeneously or heterogeneously. The hydrogenation is preferably carried

out - 9 - O Z. 0050/51681 under heterogeneous conditions. In this

het er ogeneous nethod, it is preferred to use, as catalyst, netals chosen

. f-romthe group consisting of nickel, palladiumand plati res of
these preferred netals can al so be usedé The catal yst brrt\%t Q:dgb/%%%ngxtur es

t hereof can be used w t hout sugport material. |If a support material is 5

used, then itndepheiProgenceps corditions: dariiy heteregenegus method i és Arefuredod skil | ed

in the art,us Ofs @mygalrﬁetagtdhwetnq%rﬁaﬁéo u %aﬁalng%mﬁekeir;ﬁﬁaaﬂﬁh Mao,
preferably h‘gctl vated car blio@1 %ﬂ ng .t g g/e%o%genat on of . the

et hyl i dene- oS P e%?cl?ra Fedsppeu bratalysymgaki c
solvent to bﬁrmxaﬁasnthcreﬁﬁampbesmlfwﬁmata;bpm)romgmh I8 alsuppuirs mategialide | ower
al cohol s pal[s@(ﬁfth it c%h%] iftl-lr g'n%ﬂef'r?a% &?Wovg ersglll l?lll?(? br?f}%“ ed out

in the absencé o a so ures PEre rom 300C,
preferably a0 fop xaople aintlvattde qaﬂ@QSlAle@3,aS@2f rZ3fd 1ardo Mg, Ipeaferaplyef er abl y
5 to 15 bar.,cfivatbdcdrBbs oMRY 0, c0oMpl et e hydrogenation of the olefinic double
bond of the e ?1 (Flfcfene ep%éenm c acids used can be achi eved. The
application i s now described in nore detail in the exanples below. 20

Exarml es %Elﬁﬁéﬁ@ﬁh?ﬁyad%eha%m‘ﬂ&?éﬁémsa1den8r1@pﬁel$traeodx@haaglaytlocsl pOéSibl th V =
e. |l nvestli ons. f.or e avage .0 actone n
carr1 ea 18ut TohahAreantiabeaci A eR FORTIESOF Sl oredit st PAED) ut i on

consi st ed oflowenalcohds ipatatfing ktheess The hecaoguen howata) ylsd bep barsied oconinai ni ng

Rhd 3 as catgl XﬁstePE@%iaal &O&tTﬂF ﬂo éhste ggﬁﬂﬂesé% o E%{;‘b(‘i? %geeff: | sted

ei ther of a nonpo Tvent one, or

only of the @mé’ép%@ndmrﬁwmr%ﬁomﬁéoéﬁﬁ Wﬁf@raBU ) 1r51barn each case.

The reactor was provided with an inmersion tube which permtted sanpling
i ¢ phase. The two phases were m xed using a . disc stirrer.

fromthe organiG
The readfor gf\ﬂ/aé}”%v‘é(%af%‘ﬂpﬁﬁ dydiagenaiions of r the gplefinic deuble; bondy f thee

reaction 3%th@idéhéHRPtendis a8ids ieel dan bésichigvédie resul ting vacuum The m xture
was then heated to the reaction tenperature with slow stirring, the stirrer
was switched off, hydrogen - 10 - O Z.0050/51681 was injected to the

desi red presBwrapplicationhenew describad werposstdetaikid thoyexswipiastietngy.on

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 3-lactone, or only of the 8-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



. the stirrer. Sanples were taken after 5, 10, 15, 30 and 60 min. Analysis

was carried out using a HP(r) 6890 GC-FID. 5 The results of the

experiments with the 67 m-autoclave are sunmarized in Table 1. The

. i-nitial weights of |actone and water were 15 g in eac a kVI a nmass
rati o of organi c phase to aqueous pha\évg‘oof 1:1. The cgl'gmﬁgﬁggégggg in nmol %

after t=5 mn" gives the nol ar percentage of the 8- 10 | actone in the

aut ocl ave afWafriniectedde tthodesiredwressurg aﬁﬂ?\m eegctiorhwag statieh by Fwitehingion nin at

converti on=lthe &kity®@s the sanpling tinme point at which 6-1actone could no

Longer be detocted 0 i BULOCLAYE: 1) ug G5 L OOQLRAO00000 0y ono-n00
0alONO1C 00QNEPD 6&HINONGR. C014\ O C 0' 00ION N H
5

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 -

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.
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- 12 - O Z.0050/51681 Sone of the experinents summarized in the table are
descri bed i Pomsref thetexperimgrts swmmarizad i fthe jablp pe. desqribadl @ mote detiber i ment
LC8) 5 The rb@m‘tﬂ,)aa,ac)sgfég' consisting of 15.0 g of 8-lactone, 12.5 g of
water, 38 ng of RhCl13*3H20 and 2.8 m of 25% strength TPPTS solution is
prepared in a Schlenk vessel. The reactor is evacuated and the reaction
sol ution i s Exaaigde LiINExphdmenk LG8 i s then heated to 80C with slow
stirringg t stirrer i w.tched of f., . hydrggen is,injected t 10 .a
pressur e5 of r%)?acruoaﬁafut% ﬁ% CP}éSésrc}’ﬂgooﬁ 1iSSO %%[)grs ﬁ g(go%eysl%écéf)g‘rvg%f’n% TRE fst irrer
to 1000 mi RhCIZ3hpOiand 2 &indof pS%actrengthdiPPIS sbiytionSs pBpamddn 6(Bchienk one
m nute beingewajted in each case after the stirrer has been sw tched off
to all ow separation _of the ghases. ) o ) ) )

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 after 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 inh™!
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 19.00 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
RhCI3*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™'.



- TOF =

., 15 Table 2: Exanple 1.1 Tine t Lactone n(Lactone) TONTOF in h"1 in mnin
098. 550. 1000 569. 040. 072042453 1047.870. 053512106

nol % n nol

1519. 000. 025512204 306. 880. 016351270 300. 000. 00683683 TON = turnover
turnover frequency 20 Exanple 1. ?
sol ution consisting of 15.0 g of 6-lac

RhC13*3H20 and 2.8

Schl enk
sucked i n.
stirrer

one,

12.2 g of "Wwater
of 25% strength TPPTS solution is prepared in a

vesawpl m@@kwela%a%@ro? 105 T2 ond 30 Mmin, eneaningte heingwpided Wiotaghi on i s

AR affeXihélsBrreShdsRbn sWitcHe@ G110 aBON sehdritich MMhSphdsed. g, the

is switched off,

hydrogen is injected to

the reaction is started by accelerating the stirrer to

to all ow
n( Lact one)

10

15

nf

[N W] 1 Y alal

+ h

case after the stirrer
Tahl o 2-

has been

’)Trmf

a pressure of 10 bar and
1200
O Z. 0050/ 51aablé3:Fenumpled.2 akes place after 5, 10, 15 and 30
m nut e bglng wai ted in each

mn-~. - 13 -
m n, one

swi tched off

par-ati-on—of —the—phases—Tpble 35— Bxanphe—t re—t—taet9one
TONTOF i n h-Lactameni ni n | 8¢Lactont) TON | TOFinh'

In min in mol% 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 8-lactone, 12.2 g of water, 39 mg of
RhCl3*3H,0 and 2.8 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 30 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.

number

3 Experi ment LGo)oghe £eaet | on



. 0100. 000. 1000 523. 890. 025306363 105. 530. 016583947 150. 0006962785
300. 0006961393 Exanple 1.3 (Experinment LC4) The reaction sol ution
consisting of 15.0 g of S-lactone, 12.2 g of water, 39 ng of RhC 3*3H20
.and 2.8 m of 25% strength TPPTS soluti.on is prepared .| I 10
vessel . The reactor is evacuated and tHe reaction sol Qt';%oﬁoi\gy}égrcéééd in.
The m xture is then heated to 90C with slow stirring, the stirrer is
swi t ched of fTablgdr Byamplesl.3 njected to a pressure of 30 bar and the
reaction is started by accelerating the stirrer to 1000 mn-'. 15 Sanpling
takes placeagfter 5, IO and 15 mmn, one mnute bei wai tgd 11 eagtrcase
after the stTiedr has bE&soR&i t ched offLactPng) | ow sep@Mati qnf @ inlhe phases.
- 14 Tabl e Kimigxanpl e| th B0, 2. 0050/ 3316&b1 Ti me t Lact onen( Lact one) TONTOF in
h-' In mnin mol% n Mo gﬁ 820. 1000534, 820. 03431H 173 106G. 790. 016263756
150. 000. 006{7%2693 ExamJP .4 (Experi LC12) 5 The readtd on sol utli on
consisting | 15.0 g of3&8kactone, 13.003g of water|41P ngy |#173RhA 3*3H20
and 1.4 m [of, 25% streng TPPTS sol ytian is prepar in g | enk |vessel.
The reactor 1|fos evacuat akgnd t he reactbi‘(gn sol ution ?g6sucke3§% n. The
m xture is tHen heated008 90C with SI00 stirring, | 6he stilrd688 is switched
off, hydrogen is injected to 10 a pressure of 10 bar and the reaction is
started by accelerating the stirrer to 1000 mn-'. Sanpling takes place
after 5, 10 B¥ampk 14 @?"Pﬁh@"rﬁthﬁ@)bei ng waited in each case

5  The reaction solution consisting of 15.0 g of 3-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 (not listed in Table 1)

The reaction solution consisting of 5.0 g of d-lactone, 6.8 g of n-heptane, 14.06 g
20  of water, 13 mg of RhCl;*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™.



, after the stirrer has been switched off to allow separation of the phasesa.
15 Table 5: Exanple 1.4 Tinme tLactonen(Lactone) TONTOF in h"'" in mnin
nmol % n nol 096. 800. 1000 544. 020. 047328784 1010.920. 0111917147

. 150. 000. 0013435370 Exanple 1.5 (not listed in Table 1 he A ti
sol ution consisting of 5.0 g of S-lact glnSg, 6.8 g of nbh-eg;)'?)gr???% z?%86 g 20
of water, 13 ng of RhC13*3H20 and 1.1 nl of 25% strength TPPTS solution is
prepared i n Aftac) wik thestiesr is swichedff.dhe phassy grasppaigted indt the ofgagict i on
sol ution is gsiaek@adardalyzed MBhdTBA4disiR Whs tlogved dvaaiiadlytiatde wisitlirafddomn

rrer is.switched off, hydrogen is injected to a pressure

stirring, th t]
of 10 bar an%hﬁfﬁgn?hﬂ@f”&r?q “started by accelerating the stirrer to 25
1000 mri'. - 15 - O Z.0050/51681 After 60 mn, the stirrer is swtched

off, thephage eq-ém@iﬁeﬁqn%@ﬂ}eﬁl{)e organi c phase is analyzed. The

6-1 actoné was cleaved corfp etely 0 the unsaturated 2-
et hyl i denehepheersottionasalaton eonEistingloé 510 & of ddactpistld® phtotagree 13.8 gTofe

reaction solw&tbem.mﬂgi&t[%@@@-pam f7 mt bAS5B\Erendth BPIOFS E&hﬁ&n?g 13.3 ¢
of water, 0.24 .of [ Rh )12 and 1.7 m of 25% strength TPPTS

sol ution is PpPBghinetSThenk vssdel.enk vessel . The reactor is evacuated and the
reaction sol Did Ractosiseusdt@ttdiand thheadtiontsahgionss §utked inl ThB @Ak@eEL i theh0OC Wi t h

sl ow sti.rri the.stirrer.is swtched.off., hydr i s inj.ecte 0 a

pr essur & Jof nl%teﬁlg? 7§n%wftﬁ31°rwe%1tﬁlfl%’ntn? gn%etr:ﬁ ?‘g%cq’ﬁgggfg%cfrggejt 1 Héecg?f{etost irrer

to 1000 m ma Dpresgdrtesf 30 bathand T8 cenctien 95 carefl hhacSldraigode stirab®er ved,

whi ch were C@M%i ed exclusively to the isoneric 2-ethylideneheptenoic
roce

acids. 15 2 ure in an autoclave with V = 300 m Exanple 2.1 Adiabatic
reaction methBer $dh 9P coaversipnos! thad-legione ys pbserved, which were converted

exclusively to the isomeric 2-ethylidencheptenoic acids.
15
2 Procedure in an autoclave with V = 300 ml

Example 2.1 Adiabatic reaction method with recycling of the catalyst
solution
20  The reaction solution consisting of 75.0 g of 3-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
25 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
30 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 &-lactone are introduced into a Schlenk vessel purged with argon
35 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.



. solution 20 The reaction solution consisting of 75.0 g of S-lactone, 60.8 g
of water, 188 ng of Rhd 3*3H20 (1000 ppm and 16.6 m of 25% strength
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the heat of reaction liberated.
The reaction solution consisting of 75.0 g of 3-lactone, 60.8 g of water, 94 mg of
RhCl3*3H,0 (500 ppm) and 16.6 mg of 25% strength TPPTS solution is prepared
10 in a Schlenk vessel.
The reactor is evacuated and the reaction solution is sucked in. The mixture is then
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 3-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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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.

10 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
15 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
20 700 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 catried out as described in Example 4.1 using 90 ml of n-heptane

25  instead of the methanol. After 30 min, the yield is 100% 2-ethylheptanoic acid.



.. the tenperature of the bath is increased to 110C (head tenperature 75C),
the product is obtained as distillate. 10 HYDROGENATI ON OF THE

2- ETHYLI DENEHEPTENO C ACI D The renmi ni ng ol efini c doubl e bonds of

2- et hyl i deneheptenoic acid are hydrogegated using a hete

hydrogenation catal yst. Exanple 4.1 15%8 5 g of pall a(gl%mégﬁg gﬂé@at ed
carbon (5% Pd) is weighed into a 300 ml autoclave. The reaction solution
consi sting &xamplo4d of 2-ethylideneheptenocic acid and 90 i of nethanol
i s prepar ed THEGRceds Wo&%mcmﬁqntmn@wmhﬁmg W%SPAhﬁﬁ REEn

evacuated b rehand. The ture js then hea rogen I's
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accel erati ng- ettlnﬁhqttmrmceamd.s 20 700 min-. After areaction tinme of five
mnutes,cthe starting naterial is conpletely consumed, 2-ethylheptanoic
acid formng as the sole product. Exanple 4.2 The process is carried out as
descri bed i dx@mplop#d 4.1 using 90 M of n-heptane 25 instead of the

th | . Af | -
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as catal yst 30Ahihethe @8nvrdion 1s8%, Redtlly h&ptdidiacid b&th Yérﬁﬁﬁte%lﬁkﬁel?c' d. 5
Exanpl e. 4.4 The process is carried out as described in Exanple 4.3, using 5

g of paH)adl umon activated carbon granules (1 mm) containing 1% pal | adi um
as cat al yst Examipde 4530 m n, the conversion is 95% 2-ethyl heptanoic acid

oo bon' (ohe AT SLARINERYop SERATAG 5% 10 B e el PO plodfld ot o
2-et hyl i denéBS% @%ﬁ&lyhémh@m@cw adidarg sucked into thetavtrickave whhdchasri:asn been
evacuat ed be{gnefa 'b@foré-lﬁﬁd n‘m@ MixureSs Eﬂaﬁ me&%@ft&éoc@ h§8Gged! Ys%j%gég S

|njectegto 15 a s3®r %Sar and, t ereactlonlssar
accel era?i ng prﬁgu bag o'ﬁln 186 0reRgiian i ptafteds by papcelerating tb@rﬁ&‘éﬁeélt@n is
86% 2-et hyllbe(p)f;mlﬂOAtfteﬁcﬂ Ibubi thg conversion is 86%, 2-ethylheptanoic acid being

formed exclusively.

Example 4.6
20 2.5 gof 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.



formed exclusively. Exanple 4.6 20 2.5 g of palladiumon activated carbon
" (5% Pd) is weighed into a 300 mi autoclave. 50 g of 2-ethylideneheptenoic
acid are sucked into the autoclave which has been evacuated beforehand.
The m xture is then heated to 190C, hydrogen is injec sure of
15 bar and the reaction is started by gcgleratlng thé gtb$?8?5£§§f700
mn-. After 90 mn, the conversion is 80% 2-ethyl heptanoic acid being 25
formed exclusively. - 19 - O Z.0050/51681 W claim 1. A process for the
cl eavage of |actones optionally having functional groups to give
carboxyl i c aWeglimahi ch conprises reacting the corresponding 5 | actone with
hydr ogen under catalysis by a conpound of a netal of group VIIl of the

Periodi c Tahl e of the El n r ef er abl fron1 onsi sting of
R n, Pd- TPt b PHIGE O T lgna e eipaionds SR Reng Rlige! Eimsound
whi ch has been nudi gwecbavhob(ph@ragaisppﬂﬁﬂpI&bﬂn@ﬁseslﬂaaatlngAtlﬁH Q@ﬁ'S@oﬁélngl ai ned
in claiml, wher t he. process LSdcG At Rut honogeneous

optlonaFFy W th ﬁ%eo%hgnghg&fgglmlercaaﬁms he angoeneousvyél fatg’ﬁ’gporganlc
phase using an i Nédl abltke PatiediySkable efthet Blements mpefietabln oopthicogeiuby wi t h
the addition of %Bnﬁ&ﬁ@”'éfcl{&%é’ it pt, Q(h éuﬂi R, ﬁm‘”fi’arﬂ&hﬁsaerh%ﬁﬁlh’?m Wdidmone

aqueous phase and one organic ph ase and opt] onal wth the addition of
an organic sol ver?PmPSUHCJAWB‘fCB@é%ee&énQﬂlQPWHh|0Fga@PEh‘}$P1?neSAhere| n the process
is carrled out in the organlc phase and nono- or bidentate phosphlnes

refera rial hos hi triaryl phosphi ne kyl ene-
Dyl enolBli dhed 7b RPHRS ot Agtechin, Slmal e yRois The, Brodiiety cudledant
partlcular trlnﬂmhyQQMmaﬂwlnmd taptiosalhyr opythphtbs phddidon of a solvent,
tricycl ohexyl pho S (o)
dlphgnylphogpﬁlnggn%ﬁgnﬂnhh’ﬁqﬁFX}%gcJ% ?ﬁ%gghgﬁg¥h§ﬂ:&€ﬂ¥¥?§%§g |noethane
or BINAP are usedupxst and gptipnaldyewathdhe additiereaf amonghair rsolzentmemea twa-he

reaction is carri Qseos%tenmﬁﬁ 699@4’&%8&&%%5& Bnd &% S0 bﬁas@ had e H&daﬂ? a
n organi c support, preferably optlonally

phosphi ne which is fixe
nodi fi ed® poIystyﬂ@ﬂbﬁwﬁg¢4WFPgPngP@gﬁﬁWeWhng resin,
am nonet hyl - substi tuted pol ystyrene, Tentagel or

3. A process as claimed in claim 2, wherein the process is carried out in the
organic phase and mono- or bidentate phosphines, preferably
trialkylphosphines, triarylphosphines, alkylene- or arylene-bridged

20 diphosphines having alkyl or aryl substitutents, in particular
trimethylphosphine, triisopropylphosphine, tricyclohexylphosphine,
triphenylphosphine, diphenylphosphinoethane, diphenylphosphinomethane,
dimethylphosphinoethane, dimethylphosphinoethane or BINAP are used.

25 4, A process as claimed in claim 2, wherein the reaction is carried out
heterogeneously in the organic phase using a phosphine which is fixed to
an organic support, preferably optionally modified polystyrene, Merrifield
resin, Wang resin, aminomethyl-substituted polystyrene, Tentagel or
polyamide resins, or to inorganic supports, preferably silicon dioxide or

30 pulp.

5. A process as claimed in claim 2, wherein the reaction is carried out in a
two-phase system having an aqueous phase and an organic phase using a
mono- or bidentate water-soluble phosphine, preferably a phosphine which

35 has at least one carboxyl function, hydroxyl function, alkoxylated hydroxyl



.. polyamde resins, or to inorganic supports, preferably silicon dioxide or

30 pulp. 5. A process as Clainmed in claim2, wherein the reaction is
carried out in a two-phase system having an agueous phase and an organic
phase using a nono- or bidentate waterysol ubI e phosp referahbly a
phosphi ne which 35 has at | east one car ox functi onraj r%ec?O%’)E)y/l56"Lf6(§$110t| on,
al koxyl ated hydroxyl .- 20 - O Z 0050/51681 functl on, phosphonato function
or sul fonyl functf“B?Poqa npwplﬂqf@tﬂ dpngionn 9p spmionzl rfamtwg an patisglaprfe

sul fonyl group, ppiRke 1ﬁ@h¥v1h% hﬁreﬁétm%ﬁﬁbﬁ\ﬁsgro@ prdTerabB thidtydp de%hlﬁés( SO3M (
-Ar(SGBM)Y 1 Arétﬁﬁ E/Brél in which Ar 1s phenyl or ‘naphth

radical, in parti G radical, M, M2 and M3, |ndependently of
one anot her, are an al kall rret aI ion, an optionally organo-substituted
amoni umion, an al kalin @8%? metal ion or a zinc ion 10 and are present
in the stoichionetricall eguirred amount, and x, y and z are identical or
different and |ndependentFJ ié e anot her are 0 or 1, or of the fornul ae
(Ita) or (1lb), (SOM:)pr ? M (SOM (SOM), (8ObM). (saBM f 15
in which M to M6 or ML tA(?( respectively, independently of one another
are an algkali netal ion, an bp€=| onal I y organo-substituted anmonium ion, an
al kaline earth rreitn%lvhia?n or a zinc ion and are present in the

Ar is a phenyl or naphthyl radical, in particular a phenyl radical, M1, M2
and M3, independently of one another, are an alkali metal ion, an optionally
organo-substituted ammonium ion, an alkaline earth metal ion or a zinc ion
10 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,
or of the formulae (IIa) or (IIb),
(80,M%,

(SO,M"),
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15 in which M1 to M6 or M1 to MBS, respectively, 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-f and a-h, respectively,
independently of one another are 0 or 1, in particular a phosphine of the

20 formula (IIa) which has 3 to 6 sulfonyl groups, or of the formula (IIb)
which has 4 to 8 sulfonyl groups.

6. A process as claimed in claim 5, wherein a phosphine is used which is
chosen from the group consisting of the phosphines known under the names
25 TPPTS, BISBIS and BISNAS.



stoichionetrically required anmounts, and a-f and a-h, respectively,

i ndependently of one another are O or 1, in particular a phosphine of the
20 forrmula (Ila) which has 3 to 6 sulfonyl groups, or of the formJIa (I'r'b)
which has 4 to 8 sul fonyl groups. %rocess as cl aIdTEZd RE
wherein a phosphine is used which |s osen fromthe group cc{n5| stl ng of

t he phosphi nes known under the nanes 25 TPPTS, BISBIS and Bl SNAS. - 21 -
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preferably 10 to 100, and the catalyst is used in an 10 anmount of from 100

to 10 000 nog, erfp%c'é@sléé ézgﬂleﬁ(i’n &X%’&QQ&HE'I toqgwhbﬁﬁflﬂegﬁ%hn&fh gl ion.
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t he ous phase conp a o]
1500 parbor et arsmaftt ofoton Fity e b U8 SRRl SPA WO &l ot ne
relative armunt olactort/alol bOmstal @, used is 2 10"6 to 5 10-2 nol of rret al
ions/nmol of |actone, and the aqueous phase conprises 1 to 25% by wei ght,

preferably 2.5 to 15% by wei ght, of phosphine Iigand. 11. A process as
claimed in ahy of AcPiress a5 eleimesl imvaay edfnclaimes gr b 8s svhesein 26 pbasphied out at

tenperat ures of fé&f@s&s}ldhfg ?&Qﬁé oP R %rﬁmaé S}% (tnfa J&Qﬁb '1§‘u9&f h&&ﬁlear 70 to

130C and _at hydro en f.ro erably to 30
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optionally 1500 ppm of metal ion.

10. A process as claimed in claim 9, wherein the relative amount of metal ions
20 used is 2 - 10 to 5 - 10 mol of metal ions/mol of lactone, and the aqueous
phase comprises 1 to 25% by weight, preferably 2.5 to 15% by weight, of

phosphine ligand.

11. A process as claimed in any of claims 1 to 10, wherein the process is
25 carried out at temperatures of from 50 to 200°C, preferably 50 to 150°C, in
particular 70 to 130°C and at hydrogen pressures of from 1 to 150 bar,

preferably 1 to 30 bar.

12. A process as claimed in any of claims 1 to 11, wherein the lactone is

30 chosen from the group consisting of y- and 8-lactones which optionally

have functional groups and/or a double bond in the ring, preferably have, as

functional groups, one or more functions which independently of one

another are chosen from the group consisting of olefinic double bonds,

acetylenic triple bonds, carboxyl functions, carbonyl functions, hydroxyl

35 functions, epoxide functions, nitrile groups, amino groups and nitro groups,
in particular olefinic double bonds.
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material, or is dyydrigedation ame sarppdott inehepiogbssstepsen from t he group

consi sting of activated car bon A1203, Si @2, ZrQ and MO, preferably
activated carbon or A1203 20. A _process as cI aimed in any of clainms 15 to
19, whed8i n the rdfracesrasidaingd ie glaim dd, whereithe blifrogenatiorés esriéd owh 0 t o

300C, preferably fBH@WlngOcl&R/ag@ P Ghe o AR 14bRE0A '?hd réRURROpRAGet

referably from5.to
P Y from the cataliyst solution used therein in a manner known perse in a

homogeneously or heterogeneously catalyzed reaction method.

20 18. A process as claimed in claim 17, wherein the hydrogenation is carried out
heterogenously over catalysts chosen from the group consisting in nickel,
palladium and platinum and mixtures of these metals.

19. A process as claimed in claim 17, wherein the catalyst is used without
25 support material, or is applied to a support material chosen from the group
consisting of activated carbon, Al,03, SiO;, ZrO, and MgO, preferably

activated carbon or Al;Os.

20. A process as claimed in any of claims 15 to 19, wherein the reaction is
30 carried out at temperatures of from 0 to 300°C, preferably from 40 to
220°C, and pressures from 1 to 300 bar, preferably from 5 to 15 bar.



