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PROCESS T{WoRUSBEBARE A PENTENO C ACID DERIVATIVE 5 . PCT/NLOZ/bsv44
invention relates to a process for the - preparation of an al kyl
~pentenoate respectively an aryl pent enoate by contacting an

al koxy- but ene respectively an arylLoxy-butene with carbon nonoxide in

t he presence 10 of a catalyst system conprising palladium a phosphorus

| i gand and an acid pronotor. Such a process is described for
the ~ preparat im@sﬁww@p@t@mwm@rmm\MﬁVATIvﬁGZ%OO ‘Thi's
-patent application describes the 15 carbonylation reaction of a m xture of
3-net hoxy-1- ~ butene and 1-nethoxy-2-butene in a nolar ratio of 1.1 .
wi th carbon nonoxi de iThé hinpemstomerelatesatal gsprocessysbentnaenpri sing a

pal | adi um ¢ hosp ap.agl not or e yield
reported to%%%%ﬁ)p‘g%t%\oﬁkey}méé%%}qaﬁg Iﬁ%ﬁ€§9e3 i &Y aryE
cat al yst sysenherwaistbncoitaetciicran, alkoxylrb’htaenéphespécbmpglydl ne and

par a-tol uen %t&%—buteﬁ&"?ltlhecarb% noxf&g' §ﬁ‘d¥ﬁgtﬁggs8£ ghis

process is t rate o car atIOI’l reaction"1s re atlvely
low. - 10Furthet ettt y$3é$’é|erflw@mrb%mﬁnBelba@wpoundpheenborus to be

i mproved i n 10k G thdBdee ddiS §§@ﬁ@§§rnnre - attractive for comrercia
use on a |l arge scale. of this invention is to

provide a 30 process ﬁ%ﬁht%épfﬁ%%%ﬁa}?o&e%?rébﬁ@nf%ﬁoﬁPé conpound .
starting fr@r@dmm&ut@ﬂamrankquanbemme estehi ¢h wo-athe rate of the

reaction an JVIt to_the ente oate np nd are i nproved.
Thi s ObjethLég€§§ﬁiE %% R AP hbFATISE ?3??5 gﬂﬁlkoxy 1- but ene to
1- alkoxy52lnﬁnbunylatlwmspeacty@myofhe mnkaureabfo3ehe3haxykmxy 1- but ene

to 1-ary éﬂ'.’%h@ Mq'%eﬁﬁoﬁ*gf'%uéﬁﬁg a_ molar ra tio %) ?ﬁ found

t hat. 't he -rat t he reacti on rocess accor I'ng € invention
i's S,gn|fuxyﬁq§,carbon monoxide in the presence of a catalyst

system comprising a pallad;um compound, a phosphine
ligand and an acid promotor. The yield reported to

20 methyl pentenoate was 63% after 5 hours, using a
| catalyst system consisting of Ppdci,, | _
dlphenylphosphlnopyrldlne and para-toluene sulphonlc
acid.
A dlsadvantage of this process is that the
25 rate of the carbonylation reaction is relatively low.
Furthermore the yield to the pentencate compound needs
‘to be improved in order to make this process more
attractive for commercial use on a large scale.
_The object of this invention is to prov1de a
30 process for the preparation of a rentenoate compound
starting from alkoxy butene or aryloxy butene, in which
the rate of the reactlon and the selectivity to the
pentenoate compound are 1mproved
This object is achieved in that the molar
35 ratio of 3-alkoxy-1-butene to l-alkoxy-2-butene,
respectively the molar ratio of 3-aryloxy-1-butene to
l-aryloxy-2-butene, is higher than 4. :
It was found that the rate of the reaction of
the process according to the invention is significantly
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- 2- w%her t han the rate of the reaction disclosed_in A - :
9629300. WAMBB#Sl nore the selectivity to the 3- pent enSABLEIMPBund i s
significantly inproved. Another ad¥antage is that the process can be
performed at a 5 |ower tenperature, because of the higher rate of
reaction. Hi gh tenperatures result in degradation of t he phosphi ne
| i gand. - Consequently the rate of. ~consunption of the phosphine Iigand
. per- kg of pent.enoi aci d deriyative is | pwer,wh sing the process 10
accor di ng ﬁ'bl %ttr B Zats o%%at et iR afffosca "fh W g\ further
advant age |%29m01mwhmmd:he semimtqartdne;mmeved I n a. process
in which n u re_present.
Furt her mor SRR Lothond e YR efoatly D ENERS diloBRE BUCS Tl
make use- ofad\rﬂ;ﬂag@n:gs athals tdsecnmmdcan be¢ rpaXEormBsR98002 Good results
can be gchigygd- atudea Jhechach pgpcess can be
Ir#E%égbi) u EE&%?*EE 108t 1L€e PSP

per.f or med , sence ens and/ or~ strong_aci ds can be
regar ded arep¢eion. High e;gpures result s degradpkiengelis that t he

sel ecti Vit YeHd phosphBne- pﬁgﬁmm@oﬁ@éﬁx&%%a&hwra@@r@f is lTower than
when the state of t he aré €$%o§$ .S, US X

exa
advant ageo(RORFHEFP+RP }gané P%Eéﬁga%fé?%???ﬂngﬁonpound
in the hydraaf:m rfyéﬁvmié is e}amhe:omthuémgryﬂ:ualpr@éesstartl ng from

m xt ur oner e & h noate ester
resultiPnlﬁﬁﬁgﬁ$ QE§Wﬁg% §éf%éwei'€%9%$§?% ﬁ??atlon and
| oweri ng the anount oA Qurtherpemwmmbage tstehat coiése improveder -
by- pr oduct #gg f.or ns . T oL..exanmple '
il lustrate %@égaéﬁoﬁ% €Cﬁb§vgadgﬂ d ﬁy&?%ég }% @h§Chdnér§Foxy group nay
be a { err]om@erg |slighty) xpeyntref dhalegen- @@P‘P‘]m@Fy@E%yPgﬁéﬁpt
resIoect Lve|ﬁ1rtm&%re tﬁéoyﬁé%@ay Qﬁcé%@ﬁlgtt'éeﬁlheTbﬁvéhﬁi?oMb&BSBeS and 35
ary ox%suteggg ﬁﬁ%% Ebpégﬁgnﬁge o¥ éhg sgrogéngglds as dlscfosed

in WO-A-9629300. Good results can be achieved using

weak acids. The fact that the process can be performed

in the absence of'haiogens and/or strong acids can be
regarded as a major a&vantage. ' '
20 Another advantage is that the selectivity to
| the 2-pentenoic acid derivative isomer is lower than
when the state of the art process is used. This is, for :
example, advantageouS'when the mixture of isomers is
used as. startlng compound in the hydroformylatlon
- 25 reactlon to 5-formylvalerate startlng from mixture of
- isomers of pentenoate esters. The 2- pentenoate ester
result in undesirable side reactlons in the
hydroformylation and lowering the amount of 2-
pentenoate ester resuits in a lower by- product }
30 formation in the hydroformylatlon This is for example
111ustrated in WO-A-9506027.
The alkoxy and aryloxy group may be a C,-C,,
| alkoxy and a C,-C,, aryloxy group respectively. These
‘groups may be substituted. The alkoxybutenes and’
35 aryloxybutenes can be presehted'by the following
formula’s:
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_-.3- 7 WO 98/38151 ' [err] o (butene 1- derg %M%“gl)

5 [err] (but ene-2-derivative)

in which Ris preferably an a|lphatIC 3cycl o- - aliphatic or aromatic
group. Exanpl es of possible RO ~groups having an aromatic group Rerr]
are phenyl, cresyl, xyl enyl or- naphthyl Most preferred is phenyl. 15
Preferably al kyl pentenoates are prepared by the process according to
the innvention, wherein Ris an . alkyl group having 1-20 carbon at oirs.
Exanpl es’ of possi b===al kyl groups -are nmethyl, ethyl, isopropyl, n-
~propyl, n-butyl, octyl, 2-§thylhexyl 2- pr (pyt énept yide2Dvat soehorfy), decyl
or benzyl. Mst preferably thyl or - ethyl are used because the '
“resulting nethyl or ethyl pent enoate can be easily handl ed, because of
their | ow boi I i ng point. Furthernore these conpounds can be _
advantageously used as precursors. i n ot her processes, 25 e.g. to prepare

[err]-caprolactam or adipic ac s . described in for exanple :
WO A- 9519331 or EP- A- 662467. It was found to be essential to

performthe pro of Eﬁ@ presentllnyg@géﬁ@ gtdéfgvgtgvg¢d(ggtlo
of butene-1-derivatfve relative to butene-2-derivati ve. In thi's manner

hi gher reaction ratles are achi eved. . -Preferably the anDunt of

but ene- 1-derivative rel ative to the total ampunt of butene derivatives
in the starting conposition is higher than 80% and nore

prefer&BIy hi gher than 95% Lower consunpti-on of 35 catal yst systen1per kg
product is observed whenwhich Bedifopmefgrabdypanceddphatdedi mydle-+t he

i nvention aliphatic or.arqmatlc group. Examples of possible RO-
- groups having an arbmatic.group R? are_phenyl,'creSYI,
xylenyl or naphthyl. Most preferred is phenyl. |
15 Preferably alkyl pentenoates are prepared by the
- process according to the invention, wherein R_is an
alk?l group having 1-20 carbon atoms. Examples of
possibie:alkyl groups are methyl, ethyl, isopropyl;'n-
- propyl, n-butyl, octyl, 2-ethylhexyl, 2-propylheptyl,-:
.20 iso-nonyl, decyl or beniyl;'Most preferably methyl or
' ethyl are used because the resulting methyl or ethyl
pentenoate can be.eéSily.handled, because of their low-
boiling point. Furthermore these compounds can be

advantageously used as'precursors_in_other-proceSSes,
25 e.g. to preparé:e-caprolactam or adipic acid as |
' described in for example WO-A-9519331 or EP-A-662467.
It was found to be essential to perform the
process of the present invention at the claimed'ratio
of butene-1-derivative relative to butene-2-derivative.
30 In this manner higher reaction rates are achieved.
Preferably the amount of butene-1- derivative relative
to the total amount of butene derivatives in the -
startlng composition is hlgher than 80% and more
prefexrably higher than 95%. Lower consumption of
35 catalyst system per. kg product is observed when
performlng the process accordlng to the invention
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- 4 - - wthin these ranges ' The reaction'is perfqrned,
usi ng a ogbakNsikl system conprising paI | adi um a phospharmsLdsiogedad and

an . acid pronmotor. 5 The-phosphorus |igand can be the |igands
as described in WO A-9629300, whiTh* patent application is her eby

i ncorporated by reference. Preferably the |igand I s a nonodentate or

mul ti dent at e phosphine |igand. The monodent at e phosphine |igand can be
‘described by the 10 follow ng general fornula: [err] 15 -

(3) I%! ﬁr ] and R.err] each i ndi vi dual |y represent an

optional | ng’ %ti%t %%%gorga cggroup This organic - group can be a
Cerr]-Cerr] alkyl gThe reactdoa r:qs qemﬁqm@ma}mgua arat2lyst cyclic

~group with 4 r t Mg , t%za oup al so

cont ai ns oneycg)r%eqrfjI c'%%)I‘?‘,L's;\ierﬂt‘gerp&at ons ?m%or' xa hgrrﬁfgt rlo ncd’%r{( agl(Ejroups

I ncl ude, anﬂ%domﬂ@t%t hyl , ethyl, isopropyl, tert- butyl

cyclopengyl, cycl ohexyfneoh rfdgﬂm%s\”llg@fﬂ”@ai{ 3be25tl'fé’°1hﬁca il pyrl dy| and.

cont ai ni ng het er qat oI, i ncI ude her s

4, 6- di met hy Beseijheq, in WO-Ag 29&°&p IH?&% RAte 0t RRBAAAAt OTh it hy | |
phenyl bhlé&%bbyi ,:.zmvmmﬁatd&s:yt )ﬁefetxtﬂr%dhe ﬁmi@ﬁéndg?olﬁ hfhé)rlgﬁs’yarﬁ .
group can bg su stit n at ol exanpl e
a, Br or l%"’g:r’arr]e (9[ ﬁﬂéﬁaﬂ\@ate P %‘iﬁ E’rd ' :
Clerr]-Cer mpnaaldeamtﬁtecahmghlnmrmamﬂqqamd;d descr:rthed\éd}ogﬂmret hyl, - _
cyano, - dj al keyly ‘i@w’l?rg %ﬂmyl&]mla or al kanoyl oxy groups. Substituent s

can be groups W|th

15 R* — P — R . S (3

wherein R}, R? and R’ each individually represent an
optionally substituted organic group. This organic
group.can'be a C,-C;, alkyl group, a GC¢-C,y aryl group or
20 a cyclic group with 4-12 carbon atoms in which the ring
‘of the cyelic_group also cbntains one or more
- hetexroatoms, for exampie nitrogen. Alkyl groups
_inciude, among others,.methyl,_ethyl,-isopropyl, tert-
‘butyl,'_ cyclopentyl, cyclohexyl or cyclooctyl. Exemplary
25 cyclic groups containing heteroatoms include, among
. others, 6-methyl-2-pyridyl and 4,6-dimethyl-2-pyridyl.
Aryl groups include, for example, naphthyl,; phenyl,
benzyl, cumenyl, mesityl, tolYl-and Xylyl. The organic
.. group can be substituted, for example, with halogen
30 atoms, for example Cl, Br or F} or with C,-C;, alkyl,
Ce-C,, aryl, C,-C, alkoxy, carboxy, carbalkoxy, acyl,
:trihalogenmethyl,:cyano,'dialkylamino, sulphonylalkyl
or'alkanoyloxy groups. Substituents can be groups with
electron withdrawing or electron donating propertles
- 35 Monodentate phosphlne ligands include, for
instance, tri-p-tolylphosphine, tri-p-methoxyphenyl-



el ectron withdrawi ng or el ectron Honatiﬁg.properties. 35

Monodent g iﬁgﬂ hine ligands include, for - instance, /NL98/00044
“tri-p- tolff §"I(")nne tri-p-methoxyphenyl - . WO 98/38ﬁ§

PCT/ NL98/ 00044 phosphi ne, diphenyl pentyl phosphi ne or

“di et hyl pheny] - phosphine. Preferably triphenyl phosphine is used
because this conmpound is readily avail abl e. _ Preferaly

mul ti dentat e phosphine ligands are 5 used, represented by the follow ng
gener al for | a

general o gubahdhe, WS bbbny b ngy iphospiine, 4% ARSI IR o
organic br|pgosphgneuppmeihrabﬂy't&l@hamyiphnsphxnujﬂﬂensﬁd and Rlerr]
each i ndi vi r ptii_O tuted organi ¢ group. By
pr ef er ence, ﬂﬁgghgf %B %E%%%&nﬁ'354%%%8ﬁ%¥n%j%§§%$3 for Rlerr] and Rlerr]
can be the ~ sane a?raégaﬁawemu&&mﬂsnﬁatqqphqqphuqaamqgandsrngr]

Furt her npore rr f nt C(4y oup, for-
rgpr uggg ]re resaited %g’r]éﬂier Pfdcl(ldﬁﬂiée #kemﬂq dfrdgjngﬁrHAn g(enpl ary

exanpl e |ary group or derr]

al kenyl group is butenyl. Exanples of diaryl groups 25 include di phenyl

and di-napht hyl gToqgﬁ‘ The substituents for the organic groups in

formula (4) can t he sane as descri bed above for the nonodentate

phosph%gg'ligan Preferably the nultidentat% Rhosphlne

| i gand o 'b?eentate phosphi ne |igand (‘n=2) .according t& fornul a
15

wherein n is 2-6, W is a_multivalent (valency equals n)
organic bridging group with 2 to 40 carbon atoms and R*
and R® each individﬁally represent an optionally
substituted organic group. By preference, n is 2 in -

20 formula (4). Organic groups for R' and R® can be the
‘same as described above for R!, R? and R}. Furthermore R?
and R* can form one divalent organic group, for example
a diaryl group or a C,-C;, alkenyl group. An exemplary
'alkenyl group is butenyl. Examples of diaryl groups

25 ° include dlphenyl and dlnaphthyl groups. The o

| substltuents for the organic groups in formula (4) can
be the same as described above for the monodentate
phosphine ligands.

Preferably the multidentate phosphlne llgand

30 is a bidentate phosphlne ligand (n=2) according to
formula (5).

R* RS
- \ -/ . | _
35 ' P - W - P S (5)
co / - -\ , =
R® R’

40 in which R® and R’ can be the same as described above
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' (5) 40 in which
Rl err] and err] can- be the sane as descrrbed above - WD 98/ 38151
PCT/ NLOgV8J82% - 6- RETAGB0945 g
Rerr]. MﬁemMyomcnnmeofmn@sNeH] Naﬂ . Rerr] and/or
Rlerr] are aliphatic groups. Exanples of possrble aliphatic and aryl
groups. are descri bed above fOr'R[err], ' Rerr], Rerr], Rerr] and

Rlerr]. 5
Clerr] alk

di phenyl .
connecting

A cl ass- of
shortest ¢

group whic
atomor co

nb t f th t I f 25 bident h hi
| i gands hagvhg%ghgp% v nggeiﬁxfcﬂnén Eﬁvnae%% gry groubsegu% eagroep I ne

10

Di val ent” organi ¢ bridging groups include CIerr]-

l'id | t hyl t thyl e
t et ranet hy Q%egpg%ﬁégﬁt r?ﬁ%’?&%?w) T oF e”f ?fcﬁq}’tﬁﬁ“ R hQe( Rond
d err] - erf]amtd fat et amwlagr:@mm@rcazps

Exafinpl eax i lpoy s dliviapt hyl

or

a15bReRLc) bl akva. BPRe e ReRRtiBR apoe, B e T One

non-t er mi n®F, hRt,e®3 andnRimy be present for. exanpl e oxygen or sul phur.

G el Bt copsiab iy G St (e

" formul a (6Fw dl&wlidene groups.n f«M?-TcQ?‘%(“H%e a?tlvl%?e S- atomand Yis a

hain 15 _connecti ng t two pho

Brimet®9lledie!)S tQEGMBL AN peitlalh 1 etid ig30m QIngt car bon

for example, dinapthyl or diphenyl. Preferably the

number of carbon atoms. in the shortest chaln connecting

the phosphorus atoms is three or four. In this chain

‘one non-terminal hetero atom may be present, for

15

example oxygen or sulphur. A class of divalent brldglng
group W hav1ng 4 carbon atoms in the shortest chain

connecting the two phosphorus atoms is illustrated by

~ formula (6)

20

25

30

35

contains oxygen, sulphur, nitrogen, silicon or a carbon

atom ox eombinations'of these'atoms. Examples of

bidentate phosphine ligands having a bridge-as

described by formula (6) are described in WO-A-9530680

which document is incorperated herein by reference.
The bidentate phosphine ligands include,

among others, 1,3-bis (diphenylphosphino) propane, 1,4-

bis (diphenylphosphino)butane, 2,3-dimethyl-1,4-
bis(diphenylphosphino)butane, 1,4-bis(n-
butylphenylphosphino)butane, 1,4- bls(dlcyclohexyl-
phosphino)butane, 1,4-
bls(cyclohexylphenylphosphlno)hutane, 1, 3—bls(d1 p-
tolylphosphino)propane, 1,4-bis{di-p-

- methoxyphenylphosphino)butane, 2,3-

in which X is a -0- or -S- atem_and Y is a greup.which-'



describéd by formula (6) are deséfibed'in WO A- 9530680 whi ch docunent

IS Incor, herein by reference.” - The byj hosphi ne
| i gands v?ﬁé?)ﬂéég anong ot hers, 1,.3-bi s(diphenyl phosp% no iﬁ%‘g’aﬁe 1, 4-

30 bls(dlphenylphosphino)butane, 2,-3-di+4ret hyl -1, 4-

bi s(di phenyl phosphi no) but ane, 1, 4-bi s(n- butylphenylphosphlno)butane
1, 4-bi s(di cycl ohexyl - phosphi no) but ane, ‘1, 4-

bi s(cycl ohexyl phenyl phosphi no) but ane, 1, 3-bis(di-p- 35

t ol yl phosphi no) propane, 1, 4-bis(di- g nethoxyphenylphosphlno)butane
2,3- bysxggpggmglphosphlno) -2-butene, 1,3- bls(dlphenyl-PCT/NL98/00044

-T7- hagéﬁs!hemeaybﬁegi»egaﬂe) 3= {%Eﬁ%’—zl (?he}Einrﬁ.ﬁ':.B?x%Ml-

phosphi no)* opr opane g

phosphi no)P11°§P:BF-§P rﬂménwspmagﬁﬁw ypheﬁgﬁémipzrwane. 2,2'-

bi s(di phenuiefoeipheﬂyighabpmho) Blﬁhansvﬁqll phenylis (3iphaesahi no) napht hal ene,

1, 2-bi s(di ph
L L e ORI epe 4 bR X A ohgnyy ppsphiso)
- 3-0-isopropytidrarane3- dlhydimnyh?144 5- blbuﬁﬁ@hah phﬁh@&ﬂhkno)-butane

| hi | )cycl ob :
e By o BB, ALy 107 4
_dly!)bls(nhib&ﬂeph?hyhphpdpphanyth&sphld@FOPﬂnaMsans -1,2-
Lfgigyngkg%%héé?ﬁt Fh%l?hgh¥?)bbﬁ@@ﬁhﬁ%@ﬂ@ﬁh&l)cyolobutane,
bi s( dilhen rpass;mbhéyﬁ%pﬂy| ?e}&rbseﬁtaﬁ@ -@BANCB), 15

bi o(phenyl oY iﬁ?%%ﬁ?’éﬁé‘ﬁ"&%w““mtmb*“*s‘z"i’hﬁsf’hmeég EXERS~ 1 bi napthy
Cornam - H Y EyeRe 3 S 2 e arnag  ardd via B BIme R e R I i

cycl opent agigmiliphengtighnabhdnedr, ottranis-a. ,-ansi tion 20 netal . The
Lt oo B heRy Bt S o W M ooy Mo 15 e
to as 1% traserd¢anplisddippenyl-phosphinemeihydnttatamspi3odphi ne | i gands -
wth a ferﬁ?g?ﬂﬁkn§§) Q&EQnggagEogijacbude for instance, 1,1'-
bls(dlphenylphosphlno) -1,1’-binapthyl (BINAP) .
Group W may also be a divalent bis(n-
‘cyclopentadienyl) coordination group of a tramsition
20 metal. The transition metal_can'be,Selected,from among
Fe, Zr, Co, Ni, Ti, Ru and W. Preferably Fe is used; in
which case the bridging groups is referred to as a
ferrocenyl group
. Bidentate phosphlne 1lgands with a ferrocenyl '
25 bridging group include, for instance, 1,1'-
bls(dlphenyl-phosphlno)ferrocene, i, 1'-bls(d11sobuty1-
phosphino) ferrocene, 1,1'-bls(dllsopropylphosphlno)-
' ferrocene, 1,1’ -bis(dicyclohexylphosphino) -ferrocene,
'1,1'-bis(isopropyl-cycloheXylphosphino)-ferrocene,
30 1,1’-bis(di-t-butylphosphino)ferrocene, 1,1’-
bis (isopropylphenylphosphino) -ferrocene.
The molar ratio of phosphlne ligand to
palladlum depends on the specific phosphine ligand used
_ 1n the process according to the 1nventlon This ratio
35  will preferably be between 1:1 and 100:1. For
multidentate phosphine ligands thlS ratio is preferably



bis(diphenyliphdsphino)ferrocene, 1,1':bis(dfisobUtyI-. ' phosbhino)
ferrocene, 1,1'-bis(diisopropylphosphino)- . ferrocene, .
1, 1' - bi s M0 #R%Hnexyl phosphi no) - f er r ocene, | | PCT/NL98/00044
1, 1' - bi s(i sopropyl - cycl ohexyl phosphi no)s ferrocene, 30 '

1,1 -bis(di-t-butyl phosphino)ferrocene, 1,1 - .

bi s(i sopropyl phenyl phosphi no) -f errocene. : The nolar ratio of
phosphine ligand to pal | adi um depends on the specific phosphine |igand"
used in the process according to the invention. This ratio 35 wll

preferably betweeredn 1l andadd ﬂOOWhenF@ﬁlng m@@bﬂﬁ@&n&&t@hﬁﬂmhmmauaIlgandS'

this ratio hg 'hﬁfse'i:?ﬁlsyr tlo l\éop%& t t : When
PCT/ NLOS/ 00043@' S P eand 10Y19r\7\v?er?r than BidsqdBen o

phosphi ne Ehisj Fatde & §°r°at1?16?1§' é:h;?r Srdrdptjicgedfest t°|$ar¢h? 1. Wen
this ratlo catbey st @ysthan G adaatmeer Qirice By -prodiets sueh %szs;tmsmstem i's

wei gt o odyERe ?a‘i's%‘“s S e 9@%#&9@ O RIORSS AR o phosph ne

“ligands canfbe:rrsl mdtuﬁmﬂlmjdennae:eerandimum@eumte hoapbdme at i Ion |
Al inert saql, [ I an addi ti onal sol vent,
Ut o LR b, A e

al though it 0 useé the reactants

or (by-) cagb@@@dﬁ&nqm-such an anount.that a SU|tabIe I|qU|d phase  is
- formed. Exanples of (l%\)il) IP; ('sto'i.lv%rrﬁ:sqa‘?:rer]lne ﬂ(} hi gh

boi i ng by-products. es of Inert 15 solvefts ar SU|6hOXI es.and.

sul phonkd §.§C|q\na§d'dg.,tlonal1 FRlyent . ALkhovgh d& dsorlee, rassideopy!

sul phone; 'to @R r‘eaﬁfésseraﬁ,orﬁmﬁ &azebm%,ntté)ldier(% Ayl ene;

esters, such a t hyl ace ate net h alerate p ntenoate esters: and
but yr ol act oR&EP ”%C?n récéﬁ’@ﬁe 13 Dh&Sshe;

et hers suchias formeam m&amplters mnme-) qm@aﬁmﬂs eiz*eerc,aedtérssaﬁaowl
et her; and @t)ﬁt r?ﬁ kd;tﬁsl%gs%}y%r}toduﬂsef bl>_1I rsoc?gs nyI ether is

used as additional ordlng 'to the
inventith i sod¥enits fa;amcsulmém:eaiﬁts and:aaullmlq@msf,orsm wist ot the

1nstance, dimethyl sulphoxide, d11sopropy1 sulphone,
aromatic solvents, such as benzene, toluene, xylene;
esters, such as methyl acetate, methyl valerate,
pentenoate esters and'butyrolactone; ketones, such as:
20 acetone or methylisobutyl ketone; ethers such as
 anisole, trioxanone, diphenYl_ether and diisopropyl
ether; and mixtures of these solvents. Preferably,
-'dlphenyl ether is used as additional solvent.
In the process . accordlng to the 1nventlon it
25 1is found the reactlon can be performed. without the
addition of any alcohol corresponding with the ester
group of the alkyl or aryl pentenoate. If no addltlonal
alcohol is supplied to the process the reaction will
generally be performed'in the presence of less than
30 0.01 mol alcohol per mol of butene-l—dérivative.
The palladium can be added to the'reaction
mixture as a heterogenebus palladium compound or as - a
homogeneous palladium compbuhd; However, homogeneous
- systems are preferred. Since palladium forms a complex
35 in situ with the phosphine ligand, the choice of the
initial Pd compound is in general not critical.



addi tion of any al cohol corresponding:with t he ester. group of the alkyl

or aryl pentenoate. If no additional . . alcohol is suppl 4Process
t he reaclOMAR generally be perfornmed in the presencenhg‘@ggs t han
30 0.01 nol al cohol per nmol of butenegl-derivative. The .
pal | adi um can be added to the reaction m-xture as a heterogeneous

pal | adi um conpound or as a honngeneous pal | adi um conpound. However, .
honbgeneous ~ systens are preferred. Since palladiumfornms a conplex 35
in situ with the phosphine ligand, the choice of the initial Pd
conpound i spbiogenesat PRI1aALLnCabmpounds YRc986231%br instance,

PCT/ NL98/ 00044 Honogeneous

pal | adi um RAPLEREEM; ArlE8e0oLs of OFninghagce, nlg&PFaEF&ﬁvsalts of, for

i nstance, r%ﬁiplgoﬁﬁcdacld amkahencarmxguml haaascmlmxyidtc meds W|th not
nor e n 12_car

i h d d
Metal | ic pa‘l" ami 4 EaﬁgaPsﬁgggnggd E%g%ﬁf‘:h? %g'enﬁ ge(ﬁ:éldugrpal I adl um
'&onpouggs |npluMet%?Ihbepalla&dﬁm[ean]also bed ujsedr.] ExeafpdraxiyPdl [err],
err I 'l ad
chiort de) - BeBeaeRecpE| bai7SaiaR EPbBlnds j:iae patis) obgipal | adium
are pal | adi B@T.L0 NepRPdllex ek, Rilgh - aglcréallpe@zqm'é:;@lﬂ acfdnat e
(Pd(acac) [ eﬁi%Xal%ylgggﬁkhiuﬁcﬁhibﬁadﬁgl | Aot QYoYU

o-tolyl l'adium and di-pal | adi umtris-

(di benzyl i dbﬁéaﬁéﬂoﬁe?PdPéF-P-Fééb‘ﬁ‘) FormpPungls arsymaddadium,
het er og.%neoeémﬁﬁékegl em:ﬁo%Opadlaamnpade&qﬂwaeﬁmmwmm)q,m ion

exchanger suc i,on . ex cont b I

61 d g oupsPaln)” actathan el SAIHERARIAS o SR 10 SYALEE oups are.
02gne[p|al:yhasphhablpa&ﬂdénumheahdamdﬂpaiiad&dmaﬂnns} IRC|50 and '
Amberlite t alyst .is. an
innobll|zedF§%§§B%§iggbﬁe§%§%ch ?géwgé?gfys é%ﬁ#%ﬁ&%%ea%alrad|un1forns
a corrpl beterogenkousnpadiladiam Ferpsuined J(%OIﬂoﬂjﬁl wing  the

| i gand gmﬁehﬁhy%h %Iﬁsh%&'? ex@@i’aﬁg@'xs sl Lu:Le For RIS ate,

polyacry am I'i ca | um ng, li"ca- 25 _ al un1na or zeolite support.
1on exchanger contalnlng carboxylic acid groups. Ion

exchangers containing carboxylic acid groups are
commercially available under the brand names Amberlite
IRC 50 and Amberlite IRC 84 (Rohm & Haas). Another
20 heterogeneous catalyst is an immobilized phosphine on
' carrier catalyst, in which the palladium forms a -
-complex_with the immobilized phosphine (phosphine being
the ligand of the catalyst system). Carriers include
polystyrene, polyacrylamlde, 5111ca, alumlna, silica-
25 alumlna or zeollte support. _

The palladium concentration in the reaction
mixture is preferably as high as possible because the
greater will be the rate of reaction per unmit of
reactor velume. The upper limit for a homogeneous

30 catalyst system will normally be determined by the
solubility of palladium in the reaction mixture and
will, for example, depend on the specific palladlum
“compound used as discussed above. This upper limit can
easily be determined by one skilled in the art.

'35 However, the process according to the invention may
also be performed with a homogeneous catalyst system in .



The pal | adi um concentration in the reaétion ' mixture is preferably as

hi gh.as possible because the - greater will be the rate of reaction.per
uni't of. woovasasit or vol une. The upper limt for a honbgenPOnmL8800044t al yst
systemw || normally be determ ned by e_ solubility of palladiumin
"the reaction m xture and will, for exanple, depend on the specific
pal | adi um. conpound used as di scussed above. This upper limt can
easily be deternmned by one skilled in the art. 35 However, the process
according to the invention nmay - . also be perfornmed with a honbgeneous

catal yst sygh@nprésence o¥0s88488palladium compounds.
PCT/ NL98/ 00044 : £ s preferabl 10 - ,the presence of
sol i d pal | adi um conpoGR§s¥eaction is prefepably perfarpedpins Ehgp| y
perforned iprébence ofir asprotonicaapldt hairtngcadpkavbeatweeaka-bet ween 2-6
measured | ts18 C..Prefarrg | are, ;b _carboxylic acids
having 1 tgmggggg?goﬁﬁa g%é¥ ?Eeég 8'_§ggfgggggi§cégﬁd§rﬁay be substituted
wi th hydr oxgarigpyyilicCheids havingkdxpe BOr cexhapl atomshoTheseni ne or

hal ogeni de: , aE9fs€ el 4 I, EXe€ cagboxylic
acids are b%%%%?%9g?§d? ggét?%92%§d§532ké?9ge§cVéFﬁ1gyhgé%¥en Féﬁacid;
nonanoi ¢ acR¥ke®y. béPEnBXBMRERIMetRexXy, améing Pr brdegenbtle a sterically

D ncer e copteughcecx satughdneyporsasons! biapyliny ymmeSyIE )
aci ds, for Bl BTe. PPAAPIGRCIRe 28°ELE; ACkAd YRLeFif| ABRRet hyl)- benzoi ¢
aci d, e GpenténEieratid, nehkgybieuheidtahddbbeaneie aeid. frae exanple .
substi t ut ed BbEySPCEESEETEPLY 2 afefitharE. Mg herARE N iR benzol ¢ aci 4
and ot her sabédihavédgheazpks 06 lessdthahod .ExaBpempRabydif | uorobenzoic =
??:ge?LyEbiﬁ?%F%cgé?gl?gﬂgggsa%EEEbaﬁygicNgé&?ﬁégﬁg{%?L¥%§F§1§f car boxylic
acid to hipderaduhpnioprehEianl yIgreakampipnaR-fduerphenkeies process
accor diysy t@cifeahavenitensideembthyyOM-benzBiachbsal epastdesations, there
|s-no Upperaikgitshgstituted bénzoic'écid;_for example 2,6; ' |
dimethylbenzoic acid, 2,4,6-trimethyl benzoic acid and
hydroxy substituted benzbiq acid, for example meta- and
_ -parahydroxybenzoic-acid and other substituted benzoic
'~ 20 acids, for ekample 2,6—dif1uorobenzoic'acid or 2,4,6-
tribromobenzoic acid. Most preferably 2,4,6-
trimethylbenzoic acid is used.
| The molar ratio of carboxylic acid to
_ palladium is préferably greater than 10:1 in the
25 process according to the invention. Apart from
practical cbnsiderations,'there is no upper limit to
this ratio. Because, as explained above, the palladium
concentration is preferably as high as possible, this
will result in a practical upper limit. Furthe:more'it
'30 has been found that the optimum carboxylic acid to
palladium ratio depends on the specific carboxylic acid
which is used as co-catalyst.'The carboxylic acid may
serve as the solvent of the carbonylation reaction. |
_ The temperature'is preferably between 25°C
35 and 200°C. The pressure is not particularly criticél
' and generally ranges between 1 MPa and 100 MPa,



this ratio. Because, as explained aboVé, t he parladiUni concentration S

prefera - high as possible, this  wll result. upper-
limt. Bbﬁtgﬁétflgi)re it 30 has been found that the opti numa%‘g'{.@g%/@%: acid to-
pal l adiumrati o depends on the specifig¢ carboxylic acid which is used
as co-catalyst. The carboxylic acid may serve as the solvent of the
car bonyl ati on reaction. - The tenperature is preferably

between 25C 35 and 200[err]C. The pressure is not particularly critical
and general |y ranges between 1 MPa and 100 Mra, WO 98/ 38151

PCT/ NL98/ 0998Hough it is preferably greater thahl2 MPa. An uppdiough it is
preferablyagégﬁter t MRa. . An limt is nqt critical. A very

n
hi gh presstf 18 nog §§&Géﬁ?&ge6u§%53b§&§@ BES5GEeSS equi prent wil |
becone verdieadvantageoﬁspbacauselthﬂdppbehssre@udpmemtSwnrmt i's therefore

about 10 car C S N ure
form.or d:\ﬁgomge v?ﬁyaﬁxPﬁgrSp}%asisg’ch as%%;iog%c1 %%ﬁl%%r%eeéd Ei}ogen, rare
gases & chiwdh deokherefpregebonsl 10 MPayore than 5% hydrogen is

undest rabl e, since Lhs 6aBoA nbaliandly Laa0eMA e A ' pure

but ene-deri vati ve un ~carbonyl ation conditions.
Pr ef er abl yE@r@oREi ﬁ-&éﬂ;“}eér Ué-é‘%aiﬂs inexy 9§ Suchepgnplf®Tofe¥ampier system

for a ConthﬂHQHéeﬁr 068%% gases or TRYLRM fa‘ldsﬂraé nqeyyaxeetalrred tank
reactors . (CSTR) . jn 15 g& I.ch the  catal. st S ten1 a i bl e 'sol vent,

Conpound MO*§ Lhanc 3R B OReesE 48 &3 The -
vari ousp’ ratanseahydﬁ:dgegatdom@»fpmxeesmuﬂnet-mrlvauweenindisrr agie be

mai nt ai ned_by. control.lin rate of the various reactants and
Sﬁ%B ? 9 ?b %o%%itf%ﬂ% . | ; ¢ .

catal yst c ‘The pentenoic acid derivative will be
- obtained as a n1xtur@raﬁezably agacdA-ipaipusn ginocesEsd is usksti VAt ve.

‘Usually f'éﬁéﬁgﬂé BR ¢e%etdl! s? %‘H’%&d% contATRRRY drdddis Mtdire
obtained int process I'ng the invention are se arate For
exanpl e, 28erégpheR ﬁ@ﬁ&)?-i"él'@“\ﬁllm sfddned Hank GRACHERE KESTR) i e
15 which the catalyst system, a possible solvent, Compound _
- 1 and carbon monoxide are fed to a first reactor. The
various ratlos ‘according to the process of the
invention can be maintained by controlling the feed
- rate of the various reactants and catalyst components.
20 ~  The pentenoic acid derlvatlve will be
obtalned as a mixture of 2-, 3- and 4- penten01c acid
derivative. Usually first the more volatile compounds
present in the mixture obtained in the procese“
according the'invention.are.Separated. For example}
25 carbon monoxide will usualiy be.separated by a simple
' flash operation. Other compounds which are more
‘volatile than the pentenoic acid derivative will
'comprlse any unconverted butene derivative.
The invention is also dlrected to a process
30 in which the following steps are performed:
- (a) butadiene is reacted with ROH in the presence of a
catalyst to a mixture of butene-1 and butene-2
derivatives according to formula (1) and (2)
respectively: | |



fl ash operation. Qher conpouhds whi.ch are mor e vol atile than the

pentenoic acid derivative will - conprlse any unconverted-butene -

deri vat W@98/38151 : The invention.is al so direct edPC@/I‘aﬂyﬁQ%éss 30
in which the follow ng steps are performed: = (a) butadiene is reacted
“With ROHin the presence of a = ~ Tatalyst to a m xture of butene-1
and butene-2 - derlvatlves accordlng to formula (1) and (2)
respectively: "~ WD 98/38151-

PCT/ NL98/ 00044 : ' - 12 - " [err] 5

(2) 10 (b) -optlonally the but ene-1-derivative is separated
fromthe butene-2-derivative and (c) the butene-1-derivative is reacted
wi't h ‘carbon 15 nmonoxi de _tog the: penten0|c acid derivative in the
presence of the catal yst systém rising pal | adi um ?lphosphlne
| i gand and an acid pronotor ~ in which the nolar ratio o

but ene- 1-derivative to - _b@Rne-2-derivatives is hlgher than 4. 20

_Step (%) according to this enbodlnent of the

-
| (2)

OorR . OR
10 ’ '
(b) optlonally the butene-l-derivative is separated
from the butene- 2- derivative and
(c) the butene-ljderlvatlve is reacted with carbon
.15 - '~ monoxide to the_pentenoic acid derivative in the

presence of the catalyst system comprising

. palladium, a phosphine ligand and an acid promotor
in which the molar ratio of butene-l-derivative to
butene-2-derivatives is hlgher than 4.

20 ' Step (a) accordlng to this embodiment. of the
1nventlon can be performed by gemexadly known _
processes, for example described in US-A- 4343120 UsS-A-
4550300, DE-A-2550902 and EP-A-25240 the complete

 disclosure of which are 1ncorporated hereln by

.25 references. Examples of homogeneous catalyst systems_
comprise bis(1,5- cyclooctadlene)nlckel, 1,2-bis-
(diphenYlphosphine)ethane, n-butyllithium or 1,2-
bis (dialkyl-phosphino) ethane-palladium. Step (a) is

 preferably performed in the presence of an acid
'_30 catalyst, and more preferably a heterogeneous acid )
catalyst. Examples of possible acid catalysts are
sulfuric acid, sulfonic acids, for example methane
sulfonlc acid ox trlfluoromethane sulfonie acid,
trifluoro acetic acid, phosphoric acid, or .

35 heterogeneous acid catalysts, for example strongly

acidic ion-exchange resins, for example sulphonated



i nvention .can be performed by geherally known  processes, for'exanple

describ US-A-4343120 Us- A- 4590300, DE-A-25509 - 25240

t he conSY di scl osure of which are incorporated heret Vﬁg

ref erences. Exanples of honbgeneous -caal-yst systens conpri se

bi s(1, 5-cycl ooct adi ene) ni ckel , 1, 2-bis- (di phenyl phosphi ne) et hane,
n-butyllithiumor 1,2- bi s(di al kyl - phosphi no) et hane- pal | adium Step (a)
is preferably performed in the presence of an acid 30 catalyst, and
nore preferably a heterogeneous acid catal yst. Exanples of possible

~acid cat al poilyshyaene- mmlhamm: m-ra:mkarm dmsing . exanpl e net hane

“sul foni-c aC|d or trlf Qﬁ&ﬁ%ﬁ | etic acid,
phosphoric acid, éd etero%‘en ous acl 35 catéif:L eé:i;ﬂé fe£§<)§a£]m?€e strongly -
acidic i onm&lﬁ@ A&i120 H.ohmbesite s‘ill%ﬁﬁ)na&!&f—‘rllte »® :9@7 38151 -

PCT/ NL98/ 0RQdd1yst 15 H. Amberlyst CSP-2, Dowéla?’ 50-X-4, Dowex
pol ystyrene- d|V|nbee zene i on-exchange, r'esin Specific

exanpl e oMS&rilttab Mt <9t Rfrmu niﬁ\rﬂ}‘érq‘lf tcéhq‘FP’:’L‘?d:T-?o rlite A
252, Anber Naifd oXE (GnberlitdAnizaibetl {dt H Dowadre) Inisd 1l £3P; Zpefipii€xt pO- X- 4

Dowex 5 M5 Duol i -20. Permutit r and Nafi on -
(Anberllteghﬁﬁp é PFoIiTHs é%%?éﬂ ﬁaég)ﬁ)%%é%pro and Nafion are
regi stered Trade l\/ar I&ijep (a) can be perfmmdd)ixdrheeppesémeardfin the
presence og

tl&ﬁgr f%g e Y s are 10
aromati e soner?t squfaogﬁlexarrp erﬁ-genzenep olrgtjfengeoﬂeﬁ% é
di chl ck®benzromatisl swivents c fﬂi}‘cﬁxiﬂmiﬁ dPenzen%oIWneMCh as descri bed

in EP- A- 25248 erfeX 2@l @) Hobenzent (A Sl dasd Ca;%%@ié cp&ﬁfr sol vents

are acyclic or cyclic sul phones, sul phoxi des t ones
(pol y) et heFOLViemt, SFHIh A 1ihed in ER A RIHAR: xam@(%?rp‘l’\@s of - t hese

conpounds  @fisd t@ lﬂtﬁd—bafsm)r@rotudqs@n&r l ébﬁ%:fteaﬁ@ adpelipreferably
cyclic sulphone : used foH‘ﬁxa. éﬁ fol ane or al kyl sulfol anes,

in qle‘%t %ﬁ?&/’l ™ %"%%?bon atons 20 is
pr esenls _ Q(@Iqlg)aﬂr;&mﬁmmmmtﬂime a_h_cbegam:eerolactone .

Examples of these compounds are described in more

detail in EP-A-25240. Most'preferably cyclic sulphones

are used, for example sulfolane er alkyl sulfolanes, in
_ which at least one alkyl group havingll-e carbon atoms

20 1is present. Cyclic sulphones are preferred because

their high boiling points are edvantageons in step (b).
~ The butadlene may be present in a mixture of
butenes and butynes as for example obtained as the C,- -
~ cut in a steam cracker.

25 : + The molar ratio of nucleophilic'compound to
butadiene can be up to 20:1. Preferebly'this ratio is
between 1:1 and 6:1. , _

Step (a) can be performed at mild temperéture
ranges. Prefered temperature ranges are of 40-200°C.

30 ' Step (a) is preferably performed in the

: liquid'phase The pressure is therefore at least hlgh
enough to keep the reactants in the liquid phase. The
pressure may be between 0. 1- -20 MPa and preferably

. between 2-6 MPa. : ,

35 : _ The butene derlvatlves (alkoxy—butenes and

aryloxy -butenes) are as a rule less toxic than



their high boiling points are advantageous in step (b). . The

- but adi ene nmay be present - in a m xture of - but enes and butynes as for
exanpl e ‘Mgﬁﬁgﬂéh as the (err]- cut in a steam crackdiCT/SE)8/00044

The nol ar ratio of nucleophilic conpoUhh t0 but adi ene can be up to
20:1. Preferably this ratio is between 1:1 and 6: 1. Step
(a) can be perfornmed at mld tenperature ranges. Prefered tenperature .
ranges are of 40- 200[ err] C. 30 - Step (a) is preferably perforned -
in the qui d phase. The pressure is therefore at |east high enough
to keep thé“ﬁé%%%%ﬁﬁs T R TOER) | PUEAGLRNS TRRD UDOR essure may be bet ween

0.1-20 MPa gxgkqye&f eFrabdport ghed Webde 266 APRazabBdous - The butene
derivatives (alk X -butenes and, fhglogg but enes are as arule Iess
t oxi ¢ t han Polyme %%Igaactlon refore 1t ca

'PCT/NL98/OQﬂﬂﬁantageous to store or transport fHe- butene  but adi ene.

Further rey buIa I en o) 0 e/transport give rise to a

hazardo ‘bdgaﬁ% g??%#?& a%t?%% é#%%?efore it can be advant ageous

to store or transportStép bntemwndeeopWEOnabtylperﬁanmed byt anfyene.

Step (b) c d rajion nethod,
%&ﬁ aC%pQPé‘tié{n PREERSETE af?i( ¥ & Rle ' %ﬂ?ﬁgcéf 8t

for exanple e c%%st rati o of the
butene-1 cryr&albizakien. ke ernelardeatwatweshenbuhenmkture 10

- obt ai ned 'ruéifﬁatﬂﬁe'§ohtﬁéeﬁutéﬂé 4 &6LivVhKIVES £ANthe m?ﬁtﬁkéeCt|y USEd
cat aj and. preferably any

in step (c), after aratin
: unconvgﬁnuPﬁﬁﬁ%Rﬁ%nﬁg tepP%%ie}%bPﬁgg?Ept%B? fsth er*FBHeb9aﬁak|ng use
- of the. mfdﬁe@trynmse@rinngtepl 0&p, Ohfthe sepapubingt enee 15 -

' t ed lly t d . th :
poparat S0, SEUSLALLYoRN BOLEE Y SIF drABE LN BucagiehdS oy
i ncreasi ng Emeﬁerably step (b) istperfoymednbpempkihgruse af tkecribed
| ﬁgﬁvfln]tlnglfferepceTbﬁ hQYfﬂﬁéQﬁo§H@sl ?etﬁeugbﬂﬁgﬁﬂdgytghﬁezo follomnng'

.18 separated Generally butadlene butene-1-derivatives,
- the butene-2- derlvatlves and the acidic catalyst have
b0111ng p01nts in increasing order.
Step (c) can be performed as descrlbed above.
. The invention shall be elucidated by the
20 following non-limiting examples.

Example T . :
| The following'Steps (a) - (¢} were performed:
~ (a) In a 5 1 autoclave 302 grams of butadiene was
25 ' reacted with 538 g methanol in 2.4 1 toluene
' (solvent) foxr 6 hours in the presence of 140 g .
Amberlist CSP-2 (ionexchanger with acidic groups,
Amberlist is a tradename of Rohm & Haas) at 120°C
. -under a 4 MPa nitrogen atmosphere |
30 '(b) After washlng the toluene fraction obtained in
step (a) with water, 50 grams of 3-methoxy-1-
' butene was recovered from the mixture by a batch
distillation. The 3-methoxy-1 butene was 98 %
pure. : N
35 (c) & 120 ml mechanlcally stlrred Hastelloy -C
- ' autoclave was charged w1th o 056 g (0 25 mmole) of



Example | The folloWing steps (a)-(c) were perforned:

(a) .1In 5 1 autoclave 302 grans of butadi ene was 25 reacted wt
538 g neMRMA8Ih 2.4 1 toluene - ' (sol vent) for 6 BEHAII8(00044), o
presence of 140 ¢ - Anberli st 2 (ionexchanger with acidic
groups, - Anberlist is a tradeh ne of Rohm & Haas) at 120[err]C
under a 4 MPa nitrogen atnosphere. 30 (b) After washing the tol uene
“fraction obtained in step (a) with water, 50 grans of

3- net hoxy- 1- butene was recovered fromthe mxture by a batch
di stillation. YicetiHen % ige. 35 (c) A
120 mM nechani ca rgﬁlrh'{r?ﬁéc?%asté | go V%% %8 Ff 25 mmcile)l ave was charged

with 0.056 g (0.%3 mermlphos:mmw)@a;mem 0.82 g (5 mmole) of

PCT/NL98/00044' 2, trlmethylben201c ac1d o3 g qrtho ' paIIadlum
acetate, 0.533 g 1 25 e) of (dlpheny p osphlno)butane

0.82 g (5 mml e) h1°r°benz%PQ1QPDQ34rﬁﬁrﬁHQQﬁﬁﬁﬁ StAndRT@) 528 or t ho-
di chl or gbenzene @@DgB,omdlnie&féﬁaéolsfe%mamﬁe F¥huttion was Bsate@f tol uene

sol vent. The sol ytion mas heat e om .10s 2 tenp ture of 140[err]C

under an initial to % empe’ﬁ)"r%é%rﬁu"ef O GungGer (??bolrbﬂﬁa The reaction was

initiated by inj peesrure off \®.i000 MFa 430@ fsd) . The reactm:mex)zaﬁf

- -1- K t al

pressure 1o 5 17 WET ke B et aobyra AR B 4aBsh0nt nuousi y

fed to the . mmoledutqﬁ:lhxm&hw-alfmmmuxn@ gasthlem napdn t he

" total pgressure c A ( d - es were .
renove at Interv s forﬁ%égana S|S§E%%éﬁ¥ ‘to §t17 q.%our g8@6of t he

3- met hoxy- 1- but e®BidhardgaPon m°n°X1d%mﬂﬁﬁxﬁﬂ&#k&%P#QiYﬁ#¢@ﬁtg Paat enoat e

(MBP; cis and autocla\ié’ ot SORIFArvdin do S acd invd it £{n 9Bne% The

select|V|ty to ”%}Qy égggéggxgéiétant at 5.17 MPa (750 p51)

Samples were removed at Intervals for GC analysis.

15 Aftexr 1 hour 88% of the 3-methoxy-l-butene charged
was converted to methyl-3-pentenocate (M3P; cis and
‘trans isomers) with a seleétivity of 95.2%. The
selectivity to methyl-z-péntenoate (M2P;
predominantly trans isomer) was 2.9%.

20 - 'The first order rate constant for the formation of
M3P was 2.11 hr“, corteSponding-to-a turnover of

305 moles M3P per mole_of'palladium_per hour.

- Example ITI _

25 5 grams of the 3-methoxy-1- butene as obtained
in step (b) of Example I was injected 1nto a 160 ml
Hasteloy C autoclave contalnlng 0.064 grams of
palladium acetate, 0.62 grams of :
bis(diphenylphosphlno)propane, 0.96 grams of 2,4,6-

30 trimethylbenzoic acid and 53 grams of diphenylether
(solvent). The pressure was adjusted to 5 MPa by adding
carbon monoxide. After stirring the mixture for 1 hour
at 140°C, the conversion of 34methoxy-1 butene was 47%
with a select1v1ty of >98% to methylpentenoate. The

35 selectivity to methyl -2-pentenocate was 1.8%



predoninantly trans isoner) was 2.9% 20 *  The first order rate
constant for the formation of MBP was. 2. 11 hrferr], correspondlng

to a turﬂﬁggéeﬁgl 305 nDIes MBP per nol e of paIIaQHwa‘ 50 hQour .

Exanpl e 5 granms of the 3-methoxy-I-butene as o talned

in step (b) of Exanple | was injectedi¥eo-a 160 m Hastel oy C

aut ocl ave contai ni ng 0.064 grans of pal | adi um acetate, 0.62 grans of
bi s(di phenyl phosphi no) propane, 0 .96 granms of 2,4,6- 30 trinethyl benzoic
acid and 53 grans of di phenyl et her -~ (solvent). The pressure was

~adjusted to 5 MPa bg addin ~carbon nonoxide. After stirring the _
m xture for_QQERQE——l———§¥gSH€¥$¥£+E; the conversion of 3-methoxy- 1-butene
was 47% with a Seé@éplYb)YOﬁfekﬁﬁﬂ&éOInﬁ&@Yi@ﬁ@&ﬁ@@aéﬁceﬂbe_35
;g}?ﬁibg}g%dgget tﬁgl mggﬂégggftgutene was reg%acegmgy a3815 reative
Experi ment Aof methoxybutenésepontalningxaaplE memncxyezehnednexsﬁ@t o
t hat the_3- XY, pl t poxybut enes
contalnlﬁg g§®p ﬁ@%%g gﬁégangﬁggrB%/ﬁgﬁ%egﬁ%x§oﬁv% %ﬂ% EI%fter 1 '
hour the corNZP swas only 31&BPthassehE9t31i$ythe M&Pewasv94y5%oanBP was
94. 5% and thd N EELEELLLY! Ko Aap2Ranas SuOACLLECE RobeW, Enthe

conversion to e selectivit % and t he
sel ectivity GRRYEFBIHRB 5°8M@PlvaSTﬁé%f|FB? selertivity cbAsMARtWRSr t he

;Ornatlon of 9 JVBE% andwaﬁeosaieat&eit t6oMpesSRERdsNggt 0 a turnover
requenc

Cowparaﬁlvetﬁy%e$+ﬁ§an %ﬁig rab€' consgaq% ES&LEﬂ%ﬁE%ES?Egéﬁgﬁflg3?|I was

r epeat ed w&sc&pi?thnﬂ t borTespondingl tbutebarnevere fireqadnky af
' 54 moles M3P per mole of palladium per hour.

Comparatrve Experlment B
15 : The experiment in Example III was repeated
except that the 3-methoxy-1- -butene was replaced by a
eQuivalent molar amount of butadiene and methanol (1/1)
injected from a high pressure pump.'After 1 hour the
conversion to M3P was 55%, the seléctivity to M3P was
20 97% and the selectivity to M2P was 1.2%. After 2 hours
the conversion to M3P was 86.4%}_th€"setectiVity_to M3P
'was 96.4% and the selectivity to M2P was 2.4%.
.The first order rate constant for the formation of M3P
was l'bo hr"*, corresponding to a turnover frequency of
25 144 moles M3P per mole of palladlum pexr hour. '

Examples III-VITII _
A 25 ml glass llned pressure vessel was
_'charged with 2.5 ml of a solutlon contalnlng 4.3 g (50
30 mmol) 3 methoxy-l_butene, 0.034 g (0.15 mmol) of
palladium acetate, 0.75 mmole of bidentate phosphlne
ligand (see Table 1),'0 495 g (3 mmole) 2,4,6,-
trlmethylben201c acid and 0.5 g of o-dichlorobenzene
(internal GC standard) in 50 ml toluene. The pressure
35 vessel was freed from air by purging first with
nitrogen (twice) and then with CO (twice). The vessel



equi val ent nol ar anount of but adi ene and net hanol (1/1) i njected froma

hi gh~__pr'ei§?§r9§%a#/gg After 1 hour the. conversion to W%&ﬁﬁ&%‘ﬂt he

selectiv was 20 97% and the selectivity to M2P Was After 2
hour s the conversion to M3P was 86.4% " the selectivity to M3P was
96. 4% and the selectivity to MP was 2. 4% The first order rate
constant for the formation of MBP . was 1.00 hr[err], corresponding to a.

~turnover frequency of 25 144 noles M3P per nole of palladium per hour.
‘Exanples I11-MIJl, . . 25. s,Liped essure .vessel was
charged wt Has Su?‘ﬁno?r%s%%;fﬁﬁ%ﬁt%o%tr%ls%gg Agéggpfgg éé aﬂ‘ﬁ‘ol)

3- met hoxy- 1-hedtped, £9. D8U°Q Wit Saghbation for gahdudsunTheet ate, 0.75
nmol e of biq@gé h i | 4 . bLe,d) ) g nmol e)
2,4,6, - r |%éﬁ€l eﬁg%?ﬁc acrd ‘g%%qgfaéﬁgaogeo#él?'%h%gogz%ge %% ’
(internal Gaftemdhrilgurs Benheab| weneshuheoff eandrthespressuye was freed
fromairghy PaENOwds"21100E8 to cObire8ePobhtEfpeRBEutBen Tt h CO

(twi ce). The vessel WO 98/ 38151 S _ -

PCT/ NL98/ 00(2¥cess gases were vented and the pxyeducts were,gpailpzgd
pressuri zed kp G¢45ThParéSQ0t Psfor khéndigantsainditatddOheer] C with
agitation for 4 houra. 'Th'F pyessure at 140[err] C was nmaintained at 5.17
MPa (750 psiBresented in TaBleclihe heat was shut off and the pressure 5

vessel was allowed to cool to roomtenperature. The excess gases were -
vented and the products were anal yzed by GC. The results for the Iigands

indicated are ~ presented in Table 1. - WO 98/ 38151
- PCT/ NL98/ 00044 _ o



.18 - o . TABLE 1 - Exanple Ligand

Conversion Sel ectivity e 1,8 bi s(cycl ohexyl - _32.6 ''94.9
(15-2) WeA$BHAbsphi no) - ropane 5 | CT/NLS8/00044 |

1, 5- bi s(di phenyl - 24. 7 92.38 - (14-4) phosphlno)pentane.

Vi 1, 4- bi s(di cycl o- 69. 5 - 95.0 (15-3)

hexyl phosphi no) . butane VI . 2, 3-0-

29.2 ©.95.8 10 (19-5) isopropylidene 2,3- :

di hydroxy-1, 4- |s(d|phe ‘Shosphln _ 0) - but ane
(DIOP) - VI |s(d|phenyl LE 1 52.8 ©99.3 (14-6)

hosphi no) f e recere=—=T—=W-58/88% ;

PCT/ NL98/ 00 Ligand . |conver®ion [selectivity
1,3-bis (cyclohexyl- [32.6 94.9
henylphosphino) -
'Eropane_ '
5 JjIv . 1,5-bis (diphenyl- 24.7 92.3

(14-4) |phosphino)pentane:

I 1,4-bis(dicyclo- - [|69.5 95.0
(15-3) |hexylphosphino) _ ' _
| butane I | | | o “
vz 2,3-0- - Re.2 ~ [|95.8

10~ jl(19-5)  |isopropylidene-2,3-
' dihydroxy-1,4- '

bis(diphenylphosphin '
o) -butane (DIOP)

VIII lbis(diphenyl-
(14-6)

phosphino)ferroceﬁe |




CLAI M5 - 1. Process for thé&prepafation of an aIkyI pent enoat e
respectiyel an aryl pent enoate by contacting an 5
respecti WQ%} 3§151ar y| oxy- but ene conmpound wit h car ggﬁ%?@@"ge in

the presence of a cat al yst syspem conprising palladium a
-phosphor us ligand and an acid- pronDtor wherein the nolar

rati o of 3-al koxy-1l-butene to 1-al koxy-2-butene, 10 . respectively the
nol ar ratio of 3-aryl oxy-1-butene o to 1-ary|oxy-2-butene, i's hi gher
than 4.. 2. Process according to claim1, wherein the |igand

i s a phosphine Iigand according to CLAIMS : [err] 15

in which Rlerr],” Rlerr] and Rlerr] each individually represent ' an
optionally substit ut ed organi ¢ group, ~whi ch. 20 groupis a
Cerr]-deri} al IBHOGRSuECH @%rRHeREJ@FP%r% %ﬁﬂﬂd‘yl penten@gtg cycl ic
group with 4- 12(¥E§§Hbﬁﬂﬁéﬁylih pentenoatéfﬁyrédﬁtéétiﬂg gMclic group

al so cont ai ns one Process accordi ng

et
to claimi1, wher& cPﬁ"e MERRf rﬁPethéé)ﬁyaa?)h%@Hﬁ’ﬁé'kW%ﬁ according to
[err] 30 compourd Wit ddxbord méthexide I erhid pwabéﬁeérbfeach

unseh o aups L e THEREH, A0ete $R2 11 PHERER § SpSbeRBHF 050"

(cyclo)al kyl grougsgand eng -a3) exeid pyomoroupswereim| tihe molar gr oups
wih 412 carbon AW 46 MBI (il to 1- a%xg@-@eg?g gr oup

contai ns one or nore hetero err| and Rl err]
and/ or W err] and:ﬂmqql‘éﬁ:’el’ the m@b@%@%&@lof 3-aryloxy-1-butene

PCT[NL98/00044 to 1-aryloxy-2- butene, is higher than 4.

2. Process according to claim 1, wherein the ligand
is a phosphine ligand according to - ”
R2
s |
R* - P - R
in which R!, R? and R* each individually represent
-‘an optionally substituted organic group, which
20 ‘group is a C,-C,, alkyl group,'a Cs-C,y aryl group
' - or a cyclic group with 4-12 carbon atoms in which -
the ring of-the'cyclic_group also contains one or
more heteroatoms. _
'3. . Process accordlng to clalm 1, whereln ‘the llgand
25 . is a phosphlne ligand accordlng to
R4 . ) RS-_ : ’
\ _ e
. P- W - P

30 R | R’

- in which R‘,_R5, R‘ and R’ each individually
represent an optionally'substituted organic group,
which groups R4-R’ ére optionally-substituted C,-Cy |

- 35 (cyclo)alkyl groups, C,-C,; aryl groups or cyclic

' groups with 4-12 carbon atoms in which the ring of
the cyclic group contalns one or more hetero
atoms, or in which Rﬁ ‘and R® and/or RS and R” are

* [ L M S *




- 20 - one dival ent organic alkenyl group or diaryl group

and in which Wis an organic bridging group having 2 to 40 .carbon
atons. WORBBBISh 5cess accor di ng to claim3, wherein the RCTRs/00

of carbon atoms in the shortest chain ggnnecting - t he phoshorus
atons is four, in which this chain . - may contain one heteroatom .
5. Process accordlng to any one of clains 1-4, wherein the acid

- pronotor is a carboxylic acid 10 having a pKa between 2-6 neasured
in water of 18[err] C 6. Process according to any one of
clainms 1-4, one d\MmILenﬁ bbgaﬁwl @xuegymugr@iﬁptbf ai o1y ghvupne

“has 6-20 carb f cl 1- 4,
“uneroin the. al Kox9lr Sl BAEEE APias,ShataRE. hasasind br8UB, Rayind o0,

atons. . 8. Pnotes$0acambdnngtbmscla|n17 wherein the alkoxy

S group is MeLhOXY EogLigXKecBluif poPLOSERSs! OuALERNeCARNTERRL 2ci d
P. %Buta

derivative I ene; car on noroxi de an
nucl eophBlic conpoﬁndarhgﬂ ahamsngnathenshabtest chain cohpectdag aton1

using a catal yst t S pal| a ohi ne
| i.gand, wherein tEﬁé EHbQBBEhbthggﬁn%S g?ggs g#e§§%F§LEBg§ cﬁﬂﬁi (a)

" butadiene is reactd¥ ®PPEakBHOPR hREepPaSERce of .an acidic
catal yst to & m xpebeetk E@b@&ﬁln to any one oflc2AdmButierg-2 derivatives

?gf?idlng 10 Gherein the acg%) mé ggdngL caz g§§ g%|%31
[err] 10 . ' having a(PKa between 2-6 measured in water of
|  18°C. | ; |

6. Process according to any one of claims 1- 4,

‘wherein the aryloxy group of the_aryloxy_butene
has 6-20 carbon atoms.
15 7. .Process according to any one of claims 1-4,
wherein the alkoxy group of the alkoxy-butene has
'1-20 carbon atoms. o
8. Process according to clalm 7, wherein the alkoxy

group 1is methoxy or ethoxy.
20 9.  Process to prepare pentenoic acid derivative

startlng from hutadiene, carbon monox1de and a
-nucleophlllc compound, ROH, havlng a removable
hydrogen atom using a catalyst system comprlslng
palladium and a phosphlne ligand, wherein the
25 - following steps are performed:
| ~(a) butadlene is reacted with ROH in the presence o
' of an acidic catalyst to a mixture of butene-
1 and butene-2 derlvatlves accordlng to
formula (1) and (2) respectlvely
30 '

_ (1)
“OR

.'35 L ._ s (2)

OR OR

* € L M § =
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- 21 - (b) optlonallythe but ene-1-derivative is

separ at eWOr98@818the but ene-2-derivative and . - (c) PRE/NLISN0044

butene-1-derivative is reacted with - 21 - carbon nonoxi de to the

pentenoic acid 5 ' derivative in the presence of the catal yst

system-conprising pal | adi um a phosphi ne _ |.igand and an acid
~pronotor in which the nolar ratio of butene-1l-derivative to

t he but ene- 2- derlvatlves i s higher than 4. 10 10. Process

according to cl aithlo, optdosial Ly jtheyputene-1-degivatave: ifycl oal i phatic or

an aromatic group  separatdd Mok ithe btk Hiivative knd Process
according to claim10, mhereln group.” 15

12. Process acco?‘bl)i n§h %%ﬂ*&ew’é%‘@ s TeRced Wit erein the

aci di ¢ catal yst used |d‘a1$$cep nicnoxtizlen to the pentsérrdmglacml dic
i on- exchange resin

Proces ccC d|n one ,of. clains 9-11,
wherei'n The nol ar ratﬁ??ﬁyﬁﬁﬁﬁ Eﬁq é¥ <§%@$e cat %%F%utadlene IS
between 1:1 and 6:1. systbn cdmpnxaxngupailhdmpmx)aughmsphxnecla|ns 9-11,
wherein the separatio E%gﬁi ﬁggg Vs ne or nore

i eé%'rocess accdé%g ]'b in which thd

dlstlllatlon st eps. ng to any one of clains 9-11,

25 wherein the pedsshinatio M&l&ﬁmﬂrﬂﬂ%}fl‘ﬁf@-ve to the catal yst
systemused is a CC”““Bﬁﬂenﬂuﬁuéngbdﬁhves is higher than 2. [err] = 30

in which Rerr], Rerr] and % each_i ndi vi dual [ y.represent an
optional®y §0b5t|Q¥@%ﬂﬁ%r§%ﬁ?EdbP ub® GARAW 9, whereingR,i§ AR a

Cerr]-Cerr] al kylighgtie, acﬂ:ﬁéahﬁhatﬁ.}: aryhngaeumaaﬁc group or a cyclic

group with 4-12 carbpn ato t he rlng of the cyclic
group al so contaﬁﬁ% % €5 28 ¢8:80n atons.

11i. Process accordlng to claim 10, wherein R is a
methyl or ethyl group_. '
15 12. Process according to any one of claims 9411,
wherein the acidic catalyst used in step (a) is a
| strongly acidic ion-exchange resin. ' |

- .13. Process according to any one of claims 9-11,
_ wherein the molar ratio of nucleophilic compound
20 - and butadiene is between 1:1 and 6:1.
' 14. . Process according to any one of claims 9-11,

wherein the separation in step (b) is performed by
_ one or more distillation steps L '
15. ©Process according to any one of claims 9-11,
'_25 . 'wherein'the-phosphine_IiQand compound of the
' catalyst system used_is a compound aedording to

R2

I.

| K
.30 ' R* - P - R

in which R}, R® and R®* each individually represent
an'optionelly substituted organic group, which
group is a C,-C,, alkyl group, a C,-C,, aryl group
35 : or a cyclic group with 4-12'cafbon atoms in which
the ring of the cyclic. group also contains one or

AN N PR
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-22- . mor e heteroatom; - 16. Process according to any.one -
of cl ai rrtVQ)98§§151 ' wherein the phosphl ne |igand corpDAMMEs/a044 he
catal yst systemis a corrpound accordi n% [err]

in which Rlerr], Rerr], Rerr] and R |2r] each individually 15

represent an optionally substituted organi ¢ group, whi ch groups
Rlerr]-Rerr] are optionally substituted Cerr]-Clerr]

(cyclo)al kyl groups, Cerr]-Clerr] aryl groups or cyclic groups
Wth 4-12 car bon ﬁé@gshé@em»@&ng he ring - : contai ns one or nore

hetero atons, )li’/ﬁ whi.ch ‘il ' Rlerr] and/or R err] .and
Rlerr] are (}rﬁe di VPR ot ng to any %ﬁeﬂ?lcbﬁm $ri¥iaryl group and
~in which WI S an wherein th@rﬂedslsﬂhliedyi@ﬂnar@élﬁp&‘@{d”@fz @ 40 carbon

at ons. Process according,to claim16, whereip the nunber 25
of carbon atom; I%a§§gy§ o?Y%ts?mc:f‘n%u?} ‘é%m‘é‘&?ﬁinﬁcc°r :Lng tot he phoshorus
atons isSfour, in which this chain - may cont.ain one heteroatom
18. - Process accord| ng to any one of clainms 9-11, wherein the
acid pronotor is a carboxylic acid 30 “havi ng a pKa between 2-6
measured in water of R* 18C. . /R‘ '
' _ : P- W - P .
10 / \
| . RS R?

_ in which R*, R®, R® and R’ each individually
15 represent an optionaliy substituted organic group,
which groups R*-R’ are op_tionaily substituted C,-C,,
(cyclo)alkyl groups, Ce¢-Cys aryl groups or cyclic
groups with 4-12 carbon atoms in which the ring
contains one or more hetero atoms, or in which R*
20 ‘and R® and/or R® and R’ are one divalent organic
' alkenyl group or dJ.aryl group and in which W is an
organic brldglng group hav:.ng 2 to 40 carbon
~ atoms. _ :
17. Process according to _claim 16, wherein the number
.25 - of carbon atoms in the shortest chain connecting
the phoshorus atoms is four, in which this chain
may contain one heteroatom. '
18. Process according to _'any'one_'of. claims 9-11,
| wh_eréin the acid promotor is a carboxylic acid
30 N having a pKa'between '2-6 mt_aasu:_red in water of
i8eC.
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