PROCESS FOR THE PREPARATI ON OF 5- FORWYLVALERATE The i nvention rel 3f8s 10 a
process for the preparation of a 5-fornylval erate ester by hydroforﬁ@?ating
a m xture of ﬁentenoate esters in the presence of a catal yst system which

catal yst systBer@8npPi4€2)a netal selected from groups 8-10 of the Periodic
Tabl e of El enents and a nono- or nultidentate organi c phosphorous |igand. A
simlar process is described in US-A-5264616. US-A-5264616 disGlPses a
process for the preparation of an al kyl 5-Tornylval erate staﬁfing from

al kyl 4-pentenoate, al kyl 3-pentenoate or m xtures of alkyl 2-, 3- and 4-

pentenoat g in the prgSEREE PHRATHALBRYSAREYBEHR DS SDFoRMOVAT A En (R) and
a bi dentate phosphi : I sadvant age o I'S process Is that the

activity of the catalyst systemis | ow. Moreover the

The invention relates to a process for the
preparation of a 5-formylvalerate ester by

10 hydroformylating a mixture of pentenoate esters in the
presence of a catalyst system which catalyst system
comprises a metal selected from groups 8-10 of the
Periodic Table of Elements and a mono- or multidentate
organic phosphorous ligand.

15 _ A similar process is described in US-A-5264616.
US-A-5264616 discloses a process for the preparation of an
alkyl 5-formylvalerate starting from alkyl 4-pentenocate,

- alkyl 3-pentenoate or mixtures of alkyl 2-, 3- and 4-
pentenoate in the presence of a catalyst system comprising

20 rhodium (Rh) and a bidentate phosphite ligand.

A disadvantage of this process is that the
activity of the catalyst system is low. Moreover the
activity of the catalyst system decreases when the
catalyst system is reused several times. The lower

25 activity and stability of the catalyst system is
especially found when the mixture of pentencate esters
contains (even small amounts of) cis 2-pentenocate ester.

The object of this invention is therefore a
process for the preparation of 5-formylvalerate ester by

30 a hydroformylation starting from a mixture of pentenoate
esters in which the activity of the catalyst system is
high and will remain high for a prolonged period of time.

The object of the present invention is achieved
in that the mixture of pentenocate esters contains less

35 than 500 ppm hydroperoxide compounds.

The process according to the invention is
preferably carried out with a pentenocate ester mixture
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activity of the catal yst system decreases when the catal yst systemis
reused several times. The lower activity and stability of the catalyst
systemis especially found when the m xture of pentenoate esters contains
(even smal|l anounts of) cis 2-pentenoate~estar. The object oAEtHP28

i nvention is therefore a process for the preparation of 5-fornylvalerate
ester by a hydrofornylation starting froma mxture of pentenoate esters in
whi ch the act iconty iofinghd emat alhast 100stppm andhimgls tapd eferbblenaie8shit@anf or

a prol onged pg@jg&gpg o efg%idgﬂé% d%%d%he present invention is achieved

in that the mxt perit enoate esters coﬁtaing Iéss_than 500 ppm
hydr oper oxi de conpounds . ItThasyheess £oansotdiakg wéthhéhenpsociess | s

preferably canidcetdidy Wd it RIS HLaaiydt®s activity is
5 improved and that the catalyst remains stable for a longer
period of time when starting with a mixture of pentenoate
esters. A further advantage is that the selectivity for 5-
formylvalerate is improved in a number of cases. The above
advantages are even more pronounced if the process to

10 prepare 5-formylvalerate ester is performed continuously
in which the unconverted pentenocate ester of the process
are reused as starting compounds of the hydroformylation.
In a continuous process catalyst stability and activity
are important factors.

15 The hydroperoxide compounds have proved to be
catalyst poisons inasmuch as these compounds readily
convert the organic phosphorous ligands into catalytically
inactive compounds. These pentenoate ester compounds and
especially cis-2-pentenoate ester were not heretofore

20 known to "spontaneously" form hydroperoxide compounds when
treated in the normal manner. It has also been found that
in a mixture of pentenocate esters comprising cis 2-
pentenocate ester an even higher amount of hydroperoxide
compounds can be present. The formation of hydroperoxide

25 compounds may be explained by the reaction of one or more
of the pentenocate esters with traces of oxygen. The
formation of hydroperoxide compounds was unexpected and
especially the rapid formation of hydroperoxide compounds
when cis 2-pentencate ester was present was unexpected.

30 This is surprising because it would be more logical that
3-pentenoate ester, having two allyl hydrogen groups
capable of autooxidation to a hydroperoxide group, would
be the more reactive compound. Even very small amounts of
cis 2-pentenocate (smaller than 0.5 wt.% relative to the

35 pentenoate mixture) in a pentenoate ester mixture have
been found to cause a rapid formation of hydroperoxide
compounds in which the hydroperoxides formed from the cis
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=2- containing less than 100 ppm and nost preferably | ess than 50 ppm

hydr oper oxi de conpounds. It has been found that, with the process according
to the invention, the catalyst's activity is inproved and that 4#? cat al yst
remai ns stable for a | onger period of ti fredwhen starting\MtQFa. ture of
pentenoate esters. A further advantage is that the selectivity for 5-
fornylvalerate is inproved in a nunber of cases. The above advant ages are
even nore progepenténohteheubpsegaently prepate Sheofoymablionad€é ester is

rocess aro r BYSIAEREERIde! Uelibobis! R118Rul 10N EELAT B2RE, TpbREe LAl 8
conti nuous pr goes exampdley St-pendienoaty fs¢ezet Thet formation of
hydroperoxide compounds may take place due to infiltration
5 of small amounts of oxygen (air) in the various process
equipment present in a commercial hydroformylation process
or due to the fact that the compounds used in the various
chemical steps contain small traces of oxygen. Examples of
process equipment are distillation column(s) for
10 separation of the unconverted alkyl pentenocates or the
process equipment of a possible previous step in which the
pentenocate ester mixture is prepared.
The hydroperoxide compounds which are formed can
be represented by the following formulas:

OOH o o0H 0
-—-r(‘=a\r—-0R

OR R HOO o

15

20 I IT III

Unlike for ether compounds, as described in for
example EP-A-60523, it is surprising that pentenoate
esters readily form hydroperoxides. Ester compounds are

25 not known to readily form hydroperoxides, in contrast with
ether compounds, which are known to readily form
hydroperoxide compounds. Especially for cis 2-pentenoate
ester the hydroperoxide formation was not to be expected
as explained above.

30 The process according to the invention can be
carried out in a variety of embodiments. All embodiments
will aim to prevent the hydroperoxide compounds from being
formed or from reacting with a significant amount of
phosphorous ligands during hydroformylation or dﬁring the

35 possible subsequent separation stages. To achieve this it
is important that during hydroformylation the
concentration of hydroperoxide compounds should be as low
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-are inportant factors. The hydroperoxi de conpounds have proved to be
cat al yst poi sons inasnuch as these conpounds readily convert the organic

phosphorous ligands into catalytically inactive conpounds.
-ester conpounds and especially cis-2-pentenoate ester were

ARy

e pent enoate

etof ore

known to "spontaneously” form hydroperoxi de conpounds when treated in the
normal manner. It has also been found that in a m xture of pentenoate
esters conprési pgsgible. pansomeacases:cifabhevenshi ghefsubptant bal)

hydr oper oxi deeﬁevaguaé_stﬁanhyerebsﬁsmaewsm;:eﬁﬁaéi 98 Righ¥Hr ORgR Oxhele

one or nore of

t he _pentenoate

conpounds may be expl ai ned by the reaction o e (
es?grs Wi th g?888§1gf?8§§§§n%eqﬂétfﬁgn%FPBntB? hoUPHpREbAY HEY cRPounds was
unexpect ed agtabipeeiyabEythbecasalgstosygptenn ot hygrbpesoxéptabdapponds

when'ci s 2-pgnienost ¢ ester (pag Br S3ENL, Va3 NBSKBSSES < s00 ppm) to

10

15

20

25

30

35

be present during hydroformylation or in the pentenocate
ester mixture applied. When applying more expensive
phosphorous ligands lower hydroperoxide concentrations are
preferred.

In a first embodiment, the formation of
hydroperoxide compounds in the pentenocate ester mixture
applied is prevented by carrying out the various
operations in the absence of oxygen during and starting
from the preparation of the pentenoate ester and until the
pentenocate ester is used in the hydroformylation step and
when recycling the unconverted pentenocate ester to be used
as starting compound of the process according the
invention.

In a commercial process whereby the pentenoate
ester is prepared in a first step by, for instance,
carbonylation of butadiene, the presence of oxygen in and
after this first step will need to be avoided as much as
possible in order to ensure that the content of
hydroperoxide compounds remains low. It has been found
that a small amount of oxygen can within a short period of
time convert sufficient pentenoate esters into an amount
of hydroperoxide compounds causing the aforementioned
adverse effects in the hydroformylation.

In a second and more preferred embodiment the
pentenoate ester-containing feed is substantially freed
(in a separate operation) of hydroperoxide compounds. This
is because it is not so easy to store and/or handle the
pentenocate ester mixture with complete exclusion of oxygen
since the pentencate ester may come into contact with
oxygen so that hydroperoxide compounds may occasionally
form. Oxygen can for example come into contact with the
pentenoate ester mixture via leaky gaskets of a commercial
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This is surprising because it would be nore | ogical that 3-pentenoate
ester, having two allyl hydrogen groups capabl e of autooxidation to a

hydr oper oxi de group, would be the nore regctive conpound. E n7¥2éy snmal |
anmounts of cis 2-pentenoate (smaller than0.5 w. % rel ative ™o

pentenoate m xture) in a pentenoate ester m xture have been found to cause
a rapid formation of hydroperoxi de conpounds in which the hydroperoxides
formed from t¢mntinuous -progegent Brese ol udasipnatly qeaHsianghdifad nat i on

of hydroper o@&%&&mﬁw@ﬁs O5# M@ S5k & 48 U oRIY QoA &Fi JtUr B! ©
3-pentenoate ester. The ornaplon of hydr%ferOX|de conpounds may take place
due to infilthedsefoermylation process and hamper smooth, continuous
operation. Furthermore, it may be more practicable to free
5 the pentenoate of hydroperoxide compounds in a separate
operation than to prevent hydroperoxide formation as
described above.
The process to free the pentenocate ester mixture
from hydroperoxide compounds may be any operation known to
10 one skilled in the art for removing hydroperoxide
compounds. An example of a possible process comprises
passing the hydroperoxide compounds-containing pentenoate
ester over ordinary activated (dry) alumina at room
temperature, causing the hydroperoxide compounds to
15 decompose and/or to remain on the alumina. The contacting
with alumina can advantageously be performed in a
continuous process. The alumina is then preferably placed
in a packed bed reactor.
Another example for removing hydroperoxide
20 compounds is to distil the pentenocate in the presence of a
phosphorous (III) containing compound, which as a rule is
readily obtainable. This phosphorous compound will as a
rule costs only a fraction of the price of the phosphorous
ligand applied in the hydroformylation process. The
25  hydroperoxide compounds will react with this phosphorous
compound, as a result of which the concentration of
hydroperoxide compounds will decrease.
Another example of removing the hydroperoxide
compouds is to wash the organic pentenoate ester mixture
30 with an agueous mixture containing a water soluble
phosphorous (III) compound. Such a method can be
advantageously performed in a continuous manner, in which
the aqueous mixture can be separated from the pentenoate
ester mixture after contacting by phase separation. The
35 aqueous phase can be reused for a next treatment of
hydroperoxide containing pentenocate ester mixture.
Possible water soluble phosphorous compounds are
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.of small anounts of oxygen (air) in the various process equi pnent present
in a comrercial hydrofornylation process or due to the fact that the
conmpounds used in the various chem cal steps contain small trac S of
.oxygen. Exanpl es of process equi pnent are®distillation cquﬁﬁ(Z?
separation of the unconverted al kyl pentenoates or the process eqU|pnent of
a possi ble previous step in which the pentenoate ester m xture is prepared.
The hydroperGmikﬁnnahqﬂnﬁnﬁphdnxﬂphuspﬁinenandxnuHﬁ@nﬁapﬂesented by the

fol | ow ng fortrgégéemh%gg A&ehé‘ orIrpsL ot%%rd%%clfv'e*?&% 'n@gI

exanpl e EP- A- r|5|n entenoate esters ream

hydr oper oxi d@s%ﬁ%@m% &h%mﬁmr@mqoy\wﬂ wil
hydr oper oxi defi,sddl e HrA@Séh MiH vt D Be Gopatitda &rr@wmw to

readily fgrmpentenoate ester mixture by phase separation.

In case the pentencate ester is stored for some
time, the formation of hydroperoxides is prevented by
keeping the pentencate in the presence of a suitable
radical scavenger or reducing agent. Examples of such
10 reducing agents are dialkylthiodiproprionates,

((RO,CCH,CH,),S in which R may be a C,-C¢; alkyl) and aryl
and alkyl monodentate phosphite compounds. Examples of
suitable radical scavengers are phenols such as 2,4,6-tri-
tert-butylphenol, tert-butyl-catechol and 2,6—-di-tert-
15 butyl-4-methylphenol.
The pentenoate ester according to the invention
may be represeﬁted by the following general formula (IV):

R!-C-0-R2 (IV)
20 I
0

where R! represents a linear butenyl group and R? an alkyl
group having from 1 to 12 carbon atoms or an aryl group or

25 an aralkyl group having from 6 to 12 carbon atoms.
Preferably, R? is an alkyl group having from 1 to 8 carbon
atoms for example methyl, ethyl, propyl, isopropyl, tert-
butyl, isobutyl or a cyclohexyl or a phenyl group or
benzyl group. Most preferably, R? is methyl, ethyl or

30 phenyl.

The mixture of pentencate esters will generally
consist of esters with the same ester group (R?). The
group R! will mostly differ in this mixture. The mixture
of pentenoate esters can in principle be any mixture of

35 2-, 3- and/or 4-pentencate ester. The advantages of the
invention are especially pronounced if the mixture
contains cis 2- pentenoate ester. It has been found that

—
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hydr oper oxi de conpounds. Especially for cis 2-pentenoate ester the

hydr oper oxi de formation was not to be expected as explained above. The
process according to the invention can be carried out in a varlet of
enbodi nents. Al enbodi nents will ain1td'ﬁ%éVent t he hydrop

conmpounds from being formed or fromreacting wth a signiflcant anDunt of
phosphorous |igands during hydrofornyl ation or during the possible
subsequent sephsattpentengate Fstacsi foemthydroperexidgororprundmtmens i ng

hydr of or | 2Lt ogai e ERBRCSLAGET PBoR: YT ?ﬁ@éx?éé Morlhudble as

| ow -4- as possi sone cases, |If e cost o subs
3—pentenoate ester and trans 2-pentenocate). The percentage

of cis 2-pentencate ester calculated on the total amount

5 of pentenocate ester can be very small (0.01 %). The
mixture will as a rule consist mainly of 3-pentencate
ester and 4-pentenocate ester and their total concentration
in the mixture will be between 50 and 100 % while the
remaining part is 2-pentencate ester (trans + cis). In a

10 continuously operated preparation of 5-formylvalerate
ester, in which the unconverted pentenocate ester is
returned to the hydroformylation stage, the concentration
of cis 2-pentencate ester may be between 0.01 and 10%.

The invention particularly relates to a process

15 starting from a mixture of pentenocates (2-, 3- and 4-
pentencates) that are prepared by carbonylating butadiene
by a reaction with carbon monoxide, a hydroxy compound
(for example methanol) and with a suitable carbonylation
catalyst.

20 The hydroformylation catalyst system to be used
in the process of the invention comprises of a metal from
groups 8-10 of the Periodic Table of Elements (new IUPAC
notation, Chemical and Engineering News, 63(5), 27, 1985)
and an organic phosphorous ligand. The metal of group VIII

25 is for example Co, Ru, Rh, Pd, Ir or Pt. The metal and the
ligand are capable of forming a complex in the reaction
mixture. The advantages of the invention are especially
pronounced when the hydroformylation is performed with a
catalyst system in which the bond between the ligand and

30 the metal in the ligand—-metal complex is not a strong one
('weak bond’). These catalys systems are preferred because
high selectivity and/or yield to 5-formylvalerate esters
may be obtained when these catalyst systems are used in
the process according to the invention. It has been found

35 that such "weak bond catalyst systems" are more sensitive
(with respect to activity, stability and/or selectivity)
to the presence of hydroperoxide compounds than catalyst
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renoval of the hydroperoxi de conpounds is higher than the econom c | osses
resulting fromthe |l ower activity and stability of the catalyst system it
may be acceptable for a small anount of hgdroperOX|de conmpounds £< 500 ppm
10 be present during hydrofornylation of Pn"the pentenoate RE{E2%i xture
appl i ed. Wien appl ying nore expensi ve phosphorous |igands | ower

hydr oper oxi de concentrations are preferred. In a first enbodi nent, the
formati on of slygtemseconsdetdagpofndeonpl exlee péthenosteocageer bongtiure

appl 1 ed 1S PARUEH Ok SR oAt ayel UG KAkOUS PERALhERE: Lo gpansCN0e

of oxygen during an reparation entenoate ester
and until théhpénﬁéﬁoéﬂgaéﬁt@ﬁ ¢§eu§é@amﬂ‘mﬁéaﬂyGPGPéﬁﬁyF&tF@ﬁuéﬁééYand

when recycl i réetcwa%géacqmvemfeecie%&tl@mpaﬁ&t%&teewta Beowsed asgahalt hBY

compound Of the roce %s%?%%&%ﬁ@%t systems are characterized by a
large excess of ligand relative to the metal at optimal
hydroformylation conditions. As a rule the ligand/metal
molar ratio is greater than 2:1. Ratio’s of 1000:1 are
also possible. Familiar examples of catalyst systems of

10 which the complexes formed are known to have a ’'weak'’ bond
are catalyst systems with ruthenium, cobalt, iridium and
rhodium as the metal. Examples of rhodium-based catalyst
systems are described in US-A-4801738, EP-A-149894, WO-A-
9426688 and EP-A—-472071.

15 The process of the invention particularly
relates to those catalyst systems with which, starting
from a pentenoate ester mixture containing at least 20% 3-
pentenocate ester, the corresponding 5-formylvalerate can
be prepared with a selectivity greater than 65% at a

20 realistic or practicable conversion and reaction rate. The
phosphorous ligand of the hydroformylation catalyst may
have monodentate or multidendate structures. The invention
is especially suitable when catalyst systems are used
comprising multidentate phosphorous ligands because these

25 1ligands are in most cases less easy to prepare. The
advantage of an improved catalyst stability will be then
even more pronounced.

The ligands are phosphorous—containing organic
compounds in which the phosphorous group may be present in

30 the molecule as a phosphine, phosphonite, phosphinite,
phosphite and/or phosphorous amide group. Ligands with
only one kind or different kinds of these phosphorous
groups are possible,

The phosphorous ligand may for example be

35 represented by the following chemical formula:
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invention. In a comercial process whereby the pentenoate ester is prepared
in a first step by, for instance, carbonylation of butadiene, the presence
of oxygen in and after this first step will need to be avoi ded much as
Jpossible in order to ensure that the cont ént” of hydroperoxiﬁ@ Z§ ounds
remains low. It has been found that a small anmount of oxygen can within a
short period of tinme convert sufficient pentenoate esters into an anount of
hydr oper oxi de co undsmcausi ng the aforenenti oned adverse effects in the
hydrofornylationjf?nlé decond and nore preferred enbodi nent the pentenoate
ester-containgng eefl i substantially freed (in a separate operation) of
hydr oper oxi d& unds.] This is because it is not so easy to store &Ma/or
handl e t hé penten|i51t\eRsester m xture with conpl ete exclusion of oxygen

n

10 wherein n is 1-6. When n=1: R®, R* and R® are the same or
different monovalent organic groups selected from -Y,
-0-¥, -N(R®)-Y or -S-Y or R* and R® form one divalent
organic group -¥-, -0-¥-0-, -0-¥-, -0-Y-N(R®)- or
-N(R6)-Y-N(R7)- and R® is a monovalent group as defined

15 above and in which Y is a monovalent or divalent organic
group with 1-20 carbon atoms and R® and R’ are individually
hydrogen or an organic group with 1 to 12 carbon atoms.
When n is 2-6: R? is a multivalent organic bridging group
with 1-30 carbon atoms and R* and R® can be the same or

20 different monovalent groups as defined above and/or R? and
R® form one divalent group as defined above.

Preferred phosphorous ligands are (a)
monodentate compounds (n = 1) in which R?, R?* and R® are
the following same or different monovalent organic groups:

25 -Y or -0-Y or R® and R® form one divalent organic group in
which divalent organic group is -Y- or -0-Y¥-O- and (b)
multidentate compounds (n is 2-6) in which R? is a
multivalent organic bridging group with 1-30 carbon atoms
and R* and R® can be the same or different monovalent

30 groups -Y or -0-Y and/or R® and R’ form one divalent
organic group in which the divalent organic group is: -¥-
or -0-Y-0-.

Examples of possible monovalent groups Y are
substituted or unsubstituted C;-C,, aryl or aralkyl groups,

35 for example phenyl, naphthyl or benzyl; or C,-C,, alkyl
groups for example methyl, ethyl, propyl, isopropyl, tert-
butyl, pentyl or cyclohexyl. Examples of possible divalent
groups Y are substituted or unsubstituted C,-C;, methylene
groups, for example ethylene, trimethylene, tetramethylene

40 or pentamethylene; or C,-C,, divalent arylene groups, for
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since the pentenoate ester nmay cone into contact with oxygen so that
hydr oper oxi de conpounds nay occasionally form Oxygen can for exanple cone

into contact with the pentenoate ester mi (y}tcour__e_ via | eaky ga%lgﬁgs%ztg]_ a
eonmer ci al conti nuous process. These (d0ccasionally occur -~*hi gh
concentrations of hydroperoxi de conpounds will disturb the hydrofornyl ation

process and hanper smpoth, continuous operation. Furthernmore, it may be
nmore practi capkampdef dévaipatpdinapbsihEl opr h¢ipbeByYbxi de conpounds in a

separate operation thangkamplgesest hMﬂfQQSIQﬁEdSriQ?Fﬁ&i?f‘o@ésdl@scdﬂé)ed_
above. The procigiﬁégsfree t he pﬁntenoate ester mxiture Trom hydroperoxi de
k

conpounds naymB BErgFPBHs Bxhngothe ormula (X-), or X-(0-), with
n is 2-6. An example of a multidentate bridging group with

5 n=4 is the tetravalent bridging group C-(CH,~-0-),. Examples
of divalent bridging groups are -X-, -0-X-0-, -N(Rf)-X-
N(R7)- or -0-X-N(R®)- in which X is a divalent organic
group with 1-30 carbon atoms. Preferably the bidentate
bridging group is -X- or —-0-X-0-. Examples of possible

10 divalent groups X are substituted or unsubstituted C.1-Cio
alkylidene group, for example ethylene, trimethylene,
tetramethylene and pentamethylene or trans-1,2-
cyclobutene; or C,-C,, divalent arylene groups, for example
divalent dinaphthyl or diphenyl; or 1,1’-ferrocenyl.

15 R® and R7 may individually be for example
hydrogen, C,-C,;, alkyl group, for example methyl, ethyl or
propyl, an aryl group, for example phenyl, tolyl or tosyl.

Groups X, ¥, R® and R’ may be substituted with
organic groups with 1-10 carbon atoms or with anorganic

20 groups, for example halogenide groups, for example Cl, Br
or I. Examples of other anorganic and organic groups are
nitro, cyano, trifluoromethyl, hydroxy, carbonyloxy,
sulfonyl, sulfinyl, thionyl, silyl, alkoxy or thionyl.

Most preferably the ligand is a phosphite ligand

25 with X-(0~),, -0-Y and/or -0-Y-O- groups in which n is 2-6
or a phosphine ligand with (X-),, -Y and/or -¥- groups
with n is 1-6, in which X and Y are groups as defined
above.

Examples of monodentate ligands are triaryl-

30 phosphine and triarylphosphite.

Examples of bidentate phosphine ligands are 1,3-
bis(diphenylphosphino)propane, 1,4-bis(diphenyl-
phosphino)-butane, 2,3-dimethyl-1,4-bis(diphenyl-
phosphino)butane, 1,4-bis(dicyclohexylphosphino)butane,

35 1,3-bis(di-p-tolylphosphino)propane, 1,4-bis(di-p-
methoxyphenylphosphino)butane, 2,3-bis(diphenylphosphino)-
2-butene, 1,3-bis(diphenylphosphino)-2-oxopropane, 2-
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-one skilled in the art for renoving hydroperoxi de conmpounds. An exanpl e of
a possi bl e process conprises passing the hydroperoxi de conpounds-cont ai ni ng
pent enoate ester over ordinary activated_(dry) alum na at r E nper at ure,
‘causi ng the hydroperoxi de conpounds to ~dé onpose and/ or toA%gﬁg'ﬁ on the

al um na. The contacting wth alum na can advantageously be perforned in a
continuous process. The alumna is then preferably placed in a packed bed

react or. Anonr@bhybxamprethpidiphenyhpheagehbneloki debivtpiekeryls to distil

t he pentenoaéﬁoéﬁhiHS)BESEEﬁée Qf2a—BhQ?&Pﬁﬁ&H?lﬁﬁééﬂhfﬁﬁﬁﬁﬁéﬁéﬁFP0”D0Und
which as a rule Is rea ob{ ai nabl e und W 11 as a

or ous conpo
rul e costs oAty HIFfQéPPSﬂYBPh?ﬁ@th?ben%PhFﬁ% %ﬁ%s ofous |igand applied
in the hydrobosiiphenpl phosphinoTheybyohepenoxi Bp2coimeottngs-4j 5+ react
mﬁth'thi% phﬁ%??gggﬂgnylphosphino)—dioxolane, 1,1'-bis(diphenyl-
phosphino)ferrocene, 1,1’-bis(diisobutylphosphino)-
ferrocene, 1l,1'-bis(diisopropyl-phosphino)-ferrocene,
1,1’-bis(dicyclohexylphosphino)—-ferrocene, 1,1~
bis(isopropylcyclohexylphosphino)-ferrocene, 1,1'~bis(di-
10 t-butylphosphino)ferrocene, l-(diisopropylphosphino)-1’'-
(phenylisopropylphosphino)-ferrocene, 1-(diphenyl-
phosphino)—l'—(diisopropyl—phosphino)ferrocéne, 1,1’'-
bis(isopropylphenylphosphino)f-errocene, 2,3-0-
isopropylidene-2,3-dihydroxy~-1,4-bis(diphenylphosphino)-
15 Dbutane (DIOP), trans-1,2-bis(di(m-methylphenyl)-—
phosphinomethyl )cyclobutane, trans-[(bicyclo[2.2.1]-
heptane-2,3-diyl)bis(methylene)]-bis{diphenylphosphine],
trans—[(bicyclo[z.z.2]octane—z.3—dijl)bis(methylene)]—
bis{diphenylphosphine], trans-1,2-bis(diphenylphosphino-
20 methyl)cyclobutane (DPMCB), trans-1,2-bis(diphenyl-
phosphinomethyl)trans—3,4-bis(phenyl)cyclobutane and
2,2'-bis(diphenylphosphino)~-1,1’-binapthyl (BINAP).
Examples of possible bidentate phosphite ligands
are the bidentate phosphite ligands described in US-A-
25 5264616. An example of such a bidentate phosphite ligand
is given in formula (VI).

Formula (VI): Hio ocH
3 3

{CH3);
30 € ccame CICH;

(o]
AN
P P

CRy O/ \O‘O"Csﬂu (VI)

c
(CH3zh

35
(-CgH;5 = @ linear Cy—alkyl group)
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-conpound, as a result of which the concentrati on of hydroperoxi de conpounds
w || decrease. Another exanple of renoving the hydroperoxide conpouds is to
wash the organi c pentenoate ester mxture_wi th an aqueous m xture

-contai ning a water sol ubl e phosphorous™ (¥#17 conpound. Sucfifa’#€fhod can be
advant ageously performed in a continuous manner, in which the aqueous

m xture can be separated fromthe pentenoate ester m xture after contacting
by phase separation. TExarplesust phostl dentate mhosphdrousa igands eat nent

of "hydroper %’hﬂ? £UNR bW PO ES Sl ipdNatld 'the RREY iieh iR
sol ubl e phosphorous conpounds are _ -6-
phosphite ligands described in EP-A-518241. An example of
such a multidentate phosphite ligand is represented by

5 Formula (VII).

Formula (VII):

-tBu

10

C1CH,-O—P+O tBu (VII)

15 (t.Bu = tert-butyl group)

An example of a process which can be improved
with the process according to the invention is described
in WO-A-9426688. This patent specification describes the

20 preparation of 5-formylvalerate ester by using a rhodium-
based catalyst system comprising rhodium and a triphenyl-
phosphine, wherein the phenyl groups are modified with,
for example, sulphonate groups. The following catalyst
systems are examples of catalyst systems which may also

25 advantageously be used, in the process according to the
invention. An example of a hydroperoxide sensitive
catalyst system comprises rhodium and a bidentate
phosphorous ligand (such as for example the phosphite
according to formula VI) and is described in US-A-4748261.

30 Another examples of catalyst system are the rhodium based
catalyst systems as described in EP-A-518241. EP-A-518241
describes a hydroformylation catalyst system based on
rhodium and a phosphite ligand (such as for example the
phosphite according to formula VII).

35 The S5-formylvalerate prepared by the process
according to the invention is important in that this
compound may serve as a starting material in the
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sul fonated triphenyl phosphi ne and sul fonated tri phenyl bi sphosphi ne. | nstead
of water other solvents may al so be applied in which the phosphorous

conmpound wi || dissolve and which sol vent ign be separated féﬁgzkgg
pentenoate ester mixture by phase separatidn. In case the p te ester

Is stored for sone tinme, the formation of hydroperoxides is prevented by
keepi ng the pentenoate in the presence of a suitable radical scavenger or
reduci ng agemrepaxapies of swAprethActany, aaprelagtone or adipic acid.

di al kyl t hi odi pr opri onat.ﬁ} {AFSAELS ﬁmfrﬂ%vgﬂ&réﬂﬁc{f&a{ﬂe% i@ ch R may

be a (Jerr]-Cferr] alk and ar nonodent at e -phosphite
conmpounds. ExEEERESNCR %%lt%%lﬁp %&W%ﬁg @Qﬁﬁ%&@ﬁ#%ﬁQUQ¥%ﬂR%Rﬁs such as

2,4,6-tri- tert- bUty|ph@ﬁ@'Vuﬁﬁﬁii@ﬂéd*mé%ﬁfI*EﬂpéﬂEbﬂbé%é“'ﬁéﬁﬁroned
buty! - 4- Mt Y] PNENO! cxamp1 8" SOEL £ &' BLe 85F 0 A% d Qi {40 1 N
pentencate) contained approx. 25,000 ppm (2.5 mol%)
hydroperoxide compounds. The hydroperoxide compounds were
removed by distilling 300 ml of methyl 34pentenoate in a
batch set—up to which 20 g of triphenylphosphine had been
10 added. The methyl 3-pentencate obtained was stored
together with 10 g of 2,4,6-tri-tert-butylphenol and
redistilled immediately before use, the hydroperoxide
content of the methyl 3-pentenocate so obtained (hereafter
referred to as freshly distilled pentenocate) being lower
15 than 40 ppm. Furthermore some hydroperoxide containing
mixtures were prepared in the following manner:

Mixture I
In a 100 ml glass vessel freshly distilled

20 methyl 3—-pentencate containing 0.02 mol% methyl cis 2-
pentencate was stirred at room temperature in the presence
of air. After 4 days 1 mol% of hydroperoxide was formed
(12000 ppm). The analysis was performed by KI-titration in
the following manner: To 75 ml of acetic acid/chloroform

25 (2:1 v/v) approximately 1 gram of olefin was added,
followed by 5 ml of an agqueous potassium iodide solution
(65 g/100 ml). The solution was placed in the dark for
half an hour and after the addition of 100 ml of water,
titrated with a sodium thiosulphate sgolution (2.4 g/100

30 ml) until the brown/yellow colour had disappeared. Also a
blanc analysis'(without the addition of olefin) was
carried out. Acetic acid, chloroform and water were freed
from molecular oxygen. The potassium iodide solution was
freshly prepared before used.

35
Mixture II

The procedure for mixture I was repeated with
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may be represented by the follow ng general fornula (1V): [err] where

Rl err] represents a linear butenyl group and R2 an al kyl group having from
1 to 12 carbon atons or an aryl group or an aralkyl group haV|n8 %ron16 to
12 carbon atons. Preferably, R2 is an aTk&? group havi ng frofh 1928 8 carbon
atons for exanple nmethyl, ethyl, propyl, isopropyl, tert- butyl, isobutyl

or a cycl ohexyl or a phenyl group or benzyl group. Mdst preferably, R err]
is methyl, etnte/ﬁhyir tahmgllz peet enoa e e At e alagst excestediestaibllle general |y

consi st of 65& g m&{fure Rl G e, et a4 By ol 14 ! |

nost |y dlffer m xture of penténoate este can In
principle be W%B&M ohithe s@rw d?eﬂWﬁerﬁ‘é:rMSe‘R@é’tt@rDOaﬂ% was
advant ages ofgddifad ti@td QD @éﬁmlmﬁ%ﬁ PP HYERGPdr dididTiodnpcund

5 (I) and (II).

Mixture III

' The procedure for mixture I was repeated with

methyl cis 2-pentencate. After 5 days 15-20% of the methyl
10 cis 2-pentencate was converted to hydroperoxides mixture

in a molar ratio for hydroperoxide compounds (I), (II) and

(III) of 1:1:3, with a total hydroperoxide content of

18000 ppm.

15 Mixture IV _
The procedure for mixture I was repeated with a
mixture of cis and trans 2-hexene. After 5 days 0.035 mol%
of hydroperoxyde compounds were formed.

20 The procedures for preparing mixture I-III
demonstrate the higher reactivity for hydroperoxide
formation of an alkyl cis 2-pentenocate compared to other
alkyl pentenocates.

These experiments also demonstrate that the

25 formation of hydroperoxide compounds can be significant
when the reaction (or residence) time is high enough and
alkyl cis 2-pentenocate and oxygen are present.

Example I

30 A 150-ml Hastalloy-C steel autoclave (Parr) was
filled under nitrogen with 3.87 mg of Rh(acac)(CO), (acac
= acetylacetonate) (1.5x107° mol), 37.5x1075 mol phosphite
according to formula VI (ligand/rhodium ratio (L/Rh) = 25
mol/mel)) and 40 ml of toluene. Hereafter, the aufoclave

35 was closed and purged with nitrogen. Next, the autoclave
was brought to a pressure of 1 MPa using carbon
monoxide/hydrogen (1:1) and heated to 90°C in approx. 30

This Sheet Has Been Replaced

[T




.contains cis 2-pentenoate ester.. It has been found that ci s 2-pentenoate
esters form hydroperoxi de conpounds nore readily than other isoneric

pent enoate esters (for exanple 3-pentenoate ester and trans 23P%?tenoate).
-The percentage of cis 2-pentenoate esteér Xarcul ated on the Bt %% nount of
pentenoate ester can be very small (0.01 %9. The mxture will as a rule
consist mainly of 3-pentenoate ester and 4-pentenoate ester and their total
concentrati ominn Shébseguentdyw Bl mjatbeewoén358 gndflbfoeshipi Gdsthdled

remai ni ng pa kS 7220 este NS ¢+ nGl opti Yo
oper at ed pre%%Fgﬁﬁo% g%hggﬁg%ﬁfﬂvgrgré%éﬁegfePgh?%emkpggeghgbuggogéeﬁ%ed
pent enoat e e¥Wi&h toluengr wag daierserydnsPothpl avteglavageThehe

concentrati OBomposition of the reaction mixture was determined by gas
5 chromatography. The results, including the percentage of
ligand that had decompcsed to catalytically inactive
compounds, are listed in Table 1.
The gas chromatography was performed in the
following manner: At regular intervals samples were taken
10 and analyzed (column: CP-Sil 8 CB 25 m x 0.25 mm
Chrompack; temperature progam 60°C, 15 min isothermal than
10°C/min to 140°C and 5 min isothermal and than 20°C/min
to 280°C and 20 min isothermal. Reaction products were
identified by comparison with authenthic samples and by
15 gaschromatography and mass spectrometry (GC/MS)f

Comparative Example A
Example I was repeated using unpurified methyl
pentenocate. The results are listed in Table 1.

20
TABLE 1
r—.— —
Example/ Time Conversion | TOF decomposed
Experiment ligand
(h) (%) (h™1) (%)
25 I 6 30.5 99.9 5
i 28.5 88.2 60.9 13
F!A 6 11.2 37.3
28.5 44.3 31.1 86
L
Conversion percentage converted methyl 3-pentenocate
TOF Turnover frequency = mol converted methyl
30 3-pentencate per mol rhodium per hour
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.of cis 2-pentenoate ester nay be between 0.01 and 10% The invention
particularly relates to a process starting froma m xture of pentenoates

(2-, 3- and 4- pentenoates) that are prepared by carbonyl atj adi ene by
-a reaction with carbon nonoxi de, H% Aéu%é§g

and with a suitable carbonylation catalyst.
systemto be used in the process of the invention conprises of a netal from
groups 8-10 BrampdepIj odic Table of Elenents (new | UPAC notation, Chem ca

and Engineering News, £3&mp1e2T wa88bbpaatiednusifgnis.ohgsamsregs |igand.

The net al
and the [i

of

a hydrox

conpound (for exanpl®@ et hanol)

The hydrof ornyl ati on cat al yst

gufHeaPvcasakt 1168 RaFATNGPRSEBRARER | REPRECPRLER: Be

The net al
m xture

The advant agkéseedt ha Tawdet 2on are especially pronounced when the
hydroformylation is performed with a

10

15

20

25

30

35

Comparative Example B
Example I was repeated using unpurified methyl
3~-pentenoate (of Example A). The

results are listed in

Table 2.
IABLE 2
Example/ Time Con- Sel. n/iso TOF decomposed
Experiment version ligand
(k) | (%) (%) (h1) | (%)
II 2 17.5 79.5 5.17 1128.
21 82.2 77.1 4.37 9 13
503.8
B 1.5 6.7 74.9 4.15 642.8
22 10.4 68.5 2.60 67.9 95
————

Sel.

n/iso

ligands which is decomposed relative to the original

mol% 5-formylvalerate relative to all products

formed (= 3-,

4—_'
methylvalerate).

5-formylvalerate and

ratio of (5-formylvalerate) / (3- + 4-
formylvalerate)
decomposed ligand is calculated as the percentage of the

amount of ligand at time is 0.

Example III

Example I was repeated using 7.5x1075 mol
phosphite according to formula VII (L/Rh = 5). The

reaction mixture was analyzed after 7 and 25.5 hours. The
results are listed in Table 3.

Comparative Experiment C
Example I was repeated using unpurified methyl
pentenoate. The results are listed in Table 3.
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.catal yst systemin which the bond between the |ligand and the netal in the

| i gand-nmetal conplex is not a strong one ('weak bond'). These catalys
systens are preferred because high selectivity and/or yield t

~5-fornyl val erate esters nay be obtai ned Wer these cat al ystAFs%sgt%s are
used in the process according to the invention. It has been found that such
"weak bond catal yst systens” are nore sensitive (Wth respect to activity,
stability anBkamplel g¥tivity) to the presence of hydroperoxi de conpounds

t han cat al yst syste : LSt LB X .4 hy @ bond.
These 'weak bond Catalgngggékén%E gg u%ﬁ%?é@t@é?@%% ?ﬁpgﬁ%€ﬂgﬁéeligand of
the |igand- méLak4cenpl BRthylr 4gppatepoakenihded Ohr tMetRELCEI®BNZ T xt ure

Wi th anot her pbhga8f8at8S (2.5 mg) and 1 ml n-nonaan in 30 ml toluene
5 {containing 12500 ppm hydroperoxide compounds) was washed

' 2 times with a an equal volume of a solution containing
2.0 mmol tris(m-sulfonatophenyl )phosphine as sodium salt
in water. After separation of the layers the organic layer
contained less than 40 ppm hydroperoxide compounds.

10 A 150 ml Hastalloy-C autoclave (Parr) was filled
under nitrogen 0.05 mmol Rh(acac)(CO), and 30 ml of a
solution containing 2.1 mmol tris(m-sulfonatophenyl)-
phosphine as sodium salt in water. The autoclave was
closed and flushed with nitrogen. Afterwards the autoclave

15 was heated to 110 °C and subsequently pressurized to 1.0
MPa with H,/CO (1/1 mol/mol). Subsequently the obtained
pentencate ester mixture (the organic layer described
above) was injected in the autoclave. After 45 minutes the
hydroformylation reaction was stopped (79.4 % conversgion

20 of the methyl 4-pentencate). No loss of the tris(m-
sulfonatophenyl)phosphine ligand was observed.

Comparative experiment D
Example IV was repeated except that the
25 unpurified pentencate ester containing mixture was not
washed with the aqueous solution (the hydroperoxide
compounds were thus not removed). After 60 minutes the
hydroformylation reaction was stopped. 57.4 % conversion
of the methyl 4-pentenocate was observed. Using 31P NMR it
30 was found that 43.8 % of the ligand was oxidized to
catalytically inactive compounds.

This Sheet Has Been Replaced




-a rule, these catal yst systens are characterized by a | arge excess of

ligand relative to the netal
rul e the |igand/ netal

~-are al so possi bl
conpl exes forned
rut henium coba
r hodi um based ca
WO A- 9426688 an
rel ates to those
ester m xture co

correspondi ng 5- floFimTv

at optimal hydrofornylation conditions. As a
nolar ratio is greater than 2:1. Ratio's of 1000:1
Eani liar_exs

are knjown to havel a '

al yst systens of which the
ak'll bond are catal yst systens with

than 65% at a redlistic

AE 7928

- 18 -

TABLE 3

, iridiumand]rhofdi umps tlhe netal. Exanpl es of
al yst |systens|are| descfibdd in US-A-4801738, EP-A-149894,
EP- A-472071. [ The| prockss Jof the invention particularly
c tqry 0 syst ¢ns i h igh, starting froma pentenoate
t & ninjg-at | edsti 6% 3} pdhtenoate ester, the
h"trat e 'cBn| Bé ptepdred with a selectivity greater
or pragticpble gonfersion and reaction rate. The
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-phosphorous |ligand of the hydrofornylation catalyst nmay have nonodentate or
mul ti dendate structures. The invention is especially suitable when catal yst
systens are used conprising nultidentate phosphorous |igands_because these
ligands are in nost cases |ess easy to ErgﬁaTe. The advant a$& dP28n

I nproved catal yst stability will be then even nore pronounced. The |igands
are phosphorous-contai ning organi ¢ conpounds in which the phosphorous group
may be present in the nolecule as a ghds@hilné Shosphonite, phosphinite,
phosphi te and/ or phosphorous am de group. Ligands with only one kind or

di fferent kinds of these phosphorous groups are possible. The phosphorous

| i gand may fok- exdipPeede Fehrihe Rrepagatien (of | itipramEivad@rats nul a:

ester by hydroformylating a mixture of pentenocate

5 esters in the presence of a catalyst system which
catalyst system comprises a metal selected from
groups 8-10 of the Periodic Table of Elements and a
mono- or multidentate organic phosphorous ligand,
characterized in that the mixture of pentenoate

10 esters contains less than 500 ppm hydroperoxide
compounds.

2. Process according to claim 1, characterized in that
the pentenoate ester applied contains less than 100
ppm hydroperoxide compounds.

15 3. Process according to any one of claims 1-2,
characterized in that the mixture of pentenoate
esters cdmprises cis 2-pentenocate ester.

4, Process according to any one of claims 1-3,
characterized in that the hydroformulation is

20 performed continuously in which the unconverted
pentenocate esters of the process are reused as
starting compounds for the hydroformylation.

5. Process according to claim 5, characterized in that
the pentencate ester mixture is passed over alumina

25 before hydroformylating.

6. Process according to any one of claims 1-5,
characterized in that the phosphorous ligand metal
molar ratio is greater than 2:1.

7. Process according to claim 6, characterized in that

30 the metal is ruthenium, iridium, cobalt or rhodium.

8. Process according to any one of claims 1-7,
characterized in that the phosphorous ligand is
represented by the following formula:

s
| Y
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.R3 | P ‘[err] wherein nis 1-6. Wen n=1: Rerr], Rerr]
and R err] are the sane or different nonoval ent organi c groups sel ected
from-Y, -OY, -N(Rerr]-Yor -S-Yor Rerr] and Rerr] formane dival ent
-organic group -Y-, -OY-O, -OY-, -OYV-MOR6)- or -N(Rlerr A% N3 err])-
and Rlerr] is a nonoval ent group as defined above and in which Yis a
nonoval ent or divalent organic group with 1-20 carbon atons and R6 and

Rl err]are individual | y-hydregen or an organic group with 1 to 12 carbon
atons. Wien n is 2-6: |[RleRf][is a nultivalent organic bridging group with
1-30 carbon atoms and|R4/and{R[err]can be the sane or different nonoval ent
groups as definedRabUhéPand/br R4 and R err] formone dival ent group as
defi ned above. Preferred\RQo;phorous | i gands are (a)

-n

10 wherein n is 1-6, in which for n=1: R?, R? and R® are
the same or different monovalent organic groups
selected from -Y, -0-¥, -N(R®)-Y or -S-Y or R* and RS
form one divalent organic group selected from -¥-,
-0-¥-0-, -0-¥-, -O0-Y-N(R®)- or -N(R®)-Y¥Y-N(R7)- and R3

15 is a monovalent group as defined above and in which ¥
is a monovalent or divalent organic group with 1-20
carbon atoms and R® and R’ are individually hydrogen
or an organic group with 1 to 12 carbon atoms and in
which for n is 2-6: R?® is a multivalent organic

20 bridging group with 1-30 carbon atoms and R* and RS
can be the same or different monovalent groups as
defined above and/or R* and R® form one divalent group
as defined above.

9. Process as substantially described in the

25 specification and examples.

AT A
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.honodentate conpounds (n = 1) in which Rlerr], Rerr] and Rlerr] are the
‘following same or different nonoval ent organic groups: -Y or -OY or Rerr]
and R[err] formone dival ent organic grog in which divale %iﬁ&&ﬁ?ic group
-is -Y- or -OY-O and (b) multidentate c ﬁpounds (nis 2-6%‘ ch R err]
is a nultivalent organic bridging group with 1-30 carbon atons and Rferr]
and R err] can be the sane or different nonoval ent groups -Y or -OY and/or
R4 and Rlerr] formone divalent oraBi& Frkud ¢ il which the dival ent organic
group is: -Y- or -OY-O. Exanples of possible nonoval ent groups Y are
substituted or unsubstituted C6-C20 aryl or aral kyl groups, for exanple
phenyl , naphthyl or benzyl; or Cerr]-Cferr] alkyl groups for exanple

met hyl , ethyl, propROCESSOPORPYHE PREPARKTION  OPESHEORMYLVALERRER Y| .
Exanpl es of possible divalent groups Y are substituted or unsubstituted
Cerr]-Cerr] nethylene

The invention relates to a process for the
preparation of a 5-formylvalerate ester by
hydroformylating a mixture of pentenoate esters in the

10 presence of a catalyst system which catalyst system
comprises a metal from group 8-10 of the Periodic Table of
Elements and a mono— or multidentate organic phosphorous
ligand, wherein the mixture of pentenocate esters contains
less than 500 ppm hydroperoxide compounds.
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g : : ALCILOR-0
groups, for exanple ethylene, trinethylene, tetranmethylene or

pent anet hyl ene; or C6-C20 dival ent aryl ene groups, for - 10- exanpl’m

di val ent di napht hyl or di phenyl. Exanples of nultival ent br}dgﬁn%.gr* - !
Rlerr]n are multivalent groups having the formula (X-)[err] go [ér 's
wth nis 2-6. An exanple of a nultidentate bridging group Fh n=4 is the?
tetraval ent bridging group C-(CHerr]-O)[err]. Exanples off di valZeROY %95 {
bridging groups are -X-, -O-X-O, -N-R@—X- N(Rlerr])- or {>% N(Rerr])-
in which Xis a dlvalent organic group with 1-30 carbon atmns Preferapry
the bidentate bridging group |s -%& or C)%&C> Exanples of 0055|ble

di val ent groups ERQUESS | HOR 7] : AR DR

The invention relates to a process for the

preparation of a 5—formylvélerate ester by
hydroformylating a mixture of pentenoate esters in the
presence of a catalyst system which catalyst system
comprises a metal selected from groups 8-10 of the
Periodic Table of Elements and a mono- or multidentate
organic phosphorous ligand.

A similar process is described in US-A-5264616.
US-A-5264616 discloses a process for the preparation of an
alkyl 5-formylvalerate starting from alkyl 4-pentenoate,
alkyl 3-pentenocate or mixtures of alkyl 2-, 3- and 4-
pentencate in the presence of a catalyst system comprising
rhodium (Rh) and a bidentate phosphite ligand.

A disadvantage of this process is that the
activity of the catalyst system is low. Moreover the
activity of the catalyst system decreases when the
catalyst system is reused several times. The lower
activity and stability of the catalyst system is
especially found when the mixture of pentenoate esters
contains (even small amounts of) cis 2-pentencate ester.

The object of this invention is therefore a
process for the preparation of 5-formylvalerate ester by
a hydroformylation starting from a mixture of pentenoate
esters in which the activity of the catalyst system is
high and will remain high for a prolonged period of time.

The object of the present invention is achieved
in that the mixture of pentenocate esters contains less
than 500 ppm hydroperoxide compounds.

The process according to the invention is
preferably carried out with a pentenoate ester mixture

Ry
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al kyl i dene group, for exanple ethylene, trinethylene, tetr rﬁ@“aﬂdww¢
.pent anet hyl ene or trans-1, 2- cycl obut ene; or C[err]-C[err]‘“H# PERT SHE |
aryl ene groups, for exanple dival ent dinaphthyl or diphenyli; or IR
1,1'-ferrocenyl. R6 and R7 may individually be for exanple hy2Eagen.gs.
Clerr]-Cerr] alkyl group, for exanplegnethyl, ethyl or prepyl, an aryl
group, for exanple phenyl, tolyl or tosyl. Goups X Y, Q6“and*ﬁﬁ~ﬁaywbe'
substituted with organic groups with 1- 10 carbon atonms of_wi th anorganic

Ok Pep e s AR et o Y, o A Sl dpn i o

hydr oxy, cﬂwuumymmﬂﬁopandana ,camgdundd ., thlonyl silyl, alkoxy or

t hi onyl . Most pref ergbl i Ay t th X-(O)[err],
-OY and/or -OY-O lgc:)oryuapsfsr}feéd d %:h%tp &%1 sphi nég' i gand with

(X-)[err] aC@PQﬂkﬂthQ‘ﬁhﬁyknﬁﬁptlon, the catalyst activity is
improved and that the catalyst remains stable for a longer

period of time when starting with a mixture of pentenoate
esters. A further advantage is that the selectivity for 5-
formylvalerate is improved in a number of cases. The above
advantages are even more pronounced if the process to
prepare 5-formylvalerate ester is performed continuously
in which the unconverted pentenocate ester of the process
are reused as starting compounds of the hydroformylation.
In a continuous process catalyst stability and activity
are important factors.

The hydroperoxide compounds have proved to be
catalyst poisons inasmuch as these compounds readily
convert the organic phosphorous ligands into catalytically
inactive compounds. These pentenocate ester compounds and
especially cis—-2-pentenocate ester were not heretofore
known to "spontaneously" form hydroperoxide compounds when
treated in the normal manner. It has also been found that
in a mixture of pentencate esters comprising cis 2-
pentenocate ester an even higher amount of hydroperoxide
compounds can be present. The formation of hydroperoxide
compounds may be explained by the reaction of one or more
of the pentenoate esters with traces of oxygen. The
formation of hydroperoxide compounds was unexpected and
especially the rapid formation of hydroperoxide compounds
when cis 2-pentencate ester was present was unexpected.
This is surprising because it would be more logical that
3-pentenoate ester, having two allyl hydrogen groups
capable of autooxidation to a hydroperoxide group, would
be the more reactive compound. Even very small amounts of
cis 2-pentenoate (smaller than 0.5 wt.% relative to the
pentenoate mixture) in a pentenocate ester mixture have
been found to cause a rapid formation of hydroperoxide
compounds in which the hydroperoxides formed from the cis
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with nis 1-6, in which X and Y are groups as defined gwe,,£Xa;[1ggggﬁ‘
.nonodentate |ligands are triaryl- phosphine and triaryl ph SphLLev.*ma- 1 S
g

of bidentate phosphine |igands are 1, 3- bls(dlphenylphosphlnq)propqu,
- 1, 4- bi s(di phenyl - phosphi no) - but ane, 2, 3-di net hyl -1, 4- bls(dlph@ 1 396
phosphlno)butane 1, 4- bls(dlcyclohexylphgsphlno)butane 5
1, 3-bi s(di-p- tonIphosphlno)propane 1, 4-bis(di- o

nethoxyphenylphosphlno)butane 2, 3- bls(dlphenylphosph|no) _2-but ense,
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hydroperoxlde compounds originating from other pentenoates
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for example 3-pentenoate ester. The formation of
hydroperoxide compounds may take place due to infiltration
of small amounts of oxygen (air) in the various process
equipment present in a commercial hydroformylation process
or due to the fact that the compounds used in the various
chemical steps contain small traces of oxygen. Examples of
process equipment are distillation column(s) for
separation of the unconverted alkyl pentencates or the
process equipment of a possible previous step in which the
pentenocate ester mixture is prepared.

The hydroperoxide compounds which are formed can
be represented by the following formulas:

OOH 0 OOH 0
—-/:.\"—— OR

OR R HOO 0
I 11 111

Unlike for ether compounds, as described in for
example EP-A-60523, it is surprising that pentenoate
esters readily form hydroperoxides. Ester compounds are
not known to readily form hydroperoxides, in contrast with
ether compounds, which are known to readily form
hydroperoxide compounds. Especially for cis 2-pentenoate
ester the hydroperoxide formation was not to be expected
as explained above.

The process according to the invention can be
carried out in a variety of embodiments. All embodiments
will aim to prevent the hydroperoxide compounds from being
formed or from reacting with a significant amount of
phosphorous ligands during hydroformylation or during the
possible subsequent separation stages. To achieve this it
is important that during hydroformylation the
concentration of hydroperoxide compounds should be as low



phosphi no) propane, 2, 2'-bi s(di phenyl phosphi no) bi phenyl , N
2, 3- bi s(di phenyl phosphi no) - napht hal ene, 1, 2- Rmiﬁ“ﬁ*_;_ |
bi s(di phenyl phosphi no) - cycl ohexane, 2, 2-di net hyl -4, 5- 2’
bi s(di phenyl phosphi no) - di oxol ane, 1,1'-bi s(di phenyl - phosphinBifas rigdfene, |
1, 1" - bi s(diisobutyl phosphino)- ferrocene - .
1,1 -bis(diisopropyl-phosphino)-ferrocene, :
1, 1' - bi s(di cycl ohexyl phosphi no)-ferrocene, 1,1'- .
bi s(i sopropyl cycl ohexyl phosphi no)-ferrocgn 1,1 -bis(dL- .

L but y1 phochi HOFPoPt Beok. BaBaEassR: oph) EhRsiRFRGYE 1{ bubstantial)
(phenyl i soptepygvrabosphthe) hféropeearidé- ¢compbengs-is higher than the
phosphino)-1'-(djkso0 - kRQ) o] e " activi

bi's(1 sopr opyrBRERYE RESRKS ERRREELAQ) EELRIERDTIOVe! activity and

i sopropyl i dehab213tRi AfdEbrycatalpps(arphenyl phoBphi p8)aceaPhARl e CFEP)

E rans- [11( ﬁi- Ehiéﬂlf‘%% H%Bﬁiﬂ:IOBEnM&broBB?éﬁ'ﬂhéoaﬁﬁbwhhéyckaslbanppm) to
heptane-Z,BgGi9F?S?§Fn@PH}P@ngyﬁgBFQEEYbﬁEﬁ?PpHBsBﬂiHgf,pentenoate

ester mixture applied. When applying more expensive

phosphorous ligands lower hydroperoxide concentrations are
preferred. |

In a first embodiment, the formation of
hydroperoxide compounds in the pentenocate ester mixture
applied is prevented by carrying out the various
operations in the absence of oxygen during and starting
from the preparation of the pentenocate ester and until the
pentencate ester is used in the hydroformylation step and
when recycling the unconverted pentenoate ester to be used
as starting compound_of the process according the
invention.

In a commercial process whereby the pentenocate
ester is prepared in a first step by, for instance,
carbonylation of butadiene, the presence of oxygen in and
after this first step will need to be avoided as much as
possible in order to ensure that the content of
hydroperoxide compounds remains low. It has been found
that a small amount of oxygen can within a short period of
time convert sufficient pentenocate esters into an amount
of hydroperoxide'compounds causing the aforementioned
adverse effects in the hydroformylation.

In a second and more preferred embodiment the
pentenoate ester—containing feed is substantially freed
(in a separate.operation) of hydroperoxide compounds. This
is because it is not soc easy to store and/or handle the
pentenoate ester mixture with complete exclusion of oxygen
since the pentenoate ester may come into contact with
oxygen so that hydroperoxide compounds may occasionally
form. Oxygen can for example come into contact with the
pentencate ester mixture via leaky gaskets of a commercial



trahs-[(bicyclo[2.2.2]octane-2,3-diyl)bis(nethylene)]-

bi s[ di phenyl phosphi ne], trans-1, 2-bi s(di phenyl phosphi no-
(DPMCB), trans-1, 2-bis(di phenyl -

phosphi nonet hyl )t rans- 3, 4- bi s( phenyl ) cycl obut ane and
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bi dentate phosphite ligands are the bidéntate phosphite |
in US-A- 5264616. An exanple of such a bidentate phosphite
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in formul a SVI). Formula (VI): [err] -12- Exanples of nultidentate

phosphor ou$

PF@QHBES process. These (occasionally occurring)high

concentrations of hydroperoxide compounds will disturb the
hydroformylation process and hamper smooth, continuous
operation. Furthermore, it may be more practicable to free
the pentenocate of hydroperoxide compounds in a separate
operation than to prevent hydroperoxide formation as
described above.

The process to free the pentenocate ester mixture
from hydroperoxide compounds may be any operation known to
one skilled in the art for removing hydroperoxide
compounds. An example of a possible process comprises
passing the hydroperoxide compounds-containing pentenoate
ester over ordinary activated (dry) alumina at room
temperature, causing the hydroperoxide compounds to
decompose and/or to remain on the alumina. The contacting
with alumina can advantageously be performed in a
continuous process. The alumina is then preferably placed
in a packéd bed reactor. |

Another example for removing hydroperoxide
compounds is to distil the pentencate in the presence of a
phosphorous (III) containing compound, which as a rule is
readily obtainable. This phosphorous compound will as a
rule costs only a fraction of the price of the phosphorous
ligand applied in the hydroformylation process. The
hydroperoxide compounds will react with this phosphorous
compound, as a result of which the concentration of
hydroperoxide compounds will decrease.

Another example of removing the hydroperoxide
compouds is to wash the organic pentenocate ester mixture
with an aqueous mixture containing a water soluble
phosphorous (III) compound. Such a method can be
advantageously performed in a continuous manner, in which
the aqueous mixture can be separated from the pentenoate
ester mixture after contacting by phase separation. The
aqueous phase can be reused for a next treatment of
hydroperoxide containing pentenocate ester mixture.

Possible water soluble phosphorous compounds are



with 2 and nore phosphorous groups are the nultidentate -Le ligands
described in EP-A-518241. An exanple of such a nultldent tE[Mﬂ@Sphtte!qt

ligand is represented by Formula (M1). Formula (VII): ﬁth»ﬁuq)ia f
a process which can be inproved with the process accord| g to,the\lnvent o]
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preparation of 5-fornylvalerate ester by using a rhodlu eﬂ_cggalysh
systen1conpr|3|ng rhodi um and a triphenyl phosphlne rein the phenyl
groups are nodified w ona *‘Fhe«#eLLgm¢ng
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exanpl e of %198d58p258¥&Q8 $8"9hik¥%Cthe phosphorous compound will
dissolve and which solvent can be separated from the
pentenoate ester mixture by phase separation.

In case the pentenocate ester is stored for some
time, the formation of hydroperoxides is prevented by
keeping the pentenoate in the presence of a suitable
radical scavenger or reducing agent. Examples of such
reducing agents are dialkylthiodiproprionates,

( (RO,CCH,CH,),S in which R may be a C,~C¢ alkyl) and aryl
and alkyl monodentate phosphite compounds. Examples of
suitable radical scavengers are phenols such as 2,4,6-tri-
tert-butylphenol, tert-butyl-catechol and 2,6-di-tert-
butyl-4-methylphenol.

The pentenoate ester according to the invention
may be represehted by the following general formula (IV):

R}-C-0-R? (IV)
fi
(0]

where R® represents a linear butenyl group and R? an alkyl
group having from 1 to 12 carbon atoms or an aryl group or
an aralkyl group having from 6 to 12 carbon atoms.
Preferably, R? is an alkyl group having from 1 to 8 carbon
atoms for example methyl, ethyl, propyl, isopropyl, tert-
butyl, isobutyl or a cyclohexyl or a phenyl group or
benzyl group. Most preferably, R? is methyl, ethyl or
phenyl.

The mixture of pentenoate esters will generally
consist of esters with the same ester group (R?). The
group R! will mostly differ in this mixture. The mixture
of pentencate esters can in principle be any mixture of
2-, 3- and/or 4-pentenocate ester. The advantages of the
invention are especially pronounced if the mixture
contains cis 2-pentenoate ester. It has been found that
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readily than other isomeric pentenoate esters (for example
3-pentenoate ester and trans 2-pentenocate). The percentage
of cis 2-pentenocate ester calculated on the total amount
of pentencate ester can be very small (0.0l %). The
mixture will as a rule consist mainly of 3-pentenoate
ester and 4-pentenocate ester and their total concentration
in the mixture will be between 50 and 100 % while the
remaining part is 2-~-pentencate ester (trans + cis). In a
continuously operated preparation of 5-formylvalerate
ester, in which the unconverted pentenocate ester is
returned to the hydroformylation stage, the concentration
of cis 2-pentenocate ester may be between 0.01 and 10%.

' The invention particularly relates to a process
starting from a mixture of pentenoates (2-, 3- and 4-
pentenocates) that are prepared by carbonylating butadiene
by a reaction with carbon monoxide, a hydroxy compound
(for example methanol) and with a suitable carbonylation
catalyst.

The hydroformylation catalyst system to be used
in the process of the invention comprises of a metal from
groups 8-10 of the Periodic Table of Elements (new IUPAC
notation, Chemical and Engineering News, 63(5), 27, 1985)
and an organic phosphorous ligand. The metal of group VIII
is for example Co, Ru, Rh, P4, Ir or Pt. The metal and the
ligand are capable of forming a complex in the reaction
mixture. The advantages of the invention are especially
pronounced when the hydroformylation is performed with a
catalyst system in which the bond between the ligand and
the metal in the ligand-metal complex is not a strong one
('weak bond’'). These catalys systems are preferred because
high selectivity and/or yield to 5-formylvalerate esters
may be obtained when these catalyst systems are used in
the process according to the invention. It has been found
that such "weak bond catalyst systems" are more sensitive
(with respect to activity, stability and/or selectivity)
to the presence of hydroperoxide compounds than catalyst
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exchanged in the reaction mixture with another ligand. 2s

a rule, these catalyst systems are characterized by a

large excess of ligand relative to the metal at optimal

hydroformylation conditions. As a rule the ligand/metal

molar ratio is greater than 2:1. Ratio’s of 1000:1 are

also possible. Familiar examples of catalyst systems of

which the complexes formed are known to have a

'we

ak’ bond

are catalyst systems with ruthenium, cobalt, iridium and

rhodium as the metal. Examples of rhodium-based catalyst
systems are described in US-A-4801738, EP-A-149894, WO-A-

9426688 and EP-A—-472071.

The process of the invention particularly

relates to those catalyst systems with which, starting

from a pentenoate ester mixture containing at least 20% 3-

pentencate ester, the corresponding 5-formylvalerate can

be prepared with a selectivity greater than 65% at a

realistic or practicable conversion and reaction rate. The

phosphorous ligand of the hydroformylation catalyst may

have monodentate or multidendate structures. The invention

is especially suitable when catalyst systems are used

comprising multidentate phosphorous ligands because these

ligands are in most cases less easy to prepare. The

advantage of an improved catalyst stability will be then

even more pronounced.

The ligands are phosphorous—-containing organic

compounds in which the phosphorous group may be present in

the molecule as a phosphine, phosphonite, phosphinite,

phosphite and/or phosphorous amide group. Ligands with

only one kind or different kinds of these phosphorous

groups are possible.

The phosphorous ligand may for example be

represented by the following chemical formula:



In a 100 gl ass vessel freshly distilled nmethyl 3-pente
0. 02 nol % net hyl

peat-e— —

cis 2- pentenoate was stirred at room t ehpREFAAGESER D SHasT |

presence of air. After 4 days 1 nol % of hydroperoxi de was}f §rived (12000
ppm . The analysis was perforned by Ki-titration in the fol owﬂggqﬁp@@gg:
To 75 ml of acetic acid/chloroform (Z: ¥ v/v) approxi mately 1 dtamof ol efin
was added, followed by 5 m of an aqueous potassiumiodi d¢ selut+en—{65

g/ 100 mM). The solution was placed in the dark for half ah hour and after
the additi 100 of water, titrated with a sodi um t hifosutphate

on o
solution (2.4 p/ i
a blanc analysis {wt
chld%

acid,
i odi de sol

1®f m) until the brown/yellow col our had di sappeared. Al so
hout the addition of olefin) was carried out., Acetic
wat er were freed from nol ecul ar oxygen. The pot‘assi um

reshly prepared before used.
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wherein n is 1-6. When n=1: R3, R* and R® are the same or
different monovalent organic groups selected from -Y¥,
-0-¥, -N(R®)-Y or —-S-Y or R* and R® form one divalent
organic group -¥-, —-0-¥-0-, -0-¥Y-, -O-Y-N(Rf)- or
~-N(RS)-¥Y-N(R7)- and R® is a monovalent group as defined
above and in which Y is a monovalent or divalent organic
group with 1-20 carbon atoms and RS énd R’ are individually
hydrogen or an organic group with 1 to 12 carbon atoms.
When n is 2-6: R? is a multivalent organic bridging group
with 1-30 carbon atoms and R* and R® can be the same or
different monovalent groups as defined above and/or R? and
RS form one divalent group as defined above.

Preferred phosphorous ligands are (a)
1) in which R3®, R* and R® are

the following same or different monovalent organic groups:

monodentate compounds (n

-Y or -0-Y or R?* and R’ form one divalent organic group in
which divalent organic group is -¥Y- or -0-¥Y-0- and (b)
multidentate compounds (n is 2-6) in which R? is a
multivalent organic bridging group with 1-30 carbon atoms
and R® and R® can be the same or different monovalent
groups -Y or —-0-Y¥ and/or R* and R® form one divalent
organic group in which the divalent organic group is: -¥Y-
or —-0-Y-0-.

Examples of possible monovalent groups Y are
substituted or unsubstituted C,~C,, aryl or aralkyl groups,
for example phenyl, naphthyl or benzyl; or C,-C,, alkyl
groups for example methyl, ethyl, propyl, isopropyl, tert-
butyl, pentyl or cyclohexyl. Examples of possible divalent
groups Y are substituted or unsubstituted C,~C,, methylene
groups, for example ethylene,

trimethylene, tetramethylene

or pentamethylene; or C,~C,, divalent arylene groups, for



M xture Il The procedure for mxture | was repeated with -14- met hyl
trans 2-pentenoate. After 7 days no detectable hydroperodeEPfﬁfﬁaf+gnmuas
measured. After 15 days 0. 1% (1200 ppm) of the starting ﬁethyL* T SHEET
2-trans-pentenoate was converted to a equinolar mxture @flhydroperGXTﬂEA .
conpound (1) and (Il). Mxture Il The pgocedure for n1xEure-$ CWas,; meﬁ§ated
with methyl cis 2-pentenoate. After 5 days 15-20% of the} néthyl CIS ) _
2- pent enoate was converted to hydroperOX|des m xture in a rot-at-—f-ati-of.or j

ryar oper oxie SATPOUNSS (1) b o asphomy1.

Examples of multivalent bridging groups R? are

multivalent groups having the formula (X-), or X-(0-), with
n is 2-6. An example of a multidentate bridging group with
n=4 is the tetravalent bridging group C-(CH,-0-),. Examples
of divalent bridging groups are -X-, —-0-X-0-, -N(R®)-X-
N(R7)- or -O0-X-N(R®)- in which X is a divalent organic
group with 1-30 carbon atoms. Preferably the bidentate
bridging group is -X- or —-0-X-0—-. Examples of possible
divalent groups X are substituted or unsubstituted C;-C,,
alkylidene group, for example ethylene, trimethylene,
tetramethylene and pentamethylene or trans-1,2-
cyclobutene; or C,—C,, divalent arylene groups, for example
divalent dinaphthyl or diphenyl; or 1,1'-ferrocenyl.

R® and R’ may individually be for example
hydrogen, C,-C,, alkyl group, for example methyl, ethyl or
propyl, an aryl group, for example phenyl, tolyl or tosyl.

Groups X, ¥, R® and R’ may be substituted with
organic groups with 1-10 carbon atoms or with anorganic
groups, for example hélogenide groups, for example Cl, Br
or I. Examples of other anorganic and organic groups are
nitro, cyano, trifluoromethyl, hydroxy, carbonyloxy,
sulfonyl, sulfinyl, thionyl, silyl, alkoxy or thionyl.

Most preferably the ligand is a phosphite ligand
with X-(0-),, -0-Y and/or —-0-¥-0—- groups in which n is 2-6
or a phosphine ligand with (X-),, -Y and/or -¥- groups
with n is 1-6, in which X and Y are groups as defined
above.

Examples of monodentate ligands are triaryl-
phosphine and triarylphosphite.

. Examples of bidentate phosphine ligands are 1,3~
bis(diphenylphosphino)propane, 1,4-bis(diphenyl-
phosphino)-butane, 2,3-dimethyl-1,4-bis(diphenyl-
phosphino)butane, 1,4-bis(dicyclohexylphosphino)butane,
1,3-bis(di-p~-tolylphosphino)propane, 1,4-bis(di-p-
methoxyphenylphosphino)butane, 2,3-bis(diphenylphosphino)-
2-butene, 1,3-bis(diphenylphosphino)—-2-oxopropane, 2-



(I1rr) of 1:1:3, with a total hydroperoxide content of 18000 ppm M xture IV
The procedure for mxture | was repeated with a m xture of Crsand trans

2- hexene. After 5 days 0.035 nol % of hydroper oxyde conpdunds mereﬁﬁobﬁ%d :
The procedures for preparing mixture I-111 denonstrate the hi gher ! !
reactivity for hydroperoxide formation of an alkyl cis 2- pentgnmaﬁ 996 | '
conpared to other al kyl pentenoates. Thege_experinents al so dennnstrate i
that the formation of hydroperoxide conpounds can be S|gn|f|cant wher—t+He |

reaction (or residence) time is high enough and al kyl ci's 2-pentenoate and
oxygen are RLESFI 2 - R fad phb PP s SESLR 1 £Y5-% 58 881 il oLl ave (ParT)’

phosphino)propane, 2,2'-bis(diphenylphosphino)biphenyl,

2,3-bis(diphenylphosphino)-naphthalene, 1,2~
bis(diphenylphosphino)-cyclohexane, 2,2-dimethyl-4,5-
bis(diphenylphosphino)-dioxolane, 1,1’-bis(diphenyl-
phosphino)ferrocene, 1,1’~-bis(diisobutylphosphino)-
ferrocene, 1,1’'-bis(diisopropyl-phosphino)~ferrocene,
1,1’'-bis(dicyclohexylphosphino)-ferrocene, 1,1’-
bis(isopropylcyclohexylphosphino)-ferrocene, 1,l’-bis(di-
t-butylphosphino)ferrocene, 1l-(diisopropylphosphino)-1'-
(phenylisopropylphosphino)-ferrocene, l-(diphenyl-
phosphino)-1'-(diisopropyl-phosphino)ferrocene, 1,1'-
bis(isopropylphenylphosphino)f-errocene, 2,3-o0-
isopropylidene~2,3-dihydroxy-1,4-bis(diphenylphosphino)-
butane (DIOP), trans-1,2-bis(di(m-methylphenyl)-
phosphinomethyl )cyclobutane, trans-[(bicyclo[2.2.1]-
heptane-2,3-diyl)bis(methylene)]-bis[diphenylphosphine],
trans-{(bicyclo[2.2.2]octane-2,3-diyl)bis(methylene)]-
bis[diphenylphosphine], trans-1,2-bis(diphenylphosphino—
methyl)cyclobutane (DPMCB), trans-1,2-bis(diphenyl-
phosphinomethyl)trans-3,4-bis(phenyl)cyclobutane and
2,2'-bis(diphenylphosphino)-1,1’-binapthyl (BINAP).

Examples of possible bidentate phosphite ligands
are the bidentate phosphite ligands described in US-A-
5264616. An example of such a bidentate phosphite ligand
is given in formula (VI).

Formula (VI):

(CC?H;)s
(CHy)C C(CHs)y

CH10 (o] H
* \P/° °\P/°_©_°’ 1
N
CHy O/ O—Q-G;Hn (VI)

(-CgH,;3 = a linear Cy—alkyl group)



filled under nitrogen with 3.87 ng of Rh(acac)(CO 2 (acac =
acetyl acetonate) (1.5x10-[err] nol), 37.5xIJerr] nol phosphige; aCQ@rQIn
to formula VI (ligand/rhodiumratio (L/Rh) = 25 nol/nol)) and-40 46-pat. "
t he autocl ave was closed and purged w thh hltrogen

t ol uene.
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Next, the autoclave was brought to a pressure of 1 MPa using icarboniV 1554 }

nmonoxi de/ hydrogen (1:1) and heated to-9@fZerr]C i n approx. Oimm -15- mn.

Subsequently, a mxture of 3.4 g of freshly distilled nethyl 3- pentenoéT??J
1.0 gram of nonane topped up to 10 mMl with tol uene was |njee%ed-+nL0~th_~

aut ocl ave. The conposekhfplet bhemﬁmeateﬁaaﬁbXbubepmsodetelimanad by gas
chronatogra89¥h Ihgnée%ngsbhosp 89583 %qu grg%gt%ge multldentate

phosphite ligands described in EP-A-518241. An example of
such a multidentate phosphite ligand is represented by
Formula (VII).

Formula (VII):

tBu

C1CH,~-O—P+0 t.Bu

(V1II)

(t.Bu = tert-butyl group)

An example of a process which can be improved
with the process according to the invention is described
in WO-A-9426688. This patent specification describes the
preparation of 5-formylvalerate ester by using a rhodium-
based catalyst system comprising rhodium and a triphenyl-
phosphine, wherein the phenyl groups are modified with,
for example, sulphonate groups. The following catalyst
systems are examples of catalyst systems which may also
advantageously be used, in the process according to the
invention. An example of a hydroperoxide sensitive
catalyst system comprises rhodium and a bidentate
phosphorous ligand (such as for example the phosphite

according to formula VI) and is described in US-A-4748261.

Another examples of catalyst system are the rhodium based
catalyst systems as described in EP-A-518241. EP-A-518241
describes a hydroformylation catalyst system based on
rhodium and a phosphite ligand (such as for example the
phosphite according to formula VII).

The 5-formylvalerate prepared by the process
according to the invention is important in that this
compound may serve as a starting material in the

|
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in Table 1. The gas chromat ography was perforned in the flolRiGWARIG THANBBEET
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reference to the following non-limiting examples.

The "unpurified methyl 3-pentenoate" mentioned
in the examples (hereafter referred to as unpurified
pentenoate) contained approx. 25,000 ppm (2.5 mol%)
hydroperoxide compounds. The hydroperoxide compounds were
removed by distilling 300 ml of methyl 3-pentenoate in a
batch set—up to which 20 g of triphenylphosphine had been
added. The methyl 3-pentenoate obtained was stored
togethér with 10 g of 2,4,6-tri-tert-butylphenol and
redistilled immediately before use, the hydroperoxide
content of the methyl 3-pentenoate so obtained (hereafter
referred to as freshly distilled pentenoate) being lower
than 40 ppm. Furthermore some hydroperoxide containing
mixtures were prepared in the following manner:

Mixture I

In a 100 ml glass vessel freshly distilled
methyl 3-pentenocate containing 0.02 mol% methyl cis 2-
pentenoate was stirred at room temperature in the presence
of air. After 4 days 1 mol% of hydfoperoxide was formed
(12000 ppm). The analysis was performed by KI-titration in
the following manner: To 75 ml of acetic acid/chloroform
(2:1 v/v) apéroximately 1 gram of olefin was added,
followed by 5 ml of an aqueous potassium iodide solﬁtion
(65'g/100 ml). The solution was placed in the dark for
half an hour and after the addition of 100 ml of water,
titrated with a sodium thiosulphate solution (2.4 g/100
ml) until the brown/yellow colour had disappeared. Also a
blanc analysis (without the addition of olefin) was
carried out. Acetic acid, chloroform and water were freed
from molecular oxygen. The potassium iodide solution was
freshly prepared before used.

Mixture II

The procedure for mixture I was repeated with
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Exanple Il Exanple | was repeated using 23.0 grans of freshiy distilled
met hyl pentenoate. The results are listed in Table 2.
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methyl trans 2-pentencate. After 7 days no detectable
hydroperoxide formation was measured. After 15 days 0.1%
(1200 ppm) of the starting methyl 2-trans—-pentenocate was
converted to a equimolar mixture of hydroperoxide compound
(I) and (II).

Mixture ITT

' The procedure for mixture I was repeated with
methyl cis 2-pentencate. After 5 days 15-20% of the methyl
cis 2-pentencate was converted to hydroperoxides mixture
in a molar ratio for hydroperoxide compounds (I), (II) and
(IXII) of 1:1:3, with a total hydroperoxide content of
18000 ppm.

Mixture IV

The procedure for mixture I was repeated with a
mixture of cis and trans 2-hexene. After 5 days 0.035 mol%
of hydroperoxyde compounds were formed.

The procedures for preparing mixture I-III
demonstrate the higher reactivity for hydroperoxide
formation of an alkyl cis 2-pentencate compared to other
alkyl pentenoates.

These experiments also demonstrate that the
formation of hydroperoxide compounds can be significant
when the reaction (or residence) time is high enough and
alkyl cis 2-pentenoate and oxygen are present.

Example T

_ A 150-ml Hastalloy-C steel autoclave (Parr) was
filled under nitrogen with 3.87 mg of Rh(acac)(CO), (acac
= acetylacetonate) (1.5x1075 mol), 37.5x10"° mol phosphite
according to formula VI (ligand/rhodium ratio (L/Rh) = 25
mol/mol)) and 40 ml of toluene. Hereafter, the auﬁoclave
was closed and purged with nitrogen. Next, the autoclave
was brought to a pressure of 1 MPa using carbon
monoxide/hydrogen (1:1) and heated to 90°C in approx. 30



Conpar ative Exanple B Exanple | was repeated using unpurifijed nmethyl
3-pentenoate (of Exanple A). The results are listed in ﬁa@ke:@waAﬁLﬁﬁh
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products formed (= 3-, 4-, 5-fornylvalerate and nethylv%leraté).aﬁrrgam"
ratio of (5-fornylvalerate) / (3- + 4-

min. Subsequently, a mixture of 3.4 g of freshly distilled

methyl 3-pentenocate, 1.0 gram of nonane topped up to 10 ml
with toluene was injected into the autoclave. The
composition of the reaction mixture was determined by gas
chromatography. The results, including the percentage of
ligand that had decomposed to catalytically inactive
compounds, are listed in Table 1.

The gas chromatography was performed in the
following manner: At regular intervals samples were taken
and analyzed (column: CP-Sil 8 CB 25 m x 0.25 mm
Chrompack; temperature progam 60°C, 15 min isothermal than
10°C/min to 140°C and 5 min isothermal and than 20°C/min
to 280°C and 20 min isothermal. Reaction products were
identified by comparison with authenthic samples and by
gaschromatography and mass spectrometry (GC/MS).

Comparative Example A
Example I was repeated using unpurified methyl
pentenoate. The results are listed in Table 1.

TABLE 1
Example/ Time Conversion | TOF decomposed
Exper iment ligand
(h) (%) (h~%) (%)
I 6 30.5 99.9 5
28.5 88.2 60.9 13
A 6 11.2 37.3
28.5 44.3 31.1 86
Conversion percentage converted methyl 3-pentenocate
TOF Turnover frequency = mol converted methyl

3-pentenoate per mol rhodium per hour



fornyl val erate) deconposed ligand is calculated as the percentage of the

l.i gands which is deconposed relative to the original anDunt:frf—mHga—nelmatmw
time is 0. Exanple 11l Exanple | was repeated usi ng 7.5x10[ ér FJ: InBlEMEN
phosphite according to formula VIl (L/Rh = 5). The reaction nﬂxturé“vwﬁr """" =
anal yzed after 7 and 25.5 hours. The results are listed in

Conpar ative Experinment C Exanple | was t€peated using unpurufledf Fﬁ&fﬁ
pentenoate. The results are listed in Table 3. -17-

-
SHEET

i

Example II

Example I was repeated using 23.0 grams of
freshly distilled methyl pentenoate. The results are
listed in Table 2.

Comparative Example B
Example I was repeated using unpurified methyl
3-pentencate (of Example A). The results are listed in

Table 2.
TABLE 2
Example/ Time Con-— Sel. n/iso TOF decomposed
Experiment version ligand
(h) (%) (%) (™l | (%
I 2 17.5 79.5 | 5.17 1123.
21 82.2 77.1 4.37 9 13
503.8
B 1.5 6.7 74.9 | 4.15 642.8
22 10.4 68.5 | 2.60 §7.9 95
Sel. mol% S5-formylvalerate relative to all products
formed (= 3—-, 4-, 5-formylvalerate and
methylvalerate).
n/iso ratio of (5-formylvalerate) / (3- + 4-

formylvalerate)
decomposed ligand is calculated as the percentage of the
ligands which is decomposed relative to the original
amount of ligand at time is 0.

Example IIT

Example I was repeated using 7.5x10° mol
phosphite according to formula VII (L/Rh = S5). The
reaction mixture was analyzed after 7 and 25.5 hours. The
results are listed in Table 3.

Comparative Experiment C
Example I was repeated using unpurified methyl
pentenoate. The results are listed in Table 3.




A mxture of unpurified nmethyl 3-pentenoate (12.4 g), nethyl 4-pentenoate
(12.5 g), nmethyl cis 2- pentenoate (2.5 ng) and 1 nml n-nopgantA—-30—mH

t ol uene (containing 12500 ppm hydr oper oxi de compounds) was washeddi2iT SHEST
with a an equal volume of a solution containing 2.0 mml | [
tris(msul f onat ophenyl ) phosphi ne as sodiumsalt in mater.iﬁ&t n?gﬁga&@ticn
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O.QS(nnnlth(acac%(CI»Z and 30 ml of a solution containing 2.1 nmol |
tris(msu a yl)- phosphine as sodiumsalt in water. Thé autoctave
was closedéggéiﬁgugﬂed with nitrogen. Afterwards the autoclave was heated
to 110 [err]C and subsBixtwuieyopr eBRYFE iEiadtBehpl \pzPeREENEBY®O (1/1

mol /nol ) . Bubsgagenthythpe @bpahbefonest engasegpsimetRyXtioie £+he organic

| ayer descri bed .
pentencate (2.5 mg) and 1 ml n-nonaan in 30 ml toluene

(containing 12500 ppm hydroperoxide compounds) was washed
2 times with a an equal volume of ‘a solution containing
2.0 mmol tris(m-sulfonatophenyl)phosphine as sodium salt
in water. After separation of the layers the organic layer
contained less than 40 ppm hydroperoxide compounds.

A 150 ml Hastalloy-C autoclave (Parr) was filled
under nitrogen 0.05 mmol Rh(acac)(CO), and 30 ml of a
solution éontaining 2.1 mmol tris(m~sulfonatophenyl)-
phosphine as sodium salt in water. The autoclave was
closed and flushed with nitrogen. Afterwards the autoclave
was heated to 110 °C and subsequently pressurized to 1.0
MPa with H,/CO (1/1 mol/mol). Subsequently the obtained
pentenoate ester mixture (the organic layer described
above) was injected in the autoclave. After 45 minutes the
hydroformylation reaction was stopped (79.4 % conversion
of the methyl 4-pentenoate). No loss of the tris(m-
sulfonatophenyl )phosphine ligand was observed.

Comparative experiment D

Example IV was repeated except that the
unpurified pentenocate ester containing mixture was not
washed with the aqueous solution (the hydroperoxide
compounds were thus not removed). After 60 minutes the
hydroformylation reaction was stopped. 57.4 % conversion
of the methyl 4-pentenocate was observed. Using 31P NMR it
was found that 43.8 % of the ligand was oxidized to
catalytically inactive compounds.
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[err] -19- CLAI MS 1 Process for the preparation of a
. 5-fornylvalerate ester by hydrofornylating a m xture of pent.enoat-e- ast-ers
in the presence of a catal yst system which catal yst sys{emiconpri.ses a.
nmetal selected fromgroups 8-10 of the Periodic Table of Elenments and a
mono- or nultidentate organi c phosphorous |igand, charactéri&zedihiiHat|the
m xture of pentenoate esters containg ngs t han 500 ppm; hydroper oxi de
conmpounds. 2. Process according to claim1, characterized in that

CLATIMS

1. Process for the preparation of a 5-formylvalerate
ester by hydroformylating a mixture of pentenoate
esters in the presence of a catalyst system which
catalyst system comprises a metal selected from
groups 8-10 of the Periodic Table of Elements and a
mono~ or multidentate organic phosphorous ligand,
characterized in that the mixture of pentenocate
esters contains less than 500 ppm hydroperoxide
compounds.

2. Process according to claim 1, characterized in that
the pentenocate ester applied contains less than 100
ppm hydroperoxide compounds.

3. Process according to any one of claims 1-2,
characterized in that the mixture of pentenocate
esters comprises cis 2-pentenocate ester.

4. Process according to any one of claims 1-3,
characterized in that the hydroformulation is
performed continuously in which the unconverted
pentenoate esters of the process are reused as
starting compounds for the hydroformylation.

5. Process according to claim 5, characterized in that
the pentenocate ester mixture is passed over alumina
before hydroformylating.

6. Process according to any one of claims 1-5,
characterized in that the phosphorous ligand metal
molar ratio is greater than 2:1.

7. Process according to claim 6, characterized in that

n the metal is ruthenium, iridium, cobalt or rhodium.

8. Process according to any one of claims 1-7,
characterized in that the phosphorous ligand is
represented by the following formula: ST

N
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t he pentenoate ester applied contains |ess than 100 ppm hydr oper oxi de
-conpounds. 3. Process according to any one of clainms 1-2, characterized in

that the m xture of pentenoate esters conprises cis 2- pente@ga Bueﬁtw ,
Process according to any one of clainms 1-3, characterized

At $ﬂ'ET
hydrof ornul ation is performed continuously in which the udcdnverted.
pentenoate esters of the process are reused as starting c nrouhﬁs\jpr;%@e

hydr of or nyl ati on. 5. Process accordi2tg -t o any one of clains
characterized in that the pentenoate ester mxture is passed over at-um-hre
bef ore hydrofornylating. 6. Process according to any oné_of clainms 1-5,

characterized in that the phosphorous ligand/netal nolar ratio is greatéer
than 2: 1. R4

Rl——+—P/

R5
—_ -—n

wherein n is 1-6, in which for n=1: R?, R! and RS are
the same or different monovalent organic groups
selected from -¥Y, -0-Y, -N(Rf)-Y or -S-Y or R* and RS
form one divalent organic group selected from -Y—,
-0-¥-0-, -0-¥-, ~-0-¥-N(R®)- or -N(R®)~Y-N(R7)- and R?
is a monovalent group as defined above and in which ¥
is a monovalent or divalent organic group with 1-20
carbon atoms and R® and R7 are individually hydrogen
or an organic group with 1 to 12 carbon atoms and in
which for n is 2-6: R?® is a multivalent organic
bridging group with 1-30 carbon atoms and R* and RS
can be the same or different monovalent groups as
defined above and/or R* and R® form one divalent group
as defined above.

9. Process as substantially described in the
specification and examples.
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7. Process according to claim6, characterized in that the netal is
ruthenium iridium cobalt or rhodium 8. Process accondpng«%e“any*gmq
claims 1-7, characterized |n t hat the phosphorous |igand |§LrepreSehteH‘by

t he follomﬁng formula: K- L "a;9 - 20- [err] wherein i I=6, 1 n whidh
for n=1: Rerr], Rerr] and R[err] are the sane or differ aenoval €ub
organi ¢ groups selected from-Y, N(Rerr])-Y or - of R4 “and
Rlerr] form one dival ent organic grou %eTected from-Y-,} - QaNelDu—aOY=

L_m

-0-Y-N(Rerr])- or -N(R6)-Y-N(R[err])- and R err]

ABSTRACT

PROCESS FOR_THE PREPARATION OF S5-FORMYLVALERATE

The invention relates to a process for the
preparation of a 5-formylvalerate ester by
hydroformylating a mixture of pentenoate esters in the
presence of a catalyst system which catalyst system
comprises a metal from group 8-10 of the Periodic Table of
Elements and a mono— or multidentate organic phosphorous
ligand, wherein the mixture of pentenocate esters contains
less than 500 ppm hydroperoxide compounds.
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" is a nonoval ent group as defined above and in which Y is a monodaf 2i¢ 8 5P
di val ent organic group with 1-20 carbon atoms and Rlerr] 7 are i‘R&fiSvi dual |y
hydrogen or an organic group with | to 12 carbon atons and in which for n
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CLAIMS

Process for the preparation of a S-formylvalerate
ester by hydroformylating a mixture of pentenoate
esters in the presence of a catalyst system which
catalyst system comprises a metal selected from

- groups 8-10 of the Periodic Table of Elements and a

mono—- or multidentate organic phosphorous ligand,
characterized in that the mixture of pentenocate
esters contains less than 500 ppm hydroperoxide
compounds.

Process according to claim 1, characterized in that

‘the pentenoate ester applied contains less than 100

ppm hydroperoxide compounds.

Process according to any one of claims 1-2,
characterized in that the mixture of pentenoate
esters comprises cis 2-pentencate ester.
Process according to any one of claims 1-3,

‘characterized in that the hydroformulation is
- performed continuously in which the unconverted

pentenocate esters of the process are reused as
starting compounds for the hydroformylation.
Process according to claim 5, characterized in that
the pentenocate ester mixture is passed over alumina

~before hydroformylating.

Process according to any one of claims 1-5,
characterized in that the phosphorous ligand metal
molar ratio is greater than 2:1.

Process according to claim 6, characterized in that
the metal is ruthenium, iridium, cobalt or rhodium.
Process according to any'one of claims 1-7,
characterized in that the phosphorous ligand is
represented by the following formula: -
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wherein n is 1-6, in which for n=1: R3?, R* and RS are
the same or different monovalent organic groups
selected from -Y, -0-Y, -N(R®)~Y or -S-Y or R*! and RS
form one divalent organic group selected from -¥-,
-0-Y-0-, -0-¥~-, —-0-¥-N(R®)- or -N(R®)-Y-N(R7)- and R?
is a monovalent group as defined above and in which ¥
is a monovalent or divalent organic group with 1-20
carbon atoms and R® and R’ are individually hydrogen
or an organic group with 1 to 12 carbon atoms and in
which for n is 2-6: R? is a multivalent organic
bridging group with 1-30 carbon atoms and R* and R®
can be the same or different monovaleént groups as
defined above and/or R* and RS form one divalent group
as defined above.
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Process for the preparation af.a S5-formylvalerate
ester by hydroformylating a mixture of pentenocate
esters in the presence of a catalyst system which
catalyst system comprises a metal selected from
groups 8-10 of the Periodic Table of Elements and a
mono— or multidentate organic phcsﬁhorcus ligand,
characterized in that the mixture of pentencate
esters contains less than 500 ppm hydroperoxide
compounds.

Process according teo claim 1, characterized in that
the pentencate ester applied contains less than 100
ppm hydroperoxide_compoundsg

;Prcceés accarding to any one of claims 1-2,

characterized in that the mixture of pentenocate
esters comprises cis 2-pentencate ester.

Process according to any one of claims 1-3,
characterized in that the hydroformulation is
performed continuously in which the unconverted: -
pentencate esters of the process are reused as

.starting compounds for the hYdroformylétién.

Process according to any one of claims 1-4, characterized 1n that the
pentenoate - ester * mixture is passed over alumina before
hydroformylating.

Process according to any one of claims 1-5,
characterized in that the phosphorous ligand/mefal
molar ratio is greater than 2:1.

Process according to claim 6, characterized in that
the metal is ruthenium, iridium, cobalt or rhodium.
Process according to any one of claims 1-7,
characterized in that the phosphorous ligand is
represented by the following formula:
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