PROCESS FOR THE PREPARATI ON OF 5- FORMYLVALERI C ACI D AND 5- FORMYLVALERATEC -/
ESTER  Description The invention relates to a process for thggs
preparation of 5-fornylvaleric acid or the corresponding 5-fornylvalerate
egter by hydrogaiﬁyhﬁtion of 3-pentenoic acjd or 3-pentenoate ester with
car bon nonoxi d ydrogen in the pres- ence of a catal yst system

conprising rhodi umand a phosphite |igand. Hydr of ormyl ati on here neans

reacting an unsal ur austhdidd e btk SERANIG I brcahoRumRAKRRANd

hydro- gen in the préSence of _a T WArch—T
pr epar ed. ACID AND 5-FORMYLVALERATE ESTER
5

The invention relates to a process for the
preparation of 5-formylvaleric acid or the corresponding
S5-formylvalerate ester by hydroformylation of 3-pentenoic
acid or 3-pentenocate ester with carbon monoxide and

10 hydrogen in the presence of a catalyst system comprising
rhodium and a phosphite ligand.

Hydroformylation here means reacting an
unsaturated hydrocarbon compound with carbon monoxide and
hydrogen in the presence of a catalyst, in which process

15 an aldehyde is prepared.

Such a process is disclosed in EP-A-556681. That
patent specification describes a process in which methyl
3-pentencate is hydroformylated to the linear methyl 5-
formylvalerate. The catalyst employed in this process is

20 comprised of rhodium and a bidentate phosphite ligand of
the formula (1):

OCH; OCH,
M Q .
25 e AN NS’
» »

O '@

in which + is a tert-butyl group. According to EP-A-
5561681 the highest selectivity to the methyl 5-

30 formylvalerate which can be reached is 76.7 mol %.
Selectivity is calculated as the molar amount of the
specific product relative to the molar amount of converted
3-pentenoate ester (or acid).

Disadvantages of the process of EP-A-556681 are

35 that the selectivity towards the 5-formylvalerate ester is
low and that the organic phosphite ligands are as a rule
difficult to prepare.
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Such a process is disclosed in EP-A-556681. That patent specification
describes a process in which nethyl 3-pen- tenoate is hydrofornylated to
the linear nmethyl 5-fornylvalerate. The catal yst enployed in this process
is conprised of rhodiumand a bidentate phosphite ligand of the formla
(1): [err] in which +is a terT-%mﬂyl group. According to

EP- A-5561681 the hi ghest selectivity to the nethyl 5-fornylval erate which
can be reached is 76.7 nol % Selectivity is calculated as the nolar anount
of the specific product relative to the nolar anmount of converted

3-pentenoate ester (or aphd)object of the present invention is a process
in which 3-pentencic acid or 3-pentenoate ester can be
hydroformylated in the presence of a catalyst comprising
rhodium and an easy to prepare organic phosphite ligand,

5 enabling the linear 5-formylvaleric acid or 5-
formylvalerate ester to be prepared with a high
selectivity.

This object is achieved in that the phosphite
ligand is represented by the following general formula

10 (2),
(ORY)
A— O - P (2)
™ (or?)
15 o - n

where R' and R? are the same or different monovalent
aromatic organic groups and where A is an n-valent group
or atom and where n is an integer of at least 2 and where
20 the respective [-0-P(OR')(OR?)] group may be the same group
or different groups and where the phosphite forms a
chelate-type complex with rhodium.
It has been found that the 5-formylvaleric acid
(ester) is prepared with high selectivity when 3-pentencic
25 acid (or 3-pentenocate ester) is hydroformylated by the
process according to the invention.
An added advantage, in case 5-formylvalerate
ester is the desired product, is that less 4-
formylvalerate ester relative to 3-formyl valerate is
30 prepared than in the process according to EP-A-556681.
This is advantageous because the 4-formylvalerate ester
has almost the same boiling point as the S5-formylvalerate
ester: a smaller amount of 4-formylvalerate ester allows
simpler distillative separation of these two components.
35 Moreover, less 3- and 4-formylvalerate ester are prepared
in the process according to the inwvan+ign, go that
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D sadvant ages of the process of EP-A-556681 are that the selectivity
towards the 5-fornylvalerate ester is | ow ans that the organic phosphite
ligands are as a rule difficult to prepare. The object of the present
invention is a process in which 3-pentenoic, acid or 3-pentenoate ester can
be hydrofor- nylated in the presence of é'é%félyst conpri sing rhodi um and
an easy to prepare organi c phosphite Iigand, enabling the |inear .
5-fornylvaleric acid or 5-fornmylval erate ester to be prepared with a high

selectivity. This object is achieved in that the phosphite ligand is
represented bygfe; i Pht PV "GeSEPLL BonfGF & 42) 4— ana s-
[err] (2) wher e

Rlerr] and R ef?imulealpratapecsieri ¢arreatefireird aemroirier or gani c
groups which are not congecipehép £3¢iMOAHEris that the bidentate

phosphite ligands according to formula (2) can be prepared
5 with a more simple process than the bidentate phosphite
ligands exemplified in EP-A-556681. As a rule the ligands
according to formula (2) can be prepared in at least one
synthesis step less than the bidentate phosphite ligands
according to EP-A-556681. Especially the bidentate

10 phosphite ligands according to formula (2) which are
symmetrical (the different -(OR!)(OR?) groups being the
same) are more simple to prepare. Furthermore bidentate
phosphite ligands which not need to be synthesized
starting from a substituted bisphenol are alsoc more simple

15 to prepare. This is because the substituted bisphenol is
as a rule not readily available and will have to be
synthesized separately. The bidentate phosphite ligand
according to formula (1) is an example of a compound which
is prepared starting from two different substituted

20 bisphenols. Furthermore the bidentate'phosphite ligand
according to formula (1) is not symmetrical. The large
number of synthesis steps required for preparing a ligand
according to formula (1) is for example described in US-A-
4748261.

25 By a chelate-type complex is meant that
(substantially) at least two phosphorous P atoms of a
phosphite—group-containing molecule form a coordinated
bond with one rhodium atom/ion. By a non—chelate-type
complex is meant that substantially only one phosphorous P

30 atom of a phosphite-group-containing molecule forms a
coordinated bond with one rhodium atom/ion. The choice of
the organic group A of the ligand according to formula (2)
will determine whether a chelate-type complex of the
phosphite ligand and rhodium is formed.

35 A hydroformylation process which uses a catalyst
system resembling the catalyst system according to the
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in any way other than via the phosphorous atom P and where A is an n-val ent
group or atomand where n is an integer of at |east 2 and where the
respective [-O-P(OR[err])(OR[err])] group may be the sane group or

di fferent groups and where the phosphite fornms a chelate-type conplex with
r hodi um It has been found that the § fornylvaleric acid (ester) is
prepared with high selectivity when 3-pentenoic acid (or 3-pentenoate
ester) is hydrofornylated by the process according to the invention.

An added advantage, in case 5-fornylvalerate ester is the desired product,

Is that |ess f‘ﬁ&&ﬂ%f{%@i&f@é@& {fl @b inesigy fr f arpnp-snalepate is

pr epar ed than In t rocess according to EP-A-556681. This js advantageous
because the 4 ?%ﬁ%??va?%?%ﬂ%?es?%ﬁtrﬁﬁﬁ%ﬂYﬁ%ts¥§ﬁfqﬁﬂﬁPWRﬁﬁﬁ*ﬁ?p0|nt as the
5-fornylval er@ﬁ@sﬁﬁiﬁés ahsmlf@mrmmmmtd—ﬁwmommmmm etiadiw | ows

sinmpler distillative, s hes o) ne eover, |less 3-
and 4-fornyl v%ﬁ%r%‘l‘%t%ﬁ E%ﬁ; %&%%%?e‘&y ?ﬁt’f rg(g%)gtce{s]és%cg?# ding to the
i nvention5 sounsatuciated| dhef ims sephibst ophosphikes-that o fipnwy|a

val erates est oD f v L - tgﬁgtégmgwggge i's
that the bi de%af%gph %l?@?ﬁeﬁnggoéc%é%%e typeﬁr%rﬂéia %%% can

prepared w t h(REARBERIMY ﬁ%}%gp?ﬁéégée@hhﬁt?ﬁ%akﬂﬂéﬁ%%ﬁ%P rﬂ*%ﬁ%?ﬁands

exenplified |ﬂo@l&e§§§§§1w1t9ﬁ m@ulsew@tivgaﬁdsxacmrm\w sorpf psmmga (2)
can be prepar

t th th tat
phosphi t e Ilggﬂﬁg 3@88rﬁ€%§t?ggE§¥gm g%%%% R%igéc?%ﬁ?rhf?ééﬁ %gztgtg
phosphi t a0 i gpedtenocabedeaget oafdruning (L2hosbhthesr ehaynfetmizathglaee-
di ff t - b £ h Le t

treren ﬁgﬁie£6kéi§§£§ggg) ﬁ&&?ﬁﬁ §'ﬂ9%nd§e§§89%v k&gt nple to

prepare. Furt nor e osphite | need to be
synt hesi zed starevhgaiesata §@Bsb?t9@§ﬂlb?§phenol are also nmore sinple to

prepare. This is becausenkhfrocess according to the invention is

carried out in the presence of a catalyst comprising a

15 phosphite of formula (2), where R' and R? are the same or
different aromatic organic groups with preferably 6 to 30
carbon atoms. Examples of suitable aromatic organic groups
are phenyl, naphthyl, antryl or phenantryl. The phenyl and
the BR—naphthyl group are preferably applied since

20 phosphites with these groups are readily obtainable. The
groups R! and R? are not connected to each other in any way
other than via the phosphorous atom P.

Preferably, the aromatic hydrocarbon group(s) R?

and/or R? is/are substituted with a group other than a

25 hydrogen atom on at least one carbon atom immediately
adjacent to the carbon atom that is bonded with the oxygen
atom (from the -0-P(-0-), group (hereafter referred to as
ortho-substituted). These phosphites have been found to
possess a good stability. Most preferably, R! and R? are

30 both ortho-substituted. As a rule, the substituent is an
organic group. Examples of suitable organic groups that
may serve as substituent are C,-C,, alkyl groups, Cz—C,,
aryl groups and C5;—C,, cycloalkyl groups. Examples of such
substituents are linear or branched alkyl groups such as

35 the methyl, ethyl, propyl, butyl, tert-butyl, pentyl and
linear nonyl group. Other suitable organic groups are
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REPLACEMENT SHEET _ _ _
-2- substituted bisphenol is as a rule not readily available and w |

have to be synthesized sep rqmgly The bidentate phos- phite Iigand
according to fahﬁﬂmw a exanple of g%conpound whi ch is prepared
starting fron1t - stituted bl sphenols. Furthernore t he

bi dent at e phosph rding to formula (1) is not symetrical. The
| ar ge nunber of synt eS|s steps required for preparing a |ligand accordi ng
to fornmula (1) is for exanple described in US-A- 4748261.

alkoxy groups, e.g. the methoxy and the ethoxy group;
alkoxycarbonyl groups e.g. the methoxycarbonyl and the
ethoxycarbonyl group and for instance a phenyl group.
Particularly suitable are the alkyl groups that cause

5 sterical hinder (bulky groups), for example isoalkyl
groups, for example isopropyl, tert-butyl and neopentyl.
However, other substituents such as electronegative groups
are also suitable. Examples of electronegative groups are
halogenide groups (-Cl, -Br, -F, -I), C,~C; alkyl ester

10 groups e.g. a methyl ester, a tert-butyl ester group and
Cs—C,p aryl ester groups e.g. phenyl ester, nitriles,
ketone groups and sulphones.

R' and R? may also contain non-ortho-substituted
substituents. These substituents may be the substituents

15 referred to above.

A in formula (2) may be an n-valent group or an
atom. Suitable atoms that may represent A are atoms chosen
from Groups IVA, IVB, IIIA, IIIB and the lanthanides in
the Periodic System of Elements (CAS version, Chemical and

20 Engineering News, 63(5), 27, 1985), e.g. Si, B, Al and Ti
(n equal to the valency of the atom). An n-valent group
according to the invention is any group which can be
bonded to two or more [-O-P(OR!)(OR?)]-groups. The group
may be an organic or inorganic group. Organic groups e.g.

25 polymers in which n is indefinitely large and
macromolecules where n as a rule is greater than 8 are,
for example, suitable as n-valent group A. Examples of
polymers that are suitable for forming an n-valent group A
are polyvinylalcohol and carbohydrates. Group A may also

30 be an inorganic compound in which A represents, for
instance, a carrier for a heterogeneous catalyst. Suitable
inorganic groups A are, for instance, silica and zeolites.

Most preferably, A in formula (2) is an n-valent
organic group with 1-30 carbon atoms in which n is 2-8.

35 Examples of such ligands are the ligands according to
formula’s Ligand (1l)-Ligand (8), in which t-Bu is a tert-
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By a chel ate-type conplex is neant that (substantially) at |east two
phosphorous P atons of a phosphite-group- containing nolecule forma
coordi nated bond with one rhoﬁlun1aton1|on By a non-chel ate-type conpl ex

is neant that su Y one phosphgrous P atom of a

phosphi t e- gr oup- I cule forns a coordinated bond with one

r hodi um at om'i on. the organic group A of the ligand according
to formula (2) will deternlne whet her a chel ate-type conpl ex of the
phosphite |igand and rhodiumis formed. A hydrof ornyl ati on process

whi ch uses a C%h@glsbr%ﬁﬁteﬁbr ggeabhierg uhgraagal 1e H y$ked agaehdi A8nyQ
the invention is 51824 teaches however ,

i scl in EP—A—gi 1 EP-
that catal yst SySPEnED ﬁHP deng PREDBEY 85°WRich form a chel ate-type
conplex with rhodlun1are suitable for hydroformylation of termnally
unsaturated ol efins, whilst phos- phites that do not forma chel ate-type
conpl ex (non-chel ate-type) are suitable for hydrofornylating branched
internally unsaturated olefins to al dehydes with high selectivity. It is
t hus surprising that when starting froman internally unsatu- rated
3-pentenoate ester and using phosphites that forma chel ate-type conpl ex
with rhodium a high selectivity towards 5-fornylvalerate can be obtained.
The process -according to the invention |s carried out in the presgawe® of)a
catal yst conprising a phosphitejof fo (2), ere Rlerr] and Rlerr] are
the same ordifferentaromatic or W thigreferably 6to 30 carbon
atons. Exahl es of suitable ar6 flc gr s are phenyl, naphthyl,
antryl or phenantryl. The phenylf and he err]-naphthyl group are
preferably applied since phosphites with these gf" ups are readily
obt ai nabl e. The groups R err] and R err] are not con- nected to each ot her
in any way other than via the phosphorous atom P. Preferably, the
aromati ¢ hydrocarbon group(s) R err] and/or R err] is/are substituted with
a group other than a hydrogen

15
Me { {‘&J \\ Ligand (2)
:ckHro—Pﬁo—ét:j}—nCHM
Me \ \ 1 /

20

7N
tBu \ @@ tBu
t.Bu—<C j;hoﬂ,_o i L@ \ Ligand (3)
25 / P\ tBu,’

tBu
30 Me ‘
/C HCH-0—P tBu
Me

2f 2 Ligand (4)
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atomon at | east one carbon atominmedi ately adjacent to the carbon atom
that is bonded with the oxygen atom (fromthe -O-P(-O)[err] group
(hereafter referred to as ortho-substituted). These phosphites have been
found to possess a good stability. Mst preferably, R err] and R err] are
both ortho-substituted. As a rule, the substituent is an organic group.
Exanpl es of suitable organic groups that nmay serve as substituent are
Cerr]-Cerr] alkyl groups, Clerr]-Clerr] aryl groups and CJerr]-Cerr]
cycl oal kyl gr oupSrhisEke s§§m6$ﬂ h substituents are |linear or branched
al kyl groups such ﬁ ethyl, propyl, butyl, tert-butyl, pentyl
and |inear nonyl ﬂ& |table organi ¢ groups are al koxy groups,
e.g. the nmethoxy a e ethoxy group: al koxycarbonyl groups e.g. the
met hoxycar bonyl and the ethoxycarbonyl group and for instance a phenyl
group. Particularly suitable are the al kyl groups that cause sterical
hi nder (bul ky groups), for exanple isoal kyl groups, for exanple isopropyl,
tert-butyl And neopentyl. However,{ other; sabstituents such as

i i G pl es |of el ectronegative
H-Br-p1-0 —sdlerr]-derr] ai%gndets br
groups e.g. a nethyl ester, a ter Y gro and C5-C20 aryl ester
groups e.g. phenyl ester, nitriles, ketone groups erd sul phones. R err]
and Rlerr] may al so contain non-ortho-substituted substituents. These

groups are hal ogeni de groups (Mtcf

substituents may be the substituents re- ferred to above. Ain fornula
(2) may bet&n n-val ent group or an atom Suitable atons that may represent
A are atonms chosen from Goups IVA 1VB, IIIA 111B and the | anthanides in
the Periodic System of El enents (CAS version, Chem cal and Engi neering
News, 63(5), 27, 1985), e.g; Si, g\ and Ti (n equal to the valency of
the atom. An n-val ent grouﬁ acco i to thgéinvention i's any _group. which
can be bonded to two or notlenfo-G @_‘3 Rl err])]-groups. 'F%Egad'&)drf)nay
i
15 I

4

/ / \Me \
20 C{HYO—P*O—fi::>—Ve\;
\ / ; Ligand (7)

Me' 2/4

25

, ! tBu
tBu 7\ \
-{: j;~o P N O—P o—«z::>—ﬂ3u Ligand (8)

30
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be an organic or inorganic group. Organic groups e.g. polyners in which n
Fs indefinitely large and nmacronol ecules where n as a rule is greater than
8 are, for exanple suitable as n-valent group A Exanples of polymers that
are sukg for form ng an n-val ent group,A are pol yvinyl al cohol and
carbo “ awpaA may al so be an |nor5anic compound in which A
repre ance a carrier for a heterogeneous catalyst. Suitable
i norg for instance, silica and zeolites. Most
preferably, A |n ornula (2) is an n-valent organic group with 1-30 carbon

atoms in which n is 2-8rnXamRlsphite %&thhaaagédaag Uﬂ@ah&igﬁ895w§€ﬁ0rdl ng
to formula's Ligand (l)-Ligand (8 h Buis atert- @kél group, M

is a nethyl gﬁéﬂﬁntﬁGFéPF]HP§PPFr%§ énIPnégP ASRP syrEBpSifAd is a

met hoxy groupsynthesis may be performed in a single vessel (witBout
purification of the intermediate product) in which process
5 a phosphorus halogenide e.g. phosphorus trichloride is
reacted with a hydroxyhydrocarbon compound which may be
represented by the general formulae R'-OH and R?-OH. The
reaction is effected in a solvent, e.g. toluene, in the
presence of a hydrogen halogenide receptor, e.g. an amine,

10 an intermediate product of the general formula Cl-

P(OR') (OR?) being prepared. The phosphite according to the
invention is prepared in a second step by reacting this
intermediate product with a hydroxyhydrocarbon of the
general formula A-(OH),. The preparation of such phosphite

15 compounds is also described in the aforementioned EP-A-
518241.

As described above, it may be advantageous in
the preparation of the phosphite according to the
invention to start from an inorganic hydrocarbon compound

20 with an amount of n hydroxy groups (n in formula 2). This
compound forms the basis of the n-valent group A and the
location of the hydroxy groups in the organic compound
determines whether a phosphite is prepared that is capable
of forming a chelate-type complex. Suitable phosphites

25 that form a chelate-type complex may be prepared starting
from, for instance, the following hydroxy groups-
containing hydrocarbon compounds: 2,2-biphenyldiol, 2,2'-
dihydroxydiphenylmethane, catechol, 1,2-cyclohexanediol,
cis—-1,2-cyclododecanediol, ethylene glycol, 1,3-

30 propanediol, pentaerytritol, 1,l1’-thiobis(2-
naphthol),1,1’—-dinaphthol, 2,3-dihydroxynaphthalene and
1,8-dihydroxynaphthalene.

Preferably, A is a C-(CH,-), group, in which n in
formula (2) is equal to 4. Such a phosphite compound used

35 as ligand can be prepared starting from the readily
obtainable pentaerytritol. The resulting compounds will
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[err] Li gand (1) [err]
Li gand (2)

have a low cost price which is very advantageous.
Especially when the small amounts of ligand decompose
during the reaction and fresh ligand will have to be
supplied to the catalyst system in order to maintain a
5 reasonable reaction rate and/or selectivity.
The process according to the invention may start
from 3-pentenocic acid in a process to prepare 5-
formylvaleric acid or from 3-pentenocate ester in a process
to prepare 5-formylvalerate ester. Below the ester will be
10 further described. The reaction conditions described below
also apply to the acid.
The 3-pentenocate ester may be represented by the
following general formula:

15 CH; - CH = CH - CH, - ﬁ - 0-R (3)

where R represents a (cyclo)alkyl group having from 1 to 8
carbon atoms or an aryl group or arylalkyl group having

20 from 6 to 12 carbon atoms. Examples of these groups are
the methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl,
isobutyl, cyclohexyl, benzyl and the phenyl group. The
methylester and ethylester are preferably applied. These
esters can be prepared in a simple manner and with high

25 selectivity starting from butadiene and methanol or
ethanol.

The 3-pentenoate ester can be hydroformylated as

a pure substrate or in a mixture of 3-pentenoate ester and
other isomeric pentencate esters. The other pentenoate

30 esters are 4- and 2-pentenoate esters. Preferably the
process is carried out starting with such a mixture of
pentenoate esters because such mixtures are easy to
prepare. For example these mixtures can be prepared by
carbonylation of butadiene with carbon monoxide and an

35 alcohol. The alcohol will correspond with the ester group
R in formula (3) and can be represented by R-OH. Examples
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[err] Lgand (3)
[err] Li gand (4) [err]
Li gand (5)

- 10 -

of possible processes to perform such a carbonylation of
butadiene are described in US-A-3161672, US—-A-3253018 and
EP-A-301450. Processes to prepare mixtures of pentenoic
acids are, for example, described in EP-A-284170 and EP-A-
5 450577. As a rule, the 3-pentenocate ester (or acid)
content in such a mixture is higher than 50 %. Furthermore .
the reaction mixture will as a rule contain small amounts
of 2- and 4-pentencate ester when 3-pentenoate ester is
reacted in a continuous process, in which unconverted

10 pentenocate of the hydroformylation reaction is recycled to
the hydroformylation zone for further reaction.

The linear 5-formylvalerate ester (or acid)
prepared by the process according to the invention may
serve as raw material for adipic acid, which compound is a

15 raw material for Nylon-6,6 and for es-caprolactam, which
compound is a raw material for Nylon-6. g-caprolactam may
be prepared starting from a 5-formylvalerate ester by, for
example, the process of US-A-4730041. A comparable process
to prepare g-caprolactam starting from 5-formylvaleric

20 acid is disclosed in EP-A-242505.

As a rule, the temperature of the hydroformy-
lation is between 30 and 150°C and preferably between 50
and 120°C. The pressure may be between 0.1 and 20 MPa. The
pressure preferably is between 0.2 and 5.0 MPa.

25 As a rule a molar excess of bidentate phosphite
compound relative to rhodium is used for the hydroformyla-—
tion. The ratio of bidentate phosphite compound and
rhodium (L/Rh, expressed in mol/mol) generally lies
between 1:1 - 100:1. Preferably, this ratio lies between

30 1:1 - 50:1.

The H,:CO molar ratio may lie between 1:10 and
10:1 and preferably between 1:2 and 5:1.

Rhodium may be applied in any one of a variety
of forms. The manner in which rhodium is introduced into

35 the reaction mixture is not critical. As a rule, the
catalytically active complexes based on a rhodium
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precursor such as Rh(CO)},(acac) (acac= acetylacetonate),
Rh,0;, Rhy(CO);,, Rhe(CO) 6, Rh(NO3),, Rh(OAc), (OAc=
acetate) and the substituted triphenylphosphine are formed

in the reaction mixture. Rh(CO),(acac) or Rh(OAc), is

preferably used as rhodium precursor inasmuch as these

compounds are easily obtainable.

The 5-formylvalerate in the reaction mixture can
be recovered by distillation. The bidentate phosphite
compound, because of its high molecular weight, will be
left behind in the ligquid phase and, because of the high
stability of the phosphite compound, will not be
susceptible to degradation from the high distillation
temperatures. In consequence, the 5-formylvalerate ester

can be isolated from the reaction mixture and the catalyst

in a simple manner.

As a rule, the hydroformylation is effected in
the presence of a solvent. If desired, however, the
hydroformylation may also be effected without a solvent.

Suitable solvents are organic solvents that are
inert or solvents that do not disturb the reaction.
Possible solvents are for instance the starting compound
and the product of the process and compounds that are

related to the product to be formed,

such as by-products

and particularly condensation products which may form
during the hydroformylation. Other suitable solvents are
saturated hydrocarbons such as naphthas, kerosine, mineral
oil and cyclohexane and aromatics, ethers, ketones and

nitriles such as toluene, benzene, xylene, texanol® (Union
Carbide), diphenyl ether, tetrahydrofurane, cyclohexanone

and benzonitrile.

The invention will be elucidated with the

following non-limiting examples.
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Example I
A 150 ml Hastalloy-C steel autoclave (Parr) was

filled under nitrogen with Rh(CO),(acac) (1.15 * 1075 mol),
phosphite corresponding with Ligand (1) (ligand/rhodium
(L/Rh) = 5 mol/mol) and 40 ml of toluene. Subsequently,
the autoclave was sealed and purged with nitrogen. Next,
the autoclave was heated to 90°C in approx. 30 minutes and
brought to a pressure of 1 MPa using carbon monoxide/
hydrogen (1:1 mol/mol). Thereafter, a substrate mixture
(3.3 g of methyl 3-pentencate, 1.0 gram of nonane made up
with toluene to 10 ml) was injected into the autoclave.
The composition of the reaction mixture was analysed by
means of gas chromatography. The results are in table 1.

TABLE 1
xam- [3-MP/ |time/ |eonv./ l4-mp |eis + v 3-fv  Ja-fv [5-fv
tle Rh hours [% trans
-2-mp
1 1950 7 13.5 8.9 7.5 6.0 5.3 2.3 69.6

1950 [25.5 [45.3 2.0 6.7 7.0 4.5 2.1 77.5
II 15820 [6.5 15.8 [15.6 [11.7 [5.6 4.3 1.9 61.0
15820 27 54.2 1.2 5.7 5.4 5.2 2.0 80. 4

conv. = converted methyl 3-cis—-pentencate and methyl 3-
trans-pentenocate (%)

4-mp = yield of methyl 4-pentencate / conv. (mol %)

cis + trans—-2-mp = yield of 2-cis-pentencate and 2-trans-
pentencate / conv. (mol %)

mv = yield of methylvalerate / conv. (mol %)

4-fv = yield of methyl 4-formylvalerate / conv. (mol %)
5-fv = yield of methyl 5-formylvalerate / conv. (mol %)
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The phosphite conpound used as |igand may with advantage be prepared in a
two step synthesis. he synthesis nmay be perforned in a single vessel

(mnthou%mgﬁéaimiEWR the i ntermedi ate product) in which process a
phosphor : phosphorus trichloride is reacted with a
hydr oxthwg‘ ound whi ch may be réﬁ‘re‘sent ed by the general
fornulae and Rlerr]-OH The reaction is effected in a sol vent,

toluene, in the presence of ahydrogen hal ogeni de receptor, e.g. an
anlne an internediate product of the general fornula A-(ORlerr])(ORerr])

bei ng preparedgxhi@iehagphite according to the invention is prepared in a
second step by reacting this internmediate product with a hydroxyhydrocarbon

of the general formula A@?%ﬁ@%«%’ﬁ]Wa?héeﬁﬁéﬁﬁﬂaPFéHGO?Os@éh°§h§§bhﬁﬂ§

conpounds is al(da gasel kEd 4onmlhefatenaeneali anad2EP1Agpa8344f methds 3-

descri bed abov enk%nﬁa be advantageous in the preparation of the phosphite
according to the gﬁtldn to start froman inorgani c hydrocarbon conpound

with an anount of n hydr &aplgr dushofns ithatothel ae2pctThisycooponsehfydr g5
the basis of t@%rﬁyﬁ%ﬁqgkaQrOQQOA4aﬁ%1%We g08§5k99c93¥tg8tgxgrgﬁ¥ﬁ EQUpS in

the organic co und determ nes wh repare
capabl e of f or ffgPZ iokepite (EFpB-E58HBE%. Sthaﬁﬂé)phégphﬁdetlonatthern1a

chel ate- type ﬁamnbeXomamebayprep@b@ﬁyabaubtaﬁefEeﬁheiﬁyll§St§ﬂae4 the

22 b1 phenyl di SIS AT o 34 Ao e RAALS) cAEeLREF et - This and

1,2-cyc|oHH&anéonﬁ?C¢i$h§ﬁ2tbychndadeednedomb;1c formylesters
substantially consist of methyl 3-formylvalerate
facilitates distillative separation of the desired methyl
S—-formylvalerate from the unwanted isomers (3-fv and 4-

fv).
15
Comparative Experiment B
Example I was repeated using a phosphite of the
following formula:
20
t Bu \ 1Bu / 1By \
B.,@ﬁm oo
2 tBu \ /:
25
(phosphite No. 2 as used in EP-A-518241). The conversion
was 56.9% after 1 hour. The following products had formed:
methyl 4-pentenocate 1.9 mol%
30 methyl 2-pentenocates 30.5 mol%
methylvalerate 3.8 mol%

methyl 3-formylvalerate 12,5 mol%
methyl 4-formylvalerate 27.7 mol%
methyl S5-formylvalerate 23.6 mol%

35 After 19.5 hours the conversion was 99.9%. The following
products had formed




et hyl ene glycol, 1, 3-propanediol, pentaerytritol,

1,1 -thiobis(2-naphtho g\éaﬂ ' -di napht hol , 2, 3-di hydr oxynapht hal ene and
1,8-dihydrox.gﬁghhh§? Preferably, Ais a CG(CHerr])[err] group, in
which n in &\equal to 4. Such z phosphite conpound used as
ligand can b ting fromthe reAdi | y obtai nabl e pentaerytritol.
The resultin ounds will have a |low cost price which is very

advant ageous. Especially when the small anounts of |igand deconpose during
the reaction and fresh ligand will have to be supplied to the catal yst

systemin orde[ﬁe&gyfai%@,il@egoa{@é@onabl e reacthomy rate and/ or selectivity.
The process according to the invention may start. from 3-pentenoic acid in a

process to préﬁ%‘f‘%y%“@%??ﬁ‘/’f%al eric acid a?'r%n‘ﬁ‘%l-gf)entenoate esterin a
process to prepstieyb-jofoyhyRb£I &t £test eris Belmyis he ester will be
furtherdescribed.. The, reaction conditions crifed below al so apply to the
aci d. The %?bl@ﬁ?e?ﬁog?%m%g %fe?%gl be r%%’?%s[één ed by the foll ow ng
general foBnulmethyl 5-formylvalerat&R3 -2¢H0-m@}%- CHerr] - [err] - O- R

(3)
This shows that non-chelate-type forming ligands such as
the phosphite of this experiment are less suitable for
preparing 5-formylvalerates with a high selectivity.

10
Comparative Experiment C
Example 1 was repeated using a phosphite of the
following formula:
15 O o

/
C+CH,—O0—P
> N\

CD o
20 (which corresponds with phosphite No. XXV as used in EP-A-

556681). After 6 hours the conversion was 13.6%. Refer to
table 3 for the selectivities to the various products.

TABLE 2
25 Time 6 hours | 26 hours
Conversion 13.6 48.3
methyl 2-pentenoate 12.0 10.4
methyl 4-pentenoate 4,6 1.3
methylvalerate 3.5 5.1
30 methyl 3-valerate 17.1 9.5
methyl 4-formylvalerate 19.9 21.9
methyl 5-formylvalerate 42.7 52.0
e
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where R represents a (cyclo)al kyl group having from1l to 8 carbon atons or
an aryl group or arylalkyl group having from6 to 12 carbon atons. Exanples

of these groups ar Sg&ﬁhmmmaEthyl propyl, isopropyl, n-butyl,
tert-butyl, iso n£ Q , benzyl §d t he phenyl group. The
hethylester and e ﬁl“ﬁ preferably “appl i ed. These esters can be
prepared in a si with high selectivity starting from
but adi ene and net hanol or ethanol. The 3-pentenoate ester can be

hydrof ormyl ated as a pure substrate or in a mxture of 3-pentenoate ester
and other isoneric pentenoate esters. The other pentenoate esters are 4-

and 2-pentenoate esters. Preferably the process is carried out starting

with such a ng%?gﬁigeglgentenoate esters because such m xtures are easy to

prepare. For exanpl eﬂﬂmﬂdﬁmtwese;ﬁmmwmargecthby phasipdritleat i on of

but adi ene w t r 0 n 0 | gohgl will correspond
AL AORTRAOKL AR, ANT,30 BheoRokn 108 7. 620Rhe

with the ester group n“be Teplesented by R-OH
Exanpl es &§ pggo'pbmrprto@asgésRhowper tbemssmehas in Example I. After 47

REPLACEMENT SHEGfs the conversion was 26.7%. The selectivity to methyl
5-formylvalerate was 63.4 mol% and with a n/b ratio of 2.8
(n/b is the ratio of linear 5-formylvalerate ester
relative to the total amount of branched 3- and 4-
10 formylvalerate esters).

Example IV
Example I was repreated using the phosphite
according to Ligand (3). The concentration of Rh was the
15 same as in Example I. The L/Rh was 4.9. After 181 hours
the conversion was 35.7%. The selectivity to methyl 5-
formylvalerate was 75.8 mol% and with a n/b ratio of 6.1.

Example V
20 Example I was repreated using the phosphite
according to Ligand (4). The concentration of Rh was the
same as in Example I. The L/Rh was 5. After 28 hours the
conversion was 26.8%. The selectivity to methyl 5-
formylvalerate was 65.8 mol% and with a n/b ratio of 4.4.
25
Example VI

Example I was repreated using the phosphite
according to Ligand (5). The concentration of Rh was the
same as in Example I. The L/Rh was 5. After 44.5 hours the

30 conversion was 43.9%. The selectivity to methyl 5-
formylvalerate was 62.4 mol% and with a n/b ratio of 3.3.

Example VII
Example I was repreated using the phosphite
35 according to Ligand (6). The concentration of Rh was the
same as in Example I. The L/Rh was 5. After 66 hours the
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a carbonyl ation of butadi ene are described in US-A-3161672, US-A-3253018
and EP- A-301450. Processes to prepare mxtures of pentenoic acids are, for
exanpl e, described in EP-A-284170 and EP- A-450577. As a rule, the
3-pentenoate ester (or acid) content in_s %h a mxture is higher than 50
% Furthernore the reaction mxture will aS~a rule contain small anounts
of 2- and 4-pentenoate ester when 3-pentenoate ester is reacted in a

conti nuous process, in which unconverted pentenoate of the

hydr of ormyl ati on reaction is recycled to the hydrofornylation zone for

further reactleanversmﬁheaél9@@2%5 TRENYEVEL L@l By e84 ehefRy1 asi d) prepared
by the process aCCOiXﬁEgEﬁHe ge i nventi on na ve as raw nateri al for

adi pi ¢ acid, whPEWY ag 7wt nBOLF| gdf3+thW?o%/% whie 95r6-
[err]-caprolactan1 whi ch conmpound is a raw material for Nylon-[err]
[err]-caprol actam may be prepared starting froma 5-fornylval erate ester
by, for exanple, the process of US-A- 4730041. A conparable process to
prepare [err]-caprolactamstarting from5-fornylvaleric acid is disclosed
in EP-A-242505. As a rule, the tenperature of the hydrofornylation is
bet ween 30 and 150[err] C and preferably between 50 and 120[err]C. The ‘
pressure nmay be between 0.1 and 20 NPa Th pressure preferably is between
0.2 and 5.0 Mra. As aTmuBde{ $ss of bidentate phosphite
compound relative to rhodlu he hydrof ormyl ation. The ratio of
bi dent at e phosphite conpound L/Rh expressed in nol/nol)
generally |lies between 1:

[ THIS SHEET HAS BEEN

REPLACED




100:1. Preferably, this ratio lies between 1:1 - 50: 1. The H2: CO nol ar
ratio may |lie between 1:10 and 10:1 and preferably between 1:2 and 5: 1.
Rhodi um may be applied in any one of a variety of forns. The manner in

whi ch rhodiumis introduced into the reactia,Pn m xture is not critical. As a
rule, the catalytically active conpl exes based on a rhodi um precursor such
as Rh (CO[errt 8§ac (acac= acetyl acetonate), Rh[err](err],

Rhferr] (CO[err @Hkb{ err] Rhi(NO err])[err], Rh(CAc)[err] (QAc=
acetate) and th |phenylphosph|ne are forned in the reaction
m xture. Rh(COI Rh(OAc)Z is preferably used as rhodi um
precursor inasmuch as onpounds are eaS|I% obt ai nabl e. The

5-fornylval erate in the reaction m xt G&-8ar—He>r ecover ed by distillation

The bi dentate phosphite conpound, because of its high nol ecul ar wei ght,

will be left hehin n. th i ity

of the phosphitie chngpou Sdse ééﬁq% not eas%sr]cgeéé} fqbqfluzsetf%fr Q,agzﬁqugzta?ﬂdm t he

hi gh distiblation tmﬁmatmmspmmmmﬂeaﬂmmmam ate ester

can be isolated fr ft?%éﬁﬁﬁda A1 o Y-S itbrdit: GRlA i Ipehteinlie
r

manner . As a ru rnylatlon Is effected in the presence of
a solvent. If desi r%‘btelh rCaRRRn HRRWE ALY IRHPLRIP™M o YR8 ef f ect ed

wi thout a solvent. presénté abt ea Sdﬁﬁ/ai‘mi& asryeswngetmmpzs:rﬁl\tﬁ;lwtcﬁ tiadd jame
inert or solvents that do .not .dist th actign. .Possi ts are
for instance the st%?‘ir%gp%%%%}bh%edufa ’%cﬁe ‘%% vauct: cﬁelnps:ocesseiﬂ{ala"nd
conpoundslPhat are pled:mleute oliqﬂ;l@rxﬁjlmpneﬁemé:éd)rbmd;h%m]@vlby; products
and particularly c%?%@9§ pgucts which may formduring the

hydr of or myl at i on. er surtable sol vents are saturated hydrocarbons such
as napht has, kerosine, mneral oil and cycl ohexape and aromatics, ethers,

ketones and nitriles such ap tol uene, benzengr¥yl ene, texanol[err] (Union
Car bi de), di phenyl etherA 1.0 -

P
15 \(ORZ)

where R! and R? are the same or different monovalent
aromatic organic groups and where A is an n-valent

20 group or atom and where n is an integer of at least 2
and where the respective [-0O-P(OR')(OR?)] group may be
the same group or different groups and where the
phosphite forms a chelate-type complex with rhodium.

2. Process according to claim 1, characterized in that

25 the organic group R' and R? is ortho-substituted with
a group other than a hydrogen atom.

3. Process according to claim 2, characterized in that
organic group R! and R? is substituted with a branched
alkyl group having from 3 to 6 carbon atoms.

30 4. Process according to any one of claims 1-3,
characterized in that R* and R?, independently of one
another, are a phenyl group or a B-naphthyl group.

5. Process according to any one of claims 1-4,
characterized in that A is C - (CH,-),.

L
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t et rahydr of urane, cycl ohexanone and benzonitrile. The invention will be
elucidated with the following non-limting exanples. Exanple | A 150
m Hastal | oy-C steel autoclave (Parr) mas filled under nitrogen with

Rh(CO [err](acac) (1.15 * 10[err] nDI) ﬁ% phite corresponding with
Ligand (1) (ligand/rhodium (L/Rh) 5 mol /7l) and 40 m of tol uene.
Subsequently, the auto- clave was sealed and purged with nitrogen. Next,

t he autoclave was heated to 90[err]C in approx. 30 m nutes and brought to a
pressure of 1 MPa using carbon nonoxi de/ hydrogen (1:1 nol/nol). Thereafter,
a substrate mgtur epl(o%e’%g efﬁcd?dl 35 REY RAtds chadn@r ams0f nonane nade

up with toluene to 10 was |njec ed |nto t he autocl ave. The conposition
of the reaction ni ARARGHRT ERE yed IRt it S HeYRNAHS R &Sr dfhy. The

results are in tableepgresented by the following general formula (2),

TABLE 1 exanple 3-MP/ Rh time/ hours conv./ % 4-np <cis +
trans-2-np nv 3-fv 4-fv 5-fv 1 1950 7 13.5
8.9 §7.5 6CHy 5CH 2CH 6€H - C - 0 - R 1950 (2)
25.5 45.3 2.0 6.7 7. i 4.5 2.1 77.5 11
15820 6.5 15.8 15. 6 11. 5.6 4.3 1.9 61.0
15820 27 54.2 1.2 5.7 5.4 5.2 2.0 80.4

where R represents a (cyclo)alkyl group having from 1
to 8 carbon atoms or an aryl group or an arylalkyl
10 group having from 6 to 12 carbon atoms.

7. Process according to any one of claims 1-6,
characterized in that, besides the 3-pentencate, an
amount of 4- and 2-pentenocate is also present and
that the concentration of 3-pentenocate ester is

15 higher than 50%.

8. Process as substantially described in the

specification and the examples.
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conv. = converted nmethyl 3-cis-pentenoate and nethyl 3-trans-pentenoate (%

4:np = yield of nethyl 4-pentenoate / conv. (nmol % cis +
trans-2-np = yield of 2-cis-pentenoate and 2-transpentenoate / conv (nmol %
mv = yield of nethylvalerate / conv. (nol_ %b _ 4-fv = yield of

met hyl 4-fornylvalerate / conv. (nol % 5-fv = yield of nethyl
5-fornylvalerate / conv. (nmol %

- 6-

ABSTRACT

PROCESS FOR THE PREPARATION OF 5-FORMYLVALERIC ACID AND 5-
5 FORMYLVALERATE

The invention relates to a process for the
preparation of 5-formylvaleric acid or the corresponding
S5-formylvalerate by hydroformylation of 3-pentenoic acid

10 or 3-pentencate ester with carbon monoxide and hydrogen in
the presence of a catalyst comprising of rhodium and a
phosphite ligand, wherein the phosphite ligand is
represented by the following general formula

15 (OR? )-1

-\\\\‘

(OR?)

- n

20 where R! and R? are the same or different aromatic organic
groups and where A is an n-valent group or atom and where
n is an integer chosen upwards of 2 and where the
respective [-O-P(OR')(OR?)] group may be the same group or
different groups and where the phosphite forms a chelate-
25 type complex with rhodium.
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Exanpl e 11 Exanple 1 was repeated using 20 m of toluene (in Q#gqq7g%
40 mM of toluene) and 27.1 grans of nethyl 3-penten- oate. Tabl e -
shows that the selectivity for nethyl 5-formylval erate (80.4 nol % {%&s
distinctly better than in the prior art (EP-A-556681: 76.7 mol%. In

addition, the ratios of nethyl 5-fornylvalerate to nethyl 3-——and
4-formnyl val erates (92:8 versus 85:15) are better. This and tRBP[{mHMHNTaSHEET

the unwanted isomeric formyl esters substantially consist off methH

3-fornylvalerate facilitates distillative separation of thg desir.e Ugeﬁﬂyl

5-fornylval erate fromthe unwanted i some¥k (3-fv and 4-fv). %Léa at’i ve
of '

Experinent B Exanpl e | was repeated using a phosphite d
formul a:

CLATIMS

1. Process for the preparation of S—formylvaleric acid
or the corresponding S5-formylvalerate ester by
hydroformylation of 3-pentencic acid or 3-pentencate
ester with carbon monoxide and hydrogen in the
presence of a catalyst system comprising of rhodiunm
and a phosphite ligand, characterized in that the
phosphite ligand is represented by the following
general formula

W LU I
T~ (ax?)

where B* and R? are the same or different monovalent
aromatic organic groups and where A is an n-valent
group or atom and where n is an integer of at least 2
and wvhere the respective [-0-P(OR!)(OR?)] group may be
the same group or different groups and where the
phosphite forms a chelate-type complex with rhodium.

2. Process according to claim 1, characterized in that
the organic group R* and R? is ortho-substituted with
a group other than a hydrogen atom.

3. Process according to claim 2, characterized in that
organic group R! and R? is substituted with a branched
alkyl group having from 3 to 6 carbon atoms,:

4. Process according to any one of claims 1-3,
characterized in that R* and R?, independently of one
another, are a phenyl group or a S8-naphthyl group.

5. Process according to any one of claims 1-4,
characterized in that A is C - (CH,-),.

This Sheet Has Been Replaced
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[err] (phosphite No.2 as used in EP-A-518241). The conversi on was
56.9% after 1 hour. The follow ng products had forned:

met hyl 4-pent enoate 1.9 mol % REPLACEMENT Sﬁ’ﬁeﬁy
2- pent enoat es 30.5 nol % ' val'er at e
3.8 ol % met hyl 3-fornylwval ggetigs? 12.
nol % nmet hyl 4-fornylival erate 27.7 1%

met hyl 5-tornylvalerate 23.6 nol %

- 18 -~

6. Process according to any one of claims 1-5,
characterized in that the 3-pentencate ester is
repregented by the following general formula (2),

0

where R represents a (cyclo)alkyl group having from 1
to 8 carbon atoms or an aryl group or an arylalkyl
group having from 6§ to 12 carbon atoms.

7. Process according to any one of claimg 1-6,
characterized in that, besides the 3-pentenocate, an
amount of 4~ and 2-pentenocate is also present and
that the concentration of 3-pentencate ester is
higher than 50%.

gepieced
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After 19.5 hours the conversion was 99.9% The fol | ow ng products h&do 7720-

. . | 2- t . bz

];rg'[ E?Fval erate 18.9 nol % Tethy pemt enodl eﬁ_EPw SHEET
3-fornylvalerate 16.7 nol % met hy|
4-fornylvalerate 35.2 nol % _ -1-. md 9y FEB 1999
5-fornylvalg cE? g?HPHPFLAOA 10N, OF B-FORMVLYR1 RICA 1B ARD '-'~" ERATE-BE " 1
l'igands s Ot €

preparing 5- forrryl vaI erates W|th a hi gh sel ect|V|ty Oorrpartlve

Exper i ment Peeription Ex anpl e 1 was ‘repeat ed using a phosphite of the follow ng

formul a: The invention relates to a process for the preparation of 5-formylvaleric acid or the corresponding 5-formylivalerate

sster by hydroformyiation of 3-pentenoic acid or 3-pentenoate ester with carbon monoxide and hydrogen in the pres-
ence of a catalyst system compnsing rhodium and a phosphite ligand.

Hydrotormylation here means reacting an unsaturated hydrocarbon compound with carbon monoxide and hydro-
gen in the presence of a catalyst, in which process an aldehyde is prepared.

Such a process is disclosed in EP-A-556681. That patent specification describes a process in which methyl 3-pen-
tenoate is hydroformylated to the linear methy! 5-formyivalerate. The catalyst employed in this process is comprised
of rhodium and a bidentate phosphite ligand of the formula (1):

OCH,) o&:u,

. @ \/ \/ (1)
CHyO @ o '

in which + is a tert-butyl group. According to EP-A-5561681 the highest selectivity to the methyl 5-formyivalerate which
can be reached is 76.7 mol %. Seiectivity is calculated as the molar amount of the specific product relative to the molar
amount of converted 3-pentencate ester (or acid).

Disadvantages of the process of EP-A-556681 are that the selectivity towards the S-formylvalerate ester is low
ans that the organic phosphite ligands are as a rule difficult to prepare.

The object of the present invention is a process in which 3-pentenoic acid or 3-pentenoate ester can be hydrofor-
myiated in the presence of a catalyst comprising rhodium and an easy to prepare organic phosphite ligand, enabling
the linear 5-formyivaleric acid or S-formyivalerate ester to be prepared with a high selectivity.

This object is achieved in that the phosphite ligand is represented by the following general formula (2),

A ©c - P (2)

where R and R2 are the same or different monovalent aromatic organic groups which are not connected to sach other
in any way other than via the phosphorous atom P and where A is an n-valent group or atom and where n is an integer
of at least 2 and whers the respective [-O-P(OR1){OR2)] group may be the same group or different groups and where
the phosphite forms a chelate-type complex with rhodium.

It has been found that the 5-tormylvaleric acid (ester) is prepared with high selectivity when 3-pentenoic acid {(or
3-pentenoate ester) is hydroformylated by the process according to the invention.

An added advantage, in case S5-formylivalerate ester is the desired product, is that less 4-formylvaierate ester
relative 1o 3-formyl valerate is prepared than in the process according to EP-A-556681. This is advantageous because
the 4-formyivalerate ester has aimost the same boiling point as the 5-formylivalerate ester: a smaller amount of 4-tormyl-
valerate ester allows simpler distillative separation of these two components. Moreover, less 3- and 4-formylivalerate
ester are prepared in the process according to the invention, so that distillative separation of the 3-, 4- and 5-formyl-
valerates ester can be effected even simpler.

A further advantage is that the bidentate phosphite ligands according to formula (2) can be prepared with a more
simple process than the bidentate phosphite ligands exempilified in EP-A-556681. As a rule the ligands according to
formuia (2) can be prepared in at least one synthesis step less than the bidentate phosphite ligands according to EP-
A-556681. Especially the bidentate phosphite ligands according to formula (2) which are symmetrical (the different -
(OR')(OR?) groups being the same) are more simple to prepare. Furthermore bidentate phosphite ligands which not
need to be synthesized starting from a substituted bisphenol are also more simple to prepare. This is because the



s

[err]
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substituted bisphenoi is as a rule not readily available and will have to be synthesized saparately. The bidentate phos-
phite ligand according to formula (1) is an example of a compound which is prepared starting from two different sub-
stituted bisphenols. Furthermore the bidentate phosphite ligand according to formuia (1) is not symmetrical. The large
number of synthesis steps required tor preparing a ligand according to formuia (1) is for example described in US-A-
4748261.

By a chelate-tlype complex is meant that (substantially) at least two phosphorous P atoms of a phosphite-group-
containing molecule form a coordinated bond with one rhodium atom/ion. By a non-chelate-type compiex is meant that
substantially only one phosphorous P atom of a phosphite-group-containing molecule forms a coordinated bond with
one rhodium atorrvion. The choice of the organic group A of the ligand according to formula (2) will determine whether
a chelate-type complex of the phosphite ligand and rhodium is formed.

A hydroformylation process which uses a catalyst system resembling the catalyst system according to the invention
is disclosed in EP-A-518241. EP-A-518241 teaches, however, that catalyst systems comprising phosphites which form
a chelate-type complex with rhodium are suitable tor hydroformylation of terminally unsaturated olefins, whilst phos-
phites that do not form a chelate-type compiex (non-chelate-type) are suitable for hydroformyiating branched intemally
unsaturated olefins to aldehydes with high selectivity. It is thus surprising that when starting from an internally unsatu-
rated 3-pentenoate ester and using phosphites that form a chelate-type compiex with rhodium, a high selectivity towards
5-formyivalerate can be obtained.

The process according to the invention is carried out inthe presence of a catalyst comprising a phosphite of formuia
(2), where R' and R2 are the same or different aromatic organic groups with preferably 6 to 30 carbon atoms. Examples
of suitable aromatic organic groups are phenyi, naphthyl, antryl or phenantryl. The phenyt and the B-naphthyl group
are preferably applied since phosphites with these groups are readily obtainable. The groups R' and R2 are not con-
nected to each other in any way other than via the phosphorous atom P.

Preferably, the aromatic hydrocarbon group(s) R and/or R2 is/are substituted with a group other than a hydrogen
atom on at least one carbon atom immediately adjacent to the carbon atom that is bonded with the oxygen atom (from
the -O-P(-0O-), group (hereafter referred to as ortho-substituted). These phosphites have been found to possess a good
stability. Most preferably, R and R2 are both ortho-substituted. As a rule, the substituent is an organic group. Examples
of suitable organic groups that may serve as substituent are C,-Cz alkyl groups, C¢-Czg aryl groups and C5-Cypg
cycloalkyl groups. Exampies of such substituents are linear or branched alky! groups such as the methyl, ethyl, propyl,
butyl, tert-butyi, pentyl and linear nonyi group. Other suitable organic groups are alkoxy groups, e.g. the methoxy and
the ethoxy group: alkoxycarbony! groups e.g. the methoxycarbonyl and the ethoxycarbony! group and for instance a
phenyi group. Particularly suitable are the alkyl groups that cause sterical hinder {bulky groups), for example isoalkyl
groups, for example isopropyl, tert-butyl and neopentyl. However, other substituents such as electronegative groups
are also suitable. Exampies of elactronegative groups are halogenide groups (-Cl, -Br, -F, -1), C4-C; alkyl ester groups
e.g. a methyl ester, a tert-butyl ester group and Cs-Cyy aryl ester groups e.g. phenyl ester, nitriles, ketone groups and
sulphones.

R? and R2 may aiso contain non-ortho-substituted substituents. These substituents may be the substituents re-
ferred to above.

A in formula (2) may be an n-valent group or an atom. Suitable atoms that may represent A are atoms chosen
from Groups IVA, IVB, llIA, 1IIB and the lanthanides in the Periodic System of Elements (CAS version, Chemical and
Engineering News, 83(5), 27, 1985), e.g. Si. B, Al and Ti (n equal to the valency of the atom). An n-valent group
according 1o the invention s any group which can be bonded to two or more [-O-P(OR*)(OR2)}-groups. The group may
be an organic or inorganic group. Organic groups e.g. polymers in which n is indefinitely large and macromolecules
where n as a rule is greater than B are, for example, suitable as n-valent group A. Examples of polymers that are
suitable for forming an n-valent group A are polyvinylalcohol and carbohydrates. Group A may also be an inorganic
compound in which A represents, for instance, a carrier for a heterogensous catalyst. Suitable inorganic groups A are,
tor instance, silica and zeolites.

Most preferably, A in formuia (2) is an n-valent organic group with 1-30 carbon atoms in which n is 2-8. Examples
of such ligands are the ligands according to formula’s Ligand (1)-Ligand (8), in which t-Bu is a teri-butyl group, Me isa
methyl group, nCqH, g is a linear nonyl group and OMe is a methoxy group.
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Exanple 111 Exanple | was repreated using the phosphite a
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o The phosphite compound used as ligand may with advantage be prepared in a two step synthesis. The synthesis
may be performed in a single vesse! {without purification of the intermediate product) in which process a phosphorus
halogenide e.g. phosphorus trichloride is reacted with a hydroxyhydrocarbon compound which may be represented by
the general formulae R1-OH and R2-OH. The reaction is effected in a soivent, e.g. toluene, inthe presence of a hydrogen
halogenide receptor, e.g. an amine, an intermediate product of the general formuta CI-P(OR')(OR?) being prepared.
The phosphite according to the invention is prepared in a second step by reacting this intermediate product with a
hydroxyhydrocarbon of the general formula A-(OH),.. The preparation of such phosphite compounds is also described
in the aforementioned EP-A-518241.

As described above, it may be advantageous in the preparat;on of the phosphite according to the invention to stan
from an inorganic hydrocarbon compound with an amount of n hydroxy groups (n in formula 2). This compound forms
the basis of the n-valent group A and the location of the hydroxy groups in the organic compound determines whether
a phosphite is prepared that is capable of forming a chelate-type complex. Suitable phosphites that form a chelate-
type complex may be prepared starting from, for instance, the following hydroxy groups-containing hydrocarbon com-
pounds: 2,2-biphenyldiol, 2,2'-dinydroxydiphenyimethane, catechol, 1,2-cycichexanediol, cis-1,2-cyclododecanediol,
ethylene glycol, 1,3-propanediol, pentaerytritol, 1,1thiobis{2-naphthol),1,1 ‘-dinaphthel, 2,3-dihydroxynaphthalene
and 1,8-dihydroxynaphthalene.

Preferably, Ais a C-(CHy-)4 group, in which n in formula (2) is equal to 4. Such a phosphite compound used as ligand
can be prepared starting from the readily obtainabie pentaerytritol. The resulting compounds will have a low cost price
which is very advantageous. Especially when the small amounts of ligand decompose during the reaction and fresh ligand
will have to be supplied to the catalyst system in order to maintain a reasonabie reaction rate and/or selactivity.

The process according to the invention may start from 3-pentenoic acid in a process to prepare S-formylivaleric
acid or from 3-pentenoate ester in a process to prepare 5-formylvalerate ester. Below the ester will be turther described.
The reaction conditions described below also apply to the acid.

The 3-pentenoate ester may be represented by the following general formula:

ca,-cx=cn—cx,-lcl—d-n (3)
0

where R represents a (cyclo)alkyl group having from 1 to 8 carbon atoms or an aryl group or arylalkyl group having
from 6 to 12 carbon atoms. Examples of these groups are the methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl, isobutyl,
cyciohexyl, benzyl and the phenyi group. The methylester and ethylester are preferably applied. These asters can be
prepared in a simple manner and with high selectivity starting from butadiene and methanol or ethanol.

The 3-pentenoate ester can be hydroformylated as a pure substrate or in a mixture of 3-pentencate ester and other
isomeric pentenocate esters. The other pentenoate esters are 4- and 2-pentenoate asters. Preferably the process is carried
out starting with such a mixture of pentenoate esters because such mixtures are easy to prepare. For example these
mixtures can be prepared by carbonylation-of butadiene with carbon monoxide and an alcohol. The alcohol will correspond
with the ester group R in formula (3) and can be represented by R-OH. Examples of possibie processes to perform such
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mixtures of pentenoic acids are, for example, described in EP-A-284170 and EP-A-450577. As a rule, the 3-pentencate
ester (or acid) content in such a mixture is higher than 50 %. Furthermore the reaction mixture will as a rule contain small
amounts of 2- and 4-pentenoate ester when 3-pentencate ester is reacted in a continuous process, in which unconverted
pentencate of the hydroformylaticn reaction is recycled to the hydroformylation zone for further reaction.

The linear S-formyivalerate ester (or acid) prepared by the process according to the invention may serve as raw material
for adipic acid, which compound is a raw material for Nylon-6,6 and for e-caprolactam, which compound is a raw matenal
for Nylon-6. e-caprolactam may be prepared starting from a S-formyivalerate ester by, for example, the process of US-A-
4730041. A comparable process 1o prepare e-caprolactam starting from S-formyivaleric acid is disclosed in EP-A-242505.

As arule, the temperature of the hydroformyiation is between 30 and 150°C and preferably between 50 and 120°C.
The pressure may be between 0.1 and 20 MPa. The pressure preferably is between 0.2 and 5.0 MPa.

As a rule a molar excess of bidentate phosphite compound relative to thodium is used for the hydroformylation.
The ratio of bidentate phosphite compound and rhodium (L/Rh, expressed in mol/mol) generally lies between 1:1 -
100:1. Preferably, this ratio lies between 1:1 - 50:1.

The Hy:CO molar ratio may lie between 1:10 and 10:1 and preferably between 1:2 and 5:1.

Rhodium may be applied in any one of a variety of forms. The manner in which rhodium is introduced into the
reaction mixture is not critical. As a rule, the catalytically active complexes based on a rhodium precursor such as Rh
(CO)olacac) (acac= acetylacetonate), RhyO,, Rh4(CO)q2, Rhg(CO)4q, RN(NO3),, Rh(OAc), (OAc= acetate) and the
substituted triphenyiphosphine are formed in the reaction mixture. Rh(CO)a(acac) or Rh(OAc), is preferably used as
rhodium precurser inasmuch as these compounds are easily cbtainable.

The 5-formytivalerate in the reaction mixture can be recovered by distillation. The bidantate phosphite compound,
because of its high molecular weight, will be left bshind in the liquid phase and, because of the high stability of the
phosphite compound, wili not be susceptible to degradation trom the high distillation temperatures. In consequence,
the S-formylvalerate ester can be isolated from the reaction mixture and the catalyst in a simple manner.

As a rule, the hydroformylation is effected in the presence of a solvent. If desired, however, the hydroformylation
may also be effected without a solvent.

Suitable solvents are organic solvents that are inert or solvents that do not disturb the reaction. Possible soivents
are for instance the starting compound and the product of the process and compounds that are related to the product
to be formed, such as by-products and particularly condensation products which may form during the hydroformylation.
Other suitable solvents are saturated hydrocarbons such as naphthas, kerosine, mineral oil and cycichexane and
aromatics, ethers, ketones and nitriles such as toluene, benzene, xylene, texanol® (Union Carbide), dipheny ether,
tetrahydrofurane, cyciohexanone and benzonitrile.

The invention will be elucidated with the following non-limiting exampies.

00O
-fornylval erate

Example |

A 150 ml Hastalloy-C steel autociave (Parr) was filled under nitrogen with Rh(CO),(acac) (1.15 * 105 mol), phos-
phite corresponding with Ligand (1) (ligand/rhodium (L/Rh) = 5 mol/mol) and 40 mi of toiuene, Subsequently, the auto-
clave was sealed and purged with nitrogen. Next, the autoclave was heated to 90°C in approx. 30 minutes and brought
to a pressure of 1 MPa using carbon monoxide/hydrogen (1:1 mol/mol). Thereatter, a substrate mixture (3.3 g of methy!
3-pentenoate, 1.0 gram of nonane made up with toluene to 10 ml) was injected into the autoclave. The composition
of the reaction mixture was analysed by means of gas chromatography. The results are in table 1.

TABLE 1
example | 3-MP/Rh | time/ hours | conv./% 4-mp | cis+trans-2-mp | mv | 34v | 4dv | 5v
I 1950 7 135 89 7.5 60 | 53 | 23 | 69.6
1950 255 453 20 6.7 70 | 45 | 21 | 775
n 15820 6.5 15.8 15.6 1.7 56 | 43 | 1.9 | 61.0
15820 27 542 1.2 57 54 | 52 | 20 | BO.4

conv. = converted methyl 3-cis-pentencate and methy! 3-trans-pentenoate (%)
4-mp = yield of methyl 4-pentencate / conv. (mol %)

cis + trans-2-mp = yield of 2-cis-pentenoate and 2-transpentencate / conv. (mol %)
mv = yield of methyivalerate / conv. (mol %)

4-iv = yield of methyl 4-formylivalerate / conv. (mo! %)

5-iv = yieid of methy! 5-formylvaierate / conv. (mol %)




REPLACEMENT SHEET Clains 1. Process forthe preparation of
S-formylvaleric acid orthe corresponding 5-fornylvalerate egster by

hydr of or myl ati on of 3-pentenoic acid or 3-pentenoate mﬁpLﬂgéﬂEﬁ?QﬁgﬁT

nonoxi de and hydrogen in the presence ofpa cat al yst sysLe ) ﬁ_ﬂbr:SI -
[ d hosphite |igand, charactePirzed in that the bsphite |igan

rhodi umand a p p g earS] fEa %

Is represented by the fol- | om ng general fornula (2).

]

Example

Example 1 was repeated using 20 mi of toluene (in place of 40 ml of toluene) and 27.1 grams of mathy! 3-penten-
oats.

Table 1 shows that the selectivity for methyt 5-formyivalerate (80.4 mol%) is distinctly better than in the prior art
(EP-A-556681: 76.7 mol%). In addition, the ratios of methy! 5-formyivalerate to methy! 3- and 4-formyivalerates (92:8
versus 85:15) are better. This and the fact that the unwanted isomeric formylesters substantially consist of methy!

3-formylivalerate facilitates distiliative separation of the desired methyl 5-formyivalerate from the unwanted isomers
(3-fv and 4-v).

Comparative Experiment B

Example | was repeated using a phosphite of the following formuia:

-}

(phosphite No. 2 as used in EP-A-518241). The conversion was 56.9% after 1 hour, The following products had formed:

methy! 4-pentenocate 1.9 mol%
methyl 2-pentenoates 30.5 mol%
methylvalerate 3.8 mol%
methyl 3-formyivalerate | 12.5 mol%
methy! 4-formylvalerate | 27.7 mol%
methyl S-formyivalerate | 23.6 mol%

~— After 19.5 hours the conversion was 99.9%. The foliowing products had formed

methyl 2-pentencates 0.2 mol%
methyivalerate 1B.9 mol%
methyl 3-formyivalerate | 16.7 mol%
methyl 4-formyivalerate | 35.2 mol%
methyl 5-formylvalerate | 28.0 moi%

This shows that non-chelate-type forming ligands such as the phosphite of this experiment are less suitable for
preparing 5-formyivalerates with a high selectivity.

Comparative Experiment C

Example 1 was repeated using a phosphite of the following formula:
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(which corresponds with phosphite No. XXV as used in EP-A-556681). Atter 6 hours the conversion was 13.6%. Refer
1o table 3 for the selectivifies to the various products.

TABLE 2
Time 6 hours | 26 hours
A
Conversion 136 48.3
methyl 2-pentencate 12.0 10.4
methyl 4-pentencate | 4.6 1.3
methyivalerate as 51
methyl 3-valerate 171 9.5
methyl 4-formyivalerate 18.9 21.9
maethyl S-formyivalerate 42.7 52.0
Example li
Example | was repreated using the phosphite according to Ligand (2). The L/Rh was 4.9. The concentration of Rh
was the same as in Example |. After 47 hours the conversion was 26.7%. The selectivity to methyl S-formyivalerate
was 63.4 mol% and with a n/b ratio of 2.8 (n/b is the ratio of linear 5-formyivalerate ester reiative to the total amount
of branched 3- and 4-formylvalerate esters).
Example IV
N

Example | was repreated using the phosphite according to Ligand (3). The concentration of Rh was the same as
in Example . The L/Rh was 4.9. After 181 hours the conversion was 35.7%. The selectivity to methyl 5-formyivalerate
was 75.8 mol% and with a rv/b ratio of 6.1.

Example V

Example | was tepreated using the phosphite according to Ligand (4). The concentration of Rh was the same as
in Example |. The L/Rh was 5. After 28 hours the conversion was 26.8%. The selectivity to methyl 5-formyivalerate
was 65.8 mol% and with a n/b ratio of 4.4.

Exampie VI

Example | was repreated using the phosphite according to Ligand (5). The concentration of Rh was the same as
in Example |. The L/Rh was 5. After 44.5 hours the conversion was 43.9%. The selectivity to methy! 5-formyivalerate
was 62.4 mol% and with a n/b ratio of 3.3.

Example VIi

Example | was repreated using the phosphite according to Ligand (6). The concentration of Rh was the same as
in Example |. The L/Rh was 5. After 66 hours the conversion was 50.2%. The selectivity to methyl 5-formyivalerate

was 71.1 mol% and with a /b ratio of 6.4.
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Claims

1. Process for the preparation of 5-formyivaleric acid or the corresponding 5-formyivalerate ester by hydroformylation
of 3-pentenoic acid or 3-pentenoate ester with carbon monaoxide and hydrogen in the presence of a catalyst system
comprising rhodium and a phosphite ligand, characterized in that the phosphite ligand is represented by the fol-
lowing general formula (2),

(OR*)
a o - 7 (2)

\( OR?)
n

where R and R? are the same or differant monovaient aromatic organic groups which are not connected to each
other in any way other than via the phosphorous atom P and where A is an n-valent group or atom and where n
is an integer of at least 2 and where the respective [-O-P(OR')(OR2)] group may be the same group or different
groups and where the phosphite forms a chelate-type complex with rhodium,

2. Process according to claim 1, characterized in that the organic group R and R is ortho-substituted with a group
other than a hydrogen atom. ’

3. Process according to claim 2, characterized in that organic group R! and R? is substituted with a branched alkyl
group having from 3 to 6 carbon atoms.

4, Process according to any one of claims 1-3, characterized in that R and R2, independently ot one another, are a
pheny! group or a B-naphthy! group.

8. Process according to any one of claims 1-4, characterized in that A is C - (CHy-);.

6. Process according to any one of claims 1-5, characterized in that the 3-pentenoate ester is represented by the
following general formula (2),

cn,-cn=cn-cn,-lt':-o-n (2)

where R represents a (cyclojalkyl group having from 1 to 8 carbon atoms or an aryl group or an arylalky! group
having from 6 to 12 carbon atoms.

7. Process according to any one of claims 1-6, characterized in that, besides the 3-pentencate, an amount of 4- and
2-pentenoate is aiso present and that the concentration of 3-pentenoate ester is higher than 50%.

A



7. Process according to any one of clains 1-6, characterized in that,

besi des the 3-pentenoate, an amount of 4- and 2-penten1utc +s—ai~so
present and that the concentration of 3-pentenoate ester is| /REFhACEMBNR SHEET

50% .9-
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ABSTRACT

PROCESS FOR THE PREPARATION OF 5-FORMYLVALERIC ACID AND
5-FORMYLVALERATE ESTER

The invention relates to a process for the
preparation of S-formylvaleric acid or the corresponding
5-formylvalerate by hydroformylation of 3-pentencic acid
or 3-pentencate ester with carbon monoxide and hydrogen in

~ the presence of a catalyst comprising of rhodium and a
phosphite ligand, wherein the phosphite ligand is
represented by the following general formula

__ (OR*)
A == 0 - P
\(ORz)
n
where R® and R? are the same or different aromatic organic
groups and where A is an n-valent group or atom and where
n is an integer chosen upwards of 2 and where the
respective [-0-P(OR!)(OR?)] group may be the same group or
different groups and where the phosphite forms a chelate-
—

type complex with rhodium.



