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invention relates to a process for the

hydrof ormyl ati on of ethylenically unsaturated

conpounds by reactlfn t hereof with carbon nonoxi de

and. hydrogen in the presence of a catalyst. The

hydr of ornmyl ati on of ethylenically unsat urated
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in some aspects further improvement of the process is
still needed.

Conventional modes of operation are based on the
recovery of a cobalt carbonyl hydrocarbyl tert-phosphine
complex by use of a recycle solution purge stream, as was
disclosed in US 3,418,351. According to such processes
the contents of the reactor pass to a stripper where
hydrogen, carbon monoxide, and the ethylenically
unsaturated compound are vented to a recycle compressor
and retuned to the reactor. The alcohol products are
taken off overhead of the stripper and the bottom of the
stripper is a solution of the catalyst complex and high-
boiling byproducts, which are known as heavy ends. The
bottom solution is recycled to the reactor, but to
prevent build-up of heavy ends, at least a portion of

this stream is subjected to a bleeding off process to



prevent build-up of heavy ends, at |east a portion of

this streamis subjected to a bleeding off process to
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catal yst conplex fromthe heavy ends. Unfortunately,

this bleeding off procedure leads to a substanti al

| oss of active catal yst,- which cannot easily be

separated conpletely fromthe heavy ends. Since the
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com%gggﬁgéeg %ggst step of reacting at an elevated
temperature in a reactor the ethylenically unsaturated
compound, carbon monoxide, hydrogen, and a phosphine-
containing cobalt hydroformylation catalyst, which are
dissolved in a solvent, followed by a second step of
separating a mixture comprising the alcohol and heavy
ends from a solution comprising the catalyst and the
solvent, followed by a third step of recycling the
solution to the reactor. In the preferred processes
according to the invention the phosphine is attached to a
non-ionic polar moiety, and the solvent is selected to
dissolve the catalyst and to form a two-phase liquid
system with the alcohol at a lower temperature than the
reaction temperature.

According to the invention a solvent is used that at
the reaction temperature forms a homogeneous single
liquid phase with all the reaction components of the

hydroformylation reaction, including the ethylenically
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preferred are  sul folane and m xtures conprising
reaglii | teReSr THE et Ay Ehleaf?yenhs dtai deede gund,

froMS8fi @S, imide-, sulfone-, pyrrolidine-, and
imidazole-containing solvenﬁs, and N-containing aromatic
solvents, and mixtures theréof. Most preferred are
sulfolane and mixtures compﬁising sulfolane.

The ethylenically unsaturated compound, used as
starting material, is preferably an olefin having from 2
to 100 carbon atoms per molecule, or a mixture thereof.
They may comprise one or more double bonds per molecule.
Preferred are internal olefins having from 5 to 60 carbon
atoms, more preferably 6 to§30 carbon atoms, or mixtures
thereof. Such olefin mixtur%s are commercially readily
available, for example the élefin mixtures, obtained as
products of a process for tﬁe oligomerization of
ethylene, followed by a douﬁle bond iscomerization and
disproportionation reactioné In the process of the
invention, these internal oiefins, usually mixtures of

linear internal olefins with 2 to 100 carbon atoms per



starting material, is preferably an olefin having from
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per nolecule. Preferred are internal ol efins having

from5 to 60 carbon atons, nore preferably 6 to30

carbon atoms, or m xtujes thereof. Such olefin

m xtures are commercially readily available, for
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into interesting alcohols (as intermediates to synthetic
lubricants, functionalized additives, etc.).

Further, alpha-olefins, such as l-octene and
propene, and diolefins, such as norbornadiene,
dicyclopentadiene, 1,5-hexadiene and 1,7-octadiene may be
used. The diolefins will of course yield (predominantly)
a di-hydroformylated product, although also mono-hydro-
formylated products may be formed.

Carbon monoxide and hydrogen may be supplied in
equimolar or non-equimolar ratios, e.g. in a ratio within
the range of 5:1 to 1:5, typically 3:1 to 1:3.
Preferably, they are supplied in a ratio within the range
of 2:1 to 1:2.

The hydroformylation reaction can be suitably
carried out at moderate reaction conditions. The term

velevated temperature” as used throughout the description
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propene, and diol efins, such as norbornadi ene,
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is a_liga hat” stands f R2- P- A-B wherein
cycHc hydrocarbyl m01ety w1th Cs-C29 carbon atoms, which
may be substituted, and A-B is a group with a non-ionic
polar moiety comprising an apolar spacer A with the
formula CnHopy wherein n is 1 to 12 or cyclic CphHopn-2
wherein n is 6-12, or aromatic CpHph-2, wherein one or
more carbon atoms may be replaced by N, O, and/or C=0;
and a polar moiety B.

In the organic bridging group, represented by RiR2,
preferably all bridging groups are carbon atoms.
preferably, Ry and Ry together with phosphorus atom P
form a cyclic hydrocarbyl moiety. The bivalent

(optionally substituted) cyclic group, represented by Rj
together with Ro, in general comprises at least 5 ring
atoms and preferably contains from 6 to 9 ring atoms.
More preferably, the cyclic group contains 8 ring atoms.
Substituents, if any, are usually alkyl groups having

from 1 to 4 carbon atoms., As a rule, all ring atoms are



and R2 are independently a hydrocarbyl group wth
Cl-Cl2 carbon atons or together with phosphorus atom
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atons; which nay be substituted, and A-B is a group
with a non-ionic polar noiety conprising an apol ar
spacer Awith the forgrula ChnH2n wherein nis 1 to 12
or cyclic CnH2n-2 wherein n is 6-12, or aromatic
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Mixtures of ligands comprising different bivalent
cyclic groups may be used as well, e.g. mixtures of
ligands with 1,4-cyclooctylene and ligands with 1,5-
cyclooctylene groups.

A-B is a group with a non-ionic polar moiety
comprising an apolar spacer A. The nature of A is not
essential to the catalytic activity and may be any
alkylene, cycloalkylene, or aryl spacer. The spacer may
be substituted or may contain heteroatoms, carbonyl

groups, and the like. Preferred spacers are CpHo, wherein
n is 1 to 12 or cyclic CpHop-2 wherein n is 6-12, or
aromatic CpHp-o2, wherein one or more carbon atoms may be
replaced by N, 0, and/or C=0.

B can be any polar non-ionic group. Preferred B

comprises an amide or imide group, preferably a



groups such as ethyl, isopropyl, sec-butyl, and tert-
butyl groups, cycloal kyl groups such as cycl opentyl
wan4/syabohexyl groups, aryl groups such as phemgpr2@ads1027
tolyl groups, and Rl and R2 may be bival ent groups
such as a ' hexanet hyl ene group. Preferred bival ent
cyclic groups are selected from 1, 4-cyclooctyl ene,
1, 5-cycl ooctyl ene, and nethyl (di)substituted
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preferred is a and w t'h t structure:
A-H3Pnvwhergin A and B have the previously given meanlngs

and Hal stands for bromine or iodine, can be reacted with

the phosphine H-PRqRp, wherein Ry and Ry have the
previously given meanings, to RjRo-P-A-B.
As a non-limitative example the following

phthalimide ligands with n = 1, 2, or 3 were prepared:

O
;bl 0
—> N—Cn-P
o 0

The obtained HBr salts (for Hal is Br) were washed
with acetone, neutralized with base in water, and
extracted with toluene. The overall product yields were
about 50%.

Similarly, pyrrolidine and benzamide derivates were
synthesized from the pyrrolidine alcohol and benzamide

derivatives, respectively, for instance:



wherein nis 1-3. This ligand is a novel conpound for
whi ch protection is al so sought. These |igands can be
wonepasede by nmet hods well known in the art. FeCT/EP2003/051027
i nstance, an organic brom de or iodide B- A-Hal,
wherein A and B have the previously given nmeani ngs
and Hal stands for brgmine or iodine, can be reacted
with the phosphine HPRLR2, wherein Rl and R2 have
ghe previously given neanighgs, to RIR2-P-A-B. As a
on-I@QHi tative exanpl e th¢ fol law ng phthalimnde
i gadds with n = 1, 2, wefe prepared: O Hal O
ThN+ 'I'I-PSP@Iz---—ﬂ—N- - PNT®N ThHe olgogi ned Ry salts
(for Hal is Br) were washed with acetone, neutralized
W th base inswater, and extrgcted with toluene. The
3}/ rall prodtct y||eI ds were bout 50% Simlarly,
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The quantities in which the catalyst system are

used, are not critical and may vary within wide limits.
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used, are not critical and may vary within w de
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amounts in the range.@f _10-8 to 10-1, preferably in
t he range of 10-7 to 10-2 nole atom of cobalt group

vsual Ty ol T RrBiRL O6r  § Re SBaf{ i PR PAT he
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rB‘F’ér reott}ﬁy to SPL e FORPTE 13F§and are
usediSEHe ahvanasvatthefpaglivépdntisoibethessedtanydthe process
sysf%ﬁ are conveniently selected such that per mole atom
of cobalt group metal from 0.5 to 6, preferably from 1 to
3 moles of bidentate ligand are used.
The amount of solvent to be used in the process of
the invention may vary considerably. It is within the
reach of those skilled in the art to establish in each
case the optimal amount of solvent required for
dissolving the catalyst and.the formation of a two-phase
liguid reaction medium. The experimental results provided
hereinafter, are also indicative of the amount of
solvent, preferably to be used.
The process of the invention is eminently suitable
to be used for the preparation of alcohols from internal
olefins at high rate, in particular by using a catalyst
system as defined above, based on cobalt.
The invention will be illustrated by the non-
limiting examples, as described hereinafter.
Examples
In a 250 ml Hasteloy C autoclave a solution of 0.5

mmole of dicobalt octacarbonyl (Coz{CO)g) and 1.5 mmole

of ligand L (see Table) in 5 ml of 2-ethylhexanol (EHA)
was added to a solution of 20 ml of C331/Cjip SHOP (Shell

Higher Olefin Process) alkenes, 10 ml of sulfolane and 25
ml of EHA. The autoclave was closed, flushed twice with
50 bar of nitrogen, and subsequently 20 bar of CO and 40
par of Hy were added. The autoclave was heated to 160°C

and kept at this temperature for 7 hours. The autoclave

was cooled to room temperature and depressurized. The
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subsequently 20 bar {160 and 40 bar of H2 were
added. The autocl ave was heated to 160C and kept at
this tenperatumeoliotts/ hours. Ghenalidpet d¥eof was
cool ed toj roomtenperature|and deppessuidlzed. The WO

2084054916 HREeTy EF2003h054 027A1colbd  prddufollsnser e
anal yzed vetdis G8)tiechitques antexsgbal drykeyses| were

per.Lf ormed| on Both |t he Bul f gl ane3and al coh®?/ heavy

Lo

geuets—ayers—ustn tom—c Aii%m pt Ol SpECtToScopy
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* Co plating observed

Ligand 1 = cyclo-octyl=P-CHy-CHp-2-pyrrolidone

Ligand 2 = cyclo-octyl=P-CHp-CHpy-N-phthalimide

Ligand 3 = cyclo-octyl=P-CHy-CHp-N-benzamide

Ligand 4 = cyclo-octyl=P-CpoH42 (ligand according to the

prior art)

It can thus be concluded that with the ligands of
the invention at similar alcohol production and heavy
ends byproduct yields, substantially greater amounts of
catalyst remain in the solvent rather than in the product

layer, in comparison with the prior art ligand.



Varian Techtron nmercury hol |l ow cat hode | anp, operating
at 252.1 nm and using an acetyl ene/ oxygen fl ane.
weamplswm4cwer e diluted wi th net hanol and quant PCatEPY®BYS1027
analyzed wth a calibration curve. The foll ow ng
results were obtained: Table Products Co in |ayer (%
of total Co) Ligand ljeavy Al cohols Al cohol Sulfol ane
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svnthelid%kkhp?0s 4 5 93 70 30* (conparative) * Co
‘y‘p‘l—at'TﬁgéFr‘ved Ligand 1 =
Genezgd| o- oct yl =P- CH2- CH2- 2- pyrrol i done Ligand 2
C}AC.Lh.OréE‘dty.bnE v&d& QfQ éﬁnﬁhti’@l lcBhg@undsi gand 3
. cl.0-oct benzan de Ligand 4 =
lntec%‘ e %rﬁ% %Hﬁ% c(‘ﬁ Janth 5‘58‘8?%*?"1@ P86 the prior
nitw@geh, |isicansthshkbeecioriguasiedhitthatamiiny t he | i gands of
ti I 0 r ction and heavy
R L Gt LA T B M 4 e
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9- phﬁfﬁpﬁ%%?X?lE*éﬁbﬂé§°n@%hé§5 fAHS) were purchased

from Cytec as a solution of a 2 : 1 (SH/ AH3) mixture of

isomers in toluene (1).
Example 1
Synthesis of 1-(9-phosphacyclononyl)-3-N-pyrimidylpropane
(2) (ligand 2)

A mixture of 13.4 g of N-(3-bromopropyl)phtalimide
(50 mmole), 15 ml of (1) (60 mmole) and 150 ml of
degassed acetonitrile, which formed a white suspension,
was heated under reflux for 12 hours. During heating the
suspension became clear, and slowly a precipitate of the
HBr salt of (2) was formed. The suspension was filtrated
over a glass frit, and washed three times with acetone
(PA) to remove excess (1l). The salt was transferred to an
Erlenmeyer and dissolved in about 100 ml of demi-water,
after which the HBr salt was neutralized with NH40H,
using phenolphthalein as indicator. The white precipitate
was extracted two times with 30 ml of toluene. The
combined organic layers were washed with water, dried
over Na,50; and concentrated in vacuo. The product was
crystallized from toluene/methanol, and the white solid
(9.3 g, 56% yield) was identified as pure (2).
Example 2
Synthesis of 1-(2-chloroethyl)-2-pyrrolidinone (3)
(ligand 1)



Al'l reactions with air sensitive conpounds or

internmedi ates were carried out in an atnosphere of
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materials were commercially avail able, and were used

wi t hout drying unless nentioned otherw se. The
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Synthesis of 1-(2-iodoethyl)-2-pyrrolidinone (4)

A saturated solution of 15 g of NaI (100 mmole) in
approximately 100 ml of acetone (PA) was prepared, and
added to 13.9 g of (3) (94 mmole). The resulting well-
stirred solution was heated under reflux for 30 minutes.
A NaCl precipitate formed, which was filtrated. The
filtrate was evaporated in vacuo, and a yellow powder

sublimed during the process. This resulted in incomplete

drying, which prevented exact yield determination. l1H-NMR
analysis showed that (4) of more than 90% purity was
formed.
Example 4
Synthesis of 1-(9-phosphacyclononyl)-2-N-pyrrolidonethane
(5)

A well-stirred mixture of (4) (about 90 mmole in
about 10 ml of acetone), 30 ml of (1) (120 mmole) and 150

ml of degassed acetonitrile, which formed a white
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of thionyl chloride (201 nmole) were kept at 10C and
webkiowset46and 20 m  of 1-(2-hydroxyethyl)-2-  PCT/EP2003/051027

pyrrolidinone (177 nmol e) was added over two hours. A

very viscous white suspension was fornmed, which was

heated to 25C. The mixgure was stirred for two hours

at 25C, after which it was heated to 65C and stirred
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and concentrated in vacuo. The product was crystallized

from toluene/methanol, and the white solid (9.2 g, 40%

yield) was identified with lH~ and 31P-NMR analysis as
95% pure (5) (5% oxide).

Example 5

Synthesis of N-(2-iodoethyl)-benzamide (6)

A saturated solution of 15 g of NaI (100 mmole) in
approximately 100 ml of acetone (PA) was prepared, and
added to 18.2 g of N-(2-chloroethyl)~benzamide (100
mmole}. The resulting well-stirred solution first turned

blue, but within one minute turned bright yellow, and was

heated under reflux overnight. lH-NMR analysis was
performed, which showed more than 80% conversion to (6).
A NaCl precipitate formed, which was filtrated. The
filtrate was evaporated in vacuo, and a yellow powder

sublimed during the process. This resulted in incomplete

drying, which prevented exact yield determination. lH-NMR
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10 m . of acetone), 30 m of (1) (120 mmol e) and 150
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concentrated i n vacuo. The product was crystallized
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layers were washed with 20 ml of n- hexane and the salt

was neutralized with NH4OH, using phenolphthalein as

indicator. The resulting very viscous white droplets were
extracted two times with a mixture of ether and toluene.
The combined organic layers were washed with water, dried

over NapS04 and concentrated in vacuo. The resulting very

viscous turbid white liguid was analyzed with 1H-, 13¢-

and 31p-NMR, after which became clear that a 1 : 1
{(mole/mole) mixture of unoxidized (7) and toluene was
formed. After correction, a yield of 18.4 mmole (24.5%)
was calculated. '
Example 7
Synthesis of N-(3-chloropropyl)-2-pyrrolidone (8)

8.5 ml of thionyl chloride (115 mmole) were kept at
10°C and stirred, and 10 ml of N-(3-hydroxypropyl)-2-
pyrrolidone (70 mmole) were added over 1.5 hours. A very

viscous white suspension was formed, which was heated to
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turned blue, but within one m nute turned bri ght
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to (9), it was heated under reflux during the weekend.

Exa

1y-NMR analysis was performed, which showed more than 80%
conversion to (6). An NaCl precipitate formed, which was
filtrated. The filtrate was evaporated in vacuo, and a
white powder (10 g, 87%) resulted.

Example 9

Synthesis of 1-(9-phosphacyclononyl)-3-N-
pyrrolidonpropane (10)

A well-stirred mixture of 10 g of (9) (40 mmole), 15
ml of (1) (60 mmole) and 150 ml of degassed acetonitrile,
which formed a white suspension, was heated under reflux
for 16 hours. No precipitate was detected, but 31p-NMR
analysis in CDCl3 and D0 showed that the salt of (10)

was present in solution (signal at + 12 ppm). Therefore,

all solvents were evaporated with an No flow, and a very

viscous brownish suspension was obtained. To improve
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added to 7.4 g of (8) (45 mmvle). The resulting well -
stirred suspension was heated under reflux, and

because 1H NWVR anal ysis after one hour showed little

conversion to (9), it was heated under reflux during
t he weekend.
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vacuo, and a white powder (10 g, 87% resulted.

Exanpl e 9 Synthesis of 1-(9-phosphacycl ononyl)-3-N
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of (9) (40 mmole), 157 H of (1) (60 mMmmole) and 150 m

of degassed acetonitrile, which forned a white
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2, The process according to claim 1 wherein the
phosphine of the phosphine-containing cobalt
hydroformylation catalyst is attached to a non-ionic
polar moiety, and wherein the solvent at a temperature
which is lower than the elevated reaction temperature is
able to dissolve the catalyst and to form a two-phase
liquid system with the alcohol.

3. The process according to claim 1 or 2 wherein the
phosphine-containing cobalt hydroformylation catalyst has
the formula Co-L, in which L is a ligand that stands for
R1Rpo-P-A-B wherein R7 and Ry are independently a
hydrocarbyl group with C1-C1 carbon atoms or together

with phosphorus atom P form a cyclic hydrocarbyl moiety

with Cg-Cop carbon atoms; which may be substituted, and
A-B is a group with a non-ionic polar moiety

comprising an apolar spacer A with the formula CpHop

wherein n is 1 to 12 or cyclic CpHop-~2 wherein n is 6-12,



et hyl enical ly unsaturated conpound to an al coho

conprising a first step of reacting at an el evated
woeopasaitere in a reactor the ethyl enically unsarwpaiosdsi027

conmpound, carbon nonoxi de, hydrogen, and a phosphi ne-
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wi t h C6- C20fcaryon \at ons; whi ch be substituted,
and A-B isla}roupN/\Tt Ko AHnpmR~eni’ s pol ar noi ety
conpri sing ance ar spacer A with\{ he>fornmula CnH2n

wherein nis 1.Fg 2 or cyclic CnH2n~2 wherein n is
6-12, WO 2004/ 054946 PCT/ EP2003/ 051027 - 18 or
aromati c CnHn_2, wherein one or nore carbon atons may

wherein n is 1-3.

6. The process according to any one of claims 1-5

wherein the first step is performed at a temperature

between 50 and 200°C at a pressure of 5-100 bar.

7. The process according to any one of claims 1-6

wherein the solvent is selected from an amide, imide,

sulfone, pyrrolidine, imidazole, and N-containing

aromatic solvents, and mixtures thereof.

8. The process according to claim 7 wherein the solvent

is sulfolane or a mixture comprising sulfolane.

9. A cyclic phosphinyl-containing cobalt

hydroformylation catalyst having a ligand with the

structure:



be replaced by N, 0, and/or C=0O, and a polar noiety B.
4. The process according to claim3 wherein Rl and R2
woagatoserew t h phosphorus atom P form a cycl i cPCT/EP2003/051027
hydrocarbyl noiety and B conprises an anmi de or imde
group, preferably a phthalimde group. 5. The process
according to any one of;g£lains 1-4 wherein the
phosphi ne-cont ai ni ng cobalt hydrofornyl ation catalyst
has a ligand with the structure: O N- Cn H2n P O
wherein nis 1-3. §. The process according to any one
[ gpNL s perforned at
een 50 and 200&€ at—a pressure of
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8whdh&i Proggessaccording to claim7 wherein the
solvent is sulfolane or a m xture conprising
sul folane. 9. A cyclic phosphinyl-containing cobalt
hydr of ormyl ati on catal yst having a Iigand with the
structure: WO 2004/ 054946 PCT/ EP2003/051027 - 19 O
N Ch H2n P O wherein n is 1-3.

a tenperat
5-100 bar.




