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POTASSIUM PARA-DIPHENYL
y PHOSPHINO BENZENE SULFONATE LIGAND

5 .The present invention relates generally t6 a novel
ligand that is useful for hydroformylation of higher a-
olefins in an agqueous emulsion. The ligand is a
potassium para-diphenyl phosphino benzene sulfonate
which is synthesized rapidly and in_extremely high

10 vyvields.

.BACKGROUND OF THE INVENTION
Hydroformylation reactions involve the preéaration

is of oxygenated organic compounds by the reaction of
carbon monoxide and hydrogen (i;e.; synthesis gas) with
carbon compounds containing olefinic unsaturation. The
reaction is typically performed in the presence of a
carbonylation catalyst and results in the formation of

20 compounds, for example, aldehydes, which have one or
more carbon atoms in their molecular structure than the
starting olefinic feedgstock. By way of example, higher
alcohols may be produced by hydroformylation of

’! commercial Cgz-C,, olefin fractions to an aldehyde~

25 containing'oxonation product, which on hydrogenation

| _yields the corresponding Cy-Ci3 saturated alcohols.

The crude product of the hydroformylation reaction will
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of “oxygenat ed organi ¢ conpounds by the reaction of carbon nonoxi de and
hydrogen (i.e., synthesis gas). with carbon conpounds containing ol efinic
Unsaturation. The reaction is typically performed in the presence of a
carbonyl ation catalyst and results in the formation of conpounds, for
exanpl e, al dehydes, whi ch have one or nore carbon atons in th gﬂL Iar
structure thW %08t ar t ng ol efinic feedstock. By way of exaﬁgt’g

al cohol s may be produced by hydroformyl ati on of comercial Jerr]- C[err]_
olefin fractions to an al dehyde- 2

contain catalyst, aldehydes, alcohols, unreacted olefin

feed, synthesis gas and by-products.

A variety of transition metals catalyze the

5 hydroformylation reaction, but only cobalt and rhodium
carbonyl complexes are used in commercial plants. The
reaction is highly exothermic, i.e., the heat release
is approximately ca 125 kJ/mol (30 kcal/mol). The
position of the formyl group in the aldehyde product

10 depends upon the olefin type, the catalyst, the '
solvent, and the reaction conditions. Reaction
conditions have some effect and, with an unmodified
cobalt catalyst, the yield of straight chain product
from a linear olefin is favored by higher carbon

15 monoxide partial pressure. In the hydroformylation of
terminal olefinic hydrocarbons, the use of a catalyst
containing selected complexing ligands, e.g., tertiary
phosphines, results in the predominant formation of the
normal isomer.

20

In commercial 6peration, the aldehyde product is

typically used as an “intermediate which is converted by
hydrogenatioﬁ.to an alcochol or by aldolization and
hydrogenation to a higher alcohol. The aldol- "

25 hydrogenation route is used primarily for the
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coft ai ni ng oxonation product, which on hydrogenation yields the
corresponding CJerr]-Clerr] saturated al cohols. The crude product of the

hydr of ornyl ati on reaction will 2 contain catal yst, al dehydes, al cohols,
unreacted ol efin feed, synthesis gas and by-products. A variety of
tr anst ti-on ne S gt &l yze the PCT/US94/00319

3

manufacture of 2-ethylhexanol from propylene that is

converted to n-butyraldehyde.

Much research in the past 25 years has been
5 directed to improving reaction selectivity to the
linear product. Introduction of an organophosphine
ligand to form a complex, e.g., CQ(CO)G[P(n-C4H9)3]2,
significantly'improves the selectivity to the straight-
chain alcohol.
10
Recent developments of low pressure rhodium
catalyst systems have been the subject of a
considerable body of patent art and literature, and
rhodium~triphenyl phosphine systems have been widely,
15 and successfully, used commercially for the
hydroformylation of propyleng feedstocks to produce

butyraldehyde.

Homogeneous catalysts formed from ligated metal
20 atoms can perform very selective chenmistries with high
turnover rates. Fdr example, rhodium complexes
containing phpsphine_figands have ideal properties as
catalysts in ihe hydroformylatibn process used in
making long chain aldehydes because of their propensity
25 to form the linear rather than branched isomers. The

linear aldehydes which can be formed with rhodium

™Y
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hydfof ornyl ati on reaction, but only cobalt and rhodi um carbonyl conpl exes

are used in comercial plants. The reaction is highly exothermc, i.e., the
heat rel ease is approximately ca 125 kJ/nmol (30 kcal/nol). The position of
the fornyl group in the al dehyde product depends upon the.olefin type, the

catalyst, the solvent, and the reaction conditions. Reaction conditions

have sone ef WM3P8, with an unnodified cobalt catal yst, the

100319

straight chain product froma linear olefin is favored by hi gher carbon

10

15

20

25

4

catalyst complexes are needed for formulating
biodegradable detergents, plasticizers, specialty
polymers, etc. Homogeneous rhodium catalyst complexes
have a unigue role in this chemistry in that they can
take a linear terminal olefin and convert it into a

predominantly linear aldéhyde.

A typical homogeneous rhodium complex catalyst is
formed with triphenylphosphine ligands in the presence
of carbon monéxide and hydrogen. The rhodium bonds to
the triphenylphosphine ligand through a phosphorous
atom. A large number of complexes are formed between
rhodium, triphenylphosphine, hydrogen, and cérbon
monoxide, because they form loosely bound molecular
species which are involved in multiple-equilibria as
they dissociate and recombine with ligands in solution.
One of the complexes can be a very active catalyst for
the hydroformylation reaction which converts linear
olefins into the next higher carbon number linear
aldehydes by the addition of carbon monoxide and
hydrogen. In addition, the catalyst converts some of
the product aldehyde b dimer and trimer condensation
products. Th; isomerization activity of the catalyst
in extremely undesirable in applications designed to
produce long chain linear aldehydes. Linear aldehydes

containing between 12 to 15 carbon are readily
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nmohoxi de partial pressure. In the hydrofornylation of terminal olefinic
hydr ocar bons, the use of a catal yst containing selected conpl exing |igands,
e.g., tertiary phosphines, results in the predonm nant formation of the
normal isomer. In commercial operation, the al dehyde product is typically
used as -an internedi ate which is converted by hydrogenation to_an g%&gpol
or by al dol M2348Mland hydrogenation to a higher al cohol. Th B

hydr ogenation route is used primarily for tge

hydrogenated to linear alcohols which are premium
products for formulating biodegradable liquid

detergénts.

5 Others have synthesized high molecular weight
phosphine ligands for use as homogeneous catalysts.
High molecular weight polymeric phosphine ligands afe
synthesized by reacting polyvinylchloride,
polychloroprene or brominated polystyrene with lithium

10 diphenylphosphide at 20°C to 25°C. These homogeneous
catalysts containing bulky ligands are thought to be
more easily separated from the reaction products by
‘'ultrafiltration. See Imyanitov et al., All-Union
Scientific Research Institute of Petrochemical

15 Processes, Neftekhimiva, 32, No. 3:200-7 (May-June-

1992).

One conventional rhodium ligand used in the
hydroformylation of higher a-olefins, such as 1-
20 dodecene in an aqueous emulsion catalytic process, is
sodium p~-diphenyl phosphino benzoate, i.e., Ph,P(p-
CgH,COO;Na). As discuSsed in Great Britain Patent
. Application N;..2,085;874, filed on August 21, 1981,
this rhodium ligand complex is active at low
25 temperature and pressure, and gives a high selectivity

to the normal isomer.

e
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3 fanuf acture of 2-ethyl hexanol from propylene that is converted to
p-butyraldehyde. Much research in the past 25 years has been directed to
i nproving reaction selectivity to the linear product. Introduction of an
or ganophosphine ligand to forma conplex, e.g.,
@MD[MH(queHH{HH)MHH[HH

WO 94/17081 PCT/US94/00319

still others have synthesized a rhodium ligand
complex using a Ph,P(m-CgcH,S0,;Na) ligand as shown in
Ahrland et al., "The relative Affinities of Co-
ordinating Atoms for Silver Ion. Part II.1 Nitrogen,

5 Phosphorus, and Arsenic.?:, Chemical Society, 1958, pp.
276-288. The PhZP(m-C6H4SO3Na) ligand was synthesized
by slowly adding 10 grams of triphenylphosphine, yith
cooling, to a mixture of 20% SO3-H,SO, (189 c.c.) and
65% S0,~H,50, (1 c.c.). The phosphine dissolved and

10 the solution was heated on a water bath. The solution
was tested at intervals by adding one drop to water (2-
3 c.c.) until a test drop gave a clear or only slightly
cloudy aqueous solution (1-2 hours depending on the
acid strength). The acid solution was cocled, poured

15 cautiously into water (200 c.c.) and neutralized with
saturated sodium hydroxide solution. The product

separated as fine, white shining leaves.

As demonstfated in comparative Examplé 3, the
20 sodium m-diphenyl phosphino benzene sulfonate (i.e.,
PhZP(m-CGH4SO3Na)) 1igand which was synthesized by
direct sulfonation of “triphenyl phosphine resulted in
very low rate; of reaction in the hydroformylation of
i-decene and a low selectivity to the desired normal
25 isomer compared to the corresponding para substituted

carboxylic or sulfonic acid ligands.

oo vy

T




significantly inproves the selectivity to the straight- chain al cohol
Recent devel opnents of | ow pressure rhodi um catal yst systens. have been the
subj ect of a considerable body of patent art and literature, and

rhodi umtri phenyl phosphine systens have been wi dely, and successfully,

used conmmergjally for the hydrofornylation of propylene feed
produce butﬁjpgsi"gémde. Honogeneous catal ysts fornmed fromli gii:ggﬁ%éogp

7

Sodium p-diphenyl phosphino sulfonate, i.e.,
Ph,P(p-CgH,S04,Na), was first synthesized by H.
Schindlbauer (see H. Schindlbauer, Monatsh Chem, 96
(6), 1965, pp. 2051) from potassium diphenyl phosphide

5 and p-chloro sodium benzoate by boiling at 67°C in
tetrahydrofuran (THF) for 24 hours. This article
describes the formation of a by-product, p-diphenyl
phosphino benzene, i.e., Ph,P(p-CcH,PPh,), resulting
from displacement of the sulfonic group by the diphenyl

10 phosphino group, but gives no yield for the sulfonié
salt, i.e., PhyP(p-CgH,SO0;Na), which was identified by
elemental analysis for phosphorus and sulfur but could

not be recrystallized due to poor solubility

15 The present inventors have discovered that by
using a lithium salt of the p-chloro benzene sulfonic
acid, i.e., Cl(p-CgH,SO;Li) in a reaction with
potassium diphenyl phosphide enables the isolation and
purification of the product compound in high yield and

20 purity. Since the lithium salt is more soluble then
the corresponding sodium salt in THF, the reaction
proceeds in 0.5 hours ™in boiling THF which is

! substantiallyffaster than the formation of Ph,P(p-
CgH,S04Na) from Cl(p-CGH4SO3Na). Moreover, the
25 potassium salt (PhyP(p~CcH,SO3K)) of the ligand as a

result of a lithium/potassium salt exchange is obtained

200y
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at dns can performvery sel ective chemi stries with high turnover rates. For
exanpl e, rhodi um conpl exes cont ai ni ng phosphi ne |igands have i deal
properties as catalysts in the hydrofornylation process used in naking |ong
chai n al dehydes because of their propensity to formthe |inear rather than

branched i sonmers. The |inear al dehydes which can be fornmed with rhodi um
WO 94/17081 PCT/US94/00319

in an approximate yield of 56%. Also, the potassium
salt of the ligand was found to be less soluble in
organic solvenﬁs then the conventional sodium salts, .
such that it was able to be recrystallized from EtOH.
5 The potassium salt was identified by elemental

analysis, IR and P31 NMR.

Conventional hydroformylation reactions take place

in an aqueous emulsion, such as that described in Great

10 Britain Application No. 2,085,874, filed August 21,
1981, in which the aqueous phase consists of a 1N
NaHCO3 solution, thus generafing an excess of Sodium
cations. Therefore, since the potassium ligand salt is
soluble in water it is consequently exchanged "in situ"

15 to the sodium salt. As such, when the Ph,P(p~CgH,805K)
ligand complexed catalyst is used to hydroformylate 1~
decene it exhibits comparable rates of conversion to
both Ph,P(p-CgH,SO0;Na) and Ph,P(p-CgH,CO0;Na) ligands,
and substantially higher rates of conversion than

20 Ph,P(m~CgxH,SO,Na).

The present invenfion also provides many
additional advantages which shall become apparent as

described below.

AN
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4 catal yst conplexes are needed for fornulating biodegradable detergents,
pl asticizers, specialty polyners, etc. Honbgeneous rhodi um cat al yst

eonpl exes have a unique role in this chemstry in that they can take a -
linear termnal olefin and convert it into a predonminantly linear aldehyde.
A typical honpgeneous rhodi um conpl ex catalyst is formed mntgcr o

tri phenyl phW&M41@@81| i gands in the presence of carbon nonoxi de angsﬂo 3r ogen

The rhodi um bonds to
9 .

SUMMARY OF THE INVENTION

A method for producing a potassium para-diphenyl
phosphino sulfonate ligand by reacting potassium
diphenyl phosphide with a lithium salt of para-chloro

5 benzenesulfonic acid in the presence of at least one
compound selected from the group consisting of:
tetrahydrofuran, 1,4-dioxane and 2-ethoxye£hyl ether,
at a temperature in the range between about 65 to about
100 C for between about 0.25 to 1 hours.

i0

This group VIII noble metal-ligand complex
catalyst is preferably used in hydroformylation of
"olefins in the presence of synthesis gas. The present
invention also encompasses a method for producing

15 higher aldehydes and higher alcohols by
hydroformylating an olefinic feedstock with synthesis
gas in the presence of this novel Group VIII noble
metal-ligand complex catalyst which forms a crude
reaction product of an olefin feed, a hydroformylation

20 reaction product and the Group.VIII noble metal-ligand
complex catalyst.

<

' Other ané furthér objects, advantages and features

of the present invention.will be understood by

25 reference to the following specification.
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the triphenyl phosphine Iigand through a phosphorous atom A |arge nunber of
conpl exes are forned between rhodi um triphenyl phosphi ne, hydrogen, and

tar bon nonoxi de, because they form | oosely bound nol ecul ar species which
are involved in nultiple equilibria as they dissociate and reconbine with

| i gands -in solution. One of the conpl exes can be a very active_c % b for
t he hydr of orWQ944708h r eacti on which converts |inear ol efins 'FE'BG 92 Xﬁ

hi gher carbon nunber |inear al dehydes by the addition of carbon nDnOX|de
and 10

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hydroformylation is a process of converting
olefins to a product of one or more additional carbon
numbers by the addition of carbon monoxide and hydrogen

5 to the double bond(s) of the olefin in the presence of
a catalyst at elevated temperatures and pressures. A
typical hydroformylation process is demonstrated below:

Rh + Ligand

10 RCH=CH2 4+ CO + HZ - > RCH2CH2CH0 + RCHCH3CH0
HEAT Normal (N)  Iso(IX)

At a temperature of 100°C and a pressure of 12.75 kg
(150 1lbs.) the normal to iso ratio using rhodium as the
catalyst may be below 1 or even as high as 100,

15 depending on the ligand, ratio of ligand to rhodium,
etc. Homogeneous rhodium-ligand complex catalysts are
able to take a linear terminal olefin and convert it

into a predominantly linear aldehyde.

20 A potassium para-diphenyl phosphino sulfonate
ligand is formed by reacting potassium diphenyl
phosphide with a lithium salt of para-chloro
benzenesulfonic acid*gn the presence of at least one
compound selected from the group consisting of:

25 tetrahydrofuran, 1,4-dioxane and 2-ethoxyethyl ether,
at a température in the range between about 65 to about

100°C for between about 0.25 to 1 hours.

I —
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hydrogen. In addition, the catal yst converts sone of the product al dehyde
to dinmer and trinmer condensation products. The isonerization activity of
‘the catalyst in extrenmely undesirable in applications designed to produce
| ong chain linear al dehydes. Linear al dehydes containing between 12 to 15

carbon are readil hydrogenated to |inear al cohols which ]
, WO 94/17081 ydrog BEErRs 4t 1M

11

The potassium diphenyl phosphide is produced from
the reaction product of diphenyl chlorophosphine and
potassium in the presence of at least one compound
selected from the group consisting of: tetrahydrofuran,

5 1,4~-dioxane and 2-ethoxyethyl ether, at a temperature
in the range between about 65 to about 100°C for

between about 0.25 to 1 hours.

The potassium para-diphenyl phosphino sulfonate
10 1ligand (Ph,P(p-CgH,SO0;K)) according to the present
invention is preferably synthesized from potassium
diphenyl phosphide (Ph,PK) and the lithium salt of p-
chloro benzenesulfonic acid (Cl(p-CgH,SO0;Li)) by
boiling in tetrahydrofuran (THF) for approximately 0.5

15 hours as shown in the below equations:

PhPCl + K -EL Ph,PK + KCI
h T=67C

. THF
o PhoPK + CUp-CoHySOsLi) ——>=  Ph,P(p-CoH,sSO3K)

Due to Li/K galt exch§hge, the yield of potéssium P-
’ diphenyl phoéphino sulfonate during the synthesis
process is.approximately 50%. The potassium ligand
25 salt is soluble in water. The hydroformylation takes

Place in an aqueous emulsion in which the agueous phase

—~ e i



products for fornulating bi odegradable |iquid detergents. Qhers have

synt hesi zed hi gh nol ecul ar wei ght phosphi ne |igands for use as honbgeneous
catal ysts. Hi gh nol ecul ar wei ght pol ynmeric phosphine |igands are

synt hesi zed by reacting polyvinylchloride, polychloroprene or brom nated
pol ystyrene with lithium di phenyl phosphide at 20[err]C to 25[err]C. These
honbgeneous cWoediige8s cont ai ni ng bul ky |igands are thought to BET/HSMM0319

eaS|Iy separated fromthe reaction products by
12

consists of a 1N NaHCO4 solution, thus giving an excess
of sodium cations. The potassium salt of the ligand is
consequently exchanged "in situ” with the sodium salt.
The aqueous phase contains sédium bicarbonate and a

5 surfactant such as lauric acid in addition to the

ligand-sodium salt.

This Group VIII metal~ligand complex catalyst is
particularly useful in producing higher aldehydes and
10 higher alcohols which comprises hydroformylating an
olefinic feedstock with synthesis gas in the presence
of the Group VIII noble metal-ligand complex catalyst
to form a crude reaction product comprised of an olefin
feed, a hydroformylation reaction product and the Group

15 VIII noble metal-ligand compiex catalyst.

In the below examples, the organic phase solution
contains the olefin, e.g., l1-decene, the Rh catalyst
precursor, a co-solvent such as i-PrOH and, as an

20 internal standard for gas chromatographic (GC)
analysis, a non-reactive dompound such as hexadecane.
The two solutions are™introduced in an autoclave and
pressufized éﬁ 10 psig at room temperature with a
mixture of carbon monoxide to hydrogen of 1:1. The
25 autoclave is heated at 80°C while the pressure is

i maintained at 150 psig. The reaction is monitored by

e ay
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ultrafiltration. See Inmyanitov et al., All-Union Scientific Research
Institute of Petrochem cal Processes, Neftekhimva, 32, No. 3:200-7
(May-June 1992). One conventional rhodiumligand used in the

hydr of ormyl ati on of hi gher a-olefins, such as 1- dodecene in an aqueous

‘emui sion catal ytic process, is sodium p-di phenyl phosphino b Lo ©
Ph[err] P(p- wﬁ%‘(‘t’f’ﬁ[ err] COONa) . As discussed in Great Bri t%ﬁ%&?’%‘#g

Application No. 2,085,874, filed on August 3}, 1981,

periodic GC analysis of samples taken from the organic

phase.

EXAMPLE 1

5 (Synthesis of Ph,P(p~CgH,504K))

28.30 grams of diphenyl-chlorophosphine were added
to 10 grams of a finely dispersed suspension of
potassium, the suspension of potassium was obtained

10 under vigorous stirring in 400 ml of THF at 67°C in a
nitrogen atmosphere, dropwise at a sufficient rate to
maintain constant reflux without external heating. As
‘the reaction proceeded, the potassium disappeared and
Ph,PK appeared as an intense purple compound. . After

15 the diphenyl chlorophosphine had been completely added
to the suspension of potassium, the solution was cooled
to 45-50°C. Thereafter, 25.47 grams of a well dried p-
chlorollithium sulfonate was.added to the Ph,PK under a
nitrogen blanket. This solution was then heated to

20 reflux with stirring. The change in color from purple
to light brown, which took place within 0.5 hours,
indicated the disappea¥ance of the potassiuh diphenyl

! phosphide. The solution was cooled, while stirring, to
room temperature, and 250cc of water was added. The

25 mixture was extracted times with 100cc of ether. The

aqueous solution was concentrated on the rotary

o0 vy
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this rhodiumligand conplex is active at |ow tenperature and pressure, and

gives a high selectivity to the normal isoner. 6 Still others have
synt hesi zed a rhodi um |igand conpl ex using a
Ph{err]P(n}C[err]H[err]SC{err]hb) | igand as shown in Ahrland et al., "The
relative Af Lvlon;451|'lgssl of Co- PCT/US94/00319

14

evaporator at 50-60°C to approximateiy half the
original volume. A white precipitate appeared. The
solution was cooled, filtered, washed with cold ethanol
and dried under nitrogen to give 25 grams of product

5 and a yield of 49% of Ph,P(p-CgH,SO5K).

The compound analysis for Ph,P(p—-CgH,S05K) having
a molecular weight of 380 calculated for C=56.84,
H=3.69, P=8.16, 0=12/63, K=10.26 and S=8.42% found:
10 =56.68, H=3.93, P=7.51, K=10.36, S=8.01%. P31 NMR
detected one peak of —3.6396.ppm (with 85% H;PO, ext.
reference). The IR=1210-1050, CM- for SO;-, 827 CM-1

1,4 disubst. benzene, 1479, 750, 697 CM-1 for (CgHg)2P.

15 The lithium p-chloro benzene sulfonate was
obtained from the corrésponding acid by exchange with
LiOH in agqueous ethanol, neutralization of the excess
LiOH with carbon dioxide, aﬁd drying ASTM/Toluene
followed by high vacuum.

20 '

EXAMPLE 2

(Scdium p-Diphenyl Phosﬁhino Benzoate Ligand)

2 grams of lauric acid, as surfactant, were added
25 to an aqueous solution of which consisted of sodium p;

diphenyl phosphino benzoate (Ph,P(p-CgH,CO0,Na)),

Sy
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ordinating Atons for -Silver lon. ‘Part 1l1.1 Nitrogen, Phosphorus, and
Arsenic.2:, Chemcal Society, 1958, pp. 276-288. The
Phlerr]P(mCerr]Herr]SJerr]Na) |ligand was synthesi zed by sl owy addi ng
10 grans of triphenyl phosphine, with cooling, to a m xture of 20%
SHerr]-Herr]SOerr] (19 c.c.) and 65% SO err]-Herr]Sgerr] (1 c. Coo)a The
phosphi ne di o4& Bland t he sol uti on was heated on a water ba

solution was tested at intervals by adding one drop to water (2 3 c.c.)
until a test drop gave a clear or only slighsly cloudy aqueous sol ution
(1-2 hours depending on the

‘dissolved at approximately 70°C with stirring under
nitrogen in 70 grams of 1N NaHCO; solution. The
resulting clear solution was'then introduced through a
Hoke bomb to a 1 liter autoclave. To this solution, a
5 mixture which consisted of 179.23 grams of l1l-decene,
9.93 grams of hexadecane as an internai standard,
1.24E-01 grams of rhodium acetate dimer (i.e.,
RhII, (0OCCH,), dimer) and 10 grams of i-PrOH as co-
solvent were introduced through the Hoke bomb under a

10 carbon monoxide/hydrogen pressure.

The autoclave was pressurized with a mixture of
CO/H2 in a ratio of 1:1 and at a pressure of 100 psig
at room temperature. The contents were then heated to
15 80°C while the pressure was maintained at 150 psig.
Thelreaction was monitored by periodic GC analysis of
the organic layer. The data is set forth below in

Table 1.

20
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acid strength). The acid solution was cool ed, poured cautiously into water
(200 c.c.) and neutralized with saturated sodi um hydroxi de sol ution. The
product separated as fine, white shining | eaves. As denobnstrated in
conparative Exanple 3, the sodi um mdi phenyl phosphi no benzene sul fonate
(i.é., Phlerr]P(mCerr]Herr]SJerr]Na)) Iigand which was sy i by
di rect squdﬂé?&Bﬁgﬁf tri phenyl phosphine resulted in very Id&ﬁ?@?@@ﬁg?

reaction in the hydrofornylation of 1-decene and a |ow selectivity to the

desired nor nal 16
Table 1
Mole%
Time Conversion Selectivity Ratio
5 Run No, Ligand Type Hour  of 1.Decene 10 Aldehyde N/ TON
1 PhaP(p-CgHsSOzNa) 050 526 76.00 1587 239
2 PhoP(p-CgHaSO5Na)  1.00 1359 86.56 1594 345
3 PhoPp-CgHsSOaNa) 200  21.50° 88.83 1569 172
4 PhoP(p-CgHsSOgNa) 3.00 3147 91.24 1594 213
10 s PhoP(p-CgHeSOzNa) 400 4225 91.42 1495 243
TON = Moles Conv. (Sel to Ald./f100)/g.at. Rh Hr.
EXAMPLE 3
(Sodium m-Diphenyl Phosphino Benzene Sulfonate Ligand)
15

2 grams of lauric acid, as surfactant, were added

to an aqueoué solution of which coﬁsisted of sodium m-
diphenyl phosphino benzene sulfonate (Ph,P(m-
CgH,S0,Na)), dissolved at approximately 70°C with

20 stirring under nitrogen in 76 grams of 1N NaHCO,
solution. The resulting clear solution was then
introduced through a Hoke bomb to a 1 liter autoclave.
To this solution, a mixture which consisted of 181.56
grams of 1~decene, 12.20 grams of hexadecane as an

25 internal stan&ard, 1.22E-01 grams of-RhIIz(ooccH3)4
dimer and 1.0 grams of i-PrOH as co-solvent were

introduced through the Hoke bomb under a carbon

monoxide/hydrogen pressure.
g This Sheet Has Been Replaced
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i somer conpared to the corresponding para substituted carboxylic or

sul fonic acid |igands. 7 Sodi um p-di phenyl phosphi no benzene sul f onat e,
Ti.e., Phlerr]P(p-Clerr]Herr]SOerr]Na), was first synthesized by H.
Schi ndl bauer (see H. Schindl bauer, Mnatsh Chem 96 (6), 1965, pp. 2051)

f rom. pot aSS‘!vgr;I“HJ"Bl enyl phosphi de _ PCT/US94/00319

17

The autoclave wés pressurized with a mixture of
CO/H2 in a ratio of 1:1 and at a pressure of 100 psig
at room temperature. The contents were then heated to
80°C while the pressure was maintained at 150 psig.
5 The reaction was monitored by periodic GC analysis of

the organic layer. The data is set forth below in

Table 2.
Table 2
10
Mole%
Time Conversion Selectivity Ratio
Run No. . Ligand Type Hour of 1-Decene " to Aldehyde N/L TON
1 PhyoP(m-CgH,SOzNa)  0.50 0.55 34.18 1835 25
15 =2 PhoP(m-CgH,SO3Na) 1.00 057 33.12 0.85 13
3 PhoP(m-CgHySO4Na) 2,00 0.78 41.04 6.82 )
4 PhoP(m-CgHsSO3Na) 18.00  38.27 83.25 6.39 4
EXAMPLE 4
20 ) (Potassium p~Diphenyl Phosphino Benzene Sulfonate
Ligand)

2 grams of lauriqeacid, as surfactant, were added
to an agueous: solution of which consisted of sodium p-
25 diphenyl phosphino benzene sulfonate (Ph,P(p-
CgH,S05K)), dissolved at approximately 70°C with
stirring under nitrogen in 70.84 grams of 1N NaHCO4

solution. The resulting clear solution was then

This Sheet Has Been Replaced
is Sheet Has Been eﬂ ace SUBSTITUTE SHEET (RULE 26)
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and p-chl oro sodi um benzoate by boiling at 67C in tetrahydrofuran (THF) for
24 hours. This article describes the formation of a by-product, p-diphenyl
phosphi no benzene, i.e., Phlerr]P(p-Cerr]Herr]PPh[err]), resulting from
di spl acement of the sulfonic group by the di phenyl phosphino group, but
gives no yield for the sulfonic salt, i.e.,

Phl err] P(p- CH M4Mp&, ] SO err] Na), which was identified by el EfEMEaY0031
anal ysis for phosphorus and sul fur but could not be recrystallized due to
poor solubility The present inventors have @s8scovered that by

introduced through a Hoke bomb to a 1 liter autoclave.
To this solution, a mixture which consisted of 180.13
grams of l-decene, 10.34 grams of hexadecane as an
internal standard, 1.44E-01 grams of rhodium carbonyl
5 acetyl acetonate (RhI(co)2(05H7oz)) and 15 grams of i-
PrOoH as co-solvent were introduced through the Hoke

bomb under a carbon monoxide/hydrogen pressure.

The autoclave was pressurized with a mixture of
10 COf/H2 in a ratio of 1:1 and at a pressure of 100 psig
at room temperature. The contents were then heated to
80°C while the pressure was maintained at 150 psig.
The reaction was monitored by periodic GC analysis of
the organic layer. The data is set forth below in

15 Table 3.

Table 3
Mole%
20 Time  Conversion Selectivity Ratio
Run No. Ligand Type Hour of 1-Decene to Aldehyde N/t TON
1 PhoPlp-CgHsS03K) 050 11.30 8450 1486 505
2 PhoPlp-CgHSOzK) 1.0 1862 84.52 13.56 238
3 PhoP(p-CgHsSOgK) 250 3381 94,20 13.23 257
25 4 PhaP(p-CgHsSOaK} 400  40.00 94.47 1306 225
5 PhoP(p-CgHeSO3K) 1000 8587 95.53 1262 135
This Sheet Has Been Replaced
SUBSTITUTE SHEET (RULE 26)



usi-ng a lithiumsalt of the p-chloro benzene sulfonic acid, i.e.,
CA(p-derr]Herr]Serr]Li) in areaction with potaSS|un1d|phenyI phosphi de
enabl es the isolation and purification of the product conpound in high
yield and purity. Since the lithiumsalt is nore soluble then the
correspondi ng sodiumsalt in THF, the reaction proceeds in O. aRod:

boi | i-ng THF PUHOBLS substantlally faster than the formation © [err?P( p-
CerrJHerr]SOerr]Na) fromd (p-Cerr]J]Herr]SHJerr]Na). Mreover, the
potassiumsalt (Ph[err]P(p-Clerr]Herr]SOe¥?]K)) of the ligand as a

When Tables 1, 2 and 3 are compared it becomes
: abundantly clear that the rhodium hydroformylation of
l1-decene with potassium p-diphenyl phosphine benzene
sulfonate (Ph,P(p-C¢H,S0,K)) exhibited slightly higher
5 rates of conversion as compared to Ph,P(p~C¢H,CO0,Na) .
For example, after 4 hours of reaction in the
hydroformylation reactor the rhodium catalyst of the
present invention having a Ph,P(p-C¢H,S0,K) ligand
conQerted approximately 49.00 mole percent of l-decene
10 to aldhyde, whereas the conventional rhodium catalyst
with a PhZP(p—c6H4coo3Na)-ligand only convefted
approximately 42.25 mole percent. Furthermore, the
Ph,P(p-C¢H,S03K) converted more than twenty times as
much as the rhodium catalyst with a Ph,P(m-CgH,S50;Na)
15 1ligand. The rhodium catalyst with a Ph,P(p~CgH,SO;K)
ligand also exhibited an increased selectivity to
aldehydes verses the Ph,P(p-CgH,CO0;Na) and Ph,P(m-

CgH,S0;Na) ligands.

20 While we have shown and described several
embodiments in accordance with our invention, it is to
be clearly understood that the same are susceptible to

- numerous chanées apparent to one skilled in the art.
Therefore, we do not wish to be limited to the details

25 shown and described but intend to show all changes and
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result of a lithium potassium salt exchange is obtained in an
approximate yield of 50% Also, the potassiumsalt of the |igand was found
to be |l ess soluble in organic solvents then the conventional sodiumsalts,
such that it was able to be recrystallized fromEtOd The potassium salt
was |‘dent| fl“(,ag’z%/msell enental anal ysis, | | R and P31 NMR PCT/US94/00319

20

modifications which come within the scope of the

appended claims.

10

15

20

[ —
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Conventional hydrofornylation reactions take place in an aqueous emnul sion,
such as that described in Geat Britain Application No. 2,085,874, filed
August 21, 1981, in which the aqﬂwdm gﬂsts of a 1N NaHCO3

sol ution, thus generating an exce tlons Therefore, since the

pota55|umll I's sol uble | consequently [
situ"“to théﬁgggﬂﬁﬁ#sa lt. As such, en the Phlerr] P(p- CoH4 Cgﬁfﬁggﬁgg
conpl exed catalyst is used to hydrofornylate 1- decene it exhibits

conpar abl e rates of conversion to

CLAIMS:

1. A method for producing a potassium para-

- diphenyl phosphino sulfonate ligand,which comprises
reacting potassium'diphenyl phosphide with a lithium

5 salt of para-chloro benzenesulfonic acid.

2. The method according to claim 1 wherein said
potassium diphenyl phosphide and lithium salt of para-
chloro benzenesulfonic acid are reacted in the presence

10 of at least one compound selected from the group
consisting of: tetrahydrofuran, 1,4-dioxane and 2~
ethoxyethyl ether.

3. The method according to claim 1 wherein saiad

15 potassium diphenyl phosphide and lithium salt of para-
chloro benzenesulfonic acid are reacted at a
temperature in the range between about 65 to about

lo00°C.

20 4. The method according to claim 1 wherein said
potassium diphenyl phosphide and lithium salt of para-
chloro benzenesulfonic acid are reacted for between

about 0.25 to about 1 hours.

25
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both Phlerr]P(p-Clerr]Herr]SOerr]Na) and Ph[err] P(p-Cerr]H err] COONa)
| i gands, and substantially higher rates of conversion than
Phlerr]P(m e

additional

rq/

riH err McBeen Réplacedr esent i nvention al so provi des many
advant ages Whl”“‘l mlm tre apparent as described bel ow. 9
WO 94/17081 PCT/US94/00319
22
5. The method according to claim 1 wherein said

10

15

20

25

potassium diphenyl phosphide is produced from the

reaction product of diphenyl chlorophosphine and .
potassium.
6. The method according to claim 5 wherein said

diphenyl chlorophosphine and potassium are reacted in
the presence of at least one compound selected from the
group consisting of: tetrahydrofuran, 1,4-dioxane and

2-ethoxyethyl ether.

7. The method according to claim 5 wherein said
diphenyl chlorophosphine and potassium are reacted at a
temperature in the range between about 65 to about

100°C.

8. A Group VIII noble metal-ligand complex
catalyst for use in hydroformylation of olefins in the
presence of synthesis gas which comprises a Group VIII
noble metal complexed with a potassium para-diphenyl
phosphino sulfonate ligand.

~

9. The.catalyst according to claim 8 wherein
said potassium diphenyl phosphino sulfonate ligand is
the reaction product of potassium diphenyl phosphide

and a lithium salt of para-chloro benzenesulfonic acid.

20y

I
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SUMMARY COF THE | NVENTI ON A net hod for —p%eelﬂa—ng—aapm_as&_um p- di phenyl
phosphi no benzene sul fonate Ilgand QMI otaSS|un1d|phenyI
-phosphide with a lithiumsalt of para- & fonic acid in the
presence of at |east one conpound sele roup consisting of:
tetrahydrofuran, 1, 4-di oxane and 2-eth at at 45 R I n
,the range D¥OWRHBhbout 65 to about 100 C for bet ween about EEBEE?QM§
hours. This group VIII noble netal-ligand conpl ex
- 23
10. The catalyst according to claim 9 wherein
* said potassium diphenyl phosphide and lithium salt of

para-chloro benzenesulfonic acid are reacted in the
presence of at least one compound selected from the

5 group consisting of: tetrahydrofuran, 1,4-dioxane and

2-ethoxyethyl ether.

11. The catalyst according to claim 9 wherein
said potassium diphenyl phosphide and lithium salt of
10 para-chloro benzenesulfonic acid are heated at a
temperature in the range between about 65 to about

100°C.

12. The catalyst according to claim 9 wherein
15 said potassium diphenyl phosphide and lithium salt of
para-chloro benzenesulfonic acid are reacted for

between about 0.25 to about 1 hours{

13. The catalyst according to claim 9 wherein
20 said potassium diphenyl phosphide is produced from the
reaction product of diphenyl chlorophosphine and

potassium. e

25
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of synthesis gas. The p as; @ﬂ al so enconpasses a nethod for

pr oduci ng hi gher aldeh al cohol s by hydrofornylating an
olefinic feedstock wt in the presence of this novel G oup
VII1 noble netal -1igand conplex catalyst which fornms a crudel%QZ%§ 19
product of YOEOPM feed, a hydrofornyl ation reaction produc T he
Goup VIII noble netal-llgand conpl ex catalgft.

cafal yst is preferabl E%d I n hydrofornylatlon of olefins in the presence

14. The catalyst according to claim 13 wherein
said diphenyl chlorophosphine and potassium are reacted
in the presence of at least one compound selected from
the group consisting of: tetrahydrofuran, 1,4-dioxane

5 and_2-ethoxyethyl ether.

15. The catalyst according to claim 13 wherein
said diphenyl chlorophosphine and potassium are reacted
at a temperature in the range between about 65 to about

10 100°C.

16. A method for producing higher aldehydes and
higher alcohols which comprises hydroformylating an
dlefinic feedstock with synthesis gas in the presence

15 of a Group VIII noble metal-ligand complex catalyst to
form a crude reaction product comprised of an oclefin
feed, a hydroformylation reaction product and a Group
VIII noble metal-ligand complex catalyst, wherein said
Group VIII noble metal-ligand compléx catalyst is a

20 Group VIII noble metal complexed with a potassium para-
diphenyl phosphino sulfonate ligand.

~

17. Thé method according to claim 16 wherein said
potassium para-diphenyl phosphino sulfonate ligand is

25 the reaction product of potassium diphenyl phosphide

and a lithium salt of para-chloro benzenesulfonic acid.

(N W s auec



O her and further objects, advantages Eﬁa‘?EEFU?§§‘Uf—fﬁe—present I nvention

wi || be understood by reference to thel xmmawmmmk§ fakdgl cation. 10
DESCRI PTI ON OF THE PREFERRED ENBCDINENT |on is a process of
- converting olefins to a product of one naI car bon
WO 94/17081 PCTUS94/00319
25

18. The method according to claim 17 wherein saiad
potassium diphenyl phosphide and lithium salt of para-
chloro benzenesulfonic acid are reacﬁed in the presence
of at least one compound selected from the group

5 consisting of: tetrahydrofurén, 1,4-dioxane and 2-

ethoxyethyl ether.

19. The method according to claim 17 wherein said
potassium diphenyl phosphide and lithium salt of para-
10 chloro benzenesulfonic acid are heated at a temperature

in the range between about 65 to about 100°C.

20. The method according to claim 17 wherein said
potassiun diphenyl phosphide and lithium salt of para-
15 chloro benzenesulfonic acid are reacted for between

about 0.25 to about 100 hours.

21. The method according to claim 17 wherein said
potassium diphenyl phosphide is produced from the
20 reaction product of diphenyl chlorophosphine and

potassium.

25
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nunbers by the addi tion of carbon ‘monoxi dé_and hydrogen to the double
bond(s) of the olef in ﬁ Sﬁh@ sB&ﬁR cef a catalyst at elevated
tenperatures and pressur ydrof ornyl ati on process is
denonstrated below. Rh + err] + Co + H[err] ------------ >

RCH err] CH err + RCHCH[err Nor mal Il so(l 7@?
terrperature‘ggfgl"%‘gf err]C and a pressure of 12.75 kg (150 Ibs)’ ﬁﬁmr%lr’nal
to iso ratio using rhodium as the catalyst 2rsnay be below 1 or even as high
as 100,

22. The method according to claim 21 wherein said
diphenyl chlorophosphine and potassium are reacted in
the presence of at least one compound selected from the
group consisting of: tetrahydrofuran, 1,4-dioxane and

5 2-ethoxyethyl ether.
23. The method according to claim 21 wherein said
diphenyl chlorophosphine and potassium are reacted at a

temperature in the range between about 65 to about

10 100°cC.
15

20

25
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POTASSIUM PARA-DIPHENYL
PHOSPHINGC BENZENE SULFONATE LIGAND

The present invention relates generally to a novel
ligand that is useful for hydroformylation of higher o~
olefins in an aqueous emulsion. The ligand is a
potassium para-diphenyl phosphino benzene sulfonate
which is synthesized rapidly and in extremely high

vields.

.BACKGROUND OF THE INVENTION

| Hydroformylation reactions involve the preparation
of oxygenated organic compounds by the reaction of
carbon monoxide and hydrogen (i.e., synthesis gas) with
carbon compounds containing olefinic unsaturation. The
reaction is typically performed in the presence of a
carbonylation catalyst and results in the formation of
compounds, for example, aldehydes, which have one or
more carbon atoms in their molecular structure than the
starting olefinic feedstbck. By way of example, higher
alcohols may‘Be produced by hydroformylation of
commercial Cg-C,, olefin fractions to an aldehyde-
containing oxonation product, which on hydrogenatibn

yields the corresponding C;-C;,; saturated alcochols.

The crude product of the hydroformylation reaction will

This is ths replaceme‘m sheet




at a tenperature in the range between about 65 to about 100[err}C for

‘bet ween about 0.25 to 1 hours. The pot assi um di phenyl phosphide is
produced fromthe reaction product of diphenyl chlorophosphi ne and
potassiumin the presence of at |east one conpound selected fromthe group
consi sting of: tetrahydrofuran, 1,4-dioxane and 2-ethoxyethyl ether, at a

t enperature
2

contain catalyst, aldehydes, alcohols, unreacted olefin

feed, synthesis gas and by~-products.

A variety of transition metalslcatalyze the
hydroformylation reaction, but only cobalt and rhodium
carbonyl complexes are used in commercial plants. The
reaction is highly exothermic, i.e., the heat release
is approximately ca 125 kJ/mol (30 kcal/mol). The
position of the formyl group in the aldehyde product
depends upon the olefin type, the catalyst, the
solvent, and the reaction conditions. Reaction
conditions have some effect and, with an unmodified
cobalt catalyst, the yield of straight chain product
from a linear olefin is favored by higher carbon
monoxide partial pressure. In the hydroformylation of
terminal olefinic hydrocarbons, the use.of a catalyst
containing selected complexing ligands, e.g., tertiary'
phosphines, results in the predominant formation of the

normal isomer.

In commercial operation, the aldehyde product is
typically used as anfintermediate which is converted by
hydrogenation to an alcohol or by aldolization and
hydrogenation to a higher alecohol. The aldol-

hydrogenation route is used primarily for the

This is tha replacemernt sheet
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in the range between about 65 to about 100[err]C for between about 0.25 to
*L hours. The potassi um p-di phenyl phosphi no benzene sul fonate |i gand
(Phlerr]P(p-Cerr]Herr]SJerr]K)) according to the present invention is
preferably synthesized from potassi um di phenyl phosphide (Ph[err]PK) and
the lithiumsalt of p- chloro benzenegul fonic acid
(A(p-Cerr]Herr]SdJerr]Li)) by boilifng in tetrahydrofuran (THF) for
approximately 0.5 hours as shown in the bel ow equations: THF

manufacture of 2-ethylhexanol from propylene that is

converted to n-butyraldehyde.

Much research in the past 25 yéars has been
directed to improving reacﬁign selectivity to the
linear product. Introduction of an organophosphine
ligand to form a complex, e.g., Co(CO)g[P(n-C4Hg)3]5:
significantly improves the selectivity to the straight-

chain alcohol.

Recent developments of low pressure rhodium
catalyst systems have been the subject of a
considerable body of patent art and literature, and
rhodium~triphenyl phosphine systems have been widely,
and successfully, used commercially for the
hydroformylation of propylene feedstocks to produce

butyraldehyde.

Homogeneous catalysts formed from ligated metal
atoms can perform very selective chemistries with high
turnover rates. For example; rhodium complexes
containing phoséhine Tigands have ideal properties as
catalysts in the hydroformylation process used in
making long chain aldehydes because of their propensity
to form the linear rather than branched isomers. The.

linear aldehydes which can be formed with rhodium

‘This is the replacement sheet
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Phlerr]PA + K [err] Phlerr] PK + KO T=67C THF Ph[err] PK +
C(p-derr]Herr]Sgerr]Li) J[err] Phlerr]P(p-Cerr]Herr] SO err] K) Due
to Li/K salt exchange, the yield of potassium p- di phenyl phosphi no benzene
sul fonate during the synthesis process is approxinmately 50% The potassium
ligand salt is soluble in water. The hydrofornyl ation takes place in an
aqueous enul sion in which the aqueous anse

catalyst complexes are needed for formulating
biodegradable detergents, plasticizers, specialty
polymers, etc. Homogeneous rhodium catalyst complexes
have a unique role in this chemistry in that they can
take a linear terminal olefin and convert it into a

predominantly linear aldehyde.

A typical homogeneous rhodium complex catalyst is
formed with triphenylphosphine ligands in the presence
of carbon monoxide and hydrogen. The rhodium bonds to

“the triphenylphosphine ligand through a phosphorous
atom. A large number of complexes are formed between
rhodium, triphenylphosphine, hydroéén, and carbon
monoxide, because they form loosely bouhd molecular
species which are involved in multiple equilibria as
they dissociate and recombine with ligands in solution.
One of the complexes can be a very active catalyst for
the hydroformylation reaction which converts linear
olefins into the next higher carbon number.linear
aldehydes by the addition of carbon monoxide and
hydrogen. In additioﬁ, the catalyst converts some of
the pfoduct.aldehyde £o dimer and trimer condensation
products. The isomerization activity of the catalyst
in extremely undesirable in applications designed to
produce long chain linear aldehydes. Linear aldehydes

containing between 12 to 15 carbon are readily

This is ths replacerent sheet
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12 consists of a 1IN NaHCJ err] solution, thus giving an excess of sodium
cations. The potassiumsalt of the ligand is consequently exchanged "in
situ" with the sodiumsalt. The aqueous phase contai ns sodi um bi carbonat e
and a surfactant such as lauric acid in addition to the |igand-sodiumsalt.
This Goup VIIl netal-ligand conplex catalyst is

5

hydrogenated to linear alcohols which are premium
products for formulating biodegradable liquid

detergents.

Others have synthesized high molecular weight
phosphine ligands for use as homogeneous catalysté.
High molecular weight polymeric phosphine ligands are
synthesized by reacting polyvinylchloride/
polychloroprene or brominated polystyrene with lithium
-diphenylphosphide at 20°C to 25°C. These homogeneous
catalysts containing bulky ligands are thought to be
more easily separated from the reaction products by
‘'ultrafiltration. See Imyanitov et al., All-Union
Scientific Research Institute of Petrochemical
Processes, Neftekhimiva, 32, No. 3:200-7 (May-June"

1992).

One conventional rhodium ligénd used in the
hydroformylation of higher a-olefins, such as 1~
dodecenelin an agueous emulsion catalytic process, is
sodium p-diphenyl phosphino benzoate, i.e., Ph,P(p-~
CgH,COO4Na) . As discuSsed in Great Britain Patent
Application No. 2,085,874, filed on August 21, 1981,
this rhodiuﬁ ligand complex is active at low
temperature and pressure, and gives a high selectivity

to the normal isomer.
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pafticularly useful in producing higher al dehydes and highef al cohol s whi ch
sconpri ses hydrofornylating an olefinic feedstock with synthesis gas in the

presence of the Goup VIII noble netal-1igand conplex catalyst to forma
crude reaction product conprised of an olefin feed, a hydrofornylation
reaction product and the Goup VIII noble netal-ligand conpl-ex catalyst. In

t he bel ow exanpl es, the organi c phase solution contains the olefin, e.g.,
1-decene, the Rh catal yst precursor, aco-solvent such as i-PrOH and, as an

Still others have synthesized a rhodium ligand
complex using a Ph,P(m-CgH,S0;Na) ligand as shown in
Ahrland et al., "The relative Affinities of Co-
ordinating Atoms for Silver Ion. Part II.1 Nitrogen,
Phosphorus, and Arsenic.2:, Chemical Societ ‘ 1958, PP.
276-288. The Ph,P(m-C.H,SO,Na) ligand was synthesized
by slowly adding io grams of triﬁhenYlphosphine, yith
cooling, to a mixture of 20% SO;-H,SO, (19 c.c.) and
65% S0,~H,SO, (1 c.c.). The phosphine dissolved and
the solution was heated on a water bath. The solution
was tested at intervals by adding one drop to water (2-
3 c.c.) until a test drop gave a clear or only slightly
cloudy aqueocus solution (1-2 hours depending on the
acid strength). The acid solution was cooled, poured
cautiously into water (200 c.c.) and neutralized with
saturated sodium hydroxide solution. The product

Separated as fine, white shining leaves.

As demonstrated in comparative Example 3, the
sodium m-diphenyl phosphino benzene sulfonate (i.e.,
Ph,P(m-CgH,S0;Na)) ligand which was synthesized by
direct sulfonation of triphenyl phosphine resulted in
very low rates of reaction in the hydroformylation of
l-decene and a low selectivity to the deéired normal

.isomer compared to the corresponding para substitutéd

carboxylic or sulfonic acid ligands.
This is {ha replacement sheet
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I nternal standard for gas chromat ographic (GC) analysis, a non-reactive
conpound such as hexadecane. The two solutions are introduced in an

aut ocl ave and pressurized to 10 psig at roomtenperature with a m xture of
carbon nonoxi de to hydrogen of 1:1. The autoclave is heated at 80[err]C
while the pressure is maintained at 150 psig. The reaction is nonitored by

7

Sodium p-diphenyl phosphino sulfonate, i.e.,
Ph,P(p-CgH,S0;Na), was first synthesized by H.
Schindlbauer (see H. Schindlbauer, Monatsh Chem, 96
(6), 1965, pp. 2051) from potassium diphenyl phosphide
and p-chloro sodium benzoate by boiling at 67°C in
tetrahydrofgran (THF) for 24 hours. This aiticle
describes the formation of a by-product, p-diphenyl
phosphino benzene, i.e., Ph,P(p-CcH,PPh,), resulting
from displacement of the sulfonic group by the diphenyl
phosphino group; but gives no yield for the sulfonic
salt, i.e., Ph,P(p-C.H,S50,Na), which was identified by
elemental analysis for phoéphorus and sulfur but could

not be recrystallized due to poor solubility

The present inventors have discovered that by
‘'using a lithium salt of the p-chloro benzene sulfonic
acid, i.e., Cl(p-CgH,SO,;Li) in a reaction with
potassiumldiphenyl.phosphide enables the isolation and
purification of the product compound in high yield and
purity. Since the lithium salt is more soluble then
the corresponding sodium salt in THF, the reaction
'proceeds in 0.5 hours <in boiling THF which is
substantially faster than the formation of Ph,P(p-
c6H4SO3Na) from Cl(p-CgH,SO3Na). Moreover, the
potassium salt (Ph,P(p-CgH,S503K)) of the ligand as a

result of a lithium/potassium salt exchange is obtained

heet Has Been Replaced This is the replacermant sheet
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13 periodic GC anal ysis of sanples taken fromthe organi c phase. EXAVPLE 1
*(Synthesis of Phlerr]P(P-Clerr]H err]SOerr]K)) 28.30 grans of diphenyl

chl or ophosphi ne were added to 10 grans of a finely di spersed suspension of
pot assi um the suspension of potassium was obtai ned under vigorous stirring
in 400 M of THF at 67[err]C in a nitrogen atnosphere, dropw se at a

sufficient rate to

in an approximate yield of 50%. Also, the potassium
salt of the ligand was found to be less soluble in
organic solvents then the conventional sodium salts,
such that it was able to be recrystallized from EtOH.
The potassium salt was identified by elemental '

analysis, IR and P31 NMR.

Conventional hydroformylation reactions take place
in an agueous emulsion, Such as that described in Great
Britain Application No. 2,085,874, filed August 21,
1981, in which the agqueous phase consists of a 1IN
NaHC03 solution, thus generaﬁing an excess of sodium
cations. Therefore, since the po£assium ligand salt is
soluble in water it is consequently exchanged "in situ"
to the sodium salt. As such, when the Ph,P (p~CgH,S03K)
ligand complexed catalyst is used to hydroformylate 1-
decene it exhibits comparable rates of conversion to

' both Ph,P(p-CgH,S50;Na) and Ph,P(p-CgH,COO;Na) ligands,
and substantially higher rates of conversion than

The present invention also provides many

additional advantages which shall become apparent as

described below.
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mei ntai n constant reflux w thout external heating. As the reaction
proceeded, the potassi um di sappeared and Ph2PK appeared as an intense
pur pl e conpound. After the di phenyl chl orophosphi ne had been conpletely
added to the suspension of potassium the solution was cooled to
45-50[err] C. Thereafter, 25.47 grans of a well dried p- chloro |ithium
benzene sul fonate was added to the Ph2PK under a nitrogen bl anket. This
solution was then heated to reflux withestirring. The change in color from
purple to light brown, which took place within 0.5 hours,

SUMMARY OF THE INVENTION

A method for producing a potassium para-diphenyl
phosphino sulfonate ligand by reacting potassium
diphenyl phosphide with a lithium salt of para-chloro
benzenesulfonic acid in the presence of at least one
compound selected from the group consisting of:
tetrahydrofuran, 1,4-dioxane and 2~ethoxyethyl ether,
at a temperature in the range between about 65 to about

100" C for between about 0.25 to 1 hours.

This group VIII noble metal-ligand complex
catalyst is preferably used in hydroformylation of
"olefins in the presence of synthesis gas. The present
invention alsoc encompasses a method for producing
higher aldehydes and higher alcohols by
hydrofofmylating an olefinic feedstock with synthesis
gas in the presence of this novel Group VIII noble
metal—ligand complex catalyst which forms a crude
reaction product of anxolefin feed, a hydroformylation
reaction product and the Gfoup VIII noble metal-ligand

complex catalyst.

Other and further objects, advantages and features
of the present invention will be understood by

‘reference to the following specification.
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I ndi cat ed the di sappearance of the potassium di phenyl phosphide. The
solution was cooled, while stirring, to roomtenperature, and 250cc of
wat er was added. The m xture was extracted times with 100cc of ether. The
aqueous sol ution was concentrated on the rotary 14 evapor at or at
50-60[err]C to approxi mately half ‘the

10

DESCRTPTION OF THE PREFERRED EMBODIMENTS
Hydroformylation is a process of converting
olefins to a product of one or more additional carbon
humbers by the addition of carbon monoxide and hydrogen
to the double bond(s) of the olefin in the presence of
a catalyst at elevated temperatures and pressures. A
typical hydroformylétion process is demonsfrated below:
kh + Ligand

HEAT Normal (N) Iso(I)

At a temperature of 100°C and a pressure of 12.75 kg
(150 1bs.) the normal to iso ratio using rhodium as the
catalyst may be below 1 or even as high as 100,
depending on the ligand, ratio of ligand to rhodium,
etc. Homogeneous rhodium-ligand complex catalysts are
able to take a linear terminal olefin and convert it

into a predominahtly linear aldehyde.

A potassium para-diphenyl phosphino sulfonate
ligand is formed by reacting potassium diphenyl
phosphide with a lithium salt of para-chloro
benzenesulfonic acid in the presence of at least one
compound selected from the group consisting of:
tetrahydrofuran, 1,4-dioxane and 2-ethoxyethyl ether, .
at a temperature in the range between about 65 to about

100°C for between about 0.25 to 1 hours.
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original volunme. A white precipitate appeared. The sol ution was cool ed,
filtered, washed with cold ethanol and dried under nitrogen to give 25
grans of product and a yield of 49% of Phlerr]P(p-CJerr]Herr]Sqerr]K).
The conpound analysis for Phlerr]P(p-Cerr]Herr]SJerr]K) having a

nol ecul ar wei ght of 380 cal cul ated for C=56.84, H=3.69, P=8.16, 0=12/63,
K=10.26 and S=8.42% found: C=56.68, H=3,93, P=7.51, K=10.36, S=8.01% P31
NMVR det ect ed one peak of -3.6396 ppm (Wth 85% H err]PJ err] ext.
reference). The IR=1210-1050, Cv for S(Jerr], 827 Cm1

The potassium diphenjl phosphide is produced from
the reaction product of diphenyl chlorophosphine and
‘potassium in the presence of at least one compound
selected from the group consisting of: tetrahydrofuran,
1,4~-dioxane and 2-ethoxyethyl ether, at a temperature
in the range between about 65 to about 100°C for

between about 0.25 to 1 hours.

The potassium para-diphenyl phosphino sulfonate
ligand (Ph,P(p-CgH,SO0;K)) according to the present
invention is preferably synthesized from potassium
diphenyl phosphide (Ph,PK) and the lithium salt of p-
chloro benzenesulfonic acid (Cl(p—C6H4SO3Li)) by
boiling in tetrahydrofuran (THF) for approximately 0.5

hours as shown in the below equations:

- THF
PhPCl + K ——=> Ph,PK + KCl

T=67C"
: THF
thPK + Cl(p-Cg H4S 03 Li) ms thp(p‘Cs H4803 K)

Due to Li/K salt exchange, the yield of potassium p-
diphenyl phosphino sulfonate during the synthesis
.process is approximately 50%. The potassium ligand
salt is soluble in water. The hydroformylation takes

place in an agueous emulsion in which the agueous phase

This is the replacement sheet
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1,4 disubst. benzene, 1479, 750, 697 CM1 for (Clerr]Herr])2P. The lithium
p-chl oro benzene sul fonate was obtained fromthe corresponding acid by
exchange with Li OH in aqueous ethanol, neutralization of the excess Li CH

wi th carbon di oxi de, and dryi ng ASTM Tol uene foll owed by hi gh vacuum
EXAMPLE 2 (Sodi um p-Di phenyl Phosphi no Benzoate Ligand) 2 granms of l|auric
acid, as surf actant, were added to gg aqueous sol ution of which consisted

of sodi um p-

consisﬁs of a 1N NaHCO; solution, thus giving an excess
of sodium cations. The potassium salt of tﬁe ligand is
consequently exchanged "in situ" with the sodium salt.
The agueous phase contains sédium bicarbonate and a
surfactant such as lauric acid in addition tolthe

ligand-sodium salt.

This Group VIIX metal-ligand cdmplex catalyst is
particularly useful in producing highef aldehydes and
higher alcohols which comprises hydroformylating an
olefinic feedstock with synthesis gas in the presence

of the Group VIII nobie metal~ligand complex catalyst
to form a crude reaction product comprised of an olefin
feed, a hydroformylation reaction product and the Group

VIII noble metal-ligand compiex catalyst.

In the below examples, the organic phase solution
contains the olefin, e.g., l-decene, the Rh catalyst
precursor, a co-solvent such as i-PrOH and, as an
internal standard for gas chromatographic (GC)
anaiysis, a non-reactive compound such as hexadecane.
The two solutions.ars introduced in an autoclave and
pressurized to 10 psig at room temperature with a
mixture of carbon monoxide to hydrogen of 1:1. The
autoclave is heated at 80°C while the pressure is

maintained at 150 psig. The reaction is monitored by
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di phenyl phosphi no benzoate (Ph[err]P(p-Clerr]H err] COONa) . 15 di ssol ved
at approxinmately 70[err]C with stirring under nitrogen in 70 grans of 1N
NaHCO3 sol ution. The resulting clear solution was then introduced through a
Hoke bonb to a 1 liter autoclave. To this solution, a m xture which

consi sted of 179.23 grans of 1-decene, '

13

periodic GC analysis of samples taken from the organic

phase.

EXAMPLE 1

(synthesis of Ph,P(p-CgH,E80;K))

28.30 grams of diphenyl-chlorophosphine were added
to 10 grams of a finely dispersed suspension of
potassium, the suspension of potassium was obtained
under vigorous stirring in 400 ml of THF at 67°C in a
nitrogen atmosphere, dropwise at a sufficient rate to
maintain constant reflux without external heating. As
the reaction proceeded, the potassium disappeared and
Ph,PK appeared as an intense purple compound. After
the diphenyl chlorophosphine had been completely added
to the suspension of potassium, the solution was cooled
to 45-50°C. Thereafter, 25.47 grams of a well dried p-
chloro-lithium sulfonate was. added to the Ph,PK under a
nitrogen blanket. This solution was then heated to
reflux with stirring. The change in color from purple
to light brown, which took place within 0.5 hours,
indicated the disappearance of the potassium diphenyl
phosphide. The solution was cooled, while stirring, to
room temperature, and 250cc of water was added. The
mixture was extracted times with 100cc of ether. The
aqueous éolution was cbncéntrated on the rotary

_—
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9. 93 grans of hexadecane as an internal standard, 1.24E-01 grans of rhodium
acetate dinmer (i.e., Rhl12(0O0OCCH3)4 diner) and 10 grans of i-PrCH as co-

sol vent were introduced through the Hoke bonb under a carbon
nonoxi de/ hydrogen pressure. The. autocl ave was pressurized with a m xture of
COH2 inaratio of 1:1 and at a pressure of 100 psig at room tenperature.
The contents were then heated to 80[errj@ while the pressure was nai ntai ned
at 150 psig. The reaction was nonitored by periodic GC anal ysis of

evaporator at 50-605C to approximately half the
original volume. A white precipitate appeared. The
solution was cooled, filtered, washed with cold ethanol
and dried under nitrogen to give 25 grams of product

and a yield of 49% of Ph,P(p~CgH,S50;K).

The compound analysis for Ph,P(p-CgH,S0;K) having
a molecular weight of 380 calculated for C=56.84,
H=3.69, P=8.16, 0=12/63, K=10.26 and S=8.42% found:
Cc=56.68, H=3.93, P=7.51, K=10.36, S=8.01%. P31 NMR
detected one peak of —3.6396‘ppm (with 85% H,PO, ext.
reference). The IR=1210-1050, CMF for SO4-, 827 CM-1

1,4 disubst. benzene, 1479, 750, 697 CM-1 for (CgHg)2P.

The lithium p-chloro benzene sulfonate was
obtained from the corresponding acid by exchange with
LiOH in agueous ethanol, neutralization of the excess
LiOH with carbon dioxide, and drying ASTM/Toluene

followed by high vacuum.

EXAMPLE 2

{(scdium p-~Diphenyld Phosphino Benzoate Ligand)

2 grams of lauric acid, as surfactant, were added
to an agueous solution of which consisted of sodium p-

diphenyl phosphino benzoate (Ph,P(p-CgH,COO0,Na)],
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t he o‘rgani c layer. The data is set forth belowin Table 1. 16 Table 1
Mol e% Time Conversion Selectivity Ratio Run No. Ligand Type
Hour of 1-Decene to Al dehyde N1 TON

15

dissolved at approximately 70°C with stirring under
nitrogen in 70 grams of 1N NaHCO; solution. The.
resulting clear solution was-then introduced through a
Hoke bomb to a 1 liter autoclave. To this solution, a
nmixture which consisted of 179.23 grams of l-decene,
9.93 grams of hexadecane as an internai standard,
1.24E-01 grams of rhodium acetate dimer (i.e.,

RhII, (OOCCH;), dimer) and 10 grams of i-PrOH as co-
solvent were introduced through the Hoke bomb under a

carbon monoxide/hydrogen pressure.

The autoclave was pressurized with a mixture of
CO/H2 in a ratio of 1:1 and at a pressure of 100 psig
at room temperature. The contents were then heated to
80°C while the pressure was maintained at 150 psig.
The reaction was monitored by periodic GC analysis of
the organic layer. The Gata is set forth below in

Table 1.
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1 Phlerr]P(p-CJerr]Herr]COONa) 0.50 5.26 76.00 15.87 239 2
Phlerr]P(P-Clerr]H err] COONa) 1.00 13.59 86.56 15.94 345 3
Phlerr]P(P-Clerr]H err] COONa): 200 21.50 88.83 15.69 172 4
Phlerr]P(p-Clerr]H err] COONa) 300 31.47 91.24 15.14 213 5
Phlerr]P(p-CJerr]H err] COONa) 4.00 4225 91.42 14.95 243 TON = Mol es
Conv. (Sel to Ald./100)/g.at. Rh H. EXAMPSE 3 (Sodi um m Di phenyl Phosphi no
Benzene Sul fonate Ligand) 2 grams of lauric acid, as surfactant, were added
to an aqueous sol ution of which consisted of SOdI um m

Table 1
Mole%

Time Conversion Selectivity Ratio
Run No. Ligand Type Hour of 1-Decens to Aldehyde N/ TON
1 PhoP{p-CgH4SOgNa)  0.50 5.26 76.00 1587 239
2 PhoP(p-CgH4SOgNa)  1.00 13.59 86.56 15.94 345
3 PhoP(p-CgHyS05Na)  2.00 2150 ° 88.83 15.69 172
4 PhoP{p-CgH4SOzNa)  3.00 3147 91.24 15.14 213
5 PhoP(p-CgHsSOsNa) 400 4225 91.42 1495 243

TON = Moles Conv. (Sel to Ald./100)/g.at. Rh Hr.

EXAMPLE 3

(8odium m-Diphenyl Phosphino Benzene Sulfonate Ligand)

2 grams of lauric acid, as surfactant, were added
to an aqueoué solution of which coﬂsisted of sodium m-
'diphenyl phosphiho benzene sulfonate (Ph,P(m-
CgHySO3Na) ), dissolved at approximately 70°C with
stirring under nitrogen in 76 grams of 1N NaHCO,
solution. The resulting clear solution was then
introduced through a Hoke bomb to a 1 liter autoclave.
To this solution, a mixture which consisted of 181.56
grams of l-decgene, 123§0 grams of hexadecane as an
internal standérd; 1.22E-01 grams of RhII, (OOCCH5),
dimer and 1.0 grams of i-PrOH as co-solvent were
introduced through the Hoke bomb under a carbon

monoxide/hydrogen pressure.

——
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di phenyl phosphi no benzene sulfonate (Ph[err]P(m Cerr]Herr]Sqerr]Na)),
di ssolved at approximately 70[err]C with stirring under nitrogen in 70
grans of 1N NaHCO3 solution. The resulting clear solution was then

i ntroduced through a Hoke bonb to a 1 liter autoclave. To this solution, a
m xture which consisted of 181.56 grans of 1-decene, 12.20 grans of
hexadecane as an internal standard, 1.22E-01 grans of RhllI[err] (OOCCH3) 4
dimer and 1.0 granms of i-PrOH as co-solvent were introduced through the
Hoke bonb under a carbon

The autoclave was pressurized with a mixture of
CO/H2 in a ratio of 1:1 and at a pressure of 100 psig
at room temperature. The contents were then heated to .
80°C while the pressure was maintained at 150 psig.

The reaction was monitored by periodic GC analysis of

the organic layer. The data is set forth below in

Table 2.

‘Table 2

Mole%
Time Conversion Selectivity Ratio

Run No. Ligand Type Hour ol 1-Decene to Aldehyde N/t TON
1 PhoP(m-CgHySOzNa)  0.50 0.55 34.18 13.35 25
2 PhoP(m-CgHaSO4Na)  1.00 0.57 \B12 . 9.85 13
3 PhoP{m-CgH4SO4Na) 200 078 ' 41.04 682 9
4 PhoP(m-CgH4S8OgNa) 18.00  3.27 83.25 6.39 4

EXAMPLE 4

{Potassium p-Diphenyl Phosphino Benzene Sulfonate

Ligand)

2 grams of lauric acid, as surfactant, were added
to an aqueous: sclution of which consisted of sodium p-
diphenyl phosphino benzene sulfonate (Ph,P(p-
CgH,SO05K)), dissolved at approximately 70°C with
stirring under nitrogen in 70.84 grams of 1N NaHCO,

solution. The reéulting clear solution was then
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nmonoxi de/ hydr ogen pressure. The autocl ave was pressurized wwth a m xture
of COH2 in aratio of 1:1 and at a pressure of 100 psig at room
tenperature. The contents were then heated to 80C while the pressure was
mai nt ai ned at 150 psig. The reaction was nonitored by periodic GC anal ysis
of the organic layer. The data is set forth below in

18

introduced through a Hoke bomb to a 1 liter autoclave.
.To this solution, a mixture which consisted of 150.13
grams of l-decene, 10.34 gramslof hexadecane as an
internal standard, 1.44E-01 grams of rhodium ca:bonyl
acetyl acetonate (RhI(CO)Z(CSH702)) and 15 grams of i-
PrOH as co-solvent were introduced through the Hoke

bomb under a carbon monoxide/hydrogen pressure.

The autoclave was pressurized with a mixture of
CO/H2 in a ratio of 1:1 and at a pressure of 100 psig
at room temperature. The contents were then heated to
80°C while the pressure was maintained at 150 psig.
The reaction was monitored by periodic GC analysis of

the organic layer. The data is set forth below in

Table 3.
Table 3
Mole%
Time Conversion Selectivity Ratio

Aun No. Ligand Type Hour of 1-Decene to Aldehyde N/t TON
1 PhoP(p-CgHaSOzK)  0.50 11.30 84.50 1486 505
2 PhoP(p-CgHsS0zK)  1.0p 16.62 94.52 1356 238
3 thP(p-06H4803K) 250 33.81 94.20 13.23 257
4 PhoP(p-CgHaSOzK) 400  49.00 94.47 1306 225
5 PhoP(p-CgH4SO3K) 1000  85.87 95.53 1262 135
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Table 2. Table 2 Tinme Conversion Sel ectivity Rati o Run No.

Li gand Type _ Hour of 1-Decene to Al dehyde N |
TON 1 Phlerr]P(mCerr]Herr]SJerr]Na) 0.50 0.55 34. 18
13. 35 25 2 Phlerr]P(mCerr]Herr]Sderr]Na) 1.00 0. 57

33.12 9. 85 13 3 Phlerr]P(mCerr]Herr]SOerr]Na) 2.00
0.78 41. 04 6. 82 94 .4

Phlerr]P(m C[err]Herr] S err]Na) 18.00" 3. 27 83. 25 6.39

4 EXAMPLE 4 (Potassium p-Di phenyl Phosphi no Benzene Sul fonate

When Tables 1, 2 and 3 are compared it becomes
abundantly clear that the rhodium hydroformylation of
1-decene with potassium p~diphenyl phosphine benzene
sulfonate (Ph,P(p-CgH,S05K)) exhibited slightly higher
rates of conversion as compared to thP(p~C5H4C003Na).
For example, after 4 hours of reaction in the
hydroformylation reactor the rhodiﬁm catalyst of the
present invention having a Ph,P(p-CgH,S0,K) ligand
cdnverted approximately 49.00 mole percent of l-decene
to aldhyde, whereas the conventional rhodium catalyst
with a Ph,P(p-CgH,COO3Na) ligand only converted
approximately 42.25 mole percent. Furthermore, the
thP(p—C6H4SO3K) converted more than twenty times as
much as the rhbdium catalyst with a Ph,P(m-C4H,SO;Na)
ligand. The rhodium catalyst with a Ph,P(p-CgcH,SO04K)
ligand also exhibited an increased selectivity to
aldehydes verses the Ph,P(p-CgH,CO0,Na) and Ph,P(m-

CgH4SO;Na) ligands.

While we have shown and described several
embodiments in accordance with our invention, it is to
be clearly understood that the same are susceptibie to
numerous changes apparent to one skilled in the art.
Therefore, we do not wish to be limited to the details

shown and described but intend to show all changes and
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Ligand) 2 grans of lauric acid, as surfactant, we added to an aqueous

sol ution of which consisted of potassium p- di phenyl phosphi no benzene
sul fonate (Phlerr]P(p- CerrJ]Herr]Sderr]K)), dissolved at approxi mately
70[err]Cwith stirring under nitrogen in 70.84 grans of 1N NaHCO err]
solution. The resulting clear solution was then '

20

modifications which come within the scope of the

appended claims.
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18 introduced through a Hoke bonb to a 1 liter autoclave. To this solution,
a mxture which consisted of 180.13 grans of 1-decene, 10.34 grans of
hexadecane as an internal standard, 1.44E-01 grans of rhodi um carbonyl
acetyl acetonate (RnlI(CO[err] Cerr]J]Herr]err])) and 15 granms of i- PrOH
as co-solvent were introduced through the Hoke bonb under a carbon
nonoxi de/ hydr ogen pressure. The autocl ave was pressurized with a m xture of
COH2 inaratio of 1:1 and at a pressuze of 100 psig

CLAIMS:
1. A method for producing a potassium para-

diphenyl phosphino sulfonate ligand which comprises

reacting potassium diphenyl phosphide with a lithium

salt of para-chloro benzenesulfonic acid.

.2. The method according to claim 1 wherein said
potassium diphenyl phosphide-and lithium salt of para-
chloro benzenesulfonic acid are reacted in the presence
of at least one compound selected from the group
consisting of: tetrahydrofuran, 1,4-dioxane and 2-

ethoxyethyl ether.

3. The method according to claim 1 wherein said
pptassium diphenyl phosphide and lithiﬁm salt of para-
chloroc benzenesulfonic acid are reacted at a
temperature in the range between about 65 to about

100°C.

4. The method according to claim 1 wherein said
potassium diphenyl phosphide and lithium salt of para-
chloro benzenesulfonic acid are reacted for between

about 0.25% to about 1 hours.

—_
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at roomtenperature. The contents were then heated to 80[err]C while the
pressure was nmaintai ned at 150 psig. The reaction was nonitored by periodic
GC anal ysis of the organic layer. The data is set forth belowin Table 3.
Table 3 Mol e% Time Conversion Selectivity Ratio Run No. Ligand Type

Hour of 1-Decene to Aldehyde NI TON 1
Phlerr]P(p-Cerr]H err] Sgerr]K) 0.50 11.30 94. 50 14. 86
505 22

5. The method according to claim 1 wherein said

potassium diphenyl phosphide is produced from the
reaction product of diphenyl chlorophosphine and

potassium.

6. The method according to claim 5 wherein said
diphenyl chlorophosphine and potassium are reacted in
the presence of at least one compound selected from the
group consisting of: tetrahydrofuran, 1,4-dioxane and

2—-ethoxyethyl ether.

7.  The method according to claim 5 wherein said
diphenyl chlorophosphine and potassium are reacted at a
temperature in the range between about 65 to about

100°C.

8. A Group VIII noble metal-ligand complex
catalyst for use in hydroformylation of olefins in the
presence of synthesis gas which comprises a Group VIII
noble metal complexed with a potassium para-diphenyl

phosphino sulfonate ligand.

9. The catalyst according to claim 8 wherein
said potassium diphenyl phosphino sulfonate ligand is
the reaction product of potassium diphenyl phosphide

" and a lithium salt of para-chloro benzenesulfonic acid.
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2 Phlerr]P(p-Clerr]H err] SJ err]K) 1.00 16.62 94. 52

13.56 - 238 3 Phlerr]P(p-Cerr]H err] Sgerr]K) 2.50 33.81

94. 20 13. 23 257 4 Phlerr]P(p-Cerr]H err] S err]K) 4. 00
49. 00 94. 47 13. 06 225 5

Phlerr]P(p-Cerr]H err] S err]K) 10. 00 85.87 95. 53 12. 62
135 19 When Tables 1, 2 and 3 are conpared it becones abundantly cl ear

t hat the rhodi um hydrof ornyl ati on of
: _ 23

10. The catalyst according to claim 9 wherein
said potassium diphenyl phosphide and lithium salt of
para-chloro benzenesulfonic acid are reacted in the
presence of at least one compound selected from the
group consisting of: tetrahydrofuran, 1,4-dioxane and

2-ethoxyethyl ether.

11. The catalyst according to claim 9 wherein
said potassium diphenyl phosphide and lithium salt of
para-chloro benzenesulfonic acid are heated at a
temperature in the rangé between about 65 to about

100°C.

12. The catalyst according to ciaim_9 wherein
said potassium diphenyl phosphide and lithium salt of
para-chloro benzenesulfonic acid are reacted for -

between about 0.25 to about 1 hours.

13. The catalyst according to claim 9 wherein
said potassium diphenyl phosphide is produced from the
reaction product of diphenyl chlorophosphine and

potassium.
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1-decene wi th potassi um p-di phenyl phosphi ne benzene sul fonate
(Phlerr]P(p-Cerr]Herr]SAerr]K)) exhibited slightly higher rates of
conversion as conpared to Phferr]P(p-Clerr]H err]COJ err] Na). For exanple,
after 4 hours of reaction in the hydrofornylation reactor the rhodi um

catal yst of the present invention having a Phlerr]P(p-Clerr]Herr]Sqerr]K)
| i gand converted approximately 49.00 nol e percent of 1-decene to al dhyde,

whereas the conventional rhodiumcatal Y% with a
Phlerr]P(p-CJerr]Herr]COJ err]Na) Iigand only converted approxi mately
42.25 mol e percent. Furthernore, the '

14. The catalyst according to claim 13 wherein
said diphenyl chlorophosphine and potassium are reacted
in the presence of at least one compound sélected from
the group consisting of: tetrahydrofuran, 1,4~dioxane

and 2-ethoxyethyl ether.

15. The catalyst according to claim 13 wherein
said diphenyl chlorophosphine and potassium are reacted
at a temperature in the range between about 65 to about

1o00°C.

16. A method for produging higher aldehydes and
higher alcohols which comprises hydroformylating an
olefinic feedstock with synthesis gas in the presence'
of a Group VIII noble metal-ligand complex catalyst to
form a crude reaction product comprised of an olefin
feed, a hydroformylation reaction product and a Group
VIII noble metal;ligand complex catalyst, wherein said
Group VIII noble metal-ligand complex catalyst is a
Group VIII nobie metal complexed with a potassium para-

diphenyl phosphino sulfonate ligand.

17. The method according to claim 16 wherein said
potassium para-diphenyl phosphino sulfonate ligand is
the reaction product of potassium diphenyl phosphide

and a lithium salt of para-chloro benzenesulfonic acid.
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rhodi um catalyst with Phlerr]P(p-Clerr]Herr]SdJerr]K) converted nore than
twenty tinmes as nmuch as the rhodiumcatalyst with a
Phlerr]P(merr]Herr]SJerr]Na) ligand. The rhodiumcatalyst—with—a
Phlerr]P(p-Cerr]Herr]Sderr]K) |igand al so exhibited an_increased
sel ectivity to al dehydes verses the Ph[err]P(p-( efhi f‘}\la) and
Phlerr]P(m Cerr]Herr]SOerr]Na) ligands. Wile mef d

descri bed several enbodinents in accordance wth our is to be
clearly understood that the sane are sggcepti bl e to nunerous changes
apparent to one skilled in the art. ‘

18. The method according to claim 17 wherein saiad
potassium diphenyl phosphide and lithium sélt of para-
chloro benzenesulfonic acid are reacted in the presence
of at least one compound selected from thé group
consisting of: tetrahydrofuran, 1,4-dioxane and 2-

ethoxyethyl ether.

19. The method according to claim 17 wherein said
potassium diphenyl phosphide and lithium salt of para-
chloro benzenesulfonic acid are heated at a temperature

in the range between about 65 to about 100°C.

20. The method according to claim 17 wherein said
potassium diphenyl phosphide and lithium salt of para-
chloroc benzenesulfonic acid are reacted for between

about 0.25 to about 100 hours.

21. The method according to claim 17 wherein said
potassium diphenyl phosphide is produced from the
reaction product of diphenyl chlorophosphine and

potassium.

_—
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Therefore, we do not wish to be limted to the details shown and descri bed
but intend to show-all changes and 20 nodifications which cone within

t he scope of the appended cl ai ns.
26

22. The method according to claim 21 wherein said
diphenyl chlorophosphine and potassium are reacted in
the presence of at least one compound selected from the
group consisting of: tetrahydrofuran, 1,4-dioxane and

2-ethoxyethyl ether.

23. The method according to claim 21 wherein said
diphenyl chlorophosphine and potassium are reacted at a
temperature in the range between about 65 to about

100°C.

A o o epcamnt e
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21 CLAI M. 1. A net hod for producing a potassium para- di phenyl phosphino
'sul fonate |igand which conprises reacting potassi um di phenyl phosphide with
a lithiumsalt of para-chloro benzenesul fonic acid. 2. The net hod
according to claim 1l wherein said potassi um di phenyl phosphide and lithium
salt of para- chloro benzenesulfonic acid are reacted in the presence

27

POTASSTUM PARA-DIPHENYL PHOSPINO
BENZENE SULFONATE LIGAND

ABSTRACT

A method for producing a potassium para-diphenly
phosphino sulfonate 1lic-nd which comprises reé.cting
potassium diphenly phosphide with a lithium salt of para-
chloro benzenesulfonic acid in the presence of’
tetrahydrofuran at elevated temperatures.

This is tha replacemsrt sheet
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. Rowri-o nes
of at |east one conpound selected fromthe group con5|st|ng of
‘tetrahydrofuran, ‘1 ,4-dioxane and 2- et hoxyet hyt é fﬂN ;u_u t-t
actording to claim1 wherein said pot assi um di ! Qﬁé% Lﬁéé é‘ ' wgﬁbgfum
salt of para- chloro benzenesul fonic acid are rr"cleﬁ dfnaf'”ﬁ%eraf &
the range between about 65 to about 100 C. 4. { Th ﬁﬁvhod-ﬁ 6bfﬁ|%gki%ﬁ-m-
claim1 wherein said potassi um di phenyl phosphi d P HibaEsSal-f0 ¢hsghr-a-

: 5 PoLE Atmstract paged .. - to paged ...

RECEIPT 0ol

hydrogenated to linear alcchols which are premium
products for formulating biodegradable liquid

detergents.

Others have synthesized high molecular weight
phosphine ligands for use as homogeneous catalysts.
High molecular weight polymeric phosphine ligands are
synthesized by reacting polyvinylchloride,
polychloroprene or brominated polystyrene with lithium
diphenylphosphide'at 20°C ﬁo 25°C. These homogenecus
catalysts containing bulky ligands are thought to be
more easily separated from the reaction products by
ultrafiltration. See Imyanitov et al., All-Union
Scientific Research Institute of Petrochemical
Processes, Neftekhimiva, 32, No. 3:200-7 (May-June-

1992).

One conventional rhodium ligand used in the
hydroformylation of higher a-olefins, such as 1-
dodecene in an aqueous emulsion catalytic process, is
sodium p-~diphenyl phosphino benzoate, i.e., Ph,P(p-
CzH,COONa). As discuSsed in Great Britain Patent
Application No. 2,085,874, filed on August 21, 1981,
this rhodium ligand complek is active at low
temperature and pressure, and gives a high selectivity

to the normal isomer.
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chl oro benzenesul fonic acid are reacted for between about 0.25 to about 1
hour s. 22 5. The met hod according to claim 1l wherein said potassium
di phenyl phosphide is produced fromthe reaction product of diphenyl

chl or ophosphi ne and pot assi um .

Sodium p-diphenyl phosphino benzene sulfonate, i.e.,
_thP(p-c6H4so3Na), was first synthesized by H.
Schindlbauer (see H. Schindlbauer, Monatsh Chem, 96
(6), 1965, pp. 2051) from potassium diphenyl phosphide
and p-chloro sodium benzoate by boiling at 67°C in
tetrahydrofuran (THF) for 24 hours. This article
describes the formation of a by-product,'p-diphenyl
phosphino benzene, i.e., Ph,P(p~CgH,PPh,), resulting
from displacement of the sulfonic group by the diphenyl
phosphino group, but gives no yield for the sulfonic
salt, i.e., thP(p-c6H4so3Naj, which was identified by
elemental analysis for phosphoﬁus and sulfur but coculd

not be recrystallized due to poor solubility

The present inventors have discovered that by
using a lithium salt of the p-chloro benzene sulfonic
acid, i.e., Cl(p-CgH,S0,;Li) in a reaction with
potassium diphenyl phoséhide enables the isolation and
purification of the product compound in high yield and
purity. Since the lithium salt is more soluble then
the corresponding sodium salt in THF, the reaction
proceeds in 0.5 hours in boiling THF which is

. substantially faster than the formation of Ph,P(p-
c5H4so3Na) from Cl(p-CgH,S504Na). Moreover, the
potassium salt (PhZP(p—c6H4SO3K)) of the ligand as a

result of a lithium/potassium salt exchange is obtained
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6. The met hod according to claim5 wherein said di phenyl chl orophosphine

and potassiumare reacted in the presence of at |east one conpound sel ected
ffomthe group consisting of: tetrahydrofuran, 1,4-dioxane and _ _

2- et hoxyet hyl ether. 7. The nethod according to claim5 wherein said

di phenyl chl orophosphi ne and potassium are reacted at a tenperature in the

range between about 65 to about 100[err]C 8. A Goup VIII noble

nmet al -1 i gand conpl ex
8

in an approximate yield of 50%. Also, the potassium
salt of the 1igand was found tc be less soluble in
organic solvents then the conventional sodium salts,
such that it was able to be recrystallized from EtOH.
The potassium salt was identified by elemental

analysis, IR and P31 NMR.

Conventional hydroformylation reactions take place
in an agueous emulsion, such as that described in Great
Britain Application No. 2,085,874, filed August 21,
1981, in which the agqueous phase consists of a 1N
NaHCO; solution, thus generating an excess of sodium
cations. Therefore, since the potassium ligand salt is
soluble in water it is consequently exchanged "in situ"
~to the sodium salt. As such, when the Ph,P(p-CgH,S04K)
ligand complexed catalyst is used to hydroformylate 1-
decene it exhibits comparable rates of conversion to
both Ph,P(p-CgH,S50,Na) and Ph,P(p-CgH,co0Na) ligands,
and substantially higher rates of conversion than

The present invention also provides many
additional advantages which shall become apparent as

described below.
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catal yst for use in hydrofornylation of olefins in the presence of
synthesis gas which conprises a Goup VIII noble netal conplexed with a
pot assi um par a- di phenyl phosphi no sul fonate |igand. 9. The cat al yst
according to claim8 wherein said potassium di phenyl phosphino sul fonate
ligand is the reaction product of potassium di phenyl phosphide and a
lithiumsalt of para-chloro benzenesul fonic acid.

9

SUMMARY OF THE INVENTION

A method for producing a potassium p-diphenyl phosphino
benzene sulfonate ligand by reacting potassium
diphenyl phosphide with a lithium salt of péra-chlcro
benzenesulfonic acid in the presence of at least one
compound selected from the group consisting of:.
tetrahydrofuran, 1l,4-dioxane and 2~ethoxyethyl ether,
at a temperature in the range between about 65 to about

100  C for between about 0.25 to 1 hours.

This group VIII noble metal-ligand complex
catalyst is preferably used'in hydroformylation of
‘olefins in the presence of synthesis gas. The present
invention also encompasses a method for'producinq
higher aldehydes and higher alcohols by
hydrofofmylating an olefinic feédstock with synthesis
gas in the presence of this novel Group VIII ncble
metal-ligand complex catalyst which forms a crude
reaction product of an olefin feed, a hydroformylation
reaction product and the Group VIII noble metal-ligand

complex catalyst.

Other and further objects, advantages and features
of the present invention will be understood by

reference to the following specification.
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23 10. The catal yst according to claim9 wherein said potassi um di phenyl -
-phosphide and lithiumsalt of para-chloro benzenesul fonic acid are reacted

i'n the presence of at
of : tetrahydrofuran,

| east one conpound selected fromthe group consisting
1, 4-di oxane and 2-ethoxyethyl ether. 11. The catal yst

according to claim9 wherein said potassi um di phenyl phosphide and |ithium

salt of

10

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hydroformylation is a process of converting

olefins to a product of one or more additional carbon

numbers by the addition of carbon monoxide and hydrogen

to the double bond(s) of the olefin in the presence of

a catalyst at elevated temperatures and pressures. A

typical hydroformylation process is demonstrated below:

Rh + Ligand

" RCH=CH, + CO + H, > RCH,CH,CHO + RCHCH,CHO

HEAT Normal (N) Iso(I)

At a temperature of 100°C and a pressure of 12.75 kg

(150 1lbs.) the normal to iso ratio using rhodium as the

catalyst may be below 1 or even as high as 100,

'depending on the ligand, ratio of ligand to rhgdium,'

etc. Homogeneous rhodium-ligand complex catalysts are

able to take a linear terminal olefin and convert it

into a preddminahtly linear aldehyde.

A potassium p-diphenyl phoéphino benzene sulfonate

ligand is formed by reacting potassium diphenyl

phosphide with a lithium salt of para-chloro

benzenesulfonic acid in the presence of at least one

compound

selected from the group consisting of:

tetrahydrofuran, 1,4-dioxane and 2-ethoxyethyl ether,

at a temperature in the range between about 65 to about

100°C for between abouﬁ 0.25 to 1 hours.

Thhlsﬁhnnqphuxunoﬂtshset
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par a-chl oro benzenesul fonic acid are heated at a tenperature in the range
bet ween about 65 to about 100[err]C -12. The catal yst according to claim?9
wher ei n sai d potassi um di phenyl phosphide and lithiumsalt of para-chloro
benzenesul fonic acid are reacted for between about 0.25 to about 1 hours.
13. The catalyst according to claim9 wherein said potassium di phenyl
phosphide.is produced fromthe reaction product of diphenyl chlorophosphine
and 11

The potassium diphenyl phosphide is produced from
the reacﬁion product of diphenyl chlorophosphine and
potassium in the presence_of at least one compound
selected from the group consisting of: tetrahydrofuran,
1,4-dioxane and 2-ethoxyethyl ether, at a ﬁeméerature
in the range between about 65 to about 100°C for

between about 0.25 to 1 hours.

The potassium p-diphenyl phosphino benzene sulfonate
ligand (Ph,P(p-CgH,;S04K)) according to the present
invention is preferably synthesized from potassium
diphenyl phosphide (Ph,PK) and the lithium salt of p-
chloro benzenesulfonic acid (Cl(p-CgH,SO,;Li})) by
boiling in tetrahydrofuran (THF) for approximately 0.5

hours as shown in the below equations:

PhPCl + K —EE-" Ph.PK + KCI
ha T=67C"

thPK + CI(p-CgH.,SOng) 1%}:5‘___;'5 thp(p-C5H4303K)

Due to Li/K'salt exchange, the yield of potassium p-
diphenyl phosphino benzene sulfonate during the synthesis
process is approximately 50%. The potassium ligand
salt is soluble in water. The hydroformylation takes

place in an aqueous emulsion in which the agueous phase

This is tha replacement sheet
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pot assi um 24 14. The catal yst according to claim 13 wherein said

di phenyl chl orophosphi ne and potassium are redcted in the presence of at

| east one conpound sel ected fromthe group consisting of: tetrahydrofuran,
1;4-di oxane and 2-et hoxyet hyl ether. _

13

periodic GC analysis of samples taken from the organic

phase.

EXAMPLE 1

{8ynthesis of PhZP(p-c6H4so3x))

28.30 grams of diphenyl-chlorophosphine were added
to 10 grams of a finely dispersed suspension of
potassium, the suspension of potassium was obtained
under vigorous stirring in 400 ml of THF at 67°C in a
nitrogen atmosphere, dropwise at a sufficient rate to
maintain constant reflux without external heating. As
the reaction proceeded, the potassium disappeared and
Ph,PK appeared as an intense purple compound. After
the diphenyl chlorophosphine had been completely added.
to the suspension of potassium, the solution was cooled
to 45-~50°C. Thereafter, 25.47 grams of a well dried p-
chloro lithium benzene sulfonate was added to the PhyPK under a
nitrogen blanket. This solution was then heated to
reflux with stirring. The change in color from purple
to light brown, which took place within 0.5 hours,
indicated the disappeatrance of the potassium diphenyl
phosphide. The solution was cooled, while stirring, to
room temperature, and 250cc of water was added. The
mixture was extracted times with 100cc of ether. The

aqueous solution was concentrated on the rotary

This is tha replacement sheet
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15. The catal yst according to claim 13 wherein said di phenyl

chl or ophosphi ne and potassium are reacted at a tenperature in the range

bet ween about 65 to about 100[err]C. 16. A nethod for produci ng higher

al dehydes and hi gher al cohols which conprises hydrofornylating an olefinic
feedstock with synthesis gas in the presence of a Goup VIII noble

nmetal -11gand conplex catalyst to forma crude reaction product conprised of
.am olefin feed, a hydrofornylation reacti4on product and a G oup

evaporator.at 50-60°C to approximately half the
original volume. A white precipitate appeared. The
solution was cooled, filtered, washed with cold ethanol
and dried under nitrogen to give 25 grams of product

and a yield of 49% of Ph,P(p-CgH,S04K).

The compound analysis for Ph,P(p-CgH,S03K) having
a molecular weight of 380 calculated for C=56.84,
H=3.69, P=8.16, 0=12/63, K=10.26 and S=8.42% found:
c=56.68, H=3.93, P=7.51, K=10.36, S=8.01%. P31 NMR
detected one peak of -3.6396-ppm (with 85% H,;PO, éxt.
reference). The IR=1210-1050, CM- for SO5-, 827 CM-1

1,4 disubst. benzene, 1479, 750, 697 CM-1 for (CgHg)2P.

The lithium p-chloro benzene sulfonate was
obtained from the corresponding acid by exchange with
LiOH in agqueous ethancl, neutralization of the excess
LiOH with carbon dioxide, and drying ASTM/Toluene

followed by high vacuum.

EXAMPLE 2

(Sedium p~Diphenyl Phosphino Benzoate Ligand)

2 grams of lauric acid, as surfactant, were added
to an aqueous solution of which consisted of sodium p-

diphenyl phosphino benzoate (thp(p—c6H4COONa),

Yhis is tha replacement sheet
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VI11 noble netal -1igand conplex catalyst, wherein said Goup VIII naoble
metal -1igand conplex catalyst is a Goup VIII .noble netal conplexed with a
pot assi um para- di phenyl phosphino sulfonate |igand. 17. The net hod
according to claim 16 wherein said potassi um para-di phenyl phosphi no
sulfonate ligand is the reaction product of potassium di phenyl phosphide
and a lithiumsalt of para-chloro benzenesul fonic acid.

lé
Table 1
Mole%

Time Conversion Selectivity Ratio
Run Na. Ligand Type Hour of 1.Decsne to Aldehyde N/ TON
1 PnoPp-CgH,COONa) o050 526 76.00 1587 239
2 PhoPlp-CgH4COONa) t00 1359 86.56 1594 345
3 PhaPlp-CgH,CONa) 200  2150° 88.83 1569 172
4 PhoPip-CgH4COONa) 300 3147 91.24 1514 213
5 PhoP(p-CgHsCO0Na) 400 4225 91.42 1495 243

TON = Moles Conv. (Sel to Ald./100)/g.at. Rh Hr.

EXAMPLE 3

(8odium m-Diphenyl Phosphino Benzene Sulfonate Ligand)

2 grams of lauric acid, as surfactant, were added
to an aqueoué solution of which consisted of sodium m-
diphenyl phosphino benzene sulfonate (Ph,P(m-
CgH,SO04Na) ), dissolved at approximately 70°C with
stirring under nitrogen in 76rgrams of 1N NaHCO,
solution. The resulting clear solution was then
introduced through a Hoke bomb to a 1 liter autoclave.
To this solution, a mixture which consisted of 181.56
grams of l-degene, 12.20 grams of hexadecane as an
internal standard, 1.22E-01 grams of RhIIz(OOCCH3)4
dimer and 1.0 grams of i-PrOH as co-solQent were

introduced through the Hoke qub under a carbon

nonoxide/hydrogen pressure.
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25 '18. The net hod accor di ng to claim17 wherein said pot assi um di phenyl

phosphide and lithiumsalt of para- chloro benzenesul fonic acid are reacted
in the ence of at | east one conpound sel ected fromthe group consisting
of : tetfaltn gl,mﬂslgeaﬂkﬁmcﬂl di oxane and 2- ethoxyethyl ether. 19. The net hod

accordi nxm\‘“\“‘“““]m erein said potassium di phenyl phosphide and lithium
salt of

r--»-»--..N.,.._

| THIS SHEET Ha HAS BEEN
. i REPLACED

The autoclave was pressurized with a mixture of
CO/H2 in a ratio _.of 1:1 and at a pfessure of 100 psig
at room temperature. The contents were then heated to
80°C while the preséure was maintained at 150 psig.
The reaction was monitored by periodic GC analysis of

the organic layer. The data is set forth below in

Table 2.

Table 2

Mole%
Time Conversion Salectivity Ratio

Run No. Ligand Type Hour of 1-Decene to Aldehyde N/ TON
1 " PhoP(m-CgH4SOgNa) 050 055 34.18 1335 25
2 PhoP(m-CgHsSO4Na)  1.00 0.57 33.12 8.85 13
3 PhoP(m-CgH4SOsNa) 200 078 41.04 682 9
4 PhoP(m-CgHsSO3Na) 1800  3.27 83.25 633 4

EXAMPLE 4

{(Potassium p-Diphenyl Phosphino Benzene Sulfonate)

2 grams of lauric acid, as surfactant, were ad&ed
to an agqueous:solution of which consisted of sodium p-
diphenyl phosphino benzene sulfonate (Ph,P(p-
CgH,S504K) ), dissoclved at approximately 70°C with
stirring under nitrogen in 70.84 grams of 1N NaHCO4

solution. The resulting clear solution was then

3
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chl oro benzenesulfonic acid are heated at a tenperature in the range

bet ween about 65 to about 100[err] &: 20: The nethod according to claim 17
wherei n said potassi um di phenyl phosphide and lithiumsalt of para- chloro
benzenesul fonic acid are reacted for between 0.25 to 1 hours. 21. The

met hod according to claim 17 wherein said potassi um di phenyl phosphide is
produced fromthe reaction product of diphenyl chl orophosphi ne and

pot assi'um _ 19 _

When Tables 1, 2 and 3 are compared it becomes
abundantly clear that the rhodium hydroformylation of
1—decenelwith potassium p-diphenyl phosphine benzene
sulfonate (Ph,P(p-CgH,505K)) exhibited slightly,higher
rates of conversion as compared to PhZP(p—c6H4coo3Na).
For example, after 4 hours of reaction in the
hydroformylation reactor the rhodium catalyst of the
present invention having a Ph,P(p~CgH,SO05K) ligand
‘converted approximately 49.00 mole percent of l-decene
to aldhyde, whereas the conventional rhodium catalyst
with a PhéP(p-c5H4coo3Na) ligand only converted

approXimately 42.25 mole percent. Furthermore, the

rhodium catalyst with PhZP(p-C5H4SO3K) converted more than twenty
times as much as the rhodium catalyst with afthP(m—C6H4SO3Na)

ligand. The rhodium catalyst with a Ph,P(p-CgH,SO4K)
ligand also exhibited an increased selectivity to
aldehydes verses the Ph,P(p-CgH,CO0,Na) and Ph,P(m-

CgH,S03Na) ligands.

While we have shown and described several
embodiments in accordance with our invention, it.is to
be clearly understood that the same are susceptible to
numerous changes apparent to one skilled in the art.
Therefore, we do not wish to be limited to the details

shown and described but intend to show all changes and
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26 22. The nethod according to claim21. mhereln sai d dlphenyl

chl orophosphi ne and pot assi um are- reacted in.the presence of at |east one
conpound sel ected fromthe group consisting of: tetrahydrofuran,

1, 4- di oxane and 2-ethoxyethyl ether. 23. The nethod according to claim21

wherein said

»

25

18. The method according to claim 17 wherein said |
potassium diphenyl phosphide and lithium sélt of para-
chloro benzenesulfonic acid are reacted in the presence
of at least one compound selected from the group
consisting of: tetrahydrofurén, 1,4-dioxane and 2-

ethoxyethyl ether.

19. The method according to claim 17 wherein said
potassium diphenyl phosphide and lithium salt of para-
chloro benzenesulfonic acid are heated at a temperatufe

in the range between about 65 to about 100°C.

20. The method according to claim 17 wherein said
potassium diphenyl phosphide and lithium salt of para-

chloroc benzenesulfonic acid are reacted for between

0.25 to 1 hours.

21. The method according to claim 17 wherein said
potassium diphenyl phosphide is produced from the
reaction product of diphenyl chlorophosphine and

potassium.

-
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di phenyl chI orophosphl ne and. pot*asswm are r_eact ed at a terrpé?Eﬂ-ﬂpEMfNTt%ﬁ :

© range be-t e?;}
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02311999_-' Bt

about - 100[ err] C

'l‘he ‘autoclave was pressur:.zed w:.th a mixture of -

'CO/HZ in a ratioc of 1:1 and at a. pressure of 100 psig

at room temperature.. The contents were tnen heated to
80°C while the. pressure was ma:.ntai.ned at 150 psig.

The reaction was monitored by per:.odz.c _Gc a.nalys:.s of

the organic layer. 'The data is set fqrth' below in

Table 2.

Mole%

Time Conversion Salectivity Ratic
 FAun No. Ugand Type Hour  of 1-Oecene to Aldehyde Nt TON
1 PhoPim-CeHySOgNa) 0.50 0S5 = 34.18 183 2
2 PhoP(mCgH,SOuNa) 100 057 . ma2 985 13
3 PhaP(m-CgH,SOsNa) 200 078 © 4104 632 9
4 PhoP(m-CgliySOaNa) 13.00 327 8323 - 838 4

EXAMPLE 4

(Potassium p-Diphenyl Phosphino Benzene Sulfonate

Ligand) .

2 gramslcf lauric acid, as surfactant, we added to
an aqueous solution of which consisted of potassium p-
diphenyl phosphino beﬁzene sulfonate (Ph,lé (.p-
C.H,SO,K)), dissolved at approximafcely 70°C with
stirring under nitrogeri in 70.84 grams of 1IN NaHCO,

solution. The resulting clear solution was then



