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40 at a position on the benzens ring ortho thereto, or at least one benzens ring having a trivalent phosphorus
' atomn connected through a methylene group to a first position on the benzene ring and an SO3M group
connected through a methylene group to a second position on the benzene ring ortho to the first position, or
. at least one bridging or fused aromatic ring system having a trivalent phosphorus atom and an SO;M
-/ group, each located on the same or different aromatic ring in the system at substituent positions adjacent to
45 one another, or at least one aromatic ring, other than a benzene ring, or heteroaromatic ring, each ring
having a trivalent phosphorus atom and an SO3:M group located at substituent positions adjacent to one
another, wherein M is selected from hydrogen, alkali metals, alkaline earth metals, and NRs and PR;
wherein R is a hydrogen atom or a substituted or unsubstituted hydrocarbyl radical having 1 to 15 carbon
atoms and each R can be alike or different, or (b) a trivalent phosphorus atom connected through a group
s0 having the formula

55 (-A-) c to an 50, group
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35 afluoroacetylacetonates, molybdates, phosphates, oxides, stannates, sulfamates, thiocyanates, cyanates,

titanates, tungstates, cyclopentadienides, formates, acetates, hydroxyacetates, propionates, hexanoates,

oxalates, benzoates, cyclohexanebutyrates, naphthenates, citrates, dimethylglyoximes, acetylacetimides,

phthalocyanines, and bis-cyclooctadienes. The nickel salts, particularly those of sulfonate, tetrafluoroborate,

and chloride hexahydrate, are preferred. Nickel typically gives the most active catalysts followed by

40 chromium, copper, cobalt, and iron, in that order. Some nickel catalysts are about 50 times more reactive

than chromium catalysts. On the other hand, some chromium catalysts have shown very high alpha-olefin
selectivities. Mixtures of the various transition metal compounds can be used.

: Specific examples of useful transition metal compounds are NiClz(anhydrous), nickel bis-cyclooc-

\_/ tadiene, NiCl2*6H20, Ni(BF:)2°8H20 NiSO4°8H20, NiBr2*x H:20, Ni(ll)acetylacetonate, NiClz*di-

45 methoxyethane, Ni(OH)., hexamminenickel(ll) chloride, nickel benzoate, nickel fluoride®4H.0, nickel

tosylate®6H20, nickel acetate®*4H20, chromium(lll) chloride®*6H20, chromium(ll) chloride, cupric

chiloride*®* 2H, O, FeClz *4H20, and cobalt(ll) acetate*®4H2 0.

The catalyst activator can be any reagent capable of activating the catalyst under oligomerization

conditions. It can be selected from among the cocatalysts well known in the art of ethylene or propylene

50 polymerization or oligomerization. Preferred catalyst activators are reagents considered to be capable of

transferring a hydride or an alkyl, alkenyl, alkynyl, or aryl group from itself to the metalligand complex

formed by the reaction of the metal salt with the ligand and bonding the group to the transition metal, said

activator being present in a sufficient amount to activate the catalyst. Whelfe the transition metal compound

already has a hydride or an alkyl, alkenyl, alkynyl, or aryl group bonded to the transition metal and the

65 metal is in the zero oxidation state, the catalyst activator is not required. Useful activators are borohydrides,

aryl boranes, borane (BHs), mono-, di-, and firialkyl boranes, aryl borates, iri and teira coordinate

organoaluminum compounds, aluminum hydrides, tri and tetra alkyl boron compounds, organozinc com-

pounds, and mixtures thereof. The borohydrides can be alkali metal borohydrides, quaternary ammonium
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50
wherein A is an oxygen atom, an NH radical, or an NR radical; R and R® are hydrogen atoms or a
substituted or unsubstituted hydrocarby! radical having 1 to 6 carbon atoms and can be alike or different; x
is 0 or 1; y is an integer from 1 to 3; and R and M are as defined above.

The phosphorus portion of the ligand can be a primary, secondary, or tertiary phosphino, phosphinito,

§5 phosphonito, phosphito, or aminophosphino group. The ligands are believed to be chelating or potentially
chelating.

The organophosphorus-sulfonate is usually in the alkali metal salt form, e.g., Ilthlum sodium, or
potassium.
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noted that among the aromatics which underlie the aromatic sulfonates can be aromatics having the basic
structural formula of pyridine, quinoline, and thiophene.
Typical alkylene-phosphorus sulfonates can be represented by the followmg structural formula:

40
R4 R2
N\, R°- P - (A). 4¢C4 . sonm
,,5 c Ty 59
R3

wherein R2, R3, R*, and R® are as set forth above and can be alike or different, and A, M, x, and y are also
50 as set forth above. '

R, R2, R%, R*, R®, and R® can, as noted above, be hydrogen atoms, substituted or unsubstituted
hydrocarbyl radicals, and alike or different. They can be alkyl, aryl, alkoxy, aroxy, amino, or amido radicals,
or mixtures of these radicals. The radicals can be separate from one another or cojoined.

Examples of substituents, which can be present on the rings of the aryl and aroxy radicals follow:

55 bromo, chloro, fluoro, trifluoromethyl, iodo, lithio, alkyl, aryl, fused aryl, alkoxy, aroxy, cyano, nitro, hydroxy,
amino, amido, ammonium, formyl, acyl, acetoxy, carbonyloxy, oxycarbonyl, phenylcyclohexyl, phenyl-
butenyl, tolyl, xylyl, para-ethylphenyl, pentafluorophenyl, phenoxy, hydroxymethyl, thio, sulfonato, sulfonyl,
sulfinyl, silyl, phosphino, phosphinito, phosphonito, phosphito, phosphinato, phosphonato, sulfonamido, boro,
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can K® catalyst in a liqguid medium. The solvent or liquid medium should be inert to process components and
apparatus under process conditions. Examples of solvents are ethanol, methanol, water, toluene, sulfolane,
ethylene glycol, 1,4-butanediol, ethylene carbonate, and mixtures of the foregoing. Solvents which permit
phase separation from oligomer product are preferred because product can then be isolated by decantation.
Other methods of product separation such as distillation may require temperatures, which would be harmful
so to the catalyst. Examples of solvents which permit phase separation are sulfolans, water, sthylene glycol,
and 1,4-butanediol. It is noted that water shifts oligomer distribution to lower molecular weights. Some of the
solvents, especially alcohols and diols, degrade with time under process conditions. Other suitable solvents
can be found in US-A-3,676,523 and 3,737,475.
One preferred solvent for ethylene oligomerization is water. Several advantages can be realized by
65 water-soluble/oligomer insoluble catalysts: easy processing of product by substantially complete separation
of catalyst from oligomers; increased alpha-olefin selectivity by minimizing olefin isomerization caused by
catalyst/oligomer contact; ability to curtail oligomer chain length; and reduction of the problem of solvent
degradation.
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Experiments with ortho-dlphenylphosphlno-para-toluene-suIfonate/mckel catalyst are conducted at 70 de-
grees C and pressures of 6.6 MPa (950 psig), 3.5 MPa (500 psig), and 1.5 MPa {200 psig) in an ethanol
solvent. At 1.5 MPa (200 psig), the olefin product is essentially limited to up to Ci2 and alpha-olefin
selectivities range from 25 to 78 percent by weight. At 3.5 MPa (500 psig), olefin product is essentially
limited to no more than Ci¢, but alpha-olefin selectivities are only slightly lower than at 6.6 MPa (950 psig).

30 In contrast, experiments run in sulfolane are less responsive to changes in ethylene pressure and tend to
produce higher molecular weight oligomer distribution.

Typical catalyst concentrations are in the range of about 10 ppm (parts per million) to about 1000 ppm
of transition metal. The ppm is based on a million parts by weight of transition metal. Some of the more
active catalysts give very high reaction rates at 40 ppm, however. A preferred range is about 0.1 ppm to

35 about 1000 ppm (about 0.000002 mole per liter to about 0.02 mole per liter).

At high reaction rates, the reactions can be ethylene mass-transfer rate limited. At lower catalyst
concentrations (100 ppm versus 1000 ppm Ni), the catalyst turnover frequency, which is defined as moles
of ethylene per moles of transition metal per hour or gram ethylene per gram transition metal per hour,
increases. Catalyst turnover frequency can be very high in sulfolane.

40 A typical catalyst activation follows: ligand, metal salt, and a tetraphenylborate catalyst activator are
dissolved in a solvent and heated to reaction temperature prior to the introduction of sthylene. Unlike
borohydrides, tetraphenylborate can be mixed with ligand and metal salt in the absence of ethylene without

.- harming the catalyst significantly. With borohydride activator, a solution of ligand and metal salt is typically

N placed under 0.8 MPa 100 psig) ethylens at about 0 to 50 degrees C and a solution of borohydride

46 introduced. Higher ethylene pressures would be better for catalyst generation. Preferred ethylene pressure

is in the range of about atmospheric to about 3.5 MPa (500 psig). The catalyst generation temperature is in
the range of about 0 degrees C and about 50 degrees C. When mixtures of triphenylborane and
borohydride are used as the activator, the triphenylborane can be added to the solution prior to or during
the treatment with ethylene and borohydride at conditions within the same ranges. Triphenylborane

50 enhances the activity of the catalyst while favoring the production of lighter alpha-olefins. The activity of a

tetraphenylborate-based catalyst is higher than that of a sodium borohydride/sthylene-based catalyst.
Subject catalysts are found to be very active. For example, a sodium salt of ortho-diphenylphosphino-

para-toluenesulfonic acid/ickel chloride hexahydrate/sodium borohydride based catalyst gives good activity

at ambient temperature. At 30 degrees C, 6.6 MPa (950 psi) ethylene, and 1000 ppm nickel salt, a reaction

55 rate of 0.5 gram-mole per liter per hour is noted. The products produced are about 96 to 99 percent by

weight alpha-olefins in the Cs to Ci2 range. At higher temperatures, reaction rates are greater. In several
tests, a minireactor is filled with oligomers within 0.5 to 2 hours. The discharged catalyst solutions contain
50 to 60 percent by weight of Cs to Czo oligomers and possess volumes close to 80 to 100 milliliters, the
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Synthesis of the sodium salt of 2-diphenylphosphino-4-methylbenzenesulfonic acid:

Lithium-para-toluenesulfonate is prepared first. A solution of para-toluenesulfonic acid monohydrate (190
40 grams, 1.0 mole) in 400 milliliters of absolute ethanol is treated with lithium hydroxide monohydrate (42
grams, 1.0.mole). After stirring for one hour, the insolubles are filtered and the filtrate is concentrated to a
white solid. The filtrate is treated with 400 milliliters of toluene and the resultant heterogeneous mixture is
. fitted with a condenser and refiuxed for 8 hours (41 milliliters of water is azeotropically removed). The
/ cooled mixture is filtered and the collected solids are pulverized and dried under vacuum (dry weight 163.5
45 grams).
The lithium salt of 2-diphenylphosphino-4-methylbenzenesulfonic acid is then prepared and converted
to the sodium salt: lithium para-toluenesulfonate (8.9 grams, 50 millimoles) is suspended in 100 milliliters of
dry tetrahydrofuran under a nitrogen atmosphere. The resultant suspension is cooled to 0 degrees C and a
solution of n-butyllithium in hexane (34 milliliters, 1.6 molar, 55 millimoles) is added at a dropwise rate
50 creating an orange suspension. Thirty minutes later, diphenylchlorophosphine (11.3 grams, 51 millimoles) is
added at a dropwise rate, which maintains the reaction temperature between 0 and 10 degrees C resulting
in a red reaction mixture. The reaction mibxdure is stripped of solvents to give a solid residue, treated with
200 milliliters of distilled water to give a turbid solution, and subsequently treated with 100 milliliters of
saturated sodium chioride to precipitate the sodium salt. The resultant precipitate is washed twice with ether
s5 and dried under high vacuum to a powder (12.81 gram). '
Other phosphino-sulfonates can be prepared in the same manner by employing different lithium
aromatic sulfonates and/or organophosphorus halides. One can stop at the lithium phosphino-sulfonate
stage rather than converting it to the sodium salt. Lithium phosphino-sulfonates can be used as ligands
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5 to onedéwdds Df's?rfnﬁﬁtﬁbeld&forlm rirfufs (RReRr Qoo cinfactbrQ 26818agledds 8pOUL 2.5t
one. The o[Thé aEpha-didihs a'elrsadlly separated from the corresponding branched and internal olefins by this
method. The results are calculated as total weight percent oligomer relative to the weight of the reactor
contents. ,
40 The letters Sl appear under certain oligomers. S| means that there is solvent interference and, therefore,
a weight percentage cannot be obtained. When summations are made for total weight percent, the sums
are low when solvent interference is reported.
. Some catalysts produce oligomers beyond C2. No attempt has been made to quantify the products.
N\ The "product make by mass balance” does not always agree with "GC total Cs to Cz0 (grams)" (this
45 refers to the total amount of Cs to Czo oligomers as determined by gas chromatographic analyses). "GC
total G4 to Cao (grams)” is typically less because solvent interferes with oligomer analysis; butenes escape
from the dumped catalyst prior to GC analysis; olefins greater than C2¢ are produced; the minireactor has a
flat bottom; and solvent rinses and discharged catalysts do not always dump quantitatively.
"GC total Cs to Cao (grams)" is divided by the run time in hours and the volume of the catalyst solution
50 charged (usually 0.035 liter) to produce the "average reaction rate to Cs to Cao-calculated”. This value is
typically greater (often 2 to 3 times) than the "sthylene uptake rate" and since it is based on actual
observed product, it is more accurate than the indirect ethylene uptake method. Ethylene does not appear
to behave like an ideal gas at high reaction pressures, e.g., 6.6 MPa (850 psig).
The structural formulae of useful ligands are set forth in Table I. The first fifteen structural formulae are
66 each provided with a ligand number in parentheses. This number will be used to identify the ligand in Table
ll, i.e., the ligand used in esach example.
Notes with respect to Table I
Ph = phenyl



consi dered, to be about 2 to one. The catalyst is active at |ower ratios;
however, al pha-ol efin sel ectiviigp g $5459 mﬁﬁhat | ower. By using two
eqU|vaIents of phosphi nosul fonate per ni i n aqueous solution, for
exanple, the catalyst partitions in the aqueous phase. In this instance, it
i s believedr thsapropyhe phosphi nosul - fonate serves as a catalyst and the

ot her serwé® msormaldotyLbi | i zi ng agent for the catalyst. 35 A suffici.ent
amount of & atwlopey! activator is incorporated into the conplex to activate

t he cat al yhe condlitions forrpach axample arasst fodh ialTpigle |l arsk theymsults intTablesslll emd Whe r ol e of
redoX reaflent vitvrewaaithteolee lldkiadd i ng the transition metal to an active

oxi dat i od- 5’1“%&%9 Q'Gﬂt"? gremMeledanites Perhowrat al yst activator in any particul ar

system a d bi experl mentation. The nolar ratio of catalyst

e % x
actlvatorsr, caII |nthe raneof zeroto about 5 to one
and is pre;, I‘”mt ﬁ% '°°m‘6‘ts YIS to one. It is
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oI | gorrer
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| SON®r i Zag.ilwekaMmpi 88 dndxst: AvRdxardesdiution! (1 YR Edd P B dataly8 ok didnYanded? 0@WiFadido
ol i goner paifargleheengt h; and reducti on of the problem of solvent degradation.
6 17. In example 69, the [PhsPLCu(l)BH: is added to the catalyst solution prior to charging to the
minireactor.
18. In example 70, the BHa/tetrahydrofuran (1.0M) solution is added to the catalyst solution under 0.8
40 MPa (100 psig) ethylene.
19. In example 71, the L|AIH4/tetrahydrofuran (1.0M) solution is added to the catalyst solution under 0.8
MPa (100 psig) ethylens.

- 20. In example 72, the i-BuzAlH/hexane (1.0M) solution is added to the catalyst solution under 0.8 MPa
\_ (100 psig) ethylene.
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EP 0 254 277 Bl The nost preferred solvent for ethylene oligonerization is
sul fol ane in which the catal yst |§P§Q§AJQ; but the oligoner is not. The
advant ages of sulfolane follow good parti |on|ng of the organophosphorus
sul fonate in the sul fol ane phase; very high catal yst activity/productivity
usi ng appropriate generation ratios; good sep ﬂﬁtﬁ”IOf catal yst from

ol i goners; increased al pha-olefin Se|eCtIVItng7-ﬂTﬂTﬂ1ZIng olefin

i sonerization 5 caused by catalyst/oligomer contact; |ower catalyst usage
and concentrations; |ower catalyst activator usage; and reduction of the
probl e of sol vent degradation. It should be noted that the sulfol ane

enpl oyed in the proce ®ntain water and ot AMGpurities as long as
catal yst activity is not inpaired. Even when water content is sufficient to
conpl etely hydrolyze the re hydrolytically uns;gb'g cat al yst actlvators
catalyst activity has b observed. 10 Ni qk | exes of
ortho-ﬁlphenylphosphlno par a-tol uenesul fonat e, g Ao dlphenylphosphlno-ben-
zenesul fonate, and ortho-di cycl ohexyl phosphi no- pdga-tol uenesul fonate, when
suspended in water or dis- solved in water/ethanol® cosol vent give

ol i goneri zati on catalysts havi ng good activity. These catal ysts do not

sel ectjvely partition | e aqueous phase, however, unless the ligand is
present in excess over t ni ckel . Cptlnun1react Bﬁﬂggndltlons can be quite
different for different |ligand structures. For 'e® the is nore

al kyl - phosphorus substituents in the phosphi no nate, the nore stable

the catalyst is at higher reaction tenperatures.™n sone cases, the

catal ysts are nore active and, therefore, l-ower concentrations of the
catal yst are called for. The oligonerization or cooligonerization process
can be run at a tenperatyre in the range of about O degrees C to about 200
degrees C. Preferred teﬁgg»atures are in the r.ﬁuw{zf about [err] to about
[err]. 20 It is suggested that a conmercial u n the range of
about ¥ err] to about [err]. Subject process c§ : r pressures in the
range of about atmospheric pressure to about 000 psigQ).
Preferred pressures are in the range of about 2 8 NPa (400 psig) to about
13.9 MPa (2000 psig). These pressures are the pressures at which the
é(hyl§€e or ethyl ene/ propylene feed is introduced into the reactor, and at
which the reactor is maintained. Pressure influences the performance of the

catal yst. 25 Experinentsggyth o
14y el o?:"l@l.p.cs talyst are

ort ho- di phenyl phosphi no- par a-t ol uene- sul f onat
conducted at 70 de- grees C and pressures of @ Pa (950 psig), 3.5 MPa
Ql.z80l vent. At 1.5 MPa (200

(500 psig), and 1.5 MPa (200 psig) in an etha
psig), the olefin product is essentially limted to up to [err] and

al pha-ol efin selectivities range from25 to 78 percent by weight. At 3.5
MPa (500 psig), olefin product is essentially limted to no nore than

[err], but al pha-olefin | ectivities are only sllghtly | ower than at 6.6
MPa (960 psig). 30 In c rast, experinments run g&”ﬁglane are | ess
responsi ve to changes in ethylene pressure an dto produce hi gher
nol ecul ar wei ght ol i goner distribution.
N\ ,

* (6) ~ sou

Wy
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Typi cal catalyst concentrations are in the range of about 10 ppm (parts per
mllion) to about 1000 ppm of t ggRsddsicny tal. The ppmis based on a
mllion parts by weight of transition nmetal. Sonme of the nore active

catal ysts give very high reaction rates at 40 ppm however. A preferred
range is about 0.1 ppmto 35 about 1000 ppm (about 0.000002 nole per liter
to about 0.02 nole per liter). At TABLErPaf¢omtinueed)s, the reactions can be
et hyl ene mass-transfer rate limted. At [ower catalyst concentrations (100
ppm versus 1000 ppm Ni ), the catalyst turnover frequency, which is defined
as nél es of ethylene per noles of transition netal per hour or gram

et hyl ene per gra@fdgygﬂﬁion nmetal per hogdgan@creases. Catal yst turnover
frequency can be very high in sul folane. 40 A typical catalyst
activation follows: ligand, netal. salt, ang a tetraphenyl borate catal yst
activator are dissd'Med in a sol vent g\ndat.ed to reaction tenperature
priof to the introduction of ethylen .' K BCHaEY Pl | des,

t etraphenyl borate can be m xed with Ili garffidJand netal salt in the absence of
et hyl ene without harmng the catalyst significantly. Wth borohydride
activator, a solution of ligand and netal -salt is typically placed under
0.8 MPa 100 psig) ethylene at about Ot ds.ddgrees C and a sol ution of

bor ohydride 45 intr‘dduced. Hi gher ethyl gng seures woul'd be better for
catal yst generation. Preferred -ethylene $syre is in the range of about

at nospheric to about 3.5 MPa (500 psig).| ¥
tepperature is in the range of about O
Whenaomi xt ures of triphenyl borane and borohydride are used as the activator,
the triphenyl borane can be added to the solution prior to or during the
treatment with ethyl ene and borohydride at conditions within the sanme
ranges. Tri phenyl borane 50 enhances the activity of the catalyst while
favoring the produdiSidon of |ighter al ptaP&RsHefBNThe activity of a

t et r8phenyl bor at e- based catal yst is higher than that of a sodi um

bor ohydri de/ et hyl ene- based catal yst. Subject catalysts are found to be very
active. For exanple, a sodiumsalt of ortho-di phenyl phosphi no-

par a-t ol uenesul f oni(@@dci d/ ni ckel chl ori desoexenydr at e/ sodi um bor ohydri de
based catal yst gives good activity at apies erature. At 30 degrees C,
6.6 MPa (950 psi) ethylene, and 1000 pp cé2§:23|t, a reaction 55 rate
of 0.5 gramnole per liter per hour is nMsfed. products produced are
about 96 to 99 percent by weight al pha-olefins in the C4 to Cl12 range. At

hi gher tenperatures, reaction rates are greater. In several tests, a

m nigeactor is filled wwth oligonmers within 0.5 to 2 hours. The di scharged
catal yst solutions{dd@dain 50 to 60 percent meiiht of [err] to [err]

ol i goners and possess vol unes close to 3Pb Ililiters, the 7 EP O
254 277 Bl

40 Ny

; (12)
-/ 03.
: 45 TR ©’th

50 .
Note: 1ligand #10 is the same as ligand #3.
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vol une of the mnireactor being 100 mlIliliters. Ethylene uptake slows as
the reactor fills. Rates of over gfbggkpr, @€ per liter per hour are often
noted. To determ ne catalyst stability, the reaction is nonitored at | ow

ni ckel concentrations (100 ppm Ni versus 1000 ppm Ni). Catalyst stability
for the ortho-diphenylphosphino-pargaéﬁgggge sulfﬁnlcI cid based 5
cat al ysts appears good at or bel ow n constant ethyl ene
gas uptake. In experinents with orthodi phenyl phosphi no-para-tol uenesul fonic
acid based catal ysts, polyethylene formation is not observed when the
reacti®n is conducted at tenperatures even as |ow as anbient. The Iithium

salt of ortho-di phiégaendhdsphi no- benzenesul f dhgandci d shoms simlar
catal ytic properties to the sodiumsalt of

or t ho- di phenyl phosphi no- par a-t ol uenesul f oni_eswaci d. 10 Li gand cone
angl es, as noted, akd3phosphorus basi citj i nfl uence catal yst pr.operties.
The sodi um salt of ort ho-di cycl ohexy P I T™Q-p-t gdywenesul fonic acid gives
a very active catalyst with nickel produci p 3 hyl ene ol i goners and
very | ow nol ecul ar wei ght pol yet hyl ene. [nj igy el | ene uptake rates with
this ligand (1000 ppm Ni) are 190 gr am} er | &yer per hour.

Sel ectsvity to granul ar polyethyl ene hav an average nol ecul ar wei ght of
about 900 is higher at 100 degrees C, while B efin ol i goners form nore
readily 15 at 130 degrees C. The ligand, being a dialkyl aryl phosphi ne,

shows better stabilkix at these el evated tegpgnatgares than triaryl phosphi ne
anal ogs. In contras ?he sodium salt of or - -tert-butyl - phosphi no-

par a- ol uenesul foni c acid possesses | ower vi®ppr Whi ch suggests that the
catal yst has a sharp response to |ligand c8ggzangl e: the cone angle of the
tert-butyl analog being slightly larger thalkyihe cycl ohexyl- anal og. The

| arge cone angl e of ortho-dicycl ohexyl phosphiho- para-tol uenesul f onate
appears to facilitate | ow nol ecu- 20 |ar wei ght polyethyl ene formation. The
phospBdrus basicity of this ligand may also influence both the activity and
selectivity of the catal yst. Wen triphenyl phosphine is added as an
auxiliary ligand togag)ortho-di phenyl phosphi no{para
t ol uenesul f onat e/ ni ckel catal yst, ollgonesogﬂum p-—
ouptal ed to [err] and al pha-olefin sel pRller 50 percent, but
polyet yl ene formation is not observed. | || be understood by
those skilled in the art that the opera of pro s wll have to nmake
sel ections between the organo phosphorus fonate ligands, the transition
nmet al compounds, the catal yst activators, concentrations, solvents, and
react ison paranetegf Zn order to obtain the |evel of product|V|ty sought In
the event that the catalyst is discha3Qgbd fromthe rik le it is
still active and recharged at a _38 oPPNg N, acti WA ypically |ost.
| f catalyst to be recharged is ith dﬂﬁ?tlon. yst activator,
activity is restored. Preferabl ' met al conpound
and c#al yst activator is used to restore activity.

Qgth is essentially

(17) so3K

\ PPhy
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The invention is illustrated by the foll ow ng exanples. 35 Exanples 1 to 72
Synt hesis of the sodium salt of gg-fbdagh¥gqphosphi no-4- et hyl benzenesul fonic
acid: Lithium para-toluenesul fonate I's prepared first. A solution of

par a-t ol uenesul foni c acid nonohydrate (190 40 grans, 1.0 nole) in 400
milliliters of absolute ethanol i g Lg_atlecté/gﬁﬁﬂ'é@')um hydr oxi de
nonohydrate (42 grans, 1.0 nole). tirring for one hour, the
insolubles are filtered and the filtrate is concentrated to a white solid.
The filtrate is treated with 400 mlliliters of toluene and the resultant
het efogeneous ”‘iﬁt‘éﬁi s fitted with a co gens r and refluxed for 8 hours
(41 nmilliliters*df & is azeot ropi cal | g ed). The cooled mxture is
filtered and the collected solids are pulverized and dried under vacuum

(dry wei ght 163ﬁiﬁ 5 grans). The lithi urgos:’?&dgéqfam

2- di phenyl phosp - 4- met hyl benzenesul T gQi ,d I's then prepared and
converted to the sodiumsalt: lithium -toI uenesul fonate (8.9 grans, 50
mllinmoles) is suspended in 100 mllil&{g#s of dry tetrahydrofuran under a
ni trogen at nosphere. The resultant suspension is cooled to O degrees C and
a solution of n-butyllithiumin hexane (34 mlliliters, 1.6 nolar, 55
mlligoles) is gd at a dropw se rat %:g'ﬁ creating an orange suspension.

Thirty mnutes l'ater, diphenylchlorophg
is added at a dropwi se rate, which ng 8 the reaction tenperature
between 0 and 10 degrees C resultingl a red reaction m xture. The
Keaction mxture is stripped of solvents to give a solid residue, treated
W th2200 milliliters of distilled water to give a turbid solution, and
subsequently treated with 100 mllilitergsof sagurated sodiumchloride to
precipitate the(ég iumsalt. The resu nt, pregi itate is washed twice with
et her 55 and dri under hi gh vac it a powd N(12.81 gram. O her
phosghino-sulfonates can be prepared in $£g$ ner by enpl oyi ng
diff€rent lithiumaromatic sul fonates apd/ o or ganophosphorus halides. One
can stop at the lithium phosphi no-sglfongto€é stage rather than converting it
to the sodiumsalt. Lithium phosphi no-‘s¥ ignates can be used as ligands 8
EP 0 254 277 Bl wi thout any -formal purification other than stripping the
rieaction solvent. Treating the salts m@BQNgﬁéﬂgg acids can precipitate the
o

'hne (11.3 grans, 51 mllinoles)

"acid form' of KR&Mi gand. Reacting th ormt of the ligand with an

appropriate netal hydroxide will, in , e netal phosphino-sul fonates
useful as ligands. Al kyl enephosphi no- onates are prepared by the
reacti on of phosphi des wi th hal oal kane Hlsfonate
35
B! h
(22) - "'\P/P 504t so3|.|P _Bu
\ph
N\
“ (23)
23 S0,
3 El,P SO,
50
(24) sozLl
85 . P(n-Bu)z
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5 salts. The lithiumsalt of 2-dicycl ohexyl phosphi noet hanesul fonic acid is
synt hesi zed as follows: to a sol utd hiycl ohexyl phosphi ne (10.6 grans,
53.4 millinoles) in dry tetrahyd;}éol#gr&gﬁ&-ffi%g mlliliters) under a nitrogen
at nosphere and cooled to mnus 70 degrees Cis added n-butyllithiumin
hexane (1. GAnnaxbraple ofdbrid@ngnardrhatit ringesystem hévingial thiviakewt| pacsbhorukhutont &8 dh S5 givad, | ow
m xt ur e ieschdbdatedeod & differant Bnotnaticainpiie tie systom et substit@niogditiéns eadjaceny @ ae ndiwsdi um
salt of ZXollews or oet hanesul fonic acid (9.25 grans, 55.5 nillinoles) is added
in1lto 2 gram10 portions while the tenperature is controlled between

anbi ent and 41 degrees C. The resultant rgéou white solution is stripped
of its solvent to give an off-\/\hites§3Q]i "N .3 grans). The oligonerization
of ethylene is carried out inam aving a vol une of 100

mlliliters. The ethylene used i$ yl ene contai ni ng about 99.5
percen+ by wei ght ethylene. Al s in the mnireactor are either
distilTed under nitrogen or thoroughly sparged with nitrogen prior to use.

15 In &éow'&g.avggragcekf X éﬁh yacl-%%%i%dis RO atoh Whd b SQAPSrobeS" ']
o i xeur el e e S R S P e
nol e ratkgigwst S treated wth the desirted solven miTitt ers) ET
introdgced into the mnireactor within a matter of m nutes. The m nireactor
is pressurized with 4.2 MPa (600 psig) ethylene, heated to the desired _
tenperature and, typically, the prpggpturso&u adjusted to 6.6 MPa (950 psig).
It was found that aging of catalyst_2Sgl g for even a few hours prior to
Wse resulted in |lower 20 catalytic n exanpl es using nickel (I1)
chl orizde hexahydrate (or other mnet &y~ he |igand and ni ckel chloride
m xture is treated with the solvent (35 mlliliters) charged to the

m nireactor, and placed under 0.8 MPa (100 psig) ethylene. A 0.5 nolar

sol uti on ofANsBE@MPIP %A GHYRALS Fempayndihgiingne tivelent mhogptierus dtotyy copnested Uthreughoz k
syringe ZPIMEPRSi P 19 & firstrogitionyon a bergene dag-ang jan iSQs M groik Fepnestaddronch 2cbtiyisnat, 2
MPa (690978 1§ SRS pesiian onthe,beagens gjng rthp fadthejfiretippditiont enper at ure, and,
typically, the pressure is adjusted to 6.6 MPa (950 psig). Reaction rates
(ethyl ene uptake rates) are determ ped ggnytoring the time required for
0.34 MPa (50 psi) pressure drops rf€asyre 2ot nuously between 6.6 and 6.3
MRz (990 and 900 psig) ethylene, d AL Rgk bt ethyl ene behaves in the sane
way as an ideal gas under these reaction @ondf ti ons (the reactor is
repressurized to 6.6 MPa (950 psig) after each rate neasurenent). 30

Upon conpl &dniPlesk at afobBic rin @orhsRkd, Sther tﬁancé)gén%iletriﬂ? moﬁrﬁ arh r&skdMafic OF

bel ow, Vet Repduad Whéte MBRndsHald Pilalent ;ﬁ:@%h&rﬂ@at&ﬁ’gﬁoedﬂ_ s R gFoud WERE Lt sibsRudht
cont aiss1eposhibrisl dojachnt 10 ofl shotherdhapaingne. The total wei ght "of the di scharged

catalyst is recorded and heptane internal standard is added. The products
are anal yzed on a Hew ett Packard 5880 gas chronmatograph with a flane
ioni zation detector using a J&W Scientific 30 meter x 0.3 mllineter DB-1
fused silica capillary colum. Tenperature programm ng is used at the
follo#ng rate: 35 0 degrees C for one mnute; then, a heating rate of 10
degrees C per mnute to 230 degrees C, 230 degrees Cis nmintained for 20
m nutes (detector - 300 degrees C, injector - 250 degrees Q).

/
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The al pha-olefins are readily separated fromthe correspondi ng branched and
internal olefins by this methodgplarssgsts are calculated as total weight
percent oligomer relative to the weight of the reactor contents. 40 The
|l etters SI appear under certain oligomers. SI neans that there is sol vent
interference and, therefore, a weight percentage cannot be obtai ned. Wen
summations are nmade for total weig PRent, the suns are | ow when sol vent
interference is reported. Somne catggégzgognpduce ol i goners beyond [err]. No
attenpt has been made to quantify products. The "product nake by mass
bal affice” does not always agree with g¢C total [err] to [err] (granms)" (this
45 refers to the total anmount of [e to [err] oligoners as determ ned by
gas chromat ographi ¢ anal yses). "GC(S&’H [err] to [err] (grams)" is
typically | ess because solvent intex-dres with oligoner analysis; butenes
escape fromthe dunped catalyst prior to GC analysis; olefins greater than
[err? are produced; the mnireactor has a flat bottom and solvent rinses
and di scharged catal ysts do not always dunp quantitatively. "GC total [err]
to [err] (grams)” is divided by the run tinme in hours and the volunme of the
catal yst solution 50 charged (usually 0.035 liter) to produce the "average
reactd on rate to [err] to [err] -calculated". This value is typically
greater (often 2 to 3 tinmes) than the "ethyl ene uptake rate" and since it
is based on actual observed product, it is nore accurate than the indirect
et hyl ene uptake nethod. Ethylene does not appear to behave |ike an ideal
gas at high reaction pressures, e.g., 6.6 MPa (950 psig). The structural
forme ae of useful ligands are set forth in Table I. The first fifteen
structural fornulae are 55 each provid bth a |igand nunber in
parent heses. This nunber will be u identify the ligand in Table 11,
i.e., the ligand used in each exa #¥ with respect to Table |: Ph =
phen%l 9 EP 0 254 277 Bl i-Pr = iSopropyl n-Bu = normal butyl -

hexyl

cycl The conditions for each exanple are set forth in Table Il and
the results in Tables Il and IV. 5 Notes with respect to Tables I
11, and IV:
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1. Rates are given in gramnole per liter per hour. 2. "QAc" is acetate. 3.

"COD is cyclooctadiene. 4. "G gﬁzﬁlﬁpnat ography. It is used to
nmeasure the anounts of the ol efi n product S. 5. Parentheti cal
expressions in Table Il| are percentages by wer ght of normal al pha-olefin

based on the total ,,,oief nwproduct noted at the left of the parenthetical
expression. 6. In &R ‘§ 1,to 9, 0.70 millinoles of [err],in diglyme is
added at 0.8 MPa (EWDEppig) ethylene and [@r]. 7. In exanples 10 to 15,
0.065 millinoles of NGBHU®i s adted at~0.8 Pa (100 psig) ethylene and
[err].515 8. In exgnples 16 to 18, 1.5 noles of catalyst activator NaBH4
is added per nole ofg ixkal Fompognd. 9.3 - ezanpd esz1&to @5 NaBH4 i s
added as a 0.5 nol ar® S L@ (&r @ﬂ@rglymﬁlt é‘/tﬁe'%fth &t aI*‘ys*P’ conmponent s
under 0.8 MPa (100 psi§ ‘et hyl snes 105 1§ Sxagples 23, 2, 234 and 24, the
exothermrs respectrve y, [err] and [err] and the ratro of [err] , 1.1,
1:2, 1°4, and 1:8. Ex@ les having a [err] _ratio between 1;1 _20 and 1:8
result in extrenely ‘hét‘ v &t & ySts. *Af% er | ﬁj ett | n‘g the $bdfum

bor ohydr.i de/ di gl yne sBlUution into the reactor at around [err] and 0.8 MPa
(100 psig) ethylene, t reactor is further pressurized to about 5.2 MPa
(750 pgig) and in exa es 21 and 22, the reactor is heated. In exanples 23
and 24 the reactor is t8heht & 8nd 8he? eXot Rer®n st®1 18 ocdur&. As the
reaction tenperature agproaches 60 ¢, the reaction rate shoots up resulting
in a strong exothermand very rapid ethyl ene pressure drop. The above 25
tepperatures are the igumgt @mperatgres & - ghesreagtion bEfgre cold air
coolirng of the mnireag of cht dheg thé& eXothefm £Theke £xotheiEns appear to
be detrinental to cat Z%(sf' stabi | "ty/ froluctivity an8 al pha-ol®efin
selectivity, but the catalyst activity is very high. 11. In exanples 26 to

32, the ligand/ nickel |@8r a8 o8is g a®d&h8 [Brr]gnidkel8@mdlar ratio is
1.5. 12. In example 33 tde 4i BH4sis Fn €he fermpof @ 20 bl & solution in
t et ral®dr of uran.w 30 3. In exanmple 35, the NaBPh4 is added to the

catal yst sol uti éh prigrg to charging to the mnireactor. I n exanpl es 57

and 58, there is an e,s he,rm,to,[err]gand erryd, Jres ecI,rveLy See Note 10
above. 15. In exanpl e3&f, §the [Ferg ]/hexame oﬁution fz@/o i% idded to the
catal st sol ution prior to chargi ng t6 the Tninireactor. In
exanpl’e 68, the [err]/I¥xgne, sgl ur,,r on,(1,0N) s gdded tp trLe gat aI yst

sol ution under 0.8 I\/Paglﬁo sifg) Set h§l ede g 1. &n e%arﬁ)le‘—'BQ—- the [err] is

added to the catal yst &pl Gtion“prfor fo Thargi'ng®to T

@
5
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the [err]/tetrahydrofuran (1.0M solution

is added to the catal yst sol uti @p goskesr7@18 40
the [err]/tetrahydrofuran (1.0M solution is added to

t he catal yst solution under 0.8 MPa (100 psig) ethylene.

In exanple 70,

m ni reactor. 18.
In exanple 71,
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EP 0 254 277 B1 TABLE I (continued) 5 ligand #

ligand (18 ) EP 0254 2791 ] 10 15 (19)

[err] 20 25 35 (22) 40 45 [err] 1 4 EP 0 254 277 Bl An exanple of a
bridging aromatic ring systemhaving a trival ent phosphorus atom and an
[err] group, each lpcated onsa diffeLent,aramatiL ring in the system at
substituent positiohg _pdpacedt to® one anodt hes fol | ows: [err] 10 An exanple

of a fused aromatixs gigng2sys€Em Pavidg a®tri¥al eht phosphorus atom and an
[err] group, eachd@®gated onta d§ffe‘;¢ent;arc§mt It ring in the system at
subst¥ tuent positions adjacent to one anot her fol l ows: 15 [err] 20
£d & &3 s 2 = =2 = 3 =
3 —_ e
(5] 8% BT &7 &7 §F 87 &7 57 87 3%
ﬂ.\ .
T 2 a e ;t;\.‘ :E\? I Ty wy B 2
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An exanpl e. of an aromatic conpound having a trival ent phosphorus atom
connected through a nethyl ene grogpotzg4§ﬁ'ﬁlist position on a benzene ring
and an [err] group connected through a nethylene 25 group to a second
position on the benzene ring ortho to the first position: [err] 30 Exanples
of .an aromatic ring cqonpound, other than a benzene rjng conpound, and a

het eroaronmatic ri ng:s npound; Wiere the i fgsz hdve a tridvalent Zphosphorus
atomand an [err] 2grbgp $acat ed a spbsti-tuent 835 poji tj ows adj acent to one
another on the ri§&£40 95 3 35 15  EP=0 254 237 BlJepr] %0 15 20 25 30
[err] 35 40 45 50 55°16°~ ~ ~ o2 % - = ¢ 75 =

gram
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Ni (BF4)5 " 6H0
Ni (BF 4)2* 60
Ni (BF4)2*6H0
Ni(BF4)°6H30
Ni(tosylate),®

6Hp0

Transition
Metal
NiCl3°6Ha0
NiC12°6Hp0
NiC13°6420
NiCl3°6Hp0
NiCl5*6H0
Ni (BF4)2 " 6H0
Ni (C0D)2
NiC12°6Hp0
Ni(tosylate)y®
6H0

0.6
0.6!
0.6

(5)
(6)
n
(8)
9)
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)
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(12)
(13)
(14)
(15)
16)
an

50

C
Example Licand Millimoles _Compound
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netal, a catalyst activator in sufficient anount to activate the catal yst;
and (iii) at least one or- ganophgsghsf s g4l fonate |igand containing (a)
at | east one benzene ring having a trival ent phosphorus atom | ocated at one
position on the benzene ring and an [err] group |ocated at a position on

t he benzene ring ortho thereto, or at | east one benzene ring having a
trival ent phosphorus at om cZABBEt ¥ {6ontinueddugh a net hyl ene group to a
first position on the benzene ring and an SG3M group connected through a
met hyl ene group to a second position on the benzene ring ortho to the first
positi®n, or at |east one bridging or fused aromatic ring system having a
trival ent phosphorus atom and an_ SC3 roup, each | ocated d¥eregfeRedetien or

Mg
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reaction product of (i) a transition netal conpound wherein the transition
netal as selected fromnickel, chromum cobalt, iron, andaeegjecReactadad

m xt ures thereofgt (otdl) iGutiipea ev@ntotdihatrridagt W€ transiti RateTsd & td Sgnot i n
the oxidation st@f® Gf Oumpme{gh) Uhe G5 amcHdss Bxlaset Aén TiGe - Conpetedd does
not have afxbmedle i det.ok). anoninkl/l Jbtaesly| . Agkapsly|  ofhognsy| _demegoldbhdied t o
the transitahon notel, asxatal yst casti vat ore.8en suffitient anmoumbsto activate
the cdtalyst; and (iii) at |east one or- ganophosphorus sul fonate |igand
cont ai ni ng 4¢a) até.11east 4At benz@m$9ri ng Hal@?hg a trlval ent phd&phorus atom
| ocated at one position on the benzene ring and an SO3M group | ocated at a
position o3t he Befleneds-Ang ort We'2bheret P58t at | b&st one benkene ring
havi ng, a tr| val ent phosphorus at om connect ed 45 through a_ net hyl ene
group to a%irst “p%' iti 81%n t he 'v8hzene r%"ﬁ and ah3[err] grbdh connected
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at om connected through a group havi ng the fornula 55 37 Elzggx 254 277 Bl
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[err] .wherein Ais an oxygen atom an NH radical, or an NR radical; [err]
and [err] are hydrogen atons or a ﬁldb%ﬁiz’ﬁ'b‘?d or unsubstituted hydrocar byl
radical having 1 to 6 carbon atons and cCanh be alike or 10 different; x
is Oor 1; yis an integer from1l to 3; and R and M are as defined above.
2. The catalyst defined in claim1l wherein the catalyst activator (ii)
consists of a conpound or coRPBULBJEVcEEemtinwed) ransferring, under

ol i goneri zation reaction conditions, a hydride or an al kyl, al kenyl,

al kynyl, or aryl group fromitself to the transition netal/ligand conpl ex
formedsby the reaction of the transition 15 metal conpound with the
ligand and bondi ng thg ar 3. Thavesase frassion
defined in clai mselypf, 2 %‘e°

QUR O tderethansitd anaetal . 3. Thet
B ?m% &' %ﬂ%@‘aﬁﬁa VRhohed | 1T

D
from bor ohyghaidles, (wal b -

aryl borate tri te coor e or- noar ami C 3
al um nlfm hy?r‘i des?l'tri atr‘igdat etra é‘pgyl bor n%corrpoun(hg, organ6°zF2nc 20

conpounds, ggd ni xt4gses hhgreof. 4.,0dhe cata]yst defd' din CIIa'PJn 3 ‘wherein
the catal yst activator (ii) is a borohydride selected Trom al kall netal

bor ohydri des3 quadsesopar yyapMONi ungzb@r ohydrizdes, al kgj kg et al .

al koxyhor ohydri des, phenox- yborohydrides, or am doborohydrides, and

m xt ures theéseof ;3s019atri gt.hiyl al uresrsam 25 f5.39The catghyst defyzngd in any of
claims 1 to 4 wherein the transition nmetal conpound (i) is a hydrated salt.
6. The cat al(yst dafd2hed $&7cl ai m 8.4dher ei n2the hydr at.ed salt issessel ect ed
fyom hal ides, sulfonates, 30 tetrafl uoroborates, and m xtures thereof.
7. Themcat af§st d@fned $7cl ai ms%4br 6 wHelein thel-0ransiti dndsetal is

ni ckel . 8. B‘e c(aj,)gaolyst efined in_any of clains 1 to 7 wherein the |igand
(iii) is selectedifom 35’ af' 8Pt ho- pshhor us b f onat e Repr esent ed
by the foll gy ng .gtnsctu for . [err]. .40 45 erein _[err] are
hydr ogen at g%\ﬁs orﬁé%sti{u ed oﬁh‘%ﬁubstit:ﬂ;&ed hydrolcgpbyl rafital s havi ng
1 to 28 carlgpn atx9ipes andgcn be ghigke or digfferent; [err] and 3[§rr] can be
connected to forma heterocyclic radical; and Mis as set f or PR above; or
an al kyl enesphosphisno- sudz{pnat e nepsesent ed by the feof | owi ng [tgguct ur al
formula: [err] 50 55

N n 26.413  55.2 . 14,58 10.6 1.0 14.85
72 24.78 7.8 17.81 26.8 1.0 18.14
35 Claims

1. An oligomerization catalyst comprising the reaction product of (i) a transition metal compound wherein
the transition metal is selected from nickel, chromium, cobalt, iron, and copper, and mixtures thereof;
(ii) in the event that (a) the transition metal is not in the oxidation state of 0 or (b) the transition metal
40 compound does not have a hydride or an alkyl, alkenyl, alkynyl, or aryl group bondsd to the transition
metal, a catalyst activator in sufficient amount to activate the catalyst; and (jii) at least one or-
ganophosphorus sulfonate ligand containing (a) at least one benzene ring having a trivalent phosphorus
. atom located at one position on the benzene ring and an SOzM group located at a position on the
-/ benzene ring ortho thereto, or at least one benzene ring having a trivalent phosphorus atom connected
45 through a methylene group to a first position on the benzene ring and an SOsM group connected
through a methylene group to a second position on the benzene ring ortho to the first position, or at
least one bridging or fused aromatic ring system having a trivalent phosphorus atom and an SO;M
group, each located on the same or different aromatic ring in the system at substituent positions
adjacent to one another, or at least one aromatic ring, other than a benzene ring, or heteroaromatic
50 ring, each ring having a trivalent phosphorus atom and an SO;M group located at substituent positions
adjacent to one another, whersin M is selected from hydrogen, alkali metals, alkaline earth metals, and
NR: and PR; wherein R is a hydrogen atom or a substituted or unsubstituted hydrocarbyl radical
having 1 to 15 carbon atoms and each R can be alike or different or (b) a trivalent phosphorus atom

connected through a group having the formula

" 85
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wherein [err], AA M x, and y are as set forth above, an

are hydrogen atons or substltut ed 38 or unsubstitut ﬂm &t“ M‘m‘l
radi cal s havi ng 1 to 20 carbon atons,_can. be alike or * d ean be
connected to forma heterocyclic ra 3254877 Blhe catal yst defined in claim
8 wherein [err] and [err] are selected from hydrogen atons, alkyl, aryl, 5
al koxy, aroxy, amno and am do radicals, or m xtures thereof. 10. A
precursor of the oligonerizati dTRRELE alVWs{Carit inwed) 1, conprising a
transition netal conpound and at | east one organophosphorus sul fonate

| i gand as defined as conponents (i) and (iii) in any one of clains 1 and 5
to 9. 1051. The reaction product of the catalyst precursor defined in
claim 10 and a cat al st actlvator in_an anount sufficient to adrireetReatthe
reaction pr oduct fé dnvdptaly t 1FE TPWAct iPEIuph ¥dtict i nt o arfate to Cg to Cap
ol i gomeri zat| 20 1%"“’ o htTﬁzg Péﬁ:t?’o’ﬁ“ Pyatet Rerefimhed 2lcriatenh 11
V\/nerelnthec %MW@%
13. An onganopfl sph@?'&g‘ sulﬁso‘hate | i'fddRd as R ¥%ned as EBnponent 2i62i) in
any one of cl aLJTs 1, 20 14, An oligagnerization_or

cool i goneri zat | on proc s corﬁ)rl Si ngo‘d&%m ng é‘thyl ene o¥73 ni xt ur b0%f
et hyl ene and pgopyl n act vm a catal,yst int i qui d ase
sai d catal yst {)el ngg?ﬁgjt dg-'?rotned in 223 one O cI ai s 231?%) 9. 15

process definegy in ak 64N 14g1vhich igggarried QUig in watey or in syl foI ane.
25 PatentansprUche 1. Oigonerisierungskatal ysator, unf assend das

Reakt i onsprodusst vom.pzs) eisger Cber gergsnet al ﬂzygarbl n- 3¢ dungg. gyvorin
-das Gpergangsmet all ausgew hlt ist aus Nickel, Chrom Kobalt, Eisen und
Kupf €r upgd 30 86 M&ehungeRr.davon; (o#) fallg.a) das Qvergangsneoad |

ni cht i m Oxidationszustand O vorliegt oder (b) die .

Cber gangsnet al§’ver bFh@&ing K&i'n Hydr BH2bder kellrfe Al kyl -1.3Al kenyl 32.28 ki ny! -
oder Aryl gruppe an das Cber angsnetal | gebunden aufwei st, eines

Kat al ysat or akt®vat oP%"#n e| ér zur A48t vier ur?@ -Yes Kat al-§sa- tor3s-8
ausr ei chenden dyenge,, weni ens ei ne
Oganophosphorsulfonaﬁal ga en, der9f3 vvenld stens ein®n Benzof}fng nit

ei nem dr ei wer tjggen Fhggphorgat,om dagg g ch in zg_l ner St eld'yng am B?J‘,Eé)l ring

3 % 7 26.413 55,2 14.58 10.6 1.0 14.85
72 24,78 71.8 17.81 26.8 1.0 18.14
35 Claims

1. An oligomerization catalyst comprising the reaction product of (i) a transition metal compound wherein
the transition ‘metal is selected from nickel, chromium, cobalt, iron, and copper, and mixtures thereof;
(i) in the event that (a) the transition metal is not in the oxidation state of 0 or (b) the t{ransition metal
40 compound does not have a hydride or an alkyl, alkenyl, alkynyl, or aryl group bonded to the iransition
metal, a catalyst activator in sufficient amount to activate the catalyst; and (jii) at least one or-
ganophosphorus sulfonate ligand containing (a) at least one benzene ring having a trivalent phosphorus
) atom located at one position on the benzene ring and an SOsM group located at a position on the
benzene ring ortho thereto, or at least one benzene ring having a trivalent phosphorus atom connected
45 through a methylene group to a first position on the benzene ring and an SOsM group connected
through a methylene group to a second position on the benzene ring ortho to the first position, or at
least one bridging or fused aromatic ring system having a trivalent phosphorus atom and an SOsM
group, each located on the same or different aromatic ring in the system at substituent positions
adjacent to one another, or at least one aromatic ring, other than a benzene ring, or heteroaromatic
50 ring, each ring having a trivalent phosphorus atom and an SO3M group located at substituent positions
adjacent to one another, wherein M is selected from hydrogen, alkali metals, alkaline earth metals, and
NR: and PR; wherein R is a hydrogen atom or a substituted or unsubstituted hydrocarbyl radical
having 1 to 15 carbon atoms and each R can be alike or different or (b) a trivalent phosphorus atom

connected through a group having the formula

55
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8. The catalyst defined in any of claims 1 to 7 wherein the ligand (jii) is selected from:

35 an ortho-phosphorus sulfonate respresented by the following structural formuta:
R4
6 . ] . 5
40 R P-R
.- SO3M
o/
45 wherein R*, R®, R® are hydrogen atoms or substituted or unsubstituted hydrocarby! radicals having 1 fo

20 carbon atoms and can be alike or different; R* and R® can be connected to form a heterocyclic
radical; and M is as set forth above;
or an alkylene-phosphino-sulfonate represented by the following structural formula:

50

r? R2
RO- p (a) (o] SO M
X . y °~3

3

55 R
wherein R2, R3, A, M, x, and y are as set forth above, and R* and R® aré hydrogen atoms or substituted
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f ol gende Strif ﬁ?tft?)f’%?te e repstop dYqepcty fhys fonveping Jsseagtion Frpduct jgto ?B°"332"~‘°1'Ea~t'9“ 353

worin R4, R5° Yoy V\asserstoffatorre oder substituierte oder
unsubst I t t
Kohl ens :“ JT, Z;[hteereééﬁm ﬂen und d‘?é‘glré‘ﬁﬁogtée?&?/teh? sc?:tﬁ}'& 3%1?{31%@? ﬁ,Q %erf{?legnm @ one O(fj R5

ver bunden sein dnnen ur einen heterocyclischen Rest zu bil den; und |V|WI e

oben dar gesegy orgaﬁsphogﬂ&ns &ufaﬁmlednlﬂé ééﬁnma%ahwmﬁ Wk firPahi one SlaRinUT & o, ©
fQl gende Strukturfornel dargestell
U~~~~~?U~1m~mmgmmmnMWMmecesstmusﬁé PasBing RhylerloA} % mixtire W s8dENb 50
worin R2, RS3andAPropNbneXn timthctywithia®a@ipain thanigid stabe, Sidchtdsthbelng tandbtid i by one
Wasser st of f adfelins@des. substituierte oder unsubstituierte

Kohl enwasserstoffreste mt 1 bis 20 Kohl enstoffatonen stehen, gleich 55
oder ver sd$i Beerpcgssidafined inrvizim Uhehichds taied ovi iswater okiosuiolane.um ei nen

het erozjcl i schen Rest zu bilden. 9. In Anspruch 8 definierter Katalysator,
worin R4, PREnanepd®eaus Wasserstoffatomen, Alkyl-, Aryl-, Al koxy- Aroxy-,

Ami no- und Am doresten oder M schungen davon ausgew hit sipd. 40
1. Oligomerisierungskatalysator, umfassend das Reakiionsprodukt von (i) einer Ubergangsmetaliverbin-

dung, worin das Ubergangsmetall ausgewdhlit ist aus Nickel, Chrom, Kobalt, Eisen und Kupfer und -
30 Mischungen davon; (i) falls (a) das Ubergangsmetall nicht im Oxidationszustand 0 vorliegt oder (b) die
Obergangsmetaliverbindung kein Hydrid oder keine Alkyl-, Alkenyl, Alkinyl- oder Aryigruppe an das
Ubergangsmetall gebunden aufweist, eines Katalysatoraktivators in einer zur Aktivierung des Katalysa-
tors ausreichenden Menge; und (jii) wenigstens eines Organophosphorsulfonatliganden, der (a) wenig-
stens einen Benzolring mit einem dreiwertigen Phosphoratom, das sich in einer Stellung am Benzolring
35 befindet, und einer SO3;M-Gruppe, die sich an einer dazu ortho-stéindigen Stellung am Benzolring
befindet, oder wenigstens einen Benzolring mit einem dreiwertigen Phosphoratom, das Uber sine
Methylengruppe mit siner ersten Stellung an dem Benzolring verbunden ist, und einer SOsM-Gruppe,
die Uber sine Methylengruppe mit einer zu der ersten Stellung ortho-stindigen zweiten Stellung am
Benzolring verbunden ist, oder wenigstens ein verbriickendes oder kondensiertes aromatisches Rings-
40 ystem mit einem dreiweriigen Phosphoratom und einer SOz M-Gruppe, wobei sich beide an demselben
oder an einem unterschiedlichen aromatischen Ring im System an zueinander benachbarten
Substituenten-Stellungen befinden, oder wenigstens einen von einem Benzolring verschiedenen aroma-
o tischen Ring oder wenigstens einen heteroaromatischen Ring, wobei jeder Ring ein dreiwertiges
/ Phosphoratom und eine SO3;M-Gruppe an zueinander benachbarten Substituenten-Stellungen aufweist,
45 worin M ausgewdhit ist aus Wasserstoff, Alkalimetallen, Erdalkalimetallen und NR; und PRs, worin R
ein Wasserstoffatom oder ein substituierter oder unsubstituierter Kohlenwassersioffrest mit 1 bis 15
Kohlenstoffatomen ist und jedes R gleich oder verschieden sein kann, oder (b) ein dreiwertiges
Phosphoratom, das {iber eine Gruppe mit der Formel

[N

§0 R2
(—A~) C

55

mit einer SOsM-Gruppe verbunden ist, worin A ein Sauerstoffatom, einen NH-Rest oder einen NR-Rest
darstelit; R2 und R® Wasserstoffatome oder ein substituierter oder unsubstituierter Kohlenwasserstoffrest
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r® P - R°
35
803M
worin R*, RS, R® flir Wasserstoffatome oder substituierte oder unsubstituierte Kohlenwasserstoffreste
40 mit 1 bis 20 Kohlenstoffatomen stehen und gleich oder verschieden sein kdnnen; R* und R® verbunden

sein k&nnen, um einen heterocyclischen Rest zu bilden; und M wie oben dargelegt ist;
oder einem Alkylen-Phosphinosulfonat, das durch die folgende Strukturformel dargestelit wird:

4
45 ] IIQ 2
R-—P—(A)x ySOM
3

50
worin R2, R3, A, M, x und y wie oben dargelegt sind und R* und R® flir Wasserstoffatome oder
substituierte oder unsubstituierte Kohlenwasserstoffreste mit 1 bis 20 Kohlenstoffatomen stehen, gleich
55 oder verschieden sein knnen und verbunden sein kBnnen, um einen heterocyclischen Rest zu bilden.

A Y~

9. In Anspruch 8 definierter Katalysator, worin R*, R® und R® aus Wasserstoffatomen, Alkyl-, Aryl-, Alkoxy-
, Aroxy-, Amino- und Amidoresten oder Mischungen davon ausgewshit sind.
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r adi cgl EZQ' %%f:%fw@%s@% ébﬂ('f@% NP LoPnsnt S'ég?lérg%ﬁe'ﬂﬁ’i" 93’dﬁ’l§8’lu°'}‘?yb bt Byl e
substitue ou non substitue ayant 1 a 6 atones de carbone et peuvent tre 55
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d' ol i generisation, un hydrure ou un groupe alkyle, alcenyle, alcynyle ou
aryl e deRevendic@amsau conpl exe nbtal de transition/ligand forné par la
réaction du conpos6 de nmetal de transition avec le ligand et liaison du 5
groupe ab: niatalysey @'oligosndrsatiancnampranania tpeddyisdeuréaction () dluh coraposé veeméthlciatidamsitiol Ou
2, dans | ecfifes leguehletméieh de transitien @samisgm e igkel) leedbtome o icahialt.de fer et ldlegivre, et
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noyau benzénique et un groupe SOsM occupant sur le noyau benzénique une position en ortho par
rapport 3 cet atome, ou bien au moins un noyau benzénique portant un atome de phosphore frivalent
attaché par un groupe méthyléne 2 une premidre position du noyau benzénique st un groupe SOsM
attaché par un groupe méthyléne & une seconde position du noyau benzénique en ortho par rapport &
la premigére position ou au moins un syst®me de noyaux aromatiques de pontage ou condensés
35 présentant un atome de phosphore trivalent et un groupe SOsM, chacun étant situé sur le méme noyau
aromatique ou sur un noyau aromatique différent dans le systéme, dans des positions de substitution
adjacentes I'une & l'aufre, ou bien au moins I'un des noyaux aromatiques, autre qu'un noyau
benzénique, ou un noyau hétéro-aromatique, chaque noyau portant un atome de phosphore trivalent et
un groupe SOsM occupant des positions de substitution adjacentes I'une & I'autre, M étant choisi entre
40 I'hydrogéne, des métaux alcalins, des métaux alcalino-terreux et des groupes NR: et PR: dans
lesquels R est un atome d'hydrogéne ou un radical hydrocarbyle substitué ou non substitué ayant 1 &
15 atomes de carbone et les groupes R pouvant &tre identiques ou différents, ou bien (b) un atome de
phosphore trivalent lié par I'intermédiaire d'un groupe répondant 2 la formule

mglzanggs

Nt
45
R
) a un groupe SO.M
. Y
50 _R3

ol A est un atome d'oxygene, un radical NH ou un radical R ; R? et R® sont des atomes d'hydrogéne
ou un radical hydrocarbyle substitué ou non substitué ayant 1 & 6 atomes de carbone et peuvent &tre

55 identiques ou différents ; x a la valeur 0 ou 1 ; y est un nombre entier de 1 4 3 ; et R et M sont tels
que définis ci-dessus.
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choisi entre : un sulfonate ortho-phosphoré représenté par la formule structurale suivante :

4.
R
'\./30 < .
R p - R
S0,
35

dans laquelle R*, RS, R® sont' des atomes d'hydrogéne ou des radicaux hydrocarbyle substitués ou non
substitués ayant 1 & 20 atomes de carbone et psuvent &tre identiques ou différents ; R* et R peuvent
étre liés de manidre & former un radical hétérocyclique ; et M est tel que défini ci-dessus ; ou un

40 alkyléne-phosphino-sulfonate représenté par la formule structurale suivante :
| r? R?|
Y 5 .
45 - -
R 124 (a) C.: v 803M
R3!
50 dans laquelle R2, R3, A, M, x et y sont tels que définis ci-dessus, et R* et R® sont des atomes

d'hydrogéne ou des radicaux hydrocarbyle substitués ou non substitués ayant 1 4 20 atomes de
carbone, psuvent étre identiques ou différents et peuvent étre liés de manidre & former un radical
hétérocyclique.

55 9. Catalyseur suivant la revendication 8, dans lequel R*, R® et R® ont pour valeurs des atomes

d'hydrogéne, des radicaux alkyle, aryle, alkoxy, aroxy, amino et amido ou des mélanges de ces
valeurs.
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EP 0 254 277 Bl I )i 111121111 1111 ur sour
du catal yseur d'oligonbrisation sghyaghsbpgjevendi c“"ﬂm lmgﬁ@uﬁyant un
conpose de nbtal de transition et au noins un |igand da typen «>ul fonat e
or ganophosphor4 tel que ddfini comme conposants (i) et (iii) dans-l'une
quel conquie. Esurseer eun datalgdourodisligdméisation duiGant fa reviehdicairD 8lUsdmpebRant &8 Goindds die
precur seur chétalottahsitor et auchedns oh lighat8u type d'@Vshitdhiaie atgaiphokPhodd teltjuel BéfiaCdomvhat eur
de cat al ysecomposantsifibetdiiledats itude qusfchiqeaddsaevpadicatians i iev®2 91 e produi t de
reaction, de mani bre a convertir- ce dem er en un catal yseur

d oli gérrém Braduyitrde. réaction gy prélewrseurcile qaBlyeaui définisdansy Rrrevehdicatiany tOrad idua tabtivateur e
dans | equel catalygeyrispane guanglié sutisant ipctives tie profiuifi decpgictiens de tr@nidre & chovdriricedans
| ' une quel c%ﬂﬂé“&égat?'ﬁ'éri’dﬁ"@&lér'ﬁ "2 & 4. 13. Ligand de type sul fonate

organopho or4 uo ddflnl conne co osant (iii) dans |'une quel conque
des r ever? gg ‘10 $ é nosulygnt &g revppdi é‘?ﬂ'@e'dfa‘ﬁ'l’ﬁ‘?j'bﬁ%??@é?ﬁ‘f’d’ﬁt ‘Efl'f' gt ost
co- ol i §onser PRI U %%?@H%ﬂ?srfvg cgg@ga %' 6t hyl bne ou d'un nsl an- ge

d' et hyl d' t al
ledit catd g a"%:n@jf Q{‘°"’a‘i o8 o o B St PG 1o alebingd
revendi cat i ons 5 rocedd suivant |la revendication 14, qui est ms

en oeuxr q4dpRssds d%ﬁ’d&m@h&aﬂf\% db €o-8iidbhEHs B3R, comPrefant 18 PastagetPstiRne Ju Pin Hdan-

ge d'éthylene et de propyléne au contact d'un catalyseur, en phase liquide, ledit catalyseur étant tel
qus défini dans I'une quelconque des revendications 2 & 9.

/ " 16. Procédé suivant la revendicétion 14, qui est mis en oeuvre dans 'eau oﬁ dans le sulfolans.
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