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(54) Title: SUPPORTED BIS(PHOSPHORUS)LIGANDS AND THEIR USE IN THE CATALYSES

- o {57) Abstraet: Supported bis(phogphorus) ligands are disclosed for use in a variety, of catalytic processes, including the isomer- '
ization, hydrogenation, hydroformylation, and hydrocyanation of unsaturated organic compounds Catalysts are formed when l‘.he
ligands are combined with a catalytically active metal, such as mckel
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BACKGROUND OF THE | NVENTI ON 10 Phosphorus |igands are ubiquitous in
catalysis, finding use for a nunber of commercially i npor27avfarchi2666 cal
transformati ons. Phosphorus |igands conmonly encountered in catalysis

i ncl ude tbglﬁpgaines (A), and phosphites (B), shown bg,cgwg{r% 6t7hese

representations R can be virtually any organic grou p osphl ne and
nonophosphite |igands are 15 conpounds which contain a single phosphorus
atom whi ch serves as a donor to amatRl . Bi sphosphi ne, bisphosphite, and
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3,766, 237, hysioforaylaton and lﬁpmenmwaﬁéagsatwa@q@uwpffomeunqs 1985,

EI gent at e bi sphosphite BAGCKGROUNDWOFTHENVENTDION to be useful :ln thef
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and/ or 4- nonaberei sommendally importantehentess raneformations! Ehotth@us12, 695, US

5,512, 696 anyanwc&ﬁ&fbﬁ@%ncauﬁk@féﬁh%a #AILge bh shay@nal so been shown
to be 27 March ﬁ& 03/ 019 802/ 37%%9 rtl Iarl useful | i gands
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in the hydrRfi8R oWy ‘?%t@d %?%Sﬁp@?ﬁee eu‘f"é‘ﬂ corrpounds.
See, for exanydrganiBgkep, Mbnophpsghink #nd mghephd2phite Jigahds@em Soc., Chem

Commun n. 803 ,
1001, S 9:23&%@80%@8& whRHhtdih a¥ingle phosbRS s ator which s SLEMU

donor to a metal. Bisphosphine, bisphosphite, and bis(phosphorus)

ligands, in general, contain two phosphorus donor atoms and normaily

form cyclic chelate structures with transition metals.
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Industrially important catalytic reactions using phosphorus ligands
of particular importance are olefin hydrocyanation, hydroformylation and
. ‘isomerization. Phosphite ligands are particularly good ligands for both of
25 - these transformations. For example, the hydrocyanation of ethylenically
unsaturated compounds using transition metal complexes with
monodentate phosphite ligands is well documented in the prior art. See,
for example, U.S. 3,496,215, 3,631,191, 3,655,723 and 3,766,237, and
Tolman et al., Advances in Catalysis, 33, 1, 1985. Bidentate bisphosphite
30 ligands have been shown to be useful in the hydrocyanation of
' monoolefinic and diolefinic compounds, as well as for the isomerization of
non-conjugated 2-alkyl-3-monoalkenenitriles to 3- and/or 4-monoalkene
linear nitriles. See, for example, US 5,512,695, us 5,512,696 and
WO 9514659. Bidentate phosphite ligands have also been shown to be




5 Bidentate phosphite |ligands are also useful for al kene hydrofornylation
reactions. For exanple, US 5,235,113 describes a hydrof orapMatch@oo@r ocess
i n which an organic bidentate |igand containing two phosphorus atons

l.i nked organi ¢ di hydroxyl bridging group is in honbgeneous
hydr of OW ;3?&39” catal yst systemal so conprising 10 Fﬁi@&fﬁ“?hi S patent

describes a process for preparing al dehydes by hydroformnylation of
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pr evi ously ej@smiﬂimommtag@ﬂeﬂlhw of bisphesphiis ligandstinicatalysts. ect can be found
in "Supported Myygle thes@priorast sy s@ms':;g%bnt %;ﬁ%él%@nlggtabibg% Acta Pol yner.

1996, 47, 1, nprehensi ve "35 nonmet try, Perganon Press,
1982, Chapteé'lxg‘ﬁ% QR%Q‘&P'F#QFJWOI"&S'QW? Agra hosphi te |igands

attached t ccatalystoconsisting of thedigandlasd thehaetal, mush bs eeparbtsdefraes and al so in
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cataiyst mixture from the reaction zone and performing a separation.
Typical separation procedures involve extraction with an immiscible
solvent, distillation, and phase separations. In all of these examples some
of the catalyst, consisting of the ligand and/or the metal, is lost. For

25 instance, distillation of a volatile product from a non-volatile catalyst
results in thermal degradation of the catalyst. Similarly, extraction or
phase separation results in some loss of catalyst into the product phase.
These ligands and metals are often very expensive and thus it is important
to keep such losses to a minimum for a commercially viable process.

30 One method to sclve the problem of catalyst and product
'separation is to attach the catalyst to an insoluble support. Examples of
this approach have been previously described, and general references on
this subject can be found in “Supported Metal Complexes”, D. Reidel
Publishing, 1985, Acta Polymer. 1996, 47, 1, and Comprehensive

35 Organometallic Chemistry, Pergamon Press, 1982, Chapter 55.
Specifically, monophosphine and monophosphite ligands attached to solid
supports are described in these references and also in Macromol. Symp.
1994, 80, 241. Bisphosphine ligands have also been attached to solid

, _ 2




2 27 March 2006 WO 03/046019 PCT/ US02/ 37967 supports and used for
catal ysis, as described in for exanple US 5,432,289, J. Mf17 Maaha0D0&A 1996,
112, 217, and J. Chem Soc., Chem Commun. 1996, 653. The solid support in

t hese pri.ar exanpl es can be organic, e.g., a po resin, or
inorganwg%fyﬁfﬁrﬁ%ture. 5 These prior art systens have b’}d‘%?zéﬁ%affered from
several drawbacks and have not reached commercial potential. Anong the
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al so been | for a nunber of catalytic
processes t%*b*‘“g.k%@ %3’8@@*5’23{"3%%6&5?@%&@5’%% 9906146 and WD 9962855) .
Lewis &cid cat dh§seprigratsysiamobavsstoglatmeniieredfiipmermMerah the art (see 15
ébd;rlggijl e\tﬁﬁwﬁacﬁﬁs;anﬁh'lm(ﬂ\@t/rﬁaﬁhéﬁ c':orl?ﬁmlgeﬁﬁad@ptéw[ﬂ. ,AnZdSrla @Eg- Khi m o 1970;[

: : of . phe y.olefins is also well-known in the ar
(see Marc h',Ae]r 3%53\%3&6%{1'"@% ﬁt%raiu%%%meﬁélﬂeaég!qg "ﬂ‘d&&?r 449N and t he

r ef er ences ratesr én ajidition, the poramhsystens areqficompt readdyrameosbledm be converted
to 1-net hylgeheaybnta] GfoNe'If@§n@¥o&dﬁaﬁ¢r¢ﬁﬂoﬁéﬁiﬁ§1@.g.%f‘e\éﬁ Qpdafld 20
benzoquj non fDD% treatment, (see Shishido, K ;- Yamashita, A.; Hirova,
K. : Fuk]&rmtsg‘?r%'? *J. Chem Soc., Trans, Perkin /, 1990, 469). Warshasky
al discl osed al Bjiaphthobanddiebterivedibisphespiitedigands hyeadissibsdryr ene

di vinyl b . : - Prep., A
Chom oo RAEREPELLNTRUpbARLan AT nyftoer RBRINC Boocstey B TP, AT
| ow nol eculgie fedefate i9aopdueslis{WO P8061465ing W %@@5@5&@%’ | 1335439 and
DE 2503867 )acidlttalpzebedtizylative of plgnoltf if Rhewa fiinalaagese t hat woul d be hel pf ul

b ocescds PiRigsliedl R cAkndlay Ry udbvs Wie. 2L il g pol ymer or 30
ol ef i n- cont@7Ri 6,2 108).yAdkylation ofphtinolsdy alefinsds alsbiwgdidaoworiptis ti ons. Al I of
the |igand £oEBe MRS Adlarided A8 BhehUENES.OP 538V fogdaPecar bon bond
- references therein). It is known that isopropyl aromatics can be converted
to 1-methylethenyl aromatics by 2,3-dichloro-5,6-dicyano-1,4-
20 benioquinone (DDQ) treatment, {see Shishido, K.; Yamashita, A.; Hirova,
K.; Fukumoto, K., J. Chem. Soc., Trans. Perkin I, 1990, 469). Warshasky
et al disclosed alkylating catechol with a chloromethylated styrene-
divinylbenzene copolymer {see Warshasky, A.; Kahama, N. Polym. Prep.,
Am. Chem. Soc., Div. Polym. Chem. 1880, 21, 114). Alkylation of phenol
- 25 with low molecular weight polybutadiene is also disclosed (see
JP 11335439 and DE 2503867).
The present invention offers advantages that would be helpful in
overcoming the drawbacks of the prior art. Disclosed herein are
processes for the reaction of either benzyl halide-containing polymer or
30 olefin-containing polymers with diols to form ligand compositions. All of
the ligand compositions of the present invention have carbon-carbon bond
linkage between the polymer support and dio! (backbone) moiety. The
carbon-carbon linkage, unlike functional group linkage, improves the
stability of the ligand composition and the catalysts prepared therefrom,
35 " The ligand compositions of the present invention are used to
prepare catalysts that are useful for catalytic processes. For example, the
catalysts of the present invention are useful for isomerization, |
hydrogenation, hydrocyanation, and hydroformylation. When removing
. 3 . _
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| i nkage between the pol yner support and di ol (backbone) noiety. The
carbon-carbon |inkage, unlike functional group |inkage, i #FrMareh 200
stability of the ligand conposition and the catal ysts prepared therefrom
35 1 Thewbiogedstisconposi ti ons of the present inventionpermsesedsto - prepare
catal ysts that are useful for catalytic processes. For exanple, the

catal ysts of the present invention are useful for isonerization,

hydr ogenat i dhe catptsbrpryihe pmsuctiphash pfitheseprgeessen therien renoving 3 27

Mar ch 2006 \§BnitaéreisbAaad RCAVdidIas ST Freehtatapita hiksstabis GdRdt he product

phase of th r here is rcial, need t val d. | oss. The
present cat gﬁé'gfosrgéféﬁga?%s%gﬁ sgﬂaratetdﬁom %"031"@ Pﬁﬁﬁ%gﬁagﬁ*%ogepar ated from
t he product gfigxtactipn tharare ¢atalysts hadng fnctional igoouptlinkages. e cat al ysts having -
functiona group |i ”ka'geS-SWOQ:FJE"ﬁNéN%¢O\| A first aspect of the

I nvention provides a Broc?'éé_ror '%@B”'” a_—palyner-supported diol of the
formula: PO - | taspe invent feP PBIOCSHH °%§’rﬁﬁ’aé'"8@nnect ed via a

car bon- car b olynwresuppQted divhofdhg fomnalar i ng structure; and Pol is an

i nsol ubl e pol yner support, said process, conprising: acid-catalyzed
grafting a diol onto a polymer 15 selected fromthe group consisting of a
benzyl halide-containing polyner [or a olefin-containing polyner wherein

said diol is selected fromthe graup consisting of biphenol, C, OH OH Ry
HO OH _ (1) '

10
wherein Pol and Q are connected via a carbon-carbon bond;
Q is an organic ring structure; and
Pol is an insoluble polymer support,
- said process, comprising: acid-catalyzed grafting a diol onto a polymer
15  selected from the group consisting of a benzyl halide-containing polymer
or a olefin-containing polymer '
wherein said diol is selected from the group consisting of
biphenol, C,

- 20
~ wherein each R is independently selected from the group consisting
of H, C4 to Cpq branched or straight chain alkyl and benzyl, C4 to Caq
cycloalkyl, Cg to Cog aryl, ORY, CO5R1, and cyclic ether, wherein
_ neighboring R groups are optionally connected to form a ring structure
25 andwherein each R1 is independently selected from the group consisting
of C4 to Cog branched or straight chain alkyl, C4 to Cyq cycloalkyl, and Cg
to Coq aryl; and wherein x and y each independehtly are0-3andxandy
each independently are 04 if at least one of Ry or Ry contains an o
-aromatic ring, and binaphthol, D,
30




C 20 wherein each Ris independently selected fromthe group consisting of
H, Cl to C20 branched or straight chain alkyl and benzyl, 23Mh@hC206

cycloal kyl, C6 to C20 aryl, ORl1l, CO2Rt, and cyclic ether, wherein

nei ghborwags/#&oigr oups are optionally connected to forprgosoemsgsstructure 25
and-wherein each Rl is independently selected fromthe group consisting of
Cl to C20 branched or straight chain alkyl, C to C20 cycloal kyl, and C6

to C20 aryl; and wherein x and @PteachOHndependently are 0-3 and x and y
each independently are 0-4 if ati | easf one of RX or Ry contains an aromatic
ring, and bi naphthol, D, 30 ‘ WO 03/ 046019 PCT/ US02/ 37967 OH OH
Rx Ry D 10 15 wherein each 3 tly selected fromthe group
consisting of H, Cl. to C20 % strai ght chain al kyl and benzyl,
Cl to C20 cycloal kyl, C6 tof Rl, CO2R1, and .cyclic ether;
wherein each Rt is indepengH %

to. C20 branched or straidt chain alkyl, Rt to C20 cycloal kyl, and C6 to
C20 aryl, and wherein x and y each independently are 0-5 and x and y each
i ndependently are 0-6 if at |east ne of Rx or Ry contains an aromatic
ring, and conbinations thereof. second aspect of the invention provides
a pol yner-supported diol as prepared and disclosed herein. A third aspect

of the inventi orwhmreimiedeh Roispndependerftiyrselacriiofronm theagronp bgneistinguppor t ed
bi s( phosphogqysy, {d @2 lahched i Skt (il 2kdrd veni, ¢! to Cpp
“cycloalkyl, Cg to Coq aryl, OR1, CO,R1, and cyclic ether; wherein each R?
5 Isindependently selected from the group consisting of C4 to Cyq branched
or straight chain alkyl, C to Coq cycloalkyl, and Cg to Coq aryl, and
- wherein x and y each independently are 0-5 and x and y each
independently are 0-6 if at least one of Ry or Ry contains an aromatic ring,
and combinations thereof. ,
10 A second aspect of the invention provides a polymer-supported diol
~ as prepared and disclosed herein.
. A third aspect of the invention provides a process for preparing a
polymer-supported bis(phosphorous) ligand (2) having the formula,

Po!

Q
SN
15 XPO OPXo @)

- wherein:
Pol and Q are connected via a carbon-carbon bond;
Q is an organic ring structure; and
20 Pol is an insoluble polymer support;

X is selected from the group of alkoxide, aryloxide, alkyl or aryl;
said process comprising: confacting in the presence of a base a polymer supported diol as
disclosed herein with a phosphorous hatide of the type PYnX3-n, where

_ Y is a halide, ' -
25  Xis selected from the group consisting of alkoxide, aryloxide, alkyl
and aryl, and n = 3, 2, or 1, wherein when X is an alkoxide, aryloxide, élkyl
or aryl, X may contain from 1 to 50 carbon atoms, heteroatoms, or




X2PO, OPX2 (2) wherein: Pol and Q are connected via a carbon-carbon bond;
Qis an organic ring structure; and 20 Pot is an insol ubl €7adesch200&upport ;
X is selected fromthe group of al koxi de, aryl oxide, alkyl or aryl; said
process woupsdeEpNg: contacting in the presence of a bgSgufedkyner
supported diol as disclosed herein with a phosphorous halide of the type
PYnX3-n, where Y is a halide, 25 X is selected fromthe group consisting of
al koxi de, arfynairhalgroupssdlectechtiomitiye groapdonsistirg, of 2thers, dcoheter ei n when X is
an al koxi de gsfiry |pdisifideg! Kyl or aryl, X may contain froml| to 50 carbon
atonms, heteroat 3/.0460 PCT/ US02/ 37967 functi onal

9
groups sel ect ed%nl%gﬁll‘??Péecb%hepmgﬁﬁ'gpff(?vh > SPoRA 5ngp°§ie§ohol s, esters, and
ani des. A f bis(phiosphgrous) liglant las prepazed anddisclosédiesrein. pol yner - supported

b h h 5 Afifth t
b ={ phosanor o) A B SAR e st g, 3, L1 s

roces rep arlnﬁg P r-supported:
transition mefsuppgited E@?ﬁ!ﬁmmﬁahcaialwtwgrrm@ﬁ nafthedormya2 M (3) 10
wherein Pol and Q are connected via a carbon-carbon bond; Qis an organic
ring structure; and Pol is mn insoluble polymer support; X is selected from
the group of al koxi de, aryljoxide, -alkyl or 15 aryl; Mis a catalytically
active transition netal; | d process conprising: conbining a
pol ymer - supported bi s(@hosphorous) |igand as prepared and di scl osed
herein, with -a catalytﬁcall active transition netal, M 20 A sixth
aspect of the |nvent|oﬁfﬁgpgye§§ a catal yst conp05|t|on

(3)

10 wherein 7
Pol and Q are connected via a carbon-carbon bond; -
Q is an organic ring structure; and
Polis an insoluble polymer support;
- Xis selected from the group of alkoxide, aryloxide, alkyl or
15 aryl;
M is a catalytically active transition metal;
‘said process comprising: combining a polymer-supported
bis(phosphorous) ligand as prepared and disclosed herein. with.a
_ catalytically active fransition metal, M.
20 A sixth aspect of the invention provides a catalyst composmon
as disclosed and prepared herein.
- . Other aspecits of the invention provides an isomerization,
_hydrogenation, hydrocyanation or hydroformylation process uéing a
catalyst composition as disclosed and prepared herein.
25 . Anembodiment of the invention provides an isomerization
process comprising reacting an unsaturated organic nitrile compound in
‘the presence of the catalyst composition of formula (3) and at least one
Group VIl metal wherein the unsaturated organic nitrile contains less than
500 ppm of peroxides.
30 ~This process may be run in either the liquid or vépor phase. The
polymer-supported catalysts provide significantly improved selectivities
and yields in these processes. -




as di sclosed and prepared herein. Qther aspects of the invention provides
an isonerization, hydrogenation, hydrocyanation or hydr of2yNytch2006
process using a catalyst conposition as disclosed and prepared herein. 25
An enbodi ment of the invention provides an isomerization process conprising
reacti n‘d’oa?ﬁ’ #i¥at ur at ed organic nitrile conmpound in Fﬁ@sgﬁfégﬁé'nce of the
catal yst conposition of fornula (3) and at |east one Goup VIII netal

wherei n the unsat urat eBE%rCﬂﬂﬁTf_Otrﬁ'Atl\flj bﬁEﬁ’ﬂB&eﬁéﬁ qiess than 500 ppm of
per oxi des. 30 This pro quU|d or vapor phase.
The pol ymer - suppor SAPRORTED HII 3 | L8 | mpr oved

selectivities @utlosedhdrein ﬂrs}ttwgrd@éwm anﬁ:j gitdig006 WO 03/ 046019
AND P ED Bl PHENOLS AND
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conposi t3 orsppottedis(Phogplzoreesidigands ba elestrophiligsubstituting reasitipgner 5 support ed

ai M5 of e ot Wﬁons“{%‘%ﬁ’?ﬁ % ohei ating

2l Gand. covBETANg IBibeRTaies Ty RoRTRL IR 1B REVMERWERN 15 *r of or abl y
pol yner sumreferablsBa poRoiet sagpark ey ffmi"eamm‘eﬁmermaaftmfame meanaatiall ti nmes,

“insol ubl e pﬁmﬁé} A0 The ligand is grafted onto the
Pol via a c%%ﬁﬁ%%{?@éﬁoweﬁw chaI ysts of the present invention
that arld nade fABRIIgRRLE ggﬂfﬁﬁgqnte@e Re)ifd reibeRsaphan inkeedt ABkous over
simlar cateitaigdts ohieiphgseht nvbniiorathat e ohdide frofh Bsssectippbited s have a hi gher

conposi 11 ond B tpnt s sANlRRaye S STRRF st ey ERengl " °' 71!
hydr ocyanatgreups. hihwsegetaistohaveralhighgirabivity than aataNstqohmses The first
step is theyréRaar gf!fbuﬁ’l'hléépeé ¢h@ba&lﬁﬂébrﬁ&dﬁﬁloﬁ@ﬁkéé]&bﬂ%?@ﬁ ard 0 an
Is? falc,l: 5:5e RS ¥urfen isomenza%on herocyaRgﬂon hygrogena?nﬁ andI ed by the followng

hydroformylatlon processes.

The first step is the preparation of a diol group covalently attached
to an insoluble polymer or a polymer support, as exemplified by the
following structure:

20
Ii’ol
Q
HO™ Son (1)

wherein, Pol, as used hereinafter in the structures represents an insoluble
polymer or a polymer support. As used herein, Q means any biphenol or
25  binaphthol that binds the diol moiety to the polymer by carbon-carbon
linkage. |
a) Grafting Biphenols onto Benzyl Halide-containing Polymers
The preparation of materials of Formula 1 involves Lewis acid
catalyzed grafting biphenols (C) onto benzyl halide-containing polymers. It
30 is preferred to graft biphenols onto benzyl chloride-containing polymers,
such as Merrifield resin [copolymer of styrene and vinylbenzy! chloride
crosslinked by 0.2% to 5% of divinylbenzene], poly(vinylbenzyl chloride},
and copolymer of styrene and vinylbenzyl chioride modified cellulose.
The reaction is catalyzed by a variety of Lewis acids, such as AlBr3,
35  AlCl3, AlF3, AICIF(3.y), GaCls, FeCls, SbClg, ZrCly, SnCly, BCI3, BF 3,
~ SbClg, BF3*OFEty, BPh3, ZnCl,, alkoxide or phenolate of Al{lll), Ga(lil),
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Pat 1 HO OH (1) wherein, Pal, as used hereinafter in the structures
represents an insoluble polynmer or a polyner support. As araddrcheoesn, Q
means any bi phenol or 25 binaphthol that binds the diol noiety to the
pol ynmer gy car bon-carbon |inkage. a) Gafting Bi phengls onto Benzyl

Hal i de- ¥§HP41%Phg Pol ymers The preparation of materi &SP i a” |

I nvolves Lew s acid catalyzed grafting bi phenols (C onto benzyl

hal i de- cont@&i,pi I Se ' farr r i phenol s onto
benzyl chl o%@@%@ﬁh?@’ S%N’y%@“?'é@'%%% ser%gltt???mgeq?@;%sgs?n [ copol ynmer of
styrene andnéefalsy puethay triflateser terylates. o O8I isrced heyein ipnapresepbiher

1 nyl bengy e EhaMLy EYCIBIERE e oD B IORNCL, ANCIs CTRO giTG ) i by
var ety o et s FB AR 16T ottt 160 pdig bl bout 2 B 5y
GaCl3, - PeClabouShafi®;. Zr C14, SnCl 4, BCI 3, BF3, SbCl 3, BF3.CEt2, BPh3,

ZnCl12, al koxi de gjivanietnat %q‘\sgfméle(tgg?l F\a)%‘e' ,b%ﬁ% %e@?&w@ ch 2006 WO

031046019 PCT/ US02/ 37967 F% I , %h '\v), , and B(1l11), and
ot her salt "PBFURD 2t thakae abjgfoviell the pelymer.. Fhgsedpeudebul Begmaelt es. "Ph" is
used her ei finmitedrte pmethylenetchioride et, ldighfcrogthane, Bhidrebierizeye, the Lewis acid is

ZnCl 2 Al & fid : | t bout 150C,

ot of or abi y SlorobazHed; hicbifetne RERAIHIGHt ene” Thaliactell (7, 2200 100

that arld i rhangylchlaride gieun may ipterfesa withdhe apeficgtien obthe grafted to swel | the

| riolzyg?rhl Thﬁﬁﬁnt e dptidaally the @ireasted bgbiym:hlaﬂ%é Qsouaebbmhgtee Ch'tﬁ” de, 4
1, 2-di chl or e i.chl or enes, nitronethane, an
dinit robenfgﬁ'@pg'{’;ﬁgtr%ﬁﬁ@ggﬁ@élﬁg%%drﬁgjym%rh\f’@f ﬁ@& 5'?‘8{5’6"%9”?9“ erfere with

the applicaeflon dnrenbledbinlenelmay bergmeved anst fieconered by washingr eact ed benzy!

chl ori de grtﬁélﬁélyﬁr@ﬂmh%esolJeﬁm‘é?Q%nrelf;ﬂl%t%g??%ﬂ ﬁ%ﬂfedftﬁﬁn,ayéﬁfg%eo' pol ymer with

Al Cl3 in toluené du r ef ) ] eno renoved and
recoverléd Wetﬁglgng ﬁbl'oplge and d}ché)roethane. P '
OH OH OH OH
@-——@ BzX-containing polymer
Rx Ry  X=halide Rx Ry
c Pol Formulal

Each R is independently selected from the group consisting of H,
C14 to Coq branched or straight chain alkyl and benzyl, C4 to Coq
20 cycloalkyl, Cg to Cog aryl, OR1, CO,R1, and cyclic ether, wherein
neighboring R1 groups could be connected to form a ring structure and
wherein each R1 is independently selected from the group consisting of
C1 to Coq branched or straight chain alkyl, C1 to C5q cycloalkyl, and Cg to
- Cop aryl; and wherein x and y each independently are 0-3 and xand y
25 each independently are 0-4 if at least one of R, or Ry contains an
aromatic ring. Bz is used herein to represent the term “benzyl halide”.
b) Grafting binaphthols onto Benzyl Chloride-containing Polymers
The preparation of materials of Formula Il involves in Lewis acid _
catalyzed grafting biphenols (D) onto benzyl chloride-containing polymers,
30 such as Merrifield resin [copolymer of styrene and vinylbenzyl chloride
crosslinked by 0.2% to 5% of divinylbenzene], poly(vinylbenzyi chloride),
~and copolymer of styrene and vinyibenzyl chloride modified celluloses.
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the polynmer with a solvent that is suitable as grafting nmedium such as 15
nmet hyl ene chl ori de and di chl oroethane. OH OH OH OH BzX- cor7avimichgog®! yner
Ry X=halide 0, - ~1~ ~ Rx-_ "Ry Pol Formula | Each R is independently
selected fromthe group consisting of HH Cl to C20 bra@g (?d or straight
chain a?vl?ﬁm‘f‘fﬁl? benzyl, Cl to C20 20 cycl oal kyl, C6 t61EY g%yl OR1,
CO2R1, and cyclic et her wherein nei ghboring R1L groups could be connect ed

to forma ring StHeYE o‘?‘n |§E€taly%ﬁpga@?géﬁmfﬁéwfséac'id%dgﬁﬁ erBJr sel ect ed

fromthe gr oup COI’ISI s hai n al kyl ,
Cl to C20 AHEinA zﬁ(@xﬁ@aﬁn Febts, 8bGls, ZHrla Satds &Gl3, 8 '-'gmd y each
|ndep]<candRent$wc|§r3F OEt BPhY, 20C, V2B, Sl dlkﬁiﬁlﬁ%ﬁ@ﬁéﬁdﬂﬁtﬁ%e 0- :1 if at leatSt
one o 0 n S n to represen
he cerm RN, Sl i Sy oA o, o 0 L e

Chl or i dé coofitbess mgtalanlsynlbastrlﬂa@smré%daies orrefgrabhytthe iLewis agid Formul a | |

i nvol ves i Wslzﬂﬂfomc B@ﬂ@iwgﬁgag@g{wl ng bi phenols (D) onto benzyl

Ty ehe. and v mATBAROY LihasreyEe s P 5y ootk BB, b7 7 V™" ©

styrene and vin
di vi nyl benzmetdrablpaboiit 2571 tocabout 1@0TICOrSal@nts, \Ad!lrdharemﬂrymheof styrene and

vi ny| be”Zy%éﬁi'ngrrégéuoﬂ%bfdbfé’to%%}e'llg'lké;é&gmg?%r@@%éﬁ?of%% Xﬁ 3/046019

PCT/ US02/ 3 ction 1S ca s aci ds, such
as AlBrY¥ 9@?3005&&'?:%”*%9@@%3@ %'¥ a5, zrc4, Snd 4,

BC 3, BF3, d|&ﬂ&b§thaﬁ§3¢fﬂﬁb89nﬁﬂbﬁd|cmoﬁbénz&m3r Aitrofefianepaikbxi de or

BT - andiibenache; THEunieabteg izt chiordBerdu magikende wif 10 O
t osyl at es. the@pphmpp of theagrafisd polype Optionally, the unreacted benzyl
chloride groups could be removed by the treatment with AiCl5 in toluene at
15 reflux, Unreacted binaphthol may be removed and recovered by washing
the polymer with proper solvents, such as methylene chloride or

dichloroethane or solvents suitable as the grafting medium.

OH OH OH  OH

Q @ BzX-containing polymer’ Q @
| =halide | / \
O O X=halid N O Q Ry

D 7 Formula |

© 20 Each R is independently selected from the group consisting of H,
'C4 to Cyp branched or straight chain alkyl and benzyl, G4 to Cyp
cycloalkyl, , Cg to Cog aryl, ORT, CO,R1, and cyclic ether; wherein each
R1 is independently selected from the group consisting of C4 to Coq

- branched or straight chain alkyl, C4 to Cyq cycloalkyl, and Cg to Coq aryi,
25 and'wherein x and y each independently are 0-5 and x and y each
independently are 0-6 if at least one of Ry or Ry contains an aromatic ring,
and combinations thereof. Preferably, each R is independently selected
from the group consisting of C4 to Cyq branched or straight chain alkyl,
and C4 to Coq cycloalkyl; y is 0-5 and y is 0-6 if at least one of R, or Ry
30 contains aromatic ring(s).




Is ZnC 2 or AICI3. By "Et" we nean ethyl. The grafting tenperature is from
about 10C to about 150C, preferably, about 25C to about DJQ@arcka@DiEnNts,
which are inert to the grafting reaction and able to swell the pol yner,

are us f e grafting. 10 These include, but ar lLn.ted to,
met hyl gﬂ’gogfﬁf%{r}i de, 1,2 dichl oroethane, chl orobenzeng,&@]lg%zﬁsl?%%obenzenes,

ni tromet hane, and dinitrobenzene. The unreacted benzyl chloride group may
interfterg \lfjxt't)tcr,ranl‘tinheﬁ.ri;fmmcnloixsctf.ﬁt.bQm:;ﬁa.tcdnltt;ﬂgligdg@E:,tmclar@oIdylrjneri QoEion?IIyi t_hteh
unr eact ed benzy C ride noved by e treatnment wi
Al C13 in tol uenél’hgtprei@ar?gqq %ﬁé&%ﬁggg‘fkgﬁmﬁ? F"E‘BH?IH%? '"rﬁﬂﬁ]be renoved and
recover ed oataipzsa grgfting inipheoblz{€) ontordiefipranptainiog polyniess, sudtbsas net hyl ene
O @ cont o HERENC ShaRLLH NGNS i Myiche) Soardabia®t L 19 20 Each R
e aahshilebS) T last s Rimhe ey Paie] CWATePAlARe! 1o Ch 1o o0
branched orpaystaendito partially waiskivrated Batikdongstruure by theGreatrpentasf! kyl, , Cs to
C20 aryl, : ery Ly X in each Rl is independentl

y %Jdlc&ﬁel?rg‘ge Gﬂgarfdl?,at b‘én%zﬂﬁﬁ%f"t{rb?c%? P y

sel ected frdomt group ctonsi'stin C20 branched or straight chain
al kyl, Cl to c2dherafyag R%ﬁctloraﬁcpag%mes hyzvagiey of Lewigacidshedein x and vy
Fgggt | ndepgndtnadids, aueh gs &I?@,@i?!ﬁﬂfﬂAiiﬂﬂ3_x)l Gdepsrdent SyCh! '?i gn S !t];le?teof
‘Prefera yfﬁrecgéﬂgﬁég ' ndép%é’%%}eggzl’ Le’g(f)giggg’lt PBW%@SBKH@ consi sting of
C, to C20 mndfca@l, ethessaltiogns otthese metals, such aa driftates or tadatescl oal kyl ; y is
0-5 and y igndOsuifutié adl, psEphod&id potpphespHayic Hids ificadie aromatic ring(s).
phosphotungstic acid. Preferably, the acid is AICl;, phosphotungstic acid
or triflic acid. The grafting temperature is from about 25°C to about
15 180°C, preferably, about 40°C to about 140°C.
Solvents, which are inert to the grafting reaction and able to swell
the polymer, are used for the grafting. These include, but are not limited
{0, methylene chloride, 1,2-dichloroethane, chlorobenzene,
dichlorobenzenes, nitromethane, and dinifrobenzene. When the solvent
'20 having a boiling point lower than the reaction temperature is used, the
reaction is carried out in an autoclave.

OH OH

OH OH
y Q @ Olefin-containing polymer D G
Rx Ry &
c .

Rx Ry

Pol Formula Il

Each R is independently selected from the group consisting of H,

€1 to Cyp branched or straight chain alkyl and benzyl, C4 to Cyg

25  cycloalkyl, Cg to Cop aryl, OR?, CO,R1, and cyclic ether, wherein
neighboring R1 groups could be connected to form a ring structure and
wherein each R is independently selected from the group consisting of
C1 to Cqp branched or straight chain alkyl, C4 to Coq cycloalkyl, and Cg to
Coq aryl; and wherein x and y each independently are 0-3 and xand y

30 each independently are 0-4 if at least one of Ry or Ry contains an
‘aromatic ring. '
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27 March 2006 WO 03/046019 PCT/ US02/ 37967 ¢ Grafting Bi phenols onto

A efin-containing Polynmers The preparation of materials of27Rdarhl2a06 | |

i nvolves in acid catalyzed grafting biphenols (C onto ol efin-containing
pol yrner ch as, pol ybutadi ene, copolynmer of butadi egﬁ?and styrene,

dehydrogé)rpé{‘td‘éﬁ&l% pol ystyrene. The last is prepared bfca FHP67
dehydrogenation of polystyrene to partlal | y unsaturated backbone structure

by the treag m,,ﬁfg,n rhefs benzoqui none (DDQ . The
acids and protic

grafting reactl Z —a v

aci ds, such as %repa(,agj)rgo , J ",VOQQEI"BE‘C‘#eCI 3, ShCl5, 10
g; (lel éa ( ISInIC; éatal%&graﬂlﬁa birsipBitibls M&r@l@ﬁn-&?ﬁdamlr@mmm@’semﬂhaz ZSOI) r AlL(LTT),
t osyl at es, a3 %é%ﬁ‘a?l?é Ecgfdf%n&fcﬁ %E]’(;Eﬂg?ng’c %hgﬂroééh%éﬁc aci d,
triflic &ci epysmﬁagpmbm%mrep@feﬂ@y pprtial éﬁlwdrqgenah@n gtid is AC 3,

phosphot unggdlystyraté ¢ partialy iidattatedibdckbone stighire by tHecw@mmahtsfe i s from
about 25C tﬁB@POUt 15 180C1 preferably, about 40C to about 140C. Sol vents,

whi ch are i to the grafting reaction and able to swell the polyner,
are used for thd r@rgiaﬁlnggeachne@cataimsﬂdyamnetaaofei_evos acidgiandd  t o,

et hy| ene cfybas hels, shoR =MBlONDRS I AICIE 9LOBRTAEFRCY, Bhoil o obenzenes,

poi L?mtﬁi”fmﬁdnﬁf@%%oﬁﬁﬁswéﬁ% e Al pEpmernior 2oL 1, o
out in an aAKIHElaadd&a(lli aﬂabﬂadtffomm:ofrtheaemaglqosums trifpteStorRx Pol  For nul a
Lo b branchihes SUERIHERHY SRREIC A AR B 01110 O
acid, phosphotungs c a0|d Preferably, the acid is AIClj, phosphotungstlc
acid or triflic acid. The grafting temperature is from 25°C to 180°C,
15  preferably, 40°C to 140°C.
Solvents, which are inert to the grafting reaction and able to swell
the polymer, are used for the grafting. These include, but are not limited
to methylene chloride, 1,2-dichloroethane, chlorobenzene,
dichlorobenzenes, nitromethane, and dinitfrabenzene. When the solvent
20 with its boiling point lower than the reaction temperature is used, the
reaction is carried out in an autoclave.

D | _ Formula IV

Each R is independently selected from the group consisting of H,

C1 to Cyp branched or straight chain alkyl and benzyl, C4 to Cyg
25 cycloalkyl, Cg to Cog aryl, OR1, CO-R1, and cyclic ether; wherein each R1
is independently selected from the group consisting of C4 to Coq branched
or straight chain alkyl, C4 to Cyg cycloalkyl, and Cg to Coq aryt, and
wherein x and y each independently are 0-5 and x and y each
mdependently are 0-6 if at least one of Ry or Ry contains an aromatlc ring,
11 :




.25 cycloalkyl, C6 to C20 aryl, ORl, CO2R1l, and cyclic ether, wherein
nei ghboring R1L groups could be connected to forma ring sta7audittheoamd
wheréin each Rl is independently selected fromthe group consisting of Cl

to C20 hranech or straight chain alkyl, Cl1 to C20 cycloal kyl, and C6 to
C20 ary&oa}’gﬁﬁﬁ%%erei n x and y each independently areP(S:-ng%% 9§ and y 30

~each independently are 0-4 if at |east one of RX or Ry contains an

aromt i o 1 a4 cSHAGE (Breth. ARATaND ORNMPIRBCTICRALRLIY ©) Crafting

Bi napht hol s_ on I n-contai ni n19 ! E atTton of materials of
Fornul a |V iremdhe geoupcogeisting effe uloyzedranchediqi straiohbehaimalky, (D) onto
ol ef i n- cont andCReb B9Y yordaikyl;SLis 0-5 @ y BW-B iuit isiseore ofRpEY Rier of but adi ene

and styrene 5 polystyrene. The fast is pre’f)ared by parti al
dehydr ogena??ng%n%grog%?q&ﬁn H¥he to partially unsaturated backbone structure

by the t¥eat nentThefprocesges tgecripedfabpye)progice aopelymersupporteddiddy a variety
of Lew s achfdpe tfhulroti ¢ aci ds, such as AIBr3, Al C13, AIF3, AlCIxF(3-x),
GaCl 3, Fed 3, Shd5, 10 ZrCl4, SnCl4, BC 3, BF3, SbCl 3, BF3.CEt2, BPh3,

al koxi de or phenol at e of AI(Pltl), and Ga(lll), other salt forns of these
metal s, such as trifiates or l° osyl ates, and sulfuric acid, phosphoric

aci d, polyphosphoric acid, tgflic acid, phosphotungstic acid. Preferably,
the acid is AlC 3, phosphaoﬁng}mic acigyor triflic acid. The grafting
tenperature is from25C to 180C, 15 preferably, 40C to 140C. Sol vents,
which are inert to the grafting reaction and able to swell the pol yner,
are useld for the\ff‘@f%iﬂtﬂcﬁgndﬂﬁs@mmwa amarben-eamhon bbidyi Qdsl  t o net hyl ene

chloride, la?odhfirMgAtuBRRe andPAP ORERSA0Re gogin%?'sgge nzenes,
nit r onet hanv%l’g and il [‘lil ﬁ%ng{ﬁne' phen %@g S fI e:t}Ee vmct h.its boiling
poi nt | owerWhe[EIR g gl 1S OERHGAANP aRcamer spiected finra fne graup cprsistidon i s carried
out in an aoftspledrerykhalietcohtaining polymer or a olefin-containing polymer; and
' wherein the diols are as described above. -
15 DESCRIPTION AND PREPARATION OF
POLYMER-SUPPORTED BiS(PHOSPHORUS) LIGANDS
Polymer-supported bis(phosphorus) ligands have been prepared by
a variety of methods known in the art, for example, see descriptions in
WO 93,03838; U.S. 4,769,498 and U.S. 4,668,651. In general, the
20 transformation involves the reaction of a phosphorus halide, typically but
not limited to chloride, with the diol to form P-O bonds. The phosphorus
halide may be any compound of the type PY X3_,, where Y = halide, X =
alkoxide, aryloxide, alkyl, aryl, and n =3, 2, or 1. The preferred
phosphorus halides of the present invention are those where Y =Cl; X =
25 alkoxide, aryloxide, alkyl, or aryl; and n = 1. The group X may contain
from 1 to 50 carbon atoms. [t may also optionaliy contain heteroatoms
such as oxygen, nitrogen, halogen, and the like, and also functional
groups such as ethers, alcohols, esters, amides, as well as others. The
groups X may or may not be linked to form a cyclic structure. The PX,
30 moisty may form a ring and X may also be alkoxide, aryloxide, alkyl, ary],
or a.combination of them. Many dialkyl chlorophosphines and diaryl
chlorophosphines are commercially available, or may be prepared by
meihods known in the art, for example, J. Am. Chem. Soc. 1994, 116,
9869. Phosphorochloridites, may be prepared by a variety of methods
35 known in the art, for example, see descriptions in Polymer 1992, 33, 161;
Inorg. Syn. 1966, 8, 68; U.S. 5,210,260; Z. Anorg. Allg. Chem. 1986, 535,
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OH OH A efin-containing polyner Rx Ry D Formula 1V Each R is independently
selected fromthe group consisting of H Cl to C20 branchpyaveichaboai ght
chain al kyl and benzyl, ClL to C20 25 cycloal kyl, C6 to C20 aryl, OR1,

CO2R1, ﬁ’@q’é@@ |c ether; wherein each RL is indepengﬁ?&éﬁggﬁgect ed from

the gro I'sting of Cl to C20 branched or strai al kyl, C1 to
C20 cycl oal kyl, and C6 to C20 aryl, and wherein x and y each |ndependently

are 0-5 an WI east one of Rx or Ry
cont ai ns agz W@ka Fehthe'r@ tﬁ(pr%f ghﬂ‘trﬁ Jsgﬁ%%’fg PCT/ US02/ 37967 and

9
combi nat i on@‘a}ﬂiﬁa&l%@f’es ﬁﬁe‘?'@%%‘m%é ZNEE(EIFOP&*‘QFQGW H’gt/ endently selected from
t he group consi s'lmerrgamlbnﬁithese@a[brdqﬂmsphmds mag&htsamm’na meteriab ol kyl,  and Cl

to C20 cycl e of RX or Ry

cont ai ns arle&lrtiﬂ'éhr}’thb? %eﬁg@%ﬂa%abégﬁe@a ﬁer Sﬁ@é{)ﬁéu;ove produce a

pol yner -suph @%Ph!l’iﬂtﬁ igand ‘F’f?é“ﬁ"fi?@rﬁvg‘e #pictureshowBOH (1) 10 wherein Pol
and Q are connected via a carbon-carbon bond; Qis an organic ring
structure; and Pol is an insol u!ifP'e pol ymer support; wherein a diol is
grafted onto a polymer sel ect ed fromthe group consisting of a benzyl

hal i de- cont ai ni ng pol yner arpg” -contai ning poJyner; and wherein the
diols are as described abové 15 DES | PTI ON AND PREPARATI ON OF

POLYMER- SUPPORTED BI S( PHOSPHORUS) LI GANDS Pol yrer - support ed

bi s( phosphor us) whegaXasad ihare the sampraspiefiedd Bpowe. vari ety of met hods known in

the artyg for exgamlfesehbvaftintbPhrePing the polymer supported
- bis(phosphorous) ligand of Formula 2 is accomplished by performing
additional steps to the process for preparing the polymer supported diol.
The composition represented by Formula 1 is reacted with
chlorophosphorus reagents in the presence of a base to give a polymer-
15 supported bis(phosphorus) ligand. Bases that are usefu! in the
preparation of these bis(phosphorous) ligands are tertiary amines.
The process for preparing the supported diol compositions as
.. disclosed hereinabove, followed by the process for preparing the ligand
compositions of the present invention result in compositions that have
20 electron-donating groups. The presence of these species in the ligands,
and ultimately the polymer-supported transition metal catalyst
compositions that are made therefrom, are useful, infer alia, in
isomerization processes. We further disclose herein a process for the
preparation of the polymer-supported transition metal catalyst
25 compositions.
The process described above produces a polymer-supported
bis(phosphorous) ligand (2) having the formula,

Pol

Q |
%P0~ “OPX; @

30
- wherein Pol and Q are connected via a carbon-carbon bond; Q is an
organic ring structure; Pol is an insoluble polymer support; and X is
selected from the group of alkoxide, aryloxide, alkyt or aryl; which is the

‘reaction product of the polymer supported diol described above with a

35 phosphorous hahde of the formula PY,X3.n, wherein Y is a halide; Xis
13




V\D.93,03839; US. 4,769,498 and U.S. 4,668,651. In general, the 20
transformati on involves the reaction of a phosphorus hal i deMuschi20aé |y but
not limted to chloride, with the diol to form P-O bonds. The phosphorus
hal i de any conpound of the type PYnX3-n, where Y = halide, X =

al koxi dg"?a/‘g%g 0% de, alkyl, aryl, and n = 3, 2, or l.PC'Fﬁ@“%V%q"’erred
phosphorus halides of the present invention are those where Y =C; X 25

al koxi de, a ' vl I . .may contain
from1lto 558!%%?%%‘:?%@%%&3 ?J"ﬁ%XQPE%R%‘d‘ﬁéﬁ‘é?’f@&%é tI§| nam}t eroatons such
as oxygen, AN AGgd? ohkl Bykmhersingwhae X is re alkaxidesaryloxidenatkylemal  groups
such as et haiys X mag ebsthin, fres a6 SO carionefoms hetdrbhtonss, Of fikiclonalNe  groups X
For ma 11 ncOlanae sekkisidiont fe o ByRHny S Sielt alboRapshiersatod . Tor Y ™
a- conbi nat | @MIdes. t hem Many di al kyl chl or ophosphi nes and di aryl
chl or ophosphi nes are c@RBERIPTION ARPREPARATION®Y be prepared by nethods
0

known in the ar ne 0 094 6, 9869.
Phosphor ochl ori et ,E z ﬁﬂmm F=ratrods 35 known in

the art, for exaihe tensition medsioatalystowhichrar®alsubject df38i8 inv@dtiod 61; | nor g.
Syn. 1966, ' . 10rg. Aug. | Chem 1986, 535, 12 27
March 2006 %%@?8%8%%%@9'@%@%@%8@221 For exanple, the reaction of
2,2' -bi Phenol with phosphorus trichloride gives

1, 1' - bi phenyl - 2, 2' - di yl phosphor ochl of¥'di te. The reaction of these

chl or ophosphorus reagents with a material of Fornmula 1 in the presence of
a base gives a pol yner-supported LH.0rs{ phosphorus) |igand exenplified by
the structure shown: Pal X2PO' Q " 7OPX2 (fZ) where X and Q are the sane as
defined above. 10 The present imr}xzéntion for preparing the polynmer supported
bi s(phosphorous) 1igand of For R j/sp’%ccorrpl | shed by perform ng

additional steps to the process for 'ﬂrepari ng the pol yner $3bported diol.
The conposition represented by Formula | is reacted with

wherein Q and X are the same as defined above. M is a transition metal
capable of carrying out catalytic transformations. M may additionally

15 contain labile ligands which are either displaced during the catalytic
reaction, or take an active part in the catalytic transformation. Any of the
transition metals may be considered in this regard. The preferred metals
are those comprising groups VI, IX and X of the Periodic Table. The
catalytic transformations possible with these catalysts comprise, but are

20  not limited to, isomerization, hydrogenation, hydroformylation and

- hydrocyanation. The most preferred metal for hydrobyanation and
isomerization is nickel, and the preferred metals for hydrogenation, and
hydroformylation are rhodium, cobalt, iridium, palladium and platinum, the
most preferred being rhodium.
25 The zero-valent nickel compounds useful in the present invention

can be prepared or generated according to techniques well known in the
art, as described, for example, U.S. 3,496,217; 3,631,191; 3,846,461
3,847,959; and 3,903,120. Zero-valent nickel compounds that contain
Iigahds which can be displaced by the organophosporus ligands are a

30 preferred source of zero-valent nickel. Such preferred zero-valent nickel
compounds are Ni(COD), (COD is 1,5-cyclooctadiene), Ni{P(Q-0-
CgH4CH3)3}2(CoHy), and Ni(P(O-0CgH4CHs)s)s. These nickel
compounds are known in the art. Alternatively, divalent nickel compounds

may be combined with a reducing agent, to serve as a source of zero-
14




chl orophosphorus reagents in the presence of a base to give a polyner 15
supported bi s(phosphorus) |igand. Bases that are useful i n7AtMechpogparation
of these bis(phosphorous) | igands are tertiary am nes. The process for
preparip upported diol conpositions as disclosed, h i_nabove,

fol |l owe 'Qm%W§ process for preparing the Iigand coﬁﬁ5§§?§3ﬁg of the
present invention result in conpositions that have 20 el ectron-donating

groups. ThaRRMREAnthe MG SOERbRS A eﬁmcﬂéf 1 86fifundRkityd | L ety the
pol ymer - sup e ?r}]leo TNF‘% ca@ tlons that are nade
t her ef rom ‘%@%@FG the; fprayla MY 2 wherg -|°E Q"M t&y0hcesses. W further
di scl ose hedoetylacet@rate.cSaitdbde rédhelngmgemnmﬂwdmmefal bo@hpdiidaser - support ed

transiti on e Lluﬁﬁ'ﬁlﬂh)ﬁgan{e ﬁggﬁg%% a R’I‘@, Py ocess descrl bed above

pr.oduces a- mer-su qJJ oY 6us) 4'i gand havi ng the
fornul a,5 PoI ﬂ:@prm%m{b@ﬂ akieue praduces a pelymeraHep ected via a

car bon-car %]?gr&mp@smgnaﬂtmq&mc ring structure; Pol is an insoluble
pol ymer suppor and sel ected fromthe group of al koxi de, aryl oxi de,

al kyl or aryl; which is th reacti on product of the polynmer supported diol
descri bed above with a 35 ﬂosphorous hal i de of the formula PYnX3-n,
wherein Y is.a halide; X i 13 27 March 2006 WO 03/ 046019 PCT/ US02/ 37967
sel ect ed fromthe groupg e’6n§$ ting of al koxide, aryl oxide, alkyl and aryl;
and n = 3, 2, or 1; and wherel , when X is an al koxi de, aryl oxide, alkyl or
aryl, X may conta| n frhzé‘r 1 tox'go carbon atons, heteroatons, or functional
groups selected fromt aﬁp consigting of ethers, alcohols, esters, and
5 ami des. DESCRI PTI ON AND PREPARATI OF POLYMER- SUPPORTED TRANSI TI ON
METAL CATALYSTS The transition netal catalysts which are a subject of this

i nvent i@ wherein Pol and Q are connected via a carbon-carbon bond; Q is an
organic ring structure; Pol is an insoluble polymer support; X is selected
from the group of alkoxide, aryloxide, alkyl or aryl; and M is a catalytically
active transition metal; which is a combination of a polymer-supported
bis(phosphorous) ligand as described above with a catalytically active

15 transition metal, M.
Isomerization using Chelating Phosphorus-Containing Ligands:

Improved isomerization processes can be achieved by using
reagents with minimum amount of specific harmful impurities. The
chelating ligand compositions of the present invention can be used to form

20 catalysts, which may be used for the isomerization of branched nitriles to
| linear nitriles. The isomerization comprises contacting an alkenyl nitrile
with a catalyst disclosed above under conditions sufficient to isomerize the
alkenyl nitrile. The process can be run with or without a Lewis acid.
Examples of suitable alkenyl! nitriles include, but are not limited to, 2-alkyl-
25  3-monoalkenenitriles, 3-alkenenitriles, or combinations thereof. The
' isomerization can be carried out under conditions which depend to a
certain extent on the particular catalyst being used, the alkenyl nitrile, the
volatility of the reagents and products, and the desired rate. An improved
process is to use branched nitriles containing less than 500 ppm of
30- peroxides. Preferably, the branched nitriles contain less than 100 ppm of
peroxides. Generally, temperatures of about -25°C to about 200°C can be
used, with 0°C to about 175°C being preferred.
A 2-alkyl-3-monoalkenenitrile can be obtained other available

sources. The olefinic double bond in the 2-alkyl-3-monoalkenenitriles
15




are defined by the formula shown below 10 (3) wherein Q and X are the sane
as defined above. Mis a transition netal capable of car r¥iMgrch 2006
catalytic transformations. Mnmay additionally .15 contain |abile |igands

whi ch aﬁ@r"?}"‘?éﬁﬁr di spl aced during the catalytic rea%h}ﬁ]g?ng#gt ake an

active the catalytic transformation. Any of Ition nmetals
may be considered in this regard. The preferred netals are those '

conpri sing &'éﬁ%%té/&ih%fﬂa‘téﬂﬁ?ﬂﬁ the RbmiehSatlef! dfbfbe eag@gat%m thgatal ytic
transfor rratl_oniwgosoil e Wt thgiﬁ‘ac‘ata XStiét?"B” €, but are 20 not
limted to,t_"P|§ Aic} Hhie HRNCYRHPo plegtiarting dralideny | ation and
ngggtr:ixfg?itmmalm_ gimles ca aiﬁaemanylrgm;:althétmro rmtdttacmar eabtaﬁygé,gﬂgt Con. and
hydr of or nylfg{]?%%"@%‘e%&ﬁ%edi%g%é Q@Bgl PF&F"ﬁq%&'tﬁ%t&%gﬁnbgﬁl%%énd pl ati num the
nost pr &f erfPepakaneyitiilns gentain from Fie 8 carkenaipms: exdluding anyorpounds useful in

the presentaddﬁtmatémtmaﬂ. M&ﬁyﬁ%tﬁ&@ﬁtﬁ&qg%ﬁ@sﬁéciﬂl mipdtast t o techni ques
wel | known in.. ar t cr.i be $ 496, 217;

t he .. as de d. faqr ex le
3631, 101 Siging maghal, bESausE § Bsoinizes 16 pPASR SRR AN, i okel
conpounds twhich indotraisnuised tgprodscenadipdnitriien Gthed rapresentative ittilee
or ganophos 'é;!gfmf- _ X _Zer o-val ent ni ckel .
Such pr%f e%?éﬁﬁ%(‘aﬂr,o-va gﬁ{uﬁ%?&igl-@tﬁﬁr&%ﬁlﬁg S ar%ﬁwlc%)ﬂ (COD is
1, 5- cycdi%oo eEle. N {P(O 0- CBHACH3) 3)2(C2H4), and Ni (P(O 0CBHACH3) 3) 3.
These nickel cyvipeniihestating hitritevs 2-methyb3dutenehittiler that i vel y, di val ent

ni ckel co : | AR | t, to serve as a
source of ”?%&#ﬁ&izﬁ:%%&@gﬁ%8%&?@%%@?%@9&37967 val ent ni ckel
in the reactionThsisamgsizatien praress ofiihis trventionpauhe sairigdioutidor conpounds of
t he for mul @xiinple, Whatrfosphific Prbiie andat BAY rapdatudé in thE Pingeastet onat e.

yar i 03, " Rt RS adly iR e Bad Bifb-10cs MirpERie B tlascri bed above
produces a gpiticsineowanepandtcag becaitont ps belowrgimespheric péssune if or nul a
: ' desired. Any of the conventional batch or continuous flow procedures
may be used either in the liquid phase or in the vapor phase (with respect
to the relatively volatile 2-methyl-3-butenenitrile reactant and linear

20 pentenenitrile products). The reactor may be of any mechanically and
chemically resistant material, and is usually of glass or an inert metal or
alloy, such as nickel, copper, silver, gold, platinum, stainless steel, Monel®
or Hastelloy®.

_ The process can be carried out in the absence or in the presence

25 of a solvent or diluent. Any solvent or diluent that is inert to, or
nondestructive of, the catalyst can be used. Suitable solvents include, but
are not limited to, aliphatic or aromatic hydrocarbons (hexane,
cyclohexane, benzene), ethers (diethyl ether, tetrahydrofuran, dioxane,

, glycol dimethyl ether, anisole), esters (ethyl acetate, methyl benzoate,

30 nitriles (acetonitrile, benzonitrile), or combinations of two or more thereof.

‘ A non-oxidizing environment is desirable in order to retard oxidative
deactivation of the catalyst. Accordingly, an inert atmosphere, e.g.,
nitrogen, is preferably used, although air can be used.

The catalyst {complex of Group Vil metal, preferably nickel, and

35 chelating ligand) is essentially nonvolatile, whereas the 2-methyl-3-

" butenenitrile reactant and the linear pentenenitrile products are relatively
volatile. Accordingly, ina continuous flow procedure, the catalyst can be a
component of the flowing system in a liquid or slurry-liquid-phase

16




Il X2P\ M/ PX2 (3) 10 wherein Po) and Q are connected via a carbon-carbon
bond; Qis an organic ring structure; Pol is an insol ubl e2p®layker00support ;
X is selected fromthe group of al koxide, aryloxide, alkyl or aryl; and M
is acatalytically active transition netal; which is a conbination of a
pol ynerw%bﬁq‘)ped bi s( phosphorous) |igand as descri B&d"SB¥&Mith a
catalytically active 15 transition netal, M Isonerization using Chel atina

Phosphor us- GLE! 1P ark LEBBAS o L NERNAMATTRIIF el dpesses can be
achi eved by 'usi n% reagents wth mnjnuma nt of “speciT1C harnful

i mpur i ti es. VaRRE PRRRRPRAMANRYN. 1o §aRRY Relpbinedihndsstate in Reopyendienal i nvention can
branched ni tr1 e e o e P Compri ses
contacting an a?@eenty ehéf{']'ﬁlgﬁ é& ti\}é lsﬁﬁ‘ze"égﬂ;"il é@&%tg@tﬁ%ﬂ pé%cg@gll under

condi ti ohs levgliaf epeyarsion of, Jemexampte, 2nalkyla-engalkenienitiilecto Mear pr ocess can be

run with oraiéridiitle i8 dbdentGhsh theRXRMPBIAFre O réddtibRhleS cpleldtion! nitriles

i ncl ude, but 2LE not limted t 2-al kyl 25 ﬁ m)t?.oal kergﬁnl triles,

3- al keneni tti ?‘@%’:tempeﬁ%wﬁiQ%Ffaglﬂéeqq'l@ﬁédf”.‘gef e Hag ppey QE‘FE)ﬁ can be

carri ed outhighetdemperatirei dngraclinat readtipre ticietcan de i thet mnge ekadaw on t he

parti cul ar | , ot AN volatility of the
reagents an pfﬂ{j)ydﬁhpgﬁy ngﬁ?ﬁ'g"ge%??@& frag%ﬂe?.up%%hP%)'é\?@End'}ggggess is to use
br anchetf nit ?ipﬁ'@@“g"éﬁf’ﬁ‘?'ﬁ‘?'ﬁgaﬂ%@hpﬁ oBefaligMdm of 30 peroxides. Preferably,
the branched ni tihiel melacrativaif 2-dligsS-rdaalkedenippietotatapstioxi des. General |y,

e 2t Bt lder 9 £ bl R B EF "o
avai | abl e Referatdy 10Grddo élQQﬁiﬁerr adfeatoh er etiaubys eprration.
2-al kyl - 3- ripppelohipation (sih@ Chefbling PhdEitius 00/t P3GAIR019 PCT/ US02/ 37967
e A N ek i S BEGaeet ERapih b gy o 97! €0 1o the
nmonoal kenergatalyste whichimay be used foy hydrofgmyiatian oflintemnal att ack the catal yst,
' monoethenically unsaturated organic compounds with 2 to 20 carbon
atoms or cyclic monoethenically unsaturated compounds with 5 to
20 carbon atoms to produce corresponding aldehydes. The catalyst
20 comprises a Group VIl metal or Group VIil metal compound combined
with at least one polymeric ligand of the present invention. Preferred
Group VIl metais for hydroformylation reactions are rhodium, iridium, and
platinum, the most preferred being rhodium. The Group VIl metal may be
in the form of a compound, such as a hydride, halide, organic acid sal,
25  ketonate, inorganic acid salt, oxide, carbonyl compotmd,-amine
compound, or combinations of two or more thereof. Preferred Group VIl
metal compounds are Irg(CO)3, IrSO4, RhCl3, Rh(NO3)s, Rh(OAc)3,
Rhy03, Rh(acac)(CO),, [Rh(OAC)(COD)],, Rhy(CO)qs, Rhg(CO)4e,
RhH(CO)(Ph3P)3, [Rh(OAC)(CO),ls, [RhCI(COD)],, and combinations of
- 30 iwo or more thereof (“acac” is an acetylacefonate group; “OAc” is an
acetyl group; “COD” is 1,5-cyclooctadiene; and “Ph” is a phenyi group).
However, it should be noted that the Group VIl metal compounds are not
necessarily limited to the above listed compounds. Rhodium compounds
suitable for hydroformylation can be prepared or generated according to
35 techniques wel! known in the art, as described, for example, in PCT Patent
Application WO 9530680, U.S. Patent 3,907,847, and J. Am. Chem. Soc.
1993, 115, 2066, incorporated herein by reference. Rhodium compounds
that contain ligands which can be displaced by the present polymeric
17




for exanple, another cyano group. Preferably, the starting 2-alkyl-3 5
nonoal kenenitriles contain fromb5 to 8 carbon atons, excl utfi Mgrcar2p06

addi tional substitution. 2-Methyl-3-butenenitrile is an especially

i mportant starting material, because it is isonerized to produce 3-pentene
nitril eVORFLY inturn is used to produce adiponi triqcérmsﬂﬁﬁﬁﬁr"
representative nitrile starting materials include 2-ethyl-3-butenenitrile

o ol Opy%}a%gme ﬁﬁrﬁgggﬂeﬁéﬂeﬁfrm\@y&'ﬁr& rﬁ&%énib ug[;H ?t'ésl Af%g&: rEent enenitrile

2- met hyl - 3- nenitrilé, soneri zati on are
and 4- pent eprefariad thediumeomrayngs araRhGPl@easds of this invention can be

parri ed OUtRh(fGU)z(%%mCﬁﬂC@tt-@nﬂ-gﬂwﬁegi, Rhm%mem)ﬁt any tenperature
h 51200 | he .. f "60-150C. Th
bressur e | SRS SRS S ERoAE) ahd s RB BT P S8R, at mospher i ¢

pressure} itherapésired. Any of the conventional batch or continuous flow

procedur es mayméiﬁ&ﬂwt%ifir_aﬁéi}iérﬁnémidthsehﬁlﬁ?ﬁéfyg?gtambhﬁt,Vapor phase

(with respect, to the relativye olatile 2-re enenitrile reactant
and. 1 near SRIOBEAS ZAGHIP Feults cHmbe oBlaner Wit 5pEeio salpNsh of any

mechani cal | getizityland processetononesi s gandralytiteemiolar rationsf polymegigal | y of gl ass or
an inert s | .45k Lyer., d, platinum
st ai nl essmsq[g%gfj?é %ﬂ%"ﬁ?eﬁﬁgﬁgﬁﬁ%mﬁ%{(}g{ E)r‘I Egg\sﬂgutgggl. e carried out
in the Hbsepfeteraply fram ahoubdstepbeut 2051 thasgd om roelgs pbespiiorugep®r.  Any sol vent
or diluent mbRtmétali nert to, or nondestructive of, the catalyst can be

d. Suitabl | ' l.imted i phat i
oy omat i o hydr ocanponacam ineRiuoBiingaiteBtieni RnERahlatiy, £ (i ot by
et her, t et refggaiccompawnd Hadna aticastgingCGFCEbomd imthe endiesule amd sol ), esters
(et hyl aCEtﬁb%raB]??{W\/\Eb@@%@an AOmR! Enalles(GSaitable kilehfalpenzoni trile),

or conbi ation di zi nlg? environnent is
e catal yst.

Gest rabl b iUnaarusated,Sanis sHRPHIAE AR, butBIoy Bt o
Accor di ngl yterminal olefirtic hydrosgrbens; forexgmple, ethylergepropylenpy ef er abl y used,
o1 LrorSh, o GoERReCPaEs ThEcE otk TORLA: Rt V1) L
wher eas t hel-tetiadesgne, -haxadesras; i"PP%éeF%thtkﬁi@osﬁﬁﬁ'aﬂﬁé'dqqfi’éarr‘e;
pent eneni t réychc elefsit GySroasohs, fai éxepiple, cybloRéxdne, cyidpntinegl y, in a
conti nufg's .Bcrgﬁé'ﬁe%rtgﬁﬁgglro%ﬁﬁig ﬁyacrgct;aar{)élnsst, fcycratl':zrf«:trtﬁ(f:")ie"f1 isobutene and
S 2-methyl-1-butene; linear internal olefinic hydrocarbons, for example, cis-
and trans-2-butene, cis- and trans-2-hexene, cis- and trans-2-octene, cis-
and trans-3-octene; branched internal olefinic hydrocarbons, for example,
2,3-dimethyl-2-butene, 2-methyl-2-butene and 2-methyl-2-pentene;
25  terminal olefinic hydrocarbons; internal olefinic hydrocarbon mixtures; for
example, octenes, prepared by dimerization of butenes; cyclic olefins, for
example, cyclohexene, cyclooctene; and combinations of two or more
thereof.
Examples of suitable olefinic compounds also include those
30  substituted with an unsaturated hydrocarbon group, inciuding olefinic
compounds containing an aromatic substituent such as styrene, alpha-
methylstyrene and allylbenzene.
" The unsaturated organic compound can also be substituted with
one or more functional groups containing a heteroatom, such as oxygen,
35 sulfur, nitrogen or phosphorus. Examples of these heteroatom-substituted
ethenically unsaturated organic compounds inciude vinyl methyi ether,
methyl oleate, oley! alcohol, 3-pentenenitrile, 4-pentenenitrile, 3-pentenoic
- acid, 4-pentenoic acid, methyl 3-pentenoate, 7-octen-1-al, acrylonitrile,
18 -




conmponent of the flowing systemin a liquid or slurry-1liquid-phase 16 27
March 2006 WO 031046019 PCT/ US02/ 37967 operation. |t can apRake dobsa
nobil'e non-flowing liquid state in a sem - vapor phase operation, or it may
be in a_fixed-bed state in a conventional flow ng va%or-g)hase operation or
f1 owi ngMA%G8#8%nhase operation. The tinme required fof tHE8¥<Wteri zation
process to obtain a practical 5 level of conversion of, for exanple,

2- al kyl - 3- | QLI | ' I LdLidl g wsy dependent upon the
t enper at ur 28 égﬂ%r%gdgé‘}g'tns: hie&ey_l %&X%ﬁeér]g@élt%anay]gt : o%/\%yst @'r?lrl) #at ure generally
requi res a methgerlate.mcrelpinnalyhalcabolodrpaptenal, AibgAtanat @Rer at ure. A practi cal
reaction tigamisinatidie dof fwd Bemopwhereef. a few seconds to many hours (e.g., 2

et hod of _opor ot Vel a RT3 3 e heridf B bt Bledi T oni 117 2"t o

cat al yst5 i sfollowgneral |y greater than 1:1, usually in the range from about
5:1 to 20,000: 1, preferably 100: 1 to 5,000: 1, for a batch or continuous
operation. = Wirof ornyl ati on using 13 doRBosition

Phosphor us- CHp{(GH §)f -CH=GHICHa)eRS: Mm | IGHONES B, LR present

i nvention may be used to form catal y$eéC@hi ch may be used for

hydr of ornmyl ation of internal nonoethenically unsaturated organi c conpounds
with 2 to 20 carbon atons or cyclic nonoethenically unsaturated conpounds

with 5 to 20 carbon atons to, pr oduceadlt doppiaiedi ng al dehydes. The cat al yst
20 conprises a CFByi HAGH DRt al o‘r—G'g’trTg—gg‘\'TﬁTE‘\'al @iﬁrﬁ%‘lﬂdr@gnbi ned with
at | east one polyneric ligand of the pr §nt invention. Preferred G oup
Vill metals for hydrofornylation reactions are rhodium iridium and

Pho form of o sdiitAipvedgaRiclE, RO HPENL "COIRE (EIORRI 81 &' sart, 25
ketonate, i ﬂﬁ@gﬂ?@rggmgmggpms, ofdwp @& marethesesf] ¥ isarpibtegar fremi ne  conpound,
O A e i s R o E =S = o AT
Rin( boac) ( O HroRADe prsdpy sty G Gaieteng O Skdlpies)  prse) 5
- [ Rh( OAC) ( CaytirealkjIRG Cta Cappyrihalkyh @nd Eigito Bap aoyks of 30 two or nmore th e reof
("acac” is a n gepfiollarfrbeiel tinsatlatéPorgafif Compdufds are
oo 3-pentenenitrile, 3-pentenoic acid, 3-pentenal, allyl alcohol, and alkyt
15 3-pentenoate, such as methyl 3-pentenoate, and combinations of two or
more thereof. The linear aldehyde compound prepared by the present
process starting with one of these compounds can be used
advantageously in the preparation of caprolactam,
hexamethylenediamine, 6-aminocaproic acid, 6-aminocapronitrile or adipic
20 acid, which are precursors for Nylon-6 and/or Nyion-6,6.
' The hydroformylation process of the invention also can be carried
-out with a mixture that comprises two or more unisaturated organic
compounds. For example, 3-pentenenitrile can be present in a mixture
containing 4-pentenenitrile. Because the 4- isomer reacts in a similar
25 fashion as the corresponding 3-isomer to the desired linear aldehyde, a
“mixture of isomers ¢an be used directly in the present process.
~ The 3-pentenenitrile may be present in mixtures containing
impurities that do not interfere with the hydroformylation reaction. An
example of such an impurity is 2-pentenenitrile.
30 The hydroformylation process of the invention can be carried out by
any means known to one skilled in the art, such as, for example, the one
disclosed in U.S. Patent 4,769,498 the disclosure of which is incorporated

19



_acetyl group; "COD' is 1,5-cyclooctadi ene; and "Ph" is a phenyl group).
However, it should be noted that the Goup Vill netal con@ayuidshanes not
.hecessarily limted to the above |isted conpounds. Rhodi um conpounds

sui t abl ﬁ,ggog{%{a%@dr of ornyl ation can be prepared or genggi}r#%&éﬁ&gor ding to 35

techniq known in the art, as described, for n PCT Patent
Appl i cation. WO 9530680 U S Patent 3,907,847, and J. Am Chem Soo. 1993,

géﬁt a|226l6l gan sr &&alﬁ}’thée%r@éé@% 'm'ﬁ% rrerl c aga57 ‘Mar ch
2006 WD 03/ ¢Rsiips sl“&%ﬁﬂg fgefg Rfﬂg%cﬁ'ﬂf‘toéalqeﬁgﬁggﬁeéﬂé ¥referred source
(()f r h;)dl um exanapip | the tevfipesaiiuie caqut lpé fromeabouh 00 to20M5Cpprefedablar e) Rh( CO) 2

acac CO) 16,

Rh( 02CCH3) 2, &Eﬁf’éw Oﬁildf(é?%a ge)preﬁ?glﬂﬁg |gﬁé*§; ?\%}éor nore 5

t her eof .5 Thregsiie mayofary framdiormalpragsuse tq ﬁMFFaa peeferablyftorg 8 t9e any anount,
so long as imnyanieq:zréméﬁss aﬁanubee@mwmctmaiﬁbdmm dr@l cat al yst

t t f I i
[ gand 1ot ouRar FOBRAE paaprerury el gaste Bl iedin 8ead s oot 100: 1,
10 pref er abpressuremaybeuy frampormakiyessure ® 15 Mizewhierdinerhghsss aieosphor us per
gtr)lg:mngt 21)) reIé}ﬂ E?@ﬁlbw n?d?tratﬂf oftﬂ}ﬂrdgléﬁrt&ﬁé’rbﬁﬁ 'ni’dd Qi&eﬁé ﬁér%?élfyeiufig gﬂzat urated
pr ef er af yn@ﬁ\“ﬁe'& @ﬁta@oﬁi%ﬁ&a b@’ﬁ%ggsa%p" é tt'%m°ét ethenically 15
unsat ur at edprefeyedithatcn ty oaticisf oartmdmdenome aad hydrogerl isuseéd to, |inear
term nal ol ef i N bLREBF RBGst i SEI6KATB!fat rEIGRIbIE NI EAR KL e

1- but ene, 1-pentene
1-t et r adeccotdaingd W@‘hé%ﬂ@éh@ Ca@YﬁﬁﬁM@ﬁé pracesg €ger9BY.afd 1- dodecene:

cyclic ol efg erneealrmdrcoﬁeérhmﬂen of@ansﬁmf}‘ﬁétﬁl inae rezietienredivay,cl opentene, 20
o anchefs | U BBh A noB AR RS A Bl S0 ne 2
cis- and t reampositiont amksolvent (if piegent),0an-be-betweere 10 end 10,808 ppmans- 2- oct ene,
g;; - ﬁgd tr AP m3redSreRSsly BERREASY At Lo0PppA! &fiduthied Y #eeFrétaons. for
The molar ratio of the present polymeric ligand to transition metal is
selected so that favorable results can be obtained with respect to catalyst
20 activity and desired aldehyde selectivity. This ratio generally is from about
1 to 100 and preferably from 1 to 20 (moles phosphorus per mole metal).
The solvent may be the mixture of reactants of the hydroformylation
reaction itself, such as the starting unsaturated compound, the aldehyde
product and/or by-products. Other suitable solvents include saturated
25 hydrocarbons (for example, kerosene, mineral oil, or cyclohexane), ethers
(for example, diphenyl ether or tetrahydrofuran), ketones (for example,
acetone, cyclohexanone), nitriles (for example, acetonitrile, adiponitrile or
benzonitrile), aromatics (for example, toluene, benzene, or xylene), esters
(for exampie, methyl valerate, caprolactone), Texanol® (Union Carbide),
30 dimethylformamide, or combinations of two or more thereof.
_ The hydroformylation process can be run in solution or in the gas
phase. When the hydroformylation is carried out in the vapor phase, the
preferred temperature range is from about 50°C to about 180°C, most
preferably from about 80°C to 110°C. The temperature must be chosen
35 so as to maintain all of the reactants and products in the vapor phase,; but
low enough to prevent deterioration of the catalyst. The particular
preferred temperature depends to some extent on the catalyst being used,
the olefinic compound being used, and the desired reaction rate. The
' ' 20




2, 3-di net hyl - 2-‘but ene, 2-nethyl-2-butene and 2-net hyl - 2- pent ene; 25
termnal ol efinic hydrocarbons; internal ol efinic hydrocaryomarshdoses; for
exanpl e, octenes, prepared by dinerization of butenes; cyclic olefins, for

exanmpl e, cycl ohexene, cycl ooctene; and conbi nations Qqf [ nore
thereofwol':‘éé#ﬁf es of suitable olefinic conpounds al S%CFW{?g%G”t hose 30
substituted with an unsaturated hydrocarbon group, including olefinic

conpounds Cﬁs&aﬁr@' @g?ﬂ?%gs;@e@teah@ﬁg%ﬁﬁéaﬂsm cérgﬁ@frﬁn% Sk R 2l pha-

met hyl styrene an unsat urated organi ¢ conpound can al so
be substi t PO WMHA. %&?@’ﬁs%ﬁﬁd temperatyrrorghbinatind myskba ¢hasgna het er oat om
such as oxygess to Baintin faactantd andpeducts imthesppor prrasebEfagipées of t hese

h i, ' i ds i ncl ud
Uiyt et ny R 008 i BRoddr XuctEs NIl eI B IRRETED, | el e
4- pent erfeni avoid expasureofiaiiragnsitive epiglysis tp @xyaandran it al- Aet hyl 3- pent enoat e,

7- oct en- 1- AyaseB s Wil dTithedesirbd AinsHpAMACcANELD RoMARAS ABCT/ US02/ 37967

e P RSl By R er SRS e R ol
‘conbi nat i orargoh, is thencpassed throtgiv thefreacttrewhilechontasting thet sadalygtr ocess of t he
L:QYSP;L?”Cé‘%o%?ﬂ'“n"%‘i‘é&%%%é‘%@'ﬁ'%%’*99@@2&%&%@%&% TR atal yst
conposi t4 Orprgjrwﬁme@j%@;ec@qer%by cpolingy Theseaglar effiusnt cap Il?g:{é( 6% equations, R6
is H -CN coob2étéd to Gs@nifigvalve GhiDcan b&Ritalyfdd byogasconmbi nati ons of two or
o e iealobrdhy, MRS O] oty W Blduhdn | 1t 20t 110 0
Cl to C20 thulyialdehydss ebtaineqfiem hydroformylation of propylene, can be
quantitatively separated and analyzed using a 30 M DB-Wax® capillary
15 GC column,
EXAMPLES
The following non-limiting, representative examples illustrate the
processes for the preparation of the ligands and catalysts of this invention.
Unless otherwise specificed, all chemicals and reagents were used as
20 received from Aldrich Chemical Co., Milwaukee, WI.
Legend:
1-Pr means isopropyl aicohol
(o-iPrCgH40)> means isopropyl phenyl
SL means supported ligand
25 SC means supported catalyst and the number corresponds to the
SL number.
I_E_XAMPLE 1: GRAFTING 3,3'-DIISOPROPYL-6,6'-DIMETHYL-2,2"-
BIPHENOL ONTO MERRIFIELD RESIN

: Pol
| i-Pr '
OH OH

A mixture of 3,3diisopropyl-6,6'-dimethyl-2,2'-biphenot (1.0 g),
Merrifield resin (1.0 g, 1.9 mmol Cl), ZnCl, (0.2 g) and 1,2-dichloroethane

_ i-Pr
30

21




chain alkyl, ClL to C20 cycloalkyl, and Cs to C20 aryl. Particularly
preferred unsaturated organi c conpounds are 3-pentenenitridsarcR2pest enoi Cc
acid, 3-pentenal, allyl alcohol, and al kyl 15 3-pentenoate such as net hyl
3- penten nd conbi nations of two or nore there | i near al dehyde
conpoungfg?gﬂﬁ ed by the present process starting m&?ﬁ gW B these
conpounds can be used advantageously in the preparation of caprolactam
hexanet hyl \ i trile or adipic

20 acid, wh qﬁb% egua?s%g%gﬁgmr 7061@ f§r4§%y/%g‘ ng‘@sG The

fydr of of myl ater%wasge@wghaﬁxawé (XU BN Melianoh A0 bk fied out wi th a
m xture thadnmlwpcuma) conpounds. For
exanpl e, 3- p¢ ) i,qi ng

4- pent eneni : 5 fashion as
t he cor réespormRQi m xture of

i soners can be usgq:mgmggt(jmr'gmlwmmr{j RESHS AND Difbe 3-pentenenitrile
may be present in [ ﬁ'do not interfere
with the hydroformr&é 6 i h an inpurity is
2-pentenenitrile. 30 The hydr of or nyl ation pr ocess of the invention can be -

. carried out by any neans known to one sKkpdlled in the art, such as, for

= exanple, the one disclosed in U S , Patent 4,769,498 the di scl osure of

“ which is incorporated 19 27 ! 1046019 PCT/ US02/ 37967 herein
by reference. Generally, the carried out under any
condition sufficient to effeg ZZs gq_of a desired al dehyde. For
exanpl e, the tenperature capr be fron1about 0C*ioPR00C, preferably from

Vary. from normal  pr 4SUibe eBREOEn, b ef SORMPSRABOG 1 to 2 Mpa. The
pressur@ is, as a ruI e, equal to the conbi ned hydr ogen and carbon nonoxi de
From nor el pr cedtpE 8t 18 TRBIY(ES b SR Ty ' Fectnts The molar
ratio of hyﬁg 2dgemopyiphenyh phosphossdhiridite (489 massisfirred irbahoséen 10: 1 and 1: 10,
and pref er gty it Retet@nfdrbiuta (FHA) iér 30 hirl. STHRSbutylamine (1.0 g) was
added to the mixture. The resulting mixture was stirred at room
15 temperature for 4 days. The solid was collected by filtration and washed
with acetonitrile (2X20 mL}, and vacuum dried tfo give 0.7 g of the ligand.
Elemental analysis: P% 2.4.
EXAMPLE 2: GRAFTING 3,3'6,6-TETRAMETHYL-5 5'-DIISOPROPYL-
2,2-BIPHENOL ONTO MERRIFIELD RESIN

20

i-Pr i-Pr

OO

A mixture of 3,3'6,6'-tetramethyt-5,5'-diisopropyl-2,2'-biphenol
25 (0.7 g), Merrifield resin (0.5 g, 0.85 mmol Cl), AICl; (50 mg) and 1,2-
dichloroethane (6.5 g) was stirred at room temperature for 3 days and-
70°C for 2 hours. The solid was filtered, washed with hexanes (2X30 mL})
" and methanol (3X30 mt.), dried on full vacuum to give a solid (0.64 g).
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preferred that a 1:1 rati o of carbon nonoxide and hydrogen is used. The
anmount of catalyst is selected so that favorable results camwagh2008ai ned
Wi th respect to catalyst activity and process econony. In general, the
concentration of transition netal in the reaction msdl u 15 which

conpri s&Q UM sat ur at ed organi ¢ conpound,- a catal ystt© @8%&%@7“ on, and
solvent (if present), can be between 10 and 10,000 ppm and nore preferably

Dot ueen 50 ERAyb PN RN BAV R SERi oA Rl L ESANMRLER) T2t 10 of e

present pol¥yme \ s hat favorabl e
resul ts can BROMITh ="!- TION 3356 FEIRAMETH "*"1"" y and desired

al dehyde sel eCt'Z/.E’tBIPHE'N@L GRWFWEMERHIFIELDSQESMED@I 2.1 to 100 and
preferably fromT to ( 3 C .tha The sol vent may
be the m xture of r e HYyo SEattom—reaction itself, such
as the starting unsaturat ed corrpound the al dehyde product and/ or
by-products. Qther suitable salprents incl- Bde Ea]t urated 25 hydrocarbons (for
exanpl-e, kerosene, mneral oil, ethers (for exanple,

di phenyl ether or tetrahydrofu for exanpl e, acetone,

cycl ohexanone), nitrites (for ni trile, adiponitrile or
.benzonitrile), aromatics (for , benzene, or xylene), esters
(for exanple, nethyl valerate, Yexanol (r) (Union Carbide),

30 di net hyl formam d r ijtati ons of & f t hereof. The

hydr of or nyl ati on pr@é@géc‘%gﬁ? &run in so ﬁﬁ%ﬂ“gﬁé%??the gas phase. \Wen
the hydrofornylation is carried out in the vapor phase, the preferred
tenperature range is fromabout 50C to about 180C, nost preferably from
about 90C to 110C. The tenperature nust be chosen 35 so as to nmaintain all
of the reactant & mhdurgchthedqrolymed (B80) opbExgmpled amldi(2-1 ow enough to

|tOr eventltodetrﬁéthﬂpﬁéhwptﬁsph&ecmtaﬁ@itey(s 1. g) s ﬂ?feﬂ' i ubaﬁt 30nhEbEr I edt ]

enper at ur en e _cataly ein e

o oF i conpaNEeEAn PRIE SBLh - bSieFe b Vah AP e 56 27

Mar ch 2006 thentaied clErePUing BORUIe Vet stiopd rhroany tampegsiureefars  not

bar | cul ar 1Yagyd UHeAdolidWhsRlodiey by ATLAGPANG Hadf wiPadetGiiipda.  The

pressure and_fenper at nat 1on must S0 .as to maintain
reactants 44829 u%%vaqwm'egé%we%s &f ﬂ]ﬂ? @a{)@ﬂ Elemental
15 analysis: P% 4.7.

- EXAMPLE 3: GRAFTING 3,3-DIISOPROPYL-5,5-DIMETHYL-2,2"-
' BIPHENOL ONTO MERRIFIELD RESIN

SR g

A mixture of 3,3'-diisopropyl-5,5'-dimethyl-2,2'-biphenoi (1.0 g},
‘Merrifield resin (1.0 g, 1.9 mmol C}), AICl3 (60 mg) and 1,2-dichloroethane
(10 mL) was stirred at room temperature for 3 days and 70°C for 1 day.
The solid was filtered, washed with hexanes (2X20 mL) and methanol
25  (2X20 mL), dried on full vacuum to give a solid (1.4 g).

Pol

i-Pr

20
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catalyst is |loaded into a reactor, such as a tubular reactor, taking care
to 5 avoi d exposure of air-sensitive catalysts to oxygen fzommatdheoasr. A
gaseous m xture of the desired ol efinic compound, carbon nonoxi de and

hydr ogewoﬁlﬁgﬁ% with any desired diluent, such as ni tgr(ﬁqﬁgy%_pgl i um or
C

argon, Is passed t hrough the reactor whi |l e cont RY catal yst.
The reaction products are generally liquid at roomtenperature and are 10

conveni ent | Expf\EeSLPRYPARRTION PoIWEFwUPmRTEMmANiSL? directly

connected t0 g Sa n ronat ogr aphy.
Al dehydi c pre@é@s—gm.. a:rzsﬁ.&gue’q% ufgaugé'—'@ es obt ai ned

f rom hydr of or ny!| atBIBHENDLIBRAFTERMERRBIFIBED RESINIANRDI@el y separated and
anal yzed using a 30 M%W@ﬂg@”égpﬂoﬁ%g@w . EXAMPLES The
following non-limti UStrate the processes
for the reparation of the ligands and catalysts of this invention. Unless
ot herwi se specificed, all chenicals and reagen?f@ were used as 20 received

fromA drich Chenmical Co., MI W. | Lefend: 1-Pr means isopropyl
al cohol (o-1PrC6H40 2 neans <l SL means supported |ligand 25

[LEFC
SC neans supported catal yst ) orresponds to the SL nunber.
EXAMPLE 1: GRAFTING 3,3 -Dl | —B% DIMETHYL- 2, 2' - BI PHENOL ONTO

m xt ure of :—Pr

_ NER!?I FI ELD RESI N PoI 30 i OH xtur o _
?’130 g 15 ol 0l foMBGAES 6 and 1OBERMESY nane 21 27 Nareh 2006
WD 03/ 046019 PCT/ US02/ 37967
A mixture of the polymer (0.5 g, same composition as from
Example 3, but different batch) and di(2-methylphenyl)
10  phosphorochloridite (1.0 g) was stirred in about 30 mL of tetrahydrofuran
(THF) for 30 min. Tri-n-butylamine (1.G g) was added to the mixture. The
resulting mixture was stirred at room temperature for 3 days. The solid
was collected by filtration and washed with acetonitrile (2X20 ml.), and
vacuum dried to give 0.72 g of the ligand. Elemental analysis: P% 5.2.
15 EXAMPLE 4: GRAFTING 3,3'4 4'6,6'-HEXAMETHYL-2,2-BIPHENOL
- ONTO MERRIFIELD RESIN

Pol

giag

A mixture of 3,3',4,4',6,6'-hexamethyl-2,2"-biphenol (1.0 g),
“Merrifield resin (1.0 g, 1.9 mmol Cl), AICl3 (50 mg) and 1,2-dichloroethane
(10 mL) was stirred at room temperature for 3 days and 70°C for 1 day.
~ The solid was filtered, washed with hexanes (2X20 mL) and methanol
- 25 (2X20 mL), dried on full vacuum to give a solid (1.15 g).

20

24 .




(6 mM-) was stirred at over night and 70C for 4 days. The solid was
filtered, washed with hexanes (2X10 m -) and net hanol (3X1X¥ Mhkich 2d0é ed on
full vacuumto give a solid (1.28 g). EXAVPLE 1A: PREPARATI ON

POLYME ED LI GAND (SL 1) 5 FROM THE REACTI ON

3,3 - Dﬁ”@é‘f L-6,6' - DI METHYL- 2, 2' - Bl PHENOL G?AFTEBQ:W%‘—‘?%LD RESI N AND
Dl (2 | SOPROPYLPHENYL) PHOSPHOROCHLORI DI TE Pol (o-i PrC6H40) 2PO 10

S.PE ngSglg:o fgzm&pﬁewpn@mﬁmrm p@irwwl J [R-és@}ﬁvcﬂrnémmna Loyt and o
mL of tetra%mm?mwmmmm g) was added
‘to the m xtureGRmeEEMRRI@LWREBIIN@N@E!(SUSOPM)MLFPWJ)B t enperature
for 4 days. The 'solid was dQﬂ!! g-)dr | ion and washed wth
acetonitrile (2X20 nL), an ohidsieli(slea ?EUES—%EV 0.7 g of the |igand.

El ementdl analysis: P% 2.4. EXAMPLE 2: GRAFTING 3, 3' 6, 6' - TETRAMETHYL

-5,5" -Dl | SOPROPYL- 2, 2'-BI PHENOL ONTO MERRI FI ELD RESIN 20 A m xture of
3,3'6,6"-tetranet hyl -5,5' -diisopropyl -2, 254bi phenol 25 (0.7 g), Merrifield
resin (0.5 g, 0.95 mol Cl), AIC13 (50 ng)] and 1,2 dichloroethane (6.5 Q)
was stirred at roomtenperature for b3 and 70C for 2 hours. The solid
was filtered, washed w th hex and net hanol (3X30 niL), dried
on full vacuumto give a solif
PCT/ US02/ 37967 EXAMPLE 2A: PREPARA

FROM THE REACTION 3, 3' 6, 6' “TETR
GRAFTED MERRI FI ELD I(?(:I)E_ﬁzl,rﬂ QI\B)ZBI

OPROPYL 2, 2' - Bl PHENCL

P HCROCHLCRI DI TE 5
gl 14lFT-0

A mixture of the polymer (0.50 g, from Example 4) and

10 di(2-isopropylphenyl) phosphorochloridite (1.0 g) was stirred in 20 mL of
tetrahydrofuran (THF) for 30 min. Tri-n-butylamine (1.0 g) was added to
the mixture. The resulting mixture was stirred at room temperature for
4 days. The solid was collected by filtration and washed with acetonitrile
(2X20 mL), and vacuum dried to give 0.6 g of the ligand. Elemental

15 analysis: P% 3.47.

‘ EXAMPLE 5: GRAFTING 3,3-DIISOPROPYL-5,5-DI-T-BUTYL-6,6'-
DIMETHYL-2.2"-BIPHENOL ONTO MERRIFIELD RESIN

R | Pol

R: H, t-Bu

20 OH OH

A mixture of 3,3"-diisopropyl-5,5'-di-t-butyl-6,6'-dimethyl-2,2'-
biphenol (1.1 g}, Merrifield resin (1.1 g, 2.1 mmol Cl), AICI; (50 mg) and
: 1,2-dichloroethane (10 mL) was stirred at room temperature for 3 days
‘25 and 70°C for 1 day. The solid was filtered, washed with hexanes
(2X20 mL) and methanol {2X20 mL), dried on full vacuum to give a solid

(12g).

25




(0- Me- C6H40) 2PO OP(OC6H4- Me-0) 2 A mi xture of the polymer (0.6 g) from
Exanpl e 2 and di (2 10 nethyl phenyl) phosphorochloridite (I27IMadchwagestirred
in about 30 nL of tetrahydrofuran (THF) for 30 min. Tri-n-butylamne (1.0
g) was d the m xture. The resulting m xture ti.rred at room

t enpera 02%?659?9 3 days. The solid was coll ected by fﬁﬁ‘wgﬁ ¥8% and washed
wth acetonitrile (2X20 m.), and vacuumdried to give 0.8 g of the |igand.

El enent al )
- SoPROPYL - sLAAMELESR, PREPA T@JHE’EW%%%&P HOANEUSES), A i xture

of 3,3 -diis -éﬁ -FTB'IJ\TYL'ﬁ@.crlfleld resin
(1.0 g, 1.9 DIMETHYL-2, ZAB[EH-ENG_@&FWMEMQIEHEUD REGNF\NIIED!(Z;lO m.) was

stirred at roomte . The solid was
filtered, washed wi PROPRLE PHOSPHORACH BRI Y ox20 nty, dried on
full vacuumto give a sol i d (1.4 g). 23 27 March 2006 WO 03/046019

PCT/ US02/ 37967 EXAMPLE 3A: PREPARATI ON POLYMER- SUPPORTED LI GAND (SLR FROM
THE REACTI ON OF 3, 3' - DI | SOPRCPYL-5, 5' - PIJVETHYL- 2. 2' Bl PHENOL GRAFTED

MERRI FI ELD RESI N AND DI ( 2- I\/FﬁHYLPHENYL PHOSPHOROCHLORI DI TE 5

(o0- Me- C(3H40) 2P0. Pol OP( OCCoH4L Me-0) 2 I xture of the polyner (0.5 g, sane
conposition.as from Exanplg ' ent bat ch) and di ( 2- net hyl phenyl)
10 phosphorochloridite (1.0 ] in aboRtH3QBLr|TL of
tetrahydrofuran (THF) fqg | am ne (1 g) was added to
the m xture. The resulting xture was|stirred at roomtenperature for 3

days. The solid yapreghegped by filtroP(O0RyRr-ggshed with acetonitrile
(2X20 nL), and

A mixture of the polymer (1.0 g, from Example 5) and di(2-

10 isopropylphenyl} phosphorochloridite (1.0 g) was stirred in about 15 ml. of
tetrahydrofuran (THF) for 30 min. Tri-n-butylamine (1.0 g) was added to
the mixture. The resulting mixture was stirred at room temperature for
3 days. The solid was collected by filtration and washed with acetonitrile
(2X20 mL), and vacuum dried to give 1.8 g of the ligand. Elemental

15  analysis: P% 1.34. '
EXAMPLE 6: GRAFTING 3.3'.5.5-TETRAISOPROPYL-6.6'-DIMETHYL-
2,2'-BIPHENOL ONTO MERRIFIELD RESIN

Pol

20

A mixture of 3,3',5,5'-tetraisopropyl-6,6'-dimethyl-2,2'-biphenol
(1.1.g), Merrifield resin (1.1 g, 2.1 mmol Cl), AlCi5 (50 mg} and 1,2-
~dichloroethane (10 mL) was stirred at room temperature for 3 days and
25 70°C for 1 day. The solid was filtered, washed with hexanes (2X20 mL)
and methanol (2X20 mL), dried on full vacuum to give a solid (0.8 g).

26




vacuumdried to give 0.72 g of the Ilgand. Elenmental analysis: P%5.2. 15
EXAVPLE 4: GRAFTING 3.3'.4,4',6, 6" - HEXAMETHYL- 2, 2' - Bl PHENGQy pmERNE @006

MERRI FI ELD RESIN Pol 20 A m xture of

3,3 ,4,4 6 hexanet hyl - 2, 2' - bi phenol (1.0 g), Merrifield resin (1.0 g,
1.9 rrerWdCﬂ35 }!ﬂ C13 (50 ng) and 1, 2-dichl or oet hane Pf@’[ﬁﬂzf s stirred at
roomtenperature for 3 days and 70C for 1 day The solid was filtered,

washed vmthEmmeEs A s
' GAND (SL 4)

vacuumto grve g

PCT/ US02/ 37967 ERAM A 2= 2

FROM THE REAE@WIE?H\QP2&' BIPHEMOL GFGAFWIELI RES&I.I RNDNOI(2 CRAFTED

(o-i PrceH40 2PO PoI |l ymer (0.50 g, from
Exanpl e ) and 10 di (2 i sopr opyI phenyl ) phosphor ochloridite (1.0 g) was

stirred in 20 nL of tetrahydrefpyran (THF)PfoPoBO mn. Tri-n-butylam ne
(1.0 g was added to the m xtufe. The regul t i

roomtenperature for 4 days. & Sol i as~Cpl l ected by filtration and
washed wth acetonitrile P uum dried to give 0.6 g of the
~ligand. Elenental 15 anal ysi o 3. L MPLE 5: GRAFTI NG 3,

3' - DI | SOPROPYL-5, 5'-Dl-ippUTYL ; HY 2pr Bl PHENOL ONTO MERRI FI ELD

§E§I NdIRI sgbr zpsr zoﬂé-léinﬁ)éwé% 6, 6' - di mAAHPC.eblad-0ki phenol (1.1 g),
Merrifield resin (1.1 g, 2.1 mmol d), AICI3 (50 ng) and
A mixture of the polymer (0.5 g, from Example 6) and di(2-
isopropylphenyl) phosphorochloridite (1.0 g) was stirred in about 15 mL of
10 tetrahydrofuran (THF) for 30 min. Tri-n-butylamine (1.0 g) was added to
' the mixture. The resulting mixture was stirred at room temperature for
3 days. The solid was collected by filiration and washed with acetonitrile
(2X20 ml), and vacuum dried to give 1.22 g of the ligand. Elemental
analysis: P% 1.1.
15 EXAMPLE 7: GRAFTING 2.2'-BINAPHTHOL ONTO MERRIFIELD RESIN

Pol '
[Se
X OH
O

20 A mixture of 2,2'-binaphthol (1.5 g), Merrifield resin (0.5 g,
'2.21 mmol Cl), ZnCl, (0.2 g) and 1,2-dichloroethane (5 mL) was stirred at
70°C for 3 days. The solid was filtered, washed with hexanes (2X20 mL)
and methanol (2X20 mL), dried on full vacuum to give a solid (1.0 g).
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1, 2-dichl oroethane (10 m-) was stirred-at roomtenperature for 3 days 25
and 70C for | day. The solid was filtered, washed wi th hexgngs.c2488 M -)
and met hanol (2X20 nl), dried on full vacuumto give a solid (1.2 g). 25
27 March 2006 WD 03/ 046019 PCT/ US02/ 37967 EXAMPLE 5A: PREPARATI ON
POLYMERWOBBHEPED LI GAND (SL 5) FROM THE REACTI ON OFCHUSO/597 SOPROPYL - 5
5'-DI-T-BUTYL-6 6'- DI I\/ETHYL 2. 2' - Bl PHENCOL GRAFTED I\/ERRI FI ELD RESI N AND

Dl (2- | SOPRORYL, , OSEHIC

(0-i Pr C6HAO) ZPE—OPTEEoHAT Pr=0 A , ' -0 g, from
Exanpl e 5) and 68 . iy Al N Thidnde b ,
-stirred in about 15MERR<PFIELD@ESWNNDfMIZiMEfFTHEPHENYL%O mn. ,
Tri-n-butylamne (1.0 g) W o l ture e resulting mxture
was stirred at roomtenper solid was collected by
filtration and washed with acetonitrile (2X20 m.), and vacuumdried to
give 1.8 g of the ligandolEl enental 15 analysis: P% 1.34. EXAMPLE 6:
GRAFTI NG 3. 3', 55' - TETRAI SORRERYL-4K, 6' - DI METHYL- 2, 2' - Bl PHENCL ONTO

MERRI FI ELD RESI N 20 A mi xt yfs
3,3 ,5,5 -tetrai sopropyl -
reS|n (1.1 g, 2.1 mol CI)
was- stirred at roomtenperature f
was filtered, washed wi th hgXane
on full vacuumto give a so
PCT/ US02/ 37967

henol (1.1 g), Merrifield
(50%9% d"' -0%. di chl or oet hane (10 m -)
or 3 days and 25 70C. for 1 day. The solid
X2 (Csh sMen®dh net hanol (2X20 nl), dried
 g). 26 27 March 2006 WO 03/046019

A mixture of the polymer {0.5 g, from example 7) and di(2-

methylphenyl) phosphorochloridite (1.8 g) was stirred in about 30 mL of

10 tetrahydrofuran (THF) for 30 min. Tri-n-butylamine (1.0 g) was added to
the mixture. The resulting mixture was stirred at room temperature for
5 days. The solid was collected by filtration and washed with acetonitrile
(2X20 mL), and vacuum dried to give 0.49 g of the ligand. Elemental
analysis: P% 5.5.

.15 EXAMPLE 8: GRAFTING 5.5'6.6'.7,7'.8 8-OCTAHYDRO-3-ISOPROPYL-
: 2,2-BINAPHTHOL ONTO MERRIFIELD RESIN

20 :

A mixture of 5,5',6,6',7,7',8,8'-octahydro-3-isopropyl-2,2'-binaphthol
(1.5 g), Merrifield resin (0.5 g, 2.2 mmol Cl}, ZnCl, (0.1 g) and 1,2-
dichloroethane (5 mL) was stirred at 70°C for 3 day. The solid was
filtered, washed with hexanes (2X50 mlL.) and methanol (2X50 mL}), dried
25 on full vacuum to give a solid (1.26 g).
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EXAMPLE 6A: PREPARATI ON POLYMER- SUPPORTED LI GAND (SL 6) FROM THE REACTI ON
OF 3,3',5,5" - TETRAI SOPROPYL- 6, 6' DI METHYL- 2. 2' - Bl PHENOL GRARViEEh VBRI FI ELD
RESI N AND Dl (2- | SOPROPYLPHENYL) PHOSPHOROCHLORIDITE 5 i-Pr i-Pr Pol i-Prr
“Ei | Pr C6H40) 2PO OP(COC 6H4I Pr-0)2 A m xture of the polynmer (0.5
g, from %ﬁé 039 6) and di (2- isopropyl phenyl) phosphdid&P%iPHite (1.0 g)
was stirred in about 15 nL of 10 tetrahydrofuran (THF) for 30 mn.
Tri-n-butyl a@%é@e@p&ﬁm\é@ﬁa@ ﬂéfﬂp LIGRNPL | g m xture
was stirred | ected by
filtration a mdried to

give 1.22 g (SOPROPYL B‘@BINEJ’(DI@GRWD’HE RIFRAD HESREARIAVPLE 7:
GRAFTI NG 2 2 - B NAR NI ﬁ)ﬁﬁ%%ﬁﬂﬁkﬂ_@ﬁ?—m mi xture of

2, 2' - bi napht hol (1. T, IVETTTTrerd testn{u: ca), znC2 (0.2
g) and 13 2-dichl oroethane (5 m-) was stirred at 70C for 3 days. The solid
was filtered, washed with hexanes (2X20 m -) and nethanol (2X20 nL), dried
on full vacuumto give a solid (1.0pg). 27 27 March 2006 WO 031046019

PCT/ US02/ 37967 EXAMPLE 7A: _PREPARA OF POLYMER- SUPPORTED LI GAND (SL 7)
FROM THE REACTION 2. 2' - Bl GRAFTED MERRI FI ELDRESI N AND

Dl (2- METHYLPHENYL) PHOSP EFDéGFERAe-q;(OCGMNE' 0) 2 OP( OC6HAMe- 0) 2

OP(OCgH Me-0),

A mixture of the polymer (0.5 g, from example 8) and di(2-

10 methylphenyl) phosphorochloridite (1.8 g) was stirred in about 40 mL of
tetrahydrofuran (THF) for 30 min. Tri-n-butylamine (1.0 g) was added to
the mixture. The resulting mixture was stirred at room temperature for
3 days. The solid was collected by filtration and washed with acetonitrile
(2X20 mb), and vacuum dried to give 0.72 g of the ligand. Elemental

- 15 analysis: P% 5.6.
“EXAMPLE 8B: PREPARATION POLYMER-SUPPORTED LIGAND (SL 9)
FROM THE REACTION OF 5,5'.6,6'.7,7.8,8'-OCTAHYDRO-3-
ISOPROPYL-2,2'-BINAPHTHOL GRAFTED MERRIFIELD RESIN AND
Di(2-1SCPROPYLPHENYL) PHOSPHOROCHLORIDITE

20

Pol

‘O OP(OCgH4-iPr-0),
‘0 OP(OCgH,-iPr-o),

i-Pr

o A mixture of the polymer (0.35 g, from Example 8) and di(2-
25 _isopropylphenyl) phosphorochloridite (1.0 g) was stirred in about 20 mL of
tetrahydrofuran (THF) for 30 min. Tri-n-butylamine (1.0 g) was added to
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A m xture of the polynmer (0.5 g, fromexanple 7) and di(2- nethyl phenyl)
phosphorochloridite (1.8 g) was stirred in about 30 nL of 2¥Qvarch 2006
tetrahydrofuran (THF) for 30 min. Tri-n-butylamne (1.0 g) was added to
the mxture. The resulting m xture was stirred at roomtenperature for 5
days. TH® GBIO% was col lected by filtration and washd& M7 etonitrile
(2X20 nmL), and vacuumdried to give 0.49 g of the ligand. Elenental

gngl yZi Z 7ﬁ%ﬁ‘g&@r&ﬁ@%ﬁﬁ%@gﬁaﬁoo%ﬁm‘gﬁ?ﬁ& f¥NTO MERRI FI ELD

RESI N Pol zﬁdgysm Thepdidgyas collected by filtration and washed with acetonitrile

55',6,6",7 1.5 ,
23(208“@) a@@va&amﬁfw&mw@agn%ﬁgah%d@ifng&gﬁgh:l (2 : 9)

I\/Errlfleldr in Q{ 2 mol C
~di chl oroeth %’??33’ °)3%as stlrred at 7OC for 3 day. The SO|Id was
filtered waEXAMRNLE & GRABMN: i p21-BIFl ), dried 25

on full vacuum to g| ve a S%N?O(I\JIEQQIIQELD I\/arch 2006 WO 03/ 046019
PCT/ US02/ 37967 EXAMPLE 8A: R- SUPPORTED LI GAND (SL 8)
FROM THE REACTION OF5,5',6,8',7,T.8, 8" - OCTAHYDRO 3-
| SOPROPYL- 2, 2' - Bl NAPHTHOL GRAFTED MERRI FI ELD RESIN AND DI ( 2- METHYLPHENYL)
PHOSPHORCCHLORI DI TE 5 i-Pr A m xture of the ppdlyner (0.5 g, from exanple 8)
and di (2 10 net hyl phenyl) phospporochloriditg (1.8 g) was stirred in about
40 mL of tetrahydrofuran (TH ‘ ri-n-butylamne (1.0 g) was
added to the mixture. The ref ¥ was stirred at room
tenperature for 3 days. The s# IR ! jted by filtration and washed
with acetonitrile (2X20 f 'l ethto give 0.72 g of the
|'i gand. El enmental 15 anal ysi s . AVPLE 8B: PREPARATI ON
POLYMER- SUPPORTED LI GAND (SL 9) FROM THEOREACTI ON OF
55,6, ,7,7",8,8 _OCTAHYDRO 3-
' A mixture of 3,3',5,5'6,6-Hexamethyi-2,2"-biphenol (0.89 g),

Merrifield resin (1.0 g, 1.9 mmol ClI), AICl; (0.1 g) and 1,2-dichloroethane

(20 mL) was stirred at room temperature for 2 days and 70°C for 8 hours.

The solid was filtered, washed with hexanes (2X20 mL) and methanol

15  (3X20 mL), dried on full vacuum to give a solid (1.2 g).
- EXAMPLE 9A: PREPARATION POLYMER-SUPPORTED LIGAND (SL
10) FROM THE REACTION OF 3.3'.5,5'6,6HEXAMETHYL-2.2'-
BIPHENOL GRAFTED MERRIFIELD RESIN AND DI{2-

METHYLPHENYL) PHOSPHOROCHLORIDITE

20

Pol

(1

(o- MGCSH 40)2PO ‘ OP(OCGH4M9-D)2

_ A mixture of the polymer (0.5 g, from Example 9) and di(2-
25 _methylphenyl) phosphorochloridite (1.5 g) was stirred in 50 mL of
tetrahydrofuran (THF). Tri-n-butylamine (1.0 g) was added to the mixture
~ at 0°C. The resulting mixture was stirred at room temperature for 3 days. -
The solid was collected by filtration and washed with acetonitrile
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| SOPROPYL- 2, 2- Bl NAPHTHOL GRAFTED MERRI FI ELD RESI N AND DI ( 2- | SOPROPYLPHENYL)
PHOSPHOROCHLORI DI TE 20 A m xture of the polyner (0.35 g, fyoomaframpsée 8)
and di (2 25 isopropyl phenyl) phosphorochloridite (1.0 g) was stirred in
about 28‘,% gf tetrahydrofuran (THF) for 30 min. Tri-n-butylamne (1.0 g)
was added PE4DY 27 varch 2006 Wo 03/ 046019 PCT/ US02/ FEIEPIUHE i xt ure. The
resulting mxture was stirred at roomtenperature for 4 days. The solid was

collected b hidrak dﬁ_ﬁhfg A ji 4| m.), and vacuum
dried to gi @é(fzg_'r@l.), g%?%ﬁ@ﬂ.‘ I gan q;"% (Serhrggt%gfu?é‘g @Py?%rfl&ﬁ%& 1. 5 EXAMPLE
9: GRAFTI N@’f@,'@'sﬁfﬁ% 16 6' - HEXAMETHYL- 2. 2' - Bl PHENOL ONTO MERRI FI ELD RESIN
10 A ni xt ur EXaMRLE'10:5GRABTIBG BiexBIBOPRORYI25:5h6 BRERDRAMETEYLY) | ‘

Merrifield resin (1.04G |~ Gk 5 | -3( and 1, 2-di chl or oet hane
(20 nL) was stirred a %BFP sl Mﬁ@@@@nd 70C for 8 hours.
The solid was filtered, washed with hexanes (2X20 m -) and met hanol 15

(3X20 nmL), dried on full vacuumto give a solid (1.2 g). EXAMPLE 9A:
PREPARATI ON POLYMER- SUPPORTED L| GAND (SL ,10) ggrOM THE REACTI ON OF

9) and di (2- 25 net hyl phenyl)
B0 mL of tetrahydrofuran (THF).
Tri-n-butylam ne (1.0 Q)j.p4e ' [/ at O0C. The resulting

m xture was stirred at roomte rature for 3 days. The solid was
collected by filtration and washed with PBtonitrile

m xture of the polynmer (0.5 ¢
phosphorochloridite (1.5 g)

A mixture of 3,3-diisopropyl-5,5',6,6'-tetramethyl-2,2'-biphenol
10 (1.0 g), Merrifield resin (1.0 g, 1.9 mmol Cl/ g), AICl3 {50 mg) and
1,2-dichloroethane (10 mL) was stirred at room temperature for 3 days
and 70°C for 1 day. The solid was filtered, washed with hexanes
{2X20 mL) and methanol (2X20 mL), dried on full vacuum to give a solid

(0.34 g).
15
EXAMPLE 10A: PREPARATION OF POLYMER-SUPPORTED LIGAND
(SL. 11) FROM THE REACTION OF 3.3-DISOPROPYL-5.5'6.6'-
TETRAMETHYL-2 2" BIPHENOL GRAFTED MERRIFIELD RESIN AND
__ DI(2-METHYLPHENYL) PHOSPHOROCHLORIDITE
20

ol

(o-Me-CgH,0),PO OP(OCeH,Me-0),

A mixture of the polymer (0.4 g, same composition as from
Example 10, but different batch) and di(2-methylphenyi)

25 phosphorochloridite (1.0 g) was stirred in about 30 mL of tetrahydrofuran
(THF) for 30 min. Tri-n-butylamine (1.0 g) was added to the mixture. The
resulting mixture was stirred at room temperature for 3 days. The solid
was collected by filtration and washed with acetonitrile (2X20 mL), and

vacuum dried to give 0.5 g of the ligand. Elemental analysis: P% 3.3.
‘ . 31 .




30 27 March 2006 WD 03/046019 PCT/ US02/ 37967 (2X20 mL), and vacuumdried to
give 0.59 g of the ligand. Elenental analysis: P% 3.1 BEXA#hish1006

GRAFTI NG 3, 3' - DI | SOPROPYL-5. 5", 6. 6" - TETRAMETHYL- 2, 2 BI PHENCL ONTO

MERRI FI ELD RESIN 5 Pol i-Pr' " i-Pr OH OH A m xture

3,3 -di VOPBPYI -5, 5, 6,6 -tetranet hyl -2, 2' - bi phenol PCWSPPW’g)

Merrifield resin (1. 0 g, 1.9 mol d 1 g) AlCl3 (50 ng) and

1,2-dichloro g or 3 days and
700 for 1 X aNeLE i GRATING S 5 AR ANE R TR MEROLY 260 i) and
met hanol (2X20 ni), dried dNTQMEBRIGIELDRESINve a solid (0.34 g). 15
EXAMPLE 10A: PREPARATI ON OF POLYMER- SUPPORTED LI GAND (SL 11) FROM THE
REACTI ON OF 3. 3' - DI | SOPROPYL-5,5',6,6" TETRAMBGHYL- 2. 2' - Bl PHENOL GRAFTED
MERRI FI ELD RESIN AND DI (2- MET LPHENYL) PHOSPHORCCHLORI DI TE 20 Pol i-Pr' |
Il " i-Pr (o-Me-C5H40) 2PO OP( OL&H4- Me- o) A mxture of the polynmer (0.4 g,
sane conposition as from Ex 5 '

di (2- met hyl phenyl ) 25 phosphg
m. of tetrahydrofuran (THE
to the mxture. The resulting
3 days. The solid was coll ecth]
(2X20 , and vacuumdried to give 0.5 g of the |igand. El enental
anal ysis: P%3.3. . . .
A mixture of 3,3',5,5'-tetramethyl-2,2"-biphenol (1.0 g), Merrifield
resin (1.0 g, 1.9 mmol Cl), AlCl3 (50 mg) and 1,2-dichloroethane (10 g)
was stirred at room temperature for 3 days and 70°C for 1 day. The solid
was filtered, washed with hexanes (2X20 mL) and methanol (2X30 mL),

10 = dried on full vacuum to give a solid {0.88 g).

gs stirred at roomterrperature for

- EXAMPLE 11A: PREPARATION OF POLYMER-SUPPORTED LIGAND
(SL 12} FROM THE REACTION OF 3,3'5,5~TETRAMETHYL-2 2'-
BIPHENOL GRAFTED MERRIFIELD RESIN AND DI(2-

15 METHYLPHENYL) PHOSPHOROCHLORIDITE
Pol
7
/K/ AN l
(0-Me-CgH,40),PO OP(OCqH,-Me-0),

A mixture of the polymer (0.5 g, same composition as from
20 - example 11, but different batch) and di{2-methylphenyl)
phosphorochloridite (1.0 g) was stirred in about 30 mL of tetrahydrofuran
(THF) for 30 min. Tri-n-butylamine (1.0 g) was added to the mixture. The
resulting mixture was stirred at room temperature for 3 days. The solid
~ was collected by filtration and washed with acetonitrile (2X20 mL), and
25  vacuum dried to give 0.6 g of the ligand. Elemental analysis: P% 5.0.

32
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31 27 Match 2006 WO 03/046019 PCT/ US02/ 37967 EXAMPLE 11: GRAFTI NG

3,3 .5,5 - TETRAMETHYL- 2, 2' - Bl PHENOL ONTO MERRI FI ELD RESI NBMArdriZobgr e of
3,3 ,5,5 -tetranethyl -2, 2" -bi phenol (1.0 g), Merrifield resin (1.0 g, 1.9
mrol Cl Al C13 (50 ng) and 1, 2-dichloroethane (10 g) was stirred at room
t enper a1 3 days and 70C for 1 day. The solid RALY¥ Y ed, washed
w t h hexanes (2X20 rrL) and nmet hanol (2X30 nmL), 10 dried on full vacuumto
give a soli gy, B \TAR- : - 4““ aPPORTED LI GAND
(SL 12) FROV BrPHENCL GRAFTED
MERRI FI EL J .2 : =T & Lims

(0- Me- %MO)ZF@R@PT@QGMERNEIQLB RESIN)ﬂN{D@!Qf-ISUFlR(DpY ENVQ 5 g, sane
conposition as from 20 exalgﬁhsgﬂm%ﬁggent bat ch) and

di (2- met hyl phenyl ) phosphor was stirred in about 30 niL
of tetrahydrofuran (THF) for 30 mn. Tri-n-butylamne (1.0 g) was added to
the m xture. The resulting mxture was stirred at roomtenperature for 3
days. The solid was collected by filtration arngjwashed with acetonitrile
(2X20 nL), and 25 vacuumdried fo give 0.6 g o he |igand. El enental

anal ysis: P%5.0. 32 27 March 2006 WO 03/ 046049 PCT/ US02/ 37967 EXAVPLE 11
B: PREPARATI ON POLYMER- SUPPORFED™, 13) FROM THE REACTI ON OF
3,3",5,5 - TETRAMETHYL- 2, 2' - Bl § RRI FI ELD RESI N AND

Dl (2. 1SOPROPYLPHENYL) PHOSPHORZ ol

(0-iPrCgH,0),PO OP(OCgH,iPr-0);

A mixture of the polymer (0.5 g, from Example 11) and di(2-

10 isopropylphenyl) phosphorochioridite (1.0 g) was stirred in about 20 mL of

tetrahydrofuran (THF) for 30 min. Tri-n-butylamine (1.0 g) was added to

- the mixture. The resulting mixture was stirred at room temperature for

3 days. The solid was collected by filtration and washed with acetonitrile

(2X20 mL), and vacuum dried to give 0.53 g of the ligand. Elemental
15  analysis: P% 2.6.

EXAMPLE 12: GRAFTING 3,3'4.4' 6.6 -"HEXAMETHYL-2,2"-BIPHENOL
ONTO POLYVINYLBENZYL CHLORIDE

otag

In a vial was added 0.595 g of poly(vinylbenzytchloride) (from

‘Aldrich, catalog number: 18253-2; 60/40 mix of 3 and 4 isomers; average
Mn 55,000; Mw 100,000) and 1.000 g of 3,3',4,4’,6,6'-hexamethyl-2,2-

~ biphenol, 25 mg of zinc chioride and 10 mL of methylene chloride. The

25 vial was capped and heated at 50°C for 45 minutes. The resultant gel

was broken up with a spatula and 5§ mL more of methylene chloride was
added. After heating overnight, the solvent was removed under vacuum
and the residue washed with acetone and water. The solid was filtered,

20
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(o0-iPrC6HA0 2PO OP(OC6H4i Pr-o0)2 A m xture of the polymer (0.5 g, from
Exanpl e 11) and di (2 10 isopropyl phenyl) phosphorochlori di 3eMatchO005 Was
stirred in about 20 nL of tetrahydrofuran (THF) for 30 mn.
Tri-n-butylamne (1.0 g) was added to the mi xture. The resulting mxture
was sti MY&W4491} oom t enperature for 3 days. The sol i FGHB¥HP¢%ect ed by
filtration and washed with acetonitrile (2X20 m.), and vacuum dried to
give 0.53 e | i nd EI ntal , 15 .an P% 2 EXAMPLE 12:
CrarT o s MuStngd e e B RBlFRD N AL SPaiBl B8 a5 ol 8Pkt \an NYLBENGYL
CHLORI DE PoElea@ntai agalybialfounsk Ca82838%0 H59F G0 end §61 y{®ny| benzyl chl ori de)
(from Al drighampEa 00 PREFISSATIORPEBR-FOLMAERGUPPORTED 136AND | SOner's;

average M , OF,
35 a6, dOLAALERGITPERERE TN oF S0 36 b EXAMETINLA.2, g ana 10 m
of rret hyﬂ ene BIPHENOE.GRAETED POVINSEBE eCHIORIEAND DI{2-50C for 45
m nutes. The resul taﬂﬁE‘ﬂW rFqu@ PHbR’ééﬁLéRﬁ:ﬂ?‘Eu' a and 5 nL nore of
nmet hyl ene chl ori de Mﬂd&%ﬂg—cm—gﬂ, t he sol vent was
renoved under vacuum and the residue washed with acetone and water. The
solid was filtered, 33 27 March 2006 WO 0291046019 PCT/ US02/ 37967 washed
with water and vacuumdried to give 1. 257 g of a tan solid. Elenental
~analysis found: C 82.93% F: 8 1. 77% EXAMPLE 12A:

PREPARATI ON OF POLYMER- SUPPCR i 14) FROM THE REACTI ON OF
3,3 ,4,4",6.6" - HEXAMETHYL- 2 RAFTED PCOLYVI NYLBENZYL CHLORI DE
AND DM2- METHYLPHENYL) PHCSPHO Pol ™ o- Me- C6H40) 2PO

8;;255?4-12/9- 0)2 10 fb-“e@ééﬁ-lmgP har ged wi HP(@CZIZZ—ﬁde%)zt he tan solid from

¢

10 A flask was charged with 0.7775 of the tan solid from example 12,
1.123 g of the phosphorochloridite of o-cresol and 15 mL of
tetrahydrofuran (THF). Tri-n-butylamine (1.2 g) was added dropwise and
the mixture stirred at room temperature for two days and then heated at
40C for two days. Around 25 mL of acetonitrile was added and the

15 - mixture concentrated by rotary evaporation. More acetonitrile (about
10 mL) was added. The off-white solid was filtered and washed with

“acetonitrile and vacuum dried to give 0.944 g of material. Elemental
analysis: C: 77.02%; H: 6.61%, P: 4.96%, Cl: 1.69%.
EXAMPLE 13: TREATMENT OF POLYSTYRENE (CROSSLINKED WITH

20 2% OF DIVINYLBENZENE) WITH DDQ

A mixture of the polystyrene (2.0 g) and DDQ (0.76 g) was stirred
in about 30 mL of toluene at 85°C for 4 hours. The resin was filtered,
washed with toluene, acetonitrile, acetone, ethyl acetate (2X20 mL for
each of the solvent), and vacuum dried to give 1.8 g of brown solid.

25  EXAMPLE 13A: GRAFTING 3,3'-DIISOPROPYL-6,6-DIMETHYL-2,2"-

' BIPHENOL ONTO THE POLYMER FROM EXAMPLE 13

- Pol

i-Pr i-Pr




1.123 g of the phosphorochioridite of o-cresol and 15 nL of

tetrahydrofuran (THF). Tri-n-butylamne (1.2 g) was added zrppwh3e0and the
m xture stirred at roomtenperature for two days and then heated at 40C
for two days. Around 25 nL of acetonitrile was added and the 15 m xture
concent?@“é@‘ﬂ i rotary evaporation. Mre acetonitril EFAR710 n-) was
added. The off-white solid was filtered and. washed with acetonitrile and
vacuumdried to give 0.944 g of material. Elenmental analysis: C 77.02%

H: 6. 61% YSTYRENE

( CROSSLI ?\IKED W%??{?xﬂ'gé Bﬁaﬁﬁﬁfﬁ’ﬁﬁ@%ﬁ@ﬁzﬁﬁ Wﬁ@’% ﬁ?ﬁﬁgﬁur e of the

pol yst yr enedipgthyl-3,2-binkensid-Q o). Pbowhosmstﬁ a¢id €41 @) Andbout 30 nL of tol uene
at 85C for chidiebkrizend I(@mn_ WaB stRad &t 65°€Y fofl2 day@sAfer addirty t ol uene,

acetonityile, ace t e sol vent),

and vaciumtkede e8! 'r)vg“el')éé’ ?g%f e fresned ith ShanbRtBboda” ST N 3,
3 -DiI S@meatazxzo miLyEwvater (3X20 mLBMeGENAX20MT) and=dqetineVER FROM EXAMPLE
13 Pol 34 2@xbhpah, MCW%%%PWOW%@WGQ gibpdotae of a solid
from exanpl e IS )P R arB é' - - bi phenol (1.0
g), phospho . stirred at
65C for 2 d@sFRGMtTeHE BEAOT@B CDEEM@N RR&) @AMPhE 16AAMDHR-f i | t er ed,
washed  th sodi um 00 BRice ) X8 Qs water (3X20 nmL), MeOH
(2X20 and acet OE?H RZO 1 T ‘--3 E 60C for 10 hours to
give 0.9 g of solid. EXAVPLE 13B PREPARATI ON POLYMER- SUPPORTED LI GAND ( SL
15) FROM THE REACTI ON OF RESI N FROM EXAVAR® 16A AND Dl (2 10 METHYLPHENYL)
PHOSPHOROCHLORI DI TE i -Pr' f | i-Pr  (o-Me-C6H40) 2P O OP(OC6H4- Me-0) 2 A

m xture of the polyner (0.5 g,
phosphorochloridite (1.5 Qg)
(THF) for 30 mn. Tri-n-butyl

i-Pr
(0-Me-CgH,O),PO OP(OCgH,-Me-0),

A mixture of the polymer (0.5 g, from Example 13A) and di(2-
15 methylphenyl) phosphorochioridite (1.5 g) was stirred in about 30 mL of
' tetrahydrofuran (THF) for 30 min. Tri-n-butylamine (1.0 g) was added fo
the mixture. The resulting mixture was stirred at room temperature for
3 days. The solid was collected by filtration and washed with acetonitrile
(2X20 mL), and vacuum dried to give 0.63 g of the ligand. Elemental
20 analysis: P% 1.6.
EXAMPLE 14: GRAFTING 2, 2'-BINAPHTHOL ONTQO
POLYVINYLBENZYL CHLORIDE

Po!

\F
\I OH
OO

In a vial was added 0.534 g of poly(vinylbenzyichloride) (from
Aldrich, catalog number: 18253-2; 60/40 mix of 3 and 4 isomers; average

35
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the m xture. The resulting m xture was stirred at roomtenperature for 3
days. The solid was collected by filtration and washed W tJy peghoabgril e
(2X20 nmL), and vacuumdried to give 0.63 g of the Iigand EI enental 20
analysis: P%1.6. EXAMPLE 14: GRAFTING 2, 2' - Bl NAPHTHCL

© POLYVI NYHOSB®501® CHLORIDE OH OH 25 In a vial was added’c6“§§2437§67of

pol y(vi nyl benzyl chl oride) (from Aldrich, catal og nunber: 18253-2; 60/40

i f 3 0

PCT/ US02/ g?@%#%ﬁm §"'§6%Nmaa§’go@o§°mﬁﬁ@tﬁg' §°w@r bi nagiﬁé@ol 30 g of
zi nc chl oriandl 7 glcofmethyigne caloride e Fee iRl Was eRppegiRndeatedald OcGpped and
heated at 5@f3 Hoars. ﬂﬁmmseltanTbel washrokemtp 9éth aspatllaakéB mip Wi th a spatula

and 3 nmL no o) t-e% ting at 70C for 5
fo days, " cgrece Vb Rficfds Bk Egot Ao REaindiehalan’ (00, O “Eanpie
14A: PRE'IDARNDIClauSdhEISQ_GVNERf&!WMDU Q5anefpipissolids) FROM THE REACTI ON OF
2.2 - Bl NAPWHQEW_EDWPMWYQF%W%M@WED METHYLPHENYL)
PHOSPHOROCHLORLT) ~NE= Q)7 ask was charged
wi th 0.905 of the — A3 € he

phosphor ochl ori di GRARTE X ; 1) S pMORIDELAND dHE2dr of uran ( THF) .
Tri-n-butylam ne (1. g Wﬂ@@ﬂ.ﬁ@k‘b%?ﬂb@(ﬂ%Rfm?Em xture stirred at
roomtenperature for tThree days an 0C for two days.
Around XD ni of acetonitrile was_added and the nixture concentrated by

. rotary evaporation. Mre acetoni N 1e (about 30 m-) was added. The pale

yel low solid was filtered and pé: Wth 20 acetonitrile and vacuum dri ed
to give 0.961 g of material. '

OP(OCgH,-Me-0),

OP{OCgH4-Me-0)p

A flask was charged with 0.905 of the pink solid from Example 14,
1.123 g of the phosphorochloridite of o-cresol and 15 mL of
15 tetrahydrofuran (THF). Tri-n-butylamine (1.2 g} was added dropwise and
the mixture stirred at room temperature for three days and then heated at
40°C for two days. Around 10 mL of acetonitrile was added and the
mixture concentrated by rotary evaporation. More acetonitrile (about
30 mL) was added. The pale yellow solid was filtered and washed with

20  acetonitrile and vacuum dried to give 0.961 g of material. Elemental
“analysis: C: 76.62%; H: 5.65%, P: 4.56%, Cl: 0%.

EXAMPLE 15: HYDROCYANATION AND ISOMERIZATION
PROCESSES - RESULTS WITH POLYMER-SUPPORTED
CATALYST FROM EXAMPLE 4A (SL 4)

25 Preparation of catalyst: A catalyst suspension was prepared by
-adding 0.0039 g of Ni(COD}), (0.014 mmol) in 0.320 mL toluene to 0.038 g
of SL 4 (0.021 mmol) in 0.200 mL toluene in a vial.

Hydrocyanation of butadiene: The above catalyst suspension
(0.014 mmol! Ni) was cooled to -20°C and 120 pl of a solution of HCN in

30 valeronitrile (0.830 mmol HCN) and 280 pl of a solution of butadiene (BD)
in toluene (0.925 mmol BD) were added to the catalyst suspension. The
vials was sealed and placed in a hot-block reactor set at 80°C. Sample
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analysis: C 76.62% H 5.65% P: 4.56% C: 0% EXAMPLE 15: HYDROCYANATI ON
AND | SOVERI ZATI ON  PROCESSES - RESULTS W TH POLYMER- SUPPORFHRYardy>bo6 YST
FROM EXAMPLE 4A (SL 4) 25 Preparation of catalyst: A catal yst suspen5| on
was prepared b add| ng 0.0039 g of Ni(COD)2 (0.014 mmf‘t? 0.320 nL

t ol uene MAP3H of SL 4 (0.021 nmol) in 0.200 ni MCEUSBRIn a vial .

Hydr ocyanati on of but adi ene: The above cat al yst suspension (0.014 nmmol N)

| ed | ut | tril
(67 50 ol Wiz ferdie Bret 8 hobts dtlo ool rleWgoBori il wadheif] 1O LS
(0.925 ol difety m@tmaﬂmand@naluéedc@xﬁpmamuwemta!ﬁ as@fe vials was

seal ed and pleagdtdritiafd. NRMalEiPSHOWRARAOI0% OF tha! st ¢ 36 27 March
2006 WO 03/046019

reaction m QRGN r\XBgTq g‘r(')?%/f ippu{egwa'?rnese%ﬁpgp{wpm;%poa# "3@@3 Egoggd The

agai nst ¥al &boteinenitrile ratio veas 1.6ht ernal standard. Anal ysis showed that 90% of

the starting H%&ﬁ@nza?ﬁﬁ@f?%@tﬁﬂts%téﬁbhlﬁﬁéﬁM@t Wé‘élbgét' ! es (the

3- I -b .

onor | 2at | SiSPBRSIED KEPHy el ik BBk GACPEIRGERPYE AQSERWSy o1 | suspensi on
(0. 014 mol whé ¢ooled &P-R0EC and GO ¢ ofta tdie salotivrecontainird BM3BN was cool ed to
20C and 13 o ifnof S (hiBhithib A3 SAALAIS AL VERDvief Q2830a0! ) and

val eronitri and placed in a

hot bl otk ratplacediaa hat bigokreactamgst at 8% Cr SasRlg wagfre@evesi 0 hrs, cool ed
and di | ut edaftdp 360 higl c6dl&®ERd Eﬁnﬂednrnoahwbtﬁérstrhe%dmdlsmﬁn@ﬂal yzed by GC

usi ng valeronltrlle i_nter andar d BN ratio was 18.8
after 3 hout® a(ggtqsmqv r%"’%&n?seﬂ%m?rp?\e%ach%ﬁ €A catal yst
- suspension EH\II@MMraMasNiB)S affarédaouesl accordi ng t he above procedure was
 Pade trom HoN (Y4 '2@"*@ Wﬂ'ﬁé’%ﬁ”’s‘@ AR 6‘%%&%5#"5% o

2- et hoxlfet h@}m“ém‘i‘é‘ PaProngre “FCQ dipgdng a%‘ée %rea%‘a"ew@érp acgd ;'ﬂ_aof a sol ution
made from valCrie vidl R88ce)ledtvd-28RfNand® 179 LOF awelutioadstaid ftoint he vial . The

vial vas  HeN (1622 g, 60 mmol), t-3PN (12168 g, 147 mmol), and 2-ethoxyethyl
ether (1.219g, 7.45 mmol) was added. Then 13 pL of a solution made from
-ZnCl5 (0.208 g} and 3PN (2.772 g) were added to the vial. The vial was
20 sealed and set aside for 24 hours at room temperature. The reaction
- mixture was diluted with ethyl ether and the product distribution analyzed
by GC using 2-ethoxyethyl ether as an internal standard. Analysis showed
that 25% of the starting pentenenitriles had been converted to dinitrile
product (68% vield based on HCN.) The selectivity to the linear ADN
25 isomer was 96.3%.
EXAMPLE 16: GENERAL SCOUTING PROCEDURE (SEMIBATCH):
HYDROCYANATION RESULTS WITH POLYMER-SUPPORTED
CATALYST FROM EXAMPLE 12A (SL 14)
Preparation of catalyst:

30 ~ The nickel catalyst was prepared by treating 400 mg of the off-white
solid from example 12A with 63 mg of Ni{COD)2 in 4 mL of THF. After
stirring for 2-3 hours, the solvent was removed under vacuum.
Hydrocyanation of 3-Pentenenitrile (3PN):

A three necked flask was charged with 0.284 g of the above nickel

35 catalyst, 19 mg of zinc chloride and 5 mL of 3-pentenenitrile. The

~ hydrocyanation reaction was done at a nitrogen flow rate of 12 cc/min with
the oil bath at 50°C for 180 minutes and then 70°C for 120 minutes. GC
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20 seal ed and set aside for 24 hours at roomtenperature. The reaction

m xture was diluted with ethyl ether and the product distrabmatrossal yzed
by GC using 2-ethoxyethyl ether as an internal standard. Analysis showed
that 25% of the starting pentenenitriles had been converted to dinitrile
pr oduct WOd884Y1%| d based on HCN.) The sel ectivity toPCRUSIYHEIr ADN 25

i somer was 96. 3% EXAMPLE 16: GENERAL SCOUTI NG PROCEDURE ( SEM BATCH) :

HYDROCYANAT! ON RESUL TS hy R- YST.. E EXAMPLE 12A
(SL 14 pr BRVSE R B106 by pbagnahilios Havg cotdd Blunfidied, ~C0iTes by
treating 40@tman adiponitriledistripttioreof €396 d from exanpl e 12A with 63 ngy of
Ni (CCDsz | 3 4 mL ogx};g;ﬁi%fﬁ:gw;[ sum;-[ NGﬁﬁﬁécmﬁMWJ t hlz sltzll)ve'rg\tt\r/]vas
renoved unde C ¥ | - Hdl! !(i gg ; ree
necked fl askhﬁ%q. Hk m@fz Y18 W@&Eﬂ..i € E catal yst, 19
ng of zisnc chloride and BHASRHITE-AROMAMPLE PA: The hydrocyanation
reacti on was do nj L : A With the oil bath
at 50C for 180 %ﬁﬂ’?%@*a%%‘?ﬁ‘i’ﬁ“%%%?%@é%éﬁﬂiégém%c 37 27 March 2006 WO
03/ 046019 FRIKCGIBECaRE? makr)d ! 2-dindioebesgenerintemal $iandafdc eneni tri | es have
ignvgz }\IE%'A }_mzsﬂmiv?arsi réparethi Thisablutidh pasiadded ¢ aighkissilihed Eﬁéﬂfg’\ﬁg LEXOVN_I?hE
POLYMERI C @S%B% ' Whg%%ﬁ)@ﬁ%ﬁsol uti on cont ai ni ng
3- pent elfeniphosphitg despribed in ERaMpty 20 peaeyuiyalent aighodivmd The2- di chl or obenzene
(: nterlnal Zfbﬁélgﬁ\ﬁlgs sezﬂe@?pré@suﬁ?&itw ﬁ’ﬁéi@dlith'ﬁh‘i:?nﬁlﬁrrfhiiféf @@ﬂ-@ddfd EO af
gl ass-lined pressure .vyessel,containing approxi mate wo equival ents o
the pol ynerd™d rﬁﬁ‘?ﬂ]@ﬁ?ﬂﬁﬁ%"%@%@?i %ba rg%:t@ﬁ@q&@@laﬁﬁ\aqur equi val ent of
r hodi umf Thiepressadpdhandasampkel of the maeoumixtad was Hialyzed hygash a 1|: 1drml gr
ratio o ; rei@s cool ed an
depressuricgag1 _a?\%a%prsﬂg%%g' lI(Ijlfgst8 % F@gocrﬁ?tgﬁl‘ék‘ﬁ%ltﬁ{{DggZﬁgﬁélﬂ?ﬁ?ed by gas
_ 15 capillary column (30 meters, 0.32 mm 1.D.) purchased from J. B. Scientific.

- GC analysis: 76.1 % conversion; selectivity to 5-formylvaleronitrile: 82.7 %

oh a mole basis; linearity of aldehydes produced: 95.3 %.

Table 1
- 20 : Isomerization of 2M3BN to 3PN
Example Supported Ligand/ 3PN/2M3 Ratio
‘ Supported Catalyst '
15-1 SL/SC 1 4.9
15-2 SL/sSC 2 0.2
15-3 SL/ISC 3 18.3
15-4 SL/SC 4 1.3
15-5 SLISC 5 ' 18.5
15-6 SL/SC 6 11.5
15-8 SL/SC 8 0.6
15-9 SL/SC 9 17.5
15-10 SL/SC 10 0.02
15-11 SL/SC 11 0.7
15-12 SL/SC 12 6.9
15-13 SL/SC 13 1.8
15-14 SL/SC 14 - 8.54
15-15 SL/SC 15 0.07
15-16 SL/ISC16 = - 0.9
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chr omat ogr aphy on an HP 5890A Chromatograph with a DB5 fused silica 15
capillary colum (30 neters, 0.32 mm1.D.) purchased fron1g7kﬁhm§9Pgntific.
GC anal ysis: 76.1 %conversion; selectivity to 5-fornylvaleronitrile: 82.7
% on a nole basis; linearity of al dehydes produced: 95.3 % Table 1 20

| soneri P2 PEHOY 2MBBN t o 3PN Exanpl eSupported Li gandCTABMHIME Rati o Su
orted Catal yst 15-1SLISC 14.9 15-2SUSC 20.2 15-3SUSC 318.3 15-4SUSC 41.3
15-5SUSC 518.5 15-6SUSC 611.5 15-8SUSC 80.6 15-9SUSC 917.5 15-10SUSC 100. 02
15-11SUSC 110. 7 15-12SUSC 126.9 ' 15-13SUSC 131. 8 15-14SL/SC 148.54

15- 15SL/ SC Thsoregults weresshtpined by ¢heopreeedure Naseibedin thefixarmple 16019

PCT/ US02/ 37967 The results were obtai ned by the procedure described in the
Exanple 15. Table 2 5 FNdrofornyIa%é&onf 3PN Suppoted Linearity of

Reducti on -
5 Hydroformylation of 3PN
Suppoted Selectivity to 5- Linearity of .
Example | Gigand/ [3PN | formyivaleronitrile |  aldehydes | Reduction
Supported Conversion produced Product
Catalyst (%)
16-1 sSusc2 76 83 95 12
16-2 SL/SC 5 52 45 54 14
16-3 SL/SC 6 29 40 20 20
164 SL/SC 8 40 46 56 37
16-5 SL/SC o 28 4 8 37
16-6 SuUSC 13 Kl 38 48 19
17-7 SLISC 15 10 27 52 25

The results in Table 4 were obtained by the procedure described in the
. Example 16. The reduction product percent shown in the table above
10 indicates the amount of hydrogenated products were obtained, based on
converted 3PN.
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Exanpl eLi gand/ 3PN Sel ectivity to 5- al dehydes Product Supported

Conversi onfornyl val eronitril eproduced( ) Catalyst 16-1SLI S& ¥iRE3904 2

- 16- 2SLI SC 552455414 16- 3SUSC 629402020 16-4SLI SC 840465637 16-5SLI SC
9284837_16-6SL| SC 1338384819 17-7SLI SC 1510275225 The results in Table 4

were obMAKEY'Y, the procedure described in the ExafST&S4%8™6fhe reduction

product percent shown in the table above 10 indicates the anmpbunt of

hydr ogenat ed products were obtai ne4, ed on converted 3PN. 39 27 March

2006 WO 03/046019 PCT/ US02/ 37967 What is claimed is: 1. A process

for prepariWhahisgdrinedds:supported diol of the formula: 5 (1) wherein Pol

and Q are connect e@ prodesd foBrepavirkpd BemeR8dppor@didioldnther gani ¢ ring

structure; fand 0 Pal is an insoluble polynmer support, said process

conpri si ng R6Y%at al yzed grafting a diol onto a polymer selected fromthe

group canhsisting of a benzyl halide-containing polynmer or a

ol efi n-cont ai ni ng pol yner !|=’01
Q

HO” “OH (1)

wherein Pol and Q are connected via a carbon-carbon bond;
Q is an organic ring structure; and
10 Pol is an insoluble polymer support,
said process comprising acid-catalyzed grafting a diol onto a polymer
selected from the group consisting of a benzyl halide-containing polymer
or a olefin-containing polymer
wherein said diol is selected from the group consisting of
15 {a) biphenol, C,

‘wherein each R is independently selected from the group consisting of H,
- C4 to Cyg branched or straight chain alkyl and benzyl, C4 o Cyq
cycloalkyl, Cg to Cog aryl, OR', COoR1, and cyclic ether; wherein
20 neighboring R groups are optionally connected to forma ring structure;
wherein each R' is independently selected from the group consisting of
C4 to Cyq branched or straight chain alkyl, C to Cyq cycloalkyl, and Cg to
Cop aryl; and wherein X and y are each independently 0-3, and x and y are
‘each independently 0-4 if at least one of R, or Ry contains an aromatic
25 ring;and (b) binaphthol, D,
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wherein said diol is selected fromthe group consisting of 15 (a)
bi phenol, C, OH OH wherein each R is independently sel ect exy Magsm20be group
consisting of H Cl to C20 branched or straight chain al kyl and benzyl, Cl
to C20 cycloal kyl, C6 to C20 aryl, ORS, CO2R1l, and cyclic ether; wherein
20 nei gWEIPPH81°R1 gr oups are optionally connected toPF&MH2874 ng structure;
wherein each Rl is independently selected fromthe group consisting of Cl
to C20 branched or straight chai g)lill kyl,,,Cl to C20 cycloal kyl, and C6 to
C20 aryl; and wherein x and y ar ach ql'rludependently 0-3, and x and y are
eéach independently 0-4 if at |eg one Jof \Rx or Ry contains an aromatic 25
ring;and (b) binaphthol, D, 4/ 06 WO 03/046019 PCT/ US02/ 37967 OH
. sel ected fromthe group
consisting of H Cl to C20 brafiched o  ai ght chain al kyl and benzyl, Cl
to C20 cycloalkyl, Cs to C20%aryl &L, GB2R1, and cyclic ether; wherein
each Rl 5 is independently Sof voif g group consisting of Cl to C20
branched or straight chai "™l kyl, Cl to C20¥cycl oal kyl, and C6 to C20
aryl; wherein x and y are each independently 0-5, and x and y are each
i ndependently 0-6 if at |east one pf Rx or Ry contains an aromatic ring,
and conbinations thereof. 10 2. The process of Claiml wherein each Ris
i ndependently selected fromthe group consisti ng_l of Cl to C20 branched, Ci1
to C20 strai ghwhersin gaeh Rys indraerciently selgoted fiamb Hiegrpup gonsisti@gpr ocess of
Clhf” m_:j whezﬁ?l,wtb@zgwdndheb@kswgmm dlkyl @nd RhyTEC t0SC nzylt t
chl ori de-contai pi ng pPo r 4PL " at a
oo 0B aR 8, REDATR QY SR PRR B et VhgBhert g,
5 is independently selected from the group consisting of C4 to Cop branched :
or straight chain alkyl, C4 to Coq cycloalkyl, and Cg to Coq aryl; wherein x
and y are each independently 0-5, and x and y are each independently
0-6 if at least one of Ry or Ry contains an aromatic ring, and combinations
thereof.
10 2. The process of Claim 1 wherein each R is independently
selected from the group consisting of C4 to Cyg branched, C4 to Co
straight chain alkyl and C+ to C,g cycloalkyl.
3. The process of Claim 1 wherein the benzyl halide-containing
polymer is benzyl chloride-containing polymer, and the process is carried
15 out at a temperature of from about 10 °C to about 150 °C in a solvent by a
Lewis acid catalyst. 7
4, The process of Claim 3 wherein the benzyl chloride-containing
polymer is selected from the group consisting of poly(vinylbenzyl chloride),
a copolymer of styrene and vinylbenzyl chloride, a copolymer of styrene
20 and vinylbenzy! chloride crosslinked by 0.2% to 5% of divinylbenzene, and
a poly(vinylbenzyl chloride)-modified cellulose.
5. The process of Claim 1 wherein the polymer is an olefin-
containing polymer, and the process is carried out at a temperature of
about 25°C to about 180°C, in a solvent in an acid.
25 6. The process of Claim 5 wherein the olefin-containing polymer
is selected from the group consisting of polybutadiene, a copolymer of
butadiene and styrene, and dehydrogenated polystyrene.
7. The process of Claim 3 wherein the Lewis acid is selected from

* the group consisting of AlBrs, AICI3, AlF3, AICKF 3.4, GaCls, FeCls,
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Lew s acid catalyst. 4. The process of Caim3 wherein the benzyl

chl oride-containing polyner is selected fromthe group corsiaich?90ef

pol y(vi nyl benzyl chloride), a copolyner of styrene and vi nyl benzyl
chloride, a copolynmer of .styrene 20 and vinyl benzyl chloride crosslinked by
0.2%'t OWQO/Q?@?‘SO& vi nyl benzene, and a pol y(vi nyl benzy!PC@HS8¥478) - nodi fi ed
cellulose. 5. The process of Claim1l wherein the polyner is an ol efin-

cont ai ni ng y t rRce | Sey,C A, € ut nper at ure of

about 25C t%ﬁé‘%@‘l%@“' :ég;ig ngi 5@%"@’ ?Eﬁ QrFrll?aéFﬁ'?" Zﬁéié’.azr}lﬁg' process of

Cl ai m 5 whefnd ralkaxidep phenolateotiflaterandgdopdate o Al(RDsCadilleEe@d). f r om t he group

consi sting t gel\@n f At igdige St yrene, and

dehydr ogenast)ée((qB'B%ﬁ(w't?ﬂ‘e\ﬁégn%?(i%gﬁgﬁggeggﬁoﬁfbg a’ia%%gg\;\her ein the Lew s

acid is selected from the group consisting of AIBr3, AC3, AlF3,

Al C XF(3F x), Ga@l. 3 ThEgib&ssdf CRimNVawhéreRi06 LedistidisadriC), &CT/ US02/ 37967

SbC'5, Zr Clde.SnCl4, BCL3, BF3, SbCl3, BF3.CEt2, BPh3, Znd 2, ZnBr2, Znl2,

al koxi de, phena()I ate, triflate and tosylate of AI(IIl), G(IIl), Fe(lll),

sb{l11), zZr(1V), Sn(1V), and B(Il11), and salt forns of brom de and i odi de.

?h& The pr ocesy. Oﬁh@iﬂbtms% mrﬁiwmeimwaaidasbdeb@dm theor AICI3. 9.
e process i ei Ciydh i s se e 0 e group

consi sti ng q{gu&\%ﬁiﬁ%ﬂn 1%?@ "3, Illgiﬁ' ﬁﬁ%ﬁ X %339) b%@’c%gt:'i#gh?g ShbCl 6, 10

Zr O 4, ¥nCaClaéngls, Bek, Bl cBeCl; BBR:OEt 2 BFbeh alkoxidrophenglatphenol at e,

(1 Candrinatea tbsdth ofplD GagIFkeID) Sombl EHIV), S bha. Z1CIN) -
ool bet bl 1 B SRRt roRER BN iePie: il 7 Aratic 6k SPIECRAMBRLY | o aci d.
pol yphosphdhé graup ebnsisting bf $wifusic adid, pimappdricsadich tpolyphosphasiciadid, 15 10. The

process of alm49 ' Ld4is selected fromthe group consisting
of AIC 3, pt é'géﬁ?gf 3%??@@3&:@3@‘?%&?'“ flic acid. 11. A pol ymer-supported

diol ofl%he formula: 20
10. The process of Claim 9 wherein the acid is selected from the

group consisting of AICl3, phosphotungstic acid and triflic acid.

11. A polymer-supported diol of the formula:
20
Pol

: Q
HO™ ~OH 1)

wherein Pol and Q are connected via a carbon-carbon bond; Q
is an organic ring structure; and Pol is an insoluble polymer support;
25 '
comprising a diol grafted onto a polymer selected from the
group consisting of a benzyl halide-containing polymer or a olefin-
containing polymer,;

30 wherein said diol is selected from the group consisting of
(a) biphenoi, C,
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(1) wherein Pol and Q are connected via a carbon-carbon bond; Q is an
organic ring structure; and Pol is an insoluble polyner sumaaich 2866
conprising a diol grafted onto a polynmer selected fromthe group
consisting of a benzyl halide-containing polymer or a olefin- containing
pol ymer WO/t ei n said diol is selected fromthe gPERESEHY sting of (a)
bi phenol, C, 42 27 March 2006 WD 03/ 046019 PCT/ US02/ 37967 OH OH Ry C
wherein each Ris independently selected fromthe group consisting of H,
Cl to C20 branched or straight ggpain ajé | and benzyl, Cl to C20
cycloalkyl, C6 to C20 aryl, OR CO2R1, and cyclic ether wherein 5
nelghborlng R1 groups are opti4\.lly cemgected to forma ring structure;
wherein each Rl is independe Sel efted|fromthe group consisting of Cl
to C20 branched or straight ¢haizg alkl <l to C20 cycloalkyl, and C6 to
C20 aryl; and wherein x ampg”y are each |ndeBEndentIy 0-3, and x and y are
each independently 0-4 if at Ieastcone of or Ry contains an aromatic 10
ring; and (b) binaphthol, D, OH OH"Rx %& D whereln each R is independently
sel ected f ruhereineeaghdtis indrpsndentiypelested frorathe aroupgopsisting®fdl.or st r ai ght

chain al kyl;gmct@ auéhedfarsmugﬁe&ha%am r@adéfww,c%c C20 aryl, ORI,
6

the of oup. coHeRLa) fg ! ?ﬁzman?ﬁ%ﬁéf@%nen%aﬁ'sﬁ%? a“S%%‘“cKafﬁ' et e,

the group c
C20 cyclalnejghbosing Rl‘Egrowpmﬁ aptignally whenegted to form a ring structure;

wherein each R1 is independently selected from the group consisting of
C4 to Cyq branched or straight chain alkyl, C4 to Coq cycloalkyl, and Cg f0
Cop aryl; and wherein x and y are each independently 0-3, and x and y are
each independently 0-4 if at least one of Ry or Ry contains an aromatic

10 ring; and (b} binaphthol, D,

wherein each R is independently selected from the group consisting
of H, C4 to C5q branched or straight chain alkyl and benzyl, C4 to Cyp
15  cycloalkyl, Cg to Coq aryl, OR?, COoR1, and cyclic ether; wherein each R
' is independently selected from the group consisting of C4 to C;g branched
or straight chain alkyl, C4 to Cyq cycloalkyl, and Cg to Cyg aryl; wherein x
‘and y are each independently 0-5, and x and y are each independently
0-6 if at least one of R, or Ry contains an aromatic ring, and combinations
20 thereof. '
- 12. A process for preparing a polymer-supported bis(phosphorous)
ilgand (2) havmg the formula,
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and y are each independently 0-5, and x and y are each independently 0-6
if at least one of RX or Ry contains an aromatic ring, and7daihraoéons 20
thereof. 12. A process for preparing a pol yner-supported bi s(phosphorous)
ligand (2) having the formula, 43 27 March 2006 WO 031046019 PCT/ US02/ 37967
Pol  X2POW@Y (2) wherein Pol and Q are connected VEEUEEMon- car bon
bond; Qis an organic ring structure; Pol is an insoluble polynmer support;
and X is 5 selected fromtde group of al koxi de, aryl oxide, alkyl or aryl;
sai d process conprising contacting in the presence of a base the polyner
supported diol of Claim 1;.QM;th a phosphorous halide of the fornula
PYnX3-n, wherein Y is %PRal i d&F%ax i g2kel ected fromthe group consisting of
10 al koxi de, aryloxide, alkyl and aryl; and n = 3, 2, or 1; and wherein,
when X i s an al koxi de,, aryl oxi de, .al kyl or aryl, X .contain from1lto
50 carbon aviRmgin Prl@ed Qagronnggted Mﬁc‘%/ﬁfﬁa'i"c@%mﬁé’"ggé iB&ed fromthe group
consi sti ng eriasit hiag structlicy ! 35 areisseluble pohinerrsugpert; 4dd XThe process of
Claim1 ' | i t] - anling. 14. A pol ymer-supported
bi o( phosphoies folinaBRB' ot aolde) ariokigBlblior afh, ™, So50Y"™0 e (2)
20 wherein Pol andSadHecess ABREEa0 poriagtingdp fmpresemsrplisdhase Q is an

organi ¢ ri nfe polywidr supporke didlof EaitnnBONkIDE @hBSIHOISUSs Kalig@of the and X is

sel ected f(rJom tth,Jgd‘?(oup of al koxi de, aryl oxide, alkyl or aryl; conprising
the reacti R"BVS 3%f the pol ymer supported diol of Claiml1l with a
‘phosphor ous' hamheeinlf is adalide; nXiisssafecto®irom the group consisting of

10  alkoxide, aryloxide, alkyl and aryl; andn= 3, 2, or 1, and
wherein, when X is an alkoxide, aryloxide, alkyl or aryl, X may
centain from 1 to 50 carbon atoms, heteroatoms, or functional groups
selected from the group consisting of ethers, alcohols, esters, and amides.
13. The process of Claim 12 wherein said base is a tertiary amine.

15 - 14, A polymer-supported bis(phosphorous) ligand (2) having the
formula,
Pol
Q\

XP0” TOPXe (9

20 “wherein Pol and Q are connected via a carbon-carbon bond; Q is an
organic ring structure; Pol is an insoluble polymer support; and X is
selected from the group of alkoxide, aryloxide, alkyl or aryi;

comprising the reaction product of the polymer supported diol
of Claim 11 with a phosphorous halide of the formula PYXa.q,

25 wherein Y is a halide; X is selected from the group consisting of
alkoxide, aryloxide, alkyl and aryl; andn=3, 2, or 1; and

wherein, when X is an alkoxide, aryloxide, alkyl or aryl, X may
‘contain from 1 to 50 carbon atoms, heteroatoms, or functional groups
selected from the group consisting of ethers, alcohols, esters, and amides.

30 15. A process for preparing a polymer-supported catalyst
composition of the formula -
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25 wherein Yis a halide; X is selected fromthe group consisting of
al koxi de, aryloxide, alkyl and aryl; and n = 3, 2, or 1; avalthred®, when
X is an al koxi de, aryloxide, alkyl or aryl, X may contain from1l to 50
carbon atons, heteroatons, or functional groups selected fromthe group
consi st %P0 hers, al cohols, esters, and ani des. 3§TH823863; ocess for
preparing a polyner-supported catal yst conposition of the fornmula 44 27
March 2006 WO 03/ 046019 PCPAIUS02/ 37967 | X2P-, P ,- 12 M (3) wherein Pot
and Q are connected via a ¢arbon-carbon bond; Qis an organic ring
structure; Pot is an insglk] e polynmer support; X is selected 5 fromthe
group of al koxide, aryl &ide,Qalkyl or aryl; and Mis a catalytically
active transition netal; saidlprocess conpri sing conbining the
pol ymer - supported bi s{@fhQsphBtous) ligand of A aimi14 with a catalytically
active transition netal, M 10 16. (3he process of Caim 15 wherein Mis a
ni ckel . 17. A pol yner-supported catal yst conposition of the fornmula PO O O
Il P X- "Px2 M (3)_wherein Pol and Q are connected vi.a.a carbon-carbon bond;
Q15 an o greinpalan s frecneBoiey Mk SO ASGRTMOBIERR AR suppor . X 1 <
15sel ect ed drgamic tihg syuctu; &l Blandrsalieile polyinexk saporiaKiy kelectedryl ; and Mis a
catal ytigal dot #d fs6p of Bk UhyIBRYE! alkyl or aryl; and M is a catalytically

active transition metal;

said process comprising combining the polymer-supported
bis(phosphorous) figand of Claim 14 with a catalytically active transition
metal, M.
10 16. The process of Claim 15 wherein M is a nickel.

17. A polymer-supported catalyst composition of the formula

Pol
7
XzP\ /P&
W (3)
15 wherein Pol and Q are connected via a carbon-carbon bond; Q

is an organic ring structure; Pol is an insoluble polymer support; X is
selected from the group of alkoxide, aryloxide, alkyl or aryl; and M is a
catalytically active transition metal;
comprising a combination of the polymer-supported
20  bis{phosphorous) ligand of Claim 14 with a catalytically active transition
metal, M.
18. The composition of Claim 17 wherein M is a nickel.
18. An isomerization process using the catalyst composition of
Claim 17.
25 1 20. An isomerization process comprising reacting an alkenyl nitrile
- compound in the presence of the catalyst composition of Claim 17. '
-21. The process of Claim 20 wherein the alkeny! nitrile compound
contains less than 500 ppm of peroxides. _ '

45




conprising a conbination of the pol yner-supported 20bi s(phosphorous) |igand
of Claim14 with a catalytically active transition netal, 2 Mifh?20bé conpos
ition of Claim17 wherein Mis a nickel. 19. An isonerization process using
t he cata|yst conposition of Caim7. 2520. An isonerization DpDrocess

conpri s%rd/gmfﬁéﬁﬂ&i ng an al kenyl nitrile conpound in t e Tﬂ?sgggﬁ@e of the
catal yst conposition of Claim17. 21. The process of Caim 20 wherein the

al kenyl nitril o] : i : JAPiRe oxi des. 45 27
March 2006 WO %glcOmgﬁ%éﬁmﬁg#gg%ﬁgwﬁgﬂ?gorrer iqz"fale?ii?[)n process of

A ai m 20 whdtrile epraprung seakains legs than 100 PHRheLPRIO¥EES-ai ns | ess than 100 ppm
of peroxides. 23. Tine isemerdatigmpioesspofaCiains 20f2ChedwRéreintheor 22 wherei n

the al kenyl, nitri j L - 34 [ LLi the netal is
nickel 5 SEIARYE IR A RoTuCELUNerit i REOE BB AREL, T o0 o
Caim13. 25. Rdnydrhyciegeaationprpeessdssing bergtalysé 0@@0&&2}/@{[ okonposi tion of
Caiml7. 28gjnfMhydrofornyl ation process using the catal yst conposition of

10 Chaim 17. .4625. A hydrocyanation process using the catalyst composition of

Claim 17.
26. A hydroformylation process using the catalyst composition of
10 Claim 17.
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