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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




nonool efi ni c and diol efinic conmpounds, as well as for the isonerization of
non- conj ugat ed 2-al kyl - 3-nonoal kenenitriles to 3- and/ or 47maral2kene
linear nitriles. See, for exanple, US 5,512,695, US 5,512,696 and WO
9514659 ate phosphite |igands have al so been shown t e 27 March
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systens r efhyesefotmylatioresfailienically uesateratest e anit sompondsdforsuf fer from

significantg )%hwq%gene%r'dﬂﬁéqﬂeg blyrtéb?enecgé@h)fﬁé abd R tkaijdtng of the ligand

and the neta eaction products. Typically,

this i s dorystgm. réﬁﬁvphﬂjpﬁ'ﬁ% lighnga hiave haen éﬁslas%wﬂmmdmr@ irftheém t he reacti on
zone and pqﬁd@csfmmgaatmnsaﬁmombnmed efhyrically &ﬁmu@léd)ébrﬁ}ﬁ&ﬁﬂdur es involve

epar atton<c ooty 4 e Ghdn S IS6El 16 dobl, T8t BRarf Vo cansi st ng of
the |igand emmnbes deronsinatd theiwdility of bispRosphiis ligarsdsdncatalysissti | | ati on of a
vol atile pr oducwm;reqnbée o aw%yafémsereﬁﬁésahvﬁmmé@fdn Uableh ther mal
degradatio t he cat al tr phase separation
results in cbagﬂg.s tp.Jbey de nggqréq%ﬁlgplﬁ?#ﬂ@v ﬁu FmEH&s@e These |igands and
met al s ar e catdlgst, sosisting peiheiligandiand tHeusetal, must bapepéaratid from
20 the reaction products. Typically, this is-done by removing the product and
catalyst 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
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coordingtion properties, e.g., electronics an steric size. Binaphthol
and di ol gt %i sphosphite |igands have al so been attached to solid
supports and us@8ihdpbthohamlidiokderived bidphbyphite ligandekaesaltobegi ve noderate to
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Turaeva, Mgve mogerats ig gordirasults (V47 §906146andad)VO 9964B0AL i lawief phenol s by
Che "y e kaghionetporokh dogsidtegod Jvence] SO
i'sgg]r opyl E%L%qoﬁu eggcé?bék%ﬁ%r Eé\& ﬂfrae‘ig'ﬁgﬁh#elcﬁ%g}ﬂimar omati cs by
2, 3-di chl ori878, 6-21i08).aflkylatian olphesnlsdydlefinsds aBD@elltknowniimthe (see
Shi shi do, g (s&a8WR&h, (LA arcel Cﬁrg}éﬁic CHém, AFVES TP 536, £992 ahd fhBEM  Soc.
Trans. Per lﬂa ere-lrice%?r?edréinitsl?)lé kn‘é\% tngtsllégpropyl 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
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cat al yst s ofpolyineermupperiéd diol/efithe foomalae useful for isonerization,

hydr ogenati on, hydrocyanati on, and hydrofornylation. Wen renoving 3 27
March 2006 WO 031046019 PCT/USQ2/ 3{P67 5 the catalyst fromthe product
phase of these processes, there i commercial need to avoid | oss. The
present catalysts are stable, andQherefore are nore easily separated from
the product phase by distillatf#®n dHextraction(fhan are catal ysts having
functiongl grouplinkages. SUVWWARY OF THE | NVENTION A first aspect of the

I nvention provides a.process. for preparing a _polyner-supported diol of the
fornula: (1) 10 Wﬁ%’ﬁgloéo'md Qe QQ“HP&EQ(B'%E@@B"W@% kontlbon- car bon bond;

Q i s an organi c Qiisgn stganid ringestruetute;Rad i s an i nsol ubl e pol yner support,

sai d process, covgid Shidondf ﬁjdlﬁ'ﬁ‘érasluiﬁﬁgﬁ, grafting a diol onto a pol yner
: 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




15 selected fromthe group consisting of a benzyl halide-containing polyner
or a ol efin-containing polynmer wherein said diol is sel ect Marchizoddre group
consisting of biphenol, C, C 20 wherein each R is independently selected
from t hewgomesggoisonsi sting of H, ClL to C20 branched opcmtsiasgbkt chain al kyl
and benzyl, Cl to C20 cycloalkyl, C6 to C20 aryl, ORl, CO2R1l, and cyclic
et her, wherein neighboring RL groups are optionally connected to forma
ring structure 25 and wherein efth R1Ois i ndependently sel ected fromthe
group consisting of Cl to C20 l{ranché¢d or straight chain alkyl, C to C20
cycloalkyl, and C6 to C20 ay ein x and y each independently are
0-3 and x and y each i ndepet 4 if at |least one of Rx or Ry
contains an aromatic ring, D, 30 27 March 2006 WO 03/046019
PCT/ US02/ 37967 OH OH Rx Ry N each R is independently selected
fromthe group consisting 420 branched or straight chain

al kyl and benzyl, C to CRx cycloal kyl, & to C20 aryl, ORl, C02R1, and
cyclic ether; wherein each Rt is independently selected fromthe group
consisting of & to C20 branched nﬁr straight chain alkyl, ClL to C20
cycloal kyl, and C6 to C20 aryl, and wherein x and y each independently are
0-5 and x and y each independently are 0-6 if at |east one of Rx or Ry
contai ns an ar orwhéreinrgacty R isdmdtpendditipaticotes! fidme tiendroupcomsisting aspect of

the 1 nventi gl RE 0 E5brdndttdretraPéiRi SRy Undlvend, &f BPgg e and di sclosed
cycloalkyl, Cg to Coq aryl, OR1, CO4R1, 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,
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- 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




A third aspect of the invention provides a process for preparing a

pol yrer - support ed bi s(phosphorous) ligand (2) having the fXrvatch206®0l X2Po
P2 (2) wherein: Pol and Q are connected via a carbon-carbon bond; Qis an
or gani ¢ woogusdipuct ure; and 20 Pol is an insol ubl e popyigdeaweport; X is
selected fromthe group of al koxide, aryloxide, alkyl or aryl; said process
conprising: contacting in the presence of a base a pol yner supported di ol
as di scl osddndiienalignouistgelecterh e grosipleansistingodf ethers talpahd®(nX3- n, where Y

is a hali dees%?s ){mu%n%&ésect ed fromthe gr oup consi sting of al koxi de
aryl oxi de,  al kyl wherein . when Xis an

d a
al koxi de, aryl oﬁ@@ﬂh {dft%?’n&?ri;'lon PS?VH’§§ acpg er-ﬁu?qogﬁ]d to 50 carbon
atons, het eb&dphnsphomus)ﬁ@ahﬁlasfpr@wéd B QistlogeEDi€eRCT/ US02/ 37967

functiongl gr Ougsfﬂﬁ%kﬁfét%h%fﬂgﬁtm%rw% &nggs%,lp;p& f, et hers, al cohql S,

esters, and ani | nvent i on row des a

pol yner - supﬁmyé’aﬁr'%‘PB?MHM?tal sajalief camperiipa et thedaemdpscl osed
herein. 5 Afifth aspect of the invention provides a process for preparing
a pol yner-supported transitpepn netal catal yst conposition of the formul a
(3) 10 wherein Pol and Q arle connected via a carbon-carbon bond; Qis an
organic ring structure; a Pol is an insoluble polyner support; Xis
selected fromthe group ®f alkRoxide, aryloxide, alkyl or 15 aryl; Mis a
catalytically active tragnsitig¢n netal; said process conprising: conbining
a pol ynmer-supported bK#tphospkorous) |igand as prepared and discl osed
herein with a catalyticall ¥ active t@pnsition netal, M

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. -




20 A sixth aspect of the invention provides a catal yst conposition as
di scl osed and prepared herein. O her aspects of the inventitMah@0d6les an
i someri zati on, hydrogenation, hydrocyanation or hydrofornylation process.
using a_ catalyst conposition as disclosed and prepared herein. 25 An
enbodi ngr?to“”h‘f“{ghe I nvention provides an isonerizati oﬁ%gwgwggﬁkorrpri si ng
reacting an unsaturated organic nitrile conpound in the presence of the
catal yst conposition o e Goup VIII netal
wherein the unsaturat e E%‘HRTP!TE)N ss than 500 ppm of
THOUS qui d or vapor phase.
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| i gand covgireierdbly b polyeedr sapport. | By taibdscused| heneinaftertwes imeis, at@llef erably a

pol ynmer su e N h " ' 2 we nmean, at all tines,

"insol ubl epcpo %%&ﬁuggﬁbyﬁnﬁe@lppgﬁuﬂﬁ& O The ligand is grafted onto the
Pol vial®a car bodhedg@nhisigr to iePolvig & cgdea-cgrbaninkagesdhe i nvention

t hat | are macﬁ!a@aI Iv}st@afmbmeﬁwm@nﬁmlhatm'dﬁmmaeeswﬂgﬂm agﬁous OVﬁ_r .
simlar cat . . t ave a hi gher
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struct ur e: hydroformylation 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:

-
adig | iFeh Pk afa

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),

7




20 (1) wherein, Pol, as used hereinafter in the structures represents an

I nsol ubl e polyner or a polynmer support. As used herein, Q7afih 200y

bi phenol or 25 bi naphthol that binds the diol noiety to the polyner by
carbon-¢ ern | i nkage. a) Grafting Bi phenols onto Benzyl Halide-containing
Pol yner YO SPepar ati on of materials of Fornula | i M$S{UWEEPvi s aci d
catal yzed grafting bi phenols (C) onto benzyl halide-containing polyners. It
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col Ul ose, T e o o Lo THORAE, (o such as
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BCl 3, BRE3, atepCl1@Q°(BF3. Okt 2, BPh3, Znd 2, al koxi de or phenolate of Al (II1I),
G(lrry, 727 Woﬁ%n@t‘ﬁgt &éﬁ%@ﬁtﬁ%s@éﬁ&ﬁhﬁ%éﬁ?@@ét kg ! 1), Sb(IT),

Zr(1V), sn(lV), an I'1), and other s faorns o ese” netals, such as
triflates dP‘%’W'&B& aremble ﬁ°§“‘(?i‘é'39 ReYBRh ?%eﬁeébﬁ”ﬁ@%rhm areenott er m

"phenyl " . Rindfedriaingthyldne chionids, B2idithigoeth@he, aordbetizéne, The grafti ng
t enperat ur ey:l : - e ut 25Cto 5
about '100C%'@?%é%ﬁ%&?ﬁgéItrégghhgg‘?%ﬁ%?lggg%ozse@%t F]I'g\[e %gk%ac?e%rt to the
graftind rheneylichlpridegreypmay jnterfase aithdhe applicatierobibegrafied These i ncl ude,
| bﬁf arg notpolymen t@stiohally, s rbadted _btbhﬁyl bl?ﬁridelgl%uﬁé @bd_na!bt@et Bane, H
chl orobenzene, € r,OnEe ne,~an i nitrobenzene. e
unr eact ed (J}.S%'Sg?‘gw w&ﬁ\’”@ﬁ@ﬁ‘%ﬁiﬁ%“’%@”ﬂ‘ﬁ&‘@? gic@ W'C{Pﬂ‘e['?.guﬂ‘?ﬂ)l i cation of
t he graft edeflpol Ymeactedbiphenal mgy be remonvaedeanct redovesed by wabkhiogi de gr oups

could be i T, ryaf ] Al Cl 3 in toluene
during reftﬁﬁggﬁﬁﬁgégﬁﬁéﬁaggéuﬁg?/lggg gﬁr@ﬂnggg{(?\ﬂgﬁﬁd érﬁsa:%:(l%\?ered by washi ng

the polYremMeyigngc rethai§.t abl e as grafting medium such as 15
met hyl ene chl ori de and di chl or oet hane.

OH OH CH 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.

8




OHOHOHOHCR' "Ry Pol Fornmula | Each R is independently selected from
the group consisting of H Cl to C20 branched or strai ght27aViaich 260&kyl and
benzyl, & to C20 20 cycloal kyl, C6 to C20 aryl, ORl, CO2R1, and cyclic
ether, wherein ~neighboring Rl groups could be connected to forma ring

struct ul@ R wherein each R is I ndependent |y sel ec[,’f:@’&]s?z?%?ﬁ"t he group
consisting of Cl to C20 branched or straight chain alkyl, C to C20

ST, 58 Tt AT R L
cont ai ns anAlCs ACIKE (ag). CRES, 53%3 frls &1a e Gle Blsdfia, the term benzyl
halide". b3bCk aIBF 'UIEtplethﬂi(ﬂ L 2B, CZ fhmdmd@f'dr héﬂ@aiéQﬂt ai ning Pol ymers

Th d

e fromers 'gﬂf %Ilﬁ*ﬁ@hﬁ#éﬂlg&”ﬁ r%n(ﬁ@nawf# B 80 abbe St B r oo yrver s
30 such S&s afdhese metals, sueh as fri aiﬁsloyrtwlases siPlpf&taldy,athel Lewisyadicknzyl chl ori de
crossl i nkeqslzy,di)z SPAIER, @@@&Wgﬁb Rgmzene] , poly(vinylbenzyl chloride),

and copol yner of_ st ne 'an enz chI i, de jed cellul oses. 8 27
ar ch D005 V0 0JHeANS serersiyR @3 PELREPIR L Car ot yoad by a

vari ety of prefarablpcatsat 250 to abeuiM E°E, Scﬂtlrefﬂtﬁ whmﬂfa?e ifdr3oxXk¢ 3_x), GaCl3,
FeCl13, Sbd I 3, 2Znd 2,

ZnBr 2. anﬁaﬂﬁé Hgf'é’ﬁo%?d ﬁg&g%‘%pm E é’d Fi‘e;bra@ﬁ 111), Sb(l11),
zr (1V) , 1050 (Thgse "& Gyt fle noy 'E?'t I methylens gfilgiides 1 t hese metal's, such as
trl flates. ofichlometizineschifiobérzent) dichlbfubehatics, AirbthethaneZadd 2 or Al C3. By

we ne h r 0C to about
1500 pr e?d]err]ﬁépé/}'zengomhgé@@%cg&a%%le%@e%éfpv%ggmt&?vﬁ?{ggw}]ar e inert to
the graf t ithg appiication of HiedrafigdpalymencPptianaly, e ymreactedbenzided for t he
grafting. chiloride groups could be removed by the treatment with AlCl; 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 P i

Q @ BzX-containing polymer’ Q @

| =halide | / \
Rny o Rx O O 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).




10 These include, but are not limted to, nethylene chloride, 1,2

di chl or oet hane, chl orobenzene, dichlorobenzenes, nitronet [Rdrdarchddisc

di ni trobenzene. The unreacted benzyl chloride group may interfere with the
appl i ca the grafted polynmer. Optionally, the i?@ benzyl

chl ori 3@080?’8%%159 coul d be renoved by the treatnent w ?E& 32%% t ol uene at
15 reflux. Unreacted bi napht hol may be renoved and recovered by washi ng

t he pol ynerg)\rafting Biiteinofdonte Migfin-Sontdiniag Pekities ene chl oride or

di chl th I n f 1 ng. medj OHOHOHOH
o5 cont o mne. e RNk F1ARRAE of Polsiia AL PN AR, .o e T s

i ndependentdajalyzsdegrating ephenolsdChentowiefinrmintaining polymeys, s@th as, C20 br anched
or strai ghtp&gm}téuiéﬂ )ébpélﬁﬂepmédier@aﬁd)st%e, Eaafydfllfqehxied , &6 to C20

aryl, : R1, ani cycljc ether: wherei ach | ndependent | y

sel ecte frﬁ?ﬁ“ﬂ@"%r ﬁ%}é’é ﬁﬁfgﬁﬁfﬂ%bX)Pa%EF@%‘VEQ@enBF% hed or straight chain
al kyl, Cl tpolyshfeny td partifliyl unsaturatéd backboRe stugture Rbthertibabhentofn x and vy
each i ndep ; e -5 and Q&ﬂ,- i ndependently are 0-6 if at

| east one ?gg@hﬁ)arfo%@d@%%%g?%s%gn r'%orrat I C c%)i' ng, and conbi nati ons

thereof. Prefer dbP\grafting feaciion is Gatalwzsdyahyaripte el kewisacids aath t he gr oup
Cyeron i &6 Sammane 0 Lk (R e Sl 0" con o
: a?/orrat i @yr i Jg{%%pe% B%‘ %32%%®3%369%&ﬂ%% %ﬁﬁﬁﬁhﬁ?}%?@é“ﬂ Grafting

Bi phenol s dnddGafilBs pthet sait torms atthees (etals, sueb ap tiflateseritosylatesnat eri al s of
Formul a || lardre(ffuN€ Bicili NplssbHoricadidl poRfositiiciaed, BitRhgap! s (O onto _
O O AP GME Rk preferabiy he B Rith Bhlion Bt k" ©f butadiene

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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5 polystyrene. The last is prepared by partial dehydrogenation of

pol ystyrene to partially unsaturated backbone structure by2ZtMerchi2666 mnent of
2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none (DDQ . The grafting reaction is
catal yzed by a variety of Lewis acids and protic acids, such as Al Br3,

Al C 3, )YP#%%““APG XFt3-xi, Gad 3, FeCl3, sbCl5, 10 zFEIWSVERE 4 BaI3, BF3,
Sbd 3, BF3. CEt 2, al koxide or phenolate of AI(IIl), and Ga(lll), other salt

bhosphor i E"%’fﬁgﬁ*@;‘%—w.’ inapiHeR onfo Olcfin OB pORRBISY = 200 B et 6 acld.
Preferably, t he’TaT% m%'g%faf\&tp , aﬁﬁ'@%ﬁﬁgpﬁﬂﬂgﬂ‘?@vah’ﬁé in g‘?‘gt riflic acid. The
grafti ngbt ecqialyzedigrafting Hinaphtredio(@) adColefin-sbrtainingtpalyfiéls, suchf er abl y, abogt
40C to abou e ' i t ' reaction an
able to sme%?'%%gtagg"éhg‘?@%ﬁ%6&?&?@??%&‘%?2%%#8&@E@@g"i ncl ude, but
are not §i npelysdyrene Thedas)iscepaed byipadial dehydmgenatiomet hane, chl or obenzene,

di chl or obenggiys@renditd paiahhanaiturated batikbdneaB®ad By thdesatinBat sfol vent 20
havi ng a -bobbgpg point |lower than the reaction tenperature is used, the

reaction is ried out in an autoclave. OH OH4 A efin-containing polynmer Ry
Rx OH Ry Each RThe gratisg eerntinn liscatalyzesh kyoa variety ohleews agigs @aodsi sti ng of H,

Cl lt.O |020| beratis B&ids @ucﬁ%&@li%@@l‘ﬁ%ﬂg ot F g_xde{a_eﬂgz, F'teCI39$bb , G20 25
oy 81 268, St et ey S B, B ol Qo2
wher ei n eacAl(iRl aind Ga(llippetheresalti fornsesfdbessdmbtatansttteag triflafesawnsi sti ng of  Cl1
CoCary! SRR AR M o oL DI 00 P
each i ndepedfbhogphgtungstig acid. Lirefegably, tiyhacidfs Aleln phegphobimostias an
aromati c riagd ofifitGicid. 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.

Olefin-containing polymer /_ _\
. .\
Rx \"/ Ry
_ Pol
D _ Forimula 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
independently are 0-6 if at least one of Ry or Ry contains an aromatic ring,
I 11 o ' :




27 March 2006 WO 03/046019 PCT/ US02/ 37967 d) Grafting Binaphthols onto

A efin-containing Polyners The preparation of material s of27Adart|2a04 V
involves in acid catalyzed grafting binaphthols (D) onto ol efin-containing
pol yrner as, polybutadi ene, copolyner of butadjen nd _styrene,
dehydro%’é) §F£ﬁ Y5 pol ystyrene. The fast is prepared f P’?"gﬁ"

- dehydr ogenat i on of polystyrene to partially unsaturated backbone structure

e b i
GaCl3, Fed %Om @UPm"z\Smo C‘@iq'ethzo beenchedmestraightahain akw, OFt 2. BPh3,

al koxi de orammhep tﬂagfcmoaﬂéw 46 0)5 amylis@6 ifldt leaspbhe bf RabERf Or M8 of these

net al s, suc %%I’ g,l ?{) tosylates, and sulfuric acid, phosphorl C
aci d, poI yp ospﬂ S¥riflic aci d phosphot ungsti c acid. Preferably,

the acidis Al CiThe mn@wnatdaagwﬂ@bompr@duce ar polymer-supipartedidiot gr af t i ng

t enper at ur epfithe fdrmM5C to 180C, 15 preferably, 40C to 140C. Sol vents,
which are inert to the grafting reaction and able to swell the pol yner,

are used for the grafting. TtigePe i nclude, but are not limted to nethylene
chloride, 1,2-dichloroethane,;’chl orobenzene, dichl orobenzenes,

ni tromet hane and di mtroben@e Wien the solvent 20 with its boiling
point |lower than the reacHo6n taHper at Hp is used, the reactionis carried
out in an autoclave. OH OH OH OH A efin-containing polynmer Rx Ry D Rx -/- -
Ry Pol Formula IV Each Ris independently selected fromthe group

consi stlthg of Hwherein Pol and Q are connected via a carbon-carbon bond; Q is

an organic ring structure; and Pol is an insoluble polymer support;
wherein a diol is grafted onto a polymer selected from the group consisting
of a benzyl halide-containing 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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Cl to C20 branched or straight chain alkyl and benzyl, Cl1 to C20 25
cycloalkyl, C6 to C20 aryl, ORl, CO2Rt, and cyclic ether; awdgaehroemch RL
is independently selected fromthe group consisting of Cl1 to C20 branched

or stra{wgmglﬂtgg&%i n alkyl, Cl to C20 cycl oal kyl, and g%&@g@ﬁ,g%gryl, and

wherein Yy each independently are 0-5 and x an I'ndependent | y
are 0-6 if at |least one of Rx or Ry contains an aromatic ring, 11 27 March

2006 WD 03/ X%PS% '%ﬂSﬂéi 3 of . Preferably, each
RLis indepée},zflg‘(e)'ijtq?lég se ipt',e%gaﬁlﬁ%l rgggw;g%? P?ﬁ% of Cl1 to C20
branched ortrghipadegves hdi-birhen2,.2-diyfplospharge tycloalkyl; y is 0-5 and vy
is 0-6 if at | ed%e remsionfof Réserchiyophosphanus seagentsatitica mabgiadpf 5 The
processes ' iol of the fornul a:
Pol HO Q\ﬁ’%ﬁ%@ig" @E@)‘%‘*ﬁ%@?’@ﬁ% %ﬂgggﬁr@gnne&g%&\%ﬁ a carbon-carbon
bond; Q3J s bisRhesRIVA ligandexamplified by thexsteichie shewsin i nsol ubl e pol ymer
support; wherein a diol is grafted onto a polyner selected fromthe group
consisting of a benzyl halide- !i’@'nt ai ni ng polymer or a ol efin-containing
polymer; and wherein the diolslare as described above. 15 DESCRI PTI ON AND
PREPARATI ON OF POLYMER- SU WED@@( PHOSPHORUS) Le GANDS

Pol ymer - supported bi s(phosphorus) ‘i gands have beenzﬂirepar ed by a variety

of methods known in the art, for exanple, see descriptions in WD 93, 03839;
U S 4,769, 498 agrdX 8nd4) s@dhéSamelas defined abovet he 20 transfornati on

v or Ve . TR el e Bt tipaier et 0 1ot 1
any conpou\rI\gIS(BhoﬁFﬁ\Q“%‘&?b@Wrﬂff-om‘“W?éﬁ @cqoraplished gy pesforning| koxi de,
aryl oxi de, aiditional stepd to the @rotess for pPepaping the gélgmer stipported dpihosphorus
el e 0! ARl LALENRERy Foml S8 IR R ) X528 al ko de,
car bon at orgblorpghasphors seagspty inibe pieseoer off mbass: torgbest a pelymer-
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 halide of the formula PYpX3.n,, wherein Y is a halide; Xis
' ' 13




suéh as oxygen, nitrogen, halogen, and the |like, and al so functional

groups such as ethers, alcohols, esters, am des, as well|l a5 ahARS06 The
groups X may or nmay not be linked to forma cyclic structure. The PX2 30
noi ety forma ring and X may al so be al koxi de, aryl oxide, alkyl, aryl,
or a coﬁ@%ﬁggpgh of them Many dial kyl chl orophosphi m&SSHEar yi

chl or ophosphi nes are commercially avail able, or may be prepared by nethods

known in th g . . 9869.
Phosphor och?%lréle%gtﬂrggfthWe&gﬁéggﬁgdm%ﬁga'\?ﬁ&flgxe'?%%?é:l raé%g[ﬂis 35 known in
the art, foRN@RanPI% or Scandpkerpingwvhen i an ployider arylpaie, akylar61; | norg.
Syn. 1966, 8yl,68malcontaln, frskR) 12680 cdrbofi6ils, HdldrBatoite B fuhfiéhal 535, 12 27 s

G e e e

1, 1' - bi phengmides?' - di yl phosphorochl oridite. The reaction of these
chl or ophosphor us reagemESORIPTIONPNE PREPARATIOR'OE! @ 1 in the presence of
| ojgle (]

a base gives a pg BL - Tole o) Ts exenplified by
the structure ._!.._ix‘le Z¢ A2 R’HL'QF@LL é{ﬁé&gﬁe t he sane as

defined above. IKnheTtransitionseetal datalysis whichfaoe asubjpel ofithistifventioh ymer support ed
bi s(phosphogmngag?ﬂféﬁfm&grsﬁgw kRldws acconplished by perform ng
additional steps to the process tor preparing the polyner supported diol.
The conPdsition represented by Fornula | is reacted with chlorophosphorus
reagents in the presence of a base t§give a pol ymer 15 supported

bi s(phosphorus) |igand. Bases that aje useful in the preparation of these

bi s(phosphorous) ligands are tertiaf T nes. The process for preparing

t he supported diol conpositions a§ discfosed herei nabove, followed by the
process for preparing the |ligan conposjtions of the present invention
result in conpositions that have™® 2Q e*é@tron-donating grougs. The presence
of these species in the |ligands, and“ultinately t he pol ymedSksupport ed
transition netal catalyst

- 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




conpositions that are nmade therefrom are useful, inter alia, in

| soneri zation processes. W further disclose herein a proggadaichrotd e
preparation of the polyner-supported transition nmetal catalyst 25

conposi tjons. The process described above produces a _pol [ - supported

bi s(pho &1"8?"668159) ligand (2) having the formula, PO1 PRI Py 30 (2)
wherein Pol and Q are connected via a carbon-carbon bond; Qis an organic

froms Eé”éﬁ"ﬁﬂ&’g ‘Sf&%ﬂ?;%? §°ﬁ§r§?@§a§§m§@@§ eﬂf‘g‘*“’*’%ﬁ?c 93 Theoo <
reaction pr ungs fBBTW YasWhererY isdhatide ca L?ﬁb@ﬂ above with a 35
phosphor ousadetylacttoredte.t Baitdbde radusing dgttsincivdecmetahbotohgdriddsal i de; X is 13

27 March 2 796 e ted fromthe group
consi sti ngqﬁ&am%@éwgﬁdﬁgﬂeggg&gﬁk@l ﬁgh%’ é{?fﬂ'; and n = 3, 2, or 1; and
wher ei n,5 when X Tihe pipcegsidsserihed aboye pradyees aprlymessuppeRad X may contain

from1l to SétapstRempakiion of thetferfmaai ons, or functional groups selected from
the group consisting of ethers, alcohols, esters, and 5 am des.

DESCRI PTI ON AND PREPARATI OF POLYMER- SUPPORTED TRANSI TI ON METAL
CATALYSTS The transition tal catal ysts which are a subject of this

I nvention are defined by tfie fornmula shown below 10 (3) wherein Q and X
are the sane as defined 0 Mis a transition netal capable of carrying
out catalytic transformgtionsf Mnmay additionally 15 contain |abile |igands
whi ch are either displ ;ed duty ng the catalytic reaction, or take an
active part in the cat ?b“e’t ansfﬁ mation. Any of the transition netals

may be considered in this regard. The preferred netals

10 - wherein Pol and Q are connected via a carbon-carbon bond; Qs 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 those conprising groups VIII, I X and X of the Periodic Table. The
catal ytic transformati ons possible with these catal ysts caidash, 2008t are
20 not |limted to, isonerization, hydrogenation, hydroformnylation and

hydr ocy ' The nost preferred netal for hydrocy I.on d
|sorrer|%t60|5)3?%}9s ni ckel, and the preferred netals foi%ﬁ{plﬁﬁ%@&%ﬁation, and
hydrof ormyl ati on are rhodium cobalt, iridium palladiumand platinum the
most pref erfsad Leiiling Ay .n%ﬁeEBﬁleﬁsé&nV@én%{b@b&g atéPfP@ends useful in

t he present 1 nventi can be enera ccor d| ng to t echni ques
vel 1 known tripieoed of fie cyapog b'efsg? '8&3 i%' U S. 3,496, 217;

3,631, 191, rﬁoMé@hltnleﬁc&ﬂi’isSﬁﬁcry grolips tl%l?d,olrﬁﬁatti’@ﬁhe\catm ni ckel

o Sonophos i acibrd RS GG, ERGPRY- Dl Aibgodps. -

or ganophosp rus ‘source ro-val ent nickel .

Such préferm@wail@f@nﬂ@!ﬁ&ﬁ@ntmndm t@ﬁ@pmows(eewh@mrw (COD is
1, 5- cycl ooGidritionarsubstifutibh. anetﬁﬁméﬁta(e%uﬂ)espemfyhh{peﬂ&p%M%) 3) 3.

These ni ckel un are known art, Alternativ di val ent

ni ckel conpg&mﬂgﬁ%g 33'33388%‘? 'ﬁ@ds?/ﬂ"?rﬁegq?@mcﬁ Jiehe "’F% 'serve as a
source of zvdﬂch zmmrnziﬁ uskd ¢hprR00G: dipasirisl c0ther FEDT&&MWGMBIE val ent ni ckel
in the rea(‘sq ,fﬂ Eﬂé)in@lugéﬁa%tﬁ)ﬂh tﬂ.lté tmwag)? cI ude conpounds of
t he for ere rboxyl at e acet yl acet onat e.

Sui tabl ents include net aI bor ohydri des, netal al um num

hydri des, rret aI Va}héwihe stdrting Narile 1§, 2-methyR 3-buteenitpleoihess descri bed above
produces 2 i@ghuiTBliof JRARELEd, sl Mk QRO Bl e formula (3) 10

wher ei n Pol connec is an organic
ring structure; Thelisamergatiomhpioress @ftbléllwtiorsggpbepamxduoyt @l ected from

the gr oup @fxamlpl@ﬁ dﬁnos?:hbéh@ifﬂed@ure%'nlﬂdt afy téb‘ﬁp’ératu]?é‘ﬁl thé | 'r@wg% grat al yti cgl Iy
b1 s( prdSphavselth G, PEIdab N ederde 8 FERYE ip@sale Bodh cai 1y acti ve 15
transiti on onitical] however sanderanzie: shove os belgwEitioaphery fressiphiol us- Cont ai ni ng
Li-gands:  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




| mproved i sonerization processes can be achieved by using reagents with

m ni mum anount of specific harnful inpurities. The chel at2n®iatdhganeg
conpositions of the present invention can be used to form 20 catal ysts,

whi ch may. be used for the isonerization of branched nitriles to |inear
nitril eg’yoo?ﬁéﬁopsorreri zation conprises contacting an AN Rtrile with a
cat al yst di scl osed above under conditions sufficient to isonerize the

kenyl i tgideeo T - ik Lot a Levi s aci d.
Beanp! es-of ot od BEEYR i &t o ik Blud b By 2, 501
2-al kyl 25 VARRHRBASKBRRIANAM iof Egnayheiinaad-hed stals in arcopweilionat i ons t her eof .

The i sonerfigwihg eaperashase oparatios or Milngmd@ig-qmﬁdbbé@ﬂén.nhi Clhkdepfnd EO, i'i
certain extent ap. t ) ein the alkenyl nitrile,
the volatility o tifﬁee_P%lgrbéﬁrgﬁ%%gF%r %%tﬁp&%r?c%%gg{%ﬁgan%ggﬁc@aafat e. An

i nproved® prurlef sonversion g6 domampie @-alkyli3-mesoalieneaitriienty linegs t han 500 ppm
of 30 per oxdiR@senitiieas aepdident LPéh theaBmperhtiteiof rdR8ok I/e, YpRratRms than 100
ppm of per X des,. Gegagral I%.,? te er.aturles of. ab%ut -25? t 0, about 200C can
be  used. vitAWEICRTBeLAIG delbElY RAUIES & GPash it than operation at a

2- al kyl - 3- rhigher temperatunei |Aepraaticabreactiormtime dantiedn treangabf a fewour ces. The
olefinic d%&g | wal aradRNaR | 4K . March 2006
WO 03/ 0460333 @#%E‘ﬂ?g@% (%.gégkéaégo@? arti ngk%ﬁéﬁsgldgﬁﬁ%&ﬁ%éa soneri zation
cannot Hb JdBRPagiculag cepditiens and methed b RRET@tioR-he cyano group. Suitabl e
startik ng-hz-al ky ITha-metanciblof 2exliyl-Binh@isoali@nenitriio te edtalystds oups thg} do EOt
attack the X . r D rably, the
starting 2%ﬁlwygatﬁ%ﬁégﬁ@%hiﬁwﬁ?’g%gg’gﬁ?éﬁﬂ%%%%mt@@(ﬁw bon at ons,
excl udi ng @Hgferablyi09:dab. 0006k fertapate or contistioys operaiiareneni trile is an
especi al | y tiymefohabtiors igihd CRBIatRd PhosdhonReCan@mind Lidndssoneri zed to

pr oduce, 3- pente ni l‘ll’l [ e,l. wWhi C{ai In turn. 1 s used t8 ﬁé%ﬂjcfe adi ponitrile.
Ot her rHbr esent APPROYMATE loands ptihe presepbinprtindnay, Be fied to form

2- et hyl - 3- matalysis whidhl reaybel ugegioo pydirofriglation efiatérbali | e. When the starting
nitrile i s gs i L RidaSs ' [ | oducts are

3- penteneni@?'Wééﬁ%ﬁd%aq?%gﬂagﬂ%%Hglﬁﬁice&cmﬁ?gh?ggmnérziztgtgpic%ﬁ%r ocess of this

i nventi on AME&T e¥gliciraenastheniqally 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




exanpl e, at atnospheric pressure and at any tenperature in the range of 15
10- 200C, preferably in the range of 60-150C. The pressure i%Mach20606ti cal ,
however, and can be above or bel ow at nospheric pressure, if desired. Any
of the conventional batch or continuous flow procedures may be used either
in the MYU'% bhase or in the vapor phase (with respd&tUSFRHe rel atively
vol atile 2-nethyl-3-butenenitrile reactant and |inear 20 pentenenitrile

ducts). : ' I cal l i st ant
rateria ) npepbRgidiqeRe ShreRndbouiteictifbaitly, EARBesdRIG™ Vo173
ni ckel , coppreferreshodium epsnrpunds are RiGOkasadess steel, Monel (r) or
Hast el | oy (T Rh(CHIG(THHRODTHCOR- (jeh RITOAIRANCO), RIG(@ORENCE or in the
resence il uent. sol vent o | Tuen at is iner
F 0, or noﬁ‘gggmﬁ%'m?ﬂe%%%ex@?%%?PH§8W%B‘@%B%%3.tngﬂrt"?ﬁS?e sol vent's
i ncl ude, 5 butheresfe not limted to, aliphatic or aromatic hydrocarbons

(hexane, cycl ohggadiRourR @R E8RSHon MERSINSthE Qhﬁﬁm&aﬁzé‘g fgLR@hydr of uran,
L0 SR i AE el L M Shdr R ol oo

§hbi nati ons of two
or nore t headtiolty and\procasoacationiyndn genenal) tirembolar satibesfi polmiegici N order to

tard : : e . ; ’ . ‘
w mospher e, 1oehd fo tERSA Bl Blnétai o 67t Gimktoye £ITRELANANA. 70 [P ooy
The cat H ysirefesahhy frem arouts] dul abpyt 20t (kased pndneles phgspliosseper and 35

chel ati ng ImgRnAdtai)s essentially nonvol atile, V\/ner?aas t he 2-nethyl - 3-

but Ptril t ' Itrile oducts are
R e T

cat al yst caeTgaric sompeundhaving af leastone|“GwChHhond inttbenmaleculd anfii d or

sl urry- | i aubrefepdiss 2 13 Sbsilt 2BeiboraBfs VB AR AR S0itNid cifSRRafy 967 oper ati on.

oper at | bh. gisalualsd g GOBPIEs AIGKELP: BUERTE (1R IBMEHI, BRFTonal 11 owi hg
vapor - phasetenpieakdiefunic bydrotarbomg foriexampie; etisteneppropylene, The tinme required
[ b LaoTBeRLI SRR ecPRER 0khd, RphaR Klcend, ' °1F) O COnVELS) on
dependent u'g&\raﬁﬁéeﬁ%‘ ihexadeganep]-oelagdesenen 1-gicasene gpddqdegene;
cyclic olefinic hydrocarbons, for example, cyclohexene, cyclopentene,
20 branched ferminal olefinic hydrocarbons, for example, isobutene and
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 -




at | ower tenperature generally requires a longer time than operation at a
hi gher tenperature. A practical reaction tinme can be in thegxaraeo0é a few
seconds to many hours (e.g., 2 seconds to about 24 hours), depending on 10
the particular conditions and net hod of operation. The molar ratio of

2- al kyl YO R0M01 kenenitrile to catalyst is general |y &Y%t han 1: 1,
usually in the range fromabout 5:1 to 20,000:1, preferably 100:1 to

5,000:1, fo . gt ' i ; 0 | ati on using

Chel ati ng %%@fgﬁ%ﬁoﬁgs-t%hﬁ%mrﬁ ﬁé%?e gﬁ@%%ﬂ?f?@ﬁh@m | i gands of the
present i nviaathaerylatg,adpeleinsaly! lsohel, rpepighall 4pestenal. @idnay be used for
hydr of or ny| ggrhisiRat®insicihed BemorémbBaRf.heni cal | y unsat urated organi ¢ conpounds

with 2 to 20 carha at.ons qr ¢ i aet henj Ly . r.at ed compounds

with 5 to 20 car@gﬂjygfgﬂgnxl%oﬂr%%gg ogg{ér'gg%g'%i%%b %I'@%ﬁ%&ésa% The cat al yst

20 conpri sefollews oup VIII netal or Goup VIII netal conpound conmbined with
at | east one polyneric ligand of the present invention. Preferred G oup

VITI metals for hydrofornylation reaghiLR8p@kenr hodium iridium and

pl ati num t BH,(0%)),_FHeCHAEB), i ng%-uﬂq’;iﬁe—eommnz)mgaaﬁ may be in
the formof a conpound, such as a hydH:d€Q halide, organic acid salt, 25
ket onate, inorganic acid salt, oxide, carbonyl conpound, am ne conpound,

or- conbi nations of two or nore thereof. Preferred Goup VIII netal
conpounds are 1r4(CQ 12, IrS(]Od, RhGhadalysRamp8idios, Rh(OAc) 3,  Rh203,
Rh(acac) (CO) 2, | ﬁ&&@tﬁﬂ 2, 1 EPHCGRH), Ph3P) 3,
[Rh(OAc) (CO2]2, [RnCI(COD)]2, and consi Qtions of 30 two or nore thereof
("acac" is an acetyl acetonate group; "OAc" is an acetyl group; "COD' is

1, 5- cycl ooct adi ' a%, "Ph 8 n ugy .. bﬂW’- Lt shoul d be
not ed t hat the7 @g}?p F!éag_gtt'%rﬁ’ %o%tp}gujr@él\lég%reéﬁriptc( : eceséa‘%li_@y limted to
the above |{Qft%e®HoFpemkinationneldwaer swipthereaf, v isuan iatager frem .

hydr of oggwy| @id o1 aRd'X ibanite@éfisin Otto 92N Eadk RA is’:\iﬁﬂ@r.!iﬁdgg_ltl} o 35 techniques

Aopl 1 oat | ort s eiEBiadhe B HRRER o Jor B rneed o RlfAOBhem soc. 1995,
115, 2066, ¢hatvalpys G taiCheeysiaalkyl andCyrtefiog aniRhodi um conpounds  t hat
ggggai n I'i gands pypiciarfaiefefreduRBABREEH SYahiBRoRpBERAS a0l YMeric 17 27 March
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
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WO 03/ 046019 PCTI US02/ 37967 phosphite |igands, are a preferred source of
rhodi um Exanpl es of such preferred rhodi um conpounds ar @7RMafRP2B0g§ acac),
. Rh(CO) 2( C4H9000HCO t - C4H9) , Rh203, Rh4(CO) 12, Rh6( CO 16, Rh(02CCH3) 2,

Rh( 2- et Iﬂpﬁéﬁﬁg‘. oate), and conbi nations of two or ?CZ{%B&Z&%&O]C The

anount tion nmetal in the catalyst can be an so long as
favorable results can be obtained with respect to catalyst activity and

Process eCOl'?@r@%b ref %enérﬁlfgyefﬁé' Bcés%tdaﬁ Héfcaﬁ‘ﬂécb’étﬁruheerér\ ?ndltoo

transition an roma ut_ 10 '
preferably ‘F‘P’G’ﬂioﬁ%b’ﬂrlc'eﬂt ?fgﬁ%mr°%t'?“(°g§$8"% fﬁﬁﬁ d'_l%sphorus per

mol e et al ) exahisde, rtbat&rapﬁratmi'e tdrebdr frdmadfbout@Gitd 200°Gr pme@ablys an unsat ur at ed
or gani c . co gw@n ﬁ{\éﬂso cuI e and

pr ef er abl y %‘30 outiaZ ca‘r%%rsl ﬁ%ﬁrefe‘;@g o? su‘%f rT.E'Ihe ethenically 15
unsat uraiewrssyaﬂun@vmﬁqﬁdprmﬁbnraeﬁyre kud aeprﬁferablvﬁrq%a te, 1inear

term nal ol EMF@ CTHeystesd /e kpas a rhe! equartiihe, conibinddeeirogencing ene,

LDt e 50 Bt BN SooduSE. BB nabod SRS M B RS g ccone,
cyclic ol efpmswraymayowfnomslormelrprem@tcew MRa wiendoad gassecarepent ene, 20
2 ety 1 el O exanpl e
cis- a% tr gg’ﬂé”r{@ Fi@ @ndﬁ$[@§n@@eﬁ%§§y doigs tis,Rips {rans- ZETECt ene,
cis- and trmief@ddbat@nm rhticoicdacitbn moeoxidd and hydrogen isygdedcar bons, for
exanple, 2,3 d'fﬂ@a%}un?o%’ét&g& is 3e|5&59>éb?tﬁat%%$5ﬁe?€%n§cﬂﬁbﬁy' 2- pent ene;

25 term nal ol efi rocarbon m xtures;
for exanpl@taiped MMGSH?FE%HQ&]Y%?CWWﬂP&@Q%ﬁ egpnaINY. e'ﬁ‘es cyclic ol efins,
for exanpl genceaictheltonestration of Pawitinanetalid the razictien n@amnof two or nore

subst 1 t 13 Eﬁ%‘ﬁle ROt A e FATROCH By e oo, 20
conpounds cenmpgsitionganthselventdif pesenthantbedretweerc k0 and 40,008wem al pha-
met hyl st yr esgy .ﬁafé ;%#éféﬁweéma@n SOHMIUNGET Al Sl t4t8@ 3k freEQREQUNd can al so
be substituted \L\dhe molar ratio of the present polymeric ligand to transifion 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




one or nore functional groups containing a heteroatom such as oxygen, 35
sul fur, nitrogen or phosphorus. Exanpl es of these heteroatpsnvaedb0s ut ed
et heni cal |y unsaturated organi ¢ conpounds include vinyl nethyl ether,

met hyl e ol eyl al cohol, 3-pentenenitrile, 4-pent njLrile,
3- pent eﬂ)&@}“?"’% d, 4-pentenoic acid, nethyl 3-pent enggﬁgﬁmﬁ’%égt en- 1-al,
acrylonitrile, 18 27 March 2006 WO 03/ 046019 PCT/ US02/ 37967 acrylic acid

arol o ol trefie i BRRCH iafafidLaf Be il dbow O ECTYT C1 €,

acrolein, a t'%en a conbi nati ons of two
or nore t helee®! Mige Hpdresrepna teroneralurr eqabigatiorpusthesehaseR can be
i || ust rat eds@ss toomaintdimmictattBaidpiRB rutEhrBevapt phaseRA giaéml yst conpositi on

r- OHC (CH +n+3 - R6. = - / osition
2/ @ O t_ﬁtiﬁfbae%? ) Rty Buchids FRiler odefor o Ge 0705,
-C(O) NRZR7,a xposuteRH aircyensitive catglyistsdeioygendror e @f- Aore thereof; vy is

an integer ﬁﬁés‘éﬂuéﬂ'niﬂur@bfll?é dédiddIsfinfi\cormpRBA! cdrb®idnbfidéandEach R7 i's
i ndependent

SPETentlo S60d b e ERL F 5 l ne g , 7
Parti cul ar | 3rgpn,dé theneuaseed trougit tbe reagjemihilecontestingltheesatalyst- pent enenitril e,
3- pent enoi ﬂ:ltﬁfiegptié‘i @%Egcgea}e géidrilly ﬁiﬁq}%mm%]ﬁpé’rlaﬁﬂé ah@ ais Pent enoat e,

such as. ne . nt e t and. conbi nati.ons,of two or . re thereof. The
Uinear Ml derAETEBipEERETs b 5pelindhyl NeHeasPraliiant can SEectl vt ng with one

of these cosymnecied (e asampling ealve and ean bgeanalgred byngdshe prepar ati on of
et o RBATRY ARAILE 6 0 BERRRE S SRR, . (o 1 .
and/ or Nyl dtyakiehydes obtained from 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
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The hydrofornyl ation process of the invention also can be carried out wth
a mxture that conprises two or nore unsaturated organi c xovpRHRdes For
exanpl e, 3-pentenenitrile can be present in a mxture containing

4- pent ep rile. Because the 4- isomer reacts in a fashi on as

t he corP’sﬂ%ﬁﬁPng 3-isonmer to the desired linear aldéﬁghﬁémﬁg§nlxture of

i sonmers can be used directly in the present process. The 3-pentenenitrile

b o { t terf
w in the nyGUnpufed kR S EHLR i griidhy bals, Tl AR LT Ty e

2- pentenenlﬁ“ief‘?dewaébe‘#WEh hewanss % mb) and praseansd (B410me). driednt i on can be
carried outorbmnvamumraﬁgieebm@m(-tmgpe skl I I ed in the art, such as, for
exanpl e, theyq (i;; o § 69 ‘.‘ e~ J} osure of
whi ch is i neorpotratet—TS NVerrc T L ' SG2+87967 herein
by ref erfence ER@MdH4 (L , 2 any

condi tion suffici Q'IFHENOEfGF%QFTEIbNEm!QWEIID RESHE ANSIBEDL ed al dehyde. For
exanpl e, the tenperg o) preferably from
about 50 to 150C, 3 The 5 pressure nmay
vary from normal . pressuretoS MPa, preferablyfromo 1to 2 MPa. The

. pressure is, as a rule, equal to the contirgled hydrogen and carbon nonoxi de

% partial pressures. Inert gases also

ny bg present; the pressure may vary
i ne gases are present. The nol ar
dgrally 10 between 10:1 and 1: 10,

fromnormal pressure to 15 MPa MRe
ratio of hydrogen to carbon a
and preferably between 6:1 and 12~

st preferred that a 1:1 ratio
of carbon nonoxi de and hydipgen|is used. The anpent of catal yst is sel ected
obt ai neg

so that favorable res C : ) respect to catal yst
activity and pr ocesgo'ﬁdﬁﬁﬁn@gpgh gener al ,%Eéﬁéﬂﬁggﬁt ration of transition
netal im the reaction nmedium 15 whi ch conpri ses an unsat urated organic
conpound, a cat ol vent present), can be between
10 and 10, 000 pM%aSﬂ@%%%Pé ﬁ?ﬂ%ﬂe "dhd 1,000 ppm cal cul at ed
as free netdif2-isoprepylphenyl) phosphagchiorisi tpr(w@)wap@m;reeun abdutgand to
transition JRfielof ierahs@tbRRAPETHY oS0 mi VPH-AURIAARG!(1 ghafasDe obt ai ned
vvlth respect 8 Cﬁ_' &?
dded 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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20 activity and desired al dehyde selectivity. This ratio generally is from
about 1 to 100 and preferably from1l to 20 (nol es phosphorasMagh 2006 €
netal). The solvent may be the mi xture of reactants of the

hydroforrg/l atlon reaction itself, such as the starting unsaturated

compounY O PAEOY dehyde product and/or by-products. EERESVEi% abl e sol vents
i ncl ude saturat ed 25 hydrocarbons (for exanple, kerosene, mneral oil, or
cycl ohexan . ' r of uran),

ket ones (f XARPTE 2A: F‘A@Aﬁ'&ﬁm EOL‘} aﬁgﬁ"e;?ﬂ_ngﬂ Aﬁb@gﬁexarrpl e,
acetonitril eER IO 3 Al JQRROPXL- exanpl e,

tol uene, benzengy ZmIPMWEGRAGS'E@fMERRﬂHELmMBANU&}I | val erate,

caprol actone), Texan T or mam de, or

conbi nati ons of two of—frore : tion process can be

run in solution or in the gas phase. Wen the hydrofornylation is carried
out in the vapor phase, the nqaferred teﬁperép?re range i s from about 50C
to about 180C, nost preferabl 90 o 110C. The tenperature
nmust be chosen 35 so as to ne e reactants and products in

t he vapor phase, but | ow eng deterioration of the catal yst.
.The particular preferred tempeLs depepts to sone extent on the

catal yst being used, the -0l efijnic conpouhd berng used, and the desired

reaction rate. The 20,27 006 WO O RCTL US02/ 37967 operati ng
pressure i s not parf?@%f%@ﬁ%rcfti cal and EQ‘?&%@“M% about 0.101 to 1.01
MPa. The pressure and tenperature conbination nust be chosen so as to

mai ntai n reactants and products in the vapor phase. A given catalyst is
| oaded into a reactor, such as a tubular reactor, taking care to 5 avoid

exposure of ai r Achdureof thequalyamer 40 6 o) drosx Egempleromnd i-ai r. A gaseous
m xt ur ejgof rhé!ﬁylﬁﬁéhwﬁﬂ]d%bﬁétbﬂh[6radi@fm0|Ug)d~a§ﬁrrﬂ%@rln apo@dodaLapd  hydrogen,

I , h
passed 't hr JERAMERRLIELTTS) Minbret SR ER v REn e a s o 0 P i on
product s aﬂbegtharathye tesyltingimixtureovas stieg et soam terepatatureefor0 conveni ently
recovered 569% é{égsoh&rbfasrc%a éZHe %Ff)lfrhﬁ@rﬂén&ﬂ:ﬂsl% ﬂhﬂéﬁéﬁtrﬁonneq ed to a

sanpling va ézjas t%?ra dehydi c
products, d4&RO al )| andbyaclyriAne 40 aived-& g of the ligand. EremdntA |
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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but yr al dehydes obt ai ned from hydrofornyl ati on of propyl ene, can be
quantitatively separated and anal yzed using a 30 M DB- Vax (27 Maahidobary 15
GC col umm. EXAMPLES The following non-limting, representative exanples

i1 lustrgte th rocesses for the preparation of the |j d catal ysts
of thi sa%on'{};}é)ﬁ@iﬁgn. Unl ess ot herw se specificed, all ﬂ%@%’?@ and reagents
were used as 20 received fromAldrich Chem cal Co., MIwaukee, W. Legend:
1-Pr means EXARFLEYSA-PROPARATION PO PAMERISUPFERTEDS PRARDYSL@eny!  SL
means supportﬁgo Pﬁg&é&ﬁ@f&@?%?ﬁ%@éEé“g%tigﬁk.rﬁ _é € nunber

corresponds t ==
3. 3' - DI | SOPROPYL- ®@IBHEROIEIRAE TED MERRIFHEENAE PRt FI1 ELD RESI N Pol

i-Pr ' i-Pr 30 CH ' f

3,3 -diisopropyl GOWWW%F Merrifield resin
(1.0 g, 1.9 mol d), zZnCl2 (0.2 g) and 1, 2-dichl oroethane 21 27 March 2006
WO 03/ 046019 PCT/ US02/ 37967 (6 y -) was stirrel@lat over night and 70C for 4
days. The solid was filtered, mwashed wt

(3X10 nmL), dried on full vacuihs

PREPARATI ON POLYMER- SUPPORT Ii@
3, 3' - Dl | SOPROPYL- 6, 6' - DI METH¥% BHRJENSL,  GRAFTED MERRI FI ELD RESI N AND
- DI (2 | SOPROPYLPHENYL) PH®SPHORACHLORI DIl TE[Pol ™i-Pr

(O-Me-CSH40)2PO OP(OCGH4-MB-0)2

Hlid (1.28 g). EXAWPLE 1A
5 FROM THE REACTI ON OF

- LY

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

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
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(o0-1 PrC6H40) 2PO 10 OP(OC6H4i Pr-0)2 A m xture of the polynmer (0.5 g) from
exanple | and di(2-isopropyl phenyl) phosphorochloridite (27 Xagh 2006
stirr’ed in about 20 nL of tetrahydrofuran (THF) for 30 mn.

Tri - wpyoagiepr}e (1.0 g) was added to the MXt_tIJ_Lg.S'(IS:Ee r&z}g%%l ng m xture

was stl room 15 tenperature for 4 days ol l ected by
filtration and washed with acetonitrile (2X20 nL), and vacuumdried to

give 0.7 9 PRAMEEE AQPREPARASIINN BB Y SUFPORIEB LIGAR 2 GRAFTING
20 A mxtur‘,@ ”' E 8 A J&G'éﬂé),(N_Ei ¢ = P ENQlohenol 25

-go EI 9), I\/ﬁrrl F%MF‘EE;ﬁﬁmR!&E}@LESQNMWD—I@PRW&H&?&M% and 1d2

I chl-oroethane (6.5 g) was g @ p erature for 3 days an 70C
for 2 hours. The solid was i épﬁ%@Cﬁ il I€t\Eph hexanes (2X30 m-) and
met hanol5 (3X30 nL), dried on full vacuum t o give a solid (0.64 g). 22 27
March 2006 WO 03/ 046019 PCT/ US02/ 37967 EXAVPLE 2A: PREPARATI ON

POLYMER- SUPPORTED LI GAND (SL 2) FROM THEpSHEACTI ON

3.3'6,6"' - TETRAMETHYL- 5. 5' - DI | SOPROPYL 2, 2'|- Bl PHENOL GRAFTED MERRI FI ELD

RESI N AND DI (2- METHYLPHENYL) PHOSPHCROCH ORI DI TE 5 (0- Me- C6H40) 2PO
OP(OC6H4-Me-0)2 A m xture O yme £8.6-9) from Exanple 2 and di(2 10
met hyl phenyl ) phosphor ochl ori ) s stirred in about 30 niL of
tetrahydrofuran (THF) for 30_R = ' i
the m xture. The resultlng 1 Xt: at room tenperature for 3

days. The solid vvasc d with acetonitrile
(2X20 nL), and vacu& gdsgg f(aﬁdlém?fg nd. El enent al

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

fiItrati
gi ve 0.8 g0

R | Pol

R: H, t-Bu

20 OH OH

A mixture of 3,3’-diisopropyl-5,75'—di—t—butyl-ﬁ.G'—dimethyl-Z,2'-
biphenol (1.1 g), Merrifield resin (1.1 g, 2.1 mmol CI), AlCl3 (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 mbL) and methanol (2X20 mL), dried on full vacuum to give a solid

(12g).

25




15 analysis: P%4.7. EXAVPLE 3: GRAFTI NG
3.3"-Dl | SOPROPYL-5. 5" - DI METHYL-2, 2' - Bl PHENOL ONTO MERRI Flmaﬁﬁﬁm{gi - Pr
i-Pr' OH OH 20 A mxture of 3,3 -diisopropyl-5,5'-dinethyl- - bi phenol

rrifield resin (1.0 g, 1.9 mol Al Cl and
1 2 d| CMOOE@@Wane (10 nmL) was stirred at roomterrpé%g{"g%@”?%r 3 days and
70C for 1 day. The solid was filtered, washed with hexanes (2X20 nmL) and
met hanol 25-¢ 20 k., peEbEEAS b BN 6 .4 g). 23 27
March 2006 W ., )
POLYMER- SUPPER@M A : -BBUTYL-6.6"
3,3 -Dl SGDFEEWIEIHB(I52 ZDSNZEHEN@LZ%AFMEPNEHERIF(E’&AFREBIN/ERB B2 D RESI N AND

Dl (2 METHYLPHENYL) 1BEPRRE HEsP HE@IﬁﬁBh—%PO Pol

OP( OC6H4- Me-0) 2 A Mﬂmomosﬂmn as from
Exanpl e 8, but different batch) and di (2-nethyl phenyl) 10
phosphorochloridite (1.0 g) was stirred in about 30 nL of tetrahydrofuran
(THF) for 30 min. Tri-n-butylamne (1. ®4) was added to the m xture. The
resulting mxture was stirredtat roomténperature for 3 days. The solid
was collected by filtration ahd ] th acetonitrile (2X20 nL), and
vacuumdried to give 0.72 g El enental analysis: P%5.2. 15
EXAMPLE 4: GRAFTING 3. 3' .4,/ HYL- 2. 2R- B| BBIENCL  ONTO

MERRI FI ELD RESI N Pol

(O-iPrCGH4O)2P0 OF’(OCGH4iPr-o)2

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).
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OH 20 OH A m xture of 3,3 ,4,4",6,6"-hexanet hyl -2, 2" -bi phenol (1.0 g),
Merrifield resin (1.0 g, 1.9 mmol d), AICI3 (50 ng) and k72udicabheg oet hane
(10 nmL) was stirred at roomtenperature for 3 days and 70C for 1 day. The
solid was filtered, washed wi th hexanes (2X20 ni) an% han? 25 (2X20
m), dr MELHMUI T vacuumto give a solid (1.15 g). ZEYPPEIYh 2006 WO
03/046019 PCTI US02/ 37967 EXAMPLE 4A: PREPARATI O\I POLYMER- SUPPORTED LI GAND

SL 4 : PHENCL
GRAFTED NERREE S SERNEAN N PO B UE R Sk R DI TE 5
(o-i PrC6H40) 2P ' r (0.50 g, from-
Exanpl e 4) GIDWIEEﬂ-l‘d_-QZ' BHHENQY IGRYGFTED MERFIPIEUDD RES@NIANU_I(&l 0 g) was
stirred in 20 ni of%ﬁ?ﬁ/ HQ&YL%@QQEPSQ‘#Q&HEB%% Tri-n-butyl am ne

(1.0 g) was added t T Xtare. 11 was stirred at
roomtenperature for 4 days. The solid was collected by filtration and
washed with acetonitrile (2X20 , and MsicuBoh dried to give 0.6 g of the
ligand. El enental 15 anal ysis: AT, HLE 5: GRAFTI NG

3. 3" -Dl | SOPROPYL-5.5"-Dl - T- BUT 6 6' - METHYL- 2, 2' - Bl PHENOL ONTO

3,3 -diisopropyl-55-di-t-b b —6-ag py| -2, 2" - bi phenol (1.1 g),
~Merrifield resin (1.1 g,.B pl d), AI ) pppg) and

-1, 2-dichloroethane (10 nl-) wasistirred at rature for 3 days 25
and 70C for | day. Tﬁ&@@ﬁu@)zﬁ% fllteredoéﬂﬁgaf@{i@poc% hexanes

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 mixiure 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

‘MERRI FI ELD RESIN R H, t-Bu 2'Xtur_

Pol '
[ve
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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(2X20 m -) and net hanol (2X20 nlL), dried on full vacuumto give a solid
(1.2 g). 25 27 NMarch 2006 WO 03/ 046019 PCT/ US02/ 37967 EXAMLaRA2006
PREPARATI ON POLYMER- SUPPORTED LI GAND (SL 5) FROM THE REACTI ON OF

3,3 -Dl | SOPROPYL-5.5"-DI -T-BUTYL-6, 6' - DI METHYL- 2, 2' - Bl PHENCL GRAFTED
MVERRI FI BOS34819%\ AND DI (2- | SOPROPYLPHENYL) PHOSPHORBETUSRYFHTE 5
(o-1PrC6H40 2PO Pol R H, t-Bu OP(OC6H4i Pr-0)2 A mi xture of the polyner
(1.0 g, fromExarml-es0)omdrdhiid e SAPYARY. Rhpsphasochloridite
(1.0 g) was *‘*«““1'!-‘ .t-- ﬂh e % PO s .‘!..” lgh!” 30 min.
Tri-n-butyl am ng PRGM THE REMaHON2 21 BINARHEHOL GRARITER:sul ti ng mi xture
-was stirred at roonMERRIEBIERDURESINAND DIEMETHYE FBHENYL )was col | ected by
filtration and washed wth HOLE fdj m.), and vacuumdried to
give 1.8 g of the |igand. —qg—kﬂf%,o s: P%1.34. EXAMPLE 6:
GRAFTI NG 3. 3', 5, 5" - TETRAI SOPROPYL- 6. 6' - DI METHYL- 2. 2' - Bl PHENOL ONTO

MERRI FI ELD RESI N 20 A mpdlure of

3,3",5, 5 -tetraisopropyl - 6\ xdi pgt hyl -2, 2" - bi phenol (1.1 g), Merrifield
resin (1.1 g, 2.1 nmol d), 50 ng) and 1, 2- dichloroethane (10 m -)
was stirred at room tenpera ur 3 days and 25 70C for 1 day. The solid-
was filtered, washed wth heXane (ZXQE’(épslth%nQ& met hanol (2X20 nli), dried
on full vacuumto give a solid (0.8 g). 26 27 March 2006 WO 03/ 046019

PCT/ US02/ 37967 EXAMPLE 6A: BRERARALI-EORIOCKNEMED)PPORTED LI GAND (SL 6)
FROM THE REACTION OF 3,3'.5 HAl SOPROPYL- 6, 6'

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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DI METHYL- 2. 2' - Bl PHENOL GRAFTED MERRI FI ELD RESIN AND DI (2- | SOPROPYLPHENYL)
PHOSPHOROCHLORIDITE 5 i -Pr i-Pr Pol i-Pr I | " i-Pr - 27 March 2006

(o-1 P1C6H40) 2POOP( OC6H41 Pr-oh A m xture of the polyner (0.5 g, from Exanpl e
6) and di(2- opropyl phenyl ) phosphorochloridite (1.0 was stirred in
about lg‘l’(#%mé?ﬂ?ﬁo t et rahydrofuran (THF) for 30 min. ‘IPrq"%#“%U?VI anmine (1.0
g) was added to the m xture. The resulting m xture was stirred at room

temper at ur e Exapringa; pREPARATICNSS PER YYEH RUPRORTED [ REAQR and vashed

wth acetoni {71 ZX20 L, and_vacuourm d |eu {0 of the
ligand. Ele 3 EREAGTION O 7,78 BEOCTANKDR(S: B NAPHTHOL

ONTO MERRI FI B@DRBSIYIN-?Q‘LBI&B(PHIH@DGRAFTEDJMERNFIELD REsmNDhol (1.5 9),
Merrifield resin ((i%égg-r;lﬁh@m

1, 2-di chl or oet hane . The solid was
fllteredS washed wi th hexanes (2X20 ml-) and net hanol (2X20 m.), dried on
full vacuum-to give a solid (1.0 g). 27 27 March 2006 WD 03/ 046019

PCT/ US02/ 37967 EXAMPLE 7A: PREPARATpg\I OF POLYMER- SUPPORTED LI GAND (SL 7)
FROM THE REACTI ON 2, 2' - Bl A’- R, RAFTED MERRI FI ELD RESI N AND

Dl (2- METHYLPHENYL) PHOSP 0 OGHLORI DI TE 5 Pol OP( OC6H4AMe- 0) 2 OP( CC6HAME- 0) 2

A m xture of the polyner &@éermlw%_g))z and di (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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met hyl phenyl ) phosphorochloridite (1.8 g) was stirred in about 30 nL of 10
tetrahydrofuran (THF) for 30 min. Tri-n-butylamne (1.0 g)2™asrchddes to
the m xture. The resulting m xture was stirred at roomtenperature for 5
days. The soI id was collected by filtration and washed with acetonitrile
(2x20 n40 934§} acuum dried to give 0.49 g of the |i &S Hent al

anal ysis: P%5.5. 15 EXAMPLE 8: GRAFTI NG

5,5'.6,6' 7 ONTO MERRI FI ELD
22 ho) i migle - The tddbiRG kel WaS Stirked 4t rborm terhpbrdfror

5,5,6,6, 74 days3, Bhe spldavasralected by ilteion apd wvashedhwith apetpnitifle . 5 o) |
Merrifiel d onnlﬁ)oaﬁdgac&n?dmmb(?@éos 1He iganl. Bledstal . 2-

di chl or oet han was stirred at 7 for day. The solid was
filtered, V@ﬁéﬁ\l\ﬁl{"f# exanes (2X50 m -) and met hanol (2X50 nL), dried 25
on ful | SacufEXAMPLE 9eGRAETING 3(315566 §-HEXAMETHY-2B-BIRHENGL 03/ 046019

PCTI US02/ 37967 EXAMPLE 8A: Wh@t@ﬁ R- SUPPORTED LI GAND (SL 8)
FROM THE REACTION OF 5.5',6,06, 7.7 DRO- 3-

| SOPROPYL- 2. 2' - Bl NAPHTHOL GRAFTED I\/ERRI FI ELD RESIN AND DI (2- METHYLPHENYL)
PHOSPHOROCHLCRI DI TE 5 OP( OC6HAMe-0) 2 OP(OC6HAMe-0)2 i-Pr A mixture of the
polymer (0.5 g, fromexanple 8) and di (2 10 neslhyl phenyl)
phosphorochloridite (1.8 g) wasjstirred i agout 40 nL of tetrahydrofuran
(THF) for 30 mn. Tri-n-butyl s added to the mixture. The
resulting mxture was stirred ature for 3 days. The solid was -
collected by filtration and onitrile (2X20 nL), and vacuum
dried to gi ve 0.72 g of the 5 analysis: P%5.6. EXAVPLE

10
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'.5,5'6,6'"HEXAMETHYL-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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FROM THE REACTION OF 5,5'.6,6',7,7',8, 8 - OCTAHYDRO 3-

| SOPROPYL- 2. 2' - Bl NAPHTHOL GRAFTED MERRI FI ELD RESI N AND 27 March 2006

Dl ( 2- 1 SOPROPYLPHENYL) PHOSPHOROCHLCORI DI TE 20 OP(OC6H4-i Pr-0) 2

OP(OC6H4-i Pr-0)2 A mxture of the polyner (0.35 g, fromExanple 8) and di (2
25 isoch%W“ﬂ?o‘?ignyl) phosphorochloridite (1.0 g) was s‘quWS@H‘L‘IBW about 20 niL
of tetrahydrofuran (THF) for 30 mn. Tri-n-butylamne (1.0 g) was added to
29 27 Marc ; /91,,]55@ y/ ; m The resulting

m xture mg%?ﬁg%ﬁoﬁgﬁgéﬁr at ur'gégoor?%ie @@g: @é@g‘ id was col |l ected
by filtrati ¥l Radhled with acetonitrile (2X20 nl), and vacuumdried to
give 0.5 g EXAMRLE i QaGRAFBNGSL-DISOPRORI-S.5' C8-BETRAMETKWERLE 9: ‘
GRAFTING 3,3 ,5.5",6.8'm_ | PENCRE O MERRI FI ELD RESI N 10
A mxture of 3,3 ,5 55,0 = =2, 2~ (0.89 g), Merrifield
resin (30 g, 1.9 nmmol C), AICI3 (0.1 g) and 1, 2-dichloroethane (20 ni-)
was stirred at roomtenperature for 2 days and 70C for 8 hours. The solid
was filtered, washed with hexanes (2X20 -) g nethanol 15 (3X20 ni),
dried on full vacuumto give a golig ) ./ EXAMPLE 9A: PREPARATI ON
POLYMER- SUPPORTED LI GAND (SL A FRON I REACTI ON OF

3,3 .5,5 6, 6" - HEXAVETHYL- 2, 2'
METHYLPHENYL) PHOSPHOROCHLOR

C6H40) 2PO OP( OC6H4AMe-0) 2 A
g i@d di (2- 25 net hyl phenyl)
phosphorochloridite (1.5 g) wagystirred i h 50 niL of

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

P
- Pr _ i-Pr
(O-ME-CGH40)2PO OP(OCSH 4'Me-0)2

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 .




tetrahydrofuran (THF). Tri-n-butylamne (1.0 g) was added to the m xture at
0C. The resulting m xture was stirred at room tenperature f0{a2hd8y6. The

solid was collected by filtration and washed with acetonitrile 30 27 March

2006 WO 03/046019 PCT/ US02/ 37967 (2X20 nmL), and vacuum.dried to give 0.59 g
of the WOJHAYYOE| enental analysis: P% 3.1. EXAVPLE FETUERAREH NG

3.3 -Dl | SOPROPYL-5.5".6.6"- TETRAMETHYL- 2. 2'-BI PHENOL ONTO MERRI FI ELD RESI N

g g*_'di‘ f’;opr ExAliptE 12, BRAFING ¥ 3.5 5- TETRAMETHYL-2,2BIPHENOL 2
Merrifield resin (1.0 g 1.ONA@MERRIFIELD REGIN 3 (50 ng) and

1, 2-dichl oroethane (10 nL) was stirred at roomtenperature for 3 days and
70C for 1 day. The solid was filtered, washed pg|t h hexanes (2X20 nm.) and
met hanol (2X20 mL), dried on f vacuumifto give a solid (0.34 g). 15
EXAMPLE 10A: PREPARATI ON OF PO )
REACTI ON OF 3. 3' - DI | SOPROPYL 5%. 6. 6 FETRAVETHYL- 2. 2' - Bl PHENOL GRAFTED
MERRI FI ELD RESIN AND DI ( 2- M
(0- Me- C5H40) 2PO Pol Pol OPA

same conposition as from Examfyle 10, but| different batch) and
di (2- et hyl phenyl) 25 phosphor 9¢hi or | dit®H1.0 g) was stirred in about 30

11

mL of tetrahydrofuran (THF) for 30 min. Tri-n-butylamne (1.0 g) was added

to the m xture. The . .
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).

- 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.
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resulting mxture was stirred at roomtenperature for 3 days. The solid was
collected by filtration and washed with acetonitrile (2X207Mhch@0ds vVacuum
dried to give 0.5 g of the ligand. Elenental analysis: P%3.3. 31 27 March
2006 WO 03/ 046019 PCT/ US02/ 37967 EXAMPLE 11: GRAFTI NG

3,3, 5, YORRYNETHYL- 2, 2' - BI PHENOL  ONTO MERRI FI ELD HRE&PRVE®X ni xture of
3,3 ,5 5 -tetranethyl -2, 2" -bi phenol (1.0 g), Merrifield resin (1.0 g, 1.9
mol d), Al ‘E ..A. Gh ok 43 5% -N@ ] ﬂrred at room

tenperature 2 0 —_TNe-SoiTu _ W er ed, washed
wi t h hexaned3}E3OM Tk REACTHON GETRAMETHYL-2,:2-BIPHENOL) | vacuum to

give a solid (GRABTED.MERANTEED REGIN ANEPABASORROPYRSHENER, SUPPORTED
LI GAND (SL 12) FROM THE R%%dabé ' - TETRAVETHYL- 2, 2' Bl PHENCL
GRAFTED MERRI FI ELD RESI N Al {2154 NYL) PHOSPHOROCHLORI DI TE Pol

(o- Me- C6540) 2P0 OP(OC6H4- Me-0)2 A m xture of the polymer (0.5 g, sane
conposition as from 20 exanple 11, but different batch) and

di (2- net hyl phenyl ) phosphorochloridite (1.0 Q) s stirred in about 30 niL
of tetrahydrofuran (THF) for 3Q m i -jn-burylamne (1.0 g) was added to
the m xture. The resulting m xtiure was stlirrgd at roomtenperature for 3
days. The solid was coll ecte v/and washed with acetonitrile
(2X20 L), and 25 vacuum dri e ! of the ligand. El enental

anal ysis: P%5.0. 32 27 NMarch 208 049 PCT/ US02/ 37967 EXAMPLE 11B:
PREPARATI ON PCOLYMER- SUPPOR ) FROM THE REACTI ON OF

3,3, 5.5 - TETRAVETHYL-@,2!
D (2-1 SCPRCPYLPHENYl_hL(%j PrCaHLB)

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

Pol
OH OH
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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PHOSPHOROCHLORI DI TE 5 Pol (o-i PrC6H40 2PO OP(OC6H4i Pr-0)2 A m xture of the
polymer (0.5 g, from Exanple 11) and di (2 10 i sopropyl pheny} March 2006
phosphorochloridite (1.0 g) was stirred in about 20 nL of tetrahydrofuran
(THF) for 30 min. Tri-n-butylamne (1.0 g) was added to the m xture. The
resul ti NP %% e was stirred at room tenperature forPCHHEYFIThe solid was
collected by filtration and washed with acetonitrile (2X20 nL), and vacuum

dried to give ,0.53.9 of the |igand. enen 15 ;anal ysis: P% 2.6. EXAVPLE
12: GRAFTI N¥@sfi ‘?95“"39 Wa{eé?Bgy 92"%%87 SREREN$BIrO POLYVI NYLBENZYL
CHLORI DE PoElea@ntai agalybialfounsk Ca82838%0 H59F G0 end §61 y{®ny| benzyl chl ori de)
g/re(r)?geAl S/L'E%AMP@E@Z@G PREFXRATIORCOR FOLYMERGSUPPORTED 136AND | somer s;

35 a6, dOLAALERGITPERERE TN oF S0 36 b EXAMETINLA.2, g ana 10 m
of rret hyﬂ ene BIPHENOE. GRAETED RO VINYEBE eCHUIORIEAND DIt2-50C for 45

m nutes. The resul taﬂﬁE‘ﬂW' Q!@;EEr%ﬁpr%énLéRﬁﬂ%ul a and 5 nL nore of

nmet hyl ene chl ori de Tt, the solvent was
removed under vacuum and the residue washed with acetone and water. The
solid was filtered, 33 27 March 2006 WD 031046019 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 AT 77% EXAMPLE 12A:

PREPARATI ON OF POLYMER- SUPPOR ; 14) FROM THE REACTI ON OF
3,3 ,4,4",6.6" - HEXAMETHYL- 2 ALTED POLYVI NYLBENZYL CHLORI DE

AND DI (2- METHYLPHENYL) PHGSPHOR
(0-Me-CgH,0),PO OP(OCgH4-Me-0),

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




(0- Me- C6H40) 2PO OP( OC6H4- Me-0) 2 10 A flask was charged with 0.7775 of the
tan solid fromexanple 12, 1.123 g of the phosphorochl orizh tm@rctf2006 cr esol
and 15 nL of tetrahydrofuran (THF). Tri-n-butylamne (1.2 g) was added
dropwi se and the m xture stirred at roomterrperature for two days and then
heat ed YO 938¢81% or two days. Around 25 nL of acet oni #CHUE%HE7added and t he
15 m xture concentrated by rotary evaporation. Mire acetonitrile (about 10
m-) was added. The off-white solid was filtered and. washed with

Talyai s o 7 RgSRB AsaiEirbs Saigie O 6) S PR AR ST e e

oF PQYSTYRENEW@@QSSEPM% Qi phosiolgeic ayi V(I 9BERZENE) W TH DDQ A

?Oxwrgf OI cltﬁlm;%tgéﬂzléﬁé meu(aa stirred aB6%PCOBEZ (Ays 6Afer Adtlingst i rre\(jlva lhgdabo?:1
u S W

t ol uene ghFs &itolrg gEe ({egﬁ' \Dé) '[f?"'?d %&bﬁgﬂ?%ﬂmn#&%égﬁmeach of the

sol vent), a(aq mcammeuateo(?gmem , Me@H(2X4200nk) ansl aggtorEs EXAMPLE 13A:

GRAFTI NG 3. (§X2@h§;_l)_) Sé?l%?ﬁ%ﬁhmﬁdr&cr@'dﬁ%' fda\fhoawo%rsto?%%ﬁ o@srf § THE POLYMER

FROM EXAMPL 02137967 A
. 6' -

m xt ure of

di met hyl - 2, £5) AR QM i F A@TQQN QR RESIN EROM EXAMPLE 168, AN DI@d
chloro zene (5 m - ﬁ F? ;&9 9@% After adding 5 hexanes
(20 nL;)ﬂﬁt he resin ety HEN o h@rc'-a'@%i carbonate (ag. sat.,
2X20 m), water (3X20 nL), MeCOH (2X20 m -) and acetone (2X20 niL), and
vacuum dried at 60C for 10 hours to give B9 g of solid. EXAWLE 13B:

PREPARATI ON POLYMER- SUPPORTED LI GAND (SL §{15) FROM THE REACTI ON OF RESI N
FROM EXAMPLE 16A AND DI (2 10 METHYLPHENYL) PHOSPHOROCHLORI DI TE

SN

AN
i-Pr i-Pr

(0-Me-CgH,40),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
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i-Pr* " i-Pr (o0-Me-C6H40) 2PO OP(OC6H4- Me-0)2 A m xture of the polynmer (0.5
g, from Exanple 13A) and di (2 15 nethyl phenyl) phosphoroch)oitaflht2@o61l- 5 9)
was stirred in about 30 nL of tetrahydrofuran (THF) for 30 mn.

Tri-n- butoyl amine (1.0 g) was added to the m xture. The resulting m xture
~was sti MO0 oom t enperature for 3 days. The sol i FGHASY% P ect ed by
filtration and washed wth acetonitrile (2X20 rrL) and vacuumdried to

ive 0.63 fectdad. M | : i 8¢ nfo% LE 14:
St e 2 MASECRMIRS il eOnaRRbR: 8, ?%g@@#f%ﬁ% na vial
was added 0Anskamk Sfmeidyiens chipridenlhe WAl was %pe(:ifqr@,ﬁea}g cat al og
nunber : 184583 houfs)/ Ak resultait 8|wambrékes$owtha@aw!agﬁd35n127 I\/arch 2006 WO

03/ 046019 U 1 f bi ht hol
30 ng of leﬁé—( ﬁqﬁéﬁﬁg%ﬁg N@r@gmgggfid %thgm&%orlé &OThg \?I al | \rll\gg cagped
and heat®ed two drys thﬁ@"@"ﬂﬂétﬁﬂ%fedTchﬁlvf-‘@sg.ay&&ﬂftpigléﬁ°||ﬂas broken up with a

spatula and 3 nEXAmLE ™A M*Mmoﬂmpmd_wmaa SURRIRTEDt er heating at
70C for 5 two gv . of pink solid.

EXAVPLE 14A: P 6) FROM THE

s m

REACTI ON OF 2. 2' - BIRPHEHOO LGN ORI DE AND DI ( 2-

METHYLPHENYL) PHOSPI—W@ %W(OCGI—M Me-0)2 A
flask was charged w he plr Ak sorl anple 14, 1.123 g of
t he phokQahorochI oridite of o-cresol and 15 nL of 15 tetrahydrofuran (THF).

- Tri-n-butylamne (1.2 g) was add dropw se and

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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the mxture stirred at roomtenperature for three days and then heated at
40C for two days. Around 10 nL of acetonitrile was added ajyhi.Rg 200Xt ure
concentrated by rotary evaporation. Mre acetonitrile (about 30 nlL) was
added. The pale yellow solid was filtered and washed with 20 acetonitrile
and vacHPPEMOEY to give 0.961 g of material. El ementPAI/USEPYsis: C
76.62% H 5.65% P: 4.56% C: 0% EXAVMPLE 15: HYDROCYANATI ON AND

| SOVERI ZATI P 4 1) 1) - CATALYST FROM

EXAVPLE. 4A V1 orovst 8L 3 holis i ool e Jepbtion e s herl 00 s

prepar ed bydilitestinihyd eties angd apelyred ycB-2dainsd Yalemndrile asrano. 320 nL tol uene

}—I;)do' 038 gti.ntﬁrnﬁist@dtém.pﬂﬁalfﬁ@}%ﬁoviég tﬂa%@/{: félttﬁecétékﬁﬁg HON Rad/i a:). o1 N
rocyanatj on o i ene: above £a st suspension . mol N

s Cont od beph Grstad {05 pEREranGlEs 54 & rbPlenBREE 2 BRmIc: on e

(0. 830 nfol 3-Hasnenitrile 280 was bB).a sol uti on of butadi ene (BD) in tol uene

(0.925 nmmmol BD) ; X ) C 4. mmi. vi al s was
seal ed and pl ace‘%ﬁlf)ﬁnﬁg (ﬁ;tgf Pjét@ﬁrag%g?;oé}/ﬁ&sng ﬁltf? (;C?p%%g ?’e 36 27 March
t

QC
2006 WO 03/ ¥H6668°790pD el P prepgEed, agepiHing V8PISEFY®and cool ed. The
reacti on m whsicsolgdito 2080 andi1BObof a cole sbutioretdretainimgMeBN yzed by GC
agai nst val I tr] Jo F 8 ' d that 90% of
the start ng Thiel Fafudbionleit Re3ash RGN ARG VTS, SSAMEC | |12
3- pent eHeni 2hd placedina hattigak reactor: s eb S e rSareple Masdemaved . 6) .
| somer i zat | aitr /0 Aramédid add BRUIGTR Stcther. (VBRI dgBUBY St | suspensi on

: mol . Ni r epar accordi ng t’he aboye cedure,. was cooled to
-20C and 13‘63%%"'%?265’%'0(?@ USHigUE %'%Eliﬁan?%?wr%ﬂn%ﬁ ar?'OT@%O mol ) and
~val er oni t r i IRNRM3BEXtid was tBtfbafiéra houthe vi al was seal ed 10 and placed in a
- hot bl ock react Qs ankt -Péﬂ*@ﬂ?érﬁtrf{@a@-ﬁﬁ)[m t%@alys‘i‘tsh\%‘%en%iog hrs, cool ed

and diluted in et’hyl “ether. The produc I st'ri1 bution s anal yzed by GC
using vhl er@f'érmmel Mg, piRPared @crAingitam akeye PrefrIUre pRE PIASEA R at i 0 was 18. 8
after 3 houwial. Thiy diabeysosdied i -20°Caien2® pef brsolutioh dd)from cat al yst

SUSPENSI ON HeN (1.622 g, 60 mmol), t-3PN (12.168 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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15 (0.014 mmol Ni), prepared accordi ng the above procedure was placed in a
vial. The vial was cooled to -20C and 125 pL of a sol uti omnedaniiosn HCN
(1.622 g, 60 mmol ), t-3PN (12.168 g, 147 mmol ), and 2-ethoxyethyl ether
(1.21g, 7.45 mol) was added. Then 13 pL of a solution made from 2ZnCl 2
(0.208 WP BEHIPPN (2.772 g) were added to the vial. PREUVNA6Ias 20 seal ed
and set aside for 24 hours at roomterrperature The reaction m xture was

di |l uted W|th ' ] ed by GC using
2- et hoxyet Hf) yéfﬂggacgteg(%z@nﬁftthgﬁgﬁteﬁg@ﬁ'&%r A y%élas]mgﬁ@{\%% that 25% of
t he starti mjthoamadipenitrile diskibutieriofREdn converted to dinitrile product (68%
yield based on H)(AMPEEESW.@ENER_AEYSC@U R F%%r\%%'_m 25 1 Som[n gilnggUE??S
S A -@@@U&*“_ WA TH par ati on of

cat al yst5 30 The ni ckel c BHEISPHITEER Qv sl b 2At reat| ng 400 nmg of the
off-white soli flil? rd%g]ogx%gahﬁor}%ﬁm%ﬁ.‘p G?rﬁgné?ﬁtnfg ?2 in 4 nL of THF.

After stirrin e so was_ re nder vacuum

Hydr ocyanatRigk 2(3931:)6!3%'?‘!5}“3{1% 12edichiprgbe "ﬁ?ﬂ%‘ﬁ%’“ﬁb@ﬂ@gﬂ i ask was charged

Vr:_ t hf 03284 @2 M) WeR ReeMed. nn‘ﬁkeblutuaﬁmataaumto a HRsstined pwdsearechl oride and 5
0 penten n|t t s done at a nitrogen

flow rate of°12 4 aﬂﬁ?ﬁ%ﬁ*'“@@ gﬁ’g@ﬂ%@,ﬂ? oﬁ@%dp@ﬁn&f@o m nutes and t hen

70C for1012(Ph®|thlt63@esotht3m Example A poeeuivatenyfoasiug. PoF/ US02/ 37967

o eh an” ol Ca0RE fls S4dbd pronrRRT AP Mhesy ‘“mf‘%’g%%%’i"tz oo ne o

'PROCEDURE &MVN%’ G e Eﬁ” Eﬁfﬁﬁéﬂi"fﬁ i‘i?%%’ﬁ’ POLYMERI C 5 PHOSPHI TE

FROM EXAMPldepPessutiredhantt 3 bampleaf $ied tetaiction mdraiwasremaBizedbygaeni trile (5.0

9) R( O\t %%;rég%y?ﬂ@?td%@ﬁ?{)&oﬁr&h&ﬁ@%@ﬁ%ﬂ@ﬁ%?dééhesﬁll&%' st andard,

.27 M was prepa ass-l1ned pressure
15 capillary column (30 meters, 0.32 mm 1.D.) purchased fromJ 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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vessel containing approximately two equi val ents of the polyneric 10
phosphite described in Exanple 2A per equival ent of rhodi %Mlétclflzobgactor
was seal ed, pressurized to 65 psigwith a 1:1 nolar ratio of H2 and
heated to 95C for 3 hours. The reactor was cool ed and depressurized and a
sanpl e MO BRE%acti on ni xture was anal yzed by gas &SRR BY aphy on an HP
5890A Chromat ograph with a DB5 fused silica 15 capillary colum (30 neters,
0.32 mm|.D.) purchased fromJ. B. Scientific. GC analysis: 76.1 %
conversion;_selectivity to 5-fornylvaleronitrile: 82.7 % on_a nole basis;
linearity ofhesfeguliswers ehtainad by theogrogedure dgseribed inthe Example 18: i on of 2M3BN
to 3PN Exanpl eSupported Ligand/ 3PN 2M3 Rati o Supported Catal yst 15-1SUSC

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 15-9SL/SC 917. 10 100. 02 15-11SUSC 110. 7
15- 12SUSC 126. 9 15- 13SUSC 13Hygrosasm 8.54 15- 15SUSC 150. 07

15- 16SL/ SC-160.9 38 27 rch 2006 WD 03/ 046019 RCT/1JS02/ 37967 The results
wer e obt ai [Eeaipley E‘Sg%‘;ﬁq qaedur e de@ﬁﬁﬁﬁggﬁt a0 |t Hg&i%ﬁpl eRedifiction
Supported Conversion produced Product
Catalyst (%)
16-1 SLsc 2 76 83 85 12
16-2 SL/SC 5 52 45 54 14
16-3 SLsCé 29 40 20 20
164 SL/SC 8 40 46 56 37
16-5 SL/SC 9 28 4 8 37
16-6 | SUSC 13 38 38 48 19
17-7 SLISC 16 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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Table 2 Hydrofornylation of 3PN Suppoted 3PN Selectivity to 5- Linearity
of Reduction Exanpl eLi gand/ Conversi onfornyl val eronitril eatefaxfieposr oduct

~ Cat al' Yst edproducedt 16-1SUSC 276839512 16-2SUSC 552455414 16-3SUSC
629402020 16-4SUSC 840465637 16- 5SUSC 9284837 16- 6SUSC 1338384819 17- 7SUSC
1510275¥598f@1% esul ts in Table 4 were obtained by t FETHEERIre described
in the Exanple 16. The reduction product percent shown in the table above
10 i ndi cates the anount of hydrog%@oproducts wer e obt ai ned, based on
converted 3PN. 39 27 March 2006 46019 PCT/ US02/ 37967 CLAI M5 What is
cl ai med i s:What s qlriB€dds for preparing a pol yner-supported diol of the
formula: 5 (1) whemmcéﬁlfoﬁmpﬁnrﬂg@pwnﬁ%uwbmwuﬂoﬁﬂrebon carbon bond; Q
s an organ\;c [{ang structure; and 10 Pol is an insoluble polynmer support,

3
HO” TOH (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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sai d process conprising acid-catal yzed grafting a diol onto a polyner

sel ected fromthe group consisting of a benzyl hali de-contzi Marg 2006y nmer

or a ol efin-containing polyner wherein said diol is selected fromthe group
consi st n% of 15 (a) biphenol, C, OH OHy wherein each Ris independently
sel ect eWOPB#0he group consisting of H ~Cl to C20 BFANEWEI%Sr strai ght
chain al kyl and benzyl, Cl to C20 cycloalkyl, C6 to C20 aryl, ORS, CO2RQ,
and cyclic ether; wherein 20 nei ol hor i 4] R1 groups are optionally connected
to forma ring structure; wherei R1 is independently selected from
the group consisting of Cl to,C20 branched or straight chain alkyl, Cl to
C20 cycl oal kyl, and C6 to Cz/ar ; Yerein x and y are each

i ndependently 0-3, and x and i Adependently 0-4 if at |east one
of RX or Ry contains an aronat and (b) binaphthol, D, 40 27 March
Y A -RyDV\/nereineachRis

I ndependently selected fromthe_gf¥oup dangirsting of H Cl to C20 branched
or straight chain alkyl and™benzyl, ClL to C?¥ cycloalkyl, C6 to C20 aryl,
OR1, CO2R1, and cyclic ether; wherein each RL 5 is independently selected
fromthe group consisting of ClL to §20 branched or straight chain alkyl,
Cl to C20 cycloal kyl, and C6 to C20 aryl; wherein x and y are each

i ndependently 0-5, and x and y are each independently O0-6_if at |east one
of RX or Ry cont¥iergin aachhRdwiidependenyy selgateddtemn Hetgrowe considingof . 10 2. The

process of ¢@HigNtb Oy BFsriched 2 Birdightschalt&lipg Reg hehyyl, SetoeCied from the group
consisting c%loaCﬂZylt, 86 82(? E%H‘Efﬁﬁ"c@kﬁ gngggclic ether; wherein each R1
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.

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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straight chain alkyl and C1 to C20 cycloal kyl. 3. The process of Caiml
wherein the benzyl halide-containing polyner is benzyl chi7okiafg-2006mt ai ni ng
polymer, and the process is carried 15 out at a tenperature of from about
10 Cto about 150 Cin a solvent by a Lewis acid catal . The process
of O ai MOF3#81%i n t he benzyl chloride-containing p(ﬂqﬁ@m’ﬁ%ﬂsel ected from
the group consisting of poly(vinylbenzyl chloride), a copolyner of styrene

and vinylb I ord de, C I r 2 n j nyl benzyl

chl ori de c%}% ! |2$TE:I ?"0 Bgf’/% &8%5%(})”@;9 @EEQM %Yﬂ ?ﬁ'ﬂ ﬁ%é’zd%'ﬁé

pol y(vi nyl bnzalkaxides pherglateotifiatecanddesylate of AI(HB, Gaiil), EEGH:)ess of daim1l
wher ei n theStR?bYZ’RI’V)'Qn(M ah@hpny af@BhR FaHR G BRINEB anddetidd .he process is
carried out at a tefperature o about 25C to about 180C, in a solvent in
an acid. 25 6. The process of daim5 wherein the ol efin-containing polyner
is seleded froft AbegprocgssodQddimtd wherein the lbptvist aoid BrénClaocopol yner of

but adi ene am@ styrene and dehydrogenated polystyrene. 7. The process of
Claim3 vvherel the Lewis acid is selected from the group consisting of
AlBr3, AICI3, AIF3, AIC&F(3-X), Gad 3, Fed 3, 41 27 March 2006 WD

03/046019 PCT/ US02/1héhdcase Gf Blaimiriiviereiintbe AcidBSbSlec8bdonbtel 3, BF3. OFt 2,

ST Lo ey il SIS LT SR |

forms of0 br ﬁﬁl4d§n§||mi iBirg, SBClg &8s a&DXl@BaPhﬁﬂDiakher ein the Lew s
25l oct od 1 AatSianbdpile °§§ﬁs?§f*ﬂ"cm&| @’azl N0 SR@IEaRd | e S S0
Gad 3, Fed@m)sﬁatwﬂ%f‘ﬂ aﬁﬂdﬁgdd € pefda gﬁ'%"t ‘gf—‘ QMoEt 2, BPh3:

al koxi de, nhelgodlmcmnmstmg bf aﬂkmaadtdt plmrpbmrm anid Mo{yphbmhoﬂa(dcld ), Fe(lll),
Sb(111), Zrfitida ng.(“ljgpl soHdtinasid 4ias salt forns of bromide and iodide; and
d Selecte ?Ij%{]é’l tg

a protic acl he group consisting of sulfuric acid,
phor phold ¢ aci d, pol yphosphoric acid, triflic acid, and phosphot ungsti c

acid. 15 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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10. The process of Caim9 wherein the acid is selected fromthe group
consisting of AlICI3, phosphotungstic acid and triflic aci &7 MirchA006

pol ymer - supported diol of the formula: 20 Pol HO QOH (1) wherein Pol and
Q are connected via a carbon-carbon bond; Q is an organic ring structure;
and Pol WOD34#01%nsol ubl e pol ymer support; 25 conpri si r?gT’&TSQF/%?mgrafted onto
a polyner selected fromthe group consisting of a benzyl halide-containing
pol ymer or a ol efin- containing polyner; 30 wherein said diol is selected
fromthe group consisting of (C%L bi phe@g C, 42 27 March 2006 WO

03/ 046019 PCT/ US02/ 37967 OH OH wherein each R is independently

sel ected fromthe group consi Cl to C20 branched or straight
chain al kyl and benzyl, C tg kyl, C6 to C20 aryl, OR1l, CO2R1,
and cyclic ether; wherein 5 A ligr oups are optionally connected
to forma ring structure RxWherei n each RI ¥ i ndependently selected from
the group consisting of ClI to C20.branched or straight chain alkyl, C to
C20 cycloalkyl, and C6 to C20 ary F and wherein x and y are each
|ndependentWI}ereln$aChrRiIan@ﬁmnsie@ﬂ’yeseb@WWfﬂ@@QME@@F?WN@W at | east one

of Rx or Rycf@nt4 ttanéiedératfaightcidin akfGinddkhzyIbL b Ggpht hol , D, OH OH Rx
Ry cycloalkyl, Cg to Caq aryl, OR1, CO4R, and cyclic ether; wherein
5 neighboring R groups are optionally connected 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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D wherein each R is independently selected fromthe group consisting of H,
. Cl to C20 branched or straight chain al kyl and benzyl, Cl Z70Maefl 2066
cycloalkyl, C6 to C20 aryl, ORl, CO2Rt, and cyclic ether; wherein each Rl
S |ndeﬁendently sel ected fromthe group consi sting of Cl to C20 branched
or stralVgBMftin alkyl, C to C20 cycloal kyl, and CECTHFSEEFZry|; wherein
X and y are each |ndependently 0-5, and x and y are each |ndependently

0-6 if at |least one of Rx gt Ry contains an aronmatic ring, and conbi nations
20 thereof. 12. A process flor preparing a pol ynmer-supported

bi s(phosphorous) |igand (,Q\haw ng the formula, 43 27 March 2006 WO

03/ 046019 PCTI US02/ 379879%Pol ORe2pPoz (210PX2 (2) wherein Pol and Q are
connected via a carbon-carbon bond; Q is an organi c ring structure; Pol is

an insol ubI e pol ynoer at& ort; and, 6 X E sel d fr m t he group of
al koxi de, Tgipy fod ang) gﬁe Ginnggted V'asaa%f Bh-68 9 i8@1g contacting in
t he preSGnC@thﬁlcaanaﬂﬂctutd”lquiqﬂ msol&bpmmyrmrsnppdmoénd)(asm 11 with a

phosphor.ous eh?zltt%cfjﬁoﬁlfthé BFou fo?%[ﬁﬁkﬁepgﬁ%%g@a?l %rl; ' Y is a halide; X is

sel ected fro rou SIS yl oxi de, al kyl and
aryl; and n = 3, 2salarprqcesaﬁammn@pﬂntamnmBreaen@l @@af@ aryl oxi de,

al kyl or armé porgniaxsur geritdediol of Chainl1 1 With A phasphfowr! IkiN8e ohfleer oat oms, or
functi onal ﬁgﬁ#ﬁi"( ected fromthe group consisting of ethers, al cohol S,
n

esters, 3. The process of Claim 12 wherein said base is a
tertiary am ne whetein 1(4s a Aalidg; yXrisr selegied fromdhe gequpresspistingefs) |i gand (2)

having {ghe aik&dB! lafylodide, alkghahd &y @nté%h £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
comp03|t|on of the formula
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20 wherein Pol and Q are connected via a carbon-carbon bond; Qis an
organic ring structure; Pol is an insoluble polyner suppori7Mait 2806 s
selected fromthe group of al koxide, aryloxide, alkyl or aryl; conprising
the reagtion product of the polynmer supported diol of Claimll with a
phosphoW&@mﬁﬁf(”l de of the fornula PYnX3-m 25 wher ei n P¢¥TUSOZ87¥3) i de: X is
sel ected fromthe group consisting of al koxide, aryloxide, alkyl and aryl;
and n = 3, 2, or 1; and whéplein, when X is an al koxi de, aryl oxide, al kyl or
aryl, X my contain from1 to 50 carbon atons, heteroatons, or functional
groups selected fromthe-8roup consisting of ethers, alcohols, esters, and
am des. 30. 15. A proce f orQpreparing a pol yner-supported catal yst
conposition of the formil a 44]27 March 2006 WO 03/ 046019 PCT/ US02/ 37967 (3)
wherein Pol and Q are ¥BngectB® via a carbon-carbon bond; Qis an organic
ring structure; Pol is an Mnsol ubl e (Pl ymer support; X is selected 5 from
the group of al koxi de, aryloxide, alkyl or aryl; and Mis a catalytically

active transjitio tgl. said process copprising. conbining the

ol yier - st BPaT g G, aBsneBHEd fiva CARR-GRBH LoRRI BT h o cat al yti cal Iy
active transrgamnionng structlire; Mol sGnlifsolibie pplymee ssppait; X iaseledtedwherein Mis a
ni ckel . 47. - I Y 3 ormula 15
wher ei n olfm(?{tf'lgﬂil Qyﬂag_ﬁgo(tgﬁﬁﬁe}g%':%ﬂglﬁgéaé{@ggﬁgﬁpgggttl)\{l)%r]abggrltgl,s,ﬁ%"{(i S an organic
ring structagtive tragsitiosmgtali nsol ubl e pol ymer support; X is selected from
the group of al koxsglg predess esinsingbduntbinivg the pblymepduppdrieda  catal ytical Iy

30 bt o phoBHBhBRHIRIE iR AT fh Gyt S TRl R ate aBRREh SeT o PP o
transition me@hM.. M 18. The conposition of Caim17 wherein Mis a
nickel .1¢l9. An 165 0TRS pAREs©Bf ORRK 45 WherdiM M khniga@hal yst conposition of

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. _ '
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Caim17. 25 20. An isonerization process conprising reacting an al kenyl
nitrile conpound in the presence of the catal yst conposi ti7oMash 200&i m 17.
21. The process of Claim 20 wherein the alkenyl nitrile conpound contains
| ess than 5 m of peroxides. 45 27 March 2006 WO 03/.046019

PCTI USO%P&”?@%?PQZ. The isonerization process of J ai A 8‘%@?@ n the

al kenyl nitrile conpound contains |ess than 100 ppm of peroxides. 23. The
i sonerization C : i B2 MR E Rt | kenyl nitrile
conpound is 2- %ﬁh?ﬁéﬁu@éﬁgﬁ'%rgf?se%]oafma‘taﬁ% rret‘Féllmtl Tg*bﬁ?ec el. 524, A
hydr ogenat i titlesemereund canfaing lees band0PaPmehpRISXige®n of daim 17. 25. A
hydr ocyanat i on 23 oq@edsdmératibmprocasadfClhine 20RO 22wherkin theai m 17. 26. A

hydr of or my1 gl SR RHSEEHBotitd B%-hBfhyFRbiterShiniO BRAHE Bt Rinicks, O aim 17. 46
5 24. A hydrogenation process using the catalyst composition of
Claim 17.
25. 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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